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FOREWORD :

Counirac: Number DOT-CG-82504-A between the U.S. Coast Guard and The
Travelers Rezearch Center, Inc, {TRC) consists of fivc parallel activities. The five

final reperts stemmirg from these activities are culltied:

1} Applicabiiity of National Data Buoy Systems to Refined National! Re-
quirexwents for Marine Meteorological and Oceanographic Data
2) Characteristics of National Data Buoy Systems: Their Impact on Data i

Us: and Measureraent of Natural Phenomena

3} Cos: Effectiveness Sensitivity of National Data Buoy Systems: An
Esasay

4) Computey Programs for National Data Buoy Systems Simulation aad
Cost Modsls

5) An Analysis of Cruise Strategies and Costs for Deployment of National
Data Buocy Systems

Each of these five reports is complete in itself, but it must be recognized that
in all instances the other four activities both influenced and contributed to the results
presented in each individual report.

The pressent USTG/TRC contract is an outgrowth of a study of the feasibility of
Natiouai Data Buoy Syatems performed by TRC and Alpine Geophysical Associates for
the USCG during 1%87. Need was evident for investigation, research, and analysis
in greater depth in several areas to support the concept formulation and deployment
planning efforts of the newly-formed U.S., Coast Guard National Data Buoy System
Designated Project Office (NDBS DPO). This report and the other four cited above
satisfy some of those needs,

All five TRC reports have benefited from the close cooperation and guidance
afforded by the UsCG NIIBS DPO. Contributions have been made by Capt. J. Hodgman
(Project Manager), Cmdrs. V, Rinehart, J. Wesler, E. Parker, and P. Morrill, and
14 Cmdr. W. Merlin (Contrazct Monitor). Acknowledgment is s21so given to the follow-
ing individusis for significant contributions to this repor - Dr. Ferris Webster, Woods
Hole Ocesnographic institution.

i




SUMMARY

The witimate goals of this study are twofold: (1) to provide sufficient informa-
uon to National Data Bucv Systems (NDBS) designers to assist in making deciaions
pertinent to the design of the operational system; and (2) to provide a "users' manual"
to inform data users of the properties of data that might be provided by the NDBS. At
this time, these goals cannot be completely attained because of iack >f basic informa-
tion and understanding related to three problem elements; viz., svstem character-
istics, natural variability, data use techniques. It is recognized, however, that suc-
cessively better approximate solutions to sauisfy these goals c¢sn be made available to
the NDBS DPO in an evolutionary, iterative fashion. A structured approach and an
initial effort to attain the goals is presented in this report. It is not suggested that
the concepts applied, the method of application, or the method of presentation de-
veloped in this report are desdnitive. But the framework developed herein for com-
paring NDBS characteristics, natural vartability, and data use techniques is believed
to be adequate for its purpose within our present state of knowledge of the marine
environment.

The fundamental cbjective of the NDBS {8 to collect systematic measurements
of the marine environment and to retrieve from these measurements information that
will be useful for a variety of national purposes. As a "window through which the
patural marine environment can be chserved, the National Data Buoy System must be
designed with care. It is not feasibis to attempt to observe all the natural processe-
occurring in the marine environmenat through the NDBS window. Rather, economic
factors dictate that a carefully selected set of phenomena be chosen for ok serva.ion.

It is important that the NDBS be designed to match the national .arine data require-
ments to the natural environment. It is important, too, that users of this system be
clearly aware of its limitations.

The proposed NDBS will route the data collected from the ocean and atmosphere
to many different users. For example, from the buoy system, the data will go to
government ageacies, {ndustrial organizations, scientific institutions and to the gen-
eral public. In some cases the dissemination of data will be direct; in others an
important intermediate role will be played by data processing centers. At these
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centers, state-of-the-art data use techniques will be employed to convert the informa-
tion into a form for maxin 'm utili*y to the ultimate users.

An important function of the data processer: will be their feedback to the design
and operation of the NDBS. Feedback irom the ult:mate users to the data processing
centers will likely lead to a sharper definition of the data buoy system requirements.

The NDBS will collect measurements over a three-dimensional spatial array of
points in the ocean at reguiar intervals in time. At each array point, a titne series
of discrete values of a set of oceanic paramsters will be obtained. These parameters
might be, for exampie, temperature, salinity, water velocity, surface wind velocity,
etc. The time series for each parameter will represent the combined influence of a
broad spectrum cof physical processes typically, such processes might be tides,
waves, hurricanes, diurnal heating, etc. The purpose of the NDBS must be to provide
information about selected processes that is required by a set of users.

As has been mentioned, economic considerations dictate that the NDBS can only
return information on a selected class of processes in the marine environment. To
attempt to monitor all oceanic processes in the wide sense cannot be economically
justified. It is therefore necessary to develcp criteria by which the information-
collect!ng ability of the NDBS 1 be evaluated. These criteria must be clearlv under-
stood by both the system designers and by the data users.

The concept used in this report to describe the NDBS system resolution is that
of the spectrum. Any time series can be decomposed into a set of spectral compon-
ents, each contributing to the variability of the paramet:~ being measured. This de-
composition can be a powerful tool for resolving physical processes which are super-
posed in the data record. The design of a buoy data-collecting system can be conven-
iently formulated in terms of matching the spectral content of the natural environment
as saen through the spectral "window" of the buoy system to the speciral content re-
quired by the set of data users.

The quantities used to classify oceanic and atmospheric processes in the spectral
sense are frequency (for time variability) and wave number (for space variability).
By specifying both frequency and wave number, it is possible to uniciely categorize
all marine processes. This oategorization is referred to here as an {-k representa-
tion, following the usual abbreviations for frequency (;; and wave number (k). Graphs

B R o

e AR Rty ot MO S 7

o st e b




with frequency as one ordinate and wave number as the other are used heavily in
this study. You will find in this report, therefore, sets of f-k graphs representing
classes of natural phenomena in the ocean and atmosphere, and the window character-

istics of various buoy system designs.

The f-k graphs of Section 3.0 show the natural processes affecting the variability

of specific parameters. A presentation in graphical and tabular form of known major
oceanic and atmospheric phenomena which could be sensed by the NDBS has been
undertaken. For each of a certain class of parameters to be measured by the NDBS,

a f-k graph has been prepared showing the natural phenomena affecting that parameter.
Also shown on each f-k graph are the windows implied by hypothetical sets of buoy
system characteristics.

Some of fhe system characteristics under control of the NDBS designer have
been siudied with regard to the data requirements of the user and the natural vari-
ability of the environme~t. This study has considered alternatives for NDBS design;
these have been illustrated by example applications.

Unfortunately, knowledge and theory of processes in the marine environment
a~ ~ not yet sufficient to permit definitive design criteria to be established. The em-
bryonic NDBS w..u ve a vital instrument in the collection of knowledge that will aid
ita own evolutionary growth. Until further critical knowledge is obtained, there must
be a degree of arbitrariness in the choice of some system design factors.

Guidelines have been provided in this report for the feedback of data use tech-
niques to the data requirements. Somewhat greater detail is provided an illustrative
example where a particular data user - the Public Weather Service - is discussed.
There 18 a potentially large number of data users each of whose needs and modes of
operation should be inveatigated in detail, 1f maximum benefits are to be derived
from the NDBS and the output of th: data use techniques are to have the most favor-
able possible performance cost characteristics. This problem is broader than (but
not independent of) NDBS design.

The following ar. recommendations for further study and experimentation:

(1) It is recommended that the NDBS DPO sponsor a continuing study of
the {nterface between the needs of data users and the deaign and operation of the

vi
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MOBS. This study should establish priorities for parameters to be measured
and the design requirements of the system.

(2) The NDBS DPO should support the early deployment of single buoys
and small networks to obtain more information about natural variability. Re
quirements and priorities should be defined by a scientific organization that will
also be responsible for analysis of the data, thus assuring continuity throughout
the entire ascope of the investigation.

(3) Similar experimental programs should be conducted in both natural
and laboratory test environments to determine the performance and effectiveness
of various hardware combinations being considered for use in the NDBS,

(4) The present study should be extended to examine the effects of instru-
mert sensitivity on system design. This study should also consider the data
quality requirements of NUCBS users.

(5) The present study should be extended to examine the system design
reguirements in the vertical dimension. Such a study can oniy be effective in
conjunction with additional studies of natural variability.

(6} A survey of available information in terms of specific regional and
seasonal segments of the marine environment should be compiled into an easily

used form, such as a handbook.
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1.0 INTRODUCTION

1.1 Background of the Problem

The specific area of interest in this study is the attainment of a suitable bal-
ance among cert.in characterisi..s of National Data Buov Systems (NDBS), the time
ana space variability of the geophysical parameters to be monitored by this observing
system, and the technigues likely t{o be applied in the derivation of environmental
information products from the data provided by the NDBS. A genera! description of
the NDBS as one component in the larger setting of an environmental prediction
system identified this problem area prior to the undertaking of the work reported
here. [1)

This study of marine data vse analvsis is being performed by The Travelers
Research Center, Inc. (TRC) ir the context of a contractual effort intesded to provide
on a broad basis, information and assistance to the U. 8, Coast Guard Nationz! Data
Buoy Systcms Designated Project Office (NL.»S DPO) which has been assigned the lead
agency responsitk "ty for planning and msaagement of the development phases of
Nationsal Data Buoy Systems. The concept of National Data Buoy Systems imposes on
the Designated Project Office 4 more complex task than normally has been faced by the
scientific coordinator of a conventional observational expedition, in which the data
users are more sharply defined. The national system context necessarily shaped the
study objectives selected from the broad range of possible goals implied in the problem
area identified above. The initial objectives chosen by TRC in coordination with the
NDBS DPO may be ideally defined:

(1) To provide sufficient information to the system designer to allow him,
within practical constraints, to rationally decide, at each of many branch points
in the development, what course will result in a system best structured to
measure the portions of the spectrum of natural variability of interest to the

menifold direct users of the data.

(2) To prepare & "Users' Manusal” in which these users are fully informed
of the properties of the potential data to be collected by the NDBS in such a
marner that they can evaluate the impact of the data collection procedures on




the quality and utility of the environmental information p:wducts they expect to
derive from the collected data.

In the reai world, of coi.cse, these objectives cannot be fully achieved
immediately. Lack of deiinitive scientific and operational knowledge with respect
to all threec problem elements (viz., system characteristics, natural variability, data
use techniques) precludes this. Many indications of this knowledge gap in the scientific
literature will be noted in the remainder of this report, However, it is evident from
previous studies that sufficient benefit could be oktained from the NDBS to justify its
development and implementation in the near future. Thus, while it is useful {o identify
idealized ultimate objectives to properly set the direction of the study, it ia necessary
to vecogunize that only successively better approximate fulfillment of these objectives
can be made available to the NDBS DPO in an evolutionary, iterative fashion,

Thus, the context in which this study has been carried out shapes not only the
objectives selected, but also the approach adopted to complete the first iterative step
in achieving the full objectives.

1.2 Approach

The approach adopted for the 1968 TRC study of Data Use Analysis was to first
develop a framework in which tentative National Data Buoy System characteristics aud
measurss of the natural variability could be easily related and compared. Section 2,0
of this repcrt describes the firs. version of sc~h a framewo~k., As noted above, it is
not suggested that the concepts applied, the method of application, or the method of
preser*ation are definitive, but it is be'ieved that the framework is adequate for its
purpose within cur present state of knowledge of the marine environment.

The next step was to make a genera! classification of probable data use techniques
in categories relevant to this framework; this is also outlined in Section 2. 0,

TMicd, a first application of the framework and classification method is pre-
sented in Section 3.0, For this first approximation, hypothetical system character-
{stics were derived from the preliminary design considerations developed during the
1967 TRC feasibility study {2] with cognizance of the parallel TRC 1968 marine data
requirements refinement effort. These were used in conjunction with the known facts
and informed estimates of natural variability derived from the pooled knowledge and




i

experience of metecorclogists and oceanographers within RC and serving as consultants.
To say that the result is definitive, particularly with regard to oceanic variability,

would be to deny the existence of some of the most urgent data collection needs which

the projected NDBS is to satisfy. Finally, the general classification of foreseen data
use techniques was applied in Section 3.9 to indicate matches of possible data use

techniques and hypothetical systiemn characteristics deemed most suitable at this stage i

of investigation. .
I Section 4.0, those NDBS characteristics that are under the control of the
system designer are identifiod and the alternative: available to the designer broadly - p

specified. Examples of hypothetical regional deployments are used to illustrate an L B

application of the framework o two parameters: ocean current and air pressure. A

whbb

Specific scales of interest are identified based on our present (deficient) state of

knowledge of the natural varisbility in these two regions,

" bl

In Section 5 0, the framework is applied from the viewpoint of a typical poten-
tial NDBS data user: the Public Weather Service. In this perspective, the procedure
of application is to first identify the phenomena producing parameter value variations
of particular interest to this user. These are then either translatable into specific
requirements in terms of future NDBS system design charscteristics, or matched

against a prescribed set of characteristics to determine which data use techniques

(data processing and analysis procedures, prediction models) arc likely to produce the
most effective product avsilable from the given system.

Sections 4.0 and 5.0 show that the accomplishments of this study comprise only ] ,
the first steps toward achievement of the idealized objectives defined at the beginning = R
of this introduction. Some areas of further study are identified in Section 6.0.




2.0 PRINCIPLES FOR ANAI V7ING NDBS CHARACT £RiSTICS, NATURAL
PHENOMENA AND DATA USE TECHNIQUES

2.1 NDBS Characteristics

The National Data Buoy System is one cost-effective means with which to
sample a portion of the natural environment. That portion of the environment that
can be best sampled by buoys is the oceans and the lower part of the atmosphere. [2]

Agencies, organizations, and individuals who are potential recipients of data
from the NDBS have sub.aitted requirements for parameters to be measured in terms
of necessary and desirable characteristics of measurements. From the ccinbined
requirements statements submitted t- TRC emerges a general picture of required
tin and space scale characteristics. In simple terms, the NDBS will consist of an
array of sensors, placed in the ocean and the bottom layer of the atmosphere as shown
in Fig. 2-1. This array is on a spatial grid with some specified constant or space
variable grid spacing and total extent. In general, for each transmitted report, meas-
urements are obtained over short time intervals (i. e., the duration of observation)
at a synchronized time at ail horizontal and vertical sensing points (see Fig. 2-2).
These synchronized measurements are normaily interrupted by long periods of inac-
tivity when compared to the aversging period.

Two speciail extreme cases may be considered as extensions of this scheduling
procedure. At one extreme _.e duration of observation may be extended to provide
continuous measurements. At the other extreme, the duration of observation may be
decreased to produce a series of instantaneous measu: ements. Throughout the re-
mainder of this renort most of the discussions and illustrations apply to cases between
these two extremes.

Alternative procedures 1iay also be applied over the short time period of
messurement. In one case, it i8 assumed that measurements made over the duration
of observation will frequently be integrated to obtain a single average, in which case
"duration of observation'' becomes synonymous with "averaging period". Alternatively,
other statistice of the measurements or the complete continuous measurement over the
short time period may be provided in its purest state. We will consider the first pro-
cedure as the normal case throughout the remainder of this report.
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Finally, a full range of spatia! analognes to the time scheduling procedures
outlined above is possible in principle. However, it is generally physically impractical
to collect ingtantaneous measurements over 2 spatial region about a nominal array
location. The usual procedure is to collect measurements only at the array points.

The resulting set of measi.rements is spatially analogous to the instantaneous measure-
ments in time described above as a limiting case. There is however, a class of
measuring technique. 'vhich can average spatially. Indirect measurements of ocean
currents through pressure or electric field observations are integrating techniques,

as are acoustic anemometry or thermometry. The use of concurrent weather radar
observations in con,.nction with an ocean buoy system raises the possibility of

combining extensive continuous cbservations over the sea surface with an array of point
measurements. In this report, the spatial observations will be assumed to be point meas-
urements,

The physical cons:ruction of any sensor imposes a limit on time and space scales
to which it can respond. That is, anv sensor will be unable to respond to the variability
of a physical parameter having a time scale less, or a spatial scale smaller, than
some apecific value. This vilue depends on the construction of the sensor, and is
referred to here as the response time or responzge distance,

A final basic system design factor is sensitivity, the accuracy with which
parameter values are recocded and transmitted. Sensitivity considerations must be
carel"'ly taken into account in good systems design, but a detailed consideration of
instrumental sensitivity {s not critical at this stage of planning for the NDBS and i8 not

discussed extensively in this report.

