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PBYSICAL OCEN|OGRAPEY AIID }IETTOROLOGY

F-J.  KeI Iy

o

o

o

{ . 1 TNTRODUCTTON

Each continental shelf region in the uorld has a different
combination of rneteorological, hydrological, astronornical, and deep ocean
forces that act in concert with the local topography and geometry to
produce a unigue set of pbysicaL processes and water masses. rhe
characteristics of the TexaE-Louieiana shelf waters are determined,.
principally, by ttre large input of fresh water frorn one of the world's
great rivers and an annual cycle of prevail ing winds acting on a broad
shelf with a coast that is arcuate, concave to the southeast

lrigrure 4.1). Astronornic tides, interaction with eddies and currents in
tbe deep culf, and the mornentum input and heat and rnass exchange across
the gea gurface caused by intrusions of polar fronts and tropical
cyclones, eignificantly modulate the effects of the principal factors,
but do not obscure therr.

Although various topics are discussed individually in this
chapter, all of the topics are interrelated. currents, the unifying
theme, are presented later (section 4.8). Some of the nany biological,
chenical, and sedimentary processes directly related to physical
processes are also noted in this chapter, but the details of these
interactions are discussed in other chapters.

rigure 4.1 shows the locations of geographic references and study
sites from which data are used to i l lustrate points in the discussion.
BryaD uound, aig nill, and rtest Eackberry are sites at which the
Department of Energy,s strategic petroleun Reserve (DoE/spR) office
conducted environrnental studies from 1977 through 1985 for its brine
disposal operations. Section 1.1.2 sumrnarizes the DoE/sPR study as weII
as other major environmental studies conducted off the Louisiana and
Texas coasts. As Figure 1.1 indicates, the study area for this synthesis
effort f,ornally extends fron the uississippi oelta to Corpus christi Bay.
However, in this chapter sone of the discussion incrudes results of
etudies conducted in the far southwest region of the shelf because its
hydrography and circulation are integral parts of ttre physical processes
on the shelf.

lhe ltinerals t{anagenent Service (MMs} GuIf of }texico Physical
OceaDography Progran: Year 5 Study, which includes hydrographic
transects and an array of noorings along approxinately 92ow fron near the
coast to mid-culf, is in progress at the tine of this report. It ig
Iikely that the resul,ts of the Year 5 study, wirr address eome of the
data gaps and guestions about dynamic processes noted in Section 4.9,
particularly those pertaining to interaction between the shelf and
oceanic GuIf waters.

o
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4 . 2 XETEOROI,OGTCE! SLTUATE

4.2 .L  A i r  Uaeges

rhe following air lnsses eitber influence or control the reather

over the shelf  (ortoD, 1954):

Haritime tropical lnTr air comes fron the southeast and south
with the circulation around the southwestern extension of the
Be::muda bigh. this air nass dominates the region from March
through october and is responsible for the subtropical climate
of tlre GuIf of l{exico.

ltaritine polar (rnPl air cones fron the pacific ocean' and nP
fronts cross the sbelf nost freguently fron Late fall through
spring. During July and August' tbe DP fronts are unable to
croEE the nockieE and push soutbward through the hot
eouthwest. t{oEt nP fronts bave an average orientation when
they reach the coast of 40 to 50o from north and, because of
the orientation of the coast, they enter the GuIf between
corpus chr ist i  and Galveston l l lenry, 1979).

I  Cont inental  Polar (cPt air  uasses push into the cul f  in al l
nonths, but most frequently frorn october through lpril. cold
fronts, especially cr types, can becone guasi-stationary after
noving out over the culf in sinter, a situation favoring
cyclogenesis rrith acconpanying low ceilings and continuous
rain. According to Eenry (1979),  the cP fronts (except
sunmer) have an orientation of 60 to 65o from north and enter
the culf east of calveston and west of 90ow. Fronts entering
the Culf during the sunnrer are usually cP. They are oriented
east-rrest, because this is their southern-most penetration,
and enter to the east of 90olr.

I continental Arctic (cAl air is very cold and dry, thus the
term 'blue norther.' InvasionE of the GuIf by cA fronts are
confined uorrnally to the nonths of January and February. The
orientation of cA fronts is aimilar to that of cP fronts.

From ltarch through Septernber tbe influence of the Bermuda high
doninates the cl imate over the shelf  (Franceschini ,  1951).  The
anticyclonic higtr pressure systen builds during the spring and sunmer,
its western end extending into the eastern GuIf, and mean wind conditions
sbift gradually from southeasterly to nore southerly (Figure 4.2',-
(Note: the wind roses in Figure tl.2 are constructed using the
oceanographic convention for direction. However, in this discussion,
neteorological. terminology iE used, i.e., a southerly wind blows from the
south). In the fall the high veakens and the western end retreats fron
tbe cuLf. winds returD guickly to southeasterly. fn october, an
anticyclonic cell, separated frorn the Bernuda Bigh, lies over
northeastern texas, resulting in nore freguent easterly winds. During
the winter, as intrusions of polar air DaEses nove out acroEs the shelf,
the frequency of strong northerly rrinds increaEes. Because the shelf is
sufficiently far south to renaia under the influence of the Bermuda high,

I

I

47
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uinds return to southeasterly after
Therefore, during the ninter nouths
northerly, northeasterly, easterly,
occur with about the aa:ne frequency.
oceanographic direction convention,
are about the rane lengtb.

1.2.2 Barometric Presgure

tbe Pas of frontal rystens.
( through rebruary)

ly, and southerly winds
Figure {.2, which uses the

, lf, Srlf, and S rose 'p€tals'

inner ghelf  (Figure 4.3)
ie higbest in winter

pressur€ rveragee about
in the rpring ag the

low preasur€ systea over
,013 nb c,ccur iu uaY and

la atmospberic ptresaure,
stward extengion into the

septenber there ig a
riees as the

15.5"c over the inner ghelf

ely 90t of tbe actual
tlarch, the neans over the

ge  to  18 "C  and  21 "c ,
23oc. Srom UaY through

ir tenperature across the
decreases; 90t of the

ean values r ise to 24.5"C for

gouthe
Thus

the r,

Average atoospberic preasur€ over
rad outer shelf (Yanazaki and Eerbich, 1985)
because of continental high preseure s
1,019 rb in December. t{ean Pressure
equatorial trough nigrates northward and
ltexico deepens. ttinitlun Pressuree of about
June. In .luly there ir a reak, relatlve
which Chew 11954) attributes to the naxinun
culf by the Bermuda-Azores higb. In August
aecond nininun of about 1,014 nb, and then

Aceording to Orton (19641' lean Don
during winter (December-February) are about
and 18"C over the outer sbelf, aad approxin
obgervations are sithin 6"c of tbe nean. F

inner and outer portions of the shelf incre

reapectively, and for April they are 21'C a

septenber there is very little contrast in

shelf fron north to south- Also, variabili
observations are within 3"C of tbe neans'

eguatorial trough nigrates aouthrtard, tbe an lou pressure system

fills, and the Bennuda high weakens and t s .

4.2.3 Air tersoerature

Iy surface air tenPeratures

Hay, 28oC for June, reach a rnaximum of 29"c for July ahd tuEust, and then

decrease to 28oc for Septenber. A north-ao th gradient reaPPears in the

Deans for october, which are 2{"C and 26"C,

variability increases. The values of nean

are the same as for tPril-

respectivelY, and
ir tenperature for Nov€nber

4.2.4 Precioitation and Eunidity

Quantitative rneasurements of the di tr ibution of offshore
por ts  (o r ton ,  1964) ,  ra inprecipitation do not exist- Based on ship

occurs nost frequently in the GuIf in sePt

Dinnel  and wiseman (19861 est inated

over the shelf, betneen the coast and the 9

ltississippi niver Delta to Brownsvil le, by

coastal rainfall. They reduced the onshore

the fact that the neteorological Processes

The 'wet- season, JUIY

for easterlY atnosPbericthrough september, is coincident with the

uaves and tropical storms- The 'dry' sea

rain reported least frequently in nay'
is ttarch through HaY, with

aI precipitation rates
.5-rn ieobath and fron the

xtrapolating land-baged
alues by 25$ to account for

produce rain result in

greater precipitation toward the coast than

5 2

farther offshore. Their
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30-year uean value ig l0g kn3./year, or, ag
106r866 knz, about l0l  cnlyear.

Fog is produced wben sar:n, Doist,
rater. Adveetion-radiation fog, lasting

the observed low-frequency circulation.
geasonal patternE of vind gtregg based on
available for tbe culf on a 1" grid. For

ing a shelf area of

If air overridas cooler

ral estimateg of the
fferent.sourceE of data are

h is available frou 1967 to

three or four hours,
occurs nost frequently fron Noveuber l.tarch in near coastal areas.

the cold water rurfaceDense advection fogs lrea fogsl for:n out
during the ninter raonths, Deceuber througb
reveral days.

ary, and nay lnraigt for

t . 3 lGtEoRoLoGrcAL FORGTNG

4.3.1 Seasonal Variationr of wind strege

The climate cycle degcribed above an annual progression
of ryind ltreas patterns over the sbelf tbat i.s responsible for lucb of

I e ,  E l l i o t t  ( 1979 )
calculated his fron all available ehip ationg up through 1972, and
Rbodeg et al. (1985) produced a wind get

twelve-hourly surface pressure analysis,
on the Navf/ 's

.5 ghows tbe obserred nonthly
and the 50 quadrangle, 25o to

tances. There is, however, a
between Port Isabel and Port

spring and early sumer,

1982. Figure 4.4 shows ioDe r€sults of the latter nethod. rn the region
of the Texas-Louisiana coast, the tlavy Cor ceostrophic wind Stress
data agree well sitb the observed wind gtre
aearghore rneteorological gtations. Figure
leans (vectors) for 8rownsville, Galveston,

s from coastal aDd

30oN, 90o to 95cw j.a the culf of ttexico. sources of tbe data are
s connecting tbe tips ofgiven by cochrane and Kelly (1986ay. The I

tbe vectors forn a 'figure 8' and the c
SaDe aense.

ical progression hag the

nonthly nean alongshore components wind stress are of
considerable interest because of their nce to coastal currentE

a nunber of fairly evenly(see sect ion 4.81. Figure { .6 ehotrs them
spaced locations along the coast. The nean
gane direction along the coast over long di
convergence in the ryind couponents. It lie
Aransas in January. It nigrates upcoast in
reaching a position east of calcasieu Pass
of the feature beginning in lugust is so ra

wind conponents are in the

July. A downcorst retreat
id that by septeuber it is,

if it exists, south of Port lgabel. The rgence
ange in

of the alongshelf
the wind field socouponent of wiod results not fron spatial

nuch as fron the arcuate fom of the lexas

4 .3 .2  F ron ta l  Faseaqes

the rnaritine tropical atrnosphere
cold frontg as much as 48 h before their
rurface air pressure falls, the dew point r
increases. Frontal passages across the she
weather events such ag gale-force rinds,
tenperature fluctuations. After the paasa
48 h are needed for the air of polar origin

the shelf nay respond to
age. During thir period,

ses, and tenperature
f are accompanied by dranatic

I rains and large
of cold fronts, ebout 36 to

to reach a new equilibriua

5 4
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rith the irarnetr, noigter uT air Dass.
frontal paEsa€tes into tbe culf for tbe
statigtics of frequency and duration of
tbe regultg for the niddle of the
fron their Daps. The trangition frou tbe
to tbe bigh-frequency regi:ne of winter ie
betseen septetuber and october. A Eore gr
occuts in apring. B€nry (19791 also anal
cuIf, aDd found a einilar pattern, but less
winter.

{ . 3 . 3 Trooical Stolag and Burficanee

Tropical cycl6nes produce sotne of

or subtropical waters and has definite org

further classify theee cyclones according.
surface sinds of a tropical depreseion are

geouetric radius of 10 to 30 h or rlore' lf

b""or" tangent to the eye walI (boundary up

et aI.  (19751 analYzed aL1
1965 to 1972 and coryruted
I rystens. table ,1.1 rbowg

ehelf as intergnlated
frequency regine of rumer

in the fallr occurring
I decreaae in ectivitY

frontal ectLvity ia the
t frontal aetivitY in

nost extrene neteorological

circulation. IheY
wind speed: the gugtained

1 kn/b; a troPlcal lton,
tropical cYclones drau
tion of water vaPor over the

aft columnl; iaside the
pressute are nininun. ahe
low-pressure enorelies of

waves, large increages in

ger sedi:nent fractlons.

