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1 Intr oduction

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

2 Overview of the MODIS Active Fire Products

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

2.1 Terminology

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

2.1.1 Granules

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

2.1.2 Tiles

MODIS Level 2G, Level 3, andLevel 4 productsarede ned on a global 250 m, 500 m, or 1 km
sinusoidalgrid (the particular spatialresolutionis product-dependent)Becausethesegrids are
unmanageabliargein their entirety (43200 21600pixelsat1 km,and172800 86400pixels
at250m), they aredividedinto x edtiles approximatelyl0 10 in size. Eachtile is assigned
horizontal(H) andvertical (V) coordinaterangingfrom 0to 35andOto 17, respectiely (Figurel).
Thetile in theupperleft (i.e. northernmosandwesternmostyorneris numberedO0,0).
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Figurel: MODIS tiling scheme.



2.1.3 Climate Modeling Grid (CMG)

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

2.1.4 Collections

Reprocessingf theentireMODIS dataarchive is periodicallyperformedo incorporatebettercali-
bration,algorithmre nements,andimprovedupstreantatainto all MODIS products.Theupdated
MODIS dataarchveresultingfrom eachreprocessings referrecto asacollection Latercollections
supersedall earliercollections.

For the TerraMODIS, Collection1 consistef the rst productsgeneratedollowing launch.
TerraMODIS datawerereprocessetbr the rst timein June2001to produceCollection3. (Note
that this rst reprocessingvas numberedCollection 3 ratherthan, as one would expect, Collec-
tion 2.) Collection3 wasalsothe rst versionproducedor the Aqua MODIS products. Collec-
tion 4 reprocessindpeganin DecembeR002andwasterminatedn Decembe006. Collection5,
which commencedn mid-2006,is the currentversionof the MODIS products. A Collection 6
reprocessindor a subsebf the MODIS productss scheduledo beginin early2011.

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

Thisis themostbasic re productin whichactive res andotherthermalanomaliessuchasvolca-
noes.areidenti ed. ThelLevel 2 productis de ned in the MODIS orbit geometrycoveringanarea
of approximately2340 2030km in the along-scarandalong-trackdirections,respectiely. It is

usedto generateall of thehhigherlevel re productsandcontainghefollowing components:

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

apixel-level qualityassurancéQA) imagethatincludesl9bits of QA informationabouteach
pixel;

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

extensive mandatoryandproduct-speci cmetadata;

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

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

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



Figure2: ExampleMOD14 granulewith watershavn
in blue, cloudsin purple,clearlandin grey, andactive
res in white. The along-trackdirectionpointstoward
thetop of thepage.

2.3 Level 2G Daytime and Nighttime FireProducts: MOD14GD/MOD14GN (Terra)
and MYD14GD/MYD14GN (Aqua)

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

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

TheMODIS daily Level 3 re productis tile basedwith eachproduct le spanningoneof the460
MODIS tiles, 326 of which containland pixels. The productis a 1-km griddedcompositeof re
pixels detectedn eachgrid cell over eachdaily (24-hour)compositingperiod. For corvenience,
eightdaysof dataarepackagednto asingle le.

Figure3 shavstheTerra re maskfor 19 Septembe2001from the 14-21Septembe2001daily
Level 3 re product(Collection4). Thetile is locatedn NorthernAustralia(h31v10).In thisimage,
wateris shavn in blue, cloudsin violet, non- re land pixelsin grey, “unknown” pixelsin yellow,
and re pixelsin white.



Figure 3: Exampleof MOD14A1 re mask
for tile h31v10in NorthernAustralia. Water
is showvn in blue, cloudsin violet, non- re
landpixelsin grey, and re pixelsin white.

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

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

Figure 4 shows the 8-day summary re maskfrom the 26 June- 3 July 2002 8-day Level 3
Terra re product. Thetile is locatedin the easterriJnited Stategh08v05). The 8-daycomposite
is the maximumvalueof theindividual Level 2 pixel classeghatfell into eachl-km grid cell over
the entire8-daycompositingperiod. Dueto the way the threedifferent re-pix el con dencelevels
arede ned (Section4.1), the Level 3 8-day re productis sometimessaidto containthe “most-
con dent detectedres”. This descriptioncan sometimese misleadingin that pixel valuesare
de ned evenfor thosegrid cellsin whichno re pixelsweredetected.

Figure4: Exampleof 8-dayMOD14A2 re
maskfor tile hO8v05in the easternUnited
States.Wateris shavn in blue, cloudsin vi-
olet,non- re landpixelsin grey, and re pix-
elsin white.
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2.6 Climate Modeling Grid Fire Products(MOD14CMH, MYD14CMH, etc.)

TheCMG re productsaregriddedstatisticalsummarie®f re pixel informationintendedfor use
in regionalandglobalmodeling. The productsarecurrentlygeneratect 0.5 spatialresolutionfor
time periodsof onecalendamonth(MOD14CMHandMYD14CMH) andeightdays(MOD14C8H
andMYD14C8H).Higherresolution0.25 CMG re productswill eventuallybe producedaswell.
An exampleof thecorrectedre pixel countlayerof theproductis shavn in Figure5.

Figure5: Exampleof the correctedre pixel countdatalayer from the January2001 CMG re
product.

2.7 Global Monthly FireLocation Product (MCD14ML)

For someapplicationst is necessaryo have the geographiccoordinate®f individual re pixels.
New for Collection5 is the globalmonthly re locationproduct(MCD14ML), which containsthis
informationfor all TerraandAquaMODIS re pixelsin asinglemonthly ASCII le.
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2.8 The Rapid Responsd-ire Products

The MODIS Rapid Responsé&ystemproducesnearreal time globalimageryincluding true- and
false-colorcorrectedre ectancesuperimposedvith re locations(Figure 6), NormalizedDiffer-
enceVegetationindex (NDVI), andlandsurfacetemperatureNearrealtime locationsof Terraand
AquaMODIS re pixelsarealsoavailablein ASCII les. For furtherinformationseethe MODIS
RapidResponsevebsite!.

Figure6: MODIS RapidResponsérue colorimageryof res andsmole in southeasfustralia(10
Decembef006,03:45UTC).

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

TheMODIS Land DataOperationaProductEvaluation(LDOPE) providesinteractive daily global
browseimageryof mary MODIS landproductsfrom theMODIS Land GlobalBrowselmageswveb
site? in nearreal time (Figure 7). For mostproducts(includingthe re products)the browseim-
ageryis generatedisingonly the daytimeoverpassesT he site allows you to arbitrarily zoominto
ary region of the globeandexaminefeaturesof interestin moredetail.

Figure7: ExampleTerraMODIS active re globalbrowseimagefor 16 February2010shawving all
daytimeoverpasseskFire pixels are shavn in red, cloud pixels areshawvn in light blue, andareas
lackingdataareshaown in white. Browseimagecourtesyof the LDOPE.

2http://modland.nascom.nasa.gov/cgi-bin/browse/browse.cgi
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3 Obtaining the MODIS Active Fire Products

All MODIS productsareavailableto userdreeof chage. Therearecurrentlythreedifferentsources
for obtainingthe MODIS re products(Tablel). Not all productsareavailablefrom eachsource.

Tablel: MODIS re productavailability.
Product Source
Level 2 andmostLevel 3 re products:
MOD14,MYD14
MOD14A1,MYD14Al

MOD14A2,MYD14A2 Warehouselnventory SearchTool (see
Section3.1)
CMG re products: University of Maryland(seeSection3.2)

MOD14CMH,MYD14CMH
MOD14C8H,MYD14C8H

Global re locationproduct: University of Maryland(seeSection3.2)
MCD14ML

Active re locationsin ASCIl andESRIshapele  MODIS WebFire Mapper
formatfor geographisubsets.

