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’3*./’2.: Disaster weatherforecasting is becoming increasingly important.In this paper,the trajectories of
M esoscaleConvectiveSystems(M CSs)wereautomaticallytrackedovertheChineseTibetanPlateauusingGeostation-
aryM eteorologicalSatellite(GM S)brightnesstemperature(Tbb)from Juneto August1998,and theM CSsareclassi-

fiedaccordingtotheirmovementdirection.Basedonthese,spatialdataminingmethodsareusedto studytherelation-
shipsbetween M CSstrajectoriesand theirenvironmentalphysicalfield values. Resultsindicatethatat400hPalevel,

thetrajectoriesofM CSsmovingacrossthe105&E boundaryarelessinfluencedbywatervaporfluxdivergence,vertical
windvelocity, relativehumidityand1 index. Inaddition, ifthegravitycentrallongitudelocationsofM CSsarebe-
tween 104&E and 105&E, then geopotentialheightand wind divergencearetwo main factorsin movementcausation.

On theotherhand,at 500hPa level,thetrajectoriesofM CSsin anorth-eastdirection aremainlyinfluenced by1 in-
dexandwatervaporfluxdivergencewhentheircentrallocationsarelessthan104&E. However, theM CSsmovingin

aneastandsouth-eastdirectionareinfluencedbyafew correlationfactorsatthislevel.
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Recentevidencehasindicatedthatdisasterweathercon-
ditions,suchasstorm s,typhoons,andintensiveconvec-
tion, aredirectlyinfluenced byM esoscaleConvective
System s(M CSs) (JIANG and FAN,2002).Also,the
M CSs,whichm oveoutoftheTibetanPlateau,arerelat-
edtointensiveprecipitationintheChangjiang(Yangtze)
River Basin and the southwestern region of China
(SHAN 2’ 0?.,2003).To date,however,developm ent
theoriesofM CSsand theirstructurearenotyetclear,
duetorestrictionsontim eandspacescalesintraditional
observationdata.Therefore,itisdifficulttopredictthe
activity ofM CSs, especially in the Chinese Tibetan
Plateau(Fig.1).
However, with the developmentofm eteorological

satelliterem otesensingtechnology,ithasbeenpossible

tocollectincreasingamountsofim agedatatobestored
indifferentdatabases.Asaresult,substantialinform a-
tionrelatedtodisasterweatherhasbeenhiddeninthese
data.Inm ostcases,theimagedatafilesaretoolargeto
beextractedinareasonableamountoftimeusingtradi-
tionaldataanalysism ethods,includingnumericalm od-
els. Thusspatialdatam iningm ethodsareem ergingto
extractim plicitknowledge,datarelations,orotherpat-
ternsnotexplicitlystoredindatabases(KOPERSKIand
HAN,1995).
Among existing disasterweatherforecasting applica-

tionsusingspatialdatam ining,theATOM OSPHER sys-
tem (LEE andLIU,1999,2000)isasuccessfulexam ple.
Inthissystem,120TC (TropicalCyclone)casesappear-
ingintheperiodfrom 1985to1998wereusedtotestthe
effectiveness of the m ethods used in the ATOM O-
SPHER system. Thesystem achieved a97% accuracy
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Fig.1TheTibetanPlateauregion

rateforcorrectclassificationandan86% correctpredic-
tionrateinTC tracking. Inanotherapplication, KITA-
M OTO (2002)used34000typhoonim agesasatestbed
to discoverthe statisticalproperties oftyphoon cloud
patterns. KITAM OTO thenusedasimilarity-basedap-
proachtopredicttyphoonsbased onpasttyphooncloud
patternsandexistingcloudpatterns. Inanotherproject,
ZHOU 45 )6.(1999)usedrelatedimagestodevelopnew
neuralnetworkm odelsandincreaseknowledgeaboutty-
phoons.

Inthispaper,spatialdatam iningmethodsareusedto
analysetherelationshipsbetweenM CSstrajectoriesand
theirenvironmentalphysicalfieldvaluesthroughm eteo-
rologicalsatelliteremotesensingim agingintheTibetan
Plateaufrom JunetoAugust1998. Thepaperwillbegin
with describing spatial data mining methods, data
sourcesandM CSstrackingtechniques.Thiswillbefol-
lowedbyananalysisofM CSsshapeclassification. Tra-
jectoriesofM CSs,featurevaluesabstractionandresults
willthenbediscussed,withsubsequentconclusionsand
recom m endations.

