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1 Intr oduction

Thisdocumentontainghemostcurrentinformationaboutthe TerraandAquaModerateResolution
ImagingSpectromete(MODIS) re products.lt is intendedto provide the enduserwith practical
informationregardingtheiruseandmisuse andto explain someof themoreobscureandpotentially
confusingaspect®f the re productsandMODIS productsin general.

2 Overview of the MODIS Active Fire Products

Herewe provide agenerabvervien of theMODIS active re products.More detaileddescriptions
of theseproductsandexampleingestcodecanbefoundin Section4.

2.1 Terminology

Beforeproceedingvith a descriptionof the MODIS Fire Productswe mustbrie y describesome
of the terminologythat you will encountemwhen orderingand working with MODIS products.
Speci cally, we'll de ne the termsgranule tile, and collection andthe acrorym CMG, aseach
appliesto the MODIS products.

2.1.1 Granules

A granuleis simplyanunprojectedsegmentof theMODIS orbital swathcontainingabout5 minutes
of data.MODIS Level 0, Level 1, andLevel 2 productsaregranule-based.

2.1.2 Tiles

MODIS Level 2G, Level 3, andLevel 4 productsarede ned on a global 250 m, 500 m, or 1 km
sinusoidalgrid (the particularspatialresolutionis product-dependent)Becausehesegrids are
unmanageabliargein their entirety(43200 21600pixelsat1 km,and172800 86400pixels
at250m), they aredividedinto x edtilesapproximatelyl0 10 in size. Eachtile is assigned
horizontal(H) andvertical (V) coordinaterangingfrom 0to 35and0to 17, respectiely (Figurel).
Thetile in theupperleft (i.e. northernmosandwesternmostyorneris numberedO0,0).

Figurel: MODIS tiling scheme.



2.1.3 Climate Modeling Grid (CMG)

MODIS Level 3 andLevel 4 productscanalsobede ned onacoarseiresolutionClimateModelling
Grid (CMG). Theobjectiveis to provide theMODIS land productsat consistentow resolutionspa-
tial andtemporalscalessuitablefor globalmodeling.In practice thereis a fair amountof variation
in the spatialandtemporalgridding corventionsusedamongthe MODIS land CMG products.

2.1.4 Collections

Reprocessingf theentireMODIS dataarchiveis periodicallyperformedsoasto incorporatebetter
calibration,algorithmre nements,andimproved upstreanproductsnto all MODIS products.The
updatedVODIS dataarchive resultingfrom eachreprocessings referredto asa collection Later
collectionssupersedall earliercollections.

For the TerraMODIS, Collection1 consistsof the rst productsgeneratedollowing launch.
TerraMODIS datawere rst reprocessedbr the rst timein June2001to produceCollection3.
Notethatthis rst reprocessingvasnumberedCollection3, ratherthanCollection2, asonewould
expect. Collection3 was alsothe rst producedfor the Aqua MODIS products. Collection4
reprocessingvas initiated in December2002 for the TerraMODIS, and somavhat later for the
AquaMODIS, andit forms the currentarchive of the MODIS products. Currently Collection5
reprocessings scheduledo begin in early2006.

2.2 Level 2 Fire Products: MOD14 (Terra) and MYD14 (Aqua)

Thisis themostbasic re productin whichactive res andotherthermalanomaliessuchasvolca-
noes.areidenti ed. ThelLevel 2 productis de ned in the MODIS orbit geometrycoveringanarea
of approximately2340by 2030km in theacrossandalong-trackdirections respectrely. It is used
to generatall of the higherlevel re productsandcontainghefollowing components:

An active re maskthat ags res andotherrelevantpixels(e.g.cloud);

apixel-level qualityassurancéQA) imagethatincludesl9bits of QA informationabouteach
pixel;

a re-pix el table which provides 19 separatepiecesof radiometricand internal-algorithm
informationabouteach re pixel detectedwvithin agranule;

extensive mandatoryandproduct-speci cmetadata;

a grid-relateddatalayer to simplify productionof the Climate Modeling Grid (CMG) re
product(Section2.6).

Product-speci cmetadatawithin the Level 2 re productincludesthe numberof cloud, water
non-re, re, unknavn, and other pixels occurringwithin a granuleto simplify identi cation of
granulescontaining re activity.

Figure2 shavs anexampleof theactve re maskfor the Terragranuleacquiredon 19 August
2002at 03:00. In thisimage,wateris shavn in blue, cloudsin violet, non- re land pixelsin grey,
and re pixelsin white. Thebottomedgeof theimagepointsin the satellites along-trackdirection.



Figure 2: ExampleMOD14 granulewith water shavn in
blue,cloudsin purple,clearlandin grey, andactive res in
white. The along-trackdirection points toward the top of
thepage.

2.3 Level2G Daytime and Nighttime FireProducts: MOD14GD/MOD14GN (Terra)
and MYD14GD/MYD14GN (Aqua)

The Level 2 active re productssensedover daytimeand nighttime periodsare binnedwithout
resamplingnto anintermediatedataformatreferredto asLevel 2G. TheLevel 2G formatprovides
aconvenientgeocodedlatastructurefor storinggranulesandenableghe e xibility for subsequent
temporalcompositingandreprojection. The Level 2G re productsareatemporaryintermediate
datasourceusedsolelyfor producingthe Level 3 re productsandareconsequentlyot available
from the permanenMODIS dataarchie.

2.4 Level 38-DayDaily CompositeFireProducts: MOD14A1 (Terra) and MYD14A1
(Aqua)

TheMODIS daily Level 3 re productis tile basedwith eachproduct le spanningoneof the 460
MODIS tiles, 326 of which containland pixels. The productis a 1-km griddedcompositeof re
pixels detectedn eachgrid cell over eachdaily (24-hour)compositingperiod. For corvenience,
eightdaysof dataarepackagednto asingle le.

Figure 3 shavs the Terra re maskfor 19 SeptembeR001 from the 14-21 Septembef001
daily Level 3 re product(Collection4). Thetile is locatedin NorthernAustralia(H31V10). In this
image,wateris shawvn in blue, cloudsin violet, non- re land pixelsin grey, “unknowvn” pixelsin
yellow, and re pixelsin white.



Figure 3: Exampleof MOD14A1 re mask
for a tile in Northern Australia. Water is
shaown in blue,cloudsin violet, non- re land
pixelsin grey, and re pixelsin white.

2.5 Level38-DaySummary FireProducts: MOD14A2 (Terra) and MYD14A2 (Aqua)

TheMODIS daily Level 3 8-daysummaryre productis tile-basedwith eachproduct le spanning
one of the 460 MODIS tiles, of which 326 containland pixels. The productis a 1-km gridded
compositeof re pixelsdetectedn eachgrid cell over each8-daycompositingoeriod.

