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Tideand Current Glossary

A

absolutemean sealevel change—Aneustaticchange
in mean sea level relative to a conventional terrestrial
coordinate system with the originat the center of mass of
the Earth.

accepted values—Tida datums and Greenwich high
and low water intervals obtained through primary de-
termination or comparison of simultaneous observations
withacontrol tide stationinorder to derive the equivalent
value that would be obtained with a 19-year series.

acousticDoppler current profiler (ADCP)—Acur-
rent measuring instrument employing the transmission of
high frequency acoustic signalsinthewater. Thecurrent is
determinedby aDoppler shift inthe backscatter echo from
plankton, suspended sediment, and bubbles, all assumedto
be moving with the mean speed of the water. Time gating
circuitry is employed which uses differences in acoustic
travel time to divide the water columninto rangeintervals,
caled bins. The bin determinations alow development of
aprofile of current speed and direction over most of the
water column. The ADCP can be deployed from amoving
vessel, tow, buoy, or bottom platform. In the latter
configuration, it is nonobtrusive in the water column and
thus can be deployed in shipping channels.

ADRgauge—Ana ogtoDigital Recordingwater level
gauge. A float or pressure-actuated water level gauge that
records heights at regular timeintervalsin digital format.

age of diurnal inequality—The time interval
between the maximum semimonthly north or south
declination of the Moon and the maximum effect of
declinationuponrange of tide or speedof thetidal current.
The age may be computed from the harmonic constants by
the formula:
age of diurnal inequality = 0.911(5,° — O,°) hours.

age of M oon—The time elapsed since the preceding
new Moon

age of parallax inequality—The time interva be-
tween perigee of the Moon and the maximum effect of
parallax upon range of tide or speed of the tidal current.
Thisage may be computed fromthe harmonic constants by
the formula:
age of paralax inequality = 1.837(M.,° — N,°) hours.

age of phaseinequality—Thetimeinterval between
newor full Moon and the maximum effect of these phases
upon range of tide or speed of the tidal current. This age
may be computed from the harmonic constants by the
formula:
age of phase inequality = 0.984(S,° — M,°) hours.

age of tide—Same as age of phase inequdity.

agger—Same as doubletide.

Agulhas Current—An Indian Ocean current setting
southwestward aong the southeast coast of Africa.

air acoustic ranging sensor—A pulsed, acoustic
ranging device using the air column in a tube as the
acoustic sound path. The fundamental measurement isthe
time it takes for the acoustic signal to travel from a
transmitter to the water surface and then back to the
receiver. The distancefromareference point to the water
surfaceisderived fromthe travel time. A calibration point
is set at afixed distance from the acoustic transducer and
is used to correct the measured distance using the
calibrated sound velocity in the tube. Air temperature
sensors are located in the protective well for the purpose
of verifying uniformity of temperature for measurements
taken by the air acoustic ranging sensor.

Alaska Current—A North Pacific Ocean current
setting counterclockwise aong the coasts of Canada and
Alaskain the Gulf of Alaska.

Alaskan Stream—A North Pacific Ocean current
setting westward along the south side of the Aleutian
Islands. It is an extension of the Alaska Current.

amphidromic point—A point of zero amplitude of
the observed or a constituent tide.

amphidromic region—An area surrounding an am-
phidromic point from which the radiating cotidal lines
progress through all hours of thetidal cycle.

amplitude (H)—One-half the range of a constituent
tide. By analogy, it may be applied also to the maximum
speed of aconstituent current.

analog—A continuous measurement or acontinuous
graphic display of data. See ADR gauge and marigram.

analysis, har monic—See harmonic analysis.

analyzer, har monic—See harmonic analyzer.

angular velocityofthe Earth'srotation(S)—Time
rate of change of angular displacement relative to the fixed
stars. It isequal to 0.729,211 x 10 radian/second.

annual inequality—Seasonal variationinwater level
or current, more or less periodic, due chiefly to me-
teorological causes.

anomalistic—Pertainingtothe periodic returnof the
Moon to its perigee or the Earth to its perihelion. The
anomalistic month is the average period of the revolution
of the Moon aroundthe Earthwithrespect to lunar perigee,
and is approximately 27.554,550 days in length. The
anomalistic year is the average period of the revolution of
the Earth around the Sunwithrespect to perihelion, and is
approximately 365.259,6 daysin length.

anomaly—As applied to astronomy, the anomaly is
the anglemade at any time by the radius vector of aplanet
or moon with itsline of apsides, the angle being reckoned
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from perihelion or perigeein the direction of the body's
motion. It is called the true anomaly when referred to the
actual position of the body, and mean anomaly when
referredtoafictitious body moving withauniformangular
velocity equal to the average velocity of the real body and
passing perihelion or perigee at the sametime.

Antarctic Circumpolar Current—The largest
permanent current intheworld, setting eastwardaroundthe
Antarctic Continent south of Cape Horn, Cape of Good
Hope, Tasmania, andNewZealand. Through DrakePassage,
it transports approximately 200 x 10° m*/s. Same as West
Wind Drift.

anticyclonicring—Ameander breaking of f fromthe
mainoceanic current andspinninginaclockwisedirection
in the northern hemisphere (counter-clockwise in
southern).

Antilles Current—A North Atlantic Ocean current
setting northwestward along the northeast coasts of the
Bahama Idands.

aphelion—The point in the orbit of the Earth (or
other planet, etc.) farthest from the Sun.

apogeantidesor tidal currents—Tidesof decreased
rangeor currents of decreased speed occurringmonthlyas
the result of the Moon being inapogee. The apogean range
(An) of the tide is the average range occurring at the time
of apogean tidesandismost conveniently computed from
the harmonic constants. It is smaller than the mean range,
where the type of tide is either semidiurnal or mixed, and
is of no practical significance where the type of tide is
predominantly diurnal.

apogee—The point in the orbit of the Moon or a
man-made satellite farthest fromthe Earth. Thepoint inthe
orbit of asatellite farthest from its companion body.

apparent secular trend—The nonperiodic tendency
of sealevel to rise, fal, or remain stationary with time.
Technically, it isfrequently defined asthe slope of aleast-
squaresline of regression through arelativelylong series
of yearly mean sea-level values. The word "apparent” is
usedsinceitisoften not possible to knowwhether atrend
is truly nonperiodic or merely a segment of a very long
oscillation (relative to the length of the series).

appar ent time—Timebaseduponthetrue position of
the Sun as distinguished from mean time, which is
measured by a fictitious Sun moving at a uniform rate.
Apparent time isthat shown by the sundial, anditsnoonis
thetime whenthe Suncrossesthemeridian. Thedifference
between apparent time and mean time is known as the
equationof time. Although quite common many yearsago,
apparent time is seldom used now.

apsides—The pointsin the orbit of aplanet or moon
which are the nearest and farthest from the center of
attraction. In the Earth's orbit these are called perihelion
and aphelion, andinthe Moon's orbit, perigee and apogee.
The line passing through the apsides of an orbit is called
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the line of apsides.

argument—See equilibrium argument.

astresfictifs—Fictitious celestial bodies which are
assumed to move in the celestial equator at uniform rates
corresponding to the speeds of the severa harmonic
constituents of the tide producing force. Each astre fictif
crosses the meridian & a time corresponding to the
maximum of the constituent that it represents.

astronomical day—See astronomical time.

astronomical tide—Same astide.

astronomical time—Time formerly used in
astronomical calculationsin which the day began at noon
rather than midnight. The astronomical day commenceda
noon of the civil day of the same date. The hours of the day
were numbered consecutively fromzero (hoon) to 23 (11
am. of the following morning). Upto the close of the year
1924, astronomical time was in general use in nautical
amanacs. Beginning with the year 1925, the American
Ephemeris and Nautical Almanac and similar publications
of other countries abandoned the old astronomical time
and adopted Greenwichcivil (mean) timefor the datagiven
in their tables.

augmenting factor—A factor, used in connection
with the harmonic analysis of tides or tidal currents by
stencils, to allow for the fact that the tabulated hourly
heights or speeds used in the summation for any
constituent, other than S, do not in general occur on the
exact constituent hourstowhichthey are assigned, but may
differ from the same by as much as ahalf hour.

automatictide (water level) gauge—Aninstrument
that automatically registers the rise and fall of the water
level. In some instruments, the registration is
accomplished by recording the heights a regular time
intervalsindigital format; inothers, by acontinuous graph
of height against time.

azimuth—Azimuthof abody isthe arc of the horizon
intercepted between the north or south point and the foot
of the vertical circle passing through the body. It is
reckoned in degrees from either the north or south point
clockwise entirely around the horizon. Azimuth of a
current isthe direction toward which itis flowing, and is
usually reckoned from the north point.

B

bar oclinic—The condition and type of motionwhen
isobaric surfaces of afluid are not parallel with isopycnal
surfaces.

bar otr opic—The conditionand type of motionwhen
isobaric surfaces of a fluid are parallel with isopycnal
surfaces.

barycenter—The commoncenter of massof the Sun-
Earth System or the Moon-Earth System. The distance
from the center of the Sun to the Sun-Earth barycenter is
about 280 miles. The distancefromthe center of the Earth



to the Moon-Earth barycenter is about 2,895 miles.

bench mark (BM)—A fixed physical object or mark
usedasreferencefor ahorizontal or vertical datum. Atidal
benchmark isone near atide stationto whichthe tide staff
andtidal datumsarereferred. A primary bench markisthe
principal mark of agroup of tidal benchmarkstowhichthe
tide staff and tidal datums are referred. The standard tidal
bench mark of the National Ocean Service is a brass,
bronze, or aluminum alloy disk 3-%z inches in diameter
containing the inscription NATIONAL OCEAN SERVICE
together with other individud identifying information. A
geodetic bench mark identifies a surveyed point in the
National Spatial Reference System. Bench mark disks of
either type may, on occasion, serve simultaneously to
referencebothtidal andgeodeti c datums. Numerous bench
marks of predecessor organizations to NOS, or parts of
other organizations absorbed into NOS, still bear the
inscriptions: U.S. COAST & GEODETIC SURVEY,
NATIONAL GEODETIC SURVEY, NATIONAL OCEAN
SURVEY, U.S.LAKESURVEY, CORPSOFENGINEERS,
and U.S. ENGINEER OFFICE.

BenguelaCurrent—A South Atlantic Ocean current
setting northward along the southwest coast of Africa.

bore—Same astidal bore.

Brazil Current—A South Atlantic Ocean current
setting southwestward along the central coast of South
America

bubbler tide (water level) gauge—Same as gas
purged pressure gauge.

C

Califor niaCurrent—A North Pacific Ocean current
setting southeastward aong the west coast of the United
States and Bgja Cdlifornia.

Callippic cycle—A period of four Metonic cycles
equal to 76 Julian years, or 27,759 days. Devised by
Callippus, a Greek astronomer, about 350 B.C., as a
suggestedimprovement onthe Metonic cyclefor aperiod
in which new and full Moon would recur on the same day
of the year. Taking the length of the synodical month as
29.530,588 days, there are 940 lunations in the Callippic
cycle, with about 0.25 day remaining.

Canary Current—A North Atlantic Ocean current
setting southward of f the west coast of Portugal and along
the northwest coast of Africa.

celestial sphere—An imaginary sphere of infinite
radius concentric with the Earth on which al celestial
bodies except the Earth are imagined to be projected.

centibar —Theunit of pressure equal to 1 metricton
(1000 kilograms) per meter per second per second. See
decibar.

chart datum—The datum to which soundings on a
chart are referred. It is usually taken to correspond to a
low-water elevation, and its depression below mean sea

level is represented by the symbol Z;. Since 1980, chart
datum has been implementedto mean lower lowwater for
all marine waters of the United States, its territories,
Commonwealthof Puerto Rico, and Trust Territory of the
Pacific Idands. See datum and National Tidal Datum
Convention of 1980.

Charybdis—Same as Galofaro.

chlorinity (Cl)—The tota amount in grams of
chlorine, bromine, andiodine containedinone kil ogram of
seawater, assuming the bromine and iodine to be replaced
by chlorine. The number giving the chlorinity ingrams per
kilogram of aseawater sampleisidentical withthe number
giving the mass in grams of atomic weight silver just
necessary to precipitate the halogens in 0.328,523,3
kilogram of the seawater sample.

S(%0) = 1.806,55 x Cl(%o)
where S(%o) is the salinity in parts per thousand. See
sdinity.

civil day—A mean solar day commencing at midnight.

civil time—Timeinwhichthe day begins a midnight
as distinguished from the former astronomical time in
which the day began at noon.

classification—See type of tide.

Coast and Geodetic Survey—A former name of the
National Ocean Service. The organization was known as:
Survey of the Coast from its founding in 1807 to 1836,
Coast Survey from 1836 to 1878, Coast and Geodetic
Survey from 1878 to 1970, and National Ocean Survey
from 197010 1982. In 1982 it was named National Ocean
Service. From 1965 to 1970, the Coast and Geodetic
Survey was a component of the Environmental Science
Services Administration (ESSA). The Nationa Ocean
Survey was a component of the National Oceanic and
Atmospheric Administration (NOAA). NOAA became the
successor to ESSAin1970. The National Ocean Serviceis
acomponent of NOAA, U.S. Department of Commerce.

coast line—Thelowwater datumline for purposes of
the SubmergedLands Act (Public Law 31). Seeshoreline.

coastal boundary—The mean high water line
(MHWL) or mean higher highwater line (MHHWL) when
tidal lines are used as the coastal boundary. Also, lines
used as boundariesinland of and measuredfrom (or points
thereon) the MHWL or MHHWL. See marine boundary.

coastal zone(legal definitionfor coastal zoneman-
agement)—The term coastal zone means the coastal
waters (including the lands thereinand thereunder) and the
adjacent shorelands (including the waters therein and
thereunder), strongly influenced by eachandin proximity
to the shorelines of the several coastal states,andincludes
islands, transitional and intertidal areas, salt marshes,
wetlands, and beaches. The zone extends, in Great Lakes
waters, to the international boundary between the United
States and Canada and in other areas seaward to the outer
limit of the United Statesterritorial sea. The zone extends
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inland from the shorelines only to the extent necessary to
control shorelands, the uses of which have a direct and
significant impact onthe coastal waters. Excludedfromthe
coastal zone are lands the use of whichis by law subject
solely to the discretion of or which isheld in trust by the
Federal Government, its officers, or agents.
coastline—Same as shoreline. See coast line.
cocurrent line—A line on a map or chart passing
through places having the same current hour.
comparison of simultaneous observations—A
reduction process in which a short series of tide or tidal
current observations at any place is compared with
simultaneous observations at acontrol station where tidal
or tidal current constants have previously been determined
from along series of observations. The observations are
typically high andlow tides and monthly means. For tides,
it is usually used to adjust constants from a subordinate
stationto the equivaent val ue that woul d be obtainedfrom
a |9-year series. See first reduction, standard method,
modified-range ratio method, and direct method.
compassdir ection—Directionasindicated by com-
pass without any correction for compass error. The
direction indicated by a compass may differ by a
considerable amount from true or magnetic direction.
compass error—The angular difference between a
compass direction and the corresponding true direction.
The compass error combines the effects of deviation and
variation.
component—(1) Sameasconstituent.(2) Thet part of
a tida current wvelocity which, by resolution into
orthogonal vectors, is found to flow in a specified direc-
tion.
compound tide—A harmonic tidal (or tidal current)
constituent witha speed equal to the sum or difference of
the speeds of two or more elementary constituents. The
presence of compound tides is usually attributed to
shallow water conditions.
constants, current—See current constants.
constants, har monic—See harmonic constants.
constants, tidal —Seetidal constants.
constituent—One of the harmonic elements in a
mathematical expression for the tide-producing force and
in corresponding formulas for the tide or tidal current.
Each constituent representsaperiodic change or variation
in the relative positions of the Earth, Moon, and Sun. A
single constituent is usually written intheformy = A cos
(a+ ), inwhichy is afunction of time as expressed by
the symbol t and is reckoned from a specific origin. The
coefficient Aiscalledthe amplitude of the constituent and
isameasure of itsrelative importance. Theangle(at + )
changes uniformly and its vaue a any time is called the
phase of the constituent. The speed of the constituent is
the rate of change in its phase and is represented by the
symbol ainthe formula. The quantity ** is the phase of the
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congtituent & the initia instant from which the time is
reckoned. The period of the constituent is the time
required for the phase to change through 360° and is the
cycle of the astronomical condition represented by the
constituent.

constituent day—The time of the rotation of the
Earth with respect to a fictitious celestial body repre-
senting one of the periodic elementsin the tidal forces. It
approximates in length the lunar or solar day and
corresponds to the period of adiurnal constituent or twice
the period of asemidiurna constituent. The term is not
applicable to the long-period constituents.

constituent hour —One twenty-fourth part of a con-
stituent day.

control current station—A current station at which
continuous velocity observations have been made over a
minimum period of 29 days. Its purposeisto provide data
for computing accepted values of the harmonic and
nonharmonic constants essential to tidal current
predictions and circulatory studies. The data series from
this station serves as the control for the reduction of
relatively short series from subordinate current stations
through the method of comparison of simultaneous
observations. See current station and subordinate current
station (1).

control station—See primary control tide station,
secondary control tide station, andcontrol current station.

cor angeline—A line passingthrough places of equa
tidal range.