Fire andcorrected-re ectancdPEGimageryand MODIS Land RapidRespons&ystem
nearrealtime ASCII re locations.

Interactve globalbrowvseimagery MODIS Land Global Browse Images
website

14



3.1 The Warehouselnventory Seaich Tool (WIST)

Most of the MODIS land productsmay be obtainedfrom the Land Processe®istributed Active
Archive Center(LP-DAAC) usinga Web-basedhterfaceknown asthe WarehousdnventorySeach

Tool (WIST), areplacementor theolderEOSDataGatavay. WIST maybefoundatthefollowing
URL:

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

In the sectionof the pagetitled ChooseData Sets(Figure 8) selecteither “MODIS/Terra” or
“MODIS/Aqua”, dependingon the particularMODIS sensorfor which youwould like data.

A WIST tutorial is availablehere:

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

Fle Edit View History Bookmarks Tools Help

- = (‘;ﬂ L’E 1 https://wist.echo.nasa.gov/api/ S|v| B G-

+Camments, Guestions, ar Problems?*
WIST i
+Tutorial* guest
Powered by DX +Help for this page*

Alert trom JPL: PODAAC valids are only in EDG. They are not available in WIST/ECHO yet. ... more"

m Results Granule List Folder Shopping Cart

Primary Data Search

e WIST will be down for preventive maintenance on Wednesday, December 10th, 2008 from 8:00 am EST (12:00 UTC) to 12:00 pm EST (16:00
UTC). During this time, all WIST functionality and EDG to WIST user migration activities will be unavailable.
Save/Restore search | Clear search

Login
User Name: Password: Note: Login may take several minutes. We apologize for the
|krankheit M

inconvenience.
Create Account | (Forgotten your password?)

Choose Data Sets Text Search: ~_Go [Help

Pick a discipline/fopic (for example: Atmosphere: THMM), then choose from the list of data ssts.
For multiple topics: choose one topic & data sefs, then the next topic & data sefs.
To select/deselect” more than one data set, use Cirl-click for PCs; Apple-click for Macintash.

View Data Set Definition Choose Data Set Keywords |
Atmosphere: Cryosphere: Land: Oceans: Solar/Other:
" AIRS/AMSU-AHSE " MODIS/Aqua " AMSR/AMSR-E " AMSR/AMSR-E " AMSRIAMSR-E " AGRIM
¢ AMSR/AMSR-E " MODISTerra ¢ GLAS/ICESat " ASTER " GLAS/ICESat < Field/In Situ
" CALIPSO  MOPITT € MODIS/Aqua " GLAS/ICESat  MODIS/Aqua € Sacioeconomic
¢ GLAS/ICESat " OMI/Aura " MODISTerra € Landsat 15 " MODISTerra ¢ SORCE
¢ HIRDLS/Aura " TES/Aura  SAR € Landsat 7  UARS
 LIMS " TOMS  ssmil " MISR
" MERRA  Tovs  MODIS/Aqua
" MISR " TRMM ¢ MODISTerra
" MLS/Aura " UARS
"By Discipline" not responding? Use the non-javascript version
@ By Discipline O By Categories/Attributes
MNhanman A Madta Canvak Tuimma i

Figure8: TheWIST interface.
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3.2 University of Maryland ftp Server

At presentthe active- re CMG productsandthe MCD14ML productare distributed from an ftp

sener atthe University of Maryland.Log in usingthefollowing information:
Sener: fuoco.geog.umd.edu

Login name:fire

Passvord: burnt

Onceconnectedyou will have accesgo thefollowing directorytree:

[-modis

|---docs
|-virs
[---monthly

3.2.1 MODIS CMG Active-Fire Products

The currentMODIS CMG re productsare locatedin the directory modis/C5/cmg

. For con-

veniencetheseproductsare distributed in multiple, standarddataformats. Currently HDF and
Flexible ImageTransportSystem(FITS) les areavailable;additionalformatsmaybe producedn

thefuture.

3.2.2 MODIS Monthly Fire Location Product

ThecurrentMCD14ML productis locatedin the directorymodis/C5/mcd14ml

16



3.2.3 Documentation

Themostrecentversionof the ActiveFire ProductUser's Guidefor eachCollectionis archvedin
thedirectorymodis/docs

3.2.4 Collection 4 Products

To helpensurdraceabilityandreplicability the sener providesanarchive of theolderCollection4
CMG re productsin the directorymodis/C4 . Theseproductsare obsoleteand shouldnot be
usedfor new reseach or analyses.

3.2.5 VIRS Monthly FireProduct

Althoughunrelatedo MODIS, theftp seneralsohostsanarchive of the0.5 TropicalRainfall Mea-
suringMission(TRMM) Visible andInfraredScanne(VIRS) monthly re productin thedirectory
virs/monthly . Seethedocumentatiorn thedirectoryvirs  for details.

17



4 Detailed Product Descriptions

4.1 MOD14 and MYD14

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

41.1 FireMask

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

Table2: MOD14/MYD14 re maskpixel classes.

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

O©CoOoO~NOOULh,WN

A pixel classof 1 wasde ned in the pre-launchalgorithmbut wasabandonedsof Collection3.

4.1.2 DetectionCon dence

A detectioncon denceintendedto helpusersgaugethe quality of individual re pixelsis included
intheLevel 2 re product.Thiscon denceestimatewhichrangedetweer0%and100%,is usedo
assignoneof thethree re classeglow-con dencer e, nominal-con dencer e, or high-con dence
re)toall re pixelswithin the re mask.

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

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

4.1.4 FirePixel Table

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

Table3: Collection4 Level 2 re productSDSscomprisingthe” re pixel table”.
SDSName DataType Units Description

FPline int16 - Granuleline of re pixel.

FP_sample int16 - Granulesampleof re pixel.

FP.latitude oat32 degrees Latitudeatcenterof re pixel.

FP.longitude oat32 degrees Longitudeat centerof re pixel.

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

FP.MAD T21 oat32 K

FP.MAD _T31 oat32 K

FP.MAD DT  oat32 K

FP_power oat32 MW Fire radiative power.

FP_Ad|Cloud uint8 - Numberof adjacentloudpixels.

FP_AdjWater uint8 - Numberof adjacentvaterpixels.

FP.WinSize uint8 - Backgroundvindow size.

FP.Num\Valid intl6 - Numberof valid backgroundixels.

FP_con dence uint8 % Detectioncon denceestimate.

4.1.5 Metadata

Every MODIS productcarrieswith it ECS-mandatethetadatastoredin the HDF global attributes
CoreMetadata.(andArchiveMetadata.QEachattribute is anenormousstring of ASCII characters
encodingmary separatenetadataelds in ParameteNalue LanguaggPVL). Among otherinfor-
mation,the ArchiveMetadata.@ttribute usuallycontainsproduct-speci cmetadatancludedat the
discretionof thePl. However, sincethe PVL is awkwardto readandtediousto parsewe have stored
mary of the product-speci cmetadataelds asstandardHDF globalattributes. Thesearesumma-
rizedin Table4. Description®f theproduct-speci cmetadatatoredn theECSArchiveMetadata.0
attribute maybefoundin theMOD14/MYD14 le speci cation(seeSection9).
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Table4: MODIS Level 2 re productmetadatatoredasstandardylobal HDF attributes.

Attribute Name Description

FirePix Numberof re pixelsdetectedn granule.

MissingPix Numberof pixelsin granulelackingvalid datafor processing.

LandPix Numberof landpixelsin granule.

WaterPix Numberof waterpixelsin granule.

