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Abstract暋TheremotesensingtechniqueiswidelyusedinPolarRegions,and
ModerateResolutionImagingSpectroradiomete(MODIS)isoneofthemostim灢
portantsatellitesensorsinthedomainofremotesensing.Inthisarticle,MODIS
sensor,includingtheinformationofitssatellites,itssystem constitutes,its
hardwarecharacteristic,itslargespectraandusualapplicationsarebrieflyintro灢
ducedfirst.Then,thereisaparticularintroductionofMODIS暞suseinPolarRe灢
gions,whichreferstothepolarphysiognomy,polaratmosphereandpolarocean,
withcitingmanyexamples.Atlast,viewsaboutthedevelopmentofMODISand
itsseriessensorsinthefuture,includingtheimprovedapplicationsinPolarRe灢
gionsaregiven.
Keywords暋MODIS,PolarRegions,polarphysiognomy,polaratmosphere,po灢
larocean.

1暋Preamble

PolarRegionsareimportantfieldsforscientificexplorations.Thechangesofthe
polariceandsnow,thefeaturesofthepolarterrain,andtheuniquepolarbiologyare
allvaluabletopicsforscientificresearches.Thereareseveralmethodscanbeusedto
inspectthechangesinPolarRegions,suchastheground灢basedobservation,theaeri灢
alphotographyandtheremotesensingtechnology.AsthePolarRegionsaremostly
coveredbytheiceandsnow,ground灢basedobservationislimitedtosmallpartialdis灢
tricts,comparedtotheaerialobservation.Theaerialphotographyisoneofthe
methodsforaerialobservation.Inthistechnique,airplanesorotheraircraftsareal灢
waysusedastheflatroofstoloadkindsofmachinestotakephotographsonthe
grounds.Buttheaerialphotographyonlycanbeusedinthedaytimesofthepolar
summers,anditisalsoimpossibletobeimplementedintheAntarcticicecaps[1灢2].

Remotesensingcandetectandsensetheobjectsandnaturalphenomenonwith灢
outarrivalthelocale[3].Therefore,itisnotinfluencedbytherigorousweatherand
environmentinPolarRegions.Additionally,theelectromagneticwavereceivedby
thesensorsofremotesensingisnotlimitedtothevisiblelight,andtheinfraredand
microwavesensorscanobtaindatumintheatrociousweatherandnightsofAntarctica



andArctic.Forthisreason,remotesensingissuitableforthespecialenvironmentof
PolarRegions.TherearedifferenttypesofPolar灢OrbitingSatellites,suchasthe
Landsatseries,theSPOTseries;thehighresolutionsatellites:Ikonos,QuickBird,
Orbview;theRadarsat,theSyntheticApertureRadar;theICESat.Allofthesesat灢
ellitescanbeusedinthePolarremotesensing,whichincludesthepolarmappingand
cartography,thepolargeologicprospect,theinspectingofthepolariceandsnow,
andtheweatherforecastinPolarRegions.

Comparedtotheabovesatellites,thehighspectrumsatelliteshavespecialad灢
vantages.Firstly,theimagingspectrometersworkwithhundredswavebands,ran灢
gingfromthevisiblelightspectrumtothenearinfraredspectrum.Oppositely,the
MSSandTMsensorsintheLandsatonlyworkwithseveralwavebandsinthesame
spectrumbound.Additionally,thedataobtainedbythesesatellitesarehighlyrela灢
tive,especiallybetweentheadjacentdata.Thischaracterispropitioustothediversi灢
tyofdataprocessing.Thus,thehighspectrumsatellitescanbewidelyusedinthe
detectinginland,atmosphereandocean.Asrepresentationalsensorofthissatellite,
MODIShavesuccessfulapplicationsinthepolarphysiognomy,polaratmosphere,
andpolarocean.

2暋IntroductionofMODIS

MODISisalargesatellitesensorproducedbyNASA,aboardtheTerra(EOS
AM)andAqua(EOSPM)satellites.MODISisapassive,imagingspectroradiome灢
tercarrying490detectors,arrangedin36spectralbandsthatcoverthevisibleandin灢
fraredspectrum (400灢14500nm)[4].Itcansupplythedayandnightspectrogramsof
theentireEarth'ssurfaceevery1to2daysin250灢1000mresolutions.

