TSUNAMI GLOSSARY

Multidisciplinary Compilation of Terms, Acronyms, Mathematical
Concepts and Physical Principles, Adapted and Currently Used in
Tsunami Science and Literature.

Prepared by:
George Pararas-Carayannis

Retired Director, International Tsunami Information Center (ITIC)
UNESCO -10C

Originally compiled for the United Nations Educational, Scientific and Cultural
Organization - Intergovernmental Oceanographic Commission (IOC-UNESCO) and
its International Coordination Group for the Tsunami Warning System in the
Pacific (ICG/ITSU)

Original Version published un-authored by the United Nations Educational, Scientific
and Cultural Organization,
7, place de Fontenoy, 75700 Paris as:

Tsunami Glossary,
I0OC Technical Series 37, UNESCO, 1991



Intergovernmental Oceanographic Commission
technical series

37

Tsunami Glossary

A Glossary of Terms and Acronyms
Used in the Tsunami Literature

UNESCO 1991



The designations cmiployved and the presentation of the
rraterial Ln this publication do notimply the expression of
any opiniun whatsosver on the part of the Scerctanats of
URESCO and 1OC congerning the legal status of any
eouniLy or ferritory, Or its authoritics. or congerning the
detimitations of the frontiers of any counlry or ferritory.

Fur bibllographic purposes this docunmenl
should he cited ws follows:

Tsunam Glvessary,

FEIC Tech. Ser. 37, UNESCO, 191
{English}

Published in LUS9]

by the United Nations Educuliona).
Scientific and Culturnd Crgamization.
1. place de Fonlenay, TE700 Pagis

Trrinted in LMESCO S Worksheps

LIBES4 19
%iurm’ in Froaee SC}Q'L-"WS}"E?



PREFACE

Tsunami Science is a relatively new field dating only a few decades. It is only in the last
fifty years that the tsgnami scicntific literature proliferated. Many terms [rom other
disciplines were adopted, modified, revised, and applicd to the studies of the tsunami
phenomena. Many other terms were redefined in the context of the components of this
new scientific fleld.

This glossary is intended to list as many as possible of the terms found in the tsunami
literature and provide their specific definitions. It is intended for students, scientists,
administrators and for anyone interested in tsunami,

This book contains concise defininons of maore than 2,000 terms. It includes terms from a
multitude of disciplines. Primary, specialized and frequently-used tsunami terms are
given with bolder headwords, Less frequently used terms are not highlighted.

As the sunami scientific literature increases in the fature, as our understanding becomes
greater, and as our technology becomes more advanced, it is expected that new terms will
be inroduced. Such terms, and terms that have been omiced, will be included in a fumre
edition. The present Glossary is viewed as an evolving document.
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INTRODUCTION
Back il

At the first Workshop on the Technical Aspects of Tsunami Analyses, Prediction and
Communications held at Sidney, B.C., Canada on 29 July - 1 August 1985, the following
recommendation was made:

"Recognizing that the diversity of terms used in describing the tsunami phenomenon
which involves a wide vanery of scientific and non-scientific groups in a variety of
nterdisciplinary fields, the Workshop recommends the preparation of a glossary of
tsunarmi-related (erms o serve as the basis for defining and understanding tsunami
termincdogy.”

At the subsequent Tenth Session of the International Co-ordination Group for the
Tsunami Waming System in the Pacific {(ICG/AITSU) at the Institute of Ocean Sciences in
Sidney, which followed the Tsunami Workshop, the Group accepted and adopted the
recommendations proposed by the Workshop and requested the Intematonal Tsunami
Information Center (ITIC) 1o 1ake the necessary action for the implementation of this
recommendation,

In response to this TTSU-X recommendation, in August 1985, TTIC began the compilaton
of a "Glossary of Terms and Acronyms Used in the Tsunami Literature " A preliminary
draft of the glossary with a toa! of abour 2200 entries was dismibuted to the [TSL
editorial group in early 1988 and a revised version in November 1988. These early drafts
included a number of oceanographic, meteoralogical and physical terms that may have
appeared as not necessary for inclusion. However, the original intent was to compile a
comprehensive draft plossary and then, by a process of climination, retain those terms
that are more appropriate or likely 10 be found in the tsunami literanire.

Sincc November 1988, ITIC pul a concerted effort to edit (he earlier draft. A number of
knowledgeable tsunami scientists were consulted as to what shonld be included in the
glossary and a consensus of opinion was sought.

In August 1989, at the ITSU XII meeting in Novosibirsk, USSR, the Directar of ITIC
presented the Group a final Hsling of Glossary terms compiled by ITIC and a listing of
terms proposed by Dr. 5. L. Soloviev, The Group nated that there was a diversion of
apinion as to what terms should be included. The Chairmun appointed a Sessional Group
tr revicw the proposed terms and to report to the Session those lermns o be included in the
first edition. After reviewing both listings and the philosophy of development of the
ITIC-compiled Hzting, the Commitiee recommended the adoptation of the ITIC version
into the Glossary, but stressed that a differentiation needed to be made between the
primary plossary terms that relate ditectly to the tsunami problem, and the secondary
terms that are indirect and of general interest. The Comunittee identified the primary
terms. which in the present Glossary are distinguished by bolder print. With the
recommendation of the editorial committee, the Group mandated that the first edidon of
the Tsunami Glossary should be published without delay and asked the Director, [TIC, 1©
provide the final version of the Olossacy, reflecting the recommendations of the Sessional
Group to the 10C Secretariat by 15 August 1990, This date was later changed to 31
December 1990, Furthermore, the 10C Secretariat was to arrange the printing of the
Glossary and its distribution 1o ITSU National Contacts.
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Pmlosophy of Glossary Development

The etymology of the word glossary comes from the Greek, Accordingly, the meaning of
the word "glossary™ signifies a term of a word which requires explanation or deflinition.

A lexicographical compilation of pertinent words and terms with specific definition of
usage and meaning is the basic prerequisite of every specialized discipline of science.
This is very important as such words and tecmos are ofien used in different context or
sense when applied to other disviplines or o spoken language. Furthermore, cach
discipline of science, as it develops, introduces its own specialized vocabulary which
could be totally unfamiliar to others cutside that particular field.

The field we vall “tsunami” is a hybrid discipline of science encompassing principally,
but not exclustvely, aspects of selid earth geophysics and occanography, As such, it has
borrowed extensively terms and definitions from the many disciplines that comprise these
fields, as well as from the basic sciences, engincering, and from mathematics, New
ypecialized terms and definitions have also been introduced, some of them in languages
other than English, which often elude universal acceptance and adoptation. Thus, there is
a need 1o develop standardized tsunami terminelogy in the form of a glossary which kas
the endorsement of the appropriate scientific Groups.

International research on the tsunamii phenomencon has increased considerably in the last
forty years as several destructive tsunamis have hit many Pacific countries. As a result,
the unarni scientific literature has proliferated.

Tnterest in tsunamis and in the outgation of tsunami disasters has alse increased with the
advent of new technology of data collection and communications and the development of
garly waming systems. Thus, aneed has evolved for definition and proper usage of new
terms which now appear frequently in the literature. The resulting philosophy is thata
tsunarni glossary should include, nor only the direct terms related to tsunamis, but also
texrns frorn other fields of science that may be encountered by tsunami administrators or
scientists, not only in their own field, but in peripheral fields of science or engineering
where the terminology may be somewhart unfamiliar or utilized under a different context.
Thus. the decision

was made 1o include terms that are often being used in such diverse subjects as plate
tectonics, occan engineering, coastal engineening, meteorology, disaster forecastng,
hydrodynamic und fluid mechanics, earthquake engineering, tides, volcanology, physical
and geological oveanography, remote sensing, seismology, geology, hydrology,
geochemistry, asrononty, geodesy, coastal zone management, mathernalics, statistics and
many other subjects. The idea, of course, is that tsunami scientists would not have to start
searching for definitions of terms in other glossaries of other disciplines, but they would
use g tsunami glossary that wag fairly complete.

Based on this philosophy, criteria for selection of terms were developed, Inclusion or
non-inclusion of a term in the glossary had to meet some of the following testing:

1. Is the term curreatly used in the tsunami literature? (ie. commonly used
teTms, such as "'tsunami,” “epicenter,” and "focns”).

2. Can the term be included in future tsunarmi literatore? (1. uncommon
terminclogy not frequently used, as for example, in work pertatning to the
ionospheric signature of tsunamigenic earthyuakes, and indirect means of
measurement, utilizing, let's say, the "Doppler Effect”).
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3. Is the term vsed under a different context in tsunami work? (i.e. wave
refraction: acoustic or optical wave refraction versus ocean wave
refraction).

4. {s a mathermatical Iaw or application possible to tsunami-related work?
(i.e. Fourier series analysis).

5. Is the term sufficiently descriptive or self evident? (i.e. "disastrous
tsunarm,” that it needs no delinition?).

6. If not in English, but in a foreign language, is the term used often enough
to be included? {i.e. "tsunami” yes, "marernoto” maybe).

On the basis of such selective criteria, the first edition of the "Tsunami Glossary™ has
been considerably revised, most terms have been defined, und new appropriate terms
have been inroduced. The present Glossary contains about 2,000 terms. The present
edition includes only the terms and their definition in alphabedcal order. A future edition
will include a listing of acronyms of organizations and scientfic programs that often
appear 11 ihe tsunami Literature, as well as definitions and conversion factors [or units of
measuretment commeonly used in tsunami research and application work.

Finally, ft is said that the Roman Emperor Justinian was the first to compile a special
category of technical glossartes relating ro the law, Since these glossaries interpreted the
law, the emperor forbade nunder severe penaliies all commentaries on this glossarized
legisladen. Conerary ta Justinian, the present compiler of the Tsunami Glossary is a great
deal more lenient to corrections and additions of the present Tsunami Glossary, which
may enhance its content, scope, and usage. After all, the Tsunami Glossary is not carved
in stone, as Justinian's Glossaries were, but resides in the memary of a compnter, that
readily, unyuestionably, and obediently accepts editorial changes.
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Abecissa — The horizontal coordinate in a two

dimensinnal system of rectangular coordinates;
psially denoted by x; also, the horizomtl axis of
any graph.

Absolute angular momeninm - The angnlar

mormaninm as measured inoan ahsoline coorlinaes
gvstem; hence, the vector product of the posilon
vector of a particle into the ahsolule momentum
of the particle. In the occan the absolute angular
momentumn M per unit mass of waler i3 cqual 1o
the surm Of the anpokr momentum relatve 10 the
earth and the angular momenium due oo the rota-
tion of the earth;

M = uz eos £+ Qa? cos? @

where & 1% the radies of the carth, @ the reiative
castward speed, ¢ the latitude, and £2 the angular
spead of the earth,

See angular momentym balance, con-
servation of angunlar momentm.

Absolure coordinate syslem -~ (Or absolule meference

(rame.} That initial cootdimate system which has
iz origin on the axjs of the earth and is fixed
with respect o the stars. Thys, any mechanical
gnantities defined with rospect to hix [rame 1ake
itk account the movement af the earth.

Sea, lor example, conolis force, absolute
vorticity.

Absolore momenwm - {Ofien called absolute lnear

momentum.) Yhe {linear} momentum of a
particle as measured in an absolute coordinate
system; hence, the sum of the (veclsr) mio-
mentum of the particle relative w the earth and
the {vectory momentum of the particle due o the
zarth's rotation.

Absdute velocily - Velogity as measured in an

absoture coordinae: aysiem; hepce, the [(vecl)
sum of the valocity of a fluid parce] relative o
the garth and the velocity of the parcel dus o the
carth’s rotation, The gast-weil COmMponent is the
cmly one affeoued;

W= w4+ Lkacos

where o and &, are the relative and absolute
castward speads, L1 the anpular specd of the

eanth's rotation, o the radius of the earth, and ¢
the latitude of the parcel.

Abhsolute vorticily — 1. The worticity of a fluid

particle detesmined with respect 10 an absolute
coordinate system, 2, The vertical component 1
of the absolute vorticity (as defined above) given
by the sum of the venical component of the
voriicity with respect 10 the earth (the relatve
vorticity} C and the vorticity of the earth {equal 1o
the: comiolis parameter) f:

=0+ f

Abzomption — Taking up, assimitation, ar incer-

poration; og of liguids in salids or of gases in
Inquds,

Aczoleragion — The rate of change wilh dme of speed

and / or velocity; smrictly, the rate of changa with
time afl the veloeity voctor of 3 particle, IFV is
the velocity, the acceleralion may be written as
dWVids, where dfdi 1s the 1olal derivadve.

In two-dimensional molion the aceelzration
may he decnmposed, in namaral coordinaies, ine
the wngential acecleradon along the streamdine
and the cenatnipetal acceleraion normal o the
streamline:

dV _ dVy | vl

i S it
where Vois the magnitude of ¥, 1 a unit voctor
along ¥, R the instantangous radiug of curvature
of the path, and n a unit vector normal to ¥, in
the direclion of the cenier of Curvature,

For most purposes in hydrodynamics where
Eulerian coordinates are employed, the
acceboration is devomposed as follows:

av Y vy

where 9% /51 is called the local acceleration, and
WY s called the convective accelerauon.

Accreticn - May be either natural or artificial

Matural accretion is the buildup of land, solely by
the acuon of the forces of naure, on 3 beach by
depaosition of waterbomc or airborne malenal.
Artificial accroion 15 a similar buildup of land by
reason of an act of man, such as the aceretion
formed by a groin, breeakwater, or beach fill
deposited by mechanical mears. Also

aggradation.



ACMBRER - Advisory Committee on Maring
Resources Rasearch.

Actual elevation — The vertical dizignce above
mean 2a level of the proond ot the point of
m=zazurement, This term is denoted by the
symbod M in intemational usage.

Actual pressure — The atmospheric pressure at the
level of the harometer {elevalion of ivory point),
as obrained from the ohserved reading aiter ap-
plving the necessary comss ons Ler 1emperalund,
gravity, and instrumental efcors. This may or
Ty N e the warme A5 SEALIWL DHESRLC.

Advance (of 4 heach) - 1 A contnuing seaward
mowement af the shoreline.

2 4 nel seaward movement of the shoreline
nver a specified time. Also progresszion.

AdTected copast—- A coastline that has been souck
by & =unami.

Altershocks = An carthguake which follows g
larger cartbyyusake or roain shock amd ongingics st
or nedr e Jocus of the larger canbhguake. Gon-
erally, major earthquakes are [olowed by a large
number of aftershocks, decrsasing in ftequency
with Lime.

Agpe (of tides) The ume interval betwesn an as-
renomical event and the corresponding ridal
phenomenaon. For ezample, the lag in days
between the gecurrence of syzygy and the highest
sprng tide is the “age of the tide™ the lag
hetwaen perigee and the highest perigean tide is
the “age of perallax inequality™ et

Agrrradanion — S2¢ ancrtbon,

Airy eguations - The first-order, honlincar
shallaw-witler wave equatons

Airy phase — The minimum in the growp veloeity
cimve s ermed Airy Phase, A major Teature of
many sirface wave records, it is a statiomary
phase and therefore has substantially preater
relative amplitude than the rest of the surface
wavetrain,

ka2

Alarm — Any soond, ootery, or information
mtended o warn of approaching danger. A
wiarning sounid.

Alongshore - Parallel to and near the shoreline; same
as longchers.

Alternate vortex A whirling body of water in the
Foern of an eddy.

Amphidromic point = A point on a chart of cotidal
lines from which the coldal lines radiata.

Amphidrom:e region — An ooeanic rogion whose
cotidal lines radiate from ane amphidromic point.

Amplilication Factor ~ NMomernical {actor of the
amplifying cffect of sunami travelling over the
comtinenlal shelf.

Amplitude - Hall the height of the crest of 2 wave
or ripme ahave e adjacent tronghs, The
magnitude of the displavement of a wave from a
mean value, For a simple harmenic wave, it is
the maximum displacement rom the mean, For
more comples wave molion, amplitode is
usually taken as one-half the mean distance (or
difference) berween maxima and minima. AR
ocean swiace wave has an amplitde egual 1o the
viertcal distance from still-water level (o wave
crest fcompars wave height),

Sce alsn frequency, period, wave length,
wave number.

Amplitude spectrum - . The amplitude specirea
of digitzed sericy s oblained by using discrets
Fourier mansform, and speciral-tme chtained by
the so-called multiply filter rechnigque. For
gxample, in vudving seismic recordings,

It has besn shown that there are dislince
differences in the form of amplilude spectra of
Rayleigh waves for two groups of earthquakes.
The main maximum of spectra for che
tsunamigeaic carthe)nakes is moch wider than for
those nontsunamigenic and positon is shifted wo
the low-frequency domauin. Smdying the spectral-
time deagrams alwo shows thac thera are
differences in their stmiciime hetween both growps
of earthquakes, which can he used W recognize
LSunamigenic carthuakes.



Analog record - A continuous graphical recording
by a ude gauge of sea-level fluzriations cawsed
by tsunami waves,

Anulysis of variance — A stafistical technique for
resolving the toral vanahilivy of a set of sty Into
systematic and randem components. The analysis
of variuoee 5 [undamentally o stacistical
estimating and/or testing proczdore. It cstimates
the compoments of vanance dug w0 syskematic and
random causes, and i leads 1o significance 12518
of these components, The statistical assumptions
required for a valid test are more sringent than
those for esimationg Lthe components of vananee.

Angle of incidence — The anglz at which a ray of
caCrgy, o7 an ohjec!, Impinges upon 4 surfacs,
measured Betweea the direction of propagaton of
the energy (or object; ané a perpandicular 1o the
surface at the point of impingement, or
mcidence,

Ceompare angle of amval: see ulso snple of
reflecion, angle of efracton.

Angle of reflection = The angle at which a re-
flecled zay of smergy leaves a reficcting surface,
measured between Lhe Sirection of the outzoing
ra¥ and a perpendicular o the sprfacs at the point
of reflection.

Angle of refraction - The angle at which a re-
fracied cay of energy leavas the inerface a1 which
the refraction sccurred, measured betaeen the
dirzcetiom of the refracted ray and u perpendicular
le lhe interfues at the peint of relracion.

Angular velociny - A representation of the rate of
matatign of § particle abouat the axic of rosation,
with magnizude cqual (o the time race of angulsr
displaccment of any point of the Body, Angular
veloeity s g vector urientcd 19 accordance wilth a
right-hand rolation §1.e.. when the fingers of the
right band are curved in the sense of roraEon, the
thumb in the direction of the angular valocity
vertorh The angubar velocity of the curth (in the
abselowe coordicare svstem) i dicecwed along the
2arth’s axis teward the pole stac and 15 2qual in
magnatude 13 72521 X 10 radians per second.

Anomaltcus — Mo encompassed by rules governing
the majority of cases; didtinguished from

abnormal by implying o diffarence of kind rathar
than a differene merely of degroe.

Apogean tide - Tiles of decreased range occureing
when the moon is near apoges.

Apogee - That point an the orbir of the moon for any
other earth suellitg) which iz farthest from the
earth; uppoeed Lo pengcs,

Compare aphelion.

Archimedes’s pringiple — The satement thart a net
upward or huewant foesn, equal in magnitde o
the weight of “he displaced fuid, acs upon a
body cither partly or wlnally submerged ina Maid
at rest under the influence of gravity. This force
it known ax the Archimedean buoyant forge for
buovancy) and is independent of the shape of the
submerged body and does not depend ypon any
specia] properties of the Qwid.

Array — An ordercd arrangenent of seismome-
ters/geophanes, the daig from which feeds into a
central receiver,

Arrival ~ The appearance of sesmac cosrgy on @
S 1N record.

Arrival time - The time a1 which a particutar
wave phase armves al a detoor.

Ascismic — Mot assoiated with an canthaguake

Asymptotic = Of or perlainiog W an asympiote.
In seatstcal {=rms, a disribntion with abusclowe
large values of the varate. In mathematics. an
gsymptote is a line that is the limiting position
which is the angent that a curve approaches, as
thes poinl of contact recedes indefinuely along an
infinute branch of the corve,

Asthenosphere — A hypothetics] zone of the earth
which lies hencath the lithosphers and =eithin
which the matzarial is belizved b vield readily w
persistent siresses,

Atmospners — 1. The cavelope of air surrounding the
garth and bound o it more or lesg pormanenty
by virtue of the earb's gravitationad awraction;
the system whose chemical propertizs, dynamic
motions, and physical processes constitute the
subject matter of meteorology. /Compare
hicsphers, gegspherc, hydrosphere, lithosphere )



The eanh’; atmosphere eatends from the
s;0lid or liguid surface of the sarth w an indefinite
height, its density asympiotically approaching
that of interplanetary space. Al heights of the
arder of %0 km {50 mi) the amosphere s barely
dense enough to scatter sunlight to a visible
degree. At heights of the aeder of 800 km (370
mi} the atmosphere’s density becomes so low
that the properties typical of 4 gas cease to exist
and the frea molecular paths are long enough that
one must consider them as portions of elliptical
orbits in ehe sarth's gravitationat field, At 1000
km (600 mi) the depsity of the ammoaosphere is
still safficient to yield readily observahle aurcral
cllects, At aboot 2000KH) km (13,600 mi} above
the earth's sorface, 2 molecule maving as if in
rigid totation with the earth could not be held 10
such an orbit by the earth’s gravitational
allraction, o this beight might be wken as an
extreme upper limil of the possible ammosphere.

The arnosphere may be subdivided verically
intr a oumber of atmospherc shetls, bye the
most comumon basic subdivision is that which
recogniees 4 troposphers from the surface o
about ten kilometers, 2 swalosphere fram abouot
ten kilometers W about eighty kilometers, and an
ionosphere above eighty kilometers; and each of
these ix often farther subdivided.

Hecause the roposphere containg the btk
(al:out three-fourths) of e almospheric mass and
because it contains virtually all of the
atmosphene water vapor, ordingrily weather
cvents are most inimaely concermed with the
Iroposphenc phenomena,

Thz term atmosphere is alse applied to the
Laseouy envelope surrovnding any celestial body.

L Sec standard ammosphers {13, model
atmosplen:.

Atmaospheric acoustic-gravity wawve - Large

Tsunamigenic earthquakes which involve vertical
crustal movements gver large areas disturb the
aunosphere and creare ammospheric shock waves.
These waves propagai: from the carthquake area
at a velocity of approximately 1050 fifsce plns o
minux 3 fi/sec (a1 approximately the specd of
aCoUstc waves),

Almospbheric tsunami — A rapidly movieg

duuuspheric pressursd front moving over a

shallow sea can couple with the sea surface and
pgenerate tsunami-like waves,

Atmospheric phenomenon — An observable

occurrsncs of particular physical (as opposed to
dynamic or synophicy significance within the
atmosphere.

Atmosphenc pressure — (Alsp called barometric

pressure.} The pressure exertad by the atrnosphers
as 4 coosequence of gravitarional amraction
exerted upon the “‘column” of air lying dircctly
above the point in question. As with any gas, the
pressure caericd by the atmosphers. is altimately
cxplainable in terms of bombardment by gas
molecules; it 15 independent of the arientation of
the surface on which it acts.

Amospheric pressure is one of the hasic
metenrolngical elements. It is measuced by many
varietics of barometer, and is expressed in several
unil gystemy. The mozt common unit used is the
millibar (1 millibar equals 1000 dvnes per cm®).
unique ko the science of metcorclogy is the use
of inches {or millimeters) of mercury; that iz, the
height of a colwnn of mercery ihat exactly
balances the weight of the columa of atmosphers
whose base coincides with that of the mercury
colunn. Alsg employed are gnits of weight per
area and wnig of lgree per area. A standard
atmosphere hags been defined in perms of
equivalence 1o ecach of he abowe wnit systems,
and it is used as a unit itself,

See aclual pressure, station pressure, sca-
leve| pressure.

Al - A ring shaped coral reaf, oflen carrying low

sar] islands, enclosing a lagoon,

Attenuation — [n physics, any process in which

the flux deénsity (or power, amplitude, inlensity,
illuminance, erc) of a “parallzl beam™ of energy
decreases with increasing distance from the
gnergy source. Alldnuation i3 always due o the
action of the mansmitiing medinm isedf (mainly
by absorpunn and scawsring), Tt would not be
applied to the divergence of flux due to distance
alone, a3 described by the inverse-square law.

Altenvation coetlicient - A measure of Lhe space rmate

of diminution or agengation, of any oansmined
energy. This quantily 2 may be identified in a
form of Bougper's Law for Beer's Law):



df = - afdx  or
§ = frp=d¥

where [ i the flux densicy af the zelected point in
space, fo 15 the Flux density at the sourse, x ig
the distance from the sourse, and a s the
anenwain coefficient. In general, the atienuation
coefficient i specified only when the atenpation
15 known to be due 1o hoth absomption and
coattering or when it iz impassible o determine
which iz the canse. Mo common i8 the use of
gither the ahsorpuaon cocfficient ar the scattenng
cocfficient.

Audio — Permaining 1o sound or o hearing; also

apphied o devices of systems designed o operale
within the audio (sound-wave) frequancy range,
from abeut 20 1o 15000 evcies per second.

Autacorrelation = The simple linear correlation of a

lime series with ils own past; thal is, the
correlation of the sequence of valyes oir] with the
saquence of values o + 1) ooourting T Lnits of
time later. The gme displacement T 1 called the
lag.

The actocorrelation funcrion is the
autocarreladon for variable lag,

See serial comrelatiim.

Avalanche — 1. {Also called soowslide.) A mass of

snow (perhaps containing ict and recks) moving
rapitlly down a steep mountamn slope.

Axvalanches may be characlenzed as looss and
turbulent, or slab; either type may be dry or et
according to the nature of the snogw forming it
although dry =now wioally forms loose
avalanches and wet snow forms slabs,

2. {Alzo called landslide) A masz of canh
material {soil, rock, ete) moving rapidly dawn a
steap slope.

Awash - Sitvated ooy that the top is intermittently

washad hy waves ar tidal action, Cond:tion of
being exposed ar just hare at any sage of the tde
between high water and chart datem.

Axial symmetry — The gymmelry that describes a

three-dimensiong]l configuration which is the
same in every plane containing the axis of
syamelry, In cylindrical coordinates this implies
inclependencs of the aximuthal coordinae.

Axisymmetric - Having axial symmetry; independent
of the azimuthal coordinate,

Azimuth - The length of the arc of the horizon {in
degrecs) intercopted between a given point and an
adopted reforence direction, wsually true noch,
and measured clockwise from the reference
dircetion. Thus, azimuth 15 a horeontal dicection
expresscd 1o degroes, Azimuth may be
synonymous with bearing, but the lutter is a
navigation term and can be meodified in scveral
ways. In seismolagy the epicenter of an
earthquake could be approximaced from data at
one statton by determining the time difference
betwezn p and 5 waves, which may give the
distance (o the sarthquake scurce, and the azimuth
which could be determined by dilferences in the
ume of arrival of the signal at two or more
seismometers, or an array of seismometers,
leicmetering data o that seaion.

Any point on or abave the horizen can be
located hy ks anples of azimuth and elevarion
plus either heighe or distance (or slant range)
data.

Backbesch — See hackshore

Background nuise — Any whwanied sound; and by
extension, any "enwanied,” osually random,
fluctuation of a signal caused by background
sources unrelatcd 1o the signal being measured; in
stabstics, any unwanted components of a tme
SETIsS.

Backrush — The seaward return of the water following
the uprush of the waves, For any wiven tide stage
the point of farthest return scaward of the
backrush is known as the limit of the backrush
or limit backrush.

Backshore — That zone of the share or beach lying
between the [oreshore and the coastline and actad
upon by waves only during severs storms,
especially when combined with excepuonally
high watar, Also hackheach. [t comprises berm
or berms. (Ses Figure A-1.)

Eackwsach — Intermuttent seaward flow of wal?r Arss
a heach; the reiurm of swash to the sea.



Sunk — 1. The rising ground bordering a lake, mver,
or sed, of a fver channel, designated as nght or
left as it would appear facing downgtream.

2. An slevation of Lhe sea Aoor of large arca,
incatad on a cnnunental (oc island) shelf and over
which tha demh iz relatively shallow hat
sulficient For wafe surface navigation; a group of
shoals.

3. In i1z gecondary sense, & shallnw area
consisting of shifting forms of silt, sand, mud,
and gravel, but in this case i is only used with a
qualifying word such as “sandbank™ or
“gravelbank.”

Har = & whmerged or emerged embankment of sand,
gravel, or other unconsolidaked maicrial built on
the sca [oor in shallow water by waves and
CHTTETLS.

Soe haymouth barm cuspalwe bar, (See Figures
A-2and A-89)

Baroclinic wave = In Meteorology waves of the state
in wihich surfaces of constant pressure and others
of consuamt density are not parallcl but nlersect;
any migratory cyclone more or less associaed
with strong baraclinity of the atmosphers,
cvidenccd on synoplic charts by temperabure
gradients in the constant-pressure surfaces,
vertical wind shear, tilt of pressure roughs with
height, and goncentration of solengids in the
froneal surface near the pround.  Baroclinic
disturbances play an important role in
atmaspheric energy conversion from polential
crergy Lo kineth: energy,

Barogram — The record of a barograph,

Burograph — A recording bamometer. Bamgraphs may
be classified on the basizs of their constrocton
e the [pllowiog types: {a) aneroid harograph
{including microbarograph), (b) {loat barograph,
ic) phorographic barograph, and {d) weight
barograph.

Barotropic disturbance - (Or barotropic wave) 1, A
wave-disturbance in a two-limensional non-
divergent flow, the dnving mechanism for which
lizs in the vanation of varticity of the basic
current and/or in the variation of the vorticity of
the carth aboul the liwal vertical, When the basic
coerent 15 uniform, the wave is a Rossby wave.

Barricr beach - A single, narrow, elnngate sand ridge
rsing elightly abowve the high-tide level and
extending generally paralfel with the shore, but
separated from it by 4 lagoon or marsh.

Rarrier lagoon - A bay roughly paraliel o the coast
and separaded from the open occan by barrer
izlands, Also the body of water encircled by coral
izlands and reefs, m which case it may e called
an atoll lagoon.

Barrier reef — A coral reef parallel 1o and separated
from the coast by a lagoon that is too deep for
coral growth. Generally, barmier reefs follow the
coasts for long distances, and are ¢ terough at
irregubar intereals by channels or passes.

Basz map — A map designed for the presenistion god
analysis of dala; L usually includes ooly the
coordinales, peopraphical and major palidceal out-
lines, and somctmes the larger lakes and rivers.
Many modificanons cxist for specilic uscs
throughout Lhe geophysical sciences, such as the
Frequent inclusion of (ixed refersnce poinls.
Mopuntains and conlour lines are generally
omittad, but high ground may be indicaied by a
single contowr line and tight shading,

Basin, boat - A naturally or artificially enclosed or
nearly enclosad harbor area for smiall crafl

Bathyal — Refeming 1o that part of the ocean he-
rween depihs of aboue 200 1o 2,000m.

Bathymetric chart — A map delineating the form
af the bottom ol a body of water, usually by
means of depth contours (isobaths),

Bathymetry — The measorement of depth in the
oceans and the charting of the topography of the
occan floor.

Bathythermograph — An instrument used 0 measore
emperalure in the Qoean.

Bay - A recess in the shore ar an inler of a s2a
between two capes of headlands, not as laree 35 a
gulf bur larger than a cove.,

See also bight, embayment. {See figure A-
93



Baymouth bar — A bar eatending partly cr antirely
acrass the mouth of a bay,

Brach — The zone of unconsalidated malerial thar
exrends tandward from the low waezr line to the
place where thers is marked change in material or
phusiographic form, or 10 the line of pormanent
vagamation {usually the effecrive limit of storm
waves) The scaward limit of a beach - unless
atherwise specified — g the mean low water line,
A beach includes [oreshore and hackshora. (See
Figure A-1.})

Beach Accretion — See accretion,

Beach berm - A nearly honzontal part of the beach or
backshore formed by the deposit of material by
wave action, Some beaches have no berms,
others have one or several. (See Figore A-10

Beach cusp - See cusp.

Beach erosion — The carryving away of beach malerils
by wavea action, tidal currents, LiRofal currents, or
wind.

Beach [ace - The section of the beach normally
gxposed to the action of the wave uprush, The
foreshore of a beach. (Wot synooymons with
shorcface ) {See Figure A-2.)

Heachfront — The arca adjacent o the beach,
Beach nidge — See ridge, beach.
Beach scamp - See scarp, beach.

Beach width - The horizontal dimension of the heach
measurad nommalt o the shoreling.

Baam - A ray or eollecton of focnsed rays of radiated
enErTy.
See beam widih, radiation pattern.
2. Beg elecmon beam.

Beat — A wave phenomencon which occurs when two
ur more waves of differenl frequencies become
superimposed. The resultant wave has amplilude
maxima ("beats") at the frequency equal to the
differance of the froguencies of the initial waves,

Beatieg - Wave phenemenon which occurs wha
o of more waves of differeat lMequenciey
became superimposcd. The resulianl wave has
amplitede maxima "beats™) at the frequency
2qual 1o the differenes of the feyuencies of De
initial waves. This prewess may be conurobled
{heteradyne) Lo produce a desired beat frequency;
that 15, o produce a resultant wave with a
frequency that is ideally suited for a given
operalion

Bench — 1. A level or pently sloping erosion plane
inclined seaward,

2. A nearly horizontal arca at about the level
of maximurm high water an (the sca side of a dike.

Bedrock — A general term For the rock, usually solid,
that underlies soil or other unconsolidated,
superficial materal,

Beinoff seismic zome — A plane bzncath the
trenches of the circum-Pacific belt, dipping
toward the continenls at an angle of about 45%
along which carthguake foci cluster. According to
piate (ectonics, lithospheric plates sink into the
mantle through this zone,

Bench mark — A permanenily fized point of
known elevation. A primary bench mark L2 ane
close o a tide station w which the tide waff and
tidal daham originally are referenced.

Berm - Flat portion of a beach formed by wave
action,

Berm, beach — S beach herm.

Berm frest - The zeaward bmiat of 2 berem, Also bemm
edge. {Ses Figurs A-1.)

Hemoulli™s theorem — Ag originally Farmulated, o
statement of the conservation of enerry (PHr unit
mass) for a non-viscous faid in seealy motion.
the specific energy is composed of the kinetic
energy /2 whare v is the speed of the fluid; the
potential energy gz whete g is the acceleration aof
gravity and z the height abnve an arhitrary
reference level; and the work dene by the pressure
forces | edp where p is the pressure, & the
specific volume, and the integration is always
with regpect to valuas of p and ¢ on Lthe same
parcel. Thus, the relationship



Lz_ + g7+ l‘ ccdp - crmstant a].ong
7 4 sireamline,

15 valid for stoady motion, since the streamline is

alza the path. If the maotion is also imoptauonal,

bz sumc comstant bobds for the entirs fyad.

The following special cares ure imporiant:
{ay ax oripinatly formulated {or o homogencous
mcompressible Fuid,

Jade = op ;
and (b} for a perfect gas underpoing adigbatic
[OCESSeS,

Voadp=c,T

where ¢, is the specific heat ar consiant pressure
and T the Kelvin wmperaiurs, I there 1= diababic
heanng on the parcel at the rate JQ/d¢ per unil
Mass, then

IH&;)=£FT-J£!‘Q.

Prapdi], 1., Essentiels of Fluid Dymamics, 1952, Ch 10,
pasaim.

Hiurwitz, B., Dymamic meteorclogy, 1941, pp. 238-
241

Bight A bend inacoastling forming an open bay. A
bay formad by such a bend. (Ses Fipure A-8.)

HTast wuve — A sharply defined wave of increased
atmozphene pressure rapicdly propagatad through
a somounding medium from a2 conter of
detonation oe similar disurhancas,

Blaek Fanlting — A type of twrmal faulting in
which the ¢rast is divided into structorm! o Faell
blowcks of different elevations and arientations.

Block tectomics - Type of normal or gravity
{laulting caused by eanthquake activity in which
e crust is separated into structural wnits or
blucks i different orizatations and clevations,

Blull — A high steep bank or ¢lilf.

Bold coast — A prominent land mass that arises
steeply from the sea.

Lody waves — A seismic wave thar travels through
the ingerior of the earth with a propagation mode
that does not depemd on any boundary surface, &
body wave may be vither longiwdinal (3 P wave)
or ransvierse (o 3 wave).

Bare — A tidai {lood with high abrupt front due 1o a
rapidly narrowing inlet or channel. They recur in
given greas with timeless regalaoty,

Baurm (nwwre oy - The composivon o7 character of
the bed of an ocean or gher bedy of water (e.g..
clay, coral, gravel, mud. ooze, pebbles, rock.
shedl, shingle, hard, or sof.

Bottom friction - Friction caused by the
ineraction berwesn the waer wave and the
barttom of the wave's medium. For water waves
raveiing enshore the average longshors velocity
{ Ve iy eapressed by,

z .
V=l ‘@ vin 233

5= ave. slope of beach
¢ '= coefficient of hotom friction
generally has values of 1.5-3 3.

Bottom roushness — The state of uneven sorface
om the sea bottom.

Bouwom water - The water mass at the deepest part of
the waicr colomn, [t s the densest water that 1s
permiled @ oceupy that position by the regronal
topopraphy. To ot g of o hasio, boilom water
way be formed Ioculfy, or i may opreseng the
densest water that lus exasied at s depih in e
[eCenL pasL

Boulder — A mounded rock more than 10 tiches in
diameter; larger than a cobblestone.

Bea soil classification.

Baundary conditions - Delermined by the
physical nature of the problem, and i3 a necessary
part of the problem”s complete Formulation.

Boendary layer = The layer of (luid in the im.
mediate vicinity of a bounding suwrface, relerring
ambigucusly o the laminar boundary layer,
turbuelent boundary layer, planetary bowndacy
layer, or surface boundary layer.

Boundary-value problem - A physical problem
completely specified by a differential cquation in



an unknown, valid in a cedain region of space,
and certain information (houndury conditions)
about the unknown given on the boundanes of
that regina. The informalion teguoired to
determing the solution depands completaly and
uniyuely on the particular peoblemn,

Ruowrdon mbe - falso called pressore sersar)

Borussinesg approximation - The assumption
{Frequently nsed in the theory of convection} thal
the Muid is incompressible sxcept insofar as the
Ueermal expansion produces a buovancy,
represented by the term gaT'. where g ois the
acccleration of gravity, o the coelficient of
thermal expansion, and T the periwbation
temperature.

Boussinezq nomber — The ratio of the eddy flus
of some yuantily lo the molecular flux of chat
quantity.

Areachod anbticling — An antcline whose orest has
been decply croded s that it 15 {lanked by wiward-
Eaving erosional scarps.

Breaker — A sea-surface wave that has hecome so
stcep (wave stcepness of A7) that the crest
nutraces the body of the wave and collapses 1nto
a turbulent mass on share ar avar o reef of rock.
Breaking usually oceurs when the wawer depth is
lass than 1,28 times the wave height Rooghly,
three kands of hregkers can be distngoished,
depending primarily on the gradient ol the
bottom: {a) spilling breakers {over nearly flat
bottom) which form a foamy patch at the crest
amd break gradually gver 4 eonsidlerubie distance;
ib) plunging breakers (ever fairly steep bottom
gradient] which peak up, curl over with a
tremendouns overhanging mass, and then break
with a crash; (¢} surging breakers {over wary sleep
bipom graclients} which do not spill or plunge
bur surge up the heach face. Waves also broak in
deep water if they build we hish while being
generated by the wind, but these are uswally
shon-crested and are termed whitecaps,

Breaker depth — The stillwater depth at the point
where 8 wave breaks. Also breakding depth. (See
Figure A-2.}

RAreaking criteria — When the sweepnesy (ratio of
wave helghl o wave length) 2scecds 17, the tews
which govemn surface-wave motion can no longer
be satisfied and the crest of the wave oummeees the
bonly of the wave and surges 1o the shore.

Breakwater — An offshore structurefas a wall} wsed
to prateci a harbor ar beach foom the force of
waves,

Bulkhead - A struclure of partition to relan or
prevent sliding of the land. A secondary purpose
is o preacet the gpland against damage from
wave action,

Buoy — A [oat; cspecially a floating objecl woored
to the bottom, to mark a channel, anchor, shoal,
ok, oz,

Buoy system insumentation — Instrumentation
aitached 1o the borom - anchored or free-Nuating
buoy system [or the measarzment ol
occanoEmaphic and meleorbogical parameters,

Two basic sysiems involving the buovs and their
moorings ore used. The sclection of elther
arrangement, used separately or in combinaticn
with the ather, depends on the requircments of
the scientist, [n the slack wire syswem, sufficient
slack is Ieft in the line to avoid huving the float
submerge with changing tide and cuerent and to
allow sufficient scope to avold drapging of the
archore,

The taul wire system is one in which a
submerged or parially submerzed floal keeps the
vertical line to the anchor aut and nearly vemical.
The taut wire mooring cystem reducad the
horizontal and vertical motion, and iz thus
advantagoous for current meters and sensars in
which constant depth and exfrancous molions aet
critical, Another desirable [¢ature is that it
permits the submergence of 4 pawer supply and
recorders, which may or may not he connected to
z surface floating marker. Thiz system makes it
less likely for the valuable instrument package
flpar 1o be run down, by ships or stolen.

The uses of the huoy ar Hoats vary widely. One
tole of the buoys ix to serve as a marker float for
navigational purposcs or to Mix a pasiuon tor
repeated observalion al the same Incation.



Buoyancy — 1. That property of an ohject that
crzbles it w Aogl on the surface of a liguid, or
ascend through and remain frecly suspended in a
compressible fluid such as the aimosphere.
Cuantitatively, it may be expressed as the eatia
3l the speeilic weightl of the fuid w the spacific
weight of the object: ar, in another manner, by
the weight of the Awid displaced minus the
waeight of the ohject

2. {Or bonyant Torce; also called
Archimedaan booyant force.) The upward {orce
gxcned upon 3 parce] of Aueid dor an object within
the Nuid) in a gravitational field by virtue of the
density difference between the partel {or ohjest)
and that of the surrounding Oaid. The nuagnituds
of the bunyancy force £ por unit mass may be
Jdetermined by Archimedes's prnciple as

F=g{%—i)

where g is the acceleration of praviy, p the
density of tha buoyed fuid pancel or object, and
12, the density of the swrounding fhud.

_C-

Cable — A pautical anit of borizortal distance, equal
fo £ feer (100 fathoms) and aporoximately one-
renlh of & nautcal mike,

Cuble svslem instrumenlation — Ddrect line
measurement 055 4 lead wire with 3 heavy cod.
Direct ine measurement [s somewhal obsolere,

Cake ice - Flai picces of sea ice larger than brash,
Cake fce olten is tghly packed giving a mosaic
appearance, but i surface is generally smooth in
£Onrast W rough, hummocked pressure ice.

Calamity - grievous affliction; adversity; misery: a
preat misfortune: disaster |Random 208]

Caldera - A large, basin-shaped volcanic de-
pression, more of less circolar s circlelike in
form. the diameter of which ix many times
greater than that of the included vent or vents, no
matier what the sicepness of the walls or lorm of
the: floor.

Calibration — The process whereby a position on the
scale f an instrument is identified with the
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magmitude of the signal {or input forge) actuating
that insryment

Zalm — The absence HF apparent rotion.

Canal - An artificial waterenurse cut through 2 land
arca for such ecs a8 navigadon and rigation.

Candlz icc — (O candled ice; also called peoknife ice,
needle o) A Torm of roten ice; disintcgrating
s ioe (ot lake i0e) consisting of i0¢ preisms of
cylingders ociented perpendicular 1o the ofiginal ice
surlace: these “ice fingers” may be equal in
lengih oo the thickmess of the onginal ice before
its disimtegration.

Canyon — A relapvely namow, decp deopression with
steep slopes, the bottom of which grades
combinuously dewnward, May be opderwaster
{spsrmarine) or on land {sobaecial),

Cape — A relatvely extensive land ares jutting
seavard from @ continent or large island which
prominzntly marks a change in, or intermupes
notably, the epasip] mend; a prominent featyre.
{See Fipma A-8.)

Capillary acton — The depression oc slevaton of Lhe
meniscus of a Lquid contained in 3 dube of small
diarneter due o the combined effects of surlace
tension and the forces of cohesion and adhesion.
When tha liquid wets the wall of a contaiper, the
meniscus i3 shaped convex downward; if Lhe
liguid does not weak the walls of the container, the
minmigens is shaped convex npaeard,

Capiliary wave — A wave whose wave length is
sharter than 1.7em and whose propagation
velovity s controlled mainly by the surface
wengion of the lHgud in which the wave 1§
mavelling,

Carcszan coomdingics — A coordimale system inwhich
the lncarinng of points in space are expressed by
reference oy three planes, calbod coonbmnawe planes,
ny wo ol which are parellel. The three planes
itersect i three straipht lines, called corndingee
aaes. The coordinate plines awl coordinate axes
itersect i o conmimon pint, called the origin.
From any point £ in space three strmight lines
may be drawn, each of which is paralle] 1o one of
he thrae conrdinate axes; eack of these lines wall
then intersect one {and only one) of the three
coordinate planes. 1f A, B, € denote these points



of intersection, the Canesian crocdinates of P are
the distances PA. PB, and PC. I the coordinare
axes are miually perpendicular, the coordinae
system is rectangular; othcrwise, oblique.

The most common wricmaton of the x, ¥, 7
rectanpular Carnesian coerdinates is such that the
r-axiy is directed toward tie east, tangent o the
earth™s surface, the p-anis loward the porth,
tangent t the carth’s surface, and the z-axis
towarrd the local zenib, perpendicular o the
earth’s surface,

Catastruphic waves — Large waves, resulung
from inkenze storms or submarine slumping, that
can causs immense damage and logs of Life,

Cauchy-Poisson problem -The geperation of
tsunami by a hotom diswrbance can be realed a8
4 shallow water case of the Guuchy-Poisson
jnitial wave problam by taking the vertizal
velocity of the bottom movement as a boundary
value of the veloeily poweonal.

Cavchy-Poisson wave - The inital wave
reselting from the vertical accelerauon al the
hattom as the [orcing funcoen,

Causaway — A raised road 2crss wel of marshy
prownd, oF ACTDEs waleT.

Caustic — In refraction of wives, the name given
the curve t which adjaccenl onhngonals of waves
refmacted by a bonom whase contour lines ace
curved, e angent;. The ocoumence of 2 caustic
always marks a region of crossed unbogonals and
high wuve convergence.

COO0 - Committee an Climatic Changes and the
Ocean,

Celerity — Wave speed,

Celsius lemperalure scale - Same ag centigrade
icmperature scale, by recent convantion. The
Ninth General Conlcrence on Weighis and
Measures (1944) replaced the designuation “dagree
centigeads™ by “degree Celsius” Originaily,
Celsius ook the boiling peint as U degrecs and
the jca point az 100 degrees.

Centigrade temperature scale — (Abbreviated €} A
temperalure scale with the ice point ar 0 degrees
and the boiling poinl of water at 100 degrees.

1

Conversion o the Fahrenheit wmperamrs scale by
according 1o the Famala

W= 3 (R A7)
g( )

See Celsivg temperaturs scala,

Ceatimetar-gram-sagond system — (Abbreviated cpgs
gyatem.}) A wystem of physical units basad on the
use of the comdimerer, 1he pram, and the seoond as
elementary quantities of length, maess, and tme,
respoelively. In this system, density is expressad
in grifem?®, speed in cmdsec, force in dynes (gm
em/2ecty, pressure in baryes (dynefom?), and
enargy In ergs. While this iz Wthe memst popular
system of units in nearly all lields of science and
lechnodogy, some of the meler-on-secend sysizm
unily are more convenient for celtain metcoo-
logical applications.

Central moment — Tn statistics, a moemens aken
about the mean.

Central tendeney - Tn slatistics, the general level,
characleristic, or typical value that s
mpresentaglive of the mapority of cases. Among
several accepted measures of central tendency
emploved in dara reduckon, the most comman
are the arithmetic Mmean (simple average}, the
median, and the moda.

Centrilugal force = The apparent force inoa ro@ElUng
system. deflecting masses radially oulward from
the axis of romtinn, with magnitude per anil
mass @&, where © is the angular spesd of rmta-
tion, and £ is the radivs of curvature of the path.
This maghitude may alse be written as V4R, in
terms of the lincar speed V', This force (per utit
mass) is equal and opposite 1o the cenuipetal
acceleration, The cenurifugal force on the earth
and atmosphere due to rotation about the earth’s
axis is incorporated with the field of gravitanon
tct fomm the fi¢ld of gravity.

Centripetal acceleration — The acseleration on 2
particle moving in a curved path, directed toward
the instantaneous center of curvature of the b,
with magnitude VHR, where V is the speed of
the particle and R the radivs nf curvatore of the
path. Thig acceleration is equal and oppasite to
the centrifugal foree per nnit mass,



{CERESES - Regional Center for Seismology in
South Amenca.

Ul — Abbreviaton for cubic oot per second, a onit
of dischargs commonty used im hydrology and
by draulics,

CGOM - Consulanive Group on Ceean Mapping.

Channel - 1. A natural or artificial waterwvay of
perceptitle exent which cither perodically or
continwously conwing moving water, or which
forms a connceting link between lwo bodies of
WaCT,

7, The part of a body of water deep enough
to be uwsed for mavigation through an area
otherwise too shallow for navigation.

3. A large strait, a5 the English Channel.

4, The deepest part of a stream, bay, or s@ait
throngh which the main volume or cureent of
water [ows,

Characizristic equation = 1, An squation defining the
characleristics nf a sct of pantial differcnial
EUALLDDS.

2. A [linear ulgebraig equation datermining
the eigenvalues (see characiariste-value privblem)
ar free waves of 2 boundary -value problem,

Characienisge Tengeih = Some representative length on
a phwiical system, e, the radios of a vorex,
e radius of the eanh.

Characteristics — Lings or surfaces associated with a
partial differential eguation, or with a set of such
cgoalions, which are ar all points ngent o
characteristic directions, determined by cerain
specified lingar combinations of the equalions,
The use of these lines or surfaces may facilicate
the solution of the equatons and is known as the
methad of characteristics. The methidl has been
particularly successful, for example, in the
problem of finite-amplitude expansion and shock
WaAVES,

{“haracteristic-value problem = A problem in which
an undetermined parameler i3 involved in the
cocflicients of a differential equation, and in
whiich the solution of the differential equatiom,
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with associated boundary condilions ¢xists only
tor cerain discrote valucs of the parameter. called
eigenvalues (or characteriztic values, sometimes
principal values). An imporant example of a
physical problem which leads © 2 charagreristic-
value problem is the determination of the modes
and Frequencies of a vibrating system. In this case
the dependent varighle of the differential equation
represants the displacements of the systam and
the parameter represents the frequencies of
wibrulion.

Characieristic velocity - Some representalive
veloeity in a physical systam.

Characteristic wave height — See significant
wave heipht.

(Chart datum = The tidal damm o which soundings
on a navigarion chart are referred. In order o
provide a factor of safety, some level lower than
mean sea level is generally selected, such as
mean low walcr or mean lower low waler,

Chi-squagre 1ost = A staistical significance kesl bused
on Freguency of occurmrence; it is applicable both
1o quadittive alribules and quantitative vanahles.
Among s nany uses, the most common are
tests ol Bypolhesized probabilitics or probability
distributions {goodness of i), statstical de-
pendence or independence {asseciation), and
common populadon (homogeneity}. The formula
for chi squarc {x?) depends upon ntended use, bt
is often cxprossible a3 a sum of lerms of the rype
(f—12h where f i an observed frequency and b s
itz hypothetical value.

Chop = The short-crested waves that may spring up
rquickly in 4 moderate breeze, and hreak casily at
the crest, Also wind chop.

Choppy sea — Popularly, descripive of short, rongh,
irregular wave molion on a sea surface,

Chronograph - 1. A clock-driven device for recrrding
the tme of cecarrence of an event. Tt 15 often
used, lor cxample, 10 conjunction with 4 conLact
anemorncter and a wind vane in nheain a recoed of
wind spead and directon as a function of Hme.

See multiple regisier.

2. A clock-driven device for measuring the
time inwerval helween the occmence af cyents,



CIG - Comie Intermational de Geaphysique

Circular variable - A variable reprosented by a vector
yuanticy in polar coordinates.

Circulation — Tha flow or motion of a fuid in or
through a given greg of volume.

Circulation integral — The line integral of an arhirary
vector kiken arcund a elased corve. Thos

Pa-dr

is the circulation intzgral of the vector a
arnand the closed curve. J4r is an infinitesimal
veelor elemnen of the curve. T the vector 15 the
velocity, this integral is called the circulaton.

CIRES - Cooperative Institnte for Research in
Environmental Scicnees.

Clapotis — The French equivalent for a type of
slanding wave. In American grage it iz nsually
associated with the standing wave phenamennn
caused by the reflection of a nonbreaking wave
train from o souctnee with a face that is vertical
ar nearly vertical, Full clapatig is ane with 100
percent raflaction of the incident wava, partial
clapotis is omez with [2zs than 100 percent
raflection,

Clastic — Pertaining 1o rock or sedimear ¢omposed
prircipalty of mineral ar rock Fragmenis,

Clasuie sedimentz — Composed primatily of detritus
vansported mechanically 10 g place of
deposalion, Le., sand, silt, clay,

Cliff — A high, sieep face of rock; a precipice.
See alsa sea chiff.

CLIMAP . Climate Long-rangzs Mapping and
Predicnon.
d'Etudes

CNET - Ceantre  Mational des

Télécommunicalions,

Cooidal wave — A type aof wave in shallow water
{depth ol water 1% legs than B w 1/10 the
waveleongih). The surbaee profile is expressed in
lerms of the lacobian elliptic function caowl
hence the term cnoidal.
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Coast — A strip of land of indefinite width (uay be
several miles}y that extends from the shorcline
inland 1o the [t major change in larrain
fcawmres.

Crastal area — The land and sea area bordaring the
shoraline.

Cogstal current — an ocean currenl near the coas
which may he cansed directly by the utress of
wind on the s surface, or the astronomical tdes
on pericdlic bazis, or by transport induced by
gravily waves or by fresh waler cnleting the
ocean with considerable momentermn.  Tsunam
waves flooding a shore establish a hyvdraglic head
near the shore and the water returning scaward
often induces coastal currents which may vary in
strength and may last for several hours after Lhe
first tsunami qrrival,

Coasial plain — The plain composad of horizonial or
gendy sloping strata of clashic materials fronting
the coast, and ganermlly representing o smp of sea
bottom that has emerped from the sea in recent
peologic time.

Copastal engineering — The application of science
and mathematics by which the properties of land
near a shore are mads waelub o roan s tures,
machines, products, systams, and processas,

Coastal cesponce -- Teunarmi modification dus w
interaction  with coastal topography and
bathymatry,

Coastal topography = 1. The art or practice of
graphic delineation in detail usualiy on maps or
charts of land near 2 shore especially ina way
show relative positions and elevations.

2. The physical or natwral features of a land near
a shore and its sooctural relabonship.

Cnasial zone — A distinclive area near the seashora
ermbeacing both a strip of land and sea

Coastiine — I. Technically, the line that formsg the
bowundary between the coast and the shore,

2. Commonly, the ling that forms the
boundary betwesn the lamd and tha water,



COCORP - Consortium for ConGnental Reflaction
Erofiling.

CONATA - Commitlee on Data for Scicoce &
Technnlogy.

Cumber — 1. A deepwater wave whose crest is pushed
Mmrward by a steong wind; much larger than a
willlecap.

2. A long-period breaker,

Commuynicgtion Plan for The Tsunami
Warning Syslem — A commopicaliony
operaling manuwal {or the Tsunami Warling
System for all participants listing tidal and
scismological stations which participate in the
wurning system, preferred methods of
communications between the stations and the
Pacilic Tsunami Warning Center. and criteria for
ceporting. The Plan also lists recipients of
t;onami watch and warning messages and
methods by which the messages are sent. The
Plan provides also a general gverview of the
oportiondd procedures of the Tsunami Waming
Syatem und of the nawre of tsunamis,

Compressible fluid -~ Fleid that does not have
constant volume. The volume can be forced into
smaller space.

Compressibility - The quality or siate of being
compressible. The reciprocal of the hulk
modulus, equal o the ratio of the fraclinnal
change in volume to the stress applied to a body.

Compressional, or P-Waves — Szismic waves,
also known as beily waves o primary waves,
which travel throwgh the body of the earth by the
Droguassive compression yl particles,

Computational instability - An instability in a
finite difference equalion which docs not exist in
the differental equalion approximated thereby. [F
the instabiliy exisis, eerors introduced from any
source inta the compulation will grow i the
ierarion process until the resulling solution is
without physical significance. The existencc of
computational inztability depends on the
particular [finile-diffcrence approximation
cmployed,

14

"onditions of readiness - Thase prcliminary
measures prescnbed for a given arca inoan-
ticipation af haxardous and destruciive phe-
TiCHTLEN:L.

Canductivity — A unit measure of elecirical
condaction; the Tacility with which a substance
conducts electricity, as representeel by the cormang
density per unit elecmical-poterial gradient in the
direction of flow. Elecurical conductivity is the
reciprocal of electrical resistivity and i3 capressed
in units, such as mhos (reciprocal ohms} per ¢m,
It is an intrinsic property of a given ype of
material under given physical conditions
(dependent mostly upon emperature), Conduc-
tance, on the other hand, varics with the
dimensions of the conducting $ystem, and is the
reciprocal of the elecical reststance,

Confidence interval — (Also called fiducial interval,
confidence hand.} A range of valoes {alc:a{a?}
determined from a sample by definite mlcs so
chosen that in repeated random samples from the
hypathesized population, an arbitrarily Axed
propertion 1 — g) of that range will include the
true valve a of an estémaied parameier.

