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ABSTRACT

This report documents the Phase I Study of the National Data Program for -he
Marine Environment. This stuidy was sponsored by the National Council on Mi•,
Resources and. Engineering Development. The end product of Phase I is a Study'l.""
Approach for Phase II. In support of this approach, findings were derived
from:

' -1. A review and analysis of the findings and recommendations of pertinent

prior studies. Twenty-seven documents were reviewed.

2. A survey of the relevant literature on the inforuational structure, storag.•
and retrieval, and reduction to useful forms of marine information. Four
hundred and thirty-nine documents were s rveyed.

3. A collation of the plans of selected agencies for the development of improved

marine data handling capability. Seventeen plans were reviewed.

Additional Phase I activities were as follows:

1. A questionnaire was developed to assess the size and characteristics of the
, • marine data problem.

2. Interviews were conducted with:

II75 persons in 28 Federal Agencies.

20 persons in six Scientific Institutions.

10 persons in •ee~n Regional Authorities end in Industry.

These interviews included organizations whose activities spanned the entire
spectrum marine Sat& functions; colleetion, processing, storage and
retrieval, dmssoeinatlon and use.

3 3. A de*-ailed mothodoloeo was %iivelopc for structuring the Phase II design
Wttort•. This methodolo@ was v oplied dursng Phase I for the prelixinary

o Votional )ar*. Science iýrax Objectlv*s

I 0 •nctlonal Repudreeentu

D Data P1ngroa Reuiamnto
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I. INThrDUCTION

L.A. STATEMENT OF THE PROBLEM

1. P�pose

This report is submitted in fulfillment of the requirements of a
study for a National Data Program for the Marine Environment whi.-h
was sponsored by the National Council on Marine Resources and
Engineering Development under Office of Naval Research Contract
NOOO1-67-C-0559. The Phase I study covered by this report is a
Project Definition Phase conducted in order to survey the problem
and structure a .tudy Approach for Phace II, the actual System
Analysif and Design phase. The objectives of this Phase I study
as specified in the contract are as follows:

a. Produce a Study Approach for Phase II.

b. In support of this approach, report the findings derived
from:

"1) Reviewing and analyzing the findings and recoendations
of pertinent prior studies.

2) Surveying the relevant literature of the informational
structure, storage and retrieval, and reduction to useful
fovms of marine information.

3) Collating the plans or selected agencies for the develop-

ment of imprmved ocean data handling capability.

2. 2cgon

In response to growing recognition of the importance of the mmririe
envtronment to the nation as a vhole, Con.rvsn passed the M~rinp
Rezources and Fngineer~ng Development Act of 0,t vhich eotntai•s

the ftnUwivig vtemntita of n.wnAl m4r•nr obje;tle•s:

~.The mcernt~~ cl~ ~ ; ý?r t rv0oUr':e,,t or the n-4rire.
evlrgnment.

b. 1Tiel -xzxr~tvt-:: inr h r.l~ ?,f thv "&rin.o n~i.

c. Te e uAr--t-~r*%*t oIf priv~ate nvestm4nt rtt-qrvri;- in exr1,,rLc-

-,f thie ~eorpvic~s af tho r~rtws n v #rwarzen

I
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d. The preservation of the role of the United States as a leader

in marine science and resource development.

e. The advancement of education and training in marine science.

f. The development snd improvement of the capabilities, per.,
formance, use, and efficiency of vehicles, equipment, and
instrmjnnts for use in exploration, research, surveys, the
recovery of resources, and the transmission of energy in the
marine environment.

g. The effective utilization of the scientific and engineering
resources of the Nation, with close cooperation among all
interested agencies, public and private, in order to avoid
unnecessary duplication of effort, facilities, and equi~prent,
or waste.

h, The cooperation by the United States with other nations and
groups of nations and international organizations °i marine
science activities, when such cooperation is in the national
interest.

In concert, the Administration executed a number of vital actions
including creation at Cabinet level of the National Council on
Marine Resources and Engineering Developnent. The Council in
turn defined the rationale for this study of the data management
needs of the marine environment in "Marine Science Affairs --A
Year of Transition." 1 (DNI25)* This Presidential report makes
the following points relevant to marine data management:

a. Critical Problems

1) "Studies have shown evidence of previous deficiencies in
the Nation' s marine data handling; delays in filing;
archaic handling methods; lack of critical evaluation
and inadequate identification of purpose."

2) "The exploration of the oceans has been a scmewliat
random and often uncoordinated process. There has never
been widespread agreement among the marine science

1. "Marine Science Affairs - A Year of Transition." The First Report of the
President to the Congress on Marine Resources and Engineering Developnent,
February 1967, Chapter VII.

* Throughout this report Document Numbers (DN--) refer to the Bibliography.



December 1, 1967 .3- .M.-(L)-37.5/..3/.

commnunity, as there is in come other fields, as to data
handling procedures and standards with the result that
materials are not as coherent and systematic as we now
desire. In the meantime, technology now makes it pos-
sible to accumulate data at a vastly faster rate."

3) "As the problems to be solved become more complex,
global in scope, and multidiscirlinary in content, the
data consumers will be less abl to produce their own
raw materials and will become more dependent on the
work of ,.xhers. To prevent unnecessary and costly
duplication in the data collection - the most costly
part 0o rmarine sciences - collected data should be
readiCtv available to &,_l users consistent with the need
for national security."

"b. Objectives

1) "Any future system to improve the management of data
should deal in one consistent way with data froi its
source through authentication, indexing, filing and
retrieval. Such a system involves not only the data
commodity itself, but intimately involves the variety
of private and public users and contributors, the
information handling organizations, and administrative

.and support activities."

2) "When we refer to system, incidentally, we do not neces-
sarily anticipate a centralized operation, but include
the articulation of a number of specialized data centers
appropriately linked and meeting quality standards."

She above descript-on of problem areas provides a basis for
delineating a number of specific items which require attention
in developing a National Marine Data program:

e Incomplete identification of the multiple purposes and
technical requirements of data collection.

e Inadequate quality control and critical evaluation of
collected data.

* Excessive delays in the "data transmission" system, i.e.,
extensive delays between collection and availability of data
to the marine community as a whole.

e Inefficient data collection and handling methods.
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"* Lack of agreement on data handling procedures end standardss,
thus seriously limiting data flov among marine science organi-
zations.

"* Inadequate correlation of data in space and time and lack of
selective data retrieval by geographical area, depth, or other
criteria.

"* Lmpending rapid growth in data collection volume arising from
expanded airborne, spaceborne, and surface collection systems
with the inevitable impact on an already overloaded data
management system.

"* The ever widening gap between the actual state of marine data
management activities and the potential activities made possible
by technological developments in information handling.

"* Lack of a c:oordinated system of data traffic management from

point of collection to ultimate use.

"* Lack of adequate system cost/benefit/effectiveness information.

Although many problems exist relative to the management of historical
and current data, the most critical data problem confronting the
marine community is how to manage anticipated increases in data
requirements due to new data programs when existing data management
facilities are already overtaxed. Examples of developments which
are likely to result in sizeable data requirements are a national
buoy program, satellite data collection, an increase in the number
and scope of ocean surveys, synoptic or real time requirements,
and environmental observation and prediction for the purpose of
describing and predicting both the state of the oceans and condi-
tions in the atmosphere.

Increasingly, there is a shift from research projects performed in
isolstion, to projects requiring continuous large scale geographic
coverage. A large part of newly collected data will be for environ-
mental prediction and worldwide weather coverage.

Because of the vastness of the world's oceans and the inaccessability
of some parts, large gaps exist in oceanographic data. In order to
fill some of thede data gaps in world wide coverage, programs, such
as a national data buoy program, have been proposed (DN83). This
study documented the requirements for cooperative buoy programs on
a natVonal scale for the next 15 years.
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An exuamp1e of a project providing greater coverage of surface
oceanographic data and meteorological data in real time is the
Spacecraft Oceanography Project of NAVOCEANO and NASA (DN.30).

The World Weather Watch is under development to provide global
data for £iproved short-term weather forecasting, long-range
weather prediction, and research on climate and weather modifi-
catiO),. Although the World Weather Watch is concerned only
wIth meteorological data, it is recognized that the marine
community also requires global data. (DN421) (DN423). It
is planned to share the facilities of t Ir"orld VeRTHer Watch
with cther disciplines, such as oceanography.

A significant aspect of data collection by buoys, aircraf,, and
satellites is the greater volume of data collected per unit time
as compared with the use of older methods. The greater data
volume is due to greater geographic coverage and the continuous
data collection provided by these platforms. Another aspect is
the unattendee. nature of satellite and buoy data collection.
There is no sc4intist on-site to appraise the qi-,'olty of datta
generated, although shore-based observation of data while it is
being collected, may be provided in future systems. These
features of unmanned platforms will require increased data
ingestion and quality control capabilities in data transmission,
processing and dissemination.

The increased emphasis on greater geographic coverage and
synoptic data reporting, does not, however, mean that ships are
outdated as data collection platforms. On the contrary, they
remain the best means of collecting sub-surface, bottom and sub-
bottom data. Aircraft and satellites are limited essentially
to the collection of surface data, although some sub-surface
data collection may be developed in time. It is clear that the
optimum platform configuration of the future will be a mix of
platforms used in amounts consistent with the requirements for
data type, volume, quality, response time, geographic coverage
and costs.

In sumary, the following set of conditions describes the nature
of future marine data requirements which need to be accounted
for in developing a National Marine Data Program:

a Broader geographic coverage of data collection.

* More synoptic data collection.
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* Greater continuity of data collection.

* More attended data collection.

e Greater use of insatruments vdhic record neoer&I parametersa

* Greater integration of mamrra and matecolo•ical data collation
a anlysis.

* Greater mhasis on multi-agency nd multi-nation cooperative
survey PrgOM.S

* Greater use of expendable instrnmnt& in order to facilitate
underway - simto.

* Greater ned for stardards and quality control to facilitate
multi-organization collection and use of data.

* Greater diversity of data types collected.

• Increased data volumes.

* Greater ireisbability of "ata because of an icreas in real
time re* Iromenta.

* Greater need for purging criteria due to increased data
volumes.

0 Greater need for apace-tim. correlation not only for minne
data but comAinations of mari and meteorological data,
r.11.
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B. STUDY MTMIODOLOGY

The basic methodology employed in the conduct of this program is
the "systems approach" which is particularly adapted to large
technical systems problems which cross numerous jurisdictional
boundaries and involve interactions between many organizational
levels and disciplines. It is clear that the marine sciences data
management problem exhibits all of these characteristics.

While the application of the full systems approach awaits Phase II,
some of its concepts were employed during Phase I. This step
enabled the early assessment of the general size and shape of the
problem and thereby the structuring of a realistic Phase !I Study
Approach.

Specifically, preliminary assessments were made of several key
marine data organizations and some immediate results were obtained.
A number of action recommendations are therefore included in this
report in order to highlight several high payoff areas which appear
amenable to short term improvements.

1. Definition of Terms

In order to provide continuity between Phase I and Phase II in
the design of a National Marine Data Program, an approach has
been developed which encompasses both Phase I and Phase II
activities. Before describing the methodology, certain terms
which are basic to the approach and which are used throughout
this report are defined below:

a. National Marine Science Programs: Marine activities as
defined in "Marine Science Affairs - A Year of Transition"
(e.g.,,National Security, Food from the Sea).

b. National Marine Data Program: A future integrated and
coordinated system of collection, storage, processing,
and dissemination of marine data in support of the National
Marine Science Programs.

c. Functional Requirements: The requirements for activities
performed by organizations in support of the National Marine
Science Programs.

d. Data Programs: The totality of data requirements for a
given national marine science program such as Food from the
Sea. The data requirements consist of the needs for
coilection, storage, and processing and dissemination of
data.
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e. Data System: A system, consisting of people, procedures,

hardware, software, instrumentation, and camnmications
equipment for implementing a data program.

f. Data Management System: Synonymous with data system.

2. Marine Data Problem Evolution

A graphical portrayal of the evolution of the marine data problem
appears in Figure 1. This logic flow shows the definition of
National Marina Science Programs flowing from both the Marine
Council level and the agencies upward to national planners.
Most national programs actually evolve from the line organi-
zations and information flows upward to national planners and
policy makers. The planners synthesize this information and
develop as national policy a set of goals from a composite of
the information provided by the agencies.

National goals form the basis for the conduct of organization
functions. For example, the Coast Guard performs the function
of determining and monitoring the occurrence and movement of
sea ice in relation to navigational safety in response to the
national program of environmental observation and prediction.

Data programs are derived from the functions performed by each
organization. Continuing the above example, the collection of
sea ice data by the Coast Guard Ice Patrol is an example of a
data program.

The marine data problem evolution, from National Marine Science
Programs through Data Programs, represents the components of the
problem, as indicated in the figure. Data programs are
independent of means of implementation. Data systems, however,
are the alternative mechanisms for implementing the require-
ments of data programs. The data systems consist of the personnel,
procedures, hardware and software which are required in order to
collect, store, process, and disseminate data resulting from data
programs.

3. System Engineering and Relationship to RFP

A flow chart of a methodology for the Design of a National Marine
Data Program is shown in Figure 2. Relevant portions of this
methodology have been employed during Phase I. The use of this
approach will continue during Phase II. Key items from the RFP
are associated with the relevant steps of the methodology. A
description of the relationship between the requirements of the
marine data problem and the steps in the approach follows:
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J a. Identify Needs (Step 1)

Identify the fundamental need for the data management study.
As indicated in the figure, the key facets of this needare embodied in the words "system," "support," "National,"
"development" and "potential," i.e., the marine data program

r is to be designed to s.pport national objectives. The overall
national objective is the development of the potential of
"the marine environment. The implication for data management
ir this statement is that the data management system must be
geared to supDort programs which develop and more fully
utilize the potential of the marine environment. This
mission requires that the data management system support:
"(1) research, e.g., water pollution studies, (2) operations,
e.g., water pollution control and (3) planning, e.g., evalu-
ation of water pollution control programs and planning for
implementation.

b. Identify Objectives (Step 2)

A delineation of data program objectives, which if achieved,
will fully support the National Marine Science Program needs,
e.g., coordinate data collection from multi-organization
ocean surveys in order that a greater number of users and
user needs may be satisfied. By making more and better
data products available to more data users, such as researchers
and resource managers, the possibilities for developing the
potential of the marine environment are enhanced.

c. Determine Functional Requirements (Step 3)

Identify the activities of marine science organizations which
have data requirements. The three major functions are data
collection, data centers and data users. Within these cate-
gories are functions related to national programs. Examples
are:

* Ocean surveys by NAVOCEANO in support of the National
Security Program.

* Prediction and control of man-made radioactivity on the
marine environment by AEC in support of the Marine
Pollution Abatement and Control Program.

d. Determine Data Charact cistics (Step 4)

Determine the characteristics of marine data required.
Examples are:
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* Kind: Chemical

* Type: Salinity

* Forms: Analog

* Relationships: Salinity, temperature, depth charts.

e. Determine User Data Requirements (Step 5)

Determine the requirements which users have for data in order
to carry out their functions, e.g., volume, frequency of use,
quality of geological data required by the Bureau of Mines
in order to locate and identify the magnitude of the mineral
resources of the ocean. This activity ccunrises the definition
of data programs . A data program 14 the specification of the
data collection, storage, processing and dissemination require-
ments for a national marine science program. Scme data pro-
grams span several agencies, e.g., the Navy and Coast and
Geodetic Sarvey are involved in mapping and charting. Other
data programs involve a single agency, e.g., the Corps of
Engineers, in-shore and harbor stabilization.

f. Evaluate Characteristics and IAmitation of Sensors, Platforms
and Ccmunications Systems (Step 6)

Determine modifications in data requirements which result
from limitations in recording instruments, platforms and
data transmission systems, e.g., limitation in data trans-
mission from ship to shore due to crowded HF bands. This
is an example of a data requirement based on objectives of
a program, such as transmit weather data at certain times
and rates, which becomes constrained in scope due to physical
limitations.

g. Evaluate Constraints (Step 7)

Constrai'ts are an additional "filter" through which origanal
data requirs.nu 4i must be passed in order to arrive at the
net effectiveness of the data requirements. For exemple,
data requirements will typically b4' predicated on the
objectives of the marine program which the data collection
supports and on anticipated funding. If funding is later
curtailed, objectives must be modified to conform. A
contemporary illustration of this condition is the reduction
in ESSA funding for satellite data collection which will
retard ESSA's progress in evaluating the collection of
envirormental data by satellite.
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h. Ausess Impact on Cost and Effectiveness of Data Progjrm (step 8)

After the effect of sensor, platform and cowmnications
systems limitations have been considered aid the impact of
other constraints have been assessed, the result of the two
filtering processes is a data net program effectiveness.
Tat is, there will remain a progren of data collection,
storge, processing and disseminatico which will be feasible,
given the physical limitations and constraints. The purpose
of step 8 is to analyze the effectiveness and cost of data
progrOW.

This is not evaluated on the basis of Judging the utility
of one agency's data program relative to another since this
would indirectly involve Judgnts abo,.t the efficacy of
the National Marine Sciences Programs which the data
activities support. Rather, the evaluation of data programs
is based on the effectiveness and cost of the data system
which are required in order to implement data program,
i.e., the effectiveness and cost of the procedures, personnel,
bardware and software which constitute a data system. This
evaluation must asess not only the current effectiveness
and costs of the data system but the fture effectiveness
and coats as well, since both the data progr requirements
and the data systems for satisfy1ng those requirements change
over tim.

i. Determine Data nProar Priorities (Step 9)

In determining data program priorities an assessment is made
of the requirements for data systes, both present and future,
which are needed to implement data progrems. This evaluation
does not involve the develipet of detailed specifications
for data system. Rather, it involves the gross assessment
of data system characteriaslcs which are required in order
to impleaent data programs. The first step in the evaluation
pmxess .3 the establishment of a set of effectiveness
criteria. The effectiveness criteria consist of measures
of data system capability such a data retrieval time and
storage capacity. An example is the evaluation of the
capability of NODC to store and retrieve biological and
geological data.

One criterion might be the extent and volu, of data which
could be distribut.e to the 4ser commnity and the time Ug
between data coll•ction and dissemination te interested
parties. This analysis will idantlry se data progra
with sqeraor effctivenzes characteristics and others which
s"aremainal; others Yiii fall between these extremes.



December 1, 1967 -l6. Th-(L)-3705/003/O0

The rext step in the determination of data program priorities
is to apply gross cost estimates to the collection, storage,
processing and dissemination elements of data.

Finally, a cost/effectiveness evaluation is made of increments

ord•r•to implement data program requirements.

As mentioned under (h) above, the evaluation of data programs
does not involve an assessment of their utility. Rather, the
cost and effectiveness of data system improvents required
to support data programs are evaluated. This analysis is
performed in gross terms and does not involve the detailed
examination of implementation alternatives. The analysis
does not involve consideration of actual information systems.
Rather, gross cost estimators are associated with the require-
ments of data progras in order to arrive at a rank ordering
of data program as a basis for scheduling the implementation
of data systein improvements.

3. Specify Parameters of Data System (Step 10)

The specification of data system parameters is the process
of delineating the characteristics of a data system which
are required in order to implement a data program.

After data program priorities have been developed as a result
of the cost/effectiveness analysis, the parameters for the
required data systems are defined; integrated where multiple
data programs are processed by the sown data system; and
related to the points in time when the various data system
chrarcteristics will be required. Parmseters consist of
characteristics such as storage requirements as a function
of time, retrieval time, purging rate, levels of storage
required, etc. An example of this phase of the Paalyais is
the determination of the amoxmt of storage, data base organi-
zation, data base maintenance, rmtrieval time, and analysis
functions required for the storage and processing of STD and
DT data at EJDC frnc the BOOM prograi to be conducted during
July-August, 1968. Other considerations are the data trans-
mission modes ftra Nvy and Coast Guard survey ship& to
?WDC and the delay between data collection and receipt of
data at NO1DC.

The above is a small ample of the types of data sys'ems
parameters which nust be conuidered when plannig the

Iuplmentation of a data program. Where data systems are
nor-existent, parameters describe the requirements for noew
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systems. Where data systems exist, parameters describe the
characteristics of improved systems.

"Data system parameters are used as inputs to the synthesis
of alternative systems (step 12). It should be noted that
the data system parameters are application requirments and
not data system characteristics. Data system characteristics
are selected on the basis of cost and the degree to which
"application requirements are satisfied. Consequently, the
parameters of the implemented system will differ in either
direction frot the application parameters depending upon
the relationship between cost and effectiveness of data
system character•e tics.

k. Provide Data Control (step U)

Data control involves all those reasures which are incorpo-
rated in a data system in order to provide the desired
degree of data quality. Data quality control measures
pertain to all stages of data system operation: collection,
storage, processing and cissemination.

Quality control needs to be exercised over data collection
activities including instrument reliability, accuracy,
precision, 'mite of measurement, methods of calibrLtion and
use, and over data transmission modes, processing procedures
and data dissemination modes.

An important aspect of the data control problem is to provide
information at the time of data dissemination, ab.out the
quality of the data collected. This information would
include identification of sensors employed, instrument cali-
bration data, units of eavurinent, recording format, samplin
rate, enviroiuental conditions under which meeurements are
taken and the methods used to transmit data from collection
point to processing. This procedure is important in order
to provide as mch uniformity as possible in the inter-
iwetat!on of disseminated data.

I. ..thesise Data Ratem Alternatvet (Step 12)
4

In system synthesis, lalterative data system are designed.
The inputs to this process are Uata systm paraeters and
data control requirtos. Alternatives are devised which
are feIible, i.e., systems are devised which satis.y systsm
constraints.

I
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The initial goal of system synthesis is to design workab7e
systems without detailed attention being given to optimizing
system performance. Subsequent iterations of the des~ign
process "tune" the data system to higher levels of performance.
In system synthesis,, personnel, hardware,, software and com-
munl'-'tions subsystems are configured to maximize the satis-
faction of criteria, within the bounds of cost and other
constraints. An example of this process is the design of a
shipboard computer system. Effectiveness criteria would be
stated in the form of sampling rate, rate of data input,
amount and levels of storage, retrieval time, forms of input,
data output rate, forms of output, soft~w&re tools, arithmetic
precision,, number range, stc. Various possible configurations
of shipboard comnputer systems would be designed to satisfy
the above criteria in varying degrees dependent upon the
tradeof~f functions involved end withir. the funds available,
delivery time end other constraints. The feasible alternatives
of shipboard computer systems would be subjected to cost
effectiveness analysis of various increments of capability
as described in Step 13.

m. 'Data System Anal~y!!si (step 13)

The purpose of data system analysis is to analyze the effee±tive-
ness, costs and other attributes of the systems which are
synthesized in Step 12. As shown in Figure 2, there is
continual interaction between synthesis and analypisa. During~
analysis the need for revising system designs is ifliuinated,
re-design results in i'urther analysis, etc. Each increment
ofa data system capability is analyzmi ;.Ith respect to its
incremental cost. Tradeoff analysis is performed on the
various modules of system capability and the most favorable
alternatives specified and implementation schedules defined.

An important part of system analysis; is the evaluation of
the sensitivity 4f the solution to changes in constraints.
For example, wauJld the selection of a. system change if more
wC*vy were made availM le? !*as money? Would the solution
change if a now developrant in Instruments occurs. The
sensitivity analysis in particularly impo~tant whten consid-

ered over timo due to the chinges tn optinal solution with
changes in the sygtem eaviromat. Finally, the cruploet
specitication of alternatives, iniclt.Aing effectiveness,
cost, &Md Implmsntation scheduiles are jzesentod to the user
for his decision.

Tbe fOragoing Is a short doscription of the system engineering
Proes.. s &PApplied to the marine data nanajemt nroblins.
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This process wan employed in part during Phase I, and it will be
continued in Phase II. Owing to the immense organizational and
technical complexity of the overall marine program sphere, it
should be clear that this systematic process cannot be conducted
in great detail rapidly throughout the entire national marine
science program. It will be used as a set of operating principles,
however, end will thus enable the highlighting of high pay-off
are" and the ranking of a step-by-step process of data system
"evolution which will raise the present loosely connected system
to sequentially higher levels of performance.

It is understood that the concepts, problems and approaches
described in this report are known to the Data Management
Advisory Panel (rMAP) and to other agencies familiar with the
marine environment. It is necessary, however, to perform this
initial step of integration in the overall plannin. of the National
Marine Data Program Ln owder to provide a common ground or starting
poirst for the contractor and the agencies and organizations
involved.

|

I
I
I

I
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II. SUM4AY

This report section serves to accumulate and summarize briefly the key results
of this Phase I Study.

A. PHASE I ACTIVITIES

The following stepF were taken during the Phase I Study Period:

1. Project Organization

The project team was organized, briefed and a detailed plan of
action was developed. The team consisted of the inter-disciplinary
mix of capabilities listed in the left hand column of the following
table:

TABLE 1

Allocatin_ of Project Organization Time During Phase I

Project --
Activitieo

l- ej~c s -A 30 1 0 Vi 0 5 I

l-Ienfor ~Inormajtionm

1-Desiognaer - 10 35 20 30 5 30

i-9nagment Scientist lO1 30 20 40 -

The alclocation of tt spent n each project activity by the team

members was alproxi~ately as indicated by the prcentaon entered

in he o table.



December 1, 1967 -22. TM1-(L)-3705/003/OO

2. Survey Effort

a. sNamLe Plan

The actual analysis of the marine science data problem is a
task to be performed in Phase II. It was felt highly desirable
to conduct a preliminary survey in Phase Ip however, in order
to clearly establish areas requiring important concentration
during Phase II. A sample survey plan was, therefore,
developed, and, with the advice and assistance of the Data
Managament Advisory Panel, it was executed.

b. Organizations Contacted

Ini accordance with the sampling plan, interviews were conducted
with:

e 75 persons in 28 federal agencies

* 20 persons in six scientific institutions and universities

* 10 persons in state, regional authorities and in industry.

These interviews included organizations whose activities spanned
the entire spectrum of functions vital to the design of an
overall data management system including: collection, pro-
cessing, storage and retrieval, dissemination and use. In
addition, conferences were held with expert consultants in the
marine science field. (See Appendix F, Volme II)

c. Questionnaire Design

A questionnaire was developed to fill the need to assess the
size and characteristics of the Phase II problem of determining
the technical facts regarding the universe of data collectors,
processors, stoarer, disseminators adA users. In turn, it
was used as the information iathbring instrntent during all
field interviews. Because of this field test, it has nov
evolved through three revision stages. While the need for
additional i•provwants in the qmumtinaire is evident, the
work accomplishd to date will eet4 aminiize the carnes-
ponding Maes 11 effort. (See Appendix 0, Yolum II)

4. Otber Tools DOV9lo2ed

In a6ditie- to the 4stionnalre, various saalItical tools
and presentation aide were develaped wnd util2ued duritr
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Phmae I for tle purpose of analysing the marine data problm.
These tools and aids, which will be employed further during

bmae II in the design of the National M1rine D1ta Prorpm
are listed below:

1) Falationships between objectives, arine science proraw

and agency iassions.

2) Organizstion budgets for marine science progrms.

3) Relationships between missions, functlons wa data
requiremento of marine science organizations.

1) Dudgets by fumction for marine science programs.

5) Crganization budgets by marine science function.

6) Volume of data cLlectsed by Internationu 1 cooperative
surveys and individual organizations.

7) )atrix of data flow bitveen organizations.

8) Data flow tables and charts.

9) Organization data characteristics charts shoving inputs,
storage and outpits.

10) Folationshipe of org•eisation data processing to national
pr--rms and initiatives.

II) Tables listing marine data bases which warrant greater
dev elopmet.

12) Plots of data eollectIce volume as a function of time.

13) Shipboeardi data generation capabilities.

14) OLcu•iation of cruise data colletion rst.

13) Iaveatery of data tiles.

)6) OwAtrsints relatithipse matrIA.

17) CallUtian of VJNw, stwi.e -r .lterature matrix.

18) Ood*4 ebetroct fam *taible fw s;t~atxc retrieval.
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3. Plans, Studies, and Literature Review and Collation

a. Marine Data Management Library

A bibliography of 439 pertinent marine science documents was
developed, copies were obtained and indexed, and a working
Marine Data Man!%ement Library was established. (See
Bibliography, V 'ume I)

b. Plans

The plens of 39 marine science organizations were obtained
as dociments or by interview, and 17 of the most complete
were studied and collated. Areas of agreement expressed in
the different plans were determined and organized into Fey
categories from which major conclusions were drawn. (See
Section VIII, Voltine I and Appendix A of Volume II)

c. Studies and Litersture

A total of 27 pertinent prior szudles and other elements of
the literature covering the data management aspects of
marine science were selected, atudied, and collated. Areas
of agreement were determined and structured into key
categories from which major conclusions were drawm. (See
Section VIIIX Volume 7, and Appendices B and C of Volume II)

4. Other Actions

a. Marine Data Pase Developmen.

Looking forward to the research cupport aspects of a National
Marine Data Program, a small oceanographic station data base
was obtained from NODC covering one and one-half Marsden
squares and containing approximately 800 oceanographic
stations. The data base was loaded into SDC's Q-32 time-
sharing computer. Eisting software tools were then used to
evaluate the utility to researchers of general purpose graphic
Cisplay systems opt.rating on randomly retrieved data sets.
Instantaneous plots of such variables as temperature vs.
depth and correlations of any data in the base such as
temperature vs. salinity (T-S) have been achieved. The work
suggests the substantial utility of such capability for
research support In future systems. (See Appendix D of
Volume II)
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b. LaJolla Facility

j in preparation for Phase II, a facility was opened in LaJolia,
California, in order to increase the flow of advice and counsel
from the broad spectrum of oceanographic researchers in that
area.

5. Phase II Study Approach

I From study of the results of the initial steps men-ioned above, a
study approach was developed for Phase II.
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B. PROBIEN DESCRIPTION

1. Overview of the National Marine Data Program

The National Marine Data Program must be structured so that it is
fully responsive to the broad objectives of the Marine Resources
and Engineering Development Act of 1966. These objectives are:

a The accelerated development of the resources of the marine
environment.

* The expansion of human knowledge of the marine environment.

* The encouragement of private investment enterprise in explora-
tion, technological dcvelopmmnt, marine commerce, and economic
utilization *ýf the resourcei of the marine environment.

e The preservation of the role of the United States as a leader
in marine science and resources development.

* The advancemer of education &.7.d training in marine science.

* Th! dfevelopment and improvement of the capabilities, per-
formance, use, and efficiency of vehicles, equipment, and
instruments for use in exploration, research, surveys, the
recovery of resources and the transmission of energy in the
marine environment.

e The effective utilization of the scientific and engineering
resources of the Nation, with close cooperation among all
interested agencies, public and private, in order to avoid
unnecessary duplication of effort, facilities, and equipment,
or waste.

* The cooperation by the United States with other nations and
groups of nations and international organizations in marine
science activities when such cooperation is in the national
interest.

The development of a National Marine Data Program begins with a
recognition of these national goals and objectives and provides
a program which will support their attainment.

The complexity of the problem of building a unified national
program for developing the marine environment arises from the
great number and magnitude of the "dimensions" of the subject
matter.
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They include:

* The vast expanse and depth of the oceans, lakes, and estuaries,
and air-sea interaction interface which comprise the geographical
danain of the marine sciences.

"• The many technical disciplines which constitute the marine
sciences field.

* The many federal agencies, states, research institutions and
private organizations which comprise the marine science
canmunity, each with its own missions, objectives and resources.

* The large number of parameters which characterize the marine
environment.

The marine program exhibits many of the technical complexities
found in a typical national defense program. In addition, however,
it exhibits a spectrum of socio-economic and political problem
aspects not found to this degree in single-point authority defense
or space programs.

The multidimensioned nature of the current program can be better
understood by inspection of some of its essentially non-technical
aspects. They include:

* The federal portion of the national program spreads over eight
presently identified federal departments with major marine
interests and within some 22 subordinate agencies. Organization
and coordination of the marine activities of these departments
and agencies alone is a major problem.

* In addition to the Federal Government, 24 ocean coastal states
and eight Great Lakes states not only have serious marine
problems such as environmental pollution, but also have very
substantial state revenue potential frai food, mineral and
petroleum resources of the marine extersion of their state
boundaries.

* The oneness of the world ocean and its effects on global weather
arid ocean operations, the concept of freedom of the seas, and
the great gaps in national and international law as to rights
and ownership of marine resources create a requirement fcr
international cooperation in ocean development as great
and pressing as has ever been faced by an expanding technology.
The opportunitie3 and advantages of international cooperation
in data collection and data exchange are most attractive and
must bj expanded.
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* Industry has a substantial and growing profit motive in
exploiting marine resources as well es participating in federal
and state programs. Associated with industry data system,
however, are proprietary and classification safeguards as
stringent as their counterparts in national security.
Industry must be viewed as a partner, not a subordinate in the
ocean program.

* The multiplicity of form in which the significant raw data
occurs are as nuerous and varied as the interests of the
various national programs and the pure and applied scientific
disciplines involved in gathering and using the data to develop
required knowledge and understanding.

These, then, are the complicating socio-economic political aspects
of an already complicated technical information management program.

Because of the breadth and dimensions cf the subject matter, the
magnitude of the data problem is correspondingly quite large. The
data problem is intimately associated with every aspect of the
marine sciences. Therefore, any problem undertaken to satisfy
the missions of organizations in the marine sciences generates
data requirements to support those missions. Thus, data programs
must flow fro the functional requirements of the marine science
ccmunity and not dictate the direction which the functional
activities take.

In structuring the Natior al Data Program the following important
steps are involved:

a An analysis and under .tanding of the national goals and
objectives in the mariae sciences.

* An analysis of the missions and objectives of the individual
agencies, institutions and private organizations in pursuit
of fulfilling the national goals &nd objectives. These
missions and objectives include: exploration, description
and prediction of marine environmental conditions;
exploitation and conservation of the resources of the marine
environment; marine engineering; studies of air-sea inter-
action; transmission of energy; and comunications.

• A functional analysis of the activities which are implemented
by organizations in support of their missions and objectives.

• An identification of the needs for data and data analysis.
.r'ese needs are derived from the missions and objectives of
individual organizations.
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9 The structuring of a set of objectives for a data program
which, when satisfied, will be fully responsive to the data
needs of the marine science ccmmunity.

* The evaluation of the political, legal, economic and
"technological constraints which bound the data problem.

* The synthesis of alternative systems which satisfy the
constraints imposed on the system.

a The analysis of system alternatives and the selection of the
optimal system.

2. National Marine Science Planning and Decision Process

In appriaching the problem of evolving an effective data manage-
ment system in support of the National Marine Science Program it
is useful to conceptualize the basic elements of the planning and
decision process. As an aid, Figure 3 illustrates broadly the
elements and processes involved. Across the top of the figw-e
is a schematic illustration of the way in which the national
goals are first broken down into national programs, such as
national security and food from the sea; and thsn further broken
down into subprograms, such as ASW and fish protein concentrate.
These first three categories then form a way of dividing and
grouping the major tasks to be performed.

All of the activities, however, are carried out by organizations
and they are shown broadly in the fourth column including for
example, the Navy, Bureau of Coercial Fisheries, and research
institutions. These then are the resources of facilities, equip-
ment, people and money which are utilized in achieving national
goals. As the procez-s prc Is, results are obtained by the
operating orgeni-ations, o Ul as from other fields of endeavor.
These results are fed back v the organizations as a function of
time and produce a continuous evolution of organizational roles,
subprograms, programs, and even the national goals themselves.

The process just described has been in effect for many years and
it has caused the evolution of 1.he national marine program to its
present state. Recently the nation has taken a somewhat broader
view in an attempt to integrate and systematize the overall plan-
ning and decision making processes. A schematic representation
of these processes is shown in the bottom half of the figure.

Clearly it is first necessary to assess the needs which are to
be served. Thus the box at the left margin entitled Validated
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Needs Versus Time, represents the ongoing collection of needs
from the programs and the organizations. A schematic graph of
the needs is shown as a function of time as the top curve of the
chart at the right of the figure. The vertical line entitled
"Present" represents the present time.

At the same time that the needs of the programs and organizations,
both currently and in the future, are assessed it is necessary to
similarly determine the current status of the sae programs and
organizations and their plane as a function of time. Again at
"the right the second curve from the top represents the status upI to the present time and then planned future status by the broken
line in the future. The difference between the needs shown by the
top curve and the status and plans shown by the second curve
represents the unfilled needs of the system.

Ir, practice the unfilled needs are not completely fulfilled
because of the effects of constx'a'nts. The process of passing
the unfilled needs through what might be termed a "constraints
filtering" process as a function of time is shown by the box in
the left-hand margin. The results of the constraints filtering
process are shown schematically at the right by curves repre-
senting a range of alternatives wiich carry a series of different
costs and benefits. It is usually necessary to pick the most
cost-effective set of alternatives for implementation even though
the selection may leave more unfilled needs than other alterna-
tives which cost more. This selection is illustrated by the center
curve in the right-hand portion of the figure. The decisions
taken following the planning process tend to be discontinuous in
time, usually tied with many budget cycles, and thus are shown
schematically as vertical bars in the lower portion of the curve
at the right.

While it is normally true that the system needs are not completely
fulfilled it aometimes happens that the effects of single or
multiple decisions may accurailate in a specific Tart of the program
and produce an inefficient overfilling of the needs. This
condition is illustrated schematically on the right. A well
structured planning system should essentially prevent tVis
situation fror oct-,rring.

Clearly it is the role of the Federal Government to conduct to the
extent possible this master planning process in an ongoing fashion.
This does not mean that the Federal Goverxment will rake decisions
in the sphere of industry, private research institutioms, or
states; but it does mean that the federal aspects of the national
program can only be planned ana regulated effic!entlj if the
requirements of non-federal oreanisations are also considered.
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Thus it is necessary for the Federal Qowernment to design and
assemble an information system which acc=uulates, processes,
and presents to decision makers the information suggested by
the referenced figure. The entire system might be termed a
National Marine Data Planning System.
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C. FUNCTONAL IREQUIR3O4BFS

1. User Community Characteristics

In this Phase I study, a structured approach and set of tools were
developed to enable efficient Phase II assessment of the fumctional
requirements of the marine counity. Brief coments follow:

a. Federal

These tools were applied in general to all federal agencies
as summarized in Section III, Volume I. In addition, actual
preliminary surveys were conducted of the requirements of the
following selected Federal organizations:

"e XAVCEANO * IODC

" EM e Smithsonian

" Dc? * U.S. Coast Guard

The results are presented in Section III, Volume I, supported
by Appendices A, B, E, and F., Volume II.

b. States

State and local government¢s " ruated on the Atlantic, Gulf#
Pacific and Great lakes coast line.; have collected large
amounts of marine data in response to arising needs regarding:
water pollution, beach erosion, marine construction (harbors,
marinas, ocean outfalls), fisheries investigations, and off-
shore oil and mineral explorations. From preliminary analysis
of the Information obtained during Phase I it appears that there
haz been little effort made in the past to coordirAtr and
standardize collection, storage or processing of the numrous
types of coastal marine data collected by thesn organizations.
As a result, substantial duplication of effort '5 occurred.
Recently, however, effcrtz by variovs lecas', state and federal
agencies in such regions as tOh Great LAkes, Oweapeake By,
Delaware Sy, and Gulf of %kxico have been undertaken to
eorrect W.|s situation.

c. 104ust •-

Irdustry has for yars utilized th marin* envircoment
estensi-eely. Nlrhaps the miost significant activities lit in
the fields of: transportatlon, oil and alnersl reccvery, ar-
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drug and chemical extraction. In the process, very extensive
marine data bases have bcen accumlated, especially in the
field of oil exploration.

In addition to these possible data sources. industrial organi-
tations contacted during Phase I expreseda need for various
types of marine data. Mowt large producers oT -- 'neral marine
system, for exampla, require data or. ocema temperature and
salinity profiles, bottom topography,, bottom compouition and
fountlation characteristics and acoustic properties. The lack
of these date in many perto of the world ocean has to soi
extant impeded the progresbi of ocean engineering.

d. Research Intitutions and Universities

Universities and ocesaogrephic research institutions In the
paat have been the msit important basic contributors to tht
scientific advancement of the field of oceanography. Practical
applicetitos of the retsarch conducted have contributed
heavily towards significant advances in the areas of ma•ine
weather forecasting, wave forecasting, ..- ustic transmission
in seawater, beach erostoa, and food from the sea. It is anti-
cipeted that theae contributions vill continue to play an
important role in the future development of the marine
environment.

?row a preliminary Phase 1 sampling of opinions of oc4,nograopic
aciwitists performing beslc research, the impression gathered
was that there is a rapid progression of ocean studies to the
stage where emphesis is shifting from the charting of the
distribut-on of properties, such as temperature, salinity and
biolegical populations, to the quantitative time-series study
of dynamic processee which produce the observed distributions
and of the -rinriples ultic.h govern the"e processes. Thus, Ole
problem of cbtaininS large collections of marine data whir '%
are correlated in both space and time are receiving considerable
attention by the academi,: marine comunity. Th. impact* of
the rnaulting data volvigs a.d related handling method., must be
givon considerable atten4 .ion in the design of the National
Marine Data Program.

e. InCerational

Alo prniazy consideration du.ring the Phase I 6ftort has
teen devoted to :ationol aspects of the nren*e science
pr~oriusa, corsiderable attention nes been eM should continue
to be deoted V! the effects of International cooperative
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efforts on National Ikr in Data Progrm requirements.
Additionally the activities of intermatioual organizatio•s
such as the Intergoenmental O n a Coission ( me),
Scientific Cominttee on Oceanic Research (CC8M), Fisheries
Division of the Food ..nd Agriculture Organzation (YAO) of
the United Nationsp and the Internatioaal oucil for the
kWoration of the Sea (ICU) will be examined in detail
during Phase II with respect to their past efforts and future
plans for coort tnattng the international aspects of marine
data exaamae.

f. _iscellaneous Users

Occsional users of mari• data and in2"orintion such as
consultants, school teachers, st .sad lay users, form
a necessary consideration. When combirAd, the user demands
of this group can be rather large and because of their
nature, the requirements are often very unusual and diverse.
The diversity and quantity of their requlrxe.nts must be
examined In order to asure that reaponable satinfaction is
provided by any future system, as through an NODC user
r~quest branch.

More detailed information is contained in Section al, Vol=@ .

2. jications for Phase II

The following brief ccerrts touch on a few factors encountered
during the brief Phase I pilot interview period:
a. The users of the marine envirouent tend to livide into the

folloving broad categories:

"a those vho collect, process, and utilie their own data

"e those vho Utiltze data gathered by others.
Users In the rirst categoy to be aelfr-sufident -n

their needs a4 soomatis look at nattonal S maeg nt
as a possible tmpedi••nt to their own pragre. Users in
tU1 .ec0nd cgte*ry goner.ly ar* supporters of the nattiotl
pro.*am, since it proals direct hoen.its to thez.

b. Sujrey t*chnEques require wyera.l stoept le vJs or inter-
view-$. Nish level contacts are .i"ulre4 to obtain overael
bdpt LInforation. and b-W pjans. and intervfews at trA
operatlrn le-el are req!.Ire4 to owt at the toctwical cal
of data Vol=*, ty"s, colle-tio$•, st(rage, and prortoolai
40;eets. The ;Attar Inforvation is aty eavailable
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at dispersed geographical locations in general. In some
organizations oniy" the working level personnel were aware
of the size, scopp. and complexities of their own marine
datu operation.

c. The questionnaire works reasonably well for most information
categories covered, but the intarviewers encountered major
difficulty in obtaining estimates of future conditions from
existing organizations. Only a few or-Erorganizations
contacted have firm 0ocumented plans.

d. The process of gathering meaningful forecast information is
further complicated by the transition from primarily basic
research in some sectors to the area of developmental tech-
nology. Some organizations are wrestling with the question
of the trua -hrust the nation intea•ds to put into the
development of ocean potential.
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D. DATA PROGRAM REQUIRMENTS

As mentioned previously, data program requirements are derived from
functional requirements. The following paragraphs sumarize briefly
some of the data program gaspects of current and future marine science
activities gathered during Phase I:

7

j 1. Data Collection

a. Substantially all of the federal agencies involved in mWrine
work collect prime marine data. The majority of the collection,
however, is carried out by the Navy, ESSA, Bureau of Commercial
Fisheries and the U.S. Coast Guard. Indirectly others collectJ data through universities and institutions by contracts or
grants.

b. The major volumes of data collected by federal organizations
fall in the categories of national defense, synoptic reporting
and forecasting and general surveys.

c. Private research institutions and universities collect a sig-
nificant, although a smaller quantity of data, than the federal
agencies, but the diversity of types, collection points, andj lack of standardization are much more extensive.

d. Private industry, by comparison, appears to collect a small
quantity of data, with the exception of the oil industry which
has developed important data collections and methods for
their analysis.

e. The geographical coverage of marine data collected to date is
concentrated in:

'I * Heavily traveled sea lanes

e Near-coastal waters

I * Special high density defense zones and test ranges

a Special survey areas and routes

I Temporal coverage is distorted by storm-avoidance ship courses
and by winter conditions in the higher latitudes. Vast
expanses of the world ocean have received little or no atten-
tion, for example, the South Pacific.

I
I
U
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f. Some of the basic trends in collection observed during Phase I
are:

1) Volume. During Phase I pilot interviews, volume forecasts
Ne'Ty most collectors exhibited a substantial positive
slope. These forecasts are generally dependent upon new
data collection teclmiques now in the developmental and
pilot stages, such as buoy and satellite methods, which
promise truly enormous increases in data volume. In
turn they suggest the importance of planning the best
modal splits between field preprocessing and data center
processing functions.

2) Diversity. Most of the forecasts made by collectors call
for an iacrease in the diversity of data types collected.
Much greater emphasis will be placed on collection of a
diversity of data types which are correlated in space and
time, than has been the practice in the past.

3) Geographical Coverage. Some of the mission objectives
require a substantial increase in geographical coverage of
the world's oceans and the Great Lakes, or at least a further
detailing of previously mapped areas. Remote sensing of
surface and near-surface conditions from airborne and
spaceborne platforms will greatly expand overall geographical
coverage.

4) Equipment. Significant improvement trends were found in
the'areas of sensing, platforms, transmission, recording
and processing of marine data in response to expanding
user needs. Pri- trends include: integrated multi-
variable instrument systems, in situ instruments measuring
chemical properties, shipboard digital computers, self
contained instrument packages for ships of opportunity,
navigational satellite tracking instruments of greatly
reduced complexity, satellite and airborne data transmission
links, and the development of remote sensing of surface and
near-surface phenomena from airborne and spaceborne plat-
forms.

5) Array of Instruments. Array technique applications are
undergoing a rapid buildup for such purposes as AIW and
research studies aimed at modeling large-scale ocean
phenomena. Increasing use of array networhas -.gin suggests
the advantages of placing preprocessing capabilities near
the array locations as contrasted with attempts to transmit
all of the data to a remote center.
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C) Format. Currently numbering in the hundreds, data formats
do not appear to be undergoing a rapid upward trend. In
fact, the continuing pressure throughout the community to
standardize is beginning to show beneficial effects in
this area.

The simultaneous 2sitive sloa s of the great majority of these
trends hold great portent for the magnitude of the overall data
management problem.

I g. Important Data Collection Limitations

1) All marine data are merely sa ples of the marine environ-
ment. The information they convey cannot exceed that
present at the point in space and time being sampled.
Hence, the first essential element in planning, collecting,
and interpreting marine data is the realistic assessment
of how well the planned sample points represent the
ph3nomena in space and time. Like entropy in thermo-

m dynamics, none of the processes performed after the sampl.ng
can upgrade the individual information samples. (This iE
not to say, however, that combinations of information
samples cannot produce information content far exceeding

3 that of a single sample, as is done by a hydrophone array,
for example.)

g 2) All marine data samples contain errors arising from
several sources:

* Position errors (several miles in many cases)

1 0 Depth errors

"@ Time errors (usually minor)

# Sample removal errors (i.e., the error introduced by
thb- sampling process itself, e.g., true versus measured
current velocities, especially from buoys; true versus
"measured core orientations)

The wide variation in error of different types of marine
data seriously limits its true current correlatibility and
also its correlatibility with older data taken with even
greater and often unknown error values than are presently
the case. Recognition of these limitations will help in
time to convince the marine community that selective purgingI of certain older data files will ultimately be acceptable.

