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ABSTRACT

Under the new measurement for the internet supplied from the Cooperative Association for
InternetDataAnalysis (CAIDA), the authors relax theorthogonal andnormality conditionwith
the methodology based on empirical codependence structures and marginal distributions. The
nonparametricdependencebetweenthediffusionoftheinternetanddifferentglobalizationindices
isexaminedusingapanelof10countries,aslongaserrortermsdonotfollowmultivariateGaussian
distributions.Themodelselectionsarerankedandtheauthorsfindthebestdependencemodel.The
empiricaldependenceoftheInternetdiffusionontheglobalizationisfurtherdemonstratedfromthe
dynamiccopulaanalysis.
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1. INTRoDUCTIoN

In recent years, there have been a large number of investigations on the relationship between
technologicaladvancesandglobalization.Oneofthemostinterestingtopicsisthat,asthedriving
force,howdotheemergenceandrapiddevelopmentoftheInternettechnologyanditsapplications
impactonglobalization,ordotheyimpactoneachother?Althoughtherearestilldebates,some
factsandargumentshavebeengenerallyaccepted.ThegrowthoftheInternethasacceleratedthe
disseminationofglobalinformationallovertheworld,whichenablesmoreeffectiveandconvenient
communications among international decision-makers. Companies improve their productivity
andcompetitivenesswithmoreefficientandsmoothprocessingoftransactions.Furthermore,the
E-commerceontheInternethasbeenmorecompetitive,givingconsumersmorediversechoices.
Therefore,allofthesehavegreatlyboostedtheglobalizationincludingtheeconomicandpolitical
interactions,technologyandcapitalflowsandinternationalsocialwelfare.

TheInternetcanbedefinedasaninnovativecommunicationthatenablesthedissemination,
exchange,storageandanalysisofdataandallkindsofglobalinformation.Whilethemulti–national
flows of information, trade and capital are key elements to globalization, the Internet plays an
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innovativeroleon theglobaleconomyandpolitics.Tomeasure theInternetdevelopmentacross
countries,manyresearchersusedatafromtheInternetSoftwareConsortium(ISC)tocounthowmany
webhostsareattributedtoeachcountrybycountingtop-levelhostdomainnames.Astheypointout,
however,thismaynotbeaverygoodmeasure,sincethereisnonecessarycorrelationbetweenahost’s
domainnameandwherethesiteisactuallylocated.Generally,therearetwoconcernsneedtobe
addressed:First,therearestillconfusionsanddebatesontheexactmeasurementsonthedevelopment
oftheInternetontheglobalizationandviceversa.Second,therearealsodebatesonwhetherthe
statisticalalgorithms,toolsandanalyticalmodelscangiveexactdescriptionandunderstandingof
theirdependencerelation.

As to themeasurementofglobalization, therearemany indicatorspublishedperiodically in
thepastdecade.Thepopularonesthatresearchersfrequentlyappliedarelistedbelow.TheWorld
DevelopmentIndicators(WDI)fromtheWorldBankarepublishedquarterly,includingmorethan900
indicatorsorganizedindifferentsections,suchas,financialsector,trade,worldview,environment,
economy,markets,andgloballinks.TheOrganizationofEconomicCooperationandDevelopment
(OECD)putstogetherspecialgroupsofexpertstoevaluatetheprocessesofglobalizationinalmost
alldimensions.TheypublishtheOECDHandbookonEconomicGlobalizationIndicatorsinresponse
to increasing demands for better measures to the trends of globalization, with a conceptual and
methodologicalframeworkforgatheringquantitativeinformationandconstructingindicators.The
InternationalMonetaryFund(IMF)alsosuppliesvariousindicestoillustratetheinternationalflows
ofgoods,capital,andpeople.Differentfromtheabovemeasurements,theKOFSwissEconomic
Institutehasdevisedacompositeindexofglobalization,theKOFGlobalizationIndex.Theindex
measuresthesocial,economic,andpoliticaldimensionsofglobalization.Itobservestheglobalization
ofasetofcountriesoveralong-termperiod.Theeconomicglobalizationindexmeasurestheextent
ofcross-border trade, investmentandrevenueflowsinrelationtoGDP;theindexalsomeasures
thesocialdimensionofglobalizationinthecross-borderpersonalflowsaswellasthesizeofthe
residentforeignpopulation,andcross-borderinformationflows;andfinally,itprovidesthecultural
andpoliticalproximitytotheglobalmainstream.

