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1
What To Do With A DODS URL

TheDistributedOceanographicDataSystemis asystemthatallows you to access
dataover theinternet,from programsthatweren't originally designedfor that
purpose,aswell assomethatwere.

With DODS,youaccessdatausinga URL, just like aURL youwoulduseto
accessawebpage.However, beforeyou requestany data,youneedto know how
to requestit in a form yourbrowsercanhandle.DODSdatais storedin binary
form, andby default, it is transmittedthatway, too.

Theotherproblemwith a DODSURL is thatasingleURL mightpoint to an
archive containing50 megabytesof data.Yourarelywantto requestthewhole
thingwithout knowing a little aboutit. DODSprovidessophisticated
sub-samplingcapabilities,but youneedto know a little bit aboutthedatain order
to usethem.

Supposesomeonegivesyou ahot tip thatthere's a lot of gooddataat:

http://www.cdc.n oaa. gov/c gi- bi n/n ph-n c/Dat asets /r eynol ds_sst/s st .mnmean.nc

ThisURL pointsto monthlymeansof seasurfacetemperature,worldwide,
compiledby RichardReynolds at theClimateModelingbranchof NOAA, but
pretendyoudon't know thatyet.

Thesimplestthingyoucando with thisURL is to downloadthedatait pointsto.
Youcouldfeedit to aDODS-enableddataanalysispackagelike Ferret,or you
couldappend.asc , andfeedtheURL to a regularwebbrowserlike Netscape.
Thiswill work, but youdon't reallywantto do it becausein binaryform, thereare
about28 megabytesof dataat thatURL.
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NOTE: A DODSserver will work with many differentclients,someof which
aresupportedby theDODSteam,andsomeof whicharesupported
by others.Theoperationof any individual packageis beyondthe
scopeof thismanual.This guideexplainshow to usea typicalweb
browsersuchasNetscapeNavigatorto discover informationabout
thedatathatwill beusefulwhenanalyzingdatain anypackage.

You need to sample the
data A betterstrategy is to ®nd outsomeinformationaboutthedata.DODShas

sophisticatedmethodsfor subsamplingdataata remotesite,but youneedsome
informationaboutthedata®rst. First,we'll try lookingat thedata's Dataset
DescriptorStructure (DDS). Thisprovidesadescriptionof theªshapeºof the
data,usingavaguelyC-like syntax.Yougetadataset's DDSby appending.dds
to theURL.

Figure1.1: A DODSDDS (sst.mnmean.nc.dds )

FromtheDDSshown, youcanseethatthedatasetconsistsof ®vepieces:Find out what's in the data

ü A 180-elementvectorcalledªlatº,

ü A 360-elementvectorcalledªlonº,

ü A 226-elementvectorcalledªtimeº,
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ü A ªGridºcontaininga three-dimensionalarrayof integervalues(Int16 )
calledsst , andthreeªMapºvectors,whichmaylook familiar, and

ü AnotherGrid calledmask.

TheGrid is aspecialDODSdatatypethatincludesamultidimensionalarray, and
mapvectors thatindicatetheindependentvariablevalues.Thatis, youcanusea
Grid to storeanarraywheretherows arenotat regularintervals.There's asimple
grid in ®gure1.2.

Figure1.2: A Grid

Thearraypartof thegrid wouldcontainthedatapointsmeasuredat eachoneof
thesquares,theX mapvectorwouldcontainthepositionsof thecolumns,andthe
Y mapvectorwouldcontainthepositionsof therows.

Of courseyoucanalsousea Grid to storearrayswherethecolumnsandrows are
at regularintervals,andyou'll oftenseeDODSdatathatway.

(TheotherspecialDODSdatatypeworthworryingaboutis theSequence. You'll
seemoreaboutthemin section1.2. TherearealsoStructures andLists, but they
exist largely for internaluses,andyoudon't oftenseetheseusedin realdatasets.)

Youcanseefrom theDDS thattheReynoldsdatais in a180x360x226element
grid, andthedimensionsof theGrid arecalledªlatº,ªlonº,andªtimeº.This is
suggestive,but notashelpfulasonecouldwish. To ®nd outmoreaboutwhatthe
datais, youcanlook at theotherimportantDODSstructure:theDAS , or Data
AttributeStructure . This is somewhatsimilar to theDDS,but contains
informationaboutthedata,suchasunitsandthenameof thevariable.Partof the
DAS for theReynoldsdatawe saw above is shown in 1.3.