I
I
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3) The entire field of marine data sampling is divided into
two basic realm:

"* Tim-dependent variableso such as temperature, salinity,
air-sea interaction data, plankton tow results,
chemical composition, and pollutant content, and

"* Time-iadependent variablesp such as bottom topography,
s'ub-bottom geology and seismic pr'perties.

This dichotomy establishes the breadth of the collection
problem. It requires on the one hand the continuous col-
lection of time-variable data, and in that sense is like
the meteorological data problem; and on the other it
requires the very long term storage (archiving) cf non-
time variable datat and in that sense is equivalent to the
eolo-gical data problem.

4) In studying time-independent phenomena such as bottom
topography, it is possible to accunulate empirically a
sufficiently dense sampling pattern over long periods of
time since the sables are additive. Thus if budget
restrictions are imposed on a bottom mapping program,
for example, it can be stretched out over time with no
essential loss of information.

IJn studying time-dependent processes, such as air-sea
interaction or migratory patterns of fish, however, samples
taken at different times are not directly additive. Hence,
an essentially simultaneous sampling at different points
Ln space and in time is required, or in some cases, time
series samples at fixed points will be useful, as in
flow variability studies.

5) By the same token, time-variable data -ýequires rapid
handling in order to preserve its "first use value (as in
weather or sea state forecasting). Its prime value for
forecasting purposes steadily declines with time until it
is ultimately relegated to long-term statistical uses.
These are also the data for which the space/time correla-
tions are so vital, especially for synoptic work.

Non-time variable data, on the _ier hand need not be
handled rapidly and its original value is essentially
timeless. In fact its value increar-a wi~h time as
additional data are added which provide greater detail
and are from surrounding areas. (The principle perishable
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quality associated with these data is often the fallible
memory of the collector. It is clearly vital that the
circumstances of collection be properly logged.)

. The fundamental characteristics of marine data, its collection,
value and storage, as enumerated in items g-l through g-5
above, are prime factors to be used in conceiving and evalua-
ting various data system networks during Phase II.

2. Data Transmission

a. Current data transmission techniques vary from on-line digital
transmission in real time, at one extreme, to mailed and
hand-carried information arriving at an ultin'te location as
much as two or more years after data collection.

b. A fundamental dichotomy ex- -ts along the mission and funding
axis as follows:

1) Only those missions which are of an operational and synoptic
nature with heavy funding seem able to employ transmission
techniques that are anywhere near real time.

2) At the other extreme lies the researcher who gathers his
own data, analyzes it, and may, or may not, ultimately
pass the information on to other users.

c. A further dichotomy exists along the standardization and
repetition axis as follows:

1) Only those data produced by standardized instruments, in
standardized form for generally repetitive computations seem
capable of high-speed transmission in an economical fashion.

2) Research and other experimental data gathering missions
usually cannot efficiently employ high-speed transmission
because of the great variability of data kinds and formats
and the changing nature Af the computations to be perforated
on the data.

These facts highlight the importance of designing the national data
system to support the needs of investigators at all levels of
transmission sophistication. The importance of continuous evolution
of standards is clear, as well as the value of bringing more and more
of the data collection activities into standard formats as the
technical stage of the particular mission is developed (i.e., from
basic research to technological system deployment).

L - - _
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Several revolutionary techniques appear helpful to the data trans-
mission field. Time-sharing systems for instance with many users
sharing the cost of a large computer can link the individL'Al
investigator 'ith a data base at very low cost. Such a system,
operatitg on i few experimental data bases, would also tend to
motivate the :-esearcher to plan, gather, and analyze his data in
compatible formaats. This aspect Is therefore an important educa-
tional as well as motivational approach which should be utilized.
Also, the increasing use of telemetering techniques, aircraft and
satellites for both collection and transmission relays, and
facsimile are important trends to be emphasized.

3. Data Storage and Processing

a. The number, diversitV of content, and geographical spread of
active marie data files is very large. Phase I pilot inter-
views conducted with 18 organizations at 15 locations identified
in excess of 286 data files.

b. The format of existin& data bases is and will remain widely
variable. COnsideration of another set of fundamental charac-
teristics o:f the entire marine data field is important. All
marine data can be divided into two classes as follows:

Class 1. Physical Specimens of the marine evnirotmnent, e.g.:

"• seawater samples

"* biota collections

"* geological samples

Class 2. Measurements of the marine environment

This class includes both single variables and
complex combinations of variables as follows:

Single variables, e.g.,

• tempirature

0 salinity

• current velocity

* simple chemical tnalyses
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j * pressure

a wave height

1-. o wave period

o magnetic field intensity

Combined variables, e.g.,

o bottom photographs

o bird flock and fish school sightings

* cloud characteristics

& sonar profiles

s seismic profiles

* iceberg shapes

* interpretations and classifications of biota

s interpretations and classifications of
geological samples

This very fundamental division of all marine data into two
classes, actual specimens of the environment on the one hand
and measurements of the environment on the other, brings the
following basic principles into play:

c. Class 1 information can only be stored in physical form. Thus,
the best a data management system can do is to index the
identification, locatia, depth, and time of collection. It
can, of course, store and call up correlative information about
other variables or opecimens taken from the same or surrounding
areas at the same or different times. But little can be done
with the sample itself except to preserve it in the best possible
condition until it is either used, interpreted, or discarded.
Thus, for the forseeable future a numbei of such physical "data
bases" will be required in any meaningful national program.

d. Class 2 information can be stored in a.alog and digital forms.
Storage formats in this class include virtually every information
recording technique in use today. Some basic characteristics
of the information so recorded are of great importance, however.

I
I

II
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Being simply representations of the physical enviromuent, all
of this class of information suffers from the problem of
measurement error (over and beyond sampling errors described
earlier). Thus every piece of information in this class is
a measurement and interpretation of some single or combined
set of variables. Measurement and interpretation errors can
be grouped as follows:

Ia For measurements made and interpreted by ntns enta,

error limits and averages are often knovn with fair
accuracy (e.g., temperature).

"e For measurements made by instruments but interpreted by
humans, error limits and averages rise quickly (e.g., cross
sections derived from seismic sub -bottom profiles). Here
the great importance of trained personnel and frequent
quality checks becomes apparent.

"e For measurements made and interpreted by humans, error
limits and averages mount rapidl, thus greatly reducing
the value and correlatability of the derived information
(e.g., fish school sientings). Here the Importance of
highly treined personnel and tests of comparability of
different observers reach their maxima.

Hence, it is importaLt to provide a quality descriptor with
cack. item or group of items in Class 2 data bases. The
d,,-velgMnt, test and evolution of working standards for
calb.ration, error checking and training for the entire Class 2
data spectrum poses a major and never-ending problem.

e. Information tends to move from Class 1 into Class 2 as improved
methods of measurement and interpretation of physical specimens
are developed. The ultluate limit of this process would be the
complete extraction of all information content from the Class 1
specimens, thus eliminating the need for their retention. This
unattainable limit is only slovly approached, however. It is
the nature of scientific research that a consecutively finer
and finer grain investigation of the specimen evolves as each
.Layer of knowled&e is obtained. Thus, a submarine geologist is
going to be loathe to allow his cores to be destroyed even after
he has conducted hi& interpretation. He may later want to work
on a more microscopic scale to met new objectives and again
mast go back to his prime Information source, the original cores.
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Hence, Class 2 data bases seem destinad to grow continuously
from Class 1 derivations, as weil as from prim Class 2 inputs.
Class 1 data bases *em destined to grow also as they a"e filled
with more types or specimens as well as from more extensive

* giographical coverage.

f. The following more specific comments were developed during
Phase I through interviews and observations of the _collectors,
processors, and users of mnrine data.

1) Current data centers tamd to be "'chotcaized on the reaction
time scale, e.g., the Fleet Xihserical Veather Cantsr is
essentiall,, a real-timw operation with highly proceduralized
and rapid operations; while the National Weather Records
Center tends toward archival storage and a less pmoceduralhze.d,
more research-oriented operating =dod. This separation of
operating modes tends to optimze the effectivity of each
operation la meeting its specialized objectives.

2) With the e 'xception of NDC, currently oprating Data Centers
tend to be functionaltZ &s ialized; e.g., the Smithsonian
specializes in biological and sdimentary specimens; the
U.S. Lake Sur~'ey specializes in Great Lakes data; the Fleet
Numerical Weather Center specializes in synoptic weather,
sea state, and near surface physical data; and the National
Weather Records Center specializes in long term cliutological
information. This separation cf function is beneficial be-
cause it enables each center to correspondingly concentrate
on its specialty and to build expertise and knowledge in
depth. On the other hand, Ae isolation tends to ialit the
communication between centers in areas of mutual interest.

Continued development of direct lines of communication between
data centers should be encouraged along the lines already in
process, as exemplified by the direct line between th. Fleet
N.umerical Weather Center and BCF La Jolla.

3) N~umission-oriented data centers have g~enerally falflen far
behind in the conversion to desirtd storage formats of
incoingdata vlues. Lack o? needed equipment, manpower
and data cll~cti n standards are all prim contributo~rs
to this condition.

4) A coment. heard throughout the maria. community Is the fear
of loss of close contact between data and Investigkators if
the data Is pooled in a center. Hence a strong planning
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element mast be the provision of close cowpIng between
Investigators an6 tkheir datae The problewi vll be to
convince my Inv•stigators that they stand to gin sore
than they lose by relying on dat center support. From
a national viewpoint it vwi be important to plan and
implement a econstant stram of directed incremental
Irprovemsnts alas4 at increasing the smuunt of work
handled by service centers and their machinesp ths freeing
the vsluable marl" scientist to concentrate on the
exploratory and analyticl proceases.

5) A large mease•r of commn sense is needed in the determination
of vhich kinds of data and types of formats can and sWuld
be placed In machinable form. Clearly no one at tL stage
of technology vents to digitize bottom photographs, for
example, or other forms of information which are alreadl in
a hi•y compact form. .Mchinable film storage-madia can
of cowuse be used efficiently for storing and retrleving
such data. AM tendency to try to over-digitize mast te
kept .i' check.

6) Ihphasis should be placed on the use and continued develupmnt
of present data Inventortes and services in fringe fields
such as geolov, geophysics, biology, meteorology, and
climatology.

T) In "networking" alternative system configurations It is
IMortant that the major collectors of data for mlssion-
oriented purposes obtain the useful output for their mission
first, before the data is passed on to a data center, unless
the data center Is designated as the alsesion processor7.---
pmocessin, and quality control to meet specific objectives
is often more efficiently executed by the collecting pou
than by a reiote organization.

8) UspeciallJy for major surveys, enc•ure4tnt should be given
to the expansion and upgrading of data reduction aboard
ship includnig analog-to-d1g1tkl conversion, *diting, format
conversion and s. data bse genertion prior to triansmittal
to data centors. Shipboard c~amting sheuld help con&
t of the data volums necessary for .torsjl aw
tranvuslsion. As 1i eny opbWeical survey 'wrk it to vital
for the field observers to constantly imoltor the quality
end oftiity c* their masrwements and to thre*b control
the survey toebalques to optimise reots. Therefore easily
interpretable displ•a• of key reoults mat be camstemt'y
evallable Ourlng the cruise.
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It ts important to understand and pla for the effects of
evolutionary 1Imrovemsets In collection, stzdarzdisation, inter-
pretatlon, and trans•ml• al technitques. Zach such t
tad to rmTrIL• wr dificl~t theJEOOS3 o* ]

xoewl the value )f such correlations, provi6er hidden cost/
benefits In the sens of making It Incontestable to relegate greet
masses of older data to d•ecrea" g le"Is of storage and
ultimately to purge portions of it from the system.

bus, the bulding, utilization and mnoveent of geat buUs of
Class 2 data from ka,ýer to lover lvela of storige and acceseibllity
Is a continaing process. An important and never-ending task in
this dynamic prograim is therefore the generation, utilization and
modificeatlon o'f f lle level and purging criteria.

It Is Important to r-&+e st thU& yoint that safeguards for preventing
accidental puring of data mamt be built into the 4a&t mana nt
system. Oe method of achieving this Is to provide for duplicate
data files that voUd be stored In separate locations to prevent
total loan of a data base due to accidental purging or nat-,ral
catastropbe.

5. Data D1sminatlon

The dissemination of data and digested re-ults tend to exhibit the
following haoranteristice:

a. glenIonl-ortient, stsnderdiSed, sympti data are often dis-
aftinte-A by radio and hard wire links, employing voice, TWX,

fateat&.'* and related technlques.

b. Mot other dat•a• d digsted information Is disslinat4 tV
mil or Is hand-cerride In a wide variety of formats l:eludlg
tao", CUOd. listiAv, strip d"rt. pbotographs. reports,
and even In paslal sample fwom.

1. A in;t~on ng prohlos In data re=4uibility ariss for TQe collector
%W continu to dissmeaaiate ow1U Slces of his eorv aalo mad %AltIameiY
Sets dawn to %he last slice.
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c. The time span between data collection and dissemination ranges
from a few hours in the highly structured synoptic systems to
years in the case of some maJor survey program . Throughout
the community pleas were heard for the more rapid release of
data.

d. The dissemination response time (time betwieen request and
dissemInation) and quality depends vitally on the following
relation&ships:

"* For non-stand, -d requests the degree of departure from
established standards of both the retrieval and the
computation required.

"* The cxtent to which the request is viewed as a disturbance
to an ongr ,,g operational mission.

" The extent to which the disseminating personnel ere interested
in and knowledgeable eaout the requested data and computations.

"* fte anticipated volume of output generated by the retrieval
action. Sm&al Jobs are usually run first.

These and othe-. factors affecting dissemination must all be
taken carefully into accoint in conceivirg and evalu'%ting
alternative data system networks.

6. Standards

A notable lack of standar-i. was encountered in many areas of the
marine comzunity. Fundamental to the development of any significant
network efficiency is the need for continuing evolution of communi-
cation compatibility at the interfaces between producei•, processors
and umers of marine information. Data exchange and compatibility
prob.lems should be considered on a total baýis, i.e., from data I
acquisition to dissemination. In practice the prýolem is very
coaplex because of the wide diversity of marine data, the numerous
methods mployed for measuring the siem or similar information, I
and the breadth of organiiational missions ranging f'rm brinad
research to synptic reporting and forecasting. Standards are
aboolutely v.tal to syrnptic program. Rlshwrre the c,.n-ept,
"standardize %..ere practical" should be employed.

The first step is to crtate an onoing PtandArds work•}n, ri-u,
ctupoaed of represintatives of all int..isted sepwnta of 'te
marine cocaunlty to aupent the vork of I-revlous standa.-6
co-tte~s. Thtir continuing task is the sevulution of sl'-vdards
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for data content, media and format in order to build compatibility
for both machine readable and non-machi-ne readable data between:

a. Data collectors and data ,enters.

b. Data centers and data users.

c. Daita centers.

d. Data collectors and data users.

An additional benefit of the standards activity will be an increared
kr'owledge and a better understanding by the variouF, fsx-ctions of the
data problem itsellf, since the standards effort wL 1I require detailed
inveatigation of' the data requirements of a multiplicity of orga-
niz&~tions and m~issions. Heavy cooperation with the Naval Oceano-
Craphic Instr.umentation Center on standards and uniform sampling
procedures for manu~fa.,turers and userr, of STD and XBT gear will be
an important aspect.

7. Ma~gmn Intformation

In the final analysis, the National Marine Sciences Program is
built on ir~fcrmation. The progrem can therefore function optimally
only if the vital information is generated, transmitted and utilized
by thn right organizations at the right location3 and at the right
tiMeL. A use.fVI guide to one breakdown of this complex problem
appears in vigure 14. Three important dimenaions of th!ý information
picture are shown as follows:

* tmE12Lin # is the Technolog' Employed to a,7cmplish the
objectives of:

"* Dimenasion #2 whifh aj~su'rss the National Program and their
sub-elemtentz, ef,:!h of which exhitits:

"* Zflmetion__L, its 3tg ofDvel n (skyvwn broadly &s
*Ape Deerh,-weveopent' Ond~W'( rationa'L").

In addition to th', major progrsma shovn as exonleB alorg
1Xits.ina1 #2; ~z~ Ise~asrh is showvii atn.-@ It ý-rosegeh ALI dif-
-,Iplines and Is defined as ?Jiý tbAsic work which is wt dn~it~
to any dletiný- program.

An exauqle- to illwtreted in the -oase c-ýf thtDfes p~~r<-OrrAn whl,-h
I SSbOWn UO have a brunc~hina struct-ire of subprv~omr, 0JR0.1e vhko-ý

A,-i bi vhi'wn; arid it in tur-% to c-rsposed of sub-sut~progrems
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including, say the Passive Tracking Nets. The Tracking Nets
program employs certein technology from the disciplines listed
such is: Physical oceaxography, physics, electronics, mechanics,
fluid dynamics and information theory. Information from some of
these disciplines is required as a function of space and time in
the marine environment, such as the sound transmission characteristics
of the net area.

Utilizing all of these scientific and technical tools, the Tracking
Net subprogram is evolving along Dimension #3, i.e., its stage of
development. This aspect itself is an uneven process. For example,
the hydrophones and underwater cables may have reached the pre-
ope'ational stage, while the sigal handling and processing system
may still be in a developmental stage.

Thus, some simple but important observations emerge from this
matrix as follows:

"a Technical information sumaries by discipline, need to be
conveyed between progr.m in order to assure best use of each
new piece of knowledge developed. This cross fertilization is
often conveyed best by the top technica]. workers in each field
who also serve as natural integrators of the state-of-the-art
of their discipline. Other mechanisms include active research-
oriented data centers and technical conferences.

"* Technical and program information needs to be conveyed between
programs in order to assure best use of each new piece of
knowledge developed utilizing a combination of disciplines
in achieving practical objectives. Program information also
provides the vital ingredients for plarrning and reporting on
r program wtde basis. The latter ýa a wst important part of
any national effort. Such reports are relatively easy to
obtoln ir a program is being conducted in only one organization.
To the extent thst multiple orgsnirationa are involved, the
efficiency of information flow falls orf dramatically.

This Adpct 's brought further into fo--us in Figuro 5 w. "•h sows
the addition or the vital four?,h ýimenson, the nrgan•sti•.-al
breakdown. Now viausllze a pogrnm for which .'-gearch Is performed
by oae orgnlzatietn, dev"1o0ent by RAother and operationi by a
t;,Ird. Clrarly the rfow of su(,h a progrra through I•-t otages .f
devvloprnt wvill be far morre sluj~ls than t< ulu t tI+" 'age .tndpr
a ginglie orglaizatiton. Only a v'nry stmrng progre•o n.na*fvrmnt
fwun-tor -an rrp*-d up the arre nd -Lit in tq1rn dewi

effi~i~t t -~a~a~on tnorutio. "c~vof tioth ItC-1-n1 ýd
wAl pn-roram aspo, to

I• -

I
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A fifth dimension of the informatiton flow problem is the frequent
gog~picc pread of organizationxal units working on a program

(not~ show). eedess to say, stro~ng information flow design be-

comes increasingly vital as these true life complications are added.

It Is for these reasons thn it is recommended that a National
Ma.rine D~ata Planning System be designed and implemented as it vital
psLrt of thc National Marine 1>ita Program. Only in this way can
the nation effectively plan, create policy, implement and optimize
the use of its resources in this overall program. Such a system
certainly cannot solve all of the comunication needs expreuised
above. But by keeping the basic principles expressed by the
figures in mind, the structuring of infor~mtlon flow arteries can
be focussed on the imp~ortant short range and long range needs.

In carrying information needs one mure step, overall management
information system requirements can be Aivided into some basic
functional parts as follows:

* Policy subsystem

* Programs subsystemi

* Fiscal subsystem

* Thchnical information subsystem

* Educational and lPoblic relations subsystem

In principle, each of these information subsystems dips into edcfl
existinig dnd planned program area, and! integrates and facilitates
the bidirectional flow of f'unc-tionetl infoint ion in order to
enhanc- overtili program effectiveness. An imporlat. ttrope~'ýt ,:f
Tne estalbli:sýunsnt of ti Marine DitA Plannir~g Systen' le the irnN jxrpration

in @&?ýh of tlie fun-tional *suDsys~tems, of ongo,ýng Infor--t.11n !:., ýr-vp

thc following Purposes:

P 11 W±5uOl , A nr

*Prug,ýrsv Non~toring

t:ýmL c*'u ir tt f;.A~ar '~'

II

dr-'Alon rt~isint R.L" lpr-=n.=

A~in'



December 1, 1967 -54- DE-(L)-3705/003/OO

are of ten difficult to apply rigorovaly. But, they should be
,wed as guidelines in the evolutionary developent of the overull
National Wrine Data Program.

The folloving are brief exiaples of existing needs In marine
science programs which emphasize the benefits of a systematic
attack on the marine information management pmublem:

a. The need in the planning process to incorporate on-geolg
forecasts of technology development. This inforwtion is
needed to answer the questions of where, how, and when to
apply what technology. The time requ4 - emants for ,developments
must be realistically incorporated.

b. The need for optimally structuring the management of the
various aspects of aujor programs such as a buoy system. For
example, what is the best split of data preprocessing and
post proessing, how should it be "networked?", under whose
management?

c. The need to anticipate, wherever possible the demands of
the bureaucratic machinery by timing plans to nuch things as
the internal budget cycles of federal agencies, the main
national budget cycle, etc.

d. The need for a&. on-going edecational. and public relation&
program exployin& such methods as documents, movies, traveling
seminars of erx*rts, and national conferences.

e. Wapleg of sub-elewm'nts include:

* 'he need to get instn.sntation and data processing people
together in planning new equipment designs.

* The need to increase the involveient of data centtr
per•ortnel in the planning stages of major survey efforts.

* The need to facilitate R1 comunication.

* 71 need ',o upgrade the ! nf-uttion wawagement knowledge
of i•orkers in the nasrle ccunify (possibly inmolvyin data
management trainirng .:urses in Sea Grwt c0U-*jM*7).

Da. D c u w t H• dling and Bib ilo gralphic . rtrievel.

Nxrine "nfore'ion proceasing ar be. 3•l1•vd4 ltao tw broad ,laxaes.
One ia the strapw amd prvo'fi.sinj of data requlrvd for &r~a~ysi#.
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With the except Ion of physical specimens, thin cata is often
numerical. The second are documents and bibliographic references
about ,-cum1nts. This second class is a vital and of en over-
looked inforuation requiremenc. The handlIng of the two clasies
of L-formation should be zoordinated. Examples of the coordination
of data and documents are the following:

a. Applicable documents should be referenceu In data bases. When
data ib zetrieted, references to applicable documents should
sutomatically appear.

b. Bibliog "aphlc files should ccntain references to applicable
data bases. When documents are retrieved, references to data
which was collected in the described project should automatically
appear.

c. There should be u docuaent distribution and bibliographic
function as an integral part of i'ach marine data center. In
fact, a r-ore appropriate name for a center ic data snd document
center. Users of a center should be able to conveniently request
applicable documents after retrieving data, and conveniently
request applicable data ifter retrieving documents.

d. A combined catalog of data bases and associated documents
should be developed and distributed to the rarine covmunity.
This is a task idefl•y suited to existing data centers. Obviously,
coor-dination would t! required anong data centers in order to
minimize overlap. A21ternativoly, a single data center "ouLLd
assume responsibility for distribution of the :atalog .Ith other
data centers providIng inputs t/ the di.itributing data ,,enter.

f

I
I
I
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E. CONTRAflflS

1. Constraints and Relatioi!!Ld

Political, legal, econaic aAd tacbnological constraiats ans
currontl y operating u•ainst the efficient vwclc'met of a
National Marine Sciences Prorre. TU follovIng list oldy a
fev much constraints:

9 lack of singularity and popular sense of high nationalistic
thrust In marine proram goals.

a Vested inteiests in marirne resourc•s by Industry and the
states.

* ktens.ve internatioial turmUl vith its effect on International

cooperation.

* Zcornoic Impts created y other priority nationa& program.

* Problems concernintg tbe ovnersbip of marine da "&.

* Lack of central coordination autbority on the one hand, and
distrust on the part of the marine conanity of such central
ubority, on t~e other.

* Divided loyalties of ooze federal agencies often responsible
for maor contributions to more than one national program.

* Lack of gufficiet Jadustrial incentives to justify extensive
capital Inver mnt in cuotomized equipment and technology
development to serv* a limit*d rarket.

* Data privacy requirements of proprietary and classified lata,
e.g., the problem of declassification of national security-
orle4te4 data for other o9ee ~aphic research and technwlogy
na*-As.

* Inertia of tQe traditonal viev ef sa.m niata centers as
hlttA seryi;,teL!Lr rather tbAw% int*Smgrsu.apport
aeswnto of the natioruil prv~gram.

a Aeu--a c or eor t. ro.-*aa Ut* amtil after

* Nr o *j~i~~t~and cso ontmi. v-wr tbw ;asItty
Jf dAMA~~ec1 n rý-..arch z'.elts, etc.
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In addition to identifying each constrint, it Is necessary to
analyze the interrelationships amonj constraints. For example,
the technical constraint of' uraeliable instruments Wy be
partially overcome by providing incentives to Inetrument manu-
facturers to Oesigi products with greater relilabIlAtY. This
incentive could be provided in the form of instrument standard-
ization which would ensure larger and longer manufacturer
production x-ns than is presently the case. MK.fucturers are
reluctant to incur the cost of providing high reliabillIty when
these costs vculd have to be amrtized over skv.-t.run, hIghly
custoci ted orders.

Although technical constraints are Important, their reduction
is not as di±ficult as are social, attitudiral, economic, azi
legal constraints, since the latter requizi changen in huran
behavior, traditlona, laws, and practices in order to accomplish
a significant reduztion in conctraints. The €onstraints dis-
cussion in Section IV of Volume I, thereifore emphasizes tnon-
technical constrairts including a detailed tr'-atzent of iata
classification anM asta ownership constraints.

Perhaps more than any other aspect, howcver, incentiveo and
ben-fits are the bastc tools which must be used in breakir-I
down ronstranta barriers. For that re&aon the followiag
liscussion is includea to point up some of ".nese fundamental
issues ad raggest ways li which they might be systematically
reco lved.

2. •he Need for lh)centive-s an Benefits

The design of a National ft-ine Sci-:ece Program to neet ,•tiofal
E-;ala w ould be a fairlyv straiethforward poroblem ir ll &1:f the
goverrw~ental or.anizations 1-v~l~ei were under a ai.ngle unif~el
control. Kxlstlrn condittris vowU'.1 first be- determinel, then

compare, vith objectives, &An necessary co'rrecttve actl'ns
planined aKl i£ e-mentci. T7hat Is e-*sentiaily the rasnhon Lo whIch

teNational Spac-q Yragra was ý:ri'a~teA'; ian tht 'can1 n ontro!
aut.ority o-l.&•.1 trwre has ltwt tc re tively clos av &nce
to the oh r4i.i mtestone s t .ijovn in twe plan.

In t~ A~ri:v@ L',Artict caw th" to.cnI facv! with noxtr1ly the-

£-~~ei ?'~,, M ~r~a :ve~eareh ei.tItol~lt :X, "

I

!

II
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envelope. Such a condition was never present in the space
progr..

-nd lastly, the goals of the marine progra we less clear and
less measurable than those of the space prograi. (e.g., increasing
the food production of the sea vs. putting a man on the moon by
1970).

All of these factors form a very complex planning and implementation
task. The breadth, scope, and diffusion of the marine science
objectives alone injects one met of complexities. But the
principle difficulty lies in the lack of unified control. More-
over, it is clear that major elements of the organizations
involved could never be brought under a single unified contzol
(i.e., states, private research institutionsp industry) even if
the federal government wished to do :n. Hence one of the
strongest incentives of all it not available to the marine pro-
gram, namely conmand authority vith the control of money flow
that it employs as the primary benefit passing on to the controlled
organizations.

It Is for this reason that substitution of other incentives is
such a vital step in motivating marine science organizations to
work together toward ccon goals.

It must be remembered that organizations and individuals in them
will not actively cooperate viwt a program unless such cooperation
returns ce tangible benefit.

Some of the other classes of incentives available are:

* Money (without coiunan authority'

* Riohts to discovered resources

* Scientific and technical support

* Operations support

a Political value

Uamples follow:

Can be used f:, -urcbasing equipent or stryvoes in perfor•n&
pat or all Ot a frtutton, ,
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* Budget to ESSA for its part

* F,,nds granted to states for offabore or inland water work

c Funds to marine science inatitutions for research

* Funds to industry to develop and nw.nufacture equipment and
provide services

b. Rights to discovered resources

Royalties or other formulas providing a nmnetary return for
the discovery or development of marine resources could be
granted:

* to states

* to industry

* to research institutions

(this area bringo in the very complicated questtonj of legal
ovnershin . rigAts of access to marine rescurces. An
active ,arin• data base on legal issues is clearly needeA..)

c. Sc.tentific awd T.chnical Support

o The provis.c.• of data handling support and the supply of
.l.ata gathbered by others (am by a data center)

* The sujly of equipment and training for research surveys

- '•he supply of scientific help in the form -)f personnel

c A. ,•%ratluns Suipport

"* The supply of' fleet supp)rt to a major survey program

"* The supply of areal sea surfa-ce terperatures to a frshItj
veseel

j e. Political Value

a The arr--.ement fr ollitlcal veiue to -ecr'e t: t"i
suj'piler of a cooperat.r ver' ort. rhis Aspect ::46n

function to varying legro-o In all sepenta ot -ne
-rgIRtaIz onALl matrlx zznýO-i- U,; the n-Arlnt prcAr%.

I
!
I
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These brief examples merely scratch the surface of the incentive
and benefit structure that must inevitably be design.ed and employed
in order to reld a strong national cooperative thrust out of the
organizrtions which vlli of necessity be involved.

The following paragraphs mention two precedents or carefully
designed incentives successf'lly empioy n gaining support
for othe.r nattonal programs.

* In '.he VELA program, which ,vas aimed at upgrading the national
capability to detect and identify underground nuclear explosions,
recording stations were needed in numerous parts of the world.
On., of the solutions was the so called "give away program" I.n
which complete seiamograph recording stations were given to
225 interested universities and schools in foreign lands
ground the world. The recipients received modern equipment
and the ability to better correlate their recordings with
other observers. The United States received a daily copy
(mailed once a week) of the records from all locations.
Moreover, all records were highly correlatable because they
were all produced on identical equipment.

* In the Nation's weather program, the Weatoer Bureau has
placed, free of charge, standard weather sttlon equipment
aboard hundreds of merchant marine vesnels. The vessel
operators take readings and transmit them routinely by
radio. In return they receive weather reports and forecasts
along their plAnned course. Thus, suffiet~nt incentives &re
provided to both parties tc ensure effect ir cooperation.
Th &Breau checks and cal 4bra'es tht equipment after each
:ruise, a task wisely not left. in the hands of the merchant
vesesf operators.

Appendix h, Volume !I contains preliziana-y recommendations to
tlse effect that eertira atancar-, classes cf instrumentation be
de-eloji, and %.rhcr Lhat Key hlipboard units such as a
satellite trac-er @,vi a m, 4u-ar -eco:iýrg system be lent to
investigators for use on various sztte ships. In eacii caste the
two-e6y beoefits are lescrioeed. These are intended to be
practical exomppes of inc-nt'v, pVgtaes for consideration in
the National Marine Sciences "rogram.
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F. EFFECTIVENESS OF DATA PROGRAMS

It is envisaged that one of the final products of Phase II will be
the delineation of data system improvements in various organizations
which will m:s; effectively support the lational Marine Science
Programs. The data systems may be new systema or improvements of
existing systems. One measre which will be employed to evaluate
data system improvements is the aegree to which improvement will
enhance associated data programs. The pur-;se of the effectiveness
evaluation is not to assess the quality of data programs. Data
program requirements are trtated as a "given" in the evaluation.
Rather, an evaluation is made to determine the effectiveness of data
systems which are required to support data programs. An example is
the computer systems, procedures, personnel and software employed at
the National Weather Records Center to support program in climatology.
The supporting data requirments will exist independent of the
mechanisms for processing the aseociated data. However, an assessment
of the effectiveness of data systems required to support climatology
relative to data systems in support of other areas, provide one basis
for determining priorities of data system Lupltmentation.

The most important consideration ii not existing effectiveness, although
this must be determined for each data system. Rather, it is the
potential effectiveness which data systems are capable of achieving
in the future %hich is of concern.

Data systems are evaluated on the basis of the incremental effectiveness
which can be provided, the difference between current and future
effectiveness values. By way of illustration, historically, much of
the data provided by NODC has required considerable additional proces-
sing, oy the recipient in zrder to select the data of interest. NODC
is developing programs to provide greater geographic, time and
depth 3electivity in data base retrieval. The incremental effec-
tivenese of this new NODC service would be one of many improvements
in data ,ystem: whioh would be considered in the do'elopment -)f data
system priorl -' and scnedules.

The nechanism for mraking the effectiveness evaluation is to develop
a set of criteria and to measure the incremental effectiveness of a
data mau-gement syatem in terms of the criteria. Crit.ariR are
classified by data ioliectaon and data center activities. scme
exzamplee of each are presented below:

I
I
I
I
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Data Collection

s the degree to which data is u3eful to the Yarine Science

Comunity as a whole

"* quality of data

"* volume of data collected per unit time

Data Center

* quality of collections

response time for requests

* degree of data retrieval selectivity

(See Section V, Volume I)
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G. COST/BFWFT/EFECTIVMNES (C/B/E) AMALYSIS OF DATA PROGAM

After the effectiveness of data prcgrams have been assessed by the
procets just described, additional factors need to be considered in
order to complete the evaluation. Costs, benefits, effectiveness
and available resources must all be considered when developing a seý
of data system plans and priorities.

Again, it should be noted that, whereas, a data program is the speci-
fication of data requirements, a data system is the mechanism for
oatisfying data requirements. CiB/E analysis is addressed to
evaluating increments of 'ncreased data system capability. The
following are definitions of the elements of the analysis.

"* Costs. All costs of implementing znd c-rat"In a ',ata system,
e.g., personnel, hardware and software.

"* Benefits. Benefits to be derived frcm National Marine Science
Programs which data system implementation supports, e.g.,
reduction in water pollution by implementing a data system to
monitor water quality.

"* Effectiveness. Increase in effectiveness of data systems, e.g.,
decrease in data retrieval response time at NODC.

"* Available Resources. Availab. personnel, equupment, Eoftware,
funds and time for implementing: desired data system improvements.

A major input to the C!B/E analysis is a forecast of data program
requirements in various organizations over a 5-10 year pericd. The
forecast consists of requirements for data collection, storage,
processing and dissemination. One module of the Nlational Marine Data
Pltnning System (?OI)PS) will provide this forecast. Another module
of the NQC)PS will provide assistance in .making the C/B!E evaluation
of data system improvements. .7he first step in this process is to
make an inventory of existing data system resources in the pertinent
.rganimat~ons. This activity consists of assembling information on
the ciurr-nt ust cr! sensors, platforms, data tranamiasion iystens
and computer systemsn. After this inventory is completed, ex-5!.-ng
capauilitties ar" e -&.rree trth tata program requirements. ncrements
in required lata fvotem capability are Aeiineated for orach organ.-ation.
The &ddtional resources required ror Lmplementing data systw ;mprove-
ments are Aeter-'.e:eA and t.h incremental benefits, effectiveness ax.d!
.*,-,sf% are- dr-tVe Alit~orl"j, a feasible implementation schedule
's dcert-.vied bajer! -e eon .e±n• resources an, the aeva.laitilty ¢.f

rPs1ur tr re.Ui"rcJ. he pro..,c f this thae .¢ .
C"e:- ;AettA. n4.t:'eM rý-.t emn lls v',i:h , ave th',':s ,a
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H. DATA SYSTEM HEQUIREMENT3

The final output of Phase II will be a Technical Development Plan 'for
marine data management for the next ten years. One part of the planl
pertains to the implementation of the National Marine Data Planning
System. The plan will be developed to ensure complete responsiveness
to National Marine Science Program objectives, and the minimization of
duplicative efforts in the development of efficient data traffic flows.

The Technical Development Plan will specify the general requirements
for personnel, hardwt-e and software but will not involve the evaluation.
of various manufacturers' instrumentation and computer hardware. How-
ever, the plan will be structured at the conclusion of Phase II so as
to serve as an RFP for required instrumentation, communications,
computer hardware and computer software systems.

After the cost/benefit/effectiveness analysis has been completed in
Phase II and the Technical Development Plan has been approved, detailed
specifications for the design of the required data systems need to be
developed.
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I. SUMMARY OF CONCLUSIONS AI .•TOWEM MTION1

This section contains snort descriptions of key conclusions and
recommendations derived frm this Phase I study.

1. System Overview

"* A loosely connected "zero-order" national marine data system
currently exists consisting of organizations woz.ing in close
harmony in some areas, and in isolation in others.

"* All of the surveys. stuetes and Dlana cumpiled t• dat- --ve-
isolated aud described .AiortcominAs and have made recii-nendations
fou byatem impwrovements.

"* The problem of evolving the system Lo increasingly h!Fner

in immediate high priority areas, in paralle.l with strategies
of planning the lorser range aspects of system imp'.ovemý!nts.

Among the dozens of shortcomings currently existing Jr. tnc nationel
marine data managemert picture, as set forth in this re-,•rt, certain
central i.sues can be isolated in a relatively short list as follows:

* No ongoing index of national marine information sources and
services exists.

* No central source of plans, programe and budgets exists in
"sufficient detail to forecast future requirements for marine
data manage1Mnt.

* No central provision exists fer 'load oalancin'" of natiurnl
data management capabilities to meet major prugran- needs at
mýInilwm costs.

* No c-entral index of legi•slaticn, legal -ind ;-citcy d,',sn,
exisct. for the world ocatn &u4 Lni1:U1 a4te.rwnyf.

* No unified incentive strvr.ýu-e exists to prFvylde to
or .~. tnsanid lnoj% KoualF 40 "cooperate- I.- .ial-a x:

With tne4- rxisWng 5YsteZ4

1'jrm to p".. :Lz, ' ~.t%, vi Ar otn t ntt e f :~c-e

A' r re A t:

I
i
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* The marine sciences cvmLnity is not, in general, a
sophisticated handler if its Information.

* inter-organization•l data flow is being restricted by:

Lack of standardization

Ownership restrictions and lack of incentives

Classification restrictions

* Lnoctment storage and retr.eval is a very weak ayrtpm aspect.

2. Conclusions

The following list highlights some of the -ore d-t•a- conalubi ns
derived during the study:

e The National Marine Data Program should be supported by a
national planning and coordination organization.

* Effective prediction of future data trt.nds is reouired ti
ensure timely responses by organiations to changes in data
program requirements.

* The mounting cost of data collection underscores the nced for
improved multiple-use dr.ta collection, storage, processing,
and dissemination progvims.

* Application of new sensors will increase tremendously the future
volmes of data col;.ected, as vell as its accuracy, due to
reduction of huwan error.

* Application of new platform (buoys, etc.) and transmissicn
techxniques (satellites, etc.) ivill resukit in Ltez-function
increases in data -volumes, typea and forms. Reultting data
wdlI be subqected to IncreasinI4.y sopnistlcated -ethads of
anal~ysis.

* The wide dQr~at•A.y of data t y'Ps neede1 for deve..itnmnt c'" the
nriinre envYr.%dwnt wvili cortlnu.; to be a major .Ista -rtrgreont
'roblem area.

* Wth ;ut;#,t*nt.&i Inreases .1r. , '-* 4ato volume 4.d :erace
,Df the wvrle c:ean tnere will b••grtter requ.'-e~ner" for botý*h
ratesrclc andI cperatlo.- data !n a formsat vtith I•x a'-na:'e to
n!Ah gptd da's reductiýrn techniques.
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"* Preprocesaing vs. postpr-cessing tradeoffs will become in-
crealingly Important in "networking" alternative systems for
handling data derived through new continuous data collection
techniquee.

"* Waisting data management facliities, gse of which already
have largi, backlogs of unprcee~ssd data, will be overwhelmed
wit1h the data inflow from new program ua•.,es their capa-

" The prioritie of data impt t~lementatlons should be
based on the degree to which the corresDondin, I1mravements
support NatW.onal Marine SOCae Programs.

"* The development of a National Marine Data Program shnLId be
viewed as a single integrated system from point of data
collection to dissemination and use. All aspects of data
management including collection, storage, processing and
dissemination should be represented when new data programs
are planned.

"* Very little attention has been paid by the marine community
to the determination of data management capabilties which
will beat serve multiple users.

"* It wil be necessary to evolve dAta management systems at the
agency and organization level which wil- be coordinated and In
harmny with national needs oefoer a National Marine Data
Program car. be C•ýaU.,y integrated. System development =At
start with alleviation of problems witnin these integral
elements of the total hystem.

"* tLazta pg. effectiveneso sh"ould be evaluated for at least
five years In the ftutur I-i ordtr to properly gear improvements
to b<-th near-term and lonK-term Asta program req-Arements.

"* The grvat rltadtty at this otage !n the deveio,'ent of the
mrtne envino ni-nt demenda that system fCeixbIity be a
priavy design criterion,

"* n•entIves ord ?Pnefits are the e*asic tools which zust te use
In btaki• t dc nonri-tecI-•.L constraints.

"a The ke to the derlvattio Zh vLtpise-us be.*eftts fma late
-rltg~lniU1 ccofl*ec'e.4 for less broed Tpurj~fes* lItt !- tit*
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"* Data management and document management should be conriidered
as a single integrated information system.

"* Determination of the data inventory of the marine community
is one of the first requirements in developing an effective
National Marine Data Program.

"* No data management system can operate effectively without an
evolutionary development of standards.

3. Recommendations

Principle recommendations follow:

a. Phase II Study

Authorize commencement of the Phase II Study in accordance with
the enclosed approach in order to provide objective outputs for
the FY'70 budget cycle.

b. National Marine Data Planning System

1) Commence structuring, design, and implementation of an
ongoing National Marine Data Planning System composed of
the following functional subsystems:

"* Policy

"* Programs

"* Fiscal

"* Technical information

* Education and public relations

* Legal information

2) Incorporate in each subsystem the capabilities of providing
in an ongoing manner the information necessary for:

* Planning

* Decision making

* Progress monitoring
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3) As one of the early cteps in the development of the hationar
Marine Data Pljaming System, consider tCe following
evolutionary steps:

a) Initially develop aw1 maintain an on•oing Marine
Information Inventory Service which would serve to:

* Define existing data sources (;r1e producers and
data centers)

* Dercr~be their data content

* Describe the aervices available

* Define their costs

* Describe the pruocedurs f, -r cbtalning data and
other se-ilceao from these sources

9 Disseminate current irformation on these sources4

e Act as a cleaxinghouse for directing user questions
to the proper sourx,(s).

b) As a nattw"l extension of the inventory filncticr into
the futmrv add a forecat-tInk capability cm'csed of:

e Githering and maintaining the deta magngement
plans of marine organizations.

* Integrating, these plans into an ýToing nationaI
data nsmg- mnt p~an defining the d.itributL.-n of
data sources, functicos, iervices erfor-wd, and
zzpactties, currenty ad in the fMe.

XGrtlon iralWIn prju plneti tlo t'.At Iv th l~igtat L-Ist. a'- txotlcv
to 3brinere publabWAh by t'-e Thast O(wrd ox U-h F1 Itht nfor ~tton Xantwk wAd
the Airman's Guide issd by tho FAA. Th . ittor.e l.to tn grat eta!U tUbe

u~pto-dats at-%tus ci evozry airp3ort rz'vs. a~trcttions at OendA,
hcy~x of 4'rz Licht *PaWs'. on etc.), a .eIy IC

ap~vi~h carridor tn, thre" ý1-~~ 4-i~ aý 'Al~r I'~pi

"en ap-proa In ca'i- SY*t-ls. td -6 ft . .-' A

!-%ir re r. tg

j!ur 4ue.~ns~sad ~ a. i.s
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This plan maintenance function does not, of course,
include the benefits of long-range strategic national
planning to be developed during Phase II. It aoes,
however, integrate and establish a working relation-
ship vith the planmers of existing organiz&tions and
this is a vital atep toward strategic plan development.

c) Further extend the data management functicns of the
organization by including the following:

0 Particiption in the plannuing of new marine scien-e
programs.

e Pai--tcipation in the planning for expansion or
modifimAtion of existing marine science programs.

a The coordination of "load balancing of data
collection, transmissiz, analya 3, storage and
dissemination loads of programs ý,equiring co-
operation by more than one organization.

c. Standauds Committee

Establish an ongoing Standards Ccmmittee composed of repre-
sentatives from all segents of the Marine Sciences Program.
The rcmmittee should study the status and evolutionary
possibilities for the stAndardization of:

e Data collection hardware and practices

* Data transmission hardware and practices

* Data storage and retr!eval hardware and practices

D Data processirg he--dvare and practices

* Data disseminatio, hardware and practices

For the above functtloa1 arwas the caitteP should:

"* Contiruoualy collect, evaluate, and mergv existing
stanAards and planned ImprQement&.

"* Asses the marl.ne system en"fit, assocleted with
aterratiYe stau.%rdization policies.
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* Serve as a cross-fertilization and ioordination mechanism
between marine science organizations.

e Formulate aid recommend a series of unified standards
together with suggested phasing zchedules.

d. Incentives Committee

Establish an Incentives Committee composed of representatives
from all segments of the National Marine Sciences Program, to
perform the following functions:

* Study and document the motivations and behavioral
responses of the spectrum of orgLnizations and individuals
working in the marine environment.

L * Conceive various incentive structures designed to
optimally motivate the organizations and individuals
toward better cooperation in the sense of attaining
national marine science goals.

e Evaluate alternative incentive structures through
sampling, nanrel, and other review techniques.

9 Formulate and recommend alternative unified incentive
structures together with an assessment of the cost/
benefits/effectiveness of each.

e. Organizational Improvements

9 Identify and evaluate alternative data management
improvements in each of the relevant agencies. Recommend
a set of data management improvements at the conclusion
of Phase II which will provide maximum support to national
marine science activities. Specific activities are
described in the Phase II Study Approach.

I.

I-
I:
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j. S[RMAPf OF PHASE II STUDY APPROACH

A nummary of the study approach to Phare II is presented below. A
detailed desctiption is contained in Se.tion IX. Phase II will be
conducted in six parts:

Part I: Analysis of the Needs of Data Service
Customers (Months 1-4)

Part. II: Delineation of Marine Data and the Means

for Handling Them (Months 5-7)

Part III: Eval.aation of Data Functions (Months P-10)

Part IV: Design of Data Program Implementation
Plans (Months 10-i4)

Part V: Design of a National Marine Data
Planning System (Months 6-14)

Part VI: Data Program Synthesis (Months 8-i4)

1. Part I - Analysis of the Needs of ].ua Service Customers

The Part I study will focus on the needs of Federal, State,
academic, industrial, and private users of marine data and data
products and services which contribute to major purposes of marine
science affairs. It is necessary to estimate the magnitude,
frequency, characteristics, and criticality of these needs and how
they are likely to develop and change in the future. Further, we
must understand more clearly at this point how diverse data move,
and through which channels they move, from producers to users; how
long this takes; and the role of responsible agencies in this
process.

a. Objectives

The objectives of Part I are to:

o Identify data producers and user communities and
estimate the size of each.
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* Classify the user community in terms of data
needi and use. Some of the determinants of
classes of data use are the following: pur-
pose of data use; data type; frequency; volume,
format, geography, quality, sample size, etc.;
time requirements for data acquisition, trans-
"mission, and retrieval.

* Determine common and unique data needs within

the marine science community.

a Evaluate the validity of stated needs.

