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,QVWLWXWH RI 0HGLFDO 0LFURELRORJ\� )DFXOW\ RI *HQHUDO 0HGLFLQH� 6HPPHOZHLV 8QLYHUVLW\ %XGDSHVW�

1DJ\YiUDG WpU �� +±���� %XGDSHVW� +XQJDU\

�5HFHLYHG� �� 0DUFK ����� DFFHSWHG� � $SULO �����

:LWK WKH KHOS RI PRQRFORQDO DQWLERGLHV WKH H[LVWHQFH RI DW OHDVW �� GLIIHUHQW HDUOLHU

QRW NQRZQ LQWHUW\SH �,7� VSHFLILF HSLWRSHV ZHUH GHPRQVWUDWHG LQ GLIIHUHQW QXPEHUV DQG

FRPELQDWLRQV RQ WKH KH[RQV RI GLIIHUHQW DGHQRYLUXV VHURW\SHV� 7KH ,7 VSHFLILF HSLWRSHV SOD\

DQ LPSRUWDQW UROH LQ WKH H[SHULPHQWDO JHQH WKHUDS\ DQG LQ WKH UHFRPELQDQW DGHQRYLUXV

YDFFLQDWLRQ EHFDXVH RI WKH KDUPIXO LPPXQH UHVSRQVH RI WKH UHFLSLHQW RUJDQLVPV GLUHFWHG

DJDLQVW WKH PDQ\ GLIIHUHQW HSLWRSHV RI WKH DGHQRYLUXV YHFWRU� )RU WKH HOLPLQDWLRQ RI KDUPIXO

HIIHFW WKH DXWKRUV VXJJHVW WKH XVH RI PXOWLSOH YHFWRUV� HDFK SUHSDUHG IURP GLIIHUHQW

DGHQRYLUXV VHURW\SHV VKRZLQJ WKH ORRVHVW DQWLJHQLF UHODWLRQVKLS WR HDFK RWKHU� 7KH YHFWRUV

ZRXOG EH XVHG VHTXHQWLDOO\ ZKHQ VHFRQG RU PXOWLSOH DGPLQLVWUDWLRQ LV QHHGHG� )RU WKLV

SXUSRVH WKH DXWKRUV GHWHUPLQHG DQG GHVFULEHG �� VXFK DGHQRYLUXV W\SH�SDLUV� ZKLFK DUH

SUREDEO\ WKH EHVW DOWHUQDWHV IRU VHTXHQWLDO XVH LQ H[SHULPHQWDO JHQH WKHUDS\�

.H\ZRUGV� DGHQRYLUXV� DQWLJHQLF UHODWLRQVKLS� UHFRPELQDQW DGHQRYLUXV YHFWRU

5HFRPELQDQW DGHQRYLUXVHV �U$G9� KDYH EHHQ ZLGHO\ XVHG DV JHQH GHOLYHU\

YHFWRUV WR WDUJHW FHOOV LQ H[SHULPHQWV ERWK ZLWK FXUDWLYH DQG SUHYHQWLYH SXUSRVHV�

$GHQRYLUXV YHFWRUV KDYH EHHQ XVHG LQ WKH H[SHULPHQWDO JHQH WKHUDS\ RI JHQHWLF