ThemeasurementsoftheInternetaremuchmorerelyingonthedevelopmentofinformation
technologies.Sofarresearchershaveverylimitedsetsofmeasures,andsometimestheyhavebeen
even contradictive to each other. Abramson (2000) states that measurement of telecom traffic
flowshelpspindownandaddresstheunevenpatternsofglobalization.However,Internettraffic
statisticsarestillestimatedbasedonextremelythindatasets.HuangandSun(2016)presenta
waytomeasurethediffusionoftheInternet.ItreliedontheaccessoftheInternetconnections
andinfrastructuresinthecountries.Thegathereddatagaveaneffectivewaywithinsightintothe
complexityofalarge,heterogeneous,anddynamicworldwideInternettopology.Wefoundthe
significantandpositiverelationshipbetweentheInternetdistanceanddifferentglobalizationindices.
Thedynamicpanelcausalityanalysisdemonstratesfurther the impactof theInternetdiffusion
onthedifferentindicesofglobalization.Thusthefirstconcernintheabovehasbeengenerally
addressedinourpreviouspaper(2016).

Inthispaper,wewillendeavortolookintothesecondconcern,whichwillansweroneofthe
mostfundamentalquestionsintherelatedglobalresearch.Manyresearchersbelievethat,whether
there does exist the dependence relationship between the Internet and globalization needs to be
checkedwithnewhardevidencefromtherealdata.Wewillcheckthenonparametricdependence
betweenthediffusionoftheInternetanddifferentglobalizationindicesusingthesamepanelof10
countries1.Werelaxtheorthogonalandnormalityconditioninthepaneltimeseriesanalysis.The
empiricalresultsof thepanel timeseriesanalysisshowthat theerrortermsdonotfollowmulti-
Gaussiandistributions,soitisnecessarytoexploretherelationshipamongthetime-seriesvariables
cross-sectionally.Wecanapplycopulamethodsandmakemodelselectionstosearchthedetailed
dependencestructurewhichhasbetterfittothedataset,inordertosupplythefulldescriptionand
explanationofthedependencerelation.Wewillalsoderivetheoptimalparametersforseveralstandard
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parametriccopulas,correspondingtoempiricalcopulasofthepaneltimeseries.Themodelselections
willberankedtofindthebestdependencemodel.Finally,theresultsshowthattheshockfromthe
annualcyclescanbeforecasted,andthepromptreflectioncanbetracedbythetrafficfluctuations.

2. LITeRATURe ReVIew

Globalizationcanbeunderstoodastheglobaldevelopmentofcommunicationtechnologiesandcapital
movements.Ithasseveralfundamentalelements,suchasinformationflows,internationaltrade,foreign
directinvestment,shorttermcapitalflows,andmovementsoflabor.BorcuchandKaczor(2012)
concludethattheimpactoftheInternetonglobalizationhasdiversifiedaspects.Thepositiveimpact
oftheInternetonglobalizationincludesthemodernizationandimprovementinonlinebusiness.

TotonchiandManshady(2012)makeaninvestigationontherelationshipbetweenglobalization
andtheInternetatfirmlevels.TheyfindthattherelationshipbetweenglobalizationandtheInternet
commerceiscomplexandvaried.AydinaandSavrulb(2014)investigatetherelationshipbetween
globalizationandE–commerce.Theirresultsindicatethatlinearmodelsmaynotbeenoughtoshow
therelationbetweenglobalizationandInternet.GoldfarbandBlum(2006)usethegravityequations
tomeasuretheinternationalelectroniccommerce.Theyshowthegravityequationsholdinthecaseof
digitalgoodsthatareconsumedovertheInternetandhavenotradingcosts,buttheeffectsofdistance
onelectroniccommercemainlyfocusonthedigitalgoodsthatdependonthetaste.Lee-Chu-Tseng
(2012)claimedthattheInternetinfrastructureaffectsworkplacereformsignificantly.N’DAa,Robin,
andTribunella(2009)useddataoftwotimepoints,1990and2000,andover100countries,tofind
thecodependencebetweentechnologyandeconomicfreedom.