* Determine the adequacy of existing data products
and services to meet user needs.

* Establish the need for new or improved data pro-
ducts or services in advancing toward marine
science goals.

* Estimate data acquisition and data service costs
and describe benefits derived.

* Identify priorities among stated needs.

* Identify and illustrate the nature of data flow
from diverse producers to a variety of data users.

Sb. Approach

As an approach to the Part I study, subject to change as
additional information is acquired, we will consider specific
identifiable user categories and representative data applica-
tions for each. User categories are the following: scientist;
naval planner and operator; environmental forecaster; ocean[ engineer; industrial manager; fisherman; merchant mariner;
Federal, State and municipal planners; and citizens concerned
with recreational use of the coastal zone. As an example,

7! representative data dpplications for the user category of
scientist are those of research in: physical, biological and
chemical oceanography; marine geology and geophysics; and air-
sea interaction.

I- The research in Part I will be conducted in the form of a
survey of known producers and users of marine data. Owing to
the extent and detail of marine data activities, this survey
will be conducted by means of personal interviews with indi-
viduals in the categories identified above. The questionnaireII

I
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that will be used in the interviews is shown in Appendix G of
Volume Two of this report.

In addition to standard data derived during interviews, re-
spondents will be asked to illuminate the operation of the
present marine tata network with a case study, or "life history",
of a specific marine data activity in which they have been or are
personally involved. The intent of these histories is to identify
the nature of marine data flow from original acquisition through
various processing channels to end use.

c. Products

The results oi Part I will be presented in a formal report
accompanied by briefings. The report will consist of a brief
summary of major findings, together with a more detailed
narrative report describing and analyzing the composition and
characteristics of the marine data user community according to
the statement of objectives given previously.

2. Part II - Delineation of Marine Data and the Means for Handling Them

a. Objectives

Based on the survey and analysis of the needs of marine data
users performed in Part I, it is the objective of this part of
the stu6y to identify and describe thr primary marine data that
should be subject to coherent management at the national level
and to inventory and analyze the processing functions that
various organizations currently perform on these data.

1) Data. The primary data that should be subject to management
and coordination in a national marine data program will be
delineated. Based on the description of data requirements,
apparent unfulfilled national-level data needs will be
identified and explained. Unfulfilled data needs may prove
to be the result of any one or several of the following:
data are not being collected; data are collected bvt are not
available to all who require them; data usage may be re-
stricted by security classification controls; data move too
slowly through the marine data network; data are incompatible
in time, space, quality, or storage media.

A description and rationale will be given for excluding any
categories of data that are not regarded as appropriate or
required for incorporation in a coherent national marine
data management program.
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2) Services. An inventory of organizations that currently
perform service functions on marine data is to be made and
their processing activities described. These service
agencies will not be limited to marine data centers but will
include all Federal and government-supported organizations
which perform acknowledged and routine marine data services,
in order to examine the degree to which these lend themselves
to coordination within a national marine data management
program.

b. Approach

In ord,!r to achieve the object'ves stated, a threshold level of
performance/cost relationship will be established to serve as a
criterion for recommending inclusion of marine data categories
within the scope of a national marine data program. In accom-
plishing the performance/cost analysis, several future funding

levels for marine data management operations will be hypothesized

in order to provide planning options. Similarly, performance/

cost analysis will be performed on marine information service

operations in order to assess the relative importance of existing
service agencies in a national data management program; to identify

service agencies that require upgrading in order to function
properly as a component in a national program; and to indicate
changes that will create a more effective operational facility.

c. Products

The results of Part II will be preseýnted in a formal report

accompanied by briefings. The report will consist of a brief
summary of major findings, together with a more detailed report

describing and analyzing marine data and data services that are

recommended for a national marine data management program.

3. Part III - Evaluation of Data Functions

a. Objectives

Part I of the study will have produced a report of the expressed

needs of users of marine data and data products. Part II will

have produced a delineation of "'e categories of marine data

appropriate for national-level nmanagement, and of the marine
information services in current operation that lend themselves
to national-level coordination. Part III of the study will

evaluate these data and information services in order to identify
characteristics which marine data and data services should

possess in the national-level program. From this will be derived
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a statement of functional requirements for the nation&l program
that will represent goals considered achievable within the next
decade. Specific functional characteristics are enumerated and
illustrated below; the study will investigate their scope of
application, sources of current inadequacies, appropriate criteria,
and expected standards of performance, as well ac the opportunities
for significant improvements.

1) Data Processing. With respect to the technology of data
handling, the study will cover historic, contemporary and
future collections and will consider three primary processing
activities: ship-board processing. land-based processing be-
fore data are deposited with a service agency; and processing
performed at service agencies within the national marine data
management program. The principal technological developments
in terms of which the handling of marine data is being per-
formed are to be identified, and the opportunities for their
improvement are to be appraised. The study will focus on
automated equipment utilization, communications systems,
media and data codes, and storage and retrieval.

2) Accountability. There does not now exist a comprehensive
national marine data inventory. Provisions for creating
and maintaining an account of the accumulating marine data
will be recommended. Appropriate methods for their applica-
tion wil be suggested.

3) Accessibility. Functional requirements for access to marine
data holdings within the scope of a national marine data
program will be identified. The study will include consider-
ation of response time, redundancy, retrieval and restrictions
on access due to proprietary or security controls.

h) Quality Control. Requirements for quality control of marine
data will include consideration of instrumentation, sampling
design, and control of post-observation manipulation.

5) Dissemination. Dissemination of marine data and data
products will be investigated to determine the adequacy of
existing dissemination methods in comparison with alternative
or additional techniques.

6) Input Structure. Consideration will be given to the re-
quirement for establishing standards for controlling the
input structure and eligibility of marine data for the
national program.
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7) Archival Storage. Functional requirements for archival
storage of marine data and data products will be based on
an assessment of the adequacy of current storage methods
and retrieval services.

8) Data Analysis. Requirements pertaining to data analysis
refer to the methods employed for analyzing, reducing, and
packaging marine data to make them more useful.

9) Development. Firm recommendations for functional require-
ments to be established within the national marine data
program should recognize not only the status of current
operations, but also the technological feasibility of
achieving significant improvements. A review of research
and development will be conducted, concentrating on the
major problems of collecting, processing, recovering,
publishing, and displaying marine data.

b. Aporoach

Part III will consist of an analytic effort supported by highly
selective interviews with appropriate experts in such technical
fields as sensors, platforms, communications, library services,
information processing, and displays. The emphasis will be on
identifying functional requirements and establishing the tech-
nical feasibility of means for satisfying these requirements.

c. Products

The results of Part III will be presented in a written report
accompanied by a briefing. The report will describe the
functional requirements and the technical feasibility of
implementing improvements for the nine topic areas enumerated
under Part III.a, Objectives, above.

f. Part IV - Design of Data Program Implementation Plans

a. Objectives

The technical analyses conducted during the Phase II study will
result in the publication of a recommended ten-year Technical
Development Plan - '.tc national data management program. On
the basis of the information developed in preceding parts of the
study, alternatives for improvements will be analyzed, and
recommended data management initiatives will be presented with
a view to their adoption by the various responsible agencies.
The Technical Development Plan will recommend priorities and
schedules for implementation, and will specify the resources --

personnel, equipment, facilities, and money -- considered
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necessary to implement the plan. Several options of the plan
will be developed based on alternative levels of assumed Federal
funding.

b. Approach

A performance/cost analysis will be made for each option of the
Technical Develcpment Plan.

c. Product

The results of Part IV will be presented in the written Technical

Development Plan accompanied by briefings.

5. Part V - Design of a National Marine Data Planning System - NMDPS

a. Objectives

Experience has shown thab among the factors involved in
implementing improvements to an information processing network
as complex as the national marine data management program,
effective coordination of the many activities is critical. Co-
ordination, in this context, is the technical management and
design control that ensure that implementation schedules are
appropriately phased and that resultant operations do indeed
fulfill the objectives for which they were intended. The
Phase II study will analyze requirements for a National Marine
Data Planning System (NMDPS) to perform the planning and manage-
merit functions for the national marine data management program.

b. Approach

A concept of operations and a recommended organization of the
NMDPS will be specified, based on discussions with personnel of
the Marine Sciences Council and with personnel experienced in
the design and control of comparable developmental programs in
the military and civilian environment.

c. Product

The product will be presented in a written report, accompanied
by briefings, setting forth the responsibilities, organization,
and operational concept of the proposed NMDPS.
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6. Part VI - Data Program Synthesis

a. Objectives

his part of the study is to be conducted concurrently with
Part IV, Des!Kn of Data Program IMBlementation Planu. The
purpose is to anpraise the requirements and config•uration of
the total national marine data management program that has been
recommended in preceding parts of the study and to ensure the
consistency of each part with the whole: users' needs, scope
of the data and service agencies supporting the national
.. terest, functionfL. requirements for Imrroved data management,
the Technical Development Plan, and the National Marine Dati
Planning Syst-em.

b. Aprroach

The approach employed will be t, at of reviewing for consistency
eftch of tr.e reports delivered in preceding parts of the st'4y,
with particular Gttention to the technical configuration for a
nationrl marine data managemont program 2ontained in the Techni-.
cal Development Plan.

c. Product

No independent prodict will result from this part of the study.
7C the synthesis indicates tt n eesity, revisions or addlenla
to preceding reports mt be iou.ied. The Technical Development
Plain will refle:, the rindings :.r the bynthes.s in i's
rtee omendat iens.
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III. PROMLM DIWRIP•"OH

As a* oted in the Introduction, the approach uwed in this study is first to
identify National Marine Science Programs and objectives; racood, describe
and analyze relevant organizations and functions vhich support natioral pro.

rams; ind, third, analyze the data program requirements needed to support
organization ftuLctioms. These three facets of the marine date problem are
discussed in this section under Natioral Marine Science Programs, Ftunctional
Requirements and Data Program Requirements, respectively.

A. RATIOAL KARN SCIXRK PO GW

The evolution of the National Marine Science Programs involves, to
varying degrees, the rosponses of nationMa planners and aecision
makers to past legislative enactments and resulting national marine
policy. The folloving synopsis of thse important directives su&-
geste the logic upon which the r&tiomal pr-•erm and their supporting
organtzAtions have developed:

1. Legislation and Policy

Nuring recent years, a grea'*.er sense of national urgency has
devaloped for increasing the itntesity and effectiveness with
which the National Marine Science Programs are conducted.
Recognition of tae undersea threat to national security, the
importance of oceanic science and technalog- to world affairs,
and the increased international. interest in the exploitation of
marine resources have provided the major stluR.ants to this
increased national concern.

During the last several years, a number of new laws and natittsul
events have appeared which are indicative of the urgeaicy attri-
buted to mrine affairs. Figure 8 documents scat of the more
impoitant milestones in ths evolutio of the National Marine
Science Prmgrams. The relationship of these events to the growth
of the narint program bud.t is also shown.

Itaettng with the e*tablishnt of the YAtlonel Acadeaty oT Science
Cowa~ttee on oowx~rphay in !V58. a vaiber ýxf study grups mnir
advisoiy comittoes '-av lben ese.tbl-sfwd t. define the nest's %ri
objectives of the Katlo~el Marine Science V -oi'w. ýýrrvspxvi-
lr1ly, legislation has ben er stced to suppr t MUe remwarn iad
*&IsoryPnc-totm. Durin5gthee,, intoe-Ir year*, hmvwvr, the
Implowntatt-m wAd relate~d rundlr of th* Y•rlos rvcvdondatl.ýs

of the a4vis-ory cwgianiatlina a been !s&s extewwix. tteu
• 4tie~tr.

I
I
I



Decesabr 1, 1967T87 TK-(L)-3705/003/00

-. O VO.1 ' AAR

Wink AICPC APYAPRO A

? W"All, 1 2 1s t 41.m
4MAX40.

',okUf, o

NAIP SM40 3WAR.W~ R4M~fl A"O FIMSMI 18 C IM
PAAO U&*IVU&I ACAM1W Or CI RC5, CW~rnT O UN O8AMTCP

*403,11I C A 1.P

II T T37*.' IImtLA 70 *9fil
CIO~~~AD A.l.9-M01rmp~

S AYE, of? DIgoA(r- w%

OUPY

stcl0A~l rCClL1U142 ACT01194-

~ZIRC1AND ?1ANDO

Fru"MIL V.81

1119097 207*rIO Us .901 It "' 4 NA9011?b a" 0c 2t
To ~ ~ ~ ~ ~ ~ ~ ?W? A7 noOIX x SA"ATo

OCIMOG~fy UIAIW7140wyemaOCZ JOGANI

'COM P , ' O 7 E N T O ~ 
A /

FIRMIGUR 8MI



-%-(L)-3705/003/00

1" 100

I~ -. -I;; ----1NO

r 1 .-. L TI

tool 1 1042 104CA Til 31144 1044 -946 M7 it"d

3 ~l.!D3DNATION, CALOR ' -NI -mWA Tut f C1 PO4AN~ EOC 1 2 13

A 1102-, RDO W NA CLP1CAPI NATION AL COUISI w £23*K5 P0N1

191 CIDT"N ON~ NATIONAL COLON
3203S OOTI N I8414PIGSC7 IITIAML nE 1319 3SOUU

8.201 4111 101DC1 "144 S1gILA 10 fl*u7 ILGXV I340 ITO~f `0AI
AND ~ ~ ~ ~ ~ ~ ~ ~ ~ C orIOC 1043 07f ~3A3 Z8Ark 14 KXIIUDI N
1461L I 0o 'I a 126Lt 1WAIIONAL U0.E111000 LY.0PW ":4ISAC PIT.

I.34.N YI 4A 0C.AI. ~ A1

X3API CON"ICL 0 I "UON0 CI"

itB £511320

01gLN ItOs (ITIM

lOl 3AA TOANGAIg £1100 A 33N0 A kCk. ~ PIAC w RUlC9r NAPO AC72 (

YJIAI OO3AP3ICM ENAC NJIS 23301T Ii AS4 2.5.3A V1Y7

(02491ANCOftA 'T712204 r

07 SA 2I AXX C INI

OwOSToLLSM I MIC WAMo
RRIAK OWAVI RSUh~l~ 71 1 U .. AY

CA( TO 7W M7ONLMAIN UOE
FIGURE 8E



December 1, 1967 -69- f4-(L)-3705/003/00

A primary requirement for developing and implementing an effec-
tive National Marine Data Program is the organization of a con-
certed and coordinated federal effort La marine affairs. To
meet the need for a coordinated federal effort, the Interagency
Committee on Oceanography (I.O) of the Federal Council on Science
and Technology was, since 1959, responsible for integrating
programs of government agencies into the framework of a national
oceanograhic program. fiowe.'er, enactment of the 1966 Marine
Sciences Act has moved the national marine program one step
closer to effective coordination by unifying existing marine
activities at the Presidential level. To implement this unifying
approach to the national marine problems, the National Council on
Marine Resources and Engineering Development* was established as
a policy planning and coordinating arm of the President. The
Council, although not an operating agency, represents the focal
point for the definition of national goals, for the identification
of alternate strategies for their achievement, and for selecting
among alternatives and implementing programs through "he federal
agencies. tn support of the Council functions, panels of the ICO
are being reestablished to serve as the essential mechanism for
compiling and disseminating information on the many marine pro-
grams. Also, the National Academy of Sciences Committee on Ocean-
ography continues to serve the Council as a scientific advisor on
oceanographic matters.

It should be noted that although legislative acts provide the
framework for national programs, in actuality, it is the organi-
zations temmelves that evolve national policy. Thus, rather
than conceiving of national programs evolving from a one-way com-
munication from national planners to agencies it should be
...;cognized that the development of national programs also involves
coumanication from agencies to national planners.

2. The National Marine Science Proaem

The various federal agencies and the Marine Sciences Council, as
the primary coordirating entity, are coitted to the achieve-
meit of the national marine environment objectives, specifted in
the Marine Resources and Engineering Development AWt of 1966
(P"9-454). Also, the federal agencies have identified a number
of National Marine Science Program , within the scope of marine
science, engineering, technology and resources development, which

IFor brevy in this rep•rt, the ational Council on Marine esourcees and
tnhineering De el.nwent vill be called the 'ýUrine Sciences Concil," or
simply, the "Council."

I
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are directed to the achievement of the national objectives. A
matrix displaying the broad relationships betweai the national
objectives, the National Marine Science Programs and the federal
agencies appears in Figure 9.

As illustrated in the figure, the National Marine Science Program
are directed to the achievsew~t of the national marine environ-
ment objectives. The benefits to be derived from the national
program are also specified in the figure.

The federal effort devoted to the national programs is illustrated
by Figure 10, which documents these profa and the related federal
funding for their conduct by the various agncies. Inspection of
this figure also reveals the relative magnitudes nd #grotn rates
of the economic resources comitted to the national program by
the various agencies. Specific implicatioas of agency participa-
tion are discussed in later parts of this section.

The relationships between the National Marine Science Programs and
the federal agencies are further sumrized in Figu 11. It should
be noted that the various federal agencies are often seponsible
for major contributiono to wore than one National Wrine Science
Program. Inspection of the missions of the federal agencies, which
also appear in the figure, suggests the diversity of respansibili-
ties experienced by each agency. This diversity of responsibility
will be given careful attention during the analyses of each organi-
zation's functional and data requirements, which is described in
later parts of this section.

In theory, the nissions of the varicus federal agencies should be
derived froa the requiremnts of the National Marine Science Pro-
grass which, in turn, should be formulated in response to the
national marine science objectives. In fact, hotwver, the mis-
sions of the federal agencies have arisen partially during time
periods when national objectives were not well-defined. Conse-
quently, the federal agency coordination in these program is not
designed, but rather Is a relationship vhich grow over time to
met needs. It wtuat, therefre, be expected to be optimal.
r~lications of this condition h, 'e an Imortant effect on the

approach developed during this study phase.

3. Dow I~prtant Considerations

& imrtant coa sideretions related to the national program
are discuseed belom. These observations have special relevance
to the reminder of this Prob•es e• r-iEon section.
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a a. Starting in Fy 1968, marine program efforts devoted to
civilian activities my be expected to increaee more rapidly
thazi defense activities, reflecting increased emphasis on
utilizing the marine sciences to meet industrial, economic,
"and social gosls. In addition, the definition of marine
activities has been expanded to include the Great lakes,
estuaries and vater resources manaement and pollution
control. The sialticance of thes changes must be accounted
for in the determination of National Marine Data Progra.
requirements, e.g., the potential benefit to be pined from
the declassification of defense-oriented marine Am-;a for
civilian uses.

b. With the advent of the Nerine Sciences a-ci1, a substantial
federal effort is being made to identify existkng and re-
quired state, local, Industrial, and private organi•etion
resource expenditures related to Nationl Marine Science Pro-
grain. Greater emphasis is being plsced on Identifying thoew
aspects of marine activities where encosragement is needed
and partnership vtith federal agencies can be attained. This
federal coordiiation effort is clearly an iUportant ingredi-
ent in the development of a UtIonal farine Data Program

c. The National Marine Sciences Programs are exhibiting a defi-
nite early stage transitlon frr• specialized research to
research and technoloa programa involving large-scale ocean
surweys. Figure 12 categorizes ..he ftedral budget into national
program functions which depict this change in oýrientation. The
development of new equipnt and technology, auzvey efforts,
instruemntation, and sarvices exhibit a decided increase in
funding which reflects this shift away from the more specialized
resdarch fur•jtons. It should oe noted in the figure, nothever.
that a substantial portion of this apparent c-tnre can be
attritbuted to the redefinition of the nationao program by the
Marine Sziences Coun.il. The true underlying shift in national
orientation will, ntvertheless, be given close attention ttough-
out Phase II In defining data program requirements.
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* .- B. FU'CTIONAL RMQUIMI4ME8

The conduct of tunctional requirenent5 analysis, which encompasses
a thorough description of suppliers and users of marine data,
represents the first step in defining National Marine Data Program
requiruments. Functional requirements .,e analyzed in relationI to the National Marine Science Program objectivee,

Figure 11 exetplf tied the first step in the definition of functional
requirements ot rhe various users and suppliers of marine data.
Some cf the more pertinent federal agencies currently involved in the
Nati4xal Marlne Science Prcegrms are descr3.bed in terms of the
following imqortant factor,:

a National D L d. Those national marine science
program mentioned in Section III A, to which the ; rticular
department or agency is making a major contribution.

a Missions. An Adentifica-ion of the responsibilities of each
aency in relation to National Marine Science Programs.

S]Re levant Pmnctions. Ncr-.,. statements cf tlhe agenhcies'
operational activities associated with the missions.

a General Duta Re guireents. Týe identificaticn of general marine
d3ta.-:ateg•oe hich Z mot important to the agency's
perfcrrance of itu defined functions.

By approaching the problem in this fashion, it is possible to
associate data requirments with particular Maticnal Marine Science
Program obj4ctivea. Tn thi- manner, th- relative importance of each
data req~trement can be assessed, The last column ia Figure 11,
General Data Requiremerts, is the key to tracing data requireents
to National fIarine Scez.ce Program objectives.

Phase II ,ffort will define further the federal orgmnization, their
missions and func•ions, vithin the Ntional Marine Data Programs.
•tiate WW local fEvermnts, reilonal orniAtioas. private indu•_tr0 istitutione vill also r~eolio attention to this "-oar'd with---"

CVif~~lT GDlsc * on their activities ir. relation to
thoogencies.

1. t~gitudt of Weral 6emic Effort

Figi#A. 13 tresents a detailed breaXmrn of the expenditures of
vm-lous fiderti agenia ,%nd departimerts br general function*.
Inspection of this figurv provides acoe indication of the
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1 magnitude# and thus the emphasis accorded the functions performd
by the various agencies. The agencies provided the greatest
funding in performance of specified functions are:

9 Facilities Construction.: DC?, Nor

* Ship Construction: Navy, F8SA

9 Instrumentation: NAvY

SSurvyls: ,Navy ESSA

o Research: Navy, Ba, ISF

The oceanographic functions of the Navy, which account for
approximately one-half of the total National Marine Science
Programs funding, are extremely important to the National
Marine Data Program. An anaIlys8 of the Navy's data collection
and handling activities will, therefore, provide information on
the nature of a substantial portion of total marine data coLLected.
In Phase I, NAVOCA, the major research and data collection azm
of the Navy was analzed becamse of its extreme importance to the
National Marine Data Program.

The scope of ESA's functional activities is shown in Figure 1i,
whilt Figure 13 suggests the notable growth in USSA's research and
survey expenditures. Because of the impact that ESA programs,
such as SEAMAP and the World Weather Watch, have on the overall
planning of the National Marine Data Program, it has been attributed
consiAkrable importance in the determination of National Marine
Data Program requirements.

The Bureau of Cnmercial Fisheries (BCF) also plsyn- a decidedly
important part in the National Marine Science Programs effort.
BiC is responsible for the management, developnt and conservation
of the fishery resources of the sea, Mroad programs of research
related to these resources ind their envirorments are funded within
XT?. It must therefore be given considerable attention during
Phase II.

The National Science Founation (SF) is also a significant con-
tributor to the developnent of the Natiorv.1 Arir* Science Program.
NEW's extensive research and education activities, facilities, and
contractual fnding a•st be analysed to determine trends in marine
research and construction activity aM the esulting data needs
evolving frc such trmeds. In addition, the expected effects of
such sarine activ-1ties as the Coast Guard's planned ocean survey
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effort and the Federal Water Pollution Control Administration's
marine pollution control program, must not be overlooked in
determining future National Marine Data Program needs.

Ivan though total funding is used here as a first criterion,
caution muct be .exercied 10m a 11 in relyio sole,
on such criteria to indicate tho* facets of the National

to the UkticnaIMarine Data Prrmw.

2. Contributions of Other Organizations

Private institutions, state and local governments, industry and
associations are all playing a decided, yet often fragmentary role,
in the conduct of the National Mrine Science Programs. Although
Phase I survey coverage of these crrganizationa was necessarily
limited, it becamee readily apparent that significant benefits
could b• derived from o,-,anized federal liaison and cooperation
with stace and local governments, private institutions and
industry, as significant data bases and unprocessed data backlogs
exist within these organizations. These organizatiozs could
contribute more broadly than is currently the cue to the
enbancemnt of the overa2.2 National Marine Data Program.
Substantial effort must therefore be devoted during Phase !I
toiw ds identifying the realistic potential of such organi-
zations for contributing and using 4ita, instrummtation,
facilities and research in support of the Nati.n•al Marine
Science Program.

Used on a prIiminary analysis of the limited information
gathered during Phase I. the following discussion highlights
some of the activities and future potential regarding the
participation of industry, state and lcc#AL governmnts,
universities and private research irstltuticos in the overall
National Marine Data anaegement r"rem.

a. Indust~r

industry has for years utilized the marine environment
axtesivel~y. Prhaip• the moot significant activities
lie in the fields of: trneportation, oil and mnemral
recovery, and drug and cheical extrctimo. In the
process, very artesi swine data bases have be"•H1
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accumulaved, especially in the field of oil exploration.
In addition to extensive seismic surveys, a significant
number of continental shelf cores and well logs have been
taken, many from shore and near-shore well sites. It is
estimated that the information contained in the well logs
ccliect(d and stored by the oil industry rivals the total
information content of the national marine data collections.
Much can be learned from a study of the well-developed
technology of storing, retrieving and processing geophysical
data developed through expenditures of maiay millions of
dollars by the oil industry.

In addition to these possible data sources, intustrial
organizations have specified a need for various types
of marine data. One large producer of general marine
systems, for example, requires data on ocean temperature
profiles, bottom topography, bottom composition and foun-
dation characteristics, acoustics, and absorption and
reflection. The lack of data in many parts of the world
ocean has impeded the piogress of ocean engineering.

A primary difficulty arises, however, from data privacy
requirements of industrial organizations. Much of the
data collected by industry is of a proprietary nature in
relation to existing or planned products or services.
Attention during Phase II must be directed to miethods for
ensuring security protection of such data through
aggregation, sampling, or conversion techniques.

Another problem area associated with industrial partici-
pation is lack of sufficient incentive. Since much of the
marine instrumentation and supporting systems required
today are customized, industry is not motivated to invest
R&D _apitiC. in marine equipment for specialized and
limited markets.

Tnis Industrial apathy towards marine technD!o•r is felt
t4'aroughout the maz-ine coinunity and ha- a decided effect
on the data coll. ction procecs. Attention. will be devoted
during Phase II ,o the identific:ation of methods for
achieving s~andardization of instruent syste:u. nnd to
possible ::-as of Lovernment oubsidization ,,f ;*rtinent
Industrial marine techr.zlogy.
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on the positive side, current and expectied future eiphasis
on ocean engineering research and develolment wili greatly
enhance industrial participation and the capabilities for
conducting oceanic research and data collection. The pre-
sent developmental efforts in ocean engineering will permit:

1) Improved data collection throuh structural and civil
engineering programs in the design of stable and effec-
tive ocean platforms, towers, buoys, and shipboard
instrument handling equisent.

2) Increased data collection and work productivity through
the further develoment of man-in-the-sea and undersea
research vehicle capabilities.

3) Introduction of relatively new data sources through
innovations in ocean technology such as deep ocean
drilling.

4) :ncreaaed collection frequency of reliable data through
innovations in materials and instrumentation -- e.g.,
in situ chemical analysis packages; increased instrumen-
tation payloads through applications of wet electronics.

5) A. saift in emphasis frcm the current situation, in
which industry is largely a user of marine data, to one
where ocean industry will become a la r i of
miwine engineering data as the result of the experience
and knowledge gained through the pursuit of the develop-
ment, deployment and mainterAnce of the many proposed
large-scale systems and progrm such as buoys, zan-
in-the-sea, undersea resource development.

These, and numerous other innovative accomplishments, vill
continue to enhancc the abilities of both ocean scientists
and engineers to expand and improve their marine data bases.
In turn, they will increae the participation of pri ate
industry in these efforts. The effects of tVese davelop-
sents must be assessed during Phase Il.

b. State and Laal Goverrwants,

State and local govarrients situated on the Atlantic, *4lf,

acifle, and Great XaZes coasrtlines have collected lazge eamcmte
of Na-ne data in the past in r•eponse to nesd proposed by
"i blaw arising reaxrding: water pollutioan, boeh erosion,
mazine constrution (harbors, narinse, ocean outfslls), fishe-
ris Investigatiane, and ofwTbore ol and ineural explivations.
A Majoeity of tbesa ivestigations have been condcte in
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cooperation with federal agencies that have usually supplied
a portion of the necessary funds and .npomr. In addition,
universities, private research insitutions, and industry
have also been involved while under tontract directly to the
state and local gover•irnts or indirectly throuh contracts
with various federal agenciee.

From a preliminary analysis of the information regarding
data collection, processing, storage,, and retrieval obtained
from state and local govrammnt agencies during Phase I, it
appears that there has been little if any effort made in the
past to standardise samplng, processing or storage of the

-mer'us types of coastal marine data collected by these
ormanizaticns. This condition is understandable when the
imber of agencies and individuals Involved in ssapling

progrna in the same gographicallregion is considered.
For example, it has been reported that in a 75-mile stretch
of one eastern seaboard river a total of 46 groups, in-
cluding federal, state, interstate, industry and water-
vorks sgencieu, had collected similar water quality data.

Thus, as might be expected, most of the data obtained from
the coastal marine enviromment are currently stored in
individual research ftsle cabinets, in various state, local
and federal agency archives and in published contract
reports. Besides being a stromg deterrent to the exchange
of knowledge between various disciplines investigating the
coastal enviroment, the present poor state of data manage-
aent has resulted, more often than not, in considerable
duplication of effort at the expense of the taxpaying
citisens. However, efforts by various local, state and
Federal agencies in such regiccw as in the Great Lakes,
2hesapeake Bayt, Delaware Day and Gulf of Mexico have been

made recently to correct this situation. For example the
Gulf of Mexico Estuarine Inventory (GNU), which was estab-
lished under Public Law 88-309, In'olves a Joint coat effort
between the states of Texas, Louisiana, MIseitsippi, Ala-
bear, Florida and the Sueau of Comrcial t'isheries' Labora-
tory in St. Petersburg, Florida to catalogue the estuarine
environment of these states in teras of: 1) Area ds*criptiom,
2) Wd~roloav, 3) Sedimertolowy and 4a) Biology. All data
are sutwitted to Da on standard forms, but thoa spocizwna aie
retained by the individual stats. Wtwn the inventory is
complete an atlas will be pu•blshed Jointly by the states

1. Orem, 1'. S., 19', The Storage and Ietr1el of Nita for Water Qmlity Control.
U. S. Departnt of the Interior, Fedral Water Pollution Controi Adinlstrotion.
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During Phase II BDC will devote effort towards defining the
quantity, quality, locatlon and accessibility of the yarious
,M.&or shallow water dnta bases in existence today. In ad-
dition, the interrelations and lata flow between various states,
local and federal government agencies involved in coastal marine
research will be documented for use in the final planning de-
sign of the National Marine Data Program.

c. Ohiversities and Oceanographic Re.earch Institutions

1)iversities and oceanographic rssearch institutions in the
past have been the meet tportant basic contributors to the
scientific advancemient of the field of oceanography. Practical
appyleations of the research conducted have contributed heavily
toards significant advances in the areas of marine weather
forecasting, wave forecasting, accustic transmission in seawater,
beach erosion, end food from the sea. It is anticipated that
these contributions will continue to play in i•zportant role
In the future de-eloument of the wirine envirommnt.

Frcs a preliminary Plase I sompline of opinions of oceanographic
scientists performing basic research, the impression gathered
was that there is a rapid progression of ocean studies to the
stage where wjpasis is shifting from the charting of the
distribution of properties, such as temperature, salinity and
biological populations, to the quanTitstiwv time-series study
of dynamic processes which produce the observed distributiona
and of the principlev which govern týese processes. Thus,
the probloms of obtaf ning Jarge collectic a of marine data which
are correlated in both apace and time are rectiving consider-
able attention by thi academic marine cciuminity. The izpmcts
of th. resulting date. volhaws a•l" related handl.-ng metod
must Le -,iven conside rable attention in the design of the
Netional Uarine Data Program.

Substantial data m•n•rscnt pr':blsms ar created by the otry
nature of the oceanograpthe research conducted by most univer-
aities and oceanographic research institutions. In many cases,
inlividual researchers art in-estigating oceanographic phero-
-- na of partlc,.'Lr inte.est and are unconce.nied with the use
tVat the data may rc-uive once they have e a eal" aId pub-
Lta.•ed their results. This condition has resulted in 1tit
elay between data collection and the release of these

data to th. general wLrlne mmunuity. It bms also resulted
in a d•rsruity of data types and fa-ate which aze ofwten in-
captible, without c•• oýaerablo efTort tewrw spent on. coa-
version. Suc#ess in totally remorin4 this bottlenec is
lrbb.•4•is, wA i. some zases, corsi4ering the aiou•t of
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work involvee to reduce the data for general use, better
not attempted. In general, howevr•r an investigation o;ý
methods for imoediste identification of priviledged data
sources and specification an to their likely date of data
release would be especially beneficial to the research
commity. This inWomation will fom one link in the
dete.vnination of ay to provide better in-flov of date to
data centers from research progrms.

During Phase iI, visits to pertinent research institutions
and virofesuional associations will be made to solicit ideas
and sgestions for alleviating the present data flow problem
and to assess their needs and potential contributions to the
National Marine Data Progrm.

It is clear from the foregoing that a first requirement in developing
an effective National Marine Data Program is the completion of an
inventory of the various data collections, as well a the desired
data needs of non-federal organizations including industry, .t+ste
and local governments, and university and private research institu-
tions. In this process, the various ;rofessional -)cieties muit
not be overlooked. For example, the Aerican Geological. Institute
is involved in the preparation of a Bibliography and Index of
Geology and, more importantly, has substantial inforation on other
existing and anticipated progrm for literature eau ry and
retrieval.

Assessment of the real ownership and security restrictions placed
on non-goverrmental data sources must also be made during Phase II.
Anmrous practictl examples exist of information irtcrchange
based on careful rrotection of t-e data collectors' rights. One
example is the 4se by industry ot data coUlec*,d by others but nct
for the original purpose of the collection, e.g., origin&l collec-
tion may be for research use in a student's thesis but industry
uses the doata for mineral explc-atio.. The criteria used in the--
cases should Le itudied and hopefll.y extended to other organizat•ast
4ad data sets.

d. Mrt"frr rre

The miany resee•rth activities as.oeiate4 vith the NationAl
Nrine Science Program rec•ye rrinary su1port frs? a-

extenmive array of r•1anic survey promrs . In sener,.i, thUre*
ý4 sub tantlai mutual support 'atwen. research and s-Ary
effort~s. uhihle surveys proyiLul substAnitial data. fo~r retearch
purpooes, a sirnificant part-on of research restulti perwit
imprvyed parf.-amnce of survey peret one

: • .. . • • . __= __ _ • = • = • =..= - m *- = -- - = m m ==--= m -- • * •= • - --
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A number of cooperative and intensive ocean survey programs
involving various p"latforme such s ships and buoys are
evolving in response to national marine missions and objectives.
The trakdtional programs of the Davy, the Invironlmeital
Science Services Administration 'Coast and Geodetic Survey),
the Bureau of Coter•vial Fisheries, the Coast Guard, and the
Federal Water Pollution Control Administration are now vitally
concerned with the problem of obtsining Large collections of
marine data which ate correlated in both time and space.

In the past, oceanogrphers have been frustrated frequently
in their attempts to atudv physical processes, not necessarily
by the lack of data, but by deficienvies in the right kind oi
data. For example, synoptic picture* cf the dirtribution of
pl.operties may be available for several areas of the oceans;
hosver, such data are uncorrelated in time. Conversely, time
series data ewist, partUcularly of urface temperatures at
a =umber of locations, but are poorly correlated in space.

Th interim results of these efforts e*- exemplified by the
rapid progresnion of ocean studies to the state where anahasis
is sahiftir% from the charting of the distribution of properties
auca as temperetw-e and !alinity, to UVe study of th- dynamic
pr?.cesses which prcduc the observed distributlons and the
y.Anciples which govern th.l.e processes.

Tý i recognized by many investigators of the marine
environme.nt thut if "uture oceanoiaphic expeditiont are
to be regarded as scientific experiments, oceanographers
must e.tluate predetermined hypotheses; and the research
plannrng, ixpioywent of ships and buoys, etc., must be
4esigned to accusmAate the need for quantitative, statis-
ticant answers to these questiont.

d of the :ro'leW involved in prtrs of this rnture ta
1. given in a tbaht--zroveking paper by Professor
orly Stoml.1 0' partlcUiry interst to the design of a date
maniagwmnt ayelt-t- are his spe-za.l ftetribution 4ialrams wMhi
illustrate the often ov-rloked fat thu4t the sartpling inter4al
kn tift axd spe "t be chosen an the basis -f the period *f
Interest. For cx*ae, 3twl haa sbhn that to obtain a

1. 3tul, K., '"Vrletiov of Ocenogrsphi,- Experience," 3clwece, V. 139 -3555,
1963, PP. 572-5.
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statistically significant map of annual variati n of sea level
in the South Pacific would require about 3 x 1o hourly obser-
vations collected over a period of 4 years. No single plan
for mounting an oceanographic expedition or setting up a buoy
observational program can hope to oconomically inclix~e all
the scales and periods. Thus, it is first necessary to des-
cribe which part of the spectru of each variable one wishes
to meaure and then to ensure that the desired statistical
significance level obtained in the experiment is -n improvement
on that already obtainable from the data now in the archives.

More often than not, the design characteristics of past
oceanographic experiments have been such that few statistically
significant answers were obtained. Also, the data in the archives
ate usual not in a readily usable format for uncoverin possi-
ble duplication of Wevious efforts.

The development of increasingly dense data 'oases stfithin specified
ocean ares should in time facilitate the refinement of various
ocean models to represent these sections. Also, while the
requirements for pervasive ocean coverage have in no way been
degraded by such a selective survey process, concentrated data
and analysis fru strategic ocean locations should help improve
the nation's capability to make regular marine environmntal
predictions. A brief discussion of the major survey programs
which will receive attention during Phase II appears below:

1) SEANAP. The Scientific Eploration and Mapping Program
?•P) consists of ocean-wide surveys which attempt
to be all-inclusive of the ocean parameters which are
relevant to oceanic research in general. Whereas the
traditional surveys are missice-oriented in relation
to particular objectives and are thum tactical, the
SIAMAP approach looks at the strategic aspects of oceanic
research to assure the existence of more effective tactical
progr'ams in the future. Subetantial portions of the data
collected by the surveys will be deposited at NODC and thus,
form the nucleus of the data base of the SZAUMP program.

2) Contin nte l S ftre& . Closely aligned to the phi l-
s*op 0-1RAW, is the-ontineantal She.f "rum.- The
obj.-.tive of this program is to integrate separate data
sources into an overall interqenTy continental shelf

1. Interagency Committe on Ocmancrsphy, national ! _nýraphlc t raa, Fiscal
year 1967, p. 50.
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exploration and exploitation effort. The program wlll
provide infomtion on the physical, cbhmical, end biological
processor necessary for the scientist and engineer working
on the seblf. The data collected will include essential
ooeano1h I c parameters, the biological content of the

ocean waters, and the sediments of the ocean floor.

3) ZMOPAU. The Eastern Tropical Pacific Survey, condicted
durin" 967-1968, represents a prime ePimple of the concept
of strategic sectioning and concentration of data collection
in the world's oceans. This concentrated survey effort :.a
considered to be a prerequisite to the camplete assessment
of the feasibility of harvesting tuna from this region.
The purpose of this survey is to provide a foundation upon
which future oceanographic and fisheries investigations
can be conducted in prime tropical fishing areas. The
interagency and international cooperation in the oonduct
of this survey is evidenced by the following list of parti-
cipating countries and organizations:

9 Ecuador a lureau of Cosircial Fisheries

a Peru a Scripps Tuna Oceanography
Research Program

a Chile a Scripps Institution of
OceanogreN.V

a Inter-American Tropical a Texas A and M
Tuna Comission

* U. S. Coast Ouard * Smithsonlar. Institution

a Fleet Nuer' tl WIather e Environental Scievce ServIces
Facility Administration

a Office of Naval Rewearch

4) MM. During July-August 19W, a survey program, the Barbados
6Zraphic and Neteorologleal IMxperiment (MMi), will be
.zoaducted uAer the auspices of tkk Iavirosmental Sciences
Service Adeinlotration. A cimblne4 meteorological and oceeo.-
graphic 45ta collection program will be conducted through the
cooperotive efforts of the Navy, the Coast Ouard, and one or
wr* forel~p countrie. This survey program, which is desiged
to stuy air-see Interactiom, will' ply buoys, sbipe, are4
sirtreft; the Navy 4aon will maw• a mkor etitrlbution of
eigt to tea vassels. It Is anticipated that m satellite
therdaal sapping will be provid#4 during tke exercise. NIDV
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will assist in processing survey data, notably the 5-T-D
and BT data collections. Boas pilot efforts in providing
real-time quality control through teletpe tranamission my
also be imlmnted by 1W. It is anticipated that NOW
will acquire all survey data collections for archival
pVrposes and perform various analytical functions such as
ooqprative anal•sis of teqiereat and salinity profiles
with related historical datao

5) trade Wind Zone Lsvestition (Po ise P sal. Another
ple of a plowed speeo-tim relat oe anographic experi-

mat qilaoying a ombination of ships, buoys, and aircraft is
the North Pacific Trade Wind Zone Investigation designed by
Bureau of Comsrqial Fisheries oceanographers in Hawaii. As
proposed in 1963" the Trade Wind Zone Ivesttigation would
consist of a mutiple-ship operation designed to quantitatively
investigate the seasonal changes of processes both at "a
surface and at depths within the area bounded by 10°N, 300N,
1300W, and 18^. Oceanographic stations to 1500 mters
would be occupied on a monthly interval for a period of two
years. If this plan becomes reality, the Salinity/etper'i-
twe/Depth (sM) sad ftendalble Bathythermograph ( ) v a
undoubtedly play a large role in the collection of the bisic
physical oceanographic data. Based on the Trade Wind Zone
estimates for Nansen cast masurments, it is expected that
upon completion of the survey,, sm 4000 &M stations and
11,000 XBT observationas ill have been acquired, as well as
numerous other observations on weather, sea surface conditions,
and currents, obtained frm participating ships, aircrafts,
and bu•ya.

6) World Weather Prosr. Perhaps the largest cooperative scientific
id technolcgloal undertaking that the nations of the world have
thus far proposed to enter into is the World Weather Progrea.
The goals of this program arm to imrove meteorological services
to all aations, to increase the accuracy and to extend the
range of present forecasts, and to explore the feasibility of
large scala weather and climate modifications. Mrpected bane-
fit* from the successful imlmntat on of this program are
manifold: reduction of the loee of lives and property through
better storm forecasting; provision of assietance to apricuitwo
for developtrg a mare efficient tismble of planting end
harveetin crone; roiiig of air and eea transportation for
mor etficiaet tr economical operations, ad substantial
1.qprovemnt In water minagemant prectices.

1. lacl,- 'U., "'The rt.' Pacific Trade Vwid Zone Iweetigation," U.S. J-ureeu of
Coinercial Fisheries, Biological Laboratory, Honolulu, 1963, Unpublished NHnvocript.
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Issentiall.y the Wbrld Weather Program consists of two major
aspects. One Is the Werld Weather Watch which is an intor-
national propin for the observation of the world atmosphere
and for the rapid and efficient comunication, processing.
and analysis of the resulting data. the other aspect will
be the conduct of a compehenslve, long-term program of
research on the global wind systems and on the Interactions
between the atmsphere and the underlying land and sea. At
the present tim the plannin of these progrms Is being
coordinated by the Wbrld Meteorologival Organization (Weather
Watch) and the Cami•ttee on Atmospheric Sciences of the Inter-
national union of Oeodesy and Geophysico (Research Progrm).

obur platform are now under consideration for use in the
proposed Wbrld Weather Watch Progrem'. satellite location and
data collection system:

i Automatic land weather station - for obtaining data frvm
sparsely izhabited or '.minhabited regions.

"o Horizontal souadix balloon - desined to be flown along
constant density surr•ces in the atmosphere.

"o Ocean buoy - designed to obtain meteorological and
oceanographic data from data-sparse regions of the oceans.

"o Merchant ships - for obtaining marine synoptic data from
shipping lanes in the world oceans.

A progri for immediate iaprovew~nts to remedy the most
critical deficiencies In the present International weather
program is currently planned for implementation during
19-1971 and will rely heavily on Ipeprove6 coverage by
weather satellltAs, buoys and merchant ships.

ZSA through its Weather Bureau is th2 " principal U. S.
jovernment agency that will be Involved in the Werld Weather
Proegrm. Contracts were recently let by SSA to develop three
satellite-interrogted-end- nro!nntal buoys with the eventual
plans calling for a global network of scam J60 buoys. In
addition, Uh World Mateorelgical Center in Wsahlogton, D. C.
began operations in 1965 In support of the Wlrld Weather
Program. This center combines A's Weather Bureau's numrical
prediction and satellite fscllý. e with the Retiocal *eother
fctwrds Center's data storage an recall epabilitles. -w

two other Wbrl3 Meteorelogleal Coeunt .•,•t•ate4 by the World
.Mteorolog Organisation are located in Moecov and Melburne,
but as yot are ant operational.



'I
SDecember 1, 196T -(-(L)-3TO5/OOO3/0

T 7) International Progras -. Although primary consideration during
this Phane I effort has been devoted to national aspects of
the marine science programs, considerable attention has oeen
and should continwe to be devoted to the effects of international
cooperative efforts on National Marine Data Program requirements.
Of particular relevance are the international cooperative data
collection programs. Over the past decade namerous large-
scale oceanographic sampling programs have been conducted en
a cooperative international basis. Besides fostering inter-
national good-will, these program have made possible the study
of large ocean areas on a quasi-synoptic basis. During the
course of an international cooperative survey tr mendous
mounts of standard oceanographic data &re collected over a
relatively short time span. An effective National Marine Data
Program must be geared to cope with tiput of data from such
programs without serious interruption of itb normal data
management functions.

Th illustrate this Px 4t, Figure 14 has been prtpared from
information obtained #uwing discussion of the data program
requirements of BIF and from the sumaries published on
VORPAC (NORTHPACIFIC) and ICITA (INTEATIONAL COOPMATIVE
IlWISTIOATIOI OF THE TROPICAL ATLAMTIC). XDRPAC, a cooperative
investigation of the north Pacific Ocean conducted during
July-September 1955, involved 21 vessels of the United States,
Canada, and Japan. ICITA consisted of three major svýrveys
conducted during 1963-1964 and involved 20 vessels from 13
nations.

From the figure It can be seen that, 1ypothetically, if a
data system were in operation and geaed only to handle the
average annual data input from say CCOFT, Scripps, BC? and
the University of Washington, it would be hard pressed to
proc.ss and store the additional data input generated by large-
scale surveys, such as NDM'AC and ICITA, without total inter-
ruption of its norsal routine. Further complicating the situa-
tion is the non-hamogenelty involved in obtaining, recordirn,
and processing the data caused by changes in format and
requirements from routir.s already established.

2hese probles have bee& partially overcoe In scem of the
more recent surveys (ICITA) by making every attempt to
standardize data collecting, rocording, and processing techniques
pror to the actual undertaklng of the surveys.

