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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.

7



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 periodicallyperformedto incorporatebettercali-
bration,algorithmre�nements,andimprovedupstreamdatainto all MODIS products.Theupdated
MODIS dataarchiveresultingfrom eachreprocessingis referredto asacollection. Latercollections
supersedeall earliercollections.

For theTerraMODIS, Collection1 consistedof the �rst productsgeneratedfollowing launch.
TerraMODIS datawerereprocessedfor the�rst time in June2001to produceCollection3. (Note
that this �rst reprocessingwasnumberedCollection3 ratherthan,asonewould expect,Collec-
tion 2.) Collection3 wasalsothe �rst versionproducedfor the Aqua MODIS products.Collec-
tion 4 reprocessingbeganin December2002andwasterminatedin December2006.Collection5,
which commencedin mid-2006,is the currentversionof the MODIS products. A Collection6
reprocessingfor asubsetof theMODIS productsis scheduledto begin in early2011.

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 approximately2340� 2030km in thealong-scanandalong-trackdirections,respectively. It is
usedto 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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Figure2: ExampleMOD14 granulewith watershown
in blue,cloudsin purple,clearlandin grey, andactive
�res in white. Thealong-trackdirectionpointstoward
thetopof 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 2G formatprovides
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.

Figure3 showstheTerra�re maskfor 19September2001from the14-21September2001daily
Level 3 �re product(Collection4). Thetile is locatedin NorthernAustralia(h31v10).In this image,
wateris shown in blue,cloudsin violet, non-�re landpixels in grey, “unknown” pixels in yellow,
and�re pixelsin white.
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Figure3: Exampleof MOD14A1 �re mask
for tile h31v10in NorthernAustralia.Water
is shown in blue, cloudsin violet, non-�re
landpixelsin 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 tile h08v05in the easternUnited
States.Wateris shown in blue,cloudsin vi-
olet,non-�re landpixelsin grey, and�re pix-
elsin white.
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2.6 Climate Modeling Grid Fir eProducts(MOD14CMH, MYD14CMH, etc.)

TheCMG �re productsaregriddedstatisticalsummariesof �re pixel informationintendedfor use
in regionalandglobalmodeling.Theproductsarecurrentlygeneratedat 0.5� spatialresolutionfor
timeperiodsof onecalendarmonth(MOD14CMHandMYD14CMH) andeightdays(MOD14C8H
andMYD14C8H).Higherresolution0.25� CMG �re productswill eventuallybeproducedaswell.
An exampleof thecorrected�re pixel countlayerof theproductis shown in Figure5.

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

2.7 Global Monthly Fir eLocation Product (MCD14ML)

For someapplicationsit is necessaryto have the geographiccoordinatesof individual �re pixels.
New for Collection5 is theglobalmonthly�re locationproduct(MCD14ML), which containsthis
informationfor all TerraandAquaMODIS �re pixelsin asinglemonthlyASCII �le.
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2.8 The Rapid ResponseFir eProducts

The MODIS RapidResponseSystemproducesnear-real time global imageryincluding true- and
false-colorcorrectedre�ectancesuperimposedwith �re locations(Figure6), NormalizedDiffer-
enceVegetationIndex (NDVI), andlandsurfacetemperature.Near-realtime locationsof Terraand
AquaMODIS �re pixelsarealsoavailablein ASCII �les. For further informationseetheMODIS
RapidResponsewebsite1.

Figure6: MODIS RapidResponsetruecolor imageryof �res andsmoke in southeastAustralia(10
December2006,03:45UTC).

1http://rapidfire.sci.gsfc.nasa.gov
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2.9 LDOPE Global BrowseImagery

TheMODIS LandDataOperationalProductEvaluation(LDOPE)providesinteractivedaily global
browseimageryof many MODIS landproductsfrom theMODIS LandGlobalBrowseImagesweb
site2 in near-real time (Figure7). For mostproducts(including the �re products)the browseim-
ageryis generatedusingonly thedaytimeoverpasses.Thesiteallows you to arbitrarily zoominto
any regionof theglobeandexaminefeaturesof interestin moredetail.

Figure7: ExampleTerraMODIS active �re globalbrowseimagefor 16February2010showing all
daytimeoverpasses.Fire pixels areshown in red,cloud pixels areshown in light blue,andareas
lackingdataareshown in white. Browseimagecourtesyof theLDOPE.

2http://modland.nascom.nasa.gov/cgi-bin/browse/browse.cgi
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3 Obtaining the MODIS ActiveFir eProducts

All MODIS productsareavailableto usersfreeof charge.Therearecurrentlythreedifferentsources
for obtainingtheMODIS �re products(Table1). Not all productsareavailablefrom eachsource.

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

MOD14,MYD14
MOD14A1,MYD14A1
MOD14A2,MYD14A2 WarehouseInventory SearchTool (see

Section3.1)

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

Global�re locationproduct: Universityof Maryland(seeSection3.2)
MCD14ML

Active�re locationsin ASCII andESRIshape�le
formatfor geographicsubsets.

MODIS WebFireMapper

Fire andcorrected-re�ectanceJPEGimageryand
near-realtimeASCII �re locations.

MODIS LandRapidResponseSystem

Interactiveglobalbrowseimagery. MODIS Land Global Browse Images
website
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3.1 The WarehouseInventory Search Tool (WIST)

Most of the MODIS land productsmay be obtainedfrom the Land ProcessesDistributedActive
ArchiveCenter(LP-DAAC) usingaWeb-basedinterfaceknown astheWarehouseInventorySearch
Tool (WIST), a replacementfor theolderEOSDataGateway. WIST maybefoundat thefollowing
URL:

https://wist.echo.nasa.gov/api/

In the sectionof the pagetitled ChooseData Sets(Figure 8) selecteither “MODIS/Terra” or
“MODIS/Aqua”, dependingon theparticularMODIS sensorfor whichyouwould likedata.

A WIST tutorial is availablehere:

https://wist.echo.nasa.gov/ � wist/api/Tutorial/main.html

Figure8: TheWIST interface.
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3.2 University of Maryland ftp Server

At presentthe active-�re CMG productsandthe MCD14ML productaredistributedfrom an ftp
serverat theUniversityof Maryland.Log in usingthefollowing information:

Server: fuoco.geog.umd.edu
Login name:fire
Password: burnt

Onceconnected,youwill haveaccessto thefollowing directorytree:

.
|-modis
|---C4
|-----cmg
|-------8day
|---------fits
|---------hdf
|-------monthly
|---------fits
|---------hdf
|---C5
|-----cmg
|-------8day
|---------fits
|---------hdf
|-------monthly
|---------fits
|---------hdf
|-----mcd14ml
|---docs
|-virs
|---monthly

3.2.1 MODIS CMG Active-FireProducts

The currentMODIS CMG �re productsare locatedin the directorymodis/C5/cmg . For con-
venience,theseproductsare distributed in multiple, standarddataformats. Currently HDF and
Flexible ImageTransportSystem(FITS) �les areavailable;additionalformatsmaybeproducedin
thefuture.