Figure 4 shows the 8-day summary re maskfrom the 26 June- 3 July 2002 8-day Level 3
Terra re product.Thetile is locatedin the easterriJnited StatedHO8V05). The 8-daycomposite
is the maximumvalueof theindividual Level 2 pixel classeghatfell into eachl-km grid cell over
the entire8-daycompositingperiod. Dueto the way the threedifferent re-pix el con dencelevels
arede ned (Section4.1), the Level 3 8-day re productis sometimessaidto containthe “most-
con dent detectedres”. This descriptioncan sometimese misleadingin that pixel valuesare
de ned evenfor thosegrid cellsin whichno re pixelsweredetected.

Figure4: Exampleof 8-dayMOD14A2 re
maskfor atile in easterriJnited States Wa-
teris shavnin blue,cloudsin violet, non- re
landpixelsin grey, and re pixelsin white.



2.6 Climate Modeling Grid Fire Products(MOD14CMH, MYD4CMH, etc.)

TheCMG re productsaregriddedstatisticalsummarie®f re pixel informationintendedfor use

in regionalandglobalmodeling. The productsarecurrentlygeneratect 0.5 spatialresolutionfor

time periodsof onecalendamonth(MOD14CMH/MYD14CMH)andeightdays(MOD14C8H/MYD14C8H).
Higherresolution0.25 CMG re productswill eventuallybe producedaswell. An exampleof the
correctedre pixel countlayerof the productis shovn in Figure5b.

Figure 5. Exampleof the correctedre pixel countdatalayer from the January2001CMG re
product.

2.7 The Rapid Responserire Products

The MODIS Rapid Response&ystemproducesearreal time global imageryincluding true- and
false-colorcorrectedre ectancesuperimposedavith re locations(Figure X), NormalizedDiffer-
enceVegetationindex (NDVI), andland surfacetemperature Burnedareamapswill be addedin
the nearfuture. The locationsof Terraand Aqua MODIS re pixels arealsoavailablein ASCII
les. For furtherinformationseethe MODIS RapidResponsavebsite.

http://rapidfire.sci.gsfc.nasa.gov



3 Obtaining the MODIS Active Fire Products

All MODIS productsareavailableto usersfree of chage. Therearecurrentlythreedifferentways
to obtainthe MODIS re products.Not all productsareavailablethrougheachof thesemethods.
SeeTablel.

Table1l: MODIS re productavailability.

Product Source
Level 2 andmostLevel 3 re products:

MOD14,MYD14

MOD14A1,MYD14A1

MOD14A2,MYD14A2 EOSDataGatavay (seeSection3.1).
Level 2G re products:

MOD14GD,MOD14GN

MYD14GD, MYD14GN Unavailable(notarchved).
CMG re products:

MOD14CMH,MYD14CMH

MOD14C8H,MYD14C8H Universityof Maryland(seeSection3.2).
Active re locationsin ASCIl andESRIshapele  MODIS WebFire Mapper
format.
Fire andcorrected-re ectancdPEGimageryand MODIS LandRapidRespons&ystem
ASCII re locations.




3.1 The EOS Data Gateway (EDG)

Most of the MODIS land productsmay be obtainedfrom the Land Processe®istributed Active
Archive Center(LP-DAAC) usinga Web-basednterfaceknown asthe EOSData Gatavay (EDG).
Below is a brief tutorial for usingthe EDG to orderthe re products.

1. GototheLP-DAAC EOSDataGatavay website (shavn below):
http://edcimswww.cr.usgs.gov/pub/imswelcome/

The EOS Data Gatavay is also available from other DAACs. You may orderthe MODIS
re productsfrom ary of thesealternatesitessincethey “talk” to oneanother but the re
productsarein factarchivedonly atthe LP-DAAC. Regardlessof which particularEDG you
use thereforethelLevel 2 andLevel 3 re productswill endup comingfrom theLP-DAAC.

2. Rayister(select‘Becomea registereduser”) or enterasguest. Registeringwill preventyou
from having to reentercontactinformationeachtime you placean order Whendoneregis-
tering,enterthe DataGatevay (“Enter asregistereduser”).

10



3. Selecteither*MODIS/Terra” or “MODIS/Aqua”, dependingon the MODIS instrumentfor
whichyouwouldlikedata.If you'd liketo orderbothTerraandAquaMODIS re dataduring
asingleEDG sessionchooseeitherbutton.

4. Scroll throughthe list box until you nd the entry for the particular re productyou'd like
to order Click onit. If youwantproductsfrom both MODIS instrumentgyo on to Step5,
otherwiseskip to Step6.

5. (Youshouldonly behereif youwantto orderboth TerraandAquaMODIS re products.If
not,goonto Step6.) Click on whichever MODIS buttonyou did not selectin Step3.

11



6. In the“ChooseSearchArea” sectionof the page enterlatitudeandlongitudeboundariegor
thegeographigegion of interest.To searchtheentireglobe,you cansimply selectthe button
“Global Search”(belov the map)andsare yourselfsometyping.

7. Chooseatime periodof interestin the“Choosea Data/Time Range”sectionof the page.

8. Click onthelarge paleyellow “Start Search’icon atthe bottomof the page.

12



9. Wait while the systemsearche$or productsmeetingyour searctcriteria. This usuallytakes
afew minutes.

13



10.

11.

12.
13.

14.

You will presentedvith alisting of all les matchingyour searchcriteria. Selectthosethat
youwouldlike to orderandclick ontheyellow “Add selectiongo cart” button.

Thedisplaywill changeslightly andyou maythenselecta delivery methodfor the les you
have selectedChooséFtpPull” if youintendto downloadthedatausingftp.

Click onthe“Go to Step2: OrderForm” button.

Updateyour contactinformation(or enterit if you areloggedin asa guest)andclick on the
“Submit OrderNow!” button.

Wait while the systemprocessyour request. You will receve updatesesemblingthosein
Step9 while thisis happening.

14



15. Whenyour orderhasbeencompletedyou shouldseesomethindik e this:

15



3.2 MODIS CMG Active-Fire Product Distrib ution

At presentthe CMG productsare distributed from the University of Marylandvia the ftp sener
fuoco.geog.umd.edu (loginnamésfire andpasswerdisburnt ) inthedirectorymodis/cmg .
For corveniencetheproductsaredistributedin multiple, standardlataformats.CurrentlyHDF and
Flexible ImageTransporiSystem(FITS) les areavailable;additionalformatsmaybe producedn
thefuture.

16



4 Detailed Product Descriptions

4.1 MOD14 and MYD14

MOD14/MYD14 is the mostbasic re productin which actve res andotherthermalanomalies,
suchasvolcanoesareidenti ed. The Level 2 productis de ned in the MODIS orbit geometry
covering an areaof approximately2340by 2030km in the across-andalong-trackdirections,re-
spectvely. It is usedto generatall of the higherlevel re products.

4.1.1 FireMask

The re maskis the principle componenof the Level 2 MODIS re product,andis storedasan
8-bit unsignednteger Scienti ¢ DataSet(SDS)named* re mask”. In it, individual 1-km pixels
areassigneaneof nineclassesThemeaningof eachclassis listedin Table2.

Table2: MOD14/MYD14 re maskpixel classes.

