CHAPTER2

DATA AND METHODS

"Err orsusinginadequatedataare mud lessthanthoseusingno dataat all”

— CharlesBabbagecircal850

2.1 Datasets

211 OLR Theprimarydatausedn thisstudyaretheoutgoinglong-
wave radiation(OLR) from the NationalOceanicand AtmosphericAdministration
(NOAA) polarorbitingsatellites(GruberandKrueger1984).OLRisregularlyused
to locateareasof deeptropical corvectionandasa proxy for precipitation (Arkin
andArdanuy1989)by identifying the presenc®f cold cloudtops. Althoughthere
is a goodcorrelationbetweenlow OLR valuesanddeepcorvectionin thetropics,
it is not possibleto distinguishcold cloudtopsdueto corvectionfrom thosedueto
thick cirrostratusdecks.Thislimitation is particularlyimportantin a case-studap-
plicationandlessimportantwhenOLR is time-avzeraged The OLR datais available
from Junel974throughthe endof 1997,exceptfor mostof 1978whenthe datais

missingdueto satelliteproblems.The dataareinterpolatedn spaceto remove ary
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missingvaluesexcludingthe extendedl978gap (LiebmannandSmith1996). The

raw OLR datais mappedntoa2.5° x 2.5 globalgrid andrepresentshe average
of twice daily (onedaytimeandonenighttime)satellitepassesAnomalytimeseries
aregeneratedy removing the meanandthe first threeharmonicsof the climato-

logicalannualcycle (365.25,182.625and121.75days).It is usefulto notethat, at

leastin the EasterrHemispheréropics,a10W m~2 OLR anomalyis approximately
equalto a2.0mmday! rainfall anomaly (Xie andArkin 1998).

A fundamentalimitation of theOLR dataseis thatthedaily averagevalue
is obtainedfrom only two satellitepasseshatoccurat the sametime eachday and
nightandthereforedoesnotfully resolethediurnalcycle. In regionswherethedi-
urnalcyclein cornvectionis strong particularlyoverland (MeisnerandArkin 1987),
this limitation will leadto systematierrorsin the OLR estimate Thediurnalcycle
of convectioncanonly be properlyaddressebly frequentsamplingaroundtheclock
with theuseof geostationargatellites Althoughthemonsoormregionhasbeenmon-
itoredby anIndiangovernmengeostationargatellite the dataarenotyet available
to thescientificcommunity RecentlythegeostationarfEuropearMeteosat-Satel-
lite wasmoved over the monsoonregion which will allow a detailedexamination
of the diurnal cycle of corvectionandwill hopefully permitthe determinationof
suitablecorrectionfactorsfor daily averageOLR estimates.

2.1.2 NCEP/NCAR Reanalysis The National Centerfor Environ-
mentalPredictionand National Centerfor AtmosphericResearciNCEP/NCAR)
reanalyses (Kalnay et al. 1996) are employed to representthe dynamically-
consistentcirculation at 200-mb, 850-mb, and 1000-mb The reanalysisusesa
"frozen” dataassimilatiormodelfor theentire1958to 1997periodwhicheliminates

spuriousdiscontinuitieghatarisefrom changesn the assimilation.Thereanalysis
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dataaremappeddntothesame2.5° x 2.5° grid astheOLR dataandareavailableat
four timesdaily resolutionfrom 1958t0 1997.Here,only the 1974to 1997subsebf
daily averageddatais used.It is importantto notethat OLR andthe NCEP/NCAR
reanalysesre essentiallyindependentiatasetsinceOLR informationis not used
to infer diabaticheatingor divergentflow.

213 SST TheseasurfacetemperaturdSST)is representedby the
Reynoldsseasurfacetemperaturenalyses(Reynoldsand Smith 1994)which are
anoptimally-interpolatedlendof satellite,buoy, andship measurementdiVeekly
SSTanalysesireavailablefrom 1982-199%0nal° x 1° globalgrid. Priorto 1982,
monthly SSTestimatesrederved from reconstructeanonthlymeanSST (Smith
etal. 1996)thatarebasednin situ obsenationsandareinterpolatedvith EOFs.

The stateof ENSOis evaluatedhereusingthe Nifno3 SSTindex, which
is calculatedoy averagingmonthly ReynoldsSSToverthedomain5°S—-5N, 150—
90°W. NumerousotherSSTindicesincluding Nifio 1+2 (easterrPacific) andNiio
3+4 (westernPacific) are sometimesusedto represenENSO. The Niflo3index is
consideredypically to be the mostrepresentate of the large-scalebehaior of
ENSO.

2.1.4 Precipitation A daily blendedstationdata/MSUprecipitation
rate datase{Magdia, privatecommunication)s usedasan independentepresen-
tation of rainfall. In this datasetprecipitationover land is determinedfrom the
historicalrecordof precipitationgaugemeasurementwhile precipitationover the
oceanss inferredfrom the Microwave SoundingUnit (MSU) data (Spenced 993).
Theblendedrecipitationdatasets availablegloballyonal® x 1° grid from 60°S—
60°N for theperiod1979to 1995.
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Theseasonallaveragedstrengthof the SouthAsianmonsoornis assessed
with the all-India rainfall index (AIRI) which is availablefrom 1871-1997.The
AIRI is a weightedaverageof 306 well distributed rain-gaugestationsacrossin-
dia (Parthasarathyet al. 1992; Parthasarathyet al. 1994). Furtherdetailson
the AIRI andits relationto regional rainfall anomaliescanbe foundin Mooley
andParthasarathy1984). Descriptionsf othermeasuresf SouthAsianmonsoon
strengthand a brief analysisof their interannualvariability are found in Section

4.3.1.

