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A Message
From the
Administrator

ROBERT M. WHITE

In these times of stringent budgets and some program curtailment,
it is very easy to lose sight of the fact that by far the great bulk of all that
we do in NOAA will continue and, in many cases, will expand.

It is important that all of us realize that the services we render and
the research we conduct are among the most essential and effective in the
Federal Government.

Among the enormous and difficult tasks that continue to confront us
are these:

—To provide adequate environmental forecasts and warnings, on
which the lives, safety, and welfare of our people, our commerce, and our
industry depend.

—To protect our national fisheries resources and develop system of
fisheries management that will enable this and future generations to enjoy

the bounty of the sea.

—To render services and assistance to both our commercial fishing
industry and the recreational fishing interests, so that they can thrive and
grow, providing employment to many and enjoyment to millions.

—To understand the nature of man’s pollution of the oceans and the
atmosphere, so that those responsible for making decisions about the
effective use of the oceans and atmosphere can do so in the light of the
best scientific and technical knowledge available. The recent results of
the MARMAP surveys on the distribution of oil, tar and plastic substances
throughout our oceans are a case in point.

—To carry out for new responsibilities for building a system to protect
marine mammals from human depredation and unwarranted commercial
exploitation.

—To provide better and more accurate surveys and charts of the
oceans and coastal zones, supporting the needs of deep-draft vessels and
the national requirement for planned management of the coastal zones.

—To continue to examine the feasibility of modifying the environment
in a beneficial way.

Each of these tasks poses a great challenge for, in each, much remains
to be accomplished. The privilege of participating in progress toward these
goals should be, for all of us, a source of pride.

RadaX 4 Wiiste
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SPACE WATCH
ON THE
GLOBAL SEA

Two Satellite Service groups use data from space to expand

man’s knowledge of the earth’'s waters.

BY ANN K. COOK

Soon after the launch in 1960 of the first
weather satellite, TIROS 1, scientists found
that large areas of ice on oceans and lakes
and of snow on the ground could be identi-
fied in pictures returned from the spacecraft.

Photographs of the same region. taken
on successive days, showed cloud systems
constantly moving and changing. But ice
and snow appeared again and again in the
same places, changing very slowly.

This discovery, that the white of ice
and snow could be distinguished from the
white of clouds, led to the first applications
of satellite data in the fields of ocean-
ography and hydrology.

When a satellite looks at the weather,
it also sees the earth’s waters. And as space
technology has advanced over the past 13
years, through steadily improving camera
systems, infrared imagers, geostationary
satellites, radiometer soundings of tempera-
ture, and microwave systems, the value of
satellite data to oceanographic and hydro-
logic operations and research has increased.

Today, satellite-derived information on
sea-surface temperatures, sea and lake ice,
and major ocean currents is assisting the
operations of shipping and other marine
interests. Snow over vast mountain areas
is mapped from satellite images for use in
predicting water supplies, river flow, and
flooding.

Through research now under way, satel-
lites in the not too distant future may be

(Opposite page) Snow fields and lakes
in southeastern British Columbia
appear in an Earth Resources
Technology Satellite image. The lake
to the right of the picture’s center is
lighter in tone than the other, because
its waters contain more particulate
matter. Satellite images of snow cover
over mountain areas help in estimating
future river flow.

identifying optimum fishing areas, moni-
toring ocean and coastal pollution, observ-
ing the state of the sea, and providing data
for mapping the topography of the oceans.

Oceanographers have acquired some
knowledge of the larger aspects of ocean
circulation—such as major currents and
their seasonal changes—by mapping air-
craft, buoy, and ship observations and by
means of such simple devices as drift
bottles. But satellites, with their ability to
make frequent observations of large areas,
are ideal platforms for monitoring the con-
stantly changing features of the global
oceans.

Since 1965, NOAA, the National Aero-
nautics and Space Administration, the U.S.
Navy, and other agencies have conducted
research aimed at expanding the use of
spacecraft to acquire new understanding of
the oceans and their resources.

Within NOAA’s National Environmental
Satellite Service, two groups are engaged
in various aspects of this research—the
Environmental Sciences Group and the
Spacecraft Oceanography Group. Other
NOAA units working in satellite ocean-
ography include the Atlantic Oceanographic
and Meteorological Laboratories of NOAA’s
Environmental Research Laboratories; the
National Marine Fisheries Service’s Fish-
eries Engineering Laboratory at Bay St.
Louis, Mississippi; and the National Ocean
Survey.

