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Abstract. TheMontrealProtocolrestrictsproductionof ozone-depletinghalocarbons

worldwide. Enforcementof theprotocolhasreliedmainly on annualgovernmentstatisticsof

productionandconsumptionof thesecompounds(bottom-upapproach).We show herethat

aircraftobservationsof halocarbon:COenhancementratioson regional to continentalscales

canbeusedto infer halocarbonemissions,providing independentverificationof thebottom-up

approach.We applythis top-down approachto aircraftobservationsof Asianoutflow from the

TRACE-Pmissionover thewesternPacific (March� April 2001)andderive emissionsfrom

easternAsia (China,Japan,andKorea).We deriveaneasternAsiancarbontetrachloride(CCl� )

sourceof 21.5Gg yr � � , several-fold larger thanpreviousestimatesandamountingto � 30%

of theglobalbudgetfor this gas.Our emissionestimatefor CFC-11from easternAsia is 50%

higherthaninventoriesderivedfrom manufacturingrecords.Our emissionestimatesfor methyl

chloroform(CH� CCl� ) andCFC-12arein agreementwith existing inventories.For halon1211

we find only a stronglocal sourceoriginatingfrom theShanghaiarea.Our emissionestimates

for theabove gasesresultin a � 40%increasein theozonedepletionpotential(ODP)of Asian

emissionsrelative to previousestimates,correspondingto a � 10%globalincreasein ODP.
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Intr oduction

The role of halocarbonsin the destructionof stratosphericozoneis well established

[WMO/UNEP, 1999]. The1987MontrealProtocolandlateramendmentslay out a schedule

to ultimatelyceasetheproductionof thesecompounds.Monitoring compliancewith sucha

protocolis difficult. Traditionalapproacheshave relied on bottom-upemissioninventories

derivedfrom annualgovernmentrecordsof productionandconsumption[UNEP, 2002]. These

approachesarebecomingincreasinglyuncertainasleakagefrom existing stockpiles,and

possiblyunreportedproduction,progessively representa larger relative contribution to the

atmosphericburdenof thesecompounds.We show herethataircraftobservationsof halocarbon

concentrationsprovide new top-down constraintsfor monitoringanthropogenichalocarbon

emissions.

We focuson easternAsia,a region wherehalocarbonemissionsareparticularlyuncertain,

by usingmeasurementsof halocarbonsandCO in Asianoutflow from theNASA TRACE-P

two-aircraftmissionin March� April 2001[Jacob et al., 2003]. Theaircraftoperatedout of

HongKongandJapan,providing considerablegeographicalcoverageof the Asianoutflow

(Figure1). Boundarylayer flights (0 � 2 km) sampledfreshcontinentaloutflow. We use Figure1

observedrelationshipsbetweenhalocarbonsandCO to determinethecorrespondinghalocarbon

emissions.Sourcesof CO from fuel consumption(fossil fuel andbiofuel) arerelatively well

known andarein generalcollocatedwith thehalocarbonsources.Lossof CO is by oxidation

by OH, resultingin anatmosphericlifetime of a few months.TheTRACE-Pdatahave been

usedpreviously to evaluateandrefineregionalCOsourceestimatesin easternAsia [Carmichael



4

et al., 2003;Heald et al., 2003;Palmer et al., 2003;Streets et al., 2003]. Providedthat there

is a strongcorrelationbetweenCO anda particularhalocarbon,onecaninfer thehalocarbon

emissionfrom thehalocarbon:COrelationship.

Methyl chloroform(CH� CCl� ) is a halocarbonof particularinteresteventhoughit plays

a relatively minor role in stratosphericozonedepletion.It is usedextensively asthestandard

proxy for thehydroxyl radical(OH), themainatmosphericoxidantfor many environmentally

importantgases.Long-termsurfaceair measurementsof CH� CCl� concentrationhavebeenused

to infer theglobalmeanOH concentrationandits trend[Spivakovsky et al., 1990;Spivakovsky

et al., 2000;Krol et al., 1998;Montzka et al., 2000;Prinn et al., 2001]. This requiresaccurate

knowledgeof CH� CCl� emissions.Recentstudieshave attemptedto determineemissionsof

CH� CCl� from EuropeandNorth AmericausingtheCH� CCl� :CO correlationin long-term

surfacedatasets[Barnes et al., 2003]or by usinganad hoc inversemethodto minimize the

disrepancy betweenaircraftCH� CCl� concentrationdataandmodeledvalues[Krol et al., 2003].

