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EXECUTIVE SUMMARY

IMPROVING MARTNE DATA MAKACEMENT

The United States has a new mandate for the expansion of ocean related
activities. The Marine Resources and Engineering Dsvelopment Act of 1966

(PL 89-454) calls on the President to develop a comprehensive, long range,

and coordinated national prcogram in marine science with the assistance of 2
National Council on Marine Resources and Engineering Development, and an
advisory Commission on Marine Science, Engineering, and Resources. The
Council is composed of the Vice President of the United States, who serves

as Chairman, five members of the President's Cabinet, and three heads of other
fFederal agencies. It has statutory responsibility to advise and assist the

President in policy planning and the ccordination of marine science affairs.

The new marine sciences policy is unprecedented in its breadth. It continues
the quest for scientific knowledge of the marine environment but marks a
significant transition toward applications through strengthening ocean

engineering and marine resource development to:

e Contribute to national security
¢ Enbance commerce and transportation
e Rehabilitate domestic fisheries and incr:zase the harvest frem the sea

® Develop seashore resources and reduce polluticn of the Creat Lakes,
bays, estuaries, and nearshore waters

® Improve forecasting of weather and ocean conditions
o Supplement continental sources of oil, gas, and minerals

e Promote international understanding and cooperation through use of
the oceans

The marine science effort, reinforced by many scientific and engineering
disciplines and technologies, involves a wide diversity of institutions,

including Federal departments and agencies, committees of the Congress,
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major 1J.5. industries, and numerous State, regional, and international organi-
zations. (See Figure 1 for Participants in Marine Sciences.) Private sector
participants include many of our universities and maritime, construction,
chemical, electronics, aerospace, mineral, oil, fishing, recreational, and
other industries. One significant purpose of the Act is to achieve a creative
and cooperative partnership among the government, business, academic scien-

tific, and engineering communities.

The 1966 Act recognizes that an expanded and cocrdinated national ocean pvo-
gram can contribute tc achieving major national goals. A vigorous program
of marine research, development and exploitation has thus been launched to
ensure that the bountiful resources of the sea contribute to solving man's
increasing needs for food, water, mirerals, and energy. The new national
policy will accelerate the conversion of the relatively unfulfilled promise

of the sea to naticuwide benefits.

Federzl support for marine R&D has increazed from $438 millio~ in FY 1967

to $528 million in the President's budget for FY 1970, and is the fastest

gr wing sector of the Federal R&D budget. In January, 1969, the Marine

Sc  wces Commissicn recommended an $8 billion investment in civil-oriented
me _na2 science activities during the next decade. The sharp upward pro-
jections of funding for marine science affairs is depicted in Table 1.

At this stage of its development, and for the next ten yea:s, marine science
programs will be primarily data and information oriented. There will thus
be accelerating needs and opportunities for new and improved data management

systems and services.

Vast quantitics of marine-oriented information are required to support vir-

tually all purposes of marine science and technology. These include:

e Environmental data--real-time and archival--concerning the nature of
the oceans and the interactions of man's activities with the marine

environment.




TM-4023/004/00

o

July 31, 1969

NN NYde BOUPeIO Y)im
SN Ul IONNIIL| 0g JWOG o

SNOLINLIISNI JIW3aVYIY

SUDISSIWWN?)
Aawsy

s3jtloyiny pagd

IR ‘UOISSIWL0)
uIseg saye Jea9

| I

X

t6uipnpdu)

SIHIIBOHINY JIVISYIING ¥ IWNOI 93¥

SUOHINPIIRL 8307 4O SPuUTINOy) o

uennndog “S " 10 %S/ Ll SRS
SINT 19I5 DUR |71S007 0f o

SINJWNUIADD T¥I01 7 VLS

SHONEIDS ANIYVH NI SINVAIDIINVd °*TI-1 TENOIA
Wwaugsasuy SIMG E N
— co._ata..::L wiplgliys $31U0J1IAT aed-0lay
UG su0) poGIRag g by uoHeaISIY E:h.__._.h_.ﬂ_ ®
[ —
AHISNANI
0
:ﬁuo.mﬁ%m buaauibuy o $33U3135 jo
eucieN Ausapey jeuoien Awapeoy |puoney
| ] |
(Bu1pn|3uy)

.

$31008 AYOSIAGY

U] 40 1IN Ut S35 madby e RB I

HRINOT S2U317G UMy L ) 3434 ster )

RIVEEH LI Ly
A O et

SNOLLVIDOSSY

TYNOISS 30U« ¥ 3QWN)

7
T

IR SHE
SU7eiLehi)
1Plie suaannb-urey

et e
AN

Plur L lumgo|

ZURILOSY _ SEJ r 1SN f_ ﬁ 3Jawwe) ~ _c&_atachL
LA
m...\.mvo.._mn...w m M‘;v“;(z -..« h Jv H _ 101393y g m E37 413 q _ /7 Anen,
,-lltlm lllll m S g e —— X [N i ' T

is#1dusby builesad(y)

S3NVWWo]
| 1ounon g

$atpog Ianeisdosady
pur aA5e§s 1607

oSN \—m<uu HM@OQ wmbmo

0S URy} d10y

_ asnay m m 2!3._

$3JuaIS autiew

1unecy

(UAIS3Id 10 M) 3AINIING) —

junIsalg anA

e e

SSIHONOD

_ Uapisdid

HINV3E 3AI1NDIX3

L

] |

185 DG OGT ieA)s

SNULIVIINYSa T T GHivha N

TULIBINECS DI oM JO

L6 LY SNOIS (e15e0D
201 fuiLriacg, suonmy 9¢¢

SNOLIYN 80




July 31, 1969 I-4 T™-4023/006/00

TABLE 1

*
COSTS FOR _COMMISSION RECOMMENDATIONS (BY ACTIVITY)

(Incremental Costs in $ Millions)

Average Annual Costs 10-Year
Activity 1971-1975 1976-1980 Total Costs
All Commission Recommendations 652 948 8,000
Management and Operations 62 70 660
Research and Education 142 226 1,840
Specific Technclogy Programs 124 182 1,530
National Projects 160 215 1,875
Fundamental Technology 130 210 1,700
Mapping, Charting, and Surveying 34 45 395

*

These Ccmmission recommendations reflect only Federal nondefense programs.
The Defense segment is expected to grow at a slightly higher rate during
the projected periods.

o Bibliographic and documentation information.

e Program management and budget information about past, present and

projected activities.

e Statistical, economic and demographic information con.erning man's

activities that impinge on or are affected by marine operations.

Many data requirements as well as data collection and distributlon needs are
common to numerous organizations, both Federal and non-Federal. Producers
and users of data now in:lude more than 30 bureaus in 15 Federal departments;
30 coastal and Great Lakes State governments concerned with developing and
regulating the use of marine resources; 250 Federal, State, academic and

private laboratories involved in marine research and engineering development;
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1,100 merchant ships; an ever-increasing number of offshore o0il and mineral
operations; several million sport and commercial fishermen; tens of thousands
of Navy men in our fleets; and more than 7,000 scientists, engineers, spe-
cialists, technicians and others engaged in marine research and development
activities. Each is concerned with obtaining marine data or data products
and services to meet his own particular needs. The problem of responding to

these needs is illustrated in Figure 2.

Advances in marine science and technology depend critically upon the effective
flow of information--from data collectors to data consumers. Today, with
broader ocean-related activities and with data acquisition more complex and
costly, the data commodity must be shared among a larger number of participants.
More efficient recording, archival, processing and distribution systems are
needed to provide information services not only for the oceanographic com-
munity, but beyond it to a larger community of State and industrial users, and
public and private interests concerned with maritime policy and eccnomic develop-
ment. If we are to understand the complex nature of the marine environment and
if understanding is to foster achievement of practical national goals, infor-
mation must both be generated and made available to meet a wide variety of

user needs.

Apart from increases in the size and complexity of the data community, increases
in data traffic and changes in the character of data impose new problems in

data management. The advent of simultaneous measurements at numerous locations
and the evolution of requirements to monitor the marine enviromment with ocean
data buoys and spacecraft sharply increasce the sieer quantity of information

to handle. The complexity of marine data management can be illustrated by the
variety of observable quantities and the diversity of their sources and end-
uses. Data arc obtained from the world oceans, coastal waters, estuaries, and

Creat Lakes by:
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¢ Research and survey ships, offshore platforms, submersibles,

and divers.

e Ships of opportunity in the merchant marine, Navy, Coast Guard,

and commercial fisheries.

e Spacecraft, aircraft, and buoys.

Data may be real time or archival; may be presented in the form of maps, docu-
ments, visual displays, analog or digital records; and may consist of sea
water, biological or geological samples. Exploration of the oceans has not
always been fully coordinated and agreement within the marine sciences com-
munity as to data handling procedures and standards has not been broadly
achieved. Meanwhile, technology makes it possible to accumulate data at a
vastly faster rate. Data users are thus frequently unaware of existing
sources, and are unable toc retrieve needed data quickly in a readily usable
form. In other cases, data may be deliberately rejected because of doubts
of its validity. These problems demonstrate the needs of all sectors of
the marine science community. Innovative dita management programs can be

developed for their solution.

Several Federal data centers have been established to meet a demand for
improved data services. These facilities almost {mmediately became inadequate
as the re.ult of inadequate funds as well as insufficient national Jata bases,
incompatible data formats for efficient exchange, delays in filing, archaic
processing and communication methods, and lack of critical evaluation., An
increasingly serious problem for the future is how to manage an even larger
voiume and diversity of marine data which are certain to result from {ntensi-
ficd activities and new technologies., Effective data services that af ford
prompt and reliable dissemination should be developed to match the speed

and sophistication of data acquisition if the benefits of new technologices
are to be realized. Such services must be planned not only for the present

but for the next ten years,
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The System Development Corpoiation, under contract to the Marine Sciences
Council, is submitting this report on a recommended National Data Program
for the Marine Environment, projecting on an agency-bv-agency and marine
program basis the increased funds and other resources required to upgrade
the quality of the more important marine data management activities and
other services, commensurate with the expanded program proposed by the

President's Commission.

The sphere of Federal marine data management activities is vast and the time
is ripe for providing the catalyst required to accelerate its orderly
development. It is hoped that the SDC report will provide this catalytic
effect and dictate the future success of marine data management affairs

within the Federal Government.

et 0t o A
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MAJOR RECOMMENDATIONS

The purpose of this section is to provide a summary of the major recommenda-
tions which have been developed during the course of the project. These
recommendations are based on detailed analyses and findings presenced in the
body of the report. The recommendations are presented here for the conven-
ience of the reader who wishes to capture the principal issues which carry

pcticy implications for future action.

These recommendations are based on the general conclusion that the nation 1s
not getting full value from the marine data which have been collected and
continue tc be collected in ever greater volume. Budgets for data prepara-
tion, storage, retrieval and analvsis are consistently assigned low priority.
National data centers do not have the equipment or personnel fo provide
desired services. Ocean observations may be duplicated through lack of
knowledge about available data sources and holdings. Data collected from
many rescarch expeditions or developmenc programs are often communicated

to the national data archives reluctantly, late, or not at all. Recognition
of this situation, and corroberation of this conclusion, is feuard in the
reports published in accordance with the Marine Resources and Engineering
Development Act of 1966 (Public Law 89-454), which established the National
Council on Marine Resources and Enginecering Development, and the Commission

en Marine Science, Enginrering acd Resources.

We theretore ~onsider it of yrgent national polority to adopt technical
impr: vement programs in the principal marine data service organizations,
to strecagthen the capabilities of national Jata centers, and te tighten the
Federal administrative machinery relating to the marine Jdata netwerk.,  These
aotiens will significantly increase the value of marine data te the mam

user groups who comprise the constituency of marine science activities, and
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enhance the United States' position in the international marine science

commuitity.

Recommendation: Authorize prompt implementation of the Technical

Development Plan.

The Technical Development Plan (TDP) for a Wational Nata Program for the
Marine Environment is summarized in Chapter ViI, and elaborated in Volume

I1 of the report. It specifies product improvements, new products, data
requirements, and implementation requirements for each major Federal marine
data service organization for the ten-year period Fiscal Year 1971-1980,

A minimum investment in needed product improvements over this period will
require an estimated incremental cost to the government of $184 million

above present levels (Plan A). Implementation of a plan for preduct improve-
ments, new products and improved user services will require an estimated
incremental cost over the ten-year period of $372 million above present
levels (Plan B). Implermentation of the recommended complete plan for product
improvements, new products and services and uew data acquisition networks
will require an estimated incremental cost over the ten-vear period of

$496 miilion above present leveils (Plan ().

Implementation of the recommended complete TDr will produce vitally needed
upgrading of existing marine data products and services, and development of
capabilities for improved systems for future data management and product
preparatien.  In addition, the TDP includes recommendations for funds to
support developmental planning of data management capabilities in the
natfonal data ceonters so 1hat more po rful and responsive services may be
provided to the expamding user communitv. Data centers must attract and
retain first class data managars. The expenditure of funds for these pur-
poses will return benefits to marine sciences and the user community at
large that will far outweight the dellar cost, and will imprave the currentivy
inadequate capabilities for exploftation and dissemination of data in order

that balance be achieved with necessary increases in data collection. In the
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event that additional monies are not allocated to the marire data management,
it is essential that this field be strengthencd by the reprogramming of

authorized appropriations to the Federal agencies.

Among the major technical recommendations of the TDP are the follow.ng:

1. Jointly between the Federal government and the States, develop a
new unclassified prowuct. a nearshore coastal zene atlas, or coastal
atlas, consisting of information on clim.te, recreational facilities,
geography, coastal developments, {isheryv statistics, landmarks,
hazards to navigation, geological features, and mari: wironmental

and bathymetric data. (See TDP-C&CS.)

o

Undertake the development of new sateilite products which combine
digital meteorological data with satellite imagery data. (See Tob-

NESC.)

J. Reduce time delays in revision, increase geographic covecage and
resurvey frequency, and enlarge the scales of Coast and Ceodetic
Survey neutical charts and small craft charts.  Expand the bathv-
metric mapping of the centinental shelf. (See TDP and Chapter V-

C&GSL)

4. Reduce time delavs in revision, incredsc geopgraphic coverare, and
enlarge the scales of Naval Oocanographic OQfice nautival o hasts,
and increase the timeliness ol Wlive to Mariners.  (See DP-

NAVOCEANQL)

v Expand the scope of products and sepvices provided by the Great @ akes
Kegilonal Data Center and the Tabe Sarvev to include loe a0 Tases andd
charts, surface vurrent charts, bathvmetric maps amd 0 Creat Lakis

clmatological atlax.  In additivn, develap data bases for water
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10.

pollution, ice and snow, waves, surface currents, river flow, and
bathymetry for the Great Lakes region. (Se¢ TDP and Chapter V-
1.S and CGLDC.)

. Develop and maintain a series of ocean engineering reports and ref-

erence services containing information on design criteria, test
results, the effects of the marine environment on vehicles. structures
and instrumentation, to supplement the standard references available

from commercial sources. (See TDP-NAVOCEANQ.)

. Establish a national system for the automatic acquisition and

processing of coastal wave and surface meteorological data.

(See TDP-CERC and Weather Bureau and Chaptier V-CERC.)

. Estabiish a national system of regionai fishery data and statistics

collection, communication and processing facilities. (See TDP~BCF

and BSF&W and Chapter IV-Fishery Statistics Report.)

. To the cxtent possipl~, expand capabilities and coverage of seasonal

fishery advisories, preseason abundance forecasts, and fishery

resource atlases to all major fisheries. These should be foliowed
up by an evaluation of their accuracy and usefulness. (See TDP-BCF
and BSF&W and Chapter IV-Fishery Advisories Services and Prescason

Abundance Forecasts.)

Establish more automated linkages among the following marine data
service organizations: National Oceanographic Data Center (NODC) ;
National Weather Records Center (NWRC): Fleet Numerical Weather
Central (FNWC) of the Naval Weather Command; and the {reat Lakes
Re ional Data Center (GLRDC) of the '".S. Lake Survey. Establish
similar linkages between NODC/NWRC/SOSC and their recommended
regional offices: Woods Hole <eanographic Institution, Scripps

Institution of Oceanography, Uriversity of Washington, Oregon
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11.

12.

13.

14.

15.

State University, Texas A & M University, University of Michigan
University of Miami, and the Lamont-Doherty Geological Observatory.
These linkages may be conventioral teletype at first, and later
upgraded to remote terminals for automated query of computer-

searchaole data files. (See TDP-NODC, NWRC, and $0SC.)

Expand automation of the data inventories at the National Oceano-
graphic Data Center (NODC) to permit derivation of statistics
concerning the availability of collected data by iateral and
vertical coordinates, type of platform, instrumentation, data

collection agency, and schedule of acquisition. {(See TDP-NODC.)

Distribute fact sheets of marine instrumentation characteristics
developed at the Naticnal Oceanographic Instrumentation Center

to NODC for dissemination to data requesters. This information
should be recorded in the data bases maintained at NODC, enabling
correlation of instrument characteristics with data values for

release to requesters. (See TDP-NODC.)

Implement a program for significantly increased collection of
surface temperature, water temperature, sea state and surface
meteorolegical parameters from ships and aircraft, emphasizing
the use of expendable instruments and digital recording and

transmission. (See TDP-FNWC and NMC.)

Establish National Data Buoy System shore-processing centers
and data transmission facilities for the management of buoy

data after they reach shore. (See TDP-USCG.)

Provide increased capabilities for the STORET water quality data
system including the installation of sensors and telemetry equip-
ment at selected estuaries for the automatic acquisition and trins-

mission of data. (See TDP-FWPCA.)
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Recommendat fon: Establish a permanent mechanism for Federal coordination of

marine data management

During the course of the study, the contractor found it invaluable to have one
office--the National Council on Marine Reasources and Engineering Development--
with which planning and policy formulation could be conducted, and the Data
Management Advisory Fanel (DMAP), made up of professiounal and sciendific
representatives from the major government agencies involved in marine sciences,
with whom to review technical problems which arose during the study. Hence,
this recommendation consists of two parts: first, that one office be designated
for cognizance of policies applicable to marine data management activities, and
second, that an advisory committee, representing the professional and scientific

community, be continued on a permanent basis.

Specific responsibilities of the advisory committee would be those of technical
review of progress toward and agreewent on solutions to problems that arise in
improving data management programs. For example, establishment of standards
for quality control in collection of marine data, standards for compatibility
of formats in data codirication and inventory contvol, scales and projections
for map and chart production, new marine data product specifications, and means
for achieving real-time linkages among computer-based files of marine data,
would all be appropriate for this committee. Composition of the committee
should not be limited tc the Federal Government. Rather, explicit and broad
representation of the non-Federal marine data producer and user community
should be required, with provision for employment of expert consultants as
appropriate. Data systems specialists should be included in committee repre-
sentation. Consideration should be given to the representation of the committee
on the Committee on Scientific and Technical Information (COSATI) of the
Federal Council for Science and Technology, Office of Science and Technology,

Executive Office of the President.

- —
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It is suggested thst the appropriate designation of the first office be within
the Executive Office of the President, more particular-ly in the National Council
on Marine Resources anu Engineering Deveclopment, unless and until a new office
or agency is .ormed iur th~ purpose nf couvrdinating national marine science
activities. The chairman of the advisory committee need not be a member of the
Council, but the committee should be available to the Council f-r consideration

of problems and progress in marine data management, and the Courcil should

provide required staff support. (See Chapter VII and TDP-Chapter V.)

Recommendation: Substantially increase the authority and responsibility

assigned to the existing national data centers.

The major problem of marine data management is the diffusion and fragmentation

of data sources, services and responsibilities. As the Report of the Commission

on Marine Science, Engineering and Resources points out: '"At present, there

is not even a comprehensive index which can tell a potential user what data
exist and where, le: alone an orderly and expeditious flow of data between
facilities and to n: tional data centers equipped to disseminate data to the

user community."

The Commission Report makes a distinction which is supported by the present

study and with which we concur: mission-oriented agencies, sometimes refer.ed

to as primary centers, such as the Weather Bureau and its associated National
Meteorological Center, or the research and development laboratories of the

U.S. Navy, should not be impeded in any way in the prosecution ¢~ «ssion
responsibilities. However, the secondary centers, of which four are guaerally
acknowledged ~c national data centers--National Uceanographic Data Center (NODC),
National Weather Records Center (NWRC), Smithsonian Oceanographic Sorting Center
(S0SC), and the Great Lakes Regional Data Center (GLRDC)--have been crippled

by chronic lack of funds and authority to discharge their increasingly vital

functions of analysis, storage, and dissemination of marine data. In Fiscal
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Year 1969, the National Council on Marine Resources and Engineering Development
has estimated that direct Federal appropriations for these four centers were
$2.33 million out of a total Federal budget for marine science and engineering
development of $471.5 million. Federal appropriations to the centers were
augmented by contracts wich executive agencies, by agreements for reimburse-
ment for specified services, and by use-charges to customers. Nonetheless,
none was able to operate at the scale implicit in its charter and with the
degree of responsiveness desired by the user community. This is particularly
troublesome because these are the centers with which the community of marine
scientists and marine industrial development have the most occasion to inter-
act and upon whose services these user groups evaluate the entire marine data

management program in government.

A number of specific suggestions will clarify the intent of this recommendation.

1. Authorize and specify that a portion of the funds awarded in marine
science contracts are to be used for data preparation and data com-
munications to and from national data centers. The Federal Government
is the principal funding agency for the conduct of marine science at
research institutions, yet there exists no effective incentive for
these institutions to spend a portion of these funds on the tasks of

data preparation and communication to national data centers.

The responsibility for obtaining data for archiving is that of the
national data centers. Economy dictates, however, that research insti-
tutions be encouraged to perform as many of the tasks of data preparation
and routine communication to the centers as possible. Contract provisions
in and of themselves may, and probably will, prove to be inadequate.

In addition, it is suggested that at least the major research institu-
tions b. specifically funded or reimbursed for the costs of establish-

ing technical data centers representing their own specialized holdings,
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maintained in data formats and media compatible with those of the
relevant national data centers. This will relieve the individual
scientist of the obligation for data preparation and communication to
the centers, and enable specialized technical personnel to be employed

for this function.

Exercise the Government's legal authority to require the preparation
and communication of marine data to national data centers, if collec-

tion is Federally financed.

Provide for liaison participation of the national data centers in the
planning of data collection for research programs for the purpose of
developing a complete plan for data acquisition, communication of data
to national data centers, and subsequent processing and dissemination
of data to users. Implementation of this suggestion will require that
the data centers develop and provide skilled advisory services to those

responsible for planning data collection research expeditions.

Emphasize and strengthen the research functions appropriate for the
intramural staff of the national ds a centers. This rerearch consists
of two kinds: research in the techniques of data management, which
requires experienced and capable information system design specialists;
and research in the analysis of substantive data included in the hold-
ings of the center, leading to development of products, which require
subject matter specialists in the appropriate natural! and biologicai
sciences. Implementation of this suggestion could be achieved either
by direct hire or by personnel rotation exchange with other government

agencies and research institutions.
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5. Address the problems of availability and transfer to data ceaters of
industrial marine environmental data, and establish mechanisms for the
acquisition of relevant, availabl: defense data. The fermer may require
reimoursement to industrial organizations who havs undertaken marine
data coilection programs; the latter may require the development of
procedures for '"sanitizing" certain clarsified data such that military
weapons systems performance characteristics are deleted or obscured.

In bo:ch cases, it is our impression that substantial bodies of data
are available and releasable, but that no procedure has been established

to facilitate their communication to the appropriate national center.

{See TDP-USGS.)

6. It is suggested that NODC be designated the lead agency to establish
regional offices--not regional data centers--at or near major marine 7
science research institutions, with NWRC and SOSC as participating
agencies. These offices would provide more direct and personal
liaison with users and more direct data acquisition for NODC
data bases and would serve as information centers for referral of
inquiries to NOD” and other data centers. It would be desirable for
these regional offices to have direct teletype communications to NODC,
and they may later be connected by remote terminal directly to the NONC
computer for query and printout of substantive material. The concep:
of a resident liaison representative has been tried out, with good
results, at Woods Hole Oceanographic Institution for the past year and
has recently been extended to the Scripps Institution of Oceanography.
Cther appropriate research institutions are the University of Washington,
Oregon State Unliversity, Texas A & M University, University of Michigan,
University of Miami, and the Lamont-Doherty Geological Observatory.




July 31, 1969 I-19 TM-4023/006/00

The suggestion for regicnal offices rather than regional data centers
is quite deliberate, if we understand a regicnal data center as main-
taining data holdings which duplicate some or all of the data holdings
at NCDC. Regional data centers may evolve as more effective computer
networking technology is developed. For the present, however, adequate
procf of such networking capability at the required level of operational
reliability is lacking. Perhaps even more pertinent is our opinion
that investment in regional NODC data ceiters at this time would simply
divert funds and resources urgently needed at NODC itself and would
further delay the development of needed capabilities at the national
center. (See Chapter V~NOLC and TDP-NODC, NWRC, SO0SC.)

Fecommerdation: Designate a national ocean engineering data referral center.

QOcean engineering data is the major class of data for which there is presently
no Federal focus of data managemenrt responsibility in evidence. Further, ocean
engineering data are beccming more impcrtant to the user community as new sub-
mersibles are being developed, offshore oil and gas exploration expards, marine
mineral extraction is increased, and additional ocean platforms are developed
for environmental reporting, etc. Such a data center would make available to
non-~defense users ocean engireering reference services for technical reports;
information on the effects of the marine environment on vehicles, structures

and instrumertation, physiological data, accident reports, etc.

Candidates for designation as a national ocean engineering data referral center
include NOCC, the Coastal Engineering Research Center (CEKC) of the Corps

of Engireers (for coastal zone data) and the Office of the Assistant Oceano-
grapher of the Navy for Ocean Engineering Development (which has access to deep
ocean data from a variety of defense projects). At the moment, NODC has neither
the basic da a files nor personnel expertise in ocean vngineering. Neverthe-
less, in order to reduce further proliferation of centers, we suggest that

NODC operate as a referral center for non-defense ocean engineering users,
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drawing upon the capabilities of CERC, USGS, and the Navy for source data
and assistance. (See Chapter V-NODC and TDP-CERC, USGS, NAVOCEANO and NODC.)

Recommendation: De.elop and maintain a comprehensive inventory of marine data

holdings, samples, products and publicationms.

The need for an inventory of marine data holdings, samples, products and
publications has become increasingly evident. Preliminary studies by the
Ocean Center of the Office of the Oceanographer of the Navy and by the System
Development (orporation indicate that the number of organizations, including
major libraries, maintaining significant specialized marine science holdings

is well in excess of 10,000. To the user, it is important to know where to
turn for the data, samples, products and/or publications of immediate need.

To the producer, it is often equally important to know where to send marine
data so that they will be available to interested user groups. At present,

no inventory exists of these organizations and their holdings. The preliminary
work perfor ed by the Ocean Center .nd SDC forms a beginning, but needs to bte
completed, and very possibly extended and maintained on 3 periodic basis
thereafter. NODC is recommended as the responsible Federal <oordinating agency
with substantial participation by USGS and SOSC. This directory would include
descriptions of Federal data bases as described under Master Marine Data Base

Directory in the NODC TDP.

A significant step toward the preparation of the initisl inventory could be
achieved 1f the Federal Government were to veimburse research institutions
and private organizations for publishing current dats and sampic holdings.
This would involve oniy a modest cost, but would provide a much-uceded
resource to the Government. These publications would bring to light the
description of characteristics nf the holdings of thousands of organizations
and research scientists, ani would expedite completion of the desired

inventory.
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After an initial inventory is completed, it is recommended that consideration .
be given to an automated reference system for correlated retrieval of data
and sample information (association of environmental data with samnle infor-
mation), including a description of the conditions of collection (such as the
agency, platform and instrumentation), bibliographic references to products,
and reports and documents which have been published on the basis of the data
and/or samples. We recognize that this is an undertaking of substantial
magnitude, and careful evaluation may prove that the benefits to be derived
limits its scope to specialized areas of application such as defense weapons
systems research and development. (5ee Chapter V-NODC and TDP-USGS, SOSC

and NODC.)

Recommendation: Strengthen Federal/State relationships in the acquisition

of marine data and the provision of data services.

By law, the States are responsible for resource management and conservation
of the coastline, tidelands, and of the lands surrounding the Great Lakes.
The coastal a~1 Great Lakes regions are now, and will be even more, important
to the nation as increasing proportions of the population inhabit them. The
ability of the States to undertake farsighted, consistent programs of conser-
vation and pollution abatement has not been demonstrated to date. Even within
the States, a variety of agencies are typically involved in the matter. In
the State of California, nine separate agencies are producers and/or users of
marine data for resource planning and management. No one of these agencies
knows fully what data are available or of interest te the others, and the
Federal Government does not possess an adequate inventory of the State's data

files or needs. The si{tuation is similar elsewhere.

It is suggested that the Federal Covernment inventory existing State marine
data programs and files, and actively promote consistent data collection and
data management practices. Federal grants for this purpose, calling for
matching funds from the States, would appear to be a cost/effective wav to
cstablish closer working relationships in this {mportant area. An existiag

administrative mechanism that could be used to accomplish this recommendation
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is the network of State Technical Information Reference Centers operated with

the Federal assistance of the Department of Commerce.

Recommendatjon: Complete the installation of on-board data processing systems

on Federal oceanographic expedition ships.

On-board data processing capability for oceanographic survey and expedition
vessels is well established in the technology. The advantages of on-board
processing include immediate verification of data quality, the opportunity to
adjust data samplirg design in real time, on-board product generation, and the
expeditious processing of data for transmission to shore-based facilities for
later detailed analysis. Some of the newer survey ships are not fully in-
strumented with the on-board dats processing available and desired, and older
ships are being retrofitted with such data processing systems very slowly.

It is recommended that direction te¢ complete an on-board data processing

implementaticn program be given to the Federal agencies and laboratories.

We recognize that within the next decade, developments in satellite communica-

tions will almost certainly advance to the stage at which bulk transfer of

survey data to shore-based processing and analysis centers will be operable

and economical. While this mode of data processing will affect the rapidity

of large-scale data analysis and improve the efficiency of much of the marine
data product preparations, it will not substitute for aill on-board data
processing requirements, and will of itself necessitate automated capability

on shipboard fer data formatting for transmissior to the satellite. Therefore,
we do not believe the desfirability and utility of on-board data processing wil’
become cbsolete {n the foresceable future. {See Chapter V-Recommeudatlions which

Apply to Several Age:wic: and TDP-NAVOCEANO and C&GS.)
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Consider for development the following new products which

are descsibed in Chapter IV:

e Sea-air energy exchange forecasts

o Subsurface current forecasts

o Upwelling forecasts

® Sea surface wate. level forecasts

e Inland Lakes ice forecasts

® Sea-air energy exchange atlases

e Surface water mass transport atlases
e Salinity atlases

e Bottom temperature atlaser

e Water quality (pollution) maps and atlases
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I1. OBJECTIVES, SCOPE, AND METHODOLOGY

OBJECTIVES

The objective of the Techniical Develepment Plan (TDP) is to improve marine data
products and services provided by the Federal Government to a variety of users.
Users of marine data products and services are found in the fields of research;
transportation;: naval planning and operations; marine mapping and charting;
marine forecasting; commercial and sportfishing; Federal, State and regional
planning and management; and public marine recreational and educational acti-
vities. The needs, ircluding the priority needs, of data users are described

in Volume One of this report.

The TDP recommends that producte and services be improved both by enhancing
existing products and services and by iatroducing new products and services,
In order to support these improvements, recommendaticns are also made for
increases in data acquisition, improvements in existing data bases and the
developnent of new data bases. The mechanisms chosen for achieving greater
benefits for users are (1) the upgrading of Federal agency data service and
osroduct operations and (2) the improvement of the marine data network for the
collection, transmission, storage and dissemination of marine data. In order
to achieve the objective of the TDP, a 10-year, time-phased plan has been
designed which provides the resources necessary to achieve the improvements
in Federal products and services desired by usars. The TDF includes pro-
visions for rew instrumentation and new data communication and processing
hardware, hardware costs, software development and maintenance, software
personnel and costs, computer operations personnel and costs, and application
and discipline personunel and costs which are required in the next decade to
achieve improvements in products and services and to develop new products and

services.

In this study, three TDP alternatives have been considered. Each alternative

corresponds to different assumed levels of total annual funds available for
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marire priority data and products in the next decade. The first alternative
(Plan A) is based on a budget appropriate for the improvement of existing pro-
ducts and services bu. with nc provisions for new products and services. The
second plan (Plan B) provides for improvements in existing products and services
and the development and implementation of new products and services. The
highest-budget plan (Plan C) contains the same clements as the middle budget
plan but alsc provides for the implementation of major data acquisition net-
works, e.g., coastal wave gauge aetwork. Three plans have been formulated,
rather than one, as a contingency against the uncertainties of future marine

budgets.

SDC has developed a cost performance model which has been implemented on the
SDC IBM 360/67. This model can be used to generate TDP plans for any assumed
total priority data and product budget for any number of years desired. The
model outputs are (1) budget allocations by product and data type and (2)
product and data service performance levels (these are defined in Chapter VI,
Volume One). Total product and data service budgets can be distributed to
individual agency budgets by the method described in Chapter VI, Volume One.
The model can be implemented on any computer which is supplied with a mathe-
matical programming package. The model does not provide the level of detail
of hardware requirements, software costs, etc., shown in this TDP. However,
the budget allccations of the model can be used as a basis for determining

the detailed requirements.

The three plans are discussed and evaluated in Chapter VI, Volume One. This
volume describes Plan C in detail and is the plan recommended for implemen-

tation, assuming the availability of required funds,

SCOPE

The TDP includes both individual agency and marine data network development

plans. The two plans constitute the National Data Program for the Marine
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Environment. The TDP is addressed to the requirements for improving individual
agency data service operatic .5 and the broader requirement of strengthening

the entire marine data network.

The Federal agencies which are included in the TDP are:

Lake Survey (LS) and Great Lakes Data Center {GLDC)
Coastal Engineering Research Center (CERC)

Naval Oceancgraphic Office (NAVOCEANO)

Coast and Geodetic Survey (C&GS)

U.S. Geological Survey (USGS)

Weather Bureau Offices (WRB)

National Meteorolegical Center (NMC)

National Environmental Satellite Center (NESC)
Fleet Numerical Weather Central (FNWC)

Bureau of Commercial Fisheries (BCF)

Bureau of Sport Fisheries and Wildlife (BSF&W)
Federal Water Pollution and Control Administration (FWPCA)
U.S. Coast Guard (USCG)

National Oceanographic Data Center (NODC)

National Weather Records Center (NWRC)

Smithsou Oceancgraphic Sorting Center (SO0SC)

This group of agencies does not include all Federal organizations having
responsibilities for marine data management. It does include those having
a sigrificant influence on the collection, storage, processing and dissemi-

nation of marine data and the production and dissemination of data products.,

In order to ensure the implementation of the National Data Program, responsi-
bilities for its implementation must reside with individual agencies until a
national marine and atmosphere agency is established. Therefore, considerable

emphasis is accorded to recommendations which require individual agency action.
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In addition, many of the recommendations require interagency cooperation--for
example, collection of environmental data in the coastal zone and the publica-
tion of a coastal atlas, production of wave and ice charts for the Great Lakes,
establishment of regional data service offices, operation of a national

ccastal wave gauge network, development of national marine data directories

and indices, and the operation of a national fishery statistics network.
Wherever interagency effort is required, a lead agency is recommended in crder
to fix responsibilities for program impiementation. Interagency efforts would
be coordinated by the staff of the Marine Sciences Council and the Data
Management Advisory Panel until a national oceanographic and atmospheric

agency is created.

Although marine activities are funded primarily on an agency basis, planning
and budgeting is also done on a program basis. Hence, the TDP identifies
the requirements for implementing data programs for Great Lakes and coastal
development; mapping, charting and marine environment description; marine
forecasting, research and support; fisheries; water quality; onshore buoy

data management; and national data centers.

In addition to the requirement for interagency cooperation in implementing
the TDP, there is also the need for cooperation among the Federal agencies,
States, universities and industry for the exchange of data and the efficient
routing of data from collector to user. Examples of situations in which a
cooperative effort at various levels is required are che participation of
the States and regions with the Federal Government in the preparation of
coastal atlases und the transfer of data between industry and other elements

of the marine community.

Only priority preducts and data are considered in the TDP. Because of this,
one should not expect to find an equivalence between resource requirements

presented in the TDP and the utilization of resources in present agency opera-

tions. Also, some agencies which have historically operated on a small budget
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have been recommended for substantial upgrading. Other agencies, with larger
budgets, may not receive a corresponding degree of attention because of an
absence of major data management problems. There must exist important user
needs and present inadequacies in data services in order for a recommendation
to be included in the TDP. In general, a strong positive correlation will

be found between problems which exist in data management and the resources
recommended for agency operations. The main criteria for TDP recommendations
are the user benefits which will result from product and service improvements.
The size of present agency data operations or contributions to marine science
programs have not been used as criteria for recommending improvements or

increases in resources.

There is considerable emphasis in the TDP on the improvement of products and
services for public and private users—-merchant mariners, fishermen, small
craft operators, swimmers, and residents of the coastal zone. These user
groups are large, poorly organized, and ill-equipped to make their needs known
to the Federal Government. In accordance with the emphasis on the needs of
these users, such products as coastal weather and wave forecasts, nautical
charts, small craft charts, and fishery statistics receive considerable

attention in the TDP,

METHODOLOGY
The methodology for the design of the TDP consists of the following steps:

1. Based on the determination of user needs and the priority of needs,
requirements for improvements in existing products and services and
new products and services are established, e.g., the priority need
to reduce the time interval between updating nautical charts and the

need to provide coastal atlases.

2. Improvements in product or service performance are programmed to be

consistent with the feasibility of providing the resources which are
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required to implement the improvements within the decade. In addition,
maximum performance levels are established to be consistent with user
needs within the decade. For example, a reduction in the time delay
of incorporating changes in Notice to Mariners from eight weeks to

cne week over a period of 10 years is recommended; reduction in the
delay to less than one week would be of no practical value. Gradual
improvements over the decade which are consistent with the rate at
which resources can be provided have been recommended. The model
mentioned previously is used as an aid in allocatimg funds to product
and data parameter groups and for determining appropriate rates of

product and data service improvement.

Any new data collection or data base developments that are required

in order to implement product and service improvements are specified.
It is axiomatic for good systems work to start with the identifica-
tion and auclysis of the requirements for outputs--products and ser-
vices in terms of their quality, quantity, frequency of output and
timeliness--and then tc establish the requirements for data needed

to furnish the required outputs. In some cases (data centers) the
cutput is primarily data, or summaries of data, rather than a standard
product, such as a nautical chart. However, the principle of speci-
fying user requirements before specifying data inputs or bases stiil
applies. This is in contradistinction to the approach of specifying
the data collection and data base requirements first and outputs last.
In the former approach, the outputs govern the inputs and no greater
input is required than needed to supply the outputs. In the latter
approach, more input may be generated than is required to satisfy

output require ents.

Computer hardwvare and data communication equipment requirements and

costs are specified for achieving the needed improvements.
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5. Software development and maintenance requirements and costs for the
improvement and creation of products, data bases, and data acquisition

are specified.

6. Computer operations personnel required to staff new or augmented

computer facilities are determined.

7. Applications personnel, e.g., cartographers and discipline personnel,

are specified.

The TDP contains both new requirements and costs and extrapolations of exist-
ing requirements and costs. In general, all hardware, software, and computer
operations requirements and costs represent new requirements. Discipline or
applications personnel requirements are usually forecasts of future require-
ments for existing organization components. Total annual costs for each
agency for each of ten years, and a ten-year total cost for agency operations,
have been determined. These are the amounts which would be required each

year and for the decade to implement the TDP and consist of both new costs and

extenslons of presently incurred costs.

As a general strategy, the addition of resources is programmed to occur wmost
rapidly in the early years of the TDP in an attempt to bring the management
of marine data in line with availatle technology. Usually, the increments

in funding proceed at a more modest rate in the later years ot the decade as
unit costs are lowered through the application of technology and as increased

sophistication in data management prevails.
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III. SUMMARY OF THE TECHNICAL DEVELOPMENT PLAN

This section contains a summary of the Technical Development Plan (TDP). The

details c€ the TDP appear in Chapters IV and V of this volume.

AGENCY AND PROGRAM DEVELOPMENT PLANS

The TDP is summarized by agency and program according to * .e following program

categories:

o Great Lakes and Coastal Development

e Mapping, Charting and Marine Environment Description
e Marine Forecasting, Research and Support

e Fisheries

e Water Quality

e Onshore Buov Data Management

e National Jata Centers

The TDP is also summarized by the major categories of data management activity.

These are:

e Product/Service Requirements
® Data Base Development Requirements

e XNew Data Acquisition/Communication System Requirements

The product, data base development, and new data acquisition and communication
system requirements for the time period FY 71-80 are summarized by program
(e.g., Great Lakes and Coastal Development) and agency in Table III-1. In
general, data acquisition activities are required for all data base development
requirements shown in the table. The column labeled "New Nata Acquisition and

Communication System Requirements” requires sigiificantly new systens of data

acquisition and/or communication, such as a national network of coastal wave
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gaupe installations and associated telemetry equipment. Prcducts, services
and data bases in Table III-1 have been classified according to requirements
for improvemernts in existing product., services and data bases (1), and 1r.-
quirements for new products, services and data bases (2)., The criticality of
user need for data, products and services, and the unfulfilled needs for these
data, products and services, are discussed in Chapters III and IV, Volume One.

Major requirements for produst and service improvement, data service improve-

ment, data base development, data acquisition and ccmmunication, and new
product and service development are discussed in Chapters IV and V of the TDP.
The highlights of recommended improvements in products and services and new
products and services for each program area are presented below. The agency
(or, where several agencies are involved, the lead agency) which is recom-

mended for implementation responsibility is indicated.

GREAT LAKES AND COASTAL DEVELOPMENT PROGRAM

e Implementation of a coastal wave gauge ne4work for coastal U.S. waters
of approximately 100 gauges for the reco'ding of wave height and
direction dat:. This networkh would be used and operated jointly by
the Army Corps of Engineers, primarily the Coastal Engineering
Research Center, for coastal engineering and research, and by the
ESSA-Weather Bureau for coastal wave and weather forecasting and

monitoring.

Uperation of the coastal wave gauge network in a4 non-real-time mode
for coastal enginecring purposes; real time data acquisition and

transmission would be required for weather Bureas use.

e evelopment of a climatological atlas for the Great Lakes (Lake Survey).

e Uompletion of recreation chart coverage for the Great Lakes (Lake Survey).
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TABLE III-1

TECHNICAL DEVELOPMENT PLAN (PLAN C) SUMMARY OF PRIORITY PRODUCT/SERVICE,
DATA BASE AND DATA ACQUISITION REQUIREMENTS, FY 70-81

NEW DATA ACQUISITION/
PRODUCT/SERVICE DATA BASE DEVELOPMENT COMMUNICATION SYSTEM
AGENCY REQUIREMENTS REQUIREMENTS REQUIREMENTS

GREAT LAKES ANV COASTAL DEVELOPMENT PROGRAM

e LITTOPAL PROCESSES
ANALYSIS (1)

e SEDIMENT ANALYSIS (1)

e LABORATORY ANALYSIS (1)

o COASTAL ENGINEERING
REPORT (2)

- : .

MAPPING, CHARTING AND MARINE ENVIRONMENT DESCRIPTION. PROGRAM

LAKE SURVEY AND GREAT e ICE ATLAS AND CHART (1) | e DATA INVENTORY (1) e SHIPBOARD DIGITAL
LAKES DATA CENTER o RECKEATION CHART (1) o WATER QUANTITY (1) HYDROGRAPHIC AND
e WAVE CHART AND e WATER MOTION (1) BATHYMETRIC DATA
ATLAS (1) e POLLUTION (2) COLLECTION
| ® SURFACL CURRENTS e ICE AND SNOW (2)
' CHART (1) e WAVE (2)
© o BATHYMETRIC MAP (1) ® SURFACE C'RRENTS (2)
| ® PRODUCTS AND SERVICES e RIVER FLOW (2)
\ CATALOG (2) e BATHYMETRIC (2)
{ ® GRFAT LAKES CLIMATO-
, LOGICAL ATLAS (2)
i ® ON-LINE ENGINEERING :
[ COMPUTATION (2)
COASTAL ENGINEERING | o COASTAL WAVE o COASTAL WAVE (1) ! e COASTAL WAVE DATA
RESEARCH CENTER g ANALYSIS (1) o LABORATORY DATA (1) NETWORK
|
L

NAVAL OCEANOGRAPHIC o BATHYMETRIC MAP (1) e BATHYMETRIC (1) e SHIPBOARD DIGITAL
OFFICE ® LAUTICAL CHART (1) o TOPOGRAPHIC (1) HYDROGRAPHIC, BATHY-
e NOTICE TO MARINERS (1) | e NAVIGATION AIDS/ METRIC, GEOPHYSICAL
® SEA SURVACE HAZARDS (1) AND OCEANOGRAPHIC DATA
i RATURE ATLAS (1) | e HYDROGRAPHIC (1) COLLECTION
. ® MAGNETIC (1)
. & GRAVITY (1)
° o ICE OBSERVATIONS (1)
o SOUND VELOCITY e SST NBSERVATIONS (1)
ATLAS (1) e SUB & SURFACE

PHERMOCLINE DLPTH CURRENTS (1)

CHART (1) SURFACE METENROLOGICAL |

o MAGHETIC TILLD AP (1) * OHSERVATIONS |

4 ) (WWRC) (1)

e WIPIALE clup OCEAN STATION (30DC)Y (1)
CPART (1) BT (voDC) (1)

® SEA & SKILL CHART (1) o OCEAN ENGINEERING (2)

o MANLLLL Gholony
ATLAS (1)

e SUBSUEFACE CURRENT
CHART & ATLAS (2)

® OCFAN ENGIUEERING

HARDBOOK  (2)

(1) Improvement of existing priorite product, service or data base is required,
(2) New product, service or Jdata base i reguired,



Jury 31. 1969 T™™-4023/006/00

TABLE III-1 (CONT'D)

TECHNICAL DEVELOPMENT PLAN (PLAN C) SUMMARY CF PRIORITY PRODUCT/SERVICE,
DATA BASE AND DATA ACQUISITION REQUIREMENTS, FY 70-81

AGENCY

PROBDUCT/SERVICE
REQUIREMENTS

DATA Base DEVELOPMENT
REQUIREMENTS

NEW DATA ACQUISITION/
COMMUNICATION SYSTEM
REQUIREMENTS

® SHIP TRACK MAPS (2) PRODUCT DIRECTORY,

e PROFESSTONAL PAPER PROFESSIONAL PAPER AND
STBLTCCRAPHY (2) SHIP TRACK INDEX (1)

@ HOTTOM CHARACTFRISTICS § @ INDUSTRY TATA AVAIL-

GEOLCGICAL FRODUCTS (2)

WCEAN ENCINEERING
REPORTS (2)

PRODUCT DESCRIPTIOR,

ABILITY/NEEDS FILE (2)
e INDUSTRY SUPPLIED DATA

COAST AND GFODETIC SURVEY L e BATHYMETRIC (1) o PATHYMETRIC SUKVEY OF
[ ® TOPOGRAPHIC (1) CONTINENTAL SHELF.
o HYDROGRAPHIC (1) e HYDRO PHIC RESURVEYS.,
e SHALL ® SAVICATIONAL AIDS/ o SHIPROARD DIGITAL
e TnUnAMT HAZARDS (1) HYDROGRAPRIC, BATHY-
e Il ! ® MAGNETIC (1) METRIC, GEOPHYSICAL
e IDAD (UVRRENT TARLES ® GRAVITY (1) AND OCEANOGRAPHIC DATA
AND CHA (1) o TIDES (1) COLLECTION,
o COASTAL ATLAS (D) e COASTAL ATLAS DATA
® SEA LFVFL VARIATION COLLECTTI "N,
CHART axb TABLY (2)
L - - - —— ———
i CEOLOGICAL SURL T ¢ DIRLUTORY OF MARINE o CONSOLIDATED CGHOLOCICAL

WAVE FORECAST (1)
HICH SEAS FORECAST (i)
TROPTCAL CYCLONE

FORECAST (1)

TROPICAL CYCLUNE

WARNING (1)

WAVE STATISTICS (2)

e COASTAL WAVE AND
SURFACE METEOROLOGICAL
CLIMATOLOGICAL
DATA (2)

& CLEARINCHOUSE FOR THE FILE (2)
PRCHANGE OF IXNDUSTRY
NATA {2)
MARINE FORECASTING, RESTARCH AND SUPPORT PROGRAM
WEATHER BURFAL OFFICES @ COASTAL WEATHER AND o COASTAL WAVE SPECTRA & ® COASTAL WAVE AND

METEOROLOCICAL
PARAMETER ACQUISITION
AN} TELEMETRY NETWORK.

8 ATUCMENTATION OF SERVICE
C TELETYPEWRITER
M IWORK FoR  INCREASED

® STORM SURGE AND ANOMA- DATA FROM BUOYS AND
1ors TINY (1) SHTPS

o SUKF FORECAST (1)

® DOMISTIC ICF
FORFCAST (1)

® SEICHE WARNING (1)

@ AUTOMATIC COASTAL WAVE

MONITORING (D)
COASTAT WAVE SPECTRAL
AND STATISTICAL
ANALYSIN (2
SST ANALYSIS (D)

(1)
(25

New product, seivice or data base is required.

Improvement of existing priority product, service or data base is required.
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TABLE III-1 (CONT'D)

TECHNICAL DEVELOPMENT PLAN (PLAN C) SUMMARY OF PRIORITY PRODUCT/SERVICE,
DATA BASE AND DATA ACQUISITION REQUIREMENTS, FY 70-81

NEW DATA ACQUISITION/
COMMUNTCATION SYSTEM
REQUIREMENTS

® ATIRCRAFT AND SHIP
(NAVAL AND MERCHANT)
LIGTTAlL COLLECTION AND
TRANSMISSION OF SXBT,
AXBT, STD, SEA STATE
AND SURFACE METEORQ-
LOGTCAL DATA.

@ SATIHLI 14 DATA PRODUCT

ILES ()

! NESCOAND MO
(0
]
T N " 1
RUREAL OF Cover Q1A e DT E T @ I Y CANCE JEFORT e NATIONAL SYSTEM OF
FISHERIES A%ND RIREAT oF . Pehiear s 00 IATISTICS (D) RECIONAL VISHERY DATA
SPORG FESHERTES AND e -k AN e UISITRY PooNoMIc COLLFCTION AND
NIRINENS SEATISTIOS (D) COMMUNTCATION CENTERS,
» o . INHIKY PXPLORATORY
LEAR DATA (1)
° @ CORRELATION OF CATCH
AND EFFORT STATISTICS
. i VETH PNVIRONMENTAL

PETALL DATA (2)
Srnab o Al

DALY PROUCEY AR

PRODESTT PREPARATTON

CENTERS OV

GROTHE ARV
Eobte ()

(1) Tmprovement of existing priority product, service or data bas~ is required.

(2) New product, service or Jdata base is required.
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TECHNICAL DEVELOPMENT PLAN (PLAN C, SUMMARY OF PRIORITY PRODUCT/SERVICE,
DATA BASE AND DATA ACQUISITION REQUIREMENTS, FY 70-81

AGENCY

PRODUCT/SERVICE
REQUIREMENTS

DATA BASE DEVELGPMENT
REGUIREMENTS

NEW DATA ACQUISITION/
COMMUNICATION SYSTEM
REQUIREMENTS

WATER GUAL

JITY PROGRAM

FEDRERAL WATER POLLUTION
CONTROL ADMINISTRATICN

STORET SY
PROC :
Col

REMOTE

3 oON-LINE
SENSORS (2)
AUTOMATIC ON-LINE
DETECTION OF WATER
CALTTY CONDITIONS
DONQT MEYT
ns ()
AFTER

UROM

FOR STORET:

THE STATES AXD
RESIONS (1)

e INDUSTRIAL WASTE DIS-
CHARGE, OIL LEAK AXND
OIL SPILL DATA (2)

@ WATER QUALITY ECONOMIC

e ENVIROX
PRIOR TG
WASTE
WASTE

OPERATIONS

TAL DATA
AND AFTER

@ CONTINUED WATER Q “LITY
DATA CCLLECTION FROM

DATA AND STATISTICS(2)

o INSTALLATION OF
AND TELEMETRY § M
FOR SELECTED ESTUARIES,

® REMOTE TERMINAL
COMMUNTICATINN,

O SHOKRE

BUCY

DATA MANACESENT PROGRAM

U.8, COAST GI'ARD

o

SHORE
CHN

PROCESSING
RS FOR BI'ny
DATS (2}

LAND CintMUNTOATION
PACLITNIES 8 40
DATA (7))

BUOY DATA OUALETY
CONTROL STANDARDS (2)
BUOY TATA PORMATTING
AND ELITING ()
RRETATION

TIHE CoRR
COY DATA (D)

@ SYNOPTIC AND TiM®
SERIES DATA BASES
FOR TEMPORARY
STORAGE OF BUOY
DATA (2)

o LAND BUOY DATA
COMMUNICATION SYSTEM
FROM SHORE FACILITIES
TO FNWC AND IMC.

(1)
(2)

New product, service or data base is required.

Improvement of existing priority product, service or data base is required.
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TABLE I1I-1 (CONT'D)

TECHNICAL DEVELOPMENT PLAN (PLAN C) SUMMARY OF PRIORITY PRODUCT/SERVICE,
DATA BASE AND DATA ACQUISITION REQUIREMENTS, FY 70-81

NEW DATA ACQUISITION/

5 DEVELOPMENT COMMUNICATION SYSTEM
HOUIREMENTS REQUIREMENTS

PROKRAM

® "DATA ACGUISITICH FROM

COLLECTORS OF
DATA FOR NEW DATA BASE
DEVELOPMENT,

e TELETYPE COMMULNICATION
WwITH REGIONAL OFFICES.

® REMOTE TERMINAL

ITarIoN (1)

® NAMDI-NAPIS DI Oy
INVENTORY CC2 ML)
e LIVE ATLAS (2)

H GCR GRAFARTCS FOR

[ COMMUNICATION WITH
® B WNAL CFFICES,
. o MACNETIC TAPE TO
MAGNETIC TAPE
[} TOMMYNICATION WITH
LI TaC AND IWRC.
e NL-LIXNE ACCLESS TG NWRC
[ DATA BASES.
CIMETER (23
. P HOATOORAPHY
ACCORDING TR DEMANDS
FOR DATA (2
@ [NPORPORATE INSTRU-
MENTATION DATA WITH
DAT. BASEZ (2)
e IIVENTORY OF OCEAY
DATA (2)
. LN OF NORC
ERY
e ¢ LIMATHIN JTCAL ] MATED MSOF OINDEX e TELETYPE COMMUNIZATION
AlLAas (1) () wITH REGIONAL OFFICES,
. . L) AND DNCITMENTS FIUC, AND 14 WEATHER
B2 BURFATT (OWFEICES,
° ChLODATA BASES o REMOTE TERMINAL
JARTOUS STORAGE COMMUYTCATION WITH

S (OTRICT ACCESS,
AL AUCESS,

I[ONAL OFFICES AND
THER BUREAU OFFICES,

. BIVAL, FTO) ACCORD-L @ IC TAPE TO
[] TO DEMANDS FOR MACTNEIIC TAPE COMMUNI-
DATA FASFE () PATA (D) CATTON WITH FXNWC.

@ MOMPUTFR (RAPHTOS Tnk @ HUMOTE TINEING OF Nope @ ON-IINE ACOFSS TO NapC
MODFLIN (2) AN NTWRL DATA DATA BASES

o OCEAN ATMOSPHERT HASES ()
MONELE (2

@ ONIRINUTE T Do Jplob-

TO0F COASTAL AND
CREAT LARIS O IMATO-
Do TOAL ATEANES ()

& SAIELLTTE DATA
CLIMATOLOGTUAL
PRODUCTS (1)

(1) Improvement of c¢xisting priority product, service or data base is required.

(2) New product, service or data base is required.
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TECHNICAL DEVELOPMENT PLAN (PLAN C) SUMMARY OF PRIGRITY PRODUCT/SERVICE,
DATA BASE AND DATA ACQUISITION REQUIREMENTS, FY 70- 81

AGENCY

PRODUCT /SERVICE

DATA BASE DEVELOPMENT
REQUIREMENTS

NEW DATA ACQUISITION/
COMMUNICATION SYSTEM
REQUIREMENTS

SHITHSONIAN OCEANOGRAPHIC
SORTING CENTER

BIBLIOGRAPHY
DIRFCTORY (2)
SIORACE AND RETRIEVAL
LANGUAGE (23
PARTICIPATION IN
REGIONAL OFFICES (2)
REMOTE INQUIRY OF

TERMINAL (2)

INFORMATION LINKAGES
AMONG SPECIMENS,
DATA AND
BIELIOGRAPHIES (2)
CON LIDATE COLLECTION,
INVENTORY OF SAMPLES
AND IPENTIFIED
SPECIMEN FILES (2)
STRUCTURE DATA BASES
IN VARIOUS STORAGE
LEVELS ACCORDINCG TO
DATA TEMAND (2)

DATA BASE

COMPRESSION (2)

o REMOTE TERMINAL
COMMUNICATION WITH
REGIONAL OFFICES.

(1) Improvement »f existing priority product, service or da.a base is required.

(2) New product, service or data base is required.
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® Development and production of ice atlases and charts, wave charts and
atlases, surface current charts and bathymetric maps for the Great

Lakes (LS and GLDC).

e Development of pollution, wave, ice and snow, surface currents, river

flow and bathymetric data bases for the Great Lakes (LS and GLDC).

e Increased data processing and analysis capability for the Great Lakes
Data Center and Coastal Engineering Research Center (one computer

system at GLDC and one data acquisiticn and computer system at CERC).

MAPPING, CHARTING AND MARINE ENVIRONMENT DESCRIPTION PROGRAM

¢ Improvements in nautical and small craft chart geographic coverage

and timeliness (C&GS and NAVOCEANOQ).

e Reduction in nautical chart resurvey frequency to 50 years by 1985

(C&GS) .
e Rathymetric survey of 70 percent of the continental she.f (C&GS).
e Production of ocean engineering reports (NAVOCEAN(),l CERC & USGS).
e Production of coastal atlas and coastal data collection (C&GS).
e Production of sea level variation charts and tables (C&GS).

e Increased use of automation--primarily corputer graphics-~-in chart

and map production (C&GS and NAVOCEANO).
e Installation of 5 shore-based computer systems (3 NAVOCEAKO, 2 C&GS).

e Installation of 19 shipboard data acquisition and computer systems
(12 NAVOCEANO, 7 C&GS) for hydrographic, bathymetric, geophysical

and oceanographic surveys.

1Lead agency.
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Establishment of a clearinghnuse for the excharge of data between

industry and other sectors of the marine commur.ity (USGS).

Creation of geoclogical product directories and ship track maps (USGS).

MARINE FCRECASTING, RESEARCH AND SUPPORT PROGRAM

Implementation and operation of a real-time coastal wave and surface
meteorological data network (Weather Bureau Offices in cooperation

with CERC) .

Installation of computer systems in 14 Weather Bureau Offices for
processing of coastal wave and surface observation data (Weather

Bureau Offices).

Accelerated use of aircraft and ships (naval and merchant) for the col~
lection of sea surface temperature, water temperature and salinity, and
sea state and surface meteorological data, emphasizing the use of ex-

pendable instruments and digital recording and transmission of the data.

Installation of instrumentation aboard 10 aircraft, 304 naval ships,
and 504 merchant ships, and communication of the data to the Naval
Environmental Data Network and the Weather Bureau network is required
by 198C for the system. (It is recommended that there be joint res-
ponsibility for implementation between FNWC and MMC, with FNWC acting
as lead agency for the Navy and NMC acting as lead agency for ESSA.)

Integration of meteorological data (wind speed and direction, pressure,
air temperature, sea surface temperature and sea state) with satellite
products (digitized cloud mosaics, i1nfrared sea temperature mappings,

vertical temperature of the atmosphere profiles) (NESC).

Linking of NESC and NMC data processing systems and data bases in order

that the above integrat’on of meteorological and satellite data may
be accomplished (NESC).

f !‘,A

s
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e Development of computer graphics capability for analyzing and dis-
playing hemispheric and glob~1l weather data collected by satellite
(NESC).,

o Development of satellite product descriptor files for use in ascer-
taining the nature anc availability of satellite products and as aid

in the physical retrieval of archived satellite products (NESC).

® Development of techniques for the use of satellite data in clima-

tological products (NESC).

FISHERIES PROGRAM (BCF ana BSF&W)

e Establishment of a national fisheries data and product network con-
sisting of BCF and BSF&W headquarters, regional BCF facilities, and
local BCF and BSF&W faci.ities for data collection and processing

ané the preparation and distribution of fishery data products.

e Employment of the fisheries data network for the preparation and
distribution of fishery advisories, abundance forecasts, fishery
products reports, fishery resource atlases, fishery statistics

reports and sportfishing atlases.

o Linking of regionsl and local BCF and BSF&W facilities by data com-
munication; linking of regional facilities with the Department of
the Interior computer center in Washington, D.C., by data com-

murication.

e Installation of computer systems for 8 regional BCF facilities-
communication ter: inals for 6 regional facilities (Honolulu and
auke Bay would communicate by mail) and 11 local facilities; and
communiciation iines among 17 facilities and Washington, D.C.; are

required for the fisheries data network.
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WATER QUALITY PROGRAM (FWPCA)

e Establishment of increased capabilities for STORET, including generalized
file management and information retrieval; inclusion of economic statis-
tics, industrial waste discharge, o0il leak and oil spill information in
the data base; development of water qualitw models for ute in predicting

the effects of pollution.

e Establishment of remote sensor and telemetry syster s r erating from
selected estuaries and transmitting data to the Deparcme' t of the
Interior computer in Washington, D.C. This system would be programmed
to automatically detect and report water quality conditions which do

not meet standards.

ONSHORE BUOY DATA MANAGEMENT PROGRAM (U.S. COAST GUARD)

¢ Procedures and systems for storing, processing and distributing data to
forecast centers and national data centers after data from the National

Data Buoy Network reach shore facilities.

® Procedures for the space-time correlation of buoy data prior to their

transmission to forecast centers and national data centers.

® TInstallation ©of one shore-based computer system and communication
facilities for Mod 0 buoy system and 22 shore-based computer systems

and communication facilities for Mod 1 buoy systen,

® Increases in the planned buoy reporting frequency after the buoy network

has been established.
NATIONAL DATA CENTER PROGRAM

e Establishment of regional offices at 8 university sites to be maaned
and operated jointly by NODC, NWRC and SOSC personnel, with NODC as

lead agency.
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e Establishment of data communication links among:

- NODC, NWRC and FNWC

- NODC and 8 regional offices

- NWRC and 8 regional offices

~ SO0SC and 8 regional offices

- NWRC and 14 Weather Bureau offices

e D¢ relopment of live atlas and ocean and atmospheric models by NODC

and NWRC.
e Liaki.. of NODC and NWRC data bases.

e Restructuring of data bases at the 3 centers tc store data at various

levels (di -ect access, serial access, and archival--e.g., microfilm),

e Designation ¢f NODC as the developer and maintainer of the master

national marine data directory for all marine data.

o Designation of NODC as the national ocean engineering data referral

cent for nor-defense ocean engineering data.

e Nevel. ment of a number of data bases at NODC (see Table I1II-1 for

details).
e Creation of an autcmated marine surface observation file inrdex at NWRC.

e Contribution to the development of coastal and Great Lak~s climato-

logical atlases (NWRC).
e Development with NESC of satellite data climatological products (NWRC).

e Developmen: by SOSC of a generalized information and storage retrieval

svutem for the biclogical specimens which are pro.essed by S0SC.

e bevetopment of marine specimen, data, and tibliegraphic directory with

cross-references amonz the three {tems (SO05C).
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TECHNICAL DEVELOPMENT PLAN COSTS
Three types of costs are identified in the TDP:
1. total yearly and ten-year agency costs;

2. total ten-year rosts which are required in order to implement the

entire TDP or a portion of the TDP;

3. total ten-year incremental costs which are required in order to

implement the entire TDP or a portion of the TDP.

Costs in categories 2 and 3 bhav2 been developed for both programs and agencies.
Costs in category ! ippear in Chapter IV of Volume Two for each agency. Incre-
mental costs are not aiways explicitly shown for each agency in these tables
because the purpose of the tables is to show total yearly and ten-year costs.
These are the amounts which would have to be funded each yeuar und for the ten-
vear period FY 71-30 in order tu implement the TDP. An agency cost for one

vear or ten vears is the sum of costs of new resources plus the cost of existing
activitices which are rvelevant to the TDP. Total ten vear costs are also equal
to total FY 70 costs plus all increments in costs for perscnel, hardware, and

other ftems Jduring FY 71-30,

A summary of the TDP ten-year incremental and total costs 1s shown in

Table 11I1-2 bv program and agency, The incremental ¢ 'sts shown in the table
are equal to total! FY 89 costs minus ten times FY 70 costs. Therefore, an
incremental cost {s the increase in cost which is required to {mplement the
TDOP when current budgets are held constant (level funding). The ten-vear
incremental costs are computed by program and agency in Table il1I1-3. he
information used in the table to compute incremental costs has been obtained

from the agency TDP specification exhibits of Chapter IV, Volume Twe.

The costs shown {n Table ITI-2 apply to the TDP as svmmarized in the previcus

section. This plan is referred to as "Plan €7 in order to distinguish {t
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TABLE T1I-2
SUMMARY OF TECHNICAL DEVELCUMENT PLAN (PLAN )
TEN YEAR INCREMENTAL AND TOTAL COSTS

TEN YLAR TOTAL EN YEAR
INCREMEN :
Ccos}?rs TAL COSTS

PROGRAM AND AGENCY (MILLIONS) (MILLIONS)
GREAT LAKES & COASTAL DEVELOPMENT

o LAKE SURVEY & GREAT LAKES DATA CENTER $17.390
¢ COASTAL ENGINEERING RESEARCH CENTER 5.130

22.520

MAPPING, CHARTING & MARINE ENVIRONMENT

DESCRIPTION
o NAVAL OCEANDGRAPHIC OFFICE 90.620 211.670
oU.5. COAST & GEODETIC >URVEY ; 28,320 39.460
ey.S. GEOLOGICAL SURVEY ' 14,548 48.548

133.488 299.678

MARINE FORECASTING, PFSEARCH & SUPPORT

e WEATHER BUREAU OFFICES 3a. 38.323

o NAVAIL, WEATHER SERVICE (MARINE DATA'ACQUY- 0. 265.087
SITION, TRANSMISSION & PROCESSING

SFSSA (MARINE DATATACOUISITION, TRANSMIS- Ry 117.147
STON & PROCESSING

ONATIONAL ENVIRONMENTAL SaIFLLITE CENTYR ©.919

427.476
FISHERIES

@ BURFEADL OF COMMERCIAL FISHERTES § GUREAU
OF SPORT FISHERIES & WILDLIFE

WATER QUALTTY

e FEDERAL WATFR POLLETION CQUNTROL AnMINIS-
FRALION

ON=SHORE RUOY DATA MANAGEMENT
el 5. COANT GUARD
NATTONAL DATA CRuTERS

OLATIONAL OUEANDURA a1 DATA CENTER
ONATIONAL WHEATHER RFCORDS CENTER

@S MITHS G/ R ANGRAIH I ORI TG BN TR

Sea wnrtace temperature, witer te=mvera’ sre it salinity vt iles, sraq state
and sartace mcteorciogl Al parame e ot v iy Gt merchant
and afroraft,
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from plan A and Plan B, which are described in Chapter VI, Volume One. These
are alternate plans which are av. lable in the event that the funds required
for the implementation of Plan C are not available. Plan A and Plan B were
formulated with the aid of a cost/performance model which is described in
Chapter VI, Volume One. These plans have not been developed to the level of
detail present in Plan C. The plans are stated in terms of product and data
service performance levels and costs. The cost allocation outputs of the
model could be employed to formulate additional detailed TDP plans in terms

of equilpment, personr 1 wuu other resources.

Plan C was developed by the methodology described in Chapter II of Volume Two.
The ten-vear incremental cost ofthis plan is $496 million; the ten-year total
cost is $942 million. During the decade FY 71-80, the costs range from $66
million in FY 70 to $111 million in FY 80. The compound annual growth rate

of the total yearly budget from FY 70 (the FY 70 priority marine data management
budget is estimated to be $44,718 million) to FY 80 is 9 to 1C percent. Ten-
vear incremental costs of this plan ($496 million) are 5 percent of the ten-
year incremental funds ($10 billion) reccmmended for NOAA by the Marine Com-
mission., The current portion of the total Federal Marine Science Program

(FY 70) expended on priority marine data and products is 8.5 percent ($44.7
million out of $528 million).

The allocation of ten-year incremental costs to program areas is shown in
Table IIi-4. The allecation of costs shown in the table could be misleading.
The large amount allocated to marine forecasting, research and support would
provide benefits to several other program areas in addition to marine fore-
casting. The mounting of a large-scale surface and subsurface data collection
program would also provide benefits to programs in environmental description
(data for the production of environmental descripi.on products), fisheries

(temperature, salinity and meteorological data for fisheries research and
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operations), national data zenters {a significant new source of data), and

coastal development {data collection for the development of coastai atlases

and other products).

TABLE TII-4

ALLOCATION OF TEN-YEAR INCREMENTAL COST® TO PROGRAM AREAS

PROGRAM

e GREAT LAKES AND COASTAL DEVELOPMENT

¢ MAPPING, CHARTING AND MARINE ENVIRONMENT
DESCRIPTION

e MARINE FORECASTING, RESEARCH AND SUPPORT
& TISIHIRIES

¢ WATER QUALILTY

e ONSHORE BUOY DATA MANAGEMENT

8 NATIONAL DATA CENTERS

INCREMENTAL FUNDS  PERCEN
(SMILLIONS)
$ 22.520 4.54
133.488 26.91
245.976 49.53
24,208 s.ce2
12.690 2.56
29.869 6.02
26.661 5.37
$496.110 100.00

Schedules for the implementation of agency development plans are contained in

Chapter IV of Volume Two. The implementation pr’ority of the elements of

the TDP is specified by the sequence in which activities are scheduled.

ment plans. A mechanism for achieving coordination within the context of

the entire marine data network is summarized in the following section and is

described in greater detail in Chapter V of Volume Two.

Re-

quirements for interagency cooperation are indicated in the agency develop-
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MARINE DATA NETWORK DEVELOPMENT PLANS

To achieve the degree of coordirnation required teo implement the TDP, a mech-
anism musi ve established which would be responsive to both day-to-day and
long-range planning operations. During the course of the study, SDC found it
invaluable to bave one cential office--the Marine Sciences Council~-with which
planning and policy formulation could be conducted, and the Data Maragement
Advisory Panel (DMAP). It is th-refore recommended that one office be desig-
nated for cognizance of policies applicable to marine data management activities,

and that DMAP be continued on a permanent basis.

Specific suggested responsibilities for the first office should include the

following major areas of responsibility:

-- Monitoring implementation of marine data program improvements to

compare the results with objectives.

--  Expediting ava‘lability of relevant data program information to the
affected mariae community, including proprietary, classified, and

other marine data.
-~ Forecasting data program requirements.

-~ Assessing the routing of data among marine data acquisition, process-
ing, and dissemlnation agencies and the Jdistriburicon of worklaads

among the various mar’ae data facilities.

-~ Updating the TOP for the national marine data management program to

ensure {ts currency with events.

-- Couordinating marine data and product service coperations invelving

multiple agencies.

-~ Fosrering rthe flow of marine data to and among national centers.
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-- Improving Interagency compatibility.

-~ educing redundancies in marine data holdings, product generation, and

.ervice operations.

-~ Facilitating marine data and product inventories and accountability,

It 1s suggested that the appropriate designation of the first office be within
the Executive Office of the President. more particularly in the Marine Scieaces
Council, unless and until a new office or agency 1is formed ior the purpose of

coordinating rational marine science activities,

Based upon the nature and scope of these activities, this proposed national
caordinating mechanism for marine data management programs should have the
capability for providing in an ongoing manner the information necessarv for

national lcvel:

-- policy piannirg
-- program planuing
-- fiscal planning
-~ decisfon making

-- progress m-~froring

The specific responsibilities cf the DMAP would be to conduct technical reviews

of progress aad secure agreement on solutions to problems that arise in the
implementation cf improved data manzgement programs. For example, the estab-
Iishment of standards for quality control {n the collection of marine data,
standards for compatibility of furmats in data mec'ification and inventory con-
trel, scales for map and chart production, new marine data product specifications,
and means for achieving real-time linkages among computer-bases <iles of marine

data would be appropriate for this Panel,
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IV. AGENCY DEVELOPMENT PLANS
GREAT LAKES AND COASTAL DEVELOPMENT

LAKE SURVEY (LS) AND GREAT LAKES DATA CENTER (GLpC)

Because of the rapid degradation of the Great Lakes region, coupled with the
miniscule resources available for data management in this region ($200;000 for
FY 70), a signifizant upgrading of services and augmentation of resourcee at
the Lake Survey and Great Lakes Data Center is proposed over the next decade.

The data and products of concern in the Great Lakes Region are indicated below.

Pollution
Poilution Data Base
Weather and Clsﬁatology
Ice and Snow Data
Ice Atlases and Charts
Wave Data
Wave Charts
Climatological Atlases
Water Management
Water Quantity
Lake Water Levels
Water Motion
Surface Currents Data
Surface Currents Charts
River Flow Data
Bathymetry
Bathymetric Data Base
Bathymetric Maps

Recreation Charts
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The ahove data and products have either been unavailable or have been lacking

in geographic coverage or in consistency of productisn. For example, an orga-
nized data base of pollution information has not been produced. Recreatiovnal
craft chart coverage of the Great Lakes has been ircomplete (Table IV-1, second
page). Improved information for forecasting and uescribing ice and snow, wave,
currents, and water levels condi.ions are needes for water management, shipping,

recreation and Corps cf Engineers design and coustruccion projects.

A proposed schedule of implementation for improving and sugmenting data and
product services is shown in Table IV-1. The rescurces of the GLDC would be
augme ““ed in order to exnand its traditional services of inventorying, storing
anu retrieving data in support of the Lake Survey resear th, university research,
and government research and management (U.S. and Canadian) in the region. 1In
addition, its capabilities to support the traditional activities of the Lake
Survey in nautical charting, measurements and predic.ions, water motion and
water characteristics studies, and ice and snow surveys, would be expanded. The
climatological products shown iu Table IV-1 (e.g.. ive atlases and charts and
wave charts), are used by the Lake Survey for carrying out its responsibilities
with respect to navigation and engineer.ng development and construction on the
Lakes. Since these products also consist of forecasts and climatological de-
scriptions used by industry and the public, the responsibilities of the Weather
Bureau for forecasts and EDS for climatological publilcations is involved. A
joint effort between Lake Survey and ESSA will be required for producing these
products. It is recommended that the Lake Survey be designated as the lead

agency for this effort.

The major Great Lakes data base requirements for the decade which can be quan-
tificd are shown in Tabl. .V-2. ©No new technolegical problems are presented

by the requirement for storing and maintaining these data bases. The Technical
Developm~nt Plan is presented in Tables IV-3 and IV-4. The major shore-based
hardware ud software requirements pertain to equipment and programs for data

base creation, maintenance, and digital plotters for chart and map plotting.
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TABLE IV-2

LAKE SURVEY AND GREAT [AKES REGIONAL DATA CENTER
EXAMPLES OF GREAT LAKES PRIORITY DATA BASES

MAJOR DATA BASE REQUIREMENTS

FISCAL YEAR
71 72 73 74 7% 75 77 78 79 I, 80
1

WATER QUANTITY DATA asg‘Y
DATA POIHTS(z) (M) 6.84 ) 7.18 | 7.54 1 7.92 | 8.321 8.74 } 9,18 | 9.64 J10.12 }10.63
CUMULATIVE DATA POINTS (M) 6.84 ]14.02 |21.56 129,48 }47.80 | 46.54 |55.72 }65.36 [75.48 |86.11
CUMULATIVE CHARACTERS (B) L1031 .210 | 0323 J4a2 ] (567} .698 | .836 § .980 [i.132 }1.292
NUMBER OF TAPE REELS 6 11 17 23 29 35 42 49 57 65

WATER MOTION DATA BASZ(3)

4
DATA POINTS( ) X) 87.4{ 91.8 | 95.4 1101.2 J106.3 J1l.6 |117.2 §123.1 J129.3 |135.8
CUMULATIVE DATA POINTS (K) 87.4 1179.2 1275.6 | 376.8 |483.1 |594.7 }711.9 |826.8 {956.1 }1093.¢
CUMULATIVE CHARACTERS (M) 3.06 § 6,27 | 9.65 113,19 16,91 ]20.81 §24.92 §28.94 }33.46 ]38.29
NUMBER OF TAPE REELS 1 1 1 1 l 1 2 2 2 2 2
DATA INVENTORY

ENTRIES (M) 4.0 4,2 4,4 4,6 4.9 5.1 5.4 5.6 1 5.9 6.2
CHARACTERS (M) 400 420 440 460 490 510 540 560 § 590 620
CUMULATIVE CHARACTERS (B) .40 .82 1.26] 1.72 L21p 2,721 3.26% 3.82) 4.41 503
NUMBER OF TAPE REELS 20 41 63 86 111 136 163 191 | 221 252

OTHER DATA BASES
(SMALL; LESS THAN A TAPE REEL PER YEAR EACH)

WATEK CHARACTERISTICS (NANSEN CASTS).
ICE AND SNOW (ICE CORES - THICKNESS, DENISITY AND TYPE).
SHORE PRUCESSES (BOTIOM SAMPLES, CORES, DREDGE AND GRAB SAMPLES).

(1) PRECIPTITATION, WATER TEMPERATURE AND WATER LEVEL.

(2) ASSUMES 15 CHARACTER READINGS EVERY 5 MINUTES, 385 DAYS PER YEAR FROM 65 STATIONS AND 5 PERCENT
ANUUAL GROWTH RATE IN READINGS.

{3) 'IND SPEED AND DIRECTIONS, HUMLDITY, AIR TEMPERATURE, WATER TEMPERATURE AND SOLAR RADIATION.

(4) ASSUMES 35 CHARACTER READINGS EVERY 6 MINUTES, 182 DAYS PER YEAR FROM 2 STATIONS AND 5 PERCENT
ANNUAL CROWTH RATE IN READINGS,

B = BILLIONS M = MILLIONS K = THOUSANDS
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TABLE IV-3

TECHNICAL DEVELOPMENT PLAN SPECIFICATION - L.

£ SURVEY

AND GREAT LAKES DATA CENTER SYSTEM - PRIORITY PRODUCTS AND DATA
NEW HARDWARE, SOFTWARE AND COMPUTER OPERATIONS REQUIREMENTS

_ COMI(TER }
HARDWAKE R SOFIWARE OPERAT TOTAL ANNVAL
PURCHASE SOFT™ " RE soFTvARE(? COMPUTER [ PERSONHEL §DATA PROCESSING
HARDWARE COSTS DEVELOPMENT MAINTENANCE | SOFTWARE OPERATIONs | costs(3) cosTis
ACTIVITY* REQUIREMENTS (MILLIONS) | REQUIREMENTS  JREQUIREMENTS | PERSONNL: § (NMILL..NS)§ 7ERSONNEL|(MILLIONS) {MTLLTUNS)
(1) POLLUTION DATA BASE (1) to (12) (1) DATA BASE
DEVELOPMENT L PROCESSOR AND SOFTWARE (5K
(2) EXPAND DATA INVENTORY JAUXILIARY EQUIP- INS TRUCTIONS)
(3) RECREATION CRAFT CHART|MENT (2) SOURCE DATA . . .
UPDATING; CHART AND MAP 1 CRT §1.032 INBEX (10K ? $.135 10 S.100 31.267
FORMATIING (3.1) INSTRUCTIONS)
(3.,1) INCREASE RECREATION {2 SHIPBOARD (3} CRT LIGHT PEN
CRAFT CHART COVERAGE SOUNDINGS A/D PROGRAMS (15K
CONVERTERS INSTRUCTIONS)
(4) CHART & MAP PLOTTING. () ) (1)
GRAPHIC iNPUT, A/D CON~ 3 CRTs ()
VERSTON 1 X-Y TABLE PLOTTER (3
(5) EXPAND ICE AND SNOW 1 CRAPHIC INPUT UNIT (4) PLOTTING,
DATA BASE 1 A/D CONVERTER , GRAPHIC INPUT & . , N .
(3.1) WA4T77 A/D SOFTWARE (20K ib 260 10 100 817
2 SHIPBOARD SOUND- INSTRUCTIONS)
INGS A/D CONVERTERS (5) DATA BASE
SOFTWARE (5K
INSTRUCTIONS)
(6) DEVELOP ICE ATLAS & (3.1) (4)
CHARTS 2 SHIPBOARD SOUND- (5) P "N 3 . .
INGS A/D CONVERTERS -200 (6) aTLAS & cuarT) (V) & e ? L3 10 -100 La3
SOFTWARE (5K
TNSTRUCTIONS )
(7) DEVELUP WAVE DATA (8) 1) 2y @
BASE (7) DATA BASE 14) (5)
: o5
ADD SURFACE CURRENTS 6 T s) 7 o 10 <180 A0
RIVER FLOW DATA TO WATER R :
MOTION DATA BASE
(8) DEVELOP & PROGDUCE 3 (W) [$)] L) )
SURFACE CURRENT CHARTS; 1 CRT R (8) CHART SOFT- 1(4) (3) (&) i
.02 . . .135 . 2
75 1 DEVELOP WAVE CHARTS 039 Jware (10 %) ? 10 100 il
(9) EXPAND BATHYMETRIC INSTRUCTIONS)
DATA BASE (9) DATA BaSE
SOFTWARE (5K
INSTRUCTLONS)
(10) DEVELOP & PRODUCE (8 (1) () (M
BATHYMETRIC MAPS ) (&) (5) (o)
76 (10) MAP SOFT- (€] 8 120 10 Llah Lo
WARE (5K
INSTRUCTIONS }
(11) DEVELOP ON-LINE (3.1 (10) 1) @) N
ENGINEERING COMPUTATION |2 SHIPBOARD SOUND- (11) ON-LINE {4) (5) (8) "
77} CAPABILITY INGS A/D CONVERTERS . 200 TERMINAL SOFT- ) (9 u 150 19 - 100 <450
WARE { JOK
INSTRUCTIONS )
1) (1)
78 1R 029 () () (0) 9 135 10 .100 L2nd
(7) (8) N
($1))]
(12) DEVELO? & PRODUCE (1)
79 |CLIMATOLOGICAL ATLAS (12) ATLAS (6) 3 135 10 160 L2
SOFIWARL (5% (7) 8y (N
INSTRUCTTONS ) (1)
(13) PROVIDE FOR UDATA (11) ()
COMMUNICATION WITH OTHER 1 CRT )
038 5 075 1 .100 L20)
80 {omcan1ZATIONS (13 RRORSD
1 TERMINAL ADAPTUR (10 (1
TEN YEAR TOTALS (MILLIONS) $2,005 1. 305 ¥1.000 $4, 370
» Initiation of Improved Product/Service or tew Product/Service
1. Numbers in parenthesis () indicate programs for which malntenance requlrements exist,
2. Priced at $15,000 per annum per man yeor.
3. Priced at $10,000 per annum prr man year.
4, Hardware cost and software personnel vost and computer vperations personnel vost,

NOTE:

Number {n parenthesis associate related ftems, ¢og., hardware {s requived 0 FY 71 tor activities (1) through (123,

Juta base software 1a vequirved in FY 71 and Fv 72 for a Pollution data base, persomnel requirements are noncumulative.
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Launch equipment for converting soundings from analog to digital format would
contribute to significantly increasing the recreational craft chart coverage
and bathymetric surveyving of the Great Lakes. The total ten-year cost for data
proc:ssing is $4,370,000. The ten-year requirements for non-data processing,
or applications personnel, is shown in Table IV-4., A siguificant increase in
personnel for nautical chart compilation and hygrographic survey crews has

been planned in order to accomplish the required increase in geograpnic cover-
age for recreation charts indicated in Table IV-1, Also, new personnel require~
ments are created by the need to develop and produce a climatological atlas for
the Great Lakes. The EDS would be a contributor to this effort, by furnishing
a portion of the required data. The States in the region should also be
involved in the publication of a climatnlogical a:las. A cost-sharing arrange-
ment between the States and Federal agencies for the publication of the atlas
might be appropriate, The total applications personnel cost for the decade is
$19,020,000, which then added to the data processing cost, requires a ten-year
expenditure of $23,390,000.

The proposed computer system for the GLDC, with the fiscal years in which com-
ponents would be acquired, 1s shown in Figure IV-1l. The specifications for

this equipment are presented in Table I\ -5,
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COASTAL ENGINEERING RESEARCH CENTER (CERC)

An important requirement for aiding research for the design of coastal struc-
tures and beach restoration projects is a wave gauge network along the coasts
of the United States, including Hawaii, Alaska and the Great Lakes. Such a net-
work has been proposed by ithe CERC. In addition to its use as a source of
historical data for coastal development, such a network would have equal value
to the U.S. Weather Bureau for coastal weather, wave and surf monitoring, warn-
ings, and forecasts. The propused wave data acquisition and processing network
is shown in Figure IV-2. The aspects of this network relevant to CERC are dis-
cussed in this section. The use of this network by Weather Bureau offices is
described in the Weather Bureau section under Marine Forecasting, Research and
Support. The wave gauge network would be expanded from the several stations
which currently telemeter data from the Mtlantic City Pier to CERC to approxi-
mately 100 over the decade. It is suggested that the wave gauge installations
he made permanent for the use of both CERC and the Weather Bureau, with the two
agencies sharing the cost of the wave gauge network. It is understcod that
CERC plans to expand the automatic acquisition and telemetering of wave dat-

to other locations. The total number of near-future wave stations is approxi-
mately 10, with 3 gauges installed at each location in ovder to obtain direc-
tion information in addition te wave heights. Ten stations are shown in

Figure IV-2 t. be in place by FY 71 along the Atlantic coast. Automatic trans-
mission of data over telephone lines to CERC is shown for these 10 stations

in the diagram., This would be accomplished by providing veltage controlled
sub-carrier oscillators for each gauge at a station. The resultant frequency
modulated signals are multiplexed and frequency modulate a telephone line
carricr.  The transmitted signal is Jdemedulated at the receiving end and sub-
carrier discriminators recover the three original sensor signals from the

multiplexed signal.

These analog signals are then converted to digital data under the on-line contrcl

of an analog to digital converter and contrel unit which receives its commands
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from a digital computer. The A/D conversion is controlled by software state-
ments cxecuted in the digital computer. This type of data reduction arrange-
ment is recommeuded because it provides the capability of remote control of the
readout time, frequency, duration and sampling rat: of the analog wave sensors.
This arrangement will provide complete control of data acquisition, digitiza-
tion and analyses at CERC. Additionally, such an arrangement allows in-house
CERC laboratory data acquisition equipment (water surface elevation sensors,
velocity muters, sediment flow meters, etc.) to be remotely controlled by the
test operator in CERC.1 The great flexibility provided by the control of
analog recording, digitization and data reduction which is afforded by a hybrid
complex can be brought to bear on the in-house data reduction and analysis

problems.

"A limited on-line wave data acquisition system of 10 stations is proposed in
this TDP for CERC. The remaining statiens in the netvork (89) would record the
data at the station on FM analog tape for mail transmission to CERC. The tapes
can be reduced with the same equipment as provided for on-line receipt of data
and the equipment described previously would still be available for on-line
centrol and monitoring of laboratory experiments. For Weather Bureau coastal
weather wave and surf monitoring and forecasting, a real-time mode of operation
is recommended. The 10-year TDP for CERC is shown in Table IV-6. The equipment,
software and software personnel are for the applications already described. The

details of hardware characteristics are shown in Table IV-7.

The ten-vear data processing cost is $4,216,000. Software personnel require-
ments include mathematicians in addition to programming personnel. It is
cstimated that the FY 71 cost of engineering and scientific personnel involved
in wave analysis, littoral processes analysis, sediment evaluation and labora-

tory data analysis is approximately $300,000 and will grow by a compound annual

lAn example of a process control computer which is capahble of this mode of
operation is the IBM 1800 System.
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TABLE IV-6

TECHNICAL DEVELOPMENT PLAN SPECIFICATION - COASTAL ENGINEERING RESEARCH CENTER

AND COMPUTER OPERATIONS REQUIREMENTS

i SYSTEM - PRIORITY PRODUCTS AND DATA - NEW HARDWARE, SOFTWARE

COMPUTER TOTAL L\'m
HARDWARE = SOFTWARE OPERATIONS] DATA ACOUISITION
FURCHASE SUFTWARY S«‘FD-X\R},\.) PERSONNEL COM: JTER PERSONNELY AND PROCESKING
HARIWAKE COSTS oeveLOPMENT | varsTesaicel sOFTWARE costst?) | orERATIONS| cosrs(d) cosite)
Y ACTIVITY® REQUIREMENTS (MILLIONSY REGUIREMENTS REYUTREMENTS§ PERSONNELR (MILLIONS PERSONNELY (MILLIONS) (MILLIONS)
ISITIALE DEVELOPMENTE OF (1) GYNYRAL PUR-
SUFTWARE FOR IN-HOUSF POSE SCL
SUR IATA PROCESSING
L128 INSTRUCTIONS
PER YEAR)
71 () LABORATORY 0 $.150 3.150
DATA AND
CONTROL (15K
INSTRULTTIONSY
FROVIDE IN-HOESRE DATA PROA (1% to (1 i ()
CESSING FUR: 1 PROCESSOR AND s.0379 (2 i BN I 5.3900 1.207
) NERAL PURPOSE SCTEN-§ ASSOCIATED EQUIFP- N
TIFIC DATA PROCESSING
(1) LARDRATORY DATA ACQUIH
SITION AND ANALYSIS
(3} FIELD WAVE GAUGEL DATA
7:8 ACVISITION
(4) WAVE DATA ANALYSIS
19) LITTORAL PROCESSES
EVALUATION
(6) SEDIMFNT E
PARAMETER EVALUATION
(7) STATISTICAL TABULATION
OF ENV Tal DATA 8
[E)] L 20 WAVE GAUGE 47 WAVE GAUGES S o 290
STATION ‘\,y ;A.h\(;;\\ " ::); [ .29
2 ATLANTIC S0 PMOANALOGC TARE 02
} PACLELC N1
9 CARIMBEAN
3 QULF
L GREAL LAKES
(9) DEVELUP GRAPHIUS SOFT- i (1 (y il JAos
70 WARE FOR (91 CRAPMI in L 100 265
UL DU ey s (D SOFTWARE (i,
LS TRUCLIONS),
»9 WAVE CALGE - mvél?)r s 351b (D (O (D (b 1 1h3 10 100 655
7 WAVE G, S . N
" 39 PMANALUG TAPE u3y '
UNITS
KES
1y I VELOE COASTAL OCEAI (H [QARNEARE &) m L150 19 100 L1250
750 ENGINFERING DATA BASE & (11) QCEAN ENGIN (4}
AUTTUTS FUR HANDBIOK EERING SOFTWARE
{5K_LNSTRUCTIUNSY
CL2) INSTALL WAVE GAUGE [SI] N (D (D (»
IR STATTONS: 31 WAVY GAU 099 (H N It L1685 10 L 100 2315
3OAY ANTIU i1 FM ANALOG TAPE 00 (BN}
5 PaC FIC UND [
[§3] (M 11 L1658 10 L 100 265
17
1)
(I (@3] 1 Rt 10 .l100 230
i )
(1
e N {h 1 L1150 10 100 250
[§]
(11}
(13 PROVIDE FUR DAla M- ayn
BUR MUNTCALON WITH OLHEK DATA COMMUNICATION 009 (n n 10 L1500 10 L1090 59
ORUAN LAAT LNS ADAPTOR (113
—
TUN VAN H .I\ :llLl\\Nﬁ) 31,756 560 3,909 $4,216
A Inittat Co ot ALty
o AD ccoveiter b contror undt, | oprocessor, 1 odise control, 1 odise storvage unft, 1 otypewriter console, 1 CRY Jlsplay control, 2 graphic CFls, 1 tupe
Conteol, o magnetbe tape units, 1 paper tape rteader/punch, 1 printer, L plotter, 1 ocard 1eader/punch
Coat what ing with Woather Bureau; 50 pervent of cost allovated t UFRC
1. Aunbers o pareithe {8 indicate progiams tor which matntenance requivements es fst,
Prived at S1H,000 per annum per man vear.
Froved at 210,000 per annum prroman vear,
o Hardware coatoamd ot tware cersonnel coct and computer operat fons persannel cosc,
SOLE Sumbers An paventoessoomrsee tate related feems, o, hardware beovegquleed I PY 70 for activitden (1) dirough 0102,
Wottware development for weneral purpese selentitic data procensing (5 vequired o Y D970 threagh FY s,
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rate of 5 percent to a sum of $466,000 by FY 1980. Therefeore, the total
estimated FY 71 priority and data product cost is $.450 (.150 + .300) million
and §.725 (.259 + .460) million for FY 80,
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NAVAL OCEANOGRAPHIC OFFICE (NAVOCEANO)

Existing major priority products of NAVOCEANO include nautical charts (foreign
country coverage), Notice to Mariners, sea surface temperature atlases, ice
atlases, ocean station atlases, pilot charts, climatological atlases, sound veloc-
ity atlases, thermocline depth charts, and marine geology atlases. Recommended
new products are ocean engineering reports and handbooks (with contribution

from CERC for coastal wave sadiment transport, beach erosion data, structures
design data, etc.). The Navy contribution would consist of any releasable data

on submersible design criteria, test results, correlation of design objectives
with test results and environmental data. The Naval Ship Systems Command and

the Maritime Administration could furnish data on naval and merchant ship design,

respec.ively.

The major needs for NAVOCEANO product and service improvement include:
® Reducing the time interval between nautical chart updates.

@ Increasing the nautical chart and bathymetric map coverage of foreign

waters.
e Increasing the currency of information in Notice to Marin~rs

o Providing data management systems for converting, storing and

retrieving huge volumes c¢f bathymetric, magnetic and gravity data.

In order to meet these objectives, a ten-year TDP has been formulated which

provides for:

e Reducing the time interval between nautical chart updates from 36 to
6 months (see Table IV-8).
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TABLE IV-8

NAVCCEANO SYSTEM PRIORITY PKGDUCTS AND DATA

PRODUCT IMPROVEMENT

FY 71)FY 72)FY 73YFY 74)FY 754FY J6|FY 77(FY 78QFY 79%FY 80

REDUCE TIME INTERVAL BETWEEN

UPDATING NAUTICAL CHARTS 36 | 30 J 24 | 26 ) 18} 18 1z 12} 6 6
(MONTHS)
INCREASE NAUTICAL CHART AND
BATHYMETRIC MAP COVERAGE FOR 25 30 | 35 40 1 45 50 } 55 60 70 75
AREAS REQUIRING 1:75,000 SCALE
OR LARGER
(PER CENT)
REDUCE DELAY TIME FOR INPUT TO
NOTICE TO MARINERS 8 6 6 4 4 4 2 2 2 1
WEEKS)
NEW PRODUCT DEVELOP & up- | U~
OCEAN ENGINEERING HANDBOOK PRODUCE DATE DATE

MAJOR DATA BASE REQUIREMENTS (EXCLUDING NODC BASES)

NEW BATHYMETRIC DATA GENERATION AND STORAGE REOUIREMENTS*
(DIGLTAL DATA FROM SEA)

SOUNDINGS (M) 200 | 200 | 200 | 200 | 200 | s00 l 500 | 500 | so0 ] sco
BITS (B) 20 20 ] 20 ] 20 { 20 50 | s0 50 | 50§ s0
CUMULATIVE BITS (B) 20 { 40§ 60 | 80 J 1o 150] 200} 2~ 300 350
CUMULATIVE CHARACTERS (B) 2.3 ] v.6 J10.0023.3]16.7 | 25.0]33.3]61.7 }50.0 |58.3
NUMBER OF TAPE REELS** 165 ] 333 | s00 | 667 | 833 J1267 | 1734 ] 2167 | 2601 § 3068

NEW MAGNETIC DATA GENERATION AND STNRAGE REQUIREMENTS*
(DIGITAL DATA FROM ..EA)

DATA POINTS (M) 20 | 60 60 | 60 | 100 § 200 | 100 | 100 § 100
BITS (B)*** 81 2 6 6 6 o] 0] w, 10] L
CUMULATIVE BITS (B) 2.81 8.8 |14.8]20.8]30.8]60.8}50.8]60.8770.8
CUMULATIVE CHARACTERS (B) 13 w7167 ] 2.47] 3,47 5.14] 6.80] 8.47]10.14413.14
NUMBER OF TAPE REELS 17 0 23 F 74 | 127§ 174 | 260 ] 340 | 427 | 507 | 594
NUMBER OF DATA REQUESTS 300 | 350 | 400 | 450 | 500 | 550 § 600 | 650 } 700 | 750

NEW GRAVITY DATA GENERATION AND STORAGE REQUIREMENTS*
DIGITAL DATA FROM SEA)

| OBSERVATIONS (K) 500 ] 500 § 500 § 500 J svo | 700 | 700 | 700 | 700 | 700
BITS (M)*** a1 56 | 56 1 56 56167 ter ] 167 167 ] 167
CUMULATIVE BITS (M) s4 | 107 ) 160 § 203 ] 267 | 334 ] 400 § 467 | 534 | 600
CUMULATIVE CHARACTERS (M) e.7 J18.0}26.7]35.4]46.7]55.4]66.7 }78.0}88.7] 100
NUMBER OF TAPE REELS 7 7 ) 15} 20 2] 3 40 | &7 54

* Only small portion of data base active at any one time.

**  Does not imply a recommendation to store data on magnetic tape: presented as an fndication of
data base size.

*k%x  Approximately 100 bits of Birary Code assumed Lo reoresent one sounding, one magnetic data
point, or one gravity data point.

K = THOUSANDS M = MILLIONS B = BILLIONS
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o Increasing nautical chart coverage of charts of 1:75,000 scale or
larger from 25 percent to 75 percent. This recommendation is con-
tingent on obtaining permission of foreign governments for the required
survey work. Friendly governments may present no problem and neutral
governments may be induced to cooperate by way of exchange agreements
as currently practiced by NAVOCEANO, i.e., training of foreign hydrog-

raphers in return for mapping and charting their waters.

® Reducing the delay for incorporating navigation obstructions and aids

in the publication of Notice to Mariners from eight weeks to one week.

o Increasing the utilization of automation in chart maintenance and

correction operations.

o Expanding bathymetric, magnetic and gravity data library indices.

Concerning the last item, it is clear from an examination of Table IV-9 that
if only new volumes of geophysical data are considered, the amount of data

to be stored is significant. Most of this data is relatively inactive, being
required only when a map, chart, atlas, or amalysis is required which involves
the use of the data. However, given the size of the data bases, the automated
indices are essential to providing quick access to data stored on-line or in

the tape libraries.

It is recommended that the existing backlog of 40 million soundings not be
digitized en masse since so much of NAVOCEANO geographic area of responsibility
requires mapping at larger scales. Rather, it is recommended that existing
soundings be selectively digitized by a semi-automatic curve follower. A man-
ually controlled curve follower is provided in the recommended system for this
type of input. Instead of investing considerable resources for the reduction
of backleg, a high priority should be assigned to provide all new hydrographic

survey ships with A/D conversion and computing equipment in order to capture
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data in digital format at the source and hence increase the automation of chart
correction and new chart compilation, and to provide automated bathymetric data
bases. A single ship equipped with the special Array Sonar System can produce
200 million soundings per year in digital format. This capability could be
utilized to obtain in digital form soundings which now comprise the backlog in
analog form. 1In accordance with this approach, only new volumes of digital
sounding data are shown in Table IV-8. A diagram of the proposed shore-based
processing system is shown in Figure IV-3, This configuration consists of a
large main processor for chart and map updating (featuring the use of CRTs as
an aid to chart maintenance), a new chart and map computation, data computation
and analyses for atlas production; on-line CRT displays for live atlas, environ-
mental data analyses and plots; on-line disks for storing data required during
chart and map updating computation, live atlas displays, etc., and for the

maintenance of the data library indices.

The satellite processor handles all input-output operations. These include
input for digitized bathymetry, gravity and magnetic data; analog input via
a manually operated curve follower (e.g., smooth sheets); plotting and
contouring for nautical charts, bathymetric maps, magnetic and gravity field
maps, currents charts and sea and swell charts; and microfilm recording of
magnetic tape data and CRT displays. Routine maintenance operations, such
as aids and hazards to navigation for input to Notice to Mariners, are also

performed on the satellite processor.

The TDP for the NAVOCEANO shor2-based system is shown in Table IV-9. The
ten-year data processing cost for additional resources is $8,488,000. This
amount appears small in comparison to the ten-year cost of application person-
nel of $181,380,000, which is shown in Table IV-10. Currently, NAVOCEANO per-
sonnel costs are much greater than data processing equipment costs. This
situation will not change significantly in the fucure. Although the use of CRTs,
computer maintenance of chart corrections, etc., would lead to personnel reduc-

tion if the workload did not increase, the significant increase in workload
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which would result from the implementation of the TDP outweighs efficiencies
in production achieved through automation. Application personnel requirements
which are affected by the use of computers are distinguished from those where
there is little impact. For example, chart maintenance and maritime safety

(Notice to Mariners), personnel requirements, shown in Table IV-10, come under

the former category; an overall increase in requirements is projected. Where
normal progress in personnel requirements were believed to obtain, such as in

oceanograpnhic analysis, a compound five percent annual increase was used.

A detailed computer configuration diagram for the shore-based system is shown

in Figure IV-4 and data processing hardware characteristics are tabulated in

Table IV-11. The features of the maximum system are:

® 2 processors and peripheral gear by FY 72
e 960 million characters of on-line disk storage by FY 72
e 12 CRT's by FY 72 and 24 by FY 80

e 800 million characters of on~line mass storage by FY 80

The on-line storage requirements are based on storing one-tenth ot the bathy-
metric, magnetic and gravity data on-line at any one time, and for storing a
directory to all data for retrieving data from the on-line disks or tape units
or te call for mounting off-line tape recis. 1t should be ooled that these
cquipment recuirements pertain only to the named prierity oroducts and data

an  not to the totality of NAVOCEANO requirements.

The second coapoint of the TDP counsists of the requirements for shipboard
instrumentation and data processing. In crder to determine these requirements
it is necessary to estimate the number of ships which will be required for
hydrographic, geophysical and cceanographic surveys for the decade. It {s
highly desirable that each ship be equipped to collect the three tvpes of data.
This approach will permit maximum utilization of expensive platforms., Also,

with simultaneous collection of the three types of data, a complete description
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of the water coiumn, geophysical properties, and bottom topography at a given
point and along a track can be obtained. The correlation of many parameters
by time and position would permit many parameters to be automated, associated
and stored on data bases as a package, thus reducing the requirement of
correlating data from different data bases when a complete description of
properties is required at a given location and time or along a given track.
Ship requirements are based on ttie need for hydrographic survey:c: increased
nautical chart and bathymetric coverage for areas requiring 1:75,000 scale or
larger by 50 percent over the decade. This objective wyuld require 171 ship-
years to attain. It is assumed that 12 ships are currently available for
hydrographic work, leaving a balance of 51 ship-years which must be provided
bf new ships--one ship acquired in each of the years FY 72 through FY 77, plus
two ships in ezch of the vears FY 78 through FY 80, or a total of 12 ships.
In addition to hydrographic data, the 22 ships could generate a maximum of
6,000,000 miles of magnetic and gravity data in 10 years if operated 12 hours

per day at 8 knots.

The TDP for shipboard systems iz shown in Table IV-12., Ship costs are not
included. It is recommended that a data processing system identical in con-
figuration to the shipboard system be installed on shore prior to shipboard
installation in order to test programs prior to committing the system to
shipboard use. Simulation programs could be written to simulate the at-sea
input of data to the system. Other programs could be developed to record and
analyze the performance of the system under simulated conditions. '"Live inputs”
from selected instruments, such as the STD, could be obtained from instruments
under test at the National Oceanographic Instrumentation Center (NOIC) by
transmitting the data over telephone lines to the test site or by installing
the test site in the vicinity of the NOIC. A feature of the shipboard pro~
cessing system is the capability to control the sampling »f data from the
digital computer. This feature permits control of time, frequency and duration

of sampling. Since some geographic areas require more intensive data collection

R ———
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than others, the digital computer control of sampling could be employed to
provide the appropriate sampling for a given area. This feature could also

be used to control the read-out of laboratory instrumcnts during tests on land.

With a shipboard computer, it is also possible to reduce the volume of data
handled by programming the shipbeoard computer to record only those data values
which differ significantly from previous values. Unchanging data are not

recorded or are placed in a separate file.

The instrument suit for hydrographic, geophysical and oceanographic data col-
lection and data processing systems is indicated in Table IV-12. Data
processing personnei requirements, both shore-based and shipboard, are shown
in Tabie IV~13. The significant cost item is the cost of instrumentation and
data processing hardware; the ten-year cost totals $19,352,000. The total
ten-year shipboard system costs, including personnel, total $21,802,000. Sh

Shorc-based system costs predominate:

10-year shore-based system cost $189,868,000
10-year shipboard system cost 21,802,000
$211,670,000

Data processing hardware specifications for the shipboard computer are presented
in Table IV-14,
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TABLE IV-13

TECHNICAL DEVELOPMENT PLAN

NAVOCEANO

TM-4023/006/00

TOTAL BUDGETS FOR PRIORITY DATA AND PRODUCTS

SHOREBASED

SYSTEM
BUDGET

(MILLIONS)

/

$14.415

SHIPBOARD
SYSTEM
BUDGET

(MILLIONS)

TOTAL ANNUAL
BUDGET
(MILLIONS)

$14.730

16.900

18.870

15.708

17.718

16.905

18.740

18.415

20,280

19.125

21.015

20.352

22.262

21.380

23.837

22.573

26.318

TEN YEAR
TOTALS

a Excluding chip costs.

24.095

$189.868

27.900

$211.670
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COAST AND GEODETIC SURVEY

The Coast and Geodetic Survey (C&GS) will play a key role in future data pro-
grams due to the increased emphasis on mapping the continental shelf and data

collection from the coastal zone. Existing priority data and products include:

Cunventional Nautical Charts (Sailing,
General, Coast and Harbor)

Small-Craft Nautical Charts
Bathymetric Maps

Magnetic Field Maps

Gravity Field Maps

Bathymetry, Magnetic and Gravity Data
Tide Tablesl

Tidal Current Tables and Charts1

The principal recommendations for improvements in existing priority products are
shown in Table IV-15, Primary emphasis is accorded tc increasing the timeliness
of nautical charts by reducing the time interval between updating charts, pro-
ducing small-craft charts for additional areas and completing the bathymetric

and geophysical mapping of the U.S. continental shelf.

Recommended new products invlude a set of coastal atlases, sea level variation
charts and tables and meteorological tide predictions. The coastal atlases
would contain topographic, bathymetric, physical, chemical, biological and geo-
logical characteristics of the coastal zone, climatclogical information, fishery
catch statistics, descriptions of marine life and recreational presentations.

It is recommended that the C&GS be the lead agency for the coastal atlas effort,
The ratioaale for this recommendation is that, since the majority of the data
required for publishing the atlas hav: not been collected, a large survey

effort must be mounted. Since C&GS makes hydrographic surveys of coastal waters,

a capability exists for coastal data collection. It may be possible to combine

1\a.»andard astronomical products are not considered priority products. New or
improved prcducts which incorporate the meterological component of tides are
considered priority products.
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TABLE IV-15
COAST AND GEODETIC SURVEY SYSTEM - PRIORITY PRODUCTS AND DATA

CRODUCT IMPROVEMENT Mo, SCAL YEAR ]

Reduce Time Interval
Between Updating
Nautical Charts

(MONTHS )

24 18 18 12 12 12 6 6 6 6

Increase Small Craft
Chart Coverage for 25 35 45 55 65 75 85 90 95 100
the West Coast

(PER CENT)

Increase Small Craft
Chart Coverage 0 10 15 20 25 30 35 40 45 50
for Alaska

(PER CENT)

| Reduce Time Intervai
Between Resurveysl 75 75 75 75 65 65 65 65 65 60

(YEARS)

Increase Harbor
Chart Coverage 85 90 93 100 1001 100§ 100} 100§ 100} 100

(PER CENT)

Increase Revision of
Existing Harbor 0 10 20 25 30 35 40 45 50 55
Charts

{(PER CENT)

Increase Bathymetric

Coverage of U.S. 30 ps boao ] a7 ] osa ]l er ) 1o} so | 90 |00

Continental Shelf
' (PER CENT)

M'Reduction to 60 yvear interval in 15 vears: reduction to 50 year anterval in 15 years.
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hydrographic survey work with other data collection using the same survey
vessels, Since a variety of data and summaries are required in order to publish
the atlases, it is clear that several organizations would contribute to the
effort. These include EDS for climatological data and analysis, BCF and BSF&W
for fishery statistics and USGS for continental shelf geological data. In
addition, the coastal states should play an important part in organizing and
contributing to the effort. Although C&GS would have lead agency responsibility
and would be primarily responsible for collecting data, the major data compila-
tion analysis and publication activities would be performed by other organiza-

tions, e.g., EDS for climatological data.

It is also recommended that C&GS provide as, new produc.s, predictions of sig-
nificant changes in tides due to meteorological forces, and that changes in sea
level as a result of meteorological forces te published in the form of charts
and tables. A proposed schedule of new product implementation is shown in

Table IV-16.

Table IV-16 also shows projections of the amounts of new bathymetric data which
would normally be generated by C&GS. This corresponds to 60 smooth sheets per
year with a five percent annual growth factor included. It is recommended

that the backlog of 60 million soundings not be digitized en masse and that
existing soundings only be digitized as needed by inputting smooth sheet data
via a manually controlled curve follower:.1 However, these soundings should be
referred to, compared, and incorporated with new data on a selective basis

when compiling maps and charts by automated means. This procedure is recom-
mended because the existing data frequently satisfy the density requirements
for new bathymetric mapping and nautical charting. Furthermcre, new data do

not necessarily supersede existing data. In general, only holiday areas, areas

1The positicn of the C&GS on this matter is that "it is necessary that the back-
log of 60 million soundings be digitized en masse so that exlsting soundings
may be referred to, compared, and incorporated with new data when compiling
maps and charts by automated means."
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which are changing, or areas to be mapped at larger scaler need to be accomp-
lished with new surveys. Data from these surveys can be captured in digital

format with data processing equipment installed on newer vessels.

The TDP for the shore-based system is shown in Tables IV-17 and IV-18.

The data processing system characteristics are essentially those described
for the NAVOCEANO shore-based system except for smaller peripheral equip-
ment storage capacities and fewer graphic CRT units. It is anticipated
that, ultimately, the use of CRTs will play a major role in chart correction
procedures. Although the requirements for marine and aeronautical chart
production differ, the research being conducted in the aeronautical chart
operations of C&GS for the employment of graphics consoles for chart cor-
rection and compilation will provide useful information on technical and

economic feasibility.

The ten-year data processing cost is $5.485,000 for the shore-based system.
Applications personnel required tc improve existing products and to develop
new products are shown in Table IV-18. As in the case of NAVOCEANO, the
greatest increase in workload and also the area that could be mest affected
by wider application of automated procedures are the chart correction main-
tenance and aids to navigation sections. For this reason, chart maintenance
and navigation aids personnel requirements are distinguished from personnel
required for new chart production in Table IV-18. Where significant in-
creases in personnel are not anticipated as a result of TDP recommendations,

a five percent annual increase in personnel requirements hss been assumed.

It is assumed that the impact of increased geographical coverage will fall
primarily on shipboard cperations ir teras of aunder of ships, survey crew
requirements and shipbeard instrumentation and data processing equipment

requirements. It is anticipated that a ygreater portion of data reduction,

processing and chart preparation will occur aboard ship {n the future.
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The ten-year application personnel cost is $19,785,000, and the total ten-year
cost of the shore-based system is $25,270,000. Ac in the case of NAVOCEANO,
personnel costs predcminate in the ten-year budget. A computer configura-
tion diagram for the shore-based system is shown in Figure IV-5 and data

processinz hardware characteristics are listed in Table Iv-19.

The requirements for shipboard data acquisition and processing for hydrographic,
geophysical and oceancgraphic surveys are shown in Table IV-20.1 Again, the
concept of instrumenting each ship to perform all three types of data collection
has been employed. Seven new survey vessels have been assumed in formulating
the TDP. It is assumed that one vessel would go intc operation in each of the
fiscal years 72 through 78. The number of ships is just. ied primarily on the

need in the next decade to:

1. Complete the bathymetric mapping of the continental shelf.
2. Increase small craft chart coverage for the west coast and Alaska.

3. Gradually reduce the resurvey interval to 60 years by 1980 and

to 50 years by 1985,

These requirements amount to 102 ship-years; 60 of which could be provided by
6 existing vessels and 42 by new vessels. Ten-year shipboard date acquisitiom
and processing costs, including personnel, total $14,190,000. Table IV-21
provides a breakdown of shore-based and shipboard systems costs and indicates
a combined ten-year budget of $39,460,000. Shipboard data processing specifi-

cations are tabulated in Table IV-22.

The technical requirements for C&GS data management and product preparation
are quite similar to those of NAVOCEANO. The geographic area of responsibility
is different, but this is ol no consequence in relation to data processing
requirements. This situation suggests the possibility of effecting savings by
developing compatible software systems and of utilizing compatible hardware

systems for the processing of data for such products as nautical charts,

1 , .

It is the position of the C&GS that the continental shelf surveying and
nautical charting requirements are not realistic and too conservative. No
alternative calculation of these requirements was furnished.
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Table IV-21

TECHNTCAL DEVELOPMENT PLAN
COAST AND GEODETIC SURVEY
TOTAL BUDGETS FOR PRIORITY DATA AND PRODUCTS

SHOREBASED SHIPBOARD
SYSTEM SYSTEM TOTAL ANNUAL
BUDGET BUDGET BUDGET

(MILLIONS) (MILLIONS) (MILLIONS)

$1.5432

TEN YEAR

TOTALS §25.270 $14,190

a Excluding ship costs.
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bathymetric maps, magnetic field maps, gravity field maps, ocean station
atlases, coastal atlases, and climatological atlases. This situation ig not
peculiar to CGS and NAVOCEANO; duplications in products and services exist
throughout the producing agencies. One method of eliminating these redundancies
is by the consolidation of mapping and charting functions. If this cannot be
accomplished, it would be possible to achieve savings by employing common hard-
ware and joint software development programs. The coordination of joint data
management development efforts and the consideration of the establishment of
data processing standards is a proper function of the coordination group and

advisory committee described in Chapter V of this volume.
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U.S. GEOLOGICAL SURVEY (USGS)

A major feature of the U.S. Geological Survey TDP is the recommendatiom that

an organization be established in USGS to be the clearinghouse for the ex-
change of marine data and products between industry and the rest of the marine
community. A constant plea of industry representatives heard during the Part I
survey was for a single contact point for determining the availability and
sources of Federal marine products. A second major need of industry is a
directory, available from a single source, of marine data anu products. The
expression of these needs has been documented in the Phase II, Part I, Progress

Report (Volumes One and Two).

There is an equally irtense desire on the part of university scientists for

a mechanism to improve the flow of marine data from industry to universities.
Although little can be done to secure the release of data considered pro-
prietary by industry and universities, the establishment of a single and
recognized source for the exchange of data will at least increase the flow

of non-proprietary data. It is conceivable that, once the data exchange

group in the USGS is established, methods may be found to shorten the length
of time during which certain data remain proprietary. It Is recommended that
certain parts of the data exchange operation be automated. This consists of
the establishment of an automated file which will contain information describ-
ing the characteristics and sources of available industry data and the char-
acteristics of data available to industry from university and Federal sources.
A request file will also he created which will contain the pending requests
for data received from industry and non~-industry souvces. When requests for
data are received, they will be compared by computer program with the char-
acteristics of existing available data in order to determine whether data
exist which meet the needs of the requester. Whenever new informaticn con-
cerning the availability of data is received at USGS, it will be posted to

the file and simultaneously compared with the pending request file. A copy
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of the .ile on available data would be made available to NODC for incorporation
in the National Marine Data Inventory (NAMDI). 1In all cases where marine

data directories or inventcries are developed by agencies other than NODC,

a complete copy or a summarized copy of the directory should be provided NODC
so that a complete inventory of marine data will be available in one location,

and to facilitate the referral of requests by NODC to other agencies.

The automated request-data availability file will also permit the USGS to

make a statistical analysis of tl. demands for data. This information will
provide guidelines for efforts to obtain industry data and to obtain data
needed by industry. The next step in the data exchange program is the storage
and subsequent retrieval for requ:sters of actual data submitted by industry
to the USGS under the proposed program. This data will be automatically
retrieved and produced in hard copy or machine-readable form according to the
needs of the requester. This system will employ programmed safeguards which
will inhibit the retrieval of data for unauthorized requesters in thosc cases
where industry places restrictions on the dissemination of their data. A
similar file of data available for distribution to industrv will be maintained
and will be automatically retrieved as matches are found between requests and
available data. Safeguards would 2lso be provided to inhibit the release of
data or to release it with restrictions on its use, if limitations on dis-
semination are imposed by the data provider. The time phasing for implementa-

tion of these recommendations is shown in Table IV-23,

A secend important role of USCS in marine data management is its responsibility
for providing centralized computer services for the Department of the Interior
and the operation of a proposed national network of satellite compuler and data
terminal facilities at USGS field locations, e.g., Menlo Park. As part of the
10-year plan, it is reco=-~ded that USGS provide computer system management

services in conjunction with the expansfon in BCF, BSF&W and FWPCA mavine data

activities which require the use »f the USGS computer network. For example,
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PROPOSED TMPLEMENTATION SCHEDULE - PRIORITY PRODUCTS AND DATA
U.S. GEOLOGICAL SURVEY (USGS)

DEVELOP FOR DISTRIBUTION DIRECTORY OF MARINE GEO-
LOGICAL PRODUCTS AND DATA USED IN PRODUCTS':

FISCAL YEAR
J1R72873§74475476)77178%79]180

DEVELOP FOR DISTRIBUTION SHIP TRACK MAPS PERTAIN-
ING TO GEOLOGICAL PRODUCTS AND DATA COLLECTED
ALONG TRACKS. CORRELATE WITH PRODUCT AND DATA
DIRECTORY

e S e e

UMPLEMENT MARINE GEOLOGICAL PRODUCT INDEX? AND
SHIP TRACK PLOTS AND NARRATIVES

DEVELOP DATA AND PRODUCT DESCRIPTORS AND AUTOMATED
DESCRIPTOR FILES FOR SEISMIC PROFILES, BOTTOM
CORES, BOTTOM SEUJIMENT CHARTS, BOTTOM TEMPERATURE
AND HEAT FLOW CHARTS, GEOLOGICAL MAPS, AND GEOLO-
GICAL REPORTS. CORRELATE THIS DATA WITH MARINE
GEOLOGICAL PRODUCT INDEX

I~
-
-

DEVELOP AUTOMATED USGS PROFESSTONAL PAPER BIBLI-
QGRAPHY . COORDINATE WITH SOSC INFORMATION LINK-
AGES PROJECT

IMPLEMENT CONSOLIDATED DATA AND PRODUCT DESCRIP-
TOR, PRODUCT DIRECTORY AND PROFESSIONAL PAPER
INDEX, AND SHIP TRACK FILE ON USGS COMPUTER’

PROVIDE INPUT TO NAVOCEANU FOR BOTTOM CHARACTER-

[STLICS PORTION OF OCEAY ENGINEERING REPORIS AND
TO NODC FOR OCEAN ENGINEVRING DATA

MANAGE USGS 360/165 COMPUTER AND SUBSEQUENT COM-
PUTERS FOR USGS, BCF, BSF&W, AND FWPCA MARINE DATA
AND PRODUCT ACTIVITIES

PFERFORM 4TH GENERATION COMPUTER FEASIBILITY sSTupy

INSTALL STH GENERATION COMPUTER

PSTABLISH COMPONENT IR USGS 10 ACT AS CLEARING-
HOUSY POR THE LXCHANGE OF DATA BETWEEN INDUSTRY
AND THE REST OF MARINE COMMUNITY

Would Consist of products of Federal Government,

A copy of this file would becume a part of NAMDI

A summary of this wouid become a part of NAMDI

industry., st~y & univers.tie
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TABLE IV-23 (CONT'd)
PROPOSED IMPLEMENTATION SCHEDULE - PRIORITY PRODUCTS AND DATA
U.S. GEOLOGI AL SURVEY (USGS)

FISCAL YEAR

ESTABLISH AUTOMATED FILE OF INFORMATION DESCRIB-
ING THE AVAILABILITY O} INDUSTRY DATA AND THE
AV.ILABILITY OF DATA NEEDEM 8Y INDUSTRY?

MAINTAIN AUTOMATED INDUSTRY DATA AVAILABILITY -
NEEI'S FILE ON CURRENT BASES WITH INPUTS FROM
INDUSTRY AND THE REST OF THE MARINE COMMUNITY

—#

DEVELOP DATA BASES OF RAW DATA SUBMITTED BY
INDUSTRY FOR DISTRIBUTION TO OTHER PARTIES
(PERPETUAL FUNCTION)

COLLECT [ATA NEEDED BY INDUSTRY FROM OTHER
AGENCIES AND DISTRIBUTE TO AGENCIES (PERPETUAL
FUNCTION)

3

A summary of this would become a part of NAMDI
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BCF and BSF&W will be users of the JSGS Washington, D.C., computer and possibly
users of its naticnal network for fishery, statistics, forecasts and advisories
(see BCF and BSF&W section of TDP). The services to be provided by USGS con-
sist of systems (operating systems, computers, utility programs, etc.) software
development and implementation for Washington D.C. operations and the national
network and computer operations for the Washington D.C. system. Ia thcse
situations where other Department of the Interior agencies use USGS computer
facilities, it is proposed that these agencies provide the application soft-
ware development, e.g., fishery statistics programs, and computer operations
persounel for field computer operations concerned with non-USGS applications.
This USGS system management function is mentioned in Table IV-23, and increased

personnel requirements fo. s implementation are a part of the Technical

Development Plan Specification, Table IV-24.

Other elements of the TDP include:

1. Development and publicatir. of a directory of marine geolcgical

products and data.

2. Development and publication of ship track maps showing ship tracks
and the characteristics of geological and geophysical data

collected along the tracks.

3. Automation of geological product index (also to become part of NAMDI)

and ship track plots with associated data and product descriptions.

4. Development of improved methods for describing and indexing marine
geological products and data (seismic profiles, bottom cores,
bottom sediment charts, bottom temperature and heat flow charts,
geologicul maps and geological reports) and correlation of these

data with the marine geological product index.

5. Development of an autou ted USGS professirnal paper bibliography.
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6. Furnishing of continental shelf geological and geophysical data to
NAVOCEANO for incorporation into the proposed ocean engineering
reports and handbooks (see NAVOCEANO TDP) and to NODC for incorpora-

tion into proposed NODC ocean engineering data bases (see NODC TDP).

The inclusion of items 1, 2 and 3 was motivated primarily by the expressed
needs of industry for ship track plots and the characteristics of data
collected along the tracks and the characteristics of products prcduced from
the collected data. However, both the geological product index arnd the shiip

track information would be of value to other segments of the marine community.

Item 4 concerns the development of descriptor and locator files (containing
information pertaining to the physical location of data, e.g., a microfilm
reel of seismic profiles) for geological and geophysical data and products
which are difficult to automate, e.g., bettom cores and seismic profiles. It
is recommended that descriptors and files be developed for retrieving infor-
mation about the data, not the data itself., A potential user of the data will
then be able to query a file for information which will permit him to determine
the availability of data of interest. If data of interest are available, the
system would also provide information on the physical location of the data,
such as the name and address of the data source, shelf number, and reel and
frame numbers of microfilm recordings of seismic profiles. The location infor-

mation is also used for the physical inventory control of data and samples.

The advantages of such a system are that (1) one does not try to digitize data
which is not amenable to digitization, (2) resources are not committed to a
detalled examination of data or samples which are awkward to handle until it
has b:en established that the data are of potential interest, and (3) the
physical retrieval of data and samples can be facilitated by incorporating
location information in the descriptor files. As a minimum, the descriptor

and locator files should contain:
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e Identification of cruise or survey, data collector and geographical

area pertaining to the data or sample collection.

e Time period of data collection correlated with geographical infor-

mation.

¢ Minimum, mean and maximum values, where appropriate, e.g., bottom

temperature and heat flow.

# Data or sample characteristics, where appropriate, e.g., core

dimensions, porosity, compression and shear characteristics.

® Data and sample quality, if available.

It is recommended that the above data management procedures be employed in all

agencies which store analog recordi+gs, samples and specimens.

Item 5 concerns the development of an automated professiomal paper bibliography
and its incorporation into the automated product index and ship track file
mentioned in item 3. Information would be recorded in a manner to provide
association of related products, data, ship tracks and research reports. The
linkage of these items provides, in an integrated fashion, information on the

who, where, when, and results of data collection, data analysis and product

preparation.

Item 6 refers to the recommended USGS contribution to a coordinated effort
involving--in addition to USGS--NOVOCEANO, CERC and NODC for the purpose of
increasing the availability and usefulness of ocean engineering data and

products.

Finally, in recognition of the fact that agencies normally upgrade their computer
capabilities within a decade, the TDP includes a provision for the marine pro
rata share (estimated at 25 percent) of the cost of replacing the current

USGS computer system. This is estimated to occur in FY 77 (see Table 23).
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The Technical Development Plan Specification is shown in Table IV-24. Costs
are shown for additional resources which are required in order tc implement
the TDP. In addition, the so-called normal budget for USGS marine activities
is shown. This amount is arrived at by applying a compound 5 percent annual
increase to the existing marine budget. These yearly amounts are added to
the additional amounts required in order to arrive at the annual and 10-year
budgets required for TDP implementation. The total 10-year requirement is
$48.548 million.
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MARINE FORECASTING, RESEARCH AND SUPPORT

WEATHER BUREAU OFFICES

Weather Bureau office responsibilities for furnishing priority marine products
are shown in Table IV-25. As previously indicated in the CERC section, the
utilization of a national coastal network of wave gauge stations for coastal
weather, wave and surf monitoring and forecas ing is recommended. It is also
recommended that instrumerntation for obtaining other parameters, such as wind
speed and direction, pressure, air temperature, water temperature, and humidity
be installed at the gauge sites and that these data be telemetered along with

wave height and direction to the 14 Weather Bureau offices shown in Figure IV-6.
This system will permit the Weather Bureau to automatically acquire instrumented

surface and wave observations, to detect and report severe waves and to employ the
data in making coastal weather, wave and surf forecasts. The distribution of data
from the various proposed instrumented stat ions to the Weather Bureau offices is
shown in Figure IV-4. The frequency, duration and sampling rate of obtaining
observations would be under the control of computers in local offices. The opera-
tion of these computers and the transmission of data over telephone lines is de-

scribed in the CERC section.

The TDP for the development of this system is shown in Table IV-26. This TDP
contains requirements for:
1. Computers for 14 local WB offices.
2. Communication equipment and line charges for telemetering data to WB
offices.
3. Cost sharing with CERC of wave gavge installations.
4. Software requirements for the development of data acquisition; spectral
analysis; surface observation editing and plotring; and plots and listings

for wave statistics, spectral analysis, SST charts and surface observations.
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TABLE 1V-25

PRIORITY PRODUCTS - WEATHER BURFAU OFFICE RESPONSIBILITIES

WEATHER BUREAU OFFICE?

CHICAGO, ILLINOIS X X
NEW ORLEANS, LA.* X X X
SAN ANTONIO, TEXAS X
SAN JUAN, PUERTO RICO* X X X
NEW YORK, N.Y. X
BOSTOY, MASS.* X X X
WASHINGTON, D.C.* X X X X
RALEIGH, N.C. X X
MIAMI, FLORIDA X X X X
NHC | NHC | NHC
LOS ANGELES, CALIF. X X X
SAN FRANCISCO, CALIF.* X X X X X s
L]
SEATTLE, WASH. X X
HONOLULU, HAWAII* X X X X X
ANCHORACGE, ALASKA X X

*Arca Forecast Center

4. Only the fourteen weatler bureaus consid .d in
the Technical Development Plan are listed.
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TABLE IV-26
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TECHNICAL DEVELOPMENT PLAN SPECIFICATION - WEATHER BUREAU OFFICES® PRIORITY
PRODUCTS AND DATA - NEW HARDWARE, SOFTWARE AND COMPUTER OPERATIONS REQUIREMENTS

| COMPUTE
SOFTWARE OPERATL: TOTAL ANNUAL
HARDWARE SOFTWASE SOFTWARE (D) PERSONNELQ CoM TER fPemsonye. A+ ROCESSING
HARDWARE COSTS DEVELOPMENT L{ isTENANCE N SorTwarefcusTs (2) JorERaTIn Y L 515(3) cos o (4)
FY acrvityt REQUIREMENTS (MILLIONS) REQUIREMENTS qL‘mmmsisnsouuu‘nuuoxs] PERSON: Sl (n. LLIONS, . MILLINS)
A
710 (1) BEGIN DEVELOPMENT OF (1) DEVELOP COMMON 4 §.060 3.242
TELEMETERED COASTAL WAVE SOFTWAF: FOR
DATA ACQUISITION AND ANAL- COASTA  WAVE DATA
YSIS PROGRAMS AT WEATHER ACQUY S4TLON & A/D
BUREAU OFFICES. . CONU RSION (15K
(2) AUGMENT SERVICE C ) 5.182 INS  LCTIONS)
TELETYPEWRITER NETWORK FORf13 TELETYPES PLUS
INCREASED SURFACE & UPPER J23,460 MILES 0¥
ALR OBSERVATIONS ELETYPEWRITER
- *GES
720 (1) 1N31aLL DATA PROCESS- R(1Y () (3) (&) 5. 7420 {1 DI LOP COMMON 14 2210 &l $.0 0 21l
ING SYSTEMS AT CHICAGO, |6 DATA PROCESSING SOFTK.  FOR WAVE
NEW JRLEANS, SAN JUAN, SYSTEMS @ DATA  ATISTLCS
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TABLE IV-26 (CONT'D) a
TECHNICAL DEVELOPMENT PLAN SPECIFICATION - WEATHER BUREAU OFFICES® PRIORITY
PRODUCTS AND DATA - NEW HARDWARE, SOFTWARE AND COMPUTER OPERATIONS REQUIREMENTS
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TABLE IV-27

TECHNICAL DEVELOPMENT PLAN SPECIFICATION -
WEATHER BUREAU OFFICES2 PRIORITY PRODUCTS AND DATA

-
$38.323

aEquivalent of two forecasters assumed for marine work in each
of the 14 Weather Bureau offices ¢ $15,000 per vear itcluding
benefits. Ten percent annual increase in personnel applied
to marire forecasting assumed.
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Future requirements for the transmission of marine surface observations over
the Service C Teletypewriter Network have also been developed. Numbers of
observations from buoys and ships; requirements for Teletype terminal equip-
ment, Teletype circuits and operating personnel have been computed. The cost
of these facilities for transmitting marine surface observations over land for

the next ten years is shown in Table IV-26.

The 10-year equipment (computers, wave gauges, communication terminals equip-
ment, communication line charges) cost for the 14 Weather Bureau Offices is
$19,783,000. The cost of computer cperations personnel (for l. installations)
for the next 10 years is also sizeable, totaling $10,400,000. The total ten-
year data processing -ost is $31,633,000. Requirements for marine forecasting
personnel in the 14 offices are shown in Table IV-27. Currently, there i{s an
average of two people1 in each office emploved full time with marine services.
An annual five percent increase in marine forecasting personnel is projected.
Ten-year forecasting personnel costs for the 14 offices is $6,690,000. The
total 10-yvear cost (forecasting personnel plus data processing costs) is
$38,323,000. This amount dJdoes not include the cost of operating NMC. In the
case of the Weather Bureau, data processing costs tar outweigh the cost of
application personnel. Data processing hardware characteristics are shown in

Table IV-28,

1 .
According to ESSA Plans and Programs.
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IV-63

FLEET NUMERICAL TATHER CENTRAL (FNWC)
AND NATTONAL METioROLOGICAL CENTER (NMC)

This section of the TDP deals with the priority data and product requirements
of NMC and FNWC. These organizations are considered together because the
primary emphasis in their operations is on real-time as opposed to historical
data processing. In addition, many of their requirements are common. The
major problems in marine forecasting are an inadequate observational network
and the need for additional research for improvements in envirommental fore-
casting models. The two problems are closely related. For example, the
inclusion of heat exchange terms between the ocean and atmosphere in long
range forecasting models generates requirements for new means to obtain sea
surface temperature data. Conversely, che availability of additional SST
data through improvements in methods for data collection, such as the ART,
influence the design of forecast models. It is not suggested that there are
no problems in the processing and handling of data within the forecast centers,
but, rather, that major improvements in the quality of forecasting will come

as a result of improvements in modeling and data acquisition.

The need to expand the oceanographic and meteorological network for the

measuyeme . O sl et b naras . salinity and snrfac- - -*-~nrological
parameters (wind speed, wind direction, air temperature pressure and humidity)

is great, yet major obstacles exist in making significant improvements in

either the number or quality of observations. The problem is particularly

severe with respect to BT measurements, since these are not obtzined from

merchant ships except for a few ships of opportunity. The number of ships~-
merchant (U.S. and foreign), naval, Coast Guard, USGS, and those of institutions—
will not expand sufficiently within the next decade to have a significant impact
on the density of observations provided. Yet, a need exists to expand the

number of SST observations by a factor of § to 6.l The implementation of the

lFederal Ple  for Marine Environmental Prediction, 1 July 1968, p. 142,
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National Data Buoy System has been slowed by funding problems. A complete

system of several hundred buoys will not be operational until FY 76, at the

earliest. Satellites as remote-sensing platforms are only capable of measuring
surface phenomena. The number of ships available as oceanographic and meteoro-
logical platforms 1s relatively fixed, and they lack the mobility necessary to
cover large areas in a short time. Alrcraft operating from land and aircraftc
carriers are an attractive alternative. Alrcraft are highly mobile, can be
deployed in large numbers and can obtain surface meteorological parameters and
a limited number of oceanographic parameters such as SST (using AKT) and water
temperature {using AXBT). Unfortunately, the cost of operating aircraft for
data collection is high--on the order of $500,000 per aircraft year. A com-
bination of equipping additional existing naval and merchant ships and air-
craft with recorders for .btaining surface temperature, water temperature
profiles, surface meteorological parameters (wind speed, wind direction, air
temperature, pressure and humidity) and sea state (from aircraft by radar
altimeter or scatterometer), is an alternative which will provide significant
improvements in the density and distribution of oceanic ard air sea interaction
measurements, but not at the prohibitive ccst which would be incurred if
aircraft alone are employed. The problem of determining the optimum combina-
tion of platforms, and their spatial distribution and temporal sampling rates,

s complex, and no definitive work exists in this area.

This TDP provides a plan for data acquisition which is based on the incomplete
information which exists in the marine and meteorologicai communities concern-
ing the constituents of an optimum marine observation network. In order to
determine the optimum configuration and density of platforms, parameters and
sampling rates, it would be necessary to have available quantitative informa-
tion on the incremental relationship between quality of marine forecasts and
the type, number, frequency and density of data poirts. This information does

not exist.

This plan does not address the need for upper air data over the oceans, because

these data are nonmarine parameters; nor does it consider the requirements for
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buoys, which have been covired in the Coast Guard sponscred Mat<-nal Data
Buoy System study. It should be mentioned, however, that the requirezent for
additional upper air data over the oceans 1s considered one of the most imporiant
for improving the accuracy and extending the period of hemispheric forecasts.l’2
Some information concerning the requirements for ocean surface measurements may
be gleaned from the following:

e Measurements of SST should be made at a grid spacing of approximately

300 miles.3

¢ Observation frequency should be in the range of twice to four times per
]

day.”

e Atmospheric pressure shculd be measured to 1 mb, atmospheric temperature
to 1°C, wind speed tc 20 percent, wind direction to 10°, and sea surface
temperature to 1°C.3

e In an area with complex thermal properties, 30 SST temperature observa-
tions (mostly ART) are required for 95 percent SST chart reliability in
a 5 degree square (250 x 250 n. mile‘r.4 This is equivalent to one ob-

servaticn per 2,080 square n. miles, or an area of 45 x 45 n. miles.

The key elements of the recommended ten-year plan for ocean surface data

‘r~ition follows:

lP. M. Wolff, Oceanographic Data Collectior, IBM Scientific Conputing Symposium

on Envircnmental Sciences, November 14»16,-1966, p. 44,

zFrederick G. Shuman, Nationa' Meteorological Center, Meteorclogical Parameters
Required in an Automatic Data Processing Complex, February 10-14, 1969.

3'_I:he Feasibility of a Global Observation and Analysis Experiment, National
Academy of Sciences, National Research Council, Washingtoa, D.C., 1966.

4
R. W. James Data Requirements for Synoptic Sea Surface Temperature Analysis,

4th U.S. Navy Symposium on Military Oceanography, May 1967, p. 150.
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® 304 naval and 504 merchant ships equipped for automatic SST, SI3T or ﬁ;;:

D

expendable STD and surface meteorclogical data collection by 1980.

e 10 aircraft for dally SST, AXBT or expendable STD, sea state, and sur-~

face meteorological automatic data collection during the coming decade.

® An average daily XBT or STD automatic recording density of one XBT per
every 300 x 300 mile grid from ships for the Atlantic and Pacific Oceans
and Mediterranean Sea (108 square miles, total) by 1980 (1,120 XBT's
or STD's per day).

e An average of 2,165 (808 ships at sea 67 percent of the time x 4 times

per day) automatic surface meteorological parameter and SST recordings -gf;
per day from ships by 1980, representing an average density of one daily _
reading per 215 x 215 mile grid by 1980. o

e An average daily SXBT or STD density of one reading for every 796 x 796
miles grid from ailrcraft (157 readings per day) during the coming decade.
When aircraft and ship readings are combined (157 + 1120), an average
daily der ~ity of one reading per 286 x 286 mile grid results.

e Continuous ART and sea state recordings by aircraft of 16,000 track
miles per day during the coming decade. This is equivalent to a cover-
age of thirteen 300 x 300 mile gridc per day (periphery of the grids)

which encompasses an area of one million square miles.

o The number of surface meteorological observations obtainable from the 10
aircraft (200 miles per hour, 8 hours rum per day) could vary considerably.
Assuming that observations are taken once every .5 hours (every 100 miles),
the result will be 160 observations per day over an 8-hour period. ART

data could be digitized at the minimum rate ~¢ one per 45-50 miles (one

reading per 15 minutes, assuming 200-mile-per-hour aircraft).
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All of the above densities can, of course, be increased substantially above
the figures presented. The statistics given are based on averages when the
total area of the Pacific and Atlantic Oceans and Mediterranean Sea is con-
sidered. Additional highli_hts of the data acquisition and transmission plan
appear in Table IV-29.

A proposed implementation schedule for the TDP is shown in Table IV-30. It ig
recommended that the plan be jointly funded by the Navy and ESSA, with the Fleet
Numerical Weather Central, Monterey, and National Meieorclogical Center as lead
agencies, with responsibility for implementing the plan. A joint effort by the
Navy and ESSA is recommended, since the data collected would benefit both or-
ganizations in their marine forecasting operations, although the data are
probably of greater interest to the Navy because of the emphasis in the

plan on the collectior ~f SST and BT data. A - commernded allocation of

funding of the plan between the Navy and ESSA appears at the end of this

section.

The TDP is based on the gradual installation in ships (naval and merchant) and
aircraft over the coming decade of digital data recording and transmission
equipment for sea surface temperature, BT, sea state and surface meteorological
parameters. The initial steps in the plan are to equip additional naval and
merchant ships with XBT and expendable STD (when available) launchers and
analog recorders and to further the development of digital recorders for these

data.

Develapment work would nleo be initiated to produce a digital recorder for
shipboard and aircraft installation for recording wind speed and direction,

air temperature, humidity and pressure. Paper tape would be used as the
digital date output medium of the XBT, STD and surface meteorological parameter
recorders in order that these data can be sent over existing shipboard radio
teletype equipment. The paper tape would drive the RATT, rather than manual
keving. Once the Jigital recorders are avallable, the preparation of BATHY
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TABLE IV-29
SUMMARY OF FNWC (NAVAL WEATHER SERVICE LEAD AGENCY)
AND NMC (ESSA LEAD AGENCY) PROPOSED IMPLEMENTATION SCHEDULE - MARINE
DATA ACQUISITION, TRANSMISSION AND PROCESSING

TM-4023/006/00

Fisca

1 Year

71

73

80

Naval ships equipped with SXBT or expend-
able STD launchers and analog recorders.

330

Merchant ships equipped with SXBT or
expendable STD launchers and analog
recorders.

50

500

Naval ships equipped with RATT paper tape
transmission equipment and digital
recorders for SST, SXBT or STD and sur-
face meterological parameters.

38

304

Merchant ships equipped with RATT paper
tape transmission equipment and digital
recorders for SST, SXBT or STD and sur-
face meterological parameters.

63

504

sircraft equipped and in operation for
ART, AXBT or STD, Sea State and suvface
meterological parameter data collection.

10

Aircraft equipped with RATT paper tape
transmission equipment and digital
recorders for ART, AXiLT or STD, Sea State
and surface meterological paramcters.

10

10

Number of SXBT or expendable STD used
for marine forecasting (2 records per
ship per day).

41,000°
(112 per day

310,000
(1120 per day)

Number of AXBT or expendable STD used for
marine forecasting (16 records per air-
crafc per day).

59,000
(157 per day)

59,000
(157 per day)

Number of aircraft track miles per day.

16,000

16,000

Number and size of aircraft grid coverage.

13
(300x300 mi. grid)

13
(300x300 mi. grid)

vea encompassed by aircraft tracks per
day.

1 million
sq. miles

1 million
sq. miles

aDoes,not include mechanical BTs.
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messages and manual preparation of weather messages would be discontinued and
digital data would be sent over xAIT to shore, or intc the Navy Environmental
Data Network (NEDN) for data received from naval vessels, and then by land
cable te FNWC, NMC, and to the applicable FWC's and ESSA Weather Bureau Offices.
Paper tape could bhe generated at the shore stations for entry intc the Weather
Bureau teletype network and NEDN, or direct digital input to these networks
could be employed by using appropriate data sets. Analog records would be
produced currently with the digital record.ng and could be made available tou

users who prefer the asnalog format.

Other elements of the TDP are:

o software and hardware development programs for an expendable STD and
digltal recorders for SXBT, AXBT, STD, sea state and surface

aeteorological parameters.

e programs for training naval and merchant marine perscnnel in the

operations of the data recording and transmission equipment.

The resources required in order to implement the ten-vear TDP are shown in
Table IV-31. Included are niw equipment requirements and costs, hardware
development programs and costs, new software personnel and coste and training
program costs. The (otal ten-year cost of the TDP is $151.105 million, of
which 5149.460 million is required for hardware (aircraft operations and
hardware {nstallations on ships and aircraft). About 46 percent ($6% million)
is for data collection by aircraft, and 54 percent (S$82 million) {s for data
cellection by ships. These figures demonstrate that any comprehensive plan

for synoptic ocean surface iata collection requires considerable funding.

Table 1V-32 shows the proposed allccatfon of funding (new funds and existing
budgets for marine observation and prediccion) between the Navy and ESSA for

fmplementing the TDP. This allocaticon is based on the following considerations:
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7t (”uplu 10 afrcrafe for ART, AXBT/ $ 5.840" 'g s 120 . “
STU Swa State snd eurface metoro- . 10.430
1ogical meanurvments on 100 alie
arid,
Dyye 59,000 AXBT or expendable 1.180
STD unita,
yye 41,000 X3T or expendable ST a0
unite,
8 fnatall SKBT or expendable 5TO 160!
laurching and recording equipment
on 13 naval ships, 30 merchant
ships.
5 natall AXBT or expentable ST Lot
Launching and recerding equipment
un 10 atreratt,
Y tupment work for digitieing not
mirface reterologteal and Sea
State patamelers (7 man years).
D ivetuprontal wrk tor digit- et
Lelng SX3T and AXM €0 man
vears),
M evelaprental wotk for dtelt 30!
{zing expendable T (6 man
yrars),
72 (1) 50840 ] .120 $ 11,0%0
2 1,180
(4) 1,760
{pe 82,000 SXBT or expendable STD 1,630
%) 210
) 150
(8 1150
EE IS 9,840 1 " W45 $ 13,528
5 1,180 2 2020
o [
0 e 127,000 SXBT or expendable STD Loh
units.
) rhatalt KATT paper tape equipeone 2ok
and dig’tal recorders an W naval
shipy and digttal recorders on
63 merchunt ships.
(I frarall RATT papur vquipment =nd L
digital reconters on 1o alveraft.
[T LT i (SR A 3 leldéd
2 L
an 1,080
XL . o vorr
se 1b4, N0 SXBY o7 cxpendable 84D Low
nite.
) Lo
«(an 2020
(b 5yt ) L0ed S la.985
2) 1. 140 2 NG
a,, .
se 20,000 SXBT o vxpomdable STD PRTS
unitse.
{4) 1. Ten
(n .0
T ohel 3 Lue5 5 18,183
@ 1o : n20
% Yye 246,000 SXET or expendable ST 4020
unita.
(L] 1.7en
an 20020
kxi n 5440 3 MU § o8l
« 1,180 ? .020
O iue 207,000 SXNT ar «xpendatie ©10 Y740
units
(0] 1.760
(11 2.020
(b 5,840 H on $ 17,380
&3] 1. 180
(yey 328,000 SXBT or expendable ST e
N (T4 e v '
(03] 1,760
(11 2.M0
™ () 5,840 2 020 s 18,200
@ L 1an
18 1ge 189,000 SXIT or expendahte STD 7,380
units.
(%) L7s0
(11) 2020
o (1) [ 2 .0z0 $ 19,020
@ 1.18n
19 peq 410,000 SXBT or expendahie <T 200
unita,
() 1.760
av 2000
Tem Year Totale $149.460 1044 5151108

MOTE: Yumbers {n parenthesis {) are used to indicate repeated entries

%51.00 per sircraft mile (1600 miles per tav per afrcraft) X 1A% Saye % €] .7 X 1D aircvaft o $4.45 aillice por vear.

L 13T every 100 atles « 16 por

9520.00 per installacton.

*$15,000 per man ye.
'

$3C,000 per contract men vear.
#420,000 per tnstallation.
510,000 per man year.

atreealt. 16 X 10 alrcratt v 60 per dav (39,000 pat year).
€2 XBT per day X 83 ships = 146 per day X 247 dave par vear at sea » 31,000 per vear.

$27.00 par jaunch.




July 31, 1369 Iv=-72 T™-4023/006/00

TABLE IV-32

RECOMMENDED ALLOCATION OF MARINE DATAl ACQUISITION, TRANSMISSION

AND PROCESSING FUNDS BETWEEN NAVY AND ESSA

ESTIMATED TOTAL ESTIMATED TOTAL

NEW EXISTING ANNUAL NEW EXISTING ANNUAL

NAVY NAVY NAVY ESSA ESSA ESSA

FUNDS?2 BUDGET3 BUDGET FUNDS4 BUDGET3 BUDGET
rYy  (MILLIONS) (MILLIONS) (MILLIONS) (MILLIONS) {(MILLIONS) (MILLIONS)
71 $ 7.345 $ 12.075 $ 19.420 $ 3.085 $ 6.300 $ 9.385
72 7..95 12.679 20.644 3.085 6.615 9.700
73 9.462 13.313 22.775 4.063 v. 946 11.009
74 10,182 13.979 24.161 3.963 7.293 11.256
75 11.002 14.678 25.680 3.963 7.658 11.621
76 11.822 15.412 27.234 3.963 8.041 12.004
77 12.642 16.183 28.825 3.963 8.443 12.406
78 13.440 16.992 30.432 3.940 8.865 12.805
79 14.7A0 17.842 32.102 3.940 §.308 13.248
80 15.080 18.734 33.814 3.940 9.773 13.713
$113 00 $151.887 $265.087 $ 37.505 $ 79.242 $117.147

i
Se:s surface temperature, BT, sea state and surface metecrological parameters.

5
“One-half of aircraft operations, software levelopment, digital recording
and transmission and training costs plus 100 percent of SXBT, AXBT and STD
costs.

BFor marine observation and prediction, annual compound growth of 5 percent
applied vo FY 70 Navy budget $11.5 million and FY 70 ESSA budget of 6.0
million, The Third Report of the President to the Congress on Marine
Resources and Engineering Development, Januvary 1969, p. 209.

4
One-half of alrcraft operations, software development, digital recording '
and travsmise.on and training costs.
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IV-73

® One-half of aircraft operations, software development, digital recording

and transmission, and training, and 100 percent of SXBT, AXRT, and STD

costs, allocated to the Navy.

® One-half of aircraft operations, software development, digital recording

and transmission and training costs allocated to ESSA.

Also shown ir Table IV-32 are the extrapclations of existing Navy and ESSA

marine observations and prediction budgets for FY 71 to FY 80, using an annual

3 percent compound rate of ovudget growth.

The extrapolated existing budget is

added to the recommended new funds to obtair the total fuading required for

each of 10 years and for the decade for marine data1 the acquisition, trens-

mission and processing. Ten-year Navy funds are:

New funds
Existing budget
Total

Ten-year ESSA funds are:

New funds
Existing budget
Total

1

$131.200

151.887

$265.087 million

$37.905

79.242

$117.147 million

SST, BT, sea state and surface meteorological data.
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NATIONAL ENVIRONMENTAL SATELLITE CENTER (NESC)

A notable achievement of NESC is the measurement of the vertical temperature
profile of the atmosphere achieved {n the latest NIMBUS B Satellite with the
Satellite Infrared Spectrometer (SIRS). Other experimental programsl include
an improved model of SIRS which will measure the vertical humidity profile in
addition to the vertical tempersture profile; an infrared temperature profile
radiometer designed to increase the probability of obtaining a sounding over
partly cloudy areas; es-imates of wave spectra and low level wind stress for
low sea states based on sun glint patterns; sea surface temperature mappings;
sea ice distribution by means of computer produced composite minimum brightness

charts; and handdrawn ice/snow cover charts.

One of the challenges of satellite data collection and processing is the deri-
vation of discrete data points from the mass of imagery data which will assist
the user in interpreting the phctographic or imagery preduct. To date, the
major use of digital data from imagery sensors has involved the extraction

and interpretation of data from the semiprocessed data which are used to produce
the satellite products, e.g., digital cloud mosaics. Digital data is sometimes
derived from an examination of satellite products. For example, 300 and 200 mb
winds over the tropics are estimated from the appearance of cirrus clouds blow~
ing off the tops of tropical thunderstorms. One method of providing digital
data contours or data points on satellite imagery maps 1s to measure the param-
eters, such as sea surface temperature and sea state, from the satellite itself

and to incorporate data points and contours on the imagery products by process-

ing the acquired data.

1Satellite Activities of the Environmental Science Service Administration 1967,
p. 6,7.
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As already indicated, NESC has exnerimental programs underway for measuring
these parameters. However, before these techniques become operational, it is
possible that the utility of satellite products could be increased by incorporat-
ing digital data points and contours in the satellite product~1 Developmente in
pattern recognition may make it possible to recognize the cloud patterns by com-
puter and to automatically compute wind speed and direction and overlay this
information on the cloud photographs. Another example of the use of digital
data to graphically portray meteorological condi.ions is the use of computers to
generate cloud cover presentations by employing different numeric digits on

hard copy printouts.2 The vaelues of the digits are also used to indicate the
amount of cloud cover. The utility of cloud photographs would be increased

if cloud height and cloud moticn information could be provided with the cloud
photographs {preferably with the digital values imbedded in the photograph).
Cloud motion information can be used to estimate wind speed and direction.
Infrared mappings of sea surface temperature could be enhanced by imbedding
digital values and contours of sez surface temperature in the maps. Another
example is the superposition of pressure height contours, mean air tempera-

ture contours and wind speed and direction on satellite photographs. This
technique is equivalent to overlaying weather map information on cloud photo-
graphs as an aid to interpreting the satellite phutographs and for the purpose
of corrclatirg a number of meteorologicel parameters on a hemispheric and

global basis. The value of this presentation would be limited if cloud height
informstion was not available. However, it may be possible to use radiosonde
data for the determination of cloud height and thickness and the geographical
location of the clouds, and to associate these data in time and geographical
position with the cloud data appearing in the satellite photographs. This

would be accomplished by geographically correlating and merging the cloud

llt should be mentioned that many scientists do not want the satellite photo-
graphs to contain digital data since important features may be ohscured by deing
so, Some scientists object to the incorporation of latitude and longitude lines
on cloud photographs,

2
C. L. Bristor, W. M. Callicott and R. E. Bradford, "Operational Processing of

Satellite Cloud Pictures by Computer,' Monthly Weather Review, Vol. 94, No. 8,
August 1966, pp. 515-520.
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height and thickness information from radiosonde observatinne at the time cf
rectifying the cloud video data from the satellite. The radiosonde data (air
temperature, humidity and pressure) and rawinsonde data {wind speed and direc~
tion) would then be incorpoiated on the satellite photcgraphs in the form of
discret. data points (with altitude or pressure level given) cr in the form

of pressure or temperature contours. This type of operation would require the
computer linking of NMC and NESC data bases in order to provide rapid access
to the upper air data received at each syncptic time at NMC for the purpose

of correlating these data with the data obtained from satellites. Since it
would also be desirable to portray surface parameters, such as sea surface
temperature and wave height data, on cloudless portions of satellite photo-
Jgraphs, and to portray sea surface temperature values and contours on sea
surface infrared mappings, it would also be necessary to provide on~line
access from NESC to the surface observation data stored in NMC computers which
are received at each synoptic time. This concept of operation suggests the
use of large direct-access files which would be common to the NMC and NESC
computer systems, thereby permitting each organization to have rapid access

to the other organization's data.

Another application of the conventionally obtained data is to provide ground
truth data for verifying the accuracy of newly developed satellite sensors.
For example, SST data from marine surface observation files and air tempera-
ture data from upper air files could be used to verify infrared SST mappings
and vertical temperature profiles of the atmosphere, respectively. Since

SST data acquired aboard ship are not very accurate, it may be better to
utilize the surface portinon of BT data available from FNWC for this purpose.
The various data files could also be used for the quality contvrol of satellite
data, once new sensor systems are operational. Resources are provided in the
TDP for NESC to develop systems and software for the verification and quality

control of satellite data.
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One problem in producing the type of display described in the previous section
is the cluttering of the presentation which may result from an excessive
amount of information. It would be difficult to completely automate this
type of display and produce a standard product because of the necessity of
varying the presentations according to the geor -aphic occurrence of weathe:
systems, e.g., tropical cyclones. The production of these products could be
best nandled by employing graphic CRT's in conjunction with data bases con-
taining wind, air temperature, pressure and sea surface temperature data.
Displayes of weathe., conditions would be created by a meteorologist retrieving
and portraying data from on-line data bases under the control of a graphic CRT
console equipped with a light pen. The light pen would be employed for com-
manding data displays and data editing. Function keys could be provided for
commonly used routines, such as the display of isobars for a given pressure
level. It is envisaged that computer graphics could be employed in three ways:
(1Y in meteorological and computer systems research, (2) in the production of
meteorological products, and (3) in forecasting operations. It is evider*
that the combination of on-line data files and interactive CRT's offers sig-
nificant potential for meteorological research as an adjunct to numerical
weather prediction activities. In addition, it provides a vehicle for con-
t*nued research in the development of computer methods for analyzing and
traying weather data. The use of computer graphics in the production of
weather products has been discussed. Lastly, it appears that the use of
computer gvaphics and on-line analysis of computer-stored data could
eventually play a significant role as an aid to meteorclogical forecasting
in local Weather Bureau Offices. However, before implementation occurs at
che local level, the techniques and procducts should be thoroughly tested

and proven at facilities such as NESC.

One of the major problems in the management (° satellite data is the storage,
processing and retrieval of the information content of satellite photographs
and imagery. This is a far different problem than that presented by the

storage and retrieval of discrete values such as digitized water temperature
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versus depth data. In the latter case, discrete digital values are associated
and stored in distinct data fields. In the case of satellite imagery data,

the information content is enormous and there are no discrete values which
exist in a natural format. Much of the information content of these products
can only be derived by human interpretation of the photograph or image.
Individual data points are useless to the end user. Given this situation, no
attempt should be made to archive the massive amount of raw data produceu by
satellites. Rather, methods should be developed for computer indexing satellite
data products and storing information which describes the data content of the
product, rather than storing the data. For example, descriptor files can be
employed which would contain such information as type of product (digital cloud
mosaic, cloud cover printout, etc.), satellite identification, sensor, geo-

graphical area covered, orbit, time, type of data obtained, angle of incliration,

presence of corollary information (latitude and longitude grids).

It 1s recommended that the descriptor magnetic tapes be produced by NESC and
that copies of the tapes and instructions for thefr use be sent to NWRC and
that NESC continue to send the corresponding satellite products to NWRC for
archiving. It is also recommended that copies of future satellite products
which contain sea surface temperature, sea st :te, ocean currents, . other
sea surface measurements and index tapes also be sent to NODC for archiving.
For the reason cited earlier, it is recommended that neither NODC nor NWRC
archive the raw satellite data. By employing cor uter search of descripto.
tapes, both NODC and NWRC will be equipped to ascertain the availability of
requested data and products in the archives, and thus avoid the time-consuming
examination of the actual photographs. Systems and programming resources for
the production of the descriptor file system and tapes at NESC are included
in the TDP.

NESC is also utilizing satellite data on an rxperimental basis for the pro-
duction of climatological products. Data derived from daily cloud photographs--

brightness and cloud cuver and eventually the altitude of cloud tops--when
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compiled and summarized over a period of time, become another source of
climatological information. In the future, long term summarization of sea
surface temperature mappings and vertical temperature profiles of the
atmosphere will also qualify as climatological information. These data
should become a part of the NWRC files to be used in answering requests
from the public,

Resources are included in the TDP for NESC to develop climatclogical products
from satellite data.

A concern of NESC is the effect on computer workload as greater resolution is
obtained in the data acquired by satellites. Although the resolution of ac-
quired data has an effect on computer storage requirements because of an
increased number of data points, this problem can be resolved by segmenting
the received data by geographic areas and performing the digitization and
rectification in geos "phic sectors, i.e., the computer is not required to
store on-line all the data corresponding to the covarage of the earth. How-
ever, the amount of computation time required with increased resolution could
exceed the computational capacity of the planned dedicated CDC equipment (CDC
6600 with 6613 main frame). If it is assumed that computing facilities are
currently being used four hours per day for processing high resolution global
image data,l a doubling of the resolution would result in a quadrupling of
the amount of data received and an increase by a factor of four in computer
time required. Therefore, the acquisitioun, several years hence, of another

computer with greater capacity is included in the TDP.

A proposed schedule for implementing the activities which have been discussed

appears in Table IV-33. The resources required in order to implement the TDP

lC. L. Bristor, (NESC), Satellite Data Collection, November 14-16, 1966.
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TABLE IV-33

NATIONAL ENVIRONMENTAL SATELLITE CENTER (NESC)
PROPOSED IMPLEMENTATION SCHEDULE -~ PRIORITY PRODUCTS AND DATA

FISCAL YEAR

71 } 72 § 73 L 74§ 75 1 76 1 77}F 78] 79 ] 80

CONDUCT SYSTEMS STUDY FOR COMBINED 4MY
USE OF METEOROLOGICAL AND
SATELLITE DATA

DEVELOP SOFTWARE FOR PRODUCING
PROCUCTS WHICH COMBINE METEORO- smy | sy
LOGICAL PARAMET"RS WITH
SATELLITE PRODUCTS

MAKE SYSTEM STUDY FOR LINKING OF
NESC AND NMC DATA FILES AND COMPUTER [ 4MY
SYSTEMS

PROVIDE NESC COMPUTER HARDWARE LINK- IMY
AGES TO NMC COMPUTER DATA TILES ey

DEVELOP SATELLITE DATA PRODUCT
DESCRIPTOR SYSTEM AND DESCRIPTOR MY
TAPES

DEVELOP COMPUTER GRAPHICS SOFTWARE ouy Jory Jemy
FOR ON-LINE PORTRAYALS OF WEATHER
CONDITIONS

ACQUIRE 2 COMPUTER GRAPHICS
TERMINALS

DEVELOP SOFTWARE FOR THE PRODUCTION
OF SATELLITE DATA CLIMATOLOGICAL im 2“

PRODUCTS
DEVELOP SYSTEMS AND SOFTWARE FOR THE vy Loy
VERIFICATION AND QUALITY CONTRC! OF .
SATELLITE DATA (SST, SEA STATE, AIR

TEMPERATURE, ETC.)

CONDUCT STUDY FOR THE ACQUISITION OF éHY
NEW COMPUTER

ACQUIRE ANOTHER COMPUTER WHEN
CAPACITY OF PLANNED COMPUTER 1S
EXCEEDED

SOFTWARE MAINTENANCE IMY f2MY

NOTE: MY = MAN YEARS
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are shown in Table IV-34. This table chows new equipment and costs, new mete-
orological and analyst/software personnel requirements, and costs and an extrap-
olation of the estimated marine portion of NESC costs. It is estimated that

the marine portion of the NESC annual cost of operation 1is approximately $250,000.
A ten-year extrapolation of this amount is obtained by applying an annual five
percent rate of growth. The extrapolated present marine data management cost
plus the new funds roquirements equals the total funding required to implement

the TDP. The total ten-year budget is $6.919 million; $3,605 million of this

is for new equipment and additional personnel.
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FISHERIES

BUREAU OF COMMERCIAL FISHERIES (BCF) AND
BUREAU OF SPORT FISHERIES AND WILDLIFE (BSF&W)

This study has revealed that major problems exist with respect to the
collection, processing and reporting of fishery statistics., These problems

are:

e Inadequate funding and data processing equipment in the
BCF Branch of Statistics.

o Difficulties in obtaining data from States and commercial
fishermen.

e Inconsistencies in data formats.

¢ Lack of personnel, equipment and processing procedures in the

field for collecting and disseminating statistics.
There are two aspects of fishery statistics: regional and national.

1. Reporting of dafly and weekly statistics is provided within a region

by LCF Marketing anl News Offices.

<. Compilation and reporting of national statistics on an anaual basis is

provided by the BCF Branch of Statistics, Washipgton, D.C.

Since there are problems peculiar to ecach fisher and region, it is recommended
that a highly decentralized fishery sratistics data collection and data
dissemination network be provided. A descripticn of one segment of this notwork
will serve to {llustrate the concept. Eight BCF lecations would be designated
as the primary receiving and dissemination points far fishery statistics, pre-
season abundance forecasts, fishery products reports and fishery advisories.

These are the first eight locations listed in Tabhle IV-35.
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TABLE IV-~35
PROPOSED SCHEDULE OF IMPLEMENTATION OF DATA ACQUISITION COMMUNICATION
AND PROCESSING FOR IMPROVED FISHERY PRCDUCTS - BUREAU OF COMMERCIAL
FISHERIES (BCF) AND BURFAU OF SPORT FISHERIES AND WILDLIFE (BSF&W)

BCF PRIORITY PROGUCTS: FiSHERY ADVISORY (4), ABUNDANCE FORECAST (F), FISHERY PRODUCT REPGRY
(?), FISHERY RESOURCL ATLAS (R), FISHERY STATISTICS REFORT (S)
BSFS&W PRIORITY_PRODUCTS: SPORT FISHING ATLAS (SA), FISHERY STATISTICS REPORT (8)

TIMPLEMENTAT 10N

DATE FOR \MPLEMENTAT 10N REMOTE
AUTOTMATLC DATA DATE FOR TERMINAL
ROCESSING SYSTEM |REMOTE TERMINAL] CONNECTED
(FISCAL YEAR 70

PROPOS..

TYPE OF
PRIORITY
PRODUCT

WJEST COAST TUNA{ A F P S 1972 1973 WASHINGTON .D.C.

LA JOLLA 1
ANORTHEAS TERN AFPS 1973 1974 WASHINGTGN,D.Cy!

SEATTLE

JPACIFIC SALMON | R

JGULF OF MEXICO § A F : & 1972 1973 WASHINGION,D.C.
§ SHRIMP

ATLANTIC AND AFPS 1973 1974 WASHINGTON,D. G,
JGULF MENHADEN

JNEW ENGLAND AFPS 1973 1974 WASHINGTON,D.C,
N GROUNDFISH

JGREAT LAKES AFPS 1975 1976 WASHINGTON,D.C.
ALEWIFE R

BKING CRAB AFPS 1973 - -
§SALMON

§TUNA AFPS 1974 - —_—

B CALVESTON

[ BEAUTCRT

WOODS HOLE

R ANN ARBOR

AUKE BAY

HONOLULU

[TERMINAL 1St g - P S - 1974 BCF - LA JOLLA
PASCAGOULA : - PSR - 1974 BCP - GALVESTON
S$T. PETERSBURS - P S - 1974 BCF - GALVESTON
MIAMI - PSR - 1974 BCF - GALVESTON

1975 BCF - BEAUFORT

NEW YCia - PS - 1975 BCF - WOODS HOLE
CLOUCESTLR - PSR - 1975 BCF - WOODS HOLE
BOOTHBAY HARBOR - P s - 1975 BCF - WOODS HOLE
CHICAGO - P S - 1977 BCF - ANN ARBOR
BRANGH OF ANNUAL .
STATISTICS - FISHERY 1972 — —
WASHINGTON, D.C STATIS-
D.C. TICS

REPORT

SANDY HOUK SA, § BCF ~ WOODS HOLH

PANAMA CLTY - SA, 8 1974 BCF ~ GALVESTON
TiBLZON - SA, § 1974 BCF - LA JOLLA
WASHINGTON, - ANNUAL 19721 - -
D.<C. FISHERY®

STATTS-

1 LS.G.S. 360/65 computer 2 Synthesize sport/commerclil fishing statistics.
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A major fishery 1s associated with each of the eight primary locations. Each
cf the eight primary locations would be linked by telephone line for the
communication of digital data to and from other fileld locations. For example,
La Jolla would be linked with Terminal Island and Galveston would be linked
with Pascagoula, St. Petersburg and Miami. FEach satellite facility would
ccilect and disseminate fishery statistics within its area. The processing
for each region would be performed at the primary location, e.z., La Jolla.
Summary statistics and computations would be transmitted over telephone lines
to the terminals at satellite locations for ultimate distribution to area
processors, distributors, fishermen, universities and laboratories. Primary
locaticus would be the contact with States for collecting their fish catch data

and for distributing statistical summaries to the States,

Each primary location (except Honolulu and Auke Bay, because of prohibitive
line charges) is also iinked to the USGS computer (360/65) in Washington for
the purpose of communicating fishery statistics and for retrieving data from
the Branch of Statistics bases. The Branch of Statistics would compile and
produce national fishery statistics reports on an annual or mcre frequent

Lasis.

In addition to statistical information services, thc primary locations would
provide fishery advisory services and pre-season azbundance forecasts. The
acceleration of these efforts is highly dependent on the research required io
develop relationships between fish migration and behavior with environmentail

and biological factors. This study is addressed to providing the data

processing resources necessary for collecting, storing and analyzing environmental
and catch data which could be employed in making forecasts, once the feasibility
and reliabiiity of forecasts js demonstrated. The data processing systems at

each primary location would be utilized for the preparation of forecasts.

The network also includes the BSF&W facilities at Sandy Hook, Panama City and
Tiburon., These facilities would be linked for the transmission of digital data
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to the BCF facilities at Woods Hole, Galveston and La Jolla, respectively.

The BSF&W facilities would collect and disseminate sport fishery statistics

for their areas of responsibility. The three affiliated BCF facilities would

rrocess the <ita and return summary information to the BSF&W locations fer

— ——

distribution to commercial interests, universities, States, resource managers,
etc. The BSF&W in Washington, D.C., would also have access to the USGS 360/65
in order to receive the sport fisheries statistics tramsmitted by BCF Woods

Hole, Galveston and La Jolla and compile and process sport fishery statistics

on a2 national basis. The national sport fishery statistics would be
integrated with the national commercial fishery statistics and published as
single annual (or more frequent) report. This would be a joint effort between

the BCF Branch of Statistics and BSF&W, Waghingtoa.

The plan also contemplates the publication of fishery resource a:lases b BCF
Exploratory Fishery Bases and the publication of sport fishery atlases by the
at BSF&W field locatiocns.

The benefits provided by this system are:

e Rapid collection and dissemination of data within a region
. and for a given fishery.

e Integration of fishery data on a national basis by providing

linkages among facilities.
@ Integration of commercial and sportfishing data.

¢ Customization of the fishery services to meet the needs of

i each region, while permitting data to be collected, processed
) and disseminated on a national basis.

Equipment requirements (computers, communication terminals, data sets and
: ; communication lines) for the network are shown in Table IV-36. The cost of

this equipment 1s summarized in Table IV-37.
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TABLE IV-36

EQUIPMENT REQUIREMENTS - BUREAU OF COMMERCIAL FISHERIES AND BUREAU OF
SPORT FISHERIES AND WILDLIFE - PRIORITY DATA AND PRODUCTS

TM-4023/006/00

COMMUKICATIONS COMMUNLCATION
; TERMINAL DATA SET ™
COMPUTER A L1K78 FISCAL
COST JN ANNUAL CHARG ANNUAL CHARCEf MILES  [ANNUAL cHARGE] YEAR
BCF LOCATION NUMBER (THousanns) @NuMBER | (THOUSANDS) NUMBER| (THOUSANDS) N(THOUsawDs) | (THOUSANDS) [RMSTALLED!
— Aﬁ__#
LA JOLLA 1 $290.5% 72
1 $3.1 2 $5.86 3 $30 73

SEATTLE

290.5%

73
74

GALVESTON

290.5°

72
73

BEAUFORT

73
74

WOODS HOLE

73
%

ANN ARBOR

75
76

AUKE BAY

73

HONOLULY

74

TERMINAL ISLAND

7%

PASCAGOULA

74

8T. PETERSBURGC

74
%

MIAMI

75

NEW YORK

5.86

75

GLOUCESTER

5.86

75

BOOTHBAY HARBOR

5.86

[N3 N1 Ny I8

(] SV.1 o) RV RV
(VY BT S RV.T BV

15

CHICAGO

5.86

il

BRANCH OF STATISTICS
(WASHINGION, B.C.)

USCS Ien/es

(1 HOUR/DAY)

100
(ANNUAL
THARGE)

BSF&W LOCATION

SANDY HOOK

72

PANAMA CITY

TIBURON

WASHINGTON, D.C,

USGS 360765
(.5 HOUR/DAY

50
(ANRUAL
CHARGE

TOTALS

17

34

a  Purchases

99K byte processor, two B million byte disc drives, 1 disc contrel, 4 magnetic tape unite and control,

1 card reader/punch, | printer, I keyboard terminal, 1 data adaptor, | transmission control (La Jolls, Seattlw,

Galveston, Beautort, Woods Hole, Ann Arbor),
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The ten—~year cost of data processing equipment for the entire network is
$5,552,000. The complete TDP, including hardware, software, computer operations
and applications personnel, is shown in Tables IV-38 and IV-39. The ten-year
cost of data processing (equipment, software and operations) for the network

is $12,251,000. Applications personnel consist of statistical analysis, data
collection and liaison personnel; these are shown in Table IV-39. Applications
personnel costs for the decade are $51,945,000. The total ten-year cost (data

processing plus applications personnel) is $64,196,000.
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FEDERAL WATER POLLUTION CONTROL ADMINISTRATION (FWPCA)

The development of the STORET system for the storage and retrieval of water
quality and water and waste facilities data represents a significant step
forward in the realization of a national water quality information system
STORET I is designed for the storage and retrieval of dgta from rivers and
employs a river mileage-index method of identifying sampling point locations.
STORET II is designed for the storage and retrieval of data for coastal waters,
lakes and estuaries and employs latitude and longitude sampling point location
and a sophisticated method of retrieval by polygonal areas. The STORET system
contains water quality data and, in many instances, flow data for o.er 15,000
stations which have been operated for one year or more. At least 3,500 station
records include flow data and/or quality data collected by the U.S. Geological
Survey.1 About 20 percent of the data stored in STORET thus far is marine data.

The utility of this system for marine data is governed largely by our ability
to establish water quality standards which can be employed as reliable
indicators of the presence of pollution when the standards are exceeded.

In addition, the standards must have such high statistical confidence that
legal challenges by waste dischargers can be withstood. A major problem in
establishing standards {s the difficulty in selecting a set of environmental
parameters for measurement which will be valid indicators of the existence of
pellution. Secondly, the frequency and Jduration of sampling, precision of
recerding, and densitv and gecographical distribution of sensors must be
ascertained in order to ecstablish the statistical integrity of the measure-

ment. Once the data cclliection requirements have been establic<hed, the data

1 . e
James H., McDermott, "Water Quality Surveillance in Water Resource Nevelopment
ard Centrol,” prepared for Pan Armerican Health Organization, Water Quality

Contro! lLahoratory Symposium, Ric de Janeiro, Brazil, September 3I0-Cctoder 4
196R,
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must be obtained. This has proven difficult due to incomplete knowledge
concerning the types of parameters which should be measured and the sampling
design which should be emploved. The problem is complicated by a highly
decentralized system of water quality control in the States and municipalities,
each with {ts own philosophy regarding water quality criteria and pollution
control measures. Until these problems are resolved, the usefulness of a
water quality information system will be limited. However, it 1s still
important to proceed with the building of a national water quality data base,
as the FWPCA has done, in parallel with the research which is necessary to
better define the criteria for water quality and the associated data
requirements. Since future data requirements are difficult to predict,

both in terms of the data to be stored and the questions which will be

asked of the information system, it is important to provide great flexibilirty
in the methods utilized for storage and retrieval of data. The syst m should
be easy to use and should not require the user to either store or retrieve
data in rigid computer-criented formats. The system should also be capable
of remote inquirv by a large number of geographically dispersed users.

Users should not have to employ complicated data coding forms and mail them
to a computer center in Washington, D.C., in order to store or retrieve data.
Although numeric coding of data is highly desirable within the computer
svstem in order to achieve 'conomies in storage space and file processing
time, free-form formats should be emploved for user requests and data sub-
missions. The retrieval language and format for data input should be as
natural and as computer-independent as thz: state of the art of information
processing technology will permit. It {s recommended that this be schieved
{n a two-step approach of, first, using COBOL or PLl in STORET as an {nterim
language and comp! r for information requests and file management and
retrieval systeml and, later, using a generalized information storage and

retrieval svstem.

IPI.I was used to convert H400 programs to IBM 360/65, but apparently is not
being used as language and compiler for retrieval and file management
statements.
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Although neither COROL nor PL1 is jdeally suited to information retrieval,
both possess free-forn input and logic features which wouid avoid rigid
input structures. With this type of system, the user would not have to be
concerned with parameter code numbers, formats ~f control cards, sequence
of control cards, or other detailed information required by the computer
but of no interest to the user. A generalized type of retrieval language
is mandatory for the operation of the remote inquiry terminals which will
ultimately become a part of the STORET system. The cost of providing this
flexibility is the cost of resources required for implementing a generalized
information storage and retrieval (IS&R) ~stem. This cost is difficult to
estimate at the present time due to the uncertainty concerning the plans of
computer manufacturers to provide information storage and retrieval systems
and languages. These systems have not been standardized as COBOL and
FORTRAN have been. Many generalized information systen , of varying capa-
bi] ties, exist. Three examples are: IBM Generalized .nformation System
(CIS), Informatics MARK IV, aund System Development Corporation Time-Sharved
Data Management System. The first two are primarily file processors and
report generators and do not possess sophisticated retrieval capabilities.
The third system is a data management svstem with highly sophisticated
retrieval capabilfties. Tt is available on the IRYM 363/50 and 67 i{n both

ime-sharing and batch modes.

The proposed schedule of implementation, Table 1v-a0, prevides for activities
associated with the use of an interim storage il retrieval svstem while the
lon, -range systems are evaluated and one is selected for i{mplementation, The
TP provides for the training of STORET users i{n the field {n the use of the
proposed interis and long-range [S&K systems. The TDP alse recommends the
creation of a rermanent {leld liafsen function for the purpeose of assisting
the States and municipalities in the collecti 'n of additional data for STORIT.
Tn addirieon, the Haison personnel would be availahle {a the fleld to provide

assistance {n the use of STORFT.
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TABLE IV-40

FEDERAL WATER POLLUTION CONTROL ADMINISTRATION
PROPOSED IMPLEMENTATION SCHEDULE - PRIORITY PRODUCTS AND DATA

FIiSCAL YEAR

CONDUCT SUDY FOR THE EVALUATION D SEI.CTION OF GENR.AL
1ZED FILE MANAGEMENT AND RETRIEVAL SYSTEMS. IDENTIFY COM-
PONENTS WHICH MUST BE SUPPLIED BY FWPCA

DEVELOP COMPONENTS OF GENERALIZED FILE MANAGEMENT AND IV- l

FORMATION RETRIEVAL SYSTEM WHICH MUST BE SUPPLIED BY FWPCA

USE COBOL OR PLI ON INTERIM BASIS AS A DATA RETRIEVAL
LANGUAGE AND FILE _PROCESSOR

CONDUCT ORIENTATION SESSIONS FOR USERS IN THE USE OF
RETRIEVAL LANGUAGE (FIRST, FCRMATS FOR COBOL OR PLI;
SECOND, FOMATS FOR GENERALIZED SYSTEM)

PROVIDE FWPCA REGIONAL RFPRESENTATIVES TO ASSIST THE
STATES AND MUNICPALITIES IN DATA COLLECTION FCR STORET
AND IN THE USE OF STORET

GENERALIZED FILE MANAGEMENT AND RETRIEVAL SYSTEM BECOMES
OPERATIONAL FOR BATCH PROCESSING

IC()Nl)ll(IT SYSTEMS STUDY FOR THE DEVELOPMENT OF REMOTE IN-

QUTRY OF FWPCA DATA BASES

lnr:vawp SOFTWARE FOR REMOTE INQULRY OF FWPCA DATA BASES
l,\cqumﬁ EQUIPMENT FOR REMOTE INQUIRY OPERATION
!REM)TE INOUTRY SYSTEM BECOMES OPERATIONAL

INSTALL SENSORS AND TELEMETERING EQUIPMENT TN SFELECTED I

ESTUARTES AND COASTAL AREAS AND TROVIDE DATA COMMUNICA-
T1on 1O FWPCA, WASHINGION, D.C.

DEVELOP SOFTWARE FOR TELEMETERING DATA FROM SENSORS TN
SELECTED ESTUARLES AND COASTAL AREAS TQ FWPCA, WASHINGTON,
D.C.

STORET SYSTEM GOES ON LINE WITH TELFMETERED INPUTS FROM

SYLECTED ESTUARIES

INCORPORATE ECONOMIC DATA AND STATISTLCS IN STORET SYSTEM

(POPULATION, USES OF ESTUARIES AND COASTAL ZONE, ECONOMIC
INDICATORS, ETC.)

CONDUCT RESEARCH FOR THE DEVELOPMENT OF WATER QUALITY
MODELS FOR PREDICTING THE OCCURRENCE AND EFFECTS OF POLLU-
[ON AND FOR ANALYZING THE EFFECT OR POLLUTION ON THE NAT-
URAL ENVIRONMENT AND ON THE KCONOMY OF AN AREA (WATLR
QUALITY FORECASTS)
INCORPORATE MODELS 14 $TO!
OPED.  USE $TORET AS SOUR
DATA FOR MODEL VALIDATION
DEVELOP CAPABILITY IN STORET FOR DETECTING CONDITIONS WHICH
EXCEED WATER QUALLTY STANDARDS

INCORPORATE IN STORET INFORMATION ON INDUSTRIAL WASTE DIs-
CHARGE AND UIL SPILLS (RATE OF DISCHARCE, RATE OF DISPER- I

SYSTEM AS MODYLS ARE DEVEL -
OF INPUT DATA AN A8 50UCE OF

STON, GEOGRAPHICAL AREA: \FFECTED, PROPERTY DAMAGE, ETC)

PERFORM ANALYS1S OF ENVIRONMENTAL PARAMETFR: PRIOR TO ANE
AFTER WASTE DISCHARGE ACTIVITIES HAVE BEEN ESTABLISHED  AND
BEFORE AND AFTER BASTE TREATMENT OPERATIONS NAVE BEEN FX-
FABLESHED AS AN ALD IN POLLUTION  PREDICITON AND  CONFROL;
INCORPORATE DATA IN MIDELS AND STORET
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Two modes of STORET operation are envisaged which involve the use of remote
facilities. One is the remcte retrieval and submission of data by users in
the various States and municipalities. The primary need for tnis type of
operation is to provide researchers and water quality officials with direct
access to STORET data bases. The value to the researcher is for erperimenta-
tion in discovering relationships between changes in the environmei.i and the
introduction of pollutants. The administratcr can use the system a5 a vehicle
for training exercises in poliution monitoring and control or in actual
decision situations 1f data of sufficient quantity and quality are available.
Also, it 1s recommended that FWPCA establish the remote inquiry mode of oper~
ation as an experimental system to test the feasibility of this method of

operation prior tc¢ the implementation of similar systems in the States.

The second type of remote operation is one in which data would be telemeter -
from sensors located in selected estuaries around the nation to the Department
of the Interior computer center (operated by USGS) in Washington, D.C. The

primary purpose of this system would be to test the feasibility of the remote

acquisition and transmission of water quality data to central storage and
processing facilities and the use of these data for coatinuous monitoring,
prediction, and contrnl functions. This system could be gradually augmented
in the future to become the vehicle for water quality monitoring, pr diction,
and control i{n interstate waters and could provide a model for the development
of similar systems by the States for intrastate waters. The use of a single
system as a test bed for evaluating water quality data systems would result

in substantial savings to the States. This system would also be employed as

a training device during joint Federal-State workshop sessions.

FWPCA has installed computer terminals in its offices in Cincinnati, Ohio,
Kansas City, Missouri, and Portland, Oregon, for linkage to the Washington,
D.C., headquarters (Department of the Interior IBM 360/65 computer). A

network to link all FWPCA offices and laboratories is under consideration.
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In the absence of detailed information on FWPCA plans for remote terminal
operation, it is proposed in the TDP that seven regional FWPCA offices be
utilized for the remote entry and retrieval cf STORET data. Thic corres-
ponds to the number of major basins which border the nation's coastal and
Great Lakes areas. It is also proposed that seven estuaries and/or coastal
locations be instrumented, one in each of the seven basins, for the purposes
mentioned previously. The seven offices would be palred with the seven

astuaries in order that the continuous monitoring of a given estuary and the

assoclated data transmission to headquarters cau te integrated with the local
use of STORET. Since requirements for the collection of water quality data

are largely undefined at this time, only gross estimates of an inatrumentation
and telemetry system can be provided. Fight parameters, such as dissolved
oxygen, pH, conductivity, temperature, diszolved chlorides, oxidacion-reduction
potential, turbidity, and total carbow are assumed to he recorded at each
sanpling station. Twenty sampling stations per estuary are assumed. If eight
paramaters isix characters per parameter) from 20 stations are sampied once

per minute, 960 characters per minute would be transmitted on TWX or Data

Phone facilities to Washington, D.C.

An important element of the TDP is the development of models for making water
quality forecasts. These models should be integrated with the STORET system
in order that STORET may serve as a source of input data for the models and
alsc as a vehicle for model validation and adjustment (improvement of models

as more data become availasble for checking model validity).

An important facet of water quality activity which has received relatively
little attention 1s the use of econnmic data and analysis for water quality
planning and control. These data consist of such items as the economic

and social impact of pcllution, water uses, population statistics, etc. A

program for the collection and storage of these data in STORET should be
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started. Much of these data exist in other files, e.g., city and county
planaing files and census files., These filcs need to be associated with

the relevant water quality data in STORET.

The STORET system should be programmed tc automatically detect conditions
of water quality which are below standards. Of course, the standards must
first be determined for various areas and stored in STORET. The automstic
monitoring for below standard water quality can be performed in either the
batch processing or on-line (future) mode of STORET operation. Also recom-

mended for inclusion in STORET is additional information on industrial

waste dischargers and oil spills and leaks (type of discharge, rate of
discharge, rate of dispersion, geographical area affected, property damage,
etc.). FPrograms should be developed for the analysis of environmental
parameters befcre and after the inception of waste discharge activities in
order to assess the damage done to the environment by pollutants. An
analysis of environmental parameters should also be made before and after
the inception of waste treatment operations in order to assess the value
of waste treatment operations. The analysis programs and data would be

incorporated in STORET.

The Technical Development Plan Specification is shown in Taple IV-41. Thise
plan shows the resources which are required over the next ten years in order
to implement the improvements and additions to water quality data management
which have been discussed. All resources are new resources except the column
identified as "Estimated Existing FWPCA Marine "-~+-» Budget.'" The FY 71 amount
for this item is estimated at $1.0 million. A (. .pound five percent annual
increase is applied to this amount in order to obtain an estimate of the
"normal budget'" which would be in effect without the addition of the TDP. To
this amount are added new resources required for TDP implementation in order
to obtain the total annual marine data management budgets. The total ten-

year marine data management budget 1is $22.210 million,
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TABLE IV-41

TECHNICAL DEVELOPMENT PLAN SPECIFICATION
FEDERAL WATER POLLUTION CONTROL ADMINISTRATION

ESTIMATED
NUMBER OF EXISTING
NUMBER OF |ADDITTONALY ADDITIONALY  FwPCA TOTAL
NEW | ADDITIONAL|ANALYSTS/ | PERSONNEL MARINE DATA| ANNUAL
EQUIPMENT DISCIPLINE]SOFTWARE Co8Ts2 BUDGET3 BUDGET |
REQUIREMENTS PERSONNEL ! JPERSONNEL | (MILLIONS){ (MILLIONS) [(MILLIONS)

USE OF DEPARTMENT OF f 5. $1.370
INTERIOR COMPUTER
(1 HOUR PER DAY)

(1 HOUR PER DAY)
(2 HOURS PER DAY)
HOURS PER DAY)

SETS OF SENSORS FOR
ESTUARIES
HOURS PER DAY)

SETS OF SENSORS FOR

ESTUARIES
DATA SETS
11,000 MILES OF TELEPHCNER 110¢
LINE CHARGES '
(3 HOURS PER DAY) L3004
COMMUNICATIONS CONTROLLE 067
L 110

(8 HOURS PER DAY) I -so0a

. 110¢
(8 HOURS PER DAY) ., 8004

.110¢
(8 HOURS PER DAY) , 3003

.11c
(8 HOURS PER DAY) L8007

luiologists, physical 7 chemical ceeanograpbers

Qbiscipline & software development personnel priced ¢ $15,000 per annum
3Compound annual 5% increase

a Annual charge

b Purchase

¢ Lease charges
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ONSHORE BUOY DATA MANAGEMENT
U.S. COAST GUARD

This TDP is addressed to the management of data collected from the National
Data Buoy System after the data have been transmitted to shore facilities.
Early planning and coordination for the management of buoy data at buoy system
intermediate storage and processing facilities, forecasting centerc (NMC, FNWC),
and at national data centers (NODC, NWRC and GLDC), 1is necessary. Sowe of the
areas which must be considered are data formats, data codes, space-time cor-
relation of data from the buoy arrays, schedules for transmission to data
centers, and data quality standards and controls. The National Data Buoy
Systems Project Office of the U.S. Coast Guard is actively developing plans
for these areas. As presently conceived, the National Data Buoy System will
consist of 261 buoys spaced approximately 500 nautical miles apart in the deep
ocean (DO) area (greater than 400 nautical miles from North American coasts),
and 279 buoys spaced approximately 100 nautical miles apart in a 400-mile band

around coastal North America (CNA).1

Buoys in the DO set will report 4 times per day at 0000 GMT, 0600 GMT, 1200
GMT, 0300 GMT, 0600 GMT, 0900 GMT, 1200 GMT, 1500 GMT, 1800 GMT, and 2100 GMT.
As conceived, data reporting will be on a synoptic rather than a continuous

is. Buoy read-out will be controlled from shore with the aid of computer
¢l 'grams stored in shore processors. Computer-generated commands will initiate
su.h functions as buoy read-out of its sensors, transmission of data to shore
vr ship communication hubs, assignment of HF bands and channels for data trans-

mission, verification of data quality and retransmission of reijected data.

Since data reporting is on a synoptic basis, the volume of data transmitted
each day is not significant in terms of the processing and storage require-
ments at elther buoy system shore facilities or at national data centers. The
key statistics associated with the National Data Buoy System are shown in

Table IV-42. This table shows number of buoys for DO and CNA areas, planned

IPreliminary Concept Formulation Summary for National Data Buoy Systems,
U.S. Coast Guard National Data Buoy Systems Project Office, Washington, D.C.,
1 October 1968,
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frequency of reporting, message length and transmission time per buoy per
reporting time, and the total daily volume of data which would be generated by
the National Data Buoy System. The daily volume of data is based on the use
of a sing.~ HF band for a given reporting period, 10 channels per band used
simultanecusly and a transmission speed of 100 bits per second per channel.
With 6 hourly reporting from DO buoys and 3 hourly reporting from CNA buoys,
the total amount of data generated per day is 7.19 million bits or about 1.2
million characters. This is the equivalent of 6 percent of a reel of magnetic

tape.

The maximum amount of data which can be generated per day 1is governed by (1)
number of buoys, (2) message length, (3) data transmission speed, (4) number
of data channels available simultaneously, (5) buoy interrogation time, (6)
acceptable time delay in data receipt (7) buoy reporting frequency. Based

on using the values of (1) through (5) given in Table IV-42 and an acceptable
time delay of 1 hour between observation time and the receipt of data af fore-
cast centers, the maximum reportin  frequencies are calculated. The frequencies
were calculated to maintain the two-to-one ratio t:2tween CNA and DO reporting
frequencies. The maximum reporting frequencies are based on using all of the
available time for data transmission, 1.e., there is no idle time between buoy
‘ata transmissions. On this basis, the maximum amount of data which would be
~enerated per day 1s 39.6 million bits or about 6.6 million characters, or

tbvut one-third of a reel of magnetic tape.

Continuous sensing 1s not possible, given the low data rate of HF channels and
tne large number of buoys proposed. Even with the maximum utilization of avail-
able trunsmission time as Just {llustrated, the time interval between DO buoy
reports is 1 hour and 6 minutes and between CNA buoy reports is 33 minutes. If
it 1. desired to reduce the reporting frequency even further, the number of buoys
would have to be reduced., This is shown in Table IV-43. The maximum amount of
data which can be generated is constant for a given channel data transmission

rate, number of channels used simultaneously and buoy interrogation time. Any
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increase in number of buoys results in a decrease in the buoy reporting fre-
quency, resulting in a hyperbolic relationship between frequency and number of
buoys as shown in Figure IV-7. 1In order to achieve an increase in both the
frequency of reporting and number of buoys, it is necessary to obtain data
channels with higher transmission rates, such as satellite relays, and/or
increase the number of HF frequency bands which can be used simultaneously.
The latter alternative is not attractive because of the low reliability of
some HF bands at certain latitudes and times of the year. Another constraint
is that the entire buoy network must be read out and the data transmission
completed within one hour after observation time. Using this constraint, the
maximum number of buoys which can be deployed can be calculated. If a ratio
of CNA to DO buoys of 1.07 (based on the ratio of planned 279 CNA buoys to
261 DO buoys) and a single HF band (10 channels used simultaneously) are
assumed, a maximum of 486 DO buoys and 520 CNA buoys can be employed with
reporting frequencies of 12 and 24 times per day, respectively. This is
she m in Table IV-43. This establishes the upper limit on the number of
bioys. Below this limit, there is a tradeoff between number of buoys and
frequency of reporting. Several alternatives are shown in Table IV-43. The
number of buoys in a network represents the number of synoptic data points.
The reporting frequency is a measurc of the timeliness of the data observa-

* as; it is also 3 measure of the ability of the system to record time series
serviations.  Since the time constants of the oceans are relatively long,
exo ot for waves, the reporting frequency is not critical (within iimits) for

o canegraphic forecasting and research. The increase in the svnoptic power
of the systea through an increase in nuuber of buoys is of greater signifi-

canve. However, in the case of meteorolovical forecasting, the tradeoff
between number of observation points and frequency of reperting is more
vritical. A very cost-effective way of increasing the number of data points
is to use all of the available data transmission time for a given number of
dbuovs.  For example, by increasing the daily frequency of reporting of the
proposed network from & (LO) and 8 (CNA) to 22 (DO) and 44 (CNA), the number

of daily observations can be increased from 3,276 to 18,018 observaticns per
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INFEASIBLE AREA FOR COMPLETING
DATA TRANSMISSION WITHIN ONE HOUR

4
500 86 BUOYS

400 -

LINE REPRESENTING MAXIMUM REPORTING
‘r/,,——-F?EQUENCY FOR COMPLETING DATA TRANS-
MISSION WITHIN ONE HOUR (SOLID LINE)

NUMBER OF DEEP OCEAN BUOYS
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DAILY REPORTING FREQUENCY

FIGURE 1V~7. RELATIONSHIF BETWEEN YUMBER OF DEEP QCEAN BUOYS AND
FREQUENCY OF DAILY REPORTING WHEN ALL AVAILABLE TIME
IS USED FOR TRANSMISSION
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day. As already denonstrated, this amount of data can be accommodated within

one HF band (using 10 channels simultaneously). There is no increase in data

transmission speed required. Rather, transmission would occur continuously

at the same rate. The proposed shore-based computer control of frequency band
selection could be employed to select, on a more frequent basis, the best band
for data transmission based on propagation characteristics and transmission

distance requirements existing at each reporting cycle.

These calculations demonstrate that the volume of data generated per day by
the National Data Buoy System will not strain the resources of data centers
which receive the data. However, there are significant problems with vespect
to data format, codes, space-time correlation and quality control. Since the
volume of data is so small and there is no urgency of data receipt at national
data archival centers, data tapes could be mailed periodically (perhaps weekly
or monthly) from buoy shore facilities to national data archival centers (NODC,
NWRC, GLDC). These data should be formatted in synoptic aud time series pack-
ages for transmittal to the data centers. Figure IV-8 {llvstrates the space-
time data correlation problem nand how the dara might be assembled from daily
inputs into temporary magnetic tape or disk pack data bases for perviocdic
mailing to NODC, NWRC an’® GLDC (Great Lakes buoy data). Eight time-series
observations weuld be obralned each day from 279 CNA buoy locations, and four
time-series observations would be ohtained each day from DO 261 ouoy loca-
tions. It {s recommended that these daily time-series observatlons be aggre-
gated for a specified time period (perhaps for a week ar menth). This time
period would be jointly established by the Coast Guard and representatives of
NODC, NWRC and the GLDC. This group would also establish data format requive-
ments: sequence of paramcters in the tape or disk record, field lengths,
codes (BCD, binary or other) and content and placement of i{dentifyving {nforma-
tion (geographtical locaition, time of recording, precision and accuracy of
recording, etc.). Standards would be est blished for the acceptance of data.
If data have heen collected ir sufficient quantity in the past from other

platforms at a given buoy location, thev cculd he used te provide statistical
13 ) \ P
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1v-109

cenfidence Intervals for use in accepting or rejecting buoy data. If little
data history exists, reasonableness checks could be employed until a sufficient

amount of data has been collected to provide statistical confidence intervals.

Synoptic data which are required by forecast centers will be sent over land
lires to the centers from the buoy system communication hubs. If the data are
transmitted over land lines after each buoy has transmitted its data, low-speed
private linas (150 bits per second) could be employed, since a 2604 bit single
bucy message could be transmitted over land to forecast centers in 18 seconds.
However, 1f data are collected at a communications hub (services a maximum of
30 buoys) for all 30 buoys prior to transmitting the data o ~r land lines, low-
speed (130 bits per second) transmission would require 540 seconds (18 seconds
% 30 buoys) or 9 minutes. A voice grade line (2400 bits per second) could
transmit the data in 33 seconds at higher cost. If transmission over land
lines is delayed until all 30 buoys transmit data to the communication hub,
there will be a total delay of 14.8 minutes (30 buoys 28.54 sec.) - 60 = 14.3
minutes transmission time to shore plus .5 minutes for voice grade line trans-
mission over land. If data are transmitted over land lines after the data

from each buoy are received on shore, there will be a 28.5 second transmission
delay from the buoy to shore plus an 18 second transmiscion delay (slow~speed
line) over land lines. The latter alternative is preferable. The only
advantages of the former alternative are that it would permit the assembly at
the communications hub of a synoptic report for 30 data points (30 buoys) and
would permit the averaging of measurements, where this is necessary. However,
data assembly and data averaging could be performed at the forecas: centers,
since observation time, parameter type and vertical level of data recording
will presumably be recorded as part of the data identification, thus permitting
the data from a given synoptic time to be correlated and averaged at the

forecast center.

A proposed schedule of implementation for a technical development plan pertain-

ing to the Coast Guard activity in onshore buoy data management is shown in
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Table IV~44. The number of perscnnel required for Coast Guard management of

the TDP, analyst and software personnel and computer operations personnel are

shown in this table. The recommended TDP specification for equipment, person-

nel and budget required to implement the TDP is shown in Table IV-43 , This

table shows both new resources and a projection of existing resources which

are required to implement the TDP. New resources consist of comput.ng and

data transmission control equipment at 23 communications hubs, additional

Coast Guard commissioned personnel and additional system analyst/software and

computer operations personnel. Existing personnel consists of the staff of

the National Data Buoy System Project Office. It is estimated that this staff

will consist of 14 people in FY 71 and that it will grow at an annual com-

pound five percent rate. The key elemerts of the TDP are:

@ System analysis and computer programming activities pertaining to:

buoy data formats and codes for data centers
epace-time datz correlation for data centers
data quality control for data centers

land line data communication for data centers

buoy interrogation control

@ Computer and data transmission control equipment in each of 23

communications hubs for:

buoy data formatting and code conversion for data centers

data quality control for data centers

space-time data correlation for data centers

data message routing control and synchronization for data transmission
to forecast centers

control of interrogation of buoys

buoy HF band and channel assignment and data retransmission control

® Land communication lines for transmitting buoy data to FNWC, NMC and

14 Weather Bureau Offices having marine forecasting responsibilities
e Mail transmission of data to NODC, NWRC and GLDC

The total ten-year Technical Development Plan cost is $31.869 million; $29.232

million of this amount is for new personnel and equlpment.

T
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TABLE IV-45

TECHNICAL DEVELOPMENT PLAN SPECIFICATION - U.S. COAST GUARD
NATIONAL DATA BUOY SYSTEM - ONSHORE BUOY DATA MANAGEMENT

NUMBER OF JNUMBER OF " ESTIMATED
§  NEW NUMBER OF [ADDITIONALJADDITIONAL JADDITIONALY EXISTING TOTAL
NEW BEQUIPMENT §| ADDITIONAL JANALYSTS/ } COMPUTER |PERSONNEL JBUOY PROJECT ANNUAL
EQUIPMENT COMMISSIONEN] SOFTWARE JOPERATIONS| COSTS! |JSTAFF BUDGET 3] BUDGET §
REQUIREMENTS PERSONNEL! |PERSONNEL!JPERSONNEL 2J(MILLIONS)| (MILiIoNs) |(riiions)
71 4 23 $.405 $.210 $.615
72 17 .255 .221 .476
73 §1 COMMUNICATIONS HUB $.7032 2 8 3 .150 .232 1.085
JCOMPUTER & DATA TRANS-
MISSION CONTROL EQUIP-
MENT
74 022 COMMUNICATIONS HUB 15.4663 6 14 69 .990 244 16.746
COMPUTERS & DATA TRANS-f .046b
MISSION CONTROL EQUIP-
MENT. 9K MILES LOW ,
JSPEED (150 BPS) LINE &
DATA
75 §207K MILES LOW SPEED § .982°¢ 4 11 69 .915 .256 2.153
(150 BPS) LINE & DATA
SET CHARGE
76 §207K MILES LOW SPEED .982¢ 4 11 69 .915 .267 2.164
(150 BPS) LINE & DATA |
¢%T CHARGE
77 J207K MILES LOW SPEED | .982¢ 4 9 69 .885 .280 2.147
(150 BPS) LINE & DATA
SET CHARGE .
78 §207K MILES LOW SPEED .982¢ 4 6 69 .840 .294 2.116 [ ',
(150 BPS) LINE & DATA
SET CHARGE
79 §207K MILES LOW SPEED .982¢ 4 11 69 .915% .309 2.206
(150 BPS) LINE & DATA
SET CHARGE
80 §207K MILES LOW SPEED .982¢ 4 7 69 . 855 324 2.161
(150 BPS) LINE & DATA
TEN YEAR TOTALS $22.107 $7.125 $2.637 $31.869

Priced at $15,000 per annum per man year (including benefits).

2 Three computer operations personnel for each communication hub; priced @ $10,000 per annum per man year.

1971 National Data Buoy System Project office FY 71 strength estimated to be 14 people. Five percent
compound annual increase in budget assumed.

a  Purchase of processor (65K bytes), 5 magnetic tape units and control unit, 1 printer, 1 card reader/punch
1 data transmission control unit, external interrupt, real time closk and storage protection.

(=

Lease charges for 1 MOD 0 communications hub transmitting data to FNWC (1 line), NMC (1 line), and one
Weather Bureau office (1 Iine). (3 lines) (3K miles/line) = 9K miles.

Lease charges for 23 MOD 1 communications hubs transmitting data to FNW (23 lines), NMC (23 lines), and
14 Weather Bureau offices (23 lines). (69 lines) (3K miles/line) = 207K lines.

O
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NATIONAL DATA CENTERS
NATIONAL OCEANOGRAPEIC DATA CENTER

Existing and planned NODC data bases are shown in Table IV-46. This table
indicates the significant growth planned for NODC data bases. It also indi-
cates that although the daily input in 1973 is less than a reel of tape, the
input volume will be significant if all or most of these data are received in
the form of handwritten logs which require keypunching. This 1973 input
volume of data is equivalent to 100,000 punch cards. If all of these data had
to be punched, it would require the services of one hundred keypunch operators
in order not to develop a backlog. This situation emphasizes the need to
obtain data from suppliers in magnetic tape or punch card form. If this proves
infeasible, it may be necessary to design a mark sense form for the more
routine measurements. These forms would be supplied to users for submitting
their data to NODC. NODC would acquire mark sense reading equipment for auto-

matic input of data.

Table IV-46 also indicates the infeasibility of storing all data on~line in
direct access storage devices. About 9 X 109 characters will have to be stored
by 1973. This could increase threefold by 1980. However, it is highly desir-
able to store NAMDI and NAPIS on-line and raw data for which frequent access is
required. Th. problem of how much data to store on~-line versus off-1line can

only be answered after a detailed analysis of the future demand for NODC data
(existing and planned). This task should be given high priority in NODC develop-

ment activities.

DATA BASE ORGANIZATION

The utility of national data bases could be improved by correlating the data

in space (geographic location and depth of observation) and time (time of
observation). This would involve the consolidation of data from varicus data
bases (ocean station, BT, etc.) into one data base. All the data obtained from

a glven geographic location (1° square), depth and time would be stored as a
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TABLE IV-46
NATIONAL OCEANOGRAPHIC DATA CENTER DATA BASE VOLUMES AND INPUT RATES

/

/  DAILY INPUT
(MILLIONS OF DECIMAL
DIGITS/CHARACTERS)
DATA BASE
¢ BT DATA (N) 1,320
® OCEAN STATION DATA (N) . 600
» BIOLOGICAL DATA (AN) .009
© GEOLOGICAL DATA INVENTORY (AN) . 160
o SURFACE CURRENT DATA (N) .099
« DRIFT BOTTLE DATA (N) .090
o CHEMICAL DATA (N) .024
o NEARSHORE DATA (N) 1.200
* STD (N) 3.600
® SUBSURFACE CURRENT DATA (N) .007
» SEDIMENT CHEMISTRY DATA {N) 024
s GEOTHERMAL DATA (N) .006
& SATELLITE OCEANOGRAPHIC DATA 1.206
SUMMARIES (N)
¢ SOUND VELOCIMETER DATA (N) : 0 420 10 1 .720
® UNDERWATER PHOTOGRAPHY : 0 20 .2 1 . 048
INFORMATION INDEX (AN)
® NAMDI (aN) 24€ .84e) <1 1 .001
"
1,429 32 5 8,596 200 |24 . 700 9,101
o TO 1 INCREASE IN 13 TO 1 INCREASE IN
DATA BASE VOLUME INPUT IN 5 YEARS
IN 5 YEARS (LESS THAN A REEL OF
INPUT)

N = Numeric (declmal digits), AN = Alphanumeric (cnaracters).

a. Digitized, processed and recorded in a data hase.

b. Ten-120 character records per block, 1600 bpi, 9 track (46M decimal digits or
23M alphanumeric characters per reel). This does not correspond to present
number of NODC tape reels, nor does it represent optimum compaction. Shown
to indicate storage required using multiple records/block and high density
tapes,

¢.  466M decimal digits or 233M alpharumeric characters per unit. Not shown to
suggest that a1l data should be stored on disc, Shown to indicate disc
storage required if the data were stored on dise.

d. 6% per vear compound growth rate; due to XBT,

¢.  Rough extimate,

NOTE: These calculations are based on the data volumes which appear in the
NODC ADP Systems Study Data System Specifications, Volume I1. This
b volume differs substantially from the data volume calculations which
appear in Chapter III, Volume One.

A ey
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unit in the consolidated data base. Currently, data bases are organized by
method and instrumert of data collection, e.g., BT. The method of data col-
lection is important information, and should be retained in the data base, but
it is not necessary or desirable to organize files on this basis. It would be
more useful to employ a data base organization which would permit convenient
access to all the data collected at a given location, depth and time. Also,

the data base organization should provide the capability for retrieving the
data for all or specified parameters under the following conditions: (1) at

or between specified depths and for a specified location and time (water column
data and vertical profiles); (2) at a specified depth and geographic region and
for a constant or variable time of observation (water layer data and horizontal
profiles); (3) at a specified observation or data collection time and for a
specified geographic region and depth(s) (synoptic data); (4) at specified
locations and depth(s) and chronologically ordered by time of observation (time
series data,); (5) for spacified parameter(s) value(s) or range of values and
for a specified geocgraphic region, depth ranges and time (surfaces of constant
parameter value, e.g., surfaces of constant temperature or density; a surface
of constant parameter value is the same as the traditional contour lines of con-
stant parameter value except that three dimensions are used (depth in addition
to latitude and longitude); (6) for a specified value or range of parameter(s)
values for a specified depth and geographic region (contours of constant param—
eter value in two dimensions, e.g., contours of constant sea surface temperature,
surface currents, water temperature or density at a specified depth, etc.); and
(7) water column properties along a specified track (an assembly of water column
properties data for a series of 1° squares along a specified track). Other
examples could be cited. These examples serve to iliustrate the types of pre-

sentation which could be produced.

Certain definitions which are relevant to the above discussion follow:

e Water column data: sets of data collected in a vertical water

column at a given location and time. These data sets would

contain all data collected in a particular water column (and
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bottom and subbottom)--not just Nansen cast data alone.
These data sets include more than the traditional ocean

station data.

e Synoptic data: data obtained at a specified time or within

a specified time interval from several or many locations.

o Time series data: sets of chronologically ordered data for
specified locations and depths. The data may have been

collected by different cruises and over long time intervals.

An important point 1is that the data storage and retrieval system produces the
data assemblies from a diversity of data sources, which vary by cruise, method

of data collected, time of collection, etc. These data assemblies may not
strictly correspond to ocean station, synoptic and time series in the sense

that these terms are sometimes applied. However, the method of data collection
should not govern the methods used for storing and retrieving data. For example,
the synoptic data may not be synoptic in the sense of 6 hourly ship reports used
in a weather forecasting system. Rather, the synoptic data represents a corre-
lation of cruise or survey data (where the cruises and surveys may be completely
unrelated) which were taken at approximately the same time at different loca-
tiens. Similarly, the assembly of time series data may represent the same param-
eter(s) collected at the same locarion, but by different cruises and at different

times.

Although the availability in NODZ bases of synoptic, time series and water column
data, as defined in this discussion, is unknown, the degree to which existing
NODC data could be correlated in space and time could be determined by a pro-
grammed search of NAPIS combined with a search of the data bases themselves for

those data which have not been included in NAPIS.

Although probably little synoptic and time serfes currently exists in the NODC

files which would meet the above definiticns, future velumes of these data will
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greatly increase as the result of receiving XBT and STD data collected by naval

ships (via FNWC) and data collected by the National Data Buoy System.

A discussion of a method for storing data which would accomplish the data re-
trieval properties which have been described follows. The three dimensions
(height, radius and circumference) of disk storage devices (or other three di-
mensional storage devices) are ideally suited to the implementation of the type
of data base organization which has been described. The geometrical coordinates

of the disk could correspond to the roordinates of the data as follows:

Geographical location - disk track and record

(1° square) (0 coordinate)

Deptn - disk surface (z coordinate)
Time of observation or -~ disk cylinder (y coordinate)

data collection

This scheme is shown in Figure IV-9. Other storage schemes couuld also be
employed. If data is stored in this manner, it is possible to retrieve time
series data for various geoeraphic locations and depths; synoptic data for
various geographical locations and depths; and all or certain data for a given
location, depth and time. It is possible tc retrieve the various 'data pack-
ages' currently. TFor example, as the disk rotates under the set of rzad-write
heads (one for each disk surface}, cylinders of data retrieved along the ¢
(location) ccordinate for a given » (time) coordinate represent synoptic data;
cylinders of data ret.ieved along the y (time) cocordirate for a given

(location) coordinate represent time series data; dats retrfeved along the z
(depth) coordinate for given y (time) and ~ (location) coordinates represents
water column data; data retrieved along the : tocation) coordinate for given

# depth (coordinate) and y (time) coordinates represent constant depth herizontal
"sxlices" through the ocean; data retrieved fer a giver. r, ., and z, represents
all the data for a given time, location, and depth. There is ne limit {(other
than the disk storage capac’’ . . ¢ the number of svnoptic, time series, water
column and single point retrievals which could be accomplished in a singie search

operation. Of course, time series retrieval will require track switching and other
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Time Series Data
(Constant Location;
Time and Depth Vary)

ye— Depth(z)—i

3|
Water Cclume Data v§§9
(Constant time and ocgc
location, depth varies) v

™

Synoptic Data
(Constant time;
Location and
Depth Vary)

pe—— Depth(z) —A
t¢—— Depth(z) —4

FIGURE IV-9., METHOD OF STORING OCEANOGRAPHIC DATA ON DISK STORAGE
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forms of data retrieval may require trac. switching if the geographical and

time domains of the data to be retrirved are extensive.

The data base organization which is employed will be influenced in part by the
user demand for data. If time series data are requested more frequently than
ocean station data, the z coor:inate would be used for time and the y coordi-
nate for depth. Certain difficulties in the data storage scheme should be
noted. One is that voids in certain data cells may arise due to large gaps

in collected data in terms of location, time and depth. Secondly, the number
of disk surfaces, tracks and records will not always corr.spond to the number
of differer.t locations, depths and observation times used ia the storage cystem.
Possible soiutions (o the first preblem is to leave voids in certain data
locations and preserve the integrity of the addressing scheme (e.g., leave
room for 1° squares for which no data is currently in NODC bases). This solu-
tion would probably be very wasteful of storage space. A better solution
would be to pack the data based on locations, depths and times which are cur-
rently represented in the data base; temporarily store new 1° square data sets
cut of sequence on the di<ix; and pericdically reorganize the data base into a
completely sequentially addressed system. This can be performed by copving

and merging the disk dota onto “scratch” disks.

An automated directory of data would be used in conjunction with the storage

and cetrieval of the vnvironmental data. This directory would contain information
about the characteristics of the stored environmental data. It would contain

muci of the informat{on now contained in NAMDI and NAPIS, but in addition would
contain the storage Jocatfons of varfous classes of data. 1f data is stored on
disk, the directory would contain dises head, track and record number addresses.

If the data is stored on masnetic tape, the directory would contain tape reel
nunber and the location of a piven data set relative to other data sete.  The
purpose of the directory is twefeld., First, it serves to provide (nformaticn to

the user and data center concerning the availability and characteristics of
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stored data, i.e., cruise, date, ship track, institutions, instruments used,
etc. Secondly, the directory proviles pointers to the machine locations of
classes of data, e.g., water cclumn, water layer, synoptic, time series, etc.
Ideally, the directory should be stored on disk, If stored on disk, the
directory covld be organized with the same coordinate system as used for the

data itself.

The directory contains the storage locations of data which is indexed by geo-
graphic location, depth and time. In addition to storage addresses, the
directory would contain coded information which indicates the type of data

stered. Thus, the directory would provide the address or range of addresses

of various data sets, after t = correspondence (by computer Program) between
the nature of the data retrieval (location, depth, time and parameter type)
and the computer address has been made. The address information would be
inserted in data retrieval routines. The data directory must, of course,

be mainted along with the data bases themselves as new data are incorporated

in the system.

This type of data organization would also be appropriate for use in conjunction

with a "live atlas™ presentation. More importantly, it would pull together the
data in a fashion which corresponds to the description of the ocean system.

The data storage system would become an analog of the world oceans not only
for the purpose of specific data retrieval, but for application in oceano-
graphic modeling, as well. In particular, the system would have direct
application to computer graphics. Since the data would be organized as a
model of the oceans (with rapid access capability), the graphic capability
could be applied to portray the types of data presentations described earlier.

MASTER MARINE DATA BACE DIRECTORY

A master directory for all data bases and analytic programs of common interest
to the marine environment agencies and affiliated research organizations and

institutions should be created. Each data base and program should be sufficiently
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identified and tagged to permit any agency to locate a given data base or pro-
gram source and be aware of its general structure and content., It is recommended
that the responsibiiity for creating, maintaining, and distributing the mascer
directory reside with one marine agency, the National Oceanographic Data

Center (NODC). It is further recommended that NODC generate the directory
according to the specification guidelines contained herein and to provide
neriodic updates and revisions. Ail participating agencies would provide NODC
with an original listing and description of their files, which are of common
agency interest, and to further provide NODC with information regarding any
changes in the files and pregrams, the addition of new files to their data bases,

or the deletion of out-of-date files and programs.

Directery Structure

The master directory would be developed, maintained, and produced
emplcying the digital computer to be installed at NODC. All existing marine

environment data files would be identified by:

e functional type

o file structure

o file format

® computer source

s arithmetic accuracy

e parameter contents

® parameter ranges

e file size

o date of file creation

e last reported revision

o file source

o file author

® accessibility

e programming language

® other pertinent information
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Each agency would cataiog its data files according to the above identifiers
and provide NODC with a set of punched cards or magnetic tape containing the
above information in a set of fixed format fields specified by NODC. NODC

“n conjunction with other user agencies would derive a catalog of data base
functional iypes including such descriptors for the diata as: temperature data,
salinity data, bathymetric map data, etc., with sufficient subcategories to
provide a useful level of detail. These functional categories and subcate-
gories will be coded and the codes distributed to all participating agencies
in the form of a data base functional code index. Each agency will employ
these ccdes in identifying their data. File structures will be identified by
record and block sizes and lengths and formats by number of fields, widths

aud code set (by identification code specified by NODC).

It is anticipated that the data base descriptions will cccupy two or three
80 column punched cards per data base. Approximately 1,000 entries may be

expected during FY 71, up to 10,000 entries by FY 80.

The master directory will be cross-indexed by NODC to permit rapid retrieval
of data base searches for all identifiers. An inverted or multilevel index
should be created which will link all related author, parameter, date, and
other retrieval keys. The directory and index should reside on rapid access
disc file storage. No more than a few records will be required to retrieve
and print out results for requests for data bases of certain functional type,

author source, date of origin, agency source, etc,

Directory Inquiries and Distribution

The master directory developed by NODC will be printed out in hard copy form
and distributed to all participating agencies during the initial period of its
implementation. This directory will be revised and updated on a quarterly
basis. It is expected, however, that the size of the directory and require-
ments for cross references will exceed the capabilities of the simple hard

copy publication format. Consequently, the directory will be designed at its
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inception to permit full implementation for future remote access computer
facilities at NODC. Any agency desiring information regarding existing data
bases or programs would enter their requests via on-line, keyboard-printed
terminals located in their facility. The requests will be routed to NODC

and an automatic and immediate file search of the directory and its associated
indexes will be conducted on an agency time-shared basis. The results of

the file search will automatically be sent back to the requesting agency and

printed out on their keyvboard-printer terminal.

Data Base Sharing

Operating in conjunction with the master marine directory will be a system for
all marine agencies to share data as needed. This is, of course, done now

but not to the extent made possible by the master directory facility. Once
the data files of interest to a given agency are located, they may be requested
from the source agency. Magnetic tape reels or casettes, or punched cards,
may be employed to send requested data through mails to destination agencies.
This is the simplest and most economical means of data distribution, but it

is slow. It is anticipated that marine agencies will want to employ a more
technologically advanced means of retrieving data “-om other sources in the
future. It is proposed that in FY 80 marine agencies begin the implementa-
tion of a data network that will permit requests for data to be routed to
source agencies and the actual data to be electronically transmitted to the
requesting agencies. The agency technical development plans have recommended
the future installation of computer data communication couplers. These

couplers will serve to tie each agency to the common communication network.
Two primary requirements must be satisfied in order to implement the common
interchange of marine data and programs:

1. Guidelines for specifying data descriptors to be employed as

headers for all data bases,

2, A communicatiou network offering message and data routing and control.
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All data bases created by participating agenciles will require a header record
identifying the contents and structure appended onto each file. This record
may be used for automatic code translation and format conversion when data are
exchanged between agencies. The communication network will be composed of
small communication-control processors that can act as interfaces between
agencies and the communication network and as data converters of data from

one computer system to ancther. Policy guidelines must be set down to exclude
data bsse codes and structures not compatible with normal agency computer

capabilities.

With the communication network, an agency may conduct a directory search from
its remote terminal in conjunction with the NODC master directory. Once the
required files are located, a request may he entered into the data communica-
tion network to have the entire file (or some part thereof) or programs trans-
ferred to the requesting agency's comnuter. In this way, analysis may be

conducted rapidly and data may be pocled from a number of scurces,

Other highlights of the TDP (Table IV-47) are the following:

¢ [Istablish a quick answering service for requests received by

telephone with the use of an in-house terminal.

e Plan for data acquisition from buoys and satellltes: {ormat;
code; data base organization; linkages to National Data Buoy

System, NESC and ERAP satellite experiments.

e Establish a magnetic tape to magnetic transmission capability
over telephone lines (off-line tape unit at sending end to
off-line tape unit at receiving end) with FNWC (for receipt
of XBT and other cceanographic data and for transmission of
BT and ocean station data to FNWC) and with NWRC (fcr receipt
of NWRC SST and wave data and for transmission of BT and ocean

station data to NWRC).
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TABLE IV-47
TECHNICAL DEVELOPMENT PLAN SPECIFICATION
NATIONAL CCEANOGRAPHIC DATA CENTER

E (1) 1MPROVE EXISITING PATA BASES' . $2.625%*
§ (2) DETAILED ANALYSIS OF CURRENT & POTEN-§
! § TTAL DATA DEMAND?. DEVELOP CRITERIA FOR §
‘ ' ACCEPTANCE OF DATA
‘ I § (3) EMPHASIZE IMPROVEMENTS IN EXISTING
B SERVICES?® RELATIVE TO OTHER ACTIVITIES. |
f § (4) ACQUIRE SENTIOR INFORMATION SCIENTIST
i ) (5) EXPAND NAMDT“ :

| 728 () ,
| | ] (6) DATA BASE DEVELOPMENT® (GDS)
‘ (7) REORGANIZE DATA BASES® IN ACCORDANCE
§ WITH DATA DEMAND FROM (2)

£ (5) (6)
(5A) DEVELOP [INVENTORY OF OCEAN ENGINEER

§ ING DATA (PART OF NAMDI) i
(8) TNCORPORATE TINSTRUMENTATTON DATA
(FACT SHEETS) WIUTH DATA BASES
(9) ACOUIRE DATA FOR NEW DATA BASLS®

| (9)
(10) ASSIGN FLELD REPRESENTATIVES TO

i FOUR ADDITIONAL NODC/NWRC OFFICES.
EXPAND CCNTACTS WITH USER COMMUNITY.
(11) ESTABLISH TELETYPE COMMUNICATION
WITH FLELD OFFICES
(12) DEVELOP IN-HOUSE GRAPHICS TERMINAL
SOFTWARE (LIVE ATLAS AND ON-LINE GENER-
ATION OF PLOTS AND SUMMARIES
(13) ESTABLISH OCFANOGRAPHIC COMPUTLR
USERS GROUP & DEVELOP INVENTORY OF
OCEANOGRAPHIC SOFTWARE

Footnotes appear at end of chart.
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TABLE IV-47 {(CONT'D)
TECHNICAL DEVELOPMENT PLAN SPECIFICATION
NATIONAL OCEANOGRAPHIC DATA CENTER

(12)
B (13) DEVELOP REMOTE TERMINAL SOFTWARE FOR
EIGHT FIELD OFFICES & FOR REMOTE QUERY
OF NWRC BASES

(14) ESTABLISH SERVICE TO KESPOND TO
REQUESTS RECEIVED BY TELEPHONE WITH
THE USE OF ON~LINE TERMINAL

(15) PLAN FOR BUOY DATA ACQUISITION
STUDY FEASIBILITY OF REMOTE INTERROGA-
j T1ON OF BUOYS

(16) DEVELOP OCEAN ENGINEERING DATA

d BASES (MATERIALS, CORROSION, AND INDICIES
TO ENGINEERING REPORTS).

(13 (15) (16)
(17) ESTABLISH REMOTE TERMINAL COMMUNI- 067b
CATION WITH 8 FIELD OFFICES )
(18) ESTABLISH TAPE-TO-TAPE DATA TRANS-
MISSTON WITH FNWC .140
(19) ESTABLISH TAPE-TO-TAPE DATA TRANS- 012dl
MISSTON WITH NWRC AND REMOTE ACCESS TO )
THETR DATA BASES

(20) CONDUCT FEASIBILITY STUDY FOR 4th
CENERATTON COMPUTER

(20)
(21) ACQUIRE 4TH GENERATION COMPUTER 1.000
22) DEVELOP MODEL FOR PORTRAY ING
WORLDWIDI, HEMISPHERIC, AND REGIONAL
OCEANOGRAPHIC CONDITIONS 7

:_—_bh

Footnotes appear at end of chart
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TABLE IV-47 (CONT'D)
TECHNICAL DEVELOPMENT PLAN SPECIFICATION
NATIONAL OCEANOGRAPHIC DATA CENTER

78§ .22)
§ (23) DEVELOP DATA BASES FOR BUOY AND
SATELLITE DATA

$4.165

8 (22) (23)
(24) PROVIDE CROSS REFERENCES, DATA,
| REPORTS, AND PRODUCTS I DATA BASES

Sve following page for footnotes.
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TABLE IV-47 (CONT'D)

FOOTNOTES

*
Numbers in brackets ( ) are used to indicate continuation of activities
over several years.

k%
FY 70 Budget = $2.5 million. 5% per year increase in "normal budget"
assumed.

1BT Ocean Station and surface current, Compact data bases to reduce
number of tape reels,

2Statistical distributions of frequency, volume, geographical location,
depth and age of data requested by users (current and future).

3Faster retrieval through data compaction, increased production of
summaries. Inrcreased selectivity of data (location, depth, time),
"Time series" and "synoptic" data generation from data bases.

AIndustry, States, private citizen. Include geological and biclog.cal
information inventories (with support from SO0SC).

5Chemical, nearshore, STD, sutsurface current, sediment chemistry,
geothermal.

6Store high frequency of access and fast response time data ir di.ect
access storage; store less active data in tape storage. Move inactive

data to archival storage.

7Joint effort with NWRC.

TM-4023/006/00

Iease charges for Teletype communication between NODC and eight NODC/NWRC

offices. Teletypes, lata sets, and dial up line charges.

bPurchase of data transmission control and communication terminals i1or
remote query of NODC data bases from eight NODC/NWRC offices.

Cpurchase of magnetic tape data transmission equipment for transmiiting
data tape-to-tape over telephone lines between FNWC and NODC and between
NWRC and NODC. Also includes cost of communication terminal for remote
query of NWRC data bases,

d
Private line lease charges for transmission of data, tape-to-tape, betwcen

FNWC and NODC and between NWRC and NODC (50% charged to NODC).
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Provide for on-line access to NWRC data bases. This involves
connecting a NODC computer terminal to a telephone line (dial

up or dedicated) to the NWRC marine surface observation file for
the purpose of direct inquiry to and remote manipulation of the
NWRC data base. This is not the same as the off-line magnetic
tape transfer referred to above. The tape transmission system
is for the bulk transfer of data. The inquiry system is for
obtaining answers to specific inquiries which mav require access
to NWRC data. A similar terminal would be established at NWRC

for counection to NODC data bases.

Establish regional offices at 8 marine science institutions
(names appear in the Executive Summary) for the purpose of better
serving the needs of regional and local users and to provide
increased opportunity for NODC liaison personnel to acquire
data from scientific institutions and other regional sources.
Initially, conventional Teletype communication would be estab-
iished between the 8 offices and NODC for the purpose of
transuitting requests for data and for sending data to the
regional offices. Later, computer terminals would be installed
in the regional offices for use by scientists, other users and
NODC Jisison personnel for obtaining data remotely and in an
interactive mode. Since the data held by NWRC and the sample
and specimen descriptions held by SOSC are also of interest to
the marine community, it is prcposed that the regional oftices
be jointly staffed by personnel from the three data centers and
that opuerating costs be shared. It is recommended that NODC be
named the lead agency for the establishment and management of

the regional offices.

Establish NODC as the non-.efense ocean engineering referral

center. Although the complete range of NODC ocean engineering
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services cannot be specified at this time, it is clear that
the initial activities should concentrate on developing

references services and data bases for the following:

- references to ocean engineering reports (design studies,

tests, accident reports, etc.),

- references to materials and corrosion data,

- references tu svuices of Information concerning the cffccts
of marine environmmeut (wave forces) on vehicles, structures

and instruments.

Later, as more experience is gained, data bases of the data
themselves could be developed. Of particular importance are

the data associated with the last named item.

It is anticipated that the Navy and CERC will make significant contributious
(supply information of a non-defknse nature) to the NODC effort. The NODC
effort would be focused on serving the needs ¢f non-defense applications,

particularly those of industrial, university and State data users,

e Develop, in conjunction with NWRC, data models for portraying
worldwide, hemispheric and regional oceanographic and mari.e

meteorological conditions.

o Develop statistical quality control models (based on confidence
limits of historical data, instrument characteristics, environ-
mental conditions, etc.) for classifying data submitted to NODPC,
Low quality or suspect data would not be rejected but would be
flagged or stored in a separate file. Any data su identified
would be printed out for human i{nterpretation before classifying
it as low quality. Data which exceed historical limits may
represent valid anomalous conditions or new discovery, rather

than low quality Jdata.
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Develop data bases,

Acquire Senior Information Scientist for system development,
Analyze product and services requirements.

Improve existing products (plots and summaries).

Expand NAMDI to include statistics on platform types, geographic
and vertical regimes of collected data, frequency of collection,

instrumentation, etc.
Acquire data for new data bases.

Develop graphics terminal capability for plots, summaries, etc.

The ten-year cost of implementing the NODC TDP is $38,082,000. Funds have

been included for the development of a Master Marine Data Directory under the

hea“ings of "Expand NAMDI,'" "Develop Inventory of Ocean Engineering Data (Part

of NAMDI)" in Table IV-47. A continuallv expanded NAMDI is the Master Marine

bata Directory.




E
s

NATIONAL WEATHER RECORDS CENTER

As noted in the following quctation from the Environmental Data Service publi-
cation, "A Ten-Year Plan for the Storage and Retrieval of Environmental Data,"
opportunities do exist for improving the management of marine data at the

National Weather Records Center:

"This ten-year plan for storage and retrieval of environmental data

is designed to improve and modernize the existing information retriev-
al systems in the data centers of the Environmental Data Service, ESSA,
and to provide protection for the files against loss by catastrophe
and deterioratiocn through use.

"ESSA's data centers operate as data banks for large classes of envi-
ronmental records. The data in these records are processed at the
centers and then made available for use in agriculture, aviationm,
commerce, construction, industry, navigation, public health, space
exploration, etc., in the forms of routine pubiications and specially-
designed summarizations for government agencies, the scientific com-
munity, and the general public.

"In the sixteen vears since the establishment of the largest of these

data centers, the National Weather Records Center (NWRC), data hold-

ings have increased six~fold, and services have increased at least

twenty-fold. Of necessity, information storage and retrieval systems

have been developed on an expedient basis. New data forms, such as

satellite data (in extremely large volume), computer cutput of ana- =
lyzed weather maps, etc., have complicated the servicing problem in T
recent years. g

"The fundamental objective of this plan 1s to integrate these data-
hand1ing systems, modernizing them where practicable. It is not
expected that one system of indexing, storege, and retrieval will
be suitable or practicable for all of the many data forms. A com-
prehensive study of data volumes, accession rates, and access
requirements will be undertaken, and a proper system designed for
each of the data forms to optimize the cost-effectiveness aspect
of the indexing, storage, and retrieval for that data form. (In
some cases, it may well be the system already in use.) These
systems will then be integrated into an overall system for all of
the centers, joined together through high-speed data links.

"The following questions will be considered in evaluating each
system:
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[. Assuming that data rvganization affects retrieval time,
is there an optimu.. organization? C-n one organization
of data satisfy the requirements for both syncptic and
time-series retrieval? 1If so, is it a realistic cone,
or what compromises must be made?

2. What indexing scheme will best fit the problem, and to
what extent will indexing be necessary or desirable?

3., Will it be possible to inventory, to . .e ultimate level,

those elements available for each individual observation?
_ If not, what compromises will allow realistic responses to
R inquiries without full surveys of actual data files?

4. What will be the impact of the very large volumes of
data being (and to be) acquired by satellites, remote
stations, etc?

: 5. With the almost certain advent of machine-readable
N recording, is it possible that some types of reccrding
'f%‘ need not be routinely processed, but be inventoried and
‘ filed until needed?

6. Will the availability of high-speed graphic display and
microfilm printing units in the next few years modify
the concepts of an activated data base in any way?

7. Is it feasible to consider an expanded data base incor-
porating comprehensive world-wide coverage?

§>3 8. i1l the system provide safety for the original data and,
. at the same time, pretect the working file against
deierioration through use?

5. Is the recall rate of the particular form of data suffi-
ciently high to warrant the cost of automating its
retrieval? What degree of automation is optimum for
each data form?"

DATA STORAGE ORGANIZATION

. The zllocation of data to various levels of storage is an important considera-
: tion in data management. Ievel is defined as a set of properties of the

storage medium and associated control system which establish the performance
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of the storage device. These properties are:

# storage capacity

® access time

¢ serial or direct access
# on-line or off-line

e data addressing scheme

# file organization characteristics

These properties influence the amount of data that can be stored (on-line and
off-line), data retrieval time, file organization strategies, input data
sorting requirements, w«.ad file maintenance procedures. Given this situation,
it is important in the design of the data base system to employ levels of
storage which are properly matched to the requirements for frequency of access,
volume of data retrieval, retrieval time, data input and output rates and

selectivity of data retrival.

It is conceivable that more data may be stored in a given type of storage
device than is warranted by the rate of access to the data. One could con-
ceive of a situation where large amounts of data are stored on magnetic tape
files and yet the number of requests for data from these files may average
50 to 60 per month. Occassionally there may be a request from a single user
to copy the entire file. However, the normal rrequency of access to the
files may be low. This suggests the possibility of structuring the files

so that the most frequently accessed data are stored in devices with the
fastest access time and the least frequently requested data are stored in
archival form, e.g., microfilm. The amount of data requested must also be
taken into consideration when designing the data base system. The storage
devices with the shortest access time are also the most expensive. If the
amount of frequently acctssed data is large, it may be necessary to limit
the amount of data stored in fast access storage. This may call for the

creation of summary information (e.g., climatological statistics), which
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would be retrieved from fast access storage. After the retrieve”™ of the
summary data, individual data elements can be retrieved from lower levels
(slower access time, greater storage capacity) of storage. Fast access

storage may be limited to the storag~» of data directories which describe the

data in the archives. An archive ccould consist of a variety of .Ltorage media--
for example, such computer storage media as tapes and removable disk packs.
Other types of archival storage could consist of wacbine searciavie uiedia other
than computer storage {microfilm vi~wers and microfilm :ile search systems).
Hard copy (computer printouts, documents, etc.) is the least automatic storage
level and requires more consideration for its handling than has been tradionally
provided. The storage system, then, can be vievad as a continuum of ‘ntercon-
nected storage devices, each with its own effectiveness and cost propeirties,
and each suitable to the storage and retrieval of data with particular file
management and retrieval properties. The concept of levels of storage and a
continuvm of storzge devices is useful for large files vhich ~annct be entirel:-
stored at a single or limited number of levels. Over a period of time it
beeomes necessary to move data from a higher level to a lower level due to the
increase in storage requirements as additional data are collected and due to the
loss of utiiity of some data relative to other types of data. In other words,
all data are not of equal value in the context of the frequency of request,
data quality, etc., relative to the cost of storing and maintaining these data.
Using the concept of storage levels, data would be moved from higher to lower
levels of storage as their utility decreased, to be replaced in more expensive
storage devices by data of greater value. The end of the line of this sequence
might be the National Archives, vaults within the data center, or permanent
storage on microfilm. Note that in this scheme incoming data deo not replace
older data. This is not a last-in, last-out system. Rather, it is a revolving
system whereby data may move in a circular path as a result of increase in
value with time due, for example, to the emphasis on data usage in current

research,
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SPACE TIME CORRELATION OF DATA RETRIEVAL

If data are organized geographical.y, it is not easv to retrieve data for
synoptic presentaitions because the files must be searched to locate all of the
observations pertalning to a given synoptic time. Conversely, 1f files are
organized by time of observation, it 1s difficult to extract time series data
because the files must be searched to locate the data taken at sequential times

from the same locations. This situation is illustrated as follows:

[}
0l

geographic location

time

3
]

Geographically organized files:

G1
T1
T2
T3
i
I
Tn
Problem: extract synoptic data for
G2 synoptic time T2 for geographic areas
T1 Gl, G2 - ~ Gn (synoptic data).
T2 Must search all records if data organ-
T3 ized serially by geographic location.
|
]
Tn
i
]
Gn
T1
T2

Tn
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Files organized by time of observatior {synoptic files)

T1
Gl
G2
G3
'
|
Gn
72 Problem: retrieve data for geogruphic
Gl location G2 for Tl, T2 - -~ Tn {(time
G2 series data).
G3 Must search all records if data organ-
f ized serially by observation time.
I
Gn
i
I
T
"1
G2
]
I
Gn

Several solutions to this problem arec available:

e Maintain two data bases--one in geographic order (Marsden Squarc,
Octant arnd 1° Square) and one in observation time order. If the
files are large, this is an unattractive solution because of
the expense of maintaining two files which contain the same data
but in different sequence. If observations in a geographically

ordered file are sequenced by time of observation within geo-

graphic order, time series data are ohtained,

e Store all the data on direct access (disk or cartridge files)
devices. This is a very attractive solution but also a very

expensive one, When direct access devices are employed, the file
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organization is not critical, since serial searching is not
required. If serial file organization is desired, data can be

stored serially on disks and retrieved by direct access.

e Tiovide pointers in the data records to related data in other
records.

¢ Employ directories stored in the fastest access storage avail-
able. The directory contains information about the character-

istics of the stored data.

For a marine observation file, the directory would contain the storage locatiouns

of related data elements which comprise a data set, e.g., the location of all
the cbservations obtained at a given location {time 5 vi~s datz) or z17 the

storage Locaclons of observations obtainead at a given poinc ln time {syacptic
data). The locations could be machine addresses in the compurer, names of com-
puter data files and records, microfilm veel and frame number, shelf number of

a storage room, etc. For data stored in the computer, the directory software

could also generate or supply the machine addresses (if the data are stored
cn-line) where the data are stored. In this type of operation, the automated
directory is always searched before the data files are seairched. The directory

search is performed by the computer.

THE NEED FOR ASSESSING DATA LEMAND CHARACTERISTICS

Although it Is not possible to estimate with precision the future demands for
data, the strategies of inforwation retrieval should not be based on random
retrieval., Even the search of sco-called random access devices is organized
according to a hierarchy of storage access (seek, rotate, read). [f the pro-
cedure of using historica! request information plus an estimate of future
demand is not considered cntirely satisfactory, the alternative of using zvro

information must be worse., It is recommended that the first data management
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development task be the delcraination of the statistical distribution of
rejquests for data by frequency of -equest, type of dats requested, quantity

of data requestea ani time limits on answering reqilests. Some of these statis-
tice could be compiied by a computer program which would be written to tabulate
and analyze requests for data as recuests enter the computer system at NWRC.
Requests which are nct computer processed would alse have to be analyzed.

Once this information has been determined, it will be possible to allocate

the appropriate amounts of direct access on-line storage, on-line tape storage,
off-line tape storage, and archival storage, such as microfilm, to the marine

service observation file.

Once the data have been classified according to their accessibility and

storage requirements, an automated index (directory) would be designed and
implemented which would provide a capability for determining the availability
of data and their characteristics in the data bases prior to conducting the
actual machine or manual search for the data. The index also would serve as a
dirccrorv to computer storage locaticns and to coff-line ":ta libraries or ar-
chival storage. Thus, the index would serve to locate data, whether stured on-
line or off-line. The index would also permit s 2ppraisal to be made of the
contents and characteristics of the data in order to ascertain whetuw: the data
of interest are available before committing resources to a search for the data.
In addition, an ¢ ination of the index would assist the user in pinpointing
his data rewrievar requirements. The index weuld be automated in order to
provide rapid access to its contents, ease of manipulation and program

linkages to computer data bases.

fhe propesed itmplementation schedule for a ten-vear plan of NWRC data manage-

mert development s shown in Table IV-4&. The

Table TV--40,

ten-vear TDP is shown ir

Tht o . I L LYY Y G et e . ;
his plan encompasses the data Lranamission, dats srocessing,
data base, index and dJdata product developrments sugeested in the fmplementaticon

schedule (Table IV-48).  The ten-vear cost of fmplementing the TOP fs $21, 788,000

which is about $5.5 millfon more than the current budget (816,282,000 Present
. « Qo y Y &

SWRC nraprame s o eV The T i ‘

NWRC programs must be preserved.  The TDP budpet would be in addition to the cost

S oany progeams which NWRC mav fnitiate whivh Are et covered in the P
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ENVIRONMENTAL DATA SERVICE -~ NATIONAL WEATHFR RECORDS CENTER

PROPOSED IMPLEMENTATION SCHEDULE
PRIORITY PRODUCTS AND DATAL

DETERMINE THE STATISTICAL DISTRIBUTION OF REQUESTS FOR DATA BY FREQUENCY, NUMBER,

l FISCAT, YEAR

172173174175176177178 7?'7"?:

BASED ON THE INFORMATION OBTAINED ABOVE.

j—
DATA VOLUME AND RESPONSE TIME.
DETERMINE TYPE AND VOLUME OF DATA WHICH SHOULD BE STORED ON EACH STORAGE MEDIUM -

IDENTIFY DATA WHICH CAN BE MOVED FROM ACTIVE FILES TO NATIONAL ARCHIVES OR INACTIVE
FILES.

T

STUDY THE FEASIBILITY OF LIMITING ACTIVE MSOF COMPUTER FILES TO INDIVIDUAL PARAM-
ETER VALUES FOR DATA WHICH WAS COLLECTED SINCE A SPECIFIED DATE AND TO SUMMARY

DATA, DOCUMENTS, SATELLITE PHOTOS AND RADAR FILMS,

-
DATA, E.G., MIN., MEAN, MAX., VALUE, FOR DATA COLLECTED ON OR BEFORE THE SPECI-
FIED DATE.
DESIGN DATA AND DUCUMENTS INDEX SYSTEM FOR ALL EDS DATA. CROSS REFERENCES AMONG e

IMPLEMENT INDEX ON DIRECT ACCESS STORAGE SYSTEM.

DATA BASES.

—
DESIGN ACTIVE PORTION OF MARINE SURFACE OBSERVATION PILE (MSOF) FOR DIRECT ACCESS -
STORAGE AND LESS ACTIVE PORTIONS FOR TAPE AND OTHER SLOWER ACCESS STORAGE MEDIA.
DESIGN RETRIEVAL SYSTEM FOR MSOF SYNOPTIC AND TIME SERIES DATA. -
IMPLEMENT DIRE( ACCESS _FORTION OF MSOF
ESTAR!.TSH_IN-HOUSE GRAPHICS TERMINAL CAPABILITY. o —
PROVIDE TELETYPE COMMUNICATION BETWEEN NWRC AND PROPOSED EIGHT REGIONAL NODC/NWRC -
OFFICESL,
PROVIDE TELETYPE COMMUNICATION WITH 14 AREA FORECAST CENTERS AND NMC. -
PROVIDE TELETYPE COMMUNICATION BETWEEN NWRC AND FNWC, —
DEVELOP REMOTE TERMINAL SOFTWARE FOR USE IN EIGHT RECIONAL NODC/NWRC OFFICES ANL
14 AREA FORECAST CENTERS.
DEVELOP SOFTWARE FOR DIGITAL COMMUNICATION WITH FNWC. -
PROVIDE DIGITAL DATA COMMUNTCATION TO REMOTE TERMINALS IN EIGHT PROPOSED REGIONAL -
NODC/NWRC OFFICES.
ESTABLISH INQUIRY TERMINALS AT 14 ARFA FORECAST CSNTERS FOR COMMUNICATION WITH NWRC. puam
PROVIDE DIGITAL DATA COMMUNICATION BETWEEN NWRC AND FNWC. AUGMENT DIGITAL COMMUNI-
CATION BETWEEN NWRC AND NODC.
DEVELOP JOINT PROCRAM WITH NODC FOR LINKING METEOROLOGICAL AND OCEANOGRAPHIC -

DEVELOP SOFTWARE FOR "MODELING" AND GRAPHICALLY PORTRAYING WORLDWIDE HEMISPHERIC AND
RECIONAL WEATHER AND CLIMATIC CONDITIONS (SYNOPTIC AND TIME SERIES).

DEVELOP JOINTLY WITH NODC SOFIWARE FOR "MODELING" AND GRAPHICALLY PORTRAYING COM-

BINED METEOROLOGICAL AND OCEANOGRAPHIC DATA ON WORLDWIDE, HEMISPHERIC AND REGIONAL
BASIS.

COMPILE AND ANALYZE DATA FOR COASTAL CLIMATOLOGICAL ATLASES (IN CONJUNCTION WITH
CGS) AND FOR GREAT LAKES CLIMATOLCGICAL ATLASES (IN CONJUNCTION WITH LAKE SURVEY).

DETERMINE THE FEASIBILITY OF USING WIND DATA (FROM NMC DATA BASES) FOR CALCULATING
WAVE AND SWELL. e

DEVELOP DISK FILE OF THE CHARACTERISITICS OF PREVIOUS OUTPUTS, E.G., UNPUBLISHED

TABULATIONS AND SUMMARIZATIONS, FOR THE PURPOSE OF REPRADUCING THE SAME OUTPUT BY e
COMPUTER WHEN THE SAME DATA IS REQUESTED AGAIN, __

DETERMINE FEASIBILITY OF USING SATELLITE TR AND CLOUD COVER PHOTOS AS CLIMATIC ——
INFORMATION IN CLIMATOLOGICAL PUBLLICATIONS.

CONDUCT STUDY FOR ACQUIRING FOURTH GENERATION COMPUTER.