Coriolis force—A fictiona force in the
hydrodynamic equations of motionthat takesinto account
the effect of the Earth's rotation on moving objects
(including air and water) when viewed with referenceto a
coordinate system attached to the rotating Earth. The
horizontal component is directed 90° to the right (when
looking inthe directionof motion) in the NorthernHemi-
sphere and 90° to the left in the Southern. The horizontal
component is zero at the Equator; also, whenthe objectis
a rest relative to the Earth. The Coriolis acceleration =
2vsS sin g: where v is the speed of the object, S is the
angular velocity of the Earth, and gisthe latitude. Named
for Gaspard Gustave de Coriolis who published his
formulation in 1835.

corrected current—A relatively short series of cur-
rent observations from a subordinate station to which a
factor is applied to adjust the current to a more
representative value based onarelatively long seriesfrom
anearby control station. See current and total current.

cotidal hour—The average interval between the
Moon's transit over the meridian of Greenwich and the
time of the following high water at any place. Thisinterval
may be expressed either in solar or lunar time. When
expressed in solar time, it is the same as the Greenwich
high water interval. When expressed in lunar time, it is



equa to the Greenwich high water interval multiplied by
the factor 0.966.

cotidal line—A line on a chart or map passing
through places having the sametidal hour.

counter current—A current usually settinginadirec-
tion opposite to that of a main current. See Equatorial
Countercurrent.

crest—The highest point in a propagating wave. See
high water and tidal wave.

current—Generally, ahorizontal movement of water.
Currents may be classified as tida and nontidal. Tidal
currents are caused by gravitational interactions between
the Sun, Moon, and Earth and are part of the same genera
movement of the sea that is manifested in the vertical rise
and fall, called tide. Tidal currents are periodic with anet
velocity of zero over the particular tidal cycle. See tida
wave.Nontida currentsinclude the permanent currentsin
the general circulatory systems of the sea as well as
temporary currents arising from more pronounced
meteorological variability. Current, however, is also the
British equivalent of our nontidal current. See total
current.

current constants—Tidal current relations that re-
main practically constant for any particular locality.
Current constants are classified as harmonic and non-
harmonic. The harmonic constants consist of the am-
plitudes and epochs of the harmonic constituents, and the
nonharmonicconstantsinclude the vel ocitiesandintervals
derived directly from the current observations.

current curve—A graphicrepresentation of the flow
of the current. In the reversing type of tidal current, the
curve is referred to rectangular coordinates with time
represented by the abscissaand the speed of the current by
the ordinate, thefl ood speeds being considered as positive
andthe ebb speeds as negative. Ingeneral, the current curve
for areversing tidal current approximates a cosine curve.

current diagram—A graphic table published in the
Tidal Current Tables showing the speeds of the flood and
ebb currents and the times of slacks and strengths over a
considerable stretchof the channel of atidal waterway, the
timesbeingreferredtotide or tidal current phasesat some
reference station.

current difference—Difference betweenthetime of
slack water (or minimum current) or strengthof current in
any locality and the time of the corresponding phaseof the
tidal current at areference station for which predictions
aregiveninthe Tida Current Tables.

current direction—Same as set.

current ellipse—A graphicrepresentationof arotary
current in which the velocity of the current at different
hours of the tidal cycle is represented by radius vectors
and vectora angles. A linejoining the extremities of the
radius vectorswill form a curve roughly approximating an
ellipse. The cycleis completed in one-half tidal day or in

awholetidal day, according to whether thetidal current is
of the semidiurnal or the diurnal type. A current of the
mixed type will give a curve of two unequal loops each
tidal day.

current hour —The mean interval betweenthe transit
of the Moon over the meridian of Greenwichandthetime
of strength of flood, modified by the timesof slack water
(or minimum current) and strength of ebb. In computing
the mean current hour, an average is obtained of the
intervalsfor thefollowing phases: flood strength, slack (or
minimum) before flood increased by 3.10 hours
(one-fourthof tidal cycle), slack (or minimum) after flood
decreased by 3.10 hours, and ebb strength increased or
decreased by 6.21 hours (one-half of tidal cycle). Before
taking the average, thefour phasesare made comparable by
the addition or rejection of suchmultiplesof 12.42 hours
asmay be necessary. The current hour isusually expressed
in solar time, but if lunar time is desired, the solar hour
should be multiplied by the factor 0.966.

current line—A graduated line attachedto a current
pole formerly used in measuring the velocity of the
current. The line was marked in such a manner that the
speed of the current, expressed in knots and tenths, was
indicated directly by the length of line carried out by the
current polein aspecifiedinterval of time. When marked
for a 60-second run, the principal divisions for whole
knotswere spaced at 101.33 feet and the subdivisions for
tenths of knotswere spacedat 10.13 feet. The current line
was aso known asalog line.

current meter—An instrument for measuring the
speed and direction or just the speed of a current. The
measurements are Eulerian when the meter is fixed or
moored at a specific location. Current meters can be
mechanical, electric, electromagnetic, acoustic, or any
combination thereof.

current pole—A poleusedinobserving the velocity
of the current. The pole formerly used by the Coast and
Geodetic Survey was about 3 inches in diameter and 15
feet long, andwasweighted at one endto float upright with
the top about 1 foot out of water. Shorter poleswere used
when necessary for shallow water. In use, the pole was
attached to the current line but separated from the
graduated portion by anungradedsection of approximately
100 feet, known as the stray line. Asthe pole was carried
out from an observing vessel by the current, the amount of
line passing fromthe vessel during aspecifictime interval
indicated the speed of the current. The set was obtained
from arelative bearing from the vessel to the pole. The
bearing was then related to the ship's compass and
converted to true. See pelorus.

current station—The geographic location a which
current observations are conducted. Also, the facilities
used to make current observations. These may include a
buoy, groundtackle, current meters, recording mechanism,
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and radio transmitter. See control current station and
subordinate current station (1).

cyclonic ring—A meander breaking off from the
main oceanic current and spinning inacounter-clockwise
direction in the northern hemisphere (clockwise in
southern).

D

data collection platform (DCP)—A
microprocessorbased system that collects data from
sensors, processes the data, stores the data in random
accessmemory (RAM),and providescommunicationlinks
for theretrieval or transmission of the data.

datum (vertical)—For marine applications, a base
elevationused as areference fromwhichtoreckonheights
or depths. It is called atidal datum when defined in terms
of acertain phaseof thetide. Tidd datumsarelocal datums
and should not be extendedinto areas whichhave differing
hydrographic characteristics without substantiating
measurements. In order that they may be recovered when
needed, suchdatums arereferenced to fixed points known
as bench marks. See chart datum.

datum of tabulation—A permanent base elevationat
atide station to which dl water level measurements are
referred. The datum is unique to each station and is
established a a lower elevation than the water is ever
expected to reach. It is referenced to the primary bench
mark a the station and is held constant regardless of
changesto the water level gauge or tide staff. The datum of
tabulation is most often at the zero of the first tide staff
installed.

Davidson Current—A North Pacific Ocean counter-
current setting northward between the California Current
and the coasts of California, Oregon, and Washington
during the winter months.

day—The period of rotation of the Earth. There are
several kinds of days dependingonwhether the Sun, Moon,
or other object or locationisusedas the reference for the
rotation. See constituent day, lunar day, sidereal day, and
solar day.

daylight saving time—A time used during the sum-
mer months, in some localities, in which clocks are
advanced 1 hour from the usual standard time.

decibar —Thepractical unitfor pressureintheocean,
equal to 10 centibars, and is the approximate pressure
produced by each meter of overlying water

declination—Angular distance north or south of the
celestial equator, taken as positive when north of the
equator and negative when south. The Sun passes through
its declinational cycleonceayear, reaching its maximum
north declination of approximately 23-%4° about June 21
and its maximum south declination of approximately 23-
° about December 21. The Moon has an average
declinational cycleof 27-%dayswhichiscalledatropical
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month. Tidesor tidal currents occurring near the times of
maximum north or south declination of the Moon are
called tropic tides or tropic currents, and those occurring
when the Moon is over the Equator are called equatorial
tides or equatorial currents. The maximum declination
reached by the Moon in successive months depends upon
the longitude of the Moon's node, and varies from 28-%%°
when the longitude of the ascending nodeis 0°, to 18-1%°
whenthe longitude of the nodeis 180° . The node cycle,or
timerequiredfor the node to complete acircuit of 360° of
longitude, is approximately 18.6 years. See epoch (2).

declinational inequality—Same as diurnd
inequality.

declinational reduction—A processing of observed
high and low waters or flood and ebb tidal currents to
obtai nquantitiesdepend nguponchangesinthe declination
of the Moon; such as tropic ranges or speeds, height or
speed inequalities, and tropic intervals.

density, in situ (D, ,)—Mass per unit volume. The
reciprocal of specific volume. In oceanography, the
density of sea water, when expressed in gm/cn?, is
numerically equivalent to specific gravity andisafunction
of salinity, temperature,andpressure. See specific volume
anomaly, thermosteric anomaly, sigma-t, and sigma-zero.

deviation (of compass)—The deflection of the
needle of a magnetic compass due to masses of magnetic
metal within a ship on which the compassislocated. This
deflection varies with different headings of the ship. The
deviation is caled easterly and marked plus if the
deflection is to the right of magnetic north, and is called
westerly and marked minus if it isto the left of magnetic
north. A deviation table is atabular arrangement showing
the amount of deviationfor different headings of the ship.
Each compass requires a separate deviation table.

digital tide (water | evel) gauge—Seeautomatictide
(water level) gauge.

direct method—A tidal datum computation method.
Datums are determined directly by comparison with an
appropriatecontrol, for the available part of thetidal cycle.
Itisusually used only when afull range of tidal values are
not available. For example: Direct MeanHighWater, when
low waters are not recorded.

direction of current—Same as set.

direction of wind—Direction from which the wind
isblowing.

diurnal —Having aperiod or cycle of approximately
onetidal day. Thus,thetideissaidto bediurnal when only
one highwater and one low water occur during atida day,
and the tidal current is said to be diurna whenthereis a
singleflood and a single ebb period of areversing current
inthetidal day. A rotary current isdiurnd if it changesits
directionthrough all pointsof thecompassonce eachtidal
day. Adiurnal constituent is one which has asingle period
inthe constituent day. The symbol for suchaconstituent is



the subscript 1. See stationary wave theory and type of tide.

diurnal inequality—The differencein height of the
two high watersor of the two lowwaters of each tidal day;
also, the difference in speed between the two flood tidal
currents or the two ebb currents of each tidal day. The
difference changes with the declination of the Moon and,
to a lesser extent, with the declination of the Sun. In
general, the inequality tends to increase with increasing
declination, either north or south, and to diminish as the
Moon approaches the Equator. Mean diurnal high water
inequality (DHQ) is one-haf the average difference
between the two high waters of each tidal day observed
over the Nationa Tidd Datum Epoch. It is obtained by
subtracting the mean of all the high waters fromthe mean
of the higher high waters. Mean diurnal low water
inequality (DLQ) is one-half the average difference
betweenthetwo | owwatersof eachtidal day observedover
the Nationa Tida Datum Epoch. It is obtained by sub-
tracting the mean of the lower
low waters from the mean of all the low waters. Tropic
high water inequality (HWQ) is the average difference
between the two high waters of each tidal day at thetimes
of tropic tides. Tropic low water inequality (LWQ) isthe
average difference between the two low waters of each
tidal day at the times of tropic tides. Mean and tropic
inequalities, as definedabove, areapplicableonly whenthe
type of tide is either semidiurnd or mixed. Diurnal
inequality is sometimes called declinational inequality.

diurnal range—Same as great diurnal range.

diurnal tide level —A tidal datum midway between
mean higher high water and mean lower low water.

doubleebb—Anebbtida current having two maxima
of speed separated by a smaller ebb speed.

double flood—A flood tidal current having two
maxima of speed separated by a smaller flood speed.

double tide—A double-headed tide, that is, a high
water consisting of two maximaof nearly the same height
separated by arelatively small depression, or alow water
consisting of two minima separated by a relatively small
elevation. Sometimes called an agger. See gulder.

drift (of current)—The speed of the current.

drift current—Same aswind drift.

durationofflood and dur ation of ebb—Duration of
flood is the interval of time in which atidal current is
flooding, and duration of ebb istheinterval inwhichit is
ebbing, these interval sbeing reckoned fromthe middle of
the intervening slack waters or minimum currents.
Together they cover, on an average, a period of 12.42
hours for asemidiurnal tidal current or aperiod of 24.84
hours for adiurna current. In anormal semidiurnal tidal
current, the durationof flood and duration of ebb eachwill
be approximately equa to 6.21 hours, but the timesmay be
modified greatly by the presence of nontidal flow. In a
river the durationof ebbisusually longer thanthe duration

of flood because of fresh water discharge, especially
during spring months when snow and ice melt are
predominant influences.

duration of rise and duration of fall—Duration of
rise is the interva from low water to high water, and
durationof fall istheinterva fromhighwatertolowwater.
Together they cover, on an average, a period of 12.42
hoursfor asemidiurna tide or aperiodof 24.84 hoursfor
adiurna tide. Inanormal semidiurnal tide,durationof rise
and duration of fall each will be approximately equal to
6.21 hours, but in shallow waters and in rivers there is a
tendency for a decrease in duration of rise and a
corresponding increasein duration of fall.

dynamic decimeter—See geopotential as preferred
term.

dynamic depth (height)—See geopotential
difference as preferred term.

dynamicdepth (height) anomal y—Seegeopotential
anomaly as preferred term.

dynamic meter (D)—The former practical unit for
geopotential difference (dynamic depth), equal to 10
geopotentials (dynamic decimeters). See geopotential
(dynamic depth) anomaly.

dynamictopography—See geopotential topography
as preferred term.

E

eagr e (eager )—Same astidal bore.

earth tide—Periodic movement of the Earth's crust
caused by gravitationa interactions between the Sun,
Moon, and Earth.

East Africa Coast Current—Same as Somali
Current.

East Australian Current—A South Pacific Ocean
current setting southwarda ongtheeast coast of Australia.

East Greenland Current—A North Atlantic Ocean
current setting southwardandthensouthwestwardal ongthe
east coast of Greenland.

ebb axis—Average set of the current at ebb strength.

ebb current (ebb)—The movement of atidal current
away from shore or down atidal river or estuary. In the
mixedtype of reversingtidal current,the terms greater ebb
andlesser ebb are appliedrespectivelytoebbtidal currents
of greater and lesser speed each day. Theterms maximum
ebb and minimum ebb are applied to the maximum and
minimum speeds of acurrent running continuously ebb, the
speed aternately increasing and decreasing without
coming to aslack or reversing. The expression maximum
ebb is also applicable to any ebb current at the time of
greatest speed. See ebb strength.

ebb interval —Theinterva betweenthe transit of the
Moon over the meridian of a place and the time of the
following ebb strength.

ebb strength (strength of ebb)—Phase of the ebb
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tidal current a the time of maximum speed. Also, the
speed at thistime. See strength of current.

eccentricityof or bit—Ratioof the distancefromthe
center to thefocus of anelliptical orbit to the lengthof the
semimajor axis. The eccentricity of orbit =«1- (B / A)%
where A and B are respectively the semimajor and
semiminor axes of the orbit.

ecliptic—Theintersection of the plane of the Earth's
orbit with the celestial sphere.

eddy—A quasi-circular movement of water whose
areaisrelatively small in comparison to the current with
which it is associated.

edge waves—Waves moving between zones of high
and low breakers adong the shoreline. Edge waves
contribute to changes in water level along the shoreface
which helps to control the spacing of rip currents. See
longshore current and rip current.

