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,Q�WKLV�VWXG\�ZH�FRQVLGHU�WKH�SUREOHP�RI�GHWHUPLQLQJ�ZKHWKHU�DQ�(QJOLVK�FRUSXV�FRQVWUXFWHG�IURP�D�JLYHQ�QDWLRQDO�
WRS�OHYHO�GRPDLQ��H�J����XN���FD��UHSUHVHQWV�WKH�QDWLRQDO�GLDOHFW�RI�(QJOLVK�RI�WKH�FRUUHVSRQGLQJ�FRXQWU\��H�J���%ULWLVK�
(QJOLVK��&DQDGLDQ�(QJOLVK���:H�EXLOG�(QJOLVK�FRUSRUD�IURP�WZR�WRS�OHYHO�GRPDLQV���XN�DQG��FD��FRUUHVSRQGLQJ�WR�
WKH�8QLWHG�.LQJGRP� DQG�&DQDGD�� UHVSHFWLYHO\�� WKDW� FRQWDLQ� DSSUR[LPDWHO\� ���0�ZRUGV� HDFK��:H� FRQVLGHU� D�
SUHYLRXVO\�SURSRVHG�PHDVXUH�RI�FRUSXV�VLPLODULW\��DQG�SURSRVH�D�QHZ�PHDVXUH�RI�FRUSXV�VLPLODULW\� WKDW�GUDZV�
RQ�WKH�UHODWLYH�IUHTXHQF\�RI�VSHOOLQJ�YDULDQWV��H�J���FRORU�DQG�FRORXU����8VLQJ�WKHVH�FRUSXV�VLPLODULW\�PHWULFV�ZH�
VKRZ�WKDW�WKH�:HE�FRUSXV�IURP�D�JLYHQ�WRS�OHYHO�GRPDLQ�LV�LQGHHG�PRUH�VLPLODU�WR�D�FRUSXV�NQRZQ�WR�FRQWDLQ�WH[WV�
IURP�DXWKRUV�RI�WKH�FRUUHVSRQGLQJ�FRXQWU\�WKDQ�WR�D�FRUSXV�NQRZQ�WR�FRQWDLQ�GRFXPHQWV�E\�DXWKRUV�IURP�DQRWKHU�
FRXQWU\��7KHVH�UHVXOWV�VXJJHVW�WKDW�(QJOLVK�:HE�FRUSRUD�IURP�QDWLRQDO�WRS�OHYHO�GRPDLQV�PD\�LQGHHG�UHSUHVHQW�
QDWLRQDO�GLDOHFWV��ZKLFK�LQ�WXUQ�VXJJHVWV�WKDW�WHFKQLTXHV�IRU�EXLOGLQJ�FRUSRUD�IURP�WKH�:HE�FRXOG�EH�XVHG�WR�EXLOG�
ODUJH�GLDOHFWDO�ODQJXDJH�UHVRXUFHV�DW�OLWWOH�FRVW�

.H\ZRUGV��&RUSRUD��:HE�DV�FRUSXV��FRPSDULQJ�FRUSRUD��GLDOHFWV�RI�(QJOLVK�

���'LDOHFWDO�ODQJXDJH�UHVRXUFHV

&RUSRUD� HQDEOH� WKH� VWXG\�²� FRPSXWDWLRQDO� RU� RWKHUZLVH�²� RI� PDQ\� DVSHFWV� RI� ODQJXDJH��
WKHUHIRUH�� LQ�RUGHU� WR�HIIHFWLYHO\� VWXG\�D� VSHFL¿F�GLDOHFW�RI� D� ODQJXDJH��ZH� UHTXLUH�D�FRUSXV�
UHSUHVHQWLQJ�WKDW�GLDOHFW��8QIRUWXQDWHO\��ODQJXDJH�UHVRXUFHV�DUH�DYDLODEOH�IRU�IHZ�GLDOHFWV��DQG�
ZKHUH�WKH\�DUH�DYDLODEOH��WKH\�WHQG�WR�EH�UDWKHU�VPDOO�E\�WRGD\¶V�VWDQGDUGV�RI�FRUSXV�VL]H�

&RQVLGHULQJ� WKH� FDVH� RI� QDWLRQDO� YDULHWLHV� RI� (QJOLVK�� VL]HDEOH� UHVRXUFHV� DUH� DYDLODEOH� IRU�
$PHULFDQ�� %ULWLVK�� DQG� &DQDGLDQ� (QJOLVK� �UHIHUUHG� WR� DV�$P(�� %(�� DQG� &(�� UHVSHFWLYHO\���
WKH�&RUSXV�RI�&RQWHPSRUDU\�$PHULFDQ�(QJOLVK� �'DYLHV��������� WKH�%ULWLVK�1DWLRQDO�&RUSXV�
�%XUQDUG���������DQG�WKH�6WUDWK\�&RUSXV�RI�&DQDGLDQ�(QJOLVK��FRQVLVW�RI�URXJKO\�����PLOOLRQ��
����PLOOLRQ��DQG����PLOOLRQ�ZRUGV�RI�$P(��%(��DQG�&(��UHVSHFWLYHO\��0RUHRYHU��WKHVH�FRUSRUD�
KDYH�EHHQ�FDUHIXOO\�FRQVWUXFWHG�²�ZLWK�JUHDW�PDQXDO�HIIRUW�DQG�DW�KLJK�FRVW�²�WR�UHSUHVHQW�
(QJOLVK�DV�XVHG�LQ�WKHLU�UHVSHFWLYH�FRXQWULHV��)RU�PDQ\�RWKHU�QDWLRQDO�YDULHWLHV�RI�(QJOLVK��RQO\�

�� KWWS���ZZZ�TXHHQVX�FD�VWUDWK\�
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PXFK�VPDOOHU�UHVRXUFHV�DUH�DYDLODEOH��)RU�H[DPSOH��WKH�,QWHUQDWLRQDO�&RUSXV�RI�(QJOLVK�FRQVLVWV�
RI� RQH�PLOOLRQ�ZRUG� FRUSRUD� IRU� QDWLRQDO� RU� UHJLRQDO� YDULHWLHV� RI�(QJOLVK�� LQFOXGLQJ� ,QGLDQ��
-DPDLFDQ�� DQG�1HZ�=HDODQG�(QJOLVK���*LYHQ� WKDW� VL]HDEOH� UHVRXUFHV� DUH� SUHVHQWO\� DYDLODEOH�
IRU�RQO\�D�IHZ�(QJOLVK�GLDOHFWV��FRUSRUD�IRU�VSHFL¿F�GLDOHFWV��DQG�PHWKRGV�IRU�EXLOGLQJ�WKHP��
ZRXOG�EH�D�JUHDW�DVVHW�WR�OLQJXLVWLF�LQTXLU\�LQWR�GLDOHFWV��6XFK�UHVRXUFHV�PD\�DOVR�KDYH�SUDFWLFDO�
DSSOLFDWLRQV� LQ� ODQJXDJH� WHFKQRORJ\�E\�SURYLGLQJ�GLDOHFW�VSHFL¿F� WUDLQLQJ�GDWD�IRU�VWDWLVWLFDO�
QDWXUDO�ODQJXDJH�SURFHVVLQJ�PHWKRGV��HQDEOLQJ�VXFK�PHWKRGV�WR�EH�WDLORUHG�WR�GLDOHFWV�

7KH�:HE�KDV�EHHQ�ZLGHO\�XVHG�WR�FUHDWH�ODUJH�FRUSRUD�IRU�PDQ\�ODQJXDJHV��H�J���%DURQL�HW�DO���
������ .LOJDUULII� HW� DO��� ������� DQG� FRUSRUD� IRU� VSHFL¿F� WRSLFV� �H�J��� %DURQL� DQG� %HUQDUGLQL��
������DQG�JHQUHV��H�J���'LOORQ����������7KH�:HE�KDV�DOVR�EHHQ�XVHG�WR�FUHDWH�SDUDOOHO�FRUSRUD�
�H�J���5HVQLN�DQG�6PLWK��������²�FRUSRUD�RI�WH[WV�LQ�RQH�ODQJXDJH�DQG�WKHLU�WUDQVODWLRQV�LQWR�
DQRWKHU���&UXFLDOO\��WKHVH�PHWKRGV�RI�FRUSXV�FRQVWUXFWLRQ�HQDEOH�FRUSRUD�WR�EH�FUHDWHG�TXLFNO\�
DQG�DW�OLWWOH�FRVW���1HYHUWKHOHVV��GHVSLWH�WKH�LPSUHVVLYH�YDULHW\�RI�:HE�FRUSRUD�WKDW�KDYH�EHHQ�
FRQVWUXFWHG�WR�GDWH��WKHUH�KDYH�EHHQ�FRPSDUDWLYHO\�IHZ�HIIRUWV�WR�FUHDWH�PRQROLQJXDO�FRUSRUD�
UHSUHVHQWLQJ�GLIIHUHQW�QDWLRQDO�RU�UHJLRQDO�YDULHWLHV�RI�(QJOLVK�� �*LYHQ�WKH�FRVW�RI�WUDGLWLRQDO�
DSSURDFKHV�WR�FUHDWLQJ�VXFK�UHVRXUFHV��PHWKRGV�IRU�EXLOGLQJ�FRUSRUD�IURP�WKH�:HE�UHSUHVHQWLQJ�
GLDOHFWV�DUH�YHU\�DSSHDOLQJ��2QH�UHFHQW�VWXG\�LQWR�FUHDWLQJ�VXFK�FRUSRUD�LV�WKDW�RI�0XUSK\�DQG�
6WHPOH���������ZKR�H[SORLW�OH[LFDO�PDUNHUV�RI�+LEHUQR�(QJOLVK��WKH�YDULHW\�RI�(QJOLVK�VSRNHQ�LQ�
,UHODQG��²�LQFOXGLQJ�SODFH�QDPHV��UHJLRQDOLVPV��DQG�ORDQZRUGV�²�WR�LGHQWLI\�WH[WV�FRQWDLQLQJ�
NQRZQ�SURSHUWLHV�RI�+LEHUQR�(QJOLVK��H�J��DPQ¶W��D�FRQWUDFWLRQ�RI�DP�QRW���,Q�FRQWUDVW��ZH�IRFXV�
RQ�GLIIHUHQW�YDULHWLHV�RI�(QJOLVK��QDPHO\��%(�DQG�&(���DQG�GR�QRW�UHO\�RQ�VXFK�PDUNHUV�LQ�WKH�
FUHDWLRQ�RI�RXU�FRUSRUD���)XUWKHUPRUH��ZH�FRQGXFW�D�PRUH�WKRURXJK�HPSLULFDO�HYDOXDWLRQ�RI�WKH�
FRUSRUD�ZH�FUHDWH�

2QH�FKDOOHQJH�WR�FUHDWLQJ�GLDOHFWDO�:HE�FRUSRUD�LV�WKDW�LW�LV�QRW�FOHDU�KRZ�WR�HDVLO\�¿QG�WH[WV�
ZULWWHQ�LQ�D�VSHFL¿F�GLDOHFW�RQ�WKH�:HE��6RPH�WRS�OHYHO�GRPDLQV��H�J����XN���FD��PD\�FRQWDLQ�
FRQWHQW�UHOHYDQW� WR�SDUWLFXODU�FRXQWULHV��H�J��� WKH�8QLWHG�.LQJGRP�DQG�&DQDGD��UHVSHFWLYHO\��
EXW�WKHUH�LV�QR�JXDUDQWHH�WKDW�GRFXPHQWV�IRXQG�LQ�D�SDUWLFXODU�WRS�OHYHO�GRPDLQ�DUH�DXWKRUHG�
E\�VSHDNHUV�IURP�WKH�FRXQWU\�RI�WKDW�GRPDLQ��DQG�WKHUHIRUH�PD\�QRW�UHSUHVHQW�WKDW�FRXQWU\¶V�
QDWLRQDO� GLDOHFW�� %DURQL� HW� DO�� ������� PHQWLRQ� H[DFWO\� WKLV� LVVXH� LQ� WKHLU� GLVFXVVLRQ� RI� WKH�
XN:D&��D�:HE�FRUSXV�FUHDWHG�IURP�WKH��XN�GRPDLQ��WKH�XN:D&�LV�D�FRUSXV�RI�(QJOLVK��EXW�QRW�
QHFHVVDULO\�%ULWLVK�(QJOLVK�

,Q� WKLV� SDSHU��ZH� RIIHU� SUHOLPLQDU\� HYLGHQFH� WKDW� (QJOLVK�:HE� FRUSRUD� EXLOW� IURP� WRS�OHYHO�
GRPDLQV�GR�LQGHHG�UHSUHVHQW�QDWLRQDO�YDULHWLHV�RI�(QJOLVK��,Q�SDUWLFXODU��ZH�¿UVW�EXLOG�FRUSRUD�
SRWHQWLDOO\� UHSUHVHQWLQJ�QDWLRQDO�YDULHWLHV�RI�(QJOLVK� MXVW�E\� IRFXVLQJ�RQ� WH[W� IURP�ZHEVLWHV�
LQ� QDWLRQDO� WRS�OHYHO� GRPDLQV�� 7KH� IRFXV� RI� WKLV� VWXG\� LV� WKHQ� WR� GHWHUPLQH� ZKHWKHU� WKHVH�
FRUSRUD�DFKLHYH�WKHLU�DLP��RU�ZKHWKHU�WKH\�DUH�FRQWDPLQDWHG�ZLWK�WRR�PXFK�WH[W�ZKRVH�RULJLQ�
LV�RXWVLGH�WKH�WDUJHW�FRXQWU\��)RU�WKLV�SXUSRVH�ZH�FRQVLGHU�SUHYLRXV�DSSURDFKHV�WR�FRPSDULQJ�
FRUSRUD��VSHFL¿FDOO\�.LOJDUULII���������DQG�SURSRVH�D�QHZ�PHWKRG�WR�FRPSDUH�FRUSRUD�EDVHG�RQ�
YDULDWLRQV�LQ�VSHOOLQJ�²�RQH�ZD\�LQ�ZKLFK�(QJOLVK�GLDOHFWV�DUH�NQRZQ�WR�YDU\��:H�VKRZ�WKDW�
WKH�:HE�FRQVWUXFWHG�FRUSRUD�H[KLELW�SURSHUWLHV�RI�FRUSRUD� WKDW�DUH�NQRZQ�WR�EH�DXWKRUHG�E\�
VSHDNHUV�RI�VSHFL¿F�QDWLRQDO�YDULHWLHV�RI�(QJOLVK�

�� KWWS���LFH�FRUSRUD�QHW�LFH�
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%\�FUHDWLQJ�ODUJH�FRUSRUD�UHSUHVHQWLQJ�QDWLRQDO�YDULHWLHV�RI�(QJOLVK��ZH�RSHQ�WKH�GRRU�WR�IXUWKHU�
TXDQWLWDWLYH�VWXGLHV�RI�GLDOHFWV��)RU�H[DPSOH��WKH�PHWKRGV�WKDW�3HLUVPDQ�HW�DO���������SURSRVH�
IRU�LGHQWLI\LQJ�FURVV�YDULHWDO�V\QRQ\PV�²�H�J��� WKH�VWRUDJH�FRPSDUWPHQW�LQ�WKH�UHDU�RI�D�FDU�
LV�W\SLFDOO\�ERRW�LQ�%(�ZKHUHDV�WUXQN�LV�SUHIHUUHG�LQ�$P(�²�FRXOG�EH�DSSOLHG�WR�WKH�QHZO\�
FUHDWHG� FRUSRUD�� WKH� RXWSXW� RI� VXFK� D�PHWKRG� FRXOG� WKHQ� EH�PDQXDOO\� H[DPLQHG� WR� LGHQWLI\�
SUHYLRXVO\�XQGRFXPHQWHG�GLIIHUHQFHV�EHWZHHQ�WKH�GLDOHFWV�

���&RUSRUD

,Q�WKH�IROORZLQJ�VXEVHFWLRQV�ZH�GHVFULEH�WKH�QDWLRQDO�FRUSRUD�XVHG�LQ��DQG�:HE�FRUSRUD�FUHDWHG�
IRU�� WKLV� VWXG\��:H� IRFXV� RQ�%(� DQG�&(� EHFDXVH� LQ� ERWK� FDVHV� ODUJH� QDWLRQDO� FRUSRUD�� DQG�
FRUUHVSRQGLQJ�WRS�OHYHO�GRPDLQV�IURP�ZKLFK�WR�EXLOG�:HE�FRUSRUD��DUH�DYDLODEOH���)RU�$P(��
WKHUH�LV�QR�WRS�OHYHO�GRPDLQ�WKDW�LV�DSSURSULDWH�IRU�FRQVWUXFWLQJ�D�JHQHUDO�SXUSRVH�:HE�FRUSXV��
WKH��XV�GRPDLQ�WHQGV�WR�EH�XVHG�IRU�VSHFLDOL]HG�SXUSRVHV��VXFK�DV�JRYHUQPHQW����

:H�DSSO\�WKH�VDPH�VLPSOH�WRNHQL]DWLRQ�PHWKRG�WR�ERWK�WKH�QDWLRQDO�FRUSRUD��VHFWLRQ������DQG�
WKH�:HE�FRUSRUD��VHFWLRQ�������DQG�ZH�DSSO\�D�VWDWH�RI�WKH�DUW�ODQJXDJH�LGHQWL¿FDWLRQ�PHWKRG�
�/XL�DQG�%DOGZLQ��������WR�WKH�FRUSRUD�LQ�RUGHU�WR�UHWDLQ�RQO\�(QJOLVK�GRFXPHQWV�

�����1DWLRQDO�FRUSRUD

7R�UHSUHVHQW�%(��ZH�XVH�WKH�ZULWWHQ�FRPSRQHQW�RI�WKH�%ULWLVK�1DWLRQDO�&RUSXV��%1&���ZKLFK�
FRQVLVWV�RI�DSSUR[LPDWHO\����PLOOLRQ�ZRUGV�RI�WH[W�IURP�D�YDULHW\�RI�JHQUHV�ZULWWHQ�E\�%ULWLVK�
DXWKRUV� LQ� WKH� ODWH� ����V�� )RU�&(��ZH� XVH� WKH�ZULWWHQ� FRPSRQHQW� RI� WKH� 6WUDWK\�&RUSXV� RI�
&DQDGLDQ� (QJOLVK�� ZKLFK� FRQVLVWV� RI� DSSUR[LPDWHO\� ��� PLOOLRQ� ZRUGV� RI� WH[W� E\� &DQDGLDQ�
DXWKRUV�WKDW��OLNH�WKH�%1&��FRPHV�IURP�D�YDULHW\�RI�JHQUHV�DQG�WKH�ODWH�WZHQWLHWK�FHQWXU\�

�����:HE�FRUSRUD

:H�FRQVWUXFW�(QJOLVK�:HE�FRUSRUD� IURP� WKH� �XN� DQG� �FD�GRPDLQV� WR� WHVW� WKH�K\SRWKHVLV� WKDW�
FRUSRUD�FRQVWUXFWHG� IURP� WRS�OHYHO�GRPDLQV� UHSUHVHQW�QDWLRQDO�YDULHWLHV�RI�(QJOLVK��:H�ZLOO�
UHIHU�WR�WKHVH�FRUSRUD�DV�'RW8.�DQG�'RW&$�UHVSHFWLYHO\��

%DURQL�DQG�%HUQDUGLQL��������SURSRVH�D�PHWKRG�IRU�:HE�FRUSXV�FRQVWUXFWLRQ�ZKHUHE\�VHDUFK�
HQJLQH� TXHULHV� DUH� LVVXHG� IRU� UDQGRP� FRPELQDWLRQV� RI� XVHU�FKRVHQ� VHHG� ZRUGV�� WKH� 85/V�
UHWXUQHG�E\�WKH�TXHULHV�DUH�WKHQ�GRZQORDGHG�DQG�SRVW�SURFHVVHG�WR�SURGXFH�D�FRUSXV��6LPLODU�
PHWKRGRORJLHV� KDYH� EHHQ� XVHG� LQ� RWKHU� FRUSXV� FRQVWUXFWLRQ� HIIRUWV� �H�J��� 6KDURII�� ����D��
.LOJDUULII�HW�DO����������2QH� LVVXH� LQ� WKLV�PHWKRGRORJ\� LV� WKH�FKRLFH�RI� VHHG�ZRUGV�� DQG� WKH�
QXPEHU�RI�VHHGV�WR�XVH�LQ�TXHULHV��2XU�SUHVHQW�JRDO�LV�RQO\�WR�HYDOXDWH�WKH�UHVXOWV�RI�FRUSRUD�
FUHDWHG�WKURXJK�VXFK�D�SURFHVV��DQG�QRW�WR�VXJJHVW�LPSURYHG�PHWKRGV�IRU�FRUSXV�FRQVWUXFWLRQ���
WKHUHIRUH�� ZH� IROORZ� D� SUHYLRXVO\�XVHG� DSSURDFK� WR� VHHG� ZRUG� VHOHFWLRQ��$� SRUWLRQ� RI� WKH�
TXHULHV�XVHG�E\�)HUUDUHVL�HW�DO���������DUH�WXSOHV�RI�PLG�IUHTXHQF\�WHUPV�IURP�WKH�%1&��ZH�
IRUP�TXHULHV�IURP�VLPLODU�WHUPV��:H�UDQN�WKH�DOSKDEHWLF�W\SHV�LQ�WKH�%1&�ZLWK�OHQJWK�JUHDWHU�
WKDQ�RU�HTXDO�WR�WZR�E\�IUHTXHQF\��DQG�VHOHFW�WKRVH�ZLWK�IUHTXHQF\�UDQN������WR������DV�RXU�
VHHG�ZRUGV��:H�XVH�WKH�%RRW&D7�WRROV�SURYLGHG�E\�%DURQL�DQG�%HUQDUGLQL���������WR�UDQGRPO\�
IRUP����������WXSOHV�IURP�WKH�VHHG�ZRUGV��ZKLFK�ZH�XVH�DV�TXHULHV��7KH�QXPEHU�RI�WXSOHV�ZDV�
FKRVHQ�VXFK�WKDW�WKH�UHVXOWLQJ�FRUSRUD�ZRXOG�FRQWDLQ�DSSUR[LPDWHO\����0�ZRUGV�

�� KWWS���ERRWFDW�VVOPLW�XQLER�LW
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:H�XVH�WKH�%RRW&D7�WRROV�WR�LVVXH�TXHULHV�IRU�WKH�VHHG�ZRUG�WXSOHV�LQ�WKH��XN�DQG��FD�GRPDLQV��
DQG� GRZQORDG� DQG� SRVW�SURFHVV� WKH� UHWULHYHG�85/V� E\� UHPRYLQJ� GXSOLFDWH� GRFXPHQWV� DQG�
ERLOHUSODWH�WH[W���7KHVH�FRUSRUD�ZHUH�FROOHFWHG�LQ�WKH�VHFRQG�TXDUWHU�RI������XVLQJ�WKH�<DKRR��
VHDUFK�$3,��ZKLFK�LV�XQIRUWXQDWHO\�QR�ORQJHU�DYDLODEOH��1HYHUWKHOHVV��WKH�%RRW&D7�WRROV�QRZ�
VXSSRUW�WKH�%LQJ�$3,��VR�LW�LV�VWLOO�SRVVLEOH�WR�FUHDWH�VLPLODU�FRUSRUD����7R�SUHYHQW�DQ\�VLQJOH�
VRXUFH�IURP�ELDVLQJ�RXU�FRUSRUD��ZH�NHHS�D�PD[LPXP�RI�WKUHH�UDQGRPO\�VHOHFWHG�GRFXPHQWV�
SHU�KRVW��H�J���ZZZ�FEF�FD���7DEOH���SUHVHQWV�VRPH�VWDWLVWLFV�VXPPDUL]LQJ�WKH�FRUSRUD�FUHDWHG�

'RW8. 'RW&$

4XHULHV ��. ��.

85/V� ���. ���.

85/V��'XSOLFDWHV�UHPRYHG ���. ���.

'RFXPHQWV ���. ���.

'RFXPHQWV��'XSOLFDWHV�UHPRYHG ���. ���.

'RFXPHQWV��0D[LPXP���GRFXPHQWV�SHU�KRVW ��. ��.

:RUGV ���0 ��0

7DEOH����$SSUR[LPDWH�QXPEHU�RI�TXHULHV��85/V��GRFXPHQWV��DQG�ZRUGV�IRU�WKH�FRUSRUD��'RW8.�DQG�
'RW&$��FUHDWHG�IURP�WKH��XN�DQG��FD�GRPDLQ

���0HWKRGV�IRU�FRUSXV�FRPSDULVRQ

,Q� WKLV� VHFWLRQ��ZH�SUHVHQW�PHWKRGV� IRU� GHWHUPLQLQJ� WKH� VLPLODULW\� RI� WZR� FRUSRUD� EDVHG�RQ�
NH\ZRUGV��WKH�FKL�VTXDUH�WHVW��DQG�RUWKRJUDSKLF�YDULDQWV��7KH�¿UVW�RI�WKHVH�LV�XVHIXO�IRU�PDQXDOO\�
H[DPLQLQJ�GLIIHUHQFHV�DQG�VLPLODULWLHV�EHWZHHQ�FRUSRUD��EXW�ZH�DUH�DOVR�LQWHUHVWHG�LQ�PHWKRGV�
IRU�DXWRPDWLFDOO\�PHDVXULQJ�WKH�VLPLODULW\�RI�WZR�FRUSRUD�DQG�KHQFH�DOVR�FRQVLGHU�WKH�RWKHU�WZR�
PHWKRGV��)RU�DOO�PHWKRGV�IRU�GHWHUPLQLQJ�FRUSXV�VLPLODULW\�ZH�FRQVLGHU�RQO\�DOSKDEHWLF�W\SHV��
DQG�LJQRUH�FDVH�

�����.H\ZRUGV

2QH�ZD\�WR�FRPSDUH�WZR�FRUSRUD�LV�WR�H[DPLQH�NH\ZRUGV�LQ�WKRVH�FRUSRUD��L�H���ZRUGV�WKDW�DUH�
PXFK�PRUH�IUHTXHQW�LQ�RQH�FRUSXV�WKDQ�WKH�RWKHU��.LOJDUULII��������SURSRVHV�D�VLPSOH�PHWKRG�
WR�LGHQWLI\�NH\ZRUGV�EDVHG�RQ�WKH�UDWLR�RI�D�ZRUG¶V�IUHTXHQF\�SHU�PLOOLRQ��SOXV�D�FRQVWDQW��LQ�
HDFK�RI�WZR�FRUSRUD��,Q�WKLV�VWXG\�ZH�FRPSXWH�NH\ZRUGV�XVLQJ�.LOJDUULII¶V�PHWKRG��ZH�VHW�WKH�
FRQVWDQW�WR������WKH�YDOXH�WKDW�KH�UHFRPPHQGHG��

�����&KL�VTXDUH

.LOJDUULII� ������� LV� RQH� RI� WKH� IHZ� VWXGLHV� WR� FRQVLGHU� WKH� WDVN� RI� DXWRPDWLFDOO\�PHDVXULQJ�
FRUSXV� VLPLODULW\��2QH� FKDOOHQJH� WR� VXFK� D� VWXG\� LV� HYDOXDWLRQ�� WKH� VLPLODULW\� EHWZHHQ�SDLUV�
RI�FRUSRUD�LV�JHQHUDOO\�QRW�NQRZQ��DQG�LW� LV�GLI¿FXOW� WR�REWDLQ�PDQXDO� MXGJHPHQWV�RI�FRUSXV�
VLPLODULW\�GXH�WR�WKHLU�VL]H��.LOJDUULII�WKHUHIRUH�SURSRVHV�WKH�XVH�RI�NQRZQ�VLPLODULW\�FRUSRUD�
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WR�HYDOXDWH�DSSURDFKHV�WR�PHDVXULQJ�FRUSXV�VLPLODULW\��6SHFL¿FDOO\��.LOJDUULII�EXLOGV�FRUSRUD�
FRQVLVWLQJ�RI�YDU\LQJ�SURSRUWLRQV�RI�VSHFL¿F�VHFWLRQV�RI�WKH�%1&�WR�FUHDWH�SDLUV�RI�FRUSRUD�RI�
NQRZQ�UHODWLYH�VLPLODULW\�

.LOJDUULII�FRQVLGHUV�QXPHURXV�DSSURDFKHV�WR�PHDVXULQJ�FRUSXV�VLPLODULW\��DQG�FRQFOXGHV�WKDW�
D�VLPSOH�DSSURDFK�EDVHG�RQ�WKH�FKL�VTXDUH�VWDWLVWLF�LV�PRVW�DSSURSULDWH��6SHFL¿FDOO\��WKH�FKL�
VTXDUH�VWDWLVWLF�LV�FDOFXODWHG�IRU�WKH�����PRVW�IUHTXHQW�ZRUGV�LQ�WKH�XQLRQ�RI�WZR�FRUSRUD�DQG�
LV�LQWHUSUHWHG�DV�WKH�VLPLODULW\�EHWZHHQ�WKRVH�WZR�FRUSRUD���7KH�FKL�VTXDUH�YDOXH�LV�QRW�XVHG�DV�
WKH�EDVLV�IRU�D�K\SRWKHVLV�WHVW��

7KLV�PHWKRG�RI�PHDVXULQJ�FRUSXV�VLPLODULW\�LV�DWWUDFWLYH�LQ�WKDW�LW�LV�EDVHG�VROHO\�RQ�WKH�ZRUGV�
LQ� D� FRUSXV� �L�H��� LW� GRHV� QRW� UHO\� RQ� DQ\� WRROV� VXFK� DV� D� SDUW�RI�VSHHFK� WDJJHU��ZKLFK�PD\�
LQÀXHQFH�WKH�FRUSXV�VLPLODULW\�PHWULF��DQG�LW�WDSV�LQWR�D�YHU\�JHQHUDO�QRWLRQ�RI�FRUSXV�VLPLODULW\��
1HYHUWKHOHVV��LQ�WKLV�ZRUN�ZH�DUH�FRQFHUQHG�ZLWK�WKH�VSHFL¿F�SUREOHP�RI�GHWHUPLQLQJ�ZKHWKHU�
WZR�FRUSRUD�UHSUHVHQW�WKH�VDPH�QDWLRQDO�RU�UHJLRQDO�GLDOHFW�RI�(QJOLVK��LW�PD\�WKHUHIRUH�EH�WKH�
FDVH�WKDW�D�FRUSXV�VLPLODULW\�PHDVXUH�WDLORUHG�WR�WKLV�WDVN�LV�PRUH�DSSURSULDWH�

�����6SHOOLQJ�YDULDWLRQV

'LIIHUHQW�YDULHWLHV�RI�(QJOLVK�DUH�NQRZQ�WR�SUHIHU�GLIIHUHQW�VSHOOLQJV�RI�WKH�VDPH�ZRUG���3HWHUV�
�������� IRU� H[DPSOH�� QRWHV� QXPHURXV� VXFK� GLIIHUHQFHV��� ([DPSOHV� RI� VSHOOLQJ� GLIIHUHQFHV�
EHWZHHQ�%(�DQG�&(� LQFOXGH� WKH� WHQGHQF\� IRU�%(� WR�XVH�DOXPLQLXP� DQG� VSHFLDOLVH�ZKHUHDV�
&(�SUHIHUV�DOXPLQXP�DQG�VSHFLDOL]H��)XUWKHUPRUH��QDWLRQDO�GLDOHFWV�RI�(QJOLVK�FDQ�YDU\�ZLWK�
UHVSHFW�WR�WKHLU�ODFN�RI�SUHIHUHQFH�IRU�D�VSHOOLQJ�YDULDQW�²�%(�SUHIHUV�YDSRXU�WR�YDSRU��ZKHUHDV�
LQ�&(�WKHVH�IRUPV�KDYH�DSSUR[LPDWHO\�HTXDO�IUHTXHQF\���7KHVH�REVHUYDWLRQV�DERXW�%(�DQG�&(�
DUH�EDVHG�RQ�WKH�IUHTXHQFLHV�RI�WKHVH�IRUPV�LQ�WKH�%1&�DQG�WKH�6WUDWK\�&RUSXV����:H�WKHUHIRUH�
SURSRVH�D�PHDVXUH�RI�FRUSXV�VLPLODULW\�EDVHG�RQ�VXFK�VSHOOLQJ�GLIIHUHQFHV�

*LYHQ�D�OLVW�RI�NQRZQ�VSHOOLQJ�YDULDQWV�²�L�H���D�OLVW�RI�SDLUV�OLNH�^DOXPLQLXP��DOXPLQXP`�DQG�
^VSHFLDOLVH��VSHFLDOL]H`�²�ZH�UHSUHVHQW�D�FRUSXV�DV�D�YHFWRU�ZKHUH�HDFK�HQWU\�L�LV�WKH�SURSRUWLRQ�
RI�XVDJHV�RI�HLWKHU�IRUP�RI�VSHOOLQJ�YDULDQW�L�WKDW�FRUUHVSRQGV�WR�D�SDUWLFXODU�IRUP��H�J���IRU�WKH�
VSHOOLQJ�YDULDQW�^RUJDQLVH��RUJDQL]H`�ZH�FDOFXODWH

IUHTXHQF\�RUJDQLVH���IUHTXHQF\�RUJDQLVH���IUHTXHQF\�RUJDQL]H���

7KH�VLPLODULW\�EHWZHHQ�WZR�FRUSRUD�LV�WKHQ�WKH�FRVLQH�VLPLODULW\�RI�WKHLU�VSHOOLQJ�YDULDQW�YHFWRUV�

.LOJDUULII¶V��������PHWKRG�IRU�PHDVXULQJ�FRUSXV�VLPLODULW\�LV�EDVHG�RQ�GLIIHUHQFHV�LQ�IUHTXHQW�
ZRUGV��7KHUHIRUH��ZH�H[SHFW�WKDW�FRUSRUD�ZKLFK�GLIIHU�ZLWK�UHVSHFW�WR�JHQUH�RU�WRSLF�ZLOO�KDYH�
GLIIHUHQW� IUHTXHQW�ZRUGV�DQG�ZLOO�KDYH� ORZ�VLPLODULW\� DFFRUGLQJ� WR� WKLV�PHWULF��+RZHYHU�� LQ�
WKLV�ZRUN�ZH�DUH�FRQFHUQHG�ZLWK�HVWDEOLVKLQJ�ZKHWKHU�D�FRUSXV�FRUUHVSRQGV�WR�D�JLYHQ�QDWLRQDO�
YDULHW\�RI�(QJOLVK��UHJDUGOHVV�RI�JHQUH�RU�WRSLF��$�VLPLODULW\�PHWULF�EDVHG�RQ�RUWKRJUDSKLF�YDULDQWV�
KDV�WKH�SRWHQWLDO�WR�SLFN�XS�RQ�GLIIHUHQFHV�EHWZHHQ�WZR�FRUSRUD��ZLWK�UHVSHFW�WR�RUWKRJUDSKLF�
YDULDWLRQ��HYHQ�ZKHQ�WKRVH�FRUSRUD�DUH�QRW�FRPSDUDEOH�ZLWK�UHVSHFW�WR�JHQUH�RU�WRSLF�

���&ODVVLI\LQJ�NQRZQ�GLDOHFW�FRUSRUD

%HIRUH�ZH�FDQ�FRQVLGHU�ZKHWKHU�WKH�:HE�FRUSRUD�FRQVWUXFWHG�LQ�6HFWLRQ���UHSUHVHQW�D�SDUWLFXODU�
QDWLRQDO�YDULHW\�RI�(QJOLVK��ZH�PXVW�HVWDEOLVK�WKDW�RXU�PHWKRGV�IRU�PHDVXULQJ�FRUSXV�VLPLODULW\�
DUH�LQGHHG�DEOH�WR�LGHQWLI\�QDWLRQDO�GLDOHFWV�
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�����0DWHULDOV�DQG�PHWKRGV

7R� WHVW� ZKHWKHU� WKH� FRUSXV� VLPLODULW\� PHWULFV� SUHVHQWHG� LQ� 6HFWLRQ� �� FDQ� LGHQWLI\� QDWLRQDO�
GLDOHFWV��ZH�FRQVLGHU�D�FODVVL¿FDWLRQ�WDVN��:H�UDQGRPO\�VSOLW�WKH�%1&�DQG�WKH�6WUDWK\�&RUSXV�
E\�GRFXPHQW� LQWR� VXE�FRUSRUD�FRQVLVWLQJ�RI� URXJKO\�¿YH�PLOOLRQ�ZRUGV�HDFK��7KLV� VL]H�ZDV�
FKRVHQ� WR� \LHOG� VXE�FRUSRUD� ODUJH� HQRXJK� WR� DFFXUDWHO\�PHDVXUH� WKH� IUHTXHQF\� RI� FRPPRQ�
ZRUGV��EXW�VPDOO�HQRXJK�WKDW�WKH�QXPEHU�RI�VXE�FRUSRUD�IRU�HDFK�FRUSXV�ZRXOG�EH�VXI¿FLHQW��
WKH�VPDOOHVW�FRUSXV�²�WKH�6WUDWK\�&RUSXV�²�KDV�HLJKW�VXE�FRUSRUD�

:KHQ� FDOFXODWLQJ� WKH� FKL�VTXDUH� VLPLODULW\� PHWULF�� ZH� FRQVLGHU� RQO\� WRNHQV� WKDW� DUH� LQ�
YRFDEXODU\�DFFRUGLQJ� WR�DQ�(QJOLVK�ZRUGOLVW�SURYLGHG�E\�%LUG�HW�DO�� ��������ZH�GR�VR� LQ�DQ�
DWWHPSW�WR�SUHYHQW�DQ\�V\VWHPDWLF�QRQ�OLQJXLVWLF�GLIIHUHQFHV�EHWZHHQ�WKH�FRUSRUD�IURP�DIIHFWLQJ�
WKH�VLPLODULW\�VFRUHV��H�J���WKH�:HE�FRUSRUD�FRQWDLQ�PDQ\�PRUH�85/V�WKDQ�WKH�QDWLRQDO�FRUSRUD��

2XU�VSHOOLQJ�YDULDWLRQ�EDVHG�FRUSXV�VLPLODULW\�PHWULF�UHTXLUHV�D�OLVW�RI�NQRZQ�(QJOLVK�VSHOOLQJ�
YDULDQW�SDLUV��:H�REWDLQ�VXFK�D�OLVW�IURP�9DU&RQ���:H�VHOHFW�WKRVH�HQWULHV�LQ�9DU&RQ�WKDW�FRQVLVW�
RI�H[DFWO\�WZR�DOSKDEHWLF�DOWHUQDWLYHV��VXFK�WKDW�ERWK�DOWHUQDWLYHV�KDYH�OHQJWK�JUHDWHU�WKDQ�WKUHH�
FKDUDFWHUV���6RPH�YHU\�VKRUW�VSHOOLQJ�YDULDWLRQV�LQ�9DU&RQ�VHHP�TXHVWLRQDEOH��H�J����WDH��WH�����
:H�IXUWKHU�UHVWULFW�RXUVHOYHV� WR� WKRVH�HQWULHV�IRU�ZKLFK� WKH�VXP�RI� WKH�IUHTXHQF\�RI� WKH� WZR�
DOWHUQDWLYHV� LV�DW� OHDVW�¿YH� LQ�HYHU\�VXE�FRUSXV�RI�ERWK�FRUSRUD��DQG�QHLWKHU�DOWHUQDWLYH� LV� LQ�
WKH�OLVW�RI�VHHG�ZRUGV�XVHG�WR�EXLOG�WKH�:HE�FRUSRUD��VHH�6HFWLRQ�������7KLV�JLYHV�����SDLUV�RI�
VSHOOLQJ�YDULDQWV�

)RU�HDFK�VXE�FRUSXV�ZH�FRPSXWH�LWV�DYHUDJH�VLPLODULW\�WR�WKH�RWKHU�VXE�FRUSRUD�IURP�WKH�%1&�
DQG� 6WUDWK\� &RUSXV� XVLQJ� HDFK� FRUSXV� VLPLODULW\�PHWULF� �FKL�VTXDUH� DQG� VSHOOLQJ� YDULDWLRQ��
VHSDUDWHO\��,I�D�VXE�FRUSXV�LV�IRXQG�WR�EH��RQ�DYHUDJH��PRUH�VLPLODU�WR�VXE�FRUSRUD�IURP�WKH�VDPH�
FRUSXV�WKDQ�WR�WKRVH�IURP�WKH�RWKHU�FRUSXV��WKHQ�WKH�V\VWHP�KDV�FRUUHFWO\�FODVVL¿HG�WKLV�VXE�
FRUSXV��DQG�WKH�V\VWHP�LV�VFRUHG�DV�FRUUHFW��:H�WKHQ�FDOFXODWH�WKH�DFFXUDF\�RI�WKLV�FODVVL¿FDWLRQ�
IRU�DOO�VXE�FRUSRUD�

�����5HVXOWV

7KH�DFFXUDF\�XVLQJ�ERWK�WKH�FKL�VTXDUH�DQG�VSHOOLQJ�YDULDWLRQ�EDVHG�VLPLODULW\�PHWULFV�LV�������
ZKLFK�GHPRQVWUDWHV� WKDW� WKHVH� FRUSXV� VLPLODULW\�PHWULFV� DUH� DEOH� WR�GLVWLQJXLVK�EHWZHHQ�&(�
DQG�%(�FRUSRUD�� ,W� LV� SDUWLFXODUO\� HQFRXUDJLQJ� WKDW� ERWK�PHWULFV� DFKLHYH� WKLV� KLJK� DFFXUDF\�
JLYHQ�WKDW�WKH\�PHDVXUH�FRUSXV�VLPLODULW\�LQ�YHU\�GLIIHUHQW�ZD\V��1HYHUWKHOHVV��WKLV�YHU\�KLJK�
DFFXUDF\� LV�QRW� HQWLUHO\�XQH[SHFWHG��.LOJDUULII� �������QRWHG� WKDW� LI� YHU\�GLIIHUHQW� WH[W� W\SHV�
ZHUH�FKRVHQ�LQ�WKH�FRQVWUXFWLRQ�RI�KLV�NQRZQ�VLPLODULW\�FRUSRUD��WKH�DFFXUDF\�RI�KLV�FKL�VTXDUH�
PHWKRG�ZDV�IRXQG�WR�EH�������

�����.H\ZRUG�DQDO\VLV

%HIRUH�H[DPLQLQJ�WKH�:HE�FRUSRUD��ZH�FRQVLGHU�NH\ZRUGV�IRU�WKH�%1&�DQG�6WUDWK\�&RUSXV��7KH�
WRS����NH\ZRUGV�IRU�WKHVH�FRUSRUD�²�FDOFXODWHG�XVLQJ�.LOJDUULII¶V��������PHWKRG��GLVFXVVHG�LQ�
6HFWLRQ�����²�DUH�SUHVHQWHG�LQ�7DEOH���

)RU�ERWK�WKH�%1&�DQG�6WUDWK\�FRUSXV��PDQ\�RI�WKH�WRS����NH\ZRUGV�DUH�UHODWHG�WR�%ULWLVK�DQG�
&DQDGLDQ�SODFHV�RU�LQVWLWXWLRQV��H�J���ORQGRQ��VFRWODQG��EULWDLQ��DQG�XN�DQG�FDQDGD��FDQDGLDQ��

�� KWWS���ZRUGOLVW�VRXUFHIRUJH�QHW
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WRURQWR��RQWDULR��RWWDZD��FEF��DQG�TXHEHF��ZKLFK�VXJJHVWV�WKDW�WRSLFV�UHODWHG�WR�%ULWDLQ�DUH�PRUH�
FRPPRQ� LQ� WKH�%1&�DQG� WKRVH� UHODWHG� WR�&DQDGD�DUH�PRUH�FRPPRQ� LQ� WKH�6WUDWK\�&RUSXV��
.QRZLQJ� WKDW� WKHUH� DUH� VXFK� WRSLFDO� GLIIHUHQFHV� EHWZHHQ� WKHVH� FRUSRUD��ZH� DUH� XQVXUSULVHG�
E\�WKH�SUHYLRXVO\�REVHUYHG�DFFXUDF\�RI�WKH�FKL�VTXDUH�FRUSXV�VLPLODULW\�PHWULF��7KLV�PHWKRG�
H[SORLWV�GLIIHUHQFHV�LQ�WKH�PRVW�IUHTXHQW�ZRUGV�LQ�WKH�FRUSRUD��DQG�WKHVH�ZRUGV��DUH�H[SHFWHG�
WR�GLIIHU�GXH� WR� WKH�GLIIHUHQFHV� LQ� WRSLF��7KH�%1&�NH\ZRUGV�PUV�� VLU��KRQ�� DQG�PU� VHHP� WR�
LQGLFDWH�GLIIHUHQFHV�LQ�JHQUH�EHWZHHQ�WKH�FRUSRUD��ZKLFK�ZH�DOVR�H[SHFW�WR�UHVXOW�LQ�GLIIHUHQFHV�
DPRQJVW�WKH�PRVW�IUHTXHQW�ZRUGV�RI�WKH�FRUSRUD��:H�H[SHFWHG�WKH�6WUDWK\�NH\ZRUGV�HW�DQG�M�
WR�EH�WKH�UHVXOW�RI�)UHQFK�WH[W�LQ�WKLV�FRUSXV���)UHQFK�LV�DQ�RI¿FLDO�ODQJXDJH�RI�&DQDGD��DQG�
ERWK�RI�WKHVH�W\SHV�DUH�FRPPRQ�LQ�)UHQFK��M�LV�D�FRQWUDFWHG�IRUP�RI�WKH�¿UVW�SHUVRQ�SURQRXQ�
MH����+RZHYHU��DOWKRXJK�ZH�GR�VHH�VRPH�)UHQFK�XVDJHV�RI�HW�DQG�M�LQ�WKH�6WUDWK\�&RUSXV��WKH�
ODQJXDJH�LGHQWL¿FDWLRQ�WRRO�ZH�XVH�LV�VWDWH�RI�WKH�DUW��EXW�LW�LV�QHYHUWKHOHVV�RI�FRXUVH�LPSHUIHFW��
ZH�REVHUYH�WKDW�HW�LV�LQ�IDFW�W\SLFDOO\�XVHG�LQ�WKH�PXOWLZRUG�H[SUHVVLRQ�HW�DO��ZKLOH�M�DSSHDUV�WR�
RIWHQ�EH�SDUW�RI�D�QDPH��$JDLQ��WKHVH�NH\ZRUGV�PLJKW�EH�GXH�WR�GLIIHUHQFHV�LQ�JHQUH��)LQDOO\��
VRPH�RI�WKH�NH\ZRUGV�DUH�GLI¿FXOW�WR�H[SODLQ��8�LV�W\SLFDOO\�XVHG�DV�SDUW�RI�8�6���DQG�WKLV�XVDJH�
MXVW�DSSHDUV�WR�EH�PRUH�IUHTXHQW�LQ�WKH�6WUDWK\�FRUSXV��DO�WKRXJK�WKLV�FRXOG�SRVVLEO\�EH�GXH�WR�
WKH�JHRJUDSKLFDO�SUR[LPLW\�RI�&DQDGD�DQG�WKH�8QLWHG�6WDWHV��6LPLODUO\�ORRNHG�LV�PRUH�IUHTXHQW�
LQ�WKH�%1&�

%1&�
PU��XN��SURJUDPPH��KRQ��EULWDLQ��VLU��PUV��ORRNHG��VFRWODQG��ORQGRQ

6WUDWK\�
FDQDGD��FDQDGLDQ��WRURQWR��X��HW��RQWDULR��RWWDZD��FEF��TXHEHF��M

7DEOH����7RS����NH\ZRUGV�IRU�WKH�%1&�DQG�6WUDWK\�&RUSXV�DFFRUGLQJ�WR�WKH�PHWKRG�RI�.LOJDUULII�
�������

���(YDOXDWLQJ�WKH�:HE�FRUSRUD

+DYLQJ�GHPRQVWUDWHG�LQ�WKH�SUHYLRXV�VHFWLRQ�WKDW�RXU�FRUSXV�VLPLODULW\�PHWULFV�FDQ�GLVWLQJXLVK�
EHWZHHQ�%(�DQG�&(��ZH�QRZ�FRQVLGHU�WKH�IRFXV�RI�WKLV�SDSHU��'R�:HE�FRUSRUD�FUHDWHG�IURP�WKH�
�XN�DQG��FD�GRPDLQV�UHSUHVHQW�%(�DQG�&(��UHVSHFWLYHO\"��7R�GR�VR�ZH�DQDO\]H�NH\ZRUGV�DQG�WKH�
VLPLODULW\�EHWZHHQ�WKH�'RW8.�DQG�'RW&$�FRUSRUD�PHDVXUHG�XVLQJ�WKH�FKL�VTXDUH�DQG�VSHOOLQJ�
YDULDWLRQ�EDVHG�FRUSXV�VLPLODULW\�PHWULFV�

�����.H\ZRUGV

:H�EHJLQ�E\�H[DPLQLQJ� WKH�NH\ZRUGV� IRU� WKH�'RW8.�DQG�'RW&$�:HE�FRUSRUD��7KH� WRS����
NH\ZRUGV�IRU�HDFK�FRUSXV�DUH�SUHVHQWHG�EHORZ�
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'RW8.�
XN��ORQGRQ��ZKLOVW��SURJUDPPH��VFKHPH��ZDOHV��VFRWODQG��HQJODQG��RUJDQLVDWLRQ��PP

'RW&$�
FDQDGD��FDQDGLDQ��RQWDULR��WRURQWR��FD��SURJUDP��YDQFRXYHU��RWWDZD��DOEHUWD��EF

7DEOH����7RS����NH\ZRUGV�IRU�WKH�:HE�FRUSRUD��'RW8.�DQG�'RW&$��FUHDWHG�IURP�WKH��XN�DQG��FD�
GRPDLQV��DFFRUGLQJ�WR�WKH�PHWKRG�RI�.LOJDUULII��������

7KH�NH\ZRUGV�IRU�WKH�'RW8.�DQG�'RW&$�:HE�FRUSRUD��IRU�WKH�PRVW�SDUW��FOHDUO\�FRUUHVSRQG�WR�
ZRUGV�WKDW�DUH�UHODWHG�WR�WKH�8QLWHG�.LQJGRP�DQG�&DQDGD��UHVSHFWLYHO\��/LNH�WKH�NH\ZRUGV�IRU�
WKH�%1&�DQG�6WUDWK\�&RUSXV��WKH�NH\ZRUGV�IRU�WKH�WZR�:HE�FRUSRUD�LQFOXGH�PDQ\�SODFHQDPHV�
RI� WKH�8QLWHG�.LQJGRP� DQG�&DQDGD� �H�J��� ORQGRQ� DQG�ZDOHV�� DQG� WRURQWR� DQG�DOEHUWD���:H�
DOVR�REVHUYH�VSHOOLQJ�YDULDQWV�WKDW�DUH�SUHIHUUHG�E\�%(�RU�&(��H�J���RUJDQLVDWLRQ�²�ZKLFK�KDV�
RUJDQL]DWLRQ�DV�D�YDULDQW�²�DQG�SURJUDPPH���SURJUDP���)URP�WKLV�NH\ZRUG�DQDO\VLV�LW�DSSHDUV�
WKDW� WKH�'RW8.�:HE� FRUSXV� WHQGV� WR� LQFOXGH�PRUH� GRFXPHQWV� DERXW� WKH�8QLWHG�.LQJGRP��
ZKHUHDV�WKH�'RW&$�FRUSXV�FRQVLVWV�RI�PRUH�GRFXPHQWV�UHODWHG�WR�&DQDGD��7KLV�LV�WKH�VDPH�DV�
ZH�REVHUYHG�IRU�WKH�NQRZQ�%(�DQG�&(�FRUSRUD��DQG�LV�WKHUHIRUH�DQ�HQFRXUDJLQJ�¿QGLQJ�ZKLFK�
VXJJHVWV�WKDW�WKH�:HE�FRUSRUD�PLJKW�LQGHHG�UHSUHVHQW�WKH�FRUUHVSRQGLQJ�QDWLRQDO�YDULHWLHV�RI�
(QJOLVK�

�����&KL�VTXDUH�DQG�VSHOOLQJ�YDULDWLRQ

7R�FRPSDUH�WKH�:HE�FRUSRUD��'RW8.�DQG�'RW&$��WR�WKH�FRUSRUD�RI�NQRZQ�GLDOHFW��WKH�%1&�
DQG�6WUDWK\�&RUSXV���ZH�EHJLQ�E\�UDQGRPO\�VSOLWWLQJ�HDFK�:HE�FRUSXV�E\�GRFXPHQWV�LQWR�VXE�
FRUSRUD�FRQVLVWLQJ�RI� URXJKO\�¿YH�PLOOLRQ�ZRUGV�HDFK�� LQ� WKH� VDPH�PDQQHU�DV� LQ�6HFWLRQ����
&UXFLDO�WR�WKH�H[SHULPHQWV�LQ�WKLV�VHFWLRQ��VSOLWWLQJ�WKH�FRUSRUD�LQ�WKLV�ZD\�DOORZV�XV�WR�REWDLQ�
LQGHSHQGHQW� PHDVXUHPHQWV� RI� ZRUG� IUHTXHQF\� LQ� HDFK� VXE�FRUSXV�� 7KLV� DOORZV� XV� WR� IRUP�
LQGHSHQGHQW�SDLUV�FRQVLVWLQJ�RI�D�VXE�FRUSXV�IURP�HDFK�FRUSXV��DQG�HQDEOHV�XV�WR�XVH�WHVWV�RI�
VLJQL¿FDQFH�WKDW�UHTXLUH�VXFK�LQGHSHQGHQW�SDLUV�

:H�XVH�WKH�VDPH�OLVW�RI�VSHOOLQJ�YDULDQW�SDLUV�IRU�WKH�VSHOOLQJ�YDULDQW±EDVHG�FRUSXV�VLPLODULW\�
PHWKRG�DV�LQ�6HFWLRQ����:H�DSSO\�WKH�VDPH�VHOHFWLRQ�FULWHULD�WR�WKHVH�SDLUV�DV�EHIRUH�WR�FKRRVH�
����RI�WKHVH�SDLUV���,Q�WKLV�FDVH�EHFDXVH�ZH�DUH�FRQVLGHULQJ�GLIIHUHQW�FRUSRUD�²�ZH�QRZ�DOVR�
FRQVLGHU� WKH�:HE� FRUSRUD� WKDW�ZHUHQ¶W� XVHG� LQ� WKH� SUHYLRXV� H[SHULPHQWV�²� WKH� QXPEHU� RI�
VSHOOLQJ�YDULDQW�SDLUV�LV�GLIIHUHQW��

7R�PHDVXUH�WKH�VLPLODULW\�EHWZHHQ�FRUSRUD�D�DQG�E��XVLQJ�HLWKHU�WKH�FKL�VTXDUH�RU�WKH�VSHOOLQJ�
YDULDQW�VLPLODULW\�PHWULF��ZH�SDLU�HDFK�VXE�FRUSXV�IURP�D�ZLWK�D�XQLTXH�VXE�FRUSXV�IURP�E��DQG�
FDOFXODWH�WKH�VLPLODULW\�RI�WKHVH�SDLUHG�VXE�FRUSRUD��%HFDXVH�WKH�FRUSRUD�DUH�GLIIHUHQW�VL]HV��WKH�
QXPEHU�RI�VXE�FRUSRUD�DYDLODEOH�YDULHV��$V�PHQWLRQHG�DERYH��WKH�VPDOOHVW�FRUSXV��WKH�6WUDWK\�
&RUSXV��KDV�HLJKW�VXE�FRUSRUD��ZH�VLPSO\�UDQGRPO\�VHOHFW�HLJKW�VXE�FRUSRUD�IRU�HDFK�FRUSXV�WR�
JHW�WKH�VDPH�QXPEHU�RI�VXE�FRUSRUD�LQ�HDFK�FDVH��7KH�VLPLODULW\�EHWZHHQ�FRUSRUD�D�DQG�E�LV�WKHQ�
WKH�DYHUDJH�VLPLODULW\�EHWZHHQ�WKH�HLJKW�SDLUV�RI�VXE�FRUSRUD�IRU�D�DQG�E�

7DEOHV� �� DQG� �� SUHVHQW� WKH� DYHUDJH� VLPLODULW\� EHWZHHQ� HDFK� SDLU� RI� FRUSRUD� �LQFOXGLQJ� WKH�
'RW8.�&$�FRUSXV��ZKLFK�ZLOO�EH�GHVFULEHG�EHORZ��XVLQJ�WKH�FKL�VTXDUH�DQG�VSHOOLQJ�YDULDQW±
EDVHG�VLPLODULW\�PHWULFV��:H�REVHUYH�D�UHODWLYHO\�ORZ�VLPLODULW\�EHWZHHQ�WKH�%1&�DQG�6WUDWK\�
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&RUSXV�²�FRUSRUD�ZKLFK�DUH�NQRZQ�WR�UHÀHFW�QDWLRQDO�GLDOHFWV�²�IRU�ERWK�PHDVXUHV��7KLV�LV�DV�
H[SHFWHG��SDUWLFXODUO\�JLYHQ�WKH�UHVXOWV�LQ�6HFWLRQ���

1H[W�ZH�FRQVLGHU�WKH�:HE�FRUSXV�'RW&$��FUHDWHG�IURP�WKH��FD�GRPDLQ��)RU�ERWK�FRUSXV�VLPLODULW\�
PHWULFV��WKH�SDLU�^'RW&$��6WUDWK\`�DUH�PRUH�VLPLODU�WKDQ�WKH�SDLU�^'RW&$��%1&`��VKRZLQJ�WKDW�
D�FRUSXV�FUHDWHG�IURP�WKH��FD�GRPDLQ�LV�LQGHHG�PRUH�OLNH�&(�WKDQ�%(�LQ�WHUPV�RI�WKHVH�PHWULFV��
)RU�ERWK�PHWULFV�WKLV�GLIIHUHQFH�LV�VLJQL¿FDQW�DFFRUGLQJ�WR�D�RQH�VLGHG�:LOFR[RQ�VLJQHG�UDQN�
WHVW��S�����������$�FRUUHVSRQGLQJ�UHVXOW�LV�REVHUYHG�LQ�WKH�FDVH�RI�WKH�FRUSXV�'RW8.��FUHDWHG�
IURP�WKH��XN�GRPDLQ��,Q�WKLV�FDVH��IRU�ERWK�VLPLODULW\�PHWULFV��WKH�VLPLODULW\�RI�WKH�SDLU�^'RW8.��
%1&`�LV�JUHDWHU�WKDQ�WKDW�RI�WKH�SDLU�^'RW8.��6WUDWK\`��LQGLFDWLQJ�WKDW�D�:HE�FRUSXV�IURP�WKH�
�XN�GRPDLQ�LV�PRUH�VLPLODU�WR�%(�WKDQ�&(��7KHVH�GLIIHUHQFHV�DUH�DOVR�VLJQL¿FDQW��S�����������:H�
IXUWKHU�FRQVLGHU�D�FODVVL¿FDWLRQ�H[SHULPHQW�LQ�ZKLFK�D�JLYHQ�VXE�FRUSXV�IURP�'RW8.�RU�'RW&$�
LV�FODVVL¿HG�DV�%(�RU�&(�GHSHQGLQJ�RQ�ZKHWKHU�LW�LV��RQ�DYHUDJH��PRUH�VLPLODU�WR�WKH�NQRZQ�
%1&�RU�6WUDWK\�VXE�FRUSRUD��7KH�DFFXUDF\�IRU�WKHVH�H[SHULPHQWV�LV������

:H� QRZ� FRQVLGHU�ZKHWKHU� D�:HE� FRUSXV� EXLOW� IURP� D� VSHFL¿F� WRS�OHYHO� GRPDLQ�� RU� IURP� D�
PL[WXUH�RI�GRPDLQV��LV�PRUH�VLPLODU�WR�D�VSHFL¿F�QDWLRQDO�YDULHW\�RI�(QJOLVK��:H�EXLOG�D�QHZ�
FRUSXV�UHSUHVHQWLQJ�D�PL[WXUH�RI�WKH��XN�DQG��FD�GRPDLQV�²�UHIHUUHG�WR�DV�'RW8.�&$�²�E\��
PHUJLQJ�WKH�'RW8.�DQG�'RW&$�FRUSRUD��:H�UDQGRPO\�VHOHFW�¿YH�PLOOLRQ�ZRUG�VXE�FRUSRUD�
IURP�'RW8.�&$� DV� EHIRUH��7DEOHV� �� DQG� �� VKRZ� WKDW� WKH� SDLU� ^'RW&$�� 6WUDWK\`� DUH�PRUH�
VLPLODU�WKDQ�^'RW8.�&$��6WUDWK\`��WKHVH�GLIIHUHQFHV�DUH�VLJQL¿FDQW�LQ�ERWK�FDVHV��S����������
XVLQJ�RQH�VLGHG�:LOFR[RQ�VLJQHG�UDQN�WHVWV�DV�EHIRUH��)XUWKHUPRUH��^'RW8.��%1&`�DUH�PRUH�
VLPLODU�WKDQ�^'RW8.�&$��%1&`�XVLQJ�ERWK�PHWULFV��DJDLQ�WKHVH�GLIIHUHQFHV�DUH�VLJQL¿FDQW��S�
�������LQ�WKLV�FDVH��

%1& 6WUDWK\ 'RW&$ 'RW8. 'RW8.�&$

%1& ���� ���� ���� ���� ����

6WUDWK\ � ���� ���� ���� ����

'RW&$ � � ���� ���� ����

'RW8. � � � ���� ����

'RW8.�&$ � � � � ����

7DEOH����$YHUDJH�VLPLODULW\�XVLQJ�WKH�FKL�VTXDUH�FRUSXV�VLPLODULW\�PHWULF�EHWZHHQ�HDFK�SDLU�RI�
FRUSRUD��7KH�QXPEHUV�DUH�FKL�VTXDUH�YDOXHV�PXOWLSOLHG�E\�D�IDFWRU�RI������ORZHU�QXPEHUV�LPSO\�

JUHDWHU�VLPLODULW\��
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%1& 6WUDWK\ 'RW&$ 'RW8. '278.�&$

%1& ���� ���� ���� ���� ����

6WUDWK\ � ���� ���� ���� ����

'RW&$ � � ���� ���� ����

'RW8. � � � ���� ����

'RW8.�&$ � � � � ����

7DEOH����$YHUDJH�VLPLODULW\�XVLQJ�WKH�VSHOOLQJ�YDULDQW±EDVHG�FRUSXV�VLPLODULW\�PHWULF�EHWZHHQ�HDFK�
SDLU�RI�FRUSRUD��7KH�QXPEHUV�DUH�FRVLQHV��VR�KLJKHU�QXPEHUV�LPSO\�JUHDWHU�VLPLODULW\�

���$PHULFDQ�(QJOLVK

:H�QRZ�ZDQW�WR�WHVW�ZKLFK�RI�D�QXPEHU�RI�FRUSRUD�NQRZQ�WR�UHSUHVHQW�D�QDWLRQDO�GLDOHFW�RI�
(QJOLVK�RXU�:HE�FRUSRUD�DUH�PRVW�VLPLODU�WR��)RU�WKLV�SUHOLPLQDU\�H[SHULPHQW�ZH�XVH�WKH�&RUSXV�
RI�&RQWHPSRUDU\�$PHULFDQ�(QJOLVK��&2&$��'DYLHV���������D�FRUSXV�RI�DSSUR[LPDWHO\����0�
ZRUGV�RI�$PHULFDQ�(QJOLVK�IURP�D�YDULHW\�RI�WH[W�W\SHV�IURP������WR�WKH�SUHVHQW��:H�DUH�XQDEOH�
WR�DFFHVV�WKH�IXOO�WH[W�RI�WKLV�FRUSXV�²�SUHYHQWLQJ�XV�IURP�VSOLWWLQJ�WKH�FRUSXV�LQWR��0�ZRUG�
VDPSOHV�DV� LQ�RXU�SUHYLRXV�H[SHULPHQWV�²�DQG� LQVWHDG�PXVW�PDNH�GR�ZLWK�ZRUG� IUHTXHQF\�
LQIRUPDWLRQ� SURYLGHG� E\� 'DYLHV� �������� )XUWKHUPRUH�� .LOJDUULII� ������� QRWHV� WKDW� WKH� FKL�
VTXDUH�FRUSXV�VLPLODULW\�PHDVXUH�LV�QRW�VXLWHG�WR�FRUSRUD�RI�GLIIHUHQW�VL]HV��7KHUHIRUH�ZH�ZLOO�
RQO\�FRQVLGHU�WKH�VSHOOLQJ�YDULDQW±EDVHG�FRUSXV�VLPLODULW\�PHWULF�LQ�WKLV�DQDO\VLV��6SHFL¿FDOO\��
ZH�FRQVLGHU�ZKHWKHU�WKH�'RW8.�DQG�'RW&$�:HE�FRUSRUD�DUH�PRUH�VLPLODU�WR�WKH�%1&��&2&$��
RU�6WUDWK\�&RUSXV��FRUSRUD�NQRZQ�WR�UHSUHVHQW�%(��$P(��DQG�&(��UHVSHFWLYHO\�

:H� DSSO\� WKH� VDPH� FULWHULD� DV� LQ� WKH� SUHYLRXV� H[SHULPHQWV� IRU� VHOHFWLQJ� FDQGLGDWH� VSHOOLQJ�
YDULDQW�SDLUV�������SDLUV�PHHW�WKLV�FULWHULD���,Q�WKLV�FDVH��EHFDXVH�ZH�FRPSDUH�IXOO�FRUSRUD�²�DV�
RSSRVHG�WR�¿YH�PLOOLRQ�ZRUG�VXE�FRUSRUD�²�WKH�QXPEHU�RI�VSHOOLQJ�YDULDQW�SDLUV�PHHWLQJ�WKH�
VHOHFWLRQ�FULWHULD�LV�PXFK�KLJKHU��

7KH�VLPLODULW\�RI�WKH�SDLU�^'RW8.��%1&`�LV�������PXFK�KLJKHU�WKDQ�WKDW�RI�^'RW8.��6WUDWK\`��
ZKLFK�LV�������DQG�̂ 'RW8.��&2&$`��ZKLFK�LV�������7KLV�¿QGLQJ�VXJJHVWV�WKDW�D�FRUSXV�IURP�WKH�
�XN�GRPDLQ�LV�PRUH�OLNH�%(�WKDQ�&(�RU�$P(��,Q�WKH�FDVH�RI�'RW&$��WKH�VLPLODULW\�RI�^'RW&$��
6WUDWK\`�DW������ LV�TXLWH� FORVH� WR� WKDW�RI� ^'RW&$��&2&$`�DW�������ZKLOH� WKH�SDLU� ^'RW&$��
%1&`�DUH�PXFK� OHVV� VLPLODU��������7KH� WZR�PDMRU�YDULHWLHV�RI�(QJOLVK�DUH�RIWHQ�FODLPHG� WR�
EH�%(��RU�(QJOLVK�(QJOLVK��DQG�1RUWK�$PHULFDQ�(QJOLVK� �H�J���7UXGJLOO�DQG�+DQQDK���������
,W�LV�SRVVLEOH�WKDW�D�FRUSXV�IURP�WKH��FD�GRPDLQ�GRHV�QRW�VSHFL¿FDOO\�UHSUHVHQW�&(��EXW�UDWKHU�
UHSUHVHQWV�1RUWK�$PHULFDQ�(QJOLVK��WKH�¿QGLQJ�DERYH�WKDW�D�FRUSXV�IURP�WKH��FD�GRPDLQ�KDV�
FRPSDUDEOH�VLPLODULW\�WR�ERWK�D�NQRZQ�&DQDGLDQ�DQG�NQRZQ�$PHULFDQ�FRUSXV�LV�FRQVLVWHQW�ZLWK�
WKLV��+RZHYHU��WKLV�¿QGLQJ�FRXOG�DOVR�LQGLFDWH�WKDW�WKH��FD�GRPDLQ�FRQWDLQV�D�VXEVWDQWLDO�QXPEHU�
RI�GRFXPHQWV�E\�$PHULFDQ�DXWKRUV�



� '2�:(%�&25325$�)520�723�/(9(/�'20$,16�5(35(6(17� ���

���'LVFXVVLRQ

7KH�¿QGLQJV�LQ�6HFWLRQ���VXJJHVW�WKDW�FRUSRUD�FUHDWHG�IURP�WKH��XN�DQG��FD�GRPDLQV�DUH�PRUH�
VLPLODU�WR�%(�DQG�&(�WKDQ�&(�DQG�%(��UHVSHFWLYHO\��DW�OHDVW�ZLWK�UHVSHFW�WR�WKH�IUHTXHQF\�RI�
FRPPRQ�ZRUGV�DQG�RUWKRJUDSKLF�YDULDWLRQ�� WKH�SURSHUWLHV�FDSWXUHG�E\�RXU�FRUSXV� VLPLODULW\�
PHWULFV��+RZHYHU��GLIIHUHQFHV�DPRQJVW�YDULHWLHV�RI�(QJOLVK�KDYH�DOVR�EHHQ�QRWHG�DW�WKH�OH[LFR�
V\QWDFWLF�DQG�V\QWDFWLF�OHYHOV��H�J���7UXGJLOO��������+DUJUDYHV���������7KH�PHDVXUHPHQW�RI�VXFK�
SURSHUWLHV�FRXOG�DOVR�EH�LQFRUSRUDWHG�LQWR�D�PHWKRG�IRU�GHWHUPLQLQJ�ZKHWKHU�D�FRUSXV�FRUUHVSRQGV�
WR�D�SDUWLFXODU�YDULHW\�RI�(QJOLVK��+RZHYHU��.LOJDUULII��������QRWHV�WKDW�DQ\�FRUSXV�FRPSDULVRQ�
PHWKRGRORJ\�WKDW�UHOLHV�RQ�WKH�RXWSXW�RI� WRROV�VXFK�DV�SDUW�RI�VSHHFK�WDJJHUV�RU�SDUVHUV�ZLOO�
EH�LQÀXHQFHG�E\�WKH�SHUIRUPDQFH�RI�WKRVH�WRROV��DQG�IXUWKHUPRUH�WKDW�WKH�SHUIRUPDQFH�RI�VXFK�
WRROV�FDQ�YDU\�IURP�FRUSXV�WR�FRUSXV��7KHUHIRUH�ZH�FKRRVH�WR�IRFXV�VROHO\�RQ�ZRUGIRUPV�LQ�WKH�
SUHVHQW�VWXG\��DQG�OHDYH�FRQVLGHUDWLRQ�RI�RWKHU�W\SHV�RI�GLDOHFWDO�GLIIHUHQFHV�WR�IXWXUH�ZRUN�

2QH�LVVXH�UHODWHG�WR��EXW�QRW�FRQVLGHUHG�LQ��WKH�SUHVHQW�VWXG\�LV�ZKHWKHU�WKH�:HE�FRUSRUD�FUHDWHG�
DUH�FRPSDUDEOH��L�H���GR�WKH�FRUSRUD�FRQVLVW�RI�WH[WV�IURP�D�VLPLODU�PL[WXUH�RI�WRSLFV�DQG�JHQUHV"��
7KLV� LV�QRW� WKH�IRFXV�RI� WKH�SUHVHQW�SDSHU��KHUH�ZH�DUH�FRQFHUQHG�ZLWK�HVWDEOLVKLQJ�ZKHWKHU�
FRUSRUD�FUHDWHG�IURP�SDUWLFXODU�WRS�OHYHO�GRPDLQV�UHSUHVHQW�FRUUHVSRQGLQJ�QDWLRQDO�YDULHWLHV�RI�
(QJOLVK��1HYHUWKHOHVV��LI�ZH�DUH�WR�PDNH�XVH�RI�VXFK�FRUSRUD�LQ�GLDOHFWDO�VWXGLHV�LW�LV�LPSRUWDQW�
WKDW�WKH\�EH�FRPSDUDEOH��)RU�LQVWDQFH��%LEHU��������¿QGV�$PHULFDQ�WH[WV�WR�EH�PRUH�FROORTXLDO�
WKDQ�%ULWLVK�WH[WV��+RZHYHU��VXFK�DQ�DQDO\VLV�PXVW�EH�FDUULHG�RXW�RQ�FRUSRUD�ZKLFK�DUH�EDODQFHG�
ZLWK�UHVSHFW�WR�JHQUH��ZKLFK�LQGHHG�%LEHU�GRHV���,I�WKH�FRUSRUD�FRQVLVWHG�RI�YHU\�GLIIHUHQW�WH[W�
W\SHV�²�L�H���D�FRUSXV�RI�IRUPDO�$PHULFDQ�WH[WV�DQG�LQIRUPDO�%ULWLVK�WH[WV�²�WKH�GLIIHUHQFHV�
QRWHG� E\� %LEHU� ZRXOG� QRW� EH� VHHQ�� 8QIRUWXQDWHO\�� ZLWK� WKH� QRWDEOH� H[FHSWLRQ� RI� .LOJDUULII�
�������� OLWWOH�ZRUN�KDV�EHHQ�GRQH�RQ� WKH� LVVXH�RI�PHDVXULQJ�FRUSXV�VLPLODULW\��1HYHUWKHOHVV��
LW� LV� VWLOO�SRVVLEOH� WR�DVVHVV�FRUSXV�VLPLODULW\�PDQXDOO\�E\�FODVVLI\LQJ�VDPSOHV�RI�GRFXPHQWV�
DFFRUGLQJ�WR�WRSLF�DQG�JHQUH��DV�E\�6KDURII������E���,Q�WKH�SUHVHQW�VWXG\�ZH�HQVXUHG�WKDW�WKH�
:HE� FRUSRUD� XVHG�ZHUH� FUHDWHG� IROORZLQJ� WKH� VDPH�PHWKRGRORJ\�� L�H���ZH� LVVXHG� WKH� VDPH�
TXHULHV��DW�DSSUR[LPDWHO\�WKH�VDPH�WLPH��LQ�WKH��XN�DQG��FD�GRPDLQV��%HFDXVH�VHDUFK�HQJLQHV�
DUH�TXLWH�UHOLDEOH�DW�UHWXUQLQJ�GRFXPHQWV�UHOHYDQW�WR�VRPH�TXHU\��LW�FRXOG�UHDVRQDEO\�EH�WKH�FDVH�
WKDW� WKHVH�:HE�FRUSRUD�FRQVLVW�RI�VLPLODU� WRSLFV��+RZHYHU�� WKH� LVVXH�RI�ZKHWKHU�FRPSDUDEOH�
PRQROLQJXDO�FRUSRUD�FDQ�EH�DXWRPDWLFDOO\�FUHDWHG�IURP�WKH�:HE�LV�RQ�LWV�RZQ�D�YHU\�LQWHUHVWLQJ�
UHVHDUFK�TXHVWLRQ��DQG�LV�OHIW�IRU�IXWXUH�ZRUN�

$OWKRXJK�WKH�SUHVHQW�VWXG\�IRFXVHG�RQ�QDWLRQDO�YDULHWLHV�RI�(QJOLVK�� WKH�FRUSXV�FRQVWUXFWLRQ�
PHWKRGV�XVHG�PD\�HTXDOO\�ZHOO�DSSO\�WR�FUHDWLQJ�FRUSRUD�RI�QDWLRQDO�GLDOHFWV�RI�RWKHU�ODQJXDJHV��
IRU�H[DPSOH��)UHQFK�DV�XVHG�LQ�)UDQFH�DQG�4XHEHF��DQG�3RUWXJXHVH�LQ�3RUWXJDO�DQG�%UD]LO�

%HFDXVH�RI�WKH�HYLGHQFH�IRXQG�LQ�WKLV�VWXG\�WKDW�WKH�'RW&$�:HE�FRUSXV�FUHDWHG�IURP�WKH��FD�
GRPDLQ�FRUUHVSRQGV� WR�&(��ZH�DUH�XVLQJ� WKLV� FRUSXV� LQ�D� VWXG\�RI�&(�� ,Q�SDUWLFXODU�ZH�DUH�
DQDO\]LQJ�WKLV�FRUSXV�LQ�DQ�HIIRUW�WR�LGHQWLI\�SUHYLRXVO\�XQGRFXPHQWHG�&DQDGLDQLVPV�²�ZRUGV�
RU�ZRUG�VHQVHV�SDUWLFXODU�WR�&(�

$FNQRZOHGJHPHQWV

:H�DUH�JUDWHIXO�WR�0DUFR�/XL�IRU�KLV�FRPPHQWV�DQG�IHHGEDFN�RQ�RXU�UHVHDUFK��7KLV�ZRUN�ZDV�
¿QDQFLDOO\�VXSSRUWHG�E\�WKH�8QLYHUVLW\�RI�0HOERXUQH��0LWDFV��WKH�1DWXUDO�6FLHQFHV�DQG�(QJ�L�
QHHULQJ�5HVHDUFK�&RXQFLO�RI�&DQDGD��DQG�WKH�8QLYHUVLW\�RI�7RURQWR�
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5HIHUHQFHV
$WZHOO��(ULF��$UVKDG��-XQDLG��/DL��&KLHQ�0LQJ��1LP��/DQ��5H]DSRXU�$VKHJKL��1RXVKLQ��:DQJ��-RVLDK��

DQG�:DVKWHOO��-XVWLQ���������:KLFK�(QJOLVK�GRPLQDWHV�WKH�:RUOG�:LGH�:HE��%ULWLVK�RU�$PHULFDQ"��
3URFHHGLQJV�RI�WKH�&RUSXV�/LQJXLVWLFV�&RQIHUHQFH��&/��������%LUPLQJKDP��8.�

%DURQL��0DUFR�DQG�%HUQDUGLQL��6LOYLD���������%RRW&D7��%RRWVWUDSSLQJ�FRUSRUD�DQG�WHUPV�IURP�WKH�:HE��
3URFHHGLQJV�RI�WKH�)RXUWK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�/DQJXDJH�5HVRXUFHV�DQG�(YDOXDWLRQ��/5(&�
������

%DURQL��0DUFR��%HUQDUGLQL��6LOYLD��)HUUDUHVL��$GULDQR��DQG�=DQFKHWWD��(URV���������7KH�:D&N\�:LGH�
:HE��$�FROOHFWLRQ�RI�YHU\�ODUJH�OLQJXLVWLFDOO\�SURFHVVHG�:HE�FUDZOHG�FRUSRUD��/DQJXDJH�5HVRXUFHV�
DQG�(YDOXDWLRQ�����������±����

%LEHU��'RXJODV���������9DULDWLRQ�$FURVV�6SHHFK�DQG�:ULWLQJ��&DPEULGJH�8QLYHUVLW\�3UHVV�
%LUG�� 6WHYHQ�� /RSHU�� (GZDUG�� DQG� .OHLQ�� (ZDQ� �������� 1DWXUDO� /DQJXDJH� 3URFHVVLQJ� ZLWK� 3\WKRQ��

2¶5HLOO\�0HGLD�,QF���6HEDVWRSRO��&$�
%XUQDUG��/RX���������7KH�%ULWLVK�1DWLRQDO�&RUSXV�8VHUV�5HIHUHQFH�*XLGH��2[IRUG�8QLYHUVLW\�&RPSXWLQJ�

6HUYLFHV�
'DYLHV�� 0DUN� �������� 7KH� ����� PLOOLRQ� ZRUG� &RUSXV� RI� &RQWHPSRUDU\�$PHULFDQ� (QJOLVK� �����±

��������'HVLJQ�� DUFKLWHFWXUH�� DQG� OLQJXLVWLF� LQVLJKWV�� ,QWHUQDWLRQDO� -RXUQDO�RI�&RUSXV�/LQJXLVWLFV��
���������±����

'DYLHV�� 0DUN� �������� :RUG� IUHTXHQF\� GDWD� IURP� WKH� &RUSXV� RI� &RQWHPSRUDU\� $PHULFDQ� (QJOLVK�
�&2&$���'RZQORDGHG�IURP�KWWS���ZZZ�ZRUGIUHTXHQF\�LQIR�RQ����1RYHPEHU������

'LOORQ�� *HRUJH� �������� %XLOGLQJ� ZHEFRUSRUD� RI� DFDGHPLF� SURVH� ZLWK� %RRW&D7�� 3URFHHGLQJV� RI� WKH�
1$$&/�+/7������6L[WK�:HE�DV�&RUSXV�:RUNVKRS��SDJHV���±����/RV�$QJHOHV�

)HUUDUHVL��$GULDQR�� =DQFKHWWD�� (URV�� %DURQL��0DUFR�� DQG�%HUQDUGLQL�� 6LOYLD� �������� ,QWURGXFLQJ� DQG�
HYDOXDWLQJ� XN:D&�� D� YHU\� ODUJH�:HE�GHULYHG� FRUSXV� RI� (QJOLVK�� 3URFHHGLQJV� RI� WKH� �WK�:HE� DV�
&RUSXV�:RUNVKRS��&DQ�ZH�%HDW�*RRJOH"��SDJHV���±����0DUUDNHFK��0RURFFR�

+DUJUDYHV��2ULQ���������0LJKW\�)LQH�:RUGV�DQG�6PDVKLQJ�([SUHVVLRQV��0DNLQJ�6HQVH�RI�7UDQVDWODQWLF�
(QJOLVK��2[IRUG�8QLYHUVLW\�3UHVV�

.LOJDUULII��$GDP���������&RPSDULQJ�FRUSRUD��,QWHUQDWLRQDO�-RXUQDO�RI�&RUSXV�/LQJXLVWLFV��������±���

.LOJDUULII��$GDP���������6LPSOH�PDWKV�IRU�NH\ZRUGV��3URFHHGLQJV�RI�WKH�&RUSXV�/LQJXLVWLFV�&RQIHUHQFH��
/LYHUSRRO��8.�

.LOJDUULII��$GDP��5HGG\��6LYD��3RPLNiOHN��-DQ��DQG�$YLQHVK�396���������$�FRUSXV�IDFWRU\�IRU�PDQ\�
ODQJXDJHV�� 3URFHHGLQJV� RI� WKH� 6HYHQWK� &RQIHUHQFH� RQ� ,QWHUQDWLRQDO� /DQJXDJH� 5HVRXUFHV� DQG�
(YDOXDWLRQ��/5(&��������SDJHV����±�����9DOOHWWD��0DOWD�

0XUSK\��%ULDQ�DQG�6WHPOH��(JRQ���������3DGG\:D&��$�PLQLPDOO\�VXSHUYLVHG�:HE�FRUSXV�RI�+LEHUQR�
(QJOLVK��3URFHHGLQJV�RI�WKH�)LUVW�:RUNVKRS�RQ�$OJRULWKPV�DQG�5HVRXUFHV�IRU�0RGHOOLQJ�RI�'LDOHFWV�
DQG�/DQJXDJH�9DULHWLHV��SDJHV���±����(GLQEXUJK��6FRWODQG�

/XL��0DUFR�DQG�%DOGZLQ��7LPRWK\���������&URVV�GRPDLQ�IHDWXUH�VHOHFWLRQ�IRU�ODQJXDJH�LGHQWL¿FDWLRQ��
3URFHHGLQJV�RI�WKH�)LIWK�,QWHUQDWLRQDO�-RLQW�&RQIHUHQFH�RQ�1DWXUDO�/DQJXDJH�3URFHVVLQJ��,-&1/3�
�������SDJHV����±�����&KLDQJ�0DL��7KDLODQG�

3HLUVPDQ��<YHV��*HHUDHUWV��'LUN��DQG�6SHHOPDQ��'LUN� ��������7KH�DXWRPDWLF� LGHQWL¿FDWLRQ�RI� OH[LFDO�
YDULDWLRQ�EHWZHHQ�ODQJXDJH�YDULHWLHV��1DWXUDO�/DQJXDJH�(QJLQHHULQJ�����������±����

3HWHUV��3DP���������7KH�&DPEULGJH�*XLGH�WR�(QJOLVK�8VDJH��&DPEULGJH�8QLYHUVLW\�3UHVV�
5HVQLN��3KLOLS�DQG�6PLWK��1RDK�$����������7KH�:HE�DV�D�SDUDOOHO�FRUSXV��&RPSXWDWLRQDO�/LQJXLVWLFV��

���������±����
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6KDURII��6HUJH� �����D���&UHDWLQJ�JHQHUDO�SXUSRVH�FRUSRUD�XVLQJ�DXWRPDWHG�VHDUFK�HQJLQH�TXHULHV�� ,Q�
0DUFR�%DURQL�DQG�6LOYLD�%HUQDUGLQL��HGLWRUV��:DFN\��:RUNLQJ�3DSHUV�RQ�WKH�:HE�DV�&RUSXV��SDJHV�
��±����*(',7��%RORJQD��,WDO\�

6KDURII��6HUJH������E���2SHQ�VRXUFH�FRUSRUD��8VLQJ�WKH�QHW�WR�¿VK�IRU�OLQJXLVWLF�GDWD��&RUSXV�/LQJXLVWLFV��
���������±����

7UXGJLOO��3HWHU���������6WDQGDUG�(QJOLVK�LQ�(QJODQG��,Q�3HWHU�7UXGJLOO��HGLWRU��/DQJXDJH�LQ�WKH�%ULWLVK�
,VOHV��SDJHV���±����&DPEULGJH�8QLYHUVLW\�3UHVV�

7UXGJLOO��3HWHU�DQG�+DQQDK��-HDQ���������,QWHUQDWLRQDO�(QJOLVK��$�*XLGH�WR�9DULHWLHV�RI�6WDQGDUG�(QJOLVK��
�WK�HGLWLRQ��+RGGHU�(GXFDWLRQ�



-$'7�����

$FWHV�GHV���HV�-RXUQpHV�LQWHUQDWLRQDOHV
G
$QDO\VH�VWDWLVWLTXH�GHV�'RQQpHV�7H[WXHOOHV

3URFHHGLQJV�RI�WKH���WK�,QWHUQDWLRQDO�&RQIHUHQFH
RQ�7H[WXDO�'DWD�6WDWLVWLFDO�$QDO\VLV

$QQH�'LVWHU��'RPLQLTXH�/RQJUpH��*pUDOG�3XUQHOOH��pGV�

/LqJH�
������MXLQ��������-XQH������������

/$6/$���6(6/$�

8QLYHUVLWp�GH�/LqJH���)DFXOWpV�8QLYHUVLWDLUHV�6DLQW�/RXLV�%UX[HOOHV



-$'7�����
��HV�-RXUQpHV�LQWHUQDWLRQDOHV
G·DQDO\VH�VWDWLVWLTXH�
GHV�GRQQpHV�WH[WXHOOHV

8QLYHUVLWp�GH�/LqJH���)DFXOWpV�8QLYHUVLWDLUHV�6DLQW�/RXLV���%UX[HOOHV