WaterAdjacentFirePix Numberof re pixelsthatareadjacento oneor morewaterpixels.

CloudAdjacentFirePix Numberof re pixelsthatareadjacento oneor morecloudpixels.

UnknawnPix Numberof pixelsassigned classof unknownin granule.

LandCloudPix Numberof land pixelsobscuredy cloudin granule.

WaterCloudPix Numberof water pixels obscuredby cloudin granule(always 0
sincetheinternalcloud maskis not appliedover waterpixels).

GlintPix Numberof pixelsin granulecontaminatedvith Sunglint.

GlintRejectedPix
CoastRejectedPix
HotSurfRejectedPix
DayPix

NightPix

Satellite
Process¥®rsionNumber
MODO021KM input le
MODO3input le

SystemID

Numberof tentatve re pixelsthatwererejecteddueto apparent
Sunglint contamination.

Numberof tentatve re pixelsthatwererejecteddueto apparent
watercontaminatiorof the contextual neighborhood.

Numberof tentative re pixelsthatwererejectedasapparenhot
desertsurfaces.

Numberof daytimepixelsin granule.

Numberof nighttimepixelsin granule.

Nameof satellite(“Terra” or “Aqua”).
Programversionstring(e.g.“5.0.1").

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

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

Operatingsystemdenti cation string.
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4.1.6 Example Code
Examplel: IDL codefor readingthe” re mask”SDSin the MODIS 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 SDSindex to the MOD14fire mask
index = HDF_SD _NAMETOINDEX(sd_id, ‘fire mask’)

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

finished  with SDS
HDF_SD_ENDACCESSsds._id

; finished with  HDF file
HDF_SD _END, sd_id
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4.2 MOD14Al1 and MYD14A1

The MOD14A1 andMYD14A1 daily Level 3 re productsaretile-basedwith eachproduct le
spanningone of the 460 MODIS tiles, of which 326 containland pixels. The productis a 1-km
griddedcompositeof re pixels detectedn eachgrid cell over eachdaily (24-hour)compositing
period.For corveniencegightdaysof dataarepackagednto asingle le.

4.2.1 FireMask

The re maskis storedasan8 (orless) 1200 1200,8-bit unsignednteger SDSnamed‘Fire-
Mask”. (For historicalreasonghis layerwasnamed‘most con dent detectedre” prior to Collec-
tion5.) TheSDScontainseightsuccessie daily re maskgor aspeci c MODIS tile. Eachof these
daily masksis a maximumvalue compositeof the Level 2 re productpixel classegTable 2) for
thoseswathsoverlappingthe MODIS tile duringthatday. Product les containinglessthaneight
daysof datawill occasionallybe encounteredluringtime periodsof missingdataandshouldbe
handledn ingestsoftware.

422 QA

Eachof the daily re maskshasa correspondingimple QA layer Eachlayeris a1200 1200
8-bit unsignedntegerarray Only threeuniqueQA valuesare possible with the meaningshavn
in Table5.

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

Value Meaning
0 Daytimeobsenationor missingdata,dependingn thevaluein the corresponding
grid cell of the“FireMask” SDS.
Nighttime obsenation.
2 Sunglint rejection ag. Classin correspondingyrid cell of “FireMask” SDSwill
benon- reclearland (5).

=

4.2.3 Maximum FRP

The maximum re radiatve power of all re pixelsfalling within eachgrid cell is provided on a
daily basisin the “MaxFRP” SDS.Herethe FRP valueshave beenscaledby a factorof 10 and
storedasa 32-bit signedinteger Multiply thesescaledvaluesby 0.1 to retrieve the maximumFRP
in MW.

4.2.4 ScanSample

For all grid cellsassigneaneof the re pixel classegvalues?, 8, or 9), the positionof the re pixel
within the scanis recordedon a daily basisin a1200 120016-bit unsignednteger SDSnamed
“sample”. Samplevalueshave a rangeof 0 to 1353. All grid cells assignedne of the non- re
classesn the“FireMask” SDSwill be lled with asamplevalueof O.
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4.2.5 Metadata

As with the Level 2 re products,the MOD14A1l and MYD14A1 productscontain global
metadatastored in the ECS CoreMetadata.0and ArchiveMetadata.Oglobal attributes. Also
like the Level 2 products, a subsetof these metadataare written as standardHDF global
attributes for corwvenience (see Table 6). Here are example values for the product le

“MOD14A1.A2009241.h31v10.005.2009250214231 hdfisted 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 ;

Noticethatthe rst four elds (FirePix , CloudPix , UnknownPix , andMissPix ) areone-
dimensionalarrays(or vectors)having eight elements.Eachelementcorrespondso a singleday
in the 8-daytime period coveredby the product. Note that while the Scienti c Data Setsin the
productle (“FireMask”,“MaxFRP”, etc.)will containfewerthan8 planesvhentherearenovalid
MODIS obsenationsduring oneor moredaysspannedy the product,the vectormetadataelds
will alwayshave eightelementsThosedayscompletelylackingMODIS obsenations(aswhenthe
TerraMODIS wasnot operationafor severalweeksin June2001)will have avalueof 1200 1200
= 1440000 theappropriateelementof the MissPix  attribute.

Table6: MOD14AlandMYD14A1 re productmetadatatoredasstandardylobalHDF attributes.
Attribute Name Description

FirePix Numberof 1-kmftile cellscontaining res (8-elementarray).

CloudPix Numberof 1-kmtile cellsassigned classof cloudaftercomposit-
ing (8-elementrray).

MissPix Numberof 1-kmtile cellslackingvalid data(8-elementrray).

UnknownPix Numberof 1-kmtile cellsassigneda classof unknownaftercom-
positing(8-elementrray).

MaxT21 Maximumband21 brightnesgsemperaturéK) of all re pixelsin
tile.

Process®rsionNumber Progranwversionstring(e.g.“5.1.3").

StartDate Startdateof 8-daytime periodspannedy product(YYYY -MM-
DD).

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

HorizontalTleNumber Horizontaltile coordinatg/H).
VerticalTileNumber Verticaltile coordinatgV).
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4.2.6 Level 3 Tile Navigation

Navigationof thetiled MODIS productdn thesinusoidalprojectioncanbeperformedusingthefor-
wardandinversemappingtransformationslescribedere.We'll rst needo de ne afew constants:

R =6371007.181n, theradiusof theidealizedsphereepresentinghe Earth;

T =1111950m, theheightandwidth of eachMODIS tile in the projectionplane;
Xmin =-20015109n, thewesternlimit of the projectionplane;

Ymax = 10007555n, the northernlimit of the projectionplane;

w = T=1200= 926.6254330%, theactualsizeof a“1-km” MODIS sinusoidalrid cell.

Forward Mapping

Denotethelatitudeandlongitudeof thelocation(in radianslas and , respectiely. Firstcompute
the positionof the point on the global sinusoidagrid:

= R cos Q)
= R: (2)

Next computethe horizontal(H ) andvertical (V) tile coordinateswhere0  H 35and0
V  17(Section2.1.2):

_ X Xmin

H = —T Q)
_ Ymax Y .

Vo= T (4)

wherebcis the oor function. Finally, computetherow (i) andcolumn(j ) coordinate®f thegrid
cell within the MODIS tile:

(Ymax y) mod T

i = 0:5 (5)
w
i = v 05 : (6)

Notethatfor the 1-km MOD14A1 andMYD14A1 productg(indeed all 1-km MODIS productson
thesinusoidarid)0 i 1199and0 | 1199
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InverseMapping

Herewe aregiventherow (i) andcolumn(j ) in MODIS tile H, V. First computethe positionof
the centerof thegrid cell ontheglobalsinusoidalgrid:

X (j + 05)wW+ HT + Xmin (7)
Y = Ymax (i+ 05w VT (8)

Next computethelatitude andlongitude atthecenterof thegrid cell (in radians):

_ Y
R ©)
- R cos : (10)

Applicability to 250-mand 500-mMODIS Products

With the following minor changeghe above formulasare alsoapplicableto the higherresolution
250-mand500-mMODIS tiled sinusoidaproducts.