ThemultichanneldataofMODISwillimproveourunderstandingofglobaldy灢
namicsandprocessesoccurringontheland,intheoceans,andintheloweratmos灢
phere.Itreferslandproperties,landsurfacetemperature,oceancolor,phytoplank灢
tonbiogeochemistry,cloudproperties,atmosphericwatervapor,atmospherictem灢
perature,ozone,cloudtopaltitudeandsoon[5].MODISisplayingavitalroleinthe
developmentofvalidated,global,interactiveEarthsystemmodels.Besides,MODIS
isabletopredictglobalchangeaccuratelyenoughtoassistpolicymakersinmaking
sounddecisionsconcerningtheprotectionofourenvironment.Becauseofitswide
spectrum bound,numerousspectrumchannelsandhightime灢resolution,MODIS
couldbecomprehensivelyappliedinmanyregionsofpolarresearch.SeetheTable1.

3暋TheapplicationofMODISinPolarRegions

3.1暋Polarterrain

ForthespecialterraininPolarRegions,theMODISsnowproductisaptlyused.
Thisproductutilizesthespectralcharacteristicofsnow,whichhashighreflectancein
thevisibleandlowreflectanceintheshort灢waveinfrared.Snowdataproductsare
generatedusingtheMODISband1,2,4,6,31and32;comingwithcalibratedradi灢
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ancedataproducts,thegeolocationproduct,andthecloudmaskproductasinputs.
Thefirstproduct,MOD10_L2,isaL2levelsnowcovermapforaswath.Then,itis
usedastheinputforthelatterL2GlevelproductMOD10_L2G,andL3levelprod灢
uctsMOD10A1,MOD10A2,MOD10C1andMOD10C2[6].Allthementionedprod灢
uctsareat500mspatialresolution,andtheycanbedividedintodailyproduct,ten灢
dayproductandmonthlyproduct.

Table1.暋ThecharacteristicofwavebandsinMODIS(Huangetal.2003[4])
Applications Band Waveband(nm) Spectrumsensitivity SNR

Land/Cloud/Aerosol
Properties

1
2

620灢670
841灢876

21.8
24.7

128
201

Land/Cloud/Aerosol
Properties

3
4
5
6
7

459灢479
545灢565

1230灢1250
1628灢1652
2105灢2155

35.3
29.0
5.4
7.3
1.0

243
228
74
275
110

OceanColor/
Phytoplankton/
Biogeochemistry

8
9
10
11
12
13
14
15
16

405灢420
438灢448
483灢493
526灢536
546灢556
662灢672
673灢683
743灢753
862灢877

44.9
41.9
32.1
27.9
21.0
9.5
8.7
10.2
6.2

880
838
802
754
750
910
1087
586
516

Atmosphericwater
vapor

17
18
19

890灢920
931灢941
915灢965

10.0
3.6
15.0

167
57
250

Surface/Cloud
Temperature

20
21
22
23

3660灢3840
3929灢3989
3929灢3989
4020灢4080

0.45
2.38
0.67
0.79

0.05
2.00
0.07
0.07

Atmospheric
Temperature

24
25

4433灢4498
4482灢4549

0.17
0.59

0.25
0.25

CirrusClouds 26 1360灢1390 6.00 150

WaterVapor
27
28
29

6535灢6895
7175灢7475
8400灢8700

1.16
2.18
9.58

0.25
0.25
0.25

Ozone 30 9580灢9880 3.69 0.25

Surface/Cloud
Temperature

31
32

10780灢11280
11770灢12270

9.55
8.94

0.05
0.05

CloudTopAltitude
33
34
35
36

13185灢13485
13485灢13785
13785灢14085
14085灢14385

4.52
3.76
3.11
2.08

0.25
0.25
0.25
0.35

3.1.1暋MODIScreatetheMosaicofAntarctica
StaffsfromtheNationalSnowandIceDataCenter(NSIDC)andtheUniversity

ofNew Hampshirehadassembledadigitalsnow灢grain灢sizeimageoftheAntarctic
continentandsurroundingislands.ThisimagecalledMosaicofAntarctica(MOA).
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TheMOAmapisacompositeof260swathscomprisedofbothTerraandAquaMO灢
DISimagesacquiredbetween20November2003and29February2004[7].Theprod灢
uctsconsistsoftwoMODIS灢derivedimagedatasets:adigitallysmoothedred灢light
image,whichwascompiledusingBand1;andasnow灢grain灢sizeimage,thatwas
compiledusingthenormalizeddifferenceofcalibrateddatafromBand1andBand2
data[8].