Daring PUa.e IIin addition to assessing the date managoment
pmtlmn aaociated vith both natior~l and Internstioral
cooperetive surveys, it will be important W Investigate

An



IDcember 1,, 1967 -117 IN-(L)-3 M5/003/00

2200 -2200

PLANITOK TONS

2000 -2000

1600 - 1800

1600 - I~oF CUMOMMf1C CAlST S

BATMN1U0n0GAAN CA~STS

1400 -1400 -7000

S1200 120 6000

1000 - 1000 5000mo

400 600D p000

I II
600 600 1000

4 O W. A 0 0W*W 4 0 4GXITO C2000TNAIATC 4 VY'

C"WAIONO V0,104EO- AA O~~E S NE

200W VOUkO AA-OLCE ERVA O

FICR 14



/003/00

ANZVIATION ORGANIZATION suETET vsima USED

M1 WC3IP IMUFITWION OF 1951-19" 2

aCy DUUAV OF COCIAL 1950-1056 1
froUma, HAWAII

tiofi UNIVERITY or WAUHINOTOI4 1952-1I50 1

co CALIFOWIA COOUATIVI OCEANIC 1950-1506 5
F10=12U INITMIGATION

Dr ICITA IWIWMNATIO94L COOPRDATIVE 1963-1964 20
r ~INVESIIGATO .19or TEN

TMOFICAL ATLANTIC

NOMPAC WasT PACIFIC 1955 21

3 ATHYT99ENUDOEAPH CASTS 3rJ 9 a~ T." I SN 1 THE AVIRAGE DATA VOLUE1/Y1'.I COLLdCTZD 5T RACK OSGAVIZA7100.

D

SOURCS:
I ~~~OCE.ANIC OMMIHYT1053 10 TEN PACIFIC (1950-1350, UlIVERSIT OF CAIJFORNIA FREWtS

SCRIPPS IN1IITUflION OF OCEANOGRAPITf, MWI~rE SEIRIS

SCRIPPS INSTI'TUTICU Of OrZAJSO(GAP, DATA Pp. 858130 SECTION

U.S. FlSH AND WILVILIFE SPSCIAL SCIENTIFIC NZNF SERIES

I ~NATIONAL OCLANIOGRAFNIC T)ATA CuriM (IQUALANT 1-111 DATA RIPOTZ)

0

tI

'ED PER VAR FOR SEECTEDO//rOSAE ORAZTIONTH

F16GURE /4



December 1, 1967 -119- '-(L)-3705/oo3/oo

the existing system for exchange of International oceanographic
data. During the course of this particular Phase II study
the activitli of International orpulzations such as the
InterSDvernmental OceanogrqphIc CAmtssion (ZOC), Scientific
Committee on Oceanic Research (SCOR), Fisheries Division of
the Food and Agpiculture Orgmeniation (FAD) and other important
international organizations such as the International Councll
for the Zrploration of the sea (IdaS) will be examined as an
aid in desipgelg the m•st efficient data management system.
Special attention will be paid to the past efforts and results
of the IOC with respect to coordinating international daoa
exchange (DW-120). Additionaally It Is planned to evaluate
uae data managent aspects of the ICITA program, as it re-
presents the first attempt by )ODC to standardize the collection,
processing, and publishing of all of the survey data obtained
by the various participating countries.

The preceding discussion (Section iU-B) broftdly outlined sMa of the
framework within which detailed functional requiremients analysis will
be conducted during Phase II. In order to Illustrate the process,
and also to gather pertinent Information on the size of the data
problem, SDC has conducted seei-detailed functional analynes of several
selected federal agencies which have major roles in the conduct of the
National Marine s6cience Prograis.

Based on such factors as total funding, importance of National Marine
Science Programs supported, and relevance w. re National Marine Data
Progrm, the following faderal organizations were analyzed in somo
detril during Phase I to provide inputs to the Phase II planning:

• NAvoC,,,AJI e iKDC

SSA e Smithsonian Oceanographic
Sorting Center

e B * Coast Guard

Certain other urgenl•lations vwil also be discusted, but in loes detail,
In orler to l~lustrate pertinent considerations for the Phase 37 effort.

In order to achieve a meawra of brevity in thls report, the functional
requIremets of theae orgasniations are described In the following
section at part • 11-C-3 wder F•nctional and Data Pro M! Pwll"iants
of Selected Flederl !Mwcies. Wjile n-et0o•al riqu,•rerts are a

proper part of the curriet seitton (IXI-B), their rvlationship to
the deta progrea requirents which they prodce ti perheps nore
clearly dewastratied ty plecing thee• elmenta toether.

I
I
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C. DATA NOGRAM U.ImZUITS

hch of the orsanizations briefly described in the previous sections
has responsibilities within the National Ibrine Science Programs.
To satisfy these responsibilities, they require resources for the
collection, storage,, processing, and dies&2intion of date. Tbese
resources include personnel, data boa"e, hardware and softvare.
The cubimntion of resources in E of -o ,isation fý-,nctionsi reerdTo in this .tW V as a daaN rm.

Figure U1 defines broadly the general data requirments in relation
to federal agency functions. It is the purpose of this report
section to structure and begin to analyze the characteristics of
the various data programs required to meet the fumctional require-
menta of each organization. This quasi-anal4tical effort rill set
the theme for the Phase II analysis of National Varine Program
requirements.

The methodology utilized to identify current and future national
data program requirments will be mphsizzed in t%is section. This
will include the requiremnts of data collection systems necessary
to provide data for data programs. The organization of this section
is as follows: 1. Current Data Flows; and 2. Future Data Flow

1. Current Data Flows

The current data flows withJn the marine en%-ironeent will be
assessed during Phase I1, utilizing three (3) prinary aids:

"* A "From-To" data flow matrix ;,elativg pertinent

organisations

"* Data Flow Tables

i Data Flow Charts

Tho structure and use of thae, aids are discussed in the follovirW

An wtderstanding of current data fl1ws is an Initial equirematn
befor en y attpt can be made to determine future rwquirsenate
or Wotittee. As a first step in satisftyng this requirement,
data var, collected fM selected organizations, utilluiug an
earlier (fiu of the qetionnaire illustrated I. Appendix G
(comlmentei by the results of the literature survey) as the
Primary survv) i nstrmuint.
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4.

In order to obtain an initial broad overview of the inter-
organizational data flow, the data frou the questiocnaires
was first structured into a "From-To" m.atrix as illustrated
in Figure 15. The numbers in the boxes refer to the data
types listed at the right side of the figure. This matrix
clearly exposes t*t multi-dimensioned nature of current
marine data flow betveen collecting, Drocessing and using
organizations.

"As a next itep, the raw data free the questionnaires is
organized ard reccrded on Data Flow •ables, one for each
organization, s shown in Table 2, which represents ..#.
U.S. Coast Guard Oceanographic Unit. Note tiat tne form
contains a more detailed description of the type of data
than Figure 15, and that it includes information on
destinption, transmission mode, format, volume and frequency.
Note a&-so that in this case soe of the data is transmit ed
to users from Coast Guard ships and scme t)rom the Orzano-
graphic Unit.

These data and the qualitative information generated during the
interviews were then ujed to develop data flow charts for the
various selected organizations. Figures 16 and 17 exemplify
this conversion into r'.w schematics. The purpose of these
flow diagrams is to depict all major flow processes fro data
collection to dissemination to the users.

A further example of data flow between organizations is
illustrated in Figure 18, which includes a total of 270 cruises
conducted by the Scripps Institution of Oceanography, the
California Department of Fish and Game, t~he bireau of Cmercial
Fisherie3 and the khiveriity of Washington, fr~m 1950 to 1•66.
Flow of the data is shoun throuih the processes of collection,
processing, storage, research-use, publication, archival
storage and ultimate multt-user activities. Average delay
times of data flow are also shown between collection and first
putb~catiotn. Not* thtAt de lay of 2?% 28 and 12_ moths are
indicated.

For purposes of evaluaLwing Itional *Lrino t PWrAs req,.,ire-
mInts, the data flow interrelationships 4*picted by the flow
4iagrame described above mnut be cimplawntod by 4@tail.
descriptior of data chuviectristics sand volasmee, flovi*lt
between organizations vithin the witin enviroernt. The
flow -lsgrams will• be allde dring Ph~e 11 to irm.lode
otIer o iianixstion an Atibioe.

U
U
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7 During Phase II, the details of the data documentation formats,
Millustrated in Figure 19, will be expanded and modified to

.provide more information needed for the analyses of national
marine data base requirements. A selection of the data
gathered from NODC is exemplified in Figure 19.
Preliminary evaluations of data chara.teristics and volumes for
selected federal organizations, utilizing this format, appear
in later parts of this section. Information from this data
characteristics chart for items such as current input and
output volumes, expected increases in volumes and existing
purging activities will be important in lo:ating bottlenecks
and critical gaps in the National Marine Data Program.

2. Future Data Flow Requirements

The determination of National Marine Data Program requirements
over time necessitates the conduct of a thorough analysis of
anticipated changes in current data flows. Emphasis will be

I placed on evaluating the intensity and timing with which various
technological, environmental, political, and legal developments

SI will affect national marine data flows.

Certain of these anticipated future impacts have already been
discussed (e.g., the impact of buoy-satellite systems on marine
data collection and handling) in this Phase I report. However,
a major effort must be devoted to such analyses during Phase II.
In general., five (5) approaches will be used to assess future
impacts on National Marine Data Program requirements.

A nalyis of long-range plans and problems

This approach will be particularly fruitful for uncovering
impacts of expected fAture marine activities. For example,
Planning Research Corporation (DN 435) has completed the
conceptualization studies for the Hydrography Office,
NAVOA•ANO, to develop an Ocean Survey Program. It has
covered eight departments and has specified data and
data management requirements for a data handling system
which would be an integral part of the Intelligence Data
Handling System (IDES) (DN 338). Other federal orgeni-
zatlons have -ong-range plans which must be given particularf attention d, .ng Phase II.

I,
I
I
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I DATA INPUTS

CURRENT EXPECTED INCREASE DATA N

NUMBER T TYPE MEDIA Ah, UAL IN RECEIVED

VOuATmE ANNUAL 'OLUME FROM
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e Analysis of trends in data flows, volumes and characteristics

Although information from historical trends will have
important bearings on determining National Marine Data
Program requirements, it is not considered wise to establish
requirements solely on the basis of projecting historical
data. This is especially important becauLe of the dynamic
nature of marine science activities. Quantitative extrapo-
lation must be tempered with judgmental and planning
information from the organizations and marine science experts.

9 Predictions of marine science experts, both through personal
interviews and the literature.

e Assessments of trends in marine sciences technology -
instrumentation, platforms, changing data collection
methods, etc.

9 Assessment of the impact. of technological, economic, social,
environmental, legal and political constraints over time.

These activities must not be limited to Phase II; they must be
conducted in an ongoing fashion. Effective prediction of
future conditions is required to ensure timely responses by
organizations to changes ia data program requiremente.

Preliminary investigation of methods for performing the fore-
casting function suggests that the sporadic nature of most time-
series of marine data volumes precludes their use as sole predictors
of future conditions. It is anticipated, however, that the
combination of predictions from historical data with information
on anticipated occurrences will improve forecasting capabilities.

A good source of :1&ýa is the published schedules of ships' cruises
by the various organizations. These schedules are published with
a lead time of one year (sometimes up to five years in long-raLnge
plans). Figure 20 presents a sumnary of the collection rates per
day, based on a 365-day sampling period for a number of organiza-
tions. It may prove feasible to multiply the measurement units
per day by scheduled ship days to obtain an estimated data volume
by measurement type; although the sampling rates of the organizations
in Figure 20 are not strictly comparable due to the fact that the
method used to derive chem discounts several vaript..ons between
organizations. The technique shows significant prcmise, however,
for Phase HI use.
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In addition to extrapolative techniques, consideraole attention
must be devoted to defining future functions that organizations
might perform in support of the National Marine Science Programs
which tiey do not now perform. In ":esponse to this requirement,
SDC has conducted, in a preliminary fashion, an analysis of the
functions and related data programs of selected federal agencies.
Figures 21 and 22 present the results of an aggregation of
information concerning the National Marine Science Programs
and the current support provided these programs by NODC and
NAVOCEANO.* These two organizations were selected to illustrate
the approach that will be applied to all pertinent organizations
during Phase II. The charts describe a number of factors:

9 The horizontal axis headings depict the National Marine
Science Programs and the New Initiatives of the Marine
Resources and Engineering Development Act of 1966. These
programs have been listed from left to right in order of
FY 1968 Federal funding. Also included are:

Dollar change in funding of each program TY 1966
to FY 1968.

The principle federal agencies, in order of total
funding, that are contributing to the specified
programs.

* The vertical axis headings describe current NU±JC and
NOW' data collections and functions, or those to be
established shortly. The FY 1969 anticipated NOXC
processing costs associated with each data collection
are also presented.

* The right-hand column contains comments about ollection
size, input, backlog and cost.

Tne hatched areas on the charts indicate that on a preliminary
bacis, it appears that the organization is providing reasonable
support to National Marine Science programs in terms of the extent
of its collections and processing activity. An asterisk (*) on
the chart suggests that somewhat concentrated study effort is
req,•ired in Phase II to substantiate or refute the preliminary
inference that potentiaLly desirable benefita could be derived
from increased support to the particular national program.

*Tbe evaluation is for the Navy Ocean Science Frogram (NOSP) of which NAVOC(ANW
is a mjor part.
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The appearance of a hatched area in any matrix cell does not
suggest that analysis of this relationship and its data manage-
ment requirements will be suspended. Rather, it indicates
that substantial data activity is already occurring in these
areas. Investigation of these areas must also be conducted
In order to determine the effectiveness of the support being
provided.

It should be noted that the symbolism on the charts merely
represents an attempt to stratify Phase II study efforts in
accordance with the identification of needs. Fundir4 levels
and changes in funding levels are shown in order to v.?tcate
the magnitude of national programs. Processing costae are
shown for NODC to indicate the magnitude of processing
activities in support of national programs.

Tables 3 and 4 list data collection parameters and functions
which would provide benefits to National Marine Science Pro-
grams if corresponding data processing activities were
accelerated in 4ODC and NAVOCEANO, respectively. Table 5 is a
summarization of the two foregoing tables and indicates date
bases which, if available and accessible, would provide
benefits ",z the marine science community if maintained at
N3DC and kAVOCEANO. These and other potential data collec-
tions will be investigated during Phase II.
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TABLE 3

Potential Support Arear, - NODC

National Program Data ? ollection Parmeters

Estuary Study All

Assessment of Continental Shelf Imbalance except for current
data

Shore Stabilization Imbalance except for current
data

Environmental Prediction Coastal and Estuary
Chemical
Climatological

Health All
Deep Ocean Technology All

Resources All
Pollution All
Deep Ocean Recovery All
Ocean Environmental Observation Coastal and Estuaries

and Prediction Chem4cal
Climatological

Transportation Biological
Climatological

&Mpping and Charti-na Geological and Engineering
Fisheries Development &nd Biological

Seafood Technology Chemical
Climitological

Ocean Research Biological
Geological and Engineering

Chemical
Clihatological.National. Security Bjeol.oical i

Geological aci ftgineering
Coastal and stuari*ee
Chemical
ClImetologie al
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TABLE 4

I Potential Support Areas - NAVOCEANO

National Program Functions on Data Collections

Fisheries Development and Seafood Physical Oceanographic Data
Technology

Transportation Environmental Prediction
Engineering Research
Ocean Data System

Recreation Engineering Research

Pollution Envirm:!ent.il Prediction

International Cooperation and Ocean Data Systems
Collaboration

"Resources Geolcgical and Geophysical Data

I Shure Stabilization Geological and Geophysical Data

Estu.i• atudy Physical Oceanographic Data
Chemical Oceanographic Data

I _Geology and Geophysical Data

I TABLE 5

Potential Data Bases Useful to the Mrine Science Comnunity

NODC MAVOCEANO
. Ice Data . Sediment Data (Preeently

Classified)

. Bottom Photography . Coastal Wave Date

. Bathymetry , Seismic Data

• E•gineering Par#amters . .eo'letic Nits

. Tim Series Data , Gravity Data

I
I
I
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3. Functional and Data Program Reuirrments of Selected Federal
Agencies

As mentioned in section III-B, preliminary functional and data
program requirements analyses have been conducted during Phase
I of the following selected federal agencies:

" NAVO'ANO * NODC

"* ESSA . Smithsonian Oceangraphic Sorting Center

"* BCF * Coast Guard

These organizations were selected on the basis of a nuber of
factors including total funding, importance of National Marine
Science Programs supported an.! relevance to the National Marine
Data Program. These preliminrj Phase I efforts served to re-
fine and illustrate the analysis processes used, and to collect
prLme information for use in and for structuring the Phase II
study.

In most cases, the organization's functious and the data program
requirements derived therefrom are discussed in the following
consecutive categories:

• Missions and benefits

* Functions and Data Requirements

* Data 1rogram L.Lorities

SImpct of future marine activities

e Relevance for Phase II

The following sections then, describe briefly these aspects of
the organtzations listed above. The filling in of substantially
greater detail remains as part of the work of Phase II.
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J a. Naval Ocetiographic Office (NAVOCAUO)

1) Missions and Benefits. The primary mission of NAVOCEWO
is to provide envirornental oceanographic data for the
National Security Program. In pursuit of this mission,
NAVOCEANO is responsible for increasing the knowledge of

+ the world's oceans which will be of use to the operational

Navy arn Navy Researeh end Development programs.

Obviously, since HAVOCEANO's mission is to support the
Navy pursuant to National Security Program requirements,
the direct benefits of its marine data collection pro-
grams t be evaluated in relation to Navy objectives.
However, Lae key to detenrining NAVOCEANO's contribution
to the National Marine Science Programs lies in its mis-
sion to increabe knowi l:ge oý the world ocean. Many of
the Navy Scier.ce Programs contribute substantial data
collections L•nd improved oceanic e~quipment which are
directly applicable to National Marine Science Programs.
During Phase II, a thorough evaluation of these deriva-
tive benefits must be conducted before a proper ,Assess-
ment of the value of NAVOCEANO's data collection programs
to other organizations can be made.

2) Functions and Data Requirements. The functions performed
by MvU•t U are:

9 Data collection
e Processing and storage of data
e Chart and report generation
e Dissemination of information and dats
9 Research and development to support the

preceding functions.

It is obvious, from this list of functicns, that NAVOCEANO
4s concerned with functions tha' pervadc all of the
NatonaLl Marine ScienceProgra•u. The data collected by
the Navy, particularly NAVOCUAM, in support of its objec-
tives finds ny lines of trnsumission within NAVOCFANO,
within the Navy, and to other organizations.

Virtually all oceanographic date type.s v4 4ers are repre-
sentd witain the MAVOCEAW operatlios. The uers' vary
fr', XAVOCEAJKO vessels an A k" task forces to research
scientists concerned vittt both defense and civilian ocean-
ogmphic re-*arch. User requirements ir.cl'ýde surface
cha•gs; ocean biotto bethys"try; botto, - ionditlons for
acoustic york and anchorages; location of rivLgtional

I
I



December 1, 1967 -146- T-(L)-37O5/003/0O

aids; geophysical data such as magnetic, seismic and
gravity; tides; synoptic reports and prediction of
weather; sea surface and subsurface temperature; sa
state; acoustic signal definition; and all the raw
data requirements of the researcher; as listed in
Appendix E.

Still, NAVOCEANO's primary goal in performance of its
functions is to supply t aean envirozental information
to the Navy in as timely and accurate a manner as pos-
sible. During Phase I1, the implications of this
primary goal as it relates to the National Marine Data
Program must be identified. Increased responsiveness
to civilian requirements must be weighed against pos-
sible degradation of national defense capabilities.
Currently, many of the results of RAVOCE-WO's functional
act'vities are made available to other organizations
responsible for making m.jor contributions to other
National Marine Science Programs. Assistance to non-
milit&-y program. includes:

a the distribution of synoptic sea surface
temperatures to the U.S. fishing fleets;

e contributions of deep ocean charts to the
merchant fleet;

* the distribution of doctsentation on worldwide
navigation.

Because of the variety, cocplexity and volume of its
data handling proolems. NAVOCEAO should be studied in
Phase II to gain insight tnto its organization, data
maagment requirements and zonstrnints which may be
relevant for the desiin of a Natiotial Marine Data Pro-
gram. NAVOCEA is therefore considered to be a high
priority activity for Pha*e I. The following discusses
the functional and data requirements analy•ses of RAVOCEANO
vhich arm of importance to the Phas* II study.

The f(uctloan• requir ent3 of KAVXWM describe brief iy
abeae clear4l s4Wt the .xtensivenosv of the dat* p.ram-
etore and voltms required by MVOCýAJ' in fulfilUmnt c,
its missions. This diversity of ista noer. is 111ustrated
in Table 6 which repesents a ra•ilatilon of indvldwa
"tata eluts requtrd t the O functio. irganiations
vithir WOEAM (E__S).,t %U.L of -,h tyVn are
presentLy collect r they roep ont a cabinatton
of existirn4 date and those whcU+ are ". active bu••*AY
be beneficial in perft-r•sce of XA'CACJ's runctiowe.
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TAKE 6

OCEANOOAPEC DATA PAMIWID MaITUIDGKOO

Established by XAVOCEL

A. Water Motion

Current Speed Breakers and Surf

Current Direction Bott', Pressure Fluctuation

Wave Height Internal Wave Height

Wave Period Sea Level Height

Wave Direction

B. .hysicel and C•_ical

Teuperature Magnesium 3ulphate

Salinity Background Gama Radiation

Density Radioisotope Energy

Dissolved Orgen Cosmic Ray Energy

pH Ralioisotope Count

Reactive Silicete Tracer Gown Radiation

Nitret. Energy

Nitrite Count

SSouree: NrIne Sciencee Deparment 'Nble of Praywed
OceaawsWc surawant Regutmrmtso"
U. S. Nle ceIna p i --e, Ray 14.
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TABLiZ 6 oont'd.

C. 8ee Ice 1hetures

Concntrution Recent Fracture Patterns

Water Opce.ni Area

LeInth Orientation

Width Drift opmd

Orientaticn Drift Direction

Dwvelopmet Stage Iceberg

Thickness Height

evel. Ice Draft

Pressure Ice Areal Coverage

Draft Mchanical Properties

Topography Surface strength
Constructi ons T rtu

Vertical Porosity

S Nalinity
Flow Width

D. Ocee~aphic Acousiza~

n Sea Wat*r In .ea Floor

Sound SBpeed Soun Speed

Tranx~laeon Loss Transmission Ltos

Absorytioi Absorption

Reflection@ Bottoe 10flection

Ambient Poise

Acoustic Patu$
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XAVOCAI is divided Into tvo major rgaxuizations: the
Hydrogrnphic Office and the Oceanographic Office. Within
these units a naber of data requirmts exist which
are of primary impotance to the prosent study.

a) M!gLei Office. Mhe data collection functions
wtite epic Office include acquilitlon

of seismic data, gravity, batbywtric, agitlIc
profiles., bottom siles and core description, and
curut measuremets . The collection of these data
through ocean surveys, ocean station mnemiwemV.ns and
research provide the fleet vith information te asist
them in ASV work, navigation, storm varnings, and in
planning surface aM submerbible ship opermtiom.

To provide these service", the Rydrographic Office
prepares:

* Nautical charts

* Sea bottom profiles and charts from
bathy 'tic measurewents

* Mgnetic field charts which help locate
magnetic field anomalies

* Gravity charts

e 3ub-bottom structural amps frc seiomic data

• Ocean bvtta mqpsf om bottom sediment grab
samples and cores, vhlch are uee-'ul in sonar
and acoustic work.

All of these maps mad charts require a substantial
mount of data handling and processing prior to
dissemination. An analysis of these rcquirementz
is needed during FPhae II to account ro, both cu-
rent and anticipate4 future ftlme and use* of
imatwn data floeing within XAVCMZ .

From the Prelainari aaLalis of NAVYCMAE) consiuted
AurIng Phase I there appears to be awi inecrveir4 ced

a AdditiocAl high speed, ftst reespme proc-eassln.g
qf data os the data i•pqut and output "rUnciue
Wnd olumese cCrttnu* to accelerte.

0 q wvt4 date 4se aninte•nwee, -lpd•at•4, wA
pwsaig to c",c'nt for the volmainous flm of
dAita thromoAout KAVOCLAM.
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a tDuresed selectivity of data type. for fact
response user accees to ba&DU increased Oats
lceds effecttvely.

b) Ocil Office. The Oceanographic Office,

the Mine Scimencee D•prament and the Irstru-
mntation De• rment. te National Oaeam, bec
Data •atr is also administratively contaled
within this group.

within the Martie Sciences Dwaptaout edits the
Antl4Sbwims Wfare Environmental Prediction
service (MMWS) which t-stj an se-enlye requiremet
for synoptie " su wace WA s4l"Wface tewea-
turn usul.ly obtained fro DT rvports, and Bywptie
YArie •W PIeporta from cooperating marchant

Tn general, bydrograshi srvey data Is submitted t-,
the 'Ncbnical Production Dosraent of the I4r'-
grapkic Office, while ocesnogrophic survey 4ts is
auhmitted to the marin sciences uFtm~et. Date
which are unclassitied either normlly or through
anitliutiom, which Involves the ra val of the
exact location of station data, are subeitted tW

NAVOCUM hba three operational librariee asociat.ed
with nauticel charts, th.y-m-ty an U4pWtIc Ma
respectively. "Mese Mbriee wre adminitered by
KAVOCEA for the Dtpsrtmont of Defense. A subetantial
pwrtion of the avy's data collectIoes &M those ohtalmd
frm other organiaticms we contained therein. In
deflning data vuli and floin vithin NAA•£]UO, It
shmld be recog±ied Uht soubetsatLI. portions of the
data we processed and used cmn-alt by the ship cc
ohips eollfcInD4 the data.

biksets rovidna4 .stamates for tactical operatlos
(e.g., tbe1soclibe depths rtlated to Mcaad vvlb%.',

w ,mee petma), the feet mast sestailat. n-myutc

-orts from te nle•t WImrIcal Vastbor Facility
(nW) es zh provies th rerd4 vide ave se.
0"*e the date of V p1oeee60 %W M5W OW4 WAV.'q two

ore ~ ~ ~ ~ ~ ~ o~~l see* *P 5r uba WWcr1*0 4rft-.
timpe'rtaaue ebert. Ql tebles, %W the oeWgmIp c
ies•tiat~ot to dewlo•p oean• acinJto1•F mape,1
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and cy the merchant marine for environmental prediction.
Such coplicated data flows from data acquisition
through many uers must be carefully documented during
Phase II in order to emure adequate definitions of
data innageent requiLrements.

3) Deta Prolm Priorities. Certain types of data have
been attributeOd high prIorities in relation to satisfying
National Security requirements on AW and submarine
navigation. Primary song these high priority data col-
lections are:

9 Bottom topography
* Water temperature
* Bottom sediment conditions
* Magnetic and gravity fields
e Acoustic signal tranmlission

Figures 23 and 24 present data collected as a function
of time for selected data types. The projected data
volumes through 1974 are indicative of both the ciurent
and future imortance of these data to NAVOCEAW). The
data from which theme graphs were derived are contained
in Appendix E.

The priority requirements vary as research and develop-
ment progresses and needs change. A continued evalua-
tion must be made of new priorities and technological
developments.

Dxrtant factors for consideration during the Phase II
study effort are:

a) NAVOCEARD's intake of marine data is anticipated to
3xpand rapidly. with the Navy presently accounting
for a c.;, stantiAl portion of the national marine
da+t collection, heavy phau•i should be placed on
analying during Phae II the ciWment an' future
wine data handlin requirement and potential data

flows to other organization.

b) Classified data warrant i;,i tigation to determine
the co"ditions under which prtions of them* data
could be utillsud oy other sectors of the marine
rclence OCOMity.
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c) The immense data volumes that will be introduced by
such technological advancements as the XBT and STD
system could create almost insurmountable data
managament problems. It will be necessary to evalu-
ate the data volumes and data flows of such volumi-
nous data during Phase I"I.

4) Impact of Future Marine Activities. The following fac-
tors related to anticipated future conditions surrounding
HAVOCEAIO activities must be given careful consideration
during Phae II in defining Nationkl Marine Data Program
requirements. Some of these considerations are applic. ble
to the entire National Marine Iata Program rather than
just NAVOCEANO.

a) ruture data requirements are not expected to be
appreciably affected by changes in Navy missions;
however, technological developments are expected to
have a major impact on XAVOCFEAO's data program
requirements. Given the size of the marine science
budgets and programs, the Navy is expected t- serve
as a leader in the marine coemrunity in the adaption
of technological advancements to their functional
requirements. Administrators of the National Marine
Data Program must maintain continual surveillance of
Navy adaptations of new technology as somewhat
advanced indicatori of forthcoming applications with-
in the entire marine comunity.

b) A change in current wartime requirements to more
peaceful missions could lead to a revision in
NAVOCLAN's data program priorities Current
urgency is directed to providing the Fleet with data
on day-to-day operations, such as through tht ýjrepa-
ration of charts, maps, a&d general background infor-
mation for the conduct of nuclear submarine and
anti-submarine varfa.re group activities. These mis-
sions would continue to be emphasized even in the
event that the orientation 0--anged. However, pri-
orities of data collections and functions are likely
to change with correspcnding effects on National
Marine Date Program requiremnts. The effects of
these potential changes shiould be identified.

c) Preliminawy evaluations during Phase I suggest that
epasis vill be placed on the collection of larger
amounts of data within short Mriloda of tim by
utiliing combinations of ships, sarcramft, a

I
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satellites for general survey efforts and buoy net-
works for synoptic surveys. Coupled with this
increased and more comprehensive data collection
effort will be an increased user demand for such
data. The impact on the data flow process is likely
to be enormous and organizations must carefully plan
their data mnangement processes to handle such data
volumes and flovs. When users become convinced that
other orgenuiztlons can satisfactorily pre-process
data before transfer, commensurate with a specified
format, the requirement for transmission of raw data
should be significantly reduced. The development and
acceptance of standards should contribute greatly to
this reduction. An example of MAVOC•AM's efforts
toward achieving this end is the effort expended in
ensuring that their gravity surveys are conducted
with standardized meters and to a comon datum
(DI 101 p. 59).

d) Interviews with NAVOCLAO administrators have re-
veaC.ed the existence of data files that are kept by
various ujers which duplicate archival files main-
tained by such central data storage facilities as
NODC. A study for NAVOCEANO has been conducted by
Planning Research Corporation (If 435) in order to
provide a system for consolidating such files into
a ready access -entral data bank. The effect of
such consolidation must be evaluated to assess the
effect on National Marine Data Program requirements.

5) Relevance for Phase I. A number of implications of
HAVOCEM 's functions and data requirements must be given
consideration in Phase II. It is obAoua from the per-
vasive nature of NAVOCEA 's functions that ;ubstantial
overlap is likely to exist vwih other organizations. The
most notable potential overlap exists between SAVOCEA
and ESA. The primary difference between their fwnctions
lies in their respective orientation to military and
civilian needs. This major overlap creates the need for
substantial coordination in data collection between these
two egencies. The effects of duplications in data col-
lection on National Marine Data Program efficiency will
be inv•stigsted during Phase II.

It will be neceseary during Phase II to explore not only
NAV"CLM '-. current and future data requirements but also
those of other orpnilations having a need for SAVOCZEAN-
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collected data. National security requirements may
preclude the transfer of much of this data, but with
substantial increases In cLV-ili&n user demands, it seems
probable that decisions related to deciu.esification or
dupUlication of measurements will need to be made in
identifying National Marine Data Program requiremente.

I

11q
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b. Pureau of Comercial risheries (DcfI)

1) Missions and Benefits. Both the urgency and te
scope of tMe Breau of COnercial Fisheries (ha')
responsibilities have been increased by the recent
passage of the Mw-ine fhsources and Engineering
Development Act of 1966. The interpretation of
the act by the Department of Interior in relation
to BCF activitias asas follows: (1) The act
broadens the scope of the Department of Interior
responsibilities, and consequently, BCF's responsi-
bilities, for the marine envirount by requiring
additional investigation and attention to an in-
creased oceanic area of amme one mi1lio square
miles, and (2) it requires that the development
of marine resources be greatly accelerated(DY, I!4 1).
BCF's mission is to satisfy a number of national and
international needs. These needs are described below:

"e The groving demand for fish products in the
United States can be fulfilled by technological
and productivity advancements perpetrated by
BC7. The potential magnitude of the benefits
is evidenced by the prediction by BW7 that
total fish consumption could increase by
apprmcimatelk 150 percent by the year 2000.
In order to satisfy long-term food requirements,
BNY must develop a cc he.sive plan for aquir-
Ing increased knovledge regarding the aval-
ability of food-productive resources from the
sea and methods for locating, harvesting, pro-
cessing, marketing and distributing the result-
ing products of these resources.

"* So portion of the political and cultural unrest
in the vrld in attributed to the underfed popu-
lations of the vid. Uuo.ah the de•velopment of
fishery resources, Ki oun contribute to the
re*&ction in world food ahartaes. ftereafore
the "econd nationsa need is to usa liviM mrine
reeoxc~e to Ism natimnal security through
the Nf.iltwýt vorld food needs. To stc.e ve
e 0 potiono a the total rld fishery potential,

X7p elAt Iunsreme t a surent Wfo rt to od!.lt$e
vt~wyread use of flab " food.
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The effecti-eness of future BCF efforts will
depend heavily on the accumulation of know-
ledge, both biological and technological; upon
ite oan research and developsent capacity; and
upon a realistic understanding of the institu-
tional factors inhibiting fishery resources
utilization.

e The third national need involves the require-
mnt for increased knowledge concerning ths
oceans and resources in them. With nations
turning to the oceans to satisfy their food
needs, fundmental research on ocean processes
is becoming a critical requirement. BCF serves
as the national focal point for contributing to
this knowledge and must continue to pursue an
active and farsighted research progrm.

2) Frm•tiona and Data inM.~!S!. In the following
parg h M nctions ad data requirements
which 3BC will be required to perform in satis-
faction of the foegoing needs will be discussed
with amphasis placed on their importance to the
Jational Marine Data Program.

a) fesounce Ec•og, Data colletima for the
ore'serch to understand processes

and environmental conditions affecting produc-
tion and the complex interaction of the food
chain in the sea.

In support of this function, plhyical, chemical,
biological, and meteorological data of all types
art required. Use of such data is made throuh
field and laboratory studies which are conducted
to Lain an understanding of the processes in
natural water@ which convertt nutlients into
prote" and other useful products.

Idertification of National Iriie Data Program
requiraant for this type of rtearh effort
will require an evaluatto, of tUs types aid
valuma of Mdta collection as well " their
@mtibillty to autatic mcine processing.

]AL-im Pmaee 1I. evalus. ioa .kh&lA be conducted
to determine:

I

II
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* the nature of put, present, and future
data collection programs

* the locations of past and present data
collections

* the future data collection requirinntb of
key researchers in this field

b) a tA 0 renal t•. Studies to
rece the imgingtn ffOt produced by man-
mmde environmental changes on the pionegation
of fish and shell-fish, especially in estupries

and inshore waters.

Data requirements of this progr0m cover the
broad spectru of physical and biological
oceanograpy such as envirouerital data,
fisheries data, physiological data, and
ecological data. During Phase II, care sust
be taken to identify overlapping and duplica-
tive data collection efforts conducted to
support these various ftUctional requiremnts.
Preliminary analtis suggests that sane dup-
licatiOn may exist in collecting marine data
in support of the various BC? programs.

Figure 25 displeys three types of data collected
by the Calfornia Cooperative Oceanic fisheries
Investigations (Ccari), a multiple ship, time-
series fi8h4ey-oceanograph progfras ecoprising
Scripps Institute of oceanographyI, Da gad the
Cmlifornia Department of Fish and Gem. T*e
selection criteria for iliustrting in Figure
25 the three basic types of oceanopaphic
cruise data, nWe1.Y oeanographic cast, bathy-
theRmOPNph cast and pMakton two we" dictat*d
by both the availability of the basic information
frM the dt voluimes of Oceanic Obeerntiona of
the Pacific (OOP) (1950-1M.9 tMiveruity of calli-
fo"ai, Press) and the lack of ti.m to P•wm, an
eastiv data s*rch frM the Indivi4dua
og"I'atims. OCL erulise that Contained
oeeeaorapthie eastA &a4 with either IT or
PUU*toi town, or both, wee utilimed. Tlas,
t total W M r of W'S Wad pU;*ton tmg

sba by the crhMs ar* Inecalete. ?a. the
peri od betwomu 1950-1"59, the oceanqrephic
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stations and plankton tows shown, represent
77 percent and 91 percent respectively, of
this type of data that is listed in the OOP
data volumes.

It should be noted that CCOFI has experienced
an overall decline in data collection volume
since 1958, especially with the shift from
monthly to quarterly cruises in 1961. CCOFI
is at the crossroads as to the type of future
sampling program that will suffice, from both
a scientific and economic viewpoint, to satisfy
the requirement to monitor the anchovy popula-
tion in the California current. Other inter-
and intra-organizational survey efforts are
facing similar decisions and it will be impor-
tant during Phase II to predict the outcomes
for surh programs pertinent to the National
Marint Data Program.

c) Maintaining Fish Yield. Analyses of maximum
sustainable yields for various species, critical
to wor'd food production, such as tuna, shrimp,
and shea.fish, and to provlde data to regulatory
agencies for maintaining this yield.

Creation of an optimum resource base requires
that controls be exercised over fishing in order
to provide high yields. To determine the msximum
sustainable yield for given species, data on
fishery resources such as catch per effort, year
class, length-frequency, spawning, and survival
are needed. Again the obvious inter-relation-
ships between the varlous BCF functional require-
ments demand that a system analysis be conducted
to reduce duplicative data collection efforts.
For example, fisheries data such as scouting
information collected as a byproduct of larpr
surveys could prove of great value in deterdin-
ing the seasonal distribution of fish popula-
tions, which in turn could be useful in under-
standing the natlure of catch fluctuations.

d) Locating New Resources. Systematic fishery
exploration, utilizing oceanographic, biological,
and engineering data in an attempt to document
the extent, density, and availability of re-
sources.

I

II

=I
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Eme of the data types and related volumes
required to conduct exploratory fishery
investigations by BCF in Hawaii from 1950-58
are illustrated in Figzve 25 end their re-
laticaships to other types of research in-
vestigutlons are shown in Figure 26.

In aWition to the physical and biological
datA shown in Figure 26, exploratory fishing
requires information on gear development,
fish schools, bird flock sightings and fisher-
ies catch data. Collection of such data for
this high priority functional requirement imp-
lies that an efficient data management system
is needed which is responsive to the unique
handling requirements of this type of data.

e) Protectjn6 Uited States Fishing Rights.
Statistical fishery research to provide a
basis for negotiation regarding the division
of yields of particular fisheries on the
world ocean.

In order to establish the rationale for fish-
ing rights negotiations, division of yield,
and the establishment of related regulations,
BCF must obtain data on the distribution (in
time and space) and size of the fishery, catch
per effort, population and subpopulation re-
lationships, etc. During Phase II, it will
be important to determine if the data require-
ments of this program are being fulfilled given
the increased competition from foreign fisheries.
'"he needs of researchers in this field in re-
lation to data base requirements must be examined
and methods for satisfying this means devised.

f) Harvesting. Studies in ocian engineering, gear
developmnt, and other means for upgrading and
expanding the U.S. fishery.

In support of this important function, BCF re-
quires data on the effectiveness of present
fishing methodi. as well as ocean engineering
data regarding the latest advences in equipment
that could be utilized to reduce the present
high cowts of U.S. fishing operations.
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g) Processing. F&D expenditures and services
for coat reduction and quality improvement
of processing fishery raw materials.

The data needs of this program will be eval-
uated during Phase II in order to identify
both the existing data bases and to locate
other data bases that can provide valuable
input into the successful, prosecution of
this program. The needs for document storage,
listing and retrieval will. alio be inwesti-
gated.

h) Distribution and Marketin. Investigations for
improving the current methodn of market ing and
distribution of fish products.

In order to assist the U.S. fishing industry
in providing maximumn response to ratina~l
needs DC? requires data on all phases of mar-
keting. During Phase II the application of
data management techniques to assist in per-
forming this function will1 be investigated.

i) Information Dissemination. Xffective dissemi-
nation of data collected, research results.,
and resources information for the educational
needa of the fishing industry arnd the public.

information distribution to industry and t'i
public should be an integral pert of any future
data center operations in BC?. That is, 'when
plans are laid for processing BCI' collected
data, mechaniaims for distributing research re-
sults should b~c devised and, iiqlemented con-
currently with traditional data processing pro-
cedures.

J)
EcnocAnlss Functional requirement with
Particular re!evace to the achievement of
national marine science objectives.

Although there is' evidence that soma teaments
of the Amesrican fishery industry arm enoriencing
seric46 OcrowuIc dif~'iculties, the industry in
tOto still resuins an *canaaic unknc.%n sn the
UJ.S.ecan=W because ofthe lack of'4ets. Any
ineningftl 6tudY of the fishr4ing u.~ztry must
Provide for a systems'--ic wasawvent of the
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p-ehbases of labor, materials, equipment, and
all fisheries inputs, as well ts a corresponding
meure of total production and revenues.

Durig Phase II, it viii be necessary to
define the needs, data bases, data collection
and hndling processes and the interrelation-
ships vith other intra-and- Inter-organizationel
elements in relation to the requirements for
economic analyses. This is especially lapor-
tant to the nationlo program of Food from the
Sea In that the results of such economic studies
vill haye substantial relevance to the deter-
inamtion of natioml policy and funding of this
progrm.

3) Data ProgM Priorities. Future demands for ever
Increasing amounts of fish and fish products have
caused BC? to set hiji priorities for research aud
developmnt in five major areas: (R 34 p. 2)

a) "Gkmter emphasis on modernization of U.S.
fishing fleets by additioml direct financial
aid, on application of research results to
increase fishing efficiency, on problem vhIch
aris3 from the unique international charactsr
of high-seas resources, on qtality improvement
and product diversification, and on mechanizing
production and processing systems to aid in
more efficient use of fishery resources."

b) "Increasedi emphesis on ocean engineering aspects
of :1shery development in addition to that
already planned for FY '68. This vill include
greater use of submersibles in undersea explore-
tin, use of remote sensors such an sonar, and
multi-spectral devices from spa.ecraft, gear
dkevelopment for harvesting herring-lik;. fishes
and dveloymnt of fleet fishing tactics ;"

c) %.-cstsr emphasis on providIng extension services
to inure that the results of research ae
applied vhen and vhere appropriate to solving
probl"O of industry;"

d) '"pnsion of econw lc stuiaee at all levels of
the productior and marketing chain and ac-eleration
of cost effectiveness studi•e to be uged fo. puleiag
reeearch as .. as for policy decision;"

I
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a) "Increased cooperation between Federal snd State
goverments in resources conservatioc and
assistance to industry."

Durin Phmse II It win be impaotant to pay partlcu-
2r attention to those five key swes to demwules
their orall. data • mnagmient requirements and the
effect that they W1ll have on the National Mrtins
Data Prop n.

4) .ktct of Future • a•ine Activities. The research
az deyeloient required and bled by Bc to
insure that the future atioal damand for fishery
products is met can be divided Into two general
progrm, Mamly, (a) Qreating an Optimo Resource
Due, and (b) Utilization of the Pesource.

A lrge portion of the Optina Resources propsm is
basic research devoted to InvestigFtions of the
taxonW, phretolog, and behavior of fishes and
marine Irvertebrates and of their environments.
Incresaod emphasis can be expected to be placed on
determinina zritical factorr causing fish mortality;
redpa.se of orqenimn to envfrmnamatal foatures,
such as up•elling; air-sea Interaction studies; and
oceanic circulation studies.

In addition, existing programs vil, continue to
investigste the location arn sizes of nwv high seas
fish populations end how they vsry vith changes in
the environent. The objective, ultimately, is to be
able to determine vbat ocean conditions cause fish
to aggregate and how these conditions can be predicted
"and utilized to inprove fishing strategy.

Future stuties vill also cctinu*e vith respect to
the biology, ecoloy, and popu1Ation dyna4mlc of
various ontinental shelf fisheries of the United
States. Also, %be biological reearch progra on
the Creat Lakes, vhich iwnlude studies of the
colater fisberies, warwater fisheries, lM.
trout and aquAtic environmental condi.timo vill be
coatinued and expmded.

With reeact to tbe 'itiliastion of the reeowc.
bae", Oea hlm rln activIties and Fish P-otvin
Concerntratl (an Y) Wopw vill rmeelve the b-,alk
of &7's attention io t.hm wr ftuire.
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Pzesent XCW progm in ocean engineering inclule
the complete system development started at the
Seattle and Junmau kplorstory Fishing bee inj ri 1966. These progrm hLe', already conceived,
(eveloped, tested and demonstrated to the flishing
industry total system for harwestin, tranPmting
and processig Pacific hek and shrimp. Present
and turtue ocean engineering capabilities developed
by BC? vill be evalated continullin order to
attain optmm econc efficiency in the harvest
of tnhe fishng resource. Sconomic anmly•ss are
plamod to determine problem areas that act "
economic constraints on the best utilization of
th6 resource. Additinnally, cost-effectiveness
and benefit-cost analyses are planned to seek
alternatives and to determine maxizam pay-off
systems.

Economic analyses are also planned that vill be
aimed at all levels of U.S. fisheries. These, along
vith deand aalyses, vll be used to determine
present and potential demand for all types of fishery
products. This is a necessary step in order to guide
the developent of system tkat vill assure efficient
production and marketing to fill national dends
for fishery products.

The urgent need for accelerated development in the
FM program in responwe to the y"& ofthe fthrne
Resources and Engineering Development Act villjdepend hevily on MY's biological and technolog•cil
knawles. owing to FY '68 buivuty problem,
program in other areas vhich should have been
acceleruted in FY '68, mst be delayed in order to
pIrsue the M development propsm.

A ntmber of other bureaus or officet in thO D;prxatnt
of Interior also have progms in proraes or uader
develomnt, vbich in cooperation vith W-? could
have conidemble imat in planning for the Nt1onal
Ihrius Data Progm.. These are(Mj: a 14:

a) "Yoesarch and davelomt hy the Bureau of
Sport Fisheries and W114life oa fisheries for
rocreatlonal use

b) "Wnzpoont of fisheries by te storat l ftrks
Service In marine natlonal park rtmgo."

I
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c) "Research and dewlopmnt by the Office of
Territoies on fisheries in the Trust Terrlitory."

d) "lupmoement of water quality by the Federal
Water Pollution Control Aolnistzstion."

e) "DeteitAtIcon ead melioration of effects of
mazrimine waste effluent an living resources
by the &uvra of Hime."

f) '"Dtemination and melioration of effects of
effluent f ran w•,lne water plants by the
Office of Sal.:* Wter."

g) "Studlds by tba Geoologlal Burvey on the relation
of l'ring reeowces tc bottonm type and rate's of
s.&imatat ion."

During Phese I1 It vill be necessary to assess the
relative Ixqorance of each of 3•7s planned program
in term of present and fut"-e Ut. ta ent needr.
Chly in this way can a realistic input to the National
)Nrim Data Proramc be achieved.

5) Relevauce far Pm IL. The mission of the DAreau
at Cmria FIMbr (BUF) exemlifies the
complexity of narie science. Occuing vast areas
of the world oean, the living marin resourtes are
ccoTrised of the diversity of species, vith differing
abundances, distributions., envircrmntal requirements,
behaviors, groth rates and reproductive potentials.
Efective developoant, mazmnt, and conservation
of thee species requires intizate knovle of their
bioloa and of their envircemnt. The problem cf
carveeting, processing, transportl and w mre.
of fishery products are simi.larly complex. The
data roqujirants for all this are obviot•sl formidable
and must reosive primary attention during Pass nI.

XO carries out much of its research in cooperation
with wiverrities, industry, states and vith various
international fishery organizati•ns nd ca•ipuions.
In the past, the humru has bww-lited greatly frm
the foral amd nforml exchnge of 1nfnratinn.
For example, this cooperst on has ena,1.4 Inter-
national en natiorAl arve to saye mutual Prob
14M by d*VeloPit1 And eOcMMV4la .-4e*4 data as
well as r•eding tVe mwimt of duplication of coetly
win. reoearch.
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The Phse II studt' should establish ares" in htich
apoache used successfully by MY in gaining sub
cooperation can be adapted to similar needs of other
miarne sciece cnugmution. Simillz•, methods
must be identified for enhancing the cooperative
efforts curret4 oanductod by 3m'. *approaching
the problem of tJz'crssnisationl, scaperatn in
this fashion, im tion of the karin
Data Provm vili be acieved mar *aiIy.