! "#$# %&’()*%

GM S brightnesstemperature(Tbb)and high resolution
lim ited areaanalysisand forecasting system (HLAFS)
valuesprovidedbyChinaNationalSatelliteM eteorolog-
icalCenterfrom June to August1998 are used in this
study.FordatarangeofTbb,latitudeisfrom 0! to50!N

andlongitudeisfrom 80! to150!E.HLAFS,latitudeis
from 15! to64!N andlongitudeisfrom 70! to145!E.On
theotherhand,Tbbis0.5! latd." 0.5! long.resolution,i.
e.,eachpixelofanimagerepresentsa0.5! " 0.5! latitude
andlongitude.HLAFS is1! latd." 1! long.resolution.
Due to the greaterrorofGM S brightnesstemperature
(Tbb) datatothewestof80! E overtheTibetanPlateau,
consequently,inthisproject,studyareathatisfrom 27!
to40! N and80! to105! E,isselected.M eanwhile,the
elevationoftheTibetanPlateauis4000#5000m ,andthe
levelsof400hPaand500hParepresentairconditionsof
nearlygroundandlowerlayersatthePlateau,respective-
ly.Consequently,400hPaand500hPaareincludedinthis
study.Basedonthese,HLAFSdatasets,includinggeopo-
tentialheight,tem perature,vorticity,wind divergence,
watervaporfluxdivergence,verticalwindvelocity,pseu-
do-equivalentpotentialtem perature,8indexandrelative
hum idityindifferentUTC (UniversalTimeCoordinate)
(00:00UTC,12:00UTC,24:00UTC)areusedtodeter-
m ine the relationshipsbetween M CSs trajectories and
environmentalphysicalfieldvalues. Forexam ple, the
distribution ofpseudo-equivalentpotentialtemperature
withheightand 8 indexcanrevealthestabilityofairlay-
erconvectiveactivity.Furthermore,accordingtothedef-
initionofM CSs(M ADDOX,1980),thestudyfocuseson
M CSs that cover at least 3 connected pixels having
Tbb!241K ineachTbbim age, andlastingforatleast3
consecutivehours.
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Num erousstudieshavedevisedm ethodstoautomatical-
lytrack convective system susing m eteorologicalsatel-
literem otesensingimagedata(ARNAUD !" #$.,1992;
M ACHADO !" #$., 1998; CARVALHO and JONES,
2001).Forexample,CARVALHO and JONES (2001)
developed an efficientm ethod based on maxim um spa-
tialcorrelation tracking technique (M ASCOTTE), to
m onitortheevolutionofconvectivesystem s(CS),using
satelliteim ages.TheresultsindicatedthatM ASCOTTE
isavaluableapproachtounderstandingthevariabilityof
CS.ARNAUD !" #$. (1992) established an autom atic
m ethodtotrackandcharacterize (CS) onM eteosatin-
fraredimagesaccordingtothevariabilityofareaincon-
secutivehours.
In thispaper, using themethodsdeveloped by AR-

NAUD !" #$. (1992), thetrajectory ofeach M CS is
trackedasfollows:
(1)TodetectwhetherM CS,%,inhour&’isthesam eas

%! inthenextavailableimageinhour&’+1, theratio(!)
/() iscom puted, where() istheareaofM CS (%) in
hour&’,and(!) istheoverlappingareaofM CS (%!)in
hour&’+1 with!% inhour&’.Ifitsvalueisatleast0.5,then
% and%! areregardedasthesameM CS.
(2)IftwoM CSs,!%’ and%*,inhour&1aremergedto%!

inthenexthour&2, oneisregardedasbeing"stillalive
whileanotherdisappeared"in&2. Theselectionisbased
onthearea:iftheareaof%’ islargerthanthatof%*,then
%! isthecontinuationof%’,otherwise%! isthecontinua-
tionof%*.
(3)W henanM CS,%,issplitintotwoorm oresm aller

