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As show n i n Figure 2 , the VDatu m softwar e (Milbert , 2002) encodes a four-ste p
traversa l pat h alon g a minima l spannin g tree whose node s represen t th e vertica l

datums groupe d int o 3D ellipsoida l datums , orthometri c datums , an d tida l datums : (1 )
transformation s fro m th e 3D ellipsoidal-base d referenc e syste m datum s to the
NAD83 (NSRS2007/CORS96 ) primar y datum ; (2 ) transformatio n betwee n th e

NAD83 (NSRS2007/CORS96 ) primar y 3D referenc e syste m datu m and the NAV D

88 primar y orthometri c datum ; (3) transformation s between NAV D 8 8 and the MS L

primar y tida l datum ; an d (4 ) transformation s betwee n MS L an d the tida l datums .
Conversion s betwee n th e 3D ellipsoida l datum s apply 14-paramete r Helmer t

transformation s whic h ascribe the three-dimensiona l distance , rotation , an d scale
changes . Dat a tha t are referenced t o the NAD2 7 horizonta l datu m are transforme d to

NAD83 (NSRS2007/CORS96) . Th e topograph y o f the sea surfac e (TSS) fo r each
region relate s NAV D 88 and loca l MSL . Th e TSS is generated b y spatiall y

interpolatin g the NAV D 88-to-MSL difference s a t wate r level stations . The NAD8 3
(NSRS2007/CORS96 ) an d NAV D 88 primar y datum s are related directl y by the

user' s selectio n o f the followin g geoid models : GEOID9 9 (Smit h and Roman , 2000,
2001), GEOID03 (Roma n et al. , 2004), or GEOID09 . Mor e informatio n about the 3D

reference fram e and orthometri c datu m transformation s may be foun d o n the VDatu m
project webpage , http://vdatum.noaa.gov .

As ther e are man y differen t type s o f model s an d sources o f data involve d wit h
developmen t o f each VDatu m application , standar d operatin g procedure s (SOP ) wer e

created t o provid e qualit y control an d consistenc y t o the process (Hess, 2007) . For
VDatu m these procedure s fo r developmen t wer e groupe d int o the followin g
categories: (1 ) selectin g th e region o f application , (2 ) creatin g VDatu m files , (3)

placin g VDatu m file s on the Web, (4 ) updatin g existin g VDatu m files , an d (5)
researchin g futur e developments . Creatio n o f the transformatio n file s throug h

modelin g an d dat a analysi s is addressed i n categor y 2 . Standar d operatin g procedure s
for thi s category ar e furthe r broke n dow n int o dat a acquisition , tida l datu m modeling ,

creatio n o f the VDatu m gridde d tida l datu m files , generatio n o f the gridde d
topograph y o f the sea surface , an d qualit y control an d archival . Once a regiona l

applicatio n has been developed , th e SOP also provide s step s t o take in validatin g the
qualit y o f the transformatio n files . Thi s involve s not onl y comparin g th e

transformation s agains t availabl e tida l and geodetic data, bu t also ensurin g tha t the
value s are consisten t wher e differen t VDatu m application s overlap . A mor e detaile d

list of topic s addresse d i n the SO P fo r creatin g VDatu m file s is provide d i n Figur e 3 .
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Figure 2 . Vertica l datu m transformatio n "roadmap" supported i n VDatum .

Transformatio n models/equation s ar e show n by the rectangle s wit h doubl e lines .

As vertica l datum s change over time in regards t o both the dat a and model s used in
thei r determination , the VDatu m team i s evaluatin g how best to incorporat e thes e

changes seamlessl y in it s operations . Data update s tha t need to be reflected i n an

operationa l VDatu m produc t includ e changes o r new addition s of wate r level gauges ,
geodetic benc h marks , and GPS-determine d ellipsoid-base d referenc e heights .

Relativ e sea level chang e need s t o be accounte d fo r throug h update s on the Nationa l
Tidal Datu m Epoch o r to a more frequen t adjustmen t i n areas o f rapid change , suc h as

in the Gul f of Mexico. Update s to each o f the modelin g component s i n VDatu m also
need to be incorporate d i n a systemati c manne r as prescribed i n the SOP .