Ekman spiral —Alogarithmic spiral (whenprojected
on a horizontal plane) formed by the heads of current
velocity vectors at increasing depths. The current vectors
become progressively smaller with depth. They spira to
theright (looking inthe directionof flow) inthe Northern
Hemisphereandto the left inthe Southernwithincreasing
depth. Theoretically, in deep water, the surface current
vector sets45° and the total mass transport sets90° from
the direction toward which the wind is blowing. Flow
opposite to the surface current occurs at the so-called
"depthof frictional resistance". Thephenomenonoccursin
winddrift currentsinwhichonly the Coriolisandfrictional
forces are significant. Named for Vagn Walfrid Ekman
who, assuming a constant eddy viscosity, steady wind
stress, and unlimited water depth and extent, derived the
effect in 1905.

electric tape gauge—A gauge consisting of a
graduated Monel metal tape on a metal reel (with
supporting frame), voltmeter, and battery. Heights can be
measured directly by unreeling the tape into its stilling
well. When contact is made with the water's surface, the
circuit is completed and the voltmeter needle moves. At
that moment the length of tape is read against an index
mark, the mark having a known elevation reative to the
bench marks.

elimination—One of the fina processes in the
harmonic analysis of tidesinwhichpreliminary valuesfor
the harmonic constants of a number of constituents are
cleared of the residual effects of each other.

epoch—(1) Also known as phase lag. Angular
retardation of the maximum of a constituent of the
observed tide (or tidal current) behind the corresponding
maximum of the same constituent of the theoretical
equilibrium tide. It may also be defined as the phase
difference between atidal constituent and its equilibrium
argument. Asreferred to the local equilibrium argument,
its symbol is 6. When referred to the corresponding
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Greenwich equilibrium argument, it is caled the
Greenwich epoch and is represented by G. A Greenwich
epochthat has been modified to adjust to aparticular time
meridian for convenience in the prediction of tides is
represented by g or by 6N. The relations between these
epochs may be expressed by the following formula:
G=6+pL

g=6N=G-aS/15

in which L is the longitude of the place and S is the
longitude of the time meridian, these being taken as
positive for west longitude andnegative for east longitude;
p is the number of constituent periods in the constituent
day andisequal to O for all long-period constituents, 1 for
diurnal constituents, 2 for semidiurnal constituents,andso
forth; and a is the hourly speed of the constituent, al
angular measurements being expressed in degrees. (2) As
used in tidal datum determination, it is a 19-year cycle
over whichtidal height observations are meanedinorder to
establish the various datums. As there are periodic and
apparent secular trends in sealevel, a specific 19-year
cycle (the National Tidad Datum Epoch) isselected so that
al tidal datum determinations throughout the United
States, itsterritories, Commonwealthof Puerto Rico, and
Trust Territory of the Pacific Idlands, will have acommon
reference. See National Tidal Datum Epoch.

equation of time— Difference between mean and
apparent time. Fromthe beginning of the year until near the
middle of April, mean timeis ahead of apparent time, the
difference reaching a maximum of about 15 minutes near
the middle of February. From the middie of April to the
middle of June, mean timeis behind apparent time but the
differenceislessthan 5 minutes. From the middle of June
tothefirst part of September, mean timeis againahead of
goparent time with maximum difference less than 7
minutes. Fromthefirst of September until the later part of
December, mean time is again behind apparent time, the
difference reachingamaximumof nearly 17 minutesinthe
early part of November. The equation of time for eachday
in the year is given in the American Ephemeris and
Nautical Almanac.

Equatorial Countercurrent—A current setting
eastward betweenthe Northand South Equatoria Currents
of the Atlantic, Pacific, and Indian (in northern winter)
Oceans. In the Atlantic and Pacific, its axis lies about
latitude 7° north and in the Indian, about 7° south.

equatorial tidal currents—Tidd currentsoccurring
semimonthly as a result of the Moon being over the
Equator. At these times the tendency of the Moon to
produce a diurna inequality in the tidal current is at a
minimum.

equatorial tides—Tidesoccurringsemimonthly asa
result of the Moon being over the Equator. At thesetimes
the tendency of the Moon to produce a diurnal inequality
inthetideisat aminimum.



Equatorial Undercur rent—A subsurface current
setting eastward al ong the Equator inthe Pacific, Atlantic,
and Indian Oceans. In the Pacific, its core of maximum
velocity lies a a depth of about 100 meters within the
South Equatorial Current.

equilibrium argument—The theoretical phase of a
congtituent of the equilibrium tide. It is usualy repre-
sented by the expression (V + u),inwhichV isauniformly
changing angular quantity involving multiples of the hour
angle of the mean Sun, the mean longitudes of the Moon
and Sun, and the mean longitude of lunar or solar perigee;
and u is a slowly changing angle depending upon the
longitude of the M oon'snode. Whenpertaining to aninitial
instant of time, such as the beginning of a series of
observations, it is expressed by (V,+ u).

equilibrium theory—A model under whichitisas
sumed that the waters covering the face of the Earth
instantly respond to thetide-producing forcesof the Moon
and Sun to form a surface of equilibrium under the action
of theseforces. The model disregards friction, inertia, and
the irregular distribution of the land masses of the Earth.
The theoretical tide formed under these conditions is
known as the equilibrium tide.

equilibrium tide—Hypothetical tide dueto thetide
producingforcesunder theequilibriumtheory. Alsoknown
as gravitational tide.

equinoctial —The celestial equator.

equinoctial tides—Tidesoccurring near thetimesof
the equinoxes.

equinoxes—The two points in the celestial sphere
wherethecelestial equator intersectsthe ecliptic;al so,the
timeswhenthe Sun crossesthe equator a thesepoints. The
vernd equinox is the point where the Sun crosses the
Equator from southto northandit occurs about March21.
Cedledtia longitude is reckoned eastward from the verna
equinox. The autumnal equinoxis the point where the Sun
crosses the Equator from north to south and it occurs
about September 23.

equipotential
surface.

establishment of the port—Also known as high wa
ter, full andchange (HWF& C). Average high water interval
on days of the new and full Moon. This interval is also
sometimes called the common or vulgar establishment to
distinguish it from the corrected establishment, the latter
being the mean of al the highwater intervals. Thelatter is
usually 10 to 15 minutes less than the common
establishment.

estuar y—An embayment of the coast in which fresh
river water entering at its head mixes with the relatively
saline ocean water. When tidal action is the dominant
mixing agent it is usually termed atidal estuary. Also, the
lower reaches and mouth of ariver emptying directly into
the sea where tidal mixing takes place. The latter is

surface—Same as geopotentid

sometimes called ariver estuary.

Eulerian measur ement—Observation of a current
with adevice fixed relative to the flow.

eustaticsealevel r ate—Theworl dwide change of sea
level elevation with time. The changes are due to such
causesas glacia melting or formation, thermal expansion
or contraction of seawater, etc.

evection—A perturbation of the Moon depending
upon the dternate increase and decrease of the ec-
centricityof itsorbit, whichis aways amaximumwhenthe
Sun is passing the Moon's line of apsides and aminimum
when the Sun is at right angles to it. The principal
constituents in the tide resulting from the evectiona
inequality are<,, 8,, and D;.

extreme high water—The highest el evationreached
by the seaas recorded by awater level gauge during agiven
period. The National Ocean Service routinely documents
monthly and yearly extreme high waters for its control
stations.

extreme low water —The lowest elevation reached
by the seaas recorded by awater level gauge during agiven
period. The Nationa Ocean Service routinely documents
monthly and yearly extreme low water for its control
stations.

F

Falkland Current—A SouthAtlantic Ocean current
setting northeastward along the east coast of Argentina.

first reduction—A method of determining high and
low water heights, time intervals, and ranges from an
arithmetic mean without adjustment to along-term series
through comparison of simultaneous observations.

float well—A stilling well in which the float of a
float-actuatedwater level gauge operates. Seestillingwell.

flood axis—The average set of the tidal current at
strength of flood.

flood current (flood)—The movement of atida cur-
rent toward the shore or up atidal river or estuary. Inthe
mixed type of reversing current, the terms greater flood
and lesser flood are applied respectively to the two flood
currents of greater and lesser speed of each day. The
expression maximum flood is applicable to any flood
current at the time of greatest speed. See flood strength.

flood interval —The interval between the transit of
the Moonover the meridian of aplace and the time of the
following flood strength.

flood strength (strength of flood)—Phase of the
floodtidal current et the time of maximumspeed. Also,the
speed at thistime. See strength of current.

Florida Current—A North Atlantic Ocean current
setting northward along the south-east coast of the United
States. A segment of the Gulf Stream System, the Florida
Current extends from the Straits of Florida to the region
off Cape Hatteras.



flow—The British equivalent of the United States
total current. Flow isthe combination of tidal stream and
current.

flushing time—The time required to remove or re-
duce (to a permissible concentration) any dissolved or
suspended contaminant in an estuary or harbor.

for ced wave—A wave generated and maintained by a
continuous force.

fortnight—Thetime el aspedbetweenthe newandfull
moons. Half a synodica month or 14.765,294 days. See
synodical month.

Fourier series—A series proposed by the French
mathematician Fourier about the year 1807. The series
involves the sines and cosines of whole multiples of a
varying angle and is usually writteninthe following form:
y=A+A;sinx+A,sin2x+A;sin3x +... B, cosx + B,
Ccos2x + B;cos3x + ...

By taking a sufficient number of terms the series may be
assumed to represent any periodic function of x.

free wave—A wave that continues to exist after the

generating force has ceased to act. See gravity wave.

G

gage—Seetide (water level) gauge.

Galofar o—A whirlpool in the Strat of Messing; at
onetime called Charybdis.

gas purged pressure gauge—A type of water level
gauge in which gas, usually nitrogen, is emitted from a
submerged orifice a a constant rate. Fluctuations in
hydrostatic pressure due to changesin water level modify
the recorded emission rate. Same as bubbler tide (water
level) gauge.

gauge—Seetide (water level) gauge.

geodetic datum—See National Geodetic Vertical
Datum of 1929 (NGVD 1929) and North American
Vertical Datum of 1988 (NAVD 1988).

geopotential —The unit of geopotential difference,
equa to the gravity potential of 1 meter squared per
second squared, m?/ <2, or 1 joule per kilogram, J/ kg.

geopotential anomaly (DD)—The excess in
geopotential difference over the standard geopotential
difference [a a standard specific volume a 35 parts per
thousand (%.) and O degrees C] betweenisobaric surfaces.
See geopotential and geopotential topography.

P>
DD=1 *dp
Py
where pisthe pressureand™, the specific volume anomaly.
P, and P, are the pressures at the two surfaces.
geopotential difference—The work per unit mass
gained or required in moving aunit mass vertically from
one geopotential surface to another. See geopotential,
geopotential anomaly, and geopotential topography.
geopotential (equipotential) surface—A surface
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that is everywhere normal to the acceleration of gravity.

geopotential topography—The topography of an
equiscalar (usualy isobaric) surface in terms of
geopotential difference. As depicted on maps, isopleths
areformed by the intersection of theisobaric surfacewith
a series of geopotential surfaces. Thus, the field of
isoplethsrepresentsvariationsinthegeopotential anomaly
of the isobaric surface above a chosen referenceisobaric
surface (such as alevel of no motion).

geostr ophic flow—A solutionof the relative hydro-
dynamic equations of motion in which it is assumed that
thehorizontal component of the Coriolisforceisbalanced
by the horizontal component of the pressure gradient
force.

gradient flow—A solution of therelative hydrody-
namic equations of motion in which only the horizontal
Coriolis, pressure gradient, and centrifugal forces are
considered.

gravitational tide—Same as equilibrium tide.

gravity wave—A wave for whichthe restoring force
is gravity.

great diurnal range (Gt)—Thedifferencein height
betweenmeanhigher highwater and mean lower lowwater.
The expression may also be used in its contracted form,
diurna range.

great tropicrange (Gc)—The difference in height
between tropic higher high water and tropic lower low
water. The expression may also be used in its contracted
form, tropic range.

Gr eenwichar gument—Equilibriumargument com-
puted for the meridian of Greenwich.

Greenwich epoch—See epoch (1).

Greenwich interval—An interval referred to the
transit of the Moon over the meridian of Greenwich, as
distinguished from the local interval whichisreferred to
the Moon'stransit over thelocal meridian. The relationin
hours between Greenwich and loca intervals may be
expressed by the formula:

Greenwich interval = local interval + 0.069L
where L is the west longitude of the local meridian in
degrees. For eastlongitude, L isto be considered negative.

Gregorian calendar —The moderncaendar inwhich
every year divisible by 4 (excepting century years) and
every century year divisible by 400 are bissextile (or leap)
years with 366 days. All other years are common years
with365 days. The average length of thisyear is,therefore,
365.242,5 days which agreesvery closely with the length
of thetropical year (the period of changesinseasons). The
Gregorian caendar was introduced by Pope Gregory in
1582, and immediately adopted by the Catholic countries
inplace of the Julian calendar previously inuse. Inmaking
the change it was orderedthat the day following October 4,
1582, of the Julian calendar be designated October 15,
1582, of the Gregorian calendar; the 10 days being



dropped in order that the vernal equinox would fall on
March 21. The Gregorian calendar was not adopted by
England until 1752, but isnow in general use throughout
the world.

Guiana Current—An Atlantic Ocean current setting
northwestward along the north-east coast of South
America

GuineaCurrent—An Atlantic Ocean current setting
eastward along the west central coast of Africa A
continuation of the Equatorial Counter Current of the
Atlantic Ocean.

gulder—Loca name given to the double low water
occurring on the south coast of England. See doubletide.

GulfCoast L ow Water Datum (GCLWD)—A tidal
datum. Used as chart datum from November 14, 1977, to
November 27, 1980, for the coastal waters of the Gulf
coast of the United States. GCLWD is defined as mean
lower low water when the type of tideis mixed and mean
low water (now mean lower low water) when the type of
tide is diurnal. See National Tidal Datum Convention of
1980.

Gulf Coast Low Water Datum line—Thelineon a
chart or map which representstheintersectionof the land
with the water surface at the elevation of Gulf Coast Low
Water Datum.

GulfStream—A NorthAtlanticOceancurrent setting
northeastward off the east coast of the United States. A
segment of the Gulf Stream System, the Gulf Stream
extends from the region off Cape Hatteras to an area
southeast of the Grand Banks at about latitude 40° north,
longitude 50° west. It continues the flow of the Florida
Current to the North Atlantic Current.

Gulf Stream System—The continuous current sys-
tem composed of the Florida Current, Gulf Stream, and
North Atlantic Current.

H

h—Rate of change (as of January 1, 1900) in mean
longitude of the Sun.
h = 0.041,068,64° per solar hour.

half-tide level —Same as mean tide level.

halocline—A layer in which the salinity changes
significantly (relative to the layers above and below) with
depth.

har monic analysis—The mathematical process by
which the observed tide or tidal current at any place is
separated into basic harmonic constituents.

har monicanalyzer—A machine designedfor theres-
olutionof aperiodic curve into its harmonic constituents.
Now performed by electronic digital computer.

har monicconstants—The amplitudes and epochs of
the harmonic constituents of the tide or tidal current at any
place.

har monic constituent—See constituent.

har monic function—In its simplest form, aquantity
that varies as the cosine of an angle that increases
uniformly with time. It may be expressed by the formula:
y =A cosat
in which y is a function of time (t), A is a constant
coefficient, and aistherate of changein the angle at.

harmonic prediction—Method of predicting tides
and tidal currents by combining the harmonic constituents
into asingletide curve. The work isusually performed by
electronic digital computer.

har monic reduction—Same as harmonic analysis.

harmonic tide plane—Same as Indian spring low
water.

head—The difference inwater level at either end of a
strait, channel, inlet, etc.

head of tide—Theinland or upstream limit of water
affected by the tide. For practica application in the
tabulation for computationof tidal datums, head of tideis
the inland or upstream point where the mean range
becomeslessthan 0.2 foot. Tida datums (except for mean
water level) are not computed beyond head of tide.

high tide—Same as high water.

highwater (HW)—The maximum height reached by
arising tide. The high water is due to the periodic tidal
forces and the effects of meteorological, hydrologic,
and/or oceanographic conditions. For tidal datum
computational purposes, the maximum height is not
considered a high water unless it contains a tidal high
water.

high water, full and change (HWF& C)—Same as
establishment of the port.

high water inequality—See diurnal inequality.

high water interval (HWI)—See lunitidal interval.

high water line—The intersection of the land with
the water surface at an elevation of high water.

highwater mark—A lineor markleft upontide flats,
beach, or along shore objects indicating the elevation of
the intrusion of high water. The mark may be aline of oil
or scum on aong shore objects, or a more or less
continuous deposit of fine shell or debrisonthe foreshore
or berm. This mark is physicd evidence of the genera
height reached by wave run up at recent high waters. It
should not be confused with the mean high water line or
mean higher high water line.

higher highwater (HHW)—The highest of the high
waters (or single highwater) of any specifiedtida day due
to the declinational effects of the Moon and Sun.

higher low water (HLW)—The highest of the low
waters of any specified tidal day dueto the declinational
effects of the Moon and Sun.