M CSs,%!1,%!2,...,%!+ inthenexthour,andtheoverlap-
ping areaof% with someofthesm allM CSsisgreater
than theoverlappingthreshold,then,%! ’,thelargest,is
chosenasthesam eM CSas% andtheothersareregarded
asnew M CSs.
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TheshapeofM CSsisalsoanim portantfactorinfluenc-
ingtheirm ovem ent.Therefore,beforespatialdatam in-
ing,itisnecessarytoidentifytheshapeofM CSs.Thei-
dentificationprocedurecanbedividedintotwosteps.In
stepone,thegravitycentrecoordinatesofM CSsarecal-
culatedaccordingtothefollowingformula:
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(1)

where ,0, and -0 are the gravity centre coordinatesof

M CSs,,’,-’,and "’ representthelongitude,latitudeand
brightnesstem perature (Tbb) oftheM CSspixels, re-
spectively, while+ representsthenumberofpixelsin-
cludedbytheM CSs.Secondly,theM CSsshapewillbe
determ ined by ellipse equation using the leastsquares
m ethod, andbasedon these, thelongaxislengthand
shortaxislengthoftheellipsewillbeobtained. Conse-
quently, theshapeofM CSscanbedefinedaccordingto
theratiooftheshortaxislengthtothelongaxislength,i.
e.,theshapeofM CSsisdefinedascircular(C)whenthe
ratio isin [0.9,1.0]and ellipse(E)when theratio isin
[0.7,0.9).Otherwise,theshapeofM CSsisdefined as
others(O).

<=< +>-??0:0.-90;1 ;: "@(
Basedonprevioustrackingmethods, M CSsareclassi-
fied into 4 typesaccording to theirtrajectoriesoverthe
TibetanPlateau, i.e., ifM CSsm oveacrossthe105"E
boundary,thentheyareconsideredtohavemovedoutof
theTibetanPlateau,andtheirm ovem entdirectionisde-
finedE,NE andSE,respectively.Otherwise,itisdefined
’stay-in’.Table1showstheclassificationresults.

Table1NumberofM CSsindifferentdirectionsover

TibetanPlateaufrom JunetoAugust1998

From Table1, itcan beseen that7.34% ofthetotal
num berofM CSsm oveacrossthe105"E boundary,while
74.5% , 9.1% and16.4% oftheM CSsmovingacrossthe
boundarymovetoE,SE andNE,respectively.

!=A $,-B6.9;,06? ;: "@(
Fig.2a#c showsthetrajectoriesofM CSsmovingoutof
theTibetanPlateaufrom JunetoAugust1998.From Fig.
2a, itcanbeseenthattheinitiationlocationsofm ostof
theM CSsm ovingtothesoutheastandnortheastareless
than 100"E, and thelengthsofM CSstrajectoriesare
relativelylong. Ontheotherhand, theinitiationloca-
tionsofm ostofthe M CSsmoving to the eastare be-
tween100"E and105"E, withoneexception. Am ong
these M CSs, the lengthsoftrajectoriesare relatively
short.M oreover,inthism onth,theinitiationlocationsof
m ostoftheM CSsarelessthan36"N alonglatitudeori-
entation.
The trajectoriesofM CSsm oving acrossthe Tibetan

M onth
NumberofM CSsindifferentdirections

Stay-in E SE NE

June

July

August

Total

209

246

239

694

9

11

21

41

3

#
2

5

3

4

2

9
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Plateau inJulyarepresented in Fig.2b,which dem on-
stratesthatthereareno M CSsm oving to thesoutheast
duringthismonth, whiletheinitiationlocationsofmost
oftheM CSsarebetween 100!E and 105!E. Further-
m ore,withoneexception,thelengthsofM CSstrajecto-
riesarerelativelyshortduringthismonth.
Fig.2cshowsthatthefeaturesofM CSstrajectoriesin

Augustaresimilarto thoseofJuly, thedifferencebe-
tweenM CSstrajectoriesinAugustandinJulybeingthat
theinitiationlocationsarelessthan36!N alonglatitude
orientationinJuly,whiletheinitiationlocationsdistribu-
tion ofM CSsin Augustare m ore hom ogeneousalong
latitudeorientation.
Ontheotherhand,Fig.2a"calsoshowsthattheinitia-

tion locations ofmostofM CSs from June to August
1998arebetween95!E and105!E. Therefore, inthe
courseofspatialdatamining,theinitiationgravitycenter
locationofeachM CSisdefinednear100!E.