Describing the work of the Environmental
Sciences Group, Dr. E. Paul McClain, its
Director, says: “Our mission is to develop
non-meteorological applications of satellite
data—principally of NOAA satellite data,
but we also make use of data from NASA
research satellites and, to a lesser extent,
data from aircraft. We are confining our-
selves to two non-meteorological types of
remote-sensing applications—oceanography
and hydrology—and emphasizing those that
can be accomplished with data that are
available or will be in the near future.”

John W. Sherman, III, is manager of the
Spacecraft Oceanography Group—called the



“SPOC Group”—which moved last year
from the Navy to NOAA. Of this group,
Mr. Sherman says: “Our project was begun
in late 1965 with NASA funds, to give the
oceanographic community representation in
the NASA earth resources satellite program.
In May 1972, the group was transferred to
NOAA, because it was felt that its functions
properly belonged in a civilian agency. We
have sponsored investigators from univer-
sities, private industry. and government—
and done a small amount of in-house re-
search——in the areas of ocean dynamics,
ocean color, sea ice, fisheries environment
assessment, and coastal processes.”

Up to the present time, as Mr. Sherman
points out, “There have been no instruments
put in space designed specifically for ocean-
ography. Such use of satellite data has been
peripheral. using instruments not designed
to provide oceanographic data.”

Television vidicon cameras that recorded
patterns of reflected light were the primary
sensors on the TIROS and ESSA spacecraft,
and on the first NOAA satellite. During
the 1560’s. infrared scanning radiometers
sensing heat energy emitted from the sur-
face of the earth or sea or from cloud tops.
and vertical temperature profile radiometers
for sounding the atmosphere at various
levels, made their debut in NASA’s Nimbus
series. Now, both techniques are in opera-
tional use on NOAA-2.

The year 1972 brought two major ad-
vances in environmental observation from
space. The first Earth Resources Tech-
nology Satellite (ERTS-1) launched in July,
senses in the green, red, and near-infrared
portions of the spectrum. and a similar
multispectral technique will be continued
in Skylab. scheduled for launch in May.
In December 1972, Nimbus-5 took the first
two microwave sensors into space—one to
map the thermal radiation emitted by the
earth’s surface and the atmosphere, and
another for vertical sounding of the atmos-
phere. Many clouds which are opaque to
infrared are transparent to the microwave
region of the spectrum.

According to Dr. McClain, “Beginning
with ERTS and the very high resolution
radiometer on NOAA-2, we now have data
whose spatial resolution is much more suit-
able for the applications that we are in-
vestigating. Data from the Nimbus satellites
and the earlier operational spacecraft were
of marginal usefulness to us. We were
dealing with resolutions of two to five miles;
now we’re down to one-half mile in the case
of the very high resolution radiometer and
330 feet in the case of ERTS. The latter
is still of marginal usefulness because it
photographs a given area 100 miles wide
only every 18 days. Even then, you may
not see the surface of the earth because of
cloud cover. With NOAA-2 we have a
good chance of seeing the same area several
times a week, and furthermore we see a
much larger area.”

Each winter, sea, lake, and river ice
closes ports and shipping lanes in high
latitudes. forcing commercial vessels to re-
main idle and hampering military ship

6

operations. To plan sea transport in these
areas, marine interests need to know where
ice exists in ports and along sea routes, and
whether the ice is forming or breaking up.
To provide this vitally needed information,
the United States, Canada, and other
nations operate aerial ice reconnaissance
programs. Although this reconnaissance is
complex and costly, the economic savings
and increased safety afforded to shipping
operations have justified the expense.

Knowledge of the existence and extent
of sea ice also is important to the sciences
of meteorology. hydrology, and oceanog-
raphy. To the meteorologist, ice cover is an
indicator of climatic change; it affects the
heat balance of polar regions and ultimately
influences the atmosphere and ocean on a
global scale. To the hydrologist, ice may be
a potential flood, its waters temporarily in
storage. To the oceanographer, ice repre-
sents a danger to shipping, but it also affects
living marine resources and can serve as a
means of tracing ocean currents.

TIROS satellite photographs of ice in the
Gulf of St. Lawrence were used as early
as 1961 to route ships into Newfoundland.
In 1962, the United States and Canada
began a joint program—PROJECT TIREC,
for TIROS Ice Reconnaissance—in which
aerial and surface ice observations were
coordinated with TIROS IV photography.
TIREC led to the development of satellite
ice reconnaissance techniques—using space-
craft data to permit more efficient aerial
surveillance—which now are being applied
operationally.

Later, an automated operational technique
was developed by the National Environ-
mental Satellite Service for mapping ice
and snow boundaries from satellite pictures,
resulting in a product known as a com-
posite minimum brightness chart. In this
technique, as Dr. McClain explains it, “The
lowest brightness that occurs at any par-
ticular point during the compositing period
—usually five days—is saved and is dis-
played at the end of the period. Snow is
bright, ice is bright, clouds are bright, and

everything else is much darker, whether it
be land or ocean. If an area has neither
snow nor ice. and is cloud-free even for
just one day during the compositing period,
it will appear dark. and that will be saved.
Snow or ice will be bright throughout the
period. By saving the lowest brightness,
transitory cloudiness is removed, and the
much more slowly changing ice and snow
is retained.