The limits {a,and a,} are called confidence

limis er fiducial timils, the relative feguency {1
— &) with which these limits include o is called
the confidencr: coefficient; and the complemeniary
probability & 15 called the confidence level. As
with significance levels, confidence levels are
cotmmonly chosen as 05 or .01, the
corresponding cemfidence cocfficients being (95,
93,

Confidence intervals shogld never be
interpreted as implying that the paramcter isalf
has a range of values; it haz only one value, o
Un the other hand, the confidence limits (@, a,).
being derived from a sample, are random
variahles the values of which on a particular
sampie either do of da oot include (he true value
i of the parameter. However, in repeated
samples, 3 certain proportion fnamely 1 - £) of
these intervale will include o, provided that the
actual population satisfies the initial hypothesis,

Confidence imits = {Alsn called fiducial limirs.] See
confidence inlerval.



— ¢Also called isogonal map, orthomaorphic map.] A
map which preserves angles; that is, 3 map such
that if w0 curves intersact ata given angle, the
images of the vwo curves on the map also
intersecl ot the same angle. On soch a map, at
cach point, (he scale is the same in &very
direction, Shapes of small rgmons are preserved,
bt areas are only approximately presenved {the
property af area conservadion 5 poenliar i the
equal-area map}l. The most commonly uscd
conformal map is prbably the T.ambert conic
profection, with standard latrwedes st 30 degrees
and 50 depgreas N, On the standard Iatitugdes, the
seale is exact; between them, it is decreased hy
not marg than ahout 1 percent; outside them,
diviorting increases rapidly. The Mearcator and
slerenpraphic projecuons are also conformal
FLATIS.

Saucier, B[, Principics of Meteorological Analysis,
1955

Cenjunciion — In astronomy, the juxtaposition of the
garth, sun, and of the ather planets or the moon,
in which the angle subtended &t the carth between
the sun and the thizd bedy, in the plane of the
culiptic, 15 0° {that is, the thind body lies cither
between the sun and the earth, or on he opposite
side of the sun from the earth. Compare
opprsLian, quadramre,

Consacutive mean ~ Also called moving average,
averlaping mean, running mean, A smoethed
represenwstion of 3 pime series derived by
replacing cach observed value with a mean value
computed ovar a selected inerval. Conscoulive
means are ased in smoothing to eliminate
unwanted periedicities or minimize irregular
varighons.

Conservation of cnergy = The principle that the 1ol
energy of an isolated sysem remains constanl.
This principle takes inwer account ali forms of en-
crgy in the system; i therelore provides a
consoaint on the conversions from one form o
ancther. Soch equalions as the frst law of
thermmodynamics and Bernoulli's equadion are
Formulatons of the conservation principle for
systems admitting only certain fomms,

Conservatinn of mass — The principle (of Mew-
wnian mechanics) whick sws thal mass catmol
be created or destroyed but only unsfemed from

one volome to ancother. This principle is
generally expressed in the fomm of the equation of
contingity,

Conservation of momentum — The principle
that in the absence of forces absolule momentym
iz & property which canoot be created or
destroyed,

Conselidated ice - An area of the sea covered by ice
of various origing consolidaed, by wind and
currents, ntg a sohd mass,

Continental drift - A theory, ariginally proposed
hy Wegner, thal conlinents bave moved laterally
hundreds or thousands of kdomelers over the past
few humdreds of millions of years ut very slow
rates. South America, Tor example. was ‘ormerty
continuous with southern Africa in this theary,

Continental margin - That portion of the ocean
adjacent Lo the contingni and separating it from
the deep sea. The continental margin includes the
continental shelf, continental clope, and
continental rise,

Continental platform — The zonc that ocludes
hoth the continental shelf or contnental bos-
derland and the continental slope.

Continental rlse - An area of gentle slope
{usually less than half 3 degres or 12100) aL the
base of the contnental slope.

Continental she - Thal part of the contingntal
margin that is betwesn the shoreline and the
cortinental slope {or, when thers iy no noticeable
continental slope, adepth o 200 m). Lt is
charucterized by i vory pearde slope of 0.1,

Continmental siope = That part of the conlincalal
margin that is betwean the continenal shell and
the continenld] mise of or occanic wench. It is
characterized by 115 mlalively steep stope of 360

Contingily = The property of a feld, such that
neighboring values of a parameter differ only by
anm arbitrarily small amount if they are close
snough in space and/or imc.

Continuity equation = Sce equalion of continy-
iky.



Continuous spectrum — A spectrum in which
wave lengths {and wave numbers and frequencies)
are represenicd by the condnuoun of real numbers
ine a portion thereof) nuher than by a discrete
seguence of numbers, A cuntinuous function oo
am infinite interval, even though the function is
non-zere over only a finite interval, must he
represented by the Fourier wansform vather than
by Fourier sefvs, and the resultng mpectrum will
b CORLINLOUS,

See alyp discrete specium,

Caontour - Generally, an outline or configuration of a
body or surface, Often, the term is used for one
of a set of lings (gontour lings) drawn te represent
the configurmation of 4 surface.

Conteur line = Also called contour, ischypse,
ispheight. A line of constant elevation above a
cortain reference level {usually mean sea lewl) oo
a previously defined surface which may be the
earth’s surface, a constant-pressure surface, an
isentropic surlsce. A contour line of a given
value is the inteesaction of the surface in qoeston
with Lhe constant-Beight surface of the same
elevanion as the value of the contour line,

Cuntour map — A myp that shows the configuration
of 3 surface by means of conmour lines drawn ar
regular ineryals of elevation M*oonour niecvals™
above a reference level,

Convection — In general, mass motions within a fluid
resulting in transport and mixing of the
properties of that fluid. Convecdon is a principal
means of energy wansler, Distingtion is made
hetween: free conveclinn (or gravitarional
convection), molen ¢aused anly by density
differences within the flud; and foeced convee-
Lion, moiion induced by mechanical forces such
as deflection by a larga-scale surface ieregularity,
turbulent flow cansed by friction at the boundary
of a fluid, or motion caused by any applied ex-
ternaf foece,

Convegtive t2rm = {Also called advective term.} Any
termn of the form W o« VE where V iz the velocity
field, ¥ is the del-operator, and £ is any field,
vector of scalar. Thos, for exagmple, widw'dc) 15 a
converlive accolermbion.
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These are the nen-linear terms o the
Eulerian expressions for g rawe of change of the

depengieng vanahles.

Convergence - 1. The conlraction of a vecwor figld;

alse, a precise measure thereof. Mathematically,
convergencs 13 negative divergence, and the lawer
term i5 uwsed I[or both, {I'or mathematical
reamment, see diverpence.)

Compare confluence.

2. The property of a sequence ot serigs of
nambers or functions which ensures that it will
approach a definite findte Hmit,

Coordinate system — (Also called cefreence frame.)

Any scheme for the utique identilication of sach
point of a given continuem. These may be
poinis in space (Fulerian coordinates) ar pamels
of a moving flnid (T.ageangian coordinatas).
Mewton's 1aws of mobon do ke differenl froms
in different sysiem$s (seo inerbial coordinale
syatem, relative coordinate syStem). The
geamelry of the system (s a matter of
convenisnce detarmined by the boundarizs of he
contnuum or by cther considerations.

See Canesian ¢oordinates, curvilinear
cocrdinates.

Coral - 1. (Biology) Marine cogientcrates

(Madreporanat, sohitry or colonigl, which kam a
hard extemal covering of calciom compounds, ar
other makenals, The corals which form large recfs
are limited o warm, shallow waters, while those
forming solitary, minute yrowlhs may b {ound
im cokder waters e greal depths.

2 {Geology) The concretion of corat polyps,
compased almost wholly of calcium carbonate,
{owming reefs, and tree-like and globular masses,
May also include calcareous algae and other
organisms prxlocing calearecus secrotion, such
&g bryoscans and hydroeoans.

Coral ceef - & rect composed mainly of coral and

other crganic malier of which parte have
solidified into limestone,

Core - A vertical cylindrical sample of the hotom

sediments from which the natare  and
stralification of the bolom may be determmned.



Core of the earth - Iron-nicksl metal, in part

mallen, making up the innermost part of the
carth.

Coriolis acceleration - An acceleration of a

parcel moving in a {moving) relative coordinate
swstcm. The total acceleration of the parcel, as
measured in an inertial coordinae accelaration of
the relative svsiem ilself, and the coriolis
seceleraton. [n the case of the carth., muving
wilh angular velocily L2, a parcel moving
ralative to Ibe eactlr with velocity v has he
coriolis accelaration 202 = V. If Newton's Laws
are to be applied in the relative svstem, the corio-
lis agecleration and the aceclemtion of the relative
aystom miust be treated as fomces.

Scc apparent Force, conolis [orce, inerial
force, graviey.

Coriolis force - (Also ¢alled compound cen-

wifugal [orce, deflecting force.) An apparem foms
on moving particles in a non-inertial coordingts
system, ie., the coriplis acceleration as seen in
this (relabve] systerm. Such a loree i coquired of
Newton's laws are o be applicd in this system.
The conelis [orce per unil mass arises solely
from the earth’s rotation, and is equal to —240 =
¥, where [1 i5 the angular vaelocity of the earth,
and ¥ is the {relative) veloeity of the particle.
Thus the coriolis force acts as a “dellecting
Force,” normal to the velocity, to the right of
mevtion in the northem hemisphere and o the left
in 2outhern hemisphere. I cannot alier the specd
of the partcle. The three companenis wward
zast, north and zenith are, rezpectively, 280y sin
g — w cos g, =202 sin g, and 200y cos o, whera
u, v, w are the component velocilies and ¢ tha
Labtude.

Coriolis parameter — Twice the component of

the earth's angular velecity about the local
vertical, 20 sin ¢, where £} is Lhe angular speed
of the earth and ¢ is the latitude, Since ths earth
14 in Tigil rownon, the conoliz parameter is agqual
ta the component of the earh’s vorticity about
the lecal vertical. If (he conolis parumeter be
dencted by f and the speed of a harironually-
moving Awd parcel by ¥V, then f# is the mag-
nitude of the horizontal coralis Farce per unit
mass on the parcel,

17

- 1. In persral, a mutual relavonship between

variables or other engities. In statistical
terminology. it is a4 form of siacistical

dependenca.

2. When used without Murther qualiBcation,
the statistical term correlation usually refers to
simple, linear correlation berween (wo variahles
x, ¥ and 15 measured by dhe product-moment
cocfficient af correlation or i sample estimate
defined as follows, where 1he respective
population mean values of x and ¥ are denoted by
¢ and &, the respeclive standard deviatdons by and
Mz}, and Ay}, where £ s the expected value:

p=ﬂ'ﬁx—@b‘—’§] :
o (x} oly)

rF= E{I.‘—_F}_{_}'j—}_'j .
YExi- )7y, - 712

The product-moment E[{z - §) (v — {}is usually
called the covariance of £ and y. In connegiion
with correlation, the word “simple” is wsed in
contradisiincion to other gualifiers such as
“multiple” or “pariial.” The word “lincar” refars
to a lincar relationship between the two
varables. or more precisely, w0 a lincar
approximation of the rogression function of
either vanate with respect w the other.

See aurscorrelation, muhtiple correlation,
partial cocrelation.

3. See comrelabon coefficient,

Cortelalion coeflicient = 1. Sa& correlation.

2. A measare of the persistence of eddy
velocity as a funclion of {ime and space. Twa
types are distinguished.

{a} [n the Eulenan correlation coelficient Lhe
time dilference 15 zemn,

Rgw(yiyz) =

Vu (ol ~ et ()

where 1 is the eddy veloeity. Por homogeneaus
and homelogous wrbolence this correlaton
tensor depends only on the differance {v, #)
and when the wrbolenue this correlation ensor
depends only on the diffcrence (v, - ¥ ), and when
the wrbulence is sowopic, the wosor is
spherically symmetric and £ = K,



{h) In the Lagrangian correlalion coellicient
tirme amd space are vanad together inosuch g way
that the same Mokl parce! 15 beung Tllowed,

o' {yib} e (g}

Brein= .
“u';ullz (vt} '\"{Uhlz (yalz)

When the Now is one-dimensional and the
mean velogity much preater than the cddy
velocity, then a fixed pownt expericnccs
approximately the same sequence of Hucwations
that a fIonid parcel does. The Lagrangian
cotrelation coefficient can then be converted inbo
the Fulerian by a proper scaling.

These cortelation coetficients have the same
T and meaning when any other fucmating
rprandty i3 used, e.g., femperatlire oF pressare.

Correlation rathy = A meastre of statistical re-
laviomghip which akes into account all Fonctional
relatonship hetween random variahles in condrast
i the correlation coefficient which measures
only the Linear refationship,

Crrmosion -- The gradual deleriomton of maeral by
chemical processes, such as oxidation or attack
by acids; if causad by an amospheric effcet, a
funn of weathering, OF great signiticance is the
corrosion due o the combined effects of
atmpspheric temperalure, humidiry, and sus-
pended imparities, for example, the rusting of
iron, the direct effcets npon a surface weted by
sea water, by acid rain water, or, indirectly, the
rotting of woeod caused by the action of {ungi o
bacteria in the soil and in cnclosed spaces.
Compare cormosion, erosion.

Cn-spectrum — The real part of the crass-spectrum of
two funcaons.

Cotidal - Indicating equality in the tides or a co-
incidence in the Wme of high or luw ride.

Cotidal hoor ~ (Alsy called high-water interval,
Manitidal interval.y The average interval of time
between the rmoon’s passage over the meridian of
Greenwich and the following high water at a
specified place.

Cotidal line - A line connecting places having the
same cotidal howr for a given lunar ridak

COMPENERL: o one connecting places that have
high water {or low water) simul taneaus|y.

Countercureent - A current flowing ahacent o
ancthar carrent bul in the opposite dirocton.

Countermeasure— An opposing oF retalialory
move,

Covariance - The expected value of the product (x -
&) (¥ - {), where § denotes the mean of x, and [
the mean nf ¥,

Sea comelanom,

Cowve — & small, sheltered recess in o coast, often
“inside @ larger embayment. (Soe Flaure A-8.)

Creep — Sce 30l cIeep, cresping.

Crest length, wave — The length of a wave along
18 crest Sumetimes called crest width,

Crest of berm — The seaward limit of a berm. Also
berm edge. (Sce Figure A-1.)

Crest of wave — 1. The highest part of a wave.

2. That part of the wave ahove sdllwarer
level, {Sce Figure A-3)

Crest width, wave — See crest length, wave.

Criteria for tsunami evaluation — During the
real time investigation of potential tsunamis, it
13 important to dsterming scismic and
hydrodyramic parameters such as earthgake
magnilude, ¢picenier, depth of focus, scismic
moment, energy, intensity of surface scismic
waves. and possible wave activity near the source
area. In addivion, the systematic information of
historical tunami and earthquake records, as well
2% empirizal carthquake paramater relaticnships
could be used in the evaluation of a potential
Lunami and the issuance of a waming,

Critical flow - The flow condidon of & fuid system
when onc of the fundamental nondimensional
paramcters has a crideal value 2. ., flow of water
in an gpen channel at a Froude: number of 1, flow
of a gas at a Mach number of 1.

Cross section — Generally, a two-dimensinnal,
representative piclure of a three-dimensional
cnlity, nsually a section or “slice”™ perpendicular



to the principal axis of the enlity, or passing
threugh is cenler, or othurwise topresentative of
a given aspect of the enlity,

Ses scatlering cross-seelion. Compare pro-
file, contour,

Crass-spectrum — The Faurier wansform of the cross-
corre Lagion of two functions,

Crusi af the Earth — The ouwtermost layer of the
Earth above the Mohorowicic semsmic qlis-
conlinoity.

Crystal pressyre tramsducer - A dovics which
meAsares pressure variation at the sea bouom due
to the passage of a tsunami wave by converting
to frequency variation of a yaanz oscillator which
iz immediately expursed w the umbient bowom
wWalsr,

Current — A tidal or noontide movemenr of lake o7
Doean waler,

Current chart — A map of 4 water area depicring
oeean-current data by current roses, vectors. of
othier mcans,

Current, coasal = One of the offshore curTens
flowing generally parallel 1z the shoteline in the
deeper water beyond and sear the surf wong, They
are nel related geneticaltly to waves and resulting
surf, bul may be rclated o tides, winds, or
distribution of masx,

Current drift — A broad, shallow, slow-maving ocean
or lake cwrrent. Qpposite of carcen, stromn,

Cwrent, ohb = The ndal curreot away from shore o
dorwn a odal siream. wsually associated with the
decrease in the height of the tide,

Current, eddy — See eddy.

Current clipse = A hodograph of vectors of a tidal
current, or of a harmanic component of a ridal
current, during a compleic ddal cycle,

Currents, foeder — The parts of the nearshore current
Syslem that flow paratls] o shore before
converging and forming the neck of the rip
carrent
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Current, flood = The ddal cument 1oward shore ar up
a tidal stream. uosually associated with the
increase i rhe height of the tide,

Current, litioral ~ Any current in the linoral zone
caused promarly by wave action, e.g., longshore
CUTTENL, Ffy COrrent,

See alsa current, nearshore,

Current, longshore — The linoral corrent in the
breaker zone moving essenually paraliel to the
shore. usually gencrated by waves breaking at an
angle to the shoreline,

Currenl meter — Any one of oumenous devicas (or tha
measercment of cither speed alone or of hath
dirzction and speed (set and drift} in flowing
Walsr.

Currenl, nearshors — A current in the nearshore zone.
Current, nffshore = See offshare current.

Current, periodic = Sce current, idal,

Currenl, permanant ~ Ste permanent current,

Cuwrant pole - A pole used in measuring surface
waler current, especially from un anchored vessel
such as a lighwship, The drift of the pole is med
as it iz allowed o carry oul a graduated line; the
azimuth and speed of the line gives the cument
velocity,

Current, Ap — See rip curane.

Curment nose — A diggram which jodicaies, for a given
ocean area, the average percenlzge of cument
setting wward each of the prncipal compass
pains, The disciboden of defis s sometimes
also indicated. Compare wind mse.

Current, stream — A naroow, deep, and swift ocean
current, as the Gulf Siream, Coposite of cement,
drift,

Cwrrenl systemn, nearshore = See nearshare cament

Sysleni,

Current tabies = Annual tables of daily predictions of
tires and velocides of mazimum flood currenis
angd ebh curreni and the Umes of clack water 1o



be encountered in numerpus coastal walerways.
Such 1ables arg constructed from aswonomical
dats and the harmonic analysis of previous ob.
SErvanong.

Current, tidal — The allematng horizonial movement
of wuler ageociated with the rise and fall of the
Lide caused by the asronomical tide-producing
forces, Also current, periodic,

Curve [ilng — {Aleo called gradoation) The
approprise representation of cmpirical daia by a
mathematical [unctons, typically with abitary
conkrainlys dodermined by least squares.

Sec smocthing,

Curvilinear coordinates — Any linear coordinates
which are not Cartesian coordinates, I a, », w
are three functions of the Cartesian coordinaies x,
y, 7 and if at least one of these fanctioas is not
hinear comhbination of r, », 2, then u, v, w are
carvilinear conrdinares of the point whaosa Carte-
gigmn coordinaes gre x, y, 2, provided the [acobisn
Al v, wifdlx v.2) is oot eqmzl o zero. Any
surface along which one ol he three curvilinesr
coordinates is constant is called a coordinate
swrface; there are three families of such surfaces.
Any tine along which pwao of the three curvilinear
coonlinke:,

Cusp, cuspate — A landform characierized by a
propecon with indewtaions of crescent shape on
girther side. Some eaamples include the cuspate
dlta, cuspate har, cuspate reel, and cuspate spit,

Cuspale bar - A cresceat-shaped bar uniting with the
shore at cach end Tt may be formed by a single
3pit growing from shore and then mrming hack 1o
again meet the shore, or by two spits Trovwinp
from ke shore and wniting 1o form a bar of
sharply cuspate form. (Sec Figure A-9.}

Cyele - One complete and consecutive set of all the
changes which occur in a recurrent action or
phenomenon, siarting from any point in the
action und ending with al! conditions as they
wore 3t the start.

Cyeloidal wave — A steep, symmerrical wave
whose crest forms an angle of 120°, The wave
form is that of 4 ¢ycloid. A trochoidal wave of
kMU Steepness. See also rochoidal wave.

Cyclone - An atmospheric cyclonic circulaton, a
closad circulating {eompare WoUgh). A& cyclone’s
direclion of rowation (counterclockwise in che
MNorthern Hemisphere) is opposite to that of an
anticyolone.

Cyclonic — Cuerent patterns in the atmosphere or
ocegn which move counterclockwise in the
Morthem hemisphere and clockwise in the
Snuthern hemisphere.

Cylindrical conrdinates — (Also called cylindrical
poiar coordinates, circular  cylindrical
cooridinales.) A system of curvilinear coordinatas
in which the position of a point in space is deter-
mined by (2} it perpandicelar distance from 3
miven line, (by irs distance [rom & uclected
reference plane perpendicular &y Unis linc, and (o)
its angular distance from a selecied reforenes line
when projected onto this plane. The coordinates
thus form the clements of a cvlinder, and, in the
usaal nodation, are written », 9, and z, where 7 i3
the radial distance from the ¢ylindar*s axiz =, and
4 s 1he angular position from a reference line in
8 cylindrical cross section normal to z, The
relations between the cylindrcs) enordinaes and
the rectingular Cartesian coordingles (2,v,2) are
X=rcog & y=rzin 8, =z,

Cylindrical polar coordinates - Same as cylindeical
coordinates.

Uymatpgeny — Cndulating movement or wurping of
the earth’s crust to produce regional linear
arching or doming with minimal deformation,

-D-

Daily retardadon (af tides) — The amount of
time by which corresponding fidal phases grow
later day by day (about 50 minwies).

Damage - See Tsunami Damage,

Damging - The suppression of the growth of
oscillations or disurbances,

Damping Factor — The ratic of the amplitude of
any one of a series of damped nacillatons w0 that
of the following one at the same phase.



Damping wave — A wave thar has been cansed to
decrease in amplituede by viscosity or eddy
viscosicy.

Darcy's law — The law goveming the mervement of
Ntuids in permeable media which states that the
velooity o flew is diregly proponional i the
hydraulic gradicnl This is gpplicable only for
very low Reynolds’ numbers.

Dala processing — Provessing uf information,
especially the handling of information by
machines and compagters in accordance.

Datum, chart - See charl dawm.

Datym, plane — The horizental plane w which
soondings, ground elovations, or water swilace
elevauons ars relerred. Al reforence plane. The
plane is called a tdal dawom when defined by a
cerlain phase of the ude. The follywing datums
are ordimarily used on hydrographic chars:

Mean low water - Allantic coast (1151,
Argenting, Sweden, and Norway;

ddean lower Jow water - Pacific coast (TS

Mean low walet springs - Uniwd Kingdom,
Crommany, Tialy, Beazil, and Chile'

Low water datom - Great Lakes {U.%. and
Canada);

Lowest low water springs - Purlagal;

Low walcr Indian springs - India and Japan {Scs
Indian tide planck,

Lowest [ow water - Franes, Spain, and Greece,

A common datem used on opographic maps
is based on mean sea level,

See also bench mark.
DB CPF - Drifting Buoy Co-operadion Panct.

Debris line — A ling near the limit of storm wave
uprush marking the landward limit of debris

deposits,

Decay — 1. In general, a flow wilh dissipation, hul
ne source, of kinelic energy.

2. 1o vccan wave studics, the loss of energy
from wind-generaled oocan waves after thoy have
ceased 10 be acoed on by the wind. This process is

accompanied by an inerease in wave length and a
decrease in wave height.

3. Ses atenuation,

Decibar - A unit ol pressure nsed principally in
ncganography. Ong decibar (M) dynes:cm?)
equals (11 bar. In the ocean, hydrostatic pressure
in decibars very nearly equals the corresponding
depth in malars.

Decile — One of a sel of numbers on the random-
variahle axis which divide a probability dis-
trithubion into Een equal aeas.

Sec quantle.

Decision-making process — A procedure, as an
algorithm, for determining in a finite number of
steps the validity of any of a corain class af
propositions befare making & decision on a
neaded course of acrion.

Deep-sea tide gauge = A provsure gransducer used
to dewect, on the sea floor, the pressure signature
associared wilth the passage afl the tide or of u
LsImami - fow rescarch puposes or for waming,

Deep water — Water so deep that suriace waveys are
litle affecied by the ocean bottom. Ganerally,
water deeper than one-half the surface wavelength
15 considered desp waler.

Deep waler tSunami wauge — See Desp-sea fide
gauge.

Deep waler [(sunami mMERIUTEMED: - A
quanbigative measurement (1 sunami height in
the open sea recorded by a deep-waler Bunami
Lauge.

Deep.-water tsunami signature — Graphical and
guanbitalive représeoladion of the amplitede of
LSunami waves with respecl W Lme as recorded
by a deep waler tsunami gavge.

Deep-water wave = {Also called short wave,
Stokesian wave.) A surface wave the length of
which i5 less than (wice the depth of the waler,
When this rctationshin exists the following
approximation is valid:



where ¢ is the wave velocity, g is the acceleraton
ul gravity, and L is the wave length, Thus, the
vielocity of deep-water waves is independent of
the depth of warer.

Eee shallow-water wave, murimi.

Degree ~ 1. A unit of tempersture. Les absolute
wemperature scale, approximate ahsolute tem-
perature scale, Celsius temperature scale,
conligrade temporature scale, Fahrenheil tem-
perature scale, Kelvin temperature seale,
Reaumur lemperapmre scale,

2. A unit of angular distance; 17360 part of a
circle.

See alen radian.

Dugrecs of freedem - In an unconstrained dynarmic or
other systern, the number of independsnt
varighles raquired 1o specify compleiely the siate
of the system at a given moment. If the sysiem
has constraines, ie., kinemalic or geomeiric
relations between the variables, cach such
relalion reduces by nme the number of degrees of
freedom of the sysient. In a continuous medium
with given boundary conditions, the number of
deprees of freedem (s the number of normal
modes of oscilladon, Thus, 2 particls moving in
space has three degrees of freedom; an incom-
preasible fluid with a free surface has an infimite
number of degrees of {reedom.

Delay - The time {or equivalent distance} dis-
placemsnt of some charaeteristic of a wave
relative to the same gharacterisie of a relerence
wave; thal 15, the difference in phase between the
LW waves.

Compars lag,
Dal-operator = The operakar, writlen ¥, osed oo

ranslorm a scalar ficld ino the asesmdent (ihe
neganve O the gradicar} of hat fxld,

In Canesian coordinates the three-
dimensional del-oporace i

veilejloxl
.  dy b

and the horzontd component is

"'?H=ii+j—d—.
P 4

K

Eapressions for ¥ invarigus systems of
curvillinear coordinates may be lound in any
texcbook of veoior analysis,

Delta = 1. A sedimentary depnsit formed at the mooth
of a aver dehanching on a conlinental shelf,

2. The low, nearly Dat, alluvial tract of land
degemited at or near the mouth of a river, com-
monky forming a tangular or Fan shaped plain of
conzsiderable area.

Deluge — A greal inundaion or ovedlowing of the
land by waler.

Density = The mass of an object divided by the
volume, under cartain conditions the “weight™ per
unif volume.

[ensily current — The introsion of a denser fluid
heneath a lighter fleid, due mainly to the
hydrostatic forces arising from gravity and the
density differences. This term is used principally
in eagineering [or such casag as the intrusion of
gall waler Below Fresh watar Inoan estusey, or for
currents caused by the prasence of densor waler
with syspended sile at the botlom of a lake or
ooearn.

Censity funcueon - In statistical terminology, same as
probability density funchon.

Density suatification — The beginning of ocean water
of Increasing density.

Departure — Same a5 doviation.
Diependence = Sec sunisteal indepondence.

Dependent variable — Any variable considered a8 3
function of cther variables, the later being called
independent. Whether 2 given guantity is hest
treated as a dependent or independent variable
depend: upon the particnlar problem.

See independent wariable; compare
parameter.

Depletion curve — S2e recession curve.



Deposits = Earth material af any rrpe, either
consalidated or wncorzolidsted, that has ac-
cumulated by some namral process of agsnt

Deprezsinm — An atmospheric region of relpnvely low
prossure. IUmay eafer o the closed low-pressure
arca of cyelons 1vpe or (o the open V-shaped
fough of low pressure,

Depth = The vertical distance from a speoified datum
to the bettom aof a body of waler.

Depth of Breaking - The sullwarzr dapeh at the point
where the wave braaks. Also breaker depth.

Depth of seismic hypocenter - In seizmouogy,
the vartical diztance From the botom of the ocean
ot from the surfoce of the carth w the point
within the carth tha: :s the cengr of an
garthquake. Seg sewsmic focus.

Design fMood — The floaod, either obeerved o
syTithetic, which is chosen as the basis for tha
design of 4 hydraulic struciur,

Depth contour — S22 contour.
Design hurricane — See hypothetcdl Rurricane,

Detector - In seismology of ceeancgraphy, the
finding of the presence, existence, or fact of an
avent, or of a signy’ by means of an ingirement.

Deterministic = Governed by and predictzhle in
terms of definite laws, such gs dyvnamic cqua.
tians,

C ompare nondetorminictic.
Dhetritus — Loevse ok and ominaral mataeial,

Deviation = (Alsg called dzparmies.) [ stanstizg, the
differance berween tao numbers. I is commaonly
appliad to the Jdifference of o vumuble from i
mean, or 13 the difference of an obseeved walue
from a theoretizal value.

Diagpostic eguation — Any agualion goveming a
system which contains no pme detivative and
therefore apeyifics a8 a balance o quanmines in
gpace gt a moment of Ume {for cxampls, ivdeo-
slake equation, kalancs equaon.

Diareme - 1. A brecciz filled volecanic pipe hart was
formed by a gaseous caplogion.

2. A wolcam vent of pipe of esplosive
character,

Differential erosicn — Erasion thal ocours at uregular
of vaning mies because of the duferences in the
resistance af surface materals sofier and weaker
rocks are rapidly womn away whilz harder and
mare Tesistant eocks rémain te form mdges, hills
O MOunLains.

Diffraction — The bending of 4 wava in a wody of
witer arpund an chstacle, ez, tha interruption of
4 wave train by 2 breakwarer or Aher barrier,

Diffraction zone — (alzz calied shadow rone,)
With respect to rudo propaganen, that porton of
any propagation path which lies below a line-of-
sipght path.

Dipital record (marigram; - Recording of sea-
level fluctuanons invalvirg of wsing numerical
digits cxpressed in a scale of nodanan o repeegent
discretely all vanables ccowring at a particular
sie,

Dike [d¥ka) — A wall ar mound bl around a low-
Ivirg ared o provent Dooding.

Dimensional analysis — A method a0 analysis of
physical systems which depends only on rhe
dimensicns of the physical varahles involved.
The technigue 15 especially powerful n
ofganuzing expermental programs 50 a8 [ muks:
the mosl significant and sconomical choize af
guangties to be measur2d. Dimensicnal anulveis
is closely relaned 1o inspesional analveis,

Dipole - A svstern composed of Dso equal chargss
of opposita sign saparaied by a fiee Sistance, In
rsunami litgrature it may cefar o the moverient
af crustal plate along a fault after an carthguakes
where one side goes up while the other s1de oes
dowm

Dip-slip earthquake — A type of earthquakes in
whick the nosan hoettom predominantiy moves
a vertical tirecrion.



DHrect route — The shortest navigational distance
between two points on the canh’s surface. The
great circle is a direct route,

Direct tide — A gravitadonal solar or lunar e in the
occan or aunosphere which i in phase with the
apparcal molons oF the awrscuag body, and
consequenty has its local maxima direetly under
the tde-producing body and pn the opposule sde
of the earth. A gravitational ude which i in
opposite phase to the apparent maions of the
sun ot moon is called a reversed wde.

Disaster prevention — The act of kecping from
happening or aCtUng o provent or mitigate 4
disusier and its effects.

Disaster reliel — Alleviating, casc, mitigation, or
deliverance through the remeoval of pain or
distress caused by disaster. Add in the [orm of
TONgY O THECesSiles,

Discharge — The passage of a ligud thmugh a
conduit, channcl, or optning,

Tnscontinuities — Zones which radically nffect the
gspecd of such waves that hyve eocountered
physical or chemical changes in the matter
throngh which they pass or which has deilected
therm.

Drisconrinuity — The abrupt varation or jump of a
variahle at a ling of surtace. Disconlinnities are
coid 1 be of rere crder when an unditTerentiated
quanuty i% disconbinucus, o of licst ceder when a
finest derivative nf the quantity is discontinuous,
i [

Drscontinuous wave — Wave that (s not conbinuous
and incoherent

Discrete spectrum - A spectrom in which the
eomponent wavelengiths (and wave numbers and
fmequencies) constilule a discrete sequence of
values {Tinite or infinite o nomber rather than g
concinuum of values. A Fouricr analysiz of a
Funcrion will yield a discrete spectrum only if the
function iz peredic, or is assumed o be so, or if
the funClion is represenicd by o finite sample of
118 vulues, Fourier seres may he used for the
analysis,

Dislowation - A digplaccment, Muvement out of
the ysual or preper place. In seismology, ground
movement due 1 faulling which may be
describedd us ume-dependent ship poouning acnss
weetl dedimed Tault surfaces,

Dispersive — The separavion of wavey of different
wavelenpths due {0 a dependence of sound
velocity on wave length in a medium, The
process i which radiation is separarcd ine its
component wavelanghs.

Huygen's pnnciple gaplains this action by
considering  the continued formation and
propaganon of “wavelers™ of all wavelengths
wilthin the radianon ficld. Refractive dispersion
also may be considered the rsull of a differenaal
change in velocity according o wavelength as the
tadiation passes through a refractve interface.

This principle is applied o wave propaga-
tiop in a Auid, wherein the speed of a wave
disturhance depends upen its wavelength, Any
disturhance that can be analyzed mbo two ar more
harmonic wave lrains will underpo dispersion,
gach component being propagated at il own
group velocity, provided this velocity is not zero.

2, The rate of change with wavelength of the
index of refracion of any refractive interface or
discontinuity. The dispersion ingreases tpward
shorter wavclengihe, and varies approximaltely
inversely with the cube of the wavelength. In
general, Jargz refraclive indices tend (o produce
correspondingly large dispersions. The
dependence of dispersion on wavelength exhibits
irregularines {ralled anomalows dispecsion) near
any shsorption lines or absorption bands,

3. In staistics, the scattering of the values
of a frequency dismibyion [ their geerage.

Dispersion coeflicient - A nymber that serves
af a measure 0F dispersion, dispersion heing a
process in which radiation iy separated inw iy
componenl wavelengths, In occanography, the
spred of a wave distrbance depends upon itk
wavelength, Any disturbance that can be analyzed
into rwo or more harmosic wave ains will
underge dispersion, cach component being
propagaicd al il own group velocity, provided
this velocity is nol zeme.



Dispersion  eguatiom - Same &s Lezquency

equation.

Dispersion mechanism — A continual spreading
oul of a distuwrhance into raing of waves, given
that the inial disturbance s conlined o & finite
tange of x valoes, and that the mediom is
unlimited. An effect in which a2 wave diswurbance
in the sea separates int wave traing of diffecent
wavclengthy mavelling a1 different specd. This
principle ¢ applied, analogously, 1o wave
propagation in a {Tuid, wherein the speed of a
wave disturbance depends upon its wavelength,

Dispersive medinm = A mediom displaying wave
motian in the component harmonic waves of
which move at wave speads which are fenctions
of their wave lengths,

See dispersion,

Dicpersive wave — Wave thal disperses ar
gcatiars. Sce Dispersion mechanism,

Displacement - The relative movemant of I1he two
sides of a fault, measured in any choscn direction.

Dissipation — [n thermodynamices, the convorsion
of kinalic ensrgy into heal by work done against
the viscous stresses. Somehmes the rate of con-
varsion per noit volome iz meant. If the Navicr-
Soked equations of viscous flow are emploved,
Kaylzigh's mathamartical exprassicn for the rale
of viscoms {or frictional) dissipation per omit

volirne 18
[ay p J % B %ﬂ

A
g 2y
where i is the dynamic viscosity, The Navier-
Sipkes assumptions thus satisfy the primary
requircment 4f the secomd Law of thermod yramics

that the raee of disgipation Be pasitive and the
process rreversibie.

» s_"“f__ﬂr
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Distant tsupami - Tsunami originating from a
distant source,

Distribation — Arrangement in time of space; or
apportionment among varows classes, or elags
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inervals, espectally ranges of valpes of 2 certain
variable,

See probability distribution, frequency
dismibution,

Dismbution fonciion — (Also called probabilicy
dismbuton function.} A funcron Fix} yielding
the probability that a stated mndom varable wiil
assume some value less than or cqual 1o any
arbitrary number x. By definition, the
distribulion function is identically zero for all
values of x below the least admizsible valye of
the randpm variable, and idendeally unity for all
values of x helow the least admissible vatue of
the random varigble, and identically unicy for all
valoes of x equal 10 or grealer than the greates,
admissible value of the random variable.
Moereover, Flxg) 2F(x,} whenever | x; > 1.
Sometimes, for the sake of clarity, the dis
tribution function is ealled the cumulative
distnbution function.

Cexnpare probability dersity function.

Disprbance — In general, any agitatinn ar disruption
of a steady stlate,

Diumal - Daily, espacially pertaining 1o 3ctions
which are completed within twenty-four hours
and which recur evary twenty-fonr haurs; thus,
most reference i made o diornal cvcles,
variations, ranges, maxima, eic,

Diurnul imequality = The differsnce between thc
heights of the two high waters or the fwo ow
walers of & lonar day.

Diurnal tide = A tide with one high water and one
low waler in a tidat day, (See Figurs A-10)

Divergence = The cxpansion or spreading our of a
vector ficld: also, a precise measure thoroof. In
mathimarical discussion, divergocnce is taken
include convergence, LE., nogative divergences,

The meaan divergence ol a f{ield F withio a
yolume ig equal 10 the net penetration of the
vectors F through the surface bounding the vol-
ume (se¢ divergence theorem), The diverpence is

invariant with respect (o coordinate
ransformations and may be wrnigen
divFor —VF



where Vis the del-operator. In Cartesian ¢o-
ordinates, if F has components £, F, F, the

ilivergence is

aF, o , i
P2 - TR 4

Fxpamsiong in odher coardinae sysiems may he

found in any teXt on vectar analysis.

In hydrodynamics, if the wector field is
unspecificd, the divergence usuatly refers to the
divergence of the welocity field, {See alo mass
diverpence.)

Divergence eguation - An equation for the rate of

change of horizontal divergence on a parcel (in
analngy o the vorticity edqoarion). For
Frictemices low thiz equation is

40y V)= T OF 2000 -
d 2
?m'——ﬁu*‘f‘f— v ‘iﬂ
tp

where ¥p.% 18 the honizontal divergence, fw,v) s
the Jacobian, @ is te ra of change of pressure,
# is the Rossby parametcr, {is the vertical
vorticity, and ¢ iz the pecpotential, All
harizontal differentiations areg cartied out in a
vonslant-pressure  surface, The divergence
gquation is derived by taking the divergence of
e vector cquation of meton,

When the two terms in the divergence are ne-
glectedl, this equation becomes the balance
eI

Divergence theorem — (Alse called Ganss's

thearem.] The statement thal the vohyme integral
nf 1he divergence of a wector, such s the velocity
W, over 4 vilume Vois equal o the surface
integral of Ui normal compenent of ¥ over the
surface s of the volume (often called the “export”™
through the clysed surface), provided that v and
its darivalives are contineous and single-vafued
throughout ¥ and 5. This may be written

(R

Whers % 2 unin vecwor normal o the element of

surface «x, and me‘tf symbol indicates thar the
integration is o be carricd out over a closed
surface. This theorem is sometimes called

Creen's theorem in Lhe plane for the case of two-
dimensignal flow, and Green's theorem in space

for the thries-dimensional case described above;
ser Green's theorem.

Doldryms — (Al called equandal calms,) A naical
term for Lhe equatyrial irough, wilh special
reference W e light and varable natees ol the
winds. Compare horse lyliwdes; see equatooial
air.

Dolphin — A cluster of pilcs.

Duppler elfzol = The change in feguency with which
energy reaches a ceceiver when the receiver and
the energy source are in motion relative to each
olher. This elfect, fiest noted in the case of sound
waves by the Austrian physicist I.C, Doppler, in
1842, is of passing imerest in soyngd phenomena,
but becomes of extremely great importange in
aswonomy, optics, and radar,

Dormant Volcano — A volcano that 18 not presendy
grypting bul that hag, perhaps, done so within
historic lime and i3 considered likely to do s in
the future, There is no precise distincton
hetwern a dommant and an aciive voleana,

Double-bumped wave — Wave with characienstic
of two crests,

Cownbuckla — A compressional dowmfalding of sialic
crust, associated with oceanic renches,

Cownwarping - The downward warping or subsidencs
of a regional area of the sarth’s crust, wiually as
the reenlt of sostatic préssure; op. geodynclingl
sedimentanom,

Drag coefficient - A dimensionless rado of (a) the
component of force parallel to the direction of
flow (drag) exerted on a body by a faid wo (B the
kinetic cnorgy of the Auid moluplicd by a
characteristic surface area of the body. In
symbals, the deag coelficient Cp is

Cp= W
&L
5 o
where g is the [aid density, IF the speed, and L 4
characteristic fength of the body,

Rayleigh's formula expresses the drag cosfft-
cient as proporiional to a power of the Raynolds
nomber Re,

Cpn = const, (Rep



For Couett flow, # = -1 and the conslant ks 2,

Drift = I. The cffzct of the velocity of fIeid flow
upon the velocity {relatve 10 a fixed external
point) of an ohject mewving within the fuid; the
vector differonce hetween the velocity of the
objegt relative to the Moid and i velocity
relative o the fixed refercnce.

Z. The zpeed of an ocean current. In
publications for the mariner, drifts ace ustally
given in mules per day or im knots.

3. “Ton geology, materials in ansport by ice; duposits
made by glacial ice on land in the sea, and in
bodics of malt water.” Drift ice  Any sea ice
that has drifted From its plage of origin, The term
is used ima wide sense o nclude any area of sea
ice, pther than fast ice, no matter what form it
takes or how disposed.

Dry bed —The relatively dry ground area bordening
the shore whore 2 tsunami running up the shore
forms 2 =urge. The word “dry" doss nol
nccessarily imply thar the soil is effectively dry,
but from a Ffuid mechanics standpoioe, the
mamentum transfer from the secge tr the layer of
flnid ahead i3 negligible, which is nol the case of
tidal bore or moviog hydrawlic jump as
previously mentioned. Feom a flnd mechanics
viewpaini, a surge on a dry bad is not 2 shock
wave bol rather a arefachon wave.

Dunes - 1. Ridges or mounds of leose, wind-biown
material, usually sand. {Sec Figure A-7.)

2. Bed Fforms smaller than bars bl larger
than ripples Whai are oot of phase with any watur-
surface gravity waves ausociated with them.

Daration — In occan-wave studics, the length of
lime that the wave-pgencrating wind has blowm,
Fetch and duration are the vadables detcrmining
the formation of wind waves by a given wind
force. In Tsunama related studies e lengidy of
time that Llsonani oscillatons last,

Druration, minimum -~ The Hme necessary for
Steady-state wave conditions o develop for a
given wind velocity over a given fewch length.

Dypamic boundary condilion - The condition
that the pressure must be conlinuous across an
intermal boundary or frec surface in a flwd,

a1

Sec alzo boundary condition, kinematic
boundary comdition,

Dynamic head - The energetic or forceful pressurs

of a2 maving fluid on a surface expreysed in erms
of force par unit area.

Dynamic pressore — (Also called velocity preg-

sure, stagnation pressure.) In eogmecring Floid

mzchanics, the kinglic éneryy, Jipvz. of the flgid,

where p is the density and 1V the speed. This
applies in cases where this guantity may be
conveniently considered as adding to the statc
pressure; that s, the dynamic pressure at a given
pointis the diffzrence berwecn the static pressire
at that point and the total pressure al the
siagnatinn paint of the same streamling. This
concepr most ke distinguished from the
hydrodymanlic pressure.

Dynamic similarity — A relalion hetween two

mechanical systems (often ceferred to ax model
and prowgtype) such that by proportional
aleerarions of the umits of length, mass, and wme,
measured quantiries in the one system go
identically {or with a consant multiple for each)
intd those in the other, Tn panticular, whis inplies
comslant ralios of [urees in the two svstems,

Dymamic similarity between systiems of feid
flow exists when the equations of motion and the
boundary conditions of one system can be
rransformed into those of anocther by suitable
dimenzional changes. Two incompressible
viscous flows, [or example, are dynamically
similar if the raios of the inerial lerms o the
Imction ooms in the respective flows are of the
same order of magnitude; thiz ratio is the
Reynolds pumber of the flow, and, in an
analogous way, the equalily of other non-
dimensional numbers (Rayleigh number, Rosshy
number, cte.} cstablishes the dynamic similanty
of other pairs of flows.

Dyne = The unit of force in the cenumeter-gram-

second sysiem of physical units, i.e., fme gm cm
par sac? aqual to 10F% kj or 0 7.233 x
1t} ¥ poundal.

-E-



Eupgre — Sce bore.

Farth movements — t] Rotational 23.5% top fike,
27 Revolve around the sun. 3} "Elasticrebound”
theory by Reid: Earthquakes occur in regions
subject to deformaton duc to exiernal causcs,
generally regional lectonic stresses. When the
accumulated strain at some point exceeds the
suengih ul he rock there is brinde fraciures al
compinl rock and/oc slip on pre-easting zones
vl weakmess,

Euarth surface - The scicace of geomorphology
divides the earih’s surlface intg: 1) continental
piatiorms and oceanic baging, 2) provincial
features imcluding continental shelves, coastal
plains, Mountain ranges; 3% massive struciures
such as single mountaing, dames, basing.

Farth tide - The response of the solid Farth to the
{orces that produce the tides of the sea; semidaily
carth ddes have a fluctuation of hetwesn seven
ang fifteen cantimeters,

Riging and falling of the earth's solid surface in
response to che gravitational pull of the sun and
tha enoon. Barth tides, like ocean tides, show (he
preatest rise when the mooen and the syn are
aligned (sping tde) and least risc when the oo
and sun are perpendicular to each other (neap
ude].

Farth's crost — The ouler solid gensphere, the
oweermost layer of the earth, about 22 miles deep
under lhe continents and & miles deep under the
ocean separated from the npper mantle by the
Muho boundacy, I consists of thres shells: a
sirapified sedimentary shell {"stratispherc™},
compused mainly of sedimentary rocks; a
“gramitic” shell, distibuted only beneath the
conlinents and thinning qut at the occan
boundaries; and a "bazaliic” shell which has
different siuctures under continents and under
mceans, i Thesz layers were identified nearly 100
yedrs ago by Suess as 5TAL and SIMAL)

Farthquake = A sudden moton of the canh causcd
hy faulting or volcanic activity. Earthquakes can
occur in the near surface rowcks or down o ax deep
as 700km below the sorface, The gelual area of
the earthquake ig called the focus; the point on
the carth’s surface above the focos is called the
ety Fict

Earthquake cpicenter — A location on the earth's
surface directly above an eanthquake focus,

Earthquake evaloation — The determination of
tmportant earthquake parameters such ag
magnitude, epicentar and depth and the appraigal
af its potential for destmction.

Earthquake foci — The points within the carth that
are the centers of the main carthquake evant and
its aftershocks,

Earthquake magnitude - A measore of the
strength of an earthquake, or the slrain enargey
released hy it, as determined by seismographic
ohservations,

Earthquake Seismoelogy - When a major
earthguake ocours, the resultant enerey released
inuo the earth will prupagate over a wide range of
frequencies and vclocities. Even though the earth
movemenls dizscernible to the viewer may he
conflined 1o the general region of the carthguake
origin, the warwous seismic wave phascs
propagating throughout the earth result in small,
but meamurahle, ground displaccments which can
be detected by a seismometer. A scismograph
then provides a visual analog meord of (he groand
displaccments at that station. For the purposes of
the Tsunami Waming System, comsideraton is
given to three significant scismic wave phases.
The [irst, the P-wave, is 2 compressicnal wave
travelling through the carth's interior at a
velocity varying f(ram approximaiely 8.0
km/second near the crust-mantle interface to
about 13.5 kmfsecond at the mamle-core
interface. As such it is the first seismic phase 1o
be recorded af any one scismic stagon and i the
first indication thar a distant earthguaks has
occurred, The second seismic phase of imporiance
is tha 8-wave, or Secondary wave. This phase
travels through the garth's interior as a shear
wave, following approzimately the same fravel
path as the P-wave but at a reduced velocity
varying {rom approzimately 6.7 knfsecond near
the crusk-mantle interface 1o about 8.0 km/second
rear the core, By messuring the time separation
between the amival of the P and S waves, the
distance of the epicenter from that selsmic station
the origin time of the carthquake can be
determmined. By obtaining the P armival timges al a
series of seismic swations appropriately locatced,
the location of the canhquake epicenter can be



determined by assuming the "best fit" of a series
of intersecting arcs representing diswances from
the various seismic swations nsed, Those seismic
wave phases are clagsifisd as body waves due o
their propagation through the carth's interdor. In
addivon o providing a lecation, bekly waves may
ke weelul im determining the size of an
carthquake. The third set of seismic phases to be
considered arc the surface waves rosulting From
ground displacemcnts propagaling outwartd along
the surface of the earth. These are abserved at a
seismic station as local or regional swrface waves
and are the basis for measuring magnimide on the
Richter scale. The aclual energy released for each
increment of the Richier scale is a factor of 32,
Thus a magnimde 6.0 eanbhguake will release 32
Urnes as much eneTEy as a magnitude 5.0, and a
wagnitwide 8.0 is more than 1NN} times groater
than a 6.0,

Earthquake source - Point from  which
cartiwjuake prginates.

Earthguake swarm — A scries of minor
carthquakes, nong of which may be ilentified as
the main shock, cccurring in a limied area angd
time,

Farthquake waves - See Eanhguike Seismology.

Rbb current = MNontcchnically called ebb tdet The
meverngnt of a tdal curronl away Eon e coast
or down an estuary or tidal aaicrwvay; the oppo-
site of flood corrent,

Ebb tide — [, Same as falling 1ide.

2. Same as ebb corrent

Echo scunder - An elzctronic instrument used m
determing the depth of water by measuring the
time interval between cmission of a sonic or
uimasonic signal and the retum of its echo [oom
the botiom,

Lcho scunding - A method of delermining depth of
the ocean by measuring the time interval borween
the cmission of an acoustic signal and its retam
ur geho from the sea Aoor, The eotumning sigial
is usually printed 1o give g visual picture of the
topography of the sea Floor. The insorument used
in this methed is called an echo sounder,

ECOR - Engineering Committee on Cceanic
Resources.

Fddy - 1. By anzalogy with a malecule, a “glob” of
floid within the flyid mass that has a certain
integrity and life history of its own; the activities
of the hulk fluid being the nat result of the
motion of the eddies.

2. Any circfation drawing its coergy from a
flow of much larger scale, and brought about by
pressure brregularities as in the lee of a solid
obstacle.

Eddy eoefficients — Same 2z exchange cosfficicnts.
Eddy current = See eddy,

Eddy diffusion coefficient - Same sz cddy
diffusivily.

Eddy diffusivity = {Also catled coefficient of addy
diffugion, eddy dilfusion coefficient.} The
exchange coefficient tor the diffusion of a
tonservative praperty hy eddies in a wrbulent
Mow,

Eddy Nux - {Or wrbalent flux,} The rale of mansport
{or fhu) of fluid properics such as momentum,
mass, heat, or suspended maoer by means of ed-
dies in a wrbulent meotion; the rate of wrhalent

cxchange,

Edkly kinetic energy - {Also called wrbulent energy.)
The kinenc energy of that component of fluid
forw which represents a departure from the aver-
age kinelc energy of the fMuid, the mode of
averaging depending on e particular problem.
This eddy kmctie energy it represented by pu
where g is the density, & 15 the eddy velocity,
and the supcrior bar denpotes an average.

Cddy spoctrum — The distribution of the frequency of
cddics of various sizes or scales in & turholent
flow, or the distribution of Kigclc enetgy among
addies of various frequencies or sizes.

Eddy velocity — (Alse called fluchuation velocity.)
The differoncs borween the mean velocity of fluid



flow and the nslanianecus velocloy ar a poime.
ot 2xamplze,

W=u-q

where w5 the eddy velacity, 4 s (nstamnanconus
wvelaciry, and B 2 mean velocity. hver the same
intzrval which defings the mean velacivy, the
average walue of the cddy velocily s negessanly
LETTE

Edee wave = An ocean wiave waveling parddls) wa
caast, with cres nonmmal o the coast line, Soch
g wave hus a height that dimmishes tapidly sea-
ward and is negligible a1 a disdnce of one wave
tenpt offshers These edge waves. the tapped
made of longshore wave motion, have waye
pericds which il be longer than the incident
wave pericds; standing edge waves will have
poaks and nedes st point along the shoreling,
although edge waves may be ¢ither standing or
DROETESSIVE WaAVES.

Eigeovalue = Sze characteriztic-value problem.

Ekoran laver — Sometimes called spiral laver, The
laver of ransitior, betwaen the surface boundary
layer, whers the shearing swess is conswant, and
the frz= atmdsphere, wherte the aunasphere is
treazed as an sdeal Tuid in approximate
geastophic 2quilibraom. In Exman's analyeis
(wee Ekman spiral). the coetficient of =ddy
vISCOSIlY 15 assumed consiant adthin this laver:
subzequent Calculations have relaxed this
Asgumpticn.

Fkman spiral - A» originally applied by Ekman o
Qoean curtents, a graphic repragsentylion of the
way i which the theomucy] wind-driven furmrents
in the surface layers of the sea vary with depth.
In an ocean which is assumed to be
homogeneous, infinitely deep, unbounded and
having a constant eddy visvosity, over which a
uniform steady wind blows, Bkman has com-
plited that the cumrent induced wn 1he surface layers
by the wind will have ‘he following
characieristes: (a} At the very syrface the water
will move ab an angle of 45" cum sele from the
wind directian. b [n successively Aeeper lavery
the mavement wili be deflected farther and farher
Cum. siie from the wind direction, and the speed
will decrease. (c) A hodograph of the velwsity
vectars would form a spiral descending inw the
water und decreasing in ampliwde cxponenvally
with depth.

The depth at which the veclor firsl points
1507 from e wind vector it ca'les the deplh of
frictional influeace {ur depuh af friclipnal
resistance), At this deprh the speed s 2= umes
‘hat at the surface. The laver from the sarface 1o
the depth cf fricuonal wflnence is ailed the layer
of frictional influgnce. If the velocily vecturs
(rom the surtace the depth of fricgonal wviflusnca
be integraied, the resultant moten iz ™ -um
sale from the wind direcHon.

Eiastic Constant - One of varions coafficicnts
expressel inownils of swress. that defines the
elasuc properues of mater.

Elastic Deformaltion A deformation that

disappears upon relense of siress,

Elastic modules — A wolid masz which vizslds by
glastie stra‘n, [deally thus stmin follows Hiooka's
law azeoeding 1o wiich strain is prupottional
Shress,

Elastic discontinoity - A beundary between rock
struta of differing density, or having different
elastic propertias. Seismic waves passing
through rocks that are oot yniform i all
directions, or from one kind of rock inw another
12,2, limeslone to shale), are refracted or reflectad.
Whare 2 P or 5 wave mocts an elasuc
discontnuity, it generates two new P waves and
Iwo new § waves, 5ee alsor seismic waves.

Elastic Rebound theory - A theory of eanhguake
generation first propoundsd by HF, Read ia
1911, In substance, i states that mcovement
alar.g a geodogical faylt is the cudden release of a
progeessively increasing elastic smain betwean
the rock masses ga either side of the fault. The
straun is the reaction to dzfocmation by tectonic
farces. Movement returns the rovks to a
conditon of litde or no strain,

Elastic limit - The maximum stress that a body
ar material can sustain and beyond which it
Cannet rium o it onginal shape or dimensions.
Syn: yield point

Elastic wave - A wave that i3 prpagaed by some
kind of elasuc deformaticn, that is, a deformation
Lhat disappears when the forces are removed. A
SEISMUC wive 13 a type of elastic wave.



Elevation = A measure {nr condition) of heighe,
especially with respect 1o the height of a paint
on the earth's surface above 2 reference plane
jusually mean sza level).,

Embankment — An atificial baak such as a mound
or dike, generaily built to hold back waisr or w
CATY 4 roaiway.

Lmbayed — An indentation in the shoreling forming
an open bay.

Emergency prepuredoess - Goeting ceady w deal
with conditiors requiring prompt action when the
tzunami disasler sirikes for the purpose of
mitigating adverse effacts,

Emergency respohse - Preforming on oa
predetenmined plan of action related o the
mitigation of the effecis of a natural disastar,

Emission — With respect o radiation, the generation
and sending ool of radiam coergy. Il is to be
distinguished from reflection and ransmisgion,

See emiftance, emissivity,

Encrpelics = The branch of swdy dealing with the
cvsematic deseription of the energy conversion
ard ransfer processes which take place within a
physical system,

Fnergy = Capacity for performing work: cocrgy
comeg in many forms; for example, heat energy,
kinatic encrpy, electomagnetc energy, chemical
energy, and podtonial cncrgy; can e ansfoemed
from anc torm of energy to anocther, and is
conserved

Energy coefficient — The ration of the cncrey in &
wave per unit crest lenglh mansmilcd fooweard
with the wave af a point i1 shallow water 16 the
CASrEY Im A wavs per uoiit ercst length transmite:d
forward with the wave i deep water. On
refraction diagrams this is equal 1o the ratio of
the disiance between a pair of orthogonals in deep

water. Alse the square of rthe refraction
cocfficient,
Energy conversion — (Alsa called encrgy

translprmation.} The process wherehy encrgy
changes Lrom one fortn o another (for example,
trom potential cnergy w kinelic energy). 1 1s

n

common alse w speak of energy release when
reforring o cortain conversion processes, such as
the release of lateat heat encrgy, and the release
of potential energy.