!"# $%&’()% *&+(%, -.,’)&/’012
W eatherforecasting iscriticalto people’sdaily lifeand
tosustainabledevelopm ent.Tom akeupfortheshortage
ofgroundobservationstations,highspatio-tem poralres-
olution m eteorologicalsatelliteshaveprovided amean-
ingfuldatasource. Consequently, findingtheoptimal
m ethodforextractingusefulinformationfrom theobser-
vationdatahasbecom eincreasinglyimportant.
Fig.3a"d showsexamplesof the relationshipsbe-

tween the trajectoriesofM CSsm oving outofthe Ti-
betan Plateau, andvorticityvaluesaround itscenterat
00UTC in400hPalevelon7June,30June,9Julyand11
August.Using thefigure,therelationshipsbetween the
trajectories of M CSs and vorticity values cannot be
clearlyunderstood.However,accordingtotheresultsof
previoustracking, theM CSsshown in Fig.3a"d move
outofthePlateauinaneasterlydirection.Clearly,there-
fore,somerelationshipsm ustexistbetween them.This
isimportant,therefore,inabstractingusefulinformation
onwhatinfluencesthetrajectoriesofM CSs, from wide
environmentalphysicalfield values. In the following
section, theprocessingapproachusedforthegivendata
according to the resultsofM CSstracking willbe de-
scribed.
First,inthecourseofextractinginformationonfactors

influencingthetrajectoriesofM CSs,theparameters,in-
cluding geopotentialheight(8),temperature (9),rela-
tive hum idity (:8),vorticity (;#:),wind divergence
(+<;),verticalwind velocity (1),watervaporflux di-
vergence(<=;>),pseudo-equivalentpotentialtempera-
ture(!?@),A index,areaofM CSs,theaveragelowest
tem perature(9BB),location(longitudeandlatitude)and
theshapeofM CSsareusedinthisstudy. Second, an
M CSiscentredat(C1,01)whenitm ovestonear100!E at
thetimeUTC=8D. ChoosetheHLAFS atUTC=8%(ei-
therequalsto00,12or24UTC)where8% isthenearest
00/12/24UTC to8D.IftheM CS iscentredat(C2,02)at
thetimeUTC=8D+2,then threeareas(A,B,C),which
areneartheM CSsatthetimeUTC=8D+2, willbede-
fined according to thedirection in which theM CSsare
m oving.Eacharea(A,B,C)is1!latd.# 3!long.Foreach
ofthe9HLAFSattributes, theaverageforA, B andC
willbefoundrespectively, then+BE) and+BFG aredefined
asthedifferenceintheaverageinareasB andA andthat
ofareasB andC respectively(Fig.4).

Basedontheinformationabove, avectorconsisting
ofthefollowingfieldsforeachM CSisformed:

F+BF) foreachofthe9HLAFS attributes(8* 9* +<;*
;H:,! ?@* A* <=;>* 1* :8)

F+BFGforeachofthe9HLAFSattributes
"AreaofM CSswhenUTC=8D

(a)

(b)

(c)

Fig.2TrajectoriesofM CSsmovingoutofthe

TibetanPlateaufrom JunetoAugust1998
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Fig.3ChartoftherelationshipsbetweenthetrajectoriesofM CSsandvorticityvalues(!10"6/s)

"ShapeofM CSswhenUTC=!"

"PositionofM CSswhenUTC=!"

"AveragelowestTbbvalueofM CSswhenUTC=!"

! "#$%&’$()**+$,%$$+-)

Inspatialdatam ining,thedecisiontreeisthem aintech-
niqueused to classifyhugeam ountsofdata. Thedata
classification procedure can always be separated into
two steps,i.e.,growingand pruning(BREIM AN #$ %&.,
1984). Therearedifferentapproachestoclassifyobject
dataaccordingtodatasizestoredindatabases. Forex-
am ple,earlieralgorithmsfordecisiontreeinduction,ID3
and CART (W EISS and KAPOULEAS,1989;HOLD-
ER, 1995), havehighclassificationaccuracyandeffi-
ciencywhendatasizeissmall. However, theyarenot
suitedtoclassificationoflargedatasizes.Consequently,