Class Meaning
0 not processedmissinginput data)
not processedotherreason)
water
cloud
non- re clearland
unknowvn
low-con dence re
nominal-con dencere
high-con dencere

O©C O ~NOOOUTDSWN

A pixel classof 1 wasde ned for historicalreasongut will neveractuallyoccurin the re mask.

4.1.2 DetectionCon dence

A detectioncon denceintendedo help usersgaugethe quality of individual re pixelsisincluded
intheLevel 2 re product.Thiscon denceestimateywhichrangesetweer0%and100%,is usedto
assigroneof thethree re classeglow-con dence re, nominal-con dencere, or high-con dence
re) toall re pixelswithin the re mask.

In someapplicationserrorsof comission(or falsealarmg areparticularlyundesirableandfor
theseapplicationsone might be willing to tradea lower detectionrateto gain a lower falsealarm
rate. Corversely for otherapplicationsmissingary re might be especiallyundesirableandone
mightthenbewilling to toleratea higherfalsealarmrateto ensurehatfewertrue res aremissed.
Usergrequiringfewer falsealarmsmaywishto retainonly nominal-andhigh-con dencere pixels,
andtreatlow-con dence re pixelsasclear non- re, land pixels. Usersrequiringmaximum re
detectabilitywho are ableto toleratea higherincidenceof falsealarmsshouldconsiderall three
classe®f re pixels.

4.1.3 Algorithm Quality AssessmenBits

Pixel-level QA is storedin a 32-bit unsignednteger SDSnamed*algorithm QA’, with individual
elds storedin speci ¢ bits. The exact meaningof thesebit elds is de ned in the Level 2 Fire

17



Productle speci cation.

4.1.4 FirePixel Table

The re pixel tableis simply a collectionof SDSscontainingrelevantinformationaboutindividual
re pixelsdetectedvithin agranule.Dueto HDF le formatandlibrary limitations,the Fire Pixel
Tableis storedas19 separat&SDSs.A brief summaryof theseSDSsis providedin Table3.

Table3: Collection4 Level 2 re productSDSscomprisingthe” re pixel table”.
SDSName DataType Unit Description
FPline int16 - Granuleline of re pixel.
FP_sample int16 - Granulesampleof re pixel.
FP latitude oat32 degrees Latitudeof re pixel.
FP_longitude oat32 degrees Longitudeof re pixel.

FP.R2 oat32 - NearlIR (band2) re ectanceof re pixel (daytimeonly).
FP.T21 oat32 K ChanneR1/22brightnesgsemperaturef re pixel.
FP.T31 oat32 K ChanneB1 brightnessemperatur®f re pixel.
FP.MeanT21 o0at32 K BackgroundcchanneR1/22brightnessemperature.
FP.MeanT31 oat32 K Backgroundchannel31 brightnesgemperature.
FP_MeanDT oat32 K

FP.MAD T21 oat32 K

FP.MAD T31 oat32 K

FP.MAD DT oat32 K

FP_power oat32 Wm 2 Fireradiative power perunit area.

FP_Ad|Cloud uint8 - Numberof adjacentloudpixels.

FP_Adjwater uint8 - Numberof adjacentvaterpixels.

FPWinSize  uint8 - Backgroundvindow size.

FP.Num\alid intl6 - Numberof valid backgroundixels.

FP_con dence uint8 % Detectioncon denceestimate.

4.1.5 Metadata

Every MODIS productcarrieswith it ECS-mandatethetadatastoredin the HDF global attributes
CoreMetadata.@andArchiveMetadata.0Eachattribute is anenormousstring of ASCII characters
encodingmary separatenetadataelds in ParameteNalue LanguaggPVL). Among otherinfor-
mation,the ArchiveMetadata.@ttribute usuallycontainsproduct-speci cmetadatancludedat the
discretionof thePI. However, sincethe PVL is awkwardto readandtediousto parsewe have stored
mary of the product-speci cmetadataelds asstandardHDF globalattributes. Thesearesumma-
rizedin Table4. Description®f theproduct-speci cmetadatatoredn theECSArchiveMetadata.0
attribute maybefoundin theMOD14/MYD14 le speci cation(seeSection7.2).

18



Table4: MODIS Level 2 re productmetadatatoredasstandardyobalHDF attributes.

Attribute Name Description

FirePix Numberof re pixelsdetectedn granule.

MissingPix Numberof pixelsin granulelackingvalid datafor processing.

LandPix Numberof landpixelsin granule.

WaterPix Numberof waterpixelsin granule.

WaterAdjacentFirePix Numberof re pixelsthatareadjacento oneor morewaterpixels.

CloudAdjacentFirePix Numberof re pixelsthatareadjacento oneor morecloudpixels.

UnknownPix Numberof pixelsassigned classof unknownin granule.

LandCloudPix Numberof land pixelsobscuredy cloudin granule.

WaterCloudPix Numberof water pixels obscuredoy cloud in granule(always 0
sincetheinternalcloud maskis not appliedover waterpixels).

GlintPix Numberof pixelsin granulecontaminatedvith Sunglint.

GlintRejectedPix
CoastRejectedPix
HotSurfRejectedPix
DayPix

NightPix

Satellite
Process¥®rsionNumber
MODO021KM input le
MODO3input le

SystemID

Numberof tentatve re pixelsthatwererejecteddueto apparent
Sunglint contamination.

Numberof tentatve re pixelsthatwererejecteddueto apparent
watercontaminatiorof the contextual neighborhood.

Numberof tentative re pixelsthatwererejectedasapparenhot
desertsurfaces.

Numberof daytimepixelsin granule.

Numberof nighttimepixelsin granule.

Nameof satellite(“Terra” or “Aqua”).
Programversionstring(e.g.“4.3.3").

File name of MODO021KM (Terra) or MYD021KM (Aqua)
Level 1B radiancenputgranule.

File nameof MODO3 (Terra)or MYDO03 (Aqua)geolocatiorinput
granule.

Operatingsystemidenti cation string.

19



4.1.6 Example Code
Examplel: IDL codefor readingthe” re mask”SDSin the MODIS Level 2 re product.

mod14_file = MOD14.A2002177.1830.004.2002192223417.hdf

; open the HDF file for reading
sd_id = HDF_SD_START(mod14_file, /READ)

; find the SDSindex to the MOD14fire mask
index = HDF_SD _NAMETOINDEX(sd_id, ‘fire mask’)

; select and read the entire fire mask SDS
sds_id = HDF_SD_SELECT(sd_id, index)
HDF_SD_GETDATA,sds_id, fire_mask

finished  with SDS
HDF_SD_ENDACCESSsds._id

; finished with  HDF file
HDF_SD _END, sd_id

20



4.2 MOD14Al1 and MYD14A1

The MOD14A1 andMTD14A1 daily Level 3 re productsaretile-basedwith eachproduct le
spanningone of the 460 MODIS tiles, of which 326 containland pixels. The productis a 1-km
griddedcompositeof re pixels detectedn eachgrid cell over eachdaily (24-hour)compositing
period.For corveniencegightdaysof dataarepackagednto asingle le.

