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$EVWUDFW
7KLV SDSHU LQYHVWLJDWHV WKH OLQJXLVWLF FKDUDFWHULVWLFV RI (QJOLVK WR )UHQFK PDFKLQH�WUDQVODWHG
WH[WV LQ FRPSDULVRQ ZLWK )UHQFK RULJLQDO� XQWUDQVODWHG WH[WV LQ RUGHU WR XQFRYHU ZKDW KDV
EHHQ FDOOHG ³PDFKLQH WUDQVODWLRQHVH´� ,Q WKH VDPH YHLQ DV FRUSXV�EDVHG WUDQVODWLRQ VWXGLHV
ZKLFK KDYH IRFXVHG RQ KXPDQ�WUDQVODWHG WH[WV� DQG XVLQJ D FRUSXV�EDVHG VWDWLVWLFDO DSSURDFK
�3ULQFLSDO &RPSRQHQW $QDO\VLV�� ZH DQDO\]HG D FD� ����PLOOLRQ�ZRUG FRUSXV RI (QJOLVK WR
)UHQFK WUDQVODWLRQV RI SUHVV WH[WV� FRUUHVSRQGLQJ WR WKH RXWSXW RI IRXU PDFKLQH WUDQVODWLRQ V\�
VWHPV� RQH VWDWLVWLFDO �607� DQG WKUHH QHXUDO �107� V\VWHPV� QDPHO\ 'HHS/� *RRJOH 7UDQV�
ODWH� DQG WKH (XURSHDQ &RPPLVVLRQ¶V H7UDQVODWLRQ 07 WRRO� LQ ERWK LWV 607 DQG 107 YHU�
VLRQV� ,Q SDUWLFXODU� WR FRPSOHPHQW D SUHYLRXV VWXG\ RQ ODQJXDJH�VSHFLILF IHDWXUHV LQ )UHQFK
�H�J� GHULYHG DGYHUEV� H[LVWHQWLDO FRQVWUXFWLRQV� FRRUGLQDWRU HW� SUHSRVLWLRQ DYHF�� D VHULHV RI
ODQJXDJH�LQGHSHQGHQW OLQJXLVWLF IHDWXUHV ZHUH H[WUDFWHG IRU HDFK WH[W LQ RXU FRUSXV� UDQJLQJ
IURP VXSHUILFLDO WH[W FKDUDFWHULVWLFV VXFK DV DYHUDJH ZRUG DQG VHQWHQFH OHQJWK WR IUHTXHQFLHV
RI FORVHG�FODVV OH[LFDO FDWHJRULHV DQG PHDVXUHV RI OH[LFDO GLYHUVLW\� 2XU UHVXOWV� ZKLFK FRPSD�
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UH WKH PDFKLQH�WUDQVODWHG GDWD ZLWK D FRUSXV RI )UHQFK XQWUDQVODWHG GDWD� DOORZ XV WR XQFRYHU
OLQJXLVWLF IHDWXUHV LQ )UHQFK PDFKLQH�WUDQVODWHG WH[WV WKDW FOHDUO\ GHYLDWH IURP WKH REVHUYHG
QRUPV LQ RULJLQDO )UHQFK �H�J� DYHUDJH VHQWHQFH OHQJWK� Q�JUDP IHDWXUHV� OH[LFDO GLYHUVLW\�� DQG
ZKLFK PLJKW VHUYH DV LQIRUPDWLRQ IRU WKH SRVW�HGLWLQJ SURFHVV LQ RUGHU WR RSWLPL]H WUDQVODWLRQ
TXDOLW\�

�� ,QWURGXFWLRQ
6LQFH WKH DGYHQW RI QHXUDO PDFKLQH WUDQVODWLRQ �107� V\VWHPV �)RUFDGD ������ LW KDV

EHFRPH FOHDU WKDW WKH WHFKQRORJ\ LV GLVUXSWLYH DQG EULQJV D ORW RI FKDQJHV WR WKH WUDQVODWLRQ
LQGXVWU\� ERWK LQ WHUPV RI WUDQVODWLRQ SURFHVV DQG EXVLQHVV PRGHO� ,Q SDUWLFXODU� DV RSSRVHG
WR VWDWLVWLFDO PDFKLQH WUDQVODWLRQ �607�� FXUUHQW 107 V\VWHPV KDYH VWDUWHG WR SURYLGH RXWSXW
ZKRVH IOXHQF\ FDQ EH TXLWH LPSUHVVLYH� DOWKRXJK VRPHWLPHV DW WKH H[SHQVH RI DFFXUDF\ RU
ILGHOLW\ WR WKH VRXUFH WH[W �H�J� %RMDU HW DO� ����� 0DFNHQ HW DO� ������ 6XFK IOXHQF\ KDV HYHQ
OHG VRPH UHVHDUFKHUV WR FODLP WKDW 07 V\VWHPV KDYH UHDFKHG ³KXPDQ SDULW\´ �+DVVDQ HW DO�
������ DOWKRXJK VXFK FODLPV KDYH EHHQ UHDVVHVVHG VLQFH �7RUDO HW DO� ������ 1HYHUWKHOHVV� WKH
LPSURYHG TXDOLW\ KDV OHG WR WKH SURPRWLRQ RI 107 LQ WKH ILHOG RI WUDQVODWLRQ �'DHPV DQG
0DFNHQ ������

7KLV PDNHV LW DOO WKH PRUH FUXFLDO IRU WUDQVODWRUV WR GHILQH WKHLU DGGHG YDOXH RYHU WKH PD�
FKLQH� WKH\ VKRXOG GHYHORS WKHLU 07 OLWHUDF\� D FRQFHSW GHILQHG E\ %RZNHU DQG &LUR ������ IRU
QRQ�SURIHVVLRQDOV� WKDW LV� WKH\ QHHG WR NQRZZKDW WKHPDFKLQH FDQ�QRW� GR� ZKDW WKH GLIIHUHQFH
LV EHWZHHQ KXPDQ WUDQVODWLRQV DQG 07 RXWSXW� DQG ZKDW WR IRFXV RQ GXULQJ WKH SRVW�HGLWLQJ
�3(� SURFHVV�

:LWK 107� WKH HYDOXDWLRQ RI 07 V\VWHPV KDV EHFRPH D FHQWUDO LVVXH� QRW RQO\ IRU WKH
LQGXVWU\ EXW DOVR IRU WUDQVODWLRQ WUDLQLQJ� 7KH IRFXV RQ IOXHQF\ PDNHV HUURUV PRUH GLIILFXOW WR
LGHQWLI\ �H�J� &DVWLOKR HW DO� ����D� ����E� <DPDGD ������ DQG WUDQVODWRUV QHHG WR EH SURYLGHG
ZLWK XVHIXO LQIRUPDWLRQ IRU WKH 3( SURFHVV� $ ORW RI GHEDWHV KDYH EHHQ WDNLQJ SODFH RQ WKH EHVW
ZD\ WR DVVHVV 07 RXWSXW TXDOLW\� XVH RI PHWULFV� KXPDQ HYDOXDWLRQ� RU D OLQJXLVWLF HYDOXDWLRQ
ZLWK D FRUSXV�EDVHG DSSURDFK� 7KLV SDSHU IRFXVHV RQ VXFK D OLQJXLVWLF HYDOXDWLRQ RI07 RXWSXW�
WKURXJK WKH DQDO\VLV RI (QJOLVK WR )UHQFK PDFKLQH�WUDQVODWHG WH[WV SURGXFHG E\ IRXU GLIIHUHQW
07 V\VWHPV� LQ FRPSDULVRQ ZLWK RULJLQDO� XQWUDQVODWHG )UHQFK GDWD� 2XU DQDO\VLV DLPV WR H[�
SORUH GLIIHUHQW DVSHFWV RI ZKDW KDV EHHQ FDOOHG ³PDFKLQH WUDQVODWLRQHVH´ �VHH H�J� 'DHPV HW
DO� ����� E\ FRPSDULQJ PDFKLQH�WUDQVODWHG ZLWK RULJLQDO WH[WV� UHO\LQJ RQ D FRUSXV�EDVHG DS�
SURDFK W\SLFDO RI FRUSXV�EDVHG WUDQVODWLRQ VWXGLHV� ZLWK DQDO\VHV FDUULHG RXW RQ D VHULHV RI WH[WV
UDWKHU WKDQ D VHULHV RI LVRODWHG VHQWHQFHV��

7R WKLV SXUSRVH D FRUSXV RI SUHVV WH[WV ZDV FROOHFWHG FRPSULVLQJ ERWK RULJLQDO �)UHQFK�
)UHQFK DQG �%ULWLVK� (QJOLVK WH[W PDWHULDO� 7KH (QJOLVK GDWD ZDV WUDQVODWHG LQWR )UHQFK XVLQJ
IRXU GLIIHUHQW 07 V\VWHPV� 'HHS/� *RRJOH 7UDQVODWH ± ERWK 107 ± DQG WKH (XURSHDQ &RP�
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PLVVLRQ¶V H7UDQVODWLRQ WRRO� LQ ERWK WKH 607 DQG 107 IODYRU� 7KLV DOORZHG XV WR FRPSDUH WKH
IUHTXHQFLHV RI D VHULHV RI OLQJXLVWLF IHDWXUHV LQ RULJLQDO YV� PDFKLQH�WUDQVODWHG )UHQFK� ZLWK WKH
VDPH PHWKRGRORJ\ DQG VWDWLVWLFDO WHFKQLTXHV WKDW KDYH SURYHQ FDSDEOH RI GLVWLQJXLVKLQJ EHW�
ZHHQ VWXGHQW DQG SURIHVVLRQDO WUDQVODWLRQV �'H 6XWWHU HW DO� ������ 7KH ILQDO DLP LV WR GHILQH
WKH µJDS¶ WKDW H[LVWV EHWZHHQ PDFKLQH�WUDQVODWHG WH[WV DQG WKH QRUPV H[SHFWHG LQ XQWUDQVODWHG
WH[WV� SURYLGLQJ LQIRUPDWLRQ RQ KRZ WR LPSURYH WUDQVODWRUV¶ LQYLVLELOLW\ DV H[SHFWHG E\ WRGD\¶V
PDUNHW� WKDQNV WR D OLVW RI HOHPHQWV WR IRFXV RQ GXULQJ WKH 3( SURFHVV�

6SHFLILFDOO\� WKLV SDSHU DLPV WR FRPSOHPHQW D SUHYLRXV VWXG\ �/RRFN ����� ������ ZKLFK
DQDO\]HG WKH VDPH GDWD �ZLWK WKH H[FHSWLRQ RI*RRJOH 7UDQVODWH RXWSXW� E\ IRFXVLQJ RQ ODQJXDJH�
VSHFLILF OLQJXLVWLF IHDWXUHV �VHH VHFWLRQ ��� IRU D VXPPDU\ DQG OLVW RI WKH IHDWXUHV�� +HUH RXU
IRFXV LV RQ ODQJXDJH� LQGHSHQGHQW IHDWXUHV OLNH DYHUDJH ZRUG RU VHQWHQFH OHQJWK� IUHTXHQFLHV
RI SDUW�RI�VSHHFK �326� WDJV� RU IUHTXHQFLHV RI Q�JUDPV� 7KHVH IHDWXUHV DUH H[SORUDWLYHO\ DQD�
O\]HG ZLWK 3ULQFLSDO &RPSRQHQW $QDO\VLV DQG WKH GLIIHUHQFHV EHWZHHQ RULJLQDO DQG PDFKLQH�
WUDQVODWHG )UHQFK DUH WKHQ WHVWHG E\ PHDQV RI $129$� 7KH DQDO\VLV LV WKHUHIRUH PRUH VRSKL�
VWLFDWHG WKDQ LQ /RRFN ������ ����� DQG DOVR LQFOXGHV WKH PRVW IDPRXV SXEOLFO\ DYDLODEOH 07
V\VWHP�

7KH UHPDLQGHU RI WKLV SDSHU LV VWUXFWXUHG DV IROORZV� ,Q VHFWLRQ � ZH GHVFULEH UHODWHG ZRUN
RQ PDFKLQH WUDQVODWLRQHVH ZLWKLQ UHVHDUFK RQ WKH TXDOLW\ RI 07 RXWSXW DQG SURYLGH D VXPPD�
U\ RI /RRFN ������ ������ RI ZKLFK WKH FXUUHQW VWXG\ LV DQ H[WHQVLRQ� 6HFWLRQ � GHVFULEHV RXU
PHWKRGRORJ\� FRUSXV PDWHULDO� IHDWXUH H[WUDFWLRQ� DQG VWDWLVWLFDO WHFKQLTXH� 6HFWLRQ � LV GHGL�
FDWHG WR WKH SUHVHQWDWLRQ DQG GLVFXVVLRQ RI WKH UHVXOWV� ILUVW IRU D JHQHUDO FRPSDULVRQ EHWZHHQ
)UHQFK PDFKLQH�WUDQVODWHG DQG XQWUDQVODWHG WH[WV� WKHQ IRU D ILQHU�JUDLQHG FRPSDULVRQ RI UH�
OHYDQW OLQJXLVWLF IHDWXUHV� DQG ILQDOO\ IRU D SRVVLEOH OLQN ZLWK LQWHUIHUHQFH IURP WKH (QJOLVK
VRXUFH WH[WV�

�� 5HODWHG ZRUN
��� 07 RXWSXW HYDOXDWLRQ DQG PDFKLQH WUDQVODWLRQHVH

$ ORW RI UHVHDUFK KDV EHHQ GHYRWHG WR WKH HYDOXDWLRQ RI 07 RXWSXW �VHH 0RRUNHQV HW DO�
���� IRU D UHFHQW RYHUYLHZ�� LQ SDUWLFXODU VLQFH WKH DGYHQW RI 107� $ORQJVLGH PHWULFV OL�
NH %/(8 �%L/LQJXDO (YDOXDWLRQ 8QGHUVWXG\� 3DSLQHQL HW DO� ����� IRU H[DPSOH� UHVHDUFKHUV
KDYH UHOLHG RQ KXPDQ HYDOXDWLRQV WR WU\ DQG WDFNOH WKH OLPLWV RI DXWRPDWLF HYDOXDWLRQ �VHH H�J�
%DE\FK �����>�@� )RU H[DPSOH� 07 RXWSXW KDV EHHQ HYDOXDWHG E\ LGHQWLI\LQJ DQG FODVVLI\LQJ
HUURUV �H�J� )HGHULFR HW DO� ����� 9DQ %UXVVHO HW DO� ������ PHDVXULQJ WKH DPRXQW RI SRVW�HGLWLQJ
HIIRUW �H�J� %HQWLYRJOL HW DO� ������ RU UDQNLQJ PDFKLQH�WUDQVODWHG WH[WV E\ �QRQ��SURIHVVLRQDOV
�H�J� %RMDU HW DO� ������ 5HVHDUFKHUV KDYH DOVR IRFXVHG RQ WKH LGHQWLILFDWLRQ RI OLQJXLVWLF GLIIH�
UHQFHV EHWZHHQ PDFKLQH�WUDQVODWHG WH[WV DQG RULJLQDO� XQWUDQVODWHG WH[WV LQ WKH VDPH ODQJXDJH�
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)ROORZLQJ WKH SDWK PDSSHG RXW E\ FRUSXV�EDVHG WUDQVODWLRQ VWXGLHV �&%76� ZLWK %DNHU ������
DV D VWDUWLQJ SRLQW� ZKLFK DOORZHG IRU WKH LGHQWLILFDWLRQ RI OLQJXLVWLF GLIIHUHQFHV EHWZHHQ RULJL�
QDO DQG �KXPDQ� WUDQVODWHG WH[WV �VHH /DYLRVD ����� 2ORKDQ ���� RU 'H 6XWWHU HW DO� ���� IRU
D VHULHV RI TXDQWLWDWLYH VWXGLHV�� VRPH VWXGLHV KDYH LGHQWLILHG OLQJXLVWLF GLIIHUHQFHV EHWZHHQ
XQWUDQVODWHG ODQJXDJH DQG PDFKLQH�WUDQVODWHG ODQJXDJH� SRVW�HGLWHG RU QRW� IRU VHULHV RI VHQ�
WHQFHV �H�J� ,VDEHOOH HW DO� ����� RU IXOO WH[WV �H�J� 9DQPDVVHQKRYH HW DO� ������ ,Q WKH ODWWHU
FDVH� PDFKLQH�WUDQVODWHG WH[WV DUH JDWKHUHG DV HOHFWURQLF FRUSRUD� WR EH LQYHVWLJDWHG ZLWK WKH
TXDQWLWDWLYH PHWKRGV RI FRUSXV OLQJXLVWLFV� -XVW DV VRPH RI WKH DQDO\VHV RI KXPDQ�WUDQVODWHG
ODQJXDJH LQ &%76 OHG WR WKH LGHQWLILFDWLRQ RI WUDQVODWLRQHVH �*HOOHUVWDP ����� >�@� WKH REVHUYD�
WLRQ RI PDFKLQH�WUDQVODWHG WH[WV KDV OHG WR WKH LGHQWLILFDWLRQ RI VR�FDOOHG ³PDFKLQH WUDQVODWLR�
QHVH´ IRU UDZ 07 RXWSXW DQG ³SRVW�HGLWHVH´ IRU SRVW�HGLWHG 07 RXWSXW �073(�� )RU H[DPSOH�
9DQPDVVHQKRYH HW DO� ������ KDYH VKRZQ WKDW 07 WH[WV VKRZ OHVVHU OH[LFDO YDULHW\ WKDQ ERWK
RULJLQDO DQG KXPDQ�WUDQVODWHG WH[WV IRU (QJOLVK WR )UHQFK DQG (QJOLVK WR 6SDQLVK WUDQVODWL�
RQV� /DSVKLQRYD�.ROWXQVNL ������ KDV LQYHVWLJDWHG (QJOLVK WR *HUPDQ WUDQVODWLRQV DQG KDV�
LQ WKH VDPH YHLQ DV ZKDW KDV EHHQ GRQH IRU WKH DQDO\VLV RI KXPDQ�WUDQVODWHG WH[WV� LQYHVWLJD�
WHG WKH SRVVLEOH LQIOXHQFH RI VR�FDOOHG WUDQVODWLRQ XQLYHUVDOV OLNH VLPSOLILFDWLRQ� H[SOLFLWDWLRQ�
DQG QRUPDOL]DWLRQ� E\ PHDVXULQJ OH[LFDO GHQVLW\�YDULHW\� WKH IUHTXHQF\ RI FRKHVLRQ PDUNHUV
RU VSHFLILF JUDPPDWLFDO FDWHJRULHV �QRXQV YV� YHUEV�� 6LPLODUO\� 'DHPV HW DO� ������ DQG 7RUDO
������ KDYH DQDO\]HG 073( WH[WV DQG VKRZQ WKH H[LVWHQFH RI SRVW�HGLWHVH� TXDOLILHG E\ 'D�
HPV HW DO� ������ DV ³H[DFHUEDWHG WUDQVODWLRQHVH´� ,Q WKH SUHVHQW VWXG\� RXU IRFXV LV RQ UDZ� QRQ
SRVW�HGLWHG 07 RXWSXW� DQG RXU DLP LV WR FKHFN IRU WKH H[LVWHQFH RI PDFKLQH WUDQVODWLRQHVH�

��� /DQJXDJH�VSHFLILF YV� ODQJXDJH�LQGHSHQGHQW OLQJXLVWLF IHDWXUHV

,Q RUGHU WR XQFRYHU PDFKLQH WUDQVODWLRQHVH RU SRVW�HGLWHVH� UHVHDUFKHUV FDQ IRFXV RQ
ODQJXDJH�VSHFLILF RU ODQJXDJH�LQGHSHQGHQW OLQJXLVWLF IHDWXUHV� )RU H[DPSOH� OH[LFDO YDULHW\
RU GHQVLW\ LQ /DSVKLQRYD�.ROWXQVNL ������ DQG DYHUDJH VHQWHQFH�ZRUG OHQJWK LQ 'DHPV HW
DO� ������ DUH ODQJXDJH�LQGHSHQGHQW IHDWXUHV� ZKLOH ,VDEHOOH HW DO� ������ IRFXV RQ ODQJXDJH�
VSHFLILF IHDWXUHV IRU WKH HYDOXDWLRQ RI )UHQFK WR (QJOLVK 07 RXWSXW �H�J� YHUE�WHQVH FRQ�
FRUGDQFH� LQVHUWLRQ RI ZRUGV OLNH�IDFW RU KRZ��

2XU VWXG\ LQYHVWLJDWHV ODQJXDJH�LQGHSHQGHQW IHDWXUHV �VHH FRPSOHWH OLVW LQ VHFWLRQ ����
LQ (1�)5 PDFKLQH�WUDQVODWHG WH[WV� DV LW LV PHDQW WR FRPSOHPHQW D SUHYLRXV VWXG\ RQ (QJOLVK
WR )UHQFK PDFKLQH�WUDQVODWHG WH[WV �/RRFN ����� ����� ZKLFK XVHG WKH VDPH GDWD �ZLWK WKH
H[FHSWLRQ RI WKH *RRJOH 7UDQVODWH VXEFRUSXV� DQG LQYHVWLJDWHG VSHFLILF OLQJXLVWLF IHDWXUHV LQ
)UHQFK� WKH XVH RI WKH K\SHUQ\PV FKRVH DQG GLUH �µWKLQJ¶ DQG µVD\¶�� WKH FRRUGLQDWRU HW �µDQG¶��
WKH SUHSRVLWLRQ DYHF �µZLWK¶�� GHULYHG DGYHUEV HQGLQJ LQ �PHQW �WKH HTXLYDOHQW RI �O\ DGYHUEV��
DQG LO \ D H[LVWHQWLDO FRQVWUXFWLRQV �WKH HTXLYDOHQW RI WKHUH LV�DUH FRQVWUXFWLRQV�� 7KH DQDO\VLV
RI WKH (1�)5 PDFKLQH�WUDQVODWHG WH[WV �REWDLQHG E\ PHDQV RI 'HHS/ DQG H7UDQVODWLRQ LQ ERWK
LWV 607 DQG 107 YHUVLRQV� KDV VKRZQ WKDW� RQ DQ DOPRVW V\VWHPDWLF EDVLV� WKHVH VSHFLILF OLQ�
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JXLVWLF IHDWXUHV VKRZ KLJKO\ VLJQLILFDQW GLIIHUHQFHV EHWZHHQ RULJLQDO� XQWUDQVODWHG )UHQFK DQG
PDFKLQH�WUDQVODWHG )UHQFK IURP (QJOLVK� ZLWK PXFK KLJKHU IUHTXHQFLHV LQ PDFKLQH�WUDQVODWHG
WH[WV� 7KHVH )UHQFK OLQJXLVWLF IHDWXUHV ZHUH VHOHFWHG DV WKH\ DUH FRQVLGHUHG WR EH WUDQVODWLR�
QDO HTXLYDOHQWV RI WKH FRUUHVSRQGLQJ (QJOLVK LWHPV EXW WKHVH LWHPV¶ XVH LQ RULJLQDO (QJOLVK
DQG RULJLQDO )UHQFK VKRZV GLIIHUHQFHV LQ WHUPV RI IUHTXHQFLHV� $V WKH LWHPV DUH PRUH IUH�
TXHQW LQ RULJLQDO (QJOLVK WKDQ RULJLQDO )UHQFK� RQH ZRXOG H[SHFW WKH GLIIHUHQFHV REVHUYHG LQ
PDFKLQH�WUDQVODWHG )UHQFK WH[WV WR EH WKH UHVXOW RI GLUHFW WUDQVIHUV EHWZHHQ WKH (QJOLVK VRXUFH
WH[WV DQG WKH )UHQFK WUDQVODWHG WH[WV� +RZHYHU� WKH TXDOLWDWLYH DQDO\VLV FDUULHG RXW LQ /RRFN
������ VKRZV WKDW WKLV LV QRW WKH FDVH� 6RXUFH ODQJXDJH LQWHUIHUHQFH FDQQRW IXOO\ H[SODLQ WKH
GDWD� DV ZH DOVR QRWLFH GLIIHUHQFHV LQ IUHTXHQFLHV EHWZHHQ WKH (QJOLVK VRXUFH WH[WV DQG WKH
)UHQFK PDFKLQH�WUDQVODWHG WH[WV� IRU H[DPSOH� WKH IUHTXHQF\ RI LO \ D H[LVWHQWLDO FRQVWUXFWLRQV
LQ PDFKLQH�WUDQVODWHG )UHQFK� KLJKHU WKDQ LQ XQWUDQVODWHG )UHQFK� LV ORZHU WKDQ WKDW RI WKHUH
LV�DUH FRQVWUXFWLRQV LQ WKH (QJOLVK VRXUFH WH[WV� VXJJHVWLQJ WKDW RQO\ VRPH RI WKHP DUH WUDQV�
ODWHG OLWHUDOO\ �WKLV LV FRQILUPHG E\ WKH TXDOLWDWLYH DQDO\VLV RI D VDPSOH RI WKH FRUSXV LQ /RRFN
������

�� 0HWKRG
8VLQJ D FRUSXV�EDVHG VWDWLVWLFDO DSSURDFK� RXU REMHFWLYH LV WR LQYHVWLJDWH WKH H[LVWHQFH

RI ³PDFKLQH WUDQVODWLRQHVH´ IRU WKH ODQJXDJH SDLU (QJOLVK�)UHQFK� 7KLV DSSURDFK FRQVLVWV RI
WKUHH VWHSV� )LUVW� RULJLQDO )UHQFK DQG (QJOLVK SUHVV WH[WV DUH FROOHFWHG� DIWHU ZKLFK WKH (QJOLVK
WH[WV DUH PDFKLQH�WUDQVODWHG XVLQJ IRXU ZHOO�NQRZQ 07 HQJLQHV �VHFWLRQ ����� 1H[W� DOO FRU�
SRUD DUH SUHSURFHVVHG �LQFOXGLQJ WRNHQL]DWLRQ� OHPPDWL]DWLRQ DQG SDUW�RI�VSHHFK WDJJLQJ� DQG
VXEVHTXHQWO\ D VHULHV RI OLQJXLVWLF ODQJXDJH�LQGHSHQGHQW IHDWXUHV DUH H[WUDFWHG �VHFWLRQ �����
,Q WKH WKLUG VWHS� PXOWLYDULDWH VWDWLVWLFDO DQDO\VLV WHFKQLTXHV DUH SHUIRUPHG DQG WKH RXWSXW LV
DQDO\]HG �VHFWLRQ �����

��� 'DWD FROOHFWLRQ

7KH GDWD XVHG IRU WKLV VWXG\ FRQWDLQV WKUHH NLQGV RI WH[WV� �L� RULJLQDO WH[WV ZULWWHQ LQ �%UL�
WLVK� (QJOLVK� �LL� WKHLU WUDQVODWLRQV LQWR )UHQFK E\ PHDQV RI � GLIIHUHQW 07 V\VWHPV� DQG �LLL�
XQWUDQVODWHG WH[WV ZULWWHQ LQ �)UHQFK� )UHQFK� %RWK VHULHV RI RULJLQDO WH[WV �L�LLL� DUH H[WUDF�
WHG IURP WKH 760 SUHVV FRUSXV �7UDGXFWLRQ 6SpFLDOLVpH 0XOWLOLQJXH FRUSXV�� DQ RSHQ�HQGHG
FRUSXV FRPSLOHG DW WKH 8QLYHUVLW\ RI /LOOH IRU D FRPSDUDWLYH JUDPPDU FODVV LQ D PDVWHU¶V SUR�
JUDPPH �/RRFN ������ 7KH FRUSXV LV D FRPSDUDEOH FRUSXV FRQWDLQLQJ RULJLQDO� XQWUDQVODWHG
SUHVV WH[WV WDNHQ IURP TXDOLW\ QHZVSDSHUV LQ %ULWLVK (QJOLVK �H�J� 7KH *XDUGLDQ� 7KH 2EVHU�
YHU� 7KH 7LPHV�� $PHULFDQ (QJOLVK �H�J� 7KH 1HZ <RUN 7LPHV� 7KH :DOO 6WUHHW -RXUQDO�� DQG
�)UHQFK� )UHQFK �H�J� /H 0RQGH� /LEpUDWLRQ� /D 9RL[ GX 1RUG���ZLWK GLIIHUHQW QHZV GRPDLQV
EHLQJ FRYHUHG� EXVLQHVV DQG ILQDQFH� FULPH� FXOWXUH� HQYLURQPHQW� KHDOWK� LQWHUQDWLRQDO QHZV�

��
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SROLWLFV� VFLHQFH 	 WHFKQRORJLHV� VSRUWV DQG WUDYHO� $W WKH WLPH WKH FXUUHQW VWXG\ ZDV LQLWLDWHG�
WKH 760 FRUSXV FRQWDLQHG FD� ��� PLOOLRQ ZRUGV ���� PLOOLRQ ZRUGV WRGD\�� 7DEOH � SURYLGHV D
GHVFULSWLRQ RI WKH YHUVLRQ RI WKH 760 FRUSXV XVHG IRU WKH SUHVHQW VWXG\� $OO )UHQFK WH[WV ZHUH
XVHG ������ WH[WV DPRXQWLQJ WR ������� ZRUGV�� IRU (QJOLVK WKH %ULWLVK (QJOLVK VXEFRUSXV ZDV
VHOHFWHG ���� WH[WV DPRXQWLQJ WR ������� ZRUGV��

7DEOH �� &RQWHQW RI WKH 760 SUHVV FRUSXV

2UL 86B(1 2UL *%B(1 2UL )5
%XVLQHVV 	 )LQDQFH �� ��� � ��� �� ���
&ULPH �� ��� �� ��� ��� ���
&XOWXUH �� ��� �� ��� ��� ���
(QYLURQPHQW �� ��� �� ��� ��� ���
+HDOWK �� ��� �� ��� �� ���
,QWHUQDWLRQDO 1HZV �� ��� �� ��� �� ���
3ROLWLFV �� ��� �� ��� ��� ���
6FLHQFH 	 7HFKQRORJLHV �� ��� �� ��� �� ���
6SRUWV �� ��� �� ��� ��� ���
7UDYHO �� ��� �� ��� ��� ���
7RWDO �WRNHQV ��� ��� ��� ��� ��� ���
�WH[WV ��� ��� � ���
*5$1' 727$/ � ��� ���

$V IDU DV PDFKLQH�WUDQVODWHG WH[WV DUH FRQFHUQHG� WKH ��� %ULWLVK (QJOLVK WH[WV ZHUH WUDQV�
ODWHG XVLQJ IRXU WUDQVODWLRQ HQJLQHV� 'HHS/� *RRJOH 7UDQVODWH ± WZR FRPPHUFLDO QHXUDO HQJL�
QHV WKDW DUH IUHHO\ DYDLODEOH RQOLQH ± DQG WKH HQJLQH GHYHORSHG E\ WKH (XURSHDQ &RPPLVVL�
RQ¶V 'LUHFWRUDWH�*HQHUDO IRU 7UDQVODWLRQ� FDOOHG H7UDQVODWLRQ� ERWK LQ LWV 607 DQG 107 YHUVL�
RQV��'HHS/ >�@ LV WUDLQHG RQ WKH FRUSXV XVHG IRU WKH /LQJXHH ZHEVLWH>�@ DQG KDV EHFRPH NQRZQ
IRU WKH TXDOLW\ RI WKH WDUJHW ODQJXDJH� VRPHWLPHV DW WKH H[SHQVH RI DFFXUDF\ �%RMDU HW DO� ������
*RRJOH 7UDQVODWH >�@ LV SUREDEO\ WKH PRVW ZHOO�NQRZQ JHQHULF 07 WRRO DQG LV IUHTXHQWO\ WKH
REMHFW RI VFLHQWLILF VWXGLHV RQ WKH TXDOLW\ RI 07 RXWSXW� %RWK WRROV KDYH EHHQ SURYLGLQJ LQWHU�
QHW XVHUV ZLWK QHXUDO PDFKLQH WUDQVODWLRQV VLQFH 107 ZHQW PDLQVWUHDP �DURXQG ������ 7KH
H7UDQVODWLRQ WRRO>�@� ERWK LQ LWV 607 DQG 107 IODYRUV� KDV EHHQ GHVLJQHG IRU LQWHUQDO XVH DW
WKH (XURSHDQ &RPPLVVLRQ DQG LV QRW DYDLODEOH WR WKH JHQHUDO SXEOLF�>�@ DOWKRXJK SXEOLF DGPL�
QLVWUDWLRQV DV ZHOO DV VPDOO DQG PHGLXP�VL]HG HQWHUSULVHV FDQ FXUUHQWO\ PDNH XVH RI LW� ZLWK
6HSWHPEHU ���� PDUNLQJ WKH DUULYDO RI WKH 107 YHUVLRQ IRU WKH (1�)5 ODQJXDJH SDLU� ,Q VSL�
WH RI LWV FRQILGHQWLDO QDWXUH� H7UDQVODWLRQ KDV EHHQ WKH REMHFW RI D IHZ VWXGLHV �0DFNHQ HW DO�
����� 5RVVL DQG &KHYURW ����� /RRFN ������

7KH WUDQVODWLRQV ZHUH UHWULHYHG LQ VSULQJ ���� IRU 'HHS/ DQG H7UDQVODWLRQ 607� 'HFHP�

��
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EHU ���� IRU H7UDQVODWLRQ 107� DQG -XO\�$XJXVW ���� IRU *RRJOH 7UDQVODWH� (DFK RI WKH ���
WH[WV ZDV WUDQVODWHG LQGLYLGXDOO\� E\ FRS\LQJ�SDVWLQJ WKH WH[W RQOLQH RU E\ XSORDGLQJ WKH GLI�
IHUHQW ILOHV� 7DEOH � SURYLGHV VRPH FRUSXV VWDWLVWLFV RI WKH PDFKLQH�WUDQVODWHG GDWD� WKH %ULWLVK
(QJOLVK VRXUFH WH[WV DV ZHOO DV D VSHFLILFDWLRQ RI WKH VL]H RI WKH FRPSDUDEOH RULJLQDO )UHQFK
FRUSXV XVHG IRU WKH SUHVHQW VWXG\�

7DEOH �� &RQWHQW RI WKH FRUSXV XVHG IRU WKLV VWXG\

6XEFRUSXV �WH[WV �WRNHQV $EEUHYLDWLRQ
2ULJLQDO )UHQFK � ��� ��� ��� 25,B)5$
0DFKLQH�WUDQVODWHG )UHQFK 'HHS/ ��� ��� ��� 'HHS/

H7UDQVODWLRQ 107 ��� ��� ��� H107
H7UDQVODWLRQ 607 ��� ��� ��� H607
*RRJOH 7UDQVODWH ��� ��� ��� *RRJ7

2ULJLQDO (QJOLVK �%ULWLVK� ��� ��� ��� 6&5B(1*
*5$1' 727$/ � ��� � ��� ���

,W VKRXOG EH QRWHG WKDW WKH RULJLQDO WH[WV IURP WKH 760 SUHVV FRUSXV EHORQJ WR WKH SUHVV
JHQUH� ZKLOH QRQH RI WKH � 07 WRROV XVHG KDYH EHHQ WUDLQHG RU RSWLPL]HG IRU WKH WUDQVODWLRQ RI
VXFK WH[WV �'HHS/ DQG*RRJOH 7UDQVODWH DUH JHQHULF07 WRROV� H7UDQVODWLRQ KDV EHHQ WUDLQHG RQ
LQVWLWXWLRQDO GDWD�� 7KLV LV RI FRXUVH D OLPLWDWLRQ RI RXU VWXG\� VLQFH QRQH RI WKH � 07 V\VWHPV
KDYH EHHQ WUDLQHG WR WUDQVODWH SUHVV WH[WV VSHFLILFDOO\� PHDQLQJ WKH WRROV DUH QRW IXOO\ ILW�IRU�
SXUSRVH�

��� 'DWD SURFHVVLQJ

$ QXPEHU RI ODQJXDJH�LQGHSHQGHQW IHDWXUHV KDYH EHHQ H[WUDFWHG IURP WKH GLIIHUHQW VXE�
FRUSRUD� )RU WKLV H[WUDFWLRQ� LW ZDV FUXFLDO WR OLQJXLVWLFDOO\ SUHSURFHVV DOO WKUHH FRUSRUD� 7KLV
SUHSURFHVVLQJ FRQVLVWHG RI WKUHH VWHSV� WRNHQL]DWLRQ� OHPPDWL]DWLRQ DQG SDUW�RI�VSHHFK �326�
WDJJLQJ� 7KH /H7V SUHSURFHVVLQJ WRRONLW �9DQ GH .DXWHU HW DO� ����� ZDV XVHG IRU WKLV SXUSR�
VH��7KH FRPSOHWH OLVW RI �� IHDWXUHV LV SUHVHQWHG LQ 7DEOH ��

$V FDQ EH GHULYHG IURP WKLV WDEOH� WKH OLVW FRQWDLQV WZR EDVLF UHDGDELOLW\ IHDWXUHV �DYHUDJH
ZRUG DQG VHQWHQFH OHQJWK�� PHDVXUHV RI OH[LFDO FUHDWLYLW\ DQG RULJLQDOLW\ �H�J� W\SH�WRNHQ UD�
WLR� OH[LFDO GHQVLW\� KDSD[ OHJRPHQD�� EDVLF IUHTXHQF\ LQIRUPDWLRQ RQ GLIIHUHQW SDUW RI VSHHFK
FDWHJRULHV �OH[LFR�JUDPPDWLFDO IHDWXUHV� DQG IHDWXUHV LQGLFDWLQJ WKH GHJUHH RI V\QWDJPDWLF SDW�
WHUQLQJ RU IRUPXODLFLW\ ��� DQG ��JUDPV����$OO IHDWXUHV DUH H[WUDFWHG DW WKH WH[W OHYHO� WKH OHJR�
PHQD DQG QJUDP IHDWXUHV DUH FDOFXODWHG E\ FRPSDULQJ DQ LQGLYLGXDO WH[W ZLWK D EDFNJURXQG
FRUSXV� )RU H[DPSOH� IRU WKH OHJRPHQD IHDWXUHV ZH FRXQW KRZ PDQ\ )UHQFK ZRUGV LQ D FHUWDLQ
WH[W DOVR RFFXU RQH �KDSD[�� WZR �GLV� RU WKUHH �WULV� WLPHV LQ WKH HQWLUH )UHQFK FRUSXV XVHG IRU
WKLV VWXG\� )RU WKH QJUDP IHDWXUHV ZH FKHFN WKH QXPEHU RI FRPELQDWLRQV RI WKUHH ���JUDP� RU

��
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7DEOH �� $OO �� ODQJXDJH�LQGHSHQGHQW IHDWXUHV ZKLFK ZHUH H[WUDFWHG IURP HYHU\ WH[W�

)HDWXUH W\SH )HDWXUH QDPH $EEUHYLDWLRQ

5HDGDELOLW\
$YHUDJH VHQWHQFH OHQJWK $6/
$YHUDJH ZRUG OHQJWK $:/

/H[LFDO FUHDWLYLW\

/H[LFDO GHQVLW\ 'HQ
7\SH�WRNHQ UDWLR 775
+DSD[ OHJRPHQD +DSD[
'LV OHJRPHQD 'LV
7ULV OHJRPHQD 7ULV

/H[LFR�JUDPPDWLFDO

)UHTXHQF\ RI FRPPRQ QRXQV 120
)UHTXHQF\ RI SURSHU QRXQV 1$0
)UHTXHQF\ RI DGMHFWLYHV $'-
)UHTXHQF\ RI DGYHUEV $'9
)UHTXHQF\ RI YHUEV 9(5
)UHTXHQF\ RI SURQRPLQDOV 352
)UHTXHQF\ RI GHWHUPLQHUV '(7
)UHTXHQF\ RI IRUHLJQ ZRUGV ):
)UHTXHQF\ RI LQWHUMHFWLRQV ,17
)UHTXHQF\ RI QXPHUDOV 180
)UHTXHQF\ RI SUHSRVLWLRQV 	 FRQMXQFWLRQV .21B353

)RUPXODLFLW\

��JUDPV �ZRUG� 1�BZUG
��JUDPV �326� 1�BSRV
��JUDPV �ZRUG� 1�BZUG
��JUDPV �326� 1�BSRV

IRXU ���JUDPV� ZRUGV RU SDUW�RI�VSHHFK FDWHJRULHV EHORQJLQJ WR WKH ��� PRVW IUHTXHQW FRP�
ELQDWLRQV LQ WKH FRUSXV� 3OHDVH QRWH WKDW ZKHQ ZH UHIHU WR ZRUGV IRU WKH OHJRPHQD DQG QJUDP
IHDWXUHV� ZH DFWXDOO\ PHDQ WKH OHPPDV��5HJDUGLQJ WKH OH[LFR�JUDPPDWLFDO IHDWXUHV LW VKRXOG
EH QRWHG WKDW WKH PRUSKRV\QWDFWLF FDWHJRULHV SUHSRVLWLRQV DQG FRQMXQFWLRQV ZHUH PHUJHG LQWR
RQH IHDWXUH DV ZH FRXOG QRW XQHTXLYRFDOO\ GLVWLQJXLVK WKHVH SDUW�RI�VSHHFK FDWHJRULHV LQ WKH
WDJVHWV RI ERWK ODQJXDJHV�

��� 6WDWLVWLFDO DQDO\VHV

$OO ODQJXDJH�LQGHSHQGHQW IHDWXUHVZHUH H[WUDFWHG E\PHDQV RI FXVWRP�PDGH 3\WKRQ VFULSWV�
7KLV UHVXOWHG LQ D GDWD PDWUL[ LQ ZKLFK HYHU\ URZ FRQWDLQV WKH QXPHULFDO LQIRUPDWLRQ RI WKH ��
IHDWXUHV ZLWK UHVSHFW WR D JLYHQ WH[W� (YHU\ WH[W LV WKXV UHSUHVHQWHG DV D IHDWXUH YHFWRU FRQVL�
VWLQJ RI WKH VFRUHV RI �� OLQJXLVWLF IHDWXUHV� 0RUHRYHU� WKH RULJLQ RI WKH WH[W LV DOVR WDNHQ LQWR

��
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DFFRXQW ± RULJLQDO )UHQFK� PDFKLQH�WUDQVODWHG )UHQFK XVLQJ HLWKHU 'HHS/� *RRJOH7� H107 RU
H607 RU RULJLQDO (QJOLVK ± OHDGLQJ WR D ���GLPHQVLRQDO YHFWRU�

$IWHU KDYLQJ H[WUDFWHG WKLV TXDQWLWDWLYH LQIRUPDWLRQ IURP WKH FRUSRUD� ZH XVHG 3ULQFL�
SDO &RPSRQHQW $QDO\VLV �3&$� WR LQVSHFW WKH FRUUHODWLRQ VWUXFWXUH RI RXU GDWD PDWUL[ LQ D
ORZHU�GLPHQVLRQDO VWUXFWXUH �VHH WKH VHPLQDO ZRUN E\ %DD\HQ ������ IRU PRUH LQIRUPDWLRQ�
DQG -HQVHW DQG 0F*LOOLYUD\ ������ RU (YHUW DQG 1HXPDQQ ������ IRU H[DPSOHV RI XVH RI WKLV
PHWKRGRORJ\ WR XQFRYHU GLIIHUHQFHV EHWZHHQ RULJLQDO DQG WUDQVODWHG ODQJXDJH�� )RU HDVH RI
SUHVHQWDWLRQ� ZH ZLOO SUHVHQW RQO\ WZR�GLPHQVLRQDO SORWV LQ WKH UHPDLQGHU RI WKLV SDSHU� 7KH�
VH YLVXDOL]DWLRQV ZLOO UHYHDO ZKHWKHU RULJLQDO DQG PDFKLQH�WUDQVODWHG )UHQFK GLIIHU IURP HDFK
RWKHU� ZKLFK FRXOG KLQW DW PDFKLQH WUDQVODWLRQHVH� DQG LI VR� ZKHWKHU DOO 07 HQJLQHV SUHVHQW
WKH VDPH SLFWXUH� %\ DOVR LQFRUSRUDWLQJ WKH FRUSXV RI %ULWLVK (QJOLVK VRXUFH WH[WV� SRVVLEOH
VKLQLQJ�WKURXJK IURP WKH VRXUFH WH[WV PLJKW DOVR EHFRPH DSSDUHQW� 7KLV ILUVW H[SORUDWLYH DQD�
O\VLV LV VXEVHTXHQWO\ FRUURERUDWHG E\ DQ $129$ RI HDFK OLQJXLVWLF IHDWXUH� ZKHUH WKH GLIIH�
UHQFH EHWZHHQ RULJLQDO )UHQFK� PDFKLQH�WUDQVODWHG )UHQFK �ZLWK HDFK RI WKH IRXU 07 HQJLQHV�
DQG (QJOLVK LV VWDWLVWLFDOO\ WHVWHG� :H ZLOO RQO\ UHSRUW RQ WKH $129$V RI WKH IHDWXUHV�ZKLFK
\LHOG H[SOLFLW GLIIHUHQFHV�

�� 5HVXOWV DQG GLVFXVVLRQ
$V PHQWLRQHG LQ VHFWLRQ �� DOO WH[WV IURP HDFK VXEFRUSXV ZHUH ILUVW SUHSURFHVVHG� DIWHU

ZKLFK �� ODQJXDJH�LQGHSHQGHQW IHDWXUHV ZHUH H[WUDFWHG� 1H[W� 3&$ ZDV XVHG WR DQDO\]H WKH
GDWD� 7KH UHVXOWV RI WKLV 3&$ DUH SUHVHQWHG LQ )LJXUH ��

��� 3&$ UHVXOWV

%HIRUH LQWHUSUHWLQJ WKLV SORW� RQH VKRXOG QRWH WKDW WKH DEEUHYLDWLRQV SULQWHG LQ EODFN UH�
SUHVHQW WKH �� OLQJXLVWLF IHDWXUHV �VHH 7DEOH �� DQG WKDW HDFK FRORUHG LWHP UHSUHVHQWV D WH[W
FRPLQJ IURP RQH RI WKH GLIIHUHQW VXEFRUSRUD� 7KH QXPHULFDO YDOXHV RQ WKH [� DQG \�D[LV GR
QRW KDYH D VWUDLJKWIRUZDUG LQWHUSUHWDWLRQ� ZKDW LV PHDQLQJIXO� KRZHYHU� LV WKH UHODWLYH SRVLWLRQ
RI WKH GLIIHUHQW LWHPV YLV�j�YLV HDFK RWKHU DQG YLV�j�YLV WKH OLQJXLVWLF IHDWXUHV LQ WKH SORW� WKH
FORVHU WZR LWHPV DUH� WKH PRUH VLPLODU WKHLU OLQJXLVWLF FKDUDFWHULVWLFV �DQG YLFH YHUVD�� ZKHQ D
WH[W LV FORVH WR D JLYHQ OLQJXLVWLF IHDWXUH WKLV PHDQV WKDW WKH IHDWXUH LV FOHDUO\ SUHVHQW LQ WKLV
WH[W�

*LYHQ WKH QXPEHU RI WH[WV� VXEFRUSRUD� DQG IHDWXUHV� WKLV ELSORW LV UDWKHU GLIILFXOW WR UHDG�
+RZHYHU� ZKDW LPPHGLDWHO\ GUDZV WKH DWWHQWLRQ LV WKDW ZH FDQ GLVWLQJXLVK EHWZHHQ WKH (QJOLVK
VRXUFH WH[WV �\HOORZ� DW WKH WRS� WKH RULJLQDO )UHQFK WH[WV �UHG� LQ WKH PLGGOH DQG WKH PDFKLQH�
WUDQVODWHG )UHQFK WH[WV �DOO WKH RWKHU FRORUV� PRUH DW WKH ERWWRP� 7KLV PHDQV WKDW WKHUH H[LVW
VRPH FOHDU GLIIHUHQFHV EHWZHHQ WKH GLIIHUHQW FRUSRUD� DQG WKDW WKH OLQJXLVWLF FKDUDFWHULVWLFV RI
)UHQFK PDFKLQH�WUDQVODWHG WH[WV VKRZ VRPH GLIIHUHQFHV ZLWK ERWK RULJLQDO )UHQFK WH[WV DQG

��
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)LJXUH �� %LSORW RI WKH 3&$ IRU WKH RULJLQDO )UHQFK �UHG WULDQJOH�� WKH PDFKLQH�WUDQVODWHG
)UHQFK �JUHHQ SOXV VLJQ� 'HHS/� GDUNEOXH FURVV� H107� OLJKW EOXH GLDPRQG� H607� SLQN WUL�
DQJOH� *RRJ7� DQG WKH %ULWLVK�(QJOLVK VRXUFH WH[WV �\HOORZ FKHFN�PDUNHG VTXDUH�

(QJOLVK VRXUFH WH[WV�
,Q RUGHU WR EHWWHU IRFXV RQ WKH YDULDWLRQ EHWZHHQ WKH GLIIHUHQW YDULHWLHV RI )UHQFK �XQ�

WUDQVODWHG WH[WV DQG PDFKLQH�WUDQVODWHG WH[WV IRU WKH GLIIHUHQW 07 WRROV�� ZH SURYLGH )LJXUH ��
ZKLFK GHSLFWV WKH VDPH 3&$ DQDO\VLV EXW ZLWK WKH YLVXDOL]DWLRQ RI WKH (QJOLVK VRXUFH WH[WV OHIW
RXW�

/RRNLQJ DW WKH RULJLQDO YHUVXV PDFKLQH�WUDQVODWHG )UHQFK WH[WV� WKHUH LV TXLWH VRPH RYHU�
ODS� UHSUHVHQWHG E\ WKH ELJ FRORUHG EOREV LQ WKH PLGGOH� WKRXJK RYHUDOO ZH DOVR REVHUYH WKDW
FHUWDLQ IHDWXUHV VHHP WR SXOO GRZQ WKH PDFKLQH�WUDQVODWHG WH[WV WRZDUGV WKH ULJKW ERWWRP� LQGL�
FDWLQJ WKDW WKHUH GRHV H[LVW VXFK D WKLQJ DV PDFKLQH WUDQVODWLRQHVH� ,I ZH ORRN FORVHU DW ZKLFK
IHDWXUHV FDXVH WKLV ZH VHH WKDW LW LV PRVWO\ GXH WR WKH DYHUDJH VHQWHQFH OHQJWK �$6/� DQG QJUDP
IHDWXUHV �1�BZUG� 1�BZUG� 1�BSRV� 1�BSRV���

��� $129$ DQDO\VHV

7KLV LV ZKHUH $129$ DQDO\VHV FDQ VKHG PRUH LQVLJKWV� DV WKHVH WHVW IRU HDFK IHDWXUH
LQGLYLGXDOO\ ZKHWKHU WKHUH LV D VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH GLIIHUHQW VHWWLQJV��

��
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)LJXUH �� 6DPH ELSORW DV )LJXUH � EXW ZLWKRXW YLVXDOL]LQJ WKH %ULWLVK�(QJOLVK VRXUFH WH[WV�

����� $YHUDJH VHQWHQFH OHQJWK
)LJXUH � SUHVHQWV WKH $129$ DQDO\VLV IRU DYHUDJH VHQWHQFH OHQJWK� ,Q WKLV DQG DOO VXEVH�

TXHQW $129$ JUDSKV� LQWHUYDO SORWV DUH VKRZQ IRU HYHU\ IHDWXUH YHUVXV DOO VHWWLQJV� ZLWK GRWV
UHSUHVHQWLQJ WKH PHDQ DQG SLQN OLQHV WKH FRQILGHQFH LQWHUYDOV� ,I WKH LQWHUYDOV LQ GLIIHUHQW VHW�
WLQJV DUH IDU DZD\ IURP HDFK RWKHU WKLV LQGLFDWHV D VXEVWDQWLDO GLIIHUHQFH EHWZHHQ WKH VHWWLQJV
DQG LI WKHUH LV QR RYHUODS DW DOO� WKLV GLIIHUHQFH LV VWDWLVWLFDOO\ VLJQLILFDQW�

:KDW WKLV $129$ UHYHDOV LV WKDW 07 FUHDWHV ORQJHU VHQWHQFHV LQ FRPSDULVRQ ZLWK ZKDW
LV H[SHFWHG LQ )UHQFK �25,B)5$�� :H REVHUYH D VHQWHQFH OHQJWK LQFUHDVH RI 18.2� �'HHS/��
20.6� �H107�� 19.1� �H607� DQG 15.2� �*RRJOH7�� 7KLV LV VLPLODU WR KXPDQ (QJOLVK WR
)UHQFK WUDQVODWLRQ� ZKHUH D VHQWHQFH OHQJWK LQFUHDVH RI DURXQG 20 − 25� LV FRQVLGHUHG WR EH
QRUPDO>�@�

����� QJUDP IHDWXUHV
7KH $129$V RI WKH GLIIHUHQW QJUDP IHDWXUHV DUH GHSLFWHG LQ )LJXUHV � D�E�F�G� 7KHVH

IHDWXUHV DUH EDVHG RQ WKH WRS���� PRVW IUHTXHQW FRPELQDWLRQV RI � RU � ZRUGV �OHPPDV� RU
SDUW�RI�VSHHFK FDWHJRULHV LQ ERWK ODQJXDJHV� 7DEOH � SUHVHQWV WKH WRS ILYH FRPELQDWLRQV RI
HDFK QJUDP IHDWXUH LQ WKH HQWLUH )UHQFK FRUSXV�

5HJDUGLQJ WKH ZRUG QJUDPV ERWK WULJUDPV DQG IRXUJUDPV LQGLFDWH D SURQRXQFHG GLIIH�

��
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)LJXUH �� $129$ DYHUDJH VHQWHQFH OHQJWK �$6/�

7DEOH �� 7RS ILYH FRPELQDWLRQV RI WKH )UHQFK QJUDP IHDWXUHV XVHG IRU WKLV VWXG\� FRPELQDWLRQV
RI � �1�BZUG� RU � �1�BZUG� OHPPDWL]HG ZRUG IRUPV DQG RI � �1�BSRV� RU � �1�BSRV� SDUW�
RI�VSHHFK FRPELQDWLRQV�

1�BZUG 1�BSRV 1�BZUG 1�BSRV
QH rWUH SDV 353 '(7 120 LO VH DJLU GH 120 353 '(7 120
LO \ DYRLU '(7 120 353 ,O QH \ DYRLU 353 '(7 120 353
QH DYRLU SDV 120 353 120 FH QH rWUH SDV '(7 120 353 120
OH XQ GX 120 353 '(7 VH DJLU GH XQ '(7 120 353 '(7
FH rWUH XQ 9(5 '(7 120 DYRLU GpFODUHU TXH OH 9(5 353 '(7 120

UHQFH EHWZHHQ RULJLQDO DQG PDFKLQH�WUDQVODWHG )UHQFK� $OO WUDQVODWLRQ HQJLQHV UHO\ PRUH RQ
FRPPRQ ZRUGV FRPELQDWLRQV DQG VWDQGDUG SKUDVH VWUXFWXUHV��/HW XV KDYH D FORVHU ORRN DW WKH
WRS WKUHH PRVW DQG OHDVW IUHTXHQW ZRUG QJUDPV LQ RULJLQDO )UHQFK� FRPSDUHG WR WKHLU SRVLWLRQ
LQ WKH PDFKLQH�WUDQVODWHG WH[WV� DV SUHVHQWHG LQ 7DEOH �� 7KH QXPEHUV UHSUHVHQW WKH LQGH[ RI
WKLV QJUDP LQ WKH OLVW RI DOO ��� QJUDPV IRU HDFK VHWWLQJ� 7KH FORVHU WKH FRORXU LV WR UHG� WKH OHVV
IUHTXHQW� WKH FORVHU WKH FRORXU LV WR EOXH� WKH PRUH IUHTXHQW>�@� )URP WKLV WDEOH LW FDQ FOHDUO\ EH
GHGXFHG WKDW UHJDUGLQJ WKH WRS WKUHH PRVW IUHTXHQW QJUDPV WKH 07 HQJLQHV DUH PRUH RU OHVV
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)LJXUH �� D�E�F�G� $129$ DQDO\VHV RI WKH QJUDP IHDWXUHV� EDVHG RQ FRPELQDWLRQV RI � RU �
ZRUGV �1�BZUG� 1�BZUG� RU SDUW�RI�VSHHFK WDJV �1�BSRV� 1�BSRV��

LQ OLQH ZLWK RULJLQDO )UHQFK� HVSHFLDOO\ WKH WULJUDPV� +RZHYHU� ZKHQ FRQVLGHULQJ WKH WRS WKUHH
OHDVW IUHTXHQW QJUDPV� ZH REVHUYH WKDW WKH 07 HQJLQHV XVH WKHVH QJUDPV PXFK PRUH IUHTXHQW�
O\ WKDQ LQ RULJLQDO )UHQFK� $JDLQ WKLV ILQGLQJ LV PRUH SURQRXQFHG IRU WKH WULJUDPV WKDQ IRU WKH
IRXUJUDPV�

7KHUH DUH DOVR TXLWH VRPH LQGLYLGXDO GLIIHUHQFHV DPRQJ WKH HQJLQHV� IRU WKH WULJUDPV HVSH�
FLDOO\ H107 XVHV PRUH IUHTXHQW FRPELQDWLRQV DQG IRU WKH IRXUJUDP IHDWXUHV DOO 07 HQJLQHV
GLIIHU VLJQLILFDQWO\ IURP HDFK RWKHU� ZLWK WKH H7UDQVODWLRQ V\VWHPV VWDQGLQJ RXW PRVW FOHDUO\
IURP WKH RWKHUV� ,QVSHFWLQJ WKH 326 QJUDPV� WKHUH LV QR SURQRXQFHG GLIIHUHQFH DPRQJ WKH GLI�
IHUHQW 07 HQJLQHV IRU ERWK WKH WULJUDPV DQG IRXUJUDPV� +RZHYHU� PDFKLQH�WUDQVODWHG )UHQFK
DOVR KHUH FOHDUO\ UHOLHV PRUH RQ WKH VDPH FRPELQDWLRQV RI 326�WDJV WKDQ RULJLQDO )UHQFK� :H
FRXOG VD\ WKDW WKH PDFKLQH WUDQVODWLRQ HQJLQHV WHQG WR ³SOD\ VDIH´� 7KLV LV LQ OLQH ZLWK WKH QRU�
PDOL]DWLRQ WUDQVODWLRQ XQLYHUVDO� DOUHDG\ IRXQG LQ KXPDQ WUDQVODWLRQV DQG GHILQHG E\ %DNHU

��



'H &OHUFT et al. 