2.2 Data Flow

In this report we will consider “users’ to denote an intermediate group (i.e.,
each user ma, have its own ultimate recipieats of environmental i~formation products).
The reciplents of these products will be referred to as the "ultimate users', when
necessary. An example of the distinction arises in the case of the Weather Bureauy,
which would be the "user' in our terms. The general public would he the "ultimate
users'' as the recipients of weather forecasts,

The NDBS will gather data from the natursl environment and Fig. 2-3 shows
8 possible representation of data flow. From the buoy system, the cats is routed to
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the data processirg centers where state f-the-art data use techniques will bc employed
(i.e., Fourier methods, etc.). This ig a critical link in the data flow chain. The in-
coming data must be matched to the particular data processing techniques that are being
employed by the users at the time the NDBS becomes operational,

As more information is gained about the environment, the data processors will
undoubtedl: revis. their requiremcnts. These revisions will be fed through appre-
priate feedback charnels to the operatc~s cof the NDBS,

The data centers wili provide their data products to the ultimate users. A feed-
back channel from the ultim~te users to the data processing centers will likely result

in still further revisions of requirements.

2.3 Data Use - Gereral Considerations

Data output from the NDBS might appedar in a form such as seen ir. Fig. 2-4 and
could have a variety of uses ranging from archiving to comp'ex processing in an auto-
mated physical prediction model. We propose that the most demanding use of the
gathered data to be considered in this study is to produce es!imates of the values of the
required parameters &t times and places at which no measurements are availsble. This
use of the data does not restrict the applicability of our considerations as much as it
might appear at first glance, since in most cases such an objective will be a necessary
intermediate step, even if the information product ultimately desired goes beyond his.
If the time at which the data is desired is oi little interest, one might fill the gap . v
»lacing & sensor at the point desired and thereby solve the precblem. However, if the
data value {s desired at some future time, a large range of practical problems arise
which cannot be solved 80 easily. These comprise {n total the environmental prediction
problem.

A miich more comprehensive discussion of these problams than {8 possitle here
is given {n Ref. 1.

Historically, there have beer three genera! approaches used in the environmental
prediction problem. In a gross sense, these may be labelled statistical, empirical,
and physical.

(1) The statisticai approsch is based on the availability of a large represents-

tive sample of past data representative of the location of interest and, in general, a

aet of similar observations at an initial time.
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12) The empirical approach applies some simplifisd physicai principle, gen-

erally with a more limited past darmz sample that i sufficient to show that the sim-
plificatinn is valid. A set of similar observations is required at some {nitial time
prior to the time for which the prediction is made.

{3} The paysical spproach applies more detalled physical laws to a =set of
initial data obtained from recent ocbservatione prior to the time at which prediction is
required.

In prirciple, fullest application of the physical approach to the environmentel
prediction problem would require that the physicai state at initial time be described
over the fuli spectrum of scsles of varisbility in the atmoaphere and ocean. This
would be true even if the prediction were only desired for a limited portion of the
spectrum, because of the possibility for significant energy transfers betwzen widely
different scales of variation., Thus, a purist would deny the validity of the physical
approach to the predict. n of global atmospheric or oceanic circulationg, unless it in-

cludes explicit consideration of physical procesces down fo the scale of cloud or ocean
spray droplets. However, experience has shown that useful, physically based predic-
tion models can be developed with the effects of smaller scale physical processes either
omitted or included in gross approximate ways. Therefore, distinction between these
three approaches is scmewhat overstated here, for the purposes of highlighting a few
of the different ways in which the NDBS data recipient might use the data to extractonly
one class of environmental information {viz., prediction of the marine environment),

It is expected that data gai  >red from the NDBS will have significance insofar as
it reduces uncertainty in the marine meteorological and oceanographic information, e. g. ,
insofar as the differences between forecast values of a parameter at a future time and
the aciual values observed at that future Hime are reduced in some statistical sense
with NDBS data from those obtained without NDBS data. We assuine that as uncer-
tainty is reduced, the prediction has increasing significance and value to an increasing
number of users. This underlying assumption is gnite difficult to confirm in detail, as
anyone who has struggled with the problem of estimating benefits obtainable 1.vm

environmental information services can confirm. [3 ] Still, it forms the justification

for many of our present’ operating environmertal information systems.
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2.4 Data Analysis: Specirai Representation

A series of measurements of an oceanic parameter will usuaily show complex
variations with ime. An example is the time series of ocean current shown in
Fig. 2-4. (4] In the general case, this variability will have a random {or noise-like)
character. I probably cannot be described by any exolicit mathematical reletionship
because each set of observations of the parameter will be unique. Often, meaningful
representations of such signals can be obtained by using the spectral method to ouvtein
a description of the varisnce of the parameter ags a function of frequency. Such a
representation of the time series (Fig. 2-4) is shown by the spectrum in Fig. 2-%. (4]
This method can be applied with gemerality to any {ime series, and does not require
(or imply) that the series be composed of regular oscillations. For geophysical
E processes, most of which produce variability with random properties, spectral tech-

niques provide a powerful framework for describing the basic charscteristica of the
& geophysical system.

A ' Observations collected over the array points of a data buoy system at any point
in time can be treated as space series in complete analogy with the time series
collected over time at any point in space., The result of spectral methods will provide
a description of the variability i space in terms of the variance of the parameter as

a function of wave number. {Just as frequency can be thought of as equivalent to the
number of cycles of variation in a unit time, so wave numbsr is equivalent to the
number of cycles cf variation in a unit distance.) As with time variability, the space
variability produced by most geophysical processes has a random character.

Nearly every physical process will have a spectral represei.tation in the hori-
zonta} space dimension different from that in the verticai. A few will have one spec-
tral representation in the north-south (y) dimension and another in the east-west (x).
However, forthe purposes of this report, a generalized horizontal wave number is used.
This will adequately describe most atmospheric and ocesanic processes. The varia-

bility in the vertical does not play a critical role at this stage of planning for the NDBS.
Vertical veriability must be considered carefully in planning a complete NDBS, but

it e L e e 4

this factor has not been considered within the scope of the present report.
Using both the frequency (f) and the horizontal wave number (k), natural

processes in the mar‘ne environment can be separated and categorized. This method
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will be used extensively in th! - report to examine design alternatives for National
M.ia Buoy Systems. Any system that is finally implimented vill necessarily impose
limitations on our ability to monitor, understand, and preact the marine environment.
By describing the system in the frequency-wave numbesr domain, those limitations

can be outlined most clearly.

2.5 Ropresentation of Processes in the Marine Environment

Hatural processes in the atmosphere and orean can be categorized by the fre-
quency and wave number of the variabilify which they produce in various physical
psarameters. An example of this categorization is shown in Fig. 2-6, where the
spectrum of variability of sea level is shown. {5] In this spectrum where the axes of
pericd and wave length have been used in preference to frequency and wave number,
energy peaks corresponding to concentrations of variability can t 2 seen. These peaks
(or perhaps 'mounds' might be a better description for this figure) can be related to
physical processes. Thus, for example, it can be seen that tida! effacts have asso-
ciated energy concentrations with periods of nearly a day and with wave lengths of
from 1 to 10, 000 km.

Graphs similai to Fig. 2-6 are used throughout this report to classify natural
phenomena and to examine the implications of systems design alternatives. Bec.use
the abscissa used is frequency (f) and the crdinate is wave number (k), such diagrams
will be reterred to hereafter as f-k graphs (see for example Figs. 3~1 through 3-17).

The basic units of the f-k graphs are:

(1) Frequency in cycles per year
(2) Wave number in cycles per earth's circumference, i.e., cycles/
25, 000 miles or cycles/40, 600 km.

For convenience in interpretation, the f-k graphs k- heen iabelled with
coxresponding period and wavelength equivalents.

The f-k graphs of natural phenomena have been compiled from the best informa-
tion currer tly available. This information is not sufficient to produce a definitive set
of f-k graphs. The frequency and wave number properties of many marine processes
are barely understood yet. However, estimates for the properties are given here in

order to provide some guidance in buoy system design. It should be clearly recognized
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that a high priority objective of any data buoy system should be the acquisitior. of more
complete knowledge about the natural variability of the environment.

In Section 3. 6 a separate f~k graph is presented for each of various parameters
which the NDBS might obss~ve. On each graph, regions have been enclosed showing
the limits of various oceanic processes which affect that parameter. The limits of
these regions depend on the physical properties of the natural processes in the marine
environment. They do not depend on the sensitivity or accuracy of any data coilection
system. In fact, the amplitude of variability in the third dimension of the f-k graph
(as shown, for example, in Fig. 2-6) is unrelated tc choice of sensor accuracy or level
of detection. Such choices, while of great importance to system design, have n. been
considered within the scope of this report.

2.6 Representation of Data Buoy System Characteristics

The spectral range of natural phenomena of national interest in the marine
environment is extremely broad. Even the linited spectrum of Fig. 2-6 covers 10
decades in wave length (or wave number) and 12 decades in pericd (or frequency). Any
national data buoy sy.stem will only be able to respond to natural processes within some
limited area of this frequency-wave number domain. Unless this area is clearly known
and carefully chosen, there ig the pessibility that a buoy system will fail to collect the
data needed for specific national purposes.

The region of the f-k domain within which a data collection system can respond
is known as the system "window', A central issue discuused in this report is the
matching of systems windows to the natural environment which is to be monitored.

There are & number of che’ ~es which can be made in systems design. Tleir
influence on the spectral window of the system is briefly summarized here. (In the
following discussion, the word "frequency'' should be interpreted in the general sense,

referring tc either irequency or wave number. )

(1) Sampling rate. The sampling rate in either space (x, y, z) or time {t) must
be carefully matched to the smallest space or time scles at which the system ~an
respond to significant variance in the parameter being measured. I the frequency
corresponding to the sampling rate is less than the frequency of significint variance

in the parameter, the high-frequency variability will be folded into the system window




and will appeai '"aliased' as low-frequency variation. Countless observational pro-
grams have been ruined by careless regard for aliasing problems.

(2) Duration of individual observations. (Cutoff frequency.) By averaging over

a period in time, the highest frequency to which the system can respond can be lowered.
By this means, high-frequency 'moise’ can be prevented from contaminating the sys-
tem through aliasing. The highest frequency to which the system can respond is called
the "cutoff' frequency. The cutoff frequency can be controlled either by sensor design
(time constant, spatial dimensions) or by sampling procedures.

(3) Duration of a set of observations. The longer a set of observations is

extended in space or time, the more accurately can the spectrum of variability be
estimated. This is not true i1 the spectrum of the processes changes in time or spsace
(nonstationary or inhomogeneous processes).

(4) Accuracy of observations. Accuracy of observation (sometimes called

sensitivity or threshold) is not critical to the estimation of spectral properties. As
accuracy is decreased, the only result is an increase in the uncertainty of the estimsuied
value of the spectrum. This is not to say that accuracy is unimportant, but that it does
not play a critical role in the spoctral formulation. (See Section 6.0 for {urther com-
ments on accuracy. )

(5) Position and timing sccuracy. (Synchronization.) Inaccuracies in position

and timing will increasc the uncertainty of the estimated value of the spoetrum.
Synchronization of a set of measurements over an arrayv {3 not critical to the spectrum
if sampling iates have been properiy chosen.

Fig. 2-7 shows diagramatically how design choices are related to the system
windovs, Definitions of the numbered boundary lines are as tvllows. Boundaries @
and (2): Cutoff wave number and frequency (ko and {,). Any variability with wave
number of frequency greater than these values cannot be detected by the system. By
the nature of their definition, cutoff {requencies and wave numbers are not sharply
defined. Boundaries @ and @ : Folding wave number and frequency (k,N and fN’

where N stinds for Nyquist*). Any variability with wave number or frequency ~reater

*The nyquist frequency is defined as the lowest frequency coinciding with one of
its aliases: it = the reciprocal of twice the time interval between sampled values.
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than l“N or fN that can be detected by the system will be folded into the system window.
This folding process will "alias" high-frequency processe. into low-frequency images
and can degrade the system effectiveness. It is therefore important in system design
to guard sgainst any large amplitude variability in the "aliased region" of Fig. 2-7.
Aliasing can be prevented either by increasing fN and kN by sampling more intensely

or by decressing f | and k_ by increased filtering at the sensor.

C C 16]
The folding wave number and frequency are sharply defined by the sampling
rate. I a sampie is collected every As units (of time or space), then fN or kN =1/
(2 A s).
Fi~. 2.3 shows how system design choices can effect the response to natural
processes. Possihle physical processes are labelled Pl, Pz, P3 and P4. Discussions

of these processes are given below.

Process PL (e.g., large-scale atmospheric disturbances) is wholly within the
system window, and can be adequately monitored with the chosen system design.

Process P2 (e.g., tides) is wholly within the system frequency window, but is
aliased with respect to wave number. Such a design may be fully adequate if only
time variability is of interest.

Proceas P3 (e.g., wind generated waves) is within the aliasec region, It is

folded into the system window represented by regicns P'_, and may corrupt the quality

3'
of the information of interest. In this example, both kc and fC should be lowered by
systems design changes.

Process 13’4 is beyond the system response. It cannot be detected.
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3.0 COMPARISON OF NDBS CHiARACTERISTICS, NATURAL PHENOMENA, AND
DATA USE TECHNIQUES

3.1 Background

In Section 2. 0, a somewhat abstract framework was developed upon which a first
comparison of NDBS characteristics, natural! phenomena and data use techniques can
be easily made. In this section, the f-k graunical approach is applied within this
tramework to compare several different sets of NDBS characteristics witn the time
and space variability of atmospheric and oceanic phenomena, as presently understood.
The comparison is presentrd graphically on an f -k diagram and is followed by inter-
pretation with respect to data use {echniques (prediction mode!s).

A refinement of the treatment of the system characteristics iltustrated in Fig.
2-7 is offered in many of the following f-k graphs. The refinement graphically
illustrates the potential information gained b7 not averaging over the duration of an
observation. Perhaps this i8 best illustrated by example. Suppose the wind is sampled
every 3 hours over a duration of cbservation of 15 minute with a sensor response time
of 10 seconds {Fig. 3-11). The data received during the ob3ervation in its unprocessed
form allows another window to be opened in the aiiased region between .he 10 seconc
cutoff frequency and acvout the 15 minute duration of observation (see Fig. 5-1i). ©n
the other hand, if the data is averaged over the 15 1.inute period this second window is
lost and veriability in this sindow is not detected. Thus, the ~utofl “-equ ncy boromes
the 15 minute line, ant the width of the aliased region is reduced.

Ii should be noted that the Limits of the window in Fig. 2-7 and all the simiiar
windows in the following f-k graphs represent a somewhat ideal cage. In realily, in the
presence of nolse the limits of the windows might not extend o as high a frequency
and-or wave number as the Nyquist frequency.

There areiwoimportant underiving simplifications in the presentasion of the natuisral
variability of phenomena on{-kgraphs, First, the variability of natural ‘heromenaasin-
dicated onthese graphs it this sectionare representative only of horizontal space seales A
separate set of graphs would be necessary for the vertical scales of variability inthe ccean
and atmosphere. The work requi-ed{or this secend set was outside the practical scope of

the present study, Second, thek axig on the {-k yraphs is assumed tobea: calar maymitudye




independent of horizontal direction. At this point in cur knwledge of the environment
and within the unrefined framework that has been set forth in Section 2.0. this is a
useful simplification. For example, the representation of directional characteristics
of G Stream meanders (i.e., along and across the main axia of the stream) would
unnecessarily complicate the resulting graphs. Under this simplification the position
of k.N (line " in Fig. 2-7) on the {-k graphs is deter:ained by a uniformly spaced grid.
The framewcrk developed in Section 2 (in particular the f-k graphs) is a very general
approach to a complicated problem. but it ¢ 1 serve as a 'first approximation. "

The scaieg of natural variability depicted in the following graphs (Figs. 3-1through
3-17)arehased on some observation, a gow 1eal of inference, and some theoretically cai-
culated limits. The scales a«re indeed a "'firstguess' and indicate the pressing need for

the developme.t of the NDBS in order to develop greater understanding of the phenomena.