GLVRUGHUV� LQ LPPXQR� DQG PROHFXODU WKHUDS\ RI D YDULHW\ RI FDQFHUV� 5HFRPELQDQW

DGHQRYLUXVHV DSSHDU WR EH DWWUDFWLYH FDQGLGDWHV IRU YDFFLQDWLRQ DJDLQVW WKH LQIHFWLRXV

GLVHDVHV� WRR� +RZHYHU� RQH RI WKH PDMRU REVWDFOHV WR WKHLU XVH LV WKH VWURQJ FHOOXODU DQG

KXPRUDO LPPXQH UHVSRQVH RI WKH KRVW WR WKH YHFWRU SURWHLQV� 1HXWUDOL]LQJ DQG QRQ�

QHXWUDOL]LQJ DQWL�YHFWRU DQWLERGLHV PD\ VXEVWDQWLDOO\ LQKLELW WKH HIIHFW RI UHFRPELQDQW

DGHQRYLUXVHV HVSHFLDOO\ ZKHQ PXOWLSOH DGPLQLVWUDWLRQV DUH UHTXLUHG >�±�@� 7KH

H[SODQDWLRQ FRXOG EH EDVHG RQ WKH FRPSOH[ DQWLJHQLF VWUXFWXUH RI WKH KH[RQ� WKH PDMRU

FRDW SURWHLQ RI DGHQRYLUXV� RQ ZKLFK EHVLGHV WKH JHQXV� DQG W\SH VSHFLILF HSLWRSHV WKH
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H[LVWHQFH RI QXPHURXV GLIIHUHQW LQWHUW\SH �,7� VSHFLILF HSLWRSHV ZHUH GHPRQVWUDWHG ZLWK

PRQRFORQDO DQWLERGLHV >�@� DQG ZLWK SUHGLFWLRQ PHWKRGV� 7KH DQWLJHQLFLW\ DQG

LPPXQRJHQLFLW\ RI V\QWKHVL]HG SHSWLGHV UHSUHVHQWLQJ SRWHQWLDO ,7 VSHFLILF HSLWRSHV

ZHUH DOVR GHPRQVWUDWHG >�@� ,W FDQ EH VXSSRVHG WKDW WKHVH ,7 VSHFLILF HSLWRSHV SOD\ D

VLJQLILFDQW UROH LQ WKH LPPXQH UHDFWLRQV ERWK LQ YLWUR DQG LQ YLYR� 7KLV SURPSWHG XV WR

DQDO\VH WKH GDWD FRQFHUQLQJ WKH HSLWRSH VWUXFWXUH RI WKH KH[RQ DQG WR GHWHUPLQH WKH

W\SH�SDLUV VKRZLQJ WKH ORRVHVW DQWLJHQLF UHODWLRQVKLSV EHWZHHQ HDFK RWKHU�

7DEOH ,

�� DOWHUQDWH DGHQRYLUXV W\SH�SDLUV WR GHYHORS UHFRPELQDQW YHFWRUV IRU VHTXHQWLDO XVH LQ JHQH WKHUDS\
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7KH HSLWRSH FRQWHQW RI HDFK WZR KH[RQ W\SHV DUH VKRZQ DW PHHWLQJ SRLQWV� ILUVW QXPEHU UHSUHVHQWV WKH QXPEHU