Humboldt Current—Same as Peru Current.

hydrauliccurrent—A current inachannel causedby
adifference in the surface elevation at the two ends. Such
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acurrent may be expectedinastrait connectingtwo bodies
of water in which the tides differ in time or range. The
current in the East River, New Y ork, connecting Long
Isand Sound and New Y ork Harbor, is an example.

hydr ogr aphicdatum—A datum usedfor referencing
depths of water and the heights of predicted tidesor water
level observations. Same as chart datum. See datum.

I

incremental shaft encoder—A component of awater
level gauge for converting length to a shaft angle on a
rotating disk. The position of the rotating disk is deter-
mined by single or dud optical or magnetic sensors to
provide an electrical output. No electro-mechanical
componentsor gears are used, so extremely lowtorqueis
required to move the float wheel, wire, and float
mechanism.

Indian spring low water—A datum originated by
Professor G. H. Darwin when investigating the tides of
India. It isan elevation depressed below mean sealevel by
an amount equd to the sum of the amplitudes of he
harmonic constituents M, S,, K, and O,.

Indian tide plane—Same as Indian spring lowwater.

inequality—A systematic departure from the mean
vaue of atidal quantity. See diurnal inequality, parallax
inequality, and phase inequality.

inertial flow—A solution of the relative hydrody-
namic equations of motion in which only the horizontal
component of the Coriolis and centrifugal forces are
balanced. This anticyclonic flow results from a sudden
applicationandrel ease of adrivingforcewhichthendlows
the system to continue on under its own momentum
without further interference. The period of rotation is 2B
/2s sing, whereS = 0.729,211 x 10* radianss* and g =
latitude.

internal tide—Atidal wave propagating along asharp
density discontinuity, such as athermocline, or in an area
of gradually changing (vertically) density.

International Great Lakes Datum (1985) [IGLD
1985]—Mean water level a Rimouski/Pointe-au-Pere,
Quebec, onthe Gulf of St. Lawrence over the period 1970
through 1988, from which geopotential elevations
(geopotentia differences) throughout the Great Lakes
region are measured. The term is often used to mean the
entire system of geopotential elevations rather than just
the referenced water level. See low water datum (1).

International Hydrographic Organization
(formerly Bureau)—An institution consisting of
representatives of a number of nations organized for the
purpose of coordinating the hydrographic work of the
participating governments. It had its origin in the
International Hydrographic ConferenceinLondonin1919.
It has permanent headquarters in the Principality of
Monaco and i ssupportedby funds provided by the member
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nations. Itsprincipal publicationsincludetheHydrographic
Review and specia publications on technical subjects.

intertidal zone—(technical definition) The zone be-
tween the mean higher high water and mean lower low
water lines.

interval —Seelunitidal interval andlunicurrent inter-
vd.

inverse barometer effect—Theinverseresponse of
sea level to changes in atmospheric pressure. A static
reductionof 1.005 mbin atmospheric pressure will cause
astationary riseof 1 cmin sealevel.

Irminger Current—A North Atlantic Ocean current
setting westward off the south-west coast of Iceland.

isanoster e—An isopleth of either specific volume
anomaly or thermosteric anomaly.

isobar —An isopleth of pressure.

isobaric surface—A surface of constant or uniform
pressure.

isohaline—An isopleth of salinity. Constant or uni-
formin salinity.

isopleth—A line of constant or uniform value of a
givenquantity. Seeisanostere,isobar,isohaline,isopycnic,
and isotherm.

isopycnic—An isopleth of density. Constant or uni-
formin density.

isother m—An isopleth of temperature.

J

J,—Smaller lunar elliptic diurnal constituent. This
constituent, with M,, modulaes the amplitudes of the
declinational K, for the effect of the Moon's elliptical
orbit.

Speed =T + s+ h - p=15.585,443,3° per solar hour.

Japan Current—Same as Kuroshio.

Julian calendar—A cdendar introduced by Julius
Caesar in the year 45 B.C., and dlightly modified by
Augustus afewyearslater. Thiscalendar provided that the
common year should consist of 365 days and that every
fourthyear, nowknown as a bissextile or leap year, should
contain 366 days, making the average length of the year
365.25 days. It differs from the modern or Gregorian
calendar in having every fourth year aleap year, whilein
the moderncaendar century yearsnot divisible by 400 are
common years. See Gregorian calendar.

Julian date—Techniquefor theidentification of suc-
cessive days of the year when monthly notation is not
desired. This is especially applicable in computer data
processing and acquisition where indexing is necessary.

K
K,—Lunisolar diurnal constituent. This constituent,
with O,, expresses the effect of the Moon's declination.
They account for diurnal inequality and, at extremes,
diurnal tides. With P, it expresses the effect of the Sun's



declination.
Speed = T + h=15.041,068,6° per solar hour.

K,—Lunisolar semi diurnal constituent. This con-
stituent modul ates the amplitude and frequency of M, and
S, for the declinational effect of the Moon and Sun,
respectively.

Speed = 2T + 2h = 30.082,137,3° per solar hour.

kappa (6)—Name of Greek | etter used asthe symbol
for aconstituent phase lag or epoch when referred to the
local equilibrium argument and frequently taken to mean
the same as local epoch. See epoch (1).

kappa prime (6t)— Name of Greek letter (with
prime mark) used asthe symbol for aconstituent phaselag
or epoch when the Greenwich equilibrium argument (G)
has been modified to a particular time meridian. Same as
0. Seekappa(6) and epoch (1).

knot—A speed unit of 1 international nautical mile
(1,852.0 meters or 6,076.115,49 international feet) per
hour.

Kur oshio—"Black Stream" in Japanese. A North
Pacific Ocean current setting northeastward off the east
coast of Tawan and Jgpan from Taiwan to about latitude
35° north.

KuroshioExtension—A NorthPacificOceancurrent
setting eastward from about longitude 145° east to about
160° east. It continues the flow of the Kuroshio to the
North Pacific Current.

K ur oshioSystem—The current systemcomposedof
the Kuroshio, TsushimaCurrent, Kuroshio Extension, and
North Pacific Current.

L

L,—Smaller lunar elliptic semi diurnal constituent.
This constituent, with N,, modulates the amplitude and
frequency of M, for the effect of variation in the Moon's
orbital speed duetoitselliptical orbit.
Speed = 2T —s+ 2h—p = 29.528,478,9° per solar hour.

Labrador Current—A North AtlanticOceancurrent
setting southeastward aong the east coasts of Baffin
Idand, Labrador, and Newfoundland.

lagging of tide—The periodic retardationinthe time
of occurrence of high and low water due to changesin the
relative positions of the Moon and Sun.

L agr angian measur ement—Observationof acurrent
with a device moving with the current.

lambda (8,)—Smaller lunar evectional constituent.
This constituent, with <,, :,, and (S,), modulates the
amplitude and frequency of M, for the effects of variation
insolar attractionof the Moon. This attraction resultsina
dlight pear-shaped lunar ellipse and adifference in lunar
orbital speed between motion toward and away from the
Sun. Although (S,) hasthe same speed as S, its amplitude
isextremely small.

Speed = 2T — s+ p = 29.455,625,3° per solar hour.

latitude—The angular distance between aterrestrial
position and the equator measured northward or southward
from the equator along a meridian of longitude.

leap year—A cdendar year containing 366 days.
Accordingto the present Gregoriancalendar,all yearswith
the date-number divisible by 4 are leap years, except
century years. The latter are leap years when the
date-number is divisible by 400.

level of no motion—A level (or layer) at whichitis
assumed that an isobaric surface coincides with a
geopotential surface. Alevel (or layer) & whichthereisno
horizontal pressure gradient force.

level surface—Seegeopotentia surfaceas preferred
term.

littoral current—A current inthelittoral zone such
asalong shoreor rip current.

littoral zone—In coastal engineering, the areafrom
the shorelinetojust beyond the breaker zone. Inbiol ogical
oceanography, it is that part of the benthic division
extending from the high water line out to a depth of about
200 meters. Thelittoral system isdivided into aeulittoral
and sublittoral zone, separated a a depth of about 50
meters. Also, frequently used interchangeably with
intertidal zone.

local epoch—See kappa (6) and epoch (1).

local time—Time in which noon is defined by the
transit of the Sun over the local meridian as distinguished
from standard time which is based upon the transit of the
Sun over astandard meridian. Local time may be either
mean or apparent, according to whether referenceisto the
mean or actua Sun. Local time wasin general usein the
United States until 1883, when standardtime was adopted.
The use of local time in other parts of the world has also
beenpractically abandonedinfavor of themoreconvenient
standard time.

log line—A graduatedline usedto measurethe speed
of avessel through the water or to measurethe vel ocity of
the current from avessel at anchor. See current line.

long period constituent—A tidd or tidal current
constituent withaperiodthat i sindependent of the rotation
of the Earth but whichdepends uponthe orbital movement
of the Moon or the Earth. The principal lunar long period
constituents have periods approximating a month and half
amonth, and the principa solar long period constituents
have periods approximating ayear and half ayear.

long period waves (long waves)—Forced or free
waveswhose lengths are muchlonger than the water depth.
Seetidal wave and tsunami.

longitude—Angular distance along a great circle of
reference reckoned from an accepted origin to the
projection of any point on that circle. Longitude on the
Earth'ssurfaceis measured onthe Equator east andwest of
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the meridian of Greenwich and may be expressedeither in
degreesor inhours, the hour being taken as the equivalent
of 15° of longitude. Celestial longitude ismeasured inthe
ecliptic eastward from the verna equinox. The mean
longitude of acelestial body moving in an orbit is the
longitude that would be attained by a point moving
uniformly in the circle of reference at the same average
angular velocity asthat of the body, withtheinitial position
of the point so taken that its longitude would be the same
as that of the body at a certain specified position in its
orbit. With acommon initial point, the mean|ongitude of
a body will be the same in whatever circle it may be
reckoned.

longshor e current—A current paralleling the shore
largely within the surf zone. It is caused by the excess
water brought to the zone by the small net mass transport
of windwaves. Long shore currents feed into rip currents.
See progressive wave.

loop of stationary wave—That portion of the os-
cillating areawhere the vertical movement is greatest.

L oop Current—A current setting clockwise in the
Gulf of Mexico. It enters through the Yucatan Channel
from the Caribbean Sea and |eaves through the Straits of
Florida.

low tide—Same as low water.

low water (LW)—The minimum height reachedby a
faling tide. The low water is due to the periodic tidal
forces and the effects of meteorological, hydrologic,
and/or oceanographic conditions. For tidal datum com-
putational purposes,the minimum height isnot considered
alow water unlessit contains atidal low water.

low water datum (LWD)—(1) The geopotentia
elevation (geopotential difference) for each of the Great
Lakes and Lake St. Clair and the corresponding sloping
surfaces of the St. Marys, St. Clair, Detroit, Niagara, and
. Lawrence Rivers to which are referred the depths
shown onthe navigationa chartsand the authorized depths
for navigation improvement projects. Elevations of these
planes ae referred to IGLD 1985 and are Lake
Superior—183.2 meters, Lakes Michigan and
Huron—176.0 meters,Lake St.Clair—174.4 meters, Lake
Erie—173.5 meters, and Lake Ontario—74.2 meters. (2)
An approximationof meanlowwater that hasbeenadopted
as a standard reference for alimited areaand is retained
for an indefinite period regardless of the fact that it may
differ slightly from a better determination of mean low
water from a subsequent series of observations. Used
primarily for river and harbor engineering purposes.
Boston low water datum is an example.

low water equinoctial springs—Lowwater springs
near the times of the equinoxes. Expressed in terms of the
harmonic constants, it is an elevation depressed below
mean sea level by an amount equal to the sum of the
amplitudes of the constituents M,, S,, and K.
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low water inequality—See diurnal inequality.

low water interval (LWI)—See lunitidal interval.

low water line—Theintersectionof thelandwiththe
water surface at an elevation of low water.

lower high water (LHW)—Thelowest of the high
waters of any specified tidal day due to the declinational
effects of the Moon and Sun.

lower low water (LLW)—The lowest of the low
waters(or single low water) of any specifiedtida day due
to the declinational effects of the Moon and Sun.

lower low water datum (LLWD)—An
approximation of mean lower low water that has been
adopted as a standard reference for alimited areaand is
retainedfor anindefinite periodregardlessof the fact that
it may differ slightly fromabetter determination of mean
lower lowwater from asubsegquent series of observations.
Used primarily for river and harbor engineering purposes.
ColumbiaRiver lower low water datum is an example.

lowest astronomical tide—As defined by the
International Hydrographic Organization, the lowest tide
level that can be predicted to occur under average
meteorol ogical conditions and under any combination of
astronomical conditions.

lunar cycle—An ambiguous expression which has
been applied to various cycles associated withthe Moon's
motion. See Callippic cycle, Metonic cycle, node cycle,
and synodica month.

lunar day—Thetime of the rotation of the Earthwith
respect to the Moon, or the interva between two
successive upper transits of the M oonover themeridian of
aplace. The mean lunar day is approximately 24.84 solar
hoursin length, or 1.035 times as great as the mean solar
day.

lunar interval —The difference in time between the
transit of the Moon over the meridian of Greenwichanda
local meridian. The average vaue of this interval,
expressed in hours, is 0.069 L, where L is the local
longitude in degrees, positive for west longitude and
negative for east. The lunar interval equals the difference
between the locd and Greenwich interval of a tide or
current phase.

lunar month—Same as synodical month.

lunar nodes—The points where the plane of the
Moon's orbit intersects the ecliptic. The point where the
Moon crosses in going from south to north is called the
ascending node and the point where the crossing is from
north to south is called the descending node. References
are usually made to the ascending node which, for brevity,
may be called the node.

lunar tide—That part of the tide on the Earth due
solely to the Moon as distinguished from that part due to
the Sun.

lunar time—Time based upon the rotation of the



Earth relative to the Moon. See lunar day.

lunation—Same as synodical month.

lunicurrent interval—The interval between the
Moon's transit (upper or lower) over the local or
Greenwich meridian and a specified phase of the tidal
current following the transit. Examples are strength of
flood interval and strength of ebb interval, which may be
abbreviatedtofloodinterval and ebbinterval, respectively.
Theinterval is described aslocal or Greenwichaccording
to whether the referenceisto the Moon's transit over the
loca or Greenwich meridian. When not otherwise
specified, the reference is assumed to be local. For a and
b markings, see lunitidal interval.

lunisolar tides—Harmonictidal constituentsK,,and
K, which are derived partly from the devel opment of the
lunar tide and partly from the solar tide, the constituent
speeds being the same in both cases. Also, the lunisolar
synodic fortnightly constituent M Sf.

lunitidal interval —Theinterval betweenthe Moon's
transit (upper or lower) over the local or Greenwich
meridian and the following high or lowwater. The average
of all high water intervals for all phases of the Moon is
known as mean high water lunitidal interval and is
abbreviated to high water interval (HWI). Similarly, mean
low water lunitidal interval is abbreviated to low water
interval (LWI). The interval is described as local or
Greenwich according to whether the reference is to the
transit over the local or Greenwich meridian. When not
otherwise specified, the referenceisassumedto be local.
When there is considerable diurnal inequality in the tide,
separate intervals may be obtained for the higher high
waters, lower high waters, higher low waters, and lower
low waters. These are desighated respectively as higher
high water interval (HHWI), lower high water interval
(LHWI), higher low water interval (HLWI), andlower low
water interval (LLWI). In such cases, and also when the
tide is diurndl, it is necessary to distinguish between the
upper and lower transit of the Moon with reference to its
declination. Intervalsreferred to the Moon's upper transit
a the time of its north declination or the lower transit &
the time of south declination are marked a Intervals
referredto the Moon'slower transit a the time of itsnorth
declination or to the upper transit at the time of south
declination are marked b.

M

M ;—Smaller lunar elliptic diurnal constituent. This
constituent, with J;, modulates the amplitude of the
declinational K, for the effect of the Moon's elliptical
orbit. Adlightly slower constituent, designated (M,), with
Q:, modulates the amplitude and frequency of the
declinational O,, for the same effect.
Speed =T —s+ h+ p=14.496,693,9° per solar hour.

