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Note:

Since the study commenced, Earth Resources
Technology Satellites (ERTS) E&F have been re-
designated Earth Observation Satellites (EOS) A&B.
Both notations are used in the study.
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ABSTRACT

The U. S. coastal zone, where 45 percent of the people
live on 15 percent of the land, 1s the scene of a widening
array of 1ssues related to pollution, fisheries, hazards to
shipping and coastlines, and coastal geography and cartography.
Frequently the decisions of coastal resource managers relative
to key 1ssues are handicapped by lack of adequate marine en-
vironmental data in useful form. The study identifies the im-
portant coastal zone issues and marine-related data needed to
aid in resolvang them It also identifies which of the data
might be acquired by satellite and the appropriate orbital and
sensor characteristics for coastal missions. Recognizing the
importance of high resolution and high frequency of coverage
for these missions, the proposed spacecraft characteraistics
are: orbatal inclination 72 degrees optimized for the coastal
zone at an altitude of about 700 km with a high resolution
multispectral imager, an IR imager, a low resolution multi-
spectral imager, and visible near-IR spectrometer. Sensors
should be pointable so that most coastal areas can be observed
possibly on three out of four days.
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SUMMARY ‘

The Advanced Study of Coastal Zone Oceanographic Requirements
for ERTS E&F includes:

-- an assessment of earlier studies of spacecraft
applications in oceanography;

-- 1dentification of key coastal zone issues related
to pollution, fisheries, hazards to shipping and
coastlines, and coastal geography and cartography,
and rationalization of their significance;

—-- delineation of coastal environmental data and
related measurement specifications needed to aid
the resolution of coastal problems.

~- analysis of space engineering capabilities, in-
cluding remote sensing, orbital mechanics, and
configuration control, to acquire ccastal oceano-
graphic data; and

-~- proposals for optimum payloads and orbits for
coastal zone missions.

The coastal zone has been defined variously for different
purposes. Generally, it 1is considered the area within whach
biological and physical characteristics are influenced by the
conjunction of land and water, particularly as they affect
reproduction of marine life and waterfowl and industrial,
commercial, and urban development+—To broaden satellite data
—applications in coastal resource management, the coastal zone
1s defined for purposes of this study as lying between a line
50 miles from the base line for the territorial sea or the
200 meter isobath, whichever i1s farther from shore, and the
inland boundaries of coastal counties. By consideraing only
coastal regions of the United States, its terraitories, pos-
sessions, and the Trust Territory of the Pacific Islands,
emphasis 1s given to domestic needs and priorities in coastal
affairs, even though U. 8. areas are only a small fraction of
those world-wide.

The coastal zone i1s an important part of the marine environ-

ment; it 1s probably the most important part because it 1is

where the people and problems are. Forty-five percent of the

people live on 15 percent of the land; problems related to
gonfllctlng demands of land use and preservation are intensi-
ying.

The i1ssues considered to be most significant in coastal
affairs within four national problem areas are identified in
Section 1.0, Por example, locating sources of discharge and



effecting enforcement are cited under pollution; improving
scouting and catchang operations and forecasting abundance
are cited under fisheries; identifyaing hazards to navigation
and assistaing rescue operations are cited under hazards to
shaipping and coastlines; and identifying coastal land use
patterns and monitoring and controlling shoreline processes
are cited under coastal geography and cartography.

Bach of these and other issues are considered from the view-
point of unmet environmental data needs. To endeavor toO
guantify the importance of various kinds of environmental
data to the resolution of coastal zone issues, judgments are
made on the unimportance, importance, or criticalaity of
various kinds of data to each issue and values are assigned
accordingly withain matrax cells, Six broad categories of
envirommental data are considered: physical properties of
water, chemical properties of water, biological properties

of water, geological and geophysical properties of the bottom,
atmospheric properties, and land characteristics. Within
these categories 49 data types are included in the analysis;
of these, 23 are considered most relevant to the solution of
coastal problems., These data are identified in Section 1.4.4.

Section 2,0 considers the 23 kands of data from the viewpoint
of measurement specifications required for application to
specific i1issues. Judgments were made on ways in which the
data might be used, either independently or correlated with
other data, to attack the coastal issues, and values were
assigned to specifications for spatial resolvtion, frequency
of measurement, data response tame, field of interest, etc., in
23 tables -- one for each data type.

\
This analysis indicates the great importance attached tc high
resolution and freguent coverage for satellite coastal
missions,.* For example, the ground resolution suggested for
large area images, at least for selected applications, 1is
50-75 meters with 150 square kilometer field of view. Small
area images will benefit from 10-20 meter resolution and 30
square kilometer field of view. Point or line samples
should be limited to smaller areas., Coastline tracking,
targeting, and intercept pointing, respectively, should be
considered for these types of coverage. In general, the
frequency of coverage should be daily for fishing and hazard
1ssues, daily to weekly for pollution, and seasonal for geo-
graphy and cartography.

Section 2.0 narrows the candidate spacecraft measurements from
23 data types to 13 types, applving these criteria-+ energy
characteristics, spectral and spatial resolution and accuracy
reguirements, feasibility of remote measurement techniques,
and alternate means of obtaining data. Spacecraft measurable
data types and related sensor candidates are i1dentified.

*Since these two needs may not always be compatible, three
different types of coverage were considered: large area

lower resolution images for contiguous coverage, small 2
area high resolution images, and point or line measure-

ments of sample data.



Sectaion 3,0 discusses the technologaical readiness of remote
sensing techniques for coastal zone missions, ancludaing,
visible, near IR imagers, IR devices, spectrometers, passive
microwave devices, radar scatterometers, and new sensors
which may be adaptable in the future. Each of the sensors
1s discussed 1n terms of the current status of its develop-
ment, 1ts applicability to coastal zone measurements, and
modifications that may be required, The concepts of a high
resolution, multispectral imager, sensor pointing and track-
ing, and data sampling with a device such as an infrared comb
radiometer may have particular relevancy for coastal zone
applications,

Section 4,0 consideres alternatives for optimizing satellate
orbatal inclinations and altitudes for coastal zone missions,
The conclusions reached are:

—— only circular orbits should be considered
~- altatudes should be in the range 550 to 1100 km

-~ orbital inclinations should be 98° (for sun
synchronous orbits), 49°rR, 72° or 64°R to optimize
exposure for data applications to coastal geo-
graphy and cartography, hazards to shipping and
coastlines, and faisheries and pollution, res-—
pectaively.

~— an integral number of orbits per repeat cycle
(L4 or 15) should be employed to cover a limited
number of areas daily. To provide broader area
coverage on a two, three, or four day cycle, a
fractional number of orbait repeat cycles (14,33,
14,5, 14.75) should be used.

Other conclusions regarding spacecraft engineering for
coastal zone missions are:

—— spacecraft weight will be in the range 680 to
1360 Kg with approximately 20% allocated for
sensors,

~-— power requirements will be in the range 150 to
350 watts average load. Housekeeping (1.e.,
telemetry, communications, attitude control,
thermal control, etc.), power requirements will
approximate 5 to 10 watts for every 45 Kg of
baseline spacecraft weight.

== on-board propulsion will be required to maintain
orbital parameters for the mission duration,



-~ unless new ground stations are added, on-boaxrd
storage for sensor data will be necessary.
Direct readout capability could reduce space-
craft requirements.

Fanally, in Section 5.0 the crateria for selection of the
payload configuration for each of the priority applications
are i1dentified and proposed sensor combinations and orbital
data for each are noted in Table 5-2. For a single coastal
maission including all four applications, we propose a space-
craft with orbital inclination of 72 degrees at an altitude
of about 700 km carrying a high resolution multispectral
imager, an IR amager, a low resolution multispectral 1mager,
and a visible, near IR spectrometer.

Major recommendations of the study are:

1) A high resolution, pointable, multispectral
{visible, near IR) imager should be developed with 10-20 m
ground resolution and 30 km ground field of wview.

2) A single 1maging sensor should be developed
which adequately provides four vaisible and near IR channels
and one IR channel for large area (150 km) and 50-75 m
resolution.

3) Spectral signature experaments should be con-
ducted over the coastal zone to test their valadity and to
determine useful spectrometer bands.

4} Analysis and field experaiments of microwave
radiometry and radar scatterometry should be pursued to
determine their feasibility for sea surface measurements.

5) Specaal orbits for providing frequent coverage
of particular coastal areas (viz, the East Coast and southern
Pacific Coast) should be used for at least some ERTS E&F
missions, and the use of these orbits for non-coastal zone
missions should be examined.

6) Consaderation should be given to an attitude
determination system that can relate the princiaipal axis of
one sensor to locations in an image from another sensor taken
earlier within a two-three minute period. ‘
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INTRODUCTION

This report presents the result of a joint effort by Ocean
Data Systems, Inc. (ODSI), Rockville, Maryland and the RCA
Astro-Electronics Davision, Pranceton, New Jersey on NASA
Contract NAS1-10281, Advanced Study of Coastal Zone Oceano-
graphic Requirements for ERTS E&F. ODSI participated as the
prime contractor to give emphasis to determining the needs of
the oceancgraphic community in the coastal zone, particularly
in regard to pollution, fisheries, hazards to shipping and
coastlines, and coastal geography and cartography. RCA's
responsibilities as subcontractor were to:

-~ determine the feasibility of making the desired
measurements by remote sensing from space;

-- define sensor requirements and evaluate the sensor
state-of-the~art for meeting these requirements;

-—- determine orbital and spacecraft requirements for
making the desired measurements; and

-- establish groupings of sensors to satisfy coastal
zone mission reguirements related to poliution,
fisheries, hazards to shipping and coastlines, and
coastal geography and cartography.

Broad objectives of the study were to:

-- relate the experaimental needs of the oceanographic
community to national needs and priorities;

-— define the breadth of experimentation 1in coastal
zone oceanography which may regquire the use of a
space platform; and

-- assign experimental priorities which will aid NASA

in the selection and groupaing of experiments for

ERTS Es&F.
Over the course of the past five years, several studies have
investigated spacecraft applications in oceanography. Their
results are summarized in Appendix A, None of the studies,
however, has focused on the coastal zone as a unigue part of
the marine environment; nor have they given emphasis to
oceanographic needs for coastal resource management. The
pPresent study does both.

The study commenced on September 8, 1970. Once preliminary
views were developed on the selection of the most urgent
coastal zone 1issues and related unmet oceanographic data
needs, an advisory meeting of Federal and State Government,
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industrial, and academic representatives was convened at
Langley Research Center, October 14-15., Particapants in the
advisory meeting are identified in Appendex C. The meeting
aided in formulating more specific views on coastal zone
problems and oceanographic data needs. It was recognized at
the meeting, however, that environmental data generally con-
tribute only partially to coastal resource management
decisions and that satellites represent but one means of
marine environmental data acquisition., Views developed at
the meeting served as a backdrop for deliberations of the
study.



SECTION 1.0

SIGNIFICANT COASTAL ZONE PROBLEMS AND DATA NEEDS

1.1 What i1s the Coastal Zone?

The coastal zone has been defined variously for
different purposes. It can be described generally as the area
within which biological and physical characteristics are in-
fluenced by the conjunction of land and water, particularly
as they affect reproduction of marine life and waterfowl, on
the one hand, and industrial, commercial, and urban develop-
ment, on the other. Because coastal areas are the locus of
many of man's urgan settlements, the path of transportation
for essential goods and materials, and convenient repository
for industrial and municipal wastes, the ecology of the
coastal zone 1is of great concern. The zone of specific eco-
logical concern includes some inland reach, activaity withan
which has a direct or indirect effect upon the coast.

The coastal states are strengthening their management of
coastal affairs, including coastal land use and development.
Authority 1s exercised in several ways, including issuance of
state permits and by county and municipal governments through
land use zoning and taxation. Offshore, both the Federal
government and the States have respongibilities with respect
to channels and harbors, fishing laws, and water and bottom
rights.

Satellite observations designed to contribute to coastal
resource management should not be restricted to the seaward
side of the coastline. If ERTS E&F satellite sensors observe,
record, and transmit imagery and measurements of relevant
environmental features within a broadly defined coastal zone,
additional benefits can be expected. The seaward extent of
the coastal zone, by definition in this study, 1s a line 50
miles from the baseline for the territorial sea or the 200-
meter isobath, whichever is farther from shore. The inland
extent approximates the inland boundaries of the coastal
counties.

In addition to the oceanic coastal zone, U. S. coasts of the
Great Lakes are also considered in the study. The Great Lakes
have only minor astronomical tides, are not saline, and their
inflowing rivers are generally small. Nonetheless, because
of their size, they exhibit patterns of circulation and wave
development resemblaing those of the sea. Further, man's use
of the lake front and the density of habaitation along the
shore are comparable to the most intensely developed areas

of the sea coast. These pose problems of environmental
control that are of national concern. The Great Lakes were
ancluded by the Congress for purposes of the Bureau of Sport
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Fisheries and Wildlife estuarine inventory and included waithin
advisory responsibilities of the National Council on Marine
Resources and Engineering Development. For these reasons,
they are included here.

By considering only coastal regions of the United States, 1ts
territories, possessions, and the Trust Territory of the
Pacafic Islands emphasis 1is placed on domestic needs and
priorities 1in coastal affairs, even though U. S. areas are
only a small fraction of those worldwide,

To delineate and describe the variety of biophysical environ-
ments which are represented, the coastal zone 1s subdivided
into eleven regions, following the convention established 1in
the "National Estuary Study". With the exception of the
Great Lakes, these are also the regions identified ain "The
National Estuarine Pollution Study", from which source
material is also drawn. Each of the eleven biophysical
regions is described in Appendix B.

1.2 Why 1s the Coastal Zone Important?

The Unaited States 1s i1n the midst of an urban revolu-
tion. TIn 1960, over 70 percent of our population lived in
urban areas. The 1970 census 1s expected to show that thas
figure has increased to 75 percent. It 1s predicted that the
country's urban population will reach 85 percent by the year
2000, and possibly 95 percent a century from now. This in-
crease 1s accompanied by absolute increases in population of
substantial proportions, perhaps as high as 50 percent in the
next 30 years.

Urban centers are not evenly dastributed over the country: most
are located on or near the oceans, the Gulf of Mexico, and the
Great Lakes. More than 75 percent of the population inhabits
States bordering the coastline; 45 percent live in coastal
counties, which represent only 15 percent of the land area of
the country. Of the 45 percent of the population residing in
coastal counties, 80 percent lave in cities. The coastal zone
1s approximately twice as densely populated, and significantly
more urbanized, than the rest of the country. Coastal counties
have within their borders some 40 percent of all manufacturing
plants an the United States, half of these being in the Middle
Atlantic region alone.

There 18 no reason to expect trends of increasing use of
coastal areas to change in the short term. The rate of
development of coastal lands has been increasing much faster
than the rate of growth of urban population. During the past
40 yvears, the land area in the United States covered by citaies
has expanded three times faster than the population. The
total land area of urban settlements a century from now may
be 20 to 30 times greater than that presently requared.



Reasons for the phenomenon of coastal and urban growth are
many. Dynamic urban growth itself is relatively recent. For
a period of some 5,000 to 6,000 years, man's cities were
essentially static. With only few and temporary exceptions,
prior to the eighteenth century man lived 2an cities not ex~
ceeding 50,000 inhabitants. The cilties were geographically
confined to an area approximately a mile and a guarter on a
side. This was true of Athens under Pericles; Florence during
Michelangelo's life; and Rome, Paris, and London withan the
walls,

More recently, technological change has altered the character
of urban life. First, industrial revolution, then the mechan-
ization of transportation, and now the instruments of commun-
1cation, by which men everywhere are motivated to levels of
expectation which were formerly the province of only the
wealthiest classes, have given impetus to change. The impact
of preventive medicaine, which has effectively doubled the
average life span of the population of developed countries,
has been equally profound.

Historically, urban development has heen attracted to the
water, to facilitate communication, transport and trade, and
subsistence fishing. At the same time, labor intensive agri-
cultural systems required a high proportion of the population
to live ain inland rural settlements. The balance 1s still
changing. At present, some 10 percent of the population can
feed the remaining 90 percent, and the country's economy 1S
increasingly technologically and service—-oriented. For manu-
facturing, the availability of water for industrial cooling
and waste dasposal constitutes an additional incentive for
locating plants near large bodies of water. More recently,
the construction of nuclear power (generating) plants, reguir-
ing more water for cooling than fossil fuel plants, contributes
to the concentration of industry in coastal areas.

As industrial and agraicultural production have shifted from
labor-intensave to capital-intensive status, the growth of
service industries has multaplied. Service industries tend
to lccate i1n or near urban centers. Hence, existing cities
experience accelerated growth. Concomitantly, the use of
coastal areas for recreation also expands. It has been
estimated that over 80 million Americans annually use the sea-
shore or lakefront for sports fishing, boating, swimming,
surfing, and picnicking. Waith increasing personal income and
leisure time, recreational use of the seashore is advancing
more rapidly than coastal population.

Finally, the potential of coastal waters for aquaculture and
mineral resource development may intensify future exploita-
tion of the coastal zone. Offshore o1l exploration and pro-
duction are already advanced in many areas.



A dramatic, increasing, and apparently inexorable linkage
exists between exploding urbanization and the coastal regaons.
If at has taken man 200 years to degrade significantly, say,
50 percent of the natural environment of the coastal zone of
the United States, he 1s aimed toward finishing the job in
substantially less time. It 1s necessary to underscore the
importance of rational planning, conservation controls, and
improved systems for surveillance, measurement, and reporting
of coastal envaronmental conditions to aid in preserving the
coasts even while they provide a home for increasing numbers
of Americans.

1.3 Identafying Significant Coastal Zone Problems and
Issues

Competitive uses of the coastal zone have fostered an
expanding array and diversity of problems. Two major objec-
tives of the study were to i1dentify significant coastal zone
i1ssues within four national problem areas cited by the National
Aeronautics and Space Administration, Langley Research Center,
and to identify the environmental data required to aid thear
resolutaion.

The four national problem areas specified were: pollution,
fisheries, hazards to shipping and coastlines, and coastal
geography and cartography. Issues singled out for priority
attention for each problem area are considered by us to be
most relevant to the solution of coastal problems.

1.3.1 Pollution

In a world increasingly conscious of 1ts surroundings,
pollution 1s a visible, sometimes dangerous, sign of environ-
mental decay. Ocean pollution from industrial sources 1s
growing at the rate of 4.5 percent annually or three times
faster than domestic population growth. The Department of
Health, Bducation, and Welfare estimates that more than 50
million tons of solid wastes from all sources are deposited
annually in the oceans The output of industrial waste is
growing several times faster than the volume of sanitary sew-
age; current estimates of industrial effluents exceed 50
trillion gallons per year, much of which ultimately finds its
way to the oceans.

The best index of the future potential for thermal polliution
12 the predicted increase in the generation of electricity.
Electric power capacity 1S growing at an annual rate of 7.2
percent and is expected to double every ten years. More than
16,000 petroleum and gas wells have already been drilled off
U. S. coasts and the number is increasing by more than 1,000
each year. An estimated 10,000 spills from all sources occur
annually to pollute the navigable waters of the United States.
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The word pollution, as used in the context of this study, is
the degradation of the biophysical environment by man's
activaitiesg; 1t not only ancludes discharge of sewage and in-
dustrial wastes, but also direct and indiarect damage to the
environment by physical, chemical, or biological modifications.
Water pollution i1s only one form of deterioration. It 1s most
acute in densely populated or industrialized areas, but its
effects can often be traced to the most distant oceans. In-
creased knowledge of global environmental processes and aware-
ness of man's impact on the environment have fostered specafic
national and international requirements for the detection and
abatement of pollution.

The practice of ocean dumping of sewage sludges off our north-
eastern coast and the detraimental effect of such disposal
underscore the need for oceanographic data related to surveil-
lance and control. The data may be useful in resource manage-
ment of fisheries and coastal mapping, as well as pollution
monitoring. Regional monitoring of o1l exploration, and
marine transportation may require additional types of oceano-
graphic data.

The ocean's ecological balance 1is threatened by man-~generated
pollution. One of the most abundant of man-made pollutants

in the sea is DDT, originating from agricultural run-off. DDT
does not degrade in water readily, hence two-thirds of the

1.5 million tons produced to date may still be in the oceans.
DDT concentrates selectively through the food web and is found
in all oceans and i1n most marine organisms, as well as in man.
More than 400 new chemical substances are created each year
and many find their way to the oceans.

The United States, as the most industrialized nation in the
world, 1is believed to be responsible for approximately one-
fifth of the world's coastal effluents. One effect i1s that
shellfish in an estimated 1.2 million acres, 8 percent of

the Nation's shellfish grounds, have been declared unsafe for
human consumption.

Not all discharge into the coastal environment 1is detrimental,
With proper controls, the heating of coastal waters can in-
crease productivity of marine life many times and may enhance
recreation potential. Puraified sewage can be used as fertil-
i1zer in aquaculture projects; acid wastes can decrease turbid-
1ty. Coastal werks can preserve marine habitats as well as
enhance transportation, recreation, and commercial benefits;
solid wastes can provide new marine habitats for agquatic life.

The major issues related to pollution are:

a, Locate sources of discharge

Sources of discharge may be classed as either
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"point sources" or "non-point sources". The former include
municipal wastes, industraial effluents, and thermal dis-
charges which originate from a single, stationary point.

The latter anclude ship discharges of 01l while underway and
run~off from agricultural areas. Locating sources of dis-
charge frequently depends now upon visual observation and
mapping. Knowledge of water mass movements and current flow
patterns is necessary to distanguish discharges in areas
where multiple additions occur.

b. Determine types of disgcharge

Discharge classifications are associated with
water use. The Environmental Protection Agency has classai-
fied water types by the use to which the water is put. Hence,
more rigorous quality criteria are applied to water for
recreation and esthetic uses than to water used_for agricul-
ture. Analytical tests are applied to classify the types of
discharges and related water quality. The processes involved
in deriving information on discharge type include taking
water and sediment samples for determination of specific con-
stituents and properties, including tests for temperature,
pH, water color, turbidity, and odor. Laboratory analyses
of water and sediment samples provide information on the
chemical and baiological characteraistics of the water body
and are used to describe additions to 1t. Coliform bacter:ia
counts are standard indexes of water quality, as are dis-—
solved oxygen measurements, bio-assays, and biochemical
oxygen demand.

c. Determine the extent of pollution effects

Measurements of currents and water mass movement
are essential in determaning the spatial extent and magnitude
of pollutant dispersion ih estuarine and coastal waters.
Digpersion and exchange rates are a function of both the
advection and diffusion of a water body. Hence, resolution
of this 1ssue requires knowledge of three dimensional current
movement, water density, water mass volume, concentration
and density of pollutants, and local topography. Taidal data
are ugeful in shallow areas and straits for assessing tidal
currents. These factors can be combined with observations of
water color, productaivity, and sedimentation to derive infor-
mation concerning coastal and estuarine circulation and flush-
ing rates. Bioassays are frequently useful in determining
the effects of concentrated pollutants. Dye tracing 1s a
particularly effective means for mapping dispersion patterns,
and predicting the movement of oscillating waste bodies in
estuaries.

d. Determine assimilative capacity

At present, there 1s no universally accepted
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index of assimilative capacity; however, the application of
the Streeter~Phelps streamflow equations provides a basis for
discussion. The eguations show that the ability of a water
body to assimilate waste i1s a function of i1ts mixing param-
eters, density, momentum, direction, temperature, saturation,
productivity, biomass, and chemical constituents. Energy in-
puts such as waind, waves, and solar radiation can affect the
above parameters. Fresh water inflow and salt water en-
croachment also should be considered. Properties of surfai-
clal bottom sediments and bioassays aid in understanding the
ability of the bottom and water column to degrade some types
of organic and inorganic pollutants.

e. Optimal siting of effluent-producing industries

Optimal siting of an effluent-producing source
requires that the nature of the receiving body be known.
Knowledge of water currents and bottom topography, as well
as biological and chemical patterns, 1s essential to assure
that overloading of a given area does not occur. Such know-
ledge must then be combined with wvarious kinds of land use
data to determine potential use conflicts. Consideration of
local, State, and Federal government regulations, private
propety rights, competitive uses such as recreation, industry,
and municipal development 1s essential before the benefits
and costs of siting or moving an effluent source can be
determined.

f. Effect enforcement

A great many data types are useful 1n preparing
and effecting enforcement action against poliuters. The
exact nature and concentration of the effluent which may be
the subject of enforcement action must be known and 1ts geo-
graphic extent and long and short-range effects must be
adentified. Graphic and image presentations are frequently
useful 1n court cases, because the "sight" of pollution gen=
erally has substantial impact.

Cratical data types in effecting enforcement actions are few.
Essentially, they are limited to specific types of measure-
ments required for water guality classifications related to
pollution control in a particular area. Such data as pH,
dissolved oxygen, tediperature, biocassay, and withdrawal and
discharge rates are generally included in the various water
quality classification systems and usually are the only kinds
that may be considered in enforcement actions. More recently,
however, esthetic effects have been considered by the courts
as grounds for legal action.

g. Assist rapid clean-up

The data needed to track and monitor pollutants
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and describe local marane conditions, particularly synoptic
data, are most frequently used to assist rapid clean-up. In
combatting o1l spills, data describing mixing and dispersion
bProcesses are needed izmmediately by on-site managers. The
rapid clean-up of spills also reguires information relating
to the nature and extent of the spilled material, national
water quality standards, and the availability of manpower,
equipment, and transportation.

1.3.2 Fisheries

The world's rapidly expanding population signals an
urgent need for food from all sources. The living resources
of the sea promise to contribute significantly to meeting
the protein needs of 6 billion people by the year 2000. The
United Nation's Food and Agraculture Organizatlion estimates
increases 1in yield from a well-managed faishery of from 3 to 5
million tons per year during the next 3 decades. Hence, sea-
food 1s at present one of the few major foods increasing
faster than population growth.

The 850,000 sguare miles of continental shelf adjacent to U.S.
coasts provide us with a large and productive fishing area.
The United States also maintains the world's second largest
fishing fleet, consisting of 76,000 powered vessels of which
12,000 are over 5 tons. Despite these resources, the rela-
tive position of the U. S, fishing industry has declined in-
ternationally, America currently ranks sixth in tonnage
landed (from second place ten years ago), and fourth in value
of fish landed. The Bureau of Commercial Fisheries has esti-
mated that U. 8. continental shelf areas could yield up to

20 million tons of fash yearly - about nine times present
production; however, the Unated States catch has remained
about level at 2.2 million tons annually for the last decade.

The discovery of new fishing areas in recent years has been
uneven geographically. In the heavily fished waters of the
Gulf of Mexico, few areas remain unexplored. Several unex-
plored areas off the Atlantic continental shelf have recently
been 1dentified as productive locations for lobsters and
calico scallops. Several areas of the Northwest Pacific and
Alaskan coasts have been only initially explored, and should
command greater attention in the data collection process.

Table 1-1 outlines the wvalue, location, and vield of high
value species by region.

The preceding discussion suggests that the majority of prob-
lems, real and potential, i1n domestic fisheries lies within
segments of the harvesting part of the industry and relates
to actual fashing operations, The following i1ssues have been
selected as being most relevant:
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TABLE 1-1

U. 8. CATCH BY BIOPHYSICAL REGIONS AND ZONES OFFSHORE

Tonnage (x1000) of catch by zone

Value of
Species Catch-1966 Principal Region Territorial | Contiguous| Other
Millions § Where Caught Waters Zone Areas

Shrimp 95.8 Gulf, SB 121 68 31
Salmon 67.1 NW 267 2 3
Tuna 44,6 Calzif. 9 60 239
QOysters 26.1 Gulf, Ches. 60

Lobsters 25.6 NE 27 3

Menhaden 21.7 Gulf, Ches. 1104 36

Clams 18.1 Mid-Atl,, NE 30 23

Flounders 16.3 NE, Pacific 50 88 5
King Crab 16.0 Alaska 38 6

Haddock 14.1 NE 7 99 19
Blue Crab 10.8 Ches., 8. Atl. 148

Halaibut 9.6 NW 17 31 4
Scallops 7.7 NE 1 10

Dungeness Crab 7.3 Alaska 30

Whiting NE 42 62

Ocean Perch NE 10 10 4
Cod NE 10 33 8

1Source: Bureau of Commercial Fisheries, 1968




a. Location of new fishing areas

Many, 1f not most, of the major fisheries in the
11 biophysical regions considered in this study have been
1dentified. Nonetheless, "new" species and fashing grounds
are sought and these may be extremely important to coastal
economies where local competition for stocks i1s highest.

The shrimp fishery 1s an example of an operation partially
dependent on the location of new and productive fishing
areas, Although most of the general shramping areas in the
Gulf of Mexico and the Middle and South Atlantic are well
known, new areas need to be located The discovery of new
areas depends upon sampling the population which the fishing
fleet desires to catch. Specafically in the case of shrimp,
"try nets" are pulled as a routine operation before the set-
ting of the main trawls. Such sampling practices in local,
yet unfamiliar waters, freguently leads to the discovery of
significant new or underutilized fishery resources.