Ontheotherhand,Aas(2004)statesthatunderstandingandquantifyingdependenceisatthe
coreofallmodelingefforts.Thelinearcorrelationcoefficient,whichisthemostusedmeasuretotest
dependence,isonlyameasureoflineardependence.Ithasmanydrawbackstoexploitthecomplicated
relations among factors. It is ameaningfulmeasureofdependence if randomvariables arewell
representedbyanellipticaldistribution.Outsidetheworldofellipticaldistributions,however,using
thelinearcorrelationcoefficientasameasureofdependencemayleadtomisleadingconclusions.
Hence,Adam,DingandLi(2015)considerusingalternativemethodsforcapturingco-dependency.
Oneclassofalternativesarecopula-baseddependencemeasures.Dowd(2008)discussestheusesof
copulasformodelingmultivariatedensityfunctionsandexplainshowcopulamethodscanbeapplied
tothestudyofmacroeconomicrelationships.Hesuggeststhatcopulasarewellsuitedtothestudy
of therelationshipsamongthemacroeconomicfactors.Shaw,SmithandSpivak(2012)measure
andmodelthedependencywithincapitalmodelsbytheconsiderationofcopulas.Inthispaper,we
willapplythecopulatheoryandmakethemodelselectionstoestimatewhatkindofnonparametric
dependencestructureshavebetterfitsandprovetherelationshipbetweenglobalizationindicators
andInternetmeasurements.

Therestofthepaperisorganizedasfollows.Section3isdevotedtoasummaryoftheInternet
measurements and the KOF Globalization indicators. We present an empirical examination that
describes the behavior of cross–country Internet, using the empirical copulas to see the joint
distribution of the relationship and demonstrate how the empirical data can be regressed by
nonparametricmodels.Section4concludesthepaper.

3. CoPULA ANALySIS AND eSTIMATIoN

3.1. The Data and empirical Problem
WecontinueusingthedatasetsdownloadedandprocessedfromtheCAIDA,oneofthechannelsof
theNationalSupercomputingCenter(NSC),tomeasuretheconnectivityandtheperformanceofthe
Internetbycollectingrawfilesfromactivatedmonitorsacrosstencountriesfortenyears.Thereare
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fourvariablesdiscussedintheempiricalresults.Thefirstisdatalength,whichrepresentsthelength
ofthesignalsentfromthesourceIPaddresstoaspecificdestinationIPaddress.Thisvariablegives
usanopportunitytochecktheefficiencyoftheinformationtransformationwhenwechangethesize
ofthelengthortheratioofthesignallengthtothenumberofthehopsacrosscountries.Thesecondis
RTT.Wewillcounthowmanyroundtriptimes(RTTs)canbeattributedtoeachstartinghopineach
countrybycountingmillion-secondsforeachdestination.Thisisthemoststablevariablesupplied
byCAIDA.ThethirdisHopDistance.Thiscountshowmanyhopsbeforethesignalsuccessfully
goesthroughfromthesourcetomanydestinations.Thisisanalternativewaytotestthestabilityand
theefficiencyofinformationtraveling.It’sexpectedthattheHopDistancewillbelargewhenthe
numberofhopsincreasesandtherecursivehopsappear,whichsignalsthattheinformationtraveling
isunstableandinefficient.ThelastoneisReplyTTL,whichmeasurestheforwardIPpathstorecord
eachhopfromasourcetomanydestinationsbyincrementingtheso-called“timetolive”(TTL)of
eachIPpathandrecordingrepliesfromeachrouter(orhop)leadingtothedestinationhosts.This
isalsoanalternativewaytocomparetheconnectivityoftheInternet,insteadofonlycountinghow
manywebhostsareattributedtoeachcountrybycountingtop-levelhostdomainnames.

Therearetencountriesweusedinthispaper.TheyaretheUnitedStates,theUnitedKingdom,
China, Japan, Canada, Korea, France, Sweden, Netherland, and New Zealand. All the files are
daily–accumulatedrecordsofeachmonitorfromtheround-triptracingwithinamonth.Weinherited
thedataofthetencountriesfromourpublishedworks.CAIDAonlycollectedthedatafromthese
ten countries at that time.Byexamining thevariablesofdata lengthof sendingmessage,RTT,
Hopdistance,andTTL,wecanseethat,fordatalength,themessagesendingouttomultipledestination
hasbeenincreased;RTT,Hopdistance,andTTLhavedeceasingtrends,indicatingthattherounding
timeforthemessageechoingbacktoresourcegetsdecreased.Thisconfirmsthereexistssignificant
improvementinthestabilityandefficiencyoftheinformationtraveling,andtheconnectivityofthe
Internetacrosstimeindifferentcountriesisenhancedduringthetimeperiod.Theseimprovement
resultedfromgreaterincrementsinhostslocatedindevelopingcountriesthanindevelopedcountries
duetosubstantialupgradesinhardwareandfranchises.