Fig.4Relevantareaofspatialdatamining
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in thispaper, C4.5 (SALVATORE,2002) istaken to
m ine hidden knowledge of influencing M CSs m ove-
m ent. Itisanalgorithm forinducingclassificationrules
intheform ofdecisiontreesfrom asetofgivendata. It
constructsthedecisiontreewitha"divideandconquer"
strategy. Aftereachtreeisgenerated, itisprunedinan
attem pttosim plifyit.Theadvantagesofthismethodare
thatnotonlycanitmineusefulinformation and knowl-
edgefrom largedatabases, butitalsohashighaccuracy
andefficiency.
Table 2 and Table 3 show the classification rules,

whichhavebeenpruned, ofinfluencingM CSsm oving
outoftheTibetanPlateauin400hPaand500hPalevel,
wherethesym bolsandunitsofdifferentparametersare
definedasfollows:geopotentialheight(8)!10!1gpm ,
tem perature(9)!",relativehumidity(:8)!% ,vor-
ticity(;#:)!10!6/s,wind divergence(+<;)!10!6/s,
verticalwindvelocity(! #!10!5hPa/s,watervaporflux
divergence(<=;>)!10!10g/(cm 2¡⁄h¡⁄Pa¡⁄s),pseudo-e-
quivalentpotentialtemperature ("?@)!",A index,
area!km 2,theaveragelowesttem perature(5BB)!",
position(longitudeandlatitude)andshape.Theform of
rulesis"C1# ¡›# CD!>1# ¡›# >’",whereC1,¡›,CD,
>1,¡›,>’ areattributedata.Therulesareinterpretedas
when thepattern "C1# ¡›# CD"develops, thepattern
">1# ¡›# >’ "alsodevelopswithacertainprobabili-
ty. In table2, themeaningof8bc isthedifferenceof
geopotentialheightin areaB and areaC. E (16/3.7)
m eansthatthenum berofM CSswhichsatisfytheruleis
16,but3.7M CSsrem ainintheTibetanPlateau,i.e.,the
accuracyis76.9% whenthisruleisappliedtodeterm ine
themovementofM CSsacross105(E,andthemeaning

ofothersissimilar.Consequently,from Table2,itcan
be found thatthe geopotentialheightin the south of
M CSscenterishigherthaninthenorthin400hPalevel.
IftheinitiationgravitycenterlocationofM CSsisgreater
than104$E and!8bc"!1,thenwinddivergenceisam ain
factorininfluencingthem ovem entofM CSs.Thephysi-
calmeaningoftherulescanbeexplainedinthefollow-
ingexam ple:accordingtorule1,itrepresentsthat,when
M CSsexistbetween104$E and105$E andthegeopoten-
tialheightinthesouthofM CSscentreishigherthanthat
in thenorth and wind divergencein thesouth ofM CSs
centreislowerthanthatinthenorth, theM CSsexistin
anairconvergencearea. Accordingtotheruleofinflu-
encingM CSsmovement, thetwoenvironm entalphysi-
calfield values revealthatthey willinfluence M CSs
m ovem entoutofthe Plateau. Otherrulescan be ex-
plainedinthesam emanner. Byandlarge, atthislevel,
theM CSsmovingoutoftheTibetanPlateauaremainly
relatedtothedifferencesofgeopotentialheight, vortici-
ty,winddivergencealonglatitudeorientation,area,and
longitudelocationofM CSscentre. Ontheotherhand,
theresultsalsoshow thatthetrajectoriesofM CSsm ov-
ingoutofthePlateauarenotrelatedtothedifferencesin
relativehumidity, verticalwindvelocity, watervapor
fluxdivergence, A indexalonglatitudeorientation, as
wellastheaveragelowesttemperatureandlatitudeloca-
tionofM CSscentre.Therefore,thefeaturesoftheenvi-
ronm entalphysicalfield valuesin 400hPa levelcan be
summ arizedasfollows:
(1)Them ovem entofM CSsacrossthe105$E bound-

ary islessinfluenced by watervaporflux divergence,
verticalwindvelocity,relativehum idityandA index.