Compare cnergy transier.

Enerpy demsity spectrum - {Somectimies called
energy spectrum.) The square of the amplitude of
the {complex) Fourier trans{om of an aperiodic
funcron. Thas, if fr) is the given functon, its
Tourier translorm i5

Flay =L fine-ime ae
im J A

and the energy density spectrum is | F(a)l 2, It is

assumed that the towal energy

[|f|2d:

is finite,

See power specinum,

Enerpgy dispersion — Sceo disperston, groop
velocity,

Energy equation - Mechanical epergy equation {or
kKinatic energy equation’; An expression fuw the
rate of change of kinetic energy, which iz
nhiined by scalar-multiplication of the 3-dj.
mensional vector equation ol modon by the
vecmor velocity V' it maybe wrilien in the form

i(p""_al=2--?-(p"_t+p¢l i p)‘v
a2 2
_IH"J_¢+PI?- l.l'__ V'F
at

where @ — gz is the goopotcntial energy, pis

density, p is pressurg, F s the vector frictional

force per unit voheme and ¥ is the del-operaor.
Energy flux —

Energy release - Sse enargy conversion,

Energy spectrum — Same as cnergy density
spectrom,

Energy transfer — The transfer of encrgy of a
given form among dilferent scales of motion.



Fnergy transformation — See encrgy conversion.

Fngineering prutection — The practical
applicanon of science and mathematics in the
praper design of structures for the purpose of
defending against property damage and injury
causcd by nitwral of man-made hazards.

Enrrance - The avenus of access or opening by a
navigalle channel.

Epirugeny — Broad scale vertical movement that
determincs the elevation of the land surface and
the depuh of the sea floor.

Lpicenter — The point on the Earth's surface
direetly above the focus of an earthquike.

Epoch - Ses geologic cpoch.

Equal-area map - A map so drawm that 3 square mile
in gne partion of the map ix equal in size 10 &
siuare mile in any other portion. This is ohtained
by changing the scales along the meridians and
parallels in inverse propornon o each nther.

Fyual-arca maps covering the whole globe,
such as the Sanson-Flamsteed sinusnidal projec-
tion, arc approximately cllipitieal In Lambert's
azimuthal coual-area projeccicon the pamallels of
latitenle cume ¢losar together as the cyuatar i ap-
proached, Any map of the whole world or of 2
hemisphere necessarly Jdistors the shape of a
region far from the center of the map, but such
maps arc uzeful for somc climawyogical studics
in which the correct rcprescntation of arca is
imporane. For limited parts af the globe egual-
area projections are quils prucucal.

Equation of continuity = (Or conlinuity
cguation.} A hydrodynamical eguation which
cxpresses the principle of the conservation of
moags im a Moid. It egeates the inerease in mass in
a hypothelical (Tod volume te the net fow of

mass inta the wolame. The cquation of
conunuity is vsually writlen in cither of lwo
forms:

-'?E + VgV =0;

ol
[8°)

a2

P oV V=
N

where 2 is the fuid density and ¥ the velocity
vectur. [Fpressare s taken as vertical £oordinale,
the cquation takes the form

i[§]+ﬂ-v=ﬂ

where g is the pressure and V, is the del-operator
in the isobaric surface.

Equation of impulse conserwmbon —
Equation of mation — Sce equations of malon.

Equadon of ume  The dilference at any instant
between the apparent stlar me and the mean
solar nme as measured at & specified place; it is
the dilfeeence betwesn the hour anglas of the
“apparcol sun” and the “mean sun.”

Tatbles of the equation of Umc are available
il astronomical almanacs. The cquation of tme
15 zero at foor times during a year, ot about
April 15, June 15, August 31, and December 24,
at present, The algehraic sign assnciated wath the
equation of Hme ¥aned [rom one source o
anather, a fact which muat he kept in mind in
abstractng values from alimanacs,

See apparent solar day, mean solar day.

Equation of wave maotiom = Spme as wiave
equation.

Equations of molion = A sel of hydrodynamicat
cyuslions representing the application of
Newton™ second faw of motion w0 a flod
sysiem. The total acceleration on an individual
1luid particle is equated 10 the sum of the [orces
acuing on the particle within the Muid Wriken for
a unit mass of fuid in motien in a coordinate
system facd ata point om the carth's surface, the
vector equation of modon for the aimosphere is

&Y = 2y V- pk-LVp+F
di P

where V is the three-dimensioual velocily vector,
i1 the angular velocity of he carth, k a unit vec-
e direcied upward, perpemilicular w the carth’s
surface at the point in guestion, p the dessily, g
the pressure, ¢ the acceleration of gravily, ard F
the Frictional force per wnit mass, When apgiied
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to the atmosphere’s horizontal maotion, the
coriclis acceleration terms 241 = ¥ are usually
approximated by the two horzontal components
1202 sim v and —j2Cksin gu, where t ang | are
the unit vectars along the horizantal x and y
axes, respectively, while ¢ and v are the velocity
components along these same axes, Here {1 is
the magnitude of £2 , and ¢ i5 the geographical
latinde. 1o the equation of vertical motion, the
vertical component of the coriolis force is
frequenty neglected and it ix oftcn assumed, in

addition, that ﬂi =0 where w is the vertcal ve-

Tocily. With these simplifications, the egqualion
of vertical motion is recognized as the hydrostatic
couatea,

The wsual fomn for the scalar equarions of motion
in Cartesian coordinates {x, y, z} = taken
positive eastwaed, ¥ rarthward, and z locally
upward, 15 as follaws:

T &

al+ﬂ+ﬂ+wﬁ=fuﬁﬂ+fy:

& or gy & 1ab
£_+uﬂ+vﬂ+w£=2mcnsu—
=" = =¥

s

-

Sec Mewtom's laws of mobon, vorticity equaton.

Equations of motion - A 32t 0

Eqguations of motion - Excitation - The

differemial equations of motion for 4 Newlowian
fluid are called the Mavier-Sirokers equations.
These cyguadons are an crpression of Mowion's
second law of moticn in which the appropriate
refationship of viscous siress o strain rate has
been incorporated. For a compressiblz fluid with
a single, constant cocfficicnt of viscosity, the
MNavier-Simkes equations. an

2
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where (3 is the rale of dilaiaton defined by
i
du | v o gw

=47 + =

™ dy & ;

al i5 vt the Laplacian operacs

Y
e o o

fx. fy and fz gre composed of the body force per
unit mass. In the case of the usual earth's
gravity, g = 32.2 fi.fsec(2), with the 2 axis
vertical, fX=fy=0angd fz=-¢

The brackets on the left hand of Eq.{2) rapresents
the acceleration of the Auid in the x direction; the
right-hand side represents forces per gnit volume.
The werms involving  represent the effect of
viscous stresses, For an ingompreasible Fluid, the
eguation of continuity, Ey. (1), becomes (0 = 0
which yimplifies B, (2), (3) and (4) somewhar,

Equator — Geographically, the imaginary preat circle

of latimde 0° on the earth’s surface, which is
couidistant form the poles, and which separatcs
the Northern Hemisphere from the Southerm
Hemisphere.

Equideparture - {Rare.) Eqoality of deviation (or

departure) from a normal value. Lines or curves
of equidepanure are called isamerrics.

Equigeoporential surface = Same as goopocniial

surface.



Fyuilibrium - Tn mechanics, & state in which the
viscer sum of wl} lorces, e, the acceleration
vector, i 7arg. Tn hydoodynamics, ic 1s usoally
lurther requoirad 1hal a steady state exisl
Uwrougheun the aimaspheric or fluid model. The
cquiibrivm may ke stable or unstable with
regpect 1o dispiacements therefrom.

Equilibriom spheroid = The shape that the carth
wopld auamin iF it were entirely covercd by a
tidelows ocean of constant deplh.

Compare geaid,

Equilibrium tide = The dde that would exist if the
tidal wawe was in exact balancs with Lhe
gravitatonal tde forces,

Equinactial tide — Tide necurring when 1he sun iy ocar
equinox. During this period, spring-tide ranyes
are greafet ihan average,

Equinnx = 1. Either of the two points of inlersecion
of e sun’s apparent annual parh and the plane of
the earth's equator, Lo, 8 print of inlesachon of
the ecliptic and the celesrial equator.

2. Popularly, the time at which the sun
passes directly above the equator; the “lime af the
eguinox.” Tn northern latudes the vomal cquinox
falls on ar about March 21, and the autumnal
cguingx oo or about Sepember 22, These dates
are reversed in the Santhern Temisphere.
Clompare solstice.

Eguipotential surface = A surface in any conservative
freld oof Joree (electrical, magnetic, gravitalional,
£le), every point on which has the same poten-
tal

Era = Sew geologic era

Erg — The unit of euergy in the contimeter-gram-
second system of physival units; Le., one Jyne-
comimeter. One erg is equal w 10 7 joule or
2389 10 ¥ cal.

EROS - Larth Resources (Yhserving Satellits,
Erozion — The general process or the group of

processes wherehy the materials of the Earth's
crust are [pogencd, dissalved, o worn away, amd

simullancously moved from one place to another,
by nawral apencies, which inclizds weathering,
golation, corrosion, and traosportadon, bt
eudlly exclnde mass wisting.

Error — See instrument ecrol, observational error,
randam rrow, systematic seror, standard crmor.

Virror dismmbotion — 'he probabetice distnibution of
random errors, typically 2 normal distribution
with & 7ero mean; that is,

ﬁyj + | £ Wiz {_aa oo r.ﬂ.j

ir
wherg v s the mndom creor and o 15 the standard
deviation of v [(in this connection, & is
commondy called the standand ervoe); [v) denoles
the erroe distobunon for nosnal curve of oo,

Emar [unction = {Sometimes abbreviared o)) Same
as probabilily wtegral.

Error of estimate - Same as residual.

Eruptive mechanisra — Character of explosive
activity of a volcamic eruption,

FSA - Furnpezn Space Agency

Eacarpment — A more or less continoons bHine of
cliffs ar steep clopes facing in one general
direction which are capscd by ermsian or faolting,.
Also scam (See Fipure A-1)

Estimated time of arrival (ETA) - Time of
reunami arivine at a fixed location, as derived
Trom tsunamd welocity determined fTom sunami
wave mefraction,

Estuary - 1. A coastal region influenced by fresh
water supply by streams, Circulation 13 generally
tandward st the bottom and scaward al the surface.

2. A drowned river mouth formed by the
subsidence of Tand near the coast or by the
drowning aof the lewsr portion of a nonglacialed
valley due to the rise of seq level.

Bugeasyneline — A gagsyncline, or regional
depositional trough, o which volcanism s
associnted with rapid clastic sedimentagion.

Eulerian coordinates — Any system of oo-
ordinates in which preperticy of a Ouid are



aszigned o poinls in space at each piven hme,
wilthout attempt to dentily individeal flnd
parcels from nne ume o the nesl LEulerian
cowwdinates are ¢ be distunguished from La-
grangian coordinatzs. The particular coordinate
system used to identify poimts in space
{Cartesian, cvlindrical, spherical, et} is quite
independent of whether the reprosentation (s
Eulerian or Laprangian.

Eylerign correlation — {Sometimes called synoptic
corcelainm.) The cpmelastion botween the
propertss of a Mlow al vadous points in space at
a single inztant of time,

Compare Lagrangian correlation; sce

correlation coefficients.

KBulerian equations — Any of the fundamenial
equarions of hydrodynamics cxpressed in Eulerian
coordinates. Thea are 3o commonly msed that the
dexignaton "Bularian™ i often omittcd (See, for
example, equabions of mouon).

Eustatic chanpes in sea level - Change in sea
level due te increased or dacrsased volome of
saawater in the ooeans, This can either be due W
ire storage an the continents or to the shange in
voleme of the copun hasing due 1o Large scale
I=Cinnism.

Fvacuation = The process of notifving, guiding,
assisting, or fnrcing peonke 1o depart from arzas
which sécm i he hazardpus.

Evacuation map = A drawing or represcrlalion
thal ouilines danger ranes and designates limits
beyvand which people most be evacuated to avaid
harm from tsunami wives,

Evalualion - As applicd 10 wyngmi, the appraesal
and assessment of the relanve powendal wunami
disaster risk as dewcrmined from measuroment of
determinacion of the threshold geographical and
OCCATORTADTHG ParamCleTs.

Exceedance interval = The averpe nuamber ol
sears between e ooowrence of an event and that
of a Vgreater” evanL

See ratam period.

Excess = Sec kurosis.
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xpected value - [Also called cxpeciation.
mathematical expectation.) The anihmetic mean
of a random vanable, conceptually similar o the
simple average but broader in scope, [If glzp is a
conttnpims funcdon of x, then the expecta:! valye
of pix}, denated by | E[g(x)], ix the inegral (o
som, if r ois discrew) af p(r) times the
probability  element af 2. Thux, F & is
continnons with probability density funcdon Tx)
defined in the range a < x < b then

Elg(xy. = ]l 200 Al el
or, if x is discrele with possible vaiues £ s,
o &, did probability functon fix ). thes

Hed' = 3 gledfin).

1=

This reduces 1o the mean of ©itsell v case = 1,

Experimental tank - An artificial basin
containing 2 fluid used for testing empirically
fluid mechanics,

Explegion — The act or insunce of exploding; o
violent expansion ar bursting with noise.

External wave = A wave in Huid metion having
its maxireur Amplitnde ar an extemal beondary
such as a free sorface. Any surface wave on rhe
free snrface of 4 homogenedus imeonpressible
MNuid i« an exlemH #ave,

See intermal wave.

Fxtrapolation - The caicnsion of a relationship
hebween 1wo of more Yariables beyvond the range
covered by kaowledge, or the calculation of a
valo® oulside that ranee.

.

FAGGS - Federation of Astronamical and

Gegphysical Tata Analysis Centres.

Fahrenheit temperature scale — (Abbrevisted F A
temperature scale with the ice point at 327 and
the boiling point of water at 212° Conversion
with the centigrade temperalure scals (O} s
accomplished by the formula

F=%C+ 3



Fairway = The parts of a waterway thal are open and
unohswuctad for navigation. The main travelad
porl of a waterway: amarine thoroughfare.

Fall {in sca leveld —
Fall cquinex - Same as autumnad couinox.

Falling dde - (Somatimes called ebb ride) The
portion of the tide cycle between high water and
the following low watar.

FAO - [ood and Agricultural Orzanizalion of the
United Nalionza.

Fathom = The comman unit of depth in the ocean,
cquat to six feet, [t i also sometimes used in
gxpressing horizontal distances, in which case
10} fathoms make one cable of very nearly one-
tenth nautical mile.

Futhuineler - The copyrighted rademark for a npe of
acho sounder,

Fault - A fracture in the Eurth’s crusgt accompanied
by a displacement of ane side of the fracture with
regpect to the other and in a direction paralla! to
the faciure,

Fault model - A reprogentation of the strocture of
a faul

Fault parameter- & characteristic element of g
fault {i.c. mlative displacoment )

Feeling bottam - The action of a decp-water wave
ofl uAning ints shoal water and beginning o be
influzneed by the bottom,

Fecder curment - Sae current, [eeder,

Filtering - 1. The separation of 3 wented com-
ponent of a time serics from any unwanied
residue {noisc).

2. The decompesition of @ signal into its
harmonic componenls,

Filtering approximations - A set of math-
gmatical approximations introduced into a sysiem
of hydrodynamical partizl differential cquations o
filler out or cxciude solutions comesponding 1o
thase physical disturbances which arc believed to
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eontibute only negligibly o the problem a
hzanid.

Finite dilference — The difference betwoen the
values of o function at lwo discrete poinis, used
tr approximate the darivative of the fupction,
The derrvative fix} of a function f{x] at an
arbitrary poiat x is osually approximated by
finite differences in one of three ways:

JFI:I_} =" !!I+ El] -_,"[le = E‘I
a a

where ¥f is called a forwand difference:
flx) =" &L“ﬁ—} —flz —afdy iy i
o

a
where & iz called a contored difference;

whera Vfis called a hackward difference {not o
be confosed with the gradienty. OF these
approximations, the centered difference s the
tnosL aceurate, hut whether it iz the most con-
venient or accurale fiy the prohlem as a whole
depends on the character of the equparions
imvolved. Higher derivatives are approximated by
ikzration of these formulas.

Finite-difference egquatiom = An cquation re-
sulting from the use of finite-difference ap-
proximations to the decivatives in an ordinary or
partial differenbial equation. A Onite-difference
equation may bave a solution {or solutions) the
behavior of which is quite unlike L {or those)
ol the differenial equation approximated, and care
must be mken o exclede any such solutions ia
the cofmpulation,

rinite-dilference methpd — A numerical method
of solving a problem weing finite differences.

Einite.difference model - A numercal model
for solving problems  using Ninite difference
mithouds.

Finite elemenits method - Same as Cinitc

ditferthee mathiod,

finitc

Finite elemernts model - Same a3

dilFeretce miodel,



First Arcival — The Ffirst recorded signal at-
wibutakle o spismic wave tavel from 2 known
SOoUrce.

Firth — A narrow som of the seq; also the apening of
a river into the sea.

Ficrd fiord) = A narrow, docp, sieep-walled inler of
the sea, usually formed by enrrance af the sea
inter a deep placial rough.

Fiz = It navigalion, the position of a cralt as de-
rermined by some means without reference w any
former position. Compare dead reckoning,

Flood = The condition that occurs when water
averflivaey the oatural or artifizial confines of a
hody of water, or sccumnlaes low-lying arcas.

Flood current = (Montechnically called Hood ride.}
The mowvement of a tidal cument “oward the cruse,
Of up 3R estwary or Odsl waterway, the oppogie
of ebb carrent.

Flood tide ~ T, Same as rising tide.

2. Same as Noox] cuorent,

Flood wave — Wave causcd by the overflow ol
water pver (he namaral or artficiad confines of a
streannt or utier lexly of water.

Floding - A rising and cverflowing of a body of
walnr especially onto normally dry land,

Flww = 131 Tu issue or move i a stream with the
coutinual change of place amorg the constilcnt
particles. 2) Ta have a smooth unintenupted
conmnuily. 3) To deform under strass without
vracking or ropwring. 4 A smoath uninterrapted
muovement. 5) The guantity 1hat flows in a
certain vme. §) The modon characterisucs of
fluids. 7) A comtinuous transiee of energzy.

Flow break — An interruption in the continuity of 4
flow,

Fluctuation — The alternate riging and lowering of
the: water leve] either repularly or periodically,

Flactuation velncity — Saume as eddy welocity,
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Flume - A channel used for studying the Mow of
Muds under gravity, The fuid is pumped Liom a
Sump o a stilling tank that aces as a rescrvoir
from which the MMuid is discharped down the
flume st varying speeds. The nwoton is viewed
from above or thraugh glass sides.

Flux — A measure of the ratc of movement of
matenal or encrgy past @ point; measured in unics
of material or energy to be wansported per unit
Cross-secuonal areg per unit hme.

Flux density -~ The flux (raw of llow) of any
quantity. usually a form of cnergy, Lhrough a
urtil arcy of specified surface. (Note thai this ig
not a volumetric density like radiant density.)

Foam line — The front of 2 wave as il advances
shoreward, after it has broken, (See Figure A-4.)

Foual depth — The depth from the surface af the
earth to the potnl within the carth which is the
center of an eartquaks.

Focal mechanism — The process of movemeont
and rupture of crostal blocks resubting from an

earthuruake,

Focal Sphere - An arhitrary sphere drawn about
the focns or hypocenter of an earthguake, Lo
which boddy waves recorded al the carth's surface
are retereed

Fical zone - The rupture zone af an ezrthquake. In
the caxe of a great earthquake, the: focal zone may
extend several honifred kilometers in [ength

Focus — 1. In seismology, the souwrce nf & given scl
of ebasiic waves, customanly an earthquake,

1. The poine in the earth where Tuplure fird
OCCums.

Fald - A bending, warping, or buckling in bedding, or
other planar features of geologh strata varéing in
size from a few millimeters or cenUmeLwers
weveral kilomelsr's acrss.

Foot-prund = A unit of energy equal to 1.356 joulss,
Foarce = The cause of the acceleratiom (e, ihe

speeding up, the slowing down, or change in
direction) of material inchiding walte and air.



Forced oscillation - See oscillation €13, ferced
WAVE,

Forced wave = Any wava which is required 10 i1t
irrcgularides at the boundary ol a system or
sapisly some wmpressed force within the system.
The forced wave will not in gencral be a
characteristic mode of ogciilation of the system.
[l cannit be exhibited independentdy unleas the
system admits of no free waves. (A homoge-
neaus incompressible Ruid knnded by two fgid
surfaces ig an example of zuch a sysiem.

Foree of gravity - See gravity,

Fyreenst - The subjeclve esdmates of quanbtalive
paratictees of an svent {or which the reauls are
unknown, viually in the future. A forecast proee-
dure iz not {ully keachable.

Forecast perigd — The tme interval for which a
[oracast is made.

Foredune — The [ront dune immediately hebind the
backshore,

Forerunber — Low, long-period, ocean swell which
commanly precedes the main swell from a disiant
slorm, cepecially a tropical cyclone. Compare
5RO Surge, tsunami forergnner,

Foreshocks - A small tremor that commonty
precedes a larger carthquake or main shock by
zeconds to weeks and that originales at or near
the focus of the larger eanhguake,

Forcshore — The part of the shore lying between the
erest of the seaward berm for upper limil of wave
wash at high rde) and the ordinary low water
mark, that is ordinarily waversed by the uprush
?;E backrush of the waves as the tides rise and

See bench [acs,
Fourier analysis - The represcotation of physical
or mathematical data by the use of the Fourier
series or Fourier integral.

Fourier coelficients - Sec Fourier scries.

Fouriter integral - The representation of a fung-
tion f{x) for all values of x in t2rma of infinite
ifiegrals in the [orm

Hir) =2‘— [ ]mcus [l — )] et .

T

Fourier series — The represemation of 2 function
ftzx} in an interval {-£ L) by a scries consisting
of sings and cosines with a common period 2E.,
in the form

fxi=Ac+ = [A,ca_vim + B, sim ﬂ}, Lexal

L L

m=l

where the Fourrer coefficients are defimed as

When fix} is an even {unciion, only the co-
sing rerms appear; when fz) is odd, only the sine
LIS Appear,

The conditinns on f{x) guarantccing
convergence of the serics are quite general, anl
the sCrics may serve as a Tool Mean sguare ap-
proximation even when il docs nol converge.

If the function 15 defined on an inflinine
interval and is not periodic, it is represented by
the Fouricr intcgral, By either representation, the
furkion is decomposed inwe periodic components
whose [requencies constiute ihe spectrum of the
funcion. The Fouricr series employes a discree
specuzum of wave lengths Minin - 1,2, .0
the Fourier intcgral requires g eontinuous
Spec .

See alsu Fourier mansform.

Fourier teansform — Ap analytical raneformation
of a funclion {{x) obuained (if it cxiswed by

34



multiplving the funcuivon by e and integravng
rrver all x,

.

Flu) = [ ™ f{xidx, ~ecuces,
where uis the new vinable of the transfom Fiu)
and i 2= -1, If the Fourier mansform of a
Tuhelion 1§ koown, the funcuon isell may be re-
coversd by use of the inversion formosls:

- ]- 7 JELX
fixy==— | ™" Fluddy, -ceX<o,
(X zn_:[ OF

The Twourier teansform has the sarme wses a3
Ui Fourier serics: for expmple, the integrand
Fiu} exp {iux) i3 a solutiod ol a given lincar
differential equation, so that the integral sum of
these solotions ts the most general soletion of
the equAtion.

Wlwen the variable v ix complex, the Fourigr
trunslform is cyuivalent o the Laplace wnsform.

So¢ also Founer ingegral, specteal lunchion.

Kracture zone — A Targe linear and irregular area of
the =ea floor, charactarized by ridges and
geamounts. These [ealures ate commonly as-
gocialed with the median ddge cormmon Lo most
ocean basing,

Free oxcillatinns — An oscillanon of 3 bady, e.g.
the earth, thal oceurs with out external inflnence
ather than the initiating force, and thal bas i
awn nataral frequency, Such oscillations follow
mapx cartheoakes.

Free periods — Periods of free oscillatinns.

Froe surface = The apper surface of g layer of liguid at
which the pressute on the liquid s equal o the
extemal atmospheric pressure, assumed consant

The existence of a free surface is expressed,
in hydrrdynamics, by the relation dpddt = 2¢r0 on
the frec sorface, where pois e otal Ouid
pressure; this relation 12 oflen referred o as the
free-surface conditon, and is a special case nfl a
dynamic boundary condition,

Freg-surface condition — See frea surfiace.
Free wave — Aany wiave nob acted upon By any

exrermyl force sxeept for the inidal force that
created i a wave solation satisfying a homo-
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Eeneous eguation of movon and bomogencous
boundary conditions. In a system with no im-
pressed fonces, a free wave has zero amplionds al
the boundaries of the system. The phase speed,
wave: length, etc. of the free wave or waves are
charagieristics of the syswem.

In a steady-state solulion, free waves have
arbitrary amplitude, These may he specitied by
initial ¢enditions te determinc the snlunon
cotplercly. A frée wave on a water surfact i one
crealed by a sudden impulse, thercafler inflluenced
only by friction, the dimensions of the basin, and
the dispersive characier af the water mediom i
mives in, Most ocean surface wives cxcepr dal
waves are freg waves.,

Compare foecd wave; see oscilladon.

Frechoard — The additional height of a strucmre
abave design high water level 1o provent
averflow. Alsa, at a given time, the vertical
distance between the water level and the top of
the struchure. On g ship, the distance {rom the
waterline wr main deck or punwale,

Frequency — For perindic phenomena such as waves
ar vibralng sirings; the number of cycles per
unit time. 1o many types of studies the reciprocal
of frequency, the recurrence interval, is gsed,

Frequengy band — & ringe of frequencizs lving
within definie upper and lower limnils.

Frequency curve — A curve of frequency
distribudion.

Freguency distribution — A curve whose co-
crdingles are the values of the varable and the
Frequency of oucwrence., ILis oflen presented as a

histogram.
Compars probability dismbubion.

Freguency eguation - {Also called dispersion
cyuakion.) An equadoen relating phasc specd o
wave length and o the physical parumeiers of the
sysiem (Iuid depth, current spocd, Wwmperalure,
etc.) ki a lipear oscillation,

Mathematically, the frequency equation is
the rosult of substituling a simple harmonic
solution in the homogeneous differenttal equa-
tions of mogon and the homogeneous boundary
conditors, The frequency equation thus describes
the: free waves of the system, [ the wave tergth



dock not appear in the expression for the phase
speed, the system 1s pon-dispersive.

See group velooily.

Frequeney funetion - Same as probahility
density funcuion.

Frequency response — A rating which indicaes
the frequency range over which an instrument
will respeond uniformly or within specified
limits. The frequency response s an impagant
parameter in evaliating the dynamic responze of
an instrument

Friprion — (Qr frictional Corced The mechanical
resisave force oifered by one medium or body to
the refative motion of another medium or body in
contact with the first,

Solid bodica 1 relative motien digplay
sliding and rolling [ection which depend upon
the lorces pressing the bodies together but which
are nearly indzpendent af the shapes or relative
speeds of the bodies, The resistance of fluida to
the relative motion of 4 solid body is, however,
dependend upon the relabve speed and the shape
of the hody, a5 well as upon the character of the
flow itself (see drag).

Fricticn cocffivient — Same af skio-Friction
coefficient.
See also drap coefTicient,

Eriction factur — The resistance of 3 surface o tha
relative musion, as sliding or rolting of a hrudy
meving aleng a given sorfacs,

Fricrion layer — Sane as plunetacy houndary laver.

Friction toss - Loss of energy doe 1o friction.

Frictional dissipation - Sec dissipation.

Frictional divergenge - See frictional converzence.

Frictonal force — Same as friction; see also drag,
drey cocHicient, skin fricluon coeficient.

Fricuonal orque - The torque excried by the force of
mction.

Tringing rcef — A coral reef attached directy to an
insular or continental shore.

Frant - In meteoralopy, gencrally, the interface or
transition rzone between w0 air masses of
differcot clensiry, Since the lemperagore
distiibuticn is the most impoerant regulator of
almasphene density, a front almost invariably
separsley gic masscs of different temperature.

Front conditivns — Along with the basic density
criterion and the common lemperature critcrion,
many oiher fratures may disdoguish a frant, such
a5 a pressure rough, a change o wind ditecrion,
a malsture  discontinuity, and certgin
characteristc cloud amnd procipitation forms. The
term front 15 uged ambiguously for: aMfrontal
zone, the three dimensional zonc or kayer of large
horizontal density gradient, bounded by (b)
fromial surfaces across which Lhe horizonoal
density grudient is discontinuous {frontal surface
wsually refers specifically to the warmer side of
the {tonial zone); and o surface front, the tne of
inlgrsection of a frontal surface or frontal z2one
with the eanh's surface or, less frequenty, with a
wpecified constant-prossre surface,

Frouds mumber — The non-gimensional ratio of the
inartial force to the force of gravity for a piven
flnid Nows the recigrmeal of the Reech number, Tt
may be given as

Fr=V./Lg,

where V' is a charactenstic velocity, £ a char-
scteniste length, and g the acceleration of grav-
ity; of ax the synare fool of this number.

Fundamental equations of kRydrodynamices -
The equations of motion, the cguation of
continuity, the energy equation, the equation of
shate, and the equaton of condouily for water
substance., considered wogether as a closed sysizm
of equations.

A& simplified physical madel can dispense
with certain of these cqeations without
sacrificing completenass, c.og., in two-
dimensional homogenecus incompressible flaw,
kinctic energy is the only farm of eteroy, and the
equations of motion and conumuity foom a closad
sysiem.

Fundamental oscillation - Oscillation that has
harmonic component of a complex wave that has
the Yowest frequency and commaonly the preatost
amplitade.



Fundamental wnil - A unit measwre of 3 basic
physical quantity such as mass, lenzih, vme;
€.g., One gram, one cenlmeter, ong sgcond,
respectively. Other goantities, such as force, lem-
peralure, ele., may be considersd fundancal and
vach assigned a fundamental uail
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Gam - An increase or amplification.

GAPA - Cogeral CFditorisl Board for the
GCeologival /Gaophysical Aduses of the Atlanniz
und Pacific Oceans.

{GARP - Global Aimosphene Research Program.
Funssian distribulon — Sarne 22 normal dismoibarion,

Cramgsian process — (Also called stationary Gaysiian
process, stationary Gaussian umc $eries.) A
statinpary Hme semcg in which the joine
prohabiliny distribution of any seguence of
yalues, 1y, xls,.. . xfl ), 5 a multivariate normal
distribution; or 4 siicmary random process that
iv comploiely dewzmined by its spectum or
auweomelaion [uncion,

Gauss gurve — The pormal probabilicy density
Tunction, Scoe nonmal distrbution.

Gausy's theorem — 3ame as divergenee theorem.
GOPS - Global Dats Proccssing 5ysicm.
GERCO - Gencrul Bythymetric Chart of the Oceans.

Generalized hydrostatic equation - The vertical
component of the vector cquativn of motion in
natural coordinates when the acccleration of
gravity is replaged By the virtual gravity, For
maost purpoges it iy identteal to the hydmswtic
squation.

(ienerating area — In wave forecasting, the
vontimuous ared of water surface over which the
wind blows in aecarly 3 coanstant dircction.
Somelimas used synonymounsly with fatch length.
Also fetch.

Generation of tsunamd — Tsunami are generated by
disturtbances  assosiated primarily  with
earthquykes oceuring helow or near the ocean
flonr. Underwater volcanic eruptions and
landsliles can alsy gengrate tsunami.

fieneration of waves — 1. The creation of waves hy
natural or mecbanicgl means,
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2. The creation of waves caused by a winy!
blowing over a waler surface for a cenain period
of ime. the area involved is callad the gencrating
area or fotch,

Gentle Slope — Skope with inclination of lass thun 5
degress,

Geodesy — The study of the shape and size of the
sarth.

Cieodynamic haight — Same as dynamic heighe,

(repgraphic coordinates - Same as sphencal
coordinates,

Geographic horizon - See horizon.

Geography — The study of ali aspects of the Earh'y
surface incloding it natural and poliucal
divisions, the distribotion and dilfferemiation of
arcas and, ofien, man 0 reladonship o his
CAYITONMENL

Geoid = The particular gecpotential surface which
moit nearly coincides with the mean level of the
occans of the canh. For mapping purmoses it is
cugtamary to use an cllipscid of revalubion as an
adeguate amd convenicnl approximation 1o the
geoid. The fimenstims and ofentation of the as-
sumed ellipsoid may represcot an angmpt to find
the ellipsoid thal most nearly fies the gecid 25 2
whole, or they may represent an attempt to fig
only a particulsr par of the geoid withont regard
1o the remainder of it When mention 5 made of
the dimensions of the sarth, reforence i wsoally
made to the dimensions of the cllipsoid most
nearly representing the pomd as a whole.

Ceolope epoch — The third-arder division of geologic
Lmc, dzlimited by partal withdrawal of the sea
from land masses and by gende crustal distar-
hances in localized areas,

Twirior more epochs are requured 1o make up
A genloge penod, and, inoturm, two or more
perickds anz neaded oy constimta a geologic era.

Cicilogic era — The primary and Largest division ot
geologic time. Limits are rather arbitrary, hul
gach begins and ends with a time of major
crustal, climatic, and volcanic upheaval in some
part of the earth, with a great world-wide
withdrawal of the sea from land mass:as.



Five goologic eras are recognized:
Archeaznie, Proterozoic, Palcornic, Mesoroic,
and Cenoznic. Some aothoritics regard the
Cenozaic gs actually two cras, the Tertiary and
Chiatermary, All oras are divided into a least tvo
geologic periods and a oumber of geologic
cpochs.

Gedlogic period - The sceandary division of reologic
Lme, delimited by full-scale withdrawal of the
sea from land masses and by imited crustal, eli-
mais and voleame epheaval in oo locelboed wrea
Two ar more periods are required 1o maks up a
geologic ora, and cach perind is comprised of
bwoy o1 more peologic spochs.

Geclogic time - Time as considersd o lenns of the
vast peologic past, and basically divided inw
gealngic cras, periods, and epochs, Seldom is
peolngic time cxprossed inincroments as small as
10,000) years, but frequendy it is expresscd in
millions of vears.

Geomagnetic vatiations — Gradual changes of the
Farth’s magretic field with respect to time,
measwred on g timescale of months 10 theusands
of years.

Creometne shadow - In wave diffraction theory, the
area cullingd by drawing straight lines pamlleling
the dircetion of wave approach through the
extremities of the prowetive structare. Tt differs
From the aclual protecrsd area 1o the ¢xlent that
the diffraction and refracticn effects modily the
wave patern,

Geomomhelogy - The scicnee of landforms and their
development.

Grophysics — The swdy of the Earth by guantitaGve
physical methods.

Genpotential - The potenudal encrgy of a unit mass
relative o sea level, numerically oqual to the
work that would be dong in ifting the unit mass
frum sea leve] o the heighe at which the mass is
localed: commonly capresscd in terms of
dsnamic height or poopoteatial height The
Feopotential < at heipht z is given
mathematically by the expression,
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where g is the acceleration of graviry.

Geosphere — The “solid” portion of the earth,
including water masses; the lithosphere plus the
hydrosphere. Above the geonphers Lics the atroo-
sphere and at the interface hetween these 1wo
regions 5 found afmost all of the hiosphere, or
zomne of life.

Compare geoid, equilibrium sphericod.

(fecoslatinonary satellite — Staticnary sarellite
pasitioned above the cquator  in synchoonons
rodation with the canh,

Greostrophic fMow — A form of rradicnt fow where
the corialis force exactly balangcs the horizontal
presswe fory,

LGIPME - Committes For the Global Investigation of
Polludon in the Marine Environment,

Glactal — 1. Pentaining o ice, especially in great
masses such as sheets of land ice or glaciers.

Compare pluyial.

2. Pertaining to an interval of geologic tims
which wax marked by an equaserward advance of
ice dwring an e ape; the opposite of interglacial.
These intervals are varicusly called glacial
penigds, glacial epochs, glacial “siages,” e

Glacial epoch — 1. Any of the geologic cpochs
characterized by an ice age. Thus, the Pleisuweene
epoch may he termed 3 “glacial cpoch.™

2. Generally, an intervat of geologic ome
which was marked by a major cquatorward
advance of ice. This has been applicd o an 2ntire
ive age or {rarely) Lo the individual glacial
“stages” which make up an e age. The term
“epoch™ here is not wsed in the most wechnical
sense of a geologic cpach.

Glacial period — 1. Any of the geologic pericds which
embraced an ice age. For cxample, the
Quaternary pericdd may be cailed a "glacial
penod ™

2. Generally, an interval of geologic tima
which was marked by a major cquatorward
advancs of ice. This may be applied o an ¢ntire
iee age or {rarely) to the individual placial
“stages” which make up an ice age. The wom



"period” here is oot wsed in the most technical
sense of a geolagic penod.

Sec glacial (2}
CLOSS - Global Sea-Level Observing Syatem,
GOCDE - Global Ovean Climare ata Base.
GOES - Ceostatignary Orbital Envirnnment Satellikeg
£302% - Glohal Observing Systam,

Gram — A ¢.2.8 unit of mass; originally defined as the
mass of 1 cubic cemimerer of water at 4° C; but
now taken as the onc- owsandth part of the
srandard kilogram, a mass presecved by the
liwernational Bureau of Welghts and Mcasurcs at
Sewvres, Prance.

Gravel — See soil classaficatisn,

Cravitation - (Or (orce of gravilation.) The
seceleraion produced by the munual atrction of
two masses, direcred along the line joining their
centers of masses, and of magnitude inversely
propoctional o the sguare of the distance
between the two centers of mass. This
acceleration on a unit mass has the magnitnga
G{me/r2), where s is the mass of the alfmcting
bily. 7 iy the distance between the conters of
nass, and (5 15 Mewion's universal gravitariionaf
cordland pgual 10 (6670 + 0.005) x 1073
em¥pm seet,

In the case ol masses in the earth's
Bravitationa] ficld, m is the mass of the earth,
squal te 5.975X 1077 gm_ Howewer, the rotation
of the carth and aimosphere modifies this field w
produce he feld of gravity.

Gravitational tide - An ammospheric tide duc to
gravilatenal attracuon of the sun or moon. The
zemi-diomal solar atmospheric lide is panty
gravilatonal; the semi-diurnal lunar aonospheric
tide is tatally gravirational.

Gravitational wave - Same as gravily wave,

Cravity — {Or foreg of gravity.) The force impanad by
the earth 10 3 mass which is at test relative 1o the
earth, Since the carth is cotating, the force ob-
served as pravity is the resultant of the force of
gravitation and the conirifugal force arising from
this rotation. I w direcied normal o sea level and

(0 its geopotential surfaces, The magnitude of the
foree of gravity at sea lavel decreases from the
paies, where the centrifugal force is zero, to the
equator, where the centrifugal force is 2
maximum but dirccted opposite @ the forpe of
grovitstion. This difference is accaatuated by the
shape of the earth, which 15 nearly that of an
oblate spherod of revolulion slightly depressed
at the poles. Aldo, hecause af the asymmetric
distribution of the mass of carth, the force of
gravity is not direcied preciscly toward the
aarth's Center.

The magnitude of the force of gravity per
unil mass (qoceleraion of praving @ may be de-
termined at any lafitude @ and ar any geomeiric
hcight z (metersy above sea level in the Tiee air
From the following empirical formula:

£ o= 2o - (3.085462 % 10 %+ 2,27 % 1T cos 22
+ (7254 x 10 4+ 1.0 = 10" cos 2022

{1517 0 6 X 107 cos 2t (emfsec)

where g, = 980.6160(1 00026373 cos 2 4 +
Q000050 coe? 2 @) 18 the sea level valpo of
gravity femfsec?) at latitude ¢, This formaola
indicates that gravity changes very litde with
height or lalimude, so that [or reugh caloulanons a
constant value of 980 cmfsec? may be csed
Besides these varations in the magnitude of Lhe
furce of gravity, thers are more localized
variationg conoalled by the topography of the
carth’s gurface and the distribution of mass
bencath. The magnitde of the force of gravity is
usually cafled either grawvity, acceleration of
Eraviry, or Apparenl Fravity.

Ses wvirtual gravity, geopoential height,
standard gravity.

Gravity anomaly - The diffetence between the

theoretical value of gravity at sea level and the
observed value,

Giravity wave — {Alo called gravitarional wave) A

wave disturbance in which huoyancy (or reduced
gravityh acts as the rosloring force on parcels dis-
placed {rare hydroswatie eyuilibdam, There is a
direct cscillatory conversion between polental
and kinetic caergy in the wave motion. Pure
gravity waves are siable for Qod 3y stems which
bave static slability. This slatic swbility may he
(a) concenlraled in un iolecface or (h)
contemoous]y distrboured alone the anis of gravicy.



The following remarks apply W the lwo ivpes,
respectively,

A wiave geonerted o an inleefice im similar w
a sirface wave, havinyg maximum amplitude at
e imterfuce, A plane gravily wave s
vhiaraclenstcylly composed of a puic of waves,
the two moving in eppusite direclions with equal
speed relative w the uid iself, In the case where
the upper uid has zero densivy, the interface is o
free surlace and the two pravily waves move
with speeds
=1 ri'&nmh ZRiE
s L

d

where I7E7 15 the cuerent specd of Lthe finid, g the
acceleratiom of gravity, L the wave length, snd £f
thie depth of ihe Thid. For deep-waler waves {or
Stovkesian wavey or short waves), fi==L and the
wive speed reduces to

r:‘=[.-"i.-..l'£.
r

For shallnw-water wavas (or Lagrangian waves
or long wavesy, Haof and

c=Lr+ g,

All waves of consequence on the soean surlace
or interfaces are gravity waves, For the surface
iension of the water bacomes neglipible ot wave
lenpihs of greater than about coe inch {uce
capillary wave).

Lamk, T, Hydrodynacucs, ok o, 1553, pp. 417426

Great circle — A line formed by the intersecton of the
surfage af a sphere and g plane which passes
through the conter of the sphere.

Great vircle cowrse - A course, mute, or meck along a
greal circle over the garth's sudace. The great-
circle course is the Icast distance belwecn two
pelrts on a sphere. The angle berween the great
vircle and true north changes along the course
extept along a mendian or the cquator. Ses
rhumb Linc cowrse, gnd navigalion.

Green-Naghdi cquations - Sce Green's theirem.

{iroen's function — (Alse called influcnes function.) A
function which is the koown soludon of a
homogeneous diflerenbial cyuation in 4 specified
region and which may be geocralized (iF Lhe
equation &5 lingary to salisly givon boundary or
nitial conditions, or a oma-homegoneous
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differcntial cquation, Bt is thus an altemative
method 1w the Fowrier transform or Laplace
teansform, applicable to many of the same
promlems. The Creen's fungtion method rakes a
fundamental solution and assigns it 3 weight at
each point, say, of the boundary, arcording to the
value of the gven boumbary condition there: the
laucier method analyses the entire howndarcy
comdition into wave componcents thus :}Hsigﬂtn;g
cach of these a weight or amplitode. Both
methods then obrain the final solation by
SUMIMAtICH OF INfegralion, ’

Creen's theorem — A form of the divergence theorem

applied Lo a vector Figld so chosen us to yeeld o
[ormula useful in applving the Graen's funerion
methex) of solution of a boundary-value problem.

The most commen form of the Bieonm is

J, @y < o2y g5
L dn

where d17and a§ are elements of the volume V

and closed bounding surface 8, respectively, n s

the outer aormal o 5 and ¥ is the Laplacian

CPETALOT,

Cimd meridians  An arbitrary set of steaight lines

construcied parallel o the LSO degrocs and O
degrees meridians. They are used for grid
navigations; grid north replaces trug norh.

Grid size —= In pumerical modeling the maasyrement

of the amount of space wken up by 2 network of
nniformly spaced horizonlal and porpodiculsc
lines at the intersection of which are poings of
data Grid «ize is indicative of the densiny of da.
If the data is uniform then 2 largar grid «ize does
not arfect the calculations. If the cbits chanpes
rapidly and has a great deal of vararon, then a
smaller grid im 2 numenzal model produces mara
aceurdte resulls. For example, in tsunami travel
tme calculations by compuler methods nsing
finite differences ttechniguesihe wmaller grid
resulls in more accurate mavel times, [n addition
i rectangular gwids, mangular gnds of varying
gnn sizes are often nsed for 8 mubtidude of
Stdiex.

Groin (3ritish, groyne) = A shore prowection stroclure

built {usually perpendicular 1o the shoreline) o
trap ittoral deift of retard eeosion of the shore.



Groam systemt A series of groins acung Logether to
protect a section of beach, Commanly called a
groan field.

Gronnd water — [Sometimes called phreatic water,}
Subsurface water which occupies the zone of
witnration: thus, ooly 1he waer below the watler
ibla, as distinguished from interflow and soi)
mioisture.

Cicound-water table — Sanc as wataer @ble,

{iroup velocity — The velocivy of 2 wave disturbanc:
as a wholg, Le., uf anentire groap of component
simple harmonic waves, The group velocity & is
related w the phase speed © of the individual
harmanic waves of length L by Lhe froquency
2L UALIKIN

G=C-1 8.
Ar.

the phase speed O s thuos cqual w the group
velocity only in the case of non-dispersive
waves, Le,, when 4C/dL = zero. The significance
ol the concept of group velocity lics in the Fact
that the cnergy of the distorbed flow s, io a
scnsc, propagated at this spead.

For water-surfuce waves, the group velocity
ol desp-water waves i3 equal to one-half the
velocity of individoal waves in the groop; for
shallow.water waves, it is the same ag their
velpoity.

GTS - Global Telecommunicatnon Swstem,

Golf — A large embayment in a coast; the antrance 1
genezally wider than the length.

(rumbel distribution — A siatstical dismibution, cor
density of protubility of the recyrrence of a rare
event [ur which very linde dawa exises, Such 2
statistical approach may be used to indicape, with
a great deal of variance and uncerainty, the
recurrence frequency of large eanthquakes or
destructive tsunamis for which very litde
historical data exists.

Uit — 1. A narmow passage such as o strait or nlet.

2. A channel in atherwise shallower waler,
generdly formed by water in mogen.

Gutenherg discontinuity — The seismic velnoity

discontituily marking the manele-core buncdary
ab which the velocites of P waves are redoced
arnd § waves disappear. It probably reflecis the
chamge from 2 301id 1o a liquid phase.

Gutenberg-Richter regcurrence relatignship- The

listing of zarthquakces inoan grea. or in modemn
tetms the creation of a saismicity catalog, dates
from the scventeenth century in Ewrope; Global
compilations, o determine seismic and
nonseismic regions of the world, had o asaic the
niteteenth century, On a global scale, this has
meant seismicity maps unbiased by population
distribvuion, the most notable carly clfort boing
that of Gutenberg and Rizhier; lator work, while
morg geeurate and complets, has oot alicred the
hasic piclure of a fow scismic belis. Especially
for the deep gocan, where these belts could ke
seen o coincide with the mid-occan rift, this
abservation wid &n impoertant inpul (o 1he 1ideas
of plaw wectonics. On a local scale, only
instrumental records could reveal the pallems of
the many uinfelt earthquakes: a plonsering
example was the seuthem California netwock
established by IO, Wood in the 19203
{Goodstein, 19234%, The development of
instrumnental earthguake catalogs, with their
improved eoverage, also creatad borh the naad 1w
guantify sarthguake size and the data with which
w1 do i, Hichter's 1935 tnvention of a
"magnitiede” =scale for local shocks, later
cxlended by Gutenbery and Richter o ielessizms,
5000 became and [argely remains the most nsad
measnre of earthgnake gize. Based on soch
extensive camaloguing of seismic dala hy
Cuotenberg and Richter, az well as others,
recurrence relationships were esablished.

—H-

Half-tide level - The lewel midway between high

water and lew water for any sernies of tidal
ohzervations, It is genarally different fgom mean
zea level becouse of the extstence of semi-annual,
amd longer-period, partial tides,

Harbor opening — The channel or entrances of the

harbor that lead 1o the open mea.



Huarbors — A small bay or a shellered part of a sca,
lake, or other large body of warer, nsually well
protected cither naturally or antificially apainst
high waves and siwong currents, and deop enough
to provide safe anchorage for ships

Harbor oscillation (harbos surging) = The nantidal
vertical watcr movement in ba barbor ar bay,
[I=ually the vertical mot:ons are bow, but when
nscillations are excited by a 1sunami or storm
surge, they may be quite large. Yariahle winds,
air oscillations, or surf beat alse may cause
assillations.

Hee seiche.

Harhor response - The sct up of wavelike moton in
a barbor resuling from unami wave achion, A
sloshing molon may be gencrated whithin the
harbor which may last for several hours after
1mitial tsunamd arnval. The pened of the slosh as
determingd by the depth of the water and the
length of the h.arbor and is independent of the
initial tsunami pericd.

Harmomic - 1. A sinc or cosine compenent of the
Fourier semes represcotadon of an cmpizical or
thearatical funcuion.

2. A wave or vibrabon having a fregoency
which is an integral multiple of the fundarncntal
[loweean) ar other reference frequency of vibmation
of a physical sysicm,

Harmonie analysis — A statistical method for
determining the amplitude and period of certain
harmonic or wave compongnts in a sel of dars
with the mid of Fourer seres.

Harmonic components — A companent frequency
of a harmonic motion that 13 an intcgral multiple
of the fundamental frequency.

Harmonic Tunction — Any solution of the Laplace
equabiogn,

Harmonic oscillations - the aston or fact of
oscillating expressible i trms of sine or cosine
function.

Hazard (of tsumami} — As the tsunami coters the
shoaling water of coastlings in its path, the
velocity of its waves diminishes and wave height
ircrecases. Tt is in these shallow waicrs that
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tsunamis become a threat o life and propenty, for
they can crest 10 consideraMe heights, and strike
coastal comiunities with devastating, Loree.

Hacard mitigation ~ Development of the ESSA
Coast and Geodetic Survey's Pacilic Tsunami]
Warning System, Regional Tsnnami Warning
Svstem,

Hazard modeling — Peoduction of a represcniation or
simulaticn of o source of dangsr from a narurul
oF man- e hazard

Hazardicity - The relative level of risk from a
tsunami. net usually perceived exactly.

Hazardous zone — An area involving or exposing
one 1 risk,

Haen method - 1. A mathod of compubng the rstwm
period in which the mth highest event in 1 years
has assigned o iL & relwm period equal

2: -
Zm -1

2. A method of fitting a frequency curve to
an oheerved series of floods on the assunption
that the Ingarithms of the varate are normally
distributed.

Head wave - A seismic wave ravelling downward at
the critical angle o a high-velocity laver, maoving
along the top of that layer, and later emerging at
L eritical angle.

Headland (head) — A high steep-faced promoniory
extending into the s2a,

Head of np — The part of a rip cwrent that has
widened out seaward of the breskers.
See also current, rip: current, focder: and

neck (rip).

Heave - 1, The motion imparted 0 a Noating bedy by
wave action_ It includes hoth the vemical nse and
fall, and the homnzontal transpot.

2. The up and down maotcn of the cenler of
gravily of a ship.

Heaving — See Heave

Height — 1, See altitude, elevation.



2. See wave Teight.
Heigiit of wave - See wave height.

Helmbalee equation = A lincar sccond-order partial
dilferenual equation of Lhe form

Vig=ky=0

whore V2 is the Laplacuin operator and £ is 2
constanL [o classical physics it is the equation of
the vibrating membrane. The case & = 0 reduces
e a Laplace equaton.

Helmhbolie wslability — {Also called sheanng
inswbility,} The hydrodynamic instability arsing
froom a shear, or discontinuiry, in cumrent speed At
the interface between two uids in bwo-
Jimengional motion. The perturbation gaing
kinctic epecgy at the capense of that of the hasic
CUTTE NS,

Aczording to the theary of small per-
wrhadons, waves of all wave lengths on such an
intesface are unstable, their mate of growth boing
BEp (i with it given by

=Zgr-Ir
gl

where A is the wave length and 7 and L the
corrent specds of the twer Muids. Such waves are
called Hemltholtz waves or shear waves, and
move wath & phase specd © egual o the mean of
the curment speeds

i | '
c—ﬂ—{U+U].

With an assumed density difference in (he fleids,
Fravity waves may alsa he penerarcd. The
combination of these effects yields a critcal
wave leogth A,

a ' .
he = 2 _zEP_z (T - oy
Epi-p
whare pand 2" are the densites of Lhe lower and

npper fluids respectively. Waves shorier than the
vritical are wnstable: lonpger waves, stable.

llelmholte's thearem = The statement that if F g a
veclor field satislving ceelain guite gencral
ma:hematical conditions, then F is the sum of
Lwor vectors, one of which is irrotational (has ne
vorlicityd, the ather solenoidal
divergence}.

{has  nn

4%

Thus, the horizonwl velocity Oeld, for
eXamnle, Mmay he cxprossed by

Y = ?.Ij'a"i' kx ?Hp: "'l'ru"l' V..

where ¥V isirotatdonal, ie, Vi = ¥, = zerp, and
V\r is salenoidal, e, Vo=V, =zero Kisaunit
vector directed vertically o and w are scalar

funections.

Helmholte wave — An unatable wave in 3 system of
two homogenzous fluids with a velocity
discontimmity at the interface.

Heterggeneous flud — A tlnd within which the
densiny vanies boom point 1o pond.

Herlr{Hr} = Unit of reguency. Une He equals one
cycle per second.

High tide — Same as high water,

High water — The highest water level reached doring
a tde cycle. The accepled popolar term 15 high
tide,

Hiph-water interval — Sams as cotidal hour,

High water of ordinary spring tides (HWOSTY - A
tidal datum appearing in somg  British
publicanons, based on high water of ordinary
spring Ldes.

Hiph water line - [0 strictness, the intersection of the
plane of mean high water with the shore, The
shoreling delineated on the nautical chans af the
.8, Coast and Geodetic Survey s an
approximation of the high water lioe. For specific
ooourmenes, fRe highest elevamom oo e shore
reached during a stomm ot rsing ude, neluding
meteorogical cileels.

Hixher high water (HEIW} - The higher of the two
high waiters of any cdal day. The single high
waler orcurmning daily during periods when the
Lde 15 Homal 5 considered o Be a higher high
walgr. [See Figure A-10.)

Higher low water (I1ILW) — The higher of {two how
watcrs of any dodad day. (See Pigure A-10)

Hindcasting, wave = The use of historic synapic
wind chans w calcufare wave characteristics that
probably eooprmed al some past e,



Histogram - A graphical representation of a
frequency disoribotien. The range of the varabfa
s divided inowr class inwervals Tor which the
frequency ol occurrence s reprusented by a
reclangular colummy; e treighn of the column iy
proporticnal e the frequancy of obsereatinng
within the imerval,

Historical records — The state or fact of being
rccorded of relating to, or having the
characteristic of history, (historical tsunami
recordy of pertinent data}.

Homeopeneous fluid — A fluid within which the
density (s umiform,

Hook — A spil or narrow cape of sand nr gravel which
turns landward at the outar end.

Hurman behavior — The response of humans o their
environment,

Hamicane — A savere mopical cyclone in the Worth
Anlantic Ocean, Carbhean Seg, Gulf of Mexico
and in the Ezarern North Pucific of the west coast
of Mexico, in which the wind velocity eyuals or
cxcecds 64 knots (73 mph), Far more complete
discuwssion, see ropical cyclone.

Hurmicane eye — Usoally the "eye ol the storm; thal is,
the roughly cirzntar area of comparatively light
winds ard aiv weather found at the center of a
severe tropical cyclone. The winds arc generally
ten knots or 1285, nO 7ain OCcurs: Semobimes
hiuesky may be seen. Eye diamaters vary from
four miles 1 more than forty miles; commen
magnitudes seem ta be mwelve o twenly-five
milcs. Modem observaticns indicate what the eye
does not remain in stcady state but is contlinu-
cusly undergning changes in shape and size.

Hurmicane-{orce wind — In the Beaufort wind scale, 4
wind whose speed is &4 knots (73 mph} or
higher. Use of this teem fzads to some confuzion
among the uoitiated, for huericane-Torce winds
do cecor independently of barricanes.

Hurricane path or track - Line of movement
(propasation] of the cye through an area.

Hurricane stage hyvdrograph - A contnuous graph
representing water level sages that would be
racorded in a gage will lecated al a specified
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point of interest during the passage of a particular
humcane, assuming that effecls of relatvely
short-period waves are eliminated from the
record by damping feawres of the gage well
Unless specifically excluded and scparately
accounied for, hurricane sutpe hydeographs are
assumed o melude effects of aswonomical rides,
baromerric pressure differences, and all other
factars that influence water [evel stages within g
propetly designed gage well located al a specific
pUIng.

Hurricang surge — Same as burricane wave; see also
SLONT SUCEE.

Humicane sarge hydroyraph — A conlinuows graph
representing the differenee berween e humicane
slage hydrograph and e water stage hydrograph
thal would have prevailed at the same poine and
titme il the hurmicane had nol oceummed,

Huormcane tide — Same a3 hurricane wave; sce also
5LOTID AUFEE.

Hurricane waming - A waring of impending winds
of hurricane force. For maritme intercsis, the
storm-warmneng signals for this condition arc {a)
twe square Ted flags with Mack centers by day,
and (b) 2 while laniem belwesen twa red lamiems
by night,

Hurricane walch - An announcement for 4 spocific
area that harricans conditions pose & threal.
Fexidents arc cantioned o wke stock of their
preparcdness noeds, bul, otherwise, are advised
to continue normal aclivities.