A number of data types are also useful in the location of new
fishing areas, While water temperature and plankton concen-
tration are probably the two most important indirect indica~
tors of possibly productive fishing areas, other supplementary
data are useful. Fresh water inflow, salinaity, dissolved
organics, and water color are also good indicators of pro-
ductivity, especially in estuarine areas; and these data may
identify nearby harvesting areas. Pesticide data are useful
in assessing damage to nursery stocks and the marketability

of the surviving catchable specaies.

b. Improve scouting operations

Scouting for fishery stocks has mainly been com-
bined waith the actual fishing operation. In practice, fish-
ermen search for stocks until some significant number are °
located, then harvest them. This practice has been ineffi-
cient, particularly in the case of scouting and fishing for
pelagic species. Tuna fishermen, for example, have untal
recently left port with a gross knowledge of stock location,
and cruised widely until fish were visually sighted. Transit
and scouting operations are responsible for about 70 percent
of overall fishery costs.

The use of aircraft in the location of tuna, menhaden, and
anchovies represents a significant improvement in overall
efficiency. Experienced pilots can locate schools of pelagic
fish, 1dentify them, and relay their position to the fishing
vessels at a fraction of the cost required to find the stocks
visually, using the fishing vessel as a scouting platform.

Knowledge of current darection and speed, other biological
populations (e.g., food stocks or predators), water tempera-

v
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ture, and regional bathymetry can enhance the scouting opera-
tion regardless of the method used.

c. Improve catching operations

Improvement of the catching operation in most
fisheries 1s dependent upon market incentive, knowledge of
new and 1mproved equipment and methods, and the breaking of
traditional fishing ties. Pishermen, especially those en-
gaged in nearshore or coastal fisheries, have been reluctant
to employ technigues other than those considered "tried and
true."

The catching operation depends to a great degree upon the
efficiency of scouting and location of saignificant stocks,
but once the fisherman has his vessel in the proximity of a
guantity of faish, he must put his eguipment, knowledge, and
ski1ll to the test. Airborne direction of pelagic tuna and
menhaden fishing has proved to be haighly successful. Catch-
ing vessels are directed to or around the schools as the case
requires, so that the vessels do not run over a school, in-
creasing the possibility of the stocks scattering or sounding.

Two types of data may be critical in the catching operation:
water temperature and bathymetry. Temperature 1s needed for
judgang the depth of set for traps, nets, and long-lines;
bathymetry is required to prevent the fouling of fishing gear
on the bottom and to aid the fisherman in setting gear for
specaific depths.

d. Forecast seasonal and long-term variation in
abundance

For more than three decades, fisheraies biologists
have been attempting to determine the dynamics of fish popu-
lations. Fish, as well as land animals, have their own pref-
erences for food and environment. Because of thas, they tend
to congregate in areas where their particular food 1s most
plentiful and water temperature most agreeable. Most fish
migrate during certain seasons of the year along comparative-
1y well defined routes, staimulated by the urge to spawn, feed,
or winter in a different location. Many species tend to feed
and migrate as a group or school. A sound knowledge of migra-—
tory cycles, routes, and schooling behavior is necessary in
forecastaing the most favorable catch areas. Fishery charts,
currently being developed on a world-wide scale, are largely
based on this knowledge.

e, Provide a scientific basis for management of
exploited fisheries

The first steps in developing a sound basis for
regulation and management of exploited as well as unexploited
fisheries i1s the i1dentaification of the various unaique bio-
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logical units (races or populaticns) in the fishery. For
example, in Alaska, there are at least 2,000 salmon streams.
Each unit requires a different set of conditions for survival
and reproduction. Each competes for living and spawning

areas and food supply. Research at the University of Washing-
ton 1indicates that a further daistinction must be made between
bioclogical and management units, It defines the latter to in-
clude all salmon that enter "...a dastinct faishing area durang
a specific period, which must be regulated as a unit." From
the standpoint of efficiency, each management group should be
as small and include as few spawning groups as possible.

The second step in developing management mechanisms for
exploited fisheries 1s to assess economically the levels of
effort and catch under commercial exploitation When catch
data are combined with biological yield data, economic pro-
duction functions can be derived to provide an index of opti-
mum levels of exploitataion.

The thaird step i1s provision of regulations and enforcement
powers to 1nsure the maintenance of a maximum sustained yield
to society at a minimum cost to the fishermen. Data on pop-
ulation size are critical to the first step; the other steps
require economic and social data which are not included ain
this study.

1.3.3 Hazards to Shipping and Coastlines

Despite the advanced state of the art of vessel navi-
gation and coastal cartography, many ships and small boats
are lost or damaged by grounding each year. While loss of
life 1s being reduced in such incidents, private and public
property losses continue to climb. The recent and widely
publicized groundings of the TORREY CANYON and OCEAN EAGLE
are 1llustrative of the environmental losses, principally
public, 1incurred.

Coastal areas encompassing river and estuary entrances may
have rapidly changing wind, wave, and tidal effects. Since
these are areas frequently used for marine transportation to
and from inland harbors, they should be regularly and accur-
ately charted.

The loss of land and property to erosion, whether caunsed by
hurricanes, winter storms, currents, or other forces, amounts
annually to millions of dollars. Hurricanes sometimes result
in loss of life also. The hurricane tracking and forecasting
effort supported by a network of weather forecasting stations
operated by U. S. agencies has played a major role in reduc-
ing loss of life, and to some degree, property, through
accurate forecasting and data dissemination technigues. The
major issues related to hazards to shipping and coastlines
ares
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a. Identify hazards to navigation

The 1dentafication of hazards to navigation is
frequently data limited, owning to the infrequence of coastal
hydrographic surveys and increasing use of coastal and estuar-
ine waters for marine transportation and recreation. The
bathymetry of the sea floor shifts under the influence of
environmental forces, particularly in shallow water, and know-
ledge of such changes in coastal areas 1s important.

Sea 1ce has long been recognized as one of the more serious
hazards to navigation in northern waters. Coast Guard ice
patrolling and icebreaking have alleviated the most serious
handicaps to marine navigation; nonetheless, sea and lake ice
data are needed on a more complete scale for planning and
operations in 1cy areas.

Meteorological data, including air temperature and pressure,
wind speed and dairection, and cloud type, are needed for pre-
dicting and monitoring hurricanes, tropical storms, and
coastal squalls. Water current and hydrographic data are
required to detect and monitor shoaling conditions along
coastal inlets and in harbor waterways.

Meteorological data, including weather forecasts, are gener-—
ally available through broadcasts and teletype. Dissemina-
tion of bathymetric and topographic data, as well as the
location of wrecks and obstructions, requires the preparation,
updataing and dastraibution of charts and maps.

b. Provide climatological information

The availabilaity of climatological ainformation 1s
critzical to almost all uses of the ccoastal zone. Accurate
forecasting requires the near-continuous monitorang of air
and water temperatures, barometric pressure, and other meteor-
ological data. A further requirement is that properties be
reported synoptically from a number of sensors to a local
center for analysis and aid ain forecasting.

Climatological data are used to assess extreme coastal ocean-
ographic conditions needed for final engineering design of
coastal and offshore structures. Although hurricanes are
noted for catastrophic effects, immense damage can be in-
flicted also by fast-moving coastal thundersqualls.

c. Monitor hazardous ocean phenomena

Among the most hazardous and destructive oceanic
phenomena are hurricanes, thunderstorms, waterspouts, and
1cebergs. Surveillance of these phenomena 1in coastal areas
and conditions conducive to their occurrence should be selec-
tively expanded.
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d. Assast rescue operations

Where lifesaving 1s involved in rescue operations,
data contraibuting to search and rescue decisions should be of
good quality.

Several types of data may be critaical to rescue operations.
Sea state observations, and information concerning water and
air temperature, water currents, wind velocity, and other
meteorological factors are required for timing, as well as
effecting rescue operations. The data will aid in locating
survivors and indicate survival time, which may affect rescue
decisions, particularly the mode of rescue.

1.3.4 Coastal Geography and Cartography
The major assues are:

a. Complete and update coastal areas survey

- Most of the coastline of the United States has
been charted by one or more Federal agencies. However,
the dynamic nature of coasts requires that cartographic pre-
sentations be updated at regular intervals and immediately
after sudden change. In general, the continental shelf to
the 200 meter isobath (and beyond) has been charted only for
navigational purposes. Bathymetric, geological, and geo-

physical mapping of the continental shelf and slope have only
begun.

Data describing current fields, tidal characteristics, bottom
sediments, depth, hazards, etc., are needed for updating
coastal area navigation charts, Critical area navigational
charts require that regular updating be effected and that the
information be distributed to users promptly.

Mineral exploration has been initiated in a few areas of the
U. 8. continental shelf, but the majority of the shelf has

not been adequately explored or described. With the exception
of exploration for pertoleum, some shelf areas have not been
explored at all

Data that would contraibute to description of the continental
shelf include sediment type, distribution, permeability, and
porosity, and sea bed and sub-bottom profiles.

b. Identify coastal land use patterns

One of the major tasks of the coastal zone manager
1s the identafication of coastal land use pattexrns, This task
appears to be deceptively simple, one of description. How-
ever, coastal land uses have followed no particular pattern,
especially where development has occurred on a piecemeal basis.
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In ordexr for coastal managers to achieve a reasonable degree
of success, rational prediction should be invoked 1in prepara-
tion for zoning and best-use designation of coastal zone
properties, above and below the water.

One major responsibility of the coastal manager 1s to assure
that the reasonable demands of people using coastal resources
- now and 1in the future -- be met. This reguires that the
managers plan to set aside areas for specific purposes, such
as recreation (all types as direct service to the public
interest) and heavy industry (to help alleviate future con-
flict between industraial and other developers in the private
and public sectors).

Many data types required for coastal area planning are social,
economic, and political, and are beyond the scope of this
study.

Coastal managers require specific inventories of many types

of resources and land and water use. Current and hastorical
survey data are required for wise planning and best-use
decasions. Coastal zone planners also require that usage data
be assembled on a regional, as well as a local basis. High
resolution presentations also are needed for detailed study
and decisions. Updatang for both should be effected at least
annually.

C. Assess mineral resources

Continuing publicity given to a few underseas
mining operations in various parts of the world 1s generating
increased worldwide interest in coastal exploration. Recog-
nition of the potential and possible importance of sea bed
minerals in strengthening a national resource base has stimu-
lated some States to encourage offshore exploration and devel-
opment, by more clearly defining the laws and regulations re-~
garding exploitation of underseas mineral resources withan
thear jurisdictaion.

Underseas mining remains in 1ts infancy. The oceans present
formidable problems to the discovery, delineation, and recov-
ery of maineral resources, yet the minerals obtained from them
must compete economically with landbased sources of supply.
Recent experience has shown that development of the capacity
necessary for sustained, profitable production of coastal sea-
bottom minerals 1s extremely difficult, but possible.

The sequence of steps required to bring marine mineral depos-
1ts into production is essentially the same as for dryland
minerals. First, a deposit must be located and explored to
the extent necessary for a preliminary economic judgement.
Secondly, 1f the judgement i1s favorable, the deposit must be
characteraized in sufficient detail to provide a basis for
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determining production technology requirements and to estimate

as realistically as possible the profitability of its exploita-
tion,

The problems normally confronting these 1nitial steps are com-
pounded 1in the marine environment by several factors, either
relatively easy to control or non-existent on land. The sea
presents unique problems in precisely assessing subsurface
mineral deposits.

One essential requirement in the delineation of underseas
minerals 1s accurate navigation. Deposits should be accurate-
ly defined; once established, 1dentifying points must be
readlly relocatable. Significant advances have been made in
the development of small portable positioning systems which
provide reasonably high accuracy within short operating ranges,
and therefore, are of particular interest to the marine mining
industry. Systems also have been developed for placing buoys
on the ocean floor. Rather than depending upon visual sight-
ing, these ocean-floor buoys can be located by acoustic or
electronic sensory systems.

The magnetometer 1s an exploration tool adapted for marine

use. Because of the relative simplicaity of i1ts sensor arrange-
ment, the proton magnetometer has been the instrument most
widely used for geophysical surveys. Currently, the rubidium
magnetometer 1s being adapted to the marine environment.

Although progress has been made i1n some problem areas con-
fronting the exploration of seafloor mineral deposits, a
major problem remains, namely, the accurate determination of
mineral content and spatial distribution, without which a
realaistic preliminary economic jJudgement for recovery 1s not
possible. Currently available sampling tools of the oceano-
grapher, while useful for reconnaissance, are inadeguate for
obtaining the kind and quality of sample necessary for econom-
ic appraisal, Thas deficiency has been recognized, and improved
sampling devices are in the design, fabrication and testing
stages.

Besides offshore sand and gravel recovery, marine mining 1S
in progress, for shells in San Francisco Bay and on the Texas
coast, and for aragonite on the coast of Florida. These
operations are in relatively shallow water, from 30 to 150
feet deep, close to shore, and in relatively sheltered areas.

d. Monitor and control shoreline processes

Seacoasts are dynamic features which respond in
various ways to changing energy forces. The coastal zone in-
cludes the area in which bottom sediments and organisms are
affected by tidal phenomena, longshore currents, periodic
surges, and breaking waves. Additionally, the geographic
location, climataic province, and substrate determine the
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nature of sedimentary processes and the density of organic
populations.

Numerous coastal processes affect the dynamic equilibraium of
coastlines. To monitor and control these processes, the fol-
lowing information 1s frequently needed: wave and tidal char-
acteraistics, current data, littoral transport and wave energy
calculations, and accretion and erosion rates, The last are
needed for engineering design and planning for changes that
might follow the installation of beach protection and stabail-
ization works.,

1.4 TIdentifying Related Oceanographic Data Needs
1.4.1 Approach

A matrix approach was employed to facilitate analysas
of the data needed to resolve the issues i1dentified in the
preceding sections. The matrix relates data types to key
coastal zone issues. Values, reflecting conclusions of our
analysis, are assigned within cells on a scale: 0 - unimpor-
tant, 1 - important, and 2 - cratacal. Column sums are in-
dices of the relative value of each data type to the resolu-
tion of the specified national problems.

1.4.2 Defanation of Data Types

Definition of the data descriptors used in the matrax
presented in Section 1.4.3 are given below:

Ice -~ Occurrence, position of i1ce field limits, thick-
ness, and concentration,

Water Temperature - Prancipally surface temperature,
but can include temperature at any point in the water column.

Water Density - At any selected point.

Currents - Horizontal and vertical current direction
and speed.

Tides - Height, period, volume.
Waves - Height, period, direction.

Breakers and Surf - Height, breaker depth, width of

zone,

Plankton (aincluding fish eggs and larvae) - Count, by
species of plant and animal,

Bacteria ~ Fecal and total coliform counts; sphaero-
tilus - presence and mass.,
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Insects - Presence and number (by species).
Fish - Presence and number (by species),

Marine Mammals -~ Presence and number {(by species).

Fouling Organisms - Presence and number (by species)
mainly of barnacle-type growth and boring organisms.

Bioluminescence - Presence and distribution pattern.

Pigment Content - Presence and concentration of speci-
fied pigment.

Bioassays - A measure of biological response to pollu-~
tion or other environmental alteration, obtained under con-
trolled laboratory conditions or through observations in
nature,

Color - Principally sea color.
Sediment Descraiption - Identification of praincipal

types of bottom sediments, e.g., gravel, shell, sand, clay;
and the spatial arrangement of the principal sediment types.

Bathymetry - Depths below the sea surface.

Magnetic Field -~ Measurement of anomalies in the mag-
netic faield of the earth.

Gravitational Field ~ Measurement of variations in
acceleration due to gravity.

Permeability - Measure of the ability of fluids to
move through the bottom sediments

Porosity — The relative volume of interstices in
bottom materzials.

Bottom 02 Uptake - Consumption of disscolved oxygen
by bottom constituents.

Sedament pH - The hydrogen 1ion concentration of bot-
tom materials.

Ai1r Temperature - Ambient temperature at any specified

point,

Barometric Pressure - The atmospheric pressure,
prancipally at sea level,

Wind Speed - Measure of speed, principally of surface

winds.
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Waind Darection - Indication of the direction of sur-
face wind flow.

Humidity - Relative humidity - the ratio of the amount
of water vapor actually present in the air, principally at
the surface, to the greatest amount possible at the same temp-
erature,.

Solar Radiation - Total aincoming solar energy.

Tsunamis - Historical data - frequency, water level,
location, damage.

Fresh Water Inflow -~ A measurement of total fresh
water from land runoff, watersheds,

Sediment Settling Rate - Apparent rate of settling.

Salinity - Measure of total dissolved solids, prainci-
pally salt concentrations.

Nutrients - Concentration of nurtient salts, princi=-
pally of nitrogen and phosphate

Dissolved Gases - Concentration, mainly of oxygen and
carbon dioxide.

Radioactive Tracers - Total counts of specific label-
ed compound.

Metals - Concentration of heavy metals, mainly mer-

cury, lead, cadmium, silver, zinc, chromium.
PH - Measure of hydrogen ion concentration.

Partaiculates - Measure of suspended and floating

solids.

Dissolved Organics - Measure of dissolved organic
constituents, such as vitamins.

Pesticides & Herbicides - Prancapally concentration
of DDT and 1its metabolities, Aldran, Dieldran, 2-4-D, 2-4-5T
as indicators.

Petroleum - Floating, suspended, dissolved hydro-
carbons.

Precipitation - Total rain, hail, mist, sleet, or
snow f£all.

Clouds - Identification of cloud cover, location,
aerial expanse.

25



Topography - Elevations above the water surface.

Land Use - Identification of the prancipal type of
land use,

Soils and Geology - Description of land above the
water surface.

Vegetation - Descraption of terrestrial and aquatic

growth,
1.4.3 Matrix Analysis

The analysis discussed 1in Section 1.4.1 i1s presented
in Table 1-2, Importance of Data Types to Coastal Issues.

Table 1-3 presents in summary and normalized form the values
and column sums of Table 1-2.
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TABLE 1-2

IMPORTANCE OF DATA TYPES TO COASTAL ISSUES
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TABLE 1-3
SUMMARY MATRIX

Physical Properties of Water Chemical Properties of Water
= Y 0] .
)] 0 ® 9] L
M e~} 4] ~ 12
Convention: 3 ﬁ % % S % %
—_— w0 = H By m | tn
M 93] 4+ ) o w
a. Matrix Sum & 4 a @] g Q o
Table 1-2 5 @ _3 c 0 o) — o o 5
b. Normalized Sum B a n @ g 8 _'?j’ 'E’ g 45 g 'J 2
o a ﬁ ~ Q ~ 3] w0 ~— 8] —
5] [11] /)] )] G £ ~ 5 ~ @] ] ~ o] ~ o]
olo | B8 21 8 8§18 sl A1Blalas|d aflh | N
PROBLEM AREAS (4] ] = rf o e (%} bt lir] i} = — o [0} m 1 @ 7}
HliE | O | H| & Al Bl | 2|l vwlegjaold |8l |
Pollution a.t 1 10( 10 8 3 2 2 6 9 10} 6 6 6 8 8 4 4 112
b.{0o.1}1.4)1.4|1.1]|0.4}0.310.3]0,9]|1.3|1.4(0.210.910.9(1.1]1.1]0.610.6(1.7
Fisheries a.{ 0 7 81 3 1l 0 0 6 4 5 7 5 0 2 3 5 4 2
b.}l o [1.4]1.6}0.610.2] 0 0o [r.2|0.8|1.0|1.41.0} 0 [0.4|0.6}1.040.8(0.4
Hazards to a.| 6 71 714 |6 |5 |3loel2t1]olofl2]|ojojo}ol]3a
ghlpplng & b.f1.5(1.8]1.811.0|1.5(1.2 0.8} 0 lo.5}0.2]1 0 O jo.5{0 |0 O] 0 (0.8
oastlines
Coastal Geo— a.| 2 4 5{ 5 1 3 2 3 1 3 3 1 4 4 2 1 1 4
graphy & b.lo.5[(1.0l1.211.2]0.2]0.80.5|0.8l0.2]0.8 0.8 (0.2 2.01.0(0.5(0.2!0.2{1.0
Cartography
Column Sum b 145 586, 033.992.3802.290L.54b.810.84B.43B.01p.11p.36p.54]2 2411.821.623.87
Normalized
Values*®

*Values rounded to nearest tenth except for sum.
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TABLE 1-3 (Cont'd)

MATRIX SUMMARY

Convention

a. Matrix Sum
Table 1-2

b. Normalized
Sum

PROBLEM AREAS

Pollution a.
b.
Fisheraies a.
b.
Hazards to A
Shapping &
Coastlines b.

Coasgtal Geo- g,
graphy &
Cartography b.

Column Sum
Normalized
Valueg*

Geological & Geophysical
Bilological Properties of Water Properties of Bottom
)]
0 L2
5 Q ]
¢ | @ A L
wl ~ 3] g 10
w| 8 5] 3 D Bl wols
E ol v g b =] ] 7] on!
H wmil o B H L | @ o,
g | u 2191 8(1°] & s 18| 8 Ton (S S e W
Q ol 0 mi od| P m £ o Al g] e s} o o
+ H H o] 5 5 o 0 ] E P ot A E 0 0 a
g aU 9] g a ] H 5 Q i Ol @ a rf E 5
5 4 Q| o Al A4 E\ d 0 R £ | e ﬁ o | P + CE|
BRI IR R IR AR IR AR AR AR
(e m H | & =l m Ml m mlalon m = | o Al Al A a | o 0
8 8 6 5 2 5 1 4 1] 8 6 8 9 a1 ¢ 8 8 8§ 3 7
1.1}11.110 9}0.7{0 3]0.7|0.1}1.6}1 6/]1.6J0 1}1.1 0 0] 3]1 1{1.1{1.1j0.4]1.0
9 3 1 9 7] 1 3 4 6 5 3 8 0 0] 0 0 2 2 2 42,0
1.810.610.2]1.8{1.4]|0.2{0.6|0 8l1.2 1.010.6]1 6 0 0 0.4(0.4}0.4]|0 &
0 0 0| 1 o 0 2 2 4 2 2 1 1 0
0 0 0 0[0.2] 0 0 0.5]0.5]|1.0]0.5]0,5 0 2]0.2 0
2 v 2 1} 2 0 0 1l 4 7 B8 2 2] 3 3 1 4 4 1
0.5 @ 0 [0.5(0 2]0.5{ 0 0 {0.2|1 0f[1.8{2.0,0.5({0.5[0.8(0.810.2 4.0(1.010.2
3.44l.74L.063.02F.941.670.74F.373.023.643.715.741 0011 02,041 891,792.790.081.65

*Values rounded to nearest tenth except for sum.
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Convention:

a. Matraix Sum
Table 1-2
b. Normalized Sum

PROBLEM AREAS

Pollution a,
b.
Faisheries . a.
bo
Hazards to a.
Shipping &
Coastlines b.
Coastal Geo- a.
graphy & b
Cartography *
Columnn Sum
Normalized
Values®*

TABLE 1-3 {Cont'd)

SUMMARY MATRIX

Land
Atmosphere haracteraigtics
) o B
- Q 0 o]
[=] H A - 0
H 3 = 0o —
o 0 o ~ o)
H m ~ + &> ] o
O O o] I < U} 0
0, M >Nl B ol o ~
5 [a¥ + [a Il o ] ¥ H
- o 0 4l B ]
E+ . )] o] = ~ o] o ) +
O o] A m 4} 3 ol © — )
H ] b=t g — Q o ol g H o
= @ ri =] Q ¥ —~ o o 0 @
S M = ot ow ot 9] | 4] S
I AT
5 4 4 4 2 6 1 2 4 4 6
0.810.6(0.6]0.610,3(0.910,1)0.3[{0.6}0,.610.9
2 1 3 0 3 3 2 1 2 0 4
0.410.210.6| 0 |0.610.610.4{0.2|0.4] ©¢ (0.8
6 5 8 4 4 6 6 4 0 1
1 5]1.242,031L.041.0{1.5|12.51L.0] O 0.2
0 2 0 1 1 1 6 6 6 5
5 0.5\ 0 §0.210.210.21.5]1.5]1.5(1.2
3.122.0213,671.5712.143.212.292.992.472. 073. 16

*Values rounded to nearest tenth except for sum.
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1.4,4 Summary of Matrix Analysas

Based on the foregoing anzlyses, data types most
relevant to each of the four national problem areas are (from
Table 1~-3):

Pollution Pisheries
Petroleum* Fish*
Bioassays* Plankton*
Water Temperature® Currents®
Currents* Bathymetry*
Salinity* Water Temperaturev
Water Density® EUtrlinEs*
Permeability* amma.ls
H* Presh Water Inflow
gldes* Bioassays*
Metals Salinaity*
Plankton¥® Dissolved Gases*
Colox* Dissolved Organics¥*
Bathymetry* Color¥*
Particulates®*
Porosaty (bottom)*
Bottom Og Uptake*
Bacteria
Sediment pH
Hazards to Coastal
Shipping & Coastlines Geography & Catrography
Winds* Bathymetry
Water Temperature* Sediments*
Currents¥* Topography
Tce* T.and Use¥®
Waves* Soils & Geology*
Axr Temperature¥® Currents*
Precipitation¥* Tides*
Clouds* Vegetation
Barometric Pressure® Water Temperature
Breakers & Surf* Sediment Settling Rate
Tides* Radiocactive Tracer
% Concentration
gi;?g?ﬁ;iy Partaculates
Solar Radiation* ﬁgigis
Topogr *
pography Petroleum

*Indicates data types critical to one or more i1ssues 1in a

___hational problem area.

Indicates data types receiving approximately equal rating an
the matrix analysis.
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In addation, the following data types were found to be crati-
cal to at least one issue:

Nutrients
Bioluminescence
Pigment Content

Consiaderaing all four national problem areas, the following
list i1dentafies the data types considered most relevant to
the solution of coastal zone problems, in order of value from
Table 1-3.

Currents#*
Bathymetry*
Water Temperature¥®
Tides*
Petroleum*
Sediments*
Winds

Color*
Plankton*
Salinity*
Precipitation
Vegetation

Alr Temperature
Fish

Bioassays*
Nutrients*
Topography¥*
Water Density¥®
Fresh Water Inflow*
Particulates
Metals¥*

Land Use*
Waves*

*Tndicates the data are critical to the solution of 1ssues ain
more than one national problem area.

32



SECTION 2.0

MEASUREMENT REQUIREMENTS

2.1 Measurement Specifications

For praioraity data types identified in Section 1.4.4,
consideration has been given to data applications, including
specific ways in which the data might be used, either inde-
pendently or correlated with other data, to attack the craitical
coastal zone issues. In this way judgments were made on se-
lected measurement specifications such as spatial resolutaon,
frequency of measurement, data response time, and field of
view. This analysis 1s presented in Tables 2-1 through 2-23%.

2.2 Spacecraft Measurement Candidates

Measurement regquirements for each of the data types
shown ain Tables 2-1 to 2-23 were compared to the measurement
capabilities of both current remote sensors and those ancici-
pated by the 1975 period. Factors considered, among others,
were the emission characteristics of the phenomena to be
measured and the measurement accuracies required in terms of
delineating both the spatial and spectral properties of the
phenomena being measured. From this analysis i1t was possible
to determine which data types were likely to be measurable
from spacecraft altitudes (also those not likely to be measur-
able) and the type of sensors that would be necessary to per-
form the measurements. Data types were identified as non-
measurable either on the basis that they could not be measured
from spacecraft altitudes or that other methods were more
suitable.

This section of the report describes the basis for selection

of the data types to be measured and relates each type to one
or more corresponding methods of measurement., Specific types
of sensors which are capable of making similar types of
measurements are indicated and specific operating parameters
for these sensors as defined for the coastal zone are discussed.

2.2.1 Basis for Selection

There are many factors that need to be considered in
order to determine whether or not a particular measurement
can be made from space altitudes and whether or not a suitable
sensor exists to make the measurement, Those of primary im-
portance include the determination of the energy characteris-
tics of the phenomena to be measured and the determination of
spectral intervals whaich will permit optimum viewing. Also of
major importance are the spatial and spectral resolution re-
gquirements and accuracies. Others, of perhaps lesser impor-—
tance, include the geographical extent of the areas of interest,

*8ea 1ce substituted for air temperature in Tables.
33
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TABLE 2-1

MEASUREMENT SPECIFICATIONS — CURRENTS

- Not relevant to the issue.

