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1. INTRODUCTION

Synoptic meteorology, the near real-time analysis and
prediction of atmospheric conditions, is commonplace through-
out the world. The taking and collection of observations,
both at the surface and in the upper air, is efficiently
organized under the auspices of the World Meteorological
Organization. Virtually every nation contributes conventional
atmospheric observations through a multi-nation collection
effort, while satellites, buoys, and automatic weather stations
contribute even further to glcobal atmospheric data coverage.

However, with the exception of surface parameters such
as surface temperatures and sea state, the collection of
synoptically useful oceanographic observations is still rela-
tively sporadic and laimited an scope. Consequently, systema-
tic synoptic analysis and prediction of subsurface mass and
motion structure is not practiced routinely anywhere to a
significant extent. Synoptic oceanography, therefore, has not
__achieved a dynamic and progressive character.

It is c¢lear that without a planned, orderly, and spatially
logical flow of synoptically useful data, no synoptic oceano-
graphy is possible. It as further evident that without a
comprehensive and well designed observational network, no such
synoptic data flow is feasible. The purposc of this paper,

therefore, is to demonstrate the existing nced for synoptic



subsurface observations, giving special attention to the
requirements of meteorology; to assess the current state of
synoptic oceanographic observations; and to present a prelaim-
inary design for the Basic Observational Network (BON) needed
to fulfill the minimum needs of synoptic meteorology and
oCeanography.

It will be seen that there is an existing cratical need
for such a network in the support of atmospheric modeling and
operational meteorological prediction, and that through
utilization of the regional water mass concept an adeguate
obsexvational system can be designed which 1s realastic in
terms of cost and effort.

The purpose of IG0SS 1s defined as providing more exten-
sive and timely information on the state of the ocean and
its interaction with the atmosphere. IBON (IGOSS Basic Obser-
vational Netwoxk) 1s a co-ordinated systematic approach to
the observing system needed in order to meet the IGOSS objec-
tive, and IBON initially will be the minimum useful network
in terms of spatial and temporal density and the accuracy of
observation. The IGOSS System thus involves a full range of
physical variables describing the state of the ocean and the
air—-sea energy exchange.

The immediate objective is to obtain a minimum set of
surface and sub-surface temperature data on a regular basis

with time and space scales necessary to define the major



features of the world oceans and to support synoptic meteor-
ology. Special attention will be given to providing support
to FGGE when the ocean data reguirements of that programme
are defined. IBON will later be expanded to include the mea-
surement of other parameters as measuring techniques, instru-
ments and resources become available.

A further important purpose of IBON is to stimulate and
facilitate the research work necessary to improve the accura-
cy and extent of oceanographic and related environmental
measurement, analysis and prediction. Such improvement should
enable the consequences of environmental modification To be
assessed. In particular, special experiments such as FGGE
will later show whether or not IBON is an optimum observing
system, and may contribute to design modifications as reguired.

IBON can be considered as an important contribution to
the U.N. Glcbal Environmental Monitoring System (GEMS), as
it will provide information on a regular basis for assessment
of the state of the ocean and its effect on weathexr and cli-
mate, as well as for interpretation of pollution monitoring

data.



2. THE EXISTING REQUIREMENT FOR SYSTEMATIC SYNOPTIC

COLLECTION OF SUBSURFACE OBSERVATIONS

Historically, and even now, a considerable segment of
the oceanographic community has had little requirement for
synoptic (real-time) oceanography, and therefore has no need
for synoptic collection of subsurface observations. Ban
advance in the science of predictive oceanography is possible
only with establishment of a synoptic subsurface observational
capability such as will be proposed below. )

In the short run, the strongest demand for synoptic
collection of subsurface observations will come from two
groups: synoptic meteorologists, who need to improve real-time
atmospheric prediction through better treatment of heat and
noisture transfer at the air/ocean interface, and fisheries
experts, who want to improve and better estimate catch and
maximum yield.

The growing recognition of ghe importance of air/ocean
exchange processes has stemmed from recent rapid advances
in numerical weather prediction. In our opinion, this factor
is the strongest existing stimulus for both systematic syn-

optic collection of subsurface observations and for the de-

velopment of a dynamic synoptic oceanography. Consequently,



the paragraphs below will discuss in greater detail the
existing synoptic meteorological requirement for a synoptic

sub-surface observational capability.

2.1 Routine Synoptic Coverage

Global numerical weather prediction is now being
carried out at several naticonal centers. Most global pre-
diction models lose skill at about 48 hours due to several
deficiencies: incomplete physics, insufficient horizontal/
vertical resolutions, and improper specification of initial
conditions. Recent experiments by Bengtsson, Laevastu, and
others indicate that improved treatment of air/ocean transfer
of heat and moisture is absolutely essential if accurate
atmospheric prediction is to be extended to 5-10 days.
Laevastu is now conducting tests which demonstrate rapid
baroclinic development in an initially zonal atmosphere with
heat/moisture flux from a modéleé continent-ocean~continent
configuration with realistic surface temperature gradients.

Advanced, operational atmospheric prediction
models do take into account the flow of heat and moisture

from the ocean surface into the atmosphere. They usually

utilize a recent sea surface temperature analysis (or even
a climatological sea surface temperature field) as an
anchor. However, they invariably keep the sea surface temp-

erature constant during the forecast period - that is,



there is no transfer of energy from the atmosphere to the

ocean.

Since the atmospheric prediction models are not
truly coupled to the ocean, the eifects of mechanical and
thermal mixing on the ocean heat reservolr are unknown.

The upper-ocean thermal structure (in the absence of any
gynoptic obsgservations) can thus remain unchanged for days.
An intense, but shallow, transient thermocline can appear
or disappear undetected, thus making it entirely possible
that the air/sea temperature difference used in heat fl;x
computations is of the wrong sign. Since the average air/
sea temperature difference over the oceans is on the order
of 1-2° C, inadecdguate knowledge of the upper thermal structure
and how it is changing is a severe limitation. One could
ask, "What diiference does it make if a truly coupled model
is not used for enviromnmental prediction?” Eventually,
atmospheric models will havé to be at least semi-coupled;
that is, the gross upper-ocean changes due to atmospheric
changes must be taken into account. Without synoptic sub-
surface observations, modelers will not know whether or rot
their interaction algorithmz are functioning properly.

The use of climatological mean temperatures can
be particularly misleading. In some ocean areas, the near-—

surface thermal changes over a 3~day period are of the same



magnitude as mean changes from one month to the next. If
atmospheric prediction models are to incorporate hourly
values of heat, moisture and momentum f£lux, then the sub-
surface observations of a minimum, synoptic oceanographic
network are required to adequately define the basic ocean
thermal structure which is important to this exchange.

In addition to the above requirement, there are
two other broad areas of requirements for different types
of subsurface observations: historical series, and speciai
purpose investigations. These requirements are not in
conflict with the network proposed herein; rathex, they

should be mutually complementary with it.

2.2 Historical Serxies

Long time series of subsurface observations at
fixed locations have great utility in climate-oriented
studies. Series from Ocean Station Vessels, selected fixed
buoy sites, and island stations should definitely be main-
tained. Periodic sampling along fixed lines is also strongly-
supportced because of its contribution toward better under-
standing the role of the oceans in long~term climatic changes.
The IGOSS-ITECH Committee strongly supports these
efforts and urges that all such observations be forwarded on
a real-time basis to zupport the subsurface synoptic obser-—

vation network. It should be noted that the data systematically



collected by the proposed network will eventuvally become
sets of historical series in and of itself, thus furthering

climatic research.

2.3 Special Purpose Investigations and Detailed Surveys

Frequently in the process of hypothesis testing
and theory building, members of various scientific disci-
plines carry out subsurface observations at a2 micro discrim-
inatory level and/or on an extremely limited s@atial or
topical basis. The proposed network wcould in no way hiﬂﬁer
these investigations and surveys which have freqguently led
to the development of new paradigms foxr synoptic analysis
and prediction. Rather, its output could suggest new areas
of intense investigation and survey.

We urge only that whenever pccsible, all obsex-
vations capable of supporting the proposed large scale

synoptic observation netwoxrk be forwarded on a real-time

basis.



3.0 THE CURRENT STATE OF SUBSURFACE OCLANOGRAPHIC

OBSERVATIONS

Hundreds of thousands of subsurface oceanographic
ocbservations have been taken to date. Most of these have
been the result of scientific expeditions designed to
study the relatively localized phenomena such as eddies, up-
wellings, etc. Sources of these observations have included
long term series from fixed points (Ocean Weather Stations)
and fixed sections (e.g., CALCOFI and EASTROPAC series),’and
co~operative "Ships of Opportunity" since the invention of
the Expendable Bathythermograph.

In this section there will be a survey of the extent of
current coverage, the instruments utilized, communications
procedures used, and existing data collection programs.
Needed improvement areas and examples of good programs will

v

also be pointed out.

3.1 Coverage Currently Available

The number of observations now available for
subsurface synoptic analysis (any soﬁnding less than three
days old is considered to be useful in present analysis
programs) is sufficient only in limited areas of the North
Pacific, North Atlantic and Mediterranean. Table 3-1
shows the estimated average number of synoptic BATHY reportits
per month for selected ocean areas. This table is based on

synoptic collection achieved through IG0SS during 1973/1974.



TABLE 3-1: Estimated Average Monthly Reports
Received in Time for Synoptic Analysis

(1973/1974)
Ocean Area " Ave. Number
North Atlantic + Mediterranean 820
South Atlantic 30
North Pacifac 430
South Pacific 60
North Indian 45
South Endian 45

TOTAL 1430 .

The coverage is actually less adeguate than shown, for
the reports tend to be concentrated in smaller portions
of each ocean. In these areas, the coverage is sometimes
redundant; in other regions as large as one million sqguare
miles, months may pass before a series of reports is
available. 2s will be seéh,’th}s coverage 1s less than
10% of the reqguired coverage:

The coverage of 1G0SS observations achieved so
is shown in Figure 3-1.

3.2 Instruments

Mechanical Bathvthermograph sys?ems, (MBT), because
of their known inaccuracies, should be considexed only as a
secondary instrument for synoptic obsexrvations. The Shipbeard
(8XBT) and Airborne (AXBY) versions of the. expendable bathy-

thermograph should be the basic instruments used to support

10
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a synoptic network for the forseeable future. The SXBT is
well-suited for use on Ships of Opportunity which cannot
slow down or stop to take an observation, while the AXBT
can be used to provide data from areas off the regular
shipping lanes.

Chains and profilers attached to fixed and free-—
floating buoys are just starting to provide valuable sub-
surface data. In the future, the systems may become a major
source of synoptic reports - particularly from the more
remote areas.

The primary parameter of interest in synoptic
sampling is temperature. This does not mean that observa-
tons froﬁ more sophisticated measuring systems such as
STD's are not useful in synoptic programg; indeed, they
should be the primary contributor at fixed ship locations
and a secondary source for research sections at lrregular

intervals.

3.3 Communications and Codes

Code forms for subsurface observations approved
by the IOC and WMO are considered to be adequate. Commu-
nications procedures for transmission of subsurface reports
to shore collection stations as well as procedures for

collecting such reports into bulletins for international

12



exchange are marginal at best. More emphasis nceds to be
placed on improved communications if a truly synoptic

oceanographic capability is to be realized.

3.4 Data Collection Programs

The Cooperative Oceanographic Observation Program
(COOP) in the U.S. is a good example of what can be accom-
plished in the way of synoptic sampling from Ships of
Opportunity. The COOP sponscor provides SXBT launchers,
recorders and probes to selected cooperative vessels.
Volunteer observers typically make two soundings per day
while underway for transmission to a centralized analysis
center., Automatic digitizers and tape punching units are
provided to those ships equipped with radioteletype
facilities.

