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1 Intr oduction

ThisdocumentcontainsthemostcurrentinformationabouttheTerraandAquaModerateResolution
ImagingSpectrometer(MODIS) �re products.It is intendedto provide theenduserwith practical
informationregardingtheiruseandmisuse,andto explainsomeof themoreobscureandpotentially
confusingaspectsof the�re productsandMODIS productsin general.

2 Overview of the MODIS ActiveFir eProducts

Hereweprovideageneraloverview of theMODIS active �re products.Moredetaileddescriptions
of theseproductsandexampleingestcodecanbefoundin Section4.

2.1 Terminology

Beforeproceedingwith a descriptionof theMODIS Fire Products,we mustbrie�y describesome
of the terminologythat you will encounterwhen orderingand working with MODIS products.
Speci�cally, we'll de�ne the termsgranule, tile, andcollection, andthe acronym CMG, aseach
appliesto theMODIS products.

2.1.1 Granules

A granuleis simplyanunprojectedsegmentof theMODIS orbitalswathcontainingabout5 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 particularspatial resolutionis product-dependent).Becausethesegrids are
unmanageablylarge in their entirety(43200� 21600pixelsat 1 km, and172800� 86400pixels
at 250m), they aredividedinto �x edtiles approximately10� � 10� in size.Eachtile is assigneda
horizontal(H) andvertical(V) coordinate,rangingfrom 0 to 35and0 to 17,respectively (Figure1).
Thetile in theupperleft (i.e. northernmostandwesternmost)corneris numbered(0,0).

Figure1: MODIS tiling scheme.
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2.1.3 Climate Modeling Grid (CMG)

MODIS Level 3 andLevel 4 productscanalsobede�nedonacoarser-resolutionClimateModelling
Grid (CMG).Theobjective is to providetheMODIS landproductsatconsistentlow resolutionspa-
tial andtemporalscalessuitablefor globalmodeling.In practice,thereis a fair amountof variation
in thespatialandtemporalgriddingconventionsusedamongtheMODIS landCMG products.

2.1.4 Collections

Reprocessingof theentireMODIS dataarchive is periodicallyperformedsoasto incorporatebetter
calibration,algorithmre�nements,andimprovedupstreamproductsinto all MODIS products.The
updatedMODIS dataarchive resultingfrom eachreprocessingis referredto asa collection. Later
collectionssupersedeall earliercollections.

For the TerraMODIS, Collection1 consistsof the �rst productsgeneratedfollowing launch.
TerraMODIS datawere�rst reprocessedfor the �rst time in June2001to produceCollection3.
Notethatthis �rst reprocessingwasnumberedCollection3, ratherthanCollection2, asonewould
expect. Collection 3 was also the �rst producedfor the Aqua MODIS products. Collection 4
reprocessingwas initiated in December2002 for the Terra MODIS, and somewhat later for the
Aqua MODIS, andit forms the currentarchive of the MODIS products. Currently, Collection5
reprocessingis scheduledto begin in early2006.

2.2 Level 2 Fir eProducts: MOD14 (Terra) and MYD14 (Aqua)

This is themostbasic�re productin whichactive �res andotherthermalanomalies,suchasvolca-
noes,areidenti�ed. TheLevel 2 productis de�ned in theMODIS orbit geometrycoveringanarea
of approximately2340by 2030km in theacross-andalong-trackdirections,respectively. It is used
to generateall of thehigher-level �re products,andcontainsthefollowing components:

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

� apixel-level qualityassurance(QA) imagethatincludes19bitsof QA informationabouteach
pixel;

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

� extensivemandatoryandproduct-speci�cmetadata;

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

Product-speci�cmetadatawithin theLevel 2 �re productincludesthenumberof cloud,water,
non-�re, �re, unknown, andotherpixels occurringwithin a granuleto simplify identi�cation of
granulescontaining�re activity.

Figure2 shows anexampleof theactive �re maskfor theTerragranuleacquiredon 19 August
2002at 03:00. In this image,wateris shown in blue,cloudsin violet, non-�re landpixels in grey,
and�re pixelsin white. Thebottomedgeof theimagepointsin thesatellite'salong-trackdirection.
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Figure 2: ExampleMOD14 granulewith water shown in
blue,cloudsin purple,clearlandin grey, andactive �res in
white. The along-trackdirectionpoints toward the top of
thepage.

2.3 Level2GDaytimeandNighttime Fir eProducts: MOD14GD/MOD14GN (Terra)
and MYD14GD/MYD14GN (Aqua)

The Level 2 active �re productssensedover daytimeand nighttime periodsare binnedwithout
resamplinginto anintermediatedataformatreferredto asLevel 2G.TheLevel 2Gformatprovides
a convenientgeocodeddatastructurefor storinggranulesandenablesthe�e xibility for subsequent
temporalcompositingandreprojection.TheLevel 2G �re productsarea temporary, intermediate
datasourceusedsolely for producingtheLevel 3 �re productsandareconsequentlynot available
from thepermanentMODIS dataarchive.

2.4 Level38-DayDaily CompositeFir eProducts: MOD14A1 (Terra) andMYD14A1
(Aqua)

TheMODIS daily Level 3 �re productis tile based,with eachproduct�le spanningoneof the460
MODIS tiles, 326 of which containland pixels. The productis a 1-km griddedcompositeof �re
pixels detectedin eachgrid cell over eachdaily (24-hour)compositingperiod. For convenience,
eightdaysof dataarepackagedinto asingle�le.

Figure 3 shows the Terra �re maskfor 19 September2001 from the 14-21September2001
daily Level 3 �re product(Collection4). Thetile is locatedin NorthernAustralia(H31V10). In this
image,wateris shown in blue,cloudsin violet, non-�re land pixels in grey, “unknown” pixels in
yellow, and�re pixelsin white.
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Figure3: Exampleof MOD14A1 �re mask
for a tile in Northern Australia. Water is
shown in blue,cloudsin violet, non-�re land
pixelsin grey, and�re pixelsin white.

2.5 Level38-DaySummaryFir eProducts: MOD14A2 (Terra) andMYD14A2 (Aqua)

TheMODIS daily Level 3 8-daysummary�re productis tile-based,with eachproduct�le spanning
oneof the 460 MODIS tiles, of which 326 containland pixels. The productis a 1-km gridded
compositeof �re pixelsdetectedin eachgrid cell overeach8-daycompositingperiod.