250-mgrid: Setw = T=4800= 231.65635826én, the actualsizeof a “250-m” MODIS sinusoidal
grid cell. For 250-mgridcellsO i 4799and0 | 4799

500-mgrid: Setw = T=2400=463.3127165%, the actualsize of a “500-m” MODIS sinusoidal
grid cell. For 500-mgridcellsO i 2399and0 | 2399

4.2.7 Example Code

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

modl4al_file = 'MOD14A1.A2008281.h31v10.005.2008292070548.hdf'

% read entire  "FireMask" SDS in one shot
fire_mask = hdfread(modl14al_file, 'FireMask’);

% display  fire mask for the first day in MOD14A1/MYD14A1l
% 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.

mod14al_fle = 'MOD14A1.A2007241.h08v05.005.2007251120334.hdf"
sd_id = HDF_SD_START(modl4al 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_ENDACCESSsds id

index = HDF_SD_NAMETOINDEX(sd_id, 'MaxFRP")
sds_id = HDF_SD_SELECT(sd_id, index)
HDF_SD_GETDATA,sds _id, MaxFRP
HDF_SD_ENDACCESSsds_id

HDF_SD_END, sd_id

help, FirePix
print, FirePix, format = '(818)'
print, MaxT21, format = '("MaxT21:",F6.1," K")'

help, FireMask, MaxFRP

Thecodeproduceghefollowing 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]

26



4.3 MOD14A2 and MYD14A2

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

4.3.1 FireMask

The re maskis storedasa 1200 1200 8-bit unsignedinteger SDS named“FireMask”. (For
historicalreasonghis layerwasnamed‘most con dent detectedre” prior to Collection5.) This
summaryre maskis amaximumvaluecompositeof theLevel 2 re productpixel classegTable2)
for thoseswathsoverlappingthe MODIS tile duringthe eight-daycompositingperiod.

432 QA

The QA layer containspixel-level quality assessmenhformationstoredin a 1200 1200 8-bit
unsignedntegerimage.As with theMOD14A1 andMYD14A1 productsponly threeuniquevalues
(0,1, or 2) arepossible(seeTable5).

4.3.3 Level 3 Tile Navigation

Forward and inverse mappingof the MODIS sinusoidaltile grid usedfor the MOD14A2 and
MYD14A2 productss the sameasfor theMOD14A1 andMYD14A1 products.SeeSection4.2.6
for details.

4.3.4 Example Code

Example4: MATLAB codeto readtheLevel 3MODIS 8-day re mask,usingtheMATLAB routine
hdfread . Thisis probablythe easiestvay to readindividual HDF SDSsin MATLAB.

modl4a2_file = 'MYD14A2.A2004193.h08v08.005.2007207151726.hdf"

% read entire "FireMask" SDS in one shot
fire_mask = hdfread(modl4a2_file, 'FireMask’);

% display fire mask (transposed so that North appears on top)
imagesc(fire_mask’);
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Example5: Longerversionof MATLAB codeto readthe Level 3 MODIS 8-day re mask.Thisis
probablythebetterapproacho useif multiple subset®f anSDSwill bereadin sequencsincethe
HDF le will beopenedandclosedonly once.(Theshorterapproactusinghdfread requireshat
the le beopenedandclosedfor eachread.)

modl4a2 file = 'MYD14A2.A2004193.h08v08.005.2007207151726.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
#include
#include

#define
#define

main(int

{

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

ROWS1200
COLS 1200

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, |

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[l] = 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 1= DFNT_UINTS8) exit(6);

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

if (SDendaccess(sds_id) == FAIL) exit(8);

if (SDend(sd_id) == FAIL) exit(9);

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

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

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

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

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

4.4.1 CMG Naming Convention

Monthly CMG r eproducts. The le namesf themonthlyCMG product les havethestructure
M?D14CM?2.YYYYMM.CCC.VV.XXXwhereM?D14CM71s apre x 3 encodingthe satellite
andproductspatialresolution(seeFigure9), YYYYis the four-digit productyear MMs the
two-digit calendammonth, CCCdenoteghe Collection (seeSection2.1.4), VV denoteghe
productversionwithin a Collection,andXXXis asufx indicatingthe le format.

Eight-day CMG r eproducts. The le namesof the 8-dayCMG product les have the structure
M?D14C8?.YYYYDDD.CCC.VV.XXX whereM?D14C8?is apre x encodinghesatellite
andproductspatialresolution(seeFigure9), YYYYis thefour-digit productyear DDDis the
two-digit calendammonth, CCCdenoteshe Collection (seeSection2.1.4), VV denoteshe
productversionwithin a Collection,andXXXis asufx indicatingthe le format.

4.4.2 Datalayers

TheCMG re productontainsevenseparatelatalayerssummarizedn Table7. Forthe0.5 prod-
uctseachlayerisa720 360numericarray

Table7: Summaryof datalayersin the CMG re products.

LayerName DataType Units Description

CorrFirePix intl6 - Correctechumberof re pixels.

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

MeanCloudFraction int8 - Meancloudfraction.

RawFirePix int16 - Uncorrectedccountof re pixels.

CloudPix int32 - Numberof cloudpixels.

TotalPix int32 - Total numberof pixels.

MeanPaver oat32 MW  Mean re radiatve power.

4.4.3 Global Metadata

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

3In MODIS-speakhis pre x is usuallyreferredto asan Earth ScienceData Type(ESDT).
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Satellite
'O =Terra
Y' = Aqua
"C' = combined TerralAqua

M?D14C7??

)

Temporal Resolution | | Spatial Resolution
"M" = monthly "H' =0.5E_
"8 =8days 'Q =0.25E

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

4.4.4 Climate Modeling Grid Navigation

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

floor((90.0 - latitude) / 0.5)

y

floor((longitude + 180.0) / 0.5) ,

X

wherefloor isthe oor function,e.g.,floor (2.2)= 2. Theseequationgield imagecoordinates
satisfyingthe inequalities0  x  719,0 'y 319, which are appropriatefor programming
languagesisingzero-basearrayindexing suchasC andIDL; for languagesisingone-basedrray
indexing (e.g.Fortran, MATLAB) add1.

Inversenavigation.Givencoordinategx,y) of aparticulargrid cell in the0.5 CMG re prod-
ucts,thelatitudeandlongitude(in degrees)f thecenterof thegrid cell maybecomputedasfollows:

latitude = 89.75 - 05 y
longitude = -179.75 + 0.5 X
Here x andy areagninzero-baseimagecoordinatesfor one-basednagecoordinatesrst subtract

1 from bothx andy.
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4.4.5 Example Code

Example7: IDL codefor readingthecloud-correctedre pixel layerwithin theMODIS Collection5
CMG monthlyand8-day re productgHDF4 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_ENDACCESSsds_id

HDF_SD_END, sd_id

Example8: IDL codefor readingthecloud-correctedre pixel layerwithin theMODIS Collection4
CMG monthlyand8-day re productyFITS 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 Fire Location Product (MCD14ML)

Themonthly re locationproductcontainghegeographidocation,date,andsomeadditionalinfor-
mationfor eachre pixel detectedy the TerraandAquaMODIS sensor$n a monthly basis.For
cornveniencethe productis distributedasa plain ASCII (text) le with x ed-width elds delimited
with spacesThe rst line of eachle is aheadercontainingthe abbreriatednamesof eachcolumn
(eld). Asanexample,herearethe rst ninelinesof the Decembe008product le:

YYYYMMDMHHMMsat lat lon T21 T31 sample FRP conf

20081201 0051 -12.029 143.019 321.8 289.6 681 15.1
20081201 0051 -12.030 143.028 317.9 2879 682 104
20081201 0051 -12.039 143.027 356.4 289.1 682 75.6
20081201 0051 -12.048 143.026 346.3 286.7 682 52.9
20081201 0051 -12.055 141.969 3209 2914 571 15.9
20081201 0051 -12.558 142.061 317.8 293.3 592 10.1 47
20081201 0051 -12.981 143.487 3304 301.2 752 20.2 83
20081201 0051 -12.982 143.496 325.1 300.9 753 125 55

OO OoOOoOOo

A4 A4+

A brief descriptionof eachdatacolumnis providedin Table8.