Thesestudiesfind a significantsourceof CH� CCl� from EuropeandNorth America,casting

doubton studiesof trendsin theoxidizing capacityof theatmospherethatrely on government

reportsof zeroemissionsin theseregions[Prinn et al., 2001].

In thenext sectionwe useobservationsof CH� CCl� to illustratethegeneralmethodused

to determineemissionsof halocarbonsfrom measurementsof atmosphericconcentration.Then

in thefollowing sectionswe apply this methodologyto carbontetrachloride,halon1211,and

CFCs11 and12. We concludethepaperby discussingthe implicationsof our resultsfor the

ozonedepletionpotential(ODP)of Asianemissions.
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Methyl Chloroform (CH � CCl � )

The MontrealProtocolcalledfor a total banon the productionandsalesof CH� CCl�

in developedcountriesby 1996. Beginning in 2003,the first in a seriesof restrictionson

consumptionin developingcountriestakeseffect. Prior to theMontrealProtocol,accurate

emissionestimatesof CH� CCl� werecalculatedfrom manufacturers’recordsof productionand

sales[Midgley and McCulloch, 1995;McCulloch and Midgley, 2001].Now, however, emissions

from developedcountriesaregenerallythoughtto representslow releasefrom legal stockpiles

accumulatedprior to theban[Krol et al., 2003].

We useboundarylayer (0 � 2 km) aircraftobservationstakendirectly downwind of the

Asiancontinentduring theTRACE-Pmission.Outflow of CO below 2 km duringTRACE-P

wasmainly anthropogenic,with minimal contribution from biomassburning[Liu et al., 2003].

Analysisof five-daykinematicback-trajectories[Fuelberg et al., 2003] for the highest5%

( � 45.9pptv) of CH� CCl� concentrationsshows thatthey originatefrom SouthKoreaandfrom

theareaaroundShanghai(Figure2). Figure2

CH� CCl� andCO bothhave backgroundlatitudinalgradients,reflectingtheir sourcesat

northernmid-latitudesandthehigherOH concentrationsin thetropics.Weremovetheinfluence

of thesegradientson theCH� CCl� :CO relationshipby subtractingbackgroundvalues(defined

asthe20thpercentile)for each5� incrementof latitude. Measurementswith this background

removedaredenotedby 	 . Backgroundconcentrationsof CH� CCl� andCO over thelatitude

range12� 43� N vary from 39.2to 41.6pptv andfrom 102.8to 280.3ppbv, respectively. We

furtherremove statisticaloutliers( � 95thpercentileof CH� CCl� andCO) sothatour derived
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emissionsarenot influencedby specificplumesbut aremorerepresentativeof theregion. There

is a statisticallysignificantrelationshipbetween	 CH� CCl� and 	 CO for theensembleof the

data(Figure3). Table1 givesasummaryof correlationstatistics. Figure3

Table1We usea bottom-upemissioninventoryfor anthropogenicCO in easternAsia customized

for theTRACE-Pperiod[Streets et al., 2003]andrefinedwith a formal inversemodelanalysis

constrainedby theTRACE-PCO observations[Palmer et al., 2003]. Theresultinga posteriori

anthropogenicemissionsfrom China(168Tg CO yr � � ) areapproximately50%greaterthan

the a priori valuesfrom [Streets et al., 2003]. A posteriori emissionsfor KoreaandJapan

combinedarenotsignificantlyhigherthanthea priori sothatthea priori estimatesareretained

here(8.5Tg CO yr � � for Koreaand9.3Tg CO yr � � for Japan).Combininginformationabout

	 CH� CCl� : 	 CO (0.016pptv/ppbv) calculatedfor theensembleof thedata(Figure3) with the

anthropogenicCO emissionestimatefor easternAsia leadsto a CH� CCl� emissionestimatefor

easternAsia of 14.2Ggyr � � .