Dil.t

Per
fr

conditions tlrat occur over the texas shelf. t{eteorologists
€ t  a I . ,  1 9 8 1 )  a s  atechnically define a tropical cyclone 1

non-frontal, low-presaure, large-gcale gy tbat develoPs over troPi-cal

52 to 117 kn/h; and a burricane, :118 kn/h'

their energy f,rorn the latent heat of conde

warm waters of the Atlantic ocean' the cari sea and the culf of

Mexico. tropical cyclones usually have a t ra I  'eyer '  wi th a

increase in rtrength and

they occur only between the months of- uar arfd october' Figiure {'7 shorts

the tracks of aII tropical cyclones that oc{urred in the Gulf of ltexico

in each of these nonths in the period tron {AeS through 1980' they are

most frequent in Septenber. In June and lulV the cyclones tend to

develop in western At1antic, caribbean and fire 
cuff 

1f 
uexilol-:":-1:t"t

in the season they tend to for:m in the eastirn ttlantic aear the Cape

verde Islands. Ebersole 11g85; conpiled, f{r the entire -culf."l 
""*i::

.nity, whichlis centrally located on the

shelf area of interest here, the historical]rregu.ncy of occurr::::,f".

the following hurricane properties: headin{, fotsard speed, centraL

pressure and naxiuum wind lrigure 4'8) 
:.. 

rnf 1i*e:-:t-::t::,t"::":-:?:

eye, winds are light and cX,oud cover and

bigh wind atresees, translational rnotion

tropical cyclones cause strong currenta,

As a rough estirnate of the freque

a tropical cyclone of any category along

rigur- 4.9 shows a portion of the results

(1975)  as  Presented  by  Neunann e t  a l '  (1981

4oo Nu of the portion of interest here, the

sea level, intense raixing, and novernent of

rhese effects are described in nore detail n the aPProPriate sectiong'

In the culf of Hexico, tropical cycdott." have a 'season' in that

they occur only between the months of- naf arfd *1"?"t:. "lq:"^:'1^:l::"

Atchafalaya Bay lwithin 100 niles to either side) are too few to define

-typical' hurricane '

of occurrence of landfall bY

Texas-Louisiana coast,

the studY of Bo et aI.

Iandfa l lg  per  100 years (based on average o

. For the approxinately
figure suggests about 70

about 1.75 landfal ls Per
se of their low frequencY of

10 NH),  i .e . ,  not  qui te one per  year '  Bec

5 8



a

o
Tabte {.1. Freq.nncy erd dration of frontal pcsag€s ol thc lcxas'Lalisiana shetf,

796r-1972 (Frcn: Dillegro et at., 1976).

Plssagca.4tonth

frcntlt Duratiqr
(h)
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4a
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Figure 4-8. Historical (8o-year population) heguency of occurrence tor
a) hrrricane radius to maximurn winds. b) hurricane central pressure.

c) hr.rnicane heading. and d) hurricane forward speed for the entire
Gult of Mexico and the Atchafataya Bay vicinity (From: Ebersole.l985).
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occurrence, the oceanic effectg of tropical cyclones' althoUgh extreDe at

tires, probably are not a significant part of the ehelf's current and

ivar"lr-"ptric crinatology, except perbaps in the area of sediment

distribution.

Although tbe conditions that accornpany some of the winter frontal

passages are severe enough at times to be coupared with troPical ator:ns,

iortUerg do congtitute Part of the regional clinatology because of their

frequency. The cyclonic stor:nE tbat eonetimes foru along the fronts of

cp air lrasses over Gulf waters in uinter are ter:ned extratropical. These

disturbances tend to be less gevere end uuch larger, apatially, tban

tropical cyclones and are a distinctly different class of storns' Frey

et lf. (f9b11 describe the for:nation and effects of such winter storng in

1979 at the nest Eackberry brine disposal gite of tbe DoE/SPR'

{.3.4 Eeat and uaga Exchanse with the SbeLf }taterg

The excbange of lreat and water across the sea surface nay

aignlficantly nodify rater Dasses on the shelf, and thus' rePresents an

imlortant forcing factor. Etter et al. calculated a nonthly,

rulti-"trttual. nean beat budget for tbe Texas-Louisiana she1f, which in

synbols uay be exPressed as

Q n ' Q t + A T + 9 1 t

wbere On is the radiation balance at the sea surface linconing solar
ghortwave radiation uinus outgoing longvave radiation) ' Qa is the net

turbulent beat flux fron the sea surface (latent plus genEible heat

flux;r e3 is the rate of oceanic beat storage, and Qy is the heat flux

divergen-e due to oceanic rnotions. lhey calculated uonthly beat storage

rates (Qa) direct ly using Ulra's (1983) results of a volunetr ic
teu5nrature-salinity census of tbe shelf waters, and for gurface heat

exchange (Qn - Q1) they used unpublisbed nonthly data of Bunker. llbe

heat budget eguation then yielded heat flux divergence values (fu) as a

residual. pigure 4.10a shows tbeir results. There is a net heat loss

across the gea surface frorn Septenber through February and a net heat
gain from March through August. Net heat storage in the ghelf saterg

actually begins i:r February and continues into septernber because of the

eontribution frora heat flux convergence (i.e., negative divergence). The

beat flux divergence term is negative throughout the year except in June

and JuIy, and Etter et  al .  (1985) argue that this Pattern is consistent
rith tbe prevailing annual march of the alongshore comPonent of wind

stress (Figure 4.10b) and the upwelling and downwelling such a Pattern
uould produce in coastal waters.

The extraction of heat fron the rrater colurnn by winter fronts
proceeds in a stepwise manner (Nowlin and Parker, 1974). Each coLd-air
outbreak cools and deepenE the gurface nixed layer. this nodification is
Dore pronounced in the nearshore rraters because the air nass rapidly
gains beat and moigture fron the ocean as it Doves south. Figure 4.11
shows an exanrple of the annual cycle of the cooling and sarming of the
water colunn at the west tsackberry DoE/sPR site from ltarch 1981 through
. lpr i l  1982. The rrater depth is 10 n; instrunent depths are 3.7 n (DT)

and 7 .3  n  (DB) .  The per iods  o f  p ronounced qoo l ing ,  e .9 . ,  l8  to

6 3
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20 September, 19 to 28 October, 5 to 7
14 .fanuary 1982 coincided with the
area (KelJ-y et a1.,  1983b).  Duriag the
1981, the te'nperature decreaged by about
Vertical tenperature differenc€s ere gnal
ti!€, except in .fu1y and early August 198
sas recorded. During tbe waniag period,

r  1981, and 10 to
of cold froatg thrmgb
ling event of 19 to 28

the
October

.5oc, or -0.72cclday.

, lesl tbaa loC Grrt of tbe
vhen a differeace of up to 3"c

rlightly warner than the near-botton
cooling period.

the near turface teqlerature is
rature, and vice verra for the

Nowlin and Parket (1974) itudied detaile of tbe heat
extraction and water uass modification during one najor
outbreak of cold dry air that occurred in anuary 1966. During tbe
15-day period between their aurveys of uiddle portion of tbe

of tbe rater colunn uasSexas-Louigiana sbelf, tbe rate of
largest neargbore, about -0.25cClday, e the continental lnlar air

by the eea. The local rate
of the local rate of cbange

nags had received a niniur::n of uodifica
of heat extraction, fo:rned fron the
of vertically-averaged tenperature, the al depth, nean density and
apecific heat, averaged about 400 cal/cn2
and generally increased to 700 to 1,500 c
aurvey linits. tbey neglected advection.
nonthly heat losE (Qn - Qa) for .tanuary (
or -3fo caL/cm2/d"y lneg"tive values to positive beat
extraction values of xowlin and Parker (1 4 ) 1 .

Evaporation and precipitation aI uodify the shelf raterr.
inity increased abo{lt Lo I oo

ay within 50 niles fron rhore
lca'lday at the offsbore
For comparison, Etter'g Dean
gure {.lOA) is about -150 w/u2

uowlin and Parker (19741 estinated tbat g
during the passage of the cold dry polar
change in tenperature-galinity 1f-S1 rela
outbreak indicated the possible formation
uater types generally found beneath the
the open culf .  As noted in sect ion 4.2.4,
and precipitation over tbe shelf are gener
Wiseman (1985) review the existing esti-na
shelf and calculate their orin. aables 4.2
their study, sumrnarize the variouE estina
characteriEtics of the Texas-Louisiana ehe
uid-atlantic Bight and the South Atlantic
are available, river input, precipitation
on the Texas-I;ouisiana ghelf.

4 . 4 RIVERTNE TNELI'SNCES

The nississippi River is the princ

. lhey concluded tbat the
hips before and after tbe

r tbe ghelf of cubsurface
aI undenrater core in

obEervations of evaporation
ly lacking. Dinnel and
of these paramete=s over the

4.3, and {.4,  reproduced from
s and compare the
f ritb those of the
ight. Note that, nhere data

Iargerevaporation are all

aource of fresb uater on
the lexas-Louisiana continental ghe1f. I Dean annual contriSution is
nore than 15 tines that of all of the river Boutrces coublned

tines larger than tbe
t l iaenan, 1985).  The

River contributes
rents, hydrography, nutrients,

(cochrane and Relly, 1986b) and alnogt f
contribution fron precipitation lDinnel a
variability of the flow of the uississippi
aigmificantly to the variability of the
suspended sediments, chernical properties,
ghelf, particularly on the inner third.
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o

o
Iabtc 4.2. Cqarison of thc *aporutiqr r.tc calcltatcd by Dirnct .nd giisrst (1986)

rith gtob.t ctimtic cvapoiation rttes proratcd to this study arca (Jacobs,
l5l; Banqartrcr .rd Rcidrct, 1975; Br*cr, '1976), rrd rith r regisrat
evaporetiw rltr cstimtcd for drc stLdy lrcc (Ett.r, l/15) (Fro: Dirnct
cnJ 9isonn, 1986).

Evapora{ion Rrtc
urttY?, Study

148
128
160
211
187

o Dirrrt rrd giscnran (1986)
Jrobe (t5l)
Barlartncr cnd Reichet (1975)
Etter (19?5)
Brr{<cr (1976)

o

o

Tablc 4.3. Shetf prccipitaticr ratcs catantatcd fro orshorc coastal data, 30-yr. man
vElrt:, and ctinatic *nrat precipitatiqr cstinates for the Texas-Louisiana
shetf (Frcn: Dirrct ard lJisemn, 1986).

Ycar Crshorc Shetf

79
91
94

1 6 '
85?

tri

105
125
15
143

o

1963
1961
1965

30-yr lhan
Ctinatic Estimtes

irees-r*S rcre drcrght ycars. Valr.es arc in laf1rr-
!.tacotc (1951).

f,Baurgartrcr and Reichel (1975).
-Donsr and Bqrrke (lt,El).

Tabte 4.6. C4arison of l id-Att i l t ic 8igf i t  rd Sogrth Attantic Bight charactcrist ics
rith thec of the Tcxas-Loisiarrr shetf- (Frmr: Dirrrt and Uiscman, 1tr85).

l l id-Attat ic
Bight

South
Att ' | t ic

Eight

Texas-
Loui si ana

Shct f

Area tk#),
Volune (kn/) r
River lnput (klll-lyt,

[ong-Tcml
Short-Tcnn l

Prccipitatior (lcll.lyr,
LqE-Tcnn
Short-Tenn r

Evaporatim (}cll.lyr,

m,6%
3, loE

150

t06,000
3,610

50

1(b,866
3,71(6

382t
3zos

losx
E9n

148

49

71
ttlid'Attantic 

dst! frql Xctcht.rl trd fccn (1955), Sqrth Attantic Bight data fron Atkinson
,et at. (f983); vatues are prorated to a 50-fathql exinn $etf depth.
TExtrapotatcd vatrr for najor rivcrs.
lfean 1962-1965.
lEstimte of shetf 30-yr l:an.--offsho"e 

rErl 1963- 1i65.
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The waters of the xiaaisaippi nivjer reach the lexag-Icuigiana
ghelf through itg two aatural digtributar{ies, the nain river and the
Atchafalaya River. Tbe percentage carriep by the Atcbafalaya bas
increased significantly during this centuftr (Gunter, f979]: betseen 1900
and 1919 the uigsissippi Prop€r carried a$out 85t of the river flow while
the Atchafalaya carried about 15$; fron fpZO tlrough 1950 the
Atchafalaya's ahare increased to about 30pr with a conn€nsunte decrease
in the r.rissiseippi'a flow. tbe u.s. lrayl corps of Engine€rs (coEl notr
controls the Partition by retns of its olp niver Control structure. l:he
coE Daintaing a aplit of approxiletcly 301/70, but perrnita tbe perccntage
carried by the Atchafalaya to rige gonetiioea during floodg; during the
flood year of 1973 the Atchafalaya took oiver 37t of the f,Iow (cunfer,
L 9 7 9 1 .