The COOP concept could be expanded significantly
even to Southern Hemisphere oceans, .under the leadership of
IGOSS. If a group of countries were to supply the necessary
equipment and expendables plus a minimal maintcnance effort
at key ports, many more shipping routes could be covered.
Vessels of the USSR, Japan and the Scandinavian countries,
which engage in worldwide commecrce and f£ishing, would be
ideal platforms for an internationally organized data

collection program patterned alter COOP.

ORIGINAL PAGE IS
OF POOR QUALITY.
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4. DESIGN OF A SYNQOPTIC NETWORK

The draft proposal for an IGOSS Basic Observational

Network (BON] was designed to support the following:

a, Shipping operations

b. Engiheering operations at sea

¢. Fisheries research and operations

d. Agua-culture research and operations

e. Evaluation of the conseguences of man's
activities in the sea

f. Atmospheric modeling (and synoptic
prediction)
In thais paper, we have stressed the need for subsurface
oceanographic obsexvations in support of synoptic atmos-
pheric prediction covering two to five fays and possibly
longer periods.

The design of a minimum BON should be based upon a
specific goal - that is, realization of a capability which
will satisfy the basic requirement while being realistac
in terms of cost and simplicity. Tt should make maximum
use of platforms already available (this 1s thc major cost
item); it should provide the horizontal resolution and geo-
graphical coverage needed to adequately define the subsurfiace
structure, and it should provide for obscuvations at suffi-

cient frequency to handle the taime changes of interest.

14



4.1 Platform Availability

Maximum use should be made of fixed platforms
which already exist -- Ocean Weather Stations (0OWS), buoys
and offshore oil/gas production platforms. The remaining
network portions can only be covered by new buoy stations,
extension of Ships of Opportunity programs and, in a fewv
cases, special monitoring by research vessels and aircraft.

It has been conservatively estimated that the
world's shipping inventory consists of more than 50,000
vessels over 500 tons. These ships offer the kest and
cheapest means of providing the widest data coverage, simply
because there are a great number at sea at all times. An
internationally organized and coordianted Ship of Opportunity
program must he a key element of the IGOSS observational

strategy if the BON concept is to succeed.

15



4.2 Location of Stations (The Water Mass Concept)

Selection of the stations which are to comprise
a subsurface observational networxk is an important and
difficult task. Our goal is to arrive at a network con-
figuration which will support realistic subsurface analysis
based upon a minimum number of observations.

A regular latitude/longitude array is easiest to
lay out and facilitates later numerical analysis. However,
such a network (a) does not make optimurn use of existing
fixed stations, (b) does not necessarily fit shivping routes
because of geographical constraints, and (¢) does noct tate
into account natural boundaries and herogereities vhich are

found in the ocean. In areas where the spatial variabilicy of

=
"
jad)

temperature at. yixed depths is small or can be represe:
as linear functions of latitude and longitude, only a few
stations are needed. This reasoniﬁg suggests that we should
use the water mass concept as a basic consideration 1in
arriving at a minimum observational netisork.

The shape and bathvmetry of occan basins, tidal
forces, thermchaline structures, surface waind stress, and
the earth's rotation combine to producce broad circulation
patterns in the occans. Even though surface wind stress

can be quite variable, these oceanic circulation centors

do not have random locations in the area. As a conscquence,

16



major current systems in the world's oceans tend to be
quasi-stationary and to form the bounds for somcewhat homo-
geneous water masses. Figure 4-1 shows the approximate
boundaxries of the upper water masses cf the ocean.

For more than half a century, geographers and.
oceanographers have labored to standardize water mass types
and delineate the major water mass boundarlies. One of the
first such attempts was by Helland (1916). Wust, in 1936
and 1939, published two very basic papers which catalogued
the oceans into the 62 separate divisions shown in Figure 4-2.
At about the same time, Schott (1235 and 1942) devised a
somewhat different breakdown, for Schott's chart depicted
the 35 natural regions of the ocean shown in Figure 4-3.

In other years, Dietrich and Kalle (1957) devised the regional
structure of the oceans shown in Figure 4-4. The meaning of
their notations is given in Table 4-1.

While Figures 4-1 through,k 4-4 show some of the best
known works on global depiction of water mass regions, a
large amount of literature is also available concerning a
typology for smaller regions and studies of one or more
’special features. Figure 4-5 shows a chart for the North
Atlantic and Mediterranean areas {(prepared by the U.S. Naval
Oceanographic Office, 1967), showing areas where subsurface

profiles have similar characteristics. BAn even more detailed

17
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FIGURE 4-1: Approximate Boundaries of the Upper Water Masses of the Ocean

(from "The Oceans", by Sverdrup-Johnson-Fleming, 1942).



FIGURE 4-2: Division of Cceans and Seas (Wust 1936, 1939)

FIGURE 4-3: Natural Regions of the Oceans (after Schott)
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FIGURE 4-4: Regional Structure of the Oceans
(after Dietxrich and Kalle)
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TARBLE 4~1: Notations for Reqional Structure of the Occans
(after Dictrich and Kalle)

Trade -~ Currcnt Repgion Throughout the year stecady %o
very steady currents tovard wes}.
t

Pe~ with strong component towards the cquator.
Pw< clear westerly current.
Yp- with strong componenl towards the poles.
Lguatorial Current Region At times or throughout the

year easterly currenis close
to the egquator.

Monsoon Current Regmion Regular reversal of the current
in spring and asuturcn.

Mt~ TLover latitudes (small changes in surface temperature).

at changes in surface
tenperature).

]

mg~ Medium and higher latitudes (zr

Horse - Yetiiude Region At times or throughout the
. year weak currents with
varying dircction.

Free - Bean Region Throughout the year strong
currents as runoif from Trade -
Current Region.

Westwind - Drifi Repion Throughtout the year varying
easterly currents.

Ve~ on the cquator side of the oceanic polar front.

Wp~ on ihe pole side of the oceanic poln% Tfront.

Polar Regilon AL times and throughout the
year covecred with dce.

Be- Outer polaer regions; coverecd with pack ice during winter
and sypring. .

~~

D= Inner polax reglons; covered with dece throughout the year.
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breakdown, with typical profiles, has been published for
the Bastern North Atlantic by the French Service Hydro-
graphique de la Marine (1967). The list of authors who
have contributed to the development of water mass concepts
in the ocean is wvoluminous; a few of the more important
papers are shown in a special bibliography in the Referecnce

Section of this report.

4.3 Distribution of the Network of Stations

(The concept of spatio-temporal wvariations in the

water tenperature).

With a view to establishing a network of ocean obser-
vation stations rationally distributed so as to provide a
.gualitative synoptic analysis and prognosis of the subsurface
layer of the ocean (500 m), special research has been carried
out on the spatio-temporal variations in the water temperature
of the ocean.

A statistaical analyvsis of these observations as to
the magnitude of the standard deviations of the surface water
temperature (o} and the numerical characteristics of the
temporal variations in the water column has provided a means
of dividaing the ocean into regions in terms of the infainaite

value o'({oc' = 5 9y and determining the distance between

max
observation points in the ocean in each such region. ({Sce

Table 4-2 and Figure 4-6).
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A map of the distribution of the station network
has been drawn up (Figure 4~7) on the basis of the data
obtained,

The analysis of observation data has also shown that
the diurnal variation in the surface water temperature corre-
lates closely with the maximum diurnal variation in the tem-
perature of the water column and is equal to 20(g, = 20).
The relationship thus established makes it possible to detex-
mine the daily frequency of observations at each point an the
network required to obtain a sufficiently accurate value of
the average diurnal water temperature. The frequency of obser-
vations is faixed in accordance with the estaimated nomogram
(Figure 4-8).

Thus, if we know the standard deviation values

{og, o', © and Og) we can divide the ocean into honogen-

max’
eous regions and determine the number of stations and the
frequency of observations in each of them.

This approach to the proklem of the spatio-temporal
discontinuity of observations in the ocean is based on physi-

cal factors, but its results are very similar to those at-

tained by means of the "water mass" concept.
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4,4 TFrequency of Reporting

I1f we accept the thesis that broad regions have
semi-homogeneous characteristics and can be sampled by a
few stations, we still need to determine how many is a few
and how often should reports be reguired. Figure 4-9% shous
the original XBT profiles (top) and parameterized profailes
{(bottom) taken during a specral study north of Hawaii an
August 1968. The upper mixed layer shows a nearly linear
variation with latitude from 22N to about 40N and from &bout
46N to 54N with a transition zone in between. Two to three
XBT observations on erther side of the transition zone would
define the gross thermal structures in the two major waer
masses.

Figure 4-10 shows the results of detailed sea
surface temperature studies along the same section north
of Hawaii. The top two graphs compare numerical analyses
based upon ship data (FNWC) with Airborxrne Radiation Ther-
mometer (ART) recordings; the graphs are about five days
apart., the third graph shows the changes which occurred
over this period as measured by one of the instrument systens.
Notice the transition zone from about 40N to 46N with weaker
gradients on either side. To adequately detect the warming
which occurred during this period, one observation per day

would have been required.
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5. A PRELTMINARY NETWORK

In the preceding sections, we established a reguirement
for a Basic Observational Network (BON) to support synoptic
subsurface analysis. One of the major uses of thesc analyses
would be to specify the ocean thermal reservoir as an input
to numerical atmospheric prediction. We have also outlined
the logic for a network based upon the concept of daily
sampling at a few points 1n major water mass areas. It is
believed this would provide the minimum desirable coverage
in the most important water masses.

Figure 5-1 shows the proposed network of stations
which should serve as the IG0OSS goal to support subsurxface
analysis. This water mass chart and the stations plotted
thereon represents an attempt to reconcile the most important
features from all the sources discussed in Section 4 and
provides several points in each area. This 1s a realistac
confaiguration, and the desired covefage of at least one
sounding per day near each point can be achieved in vir-
tually all areas through the judicrous selection of Ship-
of-Opportunity and Research vessels. Shipping charts
published by the WMO show that only a few areas in the South

Pacific may have to be covered by alternative sources.
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Table 5-1 summarizes the above chart and gives the
estimated BATHY requirements for meaningful subsurface

analysis if two observations per day were requested from the

vicinity of each point. The TOTALS show that approximately
ten times the number nov received would be required for
twice~-daily analysis on a global scale.

The location of the stations are not meant to be fixed
and perhaps the chart shown in Faigure 5-2 is a better re-
presentation of how the number of observations daily is
represented by a number of reasonably located points (pre-
sumably not all in one line) which will provide the basic
information needed. Some of the boundaries are relatively
fixed in location., Other boundaries will show day-to-day
or seasonal variability and with unusual wind conditions,
some of the bouudaries may disappear altogetherx at some
times. In spite of these imperfections in the concept,
the attainment of this daily coverage of soundings is con-
sidered necessary to provide the basis for analyses and
predictions which can in turn be used to refine the oObser-
vational strategy still further,.

Also, the water-mass concept will not generally apply
in the following areas:

1) within 100 miles of land,

2) where the water is less than 100 fathoms deep, and

3) in areas of major current boundariecs.
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6. PRIORITY OF AREAS T'OR ATTENTION

Since the IGOSS program is achieved through the vol-
untary efforts of the member states of the WMO and I0C, the
areas in which these member states are willing to expend
effort to obtain a basic coverage will probably be the
first to achieve a satisfactory observation density. Never-
the-less, certain abstract principles should apply in
determining priorities., High priority areas should include
those in which the present observational density 1is lovr,
areas which have been shown to have important gualities for
atmospheric telecommunications (Flohn, 1965; Johnson, 1975;
Bjerknes, 196%), and also areas of particularly high in-

fluence (Hansen, 1%70).
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DEVELODPMENT OF SPECIF1CATIONS
FOR
SURFACE AND SUBSURFACE OCEANIC ENVIRONIMENTAL DATA

. An effective Oceanic Environmental Data Collectaing
System, of necessity, involves very complex and interrelated
elements. Since many cratical decisions arce necessary before
it is possible to aimplement such a system, there i1s a major
need to assist the essential decision making process at the
highest level so that the interaction of +the functional and
financial elemants of the complete system may be grasped 1n a
dynamic and intelligible mannex.

in view of the obvious complexities faced, 1t 18
suggested that perhans a multi-phasic effort may be
appropriate, such as the following:

1. Generate supporting information and devise metlcis
of presenting the information so that essential
system decisions may be made.

