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7KLV� UHSRUW� SUHVHQWV� H[SHULPHQWDO� GDWD�
FRQFHUQLQJ� WKH� SRVVLELOLW\� RI� DSSOLFDWLRQ� RI� D�
JHQHWLF� UHVRXUFH� EDQN� FRQFHSW� WR� WKH�
0XVWHOLGDH� IDPLO\�� 5HSURGXFWLYH� SK\VLRORJ\�
DQG�GLIIHUHQW�W\SHV�RI�SUHLPSODQWDWLRQ�HPEU\R�
GHYHORSPHQW� LQ� WKLV� IDPLO\� DUH� DQDO\]HG�ZLWK�
WKH� XVH� RI� (XURSHDQ� SROHFDW�� VWRDW�� DQG�
$PHULFDQ� PLQN� DV� H[DPSOHV�� 5HVXOWV� RI�
H[SHULPHQWV� RQ� HPEU\R� WUDQVIHU� DQG� HPEU\R�
FU\RSUHVHUYDWLRQ�LQ�SROHFDWV�DUH�GHVFULEHG��7KH�
SRVVLELOLW\�RI� DSSOLFDWLRQ�RI� WKHVH� WHFKQRORJLHV�
WR� HQGDQJHUHG� 0XVWHOLGDH� VSHFLHV�� DQG�
HVSHFLDOO\� WR� (XURSHDQ� PLQN�� DV� ZHOO� DV�
SRVVLEOH�REVWDFOHV�DUH�GLVFXVVHG��
�
,QWURGXFWLRQ�
�
5HSURGXFWLYH� WHFKQRORJLHV�� PRVW� RI� ZKLFK�
RULJLQDWHG� LQ� WKH� ODVW� ���� \HDUV�� KDYH� EHHQ�
UDSLGO\� GHYHORSHG� DQG� LPSURYHG� UHFHQWO\�
�5RWW���������$IWHU�+HDS��������GLVFRYHUHG�WKDW�
LW� ZDV� SRVVLEOH� WR� REWDLQ� OLYH� RIIVSULQJ� LQ�

UDEELWV� DIWHU� WUDQVIHUULQJ� SUHLPSODQWDWLRQ�
HPEU\RV� WR� WKH� DSSURSULDWH� UHFLSLHQW� IHPDOH��
WKLV�WHFKQLTXH�KDV�EHHQ�VXFFHVVIXOO\�DGRSWHG�WR�
YDULRXV�GRPHVWLF�PDPPDOLDQ�VSHFLHV��.UDHPHU��
������� (PEU\R� WUDQVIHU� �(7�� WHFKQRORJ\�
FRPELQHG�ZLWK�KRUPRQDOO\� LQGXFHG�RYXODWLRQ�
�VXSHURYXODWLRQ� �� DQG� HPEU\R� FU\REDQNLQJ� LV�
XVHG� ZLGHO\� ERWK� IRU� ODERUDWRU\� �0REUDDWHQ��
������ DQG� IDUP� �&DOHVVHQ� HW� DO�� ������ DQLPDOV�
DQG� WKRXVDQGV� RI� HPEU\RV� DUH� WUDQVIHUUHG�
\HDUO\��7KLELHU����������
�
7KH� VLWXDWLRQ� ZLWK� ZLOGOLIH� LV� IDU� PRUH�
FRPSOLFDWHG��0RUH� WKDQ� ��� \HDUV� KDYH� SDVVHG�
VLQFH� .UDHPHU� HW� DO��� ������� UHSRUWHG� WKH� ILUVW�
VXFFHVVIXO� DSSOLFDWLRQ� RI� (7� WR� ZLOG� DQLPDO�
VSHFLHV��7KHUH�ZHUH�RWKHU��PRUH�RU�OHVV�HIIHFWLYH�
DWWHPSWV�� VRPHWLPHV� UHVXOWLQJ� LQ� SXSV�
GHYHORSHG� WR� WHUP� �VHH� 5RWW�� ������ /RVNXWRII��
����� IRU� UHFHQW� UHYLHZ��� :KHQ� DSSOLHG� WR�
ZLOGOLIH�� WKH� HIILFLHQF\� RI� (7� DQG�
DFFRPSDQ\LQJ� UHSURGXFWLYH� WHFKQRORJLHV� ZDV�
PXFK� OHVV� FRPSDUHG� WR� GRPHVWLF� VSHFLHV� DQG�
RQO\� OLPLWHG� VXFFHVV�ZDV�DFKLHYHG��7KH� UHSRUW�
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RI� 6FKLHZH� HW� DO� ������� PLJKW� EH� XVHG� DV� DQ�
LOOXVWUDWLRQ� RI� WKLV� VXJJHVWLRQ�� 7KLV� UHVHDUFK�
JURXS� DWWHPSWHG� WR� DSSO\� GRPHVWLF� FDWWOH�
HPEU\R� UHFRYHU\�� FU\RSUHVHUYDWLRQ�� DQG�
VXSHURYXODWLRQ� SURWRFRO� WR� IRXU� ZLOG� $IULFDQ�
DQWHORSH�VSHFLHV��)LQGLQJV�RI�WKLV�LQYHVWLJDWLRQ�
VKRZ� WKDW� H[WUDSRODWLRQ� RI� (7� SURWRFRO� IURP�
GRPHVWLF� WR� QRQ�GRPHVWLF� ZLOGOLIH� VSHFLHV�
PHHWV� VRPH�REVWDFOHV�� 7KH�PDLQ� OHVVRQ�RI� WKLV�
DWWHPSW� ZDV� WKDW� WKH� EDVLF� NQRZOHGJH� RQ� WKH�
UHSURGXFWLYH� SK\VLRORJ\� RI� HDFK� SDUWLFXODU�
WKUHDWHQHG� RU� HQGDQJHUHG� VSHFLHV� VKRXOG� EH�
REWDLQHG� EHIRUH� WU\LQJ� WR� DGRSW� PRGHUQ�
UHSURGXFWLYH� WHFKQRORJLHV� WR� WKLV�ZLOG� VSHFLHV�
�:LOGW�HW�DO����������6RPHWLPHV��KRZHYHU��FORVHO\�
UHODWLYH�VSHFLHV�PLJKW�EH�XVHG�DV�H[SHULPHQWDO�
PRGHOV�� DQG� ZKHQ� WKHUH� DUH� UHOLDEOH� GDWD�
REWDLQHG� ZLWK� WKHVV� PRGHOV�� (7� WHFKQLTXHV�
PLJKW� EH� DSSOLHG� WR� WKHLU� WKUHDWHQHG� ZLOG�
FRXQWHUSDUW���:LOGW�HW�DO���������:LOGW���������
�
7KH�0XVWHOLGDH�LV�RQH�RI�WKH�PRVW�GLYHUVH�DQG�
SURVSHURXV�IDPLO\�RI�WKH�&DUQLYRUD�RUGHU��7KLV�
IDPLO\� FRQWDLQV� PRUH� WKDQ� ��� H[WDQW� VSHFLHV�
�$QGHUVRQ��������6FKUHLEHU�HW�DO���������7HUQRYVN\�
DQG�7HUQRYVND\D���������'HVSLWH�VXFK�SURVSHULW\�
LQ� JHQHUDO�� DERXW� ��� SHUFHQW� RI� 0XVWHOLGDH�
VSHFLHV� DUH� QRZDGD\V� HQGDQJHUHG� DQG� HYHQ�
WKUHDWHQHG� WR� EHFRPH� H[WLQFW� �7HUQRYVN\�� ������
6FKUHLEHU�HW�DO���������7HUQRYVN\�DQG�7HUQRYVND\D��
������0DUDQ��+HQWWRQHQ����������

�
7KUHH� GLIIHUHQW� UHSURGXFWLYH� SDWWHUQV� DUH�
LQKHUHQW� WR� PXVWHOLGV�� 2QH�� ZKLFK� LV�
FRQVLGHUHG� WKH�PRVW� SULPLWLYH� �0HDG�� ������� LV�
IRXQG� LQ� PDQ\� VSHFLHV� RI� /XWULQDH� DQG�
0XVWHOLQDH�VXEIDPLOLHV��7KH�EUHHGLQJ�VHDVRQ�LQ�
WKHVH� VSHFLHV� RFFXUV� LQ� WKH� ODWH� ZLQWHU� RU�
VSULQJ�� 7KH� IROORZLQJ� JHVWDWLRQ� SHULRG� LV�
UHODWLYHO\�VKRUW�DQG�FRQVWDQW�LQ�GXUDWLRQ��7KHUH�
LV� QR� SHULRG� RI� LPSODQWDWLRQ� GHOD\� LQ� WKHVH�
VSHFLHV�� 7KH� EODFN�� IRRWHG� IHUUHW� �0XVWHOD�
QLJULSHV�� ZKLFK� LV� DQ� $PHULFDQ� HQGDQJHUHG�
VSHFLHV�� (XURSHDQ� PLQN� �0XVWHOD� OXWUHROD���
ZKLFK� LV� DQ� HQGDQJHUHG� VSHFLHV� RI� WKH� 2OG�
:RUOG�� DV� ZHOO� DV� SROHFDWV�� (XURSHDQ� SROHFDW�
�0�SXWRULXV��� VWHSSH� SROHFDW� �0�� HYHUVPDQQL���
6LEHULDQ� SROHFDW� �0�� VLELULFD��� DQG� GRPHVWLF�
IHUUHW� �0�SXWRULXV� IXUR��DUH�DOO�FKDUDFWHUL]HG�E\�
WKLV� UHSURGXFWLYH� SDWWHUQ�� 7KH�PDLQ� HPSKDVLV�

RI�WKLV�VWXG\�ZDV�PDGH�RQ�WKLV�SDUWLFXODU�JURXS�
RI�0XVWHOLGDH� VSHFLHV�� WKH� UHSURGXFWLYH� F\FOHV�
RI�ZKLFK�UHVHPEOH�WKRVH�RI�IHUUHWV��6RPH�RWKHU�
0XVWHOLGDH� VSHFLHV� OLVWHG� EHORZ� �QRW� LQFOXGHG�
LQ� WKH� JHQXV� 0XVWHOD��� ZKLFK� DUH� FRQVLGHUHG�
HQGDQJHUHG�� DOVR� KDYH� WKLV� UHSURGXFWLYH�
SDWWHUQ�� 7KH� S\JP\� VSRWWHG� VNXQN� �6SLORJDOH�
S\JPDOD��� JLDQW� RWWHU� �3WHURQXUD� EUDVLOLHQVLV���
$IULFDQ� FODZOHVV� RWWHU� �$RQL[� FDSHQVLV�� DQG�
RULHQWDO� VPDOO�FODZHG� RWWHU� �$RQ\[� FLQHUFD�� DUH�
FRQVLGHUHG� HQGDQJHUHG� �6FKUHLEHU� HW� DO��� ������
DQG�DUH�FKDUDFWHUL]HG�E\�D�UHODWLYHO\�VKRUW�DQG�
FRQVWDQW� SUHJQDQF\� ZLWKRXW� DQ\� LPSODQWDWLRQ�
GHOD\��0HDG���������
�
7KH� VWRDW�� ZKRVH� UHSURGXFWLRQ� LV� GLIIHUHQW�� LV�
XVHG� KHUH� DV� D� UHIHUHQFH�� 7KLV� 0XVWHOLGDH�
VSHFLHV� ZDV� LQFOXGHG� LQWR� DQRWKHU� JURXS� RI�
VSHFLHV� DFFRUGLQJ� WR� WKH� UHSURGXFWLYH�
FODVVLILFDWLRQ� RI� 7HUQRYVN\� ������� DQG� 0HDG�
�������� 7KH� VSHFLHV� RI� WKLV� JURXS� DUH�
FKDUDFWHUL]HG� E\� ORQJ� JHVWDWLRQ� SHULRGV�
DFFRPSDQLHG� E\� SURORQJHG� REOLJDWRU\�
HPEU\RQLF� GLDSDXVH� DQG� LPSODQWDWLRQ� GHOD\��
7KH� SRVVLELOLW\� RI� DSSOLFDWLRQ� RI� D� JHQHWLF�
UHVRXUFH� EDQN� FRQFHSW� WR� WKHVH� GLDSDXVLQJ�
VSHFLHV� LV� D� VSHFLDO� SUREOHP��ZKLFK� LV� EH\RQG�
WKH� PDLQ� JRDOV� RI� RXU� SUHVHQW� VWXG\��
1RQHWKHOHVV��LW�VKRXOG�EH�QRWLFHG�WKDW�VWRDW�DQG�
RWKHU�0XVWHOLGDH� VSHFLHV� H[KLELWLQJ�SURORQJHG�
JHVWDWLRQ� DFFRPSDQLHG� E\� GHOD\HG�
LPSODQWDWLRQ� DUH� YHU\� SURPLVLQJ� IRU�
HPEU\RORJLFDO� H[SHULPHQWV�� GXH� WR� WKH�
DYDLODELOLW\� RI� HPEU\RV� GXULQJ� PRVW� RI� WKH�
\HDU��
�
0RUHRYHU��WKH�SRVVLELOLW\�RI�FRQVHUYDWLRQ�RI�WKH�
GLDSDXVLQJ�HPEU\R�LV�RI�VSHFLDO�FRQFHUQ��6RPH�
RWKHU� 0XVWHOLGDH� VSHFLHV� OLVWHG� EHORZ�� ZKLFK�
DUH� FRQVLGHUHG� HQGDQJHUHG�� KDYH� WKLV� �VWRDW�
OLNH�� UHSURGXFWLYH� SDWWHUQ�� 7KH� (XURSHDQ�
PDUEOHG�SROHFDW��9RUPHOD�SHUHJXVQD���ZROYHULQH�
�*XOR� JXOR��� 7DLZDQ� \HOORZ�WKURDWHG� PDUWHQ�
�0DUWHV�IODYLJXOD���DQG�VHD�RWWHU��(QK\GUD�OXWULV��
DUH�HQGDQJHUHG��6FKUHLEHU�HW�DO���������DQG�KDYH�
D� ORQJ�SHULRG�RI�GHOD\HG� LPSODQWDWLRQ� LQ� WKHLU�
HPEU\R� GHYHORSPHQW� �7HUQRYVN\������� 0HDG��
�������
�
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$GGLWLRQDOO\� WR� WKHVH� WZR� PDLQ� UHSURGXFWLYH�
SDWWHUQV� PHQWLRQHG� DERYH�� DQRWKHU� RQH� KDV�
EHHQ�GHVFULEHG� LQ�0XVWHOLGDH� �7HUQRYVN\��������
0HDG�� ������� 7KLV� SDWWHUQ� LV� FKDUDFWHULVHG� E\�
UHODWLYHO\�VKRUW��EXW�YDULDEOH�JHVWDWLRQ�SHULRGV��
7KLV�YDULDELOLW\� LV�GXH� WR�RFFXUUHQFH�RI�D�VKRUW�
SHULRG�RI�GHOD\HG�LPSODQWDWLRQ��WKH�GXUDWLRQ�RI�
ZKLFK� LV� GHWHUPLQHG� E\� WKH� GD\� RI� PDWLQJ��
0HDG� ������� OLVWHG� RQO\� $PHULFDQ� PLQN� �0��
YLVRQ��DQG�VWULSHG�VNXQN��0HSKLWLV�PHSKLWLV��DV�
NQRZQ� 0XVWHOLGDH� VSHFLHV�� ZKLFK� KDYH� WKLV�
SDWWHUQ�� 7KHUH� LV� QR� NQRZQ� HQGDQJHUHG�
0XVWHOLGDH�VSHFLHV�LQ�WKLV�JURXS��VR�ZH�GLG�QRW�
HPSKDVH�RQ�WKLV�SDWWHUQ�RI�UHSURGXFWLRQ�LQ�WKH�
SUHVHQW�UHVHDUFK��
�
2YXODWLRQ�LQ�WKH�PDMRULW\�RI�0XVWHOLGDH�VSHFLHV�
LV� LQGXFHG�E\�FRSXODWLRQ��0HDG��������0XUSK\��
������ 7HUQRYVN\� DQG� 7HUQRYVND\D�� �������
1HYHUWKHOHVV��VRPH�H[FHSWLRQV�H[LVW��,Q�VSRWWHG�
VNXQN� �6SLORJDOH� SXWRULXV� ODWLIURQV�� RYXODWLRQ�
RFFXUV� VSRQWDQHRXVO\� �*UHHQVLGHV� DQG� 0HDG��
��������
�
5HSURGXFWLYH� SK\VLRORJ\� LQ� PXVWHOLGHV� KDV�
EHHQ�VWXGLHG�PDLQO\�LQ�IHUUHWV���$PHULFDQ�PLQN�
DQG�VDEOH��ZKLFK�KDYH�D�ORQJ�KLVWRU\�RI�FDSWLYH�
EUHHGLQJ� �VHH� 0DQWHLIHO�� ������ 0XUSK\�� ������
6XQGNYLVW�HW�DO���������7HUQRYVN\�DQG�7HUQRYVND\D��
����� IRU� UHYLHZ��� 6RPH� RWKHU� ZLOGOLIH�
0XVWHOLGDH� VSHFLHV� ZHUH� DOVR� WKRURXJKO\�
LQYHVWLJDWHG�� WKH� ZHVWHUQ� VSRWWHG� VNXQN�
�6SLORJDOH� SXWRULXV�� �(QGHUV� DQG� 0HDG�� �������
(XURSHDQ� EDGJHU� �&DQLYHQF�� %RQQLQ�� ������ DQG�
VWRDW� �0XVWHOD� HUPLQHD�� �'HDQHVO\�� ������
7HUQRYVN\��������$PVWLVODYVN\�HW�DO��������D��������
7HUQRYVN\��7HUQRYVND\D���������6RPH�GDWD��QRW�VR�
FRPSUHKHQVLYH�� EXW� QHYHUWKHOHVV� YHU\�
LQWHUHVWLQJ�� KDYH� EHHQ� REWDLQHG� LQ� VRPH� RWKHU�
0XVWHOLGDH� VSHFLHV�� VXFK� DV� RWWHU�� PDUWHQ��
ZROYHULQH�� VHD� RWWHU� DQG� RWKHUV� �VHH� 0HDG� ��
������ 7HUQRYVN\� DQG� 7HUQRYVND\D�� ����� IRU�
UHYLHZ���
�
7KH� IHUUHW�ZDV� WKH� ILUVW� VSHFLHV� RI� FDUQLYRURXV�
DQLPDO� WKDW� HPEU\R� WUDQVIHU� WHFKQRORJ\� ZDV�
VXFFHVVIXOO\� DSSOLHG� WR� �&KDQJ�� ������� 7KHUH�
KDYH� DOVR� EHHQ� UHSRUWV� DERXW� SXSV� ERUQ� DIWHU�
HPEU\R� WUDQVIHU� LQ� WKH� $PHULFDQ� PLQN�
�=KHOH]RYD�� *ROXELWVD�� ������ $GDPV�� �������

1HYHUWKHOHVV�� XQWLO� UHFHQWO\�� HPEU\R� WUDQVIHU�
KDV�QRW�EHHQ�LQYHVWLJDWHG�LQ�0XVWHOLGDH�VSHFLHV�
RQ� D� ODUJH� VFDOH��0RUHRYHU�� LQ� PXVWHOLGV� RQO\�
RFFDVLRQDO� DWWHPSWV� RI� HPEU\R�
FU\RSUHVHUYDWLRQ��$PVWLVODYVN\�HW�DO�������E��DQG�
DFFRPSDQ\LQJ� SURFHGXUHV� VXFK� DV� LQ� YLWUR�
FXOWXUH� RI� WKH� HPEU\RV� �:KLWWLQJKDP�� ������
KDYH� EHHQ� SHUIRUPHG� HDUOLHU�� 7KH� DLP� RI� WKLV�
VWXG\� LV� WR� ILOO� WKLV� JDS�� 5HVXOWV� RI� RXU��
H[SHULPHQWV�RQ�DSSOLFDWLRQ�RI�WKH�FU\REDQNLQJ�
WHFKQRORJ\� �L�J�� HPEU\R� WUDQVIHU�� DQG� HPEU\R�
FU\RSUHVHUYDWLRQ�� WR� WKH� 0XVWHOLGDH� DUH�
VXPPDUL]HG� KHUH�� 'HWDLOV� RI� WKH� XQSXEOLVKHG�
H[SHULPHQWV� ZLOO� EH� SXEOLVKHG� HOVHZKHUH�
�/LQGHEHUJ�HW�DO����������

�
6\QFKURQL]DWLRQ� RI� GRQRU� DQG� UHFLSLHQW�
DQLPDOV�
�
6\QFKURQL]DWLRQ�RI�GRQRU�DQG�UHFLSLHQW�IHPDOHV�
LQ� GRPHVWLF� DQLPDOV� LV� DFFRPSOLVKHG� WKURXJK�
SUHFLVHO\� WLPHG� LQMHFWLRQV� RI� SURVWDJODQGLQV���
0RUHRYHU��KRUPRQDOO\�LQGXFHG�VXSHURYXODWLRQ�
RI� GRQRUV� LV� D� FRPPRQ� SUDFWLFH� LQ�
PRQRRYXODWRU\� VSHFLHV�� ,Q� PXVWHOLGV��
V\QFKURQL]DWLRQ� DQG� VXSHURYXODWLRQ� LV�
FRPSOLFDWHG�E\�WKH�IDFW�WKDW�PRVW�PXVWHOLGV�DUH�
VHDVRQDO� EUHHGHUV� DQG� LQGXFHG� RYXODWRUV�� 7R�
LQGXFH� HVWUXV� LQ� VHDVRQDO� EUHHGHUV� RXW� RI�
EUHHGLQJ�VHDVRQ�\RX�QHHG�PHODWRQLQ�RU�VSHFLDO�
OLJKWLQJ� UHJLPHQV��0HDQZKLOH�� H[DFW� WLPLQJ�RI�
HVWUXV� KDV� QRW� EHHQ� DFFRPSOLVKHG� \HW�� ,Q�
PXVWHOLGV�� HPEU\R� WUDQVIHU� KDV� WR� EH� GRQH�
GXULQJ�WKHLU�EUHHGLQJ�VHDVRQ�DQG�RYXODWLRQ�FDQ�
EH� LQGXFHG� E\� PDWLQJ� RU� JRQDGRWURSKLQH�
LQMHFWLRQ��
�
6R� IDU�� ZH� KDYH� ZRUNHG� IRU� WZR� EUHHGLQJ�
VHDVRQV� DW� -XDQNRVNL� )XU� $QLPDO� 5HVHDUFK�
6WDWLRQ� RI� WKH� ,QVWLWXWH� RI� $SSOLHG�
%LRWHFKQRORJ\��8QLYHUVLW\�RI�.XRSLR�LQ�)LQODQG�
DQG� DW� WKH� ([SHULPHQWDO� 5HVHDUFK� 6WDWLRQ�
,QVWLWXWH� RI� =RRWD[\� DQG� (FRORJ\� RI� $QLPDOV��
5XVVLDQ�$FDGHP\�RI�6FLHQFHV�LQ�1RYRVLELUVN����
�
'HWHFWLRQ�RI�HVWUXV�DQG�GHWHUPLQLQJ�WKH�SURSHU�
PDWLQJ� WLPH� ZHUH� GRQH� RQ� WKH� EDVLV� RI�
REVHUYDWLRQ� RI� YXOYD� VZHOOLQJ� GHJUHH� DQG�
FKHFNLQJ� WKH� YDJLQDO� VPHDUV�� 7R� LQGXFH�
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RYXODWLRQ� WKH� IHPDOHV�ZHUH�PDWHG�ZLWK�PDOHV��
0DWLQJ� ZDV� GRQH� RQFH� D� GD\� RQ� WZR�
FRQVHFXWLYH�GD\V� LQ�)LQODQG��EXW�RQO\�RQH�GD\�
LQ� 1RYRVLELUVN�� 'RQRU� IHPDOHV� ZHUH� PDWHG�
ZLWK� IHUWLOH� PDOHV�� DQG� UHFLSLHQW� IHPDOHV� WR�
VWHULOH� PDOHV�� $W� -XDQNRVNL� WKH� VWHULOH� PDOHV�
ZHUH� SUHSDUHG� VXUJLFDOO\� E\� FXWWLQJ� WKH�
VSHUPDWLF� FRUGV�� ,Q� 1RYRVLELUVN� K\EULG�
JHQHWLFDOO\� VWHULOH�PDOHV�ZHUH� XVHG�� 2QH� VXFK�
VWHULOH� K\EULG� PDOH� RULJLQDWHG� IURP� D� FURVV�
EHWZHHQ� D� (XURSHDQ� PLQN� �0XVWHOD� OXWUHROD��
IHPDOH�WR�D�(XURSHDQ�SROHFDW��0XVWHOD�SXWRULXV��
PDOH�� $QRWKHU� RQH� RULJLQDWHG� IURP� D� VWHSSH�
SROHFDW� �0XVWHOD� HYHUVPDQQL�� IHPDOH� DQG� D�
GRPHVWLF� IHUUHW� �0XVWHOD� SXWRULXV� IXUR�� PDOH���
0DWLQJ� RI� GRQRU�UHFLSLHQW� SDLUV� ZHUH�
RUJDQL]HG� RQ� WKH� VDPH� GD\� RU� VR� WKDW� WKH�
UHFLSLHQW� ZDV�PDWHG� RQH� GD\� DIWHU� WKH� GRQRU��
)HUWLOLW\� RI� PDWLQJ� ZDV� VHFXUHG� E\� WDNLQJ� D�
VDPSOH� IURP� WKH� YDJLQD�� ,I� VSHUPDWR]RD�ZHUH�
IRXQG�� WKH�PDWLQJ� RI� D� GRQRU�ZDV� FRQVLGHUHG�
VXFFHVVIXO�� )HPDOHV� PDWHG� ZLWK� JHQHWLFDOO\�
VWHULOH� RU� VXUJLFDOO\� VWHULOL]HG�PDOHV�ZHUH� DOVR�
FKHFNHG�DIWHU�PDWLQJ�DQG�QR�VSHUPDWR]RD�ZHUH�
IRXQG���
�
6WRDW� IHPDOHV� EUHG� LQ� FDSWLYLW\� PDQLIHVW� WKHLU�
HVWUXV� DW� DJH� ��� GD\V� �7HUQRYVN\�� 7HUQRYVND\D�
�������<RXQJ�IHPDOHV�FKRVHQ�DV�HPEU\R�GRQRUV�
�������GD\V�ROG��ZHUH�PDWHG� WR�DGXOW�PDOHV�RI�
SURYHQ� IHUWLOLW\� DQG� YDJLQDO� VPHDUV� ZHUH�
FKHFNHG� IRU� SUHVHQFH� RI� VSHUPDWR]RD� DIWHU�
PDWLQJ� DV� GHVFULEHG� HDUOLHU� �$PVWLVODYVN\� HW� DO��
�����D���
�
(PEU\R�WUDQVIHU�WHFKQLTXH��
�
)RU� HPEU\R� UHFRYHU\� WKH� GRQRU� IHPDOHV� ZHUH�
VDFULILFHG��7KH�DGYDQWDJH�RI�VDFULILFLQJ�D�GRQRU�
LV�WKDW�\RX�DUH�DEOH�WR�FROOHFW�HPEU\RV�QRW�RQO\�
IURP� WKH� XWHULQH� KRUQV�� EXW� DOVR� IURP� WKH�
RYLGXFWV��7KH�XWHULQH�KRUQV�ZHUH�IOXVKHG�ZLWK�
SKRVSKDWH�EXIIHUHG�VDOLQH��3%6��VXSSOHPHQWHG�
ZLWK� ERYLQH� VHUXP� DOEXPLQ� �%6$��� )OXVKLQJ�
VROXWLRQ� ZDV� FROOHFWHG� WR� 3HWUL� GLVKHV�� ZKLFK�
ZHUH� VWXGLHG� XQGHU� D� VWHUHR� PLFURVFRSH� IRU�
HYDOXDWLRQ� RI� WKH� GHYHORSPHQWDO� VWDJH� RI� WKH�
UHFRYHUHG�HPEU\RV��7KH�HPEU\RV�ZHUH�ZDVKHG�
LQ� WKH� IOXVKLQJ� VROXWLRQ� EHIRUH� WKH\� ZHUH�

WUDQVIHUUHG�� LQ� YLWUR� FXOWXUHG� RU� IUR]HQ�� ,I�
HPEU\RV� ZHUH� FKRVHQ� IRU� WUDQVIHU�� WKH\� ZHUH�
VWRUHG�LQ�D�&2���LQFXEDWRU�XQWLO�WKH�PRPHQW�RI�
WUDQVIHU�� (PEU\RV� ZHUH� WUDQVIHUUHG� VXUJLFDOO\�
LQWR� WKH� XWHUXV� RI� V\QFKURQL]HG� UHFLSLHQWV�
XQGHU� JHQHUDO� DQDHVWKHVLD�� 7KH� UHFLSLHQW�
DQLPDOV� ZHUH� DQDHVWKHWL]HG� ZLWK� D�
FRPELQDWLRQ� RI� PHGHWRPLGLQH� K\GURFORULGH�
DQG� NHWDPLQH�� 7KH� WUDQVIHU� ZDV� PDGH� ZLWK� D�
ILQH� JODVV� FDSLOODU\�� ZKLFK� ZDV� VKDUSHQHG� LQ�
DGYDQFH� DQG� FRQQHFWHG� WR� D� SODVWLF� WXEH�� 7KH�
GLVWDO�HQG�RI�WKLV�SODVWLF�WXEH�ZDV�FRQQHFWHG�WR�
D� KROGHU��ZKLFK�PDGH� LW� SRVVLEOH� WR� JXLGH� WKH�
LQVWUXPHQW�E\�PRXWK�DQG�WR�LQVHUW�WKH�HPEU\RV�
LQWR� WKH� XWHULQH� KRUQ� E\� JHQWO\� LQFUHDVLQJ� WKH�
SUHVVXUH� LQ� WKH� V\VWHP�� 7KH� QXPEHU� RI�
WUDQVIHUUHG� HPEU\RV�ZDV� LQ� WKH� UDQJH� RI� ������
7KH�HPEU\RV�ZHUH� WUDQVIHUUHG�ZLWK�D�PLQLPDO�
DPRXQW�RI�IOXVKLQJ�VROXWLRQ��$OO�HPEU\RV�ZHUH�
WUDQVIHUUHG� LQWR� WKH� VDPH� XWHULQH� KRUQ�� $OO�
UHFLSLHQWV� ZHUH� JLYHQ� SRVW�RSHUDWLYH�
DQWLELRWLFV��

�
3UHLPSODQWDWLRQ� HPEU\R� GHYHORSPHQW� DQG�
HPEU\R�WUDQVIHU�LQ�PXVWHOLGV��
�
2YXODWLRQ�� IHUWLOL]DWLRQ� DQG� HDUO\� HPEU\R�
GHYHORSPHQW�LQ�IHUUHW�VSHFLHV�KDV�EHHQ�VWXGLHG�
HDUOLHU� �5RELQVRQ�� ������ +DPPRQG�� 0DUVKDOO��
������ +DPLOWRQ� ������� +DPPRQG�� :DOWRQ�� ������
&KDQJ� DQG� <DQDJLPDFKL������� &KDQJ�� ������
(QGHUV� DQG� � 6FKODINH� �� ������&DUUROO� HW� DO��� �������
([FHOOHQW�UHYLHZV�DUH�DYDLODEOH�IRU�PRUH�GHWDLOV�
�0XUSK\�� 'RXJODV� ������ /DJHUNYLVW�� ������� ,W� LV�
ZHOO� NQRZQ� WKDW� IHUUHWV� DUH� LQGXFHG�RYXODWRUV�
�5RELQVRQ�� ������ DQG� KDYH� EHHQ� VKRZQ� WR�
RYXODWH� DSSUR[LPDWHO\� ��� KRXUV� DIWHU� LQLWLDO�
LQWURPLVVLRQ� �+DPPRQG� DQG� :DOWRQ�� �������
&KDQJ� �������� LQ� KLV� HOHJDQW� H[SHULPHQWV�� KDV�
GHPRQVWUDWHG� WKDW� IHUUHW� VSHUPDWR]RD� UHWDLQ�
WKHLU� IHUWLOL]LQJ� FDSDFLW\� LQ� WKH� UHSURGXFWLYH�
WUDFW�RI�IHPDOHV�IRU�����KRXUV�DIWHU�EHLQJ�SODFHG�
WKHUH��:H�DOVR�REVHUYHG�WKDW�VWRDW�VSHUPDWR]RD�
VXUYLYHG�LQ�IHPDOH�UHSURGXFWLYH�WUDFW�DQG�ZHUH�
DFWLYHO\� PRYLQJ� IRU� XS� WR� IRXU� GD\V�� 7KLV�
UHODWLYHO\�ORQJ�SHULRG�RI�VSHUP�YLDELOLW\�LV�RQH�
RI� WKH� VSHFLILF� IHDWXUHV� RI� 0XVWHOLGDH� VSHFLHV�
ZKLFK� PLJKW� EH� FRQFHUQHG� ZLWK� LQGXFHG�
RYXODWLRQ���
�



 5HSURGXFWLRQ� ��

1HYHUWKHOHVV�� GXH� WR� FKDQJHV� LQ� RYXODWHG�
RRF\WHV�� IHUWLOL]DWLRQ�RI�RYD�UDUHO\�RFFXUV�PRUH�
WKDQ� ��� KRXUV� DIWHU� RYXODWLRQ� �&KDQJ��
<DQDJLPDFKL���������7KH�FXUUHQW�RSLQLRQ�LV� WKDW�
XQGHU�QDWXUDO�FRQGLWLRQV�IHUWLOL]DWLRQ�RFFXUV�LQ�
IHUUHWV�ZLWKLQ����KRXUV�DIWHU�RYXODWLRQ� �&KDQJ��
<DQDJLPDFKL�� ������� 7KLV� VSHFLHV� LV�
SRO\RYXODWRU\�DQG�RQ�WKH�DYHUDJH�DERXW����RYD�
RYXODWH�DV�D�UHVXOW�RI�PDWLQJ��/DJHUNYLVW���������
)RU� WKLV� UHDVRQ�� WKHUH� LV� QR� QHHG� WR� LQGXFH�
VXSHURYXODWLRQ� LQ� IHUUHWV� KRUPRQDOO\�� 5HVXOWV�
RI�RXU�ODUJH�VFDOH�H[SHULPHQW�ZLWK�IOXVKLQJ�DQG�
WUDQVIHU� RI� HPEU\RV� LQ� (XURSHDQ� SROHFDW� DUH�
GHVFULEHG� LQ� GHWDLOV� �/LQGHEHUJ� HW� DO�� ������ LQ�
SUHVV���%ULHIO\�VRPH�RI�WKHVH�GDWD�DUH�SUHVHQWHG�
EHORZ�� 7KHUH� VHHPV� WR� EH� D� SURQRXQFHG�
YDULDWLRQ�LQ�WLPH�RI�LPSODQWDWLRQ�DQG�GXUDWLRQ�
RI�SUHJQDQF\�DPRQJ�0XVWHOLGDH�VSHFLHV��ZKLFK�
LV�PXFK�PRUH�SURPLQHQW� WKDQ� WKH�YDULDWLRQ� LQ�
WKH� FDQLQH� VSHFLHV� ZH� GHVFULEHG� HDUOLHU�

�9DOWRQHQ�� -DONDQHQ�� ������� 7DEOH� �� LOOXVWUDWHV�
WKUHH�GLIIHUHQW�W\SHV�RI�SUHJQDQF\�DQG�HPEU\R�
GHYHORSPHQW�� ZKLFK� DUH� IRXQG� LQ� WKH�
0XVWHOLGDH�IDPLO\��
�
7KH� (XURSHDQ� SROHFDW� UHSUHVHQWV� WKH� VLPSOHVW�
UHSURGXFWLYH�SDWWHUQ��DV� WKHUH� LV�QR�HPEU\RQLF�
GLDSDXVH��WKH�SUHJQDQF\�LV�UHODWLYHO\�VKRUW�DQG�
RI� FRQVWDQW� GXUDWLRQ�� $OWHUQDWLYHO\��
LPSODQWDWLRQ�LQ�WKH�VWRDW�LV�GHOD\HG�DQG��GXH�WR�
WKLV� ORQJ� SHULRG� RI� REOLJDWRU\� HPEU\RQLF�
GLDSDXVH�� WKH� SUHJQDQF\� HQFRPSDVVHV� D� ORQJ�
SHULRG�RI� WLPH��7KH�$PHULFDQ�PLQN�UHSUHVHQWV�
D� UHODWLYHO\�UDUHO\�REVHUYHG� W\SH�RI�HPEU\RQLF�
GHYHORSPHQW�� ZKHUH� SUHJQDQF\� LV� VKRUW�� EXW�
H[WUHPHO\� YDULDEOH� LQ� GXUDWLRQ�� GXH� WR� WKH�
RFFXUUHQFH� RI� D� VKRUW� SHULRG� RI� GHOD\HG�
LPSODQWDWLRQ��ZKRVH�GXUDWLRQ�LV�GHWHUPLQHG�E\�
WKH�GDWH�RI�PDWLQJ���
�

�
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7DEOH����7LPLQJ�RI�HQWHULQJ�WKH�XWHUXV�DQG�LPSODQWDWLRQ�LQ�VRPH�0XVWHOLGDH�VSHFLHV��
�
(YHQWV� �����������������������0�8�6�7�(�/�,�'�$�(��������������6�3�(�&�,�(�6���������������������������

(XURSHDQ�SROHFDW��������������$PHULFDQ�PLQN��������������������������6WRDW�
�0XVWHOD�SXWRULXV������������0XVWHOD�YLVRQ��������������������0XVWHOD�HUPLQHD��

(QWUDQFH�LQWR�WKH�XWHUXV� 'D\����� 'D\����� 'D\�������

([SDQVLRQ�RI�HPEU\RV� 'D\������ 
'D\���������� 
�'D\���������

,PSODQWDWLRQ� 'D\������� 'D\������ 'D\����������

'D\��� �ILUVW�GD\�RI�PDWLQJ�

�,Q�WKHVH�FDVHV�H[SDQVLRQ�FRLQFLGHV�ZLWK�HPEU\RQLF�GLDSDXVH�
5HIHUHQFHG�IURP�+DPLOWRQ��������(QGHUV��������(QGHUV�DQG�6FKODINH�������.ROSRYVN\��������0HDG��
������ (QGHUV� DQG� 6FKODINH� ������ 0XUSK\�� 'RXJODV�� ������ $PVWLVODYVN\�� ����� �D�� DQG� RXU�
XQSXEOLVKHG�H[SHULPHQWV�LQ�)LQODQG�DQG�LQ�1RYRVLELUVN��
�

)LJXUH� �� UHSUHVHQWV� GLIIHUHQW� VWDJHV� RI�
HPEU\RQLF� GHYHORSPHQW� LQ� WKH� (XURSHDQ�
SROHFDW��%DVHG�RQ�RXU�HDUO\�REVHUYDWLRQ�RQ�WKH�
VWRDW��$PVWLVODYVN\�HW�DO��������D��0DNVLPRYVN\�HW�
DO��� ������ DQG� UHFHQW� H[SHULPHQWV� ZLWK�
(XURSHDQ� SROHFDWV�� ZH� FDQ� FRQFOXGH� WKDW� WKH�
HPEU\RV�LQ�0XVWHOLGDH�PRYH�IURP�WKH�RYLGXFW�
WR�WKH�XWHUXV�PDLQO\�LQ�WKH�VWDJHV�IURP�FRPSDFW�
PRUXODH� WR� EODVWRF\VWV�� :H� KDYH� WUDQVIHUUHG�
HPEU\RV�RI�GLIIHUHQW�VWDJHV�FROOHFWHG�ERWK�IURP�
WKH� RYLGXFW� DQG� XWHUXV�� 7KH� SUHJQDQF\� UDWH�
ZDV�KLJK���WRWDOO\����WUDQVIHUV�LQ�)LQODQG�DQG�LQ�
1RYRVLELUVN� ZLWK� DQ� RYHUDOO� VXFFHVV� UDWH� RI�
����� XQSXEOLVKHG��� &OHDYDJH� VWDJHV�� PRUXODH��

HDUO\� EODVWRF\VWV�� EODVWRF\VWV�� DQG� H[SDQGHG�
EODVWRF\VWV� ZHUH� VXFFHVVIXOO\� WUDQVIHUUHG�
�)LJXUH����F�K����
�
,Q� VXPPDU\�� ZH� FRQFOXGH� WKDW� WKH� PRVW�
VXLWDEOH� HPEU\RQLF� GHYHORSPHQWDO� VWDJHV� IRU�
WUDQVIHU� DUH� EODVWRF\VWV� DQG� H[SDQGHG�
EODVWRF\VWV�� :H� XVHG� WKLV� VWDJH� RI� HPEU\RQLF�
GHYHORSPHQW� DOVR� IRU� WUDQVIHU� EHWZHHQ� IHUUHW�
VXEVSHFLHV��6HYHQ�RIIVSULQJ�ZHUH�SURGXFHG�DV�D�
UHVXOW� RI� HPEU\R� WUDQVIHU� RI� H[SDQGHG�
EODVWRF\VWV� EHWZHHQ� (XURSHDQ� SROHFDW� DQG�
GRPHVWLF�IHUUHW�LQ�1RYRVLELUVN��7DEOH���������

�
�
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7DEOH� ��� (PEU\R� WUDQVIHU� EHWZHHQ� (XURSHDQ� SROHFDW� �0XVWHOD� SXWRULXV�� DQG� GRPHVWLF� IHUUHW�
�0XVWHOD�SXWRULXV�IXUR��
�
'LUHFWLRQ�RI��
HPEU\R�WUDQVIHU�

'DWH�RI�
�PDWLQJ�

1XPEHU�RI�
�WUDQVIHUUHG�
EODVWRF\VWV�

5HFLSLHQW�
QXPEHU�

'DWH�RI�
�GHOLYHU\�

1XPEHU��
RI�SXSV�
�ERUQ�

6XFFHVV�
UDWH�����

)URP��
0�� SXWRULXV� WR�
0��SXWRULXV�
�

������ �� ���� ������ �� ����

)URP��
0�� SXWRULXV� WR�
0��SXWRULXV�IXUR�

������ �� ���� ������ �� ���

WKH�VDPH� ������ ��� ���� ������ �� ���

WKH�VDPH� ������ �� ���� �� �� ��

WKH�VDPH� ������ �� ���� �� �� ��


�&RQWURO�
�
�
,Q�YLWUR�FXOWXUH�RI�SROHFDW�HPEU\RV�
�
3ROHFDW� HPEU\RV� FDQ� EH� FXOWXUHG� LQ� YLWUR� IURP�
WKH� ���� FHOO� VWDJH� WR� WKH� H[SDQGHG� EODVWRF\VW�
VWDJH�� $IWHU� D� FXOWXUH� SHULRG� RI� ���� GD\V��
GHSHQGLQJ� RQ� WKH� GHYHORSPHQWDO� VWDJH� DW� WKH�
EHJLQQLQJ�RI� WKH� FXOWXUH�� WKH�JUHDW�PDMRULW\�RI�
HPEU\RV� DUH� VXFFHVVIXOO\� GHYHORSHG� WR�
EODVWRF\VW� VWDJH� �:KLWWLQJKDP�� ������ /LQGHEHUJ��
������� :KLWWLQJKDP� ������� ZDV� WKH� ILUVW� ZKR�
UHSRUWHG� DERXW� VXFFHVVIXO� LQ� YLWUR� FXOWXUH� RI�
IHUUHW�HPEU\RV�IURP�WKH���FHOO�WR�WKH�EODVWRF\VW�
VWDJH��EXW�SURYLGHG�OLWWOH�RWKHU�LQIRUPDWLRQ��:H�
UHDFKHG� HYHQ� PRUH� SURPLQHQW� UHVXOWV�
FRPSDUHG� WR�WKH�VWXG\�RI�:KLWWLQJKDP���������
ZKHQ� DIWHU� D� ���� KRXU� LQ� YLWUR� FXOWXUH�� VRPH�
SROHFDW�HPEU\RV�KDWFKHG��/LQGHEHUJ�HW�DO����������
,W�KDV�EHHQ� VKRZQ�HDUOLHU� WKDW� LW� LV�SRVVLEOH� WR�
FXOWXUH� HPEU\RV� RI� $PHULFDQ� PLQN� �0XVWHOD�
YLVRQ�� IURP� EODVWRF\VW� VWDJH� WR� KDWFKLQJ�
�0RUHDX� HW� DO��� ������� 'RPHVWLF� FDW� HPEU\RV�
GHYHORS� LQ� YLWUR� WR� WKH� EODVWRF\VW� VWDJH�� EXW�
KDWFKLQJ� KDV� QRW� EHHQ� GHPRQVWUDWHG� �-RKQVWRQ�
HW� DO��� ������� ,W� KDV� EHHQ� DOVR� VKRZQ� WKDW� IR[�
�9XOSHV� YXOSHV� �� HPEU\RV� GHYHORS� LQ� YLWUR� WR�
H[SDQGHG� EODVWRF\VW�� EXW� RQO\� WKRVH� HPEU\RV��
ZKLFK�ZHUH�EH\RQG�WKH���FHOO�VWDJH��/LQGHEHUJ�HW�
DO��� ������� 8QWLO� UHFHQWO\�� RQO\�$PHULFDQ�PLQN�

�0��YLVRQ��HPEU\RV�ZHUH�GHPRQVWUDWHG�WR�KDWFK�
LQ�YLWUR�DPRQJ�FDUQLYRURXV�DQLPDOV�E\�0XUHDX�
HW�DO����������EXW�XQIRUWXQDWHO\�RQO\�EODVWRF\VWV�
ZHUH� FXOWXUHG� LQ� WKHLU� VWXG\�� ,W� FDQ� EH�
FRQFOXGHG�WKDW�WKH�(XURSHDQ�SROHFDW�LV�DQRWKHU�
0XVWHOLGDH�VSHFLHV�ZKLFK�LV�SRVVLEOH�WR�FXOWXUH�
LQ� YLWUR� WR� WKH� VWDJH� RI� KDWFKHG� EODVWRF\VW�� ,Q�
YLWUR� FXOWXUH� PLJKW� DOVR� EH� XVHG� WR� YHULI\� WKH�
YLDELOLW\�RI� WKH�HPEU\RV�DIWHU�FU\RSUHVHUYDWLRQ�
��
�
(PEU\R�FU\RSUHVHUYDWLRQ�LQ�SROHFDWV�
�
7KH�HPEU\RV�RI�WKH�0XVWHOLGDH�VSHFLHV�FRQWDLQ�
PRUH� OLSLG� GURSOHWV� DV� FRPSDUHG� WR� PRVW�
ODERUDWRU\� DQG� IDUP� DQLPDOV� �.L]LORYD� HW� DO���
������ DQG� DUH� UHODWLYHO\� ODUJH�� H[SDQGHG�
EODVWRF\VWV� DFKLHYH� D� VL]H� RI� DERXW� �� PP� LQ�
GLDPHWHU� �$PVWLVODYVN\� HW� DO��� ����� D��
0DNVLPRYVN\� HW� DO��� ������� 7KHVH� WZR�
SHFXOLDULWLHV� DUH� WKH� PDLQ� REVWDFOHV� WR�
VXFFHVVIXO�IUHH]LQJ�RI�0XVWHOLGDH�HPEU\RV��
�
*O\FHURO� DQG�'062�DUH� WUDGLWLRQDOO\�XVHG� IRU�
HPEU\R� FU\RSUHVHUYDWLRQ� LQ� GLIIHUHQW� DQLPDO�
VSHFLHV��1LHPDQQ��������5RWW���������,W�KDV�EHHQ�
VKRZQ� UHFHQWO\�� WKDW� HWK\OHQH� JO\FRO� �(*���
ZKHQ� XVHG� DV� D� FU\RSURWHFWDQW�� JLYHV� EHWWHU�
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UHVXOWV� DV� FRPSDUHG� WR� JO\FHURO� LQ� VRPH�
FLUFXPVWDQFHV� �3ROODUG�� /HLER�� ������ 0DUWLQH]��
0DWNRYLF���������
�
�
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)LJ�� ��� 6WDJHV� RI� SUHLPSODQWDWLRQ� HPEU\R�
GHYHORSPHQW�LQ�(XURSHDQ�SROHFDW��0��SXWRULXV��
%DU� LQGLFDWHV� ���� µP�� WKH� GD\� RI� PDWLQJ� ZDV�
FRQVLGHUHG�DV�'D\���RI�SUHJQDQF\��
�
D�� 2YXODWHG�RRF\WH�²�'D\�����
E�� 7ZR�FHOO�HPEU\R�²�'D\�����
F�� )RXU�FHOO�HPEU\R�²�'D\�����
G�� (DUO\�PRUXOD�²�'D\�����
H�� &RPSDFW�PRUXOD�²�'D\�����
I�� (DUO\�EODVWRF\VW�²�'D\�����
J�� %ODVWRF\VW�²�'D\�����
K�� ([SDQGHG�EODVWRF\VW�²�'D\������
�
�
(DUOLHU� ZH� LQYHVWLJDWHG� WKH� XOWUDVWUXFWXUDO�
FKDQJHV� LQ� VWHSSH� SROHFDW� HPEU\RV� DIWHU�
FU\RSUHVHUYDWLRQ��.L]LORYD�HW�DO����������:H�IUR]H�
WKHVH� HPEU\RV� E\� FRQYHQWLRQDO� SURJUDPPHG�

IUHH]LQJ�PHWKRG�ZLWK� WKH� XVH� RI� HLWKHU� ����0�
JO\FHURO� RU� ���� 0� '062� DV� D� FU\RSURWHFWDQW�
DQG� DQDO\]HG� WKDZHG� HPEU\RV� E\� HOHFWURQLF�
PLFURVFRS\�� :KHQ� '062� ZDV� XVHG� DV� D�
FU\RSURWHFWDQW�� WKH� XOWUDVWUXFWXUH� RI� � PRVW� RI�
WKH� FHOOV� RI� WKH� WURSKHFWRGHUP� �7(�� ZDV� QRW�
GDP��
�
DJHG�� DQG� WKH� RQO\� FKDQJH� REVHUYHG� ZDV� D�
ORZHU� RVPLRILOLW\� � RI� WKH� OLSLG� GURSOHWV� DV�
FRPSDUHG�WR�XQIUR]HQ�FRQWUROV��6RPH�RI�WKH�7(�
FHOOV� DQG� WKH� ODUJH�SRUWLRQ�RI� WKH� FHOOV� RI� ,&0�
�LQQHU�FHOO�PDVV��ZHUH�PRUH�GDPDJHG��,Q�DOO�WKH�
FDVHV�� ZKHQ� JO\FHURO� ZDV� XVHG� DV� D�
FU\RSURWHFWDQW�� GDPDJHV� RI� HPEU\RV� ZHUH�
KHDYLHU�DV�FRPSDUHG�WR�FDVHV�ZKHQ�'062�ZDV�
XVHG�� ,Q�HPEU\RV�FU\RSUHVHUYHG�ZLWK�JO\FHURO��
EODVWRPHUHV� DSSHDUHG� VKUXQNHQ�� VRPH� RI� WKH�
FLVWHUQDH� RI� WKH� HQGRSODVPLF� UHWLFXOXP� ZHUH�
DEQRUPDOO\� GLODWHG�� DQG� GHVWUXFWLRQ� RI� FHOO�
FRQWDFWV� ZDV� REVHUYHG� LQ� PDQ\� FDVHV�� $ERXW�
���� RI� WURSKREODVWLF� FHOOV� GHPRQVWUDWHG�
QXPHURXV� LQWHUUXSWLRQV� RI� FHOO� PHPEUDQHV��
7KH� REVHUYHG� FKDQJHV� RI� VL]H� DQG� RI� HOHFWURQ�
GHQVLW\�LQ�WKH�PDMRULW\�RI�EODVWRPHUHV�OHG�XV�WR�
WKH� FRQFOXVLRQ� WKDW� JO\FHURO� ZDV� WR[LF� WR�
SROHFDW�HPEU\RV��%UX\DV�HW�DO�� ������� IRXQG�DQ�
HYLGHQFH� WKDW� IUHH]H�WKDZLQJ� ZLWK� JO\FHURO�
LQGXFHG� FRQVLGHUDEOH� FHOOXODU� GDPDJH� DOVR� LQ�
KRUVH�HPEU\RV��
�
,Q� FU\RSUHVHUYDWLRQ� H[SHULPHQWV� ZLWK�
(XURSHDQ� SROHFDW� HPEU\RV�� (*�ZDV� FKRVHQ� DV�
WKH� FU\RSURWHFWDQW�� 7RWDOO\� ��� EODVWRF\VWV�
IOXVKHG�IURP�WZR�GRQRU�IHPDOHV�DW�'D\�����S�F��
ZHUH�IUR]HQ�WKDZHG�E\�D�FRQYHQWLRQDO�PHWKRG�
ERUURZHG� IURP� ERYLQH� VWXGLHV�� (TXLOLEUDWLRQ�
ZLWK�(*�ZDV�DFKLHYHG�E\�WUDQVIHUULQJ�HPEU\RV�
LQWR�3HWUL�GLVK��ZKLFK�FRQWDLQHG�����(*��$IWHU�
�� PLQXWHV� HTXLOLEUDWLRQ�� HPEU\RV� ZHUH�
WUDQVIHUUHG� LQWR� WKH� PHGLXP� ZLWK� D� ILQDO�
FRQFHQWUDWLRQ� RI� �� �� (*� DQG� HTXLOLEUDWHG�
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d  
 