AII of the flow fron tbe rtchafalf,ya contributeg to tbc f,regh
water budget of tbe sbelf, but ouly an esfLinated 53t lDinnel and niseuan,
1985) to 65t (scruton, 1956, of tbe dischbrge fron the nigsiggippi Delta
consistently
contribution
now about the
inportant to
by more than
the partition

flows onto the texag-Louigi
f,ron the lrissiaaippi distri

3altre rs that of tbe ttchef
note that the total fresh\f,a
10t betneen 1920 and 1950,

shelf. Tbus, tbe net
r y  ( 0 . 7 0  x  0 . 5 3  -  0 . 3 7 )  i s
a distributarT. It ig
input to the sbelf increased
Iy because of tbe change in

of the flow betseen tbe distributaries.

rean annual f low of 546,30t[ cubic ft la 1c
1 cfs  = 8.932 X 10-4 kn3/year1.  Aable { .

900 through 1978 and found a
s )  ( 1  c f s  -  2 . 8 3 2  x  1 O - 2  - 3 / " i

ghows that nost flons were in
53 of the 79 yeatrs, or 67t,

cunter (1979) analyzed the flows
River syEtem for tbe 79-year period frorn

7001000 c fs  o r  g rea ter  (cun ter ,  1 ,979) .
associated, and in several cases low f
together. corresponding volunes of
only estimated because of the variable
distributaries and the i;urprecise egtina
fron the delta that flows onto the shelf;
o . 7  .

near the nonth of october, and the lowes
than a factor of trro. The annual neans
( 5 4 1 , 0 0 0  c f s ,  6 7 L , 0 0 0  c f s ,  a n d  6 2 3 , 0 0 0  c
according to Table 4.5. Horrever, the 19
ranks as the third biggest f lood since 1

the nississippi-Atcbafalaya

t be  500 ,000  and  600 ,000  c f s  c l asges ,  w i
below 6991000 cf ,s .  e f lood year  has,  by finition, an annual flou of

Intra-annual variation, in terms
the niggiesippi-ltchafalaya Systen, fo a cycle that has a strong
naxinum lspring flood) in epril of uore an twice the annual aean
discharge and a rather flat nininun in (F igure  { .12) .  Tbere  is
considerable inter-annual and ghort-term

progression,  as can be seen in f igures 4.
ariabil ity about thie nean

13 and 4.L4, which ghow the
everage daily stream flow for the rater
1980, respectively. (A hrater year runs
calendar year tbrough Septeuber of the g

s L977 to 1978 and 1979 to
on october of the preceding

calendar year.) In addition
to the April naxirnun, significant naxima freguently occur in
December, January and t{ay. Iininun flow, in these exanple years, occurs

value reached varies by nore

od years are not eepecially
and flood years are close

ater flow onto the gbelf can be
tion between the two

of the percentage of sater
a rough conversion factor ig

f nonthly nean discharges for

r  L 9 7 7 ,  L 9 7 8 ,  a n d  1 9 8 0
, respectivelyl were no::ual
annua l  rnean o f ,  l r012r00O c fs

0 .



Tabte 4.5. Aruat f tos of the ltississipi Riwr for dre teentieth cenrury
(Fro: Onter, 1979).

Cl,.ss RqEs
(Thqrsads of cfst)

llufier of
Arntat Ftos

in Class Range

300
400
500
@0
n0
800
900

|,000
l ,  100

3
t0
17
23
t5
6
3
I
I

tcfs 
= curbic ftls
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F M A M J J A S O N D

MONTH

12. Monthly mean discharge rates for the Mississippi-Atchafalaya River
system based on the water years 1977 to 1993 (From: coctrane and
Kelly. 1986b).
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lhe total additional discharge fro$ all rivers aud gtrerqs fron
tbe ver:rilion in Iouisiana to tbe san in Texas is algo indicated
in r igureg 4.13 aad 4.14 ( l ight l ine uinus beavy line1. The degree to
which the uissisaippi-atchafalaya flou
evident.

fg all other riverine input is

{ . 5 ETDROGRAPEY

{.5. 1 tfater Teloperature

The spatial and tenporal variabili
cauged by advection, turbulent and convect
exchange processes discugeed in section 4.

temperatures from independent data setsi
T-s census f,or the waters of the ghelf r
tbe various DoE/SPR brine disposal sites
t{I'ts envirorunental gtudies at the Flower

of uexico f,rou Robinson's (1973) atlae (
iafluence of clinatologiy and advection.
highs near 29 to 30oC to inEhore lowg of
off,shore lows of about 20oc in FebruarT.

coincideE roughly with the summer region
lsec t ion  4 .5 .21 .  The h igh  s tab i l i t y  o f
colunn in this region faci,I itates its heat
demonstrates that in the summer months sa
contrasts in sea-surface temperature on
for useful interpretationE to be made.

abundantly Deaaured of the hydrographic rties, and itg variability
on the Texas-Louisiana shelf is relatively
Robingon (1973) and Etter and cochrane (19

well docunented. For exanple,
5) bave produced maps of nean

reported the results of continuous gub-
of ther:ma1 inagery fron satellites bave

neasurenents; and analyses
ibed tbe synoptic scale

spatial variabil ity at the gea surface 1e. . ,  R e z a k  e t  a l . ,  1 9 8 5 ) .

xontbly D€aD a€l-surface s for the northwestern Gulf
4.f5) i l lustrate tbe

If waters cool frou sumer
t 14cc in January and

ng occurs fron llarcb
tbrough Ju1y. the eastern half of the she warns rnore rapidly and

half because of upwellingreaches bigher tenperatureE than the ues
tbat begins along the lower lexas coast in ltay and reacbes the west
Louisiana coast by July. on the eastern of the shelf a rarm region
extends offshore in .ruly and August. (The cold protrusions fron
Galveston eay in llarch and lpril are
data, which gives undue weight to flushing
representative of nean conditions. )

satellite infrared inagery for
(r igure 4.16) i l lustrates the developnent
temperature pattern over the shelf in grea detail. The June nap

ast as ltatagorda Bay.indicates that upwelling extendE as far
During late JuIy and early August, the con
eagt and west increases narkedly, and the
westward and offshore. However, by nid-Se

ast in tenperature betseen
region in the east grows

the ua:rm region 5-s
presaed against the coast and extends s . lbe wam region

y of water tenperature ig
ve nixing, and the air-sea
.4. femperature is tbe nogt

(1983) prepared a volunetric
n; the uulti-year gtudies at

the inner shelf and the
ns on the outer shelf have

Iy an artifact of insufficient
eventE, and probably are not

througb Septenber 1982
f, the surner gea-surface

low-Ealinity surface eater
upper layer of the water

ng.  F igure 4.16 a lso
Il ite imagery can sti l l  detect

sbelf that are strong enougb
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I

D

t

D

D

I

I

D

I

Figrre 4.17. Mag of mixed layer depths (m) for d JaruaryFebruary and
b) J:ly-AugusL Dashed lines indicate lack of data. and curvature of

. these lines suggests most probable tendency (From: Efter and
Coctrane. 197S)-

a
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According to Etter and cochrane (
layer becones ehallow ia the suDner, r
in tbe winter, witb a naximul depth of
between Novenber and Febnrary (Figure 4.1
coast, however, temperature is not a good
becauge the distribution of salinity coD
the year. abenocline strength over tbe
f,ro:a a uaximum of about 6oc iD August to
March (Etter and Cocbrane' 1975).  Rezak
results for nixed-Iayer depth and tbemoc
Garden Banks.

Bottom tenperatures over tbe i
gea-surface ternperatures to tbe extent
the botton, while geaward of about 75 n,
off,-ghelf, annual variations of the culf,;
isobath, botton tenperatures vary only sI
1975) .  F igu re  4 .18a  ghows  tha t  nean  e
are highest near sbore and loneet offEhor
closely parallel the isobaths. ouring fa
tenperatures are low both nearshore and
tenperatures in between (aigure 4.18b).

4.5.2 sal lni tv

wind-driven currents and fresbwa
uissisaippi-Atchafalaya River Systen dete
distribution and tenporal variability of
coverage of salinity on the ghelf is prov
taken during 1963, L964' and 1965 by tbe
aboard the l{/v cus rrr (Tenple et al., 19
sea-surface salinity distributions for al
illustrateE an annual seguence that ig be
band of, low-salinity water lies along the
June, carried by the inshore linb of the
that prevails on the shel|f during this
all along the coast in uay after the spri
April. The uay distribution also sbows f
gouth Texas coast to the northweEt along
pattern that is attributed to convergence
fields near tbe coast and to the offshore
band recedes upcoast in June and disappe
water renains along the coast fron the de
region extending seaward over the shelf.
water west of about 92.5"$t is caused by
&iven by the upcoast wind stress in July
along the coast rapidly return to prevail
with then a coastal band of low-salinity
brackish water nust be the extensive reg
l ies off eastern Louisiana in JuIy and
discharge is near its annual ninimurn at

D inne l  and w iseman (19851 used
the fresh\rater budget of the shelf. They

7 7

75), the deptb of, tbe :aixed
frorn l0 to 25 n, and deepens
75 n over the outsr ghelf

). witbin about 25 kn of the
indicator of nired-layer depth

e the density field nuch of
shelf varies reasonally

nininu:a of lesg tlran 2cc in
t  aI .  ( f985) report  gini lar
ine gtrength near the Flower

I

a

I

I

a

a

I

a

I

a

a

hal f
t tbe

ton

) .

of the shelf follow
nixed-layer depth reacbes
temperatures reflect the

of about tbe 120-n
ly (Etter and Cochrane,

r temperatures near the bottorn
and that the isothetxs

and winter, Dean botton
f,shore with sornevhat higher

influx fron tbe
ne nuch of the spatial

ty oD tbe she1f. the best

. s .
by a series of obeervations
Pish and wildlife Service

Figure 4.19 shows the
nonths in 196{, and

ieved to be fairly typical. A
coast fron Septenber through

of cyclonic circulation
. ttininura salinities occur
flood of tbe nississippi in

sher rrater extending f,ron the
he outer edge of tbe shelf, a
in the wind stress and current
Iinb of tbe cyclonic ayre. The

by August, although brackish
ta to about 92"1{ and in a
The absence of low-salinity

t currents and uBwelling
In septenber, currents all

ng downcoast flow, bringing
ter. The uain eource of the

of low-salinity water that
, because nississippi
time.

cUs III data set in a study of
also included evaporation and
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Map of mean boftom temperatr.nes PC) d Janrary-Febrtrary and
values of temperahre. andb) July-Augnrst. Solid lines represent

Fignrre 4.18.

dashed lines indicate odd values (From: and Cocfnane. 1975).
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precipitation in the budget because evaporation-precipitation i.g not in
balance on the rhelf and ig conparable to the river discbarge tern at
times. The patterns of distribution of f,regh water that they found are
consistent with those of low salinity deecribed above, excePt that the
coagtal band of uaxinr:n fresbtrater content is diaplaced sligbtly reaward
of tho coast becauge higher freshsater cont€nt is associated with a
deeper water column. they found that there sas generally a aet
dieperaion of fresbsater out of tbeir study area, but that net gains in
some epring flood nonths suggest aone additional uncounted flow fron the
uisaiesippi oelta. calculated fil l tines e:<hibit an lnnuaL cycle, and
freshwater volune epp€ars, in nost cases, to have originated near the
ti:le of tbe previous spring flood. (Fill tiue is the length of time
required for river runoff, precipitation, and evaporation to tccount for
the voh.rme of excess fresbwater on the shelf .)

the slolr downcoast change in coastal sea-surface salinity that
is found in all of the uonthg ghown in Figrure 4.19 except JuIy cannot
result efurply from the local river discharges, which vary videly. only
downcoast advection of Hississippi-etchafalaya water can explain the very
gradual changing. Eo\rever, floods in the other rivers and flushing of
bays and estuaries by strong persistent uorthers can discharge puLses of
relatively fresh rrater tbat briefly auguent the inshore edge of the
coastal brackish band in the near surface layers.