NOTE: The Collection 5 MOD14A1 and MYD14A1 r e productswill differ
signi cantly from the current Collection 4 versions of these products. Im-
provementsare being implementedin preparation for an February 2006 Col-
lection 5 reprocessingand will require changesto the both the structure and
meaningof the product data layers. Thesechangeswill mostlik ely break exist-
ing codewritten to ingestthe Collection4 MOD14A1 and MYD14A1 products.

4.2.1 FireMask

The re maskis storedasan8 (orless) 1200 1200, 8-bit unsignedinteger SDS awkwardly
named'mostcon dentdetectedre” for historicalreasonsTheSDScontainsightsuccessiedaily
re masksfor aspeci ¢ MODIS tile. Eachof thesedaily masksis a maximumvaluecompositeof
theLevel 2 re productpixel classegTable?2) for thoseswathsoverlappingthe MODIS tile during
thatday. Product les containinglessthan eight daysof datawill occasionallybe encountered
duringtime periodsof missingdataandshouldbe handledn ingestsoftware.

422 QA

Eachof the daily re maskshasa correspondingQA layer. This layeris simply a copy of the
pixel-level QA from theparticularswathpixel of the Level 2 productthatpopulategheLevel 3 grid
cell.

4.2.3 Example Code

Example2: MATLAB codeto readtheLevel 3 MODIS daily re mask,usingtheMATLAB routine
hdfread . Thisis probablythe easiestvayto readindividual HDF SDSsin MATLAB.

modl4al_file = 'MOD14A1.A2001289.h23v02.004.2003164035111.hdf'

% read entire "most confident detected fire" SDS in one shot
fire_mask = hdfread(modl4al file, 'most confident detected fire");

% display  fire mask for the first day in MOD14A1/MYD14A1
% note how image is transposed so that North appears on top
imagesc(fire_mask(:,:,1)");
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4.3 MOD14A2 and MYD14A2

TheMOD14A2 (Terra)andMYD14A2 (Agua)daily Level 3 8-daysummaryre productsaretile-
based,with eachproduct le spanningone of the 460 MODIS tiles, 326 of which containland
pixels. The productis a 1-km griddedcompositeof re pixelsdetectedn eachgrid cell over each
8-daycompositingperiod.

NOTE: The Collection 5 MOD14A2 and MYD14A2 r e productswill differ
signi cantly from the current Collection 4 versions of these products. Im-
provementsare being implementedin preparation for a February 2006 Col-
lection 5 reprocessingand will require changesto the both the structure and
meaningof the product data layers. Thesechangeswill mostlik ely break exist-
ing codewritten to ingestthe Collection4 MOD14A2 and MYD14A2 products.

4.3.1 FireMask

The re maskis storedasa 1200 1200 8-bit unsignedinteger SDS awkwardly named“most
con dentdetectedre” for historicalreasons.

432 QA

The QA layer containspixel-level quality assessmerihformationstoredin a 1200 1200 8-bit
unsignedntegerimage. Only the two leastsigni cant bits are used,andthe valuesstoredin this
arraycorrespondo the original Land DataOperationaProductEvaluation(LDOPE) QA summary
SeeRoyetal. (2002)for moreinformationaboutthesevalues.

4.3.3 Example Code

Example3: MATLAB codeto readtheLevel 3 MODIS 8-day re mask,usingtheMATLAB routine
hdfread . Thisis probablythe easiestvay to readindividual HDF SDSsin MATLAB.

modl4a2_file = 'MYD14A2.A2004193.h08v08.004.2004207151726.hdf'

% read entire  "most confident detected fire" SDS in one shot
fire_mask = hdfread(modl4a2_file, 'most  confident detected fire");

% display fire mask (transposed so that North appears on top)
imagesc(fire_mask’);
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Example4: Longerversionof MATLAB codeto readthe Level 3 MODIS 8-day re mask.Thisis
probablythebetterapproacho useif multiple subset®f anSDSwill bereadin sequencsincethe
HDF le will beopenedandclosedonly once.(Theshorterapproactusinghdfread requireshat
the le beopenedandclosedfor eachread.)

modl4a2 file = 'MYD14A2.A2004193.h08v08.004.2004207151726.hdf'
sd_id = hdfsd('start, mod14a2_file, 'DFACC_RDONLY?Y);

sds_index = hdfsd('nametoindex’, sd_id, 'most confident detected fire");
sds_id = hdfsd('select’, sd_id, sds_index);

% prepare to read entire SDS (always 1200 x 1200 pixels in size)
start [0,0];

edges [1200,1200];

[fire_mask, status] = hdfsd('readdata’, sds_id, start, [, edges);
status = hdfsd(‘endaccess’, sds_id);

status = hdfsd(‘end’, sd_id);

% display  fire mask (transposed so that North appears on top)
imagesc(fire_mask’);
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Example5: C codefor readingLevel 3 MODIS 8-day re maskusingHDF library functions.

#include  <stdio.h>
#include <stdlib.h>
#include "mfhdf.h"

#define  ROWS1200
#define  COLS 1200

main(int argc, char **argv)
{
int32 sd_id, sds_index, sds_id;
int32 rank, data_type, nattr, dim_sizes[MAX_VAR_DIMS];
int32  start[2], int32  edges[2];

char “*infile;

int i, J;

long nfire;

uint8  fire_mask[ROWS][COLS];

infile = "MOD14A2.A2002169.h09v05.004.2003240104900.hdf";
if ((sd_id = SDstart(infile, DFACC_READ)) == FAIL) exit(1);
start[0]

edges|0]
edges[1]

start[1] = 0;
ROWS;
COLS;

if  ((sds_index = SDnametoindex(sd_id,
"most confident detected fire")) == FAIL) exit(2);

if ((sds_id = SDselect(sd_id, sds_index)) == FAIL) exit(3);

if (SDgetinfo(sds_id, (char *) NULL, &rank, dim_sizes, &data_type,
&nattr) == FAIL) exit(4);

[* check rank and data type */
if (rank !'= 2) exit(5);
if (data_type 1= DFNT_UINTS8) exit(6);

if (SDreaddata(sds_id, start, NULL, edges,
(void *) fire_mask) == FAIL) exit(7);

if (SDendaccess(sds_id) == FAIL) exit(8);
if (SDend(sd_id) == FAIL) exit(9);

/* simple example: count grid cells containing fires  */
nfire = 0;
for (i =0; i < ROWS;i++) {
for ( =0; j < COLS; j++)
if  (fire_mask([il[j] >= 7) nfire++;

}

printf("%d grid cells containing fires.\n", nfire);

exit(0);
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4.4 CMG FireProducts(MOD14CMH, MYD14CMH, etc.)

TheCMG re productsaregriddedstatisticasummarie®f re pixelinformationintendedor usein
regionalandglobalmodeling,andarecurrentlygenerate@t0.5 spatialresolutionfor time periods
of onecalendamonth(MOD14CMH/MYD14CMH) andeightdays(MOD14C8H/MYD14C8H).
Higherresolution0.25 CMG re productswill eventuallybe producedaswell.