ToassembleMOA,thestaffsshouldtakeaseriesofwork.Firstofall,theyse灢
lectedeachimagetokeeptheangleofsunlightinthefinalmapwouldbethesame.
Synchronously,theresearchersgaveallofthemapsthesameshadowsandcontrast.
Then,theycheckedeachimageforanythingthatwouldobscuretheviewoftheland,
suchasthesurfaceblemishesornoiseinthedata,theglarefromtheSun,theclouds
andtheirshadows,thefog,andblowingsnow.Nextstep,theystackedthepiecesof
Swisscheesetocoverthecontinent.Bystackingtheimages,theMOAteamaccom灢
plishedtwothings.First,theteam managedtofillinalltheholesleftbytheimage灢
cleaningprocesssothatnolandsurfacewasmissing.Second,theystackedtheima灢
gestoincreasetheresolution(amountofdetail)beyondwhatanysingleimagein灢
cluded.Onaverage,theystacked15imagestomakeeverypartofthemosaic,the
numberofwhichisatleast4andevenreaches38inonearea.Finally,thecomponent
imageswerede灢striped,geo灢registered,andre灢sampledtotheprojectiongrid.To
makeMOA,theresearchersstartedwithMODIS暞250灢meter灢per灢pixelresolutionda灢
ta,buttheresultingimagehasevenhigherresolution,whichcanreach150meters
perpixel.

Fig.1暋thewindsweptblueiceandmeltpondintheMOA (MosaicofAntarctica[7]).

暋暋MOAhasspecificapplicationsinAntarcticresearch.Forexample,MOA暞s
grayscaleimageryenablestheusertoidentifyblueice.Intheaboveimage(Figure1)
ofthePrincessAstridIceShelf,windsweptblueiceappearsadarkershadeofgray,
inswirlingpatchworkpatterns.Neartheblueicearemeltponds,areasofwateron
thesurfaceoftheshelf.Becausetheformationofmeltpondscanleadtoiceshelfcol灢
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lapse,satelliteimagesofthesefeaturescanfocusglaciologists暞attentiononpoten灢
tiallydynamicareas.ThisimagealsoshowstheWohlthat/DrygalskiMountainsand
theshadowstheycast.Detailedasitis,MOAisnotintendedtoworkinisolation;
scientistsdesignedittointegratewellwithotherimages.Forexample,NASAand
theByrdPolarResearchCenterpreviouslypublishedanimageofAntarcticabasedon
radardatafromtheRadarsatAntarcticMappingProjectAntarcticMappingMission1
(RAMPAMM灢1).RAMPisgreatforlookingatsubsurfacefeatures,comparing
withMOAfocusesonthesurface.Asaresult,morecompletepicturescanbecom灢
binedbythem.

3.1.2暋MODISparticipateindevelopingDEMofAntarctica
TheimagesofMODIShavehighspectralresolution.Howeveritislimitedto

manyapplicationsbecauseofitslowspatialresolution.Thedatafusionmethodcan
beusedtocombinethehighspatialresolutionimageswiththeimagesofMODISto
enhancetheabilityoffeatureextraction.Chineseresearcheshavepresentedameth灢
odologybasedonwavelettransformalgorithmtofuseMODISandETMimage(spa灢
tialresolutionis30m)data,forimprovingtheMODISspatialresolutionwhilekeep灢
ingtheadvantageofMODIShyperspectralinformationasmuchaspossible.Theex灢
perimentalstudysuggestedthatthismethodologycaneffectivelyachievethegoalas
expectation,andtheeffectsoftopographicalshadowtothefusionareanalyzedwith
theexampledata[9].ThemethodoffersapossibilitytouseMODISdatainhighreso灢
lutionlanduseorlandcovermappinginAntarctica.

Besides,Americanscholarsusedimageenhancementapproachtodevelopanew
DEM (digitalelevationmap)ofWestAntarctica,combiningmultipleMODISimages
andIceCloudandLandElevationSatellite(ICESat)laseraltimetryprofiledata[1].
ICESatisearth暞sfirstpolarorbitingsatellitecarryingalaseraltimeter,whichcan
acquiredataasaseriesofspotelevationswiththeaccuracyof5灢10cm,averaginga
60mdiametersurfaceregionevery172m.However,ICESattrackpathshavewide
spacing,whichcanreach2kmat85degree,and20灢50kmat75degree[2].Asare灢
sult,somesurfaceicedynamicalfeatures,suchasflowlines,undluations,icerises
aremissedbytheslopeandtrackdata.Additionally,ICESatonlycancoverthe
northernregionsof86曘S,contrastingtotheimagecoverageofMODIShasnolimita灢
tioninAntarctica.Theimageenhancementmethodcombinesthewideimagecover灢
ageofMODIS,anditshighradiometricsensitivity(whichequatestohighsunward
slopesensitivity),withthehighprecisionandaccuracyofICESattrackelevationda灢
ta.ByusingpixelbrightnessforimagedatawhereICESattracksprovideanaccurate
slope,theresearcherscalibratedbrightness灢to灢slopeforseveralMODISimagesofthe
WestAntarctic.Usingthecalibrations,theythencreated,first,aslopemapofthe
entireicesheetsurfacefromtheimagedata,andthenintegratedthistoyieldacom灢
pleteDEMfortheregion[10灢11].