The KOF Index of globalization, economic globalization, social globalization, and political
globalizationaredownloadedfromtheKOFwebsite,whichwasintroducedbyDreher(2003),and
isupdatedanddescribedindetailsthen,GastonandMartens(2008).Theoverallindexcoversthe
economic,socialandpoliticaldimensionsofglobalization.Economicglobalizationischaracterized
aslongdistanceflowsofgoods,capitalandservicesaswellasinformationandperceptionsthat
accompany market exchanges; while political globalization is characterized by a diffusion of
governmentpolicies,andsocialglobalizationisexpressedasthespreadofideas,information,images
andpeople.Toproxythedegreeofpoliticalglobalization,themethodologyfollowsA.T.Kearney
(2001), employing thenumberof embassies andhigh commissions in a country, thenumberof
internationalorganizationstowhichthecountryisamemberandthenumberofUNpeacemissionsa
countryparticipatedin.TheKOFIndexofGlobalizationmeasuresglobalizationonascaleof1-100,
wheretheunderlyingvariablesenterinpercentiles.

InHuangandSun(2016), the fundamentalempiricalproblemfromthederived logarithmic
gravityequationis:

ln ln ln lnx constant lny y d I I p pij i j ij i j i j� � � �� � � �� � � �� �1 1 1� � � � 

wherexijisameasurementofglobalizationindexbetweenregioniandj.Thedijisthegeographic
distance,andIi IjistheInternetmeasurementbetweenregioniandj.Inthispaper,weonlyconcentrated
ontheinfluenceoftheInternetontheglobalization,especiallyglobalizationoftheintegrationfrom
theinternationalserviceaspects.OriginallyTheyiisthenominalincomeofconsumersinregioni,
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andpiiisthepriceofgoodsconsumedbyjconsumersandarefrominregioni.Thecoefficientρis
acorrelationcoefficient,andσistheelasticityofsubstitutionbetweenallgoods.

Consideringthegravityequationagain,withdistancevariablesdropped,thegeographicdistance
remainsthesameacrosscountries,whichcanbetreatedasfixedconstantsintheestimationequation.
Theprice-adjustedincomeleveldisappearsasinthepreviousliterature2.Wesetup:

� � � � � � � � �� �X X I I uit i t it i t it� � � �
0 1 1 2 3 1, ,  (3.1)

wherethesubscriptiandtdenotetheithcountry,i=1,...,10,andthetthyear,t=1,...,10.The
Xitisthefirst-differencedKOFindexofglobalization,financialandeconomicglobalization,social
globalization,orpoliticalglobalizationforcountryi,inyeart,measuredasthevariablesandweights
definedinDreher(2003).Inthispaper,theywerethemeasurementsforthebandwidthestimations
ofthecross-traffictravellingdistance,RTTorotherclosed-formmeasurements,forinstance,Data
Length,HopDistanceandTTL,andthelaggedtermsofXit,Iit,uit.Theerrortermsareassumedas
multi-Gaussianandorthogonaltothegroupofvariablesforidentification.sotheidentificationissue
havebeenposted.Ontheotherhand,aslongastheerrortermsdonotfollowthemulti-Gaussian
distribution,copulatheoryisanalternativeforestimatingtherelationshipbetweentheglobalization
andthediffusionoftheInternet.

3.2. The Model and Identification
Inthissection,wewillusecopulatheorytocheckthedependencerelationoftheInternetmeasurement
andtheGlobalizationindexes,andinthemeantime,tofixtheproblemthatthelinearorlog-linear
estimationmightnotbethecorrectwayiftheerrortermsin(3.1)arenotmultivariateGaussian3.