2.2 Methods

221 Statigtical Techniques  The primary conclusiongdravn in this
studyarebasedundamentallyon statisticalanalyse®f SouthAsianmonsoorvari-
ability. As such,an extensve suite of statisticaltechniquesare employed which
facilitate explorationof the interrelationshipdetweenSO corvectionandcircula-
tion, interannuabariationsof intraseasonatornvectionandthe seasonastrengthof
the monsoonandthe synoptic-scaleorvectionandthe ISO. The statisticaltech-
niquesusedincludethefollowing:

e laggedcross-correlatioandlinearregression,

Fourierspectrabnalysisandtemporalffiltering,

wavenumbeifrequeng spectralnalysisandfiltering,

waveletanalysisandwaveletderivedvariance,

empiricalorthogonafunction(EOF)analysisand

compositeanalysis.
The detailsof eachstatisticaltechniqueareincorporatedvithin the body
of the thesisat the point of first use, exceptfor the cross-correlatiorand linear

regressiormethodwhichis describedn thefollowing section.
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222 Lagged Cross-Correlation and Linear Regresson The
cross-correlatiomndlinear regressiontechniqueusedhereis the sameasthatde-
scribedin detailby Kiladis andWeickmann(1992). Area-areragedOLR is used
to representropical corvectionin a baseregion. The OLR timeserieds typically
extractedfrom a bandpaséiltered OLR datase{the bandpaséiltered datasetsised
hereandmotivationsfor their selectionwill bediscussedh Sections3.2and5.2)so
thatparticularspatialandtemporakcalef corvectioncanbeisolated.Thebasere-
gion bandpaséiltered OLR timeseriess regressedgainsidenticallyfiltered OLR
and 1000-mb,850-mb,and 200-mbu (zonalwind componentandv (meridional
wind component}imeseriesat all othergrid points. Sincethe focusof this study
is on borealsummey regressionequationsare primarily developedbasedon con-
vectionin the June—Septembeqreriod. However, for the purposeof comparison
betweerthe summertimeandwintertimelSO, regressionequationsarealsodevel-
opedfor the northernwinter months,DecemberMarch (Section3.3). The linear
dependencef the circulationon deeptropical corvectioncanthenbe mappedby
applyingtheregressiorequationat eachgrid point relative to a singlestandardie-
viationin OLR. Thetemporalkvolution of thecirculationandcornvectionanomalies
canbeassessesubsequentlpy performinglaggedregressions.

This techniqueassumedghat the relationshipbetweenOLR andthe cir-
culationis nearlylinear, an assumptiorthat is reasonabldo the extentthat OLR
anomaliesrerelatedinearlyto tropicalheatinganomaliesndthatlineardynamics
candescribethe responséo tropicalheating. A numberof studieshave suggested
that, in the tropics, realistic circulation perturbationsan be generatedy forcing
linear barotropicmodelswith steadydivergencesources (e.g., Matsuno1966;

Webster1972; Gill 1980; SardeshmuklandHoskins1988). However, a caveat
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to theassumptiorof a predominantlyjinearresponséo tropicalheatingis thatnon-
linearinteractionssuchasthe feedbackof the circulationon the cornvectionitself,
is likely to beasignificantfactorin thetotal responséo corvective heating (Chang
andLim 1988).

The statisticalsignificanceof the local linear relationshipbetweenOLR
in the baseregion andthe dependentariableat eachgrid point canbe determined
usingthe correlationcoeficient. For all linearregressiormapsshavn in this study
if the absolutevalue of the correlationcoeficient betweenthe OLR baseregion
timeseriesandthe dependentariabletimeseriesat a particulargrid point exceeds
the 5% significancdevel correlationcoeficient, thentheregressed/aluefor aneg-
ative one-standard-d#ation (o) baseregion OLR valueis plottedatthatgrid point.
Similarly, if theabsolutevalueof the correlationbetweerthe OLR baseregion and
eithertheu- or thev- wind componenatasinglegrid pointexceedghe 95%signif-
icancelevel correlationcoeficient, the total wind anomalyvectoris plottedat that
grid point.

A samplecross-correlatioandlinearregressiormapis shavnin Fig. 2.1.
Scatterdiagramsof 25 to 80 day filtered ugsg, Vss0, andOLR at 65°E, 1°N in the
ArabianSeaversusOLR in abaseregionlocatedin thecentralBay of Bengal(85°—
9C°E, 12.5-17.5N) areshavn in Fig. 2.1afor lag zerodays. Figure 2.1b showvs
the global map of regressed50-mbwind vectorsandOLR at lag zerodays. The
correlationcoeficients for the zonaland meridionalwind vectorsat the Arabian
Seagrid point are—0.55and—0.44respectrely. A correlationcoeficient whose
magnitudesxceedd).25is statisticallysignificantatthe 95%level. Thereforesince
thecorrelationcoeficientsfor bothugs, andvgs, aregreatethan0.25,thetotalwind

vectoris plottedin Fig. 2.1h Thecorrelationcoeficientfor OLR is only +0.13and
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thereforeis not statisticallysignificant. Consequentlythe regressedOLR valueis

not plottedat 65°E, 10°N.