M_,—Principal lunar semidiurna constituent. This
congtituent represents the rotation of the Earth with
respect to the Moon.

Speed = 2T — 2s + 2h = 28.984,104,2° per solar hour.

M ;—Lunar terdiurnal constituent. A shallow water
compound constituent. See shallow water constituent.
Speed = 3T —3s + 3h = 43.476,156,3° per solar hour.

M, Mg, M g—Shallowwater overtides of the principal
lunar constituent. See shallow water constituent.

Speed of M, = 2M, = 4T — 4s + 4h = 57.968,208,4° per
solar hour.
Speed of Mg = 3M, = 6T — 6s + 6h = 86.952,312,7° per
solar hour.
Speed of Mg = 4M,= 8T —8s+ 8h = 115.936,416,9° per
solar hour.

M ael str om—Famous whirlpool of f the coast of Nor-
way in the Lofoten Islands between Moskenesoy and
Mosken.

magnetic azimuth—Azimuth reckoned from the
magnetic north or magnetic south. Seemagneticdirection.

magnetic declination—Same as variation.

magnetic direction—Direction as indicated by a
magnetic compass after correction for deviation but
without correction for variation.

marigram—A graphic record of the rise and fall of
water level. Therecord is in the form of acurveinwhich
timeisgenerallyrepresentedonthe abscissaand the height
of thewater level on the ordinate. Seetide curve.

marine boundary—The mean lower low water line
(MLLWL) when used as a boundary. Also, lines used as
boundaries seaward of and measured from (or points
thereon) the MLLWL. See coastal boundary.

mascar et—French for tidal bore.

mean current hour—Same as current hour.

mean diurnal tide level (MDTL)—A tidal datum.
The arithmetic mean of mean higher high water and mean
lower low water.

mean highwater (MHW)—A tidal datum. The aver-
ageof all the highwater heights observedover theNationa
Tidd Datum Epoch. For stations with shorter series,
comparison of simultaneous observations with a control
tide stationismade inorder to derive the equivaent datum
of the National Tidal Datum Epoch.

mean highwater line(MHWL)—Theline onachart
or map which represents the intersection of the land with
the water surface at the elevation of mean highwater. See
shoreline.

mean higher highwater (M HHW)—A tidal datum.
The average of the higher high water height of each tidal
day observed over the National Tidal Datum Epoch. For
stations with shorter series, comparison of simultaneous
observations withacontrol tide stationis madeinorder to
derive the equivalent datum of the National Tidd Datum
Epoch.
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mean higher highwater line(MHHWL)—Theline
onachart or map which represents the intersection of the
land withthe water surface at the elevation of mean higher
high water.

mean |low water (ML W)—Atidal datum. Theaverage
of al the low water heights observed over the National
Tidd Datum Epoch. For stations with shorter series,
comparison of simultaneous observations with a control
tide stationismade inorder to derive the equivalent datum
of the National Tidal Datum Epoch.

mean low water line (MLWL)—Theline onachart
or map which represents the intersection of the land with
the water surface at the elevation of mean low water.

mean low water springs (M LW S)—A tida datum.
Frequently abbreviated spring low water. The arithmetic
mean of the low water heights occurring at the time of
spring tides observed over the National Tidd Datum
Epoch. It is usudly derived by taking an elevation
depressed below the half-tide level by an amount equal to
one-half the spring range of tide, necessary corrections
being applied to reduce the result to a mean value. This
datum is used, to a considerable extent, for hydrographic
work outside of the United States and is the level of
referencefor the Pacific approachesto the PanamaCanal .

mean lower low water (MLLW)—A tidal datum.
Theaverage of the lower lowwater height of eachtidal day
observed over the National Tidal Datum Epoch. For
stations with shorter series, comparison of simultaneous
observations withacontrol tide stationismade inorder to
derive the equivdent datum of the Nationa Tidd Datum
Epoch.

mean lower low water line (MLLWL)—Theline
onachart or map which represents the intersection of the
land with the water surface at the elevation of mean lower
low water.

mean range of tide (M n)—The difference in height
between mean high water and mean low water.

mean rise—The height of mean highwater above the
elevation of chart datum.

mean riseinterval (MRI)—The averageinterval be-
tweenthe transit of the Moon andthe middle of the period
of therise of the tide. It may be computed by adding half
the duration of rise to the mean low water interval,
subtracting the semidiurna tidal period of 12.42 hours
when greater than thisamount. The meanriseinterval may
be either local or Greenwich according to whether it is
referred to the local or Greenwich transit.

mean river level —Atidal datum. The average height
of the surface of atidal river at any point for all stages of
the tide observed over the National Tidal Datum Epoch. It
isusual lydeterminedfromhourlyheight readings. Inrivers
subject to occasional freshets, the river level may undergo
wide variations and, for practical purposes, certainmonths
of the year may be excluded in the determination of the
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tidal datum. For charting purposes, tidal datumsfor rivers
are usually based on observations during selected periods
when theriver isat or near alow water stage.

mean sealevel (M SL)—Atida datum. Thearithmetic
mean of hourly heights observed over the Nationd Tidd
Datum Epoch. Shorter series are specified in the name;
e.g., monthly mean sealevel and yearly mean sealevel.

mean sun—Afictitious sunwhichis assumedto move
in the celestial equator at a uniform speed corresponding
to the average angular speed of therea Sun in the ecliptic,
the mean sun being alternately in advance and behind the
real Sun. Itisusedasareferencefor reckoning meantime,
noon of mean local time corresponding to the time of the
transit of the mean sun over the local meridian. See
equation of time and mean time.

mean tide level (MTL)—A tidd datum. The
arithmetic mean of mean high water and mean low water.
Same as half-tide level.

mean time—Time based upon the hour angle of the
mean sun as distinguished from apparent time which is
based upon the position of the real Sun. The difference
between apparent and mean timeis known as the equation
of time.

mean water level (MWL)—A datum. The mean
surface elevation as determinedby averagingthe heightsof
the water at equal intervals of time, usually hourly. Mean
water level isused in areas of little or no rangein tide.

meanwater level line(MWLL)—Theline onachart
or map which represents the intersection of the land with
the water surface at the elevation of mean water level.

meteorological tides—Tida constituents having
their originin the daily or seasond variationsin weather
conditions which may occur with some degree of pe-
riodicity. The principal meteorological constituents rec-
ognized inthetidesare Sa, Ssa, and S. See storm surge.

M etoniccycle—A periodof almost 19 years or 235
lunations. Devisedby Meton, an Athenian astronomer who
livedinthefifthcentury B.C., for the purpose of obtaining
aperiod in which new and full Moon would recur on the
same day of the year. Taking the Julianyear of 365.25 days
and the synodical month as 29.530,588 days, we have the
19-year period of 6,939.75 days as comparedwiththe 235
lunations of 6,939.69 days, adifference of only 0.06 day.

M f—Lunar fortnightly constituent. This constituent
expresses the effect of departure from a sinusoidal
declinational motion.
Speed = 2s=1.098,033,1° per solar hour.

midextr emetide—An elevationmidway betweenex-
treme high water and extreme low water occurring in any
locality.

mixed (current)—Typeof tidal current characterized
by a conspicuous diurnal inequality in the greater and
lesser flood strengths and/or greater and lesser ebb
strengths. See flood current and ebb current.



mixed (tide)—Type of tide characterized by a con-
spicuous diurnd inequality in the higher high and lower
high waters and/or higher low and lower low waters. See
type of tide.

Mm—Lunar monthly constituent. This constituent
expressesthe effect of irregularitiesinthe Moon'srate of
change of distance and speed in orbit.

Speed = s—p =0.544,374,7° per solar hour.

modified epoch—See kappa prime (6t) and epoch
().

modified-range ratio method—A tidd datum
computation method. Generally used for the East Coast,
Gulf Coast, and Caribbean Idand stations. Values needed
aremean tidelevel (MTL), meandiurna tide level (DTL),
mean range of tide (MN), and great diurnal range (GT) as
determined by comparison with an appropriate control.
From those, the following are computed:

MLW = MTL - (0.5*MN)
MHW =MLW + MN
MLLW =DTL - (0.5*GT)
MHHW =MLLW + GT

Monsoon Current (Southwest Monsoon Cur-
rent)—An Indian Ocean current setting in a generally
eastward to southeastward direction off Indiaand Ceylon.
It replacesthe North Equatorial Current, reversed by wind
stress of the south-west monsoons, in August and
September.

month—The period of the revolution of the Moon
around the Earth. The month is designated as siderial,
tropical, anomalistic, nodical, or synodical according to
whether the revolutionis relative to a fixed star, vernal
equinox, perigee, ascending node, or Sun. The caendar
month is a rough approximation to the synodical month.

M Sf—L unisolar synodic fortnightly constituent.
Speed = 2s—2h = 1.015,895,8° per solar hour.

mu (: ,)—Variational constituent. See lambda.
Speed = 2T —4s + 4h = 27.968,208,4° per solar hour.

multiple tide staff—A successionof tide staffson a
sloping shore so placedthat the vertical graduations onthe
several staffswill forma continuous scale referred to the
same datum.

N

N—Rate of change (as of January 1, 1900) in mean
longitude of the Moon's node.
N =-0.002,206,41° per solar hour.

N,—Larger lunar elliptic semi diurnal constituent. See
L,
Speed = 2T—3s+ 2h+ p = 28.439,729,5° per solar hour.

2N,—Lunar elliptic semi diurna second-order con-
stituent.
Speed=2T—4s+ 2h+ 2p=27.895,354,8° per solar hour.

National GeodeticVertical Datumof 1929[NGVD
1929]—A fixed reference adopted as a standard geodetic

datum for elevations determined by leveling. The datum
was derived for surveys from a general adjustment of the
first-order leveling nets of both the United States and
Canada. Inthe adjustment, mean sealevel washeldfixedas
observed & 21 tide stations in the United Statesand 5 in
Canada. The year indicates the time of the genera
adjustment. A synonym for Sea-level Datum of 1929. The
geodetic datumisfixed and does not take into account the
changing stands of sea level. Because there are many
variables affecting sea level, and because the geodetic
datum represents a best fit over a broad area, the
relationship between the geodetic datum and local mean
sealevel is not consistent from one locationto another in
either time or space. For this reason, the Nationa
Geodetic Verticad Datum should not be confused with
mean sea level. See North American Vertical Datum of
1988 (NAVD 1988).

National Spatial Reference System (NSRS)—A
consistent national coordinatesystemthat defineslatitude,
longitude, height, scal e, gravity, and ori entati onthroughout
the nation, and how these values change with time. The
NSRS is developed and maintained by the Nationa
Geodetic Survey using advanced geodetic,
photogrammetric, and remote sensing techniques.

National Tidal Datum Conventionof 1980—Effec-
tive November 28, 1980, the Convention: (1) establishes
one uniform, continuous tidal datum systemfor all marine
watersof the UnitedStates, itsterritories, Commonwealth
of Puerto Rico, and Trust Territory of the Pacific Islands,
for the first time in history; (2) provides atidal datum
systemindependent of computations basedontype of tide;
(3) lowers chart datum from mean low water to mean
lower low water along the Atlantic coast of the United
States; (4) updates the National Tida Datum Epoch from
1941 through1959,to 1960 through 1978; (5) changesthe
name Gulf Coast Low Water Datum to mean lower |ow
water; (6) introduces the tidal datum of mean higher high
waer in areas of predominantly diurnal tides; and (7)
lowers mean high water in areas of predominantly diurnal
tides. See chart datum.

National Tidal Datum Epoch—Thespecific9-year
period adopted by the National Ocean Service as the
official time segment over which tide observations are
takenand reduced to obtain mean values(e.g., mean lower
low water, etc.) for tidd datums. It is necessary for
standardization because of periodic and apparent secular
trends in sea level. The present National Tidal Datum
Epochis 1960 through 1978. It is reviewed annualy for
possible revision and must be actively considered for
revision every 25 years.

National Water Level Observation Network
(NWL ON)—The network of tide and water level stations
operated by the National Ocean Service along the marine
and Great L akes coasts and islands of the United States.
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The NWLON is composed of the primary and sec-
ondary control tide stations of the National Ocean Service.
This Network provides the basic tidal datums for coasta
and marine boundaries and for chart datum of the United
States. Tide observations at a secondary control tide
station or tertiary tide station are reduced to equivalent
19-year tidal datums through comparisonof simultaneous
observations withaprimary control tide station. Inaddition
to hydrography, nautical charting, and delineation of
coastal and marine boundaries, the Network is used for
coastal processes and tectonic studies, tsunami and storm
surge warnings, and climate monitoring.

The National Water Level Observation Network also
includes stations operated throughout the Great Lakes
Basin. The network supports regulation, navigation and
charting, river and harbor improvement, power generation,
variousscientificactivities, and the adjustment for vertical
movement of the Earth's crust in the Great Lakes Basin.

neap range—See neap tides.

neap tides or tidal currents—Tides of decreased
range or tidal currents of decreased speed occurring
semimonthly astheresult of theM oon being in quadrature.
The neap range (Np) of the tide is the average range
occurring a the time of negp tides and is most
conveniently computed from the harmonic constants. Itis
smaller thanthe meanrange wherethe type of tide iseither
semidiurnal or mixed and is of no practical significance
where the type of tide is predominantly diurnal. The
average height of the high waters of the neaptideiscalled
neap high water or high water neaps (MHWN) and the
average height of the corresponding low watersiis called
neap low water or low water neaps (MLWN).

Next Generation Water Level Measurement
System (NGWLMS)—A fully integrated system
encompassing new technology sensors and recording
equipment, multiple data transmission options, and an
integrated data processing, anaysis, and dissemination
subsystem.

nodal line—A line in an oscillating body of water
along whichthereisaminimumor zerorise and fall of the
tide.

nodal point—The zero tide point in an amphidromic
region.

node—See lunar nodes.

node cycle—Period of approximately 18.61 Julian
years required for the regression of the Moon's nodes to
completeacircuit of 360° of longitude. It isaccompanied
by a corresponding cycle of changing inclination of the
Moon's orbit relative to the plane of the Earth's Equator,
with resulting inequalities in the rise and fall of the tide
and speed of thetidal current.

node factor (f)—A factor depending upon the lon-
gitude of the M oon's node which, whenappliedtothemean
coefficient of atidal constituent, will adapt the same to a
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particular year for which predictions are to be made.

nodical month—Average period of the revolution of
the Moon around the Earth with respect to the Moon's
ascending node. It is approximately 27.212,220 days in
length.

nonharmonic constants—Tidd constants such as
lunitidal intervals, ranges, and inequalities which may be
derived directly from high and low water observations
without regard to the harmonic constituents of the tide.
Also applicableto tidal currents.

nontidal current—See current.

normal tide—A nontechnical termsynonymous with
tide; i.e., the rise and fall of the ocean due to the
gravitational interactions of the Sun, Moon, and Earth
aone. Use of thisterm is discouraged.

North American Vertical Datum of 1988 [NAVD
1988]—A fixed reference for elevations determined by
geodetic leveling. The datum was derived from a generd
adjustment of the first-order terrestrial leveling netsof the
UnitedStates, Canada, and Mexico. Inthe adjustment, only
the height of the primary tidal bench mark, referenced to
thelnternational Great L akesDatum of 1985 (IGLD 1985)
local mean sea level height value, a Father Point,
Rimouski, Quebec, Canadawas held fixed, thus providing
minimum constraint. NAVD 1988 and IGLD 1985 are
identical. However, NAVD 1988 bench mark values are
given in Helmert orthometric height units while IGLD
1985 vaues are in dynamic heights. See International
Gresat Lakes Datum of 1985, National Geodetic Vertica
Datum of 1929, and geopotential difference.

North Atlantic Current—A North Atlantic Ocean
current setting northeastwardfrom southeast of the Grand
Banks at about latitude 40° north, longitude 50° west, to
theBritishlsles. A segment of the Gulf Stream System, the
North Atlantic Current continues the flow of the Gulf
Stream to the Norwegian and Canary Currents.

North Cape Current—An Arctic Ocean current set-
ting eastward off the north coast of Scandinavia in the
Barrents Sea.

North Equatorial Current—A current setting west-
wardinthe North Atlantic and North PacificOceans andin
the Indian Ocean from about October to July. It occurs
immediately north of the Equatorial Counter Current.

NorthPacificCurrent—A NorthPacific Oceancur-
rent setting eastward from about 160° east to somewhat
beyond about 150° west. It continues the flow of the
Kuroshio Extension, sending branches to the south.