*Data needs most acute here. Short

reporting time

FREQUENCY DATA SIZE OF
SPATIAL OF RESPONSEIFIELD OF
NEED 15808 RESOT.ITION | MEASTIREMENT) TIME INTEREST
Pollution Locating Sources of Discharge 10m-100m 1/day 1 wk 0.1-10km
Determinaing Types of Discharge - < - N
Determining Extent of Pollutant Effect | 10-100m 1/day 1 wk 0.1-10km
Determining Assimilataive Capacity 10-100m 1/day 1l wk 0.1-10km
Optimal Siting of Effluent Producing Ind.10-100m 1/day 1 mo 0.1-10km
Effect Enforcement Action = = - -
Assist Rapid Cleanup of Accidents® 10-100m 1/hr inst 0.1-10km
Fisheries Location of New Fishing Areas 100-1.000m 1/wk 1 day |1.0-100km
Improve Scouting Operations 100-1000m 1/day 1 day |1-100km
Improve Catchang Operations 100-1000m l/day 1 day |1-100km
Forecast Seasonal & Long Term Variations 100-1000m 1/wk 1 mo 1-100km
Provide Scientific Basis For Mgmt. - - - -
Hazards +o Ship- |Identafy Hazards to Navigation 100-1000m 1/day 1 day [1-100km
ping & Coastlines|Provide Climatological Information 1-10km 1/day 1 day [1-100km
Monitor Hazardous Ocean Phenomena 1-10km 1/day-1/hr 1 day {1-100km
Assist Rescue Operations 100-1000m 1/hr inst 1-100km
Coastal Geography!Assess Mineral Resources 100~1000m 1/mo i mo 1-100km
& Cartography Complete and Update Coastal Surveys 100-1000m 1/day 1 wk 1-100km
Identify Coastal Land Use Patterns 100-1000m 1/wk 1 mo 1-100km
Monitor & Control Shoreline Processes 10-100m 1/wk 1 wk «1-10km
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TABLE 2-2

MEASUREMENT SPRECIFICATIONS — BATHYMETRY

- Not relevant to the issue

SPATIAL
NEED ISSUE RESQLUTION
Pollution Locating Sources of Discharge 10-160m
Determining Types of Discharge 100-1000m
Determining Extent of Pollutant Effect | 1-10km
Determining Assimilative Capacity 100-1000m
Optimal Sitang of Effluent Producang Ind| 100-1000m
Effect Enforcement Action 100-1000m
Assist Rapid Cleanup of Accidents 100-1000m
100-1000m
Fasheries Location of New Fishing Areas 1-10km
Improve Scouting Opérations 1-10km
Improve Catching Operataions 1-10km
Forecast Seasonal & Long Term Variations -
Provide Scientific Basis For Mgmt. =
{
Hazards to Ship- |Identify Hazards to Navigation 100-1000m
ping & Coastlines|Provide Climatological Information 1-10km
Monitor Hazardous Ocean Phenomena 1-10km
Assist Rescue Operations 100-1000m
Coastal Geography|{Assess Mineral Resources 10-100m
& Cartography Complete and Update Coastal Surveys 100m-1000m
Identify Coastal Land Use Patterns 10-100m
Monitor & Control Shoreline Processes 10-100m

FREQUENCY DATA SIZE OF
OF RESPONSE{FIELD OF
| MEASUREMENT TIME INTEREST |
1/wk 1 day 0.1-10km
1l/mo 1 wk 1-100km
1/mo 1 wk 1-100km
1/wk 1l wk 1-100km
1/wk 1 mo 1-100km
1/wk 1wk 1-100km
1/wk 1 day [|1<100km
1/wk 1 day 1~-100km
1/mo 1 mo 1-100km
1/mo 1 mo 1<100km
1/mo 1 mo 1-100km
1/wk 1 day 1-100km
1/wk 1 day 1-100km
1/wk 1 day 1-100km
1/wk 1 day 1-100km
1/mo 1 mo 0.1-10km
1/mo 1 mo 1-100km
1/mo 1 mo 0.1-10km
1/wk 1 wk 0.1~10km
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TABLE 2-3

MEASUREMENT SPECIFICATIONS - WATER TEMPERATURE

FREQUENCY DATI ACCURACY SIZE OF
SPATIAL OoF RESPONSE FIELD OF
ISSUE RESOLUTION | MEASUREMENT TIME RANGE/SENS 'VTY¥| INTEREST
i
Pollution
Locating Sources of Discharge 10-100m 1/wk 1 day 0-50°C iO.lgC 0 1-10km
Determining Types of Discharge 10-100m 1/mo 1 wk 0-50°C #0 1¥C| 0 1-10km
Determining Extent of Pollutant Effect - - - - -
Determining Assamilative Capacity 10-100m 1/wk 1 wk 0-50° +0 1°c| 0 1-10km
Optamal Siting pf Effluent Producing Ind 10-100m 1/wk 1 wk 0-50°c 0 1%c| 0 1-10km
Bffect Enforcement Action 10-100m 1/hr-ccent 1 day 0-50°C +0.1°C{ 0 1-10km
Assist Rapid Cleanup of Accidents 10-100m 1/hr 1 hr 0-50°C 10 1°¢c| 0 1-10km
Fisheries
Location of New Fishing Areas 100-1000m 1/wk 1 day 0-40°c 1 09¢| 1 0-100%m
Improve Scouting Operations 100-1000m 1/hr inst 0-40°C +1 09¢| 1.0-100km
Improve Catching Operations 100-1.000m 1/hr inst 0-40°c 1 09C[1 0-100km
Forecast Seasonal & Long Term Variations 100~-1000m 1/wl 1 mo 0-40°C 1 09c[1 0-100km
Provide Scientific Basis For Mgmt. 100-1000m 1/wk 1 wk 0-40°C £1.0°f{ 1 0-100km
Hazards to Shipping & Coastlines
Identify Hazards to Navigation 10~-100m 1/day 1wk d10-50°C £1.0°C| 0 1-10km
Provaide Clamatological Information 100-10600m 1/hr inst -10-4080 +1 0°c| 1-100km
Monitor Hazardous Ocean Phenomena 100-1000m 1/hr inst -10—4000 3] ogc 1-100km
Agaist Rescue Operations 100-1000m 1/hr anst  410-40°C %1 0-Cj 1-100km
Coastal Geography & Cartography
Assess Mineral Resources 100-1000m 1/wk 1 mo 0-509C 0 19¢| 1-100km
Complete and Update Coastal Surveys 1-10km 1/day 1 mo 0-40.C +1.0°cC} 1-100km
Identify Coastal Land Use Patterns 1-10km 1/wk 1 wk  410-40,C %1 ogo 1-100km
Monitor & Control Shoreline Processes 1-10km 1/day 1 wk 410-40 C *1.0 ¢ 1-100km
- Not relevant to the issue
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TABLE 2-4

MEASUREMENT SPECIFICATIONS - TIDES

- Not relevant to the issue.

FREQUENCY , DATA SIZE OF
SPATIAL OF RESPONSEiFIELD OF
NEED ISSUE RESOLUPTON ;| MEASTUREMENT TIME INTEREST
|
Pollution Locating Sources of Diascharge 1060-100m 1/hr 1 day 1.0-100¥m
Determining Types of Discharge = = - -
' Determining Extent of Pollutant Effect 1-10km 1/hr 1l day |1-100km
Determining Assimilataive Capacity 1-10km 1/hr 1 mo 1-100km
Optimal Siting of Effluent Producing Inq 100-1000m 1/hx 1 day {1-100km
Effect Enforcement Action - - - -
Assist Rapid Cleanup of Accadents 100-1000m 1/hr inst 1-200km
Fisheries Location of New Fishing Areas 100-1000m 1/hr 1wk 1-100km
Improve Scouting Operacions 100-1000m 1/hr cont~1l hr jJL-100km
Improve Catching Operations 100-1000m 1/hr lcont-1 hr |1-100km
Forecast Seasonal & Long Term Variationg - - - -
Provide Scientific Basis For Mgmt. - = - -
Hazards to Ship- |Identify Hazards to Navigation 100-1000m l/day 1 day 1-100km
Ping & Coastlines|Provide Climatological Informataion - = i -
Monitor Hazardous Ocean Phenomena 100-1000m [l/day-1/hr 1 day |L-100km
Assist Rescue Operations 10-100m 1/hr st 0.1-10km
Coastal Geography|Assess Mineral Resources 100-1000m 1/day 1l wk 1-100km
& Cartography Complete and Update Coastal Surveys 100-1000m 1l/day 1 mo 1-100km
Identi1fy Coastal Land Use Patterns 100-1000m 1/hr 1 mo 1-100km
Monitor & Control Shoreline Processes 100~-1000m 1/day 1wk 1-100km
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TABLE 2-5

MEASUREMENT SPECIFICATIONS - PETROLEUM

FREQUENCY DATA SXIZE OF
SPATIAL OF RESPONSE |FIELD OF
NEED ISSUE RESOLUTION | MEASURBEMENT TIME INTEREST
Pollution Locating Sources of Discharge 10-100m 1/hr-cont inst O'i:igﬁg
Determining Types of Dascharge 10-100m 1/hr 1 wk 0 10
Determining Extent of Pollutant Effect | 100m 1/hr-1/day 1 hr l-lokm
Determining Assimilative Capacity 100m 1/hr-cont 1 wk l-iokm
Optimal Siting of Effluent Producang Indl.100m cont 1 mo 1-10
Effect Enforcement Action 10m 1/hr-cont |cont-1 wk [0 01-10km
Assist Rapid Cleanup of Accadents 100m cont cont-inst |1-10km
Fisheries Location of New Fashing Areas - - - _
Improve Scouting Operations - . 2 _
Improve Catching Operations 10-100m i/day 1 é df{ g_ioﬁgﬁm
Forecast Seasonal & Long Term Variationg 1 0-100km /day ay-i mgL=L’?
Provide Scaehtific Basis For Mgmt. - -
Hazards to Ship- [Identify Hazards to Navigation 10-1000m cont inst 0.1-100km
pang & Coastlines|Provide Climatological Information - - - -
Monitor Hazardous Ocean Phenomena - - - =
Assist Rescue Operations - - - -
Coastal Geography|Assess Mineral Resources 1-100km 1/mo 1-6 mo (to 100km
& Cartography Complete and Update Coastal Surveys - - - -
Identaify Coastal Land Use Patterns 0 1-100km 1/day lday=-6 mo [0.1-100km
Monitor & Control Shoreline Processes - - - -
- Not relevant to the issue
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TABLE 2-6

MEASUREMENT SPECIFICATIONS - SEDIMENTS

SPATIAL
NEED I1SSUE RESOLUTION |

Pollution Locating Sources of Discharge 10-100m

Determining Types of Discharge -

Determining Extent of Pollutant Effect [0 1-10km

Determining Assimilative Capacity 0 1-10km

Optimal Siting of Effluent Producing Ind). 100m-Ilkm

Effect Enforcemeént Action 10-100m

Assist Rapid Cleanup of Accadents 10-100m
Faisheries Location of New Faishing Areas

Hazards to Ship-
ping & Coastlines

Coastal Geography
& Cartography

Improve Scouting Operations
Improve Catching Operataions

0 1-10km

Forecast Seasonal & Long Term Variationsg0 1-10km
Provade Scientific Basis For Mygmt.

Identify Hazards to Navigation
Provide Climatological Information
Monitor Hazardous Ocean Phenomena

Assist Rescue Operations

Agsess Mineral Resources
Complete and Update Coastal

Surveys

Identify Coastal Land Use Patterns

Monitor & Control Shoreline Processes

- Not relevant to the issue

0 1-10km
10-100m

0 1-10km

1 0~-1000m
0 1-100km
1-100m

FREQUENCY DATA SIZE OF
OF RESPONSE|FIELD OF
| MEASUREMENT] TIME INTEREST
1/mo 1wk 0.1-10km
1/mo 1 wk 0.1-100C
1/mo 1 mo 0.1-160km
1/mo 1-6 mo |1-10km
1/mo 1wk 0 1-10km
1/hr inst 0.1-10km
1/wk 24 hrs |0.1-100km
1/wk 1 wk-1 mo 0.1-100kml
1/wk 1 mo 0.1-100kn
1/day 424 hrs 0.1-10km
1/mo 1 mo 0.1-100km
1/wk 1 mo 0 l—lOOigl
1/mo 1 mo 0.1-100
1/mo 1 mo 0.1-10km
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TABLE 2-7

MEASUREMENT SPECIFICATICNS - WINDS

FREQUENCY DATA SIZE OF
SPATIAL OF RESPCNSE |FIELD OF
NEED ISSUE RESOLUTION | MEASUREMENT TIME INTEREST
Pollution Locating Sources of Dascharge LQkm 1/hr 1 day 10-100km
Determining Types of Discharge = = - -
Determining Extent of Pollutant Effect 100km 1/hr 1 day 100km
Determining Assamalataive Capacaty lokm 1/wk 1 mo to 100km
Optamal Siting of Effluent Producing Ind), - - - =
Effect Enforcement Action = - - -
Assist Rapid Cleanup of Accidents 10km 1/hr nst to 100km
Fisheries Location of New Fishing Areas = - - -
Improve Scouting Operaglons 10km 1/hr 1 hr to 100km
Improve Catching Operations 10km 1/hr 1 hr © 100km
Forecast Seasonal & Long Term Variatlonﬁ 100km 1/wk 1 mo to 100km
Provide Scientific Basis For Mgmi. = - - -
Hazards to Shap- |Identify Hazards to Navigation 10km 1/hr 1l hr to 100km
pang & Coastlines|Provide Climatological Information L0kn cont 1 hr-anst |[to 100km
Monitor Hazardous Ocean Phenomena 10km cont 1 wk tc 100km
Assist Rescue Operations 10km cont 1 hr-anst {to 100km
Coastal Geography|Assess Mineral Resources - = - -
& Cartcgraphy Complete and Update Coastal Surveys - = - =
Identafy Coastal Land Use Patterns - - - -
Monitor & Control Shoreline Processes 1 km 1/day 1 wk-1 mo [to 10km

- Not relevant to the 1ssue.
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TABLE 2-8
MEASUREMENT SPECIFICATIONS - COILOR
FREQUENCY DATA SIZE OF
SPATIAL OF RESPONSE|FIELD OF
NEED ISSUE RESOLUTION | MEASUREMENT|  TIME | INTEREST
Pollution Locating Sources of Discharge 10-1000m cont inst to iggﬁm
Determining Types of Discharge 10-1000m cont 1 wk :0 500k
Determining Extent of. Pollutant Effect 1-100km 1/day 1 wk Q
Determining Assamilative Capacity - - - -
Optamal Siting of Effluent Producing Ind. 1-10km 1/day 1-6 mo |to iggﬁm
Effect Enforcement Action* 10-100m cont 1 wk to 10
Assist Rapid Cleanup of Accidents - - B
Fisheries Location of New Fishang Areas 1 0-10km 1/day 24 hrs [to 100km
Improve Scouting Operations 0.1-10km 1/hr st to 100km
Improve Catching Operations - - = B
Porecast Seasonal & Long Term Variations - - - -
Provide Scientific Basis For Mgmt, 1-100km l/day 1 mo to 500km
Hazards to Ship- |Identify Hazards to Navigation 10-1.00m 1/day P4 hrs-instto 100km
ping & Coastlines|Provide Climatological Information - - - -
Monitor Hazardous Ocean Phenomena 0 1-100km 1/day inst to 500km
Assist Rescue Operations - - = -
Coastal Geography|Assess Mineral Resources 0 1-100km 1/mo 1-6 mo [to 500km
& Cartography Complete and Update Coastal Surveys 10m-10km |1/mo-1/wk 1 mo to %ggtﬁ
Ident:ify Coastal Land Use Patterns 1 0-100km 1/mo 1-6 mo |to ok
Monitor & Control Shoreline Processes 1 0-1000m 1/wk 1 mo to 10
- Not relevant to the issue.
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TABLE 2-9

MEASUREMENT SPECIFTCATIONS - PLANRKTON

FREQUENCY DATA SIZ2E OF
SPATIAL OF RESPCONSE |FIELD OF
NEED ISSUE RESOLUTION | MEASUREMENT TIME INTEREST
Pollution Locating Sources 6f Discharge 100-1000m 1/wk 1 wk to 100km
Determining Typés of Discharge 100-1000m 1/wk 1 wk-1l mo jto 100km
Determining Extent of Pollutant Effect 1-10km 1/wk 1 wk-1 mo lto 100km
Determaning Assimilative Capacity 1-10km 1/wk 1-6 mo fto 100km
Optimal Siting of Effluent Producing Ind[ 100-1000m 1/wk 1-6 mo to 100km
Effect Enforcement Action 100~1000m 1/wk anst to 100km
Assist Rapid Cleanup of Accidents 100m-10km 1/day inst to 100km
Fisheries Location of New Fishang Areas 1-100km 1/wk 24 hrs (to 500km
Improve Scouting Operactlons 1-10km 1/day 24 hrs jto 100km
Improve Catching Operations 1-10km 1/day 24 hrs ito 100kn
Forecast Seasonal & Long Term Variationg 1-100km 1/wk 1 wk to 500km
Provide Scaientific Basis For Mgmt 1-100km 1/wk 1 mo to 500km
Hazards to Ship- |Ident:1fy Hazards to Navigation - - - -
ping & Ceastlines|Provide Climatological Information - - - -
Monitor Hazardous Ocean Phenomena - - - -
Assgist Rescue Operations - - - -
Coastal Geography|Assess Mineral Resources - - - -
& Cartography Complete and Update Coastal Surveys 1-100km 1/wk 1-6 mo to 500km
Identify Coastal Land Use Patterns .1-100km 1-6 mo to 500km

Monitor & Control Shoreline Processes

- Not relevant to the assue.
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TABLE 2-10

MEASUREMENT SPECIFICATIONS - SALINITY

FREQUENCY DATA SIZE QF
SPATTIAL or RESPONSE |FIELD OF
NERD ISSUE RESOLUTION | MEASUREMENT TIME INTEREST
Polliution Locating Sources of Discharge 19-100m 1/wk 24 his to igiﬁ
Determining Types of Discharge 10-100m 1/wk i W_l 1 zo 160k
Determining Extent of Pollutant Effect [100-1000m l/wlﬁ 24 lrSk W o100k
Determining Assimilative Capacity 100-1000m 1/w it w c loohn
Optimal Siting of Effluent Producing Indgjl00-500m 1/wk mo to 10km
Effect Enforcement' Action 100m l/wk-i/day 23 2;5 tg 100k
Assist Rapid Cleanup of Accadents 100-2.000m 1/hr
km
Faisheries Location of New Fishaing Areas 1.000m l{wk 24_hrs to EOO
Improve Scouting Operations - _ _ -
Improve Catching Operations - km
Forecast Seasonal & Long Term Variationg 1-10km 1{Wk 1 mo to EOO
Provide Scientific Basis For Mgmt -
Hazards to Ship~ |Identify Hazards to Navigation - = - -
pPing & Coastlines}Provide Climatological Information - B = -
Monitor Hazardous Ocean Phenomena 1-10km cont anst-1 hr | ©0100km
Assist Rescue Operations - - - -
Coastal Geography|Assess Mineral Resources 1-10km 1/mo 6 mo to 100km
& Cartography Complete and Update Coastal Surveys 01l-lkm 1/wk 1l mo to 10km
Identafy Coastal Land Use Patterns 6 mo

Monitor & Control Shoreline Processes

= Not relevant to the issue.

1-100km

1/mo

to 500km




TABLE 2-11

MEASUREMENT SPECIFICATIONS - VEGETATION

FREQUENCY DATA SIZE OF
SPATIAL oF RESPONSE{FIELD OF
NEED ISSUE RESCLUTION | MEASUREMENT TIME INTEREST
Pollution Locating Sources of Discharge 100-1000m 2/mo 1 mo Eo iggtﬁ
Determining Types of Dascharge 100-1000m 1/mo 1 mo t° 100k
Determining Extent of Pollutant Effect 100m-1 Okm 2/mo 1 mo t° 100km
Determining Assimilative Capacity 100m~1000m 1/wk 1 mo to 100k
Optimal Siting of Effluent Producing Ind] 100m-10km 1/mo Gumo o -
Effect Enforcement Action - - 1wk to 100km
Assist Rapad Cleanup of Accidents 100m-1 Okm 1/wk w o
Fisheries Location of New Fishing Areas 1-10km 1/mo l“Wk to EOOkm
Improve Scouting Operations = -
Improve Catching Operations 1-1km 1/mo i ;g Eg iggﬁh
Forecast Seasonal & Long Term Variations 1-10km 1/mo I mo to 10OKm
Provade Scientific Basis For Mgmt 1-10km 1/mo
Hazards to Shap- |Identify Hazards to Navigation 1 0-1km 1/mo 1wk to 1l0km

ping & Coastlines|Provide Claimatological Information
Monitor Hazardous Ocean Phenomena - - = -
Assist Rescue Operations - - - -

Coastal Geography|Assess Mineral Resources 1-10xm 1/yr 6 mo to 100km

& Cartography Complete and Update Coastal Surveys 01-1km 1/mo 6 mo to 10km
Identify Coastal Land Use Patterns 1-10km 2/mo 1 mo to 100km
Monitor & Control Shoreline Processes 01-1km 1/wk 1l wk to 10km

- Not relevant to the 1ssue

|44
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TABLE 2-12

MEASUREMENT SPFCIFICATIONS - PRECIPITATION

FREQUENCY DATA S5IZE OF
SPATIAL OF RESPONSE |FIELD OF
NEED ISSUE RESOLUTION | MEASUREMENT TIME | INTEREST
Pollution Locating Sources of Discharge 10-100km cont 1 br to 500km
Determining Types of Discharge - - - -
Determining Extent of Pollutant Effect 10km cont 24 hrs to 100km
Determining Assimilative Capacity 100km cont 2 mo to 500km
Optimal Siting of Rffluent Producang Indl. 100km cont 1-6 mo to 500km
Effect Enforcement Action 10km cont <24 hrs to 100km
Assist Rapid Cleanup of Accaidents 100km cont 1 hr to 500km
Fisheries Location of New Fishing Areas - - - -
Improve Scouting Operations 1 0km cont 1 hr to 100km
Improve Catching Operations 10km cont 1 hr to 100km
Forecast Seasonal & Long Term Variations] 100km cont 1 mo to 500km
Provide Scientific Basis For Mgmt. - - - -
Hazards to Shap- |Identify Hazards to Navigation 1~10km cont 1 hr to 100km
ping & Coastlines|Provide Clamatological Information 1-10km cont 1-24 hrs |to 100km
Monitor Hazardous Ocean Phenomena 1-10km cont 1 hr to 100km
Agsist Rescue Operations 1-10km cont anst to 100km
Coastal Geography|Assess Mineral Resources - - - =
& Cartography Complete and Update Coastal Surveys - - - -
Identify Coastal Land Use Patterns 1 0-100km 1/mo 1-6 mo to 500km

Monitor & Control Shoreline Processes

'

- Not relevant to the issue
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TABLE 2-13

MEASUREMENT SPECIFICATIONS - FISH
{Presence, Occurrence of)

FREQUENCY DATA SIZE OF
SPATIAL OF RESPONSE|FIELD OF
NEED ISSUE RESOLUTION | MEASUREMENT TYME INTEREST
Pollution Locating Sources of Discharge 10-100m 1/hr-cont 1 wk~1 dayi to 100km
Determining Types of Discharge 10-100m 1/day 1 wk to 100km
Determining Extent of Pollutant Effect | 10m-lkm 1/hr-1/day |1 day-1 wk{ to 100km
Determaining Assimilative Capacity - - - =
Optimal Siting of Effluent Producang Ind 10-100m 1/wk 1 mo to 100km
Effect Enforcement Action 10-100m 1/wk 1 day to 10km
Assist Rapad Cleanup of Acciadents - - - -
Fasheries Location of New Fishing Areas 100-1000m i/day-1/wk 1 day to 100km
Improve Scouting Operatctions 100-1000m 1/hr-cont st to 100km
Improve Catching Operations 100-1000m 1/hr—cont inst to 100km
Forecast Seasonal & Long Term Varjiations 1-10km 1/day 1 mo to 100km
Provide Scientific Basis For Mgmt 1-10km 1/day 1 mo to 100km
Hazards to Ship~ |Identify Hazards to Navigation - - - -
ping & Coastlines|Provide Climatological Information - - - -
Monitor Hazardous Ocean Phenomena 100-1000m 1/wk 1 wk to 100km
Assist Rescue Operatlions - - - -
Coastal Geography|Assess Mineral Resources -~ - - -
& Cartography Complete and Update Coastal Surveys 100-1000m 1/day 1 wk to 100km
Identify Coastal Land Use Patterns 100-1000m 1/day 1 mo to 100km

Monitor & Control Shoreline Processes

- Not relevant to the issue
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TABLE 2-14

MEASUREMENT SPECIFICATIONS - BIOASSAYS

Monitor & Control Shoreline Processes

- Not relevant to the aissue

—

FREQUENCY DATA SIZE OF
SPATIAL oF RESFONSE |FIELD OF
NEED ISSUE RESOLUTTION | MEASUREMENT TIME _ | INTEREST
Pollution Locating Sources of Discharge 10-100m lhr-cont 1/w§—1/dato iggim
Determining Types of Discharge 100-1000m 1/day 1/w ~ to 100km
Determining Extent of Pollutant Effect | 1~10km 1/day 1/a -1/wdto 100km
Determining Assimilative Capacity 1-10km 1/wk i to 100km
Optimal Siting of Effluent Producing Ind] 100-1000m 1/hr-cont %/g o 500k
Effect Enforcement Action 10~-100m 1/hr-cont 15da Eg 500km
Assist Rapid Cleanup of Accidents 100-1000m 1/hr a
1
Fisheries Location of New Fishing Areas iogaigeom %fgay:ijxt iigi Eg iggiﬁ
Improve Scouting Operations me ay to 100km
Improve Catching Operations 10-100km 1./wk to 500km
Forecast Seasonal & Long,Term Varlatlon% 10-100km 1wk - to 500km
Provide Scientific Basis For Mgmt
Hazards to Ship- |Identify Hazards to Navigation _ - - -
ping & Coastlines|Provide Climatological Information _ _ - -
Moniter Hazardous Ocean Phenomena _ - - -
Assist Rescue Operations .
Coastal Geography|Assess Mineral Resources _ - - -
& Cartography Complete and Update Coastal Surveys 10-100m 1/wk to 500km
Identify Coastal Land Use Patterns - -
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TABLE 2-15

MEASUREMENT SPECIFICATIONS -~ NUTRIENTS

FREQUENCY DATA SIZE OF
SPATIAL OF RESPONSE |FIELD OF
NEED ISSUE RESOLUTION | MEASUREMENT TIMFE INTEREST
Pollution Locating Sources of Discharge 10-100m 1/hr-1/da | 1/wk to 10km
Determinang Types of Discharge 10-100m 1/hr-1/da 1/da to 10km
Determining Extent of Pollutant Effect - - - -
Determining Assimilative Capacity 10-100m 1/hr-1/da | 1/da to 10km
Optimal Siting of Effluent Producang Ind 100-1000m 1/da-1/wk | 1l/wk to 100km
Effect Enforcement Action 1.0~100m 1/hr-1/da 1/wk to 10km
Assist Rapad Cleanup of Acciadents - - - =
Figsheries Location of New Fishing Areas 100-1000m l/hr-cont.i 1/da-l/wito 100km
Improve Scouting Opexaglons 100~-1000m 1l/hr-cont. l/hr—l/dqto 100km
Improve Catching Operations N - - -
Forecast Seascnal & Long Term Variations igOElOOOm 1/ga_ K i/wi to igOKm
Provide Scientific Basis For Mgmt ~100m 1/da-1/w /i to 100km
Hazards to Shap- |Identify Hazards to Navigation - - " -
ping & Coastlines|Provide Climatological Information _ _ _ _
Monitor Hazardous Ocean Phenomena _ - - _
Assist Rescue Operations
Coastal Geography|Assess Mineral Resources - - - -
100-1000m 1/da-1/wk L/wk te 100km
& Cartography Complete and Update Coastal Surveys 1/da 17wk to 100km

Identafy Coastal Land Use Patterng
Monitor & Control Shoreline Processes

- Not relevant tc the issue.