While the SOP has procedures for providin g qualit y control o f the transformations ,
there stil l i s uncertaint y in these values . Therefore, th e VDatu m team has develope d

the firs t phas e of an approach fo r evaluatin g this uncertaint y for each o f the availabl e
VDatu m regiona l applications . Sources of uncertaint y were evaluate d for each o f the

component s show n in Figure 2 . For thi s evaluation , the standar d deviatio n is the
primar y statistica l variabl e used to quantif y th e rando m uncertaint y in both th e source

data used t o establis h the vertica l datum s and of the transformation s (doubl e boxe d
rectangle s i n Figure 2 ) betwee n them .
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Figure 3. Standar d operatin g procedures itemize d fo r creatin g VDatu m files .
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For the tida l datu m transformations , the modele d result s are corrected to match th e

tida l datum s derive d fro m observation s located withi n the tide model domain .
However , ther e ma y be som e station s tha t are not include d in thi s correction process ,

as they ma y be located outsid e of the model domain . A t station s where the model ha s
been corrected , errors i n the tida l datum s shoul d be equivalen t to errors i n computin g

the datum s fro m observations . A t location s awa y fro m thos e NOA A observation s

used i n the correction s t o the tida l datu m fields , it is more difficul t t o determin e
errors. Thes e errors ar e affecte d b y a variet y of factors , includin g variation s in the

tida l range, tida l phas e differences , bathymetri c and coastal features , th e densit y and
proximit y of nearb y station s used in th e corrections , an d more. NOA A i s currentl y

investigatin g bette r approximation s o f these spatiall y varyin g errors. Thes e method s
includ e selective remova l of dat a to determin e th e sensitivit y of the corrected field s

and variou s spatia l interpolatio n methods tha t are guided b y the result s of the
underlyin g hydrodynami c model o f the tides .

To best approximat e the tida l datu m transformatio n uncertaintie s at the presen t time ,

though , the preferre d approac h i s to comput e th e standar d deviation s of the

difference s betwee n th e tida l datum s compute d fro m the uncorrecte d mode l an d fro m
the observations . Statistic s o n these error s ca n provid e the use r wit h a sense fo r wha t

the errors coul d potentiall y be at location s awa y fro m the stations . I t is importan t to
keep i n min d that larger model-dat a error s i n any coasta l domai n are mor e likel y to be

seen i n upstrea m rive r environments , marshes , an d areas wher e th e tides ma y chang e
more rapidly .

Uncertaint y estimate s fo r each o f the VDatu m region s a s wel l as furthe r detail s on th e

uncertaint y analysi s fo r the othe r VDatu m transformation s and sourc e dat a ma y be

foun d i n the report availabl e fro m the followin g VDatu m webpage :
http://vdatum.noaa.g o v/docs/est_uncertainties.html .

VDatum and the Community Modeling Framework

The tid e modelin g product s an d work associate d wit h VDatu m ar e considere d

communit y tools b y the VDatu m team. Whe n a  regional tid e modelin g projec t fo r
VDatu m is complete d an d the associate d wor k ha s been analyze d and documented ,

the modelin g wor k an d expertis e i s made availabl e to other communit y modelin g
efforts . A n exampl e o f thi s has been makin g the grids develope d fo r the tid e model s

availabl e to be used i n other modelin g efforts . Throug h NOAA' s Coasta l Storm s

Program, a n effor t i s underwa y to develo p a n unstructure d grid catalo g (UGC ) tha t
would serv e a s a publi c repository to/fro m whic h users coul d submit/downloa d

unstructure d grids fo r hydrodynami c modelin g purposes .