At presentheCMG productsaredistributedfrom the Universityof Marylandvia anorymousftp
(seeSection3.2). For corveniencethe productsaredistributedin multiple, standarddataformats.
CurrentlyHDF andFlexible ImageTransporiSystem(FITS) les areavailable;additionalformats
may be producedn thefuture.

4.4.1 CMG Naming Convention

Monthly CMG r eproducts. The le namesf themonthlyCMG product les havethestructure
M?D14CM?.YYYYMM.CCC.VV.XX)XwhereM?D14CM73s a pre x 2 encodingthe satellite
andproductspatialresolution(seeFigure6), YYYYis the four-digit productyear MMs the
two-digit calendammonth, CCCdenoteghe Collection (seeSection2.1.4), VV denoteshe
productversionwithin a Collection,andXXXis asufx indicatingthe le format.

Eight-day CMG r eproducts. The le namesof the 8-dayCMG product les have the structure
M?D14C8?.YYYYDDD.CCC.VV.XXX whereM?D14C8?is apre x encodinghesatellite
andproductspatialresolution(seeFigure6), YYYYis thefour-digit productyear DDDis the
two-digit calendammonth, CCCdenoteghe Collection (seeSection2.1.4), VV denoteghe
productversionwithin a Collection,andXXXis asufx indicatingthe le format.

Figure6: MODIS CMG re productnamingpre x (ESDT)corvention.

2In MODIS-speakhis pre x is usuallyreferredto asan Earth ScienceData Type(ESDT).
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4.4.2 Datalayers

TheCMG re productontainsevenseparatelatalayerssummarizedn Table5. Forthe0.5 prod-
uctseachlayerisa720 360numericarray

Table5: Summaryof datalayersin the CMG re products.

LayerName DataType Unit Description

CorrFirePix int16 - Correctechumberof re pixels.

CloudCorrFirePix  intl6 - Correctednumberof re pixels, with an addi-
tional correctionfor cloudcover.

MeanCloudFraction int8 - Meancloudfraction.

RawFirePix int16 - Uncorrectedcountof re pixels.

CloudPix int32 - Numberof cloudpixels.

TotalPix int32 - Total numberof pixels.

MeanPaver oat32 MW Mean re radiative power.

4.4.3 Global Metadata

Global metadataare storedas global attributesin the HDF product les, and primary-HDU key-
wordsin the FITS product les.

4.4.4 Climate Modeling Grid Navigation

Forward navigation.Giventhelatitudeandlongitude(in degrees)of a pointonthe Earth's surface,
theimagecoordinategx,y) of the0.5 CMG grid cell containingthis pointarecomputedasfollows:

y trunc((90.0 - latitude) [/ 0.5)

X trunc((longitude + 180.0) [/ 0.5)

Heretrunc denotedruncationof the fractionalpartof arealnumberi.e. trunc (2.2)= 2. These

equationsyield imagecoordinatessatisfyingthe inequalities0  x  719,0 y 319, which

areappropriatdor programminganguagesisingzero-basearrayindexing suchasC andIDL; for

languagesisingone-basedrrayindexing (e.g. Fortran, MATLAB) add1.
Inversenavigation.Givencoordinategx,y) of a particulargrid cell in the0.5 CMG re prod-

ucts,thelatitudeandlongitude(in degreeshf thecenterof thegrid cell maybecomputedasfollows:

latitude = 89.75 - 05 y
longitude = -179.75 + 05 X

Here,x andy areagpinzero-basetmagecoordinatesfor one-base@magecoordinatesrst subtract
1 from bothx andy.
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4.4.5 Example Code

Example6: IDL codefor readingthe cloud-correctedre pixel layerwithin the MODIS Collection
4 CMG monthlyand8-day re productsHDF4format).

; read "CloudCorrFirePix" array in CMGproduct (HDF4 format)
cmg_file = 'MYD14CMH.200412.004.01.hdf'
sd_id HDF_SD_START(cmg_file, /READ)

index HDF_SD_NAMETOINDEX(sd_id, 'CloudCorrFirePix’)
sds_id = HDF_SD_SELECT(sd_id, index)
HDF_SD_GETDATA,sds_id,  CloudCorrFirePix
HDF_SD_ENDACCESSsds_id

HDF_SD_END, sd_id

Example7: IDL codefor readingthe cloud-correctedre pixel layerwithin the MODIS Collection
4 CMG monthlyand8-day re productyFITS format).

; read "CloudCorrFirePix" array in CMGproduct (FITS format)
cmg_file = 'MYD14CMH.200412.004.01.fits'

FITS_OPEN, cmg_file, fcb

ihdu = FIND_HDU(fch, 'CloudCorrFirePix’)

READ_ARRAY,fcb, ihdu, CloudCorrFirePix, ndims, dims
FITS CLOSE, fcb
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5 Caveatsand known Problems

5.1 Caveats

Somecaveatsto bearin mind whenusingthe MODIS re products:

5.1.1 FirePixel Locationsvs. Gridded Fire Products

We urge cautionin using re pixel locationsin lieu of the 1-km griddedMODIS re products.The
formerincludesno information aboutcloud cover or missingdataand, dependingon the sort of
analysisthatis beingperformed,it is sometimegossibleto derive misleading(or evenincorrect)
resultsby not accountingfor theseothertypesof pixels. It is alsopossibleto grosslymisuse re
pixel locations,evenfor regionsandtime periodsin which cloud cover and missingobsenations
arenggligible. Somecaveatsto keepin mind whenusingMODIS re pixel locations:

The re pixel location les allow usersto temporallyandspatiallybin re countsarbitrarily.
However, severetemporalandspatialbiasesnayarisein ary MODIS re time seriesanalysis
employing time intenals shorterthanabouteightdays.

Known res for which no entriesoccurin the re-pix el location les are not necessarily
missedby the detectionalgorithm. Cloud obscurationa lack of coverage or amisclassi ca-

tion in theland/seanaskmayinsteadbe responsiblebut with only theinformationprovided

in the re location les thiswill beimpossibleto determine.

5.2 Collection 4 Known Problems
5.2.1 PreNovember2000Data Quality

Prior to November2000, the TerraMODIS instrumentsuffered from several hardware problems
thatadwerselyaffectedall of theMODIS re products.In particular somedetectorsvererendered
deador otherwiseunusablén aneffort to reduceunexpectedcrosstalkbetweenmary of the 500m

and1 km bands. The deaddetectorsare known to introduceat leastthreespeci c artifactsin the

pre-Norember2000 re products:striping, undetectegmall res, andundetectedarge res. In

somevery rare instancessevere miscalibrationof band-21in the rst weeksof the MODIS data
archive (FebruaryandMarch2000)will causeentirescanlinesto beidenti ed as re.