3.2 Major Oceanographic Phenomena

There aze a variety of oceanic physical variables ranging from bathymetry o
gurface waves. This ruport is only concerned with the phenomena that affect the
p.rameier 3 to be measured by the NDBS. In this section the discussion is devoted to
tte oceanographic parameters: viz., current salinity, water temperature, sound
speed, amhiewi noise, ambien: light, and \ransparency.* Thusr. we ¢ e concerned
with the motion, the thermohaline state, and some of thc biological matter in the
ocean.

Ocean currents are particularly impoitant because of their ability to transport
all physical properties and snspended material in the oceans. Some of the most fm-
portant ¢f thesc properties are heat, mass, momentum, szlt, and dissolved oxygen.

Therefore, a presentation of the pertinent oceanic phenomena must include moest forms

*The projected NDBS will probably measure at least 20 parameters, three of
which are concerned with wave measurements (e. g. height, period, and direction),
for which {-k graphical analysis are not presented. The window ' required for these
measursments are well-known, and do not coincide with the windows of concern for
the rest of the parameters. Surface gravity waves with periods between 1 and 30
seconds are indicated in some of the tables and f-k graphs for the purposes of demon-
strating possible sources of ~oise and aliasing. Four of the parameters--current
direction anc speed and wind direction and speed--have been collapsed into two param-
eters: current and wind vectors, This was done for convenience of representation.
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of ocean currents. The currents are modified by astronomical, therinal, and geo-
graphic factors which act and interact in the ocean,

Another influ~atial factor causing variation in several of the ccean parameters is
boiogical matter. Parameters influcaced Ly biological matter include transparency,
arnbient lignt, and ambient roise.

Ocean phenomena display a wide spectrum of tirne and space variability (varia-
tic.. s in frequency, f, and wave number, k, see Fig. 3-1) as weil as variations in their
reiative frequency and iocation of occurrence,® In Table 3-1 are summarized the
characteristic space, time, and amplitude scaleg and the characteristic-geographical
iccation and occurrence of oceanic phencmena affecting the NDBS sensors. The
graphical representation of these phencmena is found ir Fig, 3-1. Table 3-1 and
Fig. 3-1 represent an attempt to summarizZe our fragmentary information about ocean
variability. The use of the "phenomenz" concept represents a coavinience for com-
munication and summary purposes at our present state of knowledge.

Some of the poinge: wcrth noting in Table 3-1 and Fig. -1 are as follows. Large-
scale wind~-driven gyres and thermohaline gyres (Item i and 2 in Table 3-1) are theo-
retically two distinct phenomena (e. g., they have two distinet driving forces). In
reality, they may not be distinguichable, because of their common gpace and time
scales. The characteristic time scales of Item: 1 and 2 are estimaves based on some
theoretical limits and a few observations. There is oniy winviguous evidence for the
postulate that the thermohaline gyres have smaller er¢eds than large-scale wind-
driven gyres.

Philosophically, Items 3 {probabls g part of Item 12), 4 (also probably a part of
Item 12), «, 8, 9, 10 and 12 (Table 3-1) all might be considered as wave motions, and

all have the same characteristic locations, occurrence, and {probably) speed amplitudes.

As more is learned about ocean currents, we will likely recognize ihat many of the
phenomena are really manifestations of a few fundamental processes.

1he Deep Scaitering Layer (item 13) and plankton and/or algze bloom (Item 14)

are included because they could cause variations in several of the parameters (i.e.,

sound speed, ambient light, noise, and transparency).

certain types appear to be more common in some locations. The frequency of accur-
rence is hased on the likelihood of a phenomensa occurring at any one buoy.
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- Large-Scale Wind Driven Gyres 16 - Small-Scale Convective Eddies

1

3 : Surface Current Meanders 11 - Surface Gravity waves

4 - Internal Current Meanders 12 = Hoasby Waves

5 = Surface Topographic Eddies 13 = Deep Scattering Laver

6 = Sunmarine Topographic Eddies 14 - Plankton and ‘or Algae Bloom ;

7 = Semi-Diurnal, Diurnal, Semi- 15 = Thermocline i
noual Tides (As indicated on 18 = Turbidity !

Fig. 3-1) 17 = Surges
8 = Inertial Currenta 18 = Tsunami
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Fig. 3~1. Major Oceanic Phenomena
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Appearing in Fig. 3-1 are several hypothetical NDBS sampling schemes (i.e.,
grid spacing of 100 and 500 n mi, reporting periods of 3 and 6 hours., etc.,, intended
to give the reader an understanding of the effects of various NDBS sampling designs
on the windows (defined in Section 2. 6),

Possible matches of different NDBS sampling schemes and data use techniques
(prediction models) are listed in Table 3-2,

In Table 3-2, the emphasis is on prediction of phenomena (i. e., most of the
phenomena that appear in Table 3-1). At the bottom of each phenomenon column is a
list of the parameters that might bc used in the prediction ot the phenomenon. The
basis of Table 3-2 is the classification of prediction models outlined in Section 2. 3.
In some cases no prediction model is applicable, and in other cases nn single prediction
:-odel class is uniquely applicable, In the second case the most applicable class is
listed first. The principles upon which a choice of the most applicable prediction
technique= was made are stated in Section 2. 6. There are many cases of potential
aliasing (see Section 2., 6, 4.0) of phenomena in Fig. 3-1. For the construction of
Table 3-2, potentially aliased phenomena are treated as if they will be discriminable
from one another. In addition noise arising from piatform motions were considered
to be non-existent in this table.

A tentative conclusion that might be drawn from Table 3-2 is that the 24-hour
reporting period, is for most phenomena, just as applicable for prediction purposes
a< tue 1 hour reporting period. However, future data on the scales of variability of
many of the phenomena could reposition them on the f-% graph and lead to drastic
changes in the contents of Table 3-2. Still, for designers who must make decisions

in the very near future, Table 3-2 should be helpful in early design decisions.

3.3 Major Atmospheric Phenomena

This section i8 similar to Section 3.2, as it is concerned only with those pheno-
mena that affect the atmospheric parameters to be measured. These parameters
include wind, air temperature, atmospheric pressure, dew point, insulation, preci-
pitation and atmospheric ¢lectricity. Thus, in this section we are concerned with the
moticn and energetic state of the atmosphere.

In the atmosphere, various forms of instability are responsible for many of the

phenomena that are of interest in this report. These instabilities are produced by
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processes such as energy absorption from the sun, radiation into space, conductio
convection, condensation, and evaporation,

A sumniacy of the time and space scaics of variability of atmospheric pheromena
1s presented in graphical and tabular form i1n Fig, 3-2 and Table 3-3. Again, th»
estimates of phenomena scales in Fig., 3-2 and Table 3-3 are tentative, but do carry
a higher degree of confidence than those of Section 3.2, becuuse of the relatively
better understanding of the atmosphere.

Interpreting the variability scales associated with particular atmospheric
phenomena should be cross-referenced in using Fig, 3-2 and Table 3-3.

Tabie 3-4 is similar to Table 3-2 in Section 3.2. It explores the possible pre-
diction models that might be applicablc for various NDBS sampling schemes. The
emphasis is on predic uion of the phenomena appearing in Table 3-3. For the purposes
of constructir,, I'able 3-4, anv problems aris.. g from an inability to discriminate be-
tween phen:mena (i.e., aliasing; s¢o Sections 2.6 and 4.2) or platform motions are
ignored.

One comparative observation that may be drawn from Table 3-4 is that for the
range of reporting periods considered, pradiction techniques for atmospheric phenomena
are much more sensitive to a change in reporting period than were the cceanic pre-
diction techniques. ther implications of Table 3-4 for the early decision stages in

the design of the NDBS are treated in Seciion 4. 0.

3.4 The Parameters to be Measured: A Discuasion and Graphical Analysis

A brief discuassion and graphical analys:s is offered for each of a set of 15
parameters {see first toctnote in Sction 4.2). The discussion ami analysee are con-
cemed with the processes and,/ or phenomena which influence parameter variability,
and any special roise protiems due to combined sensor platform motions or natursl
high fre uaency oscillations ip narametric values A more detalled discussion of plat-
form mooring motions is given in Appendix B. The eifect of these moutions on the

sensur output are discuzsed in this section
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3.4.1 Current

The onlv major oceanic phenomena {see Fig. 3-1) which do not influence tne
current are the Deep Scattering Layer, plankton 2nd/or aigae bloom. Figure 3-3
presents on an f-k graph the phenomena and processes affecting the variability of
current. There is, of course, a marked sir larity bebween Yig. 3-1 and Fig. 3-3.
Oceanic motions basically occur continuousiy in all oceans (see Table ?~1) and gen-
erally have their highesi speeds at the surface {maxima of more than 5 kts are found)
and decreass downward to speeds estimated to be several centimeters per second.

A possible exception to this are the turbidity currents* which have been calculated
{aithouzh never observed) tc have speeds as iign 4«3 5U kts. These currents, if they
exist, could pose a serious problem o anchored buoys in certain oceanic and coastul
regions. Wi..en the time comes to deploy the buoys, the liftie information available
about these currents {i. e., suspected areas of occurrence, etc.) shou.d be taken into
consideration in gelecting buoy deployment locations.

The current is probably the most susceptible paixmeter to nc’ e due tc sensor-
platform motions, Serious distortion (noise) may be introduced into a time series
current record in many ways due to the motions induced by the platform and/or
mooring (see Appendix B), as well as by the impsrfect response of the sensor tc the
noise and platiorm transients and to the real transients which appear to exist in the
sea. There are basically two types of errors that can occur when measuring currents
from a fixed or moored platform. First, there are those errors that can occur with-
out any motion of the supporting platiorm or meoring, such as distortion of the near-
su.face flow past the platform and the dynamic error of the current meter itself;
second, there are pessible errors dr> to mooring motions (platform-mooring syt ‘em)
in company with sluggish response of the meter, when expesed to a sudden change in

the curreni., The second type of error is the most serious and could possibly lead to
phase shifts and attenuaticn of certain parts of a time series speed record (see Fig.

B-" in Appendix B), The slack and elasticity of the suspension element also can lead

*A iurbidity current originates on sloping bottoms. It is a gravity current
resulting from a densily increase by suspended material. It also is calied suspension
current and density current.
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1 - Large-Scale Wind Driven Gyres 16 Small-Scale Convective Eddies
3 Surface Current Meanders 11 Surface Gravity Waves
4 - Iaternal Current Meanders 12 - Bossby Waves
5 - Surface Topographic Eddies 13 . Deep Scattering Laver
6 - Subumiarine Topographic Eddies 14 - Plankton and or Algae Bloom
7 = Semi-Diurnal, Diurnai, Semi- 15  Thermocline
Annual Tides {As indicated on 16 - Turbidity
Fig. 3-1} 17 - Surges
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to system time constants larger than those of the sensor in both airection and speed
respunse depending on the type of buoy and mooring used. These time constants can
be of the order of 1000 seconds.

Vertical motion of the current meter (heaving of the platform transmitted tc
the meter) can also cause distortion in the speed record of a current meter. Scme
current meters also tend to tiit from the horizontal when encounfering strong currents
or moderate to heavy heaving.

The best available solution to many of these problems appears to be found ir 2
Savonius rotor meter with built-in OESE (Oceanic Environmental Sensing Equipment)*,
on a taut meor. The current meter must have rapid response in both directicn and
specd and be able to operate accurately over a wide range of speeds {the NDBS re-
guiremenis sve 2,05 to 16 kt). In addition, the current meter should be insensitive
to vertical motions and able to integrate accurately to zero all the undesired cyclic
motions that occur fron: mooring-sensor-platform combinations. The meter must
also sample at a sufficiently high rate or have a large encugh cutoff frequency to
minimize gliasing problems.

The occurrence of distorted records from «irrent meters could introduce noise
into spectrum bands in both frequency and wave number. Noise may appear across
the entire band or at only a few discrete frequencies or wave numbhers. The noise
band in frequency spauns all wave numbers (although its intensity might vary with wave
number) and similarly, the band of noise in wave numbers span all frequencies, thus
creating areas in which increased difficulty arises in resolving phenomena. Un-
fortunately, there are too many varizhies involved to be able to arrive at exact limits
for the bands of noise as they would appear on the ~urrent f~¥% graph. Howcver, a
graphical display of the possible ncise from platform motiorn is given in Fig. B-5 in
Appendix B. The approximate ' rnits of these bands would be 104 to 106 in wave
number and 104 to 109 in fraquency. The upper limit was siuygested by Toth and
Vachon, [75

An importsnt consequence of siow response often associated with mooring motions,

is that the corresponding time constant of the mooring system may far exceed the

"*The OESE is capable of measuring linear accelerations, angular rotations,
and the forces in the three coordinate directions.




duration of ob:>rvation. Thus a timne constant larger than many physically significant
puriods of natural variation might result. Therefore, a 10 minute duration of chser-
vation could possibly preseni sampling pioblems. Again, this may be avoided by the

use of the Savonius rotor current meter with OESE instrumentation and a taut moor,

3.4.2 Salinity

The processes affecting the variability of salinity are advecticn in the presence
of a salinity gradient, evaporation, precipitation, melting and freezing, and run off,
Evaporation is influenced by atomspheric humidity, wind speed, anu ~*" sva tempera-
ture differences. Precipitation is influenced by that general class of phenomena
identified as atmospheric disturbances (see Fig. 3-2).

It is obvious that the f-k graph of phenomena and prrcesses affecting salinity*,
Fig. 3-4, should contain man: >f the phenomena of Fig. 3-1 and Fig. 3-2.

Instead of indicating all influencing phenomena on the salinity f-k graph (Fig.
3-4), several summarized estimates, based on Fig. 3-1 and Fig. 3-2, of the scales on
which these processes act are inlicated on Fig. 3-4. The estimate of the scales of
advection processes takes into account those phenomena which generally have a
moderate to strong salinity gradients nssociated with them. These are the large-
scale wind-driven gyres, thermohaline gyres {not shown on graph}, =urface and
intern:' current meanders, surface and submarine topographic eddies, inertial cur-
rents, internal waves, and small scale convective eddies. Also indicated is the
thermocline, which is the result of many of the aforementioned processes. The
general estimate of evaporation minus precipitation (E-P) is based on all the phenom-
ena in Fig. 3-2 and some advection phenomena. The runoff estimate roughly takes
into account time scales of atomospheric disturbances with associated precipitation
and the time and space scales of river out-flow; the effects of run-off were considered
to be neglectable when more than 4100 km from a coast.

Noise in salinity data can occur in three ways. First, errors could occur in the

collection of corductivity measurements due to the motions of the combined sensor

*The processes of melting and freezing are not considered in this report as
affecting salinity because the proposed gystem is to be placed in relatively ice free
areas.
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suspensgion system (moving)through a salinity gradient. Second, erroneous results
can possibly cccur because of the inaccuracies in the empirical relationships linking
conductivity, chlorinity, salinity, and density. The determination of the important
density parameter becomes increasingly ditficult when changes in density occur with-
out changes in chlorinity. Third, errors may develop due to failure of the constancy
of composition hypothesis. Errors are most likely to occur from this type of noise in
coastal waters where runoff is present.

These problems can he partially resoived by having a low response conductivity
meter (10 or more seconds) on a taut-moor buoy and by acoption of the recommen-
dations of the 1962 UNESCO Joint Panel on the Equai.ons of State o1 Sea Water which
will establish universal empirical relationships linking conductivity, chlorinity,
salinity, index of refraction, and density.

There are twou bands of noise that possibly can occur in salinity: one in wave
number and the other in frequency. These bands are primarily cauged by the plat-
form sensor motions and might span a range from 104 »106 in wave number and
104~106 in frequency depending on the response of the conductivity sensor. An
additional problem is that the ti~.e constant of the buoy system can become sufticiently

large to mask some physically significant periods of naturai variability.

3.4.3 Temperature (Surface to Bottom)

Temperature has been the most intensively measured phy sical parametcr in the
ocean, The temperature structure of the vast majority of the ocean is fairly uniform.
Only a small fraction of the ocean is warmer than 6°C and almost half is cooler than
2°C. These statistics can be deceiving since the smali portion of ocean water above
6°C is exposed tc the atmosphere ar: the therm~! interactions which take place at the
air-sea interface modify temperatures of both air and sea.