2. On the basis of decisions made in phase 1., desi
the system 1n detail. Implement proper narcware
and perfcormance specilficaticons for Crocurzment
Generste appropriate tests and calibraticn
specifications. Speciiy acceptance criteria.

3. Develop system implementation schedules and related
hardware procurement schedules. Formulate and
define elements of supporting structure and ongolng
logistics and hardware documentation needs.

Historically, oceanographic instrumentation and sensoxr
development have proceeded i1n an almost haphazara fashion,
frequently as follow-ons to specialized instruments developed
for small-scale oceanographic research programs. ‘ost
instruments are now built for a price and a specific markcet
potential. In general, government procurement practices,
along with other consumers, have tended to i1gnore anstrument
reliability. They have almost unaiversally been unwilling to
pay the ainitial cost for high reliabilaty and have tended to
choose cheaper, less reliable instruments and to depend upon a
rather massive system of maintenance and repalr, 1nvolving

technicians and engineers at every point. It is now quite
apparent that this method of procurement has not been very
successful. Government figures show that a2t 1s aimmenscly

expensive and that it may cost anyvhere from 10% to over 100%
of an instrument's initial cost samply to keep 1t operational
foxr one-year. It is further ecvident that one of the
consequences of such policy, as presently practiced, leads to

-
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an almost unmanageable annual budget, simply for maintenance
and repair. Thexre 1s, thus, a unigue opportunity to
re~-evaluate the way in which we have been proceeding in
instrument and hardware procurement and to examine carefully,
in detail, the interrelations betwecn the requirements of
various models and analyses and the data acquasition costs in
relation to acceptable data resolution errors, along with data
telemetry, upon the models and analyses.

As a furthex historical reference, occanic data
collection systems have evolved esscontaially as
pcople-intensive systems at every level. It is nol prescntly
possible to devise systems that can operate without people,
but it appecars appropriate to examine projected aata
collecting and processing systems to determine where 1t is
essentisl to use people and vo give speciral attention to the
machine/people interfaces.

Another factor should be considered, since most of the
data which will be collected will, in one vay or anothe_, bec
ultimately archived in data banks. Entirely aside fxom the
mmpact of bad data upon modeling, 1t appears necessary to
consider the consecuences of the "pollution”™ of Jsta banis by
the bad data.

As an imperataive task, it would appear appropriate to
examine tlie entire concept of ‘'people problems®. This vill
have to do with all aspects involving people £from perhavs
recruitmznt, through training, to even consilerations of costs
chargcable to a2 real system, due to allocation of funas which
is necessary for retirement (pensions, etc.) of the peosle

involvyed. There are also problems relating to logistacs,
which may be {further broken down into transportatioan, the
necessity of maintainang spares, the people ang space costs

relating to maintenance lnventories, and instrument repair and
technicial training facilities. All of these parameters do
figure in actual systems' costs. It may be advisable to
develop a current, rather popuiar ccncept, at least being
utilaized by the Air Force and the Pentagon, under the gencral
term "buy to cost". this is meant to be the total system cost
over a period of "X" ycars and not necessarily the ainitial
costs.

There will be a significant interaction bectween the
sensitivity of the models ¢~ the accuracy, as wecll as the
resolution band, of the re. .red data. As a subscction to
this aspect, it would be a« sable to give attention as to the
weighting of all data wall. sespect to accuracy, reliability,

etc. It is assumed that the model does not react with the
same sensitivity to all mecasurcd parameters. Thorefore, such
weighting should be developed. Consideration should also be

gaven wilh  respect to the basic system design, whether it as
to provide for future increcascs in cither accuracy ox
sensitivity or both for the data collection. An appropriate
design will effectively tend +to 1resist obsolescence and
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provide for upgrading at minimum cosl in the fulure, should
this prove desairable.

System readout time (time requirced to collect data from
the entire system) i1is an important design and cost paramcler.
Decisions will have to be made early on with respect to this
function. (Part of Phase 1 consideration)

Since an overall systems revicw and systems design  1s
exceedingly complicated, it may well be appropraate to
consider a computer program for support of the system design
and perhaps develop software for the use of computer
interactive graphics so that it will be practical to visualize
the interaction of the various parameters and costs, as they
are varled. This should also make possible the clearxr
understanding of the benefits and penalities due to tLhe
variation of selected parameters in the system desaign.

It would appear that this 1s an opportunity to nake
what might well be considered essentially a fresh start in the
whole process and mechanism of collecting data from
large-scale systems. This being the case, it appears to be
highly desirable +to approach the entixe problem from the
standpoint of systems engineering. This w1ll :nvolve the
development of innumerable subsystems and the relationship and

interaclions beltween them. It is assumed that 1t will be
possible to develop a surtable algorithm for thesec
relationships. Since this will probably be one of the first

opportunities to loock at a systewn of this type reasonably
objectively, 1t will be daifficult to arrive at a unanimous
agreement as to the nature of various interactions and, as a
consegucnce, will complicate the development of the
appropriate algorithm.

The entire relationshap of instrument reliabilaty and
cost will need to be developed extensively and provisions made
for optimization. System reliabilaty must be determined for
every point and perhaps related to the number of data points
collected in the entire system and the conscquences of the
loss of a portion of the data. Data loss, undoubtedly, 1s
highly significant when there are few measuring stations, but
the loss o. a station becomes less significant as the number
of stations increases and some mecans of gquantizing these
relationships 1s desirable. It would also be assumed that a
given station would bhe sensing numecrous parameters and heire,
cf course, as mentioncd earlaier, it will Dbe necessary Lo
develop a means of cstablishaing the ranking or praioxrity of any
given parametex in relation to the overall system functions.
Here, the question is precaisely the dependence of the model on
the various parameters and the different ways in which the
model relaiability will degencrate when different types of
input are in errxor or missing.

Another consideration which should be given is
precisely to what extent automation of the system 1s feasible
oxr appropriate and this, in turn, depends upon the entire
system requirements. A significant point here, as deveveloped
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in the TBOND papex, 1s that it becomes very casy to handle
problems relating to changes of data formak, etc.

There have been serious problems encountered in the
past with respect to procurcment of hardware, etc. by
government agencies. - It would be well to profit by mistakes
of the past and to take steps that will facilitate obtaining
the desired quality of product. 7To begin with, this means
that clear—-cut specafications must be deveveloped, Iiree,
insofar as possaible, of misintexrpretations and ambiguities.
Aside from being precise about anstvument and performance
specifications, in view of the fact that no recognized
national or international standards prescenitly exist for the
calibraticon of most marine instruments, 1t 1s considered that,
at a very minimum, the procurement documentation should define
how the instruments are to be tested and vhst 1s consicdered to
be acceptable and unacceptable performance.

From the standpoint of instrumeat specifications, there
is a serious problem with respect ©o how tests are to bhe
carried out, etc. with respect to proving the design from the
standpoint of reliability. The difficulty here is that, since
reliability is often specified in thousands of hours, there is
no realistic way to carry out tests in real taime ant, 2
regult, specialized methods have been develoged two g
statistical significance to more abbreviatad testing. Th
are a variety of methods that have various degrees o
acceptance which are considered apgropriate for cthe
demonstration of wvalid performance in liecu of the real tanmz
testing. These should be carefully selectec¢ ana spellcd out
as to how these are to be applied. It shoulé also be
explained that, since this may be considered a somevhac
controvexsial area, suggestions and comments fron the
prospective suppliers, especially on this point, would be
welconme.

In view of some of the problems stated in earlier
paragraphs with respect to technical specifications, etc., it
would secm appropriate to include ain the documentis, especrally
in the procurement docuwents, albeait this 1s somewhat unusual,
a glossary of terms as used. This would be an effort to avoia
misunderstandings and to be certain that the terms mean che
same thing to all parties concerned.

It does not appear that any Jlarge-scale system
employing data telemctry, presently bewng contomplated, may be
considered whaich depends 100% for transmission via satell:itle
or HT radio. "The complicating factor 1s that the costs of
stabilized dish antennas for usce on shipboard have boeen
running substantially higher than origanally anticipated.
Costs are presently rangarng between $30,000 and  $50,000,
exclusaive of radio eoquipment. This means Lhat retrolriting
older ships with satellilec communicataion capabalaty wall be
exceedingly slow and, for that matter, may ncver be unaversdal.
However, the relatively high cost of the antenna system 15 wob
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so prohibaitive for new ship construction. The conclusion here
might well be that HF frequencies wall be required for many
years to come and that it 15 essential 'to accept this as a
fact. If HF is, indeed, to be retained for data transmission,
it is exceedingly important to shift all marine data traffac
from commercial HF circuits, used for ship-Lo-shore scrvice,
to the specialized HF frequencies set aside for oceanographaic
data communications. It should be further emphasized that, 1f
HF is to be employed, this will mean a parallel program must
be undertaken fcxr upgrading or installation of a few HIF
receiving systems at carefully selected, optaimum sites.
Costs, etc. sheould be develoned for various means which wvould
need to be undertaken to accomdlish this shore automation.
This is essential 1f automation of the system 1s to be pursuecd
and to eliminate the inordinate delays on commercial ciriculls
and the problems with ships radio operators.

It is considered beyond the scope of the present
document to go much 1into detail with respect tc the future of
data telecommunications. It is perhaps apopreopriate to point
ovt that there are other alternatives +to the MARISAT and the
other, rather expensive, stabilized dish antennas. For
example, the U.S. Navy, with the assistance of DMotorola, has
developed the SSR-1 shipboard satellite communications system
which does not use a stabilized daish antenna but rather four
fixed antennas utililizing pre-deteccron clectronics. The
present costs to the wNavy for a ship installation, corplete
with coax cables, antennas and associated electronics, is
presently 520,000, Notorola estimates the cost for commzrcial
production on a bassis of 200 units at no more than $11,000,
including electronics. Further down in the cost spectrum, 21s
the present, rather simple electronics and antenna systeons
being employed on some of the NDBO data bucys communicating
with the GOES satellite, which are.very modestly priced and
are operating at approximately 100 bits per second.

One point, however, which does apzear clear at present
1s that it will probably be cheaper, {for shipboard, buoy, and
shore-based installations, to utilize completely independent
and preferably automatic systems, working at modest data bait
rates, rather +than trying to piggyback with very expensave
systems.

It may well be that this is the very first opportunity
that has occurxed to design and enginecer a complete data and
processing system from the systems engineerang standpoint. In
the past, it has, to a large degrec, becen necessary to accopl
and incorporate oceanographic and metzorologacal rnstruwents
whaich arc generally available and accept the constraints whiach
they impose. As mentioned, thas 1s probably the {first
opportunaity to let the model and analyscs requircements drive
the instrument and scnsor specifications and not Lhe reverse.
At Llhe present time, ne manuflacturcer specifics the MIBF (Moan
Time Between Faillure} on marine oir metcorclogical instruments.
Rather, the major emphasis 15 on "casy repaxrrabalaity” or

ORIGINAL PAGE IS
OF POOR QUALITY:



-~

"maintainability". This is a »rather tacit admassion tlhat
there arce reliability problems and deftly sidesteps the wvhole
instrument reliability guestion. Such a policy incvitably
locks the customer into hecavy operating and maintcnance cosis
with substantial capital investments in spares waith the
supporting technicians and logistics.