Hurricane wave — (Alsn called hurricane surge,
hurricane tdde.y As esperienced oo islands and
along a share, & sudden rise in the lowel of the
sca associated with a hurricane. Tn dow lavtudes,
the hurricanc wavc appoars o occur in the
prosimily of the storm's center, As the humicane
moves Inlo higher labdes, howewver, the maxi.
s wave appears to becotne associated mone
and more with ooly the dangerous semicicgle.

LEe SO SUTES, LSUnaml.

Huygen's principle - A very general principle
applying to all (orms of wave motion which
gtales thai every peint on the Inslanlaneons
position of an advancing phasc front {wave froat)
may be regarded as & sowrce of secomdary



spherical “wavelews.” The position of the phase
frunl u mement fater is then determingd as the
envelope of all of ihe secondary wavelers (ad
infinitum). ‘This pringipte. stated by the Duwch
physicizt Chrigtian Huygens (1629-1693), is
cxtremely useful in understanding effects due
refracton, refleciion, diffraction, und scattzring,
of all types of radiaton, including somc radiation
ss well as 2leciromagnetic radiatinn and applying
even fo acean wave, and fsunamio wave
Propogation

Huygen's wavelets — The assemblage of secondary
waves asserted by Huygens o be sel up at each
instane at @l points on the advancing surface of a
wave, of phass [nont

Hlydraulic filter — A device of an opening in the well
af a lde gauge which filers vut short period
necillutions of the sea caused by wave action and
perimits the continuous smooth recording of sea
level oscillaticns caused by the tides or by
LEunarmi waves.

Hydraulic gradient — The slope of the prefile of the
utagic leve] for a bydreaulic system. ln open
channel flow the hydraulic gradient is the slope
of the water surface aken parallel 1o the flow; in
unconfined ground water Oow it 13 the slope of
thes warer able mken normal to its contours, and
for anceian ground waler it is the slope of the
piczametric surface aken normal o ils conigurs,

Hydraulic jump - A steady-state, fime-amplitnde
diztwrbance in a channel, in which water passes
turbulently fram a region of (uniform) low depth
and high velocity to a region of {uniform) high
depth and low wvalecity, When appliad o
hydraylic jumps, the usual hydraulic formulas
governing the relatong of velocity and depth do
Nt CONSErve ENerdy.

See also bore.

iIydraolic model = A physical scale model of a
basin or a harbor used lo simulale  cffects of
wave actipn or fleusling caosed by huwrricane
Surpd of ISONAML Wave activily.

Hydraulic modelling - Mathematical formolalions
vsed in connection with g hydraulic  physical
madel W simulate naptural hvdrologic phenomena
which are considered as processcs of as systoms.

Hydrautic radius — The quotient of the cross-sectond
area of a channg! {(below the water surface]
divided hy the wetted perimoter.

Uydruulics A& branch of engioeering which
comprisei tha stody of the Now of fluids,
especially the llow of war in nvers, canals, etc,,
and which is, therelore, a branch of applicd
hydrodynamics.

Hydroaconstic waves — Sound waves Lraveling
tirough the walcr at a known rats which i
dependent wo the water lemperature and
fCmperalurs,

Tydrodynamic pressure — The difference between the
pressure and the hydrostaric pressure, This
concept 15 useful chiefly in problems of the
steady flow of an imcompressible fluid in which
the hydsostatic pressure is constant for a given
glevation {as when the Muoid is bounded above by
a ngid plateh, so that the eaternal force held
{gravity) may he climinated from the problem. if
p* ts the hydrodynamic pressure, p the densily,
and V the speed, Bernoulli's equation fivis

p*+ ; pV¥ ? = pnstant along a streamline.

See aluo stalic pressure,

lydrodynamics = The study of fluid metion. "'Floid™
here refees ambigoous!y ro liqoids and gases.

Hydrograph - A graphical representation of slage or
discharge at a point on A smeam as a function of
bme. The mast comman bype, the abserved hy-
drograph, represents niver gage readings plotted
at time of observation. Other types of hydrograph
which are quuistically derived from uhserved
data include the distribntion graph wod the unit
hydrograph. The possible hydrograph variaties
are MUMETUs, Tepreseniling dverages, stam Lnits,
seasonal characieristics, sic., o cumolative or
differential form, amd wtilizing & nuenber of
different graphing or rabulaiing metheds,

Hydrography - The science that deals with the
physical aspects of all waters on vhe Earlh's
surface

Hydrosphere — The realm of water including the
veeans, pround water, and ice caps.



Hydrostatic equilihrium = Tha smate of 2 fluid whoge
surfaces of constant pressure and constant mass
var density) comcide and  are horizontal
theemghont Complete halance oxisls Belween the
force of gravity and he pressuce force. The
relatinn between the prescare and the poometric
height is given by the ydrosialic cquarion.

Hydrostatic preziure = (Also zalled graviualions]
pregsure. ] The pressure imoa flnid in hpdrostatic
aquilibrium, te., the pressurc al a poing Joe
solely to the weight of (luid sbove, This shoald
not be confused with static pressure.

Sea alse hydrodynamic preszges,

Hyperhodie point - (Sometimes called nookral pieint.)
A singular pevinol inoa soeamline field which
consllules Lhe intersection of 4 convergence line
and divergence ling, 1t is analogous w a col m the
field of a single-valuad scalar quaniity.

Flyperbolic wave — Relating B, or heing analapouy
oy, o plune cared penerated Ty d pRinl soonoving
taan the dilteeence of the distance [Eo Two ted
Doints i3 a constant, or being @ space in which
mare than one lime parallz! oo given line passes
frongh o poink.

Hypoventer — The vuleulated location of Qe [Jocus ol
an earinguaks.

Hvpsography — The height pattern of a physically
defined surface, oy revesied by combour 1ines.

Hypsomerry  “he science of haight measurameant.

IAEA - Inlermaiional Alnmic Encrgy Agency.

[AKE - Intemational Assoc:alion of Farthquake
Fnginesrs

IACG - Intermationz] Associatinon of Crerelesy

TAGA - Intermancnal Azsociation of CGeomagnetism
and Agronomy

TAH - Inrernational Assoeistion of Hydeoeeologises

FAHR - [nternutional Associstion for Hydraulic
Research

IAHS - Inlernavcnal Assoctation of llydrolegizal
Seiences

TAMAP - [niemadonal Association of Meleorology
and Almospherie Physica

TATSG - International Ausoeiation For the Physical
Scignces ol the Oocans

LASPET - [ntematicnal Association of Scismology
and Physics of the Eurth's {ntarior

IAT) - Tntermnationa! Astronamical Tloion

TAVCET - Imemational Association of Voleanology
and Chemisiy of the Earth's Intertor

Tee age — A major interval of gechigic time during
which extensive ice shegts [contneonal glaciaps)
formed over many parts of the world,

The best koown lce ages are: {a) the
TTuronian in Canada, ocowrding very carly in the
FProleozeie era; () the pre-Cambriun wnd carly
Cumbrian which oceurred in the carly Paleoznic
era (aboul 330 million years age) and et taces
widely scartered over the world: {2 the Peru
Carhonifernus, occurring Jduring the lae
Paleoesic cra {from 275 million o 225 million
vears agn] and which »as cxtensively doveloped
in the Sonthern Hemisphero, with smaller ice
sheets in northemn India and norheastern Unitad
States; and {d) the Coaternary nr Pleistocons
which bepan about one million years apn and
may not vet have ended. oe ages are made up of
alterrate glacial and interglacial “states™ [(or
“peTinkdsTy.

See  glacial epoch, glacial pericd.
palen: limate.

Teeherg - A mass of land ice that has heoken away
fram land arnd floas in the sea. or becomeoy
ctranded in shallow water: 1@ e distinguisbed
form floeberg, The unmodified serm “iccherg”
usgatly refors 1o the regular masses ol ice
formed by the calving of glacicrs along an
arngraphically rough coast whereas tabular
jcebergs and ice ixlands are calved from an ice
shelf, and flpebergs are formed from sea ice.

[ve cap — A perennial cover of e and s00w over an
extensive portion of the canh's swiace, There are
several ice caps in the world, all of which may he



regarded as remnants of the Qualemary ee Age.
L the relatively recent geologic past (that is,
during the climactic aptimum), the extent of
tiese has probably been much less than now. The
ost important of the ¢aising ice cups are those
an Antarclica and Greenlund (the laner ofien
called inland ice) The grm was frst used for the
suppasedly perennial ive cover at both poles of
the carth. [Towever, sinca it has been found that
the ice of arctic waters is largely seasonal, the
use of thiz term ter demode arctic polar ice is now
considersd unproper.

Seo continental ice, snow cap.

lgofall — A glaciclogical term which describes thal
pirtion of a glacier where a sudden steepening of
descent cyuses a chaotic hreaking up of the ice,

Ice field — A large, level arca of ice. either of sea ice
[“more than Fve miles 30r0ss71 OF a0 108 cap or
highland ice.

oe foot — Sea ice frmly (rozen to the <hore at the
high-tide line, and unaffected by tide. This type
of faer ice is formed by the [reezing of 5¢a water
during cbb tide, and of spray. (s scparated from
the floating wcu ice by a tida crack: in many areas
it affees & lairly level, coolbnuous coute for sur-
face mavel.

Igg fromt — The seaward facing, chlf-like cdge of an
ice shell (s called by Qe British Anlarctic Place-
names Comminese),

Iee tsland - Onc of the many, large tabular icchergs
found in the Arctic Occan,

ICES - International Council for the Exploranon of
the Sea

Teo shelf - (Also called shelf ice; formerly barrer.) A
thick ice formation with a fairly lewel surface,
formed along a polar coast and in shallow bavs
and inlcts, wher it is fastened to 1he shore and
oflen reaches battormn. Tt may grow hundreds of
miles out to sca. It is usually an exiension of land
ice, and the seaward cdge foats frecly in decp
water. The calving of an ice shelf forms Labular
icebergs and ice islands.

ICET - Internaticnal Cenee for Earth Tides,
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ICTTA - Intcrnatonal Cooperative Investigation of
the Tropical Allantic.

TCL - Inter-Trion Comenrssinn on the Tithosphere,

IBCM . Edilorial Board fnr the Tntemiational
Baihymewic Chart of the Moditermancan anid
Overlay Sheets,

ICG/ITSY - Abbreviarinn for  Internaticnal
Cootdimation Croup For the Teonami Warning
System in the Pacific. ICG/ATSL is an
intermatinnal conperative efforl involving many
Member Staies of the Pacific Repion, esatdished
in 196% as a subsidiary hody of the
Iutergovernmental Ckaongraphic Commission
(107, of UNESCO, I meels every (wo years o
review progress and coordinate activitics
resulting in improvements of the Tsunami
Wurning Syscem. Present membership of
ICGTTEL is comprised of the following Muember
Stales; Auswcalia, Canada, Chile, China,
Colnmbia, Cook Istands, Demogratic Peaple's
Republic of Korea, Eguador, Fij, France,
Guatemasa, Tmdonesia, Japan, Mexico, New
Zealand, Pera, Philippines, Republic of Korea,
Singapore, Thailand, USSE, United Kingdom
{long Kong), USA, and Westemn Samoa.

LCRCM - Tokematonal Centee for Becent Crostal
Movement.

TCST - Intemational Commission on Snow & oo,

ICSU - International Council of Scientfic Tnions.

IDA - International Deployment Accelorometors.

IDE - lmeernational Declarcd Tvent

[DOE - Inkzmational Decads of Ocean Expleration.

IERS - Tnternationa] Earth Rowmtion Service.

lgnoons — Sawd of 2 rock or mineral that sodidifred
from molien or pardy molten material; {1e.,
igneows, metamorphic, and sadimentary)

Tgneous rocks — Rocks fomed by the solidification of
molicn magma. Magma is composed of
numerous mincrals (mainly sificales) and grass

dorved from the carth's crust and mantle, and is
10 & e ibed s



IGBP - Intematicnal Geosphers-Tiosphare Program
(G 1obal Change),

LGC - Trtemational Geophysicyl Cocperation,

TGOSS - Inezeawed Glebal Oeean Services Sysicm,

1G L - Inrermational Gaographical Lnion.

IGE - Tmernatiomal Geophysical Year,

TH{Y} - Intemadinnal Fiydrographic Chrganization.

THP - Tntemationa Hydealegies Prypramme.

IIDE - Luemataonal lndian Ocean Expediton,

ILF - [ntematienal Tithosphers Program,

(LS - Tnemadional Tatwde Service,

Inboicate sbuctare — A series of nzarly paralle! and
aovirlappong miner thrust faolts, high-angle
reverse Faglts, or slides,

Tmpermeable proin — A preln eoupl which saod
CannoL pass.

Lmpulse -
IMS - Intemational Magnetospheric Stdy,

Inaccuracy - The difference bBetween ie iojul
quantity applied 0 & measwing nstoment and
the ousput quantity indizawed by that nsrument,
The inaccuracy of an instoamenti is cqual o tho
sum of e instrument crrar and b nacettainty.

Inch of mercury - A common unit wsed in jhe
measurement of atmosphenc pressure. One inch
of mersury (1o Flg) is defmed as thal pressue ea-
cricd by a one-inch column of mercary at
standard gravity and a temperatare of 47 C.

lin Hp = 254 mm Hg
= 33184 mb
L.OOM)S 1n He (45

Incident wave - Wave that i3 falling gn or stnking
samething.

Independent variable - Any of those variables of a
problem, chosen according 0 convenienee,
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which may arbiirarily b specified, and which
then determine the other or dependent vanables
of the problem. The indcpendant variahles are
often called the coordinates, particularty
priblems invalving motion o space, Dependsnt
and mdependent vartables can be interchangad,
¢.e. height and prossure,

Index — The indicaling parl of an instrumens; for
example. the hand of a walch or the memiscus of
@ MErCUry colmmmn.

Indian spring low water — The gppraoximate Jevel of
the mean of lower low waters at spring tirdes,
w.eid pringipally in the Indian Ocean and aiong
the east copst o Asia, Also Indian tde plane,

Indian tide plape — The datura of Indian sprng low
wALLT.

tndividual derivative = {Alse calfed material
derivative, parucle derivative. substantial
derivative,) The rate of change of o guantity with
respect W e, fidlowing a foid parcel. For ex-
ample, il $x.y,z.00 is 1 property of the floid and x
=x(r), ¥ = ¥iI} z = z{1) arc the squations of
miption of a certain particle of his Apid, then the
it derivative,

ﬂ=a_¢+a_¢;t+a_¢¢t=+v_g¢
d o dx a dr oot

iwhere ¥ s the velocine of the fzid and ¥ s he
del-operator), is an individual derivauve. It gives
the mate of change of the property of a given
parcel of the fluid ag opposed o the [ate of
change at a fixed geometrical poine which is gsu-
ally called the {ocal derivistive, The icrm W = Vo
is called the advective wrm, oxprossing e
variagon of on a parecd moving inw egions of
diffurent ¢,

Sec el denvative,

Inemmia wave — 1, Any wave moton in which no [oem
of energy other than kinetic cnergy s presenl o
this general seoxe, Helmholis waves, barouopic
disturbances, Rossby waves, 2ic., arc iocrtia
WEveS,

2. More resmrictively, 3 wave mabon in
which the source of kinctic cnergy of the
disrorbance s the rodation of the Doid aboot some
given axis.



inertial flow - Flow in the absence of exwemal forces.

Inectial Timce — (Or inenia foree) A loree inog given

cowrdinate system arising from the incnia of a
parci]l moving with respect 1o another coordinale
system. For gxample, the coriolis acceleration on
a parcel moving with respect 10 a coordinaie
systemn tixed in spaoe hecames an inerial force,
the corintia [orce, 0 & coardinate System rotaling
with the carth.

Incrtial instabiliy - 1. (Alse called dynamic

instahility .} Generalty, instability in which the
only form of encrgy transfemed between the
stegdy st and the disturbance is kinclic €nergy.

2. The hydrodynamic instabilivy arising 1n a
rotating Nuid mass when the velocity distmbution
is snch that the kinetic encrpy of a disnirbance
grivws at the expense of kinetic energy of the
rotaton. For a small plane-svmeiric displacemuent
(wave pumber zena using the parcel nuetdued, this
criterion For instabilicy is that dwe cenoifugal
torce on the displaced parcels is larger than the
centrifugal force acting on e eavironment, On
the assumption that dhsolute angular momsnkam
Es comserved, this sales that the Fuid is unstahle
if absodute angular momentum decreases outward
from the axis;

g, 00 o,
3R

where e is the absolute angular speed and £ the
distance from ehe axis.

loertial pecillation — The latinodinal oscillation of a

parcel in inertial flow.

Initial condition — A prescription of the state of a

dynamical systemn al some specified time. For all
subsequent tmes the equations of motion and
beundary conditions delermine the stute of the
SVEEM. N many conlcats, inibal comditions are
copsidered ag houndary conditions in the
dimension of tme.

Initial-value problem — (Alvo called transcient

prohlem ) A dynamical problem whose solubon
delermings the slate of a system at all times
subszquent o @ piven time ar which the state of
the system is specified by given inizial
conditions, The initial-value problem s
contrasted with the steady-siate problem, in

which the state of the sysien remadng unchanged
1 Lme,

Sec also boundary-value problem,

Inlet — 1. A short, narmow watcrway connccing a bay,
poon, or similar body of water with 3 laree
parent hody of water,

2, An grm of the sea for other hody of
warer!, that is long compared to it wilth, and
cay extend a considerable distance inlgni,

See also tidal inlet.

Inlet porge — CGonerglly, the deepest region of an nle
channel,

Tnaput — {07 inpul signal) The quantity W be measursd
frr modulaed, or detected, or operatsd o)
which is received by an instownene,

Lushore (eoned — In beach weminodogy, the zong of
variable width cxteneding from the low weater line
throeeh the breaker zone. Shorcface. (Sec Fipure
A-10

[nstability — In cesanography the relerence s usnally
to ong of the fellowing:

ca} static inatability (ot hydrostatic
insability] of vertical displaccments of 3 parcel
m 3 Agid in hydrostatic equilibripm. {(See
copditien instability, ahsolute insiabiliy,
convogtive instability, gravilational instabiliy.

M Hydrodynamize instability {or dynamic
instability} of parcel displacements or, morc
asoallyv, of waves 1 a moving Ouid svstom
governed by 1the fundamental equations of
tydrodynamics, 1o which the quasi- hydrostanc
approximation may of may not apply. {Scc
Helmhbolt: instabdity, mertial instability,
shearing instability, baroclinic instability,
harotrophic ingtability, eorzional (nstabiliey)
The space scale of unstable waves is important.

Hydrodynamic instahilicy must not heo
confused with the phenomenon oficn referred 1o
by mathematicians and physicists by the same
rerm. A great deal of study has boen devoled e
the problem of the onset of urbulence in simiple
flows under laboratory conditions, and here
viscosity is 8 source of insability.



Instrument correctinn — The mean difference
between the readings of a given instrument and
those of a standard inscroment,

Tnstrument error — The correctabkle part of the
inaceuracy of an insoument.

Imstrument exposure — The physical kation of an
inseument.

Instrumentatiom — 1. The gse of mstremewls: 2. The
appdication of instruments for obsarvation,
nleaswrement, or conol

Insular shelf — The zone surrunding an island
cxlending from the low water line to the depth
(usually about 100 fathoms) where there is a
marked of rather steep descent toward the great

depehs,

mzulation — The prevention of the transler of cocriry
betweoen 1wo conductors by separating the
conductors with 4 non-conducting material: or,
the noa-conducting material jeself,

Iniensity — A measure of the effeews of ap carthguake
at a particolar place on bumans and {or)
smuclures. The intensice at a poin depends ont
only opon the strength of the earthquake
rmeagnitede) but also gpon the distsnce from the
carthquake w the epicentar and e lneal geology
at thal point.

Inkgraction — With respect w wave components, the
nun-lincar acdon by which properics of Awid
Bow {sech us momeninm, energy, vormicity), are
transfened from ope portion of the wave
spectrumy 0 another, or vicwed in ancther
manner, berween eddies of differem sixc-wales,

Lo face — (Also called intemal bowndary ) & surface
separaling wwi uids, across which thers 05 a
discontinuity of some Muid property, such as den-
sity, velocity, etc., or ol some denivative of one
of these properties in a direcion rormeal 1o the
inerface. Therclore, the egquations ol mownn do
not apply ol the interface bur are replaced hy the
kane matic and dynamic boundary conditons.

Interference - The vogwr addition of two or more
waves, Desiructive and constructive incrferenca
result when two superposed waves are 180 or
360 degrees respecuvely oo of phase,
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Interference region - That region in space in which
imtcrierence beiween wave trains occurs.

Interglacial - Pertaining to an interval of geologic
time {t2ns of hundreds of thousands of yoars)
marked by mild climate between the glacial
stages of an ice ape. In the Quaternary Ice Ape
there have been three interglacial stages, and we
may now be in e fourth, In low latitndes
beyond the reach of the placienzations, the corre-
sponding intervals are tie interpluvial stages.

Iaternal tsunami — A tsungmi wave manifested oy
an internal wave amd waveling ulong &
thermocline  See imlernal wave below.

Internal wave = A sbmerged wave occurring on a
density surface, e.g. the thermocline, in density-
sranfied water, Becagse of the small density
gradrents involved in internal waves compared
wilh cxtemnal or surface waves, the inlernal wave
heights, periods, and wavelengths are ususlly
farge. A wave in fluid motion having its
maximuwm amplitude within he Toid or at an
micmal boundary (interface). The concepts of
internal and exiernal waves onginaled in the
study of gravity waves in homopeoneous
incompressible Muids, and it makes na difference
in the dynamics of the wave whether the siatic
siahility of the Mnd 15 concentrated in a e
surface or in an interface, However, internal
waves in a fluid with contmually varying density
have maximum amplitudes and nodal surfaces
within the Fluid irse!f, so thar these are properky
distinguished from extemad waves,

See dlso surface wave,
Intermal 523 waves = Senintemal waves

Imternal seiche — A free oscillation of a vubmerged
tayer in a stratified body of water occupying an
enclosed or semi-enclosed basin,

Interpodauon — The eésnmation of unknown
intermediale valoes fFrom known discrete values
of & depende=nt variable. Various mathods are
available in one dimension for fitting
olynomials or other functions 1o the known
poine, Lhe elaborateness of the echnigue used
depending oo (among other things) the number
and accuracy of the “koown™ walues, The



analysis of a weather chart is an interpalatien and
wincerthing in two dimensions,

Comparc extrapalation.

Intrusive — Keferming o material, such as meiten rock,
injosted inky other mock.

Lnundation — The depb {relative 1@ a siated reference
level) to which a saied location s covered hy
WHLEL.

[nrundation Area -An arca that is Nooded with waler.

Inundation line (limit) = The inland fimic of weting,
megsured horzontally from the M3IL ling. Where
MLTW was nzed, it should be comvenied o e
M3EL ling {move inland to an clevaton (0.7 feot
higher, The vegetation ling i3 someiimes nscd as
a reference, Tf it can he detcrmineid that s more
than 10 fegt from the MSL line, adjosi;
ctherwise, ignare.  In tsunami scicnee the
landward limit of (sunami raoup,

Inverse-squarc law — A relalion hetween physical
qazntitics of the foom: x is proportional to 147 v
is most usaally a distance and the '3 are of two
kinds, forces and fluxes,

I3 - [ntemationa! Oceanoraphic Commission,

T1OCARIBE - [T Sub-Comemission for the
Canbhean and Adjacent Regions.

IDCEA - Regional Committee for the Central
Eastern Atlantic.

IOCSUH - Regional Commines for the Southem
Cicean.

[OCINDI{) - Regional Comminge for the Co-
operalive Tnvestigation in the Morth and Central
Western Indian Ccean.

IDDE - Committec on International Oeeanographic
Duta and Informaton Exchange.

[nnosphere — The almespheric shell characlerized by
a high ion densicy. s basc is at abow 70 pr 50
km and it extends @ an indefinite height

The ionasphere is classically subdivided intg
“layers.” Each "layer,” excepl for the D-layer, is
suppasedly characterized by a more or less
regulir masimum of electron density. The lowest
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clearly defined layer is the E-layer, oceuring
berween 100 and 20 km, The T -tayer and the
Fy-tayer oconr in the genceal region between 150
and 300 km, the Fy-layer being always present
and having the higher clectron density. The
axigtence of a G-layer has been suggestad, but is
questianahle. The portions of the tonosphers in
which these "ayers™ tend to form are knawan as
imnmaphede “regions.™

The abrve assumption that the ionosphere iz
stratified in the vertical into discrete layers is
ewrrently under senious guestion, Seme evidenge
supports a belief that jon clouds are the basic
elemente ol the ionosphere. Other investigations
appear ta reveal the ionosphere as a gererally
ionized ragion characterized by more or less
rundom flucations of electron density.

IPS - Interplanztary Scinullaon.
IRT - Intarnational Heference lonosphere.

IRIS - Tnenrporated Research [nstilutions in
Sersmieky.

[erowional — Applied to a vector fleld having sero
vorticily or curl throoghout the Held, Two
equivalent properties of an irotational field are
that there is no cirgulation aboot any reducibie
curve within the Nuid, and that a potential exests.

[rotatonal wave — A wave with fluid particles thar
do nat  revolve argund an axis through their
center, although the panicles themselves may
travel in circular or ncarty circular orbice.
Trrotational waves may be pmogressive, standing,
nscitlatoey, or wanslaoe y. For example, the Airy,
Stakes, cnoidal and solitary wave thoorics
doscribe motational waves.

Sec mochoidal wave,
ISC - Inlemmational Scismological Centre.

Tsland - A wract of land swrrounded by water and
gmaller than a conlinent

Island arc — [sland chaing which represent segments
of an arc and are generally comvex purward from
the continental areas and are part of the major
globe-gncircling active progenic belt systems, A
single igland are consivis of 4 gingle chain of
volcanic islandas.  With forther tectonic



development, doubde sland arcs may be farmed.
These consist of an ouker are of sedimenary
islands and a parallel inoer are of valcanic
islands, Mosl of the single island arcs contain
submerged or scatlered traces of a sccond ling,
Ceriain single and doubls isfand ares cxhibir
large wanscurrent {or strike-slip} {fault roncs
which suppress the idzal arcoate pattern. These
island arcy are called [metured istand arcs,

Isnbath — {Sometimes called fathom curve) A
contonr of equal dapth i a hady of water,
represeriled on a hathymetric char,

Isochrone - A line in a chart connecdng all points
having the sume time ol cccurrence of a
particular phenomenon or of a particular value of
a quantity.

Isodwynamic - In gencral, 2 ling of cqual magnicude of
any force,

Isogram — (Cr isoling ) A line, on 2 given reference
surface, drawn throogh all poinls where a given
gquantity has the same numenical value. The
reference surfsce can be any coordinate plane
funcrionally related w e grven ceianrisy (rhis in-
cludes physically defined surfaces in spacel.
This, therefore, is a very geacral werm.

Isollne — Same a3 150ETam.

Lsmseismal line - A line connecling points on the
Faunh's surface at which earthquake imensity (s
the sarme, It §5 uskally a closad curve armund the
EpioLeT,

Tsottmic — Pertaining to 3 quantity which has equal
value in space at a particulas ime,

Isotimic line — On a given reference surface in space,
a line cooncgbing prints of equal value of some
quanltity.

Isottmic surface — A surface i space on which the
value of & given quantity is everywhere cqual,

Isthmus — A narrow soeip of tand, Bordered on both
sides by water, that connects two larger bodics of
land.

ITIC - Internatienal Twunami Information Center.
Betablished in 1968 by the Intergovernmental O
ceanographic Commigsign {UNESCO). [TIC

works clively with the Pacific Tsunami Waming
Center (PTW) bwarad in Honolaly, Haowaii,
TTIC is responsible, among other Eunctions ior:

Monitoring the international tsunami wa
activitjes (0 the Pacific and recmmending
improvements with regard [0 communications,
data ogtworks, data agpisition, amd informalion
dissemination;

Bringing tw Member and non-member §
mliormation o unami warning syswems, On
affairs of ITTC and on how w become actve
pariicipants in the activides of I0GITSL:

Assisting Member Sialtes of ITSU
esteblishment of national waming systems ard
improving preparedness for tsunamizs for afl
nations throughout the Pacific Deean;

Gathering and promulgating knowl
unamig and fostering tsunami cesearch and its
apphcation 10 prevent liss of lif and damage to
propery.

ITWS - International Tsonami Wuming System. Sec
Tsunami Warning Syster in the Pacilic.

UrsU - Abbseviation for "Iniemational Co-ordination
Group for the Tsunami Wamning System in the
Pacific”.

IUGEG - Inmternaticonal Union of Geodesy and
Geophysics.

LGS - Intermaionzl Union of Geological Sciences.

Jetty — 1. (L0.5. usage) Om open seatuasls, a sructure
extending ine a body of warer, and desigped o
prevent shealing of a channel by iittoral
materials, and o direct and conling the stream or
udal fow. jetties are built at the mouth of a Aver
or tidal inlet Lo help daepen and stabilize a
chznne],

2. {British usage) fetry is synonymaus with
uwl,mrfl: '|:I "]'.liﬂr,"
Sec training wall

Joule — A unit of energy cqual to 107 ergs o to
0.2387 caicries.



Jonle's coostant — { Also called mechanical equivalent
of hieat ). The rago berween hew and work units
from exporiments hased nn the first law of
thermoxdynamics: 4 186 X 107 enzgfeal,

Tump — 1. Sec prossurs jump.

2.0 A disconlinuily in 2 luociion or g
derivative af a functinn such Lhat it assnmes
dilfzrent values al a point when the peunl s
apnenached from different directions.

Tury problem - A differcntial equation Sobwegl
numerically ky a method of succeszive
approximations which fits the solution to given
boundary conditons. Cllipluc equalions, such as
the Porisson cquation, lead o jury problems,

Kdrmiin constznt — See logarithmic velocity profile.
Kolvin cdge wave — Sce cdge waves,

Eey - A low insular bank of sand, coral, oo, as one
of the isletz of the southem coast of Florda, also
cay,

Kinematic boundary condition — The condition tha
the fluid velowiry dirscted perpendicolar to a
solid boundary fonst vanish oo the boundary
biself. This may be suted mathematically by the
expression

n+¥ =0

where nis a unit vector noemal to a solid surface,
and ¥ is the tluid velocity vecton This honndary
condition is ofen cmployed n considering flow
near the earth's surlace,

When the boundary is a Auid sorface or
intesrfaee, this combition applics w the veetor
difference of velocitics across (he interface and
requires that the interface, although in moon.
will at all imes consist of the same fTuid parcels,
Such 4 condition must be applicd ar fronts and
other surfaces of discontinuily.

See Also dynamic boundury gendigon,

Kinematics — The branch of mechanics dealing with
the description of the motion of bodies or {Tuids
wiu-rnut reference o the (orces producing Lhe
moLon,

5B

Kinetic energy  The cnergy which s body posseases
as a coieguenye of it motion, defined as cne-
hall the producs of itg mass and the squarc of jis

speed, LmV Y. The kinetic coergy per unit valume
of a fluid parce) is thus ip[ﬂ'z where p i3 the
density and v the speed of the parcel.

See porcntial cnergy,

Kinctic energy equation — Sce cnergy squation.

Kinetic encrgy of waves — [n a progressive osciliaory
wave, a summation of the encrey of motion of
the particles within the wave,

Kineue theory — The derivalion of the bulk propertics
of fluids fom the propertics of their constituent
molecoules, their motions and intergetions.

Knoll - A submerged elevation of rounded shape
rising less than 1O meters [rom the occan
flpor, and of limited extent across the symmit,

Zer seatnount,

knot — The uait of spead in the nautical system; one
nautical mile per hoor, It is equal 1o 1,1508
statute miles per hour or 0.5144 meters per
second.

Kurtosis — (Symbol f1 o ga ). A descriplive measure
of g random varablc in terms of the fatness of
its probability diswribution. [t is defincd as
Follows:

[Fr= pafer,

where w4 is the fouwrth (stadistical) moment abow
the mecan and o the varance, For the nocmal
digtribuation, iz = 3; and it is commonly (though
not invarably} und that curvey for which B =
¥ arc more sharply peaksd thun the normal, while
thuse for which 2 < 3 are flatter than the normal.
[ particular, the rectangular distibuation fe) = |
D<2x<lihasfr =18

The lerms leplokustic, mesokurtic, and
platykurtic refer 0 curves for which the values of
fiz are, respectively, geeater than 3, aqual to 3,
and lzss than 3,

Exceuss ig a relative expression For kuntosis,
and the cowfficient of eaxcess 42 1x defined as f —
3
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Lakile - Unstable; literally, characterived by a
wendency o slip.

Labitity - Same as instability, but usually employed
i1 the context of any of the varions forms of
static mstability, as “conditional labaliy,” ets,

Lag - 1. That part of the diffarcnce between rhe
oufput of an insiowimend and itz inpal which s dee
td the failure of the insrriment b respanid
instantancously tor vanations of the input sigral.
It ig a function of the mstramenl's Lme consant

2. A pme displacement of a time series,
Sec antocorrelacion,

3. The difference in phass berween the
voltage and the current it prodoces inoan
indyeive girgnt. 5e2 delay.

4. Samne as time conslant,

3. Bee tme lag.
Lagging — Sce daily retardaton {of tides),

Lagon — A small body aof water connceting te the
open ocean at onc ot a few spots. Lagoons are
penerally shallow,

Lagrangian coordinates - 1. {Also called matenal
coordinales.) A system of eoordinates by which
fuid parcels arc idemificd for all lime by
assigning them coordinates which do not vary
with time, Examples of such coordinales are {a)
the walues of any properties of the fluid
conserved in the motion; or (B) more generally,
the posidons in space of the parcals at some
arkitrarily selected moment, Subscguent
pozitons in space of the parcels arc then the
dependent variahles, functions of time amd of the
Lagrangian coordinates,

2, Same a5 peneralized coordinales.

Lagrangian vorrelation - The correlation hetween
the properues of a flow following a single parcel
of fluid through its space and Hme variations.

Ceompare Eulerign correlation;  s¢e

corre ladon coefficients.

Lagrangian equations - Any of the fundamenial
cquations of Rydrodvnamics expressed in
Lagrangan cootdindtes,

| agrangian wave - Same as shallow-water wave.
Lambseat conis propeclion — Sec conformal map.

Tameallar vector — A vector which may be represented
as the gradient or ascendent of a scalar, in
symbaols, ¥ Thus, a lamealfar vector ficld iz
imocational.

[and subsidence — The downward settling oof the land
material with little horizontal movement.

Lami management puidelings — Ingtrpgtions or
ordinances pertaming uy land unileeanign.

Landlalt — Point of incidence on land of & hazard such
4 g humcane | or g Liynami,

Landlocked — An area of water enclosed, or oearly
enclosed, by land, as a bay or harbor (thus,
protceted from the sea),

Landmark — A conspicucus object natural or
artificial, incared near or an land which axds in
fixing the pogition of an observer.

Landslide — That part of a near-water fegtore Lhat is
facing wward e Jand. Same as avalanche.

Laplace equation — The elliptic partial differential
Byuation

Vig=0

whete ¢ is a scalar fwnction of position and V=2 is
the Laplacian oparator. In rectangolar Carles ian
coordinates x, v, z, (s equation may k2 wrilten

2
al +‘az_ﬁﬂ+a_'£={_:
TR VR 1 &

The Luplace equatiop is sarisfied, for
gnample, by the velocity poiential in an
irrotational Qow, by gravigatonal patential o
frec spave, by elecirostanc potential in the steady
Auow of electric currents in solid conduclons, and
by the steady-state temperature distribution in
sOlicds.



A solution of the Laplace equation is called
@ harmonic function.

Compare Poisson cquapan.
Laplace operator — Sums 28 Laplacian epesator,

Laplace tramsform - {Also called Laplace
transformation.} An integral ransform of a
{unction ehiained by multiplying the given
function f{z) by ¢, where p is a new variable
and integrating with respectto ¢ from r=01w =
e, Thus, the Laplace transform of f£) is

LI = l: e PY (¢) dt

and may he denoted by the symbal fp). The
Laplace transfarm ie cypecially useful in salviag
initial-value problems associated  with
inhomageneaus linear dilferental equations with
constant coefficients.

See Fourier Tansfonm.

Laplacian operator = (Or Laplace operawr.) _'[‘hc
mathemalical operator 2=V - ¥ (or sometimes
written %) where V is the del-operawor. In
rectangular Cartesian coordinates, the Laplacian
coperaten may b cxpanded in the form

viz 7’ & '5'_2

+ —+

ar?  ayt g2t

Ses Laplace equaton.

Lead line — A& line, wire, or cond used in sounding, It
is weightzd at one end with a plommet {sounding
lead), Also scunding line,

L.eading wave — First wave of a lsunarmi.

Lessl sguares —  Any procedyre that invalves
minimiaing e som ol squares) differenees, For
cxample, the devistion of the mean from e
population is less, in the sqoared sense, than any
ather linear combination of the population
valucs,

This procedure is most widedy used o obtain
the constants of a representation of a known
variahle ¥ in1ems of others X Lot ¥i5) be

represenied by

E anfd X (5],

LEL!)

The w,'s are the constants 10 e determined, the
£l are arbarrary Functions, and ¢ is a parameter
common ¢ and X & is usually Tar tess than the
nurnber of knewn values of ¥ and X, The syvaiem
ol cquations being overdetermined, the constants
e, muit be “fitted”™ The least squares
determination of this U™ proceeds by summing,
or inlegralng when ¥ oand X, are known
continuously,

r J |’
Yis)— 2 agfalxi(s)
l n=0N l

and minimizing the sum with respect 1 the o 's.

Int particular, for example, if f[X (5] =
X, {51 then the regression function is being
determinad: wnd when £TX ()] = cos adL00), or
AX (1} then ¥ v hocing represented hy a
mulidimensional Fourier series.

Least squares is fzasible only when the
unkown constanis a, anter linearty.

The method of least squares was describad
independently by Legendrg (1806), Gauss
{1809), and Laplace (1812),

Leaking mode - A surlace seismic wave which is
unperfectly trapped so that its encrgy leaks or
esCapes across a layer boundary causing some
aftemuation,

Length of wave — The honzontal distance hélween
similar point? on Low successive waves measursd
perpendicularly Lo the creat. (See Figure A-3.}

Leswee — A dike or crnbankment 1o protect Iand from
inundation,

Limit of backrush, limit of backwush - See
b kwash,

Lingar - Confined o firsc-degroe alhehraic tems i
the reluvant variables, For example: g+ &x + oy
i5 lincar in xaond ;e sinx + b cos ¥ 15 lincar in
the coelficients a and & |, bot nonlinear io x and +

Linear vorrelation = See correlaton,
T.inear differential cquation - A differential equation

which is lincar in the dependant variable and
derivatives thereol.



The eaistenge of g woealth of mathematical
Lechmigues aned tables for the treament of Tinear
agualinns puarantces that g physical problem
represcentahle by such sn cguation iz very mush
aasier o solve and undersiand than a non-linear
one.

Linear response — A muatual dependence of two

cvenis with quotitalive cquivalengs.

Linzar Theory - According to linear theory  small

applied force leads w a smal! effect and a larpe
applied force leards to a larpe effecl. Opposite of
nantingar where a small force can have,
unprediciably, either a small or g farge effect, P
example a small WSunami entering 4 basin or a
harbor may excite resonance which may amplify
the heighe of the sunanu whithin thar basin or
harbor,

Lingarization — A process of neduction b linear form

by pppropaake change of variables, For example,
the cquation ¥ = 4e® becomes ¥ = a + ba by the
ransfoemation: vy = fog ¥a= log A

Lincanzed differsntial equation = A differeniial

eyuation which has been derivedd fram an original
nof-linear cquatinn by the weatment of each
dependent variable as consisting of the sum of an
undisturbed or seady component and a small
prerturhatien or devigtion from this mean. It is
assurned that the prixluct of two perturbation
guanutes is from this mean. It s assumed that
the product of two periorbation quaniilics is
neg ligible compared to the first crder terms in the
perlurbations or w the undistgrbed variables,
This process of lineadzsion, often called the
method of small perurbations, leads o a lioear
differcniial couation with the perterbations of the
uriginal dependent wvariables as the new
dependent varubles.

Fanedr fmomeniuen - Same a5 mementun; s also

Angnlar momeniwm

Lincar opcrator — 1. A mathemancal operator which

invelves only a linear combination of terms or
tlilfereniial in the dependent varable: examples
are the del-uperator, the Laplacian operacor, and
the differential operawr, £ where

L=dx~“’—1+mtx}£r—‘—:jl+-"+mtx}d‘i + om0
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the coefficients a,(x) == a () may be Functicns
of the indapendent variable x.

2. A weighting function which is applied
past values fa ome series in grder to obtain
estimates of future wvalues, determined
mathematically 10 sueh a way thal the mean
square eorer of prediction is minimized. Thes
technique can be extended (o more than onoe
variahie, so that many tike serics may be
congidersd simulianeogsly,

Linc integral — The integral of a function abong a

given curve, Mathematically, if 5 05 a linear
coordinale along the curve, the line integral of a
funztion f{s) berween paines A and B on the cueve
is

fﬂs}ds

The line integral ol a vecwr field F along the
SAME CLrve iy

j:F-dr

JU5 where dr is a vector element along the
curve of magnitnde @s. In gencral the integral
will depend on the corve, in the special casc
where the Neld F s irmotational, o depends only
on the peines A and 8 and therefiore vanishes for
a ¢losed curve. In metearology, hing incgrals are
of [requent goenmenge: cog., in the girculation,
ardd it averaging of & quanlity alomg 3 lagiide
circle.

Linc of sight — (Or oplical path, line-of-sight path.) In

diecwssions of radur-wave propagation, any direct
propagadcn path that lies wholly abave the radio
harizon.

Liguefaction — The transformation of the granelar

sediment makcrial from its solid sale mo &
liquificd state as a result of invreased pore waler
pressure. This pore waler pressure tesults from
cipward movements caused by carthquake waves,

Lithospherc — The quter, solid portion of the carth;

the crust of the carth; wioally wsed in contezrs
whergin the lithosphere s said to make contact
with the atmosphere and the hydrosphere.

See also biosphere, geasphere.



Littoral - OF or penaining w 4 shore, especially of the
LY

Litteral current — See current, littoral,
Littoral deposits — Deposits of tiroral drift

Littoral doft - The sedimentary matenial moved in the
datoral zone under the infloence of waves and
CLCrEnts.

Littoral wransport — The mowement of lifioral dnift in
the 1ittaral zane by waves amd currents. Inehodes
movement patallel (nngshore ransiirl) and
pempendicolar {on-oifshore transporty o the
share.

Ligtoral transpart rate - Ratwe of mansport of
sedimentary material parallel o or perpendicular
[ the shore in the littoral zone. Usoally
expressed v cubic yards (meters) per year.
Conmaoely used as svnonymous with longshore
Lransparl rale.

Tirtoral zonc — In beach wrminglogy, an indefinie
rone extending seaward from the shoreline o
Just bevond the bresker zone.

Load - The quanaty of sediment wansparted by a
current, 1 includes the saspended Ioad of small
particles, and the bedload of large particles that
tnova along the botton.

Local Tspnami — A Tsenami orfginating within ane
wave length of the pgint of observation,

Log normal distribution — The fundamental fraquency
distribution of statistical analysis.

Logarithm - The logarithm of any positive aumber a
to the base b is the power { to which that base
st b raised in order w satisfy the identity 1 =
&': = log,a. Logarithms (o the base 10 arc
called ¢common logarithms and written log or
togro, Logaritlhms to  the base
e=2. 7152818284, aze called navmy]l (Napierian,
hyperbalic) Togarittuus, and are ofien writen log,
or In. Io any computations involving differention
the natural logarithms are the mare convenicnt,
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Logaruhmic diffcrentiation - Finding derivatives by
taking the logarithm of bath sides of an equation
and then differentiaung,

Logarithinic scale — A non-uniform scale representing
the funcion ¥ = log .,

See logarithm, alignment chart.

Long ternt prediction — [Long term earthquake or
tsunami predictions are bazed on siatistical
sturlies of recorrence. Thesa snudies may forecast
gvenls thal are decades or even centuries away.

Long wave - (Or major wave; also called planctary
wave } See Rosshy wave. Tn oceanography, same
as shallow-water wave,

Long-wave formula — Sec Rosshy wave,

Longitudinal wave — {Alsa called compressional
wave ) A wave whose direction of propagarion
5 parallel w the displacements of the mediom,
€0, suund waves, IHessirs waves.

Compare ansverse wave; 2ec also

CONPILSSTIN wWave.

Loog perind waves — 'With regard (0 abmospheric
circulation, a wave in the major balt of westerlies
which is characterized by large lenglh and
significant amplitude. The wave length i
typically longer than that of the rapidly moving
individozl cvelonic and antcyelonic disturbances
af the lower woposphere. The angular wave-
number af long waves is generally takon o be
fram one po five.

Longshore = Parallal o and near the shoreline.

Longshore bar = A bar running rogghly parallel @ the
shoreling,

Longrshore current — Corrents in the nearshore minion
thil rmm essentially paallel o the coust

Longshare transport tate — Hate of transporl of
sedimertary matenial parallel to the shore.
Usually cxpressad m cubic yards meters) per
year. Commonly used as syaonymows with
liugral transport rake.

Looft — The: pant of 2 standing wave whore the vartical
motion is mreatest and the imisonml velocities



are leasl. Loops {sometimes called antinodes) are
associated wilh clapous, and with seiche action
rexuling from wave reflections.

Seq also Node,

Love wiave - A type of sorface wave having a
horizonal moton thal is shear or ramsverse o
the direcuon of propagation. Its veloeity dependds
only on density and rigicdity medulus aod not on
bulk modulos.

Low tide == Sumc as luw woler.

Low-velocity wome — Any (ayer in the Earth & wliich
seismic wave velocitics ars lower than in the
tavers above and below,

Low water — The lowost water lovel reached during
a tde cycle. The accepied popular ean is low
tide.

Lower high water {L1IW) - The lowar of the bwo
Righ waters of any ddal day, (See Fignrs A-10.)

Lower tow water (LLW) — The lower of the rvo low
waters of any tdal day. The single low watar
vocwring daily during periods when the dde is
diumal is considersd o be a lower Jow wuter.
(5ce Figure A-10.)

Lo weater datum — An approximatden to the plane of
mean low watcr that has been adopred as a
suondard refercnce plane,

See al=a datpm plane and chart dinwm.

Losy weater ez — The intersection of any standard Tow
tirle datum plane with Lhe shore.

Low watar of ordinary sprng tides {(LWOST) - A
tida! datwm  appearing in soms British
publications, hased on low warer of crdinany
spring udes.

M-

Mach number - A non-dimensional number ansing in
provbloms of the fow of compressible Duds, It is
wrinen

M =L
where & is the specd of the fAuid and « 15 the
speed of sound in the mediom,
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Magma = Molten tock material dedved from the
carth's crust amd mantle. When il is extruded and
flows on Lthe earth’s surface fabosve or helow
waler) it is catled lava.

Magnitude - A& measure nf the strenpgth af an
garthquake or the straim cnergy rzleased by it as
determnined by selsmographic ahsarvations, The
locat body-and surface-wave magoilndes wll
have approximately the samc numerical vaie,

Major carthqouake - An earthguake haviag a
magnitude of 7 or grear on the Richior scale.

Manning cocflicient -V is the velocity hydrnlic
[rwe, then:

In this eqoalion, V is defined as;
v=Driig
Y= nR 5

Where b t5 anather constant, n iz Manning's
number fnr roughnass, B is the bydranlic radies
of the channel of Alow, and § is slope inclinabian,
(uspally expresscid ag a sing fectorn,,

*antle magnitude - The low frequency magritude
scale haged on the measurement of Mantle
Raleigh waves at a variable poriest ba detetmine &
real fime estimation ol se14Mic Moment,

“Tantle of the Earih ~ The rocky byyer of the Earth
hetween the Mohorovicie scismic discontouity
and the core,

Manatle Ravieiph wave — Tl free surface of the
Earth permils the existence of two additomal
ypes of seismic waves, called suarface waves.
Bayieigh waves have particle motions near the
ground surface that are elliptical in a vertical
plane; when surficial soil or cxk layers are
present, or there is a gradient in elastic
propestics, horizontally polarized surface waves
called Love waves also propagate. Rayleigh
waves propagate alomg the Earth's surface with
retrograde ellipical motion in the vertical plane
of propagation. The amplitnde of the pamcle
motion tends to die out 4t depth. In a
homogenecus mediont with a3 Pmsson's raso of



gboput (035 {commanly ken as the noeminal
value for rocks), Ravleigh wovey will wavel at a
valocity of about 0.92 that af the shear velociey.
Both Rayleigh and Love waves are spreading or
dispersed waves that in the Earth travs] with
arpup angl phase velocites that 12nd o be higher
lor low f{requencies than (or high frequencies.
The moantle Rayleigh waves would he those
waves with the longest perieds.

Map fackor — Same as seale facuor,
bap seale — Sume ag scals factor,

Marching problem — A differential eguation with
initial condingns solved numerically by
computing the values of the dependent variable
rzocursively for sysicmatically increasing values
of the independent variable. For example, the
wave tquabon 12 salved au cach dme-step efore
advuncing 10 the next lme-step. Hyperbolic
equations may be formulated as marching
priblems.

See jury peoblam,

Marepgram — The record made by a martgraph. 2.
Any graphic representation of the rise and fatt of
Lidde, with time a3 abseissa and height as ordinate.

Marengraph = A recording tide gage

Marigram ~ 1. The recerd made by a marigraph.

2. Any graphic represcoition of the rise and
{all of ude, wilh time as shscissa and height as
ordinate.

Marsden chart - A system introduced by Marsden
carly in the ninetcenth century for showing the
distribution of meteorological daa on a chart,
sspecially over the occans. A Mercator map
projection is uscd; the world between 80° N and
70° 8 latitudes being divided into Muarsden
“squarcs” each of 10° latiyde by 107 longinde.
These squares arc systermatically numbered o
indicate position. Each square may be divided
Into quarter squarcs, or into 100 one-deyree sub-
squarcs numbered from 00 o 99 © give the
position to the nearest degree.

Mareh — An area of soft, wet, or periodically
nyndated land, generally irceless and usuully
characicrized by prasses and others low growth.

Marsh, salt — A marsh perindically Nooded by salt
waler,

Mass curve — A plotting of the cumulative valnes of 4
variable as a funetinn of time.

Mass divergenees - The divergence of the manentum
figld, a measure of the rate of net Aux of mass
out of a unit volume of a system;, in symbols, ¥ -
£Y¥, where pis the fluid density, W the velocity
vector, and V the del-operator,

M=z trunsport — The momentum, pV, where g is the
(luid density and ¥V the velocity veclor,
considercd as the transport of fluid mass from
ane region of space o anothar,

Master plan — The principat plan which autlines the
methods and procedures that nead o be followed
in order to accomplish the long teem goalz of a
Program,

Mathematical forecasting — Same as numernical
[srecasting,

Maximum - The greatest value attained {or
auainable) by a functon; the opposite ol
minirnym,

An “sbsalute™ maximom s the greatcst
value. within a presceibed interval, while
“relabive” maximy are the greatsst values within
arbifrary sub-intervals, each one of which is
“absalute” within its own sub-interval, and so o,

Mean — When tsed withoat further qualification,
wAms as anthmetic smean,

Compars expected valye.

Mean deviatino — The mean of the absolute Sovialion
from the mican,

Mean diameter, peometric — See geometric incan
diamener.

Mean height of tsunami ~ The avemge height of the
Lwriami measuring From the lowesl rough to the
greatest height afier subtracting the change in
tidal level variation.

Mean higher bigh water (MHEW) - The uverug:
height of the higher high walers over a 19-year
perad. For shorter perickds of observation,



corrgclions are applied o eliminate known
variatans and reduce the result b the equivalent
of a mean 19-vear valus,

Mezan high water — The gverapge height of the high

walers over a 19-vear period, For shortar periods
of observations, correctans are applied o
elmuate known varations and reduce the results
to the equivalent of a mean |9-vear valee, All
high water heights are incleded in the average
where the type of hde is cither semidiomal or
mexed. Only the higher high water heighis are
included in the average where the type of tide is
diurnal, 5o determined, mean high water in the
latter case is the same a3 mean higher high water,

Mean high water springs - The average height of

the high waters occurring al the ume of spring
tide. Frequently ahbroviated 1o high wales
SpPrings.

Mean lower low water {MLLW) — The average

height of the lower low warers ovar a 19-yoar
period. For shorter periods of chsecvations,
corrections are applied to eliminate known
vanations and reduce the resul e the equivalem
of & mean 19-vear value, Frequantdy abbrevisted
b lowar low water.

Moean low water — The average height of the lower

low waters over a 19 vear penod. For shorter
pertods of abacrvalions, corrections are upphed
to eliminatz known wariations and reduce the
reaults o the cquivalent of a mean 19-vaar value,
All kra water heights are included in the average
where the type of ude is cither senudiornal o
mixed. Ooly lower low waler heighls are
included in the average whare the tvpe of tide is
diumal, 5o determined, mean low water in the
laller case 15 the same as mean lower low water,

Moean low water springs — The average height of

losw walers cocurring at the time of the spring
tides. It is usnally derved by raking a plane
depregsed Balow the half-tide level by an amount
equal 10 onc-hall the spring ranpge of tide,
necessary corrections being applied 1o reduce the
result to a mean value. This plane is wsed 1 a
considerable extent for hwdrographic work
outside the United Srates and is the plane of
referenge for the Pacific approaches w the
Panama Canal. Frequently abkreviared o low
WUIST SPIiNgs.
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Mean sea level -~ The averuge height of the sea

surface, based upn bourly nbservation of oie
height on the epen coast or in adjacent waters
which bhave free acccss o the sea. Thess
obszrvations are (o bave been made aver a
“considerable™ perind of time, In the 1noied
Slates, mean sea level is deflmed as the average
herght of the swrface of the sea for all supes ol
tte tude over a nincteen-vear period, Sclected
values of mean sca level serve as the sea level
datum [ all elevation surveys in the Unied
Statcs, Along with mean high water, meun low
waler, and jocan Inwer [ow water, mean sea level
iz @ type of lidal datom. Compare half-ude level,
stll-water level,

Mecan-square error - {Abbreviated MSE) The mean

square of any residual. To casc the mmean residua
i5 zero, the mean-square smor is the sune as the
residual vanance,

See regression.

Mcan tide level — A plane midway berwesn mean

high watcr and mean low water. Not necessarily
equal 0 mean sea level, Also called hall-tige
lewel,

Mean velocity — The fime avergge of the velocity of &

fluid at a fixed point, ever a somewhat arbitrary
time interval I counted from some fxed nme g,

For example, the mean velocity of the o
COMMEHAICHE 18

A= ‘—FW udr .

i

The dme average of any other quantity can
b diefined in this manner,

Mechanism of tsunami generation — The

theoretical problem of gencration of the gravity
wave (sumamit in the laver of clastc Hguoid (an
oicant oocpring on the surface of elasye selid
half-space (the crust) in e graviy feld can be
studied with methods developed in the dynamic
theary of clasticity, The source reprosontng an
carthgquake focus is @ discontinuity in the tangenl
component of he displacement an some clemsat
of area within the vrust. For coaditions
repreachlative of the Earth’s oceans, the solution
of the problem differs véry littte from the joint
solution of two more simple problems: the



problem of generation of the displacement Fcld
by Lthe given sourca in the solid elastic hall-cpace
wirh the frec boundary {the bollom) considered
Guast swtic amd te problem of the propagation
ol gravity wave in the layer of heavy
ipcompreasible liguid zenerated by the known
Cironm the sclulion ol the previcus prlem)
motion of the sohd houem. There ix 4 the
cretigal dependence of he gravity wave
parameters oot he seuree paramelets (depth amd
orientation).  In particular, a very roush
egtimation of the sourcs cnergy passing info the
pravily wive gan bhe obtamed . In gencral, a
purtion af it cormespands o the cstmares
abtained with empirical data, Also, Bunamis can
b menersted by other differem mechanisms such
ay volcanic or muclear caplosions, landslides,
rock falls and sebmarine slumps.

sdecian Ooe of sevaral aceeptod measures ol ceonal
terdency. (a) Pertaining w a serigs of numbers,
e wedian is the middle wrm when the numbers
are arranged in alpebraic order. I the number of
erns s even, the median is taken as halfway
between the rwo middle ems. (h) Poraining o a
continuous random varahles x, the median 15 that
value which divides the prebabiliy disteibution
into two cqual areas. Hence, in terms of the
distribution fenction Fg the madian is thar
valuc of £ for which F{x) = & In case £{x) is
disconiipuous, e median i defined in soch a
wdy as 0 yield consistent resulls when the area is
cumulated from either end of the distobulion,

Megrevele - JAbbreviatcd Me, me) A uenit of
[requency egual o one million £10%) ¢yclas per
secomd.

Megacipple  Soo sund wave.

“lerator projeclinng - Soe enaformal map.

“esokurtic - See kurdosis,

Wlessphere — The region below the asthenosphere
which appears o have greater ngidity.

Metcorite — That portion of a telatively large
meteoroid which survives its passape through the
armosphere and reaches the earh's suriaee.

weteoiological tde - Annual or sermi-unnoal changes
in s2a level due to shille v provailing winds or

seasonal changes o water temperature,
dizuinguish feom atmogpheric dde.

Meteorological tsynami — Sz amosphens [sunam.

heter-ton-second  system - {Ahbroviated mts
gystem,) & svstem of physical units based opon
the use of the metar, the memic on (0% ons),
and the second as elementary cuantities of
tengih, mass, and time, respectively. [n this
system, depsity is expeessed in ton/m?. velocity
ot specd in misec, force in tom mysec?, pressuee in
centibars, and energy in kilojoules.