RI LGHQWLFDO DQG WKH VHFRQG RQH WKH QXPEHU RI WKH GLIIHUHQW HSLWRSHV

0HWKRGV

)RU WKH LQYHVWLJDWLRQ RI HSLWRSH FRPSRVLWLRQ RI GLIIHUHQW DGHQRYLUXV KH[RQ W\SHV

�� PRXVH DVFLWLF IOXLGV FRQWDLQLQJ PRQRFORQDO DQWLERGLHV �0$EV� KDYH EHHQ XVHG�

0$EV KDYH EHHQ GHYHORSHG LQ WKUHH SDQHOV GLUHFWHG DJDLQVW SXULILHG KH[RQV RI KXPDQ

DGHQRYLUXV �+$G9� W\SHV �� �� DQG ERYLQH DGHQRYLUXV �%$G9� W\SH �� UHVSHFWLYHO\�

7KH GLVWLQFWLRQ DQG PDUNLQJ RI WKH GLIIHUHQW HSLWRSHV UHFRJQL]HG E\ WKH 0$EV KDYH

EHHQ FDUULHG RXW E\ WKH GHWHUPLQDWLRQ RI WKH FRPSRVLWH FURVV�UHDFWLYLW\ SDWWHUQ� WKH WLWHU

LQ (/,6$ DQG WKH FRUUHODWLRQ FRHIILFLHQW RI DOO WKH �� 0$EV ZLWK �� GLIIHUHQW KH[RQ

W\SHV UHSUHVHQWLQJ DOO WKH VL[ KXPDQ VXEJHQHUD� DV ZHOO DV GLIIHUHQW ERYLQH DQG VLPLDQ

DGHQRYLUXVHV �6$G9� �VHH RQ 7DEOH ,� XSSHU KRUL]RQWDO URZ�� 7KH ,7 VSHFLILF HSLWRSHV
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GHILQHG E\ 0$EV KDYH EHHQ FKDUDFWHUL]HG E\ WZR JURXSV RI DGHQRYLUXV VHURW\SHV� RQ