f  
 

h  
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DGGLWLRQDOO\�IRU����PLQXWHV��$IWHU�HTXLOLEUDWLRQ�
ZLWK�FU\RSURWHFWDQW��WKH�HPEU\RV�ZHUH�DVSLUHG�
LQWR� ����� PO� SODVWLF� VWUDZV� �/
$LJOH�� ,90��
)UDQFH��ZLWK����(*�DQG�SXW�LQ�WKH�IUHH]HU��7KH�
FRQWUROOHG� IUHH]LQJ� ZDV� SHUIRUPHG� XVLQJ� D�
SURJUDPPDEOH� IUHH]HU� �)UHH]H� &RQWURO���
$FFRUGLQJ� WR� WKLV� WHFKQLTXH�� WKH� VWUDZV� ZHUH�
FRROHG� DW� �� °&�� PLQ� WR� ��°&� DIWHU� ZKLFK� LFH�
IRUPDWLRQ� ZDV� LPPHGLDWHO\� LQGXFHG� E\�
WRXFKLQJ� WKH� WRS� RI� WKH� OLTXLG� FROXPQ�
FRQWDLQLQJ�WKH�HPEU\RV�ZLWK�IRUFHSV�FRROHG�LQ�
OLTXLG� QLWURJHQ� �VHHGLQJ��� $IWHU� ��� PLQXWHV��
FRROLQJ�FRQWLQXHG�DW����°&��PLQ� WR� ���°&��7KH�
VWUDZV�ZHUH� WKHQ�SOXQJHG�LQWR� OLTXLG�QLWURJHQ�
DQG�LQ�WKLV�H[SHULPHQW�ZHUH�VWRUHG�RQH�KRXU�DW�
����°&�EHIRUH�WKDZLQJ���
�
�
�
�
�
�
�
�
�
�
�
�
�
D�����HPEU\RV�IURP�WZR�GRQRUV��%RWK�GRQRU�IHPDOHV�
ZHUH� IOXVKHG� RQ� 'D\� ���� IURP�PDWLQJ� DQG� VL[WHHQ�
EODVWRF\VWV�DQG�RQH�HDUO\�EODVWRF\VW�ZHUH�UHFRYHUHG��
���RI�WKH�HPEU\RV�ZHUH�FKRVHQ�IRU�IUHH]LQJ��
�
�
�
�
�
�
�
�
�
�
�
�
E��7KH����HPEU\RV�ZHUH�IUR]HQ�ZLWK�����0�HWK\OHQH�
JO\FRO� DV� FU\RSURWHFWDQW� XVLQJ� D� SURJUDPPDEOH�

IUHH]HU��)UHH]H�&RQWURO���7KH�SKRWRJUDSK�ZDV�WDNHQ�
LPPHGLDWHO\�DIWHU�WKDZLQJ�WKH�HPEU\RV��
�
�
�
�
�
�
�
�
�
�
�
�
F�� 7KH� HPEU\RV� KDYH� EHHQ� FXOWXUHG� LQ� PRGLILHG�
7&0����IRU�WZR�GD\V��)RXU�RI�WKHP�DUH�KDWFKLQJ��
�
�
�
�
�
�
�
�
�
�
�
�
G��7KH�HPEU\RV�DIWHU�IRXU�GD\V� LQ�FXOWXUH��+DWFKHG�
HPEU\RV�DUH�PRUH�H[SDQGHG�WKDQ�WKH�RWKHUV��
�
�
�
�
�
�
�
�
�
�
�
�
�
H�� $� KDWFKHG� HPEU\R� DWWDFKHG� WR� WKH� ERWWRP� RI� D�
3HWUL�GLVK�DIWHU�HLJKW�GD\V�LQ�FXOWXUH��
�
�
�
�

)LJ�����,Q�YLWUR�FXOWXUH�RI�IUR]HQ�WKDZHG�(XURSHDQ�SROHFDW��0��SXWRULXV��HPEU\RV�
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�
7KH� VWUDZV� ZHUH� WKDZHG� TXLFNO\� ZLWK� ERG\�
ZDUP�H[SLUHG�DLU�DQG�SXVKHG�IURP�WKH�VWUDZV�
WR�D�VPDOO�3HWUL�GLVK��7KH\�ZHUH�HTXLOLEUDWHG���
�� PLQXWHV� LQ� ��� VXFURVH� DQG� WZR� WLPHV� IRU� ��
PLQXWHV� LQ� WKH� IOXVKLQJ� VROXWLRQ� DIWHU� ZKLFK�
WKH�HPEU\RV�ZHUH� UHDG\� WR�EH� WUDQVIHUUHG� LQWR�
WKH�FXOWXUH�V\VWHP�RU�LQWR�UHFLSLHQWV����
�
)URP�WKH����IUR]HQ�WKDZHG�SROHFDW�HPEU\RV����
ZHUH� FXOWXUHG� LQ� YLWUR� LQ� RUGHU� WR� YHULI\� WKHLU�
YLDELOLW\�� 7KUHH� RI� WKH� ��� FXOWXUHG� HPEU\RV�
KDWFKHG� DQG� LQFUHDVHG� LQ� VL]H� PDUNHGO\� DIWHU�
EHLQJ� FXOWXUHG� IRU� �� GD\V�� 2QH� RI� WKHP� HYHQ�
�LPSODQWHG���DWWDFKHG�WR�WKH�ERWWRP�RI�WKH�3HWUL�
GLVK��RQ�GD\���RI� LQ�YLWUR�FXOWXUH��)LJXUH����� ,Q�
WKLV� H[SHULPHQW� QR� GHWULPHQWDO� HIIHFWV� RQ� WKH�
VXEVHTXHQW� GHYHORSPHQW� GXULQJ� LQ� YLWUR�
FXOWXUH� ZHUH� REVHUYHG� DIWHU� ��� PLQXWHV�
H[SRVXUH� WR� ��� (*� DQG� FU\RSUHVHUYDWLRQ� IRU�
RQH� KRXU�� 7KLV� H[SHULPHQW� VXJJHVWV� WKDW�
FRQYHQWLRQDO� IUHH]LQJ�RI�SROHFDW�HPEU\RV�ZLWK�
(*�UHVXOWV�LQ�YLDEOH�HPEU\RV��

�
2Q� WKH�RQH�KDQG��ZH�KDYH�DOUHDG\�PHQWLRQHG�
WKDW� VHYHUH� XOWUDVWUXFWXUDO� FKDQJHV� KDYH� EHHQ�
REVHUYHG�LQ�VRPH�FHOOV�RI�SROHFDW�HPEU\RV�DIWHU�
IUHH]H�WKDZLQJ� ZLWK� JO\FHURO� RU� '062�
�.L]LORYD� HW� DO��� ������� 2Q� WKH� RWKHU� KDQG�� WKH�
SUHVHQW�VWXG\�FRQILUPV�WKDW�(*�LV�QRQ�WR[LF�IRU�
0XVWHOLGDH� HPEU\RV� DQG� FDQ� EH� XVHG� WR�
FU\RSUHVHUYH� SROHFDW� HPEU\RV�� ,Q� VXPPDU\��
WKHVH� UHVXOWV� IDYRU� HWK\OHQH� JO\FRO� IRU�
VXEVHTXHQW�H[SHULPHQWV�RQ�FU\RSUHVHUYDWLRQ�RI�
0XVWHOLGDH�HPEU\RV��
�
&XUUHQW� VWDWXV� DQG� SURVSHFWV� RI� H[� VLWX�
SUHVHUYDWLRQ� RI� HQGDQJHUHG� 0XVWHOLGDH�
VSHFLHV�
�
7KHUH� DUH� D� QXPEHU� RI� 0XVWHOLGDH� VSHFLHV�
ZKLFK�DUH�HQGDQJHUHG�RU�HYHQ�WKUHDWHQHG�ZLWK�
H[WLQFWLRQ��7HUQRYVN\��������6FKUHLEHU�HW�DO���������
7HUQRYVN\��7HUQRYVND\D��������0DUDQ��+HQWWRQHQ��
�������7KH�(XURSHDQ�PLQN�LV�QRPLQDWHG�DV�WKH�
SULRULW\� VSHFLHV� IRU� FRQVHUYDWLRQ� �6FKUHLEHU� HW�
DO��� ������� 7KH� FRQWLQXRXV� VSUHDG�RI�$PHULFDQ�
PLQN� LV� UHFRJQL]HG� WR� EH� RQH� RI� WKH� PDLQ�
FDXVHV� RI� H[WLQFWLRQ� RI� WKH� (XURSHDQ� PLQN�

�7HUQRYVN\�� ������ 7HUQRYVN\�� 7HUQRYVND\D�� ������
0DUDQ��+HQWWRQHQ�� ������� 7KH� UDSLGO\� UHGXFLQJ�
WKH�QXPEHU�RI�(XURSHDQ�PLQN� WKURXJKRXW� WKH�
IRUPHU
V� UDQJH� VWURQJO\� GLFWDWH� WKH� XVH� RI�
PRGHUQ� UHSURGXFWLYH� WHFKQRORJLHV� DQG� H[� VLWX�
DSSURDFK�WR�SUHYHQW�WKH�WRWDO�H[WLQFWLRQ�RI�WKLV�
DERULJLQH� VSHFLHV�� 2Q� WKH� RWKHU� KDQG�� WKH��
VXFFHVVIXO� UHFRYHU\� RI� EODFN�IRRWHG� IHUUHW� �0��
QLJULSHV�� LQ� 1RUWK� $PHULFD� LV� HQFRXUDJLQJ�
DSSOLFDWLRQ� RI� � UHSURGXFWLYH� WHFKQRORJLHV� WR�
PXVWHOLGV��:LOGW�HW�DO�����������
�
7KH�WUDGLWLRQDO�PHWKRGV�RI�H[�VLWX�SUHVHUYDWLRQ�
RI� DQLPDOV� �H�J�� FDSWLYH� EUHHGLQJ� RI� VPDOO�
SRSXODWLRQV� RI� DQLPDOV� LQ� ]RRV� DQG� RWKHU�
EUHHGLQJ� IDFLOLWLHV�� KDYH� VWURQJ� OLPLWDWLRQV� DV�
OLVWHG� UHFHQWO\� �/DVOH\� HW� DO��� ������ /RVNXWRII��
������ DQG�DUH�RIWHQ� LQHIIHFWLYH� LQ� UHDFKLQJ� WKH�
XOWLPDWH� JRDOV� RI� VDIHJXDUGLQJ� WDUJHWHG�
HQGDQJHUHG� VSHFLHV� �/DVOH\� HW� DO��� ������0DUDQ��
������ /RVNXWRII�� ������� 7KH� FRQFHSW� RI� WKH�
JHQHWLF� UHVRXUFH� EDQN�� EDVHG� LQ� LWV� WHFKQLFDO�
SDUW��RQ�WKH�PRGHUQ�UHSURGXFWLYH�WHFKQRORJLHV��
KDV� EHHQ� GHYHORSHG� �:LOGW�� �������0HWKRGV� RI�
H[� VLWX� SUHVHUYDWLRQ� RI� JDPHWHV� DQG� HPEU\RV�
DUH� UHFRPPHQGHG� WR� EH� FRPELQHG� ZLWK� WKH�
WUDGLWLRQDO�DSSURDFK�RI�FRQVHUYDWLRQ�RI�DQLPDO�
SRSXODWLRQV� LQ� VLWX� DQG� H[� VLWX� �:LOGW�������
:LOGW� HW� DO��� ������� ([FHOOHQW� UHYLHZV�
VXPPDUL]LQJ� WKH� DWWHPSWV� RI� DSSOLFDWLRQ� RI� D�
JHQHWLF� UHVRXUFH� EDQN� FRQFHSW� WR�ZLOG� DQLPDO�
VSHFLHV� DUH� DYDLODEOH� �:LOGW�� ������ 5RWW�� �������
,QWHUVSHFLHV�HPEU\R�WUDQVIHU�RI�LQ�YLYR��6WRYHU�HW�
DO��� ������ DQG� LQ� YLWUR� �-RKQVWRQ� HW� DO��� ����� ��
SURGXFHG� HPEU\RV� LQ� KRUPRQDOO\� VWLPXODWHG�
JDXU� �%RV� JDXUXV��� DQ� HQGDQJHUHG� XQJXODWH�
VSHFLHV��UHVXOWHG�LQ�OLYH�RIIVSULQJ��,Q�WKHVH�FDVHV��
GRPHVWLF� FDWWOH� UHFLSLHQWV�ZHUH�XVHG�� ,W� LV�ZHOO�
NQRZQ� WKDW� UHSURGXFWLYH� WHFKQRORJLHV� DQG��
HVSHFLDOO\�� HPEU\R� WUDQVIHU�SURWRFRO�ZDV�ZHOO��
GHYHORSHG� LQ� FDWWOH� �&DOHVVHQ� HW� DO��� �������
0RUHRYHU�� EDVLF� NQRZOHGJH� RQ� WKH�
UHSURGXFWLRQ� DQG� HPEU\R� GHYHORSPHQW�
REWDLQHG�LQ�FDWWOH�ZDV�H[WUDSRODWHG�WR�JDXU��%RV�
JDXUXV��� EHFDXVH� WKLV� HQGDQJHUHG� VSHFLHV� LV�
FORVHO\� UHODWHG� WR� GRPHVWLF� FDWWOH� �%RV� WDXUXV���
+XPDQ� ,9)� SURFHGXUH� XVHG� LQ� FOLQLFV� ZDV�
UHFHQWO\� VXFFHVVIXOO\� DSSOLHG� WR� ZHVWHUQ�
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ORZODQG� JRULOOD� �3RSH� HW� DO��� ������� (DUOLHU�� D�
EDERRQ�LQIDQW�ZDV�REWDLQHG�E\�WUDQVIHUULQJ�DQ�

LQ�YLYR�SURGXFHG�HPEU\R��.UDHPHU�HW�DO�����������
�

,W� VKRXOG� EH� QRWHG�� KRZHYHU�� WKDW� QXPHURXV�
DSSOLFDWLRQV� RI� WKH� JHQHWLF� UHVRXUFH� EDQN�
FRQFHSW�WR�QRQGRPHVWLF�ZLOGOLIH�VSHFLHV��ZKLFK�
DUH� QRW� UHODWHG� WR� FDWWOH� RU� KXPDQV�� KDYH�
\LHOGHG�RQO\� LQIUHTXHQW�ELUWKV� �VHH�:LOGW� HW�DO���
������ 5RWW������� /RVNXWRII�� ����� IRU� UHYLHZ���
0RUHRYHU�� XQVXFFHVVIXO� UHVXOWV� RI� HPEU\R�
WUDQVIHU� DUH� QRW� DOZD\V� SXEOLVKHG�� $� VSHFLDO�
FRQFHUQ� LV� WKH� SRVVLELOLW\� RI� LQWHUVSHFLHV�
HPEU\R� WUDQVIHU�� ZKHQ� WKH� SRRO� RI� DYDLODEOH�
UHFLSLHQW� IHPDOHV� LV� OLPLWHG�� ,Q� PRVW� FDVHV� RI�
LQWHUVSHFLHV�WUDQVIHU��HYHQ�WKRVH�ZKLFK�UHVXOWHG�
LQ� SXSV� ERUQ�� WKH� SUHJQDQF\� ZDV�
FRPSURPLVHG�� DEQRUPDO� KLVWRORJLFDO�
DUFKLWHFWXUH� RI� WKH� SODFHQWD�� ORZ� QXPEHUV� RI�
SODFHQWRPHV� DQG� RWKHU� FRPSOLFDWLRQV� RI�
SUHJQDQF\� ZHUH� REVHUYHG� LQ� WKHVH� FDVHV� �VHH�
/DVOH\� HW� DO��� ����� IRU� UHYLHZ��� ,Q� DGGLWLRQ� WR�
WKHVH� IHZ� VXFFHVVIXO� DWWHPSWV�� PDQ\� RWKHU�
FDVHV� ZHUH� XQVXFFHVVIXO� GXH� WR� UHVRUSWLRQ� RU�
DERUWLRQ�RI�WKH�IRUHLJQ�HPEU\R��6XFFHVVIXO�DQG�
XQVXFFHVVIXO� DWWHPSWV� RI� LQWHUVSHFLHV� HPEU\R�
WUDQVIHU��DQG�WKH�FDXVHV�RI��JRRG�DQG�EDG�OXFN�
ZHUH� DQDO\VHG� LQ� WKH� VSHFLDO� UHYLHZV��
�$QGHUVRQ�� ������ /DVOH\� HW� DO��� ������� ,Q� VRPH�
FDVHV� D� VSHFLDO� LPPXQRVXSSUHVVLYH� WUHDWPHQW�
ZDV� XVHG� WR� SUHYHQW� IDLOXUH� RI� LQWHUVSHFLHV�
HPEU\R�WUDQVIHU��&UR\�HW�DO����������9HU\�FDUHIXO�
FKRLFH� RI� D� UHFLSLHQW� VSHFLHV��ZKLFK� UHVHPEOHV�
WKH� HQGDQJHUHG� VSHFLHV� LQ� LWV� UHSURGXFWLYH�
SK\VLRORJ\� LV� UHFRPPHQGHG� �$QGHUVRQ�� ������
/DVOH\�HW�DO����������1RQHWKHOHVV��LQ�WKH�PDMRULW\�
RI�FDVHV��ZKHQ�LQWHUVSHFLHV�SUHJQDQF\�UHVXOWHG�
LQ�SXSV�ERUQ��HPEU\R�WUDQVIHU�ZDV�PXFK�PRUH�
VXFFHVVIXO� LQ� RQH� GLUHFWLRQ� WKDQ� WKH� RSSRVLWH�
RQH� �$QGHUVRQ�� ������� ,Q� RXU� H[SHULPHQWV�
HPEU\R� WUDQVIHU� EHWZHHQ� FORVHO\� UHODWHG� IHUUHW�
VXEVSHFLHV� �0�� SXWRULXV� DQG� 0�� SXWRULXV� IXUR� ��
UHVXOWHG� LQ� SXSV� ERUQ�� EXW� VXFFHVVIXO� HPEU\R�
WUDQVIHU� EHWZHHQ� GLIIHUHQW� 0XVWHOLGDH� VSHFLHV�
LV� VWLOO�XQNQRZQ��+LJK� VXFFHVV� UDWH�RI� HPEU\R�
WUDQVIHU� LQ� SROHFDWV� LV� JRRG� EDFNJURXQG� IRU�
DWWHPSWLQJ� WR� SHUIRUP� LQWHUVSHFLHV� HPEU\R�
WUDQVIHU� EHWZHHQ� (XURSHDQ� PLQN� DQG� FORVHO\�
UHODWHG�SROHFDWV��7KLV�VWXG\�LV�LQ�SURJUHVV�QRZ��

�

7KH�0XVWHOLGDH�IDPLO\�EHORQJ�WR�WKH�&DUQLYRUD�
RUGHU��,Q�IDFW��PHWKRGV�RI�,9)��HPEU\R�WUDQVIHU��
HPEU\R�FU\REDQNLQJ�DQG�DFFRPSDQLHG�PRGHUQ�
UHSURGXFWLYH� WHFKQRORJLHV� KDYH� EHHQ� DGRSWHG�
PDLQO\�WR�D�VLQJOH�IDPLO\�LQ�&DUQLYRUD��)HOLGDH��
7KH� SRVVLELOLWLHV� RI� FU\RSUHVHUYDWLRQ� DQG�
VXFFHVVIXO�HPEU\R�WUDQVIHU�RI�LQ�YLYR��'UHVVHU�HW�
DO��� ������ DQG� LQ� YLWUR� �3RSH� HW� DO��� ������
SURGXFHG�HPEU\RV�KDYH�EHHQ�GHPRQVWUDWHG�LQ�
WKH� GRPHVWLF� FDW�� 0RUHRYHU�� WKH� QRQVXUJLFDO�
PHWKRG� RI� HPEU\RQLF� WUDQVIHU� KDV� EHHQ�
GHYHORSHG�IRU� WKLV�VSHFLHV��6ZDQVRQ�DQG�*RGNH��
������ DQG� DLPHG� WR� PLQLPL]H� VXUJLFDO�
LQWHUYHQWLRQ��7KLV�LV�EHQHILFLDO�IURP�WKH�HWKLFDO�
SRLQW� RI� YLHZ�� %DVHG� RQ� WKHVH� WHFKQRORJLFDO�
DFKLHYHPHQWV� DQG� LQYHVWLJDWLRQ� RI� )HOLGDH�
UHSURGXFWLYH� ELRORJ\� ZLWK� WKH� XVH� RI� WKH�
GRPHVWLF� FDW� DV� D� PRGHO� VSHFLHV�� WKLV�
WHFKQRORJ\� KDV� WKHQ� EHHQ� DSSOLHG� WR� ZLOGOLIH�
IHOLGV� �:LOGW� HW� DO��� ������� 0HWKRGV� RI� DVVLVWHG�
IHUWLOL]DWLRQ��PDLQO\�DUWLILFLDO�LQVHPLQDWLRQ�DQG�
VHPHQ� FU\RSUHVHUYDWLRQ�� KDYH� DOVR� EHHQ�
VXFFHVVIXOO\� DSSOLHG� WR� EODFN�IRRWHG� IHUUHW��
ZKHUHE\� WKH� HQGDQJHUHG� 0XVWHOLGDH� VSHFLHV�
ZHUH�VDYHG�IURP�H[WLQFWLRQ��+RZDUG�HW�DO���������
:LOGW� HW� DO��� ������� 7KHVH� VWXGLHV�ZHUH�GRQH� LQ�
WKH�IUDPHZRUN�RI�WKH�$PHULFDQ�SURJUDP�DLPHG�
DW� FRQVHUYDWLRQ� RI� WKH� EODFN�IRRWHG� IHUUHW� �0��
QLJULSHV��� 5HVXOWV� GHVFULEHG� LQ� WKLV� SDSHU�
VXJJHVW� WKDW�HPEU\R� WHFKQRORJ\�PLJKW�EH�DOVR�
DSSOLHG� WR� RWKHU� 0XVWHOLGDH� VSHFLHV� DQG�
HVSHFLDOO\� WR� (XURSHDQ� PLQN�� ZKLFK� LV� D�
SULRULW\� VSHFLHV� IRU� FRQVHUYDWLRQ� LQ� (XURSH�
�6FKUHLEHU�HW�DO����������

�
(XURSHDQ� PLQN� LV� LQ� WKH� VDPH� JHQXV� DV�
SROHFDWV� �<RXQJPDQ�� ������� *HQHWLFDOO\��
(XURSHDQ� PLQN� LV� PRVW� FORVHO\� UHODWHG� WR�
6LEHULDQ�SROHFDW� �0XVWHOD� VLELULFD��ZKLFK� LQ� WKH�
OLWHUDWXUH� LV� DOVR� FDOOHG� .RORQRFXV� VLELULFD�
�7HUQRYVN\�� 7HUQRYVND\D�� ������ DQG� HYHQ�
.ROLQVN\�PLQN��0HDG���������7KHVH�WZR�VSHFLHV�
KDYH� WKH� VDPH�QXPEHU� � RI� FKURPRVRPHV� ��Q �
���� �*UDIRGDWVN\� HW� DO��� ������� $OVR�� WKHUH� DUH�
PDQ\� JHQHWLF� VLPLODULWLHV� EHWZHHQ� (XURSHDQ�
PLQN� �� (XURSHDQ� SROHFDW� DQG� GRPHVWLF� IHUUHW�
�0�SXWRULXV� IXUR��� 7KLV� JHQHWLF� UHODWLRQ� RI�



 5HSURGXFWLRQ���

(XURSHDQ� PLQN� ZLWK� SROHFDWV� KDV� EHHQ�
FRQILUPHG� E\� FRPSDUDWLYH� DQDO\VLV� RI�
NDU\RW\SHV��*UDIRGDWVN\�HW�DO������������

�
7KH� UHSURGXFWLYH�SDWWHUQ�DQG�JHVWDWLRQ� OHQJWK�
RI� (XURSHDQ� PLQN� UHVHPEOH� WKDW� RI� (XURSHDQ�
SROHFDW� DQG� GRPHVWLF� IHUUHW�� +\EULGV� EHWZHHQ�
(XURSHDQ� SROHFDW�� 6LEHULDQ� SROHFDW�� GRPHVWLF�
IHUUHW�DQG�(XURSHDQ�PLQN�KDYH�EHHQ�REWDLQHG�
RQ� D� ODUJH� VFDOH� LQ� FDSWLYLW\� �7HUQRYVN\��
7HUQRYVND\D�� ������� 0RUHRYHU�� K\EULGL]DWLRQ�
EHWZHHQ�(XURSHDQ�PLQN�DQG�(XURSHDQ�SROHFDW�
RFFXUV� VSRQWDQHRXVO\� LQ� QDWXUH� �7XPDQRY��
=YHUHY�� ������� 7KH� PDMRULW\� RI� RXU� UHVHDUFK� LV�
GRQH� ZLWK� (XURSHDQ� SROHFDW�� WR� EH� DEOH� WR�
DSSUR[LPDWH� WKH� UHSURGXFWLYH� GDWD� WR� WKH�
FORVHO\� UHODWHG� (XURSHDQ� PLQN�� ,W� LV� DOVR�
SURPLVLQJ�WR�XVH�(XURSHDQ�SROHFDW�RU�6LEHULDQ�
SROHFDW��0��VLELULFD��DV�D�UHFLSLHQW�VSHFLHV�LQ�WKH�
FRQWLQXDWLRQ� RI� DQ� H[� VLWX� SURJUDP� DLPHG� DW�
FRQVHUYDWLRQ�RI�WKH�(XURSHDQ�PLQN��

�
,W� VHHPV�YHU\� WLPHO\� WR�DSSO\� WKH�FRQFHSW�RI�D�
JHQHWLF� UHVRXUFH� EDQN� WR� (XURSHDQ� PLQN��
EHFDXVH�QRZDGD\V�WKH�H[WDQW�SRSXODWLRQ�LV�VWLOO�
JHQHWLFDOO\� YLDEOH� HQRXJK� WR� HQVXUH� DGHTXDWH�
PDWHULDO�DYDLODEOH� IRU�FRQVHUYDWLRQ��EXW� LW� LV� LQ�
UDSLG� GHFOLQH� WKURXJKRXW� PXFK� RI� LWV� UDQJH�
�7HUQRYVN\��������6FKUHLEHU�HW�DO���������7HUQRYVN\��
7HUQRYVND\D�� ������ 0DUDQ�� +HWWRQHQ�� ������
0DUDQ���������2Q�WKH�RWKHU�KDQG��VXFFHVV�RI�WKH�
SUHYLRXV�SURMHFWV�IRU�SURWHFWLQJ�(XURSHDQ�PLQN�
LQLWLDWHG� LQ� 5XVVLD� �7HUQRYVN\�� 7HUQRYVND\D��
������ DQG� (VWRQLD� �0DUDQ�� ������ KDV� EHHQ�
OLPLWHG��7KHVH�SURMHFWV�ZHUH�EDVHG�RQO\�RQ�WKH�
FDSWLYH� EUHHGLQJ� DQG� UHLQWURGXFWLRQ� RI�
(XURSHDQ�PLQN�LQ�QDWXUH�EXW�WKH�XOWLPDWH�JRDO�
RI�VDIHJXDUGLQJ�WKLV�VSHFLHV�LV�QRW�DFKLHYHG�\HW��
:H�DJUHH�ZLWK�:LOGW���������ZKR�UHFRPPHQGV�
FRPELQDWLRQ�RI� WKH� WUDGLWLRQDO�DSSURDFK�EDVHG�
RQ�FDSWLYH�EUHHGLQJ�ZLWK�WKH�PRGHUQ�DSSURDFK�
EDVHG�RQ�WKH�FRQFHSW�RI�D�JHQHWLF�UHVRXUFH�EDQN�
IRU� FRQVHUYDWLRQ� RI� HQGDQJHUHG� VSHFLHV�� :H�
KRSH� WKH� HPEU\R� FU\REDQNLQJ� DQG� HPEU\R�
WUDQVIHU� WHFKQRORJ\� DGRSWHG� WR� (XURSHDQ�
SROHFDW�ZLOO�EH�XVHIXO�LQ�WKLV�FRQFHUQ��
�
�
�
�

5HIHUHQFHV�
�
$GDPV�� &�(�� (JJ� WUDQVIHU� LQ� FDUQLYRUHV� DQG�

URGHQWV�� EHWZHHQ� VSHFLHV� DQG� WR� HFWRSLF�
VLWHV�� ,Q� ��0DPPDOLDQ�(JJ�7UDQVIHU��&�(��
$GDPV� �HGV��� &�5�&� 3UHVV�� ,QF��� %RFD�
5DWRQ��)ORULGD��S���������

$PVWLVODYVN\�� 6�� <D��� 0DNVLPRYVN\�� /�)���
7HUQRYVND\D�� <X�*��� 7HUQRYVN\�� '�9��
�����D��(UPLQH�UHSURGXFWLRQ�DQG�HPEU\R�
GHYHORSPHQW��6FLHQWLIXU��9RO����� ����������
������

$PVWLVODYVN\�� 6�� <D��� 0DNVLPRYVN\�� /�)���
7HUQRYVND\D�� <X�*��� 7HUQRYVN\�� '�9��
����� E�� &U\RSUHVHUYDWLRQ� RI� FDUQLYRUD� ��
0XVWHOD� � HUPLQHD�� 6FLHQWLIXU�� 9RO���� �����
���������

$QGHUVRQ�� *�%�� ������ ,QWHUVSHFLILF� SUHJQDQF\��
EDUULHUV�DQG�SURVSHFWV��%LRO�5HSURG���9RO��
���������������

$QGHUVRQ��(��������7KH�SK\ORJHQ\�RI�PXVWHOLGV�
DQG� V\VWHPDWLFV� RI� IHUUHWV�� ,Q� ��
&RQVHUYDWLRQ� %LRORJ\� DQG� %ODFN�� )RRWHG�
)HUUHW�� 6HDO� 8�6��� (�7�� 7KRUQH�� 0�$��
%RJDQ�� 6�+�� $QGHUVRQ� �HGV��� 7KRPVRQ��
6KRUH�,QF���'H[WHU��0LFKLJDQ��S���������

%UX\DV��-�)���%H]DUG��-���/DJQHDX[��'���3DOPHU��(��
������ 4XDQWLWLYH� DQDO\VLV� RI�
PRUSKRORJLFDO� PRGLILFDWLRQV� RI� GD\� ����
KRUVH� HPEU\RV� DIWHU� FU\RSUHVHUYDWLRQ��
GLIIHUHQWLDO�HIIHFWV�RI� LQQHU�FHOO�PDVV�DQG�
WURSKREODVW�FHOOV��-��5HSURG��)HUW���9RO������
�������

&DOHVVHQ��+���*UHYH��7���$YHU\��%��������(PEU\R�
WHFKQRORJ\� LQ� FDWWOH�� EULHI� UHYLHZ�� $FWD�
$JULF��6FDQG����6XSSO��������������

&DQLYHQF��5��� %RQQLQ��0�� ������(QYLURQPHQWDO�
FRQWURO� RI� GHOD\HG� LPSODQWDWLRQ� LQ� WKH�
(XURSHDQ� EDGJHU� �0HOHV� PHOHV��� -��
5HSURG��)HUW���6XSSO�������������

&DUUROO�� 5�6��� (UVNLQH�� 0�6��� 'RKHUW\�� 3�&���
/XQGHOO�� /�$��� %DXP�� 0�-�� ������ &RLWDO�
VWLPXOL� FRQWUROOLQJ� OXWHLQL]LQJ� KRUPRQH�
VHFUHWLRQ� DQG� RYXODWLRQ� LQ� WKH� IHPDOH�
IHUUHW��%LRO��5HSURG���9RO�������������������

&KDQJ�� 0�&��� <DQDJLPDFKL�� 5�� ������
)HUWLOL]DWLRQ�RI�IHUUHW�RYD�E\�GHSRVLWLRQ�RI�
HSLGLGLPDO� VSHUP� LQWR� WKH� RYDULDQ�
FDSVXODH� ZLWK� VSHFLDO� UHIHUHQFH� WR�



 6FLHQWLIXU��9RO������1R����������� ��

IHUWLOL]DEOH� OLIH� RI� RYD� DQG� WKH�
FDSDFLWDWLRQ� RI� VSHUP�� -�� ([S��=RRO���9RO��
��������������

&KDQJ�� 0�&�� ������ )HUWLOL]DWLRQ� OLIH� RI� IHUUHW�
VSHUP� LQ� WKH� IHPDOH� WUDFW�� -�� ([S�� =RRO��
9RO������������������

&KDQJ��0�&��������5HFLSURFDO�LQVHPLQDWLRQ�DQG�
HJJ�WUDQVIHU�EHWZHHQ�IHUUHWV�DQG�PLQN��-��
([S��=RRO����9RO���������������

&UR\��%�$���5RVVDQW��-���&ODUN��'�$��������(IIHFWV�
RI� DOWHUQDWLRQ� LQ� WKH� LPPXQRFRPSHWHQW�
VWDWXV� RI� 0XV� PXVFXOXV� IHPDOHV� RQ� WKH�
VXUYLYDO� RI� WUDQVIHUUHG� 0XV� FDUROL�
HPEU\RV� �� -��5HSURG��)HUW��� �9RO������ ������
������

'UHVVHU�� %�/��� *HOZLFNV�� (�-��� :DFKV�� .�%���
.HOOHU��*�/��������)LUVW�VXFFHVVIXO�WUDQVIHU�
RI� FU\RSUHVHUYHG� IHOLQH� �)HOLV� FDWXV��
HPEU\RV� UHVXOWLQJ� LQ� OLYH� RIIVSULQJ�� -��
([S��=RRO���9RO��������������������

'HDQHVO\��5��������'HOD\HG�LPSODQWDWLRQ�LQ�WKH�
VWRDW� �0XVWHOD� HUPLQHD��� 1DWXUH�� 9RO�����
�������������

(QGHUV��$�&���6FKODINH��6��������,PSODQWDWLRQ�LQ�
WKH� IHUUHW�� HSLWKHOLDO� SHQHWUDWLRQ�� $P�� -��
$QDW��9RO��������������������

(QGHUV��$�&���0HDG��5�$�� ������ 3URJUHVVLRQ� RI�
WURSKREODVW�LQWR�WKH�HQGRPHWULXP�GXULQJ�
LPSODQWDWLRQ� LQ� WKH� ZHVWHUQ� VSRWWHG�
VNXQN��$QDW��5HF���9RO�����������������

*UDIRGDWVN\��$�6����9ROREXHY��9�7���7HUQRYVN\��
'�9��� 5DGMDDEOL�� 6�,�� ������ *�EDQGLQJ� RI�
WKH� FKURPRVRPHV� LQ� VHYHQ� VSHFLHV� RI�
PXVWHOLGDH� �FDUQLYRUD��� =RRORJLFDO�
-RXUQDO��9RO��/9��������������������

+DPLOWRQ�� :�-�� ������ 7KH� HDUO\� VWDJHV� LQ� WKH�
GHYHORSPHQW�RI�IHUUHW��IHUWLOL]DWLRQ�WR�WKH�
IRUPDWLRQ�RI�WKH�SURFKRUGDO�SODWH��7UDQV���
5R\��6RF��(GLQ��9RO����������������

*UHHQVLGHV�� 5�'��� 0HDG�� 5�$�� ������ 2YXODWLRQ�
LQ� WKH� VSRWWHG� VNXQN� �6SLORJDOH� SXWRULXV�
ODWLIURQV���%LRO��5HSURG��9RO��������������

+DPPRQG�� -��� 0DUVKDOO�� )�+�$�� ������ 2HVWUXV�
DQG�SVHXGRSUHJQDQF\�LQ�WKH�IHUUHW��3URF��
5���6RF��/RQG���9RO���������������

+DPPRQG�� -��� :DOWRQ�� $�� ������ 1RWHV� RQ�
RYXODWLRQ� DQG� IHUWLOL]DWLRQ� LQ� IHUUHW�� -��
([S��%LRO���9RO��������������

+HDS�� :�� ������ 3UHOLPLQDU\� QRWH� RQ� WKH�
WUDQVSODQWDWLRQ� DQG� JURZWK� RI�
PDPPDOLDQ� RYD� ZLWKLQ� D� XWHULQH� IRVWHU��
PRWKHU�� 3URF�� 5�� 6RF�� �/RQGRQ��� 9RO�� �����
���������

+RZDUG��-�*���%XVK��0���0RUWRQ��&���0RUWRQ��)���
:HQW]HO�� .��� :LOGW�� '�(�� ������
&RPSDUDWLYH� VHPHQ� FU\RSUHVHUYDWLRQ� LQ�
IHUUHWV� �0XVWHOD� SXWRULXV� IXUR�� DQG�
SUHJQDQFLHV� DIWHU� ODSDURVFRSLF�
LQWUDXWHULQH� LQVHPLQDWLRQ� ZLWK� IUR]HQ�
WKDZHG� VSHUPDWR]RD�� -�� 5HSURG�� )HUWLO���
9RO���������������

-RKQVWRQ�� /�$��� 'RQRJKXH�� $�0��� 2
%ULHQ�� 6�-���
:LOGW�� '�(�� ������ &XOWUXUH� DQG� SURWHLQ�
VXSSOHPHQWDWLRQ� LQIOXHQFH� LQ� YLWUR�
IHUWLOL]DWLRQ�DQG�HPEU\RQLF�GHYHORSPHQW�
LQ�WKH�FDW��-��([S��=RRO��9RO����������������

-RKQVWRQ�� /�$�� 3DUULVK�� -�-�� 0RQVRQ�� 5��
/HLEIULHG�5XWOHGJH�� /��� 6XVNR�3DUULVK��
-�/��� 1RUWKH\�� '�/��� 5XWOHGJH�� -�-���
6LPPRQV�� /�*�� ������2RF\WH�PDWXUDWLRQ��
IHUWLOL]DWLRQ� DQG� HPEU\R�GHYHORSPHQW� LQ�
YLWUR�DQG� LQ�YLYR� LQ�WKH�JDXU��%RV�JDXUXV���
-��5HSURG��)HUWLO���9RO�������������������

.L]LOLYD�� (�$��� %DLERURGLQ�� 6�,��� 0DNVLPRYVN\��
/�)��7HUQRYVND\D�-�*���$PVWLVODYVN\�6�<D��
������ 7KH� HIIHFW� RI� FU\RFRQVHUYDWLRQ� RQ�
PRUSKRORJ\� RI� EODVWRF\VWV� RI� WKH� IHUUHW�
0XVWHOD� HYHUVPDQQL�� 5XVVLDQ� -RXUQDO� RI�
'HYHORSPHQWDO� %LRORJ\� �2QWRJHQH]���
9RO�������������������LQ�5XVVLDQ���

.ROSRYVN\��9��0��������7KH�PRUSKRORJ\�RI�WKH�
RYDULHV� RI� WKH� SUHJQDQW� PLQN� �0XVWHOD�
YLVRQ���=RRORJLFKHVNLL�]KXUQDO�� �9RO�/9,,�
�������������

.UDHPHU�� '��� 0RRUH�� '��� .UDHPHU�� 0�� ������
%DERRQ� LQIDQW� SURGXFHG� E\� HPEU\R�
WUDQVIHU��6FLHQFH��9RO�������������������

.UDHPHU�� '�� ������ ,QWUDVSHFLILF� DQG�
LQWHUVSHFLILF� HPEU\R� WUDQVIHU�� -� �� ([SHU��
=RRO���9RO������������������

/DJHUNYLVW�� *�� ������ 5HSURGXFWLRQ� IHDWXUHV� LQ�
WKH� IHUUHW� �0XVWHOD� SXWRULXV��� ,Q��
5HSURGXFWLRQ� LQ� FDUQLYRURXV� IXU� EHDULQJ�
DQLPDOV�� $��+�� 7DXVRQ�� 0�� 9DOWRQHQ�
�HGV��� -RUGEUXJVIRUODJHW�� &RSHQKDJHQ�� S��
��������



 5HSURGXFWLRQ���

/DVOH\�� %�/��� /RVNXWRII�� 1�0�� HW� DO�� ������ 7KH�
OLPLWDWLRQ� RI� FRQYHQWLRQDO� EUHHGLQJ�
SURJUDPV� DQG� WKH� QHHG� DQG� SURPLVH� RI�
DVVLVWHG� UHSURGXFWLRQ� LQ� QRQGRPHVWLF�
VSHFLHV��7KHU����9RO���������������

/LQGHEHUJ��+��� -DONDQHQ��/��DQG�6DYRODLQHQ��5��
������ ,Q� YLWUR� FXOWXUH� RI� VLOYHU� IR[�
HPEU\RV��7KHU���9RO���������������

/LQGHEHUJ� +��� $PVWLVODYVN\� 6��� -DUYLQHQ� 0���
9DOWRQHQ�0�� ������3UHOLPLQDU\� UHVXOWV� RI�
LQ� YLWUR� FXOWXUH� RI� LQ� YLYR� SURGXFHG�
SROHFDW� �0XVWHOD�SXWRULXV��HPEU\RV��1-)�
VHPLQDU��%HUJHQ��1RUJH��1R������

/LQGHEHUJ�+���$PVWLVODYVN\��6���-DUYLQHQ��0���
7HUQRYVND\D��<X����=XGRYD���*���9DOWRQHQ���
0��������6XUJLFDO�WUDQVIHU�RI�LQ�YLYR�
SURGXFHG�SROHFDW�HPEU\RV���7KHU�����LQ�
SUHVV���

/RVNXWRII��1�0��������%LRORJ\�� WHFKQRORJ\�DQG�
VWUDWHJ\� RI� JHQHWLF� UHVRXUFH� EDQNLQJ� LQ�
FRQVHUYDWLRQ� SURJUDPV� IRU� ZLOGOLIH�� ,Q��
*DPHWHV�� GHYHORSPHQW� DQG� IXQFWLRQ�� $��
/DXULD�� )�� *DQGLROIL�� *�� (QQH�� /��
*LDQDUROL���HGV��5RPH��S�����������

0DNVLPRYVN\�� /�� )�� $PVWLVODYVN\�� 6���
*ROXELWVD�� $�� 1��� =KHOH]RYD�� $�,���
7HUQRYVNDLD��<X��*��7HUQRYVNLL�'�9��������
7KH� SUHLPSODQWDWLRQ� HPEU\RQLF�
GHYHORSPHQW� RI� �� VSHFLHV� RI� PDPPDOV�
IURP� WKH� IDPLO\� 0XVWHOLGDH�� 2QWRJHQH]��
9RO���������������LQ�5XVVLDQ���

0DQWHLIHO�� 3�$�� ������ 7KH� OLIH� RI� IXU� DQLPDOV��
0RVFRZ�����3���,Q�5XVVLDQ���

0DUDQ�� 7��� +HQWWRQHQ�� +�� ������ :K\� LV� WKH�
(XURSHDQ� PLQN� GLVDSSHDULQJ� "� �� $�
UHYLHZ� RI� WKH� SURFHVV� DQG� K\SRWKHVHV��
$QQ�=RRO�)HQQLFL��9RO������������

0DUDQ��7��������([�VLWX�DQG�LQ�VLWX�FRQVHUYDWLRQ�
RI� WKH�(XURSHDQ�PLQN�� ,QWHUQDWLRQDO�=RR�
1HZV��9RO�������������������

0DUWLQH]�� $�*��� 0DWNRYLF�� 0�� ������
&U\RSUHVHUYDWLRQ� RI� RYLQH� HPEU\RV� ��
VORZ�IUHH]LQJ�DQG�YLWULILFDWLRQ��7KHU���9RO��
����������������

0HDG�5�$��������5HSURGXFWLRQ�LQ�0XVWHOLGV��,Q�
��&RQVHUYDWLRQ�%LRORJ\�DQG�%ODFN��)RRWHG�
)HUUHW�� 6HDO� 8�6��� (�7�� 7KRUQH�� 0�$��
%RJDQ�� 6�+�� $QGHUVRQ� �HGV��� 7KRPVRQ��
6KRUH�,QF���'H[WHU��0LFKLJDQ��3����������

0REUDDWHQ�� /�� ������ 0RXVH� (PEU\R�
&U\REDQN\QJ�� -�� RI� LQ� 9LWUR� )HUWLOL]DWLRQ�
DQG�(PEU\R�7UDQVIHU��9RO�����S���������

0RUHDX��*��0��� 6PLWK�� /�&��� 6RQJ�� -���0XUSK\��
%��'��������,Q�YLWUR�VXUYLYDO�DQG�KDWFKLQJ�
RI� PLQN� HPEU\RV� LQ� GLDSDXVH�� ,Q��
3URFHHGLQJV� IURP� WKH� ��WK� ,QWHUQDWLRQDO�
6FLHQWLILF� &RQJUHVV� LQ� )XU� $QLPDO�
3URGXFWLRQ�� 3ROLVK� 6RFLHW\� RI� $QLPDO�
3URGXFWLRQ��:DUVDZ��3���������

0XUSK\��%���'RXJODV��'���������5HSURGXFWLRQ�LQ�
IHPDOH�PLQN��,Q��7DXVRQ��$�+���9DOWRQHQ��
0��� �HGV��� 5HSURGXFWLRQ� LQ� FDUQLYRURXV�
IXU� EHDULQJ� DQLPDOV�� -RUGEUXJVIRUODJHW��
&RSHQKDJHQ���3���������

1LHPDQQ�� +�� ������ &U\RSUHVHUYDWLRQ� RI� RYD�
DQG� HPEU\RV� IURP� OLYHVWRFN� �� FXUUHQW�
VWDWXV� DQG� UHVHDUFK�QHHGV��7KHU���9RO�� ���
���������������

3ROODUG�� -�:��� /HLER�� 6�3�� ������ &KLOOLQJ�
VHQVLWLYLW\�RI�PDPPDOLDQ�HPEU\RV��7KHU���
9RO���������������

3RSH� &�(��� .HOOHU� *�/��� 'UHVVHU� %�/�� ������
9LDELOLW\��RI�,9)�GHULYHG����WR���FHOO�VWDJH�
FDW� HPEU\RV� IROORZLQJ� FU\RSUHVHUYDWLRQ�
FXOWXUH�DQG�WUDQVIHU��7KHU���9RO�����������

3RSH��&�(���'UHVVHU��%�/���&KLQ��1�:���/LX��-�+���
/RVNXWRII��1�0��� %HKQNH�� (�-��� %URZQ��&��
0F5DH�� 0�$��� 6LQRZD\�� &�(�� ������ %LUWK�
RI� D� ZHVWHUQ� ORZODQG� JRULOOD� �*RULOOD�
JRULOOD� JRULOOD�� IROORZLQJ� LQ� YLWUR�
IHUWLOL]DWLRQ� DQG� HPEU\R� WUDQVIHU��$P�� -��
3ULPDWRO��9RO�������������������

5RELQVRQ��$��������7KH�IRUPDWLRQ��UXSWXUH��DQG�
FORVXUH�RI� RYDULDQ� IROOLFOHV� LQ� IHUUHWV�DQG�
IHUUHW�SROHFDW� K\EULGV� DQG� VRPH�
DVVRFLDWHG� SKHQRPHQD�� 7UDQV�� 5R\�� 6RF��
(GLQEXUJK���9RO����������������

5RWW�� 1�1�� ������ (VWDEOLVKPHQW� RI� JHQHWLF�
FU\REDQNV�DQG�WKH�XVH�RI�WKH�PHWKRGV�RI�
GHYHORSPHQWDO�ELRORJ\�DV�D� WHFKQLTXH� WR�
FRQVHUYH�UDUH�DQLPDO�VSHFLHV����2EWDLQLQJ�
DQG�FU\RSUHVHUYDWLRQ�RI�HPEU\RV�RI�ZLOG�
DQLPDOV�� 5XVVLDQ� -RXUQDO� RI�
'HYHORSPHQWDO� %LRORJ\� �2QWRJHQH]����
9RO�������������������LQ�5XVVLDQ���

6FKLHZH��0��� %XVK��0��� 3KLOOLSV�� /��� &LWLQR�� 6���
:LOGW�� '�� � ������ &RPSDUDWLYH� DVSHFWV� RI�
HVWUXV� VLQFKURQL]DWLRQ� �� RYXODWLRQ�
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LQGXFWLRQ� DQG� HPEU\R� FU\RSUHVHUYDWLRQ�
LQ� VFLPLODU� �KRUQHG� RU\[� �� ERQJR� HODQG�
DQG� JUHDWHU� NXGX�� -�� ([S�� =RRO�� 9RO�� ����
�������

6FKUHLEHU�� $�5��� :LUWK�� 5��� 5LIIHO�� 0��� YDQ�
5RPSDH\�� +�� ������ :HDVHOV�� &LYHWV��
0RQJRRVHV��DQG�WKHLU�UHODWLYHV��$Q�DFWLRQ�
SODQ� IRU� WKH� FRQVHUYDWLRQ� RI� PXVWHOLGV�
DQG� YLYHUULGV�� ,8&1�66&�0XVWHOLG� DQG�
9LYHUULG�6SHFLDOLVW�*URXS�����3���

6WRYHU�� -��� (YDQV�� -��� 'ROHQVHN�� (�� ������
,QWHUVSHFLHV� HPEU\R� WUDQVIHU� IURP� WKH�
JDXU� WR� GRPHVWLF� +ROVWHLQ�� � 3URF�� $P�
$VVRF�=RR�9HW��3HQVLOYDQLD��3�����������

7HUQRYVN\��'�9��������:LOO�WKH�(XURSHDQ�PLQN�
EHFRPH� H[WLQFW"� 3ULURGD�� 9RO�� ���� ������
�,Q�5XVVLDQ����

7HUQRYVN\��'�9�� � ������ %LRORJ\� RI�0XVWHOLGDH��
1RYRVLELUVN��1DXND�������3���

7KLELHU�� 0�� ������ � 7KH� ����� VWDWLVWLFV� RQ� WKH�
ZRUOG�HPEU\R� WUDQVIHU� LQGXVWU\��(PEU\R�
7UDQVIHU�1HZVOHWWHU��9RO������������

7XPDQRY�� ,�/��� =YHUMHY� (�/�� ������ 3UHVHQW�
GLVWULEXWLRQ�DQG�QXPEHU�RI�WKH�(XURSHDQ�
PLQN� �0XVWHOD� OXWUHROD�� LQ� WKH� 8665��
=RRORJLFKHVNLL�=KXUQDO� ��9RO��������������
�,Q�5XVVLDQ����

9DOWRQHQ�0��� -DONDQHQ�/��������6SHFLHV�VSHFLILF�
IHDWXUHV� RI� RHVWURXV� GHYHORSPHQW� DQG�
EODVWRJHQHVLV� LQ�GRPHVWLF�FDQLQH�VSHFLHV��
-��5HSURG��)HUW���6XSSO������3����������

:KLWWLQJKDP� '�*�� ������ )HUWLOL]DWLRQ�� HDUO\�
GHYHORSPHQW� DQG� VWRUDJH�RI�PDPPDOLDQ�
RYD�LQ�YLWUR��,Q��7KH�HDUO\�GHYHORSPHQW�LQ�
PDPPDOV�� 0�%DOOV�� $�(�� :LOG� �HGV����
8QLY��3UHVV��&DPEULGJH�1��<���3��������

:LOGW� '�� (��� 0RQIRUW� 6�/��� 'RQRJKXH� $�0���
-RKQVWRQ� /�$��� +RZDUG� -�*�� ������
(PEU\RJHQHVLV� LQ� FRQVHUYDWLRQ�ELRORJ\� ��
RU� ��KRZ� WR�PDNH�DQ�HQGDQJHUHG�VSHFLHV�
HPEU\R��7KHU���9RO��������������������

:LOGW� '�� (�� ������ *HQHWLF� UHVRXUFH� EDQNV� IRU�
FRQVHUYLQJ� ZLOGOLIH� VSHFLHV�� MXVWLILFDWLRQ��
H[DPSOHV� DQG� EHFRPLQJ� RUJDQLVHG� RQ� D�
JOREDO�EDVLV��$QLP��5HSURG��6FL���9RO������
���������

<RXQJPDQ� 3�0�� ������ 'LVWULEXWLRQ� DQG�
V\VWHPDWLFV� RI� WKH� (XURSHDQ� PLQN�
0XVWHOD� OXWUHROD� /LQQDHXV� ������ $FWD�
]RRO��IHQQ��1R�������������

=KHOH]RYD�$�� ,���*ROXELW]D�$�1��������7UDQVIHU�
RI� EODVWRF\VWV� � LQ� WKH� PLQN�� 'RNODGL�
$NDGHPLL� QDXN� 6665� �� 9RO�� ���� ����� �����
�����
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