Table2 ClassificationrulesinfluencingM CSstrajectoriesin400hPalevel

Index Rule

1
2
3
4
5

8bc"!1#%&’(E <Longitude<105(E!+<;bc"6!E(16/3.7)
8bc"!1"102(E<Longitude"104(E#Area>412509ba>!1$;E:bc>!28! E(12/2.5)
8bc"!1%Longitude"102(E&Area>233750’Shapeisothers(;E:bc"22! E(7/2.4)
8bc"F1)Longitude"102(E*Area>233750+"?@BG)!3,"?@B)"2-Shapeiscircle!E(3/2.1)
8bc"!1.Longitude" 102(E/Area>2337500"?@BG"!3!NE(3/2.1)

Table3 ClassificationrulesinfluencingM CSstrajectoriesin500hPalevel

Index Rule

1
2
3
4
5
6
7
8
9
10

101.5(E <Longitude"104(E1Area"2337502<=;>BG"!74!NE(2/1)
101.5(E <Longitude"104(E3Area"23375048B)"175AB)"1269B)>97<=;>BG>!748+<;BG"6! E(10)
101.5(E <Longitude"104(E9Area"233750:8B)>17;AB)"12<9B)>9=<=;>BG> !74><=;>B) >2?+<;BG"6! E(3)
Longitude"104(E@Area>233750AABG"0!NE(3/1)
Longitude"104(EBArea>233750C8B)"9D"?@BG"0!SE(2/1)
Longitude"104(EEArea>233750F!B)"138G8B)>9HABG>0I"?@BG"0!E(8)
Longitude"104(EJArea>233750K!B))%*+#8B)>9LABG>0M"?@BG"0!SE(3/1)
Longitude"104(ENArea>521250O"?@BG>0P+<;B)>!10!E(2)
104(E <Longitude<105(EQArea>26250!E(14)
104(E <Longitude<105(ERLatitude>30.5SArea"26250!E(2)

!"#
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(2)Thedifferenceofgeopotentialheightaroundgravi-
tycenterlocationofM CSsisamainfactorindeterm in-
ing theirmovement, i.e., the movementofM CSsis
m ainlyinfluencedbyairflow.
(3) IfgravitycentrallongitudelocationsofM CSsare

between104!E and105!E,thengeopotentialheightand
wind divergence are two m ain factorsin causing their
m ovement.
Ontheotherhand,from Table3,thefeaturesinfluenc-

ingM CSsmovementin500hPalevelcanbesum marized
asfollows:
(1)Inthislevel,thetrajectoriesofM CSsmovingoutof

theTibetanPlateauarelessinfluencedbyvorticity,rela-
tivehum idityandshape.
(2)IfgravitycentrallongitudelocationsofM CSsare

lessthan104!E,thetrajectoriesofM CSs,whenmoving
north-easterly,arem ainlyrelatedwitharea,! indexand
watervaporfluxdivergence.
(3)If gravity centrallongitudelocation ofM CSs is

between104!E and105!E, whileitsareaisgreaterthan
26250km 2,thentheM CSsm ustmoveoutoftheTibetan
Plateau.
From theanalysissetoutabove,itcanbefoundthatthe

rulesobtainedin400hPaand500hPaaredifferent, the
also reason being thatenvironm entalphysicalfield val-
uesaredifferentin400hPaand500hPa.Resultsindicate
thatitis feasible to predictthe trajectories ofM CSs
basedontheirenvironmentalphysicalfieldvaluesatthe
TibetanPlateau.Furtherm ore,itisalsoimportanttodis-
cusstherelationshipsbetween them ovem entofM CSs
and intensive precipitation forecasting in the Yangtze
RiverBasinandinthesouth-westregionofChina.

! "#$"%&’(#$’

Various rules influencing M CSs m ovementatthe Ti-
betan Plateau in China have been revealed thatusing
spatialdataminingtechniques, andthedevelopm entof
favorableenvironmentalphysicalfieldrulesofinfluenc-
ing M CSs movem entacross Tibetan Plateau produces
im portantresults. Theserulescanbeusedtorevealthe
relationships between the M CSs trajectories at the
plateau and intensive precipitation forecasting in the
ChangjiangRiverBasin and in thesouthwestern region
ofChina.Consequently,thisinform ationisofgreatval-
uein limiting the dam age caused by disasterweather.
Them athem aticalmodelofM CSstrajectoriesandtheir
environm entalphysicalfield values willbe developed
furtherinfutureresearch.Inaddition,thesystem ofdis-
asterweatherforecastingwillbeenhancedfurther,using
differentspatialdataminingtechniques.
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