The upwelling current regiue acting on the plentiful supply of
brackish sater in the coastaL band produces a &amatically different
vertical distribution of the water Dassea than occurs during downwelling
condj.tions. A typical exanple of the bydrography of the inner shelf
during the downwelling regime is shorrrr by a transect (Fj-garre 4.20|
extending 30 h off rreeport, Tx. fbe density field is detetained
primarily by tbe salinity fie1d. The strongest part of the frontal zone
lies betrteen 10 and 20 km offsbore, and the density interface has
somewhat of an 's' shape. Cgntrast this with the conditions during 22 to
23 July 1983. r igures 4.2L, 4.22, and t1.23 shoer the observat ions along
transects running offshore through the Bryan Mound, Big BiIl and west
Hackberry DoE/sPR brine disposal sites, respectively. salinity aga5.n
detetoines the density field. Bigh aalinity water extends shoreward
along the bottom almost to the coast, rrhile in the upper layers low
salinity water extends seaward past the lirnits of the transects. The
result is extrenely strong vertical stratification.

such strat i f icat ion also exigts over tbe inner shelf  just west of
the uississippi Delta,  shere wisenan et al .  ( f975) observed intense
temperature and salinity steps in vertical profiles collected in the
r iver 's plurne (Figure 4.241 .

fo provide a more quantitative picture of the annual progressions
of tenperature and salinity in the coastal regions where the variability
is greatest, nonthly neans for the surface and bottom are shovrr, together
with a representation of both progressions in a T-s diagram, in
Figures { .25 and 4.26 for the Eryan Hound and West Hackberry si tes,
respectively.
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Fignre 4.21. Hydrography for cross-shelf transect ttrough the Bryan Moutd site on

22,tuly 1983 (Note: the slightly higrher salinity valuesnear the bottom

in the vicinity of station 34 were caused by the DOE/SPR brine

disposal operations) (From: Kelly et al'. 1984b)'
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Cross-shelf vertical section of temperaturesalinity. and sigma-t along
a section nrning soutlrsoutheast from lveston lsland, TX,
March 1982. Regions of turbid and cle water are indicated by
dark and light shaging, respectively; areas are of

Figte 4.27.

intermediate transparency (From: Rez et al., 1985).
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Fignre 4.29. Dissolved oxygen concentrations (mg/l) at d the bottom and b) 4 m
above the bottom on 9 to 10 .bly 1984 (From: Pokryfi<i and Randall.
1987)
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vertical nixing. values typically 
f?og. f{on rt to 7 ngll lrigure {.28),but rhen atrons vertical siiatificatioi d;1;i";" lFisuies i.zi trrrougn4-23't, tbe botton waterg can become bypoxi{ (i.e., concentrations rowerthan 2 mg/Ll and even anoxic. l

Large areas of hypoxia develop arnfst annuarly i.n Louigianacoagtal waters wegt of the delta according lto tre nunerous reports in theliterature that are reviewed by^pok ylti i"p-ni"a.rl (1982). [Dennis erar- (1984),  Rabarais et al .  (1tg5) .oa n"o.fra i rgasl  have produced
exteusive bibriographies on h1poxia.1 uypof.i" arso occurs in Texascoastal waters as far west as FreeSrort, i"tl:.""" frequentry. the najorflood of the uississippi in 1979 i; coniuncfion rith the s111ffi1gr advent ofupwelling f,avorabre windE and currentsr-protuced blpoxic and anoxic
botton conditions in ,tune and July off rieefort, Tx that caused mass
nortal i t ieg of benthic organisns (Earper et laI . ,  l9efy.

I
pokryfki and RandalL (1987) Deasure{ ttre spatiar extent of

hlpoxia in coastar waters from Garveston, r{ to z{ kD east of cameron,
r.A iD July 1974. Their results for concent{ations on the botton and 4 m
above the bottom are ahown in Figure 4.29. jrrr"y note that the hypoxic
mass lay entirely inshore of the 20-n isoba{h ana was not an extension of
tbe oxygen'qinimun layer that inpinges on ttie outer gbelf frorn the deep
GuIf- lheir study also developed a tine-se{ies model that uEes river
discbarge and density gradient to predict c{neentrations of dissolved
orygen on the botton during hypoxic events.

Boescb and Rabala is  (1988) have
the nortbern shelves of the culf since
to 10r0OO km2 were hypoxic during
1987. Botton hypoxic conditions rere found
than 10 n and extending to about 30 n, fron
to tbe upper Texas coast. Bypoxic condit
and ertended as Late as october, depeading
suggest that the rnagsive enrichment of the
Ievels of nitrate may have contributed to
hypoxia since the 1960,s. the increase in

which are generated by the action of the wi
eeparated into two categories: seas, when t
inf,luence of wind in a generating area, and

syslenatically studied bypoxia on
1985.1 Areas ranging frorn 7,000

Burveys in 1985, 1986, and
the inner sbelf deeper

nissisaippi River Delta
forued as early as lpril
hurricane activity. They

ssissippi River discharge in
intensification of shelf

nli.trate is attributable to

pr incipal restor ing force;,
cravity uaves are

rraves are under the
lI, rhen iravelr nove out of

increased use of agricultural fertirizers, wfste discharges, and
atmospberic precipitation. I

.a,lthough the spatial distribution otlfrypoxia has been arapped nith
fair resolution at tines, virtuarly nothing fs known about itE rocal
tine-rate-of-change or the advection of hypoNic water Dasees.

4 . 6 SURFACE T'AI'�ES

A large anount of the total uave ene of the sea surface is
associated with gravity waves lgravity is

a generating area and are no longer subject
(U.S.  Arr ry  Corps of  Angineers,  Coasta l  Engi
1975).  seas on the shel f  general ly  have st

to significant wind action
ring Research Center,

waves with short periods
and lengths; the waves associated witb swell

9 3

have relatively long periods
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rnd vevrhnglbt rod, satil tbry rolcb rbellov vlt.r, 1o enplitudeg' the

irtgbt, 1.riod, ud 5agtb of rtad urv.. lrl drtorniard by foteb, rind

;p.lar 
-.i,oa 

duptioa, rad drcry dilStucl. rrt r drptb, lt rbrllw

iioogi, uill elro rtfret tbr rizo of vevl tbrt ll g.D.rlt.d.

lbr vladr troa tbr .outb.ilt rod routb r'rochtcd rttb 'lbc tlos

of rlt rlr rrouad tbr urrt rid. of tbr Lnrdr !.:tgb brvr coarLdrnblo

trtcb, ud r3 quitr ;n4itteat rt ti.rr, but riad rpred Lr t1picrlly lotr

to rdcrrte . :brre riadt g.D.rrtr ne.t tbet r8. uluelly la lbr arDge

o.5 go 1.5 l. 'hr trtcb of tbr rtroag siadr fron tbr Dortb .'rocilted

rltlr trontrl Ptt3rg.f lr rlrll lrer tbr co.tt ud I'ocr6t" toultd the

outrr rbol!. fbr aortbcrr tlpicrtly gcucrrtr 2- to 3-l ulv't acarrbore

rud l- to 5-l rrY.t on tbc out.r lbrlf . ?br lort coltDon P'riode
.rroclrt d uit-b aon-burricrn. ulvtr ia tbr Gult e3 bltrren I rnd 5 r'

sl.tb oaly I rrry frv rbovr t0 r. lbr rrtnr. YiDd lplrdl of burricanes

g.DG4t. tnv.. of ? to l0 I or Dr., ultb prrlodr ol 9 to 13 r.

Bre. rtrtirticr rnd clLletologilr r^r. g.D.ntcd tron r variety of

dete rourc.r, aucb lr rbip obrslratioal , bindctltt, a^Dd diract

r.rtua.Dontr by vrriour t14nl of inrtnucntr. gueylc lad l'ulbright

(f9Z?1 givu tlrr raauel jnrccat frogurncy of ervc brigbtr ia balf-leter

lacrtlcatr for tsa turfrec Dtcolological obrnration (SSHo) lrcas 27,

28, ead 29 berrd on rbip obrervrtiont (3abl3'a.51. tboe threc SSIIO

laalr coecr tba .!.rrr-Ipuitl,ena rbrlt. t!b. CoE nrt.:i5ryt Erlt€ri.DeDt
StrtioD brt Jurt eo4btcd I biadcert of mve cli.letc for tbe U.S.
coertrl rrt.t:t Lu tbr cull of t&xico r' pett of Ltr ltrv. lDfo::ution
atudy (rls!. tls LPolt 18 (Eub.8tz rt r1., tgEgl' to bc rrloercd rbout

Decelbcr 1988, Iuoerizct turDty !r.rr3 (1956 to 19751 of hia&elt

rigoificrut bcigbt, Fak gcriod, end trao dlnctioa tor vrriouc locations

Ln four deta produetts pcrceDt occuaa.Dcr tr.bhr, ulv. totG dirgrans,

DGSD rad largcrt rigraificaat beight rnd 20-yra! .tttitticr tlblc!, lnd

a.tun prriod teblc. lurricroc conditiont .t. rrcludrd. lbo roport rlro

rtatirticelly congarcr tbc biodc$t detr vitb d,irect obrcnrrtionr by
gruE.r ead buoye froa diffcrcDt pcriodr of tila. turricear biudcert
rctbodology ead r!v. ltrtirtiec for tbc ltleatic rad culf burricescc tron
1955 Go 1975 rrt giveu ia e r:parltr rllnrt' ttIS LPoat 19 (fbel et el.,

19881, rbicb ir rxpocted to be releas:d ebout Dlc.lhr 1988. l,mcc rnd

Gardoue (1982y eLro dcreribc rad con5rerc eruplc! gf .rtlcDe vlv. rvcatc

iu tbc culf of lexico coDputcd tron rodel bi.odeutr rad lrerurrd by

calibretcd dcvices.

Tbe savc cliletology Drruaad et tbe Plracure Picr rt Galvcston
l.r drtrilcd by Tboapson end terri. (1972) ead fb@Ptou (1977t. ttontbly
1j1gr of rignificant uevo bcight rre lcrr tban 0.7 !, rontbly lexi-se rre
I to 2 l, lnd vavc pcriodr erc typically rbout 5 r. lSigniticant bcight
1r dcfiocd to br rt,hr rvertgc of tbc bighrrt oao-tbird of thc revrr la t
leord.l Anotbtr urr4rh of rrvr obrrnretiont .la lnntr-rbrlf ultrrl ir

tbc rork of trcy rt el. (198f) at tbc ttrrt lsekbcrqr DoUEPR rltr in
10 I of ultcr. ligrurc 1.30 tron tbeir rork rboul tbc lffrct oa
rignificant rDd DrriDuD revc bcightr of thc perlege of tba.l tuecrtlive
polar frontg. ttor cctilrtcr of rtvo cberactrrirticr aner tbe outca rbelf

end tlope the dete fron NOU Dttt Suoy Officc (nDBo) Euoy 12002 erc
probebly epplieeble, .yGn though thc buoy ir locetcd rbout 200 h routb

of the rhelf break. trnezaki end Ecrbicb (1985) Prcrcnt rcntbly uave
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rtatieticg for a 30-nonth period et
rigmificant beights are typically I to
ueually 3 to 4 u but occaaionall,y 6 to
range fron { .2 to 5.{  g.

..7 :IIDES AIID SEA I.ETfEL

datun tbat is derived by evaraging the
bourlyl of tbe beight of the tca rurfac

!r.ar, Gtc., fluctuatec bccause of tbe r
tldea, Iocal rinda, local eddition of
pre!3ure, and changes Ln tcngcraturc
tbe uater colunn {steric cffcctl.
Iong-period fluctuations of roa level
tbe Gulf of ttexico, and aoted aauual

neid and l{hitaker 11981) rev
of llexico and developed a nrunerical

the wbole Gulf and are driven priuarily
through the Yucatan and Florida straits
f,orcing is only about 15t. on the othe

Buoy {2002; lonthly lean
.5 n, noutbly u:iluD beigbts are
n, and rvenge rave periods

taDtaneoug obtcnretions (e.9.,
over periodr of e day, rcnth,

e of long-pcriod artrononic
a, cbanges in etrcepberic
relinity, ud tbur, denrity, of

(195{) discureed tbe
et tide rtatione rround

and rcatb-to-rcntb

the tidal regiue ln the culf
nodel tbat provides good

Sea leveI, the beight of the surface relative to e fixcd

variations. Along the aexas-Louisiana
25 cn. The annual variation bas a reni

t tbs ennual range is about

niainun and naximum values oecur iu .la
aI cmponent; tbe absolute
and septenber, respeetively,

and relative rnaxinurn and aininun valueg
respectively. lfhltaker (19711 couputed

in uay and July,

aad recorded sea level at various r
reagoual variations of rteric

around tbe GuIf, includinE
, be fouad tbat tbe reEionalGalveston, Tx (Figure { .31).  lor Gal

rteric aea levels relative to 150 db 1000 db eccounted for 55t and
77t, respectively, of the recorded rea- I rauge. Eouever, the
variations in gteric rea level do aot t tor tbe JuIy niainun in

tbe July uininun nay berecorded rea level. Chew (f96tl1 ergued
related to the upwelling coastal regile
conaigtent with tbe results of Cochraae

iven by local wiads, wbich is
K e l l y  ( 1 9 E 6 b ) .

For periods cborter ttran one h, coastal variabil ity of rea
1cvel is driven gubstantially by rind f ng. Chuang and tfisenan
(1983) Gxanined the aea level resglonse
the uind forcing aasociated sith frouta

calvestoD and Eugeue Island to
plssages. tbey fouad tbat at

Galveston the alongshore conponent of
&ives eea-Ieve1 fluctuations, but et
of the shelf is uuch cballower, tbe e

, tbrougb Elsun coDvergence,
reland, rbere a broad region

tbrough direct wind cet-up, &iveg tbe
-rhelf coaponent of rind,
a-level fluctuations.

cbanges ln rea leveI.Tropical cyclones produce
Bunpapong and Reid (f985) investigated
elong the coast tbat precedes tbe arriv

gradual rise in uater level
I of a burricane (forerunner

surge), and hurricane-induced gtom hae been nodeled in various
uays (r tanstrath, 1975i Ebereole, 1985).

ts uith thogc deduced fron
al invegtigatione rbou that the

diurnal t idesl Kg and 01, have nearly ifo::n anplituder end phaeea over

rgreenent of the inportant tidal consti
open coastal ueasurements. their DuDer

the in-phase voluDe transportg
fhe contributioa due to direct

hand, direct forcing rccounts
for about 55t of the signal of the urnal tides, !t2 tnd 32. The n2
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lt of tbe rclativc regnitudea
of tbe diuraal and tenidiuraal coneti , tbe tide Lr chanctorized ae
lixed off Calearieu parr and becqee

Figure {.32 illustrates rcvcrel tbe procerrer
rborg the rea-eurface rllvation for 198t1 at the
rite, conputed from prolrure data

tide bas oegligible e4rlitude ia tbe
arnplitudea aloag the coaat. pbare
-nFhldronic poiat. Iablc {.7 givcs tbe
tbe lajor tidal conctitucatg et
and Port Arausas (Reid rad Bhitaker, l9g
coart 36s .-Flitude of tbe t{2 tide ia
decreases to tbe eegt rad rcrt. Ir I

Delta and to tbc yect of Celvctton
a I . ,  1 9 8 1 ) .

s l rnFl€r  S?ei tzer  ( f89S),  in  d iscuasing
on the Texrs coast ttated:

as it is dependent upon the direc
winds . '

directly Deasure currentg and quantitati
apatial va:iability, vertical ctructure,

ccntral culf and naxinu:n
atee counterclocknise rrouDd the

anplitudeg aad pbaaes of
Pr3r, PoiDt ru t€r, €alveston,

l. lloag the Trxac-Icuitl.ana
t off calcatieu ?scg atrd

y dluraal of,f tbe riririp5ri
t 1954i 8icks, L977i tr.y et

aoted rbove. . ft
BtTan ttound

ti.ue reries of

for quite roue tine. For
placenent of harbor jetties

and force of the

at the bottom,
teuperature and aalinity at tbree depths, and atnogpberic prerrure (the
iaverted baroneter effect ia ineluded;. bbe colder water ia vinter
decreaeed total steric rea lever fron thei long-term uean by about 5 cn.
DurinE the last few days of Febnrary, rirlds rere strong and dirceted
upcoast and offshore (trerly et al., lggsd); this wind pattern drove an
upwelling event that decreaeed nearghore lrea-aurface elevation by about
70 cn (a 10 rnb riee in atroapheric prerarlre forced an edditional l0 cn
decreasel. tides in rigure {.32 are uilfy diurnal. lbe uaxiuun range,
about 75 cn, occurs during tropic tides, pben the K1 aad 01 tides
conapire.

..8 CI'RRSNTS

4.8 .1  tnner  she l f

ttiad rtrest rnd f,regb setcr infl fron the trirriraippi-
factors tbat coutrol the
istics, and uuch of the
the inner part of tbe

of the circulation on the

Atcbafalaya River Syste! are the
long-period notion, bydrograpbic cbar
rbort-period variability of the uaterg
Texer-Louigiena ebelf. llhe baeic fea
iuner texas-Louisiana tbelf bave been

'Eence, it lay be concluded that current3 flowing
restward are on tbe northern of tbe Gulf, and
tbose flowing Dortb along the yes ehore D€et at 3one
point near Galveston, the locat of which is variable,

Ako, Leipper (1954) noted tbat thig rgence is teen in the U.S. Natry
pilot charts. Drift bottle rtudies by ey  and tenp le  (1963,  1964) ,
rr tron and Behrens (1970),  Eunter st  cI .
Eill and Garrison {19?A) provided a Dore

1 9 7 { ) ,  B i I I  c t  r 1 .  ( r 9 ? 5 ) ,  a n d
tailed, but rtil l gualitat,ive,

description of the inner-gheIf circulati .  rn  1973,  Sn i th  (1975,  L977,
studies off lrantas pass to
ly describe thcir taaporal and
nd relation to wind rtresg.

1978a, L979, 1980b) ini t iated e rer ies of
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t$tc 4.7. obccrud nPtftrdc (ct) .rd Fh.s. (Frtrtivt to crccrr ich) for thc f ivt pri6ipt
tldrt eqstitrrntl rt fqlr tcatlcu rtqrg thc Tcxer-Lq,ritlna 6g.st (tn6:
lcfd nd t|rft*cr. l98l).

lid.t Cqrstitucnt

St.tion ts2P lo1rt

D Sqrtlr|Git P|st 13.5 (20.4.)
Polnt ru fcr 16.6 (a.7b)
G.lvtrt6 16.7 (2E.3.)
Poit ArrE!3 15.4 (26.4.)

t3.4 (13.4. )  4.9 (19.5. ,
t5 .3 (19.?b)  5.6 (1E.1.)
t5.5 (20.3. )  4.3 (13.5. )
l5 . l  (20.1. )  4.E (26.0. )

1.7 (127.2. ,  0 .9 (111.7.)
9.9 (2tfi.1., s.l 193s.7.7

15.5 (275.1.)  4.0 (273.0.)
7.7 (262..t.' 2.? f.264.6-'
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Becluse the ennual progreecion in alongsbore sind rtrea8 lsection i.3.1)
ir linilar froa Port lranraa to c.Deron, tbe inner-tbelf region batreen
tbere points bag a ringle current rcgine, sbicb cochrane ead f,erly
(1985b) bave callcd tbe 'lreeport reginer- ritb dosncoast lroutheattl
flou prevailing except for a period of ugroaat (nortbeast, flow in rpring
rrrd r"-"er. off port lraasas tbe period ie long, but off lreeport .nd
caneroD Lt ig linited to JuIy.

Currentg and ttLnd Strcls off treeport, ?x

tfun€rous rtudicg of currcntr elong tlre texae-tcuisiaaa coact
denonstrate the ttroDg coherence betruen tbe alongshore conponents of
sind rtrcas rDd current (suitb 1978a, 1979i xelly ot ar., t982i crout et
aI., 198{; r,ewig aud Reid, 1985; cocbrane and f,elly, l98$b) tbat rerults
frora tbe conbination of uind rtrecg, tbc Earth,s rotation and tbe
preseDce of tbe coastal bouudary (e.g., ceanady l9g2). A virual Ganple
of the dynlnics coDes fron obsenratione collected iu 20 n of vater about
20 tD off lreeport, tx at tbe DoE/spR Br?an l{ouad cite. ru Figrure 1.33,
tbe alongsbore conponent of wind gtregg. (Figure {.33a) during t}re period
18 to 30 .lune 1980 ic upcoast (toward louisianay and driveg en offsbore
direeted Ekaan transltort in tbe aear-rurface layer (Figiure {.33cy, uith a
coDpensating onsbore drift in the botton layer (Figrure {.33d}. t{ater
level at the coaEt (not shown) decreasea, end tbe crors-sbelf pressure
gradieat drives the rlongshore coDponeDt of current (Figure l.33by in
the ugroagt direction. lfhen tbe alongsbore coBponent of rind ctress is
dot*ucoest (towatd tlexieo), everytbing reverses to a downwelling regine,
as caB be laeu in Figrure {.33 for bricfer periods carLier in tbe nonth.
?be dnD.tic effectg of downpelling aud upwelling on tbe by&ograpby of
tbe ianer rbelf yere described in section {.5.

lbe DoE/sPR ltudies off Freeport, 3x aad c'neron, lA produced the
tDost rtatisticall.y reliable evidence of tbe relation between tbe
alongshore conPoDent of rind rtress and tbe coastal currents because of
the length of tbe obsenrations. The reasonal variations of sind rtresE
end tbe effect of these variations on both tbe elongsbore conponent and
tbe aanual nigration of, a convergeace zone rere degcribed in
sect lon t l .3. l .  r igure 4.34a rhoss tbe ennual progressions of alongshore
conpoDeDts of wind rtres3 and current off Freeport, TX in ter:nE of
rnonthly leans based on bourly values of 3-b low-passed data obtained
betneen Auguet 1978 and Septeuber 1984. Eoth cottpoaeDts are positive
(upcorst) in July, Dear zero iu June and Augrust, and negative
(downcoast) during the rest of tbe year. By the criterion of etandard
error, tbe changes from ltay to June and frora August to Septenber are
quite rignificant, and the valueg for JuIy are siEnificantly different
fron zero.

As Figure 4.33 ruggests, there is considerable tenporal
variability about the nontbly uean varues. cochrane and xelly (1986b)
exrqined tbie variability, end the relation betreen wind rtrege and
eurrentg for cub-inertial frequencies belov 0.5 cyclea per day. They
applied tbe netbods of cros!-spectral analyais to one-year tine ceries of
sind rtresg and top and botton currents collected at the Sryan Hound site
during 1981. their results rgree in noct respect3 yith tbe above nodel.
Alongshore gtress &ives currents effectively at all rub-inertial

1 0 3



to the akmgshore
n Motnd site. nater depth 22 m:

otnre) cornponent of whd stress:
ce cufrent (3.7 m below the

toward 325otrue) component of
-shelt component of

the bottom). (Modified horn:

1980
JUN .f,rL

I
r.5l t o l 5 20 25 Fo

ooo
t
F
3

ooz
=
oo
F
o

o
o
G
t
F
a
ooz
3
o
o

tl
G
o
-
ozo
gl
G
o
t
o
IL
&
o

ll
Go
I
Ozo
irl
G
o
I
ID
E
IL
o

sra t-0
CNY
lllv, 4

t r = d
6Q 0.0
q7 -.s
t9-r .o

-  t .5
to0
?5

6 o o
= z s
9 o
ct -25

d -io
-75

- lo0

50

r .5
r .0
.5

0.0
-5

-13

-1.5

to0
75
50
?s
0
-6
-50
-?5
-too

50

a ? s
E o
ct
o -?;s

25

o

-6

-50

50

a

o

-5

-50

ct)

()'

C"
o

-50

50

z5

o

-25

-50

Note: lght and heavy Fres are 3-hour
resPectively.