There are several quasi-periodic medes effecting the temperature variability.
These modes are annual, semi-annual, and diurnal in time and i~ <pace have wave
lengths from 40, 000 km (circumference of the earth at the equatsr) to 20, 000 km
{(circumference of the eaith at 60°N or §). Estimates of the time and space scales
of the above processes and phenomena and the resultant of many of their interactions,

the thermocline, are found graphically displayed in Fig. 3-5.
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The neise preblem in mreasuring temperature from a platform arises jrom nvo
sources: (1) natural "noise' (unwanted fluctuations) found in the environment, and
(2) platform induced noise associated with the free movements of the platfori. -mooring
sensor system, a

The first problem is apparent from several detailed studies of the temperatu e
structure appearing in the literature. The Hecht and White report [8] is a fairty
representative study. They report frequencies of temperature oscillation ranging
from 0. 05 cyvcles/hr to at least 43 cveles/min (T~ 20 hr 1.4 sec, respectively).
With rapid response sensors, it becur s increasingly ¢ fficult to separate the plat-
form suspe sion motions and natural - :ciillations. 8 .ial scales of temperature coulc
be as smalil as 10 ¢m f‘J] with a mean size de inc fa 60 o

Therefore it may be concluded that son.e © mv rature fluctuati- ms arc small
scale and/or high frequency (with these characteri..ic not necessarily occaring
together) and of large enough amplitude to be significa t. Baer and Hamm t~ve sue-
gested an aporoach to this problem which seems adequate for the surface lay ers
throv gh the permanent thermocline. [10] Their approach to a svstem to observe tie
hourly ana longer fluctuations is based on a relatively inexpensive thermistor (v vier
sensor) that had an crror of one standard deviation equal to 0. 03°C*. The avecage
30 samples which are taken at specified times from 30 m.n before the observation
time to 30 min after it would then be recorded.  The sensor should have « tive oo -
stant of several minutes (see Fig. 3-3). The sampling rate would be non-uniformly
distributed to give more readings near the center of the interval than near the ex:
tremes. An estimate of the standard deviation of average errors obtained by this
procedure is less than 0.0055°C, which is adequate for synoptic purposes. Sampling
schemes such as this are designed to allow a low pass filter to Lo i'nposed on the
environmental data. Such filters can be shaped by selection of sampi‘ng 1ntervals

within the 60 minute duration of observation, thus o'lowing for selc ticn of the filter

*The NDBS requirements indicate a required accuracy ¢ 0.01°C. This seems
to be too stringent in the upper layers of the occan due to the large dyrmic ronge of
this portion of the ocean.
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shape which would provide the best mateh for local variability, Small scale tempera-
ture fluctuations, that would be particularly enhanced by the free movement of the
platform wnd sensors, would also be spatially averaged out by this type of filter., The
procedure is described here as merely one of many possinle solutions to some fore-
seeable problems. Ultimately, the averaging period or the characteristics of the
filter should be determined for the geographical locations and deptn of the sensor.
Measuremeuts taken by the first buovs deploved might svell confirm that temperaiures
in the deeper layers of the ocean (below the permanent thermocline) are fairly constant

inspaceand time and havea srall dynam.c range  There, a greater accuraey of the <ensor

wouldberequired, if the high {requency noise problem is negligible or can be over come.

3.4.4 Water Pressure (Depth)

Water pressure is a parametor that will be used primarily for determining the
depth of the sensor package. [t will also be influenced by several oceanic phenomena.
Among the phenomena which will be most easiiv detectable are surges {sometimes

~ferrad to as "storm tides') and {sunamis. Both of these phenomena have been
id-ntifi ‘ble from the time series record of a bottom-mounted pressure sensor.

Tsinamis could present a detection problem in an observation schedule which
samp; e at disciete intervals in time,.  The frequency of occurrence of these waves
i rore and the duration of the phenomena could be as little as several nours* as
shown in Fig. 3-6. In some cases the probability of detecting these waves is quite
small aspecially for a short durction of observation (tsunamis can travel in excess
of 350 k- s).

Othor long-we - . cenomena, such as tides, will also be detectable from bottom
mounted sesors, These waves could have periods ranging from 2 minutes, to semi-
annual, or perhaps longer. Most of these waves occur continuousiy or at least fre-
guently and ti.cre should be no preblems arising from non-continuous sampling.

777777 “*Tsunamis ueually occur in series, gradually increasing in height until a maxi-
muw.n is reached between about the third and eighth wave, Following the maximum,
the - a2-ain become smaller. Waves may continv * to form for several hours or even

davs. Tsur amis waves in the deep oceans are often imperceptible to the casual
abserver. ! is oniy near shore that the scals s of wave height become extreme.
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and vertical moyvement.,

This micvement wili show yp as roise’

whoen attemipiing (o

detect a fong period wave henom ai

the sensor package.

Platform-sensor =motions can be detected by the pressure sensor since there

the duration of observation,

A pressure sensor could conceivably respond te high

frequency o¢ -illations of the piatform-mooring systemn. These oscillations could
. 4 4 ‘ . .
ocour at frequency Befveen Lit -100 (see Appendix BY although “he hivher {requencies

are unlikely to be pressont in the pressure recard, unless an extreme v sensitive and

rapid response sensor is used. Drifting of the platform and m

ring could also

nresent some ching.s tn pressure ot sume of the sensors, but most of these changes

would probably be within the wccaracy of measure. ent.

3.4.5  Sound Fpend

In nearly ail the oceans and adiseent seas snund speed 18 governed by tempera-

ture, salinity, and pressure {¢. ., the density of sea water.*

Therefore, it s

assui. e all the procesces and phenomens which appeared in the temperature, salinih

and pressure -k grapias should appear on the sound speed 1=K graph i Fig, 5-7.

axceptions to this assumpiion are suryges, tsupamis and surface gravity waves which

appear on the nressure f-k ganh (see Fig, 3-6). This i3 becwse sonnd speed is

feast sensitive fo pressure change s

and the pressure changes which arve associoted

with these phenoemena result in smaller varnations in sound spead than the range of

accuracy =+ 1 fps). Tidal forees do pot stimificaathh effect the sound

speea throuah

pressure changes but through such temperature and =alhinity changes as are penerated

bv tidal currents,

Noise n sound speed measurement 2 S0 associaied with the irequencs and

wave number hands due to platform sensor miotions,  Although asciliafions in moer -

G
irgs have been repo.ted with frequencies as high as 80 ¢cps (1o on f-x graph), tas

" #[p areas where the constancy of composition hypothesis 18 seriously in err
because of an abundance of nne or more chemicais i solution the sound speed cotla
have an additiona] dependence on these cherucals.
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un'ikely that these oscillations occur with enough spatial amplitude to effect the sound
speed data. A more realistic estimate of possible frequencies ot noise d..e to buoy
motions, would be in the range of frequencies from 104-106. Noise generated by
platform-sensor motions only take on significant amplitudes in the presence of strong
temperature and/or salinity gradients, Str...g horizontal gradients would give rise

to noise in the wave number band between 104--106

3.4.6 Ambient Noise

The variability of ambient noise is influenced by a number of phenomena. Its
primary source appears to be wind and wave action on the surfac. -hich results in
noise propragating downward. In addition there is noise from ships, especially in the
major shipping routes, and submarines. This type of noise can reach very high levels
and carries for many miles. A third type of noise is probably more sporadic and is
biological in nature. Among some of these biological noises are shrimp crackling
and iow frequency whale noise (~20 cpa).

A mode of variability for ambient ncise is probably diurnal, as indicated on
Fig. 3-8, The deep scattering layer and plankton and/or algae bloom have also
been entered on the f-k graph for ambient noise. Flankton or algae blooms will
probably not contribute to ambient noise directly but it is speculated that increased
feeding activity of other biological species on the plankton or algae may iead to a
substantial increase in noise. On the other hand a bloom such as the ''red tide'™
would result in a decrease in feeding activity due to the death of large numbers of
fish,

Scales of atmospheric disturbances and surface gravity waves are also indi-
cated on Fig. 3-8 because of the primary source identifled above; viz, wind ard wave
action on the surface.

The problem of sensor-platform motions will probably be acute for ambient
noise. There are probably three sources of platform-sensor noise: the noise of the

plattorm interacting with the wind and waves; noise of mooring vibrations and

*'"Red tide' is the name given to a g “wth of Dinoflagellatis (single celled
plant-like animals) in surface waters in such quantities as to color the sea red and
kill fish,
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oscillations; and noiso of flow past the sensor. The latter two types of noise become
particularly pronounced in regions of strong currents. One possible solution to these
noise nroblems is to perform a spectral analysis on the sforementioned noise and
filter the output of the ambient noise sensor with filters designed from the results of
the analysis. Of course, these filters counld remove wanted signal with the noise.

At this time the platform-mooring effects on the sensor can only be grossly estimated.

3.4.7 Ambient Li@

Amablent light is the visible radiation (about 0.4 to 0.7 microns in wave length)
in terms of its luminous efficiency in sea water at a given depth undisturbed and
unaffected by the platform or defection equipment. The primary source of this light
is solar radi~tion, but some consideration might be given to bioluminescence. Light
will s..ier a decrease in intensity on passing through sea water because of absorption
of energy by the sea water; absorption of energy by suspended material including
organisms in the water; scatiering by the sea water; and scattering by suspended
particles. The ambient light may also be reduced by cloud cover.

The variability of ambient light displays strong diusnal and annual modes due
to daily and seasonal changes of the sun's position in the sky and is affected by the
biological activity, e.g., deer scattering layer and plankton and/or algae bloom*
(see Fig. 3-9), In coastal regions the water may be clouded by run-off, which carries
small sedimentary particles in suspension, and strong wind mixing, which in shallow
regions may stir up the bottom sediments. Most of the atmospheric phenomena which
appesr in Fig. 3-2 effect the variability of ambient light. Some of these phenomena
possess strong enough winds for deep mixing in shallow areas. In Fig. 3-9 (the f-k
graph for ambient light) appear thc estimates of scales of atmoapheric disturbarces,
run-off; diurnal anc annual modes, the deep scattsring layer, and plankton end
algae blooms.

Platform-sensor effects ir relavon to ambient light could possibly arise from
the platform ~r mooring casting a shadow on the sensors. The motions of the

*See Table 3 . for the characteristic space and time scales of plankton gnd/or
algae bloom.
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platiorm probablv will not effect the mensurements. The instrument reaponee time
iz taken as nearly instantaneous. The duration of observation time was takern as 10
minutes to allow a decreased cutoff frequencv through averaging and {o minimize the

effects of the shadows cast on the sensor by iafrequent small pasring clouds.

3.4.8 Transparency

Transparency is a measure of the ability of water to transmit light of different

wave lengths. Thus, ambient light is dependent on the iransparency of the water. The

variability of transparency is also effected by many of the phenomena and processes

that ambient light is effected by, but it is not dependent on variable amounts of solar

radiant energy reschiang the surface of the ocean. Therefore, the processes affecting

transparency are the absorption and scattering of light by the sea water and by sus-
pended material in the water, including organisms. The phenomena and processes
effecting transparency as indicated in ¥.g. 3- ure sporadic, annual, and semi-
annual planktcn and/or algae bloom, the deep scattering layer and run-off. Atmos-
pheric phenomena with assoriated strong winds (e. g., synoptic-scale disturbances,
hurricanes or typhoons, syusll lines, internal and mounts’ waves, thunderatorms,
and water spouts) could effect transparcncy in shaliow coastal regions where winds
might be strong encugh to ~tir up bottom sodiments. These phenomena are also
indicated on Fig. 3-10.

There are no foreseeable problems in coilecting transparency data from piat-

form-sensor motions, The instrument response time is nearly instantansous and the

duration of observation is taken to be 10 seconds.

3.4.9 Wind

The wind in the atmosphere is affected by every msjor atmospheric j..enomenon
(Fy. 3-2 and Table 3-3). In Fig. 3-11 these atmospheric phenomera are graphically
represented on an f-k graph that aleo shows three pronounced modes of wind variabil-

ity. The diurnal mode is associated with dafly solar heating and cooling which is an

influencing factor in many of the atmospheric phenomena indicated in Fig. 3-11 (i.e.,

convactive clouds, thundsrstorras, and sea breeze). The semi-annual mode is found

in the tropics where aix month seasonal cycles take place, The annual seasonal
changes of global scals account for the last mode of variability.
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General wind speed is a fairly good indicator of the intensity of an atmospheric
phenomena (see Table 3-3) and is an essential parameter for prediction purposes.

Since thic parameter is a vector quantity, there is a greater chance for noise
to be introduced into the time series record by platform-sensor motions. It takes
little imagination to picture the gyrations »n anemometer gees through fixed te a
surface-follow‘ng baoy on the top of a 10 m mast in heavy seas. These gyrations lead
to erroneous results, since the horizontal wind vector is the parameter which is
supposed to be mearnred. In theory the anemometer should ve fixed (in an ¥y, z
sense) and remain in the horizontal plane at all times. he motions of the platform
do not easily ailow these ideal conditions to be realizec Certain types of platforms
ride low in the water (i.e., a spar buoy, non-surface following) and minimize the
vertical motion (heave) to near zero and horizontal .notions (pitch and roll) to ang.es
gmaller than 10°-20°. In this case effects of piatform motions may be fairly small.
§ Pond points out that in the above situation with rapid response anemometers (hot-

wire) the error arising from the correlation between th\e turbulent velocity components
and the componer.cs produced by the buoy motions s p. obably 10-20% [11] He also
shows that it is extremely important to keep the mean tiit very small. A surface
following buoy will tend ‘o have considerably more heave, pitch and rell. This in-
creased motion must be compensated for by a much slower response anemometer that
will not respond to any significant extent to vertical motions. This type of ane. "om..er
is available today and some rough calculations based on ¢ e series records of wind
speed, heave, roll and pitch cf an ONE. 40-ft discus budy anchored in the Gulf S{ream
during Hurricane Betsy [12] hav~» re.aalad the errors in wind speed due to buoy
motions were rarely larger than 5%, with an average of about +3%, of the recorded
wind speed. No calculations were made of error in wind direction, although no serious
erross are expected. It may be concluded, until further data is takeu (i.e., straul-

taneous data from a fixed and floating piatform with identical anemometers), that a
wall designed platform-anemometer combination will keep error within the preacribed
Umits *

*The requirem.nis state a maximum allowable error in wind speed of 0.5 kt
or 3% whichever is larger.




The optimum averaging period vr duratio of chservation for the wind vertor

appears to be about 15 min (c.f., Ref. 13). sSamples during this period sheuld be

taken continuously or very rapidly (e.g., every 20 seconds). An instrument resronse
time of 10 seconds seems to be desirable and practical considering the bucy moticns

and the mechanical limitations of the type of anemometer needed.

3.4.10 Air Temnerature

Air temperature is a very sensitive indicator of the presence of atmospheric
phenomena. Thus, Fig. 3-12 is a replica of Fig. 3-2 (the major atmospheric phe-
nomena). There is also the strong diurnal mcde associated with sclar radiation, the
semi-annual mode of the tropics, and annual mode of the global seasonal eycle,

An impcertant influencing factor in the varizbilily of air temperature is the air-
sea temperature differences. This difference influsnces air temperature directly
through sensible heat transfer (eddy conduction) and indirectly through its effects on
such processes as evaporation and back radiation. The effect of the sea surface
temrperature (and thus air temperature} on the formation of many of the zhenomena
on Fig, 3-12 is probably considersble.

There are probably enovgh high frequency fluctuations in air temperature over
the water to warrant a slow response (of the order of 10 secords) iemperature probe.
The duration of observation was teken as 10 minutes to provide a decresse {n cutoff
frequency through averaging if any additional filtering of high frequency (Nl()5 - 106)
fluctuations is desired.

There are no platform sensor problems articipated for air temperabuire.

3.4.11 Alr Pressure

Withnormal sensors, air prassure {s not as sensitive a parameter toatmospheric
phenomena as airtemperature, see Fig. 3-13. Phenomena suchas the sea breeze, {ntornal
and mountain waves, and convective clouds should not contribute to detectable variabil-
ity of the air pressure. These atmospheric phenomena ha o .3soctated pressuie varia-
tions which are probably smaller than the allowable error of 0. 1 mb.

The three modes of variation arise from the same sources as these modes for
air temperature (e.y¢. . solar heaung, semi-annual seasonal changes in the tropi~s,

and annual seasonal cycleas).
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There appears 1o be no need for a rapid response barometer, A response time
of about one minute would be sufficient to obtain the needed data and be well within the
practical range of a durable barometer. A duration for the observation of 1) min-

utes is estimated to be adequate for the retrival of desire data.