Norwegian Current—A North Atlantic Ocean cur-
rent setting northeastward off the coast of Norway.

nu (<,)—Larger lunar evectional constituent. See
lambda
Speed= 2T — 3s+ 4h —p = 28.512,583,1° per solar hour.
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O,—Lunar diurnal constituent. See K.
Speed = T —2s+ h = 13.943,035,6° per solar hour.

obliquity factor—A factor in an expression for a
constituent tide (or tidal current) involving the angleof the
inclination of the Moon's orbit to the plane of the Earth's
Equator.

obliquity of theecliptic—Theanglewhichthe eclip-
tic makeswiththe plane of the Earth'sEquator. Itsvaueis
approximately 23.45°.

obliquity of theM oon'sor bit—The anglewhichthe
Moon's orbit makes with the plane of the Earth's Equator.
Its vaue varies from 18.3° to 28.6°, depending upon the
longitude of the Moon's ascending node; the smaller vaue
corresponding to alongitude of 180° andthe larger one,to
alongitude of 0°.

oceanogr aphy—Oceanography is the science of al
aspectsof the oceans, in spite of its etymology. Theterm,
oceanography, impliestheinterrel ationships of the various
marine sciences of whichitiscomposed. Thisconnotation
has arisen through the historical development of marine
research in which it has been found that a true
understanding of the oceans is best achieved through
investigations based on the realization that water, its
organic and inorganic contents, motions, and boundaries
are mutually related and interdependent.

OO,—Lunar diurnal, second-order, constituent.
Speed =T + 2s+ h=16.139,101,7° per solar hour.

ordinary—With respect to tides, the use of this
nontechnical wordhas, for the most part, been determined
to be synonymous with mean. Thus, ordinary high (low)
water is the equivalent of mean high (low) water. The use
of ordinary intidal termsis discouraged.

orifice—See stilling well and protective well.

over falls—Breaking waves caused by the meeting of
currents or by waves moving against the current. Seerip.

overtide—A harmonic tida (or tidal current) con-
stituent with aspeedthat is an exact multiple of the speed
of one of the fundamental constituents derived from the
development of the tide-producing force. The presence of
overtidesisusually attributedto shallowwater conditions.
The overtides usually considered in tidal work are the
harmonics of the principal lunar and solar semidiurnal
constituents M, and S,, and are designated by the symbols
M,, Mg, Mg, S, S, etc. The magnitudes of these harmonics
relative to those of the fundamental constituents are
usually greater in thetidal current than in thetide.

Oyashio—A current setting southwestward along the
Siberian, Kamchatka, and K uril Idandscoastsinthe Bering
Sea and North Pecific Ocean.

P
p—Rate of change (as of January 1, 1900) in mean
longitude of lunar perigee.
p = 0.004,641,83° per solar hour.

p,—Rate of change (as of January 1, 1900) in mean
longitude of solar perigee.
p, = 0.000,001,96° per solar hour.

P,—Solar diurnal constituent. See K.
Speed = T —h = 14.958,931,4° per solar hour.

par allax—Intida work, the termrefersto horizontal
parallax, which is the angle formed at the center of a
celestial body betweenaline to the center of the Earthand
aline tangent to the Earth's surface. Since the sine of a
small angle is approximately equal to the angleitself in
radians,itisusualy taken in tidal work smply astheratio
of the mean radius of the Earth to the distance of the
tide-producing body. Sincethe parallax isafunctionof the
distance of a celestial body, the term is applied to tidal
inequalities arising from the changing distance of the
tide-producing body.

parallax inequality—The variation in the range of
tide or in the speed of atidal current dueto changesin the
distance of the Moonfromthe Earth. The range of tide and
speed of the current tend alternately to increase and
decrease as the Moon approaches its perigee and apogee,
respectively, the complete cycle being the anomalistic
month. There is a similar but relatively unimportant
inequality due to the Sun, the cycle being the anomalistic
year. The parallax haslittle direct effect uponthe lunitidal
intervals but tends to modify the phase effect. When the
Moonisinperigee, the priming and lagging of the tide due
to the phaseis diminished and when inapogeethe priming
and lagging isincreased.

parallax reduction—A processing of observedhigh
andlowwatersto obtai nquantiti esdepending uponchanges
inthe distance of the Moon, such as perigean and apogean
ranges.

parallel plateintake—Intake of astilling or protec-
tivewell withtwo parallel plates attachedbelow. Theplates
are typically three times the diameter of the well and are
spaced threeinchesapart. The platesare used to minimize
current-induced draw-down (Bernoulli effect) error in
water level measurements.

pelorus—Aninstrument formerly usedonavessel in
connection with a current line and current pole to obtain
the set of the current. Inits simplest form, it was adisk
about 8 inches in diameter and graduated clockwise for
every 5° or 10° . It was mounted rigidly on the vessel,
usualy withthe 0° mark forward and the diameter through
thismark parallel withthe keel . Bearings werethenrel ated
to the vessel's compass and converted to true.

perigean tides or tidal currents—Tides of
increased range or tidal currents of increased speed
occurring monthly as the result of the Moon being in
perigee. The perigean range (Pn) of tide is the average
range occurring at the time of perigean tides and is most
conveniently computedfromthe harmonic constants. Itis
larger than the mean range where the type of tideis either
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semidiurnal or mixed, andisof no practical significance
where the type of tide is predominantly diurnal.

perigee—The point in the orbit of the Moon or a
man-made satellite nearest to the Earth. The point in the
orbit of a satellite nearest to its companion body.

perihelion—The point in the orbit of the Earth (or
other planet, etc.) nearest to the Sun.

period—Interval required for the completion of a
recurring event, suchas the revolution of a celestial body
or thetime betweentwo consecutive like phasesof thetide
or tidal current. A period may be expressed in angular
measure as 360°. The word also is used to express any
specified duration of time.

permanent current—A current that runs con-
tinuously and is independent of tides and other temporary
causes. Permanent currents include the general surface
circulation of the oceans.

Peru Current—A South Pacific Ocean current set-
ting northward along the west coast of South America. It
has sometimes been calledthe Humboldt Current because
anearly record of itstemperature was taken by the German
scientist Alexander vonHumboldt in1802. It has al so been
called the Peruvian or Chilean Current. The name
Corriente de Peru was adopted by a resolution of the
Ibero-American Oceanographic Conference at its
Madrid-Malaga meeting in April 1935.

phase—(1) Any recurring aspect of aperiodic phe-
nomenon, such as new Moon, high water, flood strength,
etc. (2) A particular instant of a periodic function
expressed in angular measure and reckonedfrom the time
of its maximum value, the entire period of the function
being 360°. The maximum and minimum of a harmonic
constituent have phasevauesof 0° and180°, respectively.

phase inequality—Variations in the tides or tidal
currents due to changes in the phase of the Moon. At the
times of new and full Moon the tide-producing forces of
the Moonand Sun act in conjunction, causing the range of
tide and speed of the tidal current to be greater than the
average, the tides at these times being known as spring
tides. At the times of the quadratures of the Moon these
forces are opposed to each other, causing neap tides with
diminished range and current speed.

phase lag—Same as epoch (1).

phaser eduction—A processing of observed highand
low waters to obtain quantities depending upon the phase
of the Moon, suchasthe spring and neap ranges of tide. At
aformer time this process was known assecond reduction.
Also applicableto tidal currents.

por or oca—Brazilian for tidal bore.

PORTS—Physical OceanogragphicReal Time System.
A naiona system of current, water level, and other
oceanographical and meteorol ogical sensorstelemetering
data in rea-time to central locations for storage,
processing, and dissemination. Available to pilots,
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mariners,the U.S. Coast Guard, and other marine interests
invoiceor digital form. First introduced in Tampa Bay.

potential, tide-producing—Tendency for particles
on the Earth to change their positions as aresult of the
gravitational interactions between the Sun, Moon, and
Earth. Although gravitationa attraction variesinversely as
the sgquare of the distance of the tide producing body, the
resulting potential varies inversely as the cube of the
distance.

predicting machine—See tide predicting machine.

pressuregauge—A water level gauge that isoperated
by the change in pressure at the bottom of abody of water
due to therise and fall of the water level. See gas purged
pressure gauge.

pressuregradient for ce, horizontal —Thehorizontd
component of the product of the specific volume and the
rate of decreasein pressure with distance.

pressur e sensor —A pressure transducer sensing de-
vice for water level measurement. A rlative transducer is
vented to the atmosphere and pressure readings are made
relative to atmospheric pressure. An absolute transducer
measuresthe pressure a itslocation. Thereadingsarethen
corrected for barometric pressure taken at the surface.

primary control tide station—A tide station a
which continuous observations have been made over a
minimum of 19 years. Its purpose is to provide data for
computing accepted values of the harmonic and
nonharmonic constants essential totide predictions andto
the determination of tidd datums for charting and for
coastal and marine boundaries. The data series from this
station serves as a primary control for the reduction of
relatively short series from subordinate tide stations
through the method of comparison of simultaneous
observations and for monitoring long-period sea level
trends and variations. See tide station, secondary control
tide station, tertiary tide station, and subordinate tide
station (1).

primary tidal bench mar k—See bench mark.

prime meridian—The meridian of longitude which
passes through the original site of the Royal Observatory
in Greenwich, England and used as the origin of longitude.
Also known as the Greenwich Meridian.

priming of tide—The periodic acceleration in the
time of occurrence of high and low waters dueto changes
in the relative positions of the Sun and Moon.

progr essive wave—A wave that advancesindistance
aong the sea surface or a some intermediate depth.
Althoughthe wave formitsel f travel ssignificant distances,
the water particles that make up the wave merely describe
circular (inrelativelydeepwater) or elliptical (inrelatively
shallowwater) orbits. Withhigh, steep, windwaves,asmall
overlap in the orbital motion becomes significant. This
overlapping gives rise to a small net mass transport. See
long shore current and rip current. Progressive waves can



beinternal, traveling along a sharp density discontinuity,
suchasthe thermocline, or inalayer of graduallychanging
density (verticaly).

protective well—A vertical pipe with arelatively
large opening (intake) inthe bottom. It is used with the air
acoustic ranging sensor and electronic processing
(filtering) technique to minimize the nonlinear
characteristics of the stilling well. Its purposeis aso to
shieldthe sensingelement from physical damageandharsh
environment. Unlike a stilling well, damping of high
frequency wavesis not acritical requirement. Seetilling
well.

pycnocline—A layer in which the density increases
significantly (relative tothe layers above and below) with
depth.

Q
Q—Larger lunar eliptic diurnal constituent. See M.

Speed =T —3s+ h + p =13.398,660,9° per solar hour.
2Q,—Lunar ellipticdiurnal, second order, constituent.
Speed = T —4s+ h + 2p = 12.854,286,2° per solar hour.
guadr atur eof M oon—Positionof the M oonwhenits
longitudediffersby 90° fromthe longitude of the Sun. The
corresponding phases are known as first quarter and last
quarter.

R

R,—Smaller solar elliptic constituent. Thisconstitu-
ent, with T,, modulates the amplitude and frequency of S,
for the effect of variation in the Earth's orbital speed due
toitselliptical orbit.
Speed = 2T + h—p, = 30.041,066,7° per solar hour.

race—A very rapid current through a comparatively
narrow channel.

radiational tide—Periodic variations in sea level
primarily related to meteorological changes such as the
semidaily (solar) cycle in barometric pressure, daily
(solar) land and seabreezes, and seasonal (annual) changes
in temperature. Other changes in sea level due to
meteorological changesthat are random in phase are not
considered radiational tides.

range of tide—The difference in height between
consecutive high and low waters. The mean range is the
difference in height between mean high water and mean
low water. The great diurnal range or diurnal range is the
difference in height between mean higher high water and
mean lower low water. For other ranges see spring, neap,
perigean, apogean, and tropic tides; and tropic ranges.

real-time—Pertains to a data collecting system that
monitors an on-going process and disseminates measured
values before they are expected to have changed
significantly.

rectilinear current—Same asreversing current.

red tide (water)—The term applied to toxic dgd

blooms caused by several genera of dinoflagellates
(Gymnodi niumand Gonyaul ax) whichturnthe searedand
are frequently associated with a deterioration in water
quality. Thecolor occursas aresult of thereactionof ared
pigment, peridinin, to light during photosynthesis. These
toxicagd blooms pose a serious threat to marine life and
are potentially harmful to humans. The term has no
connectionwithastronomictides. However,itsassociation
with the word "tide" is from popular observations of its
movements with tidal currentsin estuarine waters.

reduction factor (F)—Reciprocal of nodefactor (f).

reductionof tidesor tidal currents—A processing
of observedtide or tidal current datato obtainmean values
for tidal or tidal current constants.

reference station—A tide or current station for
whichindependent daily predictions are given in the "Tide
Tables' and "Tidd Current Tables" and from which
corresponding predictions are obtained for subordinate
stations by means of differences and ratios. See
subordinate tide station (2) and subordinate current
station (2).

relative mean sea level change—A local changein
mean sea level relative to a network of bench marks
established in the most stable and permanent material
available (bedrock, if possible) onthe land adjacent to the
tide station location. A changein relative mean sealevel
may be composed of both an absolute mean sea level
change component and a vertical land movement change
component.

residual current—The observed current minus the
astronomical tidal current.

response analysis—For any linear system, an input
function X;(t) and an output function X(t) can be related
according to the formula:
Xo(t) = o1*X; (t —J)W(3)dJ + noi se(t)
where W(J) is the impulse response of the system and its
Fourier transform:
Z(f) = 1*W (J)e®'? = R(f)e"?
is the system's admittance (coherent output/input) at
frequency f. In practice, the integrals are replaced by
summations; X;, W, and Z are generally complex. The
discrete set of W values are termed response weights;
Xo(t) isordinarily an observed tidal time series and X;(t)
thetide potential or the tide & some nearby place. A future
prediction can be prepared by applying the weightsto an
appropriate X;(t) series. In general:
* Z* = R(f) and Tan(Z) = N(f)
measure the relative magnification and phase lead of the
station at frequency f.

reversing current—A tidal current which flows al-
ternately inapproximately oppositedirections withaslack
water a each reversal of direction. Currents of this type
usualy occur in rivers and straits where the direction of
flow ismore or less restricted to certain channels. When
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the movement is towards the shore or up a stream, the
current is said to be flooding, and when in the opposite
direction, it is said to be ebbing. The combined flood and
ebb movement (including the slack water) covers, on an
average, 12.42 hours for a semidiurna current. If
unaffected by a nontida flow, the flood and ebb
movements will each last about 6 hours, but when
combinedwithsuchaflow, the durations of flood and ebb
may be quite different. During the flow in each direction
the speed of the current will vary from zero at the time of
dack water to a maximum about midway between the
slacks.

reversing falls—A name appliedto falls which flow
alternately inopposite directionsinanarrowchannel inthe
St. John River above the city of St. John, NewBrunswick,
Canada, the phenomenon being due to the large range of
tide andaconstrictionintheriver. Thedirectionof flowis
upstream or downstream according to whether it ishigh or
low water on the outside, the falls disappearing a the
half-tide level.

rho (D,)—Larger lunar evectional diurnal constituent.
Speed =T —3s+ 3h—p = 13.471,514,5° per solar hour.

rip—Aagitation of water caused by the meeting of
currents or by arapid current setting over an irregular
bottom. Termed tide rip when atidal current is involved.
Seeoverfalls.

rip current—A narrow intense current setting sea
ward through the surf zone. It removes the excess water
brought to the zone by the small net mass transport of
waves. It isfed by longshore currents. Rip currentsusually
occur at points, groins, jetties, etc., of irregular beaches,
and a regular intervals dong straight, uninterrupted
beaches.

river current—The gravity-induced seawardflow of
fresh water originating from the drainage basin of ariver.
In the fresh water portion of the river below head of tide,
theriver current is alternately increased and decreased by
the effect of the tidd current. After entering a tidal
estuary, river current is the depth-averaged mean flow
through any cross-section. See head of tide and estuary.

river estuary—See estuary.

rotary current—A tidal current that flows contin-
ually withthe direction of flow changing throughall points
of the compassduringthetidal period. Rotary currentsare
usually found offshore where the direction of flow isnot
restrictedby any barriers. The tendency for the rotationin
direction has its origin in the Coriolis force and, unless
modified by local conditions, the change is clockwisein
the Northern Hemisphere and counterclockwise in the
Southern. The speed of the current usualy varies
throughout thetidal cycle, passing through thetwo maxima
in approximately opposite directions and the two minima
withthe directionof the current at approximately 90° from
the directions of the maxima.
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S

s—Rate of change (as of January 1, 1900) in mean
longitude of Maoon.
s$=0.549,016,53° per solar hour.