We furtherrefinethis emissionestimatefor easternAsia by disaggregatingcontributions

from China(CH), Japan(JP),andKorea(KR), usingfive-daykinematicback-trajectoriesto

classifythe origin of the sampledair masses.We consideronly observationswhoseback-

trajectoriespassover countriesat altitudesbelow 850hPa. Most air masses(44%)originate

from mainlandChina.Thereareinstanceswhenair passesover morethanonecountry, which

we take into accountby includingtheadditionalclassificationsof CHKR, CHJP, andKRJP, and

instanceswhenair originatesfrom themarineboundarylayer(10%of all back-trajectories)with

valuestypicalof theglobalbackground.

Combiningthe 	 CH� CCl� : 	 CO slopefor China(0.013pptv/ppbv; Figure3) with theCO
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emissionestimatefor Chinaleadsto a CH� CCl� emissionof 10.4Gg yr � � for thatcountry. The

	 CH� CCl� : 	 CO slopesfor air massesoriginatingfrom Japan(0.023pptv/ppbv) andKorea

(0.044pptv/ppbv) aremuchhigherthanfor China. Fromtheseslopeswe estimateCH� CCl�

emissionsof 1.0 Gg yr � � for Japanand1.8 Gg yr � � for Korea.The 	 CH� CCl� : 	 CO slopes

for air massesthatpassover morethanonecountry(Figure3) areintermediateandconsistent

with thevaluesderivedabove. Therelatively weak 	 CH� CCl� : 	 CO correlationfor air masses

originatingfrom Japan(Table1) meansthatour correspondingemissionestimateis highly

uncertain.

Estimateduncertaintieson our halocarbonemissionestimatesaregiven in Table2. Table2

Quantifyingtheseuncertaintiesis difficult. Streets et al. [2003] estimateuncertaintiesof 78%

for their anthropogenicCO emissionsfrom China,42%for Korea,and17%for Japan.The

inversemodelof Palmer et al. [2003] reducedtheseuncertainties,in particularfor China,but

the a posteriori error statisticsfrom this analysis(typically 
 5%) likely underestimatethe

actualuncertainty. We assumehereanuncertaintyof 20%for theregionalandnationalCO

emissionsin easternAsia. Uncertaintieson thehalocarbon:COslopes(Table1) arecalculated

in thestandardway by assumingthelinearmodel.Thereareadditionalerrorsassociatedwith

this assumptionthatwe do not take into account.As a result,theuncertaintiesgivenin Table2

arelikely too low.

Our CH� CCl� emissionestimatefor easternAsia in 2001is in goodagreementwith

emissionestimatesfor the‘Far East’(11 Gg yr � � ) [McCulloch and Midgley, 2001]constructed

by extrapolatinggovernmentdatafrom theUnitedNationsfor the late1990s(12.5Gg yr � � )

[UNEP, 2002]. However, our CH� CCl� emissionestimatesfor individual countriesare
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substantiallydifferent. Paststudieshave assumedzeroemissionsfrom Japanin recentyears,

with emissionsfrom easternAsia duemainly to ChinaandKorea[McCulloch and Midgley,

2001]. Thevaluewe reportfor Chinaduring2001is 40%largerthanthevaluegivenby UNEP

[2002]. TheUN estimate[UNEP, 2002]for Koreanemissionsof CH� CCl� is 6 Ggyr � � .

Carbon Tetrachloride (CCl � )

Emissionsof CCl� originateprimarily from its useasa chemicalfeedstockfor the

productionof CFC-11.TheMontrealProtocolcalledfor a total banof this gasin developed

countriesby 1996,while restrictionsin developingcountriesarescheduledto startin 2005.The

total Asiansourceof CCl� in 1999accordingto theUN is 17 Gg yr � � [UNEP, 2002],with

India contributingmorethan80%to this value.Our 	 CCl� : 	 CO relationshipsfor easternAsia

andfor individual countriesareall highly significant(Table1). As for CH� CCl� , 	 represents

the enhancementabove a latitudinally dependentbackground.Backgroundvaluesof CCl�

vary from 98.7to 100.6pptv over thelatituderange12� 43� N. Usingthesamemethodasfor

CH� CCl� , we estimateCCl� emissionsfrom easternAsia of 21.5Gg yr � � . Five-daykinematic

back-trajectoriesfor theTRACE-PperioddonotpassoverIndia, implying thatIndianemissions

of CCl� donot influenceourcalculatedeasternAsiansignal.