4O-hour low-passed.

r-!l rt Gf r

r-lr lr arf t
i- .r-lr rt trtl

S|TE C TOP. ALONGSHORE

r-E rr rtlPt
ffi .o-n tt rft

SITE C BOTTOM. CROSS-SHELF

An example of the response of
component ol wind stress at Bry
a) alongshore (positive toward
b) alongshore componenl of nei
surface): c) cross-helf (positiv
near-surface current and d)
near-bottom cLrent (f.8 m
Kelly et al- 1984.

Figure 4.33.



c l " a R E N T r r r r l
STRESS A O)

/r\
/ , ,  

' . \

Y 
ri-I-r

I
I

/
t

J
l a a a . a a . a l

\ l

\\
t \
l \

It-
I i '\
I t  \
t \

\
('

J F M A M J J A S O N D J

?
.o1 g

a
o 3 t

(r
F
U)- -o1 
o
=

^ ^ 3-'vz 
rtt(r
o'--o3 #
(9
z

-.o4 9

G'

g
-o.1 a

a)
llj

o r
q)

o
--o'  

=
UJ--o2 5
a)

-.os 2
o
J

-
trt 1

E '
o

t-
z
tu(r -1
(r
o -2A

-30

-40

1 0

- 1 0

[rJ

6 - 2
ct)

o
J

o

LU
E,
o
:tr
U)
(9
z
o
J

-
,q,

E
(t

l-
z
LU(r
CE
=
()

MONTH

MONTH

t t t t t t t l l l l l l

CURRENT
srREss b)

^-

t \
I
I
t
I

v
,1

J t
. \

\
t } . -

I'r
,

t
I

a

\r*/i
,

ttri

a a r l r l l t l t a l a

J F M A M J J A S O N D J

o

o

o

o

a

o

Ftgue 434. MonfJy mean alcngshore cornponent of wind sbess.togBther with
morffily mean alongstpre cdnponent of $rface crrent (3.7 m below
sea srrfacel a) at tfie Bryan lvlomd site off Freepct TX; the positive
alongshore direction is S5oclockwise frorn mdt{ and b) at the West
Hackberry site off Gameroc LA tte positive alongshore direction is
E6oclockwise frryn nortrr (From: Coclrane and Kelly. 1986b).

1 0 5



fregueaciee' but Gro33-tbelf rtrcrr doerl not. lcrore-tbelf rind rtress
induccs tloan trealport ritb r aet rlongfuo"" dlection, end ro doeg aotproducc r coartat J€t. ) doogabon uiadl rtr.r3 ir cohsrcnt with
€rotr-thelf botton currcntt, rnd tbr pbafr lndicatec flsr to tbe left of.trcrr, tbat Lr, Lu tbc dircetio - I -D .:qrect?at foa upuelliag/dounclll.ng
rcaimr deacribed lbry€. tbe ooe ai-agr{cnent uith tbe lodel ir tbc lackof eobereace betrc€B cao3a-rbclf "urrrot{ rt tbe rurfece rad eroagrhore
vind. Eon€ver, tbe surrcnt retcr rcorin{ vag loceted near tbe leanporition of tbe inteare froutal roo" r"p{reting frerbcr coartal uater
fron raltier offrhore Yttcr, and tley el{ribut! the 1os cobcrence to thecffects of tbe local barocliaic currents lcaured by ttre dynanlcr of thefroatal roDe.

lhe DOE/Spn rtudieg anasred a large date base concernl,ng tbe
fron ebout Galvegton, Tr to

r rerier of, ranual raporta
ul f,otmats. gorrevcr, a

cbaracterirtics of tbe iaacr-rbelf
ca!€roD, tA. tbe rerultg rre deacribed
that preaent tbe data iu a varicty of

lxanple, all of tbe current

of tbe lagaitudeg of the uear-eurface
provS.de a quantitative cxanple
near-bottoD curreDta, gable {.g

one rnontb fron septenber l9g3
ta froa the currsat uetere
6 n abovc tbe botton. It is
is aignificant at tines (suith,

tbe'annual progrcrciong off

congrcbengive clinatology tyntbesizing,
reter data doeg aot c:irt. ?berefore,

rhows-tbe basic rtatietics ia iateryals
tbrougb Augiult 198{ f,or the tine rcrieg
Iocated 3.5 n below the rea rurface and
rtresged that the laterauaual variabili
1978a,  1980b;  Kc l l y  c t  a I . ,  l985a,b) .

between pebruary t98l and atanuarlr 19g5,
Sinilar to tbe regults for Freeport, the
(upcoast, only in JuIy, and tbose for
altbough aot positive iu July. tbe teo
eorrelated. Both the ttresg and current
tban off Freeport, in large part b€cruse
orientation of the coastliae in relatioa
vind. .lbe seaker reslroDse of current to

, LA, fron data collected
rborm iu trigure {.3{B.
ng f,or current ere positl,ve

ss are very Dearly zero
ts of Deans are clcarly

aDs are snaller off ca.neron
the ehange in tbe
the nean directiou of tbe

wind in ertensive
regionr of gballoser urters (Cbuang end , 19831 and an increage in
botton friction (cbuaDg and tfieenan, l9g3
algo factors.

Cochrane ud xeIly, l9g6bt are

A quantitative exanple of the bas
snall tubget of the data bage (Aableg {.9

lhe nest Eaekberry and Bryan Uou
digtance of about 200 kD. te1ly ct aI. (f
coberence between the near-botton current3
reries of 231-daya ia length. lheir rgsul
tbe alongshelf conpoDcDts. sigb coborcnce
cotrpoD€nta at periods of tbout l0 dayr and
rignificant coherence bcttreen the caoaa-g
ryeaker but gtill rignificaat sohercncc et

rtatigtics is provided for a
4 . r 0 ) .

riteg ere reparated by a
83b) investigated the
of the two ritcr uring comon

are ehown in ligrure {.35 for
oxistg betrcen the alongshelf
3.3 daya. They r lco found
If couponents rt l0 daya and
.5  days .  Sn i th  ( t980b)
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lrbtc 3.t. trlc rt*ldtlc br srth for tte hcrrly tin *rics of :t-h te-pcs tf ttcrd crrrrcnr
trlaity rt &ptb of 3.7. (CIt .rd 20 r (CU) .t 8r)6a tbrd ritc G In 22 r of rtcr d.ring
fttc pcriod | 3cAtcd.r l9l3 tftru€h 3l Ar.Er,rst t9g6 (Fro: tr tty ct rl., .l9E5r). ?cttive
rtane'rhcl'f dircctio fu tqrrrd 55' tru. nd positirc crces-strctf dtrcctlo lr torrrd 3z5.
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at'rdlrd devirticn.
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Trbtc 4.9. lrsic rtrtlrtics in intcrwrlr cf qr mth for
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f

iovcatigated alongshore cohereoce fron e ,t3-day period in tbe 3r"'n"er of
r 1977 et tbree ritec along tbe central and loser Texas coast. ffid-depth
a surreDt data in ebout 20 n of rater rxtribited an alternating alougshore

lotioD tbat sas cobercnt rith tbe alongsbore eoDponent of uind rtrese and
bad a D€t Dorth-nortbcagterly di,splacenent. Alongsbore currents uere
.bigbly coberent at tbe longest period rcsolved (f2.5 days1, and very
oaarly ia phase over 3patial gcales in cxcegg of 100 ltn.

gireulation laat of Caneron

lagt of caDeron, IA tbere ic ruch leag cotbined rrind end current
leter data. llost of the obsenrational prograae bave focused on the bays
and trtuaries and ou the ttissi.ssipgi Bight. lbe circulation in the bight
ir doninated by an anticyclonic drift of tbe plume f,ron southnest pass
tbat aplnarg to be Srresent approxiaateLy 70t of tbe tine ltfiaenan et a1.,
L976i Souae and Coleuan, f976). Daddio (L977) found poor corlelation
betveen elongshore wind stress and curreDt iD the bight.

Eaat of 92.5c1{, the area of rballar deptbs increases uarkedly.
tccording to Cbuang and ttisenan, a large increage in botton friction is
to be cxpected in guch ehallow regions. As the coefficient of friction
incraares, the vertical-Dean current reguired to balance a given
alongrbore ttrets decreases. thus, gven a constant alongshore stress et
tbe coatt nay produce alongshore divergence iu the current. Cocbrane and
xelly (1986b1 found tbat flow ras directed onsbore in this regioD as a
rcsult of divergence in tbe alongehore current because of a cbange in
botton frictioual resistance, as sell as yind ctress divergeDce.

Botton Eknan Veerinq

In a fluid with friction, the influence of the earth's rotation
rppears in the cbange of tbe direction of f,low with depth, a phenomeDon
called EInan veering. lbat Elsnan veering ig usually preseDt can be seen
in progressive vector diagrans of currents rt variouc depths plotted frorn
a co@oD origin.  l igures 4.36 and {.37 (xel Iy at al . ,  l984a,b; thou
progrerrive diagrrans of currents at tbe Bryan ltound and the t{est
Backberry rites during tbe period 1 septenber through 30 Novetnber 1982.
the varl.oue deptbs are indicated in the figrures. Fron ct{ down to cz
there ig counterclocknise veering in tbe botton Ekran layer. In tbe
botton Ekman layer, the veering is counterclockuise, or to the left
looking down, because the stress of friction is directed oppositely to
tbe direction of flow la tbe sall layer just above the bottorn. The uean
veering angle at the Bryan l{ound site ig 52". At the rhallower ttest

,

I

D

o

a

o

o
EaekberrT rite the rurfaee and botton Eknan layers are partially
but tbe couaterclocksise veeriug is rtill evident and has a tlean
o f  2 0 ' .

aerged,
value

s!.ith (19791 dcscribed tbe vcrtical structure of currents in 33 n
of rlter off Aransag Pasa baged on curreDt reagureDents at four levelg
ebove the bottou 12, 7, 16, and 23 n;. rt ith inereaging dirtaoce lbove

O the botton, both the increase in curreDt rpeed and the cloclnrise angle

llooking downl betgeen tbe resuLtant current vector directi.on and the
local elongshore directioD were aearly tinear when plotted against the

o L l l
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tively rteady curreDt
eonditions, one vitb en upcoeat wind
ead tbe otber sitb a downcoart wlnd

fron 24 tbrough 28 July
t froa 30 iluly to t Augrust.

al ic gborn ec e function of
ig directed offrhore

and oasborc (negativcl at
a rind ritb an upcoaat

coaq>onent 1upwe1ling1. The currrc ir to tl8 to balaace offcbore and
onshore flow. The alongehelf velocity ir quite rtrongi .v€n at
tbe botton rleter only 0.5 n above the ton, it ig nore than l0 cnlr.

netural 1og of, thc beigbt above tbe
PatterD.

xeuy ct eI. {1985at cvalueted
uri,ng rix current D€ters betveen tbe
during tbe period 20 July to 8 tuguat
folloring beigbta ebove the botton: 0.
18.!, n. lber€ sere two intervak of re

tbe lean current during the fint tile
depth in figure rl.38a. tbe cror-rbrlf
(rhorm as positivel at the top currcDt
all otber Detera, as night be .xp€eted

8o reveal the turning of the
velocitiee for tbe current Deters at
Figure 4.38b on a r ingle polar
botton tvo cunent aeters (Z and lf)
upcoast (July) case, even the third

case, the turning frou tbe direction'at
direction of tbe local igobaths (55c to

orientation ir nade in order to avoid i
veering due to sind stress. Ihe curren

trhicb uould rugg€st a rpiral

at tbe 3ryaD ttound rite
ace aad botton Ln 22 n of yater

83. lt€ters ryere located et the
,  L . 2 . 2 . 1 , 5 . 0 ,  1 1 . 0 ,  l n d

with depth, the nean
deptbs are plotted in

grid. In both cases, the
little turuing, and, J,a tbe

fron tbe botton (U) lndicates

lre dee;nst neter to tbe
35c; is 39o. For the dotmcoast

go far as poraible tbe Eknan
reaches tbig orientation
nid-deptb. Abere appears to be

retg in vhich vertical rections
rloping dorra in the eearard

tbe currents are

only a very auall turning. The layer v little turning leetrg to be the
vaIl layer of uore or less corlstant in rbicb tbe velocity Ls
expected to bave a logarithnic profile. Above tbe quasi-logarithnic
layer the current turns ttrongLy c with beight. For tbe ul)coast

case the turning is 46o. lbe conpari with tbe local icobath

sonewbere above tbe current Deter (U) at
no clear separation of the flow into su ace and bottorn Etsan layers
with a geostropbic layer randwiched

1.8 .2  ou ter  she l f

the prevailing currants In the
and continental elope flow toward the

r leyers on the outer chelf
theast or c!st, according to the

orientation of tbe igobaths. the cv for thic cones fron
bydrographic data and direct nealurenent
(1986b) revies various bydrographic data
croasing the outer ghelf have iropycnals

of current. Cocbrane end xelly

direction. Ihis inplies eastvard flou
quasi-geostrophic.