3.2.2 MODIS Monthly Fir eLocation Product

ThecurrentMCD14ML productis locatedin thedirectorymodis/C5/mcd14ml .
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3.2.3 Documentation

Themostrecentversionof theActiveFire ProductUser's Guidefor eachCollectionis archivedin
thedirectorymodis/docs .

3.2.4 Collection 4 Products

To helpensuretraceabilityandreplicability theserverprovidesanarchiveof theolderCollection4
CMG �re productsin the directorymodis/C4 . Theseproductsare obsoleteand shouldnot be
usedfor new research or analyses.

3.2.5 VIRS Monthly Fir eProduct

Althoughunrelatedto MODIS, theftp serveralsohostsanarchiveof the0.5� TropicalRainfall Mea-
suringMission(TRMM) VisibleandInfraredScanner(VIRS) monthly�re productin thedirectory
virs/monthly . Seethedocumentationin thedirectoryvirs for details.
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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 in thepre-launchalgorithmbut wasabandonedasof Collection3.

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�r e, nominal-con�dence�r e, or high-con�dence
�r e) 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.
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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
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 Units Description
FP line int16 - Granuleline of �re pixel.
FP sample int16 - Granulesampleof �re pixel.
FP latitude �oat32 degrees Latitudeat centerof �re pixel.
FP longitude �oat32 degrees Longitudeat centerof �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 MW Fire radiativepower.
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(seeSection9).
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Table4: MODIS Level 2 �re productmetadatastoredasstandardglobalHDF 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.“5.0.1”).
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.A2002177.1830.005.2008192223417.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 andMYD14A1 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.

4.2.1 Fir eMask

The�re maskis storedasan8 (or less)� 1200� 1200,8-bit unsignedintegerSDSnamed“Fire-
Mask”. (For historicalreasonsthis layerwasnamed“most con�dent detected�re” prior to Collec-
tion 5.) TheSDScontainseightsuccessivedaily �re masksfor aspeci�c MODIS tile. Eachof these
daily masksis a maximumvaluecompositeof theLevel 2 �re productpixel classes(Table2) for
thoseswathsoverlappingtheMODIS tile during thatday. Product�les containinglessthaneight
daysof datawill occasionallybe encounteredduring time periodsof missingdataandshouldbe
handledin ingestsoftware.

4.2.2 QA

Eachof the daily �re maskshasa correspondingsimpleQA layer. Eachlayer is a 1200� 1200
8-bit unsignedintegerarray. Only threeuniqueQA valuesarepossible,with themeaningsshown
in Table5.

Table5: QA valuesin Level 3 tile MODIS active �re products.

Value Meaning
0 Daytimeobservationor missingdata,dependingon thevaluein thecorresponding

grid cell of the“FireMask” SDS.
1 Nighttimeobservation.
2 Sunglint rejection�ag. Classin correspondinggrid cell of “FireMask” SDSwill

benon-�reclear land (5).

4.2.3 Maximum FRP

The maximum�re radiative power of all �re pixels falling within eachgrid cell is provided on a
daily basisin the “MaxFRP” SDS.Here the FRPvalueshave beenscaledby a factorof 10 and
storedasa 32-bit signedinteger. Multiply thesescaledvaluesby 0.1 to retrieve themaximumFRP
in MW.

4.2.4 ScanSample

For all grid cellsassignedoneof the�re pixel classes(values7, 8, or 9), thepositionof the�re pixel
within thescanis recordedon a daily basisin a 1200� 120016-bit unsignedintegerSDSnamed
“sample”. Samplevalueshave a rangeof 0 to 1353. All grid cells assignedoneof the non-�re
classesin the“FireMask” SDSwill be�lled with asamplevalueof 0.
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4.2.5 Metadata

As with the Level 2 �re products, the MOD14A1 and MYD14A1 products contain global
metadatastored in the ECS CoreMetadata.0and ArchiveMetadata.0global attributes. Also
like the Level 2 products, a subsetof these metadataare written as standardHDF global
attributes for convenience (see Table 6). Here are example values for the product �le
“MOD14A1.A2009241.h31v10.005.2009250214231.hdf”, listed using ncdump (see Section
7.8.4):

:FirePix = 79, 148, 98, 102, 244, 129, 205, 197 ;
:CloudPix = 72, 52, 316, 563, 81, 136, 171, 29 ;
:UnknownPix = 78, 58, 61, 0, 34, 21, 151, 91 ;
:MissPix = 163522, 0, 145360, 97779, 3373, 163624, 0, 163559 ;
:MaxT21 = 382.34094f ;
:ProcessVersionNumber = "5.1.3" ;
:StartDate = "2009-08-29" ;
:EndDate = "2009-09-05" ;
:HorizontalTileNumber = 31s ;
:VerticalTileNumber = 10s ;

Notice that the �rst four �elds (FirePix , CloudPix , UnknownPix , andMissPix ) areone-
dimensionalarrays(or vectors)having eight elements.Eachelementcorrespondsto a singleday
in the 8-daytime periodcoveredby the product. Note that while the Scienti�c DataSetsin the
product�le (“FireMask”, “MaxFRP”, etc.)will containfewer than8 planeswhentherearenovalid
MODIS observationsduringoneor moredaysspannedby theproduct,thevectormetadata�elds
will alwayshaveeightelements.ThosedayscompletelylackingMODIS observations(aswhenthe
TerraMODIS wasnotoperationalfor severalweeksin June2001)will haveavalueof 1200� 1200
= 1440000in theappropriateelementof theMissPix attribute.