3.4.12 Dew Point

Dew point ig the temperature to which a givor »a el of air must be cooled at a
constant pressure and constunt water vapor content in order for saturation to ocecur.
The three modes of variation in dew point remgin the same ac in air temperature,
pressure, etz,, as shown in Fig. 3~14. The diurnal mode of dew point is {ndirectly
reiated to solar heating., Solar hesting over the ocean through various processes
usually increases or decreases the water vapor of the lower atmosphers.

The duration of observation and instrument response time as shown in the
figure were both chosen because they will fulfiil the needs for gathering accurate data
and are practical from the standpoint of instrumentation.

There are no probiems expected from platform sensor motions,

3.4.13 Insolation

Insolation is affected only Ly the atmospheric phenomena which have associated
clouds. Thevefore, all atmospheric phenrmena in Fig. 3-2 have clouds associated
with them and are indicated in Fig. 3-15.

The source of the diurnal mode of variation is obvious, and the annual mode is o :
associated with seasonal cloud changes and the changes in the declination angle of the ‘ . : ¥

sun. 'The semi-annual mode i8 again due to seasonal changes of the tropics.
The duration of observation is taken as 10 minutes to minimize any effects of

passing clouds casting shadows on the sensor. Also a 10-minute averaging period
will compensate for any platform: sensor effects whic) might arise from the departures
of the sensor from the horizontal plane due to pitch and roll, ZE.dsting instrument

response time of 30 seconds is estimated to be adequate.

3.4.14 Precipitation
The phenomena with associated clouds capable of producing precipitation are

indicated on Fig. 3-16. The sea breeze, and internal and mountain waves, rarely

58




g . g 2
™~ = et
$ 8 2 = b
[}
! | i i i
108 E r . T - -
Water . /1M

/ nnual Mode })iuml Turbulance / -410M
Mode '
6 Semi-Amusl [ Tode
10 Mode l’
—~H 100 M
. P
109 | &
—lkm Y
4]
2
104 E { }--Thunders torms 2
. ’ rd —{10k.a

Hurricane or ] -—Land Sea Breene

103 E T yphoons, } —
L n ‘ "'“"_'S(Iuﬂju L‘lnﬁ p— 100 lml

Wave Number (Cycles/Circumference of the Earth)

2 100 f mi 100 n mt
102 | ooy g Syn -Scale [
1 , Atm Dis- " ~41000km
500 Nt Y N turbance R 500% mi
p m\\ ‘ A Y J’ ; és:‘
10 | $Large CDQ
: i Scale Atm SR
Y 10, 4
i Disturb~ N ’T 0, 900 km
{ an N
1 4 wl il w11 IRETY ot 1 11und 40, 000 km
10 10% 108 104 109 108 107 108

Frequency (Cycles/year)

Fig. 3-i4. Phenomena and Processes Affecting the Varisbility of Dew Point

o9




Wave Number (Cycles/Circumference of the Earth)

Period

< & 'E
g 2 3
b A = S &
108 1 { L | - ¥
p] | il T I T i
—~ 1M
107
Annual Mode Diurnal 4100
' Mode
106 | mi-Annual ~———Water Spoute
€ 4 Mode
—100M
10° | | §
~Convective Clouds
—flkm &
Internal & g
104 "Mountain" i
: Waves ‘ Thunderstorms i6um
~ %ea Breeze
103 |
Hurricane or js—quall Lin _
Typhoon %9 e 100 km
102 1 .A' 0 !v'l‘ Syn Scale 10Q n mi
‘» N\ Atm Dis- N
500 n M k turbances N 500 B i — 1000 ki
: _ Scale Atm S =f CIEN |
- Dﬂsturbmmes & ~110, 000 km
14 - ; I BT T AR | . gt 40, 000 kar
10 102 109 10 108 108 107 108
Frequency (Cycles/year)

Fig. 3-16. Phenomena and Processes Affecting the Variability of Insclation

60




Period
& © T
S T s
8
i A - = 3
" l 1 ¢ ; !
) i 1 R 1 i !
—i1 M
Rl
& ik —10M
E packl Mode Diurnal Watcr Spouts
3 106 mai-Anrual Mode
= 4 Mode 1
kS —~{10¢ M
3
=) e =
. U = g
g f a—Convective Clouds _}ji1m 2
®
: £ .0 2
g 10t 5
73 é- “¢———Thunderstorms ~1101m
5 q ~ Hurricane
S:l 100. E—ﬂ .
iy 4
2 g b -Squall Line ~{100 ki
L w " 0
g o
SRS WD A S5 B
/] 10 5.; "' N arge-Scale Atm
L Disturvances —{19, 000k
| 1 ELLAAMM.. 148 | , unl L t1ud 40,900 km
10 102 103 104 108 108 107 108
Frequency (Cycles/year)
|
Fig. 3-16, Phenomena and Processes Affecting the Variability of Precipitation Rate
61
i
’j R e . —————




have precipitation associated with them and consegaontly should contribute little to
the precipitatirn variability.

The annual, semi-nanual and diurnal modes of variability have the sawe
characteriatics as similar modes in the previous parameters.

This parameter is of a different characusr from the others discussed. The
pracipitation measurement defined in the vequirements represents an integral over
a given number of hours; ior example, the total amount of rain that has fullen in the
past three bours is recorded. In terma of the windows indicated on the f-k graph
this means that all the lines which imply the baindaries of tiie windrws in time fall at
one frequemncy, the reporting frequency {see Fig. 3-16). In cther words, the duration
of chservation {averaging pericd) snd the instrument response time are equal to the
reporiing pericd. ‘This type of sampling eliminates any chunce of aliasing the Jata,
with & corresponding 1oss of detailed high frequency information.

2.4.15 Atmospheric Electricity
The variability of this parametei is agsociated with several atimospieric phe-

nomensa and algo possesses 2 diurnal and an annual mode. Very often, atmnspheric
electricity is associated with variouas types of clouds found in the phenomena indicated
in Fig. 3-17. At times the elecirical content of these clouds reach such levels that
rapid discharges occur in the form of lightning.

More than 50 years of data .n the atmospheric charge has revealed that it has
remained basically constant over that period of time. 1t is also known that the
atmosphere 18 continuslly loaing its charge at a rste that would deplete the atmoa-
phere within 30 minutes. It is inferred that 90% of the recharging {s done by thunder-
storms and the remaining 10% by the ocean. Only synoptic meam: rements of this
parameter will reveal if there are any correlations between it and other gicbal
atmoaphesic phenomena,

Date on stmospheric elactricity has shown a dlurnal and annual mode of varia-
tion. The exx. t cause of this variation i{s not fully understood.

The duration of observation (10 m!n) and instrument response time (10 8ec) have
been chosean 80 that representative cata may be collacted within the state-of-art on

variations in the parametar.
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4.0 IMPLICATIONS FOR NDBS DESIGN

4.1 Background

The NDBS DPO has the task of designing @ marine observing system with suitable
system characterisiics to yield observational data with characteristics that meet user
requirements within budget, technical and cost effectiveness limitations. I -tinction

must be made among:

(1) System characteristics.
(2) Observational data characteristics.

(3) Characteristics of data requircments.

System characteristics are rele.ant to system design and pertaia to the system

components, subsyster:s, or systems. Some flexibility in selecting system charscter-
istics is available to the NDBS designer for matching observational data characteristics
(output of the NDBS) to the data requirei. ents as shown in Fig. 4-1 within the feasibility
constrajnts, Relevant system design characteristics (Tabie 4-1) include sampling
intensity and interval, location accuracy and synchronization, parameter range and
accuracy, transmission time, and filtering. These may vary as functions of location
and time.

The marine environment is influenced by a variety of phenomensa and processes
that are associated with natural variability and occur over characteristic space and
time scales. The choice of system characteristics influences the resulting ob-erva-

tional data characteristics; that is, the natural variability in certain scales may be

faithfullv reproduced, while {n other scales the variability may be decreased and in
certain other scales the variability may be aliased. In addition to the above, the choice
oi system characteristics i.ifluences the system coats. Trade-ofts that effect the
selection of certain system characteristics are of importance to the NDBS designer.
The range of suitable system characteristics availabie to the designer to match the
NDBS output to the requirements is dependent upon the amplitude of natural variability
which iteelf varies with wave number, frequencyv, space and time as shown in Fig. 4-2.
Knowledge of natural variability is, therefore, of importance to the NDBS designer.
Turther discussion of system characteristic alteroatives avaiiable to the NDBS
designer will be given in Section 4.2.
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TABLF 4-1
REI.EVANT SYSTEM DESIGN CHARACTERISTICS

ki

Systei.. Design Characteristics 3

Sampling intensity
Location accuracy
Synchronization
Transimisgion time

e Parameter accuracy

.

1.4 Paraineter range

Filiering

TN O A i oot -4,

Amplitude

.,
a

-
LR T

\ spece: location (x,y), depth (z)

tiyne or serson

e NP S T

:{g. 4~2. Dimensions ot Natural Variability




The 1567 TRC NDBS Feasibility Study made clear that data requirements exist

that are au. to be beyvond the 2 ¢icipated scope of available funding.  Herwzontal spacing '
buoys, levels measured in the vertical, freguency of reporting, and npumber of

paramelers measured all impact on budy system costs., Needed Is a logical design
rationale that relates data reguirements, data uses, and system and data character-
istice in a cost-effective tdashion that maximizes beaefits. Unfortunately, knowledge
and iheory of inarine envirownental prrcesses are not vet at the stage where all the
details of logical system desiyzn can be handied in a perfunctery manmner. In fact, the
embryonic NDB% wiil contribute considerauly to the knowledge thay will aid its evolu-
tionary growli

This section or ganices information on natural varisbility to aszist the svstem
degigner in the determination of the observaticnal data characteristics that will result
from the system desigun chavscterisiics, Which observational scxles will be fajthfully
reproduced? Which scales will he alizsed by the ¢, otem design and may reqguire that
fitering techaigues be included in the design? Severai additical questions are rele-

vant to tuis objective:

{1} Whut are the design relutionships betwesa “renvesentative’” observa-
tiots in the marine en. ironment sed the intended 9828 use”?

{¢) What is the gigpal- ~ noise ratic in the natural envirobment?

(3) What filter characteristics ars requireds to elun hate unwanted scales
or noise irom the observed data?

(4) ‘What 3ensor response dimes 2re desliable and what range of sensor
rasponse times are acceptabie?

(5) What chservation duration is desirabie?

{8) Whai acales of patural variability are taithfully measured by the
gyswm design? What scales are unot resclved? What alidsing aight resuli unlevs
proper fiitering is proviaed?

() What upwantc 4 gignals may result from sensor package wiotion effects )
and how can these be 1. adled?

(8) Whai is the spatial correlation of the data cullected?
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Whiie compiete answers to the above eignt questions are bevend present under-
standig of the marine ecvironment aad .. vers to severdi of these guestions are at
this time fragmentary at besi, an organization of existing infcrmation can be per-
formed in order to make rational pralinicary design decisions and to build a base of
understanding that can be augmented in the future (see recommendations Section 6. 2).

In the next section we ill discuss general cousiderations believed to be relevant
io the NDBS design. Sections 4,3 and 4. 4 wili present exaraples of the use of graphical
and tabular informatior contained in this report and their relevance to NDBS design in
the Deep Ocean {Q) and Coastal North America (CNA) regions. Section 4. 5 will sum-

marize the major consequences of this information for NDBS design. *

4.2 General Considerations of System Design

It is relevant to ask the question, '"What marine environments! information is
required by developers or designers .{ the NDBS?" While answers to this question
are at present only preliminary, this report contains reievant background information
and presents a structure for handling this problem. The answer to the question may
be addressed both from the ideal point of view of information that would be most useful
to the desigper or from the practical point of view of what infermation is available.
Let us first discuss the answer to this question from the ideal point of view. Ideally,
one would like all relevant information or natural variability for the dimensions shown
in Fig. 4-2. This pertaics to each parameter which is observed by the NDBS and alsc
those parameters that influence the performance of the NDBS., Information is con-
sidered relevant if it has wnfluence on the design of a buoy conmiponent, subsystem or
system to meet the observational requirements of the data user. Ideally, the system
designer may desire the variahility of each parameter presented in terms of a proba-
bility frequency distribution or typical distributions in space (x, y, and z) and time
and the accuracy that is significant for the expected data use (see Ref. 14 and recom-
mendations Section 6. 2).

*Dee;;' Ocean data buoy networks are defined to be those more than 400 n mi
from the shores of Coastal Nocth America. CNA data bucy networks are those within
400 n mi of the North American shore.
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The natural variability of a parameter is dependent upon the scaie of natural
phenomena, i, e., a wave number (k) in the horizontai, a wave number {(n) in the
vertical and a {requency (f} in time. No information on the vertical wave number has
been assembled for this study. The variability of a parameter also is a function of
space (i.e., x, y, and z locations on the earth) as well as time of the year or season.
A data buoy observing system such as the NDBS must be designed to observe relevant
information about particular parameters for particular locations and times of the year.
Of particular importance to the designer is the fact that natural phenomena occur over
very broad ranges of scale and due to cost limitations the natural variav.lity in all
scales cannot be observed. The degigner must, thereiore, select NDBS characteristics
that measure information only as it is relevant to the data requirements and the in-
tended data use techniques. The selected NDBS characteristics should eliminate un-
wanted scales from the observational data characteristics to the extent feagible.

How does one design an observing system to make ''representative’’ observations ?
This will be diazussed with reference to Fig. 4-3. System characteristics such as
sampling intensity (fN and kN), observation duration (fc 1), instrument response time
(fcz), path length (k¢ 1), the spatiai analogue of duration time), and insirument char-
acteristic length (kcz, the spatial analogue of response time), delineate '"windows" in
the frequency, wave number space within which the natural variability may be fully
resolved (i. e., in time and space) by the cbserving system. For certain banda of
scales the natural variabilit:' is only partly resolved (i e., in time only or space oaly).
The significance of the partially resolved information is dependent upon:

(1) The intended data use techniques.
(2) The variability amplitude in relation to the amplitude of the variability
for resolved scales.

(3) The accuracy requirements for data use.

Likewige, t~. variability may be aliased from some wave bands which are only par-
tially resolvea.
One is concerned, therefore, with suitable filtering of information in time and

spece (X, y and z).
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Let us now continue this discussion with reference to Fig. 4 The 3ix perti-

i

nent system characteristics fN’ fcl, sz' ard kN’ kcl’ and kC2 delineate six regions
on this figure within which something can be said about the resolution capabilities of
the NDBS, Ideally fN i3 gregter than fCl and k\l is greater than k¢ R The ampiitude
of the natural <iriability for each parameter, as shown in Fig. 4-2, is of importance
to the NDBS with respect to ideniifying phenomena.

The discussion of these six regions of Fig. 4-3 will be made with cross-
reference to Table 4-2. In Window 1, covering the low frequency and small wave
number region, natural variability .s completely resolved by the NDBS. Within this
window, however, variability may exist in parameter observations due to natural
variability in the aliased , .:gion which will not be discriminabie froin natural
variability in window 1. Aliasing from Potential Windows 2, 3, 4 can be eliminated
by suitable filters.

In the aliased region, the NDBS would not resolve the natural variability for a

‘ parameter. lLikewise, the natural variability in frequency or wave number which
- occurs in this region can be an alias of variability in Windew 1 and/or Potential Win-
dows 2 or 3. In the alissed region, however, the natural variability can be partially

resolved provided it is known beforehand that the variability in the aliased i <4 ion
occurs with scales which are not aliases of scales with significant variability in Win
dows 1, 2 and 3. *

The natural variability in Po*~ntial Windo. 2 can be fullv resolved by making
use of the continuous analog record over the period of observation; the average of the
analog record fiiters out the natural varishility occurring in potential Window Z. The
natural variability in frequency in this window, however, may be aliased into Window 1

unless a low pass filter (e. g., #veraging) over the auration of cbservation is applied. b L
Tine filtering may be desirable, if the time variability amplitude in either window i ‘
cannot be negiected relative to the natural variability in the other, and the scales of J

vnly one of these windows are of interest to the user.