Theidentificationisoneofthebasicstepsforestimationifwewanttousethedatatocapture
thecorrelationsbetweenthevariablesinterested.Inourempiricalmodelabove,weassumethatthe
unobservableerrortermsfollowmulti-GaussiandistributionconditionalontheInternetvariables.
However,thedependencerelationsintheregressionsrelyheavilyonthemultivariatedistributionof
errorsconditionalontheexplanatoryvariables.The(weak)orthogonalconditionsbetweentheerror
termsandtheexplanatorygroupsarethefundamentalforconsistencyandefficiencyissues,whichcan
leadtothepotentialbiasinthemaximumlikelihoodestimation.Furthermore,themarginaldistributions
donotfollowGaussianeither,whichcanbeseenfromfiguresintheappendix,sothedependence
correlationbetweenglobalizationandthediffusionoftheInternetshouldnotbemeasuredbythe
traditionallinearcorrelationstatistics.AccordingtoAas(2004),thelinearcorrelationcoefficientis
onlyameasureoflineardependence.Itisameaningfulmeasureofdependenceifrandomvariables
arewellrepresentedbyellipticaldistributions,whereasourstatisticalanalysisandfiguresshowthey
areclearlynotellipticallydistributed.Outsidetheworldofellipticaldistributions,however,using
thelinearcorrelationcoefficientasameasureconnectednessacrosscountriesofdependencewill
leadtomisleadingconclusions.

We use ρ¯ to denote the sample correlation coefficient. By our derivation for examining
empiricalEquation(3.1),weseethatρ¯(Xk,Il)=−0.07.If(Xk, Il)areGaussiandistributed,Xkand
IlwouldbedependentinmultipleGaussiandistribution.Ourempiricaldatashowsthat(Xk, Il)are
notmultivariateGaussian,andthehypothesisthattheirmarginaldistributionsarenormalcanbe
simplyrejected.soρ¯(Xk, Il)=−0.07aloneisfarfromsufficienttosaythatXkandIlareindependent
ornot.Therefore,wewoulduseadifferentsettingofcorrelationstocheckthedependenceofthem.

Forempiricalobservation X
k k

NT{ }
=1

and Y
l l

NT{ }
=1

ofcross-sectionaltimeseries{xk}and{yl},the
Kendall’sτisdefinedas:
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Itisanindicatortomeasurethedifferencebetweentheprobabilitiesofcordanceandconcordance.
WhenXandYareindependent,thetheoreticalexpectationofτiszero.Inthesequel,weturnour
attentiontothecopulaapproachforthedependenceanalysisofthevariables Xt

i� � and It
j� � .The

earliestpaperexplicitlyrelatingcopulastothestudyofdependenceamongrandomvariablesappeared
inSchweizerandWolff(1981).Copulasallowustoseparatetheeffectofthedependencefromthe
effectsofthemarginaldistributions.

3.3. The empirical Copula
Todemonstratethatthevariablesweexaminedin(3.1)arecloselydependent,wemeasuretheerror
betweentheempiricalcopuladerivedfromthevariables{Xt}and{It}andthestandardcopulas.We
shallshowthatempiricalcopulaisclosetotheFrankcopula,i.e.{Xt}and{It}canbestatistically
regardedasdependentrelationshipasFrankmodel.

Given observations X
k K

NT{ }
=1

 and Y
l l

NT{ }
=1

 of random variables, a commonly used empirical
distributionofXandYaredefinedby:

F x
NT

x X G y
NT

y Y
k

NT

k
l

NT

l( ) = ≥ ( ) = ≥{ } { }
= =
∑ ∑

1
1

1
1

1 1

,   

where1istheindicatorfunctionthattakesvalue1whenitslogicalargumentistrueandzerowhen
itslogicalargumentisfalse.

NowletU=F(X)andV=G(Y).TheempiricalcopulaforUandVisfirstdefinedonthelattice:

Σ =










=
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NT

l

NT
k l NT, : , . ...0 1 

by:

C u v
NT

F X u G Y v u v
Empirical

k

NT

k l
, ,( ) = ( ) ≤( ) ( ) ≤( ) ∀

=
∑

1
1 1

1

   

andthenextendedover[0,1]2byalinearinterpolation.
BasedontheintegraldifferencemeasuresinAppendixB,wecalculatetheerrorsbetweenthe

empiricalcopulaandseveralstandardcopulaswhichcanbereferredfromAppendixA.Intheappendix,
welisttheempiricalCopulaforjointdistribution,themarginalcumulativeprobabilitydistribution,
andthemarginaldistribution.Itshowsthattheempiricalcopulaforourinterests, X

t
i{ } and I

t
j{ } .