3.2暋Polaratmosphere
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TheatmosphericapplicationsofMODISmainlyrefercloud,aerosolandwater
vapor.Thereinto,cloudplaysanimportantroleintheradiationbalanceofearth,and
aerosolistheimportantreasonoftheuncertaintytotheatmosphericmodel.Besides,
watervaporisthemainfactorofunderstandingwatercycle,climateforecast,andthe
reciprocitybetweencloudandaerosol[4].MODIShaverelativewavebandsanddata
productstoobserveallthethreeimportantatmosphericfactors,suchasthe6700nm
watervaporbandandthecloudmaskproductMOD35.Forthepolarapplication,
MODISaimatthelowtemperatureandstrongwindinthisregiontodevelopre灢
search.

3.2.1暋MODISdetectthetemperatureinversions
Usually,intheloweratmosphere(thetroposphere)theairnearthesurfaceof

theearthiswarmerthantheairaboveit,largelybecausetheatmosphereisheated
frombelowassolarradiationwarmstheearth'ssurface,whichinturnthenwarms
thelayeroftheatmospheredirectlyaboveit.However,undercertainconditions,the
normalverticaltemperaturegradientisinvertedsuchthattheairiscoldernearthe
surfaceoftheEarth.Thisphenomenoncalledtemperatureinversion.Thethickness
oftheinversionlayerschangesfromseveralmeterstohundredsmeters.Aninversion
cansuppressconvectionbetweentheocean,iceandatmosphere[12].Simultaneity,it
alsoinfluencestherefrigerantheightoftheicecapandtheozonephotochemistry.

TemperatureinversionsexistessentiallytheentireyearinAntarctica,withthe
maximum magnitudefrom MarchtoOctober.Theinversionsarealsoobviousinthe
Arcticwinter,anddisappearfrom MarchtoSeptember.In1996,someAmericanre灢
searchershadfoundthatstronginversionsovertheAntarcticcontinentcanbedetec灢
tedbyexaminingtheBrightnessTemperatureDifference(BTD)betweenawaterva灢
porabsorptionbandat6700nmandtheinfraredwindowat11000nm[13].Under
clearskyconditions,thisbrightnesstemperaturedifferencewillbenegative.Be灢
cause,thewatervaporband,withaweightingfunctionthatpeaksnear500hPa,
sensesthewarmeratmospherenearthetopoftheinversion.Whiletheinfraredwin灢
dowchanneltemperatureiscontrolledprimarilybysurfaceemission,whichwillbe
lowerinthetopoftheinversion[14].Asaresult,theBTDofBT11000-BT6700should
benegative,whichcanreach-15KintheAntarcticwinter.Thismethodcanbeim灢
plementedagainbyusingthedataofMODIS.However,themethodisnotgenerally
applicabletoweaker(smallertemperaturedifferenceacrosstheinversion)orshallo灢
wer(loweraltitudeofinversiontop)inversionsthatarecommoninsomepartsofthe
Antarcticcontinent.

In2002,otherAmericanscholarsextendedthepreviousworkoninversionde灢
tectionbyincorporatingtwospectralbands,whoseweightingfunctionspeaklowerin
thetroposphere:the7200nm watervaporbandandthe13300nmcarbondioxide
band[15].MODISlevel1Bdataprovidesinfraredchannelbrightnesstemperaturesat
6700nm,7200nm,11000nm,12000nm,13300nm,and13600nm.TheBTDof
BT11000-BT6700,BT11000-BT7200,BT11000-BT13200areusedtodetectthepresence
andmagnitudeoflow灢levelatmospherictemperatureinversionsunderclearskycon灢
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ditionsduringtheAntarcticnight[11].Themethodspresentedapplyonlytosurface灢
basedatmospherictemperatureinversions.Bothinsituandsatellitedatasetsare
usedinthisstudy.Foronlyclearskydataareused,thestandardMODIScloudmask
product(MOD35_L2)isusedtofindclearskyfield.TheMODISAtmosphericPro灢
fileproduct(MOD07_L2)isusedtodothecomparison.Asaresult,overhigh灢alti灢
tudesurfaces,thelargenegativeBTDofBT11000-BT6700isagoodindicatoroftem灢
peratureinversions,thatisalsoshownintheresearchof1996.MoreovertheBTDof
BT11000-BT7200ismoreusefuloverlow灢altitudesurfaces.Additionally,TheBTDs
arelinearlyrelatedtothestrengthoftheinversionunderclear灢skyconditions.This
relationshipcanbeusedtoestimatethemagnitudeofthetemperatureinversiondur灢
ingtheAntarcticnight.Empiricalequationshavebeendevelopedtoestimatethein灢
versiondelta灢TbasedontheobservedMODISBTDs.