Direct Deasurements of currentg
colunn are available fron the following
(Erooks et al . ,  l98r l) :  creen Canyon (cC
Breaks (EB), and Eaker eank (off  uustang
Sect ion  4 .8 .3 ) .  F igures  { .39  th rough { .
the respective locations in the for:r of,

the upper part of tbe sater
ations along tbe outer rhelf

, Flower Garden Banks (Fc), East
I s l and )  ( t { I )  ( 3ee
2 display all evailablc data for

current rose end itr agsociated

l 1 4
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table of joint trequency distributioa
preponderance of flow to the cagt and

and directioa. The
is obvious.

f epeed
st

curreDt tbat doninateg tbe inuer rbe
Sect ioD { .8.3} .  tbe f lowg on tbc
connectgd by erosa-rhelf flovr caueed convergeaec rlong tbe routh
teras Coaat and.rivergeDce in the

Near-bottoD curreDts on tbc ghelf ere lesg rell docurented.

cochrene end Relly (f9S6b)
tbe outer rhelf tr e countercura€Dt

lbey vere aot concidered La tbe rtudy
ncar-bottoD currcntr on tbc routh Tex
during l{5 day: in t}re ruln€r, fall,

that tbe florr aloag tic cdge of
returD flow to tbe donacoagt
cxcept duriug auroer (ree

end outcr parts of tbe rbelf are

Brooks ot  a l .  ( l9g{) .  Rceent ly ,
continental thelf yere lonitored

carly uinter of 1984 lScicnce
1986r. currGnt D€ters uere

offgbore direction. Eotrever, tbere wa
ghelf break. Iet aloDg-icobatb dis ts for July to october andoctober to Deceaber periods uetre st at all locationg. Net

tterD3 of couvergence and

ftlplications lDternational Corporation
located iu uater deptbs of 12, lg, 3,1 ,
perpendicular to Corpus Chrirti Bay.
betreeu tbe overlying vind field and

crosa-irobatb diaplaceaents euggested
divergenee tcross the rbelf. Rezak et
(19881 found tbat at tbe Flowcr Garden
to flow toward tbe east or loutbeast,
Dore soutberly Lt tends to be. Abey
toward the cagt-eoutbeaet for rocords
group. thege. reaultg are Dot cons
predicts countercloclcwiae (Iooking

eff,ects fron the banks, of,f-sbelf flor{
frontal paasages, and baroclinic tbear

74, and lrl0 n along a l iae
t the lorrer frequencies, coherence

botton currents decreased in an
still lone cobereDce even at the

al. (1985) and aalP€r and IcGrail
Banks, Dear-bottoE curr€Dta tend
nd tbat tbe ttronger tbe flow, the

an overall average of 1.6 cmlg
the 11 to 18 I ebove-tbe-bottom
sitb Ekuan vcering, wbich

I veering to tbe northeast foreastward flowiag geostropbic currents tbe gknaa botton boundary
layer.  Rezak ct aI .  (1985) offer aI

o f
ng .

e:qllanationa: orographic
cold, dense uater foned during

{ . 8 . 3

to provi.de a first approxinati
the whole texas-Louisiana rbelf,
noatbly Dean geolrctential anonalies 1
nean ternperatures and ralinities for
Sbeir cbarts vitb rtresnlinec tre re
other than June, JuIy, and Augmst, ln
geopotential doninates the shelf. On
cyclonic feature, downcoast f,Iow preva
dor*acoast wind eonponent discuesed abo
(eastuard or northeastwardl along the
ronths, tbere is upcoast flon along n
92.5"rf ,  end a high in geopotent ial  l ies
Although there is a ruggestion of east
the gbelf break, it ig very ueak. Ihe

franework that ig consistent with the

to the prevailing currents over
and Kel ly ( f986b) coDputed

ative to the 70 db) fron rcnthly
data fron tlre GUS III cruises.

uced in Figure 4.43. fn lonths

different fron tbe sitriration during tbe
distinct .Iotr. in geopotential over the
progression of th€ patterns of Eeopoten

region of lo'w
inner-shelf ride of the

s, in agreenent rrith the
. there is a counterflow
lf break. During tbe ruaner
of the inner rhelf to tbout

off the Louigiana eoast.
rd or northeastsard flor along
unmer cituation ia, thus, very
rest of the year vben there is a
outer chelf. tbe ranual
ial anonaly provide ! conceptual
rious aspects of rhelf
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circuration and"f,ydrography that bave been degcribed in the preceding
rections.

1.8.a lurieane Grrrents

cuffeDtt Eenerated by tropical rtor:rs and hurricane3 bave been
obeerved at various locations on the rbelf. Forristarl et al. (1972)
dercribe the effects of lropical stotil Delia in septenber 1973 at the
BuccaDeer platfo:n located ln 20 n of rrater 50 kn touth of calveston.
CurreDts exceeded 2 mls toward the uest-southnest lapproxirnately parallel
to the locar ieobaths) at u u above tbe bottoD. peak currents at 3 u
rbove tbe botton sere 75t of tbose at tbe upper level. During part of
tbe tile, curreDts nere tufficiently large that the totel particle
velocities, Lncluding the occillatory uave notion, n€ver reversed
direction, uhich lneans tbat steady currents uere rtronger tban the
orbital velocitics of tbe highest eaves. Forristall et aI. (1978)
describ€ tbese orbital velocitieg in detail and coEpare thern with
tbeoretically predicted velocities. ltaxilun obeerved horizontal rave
velocitieg at l7 n above the bottoD uere on tbe order of 150 to 200 cn/s.

lropical Storu Debra paased about 20 krl west of the nest
aaekberry DoE/sPR rite lubere tbe sater deptb is 10 D) on 28 Augrust 1978
(Frey ct al., 1981). At 3 D above the botton, naximun current tpeed
reached 77 q/a, and at 1ra above the botton tbey were 57 cn./s.
Burricane Anita, during late Augtust aDd early Septenber L977, noved
u€st-eouthnest asross the culf fron its origin, ebout 250 kn south of the
ltirsiraippi Delta, to landfall, about 250 h eouth of Brownsville.
Deepite tbe distanse of Anita fron tbe central Texas coast, epeeds of up
to 80 snls rere obsenred on tbe iuner abelf (sDith, 1978b, 1980ci ltaresca
a ' 'd  car lgon,  1980) .

At tbe Floner Garden Bauks, Rezak et al. (19851 obser:rred the
effects of tropical stonn Claudette at 50 n and 90 a in 100 n of uater.
They conclude that the passage of a hurricane over the banks elicits a
three-layer response: a direct vind-&iven current down to about the
tberaocline, aB indirectly forced flow extendiog from the the:nocline to
about l0 n of tbe botton, lnd a uear-bottou flow, probably conpensatory
to a large degree to that at the gurface. Strong inertial oscillations
aod 2-day ghelf uaves were also obsented.

Burricane A1icia passed directly over the Bryan ltound DOE/SPR
ri te iu 22 m of uater 1xel ly et al . ,  1984b).  Current Deters uere noored
at aoninal deptbs, i.e., before nooring tilt caused by strong currents,
o f  3 . 5  D  ( c T ) ,  1 0 . 9  D  ( c u ) ,  a n d  2 0 . 1 D  ( c u ) .  F i g i u r e  l . ' t t t  r b o s s  t b e
alougshel,f eonponent of currents !t tbe3e deptha after filtering rith a
3-b lotr-pags filter. the effects of Burricane flicia vere gtlong but
rhort-Iived. Peak currents t ere downcoast and offsbore at all depthg and
occurred betueen 1800 and 2400 h csl on t7 August 1983 vben the eye
passed just east of tbe nooring. Peak values of the alongsbelf conponent
trere 160 cn/B at cT, 125 cn/s at cll, and 100 cn/3 at CU. Current apeeds
dropped to less tban 25 cm/g at all depths by the end of 18 lugust and
beca.me quite seak for several  days. xel ly et aI .  (1984b) also note that
large scale bouogenization of the coastal waters did not occur. Prior to
Eurricane Alicia, on August 15, the rtater colunn at the nooring rtas very
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rtratified. A tbick layer of freaher, varDer eater 130 to 32"f.o and 29
to 30'c) overlay e thinner botton layer of raltier, cooler sater l31./oo
end 25"c1. The water colunn at the location of th€ rooring becene
bonogeneous during tbe hurricane, but on 19 lugust ralinity
rtratification bad returned, rith at top-to-bottou differeace of 5ol.o.
tdvection frorn aearby areaa, relatively unaffected by tbe burricane,
roatored tbe gtratification.

a.8.5 lddv-Sbelf rnteraction

Large (dia:neters greater than 200 kn), atrong lawirl rpeeds
grcater than 50 cnls1 eddiee, both enticyclonic end cyclonic, are
frequently obsenred near the outer or deep part of tbe coutinental elope
in the aortbwestern part of the culf of ltexico, but tbe degree to wbich
tbey influence tlre circulation of the Texas-Iouigiana rhelf and the
continental rlope out to a depth of about 500 n ig little knowa and
poorly understood. Eventg of rtrong persiatent currents on the upper
elope off Louisiana and texas tbat suggest tbe iufluence of eddies have
been reported by offshore industry operationg and recorded by current
aeterg, Ueually, bowever, observatioas of eddieg lack concurrent current
neter and rub-surface bydrographic observations on the rbelf and alope,
and vice y€rsa, naking it inpossible to draw definitive conclusions. For
cxanple, Figure 4.45 rhows a period of persistently eaatrard flow at the
Florer Gardens during ttay 1980, when rrind forcing at the tine sas weak
and variable, the eignature one night c:rpect on tbe nortb cide of on
offcbore auticyclonic eddy. Brooks and l;egeckis (1982) and Brooks (1984)
report tbat in epril 1980 an antieyclone vas centered near 25.5oN, 92"1t,
aud ltg dianeter ras aboqt 250 kn. Eut if it aoved due westward, ite
nortbern periptrery pould bave cxtended only to tbe 500-n isobath, ubich
is rbout 50 kD gouth of tbe Flover Gardens, and ao, r coDnection betueen
tbe eddy end tbe culrents in rigure t1.45 caunot be proved.