Figure4 shows the 8-daysummary�re maskfrom the 26 June- 3 July 20028-dayLevel 3
Terra�re product.Thetile is locatedin theeasternUnitedStates(H08V05). The8-daycomposite
is themaximumvalueof theindividual Level 2 pixel classesthatfell into each1-km grid cell over
theentire8-daycompositingperiod.Dueto theway thethreedifferent�re-pix el con�dencelevels
arede�ned (Section4.1), the Level 3 8-day�re productis sometimessaid to containthe “most-
con�dent detected�res”. This descriptioncansometimesbe misleadingin that pixel valuesare
de�ned evenfor thosegrid cellsin whichno �re pixelsweredetected.

Figure4: Exampleof 8-dayMOD14A2 �re
maskfor a tile in easternUnitedStates.Wa-
ter is shown in blue,cloudsin violet,non-�re
landpixelsin grey, and�re pixelsin white.

7



2.6 Climate Modeling Grid Fir eProducts(MOD14CMH, MYD4CMH, etc.)

TheCMG �re productsaregriddedstatisticalsummariesof �re pixel informationintendedfor use
in regionalandglobalmodeling.Theproductsarecurrentlygeneratedat 0.5� spatialresolutionfor
timeperiodsof onecalendarmonth(MOD14CMH/MYD14CMH)andeightdays(MOD14C8H/MYD14C8H).
Higherresolution0.25� CMG �re productswill eventuallybeproducedaswell. An exampleof the
corrected�re pixel countlayerof theproductis shown in Figure5.

Figure5: Exampleof the corrected�re pixel countdatalayer from the January2001CMG �re
product.

2.7 The Rapid ResponseFir eProducts

The MODIS RapidResponseSystemproducesnear-real time global imageryincluding true- and
false-colorcorrectedre�ectancesuperimposedwith �re locations(FigureX), NormalizedDiffer-
enceVegetationIndex (NDVI), andlandsurfacetemperature.Burnedareamapswill beaddedin
the nearfuture. The locationsof TerraandAqua MODIS �re pixels arealsoavailable in ASCII
�les. For furtherinformationseetheMODIS RapidResponsewebsite1.

1http://rapidfire.sci.gsfc.nasa.gov
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3 Obtaining the MODIS ActiveFir eProducts

All MODIS productsareavailableto usersfreeof charge. Therearecurrentlythreedifferentways
to obtaintheMODIS �re products.Not all productsareavailablethrougheachof thesemethods.
SeeTable1.

Table1: MODIS �re productavailability.
Product Source
Level 2 andmostLevel 3 �re products:

MOD14,MYD14
MOD14A1,MYD14A1
MOD14A2,MYD14A2 EOSDataGateway (seeSection3.1).

Level 2G �re products:
MOD14GD,MOD14GN
MYD14GD, MYD14GN Unavailable(notarchived).

CMG �re products:
MOD14CMH,MYD14CMH
MOD14C8H,MYD14C8H Universityof Maryland(seeSection3.2).

Active�re locationsin ASCII andESRIshape�le
format.

MODIS WebFireMapper

Fire andcorrected-re�ectanceJPEGimageryand
ASCII �re locations.

MODIS LandRapidResponseSystem
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3.1 The EOSData Gateway(EDG)

Most of the MODIS land productsmay be obtainedfrom the Land ProcessesDistributedActive
ArchiveCenter(LP-DAAC) usingaWeb-basedinterfaceknown astheEOSDataGateway(EDG).
Below is abrief tutorial for usingtheEDGto orderthe�re products.

1. Go to theLP-DAAC EOSDataGatewaywebsite(shown below):

http://edcimswww.cr.usgs.gov/pub/imswelcome/

The EOSDataGateway is alsoavailable from otherDAACs. You may order the MODIS
�re productsfrom any of thesealternatesitessincethey “talk” to oneanother, but the �re
productsarein factarchivedonly at theLP-DAAC. Regardlessof whichparticularEDGyou
use,therefore,theLevel 2 andLevel 3 �re productswill endupcomingfrom theLP-DAAC.

2. Register(select“Becomea registereduser”)or enterasguest.Registeringwill preventyou
from having to reentercontactinformationeachtime you placeanorder. Whendoneregis-
tering,entertheDataGateway (“Enterasregistereduser”).
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3. Selecteither“MODIS/Terra” or “MODIS/Aqua”, dependingon the MODIS instrumentfor
whichyouwouldlikedata.If you'd liketo orderbothTerraandAquaMODIS �re dataduring
asingleEDGsession,chooseeitherbutton.

4. Scroll throughthe list box until you �nd the entry for the particular�re productyou'd like
to order. Click on it. If you wantproductsfrom bothMODIS instrumentsgo on to Step5,
otherwiseskip to Step6.

5. (You shouldonly behereif you wantto orderbothTerraandAquaMODIS �re products.If
not,goon to Step6.) Click onwhicheverMODIS buttonyoudid not selectin Step3.
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6. In the“ChooseSearchArea” sectionof thepage,enterlatitudeandlongitudeboundariesfor
thegeographicregionof interest.To searchtheentireglobe,youcansimplyselectthebutton
“Global Search”(below themap)andsaveyourselfsometyping.

7. Choosea timeperiodof interestin the“ChooseaData/TimeRange”sectionof thepage.

8. Click on thelargepaleyellow “StartSearch”iconat thebottomof thepage.
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9. Wait while thesystemsearchesfor productsmeetingyour searchcriteria. This usuallytakes
a few minutes.
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10. You will presentedwith a listing of all �les matchingyour searchcriteria. Selectthosethat
youwould like to orderandclick on theyellow “Add selectionsto cart” button.

11. Thedisplaywill changeslightly andyou maythenselecta delivery methodfor the�les you
haveselected.Choose“FtpPull” if you intendto downloadthedatausingftp.

12. Click on the“Go to Step2: OrderForm” button.

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

14. Wait while the systemprocessyour request.You will receive updatesresemblingthosein
Step9 while this is happening.
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15. Whenyourorderhasbeencompletedyoushouldseesomethinglike this:
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3.2 MODIS CMG Active-FireProduct Distrib ution

At presentthe CMG productsaredistributed from the University of Marylandvia the ftp server
fuoco.geog.umd.edu (loginnameis fire andpasswordisburnt ) in thedirectorymodis/cmg .
For convenience,theproductsaredistributedin multiple,standarddataformats.CurrentlyHDF and
Flexible ImageTransportSystem(FITS) �les areavailable;additionalformatsmaybeproducedin
thefuture.
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4 DetailedProduct Descriptions

4.1 MOD14 and MYD14

MOD14/MYD14 is themostbasic�re productin which active �res andotherthermalanomalies,
suchasvolcanoes,are identi�ed. The Level 2 productis de�ned in the MODIS orbit geometry
coveringanareaof approximately2340by 2030km in theacross-andalong-trackdirections,re-
spectively. It is usedto generateall of thehigher-level �re products.

4.1.1 Fir eMask

The �re maskis the principle componentof the Level 2 MODIS �re product,andis storedasan
8-bit unsignedintegerScienti�c DataSet(SDS)named“�re mask”. In it, individual 1-km pixels
areassignedoneof nineclasses.Themeaningof eachclassis listedin Table2.

Table2: MOD14/MYD14 �re maskpixel classes.
Class Meaning

0 notprocessed(missinginputdata)
2 notprocessed(otherreason)
3 water
4 cloud
5 non-�re clearland
6 unknown
7 low-con�dence�re
8 nominal-con�dence�re
9 high-con�dence�re

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

4.1.2 DetectionCon�dence

A detectioncon�denceintendedto helpusersgaugethequalityof individual �re pixelsis included
in theLevel 2 �re product.Thiscon�denceestimate,whichrangesbetween0%and100%,is usedto
assignoneof thethree�re classes(low-con�dence�re, nominal-con�dence�re, or high-con�dence
�re) to all �re pixelswithin the�re mask.

In someapplicationserrorsof comission(or falsealarms) areparticularlyundesirable,andfor
theseapplicationsonemight bewilling to tradea lower detectionrateto gain a lower falsealarm
rate. Conversely, for otherapplicationsmissingany �re might beespeciallyundesirable,andone
might thenbewilling to toleratea higherfalsealarmrateto ensurethatfewer true�res aremissed.
Usersrequiringfewerfalsealarmsmaywishto retainonly nominal-andhigh-con�dence�re pixels,
andtreat low-con�dence�re pixels asclear, non-�re, land pixels. Usersrequiringmaximum�re
detectabilitywho areableto toleratea higher incidenceof falsealarmsshouldconsiderall three
classesof �re pixels.

4.1.3 Algorithm Quality AssessmentBits

Pixel-level QA is storedin a 32-bit unsignedintegerSDSnamed“algorithm QA”, with individual
�elds storedin speci�c bits. The exact meaningof thesebit �elds is de�ned in the Level 2 Fire
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Product�le speci�cation.

4.1.4 Fir ePixel Table

The�re pixel tableis simply a collectionof SDSscontainingrelevantinformationaboutindividual
�re pixelsdetectedwithin a granule.Dueto HDF �le formatandlibrary limitations,theFire Pixel
Tableis storedas19separateSDSs.A brief summaryof theseSDSsis providedin Table3.

Table3: Collection4 Level 2 �re productSDSscomprisingthe“�re pixel table”.
SDSName DataType Unit Description
FP line 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 - Near-IR (band2) re�ectanceof �re pixel (daytimeonly).
FP T21 �oat32 K Channel21/22brightnesstemperatureof �re pixel.
FP T31 �oat32 K Channel31brightnesstemperatureof �re pixel.
FP MeanT21 �oat32 K Backgroundchannel21/22brightnesstemperature.
FP MeanT31 �oat32 K Backgroundchannel31brightnesstemperature.
FP MeanDT �oat32 K
FP MAD T21 �oat32 K
FP MAD T31 �oat32 K
FP MAD DT �oat32 K
FP power �oat32 W m� 2 Fire radiativepowerperunit area.
FP AdjCloud uint8 - Numberof adjacentcloudpixels.
FP AdjWater uint8 - Numberof adjacentwaterpixels.
FP WinSize uint8 - Backgroundwindow size.
FP NumValid int16 - Numberof valid backgroundpixels.
FP con�dence uint8 % Detectioncon�denceestimate.

4.1.5 Metadata

Every MODIS productcarrieswith it ECS-mandatedmetadatastoredin theHDF globalattributes
CoreMetadata.0andArchiveMetadata.0. Eachattributeis anenormousstringof ASCII characters
encodingmany separatemetadata�elds in ParameterValueLanguage(PVL). Amongotherinfor-
mation,theArchiveMetadata.0attributeusuallycontainsproduct-speci�cmetadataincludedat the
discretionof thePI.However, sincethePVL is awkwardto readandtediousto parse,wehavestored
many of theproduct-speci�cmetadata�elds asstandardHDF globalattributes.Thesearesumma-
rizedin Table4. Descriptionsof theproduct-speci�cmetadatastoredin theECSArchiveMetadata.0
attributemaybefoundin theMOD14/MYD14 �le speci�cation(seeSection7.2).

18



Table4: MODIS Level 2 �re productmetadatastoredasstandardgobalHDF attributes.
AttributeName Description
FirePix Numberof �re pixelsdetectedin granule.
MissingPix Numberof pixelsin granulelackingvalid datafor processing.
LandPix Numberof landpixelsin granule.
WaterPix Numberof waterpixelsin granule.
WaterAdjacentFirePix Numberof �re pixelsthatareadjacentto oneor morewaterpixels.
CloudAdjacentFirePix Numberof �re pixelsthatareadjacentto oneor morecloudpixels.
UnknownPix Numberof pixelsassignedaclassof unknownin granule.
LandCloudPix Numberof landpixelsobscuredby cloudin granule.
WaterCloudPix Numberof waterpixels obscuredby cloud in granule(always0

sincetheinternalcloudmaskis notappliedoverwaterpixels).
GlintPix Numberof pixelsin granulecontaminatedwith Sunglint.
GlintRejectedPix Numberof tentative �re pixels thatwererejecteddueto apparent

Sunglint contamination.
CoastRejectedPix Numberof tentative �re pixels thatwererejecteddueto apparent

watercontaminationof thecontextualneighborhood.
HotSurfRejectedPix Numberof tentative �re pixels thatwererejectedasapparenthot

desertsurfaces.
DayPix Numberof daytimepixelsin granule.
NightPix Numberof nighttimepixelsin granule.
Satellite Nameof satellite(“Terra”or “Aqua”).
ProcessVersionNumber Programversionstring(e.g.“4.3.3”).
MOD021KM input �le File name of MOD021KM (Terra) or MYD021KM (Aqua)

Level 1B radianceinputgranule.
MOD03 input �le File nameof MOD03(Terra)or MYD03 (Aqua)geolocationinput

granule.
SystemID Operatingsystemidenti�cation string.
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4.1.6 ExampleCode

Example1: IDL codefor readingthe“�re mask”SDSin theMODIS 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 SDS index to the MOD14 fire 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_ENDACCESS,sds_id

; finished with HDF file
HDF_SD_END, sd_id
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4.2 MOD14A1 and MYD14A1

The MOD14A1 andMTD14A1 daily Level 3 �re productsaretile-based,with eachproduct�le
spanningoneof the 460 MODIS tiles, of which 326 containland pixels. The productis a 1-km
griddedcompositeof �re pixels detectedin eachgrid cell over eachdaily (24-hour)compositing
period.For convenience,eightdaysof dataarepackagedinto asingle�le.