“The Environmental Sciences Group,” he
says. “has devised ways to obtain from the
brightness compositing technique some
crude quantitative information about the
concentration and condition of the ice packs.
We did this by developing a way to calibrate
the digitized brightnesses externally, since
there is no way to calibrate them on board
the satellite. We used external references,
such as the Greenland ice pack and the
cloud-free oceans as calibration points, and
adjusted our data samples with respect to
them. In this way, differences in brightness
can be related to changes in the ice, either

spatially or with time.”

The use of vidicon camera systems for ice
monitoring is handicapped by the lack of
solar illumination during much of the cold
half of the year. This limitation has been
overcome by the introduction of thermal
infrared sensors.

“With infrared data,” McClain says, ‘we
can now observe major ice features through-
out the year. in either hemisphere. The
principal interest in ice during polar dark-
ness is in knowing how much open water
or very thin ice is present throughout the
entire Arctic Basin, because this affects the
energy balance. The amount of heat trans-
ferred to the atmosphere in an area where
there is no ice is a hundred to a thousand
times larger than where there is a thick
ice cover. Very little is known about where,
when, and how much of the Arctic is open
at any particular time. The old idea that
it was solidly covered by ice all winter
long is not true. Now it is estimated that at
least 10 percent of the Arctic is open at any
given time.

“Furthermore,” McClain continues, “the
use of thermal data may enable additional
information, such as the thickness or physi-
cal state of the ice, to be obtained or in-
ferred. By enhancement of the infrared
imagery, significant ice boundaries, openings,
and thin areas can be detected. Experiments
are being conducted to develop a multiday
compositing technique for filtering clouds
from these images, although this is proving
more difficult than it was with the visible
range data. The problem is that deep tem-
perature inversions are common at high
latitudes over land in winter, and some of
the cloud tops are actually warmer than
the earth’s surface in nearby cloud-free
areas.”

Comparing simultaneous visible and near-
infrared images received from Nimbus-3,
launched by NASA in 1969, hydrologists
and oceanographers in the Environmental
Sciences Group noted some areas of ice or
snow that appeared in the visible range,
but did not show up in the infrared. Under
normal conditions, snow and ice are highly

reflective in both the visible and near-
infrared areas of the spectrum. But when
melting occurs, the near-infrared radiation
is absorbed by the thin film of water at the
surface of the ice or snow. The scientists
now believe that comparison of simultane-
ous visible and near-infrared imagery—

Simultaneous visible (top left) and
near-infrared images taken by
Nimbus-3 over the Alps. The snow
areas clearly delineated in the visible
image all but disappear in the
near-infrared, indicating that the snow
is melting. (Right) In an ERTS-1

view of the Colorado River delta,
sediment suspended in the upper
layers of the water makes circulation
patterns evident. (Far right) Algae
appear bright in this ERTS near-
intrared image of Utah Lake,

and provide an indication of
circulation patterns.
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such as that provided by the ERTS satellites
now, and which is planned for the next
generation of NOAA satellites—is a promis-
ing method for monitoring melting snow
and ice, and that it can assist in predicting
snowpack runoff, forecasting floods, and
assisting lake navigation.

Because of the pervasive cloud cover in
polar regions, which visible and infrared
sensors cannot penetrate, microwave Sys-
tems capable of penetrating thin clouds
have been considered and tested from air-
craft as a means of observing ice. In the
microwave region, unlike the infrared, the
difference in emissivity—or brightness tem-
perature—between ice and water is very
large, even though their physical tempera-
tures may be nearly the same. The micro-
wave radiometer on Nimbus-5 will be used
in experimental mapping of surface ice and
water, but its resolution is relatively low—
about 20 statute miles.

Of the Spacecraft Oceanography Group's
work on sea ice, Mr. Sherman notes: “In
our cooperative studies with NASA, we
have had some very successful results, par-
ticularly in the aircraft program, with micro-
wave instrumentation. We think that we
can now discriminate between first-year
ice and multiyear ice. A microwave system
with sufficient resolution could very well
be used in mapping major ice features and
their dynamics.

“The data from NOAA-2’s very high
resolution radiometer shows that even a
half mile of resolution can be extremely
useful in assessing ice boundaries and major
leads. From the orientation of these leads,
it is possible to infer the types of strain
that the ice has been subjected to by wind.”