An exceedingly important aspect of systems costs
relates to the maximum accuracy and resolution of the reguired
sensor instrumentation. Thais, in reality, should be dictated
by the requirements of the mcdels and analyscs which will
vtilize the data. It must be emphasized that excess accuracy
and resolution beyond that vhich 1s considered essential for
modeling purposes 1s eXccedingly expensive and cannot be
justified. It should also be pointed out that data accuracy
and resolution beyond those which are essential also adversley
wmipact upon the costs relating to instruwent reliabilaity, as
vvell as overall system performance. Though it may appear
obvious, 1t is perhaps sppropriate to point out that the lover
the risks of a system malfunction, the higher the reliabilaty.
For all practical purposes, these may be considered reciprocal
relationships. PFor example, an instrument which possesses low
reliability will, in fact, have a high xrisk of faxrlure or
malfunctaion. It also appears that there is no practical uvay
of desaigning a system or instrument presenting a zero riask,
since this would also mean that the instrument would be
infinitely relisble. The real challenge is to devise a system
capable of performing at an accecptable level of risx and at an
acceptable cost.

It may be hicghly desarable to consader the pros and
cons with respect to tradeoffs between haigh eccuracy data and
a few data poaints versus more humercus data points ana lower
data accuracy in relation to model needs and consumer
reguirements. .

There 1s a need to examine objectively the Xkinds of
data products required, as well as how to present or display
data products. Attention also needs to be gaiven with respect
to possible archiving requirecmwments. Decisions should be made
with respect to "quick look" reguirements and at what point in
the system this 1s desirable or essential. The "quick lock®
capabilaty, if reguixed, should be carcefully encincorxed and
designed for the optimum presentation of data foxr people
interpretation. It is esscntial to examine the system as a
whole, not from the present, conventional vicwpoint but what
may be desirable for a completely revised and noew system.

As a convenicnce in interpretaing and obscrving data, it
is clear that the system's dala flow could Le monitorad by
microcomputers and be designed to sound alarmn or signals. 1t
would bc necessary to provaide adequake meworices for the
microcomputers so that they could present the cratical data to
an appropriate display systenm. Such microcomputer systoems
could sound alerts to any pre-sclected environmental siatuation
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which may be based upon real time values or rates of change of
the paramelers and cven  specific  parameter  interacticn.
Dedicated microprocessors may have great merat in  thas
application. These could be keyed also to goographac
locations, wvhich may be of spccral ainterest or require
essential monaitoring, such as large cities br indusirial or
marine facilities. Sucih a system, made poss.ibla by
microcomputers or microprocessors, for ponitloring  speciiac
parame ters would appearx to boe essentral since the huge sase of
data which indaviduals are called upon to wnterpret teonus vo
guarantee that there will be a possibly unaccentable, builu-in
time delay before a potentially dangerous situation wa, 0o
recognized. To a large degree, such a Provision ICmavios thoe
hurden of a consiant alert from indaividuals. TFurihiso, 1-
shouvld be clear that dedicatoed microcomrpulter 0X m1CTORIGCELHoOr
monicor ing systems would become 1ncreesangly  wvaluabla ¢ ©
goes on and a better understandine of the 1nvolvoed procasces
18 gensrcoted,
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struction, whroh roeddtty peornal ade » ;
comnlosod »nec'inge Lo vhe spocarlres of tho Ta o oveg,
vhether mannod oo anecapned. t <hovla ba o -
Sized that no Lacie commiiment 26 1w licd Jor uly-
Lizang anv s~ c1{i1c cclecomaanio, " 1ons ovaie,
Since modular concivracktion, as 1outroncc, wounld e
cuployed, 1t vould be vory practical o selece Lo
ountpul interface module to salialy the reoguires s
of satellrie, HIF or racrxovave and solirae wive tele-
communications systoms.

L
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The followang paragraph 16 copioed from the
IBOND paper and vas designaled Paragraph 1.5 of
that document:
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In ordcr to minimize opordtlng costs and to
improve system reliability, 1t is sirongly recom-
mended that no maintenance oxr servicing be attcempted
on cquipment when at sca. Technical scrvice would
only be supplied or utailized in port by trained
perscnmel. This melhod significantly reduces both
the anitaal investment and operating costs by min-
imizing the amount of electronic eguipment spares
reguired and further minamizes the amouni of
instruction or technical training necded since no
seagoiang personnel will e cxpected to do any main-
tenance or scrvicing.

The implications contained in the above paragraph vcre
purposely minimized 1in the IBOND document but, for the preaent
~urposes, it appears appropriate te develop them further.
Some of this is treated in esxlier paragraphs but aoo¢u,ongl
comment 1S perhaps approprrate. Due to the cgeanerally accented
poor reliability of marine and meteorological ainstruments
there has been no alternative but to suppori them wailn veri
costly logistics.

('l

With +the accuisition of more and more inst

use 1in marine data collection programs, there

parallel increase in  the total number of marine te

end personnel reguired for maintenance, repalr, and operati

It is becomlng increasingly clear that the aca uisicion of an
n sé

[

in ope ating overhead for the period of 1ts useful 11
There 1s dastinct evidence that this overhead figure 1is
tending to become almost unmanageable. The overhead cott of
instruments is essentially a hidéen cost and, since 1t tends
to ancrease over the vyears, 1t is not at all impossaible for
the "hidden costs" to exceed the amount of money available for
new instrument acquisition.

Oceanographic research an particular, over the vears,
has proceeded to a high degree on a hand-to-nouth basis waith
little attention given to examining objectively the melhods
and related costs of using instruments. In vies of the rapic
and inexorable increases in the cost of usirng oceanographic
instruments, it appears imperativce to examine vhat ve may do
in order to improve the situation. A draiving force in bthe
consideration of oceanographic instruments is their constantly
rncreasang complexity and sophistication. Unfortunately, this
increasing complexity is not accompanied by incrcased
reliabilaity. It is evadent, under the present trends, that
instrument technicians will need sleadaly increasced levels of
training. This weans that the financial investment 1n maringe
technicians will be steadily ancreasing. Considering the
attration rate of Ltechnicrans and the nced for more exloensive
training for rcecruats, the impact on budgets is predictable.
On the plus side, the increasing sophastication of instrunents
which make usce of rapidly advancing technology —-- especirally
in eclectronics =-=-- means that instruments are capable of
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making more accurate and morc rapid measureacnls of more
parameters while the information output may be supplied 1n a
computer compatible format. Al) of this as donc with a
genexrally declining cost per circuit, Unfortunately, the cost
per instrument is constantly increasang, though the cosl per
circuit is decreasing since there are now many more circuits
incorporated in one instrument. The above general changes in
instruments, unaccompanied by a substantial 1ncreasc in
reliability, will force major changes ain the way technicians
are being used. These trends require significant 1ncreases
for instrument maintenance and repaLrt technicians.
Importantly, some of the technicians wall be necded on
shipboard at sea where the increased numbers pose serious
problems 1n the uses of dascretionary ship space and
contribute towards large coslt increases.

Classical methods of handling instruments used in data
collection leave much to be desired, especirally when we
consider the high cost of misscd measurements. Missecd
measurements basically stem from instrument malfuncltion.
Instruments may melfunction for many reasons, som2 of which
are freguently obvious, especially after~the-fact, and some
reasong may be guite obscure. In the final analysis, all
instrument malfunctions are people related. The problems
range from Dbasically pocr engineeraing on the part of the
manufacturer to a8 moment of inattentaon on the pavrt of a
technician.

It would bhe considered an essential part of an
efficient and smoothly operating data collection systen to
establish and maintain a continucug recorxd of the pariormance
of each instrument. This would include many details such as
its calibration dates, stability of calibratvion and, in the
event of any defects, a failure analysis »record. Only by
maintaining records of this sort can any i1dea be obtained as
to technical weaknesses and general efficiency such as
instrument wutilization faigures. Without maintaining recoxrds
of this sort, it i1s almost impossible to head off any problems
which show up in any given instrument des.gn and cspecially to
avoid problems in future procurement. While record kecping
may appear to be unproductive from the administrative
standpoint, it 1s vital to Cthe successful continued operation
of any data collecting systom.

In view of the undoubted requirecments foxr improvements
in instrument reliability, and technical characteristics, i
1s apparent that at least a modest amount of R&D would be
necessary for the development of satisfactory instruments for

the proposed system. Throughout this document, therce have
becn many refercnces to the necessity of designing cguapment
with a hagh reliabalaty. As mentroned in carlier paragraphs,

this cannot be looked at as an 1solaled system paramcter bub
rather must be examincd an laight of overall requarements. The
problem, of course, is that i1mproved reliability has a price
tag and the selcction of an optimum MIBF (Mcan Time Betwoeen
Failure) is an cxcecedingly important decision.
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The following are cxcerpts from a document previously
preparcd dealing waith this gquestion:
'

I became involved with a similar problem a
few years ago in conncctaion with the manufacture
of recewrving cquipment for shipboard use to chtain
fixes from the Navy Navigation Satellite. We were
faced with an exceedingly costly operation if we
followed conventional methods, such as training
engineers and technicians to maintain the eqguipment
and to stock the necessary, very costly, spares on
the varaious ships and shore-based establizchrments.
I have data from an unpublished study, made ak thatl
taime, which showed, rather convainczagly, thal very
great sums of money wvould be savcd 1f the policy
were established that no spares would be purchascd
for use in shoxe facilities or aboard ship and no
engincers or technicians would be trained for ficlc
repair and maintenance. This recuired taac the
Ravy set up a small engineering suprort st taff waiclh
minaimum sparcs on the premises of tne manufacturcr.
The spares and englneers vere available on a moment's
notice, 24 hours a day, to fly immedaately wherevoes
a ship was a1n ordexr to effect necessary repairs. s
The entire opneration could not even have been con-
sidered had the MTBF been a small nuwober. The
magic number which vas selected stas 5,000 hours
vhich experience has shown wes quite adeguate and,
fortunately, the eguiprment is noy approaching, an
actual use, a figure of 10,000 hours NTBF and has
a rather cnviable repucation for reliabilaty. Sone-
thing of this sort. at least in par~, I feel can be
very usefully employed in the area of oceanographic
instrumentation. However, this ;ould recuire
almost industry-wirde cooperation, etc. Theraefore,
there are considerable constraints as to how far
one might reasonably cxpect to go in introducing
significant changes. It yould seem, howvever, that
the present system 1s not vorkiny and that we can
at least begin---and part of the Xey 1s how to
begin---progress towvard longer IiTB:'s. At presont,
to che best of my knovledge, thexre 1s no figurc
stated by any manufacturer of oteanographic instru-
ments that can be used with any degree of confai-
dence relating to MIBP.

In discussing the mat.cer of not having spares
at sca, 1t was very aprarent from the academic
research community that this would saimply be in-
tolerable and that technicians and spares mush
always go along with shipboard cqguipment. The
basic poant here was that the scagoing rescarcher
dic, in faclt, accept and live with vexy signialicant
anounts of ainstrumcent down time; hovever, since
this was handled in the routine fashion by techni-
cians and sparcs in order to get the instrument
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repaired, there was no feeling of peer group
pressure for not conducting the resecarch in an
accepted fashion. They felt this would not be the
case if one were at sea with no sparcs and no tech-
nician when the instrument farled. The whole point
here was that they had neverxr had expericnce waith
high reliabality instruments and cquipment and dad
not properly appreciate the tradeoff. This partic-—
ular policy, as menlioned, is a success -- not by
virtue of the needs staced by the users, bul by a
comwind decision made at the funding level.