Our emissionesimatefor individual countries,basedon the statisticsin Table1, are

17.6Gg yr � � for China,2.3 Gg yr � � for Korea,and1.3 Gg yr � � for Japan.TheUN report

emissionsof 0.1Ggyr � � for China,1.3Ggyr � � for Korea,and0.1Ggyr � � for Japan.It appears

from our work thattheCCl� sourcefrom Chinais considerablyhigherthanpreviousestimates,

highlightingseriousshortcomingsin our knowledgeof thesourcesof this gas.
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Bromofluorocarbons

Bromofluorocarbons(halons)are amongstthe most effective gasesin destroying

stratosphericozone.Emissionsof halonsfrom developedcountrieswerebannedin 1994,while

emissionsfrom developingcountriesarecurrentlyfrozenat their valuesfor 1995-1997.Three

halonsweremeasuredduringTRACE-P:halon1211,halon1301,andhalon2402.Only halon

1211(CF� BrCl) wascorrelatedwith CO. Halon1211is usedasa fire retardant,andChina

is oneof the few countriesin theworld thatstill producesthis compound.Back-trajectories

correspondingto thehighest5% ( � 6.1pptv) of halon1211concentrationsshow they originate

from the areaaroundShanghai(Figure2). Backgroundvaluesof halon1211vary from

4.3 to 4.6 pptv over the latituderange12� 43� N. We find thatby removing thehighest5%

of concentrationdata,in orderto obtaina 	 halon1211:	 CO slopemorerepresentative of

the regional signal,we effectively remove any usefulsignal that is significantlydifferent

from background(0.003pptv/ppbv). The 	 halon1211:	 CO slopefor the highest5% of

concentrationdata( 
 =88, � =0.62)is 0.023pptv/ppbv, but we cannotadequatelyconstrainthe

regionalsourceof COthatwouldbeappropriatefor scalingto thehalon1211emissionestimate.

Chloroflurocarbons

Traditionalusesfor CFCsincludeair-conditioning,refrigeration,andfoam blowing.

The MontrealProtocolimposeda total banon productionandconsumptionof thesegases

in developedcountriesin 1996;developingcountriesaresubjectto a seriesof restrictions,

beginningin 2003with a 20%reductionin productionandconsumptionrelative to 1998-2000
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values.FourCFCsweremeasuredduringTRACE-P. Wefind statisticallysignificantcorrelations

with 	 CO for 	 CFC-11(CFCl� ) and 	 CFC-12(CF� Cl � ) (Table1). Backgroundvaluesfor

CFC-11andCFC-12vary from 259.1to 264.0pptv andfrom 535.0to 541.0pptv, respectively

over thelatituderange12� 43� N.

EasternAsianemissionsof CFC-11andCFC-12,asderivedfrom 	 CFC:	 CO slopesin

Table1 andtheregionalCO source,are30.1Gg yr � � and39.4Gg yr � � , respectively. Chinese,

Korean,andJapanesesourcesare22.3,2.9,and2.3Ggyr � � , respectively for CFC-11;and28.3,

3.6,and3.4Gg yr � � , respectively for CFC-12.EasternAsianemissionsof CFC-11calculated

from marketingrecordsfor 2000are17.9Ggyr � � [McCulloch et al., 2001],representing24%of

theestimatedglobalsourceof thisgas;contributingemissionsfrom China,Korea,andJapanare

7.2,2.6,and8.1Gg yr � � , respectively. Thesevaluesarein goodagreementwith our estimates

for Koreabut arelessthanhalf of our estimatesfor Chinaandaremorethandoublefor Japan.

EasternAsianemissionsof CFC-12derived from salesandproductionrecordsfor 2000are

37.3Gg yr � � [McCulloch et al., 2003],representing28%of theestimatedglobalsourcefor this

gas;emissionsfrom China,Korea,andJapanare20.3,5.6,and11.4Gg yr � � . Theseresults

agreeremarkablywell with ourestimates.

Implications for the OzoneDepletionPotential of Asian Emissions

Theozonedepletingpotential(ODP)describestherelative strengthof a halocarbongas

to destroy stratosphericozone,definedastheratio of thenetchemicaldestructionof ozoneby

a specifiedmassemittedof thatgasto thenetozonedestroyedby a similar massemittedof

CFC-11.Fromthetop-down emissionestimatesin Table2 we calculatea total ODP-weighted
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sourcefor CH� CCl� (ODP=0.1),CCl� (ODP=1.1),CFC-11(ODP=1.0),andCFC-12(ODP=1.0)

from easternAsia of 94.6ODPGg yr � � for 2001,ascomparedto 60.0ODPGg yr � � using

the previous bottom-upestimates[McCulloch and Midgley, 2001;McCulloch et al., 2001;

McCulloch et al., 2003;UNEP, 2002]. Our ODP-weightedemissionestimatefor thesumof

thesefour gasesis 40%higherthanpreviousestimates,correspondingto a � 10%increasein

their globalODP-weightedemissions,usingpublishedglobalemissionestimatesin Table2

[McCulloch and Midgley, 2001;McCulloch et al., 2001;McCulloch et al., 2003;Simmonds

et al., 1998].Thisglobalrelative increasein ODPis likely aconservativeestimate,owing to our

useof 1995datafor theglobalCCl� emissions[Simmonds et al., 1998]in theabsenceof more

recentdata(long-termtrendof concentrationmeasurementssuggeststhatpresent-dayglobal

emissionsarelower than1995emissions[Montzka et al., 1999]). Thesefour halocarbonswere

estimatedto accountfor � 70%of thetotal globalODPin 1995[WMO/UNEP, 1999].

Themethodwehaveusedto constructregional-scaleemissioninventoriesof anthropogenic

halocarbonsfrom aircraftconcentrationdatain continentaloutflow doesnot rely ongovernment

records,andthereforecanbeusedasanindependenttestof reportedvaluesfor productionor

consumption.It hasgeneralapplicationto monitor themagnitudeandtrendsof emissionsof a

wide rangeof environmentallyimportantgases.
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Table 1.
Table 2.



17

Figure 1.
Figure 2.

Figure 3.
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FigureCaptions

Figure 1. Geographicaldistributions of A CH� CCl� , B CCl� , C halon 1211, D CFC-11,

E CFC-12,andF CO concentrationsmeasuredin the boundarylayer (0 � 2 km) during the

TRACE-Paircraft campaign(March-April 2001). Furtherdetailsaboutthe measurementof

halocarbonsandCOcanbefoundin Blake et al. [1996]andSachse et al. [1987],respectively.

Figure2. Five-daykinematicback-trajectoriesindicatetheorigin of thehighestfivepercentof

A CH� CCl� andB halon1211concentrationsmeasuredin theboundarylayer(0 � 2 km) during

theTRACE-Paircraftcampaign(March-April 2001).Opensquaresrepresentthemeasurement

locationsandopencirclesalongtheback-trajectoriesdenote12-hourincrements.

Figure 3. ReducedMajor Axis Regression(RMAR) [Hirsch and Gilroy, 1984]of CH� CCl�

andCOenhancementsover theirbackgroundvalues( 	 CH� CCl� and 	 CO) for aircraftobser-

vationsat0 � 2 km altitudeoff theAsianPacificrim duringMarch� April 2001.A All available

data. Greencirclesdenotethe � 95th percentilesof CH� CCl� andCO concentrations,which

areremovedfrom theRMAR calculations.B, C, D Air massesoriginatingfrom China(CH),

Korea(KR), andJapan(JP),andof mixed China-Korea(CHKR), Korea-Japan(KRJP),and

China-Japan(CHJP)origins.
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Table 1. Halocarbon:COrelationships[10 � � pptv/ppbv] measuredin Asian outflow during

TRACE-P�.

Eastern Asia China Korea Japan

HalocarbonX ��� ��� � X: � CO� � � � X: � CO � � � X: � CO � � � X: � CO

CH� CCl� 618 0.55 16� 0.48� 247 0.66 13� 0.65 32 0.63 44� 6.2 100 0.34 23� 2.1

CCl� 620 0.60 21� 0.63 239 0.64 19� 0.95 36 0.59 50� 6.5 101 0.47 25� 2.3

CFC-11 611 0.46 33� 1.7 238 0.46 27� 1.62 34 0.56 69� 9.7 98 0.56 50� 4.0

CFC-12 613 0.38 49� 2.5 246 0.43 39� 2.34 33 0.56 99� 16.8 97 0.44 83� 7.5

� Statisticsarefor theensembleof datacollectedin boundarylayeroutflow (below 2 km) afterremoval

of thelatitudinalbackground(definedasthe20thpercentileof theobservationsanddenotedby � ) and

exclusionof thetop5thpercentile,asdescribedin thetext for CH� CCl� . Kinematicback-trajectoriesare

usedto identify thesourceregion. “EasternAsia” refersto thecontinentaldomainof Figure1, including

China,Korea,andJapan.