Andaquasi-standardparametricform.Thecontoursofcopulashowsomepicturesforapproximation
from the parametric view. The marginal cumulative probability distribution, and the marginal
distribution confirm that the X

t
i{ }  and I

t
j{ } . are not Gaussian distribution, so we need some

functionalform,otherthanGaussian,intheestimationprocessforourempiricalmodelabove.
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3.4. Results
Inthissection,wediscussthecopulamodelofdependency,preliminarily,innonparametricformat,
i.e.,distributionalinference,toexplaintheglobalinteraction.Firstly,XitandIit,i=1,..., N,forall
t=1,2,...Twillbeputintothevariablesetswithoutconsideringtheorders,andtheestimatesof
parameterscanbeobtainedaccordingtothedependenceparameterinsidethefunctionalforms.We
thusobtainanonparametricinferenceforestimatingtherelationshipbetweentheglobalizationand
thediffusionoftheInternet.

Wehavenonparametricevidencesupportingtherelationshipbetweentheglobalizationandthe
diffusionofInternet.Intheappendix,thefiguresshowedthedifferencebetweentheempiricalcopula
andseveralparametriccopulas.Fromthesefigures,weseethattheminimumerrorsbetweenempirical
errorandtheparametriccopulasareattainednearthosevalues0.01∼0.02,sothattheparametri
copulabecomestheFrankcopula.Wealsoplottherelativedifferencesbetweenempiricalcopula
andtheproductcopulawhichareattainednearthosevalues0.7∼0.8,sothattheparametriccopula
becomestheFrankcopula4.FromthesmallnessoftheerrorbetweenempiricalcopulaandtheFrank
copula,wecanreasonablyconcludethattherelationshipin(3.1)areinsomefunctionalform,which
isnotGaussian.Itshowsthattheempiricalcopulaforourinterest Xt

i� � and It
j� � hastheminimum

errortotheFrankcopulainL1,L2andL∞.Wecanfindthedependencewithinthevaluesofrelated
variables,whicharesignificantlyshownupintheestimationequation.Here,thecoefficientestimates
ofθarepositiveinallofthealternativespecificationsforDatalength,andnegativeinmostofthe
alternatives forRTT, andHopDistance. In the appendix it shows that theminimumerror to the
empiricalcopulainL1,L2andL∞,andtheassociatedcoefficientsforincludingindependentvariable,
Datalength,RTT,HopDistance,TTL,respectively.TheconsistentdependencecoefficientsofXitand
IitconfirmthatthemeasurablevaluesforglobalizationindexisadaptivetotheInternetdiffusion’s
values.Sointhissetupframework,therelationshipweexaminedforseries(Xit, Iit)arestatistically
dependent.TheInternetmeasurement,Iit,hastheminimumerrorforparametriccopulaswhichare
attainednearthosevalues0.01∼0.10sothattheparametriccopulabecomestheFrankcopula.In
addition,therelativedifferencesbetweenempiricalcopulaandtheFrankcopulaareattainednear
thosevalues0.09∼1.0,ineachdifferentestimationprocess,Datalength,RTT,HopDistance,and
TTL.Thedependencecoefficientsvaryindifferentcriterionsforminimumerror,andwecanexplain
theeconomicmeaningsbasedonthevaluesfromdifferentcri-terions.Wecanfindthatthemovements
inthediffusionoftheInternethavestatisticallysignificantrelationshiptotheglobalizationindex.In
general,wecansummarizethecorrelationcoefficients,θ,0.21,−1.89,−0.63,0.21forDatalength,
RTT,HopDistance,andTTL,respectively,toapproximatetheempiricalcorrelationsbetweenthe
diffusionoftheInternetandthedegreesofglobalizationacrosscountries.