R T o

*The exception tc this is the region in the center of the aliased regica (entirely
enclosed by dotted lines) from which ro decernable information can be obtained about o
natural variability.
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TABLE +-2

RESOLUTION OF NATURAL VARIABILITY BY SYSTEM CHARACTERISTICS

Window/
Region

Window 1

Potential
Window

o
£~

Potential
Window
3

Potential
Window

Aliased
Reglon

Range of Scales

e S e e ey
f<f_ andk < k__
YN N

1 2
k <
kN
<
f fN and
kC <k «kc‘
1 2

—
[

< { <
fN fC or

< k <
kN k kC

> K>k
f fC or C.

h::

Remarks

pletely resolved;
Aliasing possible for natural variability of
scales f\I < { < fc, and/or in all other

kN <k < kcz, except region 6

Natu:as variability 1 this Potential Window
is resolved if no temporal averaging is
appiied

Natural variability in frequency in the
Potential Window may be aliased into
window 1 above unless low pass filter is
applied in time

Natural variability in this Potential
Window is resolved if no spatial aver-
aging is applied

Natural varisbility in wave number in
this Potential Window may be alissed
into Window 1 above unless low pasa
filter in space 15 applied.

Natural variability in this Potential
Window is resolved it no Temporai and
spatial averayging is applied

Natural variability in frequency and wave
number in this Pctential Winduw may be
aliaged into Window 1 above unless Jow
pass filters are applied in time and sp&ce
Natural variability in frequency may be
aliased into Potential Window 3

Natural variability in wave number may be
aiiased into Potential Window 2

Natural variability not resolved in center
box of aliased region. Possibly partially
resolved within alizs.d region

Natural variability tn frequency or wave
number within this region may be an
aliased of variability in Window 1,2 or 3

Natural variability unresclved, ucdetected
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In Potentiai Window 3, the natural variability is fully resolved if the continun~us
single observation is not spatially averaged over the observation distance. The natursal
variability in wave numb=r in this window, however, may be alissed into Window 1
unless a low pass (e.g., spatial averaging) over the observation distance is applied.
Space filtering may be desirable, i the space variability amplitude in either window
cannot be neglected relative {o the natural variability in the other, aav the scales of
only one of these windows are of interest to the user. More representative buoy
deploymeinis may reduce the amplitude of space variability in Window 3.

In Window 4, where wave numbers and {requencies are high, the natural vari-
ability is resolved i no spatial or temporal averaging is appliec. The high {requency-
wave number variability in this window, however, way be aliased into Windows 1 and/
or 2 and 3 unless a iow pass spatiai and temporal filter is applied to both the space and
time observations.

In Region <, (Le., { > fC2 ork > kcz) the natural variability is undetected.

The importance of the aliasing is dependent upon the relative amplitudes of the
variabilities within the respective windows and the accuracy desired in the particular
parameter vy the 1er. From presently available observational data, the importance
of aliasing to the NDn3 and the need for filtering can only be surmised. Extensive
data from test buoy deployments will be required to provide further informatjon in
thisz regard* (see recoinmendations il. section 6. 2).

The system design problem is ooe of obtaining the best (cost effective) design
that iz feasible. At high cost, a simple solution that weuld yield complete scale
resolution for the NDBS would be to set fN = fcl = fC2 and kN = kcl = kCz and
measure 81l of the scales of natural variability explicitly. This is ansloguous to
expanding the size of Window 1 to span &ll reievant frequencies and wave numbers.
This high resolution is obtained, nowever, only at exceedingly great cost that is well
in excess of budget feasibility. This sizuple design solution, therefore, must be ruled
out &8 unacceptable. The NDBS designer is, therefore, confronted with the task of

determining the most suitable values for { fcl, and icz and kN' and kCl' and ke,

NO
*Note that practical problema arise from unresolved high frequencies and wave

pumbers being aliased into observations corresponding to windows at lower frequea-
cies and, or wave numbers.
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within reasonable cost limitarions. The sysiem designer musi concern himsell with
the amplitudes of the natural vu, .2bility in the frequency-wsve number space as well
as the marine envircnmental space (location, depth) and season. It is perhaps of
importance to repeat that at this stage of the NDBS sysiem design, the parameter k(;1
has heecn tuken equal to kC2 for .iost parameters and instrument packages under con-
sideration.

The system desiguner should attempt to match the observational data character-
istics to the user requirements as closely as possible within feasibility constraints.
Alternatives in the matching process that are available to the NDBS syste designer
and will influence the cbservational daia characteristics and costs of the NDBS are
shown in Table 4~3. As is indicaced in Section 5. 0, the user data requirements should
aj: o be delineated. Appilication of a common framework by both user and designer is
desirable. This information will asgsist in the identification of the system character-
istics and filtering that are d-~sired in the design; these also depend upon the space
and time characteristics of the selacted deployment configuration and the aatural

variability of the desired parameter as a function of wave number and frequency.

4.3 Considerations Relative to Deev Ocesn Design

To make this discussion more meaningful, let us consider as an exampie a
possible set of Neep Ocean NI'RS characteristics in the frequency-wave number space
and the varisbility of the ¢ rent parameter. The values selected from these Deep
Ocean NDBS characteristics result from the hypothetical deployment showe in Fig.
4-4, for the North Atlantic Ocean. As in this deployment, it is likely that preferred
values of system characteristics will ot be constants, but will vary in spa~e (x, vy and
z).

Preliminary values, based on our present knowledge of nstural variability in the
North Atiantic, indicate that greater horizoatsl resolutica would be desirsble in
delineating surface weather parameter patterns in “he oceanic region covering the
hurricane and tropical storm &pproaches to the coatinental U. 5. (region HA in Fig.
4-4), whereas coarser detail will suffice over moest of the remainder of the coean.
The system space characteristics approximately corresponding to thoae shown in
Fig. 4-4 for Regioa HA are !abelled HA in Figs. 4-5 and 4-6. Those corresponding
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TABLE 4-3
SYSTEM CHARACTERISTIC ALTERY ATIVES AVAILABLE
TC NDBS DESIGNER

(1) Frequency - increase fN

vary fC]

vary f

v ic,

filter part or all nriural variability for fc, <f<tc,
{2) Wave Number - vary kr}

vary kcl

vary ke,

filter part or all natural variability for k¢, <k < ke,

ro the remainder of the depioyment region are 'abelled OC. Preferred values will be
deirrmined by further trade-off studies and by extensive interaction between the NDBS
designer and the dais user. Final preferred values of system cheracteristics must
await obgervational dats from an in..al NDBS.

Fig. 4-5 contains the preliminary Deep Ocean NDBS characteristics and also
ideniifies the scales of thy phenomena that influence current velucity in frequency-
wave number spare. As was indicated in Fig. 4-2, there are three addygtional dimen-
sious of importance 10 the variahility of 8 parameter that are not presented on this
diagram for current; they are the magnitude of the variability, the variation of vari-
ability in depth ;z) and the variability with season or time. The variation of variability
in horizeatal (x,y) is grossly represented by the division into the two regions HA and
0OC. A brief summary of the state of knowledge ou the variability of the currant with
apace ’ad iime 88 ¢oilected 1o this study is given in Table 4-4*. In Fig. 4-5, three
sysiem cha&racteristics sre identified relative to the frequency axis: the 6-hour
temporal sampluy intensity, & 10-micute duration of observation, and instrument
response times of 50 and 10 seconds, (A8 noted above, these values are considered

representative and cot necessarily preferred values.)

*It i8 recognized that the state of knowledge of th> natural variability of the cur-
rent parame.or as a function of wave number, frequency, space and time {8 incomplete.
The operational NDbS will tself add to the state of kuowledge of natura! varigbility in
the marine eaviromaent. See also recommendations of sectiaa 6. 2,
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Note

The regions of interest 1w
this section are HA, and
e remainder of the de-
ployment ares, OC.

Fig. 4-4. Hypothetical Deep Ocean Buoy Deployment for the Nor*h Atlantic Ocean
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Let us now interpret the ettecy f these selected system characteristics on the
resulting observations. The surface gravity waves depicted on Fig. 4-0 were defined
as those surface waves with ;.erinds between 1 and 00 secouds. Az noted previously,
these phenomena are indicated ca some of the graphs solely tor the purposes of
demonstrating poss.ble sources of noise and aliasing. The gravity waves with periods
of less than 10 seconds wil' 1 be detected at all by the lo-second sensor response.
The longer period waves 10-30 =ec ndsy, however, will be folded (aliased) into
Window 1 (see Fig. 4-3 . i the observation is not averaged and if the amplitude ot the
variabil.iy in surface gravity waves tor the space-time de woyment 1s significant
(over a iong period of time) relative 1o the variability f the current. Reference tv
Table 4-4 for s+a surface gravity waves wndicates characteristic speed as high as 2 Kkt.
This will occur over all oceans, with the greatest amplitude found near the ocean
surface. Due to this large amplitude in the upper ocean layers, filtering must be
considered for current m¢asuring instrument to b loved near (he surface. This
could be accompilshed by utilizing the osU-second mstrument response time. Here the
tack of precision or completencss of the data in Table 4-4 becomes apparent, since
the considerable spat ' X, y and &) variationa of curreant variability due to surface
gravity waves is only handled w. © ~ross fashion. (A collection uf detatlec inforniation
concerning surtace gravity waves was coisidered beyond the scope of this siudy, see
Section 6. 2).

Returning to Fig. 4-5, the indicated 10-minute observatjon duration wil allow
filtering of ail {requency varisbility for periods less than 3 minutes and wiil, there-
fore, allow surface gravity waves to be filtered numcerically, f desired, i the
resuiting observational data. [t should be mentioned that some versions o« the
Savoniwus Rotor current meter provide a 50-second averssing in the lestrarient package,
by counting. This instrumeant fiiters the gravity waves waizaut curther aumerical
filtering.

The o-hour temporal sampling intensity will resolve temporal variability 1 the
curreat velocity for phenomens with periods greater than 12 hours. Unresolved wil!
be the natural variability associated with such phenomens as sm. 1l sacgle coavective
addies and convective eddies with pericds greater than 10 r.inutes. In Table 4-4,

interoai waves and small acale convective eddies indicale & characteristic speed
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amplitude of 25 centimeters/sc.ond. This would indicate that some aliasing w the
s.sociated Window 1 (lower left hand corner of Fig. 4-5) is possible.

The high wave number phenomena surface current me.aders and internal current
meanders, surface topographic eddies and marine topographic eddies will not be
resolved by the grid spacing characteristic cf this deployment area. The aliasing
possibilit .es of these phenomena in the resclvable window can be handled by judicious
selecti-u of deployraent lications in the Deep Oce . Deployment locations shonuld be
seiected which are unlikely to be influenced by small scale phenomena. In practice,
tnis may have to be determined by trial and error; ... g. , by surveying prospective
sites and installing temporary buoy networks.

Fig. 4-6 contains the preliminary Deep Ocean NDBS characteristics aad also
identifies the scales of the phenomena that influence surface air pressure in frequency
wave-number space, ‘

The preliminary characteristics shown will not fully resolve the particular
phenomenon of interest in Region HA during certain seasons of the year, viz., the
hurricane. This phenomenon falls in the aliased region (see Fig. 4-3). However, 1t
can be partially resc'ved, since the lower wave number scales which are its aliases,
ar.d which lie in the same frequency band (i. e., those contained by synoptic scale and
Jarge scale atmospheric disturbances) contribute littie natural variability in Region HA
during the hurricane season in that Region. Partial resclution of the hurricane scales
(i. e. , estimation of its variab.lity in the time or frequency domain) by the NDBS can
provids invaluable supplementary infosiation .o that gained from other observing
systems and/or theorstical models.

The phenomena in Fig. 4-6 containing higher fraquencies that also fall in the
aliased region can procduce serious aliasing problems since they occur in conjunction
with the hurricane, and can produce significant natura} =* ' “'**- in the parameter of
concern, viz., air pressure. Therefore, it would be prefera. _ to eliminaie the
presence of the center box in the aliased regior (see Fig. 4-3 and the second {ootnote
in Section «. 2) thus, allowing time filtering to be applied. This could be done quite
simply by extending the duration of cbservation to cbtain a coatinuous time record of

air preseure in Region HA during ihe hurricane seasons.
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4.4  Considerations Relative to Coastal North American Design

Let us now consider an example of a pussibie set of Coastal North American
characteristics in the frequency wave number space, and the variability of the same
two parameters discussed - Section 4. 3. The values selected for these character- i
istics result from the hypothetical deployinent shows in Fig. 4-7, for the Gulf of _g
Mexico and adjacent waters, .

Again it is likely that preferred values of system space (x, y, and 2} character-
1stics will themselves vary in space. Preiimanary values based on our present
knowledge of notural variability in these waters suggest that greater horizontal
resoiution 18 desirabie in the Yucatan and ¥lorida straits (Regions 8 in Fig. 4- , with
coarser resolution in the vicinity of the mid-Gulf current eddy (Region E in Fig. 4-.),
and still coarser resclution eisewhere (Region G) in Fig, 4-7. Svstem Space char-
acteristics corresponding approxiuately to the spacings shown tn Fig. 4-7, have
corresponding labels in Fig. +4-= and Fig. 4-9.

The increased dotail in the horizontal obtained by the finer Gull mwesh now brings
some ol the larger scale surface meanders and topographic eddies within full resclu-
fion capability as shown in Fig. 4-5. P, 4-9 shows that mature hurricanes can also
be fully resclved in the eastern and central Gulf regions, as can the larger extra-

tropical pressure disturbances found in this area during the winter season.
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NOTE: The Regions of Interest are:
S, Eand G. G is all of the region not
in the three hoxes.

|

ool
© &
®
g

N —"|

% i

& ()

[}

)

® . ¢
cl@'
._,4—4'—‘"“"”"

Fig. 4-7. Lo pothedcad Coastal North Ameriican Buoy Deployment for the CGulf of
Mexico and Adjacent Waters.
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5.0 IMPLICATIONS FOR THE NDBS DATA USER

5.1 Background

Who is the NDBS data user? We have identified two classes of NDBS data users
in Section 2. 0. One class of NDBS wu.ita users is located at the data processing centers
as shown in Fig. 5-1. The observaticnal data from the NI!BS are input to the data use
techniques at the processing centers. The products output from the data processing
centers are intended to satisfy the second general class of users - the ultimate user.
There may be several classes of processing centers; for example, some processing
centers may be concerned with archival and retrieval, others with analysis, predicti n
and interpretation. Likewise, some processing ceniers may be actomated, others m.y
be manual and some & combination of men and machines. Some processing centers
may be operated by government agencies, others by private organizations. Some
processing centers may be operationally oriented. others may h- . search orie.ed.
Table 5-1 indicates a partial iist of governinent users of NDBS data. Some of these
government users are ultimate users, some participate in the processing furrtion, and
some government users {all in both classes. Tabie 5-2 indicates a partial list of
ultimate users having operations that are environmentaily sensitive. Most of these
users are industrial ¢rganizations that have economic performance measures (profit;

In thiz section of tise report we are primarily concerned with the data processing
user of the observations collected by the NDPS  We are concerned primariiy with the
problem ¢f how the Gata processing uscr should ascertain the data requirements of
the data use techniques that are to be satisfied by the observing system (here, the
NDBS). We will also develop 8 common language to facilitate the interactions
aecessary hetween ne data user and the NDBS system Jesigner.