Meathod of charactenistics = A method of solving
sysems o noon-Wnear dilferential equations by
coustructing the characteristics for the equations
over the region of known inipal data and
procecding aleng these lincs to doicrmine the
soluticns For latcr Hmcs or for new regions of
SJHACE-

bathed of [east squarss — Soc least squares.

Mathed of small perturbations — (Alsa called method
of permrhgyions, perturhation method.) The
linearization of the appropriate cquations
EOWCITLIE & systemm by the assumption of a steady
stale, with departures therefrom limiled o small
perturbations.

S¢e lincarized differential equation,

Method of successive appraximations — The solution
of an equaticn or a set of siImultanaous equations
by procesding from an (rilial approximabion (o a
serizs of repaated trial solutions, each depending
ppon the immediately preceding approximation,
in such 3 manner that the discrepancy betwean
the newest estimated solution and the tue
solution s svstematically reduced. MNewtan's
mathed for determining the roots of an algcbraiz
egquation iz an ¢xample of the method of
sugcessive  approximations, For o partial
dhifferential cquations, the relaxamon method 15 o
widely applieid example ol the methed of
SLCEESEIVE ARUXLINGLIES.

Microbaregram - The recond or race oasde by a
microburmpraph,

Wicrobaropraph — An ancrowd harograph desipned 1o
recond armosphens pressare variations of very
small myggnitpde, Microbarographs are in geoeral



use at ULE, Weather Scrvice stations and military
wealher aarions.

Microearthquake - An carthquake having a
magnitude of 2 or Yess on the Richeer seale.

Micro-Tsunami — A 1sunami of such small amplimde
that it must be observed mstrumentably; not
datectable visually,

Microseale of turbulence - A length parameler taken
as a measure of the average size of the smallest
eddies, L.e., those presumed ro be largely
rcsponzible For the dissipation of encrgy.

r -
1 = iim 1-ry)

Y T

where Riv) s the normalized space correlation of
the same coemponent of the eddy velocily al
points scparated by distances v, and since Riv)
has a maximym at the ongin, mcasurcs the
curvalure of R{y} at y =0,

Lee scale of urbulence,

Microseism — A Feeble oscillatory disturboance of the
carth's crust, detectable only by very scnsitive
seismographs, Conam Lypes of microseishis scem
to be closely corrslated with pressure
dislurhances and can be used to locale such
disturbances. cspecially in the case of wopical
cvelones, In addition, maffic, industmal activines,
andl wind flexore of trees and tall structores can
CIedle MICTOREISmS.

Microzonation — The detaled designation of zones,
eithar by teunami risk of lsunamicity,

Millikar — {Abhreviated mh.) A presoure ynit of 1000
dvnes per cm?, convenient [or reporting
atmasphieric pressures, The millibar does not fit
mtn any commonty employed system of physical
Lmils.

MIM - Murine Information Management.
blinimurm — The least valoe attained {or attinahla) by
a funclion; the opposite of maximom. (See

further discussion under mAazlnum, )

Minimym delectable zignal - Same as threshold
signal,

Minimum duration — See duration, manimem,

Mitigation - Tu cause to become less harsh or
hostile, less severe or painful,

Mixed layer — [n weeanography, the surface Jayer of
virlual isothermal warter, which fraquentiy exists
abgrve the thermocline,

See epilimnion,

Mixed dide ~ A ude :n which the diemal and
semidivrnal cownponents are both prominent.
Dhurnal imegquality is present in high waters, Tow
waters, ur in bath,

MM scale - Muorcalli scale medilied for Noarth
American conditions.

Mode - Onc of several accepus] measures of central
tendency. [t is the most prokahls vatue of g
digerere variule, or the poimt of maximum
probability density in the case of a continuous
viriate.

Mode] — A mmiare representalion of sumething:; an
exgmple for imitation or crmulation; a description
ar analogy used (0 help visualizc something it
canaoe be dircctly observed, a svstem of
postulaies, data, and inferepces prosented as a
mathematical description of an 2nlity or state of
affairs,

Model hasin — Any body of water mwore or less
confined by land boundaries; thues, standing
wayes and saiches are comsidercd in terms of the
basins in which they develop. 2. Any body of
water not having horizental commonication with
the open ocaan at all depths. The maximum
depth at which there is boozontal communication
1% the sill depth.

Model calibration — Standardization {as a measuring
ingrument) by dewermingg the deviation from a
standard 0 a2 10 ascertun the proper correction
factor of a model,

Modeliog - To plan or form after a pattern: 1o
produce a representation or simulsuon of, beng
4 miniature representation of something.

Modeling criteria - As applicd 10 mechanicat
syslems, the condition: that insure dynamic
similarity of two systems,



Modulation - In radio, a process wherehy the

chargeleristios of 3 radio camier-wave arc
moslificd by a sccond, or modulatng, wave. A
carrier wave (of consant radio frequency) must
b moduluded in order 1o camry infnrmation.

See amplitude maodolatien, {tequency
modulation, nensity  modulation, pulse
medulastion,

Modolator - A davice for effecling the process of

roedulation, The amplitade, frequency, ot phase
of a carnicr signaf i3 vamed with Hme by an
applied infcrmation sigmal,

Modulus — 1. A real, positive quantity which

moasures the mapnitude of some number, [or
instynce, the moxlulis of a complex mumber s the
sguare rout of the sum of squares of its
camponcnts, Ofton it means, simply, ths
numerical {"absolute™ value bl of an alesbraic
quantity x.

2. A cocflicicns representing some clastic

propery of a body, such as the “modulus of
enasticiny™ or the “modulus of resilience.”

b uboravicic discontinuity — Tha boundary surlace

or sharp seismic-velocity discontinuity that
xeparatey the Rarh's ¢rust from the underlying
mantle.

Maole — In coasial terminology, 4 massive land-

connected. sehd-Qill structure of earth (generatly
revelled), masonry, or large stone. [t may serve
as a breakwalcr or pier.

Moment — 1. The product of 2 distance and another

parameter. The moment may be aboul » poine,
ling, or plang; if the parameter is a vector, the
marent 15 the veclor product of the vector
distance from the point, linz, or plane, into the
pargmeter.

Thus, the moment of the momentum of a
fluidl parcel per wnit volume aboul an axis is rx
g, where ¢ is the voctsw from axis o the parcel,
g the density, and v the velocily vector of the
parcel; this 75 also called the anguiar momenum.
The moment ¢f g force F gbont an axis js ¢ = F,
called the torgue.

The sccond moment of a parameter is the
moment of the first moment: and so0 on, for
higher moments.

2. By amadogy, in statistical werminology, the
mezn value of a power of 4 random varable,
The symbod 2 for v} is used for a raw

oeunent as distinguished from the corresponding
ceniral moment ¢ taken ahout the mean g Thus

the raw moments ars

o= = e, (a=0,1.2, .00,
where E(x is the expecicd valoe of the variant x
Ly the ath power. In particular, g = 1 and g1," =
v, =g

The centrl moments are

po=v = Elx -, {(n=0,1.2,..0

whore £[{x — 1] is the expected value of the ath
power of the deviation of the vanatz from g
mean. I particalar, 4, = 1, 4y =0, 4, = o, where
£y 15 Lhie varymee,

tfomentem - (Often called lincar momeniwn. s That

property of a paricle which is given by the
product of its mass with is velocity, 1f m i the
mids OF the particle and ¥ ig the velncity, the
lineyr reomentom, X, of the particle is given by

=mY.

The momentum of a svstem of particles is
given by the sum of the moments of the
individual partictes which make up the system, or
by the preduct of the tial mas of the svstcm and
the welocily of the centzr of gravity of the
system,

The momentunt of a contnuous mediom is
given by the integrai of the velocity over the
masg of the medium, or by the product of the
{otal mass of the medium and the velocity of the
cenier of graviry of the medium,

Sege anpgular momentom, conzervalion of
angular momenhim.

Momentom-trangport hypathesis — The hypathesis

that momentum is conserved in wrbulent addy
transfer. This hypothesis, wgether with that of
the mixing length, leads @ an cxpression for the
variauon of thy shearing suresg £ with height

dt _ 4
o )

where pois the cddy viscosity and the mean
horizonlal wind.



This hypothesis is tr be compared with the
vorticily-ransport hypothesis, the respective
resulis heing identical enly if the cddy viscosity
L5 corstanl.

Moniwnng - To check, watch, sheerve, for a spocial
prurree; Lo keep wack of, regulate, or control the
Laprerztinon o

Mungchromals waves — A scnes of waves goaeraled
in a lybumalory; each wave has the same length
anmgd perixl.

Monolithic - Like a single stone gr Hlock. In coasial
structures, the type of conswuction in which the
struciure's coTnponent pars are bound togethor o
T L ) (L

Mud - A {Iuid-te-plastic mixtere ol hnely divided
particles of sohd maerial and warer,

Muliiple correletien — The correlation between a
random variable and its regression funceion.

IT ¥ denotes the regression funcion of a
random wariable {varalc) v with respect to
gertain other variales ¥y, Xz, . - x, then the
woulcigng of muliple conelauon beraeen y and
the x75 is delined as the coefficient of simple,
lincar conelaton between ¥ and ¥. However, the
gonstants of the rggression Tunclinn
automnatically adjust Tor algebraic sign, with the
result that the coeflicien of correlation between
¥ and ¥ cannol be negative, in fact, its valuc i3
precisely eyual o e rado of their two standard
deviations, ie., o(¥)o{y). Therefore, Lhe
cocfficicnt of muddple comelaton ranges from 0
to 1, and the syuare of the coefficient of moldple
correlation is equal to the relative reduction for
pec-cont reduction?, that iz, the matio af explained
variance to total varance.

Since, in pracilice, the true rcgressicn
funcoon ¥ is seldom keown, it is ordinanily
necessary o hypothesize ity mathematical form
and dotermine the constants by Teast squaces, thus
obtaining the approximation ¥, o thal cass, the
conventonal ¢sumate of the multipls commelation
is the sample vaiue of the simple, lincar
correlation (symbol R) between y and ¥,
although a better estimate is obtained by
incarporating a correction  for degrees of
(reedom. Such a corrected valuc £ ts glven as
follows:

R=Y(N DR -a/VN _in+ 1}

whare ¥ denotes the sample sive and A+t equals
the tntal number of constangs (incledmg Lhe
ahsoluie term) determined from the data. o case
(M — 1Y R, the value of £ is mken as zem. Sec

TELTESSION.
“N-
MASA - Natwonal Aeronaulics and Space
Administration

Watural coordinates — An orthogoral, of nutwally
perpendicular, system of curvilinear coordinages
for the deseription OF Nuoid moedonr, consisting of
an asis ¢ ngent o the instantancous velocity
veltor and an axis a1 normal to this velociey
vertor 1o the left in the horizontal plane, o which
a vertically dirccted axis z may be added for the
descripion of three-dimensioral flow. Such 3
coordinar: system oflen permits a4 concise
Formulation of atmogpivoc dynamical problems,
especially in rthe Lagrangian sysiem ol
hydeodynamnics,

Watural disaster = Any sodden calamilous event
{rausad by nature) bringing great damage

Natural frequency - (Also czlledl characteristic
fraquency.) The frequency at which 2 system wall
oscillate freely in the absence of cxtemnal foroes,
for example, after relessc [om a simple
displacement from an edguilibeiom stae, The
nanral frequency is dewermined by the dynamical
parameters af the medivm.

Lee oscillation {13, [ree wave,

Matural hazard = A gource of danyger and exposure
to risk of loss of human i or property by an act
of narore, For cxample an earthquake or a
tsunami,

Matural nscilladops — Yertical vanation of waler
tevel whithin an enclimed body oF waler | such
asa lake. or a semi-enclosed body of water,
such as a karbor o a bay, caugsed by recuming
phenomeny acling on that body of waler, such as
tides and winds, which set off a resonance
pattern within that hasin,, .



waleral perigd — The perind of the natgral ascillation
charactensric of the basin | and deperdent on the
chape and give of tha basing ag well az on the
dapth of the watar.

Nuubizal mile — The distanes onil in the nantical
system, defined as e lenpth of one miooe of
arc along any great circle on the canh's surface.
Since this actual distance vanes slighlly with
latitede, a nautical mile hy inernational
arreamant 1% defined s 1852 meiers (0761013
feer or 11508 malos).

Maniicdk vysem ~ A sysiem bor cxpressing distance,
specdl, and acceleration in which: (a) 1be distance
ol one minute of arc along a meridian or grear
gircle is one nauctcal mile; (b) a naudcal mile per
hour i 4 knal (0} 2 naulcal mile per o per
howr 15 the acceleralion in XOows per bowr.
Althongh the nagtcal sysiem originaled with
murne operdlions it has been adoptled o report
winds and aircralt speeds.

Navier-Stokes egquations —~ The cquations of motion
fog a viscous {luid which muy be writien

N __1 - ¥ el .

= p"Fp+F v?‘uf+3v"h7{?‘u"]|
whete pis the prosseee, 12 the density, F the total
cxternal torce, ¥V othe fluid velocity, and v the
kincmatic viscosity, For ae incompressible flaid,
the tenm in V-% {divergence) vanishes and the
effects of viscosity then play a role analogous to
that of temperature in thermal conducting and
thal of density in simple diffysion,

Selutions of the Navier-Stokes equations
have been obtained anly in a limited number of
special casss; in aumospheric motion, the effects
of molecular viscosity are nsually overshadowed
by the action of turbulent processes and the

Tavier-Siokes equations have been of litte direct
application. The use af the concept of eddy
viseosity has cvercome this limitadon in certain
problams,

The gquations are serived on the basis of
certain smplifying assumptians concerning the
seresd lenser of the fuid: in one dimension they
represent the assumption referred to a3 the
Mewianian foction law,

Sve also viscosity, Ekman spiral, logarithmic
velocily profile,

Kl

Neap runpe — The aversge semidivmal tidal range
occuwming ac the Ume of neap dde.

Neap tide — A Lde of decreased amplinde, occurring
semimonthly one or twn days after quadraturs,

Compare spring ticle, gopic tide, squatsrial
tide.

Near-field {sunami — A tsunami of close oodgin,

Nearshore frone) — In beach terminology an
inlcfinite zome exiending scaward from the
shoreline wall heyvond the brieaker zone, Tt
defings the area of nzamshore currents. (Sea
Frgume A-1.)

MNearshors circulation — The ocean circulatinn patrern
composed of the cuments, nearshore and currents,
Cosslal,

See cymrent,

MNearshare currenl system - The current sysiem
caused prinanly by wave action in and near the
breaker sooe, aml which consists of four parts:
the shoreward 1nass wanspor of water; longshare
currents; seawdard retum fow, incleding rip
currenls; and the longshore movement of the
expanding heads of rip cuments, {See Figure A-
7]

See also pearshorg circulaton.

Meack — 1, The narrow hand of water Aowing seaward
through the surf. Also rip.

Z. The narrow steip of land connecting two
larger besdics of land, as an ihimos.

MNegalive axis — Sce positive axis,
ME1S - Navonal Earthguake Informalion Scervice.

Menrral equilibriom — {Also called indifferzme
eqquilibrium_} A prooerty of the steady state of a
system which exhibite netther insmbility nor
stability according 1o the pardcular criterion
under ¢onsideranon. A disturbance introdoced
intr such an equilibriom will thus be neither
amplified nor damped. Thiy term is most often
used in copnection with the parcal method of
siahility analvsis; if the perwrharion s a wave,
“nentral equilibriom™ and “cwbilicy™ are oflen
used interchangeahly.



Mewtral witve — Any wave whose amplitude does not
chunge with time, In most contexts these waves
are refermed lo as stable waves, the rerm "neotral
wiave” being ovsed when it 14 important to
cmphagsize that the wave & ocither damped nor
amplified.

SEE permancil wave.

Newtnnian fluid — & flod in which the sbress wnsor is
proportional (o the rate of deformation, that is, a
[luid wativfying the Navier-Stokes eqoations,

MNewtonian fniction law — {Also called Neweon's
formula for the stress.} The stalement that the
tangenbal [oree (i, the faree in the derecticn of
the flow} per unit arca acting a1 an achiwary level
within a [loid contained between two rigid
harizonial plates, one of which is motionless and
the ather of which is in steady maorion, is
froparional t the shewr of the fluyid motion at
that Tevel. Mathernatically, te Taw i< given by

T=p—
2
where 15 the wopenial [orce por unil area,
usdally cailed the shearing stress, a constant of
proportiomal ity called the dynarmic vizcosily, and
the shear of the fuid Aow normal o the resting
plate.

In defiving this cxpreacion Mewton measemed
that either thz speed of the moving plat: or the
diviance hetween the plates was so small thar,
omce 3 slesdy stale was reached, the speed of the
Fluid increased lincarly from zero at the rasring
plate o 1he speed al the moviog plate. In this
case boath the shear af the moton and the
shiaring stress are constant throughoul G Tuid.

Mewtoniat mechanics — The system of mechanics
based upon bewton's laws of motion in whizh
mass and cnergy are considerad as separate,
romgervative, mechanicsl propertics, in contrast
Loy theeir traarment 10 reladivishie mechanics.

Mewinn's Jaws of moton — A st of three fundlamental
postulates motion — {orming the hasis of the
mechancs of rigid bodies, and first formelated
by Mawton in 1687 The [irsl law iy concemeid
with the principle of inertia and sates thal if a
bodly o motion is not acled upont by an cxtemal
firece, ite momentum remains consant (law of

71

conservaton of momentmm), The sccand law
aszerts that e rate of change ol momentm of 2
budy is peoperiional oo the force acling upon the
bady and is in the direction of the applicd farce,
A familiar statement of this is the equarion

F=pma,

where F is vector sum of the applied furces, m
the mass, and g the vector sceeleration of the
body, The third taw is the prnciple of action and
reaction. stanny thap for every force acting upon
a body there exises a corresponding force of the
same magnituds cxerted by the body in the
apposite direction,

NI - National Geophvsical Data Conter,

Nip - The current made by waveg in a choreline of
emergence.

MM - National Meteorolopical Canter.,

NOAA - Naonal Oceanic and Atmospheric
Adminismation

Modal line — A ling, on any oscillating surface, along
which the cscillation has zero amplitode, Modat
lines are characteristic of stationary waves and
sranding waves,

Nodal-plane solution - [magine a sphenead surface
arcund the sarthquake source, then the puteem of
constant P-wave polarity divides the cpherical
surface into four egnal-zsized quadrants, This
patterm can be easily characrerized by the two
orthogponal "nodal” ptanes that separate the
cimpreszional and dilatancnal quadrants, Thesa
nndal plancs are directly related o fanlting
gaomatry: e hiklal plane coincides with she
fault plane while the slip vecwor coincides with
the pole of he other nodal plane (somelmes
referred to as the auxillary planc).

Mrelal zone — An area in which e predomnant
dircetson of the bmgshore ransor changes.

NORC - National Dceanographic ata Canter

Mevle — Prwitions inoa sknding wave train of no
vertical displacament

Mnies — Any nawanted snond; and, by extension, any
“unwanted,” nsually andom, Toctwtiems of a



signal {which therefore obscure i) in statistics,
any wrewanted components of @ ome sees.

Paise level — Boughly, the 100l amount of neige in 2
signal. Tt i3 wsuadly measured by the ralic of the
OO0 MResln -5 5ignial o the rool-mean-sguare
noase, [ snapwas a limil helow which signals
cannat normakly be distnguished from noise.

homogram — (Or alipnment charr, also called
momograph, mamugraphic chart.) The graphical
represerialion of an equation of three variahles
Sluww) = (3 by means of three graphizal scales
(nat necessarily stralghdd, armanged in such o
manuer thal any siraight line, called an ndea
line, culs the scales in values of o, v, and w
satislying e equation, By introducing avxiliary
varighles and constructing auxiliary scales,
equationy containing more than three variables
may also be represented by momograms.

Nomograph — Same as nomogram,
Nomographic chart — Samd a5 nomegram,

Nondeterministic — Unpredictable in terms of
obzcrvable antecedents and knawn laws, Thiz isa
relative term pertgining 1o a given state of
knowledge but not necessarily implying ulimate
unpradictability.

Compare deterministic, random.

Monbreaking wave — A wave which advances
withoutt its crest hreakink, Usually a lonp period
lype of wave such ux 2 sunami or 89 an sven
lomyger peHod wave as the tide,

Non-dimensioeal equation — An equation in which
each member has been rendered free of physical
physical dimensions hy the cystematic
inreducucn of a set of reference constants, The
dynamical equations for two dimensional fow,
for example, may be made non.dimensional by
inmeducing the constants

i=%, =2 p=1
£ ¢ d
where [ s a characiecrstic lengih in the x-
direction, & a characteristic depth, and £/ a
reference velocity; £, 2 and r are new non-
dimensional variables or paramerers replacing x,
2z, and i, respecuvely,

Sez dimensional analysis,

Non-dimansional number — A pure number oot
mvolving any physical dimensions, e.2., a ratin
of two velocities or two lengths, Sach numbers
are lundamenta] descriptive quantitieg of a
physical wstem. Non-dimensional rumbers
invalving several vanahles aften ars interpreted
as estivnales af characteri<ic velocity ratiox,
Foree rabcs, heat rangfer mling, Fraquency ratliog,
cie. Usvally several differcnt calio inferpredations
are pocsible and useful for the same nombar,
(See Mach number, Eevnolds onmber,
Houssinesqg number, Cauchy number, Prandil
numher, Teclet number, Ravleigh number,
Rossby owober, stroubal nember, Richandson
number, Mussell nuinher, Grashof number,
Taylor nnber.)

See also dimensional analysis, inspectonal
analysis,

Mon-dimensional parameter — Any parametcr of a
problem which has the dimensions ol a pure
number, wsvally rendercd so deliberately (sec
non-dimensional equation).

Scc alsn non-dimensional number.

Moanlinear — Nol 2 lingar Funclion of the relevant
varzablos.

Monlinear wave A wave which behaves inoa non-
limear {achion. For cxample 4 wave bresking or 2
wave within a bazin induced by 2 tunami but
affected by ather conditions in the hasin
unrelatzd w0 the indtial tsonama.

Normal - Refarming 1o a nermal distrbution. Repgular
or typical in the sense of lying within the limicy
of common occurrence, but sometimes denoling
a unigue value, as a measore of central tendency.
Either sanse presuypposes a skable probabilily
digtribution. [n gaometry, at right angles to;
perpendicular.

Mormal circolar distribotion -  S2e  normal
disteibaticmn.

Mormal curve of cmor — Sce nomal distribution, crmor
diztribuLicn .

Mormal distnbation - (O Gasssan distribuoon) The
furclamental frequency distribntion of staristical
analysis. A CoTNUOUS variate z 9% 2aid o have a
rormal distriburion or by be normally distnbuted



if it possesses a density function fix} which
zarisfies the equation

Iﬂ_;:} - ]_g-fl-m!!ﬂ"‘_ |: - T {n-u-]
2T

wheps 1215 thae aritdhmetric mesn (or first momant)
ald 15 the standard deviation. Aol wo-thirds
of the wmtal area under the cwve is incloded
hetween x = gt — o and £ = g + o, The
eorrestonding requency distribulion of veclors
15 e nérmal circolar dismbation o which e
Irequencie: of voowr deviptigns are represented
by a series of circles cemered on g vegtor mean.
When applied 10 error disuibotion, this Tenction
s the aormal [aw of errors, and the distribution
called the normal curve of error,

_ Although discoversd by DeMuoivre, the
neemal distribution s wsoally called the Gausslan
distribution, o eacly antheopormetic studics and
also investigations for random ereors in phosical
tneasurements, the variates eshibited the normnal
disttbueon so faichfully that this distribubion was
mistakenly assamcd w be the goverming pnciple
of nearly ul! randem phenomena and was
therefore given the name "nommal.” Whilc loss
universal than formerly believed, the normal
dismbuuon does have remarkable breadih of
gpplicalion, inasmuch as the distribution of
averages computed from repeatcd random
samples of almost any population tends more and
mere aearly toward the “normal” form as the
sample size increases. Formulaed in procisc
12oms, this proposition s known as the central
limil theorem.

Norma! functions — See orthogons] Tunclions.
tNormal Low of crmors - Sec normal distribution,
Normal map - Same as normal char,

MNormal mede = A nomal meds of oscillation is a
characteristic  disiribuvion of oscillation
amplitudes amueag the parts of the system, cach
part of which iz cacillating (recly at the samc
ftuquoncy. Complex Free oscillations are
combinanons of these simptle osciflation forms,

Nomal population - In stavstical wrminclopy, a
collection of quantitices having g normal
distribution,

Normal type faulting - A fracture in carth
materials, along which the opposite sides have
been relaively displaced paraflel ws the plang of
movement, Notmal faulis, also known as gravity
faults, are produced by wertical compression, In
such type of Baulting, the hanging wall appeurs o
have slipped downwurd relave o the [ootwall,
The angle of dip 1u genendly 45 10 80 deprees.

Normalize - 1. To change io scale wo that the sum of
squares, of the integral ol the squuare, of the
rransformed quantity 19 unity. See onbuogongd
(unelicn.

2. To ranglorm a mndom vaeiahle s that the
resulting random variable has a4 ooremal
dismbunion.

Nourighment -- Th process of replenishing 4 beach, It
may be brought about naturally, by longshare
transport, or artificially by the daposition of
dredged materials.

Muclear power plant — 1. An eleceic utility station
genzraling  elecmicity with nuclaar energy.
Nuclear power plants are often located near the
coast in areas that could be affected by tsunaris
and must be properly designed w to climinate the
poszibility of damage to the plant or i
peripheril systems by a tsunanmi.

Mumerical inkegration - 1. The integraulion of an
analytical expression or of diserete or connnuous
data by approxwmare numerical methods. These
mecthods usunlly invalve fiting simple curves to
fuccesdive groupings or s2ts of the data and
performing the inlegration step-wise,

2, The zolwion of the dynamical o
thermudynamical equations of aimoapheric
moblion by numerical melhods,

Numerical modeling - Numerical models bhave
becn wsed i orecent vears 1o Simulate Lsunami
propagation and imicraction with land nasses,
Such madels usually s0lve similar cquations hut
often employ difforent numericar technigues and
dre applied o different segments of the total
problem of tsunami propagation from generation
regions wr distant arcas of runup. For example,
several nmumcrical models have Deen wvsed o
simulate the interaction of tsungmis with islands.
These mode!s have used (nite dilfcronce, finite
element, and boundary intzgral medhods to solve
the lingar long wave equations. These modeals



solve these relatively simple coyuations andd
orovide reasonable simuelations af sunams for

CNEiNCering purposes .

-0O-

Observatery = A building or localion devoted 1o the
cheervation af matenenlogical. oeophycical, of
autranorraed] phenomens,

Chwerver - Anyone who takes an abseraton.

Cicean — |00 seay The intercommuonicating body of
zalt wuier npoonpying the depressions of the
aarth's surface.

2. Ooe of the major primary subdivisions of
the abave, houndsd by contincnis, the cyoalor,
and ather imapinary lines.,

See gea,

Oeaan hasin — That portion of the oeean scawsard of
the continaneal margin which inglodes te doep-
sea floar,

Ocean-hottom seismagraph (OB 5) = Scismographs
deployed on the botlom of the sea transmitling
signals via subimarine cable oo a continuous basis
for thz purpose of eanthquake monitoring and
prediction gnd for aperational Bsunami waming,

COlczanography — The study of the sea, embracing and
intzgrating all knowledge pertaining o the sea's
physical koundaries, the chemistry and physics
af 328 water, snd marioe biology.

Clocun sation — As defined by the Ineemational Civil
Aviation Organivarion, o specifically located arca
ol occan surface, roughly square and 200 natrical
miles on g side. An ocean station vegsel on patrol
15 said o be "on station™ when it is within the
pertmeatzr of the area.

(ffshorz = 1. lo beach terminology, the
camparatively {lat ¢one of varjable width,
extending from the breaker «one (0 the seaward
edge of the Continental Shelf,

2. A dimcction seaward from the shore.

CIsboe barner — 5o barier beach.
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Offshare current — 1. Any current o the offshore
£NE,

2 Any cyrment fiowing away from shose.
Onshor: — A dirccuon Landward from the sca.
OPC - Comnutese on Ocedn Processes and Climate,

Operator - A mathematical synibol which stands For a
specific oporation upon a variable or lunclion.

Orbit - [n water waves, (he path of & water parucle
affecied by the wave motion, Tn despwaler waves
the orbit is nearfy circular and in shallow-water
waves the orbit is nearly ellipacal, Tn genaral, the
orbils arc slighdy open in the direction of wave
mounn Fiving rise K mass manspor.

Ocdinate - The wertical coordinate in a two.
dimensional sysiem of ecctangolar Carlesian
coordinales; uvsually denoted by y. Also, the
vertical aie of any praph

ORFELS - Observarories and Research Facilities [or
Fuwropean Seismaology.

Oribogonal - 1. Oripinally, a1 oghi anples; laver
generalized 1o mean the vanishing ol 2 sum (or
inlegral) of products,

The cosine of the angle betwesn two vectors.
Y aud ¥, with respective components, (x,, v,
z. ) and {x, ¥3, 7). is proportional tc the sumn of
products, rim+ ¥o¥, + 22, Henee, if the vecton
arg perpendicular, the latler sum squals zere. For

this rcason any two serics of numbers, {x. x;
Ty and (yp v v ) ik said to be orthogonal if

Z o=,

See oribogonal luoetions.

2. O wn axcean-wave relmelion dizgran, a
ray drawn cverywhere at noght angles @ wave
CresLs,

Orithogonal curvilinear coordinates — See curvilinear
coordinates,

Orthogonal functions — A sat of functions, any o of
which, by analogy Lo orthogonal wectors, vanish
if their peoduct is summed by integralion over a



specifled interval. For example. fx) and g(x} are
crthogonal in the inervalz= 2 x =4 if

fﬂx}gf.rui: =1

The Tuncuiens gre glso sad wo be normal iF

[P

The most famitiar esamples of such Tungions,
many of which have gresl impurtynce in
mathematical physics, are e sine and cysine
[umctions between sero and 2r

{ Y Cdx =

Oscillation - 1. Generally, the progess of varying
above and below a mean value, wsually, a
perindic process, (Compare (Quclwsion, cycle,
wave ) Oscillations are comnonly claszilied as
fellows: (a) a damped oscillation is one which is
contnually decreasing in wmplituda; (b a
neutral, undaoped, or perdswent osgillaton
mainizing constant ampliule; (c) an unsable
oscillation, cnee started, grows in magnitude
ungil it breaks downs {0 a stable oscillation is
any one that is not unsiable (e, il may be sither
damped vr newral}; (e} a foreed oscillaton is sa
up by 4 penodic euvanal [oree;, and (0 a Tree
mseitlation occurs when a body i set inur moddon
indtially but no further extzmal focce s applicd w
tL

2. One single movement {or change} of an

swcillating body from one ealreme position o the
other; in Lthis sense, onc-half of a ¢ycle.

Qscillations — The repeated wansgressions and
regzessiens of the scas in constanudy shifting
patterns.,

Cracillatory wave — Same as wave of oscillabion,

OSNLR - Occan Scignce in Reladnn 1o Non-Living
Resources,

Ouifall — A structure extending o a body of water
for the purpose of discharging sewage, slorm
runcll, or cooling water,

Cutput — (0r gueput signal.) The guantity that is
delivercd by an instrument or a8 component of an
mstrumen wsed in condradisonction to the inpue,

Cverflow — A lowing ovor, inundation.
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Overlapping mean — Same as consecutive wsan.

Overtopping  Passing of watar over the lop of a
Strecture 35 a rosull of wave runup or surge
chon.

thverwash — That pontion ol the uprush that carics
over the crest of a berm or of a structure,



_P-

P wave — Jhat ype of seismic hody wave et

invalves  patticle  mooon  {alterogtinog,
cumnpress.en and espansion) in the direcdon of
propagation. [ s fastzst of (e selsmic waves,
wavaling 5.5 — 7.2 kifsee in the cruseand 7.8 -
3.5 kmdsec in e wpper manide, Ioois the Tt
arcival of waves.

ek e — (Also called ice pack.) Joe cuvering inore

than half of he visible sea swriace. Broken,
loose, or open pack cowers between 5 and 008
of the seu swlace, while close, dense, thick, or
tight pack covers mote Wan 008 but shows some
leads or polyoya's, a0 vpen water whatever is
visible in consulidaed, soiid, o unbroken pack.
The thick wud smoedmes scehid pack g covenng
the: cenral Arctic Ocean has been varicusly called
“urchic ive pock,” “arctic pack e,
“palar cap ice,” “palar ice,” elc.

LLIE

arclic pack,™

The torms pack ice and ice mack have heen
usad indiscriminately For beth the sea area
containing Doating we, and the e matzrial
irsclf.

Pacific-wide tsumami - A tsunami capable of

destruction, nol galy in the immedise region of
its geperation, but across the ensre Pagific
Ocean.

Paramecier — 1. Tn general, any guantity of a peoblem

that 1% rot un independeni variable, More
specilically, the term is often used o distinguizh,
lrem dependent variables, quanudues which may
be miwe or less arbiraril v assigned valoes for
purpases of the problem at hand.

2 Tn gtatstical wrminclogy, any numerical
conslant derived From a population ar a
probability distnibotion. Specilicully, it is an
arbitrary crnsiant in the mathematical cxpression
af a prohatility distribmtion. For example, in the
distribuiiom

flx) = ce™

given by the constant ¢ is a parameter.

Parameterizalion — The reprosentation, in a dynamic

model, of physical effccts i lerms of admitedly
aversimplifeed  parymeters, rather than

Th

Partial comelation

realistically requiting such effecis 1y be
comseguences of the dynamuwes of the systam.

A cummen cxampie is the assigning of a
valug wy the savic stability iog meodde] when this
property should properly be determined by the
lemperalure variations at twn or mare levels,
Such technigues are diclated by mathematics!
convemsnce, amd Ure elfects on the hingl resgles
iwusl be judged in the conwext of e pacticular
problem reawed.

Pararietric equanans — A set of equations in which

the mdependaat variables or coordinales are each
expreszed in torms of a paramerer, Foe example,
instead of investigaling +=T, or Fleyi=0 1t is
often advaniageous 1o gxpress both £ and » in
terms gf a parameter w a=glu); v=Gk), The

raramcter may or may ot have g uscful
geometric or phivsical interpretation.

Farapet - A low wall bult along the cdge of a

Struclwes as on a seawall or quay.

Parseval's thearem — A theorem relating the product

of pwo functions 1o the products of theie Fourier
serigs compongnts. [F the functions ace fc) amd
Fig), and their Tourier scries components have
respective amplitudes a bl, and A, B,
Parsaval's thecrem slates that ooder cerldin
peneral conditions

T -
L foFadr = Laswo+ T (aaas B0

A=l

There is an analogous theorem for Founer
transforms.

The correlation betwoen the
residuals of two random varables wilh respect 1o
commen Tegressors, Denoting the regrossion
Tonction of e vaniates v and 7 with respect o a
commaot 561 of regressors x, X, - %, by ¥ and
Z, the coefficient of partial correlalion belwoen v
and z ix defined as the coefficient of zimple,
lingar comelation between (v~ ¥ oand {7 - 2.
To estimite the partial cormelation, it iz usually
neCessary 19 Tesort to sample approxmations ¥
wnd Z"of ¥ and Z. [n that case, the estimate of
the partial comelation is the sample velue of the
coelficient nf simple, lincar correlalinn between
(¥ —¥7and {2~ 27,



In the simple case in which ¥’ and Z* arc
Laken as lmear funcdons of a single variahle x,
the xample extimate r, ol the partal correlabon

coefficient 1s given by the formula
Twr Fydlix
Y(L-rad) (L-ru?)
where Lhe symbol r o denotes the sample

coefficient of linear correlation batwean any patr
of variates u. v,

Tyza =

oo regression.

Partial derivative — The ordinary derivative of a
Tunction of two or more vanables with respecl W
one of the variables, he others being constdered
constants., IF the variables are x and », the partial
derivatives of f{x,y) are writtan 279z and affch,
or L f undd d)f, o f, :mdf;. The purtial denvative
of a variahle with respoct o ime s known as the
local derivative,

Partial tide - {Also called tidal eomponent, kdal
constituent.) One of the harmonic componcals
comprising the tide at any point. The penods of
the partial tdes are derived from various
combinations of the angutar velocides of carth,
sum, eon, and stars relatve o cach other.

Particle weloeity — In ocean wave studies, the
instantanecus wvelocity of a water particle
undergoing mrbiial moton. [; has the scplar valpe

T gt
T

where T is the wave peniod, & the wave height,

z the depth below still-water level, and L the
wive length, AL the erest, it direction is the
zame as the direction of progress of the wava, and
at the ough it is in the opposite direcrion,

Puaural's law — A hydrostatic prineiple thal pressure
applied to an coelosed Quid is transmitted
undiminizshed 10 every portion of the fluid and o
the walls of tha containing vasgsel,

Pass — In hydrographic usape, a navigahle channel
Lhrowgh a har, recE) or shoal, or between closely
adjacent ixlands

Path = Same as ryeclory,
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Pattern recognition - The action of recagnizing a
rcliable zample of tmairs, acts, or other obsorvahle
(eaturcs,

Fayload - In rcferting to vehicles for scientific
research andfor observation, the Jdimensions
foften only the weight) of e sciendfic
cquipment cartied. This usuatly meludes sensors,
tlaks storage and telemeter pear, and Leloameng
power supply, and somotimes special auailiary
equiptrien| and recovery gear.

PDE - Preliminary Determmabon ol Epiconters,
Pebbles — Sce soil classification.

Peninsula — An elongated body of land nearly
surrounded by water, and connected o a latper
Body of Land

Pereclation — The process by which waler flows
through the interstices of a  sediment.
Specifically, in wave phenomena, the process by
which wave action forces water through the
interstices of the botnn sediment, Tends o
reduce wave haights.

Perfeet (luid 1. Same as inviscid foid.

2, BEpmetimes used for an inoviscid.

imcompressible, homogencous fuid,

3. See perfect mas.

Peripean tide — Tide of increased range occursing
when the moon iz near periges.

Feriod — 1, The time interval between passages, ara
fixed point, of 2 given phase of 3 mughly
periodic ascillation, or more specifically, of a
simple harmonic wave, It is the regiprocal of
fregquency.

2, Sae geplogic period.

Pedodiec carrent - A current cansad hy the tide-
producing forces of the moon and e sun, 4 par
of the same general movement of the sea that is
manifasted in the vertical rise and Yall of the
tides,

Sea alen curenl, Flood and currant, ebh.

Peripdic waves — Waves occuning or recurming al
regular ingervals,



Percdicity  The goality aszribed to o more or less
perioilic variation,

See neriod.

Permgnent wave A wave (in a fuid) moving wilh
ooy chonge in streumling pattern, and which,
theooefore, 15 a3 stationary wave relative oA
cooedinate system moving with the wave.

Permenhle groin — A groin with openings laric
ennuph 1o permit passage of appreciablc
quantiries of ol doft

Vergislence — 1. Tn general. the wadency for the
necurrence: of a specific event ko b morc
arababda, at 4 piven time, if Qial same Gvent hay
sccurred in the immediaiely preceding time
pericd,

2. The previons vabue in a tims sedes. Thes,
if x(¢y denotes the prosemt value, the value of
persistence wauld be xir — 13, whence the latter
value is jegarded as “persisung.”

Perturbation = Any departure introduced into an
assumed steady state of a system, The magnilude
of the departare is wften assumed w0 be small 5o
thatt produst werms in the dependent vadables may
ka naglactzd, the wm “pertimbation” is therefors
somclimes wsed as svnanymeus with Hsmall
permuchation,”™  The perturbaticn may  ba
concentrated al a point or in a finjte volume of
space; or L may be a4 wave {sing or cozina
function}; or in the case of o m@Omg sysiem, it
may be syrmmeirie ahonl the axis of mowton; or
tr may be a displacement by the parcel rmethoud
The mathamatical work: in an instakbility prohlem
may be faciliated by periorbaion technigue,
whether or not the equatens are Hnearized

Perturbation equation — Any eqoation governing
e bebavior of a perurbation, This may or may
1wl be g lincarized differential cquation,

FPerterbation tnethod = Same as method of small
perurhbanons,

Perturhation maotion — The maoten of a
Jdisturbance {usually bul nol necessarily assumed
infinitesimal}, as opposed w the motion of he
stcady state of the svslem o which the
perturbation is superimposed.

™

Merlurbation thenry — The systematic derivation
of fincarized aquations of sysems by the methmd
of small pertarbations, ¢xhibiting  the
axzomptions involved, or any mosde] derived by
wse af this method

Phase = The onsel of a displaccmuent or oscillatiun
an a setsmogram indicating the armval of a
differant rype of scismic wave,

Phase angle - 1. For any type of ponodic oustien
(.., rotation, oscillalon) a ol or "stage” in
Hue perieal w o which the roodon has advanced with
respec! w a given initial point. Specifically,
phase or phase anple is the angular measurs
along & simple harmonic wawve, the linear
distance of one wavelenglh being 3607 of phase
measure. This is olten generalized by equating
one cyele of any oscillation to 2607, Sze delay,
tnterlrence,

2. The State of aggregation of g subsuancre,
lor exarnple, solid, liquid, or pas.

Phase constant — Sco poopapabon congtand.
Phase delay — Sco delay.

Phase diswyrtion — The disiortivn which ooours in an
instrument when the relative phases of the input
signal differ from those of the cutput signal.

Phasc Front — {Or wave fronl)y A surface of constant
phase (or phase angle] of a propagating wave
disturhance. Generally, phase fronts spread out
spherically feom their source, but in cases whert
energy is assumed to travel in parallel mays (58 in
many radiation problems), phase froms may be
approximated as plane surfaces orignte
perpendiculady (o the rays.

Phase inequality — Vanations in the bdes or idal
currents associaed with changes in the phase of
the moon in relation (o the son.

Phase madulation — Modulation wherns inlormation is
conveyed by varving the phase of a constant-
amplitudc camicr wave.

Phase shift - A change in the phase relationship
betwoen two waves.



Phase speed - (Or wave spead, also called phase
velocity, wave welocity,) The speed of
propagation of a point of constant phase {or
phase angle}l of a simple harmonic wave
component, Thus, the compenent sin{2mfA (o -
ot represents 4 wave of length A traveling in the
posilive x-fircction with phase speed o This
concept st he distunguished from signal
velocity, group velocity, and the velocity of Auad
parcels. In ogcanography, the terms wave
velocity or wave gelenty arc used more
connunonly dian prbuse spaeed.”

Phase velecity — Same as phase speed.
Physical lorecasting = Same as numedcal lorscasting,.
Physical hydrodynamics — Ses hydrodynamics,

Physical model = A scaled sepressntaion of a harbaor,
bay, acrcastline, or any hasim or bady of water,
ermstructad for the purpase of studsing the effecis
of wave acoon, mnuap, o any tvpe of Aogding,

Physical modeling - The methedology wsed o
duplicate processes and evants which occwr in
nature and their effects with the nsa of scaled-
dovwen pheysical models.

Physiography — Same as gecmorphalogy,

Fi-theorem — A principal theorem in dimensional
anzlysis that may be stated as fallows: Suppose
wi have a dimenstonally homagenecus celation
i, By .1=01in a dimensional variables, o
A, ¥, ..., vulid for a certain system of m
lundumental units. The equation may then be put
in the ferm F (., m,, .00 = 0, where the #'s are
the o - m ldependent products of the variables
& B . which are dimensionless in the
{fundarnenlal units.

Picr - A structues, usually of open construction,
catending out inin the water from the shore, to
serve ws o landing place, a resrcacional Faciliny,
eli., rather than e allord coastal protsction, In
the Greear Lakes, a lerm somelimes improperly
applied to jettizs,

Pile — A Tong, heavy omber or section of concretz or
metal @ be driven or jetted in the cacth o
suahed 0 scrve as a SUpPOrt or pretection,

"
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Pile, sheet — A pile with a generally zlender flac
CrIss secuon 1o be driven in the ground or seabsil
awud meshed or interlocked with like mombers m
form diaphrigm, wall, of butkid.

Piling - A graup of piles,
Plain, coastal — See coasial plain.

Plunelary wave - 1. Same as long wave (11

2. Jams as Rosshy wave,
Planetary-wave formula — See Hosshy wave.

Plane wave ~ 1, Same a:z plane mruvity wave: soe
RIATYILY warye.

2, A wave i which successive phuasa fronts
are plane surfaces, parallel w each other and
erented perpendiculacly o the Nrocpon inowldch
the wave is waveling, Plane woves may be
amaumed 0 ealst uver arzas sofficicntly Far
comorved from the energy wource,

3. (Also called two-dimensional wive) Ay
wave represented onu fla surface

Sec plone anosplieric wave.

Plate tectonics — A model of the Barth's ooter
shell that assumes that it is made op of 2 small
number ol vory large plalcs moving reladve 1o
cach other,

Plate Lectonic theory = Global ‘ecionics based
on an Earth model characeerized by a amall
aumber {13 1o 25 of large, broad, thick
platesiblocks composed of arzus of hath
gonnento] and cecunie crust and muandejcach of
which “floars” nn snme viscows umderlayer o the
mantle and moves more or loss tndependeady of
the others. The coatinents form a part of the
plates and move with them, like logs frowen o
the ice floes.

Matear — A land area {usuvally cxenyive) having a
relatively lewe! surface raised sharply above
adiacent land on a1 least one side; table Tand, A
similar undersea Feature,

Pleistoeens glacial cpoch — Same ay Quualernary Iee
Age.



Flaiswwzne = The physical extent (glasicricatim]
wlor glacianon — the geologi resulls of the
musl Tecent oe age, the Quatcmary T Age. Tuis
su named Becatse i1 occurred in the Plaistocene
cpoch of the Quatemary pernod,

Pleiswcene Ioe Ape — Swoe as Quatemary Iee Age.
Ploling — Soe map plotting,

Plupge point — 1. For a plunging wave, the point at
which the wave curls over and Falls.

2, The final brang point of the waves just
hefore they nush upon the beach. (See Figure A-
1

Plunging broaker — See breaker,

Poeumaiic wave generator — A device oscd in
conjuction with physical medels [ generate
waye actlivity and powered by compressed ar
PTasSure,

Focket beach - A beach, usually emall, in & coastal
recnlmant or betwesn Lwa litoral batriers.

Froint — Position ar time of oeoumencs.

Point soprce — With respect o radiaodn, a single
point  in space emirting  radiation, In
tvdrodynamicy, o souree af mass, i.0. 4 singolar
point in the leld where the equation of
conlinuity fails. For Tsenami purposes, voloanic
erpptions. landlslides, and man -made explosions
which may goncrate tsunamis, ars considersd as
point sources,

Poiszon disoibulion - A one parameter discrete
frequency distribution wiving the probability that
n points (or events) wil be {or ocour) in an
intgrval [or ime) x, provided that thess paines gre
individually independent and that the number
QCCIITInG 10 2 sub-tnterval docs not influence the
number occurring in any other non-overlapping
sub-inrerval. It has the form Pimx) = e **
(ex1™n!, The mean and variance are both &x, and
£ is the average densety {or rate) with which the
EVENS DOCUT,

Whean kx 15 large, the Poisson disiribution
approaches the normal distnbuton. The binomial
distribucion approaches the Poigzon when the
number of cvents a becomes large and the

B}

probakdlity of success p becomes small o such a
way that mp =+ kz. The Poisscn distribution
arises tn sach problems as radicaclive ond
phatacleotrizemissiong, thermal noize, sorvice
demands, and telephone maffic.

Poizzon cooation — The partial difforential equation
\"’11;; = F

where V2 s the laplacian cperator, ¢ a scalar
function of posion, and F g given function of
the independent space varabtes. For the spegial
case F =10, the Poisson equatton redyecs w the
Laplace couarion.

Posson’s ritio - Doformations are changes in form
produced by external [orces or loads that act on
non-rigid bodies, Daformations are longimdinal,
&, & lengthening {+) or shortening (-} of the body.
Unit deformation {dimensionless number) is the
deformation m unit distance, Lnit longitndinal
daformation s s=efl.  Accompanying a
longuudinal deformativn = 15 a2 lateral
deformation e The ratic of &' J = is Poisson's
ratio, which differs for different matenals,

Pnlar axis — 5o polar coardinates

Polar coordinates — 1. In the plane, a system of
crvilinear coordinates in which a point is bocate:d
by its distance r From the ongin (or pole) and by
the angle # which 2 line joining the given paint
and the origin makey wite 2 fixed reference line,
called the prlar axig. The relations between
reclangular Carlesian coordinates and polar
coonlinaiEs ame,

x=rcos 8 Pz 2+ ¥

where the origins of the two systems coingide
and the peolar axis coincides with with the x-axiz.

2. In space, same as sphencal coordinates.
See adzo cylindreal ooordinaizs,

Pule — 1. The crigin af & system of polar conrdinates.

2. For any circle on the surface of o sphere,
the poirt of intersection of the surface of the
sphere and the normal line through the center of
the circle, The Nonh and South geographic poles
are the poles of the equator or of any other
Latituda circle,

3. A pont of concentration of eleciric
charge. See dipole.



4, A puint of concenrration of magnetic
force. Sce magnetic pole.

Polynondal — A marhematical exprassion of the form

an+ ax + azet= e’

where the a's are real or compiex numbers and n
b5 A positive integer, called the degree of the
polynetmial: or, 0 gensral, a weighted sum of
prodducts of intepral powers of two ar more
vartahles,

Fort A place whese vesacls may dischares or ceceive

CArgo: may be the entire Rarbor including ils
approdaches and anchorages, or bay be the
commercial pare of a burber where the guoays,
wharves, faciites o wanafer of cargo, docks,
and repair shops are situarad.

Fotential = A functcen of space, the gradient of which

15 enual ur a Morce. In symbaols,
F=-¥g

where F is the force, ¥V othe del-operator, and o
the powential, A force which may be so expressed
iz saicl w0 be “conservarive,” and the work done
AgEAingL i in mouon (I one given cguipowsntial
surface o another 15 iosdependent of the path of
he munson.

Pntential energy — The cnergy which a boady

prassEsses 45 4 consequence of s position in the
ficld of gravity; numericaliy equal 10 the work
required W bong the body from an arkitrary
slaiislard level) usoally eken s moan sca level,
i3 given positon,

See Kinelic energy.

Poreniial energy of waves =In a progressive

oscillatory wave, the energy cesuliing foon the
clevation or deprassion of the water surface [rom
the undisturbed level.

Potzotinl gradient = In general, tie local space me of

change of any potental, as the graviational
potential gradient or the welocity pulewial
gradicnt.

Fotcntiometer — 1, Ao instroment for measueing

differences in clectric potential, Fssentially, this
instrument balanccs the unknown voltape agamst
a vanable known voltage. If the balancing is
gccomplished auwmatically, the instrument 15

Bl

Poraecr density specteum

called a  self-hslancing  potentiomerar,
Prizantiometers are freguently wsed in conjunc on
with thermeocouples for measurine temperatur:.

2. Ao variable clocims resistor,

Power — The tale, allen expressed in watts, at which

energy is fed w or lken From a device; gencrully
urabngons to Aok, In racder it usually refers o the
e al which mdic engrey e radiared from or
received Al the antenna,

Prwer density - Powcr per anit arca: peacrally

angllogous o Pux densicy.

{(Sumetimes called powser
spectrum. ) A measars of the seomibouon 1w the
(vl vananee from a given [regoaency band in the
generalized Fourier representaten ol a candom
fimetion, If Ay is random fanction, the towi

BNErgy f Fir is infinite, so the Fourier

intcgral Tepresencalion is inadequate. [f a
trunsferm is defined over a fiake inwerval

Fria) = _Lf' e X
imgiT
under suitably restriclive condiunng rhe power

donsity spectrum may be defined as
Lim 2P @y

The thegrzm, proved by N0 Wicner,
establishing the analogy belween e anaiysis of
ramlom funciions and ordinary Founer analbysiz,
1% that the power deayily specirum 15 the Founcr
trapisformn al the autocommeldion functions, which
is defined for randcm functions as

lim i ]Trf(:}f{r + )t

Sec power Epecaun.

Prwer serics — An infimiie sencs al i reasing powers

af the variable, of he fom

T gt =an+aI+axs +
il

A N Al

Eoth the variahle aned the coefficients may take
on complex values, The (otality of values of x
for which a power series 15 convergent is valled
the interval of convergence of Lhe series,



Power spegtrur — 1, The square of the amptitode of
the (vomplex) Fourier cocfficient of 4 given
perixdic functivn, Thus if fe} is periodic with
pirial T, s Fourer cocflicicnts ans

oo
Finy = TLL Flireaidy

whers g = 2 T, and the poweer spectrum of fin
s Pl Here a takey integral values and the
spectrum is discrete. The total energy of ths
perivdic function is infinite, but the power,
coergy por urst period, is fnete,

In the caxa of the aperiodic funclion
coataining finite ot energy, the enargy density
ypecimm 18 the comesponding spectral function.
This is a continneny nction of frequency and
therefore has dhmensians of energy/frequency
(encriy denging.

In the case of a random Fencticn containing
infinite total energy Dut not periodic, the power
densigy spectrum iy the comespeoding speciral
funcuen,

The mathematical conditlons puverning
analogons thearems i Lhese three classes of
functions are different. However, wheo aciual
compulatiens of ohscreational data are involved,
a finitz number of discrele values are used, and
tho cffect 13 the same av f the Tunction were
wizumeil b be periedic vulside the interval of
computalion. Thus, it is the power spectrum
which s exhibited. Bur all types of spectra
refeered e may be considered as maasures of the
contribution of given freguiencias in the Fourler
gepresentation of the original functon,

The teems “power” and “encrgy™ are usually
reained 1o indicage relative dimenginns regardiess
ol the ycroal dimensions of the lunctions
analyeed, which may be functions of space as
well as time. Campuotation of the power
SPCECITIL in practice may he facilitated by use of
the thearem that it js the Fouricr coefficient of
1he anocorrelation funclion.

2, Bane as power densily spoctram.

Precursor — The obscrvation of a number of
anomalaws physical phenomena prior o the
vecureence of sarthgquakes {lermed preeursoes) has
prompeed research into identifying and verifying
them as poszible indicators for routine use in
carthquake prediction. They types of preeursers

that have been idenulied fall into the camporics
af crustal deformalion, scismic activity,
geochemical and hvdrodogical anomalies, and
other Lyhcs ol preophysical anomalics.

Prodiciand - See repression.

Prediction - The art of makiog a Torecasr: or, the
orecust itselll The ation or results of estimaning
abjeglively wome quantiacive parumeters of
cvents, for which e resules are unknown,
uinally 1o the future. A prodiclion procedure id
tedchable.

Predictor = Sccmegression,

Pressure wave = A short-peried oscillation of
pressure such as chat associmted with the
propagation of sound through the atmosphere: a
type of lengitedinal wave, They arc usually
recorded on sensitive micmbarographs capahle of
measuring pressure changes of amounts down o
10— mb. Typical values for the period and wave
length of pressure waves arc ;. to 5 saconds and

100 m w 15K m, respectively.
Prevention — The act of preventing or hindering.

Primary sherzlines = Sharelivgs where the coaspal
region has been mainly formed by [errostrial
ageaes, such as rivers, glaciess, deltas, wilcianoes,
fulding, and faulting.

Prim:tive equaticns — The Luledan equations of
totion of a fluid in which the prmary dependent
varables arz the fhuid's velocity components.
These equations govern a wide variety of luid
molions and form the bhasis of most
hydrodynamical analysis,

Prism - Ses udal prism.

Frohahility - The chance that 3 prescribed event
will occar, represeneed as 4 pure number gz in the
range O<xk, The probability of an impossible
avenlt if zero and that of an inevitable event is
unity. Probability is estmated empirically by
relative frequency, that i, 1he number af times
the particular event oeours divided by the total
count of all events in the class considersd,

See probability theary,



Probability deosity

Prohahility

Function — {Or deosity
funclion; also called frequency function.) The
sratictcal luncion which shows bow the density
uf poszible obzervalions in a population is
diziributed. It is the derivative flx) of the
distribetion moction Flx) of a random variable if
Fixy i diffcrentiable. Geometmcally, Jx) i the
ordinate ol a curve such thal Mxpdx wiclds the
probability that the random variable will assume
some value within the range of dx of x. The
dangity funcrion is non-negative and s ol
inlegral i opity. Somszumes the probability
density lunction 13 called the “distribution
fungtion,” but this practice causes confusion and
i o recommended.

Prebability  distribution = The mathematical

descriptiog of 4 random  vanable m tzrms of (s
admisyible values and the probability associated,
in an appropriate sense, with each valpe. Tha
probability dismbution of a confinnous varale is
delined by stating the mathematical cgwarion of
the distribution function F{x} or the probability
density function fix) (if i exisls) wogether with
the rangs over which e equatien bolds, The
probubility diswibuton of a discrete variate is
commonly delined by staling the equation for e
prabability p(z) thar the vanae will wisume zoy
particofar value x, and indicatiogs whal valoes ane
possible.

Probahility distribution functiom — Same as

distriburion funcdon.

intepral - (Also called error
funcung, el The classical Foem (strll wadely
used m enginsering work) of the definits integral
of the gpecial normal digributien Ffor which the
mgan g = 01 and standard deviation o= 192,
Geometically, the prohability intepral equals
L area under Uus densily curve belwean —z and
z, where z is an arbivary positive number. {Jfien
denated by the symbel ez read Yerror Fanction
of 7™ the probability integral is defined thos:

afz= %_L; e¥dx .
T

Modern swanstical usage favors the unit
normal variuwe w, which i such that =0 and o
= 1. The relation Beracen the probabiality indegral
erf z and the distribution function F{u) of the umt
normal variate w is a5 follows

#3

Probahble

w positive:  F{u) = ; +2|—r:rf|fr;.-"'frfj ,
wnegative:  Flul = é- -}]—uf (-2

Sec unit norral disributon.