NOTE: TheDAS is populatedat thedataprovider's discretion.Becauseof
this, thequalityof thedatain it (themetadata) varieswidely. The
datain theReynoldsdatasetusedin thisexampleareCOARDS
compliant.Othermetadatastandardsyoumayencounterwith DODS
dataareHDF-EOS, EPIC, FGDC, or no metadataatall.

Find out more about the
data variables
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Figure1.3: A DODSDAS (sst.mnmean.nc.das )

Now we cantell somethingmoreaboutthedata.Apparentlythelat vector
containslatitude,in degreesnorth,andtherangeis from 89.5to -89.5.Sincethis
is aglobalgrid, thelatitudevaluesprobablygo in order. Wecancheckthisby
askingfor just thelatitudevector, like this:

http://www.cdc.no aa.g ov/ cgi-b in /np h- nc/Data set s/ re ynold s_sst /ss t. mnmean. nc. asc?lat

Whatwe've donehereis to appenda constraint expression to theDODSURL, to
indicatehow to constrainour requestfor data.Constraintexpressionscantake
many forms.Thisguidewill only describea few of them.(Youcanreferto the
TheOPeNDAPUserGuidefor morecompleteinformationaboutconstraint
expressions.)Try requestingthetime andlongitudevectorsto seehow thisworks.The info service also pro-

vides the DAS and DDS
information. Accordingto theDAS, time is keptin ªdayssince1-1-100:00:00ºin thisdataset.

Youcanalsolearnfrom theDAS theactualtimeperiodrecordedin thedata
which,becauseof your familiarity with theJuliancalendar, you instantly
recognizeasbeginningin November, 1981.Youmightalsonoticethatthemask
arrayis usedto indicatelandandsea,andhasonly thevalues0 and1.

DODSprovidesaninfo service thatreturnsall theinformationwe've seensofar
in asinglerequest.Thereturnedinformationis alsoformatteddifferently(some
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wouldsayªnicerº),andyoucanoccasionally®nd server-speci®cdocumentation
here,aswell. Somewill ®nd this theeasiestway to readtheattributeandstructure
information.Youcanseewhatinformationis availableby appending.info to a
URL, like this:

http://www.cdc.n oaa. gov/c gi- bi n/n ph-n c/Dat asets /r eynol ds_sst/s st .mnmean.nc .i nf o

1.1 Peeking at Data

Now thatwe know a little abouttheshapeof thedata,andthedataattributes,let's
look atsomeof thedata. Use subscripts to sample

a Grid.Youcanrequestapieceof anarraywith subscripts, just like in aC programor in
Matlabor many othercomputerlanguages.Useacolonto indicateasubscript
range.

...sst/mnmean.nc .a sc?ti me[0: 6]

ThisURL will produce®gure1.4

Figure1.4: Partof avector.

Youcando thesamefor oneof thegrids:

...sst/mnmean.nc .a sc?mask[28 :3 0][ 206: 209] Sampling a Grid produces
part of the Grid, including
the map vectors.

Whichproducesaportionof thelandmasksomewherenearAlaska's Kenai
peninsula,shown in ®gure1.5

Noticethatwhenyouaskfor partof aDODSGrid, yougetthearraypartalong
with thecorrespondingpartsof themapvectors.

If youareinterestedin theReynoldsdataset,youareprobablymoreinterestedin
theseasurfacetemperaturedatathanthelandmask.Thetemperaturedatais a
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Figure1.5: Partof aDODSGrid.

three-dimensionalgrid. To samplethesst Grid, you justadda dimensionfor
time:

...sst/mnmean.nc. asc?sst [1 2:1 3] [28 :3 0] [20 6: 209]

This producessomethinglike the®gureshown in ®gure1.6

Notethatthesstvaluesarein celsiusdegreesmultipliedby 100,asindicatedby
thescale_factor attributeof theDAS. Further, it' s importantto remember
with thisdataset,thatthedatawereobtainedby calculatingspatialandtemporal
means.Consequently, thedatapointsin thesst arrayshouldbeignoredwhenthe
correspondingentryin themaskarrayindicatesthey areover land.

1.2 Sequence Data

Griddeddataworkswell for satelliteimages,modeldata,anddatacompilations
suchastheReynoldsdatawe've just lookedat. Otherdata,suchasdatameasured
at aspeci®csite,is not soreadilystoredin thatform. DODSprovidesadatatype
calledaSequenceto storethiskind of data.A Sequence is a relational

table. A Sequencecanbethoughtof asa relationaldatatable, with eachcolumn
representingadifferentdatavalue,andeachrow representingadifferentdata
ªinstance.º For example,anoceantemperaturepro®le canbestoredasa
Sequenceof pressureandtemperaturepairs,anda weatherstation's datacanbe
storedasaSequencewith time in onecolumn,andeachweathervariable
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Figure1.6: Partof theReynoldsSSTdata

occupying anothercolumn.

Let's look atacoupleof Sequences.The®rst oneis acollectionof CTD data
(hydrographicdata, includingtemperature,pressure,salinity, andsoon):

http://dods.gso. ur i.e du/c gi- bi n/n ph-j g/r lc td

TheDAS (append.das to theURL) for thisdatais prettyuninformative, telling
usonly thatall thedataarestoredasstrings.Youcanseethis in ®gure1.7. You can sometimes �nd

data attributes among the
data.

Ontheotherhand,a lot of theinformationwewouldgetfrom theDAS is actually
encodedin thedataitself, whichyoucanseeby lookingat thedata's DDS
(append.dds to theURL), shown in ®gure1.8.

Wecangetsomeideaof thedatacoverageby askingfor someof thetimeand
locationdata,with aURL like this:

...rlctd.asc?cru is eid ,s ta tio n, year_ s, month _s, day_s,l at _s, lo n_s

Thisproducesa responseshown in ®gure1.9. Use a selection clause to
select Sequence rows.After reviewing thedatain thelastrequest,perhapswedecideweonly wantto

seedatafrom oneof thecruiseslisted,or maybeonly datafrom themonthof
May. Wecanaddaselectionclause to theconstraintexpressionto selectonly
thatdata.For example:

...rlctd.asc?cru is ei d,s ta tio n, year_ s, month _s, day_s,l at _s, lo n_s&month_ s=5

Thisproducesa tablecontainingall therows from ®gure1.9wherethemonth
datumis May. Try enteringthenew URL in yourbrowserandseewhatyouget.
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Figure1.7: A DAS for Sequencedata.

SelectionclausescanbestackedendlesslyagainstaURL, allowing all the
�e xibility mostpeopleneedto sampledata®les.Here's anexampleof aURL that
requestsall theoxygendatain the®le takenin May ataspeci®cdepthrange:

...rlctd.asc?o2&m onth_ s=5&pres>50&pr es<100

The®rst clausein aconstraintexpressionhasaname,too. It is theprojection
clause. This is thelist of variablesthatyouwish to have returned,subjectto the
constraintof theselectionclause.In thepreviousexample,theprojectionclause
consisteonly of theo2 variable.In theonebeforethat,thelist waslonger,
containing7 variables.

1.3 An Easier Way
The DODS query form is
an easier way to sample
data.

DODSalsoincludesaway to sampledatathatmakeswriting aconstraint
expressionsomewhateasier. Append.html to theURL, andyougeta form that
directsyou to addinformationto samplethedataataURL:

...sst.mnmean.nc. ht ml

SendingaURL endingin .html returnsa form like this:

It' s usefulto have abrowserwindow openwith oneof thesequeryformsin it
while you readthissection.

Nearthetopof thepage,you'll seea boxentitledªDataURLº. At thispoint, if
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Figure1.8: A DDSfor Sequencedata.

you've beenfollowing along,it shouldlook prettyfamiliar. If you're just jumping
in, it' s theDODSURL connectedto thedatawe're interestedin, but unsampled.

Moving down thepage,thereis a list of ªGlobalAttributesº,which is really just
for yourperusal.At thispoint, there's notmuchto bedonewith this,but it is often
helpful information. Select variables by click-

ing on a checkbox.Theimportantpartof thepageis theªVariablesºsection.For eachvariablein the
dataset,you'll seethedatadescription(e.g.ªArray of 32bit Reals[lat = 0..179]º),
acheckbox,a text inputbox,anda list of thevariable's attributes.If youclick on
thecheckbox,you'll seethevariable's arrayboundsappearin thetext box,and
you'll seethatvariableappearin aconstraintexpressionappendedto theData
URL at thetopof thepage.If you edit thearrayboundsin thetext box,hitting
ªenterºwill placeyoureditsin theDataURL box.