Table8: Summaryof columnsin theMCD14ML re locationproduct.

Column Name Units Description
1 YYYYMMDD - UTCyear(YYYY), month(MM), andday(DD).
2 HHMM - UTC hour(HH) andminute(MM).
3 sat - Satellite: Terra(T) or Aqua(A).
4 lat degrees Latitudeatcenterof re pixel.
5 lon degrees Longitudeatcenterof re pixel.
6 T21 K Band?21 brightnesgemperaturef re pixel.
7 T31 K Band31 brightnessemperaturef re pixel.
8 sample - Samplenumber(range0-1353).
9 FRP MW Fire radiatve power (FRP).
10 conf % Detectioncon dence(range0-100).

4.5.1 Naming Convention

The le namesfthemonthly re locationproducthavethestructureMCD14ML.YYYYMM.CCC.VV.as¢
whereYYYYis thefour-digit productyear MMs thetwo-digit calendamonth,CCCdenotegheCol-
lection(seeSection2.1.4),andVV denoteghe productversionwithin a Collection.
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4.5.2 Example Code

Example9: IDL codefor readinga singlemonthly re locationproduct le while still compressed
(notethe COMPRESSkeyword whenthe le is opened).

infile = 'MCD14ML.200904.005.01.asc.gz'
header ="

year = 0

month = OB

day = OB

hour = OB & minute = OB
sat ="

lat = 00 & lon = 0.0
T21 = 0.0 & T31 = 0.0
sample =0

FRP = 0.0

confidence = 0B

fmt = '(14.4,212,1X,212,1X,A1,F8.3,F9.3,2F6.1,I5,F8.1,14)'
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
separatdistogramof band21 brightnessemperaturdor 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)

34



5 Validation of the MODIS Active Fire Products

In this sectionwe provide a brief overview of the validationstatusof the MODIS active re prod-
ucts. A moredetailedoverviev maybefoundin the active re sectionof the MODIS Land Team
Validationwebsite?.

5.1 Validation Basedon ASTER Imagery

Validationof the TerraMODIS active re producthasprimarily beenperformedusingcoincident,
high resolution re masksderived from AdvancedSpaceborn& hermalEmissionand Re ection
RadiometeASTER)imagery SeeMorisetteet al. (2005a,b) Csiszaret al. (2006),andSchroeder
et al. (2008)for details. A very brief (thoughnow somevhat obsolete)discussiorof the general
validationprocedurewith someearlyresults,canbefoundin Justiceetal. (2002).For information
aboutthe methodologyfor producingthe ASTER re masksseeGiglio etal. (2008).

More recentwork by Schroederet al. hasachiered Stage3 validation of the Level 2 Terra
MODIS re productusing2500ASTERsceneslistributedgloballyandacquiredrom 2001through
2006(Figure10). Theresultsof this exhaustve effort will be publishedn aforthcomingpaper

Figure 10: Spatial coverageand distribution of 2,500 ASTER sceneqred patches)usedin the
Stage3 validationof MOD14. Imagecourtesyof Wilfrid Schroeder

5.2 Other Validation

Independentalidationof the TerraandAquaMODIS active re productswithout ASTERhasbeen
performedby de Klerk (2008) and Hawbaker et al. (2008). Theseapproachefave at leasttwo
adwantageover ASTER-basednethods:1) They canbe appliedto bothMODIS sensorgnot just
the TerraMODIS), and?2) they arenotrestrictedo the nearnadirportionof the MODIS swath.

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

6.1 Caveats
6.1.1 FirePixel Locationsvs. Gridded Fire Products

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

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

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

tion in theland/seanaskmayinsteadbe responsiblebut with only theinformationprovided

in the re location les thiswill beimpossibleto determine.

6.2 Collection 5 Known Problems
6.2.1 Pre-November2000Data Quality

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

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

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

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

6.2.2 DetectionCon dence

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

assignoneof thethree re classeglow-con dencer e, nominal-con dencer g, or high-con dence
re) toall re pixelswithin the re mask.In the Collection4 re productthis con denceestimate
did not adequatelyidentify highly questionablelow con dence re pixels. Suchpixels, which

by designshouldhave a con dencecloseto 0%, weretoo often assignednuchhighercon dence
estimate®f 50%or higher While anadjustmenimplementedn theCollection5 codepartially mit-

igatedthis problem,somehighly questionablere pixelsarestill classi ed asnominal-con dence
res. A moresubstantiahdjustmenthatwill fully correctthis problemwill beimplementedn the
Collection6 algorithm.
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6.2.3 FalseAlarms in Small ForestClearings

Extensve validationof theLevel 2 TerraMODIS re productby Schroedeetal. (2008)foundthat
smallclearingswithin rainforestwerea sourceof persistenfalsealarmsin the Amazon.An exam-

pleis shavn in Figurell. Efforts arebeingmadeto reducethefrequeng of thistypeof falsealarm
for Collection6.

0 4
EE___F—1 _1Kilometers

Figure 11: Examplefalsealarm (red squarewith cross)from 23 May 2002 (14:03UTC) in an
Amazoniarrainforestclearing,with approximateedgesof 1-km MODIS pixels (blackgrid) super
imposedon a high resolutionASTER image.Source:Schroedeetal. (2008).
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6.2.4 FalseAlarms During Calibration Maneuvers

A bugin theLevel 1B calibrated-radiancproductioncodeoccasionallyproducespuriousradiance
valuesin the thermalbandsduring lunar roll calibrationmaneuers. This can producespurious
stripesof re pixelsacrosgheentireswathin upto 20scangduringtheseperiods.Thebugcauses
similar stripingin severalotherMODIS productsjn particularthe cloud mask.

While mostof the affectedLevel 2 granuleswveredeleted,a smallnumberwere missedduring
quality assurancandsubsequentlypropagte “arcs” of re pixelsinto the CMG andMCD14ML
re products.An examplefor the AquaMODIS is shavn in Figure12. Thebugwas x edin late
2009,andthe corrected_evel 1B productioncodewill beusedfor the Collection6 reprocessing.

Figure12: Exampleof a spuriousarc of false re pixels (red dots)in the 8 Decembe2008 Aqua
daily globalbrowseimagerycausedy spuriousmid-infraredradiancevaluesin the Level 1B input
dataduringa lunar calibrationmaneuer at 22:35UTC. Cloud pixelsareshavn in light blue, and
areadackingdataareshawvn in white. Browseimagecourtesyof the LDOPE.
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7 Frequently Asked Questions

7.1 Terra and Agqua Satellites
7.1.1 Wherecanl| nd generalinformation aboutthe Terra and Aqua satellites?
SeeNASA's TerraandAquaweb sitesfor a start:

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

7.1.2 When werethe Terra and Aqua satelliteslaunched?

18 Decembed999and4 May 2002, respectiely.

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

Both historicaland predictedorbit tracksfor Terraand Aqua are availablefrom the University of
Wisconsin-MadisorspaceScienceandEngineeringCenter(SSECY.