100-1000m
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TABLE 2-16

MEASUREMENT SPECIFICATIONS ~ TOPOGRAPHY

FREQUENCY DATA SIZE OF
SPATIAL oF RESPONSE [FIELD OF
NEED ISSUE RESOLUTION { MEASUREMENT TIME INTEREST
Pollution Locating Sources of Discharge - - - C
Determining Types of Discharge - - - _
Determining Extent of Pollutant Effect C _ _ -
Determining Assimilative Capacity - -
Optamal Siting of Effluent Producaing Ind  100-1000m 1/mo 6/mo _  |to 100km
Effect Enforcement Action - - - -
Assist Rapid Cleanup of Accadents 160-1000m 1/mo 1/mo to 100km
Fisheraies Location of New Fishaing Areas 1-100km 1/mo 1/mo to 500km
Improve Scouting Operations - - B -
Improve Catching Operataons - - - -
Forecast Seasonal & Long Term Variations - - - B
Provide Scaentific Basis For Mgmt - - = -
Hazards to Shap- |Identify Hazards to Navigation 10-100km 1/wk 24/hrs  [to 10km
ping & Coastlines|Provide Climatclogical Information lO:lGOkm l/m? G/mo_ to SEka
Monstor Feaerdous Ocesn Phenomena |00 1oon | 14k | 24/neb [t Lovkm
Coastal Geography|Assess Mineral Resources 1-10km 1/mo 1/mo to 100km
& Cartography Complete and Update Coastal Surveys 10m-—w 1/mo 1/mo to 100km
Identify Coastal Land Use Patiterns 1-10km 1/mo 6/mo to 100km
Monitor & Control Shoreline Processes 1-1000m 1/da 2/wk to 100km

- Not relevant to the issue.
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TABLE 2-17

MEASUREMENT SPECIFICATIONS - WATER DENSITY

FREQUENCY DATA SIZE OF
SPATIAL CF RESPONSE |FIELD OF
NEED ISSUE RESOLUTION | MEASUREMENT TIME INTEREST
Pollution Locating Sources of Discharge 10-100m 1/wk 24 hrs to 10km
Determining Types of Discharge 10~100m 1/mo 1 wk to 100km
Determining Extent of Pollutant Effect 10-100m 1/da 24 hrs to 100km
Determining Assimilative Capacity 10-100m 1/wk 2 wk to 100km
Optamal Siting of Effluent Producing Indl 19-100m 1/wk 1-6 mo {to 100km
Effect Enforcement Actaion - - - -
Assist Rapad Cleanup of Accidents 10~100m 1/hr 1/hr~instto 10km
Faisheries Location of New Fishing Areas Ikm 1/wk 24 hrs to 100km
Improve Scouting Operations - - - -
Improve Catching Operations lkm 1/da 24 hrs to 100km
Forecast Seasonal & Long Term Varaiations] 1-100km 1/wk lwk—=6 mo (to 500km
Provide Scientific Basis For Mgmt - - - =
Hazards to Ship- |Identify Hazards to Navigation = = - =
ping & Coastlines|Provide Clamatological Information 1-100km l/da inst to 500km
Monitor Hazardous Ocean Phenomena 1-10km cont inst to 100km
Assist Rescue Operations - - - -
Coastal Gecgraphy|Assess Maneral Resources - - = -
& Cartography Complete and Update Coastal Surveys - - - -
Identify Coastal Land Use Patterns - - = -
Monitor & Control Shorelaine Processes 1~1-km i/wk lwk lmo |[to 100km

- Not relevant to the issue
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TABLE 2-18

MEASUREMENT SPECIFICATIONS - FRESH WATER INFLOW

FREQUENCY DATA SIZE OF
SPATIAL oF RESPONSE|FIELD OF
NEED ISSUE RESOLUTION | MEASUREMENT TIME INTEREST
Pollution Locataing Sources of Discharge 10m 1/da-1wk 1 wk to km
Determining Types of Discharge - - - -
Determining Extent of Pollutant Effect 1000m 1/da-1/wk 1 wk to 100km
B Determainaing Assamilative Capacity 1000m 1/hr-cont 1wk to 100km
Optimal Siting of Effluent Producing Ind - - - -
Effect Enforcement Action - - - -
Assist Rapid Cleanup of Accadents 1000m - 1/da to 100km
Fisheries Location of New Fishing Areas 1000m 1l/hr-1/da 1/4a to 100km
Improve Scoutaing Operations 1000m 1/da-1/wk 1/da to 100km
Improve Catching Operations 1000m 1/da-1/wk 1/da to 100km
Forecast Seasonal & Long Term Variations 100km l/da~-1/wk 1/da to 500km
Provide Scientific Basis For Mgmt. - - - =
Hazards to Ship-~ |Identify Hazards to Navigation - = - =
ping & Coastlines|Provide Climatological Information 10060m <l/da 1/da to 100km
Monitor Hazardous Ocean Phenomena - - - =
Assist Rescue Operations - - - -
Coastal Geography|Assess Mineral Resources - - - =
& Cartography Complete and Update Coastal Surveys 10km 1/wk 1/mo to 100km
Identafy Coastal Land Use Patterns 1000km 1/wk 1/mo to 100km
Monitor & Control Shoreline Processes 100m 1/wk 1/mo to 10km

- Not relevant to the issue
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TABLE 2~19

MEASUREMENT SPECIFICATIONS - PARTICULATES

FREQUENCY DATA SIZE OF
SPATIAL OF RESFONSE | FIELD OF
NEED ISSUE RESOLUTION | MEASUREMENT TIME | INTEREST
Pollutaon Locating Sources of Discharge 10-100m l/hr-~1/dayl 1 day to l0km
Determining Types of Dascharge 10-100m l/hr-1/dayi{ 1 day to 1l0km
Determaining Extent of Peollutant Effect 10~-100m l/hr-1l/day| 1 day to 100km
Determaining Assimilative Capacaity 100~1000m 1/hxr-1/qa 1 day to 100km
Optimal Sating of Effluent Producing Ind 100-1000m 1l/wk 1 wk to 100km
Effect Enforcement Action 10-100m i/hr-1/day{ 1 wk to 10 km
Assist Rapid Cleanup of Accidents 100-1000m l/day 1 day to 100km
Fasheraies Location of New Fishing Areas 100-1000m l/hr-1/day| 1 day to 100km
Improve Scouting Operacaions 100-1000m l/hr-1/day{ 1 day to 100km
Improve Catching Operations 100-1000m l/day-1/mo| 1 day to 100km
Forecast Seasonal & Long Term Variations - - - -
Provide Scientific Basis For Mgmt - - - -
Hazards to Ship~- | Identify Hazards to Navigation 10-100m 1/hr-1/da 1 wk to 10km
ping & Coastlines|Provide Climatological Information - - - -
Monitor Hazardous Ocean Phenomena - - - -
Assist Rescue Operations - - - -
Coastal Geography|Assess Mineral Resources 100-1000m 1/wk-1/mo 1 mo to 100km
& Cartography Complete and Update Coastal Suxrveys 100~1000m 1/wk-1/mo | 1 mo to 100km
Ident1fy Coastal Land Use Patterns 100-1000m 1/day-1/wk]| 1 mo to 100km
Monitor & Control Shoreline Processes 100-1000m 1l/day-1/wk} 1 mo to 100km

-~ Not relevant to the issue
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TABLE 2-20

MEASUREMENT SPECIFICATIONS - METALS

FREQUENCY DATA | SIZE OF |
SPATIAL OF RESPONSE [FIELD OF
NEED ISSUE RESOLUTION | MEASUREMENT TIME INTEREST
Pollution Locating Sources of Discharge 10-1000m contin 24 hrs |to 1l00kn
Determining Types of Discharge 100-1.000m 1/day 2 wk to 100km
Determining Extent of Pollutant Effect | 100m-10km 1/day 2 wk to 100km
Determining Assimilative Capacity 100-1000m 1/day-cent| 1 mo to 100km
Optimal Siting of Effluent Producing Ind 1-10km 1l/day 6 mo to 100km
Effect Enforcement Action 10-1000m contin 24 hrs to 100km
Assist Rapid Cleanup of Accidents 100m~10%km 1/day-1/wkl 1 wk to 100km
Fasheries Location of New Fishing Areas 1-10km l/day-1/wk| 1 wk to 10km
Improve Scouting Operations - - -
Improve Catching Operations - ” - -
Forecast Seasonal & Long Term Variations - - - i
Provide Scientific Basis For Mgmt - -
Hazards to Ship~ |Identify Hazards to Navigation - " - "
ping & Coastlines|Provide Climatological Information _ _ _ .
Monitor Hazardous Ocean Phenomena _ ~ _ _
Assist Rescue Operations
Coastal Geography|Assess Mineral Resources i:igiﬁ 1§m° g mo E° iggiﬂ
& Cartography Complete and Update Coastal Surveys 1-100km mo 6 28 o

Identify Coastal Land Use Patterns
Monitor & Control Shoreline Processes

= Not relevant to the issue.

to 500km
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TABLE 2-21

MEASUREMENT SPECIFICATIONS - LAND USE

FREQUENCY DATA SIZE OF
SPATIAL oF RESPONSE|FIELD OF
NEED ISSUE RESQLUTION | MEASUREMENT TIME INTEREST
Pollution Locating Socurces of Discharge - = - -
Determining Types of Discharge = - - -
Determining Extent of Pollutant Effect 1-100km 1/wk 1 mo to 500km
Determining Assimilative Capacity - - - -
Optimal Siting of Effluent Producing Ind] 1-100km 1/mo 6 mo to 500km
Effect Enforcement Action - - - N
Assist Rapid Cleanup of Accidents 0 1-10km 1/wk 1 mo to 100km
Faisheries Location of New Fishing Areas - - - -
Improve Scouting Operataions - - - -
Improve Catching Operations - - - -
Forecast Seasonal & Long Term Variataons] 1-100km 1/mo 6 mo to 300km
Provide Scientific Basis For Mgmt 1-100km 1/mo 6 mo to 500km
Hazards to Shap- |Identify Hazards to Navigation - B - -
ping & Coastlines|Provide Climatologaical Information - - _ B
Monitor Hazardous Ocean Phenomena : : B :
Assist Rescue Operations
Coastal Geography|Assess Maneral Resources g i:iggkm i/mo g mo EO iggtﬂ
& Cartography Complete and Update Coastal Surveys Full Raﬁge /mo e tg S00Km
Identaf
entify Coastal Land Use Patterns 10 m-1 Okm Tk T 5 o 100km

Monaitor & Contrel Shoreline Processes

- Not relevant to the issue
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TABLE 2-~22

MEASUREMENT SPECIFICATIONS -~ WAVES

- Not relevant to the issue

FREQUENCY DATA SIZE OF
SPATIAL OF RESPCONSE | FIELD OF
NEED ISSUE RESOLUPTION | MEASUREMENT TIME INTEREST
Pollution Locating Sources of Diascharge - - - -
. Determining Types of Discharge - - - -
Determining Extent of Pollutant Effect - - - -
Determining Assimilative Capacity - - - -
Optimal Siting of Effluent Producing Ind 100m 1/wk 1mo to 100km
Effect Enforcement Action - - - -
Agsist Rapid Cleanup of Accaidents 100m L/hr 1 hr to 100km
Fisheries Location of New Fishang Areas - - - -
Inprove Scouting Operations - - - -
Improve Catching Operations 1000m i/day 1 da to 100km
Forecast Seasonal & Long Term Varaiations - - = -
Provide Scientific Basis For Mgmt - - - -
Hazards to Ship- |Identafy Hazards to Navigation 10m 1/day < /wk to 10km
ping & Coastlines|Provide Clamatological Information 100m 1/hr-1/da 1/hr-1/datc 100k
Monitor Hazardous Ocean Phenomena 100m 1/hr-1/da 1/hr-1/ddto 100km
Assist Rescue Operations ’ 1000m 1/day l/day to 100km
Coastal Geography|Assess Mineral Resources - - - =
& Cartography Complete and Update Coastal Suxrveys 1000m 1/wk 1/mo to 100km
Identify Coastal Land Use Patterns - - - -
Monitor & Control Shoreline Processes 100m 1/wk 1/wk to 100km
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TABLE 2-23

MEASUREMENT SPECIFICATIONS - ICE

FREQUENCY DATA S1ZZ OF
SPATIAL OF RESPONSE|FIELD OF
NEED ISSUE RESOLUTION | MEASUREMENT TIME INYTEREST
Pollution Locating Sources of Discharge 0 1-lkm 1/d§y 24 hfs to lgﬂkm
Determining Types of Discharge : _ _ -
Determaining Extent of Pollutant Effect _ , - -
Determining Assimilative Capacity _ - -
Optamal Siting of Effluent Producing Indl ~ _ _
Effect Enforcement Action - B _ _
Assist Rapid Cleanup of Accidents -
Fisheries Location of New Fishing Areas : _ - -
Improve Scouting Operations _ _ - -
Improve Catching Operations - - - -
Porecast Seasonal & Long Term Varlations ~
Provide Scientific Basis For Mgmi - - -
Hazards to Ship~ | Identify Hazards to Navigataion 0 1-1km 1/day imm~24 hrslito 100km
ping & Coastlines{Provide Climatological Information 1-100km 1/wk 24 hrs jto 1l00km
Monitor Hazardous Ocean Phenomena 0 1-lkm 1/day 24 hrs |to 100km
Assist Rescue Operations 1-10 Okm 1/day 1mm-~24 hrsito 100km
Coastal Geography|Assess Mineral Resources - - - -
& Cartography Complete and Update Coastal Surveys 0 1-10km 1/wk 1-6 mo |to 100km
Ident1fy Coastal Land Use Patterns - - - -
Monitor & Control Shoreline Processes 0 1-10km 1/wk 1 mo to 100km
~ Not relevant to the issue.




the need for contiguous vs. noncontiguous coverage, and the
desired frequency of measurements, All of these 1n turn are
influenced either by the operating characteristics of the
sensors themselves or the orbital characteristics of the
spacecraft operating with nominal altatude and orbital char-
acteristics, then each data type can be evaluated using the
above criteria to determine 1its suitability of measurement
from spacecraft using remote sensors. The following 1s a
discussion of primary factors which influence measurement and
sensor selection.

a) Energy Characteraistics of Coastal Zone Phenomena

The most important criteria to be considered in
remote sensor selection relates to the type of energy trans-—
mitted by the feature or phenomena to be measured. This
energy will either be emitted by the feature or it will con-
sist of energy reflected by the feature from the sun or some
other active energy source. In general, the reflected energy
18 of shorter wavelength and can be observed in visible and
near IR portions of the electromagnetic spectrum while the
emitted energy 1s of longer wavelength and can be observed
in the infrared and microwave portions of the spectrum. In
the coastal zone it 1s desirable to make measurements of
phenomena which exhibit both reflective and emissive charac-
terastics. It 1s, therefore, necessary to choose sensors
which encompass the visible, infrared and microwave regions
of the spectrum.

b) Spectral Resolution and Accuracy Requirements

The type of enerygy received from the scene will
determine” the overall operating region within the electro-
magnetic spectrum. However, the number of specific bands
and their spectral bandwidths within that region will be
determined by the atmospheric "windows" of operation, the
amount of energy being transmitted to the sensor and, if
spectral signatures are to be determined, the spectral sig-
nature of the feature under scrutany. Spectral signatures
are varaiations i1n the reflectance or emittance of objects as
a function of wavelength.

There 1s considerable atmospheric scattering and absorption
by ozone in the UV while the visible and near IR portions of
the spectrum (0.4 - 1.2 ) are relataively free from excessive
scattering and absorption effects, Both the infrared and
microwave regions of the spectrum contain strong absorption
bands caused by carbon dioxide and water vapor. In order to
"see" the earth's surface i1t 1s important to steer around
those bands. Otherwise, the precise locations of operating
bands are determined by the characteristics of the features
to be detected,
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Basically, spectral bandwadths and center frequencies are
determined on the basis of trade-offs. In general, the
desire 1s to use small, discrete bands in order to provide
spectral separation and in some cases to sense energy varla-
tions which may be unigue to a given phenomenon. On the other
hand, the use of small bandwidths, particularly 1f small
fields of view (FOV) are used, may prevent sufficient energy
from reaching the sensor in the spacecraft. To resolve this
trade-~off 1t 1s necessary to know the energy levels exhibited
by the desared feature as a function of wavelength and the
sensor aperture or FOV., This also holds true for determining
the number of bands. If spectral signatures are desired, the
number of bands must be commensurate with the energy levels
or peaks and their rise and fall rates as a function of wave-
length.

Spectral accuracy as used in the context of this report refers
only to the accuracy with which sea surface temperature can

be determined since 1t 1s not possible to establish the spec-
tral accuracies required for unique color determinations.

For some of the CZ issues both relative and absolute tempera-
ture measurements are required. The degree to which this can
be done will vary depending on the type of sensor chosen,
sensor FOV, and the intervening environmental factors.

¢} Spatial Resolution and Accuracy Requirements

The spatial resolution and accuracy required for
a specific measurement will depend on how the data 1s to be
used, 1.e., the specific coastal zone issue. The ground
resolution that can be obtained with a given sensor will
depend on three factors: detector capability, the optics used,
and the orbital altitude of the sensor. For example, in a
single detector IR radiometer the spatial resolution may be
amproved by increasing the dwell time on the ground element
being sampled. This enables the energy which 1s emitted from
a smaller ground area to be integrated for a longer period
of time thereby permitting a smaller detector sensing element
to be used. The ground resolution can also be increased by
enlarging the optics or operating at lower altitudes. In a
TV camera the inherent high resolution capability 1s limited
by the photoconductor surface and f£inite size of the electron
beam that scans the surface. Again, higher ground resolution
can be obtained by increasing the optics size or lowering the
orbit altitude. Since many of the coastal zone measurements
call for high resolution, the above trade-offs must be care-
fully considered in selecting sensor types for coastal zone
measurements, .
The location of wvarious features, both absolute and relataive,
needs to be determined to a certain accuracy commensurate
with spatial resolution requirements. The accuracy to which
this can be done will depend on how accurately spacecraft
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attitude errors can be determined and on how well sensor

errors can be corrected. Also of importance in the
determination of location 1s the number of benchmarks found in
the scene for an imaging sensor or benchmarks that can be re-
lated to the scene, This will vary depending on the amount of
data taken over land vs. that taken over water in a given scene.
Thus, in this case, the advantage of large area, contiguous
coverage can be seen in that there 1s more opportunity to ob-
tain imagery which shows recognizable ground features,

The preceding are several examples of the criteraia that were
used as a basis for measurement selection., When these are
applied to the data types associated with the major issues
of the coastal zone, then a good indication can be obtained
as to which of the data types are measurable and which are
not measurable from spacecraft.

2.2.2 Correspondence of Sensing Methods to Data Types

The following chart lists the data types whaich are
likely to ke measurable from space and indicates the type
of sensing method to be employed.

The sensing methods chosen were deraved as a result of eval-
uating each data type as descrabed 1in 2.2.1, using as a

basis the information found in Tables 2-1 through 2-23,

Section 2.1. The feasibility of performing the measurement

1s indacated by a (¥) yes or {M) maybe. The extent to which
each data type can be measured will ultimately depend on
measurement requirements, the type of specific sensor selected,
and future state-of-the-art i1n sensor development. These

will be discussed at length 1n Section 3.2.

In the absence of pollution and sediments, which in many
cases are good indicators of currents, the programmed release
and tracking of dyes using time lapse color photography is
recommended for determining the rate of flow and extent of
estuary currents. Two or more pictures can be obtained of
the dye tracks either on the same orbat or on adjacent orbits
if pointing capability 1s provided. Rate of flow or the
extent of currents can then be calculated. In some cases,
thermal gradients between currents and the surrounding area
wlll permit monitoring using a temperature sensor.

Water temperature can be measured using either IR or passive
microwave devices. The latter device is necessary for "all
weathexr" observations since IR sensors cannot penetrate
clouds or rain. However, the IR sensor in good weather can
obtain more reliable temperature measurements than the micro-
wave device since the IR sensor 1s not as subject to water
emLssivaity changes. The comparison of these two sensors for
rperforming temperature measurements will be discussed in more
detail in the next section.
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TABLE 2~24

MEASURABLE DATA TYPES

Measurable Data Types

Currents

Water Temperature
Bathymetry

Petroleum

Wind Field**

Sediments (Daistraibution
and Descraiptaion)

Plankton

Fish

Particulates

Nutrients

Wave Characteristics
(Ht, period, direction)
Coastal Land Images

Ice

Sensaing Method

Color/Temperature
Marker Tracking

IR* or Passive MW*
Color/Noncolor Imagery

Color Imagery
IR Spectrometry

Sea State~-Active or
Passive (MW)

Color Imagery

Color Imagery and
Spectrometry

Feasaibility

Y

Temperature, Color Imagery, M

Spectrometry
Color Imagery

Color Imagery and
Spectrometry

Active and Passive MW

Visual and Near IR

Visual, IR and Passive
MW

* IR - Infrared, MW ~ Microwave

** In Section 2.2,3, wind fields is included as a possible
measurement and it 1s also included as a nonmeasurement,
the reason being that it can probably best be made using

ground techniques.
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Bathymetry, underwater shoreline depth, sediments and par-
ticulates can best be detected using color or non-color visual
imagery. Experiments performed in the Ben Franklin submersi-
ble program indicate the blue-green region of the visible
spectrum to be the best for water penetration. Depth penetra-
tion of up to 15 meters has been accomplished. Ross points
out that a narrow band (0.46 - 0.5.u1) in the blue-green would
be quite valuable for water penetration studies. Depth deter-
mination from spacecraft altitudes at best will be qualitatave.
Indications of depth in many cases can be obtained by observing
sediment and partaculate dastributions, particularly if the
types can be identafied. More guantitative determinations

may be possible 1in the future using laser techniques (see
Section 3.6.4).

Color imagery and spectrometry (UV visible and infrared) offer
the best potential for the detection of petroleum, plankton,
fish and nutrients. Observations of the Santa Barbara "slick"
show that the far UV and the infrared provide the best con-~
trast for the delineation of oil. Recent observations indi-
cate that plankton blooms can be detected by their character-
istic pinkish color.

Barringer theorizes that the presence of fish might be deter-
mined by observing the absorption characteristics of fish oal
and 1odine vapors which are associated with the movement of
large schools of fish. In addition to these, the observation
of chlorophyll which is characterized by absorption bands in
the visible spectrum can likely be accomplished with absorp—
tion spectrometry.

The degree to which nutrients (phosphates, nitrates, silicates,
etc.) can be detected 1s in doubt for two reasons. First of
all there have been few or no ground measurements made of

the significant spectral properties of the various nutrients.
Hence there 1s no indication as to which spectral regions
would be suitable for observations. Secondly, it 1s dafficult
to determine the geographical extent of various nutrients.

As a result, 1t is difficult to calculate energy levels that
would have to be observed from spacecraft altitudes. This
lack of knowledge places severe restrictions on the definition
of spectral regions, numbers of bands, bandwidths, etc.

Wind field and wave characteristics can be determined to a
certain extent using active and passive microwave radiometry.
The degree to which this can be achieved and the usefulness
of these data to the coastal zone 1s uncertain. These tech-
niques will be discussed in the next section.

Coastal land images which denote land use will be obtained

primarily by the visual and near IR sensors, Resolution
requirements for these data are simailar to those for ERTS A
and B, Coastal zone land use has a direct bearing on essen-

tially all coastal zone processes,
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The detection and monitoring of i1ce 1s important praimarily
for coastal zone navigation and transportation and can be
accomplished by sensing both the reflective and thermal pro-
perties of ice. High reflective properties provide good
contrast between ice and its background in the wvisible portion
of the spectrum.

2.2,3 Non—~Measurable or Unselected Data Types

The following data types in Tables 2-1 to 2-23 were
not selected as measurables for one of two reasons: the data
cannot be measured from spacecraft altitudes or currently
used measurement techniques are more suitable

Unselected Data Types

Salinaty

Tidal Characteristics
Wind Faield
Precaipatation
Bioassays

Water Density

Fresh Water Inflow

Changes in surface salinity can be detected using microwave
technigues. However, salinity as a function of depth cannot
be measured using microwave. Also the low frequencies (< 3
GHz) required necessitate the use of -large size antennas
making this measurement prohibitive from space.

The determination of shoreline, bay and estuary tidal charac-
teristics requires high resolution because of small near shore
areas. Low resolution microwave measurements will not suffice
since sizable amounts of land area within the sensor FOV will
interfere; 1.e,, the sensor output will be an integrated com-
bination of both land and water. Therefore, this data type
cannot be measured from space.

Wind field, precipitation and air temperature measurements can
best be done using current techniques. However, surface wind

fi1eld inferences may be possible from microwave sea state
measurements.

Biocassays 1s a laboratory or field in-situ measurement which
cannot be conducted from a spacecraft platform.

Water density falls into the same category as salinity and
cannot be measured from spacecraft altitudes.

The determination of fresh water inflow from spacecraft would
entail a knowledge of precipitation, snow melt, water runoff
and land drainage characteraistics. fThis can best be done
using stream gages.
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2.2.4 Candidate Sensors and Measurement Parameters
As a result of considering each measurable data type
and evaluating 1ts varying measurement requirements in terms
of the issues of the coastal zone, the following sensors were
selected as praime candidates for ERTS E&F coastal massions.
TABLE 2-25

PRIME SENSOR CANDIDATES

Ground
Ground Resolu-
Resolution tion and
Sensors (Design Goal) Bandwidth Comments

a) Low Resolution 50-75 M 4 bands Contiguous cover-
Multispectral {150 kn? FOV) 3-visg, 1 age (coastline
Imager near IR tracking)

b) High Resolution 10-20 M 4 bands Selective samples
Multispectral {30 km2 FOV) 3-vis, 1  Pointing capabil=-
Imager near IR 1ty

¢) Low Resolution 200 M 10-12 a1 Contiguous cover-
IR Scanner {150 km swath age (coastlaine
Imager width) tracking)

d} High Resolution 10-20 M 10-12 n Selective samples
IR Radiometer Pointing capabil-
(Non-1imager) ity

e) High Resolution 10-20 M .40-15 1 Selective samples
Spectrometer Many bands Pointing capabil-
(Non-Imager) ity

£) Microwave 5 km for 30-40 GHEz Point, line
Radiometer Sea Temp. samples
{(Non-imager)

g) Radar Scatter- 5 km for 1-15 GHz Point, line
ometer (Non- Sea State Single samples
imager) Frequency

As shown ain Table 2-25, seven types of sensors are called for
to perform the measurements of the data types laisted 1in Table
2-24. The ground resolution design goals are consistent with
the requirements as indicated an Tables 2-1 through 2-23.
During the study, several other sensors were also considered
for coastal zone applications. Some of these are new devices
in an early stage of development., There is some question as
to their availability for a 1975 mission. However, they are
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promising for the future and are briefly described in Section
3.6, New Sensors, One additional sensor, an imaging radar,
was also briefly considered but not examined in detail be-
cause of its limited usefulness for the coastal zone require-
ments emphasized during our study. Radar imaging 1s useful
for 1ice detection and mapping, all-weather imaging, and geo-
logic and topographic land mapping applications from air-
craft. From spacecraft, high resclution would be difficult
to obtain with a radar without severe requirements for weight
and power. On a large spacecraft such as Skylab or other
manned space stations, these requirements are reasonable, and
such experiments are being planned. For an ERTS spacecraft,
they d41d not seem reasonable, especially for the coastal zone
where the emphasis i1s for high resolution. Therefore, imaging
radars were not investigated in depth in our study.

It should be noted that of the seven sensors recommended, 1t
1s desirable that all of them be provided with pointing capa-
balaty. The three high resolution devices which consist of
the multaispectral sensoxr, the IR radiometer and the spectro-
meter should be pointable to any location within the scene
imaged by the low resolution multispectral sensor and IR
scanner. These latter two devices should be provided with
coastline tracking capabilaity. The microwave radiometer and
the radar scatterometer should have the capability of being

pointed to obtain measurements at various fixed angles (see
Sections 3.4 and 3.5).

In general, the imagery obtained by the low resolution multi-
spectral sensor and the low resclution IR scanner will be
vertical. However, interest has been expressed in providing
these sensors with coastline tracking capability. For certain
orbital inclainations the time spent over the coastal zone 1s
rather small. The tracking capability provides a techniqgue
for increasing that time. The usefulness of the data obtained
will vary, depending on the size of the off~vertical angle.
However, based on an analysis of Gemini and Apollo photog-
raphy, off vertical viewaing angles of 30-40° can still pro-
vide much useful information. Orbital configurations for
obtaining off-track coverage are discussed in Section 4.1.

It may be desirable to point the whole sensor platform rather
than indivadual sensors, so that all sensors can track the
coast simultaneously.

As 1indicated previously, the extent to which measurement

goals can be met will depend largely on the choice of specific
sensors and the current and future state-of-the-art in sensor
development. In addition, spacecraft orbital configurations
and constraints placed on the spacecraft will also play a

role (perhaps negataively} in fulfilling these goals. The
first of these, specific sensors and current state-of-the-

art in sensor development, is discussed in the next section,
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SECTION 3.0

REMOTE SENSING TECHNIQUES

This portion of the report provides a description of at least
one instrument for each of the types of sensors selected for
the C%Z. The status of current sensors is discussed and the
capability of each dewvice 1s compared to CZ requirements to
determine 1ts applicability for performing the desired meas-
urements. Modifications to current sensors where necessary
to meet the reguirements are described.

3.1 Visible-Near IR Imagers (Multispectral)
3.1.1 Status of Current Sensors
3.1.1.1 Return Beam Vidicon Camera

This sensor i1s now being developed for inclusion on
the ERTS A & B spacecraft. The RBV Camera, as shown in Fig.
3-1 15 a magnetically deflected, magnetically focused imaging
device with a 5 cm (2 in) diameter faceplate. The detected
ground area 1s imaged in the form of a charge pattern onto
the vidicon faceplate or target, in this case a photoconduc-
trve surface. &an electron beam 1s scanned over the charged
surface and the return beam 1s modulated in proportion to the
intensaity and distraibution of the charge pattern. Dark areas
act as electron mirrors and reflect all the electrons while
light areas in the scene become partially absorbing. The mod-
ulated return beam after being preamplified in a dynode multi-
plier 1is scanned out in the form of an image of the original
scene.