Table6: MOD14A1andMYD14A1 �re productmetadatastoredasstandardglobalHDF attributes.
AttributeName Description
FirePix Numberof 1-kmtile cellscontaining�res (8-elementarray).
CloudPix Numberof 1-kmtile cellsassignedaclassof cloudaftercomposit-

ing (8-elementarray).
MissPix Numberof 1-kmtile cellslackingvalid data(8-elementarray).
UnknownPix Numberof 1-km tile cellsassigneda classof unknownaftercom-

positing(8-elementarray).
MaxT21 Maximumband21 brightnesstemperature(K) of all �re pixels in

tile.
ProcessVersionNumber Programversionstring(e.g.“5.1.3”).
StartDate Startdateof 8-daytime periodspannedby product(YYYY-MM-

DD).
EndDate End dateof 8-daytime periodspannedby product(YYYY-MM-

DD).
HorizontalTileNumber Horizontaltile coordinate(H).
VerticalTileNumber Verticaltile coordinate(V).

23



4.2.6 Level 3 Tile Navigation

Navigationof thetiled MODIS productsin thesinusoidalprojectioncanbeperformedusingthefor-
wardandinversemappingtransformationsdescribedhere.We'll �rst needto de�ne afew constants:

R = 6371007.181m, theradiusof theidealizedsphererepresentingtheEarth;

T = 1111950m, theheightandwidth of eachMODIS tile in theprojectionplane;

xmin = -20015109m, thewesternlimit of theprojectionplane;

ymax = 10007555m, thenorthernlimit of theprojectionplane;

w = T=1200= 926.62543305m, theactualsizeof a “1-km” MODIS sinusoidalgrid cell.

Forward Mapping

Denotethelatitudeandlongitudeof thelocation(in radians)as� and� , respectively. Firstcompute
thepositionof thepointon theglobalsinusoidalgrid:

x = R� cos� (1)

y = R�: (2)

Next computethe horizontal(H ) andvertical (V ) tile coordinates,where0 � H � 35 and0 �
V � 17 (Section2.1.2):

H =
�

x � xmin

T

�
(3)

V =
�

ymax � y
T

�
; (4)

wherebcis the�oor function. Finally, computetherow (i ) andcolumn(j ) coordinatesof thegrid
cell within theMODIS tile:

i =
�

(ymax � y) mod T
w

� 0:5
�

(5)

j =
�

(x � xmin ) mod T
w

� 0:5
�

: (6)

Notethatfor the1-km MOD14A1 andMYD14A1 products(indeed,all 1-km MODIS productson
thesinusoidalgrid) 0 � i � 1199and0 � j � 1199.
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InverseMapping

Herewe aregiven therow (i ) andcolumn(j ) in MODIS tile H , V . First computethepositionof
thecenterof thegrid cell on theglobalsinusoidalgrid:

x = (j + 0:5)w + H T + xmin (7)

y = ymax � (i + 0:5)w � VT (8)

Next computethelatitude� andlongitude� at thecenterof thegrid cell (in radians):

� =
y
R

(9)

� =
x

R cos�
: (10)

Applicability to 250-mand 500-mMODIS Products

With the following minor changestheabove formulasarealsoapplicableto thehigherresolution
250-mand500-mMODIS tiled sinusoidalproducts.

250-mgrid: Setw = T=4800= 231.65635826m, theactualsizeof a “250-m” MODIS sinusoidal
grid cell. For 250-mgrid cells0 � i � 4799and0 � j � 4799.

500-mgrid: Setw = T=2400= 463.31271653m, theactualsizeof a “500-m” MODIS sinusoidal
grid cell. For 500-mgrid cells0 � i � 2399and0 � j � 2399.

4.2.7 ExampleCode

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

mod14a1_file = 'MOD14A1.A2008281.h31v10.005.2008292070548.hdf'

% read entire "FireMask" SDS in one shot
fire_mask = hdfread(mod14a1_file, 'FireMask');

% 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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Example3: IDL codeto readsomeof the global attributesand SDSsin the Level 3 daily �re
product.

mod14a1_file = 'MOD14A1.A2007241.h08v05.005.2007251120334.hdf'

sd_id = HDF_SD_START(mod14a1_file, /READ)

; read "FirePix" and "MaxT21" attributes
attr_index = HDF_SD_ATTRFIND(sd_id, 'FirePix')
HDF_SD_ATTRINFO, sd_id, attr_index, DATA=FirePix
attr_index = HDF_SD_ATTRFIND(sd_id, 'MaxT21')
HDF_SD_ATTRINFO, sd_id, attr_index, DATA=MaxT21

index = HDF_SD_NAMETOINDEX(sd_id, 'FireMask')
sds_id = HDF_SD_SELECT(sd_id, index)
HDF_SD_GETDATA,sds_id, FireMask
HDF_SD_ENDACCESS,sds_id

index = HDF_SD_NAMETOINDEX(sd_id, 'MaxFRP')
sds_id = HDF_SD_SELECT(sd_id, index)
HDF_SD_GETDATA,sds_id, MaxFRP
HDF_SD_ENDACCESS,sds_id

HDF_SD_END, sd_id

help, FirePix
print, FirePix, format = '(8I8)'
print, MaxT21, format = '("MaxT21:",F6.1," K")'
help, FireMask, MaxFRP

Thecodeproducesthefollowing output:

FIREPIX LONG = Array[8]
18 48 19 1 18 11 100 32

MaxT21: 468.1 K
FIREMASK BYTE = Array[1200, 1200, 8]
MAXFRP LONG = Array[1200, 1200, 8]
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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.

4.3.1 Fir eMask

The �re maskis storedasa 1200 � 12008-bit unsignedinteger SDSnamed“FireMask”. (For
historicalreasonsthis layerwasnamed“most con�dent detected�re” prior to Collection5.) This
summary�re maskis amaximumvaluecompositeof theLevel 2 �re productpixel classes(Table2)
for thoseswathsoverlappingtheMODIS tile duringtheeight-daycompositingperiod.

4.3.2 QA

The QA layer containspixel-level quality assessmentinformationstoredin a 1200� 12008-bit
unsignedintegerimage.As with theMOD14A1andMYD14A1 products,only threeuniquevalues
(0, 1, or 2) arepossible(seeTable5).

4.3.3 Level 3 Tile Navigation

Forward and inversemappingof the MODIS sinusoidaltile grid usedfor the MOD14A2 and
MYD14A2 productsis thesameasfor theMOD14A1 andMYD14A1 products.SeeSection4.2.6
for details.