NOTE: The Collection 5 MOD14A1 and MYD14A1 �r e products will differ
signi�cantly fr om the curr ent Collection 4 versions of theseproducts. Im-
provementsare being implementedin preparation for an February 2006Col-
lection 5 reprocessing,and will require changesto the both the structur e and
meaningof the product data layers. Thesechangeswill mostlik ely breakexist-
ing codewritten to ingestthe Collection 4 MOD14A1 and MYD14A1 products.

4.2.1 Fir eMask

The �re maskis storedasan 8 (or less)� 1200� 1200,8-bit unsignedinteger SDSawkwardly
named“mostcon�dentdetected�re” for historicalreasons.TheSDScontainseightsuccessivedaily
�re masksfor a speci�c MODIS tile. Eachof thesedaily masksis a maximumvaluecompositeof
theLevel 2 �re productpixel classes(Table2) for thoseswathsoverlappingtheMODIS tile during
that day. Product�les containinglessthan eight daysof datawill occasionallybe encountered
duringtimeperiodsof missingdataandshouldbehandledin ingestsoftware.

4.2.2 QA

Eachof the daily �re maskshasa correspondingQA layer. This layer is simply a copy of the
pixel-level QA from theparticularswathpixel of theLevel 2 productthatpopulatestheLevel 3 grid
cell.

4.2.3 ExampleCode

Example2: MATLAB codeto readtheLevel 3 MODIS daily �re mask,usingtheMATLAB routine
hdfread . This is probablytheeasiestway to readindividualHDF SDSsin MATLAB.

mod14a1_file = 'MOD14A1.A2001289.h23v02.004.2003164035111.hdf'

% read entire "most confident detected fire" SDS in one shot
fire_mask = hdfread(mod14a1_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 (Aqua)daily Level 3 8-daysummary�re productsaretile-
based,with eachproduct�le spanningone of the 460 MODIS tiles, 326 of which containland
pixels. Theproductis a 1-km griddedcompositeof �re pixelsdetectedin eachgrid cell over each
8-daycompositingperiod.

NOTE: The Collection 5 MOD14A2 and MYD14A2 �r e products will differ
signi�cantly fr om the curr ent Collection 4 versions of theseproducts. Im-
provementsare being implemented in preparation for a February 2006Col-
lection 5 reprocessing,and will require changesto the both the structur e and
meaningof the product data layers. Thesechangeswill mostlik ely breakexist-
ing codewritten to ingestthe Collection 4 MOD14A2 and MYD14A2 products.

4.3.1 Fir eMask

The �re maskis storedas a 1200 � 1200 8-bit unsignedinteger SDS awkwardly named“most
con�dent detected�re” for historicalreasons.

4.3.2 QA

The QA layer containspixel-level quality assessmentinformationstoredin a 1200� 12008-bit
unsignedinteger image. Only the two leastsigni�cant bits areused,andthe valuesstoredin this
arraycorrespondto theoriginalLandDataOperationalProductEvaluation(LDOPE)QA summary.
SeeRoyetal. (2002)for moreinformationaboutthesevalues.

4.3.3 ExampleCode

Example3: MATLAB codeto readtheLevel 3 MODIS 8-day�re mask,usingtheMATLAB routine
hdfread . This is probablytheeasiestway to readindividualHDF SDSsin MATLAB.

mod14a2_file = 'MYD14A2.A2004193.h08v08.004.2004207151726.hdf'

% read entire "most confident detected fire" SDS in one shot
fire_mask = hdfread(mod14a2_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 readtheLevel 3 MODIS 8-day�re mask.This is
probablythebetterapproachto useif multiplesubsetsof anSDSwill bereadin sequencesincethe
HDF �le will beopenedandclosedonly once.(Theshorterapproachusinghdfread requiresthat
the�le beopenedandclosedfor eachread.)

mod14a2_file = 'MYD14A2.A2004193.h08v08.004.2004207151726.hdf'

sd_id = hdfsd('start', mod14a2_file, 'DFACC_RDONLY');

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] = start[1] = 0;
edges[0] = ROWS;
edges[1] = 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 != DFNT_UINT8) 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 (j = 0; j < COLS; j++)
if (fire_mask[i][j] >= 7) nfire++;

}

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

exit(0);
}
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4.4 CMG Fir eProducts(MOD14CMH, MYD14CMH, etc.)

TheCMG �re productsaregriddedstatisticalsummariesof �re pixel informationintendedfor usein
regionalandglobalmodeling,andarecurrentlygeneratedat0.5� spatialresolutionfor timeperiods
of onecalendarmonth(MOD14CMH/MYD14CMH) andeightdays(MOD14C8H/MYD14C8H).
Higherresolution0.25� CMG �re productswill eventuallybeproducedaswell.

At presenttheCMGproductsaredistributedfromtheUniversityof Marylandviaanonymousftp
(seeSection3.2). For convenience,theproductsaredistributedin multiple, standarddataformats.
CurrentlyHDF andFlexible ImageTransportSystem(FITS) �les areavailable;additionalformats
maybeproducedin thefuture.

4.4.1 CMG Naming Convention

Monthly CMG �r eproducts. The�le namesof themonthlyCMG product�les havethestructure
M?D14CM?.YYYYMM.CCC.VV.XXX, whereM?D14CM?is a pre�x 2 encodingthesatellite
andproductspatialresolution(seeFigure6), YYYYis the four-digit productyear, MMis the
two-digit calendarmonth,CCCdenotesthe Collection (seeSection2.1.4),VV denotesthe
productversionwithin aCollection,andXXXis asuf�x indicatingthe�le format.

Eight-day CMG �r eproducts. The�le namesof the8-dayCMG product�les have thestructure
M?D14C8?.YYYYDDD.CCC.VV.XXX, whereM?D14C8?is apre�x encodingthesatellite
andproductspatialresolution(seeFigure6), YYYYis thefour-digit productyear, DDDis the
two-digit calendarmonth,CCCdenotesthe Collection (seeSection2.1.4),VV denotesthe
productversionwithin aCollection,andXXXis asuf�x indicatingthe�le format.

Figure6: MODIS CMG �re productnamingpre�x (ESDT)convention.

2In MODIS-speakthispre�x is usuallyreferredto asanEarthScienceDataType(ESDT).
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4.4.2 Data Layers

TheCMG �re productscontainsevenseparatedatalayerssummarizedin Table5. For the0.5� prod-
uctseachlayeris a720� 360numericarray.

Table5: Summaryof datalayersin theCMG �re products.
LayerName DataType Unit Description
CorrFirePix int16 - Correctednumberof �re pixels.
CloudCorrFirePix int16 - Correctednumberof �re pixels, with an addi-

tional correctionfor cloudcover.
MeanCloudFraction int8 - Meancloudfraction.
RawFirePix int16 - Uncorrectedcountof �re pixels.
CloudPix int32 - Numberof cloudpixels.
TotalPix int32 - Totalnumberof pixels.
MeanPower �oat32 MW Mean�re radiativepower.

4.4.3 Global Metadata

Global metadataarestoredasglobal attributesin the HDF product�les, andprimary-HDU key-
wordsin theFITSproduct�les.

4.4.4 Climate Modeling Grid Navigation

Forward navigation.Giventhelatitudeandlongitude(in degrees)of apointon theEarth's surface,
theimagecoordinates(x,y) of the0.5� CMG grid cell containingthispointarecomputedasfollows:

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

x = trunc((longitude + 180.0) / 0.5)

Heretruncdenotestruncationof the fractionalpartof a realnumber, i.e. trunc (2.2) = 2. These
equationsyield imagecoordinatessatisfyingthe inequalities0 � x � 719, 0 � y � 319, which
areappropriatefor programminglanguagesusingzero-basedarrayindexing suchasC andIDL; for
languagesusingone-basedarrayindexing (e.g.Fortran,MATLAB) add1.

Inversenavigation.Givencoordinates(x,y) of a particulargrid cell in the0.5� CMG �re prod-
ucts,thelatitudeandlongitude(in degrees)of thecenterof thegridcellmaybecomputedasfollows:

latitude = 89.75 - 0.5 � y

longitude = -179.75 + 0.5 � x

Here,x andy areagainzero-basedimagecoordinates;for one-basedimagecoordinates�rst subtract
1 from bothx andy.
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4.4.5 ExampleCode

Example6: IDL codefor readingthecloud-corrected�re pixel layerwithin theMODIS Collection
4 CMG monthlyand8-day�re products(HDF4 format).

; 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_ENDACCESS,sds_id
HDF_SD_END, sd_id

Example7: IDL codefor readingthecloud-corrected�re pixel layerwithin theMODIS Collection
4 CMG monthlyand8-day�re products(FITS format).

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

FITS_OPEN, cmg_file, fcb
ihdu = FIND_HDU(fcb, 'CloudCorrFirePix')
READ_ARRAY, fcb, ihdu, CloudCorrFirePix, ndims, dims
FITS_CLOSE, fcb
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5 Caveatsand known Problems

5.1 Caveats

Somecaveatsto bearin mindwhenusingtheMODIS �re products:

5.1.1 Fir ePixel Locationsvs. Gridded Fir eProducts

We urgecautionin using�re pixel locationsin lieu of the1-km griddedMODIS �re products.The
former includesno informationaboutcloud cover or missingdataand,dependingon the sort of
analysisthat is beingperformed,it is sometimespossibleto derive misleading(or even incorrect)
resultsby not accountingfor theseothertypesof pixels. It is alsopossibleto grosslymisuse�re
pixel locations,even for regionsandtime periodsin which cloud cover andmissingobservations
arenegligible. Somecaveatsto keepin mindwhenusingMODIS �re pixel locations:

� The�re pixel location�les allow usersto temporallyandspatiallybin �re countsarbitrarily.
However, severetemporalandspatialbiasesmayarisein any MODIS �re timeseriesanalysis
employing time intervalsshorterthanabouteightdays.

� Known �res for which no entriesoccur in the �re-pix el location �les are not necessarily
missedby thedetectionalgorithm.Cloudobscuration,a lack of coverage,or a misclassi�ca-
tion in theland/seamaskmayinsteadberesponsible,but 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 instrumentsufferedfrom several hardwareproblems
thatadverselyaffectedall of theMODIS �re products.In particular, somedetectorswererendered
deador otherwiseunusablein aneffort to reduceunexpectedcrosstalkbetweenmany of the500m
and1 km bands.The deaddetectorsareknown to introduceat leastthreespeci�c artifactsin the
pre-November2000�re products:striping, undetectedsmall �res, andundetectedlarge �res. In
somevery rare instancesseveremiscalibrationof band-21in the �rst weeksof the MODIS data
archive (FebruaryandMarch2000)will causeentirescanlinesto beidenti�ed as�re.

5.2.2 RegionalFalseAlarms

Recurringfalsealarmsattributedto industrialsourcesandurbanland-cover boundarieshave have
beenobservedin easternChinanearShanghaiandShaoxing.A particularlybadexampleis shown
in Figure7.
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Figure7: Exampleof falsealarmsnearShanghaifrom theTerraMODIS, 18July200402:45UTC.
Pixels identi�ed as containing�res are outlined in red, superimposedon a true color corrected
re�ectanceimage(courtesyof JacquesDescloitres).

5.2.3 DetectionCon�dence

A detectioncon�denceintendedto helpusersgaugethequalityof individual �re pixelsis included
in theLevel 2 �re product.Thiscon�denceestimate,whichrangesbetween0%and100%,is usedto
assignoneof thethree�re classes(low-con�dence�re, nominal-con�dence�re, or high-con�dence
�re) to all �re pixelswithin the�re mask.In theCollection4 �re productthis con�denceestimate
doesnot adequatelyidentify highly questionable,low con�dence�re pixels. Suchpixels, which
by designshouldhave a con�dencecloseto 0%, are too often assignedmuchhighercon�dence
estimatesof 50%or higher. Thiswill becorrectedfor Collection5.
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6 FrequentlyAskedQuestions

6.1 Terra and Aqua Satellites

6.1.1 Wherecan I �nd generalinformation about the Terra and Aqua satellites?

SeeNASA'sTerraandAquawebsitesfor astart:

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

6.1.2 When were the Terra and Aqua satelliteslaunched?

18December1999and4 May 2002,respectively.

6.2 GeneralMODIS Questions

6.2.1 Where can I �nd Algorithm TechnicalBasisDocuments(ATBDs) for the MODIS land
products?

ATBDs for all of the MODIS land productsareavailablefrom MODARCH3. Note that many are
notup to date.In particular, the�re productATBD pre-datesthelaunchof boththeTerraandAqua
satellites,anddescribestheveryobsoletepre-launchdetectionalgorithm.

6.3 GeneralFir eProduct Questions

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

Firedetectionis performedusingacontextualalgorithm(Giglio etal., 2003)thatexploitsthestrong
emissionof mid-infraredradiationfrom �res (Dozier, 1981;MatsonandDozier, 1981).Thealgo-
rithm examineseachpixel of theMODIS swath,andultimatelyassignsto eachoneof thefollowing
classes:missingdata, cloud, water, non-�re, �r e, or unknown.

Pixels lackingvalid dataareimmediatelyclassi�ed asmissingdataandexcludedfrom further
consideration.Cloudandwaterpixelsareidenti�ed usingcloudandwatermasks,andareassigned
theclassescloudandwater, respectively. Processingcontinueson theremainingclearlandpixels.
A preliminaryclassi�cationis usedto eliminateobviousnon-�re pixels.For thosepotential�re pix-
elsthatremain,anattemptis madeto usetheneighboringpixelsto estimatetheradiometricsignal
of thepotential�re pixel in theabsenceof �re. Valid neighboringpixels in a window centeredon
thepotential�re pixel areidenti�ed andareusedto estimateabackgroundvalue.If thebackground
characterizationwassuccessful,a seriesof contextual thresholdtestsareusedto performa relative
�re detection.Theselook for thecharacteristicsignatureof anactive�re in whichboth4 � m bright-
nesstemperatureandthe4 and11 � m brightnesstemperaturedifferencedepartsubstantiallyfrom
thatof thenon-�re background.Relative thresholdsareadjustedbasedon thenaturalvariability of
the background.Additional specializedtestsareusedto eliminatefalsedetectionscausedby sun
glint, desertboundaries,anderrorsin the watermask. Candidate�re pixels that arenot rejected
in thecourseof applyingthesetestsareassigneda classof �r e. Pixels for which thebackground
characterizationcouldnotbeperformed,i.e. thosehaving aninsuf�cient numberof valid pixels,are
assignedaclassof unknown.

3http://modarch.gsfc.nasa.gov/data/atbd/land atbd.html
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SeeGiglio etal. (2003)for adetaileddescriptionof theversion4 detectionalgorithm.

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

MODIS canroutinelydetectboth�aming andsmoldering�res � 1000m2 in size.Underverygood
observingconditions(e.g.nearnadir, little or nosmoke,relatively homogeneouslandsurface,etc.)
�aming �res one tenth this sizecanbe detected.Underpristine (andextremely rare)observing
conditionsevensmaller�aming �res � 50m2 canbedetected.

Unlike mostcontextual �re detectionalgorithmsdesignedfor satellitesensorsthatwerenever
intendedfor �re monitoring (e.g. AVHRR, VIRS, ATSR), thereis no upperlimit to the largest
and/orhottest�re thatcanbedetectedwith MODIS.

6.3.3 Why didn't MODIS detecta particular �r e?

Thiscanhappenfor any numberof reasons.The�re mayhavestartedandendedin betweensatellite
overpasses.The �re may be too small or too cool to be detectedin the 1 km2 MODIS footprint.
Cloudcover, heavy smoke,or treecanopy maycompletelyobscurea �re. OccasionallytheMODIS
instrumentsareinoperablefor extendedperiodsof time(e.g.theTerraMODIS in September2000)
andcanof courseobservenothingduringthesetimes.

6.3.4 How do I obtain the MODIS �r eproducts?

SeeSection3.

6.3.5 What validation of the MODIS active �r eproductshasbeenperformed?

Validationof theTerraMODIS �re producthasprimarily beenperformedusingcoincidentobser-
vationsfrom the AdvancedSpaceborneThermalEmissionandRe�ection Radiometer(ASTER);
seeMorisetteet al. (2005)andMorisetteet al. (in press)for details.A very brief discussionof the
generalvalidationprocedure,with somepreliminaryresults,canbefoundin Justiceetal. (2002).

6.3.6 I don't want to bother with strange�le formatsand/or an unfamiliar ordering interface
and/or very largedata �les. Can't you just give me the locationsof �r e pixels in plain
ASCII �les and I'll bin them myself?

You canobtainMODIS �re pixel locationsvia the Web Fire Mapper, but this doesn't necessarily
meanthat �re pixel locationsarethemostappropriatesourceof �re-related information. The �re
pixel location�les includeno informationaboutcloudcoveror missingdata,anddependingon the
sortof analysisyouareperforming,it is sometimespossibleto derivemisleading(or evenincorrect)
resultsby effectively ignoring theseothertypesof pixels. In many casesit is moreappropriateto
useoneof the1-km Level 3 or CMG �re products.SeeSection5.1.1for moreinformationabout
this issue.

6.3.7 How well canMODIS detectunderstory burns?

The likelihoodof detectionbeneatha treecanopy is unknown but probablyvery low. Understory
�res areusuallysmall,whichalreadymakesMODIS lesslikely to detectthem,but with theaddition
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of a treecanopy to obstructtheview of a �re, detectionbecomesveryunlikely.

6.4 Level 2 Fir eProducts

6.4.1 Why do the Level 2 product �les vary in size?

Level 2 granulescancontainslightly differentnumbersof scans.More importantly, internalHDF
compressionis usedto reducethesizeof the�les.

6.4.2 How should the differ ent �r edetectioncon�dence classesbeused?

Threeclassesof �re pixels (low con�dence,nominalcon�dence,high con�dence)areprovidedin
the�re masksof theMODIS Level 2 andLevel 3 �re products.Usersrequiringfewer falsealarms
maywish to consideronly nominal-andhigh-con�dence�re pixels,andtreatlow-con�dence�re
pixels asclear, non-�re, land pixels. Usersrequiringmaximum�re detectability, who areableto
tolerateahigherincidenceof falsealarms,shouldconsiderall threeclassesof �re pixels.

6.4.3 How canI takedata fr om the �r e-pixel-tableSDSs(i.e.,the one-dimensionalSDSswith
the pre�x “FP ”) and place the values in the proper locations of a two-dimensional
array that matchesthe swath-based“�r emask” and “algorithm QA” SDSs?

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

2. Determinethe numberof �re pixels in the granule. The easiestway to do this is to read
theglobalHDF attribute“FirePix”. (If you area masochistyou canreadandparsetheECS
CoreMetadata.0stringfor theproductspeci�c attributeFIREPIXELS instead.)If thenum-
berof �re pixelsis zero,all of the“FP ” SDSswill have lengthzero,andthere's nothingleft
to process,soclosethe�le andgoon to whateverelseyou'd like to do.

3. Find the numberof lines in the granule. Call this numbernlines . In the productthis
quantitycorrespondsto the dimensionnumber of scan lines . Sinceit is dif�cult or
impossibleto determinethevalueof a nameddimensiondirectly with theHDF library, you
must insteaddeterminethe dimensionsof an SDSfor which the nameddimensionapplies.
Youcanuseeitherthe“�re mask”or “algorithmQA” SDSsfor thisasthey bothhavedimen-
sionsnumber of scan lines by pixels per scan line . TheHDF library function
SDgetinforeturnsthis information(in IDL useHDFSD GETINFO).
You candeterminethenumberof samplestoo (pixels per scan line ) if you like, but
it will alwaysbe1354.

4. Readthethe“FP line” and“FP sample”SDSsin theirentirety. Thesearrayscontainpixel co-
ordinateswithin thegranulefor all of thequantitiesin theother“FP ” SDSs.Hereafterwe'll
assumethesehavebeenreadandstoredin internalarraysnamedFP line andFP sample ,
respectively.

5. Createa2-D arrayto holdwhatever “FP ” quantityit is thatyou'd like to use.Assumingyou
wanttheband21/22brightnesstemperature(“FP T21”), thenin IDL youcoulddo this:

T21 = fltarr(nlines, 1354)
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6. Readthe entire“FP ” SDSthat you'd like to use. In the above examplethis is “FP T21”.
Following our earlierconvention,we'll assumethis SDSis readinto aninternalarraynamed
FP T21.

7. Populatepixelsin theT21 arrayby indexing it with FP line andFP sample . In IDL you
woulddo this in oneshot:

T21 = FP_T21[FP_line, FP_sample]

In non-vector-basedlanguagesyou'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_sample[i]] = FP_T21[i];

Note that the coordinatesin “FP line” and“FP sample”arezero-based.In a languagelike
Fortran(with the�rst arrayelementnumbered1)you'dhavetoadd1 toall valuesin FP line
and•FP sample.

8. Do whateveryouwantwith the2-D T21 array– it cannow beindexedjust like the�re mask
andQA SDSswould be if you hadreadthemfrom the �le. Note, though,that the newly
createdT21 arraywill only containdatain thosepixels where�res weredetected.This is
truefor 2-D arrayscreatedfrom any of theother“FP ” SDSsaswell.

9. Gobackto step4 for theremaining“FP ” quantitiesyouwantto use.

10. ClosetheHDF �le.

6.4.4 Why are the valuesof the �r e radiati ve power (FRP) I seein the Level 2 product in-
consistentwith those I �nd in the CMG products and published in various jour nal
papers?

The“FP power” SDSin theCollection4 Level 2 productactuallycontainsradiativepowerperunit
area,despitethefactthattheunits attributeof this SDSis assigneda valueof “megawatts” (this
is an error). Thesevaluesmustbe multiplied by the appropriatepixel area(at the surfaceof the
Earth)to obtaintheFRP. To obtaintheFRPin megawatts(MW), usethefollowing formula:

FRP(MW) = powervaluesstoredin theLevel 2 product� pixel area(km2)

Note that the areaof a MODIS pixel varieswith its position in the MODIS scan;seethe next
questionfor details. Note alsothat startingwith Collection5 the Level 2 productswill have this
multiplicationperformedduringprocessingandwill thereforecontainthecorrectFRP.

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

Theareaof a MODIS pixel is nominally1 km2 but grows away from nadir. A handypolynomial
approximationfor theareaof a1-kmMODIS pixel (in km2) asa functionof samplenumberis

Apixel (x) =
8X

k=0

ckxk (1)
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wherethe samplenumberx = 0, 1, 2, : : :, 1353. The coef�cients ck aregiven in Table6. This
approximationisaccuratetowithin � 1%,whichis lessthantheerrorentailedby treatingthepixelas
havingsharpedges.Usedouble-precision�oating pointarithmeticwhenevaluatingthispolynomial.

Table6: Polynomialcoef�cients.

k ck (km2)
0 9.7421684
1 -0.091159223
2 0.00051138175
3 -1.7683231� 10� 6

4 3.8048273� 10� 9

5 -5.0660609� 10� 12

6 4.0471196� 10� 15

7 -1.7739490� 10� 18

8 3.2795410� 10� 22
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6.5 Level 3 Tiled Fir eProducts

6.5.1 Why do coastlinesin the tile-basedLevel 3 productslookedsowarped?

The tile-basedLevel 3 productsarede�ned on a global sinusoidalgrid which preservesareasbut
greatlydistortstheshapeof landmassesat longitudesfar from theprimemeridian.

6.6 Level 3 CMG Fir eProducts

6.6.1 I needto reducethe resolution of the 0.5� CMG �r e product to grid cells that are a
multiple of 0.5� in sizeHow do I goabout doing this?

For all pixel-countdatalayerssimply sumthevaluesof the0.5� grid cellsthat lie within thelarger
grid cells. Be sureto handlegrid cells �agged with the missingdatavalue of -1. At the very
leastthis entailsexcludingthenegative missing-datavaluesfrom theresultingsum,but, depending
upontheapplication,it maybemoreappropriateto �ag thecoarsergrid cell aslackingvalid data
entirely. Whencoarseningthe mean�re radiative power layer (MeanPower) you shouldweight
theindividual0.5� meanFRPvaluesby thecorrected�re pixel counts(CorrFirePix ), handling
(by at leastexcluding)missingFRPvaluesof 0 in theprocess.A few examplesareshown in the
following �gures:

Rebinningcorrected�r e pixel countsfrom0.5� grid cells (left) to a 1� grid cell (right). Theresult
is simplythesumof thepixel countsof thefour 0.5� grid cells(100+ 200+ 300+ 400= 1000�r e
pixels)nestedwithin the1� grid cell.
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Rebinningcorrected�r epixelcountsfrom0.5� grid cells(left) to a 1� grid cell (right) whenmissing
datavaluesof -1 arepresent.In thiscasewe�a g theentire1� grid cell aslackingvalid datawhich
is appropriatewhen,for example, weare goingto compare independentgridded�r e productsthat
won't generally havemissingdatavaluesin exactly thesamegrid cells. For otherapplicationsit
wouldbesuf�cient to simplyexcludethemissingvaluesfromthesum,yieldinga resultof 300+ 400
= 700�r epixelsin the1� grid cell.

RebinningthemeanFRPfrom0.5� grid cells(left) to a 1� 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.Usingthecorrected�r e pixel countsfromthe�r st example(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 a daily CMG �r eproduct?

BecauseaMODIS productatdaily temporalresolutionwill beplaguedby extremelylargesampling
biaserrors.At mostlatitudesasingleMODIS instrumentsimplydoesnotsampletheEarth'ssurface
adequatelyin timeperiodsshorterthanabout8 daysto “averageout” mostof thesamplingbias.

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

1) The numberof �les onemustdealwith balloonssincemostusersrequestthat individual data
layersbewrittento separate�les; 2) it is dif�cult to includeusefulmetadatawithoutwriting separate
header�les, increasingthetotalnumberof �les to handleevenfurther;3) it is possiblefor dataand
its accompanying metadatato becomeseparated;and4) production,ingest,andanalysissoftwareis
muchmorelikely to breakwhenchangesaremadeto theproduct.

6.6.4 Wherecan I �nd information about the FITS �le format?

InformationaboutFITS is available from NASA's FITS SupportOf�ce . You may also �nd the
TRMMVIRSMonthlyFire ProductUser's Guide(Giglio andKendall, 2003)helpful, particularly
Appendix2.

6.6.5 How can I display imagesin FITS �les?

Two goodchoicesare SAOimage4 (Figure 8) and DS95 (Figure 9). Use the “-ul ” switch with
SAOimageandthe “-orient y” switch with DS9 to orient North upwards,otherwisethe grid
will appearupsidedown.

4http://tdc-www.harvard.edu/software/saoimage.html
5http://hea-www.harvard.edu/RD/ds9/
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Figure8: SAOimagedisplayingtheCorrFirePix datalayerin theFebruary2003MOD14CMH
product.
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Figure9: DS9displayingtheCorrFirePix datalayerin theFebruary2003MOD14CMH prod-
uct. Thelongitudeandlatitude,respectively, at thecenterof thepixel beneaththecursoris shown
in the upperleft handcornerof the window, in the two numeric�elds to the right of the word
“LINEAR”.
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6.7 Hierar chical Data Format (HDF)

6.7.1 What areHDF �les?

TheHierarchicalDataFormat(HDF), developedat theNationalCenterfor Supercomputing,is one
of various�le formatsusedto portablyarchive anddistributescienti�c data.HDF �les aremoreor
less“self-describing”in that they canincludeextensive metadataaboutthedatastoredwithin the
�le. Note that therearetwo incompatible�a vors of HDF in use: HDF4, the format in which all
MODIS productsarestored,andHDF5,which is actuallya completelydifferent�le formatthat is
notbackwards-compatiblewith HDF4. SeetheNCSAHDF websitefor moreinformation6.

6.7.2 How do I readHDF4 �les?

If youarewriting yourown softwarein a“traditional” programminglanguagesuchasC or Fortran,
youwill needobtaintheHDF4library fromNCSA7. Somecommercialsoftwarepackages,however,
includingMATLAB, IDL, andENVI, havetheHDF library built-in, in whichcaseyouwill notneed
to install thelibrary.

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

Put any thoughtof readingor writing HDF �les without the HDF library out of your head.HDF
wasintendedto be not so mucha physical �le format,but insteadan “applicationinterface”. As
such,theformatis fairly complicated(andhasin factchangedover time)andit wouldbevery time
consuming(andrisky) to roll your own HDF ingestcode.Thephysical �le format is nothinglike
the typical header-followed-by-datacommonto many other formats,andit is not easyto simply
skipover themetadatafragmentsin anHDF �le.

6.7.4 How can I list the contentsof HDF4 �les?

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

6http://hdf.ncsa.uiuc.edu/
7http://hdf.ncsa.uiuc.edu/hdf4.html
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7.2 Relevant Weband FTP Sites

� MODIS Fir e and Thermal Anomalies: GeneralinformationabouttheMODIS Fire (Ther-
malAnomalies)andBurnedAreaproducts.
http://modis-�re.umd.edu/

� MODIS File Speci�cations: Detailed�le descriptionsof all MODIS landproducts.
ftp://modular.gsfc.nasa.gov/pub/LatestFilespecs/

� MODIS LDOPE Tools: A collectionof programs,writtenby membersof theLandDataOp-
erationalProductEvaluation(LDOPE)group,to assistin theanalysisandqualityassessment
of MODIS Land(MODLAND) products.
http://LPDAAC.usgs.gov/landdaac/tools/ldope/info/about.asp

� MODIS Reprojection Tool (MRT), Release3.2a: Softwarefor reprojectingtiled MODIS
Level3productsintomandifferentprojections.http://LPDAAC.usgs.gov/landdaac/tools/modis/index.asp
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� MODIS Web Fir e Mapper: Generatescustommapsof active �res detectedby the Terra
andAqua MODIS instruments.Userscanalsoactive �re locationsin ESRI shape�le and
ARC/INFOformats.http://maps.geog.umd.edu/

� MODIS Rapid ResponseSystem: Accessto near-real time Terra and Aqua MODIS re-
�ectance,�re, vegetationindex, andlandsurfacetemperatureimagery. Includesa multi-year
archive.
http://rapid�r e.sci.gsfc.nasa.gov/

� EOSData Gatewayat the LP-DAAC: Theprimarydistributionsitefor mostof theMODIS
landproducts.
http://edcimswww.cr.usgs.gov/pub/imswelcome/

� MODIS Land Product Quality Assessment: Productquality-assessment(QA) relatedin-
formation,includingaverycompletearchiveof known land-productissueswith descriptions
andexamples.
http://landweb.nascom.nasa.gov/cgi-bin/QAWWW/newPage.cgi
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