Minimum brightness compositing, two-
channel detection of melting, the use of
microwave sensors—developments that have
advanced observation of the extent and
composition of ice—also apply to the meas-
urement of snow.

To forecast future river flow and flood-
ing and to estimate potential water supplies,
hydrologists in many areas must take into
account the amount of water stored in the
form of snow. In the United States—princi-
pally the West—seasonal snow accumula-
tion is measured at thousands of surface
locations and aircraft are used to survey
snow cover over large regions. But only the
broader view from space can give an accu-
rate picture of the overall extent of snow
cover.

Hydrologists in the Environmental Sci-
ences Group have found that measurements
of snow cover over mountain areas, de-
rived from satellite photography. agree
closely with measurements made by aerial
surveys. Infrared sensors have detected new
snowfall of less than one inch, appearing
as a warm zone over older snow cover. The
technique of comparing visible and near-
infrared data to determine melting is. par-
ticularly valuable in snow-covered mountain
areas, where knowledge of the onset of
snowmelt is vital for river and flood pre-
dictions and for water management.

Microwave sensing has applications in

hydrology, too; the Environmental Sciences
Group is supporting tests of such devices
for measuring soil moisture, and is follow-
ing closely similar work in the area of
snow water equivalent being supported by
the U.S. Geological Survey.

Another important aspect of oceanog-
raphy, for which an operational product
based on satellite data is now being issued
on an experimental basis, is sea-surface
temperature. Satellite observations of sea-
surface temperature reveal many of the
dynamic features of the sea, such as cur-
rents, meanders, eddies, and areas of up-
welling and sinking water, providing in-
formation for the shipping and fishing in-
dustries, and for ocean researchers. The
measurements are also important to atmos-
pheric scientists, because of the close rela-
tionship between sea-surface temperatures
and the earth’s heat budget, weather, and
climate.

Since the first infrared observations from
space became available in the early 1960’s,
they have been used by oceanographers in

NOAA and other agencies studying the sea. -

Observations from the scanning radiometer
on NOAA-2 now are used to produce
global analyses of sea-surface temperature
to aid weather and marine environment
forecast services. The technique was con-
ceived and its feasibility established by the
Environmental Sciences Group. The opera-
tional charts are a modified version pro-
duced by the Satellite Service’s Computer
Products Development Branch.

As Dr. McClain explains the concept:
“Statistical techniques are applied to the
aggregate of all infrared observations in a
small area, say a degree of latitude on a
side, over a period of five days. This may
amount to a total of hundreds or even a
few thousand individual observations. It is
then statistically determined which of these
observations are least contaminated by the
presence of clouds in the field of view, and
the estimate of sea-surface temperature is
based on the least-contaminated observa-
tions. The resolution of the raw data is
lost, but the ability to work in areas of
partial cloud cover is gained. This is a
necessity for producing analyses of tem-
perature over a large area, a whole ocean,
a whole hemisphere, or a whole globe. If
there are any sizable openings in the clouds,
at any time during the five-day period, a
reasonable estimate of what the surface
temperature was can be obtained.”

The Group uses other techniques for
enhancing infrared imagery for its special
studies. “The infrared image normally dis-
played for meteorological purposes,” Dr.
McClain says, ‘“‘does not portray the tem-
peratures of the ocean surface in an opti-
mum way. In fact, it may not display them
at all. So what we do is truncate—throw
away the part that is hotter or colder than
what we are interested in—and then taking
the remaining relatively restricted tempera-
ture range, utilize the entire gray tone range
of the image over that smaller temperature
range. In this way, we bring out the smaller
remperature gradients at the ocean surface.

Each step of gray to the next darker or
lighter then portrays a change in tempera-
ture of a degree or so, instead of the five
to ten degrees per step appearing in the
usual meteorological display.”

The National Environmental Satellite
Service provides sea-surface temperature
analyses or enhanced infrared images to the
Atlantic Oceanographic and Meteorological
Laboratories in Miami; to National Marine
Fisheries Service laboratories in Florida,
California, and New Jersey; to Woods Hole
Oceanographic Institution; and to other
groups studying the oceans and their
resources.

Mr. Sherman of the SPOC Group looks
forward to the flight in space of more ad-
vanced instruments for observing various
aspects of ocean dynamics, such as sea-
surface roughness and sea-surface topog-
raphy.

“The study of sea-surface topography,”
he says, “is really measuring how ‘un-
round’ the ocean surface is. Even when the
sea is calm, its surface can actually have a
dip, due to geoid deflection caused by the
mass located beneath the ocean. Over the
Puerto Rican trench, there is a dip that is
about 45 feet deeper at the center than at
the sides—literally, a trench in the ocean
surface. We think it's perfectly feasible to
build a satellite altimeter to measure such
depressions.