3.2.2暋MODISobservetheCloud灢DriftandWaterVaporWinds
Windproductsfrom geostationarysatelliteshavebeengeneratedforover20

years,andtheyarenowusedinnumericalweatherpredictionsystems.However,
geostationarysatellitesareoflimitedutilitypolewardofthemidlatitudes.Recently,
Americanresearchersusethepolar灢orbitingsatelliteswithMODISsensortoobtain
highlatitudetroposphericwindinformation,whichextendtheatmosphericwindob灢
servationtothePolarRegions.Themethodologyisbasedonthealgorithmscurrent灢
lyusedwithgeostationarysatellites,modifiedforusewiththeMODISinfraredwin灢
dowandwatervaporbandstoobservetheCloud灢DriftWindandWaterVaporWind.
TheCloud灢DriftWindisdetectedfromthemovementsofthecloudbythesatellite
cloudimages.Correspondingly,theWaterVaporWindisdeducedbythewaterva灢
porabsorptionimages[16灢18].

Fig.2暋TimedifferencesbetweensuccessiveoverpassesoftheTerraandAquaatthePrime
Meridian(JeffreyRKetal.2003[16]).

暋暋Thewindretrievalmethodologybuildsonthecloudandwatervaporfeature
trackingapproachusedwithgeostationarysatellites,whichcancontinuouslyobserve
thefixedpoints.However,forpolar灢orbitingsatellites,thefrequencyofobtaining
windvectorsdependsonthelatitudeandthenumberofsatellites.Fig.2showsthe
frequencyoftimedifferencesbetweensuccessiveoverpassesatagivenlatitude灢longi灢
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tudepointduringone24灢hourperiodwithtwosatellites:TerraandAqua.Thepoints
showonlythoseoverpasseswherethesensorwouldviewtheearthlocationatanan灢
gleof50曘orless.Atlargerscananglesthesensorwouldviewtheareanearthepole
oneveryoverpass.At60曘latitude,thereareonlytwooverpassesforeachsatellite,
whicharenotenoughtoobtainusefulwindinformationatthislatitude.At80othere
aremanyviewsseparatedbyorbitalperiodof100min,butthereisstilla13hourgap
foreachsatellite.Forotherlongitudes,thegapwilloccurearlierorlaterinthe24
hourperiod,sothattheentirepolarareawillbecoveredbymultipleoverpassesover
thecourseofaday.Althoughthe100mintemporalsamplingissignificantlylonger
thantheoptimalprocessingintervalsforgeostationarysatellites,intheorywindvec灢
torscanbeobtainedduringpartofeverydayfortheareapolewardofapproximately
70曘latitude.

Thewindretrievalhasaseriesofsetup,whichincludeschoosingthetargetsfor
tracking,trackingthetargets,surveyingthewindvectorheightsandassessingthe
qualityofthewindvectors[17].WithMODISsensor,cloudfeaturesaretrackedinthe
infraredwindowbandat11000nm,andwatervaporfeaturesaretrackedinthe6700
nmband,inwhichthetrackingtargetscanbeeasilydetermined.Thetrackingmeth灢
odsearchesfortheminimumofthesumofsquaredradiancedifferencesbetweenthe
targetandthesearchboxesintwosubsequentimages.Amodelforecastofthewind
isusedtoprovideguidanceontheappropriatesearchareaforeachtargetfeature.
Displacementvectorsarederivedforeachofthetwosubsequentimages.Theyare
thensubjecttoconsistencycheckstoeliminateaccelerationsthatexceedempirically
determinedtolerancesandsurfacefeaturesthatmayhavebeenmisidentifiedascloud.