SYSTEM DEVELOPMENT AND PROGRAMMING FOR FOURTH GENERATION COMPUTER. A j——
INSTALL FOURTH GENERATION “...’UTER. A

1 To be located near eight major universities.

* Climatological publications and marine surface observations, potential new product:
satellite IR and cloud cover photos as climatological informatica.

use of liistorical series of
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TABLE IV-49

TECHNICAL DEVELOPMENT PLAN SPECIFICATION - ENVIRONMENTAL DATA SERVICE
NATIONAL RECORDS CENTER - PRIORITY PRODUCTS AND DATA

8 TELETYPES AND DIAL UP
LINES

DATA COMMUNICATION TERM-
INALS AND CONTROLS
OFF-LINE MAGNETIC TAPE

TO MAGNETIC DATA
TRANSMISSION

PRIVATE LINE CHARGES FOR
TAPE TO TAPE TRANSMISSION

INSTALL NEW COMPUTER

a. Lease charges for teletype communication between NWRC and eight NODC/NWRC offices,
between NWRC and 12 Weather Bureau offices (507 charged to NWRC), and between NWRC
and FNWC (50% charged to NWRC), teletvpes, data sets and dial up line charges.

b. Purchase of data transmission control and communication terminals for remote query of
NWRC data bases from eight NODC/NWRC offices and from 12 Weather Bureau offices.

c. Purchase of magnetic tape data transmission equipment for transmitting data, tape to
tape, over telephone lines between FNWC and NWRC and between NODC and NWRC. Also
includes cost of communication terminal for remote query of NODC data bases.

d. Private line lease charges for transmission of data, tape to tape, between FNWC and
NWiC cud between NODC and NWRC (50% charged to NWRC).

e. Includes one liaison representative for each of four NODC/NWRC offices, starting
in FY 74.

f. FY 69 NWRC budget = $1.173 million (including Navy Transfer Funds).

5% per year
increase in "normal budget' assumed, $1.294 million for FY 71.
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SMITHSONIAN OCEANOGRAPHIC SORTING CENTER (SOSC)

Much attention has been deveoted to the collection, aralysis and dissemination
of marine environmental data by the marine community. In contrast, relatively
ittle concern has been evidenced by the marine community for the need to

preserve, identify, classify, and describe marine samples and specimens.
Accordingly, there has been a lack of interest in the develcpment and imple-
mentation of information systems for supporting the work of systematics. How-
ever, the activity of SOSC and its information system and data base should be
viewed in the broader context of a national blological and geological infor-
mation resource which has applications broader in scope than the interests of

tiie approximately 250 specialists who receive the specimens.

The elements of the current information system are:

e Specimen labeling by typewriters which produce paper tape

as a by-product for computer entry.
e Inventory of samples file and sample directories,

e Sample ccllection information file and directories pertaining
to methods of sample collection, program, collector, vessel,

cruise and sample number.

® Preparation of shipp’ng lists and invoices for distribution

of specimens to specialists.

¢ Taxa catalog which supports all other parts or the system for

specimen jden..fication and for directory printing.

e Locatior control of specimens once they leave S0SC.
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To date, the primary emphasis has been placed on those aspects of the system>
pertaining to the creaticen of specimen labels, recording and retrieving infor-
mation on the movemeat of specimens aft_. (hey leave SOSC, recording and re-
trieving the identification of specimens, recording and retrieving collection
information, generation of taxa names for use by the sorting section in classi-
fying specimens, and the maintenance of the taxa catalog with changes from the
Sorting Section. The emphasis in the early stage of the system's develop-

ment has been on building the data base and providing specimen inventory control.
Increases in scientitic and information processing resources are required in
order to develop a generalized information storage and retrieval system whic
would be of value in biological research in addition to its application to
specimen inventory ccntrol. Some of the features of the TDP for achieving thia

goal are the following:

- An increase in the number of biologists, geologists, and informa-
tion system personnel for the purpose of performing research on
SOSC informaticn and specimens. Illustrative of this type of
analysis is the request from the Navy for the ocean distribution
of bioluminescence. Thi: example clearly distinguishes the
broader role that SOSC can play, based on its physical resources
of specimens and information base of specimen descriptions, from
the more routine activiti s of specimen labeling, shipment and
inventory control. It also indicates that non-SOSC researchers
can employ the speci.en information resource for more than the

classification of specimens.
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-  The correlation of coliection-information, sample inventory in-
formation and identified specimen information which will provide
an integrated information base for the purpose of answering re-~
quests of increasing complexity. For example, questions relating
to the determination of the existence of a given species in a
glven geographic area, the methods of sample ccllection, time of
collection and identification activities by specialists can be more
easily accomplished when all the information pertaining to a

specimen is recorded as a 'package' in the information base.

~  The implementation of an information storage and retrieval language
with greater capability for generalized file management and data
retrieval than is permitted with the COBOL language presently in

use.,

In addition, if S0SC expands its capabilities to include on-line
interactive retrieval of data, the use of COBOL would be infeasible
because of the requirement to compile information requests from
source language to object code for each information request. The
time required for these compilations would be intolerable for

interactive console work.

The development of an integrated information system for marine
samples and specimens which will provide linkages, or cross
references, among specimens, environmental data associated with
the specimens (temp=rature, salinity, depth, dissolved oxygen,
etc., in the area from which the specimen was obtained) and the

research publications in which the specimens were utilized.
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The participation of SOSC with NODC and NWRC 1in the operation

of eight regional offices associated with eight major institutions
{these are named in the Executive Summary) for the purpose of
bringing users and potential users in more direct contact with
SOSC services by providing SCSC liaison representatives

in the field. The purpcse of the field office activity is

to (1) assist the user in better utilizing SOSC services, (2)
assist SOSC in obtaining more specimens and specimen descriptions
from institutions and cthers in the field, and (3) eventually to
provide a remote inquiry to SOSC information bases from field

locatioas.
Development of in~hcuse and remote interactive terminal software.

Development of sofiware for data communication from remote terminals
and the acquisition of communications terminal equipment for inter-

facing communication lines with :he Smithsonian computer.

Compression of data bases by methods to be described in order to
save file management and restrieval time. This will be of increasing

importance as the information base expands.

A provision for making an analysis (albeit difficult) of the demand--
present and future--for SOSC specimen information and the use of

this information for allocating the storage of information to

various levels of storage. It is clear that it is not feasible to
store information about the 50 million Smithsonian specimens c¢n
direct access equipment. This would require about 5 billion char-

acters of storage.

The storage of the more frequently demanded information on direct
access (disk) equipment and the software development and acquisi-

tion of equipment for direct access ~torage.
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Although it has been previously determined by the Smithsonian Institutrion

that nume.ic coding schemes for taxa are not feasible 1t appears that

these recommeniaticns pertain to the use of the code external to the computer
system. We agree that forcing the user to empley numeric codes for either
input to, or output from, the SOSC sys-em would impose a burden on the user
which would seriously impair the system's utility. However, it appears that
substantial savings in file processing and retrieval times could be accomplished
by the employment of numeric coding of taxa names and hierarchial relationships
among taxa internal to the computer system. Specifically, data bases which
contain taxa and taxonomic relationships could consist of binary coding of

the alphabetic data. The primary purpose of this scheme is to reduce file
processing time of serially organized data which appear in the data bases by
substantially reducing the file lengths through data compression. A reduction
in the amount of storage required on tape or disk is also achieved; however,
this is a secondary consideration. The scheme is achieved by emploving several

techniques. These are:
® Numeric coding of hierarchical relaticnships among taxa.
® Numeric coding of taxa name.

® Avoldance of recording frequently used names which have been

defined, by referring to line nunbers where taxa names have been

previously defined.

The above 1s implemented by employing numeric identifiers of taxa names. The
numeric ldentifiers are machine addresses of disk or mass core storage. The
contents of the machine locations are the complete binary roded representations
of taxa names. The complete taxa names are stored only once in a single table
and are not repeated. When new taxa names enter the system, a machine address
is computed and the complete BCD representation is stored. All data base
representations of the taxa names and hilerarchy are converted to the numeric

coding scheme referred to above. When data are produced in the form of reports
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for tne user, numeric coding of data base information is ~3-ociated with the
BCD recording of taxa names in the taxa table in order to obtain the alphabetic
data for printing. Similarly, the use of this technique permits all data to

be entered in normal alphanumeric format because computer programs handle the

data converstion of external data to internal data representation.

The information coding scheme is illustrated in Tables IV-50 and IV-51. Table
1V-50 shows a numeric scheme for coding hierarchical relationships among taxa
names and Table IV-51 shows the complete numeric coeding scheme for the example
ot Table IV~50. Table IV-51 contains binary codes for indicating hierarchy,
old names (previously defined names), new names (names not previously defined),
taxa names, single or paired names, and paired old or new names. In this
illustration, a data compression of 64 percent is achieved. It is recommended
that this scheme or a similar scheme be given consideration for coding SOSC

data bases.

The proposed time-phased plan for SOSC information management acti—ities is
ghowr. in Table IV-52. The contents of this plan have been described previously.
The TDP specification for a 1l0-year plan of S0SC information management develop-
ment is shown in Table IV-53. This plan contains elements for discipline
perscennel, information systems and programming personnel, technical level
sorting personnel, and equipment acquisition. Costs in addition to the

"normal budget' are indicated. A 10-year extrapolation of the existing

budget is also shown. New costs are added to the extrapolated existing budget
in vrder to obtain total yearly budgets and a 10-year total budget required

to implement the TDP. The 1Q-year total budget corresponding to this TDP

is $6.611 million which is double the '"normal' 10-year budget of $3..14 millien.
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TABLE IV-50
A METHOD OF TAXA HIERARCHY CODING

1 00 Protozoa

2 01 Trotveoa-Parasitic

3 00 Protozoa-Epizoic

4 00 Flagellata

5 01 Chyscmonadina

6 01 Coccolithophoridae

7 10 Cryptomonadina

8 00 Dinoflagellata

9 01 Dinoflagellata-Para.sitic
10 10 Rhizopoda

11 01 Amoebozoa

12 00 Foraminifera

13 01 Foraminifera-Benthic
14 00 Foraminifera-Pelagic
15 10 Heliozoa

16 00 Radiolaria

17 10 Sporazoa

18 00 Ciliata

19 10 Porifera

20 01 Porifera-lLarvae

21 00 Calcarea

22 01 Homocoela

23 00 Heterocoela

24 10 Hexactinellida

00 = Original position or no change
C1 = Change to the right
10 = Change to the left
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TABLE IV-51
SMITHSONIAN OCEANOGRAPHIC SORTING CENTER - A METHOD
OF TAXA CATALOG DATA BASE CODINGL

™™~4023/006/00

PAIRED NAME
OLD NAME (0) UNPAIRED (0) CODE SECOND TAXA NUMBER
LINE  Iuierarcuy] New MAME (1) | TIRST Taxa NAME | PAIRED (1) | OLD NAME (0) NAME OF BITS
| SUMBER | cubk Cuwt IDLNTITICATTON | NAME CODE | NEW NAME (1) | IDENTIFICATION REQUIRED
00001 00 1 XXXXXXXXXKXKXKKXX 0 26
00010 01 0 00001 ** 1 1 KXXXKIXXKXXKKKKKX | 33
00011 00 0 00001h** 1 1 XXX XXKXXKKxxxx | 33
00100 00 1 XXKXXXXXXXXKKKXXX 0 32
00101 0l 1 XXXXXXXXXXKXXXXXX 0 32
060110 01 1 XXXXXXXXXXXXXXKXXX 0 32
00111 10 0 001010 * 0 15
01000 00 1 XXXXXXKXKKXXKXXXX 0 26
1001 01 0 01000h** 1 0 00010% ** 22
01010 10 1 XXKXXXXX XXX XXXXXX 0 26
01011 01 1 XXXXXXXXXKXXKXKXX 0 26
01100 00 1 KXXXXKXXXXXXKXXKX 0 26
01101 01 0 01100b** 1 1 XXXXXXXXXXXXXXXXX | 33
01110 00 0 01100b** 1 1 XXXXXXXXKXXXXXXXX § 33
01111 10 1 XXXXXXXXXXXXXXXXX 0 26
10000 00 1 TXAKKXXK XXX XK XXX 0 26
10001 10 1 XXXXXXXXXKXXXXXXX 0 26
10010 00 1 EXXXXXXXX AXXXXXKK 0 26
10011 10 1 KXXXXKXXXXXXXXXXX 0 26
10100 01 0 1001 fhxx 1 1 XXXXXXXXXXXXXXXXX | 33
10101 00 1 XXX XXXXXXXKXXXXKX 0 26
10110 01 1 XXXXXXXXXXKXXXXXX 0 26
10111 00 1 XXXKXXXXXXXXXXXXX 0 26
11000 10 1 XX XX XXXXXXXXXKKY X 0 26

TOTAL BLITS REQUIRED 662

TOTAL BITS REQUIRED FOR ALPHANUMERIC CODING = 308 ALPHA CHARACTERSG X 6 BITS = 1848 + 24 X 2 BITS FOR
tilERARCHY INFORMATION = 1896 BITS.,
NUMERLC CODING -l%%% £ 100 = 360 OF STORAGE SPACE OF ALPHANUMIRIC CODING.

* [Line nuaber reference of previously defined name.

LA

second name. X s retfer to names wheh have to be

100,000 names assamed (7 bits).

0 refers to first or only name. | refers to
supplied for first time from computer stored table,

1Corresponding to Taxa List in Table IV-51,.
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TABLE 1V-52

™™-4023/006/00

SMT .HGONTIAN OCEANOGRAPHIC SORTING CENTER - PROPOSED IMPLEMENTATION SCHEDULE

CONTINUATION OF DIGITIZATION OF SPECIMEN DESCRIP-
TIONS

FIS YE

717273474 §75§76 |77 178 §79 180

CONTINUE CORRELATION OF SAMPLE AND SPECIMEN DATA
DESCRIPTIONS BY EXPEDITION AND TIME, PLACE AND
METHOD OF COLLECTION AND SPECIALIST.

COMPRESSION OF DATA BASES. EMPLOYMENT OF ADDI-
TIONAL NUMERICAL CODING METHODS INTERNAL TO DATA
PROCESSING SYSTEM!.

PERFORM STUDY TO SELECT INFORMAT1ON STORAGE AND
RETRIEVAL (ISR) LANGUAGEZ.

MAKE ANALYSIS OF THE DCMAND FOR SAMPLE-SPECIMEN
DATA.

ACQUIRE ADDITIONAL SYSTEMS ANALYSTS AND DATA PRO-
CESSING PERSONNEL.

AUGMENTATION OF PERSONNEL FOR BIOLOGICAL AND GEO-
LOGICAL DATA REQUEST ANALYSIS.

IMPLEMENTATION OF INFORMATION STORAGE AND
RETRIEVAL LANGUAGE.

BEGIN OPERATION AS BIOLOGICAL-GEOLOGICAL ANALY-
S1S CENTER

IMPLEMENT MORE ACTTVL PORTIONS OF DATA BASE ON
DIRECT ACCESS EQUIPM.JT

CONSOLIDATE COLLECTION DATA FILE.INVENTORY OF
SAMPLES FILE, IDENTIFIED SPECIMEN FILE INTO
SINGLE FILE

ACQUIRE DIRECT ACCESS EQUIPMENT

1 I'xplained in text

For replacement of COBOL
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TABLE IV-52 (CONT'D)

SMITHSONIAN OCEANOGRAPHIC SORTING CENTER
PROPOSED IMPLEMENTATION SCHEDULE

FISCAL YEAR

PERFORM STUDY TO DEVELOP INFORMATION LINKAGES
AMONG SAMPLES AND SPECIMENS AND ENVIRONMENTAL
DATA AND RESEARCH PUBLICATION BIBLIOGRAPHIESS.

R

IMPLEMENT SAMPLE-SPECIMEN-ENVIRONMENTAL DATA-
BIBLIOGRAPHIC DIRECTORY (PROVIDE REFERENCES TO
NAMDI AND BIBLIOGRAPHIC INDICES AND ABSTRACTS) '

DEVELOP SOFTWARE FOR IN-HOUSE INTERACTIVE TERM-
INAL OPERATION

DEVELOP SOFTWARF FOR REMOTE INTERACTIVE TERMINAL
OPERATION"

DEVELOP SOFTWARE FOR REMOTE DATA COMMUNICATION

ACQUIRE COMMUNICATIONS TERMINAL EQUIPMENT

PROVIDE FIELD REPRESENTATIVES TO NODC/NWRC
REGTONAL OF¢ ICES

NODCU/NWRC OFFICES BECOME NODC/NWRC/S0SC QOFFICES
e S S e

PROVIDE REMOTE TNQUIRY SERVICE TO REGIONAL OFFICES
OFFTCES

Between SOSC samples and specimens and NODC environmental data and between
SOSC samples and specimens and research pul lications of scientises {n institu-
tions {including Smidhsonian)

Terminals in cight Regional NooU/NWRC Offices
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V. MARINE DATA NETWORK DEVELOPMENT PLANS

The Need and Mechanism for Coordination

Implementation of the recommended National Marine Data Program will directly

support and contribute to the attainment of the broad objectives of the 1966

Marine Resourcec and Engineering Development Act; namely,

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 development, marine commerce, and economic
utilization of the resources of the marine environment;

the preservation c¢f the role of the U. 5. as a leader in marine
science and resources devoloonent;

the advancement of education and training in marine science;

the development and improvement of the capabilities, performances,
and efficiency of vehicles, equipment, and requirements or use
in exploration, research, surveys, the recovery of resources and
the *ransmission of energy in the marine environment;

the effective utilization of the scientific and enginecvring
resources ot the nation, with ¢lose cooperation amony all
interested agencies, public and private, in order to avoid
unnecessary duplication of effort, facilities, and equipment,

or wastle,

the voeoperation by the U.s, with other nations and groups of
nations and interaational organizations in marine science

activities when such cooperation is in the national luterest.
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The complexities associated with building and maintaining a coordinated
natlional marine data network are better understood by inspecting some of the
essentially non~technical aspects of the total marine science program. They

include:

-- the Federal portion of the national program spreads over eight
presently identifieu “ederal departments with maior marine interests
anud within some subordinate agencies. Organization and coordination
of the marine activities of these departments and agencies alone is
4 major problem demanding immediate attention;

~= 1in addition to the Federal Government, 30 coastal and Great Lakes
State guvernments not only have serious marine problems such as
environmental pollutior, but also have very substantial state revenue
potential from food, mineral and petroleum resources of the marine
extension of their state boundaries;

-=- the oneness of the world ocean and its effects on global weather and
ocean operations, the concept of freedow. of the seas, and the great
gaps in national and international law as to rights and ownership
of marine resources create a requirement for international coopera-
tion in ocean development as great and pressing as has ever been
faced by an expanding technology. The oppertunities and advantages
of international cooperation in data collection and data exchange
are most attractive and must be expanded.

-- industry has a substantial and growing profit motive in exploiting
marine resources as well as participating in Federal and State
programs. Associated with industry data systems, however, are
proprietary and classification safeguards as stringent as their
counte parts in national security. Industry must be viewed as a
partrer, not a subordinate in the ocean program;

-- the wltiplicity of forms in which the significant raw data occurs
are as numerous and varied as the interests of the various national

programs and the pure and applied scientific disciplines involved in
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gathering and using the data tco develop required knowledge and

understanding.

These, then, are the complicating socio-economic political aspects of an
already omplicated technical information management program. Because of the
breadth and dimens?ons of the subject matter, the maguitude of the data prob-
lem is correspondingly quite large. The data problem is intimately associated
with every aspect of the marine sciences. Therefore, any program undertaken
to satisfy the missions of organizations in the marine sciences generates

data requirements to support thcse missions. Thus, data programs must flow
from the functional requirements of the marine science community and not

dictate the direction which the functional activities take.

Although a loosely structured marine data management system exists today, it
evolved without planning. For the most part, it develcped in response to
requirements for collecting, processing, and exchanging data that were largely
unrelated and isclated. Modern technology makes it possible to acquire large
amounts of data in a very short time, but prospects are dim for effective use
of this mass of data with the present data management system. The data prob-
lem and associated costs thus become more sericus as data traffic increases,
more variables are measured, and must be interrelated and coordinated faster,
and the data commodity must be shared with a broader, more diversified
clientele. This is compounded by the ever-increasing importance of inter-

national exchange of data.

Experience has demonstrated that among the factors involved in implementing
improvements to an information processing system as complex as the national
marine data management network, effective coordination of the many activities
is critical. The coordination, in this context, is the technical management
and design and control that ensure that implementation schedules are appro-
priately phased and that resultant operations do indecd fulfill the objectives
for which they were intended.
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To achieve the degree of coordination required, a mechanism must be established
which would be responsive tc both the day-to-day and long~-range planning opera-
tions. During the course of the study, the contractor found it invaluable to
have one central office~~the Marire Science Council--with which planning and
polizy formulation could be conducted, and the Data Management Advisory Panel
(DMAP), made up of professional and scientific representatives from the major
government agencies involved in marine sciences, with whom to review the

technical problems which arose during the study.

It is therefore recommended that one office be designated for cognizance of
policies applicable to marine data management activities, and; second, that

an Advisory Committee, representing the professional and scientific disciplines
with representatives from Federal and State governments, industry and the
academic communities, be continued on a permanent basis. Chairmanship of this
committee need not devolve upon the council, but the committee should be
available to the council for consideration of problems and progres. in marine

data management.

Specific suggested responsibilities for the first office should include the

following major areas of responsibility:

-~ monitoring implementation of marine data program improvements to
compare the results with objectives.

-- expediting availability of relevant data program information to
the affected marine community including proprietary, classified,
and other marine data.

-~ forecasting data program requirements.

-- assessing the routing of data among marine data acquisition,
processing, and dissemination agencies and the distribution of
workloads among the various marine data .acilities.

-~ updating the Technical Development Plan for the naticnal marine

data management program to ensure 1ts currency with events,
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~- coordinating marine data and product service operatione involving
multiple agencies.

~- fostering flow of marine data to and among national centers.

-- 1improving interagency compatibility.

-- reducing redundancies in marine data holdings, product generation,
and service operations.

-~ facilitating marine data and product inventories and accountability.

It is suggested that the appropriate designation of the first office be within
the Executive Office of the President, more particularly in the Marine Science
Council, unless and until a new office or agency is formed for the purpose of

coordinating national marine science activities.

Bwsed upon the nature and scope of these activities, this proposed national
coordinating mechanism for marine data management programs should have the
capability for providing in an ongoing manner the information necessary for

national level:

-- policy planning
-- program planning
-- fiscal planning
-- decision making

-- progress moniltoring

Specific responsibilities of the Advisory Committee would be those of tech-
nical review of progress and agreement on solutlons to problems that arise in
implementation of improved data management programs. For example, establish-
ment of standards for quality control in collection of marine data, standards
for compatibility of formats in data modification and inventory control, scales
for map and chart production, new marine data product specifications, and means
for achieving real~time linkages among computer based files of marine data,

would be appropriate for this Committee.
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APPENDIX

TECHNICAL DEVELOPMENT PLAN - MAJOR MILESTONE SCHEDULE




TM-4023/006/00

(=]
‘O
Al
~
-
~=i
lag ]
>
—t
=]
=

1L

-sarjTaTloe Aduaide qurol £3TIuapT siaqunu ISIYJ,

GOﬂuoavoum,hwz pue J1ey) jo uorjewolny puedxy

)

vl
8L 1L uorjejuswniisur pue saajndwoo paeoqdiys TTEISUL O
08 12 a8ea1an0)
dej orizemiyjeqg pue 3IeyD [EOTINEN ISEIIDUT O
08 1L sjonpoid uciie81AeN 2acadul e £aaang DII2poOdH pue 1SBO)
v/ €l sy10day pue HOOqpPUEH gutissurdug ueedQ 2onpoid o (S)
ZA 1L uoT3onpoldq
dey pue 3ieYy) ‘SETIY/ JO UOTIBWOINY puedxy e (%)
cL 1L swals4g
Burxapu]l eIBQ TEOIsAydosy pue sTajawiyreg saoxduy e (g)
08 Tl 38ea19A0)
dey oTizswkyieg pue 3IIey) TEOTINEN ISBIIOU] O
08 1L syonpoid uotieStaeN saciduy @
08 1L uoT3jejuoWNIISUL pue siajnduoy paeoqdrys [Ie3ISUI @ 201330 o1ydea8oueadp TEAEBN
NOIL4I4DS3d INIWNOYIANA
ANIYVH ONV ONILIVHO ONIdIVK
9/ S/ s31oday Burasaurdug uead( 103 anduy apraocag o (¢) 103usn yoieasay
9/ 1L jyiomIaN 28neH dABM TRISECD dot2aeq e (Z7) gura1oautdug TBISEDD
08 6!l seray Ted>180703eWIT) doTsaaq @ (1)
8L 9/ aseqg ®ieg pue sdey otaijswiyzeg doyaaeq e
LL vt sseqg elBg pPuB S3IABYD SIUIIN) 3OBIING dofenaq e
LL vi oseg eieq pue siiey) oaeM doysasq @
€
Y/ YA 4 aseqg eie(Q pu®R S3IPY) ‘SBIIV 321 doTonaqg e 107usy e3BQ SNMET
08 1z a8e10A00) 11BY) TEUOTIBLIADDY ISBAIOU] @ jea19 pue £3AIng aNE]

i i AR

RS

NV

WAk vosid |

1ATLOV

41NAIHUS ANOLSATIH d0LVK -~ Z<Am INANAOTIATd TVOINHOIL

XIANIddV

INTNJOTIAIA
TVISVOD ANV SINAVT 1VIdd

ADNFOV ANV KVd00dd




*S3TITATIOE Adua8e jJurol £3J11uaDT siaqunu 3sayy
x
97 €L sjonpoid 231TT[91BS JO UOT3ONpPolJ PUB STSATEUY
S IsyiesM 103 aaemijyog sorydern asjindwo)y doyanaq e
~
m (44 (44 soseqd BlB(Q DWN PU®B DSIN qull e
P 1L 1L wo3sAs 97TI4 103draossg 3onpozid 23T[Ta3es dofsaaq e (/)
o™
S s3onpnid 133Ul DITII23ES
m rd A 1z e3R2Q TEOT30T0109319 -21TT[23ES paurquo) dolaaaq e TPIUSWLOITAUY TBUOTIIEBN
o8 1L
931®1S BOS puk ®BIRQ TEOI80T01093I8K 8dBFANG
08 1L ¢ (VSsd) 193uad) Te2T130701339K
aanjeaadwo], 103 wexBoag uollezy3Ts8rq JuswaTduy e {PUOTIEN pue (DSMN) BI3Ua)
weidoxg uorlrsTnboy eleg dyys pue 313jeidary puedxy e IayjeapM TeOTIdwWnN I33T4q
v/ €/ wa31sdg uor3jrsinboy
elR(q [BOT3070103319 2oBJjang Teiseo) doyaaaq e
9/ rA4 swa3sLg Jurssadoad eieg [IeISUI e
< 08 17z jaomieoN D I9iTamadLjeysl juswdny e
9/ 1L 28nes 2aeM TEISEBO) dOoTanlq e (2) S30133J0 neaing IayleaMm
Ld0ddNs aNv
HOUVASTIY ONILSVDOIY0d IANIYVH
Ll Ll soTTd L31TTIqRITRAY BlBQ Ailsnpul doJaaag e (9)
9/ 9/ BlEg AI3Snpu]l 10J 3Snoy3uriea[) YSITqeIsy e
G/ €/ sjaodsy SBurieour3duyg ueedp 103 Induy aprACIg O ()
Sz 1L sdey yoeay drys pue saTT4
103d1aoss(q 1onpoid pue vleq TEOT307099H doTaaag e (9)
12z 1L s30npoag Ted>Tdo7099) Jo L103091Iq dofenaq e (9) Laaang Teos1807099 *§°p
(=)
O
& 9t €L S1aey) UOTIIBLTIBA [IAD7] BOG puUPR SEBTIV [BISEBO) 2onpoid O (GT)
el (44 1L swa3sig
MM xopu] ®BlRQ TEoIsdydoon pue dr1izamfyleq asoaduy e (§)
¥
S b ) . ALTAILDV AONAIV ANV RVHO0dd
dvV3AL. TVOSI1d
(Q,INOD) XIANIddV
L| -




() d ..H- d
Td @pT1ACI4 &  (OT)
g uor3fstnboy e3eqg £fong 103 ueyg € (8)
> O¥MN pue SadT330
Mw Teuor3ay woij soseg eipg JOo Aiand 230uay 2plfaoig e (1n
w £3171Iqede) TERUTmIB] oSTydein dofonsg e
S S90F33J0 Truor8ay Y3iTm uorjedTunmmo) adL1a(sl apiAcig e SHVI
1
m Sa0T330 TRuOI8ay uadp e (6)
SaTTd 9ousa193ay =eQ BuTrassurduy ueadp dofassq e ()
sesed BIB(Q MaN 10] eBie(g 2iInboy e
soseqg ele( 2IN3IONI1S’y O 13308y B3EQ
(I@WVN papuedxy) A1030317( ®le(q Sulliey I931sel doTasaq e (g o1ydea8ourasp Teuolaey
.h.ovﬁ SYFINAD VIVA TVNOLLVN
(1 POW) sa93jua) Buyssadoig =210ys puedxy e (g)
74 1z (0O POW) s193ud) Bu1sSs9201d aI0YS YSTIqeISH e (§)
¥
- aaem33og Burssasoig eieq 21oyg juswdoyanag pleny 3ISBO) °S°[)
INTWIOVNVH VIVA A0N9 TUOHSNO
08 LL 4 ITH0LS 103 STIpol L3T1Tend iaiem doyaasqg e kﬂ
LL St wo3sdg SBurssasoig pue
uorarsynboy eyeqg L3rTEnd 133EM pajewolny luswayduy e
LL €L I1T401LS 103 waisAg Larnbuy sjowmsy dofonaq e UOT3IBIISTUTEPY T0I3U07
174 1 wa3sLg jusweldeury IR IYY0LS poaoaduy juowsidmy e uoIINITod 133leM Tel1aPpa4]
ur ALITVAD WALVM
——
144 €l wa3sAg BlEBQ SO9TISYST4 [wuoTI3zeN doToaaq e
£ . . 23TIPIIM pue
3 G¢ zZl swa3sAg 3urssod01g eBlB([ [RUOTS3Y [[E3ISUI @ sa119ysts 110dg Jo
o 08 1/ $30npoig neaing pue saTiaYsTd
- aaTadriosag pue Suriseosaiog Lisysig aaoaduy T€1I532umo) 36 neaing
-
™ SATYIHSIA
>
5 :
K ADNIOV NV RVYDO0ud
(d,1NOD) XIANZ4dV




SL

TM-4023/006/00

SL
St
8’
€L

9L
SL
9L

Page)

(Last

08

€L

July 31, 1969

Sz

SL
SL
YL
€L

9L
SL
St

St

k74

K ZA

€L

I 9vdX TvDSId

*$BTITA1IDE Aduade jujof

33T 130
Teuorday woij aseq eieq JO AIINY I3I0WIY 3pTALIg

0B8RI03G

$S300y 10311(Q U0 Iseg eBIB(Q JO uOTIiod Iuswoydw]
uoTjeiadp TPUTWID] SATIOBRADPIUT Fuawadw]

aseq eIBQ 9IEPT[OSUO)

£1032911q o1ydeaBorrqrg-eieg-cidueg doyanaq

?3en3ue
TeA2TI139Y pue 33vi03lS uorjewioju] 3jusuapdw]

STopol 2aaydsouwly-uvasg dolaaag
OQON PU® OMNA Y3TI# uoTiedTuUnUWO) TeliBTQ 3aprAocld
uor3TsInboy Bleg Aong 1031 ueyd

s3onpoig 1edT307103
—PWIT) 23T[(2@31€S Jo 3juaudoTsaag o3 2Inqrijuo)n
DJON moxj aseq vleq JO AI9N) 3Ijomwady a~TACId

Alrriqede) TeuTwaa] sotydein apiacid

$231330 9M Y3ITmM uotjzedrunumo) adL3a[3al apraocig
$9013J0 mMeaang I1ay3jeam pue
Teuo13ay woaj soseqg eleq JO LI9ny d3jowsy 3PIACIY

SI0TI3I0
TeuOIS82Y yitm uorjzedTUNUWO) 3dAIa3[3] apTAOId

Bl®R(Q S9T135 awyj,
pue o13douds 103 L31TIqRdE) TeEAdTiIay dolaaa(q

sase1Iy TEdT30103PWITH
pue Te3SseO0) jJo 3juomdoylaaag 03 3INGIijzuo)

Xapul jJosW P2iewoiny dolasaq

Saseg vIP(J 2aAN)DONIAJISITY

ALIATLOV

(Q,INOD)  XIdudddy

® (11)

(v1)

* (ZD
e (9)

e ()
® (11)

* (1D

* (oD

*(1)(sT)
® (v1)
®

L JTAUADT B ABQUON DLy

133u9) Juylaog
dtydeadourad() uejuosylTwg

133U3)
SP1023Yy 1Hy3IBaM [LRUOT BN

ADNZOV NV WVEOOMJ




_w—- .
DOCUMENT CONTROL NATA-R&D

of abstreci and indexing ennotation muet be entered whan the everell 19 claveifiod,
28, AEPOAT SECURITY CLASAIFICATION

(Security classilication ol title,
1 ORIGINATING ACTIVITY (Conporate suther)

System Development Corporation Unclassified
Senta Monica, California 26, SROUP

)} ALIONT TITLE

VOLUME TWO TECHNICAL DEVELOPMENT PLAN NATIONAL DATA FROGRAM FOR THE MARINE
ENVIRONMENT

4 DESCRIPTIVE NI TES (Type of repert end inciueive dates)

S AUTHOR(B! (Piret name, middia initle], last neme)

& MEPORY DATYE ve, TOTAL N%. QPF PaASES 7b. NO. OF REPFS
31 July 1969

8. CONTRACY OR GRANT NO. 86. ORIGSINATOR'S REPORTY NUMBER(S)
NOOOLk -67-C-0559 ™H-4023/006/00

5 PROJECTY NO.

<. 8. OTHER REPORT NO(S) other numbere et ] o
an ol (Any may asaigne

10 OISTRIBUTION STATEMENTY

Distribution of this document 1is unlimited

b SUPPLEMENTADY NOTYES 12. SPONSORING MILITARY ACTIVITY

1) aBsTRAC Y

Reports on & study made by Sysiem Develcpment Corporation to assist in the
expansion of marine science and ocean related activities,

The report is in two volumes. Volume I: Rational Data Program for the Marine
Environment (TM-4023/005/00) and Volume II: Technical Development Plan for
the Narine Enviromment (ITN-4C23/006/00).

DD 2™.1473 Unclassified
setvnnmon




Unclassified

Securlty Tlasallication
te LI A LIiNK D LINR C
REY WORDS
noLt wT AoLK [ AJ LE-2% ¢ wY
Marine enviromment
Marine data management
Marine data network
Geographic coversge
Weather observations
Marine science
Oceanography
Unclassified

Security Claseification