The UG C wil l firs t b e develope d fo r grids i n the Gul f of Mexic o region . Th e visio n
for th e UG C i n the futur e i s one tha t wil l evolv e int o a nationwid e tool an d coul d

potentiall y includ e structure d grid s as well . Unstructure d grid s hav e been develope d
in th e Gul f of Mexic o fo r a  variet y of hydrodynami c modelin g application s by
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differen t agencies , fo r differen t mandates , a t differen t scales . Onc e a model stud y is
complete, ther e ha s traditionall y been n o centra l mechanis m throug h whic h the grid s

and associate d projec t metadat a coul d be catalogue d an d potentiall y archived .
Considerin g the amoun t of work tha t can go int o creatin g high qualit y grids, thes e ar e

valuabl e resources fo r the followin g reasons: (1 ) it is usefu l fo r communitie s and
other modeler s to kno w wha t has been develope d i n a given area an d for wha t

purpose ; (2 ) shared grid resource s ca n hel p reduce redundanc y in developmen t of

new mode l applications ; (3) the grids ma y be used and/o r modifie d to addres s
differen t purpose s tha n how th e gri d was use d fo r it s origina l intent ; (4) an

unstructure d gri d catalog pushe s forwar d the concept tha t model input s and metadat a
are an importan t regiona l and nationa l asset fo r identifyin g stor m surg e ris k an d

protection o f lif e an d property .

The UGC i s therefor e intende d to provid e modelers , coasta l managers , and fundin g
agencies wit h a mechanis m for the sharin g of grids an d informatio n about projects t o

help identif y modelin g gap s an d redundancies . A worksho p was held in March 2009
to assess th e communit y interest in the UGC an d lear n wha t types of requirement s

woul d hel p mak e thi s a successfu l project . A  summar y paper o f the worksho p

finding s i s bein g circulate d t o communit y groups fo r review , and developmen t o f the
UGC i s commencin g so as to be publicl y availabl e in 2010. Whil e initia l populatio n
of the UGC wil l most likel y be fro m modelin g group s (suc h as the VDatu m program )

from federa l agencies , th e goal i s to encourag e communit y participatio n fro m

federal/state/loca l governments , academia , an d the privat e sector .

The VDatu m progra m ha s als o been activ e in communit y effort s aimed a t developin g
consistenc y in approache s t o accuratel y referencin g dat a and projects t o vertica l
datums . An exampl e of this participatio n has been coordinatio n wit h the U.S. Arm y

Corps of Engineers ' nationa l effor t t o updat e al l project s t o vertica l datum s consisten t
with NOAA' s definitions . A Comprehensiv e Evaluatio n of Project Datum s (CEPD)

progra m wa s led by the USAG E to provid e trainin g and guidanc e t o thei r district s
through a  collaborativ e effor t wit h NOAA . Result s from the CEPD were furthe r

incorporate d int o the USAGE Action s for Change progra m t o implemen t a
nationwid e datu m and subsidenc e standar d methodolog y fo r the Corps, initiat e and

populat e a database , provid e and updat e guidanc e manual s containin g reference s
to elevation s and datums , develop a  certificatio n process and provid e trainin g

to reach certification , and develo p a  standar d methodolog y fo r updatin g geodeti c an d
water leve l informatio n withi n projects. Thi s interagenc y collaboratio n is a critica l

step toward s consisten t vertica l referencin g of data, project s an d models tha t will

improv e the communit y effor t o f standardizin g methodolog y an d lead to fewe r error s
associated wit h vertica l referencin g procedures.

Conclusion

The VDatu m progra m involve s inpu t component s fro m differen t source s o f dat a and

models, an d coordinatio n of expertis e fro m oceanography , geodesy , an d
hydrodynami c modelin g is require d t o develo p a methodolog y fo r creatin g an d
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updatin g VDatu m applications . Standar d operatin g procedure s hav e therefor e bee n
developed t o hel p guid e thi s developmen t an d operationa l maintenance . One of the

component s tha t the VDatu m SOP addresse s i s the developmen t o f tide modelin g
application s i n the computatio n o f spatiall y varyin g tidal datums . Tide model s ar e

primaril y develope d usin g the ADCIR C hydrodynami c mode l wit h hig h resolutio n
grids in coasta l an d estuarin e U.S . waters . Onc e a  model i s completed , validated , and

adjusted , i t is then transferre d int o operation s withi n the VDatu m software . Th e

VDatu m tea m encourage s practice s tha t suppor t th e legacy o f thes e modelin g
application s throug h th e communit y framework . Throug h NOAA' s Coasta l Storm s

Program, a communit y too l t o share th e unstructure d grids i s underwa y i n the Gul f of
Mexico . Thi s unstructure d gri d catalo g i s intende d to facilitat e communit y

participatio n an d is designed t o evolv e int o a nationwid e tool. Simila r communit y
practices ar e bein g followe d i n sharin g expertis e an d methodologie s relatin g to

vertica l datu m computation s an d transformations , a s exemplifie d b y collaboratio n
with agencie s suc h a s the U.S. Arm y Corps o f Engineers . Workin g toward s thi s

communit y framewor k wil l continu e so as to encourag e efficienc y toward s scientifi c
advancemen t an d disseminatio n o f the product s o f tha t scienc e t o the public .
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Barotropi c Tides an d Tidal Datum s in Florid a Coasta l Water s

Zizang Yang 1 '2 and Richar d Patchen 1

The presen t stud y simulate s barotropi c tide s an d current s i n th e Florid a (FL ) coasta l

waters an d th e Strait s o f Florid a (SFL ) usin g a high-resolution , two-dimensiona l versio n

of th e Advance d Circulatio n mode l (ADCIR C -2DDI) . Th e mode l domai n span s fro m

eastern Gul f o f Mexic o (GOM ) acros s th e SF L t o th e entir e Souther n Atlanti c Bigh t

(SAB) . Th e finite-elemen t model gri d consist s o f 353,718 nodes an d 622,367 triangula r

elements , wit h a resolutio n rangin g from 1 6 m to 41 km . A  finel y resolve d spatia l mode l

resolutio n i s a n importan t facto r t o ensur e realisti c reproduction s o f tida l an d curren t

fields .

The field s o f tida l harmonics , curren t ellipses , tida l datums , energy fluxes , and the botto m

frictio n dissipatio n rate s ar e derived fro m the modele d wate r level an d curren t time series .

The result s indicat e favorabl e model-dat a agreement . I n additio n to reproducin g tida l and

curren t fields , this stud y focuse s o n examinin g the tida l dynamic s and energetic s ove r th e

SFL an d it s adjacen t waters . Thi s stud y reveal s a n amphidromi c poin t o f th e principl e

solar constituen t (Ki ) centere d aroun d th e Bimin i Island . I t i s locate d offshor e th e

southeas t Flori d Shelf ; it s formatio n is attribute d to superpositio n o f tide s propagatin g i n

opposite directions .

This stud y identifie s that energ y i n th e SF L originate s fro m th e SAB . Th e energ y flu x i s

attribute d predominantl y t o th e principl e luna r semidiurna l constituen t (Ma) . I t

propagate s int o the Strait s throug h thre e pathways : alon g the eas t FL shel f (EPS); a deep

channel betwee n island s i n th e norther n Bahamas ; an d th e northeas t coas t o f Cuba .

Across th e Strait s th e energ y flu x progresse s fro m eas t t o west . Onc e int o th e easter n

GOM, i t turn s rapidl y t o a  northwar d direction , the n finall y turnin g eastwar d ont o th e

west FL shelf (WFS) .

The shallow , nearshor e region s displa y th e stronges t energ y dissipatio n rate o f the entir e

domain . Th e area s o f les s tha n 1 0 m  wate r dept h dissipate s abou t 5  G W energy ,

accountin g for over 75 percent o f the tota l tida l energy los s ove r the entir e model domain .

Of th e res t 2 5 percen t energ y loss , water s betwee n 10-5 0 m depth s mak e 24 percen t an d

even deepe r water s caus e the remainin g 1  percent.

1. Introduction

Florid a coasta l water s consis t o f three geographica l region s of distinctiv e tidal dynami c
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features : th e WF S alon g th e northeas t coas t o f th e GOM ; th e SF L i n th e south ; and th e
EPS i n th e eas t (Figur e 1) . Eac h regio n exhibit s distinctiv e bathymetri c an d coastlin e

features . Th e WF S i s broa d an d gentl y sloped ; i t span s ove r 50 0 k m i n th e along-shor e
directio n fro m th e Bi g Ben d (BB ) to the Florid a Ba y (FB) an d 30 0 km in the across shel f

direction . Th e isobath s i n the area ar e aligned wit h local shorelines .

In contrast , th e EPS ha s a  limite d shel f extension , wit h a n averag e breadt h les s tha n 5 0

km. Th e shel f floo r display s an upsid e dow n triangula r shape: bein g a s wid e a s 200 k m
in it s norther n end i n th e middl e SA B an d graduall y narro w dow n t o nearl y immediatel y

huggin g th e coas t i n th e south . I t ha s a  smoot h coastlin e withou t immens e embayment s
or roug h bends . Th e SF L connect s th e GOM an d th e Atlanti c Ocean, oriente d in a  zona l

direction . I t extend s abou t 250 km i n the meridiona l directio n an d i s bordered by th e F L
keys in th e nort h and the Cub a coast in the south .

Due t o particula r geographica l location s an d bathymetri c an d coasta l lin e features , th e

three areas demonstrat e distinctiv e tidal characteristics . A s a  continuu m of th e SAB , th e
EPS belong s t o th e SA B tida l regim e (Blanto n e t al. , 2004) . Th e M 2 constituen t

dominate s th e tid e i n th e area . Bot h semidiurna l and diurna l tides propagat e southwar d

parallel t o th e shorelin e i n a  Kelvi n wave-lik e manne r wit h greate r amplitude s o n th e
right-han d (shoreward ) side . Alon g th e shelf , th e M a amplitud e reduces monotonicall y

from 1  m i n th e centra l SA B t o less tha n 0. 3 m  ove r th e souther n Shelf , wherea s th e K I
amplitud e reduce s fro m 0.1 5 m  t o les s tha n 0.05 m . Whil e th e tida l dynamic s i n th e

broad SA B has been studie d comprehensivel y (Blanto n et al., 2004), man y aspect s o f the
tida l dynamic s in th e souther n EPS , suc h a s impact s o f th e Bahama s o n th e loca l tide s
and tida l energy fluxes , remain unclear .

Over th e WFL , th e semidiurna l constituent s exhibi t spatia l variability , wherea s th e
diurna l constituent s appear t o b e rathe r unifor m (He an d Weisberg , 2002) . Th e forme r

approache s th e coas t i n direction s norma l t o loca l isobaths . I t display s considerabl e

spatia l variability , with nearl y 1- m tide s i n th e B B an d southwes t o f th e Pavillio n Keys .
In contrast , th e diurna l tide s propagat e fro m southeas t t o northwes t paralle l t o loca l

isobaths wit h nearl y constan t amplitudes . I t is noted tha t the fines t mode l gri d resolutio n
in pas t studie s ar e 2- 6 k m (H e an d Weisberg , 2002) , whic h i s insufficien t t o resolv e th e

fine coastlin e lin e feature s an d prohibit s accurat e reproductio n o f the tida l field s (Blanto n
et al. , 2004) . T o overcom e th e shortcoming , model s wit h highe r spatia l resolutio n ar e

needed.

Evidently , th e SF L represent s a  transitio n regio n betwee n th e nort h Atlanti c an d th e

GOM an d play s a  crucia l rol e i n connectin g th e EPS an d WF S tida l regimes . However ,
its tida l dynamic s are muc h less studied compare d wit h the WFS an d EPS cases. The tida l

atlas b y Muka i e t al. , (2002) indicate s tha t th e M 2 amplitud e reduce s fro m 0. 2 m  i n th e
east t o 0.1 m  i n west , wherea s th e K I tid e remain s nearl y unchanged . It s tida l dynamic s

must experienc e heav y impact s fro m bot h tida l regimes . Howeve r th e influenc e on an d
its rol e in associatin g the EPS an d WF L regime s remai n unclear . Question s suc h a s ho w

the tida l energy i s transferre d throug h the Strait s raise needs for detaile d investigations .
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