4.3.4 ExampleCode

Example4: MATLAB codeto readtheLevel 3 MODIS 8-day�re mask,usingtheMATLAB routine
hdfread . This is probablytheeasiestway to readindividualHDF SDSsin MATLAB.

mod14a2_file = 'MYD14A2.A2004193.h08v08.005.2007207151726.hdf'

% read entire "FireMask" SDS in one shot
fire_mask = hdfread(mod14a2_file, 'FireMask');

% display fire mask (transposed so that North appears on top)
imagesc(fire_mask');
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Example5: 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.h08v08.005.2007207151726.hdf'

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

sds_index = hdfsd('nametoindex', sd_id, 'FireMask');
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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Example6: 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.A2008265.h31v10.005.2008275132911.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, "FireMask")) == 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 3 encodingthesatellite
andproductspatialresolution(seeFigure9), 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(seeFigure9), YYYYis thefour-digit productyear, DDDis the
two-digit calendarmonth,CCCdenotesthe Collection (seeSection2.1.4),VV denotesthe
productversionwithin aCollection,andXXXis asuf�x indicatingthe�le format.

4.4.2 Data Layers

TheCMG �re productscontainsevenseparatedatalayerssummarizedin Table7. For the0.5� prod-
uctseachlayeris a720� 360numericarray.

Table7: Summaryof datalayersin theCMG �re products.
LayerName DataType Units 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.

3In MODIS-speakthispre�x is usuallyreferredto asanEarthScienceDataType(ESDT).
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Satellite
`O' = Terra
`Y' = Aqua
`C' = combined Terra/Aqua

M?D14C??

Temporal Resolution
`M' = monthly
`8' = 8 days

Spatial Resolution
`H' = 0.5Ê
`Q' = 0.25Ê

Figure9: MODIS CMG �re productnamingpre�x (ESDT)convention.

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 = floor((90.0 - latitude) / 0.5)

x = floor((longitude + 180.0) / 0.5) ,

wherefloor is the�oor function,e.g.,floor (2.2)= 2. Theseequationsyield imagecoordinates
satisfyingthe inequalities0 � x � 719, 0 � y � 319, which areappropriatefor programming
languagesusingzero-basedarrayindexing suchasC andIDL; for languagesusingone-basedarray
indexing (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

Example7: IDL codefor readingthecloud-corrected�re pixel layerwithin theMODIS Collection5
CMG monthlyand8-day�re products(HDF4 format).

; read "CloudCorrFirePix" array in CMGproduct (HDF4 format)
cmg_file = 'MYD14CMH.200412.005.01.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

Example8: IDL codefor readingthecloud-corrected�re pixel layerwithin theMODIS Collection4
CMG monthlyand8-day�re products(FITS format).

; read "CloudCorrFirePix" array in CMGproduct (FITS format)
cmg_file = 'MYD14CMH.200412.005.01.fits'

FITS_OPEN, cmg_file, fcb
ihdu = FITS_FIND_HDU(fcb, 'CloudCorrFirePix')
FITS_READ_ARRAY, fcb, ihdu, CloudCorrFirePix, ndims, dims
FITS_CLOSE, fcb
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4.5 Global Monthly Fir eLocation Product (MCD14ML)

Themonthly�re locationproductcontainsthegeographiclocation,date,andsomeadditionalinfor-
mationfor each�re pixel detectedby theTerraandAquaMODIS sensorson a monthlybasis.For
convenience,theproductis distributedasa plain ASCII (text) �le with �x ed-width�elds delimited
with spaces.The�rst line of each�le is aheadercontainingtheabbreviatednamesof eachcolumn
(�eld). As anexample,herearethe�rst ninelinesof theDecember2008product�le:

YYYYMMDDHHMMsat lat lon T21 T31 sample FRP conf
20081201 0051 T -12.029 143.019 321.8 289.6 681 15.1 0
20081201 0051 T -12.030 143.028 317.9 287.9 682 10.4 0
20081201 0051 T -12.039 143.027 356.4 289.1 682 75.6 0
20081201 0051 T -12.048 143.026 346.3 286.7 682 52.9 0
20081201 0051 T -12.055 141.969 320.9 291.4 571 15.9 0
20081201 0051 T -12.558 142.061 317.8 293.3 592 10.1 47
20081201 0051 T -12.981 143.487 330.4 301.2 752 20.2 83
20081201 0051 T -12.982 143.496 325.1 300.9 753 12.5 55

A brief descriptionof eachdatacolumnis providedin Table8.

Table8: Summaryof columnsin theMCD14ML �re locationproduct.
Column Name Units Description

1 YYYYMMDD - UTC year(YYYY), month(MM), andday(DD).
2 HHMM - UTC hour(HH) andminute(MM).
3 sat - Satellite:Terra(T) or Aqua(A).
4 lat degrees Latitudeat centerof �re pixel.
5 lon degrees Longitudeat centerof �re pixel.
6 T21 K Band21brightnesstemperatureof �re pixel.
7 T31 K Band31brightnesstemperatureof �re pixel.
8 sample - Samplenumber(range0-1353).
9 FRP MW Fire radiativepower (FRP).
10 conf % Detectioncon�dence(range0-100).

4.5.1 Naming Convention

The�le namesof themonthly�re locationproducthavethestructureMCD14ML.YYYYMM.CCC.VV.asc,
whereYYYYis thefour-digit productyear, MMis thetwo-digit calendarmonth,CCCdenotestheCol-
lection(seeSection2.1.4),andVVdenotestheproductversionwithin aCollection.
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4.5.2 ExampleCode

Example9: IDL codefor readinga singlemonthly�re locationproduct�le while still compressed
(notetheCOMPRESSkeywordwhenthe�le is opened).

infile = 'MCD14ML.200904.005.01.asc.gz'

header = ''
year = 0
month = 0B
day = 0B
hour = 0B & minute = 0B
sat = ''
lat = 0.0 & lon = 0.0
T21 = 0.0 & T31 = 0.0
sample = 0
FRP = 0.0
confidence = 0B

fmt = '(I4.4,2I2,1X,2I2,1X,A1,F8.3,F9.3,2F6.1,I5,F8.1,I4)'

openr, 2, infile, /COMPRESS

; skip header
readf, 2, header

while not EOF(2) do begin
readf, 2, year, month, day, hour, minute, sat, $

lat, lon, T21, T31, sample, FRP, confidence, $
FORMAT= fmt

; do something with values here
endwhile

close, 2

Example10: R/S-Pluscodefor readinga single monthly �re location product�le and plotting
separatehistogramsof band21brightnesstemperaturefor TerraandAqua�re pixels.

z <- read.table("MCD14ML.200711.005.01.asc", header=T)

# two plots on page
par(mfrow=c(2,1))

xstr <- "Band 21 Brightness Temperature"

# Terra fire pixels
hist(z$T21[z$sat == "T"], xlab = xstr)

# Aqua fire pixels
hist(z$T21[z$sat == "A"], xlab = xstr)
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5 Validation of the MODIS ActiveFir eProducts

In this sectionwe provide a brief overview of thevalidationstatusof theMODIS active �re prod-
ucts. A moredetailedoverview maybefound in theactive �re sectionof theMODIS LandTeam
Validationwebsite4.