5.2.2 RegionalFalseAlarms

Recurringfalsealarmsattributedto industrialsourcesandurbanland-corer boundariedave have
beenobseredin easterrChinanearShanghaandShaoxing.A particularlybadexampleis shovn
in Figure?.
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Figure7: Exampleof falsealarmsnearShanghafrom the TerraMODIS, 18 July 200402:45UTC.
Pixels identi ed ascontaining res are outlinedin red, superimposean a true color corrected
re ectanceimage(courtesyof Jacque®escloitres).

5.2.3 DetectionCon dence

A detectioncon denceintendedto helpusersgaugethe quality of individual re pixelsis included
intheLevel 2 re product.Thiscon denceestimatewhichrangesdetweer0%and100%,is usedo

assigroneof thethree re classeglow-con dence re, nhominal-con dencere, or high-con dence
re) toall re pixelswithin the re mask.In the Collection4 re productthis con denceestimate
doesnot adequatelyjidentify highly questionablelow con dence re pixels. Suchpixels, which

by designshouldhave a con dencecloseto 0%, aretoo often assignedmuch highercon dence
estimate®f 50%or higher Thiswill becorrectedor Collection5.
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6 Frequently Asked Questions

6.1 Terra and Aqua Satellites
6.1.1 Wherecanl| nd generalinformation aboutthe Terra and Aqua satellites?

SeeNASA's TerraandAquaweb sitesfor a start:

http://terra.nasa.gov/ http://aqua.nasa.gov/

6.1.2 Whenwerethe Terra and Agqua satelliteslaunched?

18 Decemben999and4 May 2002, respectiely.

6.2 GeneralMODIS Questions

6.2.1 Wherecanl nd Algorithm TechnicalBasisDocuments(ATBDs) for the MODIS land
products?

ATBDs for all of the MODIS land productsare available from MODARCH?3. Note that mary are
notupto date.In particularthe re productATBD pre-dateshelaunchof boththe TerraandAqua
satellitesanddescribeshevery obsoletepre-launchdetectionalgorithm.

6.3 General Fire Product Questions

6.3.1 How arethe r esand other thermal anomaliesidenti ed in the MODIS r e products
detected?

Fire detectionis performedusinga contextual algorithm(Giglio etal., 2003)thatexploitsthestrong
emissionof mid-infraredradiationfrom res (Dozier, 1981;Matsonand Dozier, 1981). Thealgo-
rithm examineseachpixel of theMODIS swath,andultimatelyassigngo eachoneof thefollowing
classesmissingdata cloud water, non- re, r e, or unknown

Pixels lacking valid dataareimmediatelyclassi ed asmissingdataandexcludedfrom further
considerationCloudandwaterpixelsareidenti ed usingcloudandwatermasksandareassigned
the classexloud andwater, respectiely. Processingontinueson the remainingclearland pixels.
A preliminaryclassi cationis usedto eliminateobviousnon- re pixels. Forthosepotential re pix-
elsthatremain,anattemptis madeto usethe neighboringpixelsto estimatetheradiometricsignal
of the potential re pixel in theabsencef re. Valid neighboringpixelsin awindow centeredn
thepotential re pixel areidenti ed andareusedto estimatea backgroundalue.If thebackground
characterizatiomvassuccessfula seriesof contextual thresholdtestsareusedto performarelative
re detection.Thesdook for thecharacteristisignatureof anactive re in whichboth4 m bright-
nesstemperatur@andthe4 and11 m brightnessemperaturalifferencedepartsubstantiallyfrom
thatof thenon- re backgroundRelatve thresholdsareadjustedbasedon the naturalvariability of
the background.Additional specializedestsare usedto eliminatefalsedetectionsauseddy sun
glint, desertboundariesanderrorsin the watermask. Candidatere pixelsthatarenot rejected
in the courseof applyingthesetestsareassigned classof r e. Pixelsfor which the background
characterizatiogouldnotbeperformedj.e. thosehaving aninsufcient numberof valid pixels,are
assigned classof unknown

3http://modarch.gsfc.nasa.gov/data/atbd/land _atbd.html

30



SeeGiglio etal. (2003)for a detaileddescriptionof the version4 detectionalgorithm.

6.3.2 What is the smallest r e size that can be detected with MODIS? What about the
largest?

MODIS canroutinelydetectooth aming andsmolderingres  1000m? in size.Undervery good
observingconditions(e.g. nearnadir, little or no smole, relatively homogeneoukndsurface,etc.)
aming res one tenththis size can be detected. Under pristine (and extremely rare) observing
conditionsevensmaller aming res 50m? canbedetected.

Unlike mostcontetual re detectionalgorithmsdesignedor satellitesensorghatwerenever
intendedfor re monitoring (e.g. AVHRR, VIRS, ATSR), thereis no upperlimit to the largest
and/orhottestre thatcanbedetectedvith MODIS.

6.3.3 Why didn't MODIS detecta particular r e?

Thiscanhapperfor ary numberof reasonsThe re mayhave startedandendedn betweersatellite
overpassesThe re may betoo smallor too cool to be detectedn the 1 km? MODIS footprint.
Cloudcover, heary smole, or treecanoly maycompletelyobscurea re. OccasionallitheMODIS
instrumentsareinoperablefor extendedoeriodsof time (e.g.the TerraMODIS in Septembe2000)
andcanof courseobsene nothingduringthesetimes.

6.3.4 How do | obtain the MODIS r eproducts?
SeeSection3.

6.3.5 What validation of the MODIS active r e productshasbeenperformed?

Validationof the TerraMODIS re producthasprimarily beenperformedusing coincidentobser
vationsfrom the AdvancedSpaceborndhermal Emissionand Re ection Radiomete{ASTER);
seeMorisetteet al. (2005)andMorisetteet al. (in press)for details.A very brief discussiorof the
generalalidationprocedurewith somepreliminaryresults,canbefoundin Justiceetal. (2002).

6.3.6 | don't wantto bother with strange le formats and/or anunfamiliar ordering interface
and/or very largedata les. Can't you just give me the locationsof r e pixelsin plain
ASCII les and I'll bin them myself?

You canobtainMODIS re pixel locationsvia the Web Fire Mapper but this doesnt necessarily
meanthat re pixel locationsarethe mostappropriatesourceof re-related information. The re
pixel location les includenoinformationaboutcloud cover or missingdata,anddependingn the
sortof analysisyouareperformingiit is sometimepossibleto derive misleading(or evenincorrect)
resultsby effectively ignoring theseothertypesof pixels. In mary casest is moreappropriateo
useoneof the 1-km Level 3 or CMG re products.SeeSection5.1.1for moreinformationabout
thisissue.

6.3.7 How well canMODIS detectunderstory burns?

Thelikelihood of detectionbeneatha treecanojy is unknavn but probablyvery low. Understory
res areusuallysmall,whichalreadymakesMODIS lesslik ely to detecthem,but with theaddition
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of atreecanoyy to obstructtheview of a re, detectionrbecomewery unlikely.

6.4 Level 2 FireProducts
6.4.1 Why dothe Level 2 product les vary in size?

Level 2 granulescancontainslightly differenthumbersof scans.More importantly internalHDF
compressiofis usedto reducethe sizeof the les.