Ontheotherhand,intheexaminationofeconomic,social,andpoliticalglobalization,wehave
similarresultssupportingtherelationshipbetweentheglobalizationandthediffusionoftheInternet.
Here,theInternetmeasurement,Iit,hastheminimumerrorforparametriccopulasareattainednear
thosevalues0.01∼0.08thattheparametriccopulabecomestheFrankcopula.Furthermore,the
relativedifferencesbetweenempiricalcopulaandtheFrankcopulaareattainednearthosevalues
0.03∼1.0,ineachdifferentestimationprocess(i.e.,Datalength,RTT,HopDistance,andTTL).The
dependencecoefficientsalsovaryindifferentcriterionforminimumerror,andwecansimilarlyexplain
theeconomicmeaningsbasedonthevaluesfromdifferentcriterions.Here,wecansummarizethe
correlationcoefficients,θ,0.21,−1.05,−0.21,1.05forDatalength,RITT,HopDistance,andTTL,
respectively,toapproximatetheempiricalcorrelationsbetweenthediffusionofInternetandthedegrees
ofeconomicglobalizationacrosscountries.Forsocialcross–countryinteractions, thecorrelation
coefficients,θ,0.63,−1.89,−0.63,−0.21forDatalength,RTT,HopDistance,andTTL,respectively,
toapproximatetheempiricalcorrelationsbetweenthediffusionofInternetandthedegreesofsocial
globalizationacrosscountries.Thecorrelationcoefficients,θ,1.05,−1.89,−1.05,−1.05forData
length,RTT,HopDistance,andTTL,respectively,toapproximatetheempiricalcorrelationsbetween
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thediffusionofInternetandthedegreesofpoliticalglobalizationacrosscountries.Theinteresting
pointisthatthecoefficientestimatesofθarenegativeinmostofthealternativespecificationsfor
interactionbetweenTTLandsocialglobalization,orpoliticalglobalization,whichisdifferentfrom
otherglobalizationindexmeasurements,sothissupportsthisuniquedatasetsaregoodalternativesto
approximatethemeasurementsofInternetdiffusion,especiallyfromthenonparametricpointofview
usingFrankcopula’sfunctionals.Ourdataprovidesvaluableinputforempirically-basedmodeling
oftheInternetbehaviorandproperties.

Basedonourresults,aggregatecross-sectionaltimeseriesdatashowsconsistentnonparametric
evidencetoprovidesupportforthedependencebetweentheglobalizationandInternetdiffusion.
TheimpactofInternetdiffusiononglobalizationissupportednotonlyinlinearfunctionalways,but
inthenonparametricdistributionalexaminations.ItshouldbenoticedthattheIi,t,thecurrentand
lagged-one-periodInternetdiffusionbothputconsistentimpactonthecurrenttrendofglobalization,
wherethecoefficient,θisthedependenceparametersinthetheoreticalmodelabove,whichsupport
thesamemovementoftechnologygrowthfromtheInternetdiffusiononthegrowthoftheglobal
integration.Wefurtherconfirmthat itwillbereasonable ifweuse theInternetdiffusionrate to
calculatethenetworkincentive,nottheproxyvariablewhichresultsfromtheglobalgeography,local
distanceandneighboringpriceforservices.

4. CoNCLUSIoN

Inthispaper,welookedintothesecondconcernintheintroduction,whethertheredoesexistthe
dependencerelationshipbetweentheInternetandglobalization.Toaddresstheconcernisapartof
thefundamentalworksinglobalinformationmanagement.Undertheexaminationofquasi-parametric
dependence between Internet measurements and different globalization indices, the empirical
derivations and results are provided with more solid background for the evaluation of financial
transactions,internationaltrades,institutionaltransitionsandgovernmentpolicy.

Thederivedempiricalresultsfurthersupportthereexistssignificantandpositiverelationship
between Internet information transferring sizes and the globalization, the fixed-time-to-length
messagesandinstantaneouschangesonglobalization.Wealsoprovethestrongrelationshipbetween
theinformationcycleratesofInternetspeedsandtheglobalization,andthemistakesontransferring
messagebytesandtheglobalization.Withcomparingcross-countryinstitutionstransformationbased
ontheinfluencefromInternetservice,wefindthestrongpersistenceinthepoliticalglobalization
whenthereissomuchfreeflowinginformation.

Wecomputetheindicatorstomeasurethedifferencebetweentheprobabilitiesofdiscordance
andconcordance.Copulasallowustoseparatetheeffectofthedependencefromtheeffectsofthe
marginaldistributions.Sklar’sTheoremtellsusthatforanytworandomvariableswithjointand
marginaldistributionknown,thecopulafunctionsaredeterminedifthemarginaldistributionsare
continuous.Ontheotherhand,ifweknowthemarginaldistributions,differentcopulascanappliedto
approximatethejointdistributions.Thisgivesusanelasticframeworktodotheanalysisofdependence
relationbetweentworandomvariables.