“The velocity of surface currents could
be measured by such techniques. The Gulf
Stream, for example, has roughly a three-
foot slope. It’s about three feet higher on
the east side than it is on the west.”

For more than a decade, scientists at the
National Environmental Satellite Service
have been examining available satellite data
for clues to the state of the sea. Such in-
formation is vital to the safety and effi-
ciency of shipping, and contributes to
weather forecasts. The image of sunlight
scattered at the sea surface appears in satel-
lite photographs as “sun glint.” Because the
reflective properties of the ocean surface
vary with wind and sea conditions, the size
and brightness of the glint area. correspond
to the roughness of the ocean surface.

In photographs taken from the 22,500-
mile altitude of the Applications Technology
Satellites, the Environmental Sciences Group
has found that the reflection pattern of the
sun is spread over such a large area that
varying sea surface conditions can be in-
ferred in many areas within the tropics and
subtropics.

“Of particular interest,” according to
McClain, “are patches or swaths of ocean
surface that appear dark within the brighter
sun-glint region. These dark swaths can be
used to infer sea-state variations. In many
cases, they correspond to calm air and
smooth waters beneath high-pressure ridges
or, when paralleling coastlines, the seaward
limit of local sea-breeze circulations.”

Widespread mapping of sea-surface
roughness awaits the development of more
advanced sensors than those currently in
operation. Visual techniques are limited
by certain geometric constraints and by
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the cloud cover over the earth’s marine
areas. This has led to the study of passive
microwave radiation and radar reflectance
for sea state determination in the presence
of clouds.

As Mr. Sherman points out, “The elec-
tronically scanning microwave radiometer
on Nimbus-5 is measuring liquid and water
vapor in the air column above the earth
or sea surface. But over the ocean it prob-
ably is going to be very sensitive to foam
on the surface, and this is directly related
to the surface wind. We're very interested
in studying the correlation between surface
wind fields and the microwave brightness
temperatures that come back from Nimbus.”

Ocean color, too, provides clues to the
dynamic motions of the sea, such as cur-
rents and upwelling, but also contributes
information on bottom topography, coastal
processes, effluent patterns, and biological
productivity.

NOAA scientists are using the multi-
spectral data provided by the Earth Re-
sources Technology Satellite in studies of
sea ice distribution, snow runoff potential,
circulation and surface characteristics of
oceans, lakes, and bays, air and water
pollutants, fishery resources, and other
applications.

“The Spacecraft Oceanography Group
uses ocean color primarily from the bio-
logical standpoint,” Sherman notes, “because
—in the oceans as a whole, once you get
away from the immediate coastal regions—
chlorophyll by and large determines ocean
color. The more chlorophyll in ocean
water, the greener it becomes.

“Ocean color can be used for current
mapping. Ocean currents inherently have
different types of nutrients, different tem-
peratures, the biology is different, and there
is good reason to believe that they have
different chlorophyll concentrations. A case
in point is the Gulf Stream. The human
eye cannot always see the Gulf Stream, but
sensitive instrumentation can make a dis-
tinction between Gulf Stream water and
the coastal and slope water, especially on
the west side of the current.

“Chlorophyll differences in biologically
rich near-coastal waters are important to
fisheries,” he continues. “The open ocean,
though, also has some chlorophyll in it.
If we are really interested in ecosystems

(Top) Pack ice along the Labrador
coast appears in an image from
NOAA-2's very high resolution
radiometer, which has a resolution of
one-half mile. (Bottom) Very high
resolution radiometer image of the
Great Lakes and St. Lawrence Seaway
shows widespread snow cover and
frozen and unfrozen lakes and streams.
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analysis on a global basis and the effects
of man’s activities—for example, the impact
of DDT on the oceans—until we can meas-
ure chlorophyll, or productivity, on a global
basis, we simply are not going to be abl= to
assess these effects. In the future, we may
be able to measure very low chlorophyil
concentrations and be able to determine
pollution impact.”

“The prime application of ocean color,”
Mr. Sherman points out, “is to fisheries.
Data on ocean color allows the fishing in-
dustry to identify water mass boundaries,
where there are differences in chlorophyll
content and temperature. There appears to
be a very strong correlation between ocean
temperature and fish catch.”

“In a sense, fisheries is the only resource
that we deal with in oceanography, so far
as the earth resources survey program is
concerned. It’s very hard to relate remote
sensing directly to minerals, mineral de-
posits, or petroleum mining. Indirectly we
can help through forecasting sea-state con-
ditions important to routing of tankers that
might be carying oil, and in providing sea-
state data needed for design and develop-
ment of offshore drilling rigs.