In theoh-so-unlikely eventyoudaretry all thiswithoutyour documentationvade
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Figure1.9: Therlctd datesandlocations

mecumalong,there's a Show Help buttonup nearthetopof thepage.Clicking
therewill show you instructionsabouthow to proceed.

NOTE: You'll seea ªstrideºmentioned.This is anotherway to subsamplea
DODSarrayor Grid. Asking for lat[0:4] getsyou the®rst ®ve
membersof thelat array. Addingastridevalueallows you to skip
arrayvalues.Asking for lat[0:2:10] getsyoueverysecondarray
valuebetween0 and10: 0, 2, 4, 6, 8, 10.

Moveon down thevariablelist, editingyour request,andexperimentwith adding
andchangingvariablerequests.

Whenyouhave a requestyou'd like to make, look at thebuttonsat thetopof the
page.

Youcanclick on Get ASCII , andthedatarequestwill appearin abrowser
window, in comma-separatedform. The Get Binar y buttonwill save abinary

data®le on your local disk. (The Send to Program will sendtheURL directly to
aDODSclient. However, it requiresasuitableDODSclient to berunningonyour
computer, andalsorequiresyou to install ahelperapplicationfor yourbrowser.
Thereareinstructionsfor doingthisat theDODShomepage.)The web interface works

for Sequence data, too. TheDODSDataAccessForminterfaceworksfor Sequencedataaswell asGrids.
However, sinceSequenceconstraintexpressionslook differentthanGrid
expressions,theform looksslightly different,too. You canseefrom ®gure1.12
thatthevariableselectionboxesallow you to enterrelationalexpressionsfor each
variable.Besidethat,however, thefunctionis exactly thesame.
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Figure1.10:TheDODSDatasetAccessForm

NOTE: Not all DODSserverssupportall theDODSfunctionality. Thereare
a few non-standardDODSserversout therein theworld thatonly
supportthebareminimumrequired.Thatminimumis to respondto
queriesfor theDDS,DAS, and(binary)data.TheASCII dataandthe
webaccessform areoptionaladd-onsthatarenot requiredfor the
basicDODSfunction.
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Figure1.11:DatasetAccessFormDetail

Figure1.12:DatasetAccessFormfor SequenceData(detail)
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Finding More DODS URLs

TheDODSpackagewasdevelopedto improve waysto sharedataamong
scientists.Many times,datacomesin theform of aURL enclosedin anemail
message.But thereareseveralotherwaysto ®nd dataservedby DODSservers.

2.1 GCMD
The GCMD now catalogs
DODS URLs!TheGlobalChangeMasterDirectoryis asourceof ahugeamountof earth

sciencedata.They now catalogDODSURLs for thedatasetsthathave them.You
cansearchonªDODSºright from themainpageto ®nd many of thesedatasets.
Try thatsearch,thenclick on oneof thedatasetnamesthatreturns,andlook at
thebottomof theresultingSetDescriptionºpage,undertheheadingªRelated
URL.º

If youmake thatsearch,checkthelist for theReynoldsdatafrom chapter1; it
shouldbethere.

2.2 DODS Dataset List

TheOPeNDAP Homepagehasa list of availableDODSdatasets.Click on
Datasets in thetableof contents.You can®nd aURL anda brief descriptionfor The DODS project sup-

ports an ad hoc list of data
URLs.

severalhundreddifferentdatasetsfrom thatlist.
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2.3 Web Interface

This is a little bit sneaky. Many sitesthatserve oneDODSdatasetserve several
othersaswell. TheDODSwebinterface(if it' s enabledby thesite)allows you to
checkthedirectorystructurefor otherdatasets.For example,let's look at the
Reynoldsdatawe saw in chapter1:The web interface allows

browsing data directories.
http://www.cdc.no aa.g ov/ cgi-b in /np h- nc/Data set s/ re ynold s_sst /ss t. mnmean. nc. ht ml

If we usethesameURL, but without the®le at theend,wecanbrowsethe
directoryof data:

http://www.cdc.no aa.go v/ cgi-b in /np h- nc/Data set s/ rey nold s_sst /

TheDODSserver checksto seewhethertheURL is adirectory, andif so,it
generatesadirectorylisting, like in ®gure2.1.