Tbe anticyclonic eddieg origiuate in tbe eastern culf trhere tbey
separate from the Loop Current. vukovicb and Crissnan (1985), in a study
of 12 years of satellite infrared data, rboued tbat, after separation,
they follow three characteristic patbs of restward nigration acroEs tbe
western culfs a northern one, a nid-Gulf one, and a 3gutbsestern one.
tlhen an anticyclone follows tbe nortbern path its northern ride brusheg
against the texas-Louisiana elope, and tbe outer edge of its circulation
freguently lies inghore of tlre 2000-n isobatb. Ibe studies during tbe
l{}ts culf of Hexico Physical oceanography Progran: lear 3 (science
epplications International Corgrcration, 1988) observed an eddy that
illugtrates this c!se. Figure 4.46 ehows tbe depth of tbe 8oc
tenperature eurface, based on a uid-July 1985 expendable bathythenograph
(XBl) rurvey, in en anticyclone that had just reparated fron the Loop
Current. (The depth of the 8cC tenperature lurface indicetes the pattern
of the geostrophic flow; deep regions correspond to regions of
anticyclonic circulation, and sballow regioas to cyclonic circulation. l
tbe cddy'a rubsegueDt tDovenGnt was tracked by ratellite infrared iragery,
ARGos drifters and ehip su:rzeys. Figur€ l.{7 rhova that by nid-November
1985 the eddy uas iuterecting with both tbe uesterD end nortbern rlopes
and that leveral snall ccale eyclonic and anticyclonic fcatures rere
located around its periphery. During Decernber 1985 and January 1986
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(ligure {.48},.,tbc cddy loved to I Snritiou egainat tbe sestern
coutineatal rlope, ead itr rbape becane quite rlliptical.

the texar-Louigiana rlope ir broad, and tbe availeblc rvidence
docl uot rerolve tbe quertion of shetber an rnticycloae,c circulation can
rroDatrate inrbore of tbe 500-a irobatb and onto tbe cbelf, or inltead,
lnfluences tbe rhallov regiona indireetly through flosg esrociated sith
tilanentg, dia;nrsion products, entrairuaent around tbe periphery,
crore-sIo1re florr betseen tbe eaticyclone and leeding and trailing
cycloaes, aad otber eecondary lechanisas. Just routh of about 25cN, tbe
Rio Grande rlo1n Barrous to about balf tbe widtb of tbe Texas-Louigiana
rlope. Ecr. ,  rs Figiure { .48 and the regults of El l iot t  (19821, uerrel l
and Vezguez (1983), Brooks (1984) deDonstrate, the peri.neter of an
anticyclone can prees aboreward to the outer edge of tbe ltexican rhelf,
but it ig aot knonn if tbe circul,ation in the upper layer actually laps
onto tbe gbelf.

ID tbe wcaterD GuIf of t{exieo, cyclonic eddieg are frequently
obgerred in ageoeietion with loo5r current anticyclonea lElliott, 1979i
Herrell and ltorrison, 1981; Brooks and Legeckis, 1982; lterrell end
Vazguez, 1983; Brooks, 1984). lbe fo:nation of tbe cyclonic partuer ras
obgenred for the firgt tile during tbe Year 3 phase of tbe lrxs GuIf of
ttexico rbysical ocernography lrogran. ligrures tl.{? and {,{8 ahow tbat
betsceu Novenber 1985 and late .tanuary 1986, the gnall cyclonic feature
ou tbe nortbrest ride of a Loop current anticyclone greatly lntenaified
ag the antlcyelone nigrated onto the continental rlope of the uestern
narEin. !!be cyclone'g diaraeter incrcascd to about 200 b aad it lay
entirely over the continental rlope of routbwest texas between the 200-
and 2000-n icobaths. Tbe Dortheastward flow betuegn tbe pair of
vortiees &er cool, Iov-salinity vater off tbe Texas-llexico continental
rhelf. Both tbis exanple and tbe studiee cited above denonstrate tbat
tbe vortex pair configuration drives a etrong exchange betreen tbe
wegtern rhelf and open Gulf waters. In Pigrures 4.47 and {.48, one can
also tee a pa::tially resolved cyclonic feature on the northeast ride of
the large anticyclone. Southrard flow off tbe texas-Louisiana sbelf is
ruggested, but, rince the slope is ttrice as wide as its uestern
counterpart, the influence of this nechanism on the uorthern ghelf nay be
rnrcb ueaker.

To sumarize, l,oop Current eddies interact strongly with the base
of the continental alope in the ueEtern culf of llexicoi they generate
cyclouic cddies during topograpbic interaction; cyclonic eddies act in
coDcert rith foop Currcnt eddies to draw water on and off tbe ehelf;
otber lateractiong betseen cddier and the continental shelf and upper
rloSn alie ruggested by tbe cxisting data base but nore infonation about
tbe rcbanisDs through shich eddies can influence the ghelf and upper
rlo5n ig needed.

1.8.6 lidal Currante and tnertial ogcillationg

Sbese trro clagses of currents, although dynanically quite
different, ere groqnd together because the period of inertial
oscillation at the latitudes of the Texas-Louisiana shelf is very close
to ttre periods of the diuroal tides, lnd it is difficult to leParate
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Depth of the g€ tenperatre frorn XBT data h late &ruary
1986 h tte same eddy as h Ftgtte
krtemational Corporation 1 988).

Figue 4.48.
Fom: Science Applicatbns



tbeu. 8a::nonic,tida1 eaalyres of current records fron locatioag lround
tbe rbelf, routin.ly yield enplitudca of 1 to I sElr tor tbe R1r 01 and
It2 coDtt i tuentr (Uurray, L976i l rey ct  el . ,  l98l ;  Iel ly et  !1. ,  1983a,b,
l98t0arb, 1985a,b; Rezah rt  eI . ,  1985).  " idal  curroDts ncar tbe rurface
rre oftes larger tban tboee D.ar tbe bottot, ruggesting a baroclinic
tldal cdPoDcnt lnezak rt a1., 1985). lhe ecceutricity orieatatiou and
retr3e of rotation of tldal curreDt cllipsee varicc by location, dcaree of
rtratification, teason rnd deptb. [tbougb tidal currents are reak, they
are rslatively ia1ortant in tbe botton laycr of, tbe inner rhelf rhen
ve*l.cal rtratifj.catioB ir rtroug aad/or sind forcing it seak. tt luch
ti.nee, tidal currGDts play an i.nportant role Ln lixing and advection
(xe l l y  e t  e I . ,  1983b)

Durlts of inertial oecillations laating tron 3 to t0 daya or even
looger appeer in currant Deter recorda rt loBt locetiong on the shelf
( e . 9 . ,  t r e l l y  G t  a l . ,  l 9 8 3 a , b i  B r o o k !  c t  e l . ,  1 9 8 { i  R e z a k  c t  r 1 . ,  1 9 8 5 ) .
Ibe aaxiuun rraplitude of inertial currentg is on the order of 20 to
30 cn/s near the :urface and 10 to 15 cn/s sear tbe bottoD. Tbe
oscillations oecur rnost f,reguently in tbe late rpring and rurDer uonths
uben vertical rtratification ie etrong. An exanple of inertial currents
can b€ leen in Figure t1.33. Daddio ct al. (f9781 analyzed two uonth-Iong
current records, one ln February and one irr xay, frorn the inner rhelf
uest of tbe tligsiasippi River trelta. llrey deuongtrated tbat the vigorous
cloclcnige Dotions obgenred in tbe aear-gurface nixed layer uere locally
uind-induced iaertial notions aad oot diurnal tides. Tbe cloclnrise
eurrcnt oecillations rith diurnal-inertiel freguency eere aseociated sith
Btrong frontal paserg€s and uncorreleted witb tbe tenporal variatioas of
tidal GDergy. A ai.raple rind-driven lodel of tbe lixed layer
ratiefactorily reproduced tbe obsenred oscillations.

4.8.7 shelf  l laveg

Iow-frequency uave uotions, eomonly called continental. ehelf

raves or topographic Rossby raves, can cxiat as a conseguence of

vorticity dlm'-ics and can ;lropagate curreDt patterns and fluctuationg

along ttceP topographic aradients rucb es tbe edge of the continental

chelf,. tlbese uavee depend on the togngrapbie gradients, aot gravity, for

tbeir cxl,stence, ro tbeir Dost visible uanifestations are horizontal

current patterns. tlhey propagate in e direction rucb that challower

water ir on tbe right lnorther:r benispbare), trave periods of a ferr days

to reeks, uave lengftbs of hundreds of kitoneters, and arnplitudes of 5 to

30 cnlg or Dore. ghelf uaves are often excited by ttDosPberic forcing on

eyaoptic seatber-related tine scales, which in tbig rhelf region are

ceverat days to a seek (table {.1}. B€cluse of the long uavelengths of

rbcl,f uaves and the distributcd cffectg of wind forcing, lt is difficult

to rcparate the free, propagating vavGs fron the locally forced resPonse

et a liven location. Evidence of phare propagation ig often

inconclusive or confusing. On the leXas rbelf, tbe phaseg tcnd to be

furtber raudonized by tbe irregrular topography of tbe lbelf cdge'

eapecially Dear rough areas sucb ag the Floljer Garden Banks.

Obgenrations of shelf $ves on the aetra3-Iouisiana cbelf are

Ii*ited. the 3tlong coherence at 3- and 10-day Periods betwees tbe

botton curreDts at iryan Mound tnd tlest BackberrT sites along tbe coast

1 3 1



(Figure 1.35t lay be related to rhelf ra'

pr"i"nt evideoce frou.curr"n: :""::t.t:-"ogg""" 
rhclf ravca uitb lnriodr of 33 b'

ri" 1"" a vavclcagrtb of about 80 }l rsd

but aonally on the order of il cu/l' '

ratellitc tbcnal i'nagca rbow ravelikc

ii t".-torface ilot'bens at tbc rbalf

.l"ot 83 18' rbich fu conrirtent vitb

iicfC ravc sitb a 2dey period' Brooks

rpcctral cobcrcnce rtudies of 
-currcu!:^;

i.gioo" ot iue DoE/sPR gtudies' ln ins

the rurface curreDts oD the gbelf nigbt

circulation in tbe ceatra} region,' rat�

end conplex Pltterns Dear tbe seet and

2 dayr rad I daYe. 'llbe 2-daY

npllindor as large er 15 Ga/c

41.  (19841,  b l  naar  o f

locationr oear tbe rbelf rdge,

llto sot" tbat rarltrca of
(oorborr-offrborel

tbat bavc t savcbugtb ot
revclengtb t.bcY retLartcd for a

.  Eezak ct el .  (1985)

Pl*'er carden aaDkt tbat

tt€rn of rurfacc circulation '

eiro fiad cvideocc of reotsard propaga

to 3 daYa.

rhclf uav.t ritb I Period of 2

a . 9 pAaA GIPS lnD r.tlloRt'�tAltotf trEEDS

the variabilitY about the rean

developed by Gocbrane aod xelly (1986b|

t'eeveral ccllc of,

calle oi circulation rould i"nply nul

across the ridth of tbe ebelf'

tban one large eYcloaic glnre,

t ends of the rbelf. nultiPla
rcEions in rhich there ia flos

tDbe tpatial Pattern of leao circulatio! Gnter tbe rhelf,
aud related to 3be lusf,ase

and itg variability, accds to be degcr

circulation aad by&ographic variabili

lnfor:nation about the exchange betweeu tbe rbelf and

tbe oceanie culf regione ia very li"ri . Ibe inf,luence of rooP current

flushing of fresb water discbarge on to

ocean rater Drsses onto tbe sbe1f, and

largelY unknowrr erceE't io tb:

"o.io"-or tyuoPtic Pictnre of

by cold-air outbreaks, the

rhelf, uPwelling of deePcddieg, the erqlort of uater rnasaeg

oqrr understandiag of tbe effect

the ttiagirsippi-etcbafalaya River sys

data fro! tbe GUs lll cnriges in the

diseharge ras lower tban everage' tbe

chelf, abould be rnapped ritb greater tpa

chelf are irnportant yet relati'vely lored topics fo-r tbig rbelf '
ansport of redinent off tbe

and fate of tbe fresb rater fron

is baged largelY on the ealinitY

1963 to 1955, sben river
tribution of ralinitY on tbe

regolution, both borizoutallY
aornal voluneg of riverand verticallY, duriag a Year rith

discbarge.

the ltructure rnd the dYnardc

zoDes on this ghelf rhould be rtudied

obeerivation and nodeliag, rith a view

rtratification, both borizontal rnd

digtribution and tranaport of, autrients

Tbe rate lt sbicb the concentr

Iocally ln bottotl uatere rlren there ig

unknor*l. All terms in the diffueion
to be studied: local rate-of-change,
and turbulent raixing, both vertical e

havior of the i:rtenre frontal
e conbination of
defining tlre cffect that

cal, bas on tbe nixing,
plankton and Pollutantr-

of digsolved orrYEen changes
rtratif,ication ig

tion for dicgolvcd o:cYgen aeed

vection, Broduction, consuuPtion,
boriaontal.
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