I

p
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c. Environmental Science Services Administration (ESSA)

1) Mission and Benefits. Established in 1965, within
the Departui of Commerce, the Environmental Science
Services Administration (ROSA) brought together the
many functions of the Weather Bureau, Coast and
Geodetic Survey, and the Central Radio Propagation
Laboratory of the National Bureau of Standards.
ESSA has a very broad mission "to describe and under-
stand the physical environment, to predict the state
of the oceasse and atmosphere, and to determine pre-
cisely the size end shape of the earth." It is
precisely in this broad mission that many of the
impl~cations for identifying National Marine Data
Program requirements exist. Identification of these
requirements becomes a primary task for Phase II
because cf ESSA's emergence as a major marine environ-
ment dati coli~ction agency within the civilian sphere
of the National Marine Science Programs.

The benefits for the National Marine Data Program
functioas derived from jI's functions; such as
survey activi;ine#. 'wti1be identified luring Phase II.

2) Funftions and Data Renuirements. In performance of
the marine portion of its mission, ESSA devotes
considerable effort to:

"* The conduct of marine charting surveys

* TAie conduct of related oceanographic research
and surveys

* The supply of weather reporting and forecasting
services

a) Surveys. In pursuit of its survey function,
ESSA uti.izes the Coast aad Geodetic Survey as its
major survey support arm. This organization
olerates 'SO survey ships, three of which are
Class I vessels, approximately 300 feet in length
with unlimited open ocean capaoility. Figure 27
indicates the data gathering capabilities of
these vessels, the largest ever constructed by
the U.S. solely for the eonduct of environmental
research. A slightly smaller (Class IA) vessel
of comparable complex oceanographic capability ie
under cnnstruction.
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VESSEL MISSIOC Aft!IGNMENT DATA COLLECTION CAPABILITIES

1967 SEAMAP OPZRATIONS IN
OCEAN4OROAPHEE ATLANTIC

1968-72 DEWR SEA OCEAA4OOAPHY
IN PACIFIC

SCIENTIFIC EXPL4RATION AND UNDERWAY: CONTINUOUS HYIDROGRAPHIC
MAPPING PROGRAM (SEAMAP) MAGNETIC, GRAVITY AND SURFACE
OCIAM-WIDZ SURVEYS TEMPERATURE MEASUREMENT; BT,

MBTEOROLOGICAL AND GU WIBSER-
VATIONS.

SUPPT OF COASTAL NAUTICAL - - - -

CHARTING SURVEYS, CURRENT
SURVEYS AND TIDAL PROGRAMS ON STATION: WATER SAMPLING, LIGHT
OFe ISSA AND HEAVY CORING, ROCK IDEDGING,

BOTTOM PHOTOGRAPHY, BOTTOM HEAT
FLOW MEASUREMENT, OTHER MEASURE-
MINTS REQUIRING ELECTRICAL

DISCOVERER ATLANTIC OCEAN CONDUCTING CABLZE

1967 TRANSATLANTIC UNDERWAY
SECTION FOR BEAM"

MANGANESE MODULE DISTRI-
BUT ION STUDY

TIDE AND CURRENT STUDIES

1968 GEOPHYSICAL AND GEOLOGICAL
STUD1IES

1969-72 SEA-AIR ITERACTION
STUDIS8

GEOPhYSICAL AND GEOLOGICAL
STUDIES

PHYSICAL OCEANOGRAPIHY

EXAMPLE OF CLAS$ I OCEAN SURVEY S/,
FIG

I..
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DATA COLLECTION CAPABILITIES DATA TYPES COLLECTED DATA PROCESSING

SALINITY, TIRPUA~tJR, DEPTH (STD)

3A'WiTUMOGORAPH (BT, XST)

BO1?N SAmPLEs

CURRENT DATA
DERWAY: CONTINUOUS HYDROGRAPHIC MAGNETIC DATA DATA ACQUISITION SY3TEM (DAS) ABOARD WILLMAGNETIC, GRAVITY AND SURFACE (WHEN OPERATIONAL) IROCCE88 AND RECORD ON

TEMPEATURE MEASUREMENT; BT, GRAVITY DATA MAGNETIC TAPEOPHYSICAL, OCEANOGRAPHIC,
METEOR I AHYDOONAPUIC, AND METEOROLOGICAL DATA. TUEVATIONSSUBBOTTOf PROFrILESq ENVIRONMENTAL DATA SERVICE WILL SUIBSQUENTLY

(AT ASHEVILLE N C ) PROCESS THE TAPES AND
STATION WATER SAMPLING, LIGHT SURFACE AND UPPER ANMOSPHERE METEONOLOGICAL DATA SEPARATE THE bATi, iTPES FOR TRANSMISSION TO
AND HEAVY CORING, ROC2K DREDGING. HA USERS. EVENTUAL STORAGE, AS PUR DATA TYPE,
BOTTOM PHOTOGRAPHY, BOTTM HEAT HEAT PROE DATA AT NATIONAL WEATHER RECORDS CENTER (NWEC),
FLOW MEASUREMNT, OTER MEASURE- NATIONAL OCEANOGRAPHIC DATA CENTER (NODC)
MENTS IEquiRINo ELECTRICAL AND THE COAST AND GEGOETIC SURVEY CENTERS.
CONDUCTING CABLE. TIDE GAGE DATA

GOCMAGNRTIC LELCTMOKINETOGRAPl '(GEE) CURRENT DATA

NANSEN CAST

BOTTOM PHOTOGRAPHY

NCHOBDUNDXR RECORDI NO

NSUORVEY S/IP DATA OENERAWT/ON CAPAl/U /TIES
FIGURE 27

S
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The Coast and Geodetic Suivey divides its survey
support among a nwmber of important survey efforts.
Foremost among these, in terms of response to
national missions and objectives, is the aseign-
ment of its vessels to the part-time support of
the SEAMAP programs. This commitment represents
20 percent of ESSA's survey effort (MI 90, pp 47).

The SEAMAP program is a partial implementation
of the world ocean survey program recommended
by the National Academy of Sciences Committee
on Oceanography (NASCO). It is being conducted
through international cooperation and is intended
eventually to encompass all the world's oceans.
It is concerned with systematically and compre-
hensively mapping the characteristics and distri-
bution in time and space of oceanographic phenomenon
and of the properties and content of the water
column, the sea floor and its bottom substructure
(DN 192, pp iv). It ia recomended that the U.S.
portion of the survey be 30 percent of the ocean a :ea.
The regions to be surveyed by the U.S. are the
Northern Pacific and Atlantic, both areas of
particular interest to The U.S. Of the potentially
usable United States ships for this program,
the Coast Guard's are almost fully committed to
the Coast Guard missions. Likewise, the Navy
survey ships are assigned primarily to classified
mission-oriented tasks. The Coast and Geodetic
Survey accordingly is the only remaining U.S.
agency appropriate to handle the non-military
program for the United States. Its contribution,
however, is severely restricted in quantity by
the number of suitable ships at its disposal.
Planning models indicate that the fulfillment
of the NASCO survey plan will require approxi-
mately 90 to 100 Class I ship-years over a ten-
year period (DN 192, p xi). Recent budget trends
suggest that the ESSA ship acquisition and operation
programs are in a contracting rather than expanding
phase. Accordingly, the pace of the U.S SEAMAP
effort can be expected to fall below initial
expectations unless alternative methods are
extensively and successfully employed to fill the
gap.

The foregoing trends will have a substantial
effect on the identification of National Marine
Data Program needs. On the one hand, the predictions

A
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of marine data type and volume emanating from
the SEAMAP program may be seriously overstated
if the apparent lack of facilities and equipment
materializes. The incorporation of such faulty
predictions inco National Marine Data Program
requirements could have serious repercussions on
the program's cost/effectiveness.

On the other hand, efforts to fill equipment and
facilities requirements will have definite
effects on the design of data management systems.
The deployment of a system of buoys to help fill
a part of this gap, for example, would induce
different data management requirements than the
deployment of newly built or acquired ships.

These alternative situations must be thoroughly
analyzed during Phase II in order to establish
the most likely occurrence. The National Marine
Data Program can then be designed in accordance
with the most probable events, while still main-
taining the necessary flexibility to handle the
less probable situations if they should occur.
The early identification of probable major program
shifts will enable the creation of alternative
strategies for implementation, as needed.

Tue preponderance of ESSA's survey effort, and
that of the Coast and Gpodetic Survey, is devoted
to data collection within the confines of the
continental shelf. Roughly 65 percent of its
total FY 68 budget is devoted to Marine Scien,:e
Continental Shelf activities (_N 125, p 78). P1ro-
jects include the seaward extension ui the Upper
Mantle ProJect Transcontinental Geophysical Survey;
a long-term systematic study of the Gulf Stream
in cooperation with Navy, Bureau of Sport Fisheries
and Wildlife, the Coast Guard and five oceanographic
institutions; -Ad new surveys of the shelf fir tne
revision of various chart services. The Coast
and Geodetic Survey is responsible for coastal
charts and NAVOCEANO for the deep ocean. In some
geographic areas, the is extensive overiap if
coverage by several agencies. Ench sui'vey unit
has its own resources for data collection ar.d use.
These conditions of overlaytin6 functions must
be carefully examined during Phase II
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b) Research. The conduct of ESSA's oceavographic
research function is the primary responsibility
of the Institute of Ooeanogreihy. Activities
inclide tidal and tsimsm investigations, air-
sea and land-sea interaction studies, and projects
in marine geolog and geophysics and physical
oceanography. In the land-sea interaction area
study, projects are currently underway to develop
prediction equations for the behavior of all
types of sediments under natural and artificial
loads. The work is supportive to the development
of a computerized data acquisition arn analysis
system for the processing of 24-hour forecasts
of wind, wave, tide current and storm surge
effects on beaches and on estouarine and continental
shelf sediments (w2_9 32). Of particular
note in the air-sea interaction area is ESSA's
participation I the Barbados Oceanographic and
Meteorological Experiment (BDCMX), scheduled for
July and August 1968, which was discussed previously
in this report.

Implemented systems arising from such research
activities will induce stringent data management
requirements. For example, computerized environ-
mental prediction systems will impose requirements
for fast response and continuous data collection
and transmission systems for the pertinent
oceanic variables.

c) Weather. In pursuit of its weather functions,
IMu'Tilizes the support of the Weather Bureau
which reports and forecasts the weather of the
United States. In addition to those basic
services, the Weather Bureau also provides
specialized forecasts in support of the needs
of agriculture, maritime, space and military
operations. Weath.er data are stored in the
National Weather Records Center (NWRC) situated
in Asheville, North Carolina, which is an arm of
the Environmental Data Service (EDS) of ESSA.
NWRC is the largest of several ESSA data centers
and is the principal data processor of ESSA.
The NWRC houses and provides administration
support for WSA's National Oeophtysical -Ata
Center Vh.! is maA -,p of the Seismological
Data Branch and the Goodetic Data Branch. The

L._ _ _ _ _ _ _ __ _ _ _
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Air Force and Navy share climatological data
resources with NWRC, but remain as separate
units of their own in the 6ame facility at Asheville.

The NWRC supports the international cooperative
efforts of the United States through various
working groups of the technical commission of
tV- World Meterological Organization (WNO),
especially in the field of Marine Meteorology
and Climatology. One result of this type of
cooperation through WMO is the effective exchange
and standard summarization of Marine Weather
observation from ships at sea. Future plans for
international cooperation include a pro;osed
system for a World Weatl.er Watch incorporating
weather data from buoys, satellites and chips
that was discussed previously. Three principal
data centers have been proposed: Moscow, Washin6ton,
and Melbourne. The Washington Center began
operations in 1965 and combines the U.S Weather
Bureau's numerical prediction and satel1ite
facilities with the National Weather Records
Center's data storage and recall capabilities.

3) Data Program Priorities

a) Surveys, Maping, Chartiný and Geodesy, It is
important first to note that over half of ESSA'K
total FY 1968 marine budget is devoted to 3urveys,
mapping, charting and 8eodesy (DN 125p pp 108-i13).
These activities are puruued primarily oy the
Coast and Geodetic Survey and the Institute for
Oceanography. These two units compliment ine
ancther, with the Institute laying the foundati',n
for future routine operaticns of the Coast
Survey and the Coast Survey providIng geop.ysical,
oceanographic, and marine geological data for
study by Institute scientists

Subatantial support Is pxrovided to the traditional
Coast a•id Geodetic mlssion.- of bathymetrio surveys..
measuremcnt of tides and currents, and nautical
charting. A considerable portion of the existin-
data is applied to this Lhssiorn requirement,
although there will be a conttnued acceleratec
exp~ansion in the :ollection of physical, tidal,
bathymetric, majretic, and -ravitat r)a. dat-.
Sone of the results of SDC's prei-7.:ýary zuj".,ey
of ESSAs c.,ta requirenent.- nre expirensed :
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Figoe 28,, the format of which Is based on
the Organizational Data Characteristic Chart
of Figure 19 discussed earlier. The extensive
storage volumwea and the expected yearly increases
in these volumes which appear are indicative of
the importance that must be attached to ESA aoi
an integral part of the envisioned Rational
Marine Data Program. The preliminary estimates
and descriptions of data volumes and character-
istics documented in the figure will receive
further study during Phase II, especially in
relation to the description of data flow channels
and user requirements, both within and cutside
of ESU. The critical need for effective data
management activities in FrbA ia an important
element in these studies.

b) Research. Extensive data is also required to
supportS ESl•'s research program that is eon-
ducted by the Weather Bu.reau, the Coast and
Geodetic Survey and primarily by the Institute
for Oceanography. This important research
effort will consume approximately one-third of
the total ESSA oceanographic budget and requires
substantial marine data input, much of which is
provided by survey efforts. The high priority
data program requirements include: physical,
chemical, magnetic, seismic, gravitational,
and geologic marine data.

c) Enviroinmntal Prediction. A high priority
requirement of M, which has been established
by the Marine Cotuicil, is that of improving
environmental prediction. Towards this end,
the present tornado, hurricane, flood, severe
storm amd tsL.ai warninr systems are being
modified and enhanced. The primary informatlon
for the development and operation of thtese
syatesas include meteorologic, phlysical, and
gologic data.

Certain otker eimnts can be node vaIch have
particulAr relevance to the Phas 1 study of
ftwitional data requirumntsa.

SUSA i preeentlýy a Wor recipleat of
requesets f synoptic ariui data ainlny
tcause of a* support proY1&&d by the data
center activities of the 'tetber Vureau.
In repone to 'heee requests, MA expects
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to acquire fast access data systems within
five years. The effect of this development
on ESSA's data management function aad that
of the National Marine Data Progam must
be carefully evaluated

A substantial Pnase II problem will be to
determine whether oceanographic data should
be ,3eparated from non-oceanographic data
according to some predefined criteria.
ESSA 'ata collection efforts represent a
prime case in point. For example, should
the Synoptic Marine Weather Reports received
by t.e Weather Bureau be diverted into a
separate data base? if so, should these
same data be duplicated at the NWRC in
Asheville, N.C.? Care must be taken to
prevent any isolation of the sciences and
their related jata types if the objectives
of the National Marine Science Programs are
to be achieved. Such coordination will be
especially critical to the achievement of
cooperative ventares between complementing
sciences (e.g., joint marine-meteorological
buoy network program).

The effect oi the satellite data collection
effort performed by ESSA's National Environ-
mental Sze2elite Center, that is now in its
formative ,tage, will receive attention
during Piiase II. The advent of serially
digitized camera images and transmission
of satellite-collected in situ sensor data
to ESSA data centers presents new data
handling problems.

4) Impact of Future Marine Activities. Based on the
preliminary analyses of MSA operations, certain
potential effects that changing future conditions
may have on ESSA operations were noted as follows:

S. In the immediate future, the outlook is for
a decreasing number of operational survey ships
due to reduced budgets. In that survey efforts
are continuous, the effect could be to merely
reduce the volumes of data capture and resultant
output publications. On the other hand, the
situation would seem to call for a critical
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evaluation of Iresent data collection activities
to select and maintain those that best support
the National Marine Science Programs. Careful
attention must be given to the changes in data
program requirements that might arise from
the modification of priorit.'Oes under these
conditions.

b) With ESSA evolving as a major civilian-oriented
marine data acquisition and handling organization,
some centralized coordination of marine data
activities within ESSA seems logical. Alternative J
mechanisms for this coordination will be
investigated during Phase II.

5) Relevance for Phase II. ESSA is an important
facet of the National Marine Data Program. Effort
will be devoted to evaluating ESSA's current and
future data 6ystem requirements in relation to
the National Marine Data Programs. A Phase II
study effort to define -hese requirements is
summarized below:

a) Analysis of ESSA research and survey projects.

b) Definition of priorities of requirements in
relation to national marine 6oals.

c) Characterization of present and future data
neez in terms of defined priorities.
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d. National Oceanographic Data Center (NOC_

1) Missions and Benefits. The National Oceanographic
Data Center (HODC) was established to funnction as
a service activity for the nation's scientific
and technical community for the storage, processing
and dissemination of marine data. It is managed
and guided in its scientific operations in accord-
ance with the policies and procedures determined
by the NODC Advisory Board which consists of rep-
resentatives from each of the supporting depart-
mental agencies plus two representatives selected
by the National Academy of Sciences. As the
primary general purpose national marine environ-
ment data acquisition and handling center, NODC has
a particularly important role to play in the develop-
ment of a National Marine Data Program.

The missions of NODC are generally defined as follows:

• The National Oceanographic Data Center was
organized for the purpose of acquiring, compiling,
processing and preserving marine data for ready
retrieval.

* The Center is responsible for est-ilishing pro-
cedures for ensuring that the accuracy and general
quality of its stored data meet the criteria
established by the NODC Advisory Board and for
undertaking analytic studies necessary for that
purpose.

* The Center is also responsible for acquiring by
exchange, gift or purchase, oceanographic data
of scientific value from domestic or foreign
sources.

9 In 19649, NODC was desipated as one of the
twenty-two information analysis centers serving
the Department of Defense. The centers are under
instruction to gather data; analyze, evaluate and
condense the data; disseminate the data upon re-
quest for inforration.

It should also be noted that in the performance of its
missions, NODC is not to duplicate the fumctions of
other official repositories but shall be cognizant of
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other sources of relatable information for referral
purposes.

There has always been a requirement for better des-
criptive information about the world's oceans. There
is a need for greatez precision and uniformity of
geographic coverage. The recent developents in buoy
technology, satellite data collection, expendable BT's,
and synoptic data collection, offer to NODC the oppor-
tunity for developing greatly improved data services.
In order to realize this potential, some rather sub-
stantial current problems need to be overcome and new
procedures developed in anticipation of future develop-
ments. Same of the benefits within the context of the
National Marine Science Program that will evolve
through the achievement of effective support services
by IODC are:

e International Cooperation and Collaboration. The
dat'% exchange program of World Data Center A will
be enhanced by an expanded range of user services.

* National Security. Increased size and accuracy
of physical and geologic data collections to-
gether with improved methods for accessing the
collections, will be of general use to the Navy
in their submarine and deep ocean technology pro-
grams.

9 Fishery Develownent and Seafood Technology. Rapid
accessing and transmission of temperature versus
depth information could be of great use to the
fishing i-adustry and could improve fishery pro-
ductivity if the proper fast w-esponse prediction
system based on tempclrature profiles could be
established to locate fishing areas.

• Tra•sportation and Coastal Engineering. The
intended develoluent of a near-shore data base
will be of substantial use for channel and harbor
develop•nent and protection as well as for shore
stabilization and protection prograems.

• Marine Pollution Abatement and Control. Opera-
tions in this 9rea could expect to benefit from
enlrgements and imreovemente across almost the
full range of NODC data collections: physical,
chemical and biolosical.
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• Health. Access to an improved biologic data
=han ng system would be of considerable benefit.

M Minerals, Chemical., Water and nern y Resources.
The Department of Interior's near-shore investiga-
tions would benefit greatly from use of the in-
tended near-shore data base as would the recreation
program.

2) Functions and Data Rt;.uirements. NODC, in orcer
to satisfy its given mission as a repository of
marine information, performs the following
functions:

• Discovers and develops sources of information.

* Encourages ;ubmission of captured oceanographic
data to the Center.

* Develops or participates in the development of
reporting forms, formats, standards.

* Indexes, catalogs, files and archives received
data.

e Uses stored data to develop charts, standard
reports and special reports which show annual
and sen.sonal oceanographic conditions.

* Prepares and makes available to requesters,
indexes of its holdings and other information
necessary for requesting data or services.

e Promotes and encourages the routine collection
of time-series and ocean-wide survey data.

9 Satisfies requests for information from the
public, the academic community and the federal
agencies.

As mentioned previously, WODC is presently the prin-
cipal national data acquisition and storage center for
marine data. However, numerous constraints, primaril4
budgetary., have forced NODC to be extremely selective
in providing service to the marine comunity. The
nature and implications of current data program re-
quirements in relation to expected future user require-
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ments will be discussed in succeeding paragraphs.

3) Data Program Prioritles. NODC functions primarily
as a repository of marine data; it performs no
collection activities. In this role it is re-
quired to establish and maintain substantial
collections of Nansen cast data, BT data, bio-
logical data, geological data, data on curreits, and
recently, special collections on near-shore and
chemical data.

During Phase I, SDC personnel conducted a preliminary
survey of NOIDC data handling activities to ascertain
current volumes, processing techniques, problem exeas,
and major requirements arising from future marine ac-
tivities. Figure 29 presonts a campilation of infor-
mation received on NODC marine data inputs, storage
efforts, and outputs. These data illustrate broadly
the data flow processea that exist between NODC and
the marine comunity. This information and the sub-
sequent analysis uncovered a number of factors ze-
lated to current data flows which must be giv-en
attention during the Phase II effort as follows:

a) Current UP-ge and Potential Demand. Of the
several d t.a collections maintained by NODC,
only two, Nansen cast and BT data, are employed
to any degi,-i in satisfying user requests. These
two collections are the only ones that are, to
any extent, in machinable form, and, thus, due
to their known availability, hre in greater demand
by the users.

Requests for data provide poor indicators of the
actual demand for data. The requests reflect only
an awareness that these data are retrievable at
NODC. An example of latent demand is the eighty
requests for data from a mall microfilm collection
of seismic surveys since its availability was an-
nounced in the NODC Bulletin (ciculation 1600).
The latent demands for marine data and their re-
lative importance will be assesed faring q•ae II.

Aequirements ft; nw impr•ve4 data oases wae evident.
agltering data (tou.Ung, corrosIon, strzeth of

matrials, eat*.). bottom pbotaa nphs, time &ret".
data, ioe data* end chemical data are in demad.
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These data collection requirements are currently
receiving varying degrees of attention.

b) Backlogs. As is indicated for BT data in Figure
29 substantial backlogs of unprocessed data exist
at !N)DC. With K he advent of expendable instrumen-
tation, buoy networks, world ocean surveys and
instrument systems transmitting digital data, the
incoming data volumes and, thus, the backlogs are
likely to increase at multiplicative rates.

1. Substantial differences in quality between measure-
merit types and collection methods must be under-
stood, if any national organization of data is to
be attempted. r-)r example:

9 Substantial portions of data collected are
fram Ships of Opportunity and arc, thus of
irregular quality and format.

* With the quality of BT's ranging from fair
to good, thare is concern that semi-automated
techniques applied to reduce the BT backlog
will result in a collection of lower quality
than present manual techniques can provide.

* The collection of XBT data, which will be
extensive over time, is expected to be of
distinctly high quality and accuracy.

c) New Demands for Services. NODC users will be
expecting better satisfaction of their information
requirements and will probably require more extrac-
tions and more summaries than has been the case in
the past. IODC will be required to do more data
processing as opposed to merely retrieving data.
Four important inferences can be drawn from the above:

9 NODC's data flow function is not peripheral,
but instead is Lts principal function; that
is, NODC's main responsibility is to provide
and enhance til flow of marine information
between the government, academic, and indus-
trial contributors and users of marine data.

* As a national data center, NODC must be ;:;n-
cerned with acquiring data, in any form, which
has prime importance to the accomplisliment of
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national marine objectives. Users of the
acquired data require such data to be dis-
seminated in tapes, cards, analog traces,
machine listing, bibliographical formats,
etc. User satisfaction will require the
development of highly flexible acquisition,
storage, retrieval, and dissemination systems
which are, at present, nonexistent.

9 To provide users with the diversity and
complexity of services required, NODC must
bolster its research su-iport capabilities.
Information dissemination in particular
formats, preliminary statistical analyses,
evaluations of data quality, etc., are neces-
sary in order to gain marine ccuunuity accep-
tance of NODC as a provider of useful services.

* INDC's suppliers of physical/chemical data
usually capture their data on cruises. Ac-
cordingly the input of data is usually in
cruise order. The users of such data, however,
are often interested in learning about a
specific area during a specific season. Ac-
cordingly it is required that NODC be able to
accept data as it is supplied, but structure
and store it geographically and by time, or
alternatively, store it as received but
employ a retrieval logic which will extract
in response to geo-time parameters.

d) Overlapping Collections. Although NODC is by
charter constrained from maintaining overl pping
collections, certain overlap conditions have varied
implications.

e Operational and research marine data users
often collect their own data and, thus, make
considerable use of such information before
it is submitted to NODC for further processing
and dissemination. Long delays between collec-
tion and NODC acquisition, duplicating data
handling functions and data bases, etc., must
be given careful considerations during Phase
II.

e Useful duplications me-i 4xist in order to
provide the most efficient multiple use as in
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the case of BCF's 1A Jolla file of weather
and sea state data obtained from the Fleet
Numerical Weather Facility in Monterey. An
analysis of data centers must be conducted
during Phase II to identify data flows into
and out of these centers and the existing
and potential overlaps involved.

4) Impact of Future Marine Activities. With the
recent developments in buoy technology, satellite
sampling and readout systems, synoptic data
capture devices, and expendable BT's greater
volumes of information will shortly be captured.

NODC expects to accommodate and process a signifi-
cant part of these tremendously increased data
volumes. The data acquisition, processing, stor-
ing, and disseminating functions within the NODC
organization must consequently be expanded exten-
sively. The following factors are pertinent!

a) Data volumes now present within the marine
community, which are ,-ppropriate for inclusion
in NODC, far exceed the data actually stored
there. In addition, volumes to become avail-
able wtthin thr-ee to five years will dwarf
present collectibons. xamples of significant
future dattL requirements include:

* NODC presently maintains in vaaious forms
a,.d states of processing, two million BT
mert.urements. Based on conservative
estimates, the use of XBT's could generate
an increase of three million measurements
Uy 1972.

* The widespread use of the STD system could
result in the accumulation of 50,000 station
meps•rqme:its per year by 1970. NODC has
a current backlog of some 20,000 ocean
sc~t on observations.

* Buoy systems, could, within five years,
be generating in excess of one billion
items of information per annum.

* The acquisition of biological data will

I
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increase at,a sustantial rate, only to
experience vrxtreme bottlenecks resulting
from inadequate data handling techniques
to satisfy its unique requirements.

b) Marine data collection has been characterized
by a wide variety .'f methods for capturing
and documenting descriptive information. With
the increased feasibility of aggregating in-
dividualized sources of marine data for national
useage, brought about by technologica:L advances,
the problem of incompatible data formats is
higlighted. The task of translating like in-
formation into a comnon format is a difficult,
but solvable, proulem; correlating similar in-
formation acquired by different methods is
much more difficult, and often impossible. A
primary task during Phase II will be to identify
and categorize marine measurement types by
collection methods in order to determine ap-
proaches for achieving commonality of format.

c) NODC is currently pursuing a vigorous exchange
program through the World Data Center A, from
which is received information from el. princi-
pal oceanographic nations including Rissia and
East Germany. Since international co.operation
represents a high priority in the Marine Science
Programs, substantit. emphasis must be placed
on defining the intýi.i%'tional data piogram re-
quirementc of NODC.

d) NODC currently attempts to maintain up to twent,
separate programs, supported by a comparable
number of data bases, as well as handling special
requests, routing requests, Atlas publication,
newspaper publication, and special studies.
These extensive operations are supported by a
distressingly small number of personnel (128),
and limited funds. Indicative of this meager
funding and support is NODC's lack of its own
qCmputpr facility and the resultant need to
buy non-priority computer time from remote
govermnent facilities. Such limit~tions rep-
resent the major reason for ODC's ,'equired
selectivity in servicing %he marine community.
thtil efforts are made to broaden NODC's per-
spective through adequate funding and suppo-t,
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it will continue to operate suboptimally.

5) Relevance for Phase II. Some areas which are
relevsat to Phase II are as follows:

a) Substantial inequities exist between NODC funding
and its broad responsibilities. NODC's obvious
inability to perform its functions effectively
is becoming more pronounced as user data require-
ments continue to accelerate. This substantial
handicap to effective performance by this keeper
of the nations' existing marine data base must
be adequately considered in planning the National
Marine Data Program system.

b) The form of policy guidance within NODC conducted
by its interagency advisory board has desirable
and midesirable effects on NODC performance.
Every board member has a legitimate concern that
his agency cbtain an equitable share of the ser-
vices. This tends to direct NODC activities into
a host of special-purpose projects with attendant
diffusion and compartmentalization of staff capa-
bilities. Accordingly, the emphasis tends to
focus on specific problem solution rather than on
the development of general-purpose retrieval pro-
grams which would be more cost-effective in the long
run than the existing special-purpose format
transformation routines.

On the other hand, it should be noted that there
are definite advantages to interagency advisory
boards. NODC is thereby kept aware of marine
activities across the range of pertintent federal
agencies. This source of information is of extreme
value in the long-range planning of NODC activities.

c) A. V. Ochinero, in an unpubidshed NODC manuscript
entitled, "The Data Back.jg Problem," describes
the worsening communication in the marine science
caounity as due primwArily to the increasing number
of workers in the field. Data collections are
often widely disp'rsed and growing at high rates.
The tasks facin; NODC, if it is to attain and
maintain currency in its collections, is to dis-
cover the existence of significant collections,

i
I
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establish rapport with those responsible for
the collections, and subsequently to arrange for
acquisition of the collections. If the data
owner is indifferent to the possible interest
of the marine science community in his data,
and unwilling to invest the effort to prepare
and supply the data to NODC, important informa-
tion may be lost. NODC has revealed the intent
to embark on an extensive user liaison program
entailing extended visits of senior technical
personnel to marine science institutions. The
results of this liaison effort should provide
valuable J.,puts for the establishment of a
National Marine Data Program.

d) As the current primary national marine data
handling, storage, and dissemination center,
NODC must be carefully evaluated in relation to
National Marine Data Progran requirements. The
following statement of Phase II activities
illustrates the approach to this ann.lysis. Some
of these tasks have received prelirdinary cover-
age in Phase I.

* Determine the potential dezwnd for NEDC ser-
vices if improvements are :aade in the use-
fullncis of NOIDC collctions.

e Evaluate the completeness, accuracy, and ease
of access and use, of exiuting data collections
in support of National Marira Science Program
requirements.

e Characterize for each of the Natior.al Marine
Science Programs the support that NODC could
provide and, conversely, the putential for
NODC to receive and store data fraoi the pro-
grez".

*Evluate the effects of Lurrent and future data

backlogs and input rates on WODDC's capability
to support the National Marine Science Programs,
taking into account technological developments,
such as new types of platforms and sensors,

* Study and characterize:

the practicality of dev-eloping and employing
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data capture and transmission standards.

the potential applications of data quality
control methodologies.

the potential applications of automatic
data processing for handling the NOD)C data
collections.

alternative methods for handling non-machin-
able collections.

alternatives for purging and archival safety.

I
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e. Smitharnian Institution

1) Missions and Benefits. The primary mission of the
Smithsonian Institution in marine cience is to carry
out basic Investigations of marine populationsp
of the distributions of organisms and sediments in
the oceanr and of the taxonomy of marine organisms.
It provides as•oltance and support to international
programs such as the International Indian Ocean
Expedition. as well as tr, national proarams such
as the U.S Antarctic Research Progr-m and other
expeditionary efforts. Its 50 marine scientists
carry out and participate in the planning and field
operations of biological and geological expeditions,
and report upon the results of their studies of
collections obtained on these expeditionn ( j. 90, p 44 ).

The primary mission of the Smithsonian O-eanographic
Sorting -enter i• to support the mission of the
Smithsonian Institution through the pý,ocersing of
specimens and sediments collected by and Cor oceano-

S... h4 i--t.t. * S- .- .... ..... . .....

the research staff of the U.S. National Museum.

In relation to its various internal missions, the
Smithsonian's fundamental goals are to operate as
a research organization performing basic research
in natural history which is defined to include
systematics, ecology, geology and anthropolo&(; to
support education in natural history from preschool
to post-dc.toral activities; und to care fur and to
increase the national collections rn zoology, botany,
anthropolog and keology. The research program of
the Smithsonian is focused upon the physical speci-
mens of its collections, and the specimens to which
it has access through a muse-un exchante program.

Vie National 4artne Science Programs derive a number
of benefit5 frsm the Sanithoontan's purault X .1tt
bes3c azs.... The A.iase I aaiaysis -u,,jtctc the
f'l twinc benefits to be derived frr the purcutt
.)f Smitthso~nian's mislunr:

The Ultrivntn~ iIT~ciptes 1n Pki-out 4•-'

Camercial Vs:.serlle c-ruises, P.-ozeasez Ba
data nt the ;rI:.e center nnd prov't.oa PFv~lt.i exen~te 7t
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Bureau maintains an overlapping collection
of fish specimens with the Smithsonian, although
the latter is substan'ially larger. Excellent
liaison is maintained between BCF and the
Smithsonian.

b) Pollution. The extensive historic specimen
collect3on available at the Smithsonian is of
great value in supporting studies of environ-
mental and ecol--l cha nges wh.ich are important
to pollution studies.

c) I'ternational Cooperation and Collaboration. The
Smithsonian paticipates in and supports' inter-
national scientific surveys; and its sorting
center serves customers from k'6 Qountries. It
participates in extensive international specimen
exchange and loan programs and sends its staff
members to perform field research throughou* the
world as well as at foreign museums. The research
of many scientists from other nations is also
supported at the Smithsonian.

d) Education. The Smithscnian serves as a major
eucational resource in oceanography and the
other natural sciences. It is in communication
with virtually all the educational establishmentz
of ýhe nation and many overseas establishments
that Lre concerned with oceanography. It
participates in a number of scientific endeavors
together with various universities. An example
iz the consortium of ecademic instituLions
which is now developing scientlfi.c research
programs for the Chosapeakt Bay Center for
Field Biolog&.

2) Functions and Pta ro Reuirnts. In
5P puws of its mission rmUants, the
Smithsonian I:nstitution must perform a nuzbcr if
marint-related fu~ncttins. The nrimary icti.eItlse
are:

a) fivrf-rM all act'v.te' , which it can mantsi:.
an avar~nesa )f the a-tnitude of world wide
oceano rap*•c spctn collect&on icX_'.iea.
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b) Participate in the collection, exchange, and
specimen exchange activities on a worldwide
bnsis.

c) Maintain a specimen receiving and processing,
categorizing, and storing system appropriate
to keep up with the input data generated.

) Manage in an orderly fashion the iz.;:estlon of
volumes of written information describing
specimens, charts, maps, and documentary
formats.

e) Care for and increase the national specimen
collections in satisfaction of its curatorial
requirements.

f) Make such collections usefully available to
students and researchers in satisfaction of
its educational responsibilities.

6) Maintain a qualified staff of people working
in the oceanogaphic disciplines in satisfaction
of Its research requirements.

D) ata Program Priorities. Basically, the Smithsonian's
data program mission is to acquire and maintain a
complete and representative specimen collection in
marine zoology, botany, and, to a lesser degree,
marine sedimentolopy. The Individual specimen
types comprising these eollections need to be
gathered continuously to provide the necessary
histcircal -ecord. The zpecimens need to be praserved,
identifed, described, Indexed, catalogued, and
stored. In like fashion, scientific documents,
studier, and papers whilh have relevance to msri-ne
biology and zooloZ must be acquired and catalogued.

In handling specimen Inputs, the Smithsoninn (v
required to pysically sort the metericl r.'nd retain
torether with the uiaterial vhateve• descriptive
information i* rece~ved. There are z-everal leselu
of tnfo.mati= beyond the individual phystcal zpeci-
men that need to be eaptured ,r deyeloped. SLnce
the specimen zay represent an object of parttcular
ecol4olcal, rut•itlaal, taxicolo•ical, or OAr-w-
conust-al tntcere .1 te, xe's. -U ... ent c- ntet#- . L,
must bt crosv-!rdieed vith sxcinw-n cjntentt. Ac
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new information about the specimen it acquired, It
miust be properly retained in th2 a .re,,ation of
information h~ch has evolved about the specimens.

The information requirements for physical spectme"D
is a unique data management problem which must be
considered In the design of a National Marine Data
Program.

".wrough the cross-classification of descriptive
-;nriables and physical specimens, the proper marine
•iolo.i index and inventory systems can be maintain:ed
• en7urc ready retrie'.u2l of relevant information
or specimen type ccomensurate with specialized
use. requirements. The critical reed for such systems
1z 2svious fron a nurer of authoritative statements
o.n tile subject. For example, Dr. D. F. Squires of
the Smithsonian suggests that there L•i the da.-er
timnt Smithsonian and other museumz may lose much
o0 the Lpecimen-associated data tecduse of the i.n-
arblity to cope witn the problemc of rezording it
(31 405). it if apparent that ecological, sero-
logical, biomadical, b.o.heraical, genetic, and
morpholog!.' data are not being effectively rtcorded
',.ith specimcens. Given the importance of such data
to the Natlonal Marine Science Programs (i.e.,
fizheries Dkvelopment, Pollution Control, Inter-
,national Cooperation), particular effort during
PInse II ,jhould be devoted to the ulleviat.on of
these priblems.

4) Impct on Future Marlrm Activities. The L1iih-oniar,
speclmen collections ar••e extensiely uced ty -c•entrific
i;vesti••ntors and resemrchers, by che museum ht~eIf
in developing displys arnd exrlbllt.., and In :ppirt
,f the extensive :pic~men loar. and exchvnn, e nro,-ram.
ieyot'4 this, the world dclentific ciu~nity ringtit -tet
its use;,c:Lzter Xoup. The repuire-,m-n Zo."

this - ru'.rp will include care In •eef
,•rYrlor., ,'CcAuracy of Ld.pe . ent!".zat'i.or" ýMl.T*FI
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The folloving commeLts are intenfded as prelimuiary
observations on soce factors which must be giver,
additional attention during Phase I:

a) With the Smithstnian concentrating its efforts
on bolsterin, Its senior staff, =anpower voids
exist in thise reats concerned vitf- Ui1114
yec mtn requests for out•ide rearcher.• The

files, to a major degree, are handritton and
often cluimeily described. Accordingly, the
current ion-au oowited retrieval *ystan has ail
but collapIed wAer the burden imposed by
inadequate file&, poersoiel short tid
burjeeonirtr, specizien request!. ý.isq as If.
moa other oe ztos h ytmee a
of a Nat ionalJ~n VimDta~o uVri4st star
wih vw_4 ýationi of problem vitrrn =04ftnts

b) As vith other orgnizottion" co-rprisitn the bulk
of the marine commanity, the Saithsontar is
developing a number of zeystm vh,&ch, tithough
in the*ir fornative states, mu~at be effectively
tied into the data management syatems of the
sti,;nal Marine Data Pro•ran. For txample, a

project a n underway to develop a procedure
for generating the led&er entry, thi file cards
and the specimen labels at a single typing and
to derive therefrom an input xuit3bla for auto-
matic data proce.sie,. From thse ii4nputs, a
specimen file is to oe prpar vhich will
Initil4y ý3mprise three colleettons: narine
crustace*, se birds, wud marine rocks. Apprixi-

mt*Vel 5C0,OOO. of the 60 01110a sPqclmvns a 04^
contained in t.ise collectouns. ,arlther anaeys4 .s

a$ thts evolving system zt,.At)ud be ctndurted
during :%9as* U!.

5) elevs•,e for Aibse !. Ech- of the 0,Dve *mtq'ovo4

of the nore !xpar.nt 4ptai~ rwv'i fv .*v

a) * Qf th &tap %.4 =.' wud Al"d t!* v~v1-
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graphical retrieval mechanisms. The prestige
enjoyeC by the institute in international
marine affairs, education, and general science
suggests the importance of providing such a
service, if feasible.

b) The multi-input sources of specimens, the unique
requirements for processing such materials, and
the increased volumes of specimens received by the
Smithsonian suggest the need for extremely
effective data management tools to provide the
proper service to the national and international
marine communities. Preliminary evidence du'ing
this Phase I effort has suggested that the
most underrated facet of marine science data
requirements is in marine biology. Analysis
i •ill be conducted during ?hase II to substantiate
this inference and to specify the data management
systems that need to be provided to satisfy these
requirements. Such an objective wi3l require
the detailed study of the needs of the users of
Smithsonian marine specimen collections. A
major facet of this analysis will entail the
evaluation of the adequacy of the existing and
planned indexing and accounting system to satisfy
information retrieval and inventory management
requirements.

c) An investigation during Phase II should also be
conducted to determine the similarities and
differences betmeen the Smithsonian Sorting
Center and the National History Museum in
relation to specimen inventories. For purposes of
expediting the activities of the Smithsonian
end those of the National Marine Data Program,
some considerations should be given to the
possibility of introducing a common data manage-
ment system.

p. . . . . . . . o . . .



December 1, 1967 -206- TM-(L)-3705/003/00

f. U. S. Coast Guari

The requireLents of the U. S. Coast Guard (USCG) are mentio'.ed
here only briefly to exemplify the substantial effect that
its long-range activites may have on data management. Other
data on USCG are included elsewhere in this report.

1) Missions and Functions. The USCG performs variad marine
functions. In l9W9 Congress identified the following ten
missions:

* Port S ,urity

e Military Readiness

* Aids to Navigation

9 Oceanography

* Law Enforcement

o Search and Rescue

* Ocean Stations

* Merchant Marine Safety

* Reserve Training

* Icebreaking

Its transfer in October 1966 from the Treasury Department
to the newly formed Department of Transportation will
undoubtedly have profound long-range influence on broadening
and increasing the roles, missions and activities of the USCG
to encompass those aspects of the National Marine Science
Program wb .'h relate to marine transportation.

2) Relevance for Phase II. USCM's primary missions both draw
from and contribute to the support of the National Marine
Science Programs. This support of the National Programs
takes the form of ocean wide surveys, inshore surveys,
ocean wave and swell studies, studies of radioactivity in
the ocean, studies of oil pollution in navigable waters,
and military oceanography.

The implications oi this support are likely to be far
reaching in terms of the data management problems. Figure
20, included earlier, summarizes the sampling rates per
day for several agencies and organizations. The sanpling
rates of the organizations listed are not completely com-
parable owing to the fact that the method used to derive
them discounts the variations between organizations in:
(1) the total number of days at sea, (2) the number of
vessels used, and (3) the unequal sampling periods.
Nevertheless for a preliminary analysis, the derived
sampling rates serve a purpose for generalized comparison.
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It can be seen from Fig=re ?O, that in every case where
comparable data collection rates are shown for all six
organizations, the Couvst Guard rate is by far the highest.
Its present activitie. p%,' the current expansion of its
oceanographic capability and the further increases contem-
plated in its long-range plans will make the Coast Guard a
major agent in ocean data acquisition.

One specific example of expanded Coast Guard activity is
its involvement with data-buoys. The Marine Science
Council, on 17 November 1967, delegated to the USOG, the
responsibility for development of National Data Buoy Systems
as conceptualized in the reports of The Study of the
Feasibility of National Data Buoy System by The Travelers
Research Center Inc. (TRC) (DN 83, Vol I-IllI). The
Department of Transportation considers USOG involvement
with data-buoy systems as a natural extension of its aids
to navigation buoyage operations and is therefore sponsoring
a budget request to start the development program in FY 69.

US"G has established a Project Management Office to effect
"the further planning and studies preparatory to actual
development of a National Data Buoy System. This office
will serve as the focal point for coordi.nation, planning,
and development activities of a potential national system
of data buoys designed to satisfy the common requirements
of all major federal marine oriented agencies.

Table 7 illustrates sane facets of the TRC s1ggested
development plans which are serving as a "frame of
reference" for planning by th9 USCG Project Office.

If the TRC suggested schedule of development nnd imple-
mentation were initiated starting in FY 69, it would have
substantial effects on marine data volume by 197•. The
potential deployment of over 1200 data buoys producing
data on over 18 different physical parameters on synoptic
schedule, and the transmission and dissemination of this
data for multi-agency operational use within one hour of
measurement, adds new dimensions to an alrer-dy potentially
staggering problem in data management.
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TABIE 7

NATIOMAL DATA-BUOY SYSTN4

PLANNED INSTAlLATION SCHEDULE

INSTALlATION SCH JI_ (PROJECT YEAR)

1 2 3 4 5 6

Mod 0 Buoy System (1) - 10 35 - - -

(3)
Mod 1 Buoy System (2) - - - - 280/620 275/615

Mod 0 Communications - - 2 * - - -

hub

Mod 0 Buoy Depot - - 2 - - -

Mod 1 Buoy Depot - - - 2/5 # 2/4 #

Mod 0 Buoy-tending - - 2 - - -

ship

Mod 1 Buoy-tending - - - 2/5 1/5
ship

NOTES: (1) Mod 0 System involves use of current state-of-the-art hardware

(2) Mod 1 System uses 5 year state-of-the-art hardware developed
frm 5-year program of RTI&E

(3) Implementation mumbers are for 10-year funding levels of
500/1000 mllion dollars

* Mobile comunications hub

# Two Mod 0 depots are upbrawd to Mod 1

If a preliinary analysis of Coast Guard functions were
confined to near-ter activ'ities as exempli tied by their
funding in Figure J•, it is poasible 0st a low priority
would be at tacW to their contributions. This situa-
tion rjoesta the defiejencies that could arise Cru
nagleeting to inv•stigate the long-range plans of
organixztions. Thw Fbae IN effort mast inelud a
thorough &eh for and evaluation of suach plans so as
not tc overlook Itsporo''t e•oniderations in developing
the National �arine Dta Prearm.
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4. General Implications to the National Marine Data Program

The previous parts of this section have been concerned with
structur'ng the approach by which data program requirements car.
be considered in detail during Phase II in relation to the
functions that they support and, thereby, determine their im-
portance to the accomplishment of national marine science objec-
tives. Considerable effort has also been devoted to gathering
detailed information on selected organizations which is pertinent
to this effort. The following discussion is intended to sum-
ma•rize some important general implications that have been derived
from the discuscion in preceding pages.

a. Data Management Concepts

It must be recognized that to this point in the analysii, the
importance of various functions and data programs have been
developed through considerations other than detailed data
management considerations. Questions such as the following
need be answered to determine the data management require-
ments of the various functional data programs:

" What are the characteristics of the user requests
for information in terms of:

Nw. ber of users

Frequ.ncy type and volume of user requests

Processing required per request type

Storage and storage level requirements for requests

Response time of requests

"* What are the requirements for analysis?

" What are the requirements for developing models to
study ocean characteristics'

What data should be in the data basis to effectively
service requests and provide anAlytical services in
eccordance with their importance tu National Marine
Science Prog.•rsm obJectives?

I WhAt are the data securityi1 privacy requirementa asso-
ciated vith the data b45¶ elements?