“Our work in fisheries environment
assessment is really a composite analysis for
fisheries of both ocean dynamics—par-
ticularly sea-surface temperature—and ocean
color. The Spacecraft Oceanography Group
is also interested in direct fish-detection
techniques, such as detection of biolumines-
cence by instruments on ships and aircraft.”

The lead laboratory for fisheries environ-
ment assessment is the National Marine
Fisheries Service’s Fisheries Engineering
Laboratory, established in 1970.

The Laboratory has been studying the
application to fisheries of such remote sens-
ing techniques as low-light-level image in-
tensifiers, spectrometers, aerial photography,
and lasers for the location, identification,
and quantification of living marine resources
at or near the sea surface. In addition the
Laboratory is participating in space ocean-
ography studies related to fisheries, includ-
ing experiments with ERTS and the forth-
coming Skylab.

“The study of coastal processes,” Mr.
Sherman believes, “is an area where there
can be immediate application of satellite
data—infrared data from NOAA satellites,

(Top left) Very high resolution
radiometer image from NOAA-2 covers
the eastern Gulf coast, northern
Florida, and the Atlantic coast
northeastward to the Chesapeake Bay
vicinity. The warm waters of the Gulf
Stream appear black. (Lower right)

In a 10-day composite minimum
brightness chart of the northern polar
regions; based on ESSA-9 pictures,
the brightest areas are snow fields
over land and ice fields over lakes and
oceans. There is no data over the
pole, because of lack of sufficient
sunlight. (Left) Microwave image of
Arctic sea ice was obtained through
clouds from an aircraft. Darkest

areas are multiyear ice, while the
lightest are first-year ice.

as well as the ERTS type of information.
In the coastal region, there is quite a bit of
suspended sediment in addition to chloro-
phyll. Because many natural as well as
manmade things color the water, multi-
spectral images can be used in current map-
ping and identification of major water
masses in the coastal region. Repeated ob-
servations can show areas where changes
are occurring and areas where the environ-
ment is stable.

“The long-term impact of pollution,” he
continues, “can, in part, be monitored by
an ERTS-type system. And there’s reason
to believe that major oil spills might be
picked up with this type of satellite.

“In this area, the Naval Research Labor-
atory has a very interesting microwave
project, sponsored by the Spacecraft Ocean-
ography Group and by the Coast Guard.
With a three-frequency microwave radiom-
eter system flown on an aircraft, the thick-
ness of the oil on the surface can actually
be measured. Although an oil slick may
run for miles and miles, some 80 percent
of the oil may be concentrated in five per-
cent of the area. Those who are responsible
for cleaning the oil up aren’t interested in
knowing the boundaries of the slick, but
where the oil is concentrated.

“Circulation studies in the coastal region,”
Mr. Sherman believes, “are probably going
to be the biggest application of ERTS to
the ocean community. It should be possible
to make some estimates of suspended sedi-
ment concentrations and of the depths of
sediments, based on ERTS data.

“ERTS can do one thing that we really
haven’t had the capability to do before in
the coastal region—and that’s identify
where the major frontal systems are. Then
you know where to set up your surface
instrumentation.

“We will be using ERTS in this way for
the Marine Ecosystems Analysis program
in the New York Bight this spring. All
SPOC Group coastal processes investigators
will be brought into the New York Bight
area to contribute to this program. We will
be doing surface circulation analysis, meas-
uring chlorophyll with some multispectral
scanners on board aircraft, and measuring
turbidity, salinity, and other forms of sus-
pended particulate matter.”

As to what the future holds for satellite
oceanography, among the possibilities Mr.
Sherman foresees are the operational use
of instrumentation to monitor ocean co'or,
microwave instruments to monitor surface
wind fields, radar altimeters for mapping
sea-surface topography, microwave sensors
for all-weather observations of sea ice and
ocean roughness, and instruments that will
provide information on sea-air interaction
and the processes leading to the formation
of tropical storms.

Even before remote sensing advances so
far, the forthcoming Geostationary Opera-
tional Environmental Satellite system will
be collecting and relaying data from such
unmanned platforms as river gages and
ocean buoys—adding a new capability in
satellite oceanography and hydrology. O
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With the Great Lakes full to over-
flowing this year, the Lake Survey
Center, the National Weather Serv-
ice, and other Federal agencies
are mounting a major effort to pro-
tect life and property along the
shores.

BY JOHN HANNA

THE LAKES




Great Lakes shoreline residents may wish
for a little Dutch boy before 1973 is over,
but it will take more than a finger in the
dike to prevent serious flooding and more
erosion this spring and summer.