It should be apparent that with a rcasonable
MIBF, 1t may well be cheaper to take alony complele
instruments as spares rather than go to sca with
spare parts for instruments. One point here is
that, 1f one has sparc parts, one needs techni-
cians; also, if onc has spare parts, the volume of
space occupicd by spares, as they are nccessarily
packaged, is usually significantly grecatexr than
that required for the complete instrument. This
has a dairect bearing on use on shipboard where
space is restricted. Furthermore, this offers a
greatly enhanced probability of gettang all the
reguired data.

In either manned or unmanned ohserving stations where
data are especially craitical and essential, 1t should be
apparent that, with 100% redundancy in the data acouisition
package the probability of lost data is exceedingly remote and
almost wunquestionably more remote than using conventional
manned systems or "resident" technicirans.

It is perhaps appropriate to suggest that the
engineering and design of various hdrdware elements of the
system should not be done by potential manufacturers. This
may sSeem rather an undesirable constraint; however, the
manufacturers are all too often highly biased and look forwvard
to producing equipment that can utilaize previously engineered
ox fabxricated subsystems or clements. This means that, in
fact, they tend to lack genuine objectavity in the instrument
design. While it may be true that such a procedure may, on
occasion, result in a satisfactory end product, 1t should be
pointed out that this is, unfortunately, the exception.

v
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1.0 INTRODUCTION

To describe the "state of the sea" is to describe the
total wave pattern at the ocean surface. At any place and
time, the pattern is typically very complex and appcars as
an infinite number of individual wave components of different
direction, amplatude and frequency. The total amount of
energy accumulated in the composite wave motion (or sea state)
is distributed over a wide range of freguencies.

For many years, mariners have been reporting sea state
as a part of the synoptic ship report. The synoptic code
provides for transmission of information describing direction,
period and height of the most significant vind-wave and swell
components. For about fifteen yecars, some of the larger fore-
cast centers have been making routine numerical forgcasts of
significant wave parameters for distribution in & facsimile
broadcast.

In the past two years, synoptic cbservation and pre-
diction of more complete ocean wave spectra has become rou-
tine in the United States. The purpose of this paper is to
present an overview of operational observation and forecasting
of spectral ocean waves as now carried out on a synoptic basis.
Optimum Track Ship Routing (OTSR)}, offshore drilling, deep-
ocean mining and coastal enginecring arxe but a few of the ap-
plications which require a complecte specification of ocean

wave spcctra.



2.0 BACKGROUND

For purposes of clarity, wec usually separate sea state
into two general classes of waves., Waves which are still in
the local wind-generating area are called "wind waves" ox
"sea". Waves that have traveled out of the generating area
are known as "swell". Wind waves are typically irregular,
chaotic, short-crested and difficult to predict., Swell
waves are more regular, longer-crested and somewhat more
predictable. On the borders of generating areas, neither
term precisely describes the total sea state.

Surface wind speed is by far the most important
parameter in controlling how high waves will grow; however,
the length of time available for wave growth (duration)
and the extent of the growuvth area (fetch) are factors which
cannot be neglected. With a wind of constant velocity and
sufficiently long fetch, seas continue to grow with time until
a steady state is reached; the secas are then considered to
be "fully developed" (for that wind condition).

There is considerable disagrecement among various inves-
tigators concexrning the length of time required to reach this
steady state -- and on the fetch length reguired to achieve
growth to the fully developed sca state. TFigures 2-la and

2-1b (from an article by Walden, 1961) show the growth of



Significant Wave Height (Hl/B) as a function of direction and

the relationship between H and fetch according to scveral

1/3
different authors,

The function which mathematically describes the distri-
bution of the square of the wave height as a function of
frequency is called the "spectrum" of the wave motion. Since
the square of the wave height is related to the potential
energy of the sea surface, the same spectrum is also called
the energy spectrum. If the individval components which com-
prise a composite pattern of a fully arisen sea at a given
wind velocity are grouped arocund average frequencies (fl)
extending over small frequency ranges (Af), the continuous
distribution of an infinite number of components can be approx-
imated by a finite number of componenés with different average
frequencies. A series of sine waves can then be considexed
as "filtered out" of the total sum and their individual char-
acteristics are approximated by the average frequency, f;
period, T; wave length, L; and the average wave amplitude.

If rectangles whose areas are equal to the sguares of the ampli-
tudes [A(f)]2 are plotted against the average frequency, {,;

we obtain a good approximation to the wave energy spectrum
{(Figure 2-2).

As wind speed incrcases, the area under the curve increases,
and the maximum spectral energy shifts from higher to lower {re-
guencies. As in the case for duration and fetch, rescarchers

disagrec concerning the frequency of maximum spectral cnergy
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and the total enerqgy which results from a steady state wind.

Figure 2-3 (also taken from Walden, 1961 in Occan Wave Spectra)

points out the difference in shape of observed and theorctical
spectral curves for wind spceds of 60 knots.
Since varaious authors use different nomenclature to des-

eribe the same features ain wave spectra, it is often coniusing
r =

to compare xesults. Table 2-1 (from Dorrestein, 1961 in Ocean

Wave Spectra) is reproduced as a convenlent summary of the

terms associated with these authors.
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Table 2-1. One-Dimensional Wave Spectra Nomenclatures Used

by Various Authors. (Lrom Dorrestein, 1961).
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3.0 SYROPTIC SPECTRAIL WAVE OBSERVATIONS

A number of spectral wave obscirvations have been made
using pressure sensors, wave staffs, accelerometer systems,
etc. In general, these have not becen made available for inter-—
national distribution on a truly synoptic time schedule. On
3 December 1974, the WOAAR Data Buoy Office (KDBO) in the United
States deployed a large discus buoy in the Gulf of Alasi. neax
56.0N and 147.8W. This buoy vas eqguipped with an advanced
Wave Measurement (M) system designed to observe and resext
spaectral vave data on a synoptic schedule.

The vave neasurement systzm consists 0 a rigldly —oantad
acceleromater wath its sensitive axis parallesl to the briceyv's
«vertical center line. An onboard computel CCMpatesS COVEXiancses
formed from a series of digital samples at discusetie intzrvals.
These covariances are then transmitted to a shore comnmunicaticn
station vhere a second computer generates spectral densities
at fifty freguency intervals. These spectral densities as well
as the significant wave height are entered aimmediately into
Global Telecommunication Service (GTS) circuits every three
hours for national and international relay. The buoy in the
Gulf of Alaska has been transmitting spectral data contirucusly
for a period of over nine months. A similar system wvas deployed
off the U.S. East Coast near 36.5N and 73.5 W on 6 December 19074.
A number of synoplic xeports were also recewved {rom this Wave
Measurement system beforce the buoy developed clectronic prob-
%ﬁgﬁ]ﬁﬁaﬁégs eventually disabled by a ship collision.
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Figures 3-1(a) through (e) show an analysis of spectral
density (metersz/nertz) as a function of frequency (f in Hertz)
and time at buoy ER03 in the Gulf of Alaska. The thin solad
lines are contours of spectral density level while the heavy
dashed lines show the frequency of maximum cnergy. Local
wind speed and direction are shown by conventional wind bharbs
{(knots). It is obvious that a smooth contour pattern can be
drawn and that this buoy is dominated by longer-period swesll
from distant sources.

FPigures 3-2(a) through (e} show a similar analys:>s of
spectral density measurements from buoy EB0L in the Atlanctic.
This location is obviously fetch limited and not so well ax-
posed to distant swell. Locally-generated vind vaves az
higher freguencies are more cormon here. These plois are
typical of the excellent continuity shown by these new sys-
tems; they are all the more valuable because the reports are

available in less than two hours after observation tire.
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4.0 SPECTRAL WAVE 1ODDLS

Duc to the increasing demands from government and com-

mercial interxests, rapird development has occurred in the

operational prediction of sca state. Because of the comples-

ity and magnitude of the efifort involved in making wave

forecasts for large ocean areas, numerical methods have

Ireon

applicd to solution of the groblem. In general, two basic

types of wave models have been used - singular models

™

spectral models. The former attempt to predict the sp
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knoun as "spectral" modz=lis. The general approach in these
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models is to decompose the cbservable compos:

S 1nto =

set of discrete componcnts to calculate the growth, decay,

transfer and propagation of the energy in each componen
several directions, and then, by statistical anference,

dex ive the composite wave parancters.

Spectral models make usce of the basic ecnergy balance

equation:

BE(L,0)

2 =~ Wg:VL(f,0) = 5({,0)

21l

(1)



where E(f,0) is wave energy density of the spectral component
at frequency f and direction 0 at any space-time position,
Wg is the deep watcr group velocity appropriate to that com-
ponent, and S(£,8) is the sum of all sources and sinks of .
energy for each component, i.e., the growth/decay terms.
The major differences among the numerous models vhich have
been used for numerical predicticn depend upon (a) vhether
the S function in (1) is empirical or theoretical, (b) how
propagation (the - Wg+'VE texm) is affected and (c¢) whether the
model treats processes such as wave breaking and non-linear
wave-wave interaction. A general outline of the mosi well-known
numerical wave models has been prepared by Dexter (1973).
The Australian Burcau of Meteorology has carried ouc
a series of comwarative tests for four different numeraical
models (Dexter, 1974):
a. A singular model adaptation by Trajer (1966) of the
numerical "wave ray'" approach of Wilson (1261, 1963).
b. An empirical spectral model designed by Dexter (1974)
which uses the fully-developed spectrum of Pierson
and Moskowitz (1964) togcther with angular sprcading
by Neumann (1952) and an empirical dissaipation fanc-
tion due to Buntang (1%66).

¢. The theoretical spectral model of Inocue (1967).

d. The model of Barnctt (1968) wiith minor modifications
to the growth and damping terms.

22



In cssence, the tests showed closce agreement in most respects,
The differences were less than errors to be expected through
use of incorrecctly specified marine wind fields as the model
driver.

Other spectral models vhich have had wade operational
use include the French Spectvoancular models descrabed by
Gelci et al (1937) and Fons {(1l86C¢), the Mediterrancaen adepla-
tion of the Pierson-Moskow:itz approach described by Larvino

et 21 (1973) and the Fleet Jlumeorical Vieaiher Contral (TIUC)

(}11/3) .
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5.0 SYNOPTIC SPECTRAL WAVE PRLED1CTTON

Two different versions of the Picrson/NYU approach are
being used for synoptic spectral vave predaction in the
United States. One is based upon a rectangular grid system
on & Lambert conformal projection and s used only for limated
areas where long-distance propagation is not a majer faclor.
The largest model covers all of the Northern lemisphere and
part of the Southern Hemisphere and is bassd upon an icosahe-
dral gnomonic projection. Fourteen of the twenuty hexagconal
subproijections needed to cover the globe are novwy bexny suab-
jected tTo syroptic computation. Bach subproject:ron has 325
grid points; a special orientation scheme was chosen to
place as many vertices as possible over land and to place
edges over land/ocean boundaries. This projectaion was selectad
for operational use because great circle segments are repre-
sented as straight lines.