6.4.2 How shouldthe different r edetectioncon dence classede used?

Threeclasse®f re pixels(low con dence,nominalcon dence,high con dence)areprovidedin

the re masksof the MODIS Level 2 andLevel 3 re products.Usersrequiringfewer falsealarms
may wish to consideronly nominal-andhigh-con dencere pixels,andtreatlow-con dence re

pixels ascleatr non- re, land pixels. Usersrequiringmaximum re detectability who areableto
toleratea higherincidenceof falsealarms,shouldconsiderall threeclasse®f re pixels.

6.4.3 How canl takedatafromthe r e-pixel-table SDSs(i.e.,the one-dimensionalSDSswith
the pre x “FP_") and place the valuesin the proper locations of a two-dimensional
array that matchesthe swath-based' r e mask” and “algorithm QA” SDSs?

1. Opena MOD14/MYD14 Level 2 granulefor readingusingyour favorite programmingan-
guage.

2. Determinethe numberof re pixelsin the granule. The easiestway to do this is to read
the global HDF attribute “FirePix”. (If you area masochisyou canreadandparsethe ECS
CoreMetadata.Gtring for the productspeci c attribute FIREPIXELS instead.)If the num-
berof re pixelsis zero,all of the“FP_" SDSswill have lengthzero,andtheres nothingleft
to processsoclosethe le andgoonto whateser elseyou'd like to do.

3. Find the numberof lines in the granule. Call this numbernlines . In the productthis
guantity correspondgo the dimensionnumber _of scan lines . Sinceit is dif cult or
impossibleto determinethe value of a nameddimensiondirectly with the HDF library, you
mustinsteaddeterminethe dimensionsof an SDSfor which the nameddimensionapplies.
You canuseeitherthe® re mask”or “algorithm QA" SDSsfor this asthey bothhave dimen-
sionsnumber _of _scan _lines bypixels _per _scan _line . TheHDF library function
SDgetinforeturnsthis information(in IDL useHDFESD_GETINFO.

You candeterminethe numberof sampledoo (pixels _per _scan _line ) if youlike, but
it will alwaysbe 1354.

4. Readthethe“FP_line” and“FP_sample”SDSsin theirentirety Thesearrayscontainpixel co-
ordinateswithin the granulefor all of the quantitiesin theother“FP_" SDSs.Hereaftemwe!'ll
assumehesehave beenreadandstoredin internalarraysnamedP_line  andFP_sample ,
respectrely.

5. Createa 2-D arrayto hold whatever “FP_" quantityit is thatyou'd like to use.Assumingyou
wanttheband21/22brightnessemperatur€“FP_T21"), thenin IDL you coulddothis:

T21 = fltarr(nlines, 1354)
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6. Readthe entire“FP_" SDSthatyou'd like to use. In the abore examplethis is “FP_T21".
Following our earliercorvention,we'll assumehis SDSis readinto aninternalarraynamed
FP_T21.

7. Populatepixelsin the T21 arrayby indexing it with FP_line andFP_sample . In IDL you
would dothisin oneshot:

T21 = FP_T21[FP_line, FP_sample]

In non-vectorbasedanguages/ou'd have to write an explicit loop. In C, for example,do
this:

for (i = 0; i < num_fire_pixels; i++)
T21[FP_line[i]][FP_sampleli]] = FP_T21]i];

Note thatthe coordinatesn “FP_line” and“FP_sample”are zero-basedln a languagdike
Fortran(with the rst arrayelemennumbered.) you'd haveto add1to all valuesin FP_line
andFP_sample.

8. Do whaterer youwantwith the2-D T21 array—it cannow beindexedjustlikethe re mask
and QA SDSswould be if you hadreadthemfrom the le. Note, though,that the newnly
createdT21 arraywill only containdatain thosepixels where res weredetected.This is
truefor 2-D arrayscreatedrom ary of the other*FP_" SDSsaswell.

9. Gobackto step4 for theremaining‘FP_" quantitiesyou wantto use.
10. ClosetheHDF le.
6.4.4 Why are the valuesof the r e radiati ve power (FRP) | seein the Level 2 product in-

consistentwith thosel nd in the CMG products and published in various jour nal
papers?

The“FP_power” SDSin the Collection4 Level 2 productactuallycontainsradiative powver perunit
area,despitethefactthattheunits attribute of this SDSis assigned valueof “megawatts” (this
is an error). Thesevaluesmustbe multiplied by the appropriatepixel area(at the surfaceof the
Earth)to obtainthe FRP To obtainthe FRPin megawatts(MW), usethefollowing formula:

FRP(MW) = power valuesstoredin the Level 2 product pixel area(km?)

Note that the areaof a MODIS pixel varieswith its positionin the MODIS scan; seethe next
qguestionfor details. Note alsothat startingwith Collection5 the Level 2 productswill have this
multiplication performedduringprocessingndwill thereforecontainthe correctFRP

6.4.5 What is the areaof a MODIS pixel at the Earth' s surface?

The areaof a MODIS pixel is nominally 1 km? but grows away from nadit A handypolynomial
approximatiorfor theareaof a 1-km MODIS pixel (in km?) asa functionof samplenumberis

x k
Apxel () = G (1)
k=0
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wherethe samplenumberx = 0, 1, 2, :::, 1353. The coefcients ¢, aregivenin Table6. This
approximations accurateo within 1%, whichis lessthantheerrorentailedby treatingthepixel as
having sharpedgesUsedouble-precisiorpating pointarithmeticwhenevaluatingthis polynomial.

Table6: Polynomialcoefcients.

o (km?)

O~NO UL, WNEFEOX

9.7421684
-0.091159223
0.00051138175
-1.7683231 10 ©
3.8048273 10 °
-5.0660609 10 12
4.0471196 10 1°
-1.7739490 10 18
3.2795410 10 22
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6.5 Level 3Tiled FireProducts
6.5.1 Why do coastlinesin the tile-basedLevel 3 productslooked sowarped?

Thetile-based_evel 3 productsarede ned on a global sinusoidalgrid which preseresareasbut
greatlydistortsthe shapeof land massest longitudesfar from the prime meridian.

6.6 Level 3CMG FireProducts

6.6.1 | needto reducethe resolution of the 0.5 CMG r e product to grid cellsthat are a
multiple of 0.5 in sizeHow do | goabout doing this?