5.1 Validation Basedon ASTER Imagery

Validationof theTerraMODIS active �re producthasprimarily beenperformedusingcoincident,
high resolution�re masksderived from AdvancedSpaceborneThermalEmissionandRe�ection
Radiometer(ASTER)imagery. SeeMorisetteet al. (2005a,b),Csiszaret al. (2006),andSchroeder
et al. (2008)for details. A very brief (thoughnow somewhat obsolete)discussionof the general
validationprocedure,with someearlyresults,canbefoundin Justiceetal. (2002).For information
aboutthemethodologyfor producingtheASTER�re masks,seeGiglio etal. (2008).

More recentwork by Schroederet al. hasachieved Stage3 validation of the Level 2 Terra
MODIS �re productusing2500ASTERscenesdistributedgloballyandacquiredfrom2001through
2006(Figure10). Theresultsof thisexhaustiveeffort will bepublishedin a forthcomingpaper.

Figure 10: Spatialcoverageand distribution of 2,500ASTER scenes(red patches)usedin the
Stage3 validationof MOD14. Imagecourtesyof Wilfrid Schroeder.

5.2 Other Validation

Independentvalidationof theTerraandAquaMODIS active �re productswithoutASTERhasbeen
performedby de Klerk (2008)andHawbaker et al. (2008). Theseapproacheshave at leasttwo
advantagesover ASTER-basedmethods:1) They canbeappliedto bothMODIS sensors(not just
theTerraMODIS), and2) they arenot restrictedto thenear-nadirportionof theMODIS swath.

4http://landval.gsfc.nasa.gov/ProductStatus.php?ProductID=MOD14
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6 Caveatsand Known Problems

6.1 Caveats

6.1.1 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.

6.2 Collection 5 Known Problems

6.2.1 Pre-November2000Data 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.

6.2.2 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�r e, nominal-con�dence�r e, or high-con�dence
�r e) to all �re pixelswithin the�re mask.In theCollection4 �re productthis con�denceestimate
did not adequatelyidentify highly questionable,low con�dence�re pixels. Suchpixels, which
by designshouldhave a con�dencecloseto 0%, weretoo oftenassignedmuchhighercon�dence
estimatesof 50%or higher. While anadjustmentimplementedin theCollection5 codepartiallymit-
igatedthis problem,somehighly questionable�re pixelsarestill classi�ed asnominal-con�dence
�res. A moresubstantialadjustmentthatwill fully correctthis problemwill beimplementedin the
Collection6 algorithm.
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6.2.3 FalseAlarms in Small ForestClearings

Extensivevalidationof theLevel 2 TerraMODIS �re productby Schroederetal. (2008)foundthat
smallclearingswithin rainforestwerea sourceof persistentfalsealarmsin theAmazon.An exam-
ple is shown in Figure11. Effortsarebeingmadeto reducethefrequency of this typeof falsealarm
for Collection6.

Figure 11: Examplefalsealarm (red squarewith cross)from 23 May 2002 (14:03 UTC) in an
Amazonianrainforestclearing,with approximateedgesof 1-km MODIS pixels(blackgrid) super-
imposedonahigh resolutionASTERimage.Source:Schroederetal. (2008).
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6.2.4 FalseAlarms During Calibration Maneuvers

A bugin theLevel 1B calibrated-radianceproductioncodeoccasionallyproducesspuriousradiance
valuesin the thermalbandsduring lunar roll calibrationmaneuvers. This canproducespurious
stripesof �re pixelsacrosstheentireswathin upto � 20scansduringtheseperiods.Thebugcauses
similar stripingin severalotherMODIS products,in particularthecloudmask.

While mostof theaffectedLevel 2 granulesweredeleted,a smallnumberweremissedduring
quality assuranceandsubsequentlypropagate“arcs” of �re pixels into theCMG andMCD14ML
�re products.An examplefor theAquaMODIS is shown in Figure12. Thebug was�x ed in late
2009,andthecorrectedLevel 1B productioncodewill beusedfor theCollection6 reprocessing.

Figure12: Exampleof a spuriousarcof false�re pixels (reddots)in the8 December2008Aqua
daily globalbrowseimagerycausedby spuriousmid-infraredradiancevaluesin theLevel 1B input
dataduringa lunarcalibrationmaneuver at 22:35UTC. Cloudpixelsareshown in light blue,and
areaslackingdataareshown in white. Browseimagecourtesyof theLDOPE.
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7 FrequentlyAskedQuestions

7.1 Terra and Aqua Satellites

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

SeeNASA'sTerraandAquawebsitesfor astart:

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

7.1.2 When were the Terra and Aqua satelliteslaunched?

18December1999and4 May 2002,respectively.

7.1.3 How can I determine overpasstimes of the Terra and Aqua satellitesfor a particular
location?

Both historicalandpredictedorbit tracksfor TerraandAquaareavailablefrom the University of
Wisconsin-MadisonSpaceScienceandEngineeringCenter(SSEC)5.

7.2 GeneralMODIS Questions

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

ATBDs for all of the MODIS land productsareavailablefrom MODARCH6. Note that many are
notup to dateandpre-datethelaunchof boththeTerraandAquasatellites.

7.2.2 Do the MODIS sensorshavedir ectbroadcastcapability?

Yes,andthereis a large communityof MODIS direct broadcastdatausers.More informationis
availablefrom theNASA DirectReadoutLaboratory7.

7.3 GeneralFir eProduct Questions

7.3.1 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.

5http://www.ssec.wisc.edu/datacenter/
6http://modarch.gsfc.nasa.gov/data/atbd/land atbd.php
7http://directreadout.sci.gsfc.nasa.gov/
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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.

SeeGiglio etal. (2003)for adetaileddescriptionof thedetectionalgorithm.

7.3.2 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.

7.3.3 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.

7.3.4 How well canMODIS detectunderstory burns?

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

7.3.5 Can MODIS detect�r esin unexposedcoal seams?

In general,no. Thedetectionalgorithmis not tunedto look for thesubtletemperaturechangesin
theoverlyingsoil thatis characteristicof such�res.

7.3.6 How do I obtain the MODIS �r eproducts?

SeeSection3.
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7.3.7 What validation of the MODIS active �r eproductshasbeenperformed?