ZKLFK WKH\ DUH DQG RQ ZKLFK WKH\ DUH QRW SUHVHQW >�@� 7KH DQWLJHQLF VWUXFWXUH RI WKH

LQGLYLGXDO KH[RQ W\SHV KDYH EHHQ FKDUDFWHUL]HG E\ WKH GHWHUPLQDWLRQ RI WKHLU ,7

VSHFLILF HSLWRSH VSHFWUXP� 7KH GHJUHH RI DQWLJHQLF UHODWLRQVKLS LQ WKH SDLUZLVH DQDO\VLV

KDV EHHQ H[SUHVVHG E\ WKH QXPEHU RI WKH LGHQWLFDO DQG GLIIHUHQW HSLWRSHV SUHVHQW RQ DQ\

WZR JLYHQ KH[RQ W\SHV >�@�

5HVXOWV DQG GLVFXVVLRQ

7KH WKUHH SDQHOV RI 0$EV KDYH UHFRJQL]HG �� GLIIHUHQW HSLWRSHV RQ WKH ��

KH[RQ W\SHV DPRQJ WKHP D JHQXV DQG WKUHH W\SH VSHFLILF RQHV DQG �� GLIIHUHQW EL� DQG

PXOWLODWHUDO ,7 VSHFLILF HSLWRSHV WKDW JURXSHG DGHQRYLUXVHV ZLWKLQ WKH JHQXV�

LQGHSHQGHQWO\ IURP WKH VXEJHQXV WKH\ EHORQJ WR�

7KH GLVWULEXWLRQ RI WKH GLVWLQFW ,7 VSHFLILF HSLWRSHV RQ WKH GLIIHUHQW KH[RQ W\SHV

KDV EHHQ GLIIHUHQW DQG YDULHG EHWZHHQ � DQG ��� %\ SDLUZLVH DQDO\VLV WHQ KXPDQ KH[RQ

W\SHV KDYH IRUPHG WKUHH HSLWRSH FOXVWHUV VKRZLQJ LGHQWLFDO HSLWRSH VSHFWUD� QDPHO\ W\SH

� DQG �� �FOXVWHU ,�� W\SHV �� �� ���� DQG �� �FOXVWHU ,,�� DV ZHOO DV W\SHV �� �� � DQG �

�FOXVWHU ,,,� FRQWDLQLQJ ��� �� DQG �� LGHQWLFDO HSLWRSHV� UHVSHFWLYHO\ DQG QR GLIIHUHQW

HSLWRSHV DW DOO� &ORVH DQWLJHQLF UHODWLRQVKLS ZDV GHPRQVWUDWHG EHWZHHQ WKH W\SHV RI WKH

WKUHH GLIIHUHQW HSLWRSH FOXVWHUV� HDFK WZR JLYHQ W\SHV FRQWDLQLQJ �� WR �� LGHQWLFDO DQG

RQO\ � WR � GLIIHUHQW ,7 VSHFLILF HSLWRSHV� +$G9 W\SHV �� �� ��� �� DQG 6$G9 W\SH ��

DOVR GLVSOD\ D FORVHU RU ORRVHU EXW VLJQLILFDQW DQWLJHQLF UHODWLRQVKLS DPRQJ HDFK RWKHU

DQG WR WKH PHPEHUV RI WKH WKUHH FOXVWHUV� +$G9 VHURW\SHV ��� ��� ��� �� DQG ERYLQH

DGHQRYLUXV W\SHV � DQG �� KRZHYHU� KDYH VKRZQ D ORRVH DQWLJHQLF UHODWLRQVKLS ZLWK DW

OHDVW WZR RU PRUH RWKHU DGHQRYLUXV W\SHV� $GHQRYLUXV W\SH�SDLUV KDYLQJ WKH ORRVHVW

DQWLJHQLF UHODWLRQVKLSV DUH VKRZQ RQ 7DEOH ,� 7KH QXPEHU RI LGHQWLFDO HSLWRSHV RQ WKH

JLYHQ WZR KH[RQ W\SHV YDULHV EHWZHHQ � WR �� DQG WKDW RI GLIIHUHQW HSLWRSHV RQ DQ\

JLYHQ W\SH�SDLUV DUH QHDUO\ GRXEOH RU PDQLIROG WKDQ WKDW RI WKH LGHQWLFDO HSLWRSHV� (DFK

WZR +$G9 DQG�RU %$G9 VHURW\SHV GHWHUPLQHG E\ WKH PHHWLQJ SRLQWV DUH SUREDEO\ WKH

EHVW DOWHUQDWHV IRU VHTXHQWLDO XVH LQ H[SHULPHQWDO JHQH WKHUDS\�

2Q WKH EDVLV RI WKH SUHVHQW GDWD D WRWDO RI �� GLIIHUHQW DGHQRYLUXV W\SH�SDLUV RU

VPDOO JURXSV RI W\SHV FRXOG EH FKRVHQ IRU SUHSDUDWLRQ RI VHFRQG RU PXOWLSOH

UHFRPELQDQW YHFWRUV� )RU H[DPSOH LQ FDVH RI +$G9 W\SH �� ZKLFK LV WKH PRVW

IUHTXHQWO\ XVHG YHFWRU ZRUOGZLGH LQ WKH H[SHULPHQWDO JHQH WKHUDS\� IRU WKH VHFRQG RU

PXOWLSOH DGPLQLVWUDWLRQ D UHFRPELQDQW YHFWRU FRXOG EH XVHG SUHSDUHG IURP �L� ERYLQH

DGHQRYLUXV W\SH � ZKLFK KDV QR LGHQWLFDO ,7 VSHFLILF HSLWRSH ZLWK W\SH �� DOWKRXJK WKH

QXPEHU RI WKH GLIIHUHQW HSLWRSHV RQ WKH WZR W\SHV LV ��� �LL� KXPDQ DGHQRYLUXV W\SH ��
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ZKLFK KDV � LGHQWLFDO HSLWRSHV� EXW WKH WZR W\SHV FRQWDLQ �� GLIIHUHQW HSLWRSHV� �LLL�

ERYLQH DGHQRYLUXV W\SH � KDYLQJ � LGHQWLFDO HSLWRSHV DQG WKH WZR W\SHV FRQWDLQ ��

GLIIHUHQW HSLWRSHV� �LLLL� KXPDQ DGHQRYLUXV W\SH �� KDYLQJ � LGHQWLFDO HSLWRSHV ZLWK W\SH

�� DQG WKH WZR W\SHV FRQWDLQ �� GLIIHUHQW HSLWRSHV RQ WKHLU KH[RQV�

,PPXQH UHVSRQVH RI WKH KRVW LV LQGXFHG QRW RQO\ E\ WKH JHQXV DQG WKH W\SH

VSHFLILF EXW DOVR E\ WKH VHYHUDO ,7 VSHFLILF HSLWRSHV� ZKLFK KDYH EHHQ IRXQG LQ GLIIHUHQW

QXPEHUV DQG FRPELQDWLRQV RQ WKH GLIIHUHQW DGHQRYLUXV VHURW\SHV� ,I ZHOO�FKRVHQ

GLIIHUHQW VHURW\SHV DUH XVHG DV YHFWRUV IRU WKH ILUVW DQG VHFRQG PXOWLSOH DGPLQLVWUDWLRQ

WKH KDUPIXO HIIHFW RI DQWLERGLHV LQGXFHG E\ WKH QXPHURXV ,7 VSHFLILF HSLWRSHV FRXOG EH

HOLPLQDWHG� 2Q WKH EDVH RI WKHVH GDWD DXWKRUV VXJJHVW WKH XVH RI PXOWLSOH YHFWRUV LQ

JHQH WKHUDS\� HDFK SUHSDUHG IURP GLIIHUHQW DGHQRYLUXV VHURW\SHV� 7KH YHFWRUV ZRXOG EH

XVHG VHTXHQWLDOO\ ZKHQ VHFRQG RU PXOWLSOH DGPLQLVWUDWLRQ LV QHHGHG�

$FNQRZOHGJHPHQWV� 7KH UHVHDUFK SURJUDP ZDV VXSSRUWHG E\ WKH JUDQW 1R� ������ DQG ����� RI WKH

+XQJDULDQ 5HVHDUFK )XQG �27.$� DQG E\ WKH +XQJDULDQ $FDGHP\ RI 6FLHQFHV �7.,��

5HIHUHQFHV

�� &KLUPXOH�1�� 3URSHUW�.�-�� 0DJRVLQ�6�$�� 4LDQ�<�� 4LDQ�5�� :LOVRQ�-�0�� ,PPXQH UHVSRQVH WR

DGHQRYLUXV DQG DGHQR�DVVRFLDWHG YLUXV LQ KXPDQV� *HQH 7KHU �� ���� �������

�� *URSS�5�� )U\H�0�� :DJQHU�7�2�)�� %DUJRQ�-�� (SLWKHOLDO GHIHQVLQV LPSDLU DGHQRYLUDO LQIHFWLRQ�

LPSOLFDWLRQ IRU DGHQRYLUXV�PHGLDWHG JHQH WKHUDS\� +XP *HQH 7KHU ��� ��� �������

�� -L��/�� %RXYHW�0�� 3ULFH�5�(�� 5RWK�-�$�� )DQJ�%�� 5HGXFHG WR[LFLW\� DWWHQXDWHG LPPXQRJHQLFLW\ DQG

HIILFLHQW PHGLDWLRQ RI KXPDQ S�� JHQH H[SUHVVLRQ LQ YLYR E\ DQ DGHQRYLUXV YHFWRU ZLWK GHOHWHG (��(�

DQG LQDFWLYDWHG (� E\ *$/��7$7$ SURPRWHU UHSODFHPHQW� *HQH 7KHU �� ��� �������

�� /HH�-�+�� =DEQHU�-�� :HOVK�0�-�� 'HOLYHU\ RI DQ DGHQRYLUXV YHFWRU LQ D FDOFLXP SKRVSKDWH FRSUHFLSLWDWH

HQKDQFHV WKH WKHUDSHXWLF LQGH[ RI JHQH WUDQVIHU WR DLUZD\ HSLWKHOLD� +XP *HQH 7KHU ��� ��� �������

�� ÈGiP�e�� 1iV]�,�� /HQJ\HO�$�� &KDUDFWHUL]DWLRQ RI DGHQRYLUXV KH[RQV E\ WKHLU HSLWRSH FRPSRVLWLRQ� $UFK

9LURO ���� ���� �������

�� ÈGiP�e�� 1iV]�,�� +XGHF]�)�� /HQJ\HO�$�� 0H]��*�� 'RED\�2�� &KDUDFWHUL]DWLRQ RI LQWHUW\SH VSHFLILF

HSLWRSHV RQ DGHQRYLUXV KH[RQV� $UFK 9LURO ���� ���� �������


