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NOTE OF TRANSMITTAL

This resource management area report is prepared for
the Office of the Administrator, National Aeronautics and Space
Administration, under Article I.C.1 of Contract NASW-2580.

It provides backup material to the Summary, Volume I, and the
Source Document, Volume II, of this report. The interested
reader is referred to these documents for a summary of data
presented herein and in the other resource management areas.

The data presented in this volume are based upon the
best information available at the time of preparation and within
the resource of this study. This includes a survey of existing
studies plus Federal budgets and statutes. Throughout the
analysis, a conservative viewpoint has been maintained. None-
theless, there are, of course, uncertainties associated with
any projection of future economic benefits, and these data
should be used only with this understanding.
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ABSTRACT

This report deals with the impact of remote sensing
upon marine activities and oceanography. The present capabil-
ities of the current Earth Resources Technology Satellite
(ERTS-1), as demonstrated by the principal investigators, as
well as desirable capabilities from this and other satellite
systems are discussed. A survey of past studies of ocean
applications of remote sensing has been made and some benefits
have been calculated using these studies and original material.

Cost-savings benefits have been quantified, particu-
Jarly in the area of nautical and hygrographic mapping and
charting. Considerable benefits have been found in aiding
coastal zone management. Unquantified benefits are noted as
being highly significant; these exist in the fields of
weather (marine) prediction, fishery harvesting and management,
and potential uses for ocean vegetation. Difficulties in
gquantification are explained, the primary factor being that
remotely sensed information will be of greatest benefit as
input to forecasting models which have not yet been constructed.

Hard benefits range from $6.78M (lower bound) to
$17.04M (upper bound).
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1.0 INTRODUCTION AND OVERVIEW: OCEANS

The study of Oceans can provide a vast source of
information i.portant to applications as broad as weather
prediction, recreation, mineral resources and food production.
Yet the vastness of its area makes the sea a particularly
difficult phenomenon to study adequately. Nowhere else in the
known universe is there a large body of water drifting freely
about on a spinning sphere. It is impossible to model such
a physical system in the laboratory; the only way to study it
is to observe it. Surface ships and subsurface vessels have
vertically sampled the ocean, but the horizontal dimension,
‘5,000 times greater than the mean depth of the ocean, has
never adequately been sensed. The vastness of the surface is
beyond the logistic abilities of aircraft. The satellite is
the only feasible vehicle from which the whole surface of the
sea can be viewed.

~a
v

However, satellite imagery can only be employed in
sampling the upper layers of the sea, the part that is stirred
: by the wind and lit by the sun. No matter how far within the
: range of foreseeable technological progress, it is very unlikely
that any information below these upper layers will be obtained
by satellite. Under ideal conditions, blue band imaging
detects light which has penetrated 60 meters; but considering
that the mean ocean depth is over 3500 meters, such remote
detection does not tell us much about the entire volume of
the oceen.

&
3
H
v

Fortunately, the layer of the ocean exposed to the
over-view is far more significant than the sum of the other
layers. It is the part of the ocean that overwhelmingly

? concerns the everyday affairs of mankind. It is the site of

waves, storm surges, the rise of tide, and other changes of

sea level. It covers the continental shelves where oil and

minerals are being recovered. It is the part of the sea that

most concerns sailors, because of currents, destructive

waves, dangerous shoals, or drifting ice. It impinges on

) the beaches, harbors, and estuaries that are important for

’ industry, recreation, and human habitaut. It includes the
zone that supports the photosynthesis upon which the whole
biological resource of the sea depends.

i And not only is this the part of the sea by which

mankind is most affected, but it is also that part of the
sea which he most affects. Dredging for harbors, the

? 1-1
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building of erosion-preventive structures, marine life har-
vesting, and pollution all occur in these layers.

This layer also includes the air/water interface.
Virtually all energy that controls the inner workings of
the sea flows across this interface; all the water types
that constitute the ocean's anatomy have their yenesis at
the surface in the region of exposure to the sun and wind.
Like the sediments of the earth's crust, the sea is composed
of tilted strata that outcrop somewhere at the surface. Thus,
a complete map of the surface must contain much information
about the water masses in the deeper, darker regions,

The relationship between the ocean and the overlying
atmosphere is so intimate that neither can be described with-
out consideration of the other. The meteorologist is interest~
ed in the upper ocean because it stores and transports a
significant portion of the world budget of heat, and modifies
air masses during their long dwelltime over the ocean.
Conversely, the oceanographer realizes that nearly all the
energy found in the ocean is derived either from the sun or
from the overlying air. Sluggish events in the ocean tend to
be the summation of much more dramatic events that are first
apparent in the large scale weather patterns.

Satellites will prove to be particularly useful ocean
observers in the future because nearly all important ocean
parameters can or will be able to be sensed from satellite or
commumicated via satellite using DCP's (Data Collection
Platforms). Coastal water circulation can be determined
from turbidity patterns. Estuarine watevr mixing can also be
seen. Water depth and hazards to navigation can be spotted
using processing techniques, depending upon turbidity con-
ditions which can also be measured. Sea ice can be detected
and current speed and direction are found through its move-
ment. Major ocean currents can be located and their move-
ments monitored., Chlorophyll~a can be measured; its
existence is a sign of vegetation or algae upon which fish
feed and the presence or absence of which is felt to be a
good indicator of the "health" of an estuary. Water
contamination can be detected to a limited degree now and
probably to a higher degree in the near future. Satellites
with thermal infrared bands will be able to measure ocean
surface temperatures and active microwave sensors will be
able to measure sea state. Fixed and freely floating data
buoys (DCP's) will measure water content and current speed
and direction.
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Although the potential advantages are great, oceano-
graphic remote sensing is in a very juvenile stage. Compared
with forestry, agriculture, terrestrial geography, and meteo-
rology, air sensing techniques have been little applied to
vcean observation. This is largely because both the scale and
the distance from base has inhibited the effectiveness of
aircraft. Thus, oceanographers do not have a transitional
base from which to move to the application of satellite
imagery. Acquiring "ground truth" presents unusual difficulty
when remote sensing is applied to oceans. But the biggest
problem in using remotely sensed information is the entire
historic orientation of oceanography. Although the idea that
the sea derives its constitution and motive force at the
air/sea boundary is well-established in oceanographic theory,
in practice the data of oceanic observation have usually been
obtained and analyzed in vertical sections. As a result the
presently existing instruments, data-handling routines,
analytic methods and the oce="nographers themselves have all
been oriented toward vertica. rather than horizontal aggregates
of information. How quickly and how well this prevailing
orientation can be redirected is, of course, a function of
how much society and science is willing to invest in research
and technology to make the transition. Thus, oceanography
has a wholly new capability in its data gathering and one
which will yield valuable information. But due to the
unigueness of this data source, direct user application is
not in the immediate future.

It is easy to identify the beneficiaries of improved
understanding of the ocean, particularly in the United States.
We are a maritime pecple, 80 percent of whom live and work in
coastal areas conditioned by the sea. Even our heartland
cornbelt owes its productivity to the maritime air rfr<a the
Carribbean, without which it would be a relatively unproduc-
tive plain. Over 90,000 miles of coast afford the varied
environment for recreation, welfare, livelihood and commerce
for some 100 million of our citizens. Conversely, the c.astal
seas on occasion present hazards to life and property that
sometimes overwhelm whole regions in calamity.

In looking toward benefit determination, one import-
ant point must be made. None of the ultimate consumers of
information about the ocean can use raw data effectively. 1In
many applications information of the current situation is
sufficient. In ocean applications, the data almost invariably
must be put into models which forecast future conditions. For
example, the fisherman is not particularly well served by the

day-to-day report of where the fishing was good. Rather he
needs to know, when he leaves port, where the fish will be when

1-3



he arrives on the grounds; thus, he saves search time. Or,

on a longer time scale, he needs to know how bountiful a

given fishery may be in the season ahead so that he can make

a wise decision as to his investment in costly ship and gear.
On a longer time scale still, the entrepreneur who must pro-
vide a cannery or other marketing facilities must evaluate the
the future of the fishery over the expected 1life of his
investma2nt. This need for future, and not present, information
application holds for fishermen, vacationers, ship operators
and marine engineers. Thus, the immediate applicability of
remotely sensed oceanographic information is lessened because
the complex mathematical models necessary for prediction are
generally not in existence. It is fair to say that heretofore
the unavailability of data on a global synoptic basis has
prevented the construction of adequate models that could be
used for these predictive purposes. For this reason, the vast
majority of benefits fron satellite sensing applied to oceans
will accrue in research and is unquantifiable at present.

Turning to quantifiable benefits, considerable cost-
savings and increased capability exist in the area of ocean
mapping. Island charting can be done easily and very cheaply
by satellite, particularly considering the cost of sending a
ship or a plane 4000~6000 miles to do the same job; and
frequently the synoptic eye can improve maps whi 'h are danger-
ously misleading (see Figure 2 and explanation i. RMF 7.1.1.)
Hydrographic mapping, primarily involving water depth charting
to find navigable areas, can also be done inexpensively by
satellite where possible. Clear water and highly reflective
bottoas provide the best areas for satellite water depth
mapping; depths of 60 meters have been charted. Turbid waters
provide greater problems because light does not penetrate well,
Here there is room for statistical methods for estimating bottom
depth; it will take time to develop these methods.

Pollution detection will prove to be a significant
function of remote sensing. Ocean dumping in the New York
Bight is clcarly shown in the ERTS image of Figure 1. Coast-
al circnlation analysis will give information about what
will happen to waste> which are dumped five or 30 miles
offshore. Sediment plumes and turbidity patterns provide
much information about tidal, river and estuarine currents
(see Figure 6). Benefits from remote detection of oil spills
have been quantified. The New Jersey Department of Environ-
mental Protection has indicated considerable benefit in
determining optimum ocean outfall placements.

The N.J.D.E.P. has also estimated benefits from
synoptic observation of how coastal zone land use is changing.

1-4
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They have detected land use changes as small as two or three

acres using limited enhancement techniques. Further benefits
have been demonstrated by N.J.D.E.P, in shoreline protection

and new legislation.

Unquantified benefits are abundant in weather predic-
tion, fishery management, and assessing the effects of
pollution. The supply of food in the oceans is enormous.
Presertly little-used sea vegetation offers a food supply with
dimensions and growth sufficient to stem many of the fears of
devastating world food shortages.

Satellites will also show great application with the
use of DCP's or data buoys. These platforms will provide con-
tinuous and important information which could only be gathered
at prohibitively high costs. Satellites will provide the means
for communicating this information to the processors and users.

Benefits by Resource Management Function are summarized
in Table 1; in depth explanation and quantification of these
benefits can be found in Appendix A. Additionally, relevant
Federal hudgets and statutes are located in Appendices B and C,
respectively. Desired sensing capabilities from future
satellite imaging devices are shown in Table 2.

1.1 Cartography, Thematic Maps and Visual Displays

Satellite imaging provides activities not feasible
by other means. Islands and reefs never before mapped can be
detected and charted. Water depths over large areas can be
measured at minimal costs. The movements of shoals, reefs
and islands can be monitored. For navigation purposes,
satellite sensing will be particularly useful; the draft
of the bigger tankers, except for the super-tankers, do not
exceed 15 meters. Although ocean bottom cannot be detected
in many areas, it would be possible to ascertain that there
are no barriers to navigation at 20 meters. Turbidity pre-
sents the biggest problem to light penetration, but methods
are being developed to determine water depth even in turbid
waters. The Environmental Research Institute of Michigan is
socn to publish a report on this subject.

1.2 Statistical Services

Various indicators are useful in determining the
"health"” of an ocean area, the most important of which is the
presence of chlorophyll-a. Monitoring the existence of
chlorophyll enables one to infer the availability of food for
fish; it is a good barometer for determining how man's

l1-6
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Table )

Activity ~ Oceans

Resourcs Management Functiona

Nagnitude and Types of Net Annual Renefits by Resource Ranagemeat

Benefits, $ millions (197))

Equal
Capability

Increased
Capability

New
Capability

7.1 Cartograyhy, Thematic Maps and Visual

bisplays
7.1.1 Oceanographic mapping
7.1.2 Thermal mapping of the oceans

7.1.3 HNapping ocean ice and polar caps

7.2 Statistical Services

7.2.1 MNeaitor ocean food supply

7.3 Calendars

7.3.1 Momitor tides and currents in
coastal waters

7.3.2 MNMonitor the moveaent of the
major oceanic currents

7.4 Allocation

7.4.1 Optimize ocean fisherias .
management

7.4.3
7.4.4 Optimize ocean shipping routes

laprove coastal zone management

7.5 Conservation

7.5.1 Improve shoreline protection
programs

7.5.2 Control ocean pollutioa
7.5.3 Monitor oil slicks

7.6 Damage Prevention and Assessment

7.6.1 Reduce occan resources_losies

due to man-made changes

7.8 Research

7.8.1 Research on ocean parameters

7.8.2 Research on estuarine ecology

7.9 MAdministrative, Judicial and

Legislative

7.9.1 Aid in enforcing nationasl
and international regulatjons
and agreements

7.9.2 Aid in designing legislative
controls and administrative
procedures

Total:

Hard benefits documented in ECON
Case Lt  Ji@B.cocericncrennoasannan

Soft Benefits.....cocienvinnnnan

.

$5.0-22.7) 00
.

~19~.78

«07-.18
+62-2.5

-28

LL ]

{5.0-12.7)

1.2-2.7

*e

Source: ECON

Approximately $73.4 -~ 220.8M total benefits are possible via a satellite with a

thermal infrared band

for mapping of the Morth Pacific.

Rowever, it is likely that

satellites other than ERTS e.g., SEASAT and WIMBUS G, will obt-in this benefit,

Parenthesis indicate "soft” benefits.
Indicates unquantificd benefits.
Indicetes significant benefits.
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Tadble 2 Desired IRTS-1 Modification for Oceans

Imncreased Adedieion of Increascd Incressed

Subdiscigliine sensicivicy blue band spatial observatiorn

resolution fraquency
Soastal * * * +*
Bathymecry *e >0 + -
Sea ice * - * *
Cs2arn:is circulation - * - -
Livang raria: rescurcaes * * * *e

Sotrce: aichaati, “BPEDS-~1 Teaching us a Sew Way to See,”
Ascrezsusics 2.3 Aeromautics (Sesptecher 1973)

Rey: ¢+ = Yost Dusired, + = Dagired, - = Little Iapact

activities are affecting the biology of an estuary. .
Chorophyll-a can also point out ocean vegetation fcr harvesting
purposes.

1.3 Calendars

Currents can be mapped and monitored by satellite
imagery. Coastal circulation information important for marine
engineering and planning optimum waste disposal can be ascer-
tained from turbidity patterns. Ocean current movem2nts
important for shipping and heat transfer information can be
observed through changes in ocean color and chlorophyll
content.

1.4 i Allocation

Fish availability prediction models are under develop-
ment. Fish catch/ocean parameter correlation studies have
already been made and the results are significant. Not only
should remote sensed data be able to help the fisherman find
the fish at less cost, but the data can help avoid over-
fishing. Land use changes can be detected which aid in coastal
zone management. Better water depth and ocean current inform-
tion will facilitate ocean shipping.
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1.5 Conservation

Circulation analyses will aid in constructing erosion-
preventive structures and in planning for waste disposal.
Satellite imagery can detect illegal sources of pollution and
evaluate the effects of waste disposal on estuarine ecology.

1.6 Damage Preventio~ and Assessment

A system with sufficient resolution would be able to
detect beach erosion and indicate where preventive structures
would help. Estuarine "health” can also be measured to assess
the effect of man's coastal activities.

1.7 Unique Event Reconition and Early Warning

Considerable benefits exist in this area for a geo-
stationary satellite system. However an ERTS-like system
would not provide coverage with sufficient continuity to be
of benefit here.

1.8 Researxrch

This is the primary benefit area in remote sensing
application to oceans at this time. Benefits exist in
weather forecast improvement, fish harvesting and assessing,
and operationally using the ocean food supply.

1.9 Administrative, Judicial and lLegislative

Remote sensed data is helpful in constructing and
enforcing international shipping,fishing and mining
agreements. These data can also contribute to the resolution
of jurisdictional disputes between local, state, federal
and international interests. These data have also been used
to form new laws which aid in coastal zone management.



APPENDIX A:

DETAILED EXAMINATION OF BENEFITS BY RMF

This section contains documentation of benefits
o.tained from an ERTS-like ERS Satellite system applied to
oceans, as presented in Volumes I and XI and in the introduc-
tion to this volume. 1In this appendix, benefits are quantified

and user demand for information in this resource area is
identified.
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OCEANOGRAPHIC MADRING

Rationale for Benefits

Accurate ocean maps are essential for safe and effi-
cient oceanic travel. fThe International Hydrographic Office
has expressed concern over the status of shipping charts
around the world, many of which cannot be updated due to a
lack of technical resources in some countries. Mecanwhile,
some maps contain certain data based on survey recorxds fron
the early 19th century. Chart makers are forced to use labels
such as “Position Approximate" and “Existence Doubtful" in
reference to many reported sightings. Depths measured by
lead lines tend to give too large a depth because of bending
of the line. Echo sounders can give errors from suspended
materials, that cause depths to be recorded as too shallow.
Storms bring rapid change so that even recent maps may be in
error due to shifting sand bars and changes in coastlines.
Benefits from improved ocean mapping will come to the public
in the fornm of lower shipping costs.

Federal Government Activities and Responsibilities

The Department of the Navy, the Coast Guaxd, and
Nation Oceanic and Atmospheric Administration have the
responsibility for keeping cceanographic maps accurate and
current. Types of maps are shown in Table 3. Expenditures
are found in Tables 4 and 5.

Non-Federal Activities

Other national governments update shipping charts on
a regular but limited basis. Great Britain used to be the
foremost explorer and charter in the field but has recently

ungergone severe cuthacks in this activity. Reporits from
private ships are continuously recorded, but these sightings

do not contain a high degree of accuracy and occur in the
limited regions of the major shipping routes.

Functions of Remote Sensing

Satellites provide the opportunity for obtaining
reliable ocean maps around the world. Our knowledge of the
topography of the oceans will ro longer be limited to major
shipping routes and the limited areas wherc research explor-
ations take place. Although water penetration ability is an

A-2
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important limitation in determining water depth,

where such knowledge is most important are shallow areas where
ships may run aground.

the areas

Remote sensing will be particularly

useful in pointing out these dangerous areas. Satellite

imagery will be most useful in areas of clear water and highly

raflective bottoms,

Econonic and Technical Models for Estimating Benef

like the Carribbean.

its of

Remote Sensed Data

Nauvtical Charts:

five to one.

Assuming this ratio

From other budget figures, it is
shown that data acquisition/data processing costs run around

holds true for nautical
chart production also, with a total budget for nautical charts

of $22.6M (Table 4) about $18.0M would go toward data
With reference to Table 3,
seen that the vast majority of maps are of the scale of

acquisition.

1:50,000 or smaller.
is for maps of 1:50,000 scale and smaller,

it can be

If we assume that 80% of the surveying

then about
$14.4M go toward data acquisition for maps of this type.