S—Solar diurnal constituent.

Speed = T = 15.000,000,0° per solar hour.

S—Principal solar semidiurnal constituent. This
congtituent represents the rotation of the Earth with
respect to the Sun.

Speed = 2T = 30.000,000,0° per solar hour.

S, S—Shallowwater overtides of the principal solar
constituent.

Speed of S, = 2S, = 4T = 60.000,000,0° per solar hour.
Speed of S;=3S, = 6T =90.000,000,0° per solar hour.

Sa—Solar annud constituent. This constituent, with
Ssa, accounts for the nonuniform changes in the Sun's
declination and distance. In actuality, they mostly reflect
yearly meteorological variations influencing sealevel.
Speed = h = 0.041,068,64° per solar hour.

Ssa—Solar semiannual constituent. See Sa.

Speed = 2h = 0.082,137,3° per solar hour.

salinity (S)—The total amount of solid material in
grams contained in 1 kilogram of seawater when all the
carbonate has been converted to oxide, the bromine and
iodine replaced by chlorine, and al organic matter
completely oxidized. The following is approximate.
S(%o) = 1.806,55 x Cl (%o)

Where Cl(%o) is chlorinity in parts per thousand. See
chlorinity.

Sar gasso Sea—The west central region of the sub-
tropical gyreof the North Atlantic Ocean. It isbounded by
the North Atlantic, Canary, North Equatorial, and Antilles
Currents, and the Gulf Stream. It is characterized by the
absence of any well-marked currents and by large
guantities of drifting Sargassum, or gulfweed.

Sar os—A period of 223 synodic months correspond-
ing approximately to 19 eclipse years or 18.03 Julian
years, and is a cycle in which solar and lunar eclipses
repeat themselves under approximately the same con-
ditions.

sea level datum (SL D)—An obsoleteterm. See Na-
tional Geodetic Vertical Datum of 1929 and mean sea
level.

second reduction—Same as phase reduction.

secondary control tide station—A tide station at
which continuous observations have been made over a
minimum period of 1 year but less than 19 years. The
series is reduced by comparison with simultaneous ob-
servations fromaprimarycontrol tide station. Thisstation
provides for a 365-day harmonic analysis including the
seasonal fluctuation of sealevel. Seetide station, primary
control tide station, tertiary tide station, and subordinate
tide station (1).

secular trend—See gpparent secular trend as pre-



ferred term.

seiche—A stationary wave usually caused by strong
winds and/or changesin barometric pressure. Itisfoundin
lakes, semi-enclosed bodies of water, and in areas of the
open ocean. The period of a seiche in an enclosed
rectangul ar body of water is usually represented by the
formula:
Period (T) =2L /«gd
inwhichL isthelength, d the average depth of the body of
water, and g the accel eration of gravity. See standing wave.

seismic sea wave—Same as tsunami.

semidiurnal —Having aperiod or cycle of approxi-
mately one-half of atida day. The predominant typeof tide
throughout the worldis semidiurnal, with two high waters
and two lowwaterseachtida day. Thetidal current issaid
to be semidiurnal when there are two flood and two ebb
periods each day. A semidiurnal constituent has two
maxima and two minima each constituent day, and its
symbol isthe subscript 2. See type of tide.

sequenceof current—Theorder of occurrenceof the
fourtida current strengths of aday, withspecial reference
asto whether the greater flood immediately precedes or
follows the greater ebb.

sequence of tide—The order in which the four tides
of aday occur, with specia reference as to whether the
higher high water immediately precedes or follows the
lower low water.

set (of current)—The direction towards which the
current flows.

shallow water constituent—A  short-period
harmonic term introduced into the formula of tidal (or
tidal current) constituents to account for the changeinthe
form of a tide wave resulting from shalow water
conditions. Shallow water constituents include the over-
tides and compound tides.

shallow water wave—A waveisclassifiedasashal-
low water wave whenever the ratio of the depth (the
vertical distance of the still water level from the bottom)
to the wave length (the horizontal distancebetweencrests)
isless than 0.04. Such waves propagate according to the
formula:
C= %gd
where C is the wave speed, g the acceleration of gravity,
and d the depth. Tidal waves are shdlow water waves.

shear —A quasi-horizonta layer movingat adifferent
velocity relative to the layer directly below and/or above.

shoreline (coastline)—Theintersection of theland
with the water surface. The shoreline shown on charts
represents the line of contact between the land and a
selected water elevation. In areas affected by tidal
fluctuations, this line of contact is the mean high water
line. In confined coastal waters of diminished tidal
influence,themean water level line may be used. Seecoast
line.

sidereal day—Thetime of the rotation of the Earth
withrespect to the vernal equinox. It equal sapproximately
0.997,27 of amean solar day. Because of the precession
of the equinoxes, the sidereal day thus defined is slightly
less than the period of rotation with respect to the fixed
stars, but the differenceis lessthan a hundredth part of a
second.

sider eal month—Average period of therevol utionof
the Moon around the Earth with respect to a fixed star,
equal to 27.321,661 mean solar days.

sidereal time—Thisis usualy defined by astrono-
mers as the hour angle of the vernal equinox. Thesidereal
dayistheinterva betweentwo successive uppertransitsof
the verna equinox. Itistobe notedthat whenappliedto the
month and year the wordsidereal has reference to motion
with respect to the fixed stars, while the word tropical is
used for motion with respect to the verna equinox.
Because of the precession of the equinox thereisadight
difference.

sidereal year —Average period of the revolution of
the Earth around the Sun with respect to a fixed star. Its
length is approximately 365.256,4 mean solar days.

sigma-t (F)—An expressionof density asafunction
of temperature and salinity (at atmospheric pressure) in a
convenient numerical form. See density.
F = (Dsp —1)1,000

sigma-zer o (F,)—Anexpressionof density asafunc-
tion of salinity (at atmospheric pressure and 0°C) in a
convenient numerical form. See density.
Fo = (Ds10o— 1)1,000

slack; ebbbegins(slack befor eebb)—Theslackwa
ter immediately preceding the ebb current.

slack; flood begins (slack befor eflood)—Theslack
water immediately preceding the flood current.

slack water (slack)—The state of atida current
whenits speedisnear zero, especially the moment when a
reversing current changes direction and its speed is zero.
Theterm also isapplied to the entire period of low speed
near the time of turning of the current when it istoo weak
to be of any practical importance in navigation. The
relationof thetime of slack water to the tidal phasesvaries
in different localities. For a perfect standing tidal wave,
slack water occurs at the time of high and of low water,
while for a perfect progressive tidal wave, slack water
occurs midway between high and lowwater. See dack; ebb
begins and dack; flood begins.

small diurnal range (SlI)—Differencein height be-
tween mean lower high water and mean higher low water.

small tropic range (Sc)—Difference in height be-
tweentropic lower highwater and tropic higher lowwater.

solar day—The period of the rotation of the Earth
with respect to the Sun. The mean solar day is the time of
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the rotation with respect to the mean Sun. The solar day
commencing at midnight iscalled acivil or calendar day,
but if the day is reckoned from noon it is known as an
astronomical day because of its former use in
astronomical calculation.

solar tide—(1) The part of the tide that isdue to the
tide-producing force of the Sun. (2) The observed tide in
areas where the solar tide is dominant. This condition
provides for phase repetition at about the same time each
solar day.

solar time—Time measured by the hour angle of the
Sun. Itis called apparent time when referred to the actual
Sun and mean time when referred to the mean Sun. It is
also classifiedaslocal, standard, or Greenwich according
to whether it is reckoned from the local, standard, or
Greenwich meridian.

solitary wave—A wave of translation consisting of a
single crest rising aove the undisturbed water level
without any accompanying trough. The rate of advance of
asolitary wave depends uponthe depth of the water and is
usually expressed by the formula:

C=.(d+h)
inwhichC = rate of advance, g= acceleration of gravity, d
= depth of water, and h = height of wave, the depth and
height being measured from the undisturbed water level.
solstices—The two points in the ecliptic where the
Sun reaches its maximum and minimum declinations; al so
thetimeswhenthe Sunreachesthesepoints. Themaximum
north declination occurs on or near June 21, marking the
beginning of summer inthe NorthernHemisphere and the
beginning of winter in the Southern. The maximum south
declination occurs on or near December 22, marking the
beginning of winter in the Northern Hemisphere and the
beginning of summer in the Southern.

solstitial tides—Tides occurring near the times of
the solstices. The tropic range may be expected to be
especially large at these times.

Somali (East Africa Coast) Current—An Indian
Ocean current setting southwestward along the coast of
Somalia. The current reverses and sets to the northeast
during the Southwest M onsoon.

South Equatorial Current—A current setting west-
ward along and south of the Equator in the Atlantic and
Pacific Oceans, and south of the Equator in the Indian
Ocean. It occurs immediately south of the Equatorial
Counter Current.

Southwest M onsoon Current—Same as Monsoon
Current.

species of constituent—A classification depending
upon the period of aconstituent. The principa speciesare
semidiurnal, diurnal, and long-period.

specific volume anomaly, or steric anomaly
(*)—The excess in specific volume over the standard
specific volume a 35 %o, 0°C, and the givenpressure. See
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thermosteric anomaly and specific volume.

— stp~ 350,

sr'))ecifi c \;’olume, in situ (s ,)— Volume per unit
mass. The reciprocal of density (specific gravity). The
specific volume of sea water as a function of salinity,
temperature, and pressure. See specific volume anomaly
and thermosteric anomaly.

speed (of constituent)—The rate of change in the
phase of aconstituent, usually expressed in degrees per
hour. The speedisequa to 360° dividedby the constituent
period expressed in hours.

speed (of current)—The magnitude of velocity. Rate
at which the current flows. Usually expressed in knots or
centimeters per second.

Spitsbergen Atlantic Current—A current setting
northwestward off the southwest coast of Spitsbergenin
the Greenland Sea.

spring highwater—Same asmeanhighwater springs
(MHWS). See spring tides.

spring low water—Same as mean | owwater springs
(MLWS). See spring tides and mean low water springs.

spring range (Sg)—See spring tides.

springtidesor tidal currents—Tides of increased
range or tida currents of increased speed occurring
semimonthly as the result of the Moon being new or full.
Thespring range (Sg) of tide istheaveragerange occurring
a the time of spring tides and is most conveniently
computedfromtheharmonicconstants. Itislarger thanthe
mean range wherethe type of tide iseither semi diurna or
mixed, andis of no practical significancewherethetypeof
tide is predominantly diurnal. The average height of the
high waters of the spring tidesis called spring high water
or mean high water springs (MHWS) and the average
height of the corresponding lowwatersiscalledspringlow
water or mean low water springs (MLWS).

stand of tide—Sometimescalledaplatform tide. An
interval a high or low water when there is no sensible
change in the height of the tide. The water level is
stationary at high andlow water for only aninstant, but the
change in level near these timesis so slow that it is not
usually perceptible. Ingeneral ,the durationof the apparent
stand will depend upon the range of tide, being longer for
asmall range than for alarge range, but where there is a
tendency for a double tide the stand may last for severa
hours even with alarge range of tide.

standard method—A tidd datum computation
method. Generally used for the West Coast and Pacific
Isand stations. Vaues needed are mean tide level (MTL),
mean range of tide (MN), great diurna range (GT), and
mean diurnal high and low water inequalities (DHQ and
DLQ) as determined by comparison with an appropriate
control. From those, the following are computed:

MLW =MTL - (0.5*MN)
MHW = MLW + MN



MLLW =MLW -DLQ
MHHW = MHW + DHQ

standar dtime—A kind of time based uponthetransit
of the Sun over acertain specified meridian, called the
time meridian, and adopted for use over a considerable
area. With afew exceptions, standard time is based upon
some meridianwhichdiffersby amultiple of 15° fromthe
meridian of Greenwich. The United States first adopted
standard time in 1883 on the initiative of the American
Railway Association, and at hoonon November 18 of that
year the telegraphic time signals from the Naval
Observatory at Washington were changed to this system.

standing (stationary) wave—A wave that oscillates
without progressing. One-half of such a wave may be
illustrated by the oscillation of the water in apan that has
beentilted. Near the axis, whichis called the node or nodal
line, thereisno vertical rise andfall of the water. Theends
of thewave are calledloops andat these placesthe vertical
riseandfall isa amaximum. The current i s maximum near
the node and minimum at the loops. The period of a
stationary wave depends upon the length and depth of the
body of water and, for asimple rectangular basin, may be
expressed by the formula:
T=2L /%gd
inwhich T isthe period of wave, L the length of the basin,
d the depth of water, and g the acceleration of gravity. A
stationary wave may be resolved into two progressive
waves of equal amplitude and equal speeds moving in
opposite directions.

station datum—See datum of tabulation.

stationary wave theor y—An assumptionthat the ba-
sictidal movement inthe open ocean consists of asystem
of stationary wave oscillations, any progressive wave
movement being of secondary importance except as the
tide advancesintotributarywaters. The continental masses
divide the seainto irregular basins, which, although not
compl etely enclosed, arecapableof sustainingoscillations
which are more or less independent. The tide-producing
forceconsistsprincipally of two parts, asemidiurna force
with a period of approximately haf a day and a diurna
force with aperiodof approximately awhole day. Insofar
asthe freeperiodof oscillation of any part of the ocean, as
determined by its dimensions and depth, isinaccord with
thesemidiurnal or diurnal tide-producingforces, therewill
be built up corresponding oscillations of considerable
amplitude which will be manifested in therise and fall of
thetide. The diurnal oscillations, superimposed upon the
semidiurnal oscillations, cause the inegualities in the
heights of the two high and the two lowwaters of each day.
Although the tidal movement as a whole is somewhat
complicated by the overlapping of oscillating areas, the
theory is consistent with observational data.

stencils—Perforated sheets formerly used with the
tabulated hourly heights of the tide or speeds of the tidal

current for the purpose of distributing and grouping them
into constituent hours preliminary to summing for har-
monic analysis. See Coast and Geodetic Survey Special
Publication No. 98, Manua of Harmonic Analysis and
Prediction of Tides. This analysisis now performed on
electronic digital computers.

steric anomaly—Same as specific volume anomaly.

stilling well—A vertical pipewitharelatively small
opening (intake) in the bottom. It is used in a gauge
installation to dampen short period surface waves while
freely admitting the tide, other long period waves, and sea
level variations, which can then be measured by a water
level gauge sensor inside. See float well and protective
well.

stor msurge—Thelocal changeintheelevationof the
ocean along a shore due to a storm. The storm surge is
measured by subtracting the astronomic tidal elevation
fromthetota elevation. It typicaly has adurationof afew
hours. Sincewind generated wavesride ontopof thestorm
surge (and are not included in the definition), the total
instantaneous el evation may greatly exceed the predicted
storm surge plus astronomic tide. It is potentially
catastrophic, especially on low lying coasts with gently
sloping offshore topography. See storm tide.

storm tide—As used by the Nationa Weather
Service, NOAA, the sum of the storm surge and
astronomic tide. See storm surge.

stray line—Ungraduated portion of line connected
with the current pole formerly used in taking current
observations. The stray line was usually about 100 feet
long and permitted the pole to acquire the velocity of the
current at some distance from the disturbed watersin the
immediate vicinity of the observing vessel, before the
current vel ocity was read fromthe graduatedportionof the
current line.

strength of current—Phaseof tidal current inwhich
the speed is a maximum; also the speed at this time.
Beginning with slack before flood in the period of a
reversing tida current (or minimum before flood in a
rotary current), the speed gradually increases to flood
strength and then diminishes to slack before ebb (or
minimum before ebb in arotary current), after which the
current turns in direction, the speed increases to ebb
strength and then diminishes to slack before flood,
completing the cycle. If it is assumed that the speed
throughout the cycle varies as the ordinates of a cosine
curve, it can be shown that the average speed for an entire
flood or ebb periodisequal to 2/B or 0.636,6 of the speed
of the corresponding strength of current.

strength of ebb—Same as ebb strength.

strength of flood—Same as flood strength.

submerged lands—Lands covered by water at any
stage of thetide. Seetidelands.

subordinate current station—(1) A current station
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from which a relatively short series of observations is
reduced by comparison with simultaneous observations
fromacontrol current station. See current station, control
current station, and reference station. (2) A station listed
inthe Tidd Current Tables for which predictions areto be
obtained by means of differences andratiosappliedtothe
full predictions & a reference station. See reference
station.

subordinate tide station—(1) A tide station from
which arelatively short series of observationsis reduced
by comparisonwithsimultaneous observationsfromatide
station with arelatively long series of observations. See
tide station, primary control tide station, secondary control
tide station, andtertiary tide station. (2) A stationlistedin
the Tide Tables from which predictions areto be obtained
by means of differences and ratios applied to the full
predictions at areference station. See reference station.

summer time—ABritishnamefor daylight savingtime.

synodical month—The average period of the revolu-
tion of the M oon around the Earthwithrespect to the Sun,
or the average interval between corresponding phases of
the Moon. The synodical month is approximately
29.530,588 daysin length.

syzygy—Withrespect to tides, whenever the Moonis
lined up with the Earth and Sun in a straight Sun-Maoon-
Earthor Sun-Earth-Moon configuration. At thesetimesthe
range of tide is greater than average. See spring tides or
tidal currents.