As hackgrovnd te this discuss.on, let us consider the problem of the dats user
with reference to Fig. 7-2. The primary probiem of the data user is the develonment
and operation of data use techniques. Here. we w1il conaider the data use as pre-
diction, 'though archivai and retrievs!, and resea.~' have also beer listed earlier
a3 potential uses

As was implied 1n Section 2, the prediction use will probably place the most

strizgent and comprehensive demanda on the operating systems  Thus, {ts early
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TABIE 5-1
A PARTIAL LIST OF GOVERNMENT USERS OF NDBS

‘Au' Weather Sc.vice Health, Education and Weliare i
|
; Coastal Enguseering Rescarch Center Maritune Administration
UnA
% NASA

Lake Survey, UsA
‘ National Oceancgraphic Data Center

Atonmice Energy Commiss on
: Chier of Naval Operations
- Bureau of Commerc:al Fisheries
| Naval Electronics paboratory
! Bureau of Mines
j Naval Mine Defense Laboratory
% Bureau of Sports Fisheries
| Naval Alr System Command
%L’. S, Coast Guard
| Naval Underwater Sound Laboratory
%(‘uast & Geodetic Survey, ESSA
E Na.al Uceanographic Office
| FoSA lesearch Laboratories
| Naval Oceanographie Insirumnentation
il S Weather Bureau Center
?’Natx\)n:i} Weather Kecords Conter, FS3A Naval Weather seivicee .
ii-'»:dcraj AViation Agence Office ot P oval Resesroe:
i‘l
;dee—rzd Water Pollution Contro, Pacific Maussile Range

E Admnustration

i Nattenal Science Founasiion
%kkmiogxcal survey
!

constderation witl orobablv uncover at an early stage more technical probiems in

matehing svstem characterisiwes, natural vaonabafity, and data use 7 chpigues, cat are

commen {o many uses  This {8 nod meant o depreciate the benehits obtamable trom

other uses, or the necessity for speciat consrderation of their more exelusive demands
on the svstem characteristics 'n the oear future

There are several vidsses of predicbon data use techmgues. We Save e ads

auiiirerd a categorication it empirical, physicad and statistical techaigue s, mome o
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TABLE 5-u
A PARTIAL LIST OF ECONUMIC USERS

Construction ladustry Hezy, Light anc Power
B 5 i<

o

Off shore el and Gas Insyrssd

Transporiation Indust Puinic Works

{sub-surtace ship, = irface zhip,

land, aviation Maing

W
Agricuiture Air Resource Management
Commerxzial Fishing Water Resource Management

Ceneral Public

hese techniques are objective and may raguire use of electronic computers, other
technigues are subjective. The daty user ir comcerned with the desired cutput freqa *he
data uze techniques thai is intended to reduce the eavironmenisl uncertginty for an ui-
timawe user with enviroamentslly sens’ive operations. Fig 5-2 is arranged in what
might ncrmally be considered veverse order, Cur discussion will trace the analysis
sequence to define the daiz reguivements of data use techoiques. in perations, the
NDBS observational data are input to data use [0 “wuiques. The uscertgindy which
exists in the data producis provided to the aitimsate user is due Lo our vestricted
ability to explain the natural variaebility in space and timse by the observational gata
and the data use trchuiques. The data use technique developer should obisic a suit-
ab.2 baiance betwe~n the natural vayichility, the data use technique and the observa-
tional data input in order to reduce the uncxplained (and therefore, uncxpected)
natural variability which is significant io the uitimate user in a benefit-cost asnse.

In a broad sense, the data uase technique developer is confrontad with & trade -off
problem. It is necessary for him to ascertain a weasure of performance, signifi-
cant t¢ the ultinate user, ani to perform a trade-off analysis of alternative obser -
tion, analysis, and prediction sysiems using the ultimate user's performance
measure vs. cost. The mu'ti-dimensions of concernr to the dats use developer are

presented in Fig. 5-3.
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The probiems of the dath use developer are not independent of those which con-
cern the NBIR® designer  [igure H-4 resulis from overlapping Fig 3-2 and Fig. 4-1
and indicates ap interface hetween the NDBS designey ond the data use developer., The
daia user must specify the data reguiremeonts of the data use techniques. The NDBS
designer wiil atterapt 1o match the NDBS shservational data characteristics to these

gata requirements within the feasibility constrairis of the NDEBS, In this section, we

are cororied with kow the data uzer should asceriain his data requiremenis and ¥ w

these shouia be spacified,

5.2 Geperal Considerativas of pdta User

The data reyuirerrsnis of data use techniques should be speciified in terms of
the paramcters veguimed as well as pertinent parameter characteristies, This
specification may be mads in more 1han Lo way due to the mterrelaticnship of the
guantiiies to be discuased velow., Coe methed of specifying the relative data require-
ments for dats use technigees is given in Table 3-3. o addition to the pertinent
paramelers, we are concerned with the specifination of what is frequently referred
to as & represeniative cbservation. The seales (X, v, 2z, t} are specifisd for which
the natural varizbilily needs o b2 resoived ny the observing system. Since the
natural variability varies as a function of space ¢location and depth) and in time
or season ay well we with {requency and wave number, accuracy requiremenis
are necessary in define the natural variabilitv in these four dimensions, The
accuracy requirements statement should be made as ihe least stringent precision
required to be satisfaciory o the data user. [n addition vo the scales which are to be
resoived, a statement should be made of the scales whicn should be filiered from the
data #nd any parameterization or environmental event identification within these scales.
Several data use system constiraints are also pertinent. These luclude transmissicn
time, observation time(s), observation interval (usually continuous for an operational
user) and space in the marine environment that is to be observed.

The NDBS system designer is undertaking trade -off studies in terms of an NDBS
performance measire and cost which allow & relaiive ranking of the match between

the NDBS observational data characteristics and the data requiremenws of data use
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TABLE 5-3
RETEVANT DATA REQUIREMENTS FOR DATA USE TECHNIQUES

Parameter(s)

Scales (x,y,z,t) to resolve Natural Variability
e# Accuracy required |- t(space:location (x,y), depth(z); time or season))

i
|
® Range ;

Scales (x,y,z,t) to filter - parameterization of events
Data Use system cunstraings

® Transn:iasion time
® Observation time

8 Observation interval (if not continuous)

e Volume of Marine Environment to be observed

techniques (see Fig. 5-4). The data user is also undertaking trade-off studies in his
performance-cost environment. Therefore, it is necessary that a close interaction
exist between the NDBS designer and the data use developer ‘see Recommendations,
sectien 6. 7).

Let us consider the problems of the data user first from an ideal point of view
and then from a practical point of view with reference to Fig. 5-4. lacally, the data
user knows the sensitivity of the ultimate user's operation, a pertinent performance
measure, and the pertinen. environmental factors. The environmental factors in-
clude the parameters which are output from the data use techniques. The sensitivity
of the ultimate user's operations to environmental factors indicates the precision
necessary in the output of the data use techniques. Ideally, information is available
to bound the problem. This inferma‘ion would describe the ultimate user's perform-
an~e with no environmental support, with " perfect” environmental support and with
environmental support with the precision of climatological variability.

Ideally, the data user wouid also have at his digposal a trade-off analysis of
alternative data use techniques measured in terms of ultimate system performance,
as determined above, and cost to provide the ¢nvironmental informatien. This would

require that he have available a state-of-knowledge on the precision of each of the
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dota use techniquec as a function of put data requirements for given levels of
natural variability. He would then he able to, ideally, maxe a seiection of the most
desirable data use technigue (W a cust performance sense) and would be in a position
to specify the data reguirements of a particular data use technique in a form con-
sistent with Table 5-3.

Practically, his state-of-knowledge falls far short of that ideaiiy resuired. The
data user may unot have a clear picture of his vltimate user in terms of the informa-
tion required, forms, environmental factors, sensitivity and relevant performance
measures. Qur state-of-knowledge on the precisicn of the vutput of data use tech-
niques as a function of the input data is fragmentary Our present operational data
use techaniques are shaped by the existing available observational input data which is
very L. imitive from the marine enviornment. In & practical sense, budget constraints
are of equal importance to technical teasibility constrainis. The practical solution is
to choose from among alternative technigue development sequences which build upon
the present operational staie-of -the-art, to fermuiate improved data use modeis,
develop the associated techniques, and proceed through a test and evaluation stage
which may result in a feedback to a "revised model' formulation stage. The
practical approach is to take smail steps to reduce relevant uncertainty, i.e., unex-
plained natural vamability that is pertinent to the ultimate user, starting with the
present operaiional system,

These general concepts can perhaps be be ter understood with reference to a

particular example which will be addressed in the next section.

5.3 A Meteorological Daia Use - The Public Weather Service

In this exampie of meteorologica’ data use by a Public Weather Service, we
wiil discuss, in order, the three major considciations indicated on Fig. 5-5 to

arrive at the NDBS data requirements:

# Weather sensiivity of the general public ultimate user,
® Natural variability as a function of f, k, sp&ce and time, and

e Applicable cata use techniques.

97

e s R e RO I 5 S
yw,.,.,ﬂl




It sheld be mentioned that this section (0.3) 18 to be interpreted strictly as an ex-
ampie of procedure. The data provided do not represent the result of an exhaustive

study but rather the state of infermation readily available to the authors, *

3.3.1  Weather Sensitivity of the General Public User

The activities of the general public are diverse and varyv between sections of the

I ited States as well as betwec.. cities, urben and rural areas. Only a broad over-
view . 11 be considered iere, although we are considering an arca of the United States
within which the potential observational data {rom the NDBS is important input to the

. dota use techniques as indicated in Fig. 5-1. Such an area i the megalopolis ex-

tending from Washington, D.C. to Boston, Massachusetts. Table 5-4 contains some

typical activities of the gencrcal public which are veoather sensitive. In the upper

group of activities, criteria which measure satisfactory performance inciude.

satis-
factory accompiishment of activity, human comfort, and enjovment. In the lower
group, criteria include dollar loss to property as well as death and injury. The

environmental factors causing this sensitivity are related to the parameters and or

phenomena identified. The phenomena identified have a specific meaning to the gene—al

public and represent a mode of information "parameterization” for comn ‘unicating

combinations of parameters to tne general public, e.g., a hurricane signifies high

wind speed {in excess of 75 mph), strong surf, storm tides and heavy rain.

Most of the general public operational decision options require short lead times
of 2 to 2 hours. Drecast information is useful, however, tor planning cperations

for 0 to 35 hours. The forecast frequency should be such to provide information with

greatest precioion at the time required by the general public for decision and planning.

General public decisions are most frequently made in the early morning and ¢vening.

2.3.2

Natural Variability

We are concerned with the natural variability of the particular parameters and
phenomena indicated in Table 5-4. The important parameters include precipitation,
temperature, wind, dew point and sunshine. The phenomena indicated include ex-
treme values of these same paramcters. Fig. 5 U portrayvs the frequency-wave

number scs s of major atmoespheric phenomena. Separate diggrams for the wind

*It gshould be noted that THC operates a commercial weat ier forecasting service,
The Travelers Weather Service, covering the Hartford, Connecticut area.
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Fig. 5-5.

Public Weather Service - Data Use Analysis

TABLE 5-4

ENVIRONMENTAIL FACTORS FOR PUBLIC WEATHER SERVICE

Activity

Meteorologicai Parameters or Phenomena

Work Qutdoors
Dry Clothes

Grounds Maiutenance
& Home Repairs

Auto Transportation
Qutdoor Recreation

Damage to Property

Damage to Life & Limb

precip, sunshine,

precip, sunshine,

precip, sunshine,

T,\)/, Td
T' \/l Td

T,V

precip, T
precip, sunshine, T, Y

precip, T, /, hurricane, tornado, thundersterm,
cold wave, heavy snow, freezing rain, storm tide

precip, T, /, hurricane, tornadc, thunderstorm,
cold wave, heavy snow, freezing rain, storm tide
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veroclty, temperature, dew point, preciprtatien and pressur oare ancluaed ok 57
through Fig. 5-11. Iaformation on the ampliitude of variability of these parameters is
nat providea o detail since such data cotlection was bevond the scope ot this 1ovesti-

gation (see Recommendations, Section . 2).

5.3.3 Data Use Techniques for Public Weather Service

The present state-of-, e -art of data use techniques to suppert the public weather
service are combinations of subiective and vbjective methods. The major pheromena
which influence the important parameters range downward in frecuency and wave num-
ber from iie thunderstorm, zs shown in Fig. 5-¢  The presently operational objective
numerical weather predictions techriques of the U. 8. Weather Bureau are designed
to support each of the sperating services such as the public weather service. These
analysis and pre”i_wuon techniques are desig~ed to predict the synoptic scale and
large-scal. atmospheric disturbances. Data intensity over land areas are adequate
to suppe.t these techr iques. (Over ocean areas, however, the horizontal ob=ervaticn
intensity 1s only adequate for the large-scale atmospheric disturbances. The general
public, however, 1s Sensitive to scales of a'moespheric variability which are not
predictable by present operational numerical weather predictions.  Tho publie
weather service utiiizes data use techniquez of analysis and prediction which are
suitable to suppemt the generdl public on the scales of concern and withun the sbserva-
tional lumitations. The state-of -the it allows for subjective and objective analysis
methods. For forecasting, subjective, Kinematic, statistical and linuited shysical-
numerical techniques are available. There ‘8 no unique technique and the design and
development of improved analysis and prediction techniques is a continual process.

A conservative approach is to oxpect little evolution from the present operational

data use techniques.

«. 9.4 NDBS Data Reqjuirements tor Pubiic Weather Service

The dats required 8s mput to the daia use wchnigues for the public weathsr
service deyends upon which techniques are to be utilized; particuiarly, whai scales
will be observed and analyzed and predicied explicitely {(in deuiil), &nd which
scales will be "marameterized” or forecast tn a stalisteal sense The assumjption

made nere 1s that initiaily we =sb o2 cpecity the data reaurreinents with no mors:
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stringency than is necessary for the data use techniques heing presently used or
densitely planned for use in the near futvre. Since the public weather service of a
Megaiopolis (Washington, D.C. to Boston, Mass.) is adjacent to the coast, the NDBES
metecrological data compiements the meteorclogical data over the land as input to the
data use techniques. The parameters required include temperature, wind, dew point,
precipitation and sunshine as well as pressure. Pressure is a parameoier required
by the data use techniques even though the public is not sensitive to pressure. The
available informiation on natural variability has been summarized on f-k graphs for
parameters measurable by the NDBS. Figures 5-6 through Fig. 5-11 indicate scales
which should be resolved, parameterized and filtered.

A sowewhat higher wave number resclution is required adjacent to the coast
40 n iy ang icwe s wave number resoclution (160 n mi) would be suit Jle at approxi-
mately 300 n mi from the coast. Along the U.S. east coast, this would resolve the syn-
optic scale and most hurricane disturbances. The 3-hour temporal sampling intensity
would be suitable. The requiremeunts call for a parameterizing and filtering of all
scales of frequency greater than~ 103 and wave length less than 150 or 370 km. For
parcmeterization, we require informagion on the sccurrence (or not) of non-resolved
phencmena as they yieid a characterisiic signature on the parameter time series,
e.g., squall line, thunderstorm. Short period parameter intensities pertinent to
design climstology should also be acquired.
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CONCLUDING REMARKS AND RECOMMENDATIONS FOR FURTHER STUDY

6.1

AND EXPERIMENTATION

Concluding Remarks

6.2

e A framework has been constructed relating the Nationa® Data Buoy
Jstem characteristics to the natural variability of the marine cavironment tc
aszist the NDBS system designer in specifying observational data characteristics
that are to be matched with the requiremenis of data use techniques. ‘Inis frame-
work is usable by the NDBS designer in trade-offs between cost and effectiveness
{or utility) of the NDBS observational data characteristics needed to satisfy the

data requirements.

@ A structure has beean established relating:

4

Marine environmental data requirements
- Data use techniques
- Natural variability of phenomena

~  Needs of ultimate data users relative to mission environmental

sensitivity

This structure has been devised to assist data u.ers in documenting and revising
data .equirements commensurate with intended data use techr~ues (prediction

modelis).

¢ A compendivm has been made of the sciles of natural vasiabilivy of
meteorological and oceanogravhic parameters to be measured by th» NDBS.
Natural phenomena have been "parameterized, ' to make possible * road anal-
yses of the ability of various buoy networks to resolve these pheromena. It is
clear that existing information describing the ampli*ude of the natural variability
and its varijation in space and time (season) is inadequaie. Fileld experiments

in the marine environment will be needed to overcome this lack of information.

Recommendations for Further Study and Exnerimentation

The resuits of the presens study are limited by gaps in our present knowledge of

the natural marine environment.
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Certain of thesc identified knowiedge gaps may we candidates for observational
and theoreticu! studies in the near future. The results of these investigations will
likely intluence the depioyment of instrumented buoys in the {irst phases of the NDBS
irogram.  Preliminary investigations should focus on specific varameter< and

regions of the ocean that are of high-priority concern to NDBS development. It is

recommended that the NDBS DFO sponsor a centinuing study of the interface between

the needs of data users und the design and operation of the NDBS. The advice and

cooperation of major operational data users having presently-defined techniques and
pruceduces for data use would be solicited to estab? sh initial priccities for cellection
of data. Tt is suggested that the results and future plans for the cont!.uing DATA

Users/NDBS Interface Study he periodically reviewed by an sppropriate Data Users

' Advisory Group, raporting to the NDBS DD,
As a first step toward initiation of the recommended Interface Study, a general
framewcrk for observational and theoreticai study should be developed trom results of

several present marine data collection programs involving buoys. Among these pro-

grams are the WHCI - ONR menred buoy studies in the Atlantic, the SIO-ONL
Northern Pacific {(NORPAC) « .periment, and the ESSA-coordinated BOMEX experi- ¢
ment 1n the Carribean. Briefs outlinuyg the impact of these experiments ou NDBS
development and implementation should be prepared for the ~DBS DPO. These briefs
would be based upon scientific analyses of the experimental results. The br.efs and
scientific analyses would be available for review and use by a selected Scientific
Advisory Group, repe.ting to the NDBS DPOQ.
To augment present scie:tific investigations, it is recommended that NDBS DPO
support chservational studies direcicd to obtaitung better definition of natural vari-

ability having specific application to high-priority NDBS design requirements. To

of single buvys and small networks of buoys with observatioual cacracteristics detined

by a scientific organization that will alsc be responsible for analysis of the data. thus

Simi'ar experimental pregrams should be conducted in a test environment to

determine the performance and ett ctiveness of various hardware combinations under

consideration for usc in the NDBS. The object of these «xperiments is to anticipate
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problems and seek feasible solutions. For example, probtems may result from mis-

matching system characteristics with the natural environment. * “ossible solutions

for such problems might be achieved by some type of filtering of the signai, by changes

in some system component properties, or by replacement of the ¢atire system. The

design of the se .ud’ s should include planning for "benchmark ' standards (e.g., simul-

tareous measurements from fixed platf~rms), and for the inclusica of a wide range of

envircnmental conditions.