7.2 GeneralMODIS Questions

7.2.1 Wherecanl nd Algorithm TechnicalBasisDocuments(ATBDSs) for the MODIS land
products?

ATBDs for all of the MODIS land productsare availablefrom MODARCHS®. Note thatmary are
not up to dateandpre-datethe launchof boththe TerraandAquasatellites.

7.2.2 Dothe MODIS sensorshave dir ectbroadcastcapability?

Yes,andthereis a large communityof MODIS direct broadcastlatausers. More informationis
availablefrom the NASA Direct Readout.aboratory.

7.3 General Fire Product Questions

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

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

Pixelslackingvalid dataareimmediatelyclassi ed asmissingdata andexcludedfrom further
considerationCloudandwaterpixelsareidenti ed usingcloudandwatermasksandareassigned
the classegloud andwater, respectiely. Processingontinueson the remainingclearland pixels.

Shttp://www.ssec.wisc.edu/datacenter/
Shttp://modarch.gsfc.nasa.gov/data/atbd/land _atbd.php
"http://directreadout.sci.gsfc.nasa.gov/
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A preliminaryclassi cationis usedto eliminateobviousnon- re pixels. For thosepotential re pix-
elsthatremain,anattemptis madeto usethe neighboringpixelsto estimatetheradiometricsignal
of the potential re pixel in theabsencef re. Valid neighboringpixelsin awindow centeredn
thepotential re pixel areidenti ed andareusedto estimatea backgroundalue.If thebackground
characterizatiomvassuccessfula seriesof contextual thresholdtestsareusedto performarelative
re detection.Thesdook for thecharacteristisignatureof anactive re in whichboth4 m bright-
nesstemperatur@andthe4 and11 m brightnessemperaturalifferencedepartsubstantiallyfrom
thatof thenon- re backgroundRelative thresholdsareadjustedbasedon the naturalvariability of
the background.Additional specializedestsare usedto eliminatefalsedetectionsauseddy sun
glint, desertboundariesanderrorsin the watermask. Candidatere pixelsthatarenot rejected
in the courseof applyingthesetestsareassigned classof r e. Pixelsfor which the background
characterizatiogouldnotbeperformedj.e. thosehaving aninsufcient numberof valid pixels,are
assigned classof unknown
SeeGiglio etal. (2003)for a detaileddescriptionof the detectionalgorithm.

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

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

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

7.3.3 Why didn't MODIS detecta particular r e?

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

7.3.4 How well can MODIS detectunderstory burns?

Thelikelihoodof detectionbeneatha tree canojy is unknavn but probablyvery low. Understory
res areusuallysmall,which alreadymakesMODIS lesslik ely to detecthem,but with theaddition
of atreecanoyy to obstructtheview of a re, detectionrbecomewery unlikely.

7.3.5 Can MODIS detect r esin unexposedcoal seams?

In generalno. The detectionalgorithmis not tunedto look for the subtletemperature&ehangesn

the overlying soil thatis characteristiof such res.

7.3.6 How do| obtain the MODIS r e products?

SeeSection3.
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7.3.7 What validation of the MODIS active r e productshasbeenperformed?

Validationof the TerraMODIS active re producthasprimarily beenperformedusingcoincident,
high resolution re masksderived from AdvancedSpaceborn& hermalEmissionand Re ection
RadiometefASTER)imagery SeeSectionb.

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

You canusethe MCD14ML monthly re locationproduct,or obtainMODIS re pixel locations
via the Web Fire Mapper but this doesnt necessarilyneanthat re pixel locationsare the most
appropriatesourceof re-related information. The re pixel location les includeno information
aboutcloud cover or missingdata,and dependingon the sort of analysisyou are performing, it

is sometimegossibleto derive misleading(or evenincorrect)resultsby effectively ignoringthese
othertypesof pixels. In mary casest is moreappropriatédo useoneof the 1-km Level 3 or CMG

re products.SeeSection6.1.1for moreinformationaboutthisissue.

7.3.9 | want to estimate burned area using active r e data. What effective area burned
should | assumefor each r e pixel?

Pulling this off to anacceptablelegreeof accurag is generallynot possibledueto nontrivial spa-
tial andtemporalsamplingissues. For someapplications,however, acceptableaccurag canbe
achieved,althoughthe effective areaburnedper re pixel is not simply a constantput rathervaries
with respecto sereral differentvegetation-and re-related variables.SeeGiglio etal. (2006b)for
moreinformation.

7.3.10 Why are someof the MODIS r e productsnot available prior to November2000?

Althoughthe TerraMODIS rst beganacquiringdatain February2000, crosstalkand calibration
remainedoroblematicuntil early November2000(seeSection6.2.1). Among otherproblems this
compromiseghe integrity and consisteng of the earliestMODIS re products,in particularthe
CMG re productswhich arealmostalwaysusedfor time seriesanalysesFor thisreasorwe donot
distribute thoseproducts(speci cally, the CMG and re-location products)which wererendered
particularlyinconsistentluringthe pre-Novzember2000time period.

7.3.11 Whythenarethe Level 2 swathand Level 3tiled r eproductsavailable before Novem-
ber 2000?

Becausedheseproductsare not totally uselesglespitethe early calibrationproblems. In addition,
theseproductsarelessoften usedfor time seriesanalysiswherea lack of consisteng is likely to
be moreproblematic.

7.4 Level 2 FireProducts

7.4.1 Why dothe Level 2 product les vary in size?

Level 2 granulescancontainslightly differenthumbersof scans.More importantly internalHDF

compressiofis usedto reducethe sizeof the les.
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7.4.2 How shouldthe different r edetectioncon dence classede used?

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

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

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

7.4.3 How are the con dence valuesin the “FP _con dence” SDSrelatedto the con dence
classesassignedo r e pixels?

The con denceclassassignedo a re pixel (low, nominal or high) is determinedy thresholding
thecon dencevalue(C) calculatedor the re pixel. Thesethresholdsarelistedin Table9.

Table9: Fire-pixel con denceclassesassociateavith thecon dencelevel C computedor eachre
pixel.

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

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

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

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

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

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

4. Readthethe"FP_line” and“FP_sample”SDSsin theirentirety Thesearrayscontainpixel co-
ordinateswithin thegranulefor all of the quantitiesn theother*FP_" SDSs.Hereaftewe'll
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assuméhesehave beenreadandstoredin internalarraysnamed-P_ine  andFP_sample ,
respectiely.

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

T21 = fltarr(nlines, 1354)

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

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

T21 = FP_T21[FP_line, FP_sample]

In non-vectorbasedlanguagegou'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 thatthe coordinatesn “FP_line” and“FP_sample”are zero-basedln alanguagdike
Fortran(with the rst arrayelemennumbered)) you'd haveto add1to all valuesin FP_line
andFP_sample .

8. Do whatereryouwantwith the2-D T21 array—it cannow beindexedjustlikethe re mask
and QA 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 arrayscreatedrom ary 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 radiative power (FRP) | seein the Collection 4 Level 2
productinconsistentwith thosel nd in the Collection 5 Level 2 product?

The “FP_power” SDSin the Collection4 Level 2 productactually containedradiative power per
unit area,despitethefactthattheunits  attribute of this SDSis assigned value of “megawatts”
(thisis anerror). Thesevalueshadto be multiplied by the appropriatepixel area(at the surfaceof
the Earth)to obtainthe FRR lik e this:

FRP(MW) = power valuesstoredin the Collection4 Level 2 product  pixel area(km?)