Table 3 Tgé KOAA/NOs. lautical Charting Program — Mapn
e _..Types and Their Use — —

General

Type Scale Federal § Maritime Public
Sailing 1:600,000 and sxallex 62 133 253%
Geaneral 1:100,000 to 1:600,000 50% . 17% 33%
Coastal 1:50,009 to 1:100,000 403 202 40%
Harbox 1:50,000 anrnd larger 66% 133 273
Small Craft | 1:80,000 to 1:15,000 1212 6% 823
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Table 4 1972 Eupunditures 6ﬁ ttautical Chavting

p— “b'..g"-ﬁ

=

Expenditurcs on
Nantical Charting

Agency $ thousands nan
(1973)" years
DEPARTHENT OF DEFENSE
Defense MNapping Agancy ~-+342 -
Office of Naval Resecarch - -
Mavy Operations - -
Corps of Engineers, U.S. Army 32 2
Mississippi River Conmission, U.S. Army 15 1
TOTAL - DEFENSE $52.342 2
DETARTHMENT OF THE INTERIOR
Geologic Division, Geological Survey (GS) - -
Conservation Divison, GS - -
Burazau of Reclamation - -
TOTAL - INTERIOR
DEPARTHMENT OF COMMERCE
Hational Ocean Survey, MNational Oceanic
and Atnospheric Administration (WOAA) 20,635 1,012
Environmental Data Service, NOAA - -
Environmental Rescsarch Laboratoriez, NOAR - -
Netional Maringe Fisheries Sorvicos, NOAA - -
TOTAL -~ COMMERCE 20,635 1,012
DEPARTHENT OF TRANSPORTATION
U.8. Coast Guard 1,856 181
INDEPENDENT AGENCIES
Atomic Energy Commission - -
National Science Foundation - -
Tennessee Valley Authority 26 1
TOTAL -~ INDEPENDENT AGENCIES 26 1
TOTAL 22,569.342 1,196
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Now, the problonm of ascertaining how much of this
tation can be gathered by remote sensing. In clear

water, d=pths up to 60 fcet can be measurzsd ky a sensox with
2 blue band.* In turbid watérs shoals and hazards to
navigation can be spottaed when in shallow water,** and, once

spotted by ship, other shoals can be2 monitored in deeperx

water.

Shoreline delineations can be mapped to a very high

degree of accuracy and resolution due to the high contrast

between water and land.

gotten from satellite. *** Clearly what cannot be detected

from ramote sensing are shoals beyond the range of penetration

of remote images, and placement of navigational markers.
From the above, it can be estimated that at least 25-50%

of that which is presently being mapped by ship and aircraft

for navigation could be done by remote sensing. Using the

lower

figure, .25 x $14.4M = $3.6M of this activity could

be done by satellite; using the upper figure, .5 x $14.44 =

$7.2H

Coast
siiore,
niles

of the activity could be done by satellite.

Almost all of this mapping is done by NOAA and the
Guard, whose jurisdiction extend to twelve miles off-
Thus, a figures of 12 x 11,300 = 136,000 square
is the estimate of mapping coverage. %hese maps

are updated at intervals running from six months to four

vyears.

annual

IZ we assum2 that, on the average, they are updated
lv, wve arrive at an averadge cost per square mile

of data acguisition which remote sensing could replace of

sasm , )
136,000 = $25 per sguare mile (lower bound)
$7.2u ~ o

136,000 = $50 per square mile (upper bound)

* %

% k%

o s T sl

Using the blue band on Skylab, water depths up to 60

Very much current information can be

feet have baen calculated. Source: Personal conversa-
tion, F.C. Polcyn, Environmental Research Institute of

Michigan.

Williams, R.S., "Coastal and Submarime Features on MS
Imagery of Southeastern Massachusetts: Comparison wi
Conventional Maps," Symposium on Significant Results
Obtained from ERTS-1, Volume I, Marxrch 1973, NASA, p.
Hunter, E.R., "Distribution and Movement of Suspended
Sediment in the Gulf of Mexico off the Texas Coast,”
Ibid, p. 1345.
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Thus, ve get a cost savings equal-capability figure of

(325 -.194%) x 136,000 - $3.3M {lower bound) and (550 -~ .194) x
136,000 - $6.7M (upper bound) accruing Lfrom remote sensed

data applicd to nautical charting.

Hydrographic Surveys: The primary function of this
type of charting is to ascertain hazards to navigation as
well as land figures, islands, decemed to bz of value to the ma-
riners in determining ship position by visual observations and
verification of the shoreline fcature of the land area. While
some of this mapping is done in harbors, much is done in the
oceans to aid ship navigation.

There are no available figures to determine how much
area is mappad. 1In order to arrive at an estimate for this
figure we turn back to the budget for navigational surveying,
estimated to be $16.9M and divide by the cstimated number of

. : $16.91 - . . :
square miles covered, H36-000 $124 per sguare mile of ocean

survey. Total budget for hydrographic survey data acquisitions
is $17.9M (Table 5).

Depth sounding can be done accurately at a speed of
15 knots,** significantly faster than the speed of charting
ships in coastal waters. Assuming the cost pszr square nile
for sounding is about half the cost for nautical chart

. . . 4
surveving, we arrive at a figure of ~?3—E~ = 300,000 square
.

miles of hydrographic surveying yearly.

Again, we are faced with the question of how much of
this activity could a remote sensor replace and again
thexe is probably a range of watesr area where remote sensing
can provide water depth Penetration deep enough to show all
barriers to navigation in that area. Not a great deal of
information is available on this subject, although there is
a report coming from Environmental Research Institute of
Michigan (ERIll) to be published soon. It is felt that 10%
is a reasonable lower bound to the area covered by hydrographic
surveys which will allow enough water penetration to show

* Cost per square mile of mapping f£rom ERTS-1. Source:
"The Roles of ERTS in the Establishment and Updating
of a National Land Cover Information System,"” (Draft)
FECON report prepared for NASA, 5 August 1974, III-=19.

** "“Report of the Federal Mapping Task Force on Mapping,
Charting, Geodesy and Surveying, July 1973," Office
of Hanagement and Budget.

A-6
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Table 5 Budgz2t Pigures for Hydvogranhic Surveys (FY 197?)
. Data Acquisition Data Processing Totals :
Agency $§ thousands (1972) $ thousands (1972) S thousands (1972)
HOAA/NOS 8,898 1,767 10,665
NAVOCZANO 2,833 434 3,272
ce 6,238 ) 607 6,845
Totals 17,974 2,808 20,782

navigational hazards al least 20 feet deep. 30% will be
considercd the uppers bound here. Using the lower boungd,
30,000 miles of surveying would be replaced by remote
sensing. This yields an equal-capability, cost savings
benefit of (60-.194) x 30,000 = $1.7M. Using the upper
bound, 100,000 miles, would yield an equal-capability besnefit
of (60-.194) x 100,000 = $6.0M.

Current ERIS Activities

ERT3~} has demonstrated limited, but significant
ability at water depth estimation. Shallow waters less than
17 meters, the most dangerous from the point of view of ship
safety, are measurable from ERTS~1l.* Iwmagery capable of
recording shorter wave lengths will permit superior water
penetration,

* Polecyn, F.C. and Lyzenga, D.R. "Calculations of Water

Depth from ERTS Data," Ibid, p. 1434.
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Referring to Figure 2, one can see the improved
mapping possible from ERTS~-1. A small ship looking for rough
weather shelter near Montgomery Island (upper center) would
be forwarned of the danger not shown in current nautical
charts.

Resolution from ERTS-1 imagery has been shown suffi-
cient to meet U.S. National Map Accuracy Standards at the
1:250,000 scale.*

Principal Investigators in this field are:

Fabian C. Polcyn and David R. Lyzengu
Environmental Research Institute of Michigan
Mountain View, California

Joe F. Wilson

NOAA, National Ocean Survey
Rockville, MD 20352
301-496~-8881

Estimate of ERTS Economic Capabilities

From the above information, we feel that ERTS imagery
is sufficient to replace many mapping and charting activities.
Thus, there is an equal capability benefit within the range of
$3.3M - $6.7M for nautical charting and $1.7M - $6.0M for
hydrographic surveys.

Annual Benefit:

Equal Capability: ( $5.0 - 12.7 million)

* (Colvocoresses, A.P., "Mapping with ERTS," unpublished
U.S. Geological Survey, Reston, VA.
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RMF No. 7.1.2

THERMAL MAPPING OF THE OCEANS

Rationale for Benefits

Charts of sea-surface temperature a e widely used for
4 number of purposes, including studies of energy exchange at
the sea surface, studies of surface circulation (location of
current boundaries), studies of biological productivity
(location of upwelling areas), and studies of biological
environment. Such studies can be beneficial in making fish
prediction models which reduce fishery search time, in making
long-range weather forecasting by studying the air-sea inter-
face, and in dectecting major currents.

Benefits accrue to fisheries, shippers, and the public
in the form of lower costs of goods and services.

Federal Government Activities and Responsibilities

Generally the same statutes that applied to 7.1l.1,
apply here as well. Sea surface temperature charts based on
ship observations are routinely p.epared and published by the
Naval Oceanographic Office and the Fleet Numerical Facility.
The National Oceanic and Atmospheric Administration also
supports a data buoy system which continuously measures ocean
parameters. Recently, airborne infrared radiaticn detectors
have been used by the Bureau of Sport Fisheries and Wildlife
to prepare temperature charts along the Atlantic and Pacific

coasts.,

NOAA has plans to socn include thermal sensing in its
ITOS satellite series.

Non-Federal Activitieoes

Temperature charting is also undertaken by foreign
governments, primarily the Japanese, as an aid to their
fisheries management. Several thousand ship observations of
sea~surface temperature are available each day from the
Northern Hemisphere. Distribution of observations is not
homogeneous, most observations being made along major shipping
lanes. Accuracy of the data is not high. Further, individual
fisheries occasionally do t*2ir own infra-red airborne mapping,
but this is not common and the area of coverage is very

limited.
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Fanctions of Remote Sensing

Remote sensing through IR imagery will provide con-
tinuous thermal contour maps not available through ship
sampling. Area coverage and frequency will greatly increase
to an extent presently impossible by any othexr means. Greater
accuracy will be available than is presently attainable.

Economic and Technical Models for Estimating Benefits of
Remote Sensed Data

B nefits from knowledge of the thermal contours of
the surface will add greatly to our weather prediction
capabilities. The temperature of winds travelling over the
ocean surface is greatly influenced by the temperature of
that surface. Almost all of our weather originates over the
ocean surface. (See RMF 6.2.3). Ocean environmental inform-
ation, temperature being a rain factor here, leading to
improved and longer-range marine environmental prediction has
had estimated annual values of $600M* to $2 billion.**

Benefits will also accrue in the fishing industry
sector. Thermal mapping will give information as to fish
availabhility, greatly cutting down search time and costs.
Although there a.e some fisheries that could use this informa-
tion now, the main one being the tuna industry, many fisheries
are so intensively fished that this added information wiil
not be of significant benefit. Thermal information will come
into play in the near future. As demand for food increases,
the demand for fish will also increase, bringing into use more
marginal fisheries. These fisheries have little known about
them and thermal contour mapping will contribute greatly to
the speed with which they become productive.

As illustrated in Figure 3, extensive thermal
mapping will not greatly affect the supply curve at the

* Cost Benefits for a National Data Buoy System, an essay,
Travellers Research Center, October 1967, Prepared under
Coast Guard contract TCG - 16790-A

** Fconomiz Benefits from Oceanographic Research, National
Academy of Sciences - National Research Council,
Publication 1228, 1964.
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. existing demand levels. But, given a growing world population

and growing world nead for food, as demand for fish increases,
such mapping will be an important tool in locating new areas
where the probability of finding fish is highest. Such mapping
is an increased capability which yields no returns now (at
least, as applied to this RMF), but will help in reducing costs
in future fisheries. The benefits in the form of reduced costs
are represented b{ {he shaded region in Figure 3. DD is
current demand; D'D™ represents projected future demand. SS

is the industry supply with such maps. Due to the increased
capabilities, the publi. will receive greater quantity

(Q1 to Q) at 1lower prices (P; to Py).*

In order to reach a quantitative estimate of the value
of this information one could do an equal-capability analysis
assuming the demand were sufficient to have to oceans mapped
at present by aircraft. Some of what was said above was an
attempt to illustrate that sufficient demand for such activity
is present. Were the oceans to be mapped, a reasonable demand
level would be at least once every two months or six times a
year. The area of coverage should be an area of the Pacific
of at least three times the size of the United States. Mepping
some of the Atlantic and the Gulf of Mexico would also prove
valuable, but we will limit our area to three times the area
of the U.S. or 10,000,000 square miles. At a demand level of coverage
of once every two months this is 60,000,000 square miles per
year. Averade cost of U-2 coverage is $1.27 per square mile.**
Thus high altitude aircraft coverage of the proposed area
would cost $76.2M. Using the marginal cost of processing
of $.048 per square mile*** for satellite imagery, this area
could be covered at a cost of $2.8M, giving a cost savings
of $§73.4M. Different benefits at different demand levels
are summarized in Table 6. It should ke pointed out
that the estimates for high altitude aircraft costs were for
land-cover. Going over the oceans would mean being further
from home bases and, in all probability, higher costs. Therefore

* Benefits come from increased producer rent and increased
consumer surplus. Refer to Section 2.1 of the Source
Document.

** This is based on figures from "The Rcle of ERTS in the
Establishment and Updating of a Nationwide Land Cover
Information System"” (DRAFT), ECON report prepared for
NASA, 5 August 1974, III-19.

***  Ibid.

A~-12



o o R ek i e ot an

PR}

R —
P .

R —
o~

SRO—.

[1

RMF No. 7.1.2

the estimate of $1.27 per square mile is biased low and the
derived henefits are conservative.

Current ERTS Activities

The present ERTS satellitcs are not equipped with
thermal infra-red sensors but experiments f:om high-altitude
aircraft indicate that such imagery will be both useful and
accurate in measuring sea-surface temperature. Research has
shown that the remote sensing of thermal emissions sensitive
to temperature gradients of 0.5 degrees centigrade is possible
by infra-red sensors.*

Estimate of ERTS Economic Capakilities

ERTS-1 does not contain a thermal infra-red imager,
nor will ERTS-B; however, an operational future ERS satellite
system could have this capability. Benefits outlined here will
be captured by the NOAAR ITOS satellites until such an operational
ERS system is flown. Such a system is expected to have about
three times the resolution capability of the ITOS satellites
and will yield significant benefit, ($73.4M to $220.8M) as
outlined above.

* Lopik, J.R., Pressman, A.E., Ludlum, R.L., "Mapping
Pollution with Infrared", Photogrammetric Engineering,
Vol. XXXIV, No.5 (May 1968), pp. 561-564.

A-13
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Quan:it;.-_, tons of fish
Figure 2 Benefits fron Renotely Sensed
Thermral Mapping with Projected
Increcased Dewmand for Fish
Tadla o Benelits from Thermal Remote Sensing of the Oceans
Dzmand Level (coverages per year)
Cost~3oncfit ($M)
6 9 12 15 18
Cost of hign altitud: A/C 76.2 | 124.3 | 152.4 | 190.5 | 228.6
Cost of remntes sensad data 2.8 4.3 5.8 7.2 8.6
Berefit (cost savings) 73.4 | 110.0 | 146.6 | 183.3 | 220.8
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SAPPING OCEAN ICHE AUD POLAR CAPS

Pitionale fcr Beneiils

Detecting sea ice in shipping zones presents possibilitizs
foxr avoiding loss of ships, freighc, and lives. Mapping clear
channels within ice ficlds caan save many shipping hours and de-
mrease shippinag costs. Ecoaomic exglecitation of Alaska will re-
gquire incresased shipping ir Arctic waters, demanding increasingly
accurate ice-condition forecasts. The safety of offshore struc-
ivres and pipelines depends on the depth and distribution nf ice
grourding. Shipping will be guided by the precence or absence of
hirziers to onshore novemants of ice. (See Rmui 8.1.1 in Vol X for
navigation benefits.)

33
“wl

Sevezral scientists have pointed out that because of the
ceitical effecit of sea ice on the heat balance of the Arxctic, the
anount of ice may be an important factor in the climate of the
tlorthern ilenishhera.* Fletcher states that the seasonal patterns
of surface heat exchange over oceanic regions, vhich are directly
related to ice éistribution, are the most important factors to
itoaitor in both the Rrectiec and Ancarctic.** Such heat exchange °
Ly greatly affectel by the dynamic movement ol the Arciic polar
oap, which can move as much as 75 km in one day.*** F rther,
tracking of sea ice can also give insight into ocecan currents.

s2 oparatioas and search and rescue are also
ate2 knouledge of s2a ice.

Studies are also underway wihich show the cost-effective-
ness oi towing icebergs north from Antarctica as an alternative

sounrce of fryuesh water.

roderal Government Activities and Responsibilities

Sca ice reconnaissance now conducted by RAVOCEANO provides
information fov ship routing forecasts and for scientific in-
vestigations which rcquire a knowledge of the areal and seasonal

* Commititee on Polar Research, 1970: Polar Research: A Survey,
National Ressarch Council, National Academy of Sciences,
Washingyton, D.C.

#* TFletcher, J. 0., 1968: "The Polar Oceans and World Climate”,
Proceadings of the Long-Ranye Polar Objectives Conference,

U.S. Department of Transportation, Hashinjton, D.C."
s%x% Sherman, S. W., 197)1: "Remote Sensing Oceanography”, Inter-

national Workshop on Earth Resources Survey Systems{ Nation-
al Aeronautics and Space Administration, Washington, D.C.,
p. l101.
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distribution of sea ice. Information on icebexrg location is also
received by Nimbus and ITOS. The U. S. Coast Guard also makes
ice surveys. In addition, there have been several polar expedi-
tions, partially funded by the government.

Non-Federal Activities

Ice detection and monitoring is done by governments of
many northern countries, including Canada and the Scandinavian
countries. Canada in particular has made several studies about
ice in connection with ship routing. Commercial ships report
sea iceberg sightings and many are equipped with sonar and radar
for sea ice detection.

Functions of Remote Sensing

' Any past quantification of this information has reguired
: the use of slow and costly methods. As early as 1966, Fletcher
stated that the "observational barrier" in the Arctic was crumb-
S ling primarily under the impact of satellite observation systems.*
Information previously unobtainable is now available from remote
sensing. Satellites can reach over areas prohibitive to even
aircraft sensing. In addition, the high degrce of overlap of
E successive orxrbits makes satellites particularly appropriate for
& high latitude studies. However, sensing is prohibited by the
high probability of cloud cover and the long period of darkness
in these areas.

Economic and Technical Models for Estimating Benefits of Remote
Sensed Data

The primary quantifiable benefit which accrues from
remote sensing is that of improved ocean routing through sea
ice fields. See RMF 8.1.1, Vol X.

Current ERTS Activities

Principal investigators in this field are:

: James C. Barnes

Environmental Research and Technology
429 Marrett Road

Lexington, Massachusetts 02173
617~861-1490

.

it e AR T S5 A

: * Fletcher, J. 0., 1966: "Forward", Proceedings of the
‘ Symposium on the Arctic Heat Budget and Atmospheric Circu-
lation, Memorandum RM-~5233-NSF, the RAND Corporation.
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Dr. John L. Hult

The RAND Corporation

1700 Main Street

Santa Monica, California 90166
213-393-0411

William R. MacDonald

Topographic Division, U. S. G. S.
National Center, RM 2A 420

Mail Stop 515

Reston, Virginia 22092

Dr. Erkki Palusuo

Institute for Marine Research
Tahitorninkatu 2

Helsinki 14, Finland

635-092

G. D. Sharma

Institute of Marine Science
University of Alaska
Fairbanks, Alaska 99701
907-279-8528 '

Albert Don Super, Com.
International Ice Patrol

Bldg. 110, U.S. Coast Guard Base
Governors Island, New York 10004
212-264-4799

Analysis of ERTS-1 data indicates that sea ice can be
identified in all spectral bands because of its high reflectance.
Considerable information on ice type and ice surface characteris=*
tics can be obtained. Although sea ice and clouds have similar
reflectances, methods have been devzloped for easy differentiation
between them. ERTS-1 provides superior iceberg citing to Nimbus
or ITOS because of its higher resolution.

The following information has been extracted from MSS
images in conjunction with field data:¥*

(a) surface distribution of suspended matter, temperature
and salinity along the coast

* Barnes, P. W. and Reimnitz, E., "New Insights into the
Influence of Ice on the Coastal Marine Environment of the
Beaufort Sea, Alaska", Symposium on Significant Results
Obtained from ERTS-1. NASA, March, 1973, p. 1309
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(b)

(c)

(a)

Estimate of

coastal current directions from grounded ice and
ice-distribution patterns

determination of ice-~-movement patterns from
successive overlapped images

correlation of grounded ice with topographic highs

ERTS Economic Capabilities

Although we realize that information received from ERTS
will h:lp in eventually determining optimum locations for offshore
structures in the Arxrctic and will lend much information about heat
transfer, these benefits cannot be quantified at present.