7DEOH �� 7RS WKUHH FRPELQDWLRQV RI WKH PRVW DQG OHDVW IUHTXHQW OHPPDWL]HG ZRUG IRUP QJUDPV
LQ WKH RULJLQDO YHUVXV WKH PDFKLQH�WUDQVODWHG )UHQFK� 7KH FRORU UDQJH UHSUHVHQWV WKH IUHTXHQF\�
WKH FORVHU WR UHG� WKH OHVV IUHTXHQW DQ QJUDP LV� WKH FORVHU WR EOXH� WKH PRUH IUHTXHQW�

25,B)5$ 'HHS/ H107 H607 *RRJ7
7ULJUDPV
QH rWUH SDV � � � � �
LO \ DYRLU � � � � �
QH DYRLU SDV � � � � �
GpFODUHU TXH LO ��� �� �� �� ��
GpFODUHU TXH OH �� �� �� �� �
DYRLU GpFODUHU TXH �� � � �� �
)RXUJUDPV
LO QH \ DYRLU � � � � �
FH QH rWUH SDV � � �� �� �
LO VH DJLU GH � � � � �
DYRLU GpFODUHU TXH LO �� �� �� �� �
GX SD\V GH *DOOHV �� �� �� �� ��
DYRLU GpFODUHU TXH OH �� � � �� �

������ DV WKH H[DJJHUDWLRQ RI IHDWXUHV LQ WKH WDUJHW ODQJXDJH DQG FRQIRUPLW\ WR LWV W\SLFDO
SDWWHUQV� *LYHQ WKDW WKH 07 HQJLQHV DUH EHLQJ WUDLQHG RQ ODUJH DPRXQWV RI SDUDOOHO KXPDQ�
WUDQVODWHG GDWD� WKHQ PD\EH WKLV LV ZK\ D QRUPDOL]DWLRQ HIIHFW FDQ DOVR EH IRXQG LQ 07 WH[WV�
0RUHRYHU� 07 HQJLQHV UHO\LQJ PRUH RQ WKH VDPH ZRUG FRPELQDWLRQV DOVR FRUURERUDWHV WKH
ZRUN E\ 9DQ 0DVVHQKRYH HW DO� ������ ZKLFK IRXQG WKDW WKH LQKHUHQW QDWXUH RI GDWD�GULYHQ
07 V\VWHPV WR JHQHUDOL]H RYHU WKH WUDLQLQJ GDWD KDV D TXDQWLWDWLYHO\ GLVWLQJXLVKDEOH QHJDWLYH
LPSDFW RQ ZRUG FKRLFH� OHDGLQJ WR OHVV OH[LFDO GLYHUVLW\ DQG ELDV� 7KLV LV UHIHUUHG WR DV ³DOJR�
ULWKPLF ELDV´� FKDUDFWHUL]HG E\ DQ ³H[DFHUEDWLRQ RI GRPLQDQW IRUPV´ �9DQ 0DVVHQKRYH HW DO�
����� �����

����� /H[LFDO GLYHUVLW\
*LYHQ WKH ILQGLQJV LQ WKH SUHYLRXV VXEVHFWLRQ ZH ZRXOG H[SHFW WKDW ZKHQ ORRNLQJ DW PHD�

VXUHV RI OH[LFDO GLYHUVLW\ WKH 07 HQJLQHV UHYHDO D VLPLODU WHQGHQF\� QDPHO\ RI EHLQJ OH[LFDOO\
OHVV GLYHUVH� 7KH $129$ SORWV SUHVHQWHG LQ )LJXUH � LQGHHG FRQILUP WKLV K\SRWKHVLV�

:KHUHDV WKH LQWHUYDO SORWV RI WKH RULJLQDO )UHQFK DQG VRXUFH (QJOLVK WH[WV DUH VLPLODU WR
HDFK RWKHU� WKH\ DUH PRUH HOHYDWHG WKDQ WKH W\SH�WRNHQ UDWLRV SUHVHQW LQ WKH PDFKLQH�WUDQVODWHG
WH[WV� VXJJHVWLQJ WKDW PDFKLQH WUDQVODWLRQV DUH OH[LFDOO\ OHVV GLYHUVH� 7KLV FRUURERUDWHV SUH�
YLRXV VLPLODU ILQGLQJV E\� IRU H[DPSOH� 7RUDO ������ RU 9DQPDVVHQKRYH HW DO� ������� ZKLFK
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)LJXUH �� $129$ DQDO\VLV UHSUHVHQWLQJ WKH 7\SH�WRNHQ UDWLR �775�

UHYHDOHG WKDW 07 RXWSXW KDV ORZHU OH[LFDO GLYHUVLW\ WKDQ KXPDQ WUDQVODWLRQ DQG WKDW ERWK KDYH
D ORZHU OH[LFDO GLYHUVLW\ WKDQ KXPDQ�ZULWWHQ� QDWXUDOO\ FRPSRVHG WH[W LQ WKH VDPH ODQJXDJH�

,Q WKLV UHVSHFW� LW LV DOVR LQWHUHVWLQJ WR FRQVLGHU WKH OHJRPHQD IHDWXUHV� ZKLFK DUH SUHVHQWHG
LQ WKH $129$V LQ )LJXUHV � D�E�F�

2YHUDOO� RULJLQDO )UHQFK H[KLELWVPRUH KDSD[� GLV DQG WULV OHJRPHQD WKDQPDFKLQH�WUDQVODWHG
)UHQFK� ZKLFK DOVR KLQWV DW D GLIIHUHQFH LQ OH[LFDO GLYHUVLW\� 7KH (QJOLVK VRXUFH WH[WV HYHQ FRP�
SULVH D PXFK KLJKHU QXPEHU RI DOO WKUHH W\SHV RI OHJRPHQD WKDQ RULJLQDO )UHQFK DQG RQH FRXOG
WKXV H[SHFW VRPH LQIOXHQFH RI WKLV LQ WKH 07 WH[WV� +RZHYHU� WKLV LV QRW WKH FDVH� ZKLFK IXU�
WKHU XQGHUOLQHV 07¶V LQFDSDELOLW\ WR SURGXFH OH[LFDOO\ GLYHUVH WUDQVODWLRQV LQGHSHQGHQWO\ RI
WKH OH[LFDO GLYHUVLW\ LQ WKH VRXUFH WH[WV�

:KHQ FRPSDULQJ WKH IRXU GLIIHUHQW 07 HQJLQHV ZH REVHUYH PRUH RU OHVV WKH VDPH WHQ�
GHQFLHV IRU GLV DQG WULV OHJRPHQD� KRZHYHU� WKH KDSD[ OHJRPHQD H[KLELW PRUH SURQRXQFHG GLI�
IHUHQFHV� HVSHFLDOO\ EHWZHHQ WKH H7UDQVODWLRQ V\VWHPV RQ WKH RQH KDQG DQG 'HHS/ DQG *RRJ�
OH7UDQVODWH RQ WKH RWKHU KDQG� 7KH H7UDQVODWLRQ V\VWHPV SURGXFH PDQ\ PRUH KDSD[ OHJRPHQD�
PRUH VSHFLILFDOO\� HDFK WH[W WUDQVODWHG ZLWK WKH (XURSHDQ &RPPLVVLRQ¶V WUDQVODWLRQ HQJLQHV
KDV RQ DYHUDJH ���� �107� DQG ���� �607� KDSD[ OHJRPHQD SHU WH[W YHUVXV ���� DQG ����
IRU 'HHS/ DQG *RRJOH7UDQVODWH� UHVSHFWLYHO\� %\ FRPSDULVRQ� WKH DYHUDJH QXPEHU RI KDSD[

��



'H &OHUFT et al. 

)LJXUH �� D�E�F� $129$ DQDO\VHV RI WKH OHJRPHQD IHDWXUHV UHSUHVHQWLQJ +DSD[� 'LV DQG 7ULV
OHJRPHQD

OHJRPHQD LQ RULJLQDO )UHQFK WH[WV DPRXQWV WR ������ 7KLV FRXOG LPSO\ WKDW WKH RXWSXW RI WKH
H7UDQVODWLRQ V\VWHPV DUH FORVHU WR RULJLQDO )UHQFK ZKHQ LW FRPHV WR KDSD[ OHJRPHQD��

7R JHW PRUH LQVLJKW LQWR WKLV� ZH LQVSHFWHG WKH DYHUDJH QXPEHU RI KDSD[ OHJRPHQD ZLWKLQ
HDFK QHZV GRPDLQ �7DEOH ��� $V H[SHFWHG� ZH REVHUYH RYHUDOO KLJKHU QXPEHUV IRU WKH H7UDQVOD�
WLRQ HQJLQHV� DQG HVSHFLDOO\ WKH 607 HQJLQH� IRU ZKLFK QXPEHUV DUH FORVHVW WR RULJLQDO )UHQFK�
+RZHYHU� ZKDW DOVR GUDZV WKH DWWHQWLRQ DUH WKH KLJKHU QXPEHUV ± LQGLFDWHG LQ EROG ± LQ WZR
GLIIHUHQW QHZV GRPDLQV� QDPHO\ &XOWXUH DQG 7UDYHO� LQ DOO )UHQFK FRUSRUD� 7KLV SUREDEO\ KLQWV
DW PRUH FUHDWLYH DQG XQLTXH ODQJXDJH XVH LQ WKHVH WZR GRPDLQV�

,Q RUGHU WR JHW PRUH LQVLJKWV LQWR ZKLFK KDSD[ OHJRPHQD DUH SURGXFHG E\ WKH GLIIHUHQW
07 HQJLQHV LQ VXFK GRPDLQV� ZH PDQXDOO\ LQVSHFWHG WZR WH[WV� RQH RI WKH &XOWXUH DQG RQH
RI WKH 7UDYHO GRPDLQV� ZLWK DQ HOHYDWHG QXPEHU RI KDSD[ OHJRPHQD >��@� 7DEOH � SUHVHQWV WKH
UHVXOWV RI WKLV DQDO\VLV� HDFK FHOO FRQWDLQLQJ D SHUFHQWDJH RI KDSD[ OHJRPHQD FRUUHVSRQGLQJ WR
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7DEOH �� $YHUDJH QXPEHU RI KDSD[ OHJRPHQD SHU WH[W LQ HYHU\ QHZV GRPDLQ LQ WKH RULJLQDO
)UHQFK WH[WV �25,B)5$� FRPSDUHG WR WKH PDFKLQH�WUDQVODWHG WH[W ZLWK WKH IRXU GLIIHUHQW 07
HQJLQHV

1HZV GRPDLQV 25,B)5$ 'HHS/ H107 H607 *RRJ7
%XVLQHVV ����� ���� ��� ���� ����
&ULPH ���� ���� ���� ���� ����
&XOWXUH ����� ���� ����� ����� ����
(QYLURQPHQW ����� ���� ���� ���� ����
+HDOWK ���� ���� ���� ���� ����
,QWHUQDWLRQDO 1HZV ��� ���� ���� ���� ����
3ROLWLFV ���� ���� ���� ��� ����
6FLHQFH 	 7HFKQRORJLHV ����� ���� ���� ���� ����
6SRUW ����� ���� ���� ���� ����
7UDYHO ����� ���� ���� ����� ����

RQH RI WKH IROORZLQJ FDWHJRULHV�
� ([LVWLQJ� UHIHUV WR )UHQFK H[LVWLQJ ZRUGV� L�H� OLVWHG LQ D GLFWLRQDU\� ([DPSOHV DUH GLD�

EROLVp� DUFKpW\SDO RU PLFURILVVXUp�
�8QGHUVWDQGDEOH� UHIHUV WR ZRUGV ZKLFK DUH QRW ³RIILFLDO´� EXW ZKLFK DUH HDV\ WR SURFHVV

RU XQGHUVWDQG� ([DPSOHV DUH ]RPELILp� FDYDODJH RU YDPSLULTXHPHQW�
� (QJOLVK� UHIHUV WR ZRUGV WKDW ZHUH QRW WUDQVODWHG EXW PHUHO\ FRSLHG IURP (QJOLVK� ([�

DPSOHV DUH DYLG� ]RPELILHG RU WRUFK�OLW�
�0DGH�XS� UHIHUV WR PDGH�XS ZRUGV ZKLFK DUH KDUG WR XQGHUVWDQG RU ZRUGV ZKLFK ZHUH