The agtive image area on the photoconductor is about 2.5 cm2

(1 1n"). Present photoconductor and beam technology limits

the number of lines to approximately 4200 over the 1" format.
For a ground area coverage of 150 Km (80 n.mi.) this would
correspond to 45 M (150 £t)/TV line for high contrast targets.
For low contrast scenes the resolution would be approximately
90 M (300 ft)/TV line. The present scanning rate of the
electron beam 1s 1250 lines/second for a readout time of 3-4
seconds. This corresponds to a video bandwidth of about 3 MHz.

As envisioned for ERTS A and B, three RBV cameras will take
simultaneous pictures of the same scene, each camera operating
in a different portion of the electromagnetic spectrum ~ .47 -
.57, .58 - .68u, .69 - .83n. Operating at an altitude of

925 Km (500 n.mi.} and for an area coverage of 180 Km the
focal length of each sensor i1s 13 cm (5 1n}). For an f2 system
the lens dirameter for each sensor 18 6.3 cm (2.5 1n). Camera
exposure time can be varied from 8§-16 milliseconds.
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The prime concerns for TV sensors such as the 2" RBV are those
of photometric and geometric distortion caused primarily by
vidicon shading and non-linearity of the scanning beam respec-—
tively. However, 1t 1s expected that these effects can be
corrected to a large extent in the output image. Geometric
corrections to 1/2 TV lines will permit accurate registration
of the three images to produce color. RBV characteristics are
summarized in Table 3-1.

TABLE 3-1

CHARACTERISTICS OF 2" RETURN BEAM VIDTICON

System Resolution (limiting) 4200 TV lires
Gnd resolution (from 925 KM) 50-90 M/TV line
SNR (peak-to-peak rms) 35 db

Scan Rate 1250 lines/sec.
Readout Time 3.4 sec.

Video Bandwidth 3 0 MHz

3.1.1.2 Multispectral Point Scanner (MSPS)

This sensor 1s also being developed for inclusion on
the ERTS A & B spacecraft. The MSPS is an Object Plane Scanner
which provides cross track scanning by the use of a high duty
cycle "rocking mirror" located in front of the telescope col-
lector. The mirror rocks at rate of approximately 15 Hz and
covers a swath on the ground of 180 Km. The image produced at
the primary image plane of the telescope is relayed by use of
fiber optic bundles to detectors where conversion to an elec-
trical signal 1s accomplished. Optical filters are used to
select the optical pass-band corresponglng to each spectral
band. A small mirror, located on a 45 angle with respect to
the optical axis, 1s planned to be used for calibration of the
scanner. BSix detectors are employed in each spectral band to
permit a slower scanning motion of the mirror system, thus im-
proving the response of the system. Each square detector is
roughly 0.0064 cm on a side and provides a usable ground reso-
lution of 75 M from ERTS altitudes. Table 3-2 summarizes the
important characteristics of MSPS.

67



TABLE 3-2

CHARACTERISTICS OF ERTS MSPS

1. Spectral Bands 0.5-0.6 microns
0.6-0 7 microns
0.7-0.8 microns

5 0.8-1.1 microns

2. Inst. Field of View 75 meters

{Ground Resolution for
High Contrast Targets)
3. Weight - Scanner and 36 Kg (80 1lbs.)
Signal Processor
4., Power 45 watts (ave.)
5. Bandwidth 4 MHz

A major disadvantage of the MSPS compared to the 2" RBV is
that elements within the scene are not observed simultane-
ously but sequentially. Correction must be made to remove
S/C attitude errors 1f photogrammetric data i1is desired. The
sensor also has limitations in spectral and spatial resolu-
tions determined by considerations in size of optics, number
of detectors and signal to noise requirements. One current
problem with the MSPS is that of mirror scan efficiency. ILt€
1s difficult to design a scan mechanism that will provide a
smooth and linear rocklng motion of the mirror at the rate of
15 Hz over an IFOV of 10-. Difficulties occur with mirror
trace, retrace and mirror stop.

3.1.2 Applicability to Coastal Zone Measurements

Of the measurable data types indicated in Table 2-24
of Section 2.2.2 the visual and near IR sensors will be used
for 9 out of the 13. The low resolution imagery will provide
contiguous coveragezand reguire a ground resolution of 50-75 M
and a FOV of 150 Km~. The high resolution sensor will be used
for selective sampling and Wl%l require a ground resolution
of 10-20 M and a FOV of 30 Km~. Four spectral bands are in-
dicated for each device, three in the visible and one in the
near TR. Thais will permit both color and false color i1magery
to be obtained.

The return beam vidicon and MSPS systems currently under con-
struction for ERTS A and B will provide contiguous coverage
and ample resolution capabilities to meet the low resolution
need, especially 1f a 540 Km orbit 1s used instead of the

925 Km orbit planned for ERTS. Only slight modifications to
the optical systems would be necessary. For the 10-20 M high
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reselution case, however, current sensors are not applicable
because of the regquirement for large optics, 1mage motion
compensation and pointing. Either the current sensors would
have to be modified or new sensors developed.

With regard to the number of bands and spectral bandwidths,
those specified for ERTS A&B will, in general, be sufficient
for coastal zone measurements. However, one band should be
added to the three that now exist so that both color and false
color imagery can be obtained. There may be some modificaiation
of bandwidths and the positioning of bands for the coastal
zone. For example, as discussed in the last section, i1t may

be desirable to have a band between .46a and .5u for water
penetration studies.

To summarize, the visual and near IR devices designed for ERTS
A&B are applicable to the low resolution needs of the coastal
zone. However, these sensors as they now stand are not app-
licable for the high resolution requirements.

3.1.3 Modirfications

To meet both the low resolution and high resolution
requirements of the coastal zone as described in the previous
section, several modifications will be necessary 1f current
sensors are used. For this dascussion 1t 1s assumed that EOCS
will be 1n a 540 Km altitude orbit instead of the 925 Km orbit
planned for ERTS. Design changes for both the return beam
vidicon and the MSPS will be discussed.

For the RBV's to meet the low resolution requirements (150 Km
FOV and 50-75 meter resolution) in a 540 Km altitude orbit,
the focal length of the lens must be reduced from 13 cm to
7.6 cm 1f the same size detector area (2.5 cm) 1s to be main-
tained. For an f2 system the lens diameter could then be re-
duced to 3.75 cm.

To achieve the high resolution capability (30 Km FOV and 10-20
meters resolution), the focal length of the lens must be in-
creased to 38 cm, still maintaining the 2.5 cm image format.
For a f2 system the lens diameter would then become 19 cm,
Reducing the lens diameter without changing the focal length
results in a slower system, i.e., such as f3 or f4. However,
the exposure time would have to be increased and this would
necessitate image motion compensation. However, the 38 cm
focal length and the 19 cm lens diameter are not prohibitaive.

For the MSPS sensor in a 540 Km orbit the focal length and
optlcs size could be correspondingly reduced to obtain the
lower resolution requirement. These modifications would not
be difficult to perform. However, in the case of the high
resolution requirement a problem would exist providing the
present detector size format of 0.0064 cm 1s maintained. The
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focal length of the present system 1s approximately 1 M. To
achieve 10 meter resolution the focal length would need to be
4M, A 2M FL would be necessary for 20 meters. These numbers
assume, of course, that the present detector size format as
maintained. If so, such large size optics and the necessity
for scanning them would prohibit the use of this device. One
alternative would be to maintain the present size optics or
slightly increase them but then reduce the detector size.
Required enerqgy levels could be maintained by increasing the
number of elements in order to increase the dwell time on
each ground element or by using a more sensitive detector.
This solution 1s not practical for the MSPS since the dwell
time i1n the high resolution case for the coastal zone must be
decreased by a factor of five (30 Km instead of 150 Kdi) to
maintain contiguous coverage. This would require a 75 Hz rock-
ing motion of the mirror instead of the present 15 Hz. This
1s beyond the state of the art in mechanical scanning tech-
nology. Besides, as indicated earlier, problems exist with
the present 15 Hz system. In addition, at the 75 Hz scanning
rate the energy levels would be so low that they could not be
recouped by using higher sensitivity detectors.

The only scanning technigue that might be applicable to the
high resclution requirement 1s a device which employs image
plane scanning. An example of this device is the Hycon Image
Plane Scanner. The i1mage plane scanner provides cross track
scanning by the motion of a wheel rotating in the image plane
of a telescope system. This wheel contains a series of optical
probe assemblies (each identical) which "pick off" the teles-
cope 1mage. This image 1s relayed out of the center of the
wheel and presented to a dispersion prism which separates
the energy into spectral bands. A series of detectors, one
for each spectral band, senses the energy and converts it to
an electraical signal,

This device as in the case of the RBV's will require large
optics 1n order to obtain ground resolutions of 10 to 20
meters., Otherwise the applicability of this sensor will de-
pend on how fast the wheel can be made to scan out the image.
As indicated previously, with six detectors per channel 75 Hz
or revolutions/sec. will be reguired for each channel for
contiguous coverage. This 1s well within the state of the
art of mechanical design.

It would appear that the low resolution requirement for the
coastal zone can be met by state of the art modifications of
current sensors. However, the high resolution reguirement
cannot be met using the object plane mechanical scanner and
can be met by the RBV's only through the use of larger optics.
Several new technigues for accomplishing the high resolution
requirrement are described in Section 3.2.3. However, 1in each
case large optics are required.
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3.2 IR Devices
3.2.1 Status of Current Sensors

Of all remote sensors for earth resources observation
this device has had the most experience in 8/C applications.
IR radiometers have been flown on several ESSA and Nimbus
satellites to measure temperature of both and the earth's
surface and cloud tops and the vertical temperature profile
of +the earth's atmosphere.

In general, the scanning IR radiometer is guite similar to

the MSPS. The major difference being wavelength of operation
and the fact that the output may or may not result in imagery.
However, provisions are being made to add channels to the MSPS
for imaging in the infrared portion of the spectrum. If
successful, the ERTS B MSPS will contain a channel for sens-
ing in the 10.4-12.6u region with a ground resolution of Z260M.
Likewlse, provisions are being made to add visual channels to
the IR radiometers for meteorological applications. However,
1n the context of this study, the visual and IR devices are
considered to be two different sensors, primarily because of
the optical problems encountered in constructing a dual system.
If these problems can be overcome, then the MSPS and the IR
radiometer may be considered one and the same.

IR radiometers come in different sizes and shapes and have
varying numbers of channels. A two channel radiometer has
been used on ITOS for observing both cloud cover and surface
temperature., However, the spatial resolution of this and
similar devices 1s several kilometers. For meterological
applications the concern has been for low resolution global
coverage. High resolution radiometers (few tenths of a Kk
or less) are in the state of design and evaluation but have

yvet to be flown on spacecraft.

The components of the infrared radiometer developed for ITOS
are shown i1n Figure 3-2. The radiometer assembly 1s oriented
on the satellite so that axis A-A 1s parallel to the orbital
velocity vector. Orbital motion provides for scanning of the
object field in one direction. Scanning of the field in the
perpendicular direction 1s accomplished by continuous rotation
of the plane mirrcor about the axis A-A, so that, each revo-~-
lution of the mirror scans a line from horizon to horizon
perpendicular to the direction of orbital travel. During
earth scan time, radiation from the earth 1s reflected onto
the paraboloidal mirror by the scanning mirror, which causes
1t to converge toward the focal point of the paraboloid. The
converging cone 1s intercepted by the infrared filter before
reaching the focal point. The infrared energy transmitted

by the filter i1s essentially undeviated by the filter, and
proceeds toward the initial focal point, For the wvisible
enerqgy, the filter serves as a plane mirror, and the reflected
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Figure 3-2, ITOS IR Radiometer
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energy converges towards the mirror image of the initial focal
point. Table 3-3 summarizes the characteristics of this sensor.

TABLE 3-3

CHARACTERISTICS OF ITOS SCANNING RADIOMETERS

1. Imnst. FOV 5.3 milliradians
2, Spatial Resolution 7 Km at alt of 1400 Km
3. Temp. Resolution 1.0°% @ 300°k
4.5 @ 185°K
4. Infrared Bandwidth 10.5-12.5 ua
5. Collecting Optics 13 cm
6. Mirror Speed 48 rpm
7. Bandwidth 455 Hz
8. Weight 8 kg (18 1bs)
9. Power 6.5 watts
3.2.2 Applicability to Coastal Zone Measurements

The low resolution IR scanner and high resolution IR
radiometer for ERTS E&F will be used to obtain thermal imagery
and point temperature data, respectively. Pramary applications
are for sea surface temperature, detection of oils and 1ce
monitoring. The low resolution sensor will provide contiguous
coverage and will require a ground resolution of 200 meters*.
The high resolution IR sensor will be used for selective
sampling and will require a spatial resolution of 10-20
meters**, As 1n the case of the visual device the across
orbit swath length of the low resolution device or FOV will
be 150 Km. Across orbit swath length has not been determined
for the high resolution sensor and will depend on whether thais
sensor 1s scanned or pointed. Options for this sensor are
discussed later on in this section. Temperature accuracy and
sensitivity requirements will vary depend;ng on the apgllcatlon
but the most stringent requirements are +# 1°C and = .1°C,
respectively. Measurements in the 10-12un region are required.

* 200 meters ground resolution corresponds to a spatial reso-
lution of 1000 meters for imagery applications. This means
that 5 lines of 200 meters each are needed to interpret an
object 1000 meters in size on the basis of i1ts spatial
properties.

**% 1.e., 10~20 times better than low resolution device. Non-
imagery data will be provided by this device.
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As previously indicated the IR devices that have been flown

to date on spacecraft do not meet any of the resolution re-
quirements 1indicated for CZ measurements. However, the IR
sensor planned for ERTS B, 1f successful, will come reasonably
close to meeting the low resolution requirements indicated
above. Across orbit swath length of 150 Km, as discussed
previocusly may provide a mechanical scanning problem (see
Sectaon 3.1.3) since 1t 1s considerably easier to scan from
horizon to horizon utilizing a 360 scan.

Temperature accuracies and sensitivities i1n the low resolution
case should not be a problem since they are withan the state

of the art of current devices. In fact the IR radiometer is

a better temperaturg measuring device than the microwave
radiometer assumlng that all-weather capability is not a factor
The sensitivity of thé TR radiometer varies as the fourth
power,of‘temperature and linearly with Em1381v1ty. The micro-
wave radiometer as described later in this report 1s as sensi-
tive to em1531v1ty as to temperature.

Any modifications that may be,necessary to current IR radio-
meters to meet the low resolution requirements of the coastal
zone are minor and can pbe readily accomplished. However to
meet the high resolution regquirements (assuming for the moment
that they can be met) extensive modlflcatlons of current sen-
soxrs will be required. The problems encountered with the high
resolution IR device are similar to those described for the
high resolution visible scanner in Section 3. 1.3. The prob-
lems are primarily those of scanning large optics at rather
high rates over a small FOV. Such requirements are not com-
patible with the use of scanning dev1ee§.

' & . H ¥
To summarize, the low resolution IR requirements: for the
coastal zone can bermet by current sensors. The high resolu-
tion IR requirements cannot be met by current devices. An
alternative that offers potential as a high resolution IR
device 1s a non-scanning, small FOV radiometer. This tech-
nigque 1s described in the next section under modifications
although in some respects 1t 1s a new sensor development.

¥

3.2.3 Modifications '

k

1

The high resolution non-scanning radiometer, or
"comb scanner" 1s 1llustrated in Fig. 3-3. There 1s no across-
the-swath scanning, the only scanning is performed along the
orbit due to spacecraft motion. This kind of device can be
useful as a sampling substitute for a high resolution thermal
imager. Boundaries or edges of currents or thermal effluents
are desired accurately.2 Typically the area of interest might
be on the order of 1 Km If we assume a sgacecraft
attitude control system capablllty of about + 0.17, there 1is
a ground error of * 1 Km from a 540 Km orbit. Thus a series
of lines across a 4 -Km width would be pointed to iIntersect
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Figure 3-3. Dlustration of Comb Scanner Concept
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the area of interest and obtain (along the lines) acecurate
information about 1ts edges.

The comb scannexy which has a fixed array of N elements across °
a field of view of 4 kilometers can be built for the 10.5 u

to 12 5 u band. However, the two principle governing para-
meters that limit the IFOV are optics size and a practical
detector size. At 925 Km altitude 30 M resolution 1s possible
with 50 cm optics. An altitude of 465 Km would be required

to achieVve 15 M resolution in the infrared. Calculations

have been performed for various parameters such as collector
sizge, detector element size, fpo, temperature sensitivity,
etc., for an altaitude of 465 Km. The results are:

CHARACTERISTICS OF THE IR COMB SCANNER

Altatude 465 Km
~IFOV (rad) 33 x 107°
Collector Size 50 em
‘Detector Element Size (cm) 25 x 10_4
No. of Elements (cont'g coverage) - 60

Ground Element Size 15 M

fno 1.5
Temperature Sensitivity (at SOOOK) .1°x

Parameter characteristics for 925 Km altitude or 30 M resolu-
tion are quite similar to those above except for slightly
lower bandwidth Resolutrions higher than 15 M do not appear
practical for the infrared. However the above resolution
does correspond quite closely to the 10-20 meter resolution
requirement for the coastal zone.

The size of each detector element 1s fixed by the size of the
ground element for a given altitude. However, the number of
detector elements within the total 4 Km FOV will vary depend-
ing on whether contiguous coverage 1s desired. For contiguous
coverage over the FOV, 60 detector elements are required
Indications are that such numbers can be readily achieved.

33 Spectrometers

3.3 1 Status of Current Sensors

) The definition of a spectrometer in the context of
this report refers to a device which senses 1in discrete
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portions of the electromagnetic spectrum to obtain inform-
ation on the spectral properties of specific phenomenon with-
1n a scene. Although some spectrometers are capable of ob-
taining i1magery the devices that appear to be of most use in
the coastal zone are high resolution non-imaging sensors. As
such, spatial properties of the scene are of lesser importance.

During recent years there have been numerous spectrometers
flown 1in arrcraft and experimental data has been gathered on
a variety of surface phenomena. These spectrometers have
varying numbers of channels and most of them operate in the
visible and near IR and infrared regions of the spectrum. UV
and microwave spectrometers have been developed to a lesser
extent.

Two different types of spectrometers will be described in thas
report. The first of these operates on the principles of
sensing the reflected and emitted energy from the scene under
observation. This type of device 1s exemplified by the 20
channel airborne multispectral scanner flown by the Univ. of
Michigan. This device 1s rather complex and 1s primarily an
alrborne experimental tool. As such 1t would not be recommended
for spacecraft applications. However, 1t 1s described here
because 1t does represent a technology that needs to be de-
veloped for the coastal zone. The second type of spectro-
meter 1s the correlation spectrometer. It operates on the
principles of absorption and was designed, buirlt and flown

1n aircraft and balloons by Barringer Research Limited,
Toronto, Canada.

3.3.1.1 Multaiband Scanner (Univ. of Michigan)

The University of Michigan airborne multispectral
scanner obtains data in 20 bands simultaneously in the wave-
length interval from .32a to l4u. Actually two scanners with
two telescopes each are used, resulting in 4 channels of data.
Twelve spectral bands between .41 and 1.0um are collected in
one channel with a multichannel spectrometer so that the
signals are registered and can be mixed or processed elec-
trically. Two of the channels are fitted with filtered three-
element arrays of InSb and InAs detectors. These two chan-
nels cover the spectral range 1.0n - 5.5u, each channel
covering three spectral bands. The detectors are aligned to
scan a scene point sequentially and the videc signal can be
brought into registration through time-delay lines. The
fourth channel can cover either the range from .32u to .4u
or 8u - 14 u using in the first case a filtered ultraviolet
(UV) photomultiplier or for the latter range a filtered
single-element InSb and Ge.Hg detectors.

The output"81gnal from each detector element 1s a video sig=—

nal corresponding to the scene brightness in the particular
wavelength region of operation. The tape recorded multi-
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channel video signals can be displayed and analyzed in a num-—

ber of ways to obtain information about the spectral character-
i1stices of signatures.

To our knowledge a device of this type 1s not being developed
now for spacecraft application. Therefore the performance
characteristics of this device such as weight, power, etc.,
are not applicable to this study. It i1s anticipated that the
performance characteristics of a sensor designed for satellite
applications will be similar to those of the ERTS MSES.

3.3 1.2 Correlation Spectrometer

The correlation spectrometer detects and operates on
the absorxption spectra of various gases or vapor constituents
in order to determine specific information on path length and
concentration. This 1s done by wvibrating the observed spec-
trum of a given gas against a photographic replica correl-
ation mask produced in the laboratory. Fig. 3-4 rllustrates
the basic correlation spectrometer used in ground, airborne
and high altitude baloon flights. Mirrors M, and M,, a
cylindrical lens and the entrance slit form ~the f181d def-
ining optics. The correlation mask is stationary and the
spectrum of the incident light 1s spatially modulated at 100
Hz relative to the mask by means of the fork-driven guartz
refractor plates. The mask/spectrum correlation function is
detected by a photomultiplier tube and pre—amplifier. : The
output spectra are series of positive or negative peaks which
represent a condition of maximum correlation of the slits in
the mask, with the absorption bands in the spectrum. If the
oscillation produces a periodic series of positive or negative
peaks they represent a condition of maximum correlation of the
slits i1n the mask with the absorption bands of the spectrum.
Barringer {(1969) indicates that even with verv low signal—-to-
neoise ratio these correlations can be detected. Since the
radiant power reflected from the earth through the gas (and
containing the signature) has to compete with backscattered
flux from the atmosphere 1tself, the SNR 1s expected to be
low The magnitude of the peak-to-peak deflection is a
function of the difference i1n the energy content of the peaks
and troughs in the spectrum which 1s a function of the gas
concentration, the atmosphere scattering and the path length.
Table 3-4 summarizes the characteristics of the correlation
spectrometer.
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TABLE 3-4

CHARACTERISTICS OF THE CORRELATION SPECTROMETER

Weight 43 RKg (95 1lbs)
Size 1M x .6M x .5M
Power (ave) 22 watts

Total and Instant. FOV 1.0 degrees
Data Rate 50 samples/sec

A second similar device is the correlation interferometer
which works in the frequency domain and uses an interfer-
ogram rather than a spectral band mask for correlation.
Since 1t looks at all frequencies, 1t 1s theoretically more
flexible than the correlation spectrometer. However, 1t 18
considerably harder to build requiring much larger optics
and greater stabality The spectrometer development is much
further along at this point, although NASA 1s supporting R
and D for an interferometer for CO monitoring.

3.3 2 Applicability to Coastal Zone

Coastal zone applications cf the spectrometer will
be primarily for petroleum, plankton, fish and nutrients.
Like the high resolution IR radiometer the spectrometer will
be a non-imagery device with a design goal resolution capa-
bility or 10-20 meters. Spectral bandwidths and the number
of bands cannot be determined at present. However, it 1s ex-
pected that the bands will be discrete. (.02 - ,03u wide)
and the number of bands will be a minimum of 6 or 7 to a max-
imum of 20 for the reflective device. The minimum number
would be optimum for one or two applications whereas 20 or
more bands would enable experiments to be performed to deter-
mine cptimum bands for a number of applications. These bands
w1ll cover the region from .40 - 15 .

Because of the difficulty of implementation the absorption
spectrometer will have a limited number of bands, perhaps 3 or
4. These bands will be in the visible portion of the spectrum
and will be adjusted to observe specific phenomena. For ex-
ample, as discussed in Section 2.2, 1odine, fish oils, petro-
leum ci1ls and chlorophyll are likely candidates for this type
of measurement.

There are no existing spectrometers in their present mode of
operation which can obtain the high resclution needed for the
coastal zone. The closest thing would be the ERTS MSPS which
can only image in discrete bands of the visible but cannot
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obtain a ground resolution of 10-20 meters. Also, as discussed
in the last section, this resolution capability for the infra-
red has vet to be developed. The correlation spectrometer
used 1n balloons and aircraft has an instantaneous POV of 1.0
and from spacecraft altitudes this would correspond to a reso-
lution of approximately 10 kilometers from 540 Xm. This could
st1ll be of interest in the CZ for detecting clouds of gaseous
indicators although 1t does not meet the specific require-
ments for 10-20 M.

Q

3.3 3 Modifications

As indicated in the previous Section (3.3.2) the
multispectral scanner and the correlation spectrometer as
they now stand are not applicable to the high resolution re-
guirements of the coastal zone. Once agawin, as was the case
with the high resolution radiometer, the problems are prim-
arily those of scanning large optics over very small fields
of view. Such experiments are not practical for operational
unmanned spacecraft. The only plausible solution for the
multiband reflective/emissive spectrometer would he to use a
fixed mirror, comb scanning system similar to that suggested
for the high resolution radiometer. The array of n elements
could be designed to accommodate a number of spectral chan-
nels over a small field of view of 4 Km. This suggests the
possibiality that the high resolution infrared radiometer and
the high resolution spectrometer could be combined into a
single device 1f the optical problems as discussed in Section
3.2.1 can be overcome. Pointing capability would enable thas
device to scan out a 4 Km swath within the field of view
imaged by the low resolution visual and infrared sensors.

Modifications to the correlation spectrometer would also be
needed for space use. Longer focal length optics would be
desirable to decrease the basic resolution size, although it
does not seem practical to make large enough optics to get
10-20 M or even 100-200 M resolution. More likely 1 to 2 Km
would be achievable from space (also useful for the CZ). It
would also be desirable and undoubtedly possible to build a
correlation spectrometer with several masks so that two or
three gases could be detected with the same device.

3.4 Passive Microwave Devices
3.4.1 Status of Current Sensors

At present microwave radiometer technology 1s in a
relatively undeveloped state. 'These sensors are character-
1zed by relatively large antennas necessitated by the long
wavelengths of microwave energy. Several experimental micro-
wave sensors have been flown on aircraft to measure sea
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surface temperature and sea state but as yet none have flown

in spacecraft. Typical of these are the NASA microwave
scanners flown on MSC CV240 aircraft and the Convair 990. N
These are multifrequency devices operating in the range from
approximately 1 GHz to 37 GH=z. These sensors have been flown
to obtain experimental data on terrain roughness, vegetation,
water and 1ce. Typically, for a 10 Km altitude the swaths

or elements on the ground have a dimension of approximately

500 x 500 meters. This would correspond to 45 x 45 Km from

a 925 Km orb:it.

To obtaln large area coverage the antennas must be scanned.

To aveid oscillating large antennas, electronically steerable
beam phased-array antennas have been used in the NASA programs.
These antennas consist of a large number of ferrite switch-
ing elements that change the effective pointing direction of
the antenna by a phase cancellation and reinforcement technique
Unfortunately, however, the use of phased array antennas in-
stead of other types of antennas does not significantly re-
duce the antenna size requirements.

NASA 1s presently in the process of designing and building a
microwave radiometer for flight on the Nimbus E spacecraft.
The equipment 1s being procured from Space General Corporation.
This device will also be electronically scanned and will Opgr-
ate at 19.35 GHz and will have an instantaneous FOV of 2.857.
This corresponds to a swath width of 35 x 35 Km on the ground
for a 540 Km orbit. Its frequency of operation (19 GHz) 1is
about halfway between the lower window of 1 GHz to 15 GHz

and the water vapor absorption band at 22-23 GHz. Thus the
sensor 1s designed to look both at the earth's surface for
resource applications and the clouds for meterological appli-
cations. Table 3-5 indicates some of the important charac-
teristics of the Nimbus Microwave Scanner.

TABLE 3-5

CHARACTERISTICS OF THE NIMBUS MICROWAVE SCANNER -

1. Frequency 19.35 GHz

2. Weight 23 Kg (50 1lbs)
including antenna

3. Power 25 watts

4. Data Rate 100 baits/sec

5. Scan + 50° from nadir - e

6. Temp. Res. 2%k

7 Ground Resolution 2.85° x 2.85°

(35 x 35 Km for
540 Km orbit)}
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3.4.2 Applicability to Coastal Zone

The applicability of passive microwave devices to
perform meaningful and reliable sea surface temperature and
gea state measurements from spacecraft altitudes is 1n doubt
primarily because of the low resolution nature of the measure-
ments for reasonable size antennas and because of intervening
environmental factors which affect the quality of the data.

Sea temperature and sea state can, at best, only be determined
indirectly from the measured or "apparent" temperature. The
apparent temperature of the sea, when measured from space,
consists of three elements:

2T
- o _ (1-) T
Tg = sky + Tsky
L
where E 1g the emissitivity of water

1-g 1s the reflectivity

TO 1s the actual water temperature

L 1s the atmospheric loss

L
Tsky 1s the apparent sky temperature
The emissivity will depend on the observation wavelength,
incidence angle, the temperature of the water itself, polar-
ization, sea state and to a lesser degree salinity and pollu-
tion effects. Therefore to obtain actual water temperature
the various parameters just mentioned must either be calcu-
lated out or some method must be found to eliminate them from
the measurement.