A-18



© = e o i Ry A

RMF No. 7.2.1
MONITOR OCEAN FOOD SUPPLY

Rationale for Benefits

Good estimates of fish supply are essential for fisheries
management to avoid harvesting beyond maximal sustainable yield

levels. Monitoring planktén and sea vegetation areas are important

from the aspects of determining environmental effects from man
and nature in these areas and determining future fields for food

harvesting. Beyond the use of sea vegetation for food, it is also

being used as an energy source by burning it.

Federal Government Activities and Responsibilities

The MARMAP (Marine Resource Monitoring, Assessment, and
Prediction) program of the National Oceanic and Atmospheric
Administration is the principle source of information on fishery
stocks. Data from MARMAP and related biological and ecological
studies are utilized to predict changes in abundance and distri-
bution of fish and shellfish stocks, and to identify and predict
man-made effects on the marine ecology and fishery stocks. State
and federal officials regquire this resource information for
decisions affecting domestic and international allocation, con-
servation and management. Commercial and sport fishing interests
also use the information to determine where to fish and how to
invest funds in new equipment. Funds allocated for this program
in FY 1974 are $6,619,000.

Under 15 USC 313 and 16 USC 742, the Secretary of Commerce

and the Secretary of the Interior, respectively, are to conduct in-

vestigations on the availability and abundance of fish resources.
In addition, the Secretary of the Interiur is required to make
investigatinons of whether ary and what diminution in the number
of the food fishes has taken place (16 USC 744).

In addition, there is the Marine Mammal Protection Act of
1972 (16 USC 1361-1407) which requires NOAA to regulate activities
for the protection and management of marine mammals as resources
of great esthetic and recreational value as well as resources of
economic significance. For this activity NOAA has been appropri-
ated $1,990,000. The Bureau of Sport Figheries and wWildlife also
participates in this activity.

Non~-Federal Activities

Other national governments, particularly Japan, are in-
volved in activities to determine the size of their fisheries.
Private fisheries management also obtain accounts of their fish
supplies.

A-19
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RMF No. 7.2.1

Functions of Remote Sensing

The detection of fish and the given environmental condi-
tions in which a particular species of fish is most likely to be
found have been shown to be amenable to remote sensing applications
in several studies.* Studies cf the direct detection of fish
include spectrometer measurement of fish oils, photography of
sthooling fish for behavioral analysis, spectral and fluorescent
properties of fish, and bioluminescence displays resulting from
excitation of light producing plankton by the mechanical motion
of swimming fish. Remote sensing allows for coverage of more
area than by ship at comparable costs.

Economic and Technical Models for Estimating Benefits of Remote
Sensed Data.

Were satellite sensing systems able to spot schools of
pelagic fish, it would reduce the amount of activity undertaken
in the MARMAP program. Spotting of seaweed and kelp might be
beneficial in the future if harvesting of ocean vegetation becomes
a profitable venture. At present, there is enough quantity at
known near-shore locations to make this spotting eccnomically in-
significant.

Current ERTS Capabilities

At present, ERTS-1 has not demonstrated sufficient resolu-
tion to achieve any of the previously mentioned functions with
the exception of a limited amount of fish oil detection. Functions
previously mentioned are presently possible from aircraft. ERTS-1
has shown abilities at locating potential fish areas through in-
ferred thermal mapping and plankton detection, but these activities
would not contribute toward assessing ocean food stocks.

Estimate of ERTS Economic Capabilities

From the above considerations, we estimate zero economic
benefit from an ERTS-like ERS system in this RMF.

* "Oceanography from Space", Woods Hole Oceanographic
Institution Ref. No. 65-10 (1965).
"Oceanography and Meteorology", Report No. DAC-58121,
Control No. NASA-21064, Douglas Aircraft Co., Missile
and Space Systems Division, Huntingdon Beach, California,
(1968). ~
"Final Report on the Space/Oceanographic Study". General
Electric Co., Missile and Space Division, Phila., Pa.,
(1967) .
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MONITOR TIDES AND CURRENTS IN COASTAL WATERS

Rationale for Benefits

The single most useful body of data that one could
assemble concerning an estuary system would be information from
which a realistic model of water movement could be developed
for the system.* Almost all else that occurs in the system is
controlled by circulation or is strongly related to it. The
causes of water movement, such as tides and currents, have been
delineated. The integration and correlation of the causes of
water movement in an estuarine system are complex problems
which have been adequately solved for only a very few simple
situations.

The major circulation feature of the Gulf of Mexico
is the Loop Current. This flow enters the basin as a well-
formed western~-boundary current through the Yucatan Straits.
It penetrates into the gulf to a varying latitude ‘before it
exits through the Straits of Florida. Transporting vast
amounts of heat, salt and momentum, the current significantly
affects circulation on the shelf, local fisheries, marine
transportation, and is thought to be associated with hurricane
intensification.

Federal Government Activities and Responsibilities

The National Oceanic and Atmospheric Administration
regularly makegs marine boundary surveys which consist of the
demarcation, delineation, and graphic portrayal of the high and
low water tidal basins. All NOAA vessels assigned to hydro-
graphic surveys are equipped with portable tide gages. NOAA's
data buoy system provides regular information about currents.
NOAA was allocated $2,258,000 in FY 1974 for coastal mapping
and marine boundary surveys. Additionally $356,000 is spent
on estuarine circulatory observations and predictions. Under
33 USC 883a and b, the Secretary of Commerce is authorized to
conduct tide and current observations.

Further, the Army Corps of Engineers engages in
extensive port-improvement activities (see Table 7).

*. Bowker, D.E., et al, "Correlation of ERTS Multispectral
Imagery with Suspended Matter and Chlorophyll-a in Lower
Chesapeake Bay," Symposium of Significant Results Obtained

from ERTS-I, March 1973, NASA, p. 1291.
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For this purpose, they wust have detailed information on harbor
tides and currents.

Hlon~Todexral Activities

Individual coastal states have programs for monitoring
coastal processes for the purpose of upkeep of local recreational
and commercial activities.

Functions of Remote Sensing

Satellite systems with sufficient resolution would
be able to study coastal currxents and tides on a global basis.
Such studies are possible only on local basis at present.

Economic and Technical Models for Estimating Benefits of Remote
Sensed Data

Were a satellite system to.have sufficient resolution
and sufficient freguency of coverage, predictive models for

Txble 7 Arny Corps of Engineexs Projects for Navigation Improvemsnt
v Total Eztimatel
status of Navigation Kuabar of 11.03,.“‘1 Co:t:
Inprovenent Projects Projacts $ thousaunds (1973)
Pro-Construction Planning Racuired
Plaaning Complete 13 342,471
No Pre-Constructica Planning Recuired 4 238,288
Pre-Construction Planning Underway 26 . 573,749
Pre-Cons:ruction Planning Not Started 40 1,106,345
?lanning New Starts 3 50,220
Total 5 2,101,07.

s
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mnoyameni of coastal and nearshore structures might be possilile.

With such models, mus. -«fficient preventions against erosion
would be more likely and matexials and time would be savel.

Harbos Qirculation inforwmation from remote sensing
could reduce the study activities done by the CE significantly.

An analysis of this cost-savings has not been pursued in this
reporxt.

Current ERTS Activities

Coastal circulation analyses have been used in plan-
ning sites for ocean outfalls. A “wealth” of information has
been derived on current direction and relative velocities
from variations in turbidity patterns.* An illustration of

how ERTS imagery can show river/estuarine mixing is shown in
Figure &, paye A-48.

‘.
Estimate of ERTS Economic Capabilities g
From the above considerations, we estimate zero
benefits from an ERTS-like ERS system in this area.
.

Hunter, R.E., "Distribution and Movement of Suspended
Sediment in the Gulf of Mexico off the Texas Coast," Sym-

posium of Significant Results Obtained from ERTS-1, March
1973, MASA, p. 1345.
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MONITOR THE MOVEMENT OF THE MAJOR OCEANIC CURRENTS

Rationale for Benefits

Large masses of warm and cold water are carried into
and through sea areas of different temperatures by ocean currents,
thus greatly affecting heat transfer and weather over the oceans.
The water/air interface is particularly dynamic over these
current areas. Knowledge of currents and their seasonal changes
will add greatly to long-range weather prediction models. Marine
life is carried along by these water movements, sometimes ‘an
essential part in the life cycle of sea organisms, soretimes
destructive to whcle marine comrmunities. Long distance ocean
shipping employs information on currents in routing. While
there exists genera) knowledge on current locations, not much
is known about speed and seasonal variations,

Federal Government Activities and Responsibilities

The Naval Oceanographic Office undertakes ocean surveys
by which they determine several ocean parameters, including
current direction and speed. The National Oceanic and Atmospheric
Adninistration has similar operations.

Functions of Remote Sensing

’ Again, remote sensing is particularly vo¢ aco.e for
covering areas where there is little activity, s.sn .s shipping,
taking place. Another important function of satellites involves
the use of IRLS (Interrogation, Recording, and Location Systims)
or DCP's (Data Cullection Platforms). These baoys can accom-
plish many of the activities which previously required ocean
vessels. The IRLS offers contiruous monitoring of sea conditions
and their information can be transmitted line-of-sight to
satellites.

Economic and Technical Models for Estimating Benefits
of Remote Sensed Data

It is difficult to find any direct benefits from remote-
sensed current information. As the development and cost-
efficiency of IRLS improves, satellites will be important features
for relaying data.
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Current ERTS Activities

Presently ERTS has been shown effective in measuring the
boundaries of major currents*:

1. The cyclonic edge of the Loop Current tends to cuncen-
trate surface marine algae which appears as a bright lineation
marking the edge of the current in BERTS MSS Band 6.

2. The boundary area also concentrates chlorophyll-bearing
organisms which can be observed as a shift towards the green
recognizable in MSS Band 4.

3. A third observation is the usual change in the sea state
across the boundary. It is not uncommon for the sea state to
increase from one to two meters when crossing into the current.
This increased sca state can be detected because of the higher
reflectance when white-caps are present. The total reflectance
of water with white~caps is estimated to be 270% higher than
without white-caps.

4. With the introduction of thermal infrared, currents will
be easily detected due to the changes in temperature across
current boundaries. However, temperature differences correlate
highly with chlorophyll concentration, so much of the temperature
changes can be inferred from chlorophyll measurement. (See
Figure 4)

Estimate of ERTS Economic Capabilities

We assign a value of zero to benefits for an ERTS-like ERS
system in this arec.

—

* Maul, G.A.. "Renote Sensing of Ocean Currents Using ERTS
Imagery,"” Symposium of Significant Results Obtained from
ERTS-1, Vol. I, March 1973, NASA, p. 1367,
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Figure 4 surface Temperature Trace (upper) and Surface
Chlorophyll-A Profile (lowerxr) Across the Loop Current
Front and into Key tiesu. Harbor.
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Fishing has always bevn &n ecaonomicolly marginai en-
terprise. Fishing in many parts of the world is not much dif-
ferent today than it was hundreds of years ago and, althouyh
yield per man-year has increaszd over the ycars, fishermen are
still hunting--~and not Farming~-~fish.

Most of the capitalt in a modern fishery is in vessels,
and it must be steadily enmploved to earn its rent. As vessel
investn=2nt is the large end of the business, the trick of suc-
cessful modern fishing is to cut down on iish locating and
running time as much as possible and kesp the capital (tha
vessal) on top of the fish every hour and day *hat can be
arranged.

The fishing industry is a volatile one, casily and
significantly aifected by changes in ocean parametexs such as
temperatcure, turbidity, saliaity, currents. For ocean fish
such as tuna, a change in ocean circulation may, and freguently
do=s, sinift the center of fish availability by 2,009 niles.=®
It depends on where the fishermen are as to vhethex this re-
sults in a "boom"™ or a "bust”. And, if they are cnrught in the
center of population with only two vesszls, they still have a
"busdi”.

Thus, what is imporitant about n2v information is the
extent to which it can contribute to predictive models of ocean
parameters. Fishing people are primarily interested not in
the c¢ondition of the s=2a, but in the deviation of the ocean
from a mean statec. It is known how fishing will be under cexr-
tain conditions. What noeds to be known is how those condi-
tions will be tomorrow, next day, next month, and, for capital
investment purposes, }n years to come.

Yet, not onlv is the increasing efficiency of fish
harvesting important, but so is the serious consideration of
what is the maximum sustainable yield attainable in fishery
areas. Beoasting productivity of fishing vessels jcopardizes

* Stcvenson, R.E., "The 200-bdMile Fisnhline"™, Oceans from
Space, 1969, Gulf Publishing Company, louston, p.29.
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the continued profitable life of a fishery through the threat
of overfishing, unless a strong management authority exists.
The potential for overfishing is stimulated by an economics
which offers inceative to overfish to the fisherman who has
little responsibility for management. "It is not the husband-
man wvho would kill the goose that lays the golden egg, but the
hunter."* We need information on present and future produc-
tivity of our important fisheries. So we are faced with not
only an efficiency problem, but alzo an institutional and
political problem.

Further difficulties exist. PFish protein will have
an increasingly important role as a nutritional source in the
world. Fish protein concentrate (FPC), the cheapest source of
protein available (see Table 8) in 1972, was sent to foreign
countries in order to combat malnutrition, but its use was in-
hibited in the U.S. due to Food and Drug Administration regqu-
lations that it not be sold in quantities greater than one
pound. Thus, the efficiency of production and marketing is
hurt, driving up the cost. Tastes in consumers make a pound
of protein, derived from prime blue fish tuna, three hundred
times more expensive than that derived from anchovies.**

Table 8 Amounts of Food and Costs to Provide the
Recommended Daily Supply of 70g of Protein

mw

Food Substance Weight Cost, § (1973)

Fish protein concentrate 2~-1/4 oz 0.005

Gelatin dessert 10-1/3 oz 0.41

Haddock fillet 12-4/5 oz 0.45

Eggs 17-1/2 oz 0.45

Chuck beef 12-4/5 oz 0.50

Cheddar cheese 10 0oz 0.55

Bread 40 0oz 0.63

Pork 12-4/5 o=z 1.00

Milk 4-3/4 pt 1.02

Fowl (boneless, in jar) 12-4/5 oz 1.20

* "A Report To: The President and the Congress”, The National
Advisory Committee on Oceans and Atmospvhere, First Annual
Report, June 30, 1972.

** Peruvian anchovies bring the fisherman $10/ton. Japanese
fishermen earn $3,000/ton of tuna. The protein content
per pound for the two fish is about the same.

A-28
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Fish will become an increasingly more important source
of food in the future. Animal protein necessary for efficient
meat and egg production can be provided most cheaply by fish
meal. The yield of ocean fisheries has increased in the past
20 years at a rate considerably greater than the rate of in-
crease of the human population or the rate of increase of other
food production. Demand is expected to grow. Resources are
available in the ocean to meet it. But competent management is
essential and it needs accurate and improved information to
make it competent.

Federal Government Activities and Responsibilities

The National Oceanic and Atmospheric Administration
and The Bureau of Sport Fisheries and Wildlife engage in com-
prehensive activities in this function. NOAA's MARMAP progran
contributes greatly in this area (see RMF 7.7.1). In addition,
NROAA has been allocated

® $8,435,000 for State-Federal fisheries management,

® $5,156,000 for Anadromous fisheries restoration
and enhancement,

® $2,741,000 for fishery product technology and
gear development.

The BSFW has been allocated $18,663,345 for management and im-
provement of fishery resources.

Legislation for these activities exist under the Con-
mercial Fisheries Research and Development Act of 1964 (16 USC
779a) and the Fish and Wildlife Acts of 1947 (16 USC 758a),
1949 (16 USC 7539), 1950 (16 USC 760a), and 1956 (16 USC 742).
In addition, there are the Central, Western, and South Pacific
Ocean Fisheries Resources Development Act (P.L. 92-444) and the
High Seas Fisheries Conservation Bill (HR-4760 and S-1069).

Due to the increasing complexity of fishery negotia-
tions brought about by the rapid advance of technology, the ex-
pansion of foreign deep water fishing fleets and the increase
in world-wide demand for fishery products, the United States
is required to maintain continued attention and expertise in
this area. During FY 1975, special attention will be given to
maintaining maximum protection for American fisheries interests
under existing international mechanism, pending results of the
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Law of the Sea (LOS) Confevence from which possible modifica-
tiouns from international law and fisheries jurisdiction nay
eHarg.:.

There are eight comnmissions established by interna-
tional conventions with various management authorities. Table 9
is a listing of comnissions currently active and their princi-
pal areas of concern.

Finally, the terms of 16 USC 1191-1194, October 14,
1966, established the2 contiquous fisheries zone and support
activities within the zone in return for certain preferential
rights for American fishing interests on the high seas adja-
cent to our coastal areas and for foreign abstention from
fishing for some species in certain areas. Table 10 is a list
0of 11 current bilateral agresments.
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Tahle 9

International Connissiocns for Use of the Sea

Connission

rartres

Arca of Concern

International Pagzitic
Haliopuz Conmnission

Intornational Korih
Pazrfic Fishaerxies Conxission

Intzrnational Pacific
Salron Fisheries Connissiosn

Karth Facilic Fur Seal
Conmissica

ti.e Northwest Atlaatic
Tizheriass

Intar-Aragican Trogical
Coazission

Tntzrratiornal Comaission
f9z the Conaservation of
Azlantic Tuaas

tional Whaling

Canada, .
United Statas

Canada, Japan,
Uanirved States

Canada,
United States

USSR, Javan, Carada,
Unitcet Stales

Sixtecn countries,
including
United States

Seven countirieas,
including
Uaited States

Thirteen countries,
including
Unitad States

48 countries,
including
United States

Halibut Fishery of lNorth Pacific

ard Bering Sea

Fishery Stocks of the Kozth
Pacific and Bering Sea

Sockaye and Pink Salron of the
Fraser River Systen

North Pacifiec Fur Saals

ishery Resources of Northwest
t

T
Atiantic Ocean

Yellowfin Tuna of the Eastern
Pacific

Tuna and Tuna-like Fisheries o
the Atlantic Ocean

thale Stocks of tha World.
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cable 10 @ Current American Bilateral Fishing

Agreenonis

Area of Concern

Expiration Date

Canada
Japan

Janpan

Poland

foo
o
h

Ronan

Reciprocal Pishing Agrecnant
Fisheries Agreenent

Eastera Rering Sea and Tanner Crab
Agreemant

Middle Atlantic Agreement

Fisheries in western region of niddle
Atlantic

Cooparation in fisheries
Ficheriasz Agrcement relating to gearx

conflicts in fishing operation in North
Pacific and R2ring Sca .

Middle Atlantia Agrasenant

Ecstern Bering Sea %ing and Tanner Crab
Agreenent

contiguous fishing zone

Clairs resulting from damage to fishing
vessels or gear

April 1974
Decenber 1974

Decenber 1974

June 1975

Decenber 1975

Decenber 1977

Februcary 197§

Decenber 1974

February 1975

February 1975

February 1975

Non-Federal

Activities

Various cducational institutions are studying fish-
eries management. In addition, several states provide limited
management functions and rescarch and development studies for
the iwrprovement of their fishevies.
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RMF No. 7.4.1

Functions of Remote Sensing

Remote sensing provides the possibility for improving
fish harvesting through two steps: (1) by providing correlation
data between fish catch and ocean parameters such as depth,
color, temperature, and turbidity, and (2) by providing input
for models used to predict these parameters.

If fishery catches and locations can be determined on
days of satellite overflights, we can correlate this informa-
tion with data received from space and we can find, for example,
that tuna might be found within a temperature range of 22-25°C
with a probability of "a" and within a temperature range of
11-22°C with a probability of "b". Further correlation co-
efficients can be derived for all measurable parameters and
areas of high catch probability can be determined.

In conjunction with weather data, satellite oceano-
graphic data can be utilized in forming and improving predic-
tive models of ocean parameters. It is these models which will
be of greatest value to fishermen, but such models will be
complex and currently are quite a way from attaining sufficient
accuracy for operational use.

However, such information will not be of significant
value for existing high-efficiency fisheries, such as the
menhaden fishing in the Gulf of Mexico. Remote sensing also
has very limited application to fishery management, where the
important variables are what is the existing stock and how it
is changing.