[robability thenry - The mathematicul heary of

random {nondeterminislic]) pheaomena.

Probahle error — The magniude of a deviadon

from a swadsue which will he cxceeded wil)
probabiity ol (050, or oo batl the otcasions. For
a normal destribution i1oas 06755 tmes the
standard deviation. The probable coror s nat
“probable” inany peonliar sonse and should have
to more significance attached to it than the
above,

maximum  water level = A

byperthetical water level (exclusive of wave runuap
{rom normal wind-gencrated wanes) that meght
result from the most scvere combination of
hydiometeorological, geoscismic and other
gzaphysical Factors that s considercd rcasomahly
prssible in the region mvolved, with each of
these factons considered as nffecting the tocality
in & AL UM IRANDCT.

This leval represents the physwcal regponse
af a body ol waler fo moaimom  appliced
phenomens such as burmicanes, moving sguall
lines, other evclonic meteorological events,
Lsunaris, and astronomical tide combined with
maximum probable amhbient hydrological
gondidons such as wave setup, bl ruoodf,
amel miver Flow, It 15 4 water levet w_th virwally
iy risk of being excecdsd.

Product-moment — The expected value ol a prodnct,

Brofile, boach - The intersactton of the grourd

surface with a vertical plane:; may cxtend [rom
the top of the dune line wot the seaward lhod of
sangd movemnent. {See Figars A-1.)

Profile {of wavel - In occanography, a graph ol the

value of the scalar quantity of 4 wave vemus a
horizontal, vertical, or time scale. [t uwspally
refers o a vertical Tepresealalon.

Progrostic cqualion — Aty equation govoming a

system which conlains a time denvadve of a



gquantity and therefors can be used 1o deteemine
thue vatue of thul Quantity ot a later time when the
other 1erms in the equation are known (for
example, voricily cquatiod ).

Compare diagnostic equatien. See also
regression,

Propression (of a beach) = Sce advance.

Propressive wave - A wave which moves relative
19 a fixed coordinate sysiem in a floid.
Fropressive waves are 1o be distingaished from
slationary waves which show no relative
translation. Standing waves can be wreawd
mathematically as twoe cgual amd vpposiwty
dirpeled progressive waves sUperimposcd 1w
cach pher.

Promoentory = A high poinl of Tand projecting o a
by of walcr; a headlamd,

Propagation = The act of causing to spread out and
alfect a preatar nunebar or grealer arra

I'ropagatinn of waves —= The wransmission of
waves actnss a body of water.

Protection - The act of defonding againgt a danger.
In the case of sunami prolccton, the actvilos
and safeguards empleyed to reduece or climinae
the powendal destruggve effects of a tsunami on
people and propery.

Protorype - In laboratory uwsage, the Foil-scale
wnetre, concepl, or phenpmenon psed as a
hasis For construcling a scale madal or copy.

PAML - Permanent Service for SMean Sea level.

FTWC - Abbreviation for Pacific Tsunamt Warning
Center. PTWC is the headquarters of Lhe
operatiomal Tyynami Warning System in the
Facific and works closely with other regional
ralicnal cengsrs in moniring seismological and
ticlal swavans gnd instruments around the Pacific
Ogean, to evalpate porentially sunamigenic
varthgquakes. FTWC is operated by the United
Staes Mational Weather Service,

Public Education Activities, publications,
audicvitual side and any other educational
malerials or procedures used 1w ingtroct the
peneral public about the poiential risks of

tsurnamss  n grder Lo axsist them in
understanding tie potential hazards and the means
ol protection

-Q-

Quurtile — Ome of 1 set of numbers (a quantite} oo the
random vanable axis which dividz 3 probabalily
digtribution into four equal areas. The Lhree
quartile points which lie between the extremes of
the distrrbion are designated as O O £ and
are defined in lerms of the distribgbion fanction
Fiat oy followa:

FIQ = A R, ) = 50 D) = 75
Thus 2, coincides with the median. In cmpincal

relative frequency tables, the guarties are
esimaked by interpalaticn,

The interguartile range 262 is the dismance
from ;w0 {,; balf of this distance @ is valled
thc semi-interquantile range {or quartile deviation)
and 15 somatimes ased as a crude measare of
vartability or sproad,

CQuasi-hydrostatic approximagion — {Or guasi-
hydrostaic assumption; alse called hydrostatic
appronimation.} The use of the hydeostalic
Gquation as the vergcal equation of maolicn, thus
imnplying that the vertical accelerations are small
withoul constraining them (o be zero, This
compromise takes advantage of the smallness of
ocganized verical aceelerations in ¢yclonic-scale
molons while allowing thegretically for a
realistic distibutiom ol vertical velocities, which
may be compuied from the other equations of a
closed system. Dwnamically, the eliecl of the
guasi-hydrostatic approximalion is o elimingee
or fulker aut the higher frequencies, comresponding
ro soknd waves and certain (bul noi all) gravily
waveas, from the tundamental equations, while
retatning the frequencies corresponding
CYC)omic-scate molions.

Combined olten with D guasi-geastmphic
approximation, this assumption 15 much wsed in
theorpt:cal work associated with numericsl
forecasting. An example of phenomena to which
i 15 tnapplicahle is the lge wave, For the
discussian of 1this and other wpés of gravily
wWaves, il 18 common 1o assume hydrostatic



equilibrium in the basic Alow hul nol in the
pertrbation.

Sce filtering approximauocn, hydrasiatic
approximation.

Cruaternary fee Ape — The ice age of the Quaternary
period (the lalest pecied of geologic time),

Quay (pronounced ke — A stretch of paved bank, or
a solid arubicial landing place paralled o the
navigable waterway, for wie in loading and
unloading vessecls,

—R—

Radial symmeiry = The svinmeley 2f o configuration
whose properlics ace functions only of radial
dislaree from an origin, and thus independent of
the azimuthal coordinate in twa dimensions and
of azimuthal and lattudingl coordingles in thres
dimensions. Radial symmeatry in bwo dimansions
iz often called circular symmckry; in three
dimensions, spherical symmetry.

Radian - A wnit of angular measore, one radiag is
that angle whose intarcepted arc on o crcle 14
equal in length 1o the radins af the crcle. Thus,
A radians equals 180°.

See also dagree (1),

Radiant cnergy — 1. {Also called radiation.) The
energy of any bype of electromugnetic rudiation.

2. Infrequently, any ctergy that may be
radiated, as, for example, tsunami enargy, or
SOMIC LOCTRY.

Rudiarion pateen - {Also called snt¢nna pattem, lobe
pattern, coverage diagram] A diagram showing
the intensity of the radiation feld 1o all dirsctions
from a transmiting radio or radar antsnnz at a
given distance from the antenna. [t wsually refers
to the geometrical 2o0lid in space which
cncompazses all of the lohes of the antenma. For
a recelving antenna, it 18 the respoase of the
anlenna o 4 signal having unit {1e1d strength and
arriving from all directions. The transmitthing
and receiving radiation patterms for a single
antenna are identcal.

Two lypes of radiation patterns should be
ilistinguished, They are; {1} the [rec space
radiaton parterm which s the complae lobe
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pattem of the antenna and is a Tynction of e
wavelength, feed System and  rellecior
characteristics, and (k) the field radiaton pattern
which differs primuanly from the fee space
pauern by the formadon of inerlerence lobes
whenevet direct and reflected wavetrains interferg
wilh each other a3 is found in most sudace hased
radars. The cnvelope of these mierference lobes
bhas the same shape, but, for a perfecily ceflecting
yurface, it has up 0 ewics the amplitude of the
fres specr rrdiation pattem,

ltadio erergy ~ Cleciromagnetic radiation of greater
wavelength (lowee lrequency) Lhan infrared
radisvion, that is, of wavelength greater than
about 1000 microns {0.01 cmy, The high-
frequancy end of the radin-aneroy spectrue is
koown a3 microwave rdisicn,

Sze also radar froqusney bBands, radio
frequency bands,

Radiv frequency = { Abbrevisied PF 1. The {requency
ol mdio energy. Roughly thiz hes between 101
and 102 cyeles per second.

Radic [requency band -~ A subdivision of the radia
frequency portion of the elactromagnedic
spactrum. The following table denufies the
particular bands now inows,

FriapUescY 3AND PRECUESLY RANGE

V1F Very Low Frequency =30k

LE Low Prequency 1INk

T Meliom Frogqueney 001 30

I High Frequency 1004 -3,000%:
VI Vere Bigh Frequency 30- 310

LMK Ultra High Frecueney 300 1000 e

SHF Super Hligh Frequoncy 0003000 hmae
ETF Eatremaly High Frequency A 000-390, 8 U

Radig hole — Swong fading of the radio signal at
sUmME Position in space alonyg an air-1o-dr of air-
to-ground cadio path. The effect i3 cawsed by the
abnommal refraction of radio waves,

Radio horizon — The locus of points ul which direct
rays from a radic ransmitter beoome tangential
1o the earth's surface. The radio hofieon extends
beyond (below) the peometrizal and visihle
horizoas as the result of normal atmaospheric
refracuion, [t may be decreased or increased in
particular cases as standard profagation Qs
teplaced by substandard propagation nr
syperstanderd propagation, respectively.



Beyond the radio harizon, surface targels
cannion be deteeted crder nirmal aimosphenc
comditinny althouph significant amoans of radio
power have been detected in the diffraction zone
below the harizen. It 13 now felt that thig
repredeals poser seatiered by trbulence-paodncad
alegspharic inhomoreneitics.

The principal conclusion of classizal
investigaleds of errors of measurenwent (hy
Crauss and Laplace} was that, a5 a cansequence of
the contral limit theorem, repeated megsurements
undler controbled comditions usually Toflow the
normal diiribution, and the corrssponding
disributicn of the randam error is known wg the

. . error dismitubogn,
Assuming 8 smeooth surface, the distance of

Lhe I..'Drimn s given approximaicly by the Random numbers — A s2t of aumbers arranged in
equanan random ordar,
R=v2

\ . . . . Eandom zample — A sample selected at random [rom
whers B8 the distance im statpte mides and Aoy v P

a Lation.
th hedght, in feet, of the radar anenna above the popu
surl BCe. Random variable — (Cr wariale) A variahle
See  affective canh  radios, scatrer characterized by randor hehavior in assuming i
CTOAgatiom. different possibie values. Mathemarically, i is

described by its probability distribution, which

Rulio wave = See alecuromagnetic radiation, radio spegifics the possible vakues of a random variable

en2rgy. wyther with the probability associated (in an

apprirpriale sensc) with cach value, A random

variable is 54l W he continuons 10 s possible

valoes eatend aver g conlingum, discrete 3F s
possible values are separaed by Rniwe inwrls,

Eadliuy vector — Sze sphetical coxortlinales,

Fuewdio = Eluding precise predicrion, complately
ircegular. In coonection with probability and
statisticg, the teem random implics collective or
Tong-run regolacty; thas a long recotd of the
kehavior of o rapdoem phenomenon presumably
gives 4 fair indication of its general behavior in
another long record, although the individoal
observatiung bave no discernible svstem of
Progression.

See probability theory, sratistical

independence,

Range = 1. The difference bepween the maximumn and
minimum of a given sct of nombers: in a
periedic provess it is twice the ampliode, ie.,
the wave height

2. The distance between vwio ohjects, nsuplly

an observalion point and an gbject ondsr
obzervaton, See slanl range.

Compare numletarm inistic, stochaste.

Fgndom error — The inherent imprecision of a given
pracess of measorement; the uopredictable
componenl of repeated independant measantmenly
on the same ohjcct onder sensibly unilorm
conditions, It is fund experimentally that given
suflicignt refinement of reading, a serics of
incepemdent measurements x,, x;, . .., X, %ill
vary ong from another aven when conditions are
sl sringently conmmalled. Hence, any such
mueasuremeinl x; may he regarded as composed of
Lwp (rms:

Kaw moment = [n stalistics, a momeat laken ghout
the origin.

Ray — An zlemental path of radiated cngery, or the
engrgy following (his path. [t is perpeadicular
the phase froncs of the radiation. In esunami
wirve Tefraction, an arthoponal.

Ray diagram = A wave relraction diagram where
the wave energy tays or orthogonals are shown
X =Mt with or without the wave fronts.

where 1 {ordimarly the wue value) iz a numerical
constant common o all members of the seres
and wv., the random error, 15 un yoprediclable

deviation lrom .

Ray tracing = A peocedure wsed in the praphical
determination of the path lollowed by 2 single
ray of radiant energy as il ravels throogh media



of varying index of refraction, Tty defining
e TR T30 WE
| ¥l

R

k= sin &

where & is the curvatare ol the ruy, Ve the
gradient of the index of relmaction a1, and te wngle
betwean the initial origntation of the rav and the
voo o giving the direction of ¥a,

Ravleigh wave — A type of surface wave having a
retrograde, clliptical motion at the free surface, it
ig named afier Lord Rayleigh, the English
physicist who predicted s existence. [t s a wave
propagated along the serface of a semi-infinite
atasiic colid, and Beanng certuin analogics tooa
surface gravity wave ina flud.

Real time monitoring — The conrinoouws, around
tha c¢lock, operational survetllance of
instrumentation which monitars  imporant
seirmic and oceanopraphic paramcters for the
purperse of detecting and measaring sarthguake
and tsunuemi charsetenistic clemems necessury For
the issuance of tsunami information, watches,
and warmings,

Receiver = 1. The initial componenl or scnsing
elemeant of 2 measuring systam.

2. AD instrument pred o detect the prosenca
ctand to delecmine (e informaton cammied by
elecoomagnetic radeation. A receiver ancludes
circuits designed e deteet, amplify, rectify, and
shape e incoming radio-lreguency signaly
received at the antenna in such & manner Lhat the
information-contgining  gomponznt ol this
recedved cnerpy ean he delivered o the desired
ulicatng or recrrding couipmante

Regeivar pain — See gain,

Rucession — Drop in the level of tha water usoally
procecling the amival of Wunami saves.

Recorder = A device of an instmament wlich reconds
or regigters anan analog or dipilal formal a
wariation or change of an environmental
parameter, In punami waork, & device which
recoarls earthnuake or water level data,

Ruectomgular Cartesian conrfingtes — Sac Canesian
corrdinabes.
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Rrctangelar curvilinear coordinates — Soe Lurvalinear
woardinales.

Recorrence formula = A forouls which relates
successive members of a sequence of erms or
tormulas 1o earlier membery of the sequence, za
that all member: may be determined in pader.

Recorrence frequency ~ The repelilive cvele of
ocurmence of 4 natural dizaster sech as an
earthquake or a [sunami.

Recurrence interval — S3ame 38 reiwm period.

Recurrence period = When applied o the
repelition of such rare cvents as large desiructive
carthiquakes and tsumamis, a most 2lusive
parameter, snd yet one thar has the maost
sctenufic and soeial impact [nis the eelimatad
time nferval between the occurrance of eventy,
Uswally, the larger the coent w in magnimde and
desrructiom, the longer £ the reeumence period.
For cxample incorporatmg the concept af
Carrence inlervals into the seistic gap model
hypathesis has enabled the development of Lme-
dependent aarthquake forecasts, and probahilistic
statements of carthquake hazzrds. |he probabilios
for the ocowrence of a Towme event along a
speccifie Ml sepment during some fime intersal
iz a function of both the amaunt of dme elapued
cince the previowes large or great eanthgquaks and
Lhe avergge recurrence ume. Because of the
abserved variability of earthquake recurreoce
intervals at a single locaton or a faull sepment,
the wmporad resoution available wsing storic
and geolopic daw ranges Gom a few decades woa
few wears, at best. Heace, recwitence time
estimales based on thess types of data usnally fall
into the cutegory of carthguuke forecasts. The
same gpplics w the estimates of the teopTenie
perickly of large desiroclive onamis, bot with 2
greater depres of uicenainy,

Reech number — The reciprocal Lg#v? ol the Frowds
number, where g is the accelcradon of gravity, £
4 chargowerisic leogih, snd ¥ oa characterisiic

specd,

Reel = An aflfshore consolidated rock hazard o
pavigation with a least depth of 10 {fathoms
{about 20 meters) or [css.

Reaf, atoll — See atoll.



Ruel, bariver - Seo barrier reef.

Hueol, fnnging = Sce fringing reef.

Focl, sasd — Synonymous with bar,
Releronce Tame - Sarme as ceomdinate system.

Reference sea level — The obscrved clovation
differences between geodobic bench marks are
processed vucugh least-squares adjusiments 10
Juteomine orthometric heights referred 1o a
common vertical reference surface, which is the
reference sca lovel. Inothis way, height values of
all bench mirks i the verucal conwol portion of
4 surveying agency are made consistant and can
be comparcd dircely 10 determing differences of
elevation botween Bench marks in a gredelic
refercoce svslem that may not be dircotly
contiected by lines of geodetic leveling, The
vertical reference surface in use in the United
States, as in most parts of the world,
approximates the geoid, The geuid was assumed
W be coincident with logal mean sea level at 26
wdal stations Ky chtain the Sca Level Duum of
16529 [(ST.0 290}, Nalonal Geodeue Vertical
Datum of 1929 (NGVYD 29 bhecams a namea
change coly; the same vertical reference svstam
hasy been in wse in the United States since 1929
This important verdeal gpeodelc conlrol system
is made possible by a ovniversally acceplod,
reforence sea level,

Ralorence suatioo = A plage for which tidal constants
have previously been derermined and which is
psed as a standard fur the comparison of
simolancous observations al a second stalion;
dlso a station for which independent daily
arediclions are given in the dde or current talles
from  which commesponding predictions are
obtained [or other stations by means of
differences or factons.

Reflected wave — That part of an incident wave
that is returned scaward when a wave iImpinges
an a steep beach. barrice, or other reflecting
surface,

Reflection — The process whereby a surface of
discontinuity tuns hack a portian of the incident
tadiation wnto the mediom through which the
radistion upprogched, For true reflection o ocour
there roust be a real disconunuity of the index of

g8

refraction or al least it muat change over an
interfacial faver of thickness smal! compared to
the wavelength of the radiation, I the change of
refractve index is gradual (a5 may ccow i a
sirabificd wediom) adistion may be returged by a
process of continoous relracuon, not w be
conduscd with reflectuon.

Reflection coefficient - In occanngrapby, Lhe

square oot of the ratio of the spacing hetween
orthogonals in deep water and 1o shallow water,
1 s a measure of the effect of efraction in
diminishing wave height by increasing the keogth
of the wave crast,

Refractipn - The delectinn of a ray of light or of

an encrgy wive (such as scismic wave due Lo i
passage [tom the medivm W annther of difforing
density, which changes its velocite, The process
en which the direction of energy propagation is
changed as the result of a change in density
within (he propagating mediunm, or as the concrgy
passes throupgh the imtecface represenung a
density discomtimuity between pwo media. Inthe
first instance the rays undarge a smooth bending
over a finite distance. Tn the second case the index
of refragtion changes through an interfacial Laver
that is thin compared ) the wavelength of the
radiation; thns, the refraction is ahepr,
cascntially disc oo,

Twy principles, the laws of refraction, o
general describe the Behavier of aiptly reircied
enefgy: ([irst [aw) the refmactsd ray lies in the
same plane as do the incident ray and the normal
to the interface at the point of incidence, e it
lies on the opposite side of the interface; (second
law) the ralio of the sine of the angle of incidence
1y the sines of the angle of refraction i3 8 constant
eyqual o the raso of the sing of the indices of
refmaction of the two madia, The second Taw was
experimentally established by Willshrord Snell
(atroun [621) and is frequently referred o as
Snell's law; this namc sometimes i applicd
collectively to both principles. The fact that
cefraction vares with the wavelength of the
radiation 15 not boought ouwt by the above slated
laws {the shorter wavelengths sapericnce Lhe
greaier "hending™), but this dispersion effect iy
employed by the seience of specoology.

The principles of refracion are applied
anakogously 1o the bending of waves on a water
surface. In gencral, when the depib of the water i«
less than nne-half wavelcogth, deercasing depth



will reduce the specd of the wave. This explains
why waves approaching a beach always wnd 1o
parallel the shoreline,

In oceanagraphy, the square rool of the
cocliicient = ratic of the spaging helween
arthogonals in deep waier and in shallow water.
It is a measdure of Lhe effegt of refractcen in
diminishng wave height by increasing rhe length
of the wuwve crest, Tsunami waves behasve as
shaflovar wealer waves und are cffected by refraction
threrugheul their prggation actoss the occan,

Belmclion coelficienl = The sguare root ol the mbtion
of the spacing betwesn adjaceal orthogooals in
dep watcr and in shallow watcr ar a selected
point. When muliiplicd by the shealing [actloe
and & lackor for fmcbon and percolation, this
becomes the wave height coctficient ar the ratic
of the refracted wave hexghl at any point o the
degpwater wave height. Also the square oot of
the cnergy cocfficicnt,

Refraction diagrum — In ogcanography, a charl
showing the position of the wave crests at a
particular ime, of the suweessive positons of a
particular wave crest as it moves shoreward, in
rospesl to me,

Refraction map — A map showing tho relative
positons ol wavefromes for sclected 1scchronous
intervals,

Register = The writing ¢omponent of a recording
psirumend. Frequendy is is Iecagsd a1 some
distance from he sensing pottion of the
Insrunent,

Regrmanon - At of Registeriog. To record regular
enines of ttems or detals, Tsunami eegasiration
is the charscleristie signaaure on a tde gauge
regord of e wuter Hociuaions due W oo sunami,

Regressand — See ragression,

Rerression — The statistical counlerpart or analogue
of the functiopal eapression, wn ordinary
mathiemates, of ong vangble in eems of others.
A rundom vanable iy seldom uniguely determined
by any other vamables, but it may assume a
untque mean value Jor o prescribed set of values
ol aoy other vadables, The wvariate ¥ 1§
staustically dependent upon other varates 5. 45,

v 5, when it has different probabilivy

isinibutions for different sers of vatues of the
£°5. In that vase its mean valne, called i
conditional mean, corresponding (o given values
of the x's will ordingrily be a function of the x's.
The regression function ¥ of ¥ wilth respect
Xy Xy, ..., X s the (unclionat expression, in
werms of the 2's of the condilional mean of ¥
This is the basis of swiistical cerimarion or
prediction of ¥ from known values of the 1’3,

From the definition of the regression
functicn, we may deduce the following
fundamental proportics:

E(Y) = &), Ey - yh =1
E[Fy- ¥)=0, %) = Ely¥h
@) = oy = ali¥) + 0¥y 1),

where @?w denotes the vanance of any variare w,
#re] £ denoles the expected value of w.

The vanate ¥ is called the regressand, and tha
assecimed vamaws x,, x;, ... x, arc called
regressors; of aleernatively, y is called the
predictand and the 'z are called proictors, When
IL 15 MeCessary L rosart to an approximation ¥
of the tree regression Fonclion ¥, the
approximating function i2 vsually expanded as a
series of terms ¥, ¥, o .., ¥ each af which
may involve one of mon: of the hasic variates x|,
Ty .. ..x,. By exwension of the original
definitions, the component functions ¥, ¥, ...
. ¥, arc then also called regressors or predicloes,

Varions quaniitics associated with regression
are referred o by the [Dllowing echrical terms:
The variance a%(¥) of the regressand is called the
ootal variance. The quantity y — ¥ is variously
termed the residual, the eror. the emor of
gstimate, Tts variance a3y - ¥ is called the
unexplained variance, e residoal vanance, the
mean-square error; and s positve squate ol
o(p-¥) is called the residual standard deviation,
the stamdard coror ofF estimate, the sendard emmorn,
the modd-nrean-sguare error. The variance
alt ey} of the repression funcuon is called
the explained variance or the varance reduoction;
the ratiz of explained to okl varance is catbed
the retative roduction, or expressed in per ceul,
the per=-cent redoclion.

Represzion equation = The equadon of the regression
funciion. It may be of any functional form and
the s may be onthogoenal or not,



Fepression lunction See mepgression.

Regressr  Sce @ grosiim.

Relative frequency — Proporionate frequency por
ciheervaron. I an cvent occurs &' timas in %
trials, its relavve frequency is &YW, Relalive
frequency s the empirical counterpart of
prabability.

Kelative momentum = The product of de iuss of a
particle and its relative velocity; o, in the case of
a fleid, the prsduct of density and celative
v louiey .

Sew momsntun.

Relutive reduction = Sec multiple correlation.
TEEBESI0N.

elotive velocity — Velocily as measured in a relative
crnrdinale system.

Relarive voriclly - (Also called local woricity.) The
vorliclly as measured in a system of coordinales
fixed on the carth's surface, Usually, only the
vertical component of the vorucily is meant,

See alsn geostraphic voriicity, worticity
cruatiin.

Relaxation methed — An ileralive nomerical method
for solving elliptic partial dilferental couatdons,
e.g., 3 Prsson aquanan, Yip= Fix ¥), where ¥V
I s the laplacian operator and e functing
Flx.y} iz given, This method 12 widely uwsed in
ptletical furecasting and is adaptable cither o
elecumnc digial or “hand™ compucation.

Remize sensing = Acguisition of information about
ubjects or phenomeng in the sorficial
coviranmenifincluding land, oceans, and
wiengsphere) trouph the use oF sensory devices at
prwitions separated from {remotely siwated) the
subject under Audy, invalves measurements of
mectromagnetic radiation, acoustical cnerry, foroe
ficicls. or nuclear radiations.

Besidual - {Also called ermor of estimate.) In penerl,
the difference betvean any quamity and an
approximation (¢ i m particular, e differcoce

¥ between any random variatle v oand i
regrission funclion ¥

)

SUs CEEIBSRION.

Besidoal varignce - {Also called unexplained
vanance. ] In general, the vaniance of any residnad:
in particular, the variance a3y — ¥1 af Lthe
cifforene bepwern any vaoale y and il regression
[unition ¥.

S ean- SO UARE L.

Resistance = 1. In general, any lfoee eoding o
Oppose mation.

2. In leclricity, 1he opposilion offered by a
substance o the passage of an elecric current;
the reciprocal of conductance (see conductvity).
By wirtye of the resistance, a portion of the
clectnical ensrgy i converted into heat

Sve reslstvity. 3. Same a5 dray.

Resonance = The phenomenon of amplification of
& {ree wave or oxeillagon of a sysiem by a furced
wave or ogtillation of cxactdy cqual perind. The
forced wave may arise [rom an mmpressed [oice
upon the sysiem or {rom a boundary condition.
The growth of the resonant amplitnde is
characteristically linear in time,

Responder - In general, an instument that indicates
reception of an electric or electromagnetic signal,

Compare fansponder,

Resonant pericd — & characteristic, predominant,
and intense perigd ot frequency of large amplitude
uscillatinns.

Response = The aloomme or reaclited 6 an action
of imulse ol an actve foece For example the
excitarion of resonance effects in a semi-enclosed
hody of waler by an incoming tsunami, would
comstitua the characteristic responze ol that basin
10 a tsunami of cenain perind. If the sunami
period or ipitial height changed, then the
response of that basin could be different.

Response specirum — The range of frequencies
that may be excited by an outside impulse ©
produce a varety of responses.,

Rest mass — According w relacivistic theory, the
mugs which a body has when ir is at absolue
rest, Mass increases when the body is in motion
according Lo



m= 0

f1- ugr:;

where 113 its mass in meticn, 7, ils rest mass,
v lhe body's speed of moton, and © e speed of
light, Mewtonian physics, in conuwrast with
reclativisb: physics, makes wo distingtion
boetweoen rost mass and mwiass i generad,

Bcrardation = The amount of time by which
coreesponding tidal phases grow later day by day
{aboat 50 minotes).

Retrogression of a beach — 1. A continuing landward
mavement of the shoreline.

2. A et landward movement of the shareline
over a specificd dme. Also rceession,

Hefurn pericod — (Also called recurrence interval )
A stanistical parameler nsed in freqrency analysis
ax 3 measurd of the avergee ime inlzmval Retweasn
the occurrence of 2 given Juantity and that of an
equal or Sreanl quantity.

See gxcoedance mterval, Hasen method,

Beversing corrent — A tidal current which Fows
altcmaltely in spproximately opposite direclions,
with periods of slack water at each reversal. Such
carrents wccur chizfly in estrictes channels; open
Sea aread penerally have rotary currents.

Reverse foult — A faalt with a dip of 45 or less in
which the npper block appears 0 have moved
upward relative e the lower hlock. Horizontal
compression rather than vettical displacement is
ite characteristic framre,

Revetmenl — A facipg stong, concrete, ete., built to
arotect 4 scamgy, embankment, or shore sEraciure
against eroson by wave action of Currents,

Reynolds number — The non-dimensional ratio of the
inerual! foree w the viscous force in fluid motion,

where L s a characteristic length, « the
kincmatie viscosily, and 7 o characierstic
vilocaty, The Reynolds number is of grear
importance o the theory ol hydrodynamic
stabilily and the origin of twhulence.
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Reynolds stresses - (Also called eddy sicesses, virual
stresses, Apparant stregses, turbylent shear
wwresses. ) The components of the mean welocity
of a viserus, menmpressible, homogenacus fuid
in lerbulenr mation will satisly a set of
cgualigns of the same fom as the Mavier-Stokas
equatiodts when the +viscous stress lorm g
replaced by

Tox 1% Teplaced by T.. - ﬁ ,
Tap 15 ropland by Tuy - pu'v

Tz 15 replamd by T, — pu'a' | e

E

The bar denotes & time average, pis the density
and &', v', w' are the eddy velocities. The terms
pu'v’ of the form are called the "Reynolds
arreases,” The Revaolds strosses ate the
represeniation of the wansfer of e momentum
due po furtralent uclpatons,

Jea sress tenwor, eddy viscosiry,

Ria = A long, narow inler, with deph gradually
dimintshing inwarg,

Ridge, beach — A nearly continuouws ninong of beach
matcnial that has been shaped up by wave or
ather action. Pidges may occur singly or as a
serigs ol approximaicly parallel deposits. (Ses
Figurz A-7)

Right-hanch:d rectanpolar cogrdinates — Rectangular
Cangsian coordinaes in which the coordinates o
¥, and z arc measured along hree matuably
perpendicular azes such that a rodation of the
postlive x-axis into the positive y-axis will drive
g nghi-banded screw in the direcdon of the
pwibive z-axis. The Carlesian coordinates miost
aften wsed in mewcorology form a tight-handedd
systeny: . increasing 1o east, y o north, £ o
r.coith,

Rill marks — Tiny drainage channels in a beach
caused by the flow scaward of water left in the
sands of the npper part of the beach after the
retreat of the tide or afier the dyving dowm ol
SIOrM Waves.

Rip — The sgitation of waler cauged by Lhe interaction
of water currentz or by a rapid cwrrent setling n



over un irrcgular hottom; For example, a “tide

np.
Bip current — A& namow seaward-flowing corrent hat
rezulee from bresking of waves and suhsequent
secumulation aof water i the nearshore zone. A
stremg water surlace current of short duration
Aowing seaward from the shore; the return
muvement of waler piled up on the shore by
coming wuves and wind. It usually sppears g a
visthle band of agialed water; and, wilh {02
putward movement concentrated in oa limited
band, 18 velneity is somewhal accentuated, A ip
current iv ofwen miscalled a "rip ode.” To
swimmers, the phenomenon s known as
“underioew "

Rip surf — S¢e rip currant.
Rip tide — See rip current.

Mipartan — Perwining o the banks of a hody of
WALRE

Ripple — 1, The rufling of the surface of water,
booce a Kule curling wave or undolation.

2. A wave l2ss than 2 inches long conrolled
o a significant degree by both surface ension
and wravity.

Sce wave, capillary and wave, gravity,

Ripples (bed forms) — Small hed forms with
wavelengths less than 1 Toon and heipghes less
than 0.1 Foot,

Riprap = A laver, {acing, or protective mound stones
rundomly placed w prevent erosion, scour, or
slmaghing of a structurs or entbankment; alzso the
stone 5o used

Risc (in sca Ievel) = The upward change in sea level
associated with a tsunami, a hurricane, a lide, or
some long term climatic effect.

Risk (0 tiwnamid — A danger clement or Factor, The
caprnre k0 bysg, injury, or death assoclated with
a lontheoming tsunami disssier.

Rising tide — (Somcumey called flood tde.) The
portion of the Ude cycle belween low waler and
the following high water.

Raadstead (nantical) — A sheltered area of waler near
gshore where vessels may anchor in relative
safety. Also road.

Rock Falt — & mass of sliding or lalling ocks into
or undemeath he sed, which can goncrate o [ocal
LRALMLATEL .

Rollers — Swells coming from a greal distnce nd
Morming lurgre hoedkers oo cxposed coasts, They
are hest known 00 the islands of 51 Helena and
Asconsion in the South Arlante: Clczan dunmg
the manths frorm December to April, when they
come from the nonhwest. They amive often in
calm weathor, with prctically oo waming, and
are langernug 1o shippiong. Eollers alsoe occpr at
Fernandn do Moronha, Tristan da Cunha, and on
the coasts of West Africa, Peru, and the East
Indizs.

Roat-mean-siquare — (Ahbroviatsd RMSE: elin called
standard emor = crmor of estithale, residual
standard deviation.) The positive square rool of
Uhe mean-sguare ermor, I is equal o the standard
errowr noly when the mean error is zero.

Eosshy number - The non-dimensional ratto of the
inertial force to the coviotis force for a piven flow
of a rotanng Mad. 1t may be given as

Ro= L.".I..
fL
where {1 14 a charactenistic velocity, Fihe comialis
pargmeler (or, iF the sysem is cylingrica) mther
than sphenical, twice the syslem's rolaion cgle),
and L o chargcleristac length,
The Rowshy oumber iy g basie modeling
criteriun used in the “dishpan™ inveslgualivns ol
the penerl circolaion,

Compare thermnal Rossby nomber.

Fussby parameter = {Also called Rosshy erm.) The
northward vanation of the coriolis parameter,
arising from the sphericity of the easth. Tn
symbaols,

202 cos ¢

ﬁ=ﬁ{2£1 sin ¢) = =25

whore L3 is the angolar spocd oF the eanh, $the
laternde, e the mean radiog of the canh, and 3 the
Eosshy paramerer.

a2



The Rossby parameter, usually treated as a
constant, is of importance dyoamically as a
stabilizing affect in cemain iypes of wave
MOLLE.

See Rosshy wawve, baroropic instabdlity,
beta plane,

Rosshy wiuve = (Alsn called planchary wave,) A wave
o a aniform cwrent ing twosdimensional ouo-
divergent fluld system, rotling with varying
angular speed atwwt whe local vertical (beta
plane),

See long wave,

Roary current — A tidal curreni that chanpes dircction
progressively tough 3007 during a tidal cycle.

See current ellipse: compare eversiig
curTenk

Eoating Reymukds nuinber — (Or rotation Reynolds
pumber.} = A non-dimensional number arising in
problems of a rotating viscous Quid. T may
appear either as L2724, in which case it equals
one-half the square root of the Taylor number, or
us Crifv. r s a suitable radius, A a representanve
depth, £2 e abscluie angular speed, and v the
kinesmatic viscosity,

Rowgtion — 1. The act or process of taming aboul on
an axis or a center; 2. Cme complere tum: the
angular displacement reguirsd 1o retum a rofaling
trirdy or figure wr its criginal oncntation.

Boanton of the earth — The revaleton of he earth
around (15 aais,

Rotational — Possessing vorticity. See also
irmotanmnal.

Rertatirnal instabifity — Tn gencral, any instability of
a rotating fluid system, wsoally synonymogs
with inertial instabrfity (2}

Rubble — 1. Loosc angular waterwom stones along a
beach.

2. Rough, irregular fragments of broken
rock.

Rubble-mound structurc — A mound of random-
shaped and random-placed siones protected with a
coresr layor of selected slongs or specially shaped
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concrete ammor unils. (Armor undts i primacy
coved layer may bBe placcd in orderly manmer of
dumped at randim.

Runnel - A corrugation or trough formed in the
foreshore or in Uwe bodtem jost affshore by waves
or adal currents.

Runping mean — Same as consecutive mean.

Bun-up — The wvaluc of absolute inund=aton at the
maximum  hrizontal cxienlr ol Dooding,
measinad permpendicular o the shoseline,

Run-up distribytion ~ The diverse wvalves of
tsumami runup mcasured or phserved along 4
coasiline

Rupture (of the fault) - The hreaking or rearing apan
of the tocks or other surlace Lormationy atong a
rifl |, [Tacture.or schism delineating a fault or (he
surface of the carth, camsed by a shallow [Ocos
carthquake.,

_§ -

5 wave - Shear, secondary, rotational, tangential,
¢quivoluminal. distortional, ransverss, shake
WavL,

$alt marsh = A marsh periodically [oeded by salt
walcr.

Sample — In statistics, a group ab chservanons
sglected from a salstical population by a set
procedyrc. Samples may be selected at randem or
systematically. The sample s taken in an
attcmpt Lo estimate the pepulation,

Sand = See soil classiiicalion.

Sund hypassing — Sec bypassing, sand.

Sand rccf = Synonymous with bar.

Sand wave (or megaripple) — & large wavelike
sediment feature composed of sand in very
shallow waler. Wavelength may reach 10K}

melers; amplitnde is abou 0.5 meters,

Sandbar — 1. See bar,



2 Tn g dver. @ Adge of sand buill up 1a or
near the surfies by river currents,

Sacllite — 1. A celestia] body orbilng another of
larger size; 2. A man-made ubrject ur vehivle
intended to orbdt the carth, the rexon, o ancther
ceelestial body. 3. A man-made nhject or vehicle
placed or geostationary orbie ahsvee e carths
cguator {geusynchramols, of geoastationary
saredlib,

Satellite communivalions  telemetry -
Tostrwinenlation nstalled on mimitoning skadons
o winth and on satellites, which permils
cxchanpgs of informatign and the rapid and
accurats recoptinn and wansmission of dam by
racio waves,

Satellite weknolegy — Cuarrert. advanced techrology
un strwnenung, lawnching, snd positoning ot
ochiling zatellites for communications, ¢luta
clemetry, remote semsing and numerous other
appl ications.

Satellite telemetrs —  Hee Satellita

Commuanication Telemetry,

Satoratinn tignal = A ralio sipoal {or radar coho)
which excerds a certain power leve] fived by the
design ol the teceiver equipment. When a receiver
Or Indicator is "saturated,” the limit of its power
oukpui has been mached

Scalar — Any phyvsical quantity whose feld can be
deseribed by a single numerical value al each
point it space. A scalar quantity is distinguished
from 4 vector quantity by the fact that a scalar
quuntity possesses only magnimde, whereas a
WECIOT qurantity possesses both magnitnde and
dircction. Thus, presswrs is 4 scalar quantity and
wEOCTY 15 8 VeCnor Quantily.

Scalar product - (Also called dot product, dircet
product, inner product.} A scalar equal (o the
product of the magnimdes of any 140 vecton. and
the cosine of the angle 1 batwean heir positive
directtons. Sor two vectors A and B, the scalar
product 13 most cammeonly wriggn A « B, read
"A dol B." and occasionally as (ABY. [f the
veclors A and B have the components A, A A},
Hr and A,, 8, aleng rectangular Cartcsian x, v
uml = axes, respectvely, then

AB=AB +AB +A B,
= 1Al IR cos 8= AH cosf,

I o sealar product is zero, one of the vecrar is
LT Or 2lse the owo are perpendicular.

Ses vector proddoct.

Seate diswrnion — Fatsified reproduction of scale or
vondigon, caused by change in the wavelom of
the origingl sigmal. A lack of propoctionality in
an image or conditon resuling from defecls in
proper scaling., .

Svale cffects Ercoocius or ingcourats resulis
obwined hy improper scaling, o minor
distortons amplified by the degree of scaling
dorwrwand.

Scale factor - (Also called map scale, map factor,)
The rato between the disiaoee separating two
points on a map of the carh’s sufuce at a
standard latitade o latitudes) and the distance
hetween the carresponding points on the carth's
surface itsell. For most map projections, this
factor is a slowly varying function of latlude,
and [ar syneplicchan base maps it is usually of
the order of 10—% w 107" . The scale Factor is
sometimes defined as whe reciprocal of the above
ragio.

See onnfnrmnal map,

Staling = The reduction of a sample (as a madel) in
proporion to the siee of the actoal thing,

Scarp — Sea escarpment.

Scarp, bedch — An almast vertical slope alnng the
beach cuused by ernsion by wave aciion. L may
vary in hoight from a few inches w several feer,
depenading on wave action and the nalore and
conpasition of the beach. {See Figure A-1)

Scatter — 1. Samc as scattering; or, stimelunes used
in referring to the scattered radiation.

2. The relative dispersion of points on a
graph, espeially with respest to @ mean value, or
any curve wsexl to represeot the poings,

Sco scatter diagram, dispersion {30, spread.

Seatter angle — The angle between any given ray of
scattered radiation and che ncidenl ray.



Convention varies as by whether this angle is
mzasured with respect w the dircclen in which
the incident radiation was sdvancing or with
respeat o ihe dircction from scatierer o cadisbion
SOUrge, S2e relalive souler inkensity, scalletng,

Scatteriag — Dispersion aml irregular spreading of
water waves leading to altenuation and cnorgy
dissipation of the wave systam. In referonee o
spismie waves, the effects of scattering on
medgurements of IneTinsic allcuuation, at
lrequencies thut are 5o 1ow that savelengths are
much larger than lincar dimonsiens ol a
heterogenaity, Lhe cilocts of scattering can
usually be neglected for the propagation of body
wives. Yory liow frequencies are w the domain of
Rayleigh scattering, in which the energy loss in
the forward direclion is proportional to the
inverse fourth power of frequency. At sufficicnily
lew frequency, the miediun behaves like an
cquivalent medigm, having progerties thal dre an
average of small-scale heteragencitizs, A1 higher
frequencics, those in which the wavelengih is on
the order of the scale lenpgth of heterogeneitics,
the prescnee of the helerngeneities can profoundly
alter the propapation ol the wave field, For
wavelengths much smaller than the scale length
ol the heternpeneities. it is passible in some
sitnaticns o calcalate the offect of scatterers by
using eay theery. The distibution and shape of
the scatterars, howaver, must il be known or
assurncd.

SCOR - Soentific Committce on Oeeanic fesearch,

Scour — Removal of undersatze material by waves
and cumrenis, especially at the base o loe of a
shorg stractuee.

SE - Solid Earth.

Sea — 1, Same as ocean (1),

2. A subdivision of an coean (2. All seas
cxeept "inland 2eag” are physically intarvonnecked
parts of Lhe canth's total salt water systern. Twao
types are distinguished, Mediterranean and
adjacent. Maditerrancans are proups of seas,
collectively saparated from the major water body
ax an individyal sea, Adjacent seas are those
cemneeted individoally w the targer body.

3. Same as state of the sea.

o5

4. Sea-surface waves within their fewh:
apposed 10 swell. See (uily-developed sea.

Sea clilf - A cliff sitiated a the seaward ecge of the
CoasL

Sca floor - Sev continental drift. ocean basing, ooean
floor,

Sea-flgor spreading — A hvphests har the
occanic crust s increasing by convestive
epwilling of magma along the midoceanic nidzes
o workl nife system, and a moving away of the
new malerial aeya rate of fom 1w 10 cogd n
4 in} per veur. This movement provides the
source of power in the hypathesis of plaie
tectonics. This  hypothesis  supports  the
continental displacement by pothesis.

Sea lee - Any ice, {loatng or fust, that is formen from
froczing oocan waler.

Sea level — 1. The averags height of the sca
averaged aver a long rime compured o tidal
Fuctuadons; 2ea level can change uver the vears.

2. The level of the surfuce of the s2a eap. as
i1 mean position midway betwacn mean high
and low waler,

Sed-leve! chart = Same as surfazc chars

Sca-level pressure = The atmompheric pressure at
mean sca level, gither Jirectly measured or, meost
commonly, empirically determined from the
observed stalion pressure,

In regions where the earth's surface is above
sea level, it iy stundard observaricenal practice m
reduce Lhe abserved surface pressure <o the value
that would 2aist at a point al sca level dicectly
below if air of @ temperature vomesponding fo
thal actually present at the surface were present
all of the way down 1w sea level. In actual
practice, ned the carrend lemperalurs bal the owan
temparatrs for the preceding twelvs hours s
employed. This "reduction of pressurc o sea
lewvel” is responsible fir many ancinalivs i e
presswee fleld in mouolain arcas on the surface
synopuc chart.

Sea level reference — See Reference saa lavel,

EEAN Scientfic Event Alert Merwork.



Suea puss — A dangerous longshore current; a rip
cutrent gaused by return flow; loosely, the
submerged ¢haniel or inlet through a bar caused
by thase cuments.

Sea shock — Yiolenl Jdisturhance of the =ca
resulting from a relalive shallow and powerful
carthquake in the arca.

Sou stute — Same as state ol the sea,

Seampount = An undcrsca, relatively isolated
mountain rising from the seafloor ta a heipht of
aboat 1000 m (3,306 feet), Tt if has a pouned
surnnl it 15 called o sea peak; if it ig {lac-lopped,
it iz called a guvot. The shape of most
qeamounts is elliptical. Only the veey small ones
havz sleep sidas; lurge ones have gently sloping
sides, These fealures are tue [or the seamounts
present in cvery ocean. Hundreds of these
mountaing have bean mapped. particnlarly in the
Pacifiz, and it has been 2stimaleéd  hy
ocganographers that this nuraher is only a small
purtion of the total. Althcugh they are separate
cnuties, seamaoumls ocur I groaps o chains, as
do island arcs. Seamoants scem o be of valeanic
origin, and may result from eropuons along
crustal Fissures. In most cases the valeanic cone
shows signs of weathering {erosion). There may
ke sedimentary accretion on a seamount, o5 a
corai reef that has used the dormeant or dead
vilcano as & base for growth. Some seamounts,
including a significant number with caral or
limestone tops, are below the level of coral
growth. This suggests subsidence by an
unknown moghanism.

Seaquake = An carthyuake that occurs beneath the
ocean and ihat can be felt on board a ship in the
vicinity of the epicenter {A sohmarine
eaarthipuke.

Seas - Waves caused by wind al the place and ame of
observation.

Seashore = The shaore of a sea or ocean,

SEATAR - Scuth-Fast Asian Tectonics and
Resources,

Seowall = A srructure separating lind and water areas,
primiarily designed to prevent coosion and other
damage dus 0 wave sclion.

See also bulkhead,

Seawnves — One of 3 senes of waves sollectively
known as 3 52

Secondary instrument - An instrumenl whose
ealibration iz determined by comparison with an
absoiute nFtrument

Second-foot - A contruction of cubic foot per second
{cfs), the unit of stream discharge commonly
used in the United Sates.

Secondary shorelines — Secondary shorclines are
thowe where the coastal region has boeno mainly
Formed by marine or hiological agenis, like coral
meefs, barsier beaches, and marshes.

Serondary undulations — Floctoalions  in water
level of o basin or g semi-chaclosed body of waler,
of on an open cnasdine, of lesser imponance and,
possibly unrclaied, 1o the primary and more
significanl initial water level fucations caused
by 4 1sundmi.

Secondary waves = See secondary undulations afuve.

Seoular variaion = b generat, a slow mend, the acnal
vime scale unplied being differcal for differcnt
cunleats,

Sedimeni - Matrer that scitfes o the bittom of the
gca. Scdiments were Orst scoously sampled by
Matthow Maury, and syslematcally stodied by
the Challenger expedition {1872-1876). They are
divided ot twir large groups, the errigenous and
the pelagic, The [ormer is largely of terrestrial
origin and consists of rock, gravel, sand, and muod
- with voleanic inirugion, and coral debris, The
pelapic sediments are those that "rain dosm” from
all fevels of the water and finally land on the
bottom, Thase are the shells or skeletal remains
of plankion,

Sediment plume — An elongaied, usually open and
mobile ¢olumn or band of =olid Fragmented
enatcrial that originates Lrom weatharing of rocks
and is ransported by suspended in, or depowsited
by air, waler, or ice, or that (s accumulatced by
olher natoral agenls.

SEG - Sndid Eanh Geophysics.



Seiche - The ocoasional, chythmic rkse and fall of
water Lo enclosed Lagponys or bavs. T is noc iidal,
Troes henwsrnenon was carelully obuerved on Take
Constance {Switrerland) in the 16th cenwry. The
os¢illarion of the wawer is the result of a
desmrhance thal seis gp "waves.” The time period
uf these "waves" s deseribed by Merian's

formula,
T = 2L
Vgh

L= length of the hody water, b = depth of body
wulr, F = gravily of hady water.

The zo-called wawe wibll bounce back and forth
uhtil itz enaegy is dissipated through {Heton.
The seiche 15 dependent on the shape of the basin
in which it occurs, Seiches may be generated by
metenrologizal conditions, soch as fast moving
fronts, kol they mav bo gencraled glso by
carthguakes.

Seismic — Pertaining s an earthquake or Earth
vibration, including those thal ars artificially
mdyced,

Seismie belt - An elongate carhquake :one, for
example, circum-Pacilifc, Medilerrancan, Rocky
Mountatn,

Seismic comstant — In building codes dealing
with carthquake hazards, an arbitrarily sel
quantity of steady acceleration (in umts of
aravity) that a haililing maost withatand.

Seismic data acquisition - All bul the simplest
seismic insttuments are designed o reened the
time history of ground modon, Far discussing
such instrumeants, it i3 yseful o heeak them
divwn inte three parts (although thesc may he
combined 1n an actoal instcoment). First there is
a senszor, which converts ground molion into
some othsr quantivy, ysually an alecincal ane;
thix seoser is called a szismometer, or g
geophone in exploration seismelogy. MNext, the
sonsor output is modified, vzually by amplifying
come frequencies and suppressing others; very
often suzh medification i done parly within the
sensnr itself. Third, the modifisd culput is
recorded, along with a time scale {and in most
cascs absolute tme). With the growth, fira of
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anzlog and then af digitai clectronics, the
systems used For the signal madificanon and
recording have increasingly olien been adapied
from devices buill for other pitposes, rmiher rhan
being purely seismological inventions. [t is with
wich seismic nsUrumentation that seismic data is
aguirgd, with the czcopnion of ather types of
seismic data, for cxample data for eamhquake
intensity determinations. nr ather fisld data,
which is acquircd by swrveys.

Seismic focus - In seismelogy, the paint within

the carth that s the certor of an eanhquake. L1 is
the inital rupture point of an cartheuake, where
sirain energy 8 wansformed into zlasuc waree
CTENTY. S22 epHeenleT,

Seismic moment - An earthquake parameler

recenty inraduced in seismolegy is thul of the
seismic moment (M), The seismic wnmment 15
related to fundamental parametcrs of the faulting
process resuling from ecanhguakes in the
[tdlwing way: The amplitude of cvery long
perivd seismic wave is proporticnal w the saerface
area of the [aull, the avernge displacement on the
fault plans, and the dgidity of the material at the
[ault. The resule of these three quanlitics is the
seismic moment, Mo, which aller some
corrections, can be calculated from measurement
of leng-period seisidc waves. The scismic
moment s the most spitahls parameter
reprosenting the size of an canbhquake Because.
unlike magnitude obtained from surface waves,
does nob saturate For larger shocks. Another
advanitage of the scismic moment is that il
represents, in addition w ths sige of the
earthquake, the overall deformation at the source,
The sgismic moment iz delermingd by the
Fowrice analysis of seismic waves of soch long
period that the details of tie rupuure are snocthed
out, with the eifzct that the entice fault may be
considered w be a point-source. The periods at
which 1he seismic moment are determincd
increase with the size of the fanlr If the fault is
based on sech long-period waves, the slip from
unruptured (& ruptored s1awe appears o be
instantaneous. The actual pattern of the seismiz
radiation cmingd hy the inatantancous mopture is
mathcmatcally cguivalent e the (hooretcal
racligtion pattern emitecd by two hypothetical
torque couples cmbedded 1n an unruptured elastic
medium. The Lrgue couples, rotadng in opposite
dirccuions, deform the medium thos radiating
clastic waves in a pattern wlenbeal with that in



which an canhquake source radiates seismic
waves, The moment can be caleolaed from this
raexdel, Earthqunake magnitodes calculated by the
use of saismic moment for large historic
carthguakes would be greater than the assigned
Richter mupnilodes, For cxampls, the 1964
Aduskan carthiuulke's aviigned mapnitiele (W)
wuy 8.4 while the magniede (Mw) based oo the
geismic momonl was Y20 Similarly, Ior the
146l Chilean cartheuike. Ms was 8.3 while Mw
womld be 9.2. Scicnists have concluded chat
comparizon of canhquake magniwdes obained
from swrface waves aned 3cismic mMoments apres
quitet well fur garthgoakes with smaller Laull
dimens.cns, but du not agres for carthguakes of
larper fault dimensivns.

seismic  pscillation - The act or fact of
oscillating or swinging back and fourth or up and
dowr, caused by an carthoguake,

Seismic reflecuen profile — Profile of reflecden
Lworizons within a sediment pile ablained by
using lower frequency sound waves in the manpes
af coho scunding,

Seicmic seiche - Oscillaion ol the surface of a
lake or landlockad sea that varies in peried from a
few mringtes to meveral honrs caosed by an

carthiuakes.
Selsmic sea wave - Same as Suoami.

Seizmic souece - The paint of arigin 4r an
earthquake. Two main calegories of selsmic
spurces are transient and continucus. Transient
sourees have a otal souwece duradan of a faw
mingtes ar less; this durabon cut-off cormesponds
w the durabon of the largest earthguakes,
Comlinmis saurces may luve a distiner spoetral
preak (such gy microsctsond} and hence appear s
gquasi-harmanic oscillations with duratians of
many Nowss or dayvs, The main lypes of seismig
sources that are routinely recorded arc listed
balow:

Transienl - Earthyuiakes; Fxplosiony dcaused by
humans); YVolcanic explosions; Landslides;
Extraterrostrial impactks and cxplasions,
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Continuons - Migroseisms, Armosphernc noise:
Voloanic harmonic mromor, Tandenvater solcanic
YEnting.

Seismic waves — A gencral term for all elasiic
waves prodoced by carthquakes or generatad
artifigialiy by explogion. [t inclades both body
wilyCy 4l surface waves.

Seismic rone - A distincdve area of belr on the
cartl’'s surface characterieed by recurrent scismis
aclvicy.

Seismic zoning - Arcal delioeation of seismic
risk used fur planning and [or the asagnment of
building codes,

Selsmicity — The measure of the amopunt af
carthquake petivity ina given region

Seismogenic — A region iz said (o e seismogenic
if it ¥nown hisworically to have produced
earthquakes. A tsunami is described as
soismogeme if it was gensrated by an earthquake.

Seismogenic zone - A helt or an area on the
surface of the earth with 3 known history of
SrLSTING Aclivily.

Seismograph - An instrument for recording the
motions produced by an eanthquake at any
particular point.

Seismology ~ The study of earthguakes and of the
structure of the Parth, by both natoral and
artificially genemated selsmic waves,

Seismometers — An instrument tha deteges Earth
MOvEm Cnts,

Seismotectonics -~ A branch of geophysical
spiences that s closely related w bal oot
synonymous with structural gealogy. Whereas
structural geology i3 concerned primarily with
the promelry of rocks, selsmotsctonics deals not
only with larger [eatuees of the earh, bul also
with the forces and movements that produced
theen. Thug seismolecionics 18 the study of plata
tectanics, andd crustal plate movements, by the
usc of scismic data from carthquakes ocurring
aloag the boundancs of such crstal plates.



Semtidiurnal tide = A tide having two high waters
and rwo low walers each lenar dav, with ligle or
na divrmnal ingquality. This applics egoally 1o
zofar odes and [0 atrmospheric tides,

Senning element — {Or sensor) The component of an
instrument which converts an input signal into 8
quantity which is meazured by anather part of the
instrumant,

Sensitivity — In instrumartal terminolegys, the
dzpree to which a reeciver will respend o oan
mput ¢l given serenglh, The greater the
sensiivily, the weaker arg the signals deteotad,

See thresheld signal.

Sensar - The componem of an instrument bt
comvarts an input signal inte 3 quandty thal can
he measared by ancther part of the ingtrymant,

Separation af variables — The assumption thal the
solaticn of a partial differartial 2guaticn is equal
1o a product of funcbony, zach being a function
of anly sne of the indeperdenl variables. Each
function then satisfies an ordinary d:fferenual
equstion and the original equation is said to be
separable. This mathod has been widaly applied
in linear beundary value problems admitting of
permanent waves as solubons,

Seridl correlation — Usually same a3 aurocorrelation,
Pul oecacionally ozed tp designate lagged
cotrzlations between twn separats series of
nhsarvations, for example, the corTelation
between x; and y +1, and in the series £,.x,, ...
and ¥, .

Setup, wave — Superelevation of the water surface
over normal serge clevaton dae o anshore mass
ranspert of the water by wave action alone,

Shadow zope - Same as difructon zone.

Shallow focus — 1. An earthquake whose center is
at earthguake or clpse to the surface, as
distinguished From a deep fovws carthquake whoss
center is desp in the Earth's crust

2. An canhquake whose focus ocours at a
depth af lass than 50, &0 or 7hom 21, 37 or 44
miles) (there is no agreament), Mos carthquake
activity is of his type.

Shallow water - 1. Commooly, water of such a
depth thar surface waves are notizcably affogted
by batlem tepography, [t s customary to
constder water of depths less than coe-hall the
surfsce wavelength as shallow water.

See ransitional sone and deep watsr,

2 More strictly, in lvdrodynamics with
regard to progressive gravity waves, water i
which the depth is lass than 125 the wuvelength,
Alsa called vary shallow water.