"0 What data procegsain capablitles exist to provide the
required processing am vlwre will improvvd systm or
expl~red fackl-ties be ee4e4'i
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*What are the file content, updating requirements, and
data f ile purging needed to effectively service 'r~er
requests and provide analytical oervices?

b. Marine Data Inventory

The foregoing comments highlight the need for the develop-
ment during Phase II of a N~ational Marine Data Inventory.
During Phase II marine data bases of nationall interest will
be identified. For each such data base, it will be neces-
sary to l~earn and catalog the following: the type of data,
how data is captured, by whom, at what rate, how much (in
terms of logical entries) '.a on hand, how the data are
processed, and by whom, who uses the dae.a and for what mis-
sion. An inventory will be mpde to contain for each logged
data base the informatin alraady nahed plus indications of
the coverage vq to geographical area, physical area, and
subject/topic area. information wiLll be noted as to the
media of storage, where obtainable andi other descriptive
parameters thought to be useful. This derived kncvwledg.e vill
serve as an important basic input in the development z.4nnning
of the National Marine Data Program.

c. TheImportaniceof Data Srvice Centers

Important activitie, are performed by existing data service
centers, such as HODC, and will, be performed ina the Piture
by planned data service centers. Coordination or these cen-
ters in relation to a national effort represents a key to the
successful implementation of the Natior~al Marine Data P'cgraa.
Evaluation is planned of the operation~a if these conitors during
Phase II in relation to Nationlal Marine Data Progrim require-
ments. Plans will be rec En4led by which these center5 can be
directed to a commn national purpose. Asi a step in thi.ý
directicn, Table 8 presents SZC's preliminary efforts to iden-
tity existing data bases, their ; irtinent fuinctional components,
and the organizations maint~alnn; them.

d. Imact of Greater Data Voltwss

Constant reference has been maed in previous sections to the
accelerated, increase in mazrine d'ta volumes that have "n will
contlinue to accompsn.V techniological, proomas &Md increased
natio~nal evqjhAsis on arire aftitrs. ffumerc-us Implications can
be derived from thace occuirrnenes ivh~ch have relevance to
Nation'al 1krine Date Program requiremnts. A fey cf these are
as follows:
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0 With the substantial increases in marine data volume and
the coverage of the world ocean, there will be greater
requirements from both research and operational personnel
for data in a format vhich is amenable to high speed data
reduction techniques. Although analog recording vill
remair important to the mrin couity, more data in
digital format will be required to satisfy these user
requirements. The necessary analog data will often result
from separate conversion or playback of digitized data,
e.g., this will be a necessity in the control of data
content and quality while the bulk of the das is being
captured in a digital format.

* Closely relat-d to the foregoing coment Is the phenmenon
that user demand4 for high speed data reduction will feed
upon itself. As the data, reduction systems are improved
and researchers become aware of the merits of such high
speed data reduction, demnd for such services is likely
to increase at an exponential rate.

* A critical implication of increased data volumes is the
potential bottle-necks in the data flow system resulting
from the deluge of raw marine data. Substantial effort
during Phase II mast be devoted to detecting and effec-
tively channeling data traffic.

e. Org•nizational ParticipLtion Requirements

As mentioned previously, the Natiomi. U ,in;-; Data ?!.ogra
is composed of two malor components. Tese are:(l) the
National Marine Data Planning System, which provides guide-
lires for agencies in supporting national programs, and (2)
the implementation and iaprovement in Individual organize-
tiona of data management systems in that canbination which
ulll provide muximum suppcrt to natioral prt~rams, given
available resources and implementation sc~hed'iles. There-
fore, it is clear that it will be necesaary to develop those
data management system& at the agency and organizatitonal
level which will be coordinated end in hu"ormny with national
needs before a Hatiorml Marine Data Pyogrsn csn be realized.
.Ance this task Involves a formidable effort, it omeus
rasonable to develop such systems vLhin ths variuus irgant-
tatIons co nsurate with their reoAtlve importance t
national -rine science objectives.
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.. Data OMU1*ctil Bqccint

The preceding parts in this sect ion bae" discussed organzatlonsl
function required to purrue Atiome1 Narine, Sc let. Propri
objectives and dnAt provmo needed to slxvpoart these fur-Aiom.
Th. text stop Is to anLM~1 the effect on data progrmw of
current and fztuwe data c*ollction sthoda * The resul~ts of
such en sanalyis Ail provide 1spotAuvt InfosmtIon for
evalusting:

& The fwame iblity of capturing data to fulfill date progm
requ1iwnmts.

o Thie costs sisocletad with acquiring the accessory data to
fulfill the defta WWM requlzueatts.

*The eff eit of V ckinological advmancasumZ In data collectiona
methoda and instrumentation.

The tollmring disciussioz in alivided into a wmer of topics which
appee to be mot pertinent to proyldlr4 lnfowastion =i the
ebove factor's. Mwe topica in order of discuassion we as
follavs:

0 Coutection S3yutm

DlivexsIty of Data fleads
'frend in Reecordng Me~ds
fecording System
Recording Platftw

* Lts Tranamissioiii
* *~40 of Data Colec,ýian for Various xep~ ','%I Requirewtia

* Standardo

a. CoU*tletion ý4;stff=

1) dvarsity of Dwaftedo.~ tt Is widevK frms tho wrfce4-r4
dISUM2400or. UMt -p-r~ww- that the variety of ftta

me~w~nts irqdelisI vwezy larg. Mei diversity
of data needs to elel eamrlated vith the sulbotntle~l
vvieilai IA rveariing vee, cb~ or* of Vr~7 ey
to the dteveopwnt of a Ihtt1al Matm Dato tam
rF'W* 30, Petn (4-0), WICta @ME of WOS Ivearstty of

mreudiv4 nedsS.. r~ is obvirma Utat s*tubotentla pe'tom
of' Mrn-t Sate vtl bo In OMI%4 4W r CM-~ ct1
forsg whichi we lot Comhcivw to 4i14ite.L ý:!OZvw"10,
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BOTH SIDES OF A PRINT MADE FROM A BATHYM0 ERMOGRAPH GLASS SLIDE

Source: University of California, Scripps Institution of
Oceanography, Data Collection and Processing Group,
December 1962.
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ANALOG RECORDING

FIGURE 30b
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TERTIARY SEDIMENT CORES TAKEN FROM THE PACIFIC OCEAN

Source: quart. J. Geol. Sbc. Leni., Vol. 120O, 10•64
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MN 143 P. 5° 32'N, 1460 og'w; depth 5100m; core length 9o9cm.
Topography, Fig. 4. Photograph, P!. 21.

0-34cm. Mottled light buff/brown, slightly manganiferous, clayey radiolarian
ooze, somewhat greyish at 31-4cm.

34-99cm. Mottled light bufl/grey-brown, clayey radiolarian ooze, with a black,
highly manganiferous zone at 34-5cm.

'Marked transverse elongation of mottles in the upper 73 cm probably indicates
that the sediments of that interval have been compacted.)

99-377cm. Radiolarian ooze with large-scale 'marbled' light buffjgrey-brcwn/dark
brown mottles, predominantly lighter at 99-183cm and darker at '83-377cm.

377-514cm. Radiolarian ooze as in preceding interval (99-377cm), but more
definitely greyish; predominantly, darker at 377-463cm an4 477-574cm, and
lighter at 463-72 cm.

574-746cm. Radiolarian ooze: a sequence consisting of (a) a highly manganiferous
zone at the top, followed by (b) a mottled buff/grey-brown zone in the middle,
and (c) a mottled, predominantly lighter, light buff/grey-buff zone at the bottom,
is repeated three times at 574-88cm, 588-687cm, and 687-746cm.

746-909cm. Radiolarian ooze: a sequence apparently incomplete but similar to
the three above, consisting of (a) a lightly manganiferous zone at 746-9cm,
and (6) a mottled buff/grey-brown zone below 749cm, becoming longitudinally
streaked at approximately 8oocin to the end of the core.

Leves examined microscopically: o-2, 8-to, 6,-2, 76--8, 116-18, i6o-2, 231-3, 293-5,
353-5, 396-8, 432-4, 457-9, 465--7, 566-8, 648-50, 683-5, 69.0-2, 786-8, 796-8,
902-4 cm.
Micyopelaeontology. Radiolaria in the samples above ocmn appear to be Quaternary
with Pliocene and a little Miocene admixture: those in the samples below 6ocm
are Pliocene with a little Miocene admixture. rhe Pliocene section is characterized
by the occurrence of Pterocanium prirmatiunm in all samples examined below 6o cm
and of Eucuridipim elongalum perqginum s.s. in all samples below 293cm. Admixed
Miocene material is indicated by the prose ice of' (aloevdlasr dginif, Cannartus pettetrs-
loni, Cyvrocapsa pyrum, Ommalocampt hughesi, Panarium antepenuitimum, and P. peiul-
timum s.s.
Rtmarks. Less than 6focn, of Quaternary sedinmit (apparently compressed, because
at least m5jcm L, nresent in the associated gravity core) ov-riies Pliocene radio-
larian ooze that extends to the bottom of the core. The significance of the fourfold
repetition of a definite lithological sequence below 574cl diudes ut it is not a
result of multiple penetration of the bottom. T'his core w.ýs briefly discusxed by
Riedel ff a4. 19631 see ("W scu sMi0:1.

;AMPI.L OF GEOLOGIST' S lOG OF CORE TAKEN FRO THE WEAN 80l'

Sourcce: Quarterly Jnl. Geol. Soc. Lond., Vol. 120, 1964.

GEOLOGICAL CORES

FIGURE 30d
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Ripple marks on the sea bottom at a depth of 1800 fathoms on thesouth side of the Java trench show a strong bottom| current.
(Official Photograph, U.S. Navy)

Source: "Tte Sea." Random House, Inc., 1966, p. 66.

SFA ROTTOM PHOTOGRAPH

F-Gt'RF 30e
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MAR [NE ZOOPLANiCIKN

Source: Fisherj-Oceanography Center, La Jolla,
Bu. Commercial Fisheries Circ. 232, 1965.

BIOLOGICAL SPECIMENS

FIGURE 30f
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e.g., physical specimens and cores. The ability to
handle non-machinable specimns is one of the more
formidable challenges imposed upon the National Marine
Data Program.

2) Trends in Recordirt% Needs. Although analog recording
and trazm sion of major portions of wine data will
continue to occur In large volumes, a greater emphasis
is being accorded digital recording. 2he increasing use
of instrument systems that obt-Lin measuramnts of several
paremeters at the same point in tie and space, such as
the ArM)S system, implies the increasing availability
of continuous sesing of the oceanographic environment,
with the consequent need for autmetion of the data
recording and storage procese. A vajor part of developing
instrirent system, regardless of the nature of the
recording platform, is the provision for a centralized
output system. Digital computer pr•cessing of oceanographic
data has a"eady been sucyessfully employed aboard ships
by the Navyu , Coast Guard , and various reslarch
institutions such as Scripps and Woods Hale-). Required
peripheral equipment exists now for digitizing data
for input into a computer and for data display.

Continuous automated measurement instruments vhich, with
the available peripheral equipment, can provide computer/
recorder input ,tere reported for many types of neas irement
programs listed by the O1,.-r-imoi Research Inc. report
with few exceptions.

1. TaJLna, G. !. 19S5 - Thipboard a-nd Buoy Dara Collection and iHandling.
Proceedinýs of the Or1i-.¶IA SC-tpoaiu on Automatic Collection, Processin-,
and Analysis of O:.eanoyraphic Data. Univ. of 'nlif., 3an Diego 11-12 Dec.
1954. Loclkheed-Calif. Co. (DO 66)

2. O'1agon, i•. :., Lt. 19')o. -ata !rocessini at , Ca. 3eo. Marine Technolo.-,
Vol. 1, 2, pp. id-21.

Bernstein, i., l nn. Dtn )rocessin- at.. ca. 7,eo. 'arine .- echnolo.'.-,
Vol. 2, .:,, pp. U1-15.

•*,. OOprations i.esea.rh Inc., 19?..,. -Qrations "Ieee.rh "tportz for ".he
"•al._on, • •,Lre'm, ro'vr.,-. fore d 'ar "nvirmental ,;clence

Jervic-es ,'mis1rat inn. (DN 1)7)
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One broad exception is that continuous in situ sensors
were not reported for chemical detemionna!,7 except
for salinity. F'nther autometion of bottm or sub-bottcm
stawles, biological smples, and vater samples in In its
infancy and major sampling problem reain to be solved.

The trend in the eAtcted instr umnt systmi is to be
able to establish a continuous flw of data from the
senor to the ultimate desired form sulttble for use in
camputere or in data transmittal. The virtue of continuou
sensing has its drfotack, however. The provision of a
continuous flow of ornf ion Implies a flood of
information that meeds to be processed or at least scaned
for its informatico content. Thus, there is the related
problem of the developet of automted data processing
ayutems. Also, with the increaed rate of data collection
and data processing, it is acre Important than ever that
there be an asuranice of dat quality. Here automation
can assist by providing Atnatie checks on the data and,
where feasible, automatic checkouts of the entire
serwor-data-processing chain. Substantial effort during
Phase II must also be devoted to defining the various
criteria and related methods which will enure that the
proper peripheral information related to data quality Is
obta•nei. With the aid of instrument manufacturers and
data collection organizations, information on Instrment
accuracy and reliability, specific maie environental
conditions, data formats and reduction, can accompany
data earmarked for -iational umage. In this manner, the
proper conversion progrming for multi-oorce data
agregations, the required statistical safeguards, and
other r1.,A*d tools for achieving data quality asurance
can be achieved.

The trend towards digital recording of most physical and
chemical data obtained fr automated sensors ham both
positive and negative aspects. On the paitive aide,
it vill et•ble efficient progarms for date. processing,
strage, and retrieval progr to be Uveloped; hoever,
on the negative side, the probim of stan4ardization arise*.
Lklest concentrated efforts we maintained by the
oceanogrpic comunity to standardize e& maintain
rigid culibration of their intr•iments, the r4es--.-',• e-
data vi•i be of doubtful value. Obaervetir from
a uL%"w instr.UMn b-t fT= different maniuet&ut1 rer,

coulI prow to he Ine-atible for required c.ats
aggm~ation. The Impcts of standardization rvil be
discissed In.er In this sectlon.
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3) R~ecor!n5 S~tew. -The importance of sensor instrumentation

to the developmnt of a National Marine Data Program i3
often degraded on the grounds that eAta flow and user
requiremnts are of primary importance. The ffjcy of
such reasoning is aptly discussed by one author.

"While there is no intention to argue that the
svitching, data processing, couting displ
and other electronic subsystmg are of lesser
impOrtance than the sensing component, the
fact rftains that any increment of increased
effectiveness in the tra-ducer will be directly
reflected in like increases in other subsystems
and in overall system effectiveness."

As in space technology, saw tendency exists apparently
to design elaborate data capture, transmission, and
processing systems without adequately accounting for
the quality of the sensing device. It is important in
the development of the National Marine Data Program to
view inatrument development and data r0ocessing as a
single integrated system.

Mhe direction of the efforts to upgrade oceanographic
instrumntation and platformw to meet the evolving data
collection requirements can be fairly ccuprehensively
documented:

" D-evelopment of low-cost expendable instrumenti and an
expansion in the use of free-falling instrnei tr tth
more flexible recall methods fcr recoverable iis .. mnts.

"* Standardization of specifications for a small c- steadily
increasing number of primarily survey instruments.

"* Introduction, on a wida scale, of solid-state and mieo-
electronic circuitry; also, much gmater attention
poid to mechanical des!gn of instruents where moving
parts re used.

"* Drsin of all now ascaoing ocoanograjiic vessels to

1. llUkG h, :%amn, capt., LEN (Ret.), The 7rofXm *kae: 'J Cautions'
note, Vol. U1, no. 1, Jamary 1966, p. 55.
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* Heavy ex9amion in use of digital output semors coVled
with shipboard data processing systems and standard
format data subrditsion.

* Increased effort to Inrove teleintering system and
remote see ing devices.

* A rapid Increase in plan for use of satelilte-monitored
ocean instruments, especially buoy and fixed platform
systems.

1 Attempts to achieve major improveeWnts in deep ocean,
air-sea interface, mrine biology, und buoy-mounted
instruments and instrument system.

a) Instruments. The primary development of specific
graphic instruments affecting the data collection
process is the conversion of one-masurement,
shipbjoard-arivyzed instru.nts into continuous data
collection, in situ devices with remote recording
on the ship, ru7oy, aircraft, or satellite. Coupled
with these developments are instruments of the
r.-ee-fall, remote-reading, expendable and/or
unlerwasy-operations variety that permit hi qh speed
data measurement and collection by air and/or sea
plattorms. The total impact on data accumulated
from such instrments vwil. continue to offer the
greatest challenge to the national data managmwnt
effort. As might be imagined, even the cost-conscious
funds aministrator v111 met likely encourage
continued development of such instrumntation with
the costs per bit of Ufortitlon colle-ted being
substantiall- lover than traditional cethode, e.g.,
t.-e expendable DT easurment, amounts to less than
half the coat of the BT, conoiderino extra handling,
A144tme1 en f el costs

b) Instrument Suetm. The rising costs of ship operation
wd Us*ncrietn demand for stepe-up oceanogrphic
study of the ocers and their paraeters will neeusi-

tatet~thI. 1ect&ee am- mat-1eW of ecow4tible
instrnts into Intr4mbut system. Scoe of the
primary objectixve of inatruemnt system development

"I noval of Instrumnt handling -lrltatiorA.

• UJmatlcn of excuesstv1 mawn procsing of
ce~~o,~~ic dta.
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" Minimization of ship and crew time in meuwasu nt
operat long.

9 IDwureae of uniformity in waureswwt, clUbra-
tion, and recording quality.

"* Standardiation of instrumewn parts.

"* Reluction in =andfat1in& coets through stetd-di-
zation and the eliinatiocn of duplicative equipwft.

"* Simplification of data handling ra transfer from
the ship's collecti-n system to data storage centers
ashcre.

"* Development of fast responwe ifttruent systam to
increase data collection potentiza and to reduce
ship's on station or slow speed tize loses.

"* Design of irntruent packages that are readily
adaptable to harsh sea conditievs, e.g., buoy
system senior packages.

"* Packaging of a nuaber of sensors while still
L=Lntaining ;he characteristics or portability.

The advent of instrumentation systems has already had
a sbstautial impact on oceanic kAta flow. flectroni-
cally integrated packages of sersors are producing
increased data collectien efficierncy. The development
of L"trment packages lUke the Shipboard Z, ic Sur-
vey System and the 7slinity-Temperaturf-Depth (5,TD)
sesurement system contribute to the schievemont of
the ideal situation of maxlAizin- the nuxvr and types
of measwsents in a researcrh or s. tvey platform.
Alao, by aaintalnzig a degree of pcrtability and
chang-sbility, rw- instr-imut syste ,ze pkla Si

m Opporturty orv feasible as ocean sur-r-y vess4la.

It abouli be ro.mberee 4 that althoWh "e tethno.oa
of inatrmaents d instrwawnt system Is trcing
suhetatieallf. t."e iQwe ts are still *Vwse.
Way of these ipweiwnto Or* still in the
exrintal stag or have not boost perfecef4 post
abcrU•twy condits. The hardvare techrogle

yewrs anys y prvo vIding scroes-thoM-ciwAic~tn*
a)-top'zte zowas'r'nt srateum for all ocanogr~~c
ires4*. Sow of th~r crit!:-%1, -. oIayvl Int Mtion
prob Isa a"e
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0 Corrosion and biological fouling as serious
deterrents to long-term 'mattended sensor operation.

* Sea water leakage at high pressure which produces
a high percentage of failures.

* Telemetry over several thousand miles of open
ocean involving complex international agreements
d well as technical problems.

0 Data gathering at high ship speeds, especially
when the data link inv.oolves hardware.

* Electrical power for unattended instruments placed
in the ocean for long, unattended periods.

* Density, chemical, and biological measurements
wý,ich still can't be made in situ.

The primary implications to be derived from these
problems end constraints is that marine program
planners must apply considerable effort to the
effective time-phased planning of systems requirements
so as to ensure continual harmony with concurrent
technological developments.

c) Recording Platforms. The ensuing discussion touches
on the current thinking regarding the developmental
trends and requirements of oceanographic platforms
in relation to anticipatcd dati collection require-
ments. It is not the intention of this discussion
to describe the detailed operation of the various
platforms.

Basically, there are six (6) platform types that are
of primary concern in long-range oceanographic
planning: ships, buoys, stable platforms, satellites,
aircraft and s,,Zmersibles. Often combinations of
these platforms such as broy-ship, buoy-satellite,
and eAlip-submerzible will providr increased effec-
tiven~ess in oceanographic data collection.

1) ShLps. At the present time ships still represent
themost feasible method of oceanic data collec-
tionl. The U.S. cceanographic fleet currently
consi3ts of approximately 80 ships and of these,
"9 are more .6han 20 years old IDN 124). These
ships are actively employed in baas-•T'iesearch,
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military research and development, ocean surveys,
and fisheries research under the auspices of
various government and civilian agencies and
institutions. The steady advancements in ship-
board design are improving shipboard capacity to
perform research work at reduced cost and time.
Primary emphasis on future design is directed
towards:

"* Experimental vessels designed for optimum
usefulness for specific kinds of research.

"* General-purpose vessels designed for the
greatest versatility possible.

"* Duproved sea keeping ability for research work
under adverse conditions.

"* Greater capability to handle a variety of
heavy over-the-side equipment such as buoys,
submersibles, and towed instruments.

"* Increased automation of machinery and instru-
mentation to reduce the number of both
operating and scientific personnel.

All of these improvements point towards increased
productivity of ocean data collection both in
terms of cost-savings and increased data collection
volume. The trends towards the use of multiple
sensor devices and shipboard data processing as
mentioned previously, are providing the key to
a prime oceanographic bottleneck--data reduction
and analysis. As an example of the current
planning towards large-scale automated data
collection, processing and retrieval, the ten-
year national program to survey 30 percent of the
world's ocean serve-: as a useful basis to guage
the magnitude of future survey data handling
problems (DN 107, pp 53-55). In the planning of
this program (SEAMAP), all ohipbosrd data from
automatic recording sensors and manually operated
samplers, such as plankton nets, are converted to
digital format and entered into the shipboard
computer. The function of the computer is:

* To combine data necessary to compute the
properties desired from the survey.
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* To make corrections to measurements required
by the sensing techniques and geometry.

* Combine the output data set into a single
collection of measurements representing the
cruise accomplishment.

Another use of ships in the overall oceanographic
sampling program that is still in its infancy,
but which could turn out to be a significant con-
tributor of large amounts of various oceanographic
data, is the "Ships of Opportunity" program. The
concept of this program is to place portable self-
contained sampling systems aboard the numerous
"ships carrying cargo and pasengers over the sea
to obtain oceanographic data. Although there are
several technological problems associated with
ItL - ss-,-ling program concept, a start has already
been •.a•e by several organizations. Among these
are:•

I A mained portable instrumentation laboratory
aboard the S.S. Java Mail, through the joint
efforts of the American Merchant Marine, OIMR,
Naval Missile Center, American Mail Line, and
General Motors in 1964.

I A small "Ships of Opportunity" program sponsored
over the years by LCF in cooperation with the
Matson Navigation Lines and various commercial
fishing fleets.

* Biweekly XBT drops by Matson Navigation Company
7essels in cooperation with BCF and the Fleet
Numerical Weather Facility, beginning in late
1965.

It is often implied that ships will become obsolete
for time-dependent surveys once the proposed buoy
and satellite observational programs are implemented.
The greater likelihood is that the two platforms
will perform in complimentary and joint operations.
Moored buoys can be utilized to provide a continuous
record at a fixed point in space and time (local
rate of change). However, unless buoys are deployed
in a relatively dense network, they cannot detect
advection between areas which is partially re-
sponsible for changes observed. Therefore, it is
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often considered necessary to utilize ships to
establish areal patterns of change after which
buoys can be employed to monitor the defined
ocean processes.

2) Buoys. Although surface ships are presently the
biTC- platform for obtair'Ing oceanographic data,
they are costly to operate and must be kept under-
way in performance of a variety of oceanographic
functions. As mentioned previously, time-series
and c.vnoptic oceanographic observations are
iportant to the understanding of the physical
processes in the ocean. The inability of ships
historically to obtain measurements on the scale
necessary to understand the dynamics of air-sea
interaction, circulation, and water transports
reprements one of the main reasons for oceanography's
lag behind meteorology in the development of
scientific theory and environmental prediction.

This need for time-series anc synoptic marine
oceanographic meteorological data has provided
the impetus for the recent acceleration in the
development of buoy systems. The extensive buoy
study by Travelers Eusearch, Inc. (DN 83, Vol I-V),
will undoubtedly have bearing on any futurz
development of buoy systems. This study has
documented the national requirements for marine
meteorological and oceanographic data over the
next fifteen years in terms of: data requirements,
state-of-the-art of data collection buoys,
feasibility of a National Data Buoy Systems, and
cost-effectiveness of the buoy systems which are
capable of meeting the national requirements.

A total of 54 buoy systems were investigated in
accordance with proposer, National Data Buoy Systems
requirements. They wer e evaluated for a seties
of different scale buoy networks with various I
purposes and data requirements. A nuLber of con-
clusions drawn frcm the report have special
relevance to the identification of data require- I
ments during Phase II. These are as follows:

A centralized pool of buoy ccmponents could be
made available on a short-term basis toI
rertinent organizations which are unable to
acquire their own buoys given budgetary
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restrictions. A designated federal agency
would be responsible for acquiring, maintaining,
and allocating such equipment to those organi-
zations and/or researchers requiring such
platforms to enhance their capabilities and
capacity in field observations. The centralized
pool concept has obvious implications in terms
of data flow and data requirements which must
be evaluated during Phase II.

9 A majority of potential users cited in the
Buoy Report expressed the desire and/or needs
for at least pseudo real-time data acquisition.
This user need, coupled with the risks of buoy
sinkage, specifies a corresponding need for
some form of electrical transmission (e.g.,
HF telemetry or ULW satellite transmission).

* It becomes apparent that even with the rather
extensive buoy networks envisaged in the
Travelers Buoy Report the data management
requirements would not be overwhelming. For
example, from a network of 415 buoys,
"strategically located globally, within 500
mile horizontal spacing, having 18 •ensors
sampled on an hourly basis, 26 x 10i binary
bits/day would be accumulated. 1  This represents
less than one reel of magnetic tape.

e Besides the impact that large and continuous
amounts of data will have on national data
management requirements, important aspects of
user requirements for buoy data must be given
careful consideration. Care must be taken to
plan the buoy data acquisition system around
the highest priority needs of the various user
organizations in pursuit of National Marine
Science Program objectives.

a There is currently a divergence of opinion
among oceanographers regarding the usefulness
of large buoy networks (DN 79. Vol I, p 165).
On the one hand, certain academic oceanographers
believe that prior to mo:nitoring a system, it

1. This is based on the figure of 2604 binary bits per complete transmission
from a single buoy sampling twenty depth levels given in the Travelers
Buoy Report (DN 83 Vol. I, Part 3, p 2-6).
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is necessary to understand the total system
before the monitored data can be properly
interpreted. On the other hand, synoptic,
military and fisheries oceanographers aWree
that although a basic understanding of the
system is required, the existence of a large-
scale buoy network would itself provide oceano-
graphers with the opportunity to gather data
to understand the system.

This divergence of opinion has important
ramifications for the planning of a National
Marine Data Program. The immediate needs of
the "synoptic oceanographers" such as those
involved in meteorology, the military, and
fisheries research, are for the rapid processing
and dissemination of the buoy data. This re-
quirement will, no doubt, be met by those
agencies now providing this service, such as
the U.S. Weather Bureau (ESSA), Fleet Numerical
Weather Facility, BCF, and ASWEPS. The problem
arises when the synoptic use of the data has
been fulfilled and both the raw data and pro-
cessed products are considered. What are the
user needs for historical data of this nature?
Should only the raw input data be stored? How
should the data base be structured for maximum
futrie uoe? Who are the potential users of
these data? What are their needs? Is it
necessary to store the products of the synoptic
data, such as the processed data used in the
preparat4 'n of average monthly charts of various
parame . Is this a responsibility of the
produe igency, or of a data center? The
answers zo these questions must be pursued in
Phase II.

3) Satellites. Basically, a dichotomy of satellite
use in marine activities exists:

* Direct: sensor systems aboard the satellite
makirect measurements of the ocean beneath
its orbital track.

* Interrogative: the satellite serves as an
-Teme In a telecommunication monitoring
system that interrogates, relays and possibly
pre-j!-%esseo oceanographic data from buoys,
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ships, and fixed platforms for inmediate use
at shore stations.

Although HF telemetering from buoy to ship or
shore was recommended in the Buoy Report as a
mode, realizable in the short run, for the trans-
mission of oceanographic and meteorological buoy
data, synchronous satellite relay communications
has a high probability of implementation in the
near future. The largest drawback to this type
of system at the present time is cost. it has
been shown, however, in the Buoy Report that a
system of three earth satellites, separated by
1200 at altitudes of 22,300 miles would be
capable of comnunicating simultaneously with
approximately 70 percent of the carth's surface.

The major drawback to the use of satellites as
sensing platforms is that existing sensor tech-
nology, when apjlied to satellite platforms, is
generally inadequate for the user needs. For
example, the measurement of sea-surface tempera-
ture from satellites is hampered by the vapor
content and often the opacity of the atmosphere
itself.

Perhaps the greatest effect that spacecraft
oceanography will have on the planning of a
National Marine Data Program will be the genera-
tion of a wide diversity of data which include
the following: (DN 43o0 6-66)

"* Photographic images - black and white, color
and i•frared film.

"9 Audio and video signals on magnetic and thermo-
plastic tape.

"* Analog and digital voltages converted and
stored in logical memory devices.

"* Radar, irnfrared, and microwave signale processed
by cathode ray tubes for recording on photo-
graphic filz.

These various forms of data presentation imply
data collection rates that vary over several
orders of magnitude. Estimates of data acquisition
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rates from satellite transmission which have
important data management implications have been
smarized in the Annual Report of NAVOCEANO's
Spacecraft Oceanography Program (spoc) (DN 430).
It is significant from a data management planning
viewpoint that the subjects of data processing,
storage or retrieval received only scant mention
in both "Oceanography from Space" (DN 68, p 224)
and the annual report of SPOC. Given the
potentially extensive data volumies that may be
acquired through satellite-sensor and satellite-
transmission system, substantial emphasis must
be placed on automatically handling the data flows
in accordance with user requirements.

A significant task to be performed during Phase II
will be to determine the user requirements for
each type of 6atellite-sensor system that serves
an important national data program function. The
interdisciplinary applications of most proposed
satellite sensors will also require that coordina-
tion between user organizations be specified in
order to optimize data collection and dissemination
through avoidance of duplication. Regarding the
problem of the diversity of data output from the
spacecraft, it is planned to seek assistance from
NASA and ESSA's National Environmental Satellite
Center regarding the experience that they had in
handling similar data problems from satellite
sensors. Also, the methods used for handling
the data from the Tiros and Nimbus weather satel-
lites will be examined in detail.

4) Aircraft. Given the increasing interest in ocean
processes, and the military and civilian require-
ments to monitor such procesies on a more or less
synoptic basis, there has been a rising interest
in the use of fixed-wing and rotary wing aircraft-
borne sensor platforms. Among the moot promising
techniques is the use of the airborne radiation
thermometer (ART) for sensing and recording ocean
surface temperatures. Within the last four years,
a number of agencies, including ESSA (Coast and
Geodetic Survey, Weather Bureau), U. S. Bureau of
Sport Fisheries and Wil,..ilfe, and the Coast GuardI

1. U. S. Bureau of Sport Fisheries and Wildlife 1964, Techniques for Infrared
Survey of Sea Temperature. Bureau •±rcular No. 202, issued at the Sandy
Hook Marine Laboratory.
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have cooperated in undertaking monthly charting
of the surface water teinnerature from aircraft,
along much of the Atlantic, Gulf, and Pacific
Coast@ of the Un~ited State..

Civilian and military (ASWEPS) interests in ART
so&-stuface teqperature mapping coincide in the
area of large-scale aerial surveys * The use for
this type of data combined with visual observa-
tions and infrared phortos has widespread use In
thermal prediction, fisheries exploration and
weather forecasting.

At the present time., aircraft as vehicles for
sensing the ocean enviromuent face a simila
problem to that of' spacecraft., namely, the lack
of accurate,, roli able sensors.* For example, sea
em'face temperatures can Fesentl~y be obtained
with an accuracy of + 1.04F. which for moat
research purposes is inadequate. Programs have
been proposed (D 9Vol 1 pp4-M2) for wide-
spread use of helicopters and ""lanes of
opportunity" in extending the present coverage

* ~of sea-suzs'ace temperature observations now
obtained by merchant vessels. The ideas are
sound and only await the development of light-
weightj, rugged,, and accuratk, aut#=.tic sensing
units., to the degree that the basic physics of
remote sensing permits.

At the present time, the ART data is recorded on
analog strip charts from which values are
manually read at predetermined intervals for
averaging and plotting to develop horizontal
sea-surface distribution charts.* It is signxifi-
cant that little consequential discussion of the
data processing, storage and retrieval problem
ecoociated with the current and proposed aircraft
sampling program is found in the literature.

Du1ing Ph~ase II, the use of aircraft for sensing
ocean parmeters must be carefully screened to
det-%ruine the imqportance of this type of platform
in ttv. plunni:% o" the National Marine Data Pro-
gram. he steping-of. point for this typt of
investigation ah,ý,ld be the identification of
user reairement's and realistic collection capa-
bilities, both in current and expected marine
science programs.
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5) Towers . The term tower, for purposes of this
e'3Vrefers to the type of structure fixed to
the sea-bed by structural members, as examplified
by the U.S. Coast Guard's off-shore light and
observation statlons.

A principle advantasge of oceanogaphic towers
over ships and buoys anchored In a similar loca-
tion is their stability. Additionally, many
parameters can be sensed simultaneously by auto-
matic sensor packages. Thus, over a period of
time, continuous measurements can be obtained for
only a fraction of the cost of a corresponding
vessel operation. Another advantage is that
buoys can be deployed around the tower and the
data transmitted via hard wire to the tower for
processing and storage, thus allowing the tower
to also serve as a research facility.

The U.S. Coast Guard is experimenting currently
vith a Shallow Water Oceanographic Research Data
System (SWORD). The present system provides for
approximately 45 days of unattended sensing of
cureent speed and direction, temperature, depth,
salinity and pressure fro offshore light stations.
The data are ntored in digital form on magnetic
tape for later computer processing ashore. Future
Coast Guard plans call for additional sensore and
for an array of three buoys around each light
station. Additionally, long-range planning calls
for the establishment of lines of monitoring
buoys extending from the Offshore Li~ht Stations
airoes the continental shelf. These buoys would
telemeter their data to a cuumunication center
ashore or to a space satellite relay system, such
as Nimbus. Corputer analysis ashere will provide
a time-series and synoptic record of what is
occurring in coatal waters and eventually reach
the point where it may provide environmental pre-
diction services to users of the coastal waters.

Considering the ebitiouws plan of the U.S. Coast
Guard for obtaining observations in shallow
coastal waters, It is apparent that this aspect
of the marine data collection syste•• will require
special attention during Phase AM. .he development
of the SWORD system and other ccuieting autoted
oceanograpic sensing and storage system 7!at be
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evaluated closely in coneection with the various
requirements that agencies such a ESSA and DCW
have for synoptic coastal oceanographic data.

6) 3ubuersIbles. The present advantages offered by
a I re centered mainly around direct
human observation and work beneath the earth 'a
surface. The first modern Deep Research Vehicle
(M/V), Trieste? has been followed by the con-
struation of a wide range and variety of both
st-Alt and large research siMmrnes ranging from
the single passenger R Cu r to the forty
passenger and nine crew capacity of the t1/V
August Piccard.

In the past, little of the instrumentation umew
on I*1/V's van originally designed for sumursible
operation. However, at tih*i present tim, an
effort is being made to devulop instrmentation
especially for tR/V's, such as the miniaturized
teMperature/salinityisound velocity/depth sensor
for IF/V ALVIN that is being developed under the
auspices 7•:Lr•F.cM. These measuwremnt types
and those associated with bottom and subbottom
matrTials (e.g., cares and bottom photographs)
have sae potential for becoming Important con-
sideTations in defining national "to system
req•ilrements.

At the present stage of DI/V data collecting
capability and that projected for the near
fut re, the M/V vill coatinue to functicn . a
research capacity and, thus, the resulting data
can be expected to be *a vried as the ,;¶ctrum
of present and projected research proj*iý*.

During Phase II, the capabilities of the Mat;'al
riM/V Progrma, in term of f'ulfiling user nreds,Sust be investigated. The types and mounts of
id generated by the 3R/V's must be Aocumented
in relation to the past, present end f-ture userIe*ed in order to properly assess the m -artawet
of tvlse data to the ltiorAl Mariim Data Program.

Latea Traralssion

6.lth the advent of pseudo-real t1m, synoptic •mrirw
measujrmnt rqm'.irnta, considerable ettentton eiis "•ein
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directed to problems of transmitting data fro platform to
recovery facillties. urwrous approaches to radio comtmi-
cations of oceanographic data have been suggested over the
yews. gn the mat notable approaches are

* Short-burst teiaueinMd signal& from receiving stations
to activate ocean platform trsainmiss r-nd to determine
chamel availabllty,

a Seriis of tel*comand sigrAls over a vide range of fre-
quencies to locate an open channel for transmission.

* Hi~h altitude aircraft interro6ation of oceanographic
platform and the on-board magwtic tape recording of
the data.

These approaches have ehtibited various technical and coat
deficiencies vhich have dimiUshed their attractiveness for
extensive ocean system ccmonications. Sane important
developments and requiremnts *hot have particular relevance
to the National Marine Data Program are discussed below:

* Surface Platform-to-Satellite-to-land receiving station
system have received the greatest notoriety in recent
yews as the solution to oceanic data communication
"iwoleo. Advocates of this aproach have argued that
short lne-of-4iht satellite commnicattons In the un-
crowded UW frequency band represents the moat feasible
spproach, regardless of the substantial -net factor.
Hovever, there is so evidence that tht overcrovded HF
frequency band is sizpi. 4 inefficierntly atilized by the
maritime cC•mnity; upgrading tranwmission quipmrnt
vould elleve nubstantiaLly these existing full capacit.•
conditions. It shvold also be noted that ' ±lerated
requests for satellite co--aication time hbve produceO
overcr,-A corn!Itions in the M'Y band. The Implicationw
of this situation are extremely impr.tant in the deter-
mination of Nmtional Marine Data Progr= requirements.
The e;,tntusl thods of transawttir -mrine data to
recovering stations are of particular relemnace to !Va&
aase~rnt syvtam requirements. vtsluationa of a!*cr-
native mode. of tranen1maslo duriran Phase II lust b4
cormI!cted to &Ptermirw the most feesible and probable
approches.. "'lexible loM rinv-• Ution..l frin* -nta
PrM plana .'"t Incorpoate nuch Info tioil.

k in appa*'wnly tsvi~ro 4RA ,tj-lzn the XFQ fyeqsrcy ý-d 4~r

frewi the htiornsl ke,640 of Sceiex** CeoaIttee on robdio rr~'n41 re~~ ts
forvr :Zciefttifie ;A.S0'ch. A 9rTgrin34 lt.elcawr4, appreaO. to *4~e tt~ich
-40,jli -z-iliz* single "uencr t4.afs te, Interryoat a vliv array scyli~tc-
in~ wivscsetol Seftned tim blacks, as cT* to a ravc* interragtior. beiai
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a Effectively planned receiving-interrogation stations
should also reap substantial benefits for the scientific
camunity. In the future, it may be possible to estab-
lish an exterzive network of remote terminals from
oceanoZraphic data co.Lleccion centers to research insti-
tutions, thereby allowing the scientist quick access to
raw or processed synoptic and time series oceanographic
data. In addition, the advanced technology of the data
centers may provide scientiscs who have launched their
own research platforms with a convenient and efficient
mechanism for retrieving and processing incoming data.

* The advanced concepts of the HF telemetering systeaus
may also be applied effectively in solving the accumula-
tive data backlogs that are arising in the use of Ships
of Opportunity. The increasing requests for more types
of measurements vith greater frequency has made t'ie 16
•;ords pzr minute tranemission capabilities of t1ie Morse
system completely inadeguate. The frustratiorn arising
from these data queings hawv Almost caused a collapse
in the Ships of. Opportunity program. A small, economical
telemetering package activwted by shore cownhand might
help t- 'adev.ate the current &lfficulties.

0 The limitations imposed by short duration transmitting
%nd receiving periods often necessitate some form of
date reduction at sea before telemetering to shore is
commenced. For example, az initial effort in the ASIEPS
program to transmft raw data to shore took so much trans-
r.tssion time that the data had to be reduced tc essential
data points before the system became ope-rational-T--der
such circumstance& tne data management system must pro-
vide adequate facilities and procedures for handling
preprocesrod synoptic 'atta as well as raw data.

c. Modes of-Data Colllect'.on for Various Response-TimeRequ_*'ements

"The purpose of the fllowing discussion is to summarize modes
of data no'-ection in terms cf their response time.

11i Syngptic Real.-Time. Mhe primary nrlteria for conducting
successful synoptic observations are:

* Substantial area coverage.

; Numerous observation points.

• hqpid data telemetry capability to a central
receivinq..processing facility.
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The primary use of these data is for display of the
current situation and for predicting short term future
conditions. Prime users of synoptic oceanographic-
meteorological data currently are the military (FNWF,
ASWEPS, FWF) in support of their tactical missions;
ESSA (Weather Bureau) in providing marine and terrestial
weather information; and the Bureau of Commercial
Fisheries (BCF, LaJolla) in providing the commercial
fishing fleet with both fisheries information and
supporting environmental data. In the future, ae in the
past, synoptic data will undoubtedly be collected, pro-
cessed and disseminated by organizations such as ESSA
(Weather Bureau) and the Fleet Numerical Weather Facility,
Monterey, California, that have traditionally provided
these services for other users.

Large-scale buoy networks are currently in the planning
stage to increase both the coverage and quality of the
data for large ocean areas. In terms of data manage-
ment, such systems pose numerous problems which must be
resolved. Phase II analyses must answer such questions
as:

a What becomes of the raw data and the data processed
for computer products preparation (e.g., forecast
charts)?

* How much standardization of input-output formats is
required and how much is feasible?

* What will be the user requirements for historical
synoptic data which, in effect, becomes historical
time-series data?

* In what form should such data be stored for maximum
use?

* How should the data base be structured in terms of
content, space, time, etc.?

9 Should the raw data and/or the processed data remain
at the forecasting facility or be deposited at some
central facility?

* How much data purging will be required to maintain
reasonably manageable data bases?

Ai
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2) Short-Time Response. Synoptic data, once the synoptic
neea has been stisfied, come under the short-time
response category as well as oceanographic-meteorological
data from various research projects. Ships, buoys, air-
craft, submersibles and towers will all be utilized to
collect research data, the nature of which is not
critical in terms of rapid transmission or processing.
Rather, the compilation and analysis of these data are
the critical factors. A data management Rystem must
concentrate on the user need for reducing a voluminous
amount of data to the volume and format amenable to
interpretation and analysis. For example, a station
recording current velocity and direction every 30 seconds
for a period of six months would produce a record that
in itself would be incomprehensible; however, through
processing techniques, these data can be reduced to
filter out unwanted content.

An example of short-term response requirements is an
international situation where military planners might
require a complete historical picture of the marine
environment within a limited area. This type of
situation poses the problem of what to keep and how long
a storage period is necessary before the data becomes
obsolete.

Short-time response requirements will be evaluated in
detail during Phase IM.

3) Long-Term Response. Long-term response data needs arise
In research in which the completion of the project is
not cons t~ained by response time. For example, the
preparation of atlases showing the distribution of
various oceanographic and meteorological parameters
would fall under this category. In th.s case the re-
searcher is interested, often to the exclusion of time
requirements, in including all of the available data
that meets his specific needs and is most concerned with
the statistical manipulation of these data to obtain
a meaningful distribution. The problem in meeting this
need is the structur±ng of the data base for selective
retrieval, rather than providing the entire data base.
Phase II studies must include an identification of the
most importaext of these needs for cons'deration in the
design of the National Merine Data Program.
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d. Data Standar3s

The nature of the data standards covering the collection,
storage, processing, and dissemination of marine data
represents possibl•y the most important consideration in
designing the National Marine Data Program. No data manage
ment system, national or otherwise , can operat-e effectively

0ItAout well- defned and documented standards, coverng
facets of the dEta flow process from input to output. It
is only necessary to view the data management problem faced
by NODC to recognize the complexities and deficiencies that
are introduced by non-standardization.

The past record on the develoment of data standards is not
good. Except for isolated and specialized standards that
have arisen from identical hardware, such as the Nansen
bottle and deep-sea reversing thermometers, there ha. been
relatively little accomplished in the systematic de slopment
of working standards. The primary cause of this no. -

staudardization has been the philosophy that individual
researchers' needs are first to be satisfied and other users'
needs are granted a very insignificant second priority.

A byproduct of this lack of standardization has been
inefficen't communication processes between varioum elements
of the marine community. Without standards, it has been
impossible for researchers and operational personnel from
diverse, but complementary, disciplines to communicate
effectively. It has also been impossible for the marine
community to avoid duplication of data collection efforts
because of the lack of benchmarks for determining the
characteristics of seemingly similar data and the opera-
tional circumstances under which such data were collected.
Furthermore, the lack of adequate standards has degraded any
attempt to aggregate and reduce similar data that has been
collected by different organizations, using different instru-
ments and collection methods, and operating under different
environmental circumstances.

Standards are needed not only for instrument characteristics
but also for the conditions under which such data are
obtained, the format with which they are collected and re-
duced, and the nature and response characteristics of
storage, retrieval, and dissemination. In general, standards
must be established which will assure the smooth flow of
data between sources and users with diverse operations but
common needs.
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The current situation is rapidly changing, and physical,
chemical, biological, geological, and meteorological
phenomena are being investigated on increr-aingly larger
scales, both in time and space and with considerable inter-
relationships and overlap. With this trend coNes the need
for greater aggregations of higher quality data than that
required previously. Owing to the high cost of obtaining
marine data the individual researcher is often unable to
obtain large quantities of speciali.ed data for his
individual purposes but must usually rely on a cooperative
data collection effort involving many individual projects
and organizations. An example of this is the proposed
National Buoy Program (IV 83. Vol. I-III) designed to

T meet the national needs for synoptic and time series oceano-
graphic-meteorological data. Clearly the task of standard-
izing the collection, processing and dissemination of data

T from this program is a key to its success.

For existing data bases presently held by various organiza-
tions, including NODC, attempts at standardization based on
user needs must be continued. The Phase II identification
of methods for achieving standardization must account for
these relationships between important historical data bases
and those related data bases which will be implemented in
the future.

The development of marine data system standardization will
require close cooperation between National Marine Data
Program planners, hardware manufacturers, data centers and
data users and producers. Identification of the required
standards will be followed by the determination of incentives
through which the various sets of standards can be success-
fully implemented within the marine ca.munity The evalua-
tion of standards requirements and req".fred incentives will
be a high priority Phase II task.

p

I
I
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IV. CONSTRAINTS

A. INTRODUCTION

Constraints will have an impact on the implementation and future
rate of growth of a National Marine Data Program.

The identification of constraints and their impacts on system
effectiveness is an extremely important, yet often overlooked,
facet of problem analysis. By acting as a filter through which
idealistic systems needs are passed, constraints analysis provides
a realistic perspective of what can be practically achieved.

Constraints analysis is not a static concept; it must be applied
continuously throughout the design and implementation stages of
the National Marine Data Program. During Phase I the following
was accomplished:

1. The preliminary identification of major constraint areas.

2. The design of an approach for detailed constraints analysis
during Phase II.

A discussion of (1) and (2) follows.

B. CONSTRAINTS IDENTIFICATION AND ANALYSIS

Constraints analysis does not end with the identification of
constraints; the relationships between constraints and their
importance to the successful development of the proposed system
require attention. Figure 31 presents an analytical framework
for conducting a constraint analysis during Phase II. The matrix
format serves as an aid to visualizing the complex interrelation-
ships of the constraints and their effects on system development.
The basic components of the matrix are as follows:

1. Constraints

Listing of constraitts, divided into their spheres of influetnce--
political, legal, economic, technological, physical and environ-
mental, organizational, attitudinal and social.