VOLJKWO\ DGDSWHG IURP (QJOLVK WR )UHQFK VWDQGDUGV� ([DPSOHV DUH YRUWLU� WRQQDPPHQW� ELHQ�
ERXIIHXU RU WRUFK�pFODLUp�

7DEOH �� 3HUFHQWDJH RI KDSD[ OHJRPHQD EHORQJLQJ WR RQH RI WKH IRXU FDWHJRULHV� FDOFXODWHG
VHSDUDWHO\ IRU HYHU\ 07 HQJLQH

'HHS/ H107 H607 *RRJOH7
&XOWXUH 7UDYHO &XOWXUH 7UDYHO &XOWXUH 7UDYHO &XOWXUH 7UDYHO

([LVWLQJ ���� ���� �� ���� ���� ���� ���� ����
8QGHUVWDQGDEOH ���� ��� ��� ��� ��� ��� ���� ����
(QJOLVK ��� ���� ���� ��� ���� ���� ��� ����
0DGH�XS ���� ���� ���� ���� ��� ���� ��� ����

7KH KLJKHVW SHUFHQWDJHV SHU FDWHJRU\ DUH LQGLFDWHG LQ EROG� DQG ZH FOHDUO\ REVHUYH WKDW
ERWK 'HHS/ DQG *RRJOH7 PRVWO\ SURGXFH XQLTXH ZRUGV �KDSD[ OHJRPHQD� ZKLFK H[LVW LQ
)UHQFK� 7KH VDPH FDQQRW EH VDLG IRU WKH H7UDQVODWLRQ HQJLQHV� WKH H107 HQJLQH SURGXFHV PD�
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Q\ PDGH�XS ZRUGV ZKHUHDV WKH H607 HQJLQH OHDYHV PDQ\ (QJOLVK ZRUGV XQWUDQVODWHG� 7KLV
DQDO\VLV FRQWUDGLFWV ZKDW WKH QXPEHUV RI 7DEOH � VXJJHVWHG� H7UDQVODWLRQ WRROV DQG HVSHFLDOO\
WKH H607 HQJLQH DUH QRW FORVHU WR RULJLQDO )UHQFK ZKHQ LW FRPHV WR KDSD[ OHJRPHQD�

(VSHFLDOO\ WKH PDGH�XS ZRUGV DUH D SUREOHP WR EH PLWLJDWHG� DV UHVHDUFK RQ UHDGLQJ FRP�
SUHKHQVLRQ RI 107 QRQVHQVH ZRUGV KDV IRXQG WKDW WKLV GHWHULRUDWHV FRPSUHKHQVLRQ DQG DOVR
OHDGV WR OHVV FRQILGHQFH DPRQJ UHDGHUV� RQ WKH FRQWUDU\� FRPSUHKHQVLRQ TXHVWLRQV RQ ZRUGV
WKDW DUH OHIW XQWUDQVODWHG DUH RIWHQ DQVZHUHG PRUH FRUUHFWO\ �0DFNHQ HW DO� ������ ,I ZH FRQVL�
GHU 7DEOH �� HVSHFLDOO\ WKH H107 HQJLQH SURGXFHG PDQ\ QRQVHQVH ZRUGV�

����� 9HUE� FRPPRQ QRXQ� DQG SURSHU QDPH IUHTXHQF\
:H FRQFOXGH RXU GLVFXVVLRQ RI WKH UHVXOWV E\ SUHVHQWLQJ RQH $129$ ZKHUH WKH )UHQFK

PDFKLQH�WUDQVODWHG WH[WV VHHP WR H[KLELW LQWHUIHUHQFH IURP WKH (QJOLVK VRXUFH WH[WV� )LJXUH �
SUHVHQWV WKH $129$ RI WKH IUHTXHQF\ RI WKH SDUW�RI�VSHHFK FDWHJRU\ YHUEV� +HUH� ZH REVHUYH
D FOHDU GLIIHUHQFH EHWZHHQ RULJLQDO )UHQFK DQG HDFK RI WKH PDFKLQH�WUDQVODWHG )UHQFK FRUSRUD�
ZKLFK� LQ WXUQ� DUH FORVHU WR WKH VRXUFH (QJOLVK FRUSXV��

)LJXUH �� $129$ DQDO\VLV RI WKH IUHTXHQF\ RI YHUEV �9(5�

)UHQFK� ZKLFK LV ZHOO�NQRZQ WR UHO\ KHDYLO\ RQ QRPLQDOL]DWLRQV� XVHV IHZHU YHUEV WKDQ
(QJOLVK �FRPSDUH GDQV PRQ HQIDQFH� ��� DQG ZKHQ , ZDV D FKLOG� «�� 5HPDUNDEO\� WKH FRUSRUD
RI PDFKLQH�WUDQVODWHG )UHQFK WH[WV DOO GLVSOD\ D KLJKHU IUHTXHQF\ RI YHUEV WKDQ WKH FRUSXV
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RI RULJLQDO )UHQFK DQG DERXW WKH VDPH IUHTXHQF\ DV WKH FRUSXV RI VRXUFH (QJOLVK WH[WV� 7KLV
KLQWV DW D VKLQLQJ�WKURXJK HIIHFW� $Q LQFUHDVH RI YHUEV¶ IUHTXHQF\ E\ VRPH 30� WR RYHU 40�
FRPSDUHG WR RULJLQDO )UHQFK FRQVWLWXWHV D QRQ�QHJOLJLEOH µRYHUXVH¶�

*LYHQ WKH UHVXOWV SUHVHQWHG LQ )LJXUH �� RQH ZRXOG H[SHFW D ORZHU XVH RI FRPPRQ QRXQV
LQ 07 )UHQFK� +RZHYHU� DV LV VKRZQ E\ )LJXUHV �D�E� WKLV LV QRW WKH FDVH� FRPPRQ QRXQV
�120� DUH DFWXDOO\ �PXFK� PRUH IUHTXHQW LQ 07 )UHQFK WKDQ LQ ERWK WKH (QJOLVK VRXUFH WH[WV
DQG RULJLQDO� XQWUDQVODWHG )UHQFK� 6XFK DQ RYHUXVH RI FRPPRQ QRXQV UHTXLUHV IXUWKHU LQYHVWL�
JDWLRQ� 7KH IUHTXHQF\ RI SURSHU QDPHV �1$0�� KRZHYHU� VKRZV D KLJKO\ VLJQLILFDQW GHFUHDVH
EHWZHHQ WKH (QJOLVK VRXUFH WH[WV DQG )UHQFK 07 WH[WV� 3UREDEO\ WKLV LV SDUW RI WKH H[SODQDWL�
RQ� SURSHU QDPHV DUH VRPHKRZ µWXUQHG LQWR¶ FRPPRQ QRXQV LQ 07� 0RUH UHVHDUFK LV FOHDUO\
QHHGHG WR LQYHVWLJDWH WKLV LVVXH�

)LJXUH �� D�E� $129$ DQDO\VHV RI WKH IUHTXHQF\ RI FRPPRQ �120� DQG SURSHU �1$0� QRXQV
�120�

�� &RQFOXVLRQ
,Q WKLV DUWLFOH� ZH LQYHVWLJDWHG WKH H[LVWHQFH RIPDFKLQH WUDQVODWLRQHVH LQ (QJOLVK WR )UHQFK

PDFKLQH WUDQVODWLRQV� 8VLQJ WKH PHWKRGRORJ\ DQG VWDWLVWLFDO WHFKQLTXHV IURP FRUSXV�EDVHG
WUDQVODWLRQ VWXGLHV� D FRUSXV RI %ULWLVK (QJOLVK SUHVV WH[WV ZDV WUDQVODWHG LQWR )UHQFK� XVLQJ IRXU
GLIIHUHQW PDFKLQH WUDQVODWLRQ V\VWHPV� DQG FRPSDUHG WR )UHQFK RULJLQDO� XQWUDQVODWHG WH[WV� $I�
WHU DXWRPDWLFDOO\ SUHSURFHVVLQJ DOO WH[WV� �� ODQJXDJH�LQGHSHQGHQW IHDWXUHV ZHUH H[WUDFWHG DQG
VXEVHTXHQWO\ WKH HQWLUH GDWD PDWUL[ ZDV DQDO\]HG ZLWK 3ULQFLSDO &RPSRQHQW $QDO\VLV�

7KLV DQDO\VLV UHYHDOHG D GLVWLQFWLRQ EHWZHHQ RULJLQDO DQG PDFKLQH�WUDQVODWHG )UHQFK�
PDLQO\ GXH WR ILYH ODQJXDJH�LQGHSHQGHQW IHDWXUHV� DYHUDJH VHQWHQFH OHQJWK DQG IRXU IHDWXUHV
SHUWDLQLQJ WR IRUPXODLFLW\ DV H[SUHVVHG E\ FRPELQDWLRQV RI WKUHH RU IRXU ZRUGV RU SDUW�RI�
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VSHHFK FRPELQDWLRQV �QJUDP IHDWXUHV�� 7KLV ZDV IXUWKHU H[SORUHG E\ DQDO\VLQJ $129$ WHVWV
WKDW ZHUH FDUULHG RXW IRU DOO IHDWXUHV LQ WKH GLIIHUHQW VHWWLQJV�

5HJDUGLQJ VHQWHQFH OHQJWK� ZH REVHUYH D VLPLODU WHQGHQF\ DV ZLWK KXPDQ WUDQVODWLRQ IURP
(QJOLVK WR )UHQFK� QDPHO\ DQ LQFUHDVH RI DURXQG 20 − 25�� :KHQ FRQVLGHULQJ WKH WRS����
FRPELQDWLRQV RI WKUHH RU IRXU ZRUGV RU SDUW�RI�VSHHFK WDJV� VLJQLILFDQW GLIIHUHQFHV DUH IRXQG
EHWZHHQ RULJLQDO DQG PDFKLQH�WUDQVODWHG )UHQFK� 6LPLODU WR ZKDW ZDV IRXQG LQ SUHYLRXV VWX�
GLHV� WKH PDFKLQH�WUDQVODWHG WH[WV WKXV WHQG WR UHO\ PXFK PRUH RQ WKH VDPH ZRUG FRPELQDWLRQV�
D SKHQRPHQRQ UHIHUUHG WR DV WKH ³DOJRULWKPLF ELDV´ �9DQ 0DVVHQKRYH HW DO� ������ 0RUHRYHU�
EHFDXVH 07 V\VWHPV DUH WUDLQHG RQ KXJH DPRXQWV RI KXPDQ�WUDQVODWHG SDUDOOHO GDWD WKLV LV DOVR
LQ OLQH ZLWK WKH QRUPDOL]DWLRQ WUDQVODWLRQ XQLYHUVDO �%DNHU ������

7KH $129$ DQDO\VHV DOVR XQFRYHUHG PDFKLQH WUDQVODWLRQHVH IRU PHDVXUHV RI OH[LFDO GL�
YHUVLW\� 7KH W\SH�WRNHQ UDWLRV RI WKH RULJLQDO )UHQFK DUH PRUH HOHYDWHG WKDQ WKH RQHV SUHVHQW
LQ WKH PDFKLQH�WUDQVODWHG WH[WV� FRUURERUDWLQJ SUHYLRXV UHVHDUFK ZKLFK IRXQG WKDW PDFKLQH
WUDQVODWLRQV DUH OHVV OH[LFDOO\ GLYHUVH �7RUDO ���� DQG 9DQPDVVHQKRYH HW DO� ������ 2YHUDOO�
RULJLQDO )UHQFK H[KLELWV PRUH KDSD[� GLV DQG WULV OHJRPHQD WKDQ PDFKLQH�WUDQVODWHG )UHQFK�
ZKLFK DOVR KLQWV DW D GLIIHUHQFH LQ OH[LFDO GLYHUVLW\� (VSHFLDOO\ WKH KDSD[ OHJRPHQD $129$
\LHOGV GLIIHUHQFHV DPRQJ WKH GLIIHUHQW 07 HQJLQHV� VXJJHVWLQJ WKDW WKH 607 HQJLQH LV FORVHVW
WR RULJLQDO )UHQFK� +RZHYHU� XSRQ FORVHU LQVSHFWLRQ ZH GLVFRYHUHG WKDW WKLV HQJLQH MXVW OHDYHV
PDQ\ ZRUGV XQWUDQVODWHG� 7KH VDPH DQDO\VLV UHYHDOHG WKDW DOO 07 HQJLQHV DOVR SURGXFH QRQ�
VHQVH ZRUGV� HVSHFLDOO\ WKH H107 HQJLQH� ZKLFK LV VRPHWKLQJ WR EH DYRLGHG DV WKLV FDQ KDPSHU
UHDGLQJ FRPSUHKHQVLRQ �0DFNHQ HW DO� �������:KHQ FRQVLGHULQJ DOO WKHVH IHDWXUHV� WKH H107
V\VWHP FRPHV RXW DV WKH RQH H[KLELWLQJ PRVW PDFKLQH WUDQVODWLRQHVH DQG *RRJOH 7UDQVODWH DV
WKH RQH H[KLELWLQJ WKH OHDVW��

7KLV VWXG\ KDV VRPH OLPLWDWLRQV LQ WKDW LW RQO\ IRFXVHG RQ RULJLQDO YHUVXVPDFKLQH�WUDQVODWHG
)UHQFK LQ RQH JHQUH� QDPHO\ SUHVV WH[WV� DQG LQ WKDW DOO IHDWXUHV ZHUH FDOFXODWHG ZLWK WKH KHOS
RI DXWRPDWLF SUHSURFHVVLQJ� ZKLFK LV QRW QHFHVVDULO\ 100� DFFXUDWH� 1HYHUWKHOHVV� ZLWKLQ D
SULQFLSOHG DSSURDFK WR 07 WRROV� E\ ERWK SURIHVVLRQDOV DQG WUDQVODWLRQ VWXGHQWV ZKR QHHG WR
DFTXLUH 07 OLWHUDF\ LQ RUGHU WR ZRUN ZLWK WKH PDFKLQH� VXFK UHVXOWV DUH LQWHUHVWLQJ DV WKH\
SURYLGH LQIRUPDWLRQ RQ ZKDW VKRXOG EH IRFXVHG RQ GXULQJ WKH SRVW�HGLWLQJ SURFHVV� ,Q WKH FDVH
RI IXOO 3(� ZKHUH KLJK TXDOLW\ LV H[SHFWHG� LQ WKH OLJKW RI RXU UHVXOWV� (1�)507 RXWSXW VKRXOG
EH FKHFNHG IRU WKH ILYH OLQJXLVWLF IHDWXUHV VKRZLQJ VLJQLILFDQW GLIIHUHQFHV EHWZHHQ PDFKLQH�
WUDQVODWHG )UHQFK DQG RULJLQDO )UHQFK� ,Q FRPELQDWLRQ ZLWK WKH ODQJXDJH�VSHFLILF IHDWXUHV LQ�
YHVWLJDWHG LQ /RRFN ������ ������ WKHVH LQGHSHQGHQW IHDWXUHV FDQ SURYLGH D FKHFN�OLVW IRU SRVW�
HGLWRUV �H�J� UHGXFH OHQJWK RI VHQWHQFHV�� LQ RUGHU WR WU\ DQG UHDFK OLQJXLVWLF KRPRJHQL]DWLRQ
ZLWK WKH RULJLQDO ODQJXDJH� WKH KRO\ JUDLO RI DQ\ WUDQVODWRU WU\LQJ WR PHHW WKH LQYLVLELOLW\ GH�
PDQGV RI WKH KLJK�TXDOLW\ HQG RI WKH PDUNHW�

��
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1RWHV
>�@ +XPDQ HYDOXDWLRQ DOVR KDV LWV PHWKRGRORJLFDO VKRUWFRPLQJV� VHH /lXEOL HW DO� ������ IRU

DQ LQWHUHVWLQJ GLVFXVVLRQ RI ZKLFK DVSHFWV VKRXOG PDNH XS D KXPDQ HYDOXDWLRQ RI 07
RXWSXW�

>�@ 1RWH WKDW QRW DOO &%76 FDVH VWXGLHV FRQVLGHU WKH GLIIHUHQFHV EHWZHHQ RULJLQDO DQG �KXPDQ�
WUDQVODWHG ODQJXDJH WR OHDG WR WUDQVODWLRQHVH� D QHJDWLYH WHUP VXJJHVWLQJ WKDW WUDQVODWLRQV
VKRXOG EH LPSURYHG� 4XLWH D QXPEHU RI VWXGLHV DFWXDOO\ LQWHUSUHW WKH GLIIHUHQFHV DV EHLQJ
WKH UHVXOW RI WKH QDWXUDO LQIOXHQFH RI WUDQVODWLRQ XQLYHUVDOV �VLPSOLILFDWLRQ� QRUPDOL]DWLRQ�
H[SOLFLWDWLRQ� OHYHOOLQJ RXW�� RULJLQDOO\ GHILQHG LQ %DNHU ������ EXW ZLGHO\ FULWLFL]HG VLQFH�
OHDGLQJ UDWKHU WR D ³WKLUG FRGH´ IRU WUDQVODWHG WH[WV� D WHUP WKDW GRHV QRW LPSO\ DQ\ YDOXH
MXGJPHQW �*HOOHUVWDP ����� �����

>�@ KWWSV���ZZZ�GHHSO�FRP�WUDQVODWRU
>�@ ZZZ�OLQJXHH�FRP
>�@ KWWSV���WUDQVODWH�JRRJOH�FRP�
>�@ KWWSV���HF�HXURSD�HX�LQIR�UHVRXUFHV�SDUWQHUV�PDFKLQH�WUDQVODWLRQ�SXEOLF�DGPLQLVWUDWLRQ

V�HWUDQVODWLRQHQ
>�@ :H ZRXOG OLNH WR WKDQN WKH (XURSHDQ &RPPLVVLRQ¶V 'LUHFWRUDWH�*HQHUDO IRU 7UDQVODWLRQ

IRU JLYLQJ XV DFFHVV WR H7UDQVODWLRQ�
>�@ 0DQ\ WUDQVODWLRQ DJHQFLHV RIWHQ SURYLGH WDEOHV ZLWK H[SHFWHG H[SDQVLRQ UDWHV� DQG WKH

RQH IRU (1�)5 WUDQVODWLRQ PRVWO\ DPRXQWV WR� 20− 25�� VHH IRU H[DPSOH
KWWSV���ZZZ�YHUVLRQLQWHUQDWLRQDOH�FRP�GHWDLOV�WDX[+GH+IRLVRQQHPHQW+HQ+WUDGXFWLRQ
+�+DQJODLV+IUDQFDLV+DOOHPDQG�����KWPO

>�@ 3OHDVH QRWH WKDW ³OHDVW IUHTXHQW´ VKRXOG EH WDNHQ ZLWK D JUDLQ RI VDOW DV DOO QJUDP DQDO\VHV
DUH EDVHG RQ WKH WRS���� PRVW IUHTXHQW QJUDPV�

>��@ 7KH WLWOHV RI WKH WZR WH[WV DUH ³=RPELHV� $ &XOWXUDO +LVWRU\ UHYLHZ ± D JUDYH LQMXVWLFH´
�&XOWXUH GRPDLQ� DQG ³3ODQ \RXU RZQ *UDQG 7RXU RI 1DPLELD � RXU H[SHUW¶V XOWLPDWH
LWLQHUDU\´ �7UDYHO GRPDLQ��

5HIHUHQFHV
%DD\HQ� 5ROI +DUDOG� ����� $QDO\]LQJ /LQJXLVWLF 'DWD� $ 3UDFWLFDO ,QWURGXFWLRQ WR 6WDWLVWLFV

XVLQJ 5� &DPEULGJH� &DPEULGJH 8QLYHUVLW\ 3UHVV�
%DE\FK� %RJGDQ� ����� ³$XWRPDWHG07 (YDOXDWLRQ0HWULFV DQG WKHLU /LPLWDWLRQV�´ 7UDGXPj�

7LFD�� 7HFQRORJLHV GH OD 7UDGXFFLy ��� ��������
%DNHU� 0RQD� ����� ³&RUSXV /LQJXLVWLFV DQG 7UDQVODWLRQ VWXGLHV� ,PSOLFDWLRQV DQG $SSOLFDWL�

RQV´� ,Q 7H[W DQG 7HFKQRORJ\� ,Q +RQRXU RI -RKQ 6LQFODLU� HG� E\0RQD %DNHU� *LOO )UDQFLV�
DQG (OHQD 7RJQLQL�%RQHOOL� �������� $PVWHUGDP DQG 3KLODGHOSKLD� -RKQ %HQMDPLQV�

%HQWLYRJOL� /XLVD� $ULDQQD %LVD]]D� 0DXUR &HWWROR� DQG0DUFHOOR )HGHULFR� ����� ³1HXUDO YHU�
VXV 3KUDVH�EDVHG 0DFKLQH 7UDQVODWLRQ 4XDOLW\� $ &DVH 6WXG\�´ ,Q 3URFHHGLQJV RI &RQ�

��
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IHUHQFH RQ (PSLULFDO 0HWKRGV LQ 1DWXUDO /DQJXDJH 3URFHVVLQJ� (01/3 ����� $XVWLQ�
7H[DV� 8QLWHG 6WDWHV� ��� 1RYHPEHU ����� �������� KWWS���ZZZ�DFOZHE�RUJ�DQWKRORJ\�'
������� �FRQVXOWHG ������������

%RMDU� 2QGĜHM� 5DMHQ &KDWWHUMHH� &KULVWLDQ )HGHUPDQQ� %DUU\ +DGGRZ� 0DWWKLDV +XFN� &KULV
+RNDPS� 3KLOLSS .RHKQ� 9DUYDUD /RJDFKHYD� &KULVWRI 0RQ]� 0DWWHR 1HJUL� 0DWW 3RVW�
&DUROLQD 6FDUWRQ� /XFLD 6SHFLD� DQG0DUFR 7XUFKL� ����� ³)LQGLQJV RI WKH ����:RUNVKRS
RQ 6WDWLVWLFDO 0DFKLQH 7UDQVODWLRQ�´ ,Q 3URFHHGLQJV RI WKH ��WK :RUNVKRS RQ 6WDWLVWLFDO
0DFKLQH 7UDQVODWLRQ� /LVERQ� 3RUWXJDO� ����� 6HSWHPEHU ����� ����� KWWS���ZZZ�VWDWPW
�RUJ�ZPW���SGI�:07���SGI �FRQVXOWHG ������������

%RMDU� 2QGĜHM� 5DMHQ &KDWWHUMHH� &KULVWLDQ )HGHUPDQQ� <YHWWH *UDKDP� %DUU\ +DGGRZ� 0DW�
WKLDV +XFN� $QWRQLR -LPHQR <HSHV� 3KLOLSS .RHKQ� 9DUYDUD /RJDFKHYD� &KULVWRI 0RQ]�
0DWWHR 1HJUL� $XUpOLH 1HYHRO� 0DULDQD 1HYHV� 0DUWLQ 3RSHO� 0DWW 3RVW� 5DSKDHO 5X�
ELQR� &DUROLQD 6FDUWRQ� /XFLD 6SHFLD� 0DUFR 7XUFKL� .DULQ 9HUVSRRU� DQG 0DUFRV =DP�
SLHUL� ����� ³)LQGLQJV RI WKH ���� &RQIHUHQFH RQ 0DFKLQH 7UDQVODWLRQ�´ ,Q 3URFHHGLQJV
RI WKH �VW FRQIHUHQFH RQ PDFKLQH WUDQVODWLRQ� %HUOLQ� *HUPDQ\� $XJXVW ����� ��������
KWWSV���ZZZ�DFOZHE�RUJ�DQWKRORJ\�:�������� �FRQVXOWHG ������������

%RZNHU� /\QQH� DQG -DLUR %XLWUDJR &LUR� ����� 0DFKLQH 7UDQVODWLRQ DQG *OREDO 5HVHDUFK�
7RZDUGV ,PSURYHG 0DFKLQH 7UDQVODWLRQ /LWHUDF\ LQ WKH 6FKRODUO\ &RPPXQLW\� %LQJOH\�
(PHUDOG 3XEOLVKLQJ�

&DVWLOKR� 6KHLOD� -RVV0RRUNHQV� )HGHULFR *DVSDUL� ,DFHU &DOL[WR� -RKQ 7LQVOH\� DQG $QG\:D\�
����D� ³,V 1HXUDO 0DFKLQH 7UDQVODWLRQ WKH 1HZ 6WDWH RI WKH $UW"´ 7KH 3UDJXH %XOOHWLQ RI
0DWKHPDWLFDO /LQJXLVWLFV ���� ��������

&DVWLOKR� 6KHLOD� -RVV 0RRUNHQV� )HGHULFR *DVSDUL� 5LFR 6HQQULFK� 9LOHOPLQL 6RVRQL� <RWD *H�
RUJDNRSRXORX� 3LQWX /RKDU� $QG\ :D\� $QWRQLR�9DOHULR 0LFHOL %DURQH� DQG 0DULD *LDOD�
PD� ����E� ³$ &RPSDUDWLYH 4XDOLW\ (YDOXDWLRQ RI 3%607 DQG 107 8VLQJ 3URIHVVLRQDO
7UDQVODWRUV�´ ,Q 3URFHHGLQJV RI WKH 0DFKLQH 7UDQVODWLRQ 6XPPLW ;9,� 1DJR\D� -DSDQ� ���
�� 6HSWHPEHU ����� 9RO� �� �������� KWWS���DDPW�LQIR�DSS�GHI�6�����PWVXPPLW������FR
QIHUHQFH�SURFHHGLQJV� �FRQVXOWHG ������������

'DHPV� -RNH� 2USKpH 'H &OHUFT� DQG /LHYH 0DFNHQ� ����� ³7UDQVODWLRQHVH DQG 3RVW�HGLWHVHௗ�
KRZ &RPSDUDEOH LV &RPSDUDEOH 4XDOLW\"�´ /LQJXLVWLFD $QWHYHUSLHQVLD 1HZ 6HULHV ± 7KH�
PHV LQ 7UDQVODWLRQ 6WXGLHV ��� �������

'DHPV� -RNH� DQG /LHYH 0DFNHQ� ����� ³,QWHUDFWLYH $GDSWLYH 607 YV� ,QWHUDFWLYH $GDSWLYH
107� $ 8VHU ([SHULHQFH (YDOXDWLRQ�´0DFKLQH 7UDQVODWLRQ ������ ��������

'H 6XWWHU� *HUW� 0DULH�$XGH /HIHU DQG ,VDEHOOH 'HODHUH � HGV� ����� (PSLULFDO 7UDQVODWLRQ
6WXGLHV� 1HZ 7KHRUHWLFDO DQG 0HWKRGRORJLFDO 7UDGLWLRQV� %HUOLQ� 0RXWRQ GH *UX\WHU�

'H 6XWWHU� *HUW� %HUW &DSSHOOH� 2USKpH 'H &OHUFT� 5XG\ /RRFN� DQG .RHQ 3OHYRHWV� �����
³7RZDUGV D &RUSXV�EDVHG� 6WDWLVWLFDO $SSURDFK RI 7UDQVODWLRQ 4XDOLW\� 0HDVXULQJ DQG
9LVXDOL]LQJ /LQJXLVWLF 'HYLDQFH LQ 6WXGHQW 7UDQVODWLRQV�´ /LQJXLVWLFD $QWHYHUSLHQVLD 1HZ

��
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6HULHV ± 7KHPHV LQ 7UDQVODWLRQ 6WXGLHV ��� ������
(YHUW� 6WHIDQ� DQG 6WHOOD 1HXPDQQ� ����� ³7KH ,PSDFW RI 7UDQVODWLRQ 'LUHFWLRQ RQ &KDUDFWHUL�

VWLFV RI 7UDQVODWHG 7H[WV� $ 0XOWLYDULDWH $QDO\VLV IRU (QJOLVK DQG *HUPDQ�´ ,Q (PSLULFDO
7UDQVODWLRQ 6WXGLHV� 1HZ 7KHRUHWLFDO DQG 0HWKRGRORJLFDO 7UDGLWLRQV� HG� E\ *HUW 'H 6XW�
WHU� 0DULH�$XGH /HIHU� DQG ,VDEHOOH 'HODHUH� ������ %HUOLQ� 0RXWRQ GH *UX\WHU�

)RUFDGD� 0LNHO /� ����� ³0DNLQJ 6HQVH RI 1HXUDO 0DFKLQH 7UDQVODWLRQ�´ 7UDQVODWLRQ 6SDFHV
����� ��������

*HOOHUVWDP� 0DUWLQ� ����� ³7UDQVODWLRQHVH LQ 6ZHGLVK 1RYHOV 7UDQVODWHG IURP (QJOLVK�´ ,Q
7UDQVODWLRQ 6WXGLHV LQ 6FDQGLQDYLD� HG� E\ /DUV :ROOLQ� DQG +DQV /LQGTXLVW� ������ /XQG�
&:. *OHHUXS�

*HOOHUVWDP� 0DUWLQ� ����� ³)LQJHUSULQWV LQ 7UDQVODWLRQ´� ,Q ,Q DQG 2XW RI (QJOLVK� )RU %HWWHU�
)RU :RUVH"� HG� E\ *XQLOOD $QGHUPDQ� DQG 0DUJDUHW 5RJHUV� �������� &OHYHGRQ� 0XOWL�
OLQJXDO 0DWWHUV�

+DVVDQ� +DQ\� $QWKRQ\ $XH� &KDQJ &KHQ� 9LVKDO &KRZGKDU\� -RQDWKDQ &ODUN� &KULVWLDQ )H�
GHUPDQQ� -XQF]\V�'RZPXQW0DUFLQ� +XDQJ ;XHGRQJ�:LOOLDP /HZLV� 0X /L� 6KXMLH /LX�
7LH�<DQ /LX� 5HQJLDQ /XR� $UXN 0HQH]HV� 7DR 4LQ� )UDQN 6HLGH� ;X 7DQ� )HL 7LDQ� /L�
MXQ :X� 6KXDQJ]KL :X� <LQJFH ;LD� 'RQJGRQJ =KDQJ� =KLUXL =KDQJ� DQG 0LQJ =KRX�
����� ³$FKLHYLQJ +XPDQ 3DULW\ RQ $XWRPDWLF &KLQHVH WR (QJOLVK 1HZV 7UDQVODWLRQ�´
KWWSV���DU[LY�RUJ�DEV����������� �FRQVXOWHG ������������

,VDEHOOH� 3LHUUH� &ROLQ &KHUU\� DQG *HRUJH )RVWHU� ����� ³$&KDOOHQJH 6HW $SSURDFK WR (YDOXD�
WLQJ 0DFKLQH 7UDQVODWLRQ�´ ,Q 3URFHHGLQJV RI WKH ���� &RQIHUHQFH RQ (PSLULFDO 0HWKRGV
LQ 1DWXUDO /DQJXDJH 3URFHVVLQJ� &RSHQKDJHQ� 'HQPDUN� ���� 6HSWHPEHU ����� �����
����� KWWSV���ZZZ�DFOZHE�RUJ�DQWKRORJ\�'�������� �FRQVXOWHG ������������

-HQVHW� *DUG� DQG %DUEDUD 0F*LOOLYUD\� ����� ³0XOWLYDULDWH $QDO\VHV RI $IIL[ 3URGXFWLYLW\ LQ
7UDQVODWHG (QJOLVK�´ ,Q4XDQWLWDWLYH 0HWKRGV LQ &RUSXV�%DVHG 7UDQVODWLRQ 6WXGLHV� HG� E\
0LFKDHO 3� 2DNHV� DQG 0HQJ -L� �������� $PVWHUGDP DQG 3KLODGHOSKLD� -RKQ %HQMDPLQV�

.XURNDZD� 'DYLG� &\ULO *RXWWH� DQG 3LHUUH ,VDEHOOH� ����� ³$XWRPDWLF 'HWHFWLRQ RI 7UDQVOD�
WHG 7H[W DQG LWV ,PSDFW RQ 0DFKLQH 7UDQVODWLRQ�´ ,Q 3URFHHGLQJV RI 0DFKLQH 7UDQVODWLRQ
6XPPLW ;,,� 2WWDZD� &DQDGD� ����� -XO\ ����� ������

/DSVKLQRYD�.ROWXQVNL� (NDWHULQD� ����� ³9$575$� $ &RPSDUDEOH &RUSXV IRU $QDO\VLV RI
7UDQVODWLRQ 9DULDWLRQ�´ 3DSHU SUHVHQWHG DW WKH �WK :RUNVKRS RQ %XLOGLQJ DQG 8VLQJ &RP�
SDUDEOH &RUSRUD� 6RILD� %XOJDULD� $XJXVW �����

/DSVKLQRYD�.ROWXQVNL� (NDWHULQD� ����� ³9DULDWLRQ LQ 7UDQVODWLRQ� (YLGHQFH IURP &RUSRUD�´
,Q 1HZ GLUHFWLRQV LQ &RUSXV�EDVHG 7UDQVODWLRQ 6WXGLHV� HG� E\ &ODXGLR )DQWLQXROL� DQG
)HGHULFR =DQHWWLQ� ������� %HUOLQ� /DQJXDJH 6FLHQFH 3UHVV�

/lXEOL� 6DPXHO� 6KHLOD &DVWLOKR� *UDKDP 1HXELJ� 5LFR 6HQQULFK� 4LQODQ 6KHQ� DQG $QWRQLR
7RUDO� ����� ³$ 6HW RI 5HFRPPHQGDWLRQV IRU $VVHVVLQJ +XPDQ�0DFKLQH 3DULW\ LQ /DQ�
JXDJH 7UDQVODWLRQ�´ -RXUQDO RI $UWLILFLDO ,QWHOOLJHQFH 5HVHDUFK ��� ��������

��
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/DYLRVD� 6DUD� ����� &RUSXV�%DVHG 7UDQVODWLRQ 6WXGLHV� 7KHRU\� )LQGLQJV� $SSOLFDWLRQV� $P�
VWHUGDP DQG 1HZ <RUN� 5RGRSL�/HLGHQ�� %ULOO�

/RRFN� 5XG\ ����� ³7UDGXFWLRQ DXWRPDWLTXH HW XVDJH OLQJXLVWLTXH� XQH DQDO\VH GH WUDGXFWLRQV
DQJODLV�IUDQoDLV UpXQLHV HQ FRUSXV�´ 0HWD� OH MRXUQDO GH WUDGXFWHXUV�0HWD� 7UDQVODWRUV¶
-RXUQDO ������ ��������

/RRFN� 5XG\� ����� ³3DUFH TXH µJUDPPDWLFDOHPHQW FRUUHFW¶ QH VXIILW SDV� OH UHVSHFW GH O¶XVDJH
JUDPPDWLFDO HQ ODQJXH FLEOH�´ ,Q /D IRUPDWLRQ JUDPPDWLFDOH GX WUDGXFWHXU� HQMHX[ GL�
GDFWLTXHV HW WUDGXFWRORJLTXHV� HG� E\ 0LFKHO %HUUp� %pDWULFH &RVWD� $GULHQ .HIHU� &pOL�
QH /HWDZH� +HGZLJ 5H\WHU� DQG *XGUXQ 9DQGHUEDXZKHGH� �������� 9LOOHQHXYH G¶$VFT�
3UHVVHV 8QLYHUVLWDLUHV GX 6HSWHQWULRQ�

/RRFN� 5XG\� ����� ³1R 0RUH 5DJH $JDLQVW WKH 0DFKLQH� +RZ WKH &RUSXV�EDVHG ,GHQWL�
ILFDWLRQ RI 0DFKLQH�WUDQVODWLRQHVH FDQ /HDG WR 6WXGHQW (PSRZHUPHQW�´ 7KH -RXUQDO RI
6SHFLDOLVHG 7UDQVODWLRQ ��� ��������

0DFNHQ� /LHYH� /DXUD 9DQ %UXVVHO� DQG -RNH 'DHPV� ����� ³107¶V:RQGHUODQG ZKHUH 3HRSOH
7XUQ LQWR 5DEELWV� $ 6WXG\ RQ WKH &RPSUHKHQVLELOLW\ RI 1HZO\ ,QYHQWHG :RUGV LQ 107
2XWSXW�´ &RPSXWDWLRQDO /LQJXLVWLFV LQ WKH 1HWKHUODQGV -RXUQDO �� ������

0DFNHQ� /LHYH� 'DQLHO 3URX� DQG $UGD 7H]FDQ� ����� ³4XDQWLI\LQJ WKH (IIHFW RI 0DFKLQH
7UDQVODWLRQ LQ D +LJK�TXDOLW\ +XPDQ 7UDQVODWLRQ 3URGXFWLRQ 3URFHVV�´ ,QIRUPDWLFV ������
�KWWS���KGO�KDQGOH�QHW������/8���������

0RRUNHQV� -RVV� 6KHLOD &DVWLOKR� )HGHULFR *DVSDUL� DQG 6WHSKHQ 'RKHUW\� HGV� ����� 7UDQVOD�
WLRQ 4XDOLW\ $VVHVVPHQW� )URP 3ULQFLSOHV WR 3UDFWLFH� %HUOLQ� 6SULQJHU�

2ORKDQ� 0DHYH ����� ,QWURGXFLQJ &RUSRUD LQ 7UDQVODWLRQ 6WXGLHV� /RQGRQ DQG 1HZ <RUN�
5RXWOHGJH�

3DSLQHQL� .LVKRUH� 6DOLP 5RXNRV� 7RGG :DUG� DQG =KX :HL�-LQJ� ����� ³%OHX� D 0HWKRG IRU
$XWRPDWLF (YDOXDWLRQ RI 0DFKLQH 7UDQVODWLRQ�´ ,Q 3URFHHGLQJV RI WKH ��WK $QQXDO 0HH�
WLQJ RI WKH $VVRFLDWLRQ IRU &RPSXWDWLRQDO /LQJXLVWLFV� 3KLODGHOSKLD� 8QLWHG 6WDWHV� ����
-XO\ ����� �������� KWWSV���GO�DFP�RUJ�FLWDWLRQ�FIP?GRLG ��������������� �FRQVXOWHG
������������

5RVVL� &DUROLQH� DQG -HDQ�3LHUUH &KHYURW� ����� ³8VHV DQG 3HUFHSWLRQV RI0DFKLQH 7UDQVODWLRQ
DW WKH (XURSHDQ &RPPLVVLRQ�´ 7KH -RXUQDO RI 6SHFLDOLVHG 7UDQVODWLRQ ��� ��������

7H]FDQ� $UGD� -RNH 'DHPV� DQG /LHYH 0DFNHQ� ����� ³:KHQ D µ6SRUW¶ LV D 3HUVRQ DQG 2WKHU
,VVXHV IRU 107 RI 1RYHOV�� ,Q 3URFHHGLQJV RI WKH 4XDOLWLHV RI /LWHUDU\ 0DFKLQH 7UDQVODWL�
RQ� 'XEOLQ� ,UHODQG� $XJXVW ����� ������ KWWSV���ZZZ�DFOZHE�RUJ�DQWKRORJ\�:��������
�FRQVXOWHG ������������

7RUDO� $QWRQLR� ����� ³3RVW�HGLWHVH� $Q ([DFHUEDWHG 7UDQVODWLRQHVH�´ ,Q 3URFHHGLQJV RI 0D�
FKLQH 7UDQVODWLRQ 6XPPLW ;9,, 9ROXPH �� 5HVHDUFK 7UDFN� 'XEOLQ� ,UHODQG� $XJXVW �����
�������� KWWSV���ZZZ�DFOZHE�RUJ�DQWKRORJ\�:�������� �FRQVXOWHG ������������

7RUDO� $QWRQLR� 6KHLOD &DVWLOKR� .H +X� DQG $QG\ :D\� ����� ³$WWDLQLQJ WKH 8QDWWDLQDEOH"

��



7UDQVODWLRQ 4XDUWHUO\

5HDVVHVVLQJ &ODLPV RI +XPDQ 3DULW\ LQ 1HXUDO 0DFKLQH 7UDQVODWLRQ�´ 3DSHU SUHVHQWHG
DW WKH �UG FRQIHUHQFH RQ PDFKLQH WUDQVODWLRQ� %UXVVHOV� %HOJLXP� 2FWREHU ����� ��������
KWWSV���ZZZ�DFOZHE�RUJ�DQWKRORJ\�:�������� �FRQVXOWHG ������������

9DQ %UXVVHO� /DXUD� $UGD 7H]FDQ� DQG /LHYH0DFNHQ� ����� ³$ )LQH�JUDLQHG (UURU $QDO\VLV RI
107� 3%07 DQG 5%07 2XWSXW IRU (QJOLVK�WR�'XWFK�´ ,Q 3URFHHGLQJV RI WKH (OHYHQWK
,QWHUQDWLRQDO &RQIHUHQFH RQ /DQJXDJH 5HVRXUFHV DQG (YDOXDWLRQ� 0L\D]DNL� -DSDQ� ����
0D\ ����� 0L\D]DNL� -DSDQ� ����� ���������� KWWSV���ZZZ�DFOZHE�RUJ�DQWKRORJ\�/����
����SGI �FRQVXOWHG ������������

9DQ GH .DXWHU� 0DUMDQ� *HHUW &RRUPDQ� (OV /HIHYHU� %DUW 'HVPHW� /LHYH 0DFNHQ� DQG 9H�
URQLTXH +RVWH� ����� ³/H7V 3UHSURFHVV� 7KH 0XOWLOLQJXDO /7� /LQJXLVWLF 3UHSURFHVVLQJ
7RRONLW�´ &RPSXWDWLRQDO /LQJXLVWLFV LQ WKH 1HWKHUODQGV -RXUQDO �� ��������

9DQPDVVHQKRYH� (YD� 'LPLWDU 6KWHULRQRY� DQG $QG\ :D\� ����� ³/RVW LQ 7UDQVODWLRQ� /RVV
DQG 'HFD\ RI /LQJXLVWLF 5LFKQHVV LQ 0DFKLQH 7UDQVODWLRQ�´ ,Q 3URFHHGLQJV RI 0DFKLQH
7UDQVODWLRQ 6XPPLW ;9,, 9ROXPH �� 5HVHDUFK 7UDFN� 'XEOLQ� ,UHODQG� $XJXVW ����� ����
���� KWWSV���ZZZ�DFOZHE�RUJ�DQWKRORJ\�:�������� �FRQVXOWHG ������������

<DPDGD� 0DVDUX� ����� ³7KH ,PSDFW RI *RRJOH 1HXUDO 0DFKLQH 7UDQVODWLRQ RQ 3RVW�HGLWLQJ
E\ 6WXGHQW 7UDQVODWRUV�´ 7KH -RXUQDO RI 6SHFLDOLVHG 7UDQVODWLRQ ��� �������

��


