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Abstract

A comparison of two global bathymetric data sets (2' resolution) has
been carried out to determine which of the two data sets are most ap-
propriate for application with the spectral wave model (WAVEWATCH
[11). The comparisonhasbeenlimited to bathymetric depths that are im-
portant for short wave transformations. Bathymetric data from seweral
di erent sourceshave beenusedto validate the two di erent global data
sets. The comparisonshave beenlimited to areaswhere other sourcesof
bathymetric data were available, namely, the United States coastalregion,
the Bahamasand the French Polynesianislandsin the South Pacic. In
generalthe ETOPO2 data set compared better over the shelf, while the
DBDB2 data set represeried the coastlines much better. Di erences be-
tween ETOPO2 and DBDB2 were also seenin the shelf regions of other
parts of the world, but in the absenceof any independert bathymetry
data, no conclusionson which of the two data sets better represen the
bathymetry for these regions have beenmade. Since coastal bathymetry
signi cantly impacts wave transformations, it is recommendedto usethe
ETOPO?2 data set for wave propagation applications.
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1 Intro duction

Dewelopinga grid for WAVEWATCH 111 a spectral wave model (Tolman, 2002)

for a speci ¢ region can be a daunting task, particularly if unresoled coastal
featuresare represeted by sub-grid scaleobstructions. With the dewelopmen of
the multi-grid nestedversionof the WAVEWATCH |11 model (Tolman, 2006)an
application of the model may require deweloping a number of consisten grids at
di erent resolutions. Howewer, many of the operations required in dewloping a
computational grid can be automated. Our aim is to dewlop an automated grid
generation packagethat can be usedto generatethe computational grid of the
desiredresolution, as well as an unresohed land massobstruction grid. The de-
velopmen of this software padkagewill be documerted in a separatemanuscript.

As a rst step towards designingan automated grid generationpadage for
WAVEWATCH 111, we needa high resolution base bathymetric data set from
which the computational grids can be derived. The requiremerts for this set
are that it should cover the ertire globe (for deweloping global aswell asregional
grids), be accuratein areaswherethe wavescanfeelthe bottom (typically depths
lessthan 300m), and depict the coastlinesaccurately Topograpty information is
only important for applicationswith wave inundation, and eventhen the regionof
interestis rarely greaterthan 20mabove MSL (meansealevel). Marks and Smith
(2006) carried out a comparisonof six publicly available global grids using the
Woodlark basin (North East of Australia) asthe bendmark test case.However,
the water depthsin this regionweretoo deepfor bathymetric di erencesto havea
major impact for wave applications. Furthermore, for the regionthey considered
the comparisonessetially reducedto grids that werederived from the Smith and
Sandwvell (1997)data setvsthosethat werenot. Sincethe two global bathymetric
setsthat we are interestedin usethe Smith and Sandwell (1997) data setin this
region, the conclusionsfrom their study do not apply for the applications that
we are interestedin.

In this report we comparetwo global bathymetry/top ography data setsto
determinewhich oneof the two (or a combination of the two) would bestsene as
a basereferencegrid for deweloping computational grids for WAVEWATCH I11.
The bathymetric comparisonshave beendonekeepingwave applicationsin mind
and have thus beenlimited to depthsbetween20 m above and 500m below MSL.
Particular attention is also placedon proper represetation of large scaleshoals
and canyonswhich can have strong impacts on wave refraction processesas well
asswell blocking island chainswhich play a very crucial role in sub-grid level wave
obstruction. The focusof our study is in the coastalregionsof United Statesas
well as the island chains of Frencdh Polynesia(in the Paci c) and Bahamas(in
the Atlantic).
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2 Global Grids and Reference data sets

Two separatebaseglobal grids are comparedin this report  Naval Researb
Laboratory's Digital Bathymetry Data Base 2-minute resolution v 3.0 (NRL
DBDB2 , NRL 2006) and National Geoplysical Data Certer's 2-minute global
relief data (ETOPO2 , NGDC 2006a). Both data setscorntain bathymetric and
topographic information for the globe on a 2 minute grid resolution. Detailed
information about the sourceof the two data setscanbe found in their respective
websitesand will not be reproducedhere. The two data setshave beendewloped
independerly though they sharesomeof the samedata sourcessud as Smith
and Sandwell (1997), Jakobssonet al. (2005) and NGDC (2006c).

To comparethesetwo data setswe have obtained independert bathymetric
data from sewral sources. The National Data Buoy Center (NDBC) provides
bathymetric information at the locations whereit deploys obsenational buoys.
A signi cant number of thesebuoys are deployedin the cortinental shelfalongthe
US coastlinewherethe water depth is shallov enoughto in uence wave propaga-
tion. The advantage of usingthe data is that it helpsusto comparebathymetric
information at the locations where wave data are available for wave model vali-
dation aswell. The disadwantage is that it doesnot provide us with any spatial
bathymetric information. Spatial bathymetric information for the US coastlines
are obtained from se\eral di erent sources.The rst is NGDC's Coastal Relief
Model NGDC (2006b). This model provides bathymetric information on a 3-
secresolution and is basedon bathymetry data obtained from seeral di erent
sources.More detailed information can be obtained from the website. The sec-
ond sourceis unpublishedbathymetric data obtained from the NOAA Center for
Tsunami Researh at the Paci ¢ Marine and EngineeringLaboratory. The certer
dewelopshigh resolution bathymetric grids primarily for tsunami modelsand has
provided thesegrids for us to comparewith the global grids. Bathymetric data
for the Bahamasin the form of digitized cortour shape les have beenobtained
from the International Bathymetric Chart of the Caribbean Seaand the Gulf
of Mexico (IBCCA). We have also received hydrographic data for the Frenc
Polynesianislands from Dr. Fabrice Ardhuin at the ServiceHydrographique et
Oceanographiquede la Marine (SHOM). Finally, we useon line digital naviga-
tional charts from NOAA as a secondarysourcefor verifying bathymetry.

Apart from the bathymetric data a global self-consisten hierarchical high-
resolutionshoreline(GSHHS ) database(Wesselnd Smith, 1996)hasbeenused
to compare how well the coastal boundariesare represeted in the two global
grids. This is particularly important for represeting many of the islandsin the
Paci c and Atlantic Oceans.
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3 Validation

A thorough validation of thesetwo data setsis beyond the scope of this report,
and the validation study is limited to the currernt regionsof interest for WAVE-
WATCH Il namely, the United States coastalregion (including Hawaii and
Alaska), the Caribbeanislandsin the Atlantic Oceanand the Frendh Polynesian
islandsin the Pacic. The latter areais of interest to NCEP asit blocks wave
propagation from the SouthernPaci ¢ to the US west coastselectiely.

3.1 NDBC Buoys

Bathymetric data from the moored NDBC buoys and the two global grids are
comparedin Fig 3.1. The top gure shaws the bathymetry from three di erent
sourcesand the bottom plot shows the correspnding error percertage. The
buoys are moored at seeral di erent locationsalongthe US Westand East coast
and only those buoys have beenusedwhich are in shallov waters (with a few
exceptions). The error percenage indicates that overall the DBDB2 data set
doesa better job at the buoys, and someof the highest perceriage errors occur
in shallov water depths, which is to be expected. Fig 3.2 plots the bathymetry
errors basedon the buoy locations. Overall the two grids seemto do well along
the US East Coast (with one exception). The Alaskan coastline,US West Coast
and the US Gulf coastshav someerrors which will be looked at in greater detalil
in the following sections.

3.2 Hawaiian Islands

Bathymetric comparisonsaround the islands of Hawaii was done using the 3 sec
coastal relief model as the ground truth. Major di erences between ETOPO2
and the DBDB2 grids were found around the island of Molokai (seeFig 3.3).
Also plotted in the gures are the coastlinesfrom the correspnding grids as
well asthe coastlinefrom the GSHHS databaseto comparehow well the global
grids represen the coastalfeatures. While ETOPO2 shaws a shallov ridge to the
south-west of Molokai and the deeper channelbetweenthe islandsof Molokai and
Maui, thesefeaturesare absen in the DBDB2 bathymetry. The featuresare also
presen in the high resolution grid and correspnd very well with the ETOPO2
grid. Sinceboth the ETOPO2 bathymetry and the high resolution CRM data
are obtained from the National Geoplysical Data Certer, there wassomeconcern
that someinherert biasesmay have crept into both thesebathymetric data sets.
As an independen data source, we also used the NOAA navigational charts
(Fig 3.4). The featuresseenin the ETOPO2 and CRM bathymetry are also
seenin the navigational charts (referredto as Penguin Bank and Pailolo Channel
respectively) with similar bathymetric values (bathymetry data in the NOAA
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Fig. 3.1: Bathymetric comparisonsat the NDBC Buoys
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charts is given in fathoms). This increasesour con dence in the validity of the
ETOPO2 bathymetry for this region. The signi cant bathymetric di erencesin
theseshallowv waterswill have a signi cant impact on the shoalingand refraction
characteristics of the waves. Thus around the islandsof Hawaii, DBDB2 is not a
very suitable choiceto represen the bathymetry.

3.3 Alaska

The Alaskan coastal region was the other area where signi cant di erences be-
tweenthe ETOPO2 and DBDB2 data wasfound. The CRM data did not extend
this far north and we have relied on high resolution grids provided by the NOAA
Center for Tsunami Researb at the Paci ¢ Marine and EngineeringLaboratory
(PMEL) for validation purposes. Theseare unpublished grids that were deel-
oped primarily for tsunami inundation studies. They are available for two parts
of Alaska  South certral Alaska that includesKodiak island and South eastern
Alaska around Juneau.

Bathymetric comparisondor South Certral Alaska is shavn in Fig 3.5. There
aretwo regionswith prominert di erencesbetweenthe two global grids. The rst
is the areato the south of Kodiak island (the big island around57 N and 154 W)
where both ETOPO2 and tsunami grids indicate the presenceof shallov banks
which is absert in the DBDB2 grid. The secondregionis to the north of the island
nearthe ertrance of the Cook inlet. Again both ETOPO2 and the tsunami grids
showv very similar bathymetric featuresthat are di erent from the onesseenin
the DBDB2 grid. In both the ETOPO2 and the tsunami grids the deeper channel
extendsfurther closerto the ertrance to the Cook inlet than in the DBDB2 grid
after which the depth reducesmore than in the DBDB2 grid. Again, sinceour
validation tsunami grid is unpublisheddata we turned to the NOAA navigational
charts for a secondvalidation. Fig 3.6 shovs imagesfrom the NOAA charts. The
charts con rm the existenceof the banks along the southern coast of Kodiak
island (referred to as the Albatross and Portlock banks) as well as the deeper
channel further up into the ertrance to the Cook inlet. Thus, increasingour
con dencein the tsunami grid. The signi cant bathymetric di erencesin these
shallowv waters is again a causefor concernas they will have a signi cant e ect
on refraction processes.

Fig 3.7 compareshe bathymetric information betweenthe two global grids for
South EasternAlaska. This is the other areain Alaska wherethere are signi cant
di erencesbetweenthe ETOPO2 and DBDB2 grids. Just likein the caseof South
Certral Alaska, the tsunami grid represetation correspndswith the ETOPO2
grid represetation. The two major areasof di erencesarein the Chattam Strait
(the narrow long straight channelaround 56 N and 134 W) and the cortinental
shelfto the North. Onceagainthe NOAA nautical charts con rmed ( gure not
showvn here) that the Chattam Strait channelis too shallowv in the DBDB2 grid.
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(a) Molokai  Oahu region (b) Molokai  Maui region

Fig. 3.4: NOAA navigational charts around the island of Molokai shaving
the existenceof both the PenguinBank and the Pailolo Channel(bathy-
metric valuesare given in fathoms)

This is not critical to wave modeling as the Strait is not expected to play a
very crucial role in wave propagation. But the ertrance to the Strait aswell as
the Corntinental Shelfto the north are expectedto play important rolesin wave
processesand we are better sened by usingthe ETOPO2 grid in this region.

From an analysisof thesetwo regionsof Alaska it seemshat ETOPO2 does
a better job in represeting the Alaskan bathymetry than DBDB2. Both do a
reasonablgob in represeting the shorelineinformation.

3.4 US Pacic North west

From the comparisonswith NDBC buoys (Fig 3.1) the other regionsalong the
US coastline where there are bathymetric di erences are the Paci ¢ Northwest
coastline, along the California coast, and isolated spots along the Gulf coast
and the US East coast. Of theseonly the Pacic Northwest region shows any
signi cant spatial features. CRM data for this regionis available and is usedas
referencedata for validation.

Figs 3.8 shaws the bathymetric information for the di erent grids. Unlike the
examplesin Hawaii and Alaska, it is not clearwhich is the better grid here. While
ETOPO2 comparesbetter than DBDB2 in the southern part (around 45 N) it
faresworsein the northern part (around 47 N). Also there are a number of holes
and shoalsin the Continental Shelffor the ETOPO2 grid that are not seenin the
referencegrid. In cortrast the DBDB2 bathymetric data (with one exception)
is fairly clean over the Cortinental Shelf. The coastal featuresat the entrance
to the harbors and estuariesare also much better represeted by DBDB2 and
will play an important role in local scalewave modeling (though not so much in
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(a) ETOPO2 Bathymetry (b) DBDB2 Bathymetry

(c) Bathymetry dier ence (ETOPO2 - (d) PMEL Tsunami grid
DBDB2)

Fig. 3.5: Bathymetric comparisonsbetweenETOPO2 and DBDB2 around
South Certral Alaska (seecaption for Fig 3.3 for detailed explanation).
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(a) Kodiak Island (b) Cook Inlet

Fig. 3.6: Nautical charts for the region around Kodiak island and the en-
trance to Cook inlet (depth valuesare in fathoms)

larger scalemodeling as wave propagationinto local harbors and estuariesis not
of vital importance).

3.5 Islands

The ability to accurately represeh smaller scalecoastal featuresbecomesmore
important with islandsin the swell propagation direction asthey can e ectively
block oceanswells (Tolman, 2003). With that in mind comparisonsbetweenthe
two global grids have alsobeendonefor the Bahamasin the Atlantic Oceanand
the French Polynesianisland chains of Marquesasand Tuamotu in the Pacic
Ocean.

In the Caribbean the main di erence between the ETOPO2 and DBDB2
bathymetries was in a region called the Greater Bahama Bank, which extends
betweenCubaandthe Bahamaisland chain to the Northwest (Fig 3.9). While the
ETOPO2 grid shavs regionswith fairly deepwater inside the bank, the DBDB2
grid shaws the bathymetry to be relatively shallov in the whole bank. Digital
contour plots (obtained from the IBCCA) shaw the bankto be relatively shallow,
in line with the obsenationsin the DBDB2 grid (Fig 3.10). For most larger scale
processeshesedi erencesin bathymetry would not be important as most of the
wave action would be blocked by the outer Bahamaisland chains. Howewer, for
studieswheredetailed wave propagationthrough the Bahamasis important then
the DBDB2 grid should be used. Comparing the coastlineinformation with the
GSHHSdata baseit is very obviousthat DBDB2 doesa better job in represeting
the di erent island chains than ETOPO2, which either badly misrepresets the
islandsor ertirely missesthem.

In the Paci ¢ Ocean,bathymetric comparisonshave beendonefor the French

12



(a) ETOPO2 Bathymetry (b) DBDB2 Bathymetry

(c) Bathymetry dier ence (ETOPO2 - (d) PMEL Tsunami grid
DBDB2)

Fig. 3.7 : Bathymetric comparisonsbetweenETOPO2 and DBDB2 around
South East Alaska (seecaption for Fig 3.3 for detailed explanation).
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(a) ETOPO2 Bathymetry (b) DBDB2 Bathymetry

(c) Bathymetry dier ene (ETOPO2 - (d) Coastal Relief Model
DBDB2)

Fig. 3.8: Bathymetric di erences betweenthe ETOPO2 and DBDB2 grid
around the Paci ¢ Northwest
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(a) ETOPO2 Bathymetry (b) DBDB2 Bathymetry

(c) Bathymetry dier ene (ETOPO2 -
DBDB2)

Fig. 3.9: Bathymetric di erences betweenETOPO2 and DBDB2 in the Ba-
hamas. Biggestdi erence seenn the Greater BahamaBank betweenthe
island of Cuba in the South West corner of ead paneland the Bahama
island chain to the North West.

15



Fig. 3.10: Digital contour plot of the Greater BahamasBank from the In-
ternational Bathymetric Chart of the Caribbean Seaand the Gulf of
Mexico

Polynesianisland chains of Marquesasand Tuamotu (Figs 3.11and 3.12). Val-

idation data was made available to us from Dr. Fabrice Ardhuin at the Service
Hydrographique et Oceanographiquede la Marine (SHOM). Most of the water

depth in this region is fairly deepto have any major impact on wave trans-

formation, and considerableregionsof shallov water are not represeted in the

validation data set. From the limited available data setwe can seethat ETOPO2

doesa better job in represeting the bathymetry than DBDB2 in both the cases.
Howewer, when it comesto represeting the islands (from the coastline data),

DBDB2 data set doesa much better job. The Frendh Polynesianisland chains
act as e ective barriers for swell propagation and hencea proper represetation

of the islandsis important. In this respect we nd that DBDB2 works better

than ETOPO2, which is unable to represeh most of the island chains, particu-

larly for Tuamotu. Howewer, even though DBDB2 works better, it still cannot
represen the island chain of Tuamotu very well, which is crucial to accurately
represen wave obstruction e ects. Added to that DBDB2 is unableto reproduce
someof the shelesseenaround the island chains. Thus, if the GSHHSdatabase
is directly usedto represen the coastalboundariesit would be better to rely on

the ETOPOZ2 grid to determinethe bathymetry for this region.
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(a) ETOPO2 Bathymetry (b) DBDB2 Bathymetry

(c) Bathymetry dier ence (ETOPO2 - (d) SHOM Data
DBDB?2)

Fig. 3.11: Bathymetry comparisonfor the French Polynesianisland chain of
Marquesas
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(a) ETOPO2 Bathymetry (b) DBDB2 Bathymetry

(c) Bathymetry dier ence (ETOPO2 - (d) SHOM Data
DBDB?2)

Fig. 3.12: Bathymetry comparisonfor the French Polynesianisland chain of
Tuamotu
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4 Conclusions

Two global bathymetric sets(ETOPO2 and DBDB2) werecomparedand veri ed

with high resolution bathymetric data setsin selectregionsto determinewhich of
the two bathymetric setsshould be usedas a basehigh resolution global grid for
the automatedgrid generationsoftware that is being designedor WAVEWATCH

[11. The criteria usedfor determining good bathymetric data setsare that they
provide an accurate represemation of shallov waters (depths lessthan 500 m)

and coastalfeatures. This study is not meart to be a thorough cataloging of the
di erences in the two bathymetric models, and is limited to our currernt regions
of interest for WAVEWATCH III.

Bathymetry comparisonsvere madeusing depth information from the NDBC
buoys and high resolution bathymetric information whereer available. Overall
there were considerabledi erences betweenthe DBDB2 and ETOPO2 data sets.
DBDB2 doesa better job of represeting the coastline information, which plays
an important role in deweloping an accuratesub-grid obstruction data set. Com-
parisonswith NDBC buoy data indicate that the DBDB2 data sets have less
errors than the ETOPO2 data sets, howewer, comparisonswith high resolution
bathymetry data in Hawaii and Alaska shav that the DBDB2 data set clearly
missessomeimportant featuresover the shelfthat can be critical for local wave
modeling. This seeminginconsistencycan be explained by the fact that the
highest percentage errors at the buoy locations occur in buoys closeto the coast
(shallower waters), wheredue to a much better coastlinerepresetation DBDB2
performs better. But on the shelfit clearly seemsto miss someimportant fea-
tures. From coastline comparisonswith the GSHHS databaseit is clear that
DBDB2 provides a much better represetation of the coastline, but even that
fails for the smallerisland chains of Tuamotu.

Basedon the comparisonsdone in this study it seemsthat ETOPO2 pro-
vides better bathymetric information on the shelf while DBDB2 provides bet-
ter information about the coastline. This howewer cannot be a generalconclu-
sion on thesetwo sets as the region studied was very limited in scope. Di er-
encesbetweenthe two data setshave also beenobsened (but not shovn here)
alongAntarctica, Southernand Easterncoastof Greenland,around Falkland and
South Georgiaand South Sandwid islands of the Southern Atlantic Ocean,In-
dian Oceanislands of Maldives, Seytelles, Lakshadweep, Frendh Southern and
Antarctic lands, Heard, McDonald and Andaman-Nicobar islands, and in the
Paci c Oceanthe Seaof Okhotsk, Aleutian island chain, Philippines and New
Zealand. According to NRL (2006) the DBDB2 bathymetry set also includes
high resolution bathymetry from other sourcessud as the Australian Geo sci-
encesdepartmert's bathymetric and topographic data for Australian regionand
Prof. Choi's bathymetry for the regionaround Korea, andit is likely that in some
of theseareasDBDB2 will provide a better represetation of the bathymetry.
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Based on further validation studiesit may becomeimperative in the near
future to build a blend of these two global grids. That howewer is currertly
beyond the scope of this project. As of now it is recommendedo useETOPO2
asthe basereferencegrid and directly usethe GSHHSdatabaseto build the sub-
grid obstruction data sets, sinceeven DBDB2's enhancedcoastlineinformation
is not reliable for the smaller island chains. The grid generation software will
provide an option to chooseeither of thesebasegrids to build the computational
grids for WAVEWATCH I11.
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