For all pixel-countdatalayerssimply sumthe valuesof the 0.5 grid cellsthatlie within thelarger
grid cells. Be sureto handlegrid cells agged with the missingdatavalue of -1. At the very
leastthis entailsexcluding the negative missing-datavaluesfrom the resultingsum,but, depending
uponthe application,it may be moreappropriateéo ag the coarseigrid cell aslackingvalid data
entirely Whencoarseninghe mean re radiatve power layer (MeanPower) you shouldweight
theindividual 0.5 meanFRPvaluesby the correctedre pixel counts(CorrFirePix ), handling
(by at leastexcluding) missingFRP valuesof 0 in the process.A few examplesareshaown in the
following gures:

Rebinningcorrected r e pixel countsfrom 0.5 grid cells(leftytoa 1 grid cell (right). Theresult
is simplythe sumof the pixel countsof thefour 0.5 grid cells(100+ 200+ 300+ 400= 1000 r e
pixels)nestedwithinthel grid cell.
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Rebinningcorrectedr e pixelcountsfrom0.5 grid cells(left)toal grid cell (right) whenmissing
datavaluesof -1 are present.n this casewe a gtheentire1 grid cell aslacking valid datawhich
is appropriate when,for example we are goingto compae independengjridded r e productsthat
won't geneally havemissingdatavaluesin exactly the samegrid cells. For otherapplicationsit
wouldbesufcient to simplyexcludethemissingvaluesfromthe sum,yieldinga resultof 300+ 400

= 700 r e pixelsin thel grid cell.

RebinninghemeanFRPfrom0.5 grid cells(left)toal grid cell (right). Theresultis theaverage
of the FRP in the four 0.5 grid cells nestedwithin the 1 grid cell, weightedby their individual
corrected r e pixel counts.Usingthe corrected r e pixel countsfromthe r stexample(above)this

yields:

10 MW _100+20 MW _200+30 MW 300+40 MW 400 —
100+200+300+400 = 30MW
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6.6.2 Why don't you distrib ute adaily CMG r e product?

BecauseaMODIS productatdaily temporakesolutionwill beplagueddy extremelylargesampling
biaserrors.At mostlatitudesasingleMODIS instrumensimply doesnotsampleheEarth's surface
adequatelyn time periodsshorterthanabout8 daysto “averageout” mostof the samplingbias.

6.6.3 Why don't you distrib ute the CMG r e productsasplain binary (or ASCII) les?

1) The numberof les onemustdealwith balloonssincemostusersrequesthatindividual data
layersbewrittento separatdes; 2)it is dif cult toincludeusefulmetadatavithoutwriting separate
headerles, increasinghetotal numberof les to handleevenfurther;3) it is possiblefor dataand
its accompaying metadatdo becomeseparatedand4) productionjngest,andanalysissoftwareis
muchmorelik ely to breakwhenchangesremadeto the product.

6.6.4 Wherecanl| nd information aboutthe FITS le format?

InformationaboutFITS is available from NASA's FITS SupportOfce . You mayalso nd the
TRMM VIRSMonthly Fire ProductUser's Guide (Giglio and Kendall 2003) helpful, particularly
Appendix2.

6.6.5 How canl display imagesin FITS les?

Two good choicesare SAOimage* (Figure 8) and DSP (Figure 9). Usethe “-ul ” switch with
SAOimageandthe “-orient y” switch with DS9to orient North upwards,otherwisethe grid
will appeaupsidedown.

“http://tdc-www.harvard.edu/software/sacimage.htm|
Shttp://hea-www.harvard.edu/RD/ds9/
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Figure8: SAOimagedisplayingthe CorrFirePix  datalayerin the February2003MOD14CMH
product.
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Figure9: DS9displayingthe CorrFirePix ~ datalayerin the February2003MOD14CMH prod-
uct. Thelongitudeandlatitude,respectrely, atthe centerof the pixel beneaththe cursoris shavn
in the upperleft handcornerof the window, in the two numeric elds to the right of the word
“LINEAR”.
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6.7 Hierarchical Data Format (HDF)
6.7.1 What areHDF les?

TheHierarchicalDataFormat(HDF), developedat the NationalCenterfor Supercomputings one
of various le formatsusedto portablyarchive anddistribute scienti ¢ data.HDF les aremoreor
less“self-describing”in thatthey caninclude extensve metadataaboutthe datastoredwithin the
le. Note thattherearetwo incompatible a vors of HDF in use: HDF4, the formatin which all
MODIS productsarestored,andHDF5, which is actuallya completelydifferent le formatthatis
not backwards-compatiblevith HDF4. Seethe NCSA HDF website for moreinformatiorf.

6.7.2 Howdol readHDF4 les?

If youarewriting your own softwarein a“traditional” programminganguagesuchasC or Fortran,
youwill needobtaintheHDF4library from NCSA’. Somecommerciakoftwarepackageshowever,
includingMATLAB, IDL, andENVI, have theHDF library built-in, in whichcaseyouwill notneed
toinstallthelibrary.

6.7.3 Can't | just skip over the HDF headerand readthe data dir ectly?

Putary thoughtof readingor writing HDF les without the HDF library out of your head. HDF
wasintendedto be not somucha physical le format, but insteadan “applicationinterface”. As
such theformatis fairly complicatedandhasin factchangedvertime) andit would beverytime
consuming(andrisky) to roll your own HDF ingestcode. The physical le formatis nothinglike
the typical headeifollowed-by-datacommonto mary otherformats,andit is not easyto simply
skip over the metadatdragmentsn anHDF le.

6.7.4 How canl list the contentsof HDF4 les?

TheNCSA HDF4 Library includesa utility namedncdump which will do this. Be sureto usethe
switch-h otherwiseyouwill beinundatedvith ASCII dumpsof all numericarraysin the le.

Shttp://hdf.ncsa.uiuc.edu/
"http://hdf.ncsa.uiuc.edu/hdf4.html
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7.2 Relevant Weband FTP Sites

MODIS Fire and Thermal Anomalies Generalinformationaboutthe MODIS Fire (Ther
mal Anomalies)andBurnedAreaproducts.
http://modis- reumd.edu/

MODIS File Speci cations: Detailed le description®f all MODIS landproducts.
ftp://modulargsfc.nasa.g@pub/Latestifespecs/

MODIS LDOPE Tools A collectionof programswritten by memberof theLand DataOp-
erationalProductEvaluation(LDOPE) group,to assistn theanalysisandquality assessment
of MODIS Land(MODLAND) products.
http://LPDAAC.usgs.g@/landdaac/tools/Idope/info/about.asp

MODIS Reprojection Tool (MRT), Release3.2a Softwarefor reprojectingtiled MODIS

Level 3 productdnto mandifferentprojections http://LPDAAC.usgs.g@/landdaac/tools/modis/indeasp
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MODIS Web Fire Mapper: Generatezustommapsof actve res detectedby the Terra
and Aqua MODIS instruments.Userscanalsoactive re locationsin ESRIshapele and
ARC/INFO formats.http://maps.gag.umd.edu/

MODIS Rapid ResponseSystem Accessto nearreal time Terraand Aqua MODIS re-
ectance, re, vegetationindex, andlandsurfacetemperaturémagery Includesa multi-year
archie.

http://rapid r e.sci.gsfc.nasa.qgd

EOS Data Gatewayat the LP-DAAC: Theprimarydistribution sitefor mostof theMODIS
land products.
http://fedcimswwwer.usgs.ga/pub/imswelcome/

MODIS Land Product Quality Assessment Productquality-assessmei(QA) relatedin-
formation,includingavery completearchive of known land-producissueswith descriptions
andexamples.

http://landwebnascom.nasa.gécgi-bin/ QAWWW/n&/Page.cgi
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