�! 
is thenumberof 1-minuteaveragemeasurementsusedin theregressionanalysis.

"$#
is thePearsoncorrelationcoefficient of � X: � CO.

%
ReducedMajor Axis Regressionslopes[10� � pptv/ppbv].

&
Slopeuncertaintiesarecalculatedby assumingthelinearmodel.
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Table2. Bottom-upandtop-down halocarbonemissionestimates(Gg yr � � ) for easternAsia�.

CH� CCl� CCl� CFC-11 CFC-12

(ODP= 0.1) (ODP= 1.1) (ODP= 1.0) (ODP= 1.0)

Bottom-up Top-down Bottom-up Top-down Bottom-up� Top-down Bottom-up' Top-down

China 6.5� 10.4� 2.6 0.1� 17.6� 4.4 7.2 22.3� 5.8 20.3 28.3� 7.4

Japan 0.0� 1.0� 0.3 0.1� 1.3� 0.4 2.6 2.3� 0.6 5.6 3.4� 1.0

Korea 6.0� 1.8� 0.6 1.3� 2.3� 0.8 8.1 2.9� 1.0 11.4 3.6� 1.4

EasternAsia 11� ( 12.5� 14.2� 3.3 1.5� 21.5� 5.0 17.9 30.1� 7.2 37.3 39.4� 9.5

Global 19.7� 19.6( 26.2) 47.0� 62.0( 72.0) 74.6 79.6( 94.0) 132.9 125.5( 144.5)

� Bottom-upestimatesrely on governmentreportsof productionandconsumption.Top-down

estimatesarecomputedhereusing � halocarbon:� CO relationshipsmeasuredin Asianoutflow during

March* April 2001(Table1) anda top-down emissionestimateof CO derived for the sameperiod

[Palmer et al., 2003]. Anthropogenicemissionsof halocarbonsareaseasonalso we canusethis

methodologyto quantifyannualmeanemissionsfrom easternAsia.

�
Valuebasedonestimatedconsumptionduring1999[UNEP, 2002].

"
Valuebasedon estimatedemissionsfrom 2001[McCulloch and Midgley, 2001].

%
Valuebasedonestimatedemissionsfrom 1995[Simmonds et al., 1998].

&
Valuebasedon estimatedemissionsfrom 2000[McCulloch et al., 2001].

+
Valuebasedon estimatedemissionsfrom 2000[McCulloch et al., 2003].

,
Top-down globalemissionsareestimatedby takingthedifferencebetweenbottom-upandtop-down

regionalemissionestimatesfor easternAsia andaddingit to thebottom-upglobalemissionestimate.
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Figure 1. Geographicaldistributions of A CH� CCl� , B CCl� , C halon 1211, D CFC-11,

E CFC-12,andF CO concentrationsmeasuredin the boundarylayer (0 � 2 km) during the

TRACE-Paircraft campaign(March-April 2001). Furtherdetailsaboutthe measurementof

halocarbonsandCOcanbefoundin Blake et al. [1996] andSachse et al. [1987], respectively.
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Figure2. Five-daykinematicback-trajectoriesindicatetheorigin of thehighestfivepercentof

A CH� CCl� andB halon1211concentrationsmeasuredin theboundarylayer(0 � 2 km) during

theTRACE-Paircraftcampaign(March-April 2001).Opensquaresrepresentthemeasurement

locationsandopencirclesalongtheback-trajectoriesdenote12-hourincrements.
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Figure 3. ReducedMajor Axis Regression(RMAR) [Hirsch and Gilroy, 1984]of CH� CCl�

andCOenhancementsover theirbackgroundvalues( 	 CH� CCl� and 	 CO) for aircraftobser-

vationsat0 � 2 km altitudeoff theAsianPacificrim duringMarch� April 2001.A All available

data. Greencirclesdenotethe � 95th percentilesof CH� CCl� andCO concentrations,which

areremovedfrom theRMAR calculations.B, C, D Air massesoriginatingfrom China(CH),

Korea(KR), andJapan(JP),andof mixed China-Korea(CHKR), Korea-Japan(KRJP),and

China-Japan(CHJP)origins.