The storm of November 14, 1972, vividly
brought the seriousness of the situation to
the public’s attention. This nor’easter caused
flooding along the shore of Lake Erie, Lake
St. Clair, and Lake Huron’s Saginaw Bay. It
may have been Mother Nature’s way of giv-
ing a little early warning—a sample of
things to come.

At the height of the storm, Lake Survey
water-level gaging stations at opposite ends
of Lake Erie showed a difference of over
eight feet. The one at Buffalo recorded —12
inches and Toledo’s, +88 inches. Because
of the strong winds, water levels at the west
end of the lake had risen four feet above
their already record highs.

Timely warnings by the National Weather
Service were instrumental in the evacuation
of many people in the threatened areas.
Initial warnings were issued 16 hours be-
fore highest water levels and, although the
unavoidable loss of property amounted to
an estimated $22 million, not a single life
was lost.

At the time of the storm, Lake Erie was
about five inches above the record set in
1861 and was over two feet above its long-
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term average. Because it is the shallowest
of the Great Lakes, Erie is particularly
susceptible to such wind set-ups and also an
occasional seiche. Its general northeast-
southwest alignment, roughly parallel to
the prevailing wind, contributes to the lake’s
habit of “tilting.” These phenomena cause
extensive flooding in the very low-lying land
areas adjacent to the lake. In the most
seriously affected areas, the land rises only
a few feet for a considerable distance from
the shoreline.

The rest of the lakes are not much better
off, and the forecast indicates little relief. At
the end of December, Lake Erie was about
85 inches above the record for that month,
and the outlook is for it to equal or exceed
previous records for each month through
June 1973. Lake St. Clair set records in the
last three months of 1972 and is expected
to be over four inches higher at the end of
June than its highest of '72. At the end of
June, both Lakes Michigan and Huron are
forecast to be 17 inches above their long-
term averages, about 4 inches above 1972’s
highest but still about a foot and a half
below the record for June which was set in
1886. Even though the torrential rains of
tropical storm Agnes helped to raise the
level of Lake Ontario dramatically last year,
forecasters are predicting levels by the end
of June to be nearly seven inches higher

(Opposite page) Summer cottage
clings to the edge of a wave-eroded
bluff. (Below) Wind-driven waves
attack Great Lakes shore.
DQroit News photo.

.

than the high of '72. Almost any storm out
of the north will cause problems for New
York State residents on the south shore.
Lake Superior—which fluctuates the least,
partially because of its size and normally
peaks several months later than the rest—is
expected to be slightly below its June ’72
level by the end of June 1973, but still
rising.

Who is hurt and who benefits from high
lake levels?

One method for making electricity is to
pass water from a higher level through giant
turbines to a lower level. In 1964, because
of extremely low lake levels, hydroelectric
power plants had to activate coal-fired gen-
erators to meet the demand for electricity.
Low flows haven’t been a problem recently.
As a matter of fact, hydroelectric power
companies will literally have more water
than they know what to do with this year.

Higher levels mean that commercial ves-
sels can carry more cargo. Shipping com-
panies now are planning to “load ’em to the
gunnels” in 1973.

The high levels do create certain diffi-
culties for the mariner. Sand bars, old pil-
ings, and similar hazards to navigation that
may have been visible a few years ago now
lurk just under the water’s surface, waiting
for the unwary boatman. Fixed bridges pose
another problem; clearances for most are
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based on chart datum but, with actual
depths anywhere from two to five feet above
charted depths, a bridge’s clearance could
be as much as five feet less than that listed
in official nautical publications. During high
water periods, special speed restrictions are
often imposed on rivers, channels, and other
limited maneuvering areas, primarily for the
protection of shoreline property and struc-
tures.

Shoreline property owners, both residen-
tial and commercial, are victims of high
lake levels. The two major areas of concern
are erosion and flooding.

Not counting islands and connecting
waterways, there are about 3,700 miles of
U.S. shoreline in the Great Lakes. Counting
everything, including the Canadian side,
there are over 10,000 miles of sho-eline in
the system. Of these the Corps of Engineers
estimates that 1,300 miles are subject to
significant erosion, 200 miles to critical
erosion, and 300 miles to flooding.

What can be done about flooding and
erosion? A number of Federal agencies are
working directly on these problems: the
Office of Emergency Preparedness; two
NOAA units—National Weather Service
and NOS's Lake Survey Center; Great
Lakes-based U.S. Army Corps of Engineers
Districts; the Small Business Administration;
Department of Housing and Urban Devei-
opment; and others. The SBA provides low-
interest loans for flood-damaged property
under certain circumstances. HUD, through
private insurance companies, subsidizes a
flood-insurance program specifically for en-
dangered communities.