The p:res "t study has necessarily been restricted in its scope to those critical

design problems ot imm diate concern to the initial formulatin of a data buov system.

Ther o » .aus b nlil e or no consideration of ot! v system design probiems which
, ar- jess rvessin; but which must b~ carefully considered in reachirg the final oper-

ational systerr  The Jresent study shouid thus b extended to iuclude a consideration

of su. . fa-tors as:

(1) Instrumr at sensitivity. What accuracy or threshoid sheuld be chosen

& f o measurement of each of the natural paramcters to be observea?

()  ata quality. The des’7n of the sensor and hardw ire systein wil
interact with the data use techniques to affect the quality of the data. The etfect

of system design alternatives on guality should he exnloved.

(3) Daia exte . The duration of dats coliection in both space and time

will affect tie usctulness of data cbtained. 7This design C(haracteristic can «nter

trade-c  considerations with instrument sensitivity in some situations. L

(4) Vertical variability. Little is known of the natural variability in the R

verticral dimension. Studies, possibly in ¢ mbination witi additicnal obseyr-
vational programs should be undertaken to define desigl requirements in the

vertical,

A :u; extreme example te iliuctrate this point, 3 current n.cter with

jertiai characteristics mounted on a high-profile buoy, moored in shail-w water with
n elasuc, large-scope mooring in a region of mild curvents and strong vinds would
most like'y produce highly erroneous curr.rs data.
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A survey of available information in terms of specific regronal an. seas i ;

;

. , . . o s - . 1
segments of the marine environment should be compiled inte an casily usc i form, such ]
as a handbook, such as Ref. 14, This readily aceessible piesenl-state-of noawionge :

handbook would he of considerable use to designers of the NDRS, and to desigr rs o f

by

other marine data collection svstems and ‘e developers of technigques for th - (=e of

marine data. An important by-product — such a sarvey ctfort would be the identificn

tica of gaps in our present state-of-knowledge w.o..ch mu @ ultimateiy be flied by ex

perimental research.

™
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o APPENDIX A

DETERMINATION OF PHENOMENA SCALES




L INERTIAL OSCILLATIONS

Pure inertial motion occurs when centripetal acceleraticn due to the deflecting

force of the earth's rotation is balanced by centx fugal force of the p~th of curvature

2
(0 sing)e = S 1)

where {3 is tho angular velocity of the earth's rotation, ¢ is the latitude and c is the
velocity of & wat~r parcel relative to the earth,
The pericd of the inertial oscillation is given by

N v
T Qsing

(2

and is therefore dependent only on the latitude, Oscillations of this period may also
occur in combination with other flow components, In very low latitudes the inertial
period becomes large and therefore 5° latitude was arbitrarily chosen aa the upper
limit («ongest periced, tc be representad in Fig. 3-1. The lower limit (shortest period)
that appears in Figure 3-1 was dictated by restriction of bucy placement woove 83°
Iatitude due io ice problems.

The radius of a pure osciliation is g'ven by

C

R - fMeke @

and is dependent of the .slocity and the location of the oscillation. Although R
constitutes the radius of the trajectory of an individual particle in the oscillation, it (¢
possible for entire oceans to be subject to such an inertial oscillation. Therefore,

the limit for the lower weve mumbsers (long wave lengths) should be dictated by the
physical limita of the ocean basin. The limits on the upper wave numbers (sho.1 -ave
langths) are prescribed by the minimum dimensions of an individual particle trajectory
at 8 particular latitude with a particular particle speed as can be seen from

Equation (3). The limits for the latitude have already heen jdentified; the lower limit
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on the speed was identificd as the stated accuracy of measui~ment in the users

‘cquirements which was 0,035 knot (2,5 cm/sec),

il INTERNAL WAVES

Internal waves can only exist in a non-hormogeneous medium such as the sea,
They form between subsurface water layers of varying density. The limiting fre-

quencies (angular frequency) of internal waves are

0 < |w| < N_ (%)

where £ is the inertial frequency equal to farci the angular velocity of the earth
times the sine of the latitude and Nm is the maximum value of N{z) which is Brunt-

Vaisala's frequency defined as

/ . 1/2
(g d g 5
No = - (g & 2 (s)
here g is the gravity, p is the denzity and c is velocity of sound. The Brunt-
Vaisala frequency is a measure of the stability of the oceanic stratification,
) )
Observed valv2s of Nm in the ocean are of the order 10 =~ radian/sec while
4
< 1.5x10 adian/scc. Internal waves have been observed to have speeds of

0. 11 to 0. 60 knots, With observed values, and the relationship ¢ = {/k, Umitirg wa

numbers are obtained at & particular frequency.

I, ROSSBY WAVES

Coneider the very simplest ca.» of an ideal (non-vigcous) homogenecus,
incompressible ocean in purely horizontsl motion in which there exists a stmple
sinusoidal disturbance of wave length L. The rolationship between the phase velocity,
¢, the zonal velocity, U, and the change in the Coriolis parameter (24i8lng) with

respect to latitude, 8, may be expressed as

L = t27 lii—g (5)

® o
:




The value of B is detern.ned by the intitude and here again the limits of 60" to 5° were

chosen for reasons stated apove, The range of zonal speeds was chosen to correspond

to the range specified in the users requirements: viz., 0.05 to 10 knotz. The phase
velocity wae given an unrealistically large range for 0 to 40,000 cm/sec, for the
purpose of exploring the area which is bounded in Fig. 3--1 by the results of Equation
(6). The relationship to relate frequency and phase velocity is ¢ = f/«k.
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APPENDIX B

MOGRING AND PLATFORM MOTIONS




This appendix is interded ic generally describe the possible motions that a single
moor platform (surface and/or subsurface) . 22 undergo under oceanic environmental
conditions. These motions can affect the data collecting capabilities of muny of the
sensors on or suspended from the platiorm. At H..es, serious distortion may be
introduced into the time series record obtained from these sensors. This distortion,
generslly termed "mnoise’, may be induced in many ways by the motions of the platform
and/or mooring. as weil as by the imperfect response of the sensor to the resulting
transients and to the real transiente which appear tc exist in the sea. The sensors to

be used by the NDES will be affected to varying degrees by platform and mooring

motions. The current meter is the most susceptible to thege platform-mooring effects.

The term mooring motions gc.erally refers to the mooring and float (surface or
subsurface) as one system which oaciliates at various modes. A surface piatform
{float), partcularly of the surface f~llowing type, undergoes many gyrations due to
surface waves, These modes of oeciliation differ from mooring motiona which arise
primarily from currents. The reader is referred to the Proceedings of the Buoy
Technology Symposiums (1963 and 1967); (Marine Technology Society) for more detailed

information about platform motions due to sea surface waves,

Mooring motion i8 the change in the equilibrium position of 8 moored platform in
response to a change In the direction and speed of the current flowing past the mooring
and piatformm. The maxmum amplitude of these moticns occurs near the surface and
decreases o zero at the bottom, These motions beccme acute with respect to current
measurements which are made relative to the mooring so that mooring motion is
presenf s an extraneous signzl in the 1aeasuremant. Other NDES sensors are
sengitive to these motions only in the presence of gradients of the parameter vaiues.

In the presence of a rotary current (e, g., the inertial current) ithe motion is
particularly pronounced if the amplitude of the ro’ -y components excee’s the mean
current. The mooring is swept through an i ~gular orbit with the fi equency of the
rotary component at speeds that may attain a significant fraction of the measured
speeds. The amplitude of the rotary components can be considerably attenuated in
the relative flow passed the mooring .ad platform tend to move with the current., For
example, 8 simple model may be derived [15] to demonstrate that in the
presence of & 100 cm/sec rotary inertial current of 17. 5 hour period, the float or
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plaform speed would be 8 steady 10 cm/sec for a givea practical mosring compliance.
The spesd of the mocring cable would decrease approximately linearly with depth.
Therefore, the measured currents at depth can be contaminated with spuriovs indica-
tions of rotary flow by the motion. At rnid-depth (2000-3000 meters), the speed of the
mocr in the previous example would still he 5 cm/sec which 18 comparable to the
speads expected in der~ water., The displacement of the mooring is apyroximately
proportionsd to the horiz<: ‘2] drag (& non-linear function of gpeed) and 25 a result
harmonice and inter-modulation frequencies ars genersied in ihe recarded velocities,

Several oscillatory modes have besn detected or calculated {rom simple mooving
motion models and observations. {15, 18, 17 ] The first mode acts like an Inverte:d
pendulum a&nd is an oseillation of the entire mooring-platform system. For mooy-
ings such as being used by WHO! faut wire moor) the oscillution pericds ig of the
order of 100 seconds. There is a second mode {type) of oscillation which occurs
betweet the float and anchor (see Fig. B-1). Its characteristic period is shorter than
the first mode. M

The first mode will alwaye be highly over damped and it ig unlikely that it will
appear as an cscillatory motion unlees the flow contains coherent fluctuations st a
resonant frequency. Although the first mode will probably not appear as an osciliation
there will b. ;ome distortion of the spesu .ocord. This distortion can be estircated
from the Fofonoff and Garrett simple thonvatical mndel.{ 17} Figure B-2 displays the
response of a mooring to & a@ function change in current whers K is the mooxring
compliance or "sofinesg’, u is the current speed, and ur 15 the relative speed mesa-
sured by a current meter.

The second mode {or type) of oscillation can be executed under certain condiiions
and has been detected in current meter records. In May, 1964, a subsurface taut-wire
mooring (#161, WHOJ) was set southeast of Bermuda in a depth of about 2500 meters.
Record #1612 {depth 494 meters) contained a persistent rotary oscillation of the
instrument case for speeds above 22-24 cm/sec. The oscillations started and stopped
abruptly, Fluctuations of the vane and compass readings become coherent with a
period of about 4 seconds at 40 cm/sec and increased in period to 9 seconds, then
ceased abruptly at 18 cm/sec. The pressure case had an external fin rigidly attached
to it, so the oscillation converted a rotery motion to the case with peak-to-peak
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Fig. B-1. (After Fofonoff {16 |) Modes of Oscillatic for a Platform-
Mooring Systemn
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MOORING DISPLACEMENT

{t) MOORING SPEED

o> - — . Com gmmn Sl O vesn W o eww g i L AR RIS

(c) RELATIVE SPEED

(After Fofonoff and Garrett, {17 | ) Response of a Mooring to
a Step Function Current. The displacement unit is Kuo“
(where K = mooring compliance or '""softness’ and u =

current speed) and the time unit Ku,. The displacement (a)
is shown for a current applied 8t t = 0 and removed at t = 10
units. The mooring speed (b) scaled by u, is subtracted
from the current to yield the relative speed (c) that would be
sensed by a current meter on the mooring.
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amptitude of 30-40°, The sugwested exciting mechanisms for the oscillations is vortex
ghedding. This type of oscillation probably occurs frequently in taut-wire moorings,
buf is usually not recognized at lower sampling rates and in the absence of a fin to
transfer the mailon to the instrument case, There is a possibility that the vortex
shedding freguencies become locked to the m-oring oscillations mode (m-»%~ 2) and is
"vulled" fowards the resonant frequency. There were no comparabie oscillations at
deeper levels (#1614, 1494 meters) wh=re the currents were much weaker,

To avoid complacency in accepting plausible explanations, spectra of kinetic
energy density from two half-hour segments of the current record were prepared. The
first specira wazs taken just befire the outbreak of ru. .y oscillation and the second
just after, Thors is & strong 8 second peak in the second spectrum which is the rotary
oscillation, However, a relatively strong peak in energy denaity occurs in both
spectra at 12 seconds, It represents an irregular speed fluctuation in the currents
record with no corresponding direction fluctuation. Fofonoff [16] has referred to
this pesk 88 & "surging' .mode. The f-k gruph, Fig. 3-1, of major oceanic phenomena
does not show any surge mode with periods of the order of 12 seconds, which shouid

point wp furtber the tentativeness of this graph on others appearing in this report.
Mooring-piatform motion degrades the quality of the measured currents and

possibly many of the other parameters being measured in a region of gradients. The

magritude of thia motion has to be estimated to determine the conditions under which

it . not negligible. The effects in measured currents or other parameters can be
minimized by techniguas provided through a knowledge of the mechanics of the mooring-
platform motions. It 18 possible to construct models of mooring motions and

estimate numerically the motion for a given mooring configuration and current profile,
However, the difficully of specifying a profile continuously in time from measurements
at Jisorete depths and the uncertainty of drag calculations make it desirsble to obtai-

an indepondent mansure of the motion to evaluate the numerical model. In May, 1964,
WHO conducted mooring-platiorm motion experiments at sea off the Coast of Bermuc- I
Two anchored bunys, Sietien 158 in 2670 meters of water and Station 160 in 2157
maters of water, were visuslly tracked by two tracking azimuth telescopes on a threo-
mile base line. The ieluscopes were located 200 fee' above wea level and could locate
the 7-foot toroidal surface float up to 17 milea away under the best conditions.
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Unfertunately, i+ = floats were not always visible, especially during daylight hours when

the flashing b acons on the floats could not be seen. ¢ me of the resulis of this ex-

periment are seen in Figs. B-3 and B-4. Th. spatial excursion of Station 158 are of

the order of 1 km. Statio. 160 has a smaller scope*, 90% as compared to 100% of
Station 158, and thus underwe:t excursions of the order of 0. 5 km.

In addition to all these modes of oscillation there are various forms of motions
associated with surface platforms. Some platform designs have mar-<ed to eliminate
much of these motions by riding low in the water (placing the center of gravity of the
platform well below the sea surface). The surface following buoys (e.g., the discus or
boat hull) undergo a series of oscillations excited by surface waves, wind, currents
and mooring tension. These oscillations can take the form of yaw, swing, roii, pitch,
riding, and heave, dependins on the huoy configuration and the orientation of the buoy
hull to the accelerating forces. Certain buoys eliminate some of these oscillations,
but most of he surface platfo. ns undergo riding (a fore-and-aft movement due to cyclic
tightening and relaxing of the anchor cable) and heaving. These two types of motion can -
be transmitted down the mooring line and therefore might possibly be detected in the
near surface sensors on the mooring, as well as the platform mounted sensors. In
theory, the oscillation of the surface platform and near-surface moor associated with
surface waves should integrate to zero or at least possess distinguishabie periodicities.

These ~xcursions and oscillations can be graphically reprs :nted on an f-i graph
(Fig. B-5) as bands of noise in frequency and wave number. These bands are mcant
to represent the limits of possible noige (distortion introduced into sensor records¥ for
a variety of buoy configurations and inoorings. It i8 not suggested that noise will occur
at all the frequencies and wave numbers in these bands, but it will probably occur at
several discrete intervals within these bands. The band ip wave ~umber is estimated
to extend from 104 to an upper wave number determined by the sensor dimensions,
~108. The band ir frequency i3 estimated tc be from 10 to 10°  The upper limit
(109) on this band was chosen because of the findings of Toth and Vachon [ 7] who
found "vibratiuoal energy due to variations in cable tension and vortex shedding arc
grouped in discrete frequency intervals, the highest of which does not exceed 60 cycles

*Scope is the ratio of meoring line length to depth. It can also be expressed as
a percentage.
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per second. "' Once buoy and mooring combinations have been selected, exiensive sea

test will have to be performed to determine the effect of moo. .2 motions on sensor

records,
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