Sea state 1s one of the major factors in emissivity variations.
Stogryn has shown that for a given altitude the apparent
radiometric temperature of water varies with sea state and
incidence angle for horizontally polarized signals. He also
shows that apparent radiometric temperature i1s invariant to
sea state at a particular incidence angle for vertically
polarized signals. This invariant angle 1s found to occur at
an incidence angle of 40°. Aukland et al (1969) suggests
from ghls, therefore, that dual polarized measurements made
at 507 at a frequency relatively insensitive to temperature
changes (say 30 GHz) permit elimination of atmosphere effects
and permit sea state to be determined. ILikewise i1if another
measurement 1s made at another frequency, which 1s not in-
variant to thermometric temperature changes, at the same
incidence angle, then sea surface temperature can be obtained.
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Hence two measurements at different frequencies must be made
1f both sea state and sea surface temperatures are desired
However, 1f only changes in SST and SS are desired, then the
measurements can be made at the invariant incidence angle
with the use of only one frequency. The frequency selected
should be one at which the radiometric temperature varies
with thermometric temperature. Figure 3-5 1s a plot of the
variation in the radiometric sensitivity with a 1 C change in
thermometric temperature as a function of frequency. From
this curve 1t can be seen that the optimum freguency ranges
‘are from 10-14 GHz and perhaps from 25-40 GHz. From the
standpoint of antenna size the 40 GHz frequency appears to be
more attractive.

As i1ndicated in Section 2, resolution requirements for sea
surface temperature (SST) vary from 10 meters to 100 Km. The
temperature accuracy desired is *1°C with a minimum sensitiv-
i1ty of £.1°C Resolution for sea state (88) varies from 100
meters to 1 Km. Wave height requirements vary from 1-15 ft ,
direction 10~ and wave period 2 to 40 sec. The ground reso-
lution required for sea 1ce varies from 10 to 100 M. The
requirements enumerated here are felt to be minimum require-
ments 1f the data 1s to be utilized fully in solving the
problems of the coastal zone. Because of the small width of
the coastal zone (as compared to the open oceans), smaller
scale phenomenon occur, thus dictating the need for high res-
olutron. 1In addition, 1f large area, low resolution ground
elements are obtained they will contain on the average a con-
siderable amount of land area. This cbviously will invali-
date measurements such as SST or 8S. Accordingly 1t 1s felt
that sampled ground elements larger than 5 Km 1n size will
have little or no value. Therefore, the ground resolution
design goal for SST and S5 1s 5 Km or less.

At present there are no active or passive microwave devices
erther in existence or planned that will provide a resolution
capability of 5 Km or less from spacecraft altitudes. Both
the passive device designated for Nimbus E and the active/
passive radiometer that will be flown on Skylab will provide
low resolution on the order of 40-60 Km. In order to provide
the high resolution capability required for the coastal zone
large antennas will need to be provided. In addition current
microwave devices will not provide the accurac¥ and sensitiv-
1ty reguired for coastal zone SS and SST measurements praimar-—
1ly due to intervening environmental factors which affect

the data and uncertainty in the state of the art of how the
devices should be deployed. Adeguate models for data inter-

pretation, processing and correction alsco have not been
fully developed.
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To summarize, the present state of the art in active and
passive microwave devices will not permit sea surface temp-
erature and sea state to be measured to the accuracies re-
guirred for the coastal zone. These problems and possible
solutions to them will be discussed in the next section of
the report.
3.4.3  Modificatidons Required

The spatial resoclution design goal for SS and SS8T
for the coastal zone 1s 5 Km. To achieve such a high reso-
lution may regquire rather large antennas depending on the
spacecraft altitude of operation. In addition other prob-
lems may be encountered in terms of pointing or moving these
antennas 1f scanning 1s desired. One alternative would be
to fix the antenna or antennas at a certain incidence angle
and sweep out a 5 Km swath parallel to the spacecraft orbit.
However, in the case of the passive microwave experiment
there 1s considerable uncertainty as to what this angle (the
invariant i1ncidence angle for SST measurements) should be.
As 1indicated previously Stogryn found this angle tg be 50°
Hollinger i1n one such experiment found 1t to be 55°, Data
from the Rockfish experiment indicates the invariant angle to
be 707. This uncertainty in the invariant angle would suggest
that the measurement be performed at different angles and
hence variable pointing of the antenna might be desirable for
experimentation (but probably is better done first in A/C)

Scanning the antenna to sweep out any reasonable size area,
assuming 5 Km ground elements, would undoubtedly be out of
the guestion. The short integration times that would be re-
quired for a sequence of 5 Km ground elements across the
satellite ground track would cause severe post—detection band-
width problems that would severly limit the sensitivity of
the temperature measurement. Present state of the art radio-
metric sen51t1v1ty for a one second integration time 1s app-
roximately .3 °k at 40 GHz;with data reduction this gives
approximately a 1° change in thermometric temperature. Only
about 0.7 second integration 1s the longest time that could
be tolerated for a 5 Km ground area from spacecraft altitudes
unless the sensor can be pointed to increase the dwell time.

As pointed out earlier to perform SST and SS measurements
from spacecraft altitudes large antennas will be reguired.
The beamwidth (3 db) of a parbolic antenna i1s approximated by

o < _2:16 x 10°
FbD
where 8 = 3 db beamwidth 1in degrees
F = frequency 1in MH=z
D = diameter in meters
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The beamwidth versus frequency for various antenna diameters
1s shown in Figure 3-6., For high spacecraft altitudes the
beamwi1dth must be smaller to accommodate the same field of
view. Hence the antenna diameter must become larger. How-
ever, 1f we assume that the sea surface temperature 1s meas-
ured at 40 GHz from a 540 Km altitude and over a ground area
of 5 Km, then the antenna size required would be 1 M. Such an
antenna would be guite manageable regardless of the type of
antenna used.

3.5 Radar Scatterometer
3.5.1 Status of Current Sensors

The radar scatterometer 1s like other radar systems
in that the basic elements of the system consist of a trans-
mitter and a receiver. The praimary difference between the
scatterometer and other forms of radar is that the scatter-
ometer can determine the scattering or reflective properties
of surfaces by measuring the variation of differential scatter-
1ng cross section (or scattering coefficient) of a surface
with angle of i1ncidence. While ordinary radar imagers can
measure scattering coefficients, 1f calibrated properly, they
can do so for any point in the image at only the particular
angle of incidence with which that point 1s 1lluminated.
Most scatterometers use a fan beam and can measure the scatter-
ing properties at various angles. The angle of incidence may
vary from zero (normal incidence) to 90~ (grazing incidence).
However, few systems operate over this entire range since at
grazing incidence the range is so great that the signals re-
ceived are too small,

In actunal practice, a transmitter sends a signal to the surface
being studied and the return signal i1s scattered to the re-
ceiver. Synchronization i1s maintained between the transmitter
and receiver, in fact, a copy of the transmitted signal may

be delayed and compared in the receiver with the received
signal. The receiver output i1s processed to determine the
scattering coefficient at a particular point.

The following table summarizes the characteristics of the
system presently being used for aircraft application.
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TABLE 3-6
CHARACTERISTICS OF RADAR SCATTEROMETER
Frequency 13.3 GHz
Resolution 15M (330 Meter alt.)

45 Km (925 Km alt. - extrapolated)

Weight 33 Kg (74 1bs)
Power 135 watts
352 Applicability to Coastal Zone

Studies of potential applications of radar scatter-
ometry have been conducted by many investigators for several
vears, and further investigations are still necessary before
definite conclusions can be reached. The most complete
summary of these studies i1s by Pierson and Moore (1970).
Measurements of the radar return from the ocean surface are
substantially affected by sea surface roughness. Most in-
vestigators agree that these measurements primarily indicate
the "chop" from small waves of the same magnitude as the
radar wavelength or even smaller, rather than the "swell" or
long waves from a developed sea. The chop is due to surface
wind conditions. Pierson (1970) has shown theoretically the
large effects due to local winds and a small, but calculable,
"perturbation" effect due to long waves.

A major uncertainty in the theory is concerned with the speed
above which measurements of radar return saturate (1.e.,
changes in wind give too small a change in radar return to

be reliably detected). Guinard (1970) and Wright (1968) in-
dicate that saturation begins to occur at 5 meters/sec where-
as Pierson (1970) indicates that by processing the data
differently,, or by using more data (from a fan beam rather
than pencil beam antenna), increases can be well defined to
25 meters/sec. or more. In addition, uncertainties as to

the exact meaning of the measurements arise from foam, spray,
whitecaps, non-linear waves, and the intervening atmosphere.
NASA (Jaffe, 1970) 1s planning to use a microwave radiometer
in conjunction with i1ts scatterometer on Skylab A. The
radiometer will not only be used to detect surface temperature
changes, but also to detect changes in theoatmosphere (e.g.,
Singer and Williams (1968) calculated a 56 K rise in bright-
ness temperature due to a cloud -- including the effects of

1 db attentuation as well as increased reflection). Thais
measurement could be used to correct scatterometer readings
for cloud effects.
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Actually the combined use of radars and radiometers i1s attrac~
tive from several viewpoints. The radiometer measures the
product of emissivity and temperature. The emissivity is
closely related to the radar cross section. Thus, making both
measurements together may well permit using the radiometer as
a temperature-measuring device, even with varying emissivities.
Since the microwave radiometer and the radar use the same high
gain antenna, power requirements are guite reasonable.

Although the theories are still guestionable and obviously

in need of more research (especially experimental measurement),
1t would appear that radar scatterometry does offer some
potential for the ERTS E&F missions.

3.5.3 Modifications

As 1n the case of the passive microwave radiometer,
the radar scatterometer will require relatively large an-
tennas to obtain high ground resolutions on the order of 5 Km.
Since previous scatterometers have been designed primarily
for aircraft and manned spacecraft applications some consid-
eration must also be given to the reduction of size, weight
and power regquirements to facilitate use on a smaller unmanned
satellite.

3.6 New Sensors
3.6.1 The 4.5" Return Beam Vidicon

One technique that might be used to overcome the in-
herent resolution limitations of the 2 inch RBV 1s to increase
the detector format size. The 4.5" return beam wvidicon does
just that. With a useful i1mage area of 5 cm square instead
of the 2.5 cm square for the 2 inch device, the resolution
of the vidicon can be improved by a factor of two. Thais would
mean a ground rescolution of 25-50 M with the same focal length
optics instead of 50-100 M resolution for the 2 inch device.
At present this device 1s still under development but 1t
should offer possibilities by the 1975 taime period. Principal
problems that must be overcome 1f 1t i1s to be used for S/C
application are those of size, weight and power.

3.6.2 Silicon Line Scan Vidicon

The silicon line scan vidicon which 1s envisioned as
a replacement for the vidicons on ERTS A and B 1s a new sen~
sor that offers the potential of high sensitivity, wide dyn-
amic range, and high resolution capability. The sensor as
shown i1n Figure 3-7 contains a silicon target consisting of
s1ix electrically isolated lines of uniformly spaced p-n
diodes formed on a strip of n—type silicon. Although only
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six outputs (2 for each of three spectral channels) are shown
here, provisions can be made to accommodate 8 outputs corres-
ponding to four spectral channels. The diode element density
wi1ill be 1180 diodes per om along a 3.3 cm line resulting in
4000 diodes per line. The 150 Km ground swath will be imaged
by a dual optical system (Figure 3-8) with each half covering
75 Km. Therefore, each 150 Km swath 1s imaged on two lines
of diodes containing a total of 8000 diodes, thus providing
better than 30 M per element spatial resolution. A fan-beam
18 x 625 1, will be used to obtain a simultaneous readout
from the diode lines i1n a single 4 millisecond sweep of the
scanning beam.

Preliminarxy sensor and optical design specifications were de-
termined for both the high resolution and low resolution re-
guirements of the coastal zone. Specifically, as discussed!
previously, the requirements called for a 150 XKm FOV with a
50 M resolution for the low resqlutlon case and a 30 Km FOV \
with a 10 M - 20 M resolution for the high resolution case.
The spectral range of ogeratlon 1s from .4u to 1.la. '

i

The current state of the art in vidicon manufacture 1s that

a resolution of 8u at the tube target can be achieved. 20 M
from an orbit of 540 Km i1s approximately 0.04 milliradians.
This implies a focal length of 20 cm for 20 M ground reso-—
lution or an overall telescope length of about 40 cm (assum-
ing a Schmidt optical system). This length 1s 1inversely 4
proportional to the resclving power. For a 10 M ground reso-
lution a 80 om telescope will be necessary. .
Scaling numberi from previous work indicatesthat a clear aper-
ture of 100 cm™ will be necessary to provide sufficient energy
for an adequate signal. Taking account of the central obscur-
ation a 13 cm dirameter would appear reasonable to extract the
ilmage. ‘
For the 20 M resolution case this would imply an F/1.6 system
which 1s rather fast, but preliminary estimates of the reso-
lution at the extreme edge of 'the required angular field in-
dicate that 1t 1s within the desitred range. However, very
little margin 1is left for additional aberrations due to field
flatteners, the vidicon face plate, etc.

The 10 M resolution approach appears possible but has not
been investigated numerically.

An approach was 1nvestigated to scanning the hagh resolution,
smaller field of view over the low resolution, larger picture
by rotating the folding mirror. Although desirable, the
amount of central obscuration resulting when the folding op-
tics are made adequate to catch the extreme rays ain the field,
precludes this approach. It will therefore be necessary to
swivel the entire telescope in order to select the desired
section of the wide angle field of view.
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The focal length of the wide angle viewer 1is calculated by
taking the total angular field of view and fitting 1t into
the standard vidicon surface. This implies ,a 10 cm focal
length which means that the ground resolution will be on the
order of 50 M. Aperture considerations indicate that an
aperture of 40 cm® 1s adequate which implies (allowing for
central obscuration) a diameter of 3.75 cm. This yields a
F/3.2 system which has perfectly adequate resolving power
for the desired measurement.

To sum up

Low Res. High Res.
Focal Length 10 cm 40 cm
Aperture 40 cm2 100 cm2
Diameter 3.75 cm 13 cm
F No. 3.2 3.2
Overall Length 20 com 80 cm
Ground Resolution 50 M i0 M

The mode of operation of the optical sensor 1s envisioned as
being the line scan mode (sometimes called the push broom)}

as opposed to the frame-at-a-time mode. The mode of spectral
separation envisaged i1s that of interference filters applied
as stripes across the face of a line scan vidicon which is
operated in the fan beam mode. This offers several advan-
tages. The optical system can be made more compact, more
efficient and less complex than in any alternate mode. Regis-
tration difficulties are almost completely eliminated since
all channels are sensed simultaneously by what 1s physically
a single sensor. This approach also somewhat simplifies the
data handling and synchronization problem.

3.6.3 Solid State Drode Array

Another possible approach 1s to replace the wvidicon
with an array of photo sensitive diodes addressed by logic
techniques. Work 1is being done on these technigques by NASA
and such a device 1s under active development. Unfortunately,
in the present state of the art, the current devices are not
suitable to be used as a solution to this particular program.
Close attention 1s being paid to the progress of the develop-
ment program by NASA and industry however, and should any
further advance be made 1t will be seriously considered for
space use.

93



3.6.4 Laser Devices

The laser offers much promlise as a new remote sens-
1ng tool for water depth measurements. Trade-off studies
show that presently available components and reasonable sys-—
tem sizes will provide laser systems that can measure depth
to 50 M from an aircraft flying at 500 M altitude over coastal
waters (Polcyn, 1969). Desaign studies show that a laser sys-
tem with state of the art components and with a receiver-
collector area of at least 1.6 square M can detect depths of
20 M 1n coastal waters. However, spacecraft systems tend to
be large, so that component and subsystem development must
be carried out to assure that these systems are practical in
size and reasonable in cost.
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SECTION 4.0

ORBIT AND SPACE OPERATIONS CONSIDERATIONS

4.1 Orbit Alternatives
4.1.1 Orbit Selection Pactors

The optimum orbit for a satellite performing an earth
observational mission 1s determined by the orbit geometry and
the geographical coverage requirements. The orxbit geometry
involves the shape, the altitude and period, and the inclin-
ation of the orbit while the geographical coverage require-
ments are defined in terms of the area to be covered, the
frequency with which data i1s to be taken and the ground 1llum-
ination necessary.

Satellite earth orbits are elliptical in shape with the earth
located at one focus of the ellipse. Circular orbits are
special cases of elliptical orbits (the semi-major and the
semlL-minor axes are equal).

The altitude of a circular orbit determines the orbital period
(L.e. the time from one northward crossing of the equator to
the next) as well as the satellite orbital lifetime. Fig. 4-1
shows typical lifetimes (time to reentry into earth's atmos-
phere) for satellites in both circular and elliptical orbits,.
Fig. 4-2 1s a graph of the orbit perrod as a function of al-
titude for circular orbits.

The inclination of a satellite orbit i1s the angle between the
orbit plane and the earth's equatorial plane (see Fig. 4-3),.
If the angle 1s less than 90, the orbit 1s a posigrade orbit
(1.e. the satellite has a velocity component in the same
dlrectlgn as the earth's rotation). If the angle 1s greater
than 98 » the orbit 1s called a retrograde orbat. An orbit
of 105”7 inclination can be specified as a 75 retrograde orbit
(1.e. the angle specified is the supplement of the angle of
inclination}. The orbit inclination determines the highest
latitude a satellite will pass over.

The projection of a satellite orbit on the surface of the
earth 1s called the subpoint track. Since the earth is ro-
tating around i1ts own axis from west to east, the subpoint
track of succeeding orbits 1s displaced westward in propor-
tion to the orbital period. A plot of several typical
successive ground tracks 1s shown in Fig. 4-4.

In order to plot the exact ground track:.of a satellite, the
effect of perturbations caused by the oblateness of the earth
must also be included in the orbit parameter calculations.
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If the earth were a perfect sphere, an earth satellite orbat
would be fixed in 1nertial space. Because the earth is an
oblate spheroid, a satellite orbat will drift or precess with
respect to a fixed celestial reference. Thus, the ascending
nodes of succeeding orbits will be displaced as shown in Fag.
4-5, The ascending node of an orbit 1s that point in the
orbit where a north headed satellite cuts the equatorial
plane.

Time on earth 1s reckoned by the sun. Thus, a solar day
(synodic day) will differ in length from a sidereal day. A
sidereal day is the time required for a point on the surface
of the earth to rotate 360°. 1In Frg. 4-6, a sidereal day is
the time required for point A on the earth to rotate back to
1ts 1nitial position in 1nertial space, point A'. A synodic
day 1s the time reguired for point A to rotate to the same
position relative to the sun, point B. The correction factor
for this time difference 1s equal to the rate of the earth's
rotation around the sun -- .9856° of longitude per day.

If the rate of nodal regression due to orbit precession 1is
made just equal to the eiffect of the earth's rotation around
the sun, a group of orbits with a unique property 1s obtained.
A satellite in one of these orbits will cross a particular
Jatitude at the same local time each day, 1.e., the angle
between the sun and the subpoint track will be relatively
constant from day to day. This type of orbit 1s called a sun
synchronous orbit and 1s used by satellites such as Nimbus
and ITOS and will be used by ERTS A and B. Fig. 4-7 shows
the relationship between altitude and inclination for cobtain-
ing sun synchronism.

For an observational satellite mission it 1s important to
estahlish how fregquently a satellite will pass over the same
point on the earth. The satellite subpoint will retrace the
same track only 1f the satellite crosses a particular longi-
tude in an integral number of orbits. Control of the ground
track retrace 1s achieved through selection of the proper
orbital elements.

The orbit track repeat cycle 21s a function of the altitude
and inclination as shown in Fig. 4-8. Thus, 1f 1t 1s desired
to have a satellite repeat a particular track each day, 1t
can bg done, for example, every 15 orbits with an inclination
of 727 at an altitude of 600 kilometers. FEach tgack will
then be displaced from the preceding track by 24~ (1440 nau-
tical miles at the equator). Ifolt 1s necessary to have the
subpoint track displacement 12.4° (744 nautical miles at the
equator), then an inclination of 72° and an altitude of
approximately 700 kilometers are needed. However, this com-
baination will repeat the same track once every twenty-nine
orbits. The closer together the ground tracks are, the
longer 1t takes to repeat the same track.

100,



1Q =

8|
6}
> ALTITUDE = 1000 km = 540 nm
< 4l
a
e
195
ol
e 2
o
]
Q o 1 ] [ L
ul.l 99 BOR 70R E0OR 50R
r INCLINATION - DEGREES
[+ 8
A1)
8
-
13 ALTITUDE = 200 km = 108 nm
B8
10 &=
Figure 4-5, Nodal Precession vs Inclinajion
SUN
EARTH LINE THRU SUN f_\
TO DISTANT FIXED
REFERENCE
EARTH LINE TO DISTANT

FIXED REFERENCE

Figure 4-6. Sidereal and Solar Time
101



1600 —

1400 |-

1200 |-

1000 —

800

ALTITUDE - KILOMETERS

600 B~

400 -

1400

1200 [~

1000 -

800 -

ALTITUDE - KILOMETERS
NAUTICAL MILES

600 |~

400 L

Figure 4-8,

800

700

600

500

NAUTICAL MILES

400

300

200

. I |

78

Figure 4-7.

79

8o a1 82

B2

RETROGRADE INCLINATION ~ DEGREES

Sun Synchronous Orbats

84

700 L

600 &

500 L

400 F

300 |

200

1 = 429

Number of Orbits Between Repeat Longitude Crossings

NUMBER OF ORBITS

102



4.1.2 Alternative Orbits

For the coastal zone oceanographic mission, the selec-
tion of orbit altitude will require consideration of ground
station contact time and sensor ground resolution. These
two requirements are conflicting though, since the ground
contact time 1ncreases with altitude while sensor resolution
decreases. Since reasonably high resolution sensor perform-
ance 1s necessary, altitudes below 1100 kilometers should be
utilized. As shown in Fig. 4-1, thouch, low altitude circular
orbits have a very limited lafetime. If the orbit altitude is
to be held relatively constant over a one year mission,
{necessary for image and data comparison purposes), then life-
times 1n excess of 5 years would have to be considered (with
no on-board propulsion). With the addition of on-board pro-
pulsion capability, though, a lifetime of 2 to 3 years can be
considered without imposing toc great a weight penalty.
Therefore, circular orbits must be limited to those above
approximately 550 kilometers. Ellaiptical orbits, on the other
hand, can permit the perigee to dip gqguite low and still pro-
vide a relatively good decay rate for a 1 year mission, (less
than 185 kilometers for highly elliptical orbits, 1.e., é}.B).
Three factors, though, preclude use of elliptical orbits for
the coastal zone mission:

1. The line of apsides (apsides are perigee and apogee)
rotates within the orbit plane creating satellite altitude
variations at a particular latitude with time.

2. The subpoint of the satellite 1s moving at its
greatest velocity at perigee (necessitating faster response
time 1in sensors).

3. Attitude control implementation will be more diffi-
cult due to the non-linear orbital rate.

For these reasons only circular orbits will be considered
although for speciral applications elliptical orbits may be
desirable.

The area of coverage wlll be of prime 1mportance. Table 4-1
provides a tabulation of the latitude and longitude ranges

of the United States and 1ts territories. As stated earlier,
the highest latitude traversed by a satellite orbit is equal
tc the orbit inclination. Thus, 1f all the states and terri-
tories are 80 be cogered, the minimum acceptable 1ncllnat108
would ge 727 oxr 108°. If Alaska can be excluded, then a 49
or 1317 inclaination can be used. This inclination can pro-
vide complete coverage of the 48 contiguous states as well as
Hawaii and all of the United States territories and protec-
torates.
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STATES

LATITUDE

RANGE

LONGITUDE

RANGE

Contiguous States

Alaska

Hawaii

TERRITORIES AND
PROTECTORATES

1

Puerto Rico
Virgin Islands
Guam

Midway

Wake

Samoa

Palmyra

24.5°N to 49°N
51.5°N to 71.5°N

19°N to 22°N

18.5°N

18.5°N

28™N

67.5°W to 124.5°W
130°W to 170°E

155°W to 160°W

65°W to 67.5°W
64°W to 65°W
155°8

177%

167w

171%

162°w

THE COASTAL ZONE

TABLE 4-1
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A third possibilaty 1is an anclination of 64° or 116°. This

orbit track will very nearly parallel a line drawn from the

southern part of Florida to the Boston area of Massachusetts
and thus provide excellent East Coast coastal zone coverage

as well as reasonable West Coast coverage.

It 1s important to note that these three orbit inclinations
w1ll provide coverage with scene 1llumination that varies
from one orbital pass to the next. The amount of variation
will be determined by the frequency of coverage. If a par-
ticular ground track is repeated each day, the scene illumin-
ation angle could change up to 6 per day (1.e. 24 minutes

in time) depending on the inclination and altitude (see Fig.
4-5)., If repetaition 1s once in four days, nearly 2 hours
change 1n scene i1illumination could take place between repeat
tracks. In addition, there may be several periods per year
when the areas of primary interest are in eclipse and visible
band imaging may be impossible. On the other hand, these
changes 1in scene 1llumination may be desirable in order to
permit observation of certain phenomena at different hours of
the day. Another potentially desirable feature is the 11llum-
ination of all ground track areas during some portion of the
one year mission. Thus, early in a mission, the east coast
may be 1lluminated during orbital passes while the west coast
1s in darkness. Later on in the vear, the west coast will be
lighted while the east coast is 1n darkness.

A fourth candidate i1s a sun synchronous orbit. As indicated
previously, the scene 1llumination remains relatively constant
for this type of orbit. In addition, the orbit may be selec-
ted so that areas of specific interest remain in sunlight
during the periodic satellite transits.

The frequency with which a particular area 1s covered will be
determined by the amount of coverage reguired. In Fig. 4-9,

the distance between ground tracks at the equator 1is while

the distance between centers of the field of view (d) 1s £sin i,
Then, as d 1s decreased to provide more complete coverage,

the number of orbits necessary will be increased

N = 360
-z

number of orbits regquired

M

where N

£

With the number of orbits per day limited to the range of 13
to 16 (1in order to have a realistic altitude in the range of
550 to 1100 kilometers, the number of days required to repeat
coverage can be calculated.

distance in degrees between tracks
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D =

N
n

where D number of days required to repeat

number of orbits per repeat longitudinal
crossing

n

The altitude necessary to give a specific number of orbits
per repeat longitudinal grossing 1s p%otted in Fig. 4-10 for
orbit inclinations of 49, 64~ and 727.

If a sensor field of view 1s a track 185 kilometers wide,
then complete coverage at the equator would require adjacent
tracks to be 185 sin 1 EKm apart at the ascending nodes.
For 90 - 110 minute orbital periods (altitudes in the range
of 550 to 1100 Xm) 13 to 15 orbit repeat cycles can be
achireved with approximately 15 - 20 days required to complete
full coverage. More frequent coverage of specific areas will
require elimination of all coverage of some areas. Thus, for
coverage of a particular area every four days, the ground
tracks will, for successive days, be separated by approxim-
ately 678 Km at the eguator.

4,1.3 Recommendations

In selecting the orbit for a coastal zone oceanographlc
mission, the following boundaries should be utilized:

1. Only circular orbits should be considered.

2. Altaitudes in the range of 550 to 1100 Km should
be used.

3. Orbat lncllnatlogs shoulg be 98° (for sun-
synchronous orbits) 49, 64, or 72 .

4, For covering a limited number of areas on a daily
basis, an integral number of orbit per repeat cycle (14, 15)
should be utilized. For providing more extensive arsa cover-
age on a two, three or four day cycle, a fractional number of
orbit repeat cycles (14.33, 14.5, 14.75) should be used.
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4,2 Spacecraft Constraints
4,2.1 Attitude Determination and Control

Mission requirements dictate the degree to which an
earth orbiting satellite's position and attitude must be
known and controlled. Satellite tracking techniques, along
with computerized data operations, permit accurate prediction
of satellite position once an orbit i1s established. Correction
of orbit parameters will be necessary for the Coastal Zone
mission to assure the proper ground track coverage. This can
be accomplished by providing on-board propulsion capability.
Thrust applied along the orbit normal at the ascending or
descending node can increase or decrease the inclination.
Firing a thruster tangentially to the orbit will raise or
lower the altitude or provide correction for elliptaicity.

The amount of mass expulsion required is dependent upon the
spacecraft weight, the altitude, the mission duration, and
the poainting control required. In addition, on-board propul-
sion is required to provide accurate initial orbit circular-
ization and altitude correction.

High resolution imagery requires the ability to accurately
locate the area being sensed. If the spacecraft attitude as
measured and controlled with high absolute accuracies, 1mage
location can be assured within small tolerances. Figure 4-11
shows the geometry of a typical sensor field of view. The
pointing error in meters (neglecting earth curvature effects)
1s

d=nh tan¥

where h the altitude 1in meters

and Y = the attitude control error in degrees.

This relationship i1s plotted in Figure 4-12 for the 550 to
930 kilometer range.