The Corps of Engineers has the function
that is perhaps most visible to the public
during this emergency period. The Corps’
“Operation Foresight” evolved from Public
Law 99 which, in part, reads as follows:
“Be it enacted by the Senate and the House
of Representatives—That there is hereby
authorized an emergency fund in the amount
of $15,000,000 to be expended in flood
emergency preparation. . . .” It has been
estimated that $230 million in flood dam-
ages primarily along the upper Mississippi
River were prevented by “Operation Fore-
sight” in 1969 and 1971. Some of the guide-
lines are that such flood protective works
must be beyond state or local capability,
found justified from the economic and engi-
neering standpoint, and be designed to cope
with expected high water levels.

The unique thing about the law is that
the impetus for action comes from local
government and the citizen. In other words,
threatened municipalities must take the
initiative. In Michigan, for example, they
deal with the State’s Department of Natural
Resources, which is the designated coordi-
nating agency for “Operation Foresight.”
As such, that agency provides liaison be-
tween the Corps of Engineers and local
communities. Requests for assistance go
to the Department of Natural Resources for
review and forwarding to the Corps. Be-
fore assistance can be considered, all rights-
of-way must be granted at no cost to the
Government, the U.S. must be held and
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(Above) High lake levels and strong
winds produce flooding in

low-lying areas near the shore.
(Above right) Citizens take emergency
measures to protect their property
against wind-driven lake waters.
(Right) High waters flood roads and
reduce bridge clearances. (Below)
Michigan State Highway Department
builds emergency works to protect
highway from erosion.

Detroit News photos.
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saved free from damages, and all works
constructed at Federal expense must be
maintained and removed, as appropriate.

The Detroit unit, one of the most active
Corps of Engineers Districts on “Foresight”
in the Great Lakes, has conducted numerous
meetings wtih local governmental bodies,
the purpose being to acquaint them with
“Foresight” and explain how they go about
getting assistance. It has concentrated on
flood-prone areas such as those hard-hit dur-
ing the November storm. In addition to
helping in the design and construction of
temporary dikes, the Corps offers technical
advice on preparation of flood protection
plans, loan of equipment and supplies, and
will assume operational control and direc-
tion of emergency work if requested. Flood
protective works constructed in this year’s

Great Lakes effort are designed to with-
stand fall storms, as well as those which
may occur this spring and summer. No one
can foresee how many lives will be saved,
but early estimates indicate that the amount
of property damage prevented will reach
significant figures.

The law which authorized “Operation
Foresight” is very clear on one point. It
specifically exempts beach and shore ero-
sion from the program, even though dam-
age from these forces is probably at an
all-time high. Today’s levels are at, or near,
those reached in '52—the last period of
high water. During the intervening 21 years,
most Great Lakes shoreline areas have
undergone extensive development. In fact,
the low levels of 1963, 64, and 65 which
generally produced wide, sandy beaches
probably induced many to build too close to
the edge of a bluff or too near the water.
Structures range from simple frame cot-
tages to elaborate year-round dwellings.

Some types of commercial property were
constructed with the same lack of planning
which characterized private development.
Some small-craft piers and docks built then
are now actually under water. Even certain
state installations are not immune to the
problems caused by high water. The State
of Michigan, for example, had to place a
retaining wall and erect groins to protect a
section of highway from the rampaging
waters of Lake Michigan.

Groins are usually rock-filled cribs, steel
sheet piling, or similar structures which pro-
trdue from the shoreline. Their purpose is
to trap sand moving along the beach. Shore-
line residents have tried practically anything
and everything to protect their property.
Some have dumped broken concrete, rocks,
and even old car bodies into the surf zone
in an attempt to halt damaging wave action.
Others, at considerable expense, have had
steel-sheet seawalls constructed and groins
built with some success.

The Corps of Engineers, although sym-
pathetic to their plight, can offer only ex-
pert engineering and technical advice. The
best example is a published booklet titled
“Shoreline Damage—Causes and Protective
Measures.” It is free and has been dis-

tributed widely in the Great Lakes area.
Although the Corps cannot act in the case
of private property, it has—in certain cases
and to varying degrees—the authority to
take action where public or ‘“accessible-to-
the-public” lands are involved.

National Weather Service forecast of-
ficers in the Great Lakes area have been
alerted to the spring flood potential, and
focal points have been assigned to coordi-
nate their efforts. Arrangements have been
made to work with the Office of Emergency
Preparedness and local agencies in alerting
the public to the potential hazard, as well
as to what steps NWS will take if a danger-
ous situation develops.

The Weather Service has made arrange-
ments to have data from key Lake Survey
Center-NOS water-level gage sites relayed
directly to area forecast offices. Lake Sur-
vey Center operates and maintains over 50
water-level gaging stations around the Great
Lakes and has historical records dating
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