Windvectorheightsareassignedbyanyoneofthreemethods.First,theinfra灢
redwindowmethodassumesthatthemeanofthelowestbrightnesstemperatureval灢
uesinthetargetsampleisthetemperatureatthecloudtop.Thistemperatureis
comparedtoanumericalforecastoftheverticaltemperatureprofiletodeterminethe
cloudheight.Themethodisreasonablyaccurateforopaqueclouds,butinaccurate
forsemitransparentclouds.Secondly,theCO2slicingmethodworkswellforbotho灢
paqueandsemitransparentclouds.Cloudyandclearradiancedifferencesinoneor
morecarbondioxidebandsandinfraredwindowbandsareratioedandcomparedto
thetheoreticalratioofthesamequantities,calculatedforarangeofcloudpressures.
Thecloudpressurethatgivesthebestmatchbetweentheobservedandtheoreticalra灢
tiosischosen[19].Additionally,theH2Ointerceptmethodofheightdetermination
canbeusedasanadditionalmetricorintheabsenceofaCO2band.Thismethodex灢
aminesthelinearrelationshipbetweenclustersofclearandcloudypixelvaluesinwa灢
tervapor灢infraredwindowbrightnesstemperaturespace,predicatedonthefactthat
radiancesfromasingleclouddeckfortwospectralbandsvarylinearlywithcloud
fractionwithinapixel.Thelineconnectingtheclustersiscomparedtotheoretical
calculationsoftheradiancesfordifferentcloudpressures.Theintersectionofthetwo
givesthecloudheight.

Thestudyperiodisfrom March5toApril3,2001.MODISLevel1Bdatafrom
theTerrasatellitewereacquiredfrom NASA暞sGoddardDistributedActiveArchive
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Center(DAAC).The1kmimagedatawasnormalizedanddestripedtoreducethe
effectofdetectornoiseandvariability,andtheresultsarechecked.Therearetwo
commonapproachestoquantitativelyassessingthequalityofthewindvectors:com灢
paringthesatellite灢derivedwindswithcollocatedrawinsondeobservations,andeval灢
uatingtheirimpactonnumericalweatherprediction.Thefirstmethodisnotaccu灢
rate,becausetheverifyingobservationalnetworkissparsesothatthesestatisticsdo
notnecessarilyapplyuniformlytothePolarRegions.TheAmericanscientistsused
thesecondapproach.A30灢daycasestudydatasetwasproducedandassimilatedin
theEuropeanCentreforMedium RangeWeatherForecasts(ECMWF)andNASA
DataAssimilationOffice(DAO)modelstoassessforecastimpact.WhentheMODIS
windsareassimilated,forecastsofthegeopotentialheightforthePolarRegionsare
improvedsignificantlyinbothimpactstudies,especiallyintheArcticregions[16].

3.3暋PolarOcean

TheoceanproductsofMODISaredistributedatLevel2,3,and4,thelatterbe灢
ingdedicatedtoOceanPrimaryProductivity.TheLevel2areswath,whereasLevel
3and4areglobalgriddedproducts.IncontrasttoAtmosphere,Oceanglobalgrid灢
dedproductsaredistributedintwoformats.Inthefirst,thedataaremappedtoCy灢
lindricalEquidistantprojectionandaredistributedasHDF灢EOSgridfiles,andthus
areknownas“map暠files.Whileintheothers,thedataisbinnedtoglobalIntegeri灢
zedSinusoidalEqualAreaGrid (ISEAG),distributedasnativeHDFformatfiles
knownas“binned暠files.

3.3.1暋MODISinspectthevarietyofthepolarseaiceandiceshelf
MODIShavetheseaiceproductswhichutilizethedifferentspectralcharacteris灢

ticsbetweenseaiceandseawaterinthevisibleandnearinfraredwaveband.Icedata
productsincludetheicedistributingdatawhicharegeneratedbytheMODISband1,
2,4,and6;andtheIceSurfaceTemperature(IST)products,whichareformedby
the31and32bands.ThefirstproductisL2levelMOD29,whichcanbeusedasin灢
puttogeneratethefollowingL3leveliceproducts:MOD29PGD,MOD29PGN,
MOD29P1DandMOD29P1N(D:day,N:night).Allthementionedproductsareat
1kmspatialresolution,withtheISTdatatoassistthedivisionofseaicebythere灢
flectivity[20].