On the other hand, the desired missions for the coastal zone
may require that some or all of the sensors be pointed in a
specific direction or at a particular target in order to get
repeat pictures of an area for tracking currents or because
an area 1s of special interest and not exactly on the orbit
track. 1If each sensor contained i1ts own pointing capability
(e.g., a pointable mirror), then changaing 1its viewing axis
will i1mpose a burden to be compensated for by the spacecraft
attitude control system. The use of an i1solated pointable
platform on which all sensors are mounted, may be a better
approach with less constraints and penalties. This platform
could then be pointed or controlled so as to track the coast-
line or dwell for a minute or two on a particular area.
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With sensor resolutions of less than 30 meters, it will be
desirable to provide pointing or attitude accuracies of .001
or better. Today's state of the art is, realistically, #.01
for low altitude missions. However, the weight and power
required to achieve these accuracies are relatively large. .
£.05° to #0.1" are achievable with minimum spacecraft penalties.

<
o

An alternative approach, while not providing the same degree
of pointing capability, can provide an accurate determination
of where a high resolution sensor i1s aimed. If a high reso-
lution sensor 1s physically coupled to a large area imaging
sensor, the use of bore-sighting technigques can locate the
high resolution target area in the low regolution sensor field
of view with accuracies approaching +.001°., visual identifi-
cation of landmarks and prominent features can serve to orient
the low resolution image with respect to the satellite sub-
point track and thus locate the high resolution target area
accurately.

This concept could be utilized by taking advantage of the fact
that the performance of an attitude control system 1s a function
of time. For shoxt periods, a system can supply accuracies
approaching *+.001" relataive to the spacecraft (1.e. to the axis
of the large area sensor). Thus, an accurate attitude error
monitoring system employing high precision gyros coupled with

a somewhat less accurate control system will supply short term
accuracies (1.e. 1 to 5 minutes) suitable for the sensor re-
quirements of coastal zone missions. '

t

4.2.2 Weight and Launch Vehicle

For satellites in orbit altitudes under 1850 kilometers
the sensor or experiment weight has historically been in the
range of 20 to 25% of the total spacecraft weight., Thus, for
Nimbus B, with & total weight of 571 Kg (excluding a 52.5 Kg
adapter), the experiments were approximately 122 Kg. For the
ERTS E and F Coastal Zone Oceanographic Mission, it 1s assumed
that the ratio will be approximately the same.

Table 4-2 shows the currently available sensors and an estim-
ate of the physical properties. Combinations of these sensors
or modification of them will be selected in Section 5.2 for
the specific missions. ; .
Generally, spacecraft for posigrade orbits will be launched
from the Eastern Test Range (ETR) and for retrograde orbits
from the Western Test Range (WTR). Figure 4~13 shows launch
vehicle capabilities for the range of altitudes under con-
sideration i1n this study (1.e. 550 to 1100 Km).
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The total weight of the sensor payload will have to bg under
454 Kg for a launch from ETR into a 550 to 1100 Km 49~ posi-
grade orbit with a" TITAN IITB/BURNER II booster. If a smaller
and less expensive booster is used, such as the TAT(9C)DELTA+
TE364-4, then 270-320 Kg of experiment payload can be_accom-
modated. If the orbat inclination i1s 1increased to 727 posi-
grade, then the TITAN IIIB/BURNER II booster can place 135 Kg
of sensor payload into orbit at 550 to 1100 Km.

A TITAN ITIIB (without BURNER II) can place almost 410 Kg of
sensor payload into a sun synchronous orbit at 550 to 1100 Km.

4.2.3 Power '

The power subsystem will probably be a photo-voltaic-
electrochemical system employing N-on-P solar cells and
Nickel-Cadmium storage batteries. The area of the solar array
w1ll be dependent upon the sun angle (i1.e., the angle between
the orbit normal and the sun vector) which i1s a function of
the orbit inclination and launch time and date. Generally,'
for the greatest versatility, a sun oriented solar ‘array 1s:
preferred since 1t requires a minimum area for a specific
power output. It does necessitate, though, a more complex
spacecraft and control system —-- one which must maintain the
sensors 1n an earth oriented mode while the solar array 1is
oriented toward the sun. For some missions a body mounted
solar array similar to TIROS or fixed solar panels like ITOS
may be adequate. These missions would be those where the
sun angle variation during the life of the mission was withan
a 20 to 30 degree range centered around a 45 degree sun angle.

+

Satellaite'orbits in the 550 to 1100 Km range will have a max-
imum eclipse period of approximately 35 minutes. During this
time the Ni-Cd batteries will supply the spacecraft power re-
guirements.

For power systems operated at a 550 to 1100 Km altitude and
with a 35% eclipse factor, the ratio of nominal array power
output to the daytime load requirement lies 1in the range of
1.7 to 2.0. In this regime, the end of mission power from
the 4.88 Kg/square meter solar array will be on the order of
.75 watts per square meter.

The batteries my be operated at a 20% depth of discharge for
the one year mission with a high reliability factor. Thus,
the required battery capacity will be 5 times the nighttime
energy requirement. Battery weight will be approximately

.05 Kg per watt hours.

The power system electronics, including reasonable fedundancy,
will weigh about .022 Rg per watt of average load.
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4.2.4 8Bize

The spacecraft size will be affected by a number of
interrelated factors. Primarxry concern will be to provide
sufficient earth oriented surface area for sensor location.
Some of the sensors may require large base-plate areas for
optics or other long path techniques (see Table 4-2). Other
sensors may regquire large ground planes or special base
plates for cooling. Microwave and radar devices will proba-
bly require antennae which are relatively large and which
must be aimed toward the earth.

The solar array redqulrements will affect the spacecraft size
If a body mounted array i1s used the spacecraft surface area
may have to be somewhat greater than three times the projected
area reguirement of the solar array. If an oriented solar
array 1s utilized, the spacecraft size may be reduced, but
cost and complexity will be increased.

Thermal control of the wvarious sensors and other subsystems
will greatly affect the size. Sufficient area with a large
view factor of deep space must be made available for cooling.

On the other hand, booster shroud clearances require that the
spacecraft be kept to a minimum size compatible with space-
craft weight and vibrational characteristics. 1In additzion,
radar antennae and solar panels may have to be folded for
launch with subseguent deployment once the proper orbit 1is
achieved. Deployment mechanisms and techniques may require
additional area and add extra weight.

4.2.5 Communications and Data Handling

The communication requirements for the spacecraft will

be separated into two separate functions: Command and Control,
and Sensor data handling.

The Command/Control (including beacon and telemetry) will re-
quire at least one up-down link between the satellite and the
ground stations. This link will handle the commands for sen-
sor operation (as well as command storage and timing)} in
addition to the spacecraft operational systems commands.
Telemetry data from all subsystems will be multiplexed and
transmitted to the ground as required. It is anticipated
that this command and control function can be handled by the
ERTS ground stations at Fairbanks, Alaska; Corpus Christi,
Texas; and Rosman, North Carolina. It may be necessary to
include telemetry data storage (a la Nimbus) for orbit in-
clinations that preclude use of the Farrbanks ground station
or where blind orblts occur 1n succession. For the ERTS E
and F missions, though, sufficient experience with the oper-
ational subsystems may permit exclusion of continucus telemetry.

114



SENSOR WT. (Kg)

VOLUME
{Meters

POWER

3y (Watts)

Return Beam Vidicon {Low Resolution) (Includes 20% base

1 Camera 32
2 Camera 57
3 Camera 81
4 Camera 107

Return Beam Vidicon (High Resolution)

1l Camera 36
2 Camera 66
3 Camera = 93
4 Camera 122

Multispectral Point Scanner

Low Resolution 36
High Resolution 43
Radar Scatterometer 34

Infrared Scanning Radiometer
Low Resolution 9

Infrared Radiometer
High Resclution 11

Microwave Radiometer 23

Correlation Spectrometer 43

plate weight)

.0 60
.10 105
.14 150
17 190

(Includes 20% base

plate weight)

.06 60
.10 105
.14 150
.20 190
.13 50
.17 55
.03 130
.03 10
.03 10
.04 25
.23 25
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The second communications function, sensor data handling,
will rfequire a down link only. This link may be used for
direct readout of multiplexed sensor data, direct sequential
readout of sensor data, or for playback of stored sensor data.
Data storage on Nimbus, and IT0S 1is accomplished through

tape recorders which record data at a low tape speed and play
1t back at a high speed. This 1s necessary on these satell-
i1tes because the data being generated by meteorological sensors
1s collected throughout the orbit and can be gathered only by
the two or three specialized ground stations. Ground station
contact time for these sgspacecraft 1s limited to about 7 to 8%
of the orbital period.

For the Coastal Zone mission, storage regquirements may be
somewhat different since the satellite subpoint track may be
in the coastal zone for as little as one or two minutes per
orbit or as much as 5-10 minutes per orbit. Thus, only a
limited amount of sensor operation 1s anticipated. It may,
therefore, be desirable to utilize the same record and play-
back speed, thus simplifving tape recorder requlrements.

The volume of data (per unit time) generated by the Coastal
Zone mission sensors will be from one to two times the amount
generated by the ERTS A and B sensors. Thus, the freguency
band allocations for data transmission will have to be rela-
tively wide.

If new ground stations are added, 1f relay satellites are
available, or 1f technigques for local readout of sensor data
are avairlable, the requirements for data storage may be re-
duced significantly and may even be eliminated.

4,3 Spacecraft Summary

The specific configuration of a spacecraft for the
Coastal Zone Oceanographic mission cannot realistically be
made at this time but some parameters can be adentified with
a reasonable degree of confidence.

1) The spacecraft weight will be in the range of
680 to 1360 Kg with approximately 20% allocated for sensors.

2) Power requirements will be in the range of 150 to
350 watts average load. Housekeeping (1.e., telemetry,
communications, attitude control, thermal control, etec.),
power requirements will be approximately 5 to 10 watts for
every 45 Kg cof baseline spacecraft weight.

3) On-board propulsion will be reguired in order to
maintain orbital parameters for the mission duration.

4} TUnless new ground stations are added, on~board
storage for sensor data will be necessary. Direct readeut
capability could reduce spacecraft requirements.
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SECTION 5.0
PAYLOAD CONFIGURATIONS
5.1 Selection Considerations

Selection of the payload configuration for each of
the praiority applications has been based on several factors:

a) Measurement needs ranked according to the useful-
ness of the data.

b) Sensor capabilities: to meet the data needs.

¢} Coastal zone management experiments: definition
of missions for spaceborne remote sensors which will deter-
mine 1f operationally useful data can be obtained.

d) Orbit requirements: to satisfy coverage and fre-
quency needs.

e) Space operations procedures: feasibility of steps
of obtaining and transmitting data from space to meet a
specific experimental mission.

f) Spacecraft support and interface needs: other
functions or physical characteristics necessary to permit
use of the sensor payload package as desired.

The first four 1tems were obviously the most significant with
(a), (b), and (d) being specific subtasks of our study. Item
(c), the missions for each of the four coastal zone applica-
tions areas are defined based both on the CZ oceanographic
needs and on what seems feasible to implement.

The major needs which were used in each area were:
Pollution:

P-~1l) Frequent repeated coverage of same area (daily 1f
possible).

P-2) Large area overview for detection of pollution or ob-
serving 1ts dispersion with ability to concentrate on smaller
areas of interest with pointable, high resolution sensors for
greater detail,

P-3) Desire for total coastal coverage, but willingness to

sacrifice complete coverage for repeatability in high popu-
lation area.
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P-4) Need for many spectral bands in sample areas to aid in
identifying effluents, pollutants, and other indicators.

2

P-5) Need to monitor locations, identify elements, and lo-
cate and track dispersion and effects.

Fisheries:

F-1} Can transient fish location indicators be identified
from space?

F-2} Daily repeat coverage of limited number of potential
areas of interest.

F-3) Multispectral large area monitoring for seasonal and

long term variations and for rdentifyving changing areas of
interest.

F-4) Need for rapid readout and data transmission.

Hazards to Shaipping and Coastlines:

H-1) Good coverage over highest population areas (East
Coast and South Pacific) and particular points such as
river mouths, bays, etc.

H-2) Prime interest in observing varying physical phenomena
and their effects.

H-3) Some observation, 1f possible, under adverse weather
conditions.

H-4) Daily repeat coverage desirable to get changes - over
the year and before and after storms.

Coastal Geography and Cartography:

G-1) Complete coverage of all coastal areas, seasonally
at most.

G-2) Data should be obtained under same 1llumination con-
ditions and viewing angle for comparison and mosarcing.

G-3) Multispectral low resolution imagery like ERTS A and B,
but also try to cover as much of the coastline as possible
with high resolution.

G~4) Many-band multispectral sampled data for mineral and
other material identification.

G-5) Spectral bands should include water penetration bands.
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The final two selection factors (e and f) were discussed
briefly in the previous section since they relate directly to
orbital and spacecraft operations limitations. No attempt has
been made during thais study to come up with even a preliminary
design of an ERTS E/F spacecraft. That would have been beyond
the scope of the contract and based on incomplete information
since ERTS E/F (or now EQS, which replaces it) has other
applications and sensors on 1t besides those for Coastal Zone
Oceanography. Nevertheless, some size assumptions were made
to bound our considerations (e.g. 680-1360 Kg for the total
spacecraft, 160 to 340 Kg for sensor payloads) and these
served as guides against which to check our paylocad configur-
ations and desired orbits.

Table 5-1 provides a summary of sensor utilization potentaal.

5.2 Recommended Configurations

The purpose of this task 1s to identify optimum and
minimum groupings of sensors for each of the four Coastal
Zone Oceanography applications areas. Each optimum grouping
18 supposed to be limited to four sensors. Minimum configur-
ation limitations are indicated by ranking the sensors in the
optimum configuration in order of usefulness from highest
{1) to lowest (4). Table 5-2 1s a summary of the recommended
configurations which are described in more detail below.
Table 5-3 provides an engineering estimate of the weight,
volume and power for the anticipated types of sensors.

5.2.1 Pollution

Based on the selection criteria indicated in Section
5.2 and the most significant pollution measurements i1denti-
fied in Section 2.0, the four sensors chosen for this appla-
cation are the multispectral high resolution imager, the low
resolution imager (combined for both visible and IR bands),
the many-band spectrometer, and the IR comb radiometer. High
resolution 1s obviously important in polliution detecting and
monitoring and the 3 vaisible bands plus the near-IR should
give color for discrimination and some identification.

The lower resolution imager would be used in the IR for ther-
mal pollutant detection and in the vasible/near IR for large
area monitoring and detection and for determining the areas
of interest for the higher resolution sensors., If the ther-
mal and the four visible bands cannot be combined on a single
device, then the low resolution visible sensor device can be
dropped to third position or conceivably even fifth (1f a
single visible band c¢an be combined with the IR to aid in
large area pollution detection). The multiband spectrometer
has potential for sampling effluent areas using many parts

of the spectrum to help identify the effluent. The comb
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TABLE 5-1

SENSOR/APPLICATION CORRESPONDENCE

Low High Low High

Res Res Res Res High

IR IR MS MS Res MW Radar

Im Rad { Rad | Vis Im |Vis Im |Spect | Rad | Scat
Current Flds PFHG P FHC PG
SW Temp PFHG P G
Bathy & Topo FG PFHG
Tid. Char PHG
011 PG PG
Wind Flds H H
Sed Desc & Distj G G
Color PFG PFG PF
Plankton P F F
Fish F F F
Particulates PG PG
Nutrients P F F
Wave Char H
Land Use G G G
Metals PG PG
Dis Oxrgs F F
Vegetation G G G
Surf Cond H
Ice H H H H
P = Pollution
F = Fisheries
H = Hazards
G = Geography
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TABLE 5-2 PAYLOAD CONFIGURATIONS

Pollution Fisheries Hazaxrds Geog. & Cart
Rank Comments Rank Comments Rank Comments Comments
Sensors
MS Vis/NIR Imager 2% Combine with 3 4 Include water Include water
({Low Res) IR, point- penetration penetration
able
MS Vis/NIR Imager 1 1 1 Include water Include water
(Ii» Res) penetration penetration
Spectrometer 3 Reflective/ 4 Absorption - Reflective/
Emissive; many {correlation) Emissive
bands spectrometer
LR Imager 2% {See above} 2 2 Pointable
TR "Comb" 4 9 lines/ - -
Fadlometer 3 7 Km
MW Radiometer - - 3* Combined
device for
Radar - - 3* roughness
Scatterometer and temp

* Combained device, 1Lf possible
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TABLE 5-2 PAYLOAD CONFIGURATIONS ({Continued)

tive days max

Pollution Fisheries Hazards Geog & Cart
Orbit & Operation
Tnclination 64°R or 72° 49°R or 72° Sun~syn8hronou5
(827 R)

Alt1tude 630 or 705 Km 630 Km 540 or 630 Km 670 Km
Princlpal Coverage East and West East Coast, East and South Full

Coasts, Great Pacifac N W Pacific Coasts

Lakes
ﬁrequency Desired 3 of 4 consecu- Daily Daily Seasonal




TABLE 5~3

ENGINEERING ESTIMATE OF CANDIDATE SENSORS

Weaight Volume Power
Sensor Kg Cu Meters Watts
Multispectral Imager
(Vis/Near IR)
Low Resolution 45-90 09~ 14 100-150
High Resolution 55=110 09- 14 100-150
MSLR Imager/IR 55~110 11~ 17 100-150
Imager Combined
Spectrometer 34-57 06— 11 25-50
Correlation 34-57 09~ 17 25-50
Spectrometer
IR Radiometer (Comb) 9-18 03- 06 i6-20
Microwave Radiometer 18-27 03~ 06 20-40
Radar Scatterometer 18-27 03~ 06 100-150
IR Imager 9-18 03- 06 10-20
Microwave Radiometer/ 45-55 06- 09 40-60
Scatterometer
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radiometer will accurately give sample points along edges of
effluent areas between which interpolations can be made.

A spacecraft containing the four sensors selected as most
useful for gathering data to aid in resolution of pollution
problems in the coastal zone, will weigh in the range of
680-1360 Kg and require a solar array of approximately 4.5
to 9.0 sguare meters of projected area.

Since 1t 1s desirable to cobserve all coastal zone arecas even
though daily observation 1is not achieved, a selection of re-
peat coverage every four days was made. It should be pointed
out that some coverage of an area could be made on at least
three out of the four days with a pointable sgnsor platform.
Either a 64° retrograde orbit at 630 Km or 72° posigrade orbit
at 705 Km will provide the necessary orbital elements.

As shown 1n Figure 5-1, the 64°R orbit will travel up the

west coast and down the east coast with an interval of about
eleven hours. Crossings of the coastlines will be made on
succeeding days. The high population density areas of the
Washaington—-Boston corridor will be traversed three times in

a four day period. The Houston-Galveston area, the Los Angeles
area, the San Francisco area, the Seattle area and the Portland
area will all be covered at least twice in the four day cycle.

The 72° orbit as shown 1in Figure 5-2 will provide coverage of
the high population density areas (not guite as well as the
64°R} but 1t will also cover the Alaskan north slope area
where oil pollution may one day be a problem.

The 64°R orbit w1ill have very llmlged access to the Fairbanks,
Alaska ground station while the 727 orbit will have fairly
extensive contact with a1t.

The 64°R mission would have to be launched from the Western
Test Range using elther a TAT(9C)DELTA for spacecraft up to
1100 Xg or a SLV 3A/BURNER II for spacecraft over 1100 Kg
The 72"R orbit can be achieved from the Eastern Test Range
only 1f the spacecraft weight is under 800 Kg.

The recommended orbit 1s the 64°R inclination even though
ground station contact is not as advantageous.

5.2.2 Fisheries

The sensors for the fisheries mission were chosen in
a fashion similar to the pollution mission. High resolution
color data 1s most important followed by IR i1magery (even at
low resolution). The latter 1s significant by 1itself to
1dentify potential fishing areas by their warmth. Low reso-
lution color and near IR imagery should again be useful to
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1dentify areas of interest for more detailed examination.
This large area color information is important enough for
this sensor to be third even 1f the IR and 4-band visible/
near IR sensors cannot be combined. The correlation spectro-
meter should be useful to detect gaseous 1odine (a plankton
indicator) and fash oil vapors.

For the fisheries mission, a spacecraft weighing 680 to 1350 Kg
will carry the sensors listed in Table 5-2. The anticipated
power requirements dictate a solar array with a projected

area of 4.5 to 9.0 sguare meters.

Again, two orbits are worth considering--a 64° and a 72°
inclination. Each of these will provide repeat coverage of
selected areas once each day from an altitude of 630 Km.

The 64° orbit could be reached from ETR with a TAT (9C)
DELTA+TE364-4 for spacecraft up to 800 Kg. For those above
that, a TITAN IIIB/BURNER II would have to be used. For the
72° orbit, this same booster could handle up to approximately
725 Kg while greater spacecraft weights would have to be
launched from WTR which may require speciral range safety pre-
cautions.

Pigure 5-3 shows that the 64° orbit does not give very good
coverage of the west coast area but 1t does pick up the fish-
1ng areas off the coast of the Alaskan panhandle. Additionally,
the coverage in the Gulf of Mexico is sparSe. Ground station
contact time with the Fairbanks station i1s somewhat limited.

The 72° orbit, as shown in Figure 5-4, provides relatively
good coverage of the west coast and Alaskan fishing grounds.
It too, though, has poor Gulf of Mexico coverage, although
the Houston-Galveston fishing area 1s covered. Again, the
ground station contact with Fairbanks, Alaska 1s relatively
good.

The 72O orbit 1s recommended at an altitude of 630 Km.

5.2.3 Hazards to Shipping and Coastline

For hazards and damage detection missions the high
resolution multispectral sensor 1is again most important be-
cause of the detail needed to spot coastal hazards and the
extent of damage accurately. Care should be taken to 1in-
clude bands for deepest water penetration (blue) and best
underwater contrast (vellow-green). The IR i1mager 1s useful
to detect currents which may be distinguishable by tempera-
ture differences. The microwave devices not only can give
water roughness and possibly surface winds and temperature,
but offer the only bad weather penetration capability which
may be important for this mission. They are therefore
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useful even with low (5 Km) resolution. The low resolution
imager gives a useful "big" picture synoptically.

The spacecraft configuration of Table 5-2 for this major
area will weigh i1n the range of 760 to 1350 Kg with 4.5 to
9 0 square meters of array projected area required.

Coverage on a daily basis for a %1m1ted number of areas has
led to the consideration of a 727 orbit and a 49~ retrograde
orbit.

The area coverage for the 72° orbit (see Figure 5-4) 1s fair-
ly good for hazard observation on the west coast and east
coast but the Gulf of Mexico and Great Lakes areas are some-
what lacking. Contact with the Fairbanks ground station 1is
good.

The 49°R orbit (see Figure 5-5) will present fairly limited
east and west coast coverage but i1t does provide good Gulf

of Mexico and Great Lakes observation. No coverage of Alaska
18 possible. Therefore, ground station contact with Fairbanks
1s 1mpossible,

Launch for either orbit would have to be from WTR with the
booster requirement as shown in Figure 4-13 although the 72
orbit may have range safety restrictions.

o]

The orbit recommended 1s the 49°R at an altitude of 540 Km
even though the ground station contact taime is reduced.

5.2.4 Coastal Geography and Cartography

The geography and cartography mission along the coast
i1s very much like the familiar ERTS A and B missions Com~—
plete coverage not only puts the wide area imager in first
place, but also suggests the sun synchronous orbit. The rank-
ing of the other sensors gives higher resolution next because
of desired coastal detarl and the possibilaity of actually
achieving continuity along a line (the coastline) instead of
an area. The IR i1mager and the multi-band spectrometer give
respectively a thermal mapping capabirlity and some potential
for spectral signature identification of materials.

The spacecraft weight will be in the range of 680 to 1350 Kg
with 4.5 te 9.0 square meters of solar array projected area
required.

A sun synchronous g2° retrograde orbit at an altitude of 670 Em
18 an obvious choice for this mission. With this orbit, the
launch can be made from WTR. The ground coverage will repeat
every twenty-one days with a daily track (150 Km wide) to

track overlap of approximately 37 Km at 25° north latitude. ‘The
sun angle will be relatively constant over the duration of the
mission and will be dependent upon the launch time and date.
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5.3 Conclusions and Recommendations

It 1s apparent from the previous discussion that there
1s considerable similarity between the configurations
suggested for each application. Indeed, three of the sen-
sors - the pointable high resolution multispectral imager
and the lower resolution visible and thermal IR imagers are
used 1n the configurations for each of the coastal zone
applications. The high resolution pointable i1mager would
appear to be the most useful sensor for all applications
although 1t would require a wide area picture with landmarks
(using a low resclution imager} or a very good spacecraft
attitude control system in order to be certain of the coor-
dinates of the pictures 1t takes. It 1s expected that types
of materials, or at least general classes (e.g., classes of
pollutants, plankton, particulates, currents, etc.) can be
1dentified and their extent measured using the spectral bands
of this device. This would be facilitated 1f 1t can be used
in conjunction with some thermal IR device. Better success
in identifying detailed types of material would require the
use of spectrometers, but the existence and use of unique
spectral signatures 1s still in the research stage. Like-
wise,, the use of spectrometers from space with only small
area sampling capability should be compared with the tech-
nigque of using detailed sensing in situ or from arrcraft
after areas of interest are identified.

Concerning the other sensors, both the thermal IR imagexr and
the multispectral visible/near IR imager are useful for all
missions, It would be most desirable to combine them into

a single device - currently a NASA goal but still a signifi-
cant R and D problem. The microwave sensors, both active
and passive, would appear generally to be of more use 1n
global oceanography rather than in the coastal zone because
of the large areas seen by their antennas. Likewise, the
many theories for interpreting their data make present use
somewhat confusing. More research, confirmed with field
measurements, 1s required. '

From a spacecraft and orbit point of view, 1t 1s clear that
the configuratiors can be satisfied. ERTS E/F or EOS can
carry the suggested coastal zone payloads plus other sensors
for other missions within the assumed total spacecraft size
(680 to 1350 Kg). In addition, the prime sensors suggested
should be useful for other earth resources and oceanographlic
missions. The orbits recommended for the coastal zone
missions are specifically optimized for the C2 with the ex-
ception of the sun-synchronous orbit for coastal geography
and cartography. In particular, the fregquent repeats over
the same areas of interest are important to test how useful
satellite remote sensing can be for the CZ. Some varirations
in orbits are possible, perhaps to combine CZ missions at

132



the expense of amount of area given repeat coverage. How-
ever, i1t 1s desirable to have some missions flown with the
orbits optimized for the coastal zone.

Based on these considerations, a configuration for a univ-
ersal coastal zone mission could be selected utilizing the
weighting factors shown in Table 5-2. However, as mentioned
previously, no priority rating of the application areas has
been attempted

As pointed out above, three of the sensors have been recom-
mended for all application areas and these are the logical
initial selection for a universal mission. The most useful
sensor for the universal mission will be the high resolution
multispectral imager. Next in value is the IR imager, par-
ticularly 1f 1t can be combined with the next most useful
sensor, the low resolution multispectral imager. Finally,

a spectrometer, in the visible and near IR (and IR too, 1f
possible) will complete the selection. In order to provide
maximum usefulness the sensors should be mounted on a sep-
arate sensor platform to permit pointing off track as neces-
sary for added coverage.

An orbit inclination of 72° provides complete coverage of the
U.S. although, 1f pgrtlons of Alaska can be eliminated for
consideration, a_64- inclination would be advantageous. In
addition, the 72~ orbit permits maximum utilization of the
Fairbanks ground station for data retrieval and ground
command.

An altitude of 700 Km provides ground track repetition each
fourth day. Provision of pointing capability for the high
resolution i1mager and other sensors will permit viewing many
areas on three out of four days, thus providing good cover-
age for all four application areas. Although no observation
of the ground will be possible during poor weather, hazards
can be evaluated with a "before and after" concept. The
changing scene i1llumination angle can have some benefit in
aiding 1in 1mage interpretation.

In summary, the major recommendations for development of the
gsensors and satellite configurations for a coastal zone
oriented observation satellite are:

(1) A high resolution, pointable, multispectral
(visible, near IR) 1imager should be developed with 10-20 M
ground resolution and 30 Km ground field of view.

(2) A single imaging sensor should be developed
which adequately provides four visible and near IR channel
and one IR channel for large area (150 Km) and 50~75 M
resolution.
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(3) Spectral signature experiments should be con-
ducted over the coastal zone to test their valadity and to
determine useful spectrometer bands.

(4) Analysis and field experiments of microwave
radiometry and radaxr scatterometry should be pursued to
determine their feasibility for sea surface measurements.

(5) Special orbits for providing fregquent coverage
of particular coastal areas (viz, the East Coast and Southern
Pacific Coast) should be used for at least some ERTS E/F
missions, and the use of these orbits for non-coastal zone
missions should be examined.