Figure2.1: WebInterfaceIndex Listing

Youcanseefrom thedirectorylisting thatthemonthlymeandatasetwe've been
lookingat is accompaniedby a weeklymeanset,andadaily set.You canclick on
thosedatasetsfor moreinformationaboutthem,andproceedto examineanduse
themjustaswe've donewith theotherexamplesin chapter1.

NOTE: This list is producedby aDODSserver. It only reallyunderstands
DODSdata®les. If thedirectoryyou're lookingat hasother®lesin
it, clicking on themwill probablyproduceanerror.
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2.4 File Servers

Somedatasetsyou'll ®nd areactuallylistsof otherdatasets.Therearea few of
these�le servers in theDODSDatasetList on theOPeNDAP Homepage.A ®le
server is itself aDODSdataset,organizedasaSequence,containingURLswith
someotheridentifyingdata(oftentime). You canrequesttheentiredataset,or
subsampleit just like any otherDODSdataset. A �le server is a list of

other datasets, but it's a
dataset, too.

Thereis a®le server for GSO/URI'sarchive of AVHRR seasurfacetemperature
data:

http://maewest.g so.ur i. edu/c gi -bi n/ nph-f f/ cat al og/ avhr r.c at alo g

Look at thisserver's DDS,andthewebinterface,andthentry askingfor some
datalike this:

.../catalog/avhr r.c at al og. asc?DODS_URL&year=2000&month= 1

Thisproducesa list of all thedataURLscorrespondingto measurementstakenin
themonthof January, 2000.

2.5 Matlab GUI

TheDODSMatlabGUI browsercontainsits own frequentlyupdatedlist of
availabledatasets.Usingthatsoftware,youcanselectdatasetswith a mousefrom The Matlab GUI has its

own list of available data.a largeselectionof theavailableURLs. For moreinformation,pleasereferto the
TheOPeNDAPMatlabGUI manual.
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3
Fur ther analysis

Thisguideis aboutformingaDODSURL. After youhave ®guredouthow to
requestthedata,thereareavarietyof thingsyoucando with it. (DODSsoftware
mentionedhereis availablefrom theOPeNDAP Homepage.)

ü Useagenericwebclient like geturl (astandardpartof theDODS
package),thefreeprogramswget or lynx , or evenabrowserlike
Netscape Navigator or Internet Explorer to downloaddatainto a
localdata®le. To beableto usethedatafurther, you will probablyhave to
downloadtheASCII versionby usingthe .asc suf®x on theURL, asin
theexamplesshown. Use a generic web client

or a DODS client to get the
data you've chosen.ü Therearepre-packagedDODSclientsavailablethatcandownloadbinary

DODSdatafrom thewebinto ausefulform. As of July7, 2004,command
line clients(loaddods ) areavailablefor theMatlabandIDL dataanalysis
environments,with whichyoucandownloadDODSdatadirectly into IDL
or Matlabobjects.

ü TheFerret andGrADS freedataanalysispackagesbothsupportDODS.
Youcanusethesefor downloadingDODSdata,andfor examiningit
afterwards.(Therearelimitations.As of July 7, 2004,Ferretcannot read
datasetsservedasSequencedata.)

ü TheMatlabanalysispackagealsosupportsaDODSclientattachedto a
graphicaluserinterface.YoucanusetheGUI to createaconstrainedDODS
URL, anddownloadthedatadirectly into Matlab. TheTheOPeNDAP
MatlabGUI containsmoreinformationabouttheMatlabGUI client.

ü If youhave adataanalysisprogramor packagethatyou like,youcanlook
into thepossibilityof linking thatpackageto theDODStoolkit library, in
effectmakingyourprograminto aweb-capableDODSclient.
DODS!librariesexist to mimic thebehavior of theNetCDFandJGOFSdata
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accessAPIs. If your programalreadyusesoneof theseAPIs,gettingit to
runwith DODSmaybeassimpleaschangingthelibrariesto whichyou
link it. TheTheOPeNDAPUserGuidedescribeshow to do this,andthe
TheDODSToolkit Programmer's Guidedescribeshow youcanusethe
DODStoolkit directly to createa new applicationthatdoesn't useoneof
theestablisheddataaccessAPIs.

Theuseof theseclients,like thewaysin whichyoucananalyzethedatayou®nd,
is beyondthescopeof this (or any) book.Enjoy.
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