Shallow-water wave — (Alsa called long wave,
Lagrangtan wave.) An coean wave whase length
15 sufficiently targe compared 1o the water depth
(2., 2% or more timas ths depeh) thar the
fallowing approximacion is valid:

ﬂ=*-";z.

where ¢ is e wave velnary. g the acceleration
of gravity, and h the wawsr depth. Thus, the
velocily of shallow-water waves is independent of
wave length L. 1n water depths betwean (17290
and (1/25)L it i3 aecescary o wse the mpre
[Recise Bxprassion

c= ‘*'rEEL.-‘??Er[mnh Pdmhil]
See deepwallr waves, gravity wave,

Shallow water wave theory — The part of water
wave theory dealing  with [ong waves whaose
length iz sufficientty loag compared to water
depth where the wavas may be traatad as shallow
water wavas and are affactad predominantly by the
depth of the water in their propagavion,
artenuation, and energy dissipation, Tsunamis are
such long waves, and so are s2iches, and tides.
All seldom break,

Shear — The wariation J{usuaily the directional
derivarive) af a vector field along a given
direction in space.

Shear, or §, waves - Elastc waves charactenized
by distortional changes in the body throoph
which they wavel.

Shear-gravity wave = A combination of gravity
waves and a Helmholt= wave on a surface of
discontinuily of density and wvelocity. !f the
densities of the lower and upper layers




respecively are pand p” and the velocities £7 and
7, the phase speed of the shear-gravity wave is

1
e B AU i p-g _pd (U-UYR
p+g  |Imprp pep)E

where g is the acceleration of gravily and L the
wave length, The motion is unstable if and only
if the bracketed quandiy is negalive; the density
difference thus contributes w stability and the
velocity differonce 1o instability.

Shearing stress - Any of the 1angental
cewnponeols of the stress tensor,

Shear vector — The dervaudve of any vector in any
spatial dircction. The particular direction should
b clear from the coneext.

Shear wave = 1. Same as Helmholiz wave.

2. A wave propagated in an clastic solid,
Sheet pile = See pile, sheet.

Shelf — A zane adqacent 1o a contingnt {or around an
island) and exiending From the low waber Line to a
depth at which there is wsnally a marked increase
of slope Wwards oceanic depths.

Shelf hieak — The sharp break in slope which marks
the edge of the continentl shelf and beginning of
the contnental slope,

Shelf, conunental — See condnental shelf,
Shelf ice = Same as ics shelf,
Sbelf, insular = Séc inswlar shelf.

Shelf response - The continental shelf is g
partially resonant chamber for oscillalions
normal 1 its contonrs, and neceszarily responds
greatest by cxcitaions with length scales close w
115 natural cwdes of oscillation.

Shell seiche = Free oscillations characterized by
rhythmic rise and fall of the water level observed
on the open shelf restoring  eguilibrium
conditions which have been disturbed by an
outside exciting force gsuch a8 a sudden
melrorclogical barometric [ucluation.
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Shell wave — A wiave propagating on the contme nal
shelf.

Shingle = |, Longely and commonly, any baach
material coarser than ovdinary gravel, especially
and having flat ar {latish pohbles,

2. Strictly and accurately, beach material of
smooth, well-rounded pebhbles thar are tonghly
the same size. The spaces helween pehblos are
oot filled with finer materials. Shingle nflen
gives oot a musical sound when stepped on.

Shoal {noun) - & detached elevation of the sea
Bottom, comprised of any material except rock or
charal, which may endanger sirfact navigaton.

Shoal (verb) = 1. To hecome shallow gradoually.
Z.To canse to become shallow.

3. To proceed from a greater o a lesser depth
of weater.,

Shoaliny caefficient — The mtic af the height of
d wavi in watet of any deph i s heighe it deap
warar with the effacts of refraction, friction, and
percolation eliminated. Sometimes shoaling
Facior o tepth Mactor,

Seq ale vnergy coefficient and refraction
vocflicient,

Shuck wave - A compressional wave [onned
whenever the specd of 2 body relative Lo oz
mediwn exceeds thal at which the nedwm can
transrmt sound having an amplitede that exceeds
the elastic limit of the medium in which it
travels, and characterized by a distarbed region of
small but finite thickness within which very
abrupt changes occur in the pressore,
temperature, densicy annd vilocity of the medium.

Shore — The nammow strip of land 1 immediate
comtact with the sca, inchuding the zone boiween
high and low watcr lings, A shore of
uncansolidaccd matcrizl 1s wspally called a beach.
(Ses Figure A-1.)

Shore-protective structores — Structures such
as seawalls, scabroakers, dikes, groins,jetties,
Fprap, oF CODCTGLG armor units, proecting
shorelines,



Shorelace = The narrow 2one seaward from the ow
tide shoreline covered by water over which the
beach sands and gravels actively oscillate with
changing wave conditions. Sce inshore (zone) and
Figure A-1.

Shareline - The place whore tand and waler mect

Shnrt-¢rested wave - A0 ocean wave whose crest
2 of Mnile length, ie., the type actwally found in
namre,

Shart term prediction - A prediction issoed
within hours, days, or even wesks before the
mcurrence of a matural disastet such a3z an
carthguakes or a sunami.

Shon wave = (Or minor wave.} In oceanography,
Same 4% geep-waler wave,

Sieberg tsunami intensity seale - A
dascriptive tsunami intensity scalc which was
later modified intg the Sieherg-Ambrazeys
Lsunami inensicy scale shown helow.

Sieberg-Ambraseys tsunami intemsity scale
i. ¥ery light, Wave s weak as 1o be pereeptible
onfy on wide sauge records, . Lighn Wave
nooced by those living along the shors and
Familigr with the sea. i, Rather strong,
Guenerlly nodced. Flooding of gentdy sloping
coasts. Light sailing wessels carmied awdy on
shome. Slightl demage w light dmctgres sitateed
iear the coast. Tooestearies reversal of e over
flow for some distance upstream.  iv. Sorong.
Flooding of the shore w some depth, Lipht
scouring on man-made ground., Embankments
and dikes damaged. Light simctures near the cosst
darmaged. Jolid strucieces on Qe cuast jujuced.
Big sailing vessels and small ships drified wland
of carried oul 10 sea. Coasts linered with floating
debris, v, Very strong, General flooding of
the shore o some depth. Quay-walls and solid
smcires near the ared damaped. Light strociouees
destroyed. Sovers soouring of cultivated fand and
liltering of the coast with (loalng items and s2a
aninals, With the excepuon of hig ships all
other type of vessels carried indand or out 1o sca,
dig bores in estpary rivers, Harbour works
damaged. People drowned. Wave accompanicd by
SUONE TOar, Vi, Diisastrons. Partial or
compler destruction of man-made siucores for
some Jistance from shore, Flooding of coasls w
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great depths. Kig ships severely damaged. Trees
uprooied or broken. Many casualtics.

Signal — Any carrier of information; opposed to
noise. Sea carrisr wave,

Signal generator = An clectronic instrument wied for
thee production of clectric {or radio signals with
certatn desired characteristics. It is useful in
Lesting anel calibration.

Signal strength = In radio, a measure of the recerved
radia frequency power; gencrally expressed in
decibels relative 10 some standard wulue, normally
gither 1 milliwatt or that power which wouyld
have resulied at the =ame distance under ree pace
transmission. The term figld sirength is
commonly usad as 4 synaivim.

Signal-to-noise ralio — The companson belwean the
amplinde of the scismic vgnal and the amplitode
of noise caused by scismic unrest and (or) the
3CIATHIC Instuments.

Signal velocily — The speed of propagation of a
hydrodynamic sulunee.

Significance level — See significance wst

Significance tes1 — A rest of the relighility of
estimates of statistical paramelers. Such tesis
proceed by assuming that the esumares are not
significant and are those 1 be cxpecled oo
sampling g panicular populaton, and then, from
e propertes of e populaiion, determining the
protatilities of such ocoorrences. The hypothesis
(that the estimatcs are not Sgnificant) is rejected
only when an abservational result is found 10 b
significant, that i3, when the obtained resols
helongs W an objectively specified unfavorable
class {critcal region or rejection region’ haying a
fixed, small probability of ocourronee in candoem
samples from the hypothesized population. YWhen
the result falls in the acceptance region, it is not
significant and the hypothesis cannot be rejocted.
The boundarics of the elasses are set in such a
way that the total probability (unit) is
appropriately divided between them, say (B3, 05
or 99, 01. The probability assigned to the
eritical region, commonly cither 05 or 01, is
called Lhe significance lovel,

g

See chi-square test, Stndenl's Lest,

analysis of variance.



Significant wave — A fictitious wave whose

height and prericnd are squal to the average height
anil pericd of the highest ong-third of the acilual
waves thal pass a Dxed peint

Significant wave height - The average height

il zhe ong-third highest waves of a given wave
group. Notc that the composition of the highest
vaves depends upon the exteni ta which the
Wwer waves ane cansidercd, Tn wave record
analysiz, the average height of the highest one-
third of a selecied number of waves, this number
heing determined by dividing the time of reqord
by the sigmificant period. Also characterisuc
wave heighi

Significant wave period — An arbitrary period

sill

generally taken ag the period of the onc.third
highest waves within a given group. Note (hat
the composition of the highest waves depends
upon the zxteni o which the lower waveg are
considered. In wawve record analysis, this is
determined as (he average period of the maost
[requently recurring of the targer weli-defined
waves in the record under gtudy.

- A didge or other below sea level geplogical
[crmation which separates the water of one basin
from ancther; as, for example, the dge ar the
Straits of Gibraller which separates the
Mediterrancan from the North Atlantic

Sill depth — {Also called threshold depth) The

maximum depth at which there iz horizoncal
communmication between an occan basin and the
open ocean.

Silt — Sce sodl classification.

Silurian Perind - The perind following the Ordovician

Period of the Paleozoic Era and preceding the
Deavenian, This time is wsually given az 430
million g abour 395 milliopn years ago. The
name Silurian was devised by Murchisen, who
chose it for the Silures, 2 mbe living in pre-
Homan Wales, The Silurian was an age of
mountain Meilding: The evints of this time rased
the Scottish Highlands in Brtain and the Taconic
Mauntains i eastern Morth Amanca, and <losed
tha prato-Alantic Ocean, Canaila, Scandinavia,
and Sovuth Africa werz probably equatorial
landmagsas, }apan and the Philippines were near
the North Pole, aoe South America and Australia

102

were noar the South Pole, Generally speaking,
the elimate throoghout this tme was acld to
tropical and Lhe seas were shallow, a combination
thal encouraged the growth of calvarcogs
inveetzheaies, which in turn produced vast
Lmestone deposits.

Simple averugre — Same as arithmetic mearn.

Simple harmonic wave - An escilladon translaling

with coostant wpeed and amplilude, and
represcnled matbematically by a tmgonometric o
complex exponendal functon, Thus,

Asinf2T e v+ ) oreex e'[zm— [+
%in Ax q‘:) P . v }

repregent: a simple harmonic wave of amplitade
A, wave lenpth A, frequency v, and phase angle
¢ In ocean wave studies, a simple harmonic
progressive wave it an rdealized wave
characierized by constant speed of propapation
and a strarght crest of indefinite length.

Simple linear correlation — See comrelagon.

Simple wave — |. The =olution of a sl of guasi-

lingar differential equatingng descrsbing a lluid
flow which possesses a amily of straight-line
characteristics. In such a (Quid motion the
dependent varables, or simple combinations
thereol, are rongtant along the characleristios, and
may be used as the basis of the ing2grarion of the
equatinns by the method of charactenistics.

2. Same 45 simple harmonic wave,

Single-crest wave — A solitary wave.

Sinusoidal wave — A wave generaped by ploiing

the value of a sine function against its angular
value.

Skewness — Depanture [rom symmetry. In statisncs,

the cocfhicicnt of skewness p, of 2 random
vanable or of a probability distribution is defined
as ¥, = fofo), where pg is the thicd moment
about the mean and is the standard deviation.
Whers ¥, > O the typical corve Gails olf poward
the right and hence is said o be skewed (o Lhe
righe; when ¥, < 0 the longer tail 5 on the left,
and the curve is said to be skewed ta the LefL.



Sky wave — In radio terminnlowy, mdio cneryoy that is
received alwer having becn reflected by the
nnnsphere.

Slack water = The conditign when a tdal current has
7ern spesd.

Slip = A berthing space bolwesh twi plers.

Slip earthquake - & type of earthquaks in which
tht movement is mainly in a horizootal
direcaion,

Slope — The inclined surface of any part of the Earmh's
srfie.

Slope curment — Sec gradient curmend,

Sloping beach — A beach whicl iy inclining ypwards
from the edge of the sea at an angle which may
vary from one or two degrees, 1o a much steeper
gradient of thirty degress or more depending on
its configuration, and the nawre of the deposits
cavering it, which in tum are related to coastal
priiile, types of debris availlable, wave pallern,
and the rate of deposit.

Slump — The sudden downyward slipping or sliding
of uncomselidated maderial of sadimants and rocks
along a steap slope, behaving s a sinple mass,
usoally with a backward rolation relalive to the
slope along which moverent takes place.

ebb ude period.
Snell's law — See refraction, ipdex ol refraction.

Socic-econgmic impact -~ Uhe forceful and
adverse effecs of a natural disaster o0 the social
and economlic mesrces of 4 commnily.

SOFAR . Scund Fixing and Ranging, =&
irtangulation technigue based on the mode of
travel of sovnd waves underwawer. Soonds crealed
in deep ocean waters {e.2.. by an explosion or an
carthgquake) move grear distamcas with Hde
attenuation,  Land-bascd liswening stations in
several differem locations thal reccive such soumkt
signals can then pinpoint teir oagin,  T-phases
from wuiamigenic earthguakes wavel ceadily
through the SOFAR channel.

Solar tide - A partal tide caused by the gravirational
pull of the Sun on the Earth, The Earth is eloser
to the Sun at perihelion because the Earth's orbit
is an ellipse. Perthelion ocows in winter in the
MNorthern Tlemisphere, while aphelion (the
farthest distance of the Earth [rom the Sum)
OCoyrs in gymmer, {The moon also moves closer
to and farther from Earth respectively, during
thesa two scasons ) Becaose of hoth of these
movements, the tidal ranges are grealer in the
MNorherm Hemisphers during the winer than they
are in the summer.

See aphelion, lunar, and perhehon tide.

Solitary wave — A finite-amplitude gravity wava
consisting of a single crest: under cerwin
conditions, a permangnt wave, Certain baragraph
traces have becn taken s cvidence that the
solitary wave also wccurs in the aumosphere,

SONAR - The acronym for Suund Wavigation and
Rangring, a technigue uwsed at sea for detecting and
determimng the pnsition of underwater oljecly
(e.z.. sunken ships, schonls of fsh), and Ffor
determining the depih of the waler under 2 ship,

Sonic energy - The cnocrgy associated with the
propagation of sound waves.

Somg wave — Same as sound wave,

Sorting coefficient — A coefficient usad 10 describing
the diswribution of grain sizes in @ mampie of
meconsolidated marerial. It is defined as

So= Vil

where 31 is the diameier (in millimeters) which
has T5% of the cumulative size frequency by
weipht) disteibution smaller than isell and 25%
larger than itself, and (J7 is thal diameter having

25% zmaller and 75% larger than itself.

Sound -~ 1. A mechanical disturbance 1ransmitted
from one paint in a material mediym to another,
which can preduce an auditory wensation. The
advancing disturbance is called a sound wawe: 118
speed of propagation, the speed of sound, is
governed by the nature of the propagating
mediam. The complete description of any sonnd,
from  the physical viewDoind, reguires
specification of Lhree gquantities: the pich
(frequency); the Iowdness {sound intensity): wnd



guality (umbre, wavelorm), Asin all other {urms
of propagation, sound waves may suller
reflection, relmcuon, scattering, and diffrachion,
Ser alse sound absorpiion, threshold of
gudibitity, decibgl, wlirasonig, thunder,
atmespheric acoushcs.

2. From a psychophysical poiat of view, an
audiwry sensaton resulling from the action of a
sound wave upon the car and its associated
[ECCPLOTS.

Sound {verh) — To measure the depeh of the water,

Sound wave — (Alse called acoustic wave, sonic

wove, ) A mechatical disturbance advancing with
finite velocity through an elastic mednam and
consisung of longitudinal displacemenits of the
ultimare particles of the medium, Le., consisting
of compressional and rarefactional displacements
parallel to the direction of advance of the
disturbance; a longilndinal wave. Sound waves
are small-amplitude adiabatie oscillaticns, The
wave equation goveming the motion of sonnd
waves has the form

v2¢=_1_ﬂ
ez gt

whare W2 i3 e Laplace operator, ¢ the velocity
potential, ! the time, and ¢ the speed of sound,
the density variations and velocities being taken
small. As 50 defined, this includes waves outside
of the [requency limits of buman hearing, which
timitz customarily defined sound

Gases, liquids, and sobds transmit sound
wives, and the propagation velogity is
characteristic of the nature and phyiical state of
each of these media. ln those cases where a
sicadily vibrating sound generator actg ag a source
f waves, one may speak of a uniform wave
train, but in other cases (explosions, lightning
discharges) a violent initial diswrbance sends out
a principal wave, followed by waves of more or
less rapidly diminishing amplibide.

Sounding — The determination ol the depth of the

ocean. Tt can be done by lowering a line o the
baterm or, electronicaily, by noung how long
sound takes o travel w the botem and retm, Ty
i% #n old nautical ema for the measurement of
lhe depth of a body of waier.

Saoumding (huum — The plane to which soundings are

mefeymerl
See also chart dam,

Sounding line = A line, wire, or cord wsed in

sounding, [4 iz weighted at one cnd with a
plurnmet (sounding lead). Also leadline.

Source — In bhydrodynamics, a point, ling, or arca at

which mass or enargy is added to a system, cither
instantanecusly or continucusty, Conversely, a
sink 15 a point where mass or 2nergy is removoed
(rom the syslem,

An meotpressible Tud will possess sources
or sinks of mas: only al points where the
divergence ol its velocity vector is non-sema; a
source is asaociated with postive diverpence and
a sink with negauve divergence (converponce).
The tluid is usually assneed 1o poss oulward from
a source of mward to a sink equally in all
diractions along radial lines, The strength of a
sgurze, .7, the rawe of mass flow of floid umit
density across a curve enclosing the source, is
given by

£ =2ar
where r s he dislanee from the source and v, the
racial speed.

South American Plate - One of the larger clements of

the Farth's cruzsl, It 15 approaimately continuous
with the western and Caribbean coasttines of the
Sonth American conpinent. Un the Pacific side it
abuts the overriding Manca Plate. O the Atlanhic
side, the South American Plate spreads wesrward
from the Mid-Adanic Ridge,

South China Sca - Part of the warm, complex ocean

area at the joining of the Indian gnd Pagific
oceans, bordered by the mainland of Asia, the
Indonesian islands, Japan, and the Philippines.
The area is pinched into a largs gulf bv Thailand.
The South China Sea is a deep basin (over 50
m, of 15,000 feer), with the circotation of tis
botom water impeded by Lthe Bashi Sill betweesn
Taiwan and Lumon and the Kanmata Sill belween
the China and Java sezas and the Malacca Straii,
the connection to the Indian Occan. The sea s
rich in sediment brought down by the Red and
Mekong Rivers. The shorcling and nearshore
undersea [andforms of both of these exhibit the



typical smactures of drowned river valleys, The
major climatic feature of the South China Sea is
the monsoon.

Sgutheast Indfan Rise A pun of the mid ocean ddge
system which divides the Ausiralian [rom the
Antarctic Plate,

Spectral [unction — (Or spectrum.) The Fourier
represcntaton of 4 given function: thar is, the
Fourier iransform il the given funclon is
aperiodic; or the set of coefficients of the Fourier
series if the given funcnon is periodic, The
exislence of the speciral function depends on the
mathemabtical hehavior of the piven Tunetion. IE i
exists, the spectral function will in general be 3
complex functign, having both amplitude and
phuase.

See also comlinuwous spectrum, discrere
spectrum.

Specoal region — Any parl of the electoomagnetic
spectrom  thal s indicated by limiling
wavelengthsigenerally synonymous with band).

Specmum — Amplitede and phase reiponse as a
functien of freqoency [or the components of a
WAL

Speed — The act or state of moving swiflly. Motion.
Velocoity.

Spesd of sound = (Or velocity ol sound.) The spead
with which a gound wave advanzes through a
mediumt,

The speed of sound vares widely from ona
resdivgn Lo another and depends uprn the physical
stale of any pivea mediom, bul Lhis is not
strongly dependent upon the fraquency of the
sound wave, Only in the case of ulrasonic waves
does one have to take account of dispersion
effecte, and even then this is important only in
gases, For all media, the spead of sound Vs
given by

v = V&

where & is the modotus of clasticity of the
medium {for (luids, the bulk modulus) and pis
its density. Nowlon, mistabkenly rogarding the
passage of & sound wave as an isothermal
process, concluded that X for huids must be
simply the pressure itself. Laplace in 186,

HI3

recognizing that the rapidity with which sonic
rarefactions and compressions Follow each other
implied adiabaticity, showed that the cffcctive
bulk modulus £ {5 the product of pressure times
the ratio ¥ of the specific heat at constant
pressure to that at constant velume of the
medium in question. In the case of @ perfect-gas
medium, subshimtion (rom the equation of state
gives, in all,

v=y 2 RT

where iy tho pressure, £ is the gas constant for
one gram of the pas in question, and T is i
absolute temperalure, Inoaic ol D°0, V ois 3514
misec or 10878 fifsec; in water at 13°C, v i3
1441 mfsec; in steel at 07C, V 5 gbout 3000
m/5ec.

Sce Laplacian =peed of sound, Newionian
spead of sound.

Spherical coondinates — (Al called potar coordinates
in space, georraphical coordinates.y A system of
carvilinesr coordinales 10 which the position of a
point in space is designated by its distance r from
the ortgin or pole, called the radivs vector, the
angle ¢ between the radiug veclor and g
vertically-directed polar axis called the cone angle
or colatitude, and the angle 8 betwoen the plane
of ¢ and a fixed meridian plane through the polar
axis, called the polar angle or longiude, A
constant- ampligde radivs vector © confines a
poant 2 a sphere of radios F about the pale. The
angles ¢and 8 scrve to determine the positon of
the point oa the sphere.

The relgtions between the spherical
coordinates and the rectangular Cartasian
coordinales {x, .zl are: x=rcos Asingryar
sin @sin ¢ 2 =r cos ¢,

Spherical harmgnics — In gnalogy o harmonic
functions in the plane: the solution: of the
Laplace equation in spherical coordinates.
Spherical surface harmonics are special seLs taken
over the surface of a sphere. therclors, the
harmonic components are restricted to an inlegral
number of waves gver the sphere, Spherical
hammonics have been applied it the swdy of the
large-scale oscillations of the atmosphere.

Spherical symmewry - See radial svmonecry,



Srherical wave - A wave whose phase-front surfaces
are spheres. Such waves propagaee from a point
LT,

Srilling breaker - See breaker.

Spit — The cxwension of a har or a beach &z the resalt
af long-shore currents,

Splash - To move inte a liquid and cause it Lo
patler.

Spontancons — When water-saturated sedimants ars
subjecled @ a sudden shock, shedr, or Inereass in
pore water pressure, the intermal grain-to-grain
contacts wethin the sediment may changa, 1t this
happens, the enlire sediment Mass may move or
Flow, similar 1 an avalaache,

Spread — Usoally refesring wa the layout of recording
instrumefits such as sasmomeantears, goophones,
tide wiauges of any arther ingfmments wherd
appropriate  geographical separation and
prosbaning ara importart for ohuaning optimum
signals from an eovironmaental property which is
being mnmiwad.

Spreading - When reference 15 made 0 sunsmi
waves, (L is Ui scatering and dispersion of the
WAvE enefgy ovar a wider peoeraphical arsa as the
Wwaves propagare away krom the source region,
The reason for thes geographical spreading and
rcduction of wave cocrgy with distance Taveled,
15 the sphencily of the carth. The sunami cnergy
w:ll begin coRverging again at a disance af &)
degrees from the source, OF course tsunani
wivos propagating across a large ocean undergo
ather changes in energy configuration due 1o
refracticn, plemarily, hut gengraphicsl spreading
18 vory important alss, depending on the tsunami
source region, the orienttion of the (gunzmi
feneranng areg, he source dimensinns, and the
geomerry of the system.

Spring tide = Tidc near the dme of syzvgy, when
Tanges hetween high watier and low water ase
prearest,

Compars neap lde, wopic tide, equatorial
tide.

Sability - L. Same as st scabaliy.

L (M

2, A property of a steady state gr a
distrbancs dhersof which 15 nat characie:ized by
hvdrodynamie  instability, Without further
speaification, it 1s thus ambiguous whelker a
stable disturbance is meutral or damped,

3. A property of a fnite difference equalicn
or & svitem of equations, not characieriesd by
computaticnal instability.

Stability (nceand — Az gsed here, 3 measure of the
density soatification of the oocean waters and the
resistance of the ceean walers by verticg] mixing.

Srakle moion - A molicn in which smull

dicturbances da not orow,

Stable wave — 1. frenerally, any wave that iz not an
unstable wave.

1 See nectral wave,

Stand - The condincn of high sater o low water
when theree is nd change in the haight of the tde.
Comparz slack water.

Stand of tide — An interval a1 high or low waer when
therg is no sensible change in the heighe of the
tde. The water level] by stadonary b high and law
water [or voly an instant, bul Qe cleage inlevel
nedr these wmes 18 0 slow than i 15 nor usually
perceptibla,

Sor =lack nide,

Standurd atnosphere = 1. A hypothotical veorrica!
distribution of almoespheric [Cmperaire, prossurs,
and densily which, by inlecrmadinnal agrooment, is
taken 10 be represenative of the atmosphers for
purposes of pressare alumeier calibralions,
aircraft perfarmance caloulations, aireraft ard
missile design, hallistiz rables, <. The ar is
assumed to obey the parfect gas law and the
hydrostatiz equation, which, @mken together, relate
temperature, presaurs, and density variations
the vertical. Tt is further assumsd that the air
containg ng water vapa, and that the acceleration
of pravify does nol change with height. This last
AsRuMption is  tantamocnt to adoptiop
particplar unit of geopotent:] heiphe in place of
a unil of gegmetric height for Tepresenting the
measure nf verttcal displacement, for rhe two
unils are numencally equivatame in boch the
metne and Enghsh swstems, as defined in
comnectiom wath the standard atmosphere.



The current standard atmosphers is that
which waz adopwed on Movember 7, 13372, by the
Inernational Civil Acronpuieal Organizakion
{ICAD, supplanting the NACA Standard
Awmosphere {or US. Swundard Armosphere)
prepared in 1925 The paramcelric asspmptions
and physical constants wsed in preparing the
ICAQ Standard Almosphere are as [ollows:

(@) Zero pressure ahitude corresponds to thai
pressure which will suppont a colemn of mercury
750 mm high. This prazsare s Llaken (3 be
1013250 = 108 dynegfem?, or 1013250 mb {and
iz ¥mown as ope standard atmosphere or one
almosphera).

b} The pas coiaant for dey air is 28704
¥ ergigmy K.

i<y The ice point at one standard atmosphere
pressure is 273.16°K.

iy The ageeleration af gravity is 980,663
comysas,

ie) The lemperature al roro pressure altitnde
15 15°C or 288, 16% K.

(fy The densily at rero pressure abtitude is
012250 gmycm?,

(g} The lapse ratc of temperature in the
troposphere is 6.5°Cfkm.

{h} The pressore altitode of he opopaose iy
L1 km,

(i) The temperature ab the wopopanse s —
57,

2. A standard unit of atmospheric pressure,

defined as that pressvre cxered by a 780 mm
column of mercury at standard gravity (980 665

crnfsecTy at mperanre 0°C.
ong stanrlard amesphere = 7S mm He
= 29,9213 in Hg
= 1013.250 mhb

Standard deviation = The posilive sgquar root Fof the

variance of,

Stamlyrf error — The standard deviation (positive

sguare-root 0f the variance) of the errors
assnciated with physical measurements of an
unknrven quantity, or stansocal catimales of an
unknown parametet ar of a random varisble. See
TOOL- MEAN- WUare eIor, ceFressing.
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Standard error of estimale — Same as root-mean-
BEJUArE STy

Standing wave - A wave whose nodes and antinotes
remain fixed,

STAR - South Pacific Tectonics and Resources,

Stute of the sea — (Or sea stare; alzo called sea} A
description of the propertics of the wind-generuizd
waves on the surface of the sea.

Static — In general, any radio interference doteciable
as noise in the audio satc. Al broadeasst
frequencies, most naturally- induced stade is
cauged by non-periedic electromagnetic radiaton
emired by lightning discharges acung as huge
antennas {se¢ atmospherics), Aircralt radio
communicaton is ofizn hindered by precipitation
static due o discharges (rom the aircraft suefaces
foitowing aulogenons electrification.

Static pressurz — In engincering fluid mechanics, the
pressure m 3 homogeneous incomprassible fluid
in steady flow along a level steeamline ot points
other han the stagnation point. Thes il p is the
stadc pressurs, Bernouli's equabion gives

p+lpVi=p
where p s the density of the [oid, V Lhe speed,
and p1; the pressure at the stagnation point, called
the total pressure, The Kinetic energy per unit

volume ‘E_pl‘lr’jl ig alse called the dynamic pressurc,

The static pressure i3 thal measueed by a
baromeler moving with the ftuid,

Stalion - In oceanography, the gaopraphic localion at
which any el of oceanogmaphic obserations was
takan; also, the observations recorded at the
location. The appropriate verbal phrase iz
"occupy 4 station.”

See alsn serial station; compare ocean
station, ocean weather station.

Stationary motion - Same as sieady state.

Stationary Lime series — A time series having stable
statistical properties in lhe following sense. Let
x(t) denote the value of the variable ar time t.
Hold 1 fixed and imagine an indefinite series of
repetitions of essenpally the same gencrating



procEss, piving rise w a population {ensemble)
of values of x01). For a sabonary tme sencs, the
ensemble probubility distribution of x{1) is
independent of L When the probabilicy
disribudon changes very gradually with t, the
Hime series s callad quasi-statiomary,

Swuationary wave — A ype of wave where the wave
form does ool move forward by he surlace
moves up and down. Al certsin fixed points,
called nodes, the waler surface will remain
stationary.

Statistic — Generally, a number describing some
characleristic of a population or samples
therefrom, Spacifically, an estimate of a
slatistical parameter compuled from a sample.

Statisdeal = Perlaining to or charactenziog randaom
phenomena, or refermng 1o staisues.

Stutistical dependence — See stansocal independence.

Sladstical independence — The relationship betweesn
twn or maee random variables when their joine
probakility density function can be expressed as
the product of the individual funclions,

Fix v = Hixyeyy ;

and the ramges of variation of x and y are
independent. Otherwise, variakey ane slalistically

depamdent.
Statistical parametar — See parametst {2).
Swistical significanee test - See significance ost

Stutistics - The systematic analysis of random
phenomena, Primarily, it is the application of
probahility theory to specific data, but includes
zpecial techniques and principles not subsumed
undar prohahility. Stalistics i concerned wilh
collecting and processing data, sommarizing
mfarmation. ¢ctimabng descriptive constants
{parameters), discovering empirical laws, testing
hypotheses, ard designing experiments in wuch a
way that valid wmferences can be drawn fmom
emypirical evidence.

Sieady motion — 3ame as steady siate.
Steady state — {Adso called sieady motion, stalionary

maotion,) A fluid medon in which the velogities
at every point of the field are indepondent of

108

time; sircarlines and rajoctores are identical,
Samemes WS (urther assumed that all atber
properties of the fluid ar: identical. Sometimes it
is further assumed that alf ather properties of the
fluid fpressore, density;, ebg ) are alse independent
af tme. All tocal derivatives in the fundamental
cquabions then vanish,

A stcady-state solution 10 A théoretical
protlem supgests two further questions: how the
sicady state came Lo exist (the initial-valus
problem}; and whether it will persist (he
mstability problem).

Sloecpness — Se2 wave Sleepness.

Step (uncdon = (Or siepped function.y A oction
that has different constant values over wljacent
subimcrvals; thag it has diseonlinuives at the
ends of cach interval. The distmibubon functon of
a diserete variale and 3 histepram have this shape.

Sterengraphic projeclon = Sec corlornal mag.

Stick-slip - A jerky, :liding tvpe of molon
associzted with fauzli movement in laboratory
gxpeniments, It may be d mechymistn in shallow-
fous canbuuaknes,

Stochastie = Conjeciural; in statstical analysis, a
synooym [or random,

Stockpile - Sand piled on a beach Forgshore to
nourish downdrift heaches by natural lioral
currents or forces.

Ses [zeder beach,
Stckesian wave — Same as deep-waler wave.

Stokes's thentrem — The statement that if 5 is a
surfaca in three dimensiong having 3 closed curve
£ as iz boundary, then the circulation of a vector
V oarcund ¢ is equal 1o the [ux of the vorticily
fcurl of ¥} through r, under certain mathematical
eonitions on these felds and boundaries,

”'n-lilx‘v}ds=£v-dr.

where n is the unit vector normal ¢ 5 on that
side of 5 which is arbitrarily taken as the posilive
sida, The positive direction along ¢ is defined as
the direction along which an ohserver, traveling
on the positive side of 5, would procesd while



keeping the enclosed area 1o this left. drisa
voctor line clement of o,

For two dimensional flow in the e, v plane
Stokes's theorem becomes

”lﬁ,'ds={:‘€-dr,

where ¢ 13 ahe vertical componcnt of the
vorucily. This states that the circulation around a
piven curve per unit area coclosed by the curve is
eyual to the average vorticity within e area,

Stone, Jderick - Swoe heavy enough [0 reguirg
handliog individual pieces by mechanical means,
penerally 1 on and ap.

Stecr - A mctoorological disturbance involving a
change in atmospheric pressuee, high winds, high
tides, and precipilation.

Storm surge — An abnormal sudiden rise of sea
{evel along an open coast during a storm, caused
prinarily by onshorp-wind stresses, or less
frequently by atmoxpheric preéssure reduction,
resulting in waler piled up aganst the coast

Storm tide - {Alsc called storm sorge, storem
wave, Udal wavey 1, An abnomal nss of the sea
along a shore as the rosult, primarily, of the
winds of a storm. Because storm surge frequently
is the most dangerous aspect of a coastal slorm,
considerable research iz curmently wnderway o
ascertain it nawre and prediclatlity,

Compare [ereranner, hurricane wave,
Lsunami; see also tidal wave.

2, The height of a storm surge (or hwricane
wave above the astonomically predicled level of
the sca.

Storm wave = 1. A wind-gencrated sca-surface
wave of great height.
2, Same as slorm Surge,

Ser alzo hurnicans wave.

Strat — A eclatively narmpw walervay betwesn (wo
Larger bodics of warer.

See also sound.

Seratification — In hydrodynamics, the nate of 2
stratified Fluid.
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Seatified fluid - A Auid having density variation
along the axis of gravity, usually implying
upward decrease of density, i.g., a siranfication
characterized by static stabilivy.

Stratum — A layer of sediment or sedimentary reck.
The term is more frequently wsed in i plueal
form, strata,

Steamline flow — Same as laminar flow.

Biress — Generally, a surface Force, measured per unil
area In a aolid, the foree per ontt arca that acts
on of within a body. Given a vertical celumn of
material, along any imaginary horizontal plane
within the column, the matertal shove the plane,
becanse of its weight, exerts a force on the
material below the plane. Similarly, the part of
the column below the plane exerls an cqual
vpward Force; the mutual action-reaction along a
surface then constittes 3 siress,

Streys difference - The algebraic dilferenee betwoen the
greatast and least principal stresses,

Stress ellipsoid - A geometric represantation of g statz
of stress as defined by theee muotoally
perpendicolar principal stresses and hocir
magnitudes.

Strctural geology - The brmch of gealogy concemad
wilh the description, spatial reprasentation, and
analysis of structural features ranging from
microscopic to maderate, As such, il includes
studies of the forces that produce rock
deformalion, and of the crigin and distribution of
these forces, Struactueal features may b primtdry,
i.c., those acquired in the genesis of a mck mass
{£.2.. horizontal layering), or secondary, ie.,
resulting from later deformation of primary
strugtures {e.g., folding or frociuangy. ©F
Letonics,

Structurnl relief - The difference in elevabion hebween
the lowest and highest points of a hed or
stratigraphic horizon in a specifind region.

Structure - 1. The altwde and positions of mock
masses of an area the sum total of stru¢lural
features resulting [rom processas such as folding
and fautting. 2. In geomerphnlogy, a goneral
term For underlying rocks of a landscape.



Siress lensor — The complete sct of siress
components in a medium, which are woiticn as g
e Ty, It has mne components, one for cach
of the coordinare faces of an imaginary Muid
element apan which the siress aces {f=x vz} and
lor each direction in which the sleess is directed

{i=x.y2}.

By definition, an mviscid {luid is one in
which the six tangential sresses (f £ §) are 2era,
and the three oormal swresses { = ) are 2qual o
the nogutive ol the pressue,

Strike - ! - The direction takcn by a structural
siweface such as a fault or bedding plane asz it
intersezis the horizonial; it is the compass
direction of the horizonial line in an inclined
planc. 2. To b aligned in a dicection at right
angles e the direction of dip.

Sirike fault - A fault that simikcs csscntially
paralle] 1o the sirike of the adjacent rocks. CF: dip
fault; dip joint.

Strike joinl - A joint that serikes neady parallzl w the
strike of the bedding of a sedimentary rock,
schiskgsity of & schist, or gneissic souctore of 3
eneiss. CF dip joint,

Strike separation  The distance bealween two
previously adjacent beds on either side of a fault
surface, measured parallel 1o the sirike of the
Canlt. Cf: dip separation.

Sirike shift - Relarive displacement of rock units
parallel to the sirike of a fault, but beyond the
fault zone isclf; partial syn. of sirike slip.

Sirike-shift fault - Suike-slip fanolt.

Strike slip - The component of movement parallel
with the sirike of a fault. O dip ship; strike
separalion; sinke shift,

Strike-slip fankt - A fault along which the
moyement has been predominantly horizontal,
parallel o the strike. The movement of a sirike.
stip fault iv described by looking straight across
the fault and ohserving in which direclion the
block on the dpposite side has mowved.

Strombolian-type cruption - See voleanic eruplion,
types of.

Stroctucal - OF or relatiog w rock deformmation gr o
Fraturey tul resull from iy,

Atructural feature - A [eawre pooduced by the
displaccmert or deformation of rocks, such as a
Fault or Fold,

Student’s “t" tost — {Also called Hest) A sipnilicance
test applicable o a sample mean of a samply
estimale of a regression goefficient or a
correlation coef(icient (the later only when the
hypothetical value is zero), [U s uscd W st an
assumed value of the correspoading parameter. Ty
s alsa applicable to the comparison of mwo (bt
ool mors han twol sampls means or bwo
regresston coefficients, but not two correlatdon
coelficients, The t-test has dilferent formulas for
differant uses.

Subaqueous — Said of conditions and processes, or of
fratures and deposits, that exist or are siluated in
or under watcr, cspectally Fresh water, as in a lake
Or srcam.

Subduction = The process of ome crustal block
descending bencath another, by folding or
fauiting or both. The concept was originally nsed
by Alpine geologisis.

Subduction zome - An extended region along
which ane¢ crustal block descends relative 1o
another, and along which deep occanic renches
occur, Subduction ores are one of three dods of
boundarizs {see mid-oceanic rdges; wansform
faults) of crust plates. During the tectonic
process of two plates moving toward each other,
one dips downward and is forced under the edge of
the other, penstrating the earth's mantle af a
rather sharp angle. The hend in the submerging
plate creates an oecan trench, The downward
action of this plale i3 respansibie for deep-focus
garthguaks activity, and the resultant fricton
produces veleanoes and intrusions on the far side
of the trench. Shallow focus earhquakes along
subduction zones have been rospoasible for the
peneration of most destructive tsunamis im
histary, Sa2 also: plate lectonics.

Sobmaring canyon — A physicgraphic channel towdly
submergad under the sea and cut by submarng
currEnls,



Submarine tandstide — Underwaler wtovement,
under gravity, of masseshaf sediment and rock
matcrigl as aresult of a variety of processes,

Suhmarine perterbations — Dndersea disturbances,
irrepubarites, ond abrnormal changes.

Suhmarne slepe — The vmderwater inclinadon of the
Lpography.

Submarine slump - Sce slump. Same process
exvept occuring under the »ater along a
suhenarine slope,

Submaring volcano — A volcano exisung, acling, or
growing wnder the seq,

Submaring eruption - An eruption [om a vileano
Incated on the oceanic crust of the earth, Such
eruption can be extremely cxplosive than its
continental counterpard,as a result of the contact
between volcanic magma and sea walcr.

Submarine fans - Fan- or cong-shaped underwaier
[zatures formed by the deposioon of wrrigenoos
sediments, wsually found offshare from most
large rivers, and extending downward on the
contnental shell and slope o the abyssal plains.
Such fzng are acoumulate by the Aushing acdon
of lurbidity curenls through sobmarine canyans,

Submerpgeace - Tnundation of land areas, cither by
a gradunl oct sz in sea level or by subsidence of
the land due to isostatic changes, Also,
canbguakes can canse sudden submer gence of land
areas,

Sub-cceanic changes — Geomorphic changes on the
ocean Aoar resulting from zachquakes, voleanic
erupricns, depositions by warbkidicy currents, or
by slow neourring provesses such ac occan floor

spreading,

Subsidence — t. Sinking or fafling o the hottom,
especially to fawen cut 50 as o fomm a
depression. 2. The dropping of dry land inte the
sea This can bave several cavses. Onc might be
arise in sea level, another e collapse of an
isolated guyet, or coral island. The later may be
the result of volcanic activity. If a volcanic
Sraption emptics an underwater voleanic chamber
of liguid lava. the resulting cavily may nol be
sufficicntly strong to withstand the pressure ol
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the surounding water mass. Thus the roof of the
thamber may collapsc resulting in subsidence,
Subsidence may be caused alzo by an carthguake
in a tegion of subduction, where ane side of the
crust may go up whils another ong may go
down.

Sulawesi Sea - Also known as the Celebes Sea: a
bhonly of water that separates Sulawesi (Celebes)
from the Philippine islands. It is ane of several
ocean decps with known volcanic achviry. The
Aar bottam. whick has 2 mean deph af abayt
4,000 m (13,000 leet), has deep, cold, Pacific
bottom water entering the area by spilling over
the 5il? near Mindanao.

aunda Shetf - The largest shelf area in the nccan,
almast 2 million sq. km {ar 0.6 miilion square
miles} in size. It underlies part of the Java Ses.
The enrire area, inctuding Malaya, Sumatra., Java,
and Kalimantan (Bomeo) is a vast, drowned river
systein, The Nunb Senda River flewed northeast
into the South Ching Sea from headlands in
Malaya and Kalimantan. The South Sund: River
alse moved frovn Suruatme cast ino what is now
the Makassar Strait between Borneo and Sulawesi
{Celebes). The Sunda Strait, which scparates
Sumata fom Fava, is very shallow and probably
the result of wery recenl seizmic acrivicy.
Krakatga, in the Sunda Scorap, ix the most
important vocang in the arca and the source of
the famous 1883 tsunami, the largest tsunami of
vOolcanic Origin, in recent wmes.

Supersonic — At a speed groater han the local speed
of sound. Curreénl convention 15 to apply this to
speeds n the range Mac 1 to Mach 5.

Superstruckure - The upper structural layer of an
arogenic belt, which is subjected to relative
shallow or near yurface deformation processes, a3
distinct from an underlying and more profoundly
deformed infrastruche.

Surf — The sea-surface wave activily between the
outcrmost ling of breakers and the shorc,

Surf beat — Irregular oscillalions of the nearshors
water level, with periods of the order of several
minutes.

Surf zone - The area between the oulermost breaker
and the limit of wave upruzh, (Sce Figures A-2
arid A-5)



Surface of no strain - A surface along which the
criginal conilpur tion remaing unchanged after
deformation of the body in which the surface is
contamed.

Surface wave —= Elasie waves that propagate alony
the surfage af the Eanh. Rayleigh waves have a
etrograde elliptical particle mation; love waves
are horzontally polarized shear waves.

Suri heat — Oucillations of water level near shore,
associated with groups of high breakers,

Seg baating:.

Surge — A wwelling, eolling, or sweeping forward
ke thal of a wave or series of waves (2h) A
large wave or hillow,

Surging breaker — Sze breaker,

Surping front — To Oczanography the fromt of 2
breaking wave, As i relaes 0 spnami, the bare
often Mrmed by a sunami taveling in 3 bay or
up 4 fver

Suspended ioad - 1. The maerial moving in
suspension in a [fluid, being kept up by the
wpward components of the urbulent currenls or
by colloidal suspension,

2 The material celkcled in or computed from
samples collected with a suspended load sampler.
{A suspended Ioad sampler is a sampler which
aliempts {0 secure a sample of the water with its
cediiment load withoul separating the sediment
from the water.}

Wherz it 15 neccssary 0 distinguish berween
tha two meanings given above, Lthe st one may
be called the “oue susperdded load ™

Swale — The depression between two hetach ridges,

Swash = The rush of water up onto the beach face
follewing the breaking of & wave. Also uprush,
aerap. {5ec Flgure &2

Swash channel = 1. On the apen shore, a channs! cut
by fowing waler in s roum o the parsnt body
(5., @ rip channed),

2. A secondary channcl passing through or
shoreward of an inlet or river har. {See Figure A-
9.}
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Swach mark — The thin wavy line of finc sand, mica
scales, bits of seawesd, ete., left by the uprush
when it recedes from s apward limit ol
movermnent on the baach [ace.

Swell — Waves tha have raveled away from their
generating area. Thoge waves have a more repulir
patgern than =en waves.

Syncline — A mmonghlike fold, the core of which
comaing the wratigraphically younger rocks: it is
Concave upwand

Svnoptic = In general, pertalming t¢ or alfording an
overall view,

Svyswematc emor — That purt of the inaccoracy of 2
meEasuring insrument, or skalistcal estimaee of &
paramzter, which is due tr 2 single caose or
small number of causes and is uswally of the
some sign, and hence, in principle, is cormectable,
I the absence of random errors, the tue value 1s
cqual to the instrumental reading or skaliztcal
estimate minus the sysematic cIro.

T -

T phase - A seismic phase with a period of 1 sec or
less, which ravels throngh the ocean with Lhe
speed of sound in water. It is occasionally
identified on the reogrds of those carnthquakes, in
which a lurge part of the path {rom epicenter to
stapon is moross the decp ocean,

T wave — Earthruake T waves, in common with
wunamis, are generated by movements of the
acean foor. In the case of T waves the
movement 13 ascillatory, while for the tsunami o
moree closely resembles a moving-step fundcunn.
Although the oscillalory waves ara not likely 1o
indicate the magnitude and direction of permanent
displacement of the ocean floor, they may hind
application in delimiting the lateral exient of the
affected region, From the standpoint o Gienamt
generation this dimension is prubably more
diagnostic than an estimaie of carthguake
ragnitude,

Alsocarlyuake T waves may find application o
the tsunami warning problem by being
inerpeted in wos of the length ar upture. This
dimension is a moare direct indication ol the



potental of an carthguake w generalc & sunami
than is earthquake magnide. Bunhguake swarms
within a confined region may be recopnized 25
such by the repetition of their sigoatere. The
[ength of mupure of a major carthguoake can be
estimated from the dumtion of the high-lgvel
portion of the T phase at two or more Salons, It
i5 speculated that equivaleal information may be
obtained [rom one recording siation by
azimuthally wracking the incoming T waves,

Tabular iceberg — (Alsz called table iccherg; fnrmearty
called barrfer iceberg.} An iceborg which has
broken off from an ice shelf,

Mewly formed tabular iveberps have nearly
vierical sides and flat tops, In the Anvirclc, they
may be tens of miles wide, up 1o WNY miles
long, and as much as 1000 feet thick with about
06 et exposed above the sea surface, In the
Arctic, the large icebargs of this type are valled
ice islands, but they are consideragbly smaller than
tha largest of the anLgrepe variety.

Tangential siresses — The components of the siress
fensor which are tangential o the faces of the
fluid element.

tay-valoe — The time rate of change of D-values at a
fized point defined by the relaton,

TS %
A
where AT is the change io tmc and A0 is the
change in D.value during this ume inerval. Tau
values are expressed in terms of feet per hour,
Tau-values ines are drawn ont 2-D charre and
comprise the time dimension of thess charts,

-
=

vlor effect - A phenomenon imvestigared
eaperinentdly and theoretically by G, T, Tavlor
1 which e melative motion of a homogeneous
rotating liquid tends v be the zamc m all plancs
porpendicular o the axis of rotalion. For
cxample, if a sphere i3 intrkluccd a5 2n
obstricinon, the fluid Mows around i ag ol o were
g cylinder exiending the entire depth of the flud
parallel to the axis of the system, It s due
essentially w the presence of highly gecsrophic,
homopgeneous conditions so that the thermal
wind i3 see0, [t occurs ab very Jow valucs of the
Rosshy number,
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Taylor number — A agn-dimensional npmber ansing
in problems of @ rotating viscous fluid, I inay be
WTitlen

T = 2ty

where f is the coriolis parameter {or, [or g
cylindrical system, twice the rate of rotaton of
the system), A& represcntative of the depth of the
Auid, and v the kingmatic viscosity, The square
root of the Taylor number is a rotting Roynolds
number, and the founh root is proportional to the
ratio of the depth A to the depth of the Ekman
layer.

Taylor series — See Taylo's thegrem {10,

Taylor's theorem = 1. IF all the denvatives of a
function fx) are conlinuous in the vicinuy of 2 =
4, then fix) can be expressed in an infinite series
{lhe Taylor seres);

flx) = fla) + Flxd (x —a) + i}f"m (x -ay

1 pimy L
+...+ﬁxﬂ][1 ap" -

The case a=0 is called a Mackaurin series.

Z. The thearem of G.I Taylor in the
statistcal theory of aunospheric turbulence:

pos IO ]:] R( 5 didr

where x i5 the distance imveled by 3 particle in

the ume interval T, w I8 the Fluctuation or eddy
velocity of the parlicle, and R(5) iz the
Lagranpian correladon cacllicient herween the
particle's velocity at time ¢ and ¢ + £,

Tectogens ~ A large downhuckle ol the crust inoan
orogenic belt.

Tectomics - 1. Study of the lirge scale sauctural
{cajures of the Earth and their causes,

2. Perntaiming to the siruciore  and

deformation of the Eanh's crust.

Telemeter = The measuring, FAnSMitting, receiving,
and indicating apparatgs for obtaining thi value
of 3 quantty at a disarce,

Telemetry - The study of the measurement of
Jquanbificy at a distance,



Tele-tsynami - A tsunamic originaling at a
distance of more than ong wave length foom the
point of cbservation,

Telemetry - A method, wspally electronic, of
measunng gomething and then transmitung the
Meas ETEnent 10 4 Teeeiving station,

Teleseiem — An edarthquake that is distant fmom the
recording station.

Tendeney — The local rate of change of a vecar of
gealar quantily with time at a given poinc in
space. Thus, in symbals, dpfdh is the pressure
tendency, 078 the vortciry tondency, sic.
Because of the difficulty ol measuring
inslanianeous variatons in the aimosphere,
variations arc wspally obtained frem the
tifferences in magnineics aver a fnile period of
vrme: and the definition of wodency s frequently
broadened w include the focal tme variations =0
obtained.

Tensivn - A force that tends (o strcich a body (o8, a
string, rod, wire, etc.),

Tenser — A mathematical entivy that is the general
cquivalent in any n-dimensional ¢eordinate
system, of a vector in lwo of three-dimensional
coondinates, Tonsors are used 1o describe how all
the components of a quantity behave under
certain transformabcns, jost as a vector Can
describe a translaton om one paing 2 another
in a plane or in space, An arcay of funciions
which obeys certain laws of ransfrrmaton. The
malivabhon For the nse of tensors in some
btranches of physics is that they are invariants,
not depending gn the pamicular coordinare system
cmployed. See alse veeior,

Tera - S3ymbol: T A prefix dencting T2, For
examphe, 1 wrawatl (TW = 1012 watts (W7,

Toerminal - A peint at which a oser can communicate
directly with a computer both for the input and
output of mformation. T s sitwated pwtside the
computer svstom, often at some distance from i1,
and is linked to it by electic cable, lelephone, or
somg other transmission channel, A keyboard,
similar 1o that on a cypewriter, is used to [oad
information to the computer. The output can
either be prntcd out or can be displayed on a
screen, as with a visual display unit. An
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interaclive terminal 15 one connected to a
compuler, which gives an almaost immediate
response o an inquiry from the user. An
iniellieenr werminal can store informution and
perform simple operations on il withour the
assistance of the compuer's central processor,
See alspy inpuriontput, visual display unit,

Terminal effects — The behavior and effects of a
waunamni just prioc and vpon striking a coastine.

Termucc = A horizontal or nearly bosizontal nataral or
artificial opographic foature intcoupting a
slecper slope, SOMELMEes QCCUIMng in a seres.

Thalweg — In hydranlics, the line joining the deepest
points of an inlet or sircam channel.

Theorem - The conclusion which haz been proved in
the course of an argument vpon the basis of
certyin given assumplions, A theorem must be a
resutt of some generat impertance,

Theorem of parrallel axes - 1f Io 15 the moment of the
inerua of an cbject about an axis, the moment of
incrtia [ about a parallel axis ig grven by:

IT=TIgmd

where m is the mass of the object and d 15 the
separation of the azes.

Three-dimensional - Having length, breadrh, and
depth. A three-dimensional figure {30lid) can be
described in a coordinate sydstem using three
variables, for cxample, three-dimensional
Cartasian coordinates with an x-gxis, y-axis, and
a 7-axis. Compare two-dimensional.

Three-dimensional medel — Medels of or
reluling W theee dimensions; models giving the
illusion of depth or varying distances - uswally of
an image or a pictorial representarion, Modem
computers with good graphics can simulate very
realistically the three-dimensional results of
calcolations by depieting them pictonally, and in
a continuoes fashion, by acceleraton or slow
down, as necded, of the ume scale of events.

Threshold value - The amoant or cxtent of 2
specified mensuremnent of space, time, or quantity
of a boundary or & level point which something
ig rue or will take place ard below which it &s
not or will oot Also it is helpfal  to the



decision-making process for operatonal purposes
ter et thrshold values for cortain parameters being
measured before acting. For cxample a threshold
value of 6.5 on the Richter earighake magmitude
is set oo the seismographs of the Pacific
Tsunami Warning Center and an alarm is
sounded. Omly earthquakes with that thresheld
vitlue or higher are mvestigated, as historically
only earthquakes exceeding thiz magnitude
thresheld value are known to have produced
eungmis of any significance,

Thrust - A forve tending to compress a body (es. a
rod or bar} in onc dircction. Thrust acts 1n the
oppesite direction to 1ension,

Throst fault - 1. A Fault i whick the block above
the faylt plane movas upward relabve Lo the
hleck below

2. A faull with a depth of 45 or less in
which the wpper block sppears to have moved
apraard relative 1o the lower black. Horizontal
compression rather that vertical displacement is
its characteristc featgre

Tidal bore — A large wave of Lidal origin thar will
el up some rivers and estuaries

Tidal component - Same as partial tde.
Tidal constituent — Same as pariial dde.

Tidal ¢urrent — Cwrent resulting from the advance
and retreat of water from 2 restricted hody of
watar as the result of ndal (orces.

Tidal datum — Sea chart damm and datum planc.
Tidal day — Same as lunar day.

Tidal distrbance — An interference or change caused
by the astronomical tde,

Tidal excursion — The net hodeonlal distance over
which a water particle moves dunng ane tidal
cycle of {lood and ebb. The distances iraversed
during ebb and flood are rarely equal in nature,
since there 15 usually a layered circulstion i an
estuary, with a nel surface flow in one direchon
compensated by an apposite flow al depih.
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Tidal [lats = Marshy or muddy land areas which arc
cavered and urcuavered by the rise and Eall of the
bicke..

Tidal {low -Flow in the fomm of 2 tidal current
resuling from the advance and retreat of water
from a restricted] body of water as the result of
astronomical ldal [rces.

Tidal inlet - 1, A natural inlel maintained by tdal
flow.

2. Luowely, any indet in which the tide ebhs
and flows, Also ldal oytlet,

Tidal period — The inlerval of dime between wo
consecebve like phases of te .

Tidal pool — A poul of waler remaining on a beach or
rock after recession of e uda,

Tidal prism ~ The volune of waler that moves in ar
cul of a harbor or other basin during cach tidal
cycle, IUis usually computed as the product of
the tidal range and the arca of the basin at mid-
tide lovel.,

Tidal range - {Or tide range.) The differencs in height
between consecutive high water and low water;
twice the nde amplitude,

Tidal rip - Sec Ap.

Tidal rise — The height of tide as reforred (o0 the
dawm of a chart.

Tidal stream — Same as tdal corrent.

Tidal wave — 1. The wowve merion of the tides.

2. [ popular usage, any unosually high (and
therelors dostructve) watcr lewel along a shoes, It
usually refers 1o either a storm surge or tsunami,

Tide ~ The thythmic, alternate rise and {2l of the
surface { or water levely of the ocean, and of
bodies of water connecled with the oczan such as
estuaries and gulls, ecewrring twice a day owver
most of the Earth, and cesulting from the
gravitational atraction of the moon {and, in
leszer degrees, of the sun) acting unequally on
different parts of the rogaung Earth,



Tide amplitude -~ One-half of 1he difference in
leight between consecutive high water and low
walen;, honce, halt of the tidal range,

Ticte, daily retardation of — The amount of Bme by
which corresponding tides grow later day by day
{about 30 minutcs),

Tide, diurpal = A tide with one high waler and
ane low water in a tidal day. {See Figure A-10.)