(6) Comnsideration should be given to an attitude
determination system that can relate the principal axis of
one sensor to locations i1n an image from another sensor
taken earlier within a two-three minute period.
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ASSESSMENT OF EARLIER STUDIES OF
SPACECRAFT APPLICATIONS IN OCEANOGRAPHY

Woods Hole Oceanographic Institution convened a conference on
oceanography from space 1in 1964. Over 150 oceanographers at
the conference suggested numerous ways in which spacecraft
measurements might advance marine science and technology.
Physical oceanographers noted the i1deal wvantage point of a
satellite for measurements of sea level, waves, sea ice, cur-
rents, and sea surface temperature to-

-~ strengthen understanding of oceanic circulation
and transport;

~— recognize and classify the surface exposure of
water masses and their interfacial boundaries
or "fronts";

-— completely describe the directional and energy
spectrum of ocean waves; and

-- maintain a survey of sea ice.

Marine biologists called for measurements of chlorophyll
concentration and the location of areas of discolored water
with which to prepare maps for assessing the photosynthetac
rate in the upper sunlit layers of the sea. Geographers,
geologists, and coastal engineers noted the appeal of a
satellite 1n monitoring large-scale features and events where-
ever they occur. These include inaccessible coastlines and
their modification by storms, floods, surges, tsunamis, and
wave attack. It was widely agreed by several panels, also,
that a most important use of satellites in oceanography
might be in gathering and retransmitting information tele-
metered from surface sensors.

The Woods Hole conference, sponsored by NASA's Office of

Space Science and Application, was significant, not so much
for providing a definitive guideline for future ocean-oriented
satellite development, but rather for the first time marshall-
ing i1deas of the oceanographic community as to what the future
needs and opportunities for spacecraft oceanography might be.
It broadened consideration of satellite initiatives, acceler-
ated 1investigation of remote-sensing applications in marine
science, and strengthened the information base for subseguent
analysis.

Three significant studies related to spacecraft oceanography

have been conducted since 1964, Although they were not
identical in objective, were more discipline than goal~
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oriented, and were separated in time, they represent a sub-
stantial investment in analysis which 1s relevant, and shpuld
be understood as an initial step in the present study. More-
over, each represents a certain degree of institutional as
well as individual 1nvolvemenE in defining goals for satellite
applications in oceanography The main conclusions and recom-
mendations of the studies, particularly in regard to specific
proposals for satellite oceanographic measurements, are sum-
marized below.

The Potential of Observations of the Oceans From
Spacecraft, General Electric Company, December, 1967.

This study was conducted for the National Counsil on Marine
Resources and Engineeraing Development. Its objective was

to evaluate the application of space technology to the col-
lection of oceanographic data reguired to meet needs identa-
fied in the Marine Resources and Engineering Development Act
of 1966.

The study opens with an assessment of space/ocean achieve-
ments and technology and the determination of user require-
ments; postulates three evolutionary systems for 1970-1974
(Table A-1); and recommends:

—= continued investigation related to the technology
of remote sensing and 1its specific applications
to oceanographic phenomena, '

—- anitiating detailed design and trade-off studies
for an oceanographic satellite as early as 1970;

~- promoting sensor development for the 1971-1975
time period so that increased capabilities in
oceanographic sensing may be realized; and

-~ assessing significant advances in space data
handling and data reduction so that maximum ad-
vantage can be taken of’ increased sensing capa-
bilaities.

lThe relevant literature on activities in spacecraft oceano-~

graphy and ocean-oriented, remote-sensing research is expand-
ing. See, for example-+ United States Activities 1in Space-
craft Oceanography, National Council on Marine Resources and
Engineering Development, October 1967; Man's Geophysical
Environment, Its Study from Space. A Report to the Adminis-
trator of ESSA, Environmental Sclience Services Administration,
March 1968; and Proceedings, AIAA Earth Resources Observa-
tions and Information Systems Meeting, Annapolis, Md., March
2-4, 1870.
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TABLE A-1

PROPOSED SPACECRAFT OCEANOGRAPHIC SYSTEMS, 1867

POSTU~
LATED TIME
SYSTEM| PERIOD SENSORS PRINCIPAL, FUNCTION
Infrared Radiometer | Surface Temperature
Televlision {Cont)
Microwave Radio- Medium Resolution Imagery
1 1970 meter {(Cont)
Interrogation and Low Resolution Surface
Recording Temperature and Imagery
(Cont)
Buoy Readout (Poaint)
Infrared Radiometer | Surface Temperature
Television {Cont)
Microwave Radio- Medium Resolution Imagery
" meter (Cont)
Microwave Scatter- Low Resolution Surface
2 1971- ometer Temperature and Imagery
1972 | Multaispectral Camera {Cont)
Interrogation and Sea State (Cont)
Recording High Res. Multispectral
Imagery (Point)
Buoy Readout (Poaint)
Infrared Radiometer | Surface Temperature
Televlision (Cont)
Microwave Radio- Medium Resolution Imagery
meter {Cont and Point)
Medium Resolution Surface
Microwave Scatter-— Temperature and Imagery
ometer (Cont)
3 1973 Syg;ggzlc Aperture | gea State (Cont)
1974 | Absorption Spectro- High Resolution Imagery
meter (Point)
Interrogation and Surface Spectral Analysis
Recordaing (Cont)
Buoy Readout (Point)
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A major element of the study was the derivation of space-
craft measurement requirements related to national goals

for marine science, including protection of health and
property; enhancement of commerce, transportation, and
national security; rehabilitation of commercial fisheries;
and 1ncreased utilization of marine resources. Objectives
and sub-objectives were selected for each goal; knowledge
requirements were related to each sub-objective; and finally,
potential users were consulted to refine a list of specifaic
measurement requirements -- those that might be met by obser-
vation from spacecraft. The specific requirements, on which
the postulated 1970~-1974 spacecraft systems were based, are
i1dentified in Table A-2. Both requirements and systems

were proposed from the viewpoint of implementing marine
science policy rather than i1dentifying research needs in
oceanography and meteorology as in the next study considered.

TABLE A-2
PROPOSED SPACECRAFT OCEANOGRAPHIC MEASUREMENTS, 1967

Sensing Requirements

Temperature Sea Color

Sea State Fish Sighting
Wind Speed Current Direction
Wind Direction Current Speed
Surface 011 Slicks Cloud Cover

Ice

Oceanography and Meteorology, A Systems Analvysis to
Tdentify Orbital Research Requirements, Douglas Missile and
Space Systems Division, McDonnell Douglas Corporation, April
1968.

This study was performed for NASA's Manned Spacecraft Center,
to 1dentify elements of an evolutionary, long-range research
plan which could be accomplished effectively with manned
space platforms. The study includes the definition of orbital
measurement reguirements which would most directly serve the
needs of the scientific community and potential using agencies.

The study first assesses the current status and requirements
for oceanographic research programs and observation and fore-
casting systems. From this base, relevance research trees
are structured relating broad questions related to uses of
the ocean, knowledge of the ocean, and effects of the ocean
to selected knowledge reguirements. The latter were screened
to select candidates for space observation and these were
translated to specific measurement requirements, The require-
ments are identified with selected supplemental data in Table
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TABLE A-3

PROPOSED SPACECRAFT OCEANOGRAPHIC MEASUREMENTS, 1968

1 Sea Color

Use of sea color characteristics to determine bioclogical
and chemical state of the ocean. The intensity and spectral
daistribution of the light reflected or scattered from the
surface and a volume under the ocean surface are indicators
of the types of suspended matter, chemical composition and
boundary characteraistics. In partaicular the color charac-
teraistics are thought to be related closely to the productiv-
i1ty of the ocean volume, especially to chlorophyll amount.

2. Turbaidity

Use of the transparency of the water to light to deter-
mine the physical state of the ocean. The turbidity of the
ocean 1s an 1indicator of the transparency of the ocean to
laght The transparency 1s considered to be a measure of
the amount of suspended matter in the volume under considera-
taion. The turbidity could be caused by stirring up the
bottom, unusual plankton bloom, pollution, or river discharge.

3. Bioluminescence

Use of bioluminescence to determine the biota character-
istics. Determine the usefulness of bioluminescence as an
indicator of the population dynamics and indirectly as an
indacator of pollution and temperature structure.

4, Cloud Pattern

Use of the characteristics of cloud patterns and their
changes to infer physical dynamical~biological state of
atmospheric/ocean boundary layer. Low level cloud pattern
characteristics and their changes are influenced by low
level stability, turbulence, and humidity. These, in turn,
are 1nfluenced by the sea surface temperature, character,
and roughness through the heat, water vapor, and momentum
flux at the air-sea interface.

5. Coastline Patterns

Determine detailed characteristics of coastlines for
engineering and scientific use. Time changes i1n coastline
patterns can be used not only for enganeering purposes but
particularly to extend knowledge of coastal geology and
physical, dynamic, and biological processes.
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TABLE A-3 (Cont'd}

6. Storm Tracking

Locate storm areas and tracks to determine large-—scale
atmospheric effects on the oceans. Storm tracks are an indi-
cator of the general wind direction and its varizabiliaity. The
wind character is important in determining the general current
and temperature structure of the upper layer of the ocean.

7 Heat Plow

Sea surface vertical temperature gradient near sea sur-
face for heat flow studies. Measurement of vertical tempera-
ture gradient in the top 0.3 mm of the sea surface layer
by means of measured radiation intensities emitted in specifac
wavelength regions {microwave). ZXKnowledge of the heat flow
at the air-sea interface is fundamental for developing princi-
ples of alr-sea interaction and improving forecasts of ocean
and atmospheric states.

8. Sea Surface Temperature

Mapping of sea surface temperature distraibution to
determine physical and biological states. Sea surface temp-
erature distraibution characteraistics and time variabilaity
are fundamental to determining the physical and biological
states of the ocean as well as dynamic processes at the air-

sea ainterface, in particular faish population, motions, and
heat flow at the surface.

9 Atmospheric Color

Mapping of color of the atmosphere to determine aerosol
particle distribution. Atmospheric color mapping can be
used to determine aerosol particles resulting from sea
surface roughness, breakers, surf, or pollution sources.

10. Surf Patterns

Mapping of surf patterns to investigate erosion/sedi-
mentation processes and for recreation activities. Surf
patterns reflect generally the swell characteristics of the
offshore area which in turn result from low level wind fields.
The surf patterns influence the character of the beaches and
headlands as well as surfing, bathing, boating, and con-
struction desagn and activities at the shoreline.

11. Precapitation Patterns

i

Mapping of precipitation areas for air/sea energy ex-
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change determination as well as ocean physical and bio-
logical processes. Knowledge of precipitation variability is
important for heat budget considerations and for interpreting

sea surface temperature and salinity patterns.

12. Surface Waind

Determination of sea surface wind for wave spectrum
studies and ship and recreation actaivities. Knowledge of
surface wind variations is needed for surface wave spectrum
studies. It 1s also important for determining tidal anomalaies,
surf and current characteraistics, and sea temperature patterns.

13. Wave Height

Determining spectrum of wave heights for ship operations
and air/sea energy exchange. The determination of wave
height distributions as a function of wind distributions and
low level atmospheric stability will aid in improvang fore-
casts

14, Wave Period

Determination of wave period for ship operations The
wave spectrum needed for improved ship design and operations
1s related to atmospheric parameters.

15, Wave Direction

Determination of wave direction for ship operations.
There 15 need to relate the wave spectrum to atmospheric
parameters for application to ship design and operations to
improve forecasts.

16. Sea Level

Determination of mean sea height to estimate currents.
The relative changes of mean sea height over the ocean should
give an estimate of the slowly changing large and medium
scale currents as well as tidal effects. This knowledge could
also be used to estimate the convergence/divergence of the
ocean surface layer.

17. Wave Patterns

Mapping of surface wave patterns to determine wave
statistics., Wave patterns and thear changes can be used to
determine wave statistics for design and operation; they can
also be used to forecast swell and surf changes, wind intensity,
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TABLE A-3 (Cont'd)

momentum transfer at the air-sea interface, slick patterns,
current character, etc.

18. Glitter Patterns 3

Mapping of glaitter patterns for determining sea surface
roughness, wind, and slick character. Glitter patterns are
related to the sea surface roughness which 1n turn 1s related
to the swell, local wind speed, near surface atmospheric
stability, slick patterns, and sea i1ce character

. 19. 8lick Patterns

Map slick patterns and analyze composition as an indicator
of the character of biological, geological, and physical
processes Slick patterns are partially controlled by surface
currents which are in turn caused by wind stress and sub-
surface ocean motion. Visible slicks are the result of
changing reflectance of the ocean surface caused generally by

a concentration of micron-thin oil residue on the ocean sur-
face.

20, Depth Profile

Mapping of the depth profile of the ocean bottom. Varia-
tions 1n the depth of the ocean affect swell and surf.char-
acterastics in shallow water and the propagation character-

--as5tics of tsunamis in the open ocean as well as near shore.
Depth profiles are alsoc important in determining tidal
effects.

21, Locate and Track Surface/Subsurface Objects

Mapping of the location of ocean vessels, i1icebergs, fish,
and other objects. Continuous monitoring of objects on and
under the sea surface 1s important for improving safety at
sea and for search and rescue in case of mishaps.

22. Sallnltz

Mapping of salinity variations to determine physical and
biological state. ZXKnowledge of the salinity 1is important in
its relation to population dynamics of the ocean. With the
temperature field 1t can be used to infer the ocean motion
and current characterastics along coastlines.

23, Maxed Layer Depth

Mapping the variations in depth of the isothermal (mixed)
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TABLE A-3 {Cont'd)

surface layer to relate to physical and biological processes.
The mixed layer depth 1s related to the distribution of
ocean biota, especially to certain species of fish. It is
also important in determining surface sound channels in the

Qcean,
24. Currents

Mapping of currents to determine the physical, biological,
chemical, and geological state The currents determine the
transport of nutrients, suspended matter, dissolved chemical
constituents, and heat. Time changes of the currents can be
used to ainfer dynamic processes i1n the ocean and at the
boundaries

25. Barometric Pressure

Mapping of sea level atmospheric pressure to relate to
mean sea height and surface winds. The distraibution of sea
level pressure can be used to estimate the sea surface wind
field, and storm tracks, hence currents, sea surface rough-
ness, etc. The pressure distribution and time variations
are also important in determining mean sea level and internal
oscillations.

26. Magnetic Anomalies

Measurement of magnetic variations to estimate sea level
magnetic anomalies. Measurements of magnetic field space
variations can be used to estimate earth composition. Time
variations can be used to locate objects under the ocean
surface and to investigate magnetic disturbances in the
atmosphere.

Several points should be made for perspective 1n comparing
this with the other studies discussed herein. Pirst, this
study represents a more comprehensive effort than the others.
Second, although i1t was sponsored by the Manned Spacecraft
Center, the role of man was not explicitly considered an
formulatang the specific orbital measurement requirements.
Finally, priorities were considered, but only from the view-
point of ranking the importance of marine-related activities,
such as pollution control, transportation, fisheries, etc.
Priority analysais did not extend to the i1dentification of
which measurements and geographical areas might be most
mmportant to the various research goals.
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Useful Applications of Earth-Oriented Satellites:
Panel 5 ~ Oceanography. Summer Study on Space Applications,
National Academy of Sciences, National Research Councail, 1969.

In 1966, NASA asked the National Academy of Sciences to con-
duct a study on "the probable future usefullness of satellites
in practical earth-oriented applications." The study was in-
tended to obtain the recommendations of highly qualified
scientists and engineers on the nature and scope of the
research and development program needed to provide the
technology required to exploit these applications. NASA
subsequently asked that the study include a consideration of
economic factors.

Thirteen technical panels were convened The panel on ocean-
ography met during the summer of 1967 and reported its work
in an interaim report. That report was reviewed and made cur-

rent under the direction of Dr. Gifford Ewing, Panel Chairman,
during the summer of 1968.

The study considers briefly the special needs of industry and
the public for information and services in several applica-
tion areas, namely, fisheries and resource management:;
industrial and public use of the coastal and shallow water
environment, including coastal engineering, water quality
surveillance, and recreation; and shipping and ocean trans-
portation. It adentifies the most promising measurable
physical parameters on the basis of feasabilaity, as shown

by past accomplishments of manned and unmanned satellites

or aircraft reconnaissance or by established state of the
arts; possible direct economic benefit; and indirect benefat
as the result of scientific programs. The measurements dis-
cussed 1include-

-- Sea surface temperature (infrared, microwave,
and telemetry)

-~ Imagery* (photography, imaging radar, infrared)
-- Sea state (by radar roughness scatterometry)

-~ Spectrograms (chlorophyll detection, sea color,
bioluminescence, fluorescence)

*Directed toward the shape, pattern, or position of such
targets as shorelines, shoals, underwater bars, trash lines
at the edge of currents, and patches of discolored water
from rivers, estuaries, or the discharge from sewers.
Discussion also includes shaip and fish sighting.
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-- Dynamic topography of sea surface (by radar or
laser altimeter)

-- Drift rate of floating objects ({(interrogration,
recording and location of systems, buoys, driftaing
ice, etc.)

-- Sea 1ce and i1cebergs (by radar imagery).

Thais list i1s narrowed in a concluding summary statement of
the study (pg. 77): YThe six oceanographic parameters that
appear to have the most significance for satellite applica-
tions are+ sea surface temperature; imagery, including sea
1ce; drift rate; spectrograms of color and chlorephyll; sea
state by radar roughness; and dynamic topography."

The NAS/NRC study thus does not broaden the list of candidate
oceanographic measurements, so much as it tends to validate
the conclusions of earlier studies in regard to the techno-
logical readiness for selected measurements and unmet needs.
Table A-4 summarizes the measurements for oceanography pro-
posed in the three studies.

As far as coastal needs are concerned, greater emphasis
should be given to pollution surveillance. While thermal
and biologacal pollution surveillance can be aided by measure=-
ments of sea surface temperature and sea color, respectively,
provisions should be made for the direct observation of
surface o1l concentration and movement. High frequency,
high resolution imagery 1s also important for the detection
and survey of 1ce in its various forms and for monitoring
coastline patterns and prominent features such as ships and
schools of fish over the continental shelf, The earlier
studies thus suggest that the most useful coastal oceano-
graphic measurements would be:

1. BSea surface temperature
2. Imagery, sea i1ice and icebergs
3. Imagery, coastline patterns
. Imagery, ships
. Imagery, schools of faish
. Sea color, turbidity
. Sea color, index of biological activity (plankton
blooms)
8. Sea color, depth profiles
9. Spectrograms, chlorophyll
10. Spectrograms, natural petroleum and products
1l. Sea state; wave height and direction
12, Communications; data relay.
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SUMMARY OF CANDIDATE SPACECRAFT MEASUREMENTS FOR OCEANOGRAPHY

McDonnell
Candidate Measurements GE Douglas |NAS/NRC
Study Study Study
l. Sea Color X X X
2. Turbadity X
3. Bioluminescence X X
4. Cloud Patterns X X
5 Coastline Patterns X X X
6. Storm Tracking p.4 1
7. Heat Flow X X
8. Sea Surface Temperature X X X
9. Atmospheric Color X
10. Surf Patterns X
11. Precaipitation Patterns X
12. Surface Wind Speed X X X
13. Surface Wind Direction X X
14, Current Speed X X
15. Current Direction X
16. Wave Heaght X X X
17. Wave Period X X X
18. Wave Direction X X X
19, Wave Patterns X
20. Glitter Patterns X
21l. Slick Patterns X
22. Sea Level X X
23. Depth Profile X X
24. Locate and Track Surface/Sub-
surface Objects (Draift Rate) X
25. Salinity X
26. Mixed Layer Depth X
27. Barometric Pressure X
28. Sea Ice & Icebergs X X
29. Faish Sightang X X
30. Chlorophyll X
31. Magnetic Anomalies X
32. ship Sighting X

IMentioned as a possibility., Not singled out for discussion.
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DESCRIPTION OF U. 5. BIOPHYSICAL REGIONS

North Atlantic

This region extends from Canada around the Gulf of
Maine to Cape Cod. Cool, fertile waters with a large tidal
range strike a steep, indented coast with deep water close
inshore. The coast 1s rugged on the north, reducing
gradually to nearly a plain from Boston south around Cape
Code Bay. The estuaries of Maine are narrow with deep, open
inlets, steep fringing marshes and flats, and rocky coastal
1slands. Southward the coastline i1s more even; 1ts marshes
and beaches more gently sloped and extensave.

Commercial fishaing for lobsters, clams, and scallops i1s an
important industry in the region, as are tourism and
recreation

Uses of the coastal zone which most adversely affect the
North Atlantic region are- industry, mining, pest control,
urbanization, waste disposal, and water supply. Approxi-
mately 50 percent of the coastal zone has been significantly
affected by thesge uses, with severe deterioration in the
Boston harbor and i1ts i1mmediate environs.

Middle Atlantic

This zone extends from Cape Cod south to Cape
Hatteras, exclusive of Chesapeake Bay. A wide, gently
sloping continental shelf with a smooth shoreline is cut by
the entrances of several major river systems. The same cool,
fertile waters as in the North Atlantic zone wash this coast-
line but with smaller tidal range. Small, marsh-lined
estuaries occur at intervals along the glaciated part of the
coast. Along the coastal plain segment, estuaries and
marshes are nearly continuous behind outer banks, and marshes
frange Delaware Bay. The outer bank reaches are wide and
sandy with gently deepening offshore waters.

This coastal region 1is one of the most densely polulated

in the country, constituting a virtually continuous metro-
politan belt along 1its entire length. The same uses of the
coastal zone mentioned as having the principal adverse
effect in the North Atlantic are found ain the Middle
Atlantic: 1industry, mining, pest control, urbanization,
waste disposal, and raiver impoundment and flow control for
water supplies. Of these, pollution and land occupation for
port cities and industry are the causes of greatest coastal
degradation. Approximately 95 percent of the coastline has
been significantly affected, with some 30 percent being
severely degraded.
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Chesapeake Bay

This region encompasses all of the Chesapeake Bay
system from Cape Charles to Cape Henry. It 1is the estuary
of the drowned lower Susquehanna River and tributaries, ex-
tends inland nearly 200 miles, and 1s from 5 to 40 miles
wide. Chesapeake Bay 1s unique among estuaries of the world
for i1ts size, complexity, and productivity Its tidal-river
reaches and baylets are fringed waith marshes, those on the
eastern-shore plain being most extensaive. Bluffs and narrow
beaches edge some of 1its western shores.

Tides and other natural forces are generally favorable to
life of the Bay. It 1is known for its abundant oysters and
blue crabs, and yields a variety of other marine life. The
Bay 1s a key area for migratory waterfowl and shorebards,
and many State and Federal refuges have been established
around the Bay to accommodate these birds.

Pollution and land occupation are locally limiting around
Baltimore harbor, through the upper reaches of the Potcomac
River, and throughout the length of the James River. Due

to dense urbanization of its metropolitan areas, even
pleasure boating results in a moderate adverse impact to the
conservation of the tributary rivers. Scenic beauty and

life of the Bay has been significantly affected, with more
than one-half of the coastline showing a degraded environ-—
ment, TIn the i1mmediate areas of Baltimore harbor, Washaington,

D. C., Richmond, and Norfolk, this degradation 1is chronic
and severe.

South Atlantac

This zone extends from Cape Hatteras south to Fort
Lauderdale, It 1s bordered by a 100 mile plain, terminating
in the north in barrier islands and marshes in which large
amounts of sediments are being continually deposited by
moderate-sized rivers fed by heavy summer rainfall, Tides
are moderate and the warm waters of the Gulf Stream favor
the multiplication of living resources.

A great variety of fish are abundant. Waterfowl, shorebirds,
and marsh birds of many species find a haven in the estuaries
and wetlands of the =zone.

Pollution and land modification have degraded coastal areas
ammediately adjoinaing urban centers such as Wilmington, N.C.,
Charleston, S. C.,, Savannah, Ga., Jacksonville and Fort
Lauderdale, Fla. Only about one~third of the coastal region
does not show appreciable degradation.
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Carribean

This zone extends from Fort Lauderdale around the tip
of Florida insiade the Florida Keys to Cape Romano, plus
Puerto Rico and the Virgin Islands. High temperatures, heavy
rainfall and warm ocean currents along practically non-
existent continental shelves result in the only genuinely
tropical environment in the United States. Coral reefs and
mangrove swamps are typical features of the Florida coast,
while the islands are mountainous and are frainged with coral
reefs and beaches. Population in the region 1s increasing
rapidly and, together with its adjoining regions, may take
on the character of a metropolitan belt within the next
decade.

Tides and most other natural conditions favor the growth of
fish and wildlife. Daversion of freshwater to urban areas
northward has produced the most sericus alteration of the
ecosystem, aggravating periods of drought. Susceptaibility

of the region to tropical storms causes occasional local .
stresses., About one-half of the coastline has been adversely
affected by poliution and wetland occupation.

Gulf Coast

This zone extends from Cape Romano to the Mexican
border. A wide continental shelf extends around the entire
coast, with warm tropical waters moved gently by weak cur-
rents and small tidal ranges. Heavy rainfall over most of
the area brings sediments from the broad coastal plan. The
dominant estuarine features are the Mississippil Raver Delta,
and the intricate network of lakes, bayous, bays, marshes,
and barrier islands that extend virtually the entire length
of the zZone. The Mississippi, carrying drainage from 41
percent of the land mass of the United States, forms one of
the major deltas of the world, both in size and in the extent
to whach at has built out over the continental shelf.

Although natural conditions of tide, runoff, and climate are
generally favorable in the region, the western estuaries
suffer drought, and the entire zone 1s subject to storm
calamities. Substantial degradation to the coastline has
occurred through industrial pollution, land occupation,
drainage of wetlands, and diversion of runoff. Only about
15 percent of the coastal area has thus far escaped notice~
able affliction.

Pacirfic Southwest

This zone extends from the border of Mexico north to
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Cape Mendocino. The coastline has a typical beach and bluff
configuration with only a few shallow embayments and the
extensive valley of San Francisco Bay. The continental

shelf 1s narrow and tides are of moderately high range. The
southern part of the zone i1s warm, but 18 naturally defaicient
1n precipitation and runoff.

About two-thirds of the coastal zone has been significantly
affected by man's depredations. In and around urban centers,
pollution and land development have severely degraded the
zone and extended areas i1n the south have experienced drought
aggravated by diversion of freshwater streamflow.

Pacific Northwast

Extending from Cape Mendocinc to the Canadian border,
the Pacific Northwest region continental shelf and coastal
configuration 1is similar to that of the Pacific Southwest.
Ocean water temperatures are lower, movement of the Californaia
current 1s not as pronounced, and heavier rainfall has
resulted in several major raivers cutting through the coastal
mountains to form deeply embayed estuarine systems. The
southern part of the zone has a resistant-rock coast, but in
Washington the coast 1s reduced to low coastal flats and
islands by erosion of sedimentary rocks. The Columbia River
mouth is notable for the quantaity and force of its outflow;
Puget Sound for its intricate spiderweb of channels and
1slands.

Degradation of the coastal zone 1s substantial at the river
mouths and estuarine systems associated with urban areas,
such as the Columbia River mouth and Puget Sound. Less than
15 percent of the coastline has escaped appreciable impact.

Alaska

This zone is composed of the coastlaine of Alaska, in-
cluding the Aleutian and Bering Sea Islands. The detailed
tidal shoreline is 33,900 miles, or about one~third of the
coastal shoreline of the continental United States including
the Great Lakes. Dominant factors in the zone are tempera-
ture and precipitation. Water temperatures are near freezing,
and much of the precipitation falls as snow. The continental
shelf is wide throughout, and tadal ranges are very large.
The southeast and south coasts have active glaciation; the
west and north coasts are much flatter, having been modified
by sediments eroded from the interior and by the granding of
pack 1ice.

Praincipal hazards of pollution and coastal degradation result
from lumbering, fish processing, and o1l exploration; the
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latter certain to increase. At the moment, much of the
coastal zone is unaffected by man's activities, with at least
80 percent of the natural environment remaining.

Pacific Islands

This region includes the Hawaiian Islands, American
Samoa, and Guam, all tropical islands of volcanic origin.
Dominating features are the lack of a continental shelf, full
exposure to oceanic conditions, and warm temperatures.

Tropical storms, seismic sea waves, and leeside droughts are
the only natural stress factors of the region; all other
natural factors of the area are highly favorable to biclogi-
cal 1lzife.

Most activaities productive of pollution and coastal zone
deterioration can be found in the Pacific Island region,
characterastically concentrated in densely settled urban areas.
Due to the sparsity of such settlements, less than 50 percent
of the total coastal region 1s significantly degraded.

Tourism and land development are rapidly increasing, however,
and may 1mperil the environment through the foreseeable

future.

Great Lakes

This regicn includes Lake Michigan and the United
States shores of Lakes Superior, Huron, Erie, and Ontario,
as well as Lake St. Clair between Lakes Huron and Erie. The
lakes occupy basins carved and deepended by glaciers from pre-
glacial erosional basins and valleys of the St. Lawrence
River system

Man has degraded many bay and marsh areas by dredging, fill-
ing, and pollution. Pollution due to industrial waste
disposal, agracultural runoff, and sewage disposal 1s exten-
sive, and has resulted in advanced eutrophication of the
whole of Lake Erie. Efforts to control this degradation have
been initiated, but without marked recovery thus far. No
more than one-third of the U. S. shoreline of the Great Lakes
can be considered ecologically and environmentally wholesome.
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