Both of the models described above treat 12 directional
and 15 frequency components at each grid point. The time
step is three hours, bul until August 1974 the wind {ield
was held constant for two time steps (6 hours). The center
frequency, center period and bandwadth of the fiftecen fre-

quency bands are shoun in Table 5-1.
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Table 5-1: Center Frequencles, Periods and Bandwidths an
the FNWC Spectral Ocean Wave Model.
[
BAMD FREQ (11z) PLRIOD (S5cc) BANDWIDTI (Hz) :
1 .03889 25.7 -00555¢ —1
2 04444 22.5 .005556
3 .05000 20.0 .005556
4 .05556 18.0 .005556
5 .06111 16.4 .00555%6
6 .06667 15.0 .005556
7 07222 13.8 .005556
8 .07778 12.8 005556 .
9 .08333 12.0 005556
10 .09167 10.9 .01111
11 .10278 2.7 L0111 ;
12 11667 8.6 01667 !
12 .13333 7.5 .01667
14 .15278 6.5 .02222
15 16383 6.1 .100C0
i ] e e e e v e e
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Six-hourly (scheduled to become 3-hourly) Maraine Wind
analyscs are uscd o maintain spectral continuity in the
analysis mode. A Planctary Boundary Laycr diagnosiic model
is usced to derive forecast marine winds from an Altwospheraic
Pramitive Equation (PE) model. FNWC runs the model to 72
hours twice daily reqguiring a computational capacaity of ap-
proximatcly 1.8 Million Instructions Per Second (111PS) to
achieve a throughput rate of 30 minutes per forecast day.
Outputs include a compleve freguency/direction spectrun
{spectral dénsities) at any desigrnated grid poant, total
energies in any freguency or direction band, significant
wave height and percentage of whitecaps. Significant vave
height fields are machine contoured for transmicsion by
computer-driven radi0 facsaimile while spectral data are dis-—

seminated in the form of addressed messages.
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6.0 SPECTRAL MODBY, VDLRIPTICATION

The NDBO buoy-mounted specitral wave measurcment systems
described in Section 3.0 provide an o;ccllcnt mechanism for
routine verafication of spectral wvave forccasts. Tagure 6-1
is a scatter diagram of FNWC versus IB03 Significant Vave

Heights (i )} for January and February 1975. BEB03 is Lhe

1/3
buoy located in the Gulf of Alaska which has good exposure
to svell {rom storms throughout the North Pacifaic.

Numerous indivadual FNUC and EB03 spectral distraibuticrs
have been compared. They vary from nearly perfect agregnert
to an occasional case vhere the compariason 1s rather poor.

In the latter instances, one can invaraiably trace the causa
to an incorrect specification of the.marlne wina ficlds usz<
to drive the spectral {orecast model (due either to sparse
data at analysis time or an erroneous Primitive Equat}on
forecast).

Figures 6-2 and 6-3 show the mean spectral density das-
tribution as a function of frequency for FNWC and EBO3 durin~
January and February 1975, The FNWC Spectral Ocecan Wave
Model is obviously generating morc cnergy in the center of
the spectrum than is being measured by the buoy. It 18 be-
licved that holding the marinc winds constant for two tame
steps (6 hours) contributes to excessave growth. Wind ficlds

hn}

are now being generated at 3-hourly intervals and further
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verification work is in progress to determine if model enexr-
gies are still systematically too high., In spitc of the ob-
scrved errors, the spectral approach has led to a distinct

improvement in ocean wave prediccrion. Not only arc signifai-
cant vave helghlt forccasts better, the user now has speciral
energy distributions to support ithose applications vhich axe

direction and/or freguency sens.tive.

OR
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7.0 TFUTURL PLANS/REQUIRIMENTS

FNWC has outlincd specifications for a globhal spectral
wave model with 15 frequencies, 24 dircctions and a mesh
length of 90 nautaical miles, It is esitimatced that a compater
capacity of nearly 50 MIPS will be required to make synoptic
forecasts at 30 minutes per forecast day.

As pointed out by Dexter (1974), the Barnett speclral
wave model is one of the most complete nowv available for

operational use, The primary diffexrence between the Barrett

-

model and the Pierson/NVU modzsl used by FRWC lies in the
method of enexgy propagation., While Barnett uwsed covs of
predctermined ray points along netvorks of fitled ray meils
for propagation, the FHVC model calculates propagation by a
finite difference approximation of the en~rgy gradircat pe-
tween grid points., The Barnett model is vell-suited to sual-~

1.

ler bodies of water but wouvld reguire several millian ray sctis
to cover all ccean areas, .
To overcome the computational storage reguirements of the
Barncti propagation technigue, a Lagrangian interpolation
schem2 was programmed fox FNUC by Ocean Data Sysioms, Tnco.
to deotexrmine the encrgy values at upstream points from a
relntlvely'smalﬂ number of points on a unaformly spaced
latitude/longitude grid. The Lagrangian interpolation
modification, together with a grid system which has a lati-
tude circle as the j coordinate, permits dividing the model
ORj
0P pouiT Pagy
OR QUas s 1S
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into {(a) a precompute program and (b) a wave prediction pro-

gram. The precompute program accepts initial specaifications

of frequency bands, direction bands, tine
output and grid geometry. Once these

precompuie results are saved from one run

are

intervals, desiroed

estenlished, the

The vave prediction program is completely Llex:bhlie an

that the various parts are modular and switvchil

the following sections are thus

anenabl:

elimination. They are darected by input

®© Calculation of propagation

® Calculation of all growth terms

®  Wind/wave interaction term

¢ Vave brealking term
® Wave/vave interaciion
°© Low wina bypass

® High wind bypass

® Saturation limiting
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In Septembex of 1975, WDBO is schedulcd to denloy a

simplified spectral wave measurement syste» olf Cane lay,

New Jersey.  Buoy BEB-41 wall be eqguapped vach a 12-channg?

Wave Spectrum Analyzexr (WSAH)

and

will tr

ansmt (synoptically

-
N

the average power passed by 12 active bandpass Zilicers.

Input Lo the filters is an analog voltage

to the vertical acceleration of the buoy.

UALIEY 33
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Corrmunication Station in Miami, Florida will enter computed
spectral densities into GT'S carcuits if the deployment is
successful.

Systems for real-tiime measuremant of ocean spectral

fll

waves are scheduled for deployrment at an increasing pace.
The models to make global forecasts of occan spectral tave

conditions now exiskt. FRC will

)]

oon irmplament a gloonal
forecast capability; howvaver, a1t is a mil-tary activizy and
is forbidden by law f{rom providing sexvices to cormmorc.al
users. A strong recurrerant thecefcr enizuts for onez orx wora
national civil cenkers vo devzloz a ¢lobll speciral wave

analysis/iorecast service to mect tle ¢ro.Ing needs oI an

international user commarnicty. It 1s reco v znded thal the
IGCSS Comndttee take the lead in exporasizing this reguire-
ment.
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15 August 1975

My, Roger Born

OCEAN DATA SYSTEMS, INC.
2400 Garden Road
Montexey, CA 93940

Dear Roger:

REYF: Ratronal Weather Service Specificataions fox
Shipboard Environmental Data Acguisition System
(SBAS-1), Dated 5 May 1975.

Since we covercd the bulk of our concerns over the
telephone, I w11l samply first go thOLgh the document pagoe by
page, if you wish to refer to it, with general comacznis  and
then some kind of wrap up at the conclusion. I apologrze thath
perhaps sowe of my remarks maight turn ouat vo be incorréct
becausc of further gqualificatvions late in the docunant. Ii

ter
so, T am sure you will spoet the inconsastency, 1f I 4o not.

Page 1, Section 1.2 -~ As 111l be developz

P d later, 2t
yould seem hlghl} aporoprlate to male the ainitv2al
installation on a “"captive" ship that will not be going to
foreign poxrts or be generally daffiicult to reach for any
repairs or adjustuments.

Page 2, Section 1.3 - In reading this, as well as later
specificacions, I do not believe that Lhe 12ne 1s sufficiently
clearly drawn as to wvhait is to Ppbe Minitially a flexable

it

experimental medel®" and the "next phase for dOV\lOQW”HL of
mere sophisticated sensor systems". I think this is a grey
area. I have no difficulty with the specific enample givoen,
such as the X8B7Ts, but I fecl thais would also relate to the
particular types of sensors employed and, therefore, thas
becomes a very grey arca.

The bottom paragraph on page 2 points out a vulnerable
faccet of the entire operation. Some of the sensors, such as
watexr ftorperature and conductavity will, alwost coertainly, be

located~--Lfor instance, in the case ol a tanlkecr---belowu the
vater line in  some compartmcnt below the deck probably in the
engine room spaces. In the case of tantors, 1t should be

poanted out that they are consideied to be rather special
ships and to samply pul a hole in a bulkhcad (poerhaps even any
bulkhead), requires very special permission {rom the proper
branch of the U.S. Coast Guaxrd. This, at  the wvery minimnug,
will Dbe involved and time consumang. The previous note, of

ORIGINAY, p
AG
OF POOR qf AL? ng



—
.

course, assumes a harxd-wired conneclion between the data
processing unit and t{he sensor. There axrce, of coursc,
alternatives to hard-wiring, onc of Lhe most casaily adapted,
though by no mecans without i1ts problems, 1s to insiall a
small, local FM converter to convert the sagnal output of the
sensor to an FM carrxier vhaich is then coupled properly to the
ship's internal elecctric lighting circuils. Since it 1s iLhe
practice in the marine field not to ground crither conductor,
this makes a particularly easy task of getting usecful brute
force transfer of the Fif radio carrier to other points on the
ship. Due again to congiderations of shaip salcly,
unquestionably the pover would probably not be permitted Lo
exceed 5 Watts which I think a1s quite adequate. In  facc, 1
Watt might serve. However, some shaps, 1 am cextain, .oq

regquire that the package that wvould be utilized to accorzl:

o

i Rl
e O

this purpose as well as the sensor package aitself, 2 v 1s
electrically powered from the shap's system, be qualii:cl as
an accepted piece of hardware, again by the appropriate Coesc
Guard group. To continue, a suitable ™1 recoiver would TaLhn
be required to be coupled to the powver circuit at the location
of the data processing unit., This basic system 1s by no oans
new, it has been used for at least 40 years by electric zZover
companies for cormmunications over power transmission cixcuius
and for even turning on and off load systems in the dorzstic
and industrial markets such as activataing electric vate
heaters to absorb syster powver rathexr than accept a 1loss o
generating effeciency under light load condrtions. Howz tr,
there are obvious flaws to this systenm, meanaing that to b
conversion and demodulataon all add to the vpotential s stem
e

=

o
|

drifts and to maintain a specified accuracy requires cares
engineering, even though one wuses automatic calabreata
references. Though tankers are perhaps the wvorst ships, rost
government vessels will, nevertheless, require consideration
of this type.

Page 3, Section 1.3 ~ (Top paragraph) - Since Figure
1-1 is a ‘"prelaminary Dblock diagram", one should perhars be
prepared for changes being introduced that may or may noi be
easy to accommodate.

(Second paragraph) - The display of the environmontal
paramcters may well be questioned as to what useiul funct:on
this really performs; for example, as far as conductivity is
concerned, in routinc use what shap's officer or person who 1s
likely to be on the shaip will be in a positaon to do anything
about this paramecter. I think the whole Dbusiness of
displaying the measured parameters nceds Lo be examined as to
what benefits, 4if any, may be expected to accrue ain  an
esscntially automatic system. Some parameters I cerxtainly can
sce, such as wind velocaty, directaon, ele. may well be of
use, but in any case thesce do need to be examined.

ORIGINAL PAGE IS
OF POOR QUALITY
\

750815



-

{Third paragraph) = Reference is made here to the
installation of thc engaincexing system on a NOAA ship. Thas
is both good and bad. In the farst plhce, it wall have a
highly crartical group obsexving and troubles may well be
reported which are very minox as far as the overall function
is concerned, but can result in request to  the manufacturen

for imwmediate repair. Then, too, all ROAA ships are not
necessarily easily accessible because they do range far and
wide.

Also in this same paragraph it says that its
performance wall be evaluated wvhich mecans there should be
available for the manufacturcr sove ideca of how the evaluation
or rating, etc. is 1o be carraied out. Certainly, there wi1ll
be some ranking attached to various facets of the systen and
cerxtainly the manufacturex should know what this waill be.