Tide, ¢hh — 522 ebb ude.
Tide, Aood = Sce fload tide.

Tide gange - A device for measuring the height
(rise wnd fall) of the tide especially an msrument
atomavcally making a continupud graphic
record of nde heirht versus time.

Tide-well — The part of a tidal gauge which
consists of 2 whe with a small orifice an the
hottom theough which water enters as the tide
changes and which filters short wrm water level
changes caused by wave action. Within the tide-
will 3 foat oscillates Frecly and is connegted to a
instrumenn which records in digial or analog
form sea level variutions with time.

Tide, mixed — 52 mixed tide.
Tide, neap — See neap tide,

Tide-producing force - The slight [ocal
difference between (he gravitaticnal agraction of
two astronomical badizs and the centrifugal force
that holds them apart. These forces are exactly
equal and apposite st the center of gravity of
either of the bodies, but, since gravitarional
apraction is inversely proportienal to the square
of the dislance, it varieg [rom point o goinl on
the surtace of the buadies. Therefors, gravitational
attraction predominates at the surface point
aearest o the other body, while centrifugal
“repulsion” predominates at the surface point
tarthest from the other body. Hence there ars two
regions where tide-producing forces are ac a
maximum, and nomally there are two tides each
Wnar day and solar day.

Tide range — Same as tidal ranpge.

Tide rp — See np.
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Tide, samidivmal — See serdigmal tide.
Tide, slack — Sea slack ade,
Tide, spring — See spning tde.

Tide stalions — A place whers tide nbsarvations
ane. obtaindd,

Tide, storm - See storm surpe.

Tide Lables - Annual tabulations of daily predictuions
of the times and heights of high waler and low
water af various places. Such @ables are
constructed from asuonomical data and from the
results of barmonic analysis of previous
ohservations al the desired point, They arc
compilel and issued by national hydrographic
amthorides, for axample, the 1.3, Coast and
Gouderis Survey, The heights in tide ables
wsnally are measured from chart dargrm rather than
mean 584 fevel,

Tide constant — {Alse called lag cocllicieal.}
Generally, the time roquircd for an instnemneal 10
indicate & given peroentags of the final teading
cesulting from an input signal; the celaxation
time of an mstrument.

Time lag — The wial dme between the application of
a zignal to an instrument and the Fsll indication
of that signal within the wncertainty of the
insrumenl.

Time secbon = (Ao called time crogs-sectinn.) A
dagram in which one coordinate is time and the
other is dislance {usually height, in which case it
i5 A vertical time-saction),

Compare ¢ross section, profile lime-height
sachon.

Time sharing - A method of operanan i computer
systems in which a number of jobs are
apparenlly exceuled simulianeously insical of
ome gficr another (a8 in barch processing). This is
gohieved by tanslesring each program in tum
from backing =iote 10 main seore and allowing it
o run for g short time. Time shanng is
particalarly wselul for programs that are
controlled by users at erminals. Tt allows all the
uscrs W interact with the computer apparcenly



sirnultanecusly, provided thare are nol e many
of them. Compare batch processing.

Tirne zeries — The values of a variable generaled
successively th time.

TOGA - Tropical Occans and the Glokal
Atmespherg,

Tombgtn - A yand or gravel bar hal connects or
“Lies” an 1slangd o the mainland orow another
island. When larper, 11 may be a spit or a
causaway,

Ton - A unit of mass cgual w 2240 pounds. Tt is
cyuivalend 1w 1016.05 ke,

Tonga Trench - A desp depression in the [l of the
sputhwestem Paciftc Cocan, Tis average depth 15
almost 11,000 m (33,000 fectl, and it is about
1,400 km (M) mileyy mg. This fairly narmow,
stecp-wialled break in the Eanth's crost lies south-
soulrwest of Samoa. A belt of volecanic and
sBISINEC activity is west of the wench, The Tonga
Trench and the Kermades Trench, with which it
is glmost continwous, form a fine which,
wpether wilh the Greal Alpine Faull of New
Zealand, creates a long slip-sorike faull thar s
analogouns to the fauwlt in the Caribbean.
Tsungmis are known b originae from the Tonga
mench region. See crust, Kermadee Trench, plate
teclonics, Puerto Rico Trench, tench,

Tonone - {metric ton) Symbod: t A anil of mass equal
to 102 kilograms,

Topography = The gengral configuration of a land
surface or any part of the Earth's surfage,
inclyding its relief and the position of its natural
and man-mads features. This may nclude (oresws,
rivers, highways,, bridges, etc. as well as
contour-lines of clevation, although the wrm is
alien used to denote clevation characterisiics

{particularly crgraphic featares) alone,

The study or procsss of topographic
rOapphng,

Topological space - A non-cmpty s¢0 A ingether with
a fized colleclion (T) of subsels of A satisfying:

{Ih OT.AT;

(D UUTand ¥ TthenU ¥V T

(3 if U, T, where {J} is 2 finite or infinite
collection of s215, then U, T.

The st of subsets T is called a topology for A,
an the members of T are called the open sets of
the topological space. Compare mutric space, See
also wpelopy.

Topologicatly cquivalzar - See wopalogy.

Topology - A branch of geometry concerned with the
general properties of shapes and space. It can be
thought of as the study of properties that are oo
changed by coniinuous deformations, such as
sretching or bwisling, A sphere and an ellipspid
are different figores in solid (Buclidean)
geometry, bat in topology they are considared
eyuivalenl singe one can be wansfonned into the
ather by a condnuous deformation. A tarus, oo
the other hand, is not wpalogically equivalent
d sphere - L would not he passible o distort a
sphere into a torus without breaking or joining
surfaces. A torus is thos a different ope of shaps
o a sphene. Togalogy studies types of shapes and
their properties. Tapology uses methods of
higher atgebra including group theary and set
theury. Ao imporant nodon is that of gets of
painls in the neighboorhowd of @ given point
(e, within a cenain distance ol the potny). An
open set is a sef of poings such thar each point
the set has a neighbourhood containing points in
the set. A topological transformarion occurs
when there i3 2 one-to-gne corrcspondence
belween points in one figure and points in
another a0 that open sets in one correspond Lo
open sets (n the other. TF ong figure can he
transformed  into  another by such a
transformation, he sety are topologically
equivalent

Torque — A force which tends to produce a rotating
mobon. Torgue is the vector product {F X s} andd
is a vector at 90 degrees 1o the plane of the force
and displacement

Torsional wave - A wave motion in which the
vibraliona in the medium are rotatory simple
harmonic motons around the direction of energy
wansfer.

Total derivative — The rate of change of a function of
two or mors variables with reference o a
parameter on which these vanahles are depemdent



Il z=f{z, y. 7} x= @) and ¥y = Ke), the total
durivauve of r with reflerence 1o ¢, wrillen dz/dr,

is given by
dr _ Ml ) dele) | iz, y) d80) | of
dr dx dt oy dr di

dflz. ¥} :
and fa};— arg the parbial

df{x, ¥}
where
ax

derivatives of [z, ¥3 with respect to x and ¥,

gt} Aa)

b et
derivatives of @£ and ), respectively, with
respect to ¢ For a function of one variable. the
partial cderivative equals the total derivative, The
indivicdual deedvative is the total denvative when
the parameler L epesents me,

respacuvely, and are the totsl

Taotal differential = The total differential af a function
F=fx, Ty .. X, )00 p variables is delined by

the equation
of df %
= 2 fgx | +——dxrt- - P
% axs ' g AXa
whether or not x,,x,, ..., and x_ are
. o o
independent of each other, SxlC dxzt and

aaf denote the partial denivatives of £ with
Xm

ceapect W xy, &, -, and x, respectively, The
tolal differenuial & represents the change in f
assoviaed with simaltaneous infinitesimal
changes in &), &, ..., and x,, given by 4,
dxo, oo, and dr,, respectively, o the order of
cfx,. de., ..., dx
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Torsl potential enetgy — Se¢¢ potential enerpy,
internal energy,

Treal prassure — {Also called stagnalion pressure.)
The sum of the static pressyre and the dynamic
pressure when rhese cancepts are applicable.
Since this is the pressute at the stagnation point
of 3 sreamling, it 18 measured by an ideal Pimot
mibe direcizd exactly upsiream. The toral pressure
galisfias the hydrostatic equation.

Total vaniance — See regregsion.

Tenal vorticity — Usually, the magnitude of the
vorticity vector, all componentt included, as
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opposad n the wertical {component of the)
vorticity.

Training wall — A wall or jelty to direct current Mow.

Trajectory — {or path.} A curve In space tracing the
points successively occupied by a particls in
moLon, At any given iestand the velocity vecoor
of the particlc Is tangent to the trajectory. In
steady-state flow, the rajectories and streamtines
of the Auid parcels arc identical, Ctherwise, the
curvalure of the trajecory Ko is related 1w the
curvalare of the streamline K| by Blaton's

formula,

a%
Kr=K;z - 17%
Vooar
where V¥ iz the parcel speed and ehyfet 15 the local
change of the wind direction. The curvatures and
wingd change are positive for the cyclonic tenge of
flow.

Tranzdurer = A device for converting energy from one
form o another. Transfer — See interaction,
encrgy transler, eondoction, mixiog, exchange
coctlicicnls, CanSpot.

Tranalinile - A trmsfinie number i a cardinal or
ordinal nuenber thal i3 not an inweger.

Transfinite indoction - A process by which we may
reason that if some proposition 2 rue for the
first element of a well-ordered et 5, and if the
propesition is fue for a given element it is also
tue for the next elemeant. then the propositicn is
true for every alement of §,

Transfirm fanlt — A break in the crost of the
Earth. Faulting characicristic of mid- ocean
ridpes running perpendicular o the axis of the
ridge. The line of the ndge is displaced (offsec) by
the fanlt.

Transformation — A change in structiine, apReatanoe or
chatacter, conversion, alteralion or shifi In
general, any function or mapping that changes
ONe quantity intn annthaer.

Transformation of Cobrdinates - | Changing the
rsatian of the relference axis inoa coordinale
sysrem by wanslation, rotaton, e beth, osoally
i aimiplify the equaton of 8 eorve. 2. Changing



the type of coordinate system in which a
geometical figure is Jescribed,

Trangicnt - YVarying in time, as opposed o steady
shatd.

Transient problem — Same as initial-valye problem.

Transient response = A sudden brel disturbance or
reaction of a system Lo an oukide [oree.

Transient wave = wawve varying in time, but
celativaly of short existenca,

Tranziteonal fow — A TTow in which the viscous aned
Reynnlds stresses are of approximately el
magnitude. [ 15 transaticnal Between laminae
flow and turbulent flow.

See laminar boundary fayer, urbuolent
bounctary layer,

Trunsileonal zome (mnsitonal walker) — [n regard W
Erogressive pravily waves, water whose deph is
less tham 1/2 but more than 123 the -wavelength.
Often called shallow water.

Translatory wave — Same as wave of ransfation,

Transmission - An acl, process or instaoce of
teansmitting. The passage of radio signals or
glectrical gignals. Transmiving and recciving
stalions of a 1elecommunication system. In
relerencs [0 Sunamis, ransmission may inclode
data signals from the scismie or udal actworks of
the varying operaling (SUNamis waming sy stems,
and verbal waming messages.

Transmizsion loss = A genersl wrm Ffor the reduction
of power in a transmitted radio signal resuling
from any or all of such elfecrs as range
allcouAlion, precipitation attenuation, muolipath
WFADSTR INST0, LI0,

Transmitter - A device used for the pencralon of
signals of any tvpe and form which are 1o be
runsmittad. In radio radar, it is that portion of
the equipment which includes clecironic circuits
desigred to generate, amplify, and shape the mdio
frequency znergy which is delivered o the
antenma where it is radiawed out inlo space,

See receiver,
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Transponder — A device which relays electrical
stgnals not necessarily in the same form o on
the same frequency s received, It is usad in some
types of rawin systems L overcome the decrease
of target signal strength due o range anenuation.
The wansponder, in such systems, consists of a
wransmitter and a receiver so designed that upan
receiving a pulse of energy [rom the ground radar,
it will gencrate a new pulse on a different
frequency, and transmit it back to the ground
station,

Transport — 1, Same as (lux.

2. The process by which 2 cebstange or
quantity is camied past a fixed polot, or across a
fixed plane. In meleoralogy and occanography,
such gquantities are: hear, momentum. mass,
dissolbred impurides, suspended particles, ete.

Tramsverse wave - [Also called distsmional
wave.) A wave in which the direction of
propagalion of the wave Is normal o 1he
displacements of the mediom, ¢, a vibradng
stong, The gravity wave in which flyid parcels
move in circular oobits is an example of 4 mied
ransverse-longitudingl wave, The Eossby wave
is also mized, cxcept in the case of 7zerg current
speed, when it is a transwersc wave.

Comparz longitudinal wave,

Trapped mode = A cerlain [fequency of water waves
enrapped selactively by a semienclozed basin
hearcanse of s characteristic dimansions, depth,
ooentation, and its nalural modes of oscillapon.

Trapped wave = A wave of cerfain Frequency
entrapped selectively by a semisnclosed hasin
because of its particular properties  and
charactenstcs,

Travel time — The time regquited for 2 wave Uain w
travel from its source 1o a point of ohservation,
In referenge W sunami, the time regquered,
usually, for the fist tmunami wave arrival st a
given point on a coastling.

Travel time chart - Tn scismalogy, chart
empirically devized o record the surface focus
shocks of ecarthguakes using Lime as one axis and
distance {degree) as the other. For tsunanti
science, a chatl showing isochrones of calculated
tsunami travel from Lhe ongin of the sunami



saidree gupwardy wwan wrminal points on distant
coasilines,

Tremwr — A minor carthquake, cspecially a foreshock
or an aftershock.

Trench — & long, narrow, charscieristically very deep

and asymmetrical deprossion of the sca Neor,
with relatively steap sides.
A deep ocean wench represents a maximum relief
feature found on the earth’s surface which may
extend [or hundreds of kilometers, A wench
murks the boundary betwean major OCCanic and
continental plates where subduction may he
taking place as dCeanic crust $inks undemeath Lthe
canlioenis crsst becanse of ifs gregter density.

Triungular mesh - A grid of triangular spaces in
a netwark of meshes uged 10 wunami numerical
modeling studies.

Trassic Period - Segment of the Mesozoic Er that
(ollows the Parmian and precedes the Jurassic
Perind. It lasted from aboul 225 million w 1)
million years agn and was named for the Lthree
subdivisions f the perind as recorded in rock
formations: Lower, Middle, Upper. The Middle
corrcspends to the notably manne part of the
Triassic. The rock is sandswone and muodsione; it
is found on all continents and is the residus of
sedimentation in a hot climate. The landmass
dyring the Triassic was a single supercontinent,
Pungacy. The Adanic Ocean opened at the end of
the Triassic.

Triple scalar product — The scalar A« (B = C) wniticn
(ABC or [ABCT], where AL B, and © are any
threse veguprs. The dor denaes 2 scalse prooduct and
thes crusy @ vector product, When A, B, and C are
wrillen injerms of their components along the «,
v, wd & oaxes of the mectangular Cartesian
coordinates, e, A=agi+a)+ak, B=bhi+
bai + bk and C = )i + £5) + 63k, the triple scalar
product 15 the delcrilinant

4 R R
b1 b |
o 02 0%

{ABCy= (CAB)= (BCA) =

Any cychic change among the vecwrs moa miple
prodduct does not aker its valuc.

Trochmidal wave - A theotgtical, progrossive
oscillatory wave first proposed by Gerstner in
1802 w describe the surfae profile and particle
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arbits of fimite amplionde, nonginosoidal waves
The wave Form 15 that af a profate cyelodid ar
rochoid, and the fluid particle molion s
rotationat as apposed 0 the usoal wrrotavonal
particle motion for waves generated by normal
frrees. See inmotational wave.

Tropic tide — Ttde occuming when the meon s near
maximum declination: the diurnal ineguality is
then gt a masirmum.

Conpare equatorial ude, spring ode, neap
hide.

Trough - An undersea depression thal is U-shaped
eather than VW-shaped like a wench of canyon,
which it otherwise resembles; also, an
atmospheric iow about which winds circulate,
See canyodl, mench.

Trough of wave — The lowest part of @ wave fuon
belwesn successive crests, Also that par of a
wave below siillwater level, (Seg Figure A-3)

Truncation error — 1, The ermor esulting o die
appromimation of g derivalive or diffacential by a
finite dilference, The magnilude of the emmor is
alwayy redpced by reducing the intzrval owver
which e [nie dilference s @aken; but for a
given interval sume approimalons may be
myich SUperioT Wy olhers.

2. The error resulding from the analysis of 2
pecial sel of daa in place of the complete or
inlinite saL

Tsubami — A series of travelling waves of
extremely long length and perind, genetated by
disturhances associated with earthguakes
pcewting below or near the ocean floor. (Also
called scismic sea wave and, populacly, tidal
wave.) An pocan wave produced by a submarioe
carthquake, landslide, or voleanic croption. These
waves may reach enormeus dimensions and have
sufficient cnergy 1o travel acress entire oceans.
They proceed as ordinacy gravity waves with g
pericd hetween 15 and 60 minutes, Tsunamis
steepen and increase in hgighl on approaching
shallow water, inundating low-lving arcas; and
where local submarine topagraphy caoses
calrame sleeping, they may break and causc great
damage. Tsunamis have no connegtion with
Liles: e poputar name is entrely misleading.



Trunami data acquisition

Tsunami Communication PMan - The primary

purpose of the Communication Plan for the
Tsunarmi Warning System is to sesve as the
commumicatons operating manual for the Pacilic
Tsunami Waming Center {PTWC) and for
pardcipants of the Tsonami Warning Svalem
fTWS) of the Pacific. The Plan lists each
country's tidal and setsmological stations with
prefemred methods of communications between
those stations and the Pacific Tsunarni Waming
Center, The Plan also Lsws the Jiszemination
agencics in each country ®hich receive Sunanmi
wilih and waming bulletns 2nd communicanans
methods by whizh the bulletins ars sent From
PTWLE o those agencics. A sconndary purpose of
the Communication Plan i3 W provide a general
overview of the operavonal proccdures of the
Teunami Waming System and of 1the nalore of
tsunamis. The Plan disensses the goneral nature
of tsunamis, the oporation of the Tsunami
Warning System. the communicalion methods
and procedures for data acquisition from
seismological and tidal stations, and the
dissemination of information to participating
apcncics. Finally the Plan discosses the L2.5
Alaska and West Coast Regional Waming
Systemn, giving criteria uhder which Walches and
Wammings ars issuad and the recipients of thase
mesElges.

Tsupami damage - Loss or harm caesed by a

destructive tzunami, More specifically, the
dumapre caused directly by tsunamis can be
rummanzed into the fallowing: 1Y deaths and
injures; 23 houses destoved, partly destroyed,
inundated , Qooded, or bueneds 3) other propeny
damage and loss, A1 boats washad away, danaged
or destroved; 5 lumber washed away; &) marine
installations destraved, and; 7} damags o public
utilivies such as ratlroads, roads, elecoc power
plants, waler supply inswllations, etc.  [ndirect
secondary tsunami damage can be: 1) Damage by
ira of houses, boais, ol tanks,, gas stabions, and
other facilities; 2) envirpnmental pollution
causced by dnfunpg marerials, oil, or other
substances, 33 cwbreak of disease of epidemic
proportions which could be serdous in densely

populated areas,

Okaining wselul
and relevant sgismic or tdal data necessary lor the
cvaluation of a potentially destructive sunami
prior tn the issuange of senami wlconational
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Tsunami

Tsonami

Tsunami generation

bulletin, or a watch ar a warning by an
aperational tunami waming cemer. Collecuon
of such reluvant geophysical and oceanic data for
research purposes in understanding the sunami
phenomenon.

detectability - Discovery or
determunation of the exisence, presence, nr Mt
of tsunami,

Tsunami disperston - Scanering of tsonami

enerEy as it ravels across a body of water.

Tsunami dummy message - Test messapg issoed

by The Pacilic Tsunami Waming Center
{PFTWC) at wnannounced lmes on a monthly
basis to determing  delays in disseminadng
{sunami inlrmation, o st the opsration of the
waming system by the evaluaion of two-way
communications with ioleractive personoel
response, and to keep communicaticn operaling
personnel [amiliar with the pocedures fur
handling messags trallic peraining o the
Tsunami Warming Systent,

Tsumami effect — The result, consequence, or

cutcomea in the aflermaath of a sunami disascet,

evaluation — The appraisal and
assessment f a gemerated tsunami oand it
probable potenial destructive effects upon
stnking coastal arzas,

Teunamis are generated
primarily by tectonic dislocatims ander the dea
which are caused by shallow focus zarthquakes
along areas of subduction. The upthrusted and
downthrusted crustal blocks impart potentipd
cacrgy inbe the overlying water mass with deastic
changes in the sea level over the aflecwed regian,
The encrgy imparted 000 the waltr mass Tesults
in tzungmi generglion which is energy radiatog
away from the spurce region in the form of long
period waves.

Tsunami hazard — The danger of tsunami on life

and properny,

Tsunami impact — Although infrequent, wunamis

are amgng the most lemifying and complex
physical phenomena and have besn responsible
[or great loss of Lile and exwensive destrugtton to
properly. Becawse of their destructivensss,
sunamis have unpertant irmpact on the haman,



social and economic seclors of socictios,
Historical records show that enormous
destruction of coastal communities throughowt
the world has taken place and that the socic
gconomic impact of tunamis in the past hay
beon cnormous. [n the Pucilic Ocean where the
majority of these waves have been gensrated, the
histaric record shows wemendons desguction
with txlensive loss of life und property. [n Japan,
which has one of the mout popalated coastat
regions in the world and a long history of
carthquake activity, tsunamic have destroyed
cilire coastal pepulations, There is a history of
tsunami desgtruction also e Alaska, in the
Hawaiian [siands, and in South America,
althougeh records for thewe areas are Dot extensive.
The L major Pacific-wide rsunami oceurred in
1960, Others also ocenred hut their effects were
localized.

Tsunami Information Bulletin - A mesgage

issued to acvise paricipants of the vccurrence of
a major carthguake in the Pacific e near-Pacific
greg, with the evaluativn that a potentially
desmuctive tsunami was not geperated. IF the
evaluion indicates the possible goneration of a
non-desiructive tsunami, an mvestgation will be
inivatad by the Pacific Tiunami Waming Center
{PTWC) and addivenal Tsunami Information
Bullciins will be issued undl e mvestigadon &
concluded.

Tsunami mapgnitsde — The measurement of the

overall physical size of a sunami. Tsumami

magnilade is defined by:
m=laga H or H=207

as revised by lida, Cox, and Parars.-Carayannis
{1967}, where H is the maximum run up height
or amplitude on a coastline acar the gencrating
area. Other tsunami magnilude scales have been
proposed basad, also, on tsunami maximum run-
up height,

Tsunami observation - Notice, observation or

measurement of sea level fuctuation at a
particular point in time caused by the incidence
of a tsunami on a specitic powt on a coast.

Tsupami period - The amount of time that a

tsunami wave lakes o completz a cycle. The
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average tsunami perioed ranpes from 20 minutes
1o 2 hours,

Tsunami preparedness — Readinesy of plans,

methods, procedurcs znd actions laken by
govermnment officials and the pznemal poblic for
the purpese of minimizing porential risk and
mitigatng the effcets of future tsonamis.

Tsunami prome - Anomalously receptive to

damage or destructon by 1sunamis.

Tsoeami Fropagation - Tsunamis trave!l putward

in all dircctions from the gencrating area, with
the direction of the main éncrgy propagaton
generatly teing orthagonal w the directon of the
sarthquake fracturt zong, Their speed depends on
the: depth of water, so thar the waves wulergo
accelermtions and decelerations in passing overs an
weean bowom of vacving depth, In the deep and
open peean, they travel at speads of 500 o 1,000
kilometers per hour {300 o &) miles per hour).
The distange betwoon succossive cIosts can be as
much as 300 o &50 kilometers G300 to 400
miles); hawever, in the epen occan, the height of
the waves may be ac more than 30 o &)
cenumeters {1 or 2 fest), and the waves pass
unnediced, Variations in tsunami propagation
resull when the propagation impulss i3 swonger
in one direction than in others becaose of (the
origntation or dimensions of the generaiing arca
and where regional 1opographic [eatures modify
both  the wave form  and rate of
advance Specifically tsupami waves undergn o
process of wave refraction \hroughout their
ravel, as though they were shallow water wawves.
Tsunamis are unique in that the waveloom
extends through the entire water column {rom sea
susface 1o the ocean bouom. I is this
charactesistic that accounts for the §TEA0 AMOLEDE
of energy ransmitied by a sunam,

Tsunami risk — Exposure 1o Joss, or injury caosed

by the tsunami hazard.

Tsunami safeiv rules — * All carthruakes do
not causze sungmis, ot many do. When you hear
that an garthquake has occurred, stand by for a
1SUTAIM SMEergEcney.

* An earthquake in your area is a natureal tsunami
warning. Do not stay in low-lying coastal areas
after a local carthiguake.



* A rsunami is not a single wave, but a serics of
waves, Stay out of danger arcas wniil an "all-
clear” is [ssued by comperent authority,

* Approaching tsunarmis are sometimes heralded
by a noucedble fse or fall of coastal water. This
iz nature's tsunami warning and should be heoded.

* A small unami at one beach ¢an be a giant a
few milex away. Don' Lt the modest gize of ong
make you lose respect for all,

* Al rsunamas - lke harricanes - are potendally
dangerous, even though they may not damage
cvery coastling they strike.

* Mever po down Lo the beach to wawh for a
tsunami. When you see the wave yoo are oo
close W escape it

* Sponer or later, Iunames visit every coastline
of the Pacific. Wamings apply 1o you i you iive
in any Pacihe coasial area

* Dunng a tsunami emergency, your local police
and other emergency organizations wall try 1o
gave vour life. Give them your fullest

COOPeTAtion.

* Stay tuned to radio, tetevigion, or NOAA
Weather Radio during a tsunami emergency -
bulleting leom thess media can belp save your
life,

Tsunami source — Point or area of ‘sunami origin,

usually the site of an earthquake, volcanic
cruplion, or tandshide that have affected the gen
fowor or a body of waler.

Tsounami Termination - Ulpon reaching shoaler

warer, the speed of the advaneing tunami sweave
dimipishas, its wave length decreases, and s
height may increase greatly, owing o the piling
up nf water. Configunmoon of tha (oasdina,
b of the ocean foor, and character of tha
advancing waves play an mpoetant mole i the
destracoion hronght by tsunam:s aleng any coast,
whather near the generating area or {hnasands of
kilometers from it Ar presant, detection of
tinnamis is possihle only noar shorg whers the
shoaling effert can ke nhaenved. The first visible
ndicatian of an approsching wunami is often a
recession of water caused by the moogh pregecimg

an advancing wave, Any withdrawal of the sca,
thergfore, shonld be considared o waming of an
approaching wave, A rse in water level alud may
be the hrst event. Under cenain conditions, the
creat of an advancing wave can overtake the
precoding rough while some distance offshore.
This causes the wave 1o proceed shoreward as a
hore -- & wave with a chuming frant, The force
and destructive effects of tunamiz should aot be
underestimated. Al some places, the advane g
turbulent front ig the mast dastruclive part of the
wavik., Where the rise is quiet, the oulllow of
watet to the sea berween crests may be rapid and
destructive, sweeping all bofore ot and
ondermining roads, buildings, and ather works of
man with its swift currents, Ships, onless moved
away from =hore, can be thrown against
breakwaters, wharfs, and other <eafl, or washed
ashore and lelr zrounded during withdrawals of
the sea. Tn the shallow waters of hays and
harbors, a tsunami frequently will iniliate
seiching. IF the tsunami period (s related closcly
o that of the bay, the seiche iz amplified by the
succeading waves. Under these circumstances,
marimum wave aclivity often is abserved much
later than the arrival of the [l wave, A tsunam
is neL one wave, but a series of waves. The tme
that ¢lapses Berween pussape of successive wave
crests at 4 given poinl uinally is from 10 o 45
mingtes, Oscillations af destructive proportions
muy conlime: for several bours, and several days
tay pass before the sea returns 1o itg noemal
stafre,

Tsunami Warning Buolletin - A message

issued to all participants in the Tsunam Warning
System in the Pacilic an a Pacific-wide basis
after confirmation haz hean received thar a
tsnnami has been generated that poscs a threa o
the population in part or all of the Pacific, A
Tsunami Wiarenng wiil be (ollowed by additional
bolletins with updated information ontil the
Tiwnami Warming is cancelled.

Tsonami warning éxercises - Training for the

purpre of developing skills  nr palling nto
acuion, plang, pmoeadures and methods that will
mitigate the damaging afects and loss af life
from a future and potentially damaging tsunami.

Tsunami watch bualletin - A message sgocd

imitially using only saismic infnmmation tn alert
all participants of the probability of & sunami
and advise that a tsumami idvesligation is



underway. The area placed in Tsunami Watch
shitus will enenimpass a 6-hour tsunami travel-
lime from the earthquake epicenter. Those areas
within @ 3-hour tsunami travel-time of the
epicentar will be designatad for possible urgent
acoon, A Tsunami Watch will be followed by
addirianal bulleting until it iy cither upgraded woa
Tsunami Warning or the Tsunami Wutch iy
cancelled.

Tsunami zoning - Sce Tsunami Fonation,

Tsunamic — Having features analogous w thase of
o Bsunarni or deseription of 2 tspnami,

Tsunamicity — The propensity ol a apecified
région 10 genarate tSUnamis.

Tsunamigenic — Having the demoostrated or
potential capability wr generale a tsunami,

Tsunamigram - Recording of 2 tsunami mads by
an insoument such as a tidal gaugs.

Tsupamimeter — Insprument used for meapsoring
some parameter of a tsunami,

Tsunamist - One devoted o studying or
researching unami or phenomend associaned
wilh surami.

Tsutami zonation — Designation of distinchive
#0nes abong coastal areas wath varving degrees of
tsunami Fsk and vilnerability Tor the purpose of
disaster preparcdness, planming, construction
codes, or public evacuation,

Tsushima current = A warm, nonhward-Mowing
ocean cumenl Fllowing the western coast of
Japan. The Tsushima curreot branches offl oo the
lefi-hand side of the Kuroshio flowiog nonb inw
Lhe Japan Sca.

Turbidity flow — A 1ype of botiom current on
continenwal slapes and rises caused when a
sediment-covercd submarine slope becomes
structurally unstahle and begins to collapse under
its own weight or stirred into suspension in the
overlying water. The sediment in suspension
creales a waler mass of higher dansity genarating
a curerent which Hows downslope paining spead.
Turbidity cusrents Mush oot and erode submaring
canyons, building up the flanks with natural
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levees and supply the sediments which L the
abysall plains.

Turbulence = A flow of water in which the motion of
inclividual particles appears immegular and
cianfused. A state of Ouid flow in which e
instantancous vologitics oxhibil imegolar and
apparently rancdom fluctisations so that in practice
only swtisical propenics can e recognized and
subjecied to analysis, The siwation is, in fact,
analogous o that acceptad unreservedly in the
field of molecular physics. These fucwations
often constitute major deformations of the Now
and are capable of transponing momentum,
energy, andd suspendied makier 21 rates Far in excess
of the rate of tramsport by the molecular
processes of diffusion and conduction in & non-
wrbulent or lamingr flow.

See eddy.

Turbuleat boundary layer ~ The layer in which the
Reyonlds soesses are much larger than the
viscous sresses. When the Reynolds number is
sufficiently high, there 1s a worbolent layer
adjacent m the aminar boundary laver.

Turbulent diffusion - (Or eddy diffusion.) The
dilfusion of a conservative property by eddies ina
turbulent Bow.

See also eddy diffusivity.
Turbulent energy — Same as =ddy kinetic energy.
Turbulent fAow — A fluid fow characterized by
trbulence,

See eddy, laminar flow, ransidonal flove.
Turbulent Oux - Same as eddy flux.
Turbulem shear siresses = Same as Reynolis siresses,
Tumaver frequency — Same a5 Nyguist lesquency.

Twisting term - {Alse called nlling term, upping
term.) The larm in the vortizity equation which
represents the genecation of vertical vorticity by
the twisling of horizontal vorticity o the
vertical through the agency of shear in the
vertical velocity. In symbols this erm is

dz dy dz ax



where 2, v, ware the velocity components along
the coordinate directions x, v, ¢, respectively,

Tvphinm = A sever: wopical cyclone in the westemn
Pacific. {Also spelled wyphoun,) A severe mopical
cyclome in the western Pacific. The name is
derived either from Cantonese 1"a fung (a “great
wind™), from Arabic tofan (smoked, or from
Grock typhoon (a4 monster). Aristole ased
typhewan for 3 wind-gcomgining cloud
iMoworglogiva, 11, 1), For a2 more completes
dizcussion, see tropical cyclone.,

- U-

UHF = Abbreviation for ulls high Tequency,
See radio frequency band,

LM high freguency - { Ahbrovigted TTHF
See radio frequency band,

Lltrasonic — Peraining to sound waves whose
freguencics lis above the wpper limit of
audibility, .., above aboat 200000 cycles pes
seougnl.

UN - Uniled Nations
Uneertainty — In physical sciences, the stamlard
deviation of a sufficicntly large number of

meAsuremenk

Underwater gradient — The slope of the seéa Lolon,
See also slope.
Undulation — A continuously propagaled motion io
and [0, in any {luwid or slastic medium, with no
pemanent translation of the particles themselves.

UNEP - T/ Environment Programme

I'NESCO - United Nabons Fducational, Scicorific
and Cultural Orgamization

Unexplained vaoance — Same as residual vanance.

Uniform slope = Constant upward or downward slant
or inclination ar degree of slane

L'nit normal dismibution = A nomnal disoribution
such that the mean u = {1 and siandard deviation
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= 1; hence, the probability density function fix)
is given by

fley=_1_e#2

¥Virn

This density function and its definite ine=gral
{usually between 0 and arbitiary upper limigs)
have boen extensively Labulated.

Universal gravitational constant — Sec gravitation.

Unstable wave — A wave maotion whose amplitugde
increases with time or whosc total energy
ingreases at the expense of I8 enviconment.

Uphifi - A sructarally high area in the crust produced
by positive movements that raise or upthrust the
rocks, as ina dome or arch.

Upper mantde — The zone of Lhe canh immediarely
undemeath the crust of the earth marked on its
upper boundary by the Mohorovicic
discontingity, extending to a depth of 400 km
and characterized by regional dizsimilarities in
seiemic  velocity profile, Because of &
combiration of imadequate and somctimes
conflicting daa, both from szismology and [rom
Iaboratory axperiments, there iz no Full
conzensus about the nature of the Upper Mantle.
The petrological models that have been proposed
gtarl [rom the plausible assumption that the
composition of the primitve manle muost have
bean such that it yizlds a basaltic magma upon
melting and then predict the mineral arzemhlages
formed by the remaining residoe a5 a Juncton of
depth or pressute from laboralory experiments.
As early as 1922, Gaoldschmidt proposed an Earth
ronsising of a 120-km thick silicate layer on Lop
of an eclogite mande, DL, Anderson argues that
the volume of the lunar crost, which represents
I0% of the moon, conlmasts significantly with
the 0.5% found for the Earth, If the Earih's
manle is as well differentiated as that of the
Moon, this would result in 3 hasl Tayer with a
thiclkness of several hindred kalomeicers.

Upcush — The rush of water up onto the beach
following the bresking of 2 wave, Also swash,
runup. (Sce Figure A-2.)

Upstream — In the directon from which a Ouid is
' flowing,



I'pthrust = A nongealogical term sometimes applied
tr uplifted block of crust or mountains; not
LYIOmYMous with overthrust,

Upwarping = The upward warping or uphit ot a
repional arca of Lhe Fiarh's crust, usuwally as the
resull of the release of isostaric pressure; e.g.,
melting of an ice sheet.

URSI - International Unicn of Radio Science.
LS50S - United States Geological Survey
UT - Universal Time

_ V-

Vallew, sed — A submarine depression of hroad valley
form withoot the steep side slopes which
charcicnize a canvon.

Yalloy, submaring = A prokongation of a land valley
ilo or across A conbnental or inselar shelf,
which generally gives evidence of haveng been
[ormed by stream ergsion,

Variabthity = Mathemalcally, same ag spread (1},

Wariability ob waves — 1/ The variation of heighes
angd pareads hetwean ingdividual waves within a
wave frain. {wave iraing are not corposed of
waves of equal height and penad, kot rather of
heights and pecinds which vary in a statistical
[LANACT,

2. The variaban in direction of propagabon
of waves leaving the gencratng area.

3, The vuriation in height along the crest,
asually called "vartaton afong the wave,™

Variable ~ Something which can assume different
values or states, See dependent vaniable,
independent varable, random vartable.

Wariance — A measure of variability {or sproad}y. B s
denated by o and defined as the mean- synarc
devianon from the mcan that is, the mean of the
squares of the differcnces between imdividual
values of x and the mean valoe g

od= Ellx - vff] = Eig?) - 2

wherz £ denotes experied value. The positive
squars oot  of the vanance iy called the standprd
devialion.

An unbiased asimate & of the variance oF is
obtained fron £ dependent observations x| .

-+« &, and thedr sample £ average as fdlows:
2={% (xi-0) M- 1)

and the positive square mot 5 of 5 is taken as an
estimnate of the standard deviation o,

Wariance rauo ~ Same as F-ralo,
Variance redoction = See regressian,
Wariate — Same as random variable,

¥ariation - 1. The range within which valugs af a
vanabie lie. as in the diurmal or annoal vangtion,

2. Same as declination.

Vector — Anv quantily, such as forge, velosity, or
acceleration. which has both magnitude and
direetion at each point in space, as opposed to a
scalur which has magmitude only. Such a quantiy
may he represented geometrically by an arrow of
fzngth proporacnal to its magnitude, pointing in
the asapned direction. & anil v2e1ar 18 a vactor
of unit length; in parucular, the three unit
vectors aloog Lhe posibve o, v and z axes of
rectangular Carresian cocrdinates are denoted!,
respecrively. By 1 j and k. Any vector A can ke
represented in Lems of ils cumponents 4., g, and
2, along the coordingle axes .y and ;.
respecuvely, e.g. A = 95+ aqf + a9k A vectar
drawn from a fixed qrigin to a given point [z, +,
2} is called a position vaztor and is wsually
symtolized By r; in rectangular Carresian
coordinales

r=xi + ¥j + zk.

Equatinns written in vecwr form are valid inoany
coordinate sysiem. Mathemancally, a vecter iz a
Single-row or -column armay of funcicns obaying
Certain laws of transtormarron.

Jeg scalar product, veclor produc, tensor,
Helmboltz's thearem.

Yootor product = (Also called crods provduct, ouater
product) A vecwr whose magnimide is equal @



the product of the magnitudes of any two given
vectors and the sine of the angle between their
positive directions, For two vectors A and B, the
vaclyr prowdact is often written & = O {read “A
cross B, and defines o vegtor perpend:cular (o
hoth A and B aml <o directed thar a right-hand
rotation atwrwt A x B throurh an angle of not
mare than 180F carries A in B. The magnitude
of A % B s equal 10 twice the anca of the triangle
of which A and B are corermineus sides. IF the
vegtor product is zero, one of the yeclors & 2o
ar else the two arg parallel. When A and B are
writicn it ierms nf their components along the x,
¥ and z axes of the rectsngnlar Caresian
coordinates, i.g.,

A= i+ aaj +aqk,
B =i+ bag+ ik,
then the vector prodoct is the determinane

AxB=-Bxa=

e
FE o=

i
a
v

See scalar product.

Velucily = The ime rale of change of a position
vector: that 1%, a change of posiion cxprossed in
terms of speed and direction. If R is the posilion
vieetor of a given point in space and ¢ is ime, the
velocity, W, i given by,

V=dR
dr

Sec atso relative velocity, absolute velocicy.

Velocity currents - Fasl moving cirenlatory
patternd of waler masses caused or tnfloenced by
condifons in particular locats affected by tidal
forees, winds or tsunami.

Velocity of waves — The speed at which an
ndividual wave sdvances.
See wave celarity.
Velueity pofential — A scalar function whose gradient

15 cqual to the welocity vector ¥ of an imodabonal
(e TF %, v, 2} i= the velocity potential,

V==Va

If the flow i3 also non-divergent, the velocity
potential satishes the Laplace cqusiion
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If a velociry potential exists, it is simpler to
describe the moban by means of 1he potennal
rither than the vectar velogity, sinca the farmer
i5 a wingle scalar Funclion whereas the latter 15 o
51 of threr scalar fungtions.

The velocity is everywhere nomal to the
surfaces of consant velocity potential, In fwo-
dimensiona] incompressible Qow, the relarions
among the velocity, the velocity potential, and
the stream funcion wars

v_ e, w e,

ax ay Cogy Bz
Seg acceleration polential, potential,
Velocity pressure — Same as dyhamic pressure.

Velocity prefile - See profile, logarithmic velocity
profile, power-law profie.

Vertical displacement — The relative wertical
movement of the erust along the two sides of a
faule, as measured in any specilic direction. The
Lot also designates the specific distance of such
maovement. Syn: diclocaon,

Vertical force - Energy exerted on the venical plane
by a moving crusial block,

Vertical mode - Motion or wend in the vwertical
direchom,

Vertical section = In generad, any praph of the verucal
distribution of a goantity with respact to either
(ime oF Seace,

See cross section, time section, mé-height
section, profila.

Yerucal ume-seaton — Sce time soction.

Vartical vorticity = 1he vertical compenent of the
vOrfgity vector.

Sea vorticity.

WVery high frequency — (Abbraviated VHE
See madic frequency band.

Vory low Frequency — (Abbreviated VIF )



See radio frequency band.

VHF ~ Abbreviation for very high frequency.
Sea radio (equency band.

Vibroon pressure mansducer —
Viscosity - Resislance 13 [Quow.

VLEF = Abbreviation {or very low reguency.
See rydio frequency band,

Yoloanic ash — Fine pyroclastic material (lass than
4 0mm {u,16in) 0 diamcter; less than 0.25mm
(.01 in.) diameter for Tine ash), The tetm
usually refers 1o the unconsolidated material bur
1= sometimes also used for s consolidated
counterpar cor ik,

Yoloanic domey - structures fommed by the extrysion
of different Lypes of lava w the carth's surface,
They can be of fwo [vpes:

A) Broad domc-shaped stmuciures of basallic
origin formed by high temperature, low viscosity
lavas and,

B} Steep-sided domes [ormed by more viscous
thyalitic types of lava that are pushed upward by
exwwemely high gas pressures. Such lavas may
fill up a voleanic crater and flow out laterally, or
under extreme paroxysmal condisons may he
puched directly inw the air forming steep-sided
domes of volcanic ash.

Volcanie emuption — The sudden and often violent
flare-up, emission, or explosion of a volcano
associated with the discharge of gases, lava, and
various pyroclastic materials,

Vilcanie explosion — A violent and explogive type of
volcanic eruption varying in intensity from the
mildest {Hawaijan-1ype erapiion, characterized by
amission of large quantities of very fluid basaliic
magma from which gases readily escape along
with subordinate pyroclastic materisl), to the
Hinian-type eruption which is extremely violent
and results in the emizsion of extremely wscous
gas-filled magma that is blasied out of the vent at
nearly twice the velocily of sound, efecting
remendous amounts of pyroclastic material.
There are other types of explosive volcanic
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eruptions. The Yulcanian-type which is
charattericed by viscous lava, large quantities nf
pyrochasiic mawerial (ash, blocks), and ash
clauds. Anvther type is the Pelocan-type of
erapaon which is explosive and resembles the
same leaturcs as with the Plinian, esp. vast
amaunts of pyrochasiie material. It aniqueness
iz defined by the presence of a nue'e ardente
(flowing cloud), which iz associaed with the
growth of @ volcanic dome,

Yolcanic focus - The apparent or assumed center of
ackvity beneath a volcano, or a volcanic ragion.

Yolcanic gascs - Compounds and clemenis that were
previously dissolved in the magma while under
grear pressure, and which are released as volatiles
tharing a volcanic craption, The gases are released
when pressure iz decreased us the magma reaches
the surface. Most commen constituents of the
gases arg water vapor and carbon dioxide; other
consomeants include sulfur dioxide, hydrogen
sulfide, hydragen chlonde, and ripogen as a free
element. In addition o it dependence on
viscosity and compeosition af the lava, the
explosiveness of a volcanic eruption i3 1o a large
Jogree determined by the proporion of gascous
myicnial in the magma

Yoleanism - The process by which maprma and s
associyled gases rise into the crust and are
exntruded onius the Eanh's surface and inio the
atmosplsre,

Yoicano — & venl in the planetary crust from which
melten or hol rock and steam issue,

Vortex — In its most general use, any [low
possesang vorlicity. More often the term relers
o a flow with closed streamlines, or 1o the
idealized case in which all vorticity s
concenirated in a vertex Alament

Vorigx line - A curve tangent at every point of a field
Lo the worticity veglor at thal point,

YWarex swect — {Adso called Karman vonex sireet,
voriea i, vorex raing) Two parallel news of
alwermalgly-placed vonices along the wave of an
obstacle in a flud of modarale Reynoldy naumber.
Flusd drag can be calculated from the mwoian of
these vortices, which are stable coly for a certain



ratin of the width of the street o the distance
betwesn vortices along the street,

Yorucity — A vector measore of Iocal mtation in a
flaid o, defined matheomatically a5 the curl of
the velocily vector,

q='§-'x"\-’

where g is the vordcity, ¥ the velocity, and ¥
the del-operator. Some English authors define
virticity a3 one-half of rhis quantity. The
vorlicity component normal o o small plane
element is the NMmit of the circulation per unit
area as the arca of the element spproaches xeto
faee Sickes's theonzm).

The vorticity of a solid roradon i5 twice the
angular velocity vacror,

See also relative vurtichy, absolute
vorucity, goosoophic vordcily, ; ciupars
defommation, divereence,

- W-

Warp - A slight fexurc or bend of the Barth's crust,
either gpward or downeward, wsually on s brosd or
regignal scale.

Warhing — Severe tsunami has been reported or is
immingnf - take necossary precautions. See
Tsuruami Wamning.

Warning bulletin — See Tsunami Warning
Bullcrin.
Warning cancellation - Nullification of the

wirning bullevn which was issued issued when a
Lsunami wag onginally detected, but later it was
determined that the tsunami threat had passed or
would not rpalerialize, See Tsungmi Warning
Cancellation,

Watck bulletin - Bulletin issued to alert the
public of the possibility of a tsunami. See
Teounamt Waich Bullepin.

Waich cancellation — Nullification of the waich
bulletin when determined that the possability of a
damaging tsunami does not exist. Sce Tsunami
Walch Cancallason,

Water edge — The houndary or haarder between a body
of water g dry fand.
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Water elevatinn — A height which water resches,

Waler front — 1.and with buildings, or a section ol a
town fronting or abuing on a body of water.

Water mass - A vaguely homogeneous body of waler
having its soutce in a parlicular region of the
ocean. [Lis wsually identitied by s T-5 curve or
chemicagl content, and usnally consists of a
mixtere af several warer types. The
cormesponding metcoralogical concepl is air
mass. The terms water mass and waler type have
been used [oosely and imterchangeably o
oceanographic literamre,

Waierline - A junciure of land and sea. This dine
migrares, changing with 1he Lde or other
fluctuation on the water level. Where waves are
present oo the beach, this line s also known as
the limit of backrush, {Approximately the
intersection of tie lund with the stillwater level)

Water Lakle = The surface between the zone of
saturation and the zone of acmation; that surface of
a body of unconfirmed ground warter a) which the
pressurs is equal o that of the atmosphere,

Watt - A wiil of power cgual wrone joule per seoond
ar 1 ergs per second.

Wave — 1. Very generally, any pattern with
some roughly identifiable periodicity in Ume

anilfor space,

2. More specifically, a diswurbance
propagated by virtue of periodic motions
foscillations) of the particles of the medium. At
any point in the mediym, the displacement of a
particle i a fonction of time: while at any
insiant, the displacement is a Tunction of location
within the medium.

Waves may be considered in terms of ()
total encriry and impressed lorces (see free wave,
Forced wave, stable wave, unstable wave, damped
wave, peutral wave, inerta wave), (b the type af
force (see gravity wave, cupillary wave, tide,
EXPaNsion wave, COMPESEIon wave): (o} e way
that the medium's particles osciflale (zes
longidinal wave, trapsvérse wave): {d) the
apparent relative motion of wave and mediom
{see progressive wave, standing wave, stationary



wave); {¢) the poruon of the medium affected by
the wave {sec eaterpal wave, intcmal wave,
surface wave);, and (f} the manner in which the
waves are detected {202 sound wave). The study of
water-surface waves has bred i own special
terminalogry (see deep-water wave, shallow water
wive, wind wave, sea, swell, idal wave,
Lianami, sciche).

3. Most specifically, a simple harmaonic
wave,

4, Popularly used as a synonvm for "sorge”
ar "inflax," av in tidal wave (storm surge), heat
wave, cobd wawe.

Wave action - Activity or diztorhance of waler
level esused by wave.

Wave amaplitude — Sec amplilute.

Wave atlemuation - The decrease in the wave
form or height with distance from its cmgin,

Wave hasin — An enclosure within which wave
activity is observed.

¥Yave breaking - Scc Breaker.

Wave celerity - Same as wave velocity.

Wave crest — The highest part of a wave. A pouut
of maximam displacement of 2 wave above a
mean value,

Wave crest length ~ Soc crest length, wave,

Wave, cycloidal — See cycloidal wave.

Wave cut — Carved or cut away by the action of
luke o sea waves, assisied by their currenis, The
term is widely used in regard to marine cut
teanures.

Wave decay — See docay of waves.

Wave directimm - The dircction freom which a
WavE AppToacbes.

Wave flume — An enclosed channel of water used
i study the propagalion and characierislics of
WAl Waves,

wave force — The exceptional strength of ensrgy of
WAVE Mo,
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Wave frequeney - Scc frequency.
Wave fronl - Same as phase front,

Wave pauge
aelivity

Instramenl for messunng wave

Wave gemerator — A machine that can genarate
varicus types of waves by mechanical means
within a wave block, wave Flume or any olher
enclosure contuining liguid,

Wave height - Twice the wawve amplinde, The
height of a water-surface wave is ganerally tken
as the height diffarence belween the wave crest
and the preceeding qough.

Wave peperation — 3ec yencration of waves,
Wave, pravity ~ Sco pravily wave,

Wave wroup = A serics of waves in which the
wave direction, wave length, 2od wave height
wary only slightly. Sze also proup velocily,

Wave height = The vertical distance between a
crest and the preceding wough,

See alzo significant wave height.

Wave height coefficient — The ratio of Lhe wave
height at a szlectad pint o the deepwatar wave
height. The refraction coclficient mubtiplied by
the shoaling factor,

Wave hindeasting — See hindcasting, wave.
Wawe, irrotational — See imotalional wave.

Wave measurements - Measurements of wave
heights over a period of ime

Wave, monposchromatic = See monochromatic
wave,

Wiave-meter = An instrument that megsures wave
heights.

¥Wave motion = The oscillatory motion of the
particles ol a medium caused by the paszage of a
wave, roduced by forces exiemal to the medium,
hut propagaied through the medium by internal
[orces, Wave molon per se involves no net



tanslation of the medium. Varioos types of
oscillatons are found in natural wave motions,
Among the simplest are the linear oscillation
perpendicular to the direction of propagation of 2
transwerse wave, and the orbital moticn produced
by the passage of a progressive gravity wave.

Sce wave equalion.

Wave number — The reciprocal of wave length; the
number of waves per onit distance in the
diraction of propagation; or, frequently, 2 imesg
this guantity. Thus, in the simpls harmonic
component sin ki(x  cof), the wave number is
ambiguously & ar &2

Compan: angular wave-number.

" Wave of oscillation — (Or osoillaiory wave.] A
wawe 1hat regulls in 0o mesn displacement of the
particles of the fluid in the direction of motion of
ihe wave, In contrast to a wave of ranslation,

Wave of translation — (OOr wanslatory wave) A
wave which is accompanied by substantial net
movement of the [luid o he direction of wave
motion, although the wave propapgates more
rapidly than the fAuid. Flood waves in rivers are
ranslatory wiaves.

Compevre longilndinal wave,
Wave, oscillatory — See oscillalory wave,

Wave period - The ume required [or succerssive
wave crests [0 pass by a fixed point. See period.

Wave pole — {Also called wave staff.) A device for
measuring sea-surface waves. It consistg of 2
weighted pile below which a disk is suspended at
& depth sufficiendy deep for the wave motion
associated with Jdeep-water waves to be
negligible, The pole will then remain nearly as if
anchored 1o the bottom, and wave height and
perind can be axceriained by abseoving or
recording the leapeh of the pole thal extends
abave the surface.

e wave recorder,

Wavg pressore — lydroskatic or dynamic [oree
exerted on a surface by wave Aot

Wuwve profile - Two-dimensinnal analogr diagram
of wirve: actvity.
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Wave, progressive - Sce progressive wave.

Wave propagation — The transmizsion of waves
through the water,

Wave ray - See ornhogonal,

Wave recorder — An instrument for recosding
ocean waves, Most wave recorders are designed
for recording wind waves, that 15 waves of
periods up o sbout 23 seconds, but some are
desigmed to record waves of longer penods such
as isunamis or tides {see ode gage),

Wave, reflected — That part of an incident wave
that iz returned seaward when a wave impinges
on g steep beach, barrier, or other reflacting

Wave refraction — The change in direction of
waves which occors when one portion of the
wave reaches shallow water angd is slowed down
while the other gartion 15w deep wiater and
moving relatively Fast,

Wave setup — 5S¢ setup, wave.

Wave, sinusoidal — An oscillatory wawve having
the form of a sinusoid.

Wave, solitary — See solitary wave.

Wave specirum - 1. In ocean wave siudies, a
graph showing the dismibution of wave heights
with respect (o fTeqnency in A wave mecond,

2. Rea cpactum (2.
Wave speed — Same as phase speed.
Wave stall — Same as wave pole.
Wave, standing — See slanding wave,

Wave steepness — Of a water-surface wave, Lhe
ratio of wave height (o wave lengh.

Wave gystem — 1, In ocean wave studies, a group
of waves having the same height, direction, and
length. Grean sorface waves are generally
compased of a number of supenmposed wave
SVSIems.

2. Sea wave main.



Wave tank — Large anificial enclosare containing a
liquid wsed for the study wave generation,
rropagation and ierminal characieristics,

Wave train - A limited series of waves caused by a
periodic diswrbance of shont duraton.

Wave, rochoidal = See rochoidal wave.,

Yrave trough - The lowest part of a wuve between
(W0 RUCCERKIVE CTEEIS,

Wave-type disturbance - Same as wave

distirbance (2.
Wave varizbility = Scee variability of waves,

Wave velocity = The velocity or spoed at which
the wave form proceeds. Tt is cqual 1o the
wavelength divided by the wave period. Same as
phasze spead. With reference to walcr-sorface
waves, however, the 1erms wave velocity and
wave ceferity seem 10 be preferrad.

Wave, wind = Sea wind waves,

Waveform - The pictorial representation af the
shape of a wave showing Lhe amplitode variation
a3 a funclion of Gme, a wave as it might be
displayed on a cathode-ray mbe.

Wavelength — 1. The horizontal distance hetween
similar points on bwo successive waves measarad
perpendicudar o the onest,

2, The average distance bhetween maxima or
minima of a periodic or oscillating wave
disturbance.

Waves, internal — 5ee intemnal waves.
WCRFP - World Climate Research Program.
WDL - World Data Cenire,

Weber nuober - A non-dimensional number relating
to the effect of surface tension in a fluid system.

W= I

where U is a characicrstic velogity, L a
characteristic length, o density, and o the sinface
lension. It is mporant in some problems of the
acton of the wind on a waler surface.
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Weir jetty — An updrift jeny with a low secion or
weir over which lioral deift moves inwg a
predredged deposition basin which is dredged
periodicaily.

WESTPAC - 1OC Reponal Committee [or the
Westem Pacific,

Wharf — A structure buill on the shore of a harbar,
river, or canal, so that vessels may lie atongside
o receive and discharge cargo and passengers.

Wind chop = Sve chop.

Wind sctup = 1. The vertcal rise in the suillwater
level in the leeward side of a body of waler caussd
by wind suesses on the surface of the water.

2.The differeace in stillwaler levels on e
witkward and the leeward sides of a body of water
caused by wind stresses on the surface of the
WaleT.

3. Synonymouns with wind Llide and swwn
surge. Storm surge is wsaally resecved for use on
the ocean and large bodies of water. Wind sewp
is usually reserved for use on reservoirs and
smaller bodies of water, {See Figure A-11.)

Wind tide — Scc wind scihup, storm surgc.

Wind wave = A wave reselung from the achon of
wind on & water sirface, While the wind 15 acting
on it, 1t 15 a sea, thareafter, 3 swell,

WM - World Metaorological Cenler.
WMO - World Meteorological Organization.
WOCE - World Ocean Circulation Experiment.

Waork — A form of energy arising from the motion of
a system against a force, and exishng only in Lhe
procest of gnergy conversion. Many forms of
work {electrical, chemical, etc.) may be defined
by analopy with mechanical wotk, but in
meteorslogy the most lrequently wozelul
mathematical expression 13 that for the work per
unit mas W done by a gaseous system in &
given reversible process from thermodynamic
SEARE 5 10 SLALE 45

W = l::pa'a



where p iz the pressure of the syslem and its
specific volume, The amount of work done will
be a function of the patticular process as well as
of the initial and final states,

Wrench fault - A sirike-slip fanlt, or one in which
the movement is chiefly horizonial.

WWESN - World Wide Swandard S¢ismic Metwark.

WWW - World Weather Watch.
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