Infact,copulascandomorethanmerelyshedlightoncorrelations.Sincecopulasenableusto
modelthemultivariatedensityfunctionoftheInternetmeasurementandglobalizationindicators,
theyshedlightontheircompleterelationship,whereasanyothercorrelationindicatorsonlygiveus
apartialpicture.Thebestfit,Frankcopula,showshowtheInternetmeasurementandglobalization
indexarerelatedintheirtails,aswellasintheircentralmasses.Therefore,wemasterthecomplete
pictureofempiricaldependencerelationbetweentheInternetandglobalizationfromthisdynamic
panelcopulaanalysis.

Theoutcomesofouranalysisalsodemonstrateempiricallythattheerrortermsandtheexplainable
variablesarenotindependent,sotheidentificationissuecanbesolvedbythisalternativemethod.
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Ontheotherhand,aslongastheerrortermsdonotfollowthemulti-Gaussiandistributions,copula
theoryisanefficientalternativeforestimatingtherelationshipbetweentheglobalizationandthe
diffusionoftheInternet,whichconfirmsthesignificantstrongrelationshipbetweentheglobalization
andthediffusionofInternet.
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eNDNoTeS

1 Since2008,CAIDAstartstochangethealgorithmstosupplyadifferentdatasetforInternetmeasurements.
Consideringtheconsistenceoftheproject,andalsoavoidingthehugevolatilityofeconomicindicators
inthefinancialcrisisaround2008,wecontinuetousethesamedatasettocarryouttheinvestigations.

2 To compare with the previous literature, we firstly run the level–valued estimations, and test the
Auto–RegressiveerrortermsforAR(1),AR(2).Ourresultsshowthatthereexistlargesignificanterror
correlationsforthedynamicpaneldatadescribedinsection3.1.

3 TheempiricalmodelisderivedinHuangandSun(2016).FreundandWeinhold(2004)includeyear-fixed
effectstocontrolforchangesincompetitiveness.Theyusefixed-effectorfixed-differenceapproaches
forlinearmodels,whichsacrificesthedynamicattributesofpaneldata.Thisisoneofthereasonswhy
theirresultsfrompaneldataregressionarenotgoodpoor,althoughstillbetterthantheestimationsfrom
cross-sectionalleast–squareregressions.Theyalsoexplainthattheintuitionfortheirresultsfollowsfrom
thefactthatInternethostsarenotperfectproxiesfortheInternetconnectednessacrosscountries.

4 Wedidnotincludethefiguresforeconomicglobalization,socialglobalization,andpoliticalglobalization
inthispaper.Theformatslooksimilartothefigureshere,andreaderscanreferthedetailsbyrequest.
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APPeNDIX A: CoMMoNLy USeD STANDARD CoPULAS

Welistafewcommonlyusedcopulashereforreference.Theproducecopulamodelsindependent
randomvariablesandisgivenbyCI(u, v)=u v;TheFrechet-HoeffdingupperboundcopulaisCU
(u, v)=min(u, v);TheFrechet-HoeffdinglowerboundcopulaisCL(u, v)=max(u+v−1,0),forany
copulaC,thereholdsCL(u, v)≤ ( ) ≤ ( )C u v C u v

U
, , .

TheGaussiancopulaCGaussian(u, v;θ)=ΦG(Φ-1(u1),Φ
-1(u2);θ),whereθ∈[−1,1],Φ(·)isthe

distributionfunctionofN(0,1)variableandΦGisthedistributionfunctionofNormalvariablefunction
withzeromeanandcovariancematrix[1,θ;θ,1].TheClaytoncopulais:

C u v u v
Clayton

, ;θ θ θ θ( ) = + −( )− − 1
1



whereθ > 0 ,TheFrankcopulais:

C u v
e e

eFrank

u u

, , logθ
θ

θ θ
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−( ) −( )
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− −
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theGumbelcopulais:

C u v logu logu
Gumbel

, ;θ
θ θ

θ
( ) = − − −






















exp

1 2
1



andtheFGMcopulaisCFGM(u, v;θ)=u1u2(1+θ(1−u1)(1−u2)).
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APPeNDIX B: DIFFeReNCe MeASUReS wITH MoDeLS
Wewillusethefollowingintegraldifferencetomeasuretheerrorbetweentheempiricalcopulaand
thetargetcopulas:TheL1error ⋅

L
is:

f g f u v g u v dudv
L

− ( )− ( )=∫ ∫1

0

1

0

1

, , 

andtheL2andL∞errorsare:
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