Economic and Technical Models for Estimating Benefits
of Remote Sensed Data

Estimating economic benefits accruing from satellite
data to fisheries is very difficult. There are almost no
studies which have tried to improve catch efficiency using
such data. Estimates have been made that accurate chlorophyll
and temperature mapping have the capability to reduce search

costs by 30 percent.*

* Useful Applications of Earth-Oriented Satellites: Ocean-
ography, 1969, National Academy of Sciences, National
Research Council, p.50.
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However, due to the highly competitive nature of fisheries and
the inaccessibility of their figures, no close estimate of
their search costs are available. Guesses at search costs
range anywhere from several dollars per ton of fish caught to
one~half of the price received for the fish.

The tuna industry appears to be one where remotely-
sensed information can be well-used. It has been estimated
that a 50% reduction in search time, combined with a 25% in-
crease in catch due to better information, would yield annual
cost reductions of about $12 million and a decrease in fleet
investment of $6.4 million.*

Current ERTS Activities

Several studies correlating ocean parameters obtained
from ERTS data with fish catch have proven successful. Signi-
ficant correlation has been found between menhaden fish and
salinity, water color, and depth shown on ERTS imagery.

Principal investigators in this area are

Paul M. Maughan William H. Stevensen
Earth Satellite Corp. Nat. Marine Fisheries Svc.
1747 Pennsylvania ave.NW Mississippi Test Facility
Washington, DC 20006 Bay St. Louis, MI 39520
202-233-8112 601-688~3650

Estimate of ERTS Economic Capabilities

Although it seems evident that significant benefits
will accrue to the fishing industry from ERS data, we are un-
able to assign a firm figure to these benefits. This is be-
cause operational use of ERS data has not yet been demonstra-

ted and probably will not be demonstrated until reliable ocean
parameter prediction models have been formulated.

* Norton, U.J., "Some Potential Benefits to Commercial
Fishing Through Increased Search Efficiency, A Case Study
-~ The Tuna Industry", prepared for the Geological Survey
of the U.S. Department of the Interior, January 1969.
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OPTIMIZE OCEAN PLANT FOOD HARVESTING

Rationale for Benefits

The oceans represent the largest source of protein
known to man. As compared to land yield statistics for grains
-«=1000 pounds per acre wheat, 3000 pounds per acre hay---the
comparable non-farmed annual yield of zooplankton in the Long
Island Sound is estimated to be 7800 pounds per acre.* This
does not even include vegetation, whose value is potentially
enormous. Seaweed is presently being harvested offshore
Japan and Australia, and to a small extent in the United
States. The harvest of algae such as kelp, agar, and Irish
Moss reduces the organic wasteload in coastal areas which con-
tribute to oxygen consumption and the recycle of excess phos-
phorus and nitrogen. Algae harvesting would help clean pollu-
ted waters and provide a valuable food product containing 45
to 50% protein. Alfalfa, containing only 21% protein, sells
today for $40 per ton. The observed regeneration of the har-
vested areas is extremely rapid. Some seaweeds are reported
to grow at rates of 6 inches per day. Large thickly matted
areas regrew within two weeks of cutting. Further, the in-
creased nitrogen and phosphate pollution of rivers may increase
some seaweed production many fold.**

However, consumer tastes seem to be the major drawback
in capitalizing in this area. Ocean vegetation is available
and relatively inexpensive, but the demand is small so far.

Federal Government Activities and Responsibilities

At present, there are no Federal activities specifi-
cally involving this activity.

Functions of Remote Sensing

Remote sensing could be used to monitor the health
and growth of seaweed fields and identify new areas for harvest.

* McHugh, J.L., "Estuarine Nekton", Estuaries, Washington,
DC: Publication No.83, American Association for the ad-
vancement of Science, 1967, p.597.

** Ketchum, B.H., "The Flushing of Tidal Estuaries", Estu-
aries, op.cit.
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Economic and Technical Models for Estimating Benefits

of Remote Sensed Data

At present, location of ocean vegetation pre.ents no
difficulty as such plants are so plentiful; nor does it seen
likely that over-harvesting could pose a threat to the contin-
uance of the fields.

Current ERTS Activities

ERTS has demonstrated the ability to detect chloro-
phyll-a which infers the existence of ocean vegetation.

Estimate of ERTS Economic Capabilities

Due to limited demand and great supply, there are no
likely benefits from an ERS satellite system for this function
in the near future.
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IMPROVE COASTAL ZONE MANAGEMENT

Rationale for Benefit

The coastal United States has always been a very de-
sirable zone. Its aesthetic and economic value make it an
area of intensely high, and frequently conflicting, demand.
Simply because its bounds are limited, it is a pressure
cooker. Over 70% of the population of the United States lives
within counties borde: ing the coast, and the major portion of
the industrial capacity of the Nation is located along these
same coastlines.* The ocean provides recreation, efficient
transportation, water for coolants, and a source of waste
dispersal. Every act done in this ares involves a serious
decision with difficult tradeoffs.

There is the problem of balancing conservation and
recreational uses with the equally legitimate needs for in-
creased power and port facilities. Decisions such as this
require an appreciation of the state and national interests
involved, yet they are typically being made at the local level
without due regard for the total implications of the action.

Nearshore waters are highly susceptible to pollutants,
whether direct and intentional or the result of surface and
subsurface drainage, and most of the species on which our
fisheries depend are dependent on waters of the coastal area.

A further problem is the significant erosion that affects much
of our coast (see RMI JNo. 7.5.1). The decisions to be made
are difficult ones and important ones, and better information
can go a long way toward improving these decisions.

Federal Government Activities and Responsibilities

The Coastal Zone Management Act (33 USC 1101), passed
in 1972, establishes a basis foxr a rational program of manage-
nent and conservation of land and water resources of the na-
tion's coastal areas in cooperation with the coastal states.
Twelve million dollars has been appropriated for fiscal year
1974 for the express purpose of encouraging and assisting

* United States Congress, House, Subcommittee on Ocean-
ography of the Committee on Merchant Marines and Fish-
eries, National Oceanic and Atmospheric Administration
Oversight, Hearings, 29 November 1972, p.99.
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states in the exercisc of their responsibilities in the coastal
zone through the development and implementation of management
programs. The responsibilities in this area fall to the Na-
tional Oceanic and Atmospheric Administration (NOAA). Addi-
tionally, NOAA has given $1,400,000 in sea grants for marine
socio-economic and legal research to help states in their
coastal zone management. The Army Corps of Engineers also has
responsibility for upkeep of the shoreline, mostly through
beach erosion programs.

Non=-Federal Activities

State and local governments have their own laws gov-
erning use of coastal areas. Comprehensive state laws and
agencies in this area have not existed very long and many
states still do not have adequate management functions. How-
ever, recent improvements have been made, largely tanruugh the
support and funding provided by the Coastal Zone Management
Act.

Functions of Remote Sensing

Remote sensing provides activities which have great
use to coastal zone managers. Monito-ing currents and tides
yield information useful for planning waste disposal systems
and predicting and planning for shore erosion. Significantly,
satellites provide the possibility of continuous monitoring of
land usage changes and waste disposal, and surveillance for
enforcing legislation.

Economir and Technical Models for Estimating Benefits

The New Jersey Department of Environmental Protection
has estimated benefits accruing from ERTS-1 to aiding in their
management functions. These benefits have come in improved
surveillance and coat reducticn. The New Jersey DEP estimates
$195,000 annually in these areas.* 1n trying to arrive at po-
tential national benefits in this area, we wish to find other
regions similar in population and shoreline. With reference
to Figure 5, we identify three such similar areas:

* “application of ERTS Data to the Regulation, Protection,
and Management of New Jersey's Coastal Environment---An
Extension of SR-304 ERTS-1 Investigation”, New Jersey
Department of Environmental Protection and Earth Satel-
lite Corporation, June 1974.
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Massachusatts-~~-Rhode Island
New York
Los angales---San Diego?®

Obviously, there are many other smaller areas than thoge used
here witn sinmilar situations to that of MNew Jersey. Ir oxder
to ke=p ostimates consistent, and oa the conservative side, we
limit our extrapolation te these three areas. Agencies with
eqgqual jurisdiction and authority to New Jersey DEP may not yet
exist in thesa other regions, but it is likely that they are
soon to arise, given the increasing need for coastal zone reg-
ulation, and given the stimulus provided nationally through
the Coastal Zone i'anaw.ement Act.

Current ERTS Activities

T"he New Jersey Department of Environmental Protection
has authority to coatrol major developrment within the coastal
arza of law Jersev. Enforccment of their regulations must
d2al with two kasic situations:

1. itonitoring authorized developnment
projects to insure compliance with
permit conditions.

2. pP3tecting clandestine or unauthor-
ized majer land use modifications.

The N2w Jersey DED has previously used aircraft photograplhy
« :d4 ground inspectors, however, this was not a satisfactory
method for broad coastal coveragz. "Comparison of ERTS images

* Coastal counties of New Jersey: population, 4,041,000;
shoreline, 1732 niles;
Coastul counties of New York: population, 11,574,000;
shoreline, 1850 mniles;
Coastal countizs of Massachusetts--—-Rhode I: 'and: popu-
lation, 4,326,000; shoreline, 1903 miles;
Coastal counties of Los Angeles---San Diego: population,
10,439,000; shoreline, 1,100 miles;
Source: World Atlas and Gazeteer, C.S.Hammond & Co., 1966,
and U.S.Bureau of the Census, U.L.Census of Population,
1970, Part A.
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for the period 10 October 1972 through 7 July 1973 have de-
tected 276 changes. These changes are plotted on 1:24,000
scale photo maps, which are used to guide field inspectors.
We have successfully detected changes as small as 2-3 acres."*

Estimate of ERTS Economic Capabilities

Extrapolating from information submitted by New Jersey
DEP to the three before-mentioned areas, we arrive at an esti-
mate of 4 X $195,000 = $780,000 annually for this RMF area.
It should be pointed out that this extrapolation is a vecry
"loose"™ procedure; however, we have tried to keep it conser-
vative enough to insure reasonable accuracy. We will use

benefits cited by N.J.D.E.P. as a lower bound for our
estimation.

Annual Benefits: $780,000
Increased Capability: ($.19 - .78 million)

* Mairs, et al, "Application of ERTS-1 Data to the Protec-
tion and Management of New Jersey's Coastal Environment",
Earth Satellite Corporation and New Jersey Department of
Environmental Protection, Ninth International Symposium on
Remote Sensing of Environment, April 1974, Environmental
Research Institute of Michigan.
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OPTIMIZE OCEAN SHIPPING ROUTES

Rationale for Benefits

Improved shipping routes could yield a higher return
on investment for ship owners due to decreased crossing times
and hence an increased amount of shipping destinations over
time (increased utilization/time). To the purchaser of this
service improved routing could mean lower costs and reduced
transport time. Superior routes could also lead to a reduction
of ocean accidents, saving raw materials and lives.

Federal Government Activities and Responsibilities

The Department of Navy ané the National Oceanic anad
Atmospheric Administration are responsible for maintaining and
updating information which are of use in navigation.

Non-Federal Activities

Other national governments and private shipping firms
support activities which aid in ship routing.

Functions of Remote Sensing

Remote sensing has impact here in two areas: improved
mapping and current detection. Ships frequently have to avoid
uncertain areas, thus increasing costs. Satellite imagery
offers an inexpensive way to map these areas and keep updated
on areas whose conditions are in constant flux, in a way that
would not otherwise be possible for shipping purposes. Satel-
lite imagery would be quite useful because knowledge of the
entire ocean topography is not necessary; only shallow areas
(accessible from satellite) need be mapped. Current detection
is another area where remote sensing would be of use. Al-
though the major currents are generally known, changes in them
have not been recorded; satellite imagery affords a means for
recording these changes.

Economic and Technical Models for Estimating Benefits
of Remote Sensed Data

Benefits from satellite data can be determined by
finding how much shipping time has been saved from improved
maps, multiplying by the variable cost per shipping hour and
subtracting user cost. However, this calculation is very dif-
ficult at present for several reasons. One, there are few
areas of major shipping routes where ships detour large dis-
tances because of uncertain conditions. There are, however,
many short detours made for this reason. But, summing up all
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these detours would be a formidable task. Second, it is not
known how many of these areas would prove accessible to satel-
lite mapping due to poor water penetration. Only in some seas,
such as the Carribbean, is the water clear and the bottom high-
ly reflective. Further, in only some of the waters chartable
by satellite will there be sufficient depth for ships to avoid
detours. Estimates of benefit in this area are, therefore,
impossible to predetermine.*

Current ERTS Activities

Presently, ERTS has been shown to be able to measure
bottom depth up to 17 meters (see RMF No. 7.1.1). Current
location detection has also been demonstrated with ERTS
imagery (see RMF No. 7.3.2).

Estimate of ERTS Economic Capabilities

Although an ERTS-like ERS system will provide benefits
in this area, they are presently unquantifiable. This is due
to the fact that one cannot predict what areas such a system
will show to be navigable. Also, an ERTS-like satellite sys-
tem will be significant in ocean routing as new, presently
little-traveled, waters come into use.

* Considerable benefits accrue in ocean shipping from
monitoring other parameters, such as sea state. Such
sensing requires advanced equipment, particularly active
microwave sensors found in the proposed SEASAT satellite
system. For an in-depth analysis of benefits in this
area, refer to "SEASAT Economic Assessment,” a report
prepared for NASA by ECON, Inc. under Contract
NASW-2558, October 1974.
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RMF No. 7.5.1
IMPROVE SHORELINE PROTECTION PROGRAMS

Rationale for Benefits

Shorelines provide unique areas for recreation and
habitation in the United States. Ocean marshlands are complex
ecozones, supporting a wealth of species frequently not found
in any other area. Almost one-half.of our population utilizes
beaches for recreation annually. The shorelines also provide
homes for #ndividuals and businesses.

However, the existence of these important areas is
threatcaned. "Critical®™ erosion exists on 2,700 of our 37,000
miles of shoreline; two-thirds of this area is privately owned
and all of it is under extensive development. “Significant"
erosion affects over 40% of our total shoreline. 1Ironically,
much of this erosion is traceable to man-made developments.*

Federal Government Activities and Responsibilities

The United States Army Corps of Engineers is the pri-
mary agency active in this area (see Table 14). ‘They are
called in, usually by state agencies, to study and design
features to impede erosion. Comprehensive legislation for
this activity is contained in the Coastal Zone Management Act,
33 USC 1101.

Non-Federal Activities

States request the assistance of the Corps of Engi-=

neers and frequently they partially fund work done by the Corps.

Local authorities also engage in limited protection activities.

Functions of Remote Sensing

Remote sensing provides the possibility for frequent
study of coastal currents, nearshore features and littoral

* “Critical"®” erosion is that where action to stop it is
felt justified in the light of economic, safety, demo-
grapnie, or ecological factors. "Significant" erosion is

" undesirable but efforts to arrest it may not be justified
in these terms. "Report on the National Shoreline Study",
Department of Army, Corps of Engineers, August 1971.
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changes, such as beach ercsion. Such information can guide
the placement, or lack of it, and design of structures used to
impede erosion and can determine the effectiveness of such
structures.

Economic and Technical Models for Estimating Benefits
of Remote Sensed Data

The New Jersey Department of Environmental Protection
has determined that ERTS-1 information has provided annual
benefits of $75,000 to New Jersey's shore protection program
in the areas of "processes/analyses"” and “funds allocations".*
Because of similar shoreline type, we feel that similar bene-
fits can be extrapolated to the Boston---Cape Cod area.**
Clearly, other areas of the entire United States Atlantic
coast, whose shore is also sandy, could also benefit from ERTS
information to about the same degree as New Jersey. But, be-
cause similar studies have not been made for other areas, we
conservatively limit our extrapolation to the Massachusetts
area. We will not extrapolate to the West Coast, where the shore
is largely rocky.

Current ERTS Activities

Very much information about nearshore current patterns
has been derived from ERTS~1 imagery.*** To a limited extent,
detection of changes in shorelines due to littoral processes
has also been demonstrated from ERTS-1l.**** paApnd, although
the New Jersey Department of Environmental Protection has

*"application of ERTS Data to the Regulation, Protection,
and Management of New Jersey's Ccastal Environment---An
Extension of SR-304 ERTS-1 Investigation", New Jersey
Department of Environmental Protection and Earth Satel-
lite Corporation, June 1974.

*xMassachusetts and New Jersey have shorelines of about
equal length, 1,519 miles and 1,792 miles, respectively.

#**Hunter, R.E., "Distribution and Movement of Suspended
Sediment in the Gulf of Mexico off the Texas Coast”,
symposium of Significant Results Obtained from ERTS-1,
March 1973, NASA, p.1345.

*x**S]laughter, T.H., "Ceasonal Changes of Littoral Transport
and Beach Width and Resulting Effect on Protective Struc-

tures”, ibid.
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found ERTS-1 data to be quite useful, the Army Corps of Engin-

eers has not demonstrated ERTS imagery to be of great value for
their purposes. They cite a need for higher resolution (up to

50 meters) and greater water penetration, which could be accom-
plished with the addition of a blue wavelength band to the MSS

imagerx.*

Principal investigators in this area are:

Dennis W. Berg

Engineering Development Division

Army Coastal Engineering Research Center
5201 Little Falls Road, NW

Washington, DC 20016

202-325-7125

Paul R. Carlson

United States Geological Survey
345 Middlefield Road

Menlo Park, CA 94025
415-323-2612

Douglas M. Pirie

San Francisco District

Unitel States Army Corps of Engineers
100 McAllister Street

San Francisco, CA 94102

415-556-5370

Fred H. Ruggles
Uu.s.G.S5., W.R.D.
P. 0. Box 715
Hartford, CT 06607
203-244-2528

Estimate of ERTS Economic Capabilities

From information supplied by the New Jersey Department
of Environmental Protection and from using a very conservative
extrapolation, we estimate benefits of $150,000 annually in
this area. The N.J.D.E.P. estimate for New Jersey is the lower
bound. )

Annual Benefit:

Increased Capability: $.07 - .15 million

* Miller, G.H. and Berg, D.W., “"An ERTS~-1 Study of Coastal
features on the North Carolina Coast", United States Army
Corps of Engineers, Coastal Engineering Research Center,
October 1973.
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RMF No. 7.5.2
CONTROL OCEAN POLLUTION

Rationale for Benefits

Ocean water contamination has effects with which we
are all familiar, the most obvious of which is unusable
beaches. Yet, besides the loss of recreation area, pollution
hurts marine life production. For example, in 1969, one-fifth
of the Nation's ten million acres of shellfish beds were closed
due to contamination~--a loss of 63 million dollars.* Organic
waste pollution increases the growth of certain algae. Such
expanded growth dramatically inhibits the productivity of phy-
toplankton, on which fish populations feed. The same inverse
relation also holds true for thermal pollution. The United
States Environmental Protection Agency estimates that 13,055,000
fish were killed in 1972 due to water pollution.** Most of the
species on which commercial or recreational fishing industries
depend are dependent on the waters, wetlands, and bottoms of
the coastal margin---those .areas most susceptible to pollution.
On the other hand, according to some, suspended sedinent cur-
rently is the most serious and detrimental pollutant in all
water bodies. It is estimated that newly developing areas may
produce as much as 20,000-30,000 times more sediment than nat-
ural undisturbed areas.***

Federal Government Activities and Responsibilities

The Environmental Protection Agency and the Coast
Guard through the Federal Water Pollution Control Act (33 USC
1151), and the Department of Commerce, through the Marine Pro-
tection, Research, and Sanctuaries Act (P.L. 93-254), are man-
dat :d to monitor and survey the quality of United States
coastal waters. Under 33 USC 1151, the EPA is to utilize the
rescurces of NASA, NOAA, USGS, and USCG. In this surveillance,
NOAA is to spend $4,455,000 in FY 1974 for the purpose of
studying "Marine Ecosystems".

* Council on Environmental Quality, 1970. Ocean Dumping—--
A National Policy. Washington, DC.