It also refers +to the fact that SEAS-I will servae to
experiwvent with varaious sensor locations. I can see that this
will have considerable problems because the guastion waill co.e
up as to vho moves the sensors about. They may he &=z ]
n e

ol

magzEa by
personnel not responsible to the manufacturer and the gucstion
then 1s, who pays for the repair.

Page 4, Section 2, D. -~ The reference o tne taner
requires consicerable engaineeraing and develodment, as faxr as I
can sce, because oi the necessizty +to periforn decodirng data
from thie CGOES transmissaon. Certainly a signifaicanv nunmber of
man hocars, engineexring and fabrication would go into this aten
alone.

Page 5, Section 2, E. - the reguirement of display on

the bridge, regardless of location of the C1U, could be
complicated. A small political question perhaps comes up as
to whether the people having the approval of the location
would accept +the CTU on the Dbridge, which 1is usually a
somewhat congested place. ©One maght find a1t necessary to
provide tuo dasplay unaits.

Page 5, Section 2, F. - This scction has somcwhat of a
booby txap ain at, unless onec jyrovides for an auvtomatic
override of the alerting sagnal if it 1s turncd off and not
reset. This could cause many misscd transmissions of
esscential data.

Page 5, Section 2.1, A. - This scems 1o be a rather
unfortunately worded scctaion in that it says, "Thesce scnsors
shall be designed for mounting on the supcer-structure of the
ship". Cextainly, I do not belicve that one would want to
mount the wind speced oxr dircction cquipment at such a level
and cven ailr temperature may present some problems.

Paqe 5, Scction 2.1, B, - The options here are
particulaxly stichy since almost certainly, as we discussed,
the output of the government furnished unaits will have (o be
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modified to minimize electromagnetic iJnterference probloms.
This whole paragraph scoms to me that the supplaicr or offeirox
is going to have to do a great deal of engincering on a whole
varicety of thangs that may not be elceccted.

Page 7, Section 2.1, D.5. =~ The provision here forx
call-up of display by swilches as mentioned, scoms  to  me
potentially troublesome because the cnginceraing vill have to
take into consideration that the operator will have +to
remember or re-set all  switches when performing data entrics
or other operations so the amount of overrxide and vhal happoens
vwhen svitches are turned needs to be specially consadered.
Also I belicve therce is nothang clear, al least as I have scon
it, that says how much data must be displayed swuwmliancously
rather than, perhaps, sequentially. This would scem to have a
very large bearing on both the cost and design of the display
system.

Page 7, Section 2.2 - I agree with vyou very much that
the constvraints specified by the standard 19" flooxr standaing
rack, ectc. are rather crude and would, on the face of it,
preclude a small box, desk top mounting, or bulkhead mounting.
This seems to dirctate that it must be a f£loor standing rack.

M

Page 8, Section 2.2, C. -~ One certainly necds soms
input data here that can be considered reasonably related
the parameters 1n terms of magnitude, time, ox freguuncy, et

e
O

rage &, Section 2.2, D, =~ This is a very real hazaxd
which we have enccantered because hinged access doors full
length on a 60" rack and a heavy seavay can be very dangerous
and, should they be used, adequate firm latching arrangemwents
muast be provided.

. Page 8, Section- 2.2, E. - This smacks very much to me
of heavy duty milatary type cquipment and I don't believe 1s
the kind of thing either of us were considering.

Page 8, Section 2.2, G. - This is particularly
troublesowe becausce no number or specification is attached to
what 1is considexed "quiet". There are no acousiac specs and
this certainly neceds to have xreal numbers. Personally I trust
that a blower would not be necessary.

Page 8, Section 2.2, H. - Both C. and 1., I {feecl arxc
particularly unsatisfactory because the basic design assumces
that air is going to be blown through all of the electronic
cquipment. Sance 99% relative humidiiy 1is envisioned with
xelatively hagh temperatures and, though they do not say so,
salt air 1s going to be blown through the cquipment, I feel
this is archaic in terms of design and certainly requires very
expensive  encapsulataon, cilc. and special treatmenl, of
course, of plugs, terminals, etc. to avoid corrosion,

Page 8, Secction 2.2, I. - Conncclors for external usc
b - . .o .
oxr fox interconnccting units on cablceg are simply invitations
PAGE T
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for trouble. This again reflects rather primitive design
idecas.

4
[

Page 8, Scction 2.3 -~ I think this is e¢ssentially a
kind of boiler platec that can be made rather constiraining or
not, depending upon the vham, perhaps, of the government.

Page 8, Section 2.3.1 - This secltions appears to me to
be most indicative of the failure of the RFP wrailer to really
understand wvnat is going on. I underxrstand that they wish to
protect therselvas against poor workmanship, ectec. but I thinik
the guarcntee against failure essentarally for a period of one
year after acczptance is  simply unrcalistic and reflects
substantial unfamiliarity wath the gencral problems ainvolved.

{Scenttached reference). This a1s esscentially saying that
therc shzll be a zero failure rate for one year. With an
engineecring rodel that must be buxrlt within a 6-month period
from corponznts or subassemblies for vhich even the

manufacticer probably has only the vaguest 1dea of thear
reliability in terms of failuxe rate as a function of tine,
this poses an almost aimpossible wask. This 1is doubly true
because mary of the subassemblies or components which we
discussed are +too new o possibly acguire suitable failare
rate or IIT3F (NMean Time Betveen Failure} withan the alloted
time pexriod. Certainly all of this takes great liberlty wath
the laws o© probabrlaity. I would feel that one couléa not
honestly o conscaentaiously delaiver & paicce of eguiniInt
gnaranteed f£or a =zexo failure race for a year uncer tane short
time frame ox, fer +that macter, dollars available, Here
again, a significant rea01ng of the gha:an“"e should be dene
and perhaps, if they wish to enforce the (-month persod, at
would he wvell to sirmply accept failure if it occurs, but then
an indepcndent analysis of the failure by the proper engineer
should not conclude that the failure was caused by fauwlly
engincering on the part of the supplier. This, of coursc, 1is
a difficult zrea for specifics, but I thank it needs to be
developed. As I mentioned earxlier, if thais kind 1f eguipment
is dnstalled on a NOAA ship, there will be all kands of
demands that scmething as not functioning properxly and, having
been  through  this, often these are under the category of
"cockpit proonlens” and ithe manufacturer will Find that a great
deal of engineer's travel time is involved samply poainting out
o pecople that they werxe, themselves, making the maistakes.
The relationship on Page 9 of this same scctaion in whach 3t as
stated that the repalr must be completed wathain 30 days aficer
notificataion by the government of Lhe defect could be a real
hassle. Perhaps the shaip is not in port or, 2f 1t docs get
into port shortly thercafter, and should 1L be necessary to
return the failed part or parils to the manufacturing plant,
this can cat up a great deal of taime. This 30-day business, 1
think, nceds to be straightened out.

I-h B oih

Page 10, Section 2.5 - We covered some of this over
the telephone, but some of 1t we can go ovexr agawn. Perhaps
the seca water temperature accuracy (RMSE)  of 0.1°C caus
considerable question. If I xemember correctly, scveral ycears
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ago I found out (perhaps with Paul Wolf('s assistance) that
the atmospheric models which were utilizang Lhe sca surface
temperature sinmply werxe nol sensitave to  the 0.1°C and would
be perfectly happy with even an accuracy as large as 1°C. I
think it was none other thal Dr. J. P. Tulley of Vancouver who
said quite a long while ago when this problem was  being
discussed that, "The sea docsn't know ats own Ltemperaturce this
accurately"”. What he was referring to, of course, is that
there are large gradients on  the surface and that any
rcalistac values represent in general an  arca integration or
average and cerxlainly, as far as +the projected satellite
"footprints", these will ame:rnt to  diameters of  several

nautical mwiles. Certaanly, to ask for onec {eonth of a degrec
accuracy when one degree will actually suifice, certainly an
an enginecerang test unit of thas type, is unreasonable. It
drives up the cost very significantly. This, of course,

becomes guite obvious when one consaiders that this spec, over
the operaling range, means the resolution and accuracy rust be
one part in 450. Then, too, this necglects the philosoph.cal
guestion of how one can have a system of this +type wath an
RMSE accuracy the same as the sensataivaity.

As far as wind speed is concerned, thas again poses an

interesting problem because both the accuracy and the
sensitivity arec identical and twice the magnitude of the
reporting resolution. The 120 knot magnitude tends to pretry

well elaminate some sensors and one of the best sensors vhich
I am avarce of is the J~Tech vortex sheddaing unat vvhich, as ve
discusscd, if mounted on a mast or a base that is subjecr to
yuch vibtation may gencrate rather peculiar outputs. Since no
specification is gaven in all of thas for the amplivude and
frequencies of antacipated vibrations, such as the top of a
ship's mast, for sencors that might be mounted there, I think
there are some real questions at this point. Certainly the
specifications axe inconsistent as far as wind spced is
concerned with the definitions containad on the page. I must
confess that at the moment I do not know 1f the JTech Vortex
Sheddang Unat  undergoes significant degradation in a rain
stoxm.

Page 13, Scction 2.7 - Certainly this paragraph implics
that all oif the senscrs will be conneccted with a hard wire
system and this may ‘or may not be practical as developed in
caxlicr paragraphs.

Page 14, Scciion 2.8 - A point occurs to me here vith
respect 1o polential outages as long as 30 sceconds. Since the
clock is contiolled basically by the signal from thce GOLS
satellite, what are the relationships here to getting tLhe
system up and running again.

Page 14, Scctron 2.9 - Cortainly it seoms Lhe
documentatron 15 very extensive and a considerable number of
man hours would bhe required to prepare Lhe non-softwarc
poxtion of the manuals and I would certainly think that your

department in the software arca is also very demanding.
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Page 15, Scecltion 2.11 - The spare paxts request here I
think must be looked at also in  laght of Scctaon of 2.3.1
rclating to the guarantec because, if{ the whole thing is
presumed to be on the basis of & zero failure rate for a ycear
pceriod, why any sparce parts? Furthermore, it iwmplies hore
that the government vill pay for Lhe spare parts. This 1s 1in
contradiction to the contractor having to pay for xrcpairs of a
failed part.

Page 15, Scction 2.12 - A question hexe, of course, 1s:
if this trainaing period to begin after the 6-month peraod vhen
the eguipment is delaivered ox must this be absorbed within the
6-month period? £ at is withain the 6-wmonth period the
contractor certainly could not count on having access frecely
to the eguipment.

Page 17, Section 4. - In the top paragraph, nc:t to the
last line is "support of the SEAS-1 installataion”. Thouch it
implies that the government employecs vi2ll carxy out the
actual installation, I think the wvord "supwport" is capable of
rather broad interpretation and thas could aimply a very
significant awount of man powexr and efforit on the part of the
contractor under some conditions. Therefore, I thank this
needs to be clarified.

The next paragraph on this page, by the wvay, is an
addition to your total dollars tc play with because here it 1s
askiny that the man hours and the engincering for the
installation come within the basic contract! This whole area
of installation and rield support i1s a delicate once because I
am certainly familiar, and I am sure you are, with eguipment
that has been damaged or rendered inoperable because of action
on the part of +the dinstaliing personnel. Some kind of
insurance here somehow needs to be worked ainto thas.

Pages 17 and 18 - I don't detect quickly any
specification that dictates how the eguipment is to be
shipped. I am partial to air freight in things of this sort,
or at lcast an aixr shipment, but I am not sure that thuis is
acceptable to the government. : :

+

So much for the comments, let me know if I can assast
further.