Notethatthe areaof a MODIS pixel varieswith its positionin the MODIS scan;seethe next ques-
tion for details.Notealsothatstartingwith Collection5 theLevel 2 productshave thismultiplication
performedduring processingandthereforecontainthe correctFRP
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7.4.6 What isthe areaof a MODIS pixel at the Earth' ssurface?

Theareaof aMODIS pixel is nominally 1 km? but grovs away from nadit To nd theapproximate
pixel area,calculatethe along-scarandalong-trackpixel dimensiony S and T, respectiely).
The pixel areais thenthe product S T. Generalformulasfor the pixel dimensiongin km)
canbefoundin IchokuandKaufman(2005)andarereproducedere:

0 1
S = Res@q—"°° 1A (11)
(Re=r)2  sin®
q
T = rs cos (Re=r)2 sin® ; (12)

whereRe =6378.13%km (Earthradius),r = Re+ h, h =705km (satellitealtitude),s =0.0014184397,
and isthescanangle.Thescanangle(in radians)anbe calculatedrom the granulesampleSDS
(“FP_sample™)includedin theLevel 2 re productasfollows:

= s (sample 6765) (13)

Notethatthe errorsin the above approximationsresmallerthanthe errorentailedby treatingthe
pixel ashaving sharpedges.

7.4.7 Canl usecloud pixelsidenti ed in the Level 2 r e product asa general-purposecloud
mask for other applications?

Cloud pixels areidenti ed in theLevel 2 re productsusingsimple, x ed brightness-temperature
andre ectancethresholds While adequatdor identifying optically thick cloud cover, this scheme
oftenfailsto identify cloudedgesandthin cirrus. It is alsolik ely to misclassifysnav andsometimes
deseriascloud. While adequatdor the re detectioralgorithm,which cantoleratethesdimitations
but cannottolerate res beingmislabeledascloud,thesecharacteristicprobablyrendertheinternal
cloudmaskinadequatdor mostotherapplications.
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7.5 Level 3Tiled FireProducts
7.5.1 Why do coastlinesin the tile-basedLevel 3 productslooked sowarped?

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

7.5.2 Isthereanexistingtool | canuseto reprojectthetiled MODIS productsinto a differ ent
projection?

The MODIS RepojectionTool (MRT) canreprojectthetiled MODIS productsinto mary different
projectionsseeSection9.

7.5.3 Why dosomeMOD14A1 and MYD14A1 product les have fewer than eight daily data
layers?

Daysfor whichno MODIS datawasacquiredat all will nothave a“plane” in thethree-dimensional
Scienti ¢ DataSetsincludedin the MOD14A1 andMYD14A1 products.

7.5.4 How can| determine the date associatedwith eachdaily compositein the MOD14A1
and MYD14A1 productswhen fewer than eight daysof data are present?

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

Method1: Usingthe product-speci cMissPix globalattribute.

1. Readthe StartDate  globalattribute. (For diagnosticpurposeyou may alsowish to read
the EndDate globalattribute). Note thatthe valuestoredin the StartDate  attribute will
correspondo thejulian dayof yearencodedn theproductle name soif you preferyoucan
parsethe le nameto determineghe startdateinstead.

2. ReadtheMissPix globalattribute (thiswill bean8-elemenwector).

3. Computea sequencef eightdatesstartingat the datereadfrom the StartDate  attribute.
Theeighthdateshouldmatchthatof theEndDate globalattribute.

4. Daysthatdo not have a“plane” in the Ngays 1200 1200three-dimensionabcienti ¢
DataSetsstoredin the productwill have 100% missingdatafor thatday. You canidentify
suchdaysby looking for avalueof 1440000( = 1200 1200)in the MissPix vector

5. Usethe indexes of elementsn the MissPix vector having a value lessthan 1440000to
index the sequencef datescomputedn step3. Thesearethe datesof the N gays planesof
eachthree-dimensiongDS.

Method2: Usingthe ECSArchiveMetadata.@lobalattribute.
You may alternatvely searchthe ArchiveMetadata.Qylobal attribute for the DAYSOFYEAR
entry This eld will containexactly N 4ays dateswith eachdatecorrespondingo the dateof each

planein thethree-dimensionabcienti ¢ DataSets. For example,a time periodhaving no daysof
100%missingdatawill containeightdatesn the DAYSOFYEARentry, likethis:
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" OBJECT
" NUM_VAL
" VALUE

" END_OBJECT

DAYSOFYEAR\n",

And heres anexamplewhenonly six daysof dataarepresent:

" OBJECT
" NUM_VAL
" VALUE

" END_OBJECT

1\n",
\"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",
DAYSOFYEAR\n",
DAYSOFYEAR\n",

= 1\n",
\"2001-06-10, 2001-06-11, 2001-06-12,
2001-06-13, 2001-06-14,
2001-06-15\"\n",
DAYSOFYEAR\n",

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

You canusethe online MODLAND Tile Calculatof, or performthe calculationas describedn

Section4.2.6.

7.5.6 How do | calculatethe tile and grid cell coordinatesof a speci ¢ geographiclocation

(latitude and longitude)?

You canusethe online MODLAND Tile Calculatof, or performthe calculationas describedn

Sectior4.2.6.

7.5.7 What sizearethe grid cellsof Level 3 MODIS sinusoidalgrid?

The Level 3 MODIS productsgeneratean the MODIS sinusoidalgrid arecolloquially referredto
ashaving “1 km”, "500m”, and“250m” grid cells, but the actualcell sizesareshavn in Table10.

Table10: Sizesof grid cellsin Level 3 tiled MODIS sinusoidalgrid.

ColloquialSize Actual Size(m)

“1 km”
“500 m”
“250m”

926.62543305
463.31271653
231.65635826

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

7.6.1 | needto reducethe resolution of the 0.5 CMG r e product to grid cellsthat are a
multiple of 0.5 in size.How do | go about doing this?

For all pixel-countdatalayerssimply sumthevaluesof the 0.5 grid cellsthatlie within thelarger
grid cells. Be sureto handlegrid cells agged with the missingdatavalue of -1. At the very
leastthis entailsexcluding the negative missing-datazaluesfrom the resultingsum,but, depending
uponthe application,it may be moreappropriatdo ag the coarsemgrid cell aslackingvalid data
entirely Whencoarseninghe mean re radiative power layer (MeanPower) you shouldweight
theindividual 0.5 meanFRPvaluesby thecorrectedre pixel counts(CorrFirePix ), handling
(by at leastexcluding) missingFRP valuesof 0 in the process.A few examplesareshavn in the

following gures:

0.5ECorrFirePix 1ECorrFirePix
100 200
- 1000
300 400

Rebinningcorrected r e pixel countsfrom0.5 grid cells (left) toa 1 grid cell (right). Theresult
is simplythe sumof the pixel countsof thefour 0.5 grid cells(100+ 200+ 300+ 400= 1000 r e

pixels)nestedwithin thel grid cell.
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0.5ECorrFirePix 1ECorrFirePix

-1 -1

300 400

Rebinningcorrectedr e pixelcountsfrom0.5 grid cells(leftytoa 1l grid cell (right) whenmissing
datavaluesof -1 are present.n this casewe agtheentirel grid cell aslackingvalid datawhich
is appropriate when,for example we are goingto compae independengridded r e productsthat
won't generlly havemissingdatavaluesin exactly the samegrid cells. For otherapplicationsit
wouldbesufcient to simplyexcludethe missingvaluesfromthesum.yieldinga resultof 300+ 400
= 700 r epixelsinthel grid cell.

0.5EM eanPower (MW) 1EMeanPower (MW)
10 20
— 30
30 40

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

yields:

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 adaily CMG r e product?

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

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

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

7.6.4 Wherecan!| nd information aboutthe FITS le format?

Extensve information aboutFITS is available from NASA's FITS SupportOf ce®. For a more
generaloverview seethe FITS entry on Wikipedial®. Youmayalso nd the TRMM VIRSMonthly
Fire ProductUser's Guide(Giglio andKendall 2003)helpful, particularlyAppendix2.

7.6.5 What software libraries are available for readingFITS les?

An extensie list, which includespackagegor C, Fortran,IDL, Java, Perl,Python,andR, is main-
tainedby the FITS SupportOf ce 1.

7.6.6 How canl display imagesin FITS les?

Two goodchoicesare SAOimage*? (Figure13) andDS92 (Figure14). Usethe“-ul " switchwith
SAOimageandthe “-orient y” switchwith DS9to orient North upwards,otherwisethe grid
will appearupsidedown. If you're willing to toleratean upside-davn orientation(i.e., Southon
top), thenFv'* (Figure15) is anothergoodchoice.

®http:/ffits.gsfc.nasa.gov/
Ohttp://en.wikipedia.org/wiki/FITS
Uhttp:/fits.gsfc.nasa.govifits ibraries.html
2http://tdc-www.harvard.edu/software/sacimage.html|
Bhttp://hea-www.harvard.edu/RD/ds9/
Yhttp://heasarc.nasa.gov/docs/software/ftools/fv/
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Figurel3: SAOimagedisplayingtheCorrFirePix  datalayerin theFebruary2003MOD14CMH
product.

50



Figurel4: DS9displayingtheCorrFirePix  datalayerin theFebruary2003MOD14CMH prod-
uct. Thelongitudeandlatitude,respectrely, atthe centerof the pixel beneaththe cursoris shavn
in the upperleft handcornerof the window, in the two numeric elds to the right of the word
“LINEAR”.

51



Figurel5: 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 from the rst
few daysof the following calendaryear?

Yes. Thelast8-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 producedusing obsera-
tionsfrom days361—-366of 2004anddays1—2 of 2005.

7.6.8 Wherecanl nd detailsaboutthe differ ent correctionsperformed on someof the data
layersin the CMG r e products?

SeeGiglio etal. (2006a).

7.6.9 Arepersistenthot spots Iter ed out of the MODIS CMG r e products?

Yes,static,persistenhotspotsareexcludedduringproductionof theCMG re productgFigurel6).
SeeGiglio etal. (2006a)for details.

Figure16: Locationsof statichot spotsexcludedfrom the CMG 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 e products?

Yes.Try theUnix (or Linux) cal commandwith the-j switch),or useTablell.
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Table11: Calendamdates(month/day)correspondingo the day-of-year(DOY) beginning each8-
daytime periodfor whichthe 8-day re productsaregeneratedDatesfor non-leapyearsandleap
yearsareshowvn 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 07/22 07/11
17 01/17 01/a7| 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 02/20| 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/a3| 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 10/26  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 11/27  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 Fire Location Product

7.7.1 Canl usethe MCD14ML r elocation productto make my own gridded r e data set?

Yes,but pleaseseethe caveatsin Section6.1.1 rst. If donecarelesslyyou mayendup with severe

temporalandspatialbiasesn your griddeddata.

7.7.2 How many linesarein eachMCD14ML product le?

Thissizeof eachproductle depend®nthenumberof re pixelsdetectedeachmonthbut typically

variesbhetweer?00,000and500,000ines.

7.7.3 Arepersistenthot spots Iter edout of the r elocation product?

No. UnliketheCMG re product,static,persistenhot spotsarenotremovedfrom the MCD14ML

product.

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

Yes.In Unix, Linux, or Mac OS-Xyou canusethetr commando dothis. Here's anexample:

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

7.7.5 How canl| computethe scanangle given the samplenumber in the MCD14ML prod-
uct?

Thescanangle (in radians)canbecalculatedrom thevaluein thesample columnasfollows:
=s (sample 6765); (14)

wheres = 0.0014184397(Seesection7.4.6if you arealsointerestedn theapproximatesizeof the
pixel atthe Earth's surface.)
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7.8 Hierarchical Data Format (HDF)
7.8.1 What areHDF les?

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

7.8.2 Howdol readHDF4 les?

If youarewriting your own softwarein a“traditional” programminganguagesuchasC or Fortran,
you will needobtainthe HDF4 library from NCSAL6, Somecommercialsoftware packageshow-
ever, including MATLAB, IDL, andENVI, have the HDF library built-in, in which caseyou will

not needto install thelibrary.

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

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

7.8.4 How canl list the contentsof HDF4 les?

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

7.8.5 How canl display imagesin HDF4 les?

Commerciakoftwarepackageshatcandisplaythedatalayersin mostMODIS productgwhichare
generallystoredasHDF4 “Scienti ¢ DataSets”)includeENVI'” andERDAS Imaginé?.

Freely available display software includesHDFView!® and the older HDFLook?® (pre-compiled
binariesonly).

Bhttp://hdf.ncsa.uiuc.edu/

8http://hdf.ncsa.uiuc.edu/hdf4.html
Yhttp://www.ittvis.com/ProductServices/ENVI.aspx
Bhttp://www.erdas.com/
http://www.hdfgroup.org/hdf-java-html/hdfview/
Zhttp://www-loa.univ-lillel1.fr/Hdflook/hdflook _gb.html
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7.9 MiscellaneousQuestions

7.9.1 Areyouthe sameLouis Giglio that founded Choice Ministries and wrote the book The
Air | Breathe?

No.
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9 Relevant Weband FTP Sites

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

MODIS File Speci cations: Detailed le description®of all MODIS land products.
ftp://modulamascom.nasa.gfpub/Latestfespecs/collection5

MODIS Land TeamValidation: Informationconcerninghevalidationstatusof all MODIS
land products.
http://landval.gsfc.nasa.gd

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

MODIS Reprojection Tool (MRT), Release4.0. Software for reprojectingtiled MODIS
Level 3 productanto mary differentprojections.
https://lpdaac.usgs.gdipdaac/tools/modiseprojectiontool

MODLAND Tile Calculator: Onlinetool for performingforward andinversemappingof
MODIS sinusoidatiles.
http://modland.nascom.nasagogi-bin/dereloper/tilemap.cgi

FIRMS WebFireMapper: TheFire Informationfor ResourcéManagemenbystemFIRMS)
Web Fire Mapper generatecustommapsof actve res detectedby the Terraand Aqua
MODIS instruments.Userscanalsoactive re locationsin ESRIshapele andARC/INFO
formats.

http://maps.gag.umd.edu/

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

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

Warehousdnventory Search Tool at the LP-DAAC: Theprimarydistribution sitefor most
of the MODIS land products.Formerlythe EOSDataGatavay (EDG).
https://wist.ebo.nasa.gw/api/

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

http://landwelnascom.nasa.gécgi-bin/ QAWWW/ne/Page.cgi

NASA Direct ReadoutLaboratory : Freeinformationandsoftwareto acquire processand
analyzeMODIS Direct Broadcastlata.
http://directreadout.sci.gsfc.nasa.go
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SSECTerra and Agqua Orbit Tracks: Orbit tracksfor variouspolar orbiting satellites,in-
cluding TerraandAqua,from the University of Wisconsin-MadisorspaceScienceandEngi-
neeringCenter(SSEC).

http://wwwssec.wisc.edu/datacenter/
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