TheauthorshaveusedtheseaicedataofMODIS,coveringtheperiodfrom2000
to2002,toinvestigatethesurroundingseaiceofChineseAntarcticZhongshansta灢
tion.Firstly,theobservationalareaisdetermined,thelatitudeandlongitudeof
whichare65曘S灢75曘S,55曘E灢80曘E.Nextstepisdividingtheseaicedatatotheicedis灢
tributingdataandtheicetemperatureproducts.Thenthedistributingdataaresyn灢
thesized,andtheseaiceextentspertendaysaresurveyed.Finally,itistheprocess
todistillthesurfacetemperatureoftheseaice.Asaresult,theauthorscaninspect
theseasonalmeltingandfreezing,andthevarietyoftheicesurfacetemperaturein
thisregion.ItindicatesthattheseaicesurroundingtheZhongshanstation melts
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from OctobertoFebruary.FromthentoAprilisthetimeoffreezingwithoutair灢
proof.Correspondingly,from MaytotheSeptemberisthetimeofairprooffreezing,
whentheseaiceisbestrewedtheseaareasurroundingtheZhongshanstation.The
minimumofseaiceinthisdistrictappearsinFebruary.Howeverthehighestand
lowesttemperaturesoftheicesurfaceappearinJanuaryandAugustrespectively.
TheseresultsarepartlyvalidatedbytheformerstudyoftheAntarcticseaice,and
receivesomemoreaccuratedataneartheZhongshanstation.Besides,thisstudyvali灢
datedthefeasibilityofusingtheseaicedataofMODIStoinspectthevarietyofAnt灢
arcticseaice.Thewholeresearchregionandtheseaiceboundaryinexamplemonths
areshowninthefollowingFigure3.Thepictures(a)and(b)arethedistributionof
theseaiceneartheZhongshanStationinthefirsttendaysofNovember2000,and
themiddletendaysofJanuary2001,respectively.Inthesepictures,theseaiceissil灢
verywhite,thelandisgrayandtheseaisblack[21].

ThesatelliteimagesofMODISarealsousedtoinspectthepolariceshelvesdis灢
integration.OnFebruary282008,NSIDCfirstrevealedthecollapsesoftheWilkins
iceshelf,usingtheMODIS暞simagesof1kmspatialresolution.Subsequently,the
researchersinNSIDCuseaseriesofthesimilarimagesonFebruary29,March6and
March8,torecordthewholecourseoftheiceshelfdisintegration[22].Theimagesof
MODISalsoinspectedthecollapsesoftheLarsenBiceshelfin2002.Thecontinuous
imagesrecordthetotalofabout3,250squarekilometersofshelfareadisintegratedin
a35dayperiodfromJanuary31toMarch5[23].Ingeneral,theMODISsensorcan
supplyimageswithhightimeresolutionandlargeareas,whichareeffectiveapproa灢
chestoinspecttheAntarcticiceshelves.

From2003to2005,AmericanscientistscombinedtheimagesofMODISandthe
laseraltimetryprofiledataofICESattounveilafirst灢everviewofchangesintheele灢
vationoftheicysurfaceaboveasubglaciallakethesizeofLakeOntario.Comparing
theimagesofthethreeyears,theyreachedtheresultthattheicelayersareascend灢
ing,whichsuggestthelakedrainedanditswaterrelocatedelsewhere.Furthermore,
theresearchersrevealedanewthree灢dimensionallookatanextensivenetworkofwa灢
terwaysbeneathanactiveicestreamthatactslikeanatural“plumbingsystem暠,and
cluestohow “leaks暠inthesystemimpacttheworld'slargesticesheetandsealevel.
Theyalsodocumentedforthefirsttimechangesintheheightoftheicesheet'ssurface
asproofthelakesandchannelsnearlyhalfamileofsolidicebelowfilledandemp灢
tied[24].Thisdiscoveryhasradicallyalteredourviewofwhat'shappeningatthebase
oftheicesheetandhowicemovesinthatenvironment.Andthisresultisthemost
importantscientificdevelopmentinNASArecently.

(a)thefirsttendaysofNovember2000
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(b)themiddletendaysofJanuary2001

Fig.3暋ThedistributionoftheseaiceneartheZhongshanStation(Zhangetal.2008[21]).

3.3.2暋MODISobservethehalobios
TheSouthernOceanhasbeeniden灢

tifiedascriticalintheglobalcarboncy灢
cleandwillunequivocallybeaffectedby
changesinglobaltemperature.Asthe
mainunicellularplantintheocean,the
Phytoplanktonisoneoftheimportant
factorstoaffectthecarbondynamicsin
theSouthernOcean.However,forthe
long灢term snow andicecovering,the
observation ofthe Phytoplankton in
Southern Oceanis moredifficultthan
theotherregions.