T
T—Rate of change of hour angle of mean Sunat place

of observation.

T = 15° per mean solar hour.

T,—Larger solar elliptic constituent. See R,.

Speed = 2T —h + p, = 29.958,933,3° per solar hour.
tape gauge—See el ectric tape gauge.
telemetry—The capability of transmitting or retriev-

ing data over long distance communication links, such as

satellite, VHF radio, or telephone.
terdiurnal —Having three periods in a constituent
day. Thesymbol of aterdiurnal constituent isthe subscript

3.
tertiary tide station—A tide station at which con-

tinuous observations have been made over a minimum

period of 30 days but less than 1 year. The series is
reduced by comparison with simultaneous observations
fromasecondary control tide station. Thisstation provides
for a29-day harmonic analysis. Seetide station, primary
control tide station, secondary control tide station, and

subordinate tide station (1).
thermocline—A layer in which the temperature de-

creases significantly (relative to the layers above and

below) with depth. The principal ones are designated
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diurnal, seasonal, and main thermaocline.

thermostericanomaly(*;,)", or )s,)—Thespecific
volume anomaly (steric anomaly) that wouldbe attainedif
thewater werechangedisothermally to astandard pressure
of one atmosphere. The specific volume anomaly with
pressure terms omitted. See isanostere.

tidal bench mar k—See bench mark.

tidal benchmar k descr i ption—A published, concise
description of the location, stamped number or des-
ignation, dateestablished, and elevation (referredto atida
datum) of a specific bench mark.

tidal bench mark state index map—A state map
which indicates the locations for which tidal datums and
tidal bench mark descriptions are available.

tidal bore—A tida wave that propagates up arela-
tively shallow and sloping estuary or river with a steep
wave front. The leading edge presents an abrupt rise in
level, frequently with continuous breaking and often
immediately followed by several large undulations. An
uncommon phenomenon, the tidal bore is usualy asso-
ciated with very large ranges in tide as well as wedge
shaped and rapidly shoaing entrances. Also called eagre,
eager (for Tsientan, China bore), mascaret (French),
pororoca (Brazilian), and bore.

tidal characteristics—Principally, thosefeaturesre-
lating to the time, range, and type of tide.

tidal constants—Tida relations that remain prac-
tically constant for any particular locality. Tida constants
are classified as harmonicandnonharmonic. Theharmonic
constants consist of the amplitudes and epochs of the
harmonic constituents, and the nonharmonic constants
include the ranges and intervals derived directly from the
high and low water observations.

tidal constituent—See constituent.

tidal current—A horizontal movement of the water
caused by gravitationa interactions between the Sun,
Moon, and Earth. The horizontal component of the
particulate motion of atidal wave. Part of thesamegenera
movement of the seathat is manifested in the vertical rise
and fall called tide. The United States equivalent of the
British tidal stream. Seetidal wave, tide, and current.

Tidal Current Chart Diagrams—A series of
monthly diagramsto be usedwiththe Tida Current Charts.
Eachdiagram contains linesthat indicate the specific tidal
current chartto usefor agivendate andtime, and the speed
factor to apply to that chart.

Tidal Current Charts—Chartsonwhichtida current
dataare depicted. Tidal Current Charts for a number of
important waterways are published by the National Ocean
Service. Each consists of aset of charts giving the speed
anddirectionof the current for each hour or equa interval
of thetidal cycle, thus presentingacomprehensive viewof
thetidal current movement.

tidal current constants—See current constants.



tidal current station—See current station.

Tidal Current Tables—Tableswhichgive daily pre-
dictions of the times and velocities of thetidal currents.
These predictions are usually supplemented by current
differencesandconstantsthroughwhichpredictions canbe
obtained for numerous other locations.

tidal datum—See datum.

tidal day—Same aslunar day.

tidal difference—Difference intime or height be-
tween a high or low water at a subordinate station and a
reference station for which predictions are given in the
Tide Tables. The difference, when applied according to
sign to the prediction at the reference station, gives the
corresponding time or height for the subordinate station.

tidal epoch—See Nationa Tidal Datum Epoch and
epoch.

tidal estuary—See estuary.

tidal stream—British equivalent of United States
tidal current.

tidal wave—A shallow water wave caused by the
gravitational interactions between the Sun, Moon, and
Earth. Essentialy, high water is the crest of atidal wave
and low water, the trough. Tidd current is the horizontal
component of the particulate motion, while tide is
manifested by the vertical component. The observed tide
and tidal current can be considered the result of the
combination of several tida waves,eachof whichmay vary
from nearly pure progressive to nearly pure standing and
with differing periods, heights, phase relationships, and
direction.

tidal zoning—Thepracticeof dividingahydrographic
survey area into discrete zones or sections, each one
possessing similar tida characteristics. One set of tide
reducersis assigned to each zone. Tide reducers are used
to adjust the soundings in that zone to chart datum
(MLLW). Tidd zoningisnecessary inorder to correct for
differing water level heights occurring throughout the
survey areaat any giventime. Eachzone of the survey area
is geographically delineated such that the differencesin
time and range do not exceed certain limits, generally 0.2
hours and 0.2 feet respectively; however, these limitsare
subject to change depending upontype of survey, location,
and tidal characteristics. The tide reducers are derived
from the water levels recorded a an appropriate tide
station, usually nearby. Tide reducers are used to correct
the soundings throughout the hydrographic survey areato
a common, uniform, uninterrupted chart datum. See tide
reducers.

tide—The periodic rise and fall of abody of water
resulting from gravitational interactions between Sun,
Moon, andEarth. The vertical component of the particul ate
motion of a tida wave. Although the accompanying
horizontal movement of the waer is part of the same
phenomenon, it is preferable to designate this motion as

tidal current. Seetidal wave.

tide curve—A graphic representation of the rise and
fall of thetideinwhichtimeisusually represented by the
abscissaand height by the ordinate. For asemidiurnal tide
with little diurnal inequality, the graphic representation
approximates a cosine curve. See marigram.

tide datum—See datum.

tide (water level) gauge—An instrument for
measuring the rise and fall of the tide (water level). See
ADR gauge, automatic tide gauge, Next Generation Water
Level Measurement System, gas purged pressure gauge,
electric tape gauge, pressure gauge, and tide staff.

tide predicting machine—A mechanica analog
machineespecial ly designedto handlethe great quantity of
constituent summations requiredinthe harmonic method.
William Ferrel's Maxima and Minima Tide Predictor
(described in Manual of Tides, U.S. Coast and Geodetic
Survey, Appendix 10, Report for 1883) was the first such
machine used in the United States. Summing only 19
constituents, but giving direct readings of the predicted
times and heights of the high and low waters, the Ferrel
machine was used for the predictions of 1885 through
1914. A second machine, developed by Rollin A. Harris
and E. G. Fischer and summing 37 constituents, was used
for the predictions of 1912 through 1965 (described in
Manua of Harmonic Analysis and Prediction of Tides by
Paul Schureman, U.S. Coast and Geodetic Survey Special
Publication No. 98, 1958). Predictions are now prepared
using an electronic digital computer.

tide-producing for ce—That part of the gravitational
attraction of the Moon and Sun which is effective in
producing the tides on the Earth. The force varies
approximately as the mass of the attracting body and
inversely as the cube of its distance. The tide-producing
force exerted by the Sun is a little less than one-half as
great asthat of the Moon. A mathematica development of
the vertica and horizontal components of the
tide-producing forces of the Moon and Sun will be found
in Coast and Geodetic Survey Specia PublicationNo. 98.

tide reducers—Height corrections for reducing
soundings to chart datum (MLLW). A tide reducer
representsthe height of the water level at agivenplaceand
time relative to chart detum. Tide reducers are obtained
fromone or moretide stations within or nearby the survey
area. Often, dueto differing tidal characteristics over the
survey areg, the tide reducers obtained directly fromatide
station must be corrected to adjust for time and range of
tide differences in the various zones of the hydrographic
survey area. Seetida zoning.

tiderip—Seerip.

tide staff—Awater level gauge consisting of avertical
graduatedstaff fromwhichthe height of thewaterlevel can
beread directly. It is called afixed staff when securedin
place so that it cannot be easily removed. A portabl e staff
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is one that is designed for remova from the water when
notinuse. For such a staff afixed supportisprovided. The
support has ametal stop securedto it so that the staff will
adways have the same elevationwheninstalledfor use. See
electric tape gauge.

tide (water level) station—Thegeographiclocation
a which tidal observations are conducted. Also, the fa-
cilitiesusedtomaketidal observations. These may include
atide house, tide (water level) gauge, tide staff, and tidal
bench marks. See primary control tide station, secondary
control tide station, tertiary tide station, and subordinate
tide station (1).

Tide Tables—Tables which give daily predictions of
the times and heights of high and low waters. These
predictions are usually supplemented by tidal differences
and constants through which predictions can be obtained
for numerous other locations.

tide wave—Seetida wave.

tidelands—The zone betweenthe meanhighwater and
mean low water lines. It is identical with intertidal zone
(technical definition) when the type of tideissemidiurnal
or diurnal.

tidewater—Water activated by the tide generating
forces and/or water affected by the resulting tide,
especialy in coastal and estuarine areas. Also, a general
term oftenappliedto the land and water of estuarine areas
formed by postglacial drowning of coastal plainrivers.

tideway—aA channel through which atidal current
flows.

time—Time is measured by the rotation of the Earth
withrespect to some point in the celestial sphereand may
be designated as sidereal, solar, or lunar, according to
whether the measurement is taken in reference to the
vernd equinox, the Sun, or the Moon. Solar time may be
gpparent or mean, according to whether the referenceisto
the actual Sun or the mean Sun. Mean solar time may be
local or standard, according to whether it is baseduponthe
transit of the Sun over the local meridian or a selected
meridian adopted as a standard over a considerable area.
Greenwich time isstandard time based upon the meridian
of Greenwich. In civil time the day commences at mid-
night, while in astronomical time, as used prior to 1925,
the beginning of the day was reckoned from noon of the
civil day of the same date. The name universal timeisnow
applied to Greenwich mean civil time.

time meridian—A meridian used as areference for
time.

total current—The combinationof the tidal and non-
tidal current. The United States equivalent of the British
flow. See current.

tractive force—The horizontal component of atide-
producing force vector (directed paralel with level
surfaces at that geographic location).

transit—The passage of a celestial body over a
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specified meridian. The passage is designated as upper
transit or lower transit according to whether itisover that
part of the meridian lying above or below the polar axis.

tropic currents—Tidd currents occurring semi-
monthly when the effect of the Moon's maximum
declination is greatest. At thesetimes the tendency of the
Moon to produce adiurnal inequality inthe currentisat a
maximum.

tropic inequalities—Tropic high water inequality
(HWQ) is the average difference between the two high
waters of the day at the times of tropic tides. Tropic low
water inequality (LWQ) isthe average difference between
the two low waters of the day at the times of tropic tides.
These terms are applicable only when the type of tide is
semidiurnal or mixed. Seetropic tides.

tropicintervals—Tropic higher high water interval
(TcHHWI) isthe lunitidal interval pertaining to the higher
high waters at the time of the tropic tides. Tropic lower
low water interval (TcLLWI) is the lunitida interval
pertaining to the lower lowwatersa the time of thetropic
tides. Tropic intervals are marked a when reference is
made to the upper transit of the Moon at its north
declination or to the lower transit @ the time of south
declination, and are marked b when the referenceisto the
lower transit a the north declination or tothe upper transit
at the south declination. Seetropic tides.

tropicranges—Thegreat tropic range(Gc), or tropic
range, is the difference in height between tropic higher
high water and tropic lower low water. The small tropic
range (Sc) isthe differenceinheight betweentropic lower
high water and tropic higher low water. The mean tropic
range (Mc) is the mean between the great tropic and the
small tropic range. Tropic ranges are most conveniently
computed from the harmonic constants. See tropic tides.

tropicspeed—Thegreater floodor greater ebb speed
at the time of tropic currents.

tr opictides—Tidesoccurring semimonthlywhenthe
effect of the Moon's maximum declination is greatest. At
these times there is a tendency for an increase in the
diurna range. The tidal datums pertaining to the tropic
tidesaredesignated astropic higher highwater (TCHHW),
tropiclower highwater (TCLHW), tropic higher lowwater
(TcHLW), and tropic lower low water (TcLLW).

tropical month—The average period of the revolu-
tion of the Moon around the Earth with respect to the
vernal equinox. Its length is approximately 27.321,582
days.

tropical year —The average period of the revolution
of the Earth around the Sun with respect to the verna
equinox. Itslengthis approximately 365.242,2 days. The
tropical year determines the cycle of changes in the
seasons, and is the unit to which the calendar year is
adjusted through the occasional introduction of the extra

day on leap years.



trough—The lowest point ina propagating wave. See
low water and tidal wave.

truedirection—Directionrelative to true north (0°)
which is the direction of the north geographic pole. See
compass direction and magnetic direction.

tsunami—A shallow water progressive wave, poten-
tially catastrophic, caused by an underwater earthquake or
volcano.

Tsushima Current—A North Pacific Ocean current
setting northeastward in the East China Sea (in summer)
and Sea of Japan. A segment of the Kuroshio System.

type of tide—A classificationbasedon characteristic
forms of atide curve. Qudlitatively, when the two high
waters and two low waters of each tidal day are
approximately equd in height, the tide is said to be
semidiurnal; when there is a relatively large diurna
inequality inthe high or lowwaters or both, it is said to be
mixed; and when thereis only one highwater and one low
water in each tidal day, it is said to be diurnal.
Quantitatively (after Dietrich), where the amplituderatio
of K, + O, to M, + S, is less than 0.25, the tide is
classified as semidiurnal; where theratio isfrom 0.25 to
1.5, the tide ismixed, mainly semidiurnal ; where the ratio
isfrom 1.5 to 3.0, the tide is mixed, mainly diurnal; and
where greater than 3.0, diurnal.

U

univer sal time (UT)—SameasGreenwichmeantime
(GMT). Seetime, kinds.

uplands— Land aove the mean high water line
(shoreline) and subject to private ownership, as distin-
guished from tidelands, the ownership of whichis prima
facieinthe state but al so subject to divestment under state
statutes. See tidelands.

upwelling—An upwardflow of subsurfacewater due
to such causes as surface divergence, offshore wind, and
wind drift transport away from shore.

\Y,
V, + u—See equilibrium argument.

vanishing tide—In a predominantly mixed tide with
avery large diurnal inequality, the lower high water and
higher lowwater become indistinct (or vanish) a times of
extreme declinations.

variation (of compass)—Difference between true
north as determined by the Earth's axis of rotation and
magnetic north as determined by the Earth's magnetism.
Variation is designated as east or positive when the
magnetic needle is deflected to the east of true north and
as west or negative when the deflection is to the west of
true north. The variation changes with time. Also called
magnetic declination.

variational inequality—AninequalityintheMoon's
motion due mainly to the tangential component of the
Sun's attraction.

velocity (of current)—Speedand set of the current.

vernal equinox—See equinoxes.

vulgar establishment—Same asestablishment of the
port.

w

water level gauge—Seetide gauge.

water level station—See tide station.

waveheight—Thevertical distancebetweencrest and
trough. See range of tide.

West Australian Current—AnIndianOcean current
setting northward a ong the west coast of Australia

West Greenland Current—A North Atlantic Ocean
current setting northward along the west coast of
Greenland.

West Wind Drift—Same as Antarctic Circumpolar
Current.

wind drift—An ocean current in which only the
Coriolis and frictional forces are significant. The wind
drift embodies an Ekman spiral.

z
Z,—Symbol recommended by the International Hy-
drographic Organizationto represent the el evation of mean
sealevel above chart datum.
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