2. Constraints Evaluators

Evuluation of the significance of constraints to the
dtvslopment of a National Marine Data Program. Evaluation
factors include:
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a. Constraint's Impact on the achievement of national
marine program objectives.

b. Constraint's current effect on the operations of the
national marine program.

c. Constraint's effect on national data program desipg through
reduction or elimination of the constraint.

d. Constraint's propensity for reduction or elimination and
the "cost" to do so.

3. Interrelationships Among Constraints

This comprehensive constraints analysis can be used to identify
constraints with the strongest interrelationships and the
greatest importance to the National Marine Data Program.
Emphasis will be placed on determining the effects of these
constraint conditions on the cost and effectiveness of develop-
ing components of the National Data Program. Decisions on
which constraint conditions are acceptable and which ones must
be eliminated or modified can then be established.

C. SAMPLE CONSTRAIT

The following listr a sample of the constraints that will be
subjected to the above analysis during Phase II:

* Lack of singularity and popular sense of high national-
istic thrust in marine pr'ogram goals.

* Vested interests in marine resources by industry and
the otates.

* Extensive international turmoil with its effect on
internat ional cooperation.

* Sconomic impacts created by other priority national
programs.

a 7roblems concerning the ownership of marine data.

* Lack of central coordination authority on the one hand,
and distrust on the part of the marine cmmunity of
such central authority, on the other.

* Diyvidd loyalties of federal aWenciea responsible for
contributions to -•ore than one national pro".
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P Lack of sufficient industrial incentives to justify
extensive capital Investment in customized equipment
and technology development to serve a limited market.

* Data privacy requirements of proprietary anl classified
data, e.g., the problem of declassification of national
security-oriented data for other oceanographic rer,*arch
and technology needs.

* T-ertia of the traditional view of some data centers as
limited service facilities rather than integral support
elements of the national program.

e Reluctance of investigators to release data until after
public.4ion of results.

* Fear of -Iandardization and loss of control over the
quality cf data collection azr1 research results.

This frapentary abstract of a truly impressive spectyrw of con-
straints Illustrates the forces tending to impede the development
of this progrra. But perhaps more than any other aspect, incentives

these tools and suggested ways in which they mighit be utilized

is Included In the Stsomar.

D. PH(ASE II APPW.ACH 7 TO OMMAIM1 ANALYSIS

the primary purpose of the Phase I effort has been to Identifty
the major constraints within which the National Marine Data
Program must operate. Some preliam-i~ary anaaiyses of the inter-
actions between the various maor constraints have been conduc ted.
A description of the Phase 11 approach follows.

As was indicated in previous paragraphs, interactions between
various important systemA constraints represent an impo~rtant part
of eonstralats analysis. 1Igu.e 32 is an attempt to depict th
initernectio of constraints. Hany constraints operate con-
curently on the developnent of a National Marine FNt% Progr~m.

~ichesaticall.y, only in the central hatched area, 7'-sible Solttiona,
Is there an area within which fearible alternate I'tio-naT Main
Data Progryw can be developed.

The Phase 11 approosch to ciuvstraints wwnalyss io schemically
reprtstnted In Figure 33 . The process will first Involve enwlyses
of nee4s and obJective* In relation to constraints. An .1151)5 5
of the importance end Irterrelt~asioiihp4 of the varlous~ clonstre.nts,
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NEEDS AND OBJECTIVES

SYSTEMS SYSTEMS SNDTI
CO'ISTRAINTS CONSTRAINTS CONSTRAIMIThSSET A S E T B a E T C

I -1o II i~- - ,I

I FEASIBLE ALTERNATE
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I ,iA PROGRAM
SYSTEMS

S. I
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ET A SET H SET C
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ALTERNATIVE DATA ALTERNATIVE DATA ALTERNATIVE DATA
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SET A CONSTRAINTS SET B CONSTRAINTS SET C CONS.TRAINTS

SELECTION OF OPTIMAL SELECTION OF OPTIMAL SELECTION OF OPTIMAL
SYSTEM UNDER SYSTEM UNDER SYSTEM UNDER

SET A CONSTRAINTS SET B CONSTRAINTS SET C CONSTRAINTS
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organized into the format of Figure 31 , will help define the
important sets of constraints. Estimations of the "cost" differen-
tials between these sets of constraints, which are the costs to
the federal government and the public of varying (reducing or
eliminating) the various coLstraints, will be made.

As depicted in Figure 33, feasible alternative systems will be
determined. These alternative systems wil). then be modified to
best harmunize with each set of constraints under evaluation.
Systems are then selected which are expected to perform most
effectively under each particular set of constraints. Cost and
effectiveness in relation to national program objectives will
then be determined.

The tibove-descrlbed process sounds complex and highly proceduralized,
and obviously cannot be applied rigorously in all cases. In
practice, however, itE. processes form a clear framework of steps
which are applied to the extent practically possible. In this
way, systematic treatment of constraints is achieved in the most
effective manner.

ro aid the reader in understanding the complexity and importance
of the concept of constraints analysis with respect to the
overall planning of a National Marine Data Program, the remainder
of this section is devoted to a discussion of some non-technical
constraints concerned with legal matters, military classification,
and ownership of marine data.

E. LEGAL CONSTRAINTS

The legal aspects of const gints analysis cut across all other
constraint categories. The following selected examples of legal
issues illustrate the need for a systematic and on-going attack
on that constraint area.

Starting inshore and moving tc sea:

1. The existing legal research tools may appear to suffice with
respect to inland waters, that is, problems arising under
federal and state statu-.es with respect to territorial waters
within the three-mile limit or other limit conceded to the
states by the Federal Submerged Lands Act; but they do not.
For example, what is the base line from which this diston e
is measured? In the second United States vs. California case,
the court applied the criteria of the 1958 Convention on the
Territorial Sea and the Contiguous Zone, which, among other
things, autlhorizes the drawing of a base line across the mouths
of "historic" bays which would not qualify as "bays" by the
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stated mathematical ratio of width t, indented distance or
area. The state's briefs contain quotations from historical
material on scores of "historic buys" all over the world,
apparently not collected in any other place; and, of course,
the federal-state jurisdictional problem is not i'nique to the
United States. Germany, Australia, and Malaysia, among others,
divide jurisdiction over submarine resources between central
and state or local governments. Where shall an American (or
other foreign) lawyer look to discover what 1 1, what admini-
strative system governs? Is the internal allocation of
Jurisdiction in such a country the same with respect to
fisheries, control of navigation, criminal jurisdiption, etc.,
as with re&pect to subsurface minerals?

2. What countries of the world adhere to the three-mile zone as
the outer limit of their territorial waters? Six miles?
Twelve miles? Greater distances? Are the~E asserted for all
purposes, or only some? What straits or other openings are
affected by the differing contenticis?

3. What is the right of "innocent passage" through territorial
waters, as rec!ognized by international law and protected by
the Geneva Conventions? Is it suspended by an undeclared
war, e.g., Haiphong Harbor or the Strait of Tiran? Can it
be exercised by an exploratory or commercial submarine without
surfacing and showing its flag, as mil"ary submarines must
do under the conventions?

4. What nations have ratified each of the 1958 Geneva Convertions:
the Convention cn the Territorial Sea and the Contiguous Zone,
the Convention on the High Seas, the Convention on Fishing
and Conservation of Living Resources of the High Seas, the
Convention on the Continental Shelf; and with what reservations?
While this informatio)n can be kept up to date without much
diffIculty, it happens that several important oil-producing
countries (including most of the Arab nations) have not ratified
the Conventicon on the Continental Shelf, but haN,ý nevertheless
followed its principles in bipartite agreements. These facts
are not readily available. Moreover, there are offshore
boundery disputes (many of them generated by the presence of
islands) in various areas cf the world, some arising under
this convention, others between non-ratifying countries. Their
status, from time to time, is not readily available.

5. With respect to the ContInental Shelf: the general scheme of
the Convention is that the coastal nation has exclusive
jurisdiction of the resources of the seabed (so that if it
does not exploit them, no other nation can), but that the
overlying waters retain their status as high seas. The
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Continental Shelf is defined, in substance, as the seabed
of submarine seas adjacent to the coast but outside the
territorial sea, "to a depth of 200 metres or, beyond that
limit, to where the depth of the superjacent waters admits
of the exploitation of the said areas." All kinds of questions
remain to be resolved, and data for their resolution are hard
to obtain; so are the decisions, over the world, which attempt
local solutions. Among the prosaic ones are the ccllection of
data on exploitation laws and concession agreements issued by
the more than 100 nations which front on the sea. Keeping
up with them is a large task. This is an important subject.
About a sixth of the world's petroleum now comes from offshore
wells, and the proportion is likely to grow. Much of the
world's tin and most of its magnes'.um and diamonds now come
from the sea. The existing world-wide scheme of concessions
end leases, and their future pattern, are of obvious importance.
Their terms ape often available only through friendly professional
connections.

As to the legal questions, just for samples: Caa the United
States validly lease submerged lands on a bank separated from
the coast by a submarine trench exceeding 200 metres in depth?
(It has purported to do so.) How far toward Hawaii, for
example, or offshore from New England can it do so? Can the
Unitee. States validly issue mineral leases at a depth of,
say, 600 metres? (It has purported to do so.) If oil is
successfully developed at such a depth, does this automatically
extend all coastal nations' jurisdiction to a like depth all
over the world? (A J'-panese writer says so.) Among more
esoteric questions: Can a distant nation explore our continental
shelf (or vice versa) with submarines? What if they extrude
wheels, and explore the sea bottom? (This has been done.)
What recourbe do we have if, say, Cuba leases submerged
lands on its continental shelf to Russia for oil development,
but the drilling platforms house military equipment of various
kinds? A computer cannot answer these questions, but it can
store and retrieve the data as to precedents, similarities,
current developments, etc. A great deal of useful information
is contained in papers and speeches which do not deal by title
with marine resources, e.g., the recent paper of AEC Chairman
Seaborg on "Proliferation of the Peaceful Atom," which contains
information not collected elsewhere on minerals recoverable
from the sea, and the energy which could be produced from
fusion of heavy hydrogen atoms contained in sea water. So
also with a recent Scientific Americ!an article on influence
of salt availability (from evaporation of sea water) on
trade routes, hence on historical advancement of various cultures.
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6. Beyond the continental shelf, howsoever defined: What regim•
shall govern acquisition of rights in the seabed? The law
of the flag of the discoverer? The United Nations? How shall
the non-exclusiva multiple uses of the high seas overlying
this operation be accommodated to the exclusive possession
of the seabed, a possession of the stabed, a possession that
can only be maintained by some degree of access from the surface,
through buoys, cables, pipelines, mother ships, etc.?

Miry of these problems are in their infancy, and the lawyers
will be groping for solutions as they did r hundred years
ago in the evolution of the law of waters, and a little later
in the evolution of the law of oil and gas. Some of the analogies
developed then by well-meaning lawyers ignorant of physical
laws still haunt us, e.g., the analogy of oil and gas under-
ground to wild beasts, "ferae naturae,' title thereto to be
acquired by capture. So alsn with the abysmal ignorance of
the behaviour of groundwater, and its relation to surface flows,
with which our law of waters is plagued to this day.
Pe•-haps earl, establishment of an interdisciplinary data retrieval

system applicable to marine resources, giving rapid access to
information not known or even buspected of existence by the
inquirer, may help to avoid mistakes like. those of the courts
and legislatures with respect to other resources.

F. CLASSIFID DATA CONSTRAIN7S

The problem surrounding the classification of national security-
oriented marine data is of real concern and acts as a constraint
on the overall planning of the National Marine Data Program.
Appendix E identifies some of the types and estimated volumes
of classi'ied NAVOCEAN-collected data which could perhaps provide
benefitL to other marine organizations if declassified. At the
present time the extent of the benefits that could be derived from
declassification are unknown and await a detailed study of the
problem in Phase II. For example, would there be a reduction
of survey ship-operating costs of the U.S. Coast and Geodetic
Survey if classified bathymetric dati wert released for specific
areas? Or, if data on bottom samples were declassified for the
Continental Shelf, would the resulting data reduce the planned
bottom sampling costs of the national resources programs of the
U.S. Department of Interior?

Aside from the problem of declassification itself, the planning
for the National Marine Data Program must also consider the high
cost of declassification, which in itself posea a serious constraint
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acting against declassification of military-oriented marine data.
It may well tu.'n out that in order to derive additional benefits
from currently classified ma&-ine data, user.-organizations will be
required to bear a portion of the cost of declassification on a
share-the-cost funding arrangement.

As a first step, the real demand for classified data must be
determined. The best index of demand is perhaps the sum of money
organizations are willing to pay for the cost of declassifying
data. Concurrently, the cost of declassification must be determined
for various types of data. In this analysis, a distinction must
be made between secret and confidential data. This categorization
is important because of differences in amounts of data, demands
for data, and costs of declassification for the two grcups.

During Phase II, the following must be accomplished:

e Determine the nature of classified data in terms of
type, volume, age, qiullty, location, extent of mechani-
zation and other characoeristics.

* Determine procedures and costs for declassifying data
of various types.

* Determine the sums of money which users are willing
to pay for declassifying dhta of various types.

s From the above analysL recommend a policy for the
declassification of data.

G. OWNERSHIP OF DATA CONSTRAINT5

Essentially all marine data collected can be grouped into two
categories of ownership; public and private. '.hile the desire
for confidentiality of private data is generally obvious, as in
the case of competitive oil industry data, publically owned
data, perhaps surprisingly, is also often restricted from
dissemination. The routine charting and public dissemination
programs do not of course fall into this c3.ass. But there are
meny other examples in which data are gathered for a more
specializea pu-,-sp and are prevented from flouing to others
until publication of origit2l results. By the same token,
private industry would often release datm if it could be assured
of protection against infringement in the fleld of Investigation
for which the data werv gathered.

The key to deriving multiple-use benefits (roe data oriinaly
collected for less-broad pw u -8o.s therefore, lies in perotection
of the original owners rgtats. Thus, agreements between -•olector,
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and slp~liers which provide for all uses except for those dear
to tile collector will become a valuable asset in the marine
community. Examples of such cooperation were found between
the Standard Oil Company of Califorria and the Navy. The entire
concept can doubtless be expanded to are benefit of the National
Marine Deta Program.

Additional and perhaps less-clear aspects of the data ownership
problem include:

* If raw data is merged with other data and summarized,
does the original data lose its identify and conse-
quently does the collector lose his ownership rights to
the data?

* If an organization collects data which is considered
classified by the Federal Government, c*n it be legally
classifitd? Will the collector lose his ownership rights
if the data is classified?

The whole question of the owlaership and use of the near-shore
environment by the federal, and state governments and by private
industry creates problems about the ownership of data collected
in these disputed areas. Do ownership rights of the physical
property apply to th(,2 data collected thereon? Or, is there a
different set of criteria -htch apply to the collection and use
of data?

Obviously, questions of this .egal complexity cannot be resolved
during Phase II. However, some tools, as mentioned previously
for national marine planners and ,awyers could be devised. For
exreople, an aid to resolving questions of this type might be a
computer-based system of statutes, traditional practices, inter-
national treaties and conventions, ruling of international bodies,
concession, and lease and settlement practices. During phare II,
an assessment of the utility and cost of such a system will be
made, and if its cost-effectiveness is proven, will be incorporated
in the development of the National Marine Data Planning System.
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V, * OF DATA PROGRAMS

A. PURPOSE

ihe rurpose of this section is to describe the approach which will l e
employed durirn Phase I/ to evaluate the effectiveness of data programs
after these programs have been subjected to the constraints analysis
described in Section IV. A data program is the 82!cification of the
requirements for collection, storage, processing, and dissemination
ariing from a functi~,nal activity of an organization in response to
the resuireen ational programs. For example, the ocean surveys
undertaken By BCF in response to new federal initiatives in the Food
from the Sea Program will generate requirements for physical, chemical
and biological data. Given the constraints which would affect tle
collection, storage, processing and dissemination of data, how effective
will the data program be? Future funding I-ls to support ocean surveys
for the Food from the Sea Program could have toreat impact on the dur-
ation of surveys, the amount of data collected, types of data collected,
data quality, and subsequent storage, processing and dissemination
activities. International agreements affecting the geographic areas of
data collection could also havw an impact. The extent of international
political turmoil will affect the effectivei.ess of data progrnms. For
example, certain parts of the oceans may be inaccessible for data
collection purposes due to military action. The lack of standardizatior
in biological data collection is an example of a technical constraint
which bears on the effectiveness of Food from the Sea data programs.

The evwluation of data program effectiveness does not mean that evalu-
ations wi!.l be made of tne effici!ncy of orn n data collection
pro rams. The .;uestions of what data to collect, where to collect it,
Mnd ow tu c!ollect it are matters to be left to the individual organjL-
zations; they az-o in the be•'t poeition to assess their data needs.
However, an eluaticn should be mmare in Phase II of the effectiveness
of these programs to the nation and the marine science community as a
whole, for tre purpose of identlfyin6 programs with laige -.otertia1l
national benefits. This evaluation ýs one of th elements used in the
determinrntion of the releaive importwsce awd priority of data programn
in the design pla for Phase I1. It is also vsed a.* o", cf tha Inputz
for determining the xvanurces to allocate for enhancing the effective-
ness of data po.oreams. It is inportwt as a tool for dettnrnr thie
schedule f"e the emploonyit of reiawrces. This pan of trn- &ystrmt
ernr~ineerlitg prociss it "ld oted as step 6 Qf tii %tudy mrt4'dzlcgy,
Figur 4 of ,cctiozn I.

.. _ _:AIC-. :A ý- = the

a~ c~a ~r~n~ vhjc~ fetUe I tip~w. dats
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It is especially important to ames the potential effectivoness of
data progams as determined by c'uangin conditions in technical,
econmLic, political and legal. constraints. Por example, what effect
will the law of the "ees have on the placement of buoyf? This problem
was described in the article "The tom and Dkta boys. "- A national buoy
program may result in protes'e being brought against the federal govern-
ment by private fishing fleets or foreign nations if buoys were to be
placed in established see lanes. This Is Just one example of the
factore which must be taken into conaideration when assessing the
potential effectiveness of data programs.

B. ?MlCVT NM CRITERIA

The first step in the process of evaluating the efroctiveness of
data programs conducted by the vwkrious organizations Is to establish
a set of criteria. The criteria are tentatively classified by data
collectlon and data center activities. These criteria provide the
set of perforw'nce measures used to evaluate the 2ffectiven.ss of
tbe various organization data programs. A partial list of' preliminary
criteria for measuring the 2ffectiveness of data programs followle

1. Data Collection Activity

"* UsePflness of data to purpose of collection.

"* Usefulness of data to Marine Science coammity as a %hole.

"* Volume of data collected per unilt of tiee.

"* Quality of data collected (accuracy, range, pzetiolon).

"* hte of data obsolescence.

"* Tie betwen data collection and availability of data to
marine science co mIt~y.

"* The po'tion of data Colleret4 which can be F4acd at the
4isycoal of the literested sepnts of the marinre s*-encte
eveaul ty.-

"* The efrtcieney vith whIch dato ean be rout.d fro•m Toliet1 o
to data center and frm &to eenter to %&s*r*.

"e The te"d e vh r fwn*rity zlessrflcasIo or data priyacy.

"*•W eternt or dtat* s tosbilty "anxg PrO4iijcr, Posasor
%ni 4 ser organtattons.

"a The, 4~rwe* to vh1r'h the 4*tp p.- cro c~a rv*pmod tct-ott
11 t#.edov~y -- e.g., nstoli~tw dato iciloni "arid w

5n dta rvq~tirumiit -- 9g.4 arw;,tle WAt. mortins.
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2. Date Center Activity

s, Kitint of duplication with other data centers of data bases
and services provIdod.

"* Size of collection# In data center.

"* Quaility of data center zolJ~ctioias.

s, batuv of requaest-s and the percentage, of reqwes twh1ch can
be tanswered to the satisfaction of tbie requusik-c.

* iespons* tim for mrnavering requeots.

*Capability for ebsorb~in increases in data --ollection volum~e
and da t-a samnads requirements due to £yuop'Ic, boy, satellIte
and aircraft collection program.

*Capability for adequately stryleIn saIn creasing numbwf of
requaests.

* Capability for rapisUly dissemIr5t~iS d~ta to the user.

o Capability for asking Aav readily accessible to the user
cam-aity.-

a Capability for providing research anal~y3la oin the data.

* Capability for reducing *xIstngA batklogs.

* Capability fo~r providing spaef-tine correlation of iata.

# Th extent of data Wgug1n requi~red becatwe of excessive
data voluas .

* CapabIlity for data. purgizg and pro'ridino var-iou ýcvels Qf

soaeand respozoo times evapatiblo with As4er need#.

The criteria Itst&d abeve are prineriWy deeirLAnts of physical
refte~tVv .Ss. The oqftef it.. to bo dtrivvd troa I%*~ 4*t pespu=

*.Kth mm4 t.o reduwt voter pollutj*nfo r h~eath aod roert~rtica
-**oomt arv t~ dAs,-b*d ftn juit~stIvv tems. hmefitsavQAIysts wilk

bo dieCU***4 .* part of! the ~t t e .~a
Ir% Socioa VI. To purpo. of.a-i*dt~r~uuatt
*' "'th Of parT'OWAMCV~ etCf Urt IS tO C-t114ih t!*

0*1a Feer. a-.* u* 4 $ to ckww* le "?W~S$*

oo telv;T *wre.id fo('r eVI4 -Vr~ttV-4e 4

~e. ~ e~' I~'i~1 'lem'~tin ! v@. '4;yI
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is the determination of the impact on data programs of developments in
technology and collection requirements. Data program effectiveness
should be evaluated for at least five years in the future in order to
properly gear improvements in data management to both near term and
long rang! data program requirements. 'ture data management systems
must have the capability of renponding to potentially large increases
in data traffic responding to potentially large increases in data
traffic and the need for real-time reporting of ocean state and
weather conditions. The history of developments in data collection
and data processing suggests that improvements in technology never
lead to a decrease in the volume of data collected and processed.
Rather, there is an increase in data collection due to expansion of
research activities made possible by new techniques of data gathering.

By way of illustrating the potential impact of evolving technology,
the Travelers' Buoy Studyl states that the measurement of 40 para-
meters is feasible by buoys within the next five years. The rtudy
also indicated that the data collection requirements of 40 organiza-
tions could be completely satisfied and 38 could be partially satisfied
by buoys withLn the next five years.

Buoy technology appears to be developing at a rate commensurate with
the expectations of the Buoy Study. For example, The National Environ-
mental Satellite Center of ESSA has a buoy program under de velopment
for the collection and transmission to ground stations via satellite
link of wind speed, wind direction, compass reference, air temperature,
sea surface temperature, pressure, sea state, anchor line tension and
battery voltage. The Navy Acre buoy program for the ASWEPS project is
designed to test the feasibility of buoy collection and HF transmission
to shore of the vertical distribution of tenmerature, salinity and
current speed and direction. 2

If a national buoy program along the lines indicated in the Buoy Study
were implemented or if prototype developments such as that of ESSA and
the ASWEPS program reach full scale implementation, a flood of new data
would be imposed on data centers which already have large backlogs.
Additionally, if large-scale buoy programs are implemented there will
not necessarily be a corresponding decrease in the use of ships in the
near term. Several years will elapse, while buoy systems are proven,
before there would be a discernible decrease in the use of ships.

I. Natl..o:'Jl Requirements for Marine Meteorological and Oceanographic Data, TRC
Retort 7485-253, April 1967. (DN 83)

2. Booda, Larry L. "Major Buoy Programs." UnderSea Technoloa, September 1967,
p 24.
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These developments highlight the need for a National Marine Date
Planning System wo be specified during Phase II for the purpose of
anticipating significant changes in data requiremients and to alert
the marine science community to these changes. Such a system will
allow the individual organizations to be highly responsive to changes
in collection, storage, processing and dissemination requirements.
Details of the proposed system are described in Section VI. Data
program effectiveness should be evaluated on an incremental basis.
In order to provide for orderly growth of data management systems,
it is necessary to evaluate each increment of additional capability
on the basis of its effectiveness and cost relative to competing
data program requirements. It is important to determine what addi-
tional capability is needed in order to provide a data program with
the capability required to respond adequately to the demands of
national programs.

Levels of increased effectiveness are related to points in time when
implementation of the series of data management system modules will
occur. A set o" building blocks of increases in capability will be
delineated f.r ',lementation on a schedule which is in accordance
with the priority of need for meeting national program objectives
and the time required for implementation.

An example of the evdluation of incremental effectiveness is the
determination of thr increments in systems, personnel, hardware and
software capabilities which would be required in order to accommodate
the influx of iata at data centers from programs involving buoy data
collection. in this case a determination would be made of the require-
ments for personxrel, systems design, programminp, and computer hardware
an6 software which would be required to augnent data center date base
develcpment and increased processing activity.

The extent of additional capability required in each data program
will be determined by comparing present data program effectiveness
with the desired level of effectiveness. The desired level of
effectiveness is determined by the needs for data independent of
what data bases are in existence. That is, one must not fall into
the trap of evaluating the need for data based on requests for data
in existing collections.

The demand for data cannot be entirely measured by the frequency of
requests for data in existing collections, since users who are ac..
quainted with date center collections will not request non-existent
data, or existing data of indadequate quality. It is r.acessa•? to
assess the need for data in terms of data desired rather than data
availabilities. The best method for making this assessment is oy
interviewing important data users with large operations and/or qib-
stantial marine community influence. Also, the data management plarts
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of such organizations will provide considerable useful information.
This process was started during Phase I and will be continued on an
expanded scale during Phase II.

Another illustration of the necessity of evaluating potential effective-
ness is the question of the benefits to be derived from the declassifi-
cation of certain data collected by the Navy.

Appendix E identifies types of Navy-collected classified data which
could provide benefits to other organizations if it were declassified.
What increase in effectiveness would result in the Coast and Geodetic
Survey mapping and charting program if classified bathymetric data
collected by the Navy were declassified? Or, if bottom samples were
declassified, what impact would there be on the natural resource pro-
grams of the Department of Interior? Also, the cost of declassifying
data must te considered in relation to its potential usefulness to the
marine comminmity.

D. RELEVANCE TO PHASE II

1. Phase II Study Approach

Although the delineation of data flows, data volimes, data pro-
cessing, etc., are facets of data requirements analysis described
in Section III, the determination of how well these requirements
are satisfied is the province of data program effecGiveness, e.g.,
voliues of drta collected per uiit of time of a specified, quality.

The Phase II activities required for evaluating data program
effectiveness ar& desci'ibed in this section. They are followed
by a description of the analytical approach tu oe used in Phase Ii
for making the evaluations.

Several marine data programs which bear on the effectiveness analysif
are listed below:

& Buoy programs. i'rave.Lers' Study, ESSA World Weather Watch
Buoy Program, Monster Bi oy Prrgrom)

S'Satellite data co.LleCtLnn (Joint NAVOCEANO-NASA Activities)

• Aircraft dhta collectioi. (NASA S" idies)

a Shipboard use of digital computers (Oceanographic Diata Center
Developments)

* J•ertureŽ card recording of' 1T data (Canadian ()cenogr7ph
P)t1 C(en t. r D vel1pmentsts

S,',',r• -Y ( vy -c o •! ,' 0d } " • % l } t • i . •:;l :
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9 Effect on data programs of improving existing collections
(biological collection at NODC) and providing currently
non-existent data collections (ocean engineering data)

* Effect on data requirements of current and future ocean su'vey
programs (SEAMAP, EASTROPAC)

* Synoptic data collection (real-time weather prediction, Fleet
Numerical Weather Facility)

* Space-time correlations (World Weather Watch)

* Present day operations of existing data centers

* Future plans of existing data centers

The analysis of intia- and inter-organizational data flow is an
important facet of data program effectiveness evaluation. The
analysis of data flow which is described below will be performed
during Phase II for the specific short-term nurpose of identify-
ing in quantitative terms the impact of the important developments
summarized above. In particular, the effectiveness analysis will
focus on the capability of the marine science community to absorb
not only the significant increases in data volume to be generated
by the above programs but also the capability to respond adequately
to other emerging data programs which differ significantly from
past requirements. The data program needs which are evolving will
require the data facilities to provide space-time correlatlon of
vast quantities of oceanographic and meteorological data. Some
of this data will be required on a real-time basis. This develop-
ment imposes requirements on data center capabilities much more
severe than the static retrieval of historical Iota.

It is necessary to identify the type, volune, time schedule and
frequency of data generation of major collection activities and
the requirements for storage, processing and dissemination. A
forecasting capability will be one of the modules of the National
Marine Data Planning System.

In order ti; produce tangible results for the agencies in Phase II,
an analysis will be made of the data management resources of several
key agencies. However, analysis will also be performed of the needs
and capabilities of organizations with datN management requirement:"
at the federal, state, institutional and industrial levels.
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The activities of developing forecasts with a National Marine Data
Planning System and evaluating the needs and resources of data
management in the pertinent organizations will result in a de-
lineation of the personnel, hardware (computer and instrumentation),
software, and communicatic.; requirements which will be necessary
to adequately respond tc data program requirements.

Data program effectiveness analysio will result in the following
outputs:

a. Effectiveness evaluation of data programs resulting from a
comparison of data requirements with performance criteria.

b. Funding, manpower, hardware, software and communication
requirements to implement data management improvements.

c. Schedule for implementing data management improvements in the
organizations involved.

Once the various data management improvements have been defined,
the final part of the analysis prior to making a decision about
implerentation will be to perform a cost/benefit/effectiveness
analysis of the various data management alternatives (Section VI).

The cost/benefit/effectiveness analysis is performed in order to
evaluate the utility of the various data management programs
relative to one another and to select a set of improvements within
the relevant organizations which provide the greatest benefit to
the nation, given the total funds and time available for marine
science data programs. The cost/benefit/effectivenss evaluation
is discussed briefly in Section VI.

2. Analytical Approach

Several analytical tools for data program effectiveness analysis
will be utilized during Phase II. One of these tools is shown in
Figures 23 and 24, Section III-C.3. These plots illustrate one aid
in Phase II for analyzing data requirements. Data collection
volumec as a function of time are plotted for NAVOCFWO.

a. Data Collection Effectiveness Analysis: Fiqure 23 shows
in situ measurements for the Navy from l9b9 to 1974. Figure
2 -covers the same period for Navy underway measurements.
Figure 34 is an example o0' a format to be used in Phase II
for plotting forecasts of the volume of data to be collected
by national programs (defense, fitheries, etc.), organization
(NAVOCEANO, BCF, etc), function (surveys, research, etc.),
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and type of uwer (operator, manaser, etc.). 1  The purpose of
the forecast is to anticipate future data requirements, in
terms of type and volume of data, by program, organization
and function. These forecasts will permit the agencies to
plan appropriate responses to data collection programs. For
example, it will be necessary to forecast the impact of the
ONR/Convair Monster Buoy Program on data collection, storage
processina and disaOM nAtion renli~remnte in the Ma-.rine
community. The purpose of the Monster Buoy Program is the
collection of synoptic data over broad geogruphic areas for
long periods of time. 2  The emphasis in the program is on the
development of buoy tecnnology rather than on the use of buoy-
collected data for research purposes. n.% ;yst•a is being
developed so that any n--bcr of Liwvi vr coamnd stations
eventually can operate simultaneously anywhere in tne
world, even on identical radio frequencies -- vith a central
data acquisition facility controlling an entire ocean or
hemisphere. If this program achieves its objectiveb, there
could be a dramatic impact on the use of buoys by' other agen.cies.

b. Data Center Effectiveness AnA!yss: How well will lAta certers,
for example, be able to respond to the influx of data generated
by buoys, if the feasibility of buoy-to-shore communication
and buoy survivability is demonstrated and results in other
agencies employing buoys on a large scale? The evidence
suggests that they will not be able to respond well in view
of existing backlogs, limited funds and the need to increase
the effectiveness of existing data collections, let alone be
prepared to respond to additional floods of data resulting
from oth'er technological developments.

Using NODC as an example, an examination of Figure 21 reveals
that there are several existing data collections which require
increased emphasis on processing activity in order to be in
balance with national progrsa requirements as measured by
data collection activity. The reed at NODC to augment Its
biological data base activity to serve the needs of national

1T1.i"Trs 2j and Ž-are only Illuatratit of one foist for information during
PtAse 1. Obviously, the volatile nature of the marine sciences requires a
more thorough covera• and continued updatinx of predictions of future data
ýhbaractrlistics and volhms. Other methods are discussed periodically ir.
this rvport.

2. Oeo Mrine Tvchrtology, Vol. i!, *Amber i, April 19tb,, p. iI.

!
!
I
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security, oceanogra;a4c research, fisheries development, trans-
pornation, pollution, deep ocean technology, health and estuary
studies is an ezample of the need for increased activity on
existing collection.

ýbre important, however, is the need to develop collections
which are required for national proarams but are not mov avail-
able in the data centers. Examples of virtually non-existent
data collections are:

1) Subsurface currents

2) Time series data

o Skore stations

* Weatherships

e Offshore light stations

* 1overs and offshore platforms

3) Buoy Data

141 ucean izigineering Aata

9 Offshore

£ Engineering properties of sea floor (sediment
strength, bottom type, etc.)

Corrosion, open ocean fouling rates

Engineering data on buoys

e Mearshmore and CoastA.l &4:ine#ring Data Base

Geological - Beach types, erosion, beach profiles

Bioi.tical fouling

Chemical

l) Fisheries Data Base

* 511htings (fish and bird flocks)

Ftr e*Ample: ASWS has need for a fi••h school
and mamsa suhtins data base In ord•. to Infer
In any region that some mf th "false co•ar targos"

night be ti1olio3Ll. For examsple: in sn ares tio•ti
which walpe migate 04i-ng varlous seasons of tht
y*4r.

* CtAch/e.•fort - varlous fisheries

* DIStributIof of1*is,. e.s "n larvea

* C:at•h da - varus f�slsheries
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c. Data Collection Volmgs Effectiveness Analysis: It is
Mao necessary to forecas"t t&" effect on data program
effectiveness of data collectio3 volumes which vill be
generated by ship cruises. &x#=ples of data volume
plots as a function of time for peast cruises are shown
in Figures 25 and 26 of Section IU-C3. One of the ways
in which ship data colLection requircmnts can be estimated
it. frcau iC'%:1U3CU %-&-a~visi~rIatkon and eutiaaes, of
data collection rates calculated from previous cruises.
Figure PO of Section III-C2 above sample calculations of
the average rate of data collection for specified para-
meters for cruises of NAVOCMCO,, SCRIPPS, BCF, the
University of Washington, and CCOF1. The purpcse of this
exhlblt Is to indicate a possible method for estimating
the amount of data to be collected for specified organi-
zations and partmeters. The average daily collection
rates multiplied by the numbex of scheduled craice days
w,,ld provide a gross estimate of the amount of data which
will actually be collected on new cruises. The average
collection rates shown in Fligure 20 have been calculated
from th• followina a•amle sizes:

Oranization Years of Data

my? (Hawaii) 9
Scripps 16

University of Washington 8

RAVOCEANO 18

CCOFI 17
Coast Guard 1

Sample sizes wlli be expaded during Phase II. Confidence
limits will also be computed for man collection rates In

ordsr to place upper and lower bounds on the estimates of
data collection.

beause of differences in tM mllettion enaracteristics
of or•eniationms and types of survvy (roeoervh as cmpared
to the Navy, for exaople), the averale collection rates
for parameters mat be sepwartely cap.ted for each orgpai-
tattoo. Scheta4e4 cruise characteristics shoul4 corresponnd

mo the characteristics of th cruisee wO to caskulste
avr e collectioo rates tn o rr to obtain accurate esti-
mot" of future data eo:*lect•-o rlAm.
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d, Data Flow Iffecttwencss An alys: Once data collection
activities have been defined m9-forecasted In terms of
the total collection requl rements as a function of time,
it is necessary to develop flow charts for evaluating
the effectiveness of data flow. These charts show epecflc
functions and organizations involved in collection, stor-
age, processing ani dissemination which would result, for
example, from ocean surveys munted in response to national
program requi- innts. An examp17 of this type of flow
chrrt is illustrated in Figure 18 of Section III-Cl. This
figure shows the flow of data and interactions among Scripps,
=0n, WCT (HAwaii) and the University of Washington In the

collection and processing of data for these program. The
figure also Indicates flaw of collected data to NDDC. This
exhibit servws to illustrate the long tiae delys between
data collection and the receipt of data at national zenters.
The use of this type of chart in Phase II would serve not
only as an effectiveness evaluating aid but also focun atten-
tion on the need to make collected data avtilable at national
centers earlier in the date. rogram, than has been possible
in the past. An Important measure of effectiven~ess is the
effiutency of data flov witin oremizations and tetween
organizations. Mwer are two major aspects of this analysis:
oae Is coancerned with inter-organization data traffic, and
the other is concerned with intrs-oranization data trafflic.

1) Inter-OrrmnIiatior Flow ,nalysis. In inter-organiza-
tion flow a lyiit i's necess-ary to identify the
type, volume, frequency and criticalnear, of data
flowing between organizations. An aid In accomplishlan
this function was illustrated in Figure 15, Section
III-C.I which dhows the prei-ainsry results cf the
Phase I effort to Identify t)W~a or 4*ta flowing be-
twerfn major marine sciosce organtzatiozis in tt.e
Ubited States. A aummagr column at the right of th-
chart indicates the major outputs of each organiza-

tion end the row at the bottOm broadly a4.wari4es ttw
major Inputs to each organtiation. Drt*1eG vwrslons
of Input-output eharts of this type hrlp tow

* 14entify trai ipaortszr of a given ortalatlon

as a dota Prov1idr to other oranitatlona,

* Identify the UI ten* ;f orv .
rycu,t#v? of data frow otler orawtatior~s.

a InentifY the aww,% of ovewr~ap utit e~ *sts In

0 I6@i~tIfy 11011iinyft4'rtae"Y fk1in Of data as Aew
-teion, iOrt-:asing end i~. 5o re4r'

ments fVO IV*.
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" Identify the diversity of data requimments.

"* Identify data of crit~ical Importance.

" Identify areas *ere data deflcinscles exist.

Iuring Phase U this cbart vi1 be suawnted to In-
clude Informtion on data volmaes.

2) Intre-Organlzatiop A I : lu. In orgaulmtion
data aal"Iisis concerneid witl describing and identi-
rtying the internal dst reqtlnrmnts of orgniszations.
Bowever, it also degeribes requirment.s at the Jzput-
output lnterfsctý. bols for pertorain, this unlrsits
are shown In Figure 2 for EM aW in rlgure 29 toe
NODC, Section III-C.3. These e•shbits show inputs for
an organization: dte. stored and processed and data
outputs. Informaion display too1 of this typc help
to describe:

" The variety and a•itude of data iWflows.

" The variety and magnitude of data out;fjs.
" The variety and magnitude of data store4 and

p•oesse:•.

"• The current dota handling capability based on
variety and mapnitude of l iovs/outflovs, storage
and processing.

" The pot#ntlil data handling capability based on
rato of d"t inflows and outflow* In releatimo to
existi• data backlogs.

In Ptasq 1I, siila~r ehamrt will be asrtruct*d for
other org"nitIons and vll be use4 as one -" *I
identifying edditi•orna data uA&aant capetttle.s
Which may be required by intividual orW-ntatlome in
or*.r to provid* *A %deqa4t* rvea~w.* to oxists"g
ad evolring dota progrm req4iimrant. UI MeAe
chart* wre en, .rieW4 for a oroAnlietton. the
W*%u4 n fvylrv In4teA.UAf if W1 i n s
toc blc to *b**rb ard K*cs a;.% gIw~rst*4 try
a noadJo~w. tmgy orcerm &&d still mmnasiin or a-
OFj14 arc~v~ity of d.ia 4oeain % dt cci'1ctq,4
t7 MP
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VI COST/BEWEEZ/FFECTIVENESS ANALYSIS OF DATA PROIA

A. APPROACH

The purpose of this section is to discuss briefly an approach for
the cotst/benefi'/effectiveness analysis of data programs.
Cost/benefit/effectiveness analysis (c/B/E) of data programs
is not concerned with evaluating the need for data programs. The
determination of need is derived from the functions (ocean surveys)
which organizations (BCF) perform in response to National Marine
Science Programs (Food from the Sea). The need for data and the
sums expended on data collection and processing are governed by
the requirements of national programs and associated agenny functtons.

In carrying out nationa'. program objectives, org-.nizations employ
data management systems with varying levels of capability and states
of mechanization. In order to respond adequately to national goals,
additional increments of data management capability are needed as
data requirements increase with expansion in marine science activities.
Whereas, a data program is the specification of data requirements,
a data management system is the mechanism for satisfying data
requirements. It consists of personnel, procedures, hardware and
software sub-systems necessary to collect, store, process and
disseminate data.

The C/B/E analysis described in this section will be employed during
Phase II to determine which set of data management impro'ements
should be made in consideration of the following factc•.

1. The benefits to be derived from a national marine science program
which the data management system supports. Measures of benefits
aez more qualitative than quantitative, e.g., reduce water
pollution for health and recreation purposes.

2. The increase in effectiveness of the data manegement system,
e.g., the reduction in response time for meeting user requests
for data. Measures of effe'ctiveness can usually be quantified.

3. The increase in cost resulting from emn increase in data management
effectiveness, e.g., increased personnel, systems development
and hardware costs.

4. Availability of resources for data management improvements.

5. Implementation schedule requirements.
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During Phase II an analysis will be made of the existing data management
capabilities of pertinent organizations. This analysis will include a
determination of the personnel, data systems, hardware and software
resources currently employed in marine science data management functions.
These data management capabilities will be related to data program
requirements. Data program requirements will be forecasted for several
areas which exert a major impact on data collection and processing
volumes.

An example of this approach is the identification of the need for
coastal and engineering data. Unsatisfied demand for dat -3n be
identified by employirC matrices of the type shown in Figur,. 21,
Section III, C. 2. This exhibit indicates some data demandb which
are currently satisfied by collections in NODC and some demands
which are unsatisfied due to the lack or insufficient development of
the collection. In Phase II, data demands in terms of parameter
type, volumes, quality and time when data required, will be identified
for the potential data users: Navy, ESSA, Coast Guard, Federal Water
Pollution Control Administration, Corps of Engineers and USGS. The
total data demand world be forecasted for several years in advance.
Once thiu forecast is available, an evaluation will be made of the
capabilities of data centers to provide this data. Using NODC as an
example, an analysis would be made of resources required to implement
and operate a coastal and estuarine data base. Required increments in
personnel and hardware will be identified. Effectiveness wi.U. be
measured using the set of criteria for data center activities described
in Section V. Some of these are: data completeness, selectivity of
retrieval, user response time and data quality. Examples of benefits
are the data made available to the Federal Water Pollution Control
AJministration, AEC and the Corps of Engineers (Great Lakes) for
water pollution abatement. The availability of these data would also
benefit the Engineers in shore stabilization projects. Concurrent
with this assessment, other dr4.q demands and additional capabilities
for servicing the demands will ':a identified.. For example, the demand
for Navy collected environment •l prediction data, as identified by
Figure 22, Section III, C. 2, will be forecasted. Some beneficiaries
of this data would be BCF (fish migration studies), Coast Guard
(weather reports), and the Federal Water PoLlution Control Admini-
stration (water pollution).

The two examples presented above are representative of two major

sets of activities which will occur in Phase II. One set is called
the National Marine Data Plannint: System and is described at the
end of this section. Thia is the set of activities concernea with
identifying and forecarting the data needs for national programs
which will require the application of significant amounts of resources
in the agencies.
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Another major set of activities is the concurrent determination
within the affected agencies of the additional resources required
in order to satisfy the data requirements of national programs. There
will be constant interaction between the two efforts. As data program
requirements are identified in the National Marine Data Planning
System they will be made available to the groups working at the
agency level. This information will be used by the agency groups
for matching data demands with capabilities for satisfying these
demands. Increments of data management resources and costs will be
identified for satisfying data demands. There would also be
communication in the other direction in the form of updated data
management pl•s and the status of resources in the agencies for
responding to national nrogram requirements.

This dua3l procedure will be accomplished for each of the major data
programs--examples are indicated on the Work Plan--and for each of
the agencies indicated on the Work Plan. At the conclusion of this
process, there will be a specification of the resource requirements,
for each of the relevant organizations, necessary to support national
program data needs. These specifications will include the following
requirements for each organization:

"* Personnel

"* System design

"* Hardware (instrumentation, computers, com•unications equipment)

"* Software

"* Costs

"* Imnlementation schedule

Finally, the aTbove specificaticns of requirements for each organization
need to be evaluated relative to one another and in relation to available
funds for data raana-enent impro:ement. -oat/benefit/effectiveness
analysis will be used to provide a priority ordering, of the various
data mana-cmte:At improvuments. The data nanagement improvements and
their roero'nnded priorities will be submitted ns recocnendltionj
to ti c i icrtd lovernnent for implementation. Once approvl ii
oCMtnlz,r-1 for n ---peiflc net of data narga-=ent improe-,entf, the
requlr-ements Cor implementin - these improvemeTts will be ioc0mcntCtC
u, -'•ne of "iv ,':A-products of :'hnae Il.
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B. MAR INE DATA FAnIG SYSTEM

In order to provide an aid for the planning and monitoring of
national marine data programs, the development of a National Marine Data
Planning System (NODPS) is proposed for Phase II. The purpose oi
this system is to assist in providing:

* Better -llocation of national resources to data handling problems.

o Capabilities for evtLluating the effectiveness of data programs
in relation to their costs.

o Capabilities for fiscal planning of national marine prosrams.
0 Early identification of data requirements on a national basis

and the highlighting of potential bottlenecks in data flow.
0 Early identification of technological developments in sensors,

platforms, comnunications and information processing.

0 Legal data retrieval capability which will provide assistance in
resolving legal constraints.

0 Early identification of significant changes in data types,
volumes and flow paths resulting from expanded or contracted
national marine program efforts.

0 Identification of data collection storage and processing overlaps.

* Better distribution of processing and dissemination workloads
among data centers.

* More efficient routing of data fro collection points of data
centers and frcu data centers to users.

* A reduction in the delay between data collection and data
availability to the marine comunity.

* Identification of emerging data collection programs for interested
data users.

* Education and public information program about the marine a;ciences.

* Monitoring of implerwnted data progrm for ccuiparing remul,-.
with objee,'4es.

This a•sjtvx-i vll consist cf the lo-lving subsystem:
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Subsystem Function

* Policy National planning and allocation of
resources.

e Program Data requirements and cost/benefits/
effectiveness analysis and data program
monitoring.

e Fiscal Budget planning and financial analysis.

* Technical Information Technological and scientific information.

* Education and Public Distribution of information about marine
Relations science programs to the marine community

and general public.

* Legal Retrieval and analysis of legal
information which has an effect on
national marine policy and the
inplementation of data prograri.

In addition, several modules which provide data requirements input
to the above subystems are necessary. These are:

Module Function

* Data Collection Identification and forecasting of data
collection requirements.

e Data Storage and Identification and forecasting of data
Processing storage and processing requirements.

* Data Dissemination Llentification and forecasting of data
disseeination rtquirements.

The devriopMent of the NM)PF3 system woulc be in consonance with the
need to plan and evaluate data requirements on a progra basis. T'n",s
need it Jportant due to the large number of ,oinT77-enc- data collec:tior,
efforts and the new emphasiz in th." Federal QGoverrnrent for budgetirn
on a program basis. This trend is exemplified by the cvrrent use n
the Program Pla~nning and -.... tig .yste-. There i an :-eed at the
national level to make avkilblc t) the pertinent or.iin¶:atiorw
info--ation which will assist them In plannlng and ý=Vlementing- 15tn

proa•rms. ;itutionn which will ,e'.erely stress exiatin• anat&
m •-•ment :-anblittes require- e.arly Identiflication In order that
affected orotn.zktlown •ya plnn Rrpropriate rrsponses to -han'
ccdnitionw. Ar. exple cf trnia ,wed is the potential requiretnt
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for data centers to process large volumes of satellite collected data.
Existing and potential duplicative data collection and processing
efforts need also to be identified with a view to possible reduction
of these overlaps. An example is the common requirement for fish-catch
information by BCF and California Fish and Game. The Fleet Numerical
Weather Facility and ASWEPS also have common environmental prediction
data requirements.

A major element of the National Marine Data Planning System is the
forecastliig of data collection, storage, processing and dissemination
requirements in the marine sciences. It is necessary to forecast data
p•rogram requirements over a 5-10 ye . period, where a data program is
defined to be the total requirements for data collection, storage,
processing and dissemination for national marine science programs. The
following are some of the data requi'!mentp which vill resilt from the
implementation of the NMDPS:

* Data types to be collected.

a Vnigatiojis involved in collection, processing and use.

* Geocyrraphtc location of data collection, storage, processing and use.

v The need for platforms: ship, buoy, datellite, aircraft, etc.

* The effect of evolving instrumentation systems on collection,
storage, processing and dissemination.

* Requirements for various data forms: analog, digital, soecimens,
photo, etc.

9 Requirements "or security classification.

e Requirerients for data privacy.

* Data flow "aths f'ro collection points to rata centers and from
data centers to users.

* The need for synoptic and time series data.
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VII. DATA SYETS NEQU1fM, T

Data s:rstem requirements are the personnels sensors, data transmis'tion
equipmeit, computer hardware and software subsystems which are required to
implement data program requiraments. One of the end-products of Phase II in
the definition of the requirements for the above subsystems for each of the
organizations to be analyzed.

In addition, a schedule will be developed for implementing data system improvements.

A. DATA TRAFFIC MANAGEXENT

The fundamental data system requirement is to provide better management
of data traffic within the marine community. Data traffic management
is corw-•n.d with the following factors:

1. Data Collection

"* Data type, media, format, and volumes st collection points.

"* Frequency of data collection.

"* Frequency of data transmission to pricessing points.

"* Routirng of uata from collection pe.ints to processing points.

"* Mode of data transmission to processing point.

"* Size of data batches transmitted tc processing points.

2. Data Storae and Processing

o Size, format, media, and levels of storage at processing points.

* Processing point workload.

* Volume of data input.

* Fr3,quency of data inrut batches.

* Sise of ,ata input batches.

* Roi~tlng of* JxRt btv~en ypr-o-essinr points.
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3. Data Dissemination

"* Data type, media format and volumes distributed from

processing points.

* Frequency of data transmisiion.

* Size of data batches transmitted.

* Routing of data from processing points to users.

B. DATA NETWORK

A conceptual aid to analyzing data traffic is to view the national
marine aata system as a network. The network consists of collection
points, processing points, using points and the data transmission
paths which connect these points.

The forcing zi-unctlo Of tbhI. na,-ML I.. J-vn. 44 -t ..
flow in the network are governed by data collection rates and impedan':es
to data flow which exist.

One of the largest impedances is the retention by collectors of data
tor long periods of time before submission to data centers. In
addition to large impedances, there are extreme impedance mismatches.
An example is the low resistance path of data flow at points of data
collection, where continuous recording devices are employed, and the
high resistance which exists where there is inadequate data processing
facilities to rapidly and efficiently store, process and disseminate
data to the user.

In order to reduce information transfer losses in the data r'twork, it
is important to match impedances as closely "b possible. Impedance
mismatches will be identified in the data network durinp Phase I1.

Wher. the workload of a data facility, such as a data center, exceeds
facility capacity, the Impedance to data flow In excess of ca;acity
becomes infinite. In thls situatinn, other means must be found to
process the excess data, such os manual procesaing, or additional
capacity must be acquired. An objective of Ph@e II in to pmovide
early identification of these potfttially crLtleai points in the
datA etwvork. 3re reans of accomplishing this end Is to analyze the
tme-tryingf orkload rsqu.r*e*nt.s of data facilities and determine
resource req-Arments as a fvmwtion of time newled in order to pre-
vent syston o'•roaids and to pr*vnt underiti "!zation of data
facilities. Fir,%ro 35 is a sc,-woati, of a worine ,leta netw-ark. "hs
exhibit scheatically Mirtray8 data transaissli•. ths vhich ex.st a
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data facilities. The exhibit also provides a schematic representation
of actual workload versus facility capacity. The figure does not con-
tan actual data. Rather, the exhibit is presented to indicate a
Pbase II approach for identifying and analyzing workload imbelanees.
By providing an "early warning system" of impending system overloads,
the required resources can be programed in advance to provide additional
capacity when needed. The capability for alerting the marine ccmmunity
to the need for additional resources and the redistribution of resources
will be one of the major benefits of the National Marine Data Planming
System.

I
I

I

Ii

I
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mach of the inforat ion drawn from plans, prior studies and literature, has been
!!%usaed in previous seetions of this report. Wei section serves t Oro~v to-
gather and cat~olrize the principle caniclusions sand recommndations of these
docuetns.-

A. APPROACE

W~ring Phase I, plans were obtained f rom 39 federal organizations either
docuwntetd or by Interview with various -mn 1ber. of the marine~
science, community, "ee Thble A-1, Appendix A. A composite of V?
or the more complete plans was analysed in order to derive cons-
elusior.. relevant to Phase 11. Accordingly, sawe of the conclusion*
drawn may be somwbat more general than iyaaividoaul plans support.

ft procedur e'7.ployed in reviewing the plsi" was as follows:
Waor topics tnou~1t ifltepftl to the Implementat ion of each plazn

were extrauttd, cast Into maj~or subject groups and collatoed on
foris as L1.1ustrsted in Table 9. The major sabject fJmpups, derived
fr"a plans and literature are listed below:

A. PUSICAL OC3AM)G8APHY M. R&DXOACTiIVITf
B. BIOL=GCAL OCIANDOGAAMf 3. 1 I
c. cx~cAL OCZABOGaAPHY 0. DATA KNASM o- A

1. as== Q. SUOMJ TOMMMI 5y1'"
F. GODPUYSCS R. FACIIXT!M
G. SUNVIM S. LBOAL, MAXAG241X
I. FOOD AND P3fU BS T. OMAaUATION
1. MIXERAL AND~ MM U. MWATXON, TRAXU3G
i.* WAUN MWUHCW V. IN3OXATIONAL
K. R=AATIOU W. M15CZLLANIMU
L. POI.WI'IO

A slinilar processing vas *pplied to 27 or the more sipdifieent
prior studies sad relevant. literature. &M*V more relevant doeiimmnt.
were studied ftring Phase 11, but time did not perait the sma~tionl
of their conteet~s Into *-'-u4ur form. axxplote ets of t?'e roview
ecolation fori.. zoverirw plans, prior studios and tOe iiwturtwe ar*
coatained In Appeadices A and P. Sonle litersture *Ad plan reviev
for*s Wn p'ocedu.rva ar* ic.z1u4*4 In Appendix C.

The Imlividuil tepies ii1stod %mder the usjor aiabloct Crnaupe were
Unaw evolv'ted as tv thivir etfeet an data collection ectivitio#.
prot~esaig fm-tm wAd date use. lth tAsir effect ca presont~
proc**uxrs a~d on the, systems ot the Vfatun vore c-as id r*O.
ftloiCNI t'-11 ev*14sation PrOCess. Wh~ch generated) Me relati'Ve
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TABLE 9

COLLATION OF PLANS FOR TU' C,~
NATIOWAL MARINZ DATA PROGRAM r. P$ . '

A. PHMSCAL OCU3WAMb

Acceasion*

RIODAXTI0U ON CONCLUSION 10. 56 37'. 90 310 344. 2? 226 2,

1. &zzvey current delineation _______________

F2. Suady subsujface cuarrents

3. & ey water maso flov ____X

14. PradIcUon of te9arsbure in the oceao______

5. 8f1~' beat fiaw r . afr-ase interface

6. identity therm-, fronts _______

-7. Study internal vavem ____________ 33 __- __ 35

B. study deep oceau mirrace wave. 12________ ,26. ____

9. elop ?urfaao e ve jaediction capabil~ity 67___ _____ ~ -----L0 io. vatut e, near s1bare ___ __-______

U.. ftuy Vial-driven wET usnert1un 3___ 2 67-- - -

12. Study Wlas______ ________ 3'._

13. Iuswe" tide_ "dcumo capsw Lty 2T___ _________

A'. Meye ti~a awrrent Waiction ______ ______2T

15. Obtain 4MIperlmatl Y021.ticatimi of theamreticel ocean circulatios

16. Obtaft on's Arctic bathp3'try _____ _________

19. Sbily difAUion PuoceoM lIn bays, near coast* 58 __

20. Sarywy intere'*nge of voter between North Atlantic cnd adjac'xnL areasI

K71 Do -' leLPLit cpailty6
aBJWrs In~ vat~rx are aocumet pace mwtvrs wihcrr 0 U.tttr or Nn Impnet

Sreawcmiidatlor or concluston Is discussed I Minor Iep,.,t
0 Accrelsion 1ka.,ba - ýke BiblAicsraphy KJor Imip :1I



0.~ Vk e .
/0.

~ ~ ~ __ Imamct on Daeta

I ntar- nter- ter- nter- ter- nter- tar- 0o- Pro-

034+14 22• 226 2L- 4f03 404+ 123 4+37 1436 view view view viev view view view leC- ces- Use

_..9 _ _'_ _ 2 2 1

91 2 __ 2 1

2 19 2 2 1

- -9j...................
21 _ 2 2 1

26 __ 2 2 1

--11 1

9,02 2 2

2 _ _ 7 7 _

26_ _ _ __ 1 1 1

- 2-- 1 1

92.. • . .. .... ... .. 1 1 _

9,5
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scoring value, given in the right margin of the listings, Table 9,
a subset list was derived comprising the topics that were rated in
at least two out cC the three columns with a value of 2 (see legend).
Related topics were subsequently g•-L'ned. Reevaluation of the topics
in terms of their relative importance iurthcr reduced tne list to a
'7anageable number of entries that could be grouped into areas of major
concern appropriate for study and evaluation. These areas are briefly
described here. Also provided is a recommended preliminary approach
for gathering requisite information relative to each major area and
an indication of how the derived information is to be used during
PhaaZ Ii. Some of the Phase II Study Approach (Section IX) activities
reflect the pins and literature findings of Phase I.

B. FINDINGS AND RELEVANCE FOR PHASE II

It was found that most of the topics of macor interest could be
grouped inder the headings of new sensors, new platforms, new
surveys, new reiources and new programs. Two additional topics
of major interest but not included in these groupings are data
service center operations and w~ter pollution, which are treated
separately.

1. New Sensors

a. Mention was made many times in the available plans of intentions
for acquiring an extensive range of new devices such as:
1) sonar, side scanning and narrow focus; 2) ultra sensitive
magnetometers and gravimeters; 3) remote sensing syste"rs;
4) data acquisition packages for buoys; i) long ranEie detection

and communication acoustic systems; 6) instr'ments 'or Ships
of Opportunity (new packages); 7) STD's; 8) XBT's, 9) aiito-
chemical analyzers; and 10) shipboard wave sensors.

The application of these devices will increase tremendously
the volumes of data collected and will also tend to increase
the accuracy of the data, in part Lhrough reduction of hwmian
error, Many of these devices are multi-channel Find collect
information on more than one vdriable. Their application
implies a wide diversity of user needs and is indicative of the
burgeoning new inttrest in collection of physical, chemical, and
biological oceanographic dara.
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b. During Phase II, the investigation of effects of new
instrumentation will begin, where applicable, with acqui-
sition of the manufacturer's manuals for the instruments
of concern and the manufacturer's list of users. Expert
opinions will be obtained from the U. S. Naval Oceanographic
Instrumentation Center, Washington, D.C., and the Bureau
of Comnercial Fisheries' Oceanographic Instrumentation
Program, among others. In addition, instrument users will
be contacted in person and by questionnaire and information
obtained on use, calibration, reliability, modifications
that they have made, and their criticisms and comments.
During Phase II, opportunities for standardizing data and
instruments will be explored. Problems of coordination of
instrumentation and data processing will be identified.
Particular attention will be given to instruments of large
current or potential usage, such as X9T, STD, and con-
4inuous recording systems having both single and multiple
sensor capabilities.

During Phase I this approach was used successfully for
obtaining information on the S-T-D, manufactured by the
Bissett-Berman Corporation. One hundred and four (104)
S-T-D sales were listed up to September of this year, and
from this list preliminary questionnaires were mailed to
six S-T-D users. At the time of this writing, three
replies were received. Significant for data management is
the fact that all three users reported different procedures
for calibration, over-the-slde lowerin and data processing.

2. New Platforms

a. New platforms were frequently cited in the plims and
literature. Of' particular concern were 1) Buoy systems,
2) Towers, manned and unmanned s, tems, 3) Unmanned
meteorological observation platforms, 4) Fully automated
computer command vessels, 5) Aircrart, 6) Satellites
(Apollo Application B), 7) Towed submersibles, and
8) Deep diving vessels.

The anticipated implementation of large numbers of new
Platforms (buoys in particulsr) vi l result in step-
function increases in gathered data volumes and substantial

increpses in the types and forms of data as well. Aside
from the Lncreued data volumes the use of these data vill
undoubtedly be subjected to increasingly sophisticated
methods of analysis.
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b. The investigation of effects of new platfors will entail
literature search, interviews with manufacturers and with
agency personnel responsible for syntea acquisition.
Particular attention during this analy•is will be given
to user requiremients for data obtained from bwoy system.,
aircraft, and satellites.

c. The knowledge acquired during the study of platform data
acquisition effects will sqWort the assessments of cur-
rent and future data volumes to be handled by data centers.
The extent of shipboard computer pre-processing and the
msthods of data transmission will also be explored.

3. Resource Developmant

a. Marine resoirce development is hasavily documented in
much of the literature concerning the ocean envirornent.
Fish and petroleum are two major 1 esources now being
exploited. Many others such as minerals, drugs, fresh
water and chemicals are considered areas of high potential
for development.

b. It will be necessary in Phase II to determine through
questionnaire, interviews and literature search how much
and what kind of data are required by industry in order
to successfully proceed with their plans for future
development of natural resources. Some of the basic
assessments of user data requirements have already been
made by the U. S. Coast & Geodetic Survey (DN-l). The
Phase Ii investigation will use this document an a start-
ing point.

c. Because the U. S. fishirA industry is continuing to lose
ground to foreign competition it becomes increasingly
important to explore the possible assistance that can
be provided by improved data management. Phase II study
efror• will be directed to this area.

d. Because of both the Federal government's critical role
and the vested interests that most coastal states have
in encouraging development of natural resources, It will
be necessary to contact Federal, state, and local govern-
ment natural resource agencies during Phase I to obtain
detailed Inforution on their date requirem•nts In r.U
areas of resource developmet. As inforestion on uaer
data requirements is obtained, it will 10 incopv-arted

Into the synthesis of user data requirements.
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4. New Suzveys

a. New surveys of various tyres were frequently mentioned
in the plans and literature. Most new surveys were of a
time serier or synoptic nature including investigations
of the Gulf Stream, Norta Pacific Ocean circulation
(Porpoise Proposal), air/r-ea interaction, sea surface
temperature anomalies (Isaac's Buoy Program), as well as
time-independent surveys to investigate the geological
and biological nature of the Continental Shelf. Cooperative
effort between agencies, research institutions and indi-
vidual scientists was involved in almost all new surveys
cited.

b. The anticipated implementation of most of these surveys
poses both Lhe problem cf an increase in volume and types
of data as well as the satisfaction of a large and varied
group of users needs.

c. During Phase II, a study of the offects of inw surveys
involving locsa, national, and international organizations
will be conducted through additional literature search,
interviews, and questionnaires. Particular attention
during this investigation will be paid to the use of new
automatic sampling equipment and platforms, and The
attendant data management problems caused by the execu-
tion of the new survey programs.

d. The techniques and piocedures to support the survey study
will be docur-nted and used as an input in the develop-
ment ol the data collection foreoasting segment of the
Marine Data Planning System.

New• Programs

a. Several new programs of varying degrees of significance
were encountered during the course f the review of prior
plans, studies, and literature. Among these were:

* Buoy data collection.
. Satellite data collection.

Aircraft data collection.
* Shipboard use of digital computers.
* Improvewents in existing data bases.

D tevelojment of new data bahes.
* Ocean surveys.
SSyncptic data eollect!on.
* Time-series data colleeion.
* World Weather datch.
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The World Weather Watch plans are not included in those
reviewed although its broad goals and functions are known
and have been discussed in other parts of the report.
In Phase II, it will be important to determine all of
the functions of the World Weather Watch which relate to
marine data requirements. Since ESSA is deeply involved
with the World Weather Watch and oceanography, many of
the meterological-marine data interface problems will
fortunately occur within one organization.

6. Data Service Center Operations

a. It is significunt that in the plans for new data collection
there was considerable attention paid to the benefits of
acquiring and using various types of data. Much less
attention was given to the determination of the data
processing capabilities that .iould best accommodate the
types, fornvs and volumes of input data and beat serve
the users. To an extent this is understandable. Plat-
forms, such as survey vessels, are visible indicators of
capability. Collection programs tend to be discussed
in terms of platforms and sensor&. Not so visible but
equally vital to the effective employment of such data
capture instrumentalities is a well-planned data manage-
ment system which provides appropriate accoodation of
the data at a rate coamensurate with data generation and
makes available to the data user, at an appropriate response
rate, well-selected information in the form and volumes
needed. The requirements for such systems should be
considered at the time of data program inception. If
problems of data storage, processing and dissemination
are not considered when data collection programs are
developed, the overall data management system will produce
minimal service. Large backlogs and slow response time
will result and costs will be higher than in a properly
planned system. This problem is evident in the literature
of ooeaiography and was visible at scne of the installations
visitel during Phase I. At these centert the data proces-
sing operation v's hampered by the inertial forces of
substantial volumes of data acceomdated by classification
systes, storage media and forats chosen for s1 lest,
cheapest input. The data was stored as received. The
retrieval problem was passed to the user who had to access
essentially unprocessed data. The evidence, brth In the
literatu.re and frem observation and interview, leads to
the cmclus•o that the prob)ems in b~llre data aanasment
are not due exclusiveol to lack of funds, Except in
isolated cases, there are also problms of inadequate
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system design and insufficient use of available data
management tools. Review of plans and literature has
indicated that, in general, the marine science ccmmunltý
has not been a sophlisticated user of available data
management resources.

A major teask of Phase II is to assess the requirements
for storage, processing and dissemination of new programs
and provide for the integration of these requirements
with data collection activities.

7. Water Pollution

a. The 1965 amendments to the Federal Water ,foliutivn Control
Act designated water quality control standards as a method
for dealing with the increasing menace of water pollution.
The individual states had until Y'Une 30, 1967 to prescribe
acceptable standards for interstxte watar n if they
failed to comply the Secretary of Interior had authorisation
to then set the standrd. . Federal, state and local govern-
ment involvement in water pollution is growing rapidly
in all aspects, including research, regulAtory and legis-
lature, and expenditures. Industrial concerns are also
taking a harder look at the situation and are investing
greater sums of money for research on pollution control.

b. As data on water pollution becomes more widely needed
due to the enforcement of water quality standards, greater
importance will be placed on unifornu1v of sampling and
analytical procedures and th'e processing, storage and
retrieval of data. The Federal Water Pollution Control
Aftjinistration has recognized these needs and is currently
in the process of developing a data management system
for water quality control data called STOM. 1 In
addition to this Wideral program, several states are
developing water quality control data systems along these
similar lines.

c. IDuring Phase II it vill be necessary .o investigate the
state-of-the-art of water quality control data managemnt
systems in use or planed for the fturs. The most
logical starting point for this investigation will be the
Federal Water Pollution Coctrol Administration and the
Geological Survey of the Department of the Irterior.
Pfforts will be made to describe the overall data -rmate-

Nboli5, DIonal P. "STOM II, Stortge and Retrieval of fat.& Or yn water
S!And M1

I
I
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aent problem in order to prevent duplication of effort
in water qualitt control data collection, processing, and
retrieval by the federal, state and local agencies.

d. In addition, an inmestigation v4.1l be made to determine
to what extent the watem pollation control data require-
monte can be satisfied from existing data collection
progams within the federal, state, and local agencies.
A logical starting point for this operation will be the
Oeological Survey, Office of Water Data Coordination.
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IX. PHASE II STUDY APPROACH

A. INTRODUCTION

Advances in marine science and technology depend critically upon
the effective flow of information from daca producers to data users.
Previously, oceanographic data were collected primarily by the same
scientists and engineers who used the data. Now, with intensified
and diversified interest in marine data and with data acquisition
far more voluminous, complex, and costly, the data commodity and re-
lated products and services must be shared more widely. If we are
to achieve practical objectives in the sea, marine data must both be
generated and made available to meet a wide variety of user needs.

B. STATEMENT OF THE PROBLEM

A major problem today is that data are not moving expeditiously through
channels from acquisition to end product. The increases in data traffic
and the changes in the character of data resulting from new technology
both impose new problems in data management. A comprehensive marine
science data management study by System Development Corporation -- a
fourteen-month study, following project definition during Phase I --

will consider the following parts:

Part I: Analysis of the Needs of Data Service Customers
(Months 1-h)

I

Part II: Delineation of Marine Data and the Means for
Handling Them (Months 5-7)

Part III: Evaluation of Data Functions (Months 8-10)

Part IV: Design of Data Program Implementation Plans
(Months lO-lh)

Part V: Design of a National Marine Data Planning
System (Months 8-14)

Part VI: Data Program Synthesis (Months 8-14)

I
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C. PART I - ANALYSIS OF THE NEEDS OF DATA SERVICE CUSTOMERS (MONTHS l-4)

The problem to be considered is the need for improved understanding of
the frame:iork for data traffic from producers to users, with special
emphasis on the needs of data service curtomers. Whether as producers
and users, or as users alone, customers have current diata needs and
practices whose nature and frequency must be ascertained.

The Part I study will thus focus on the needs of Federal, State,
academic, industrial, and private users of marine data and data pro-
ducts and services. We must estimate the magnitude, frequency,
characteristics, and criticality of these needs and how they are likely
to develop and change in the future. Further, we must understand more
clearly at this point how diverse data move and through which nhannels
they move from producers to users; how long this movement takes; and
the role of responsible agencies in this process.

1. Objectives

The specific objectives of Part I are to:

* Identify data producers and user communities and
estimate the size of each.

* Classify the user community xn terms of data needs
and use. Some of the determinants of classes of data
use are the following: purpose of data use; data
type; frequency; volume, format, geography, quality,
sample size, etc.; time requirements for data acquisi-
tion, transmission, and retrieval.

"* Determine common and unique data needs within the

marine science community.

"* Evaluate the validity of stated needs.

"* Determine the adequacy of existing data products and
services to meet user needs.

"* Establish the need for new or improved data products
or services in advancing toward marine science goals.

"* Estimate data acquisi.tion and data service costs and
describe benefits derived.

"* Identify priorities among stated needs.

"* Identify and illustrate the nature of data flow from
diverse producers to a variety of data users.
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2. Approach

As an approach to the Part I study, subject to change as additional
information is acquired, we will consider specific identifiable
user categories and representative data applications for each:

Category Representative Applications

1. Scientist Research in:

) * physical oceanography

a biological oceanography

* chemical oceanography

a marine geology and geophysics

* air-sea interaction

2. Naval Planner and * safe navigation in coastal
Operator waters

* avoidance of storms and other
hazards to safety at sea

9 enhance performance of anti-
submarine, undersea, and mine
warfare systems

S optimize deployment of naval
forces

3. Environmental Preparation of:
Forecaster

* marine weather and storm warnings

* wave and sea ice predictions

9 tide and tidal-current forecasts

* coastal surf and current prediction!;

• tsunami and storm surge warnings

* estuarine flushing predictions
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Category Representative Applications

4. Ocean Engineer Design and developi,.-nt of:

"• coastal facilities, inclvding
harbors, sea walls, and breakwaters

"* offshore towers and oil drilling
platforms

"* ships and submersibles

"* improved fishing gear, including
aquaculture technology

"* ocean systems and equipment

"* coastal desalinization and power
-P i nn + .-

* waste facilities

• operation of submersibles

* installation of undersea pipelines
and cables

• salvage operations

• offshore oil and mineral production

5. Industrial Manager . industrial and operating decisions
for offshore mineral and energy
resources development, coastal
development, etc.

6. Fishcrmen * safe navigation in coastal waters

9 avoidance of storms and other
hazards at sea

a optimize fishing location to
increase yield per unit effort
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1.
Category_ Representative Applications

7. Merchant Mariner * safe navigation in coastal waters

@ avoidance of storms and other
hazards at sea

* optimize track selection to reduce
cargo damage and economize on
operational costs

* deployment of fishing fleets

* transportation planning

8. Federal, State, and . enhancing water quality in the
Municipal Planners coastal zone and Great Lakes

* aid in establishing Federal/State
conservation and regulatory
policies

* facilitate planning for rational
coastal zone use

9. Citizen Concerned * safe navigation of pleasure
iwih Recreational craft in coastal waters

Use of the Coastal
Zone * timely warning of storms and

high waves

e swimming conditions along coastal
beaches

3. Research Methodology

The reseao'ch in Part I will be conducted in thE form of a survey
of known producers and users of marine data. Owing to the extent
and detail of marine data activities, this survey will be conducted
by personal interviews with individuals in the categories identified
above. The questionnaire that will be used in the interviews is
shcfn in Appendix G of Volume Two of this report. The questionnaires
will be transmitted personally -- not mailed -- although in some
cases it may be left with an individual for completion of some
section(s) that require(s) collection of additional information from
within his organization.
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It is important that the persons interviewed not simply be
spokesmen for their organizations, but triat they also be
personally involved in the acquisition, processing, or use
of marine data. Thus, while the respondents will be identi-
fied by virtue of their organizational involvement in marine
data affairs, interviewees should also represent the expert
opinion of knowledgeable men.

A number of interviews can be completed with the resources
available during Part I. Interview data will be aggregated,
analyzed, and interpreted to determine present and probable
future characteristics of the marine data user population.
Adequacies and deficiencies in current data services and the
extent of user satisfaction with these services will be
identified. Institutional and iternational exchange re-
lationships will be examined. These analyses follow from
the statement of objectives given above.

In addition to data derived by means of the questionnaire,
respondents will be asked to ill uninate the operation of the
present marine data network with a case study or "life
history" of a specific marine data activity in which they
have been or are personally involved. The intent of these
histories is to identify the nature of marine data flow from
original acquisition through various processing channels to
end use. It is to be emphasized that these data-flow histories
represent the perspective of the respondent, and that no
judgment of completeness or validity in all areas will be
implied.

The histories will attempt to include such inforration as:
description of data; original and proximate source of data to
the respondent; processing performed prior to its availability
to the respondent (where, by whom, for how long, etc.); ease
and regularity of access; adequacy, relevance, and value to
the respondent; quality; timeliness; cost of acquisition;
processing by the respondent and his end use or output from
the data; Lnd respondent's projected future needs and recommenda-
tions for improved data services. While the selection of the
subject matter of the data flow history will, to a large extent,
depend on the respondent, attention will be given to the areas
of activity listed oelow.

1) Ocean observation and prediction activities,
especially as these bear on mo;'e accurate and
longer-range marine and continental weather
predictions.
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2) Map anO chart production services performed by
the U.S. Navy, the U.S. Coast asid Geodetic Survey,
and the U.S. Geological Survey.

3) Academic research activities of marine scientists
in the effort to gain new knowledge and under-
standing about the oceans and thei: processes,
especially as these are influenced by new tech-
nology, discipline, and research goals.

h) The use of foreign data by U.S. marine scientists.
What is the role of World Data Center A? Consider
data exchange for the International Decade of
Ocean Exploration.

5) Small craft charts prepartI by the Coast and
Geodetic Survey for recreational sailors and
sports fishermen. Include respondents both from
Lhe Coast and Geodetic Survey and from the users
thenselves.

6) Environmental services forecast- prepared by the
Bureau of Commercial Fisheries for west coast
fisheries. Include respondents both from the
Bureau of Commercie. Fisheries and from the users.
Are similar services needed for other fisheries
in other areas?

7) Marine engineering data used for the design,
testing, and Dperation of both military and non-
militarj submersibles. Include respondents both
from engineering designers and from operators.

8) Marine engineering data ased in offshore platform
construction, e.g., for oil drillhi-g. Why have
some or these towers collapsed (Texas Tower #A)?

9) Coastal warning services, especially of devastating
storms, tsunamnis, and stor- ýurges.

10) Marine weather, storm, and wave forecasts, including
forecasts for the Great Lakes, especially as used
for recreational sailing, sport fishing, commercial
fishing, and offshore tower and drilling operatiuni.
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ii) U.S. Merchant Marine services and products
provided by the U.S. Navy, including nautical
charts, sailing directions, pilot charts, etc.

12) Ship track routing services used by both
merchant and U.S. Navy ships to avoid storms
and reduce transit time.

13) Research and publications of marine scientists.
What becomes of data collected by scientists
for their own use; how do others in the pro-
fessional community learn of it?

lh) Regulatory and conservation programs related
to water quality and marine resources, as
practiced by Federal, State, and runicipal
planners. Inquire about the value of
estuarine flushing and non-tidal current
prediction service.

15) Marine environment resource development
activities of oil and m4neral industries,
especially in regard to data product services
provided by the Federal Government. Include
respondents from both the Federal Government
and industry.

16) Sea-ice forecasting services supporting ice
area operations of U.S. shipping, Coast Guard,
and Navy. Include respondents from both fore-
casting services and the user/operations.

17) Beach and surf forecasts provided by ESSA in
the Los Angeles area. Include respondents
from both ESSA and the public.

18) Publications by i3CF of the "Caunal atlas"
series summarizing knowledge in marine bio-
logical exploration arid rescLrch. Include
respondents both from BCF and the user
commuwýni ty.

1i)) Marine data activities in the U.S. Navy
supporting the design, development, test,
evaluation, and operation of military systems
and tne deployment of naval forces. What
happens to data collected by Navy labcratories
and in the ASWEPS and marine geophysical survey
programs, for example?
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20) Operations and functions of marine and marine-
related data centers: National Oceanographic
Data Center; Great Lakes Data Center; National
Weather Records CenLur; Smithsonian Oceanographic
Sorting Center; gravity, magnetic, and seismology
data centers. Include respondents both from the
centers and from the user communities.

21) Sea search and rescue services provided by the
Coast Guard.

22) Marine taxonomy, especially the collection and
processing of specimens.

23) ESSA's SEAMAP program activities.

4. Products

The results of Part I will be presented in a formal report
accompanied by briefings. The report will consist of a brief
summary of major findings, together with a more detailed narrative
report describing and analyzing the composition and characteristics
of the marine data user community according to the statement of
objectives given previously and the contract statement of work
governing performance of the contract. Statistical data will be
limited to tables and graphs except where communication and under-
standing dictate more complex schematic representation -- e.g.,
flow charts.

To assure satisfaction of the contract statement of work, data
books will be developed for recording and classifying information
collected from the interview schedules. Information will be
organized by data use, program, organization, and data type. These
data books will not be published for formal distribution but will
be developed for use in remaining parts of the study.

D. PART II - DELINEATION OF MARINE DATA AND THE MEANS FOR HANDLING THEM

(MONTHS 5-7)

1. Objectives

Based on the survey and analysis of the needs of marine data users
performed in Part I, the objective of this part of the study is to
identify and describe the marine data that should be subject to
coherent management at the nstional level and to inventory and
analyze the processing functiun%, that various organizations currently
perform on these data.
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a. Data

Description of the data that should be subject to management
and coordination in a national marine data program will include:

"* Designation of the kinds and forms of data relating
to pertinent phenomena (physical, biological, and
socioeconomic) of the world oceans, coastal waters,
estuaries, and the Great Lakes.

"* The nature of data currently available in various
categories designated above with respect to their
source, quality, and usefulness in satisfying
national needs.

"" Specific description of the compatibility among
current data storage media such as documents,
maps, graphic or electronic analog records, graphic
or electronic digital records, specimens, etc.

"* Assessment of the national impact of data (to be)
made available by new sensors, new recording tech-
nology, new designs of research, and the introz
duction of new collection platforms such as un-
manned stations, aircraft, deep submergence research
vehicles, and spacecraft.

"* Estimates of the current and projected amount of
data of various kinds and from various sources,
rates of accumulation, and rates of possible
obsolescence.

Based on the description of data requirements, apparent un-
fulfilled national-level data needs will be identified and
explained. Unfulfilled data needs may prove to be the result
of any one or several of the following: data are not being
collected; data are collected but are not available to all
who require them; data usage may be restricted by security
classification controls; data usage may be restricted by
industrial proprietary controls; data move too slowly through
the marine data network; and data are incompatible in time,
space, quality, or storage media.

A description and rationale will be given for excluding any
categories of data that are not regarded as appropriate or
required for incorporation in a coherent national marine data
management program.
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b. Services

An inventory of organizations that currently perform service
functions on marine data is to be made and their processing
activities described. These service agencies will not be
limited to marine data centers but will include all Federal
and government supported organizations that perform acknowledged
and routine marine data services, in order to examine the degree
to which these services lend themselves to coordination within
a national marine data management program. The following
aspects of these services will be emphasized:

"* Affiliations, sponsors, suppliers, aid customers
(users).

"* Nature and size of data collections, services
offered, assessment of coverage, and areas of
overlap.

"* Degree and kinds of existing arrangements for

coordination and data exchange.

"* Feasibility or extent of international cooperation.

"* Extent and practicality of expanded cooperative
arrangements with domestic sources and users of
marine data, such as State and local governments
and private organizations.

"* Adequacy of services and potential for growth,
assessment of facilities, manpower, and personnel
training programs.

2. Approach

In order to achieve the objectives stated, a threshold level of
performance/cost relationship will be established to serve as a
criterion for recommending inclusion of marine data categories
within the scope of a national marine data program. In accomplishing
the performance/cost analysis, several future funding levels for
marine data management operations will be hypothesized in order to
provide planning options. Similarly, performance/cost analysis will
be performed on marine information service operations in order to
assess the relative importance of existing service agencies in a
national data management program; to identify service agencies that
require upgrading in order to function properly as a component in a
national program; and to indicate changes that will create a more
effective operational facility.
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3. Products

The results of Part II will be presented in a formal report
accompanied by briefings. The report will consist of a brief
summary of major findings, together with a more detailed report
describing and analyzing marine data and data services that are
recommended for a national marine data management program.

E. PART III - EVALUATION OF DATA FUNCTIONS (MONTHS 8-10)

1. Objectives

Part I of the study will have produced a report of the expressed
needs of users of marine data and data products. Part II will have
produced a delineation of the categories of marine data appropriate
for national-level management, and of the marine information
services in current operation that lend themselves to national-level
coordination. Part III of the study will evaluate these data and
information services in order to identify characteristics which
marine data and data services should possess in the national-level
program.. From this will be derived a statement of functional re-
quirements for the national program that will represent goals
considered achievable within the next decade. Specific functional
characteristics are enumerated and illustrated below; the study will
investigate their scope of application, sources of current in-
adequacies, appropriate criteria, and expected standards of
performance, as well as the opportunities for significant improvements.

a. Data Processing

With respect to the technology of data handling, the study will
cover historic, contemporary, and future collections and will
consider three primary processing activities: ship-board
processing, land-based processing before data are deposited
with a service agency, and processing performed at service

agencies within the national marine data management program.
The principal technological developments in terms of which the
handling of marine data is being performed are to be identified,
and the opportunities for their improvement are to be appraised.

The study will focus on the following:

1) Automated Equipment Utilization. Some facets of marine data
hb.ndline appear archaic in the light of recent developments
in automated electronic and mechanice! devices and compute-
technology for collection, identification, storage, retrieval
and publication. Therefore, automated equipment utilization

ii
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will be considered both integrally with collection of
primary data and their processing, as well as in subsequent
phases of processing. Of particular interest will be the
employment of better and more economical services, either
by means of parallel systems or through central systems
operated on a time-shared basis; data processing by on-board
computers; the use of analog-to-digital convertors; randon-
access, mass storage; graphic displays; and automated abort.

2) Communications Systems. Data communication systems and
techniques that provide for the transmission of data from
collection points to processing and storage facilities will
be investigated. Communications systems that transmit data
between data service agencies will also be studied.

3) Media and Data Codes. The multiplicity of codes, formats,
and media for recording data is a significant deterrent to
expeditious data flow and data exchange in the marine
community, including international data exchange. The study
will analyze the alternative media and codes that are em-
ployed to record oceanographic data and the issues of
compatibility that must be resolved in order to permit
unobstructed circulation of this information.

4) Storage and Retrieval. The matter of abstracting, indexing,
and archiving will be addressed, with special reference to
the timeliness and adequacy of coverage, indexing vocabulary,
compatibility among related disciplines and subject matter,
and integrity of long-term storage. Consideration will be
given to the related requirements for storage and retrieval
of environmental data, citations to envirotnmental data in
published reports and documents, and surrogates of published
reports and documents in the form of abstracts, extracts,
or bibliographic indexes.

b. Accountability

There does not now exist a :omprehensive national marine data
inventory. Provisions for creating and maintaining an account
of the accumulating marine data will be recommended, including,
but not limited to, the identification of:

9 Conditions under which data were collected and
transmitted.

* Data that are related in space and time.
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"* Data samples that are related in a common and
uniform manner.

"* Other data collected simultaneously.

"* Retrieval programs that ascertain the density of
"neighboring" data.

"* Measures of expected obsolescense.

"* Error statistics or confidence limits.

These and/or related criteria for maintaining accountability of
marine data holdings will be developed, and appropriate methods
for their application will be recommended.

c. Accessibility

Functional requirements for access to marine data holdings
within the scope of a national marine data program will be
identified. The study will include consideration of:

* Required response time distributions and how these
compare with actual response time distributions
today.

* Requirements for redundancy, to compensate for
insufficiencies in data retrieval.

* Requirements for retrieval of related data by
means of search, inference by prediction from
models, or statistical correlation.

e Volume and significance of data of restricted
access due to proprietary or security controls.

d. Quality Control

Requirements for quality control of marine data will include
consideratiLn of instrumentation, sampling design, and control
of post-observation manipulation. Specific attention will be
given to:

9 Sources of current quality degradation, such as
instrument inadequacy, sampling errors, and errors
resulting from interpolation to standard conditions.
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"* Quality assurance techniques employed currently;
inter-sample correlation techniques with observa-
tions of differing quality; indicators of quality
that associate certain data as appropriate for
use in connection with particular purposes.

"* Established quality standards.

"* Validity tests and organizational procedures to
identify and correct data deficiencies.

e. Dissemination

Dissemination of marine data and data products will be investi-
gated to determine the adequacy of existing dissemination methods
in comparison with alternative or additional techniques.
Consideration will be given to:

"* Timeliness of transmission.

"* Method of data transmission.

"* Volume and frequency of data transmission.

* Forms of presentation, especially standard publica-
tions, and the needs for and arrangements of displays.

"* Availability of inventory information and surrogates
(abstracts, extracts, and bibliographic citations)
describing data holdings.

"* Adequacy of current methods for data exchange:
compatibility for mutual use of data; economics of
exchange arrangements; domestic and international
eata exchange.

"" Rapidity of publication.

f. Input Structure

Consideration will be given to the requirement for establishing
standards controlling the input structure and eligibility of
marine data for the national program. Specific attention will
be addressed to:

* Standardization of precision indicatcrs, definition
of concepts and units of measurement, formats of
recording.
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* Standards of sampling design, especially to
conform to established doctrine of quantita-
tive information theory.

* Standards for the selective acceptance of
marine data into data collections with national
service missions.

g. Archival Stors•e

Functional requirements for archival storage of marine data and
data products will be based on assessments of the adequacy of
current storage methods and retrieval services. The following
factors will be considered:

* Identification of existing facilities and techniques.

* Compatibility between storage and retrieval methods.

"* Retrieval times and !oste, compared with times and
costs achievrble vithin the state-of-the-art.

"* Size, duration, cnd reasons for backlogs; measures
employed for data conversion.

"* Formats, media, and processes used for storage.

"* Coordination between storage repoiitiries In
marine scieneoz and in relatid fields.

"* Available zoverage by government, as vell A.o by
private organ tzations.

h. Data Analysis

PIequtroesnts pertaining to data anc•ysis refer to the iecthods
employed for analyzing, reduclng, and packaging marine data to
stke then more denerally uzel*M. Cciideratimn will be giver
tot

0 c.chalq.es. of Statistical 38527a8is applieabl*e to d44u

%rAw6ation &A 4tSq•svreation.

a ototnitm and Promocac or awnoeues.

* ~nrdet~i.Ime 0"d mNO4yalf.
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i. Development

Firm recommendations for functional requirements to be
established within the national marine data program should
recognize not only the status of current operations, but also
the technological feasibility of achieving significant improve-
mernts. A review of research and development will be conducted,
concentrating on the following major problems of collgcting,
processing, recovering, publishing, and displaying marine data:

* Detection and correction of errors, botn human and
instrumental, in data acquisition. An analysis
will be made of the feasibility of improved systems
employing automatic techniques.

* Adequacy of sampling structures. An analysis will be
made of modern methodology and equipment, such as
continuous recording instruments, sensor arrays, and
shipboard data loggers, to assess potential improve-
ment in data sampling designs.

* Retrieval, publication, and display of data. An
analysis will be made of contemporary computer-
based mass storage and retrieval technology, coupled
with advanced display methods, such as computer
graphics and automated publication developments.

* Effects of new technology on the organization and
structure of the national marine data program in
terms of collection programs, communication systems,
and marine information service operations in support
of a national mission.

2. Approach

Part III will consist primarily of an analytic effort supported by
highly selective interviews with apprrpriate e)perts in such
technical fields as sensors, platforms, conim'unteations, library
services, information processing, and displa~y. The emphasis will
be on identifying furctional requirements and esitablishing the
technical feasibility of means for satisfying these requirements.

3. Product

The results of Part III will be presented in a written report
accompanif - by a briefing. The report will describe the fun,'tiorii
requirements and the technical feasibility of implementing impr, ve-
ments for the nine topic areas enilrerated under Part F.1, OLjeotives,
above.
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F. PART IV - DESIGN OF DATA PROGRAM IMPLEMENTATION PLANS (MONTHS 10-14)

1. ObJec ives

The technical analyses conducted during the Phase II study will
result in the publication of a ten-year Technical Development Plan
for the national marine data management program. On the basis of
the information developed in preceding parts of the study, alterna-
tives for improvements will be analyzed, and recommended data
management initiatvres will be presented with a view to their
adoption by the various agencies. These improvements may fall into
any of the following broad categories:

a. Introduction of available techniques and technology in order
to update current operations, in both products and services, in
the measurement and sampling of the marine environment, in the
analysis, reduction and storage of data, and in retrieving and
disseminating information to the user community.

b. Identification of promising opportunities for improvements in
data functions that show prospects of yielding to techniques
and technology under development within the next 10 years.

c. Improvements in the marine data acquisition process -- e.g.,
simultaneous collection of different kinds of data for which
a need exists, to permit more thorough and efficient subsequent
exploitation.

d. Conduct of applied research in order to increase the under-
standing of the entire process of measuring phenomena in the
marine environment, reducing data, and utilizing the resulting
information.

e. Modification or expansioa of existing data handling activities
and information service agencies in order i.o make their service
more responsive, of higher quality, and more timely.

f. Increasing the compatibility of marine data and data products at
all levels, from data definitions (e~g.. units of measurement)
to inter-system formats, media, and display.

g. Development of new information service systems, if needed.

The Teohnical Development Plan will recommend priorities and
schedules for implementation, and will specify the resources --
personnel, equipment, facil!ties, and money -- considered -ecessary
to implement the plan. Several options of the plan will be developed
hased on alternative levels of assumed Federal funding.
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1.
2. Approach

A performance/cost analysis will be made for each option of the
Technical Development Plan. Factors to be considered in the
performance/cost analysis are:

a. Potential benefits in relation to development and
implementation costs.

b. Scope and intensity of validated needs for data and
data services.

c. Trade-offs -- for example, between the establishment of
standards for accountability and compatibility, on the
ore hand, and capital investment in new instrumentation
and facilities, on the other.

d. Probable technological developments within the next
ten years that will significantly influence either
the availability or the application of marine data.

3. Product

The results of Part IV will be presented in the written report,
Technical Development Plan, accompanied by briefings.

G. PART V - DESIGN OF A NATIONAL MARINE DATA PLANNIAG SYSTEM - NMDPS
(MONTHS 8-1h)

1. Objeactives

Exprience has shown that among the factors involved in implementing
improvements to an information processing network as CoMp]-.x as the
national marine data management program, effective coorc(i'iition
of the many activities is critGical. The coordination, in this
context, is the technical management and design and control that
ensure that implementation schedules are appropriately phased and
that resultant opeiations do indeed Dilfill the objectives for
which they were intended. The Phase II study will analyze require-
ments for a National Marine Data Planning System (NMDP2) to perform
the planning and management functions for the national marine dita
management program. Consideration will be given, but not limited,
to the following activities of the NMDPS:

a. Monitoring irrplementation of marine data program improv,,ment2
to compare results with objectives.
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b. Expediting availability of relevent data program information

to the affected marine community.

c. Forecasting data pr-graum requirements.

d. Assessing the routing of data among marine data acquisition,
processing and disseminatlon agencies and the distribution of
workloads among the various marine data facilities.

e. Updating the Technical Development Plan for the national marine

data management program to ensure its currency with events.

2. Approach

A concept of operations and a recommended organization of the NMDPS
will be specified, based on discussions with personnel of the Marine
Sciences Council and with personnel experienced in the design and
control of analogous developmental programs in the military and
civilian environment,

3. Product

The results of Part V will be presented in a written report,
accompanied by briefings, setting forth the responsibilities, organi-
zation, and operational concept of the proposed NMDPS. "

H. PADT VI - DATA PROGRAMS SYNTHESIS (MONTHS 8-14)

1. Objectives

This part of the study is to be conducted concurrently wit-i Part IV,
Design of Data Program Implementation Plans. Thp p.:rpose is to
appraise th( requirements and ccnfiguration of tL,e total national
marine data management program that has been recommended in preceding
parts of the study and to ensure the consistency of each part with
the whole: users' needs, scope of the data and service agencies
supporting the national interest, functional requirements for
improved data management, the Technical Development Plan, and t he,

National Marine Data Planning System.

Tht. approach will be that of reviewing For consistency f, t- W
reports delivered in preceding parts of the study, with .rt i.u!,ir
,it t ont i on to tihe technical coufi~uraton r for a nsiti nat " , ,I',
naii? gernen t progrwn, oonta iued in the Techni.cal 7)evelo pmt,-.' l ar..
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(Pages 320-330 Blank)

3. Product

No independent product will result from this part of the study. If
the synthesis indicates the need, revisions or addenda to preceding
reports may be issued. The Technical Development Plan will reflect
the findings of the synthesis in its recommendations.
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This report documents the~ Phase ,Study of the National Data Program for the
Marine Environment. This study was ziponsored by the National Council on.
Marine Reisources and Enigineering Development. The end prodlict of Ph~iae 1 in zk
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I . A review and analys~s uf the findings and recomimendations 3o' pcrtm.etit prior
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P and t~i~rtY- nin* docurionts were surveyed.
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moarinr data handling capability. Sevr'nltrer plans were revired.'

Additir~nal Phase 1 aict ivi, ts were as follnwe.
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2. Interviews were conducted with:

75 persons in 28 Federal Agencies.

20 persons in six Scientific Institutions.

10 persons in seven Regional Authorities and in Industry.

These interviews included organizations whose activities spanned the entire
spectrum of marine data functions; collection, processing, storage and
retrieval, dissemination and use.

3. A detailed methodology was developed for structuring the Phase II design
efforts. This methodology was applied during Phase I for the preliminary
analy-sis of:

e National Marine Science Program Objectives

e Functional Requirements

* Data Program Requirements

0 Constraints

e Effectiveness Analysis of Data Programs

* Cost/Benefit/Effectiveness Analysis of Data Pro~rams

* Data System Requirements

I

I%
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