Recently,Americanscientistscom灢
binedtheimagesofMODISandtheship
basedstationdatatoestimatePhyto灢
plankton processesinthe Ross Sea,
Antarctica.TwodifferentlevelsofMO灢

DISimageprocessingwereutilized.Daily (1kmpixelresolution)Level2images
wereusedforvalidationofship灢basedstationdata.Level2areimagesthathave
been,atmosphericallycorrected,andadjustedaccordingtotheproductsspecificalgo灢
rithm.Theseswathimagesweregeolocated,qualityfilteredandsub灢sampledusing
InteractiveDataLanguage(IDL).Aregressionwillbeestablishedbetweenthevalue
oftheMODISandshipbasedproduct.Thisalgorithmoffsetwillthenbeappliedasa
post灢processingcorrectiontoLevel3images.Level3mappedimages(global;8灢day
temporalbin)atapproximately5kmresolutionwereusedastheprimarydataprod灢
uct[25].

AnexcitingadvancementfortheMODISsensoristhatthequantumyieldof
photochemistryaswellastheconcentrationofchlorophyllAcanbeestimated.Inthe
previousresearch,whentheamountsoftheChlorophyllAincrease,thereflected
spectrumofthewaterwillchange.ForChlorophyllAhasobviousabsorbabilitynear
thebluewaveband(440nm)andredwaveband(678nm),thespectralreflexcurve
ofwaterwillappearabsorbablepeakvaluesneartheblueandredwavebandswhen
densityofthePhytoplanktonishigh.Additionally,intheboundof685灢715nmand
550灢570nm,thewaterwiththePhytoplanktonwillappearreflexpeaks,theposi灢
tionsandvaluesofwhicharequantitiveindicatesofChlorophyllA[26].Fordifferent
waterareas,theremotesensingofChlorophyllAwillchoosetheoptimalcombina灢
tionsofwavebandsfromtheexperimentsbetweentheabovewavebands.Inthere灢
searchesofRossSea,theratioofabsorptionat443nmtothatat551nminthewater
leavingspectralradianceischosen.Ontheotherhands,forthehightimeresolution
ofMODIS,datafromimagesweresea灢truthedwithdiscretemeasurementsmadein
conjunctionwithafieldprogramcalledinterannualvariabilityintheRossSea.Sever灢
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alyears(2000灢2004)werethencomparedinordertoascertainandconstraininteran灢
nualvariability.Thesedatawereputintothecontextofalargerfieldprograminor灢
dertodeterminewhatdrivesthepotentialandmagnitudeoftheseasonalphytoplank灢
tonbloom[27灢28].

4暋Summarizeandprospect

From1999onwhenitsfirstcarryingsatellitewaslaunched,theglobalimageda灢
taofMODISwaswidelyappliedtoland,atmosphereandoceanswithstable.The
multichanneldataofMODISimprovesourunderstandingofglobaldynamicsand
processesoccurringontheland,intheoceans,andintheloweratmosphere.Asan
importantsensoraboardonthepolar灢orbitingsatellites,itisacertainchoicetouse
MODISinthePolarRegions.Tosomeextent,theauthorsaretransferringthesuc灢
cessfulapplicationsofMODISinthelowlatituderegionstothehighlatitudeareas,
suchasAntarctica.ThemultiplicateabilitiesofMODIScancoverthemostdomains
ofthepolarscientificresearch,whichincludesthepolarterrain,polaratmosphere
andpolarocean.TheseriesandthenextgenerationsatellitesofMODISareinthe
works.

Nowadays,theremotesensingsensorsaredevelopinginthehighspectralreso灢
lutiontechnology.SuchastheAmericanimagingspectroradiometeHyperion,aboard
ontheEarthObserving灢1,has220wavebandsrangingfrom300nmto2500nm.At
thesametime,thespatialresolutionsoftheimagingspectroradiometesareimpro灢
ving.TheOrbview灢4isoneofthesatellitesthatcombinethehighspectralresolution
andhighspatialresolution.Itcanobtainthemultiplespectrumimagedataof8m
resolutionswith280wavebandscovering400灢2500nm,andthepanchromaticimages
of1mresolution[29].Thoughwiththelimitationoftechnology,theadvancedsensors
withthehighestspectralresolutionandhighestspatialresolutionsynchronouslycan
notproduceyet,theremotesensingtechnologyofhighspectralresolutionandobser灢
vationsofhighfrequencies,astheuseofMODISinthePolarRegions,willachieve
furtherdevelopmentinthefuture.
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