With best regards,

.

o
oo ORzs,
Jimes M. Snodgrass Op aﬁiﬂ
Senior Technical Dircctor j@b ¥:)
2 o %
JMS o
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Relraluleey Proda tione A was ponled o Lan Py 331, onc of the ey sfeps
i the ntlomurenbof w1 dnable svstwmis the 2 ancbion of ts oty Such piali-
bLions e roguneed lor us wcdy af pug, ooy, e povalustnmn of UL odiee dosgas, to
determtne v ot i FHO ot AR ENININITACRT NETIURT] LR R nteof ol sl m, or
Lo dotersnne wleh portwons o' e aosbo b des e Hle Mwoalc Tenn o U <tand-
pomt of 1oty Ve tee ohyoatine . v ommpumon, pood 1 sulls wre rcadily
ohl unnble v long as e ndvses s doac e e ~ome sty mvewh o s amd the be
dute pre comptabh Vhero the abaotive o o0 fannde of the Jdnotute vl of ('
1chinbility, 11 }:!nf:h 11 s hen ddfroutt g e vk s cadbod b on e projrubotant
of the muatbn matcad mende] v g e chions o0 s bttty J un

Themo tyemrally weart proade e toehn o tor pradacung the rdlaihity of e
troate cqguenme nl Cdls T 1) 0 b Howing

1. Lisl Ui guantaisc ol o b diftereat e o~ b

S Mulph cacliguantity byons fadure roo ad sum the toled, to ebimm ticoyer !
furlure 1 ele

3 Caliulae the nesubiog pohalabuy of U cquipment fio o the caponentid b,
ustiegr thie ove I Fasbure 1ote

The praticn o evpiossions waad ore .
Roaystom = [, Xl ¥ e ™ X R,
or I Sy wleinn -= IR P Rt N P ST Y 3 ogTht
Anyalene = A 4 A 4 W * . - e

She tecmigue dopends o the folley gz 2~ nptions

boAllpatslanvcronsomt §onore retes, ie 154 wremtl estege-2 3 onod and cop-g-
gquently the caponontnd e apedns

20 The fadure aate dota ve voababie and e o Lo the enmvien ool found i thae
caupnend

3 For swceessful opereton oF O eguapsac?, ovory part muost Qe ale

4, Fathire ot one et soan ' posedont of 10 i o0 tie ot

Thovalihity of thost asstann s s masUbe o romdhy coneedorad v hee s Lo, e
s vsed o oordir e avand sebet crtnd Gross Lo ovenspie, i tenz of conpin
equipin’, sucl s cloclonte coogntters, do et of g ties wse 0 G ceement o th
sy~loan s st he tihon it wronnt v cdval stz e syaloee reflal any 1y
the cnfculatod roaalt e owwludy pe<simstae A et vaodes of anoeat ang st nd's
equiptuu nt, aned ol vedund v Celemonts fueth s = commplicate Lhe mettor Ineane .-
tion with Pt 1, ey o0 un-\l‘,: tmpotent poats of nosyalen v Ao, shaae
the snmce phyvsicadd covanmim ot (o g, the sea powo ked air-tonde s o souee )
and 1 vnions vy s b Tathiee Chatae teniss s whinch are ool weresoted, nedo o ndd-
ent  Tho sadter of obtamyr,, rediable wid ertinont dat v wa coteno wal porl aal

.

fniturc rtales i~ e of the Codd problos octndsdity predac b Disprte U~
hnards, rddidninty podictions nae bovn dovelaped 1o the jront of quite pood
wenmury .

33-3. The Consbitue nis of Jlehabaliey

Phug gectum s conce fied with the “mntopals on mgeredn nls withowluck Lhie svstom
devgrner bas e worle o ad oy hag rchinbad (v obpocives T s o de with 1l
nuture of 1l physual putawhich wee avodalde nsowe b amwith the fLoctors whinch con-
plitute the covmenmont gabon o ta Beoaede ¢ s ) owhach the phy ccsloampnent
will e produccd and used o some o, 1he e domenty are wasber the sustom
dun;;tu r'u tunfrol, it bl oo ws he e et Jeom or coaphin v et oy, but

ORIGINAL PAGE I8

OB POOR

QUALITY .


http:111.1.l0
http:t1,1l.11
http:it1it.Xi

D
oo
s
-
T
e}
T
L
e
P
]
{11
L
D
¢¢::
<2

5
il ceran cieedecese
‘to. Paul kM. Wollf

From. Rogex Dorn ORIGINAI} PAGE IS

Deto. August 15, 1975 OF POOR QUALITY

Sulyset SLAS -1 RYP
When I fairsi gaw the TP fo0x the Shipieoard Davioioonmontia

wegui sy vion Systen Engineer: Hode LSELE-D N3 S Lte Ltvys Ll .

Acguisitlon Systern Engircering liodol (SEZAS-1Y, I was guiie Lora]

An acquisition syvsten foxr ships-of-opportusity 1s corianis ¢ lori-

i | by - - - - a o 3 we - -} - e S T - PV an } P LY
necded prodact. Reliable and rogular vootlher data IZxom tho ool
2 o
-y g - - - P 1 LY Tt - - - EE SRt e T ot -y - - - "
has long bezan & maicce hole in VN data collocizoer.  Wlilh wn v oo
" H = T e 1 I - .t A I - - o ~
GLRY Grot:a’. Dxzzci-znt (PCED) coxisg ur, the nocd as fuzincs o
SCOorai.
Iith che corroe.t svave-of-iho -aso oy toacorals ] JIirco L.
ticulary Larcc-seele ivtcoravaonr (LSTY, an o Lot rsd mhamecli-o -
o o e e ~ e e e m £ - A 1 P - . ~ -7 - - - - -
tunt Ly veonror ztavion of reasonchhle sLize, STy ool o, L
pover cons ptoca and naininam oposrator ailommren 2o oncy Loafol o
Probloms whoclh Lave plegucd snighoard r-stillatrons Tor ool oulr
k = L 2

novt scl-ahla, ot 235 cleari’ demonsirated L, thae cpooiil ooy - uwls

"

systems de 2lovsd for the GARP httrnitse Trevpical Eaooronen-:s {07
sutomztie reposting has been doaonscratcd b the WML dola nwo o c
2. ~

This exraerzoencs, conbired with LY tecd! solory -~ esrozrall:

MLCLO-Praecessoy technology . opent the door Lo a vidlo and - o

inexpensive shon-ol-oprostunily envaronpr-ental Gata ograrant o < ;

My centhaciasn éred rather rapidly, he ooy, as T gob aplo o7
Stalement of Veork and discoverced that deldyvcry vas c:mocted 7ach:
six moaihs This wmpliecs an of{-the-shel! moduct. Even {(hon oi's
tight, allowing very little lead ftame for co.gp.ouncnt or subsvoiom
procurcmneni.  The dismay comzs not from Lhe wmplicatron Lo procuse an
off-the-shelfl SCAS-1 system; rather, yn my conviction that Lhere 1¢en'i
any off-the-shelf product that will mect the requarawmenls. The data
acguisition systems built for the NOAA Dota Buoy Offixce Limited Capa-

bility Buoys are the closest I know to satisfying the reguarcements.



They are designed, however, to cperate in an clectrical environment
that is relatively guiect. When scnsors are remoled in a ship-of -
opporxtunity environment which has a high level of electrical and

radio frequency intexrference (RFI) they will not work.

Time can be roughly related to dollars. Based on my experience,
six months would roughly translate to $50,000 or $75,000. This
amount vould be adequate {to buy an off-the~shelf sysicm and sorme

support services.

It would not be adegquate to buy the programming nccessaxy to
implement autoratic transmission of calibrated and error-frce catsa.
It certainly would not be adeguate to develop a system usirg stato-
of-the-art technology. Consgidering the number of uniis that vill be
eventually deployed, a deveclopment using latest technology is the

proper vay to go.

Further reading of the Statement of Work makes one gquastion
whether or not adeguate attention has been given to unigue shambeoard
problens. No mention has been made of the extremely high RFI existent
on ships. This problem is bartmcularly troublesome vath remotely -
located sensors producing lov-level signals which rnust be transtitied
significant distancez to the collecting eguipment. In manual
this problen vas adeqguately attacked with cable shielding, sirce the
analog readout instrument generally had a long time constant. Yoise
transients which came through would be detected by the trained hunan
reading the instrument and either mentally discarded ox visually
integrated. Past techniques of instrument shieldang are not adegucate
in automatic digital systems. It takes very sophaisticated prograrming
to d¢o what the human doecs in an analog system. This problem . as
solved in GATE by placing analog-to-digital conversion equipment
within a few feet of the sensor, recturning a pulse coded and {reguency
modulated signal to the collecting equipment. RI'I was completely
eliminated except from the sea-surface temperature sensor, vwhich haa

30 feet of wire between the sensor and the A/D converter.

A second technical area disturbing to me is that related Lo
the sca-surface temperature and conductiviily measurements. Specaially
*designed rescarch ships obtain these measurements by bringing water
in through a special bow opening to a sea chest where the sensors are
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placed. During GATE an attempt was made to measure sca-surface

* temperature from an overboard sensor away from the influence of
the ship. Even in a stationary on-station ship this became a very
difficult problem to solve. In truth, it wvas never satisfactorily
solved. Obtaining sea-surface temperature and conductiviiy meas-—
urements from a moving ship-of-opportunity is neither straightforvard
nor a simple problem to solve. Delivery of hardvare embodying a

satisfactory solution in six months secems somevhat ludicrous.

Lastly, I ain not sure the Statcment of Vork adegualely antic-
ipates the computer programming required. Before true winds can beo

calculated, individual samples must be averaged vhich implies a con-

1-1 -
.14 5

version fromn wind speed direction to wind veciors. DPrior to
conversicn, the raw digital data must be converted to scientafic
units and scaled. Lditaing should be perforired on data elements to
remove bad data prior to averaging. A continuous check on insik:umznt
calibration should be made, reguiring additional calculation. Thas
kind of processing must be dome for each anstrument. In addaizion,

the re-conversion of paramcters from a form convenarent for compaialion

into a formait foxr transmission nust be made. Transnission conirel,

¥

display and manual input programs are reguired as i1s the davalojs-end
of a real-cime executive progran. Programming, debugglng and nrogram
checkout is much more than a six-month job. 70 do the same jcb for

the GATE systems, albeit for a larger suite of instruments, reguarced

four times that amount of time and approsximately $200K.

I belicve an ideal solution for SCAS-1 would be a Gistribuaved
processing approach using small four-bit micro-computers at the
sensor interfaces, in the manual keyboard anput and display, ang at
the Data Collection Platform Radio Set (DCPRS). Portions of tho
processing would be done at cach of these points. Interconncct cabilang
would reduce to twisted pairs {or signal transmission. The noise
problem would be solved; packaging could be swall, convenient and

amenable to conductive cooling.

A design study addressing the application of state-of-the—-art
technology would scem to be a more appropriate allocation of limited
funds at this time. One can Jearn from GATL i1nstrumentation eyperience
(which Jlcarned f{rom BCMEX) as well as dala buoy cxpericnce. Row toch-

nology can be incorporated prior Lo cguipment procurement. This would
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certainly be a Jess costly approach in the long run.

If a test bed for scensor developmenl is desired, NOAA conld
use onc of the GATE systems. It is much beiter suited Lo thas
purposc as it has recording capabiliti¢s in additicn to a wealth
of test instrumentation. By interfacing the DCPRS Lo the systom,
real-time collection of dala and transmission to the satellite on
a three-hourly basis can be tested. 1A harduarce inlerface and a
small amount of programming would be rceguired. The basic sof tvare

can run in real-time, though this mode sav only limited use in GAYI.

In Yight of the ebove considerations, I recommend ONST ne-hid

the RFP for SLAS-1.
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