Validationof theTerraMODIS active �re producthasprimarily beenperformedusingcoincident,
high resolution�re masksderived from AdvancedSpaceborneThermalEmissionandRe�ection
Radiometer(ASTER)imagery. SeeSection5.

7.3.8 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 canusethe MCD14ML monthly �re locationproduct,or obtainMODIS �re pixel locations
via the Web Fire Mapper, but this doesn't necessarilymeanthat �re pixel locationsarethe most
appropriatesourceof �re-related information. The �re pixel location�les includeno information
aboutcloud cover or missingdata,anddependingon the sort of analysisyou areperforming,it
is sometimespossibleto derive misleading(or evenincorrect)resultsby effectively ignoringthese
othertypesof pixels. In many casesit is moreappropriateto useoneof the1-km Level 3 or CMG
�re products.SeeSection6.1.1for moreinformationaboutthis issue.

7.3.9 I want to estimate burned area using active �r e data. What effective area burned
should I assumefor each�r epixel?

Pulling this off to anacceptabledegreeof accuracy is generallynot possibledueto nontrivial spa-
tial and temporalsamplingissues. For someapplications,however, acceptableaccuracy can be
achieved,althoughtheeffectiveareaburnedper�re pixel is not simplyaconstant,but rathervaries
with respectto severaldifferentvegetation-and�re-relatedvariables.SeeGiglio et al. (2006b)for
moreinformation.

7.3.10 Why aresomeof the MODIS �r eproductsnot available prior to November2000?

Although theTerraMODIS �rst beganacquiringdatain February2000,crosstalkandcalibration
remainedproblematicuntil earlyNovember2000(seeSection6.2.1).Amongotherproblems,this
compromisesthe integrity andconsistency of the earliestMODIS �re products,in particularthe
CMG �re productswhicharealmostalwaysusedfor timeseriesanalyses.For thisreasonwedonot
distribute thoseproducts(speci�cally, the CMG and�re-location products)which wererendered
particularlyinconsistentduringthepre-November2000timeperiod.

7.3.11 Why thenaretheLevel2swathandLevel3 tiled �r eproductsavailablebeforeNovem-
ber 2000?

Becausetheseproductsarenot totally uselessdespitethe early calibrationproblems.In addition,
theseproductsarelessoftenusedfor time seriesanalysis,wherea lack of consistency is likely to
bemoreproblematic.

7.4 Level 2 Fir eProducts

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

Level 2 granulescancontainslightly differentnumbersof scans.More importantly, internalHDF
compressionis usedto reducethesizeof the�les.
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7.4.2 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.

7.4.3 How are the con�dence valuesin the “FP con�dence” SDSrelated to the con�dence
classesassignedto �r epixels?

Thecon�denceclassassignedto a �re pixel (low, nominal, or high) is determinedby thresholding
thecon�dencevalue(C) calculatedfor the�re pixel. Thesethresholdsarelistedin Table9.

Table9: Fire-pixel con�denceclassesassociatedwith thecon�dencelevel C computedfor each�re
pixel.

Range Con�denceClass
0%� C < 30% low
30%� C < 80% nominal
80%� C � 100% high

7.4.4 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
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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)

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
andFP 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.

7.4.5 Why are the valuesof the �r e radiati ve power (FRP) I seein the Collection 4 Level 2
product inconsistentwith thoseI �nd in the Collection 5 Level 2 product?

The “FP power” SDSin the Collection4 Level 2 productactuallycontainedradiative power per
unit area,despitethefact that theunits attributeof this SDSis assigneda valueof “megawatts”
(this is anerror). Thesevalueshadto bemultiplied by theappropriatepixel area(at thesurfaceof
theEarth)to obtaintheFRP, like this:

FRP(MW) = powervaluesstoredin theCollection4 Level 2 product� pixel area(km2)

Notethattheareaof a MODIS pixel varieswith its positionin theMODIS scan;seethenext ques-
tion for details.Notealsothatstartingwith Collection5 theLevel2productshavethismultiplication
performedduringprocessingandthereforecontainthecorrectFRP.
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7.4.6 What is the areaof a MODIS pixel at the Earth' s surface?

Theareaof aMODIS pixel is nominally1 km2 but growsawayfrom nadir. To �nd theapproximate
pixel area,calculatethealong-scanandalong-trackpixel dimensions(� S and� T, respectively).
Thepixel areais thentheproduct� S � � T . Generalformulasfor thepixel dimensions(in km)
canbefoundin IchokuandKaufman(2005)andarereproducedhere:

� S = Res

0

@ cos�
q

(Re=r)2 � sin2 �
� 1

1

A (11)

� T = r s
�

cos� �
q

(Re=r)2 � sin2 �
�

; (12)

whereRe = 6378.137km(Earthradius),r = Re+ h, h = 705km(satellitealtitude),s = 0.0014184397,
and� is thescanangle.Thescanangle(in radians)canbecalculatedfrom thegranulesampleSDS
(“FP sample”)includedin theLevel 2 �re productasfollows:

� = s � (sample� 676:5) (13)

Notethat theerrorsin theabove approximationsaresmallerthantheerrorentailedby treatingthe
pixel ashaving sharpedges.

7.4.7 Can I usecloud pixels identi�ed in the Level 2 �r e product asa general-purposecloud
mask for other applications?

Cloudpixelsareidenti�ed in theLevel 2 �re productsusingsimple,�x edbrightness-temperature
andre�ectancethresholds.While adequatefor identifying optically thick cloudcover, this scheme
oftenfailsto identify cloudedgesandthin cirrus. It is alsolikely to misclassifysnow andsometimes
desertascloud.While adequatefor the�re detectionalgorithm,whichcantoleratetheselimitations
but cannottolerate�res beingmislabeledascloud,thesecharacteristicsprobablyrendertheinternal
cloudmaskinadequatefor mostotherapplications.

44



7.5 Level 3 Tiled Fir eProducts

7.5.1 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.

7.5.2 Is therean existingtool I canuseto reproject the tiled MODIS productsinto a differ ent
projection?

TheMODISReprojectionTool (MRT) canreprojectthetiled MODIS productsinto many different
projections;seeSection9.

7.5.3 Why do someMOD14A1 and MYD14A1 product �les havefewer than eight daily data
layers?

Daysfor whichnoMODIS datawasacquiredat all will nothavea“plane” in thethree-dimensional
Scienti�c DataSetsincludedin theMOD14A1andMYD14A1 products.

7.5.4 How can I determine the date associatedwith eachdaily compositein the MOD14A1
and MYD14A1 productswhen fewer than eight daysof data arepresent?

Thereareat leasttwo waysto do this. Let the numberof daysof valid data(nominally 8) in the
productbeNdays.

Method1: Usingtheproduct-speci�cMissPix globalattribute.

1. ReadtheStartDate globalattribute. (For diagnosticpurposesyou mayalsowish to read
theEndDate globalattribute). Notethat thevaluestoredin theStartDate attributewill
correspondto thejulian dayof yearencodedin theproduct�le name,soif youpreferyoucan
parsethe�le nameto determinethestartdateinstead.

2. ReadtheMissPix globalattribute(thiswill bean8-elementvector).

3. Computea sequenceof eightdatesstartingat thedatereadfrom theStartDate attribute.
Theeighthdateshouldmatchthatof theEndDate globalattribute.

4. Daysthat do not have a “plane” in the Ndays � 1200� 1200three-dimensionalScienti�c
DataSetsstoredin the productwill have 100%missingdatafor thatday. You canidentify
suchdaysby looking for avalueof 1440000( = 1200� 1200)in theMissPix vector.

5. Use the indexesof elementsin the MissPix vectorhaving a value lessthan1440000to
index thesequenceof datescomputedin step3. Thesearethedatesof theN days planesof
eachthree-dimensionalSDS.

Method2: UsingtheECSArchiveMetadata.0globalattribute.

You may alternatively searchthe ArchiveMetadata.0global attribute for the DAYSOFYEAR
entry. This �eld will containexactly Ndays dates,with eachdatecorrespondingto thedateof each
planein the three-dimensionalScienti�c DataSets.For example,a time periodhaving no daysof
100%missingdatawill containeightdatesin theDAYSOFYEARentry, like this:

45



" OBJECT = DAYSOFYEAR\n",
" NUM_VAL = 1\n",
" VALUE = \"2009-08-29, 2009-08-30, 2009-08-31,

2009-09-01, 2009-09-02, 2009-09-03,
2009-09-04, 2009-09-05\"\n",

" END_OBJECT = DAYSOFYEAR\n",

And here'sanexamplewhenonly six daysof dataarepresent:

" OBJECT = DAYSOFYEAR\n",
" NUM_VAL = 1\n",
" VALUE = \"2001-06-10, 2001-06-11, 2001-06-12,

2001-06-13, 2001-06-14,
2001-06-15\"\n",

" END_OBJECT = DAYSOFYEAR\n",

7.5.5 How do I calculatethe latitude and longitude of a grid cell in the Level 3 products?

You canusethe online MODLAND Tile Calculator8, or performthe calculationasdescribedin
Section4.2.6.

7.5.6 How do I calculate the tile and grid cell coordinatesof a speci�c geographiclocation
(latitude and longitude)?

You canusethe online MODLAND Tile Calculator8, or performthe calculationasdescribedin
Section4.2.6.

7.5.7 What sizeare the grid cellsof Level 3 MODIS sinusoidalgrid?

TheLevel 3 MODIS productsgeneratedon theMODIS sinusoidalgrid arecolloquially referredto
ashaving “1 km”, ”500m”, and“250m” grid cells,but theactualcell sizesareshown in Table10.

Table10: Sizesof grid cellsin Level 3 tiled MODIS sinusoidalgrid.

ColloquialSize ActualSize(m)
“1 km” 926.62543305
“500m” 463.31271653
“250m” 231.65635826

8http://modland.nascom.nasa.gov/cgi-bin/developer/tilemap.cgi
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7.6 Level 3 CMG Fir eProducts

7.6.1 I needto reducethe resolution of the 0.5� CMG �r e product to grid cells that are a
multiple of 0.5� in size.How 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:

0.5ÊCorrFirePix

100 200

300 400

1000

1ÊCorrFirePix

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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0.5ÊCorrFirePix

-1 -1

300 400

-1

1ÊCorrFirePix

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.

0.5ÊMeanPower (MW)

10 20

30 40

30

1ÊMeanPower (MW)

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:

10MW � 100 + 20MW � 200 + 30MW � 300 + 40MW � 400
100 + 200 + 300 + 400 = 30MW
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7.6.2 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.

7.6.3 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.

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

Extensive informationaboutFITS is available from NASA's FITS SupportOf�ce 9. For a more
generaloverview seetheFITS entryon Wikipedia10. You mayalso�nd theTRMMVIRSMonthly
FireProductUser'sGuide(Giglio andKendall, 2003)helpful,particularlyAppendix2.

7.6.5 What software libraries areavailable for readingFITS �les?

An extensive list, which includespackagesfor C, Fortran,IDL, Java,Perl,Python,andR, is main-
tainedby theFITSSupportOf�ce 11.

7.6.6 How can I display imagesin FITS �les?

Two goodchoicesareSAOimage12 (Figure13) andDS913 (Figure14). Usethe“-ul ” switchwith
SAOimageandthe “-orient y” switch with DS9 to orient North upwards,otherwisethe grid
will appearupsidedown. If you're willing to toleratean upside-down orientation(i.e., Southon
top), thenFv14 (Figure15) is anothergoodchoice.

9http://fits.gsfc.nasa.gov/
10http://en.wikipedia.org/wiki/FITS
11http://fits.gsfc.nasa.gov/fits libraries.html
12http://tdc-www.harvard.edu/software/saoimage.html
13http://hea-www.harvard.edu/RD/ds9/
14http://heasarc.nasa.gov/docs/software/ftools/fv/
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Figure13: SAOimagedisplayingtheCorrFirePix datalayerin theFebruary2003MOD14CMH
product.
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Figure14: DS9displayingtheCorrFirePix datalayerin theFebruary2003MOD14CMHprod-
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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Figure15: Fv displayingtheCorrFirePix datalayerin theJanuary2009MYD14CMH product.
Notethe“upsidedown” orientationof theglobalimage.
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7.6.7 Doesthe last 8-day CMG product for eachcalendar year include data fr om the �rst
few daysof the following calendaryear?

Yes. The last 8-dayCMG productfor eachcalendaryear, which begins on day 361, includesthe
�rst threedays(two daysfor leapyears)of the following calendaryear. For example,the 8-day
Aqua MODIS CMG productMYD14C8H.2004361.005.01.hdf is producedusingobserva-
tionsfrom days361–366of 2004anddays1–2of 2005.

7.6.8 Wherecan I �nd detailsabout the differ ent correctionsperformed on someof the data
layers in the CMG �r eproducts?

SeeGiglio etal. (2006a).

7.6.9 Ar epersistenthot spots�lter edout of the MODIS CMG �r eproducts?

Yes,static,persistenthotspotsareexcludedduringproductionof theCMG �re products(Figure16).
SeeGiglio etal. (2006a)for details.

Figure16: Locationsof statichot spotsexcludedfrom theCMG �re products.

7.6.10 Is there an easyway to convert a calendar date into the ordinal dates(day-of-year)
usedin the �le namesof the 8-day �r eproducts?

Yes.Try theUnix (or Linux) cal command(with the-j switch),or useTable11.
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Table11: Calendardates(month/day)correspondingto theday-of-year(DOY) beginningeach8-
daytime periodfor which the8-day�re productsaregenerated.Datesfor non-leapyearsandleap
yearsareshown separately.

Non-Leap Leap Non-Leap Leap
DOY Date Date DOY Date Date

1 01/01 01/01 185 07/04 07/03
9 01/09 01/09 193 07/12 07/11

17 01/17 01/17 201 07/20 07/19
25 01/25 01/25 209 07/28 07/27
33 02/02 02/02 217 08/05 08/04
41 02/10 02/10 225 08/13 08/12
49 02/18 02/18 233 08/21 08/20
57 02/26 02/26 241 08/29 08/28
65 03/06 03/05 249 09/06 09/05
73 03/14 03/13 257 09/14 09/13
81 03/22 03/21 265 09/22 09/21
89 03/30 03/29 273 09/30 09/29
97 04/07 04/06 281 10/08 10/07

105 04/15 04/14 289 10/16 10/15
113 04/23 04/22 297 10/24 10/23
121 05/01 04/30 305 11/01 10/31
129 05/09 05/08 313 11/09 11/08
137 05/17 05/16 321 11/17 11/16
145 05/25 05/24 329 11/25 11/24
153 06/02 06/01 337 12/03 12/02
161 06/10 06/09 345 12/11 12/10
169 06/18 06/17 353 12/19 12/18
177 06/26 06/25 361 12/27 12/26
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7.7 Global Monthly Fir eLocation Product

7.7.1 Can I usethe MCD14ML �r e location product to makemy own gridded �r edata set?

Yes,but pleaseseethecaveatsin Section6.1.1�rst. If donecarelesslyyou mayendup with severe
temporalandspatialbiasesin yourgriddeddata.

7.7.2 How many linesare in eachMCD14ML product �le?

Thissizeof eachproduct�le dependsonthenumberof �re pixelsdetectedeachmonthbut typically
variesbetween200,000and500,000lines.

7.7.3 Ar epersistenthot spots�lter edout of the �r e location product?

No. Unlike theCMG �re product,static,persistenthot spotsarenot removedfrom theMCD14ML
product.

7.7.4 The MCD14ML ASCII product �les have �xed-width, space-delimited�elds. Is there
an easyway to convert theseto comma-separatedvalues(CSV) �les?

Yes.In Unix, Linux, or MacOS-Xyoucanusethetr commandto do this. Here'sanexample:

tr -s ' ' , < MCD14ML.200805.005.01.asc > MCD14ML.200805.005.01.csv

7.7.5 How can I compute the scananglegiven the samplenumber in the MCD14ML prod-
uct?

Thescanangle� (in radians)canbecalculatedfrom thevaluein thesample columnasfollows:

� = s � (sample� 676:5); (14)

wheres = 0.0014184397.(Seesection7.4.6if youarealsointerestedin theapproximatesizeof the
pixel at theEarth's surface.)
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7.8 Hierar chical Data Format (HDF)

7.8.1 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 moreinformation15.

7.8.2 How do I readHDF4 �les?

If youarewriting yourown softwarein a“traditional” programminglanguagesuchasC or Fortran,
you will needobtaintheHDF4 library from NCSA16. Somecommercialsoftwarepackages,how-
ever, includingMATLAB, IDL, andENVI, have the HDF library built-in, in which caseyou will
notneedto install thelibrary.

7.8.3 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.

7.8.4 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.

7.8.5 How can I display imagesin HDF4 �les?

Commercialsoftwarepackagesthatcandisplaythedatalayersin mostMODIS products(whichare
generallystoredasHDF4“Scienti�c DataSets”)includeENVI17 andERDAS Imagine18.
Freely available display software includesHDFView19 and the older HDFLook20 (pre-compiled
binariesonly).

15http://hdf.ncsa.uiuc.edu/
16http://hdf.ncsa.uiuc.edu/hdf4.html
17http://www.ittvis.com/ProductServices/ENVI.aspx
18http://www.erdas.com/
19http://www.hdfgroup.org/hdf-java-html/hdfview/
20http://www-loa.univ-lille1.fr/Hdflook/hdflook gb.html
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7.9 MiscellaneousQuestions

7.9.1 Ar eyou the sameLouis Giglio that foundedChoiceMinistries and wrote the book The
Air I Breathe?

No.
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9 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.nascom.nasa.gov/pub/LatestFilespecs/collection5

� MODIS Land TeamValidation: Informationconcerningthevalidationstatusof all MODIS
landproducts.
http://landval.gsfc.nasa.gov/

� 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), Release4.0: Software for reprojectingtiled MODIS
Level 3 productsinto many differentprojections.
https://lpdaac.usgs.gov/lpdaac/tools/modisreprojection tool

� MODLAND Tile Calculator: Online tool for performingforward andinversemappingof
MODIS sinusoidaltiles.
http://modland.nascom.nasa.gov/cgi-bin/developer/tilemap.cgi

� FIRMS WebFir eMapper: TheFireInformationfor ResourceManagementSystem(FIRMS)
Web Fire Mappergeneratescustommapsof active �res detectedby the Terra and Aqua
MODIS instruments.Userscanalsoactive �re locationsin ESRIshape�le andARC/INFO
formats.
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/

� WarehouseInventory Search Tool at the LP-DAAC: Theprimarydistributionsitefor most
of theMODIS landproducts.FormerlytheEOSDataGateway (EDG).
https://wist.echo.nasa.gov/api/

� 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

� NASA Dir ect ReadoutLaboratory : Freeinformationandsoftwareto acquire,process,and
analyzeMODIS DirectBroadcastdata.
http://directreadout.sci.gsfc.nasa.gov/
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� SSECTerra and Aqua Orbit Tracks: Orbit tracksfor variouspolarorbiting satellites,in-
cludingTerraandAqua,from theUniversityof Wisconsin-MadisonSpaceScienceandEngi-
neeringCenter(SSEC).
http://www.ssec.wisc.edu/datacenter/
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