** United States Environmental Protection Agency, Water
Quality Office, Pollution-Caused Fish Kills, Annual 1972.

**%* "Epnvironmental Curren:.s, 1972, Environmental Science and
Technology, Vol.6, No.1l2, p.965.
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Non-Federal Activities

State and local governments also have laws and engage
in activities trying to inhibit ocean contamination.

Functions of Remote Sensing

Satellite imagery provides the opportunity for finding
sources of pollution. Regvlar overflights can keep track of
both the pollution source and also the movement of pollutants,
thus enabling better enforcement of laws prohibiting illegal
pollution and better planning of waste disposal areas, so that
the waste can be optimally dispersed.

Economic and Technical Models for Estimating Benefits
of Remote Sensed Data

The New Jersey Department of Environmental Protection
has identified several areas, falling within this RMF, in which
ERTS imagery has been of benefit. For waste disposal monitor-
ing, they have assigned an annual benefit of $50,000; for waste
disposal site recommendations, annual benefit of $300,000; for
circulation analysis, one-time benefit of $200,000; and for
ocean outfall placement, one-time benefit of $2,500,000.

Using the same procedure outlined in RMF No. 7.4.3,
we extrapolate these state benefits to national benefits by
identifying similar areas in which the same benefits could
potentially exist. 1In 7.4.3, we found three areas sufficiently
similar in size and population to warrant extrapolation.

Cirrent ZRTS Activities

ERTS-1 imagery clearly shows approved dumps of waste
in the New York Bight (see Figure 1) and illustrates the rou-
tine operational use of similar imagery to monitor the location
of barge dumps to assure compliance with regulations and aid in
selecting new dump sites. Turbidity patterns shown in ERTS-1
imagery of the Delaware Bay (see Figure 6) indicate specific
areas where confluence of currents could result in concentra-
tion or dispersal of dumped waste. In the Osaka Bay, Japan,
ERTS-1 imagery has shown that dumped wastes do not disperse
rapidly,but rimain as a stationary or moving mass of water,
which is ideal for monitoring, even at .only eighteen-day in-
tervals. ERTS has demonstrated the ability to detect acid-
wastes, sewage sludge, suspended sediment and surface oils.
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Figure 6 Turbidity Patterns in Delaware Bay
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Principal investigators in this area are:

Andre Fontance

Institute Francais du Petrole
4 Avenue de Bois-Preau

92 Rue Il-Malmaison

France

Kantaro Watanabe
Kyoto Gakuen University
Kyoto, Japan

C. T. Wezernak and N. Rolen

Environmental Research Institute of Michigan
Ann Arbor, Michigan

Estimate of ERTS Economic Capabilities

From the above analysis, we estimate economic benefits
of an ERTS-like ERS satellite system in this RMF to be
4 X $350,009 = $1,400,000 annually, plus 4 X $2,700,000 =
$10,800,000 one-time, "annualized" to $1,080,000. The
N.J.D.E.P. estimate for New Jersey will be used as a lower
bound estimate.
Annual Benefits:

Increased Capability: .62 - 2.5 million
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RMF No. 7.5.3
MONITOR OIL SLICKS

Rationale for Benefits

Approximately 60% of the world crude o0il production is
transported over the oceans; over 2 million tons are spilled
annually. Despite spill cleanup costs from representative in-
cidents like Santa Barbara and San Francisco of $4.5 million or
$4.0 million, only a small percentage was recovered and pre-
vented from inflicting damage to beaches and the marine ecol-
ogy. Detection of the spills before they reach shore is the
only way to veduce enormous environmental losses because o0il
can only be recovered while it is still on top of the water.
The sooner a slick is detected, the more damage can be avoid-
ed; also, the more likely that the offender(s) can be piovse-
cuted.

Federal Government Activities and Responsibilities

Under the Federal Water Pollution Control Act (33 USC
1151), the Environmental Protection Agency and the Coast Guard
have responsibility for monitoring coastal and near-coastal
water for oil spills. The Coast Guard began an oil spill sur-
veillance program in the summer of 1973. Surveillance is per-
formed by six HU-16 aircraft which provide bi-weekly coverage
of part of the United States coastal waterways and weekly
coverage of the Great Lakes.

Non-Federal Activities

State and local governments keep up general ocean
pollution surveillance programs.

Functions of Remote Sensing

Remote sensing could provide frequent coverage of
coastal areas and a satellite equipped with an adequate imaging
system could survey waters and detect oil spills with great
accuracy. The range of the satellite is greater than that
available through ships and aircraft.

Economic and Technical Models for Estimating Benefits
of Remote Sensed Data

The Coast Guard covers areas of the ocean coast twice
weekly and most of the Great Lakes coast once weekly. Areas
of coverage on the ocean coast include from Portland, Maine,
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to North Carolina for about 1,000 miles; Southern Florida,
about 300 miles; and California from San Francisco south,
about 500 miles.* Total ocean coast coverage is about 1,800
miles. Total Great Lakes coast coverage is about 1,500 niles.
Area of coverage is to 12 miles offshore, with areas to 50
miles offshore surveyed about every 3 weeks. The ocean coast
(12 miles offshore) is covered 100 times a year (twice weekly).
This yields a figure of 1,800 x 12 x 100 = 2,160,000 square
miles ocean coastal coverage per year. The Great Lakes coast
is covered 50 times a year. This yields a figure of 1,500 x
12 x 50 = 900,000 square miles Great Lakes coastal coverage
per vyear. In addition, an added 38 miles offshore is covered
about once every 3 weeks or 16 times a year for a total addi~
tional figure of 3,300 (total coastal miles) x 38 x 10 =
2,006,000 for a total coastal coverage of 5,066,000 square
miles per year.

This figure bears up reasonably well with dividing the
Coast Guard's total budget for this activity; $2.68 million,
by their rental cost per hour, $404.31** charged to those who
wish to have them survey specified areas, yielding 6,770 f iyt
hours per year. Their aircraft (HU~16 Albatross) fly a. a
speed of 125 knots or about 140 miles per hour. It take  two
passes to cover the l2-mile offshore zone, so each pass covers
a 6-mile swath 6 miles x 140 miles per hour = 840 square miles
per hour. Eight-hundred forty x 6,700 flight hours per year =
5,628,000 sguare miles., This figure compares closely with
5,066,000 estimated above, particularly considering that the
$2.68 million probably includes some overhead. We divide this
5,628,000 square miles into the yearly budget to arrive at an
estimate of average cost per square mile of $.476.

Of this 5,066,000,*** a satellite such as ERTS, in an
18~day cycle, can cover the 3,300 total coastal miles 20 times,

* Personal conversation, Lt. Bailey, United States Coast
Guard Murine Environmental Protec:ion, 16 August 1974,

** pPersonal conversation, Ibid.

*** We will use this figure as our estimace of total square
miles covered. We divided the budget by 5,628,000 <quare
miles in order to s.ay on the conservative side and to
average out the overhead cost.
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or 3,300 x 12 x 20 = 792,000 sqaare miles, in o>ne year. This
is all the weekly and bi-weekly coverage that an ERTS-like
system can accomplish with equal capability. A satellite with
an 18-day cycle can also achieve all of the 38-mile zone addi-
tionally which is covered every three weeks; this is an added
2,006,000 square miles which Coast Guard aircvaft is freed
from. Thus, we arrive at a total satellite potential, equal-
capability coverage of 2,798,000 square miies.

At aircraft cos“s previously estimated to be $.476 per
square mile, this coverage would cost $1,332,000. At average
ERTS image processing costs of $.194 per square mile,* marginal
expenditure using an E.L.S-like satellite would be $543,000.

We, thus, arrive at an eguval~capability net benetii{ of $788,000
to an ERTS-1liie system. However, if we assume a J}ss of 30%
due to cloud cover, our net benefit figure drops Lo $552,000
with a coverage of 1,959,000 square miles annually. The shaded
region A in Figure 6 represents this equali-cap-bilities bene-
fit. We will conservatively assume no ioss of aircraft cover-
age due to cloud cover because of the flexibility of aircraft.

Turning to equal-budget analysis, which is particu-
larly applicable in this case, the equal budget partially being
used to "necessarily” fill in holes in satellite imagery due
to cloud cover, we have as benefit from remote sensing not only
Area A (=Area B), but also Area C. Using the formula for an
equal-budget (unitary elasticity) dcmand curve PQ = k - 932,000
PQ = k = 932,000

b b
Area B + Area C I P4Q = k I 42 - x 1n 4.3]
a a

Qo 1.96

932,000 x 1ln 2.45 = 932,000 x .90

839,000

C = 839,000 - B 839,000 ~ 553,000 = 287,000

We thus have a total net benefit of $552,000 {equal capability)
+ $287,000 (increased capabilities) = $2539,000 annually.

* "The Role of ERTS in the Establishment and Updating of a
Nationwide Land Cover Information System" (Draft), ECON
Report prepared for NASA, 5 August 1974, ITI-19.
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Current ERTS Activities

There have been some studies of o0il detection, both
fish and mineral, but for the purpose of this RMF, it seems
that higher resolution and a thermal infrared image would be
necessary for accurate o0il spill detection.

Estimate of ERTS Economic Capabilities

From the above analyses, we feel that a potential
annual benefit of $839,000 is attainable through an ERTS-1like
system with improved resolution and a thermal IR band added.

Annual Benefit:
Equal Capability: .55 million

Increased Capability: .28 million



RMF No. 7.6.1
REDUCE OCEAN RESOURCES LOSSES DUE TO MAN-MADE CHANGES

Rationale for Benefits

Changes in shoreline structure and composition signi-
ficantly influence the marine life and other coastal processes.
Vital estuarine areas have been destroyed or degraded in the
past at a rate of about 1% annually (250,000 acres) .* Ocean
pollution from construction and waste disposal also pose great
threats to marine ecosystems (see RMF No. 7.5.2).

Federal Government Activities and Responsibilities

The National Atmospheric and Oceaniz Administration
has been allocated funds for this function in two areas:
$5,556,000 has been allocated in FY-1974 for ecological in-
vestigations to understand man-induced changes in environment
and to develop actions to reduce or eliminate losses of marine
animals due to these changes; $1,801,000 has been allocated to
NOAA for environmental impact analysis to ascertain the envir-
onmental and economic effects of proposed projects, to develop
recommendations to conserve and protect fishery resources, and
to follow up with investigations of the effectiveness of their
recommendations. MNOAA's responsibility in this area is con-
tained in the Fish and Wildlife Coordination Act of 1958, the
National Environmental Policy Act of 1969, the Marine Pro-
tection and Sanctuaries Act of 1972, and the Federal Water
Pollution Control Act of 1972, as amended.

Functions of Remote Sensing

Satellite sensing offers an opportunity for frequent
coverage of areas whose structure needs to be monitored. The
most common example would be beach erosion~preventive struc-
tures. It is necessary to assess the effects such structures
have in order to determine their effectiveness and also to be
advised as to possible adverse environmental effects. Actual
marine resource losses could only be inferred, but preventive
measures could be taken when the situation appears potentially
destructive to marine life.

* United States Congress, House Committee on Appropriations.
Hearings of Departments of State, Justice, and Commerce,
The Judiciary and Related Agencies Appropriation for 1975,
93rd Congress, p.670.

e
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Economic _and Technical Models for Estimating Benefits

of Remote Sensed Data

It is not likely that remote sensed data would be
useful in forewarning as to ecosystem damage, except in areas
in which there is little economic activity. In such areas, it
would be very difficult to assign monetary benefit to prevented
losses.

Current ERTS Activities

Beach erosion studies are being undertaken using
ERTS-1 imagery. However, the Army Corps of Engineers has
found that ERTS-1 does not provide sufficient resolution to
be of significant value in this area.

Estimate of ERTS Economic Capabilities

From the above, we estimate that an ERTS-like ERS
system will offer zero quantifiable benefits in this area.
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EARLY WARNING OF OCEANIC AND COASTAL AREA DISASTERS

Rationale for Benefits

Hurricanes, tsunami (tidal waves), and large coastal
storms are weather phenomena of unusual severity. They pose a
significant threat to life and property, often with a short
lead time for predictions, warnings, and public response.
Timely accurate forecasts and advance warnings of these po-
tential natural disasters allow the public to take actions to
protect life and property.

Federal Government Activities and Responsibilities

The National Oceanic and Atmospheric Administration
has a public forecast and warning services program to which
there has been allocated $37.4 million in FY 1974. Of this,
$5.2 million goes specifically for hurricane and tornado
warning services.

Non-Federal Activities

Most non-federal activity involves public preparedness
programs, under the support and guidance of NOAA.

Functions of Remote Sensing

Satellite sensing provides unique, synoptic ability
for forewarning of ocean storms. Satellites used by NOAA are
used to detect and chart hurricanes hundreds of miles from the
United States, allowing maximum time for disaster-preparation
activities on land.

Economic and Technocal Models for Estimating Benefits
of Remote Sensed Data

Due to its 18-day cycle, ERTS does not provide the
continuous monitoring necessary for this RMF. Therefore, we
will not go into constructing models to measure benefits.
Instead, we refer the reader to reports on SEASAT, SEOS,
NIMBUS, GOES, and NOAA satellites.

Current ERTS Activities

To date, ERTS-1 has not been used in this area.
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Estimate of ERTS Economic Capabilities

From the above considerations, we attribute zero
benefits from an ERTS-like ERS System in this area.

A-58
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RESEARCH ON OCEAN PARAMETERS

Rationale for Benefits

As most everyone knows, the oceans cover three-
quarters of the surface of the earth. They have a tremendous
impact on our weather. Storms come and go at sea sometimes
having no effect, and sometimes severe effects, on land. Only
tornadoes and earthguakes match the destructive capabilities of
hurricanes and severe coastal storms. As has been mentioned
earlier (RMF No. 7.1.3), the heat exchange occurring at the
water/ice interface in the Arctic may be one of the most in-
portant effects in the climate of the Northern Hemisphere.*
The dynamic moisture and heat exchange at the water/air inter-
face affects humidity, clouds, air temperature, and pressure
zones. Currents, tides, waves, and winds can all feed off
each other.

Changes in thermal, salinity, and turbidity contours
govern the distribution and availability of fish and other
living marine resources. There is room for vast cost reduc-
tions to the fishing industries if these parameters can be
predicted. Chlorophyll measurement is a prime indicator of
plankton. According to Yokto,** satellite monitoring of plank-
ton production "could be considered equivalent to a gauge pro-
viding information on life-support systems aboard spacecraft."

Measurement and monitoring of these parameters will
lead to the development of predictive models which can have
tremendous impact on weather prediction improvement, ocean
shipping, and ocean food harvesting.

Federal Government Activities and Responsibilities

Both the Naval Oceanographic Office and National
Oceanic and Atmospheric Administration have fleets patrolling
and surveying ocean parameters. The National Marine Fisherx.es
Service also does a limited amount of fishery-significant ocean
parametric measurement and prediction (see RMF No. 7.8.2).

* Committee on Polar Research, 1970: Polar Research, A Sur-
vey, National Research Council, National Academy of Sci-
ence, Weshington, DC.

% Yokto, H.J., 1972. "The Case for Ocean Color", Fourth
Annual Earth Resources Program Review, Houston, Texas.
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Functions of Remote Sensing

Remote sensing has three important functions which
cannot be provided via other means:

1. Measurement from ships provides discreet
sampling from which the condition or
surrounding water can be inferred. Sat-
ellite imagery offers continuous contours
which are essential to complete predictive
models.

2. Satellite sensing offers the possibility for
gathering information far beyond the range
of present ship and aircraft survey progranms.
This includes not only the middle of the
oceans, about which little is known and
about which much must be known for long-
range forecasts, but also ice areas whose
environmental importance has already been
mentioned.

3. Satellites allow for the use of ocean-
moritoring buoys for continuous monitoring
of these parameters. These buoys such as
IRLS (Interrogation, Recording, and Location
Systean) and DCPs (Data Collection Platforms)
use line-of-sight transmission and must in-
volve the use of satellites or aircraft.

Economic and Technical Models for Estimating Benefits
of Remote Sensed Data

As is usually the case with research, the benefits
are freguently enormous, and yet, because application is so
distant, they are very difficult to quantify. Estimates of
dollar benefits to be derived from improved and longer-range
marine environmental prediction services range from $600
million* to $2 billion** annually.

* Cost-Benefits for a National Data Buoy System, an essay,
Travelers Research Center, October 1967, Prepared under
Coast Guard Contract TCG-16790-A.

** Economic Benefits from Oceanographic Research, National
Academy of Sciences - National Research Council, Publi-
cation 1228, 1964.
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Current ERTS Activities

ERTS has demonstrated ability at current location de-
tection, limited current speed measurement using icebergs,
water turbidity measurement, relative temperature and salinity
measurement, chlorophyll content measurement, and some water
depth measurement.

Estimate of ERTS Economic Capabilities

Although considerable potential benefit exists from
an ERTS-like ERS system, we feel this benefit is presently
unquantifiable.

61
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RUSEARCHE ON LESTUARINE ECOLOGY

Rationale for Benefits

Estuarizs arce complex and delicate ecozones whose
balance can easily be destroyed. Estuarine areas are a neces-
sary link in the life cycle of aboubt 66% of our fish and shell-
£ish and these vital areas have baen destroyed or degraded in
the past at a rate of 1% annually (250,000 acres).* Tenpera-
ture and salinity, whose guantities change in estuaries as a
result of tides, land water runoff, and river mouth discharge,
are critical environmzntal factors, especially to spatially
fixed species. The danger and possible control of thermal
pollution, ¢generally resulting from injection of water used
for industrial cooling purposes, are now being studied. Oxygen
content, therefore, is a major parameter and is considered to
be an index of the "hezlth of the estuary". Extensive losses
of bottom dwelling life have been recorded when, due to the
injectioa 9f organic materials from heavy water runoff follow-
ing storms, the dissolved oxygen content on the bottom has
approachaed zevro. The same result can be produced by bottom
Elora anrd fauna which can deprive economically more desirable
specles of the available oxygen.

Because estuaries provide close access to inexpensive
ocean shipping, close access to fish areas, and wvater for cool-
ing and waste disposal purpose, they are economically attrac-
tive locations Ffor industry centers. Seven of the 10 largest
metropolitan arcas in the world border on estuaries, In this
counitry, about one-third of the population lives and works
ncar an estuarine habitat (see Figure 7).

However, because estuarine areas are so desirable and
because they are nearly-closed biological communities, their
future living marine rcsource and aesthetic values are threat-
ened. fThe recrecational value of some areas have become zevo.
There is evidence, albeit inconclusive, that man has seriously
impaired najor fishing values, at least in certain estuaries.
f{t is reported that, for example, in the Delawvare River estuary,

* yUnited States Cougress, House Committe. on Appropriations
Hecuarings on 1975 Appropriations for the Departments of
State, Justice, and Commerce, the Judiciary, and Related
Agencies, 93rd Conygress, p.670.
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RMF No. 7.8.2

the total fin fish catch is currently less than 10% of its
level in 1900.*

Because of their threatened value, we need more in-
formation about the structure, content, and dynamic processes
of estuaries, in order to evaluate the effect of present and
future estuarine activities. This information is also impor-
tant for possible regeneration of degraded estuarine areas.

Federal Government Activities and Responsibilities

The National Oceanic and Atmospheric Administration
partakes in much research which aids in our ability to under-
stand and use our ocean environment. In FY 1974, $6,495,000
was allocated for biological investigations, Under this ac-
tivity, research is directed toward understanding the basic
requirements for life of commercial and recreational f£ish and
shellfish. Pisheries biological investigations are aimed at
the following: (1) to determine the population dynamics and
life histories of marine and anadromous species of sport and
commercial importance; (2) to identify the physiological pro-
cesses of these animals and to ascertain their environmental
requirements for reproduction, growth, and survival; (3] to
describe behavior of commexrcial and recreational species in
relation to each other, to their environment, and to the fish-
ing gear used to catch them; and (4) to identify and enumer-
ate the animal and plant histories of mariu.e and anadromous
species of sport and commercial importance.

Also, $1,360,000 has been allocated for aquaculture
research and technology. §$3,800,000 of Sea Grants has been
allocated for marine environmental research and $4,600,000
for marine resources development.

Functions of Remote Sensing

Remote sensing provides a means for monitoring estu-
arine water circulation to aid in assessing waste disposal
methods. Water circulation stu ly can point toward areas where
protective shoreline structures might be beneficial. Satellite
imagery with sufficient resoluntion may even be able to monitor

* Egtimates provided in: Federal Water Pollution Control
Administration, Delaware Estuary Compreher :ive Study,
1966.
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the coastal erosion itself. Measuring chlorophyll will be an

"indicator of the biological "“health" of the estuariei. Temp-

erature of the waters can also be monitored.

Economic and Technical Models for Estimating Benefits

of Remote Sensed Data

Once again, benefits accruing from research are not
sufficiently operational to permit quantification.

Current ERTS 2ctivities

ERTS~-1 imagery has shown significant capability in
this area. Turbidity patterns prcvide much information as to
circulations in the estuaries. Wastes can be detected an:
folloved as they disperse, move inshore or offshore. Thers
have been studies showing the success and accuracy of chloro~
phyll measurement. Addition of a thermal IR wavelength seasor
would provide the necessary temperature information.

Estimate of ERTS Economic Capabilities

From the above considerations, we estimate zero quan-
tifiable benefits from an ERTS~like ERS system, although we
recognize many benefits which are not yet operational.
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AID IN ENFORCING NATIONAL AND INTSRNATIONAL REGULATIONS AND
AGREEMENTS

Rationale for Benefits

Foreign fishing vessels pose the threat of overfishing
some of our own fisheries. They cannot be mancged and re-
strained by agreements among the fishing vessel owners. For-
eign fisling is even subsidized, a luxury not arferded to our
own fishermen. As continental shelf drilling ani nining be-
come more important, such enforcement willi come increasingly
into play. We alsoc need to enforce waste dispor.l regulations
for the protection of our covastal waters and beaches.

Federal Government Activities and Responsibilities

The United States Coast Guard is the major coastal
water enforcement agency. The Department of Navy and the
National Oceanic and Atmospheric Adm:aistration ships also
aid in this enforcement.

Functions of Remote Sensing

Satellite sensors would be capable of monitoring for
detection of o0il spills, illegal ocean dumping and other waste
disposal, and detecting illegal fishing vessels.

Economic and Technical Models for Estimating Benefits
of Remote Sensed Data

Benefits from an ERS system for enforcemeat can be
estimated by summing the fines and damage awards coming di-
rectly from remote sensing of illegal activity. Further bene-
fit is derived from decreased incidence of total violations
which result from increased probability of apprehension.

Current ERTS Activities

ERTS imagery has identified dumped wastes and has de-
tected some oil spills. ERTS has not demonstrated sufficient
resolution to spot illegal fishing vessels.

Estimate of ERTS Economic Capabilities

Benefits in this area have not yet been demonstrel=24,
although it seems likely that some will be shown in the ne¢ar
future.

[E 7SI
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AID IN DESIGNYNG LEGISLATIVE CONTROLS AND ADMINISTRATIVE
PROCEDURES

Rationale for Benefits

Pointing out areas where regulation is needed to pre-
serve the aesthetic or economic value of an avea is a highly
useful activity. Surely some of our woters and beaches have
been protected from ruination by needed legislation and en-
forcement. Yet, there is the possibility that “environmental
zealots™ can force through legislation which is too restrictive
in areas wliere there is not need for such regulation. Adequate
information is necessary to assess the values of arguments pro-
posed by partisan sides.

Federal Government Activities and Responsibilities

The whole ;- ' 'se of government is to see that the
rights of all people ax.e not jeopardized by the activities of
sore, or many, people. It is the purpose of legislation to see
that these rights be preserved in the best munner possible.

Functions of Rerote Sensiag

Remot 2 sensing can point out areas where continued,
unconstrained activity may be urduly harmful. Construction
whicu is damaging to the shoreline can be spotted. Waste dis-
posal which is threatening either marine life or the aesthetic
value of the land and water can also be detected. Remote
sensing provides a view of the situation which cannot otherwise
be realized.

Economic and Technical Models for Estimating Benefits
of Remote Sensed Data

Benefits from remote sensed info:mation in this area
can be estimated from the cost of destruction which has been
avoided directly from this information.

Current E.TS Activities

ERTS-1 imagery is presently being used in coastal zone
management and in deciding on regulations governing waste dis-
posal. ERTS~1 imagery is being used to assess present desig-
nated EEFA dumping areas. The imagery will help support a case
by the New Jersa: Jepartment of Environmental Protection with
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EPA for possible alternate disposal sites, if the data demon-
strate this need.®

Estimate of ERTS Economic Capabilities

The New Jexrsey Department of Environmental Protection

has assessed a one-time value of 100,000 dollars to ERTS-1
information leading to new legislation.**

Oune-Time Benefit:

Increased Capability: $.1 million

*

Mairs, R.C. et al., "Application of ERTS-1 Data to the
Protection and Management of New Jersey's Coastal Environ-
ment", Ninth International Symposium on Remote Sensing of
Environment, April 1974, Environmental Research Institute
of Michigan, Ann Arbor. ‘

"Application of ERTS Data to the Regﬁlgﬁgon, Prctection
and Management of lJlew Jersey's Coastal Envtgﬁgment - An
Extension of SR-304-ERTS~-1 Investigations®, v, Jersey
Depcrtment of Environm.ental Protection and Earth’@i;ql-
lite Corporation, June 1974, -
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APPENDIX B:

SUMMARY OF APPLICABLE FEDERAL BUDGETS

Included in this appendix are relevant Pederal buigets
for U.S. agenciex important to this resource area. Tahle lg
lists applicable . 1dget figure- for the National Oceanic and
Atmospherxic Administration, and Table 12 for the Bureau of
Sport PFisheries ana Wildlife. Table 13 lists all federal
marine mapping and charting costs for several agencies.

Table 14 gives ocean-related engineering construction costs

for the U.S. Army Corps of Engineers.
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Table 11: Applicable Federal Budgets:
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Table 12:

Applicable Federal Budgets:
Bureau of Sport Fisheries and Wildlife

S s e s b

VN i - :
. Assunt &A™ . FY 1925 Increaze(+) or Desressel-)
QeztAly Aviilable Availtadle Estirate 1973 Covpated wich 1324
1o Eaditat Pressrvation eeeece-sesa  $1L,120,110 $12,403,030 $15,%01,0%0 $+4,1931,030
2. Vildllfz ces™itIel ciacincvosans 33,555,658 33,337,609 43,642,000 47,355,
3. FIsheer roidvitrs viceeencancans 18,663,398 21,300,590 23,123,000 41,783,000
A, Erdangeied $p2cies cevecvaansans 4,095,233 &,650,630 5,522,050 +857,000
3. “oterpictazion and recrestion... 5,705,252 5,670,620  €,033,00 +419,600
5. lalnitroation weee.. emeeneeee 3,2N113 3,023,650 3,313,002 250,09
tuabligated talanse lapsing .... 85,034
S TS U, creresaneee  TASD,I6Y  £5,632,607 191,095,670 15,105,391 )
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Table Applicable

Faderal bBuadgots:

P ——

Federal marine Mapping

Agency

— -

Systewmatic Mapping and Chor

(rY

1972 Expendituves)

ting

prespriie mayisPan g

DEPARTHMENT OF DIFENSE
Pefense Mapping Agency
Office of Naval Research
Havy Opsrations
Corps of Engineers, U. S. Army
Missicsippi River Cormission, U. S. Acmy
*OTLL - DZFENS

DERLARTIENT OF Td{E INTERIOR
Geologic Division, Geological Survey (GCS)
Coaservation Division, G5
Ju*u‘u of Reclanaxtion
TOTAL - INTERIOR

DEPLRCUENT OF COMiERCE
National Ocean Survey, National Oceanie
and Atpospheric Administration (N0AA)
Enviroamental Data Setrvice, BNOAA
Envivonmental Reszarch Laborartories, NOAA
Nailonal Marine ¥isheries Service, NOAA

COTAL - COMMERGE

DEP? x?c:;.r OF TRANSPORTATION
U. §, Coast Cuard
INDEPENDENT AGENCLES

Atonic Energy Commission

Haticnal Science Foundation

Tennessee Valley Authority
TOTAL - INDEPENDINT AGENCILES

TOT AL

Nautical Charting

Bathymetric Mapping

$ thousands] Man $ thousandg Man
(1972) Years {1972) Years
- (342) - - -
- - 12,799 197
37 i - -
15 __ 1 -~ -
52 (342 2 12,799 197
20,635 1,012 906 46
20,435 1,012 906 45
1,856 181 2,350 241
26 1 - -

26 )
22,569 (342) | 1,196 16,055 484
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Table L3 Applicable Fecderal Pudgaets: Federal Marine Mapping j
{cont'd} i
Systomatic i-!apx_)in(] and Chartung
Agenc
gensy (Y 1972 Expendituvres) —
Ceophysical Mapping Subtotal
3 thausands Man $ thousands | uan ]
(1972) Years (1972) Yeares ©
PEIPARTIENT OF DEFENSE t
defense dappin Aganey - - - {342). -
Office of Naval Reseaarch - - - -
Navy Operanons 1,338 18 14,687 215
Corps of Engineers, U. S. Army - - 37 1
M"s;ivﬂ‘upl Rivaer Comnission, U. S Army ) - - 15 1
.O-M, — DIFEINSE - 1,888 18 14,733 (5%2) 217

. DEPARTAMENT OF THE INTERIOR )

" Geolozic Division, Geological Survey (GS) - - - -
Conservacion Division, GS - - - -
Burcau of Reclanmazion - - - - }

TOTAL - INTERICR : g
DEIPARTVINT OF COMMSRCE
Naticnal Ocean Survey, National Oceanic

and Atnospheric Administration (Noas) 1,950 11¢) 23,491 3,28
Enviroamental Datr Sarvice, NOAA ~25 5 125 5.
Eavironiental Rescarch Laboratories, NOAA - - - - -4
National Marine Fisheries Service, NOAA - = - - i

TOTAL - COMMERCE 2,075 85 23,616 1,153 {!

" DEPARYMANT OF TRANSPOITATION

" U. 5. Coast Cuard - - 4,205 §22

IND"“ ININT AGEUCIES
toniz Lnergy Comnission - - - -
National Science Foundation 7,800 . ~ 7,800 -
Teanessee Valley Authority - - % 1

To..nL = INDEPENDINT AGENCITLS 7,800 7,826 1
e et e i £ S S e
TOTAL 11,763 1.3 50,357 {342) | 1,193
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Pabhle 33 Applicable Pedaral Budgets:
(cont'd)
Agency

Federal

Mari

ine Mapping

Scientific and

Fngincering Surveys

({FY 1972 Expenditures)

DEPARTMENT OF DEFENSE
Dzfense Mapping Agency
Oftice of Nava)l Research
Navy Operations
Corps of Engineers, U. §. Army
Mississippi River Comnission, U. S Army
TOTAL - DEFENSE -

DEPARTMENT OF THE INTERICR
Geologic Division, Geological Survey (GS)
Conservation Divislon, GS
Bureau of Reclamation
TOTAL - INTERIOR

CPARTMENT OF COMMIRCE

National Oceon Survey, National Oceanic
and Atmospheric Administvation (NOAA)

Environmental Data Service, NOAA

National Marine Fisheries Service, NOAA
TOTAL -~ COMMERCE

DEPARTMENT OF TRANSPORTATION
V. S, CLoast Cuard

INDLPENDENT AGENCIES
Atomic Er orgy Commission
iational Science Foundation
Teunessee Valley Authority
TOTAL — INDEPENDENT AGENCIES

TOTAL

Environmental Research Laboratories, NO/A

Hydrographic Bathymetric
s thousandsi Man $thousands | Man
(1972) Years (1972) Years
- - 11,865 84
6,662 395 - -
560 34 - -
7,222 429 11,855 84
162 12 - -
162 12
83 s - -
83 5
7,407 445 11,865 84
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; R gable 13 applicable Fedevral Budgyebs: Pederal M;rlne Mapping
. (cont'd)
s o S PO oz U, .
Agency Scientific and Engineerinq Sm:veys

{FY 1972 Fxpendituzas)

e

7 Geophysical Oceauogragiﬁ.a
] » § thousands} Man |§. thousands ;3*;,
| (1972) | Years (1972) | Years
' DERARTMENT OF DEFENSE @
fafeass Mapping Agency - - - e £
| Office of Naval Paszarch 21,700 S0 32,300 .38 1 g
; %7 Dperations 2,500 "20 8,549 88 ;L
i Cozgs of Engineers, U. S. Arwy - - - - =
}  Hississippi River Commission, U. S. Army - - . - T %
] TOTAL - DEFENSE 24,200 70 40, 845 4E8
{ PEPARTCNT OF THE INTERIOR BT
: Crolozic Division, Gaologleal Survey (GS) 3,290 59 - -
§ Coasscvaiion Division, G$ 3,243 150 - -
: Sura "n of Reclamation - - - -
i 10 - I\' RIO(\ 63533 209
. PEPZRTNENT OF COMMERCE P
N=zzional Ocesn Survey, National Oceenic
zad Atmospheric Administraticn (NOAA) - - - -
Eu-tiroamental Data Service, NOAA - - - -
Ewvconmenta. Rescarch Laboratories, NOAA 3,377 166 3,434 137
Bational Marvine risheries Service, NOAA = - 21,285 L0934
“OPAL ~ COMMERCE 3,377 166 24,719 1,228
i DEPARTHENT OF TRANSPORTATION ) . 7
V. 8. Coest Cuvard 330 23 7,223 -853
INDEPSNDENT AGENCIES o
Avenic Energy Coamission 90 1 - ;
[ Ketional Science Foundation 12,500 - 29,800 -
‘ Teougssze Valley Authority = - -
TOTAL ~ INDEPENDENT AGENCIES 12,580 1 29, 800 ‘
i A ,_:
} ;;,-'
§ TOTAL 47,250 499 102,501 | 2,549
b e e e e

H
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Table 14: Applicable Fedoral Dudgets:
U.&. Army Corps of Enginwveoers
PRE~COXSTRUCTION DPLANNING IS CONTLETE
$ thourands (V873)
. Tatiarted AdlocatSens ralanca
) redoral thre \ad
Dir_ Prejsct and Suice, cont S ers Cozplete
T RARIGATION -
NPD  Raks Harbor, Alaada (1958) - 3,150 130 2,910
SPD  Port San luls Qbispo, T . :
catif. (1965) 5,130 353 4,737
SAD  pacaza City Harber, ¥Fla )
{1972) . 2,350 110 2,740
FOD  Ala Wal lhrhat.'mw!.t oo
i sy 363 34 ‘309
20D 3a.bers Potnt kazbor, Kewsll .
(1963) 18,050 . 268 17,812
™) EHonolulu Harbos, Hawall *
(1945) 3,920 82 3,838
FOD  Favrihae Saall 2oat Hsrbow,
Rawetl (1955) 758 75 - 683
209 lahaina S=all Boat KHarbor,
novaft (19553 1,460 P4 1,365
©rp  Mound City Lock & Dam, I,
(1903} 211,000 1,539 207,451
FCD  Cedar Rtver gurbor, Mich.
(1955) 1,920 58 952
nw ve:khca Inlet, N.Y. (1330) 9,740 430 9,290
' SAD  Coeptr River, Charleston
garbor, §.C, (i1968) 74,490 1,500 72,500
5WD  Brezos Ialand Bartor,
Fexes (1200) 11,000 3 10,959
TTL - RWICATION = Placatng M1 £,835 337,635
Cuaplete (13 Projects)
FEASH EROSTON CCHivol, )
SUD  Corpus Chriatd -eash, Texas (1970) 1,050 64 996 .
TOTAL - REACH EIOSION CONTROL
Q1 projest) 1,050 64 995
B-10
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Table 14: Applicable Foadoral Budgots:
v.8. Army Corps of BEnginecrs
{cont't)
HO PRE=COUSYRUCYION PLARKNYEG RLOUIRRD PREOR TO LONSTRUCTION ;
¢ thouasands (1973) i
Estimazed U
FeduTal
Div +  Prplect snd Stare __Cose.
EAVIGATIY ;
S8D Teapa Harbor (Sranch), Fla, 13,700
&0 Hiaslassippl River, Baton Rouge to 3
) Culf of Meico, la, (.1945) 8,990 °
HaD St. Coorges Crack, M1, (1970} 473.
oty Two ivers Macbor, Hich. 123
. TOYAL = WAYIGATION (4) 25,238 7
BEACH ¥IO.TCT CONTROL - .
iy, Bilver Pc:\ri\' to Cedar Boach, Coara. (1954) 156 :
[N Braot Leak, Fasu, {35360) 237 ?
AL Clav)k: Polni, Fraa. {1582) 235
uen Lyan-2haat Geach, Misk, (1354) 835
#45  ° Yocch Seiivate, Masa. (13560) 170
noo Yivpourh Loy Brach, Mocs, (18500 158
I ' Thvapestern Tetch, 221;:9..(1960) 135
Y Tewn Kech Boncl, Kwso. (1960) 3£3
s0 Hiathrop B(:ﬁdh, Mass. (1950) 407
nen St. Joveph Shore, Mich, (3355) 1,310
Yo nzpton Deuch, N0, (1562) 911
YD Parth fzboy, Lew Jeraey (1965) 82
AL Stone r-rber, Yew Jorcay (1.960) 403
M ) Crane Gooot Sirle Park, Chlo (4352) 3,730
a8l San A & Yie., Pucrte Rico (1962) 380
TOTAL LEACH %R0SI0H CONTIHL (15) 9,597
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= Table 14: Applicable Fedoeral Budgoels:
.8, armv Corps 0f Engincors
(con't)
( tr;—::m.‘h::lmv:: b‘hb::m—-‘A RTATIR - . okl mtind ::;.o-“-u-mn l;:,: “:‘;-';-:n s BT T S N AP T o b ¢4 ‘..' ‘t'-;.—:o.::::ﬁn:.;:-::-”:h; T‘.‘:.:‘
'!g 4 FRESCONCTRUCTION PLADNNIYNG UNDERWAY
t $ thonsandn (1973)
3 Balznce palan:s
H to Aphroved o
- Fetimaed Alles. tlans Somplote Budpee Conplese
% . Saterst Cost theu Aeer Mlosanc AMees
5 Blv. | Protses and Sfeogy J019% XL B8 EL 825, JY s | ¥R EZA TN
: EAVIGATIGN ' '
‘ £AD mbile Tasbor, Ala.*(1970) 10,780 ‘110 | 10,636 1 10,845
5?0 Hoenah Maxbor, Almaka (1972) 3,460 73 5,335 300” 5,235
: BPD Metlokatls Harboe, Aleska (1972) 3,170 60 a0 8 3,000
& SID Bodega Bay, Carif, (1963) 1,570 100 1,670 8o+ 1,258
‘ 5§20 Busbolde Marbor, Calif, (1968) 4,050 st 4,000 4 3,952
NAD Lalauare Bay to Cl.3ajdake ! )
. Bay Wi, Del., 22, & Va. )
i €1979) 11,728 2% 10,933 ’e 10,552
POD Walaase Marbor, Eawall (1968) 2,030 220 1510 15 v 1,735
® HCD Iil. W, Dapliccce Locks., '
L. & Tod, 417,000 2,906 | 415,095 210 414,856
LD Pe-otlion lock, La. (1902) $,000 442 $,533 160 9,438
Ned  udiegton Rarbor, Mich. (1979) 2,779 %8 2,615 . 20 2535
HED Zrwus Bay Lavber, Mich, (1963) (139 [ €23 130 755
' ECO  Buover Say Pasbar, iaa, (1945) 1,320 50 1,273 %0 1,230
& NCD Tazeen Baztor, Minn. (1943) 1,5¢9 50 3,510 (] 1,450
FAD  Cureous lales & Lullan Roach,
KD, 1970) 6,130 65 6,12 109 6,028
1'\D Creut Fyg Kirbor lalet and
Pack Beach, N. 1, (1970 7,263 115 7,15 YA 7.402
BLD  Cactarauius Fasbor, M.Y, (1983) 2,500 160 2,440 120 2,320
‘o SAD Mantes (Shallewdag) Day, ¥.C.
(1970 : . 18,200 € 13,10 65 13,072
B2D Huren Kaibor, Ohle (1932) 5,0 5 5,655 102 5,563
UMD “Coos Ray, Ovagon {1970) 13,600 161 13,439 135> 13,300
$AD Lictla River Inlec, S.C.
& R.C. (1572) 8,30 5 8,425 250 8,175
{ SAD Murrells Inlec, 8.6, ~1932) 6,200 150 6,050 250 13,800
T Freepurt iarbor, Texss (2370) 18,399 00 13,2072 -150 18,050
LD Jouth of Colosr o Rivar, . .-
Texrs (1953) 11,220 410 30,958 o 10,6%0
£p %:mas Clty Cha:ael (Industrial
Canal), Texas (1977) 3,120 | 40 3,0°0 Sex. 2,930
i A
TOTAL = KAVIGATION 57,528 4,58~ 505,108 2,742 545,159
{24 Prajcets)
PLICH KROSION GOTTNL |
LD Duv'l County, Flurtda (1505) 7,630 140 7,310 100 \ 7,340
S BED Revese Leach, Kasa. (1976) -1,850 110 1,70 150¢ 1,5.0
LOTAL « BPACH EROSISH
{2 rrofects) 9,450 233 9,250 200 8,%70
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Table

14

- . srvan

Applicable Fedaral Budgets:
U.s.
(con't)

Army Corps of Eugincoers

B ey
Punhiirag

— - S a—— T ——

Rrolest s Spete

Dix .

BIVIONTION

. PO L Y - uataf Ligh: Dugle
« - F mor, Favati (195%)

BCD  -Cliatoa Scall Roat Eavber,
Yo (1952)

TOTAL « RAVIG\TION
(2 proja2ts)

IRACH ETOSION COLRCL

N30 Lskewies 2atk, Ohio (133%)

L orojzex)

TOROL - BTN EROSIDN CANTIOL

e e b ——r s

- - a————

. f21933)

. e e -

f o b — et n mama—
———

LIAIG IS UURST UAY

Eselvated Alloenttons
Fedaril ghxu
Cost 1A LU

633

%

B8 M SRt S o e L A e

Ralenes
te
Lozalaze

[ 19

100

-é

1,180

it

- —

200

1,169

PRE~-CCUS (PLECTIOEH

PLANKRIHG KHAS NOT EREREN SUARTED

§ thousend

» (19723}

- —

-

) 32 1 I

NeD &

i

(::_, — 0

| 3

-

oatgenery 1o Cadslen, Az, (1545)

CIN3, ST, ¥.rr: &0 Toxzpa, Fia.
(1908) (L.otoglcal Study)

Twmaled Soall foad harber, Pancidi
_{1555)

Hans Seall DoAt Harlaz, Haail

€35)

raflua Saall gaar wardes, kawafl
(1965)

Kawnavaked Tiep Drafl ihobor, KHawa
(1552)

Kiliacla Small faat Narlor, Fawalt
{1368)

-Paaides Parder, Er, 2sl (1363)
Faviliviltl Keador, Bavali (i920)

Reels jay Siill el Earher, vl
(19¢5)

Nisclesippt Flver totween Missourk
« Rlver ard Min.ezpolis, S-ft
Cherr~l (3 Distrlets), 1Y,

Estiracad
Folezs
Cast

——

253,000
137,000
. TR
3,450

“s60
i1 .
15,025
374
755
2,270

.

&

305

ko3, Eina, P2, & Wisz, (13204
3s) - 26,0,8

Xeokul, Srali Lt Laedor, Jouw (1352) ) n

CTWd, Nrw Qelrans=ltonston (Lavtsiaps
Sestie) AM20)

 oa— .
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.
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} Table V14: hpplicable PFederal Budgots:

. : U.S. Arny Corps of Enjinecrs
i {con't)

PILANNING NEW STAWNTS 18 F.Y. 1875 supcET
$ thousands (1973)

e

% : . Appeovad Balance to
: 23ttnated Bulzet Coaplete
Federal Aldocactone . Avount After
BLe. Projget & Stite Cnst X 192 | 2 8 s
. FASTIEATION

¥ED  Edjartewn Mardor, Pas. {1920) 2,270 : ° 4 2.0
t . . .
R ORD Crears Lawding lock & Don, Pa, {2502) 43,832 ] 1cd 43,70
1
; ESD  Uosthjork Mesher, Wisz. (1972) 2,150 ° 40 2,110
2 ——— c———
; TOLAL = MAVECATINN (3) 590,220 [} 130 30,040

CONSTRUITION MEW STARTS I F.Y. 1975 BUDGET
$ thousauds (1971)

Total Balaaze Balance to
Zazi.stcd to Radget Conpleta
Fedesal Allocations Coaplete Allovance Afeer
Div. Profect wrd Stale ok theu X 756 Afeny BT 26 23 PO 3 % - N
O EAYISATICN
SAD  Yauss Hoohae-{i8a Chonool).
Tllz. (I;M)( ' ) 972,502 3,003 56,617 300 85,517
b4 2iszton Riv t Devlls
Gyt 4,530 159 4,750 200 4,550
EER  Freachbose iwbor, ¥ales (1330) e & A 783 200 343
3 S0 Moredesd Cley Rasdor, %.C.. (1873) Lo 160 R G 20 3.230
'&’ R ~a—
s AL~ YAVITATION (L) 107,420 3,678 165,942 *1,308 105,442
. gy
T

L oau .
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Table 14: Applicobl~ Federal Budgets:

u.8,

{con't)

CONTIRUTNG COMSTRPUCTION WROJESCTDSH

s S o 2.

§ thousands {197])

m——:
o——

Aray Corps of Eugineers’

I ¥.v. 1978

i S e

Nisnce
te
Estivated | Alloraitems alsmca Approved Complete
* Fedazal theu te Budget Afzer
Sty Peoject 2ad Stare goxt | _¥risne |} Ceoplerts } Allewonce | Y 1923
[vrerzIoNn
S0 Tennsssec~Toadighae Waterway,
Als, & Niss. 623,000 34,832 565,148 33,000 336,182
S0 Husdolic Jarder, '
Alasha 3,359 3 2,800 200 2,%%
¥eClellan-Xerr Arkanass ’
Siv2r Kuvizatlon Syatea,
Ark. and Oxla: .
o 8. Bank Stadtliization
« and Coenael
’ Regttifinetlon 130,673 323,026 1,974 . 610 1,368
Sad b, Lloeks asd Daus £97,200 4§3,63% 8,518 4,002 &,3%%
LN Onachit: and Blachk Rivars,
Ack. & L2, 144,850 6,337 32,053 7,000 70,063
59 Oakinnd Ratkor, CallS, 5,953 3,433 1,%%0 500 & -
S - San Dlago Ratdor, Coltf, 8,802 3,023 7,542 500 1,052
3§D .S2a Foancleze Ay to : ’
Stockton {Joh ¥,
Baddwia and Stonkten
1] saip Chaanel:z),
Caltf, 76,209 &,348 71,652 5 N
VAR Inlacd Watsreny, Delrare
tyc: to Chesipa:ne
Biy (C&D Caral) Famd
IX, Bel. & M. 103,730 £5,511 13,329 3.ns $,40%
SAD Jack33dville Recdor,
7la. 34,300 17,426 17,835 7,009 10,006
B-1%
- e ,_ Y - -
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Table 14: Applicable Federal Budgets:
U.S. Army Corps of Engineers
(con't) <
oyt — ——— ——
$ thousunds (1973)
salance
te
Eaticaced | Allocatiens | Palance Agprovad Coupleta
Yaderal then te Badget Afcer
oy realzet srd State Cost e 1926 Cempleta | Allo-acce EY 1933
FAVIGATION (Cont'd)
SAD  Savanmab Bardar, & fr
(idealng ard Sezpanlng), .
ca. NG 8,607 1,103 1,103 -
A2 ylaal pacbar, Flao 13,400 -9,640 4,750 £,760 » -
S0 Savancah Hazdsr {Jelicent
Rasin), G3. 10,509 3,100 3,300 2,350 * -
BCH  Caluzct Riwer & Hardor
Q862 Fod.) Ik, &
I, 16,500 6,927 9,503 170 9,333
NCD Iflicols Wiazereay, Celuzal- :
sag. Fod, {Part 1), .
Itl, & Isa, 91,182 £7,398 3,202 1,500 1,902
$i0 Yackaskia River, Bil. 112,000 £5,470 5,390 8,700 20,83
'Y Lmk & Ben 26, Alton,
. & Mo, 322,000 7,258 376,752 27,590 35,862
€y 1esk & Gan 33 (Teemp. .
Lock), I1L. & Xy. 19,409 1,400 17,800 ‘7,000 10,300
Rissbeniypt .R!\r‘:t Selweds
ohfo an! Miszousl Rivavs: .
A2Y] #. Chale of Rock., L. 87,760 53,160 4,340 £,500 ¢ -
£ b, Regulating Worx.,
11, & Ko, n,M» 69,351 1,89 3,200 8,43
€30 Sxtthlend Lozks & Do, .
111, ird, & Ky. 192,620 75,188 113,812 22,363 91,312
030  Novbuegh Lecks & Baa, .
Inds & &y. 94,700 37,137 7,56) 6,600 1,563
B Caspeltsn Lecks & Ban,
Iede & %y 93,540 $5,488 3,433 2,650 235
-1 6

- g

e




P

ﬁ"’ﬁ’ ?‘ij:: -

fable 14: Applicable ¥ederal Budgets:

.5,

{con't)

AT s e W

—ER e

Avay Corps of Enginecars,

$ . thousands (19573)
‘Balaace
te
Esthrated | Allocatiscs Ealence Apprevad Comdlete
Fedecal thre to . . Budget After
By . Frolus® an? Staze et f L Fr 834 | Gocplet: | Allowses | ¥Y 1903
- E\NICATION (Ceat’d)
€D Unteatsam Locks & Dax, . .
. Ind. & Xy, - 93,700 ‘81,212 13,450 2,830 6,630
9 {tissourl Rivar, Siour
JCity to Mouth, Zova, .
Kans, Mo. & Kebde. 656,000 393,874 39,126 4,100 43,426
Y Atehnfalaya Xfver and
Esyous Cheee, Boeud
and dlagk, Lo, T34, 00 4,32} 10,317 5¢0 $,877
17 rayes Lafourche aal .
1afuurcha-duzp
*  Uaternsy, la. 9,500 1,088 ;L34 1,400 7.03%
1Y Megoeataw Rives (Sh2a. "
IspTv.), la. 2,655 1,1C8 1,334 3,328 -
Lt Flahoud ganal, la. 3,670 1,519 2,157 2,166 * -
Y7 Plastlaalpol Rlver-Gult .
Cutlry, ta. 273,000 67,730 W3 N0 1,309 205,519
1.y hissfeslppl Riear Cozlotes
Yvealce, La, 7,650 49 7,152 30 + 5,651
L Gvereonsdad Blwvexr Vigdnaay
(Loner 31 Mlles Oaly), .
s, 16,239 3,250 13,059 1,109 11,950
LYV P22 Rivez Eaczecansy tank
. Protestien, ba, Avk,,
Ckln, and Tex. 22,389 11,523 ll.}" 3,900 2,277
LY Red Rhver Watervay )
(hirsiselinpl River to - :
L Snrevapavt, Na. 473,059 2,0%) 654,927 12,60 452,982
-17
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Table 14: Applicable Federal Budgets:

U.s.

(con't)

Axmy Corps of Engineers

W‘

§ thousands (1973)

Blence
ts
Latiuated | Allocatioms Balance Approved Couplete
Faderal thew o Budpet Atter
Bte Project and Stage Cose e 1974 Caaplete Allowsace Fy 1923
FAYJCATION (Ceac’d)
NED \Uaymouthe-Fere and Towve
Rivers, Mase, 23,000 17,230 7,270 1,800 3,470
%CD - Creat lakes Connecting | .
Channels, Nieh. 143,000 128,784 18,216 1,200 17,016
8CD  Laxiagten Marbet, Nich. 1,280 ns 903 400 303
¥AD - Mewark Bay Machensack ' *
and Passaic Rivars, .
r.3. m.no - 14,210 4,000 s1s 3,473
WAD East River Spuc Chamnsl, ' -
RS AN 3,010 150 2,850 1,500 1,350
BAD  New York Hacbor (Anchoragas), ' .
B.Y. 34,900 12,229 n.m 4,000 13,571
i
SAD Atlantic Incracodstal ) .
Watesway, Bridges, ’ "
».C. 16,200 0 13,850 100 15,230
oD  Kaoaibal Locks & Dem, : :
Oblo & ¥, Va. 86,000 K,18% 1,86 10,110 1,706
ORD Willow 1sland Locks &
Dam, Ohfo & W, Va. 73,300 53,139 14,361 10,100 4,481
¥PD ..Coluabia & Lower
Villanette Rivers
(40-£t Channel), ‘
. Ocre. § Vash. 26,600 20,097 6,503 600 3,903
K0 Tillamook Bay & Bar .
(South Jetcy), Ore. 12,700 11,130 1,310 1,510 # -
SWD  Corpus Christi Ship
Channel (1968 Act),
Texas 26,600 9,082 17,518 3,300 15,018
SWD  Calveston Chanael (1571 .
Auth.), Texss 2,210 640 1,570 1,570 » -
TOTAL = RAVIGATION
(47 Peajecte) 4,656,358 2,376,8)) 2,279,525 217,242 2,052,283
MIACK EROSTON CONTAOL
SAD  Brevard Couaty, Fla, 3,110 520 2,%0 400 2,190
SAD Plosllas County, Fla. 3,140 (3%) 2,325 100 2,425
SAD  Tybee leland, Cs, 2,230 . 686 1,564 900 (13
FAD  Fice leland Inlet to
Jones 1nlst, R.Y, 12,300 1,807 20,493 1,500 18,993
TOTAL - BEACH EROSION CONTROL
(4 Projects) . 30,800 3,628 27,172 2,900 26,272
B-18
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(con't)

Table 14: Applicable Federal Budgets:
U.S. Army Corps of Engineers

W

CONTINUING CONSTRUCTION PROJECTS
$§ thousands (1973)

Retinatad Allocatioas Balance
Federal thru to
PIV. [Project and State cost Y 1974 Cozplete
FAVIGATION
Crescent City Hsrbor, .
S calit. 3,630 1,108 R
SPD Nonterey Hardor, Calif, 10,200 © 530 9,670
SPD Port Ruense Hatbor, Calif. 1,710 820 830
SPD San Diego River & Mlssfon -
*pay, Cslif. 13,500 10,393 2,507
SAD Canaversl Harbor, Fla. " 13,600 6,025 7,573
SAD Cross Florida Barge Canal, ’
7la, 179,000 61,759 117,241
NCD Daveaport Scall Boat
Hardor, Iowa 122 14 108
NAD Baltimore Karbor & Chanaela,
ua, (1958) 23,750 19,652° 4,038
NAD Delavare River, Philad=lphia
to Sea, Anchorages, K.J. 39,300 8,806 30,494
NCD Irendequoit Bay, N.Y. 3,530 142 3,388
SAD AW - Masonboro Inlet, N.C. 5,410 1,650 3,720
NED ¥all River Karbor, Mass, & -
R.I. 21,800 2,360 .19,440
NCD Clevaland Hardor, 1958 Act,
Ohio 16,300 3,282 13,028
NCD Lorain Hsrbor, Ohto 21,800 17,361 4,659
SWD CIW{ - Chocolate Bayou, Texas 2,510 (33 ] 1,852
SWD Wallisville Lake, Texas 28,800 22,079 6,721
B-19
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Table 14;

(cont't)

Applicable Fedexal Budgets:
U.S. Army Corps of Engineers

$ thousands (1573)

Estimated Allocations | Balance
Faderal thru to
Div, Profect and State _Cose FY 1974 _Conplete
KAVICATION (Cont'd)
SWD Trinity River & Trids
Bridges, Texas 10,400 8,83 1,567
BAD Bacpton Roads, Virginia ‘33,800 26,870 4,930
. TOTAL = NAVICATION ’
' (18 projects) 427,182 192,562 234,620
BEACH EROSION CONTROL
SPD  Imperisl Beach, Calif. 548 190 358
SPD Surfside-Sunset and Newport '
Beach, Caltf. 7,410 3,689 3,721
SAD  Key West Beach, Fla. 950 96 " 834
SAD  Mullet Key, Fla. 896 475 422
SAD Virginia Key and Key Biscayne,
Fla. 2,560 1,332 1,248
POD  Waikfki Beach, Hawatt 1,810 1,269’ 541
SAD  Runcing Island Beach, N.C. 2,140 1,416 724
TOTAL « BEACH EROSION CONTROL
(? projacts) 16,334 8,466 7,868
.
ST
o,
g,



- e Aty A e e T T

e et —

A5

APPENDIX C:
SUMMARY OF APPLICABLE LAWS AND STATUTES

Table 15 lists laws and statutes applicable to remote

sensing of oceans. Experts from these are provided on the
pages shown in Table 15.

m s

PR



— —

Table 15: List of Laws and Statutes Applicable to
Remote Sensing of Oceans

—_—

Title Code Page
Military Surveys and Maps 10 USC 4537 c-3
Military Surveys and Maps 10 UsC 9537 C-4
Fish and Wildlife Act 16 USC 744 c-5
Fish and Wildlife Act of 1947 16 USC 758a C-6
Wildlife Protection from Pollution 16 USC 665 c-7
Fish and Wildlife Act of 1956 16 UsSC 742 c-8
Fish and wWildlife Act of 1947 16 USC 749 c-9
Fish and Wildlife Act of 1950 16 USC 760a c-10
Coastal Zone Management Act of 1972 33 usc
1101 et seq. c-11
National Environmental Policy Act
of 1969 P.L. 91-190 c-12
Marine Protection, Research, and
Sanctuaries Act of 1972 P.L. 92-532 c-13
Endangered Species Act of 1973 P.L. 93-205 c-14
Intervention on the High Seas Act P.L. 93-248 Cc-15
Marine Protection, Research, and
Sanctuaries Act of 1974 P.L. 93-254 C-16
Prevention, Control, and Abatement
of Environmental Pollution at
Federal Facilities Executive
Order 11752 c-17
Hazardous Waste Management Act of
1973 Proposed Legislation S. 1086
H.R. 4873 c-~18
Toxic Substance Control Act of 1973
Proposed Legislation S. 888
H.R. 5087 c-19
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Military Surveys and Maps
10 USC 4537

Agency Affected: Department of “e Army, Department of the

Interior (Geological Survey)

Date Passed: 14 May 1928

Data Collection

Statutory Requirement: The Secretary of the Army may obtain

the assistance of the Geological Survey and other mapping
agencies of the United States in making surveys and maps and
in obtaining topographic data.

Comments: Remote sensing could have a role in assistance to

the Army. No specific level of activity is mandated.

PO




[ —

B T B e e

[ L

-—
[P Y

OV ——

JU———

Military Surveys and Maps
10 usC 9537

Agency Affected: Department of the Air Force, Department of
the Interior (Geological Survey)

Date Passed: 2 November 1966

Data Col .ection

Statutor,; Requirement: The Secretary of the Air Force may
obtain th: assistance of the Geolngical Survey anc other
mapping acvencies of the United States in making su. veys and
maps and ia obtaining topographic data.

Comments: Remote sensing could have a role in assistance to

the Air Force. No specific level of activity is mandated.



Fish and Wildlife Act
16 UsSC 744

Agency Affected: Department of the Interior, Fish and
Wildlife Service

Date Passed: 3 March 1887; 24 May 1950¢

Data Collection

Statutory Requirement: The Direct) r of Fish and Wildlife
Services shall make investigations of whether any and what
diminution in the number of the food fishes of the coast and
lakes of the United States has taken place; and, if so, to
what causes the same is due, and also whether any and what
protective, prohibitory, or precautionary, measures should be
adopted in the premises.

Comments: 2Application to remote sensing dependent upon its

ability to u :ect fish populations and sources of fish stresses.
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Fish and Wildlife Act of 1947
16 USC 758a

Agency Affected: Department of the Interior, Fish and
Wildlife Service

Date Passed: 4 August 1947

Data Collection

Statutory Reguirement: The Secretary of the Interior is
authorized to conduct studies to insure maximum development
and utilization of the high seas fishery resources of the
territories and island possessions of the United States in
the tropical and sub-tropical Pacific Ocean and intervening
areas.

Comments: Very general data collection mandate. Remote
sensing may be relevant.
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Wildlife Protection from Pollution
16 USC 665

Agency Affected: Department of the Interior, Fish and
Wildlife Service, Bureau of Mines

Date Passed: 10 March 1934

Data Collection

Statutory Requirement: The Secretary is authorized to make
such investigations as he deems necessary to determine the
effects of domestic sewage, mine, petroleum, and industrial
wastes, erosion silt, and other polluting substances on
wildlife.

Comments: Very general non-mandatory data reguirements.
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Fish and Wildlife Act of 1956
lé UsSC 742

Agency Affected: Department of the Interior, Fish and

Wildlife Serxrvice

Date Passed: 8 August 1956

Data Collection

Statutory Requirement: The Secretary shall conduct continuing
investigations, prepare and disseminate information, and make
periodical reports to the public, to the President, and to
Congress, with respect to the following matters:
L J

(2) The availability and abundance and the biological

requirements of fish and wildlife resources.

(4) The collection and dissemination of statistics on

commercial and sport fishing.

{5) The collection agd dissemination of statistics on
the nature and availability of wildlife, progress in
acquisition of additional refuges and measures being
taken to foster a coordinated program to encourage
and develop wildlife values.

(7) Any other matter§ which in the judgment of the
Secretary are of public interest in connection with
any phases of fish and wildlife operations.

(£f) The Secretary shall also

[ ]
(4) take such steps as may be required for the devel-
opment, advancement, management, conservation, and
protection of the fisheries resources, and

L
(5) take such steps as may be required for the devel-
opment, management, advancement, conservation, and
protection of wildlife resources through research,
acquisition of refuge lands, development of existing
facilities, and other means.

Comments: This law presents a broad mandate for the collection

of a wide variety of natural resources information.
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Fish and Wildlife Act of 1949
16 USC 759

Agency Affected: Department of the Interior, Fish and
Wildlife Service

Date Passed: 18 August 1949

Date Collection

Statutory Regquirement: The Secretary of the Interior is
authorized to undertake a comprehensive and continuing study
of the shad of the Atlantic Coast, to arrest the decline,
increase the abundance, and promote the wisest utilization of
shad resources.

Comments: Remote sensing may be applicable here.

3




Fish and Wildlife Act of :950
16 USC 760a

Agency Affected: Department of the Interior, Fish and
Wildlife Service

Date Passed: 25 August 1950

Dat1 Collection

Stat:utory Requirement: The Secretary of the Interior is di-
rected to undertake a comprehensive continuing study of species
of fish of the Atlantic coast, including bays, sounds, and
trilutaries, in order to recommend to the coastal states appro-
pricte measures for the development and protection of surh
resources and th:ir wisest utilization.

Conmments: Remote sensing may re applicable.
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Coastal Zone Management Act of 1972
33 USC 1101 et seq.

Agency Affected: Department of Commerce

Date Passed: 27 October 1972

Data Collection

Statutory Requirement: The Secretary of Commerce is authorized

to make annual grants to any coastal state for the purpose of
assisting in the development of a management program for the
land and water resources of its coastal zone. Such a manage-
ment program shall include, among others,

e an identification of the bound.:ries of the
coastal zone subject to the manajement program

® an inventory and designation of areas of
particular concern within the coasta' zone

Comments: Remote sensing has been found useful in New Jersey

and elsewhere in the identification of coastal zone areas.
It should also be useful for land use inventory purposes and
management in coastal zone areas of particular concern.
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National Environmental Policy Act of 1969
P.L- 91—190

Agency Affected: All

Date Passed: 1 January 1970

Data Collection

Statutory Regquirement: All federal agencies shall assess the
environmental impact of their actions when the action is deemed
to have the potential to significantly affect the quality of
the human environment. Alternatives to the proposed action

and their environmental impact must also be considered.

Comments: Remote sensing may be helpful in assessing environ-
mental impact of federal actions and alternatives, particularly
power plant siting and land use.
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Marine Protection, Research,
and Sanctuaries Act of 1972
P.L. 92-532

Agency Affected: Environmental Protection Agency,
Department of Transportation (Coast Guard)

Date Passed: 23 October 1972

Data Collection

Statutory Requirement: The Administrator of EPA may issue
ocean dumping permits when he has considered the effects of
such dumping on marine ecosystems, fishery resources, and
human welfare.

The Secretary of Transportation,
through the Coast Guard, shall initiate a comprehensive and
continuing program of monitoring and research regarding the
effects of the dumping of materials into ocean and coastal

waters.

Comments: Satellite remote sensing information should assist
EPA in estimating the effects of particular dumping actions on
marine ecosystems, as ERTS experiments have shown. Satellite
remote sensing should also be a useful monitoring tool, par-
ticularly for a synchronous satellite.
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Endangered Species Act of 1973
P.L. 93-205

Agency Affected: Department of the Interior

Date Passed: 28 December 1973

Data Collection

Statutory Requirement: The Secretary of Interior may enter in-
to agreements with any state for the administration and manage-
ment of any area established for the conserxrvation of endangered
species or threatened species.

The Secretary is authorized to enter
into cooperative agreements, including funding agreements,
with any state which establishes and maintains an adequate
and active program for endangered and threatened species con-
servation. To be deemed adequate and active, the program must,
among other requirements, authorize the appropriate state
agency to conduct investigations to determine the requirements
for survival and the status of resident species of fish and
wildlife.

Comments: The management of endangered species areas would
likely be enhanced by timely ERS data. This could create a
demand for ERTS-type data at the state level. Species status
determination may possibly be assisted by ERS data through
indirect methods, such as the monitoring of grazing progress
through changes in range vegetation vigor, etc.
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Intervention on the High Seas Act
P.L. 93-248

Agency Affected: Department ir which the Coast Guard is
operating (currently the Department of
Transportation)

Date Passed: S February 1974

Data Collection

Statutory Requirement: When the Secretary of the department
in which the Coast Guard is operating determines that a ship
collision, stranding, or the maritime incident resulting in
material damage or the imminent threat of material damage to
the ship or her cargo creates a grave and imminent danger to
the United States from oil pollution, the Secretary may take
measures on the high seas to prevent, mitigate, or eliminate
that danger.

Comments: An ERS capability may be an effective surveillance
and monitoring approach.
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Marine Protection, Research,
and Sanctuaries Act of 1974
P.L. 93-254

Agency Affected: Environmental Protection Agency,
Department of Transportation (Coast Guard)

Date Passed: 22 March 1974

Data Collection

Statutory Requirement: The United States and each other signa-
tory country shall designate an appropriate authority or auth-
orities to monitor individually or in collaboration with other
countries and international organizations the condition of the
seas for the purposes of the Convention on the Prevention of
Marine Pollution by Dumping of Wastes and Other Matter.

Comments: Remote sensing probably applicable -~ no other

method provides comparable synopticity.
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Prevention, Control, and Abatement
of Environmental Pollution at
Federal Facilities
Executive Order 11752

Agency Affected: All

Date Signed: 17 December 1973

Data Collection

Regquirement: The heads of all federal agencies shall cooperate
with the EPA Administrator and state, interstate, and local
agencies in the prevention, control, and abatement of environ-
mental pollution and, in accordance with guidelines issued by
the Administrator, provide to the Administrator and to those
agencies such information as is necessary to determine compli-
ance with applicable standards.

Comments: Remote sensing would be useful for monitoring
potential pollutionrn sources.
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Hazardous Wasta Management Act of 1973

Proposed Legislation: S.,1086
H.R. 4873

Agency Affected: Environmental Protection Agency

Date Passed: Still Pending

Data Collection

Statutory Requirement: The Administrator is authorized to
conduct and encourage research, surveys, and other investi-
gations of adverse effects from the release of hazardous
wastes into the environment.

Comments: Ability of remote sensing to detect hazardous
wastes is very uncertain.

0
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Toxic Substances Control Act of 1973
Proposed Legislation: S.888
H.R. 5087

Agency Affected: Environmental Protection Agency

Date Passed: Still Pending

Data Collection

Statutory Reguirement: The Administrator of EPA is authorized

tc conduct such research and monitoring as is necessary to
determine the extent of substances deemed toxic for the en-
forcement of this law.

Comments: No data collection is mandated, authority granted

is primarily in the realm of enforcement,.

Pertinence of this data depends on the ability of
remote sensing to monitor trace substances. Application is
also possible for remote readout.
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UNITED STATES CODE
TITLE 15

15 USC 272---Functions of Secretary

"The Secretary of Commerce...is authorized to under-
take the following function:

(b) The determination of physical constants...when
such data are of great importance to scientific or manufactur-
ing interests and are not to be obtained of sufficient accuracy

elsevhere.
In cavrying out the functions enumerated in this sec-

tion, the Secr:tary is authorized to undertake the following
activities and similar ones for which need may arise in the
operations of Government agencies, scientific institutions,

and industrial enterprises:
(12) the investigation of the conditions which affect

the transmission of radio waves from their source to a receiver;

(19) the compilation and »ublication of general sci-
entific and technical data resulting from the performance of
the functions specified herein or from other sources when such
data are of importance to scientific or manufacturing interests
or to the general public, and are not available elsewhere, in-
cluding demonstration of the results...by exhibits or other-
wise as may be deemed most effective."

15 USC 313~-~Duties of Secretary of Commerce

"The Secretary of Commerce...shall have charge of the
forecasting of weather,...issue of storm warnings,...weather
and flood signals,...gauging and reporting of rivers,...collec-
tion and transmission of marine intelligence...,...reporting
of temperature and rainfall conditions..., the display of frost
and cold-wave signals, the distribution of meteorological in-
formation..., and the taking of such meteorological observa-
tions as may be necessary to establish and record the climatic
conditions of the United States, or as are essential for the
proper execution of the foregoing duties.”

15 USC 313 nt---Study of Thunderstorms and Atmospheric
Disturbances; Report; Expenditures; Cooperation of Other
Departments

"...the Secretary of Commerce is authorized and di-
rected to study fully and thorov 1ly the internal structure of
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thunderstorms, hurricanes, cyclones, and other severe atmos-
pheric disturbances,...with a view to establishing methods by
which the characteristics of particular thunderstorms may be
forecast and methods by which the characteristics of such
storms may be determined on visual observation from outside
of the immediate thunderstorm area."

15 USC 313a---Establishment of Meteorological Obser-
vation Stations in the Arctic Region

*...the Secretary of Commerce, shall, in addition to
his other functions and duties, take such action as may be
necessary in the development of an international basic meteor-
ological reporting network in the Arctic region of the Western
Hemisphere, including the establishment, operation, and main-
tenance of such reporting stations..., with the meteorological
sexrvices of foreign countries and with persons engaged in air
commerce."

15 USC 330b---Duties of Secretary---Records, Maintan-
ance, Summaries, Publication

"{a) The Secretary shall maintain a record of weather
modification activities, including attempts, which take place
in the United States and shall publish summaries thereof from
time to time as he determines.”™
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UNITED STATES CODE
TITLE 33

33 USC 462-~--Investigations Concerning Erosion of
Shores of Coastal and Lake Waters

"The National Oceanic and Atmospheric Administration,
under the direction of the Secretary of Commerce, is authcrized
and directed to cause investigations and studies to be made in
cooperation with the appropriate agencies of the various states
on the Atlantic, Pacific, and gulf coasts and on the Great
Lakes, and of the States of Alaska and Hawaii, the Commonwealth
of Puerto Rico, and the possessions of the United States, with
a view to devising effective means of preventing erosion of
the shores of coastal and lake waters by waves and currents;...

33 USC 426a---Additional Investigations Concerning
Erosion of Shores of Coastal and Lake Waters; Payment of Costs;
Definition of Shores

*...it shall be the duty of the National Oceanic and
Atmospheric Adnministration to make general investigations with
a view to preventing erosion of the shores of the United States
by waves and currents and determining the most suitable methods
for the protection, restoration, and development of beaches;
and to publish...such useful data...as...may...be of value to
the people of the United States."

33 USC 540~--Investigations and Improvements; Control
by Department of Commerce; Wildlife Conservation

"Federal investigations and improvements of rivers,
harbors, and other waterways shall be undexr the jurisdiction
of and shall be prosecuted by the Department of Commerce under
the direction of the Secretary of Commerce and the supervision
of the National Oceanic and Atmospheric Administration..."

33 USC 883a---Surveys and Other Activities

" ..the Secretary...is authorized to conduct the
following activities:

(1) Hydrographic and topographic surveys;

(2) Tide and current observations;

(3) Geodetic-control surveys;

(4) Field surveys for aeronautical charts;
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(5) Geomagnetic, seismological, gravity, and related
geophysical measurements and investigations.®

33 USC 883b---Dissemination of Data; Further Activities

"...the Secretary is authorized to conduct the follow-
ing activities:

(1) Analysis and prediction of tide and current data;

(2) Processing and publication of data...;

(3) Compilation and printingof aeronautical charts...;

(4) Compilation and printing of nautical charts...;

(5) Distribution of aeronautical charts...;

(6) Distribution of nautical charts..."

33 USC 883d---Improvement of Methods, Instruments,
and Equipments; Investigations and Research

"...the Secretary is authorized to conduct develop-
mental work for the improvement of surveying and cartographic
methods, instruments, and equipments; and to conduct investi-
gations and research in geophysical sciences.,."

33 USC 883h---Employment of Public Vessels

"The President is authorized to cause to be employed
such of the public vessels as he deems it expedient to employ,
and to give such instructions for regulating their conduct as
he deems proper in order to carry out the provisions of sec-
tions 883a to 883i of this title."”

33 USC 1123---Marine Resource Development Programs

(a) Cooperation of hgencies with Secretary of Commerce.

"In carrying out the provisions of :this subchapter,
the Secretary shall (1) consult with...experts...and all de-
partments and agencies of the Federal Government...interested
in, or affected by, activities in any such fields, and (2) seek
advise and counsel from the National Couacil on Marine Resources
and Engineering Development..."

(b) Development Programs; Research; Publication of
Useful Information.

"The Secretary shall exercise his authority under this
subchapter by--
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(1) initiating and supporting programs...for
the education of participants...;

(2) initiating and supporting necessary
research programs...; and

{3) encouraging and developing programs...with
the object of imparting useful information
to persons...in the various fields of marine
resources, (including) the scientific
community, and the general public.”

{c) Grants and Contracts tc Carry Out Programs

"pPrograms to carry out the purposes of this subchapter
shall be accomplished through contracts with, or grants to,
suiteble public or private institutions..."

Mo h e e Ve e < 8 St et ke s 2
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UNITED STATES CODE
TITLE 42 -

42 USC 1891---Authorization to Make Grants

"The head of each agency of the Federal Government,
authorized to entexr into contracts for basic scientific re-
search at non-profit institutions of higher education, or at
non-profit organizations whose primary purpose is the conduct
of scientific research, is authorized, where it is deemed to
be in furtherance of the objectives of the agency, to make
grants to such institutions or organizations for the support
of such basic scientific research."
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MISCELLANEOUS
AUTHORITIES

Reorganization Plan No.2 of 1965---Transfer to
Secretary of Commerce

The plan consolidates:
(1) The Weather Bureau...
(2) The Coast and Geodetic Survey.

Reorganization Plan No.4 of 1970--—-Transfers to
Secretary of Commerce

The plan consolidates:

(1) The Environmental Science Services Administration...

(2) The Bureau of Commercial Fisheries..,

(3) certain functions of the Bureau of Sport Fisheries
and Wildlife...

(4) The Marine Minerals Technology Center...

{(5) The Office of Sea Grant.

EO-11564, October 8, 1970; 35 FR~15801l~---Transfer of
Certain Programs and Activities to the Secretary of Commerce

"Section 1 (a) The following programs and activities
are...transferred to the Secretary of Commerce:

(1) The National Oceanographic Instrumentation Center...

(2) The National Oceanographic Data Center...

{(3) The Ocean Station Vessel Meteorological Program...

(4) The Trust Territories Upper Air Observation

Program...

(5) The Hydroclimatic Network Program...

(6) The National Data Buoy Development Project...

({b) Such personnel and...property...used...
with the operation of the (se) programs...as the Director of
the Office of Management and Budget shall determine shall be
transferred...to the Department of Commerce..."

In addition to the above, there are the following acts:
The Anadromous Fish Conservation Act of 1965 (10 USC

757a) ~-—authorizes NOAA with the states to conserve, develop,
and enhance the anadromous fishery resources of our nation.
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The Commercial Fisheries Research and Development Act
of 1964 (16 USC 77%a)---authorizes NOAA to cooperate with the
fifty states in carrying on research and development of commer-
cial fishery resources and to relieve resource disasters
affecting commercial fisheries production and utilization.

The Central, Western, and Southern Pacific Ocean
Fisheries Resources Development Act (P.L. 92-444)-—-—provides
for a joint industry/government program to develop a shipjack
tuna fishery.

The Marine Mammal Protection Act of 1972 (16 USC 1361-
K107)---requires NOAA to regulate activities for the protection
and management of marine mammals as resources of great aesthe-
tic and recreational value as well as resources of economic
significance.

The High Seas Fishery Conservation Bill (HR-4760 and.
$-1069)---provide the Secretary of Commerce with the authority
to regulate marine fisheries as they pertain to American
fishermen on the high seas.
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There are eight commissions established by inter-
national conventions with various management authorities. The
following is a listing of commissions currently active and
their principal areas of concern:

Tadble 1€ : The Eight International Commissions and Their Areas
of Concern
Commission . Parties Area of Concern
International Pacific Halibut Canada, United States Halibut fishery of Horth
Commission Pacific and Bering Sea
International North Pacific Canada, Japan, United Fishery stocks of the
Fisheries Commission States North Pacific and Bering
Sea
International Pacific Salmon Canada, United States Sockeye and pink salmon
Fisheries Commission of the Fraser River
system
North Pacific Pur Seal U.8.5.R, Japan, Canada, North Pacific fur seals
Commission * United States
International Commission for 16 countries, including Pishery resources of
the Northwest Atlantic United States northwest Atlantic Ocean
Fisheries .
Inter-American Tropical Tuna Seven countries, including Yellowfin tuna of the
Commission United States eastern Pacific
International Commission for 13 countries, including Tuna and tuna-like fisheries
the Conservation of Atlantic United States of the Atlantic Ocean
Tunas
International Whaling Comnission 48 countries, including ¥Whale stocks of the worla
United States

The terms of 16 USC 1191-1194, October 14, 1966,
established the contiguous fisheries zone and support activi-
ties within the zone in return for certain preferential rights
for American fishing interests on the high seas adjacent to
our coastal areas and for foreign abstention from fishing for
some species in certain areas. The following is a list of 11
current bilateral agreements:
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Table 17: Current American Bilateral Fishing

Agreements

South Korea

U.S.S.R.

U.S.S.R.

U.S.S8.R.

U.S.S.R.

U.S.S.R.

Atlantic

Cooperation in fisheries

Fisheries Agreement relating to gear
conflicts in fishing operation in North
Pacific and Bering Sea

Middle Atlantic Agreement

Eastern Beri‘ng Sea King and Tanner Crab
Agreement

Contiguous fishing zone

Claims resulting from damage to fishing
vessels or gear

Principal Area of Concern Expiration Date

Canada Reciprocal_?ishinq Agreement April 1974

Japan Fisheries Agreement Decenber 1974

Japan Eastern Bering Sea and Tanner Crab December 1974
Agreement

Poland Middle Atlantic Agreement June 1975

Romania Fisheries in western region of middle December 1975

December 1977

Februeary 1975

December 1974

February 1975

February 1975

February 1975
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