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���,QWURGXFWLRQ

7KH�%DOWLF�6HD�LV�D�VKDOORZ�EUDFNLVK�ZDWHU�EDVLQ��ZKLFK�LV�FRQQHFWHG�WR�WKH�$WODQWLF�2FHDQ�

LQ�'DQLVK�VWUDLWV��7KH IDXQD�DQG�IORUD�RI�WKH�%DOWLF�6HD�LV�D�PL[WXUH�RI�PDULQH��IUHVKZDWHU�DQG�

EUDFNLVK�ZDWHU� VSHFLHV��ZKLFK� DUH� ORZ� LQ� QXPEHU�� EXW ZKLFK FDQ�KDYH� GHQVH� SRSXODWLRQV�

�+(/&20������� +HUULQJ� �&OXSHD�KDUHQJXV�PHPEUDV�� LV�RQH�RI� WKH�PRVW�DEXQGDQW� ILVK�

VSHFLHV�LQ�WKH�%DOWLF�6HD��ZKLFK�OLYHV DQG�UHSURGXFHV LQ�DOPRVW�WKH�HQWLUH�VHD�DUHD�H[FHSW�IRU

DUHDV�ZKLFK� KDYH� ORZ� VDOLQLW\� ������ SVX��� 7KLV� LQGLFDWHV� D�ZLGH� VDOLQLW\� WROHUDQFH� RI� WKH�

VSHFLHV�

7KH�%DOWLF�6HD�LV�FRQVLGHUHG�DV RQH�RI WKH�PRVW�SROOXWHG�VHD�DUHDV�LQ�WKH�ZRUOG��+(/&20�

�������$QRWKHU�PDMRU�FRQFHUQ�LQ�WKH�%DOWLF�6HD LV�HXWURSKLFDWLRQ��ZKLFK�KDV�LQFUHDVHG�WKH�

R[\JHQ�GHSOHWLRQ�LQ�WKH�%DOWLF�6HD� HVSHFLDOO\�LQ� WKH�GHHSHVW�EDVLQV��+(/&20������ DQG�

FDXVHG�PDVVLYH�EORRPV�RI�EOXH�JUHHQ�DOJDH��ZKLFK�KDYH�QHJDWLYH�DQG�XQZDQWHG�HIIHFWV�LQ�WKH�

HFRV\VWHP��$IWHU�WKH�PDMRU�LQIORZ�RI�VHDZDWHU�IURP�WKH�$WODQWLF�2FHDQ�LQ�������0DWWKlXV

�������YDVW�K\GURJUDSKLF�FKDQJHV�KDYH RFFXUUHG�LQ�WKH�%DOWLF�6HD��5HGXFHG�LQIORZ�RI�RFHDQLF�

ZDWHU�WRJHWKHU�ZLWK�LQFUHDVHG�SUHFLSLWDWLRQ DQG�IUHVKZDWHU�UXQ�RII�IURP�ULYHUV�KDYH�UHGXFHG�

WKH�VDOLQLW\�RI�WKH�ZDWHU��+lQQLQHQ�HW�DO���������DQG�WHPSHUDWXUH�RI�VHD�ZDWHU�KDV�LQFUHDVHG�

LQ�DOO�VHDVRQV��%$&&��������&RQVHTXHQWO\��YDVW�FKDQJHV�LQ�WKH�HFRV\VWHP WRRN�SODFH�DW�WKH�

HQG�RI�WKH�����V��NQRZQ�DV�WKH�UHJLPH�VKLIW��'LSSQHU�HW�DO���������7KLV�ZDV FKDUDFWHUL]HG�E\�

D�GHFOLQH�RI�WKH�DEXQGDQFHV�RI�PDULQH�ILVK�DQG�]RRSODQNWRQ�VSHFLHV��DQG�E\�D�FKDQJH�LQ�WKH�

SUHGDWRU�SUH\�LQWHUDFWLRQV�LQ�WKH�SHODJLF�HFRV\VWHP �+(/&20�����E� ,Q�WKH�%DOWLF�KHUULQJ��

WKH�UHJLPH�VKLIW�UHVXOWHG�LQ�D�GHFUHDVH�RI�WKH�JURZWK�UDWH�DQG�ILVK�FRQGLWLRQ��0|OOPDQQ�HW�DO��

������ DQG�LQ�ODUJH�YDULDWLRQV�RI�WKH�VWRFN�VL]H��+(/&20�������

,Q�WKH�$UFKLSHODJR�6HD��)LJ������WKH�FKDUDFWHULVWLFV�RI�VSDZQLQJ�KHUULQJ�KDYH�EHHQ�PRQLWRUHG�

VLQFH������ZLWK�DQQXDO�VDPSOLQJV�IURP�WKH�VSDZQLQJ�JURXQGV��H�J��5DMDVLOWD�HW�DO���������$V�

VKRZQ�E\�WKH�WDJJLQJ�H[SHULPHQWV�E\�3DUPDQQH�HW�DO���������DQG�.llULl�HW�DO����������WKH�

KHUULQJ�VSDZQLQJ�LQ�WKLV�DUHD�EHORQJ�PDLQO\�WR�WKH�%RWKQLDQ�6HD�VWRFN��ZKLFK�PLJUDWHV�WR�

UHSURGXFH�LQ�WKH�LQQHUPRVW�SDUWV�RI�WKH�VRXWK�ZHVWHUQ�DUFKLSHODJR��6SDZQLQJ�ILVK�KDYH�EHHQ�
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DQDO\]HG�HYHU\�\HDU�E\�WKH�VDPH�PHWKRGV��EXW�WKH�LQWHQVLW\�RI VDPSOLQJ�KDV�YDULHG�EHWZHHQ�

WKH�\HDUV��GHSHQGLQJ�RQ�WKH�UHVRXUFHV DYDLODEOH�IRU�WKH�VWXG\��

7KHUH�DUH�VRPH�REVHUYHG�FKDQJHV�LQ�WKH�KHUULQJ�SRSXODWLRQ�IURP������WR�������WKH�UHGXFWLRQ�

RI�ILVK�JURZWK�KDV�OHG�WR�D�UHGXFHG�ERG\�VL]H��5DMDVLOWD�HW�DO� ����D�� DQG�WKH�VDPSOHV�KDYH�

DOVR�LQGLFDWHG�DQ�LQFUHDVLQJ�QXPEHU�RI�JRQDGDO DEQRUPDOLWLHV LQ�KHUULQJ�GXULQJ UHFHQW�\HDUV

�5DMDVLOWD�HW�DO������E����7KH\�DUH�QRW�HYHQO\�IRXQG�IURP�IHPDOHV�DQG�PDOHV��EXW�VOLJKWO\�EXW�

VLJQLILFDQWO\�PRUH�IURP�PDOHV��7KH�SUHOLPLQDU\�ILQGLQJV�DOVR�VXJJHVW�WKDW�WKH�VH[�UDWLR�LQ WKH�

VSDZQLQJ�SRSXODWLRQ�KDV QRW�EHHQ�VWDEOH��EXW�YDULHG�VWURQJO\�IURP�\HDU WR�\HDU��$V WKH�VWDWH�

RI�WKH�%DOWLF�6HD�KDV�FKDQJHG�GXULQJ WKH�ODVW����\HDUV��LW�LV�SRVVLEOH�WKDW�IHPDOHV�DQG�PDOHV�

KDYH�UHVSRQGHG WR�WKH�FKDQJLQJ�HQYLURQPHQW�LQ�GLIIHUHQW�ZD\V��5DMDVLOWD�HW�DO������E�� 7KH�

UHSURGXFWLYH� HIIRUW RI� KHUULQJ� IHPDOHV�� H[SUHVVHG� DV� WKH� JRQDGRVRPDWLF� LQGH[� �*6,�� KDV�

UHPDLQHG�VWDEOH LQ������������5DMDVLOWD�HW�DO������D���,Q�PDOHV��LW�KDV�QRW�EHHQ�VWXGLHG��EXW�

WKH� WLPH�VHULHV� RQ� *6,� ������������ DOORZV� D� PRUH� FRPSUHKHQVLYH� H[DPLQDWLRQ� RI� WKH�

SRWHQWLDO�FKDQJH�

7KH�DLP�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�H[DPLQH�

D� ,V�WKH�WUHQG�RI�WKH�VH[�UDWLR�GXULQJ�����������VWDWLVWLFDOO\�VLJQLILFDQW"�,I�VR��FDQ�WKH�

H[SODQDWRU\�IDFWRUV�EH�IRXQG�IURP�WKH�VDPSOLQJ�SURFHGXUH��IURP�WKH�HQYLURQPHQWDO�

IDFWRUV�LQIOXHQFLQJ�WKH�KHUULQJ�GXULQJ�WKH�VWXG\�\HDUV��RU�IURP�WKH�FKDUDFWHULVWLFV�RI�

WKH�SRSXODWLRQ"�

E� +DV�WKH�UHSURGXFWLYH�HIIRUW��*6,��RI�KHUULQJ�PDOHV�FKDQJHG"�,V� WKH�FKDQJH�VLPLODU�

ZLWK�ERWK�VH[HV"

$FFRUGLQJ� WR� WKH� OLWHUDWXUH�� WKH�VH[� UDWLR� LQ� ILVK�SRSXODWLRQV�FDQ�YDU\� IRU� VHYHUDO� UHDVRQV��

VWDUWLQJ�IURP�WKH�SRVVLELOLW\�WKDW�IHPDOHV�DQG�PDOHV�DUH�ERUQ�DW�GLIIHUHQW�UDWLRV��:RRWWRQ�HW�

DO���������7KHUHIRUH��,�ILUVW�H[SORUH�WKH�PHFKDQLVPV�RI�VH[�GHWHUPLQDWLRQ�LQ�WHOHRVW�ILVK�LQ�D�

OLWHUDWXUH�UHYLHZ��WKHQ�JR�WKURXJK�WKH�OLIH�F\FOH�RI�WKH�%DOWLF�KHUULQJ��DQG�ILQDOO\��DQDO\]H�WKH�

VH[� UDWLR� DQG� *6,� LQ� WKH� VSDZQLQJ� SRSXODWLRQ� XVLQJ� *HQHUDOL]HG� /LQHDU� 0L[HG� 0RGHOV�
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�*/,00,;���ZKLFK�DUH�ZLGHO\�XVHG� IRU� H[DPLQDWLRQ�RI� WLPH�VHULHV�GDWD� �+lQQLQHQ�HW� DO��

������

�� +\SRWKHVHV�RI�WKH�VWXG\

�����'HWHUPLQDWLRQ�RI�VH[�LQ�WHOHRVW�ILVK

,Q� WHOHRVW� ILVK� VSHFLHV�� GHWHUPLQDWLRQ� RI� VH[� FDQ� EH� GLYLGHG� LQWR� WZR� PDLQ� JURXSV�� ����

JHQRW\SLF�VH[�GHWHUPLQDWLRQ��*6'���LQ�ZKLFK�WKH�JHQGHU�LV�GHWHUPLQHG�DW�IHUWLOL]DWLRQ��DQG�

JHQHWLF�GLIIHUHQFHV�EHWZHHQ�IHPDOHV�DQG�PDOHV�FDQ�EH�REVHUYHG��DQG�����HQYLURQPHQWDO�VH[�

GHWHUPLQDWLRQ� �(6'��� LQ� ZKLFK� VH[� LV� GHWHUPLQHG� DIWHU� IHUWLOL]DWLRQ� E\� WKH� HIIHFW� RI�

HQYLURQPHQWDO� FRQGLWLRQV� VXFK� DV� WHPSHUDWXUH�� S+�� VDOLQLW\�� UDWH� RI� JURZWK� DQG� VRFLDO�

HQYLURQPHQW�

*HQRW\SLF�VH[�GHWHUPLQDWLRQ�FDQ�EH�GLYLGHG�LQWR�WKUHH�GLIIHUHQW�V\VWHPV������,Q�PRQRJHQLF�

V\VWHP�� VH[� LV�GHWHUPLQHG�E\�D�JHQH� ORFDWHG� LQ�D�FHUWDLQ� FKURPRVRPH�DQG�JHQHV� LQ�RWKHU�

FKURPRVRPHV�KDYH�OLWWOH�HIIHFW��'HYOLQ�DQG�1DJDKDPD��������0RVW�RI�WKH�ILVK�VSHFLHV�GR�QRW�

KDYH�PRUSKRORJLFDOO\�GLIIHUHQWLDWHG�VH[�FKURPRVRPHV������ ,Q�PXOWLIDFWRULDO�V\VWHP��VH[�LV�

GHWHUPLQHG�E\�LQWHUDFWLRQV�EHWZHHQ�D�JHQH�RU�JHQHV�DQG�WKH�HQYLURQPHQW� ����,Q�SRO\JHQLF�

V\VWHPV��VH[�LV�GHWHUPLQHG�ZLWK�PRUH�WKDQ�RQH�JHQH��VR�WKDW�HDFK�JHQH�SURYLGHV�D�VPDOO��EXW�

DGGLWLYH�HIIHFW�WR�WKH�UHVXOW��%XOO��������,I�WKHUH�DUH�VLJQV�RI�VH[�FKURPRVRPHV�LQ�ILVK��WKH�

*6'�LV�WKHQ�FRQVLGHUHG�WR�EH�WKH�VH[�GHWHUPLQLQJ�IDFWRU�UDWKHU�WKDQ�WKH�(6'��

,Q� ILVK�� GHWHUPLQDWLRQ� DQG� GLIIHUHQWLDWLRQ� RI� VH[� DUH� GLIIHUHQW� SKHQRPHQD�� $FFRUGLQJ� WR�

+D\HV¶� �������� ³VH[XDO� GHWHUPLQDWLRQ� PD\� EH� GH¿QHG� DV� WKH� JHQHWLF� RU� HQYLURQPHQWDO�

SURFHVVHV�WKDW�LQÀXHQFH�WKH�GH¿QLWLRQ�RI�VH[��ZKLOH�VH[XDO�GLIIHUHQWLDWLRQ�UHIHUV�WR�JRQDGDO�

GHYHORSPHQW�RQFH�VH[�KDV�EHHQ�GHWHUPLQHG��L�H���LI�WKH�XQGLIIHUHQWLDWHG�RU�ELSRWHQWLDO�JRQDG�

IROORZV�WKH�RYDULDQ�RU�WHVWLFXODU�GLIIHUHQWLDWLRQ�SDWKZD\´��:RUOGZLGH�WKHUH�DUH�DERXW��������

GLIIHUHQW�VSHFLHV�RI�¿VK�WKDW�OLYH�LQ�GLIIHUHQW�NLQG�RI�KDELWDWV��%HFDXVH�ILVK�DUH�DGDSWDEOH�DQG�

SODVWLF�LQ�WKHLU�UHSURGXFWLRQ��WKH\�VKRZ�D�YDVW�YDULHW\�RI�PHFKDQLVPV�RI�VH[XDO�GHWHUPLQDWLRQ�

DQG�SDWWHUQV�RI�VH[XDO�GLIIHUHQWLDWLRQ��1HOVRQ��������7R�VXP�XS��GHWHUPLQDWLRQ�RI�WKH�VH[�LQ�

WHOHRVW�ILVK�LV�FRPSOH[�DQG�UDWKHU GLIILFXOW�WR�LQYHVWLJDWH��EHFDXVH�WKH�PHFKDQLVPV�EHKLQG�LW�

DUH� VSHFLHV�VSHFLILF� DQG� UHJXODWHG� E\� GLIIHUHQW� IDFWRUV�� QRW� MXVW� E\� RQH� JHQH� RU� RQH�

HQYLURQPHQWDO�IDFWRU��7DEOH����
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7DEOH� ��� ([DPSOHV� RI� HQYLURQPHQWDO� YDULDEOHV� DIIHFWLQJ� VH[� GHWHUPLQDWLRQ� LQ� ILVK� DW� GLIIHUHQW�
GHYHORSPHQWDO�VWDJHV��$G� �DGXOW��MXY� �MXYHQLOH

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

9DULDEOH 6SHFLHV 6WDWH 5HIHUHQFHV
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

*URZWK
$QFKRD�-DQXDULD $G��DQG�MXY� 6DQWRV�HW�DO��������
'DQLR�UHULR -XY� /DZUHQFH�������
5XWLOXV�UXWLOXV (JJ�DQG�MXY� 3DXO�HW�DO��������

7HPSHUDWXUH
$SLVWRJUDPPXV�VSS� (JJ�DQG�-XY� 5|PHU�HW�DO��������
'DQLR�UHULR (JJ� $ER]DLG�HW�DO��������
2QFRUK\QFKXV�P\NLVV /DUYDH� 0DJHUKDQV�HW�DO��������
'LFHQWUDUFKXV�ODEUD[ /DUYDH� 0\ORQDV�HW�DO��������

:DWHU�DFLGLW\
3HOYLFDFKURPLV�SXOFKHU (JJ� 5XELQ�HW�DO��������

'HQVLW\��
VRFLDO�LQIOXHQFH 3DUDO\FKWK\V�OHWKRVWHJPD (JJ� /XFNHQEDFK�HW�DO� ������

,FKWK\RPRQ�JDJHL -XY� %HDPLVK�������

&HQWURSULVWLV�VWULDWD $G� %HQWRQ�HW�DO��������

3UHGDWLRQ
3RHFLOLD�UHWLFXODWD $G� 0F.HOODU�HW�DO��������

7LPH
*QDWKRSRJRQ�FDHUXOHVFHQV���� (JJ� )XMLRND�HW�DO��������

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
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,Q�D�VSDZQLQJ�ILVK�SRSXODWLRQ��VH[�UDWLR�PD\�EH�GLVWRUWHG�IRU�GLIIHUHQW�UHDVRQV��)RU�H[DPSOH�

D� )HPDOHV�DQG�PDOHV�DUH�ERUQ�DW�GLIIHUHQW� UDWLRV� �DQG� WKHLU�PRUWDOLW\� LV�FRQVWDQW�DQG�

HTXDO�DIWHU�VH[�LV�GHWHUPLQHG��

E� )HPDOHV�DQG�PDOHV�DUH�ERUQ�DW�HTXDO�UDWLRV��EXW�PRUWDOLW\�LV�GLIIHUHQW�DPRQJ�WKH�VH[HV�

F� ,Q�PDWXUH� ILVK�� V\QFKURQL]DWLRQ�RI� VSDZQLQJ�EHWZHHQ� WKH�VH[HV� LV�GLVWXUEHG� LQ� WKH�

SRSXODWLRQ�������

G� )LVK�FKDQJH�WKHLU�VH[�EHIRUH�RU�GXULQJ�WKH�UHSURGXFWLYH�F\FOH��

,Q�WKH�%DOWLF�KHUULQJ��PHFKDQLVPV�RI�VH[�GHWHUPLQDWLRQ�DUH�XQNQRZQ�DQG��WKHUH�DUH�QR�UHVXOWV�

RQ�WKH�QDWXUDO�PRUWDOLW\�RI�WKH�VSHFLHV��2QO\�WKH�ILVKLQJ�PRUWDOLW\�LV�NQRZQ��6XXURQHQ�HW�DO��

������DQG�PRVW�OLNHO\��ILVKHU\�GRHVQ¶W�VHOHFW�GLIIHUHQWO\�PDOHV�DQG�IHPDOHV��DV�WKHLU�VL]H�DQG�

PRUSKRORJ\�LV�VLPLODU��3DUPDQQH��������6H[�UHYHUVDO�LV�NQRZQ�LQ�PDQ\�WHOHRVW�ILVK�VSHFLHV��

)LVK� FDQ� FKDQJH� WKH� VH[� GXH� WR� D� PDQ\� UHDVRQV� VXFK� DV KXPDQ� DFWLYLWLHV�� FKDQJLQJ�

HQYLURQPHQW��SRSXODWLRQ�SDUDPHWHUV�DQG�SDUHQWDO�FDUH�RI�WKH�RIIVSULQJ��7KLV�LV�GRQH�WR�PDNH�

WKH�LQGLYLGXDO�VXUYLYH�DQG�UHSURGXFH�DV�ZHOO�DV�SRVVLEOH��H[FHSW�LI�WKH�UHYHUVDO�LV�GXH�WR�D�

KXPDQ�DFWLYLW\� �:RRWWRQ�HW�DO���������([DFW�PHFKDQLVPV�RI� WKH�VH[�UHYHUVDO� DUH QRW� IXOO\�

XQGHUVWRRG��

7KH� DVVXPSWLRQ� LV� WKDW� KHUULQJ� SRSXODWLRQ� IROORZ¶V� WKH� )LVKHU
V� SULQFLSOH� WKDW� LV� DQ�

HYROXWLRQDU\�PRGHO� H[SODLQLQJ�ZK\� WKH� VH[� UDWLR� RI�PRVW� VSHFLHV� WKDW� SURGXFH� RIIVSULQJ�

WKURXJK�VH[XDO�UHSURGXFWLRQ�LV�DSSUR[LPDWHO\������)LVKHU��������

(YHQ�LI�WKH�VH[�UDWLR�DW�ELUWK�LV�WKH�����UDWLR��LW�LV�SRVVLEOH�IRU�HLWKHU�PDOHV�RU�IHPDOHV�WR�VNLS�

VSDZQLQJ�EHFDXVH�RI�WKH�SRRU�IHHGLQJ�FRQGLWLRQV��)LVK�KDYLQJ�ORZ�HQHUJ\�UHVHUYHV�DQG�SRRU�

VRPDWLF� FRQGLWLRQ� FDQQRW� SURGXFH� HJJV� RU� VSHUP� HYHU\� \HDU� IRU� WKH� VSDZQLQJ�� 6NLSSHG�

VSDZQLQJ�PD\�FDXVH F\FOLFDOLW\�LQ WKH VH[�UDWLR��

�����5HSURGXFWLYH�F\FOH�RI�WKH�%DOWLF�KHUULQJ

+HUULQJ�VSDZQV�XVXDOO\�IRU�WKH�ILUVW�WLPH�ZKHQ�LW�LV�����\HDUV�ROG�ZLWK�DQ�DYHUDJH�RI����WR����

FHQWLPHWHUV�LQ�OHQJWK�DQG�DERXW����WR��� JUDPV�RI�ZHLJKW��'XULQJ�WKH�IHHGLQJ�SHULRG��ILVK�
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FROOHFW�HQHUJ\�UHVRXUFHV�IRU�WKH�QH[W�VSDZQLQJ��)HHGLQJ�VWDUWV�VRRQ�DIWHU�WKH�VSDZQLQJ�LV�RYHU�

DQG�ILVK�DUH�PLJUDWLQJ�WR�WKH�IHHGLQJ�JURXQGV�LQ�WKH�RSHQ�VHD��,Q�VXPPHU��KHUULQJ¶V�PDLQ�GLHW�

FRQVLVWV� RI� FRSHSRGV�� VXFK� DV� /LPQRFDODQXV� PDFUXUXV�� (XU\WHPRUD� DIILQLV�� DQG� $FDUWLD�

ELILORVD �)OLQNPDQ HW� DO� ������� ZKLOH� GXULQJ� DXWXPQ� DQG� VSULQJ� LW� HDWV� PDFURVFRSLF�

FUXVWDFHDQV� VXFK� DV� P\VLGV� �*RURNKHYD� HW� DO� ������ 5DMDVLOWD� HW� DO�� ������ 5DMDVLOWD��

SHUV�FRPP����6XPPHU�DQG�DXWXPQ�DUH� WKH�PDLQ� IHHGLQJ� WLPH�ZKHQ�ILVK�JDLQ� WKHLU�HQHUJ\�

UHVRXUFHV IRU�XSFRPLQJ�VSDZQLQJ��)LJXUH�����7KH�KDUGQHVV�RI�WKH�ZLQWHU�DQG�GXUDWLRQ�RI�WKH�

LFH�FRYHU�KDYH�D�JUHDW�LQIOXHQFH�RQ�WKH�KHUULQJ�UHSURGXFWLYH�F\FOH��HVSHFLDOO\�RQ�WKH�WLPLQJ�

RI�VSDZQLQJ��5DMDVLOWD�������

1XWULWLRQDO�VWDWXV�DQG�WHPSHUDWXUH�RI�WKH�ZDWHU�GHWHUPLQH�WKH�VWDUWLQJ�SRLQW�RI�WKH�VSDZQLQJ�

�5DMDVLOWD��������:KHQ�WKHUH�LV�VXIILFLHQW�DPRXQW�RI�IRRG�DYDLODEOH�IRU�WKH�ILVK�LQ�WKH�IHHGLQJ�

DUHDV�WKH\�JHW�UHDG\�IRU�WKH�VSDZQLQJ��,I�RYHUZLQWHULQJ�LV�VXFFHVVIXO�LW�LV�SRVVLEOH�IRU�KHUULQJ�

WR�VSDZQ�DQG�UHSURGXFH�HYHU\�\HDU��)HPDOHV�WKDW�DUH�LQ�JRRG�FRQGLWLRQ�DQG�KDYH�D�KLJK�IDW�

FRQWHQW�LQ�WKHLU�PXVFOH�WLVVXHV�DUH�QRUPDOO\�WKH�LQGLYLGXDOV�WKDW�SURGXFH�PRUH�RIIVSULQJ�WKDQ�

WKRVH�LQ�SRRU�FRQGLWLRQ��/DLQH�HW�DO���������+LJK�IDW�FRQWHQW�LQ�WKH�PXVFOH�DOVR�WHOOV�DERXW�D�

VXFFHVVIXO�GLHWDU\�LQWDNH��/DLQH�HW�DO���������:KHQ�HQYLURQPHQWDO�FRQGLWLRQV�DUH�XQIDYRUDEOH�

IRU�UHSURGXFWLRQ��WKH�IHPDOH�FDQ�UHDEVRUE�WKH�HJJV��RU�HYHQ�VNLS�WKH�VSDZQLQJ��$OWKRXJK�WKH�

DPRXQW�RI�SURGXFHG�RIIVSULQJ�LV�WKHQ�UHGXFHG�WKH�IHPDOH�VDYHV�LWV�RZQ�HQHUJ\�UHVRXUFHV�IRU�

WKH�QH[W�VSDZQLQJ��ZKHQ�WKH�IHHGLQJ�DQG�UHSURGXFWLRQ�FRQGLWLRQV�PD\�EH�EHWWHU��.MHVEX�HW�

DO�������.XULWD�HW�DO���������

,Q�IHPDOHV��WKH�PDWXUDWLRQ�IURP�RRF\WHV�WR�ULSH�HJJ�FHOOV�WDNHV�DSSUR[LPDWHO\��±���PRQWKV�

�+DJVWURP�%XFKROW]�HW�DO���������7KHQ�WKH�IXOO\�GHYHORSHG�HJJ�FHOOV�DUH�RYXODWHG�DQG�UHOHDVHG�

RQ� WR� WKH�VXEVWUDWH��0DWXUDWLRQ�RI� WKH�HJJ�FHOOV� VWDUWV� IRU� WKH� ILUVW� WLPH�ZKHQ� WKH� MXYHQLOH�

KHUULQJ�UHDFKHV�VH[XDO�PDWXUDWLRQ�DW�DERXW�����\HDUV�RI�DJH��+DJVWURP�%XFKROW]�HW�DO���������

5HVHDUFK�RQ�PDOHV�KDV�EHHQ�GRQH�OHVV�WKDQ�RQ�IHPDOHV��EXW�PRVW�OLNHO\��WKH�PDWXUDWLRQ�DQG�

GHYHORSPHQW� RI� VSHUP� FHOOV� IROORZ� WKH� VDPH� SDWWHUQ� DV� WKDW� RI� WKH� IHPDOH� RRF\WHV�� 7KH�

GHYHORSPHQW�RI�IHUWLOL]HG�HJJ�FHOOV�WR�KDWFKLQJ�ODVWV�IURP�VHYHUDO�GD\V�XS�WR�ZHHNV��PDLQO\�

GHSHQGLQJ�RQ�WKH�LQFXEDWLRQ�WHPSHUDWXUH��/DLQH�������
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)LJ�� ��� 7KH� UHSURGXFWLYH� F\FOH� RI� WKH� KHUULQJ� LQ� WKH� $UFKLSHODJR� 6HD�� 5 � 5HSURGXFWLRQ� SHULRG��
) )HHGLQJ�SHULRG� �)LJXUH��+HUULQJ�SURMHFW�$UFKLSHODJR�5HVHDUFK�,QVWLWXWH���

�����6SDZQLQJ�

,Q�WKH�$UFKLSHODJR�6HD�DQG�WKH�*XOI�RI�%RWKQLD��PRVW�RI�WKH�KHUULQJ�VSDZQ�GXULQJ�0D\�DQG�

-XQH��6WDUW�RI�WKH�VSDZQLQJ�LV�UHODWHG�WR�WKH�ODWLWXGLQDO�]RQHV��VR�WKDW�LW�VWDUWV�HDUOLHU LQ�VRXWK�

DQG�ODWHU�LQ�QRUWK��/DUJH�VFKRROV�RI�KHUULQJ�DUULYH�LQ�WKH�YLFLQLW\�RI�WKH�PDLQODQG�D�IHZ�GD\V�

RU�ZHHNV�EHIRUH�WKH�VWDUW�RI�WKH�VSDZQLQJ��.llULl�HW�DO���������,Q�WKH�$LULVWR�DUHD��VSDZQLQJ�

FDQ�ODVW�IURP�$SULO�WR�WKH�HQG�RI�-XO\��IRUPLQJ�D�FRQWLQXXP�GXH�WR�GLIIHUHQFH�LQ�WKH�PDWXUDWLRQ�

UDWH�RI�WKH�LQGLYLGXDOV�LQ�WKH�SRSXODWLRQ��5DMDVLOWD�������

+HUULQJ�VSDZQ�RQ�WKH�FRDVW��LQ�YLFLQLW\�RI�WKH�PDLQODQG�RU�LQ�LVODQG�UHJLRQV��EXW�QRW�RQ�WKH�

RSHQ�VHD�DUHDV��,Q�$LULVWR��WKHUH�DUH�GHHS�IUDFWXUH±OLQHV�RQ�WKH�VHD�EHG��ZKLFK�JR�WKURXJK�WKH�

DUHD� LQ� WKH�VRXWK±QRUWK�GLUHFWLRQ��0DMRULW\�RI� WKH�KHUULQJ¶V�VSDZQLQJ�JURXQGV�DUH� ORFDWHG�

QHDU�WKHVH�IUDFWXUH�OLQHV��.llULl�HW�DO���������6WXGLHV�DOVR�VKRZ�WKDW�KHUULQJV�PLJUDWH�WR�WKH�

VSDZQLQJ� JURXQGV� XVLQJ� WKHVH� GHHS� DUHDV�� 7KLV� SKHQRPHQRQ� LV� UHSHDWHG� HYHU\� \HDU� DQG�

WDJJLQJ�H[SHULPHQWV�VXJJHVW�WKDW�KHUULQJ�KDV�D�VWURQJ�WHQGHQF\�IRU�KRPLQJ��L�H��WKH\�FRPH�

HYHU\�\HDU� WR�VSDZQ�LQ� WKH�VDPH�DUHDV�DV� LQ� WKH�SUHYLRXV�\HDUV��3DUPDQQH��������.llULl��

������
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%DOWLF�KHUULQJ�LV�D�OLWWRUDO�VSDZQHU��6SDZQLQJ�GHSWK�LV�UHODWHG�WR�WKH�VSDZQLQJ�WLPH��,Q�$LULVWR��

ILUVW�VKRDOV�XVXDOO\�VSDZQ�LQ�0D\�DW�WKH�GHSWK�RI����±��P�DQG�ODWHU�VSDZQLQJ�VKRDOV�VRPHZKDW�

GHHSHU�DW� WKH�GHSWK�RI��±��P��5DMDVLOWD�HW�DO���������+HUULQJ�SUHIHUV� WR�VSDZQ�RQ�DTXDWLF�

SODQWV�JURZLQJ�RQ�KDUG�URFN��VWRQH�RU�JUDYHO�ERWWRPV��5DMDVLOWD�HW�DO���������2Q�WKH�KHUULQJ�

VSDZQLQJ� JURXQGV�� WKH� YHJHWDWLRQ� FRQVLVWV� RI� WKH� JUHHQ� DQG� EURZQ� DOJDH� �&ODGRSKRUD��

3LOD\HOOD��(FWRFDUSXV��)XFXV���UHG�DOJDH��)XUFHOODULD DQG�3K\OORSKRUD���DV�ZHOO DV�IUHVKZDWHU�

YDVFXODU�SODQWV��3RWDPRJHWRQ��0\ULRSK\OOXP��5DQXQFXOXV��DQG�=DQQLFKHOOLD���.llULl�HW�DO��

������

,Q�$LULVWR��ZDWHU�WHPSHUDWXUH�DW�WKH�RQVHW�RI�VSDZQLQJ�YDULHV�EHWZHHQ������R&��GHSHQGLQJ�RQ�

WKH�VSDZQLQJ�WLPH��5DMDVLOWD�HW�DO���������+HUULQJ�LV�FDSDEOH�RI�SURGXFLQJ�RIIVSULQJ�LQ�UDWKHU�

ORZ� VDOLQLW\�� IHUWLOL]DWLRQ� RI� WKH� HJJ� FHOOV� GHFUHDVHV� LI� VDOLQLW\� LV� EHORZ� ���� SVX��2SWLPDO�

VDOLQLW\�LQ�VSDZQLQJ�JURXQGV�IRU�%DOWLF�KHUULQJ�LV�VRPHZKDW���SVX��*ULIILQ�HW�DO��������

�����(JJ�DQG�ODUYDO�SKDVH

6KRDOV� FRPLQJ� WR� VSDZQ� FRQVLVW� RI� GLIIHUHQW� VL]HV� DQG� DJHV� RI� ILVK�� 7KH� HDUO\� VSDZQLQJ�

KHUULQJV�KDYH�ELJJHU�HJJ�VL]H�WKDQ�WKH�ODWHU�VSDZQLQJ�KHUULQJ��5DMDVLOWD�HW�DO��������/DLQH�	�

5DMDVLOWD��������7KH�PRUWDOLW\�UDWH�RI�HJJV�RQ�WKH�VSDZQLQJ�VXEVWUDWH�LQFUHDVHV GXULQJ�WKH�

VXPPHU��)RU�H[DPSOH��WKH�VWXGLHV�PDGH�LQ�WKH�����V�VKRZHG�WKDW�WKH�DYHUDJH�PRUWDOLW\�UDWH�

RI�HJJV�LQ�0D\�ZDV�DSSUR[LPDWHO\������DQG�LQ�-XQH�DSSUR[LPDWHO\�������5DMDVLOWD�HW�DO��

�������(JJ�PRUWDOLW\�GHSHQGV�SDUWO\�RQ�WKH�SODQW�VSHFLHV�ZKLFK�WKH�HJJV�DUH�DWWDFKHG�WR��)LHOG�

REVHUYDWLRQV�WHOO�WKDW�WKH�PRUWDOLW\�UDWH�LV�WKH�ORZHVW�RQ�SRQGZHHG��3RWDPRJHWRQ�SHFWLQDWXV��

DQG�WKH�KLJKHVW�RQ�UHG�DOJDH��H�J��)XUFHOODULD���5HG�DOJDH�KDYH�DOVR�EHHQ�VKRZQ�WR�LQFUHDVH�

WKH�PRUWDOLW\�LQ�HJJV�LQ�H[SHULPHQWDO�FRQGLWLRQV��PRVW�OLNHO\�WKH�DOJDH�H[FUHWH�VRPH�KDUPIXO�

FRPSRXQG��5DMDVLOWD�HW�DO���������(JJ�PRUWDOLW\�LV�DOVR�FDXVHG�E\�SUHGDWRUV�VXFK�DV�SHUFK�

�3HUFD�IOXYLDWLOLV��ZKLFK�LV�RQH�RI�WKH�PRVW�HIILFLHQW�SUHGDWRUV�RI�WKH�KHUULQJ�URH��,Q�DGGLWLRQ��

HJJV� DUH� DOVR� HDWHQ� E\� UXIIH� �*\PQRFHSKDOXV� FHUQXD�� DQG� HHOSRXW� �=RDUFHV� YLYLSDUXV��

�5DMDVLOWD�HW�DO���������

:KHQ�KHUULQJ�ODUYDH�KDWFK�DSSUR[LPDWHO\�DW�WKH�OHQJWK�RI�����PP�WKH\�DUH�WUDQVOXFHQW�DQG�

YHU\�WKLQ��,QLWLDOO\��ILUVW�WKH�ODUYDH�OLYH�ZLWK�WKH�HQHUJ\�WKDW�WKH\�JHW�IURP�WKH�\RON�VDF��:KHQ�



�

WKH�HQHUJ\�IURP�WKH�\RON�VDF�LV�FRQVXPHG��WKH\�EHJLQ�WR�ORRN�IRU�IRRG�DQG�WKH\�HDW�HYHU\WKLQJ�

WKDW�WKH\�FDQ�FDWFK��PDLQO\�]RRSODQNWRQ��5DMDVLOWD�HW�DO���������7KH�ZDWHU�WHPSHUDWXUH��WKH�

DPRXQW�RI�DYDLODEOH�IRRG�UHVRXUFHV��SUHGDWLRQ�DQG�PDQ\�RWKHU�HQYLURQPHQWDO�IDFWRUV�UHJXODWH�

WKH�VXUYLYDO�RI�WKH�KHUULQJ�ODUYDH�DIWHU�KDWFKLQJ��+DNDOD�HW�DO�������3HFN�\P��������

7KH�ODUYDH�KDWFK�LQ�WKH�OLWWRUDO�]RQH�EXW�VRRQ�DIWHU�KDWFKLQJ�WKH\�GULIW�WR�SHODJLDO�ZDWHUV�ZKHUH�

WKH\�JURZ�D�FRXSOH�RI�ZHHNV�EHIRUH�UHWXUQLQJ�WR� WKH�VKDOORZ�ZDWHUV��:KHQ�WKH\�UHDFK�WKH�

OHQJWK�RI�DSSUR[LPDWHO\����PP�WKH\�JR�WKURXJK�PHWDPRUSKRVLV�DQG�PRYH�EDFN�WR�SHODJLF�

ZDWHUV��8UKR�	�+LOGHQ��������9HU\�OLWWOH�LV�NQRZQ�DERXW�WKH�KHUULQJ�MXYHQLOHV�DW�DQG�DIWHU�

WKLV� SKDVH�� 7KH� FRQVHQVXV LV� WKDW� PRVW� RI� WKH� MXYHQLOHV� VSHQG� WKH� ILUVW� ZLQWHU� QHDU� WKH�

VSDZQLQJ�DUHDV��DOWKRXJK�VRPH�RI�WKH�MXYHQLOHV�DUH�IRXQG�LQ�WKH�RXWHU�DUFKLSHODJR�LQ�DXWXPQ�

DQG�ZLQWHU��

���� 7R�JURZ�RU�WR�UHSURGXFH�����

'XULQJ�WKH�SDVW����\HDUV��WKH�UHSURGXFWLYH�IHDWXUHV�DQG�JURZWK�UDWH�RI�WKH�%DOWLF�KHUULQJ�KDYH�

FKDQJHG� �3DUPDQQH�HW� DO���������5|QNN|QHQ�HW� DO���������0|OOPDQQ�HW� DO����������'XH� WR�

GHFOLQLQJ�VDOLQLW\�DQG�FKDQJHV�RI�WKH�IRRG�ZHEV�RI�WKH�%DOWLF�6HD��$EXQGDQFH�RI�WKH�ODUJH�

PDULQH�]RRSODQNWRQ�VSHFLHV��OLNH 3VHXGRFDODQXV�VS��KDV�GHFUHDVHG�DQG�VPDOOHU�VL]HG�VSHFLHV�

OLNH�$FDUWLD�VSS��DQG�7HPRUD�VS��KDYH�LQFUHDVHG��0|OOPDQQ�HW�DO��������$W�WKH�VDPH�WLPH��

DOVR�WKH�VWRFN�RI�WKH�VSUDW��6SUDWWXV VSUDWWXV��KDV�LQFUHDVHG��ZKLFK�WRJHWKHU�ZLWK�WKH�FKDQJHV�

LQ�]RRSODQNWRQ�FRPPXQLWLHV��0|OOPDQQ�HW�DO��������������DIIHFWHG�WKH�JURZWK�RI�WKH�KHUULQJ��

&DVLQL� HW� DO�� ������� FRQFOXGHG� WKDW� WKH� XOWLPDWH� FDXVH� RI� WKH� JURZWK� UHGXFWLRQ� LV� IRRG�

FRPSHWLWLRQ��ZKLFK�LV�FDXVHG�E\�WKH�VSUDW�LQ�WKH�FHQWUDO�%DOWLF��DQG�LQ�WKH�QRUWKHUQ�%DOWLF�6HD�

E\�WKH�KHUULQJ�VWRFN�LWVHOI��/LQGHJUHQ�HW�DO��������

6WXG\�RI�5DMDVLOWD�HW�DO���������VKRZV�WKDW�WKH�UHGXFWLRQ�RI�WKH�KHUULQJ�ERG\�VL]H�LV�VWURQJO\�

OLQNHG�ZLWK�UHSURGXFWLRQ��ZKLFK�LV�DOVR�D�NH\�OLIH�KLVWRU\�WUDLW��/RQJ�WHUP�GDWD�WHOOV�WKDW�WKH�

JURZWK� KDV� GHFUHDVHG� EHFDXVH� ILVK� FKDQQHO� WKHLU� UHVRXUFHV� LQWR� UHSURGXFWLRQ�� LQVWHDG� RI�

LQFUHDVLQJ�WKHLU�ERG\�VL]H��,Q�\HDUV�ZKHQ�IHHGLQJ�FRQGLWLRQV�ZHUH�SRRU��WKH�PXVFOH�WLVVXH�RI�

WKH�ILVK�VHUYHG�DV�DQ�HQHUJ\�VRXUFH�IRU�UHSURGXFWLRQ��DQG�GXH�WR�WKLV��ILVK�ZHUH�WKLQ�DQG�KDG�

D�ORZ�SURWHLQ�DQG�IDW�FRQWHQW�LQ�WKH�PXVFOH�WLVVXH���



��

:KHQ�VDOLQLW\�LV�ORZ�DQG�IOXFWXDWHV�LUUHJXODUO\�LQ�WKH�%DOWLF�6HD��WKHUH�LV�D�SRVVLELOLW\�IRU�WKH�

KHUULQJ�WR�DOORFDWH�UHVRXUFHV�IURP�VRPDWLF�JURZWK�WR�UHSURGXFWLRQ�DQG�IRU�WKLV�UHDVRQ�KHUULQJ�

FDQ�GLVWULEXWH�WKHLU�UHSURGXFWLYH�HIIRUW�IRU�PDQ\�\HDUV��%HFDXVH�RI�WKLV��ILVK�EHFRPH�VPDOOHU�

EXW�VWLOO�WKHLU�JRQDGRVRPDWLF�LQGH[��UHSURGXFWLYH�HIIRUW�UHODWLYH�WR�ERG\�VL]H��UHPDLQV�VWDEOH�

�5DMDVLOWD�HW�DO���������$�ORQJ�WHUP�UHGXFWLRQ�LQ�WKH�VL]H�RI�WKH�ILVK�FDQ�EH�D�VLJQ�RI�WKH�KHUULQJ�

SRSXODWLRQ�GHYHORSLQJ�WRZDUGV�GZDUI�IRUPV��QRUPDOO\�WKLV�NLQG�RI�GHYHORSPHQW�FDQ�EH�IRXQG�

LQ�WKH�IUHVKZDWHU�VSHFLHV��OLNH�SHUFLGV��VDOPRQLGV�DQG�FRUHJRQLGV��3DUNHU�	�-RKQVRQ�������

5LGJZD\�	�&KDSOHDX���������6WXG\�RI <OLNDUMXOD�HW�DO�������WHOOV�WKDW�GZDUI�SRSXODWLRQV�RI�

ILVK�FDQ�EH�IRXQG�IURP�HQYLURQPHQWV�ZKHUH�WKHUH�LV�YHU\�OLPLWHG�DPRXQW�RI�IRRG��,Q�WKH�%DOWLF�

6HD��WKLV�NLQG�RI�HQYLURQPHQW�LV�IRXQG�ZKHQ�WKH�VDOLQLW\�LV�ORZ�DQG�WKH�PDULQH�VSHFLHV�FDQQRW�

WKULYH��'XH�WR�WKH�FKDQJLQJ�FOLPDWH��WKLV�NLQG�RI�SKHQRPHQRQ�FDQ�RFFXU�DQ\ZKHUH�DQG�QRW�

MXVW�LQ�WKH�%DOWLF�6HD�HFRV\VWHPV�

���0DWHULDOV�DQG�PHWKRGV

�����+HUULQJ�RI�WKH�VWXG\�DUHD

,Q� WKH� $UFKLSHODJR� 6HD�� WKHUH� DUH� WKUHH� PHGLXP�VL]HG� ULYHUV�� $XUDMRNL�� 0\QlMRNL� DQG�

3DLPLRQMRNL�ZKLFK�IRUP�ED\V�DQG�HVWXDULHV�ZKHUH�KHUULQJ�VSDZQV�DQG�ZKLFK�DUH�LPSRUWDQW�

DV� QXUVHU\� JURXQGV� IRU� ODUYDO� KHUULQJ� �)LJ�� �� D�� E���$LULVWR� DQG�0\QlODKWL� RIIHU� SOHQW\� RI�

VXLWDEOH�VSDZQLQJ�JURXQGV��ZKLFK�SURGXFH�WKH�KLJKHVW�QXPEHUV�RI�ODUYDH�RQ�WKH�)LQQLVK�FRDVW�

�3DUPDQQH��������

D�



��

�E�

)LJ������D��7KH�%DOWLF�6HD�ZLWK�LWV�VXEDUHDV��$6 $UFKLSHODJR�6HD��%6 �%RWKQLDQ�6HD�DQG�%3 �%DOWLF�
3URSHU��� WKH�QXPEHUV� LQGLFDWH� WKH�VXEGLYLVLRQV�XVHG� LQ� WKH�VWRFN�DVVHVVPHQW�RI� WKH�KHUULQJ�E\� WKH�
,&(6� �E� )LJ�� �� 7KH� $UFKLSHODJR� 6HD� ZLWK� LWV� WKUHH� PDLQ� ULYHUV� �0\QlMRNL�� $XUDMRNL� DQG�
3DLPLRQMRNL���EODFN�FLUFOHV�VKRZ�WKH�ORFDWLRQ�RI�WKH�WUDS�QHWV�XVHG�IRU�KHUULQJ�VDPSOLQJ�LQ�����������

�����$LULVWR

7KH�)LQQLVK�$UFKLSHODJR�6HD�LV�WKH�PRVW�LVODQG�ULFK�DUHD�LQ�WKH�QRUWKHUQ�%DOWLF�6HD��7KH�VWXG\�

DUHD��$LULVWR�,QOHW�LV�ORFDWHG�LQ�WKH�VRXWKZHVW�RI�)LQODQG�QHDU�WKH�FLW\�RI�7XUNX��)LJ����E��DQG�

LW�LV�D�SDUW�RI�WKH�$UFKLSHODJR�6HD��$LULVWR�LV�IDLUO\�VKDOORZ�DV�LV�WKH�HQWLUH�$UFKLSHODJR�6HD��

0HDQ�GHSWK�LV�DERXW����P�ZKLOH�PD[LPXP GHSWK�LQ�WKH�GHHSHVW�SDUWV�RI�WKH�DUHD�LV�DERXW����

P��6DOLQLW\�LQ�WKH�DUHD�YDULHV�FXUUHQWO\�EHWZHHQ�����SVX�WKURXJKRXW�WKH�ZDWHU�FROXPQ �)LJ�����

$LULVWR�EHLQJ�IUHH�IURP�WKH�LFH�FRYHU�WKH�WHPSHUDWXUH�RI�WKH�VXUIDFH�ZDWHU�YDULHV�EHWZHHQ���

DQG�����&� 3HUPDQHQW�LFH�FRYHU�LQ�WKH�%DOWLF�6HD YDULHV \HDUO\ LQ�EHWZHHQ��� ��� DQG���� ���

NPð��)LJ���� +LJKHVW�WHPSHUDWXUHV�LQ�WKH�DUHD�DUH�XVXDOO\�IRXQG�LQ�$XJXVW� /RQJ�WHUP�FKDQJHV�

LQ�VXUIDFH�ZDWHU WHPSHUDWXUH LQ�$LULVWR�DUHD FDQ�EH�VHHQ�LQ�WKH�ILJXUH���



��

$OO�ULYHUV�GLVFKDUJLQJ�LQWR�WKH�$UFKLSHODJR�6HD�DIIHFW�WKH�ZDWHU�TXDOLW\�LQ�WKH�$LULVWR�,QOHW�

GXH�WR�ZDWHU�FLUFXODWLRQ��EXW�ULYHU�$XUDMRNL�FRQWULEXWHV�WR�LW�PRVW��ZLWK�WKH�PHDQ�IORZ�RI�����

P��V��7KRVH�ULYHUV�GLVFKDUJH�D�ORW�RI�ZDWHU�ZKLFK�LV�ULFK�LQ�QXWULHQWV��HVSHFLDOO\�QLWURJHQ��1��

DQG�SKRVSKRUXV� �3���$LULVWR� DUHD� LV� WR� VRPH�H[WHQW� HXWURSKLFDWHG�� �3LWNlQHQ�������GXH� WR�

LQGXVWULDO�DQG�FRPPXQDO�ZDVWH�ZDWHUV�DQG�D�KHDY\�DJULFXOWXUH�LQ�LWV�FDWFKPHQW�DUHD��

$LULVWR� KDV� D� ODUJH� OLWWRUDO� DUHD� ZLWK� FKDUDFWHULVWLF� YHJHWDWLRQ�� ZKLFK� FRQVLVWV� PDLQO\� RI�

PDFURVFRSLF� DOJDH� �)XFXV�� &ODGRSKRUD�� (QWHURPRUSKD�� (FWRFDUSXV� DQG� 3LOD\HOOD� DQG�

FRPPRQ�YDVFXODU�SODQWV��3RWDPRJHWRQ��5DQXQFXOXV�DQG�=RVWHUD���0lNLQHQ�HW�DO���������$�

W\SLFDO�IHDWXUH�IRU�WKH�VKRUHV�RI�$LULVWR�LV�WKDW�WKH\�DUH�URFN\�RU�VWRQ\��KRZHYHU�VDQG\�DQG�

FOD\�VKRUHV�FDQ�DOVR�EH�IRXQG��$FFRUGLQJ�WR�+HLQR���������$QF\OXV�FOD\�FRYHUV�WKH�ERWWRPV�

RI�WKH�$LULVWR�EDVLQ�

$FFRUGLQJ�WR�WDJJLQJ¶V��WKH�KHUULQJ�SRSXODWLRQV�WKDW�VSDZQ�LQ�WKH�$UFKLSHODJR�6HD�EHORQJ�WR�

WZR�PDLQ�VWRFNV��ZKLFK�KDYH� WKHLU� IHHGLQJ�DQG�RYHUZLQWHULQJ�DUHDV�HLWKHU� LQ� WKH�QRUWKHUQ�

%DOWLF�3URSHU�RU�LQ�WKH�%RWKQLDQ�6HD��3DUPDQQH��������7KH�SRSXODWLRQV�UHSURGXFLQJ�LQ�WKH�

HVWXDULHV�RI�0\QlMRNL�DQG�$XUDMRNL�ULYHUV�PDLQO\�IHHG�DQG�RYHUZLQWHU�LQ�WKH�%RWKQLDQ�6HD�

�3DUPDQQH ������.llULl�HW�DO������� 'XULQJ�WKH�SDVW����\HDUV��WKH�VWRFNV�KDYH�GHYHORSHG�LQ�

RSSRVLWH� ZD\V�� LQ� WKH� %RWKQLDQ� 6HD� � ,&(6� VXEGLYLVLRQ� ����� WKH� VSDZQLQJ� VWRFN� KDV�

LQFUHDVHG��ZKLOH�LQ�WKH�%DOWLF�3URSHU�� ,&(6�VXEGLYLVLRQV�������	�����LW�KDV�GHFUHDVHG��)LJ�

���

)LJ�����7KH�VSDZQLQJ�VWRFN�ELRPDVV�RI�WKH�%DOWLF�KHUULQJ��66%�LQ WRQV��LQ�WKH�%RWKQLDQ�6HD��6'����
DQG�LQ�WKH�%DOWLF�3URSHU��6'������	���� GXULQJ������������VRXUFH��,&(6�

�

������

�������

�������

�������

���� ���� ���� ���� ���� ���� ���� ���� ���� ����

66%��WRQQHV� 6'��

6'�����	��
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)LJ� �� /RQJ�WHUP�FKDQJHV�LQ�VXUIDFH�ZDWHU�WHPSHUDWXUH�LQ $LULVWR�DUHD�������ZDV�QRW�LQFOXGHG�LQ�WKH�
GDWDVHW��EHFDXVH�WKH�SURMHFW�ZDV QRW�UXQQLQJ�LQ�WKDW�\HDU�

)LJ� �� 3HUPDQHQW�LFH�FRYHU�LQ�WKH�%DOWLF�6HD�YDULHV�LQ�EHWZHHQ��������DQG���������NPð��6DOLQLW\�LQ�
WKH�DUHD�YDULHV�FXUUHQWO\�EHWZHHQ�����SVX�WKURXJKRXW�WKH�ZDWHU�FROXPQ�
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�����6DPSOLQJ�DQG�WUHDWPHQW�RI�ILVK�

7KH�GDWD�VHW DQDO\VHG�LQ�WKH�SUHVHQW�VWXG\�LQFOXGHV�LQGLYLGXDO�PHDVXUHPHQWV�RI�DERXW��������

KHUULQJ�ZKLFK�ZHUH�FROOHFWHG�IURP�WKH�$LULVWR�DUHD�LQ�����±������)LJ��� E���7KH�VDPSOHV�

ZHUH�WDNHQ�H[FOXVLYHO\�E\�XVLQJ�WUDS±QHWV� ZKLFK�KDYH�D�PHVK�VL]H�RI�������PP��NQRW�WR�

NQRW�PHDVXUH���7KHVH�WUDS�QHWV�FDQ�EH�FRQVLGHUHG�DV�QRQ�VHOHFWLYH�ILVKLQJ�JHDU�EHFDXVH�WKH\�

FDWFK�KHUULQJ�RI�DOO�VL]HV��VH[�DQG�UHSURGXFWLYH�VWDJHV�SUHVHQW�LQ�WKH�VSDZQLQJ�VKRDOV��(YHQ�

VPDOO�KHUULQJV������FP�LQ�OHQJWK��DUH�VRPHWLPHV�IRXQG�LQ�WKH�WUDS�QHWV�

)URP�WKH�EHJLQQLQJ�RI�WKH�SURMHFW�LQ������WR�������WKH�VDPSOHV�KDYH�EHHQ�WDNHQ�E\�WKH�SURMHFW�

SHUVRQQHO�LQ�DOO�VWXG\�\HDUV��ZKHQ�WKH�WUDS�QHW�FDWFK�ZDV�VPDOO��EXW�LI�LW�ZDV�ODUJH�WKHQ�WKH�

ILVKHUPHQ�KHOSHG�LQ�VDPSOLQJ�RU�WRRN�WKH�VDPSOHV��DFFRUGLQJ�WR�RUGHUV�JLYHQ��EHIRUH�WKH\�

HPSWLHG�WKH�JHDU��)URP������RQZDUGV��WKH�VDPSOHV�KDYH�EHHQ�FROOHFWHG�DQQXDOO\�E\�WKH�VDPH�

ILVKHUPDQ�� ZKR� KDV� VWRUHG� WKHP� DW� ���� R&�� $IWHU� WKDW� WKH\� KDYH� EHHQ� H[SRUWHG� WR� WKH�

$UFKLSHODJR�5HVHDUFK�,QVWLWXWH�LQ�6HLOL�IRU�WUHDWPHQW�DQG�DQDO\VHV�

,Q�VDPSOLQJ��WKH�DLP�KDV�EHHQ�WR�FRYHU�WKH�ZKROH�VSDZQLQJ�VHDVRQ��EXW�WKLV�KDV�QRW�DOZD\V�

EHHQ�VXFFHVVIXO��7KH�VDPSOLQJ�GHSHQGV�RQ�ZKHQ�WKH�ILVKHUPHQ�VHW�WKHLU�WUDS�QHWV�LQ�WR�WKH�

VHD��DQG�RQ�KRZ�ORQJ�WKH�ILVKHU\�FRQWLQXHV�HDFK�VHDVRQ��'XH�WR�WKLV��WKH�OHQJWK�RI�WKH�VDPSOLQJ�

SHULRG�YDULHV�IURP����GD\V�WR����GD\V�LQ�WKH�GDWDVHW��,Q�VRPH�\HDUV��VDPSOLQJ�KDV�EHHQ�PRUH�

IUHTXHQW� WKDQ�LQ�RWKHUV�DQG�WKHUHIRUH�� WKH�QXPEHU�RI�VDPSOHV�DOVR�YDULHV�IURP��� WR����SHU�

\HDU�� JUDSKV� DERXW� WKH� GD\� RI� WKH� \HDU� DQG� QXPEHU� RI� VDPSOHV� FDQ� EH� IRXQG� IURP� WKH�

DSSHQGLFHV �7DEOH�� DQG�DSSHQGL[���� 7DEOH�RI�DOO�PHDVXUHG�YDULDEOHV�FDQ�EH�IRXQG�IURP�WKH�

DSSHQGL[HV��DSSHQGL[����
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7DEOH ���<HDUO\�LQIRUPDWLRQ�DERXW�WKH�GDWD�DQG�VDPSOLQJ�IURP������WR������

,Q�������WKH�SURMHFW�ZDV�QRW�UXQQLQJ�DQG�WKHUHIRUH�WKHUH�DUH�QR�GDWD�IURP�WKDW�\HDU��7KH�WRWDO�

QXPEHU�RI�H[DPLQHG�ILVK�SHU�\HDU�YDULHV�IURP�����WR��������7DEOH ��� )LVK�ZDV�PHDVXUHG�

IURP�WKH�WLS�RI�WKH�QRVH�WR�WKH�HQG�RI�WKH�WDLO�DW�����PP�SUHFLVLRQ�DQG�ILVK�ZHUH�ZHLJKHG�DW�

���JUDP�DFFXUDF\�XVLQJ�D�ODERUDWRU\�VFDOH��7KHQ�WKH�EHOO\�RI�WKH�ILVK�ZDV�FXW�RSHQ�ZLWK�D�

VFDOSHO�RU�SUHSDUDWLRQ�VFLVVRUV��*RQDGV�ZHUH�WDNHQ�RXW�RI�WKH�SHULWRQHDO�FDYLW\�ZLWK�FDXWLRQ��

DQG� WKHLU� VKDSH� DQG� VWUXFWXUH�ZDV� LQVSHFWHG� YLVXDOO\�� ,I�PDOIRUPDWLRQV� RU�PRUSKRORJLFDO�

DEQRUPDOLWLHV�ZHUH�IRXQG�WKH\�ZHUH�GHVFULEHG�YHUEDOO\�DQG�JRQDGV�ZHUH�SKRWRJUDSKHG��6H[�

DQG�WKH�GHYHORSPHQWDO�VWDJH�RI�JRQDGV�ZHUH�GHWHUPLQHG�DFFRUGLQJ�WR�.HVWHYHQ��������VWDJHV�

������7DEOH�������

1U�RI 1U�RI 3HULRG 7RW1U 1U�RI
<HDU �6H[5DWLR PDOHV �IHPDOHV $OO '2<� '2<� �GD\V� )LVK VDPSOHV
���� ���� ��� ��� ��� �� ��� �� ��� �
���� ���� ��� ��� ��� �� �� �� ��� �
���� ���� ��� ��� ��� �� �� �� ��� �
���� ���� ���� ���� ���� �� ��� �� ���� ��
���� ���� ��� ��� ���� �� �� �� ���� ��
���� ���� ��� ��� ��� �� ��� �� ��� �
���� ���� ��� ��� ���� �� ��� �� ���� ��
���� ���� ��� ��� ���� �� ��� �� ���� ��
���� ���� �� �� ��� �� �� �� ��� �
���� ���� �� �� ��� �� �� � ��� �
���� ���� ���� ���� ���� �� ��� �� ���� ��
���� ���� �� �� ��� �� �� � ��� �
���� ���� ��� ��� ��� �� �� �� ��� �
���� ���� ���� ���� ���� �� ��� �� ���� ��
���� ���� ���� ���� ���� �� ��� �� ���� ��
���� ���� ��� ��� ���� �� ��� �� ���� �
���� ���� ��� ��� ��� �� �� �� ��� �
���� ���� ��� ��� ���� �� �� �� ���� ��
���� ���� ��� ��� ��� �� �� �� ��� �
���� ���� ��� ��� ��� �� �� �� ��� �
���� ���� ��� ��� ��� �� �� �� ��� �
���� ���� ��� ��� ��� �� �� �� ��� �
���� ���� ��� ��� ��� �� �� � ��� �
���� ���� �� �� ��� �� �� � ��� �
����
���� ���� ��� ��� ���� �� �� �� ���� �
���� ���� ��� ��� ��� �� �� �� ��� �
���� ���� ��� ��� ��� �� �� �� ��� �
���� ���� ��� ��� ��� �� �� �� ��� �
���� ���� ��� ��� ���� �� �� �� ���� �
���� ���� ��� ��� ��� �� �� �� ��� �

'�$�7�$ 6�$�0�3�/�,�1�*
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7DEOH�����.HVWHYHQ¶V�FODVVLILFDWLRQ�RI�JRQDGDO�PDWXULW\��VWDJHV�����

6WDJH 'HVFULSWLRQ

,���MXYHQLOH *RQDGV� DUH� VPDOO� DQG� FORVH� WR� WKH� VSLQH�� 7HVWLV� DQG� RYDULHV� DUH� WUDQVSDUHQW��

FRORUOHVV�RU�JUD\��(JJV�DUH�LQYLVLEOH�WR�WKH�QDNHG�H\H�

,,� � � GHYHORSLQJ�

MXYHQLOH

*RQDGV�DUH�WUDQVOXFHQW��JUD\�UHG��,Q�OHQJWK��WKH\�DUH�KDOI�RU�D�OLWWOH�PRUH�WKDQ�WKH�

OHQJWK�RI� WKH�DEGRPLQDO�FDYLW\�� ,QGLYLGXDO�HJJV�DUH� VKRZQ�ZLWK�D�PDJQLI\LQJ�

JODVV�

,,,���'HYHORSLQJ *RQDGV�DUH�RSDTXH�DQG�UHGGLVK� WKH\� WDNH�XS�KDOI� WKH�VSDFH�RI� WKH�DEGRPLQDO�

FDYLW\��7KHUH�DUH�DOVR�YLVLEOH�EORRG�YHVVHOV��(JJV�DSSHDU�WR�WKH�QDNHG�H\H�DV�OLJKW�

JUDQXOHV�

,9���

'HYHORSLQJ

*RQDGV�WDNH�DERXW�����RI�WKH�DEGRPLQDO�FDYLW\��7HVWLV�LV�ZKLWH�ZLWK�UHGGLVK�FRORU�

DQG� VSHUP� GRHV� QRW� IORZ� ZKHQ� VTXHH]HG�� 2YDULHV� DUH� RUDQJH�UHG�� (JJV� DUH�

GLVWLQFW�DQG�GXOO��

9���5LSH *RQDGV�ILOO�WKH�DEGRPLQDO�FDYLW\��7HVWLV�LV�ZKLWH�DQG�LI�VTXHH]HG��VRPH�VSHUP�

GURSOHWV�DUH�VHHQ��(JJV�DUH�SHUIHFWO\�URXQG��VRPH�DOUHDG\�WUDQVOXFHQW�DQG�ULSH�

9,���6SDZQLQJ (JJV�DQG�VSHUP�DUH�UXQQLQJ�ZKHQ�VTXHH]HG��0RVW�HJJV�DUH�WUDQVOXFHQW��RQO\�D�

IHZ�IDLQW�HJJV�DUH�YLVLEOH�LQ�WKH�RYDU\�

9,,�6SDZQLQJ���

6SDZQHG

*RQDGV�DUH�QRW�\HW�FRPSOHWHO\�HPSW\��,PPDWXUH�IDLQW�HJJV�DUH�QR�ORQJHU�YLVLEOH�

LQ�WKH RYDU\

9,,,���6SDZQHG 5HSURGXFWLYH�VWUXFWXUHV�DUH�IODW�DQG�UHG��VRPH�UHDEVRUEHG�HJJV�YLVLEOH��

*RQDGRVRPDWLF�LQGH[��*6,��JRQDG�:W����WRWDO�:W���ZDV�FDOFXODWHG�XVLQJ�ILVK�WRWDO�RU�VRPDWLF�

ZHLJKW�RI�WKH�ILVK�DW�PDWXULW\�VWDJHV������IXOO\�GHYHORSHG�JRQDGV��

2WROLWKV�ZHUH�UHPRYHG�IURP�WKH�KHDG�DQG�WKH\�ZHUH�SUHSDUHG�IRU�UHDGLQJ WKH�DJH��)URP������

WR� ����� DJH� ZDV� UHDG� IURP� WKH� ZKROH� RWROLWKV� WKDW� ZHUH� SUHVHUYHG� LQ� (XSDUDO� $JH�

GHWHUPLQDWLRQV�ZHUH�PDGH�XQGHU�WKH�PLFURVFRSH�DW����� ��[�PDJQLILFDWLRQ�LQ�UHIOHFWHG�OLJKW�

RQ�D�EODFN�EDFNJURXQG��2WROLWKV�ZHUH�YLHZHG�IURP�WKH�FRQFDYH��RXWHU��VLGH��,Q�UHIOHFWHG�OLJKW��

WKH�JURZWK�]RQHV�RI�WKH�RWROLWK�DSSHDU�DV�DOWHUQDWLQJ�EURDG�RSDTXH�]RQHV��EULJKW��DQG�QDUURZ�
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WUDQVOXFHQW�]RQHV��GDUN���$Q�RSDTXH�]RQH�DQG�WKH�IROORZLQJ WUDQVOXFHQW�]RQH�ZHUH�WRJHWKHU�

UHJDUGHG�DV�D�\HDU¶V�JURZWK��DQG�WKH�DJH�ZDV�GHWHUPLQHG�DV�WKH�QXPEHU�RI�WUDQVOXFHQW�]RQHV�

�(NOXQG�HW�DO�������

,Q� UHFHQW� \HDUV�� WKH� JURZWK� RI� KHUULQJ� KDV� EHHQ� H[FHSWLRQDOO\� VORZ� DQG� WKH� DQQXDO� ULQJV�

WKHUHIRUH�GLIILFXOW�WR�GLVWLQJXLVK�IURP�HDFK�RWKHU��)RU�WKLV�UHDVRQ��UHDGLQJ�WKH�DJH�IURP�ZKROH�

RWROLWKV�ZDV� VXEVWLWXWHG�E\� D� QHZ�PHWKRG� �5HNLOl�	�(NOXQG�����
��� ,Q� WKLV�PHWKRG�� WKH�

RWROLWKV�DUH�JULQGHG�DQG�VWDLQHG��ZKLFK�PDNHV�DQQXDO�ULQJV�HDVLO\�GLVWLQJXLVKDEOH��)LJ�����7KH�

QHZ�PHWKRG�KDV�EHHQ�DSSOLHG�LQ�DJH�UHDGLQJV�VLQFH�������,Q�RXU�VWXG\��WKH�DJHV�KDYH�EHHQ�

UHDG� E\� WZR� H[SHULHQFHG� RWROLWK� UHDGHUV� �-�� (NOXQG� DQG�0�� (OIYLQJ��� &RPSDULVRQ� RI� DJH�

HVWLPDWHV�E\�WKH�WZR�UHDGHUV�VKRZHG�WKDW�WKH�GLIIHUHQFH�ZDV�����\HDUV�LQ�����RI�WKH FDVHV��Q�

RI�ILVK� �������WKH�PD[LPXP�GLIIHUHQFH����\HDUV��EHLQJ�LQ�ILVK�ROGHU�WKDQ����\HDUV��

)LJ�����$QQXDO�ULQJV�LQ�WKH�JULQGHG�DQG�VWDLQHG�RWROLWK�RI�WKH�%DOWLF�KHUULQJ���3LFWXUH��0LNDHO�(OIYLQJ��
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�� 6WDWLVWLFDO�DQDO\VLV

,Q� WKH� VWDWLVWLFDO� DQDO\VHV�� ORJLVWLF� UHJUHVVLRQ� PRGHOV� �*HQHUDO� /LQHDU� 0L[HG� 0RGHOV��

*/,00,;�SURFHGXUH��6$6�Y�������ZHUH�XVHG��7KH�PHWKRG� LV�ZLGHO\� LPSOHPHQWHG� LQ� WKH�

DQDO\VHV� RI� WLPH� VHULHV� GDWD� LQ� HQYLURQPHQWDO� DQG� ELRORJLFDO� VWXGLHV�� GXH� WR� WKH� PRGHO�

SURSHUWLHV� LQ� FRQWUROOLQJ� DXWRFRUUHODWLRQ� DQG� LW� GRHVQ¶W� H[SHFW� WKH� GDWD� WR� EH� QRUPDOO\�

GLVWULEXWHG��+lQQLQHQ�HW�DO���������*/,00,;�SURFHGXUH�FDQ�SURFHVV�DXWR�FRUUHODWHG�WLPH�

VHULHV�GDWD�DQG�UDQGRP�HIIHFWV�DUH�FRQVLGHUHG��6$6�,QVWLWXWH�,QF���������

�����6H[�UDWLR

$W WKH�ILUVW�SKDVH��WKH�HIIHFW�RI�WKH�VDPSOLQJ�SURFHGXUH�RQ�VH[�UDWLR�ZDV�H[DPLQHG��0RGHO�,���

6H[�UDWLR�ZDV�XVHG�DV�WKH�UHVSRQVH�YDULDEOH�DQG�GLIIHUHQW�WHUPV�LQ�WKH�VDPSOLQJ�SURFHGXUH�

�7DEOH����DV�H[SODQDWRU\�YDULDEOHV��

,Q�WKH�VHFRQG�SKDVH��WKH�HIIHFW�RI�WKH�HQYLURQPHQWDO�IDFWRUV�VXFK�DV�VDOLQLW\�DQG�WHPSHUDWXUH�

RQ� VH[� UDWLR� ZDV� H[DPLQHG� �0RGHO� ,,��� 6H[� UDWLR� ZDV� XVHG� DV� WKH� UHVSRQVH� YDULDEOH� DQG�

GLIIHUHQW�HQYLURQPHQWDO�YDULDEOHV�DV�H[SODQDWRU\�YDULDEOHV� 6HH�WDEOH���IURP�WKH�DSSHQGLFHV�

,Q� WKH� WKLUG� SKDVH�� WKH� HIIHFW� RI� WKH� VWRFN� SDUDPHWHUV� VXFK� DV� SRSXODWLRQ� VL]H� DQG�

JRQDGRVRPDWLF� LQGH[� RQ� VH[� UDWLR�ZDV� H[DPLQHG� �0RGHO� ,,,��� 6H[� UDWLR� ZDV� XVHG� DV� WKH�

UHVSRQVH� YDULDEOH� DQG� VWRFN� SDUDPHWHUV� DV� H[SODQDWRU\� YDULDEOHV�� 6HH WDEOH� �� LQ� WKH�

DSSHQGLFHV�

'LVWULEXWLRQ�RI WKH UHODWLYH�SURSRUWLRQ�RI� WKH�PDOHV�FRPSDUHG� WR�DOO� ILVK�ZDV�GHILQHG�DV�D�

ELQDU\�GLVWULEXWLRQ��DQG�LWV�OLQHDUL]LQJ�OLQN�IXQFWLRQ�ZDV�ORJLW�IXQFWLRQ� ,Q�HYHU\�PRGHO�RI�WKH�

WKUHH�PRGHOV�WKH�FRPELQHG�HIIHFW�RI�WKH�YDULDEOHV�ZDV DOVR�WHVWHG��,Q�WKLV�PRGHO��<HDU�ZDV�

XVHG� LQ� WKH� FODVV� VHQWHQFH� DQG� WKHUH� ZDV QR� UDQGRP� VHQWHQFH LQ WKH�PRGHO�� EHFDXVH� WKH�

GLIIHUHQFH�EHWZHHQ�WKH�\HDUV�ZDV�LQ�WKH�PDLQ�LQWHUHVW� 7KH�VLJQLILFDQFH�EHWZHHQ�WKH�\HDUV�

ZHUH�SDLUZLVH�WHVWHG�ZLWK�JOLPPL[�
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,�XVHG�$NDLNH¶V�LQIRUPDWLRQ�FULWHULRQ�ZLWK�D�FRUUHFWLRQ�WHUP��$,&F��IRU�VPDOO�VDPSOH�VL]H�

�-RKQVRQ� DQG� 2PODQG� ������� %DVHG� RQ� WKRVH� YDOXHV�� ,� H[FOXGHG� WKH� QRQ�VLJQLILFDQW�

H[SODQDWRU\� LQWHUDFWLRQ� YDULDEOHV�� $W� WKH� HQG�� ,� GLG� D� YLVXDO� LQVSHFWLRQ� RI� WKH� UHVLGXDO�

GLVWULEXWLRQ�SORWV�DQG�JHQHUDOL]HG FKL�VTXDUH�YDOXHV�WR�YHULI\�WKDW�WKH�PRGHO�UHIOHFWHG�WKH�GDWD�

ZHOO�

�����*RQDGRVRPDWLF�LQGH[��*6,�

7KH�DQQXDO�WUHQG�RI�JRQDGRVRPDWLF�LQGH[�ZDV�DOVR�VWXGLHG�ZLWK�*/,00,;�SURFHGXUH��<HDU�

ZDV�XVHG�DV�D�FRQWLQXRXV�YDULDEOH�DQG� WKH�JRQDGRVRPDWLF� LQGH[�DV� WKH� UHVSRQVH�YDULDEOH��

'LVWULEXWLRQ�RI�JRQDGRVRPDWLF�LQGH[�ZDV�GHILQHG�DV�QRUPDO�GLVWULEXWLRQ�DQG�LWV�OLQHDUL]LQJ�

OLQN�IXQFWLRQ�ZDV�LGHQWLW\�IXQFWLRQ��7KLV�ZDV�DOVR�GRQH�VHSDUDWHO\�WR�PDOHV�DQG�IHPDOHV�ZLWK�

WKH�JRQDGDO�PDWXULW\�VWDJH�RI�����DQG�WKH�DJH�RI����� $OO�VWDWLVWLFDO�DQDO\VHV�ZHUH�FRQGXFWHG�

ZLWK�WKH�VWDWLVWLFDO�VRIWZDUH�6$6�����DQG�VRPH�VDPSOH�PHDQV�ZHUH�FDOFXODWHG�ZLWK�0LFURVRIW�

(;&(/�������

�� 5HVXOWV

�����$QQXDO�WUHQG�RI�WKH�VH[�UDWLR

$� WRWDO� RI� �� ����KHUULQJV�ZHUH� H[DPLQHG� ��� ����PDOHV�� ������ IHPDOHV� DQG������

XQLGHQWLILHG�RU� MXYHQLOH��GXULQJ������������7KH�VWXG\�UHYHDOV� WKDW� WKH�VH[�UDWLR� �1U�

PDOHV��1U�IHPDOHV��RI�WKH�VSDZQLQJ�SRSXODWLRQ�KDV�VLJQLILFDQWO\�FKDQJHG��*/,00,;��

S� ���������7DEOH����GXULQJ�WKH�VWXG\��)LJ������,Q�WKH�ILUVW�VWXG\�\HDUV��������������WKH�

VH[�UDWLR�ZDV�KLJKHU�WKDQ�WKDW�RI�)LVKHU¶V������LQGLFDWLQJ�WKDW�WKHUH�ZHUH�PRUH�PDOHV�

WKDQ�IHPDOHV�LQ�WKH�VSDZQLQJ�SRSXODWLRQ�HDFK�\HDU��)LJ������6LQFH�WKHQ��WKH�GLIIHUHQFHV�

EHWZHHQ� WKH� \HDUV� KDYH� LQFUHDVHG DQG� WKH� QXPEHU� RI� PDOHV� LQ� WKH� SRSXODWLRQ� KDV�

GHFUHDVHG��7KH�FKDQJH�DSSHDUV�WR�KDYH�RFFXUUHG�LQ�WKH�EHJLQQLQJ�RI�WKH�����¶V��DIWHU�

ZKLFK�WKH�VSDZQLQJ�SRSXODWLRQ�KDV�WXUQHG�WRZDUGV�IHPDOH��GRPLQDQFH��)LJ������:KHQ�

\HDUV�ZHUH SDLUZLVH�WHVWHG��GLIIHUHQFHV�LQ�VH[�UDWLR�EHWZHHQ�WKH�\HDUV�ZHUH�IRXQG��7DEOH�

���



��

)LJ����6H[�UDWLR�LQ�WKH�VSDZQLQJ�SRSXODWLRQ�RI�WKH�%DOWLF�KHUULQJ�LQ�WKH�$LULVWR�,QOHW��6:�)LQODQG�LQ�
������������0HDQ�RI�WKH�VDPSOHV�DUH�VKRZQ�ZLWK�VWDQGDUG�GHYLDWLRQ��YHUWLFDO�EDUV��

�����)DFWRUV�DIIHFWLQJ�WKH�VH[�UDWLR

$W�WKH�QH[W�SKDVH�RI�WKH�VWXG\��WKH�HIIHFW�RI�WKH�VDPSOLQJ�SURFHGXUH�DQG�GDWD�GHVFULELQJ�WKH�

KHUULQJ�VWRFN�DQG�HQYLURQPHQWDO�YDULDEOHV��7DEOH����RQ�WKH�VH[�UDWLR�ZHUH�H[DPLQHG��

7DEOH����3DUDPHWHU�HVWLPDWHV�RI�WKH�*HQHUDOL]HG�/LQHDU�0L[HG�0RGHO�VKRZLQJ�WKH�DQQXDO�WUHQG�DQG�
HIIHFWV�RI�GLIIHUHQW�YDULDEOHV��0RGHO�,�VDPSOLQJ����0RGHO�,,�HQYLURQPHQW��DQG��0RGHO�,,,�VWRFN��RQ�
WKH�VH[�UDWLR�RI�WKH�%DOWLF�KHUULQJ�FROOHFWHG�IURP�WKH�$LULVWR�,QOHW�LQ������������9DULDEOHV�XVHG�LQ�
0RGHO�,��'2<����'2<����3HULRG��7RW�1U�RI�ILVK�DQG 1U�RI�VDPSOHV��0RGHO�,,��,FH�FRYHU��VDOLQLW\��PHDQ�
WHPSHUDWXUH��R&��GXULQJ�0DUFK�$SULO�DQG�GXULQJ�-XO\� 6HSWHPEHU LQ�WKH�GHSWK�RI����PHWHUV��0RGHO�
,,,��&RQGLWLRQ�IDFWRU��&)���ILVK�QXPEHU�LQ�WKH�VWRFN�DQG�JRQDGRVRPDWLF�LQGH[��*6,���%ROG�WH[W�VKRZV�
WKH�YDOXHV�MXGJHG�WR�EH�VLJQLILFDQW��S��������7RW1U �WRWDO�QXPEHU�RI�KHUULQJ��1U�RI�VDPSOHV��,FH�FRYHU��
VDOLQLW\��7��-XO��6HSW����&RQGLWLRQ�IDFWRU��&)��DQG�WRWDO�QXPEHU�RI�WKH�ILVK�LQ�WKH�SRSXODWLRQ��



��

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

6ROXWLRQV�IRU�IL[HG�HIIHFWV

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

1XPEHU�RI�ILVK�DQDO\VHG� ��� ���

(IIHFW (VWLPDWH 6(�1XP ')����� 'HQ') W S

<HDU ����� ���� � ���� ���� �������

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

0RGHO�,

'2<�� �������������������������������� �� ��������� �������

'2<� �������� �������������� � �� �����������������������

3HULRG �������������� ��������� ����������������������������� ��������������� �������

7RW�1U�RI�ILVK��������������������� ������������� ����������������������������� ��������������� �������

1U�RI�VDPSOHV ��������������� �������������������������������������������� �������������� �������

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

0RGHO�,,

,FH�FRYHU ������������� �������� � �� ����������������������

6DOLQLW\ ����� ���������������� �� ���������������������

7��0DU��$SU�� ����� ���������������� ���������� ����� �������

7��-XO��6HSW�� ��������������������������������� �� ���� �������

6DO
 7��-XO��6HSW�� ������ �������������������������� ����������� ���� ������

6DO
LFH�FRYHU ����� ����� ������������ �� ���� �������

7
7 ����� �������������������������� ���������� ���� �������

7��0DU��$SU��
,FH ���� ��������������� ��� ���� �������

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

0RGHO�,,,

&) ������ ���������������������������� ����������������������

7RW�1U������������������ ��������������������������������������������������������������� ���������������������

*6, ������� ������������� �� ����� �������

&)
*6, ������ ������ ��������������� ���� ������

&)
7RW�1U ������� ����� ��������������� ����� �������

*6,
7RW�15 ������ ����� ��������������� ����� ��������
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$FFRUGLQJ�WR�0RGHO�,��VDPSOLQJ���WRWDO�QXPEHU�RI�ILVK�H[DPLQHG��*/,00,;��S� ��������

DQG�QXPEHU�RI�VDPSOHV�WDNHQ�LQ�RQH�VHDVRQ��*/,00,;��S� ��������KDG�D�VLJQLILFDQW�HIIHFW�

RQ� WKH�VH[� UDWLR� �7DEOH����� ,Q� DGGLWLRQ��DOVR� WKH�FRPELQHG�HIIHFW�RI� WRWDO� ILVK�QXPEHU�DQG�

QXPEHU�RI�VDPSOHV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW��*/,00,;��S� �����������7KH�ILUVW��'2<�

���DQG�ODVW��'2<����GD\V�RI�VDPSOLQJ�KDG�QR�HIIHFW�RQ�VH[�UDWLR��'2<����S� ���������'2<�

���S� ����������DQG�WKH�QXPEHU�RI�VDPSOLQJ�GD\V��*/,00,;��S� ���������RU�WKH�FRPELQHG�

HIIHFW�RI�WKH�YDULDEOHV�VKRZHG�QR�VLJQLILFDQW�HIIHFW��7DEOH����

0RGHO� ,,� �HQYLURQPHQWDO� IDFWRUV�� VKRZHG� WKDW� VDOLQLW\� �*/,00,;�� S�  ��������� DYHUDJH�

WHPSHUDWXUH�RI�WKH�VHD�ZDWHU�LQ�-XO\�6HSWHPEHU�SUHFHGLQJ�WKH�VSDZQLQJ�\HDU��*/,00,;� S�

 ��������DQG�WKH�DUHD�RI�SHUPDQHQW�LFH�FRYHU�LQ�WKH�%DOWLF�6HD��*/,00,;� S� ��������KDG�

D�VWDWLVWLFDOO\�VLJQLILFDQW�HIIHFW�RQ�WKH�VH[�UDWLR��ZKLOH�WKH�HIIHFW�RI�WKH�DYHUDJH�WHPSHUDWXUH�

LQ�0DUFK�$SULO�ZDV�VWDWLVWLFDOO\�LQVLJQLILFDQW��*/,00,;� S� ���������&RPELQHG�HIIHFWV�RI�

WKHVH� IDFWRUV ZHUH� DOVR� WHVWHG� DQG� 6DOLQLW\� 
� DYHUDJH� WHPSHUDWXUH� LQ� -XO\�6HSWHPEHU�

�*/,00,;� S�  �������� VDOLQLW\
,FH� �*/,00,;� S�  ��������� DYHUDJH� WHPSHUDWXUH� LQ�

0DUFK�$SULO� 
� DYHUDJH� WHPSHUDWXUH� LQ� -XO\�6HSWHPEHU� �*/,00,;� S� ��������� DYHUDJH�

WHPSHUDWXUH�LQ�0DUFK�$SULO�
�,FH��*/,00,;��S� ��������VKRZHG�VLJQLILFDQW�HIIHFW�RQ�WKH�

VH[�UDWLR�

0RGHO�,,,��VWRFN�UHODWHG�IDFWRUV��LQGLFDWHG�WKDW�WKH�FRQGLWLRQ�IDFWRU��&)��RI�VSDZQLQJ�KHUULQJ�

�*/,00,;� S�  �������� DQG� WKH� WRWDO� QXPEHU� RI� LQGLYLGXDOV� LQ� WKH� KHUULQJ� SRSXODWLRQ

�LQGLYLGXDO¶V [������KDG�D� VWDWLVWLFDOO\� VLJQLILFDQW�HIIHFW�RQ� WKH� VH[� UDWLR� �*/,00,;� S� 

���������ZKHUHDV�WKH�HIIHFW�RI�JRQDGRVRPDWLF�LQGH[��*6,��ZDV�LQVLJQLILFDQW��*/,00,;�S� 

���������&RPELQHG�HIIHFWV�RI�WKH�VWRFN�UHODWHG�YDULDEOHV�DOVR�VKRZHG�VLJQLILFDQW�HIIHFW�RQ�WKH�

VH[�UDWLR�&)
*6,��*/,00,;� S� ���������&)
LQGLY���*/,00,;� S� ��������DQG�*6,
�

,QGLY���*/,00,;��S� ����������
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�����*RQDGRVRPDWLF�LQGH[

7KH�DQQXDO� WUHQG�RI�JRQDGRVRPDWLF� LQGH[�ZDV� VWXGLHG�ZLWK�*/,00,;�SURFHGXUH��ZKLFK�

VKRZV� WKDW� WKH� UHSURGXFWLYH� HIIRUW� RI� WKH� KHUULQJ� SRSXODWLRQ� KDV� GHFUHDVHG� VLJQLILFDQWO\�

�*/,00,;��S� ����������7DEOH����IURP������WR�������)LJ�����

)LJ�����7KH�PHDQ�UHSURGXFWLYH�HIIRUW�RI�WKH�VSDZQLQJ�KHUULQJ�SRSXODWLRQ��*6,��IHPDOHV�DQG�PDOHV�
FRPELQHG��LQ�WKH�$LULVWR�,QOHW������������9HUWLFDO�EDUV�LQGLFDWH�VWDQGDUG�GHYLDWLRQ�

7KH�DQDO\VLV�PDGH�ZLWK�WKH�VH[HV�VHSDUDWHO\�VKRZV�WKDW�WKH�UHSURGXFWLYH�HIIRUW�RI�PDOHV�KDV�

VLJQLILFDQWO\�GHFUHDVHG�GXULQJ�WKH�VWXG\�\HDUV��*/,00,;��S� ����������EXW�LQ�IHPDOHV��QR�

VLJQLILFDQW�WUHQG�ZDV�IRXQG��*/,00,;��S� ����������7KH�DQDO\VLV�ZDV�DOVR�FRQGXFWHG�IRU�

WKH�DJH�FODVVHV������ZKLFK�DUH�WKH�PRVW�FRPPRQ�DJH�JURXSV�LQ�WKH�VSDZQLQJ�SRSXODWLRQ���,W�

VKRZV�WKDW�LQ�IHPDOHV��WKH�UHSURGXFWLYH�HIIRUW�GHFUHDVHG�VLJQLILFDQWO\�RQO\�LQ�WKH�DJH�FODVV���

�$JH����*/,00,;��S� ����������$JH����*/,00,;��S� ����������$JH����*/,00,;��S� �

���������$JH����*/,00,;� S� ����������7DEOH������)LJ�������ZKLOH�LQ�PDOHV��WKH�UHSURGXFWLYH�

HIIRUW�GHFUHDVHG�VLJQLILFDQWO\�LQ�DOO�\HDU�FODVVHV� �)LJ�������$JH����*/,00,;� S� ���������

�$JH����*/,00,;��S� ����������$JH����*/,00,;��S� ����������$JH����*/,00,;��S� �

���������7DEOH����



��

7DEOH� ��� 3DUDPHWHU� HVWLPDWHV� RI� WKH�*HQHUDOL]HG�/LQHDU�0L[HG�0RGHO� VKRZLQJ� WKH� DQQXDO� WUHQG� RI�
JRQDGRVRPDWLF� LQGH[� DQG� GLIIHUHQFHV� EHWZHHQ� WKH� IHPDOHV� DQG� PDOHV�� %ROG� WH[W� VKRZV� WKH� YDOXHV�
MXGJHG�WR�EH�VLJQLILFDQW��S�������

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

6ROXWLRQV�IRU�IL[HG�HIIHFWV

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

1XPEHU�RI�ILVK�DQDO\VHG� �������

(IIHFW (VWLPDWH 6( 1XP') ) S

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

,QWHUFHSW ��������������������������� �������������������������� �������

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

)HPDOHV

$JH���������������������� ������� �� ���� �������

$JH�� ������ ������� �� ����� �������

$JH�� ������ ������� ��������������������������� �������

$JH�� ������ �������� �� ����� �������

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

0DOHV

$JH������������������������ ������� �� ���� �������

$JH�� ������ �������� ������������������������� �������

$JH��� ������ �������� �� ����� �������

$JH�� ������ �������� �� ����� �������
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)LJ������*RQDGRVRPDWLF�LQGH[�RI�IHPDOHV�DJH�����

)LJ������*RQDGRVRPDWLF�LQGH[�RI�PDOHV�DJH�����
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���'LVFXVVLRQ

�����6H[�UDWLR

7KLV� VWXG\� UHYHDOV� WKDW� WKH�VH[� UDWLR� LQ� WKH�VSDZQLQJ�SRSXODWLRQ�RI� WKH�%DOWLF�KHUULQJ�KDV�

FKDQJHG�LQ�WKH�VWXG\�DUHD�IURP������WR�������,Q�WKH�EHJLQQLQJ�RI�WKH�VWXG\��WKH�SRSXODWLRQ�

VH[�UDWLR�ZDV�QHDU�WKH�QRUPDO�)LVKHU¶V�����UDWLR��EXW�VLQFH�WKHQ��WKH�GLIIHUHQFHV�EHWZHHQ�WKH�

\HDUV�KDYH�JURZQ�DQG�WKH�QXPEHU�RI�PDOHV�LQ�WKH�SRSXODWLRQ�KDV�GHFUHDVHG��7KLV�VXJJHVWV�

WKDW�QRZ�WKHUH�DUH�PRUH�IHPDOHV�WKDQ�PDOHV�LQ�WKH�SRSXODWLRQ� 7KH�FKDQJH�DSSHDUV�WR�KDYH�

RFFXUUHG�LQ�WKH�����¶V�DIWHU�ZKLFK�WKH�QXPEHU�RI�PDOHV�KDV�VWHDGLO\�GHFUHDVHG��7KH�FKDQJH�

PD\�KDYH�EHHQ�FDXVHG�E\�IDFWRUV�LQIOXHQFLQJ�WKH�VH[�GHWHUPLQDWLRQ�RI�WKH�ILVK��RU�PDOHV�DQG�

IHPDOHV�FRPH�WR�WKH�VSDZQLQJ�JURXQGV�XQ�V\QFKURQL]HG��ZKLFK�FUHDWHV�DQ�XQHYHQ�VH[�UDWLR�

LQ�WKH�VSDZQLQJ�SRSXODWLRQV��

:RUOGZLGH� WKHUH� DUH� DERXW� ��� ���� GLIIHUHQW� ILVK� VSHFLHV� ZKLFK� OLYH� LQ� GLIIHUHQW� NLQG� RI�

KDELWDWV��7KLV�LV�RQH�RI�WKH�UHDVRQV�ZK\�ILVK�VKRZ�VXFK�D�YDVW�YDULHW\�RI�PHFKDQLVPV�RI�VH[XDO�

GHWHUPLQDWLRQ�DQG�SDWWHUQV�RI�VH[XDO�GLIIHUHQWLDWLRQ �1HOVRQ��������'HWHUPLQDWLRQ�RI�WKH�VH[�

LQ� WHOHRVW� ILVK� LV� KLJKO\� FRPSOH[�� EHFDXVH� ILVK� DUH� YHU\� DGDSWDEOH� DQG� SODVWLF� LQ� WKHLU�

UHSURGXFWLRQ��2IWHQ�WKH�VH[�LV�GHWHUPLQHG�E\�WKH�VXP�RI�VHYHUDO�GLIIHUHQW�IDFWRUV�DIIHFWLQJ�

WRJHWKHU�DQG�QRW�MXVW�E\�RQH�JHQH�RU�HQYLURQPHQWDO�IDFWRU��:RRWWRQ�DQG�6PLWK��������,Q�WKH�

%DOWLF�KHUULQJ��WKH�EDVLV�RI�VH[�GHWHUPLQDWLRQ�LV�QRW�NQRZQ��DQG�UHVXOWV�RQ�WKH�VH[�UDWLR�LQ�WKH�

KHUULQJ� SRSXODWLRQV� DUH� IHZ�� ,Q� WKH� %RWKQLDQ� %D\�� WKH� RYHUDOO� VH[� UDWLR� ZDV� ���� LQ� WKH�

VSDZQLQJ�SRSXODWLRQ��ZLWK�VRPH�YDULDWLRQ�GXULQJ�WKH�VSDZQLQJ�WLPH��+DKWRQHQ�HW�-RHQVXX�

������

6H[�UDWLRV�RI�ZRUOGV� ILVK�VSHFLHV�KDYH�EHHQ�VWXGLHG� OLWWOH��+HUH�DUH�VRPH�H[DPSOHV�RI�VH[�

UDWLRV�RI�GLIIHUHQW�ILVK�VSHFLHV��6H[�UDWLR�RI�WKH�VZRUGILVK��;LSKLDV�JODGLXV��LQ�WKH�QRUWKZHVW�

$WODQWLF LV� LQIOXHQFHG�E\ WKH� WHPSHUDWXUH� RI� WKH� VHD� DUHD�� RYHUDOO� WKHUH� DUH�PRUH IHPDOHV�

���������� DQG� LV� FRQVLVWHQW� IRU� WKH� WHPSHUDWH� ��������� DQG� WKH� WURSLFDO� DUHDV� ����������

+RZHYHU��IRU�WKH�VXEWURSLFDO�DUHD��WKH�SURSRUWLRQ�RI�IHPDOHV����������LV�QRW�GLIIHUHQW�IURP�

WKH�����UDWLR �$URFKD�HW�/HH�������� ,Q�6RXWKHUQ�%OXHILQ�7XQD��7KXQQXV�PDFFR\LL� WKH�VH[�
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UDWLR�LV�WLJKWO\�OLQNHG�WR�WKH�VL]H�RI�WKH�ILVK��7KH�VH[�UDWLR�YDULHG�ZLWK�ILVK�OHQJWK�LQ�DOO�VHDVRQV��

EHLQJ�VLJQLILFDQWO\�IHPDOH�ELDVHG�LQ�OHQJWK�FODVVHV�EHORZ�����FP�)/��DQG�VLJQLILFDQWO\�PDOH�

ELDVHG�LQ OHQJWK�FODVVHV�DERYH�����FP�)/��)DUOH\�DW�DO��������

2I� WKH� VDPSOLQJ� YDULDEOHV�� RQO\� WKH� QXPEHU� RI� ILVK� DQG� QXPEHU� RI� VDPSOHV� DIIHFWHG�

VLJQLILFDQWO\�WKH�VH[�UDWLR��7KLV�ZDV�PRVW�OLNHO\�EHFDXVH�RI�WKH�ODUJH�YDULDWLRQ�LQ�WKH�QXPEHU�

RI�VDPSOHV�EHWZHHQ�WKH�\HDUV��)RU�LQVWDQFH��LQ����������VDPSOHV�ZHUH�WDNHQ�LQFOXGLQJ������

ILVK��ZKLOH�LQ������������DQG�������RQO\�RQH�VDPSOH�ZDV�WDNHQ�HDFK�LQFOXGLQJ�DERXW�����

ILVK�

2WKHU�VDPSOLQJ�YDULDEOHV��'2<���DQG�'2<��� �'D\�RI� WKH�\HDU��EHJLQQLQJ�RI� WKH� ILUVW�RI�

$SULO��DQG�QXPEHU�RI�VDPSOLQJ�GD\V�GLG�QRW�KDYH�VLJQLILFDQW�HIIHFW�RQ�VH[�UDWLR��7R�FRQFOXGH��

WKH�VDPSOLQJ�PHWKRG�PD\�KDYH�DIIHFWHG�WKH�UHVXOW�WR�VRPH�H[WHQW��EXW�LW�FDQQRW�EH�WKH�RQO\�

IDFWRU�H[SODLQLQJ�WKH�WUHQG�IRXQG�LQ�WKH�VH[�UDWLR��)RU�LQVWDQFH��LQ������DQG�������VDPSOLQJ�

ZDV�IUHTXHQW�DQG�QXPEHU�RI�VDPSOHV�KLJK��VHH�$SSHQGL[���EXW�WKH�VSDZQLQJ�SRSXODWLRQ�ZDV�

GRPLQDWHG�E\�IHPDOHV�WKURXJKRXW�WKH�VSDZQLQJ�SHULRG�LQ�ERWK�\HDUV��

$FFRUGLQJ�WR�WKH�*/0�PRGHOV��DOVR�VDOLQLW\��WHPSHUDWXUH�FRQGLWLRQV�DQG�VWRFN�YDULDEOHV�KDG�

D�VLJQLILFDQW�HIIHFW�RQ�VH[�UDWLR�LQ�WKH�VSDZQLQJ�SRSXODWLRQ��7KLV�VXJJHVWV�WKDW�WKH�VH[�UDWLR�

LV�HQYLURQPHQWDOO\�LQGXFHG�DQG�D�UHVXOW�RI�QDWXUDO�ORQJ�WHUP�IOXFWXDWLRQ�LQ�WKH�FRQGLWLRQV�RI�

WKH�%DOWLF�6HD��

,Q�HQYLURQPHQWDO�VH[�GHWHUPLQDWLRQ��(6'��VH[�LV�GHWHUPLQHG�DIWHU�IHUWLOL]DWLRQ�E\�WKH�HIIHFW�

RI� HQYLURQPHQWDO� FRQGLWLRQV� VXFK� DV� WHPSHUDWXUH�� S+�� VDOLQLW\�� UDWH� RI� JURZWK� DQG� VRFLDO�

HQYLURQPHQW��:RRWWRQ�DQG�6PLWK��������,Q�PDQ\�RI�WKH�WHOHRVW�ILVK�VSHFLHV��WHPSHUDWXUH�KDV�

D�ELJ�LPSDFW�RQ�ZKHWKHU�WKH�ILVK�LV�JRLQJ�WR�EH�D�IHPDOH�RU�D�PDOH��5|PHU�HW�DO��������$ER]DLG�

HW�DO�������0DJHUKDQV�HW�DO��������0\ORQDV�HW�DO�������� ,Q�VRPH�ILVK�VSHFLHV��KLJK�WHPSHUDWXUH�

LQGXFHV�WKH�VH[�UDWLR�WRZDUGV�D VWURQJO\�PDOH�±ELDVHG�SRSXODWLRQ��)HUQDQGR�HW�DO���������

,Q�WKH�$LULVWR�,QOHW��WKH�DYHUDJH�WHPSHUDWXUH�LQ�-XO\�6HSWHPEHU�KDV�VWHDGLO\�LQFUHDVHG�GXULQJ�

WKH�SDVW����\HDUV��)LJ������7KH�VXPPHU�WHPSHUDWXUH�KDG�D�VWDWLVWLFDOO\�VLJQLILFDQW�HIIHFW�RQ�



��

WKH�VH[�UDWLR��VXJJHVWLQJ�WKDW�ZDUP�VXPPHUV�RQ�WKH�VSDZQLQJ�JURXQGV�LQFUHDVHG�WKH�QXPEHU�

RI�IHPDOHV�LQ�WKH�VSDZQLQJ�SRSXODWLRQ�� ,Q�WKH�VWXG\�RI�&RQRYHU�DQG�)OHLVFKHU���������WKH�

VHQVLWLYH�SHULRG�GXULQJ�ZKLFK�WKH�WHPSHUDWXUH�GHWHUPLQHG�VH[�ZDV�WKH�ODUYDO�SKDVH��DQG WKH�

WLPLQJ�RI�WKH�HIIHFW�VHHPHG�WR�GHSHQG�RQ�ERG\�VL]H�RI�WKH�ODUYDH�UDWKHU�WKDQ�RQ�WKH�DJH��,Q�

WKH� %DOWLF� KHUULQJ�� WKH� GHYHORSPHQW� RI� ODUYDH� WR� PHWDPRUSKRVLV� WDNHV� SODFH� GXULQJ� WKH�

VXPPHU� VHDVRQ�� ,I� WKH� VH[� LV� GHWHUPLQHG� GXULQJ� WKLV� SHULRG�� LW� LV� SRVVLEOH� WKDW� LQ� ZDUP�

VXPPHUV��D�KLJKHU�SURSRUWLRQ�RI�ODUYDH�DUH�LQGXFHG�DV�IHPDOHV��DQG�WKLV�SDWWHUQ�SHUVLVWV�RYHU�

WKH�\HDUV�ZKHQ�ILVK�DWWDLQ�PDWXULW\�DQG�UHSURGXFH��7KLV�SURYLGHV�DOVR��WKDW�PRUWDOLW\�LV�HTXDO�

LQ�ERWK�VH[HV�DQG�VWDEOH�WKURXJK�WKH�UHSURGXFWLYH�DJH�RI�WKH�ILVK�

$FFRUGLQJ�WR�WKH�*/0�PRGHO��,,���DOVR�WKH�H[WHQW�RI�WKH�SHUPDQHQW�LFH�FRYHU�LQ�WKH�%DOWLF�

6HD�KDG�D�VLJQLILFDQW�HIIHFW�RQ�WKH�VH[�UDWLR�� ,Q�WKH�\HDUV�RI�KDUG�ZLQWHU�� WKHUH�ZHUH�PRUH�

PDOHV�LQ�WKH�SRSXODWLRQ WKDQ�IHPDOHV�DQG�YLFH�YHUVD� ,Q�\RXQJ�ILVK��WKH�ZLQWHU�WHPSHUDWXUH�

FDQ�LQIOXHQFH�ODVW�VXPPHU¶V�MXYHQLOHV��RQ�ZKRVH�JRQDGV�KDYH�QRW�\HW�EHHQ�GLIIHUHQWLDWHG� ,Q�

DGXOW�KHUULQJ��WKH�GLIIHUHQWLDWLRQ�RI�WKH�JRQDGV�EHJLQV�LQ�DXWXPQ�DQG�WKH�VH[�RI�WKH�ILVK�LV�

DOUHDG\�GHWHUPLQHG��+DUGQHVV�RI�WKH�ZLQWHU��ZKLFK�LV�UHIOHFWHG�E\�WKH�SHUPDQHQW�LFH�FRYHU�RI�

WKH�%DOWLF��FRXOG�WKHUHIRUH�RQO\�HIIHFW�RQ�WKH�PDWXULQJ�RI�WKH�JRQDGV�DQG�WKH�IRUPDWLRQ�RI�WKH�

VKRDOV�

,Q�WKLV�VWXG\� VDOLQLW\�KDG�D�VWDWLVWLFDOO\�VLJQLILFDQW�HIIHFW�RQ�WKH�VH[�UDWLR�RI�WKH�KHUULQJ��,Q�

GHFOLQLQJ�VDOLQLW\��WKH�SURSRUWLRQ�RI�IHPDOHV�LQFUHDVHG��ZKLFK�PD\�EH�RQO\�D�UHVXOW�RI�SDUDOOHO�

WUHQGV�ZLWKRXW�DQ\�FDXVDWLYH�UHODWLRQVKLS���

7KHUH�DUH�YHU\�IHZ�VWXGLHV�DERXW�WKH�HIIHFWV�RI�VDOLQLW\�RQ�WKH�VH[�UDWLR�LQ�ILVK� 7KLV�LV�EHFDXVH�

WKH�VDOLQLW\�RI�WKH�RFHDQV��6XFNRZ�HW�DO��������DQG�WKH�IUHVKZDWHU�HQYLURQPHQWV�LV�PXFK�PRUH�

VWDEOH�WKDQ�WKDW�RI�WKH�%DOWLF�6HD��ZKLFK�LV�D�EUDFNLVK�ZDWHUERG\�DQG�VWLOO�JHRORJLFDOO\�\RXQJ�

DQG�XQGHU� D�FRQVWDQW� FKDQJH� �+(/&20��������%LJ�HFRORJLFDO�FKDQJHV� WRRN�SODFH� LQ� WKH�

����¶V�LQ�WKH�FHQWUDO�%DOWLF�RI�ORZ�VDOLQLW\ �+(/&20������DQG�%$&&��������1RW�RQO\�WKH�

ELRORJLFDO�UHJLPH�VKLIW�WRRN�SODFH��EXW�WKH�SHULRG�ZDV�IROORZHG�E\�DQ�LQFUHDVH�LQ�UDLQIDOO�RYHU�

WKH�%DOWLF�6HD�DUHD��9XRULQHQ�HW�DO��������
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2QO\�D�IHZ�VWXGLHV�KDYH�EHHQ�PDGH�FRQFHUQLQJ�WKH�HIIHFWV�RI�VDOLQLW\�RQ�WKH�VH[�GHWHUPLQDWLRQ�

RI� WHOHRVW� ILVK� �H�J��'XQKDP��������)RU� WKLV� UHDVRQ�� LW� LV�KDUG� WR� UHDVRQ� LI� WKH�FKDQJHV� LQ�

VDOLQLW\�GHWHUPLQH�WKH�VH[�GHWHUPLQDWLRQ�RI�WKH�%DOWLF�KHUULQJ���+RZHYHU��WKH�VSHFLDO�IHDWXUHV�

RI�WKH�%DOWLF�6HD�PXVW�EH�WDNHQ�LQWR�DFFRXQW�ZKHQ�H[DPLQLQJ�WKH�VH[�UDWLR�RI�WKH�KHUULQJ��DV�

WKHUH�DUH�QRW�PDQ\�SODFHV�LQ�ZKLFK�WKH�FKDQJHV�KDYH�KDSSHQHG�DV�IDVW��$OWKRXJK�LW�LV�XQOLNHO\�

WKDW�VDOLQLW\�DORQH�FDXVHV�WKH�FKDQJHV�RI�VH[�UDWLR�LQ�WKH�KHUULQJ�SRSXODWLRQ��LW�LV�SRVVLEOH�WKDW

WKH� LQWHUDFWLRQ�EHWZHHQ�VDOLQLW\�DQG�RWKHU�HQYLURQPHQWDO� IDFWRUV�FDXVH�DQ�HIIHFW�RQ�ZKLFK�

PDOH�KHUULQJ�UHVSRQGV�LQ�D�GLIIHUHQW�ZD\�WKDQ�IHPDOHV��7KLV�ZDV�VXJJHVWHG�E\�WKH�LQWHUDFWLRQ�

RI�VDOLQLW\�DQG�VXPPHU�WHPSHUDWXUH�DQG�VDOLQLW\�DQG�LFH�FRYHU�LQ�WKH�*/0�PRGHOV��,,���

6WRFN�UHODWHG�YDULDEOHV��FRQGLWLRQ�IDFWRU��&)��DQG�WKH�QXPEHU�RI�LQGLYLGXDOV�LQ�WKH�KHUULQJ�

SRSXODWLRQ��LQGLYLGXDO¶V [������VKRZHG�D�VWDWLVWLFDOO\�VLJQLILFDQW�HIIHFW�RQ�WKH�VH[�UDWLR��ZKLOH�

WKH�HIIHFW�RI�JRQDGRVRPDWLF�LQGH[��*6,��ZDV�LQVLJQLILFDQW��)HHGLQJ�FRQGLWLRQV�RI�WKH�%DOWLF�

KHUULQJ�KDYH�FKDQJHG�GUDVWLFDOO\�IURP�WKH�����¶V��DV�LQGLFDWHG�E\�WKH�JURZWK�UDWH��0|OOPDQQ�

HW�DO��������&DVLQL�HW�DO��������5DMDVLOWD�HW�DO���������0RUHRYHU��WKH�KHUULQJ�SRSXODWLRQ�WKDW�

VSDZQV�LQ�WKH�$LULVWR�DUHD�KDV�JUHDWO\�JURZQ�LQ�QXPEHUV�IURP���������[����LQGLYLGXDOV��WR�

����� ����[� [���� LQGLYLGXDOV�� �,&(6� ������� ,W� LV� NQRZQ� WKDW� WKH� VRFLDO� VWUXFWXUH� DQG� WKH�

GHQVLW\�RI�WKH�SRSXODWLRQ�FDQ�LQIOXHQFH�WKH�VH[�GHWHUPLQDWLRQ�RI�WKH�ILVK��/XFNHQEDFK�HW�DO��

����� %HDPLVK�������%HQWRQ�HW�DO���������

6LQFH�WKH�QXPEHU�RI�LQGLYLGXDOV�LQ�WKH�SRSXODWLRQ�KDV�LQFUHDVHG�WKUHHIROG��DOVR�WKH�SRSXODWLRQ�

GHQVLW\�PD\�KDYH�KDG�VRPH�LQIOXHQFH�RQ�WKH�VH[�UDWLR�LQ�WKH�SRSXODWLRQ�VWXGLHG��,I�WKH�QXPEHU�

RI�LQGLYLGXDOV�LQFUHDVHV�LQ�WKH�SRSXODWLRQ��WKHUH�ZLOO�EH�PRUH�FRPSHWLWLRQ�RQ�WKH�VSDZQLQJ�

JURXQGV��/XFNHQEDFK�HW�DO���������6WXG\�RI�7DERUVN\��������WHOOV�WKDW�LQ�PDQ\�ILVK�VSHFLHV��

VSDZQLQJ�PDOHV� IDFH�ILHUFH�VSHUP�FRPSHWLWLRQ�ZKLFK�FRQVXPHV� WKHLU�HQHUJ\� UHVHUYHV�DQG�

GHFUHDVHV�WKHLU�SK\VLFDO�FRQGLWLRQ��2QH�SRVVLEOH�PHFKDQLVP�WR�UHGXFH�WKLV�SUREOHP�LQ�WKH�

SRSXODWLRQ�LV�VH[�UHYHUVDO��ZKLFK�LV�KRUPRQDOO\�LQGXFHG��)RU�LQVWDQFH� LQ�WKH�%ODFN�VHD�EDVV�

�&HQWURSULVWLV� VWULDWD��� IHPDOHV�FKDQJHG� WKHLU� VH[�ZKHQ�H[SRVHG� WR� WHVWRVWHURQH� WUHDWPHQW�

�%HQWRQ�DQG�%HUOLQVN\��������7RJHWKHU�ZLWK�FKDQJHG�IHHGLQJ�FRQGLWLRQV��WKH�LQFUHDVH�RI�WKH�

SRSXODWLRQ�GHQVLW\�FRXOG�KDYH�LQGXFHG�VH[�UHYHUVDO�LQ�PDOHV��UHVXOWLQJ�LQ�D�KLJKHU�SURSRUWLRQ�

RI�IHPDOHV�LQ�WKH�SRSXODWLRQ�
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�����*RQDGRVRPDWLF�LQGH[��*6,�

6WDWLVWLFDO� DQDO\VLV� VKRZV� WKDW� WKH� VSDZQLQJ� HIIRUW� RI�PDOHV� KDG� VWDWLVWLFDOO\� VLJQLILFDQWO\�

GHFUHDVHG��EXW� IHPDOHV�GLG�QRW�VKRZ�D�VLPLODU� WUHQG��$QDO\VLV�ZDV�DOVR�FRQGXFWHG�IRU� WKH�

ELJJHVW�VSDZQLQJ�JURXS�ZKLFK�LV�PDOHV�DQG�IHPDOHV�ZLWK�WKH�JRQDGDO�PDWXULW\�RI�����DQG�WKH�

DJH�RI������7KLV�DQDO\VLV�VKRZV�WKDW�LQ�IHPDOHV�IURP�DJH���WR����RQO\�LQ�WKH�DJH�FODVV���WKH�

UHSURGXFWLRQ�HIIRUW�GHFUHDVHG�VWDWLVWLFDOO\�VLJQLILFDQWO\��ZKHUHDV�LQ�PDOHV�WKH�UHSURGXFWLRQ�

HIIRUW�KDV�GHFUHDVHG�VWDWLVWLFDOO\�VLJQLILFDQWO\�LQ�DOO�\HDU�FODVVHV��

5HGXFHG�UHSURGXFWLRQ�HIIRUW�LQ�PDOHV�FDQ�EH�GXH�WR�D�ILHUFH�VSHUP�FRPSHWLWLRQ�EHFDXVH�RI�

WKH�ODUJH�SRSXODWLRQ�VL]H��7R�D�FHUWDLQ�GHJUHH��WKH�FRPSHWLWLRQ�PD\�LQFUHDVH�WKH�DPRXQW�RI�

VSHUP��EXW�DIWHU�D�FHUWDLQ�SRLQW� LW�VWDUWV�UHGXFLQJ��6WRFNOH\��������(QYLURQPHQWDO�FKDQJHV�

DQG�WKH�SRSXODWLRQ�SDUDPHWHUV�DV�WKH\�DUH�DW�SUHVHQW��VHHP�WR�UHGXFH�WKH�UHSURGXFWLRQ�DQG�

QXPEHU�RI�PDOHV�

3RRU�DYDLODELOLW\�RI�IRRG�KDV�UHVXOWHG�LQ�VORZ�JURZWK�DQG�ORZ�ERG\�FRQGLWLRQ�LQ�WKH�%DOWLF�

FRG� �*DGXV PRUKXD�� �<RQHGD� 	� :ULJKW� ������� VXJJHVWLQJ� WKDW� WKH� FKDQJHV� LQ� IRRG�

DYDLODELOLW\�ZRXOG�PDLQO\�DIIHFW�WKH�JURZWK��FRQGLWLRQ�DQG�WKH�OHYHO�RI�JDPHWH�SURGXFWLRQ��

ZKHUHDV�WHPSHUDWXUH�ZRXOG�DIIHFW�WKH�SURSRUWLRQ�RI�PDOHV�WKDW�PDWXUH��,Q�DGGLWLRQ�WR�VORZ�

JURZWK��WKH�KHUULQJ�RI�WKH�VWXG\�DUHD�VXIIHUV�IURP�JRQDGDO�PDOIRUPDWLRQV��ZKLFK�DUH�PRUH�

IUHTXHQW�LQ�PDOHV�WKDQ�LQ�IHPDOHV��5DMDVLOWD�HW�DO���������7KHVH�UHVXOWV�VXJJHVW�WKDW�KHUULQJ�

PDOHV� DUH� QRW� FRSLQJ� ZHOO� ZLWK� WKH� FKDQJLQJ� HQYLURQPHQW� DQG� WKLV� LV� VHHQ� DOVR� LQ� WKHLU�

UHSURGXFWLRQ�HIIRUW��2QH�SRVVLEOH�UHDVRQ�IRU� WKH�FKDQJHG�VH[�UDWLR�LV� WKHUHIRUH�� WKDW�PDOHV�

VNLS� WKH� VSDZQLQJ� GXH� WR� SRRU� SK\VLRORJLFDO� FRQGLWLRQ� �5LGHRXW� DQG� 7RPNLHZLF]� �������

,QFUHDVLQJ�QXPEHU�RI�QRQ�VSDZQLQJ�PDOHV�LQ�WKH�SRSXODWLRQ�RYHU�WKH�\HDUV�FRXOG�UHVXOW�LQ�

IHPDOH�ELDVHG�VH[�UDWLR�LQ�WKH�VSDZQLQJ�SRSXODWLRQ�
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�����&RQFOXVLRQV

7KH�KHUULQJ�SRSXODWLRQ�WKDW�UHSURGXFHV�LQ�WKH�$LULVWR�DUHD�KDYH�EHFRPH�IHPDOH�GRPLQDQW�LQ�

�����������2EVHUYHG�WUHQG�LV�VWDWLVWLFDOO\�VLJQLILFDQW��EXW�WKH�UHDVRQV�EHKLQG�WKH�WUHQG�FRXOG�

QRW�EH�FOHDUO\�GHPRQVWUDWHG� 7KH�LQLWLDO�QXPEHU�RI�PDOHV�DQG�IHPDOHV�LQ�HDFK�QHZ�\HDU�FODVV�

IRUPV�WKH�EDVLV�RI�WKH�VH[�UDWLR�LQ�WKH�VSDZQLQJ�SRSXODWLRQ��EXW�WKH�ILQDO�RXWFRPH�LV�PRGLILHG�

E\�ILVK�PRUWDOLW\�DQG�HQYLURQPHQWDO�IDFWRUV�DIIHFWLQJ�WKH�SRSXODWLRQ�DIWHU�WKH�\HDU�FODVV�ZDV�

ERUQ�

5HDVRQV�EHKLQG�WKH�FKDQJHV�LQ�WKH�VH[�UDWLR�DUH�OLNHO\�WKH�IDFWRUV�WKDW�HIIHFW�RQ�WKH�VWDWH�RI�

WKH�%DOWLF�6HD��VDOLQLW\�DQG�WHPSHUDWXUH���VL]H�RI�WKH�KHUULQJ�SRSXODWLRQ�DQG�WKH�VKDSH�RI�WKH�

ILVK�� EXW� LW� LV QRW� SRVVLEOH� WR� GHWHUPLQH� WKH� PHFKDQLVPV EHKLQG� WKH� FKDQJHV GXH� WR� WKH�

FRPELQHG�HIIHFWV�RI�WKH�YDULRXV�IDFWRUV��6H[�GHWHUPLQH�PHFKDQLVP�LQ�KHUULQJ�LV�XQNQRZQ��

EXW� HVSHFLDOO\� WKH� HIIHFW� RI� WHPSHUDWXUH� DQG� VDOLQLW\� WR� WKH� VH[� VKRXOG� EH� LQYHVWLJDWHG� LQ�

KHUULQJ�DQG�RWKHU�ILVK�VSHFLHV�LQ�WKH�%DOWLF�6HD��7KLV�UHTXLUHV�H[SHULPHQWDO�UHVHDUFK��EHFDXVH�

WKH�DQVZHU�FDQQRW�EH�IRXQG�IURP�WKH�VDPSOHV�JDWKHUHG�IURP�WKH�QDWXUH�GXH�WR�WKH�FRPELQHG�

HIIHFWV�RI�WKH�YDULRXV�IDFWRUV�

7HPSHUDWXUH�LV�NQRZQ�WR�LQIOXHQFH�WKH�VH[�GHWHUPLQDWLRQ�RI�ILVK��EHFDXVH�RI�WKLV�WKH�VH[�UDWLR�

RI�ILVK�VKRXOG�EH�PRQLWRUHG�LQ�DOO�ILVK�VSHFLHV��DV�WKH�FOLPDWH�FKDQJH�WKH�ULVLQJ�WHPSHUDWXUHV�

FDQ� FKDQJH� WKH� PDOH�IHPDOH� UDWLR� WRZDUGV� XQIDYRUDEOH� SRSXODWLRQ� VWUXFWXUHV�� 6LQFH� WKH�

WHPSRUDO�WUHQG�ZDV�LQIOXHQFHG�E\�WKH�QXPEHU�RI�VDPSOHV WDNHQ LQ�WKLV�VWXG\��WKH�VDPSOLQJ�

UDWH�VKRXOG�EH�H[WHQVLYH�WKURXJKRXW�WKH�VSDZQLQJ�VHDVRQ DQG�WKH�VDPSOH�VL]H�ODUJH�HQRXJK��

VR�WKDW�WKH�UDWH�RI�PDOHV�DQG�IHPDOHV�FDQ�EH�UHOLDEO\�GHWHUPLQHG�
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���$FNQRZOHGJHPHQWV

)LUVWO\� , ZLVK� WR� WKDQN� P\� VXSHUYLVRU� DQG� IULHQG�0DUMXW� 5DMDVLOWD� IRU� DOO� WKH� JXLGDQFH��
VXSSRUW��WUXVW�DQG�NQRZOHGJH�WKDW�,�KDYH�JRW�LQ�WKH�ODVW���\HDUV�ZKLOH�ZRUNLQJ�LQ�WKH�+HUULQJ�
SURMHFW��6HFRQGO\��,�ZLVK�WR�WKDQN�P\�VHFRQG�VXSHUYLVRU�SURIHVVRU�,OSSR�9XRULQHQ�IRU�DOO�WKH�
KHOS�,�KDYH�JRW�ZKLOH�ZRUNLQJ�,Q�WKH�$UFKLSHODJR�5HVHDUFK�,QVWLWXWH��,�DOVR�ZDQW�WR�WKDQN�-DUL�
+lQQLQHQ IRU�DOO�WKH�JXLGDQFH�DQG�WKH�SRVVLELOLW\�RI�ZRUNLQJ�LQ�WKH�$UFKLSHODJR�5HVHDUFK�
,QVWLWXWH� .DWMD�0lNLQHQ��3lLYL�/DLQH��-RUPD�3DUDQNR DQG�-DQ�(NOXQG�KDYH DOVR�KHOSHG�PH�D�
ORW��WKDQN�\RX�IRU�WKDW��/RFDO�ILVKHUPHQ�(UNNL�DQG�2ODYL�6DKOVWHQ�,�ZLVK�WR�WKDQN� EHFDXVH
WKH\�KDYH�SURYLGHG�DOO� WKH�KHUULQJ� WKURXJK�DOO� WKHVH�\HDUV IRU� WKH�VWXG\��&R�RSHUDWLRQ�KDV
EHHQ�YHU\�YDOXDEOH��)RU�WKH�VWDWLVWLFV� ,�WKDQN�-RXNR�.DWDMLVWR�IURP�WKH�VWDWLVWLFV�GHSDUWPHQW�
RI�WKH�8QLYHUVLW\�RI�7XUNX�DQG�7HUR�.OHPROD�IURP WKH�'HSDUWPHQW�RI�ELRORJ\�
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���5HIHUHQFHV

$ER]DLG�� +��� :HVVHOV�� 6�� 	� +|UVWJHQ�6FKZDUN�� *�� �������� (OHYDWHG� WHPSHUDWXUH� DSSOLHG� GXULQJ� JRQDGDO�
WUDQVIRUPDWLRQ� OHDGV� WR� PDOH� ELDV� LQ� ]HEUDILVK� �'DQLRUHULR��6H[XDO'HYHORSPHQW� ��� ���±����� GRL��
������������������

$URFKD��)��	�/HH��'� :����������3UHOLPLQDU\�REVHUYDWLRQV�RQ�VH[�UDWLR�DQG�PDWXULW\�VWDJHV�RI�WKH�VZRUGILVK��
[LSKLDV�JODGLXV��LQ�WKH�QRUWKZHVW�$WODQWLF��FRO�YRO�VFL�SDS��LFFDW�������������±����

%HDPLVK�� )�� :�� +�� �������� (QYLURQPHQWDO� VH[� GHWHUPLQDWLRQ� LQ� VRXWKHUQ� EURRN� ODPSUH\��
,FKWK\RP\]RQJDJHL�&DQDGLDQ-RXUQDORI)LVKHULHVDQG$TXDWLF6FLHQFHV�������±�����GRL����������I��±����

%HQWRQ��&��%��	 %HUOLQVN\��'��/����������,QGXFHG�VH[�FKDQJH�LQ�EODFN�VHD�EDVV��-RXUQDO�RI�)LVK�%LRORJ\������
����±������GRL���������M����������������������[�

%XOO�--���������6H[�GHWHUPLQLQJ�PHFKDQLVPV��DQ�HYROXWLRQDU\�SHUVSHFWLYH��([SHULHQWLD��������±�����

&DVLQL��0���&DUGLQDOH��0��	�+MHOP��-����������,QWHU�DQQXDO�YDULDWLRQ�LQ�KHUULQJ��&OXSHD�KDUHQJXV�
DQG�VSUDW��6SUDWWXV�VSUDWWXV��FRQGLWLRQ�LQ�WKH�FHQWUDO�%DOWLF�6HD��ZKDW�JLYHV�WKH�WXQH"
2LNRV���������±����

&RQRYHU��'� 2� 	 )OHLVKHU��0� +����������7HPSHUDWXUH�6HQVLWLYH�3HULRG�RI�6H[�'HWHUPLQDWLRQ�LQ�WKH�$WODQWLF�
6LOYHUVLGH� 0HQLGLD� PHQLGLD�� &DQDGLDQ� -RXUQDO� RI� )LVKHULHV� DQG� $TXDWLF� 6FLHQFHV� ������ ������±�����
��������I���±���

'HYOLQ� 5� +� 	 1DJDKDPD� <� ��������6H[�GHWHUPLQDWLRQ�DQG�VH[�GLIIHUHQWLDWLRQ�LQ�¿VK��DQ�RYHUYLHZ�RI�JHQHWLF��
SK\VLRORJLFDO��DQG�HQYLURQPHQWDO�LQÀXHQFHV��$TXDFXOWXUH��������±����

'XQKDP��5�$�����������$TXDFXOWXUH�DQG�)LVKHULHV�%LRWHFKQRORJ\�DQG�*HQHWLFV��&$%,������

)DUOH\��-��+��(YHVRQ��-��3���'DYLV��7��/��2���$QGDPDUL��5��3URFWRU��&��+� 	 1XJUDKD��%��������� 'HPRJUDSKLF�
6WUXFWXUH��6H[�5DWLR�DQG�*URZWK�5DWHV�RI�6RXWKHUQ�%OXHILQ�7XQD��7KXQQXV�PDFFR\LL��RQ�WKH�6SDZQLQJ�*URXQG��
3/R6�21(�������H�������KWWSV���GRL�RUJ���������MRXUQDO�SRQH��������

)HUQDQGR��-� ,���+DWWRUL��5�6���6KLQRGD��7���.LPXUD��+���6WUREL�0D]]XOD��3� +���6WUXVVPDQ��&� $� 	 6RPR]D��*�
0����������'LPRUSKLF�H[SUHVVLRQ�RI�GPUW��DQG�F\S��D���RYDULDQ�DURPDWDVH��GXULQJ�HDUO\�JRQDGDO�GHYHORSPHQW�
LQ�SHMHUUH\��2GRQWKHVWHV�ERQDULHQVLV��6H[XDO�'HYHORSPHQW��������±����

)OLQNPDQ��-���9XRULQHQ��,��	�$UR��(����������3ODQNWLYRURXV�%DOWLF�KHUULQJ��&OXSHD�KDUHQJXV��SUH\�VHOHFWLYLW\�RQ�
UHSURGXFLQJ�FRSHSRGV�DQG�FODGRVHUDQV��&DQ��-��$TXDW��6FL�������±���

)OLQNPDQ��-���$UR� (���9XRULQHQ��,��	�9LLWDVDOR��0��������� &KDQJHV�LQ�QRUWKHUQ�%DOWLF�]RRSODQNWRQ�DQG�KHUULQJ�
QXWULWLRQ�IURP�����V�WR�����V��WRS�GRZQ�DQG�ERWWRP�XS�SURFHVVHV�DW�ZRUN��0DULQH�(FRORJ\�3URJUHVV�6HULHV�
��������±����

)XMLRND��<���.LNNR��7���6DHJXVD��-���8VXNL��7��	 2KWVXND��7����������5HVSRQVH�RI�VH[�UDWLR�WR�WLPLQJ�RI�EUHHGLQJ�
LQ�WKH�VPDOO�F\SULQLG�*QDWKRSRJRQ�FDHUXOHVFHQV��-�)LVK�%LRO���������±�����GRL���������MIE�������

*RURNKRYD��(���)DJHUEHUJ��7��	�+DQVVRQ��6����������3UHGDWLRQ�E\�KHUULQJ��&OXSHD�KDUHQJXV��DQG�VSUDW��6SUDWWXV�
VSUDWWXV��RQ�&HUFRSDJLV�SHQJRL�LQ�D�ZHVWHUQ�%DOWLF�6HD�ED\��,&(6�-RXUQDO�RI�0DULQH�6FLHQFH���������±����

*ULIILQ��)� -���3LOODL��0��&���9LQHV��&��$���.llULl��-���+LEEDUG�5REELQV��7���<DQDJLPDFKL��5��	 &KHUU��*��1��
�������� (IIHFWV� RI VDOLQLW\� RQ� VSHUP�PRWLOLW\�� IHUWLOL]DWLRQ�� DQG� GHYHORSPHQW� LQ� WKH� 3DFLILF� KHUULQJ�� &OXSHD�
SDOODVL��%LRO��%XOO���������±���



��

+DKWRQHQ� /� 	 -RHQVXX� 2� �������� 6SDZQLQJ� VKRDO� VWUXFWXUH� DQG� VSDZQLQJ� WLPH� RI� WKH� KHUULQJ� �&OXSHD�
KDUHQJXV��LQ�WKH�QRUWKHDVWHUQ�SDUW�RI WKH�%RWKQLDQ�%D\��± %RWKQLDQ�%D\�5HSRUWV������±��

+DNDOD��7���9LLWDVDOR��0���5LWD��+���$UR��(���)OLQNPDQ��-��	�9XRULQHQ��,����������7HPSRUDO�DQG�VSDWLDO�YDULDWLRQ�
LQ�WKH�JURZWK�UDWHV�RI�%DOWLF�KHUULQJ��&OXSHD�KDUHQJXV�PHPEUDV�/���ODUYDH�GXULQJ�VXPPHU��0DULQH�%LRORJ\������
��±���

+D\HV�7� %� ��������6H[�GHWHUPLQDWLRQ�DQG�SULPDU\�VH[�GLIIHUHQWLDWLRQ�LQ�DPSKLELDQ��JHQHWLF�DQG�GHYHORSPHQWDO�
PHFKDQLVPV��-�([S�=RRO��������±����

+HLQR��$� ��������7KH�SDWWHUQ�RI�RUJDQLF�FRQWHQW�DQG�VRPH�KHDY\�PHWDOV�LQ�WKH�ERWWRP�VHGLPHQWV�RI�$LULVWR��
6:�)LQODQG��7XUXQ�\OLRSLVWRQ�PDDQWLHWHHQ�ODLWRNVHQ�MXONDLVXMD��Q�R����

+(/&20 ��������(FRV\VWHP�+HDOWK�RI�WKH�%DOWLF�6HD������±�������+(/&20�,QLWLDO�+ROLVWLF�$VVHVVPHQW��
%DOW��6HD�(QYLURQ��3URF��1R������

+(/&20���������+D]DUGRXV�VXEVWDQFHV�LQ�WKH�%DOWLF�6HD�± $Q�LQWHJUDWHG�WKHPDWLF�DVVHVVPHQW
RI� KD]DUGRXV� VXEVWDQFHV� LQ� WKH� %DOWLF� 6HD�� %DOWLF� 6HD� (QYLURQPHQW� 3URFHHGLQJV� 1R�� ���%�� +HOVLQNL�
&RPPLVVLRQ������SS�

+(/&20���������(XWURSKLFDWLRQ�LQ�WKH�%DOWLF�6HD�±$Q�LQWHJUDWHG�WKHPDWLF�DVVHVVPHQW�RI�WKH�HIIHFWV�RI�QXWULHQW�
HQULFKPHQW� DQG� HXWURSKLFDWLRQ� LQ� WKH�%DOWLF� 6HD� UHJLRQ��([HFXWLYH� 6XPPDU\��%DOW�� 6HD�(QYLURQ�� 3URF��1R��
���$�

+(/&20�������� %LRGLYHUVLW\�LQ�WKH�%DOWLF�6HD�±$Q�LQWHJUDWHG�WKHPDWLF�DVVHVVPHQW�RQ�ELRGLYHUVLW\�DQG�QDWXUH�
FRQVHUYDWLRQ�LQ�WKH�%DOWLF�6HD��([HFXWLYH�6XPPDU\��%DOW��6HD�(QYLURQ��3URF��1R�����$�

+(/&20�������� &OLPDWH�FKDQJH�LQ�WKH�%DOWLF�6HD�$UHD��+(/&20�WKHPDWLF�DVVHVVPHQW�LQ�������%DOW��6HD�
(QYLURQ��3URF��1R������

+lQQLQHQ��-���9XRULQHQ��,�� 5DMDVLOWD��0��	 5HLG��3� &����������5HVSRQVH�RI�WKH�%DOWLF�DQG�1RUWK 6HDV�WR�ULYHU�
UXQRII�IURP�WKH�%DOWLF�ZDWHUVKHG�± 3K\VLFDO�DQG�ELRORJLFDO�FKDQJHV��3URJUHVV�LQ 2FHDQRJUDSK\�������±�����
GRL���������M�SRFHDQ�������������

+lQQLQHQ��-�� 9XRULQHQ� ,���	�+MHOW� 3��������� &OLPDWLF IDFWRUV LQ WKH�$WODQWLF�FRQWURO�WKH�RFHDQRJUDSKLF�DQG�
HFRORJLFDO�FKDQJHV�LQ�WKH�%DOWLF�6HD��/LPQRORJ\�DQG�2FHDQRJUDSK\����������

,&(6 ��������5HSRUW�RI�WKH�%DOWLF�)LVKHULHV�$VVHVVPHQW�:RUNLQJ�*URXS��:*%)$6�����±
���$SULO�������&RSHQKDJHQ��'HQPDUN��,&(6�&0������$&20���������SS�

-HQVHQ��.�1���-¡UJHQVHQ��%��0���1LHOVHQ��+��+��	�1LHOVHQ��-����������:DWHU�GLVWULEXWLRQ�DQG�PRELOLW\�LQ�KHUULQJ�
PXVFOH�LQ�UHODWLRQ�WR�OLSLG�FRQWHQW��VHDVRQ��ILVKLQJ�JURXQG�DQG�ELRORJLFDO�SDUDPHWHUV��-RXUQDO�RI�WKH�6FLHQFH�RI
)RRG�DQG�DJULFXOWXUH����������±����

-XPSSDQHQ��.� ��������'HYHORSPHQW�RI�ZDWHU�SURWHFWLRQ�DFWLYLWLHV�RQ�WKH�VRXWK�ZHVWHUQ�FRDVW�RI�)LQODQG�GXULQJ�
�����������±/RXQDLV�6XRPHQ�9HVLHQVXRMHOX\KGLVW\NVHQ�-XON����������S���,Q�)LQQLVK��

-RKQVRQ�-� %� 	2PODQG�.� 6� ������� 0RGHO�VHOHFWLRQ�LQ�HFRORJ\�DQG�HYROXWLRQ��7UHQGV�LQ�(FRORJ\�	�(YROXWLRQ�
������±����

.MHVEX��2�6���.OXQJV¡\U� -���.U\YL��+���:LWWKDPHV��3�5� 	 *UHHU�:DONHU��0�����������)HFXQGLW\��DWUHVLD�DQG�
HJJ�VL]H�RI�FDSWLYH�$WODQWLF�FRG��*DGXV�PRUKXD��LQ�UHODWLRQ�WR�SUR[LPDWH�ERG\�FRPSRVLWLRQ��&DQ��-��)LVK��$TXDW��
6FL����������±�����



��

.XULWD��<���0HLHU��6� 	 .MHVEX��2�6�����������2RF\WH�JURZWK�DQG�IHFXQGLW\�UHJXODWLRQ�E\�DWUHVLD�RI�$WODQWLF�
KHUULQJ��&OXSHD�KDUHQJXV��LQ�UHODWLRQ�WR�ERG\�FRQGLWLRQ�WKURXJKRXW�WKH�PDWXUDWLRQ�F\FOH��-��6HD�5HV���������±
����

.llULl��-���5DMDVLOWD��0���.XUNLODKWL��0� 	 6RLNNHOL��-����������6SDZQLQJ�EHG�VHOHFWLRQ�E\�WKH�%DOWLF�KHUULQJ�
�&OXSHD�KDUHQJXV�PHPEUDV��LQ�WKH�$UFKLSHODJR�RI�6:�)LQODQG��,&(6�-��0DU��6FL��������������������±����

/DLQH�� 3�� 	� 5DMDVLOWD�� 0�� �������� 7KH� KDWFKLQJ� VXFFHVV� RI� %DOWLF� KHUULQJ� HJJV� DQG� LWV� UHODWLRQ� WR� IHPDOH�
FRQGLWLRQ��± -RXUQDO�RI�([SHULPHQWDO�0DULQH�%LRORJ\�DQG�(FRORJ\��������±���

/DZUHQFH�� &��� (EHUVROH�� -�� 3�� 	� .HVVHOL�� 5�� 9�� �������� 5DSLG� JURZWK� DQG� RXW�FURVVLQJ� SURPRWH� IHPDOH�
GHYHORSPHQW�LQ�]HEUDILVK��'DQLR�UHULR���(QYLURQPHQWDO�%LRORJ\�RI�)LVKHV��������±�����GRL����������V������
�����������

/LQGHJUHQ��0���gVWPDQ��g��	�*nUGPDUN��$����������,QWHUDFWLQJ�WURSKLF�IRUFLQJ�DQG�WKH�SRSXODWLRQ�G\QDPLFV�RI�
KHUULQJ��(FRORJ\���������±�����

/XFNHQEDFK��-��$���*RGZLQ��-���'DQLHOV��+��9��	�%RUVNL��5��-����������*RQDGDO�GLIIHUHQWLDWLRQ�DQG�HIIHFWV�RI�
WHPSHUDWXUH�RQ�VH[�GHWHUPLQDWLRQ�LQ�VRXWKHUQ�IORXQGHU��3DUDOLFKWK\V�OHWKRVWLJPD���$TXDFXOWXUH���������±�����
GRL����������6�������������������

0DJHUKDQV�� $��� 0XOOHU�%HOHFNH�� $�� 	� +RUVWJHQ�6FKZDUN�� 6�� �������� (IIHFW� RI� UHDULQJ� WHPSHUDWXUHV� SRVW�
KDWFKLQJ� RQ� VH[� UDWLRV� RI� UDLQERZ� WURXW� �2QFRUK\QFKXV�P\NLVV�� SRSXODWLRQV��$TXDFXOWXUH� ����� ��±���� GRL��
��������M�DTXDFXOWXUH�������������

0DWWKlXV��:�� ��������0DMRU� LQIORZV� RI� KLJKO\� VDOLQH�ZDWHU� LQWR� WKH�%DOWLF� 6HD� � D� UHYLHZ�� ,&(6�6WDWXWRU\�
PHHWLQJ�������3DSHU�&�0�������&�����

0LFKLR� <RQHGD 	 3HWHU� -�� :ULJKW�� �������� (IIHFW� RI� WHPSHUDWXUH� DQG� IRRG� DYDLODELOLW\� RQ� UHSURGXFWLYH�
LQYHVWPHQW�RI�ILUVW�WLPH�VSDZQLQJ�PDOH�$WODQWLF�FRG��*DGXV�PRUKXD��,&(6�-�0DU�6FL�������������������±������
GRL����������M�LFHVMPV�������������

0lNLQHQ��$���+DDKWHOD��,���,OYHVVDOR��+���/HKWR��-��	�5|QQEHUJ��2����������&KDQJHV�LQ�WKH�OLWWRUDO�URFN\�VKRUH�
YHJHWDWLRQ�LQ�WKH�6HLOL�DUHD��6:�DUFKLSHODJR�RI�)LQODQG��2SKHOLD��6XSSLHPHQWXP�������±����

0|OOPDQQ�&���.RUQLORYV�*���)HWWHU� 0� 	 .|VWHU�)� :��������� )HHGLQJ�HFRORJ\�RI�FHQWUDO�%DOWLF�6HD�KHUULQJ�
�&OXSHD�KDUHQJXV��DQG�VSUDW��6SUDWWXV�VSUDWWXV���-RXUQDO�RI�)LVK�%LRORJ\��������YRO������SJ������±������

0|OOPDQQ��&���.RUQLORYV��*���)HWWHU��0� 	�.|VWHU��)� :� ������� &OLPDWH��]RRSODQNWRQ��DQG�SHODJLF�ILVK�JURZWK�
LQ� WKH� FHQWUDO� %DOWLF� 6HD
� ,&(6� -RXUQDO� RI� 0DULQH� 6FLHQFH�� YRO� ���� QR�� ��� SS�� ����±������ '2,��
��������M�LFHVMPV�������������

0\ORQDV��&��&���$QH]DNL��/���'LYDQDFK��3���=DQX\��6���3LIHUUHU��)���5RQ��%���3HGXHO��$���%HQ�$WLD��,���*RUVKNRY��
6��	 7DQGOHU��$��������� ,QIOXHQFH�RI�UHDULQJ�WHPSHUDWXUH�GXULQJ�WKH�ODUYDO�DQG QXUVHU\�SHULRGV�RQ�JURZWK�DQG�
VH[�GLIIHUHQWLDWLRQ�LQ�WZR�0HGLWHUUDQHDQ�VWUDLQV�RI�'LFHQWUDUFKXV�ODEUD[��-RXUQDO�RI�)LVK�%LRORJ\���������±�����
GRL���������M����������������������[�

1HOVRQ� -6� ��������)LVKHV�RI�WKH�ZRUOG��:LOH\��1HZ�<RUN�

2MDYHHU��(����������2Q�PRUWDOLW\�UDWHV�RI�WKH�KHUULQJ VHDVRQDO�UDFHV�LQ�WKH�QRUWKHDVWHUQ�%DOWLF��± 5DSS��3��Y��
5pXQ��&RQV��LQW��([SORU��0HU���������±����

2XODVYLUWD��3���5LVVDQHQ��-��	�3DUPDQQH��5����������6SDZQLQJ�RI�%DOWLF�KHUULQJ��&OXSHD�KDUHQJXV�/���LQ�WKH�
ZHVWHUQ�SDUW�RI�WKH�*XOI�RI�)LQODQG��)LQQ��)LVK��5HV������±���



��

3DXOO��*��&���)LOE\��$��/��	�7\OHU��&��5����������*URZWK�UDWH�GXULQJ�HDUO\�OLIH�DIIHFWV�VH[XDO�GLIIHUHQWLDWLRQ�LQ�
URDFK��5XWLOXV�UXWLOXV���(QYLURQPHQWDO�%LRORJ\�RI�)LVKHV��������±�����GRL����������V�����������������

3DUNHU��+��+��	� -RKQVRQ��/�� ��������3RSXODWLRQ� VWUXFWXUH�� HFRORJLFDO� VHJUHJDWLRQ� DQG� UHSURGXFWLRQ� LQ� QRQ�
DQDGURPRXV�$UFWLF�FKDUU��6DOYHOLQXV�DOSLQXV��/���LQ�IRXU�XQH[SORLWHG�ODNHV�LQ
WKH�&DQDGLDQ�KLJK�$UFWLF��-RXUQDO�RI�)LVK�%LRORJ\��������±����

3DUPDQQH��5����������$EXQGDQFH�RI�KHUULQJ�ODUYDH�RII�WKH�FRDVW�RI�)LQODQG�LQ�����±������.DODQWXWNLPXNVLD�±
)LVNXQGHUV|NQLQJDU������)LQQLVK�*DPH�DQG�)LVKHULHV�5HVHDUFK�,QVWLWXWH���,Q�)LQQLVK��(QJOLVK�VXPPDU\��

3DUPDQQH� 5���5HFKOLQ� 2��	�6M|VWUDQG��%����������6WDWXV�DQG�IXWXUH�RI�KHUULQJ�DQG�VSUDW�VWRFNV�LQ�WKH�%DOWLF�6HD�
'DQD��� ��±���

3HFN��0��$�� .DQVWLQJHU��3���+ROVWH��/���	 0DUWLQ��0����������7KHUPDO�ZLQGRZV�VXSSRUWLQJ�VXUYLYDO�RI� WKH�
HDUOLHVW�OLIH�VWDJHV�RI�%DOWLF�KHUULQJ��&OXSHD�KDUHQJXV���± ,&(6�-RXUQDO�RI�0DULQH�6FLHQFH���������±����

3LWNlQHQ��+�� ��������'LVFKDUJHV�RI�QXWULHQWV�DQG�RUJDQLF�PDWWHU� WR� WKH�*XOI�RI�%RWKQLD�E\�)LQQLVK�ULYHUV� LQ
����²������3XEOLFDWLRQV�RI�WKH�:DWHU�5HVHDUFK�,QVWLWXWH�������±���

5DMDVLOWD��0��	�9XRULQHQ� ,� ��������$�ILHOG�VWXG\�RI�SUH\�VHOHFWLRQ�LQ SODQNWLYRURXV�ILVK�ODUYDH��±2HFRORJLD
�%HUO���������±���

5DMDVLOWD��0����������5HODWLRQVKLS�EHWZHHQ�IRRG��IDW��VH[XDO�PDWXUDWLRQ�DQG�VSDZQLQJ�WLPH�RI�%DOWLF�KHUULQJ�
�&OXSHD�KDUHQJXV�PHPEUDV��LQ�WKH�$UFKLSHODJR�6HD��&DQ��-��)LVK��$TXDW��6FL���������±����

5DMDVLOWD��0���(NOXQG��-�� +lQQLQHQ��-���.XUNLODKWL��0���.llULl��-�� 5DQQLNNR��3��	�6RLNNHOL��0����������6SDZQLQJ�
RI�KHUULQJ��&OXSHD�KDUHQJXV�PHPEUDV�/���LQ�WKH�$UFKLSHODJR�6HD��± ,&(6�-��PDU��6FL���������±����

5DMDVLOWD�� 0��� (NOXQG�� -��� /DLQH�� 3��� -|QVVRQ�� 1�� 	� /RUHQ]�� 7�� �������� ,QWHQVLYH� PRQLWRULQJ� RI� VSDZQLQJ�
SRSXODWLRQV�RI�WKH�%DOWLF�KHUULQJ��&OXSHD�KDUHQJXV�PHPEUDV�/����)LQDO�UHSRUW�RI�WKH�VWXG\�(8���±�������S���
DQQH[HV�

5DMDVLOWD��0�� /DLQH��3� 	 (NOXQG��-���������0RUWDOLW\�RI�KHUULQJ�HJJV�RQ�GLIIHUHQW�DOJDO�VXEVWUDWHV��)XUFHOODULD�
VSS��DQG�&ODGRSKRUD�VSS���LQ�WKH�%DOWLF�6HD�± DQ�H[SHULPHQWDO�VWXG\��+\GURELRORJLD��������±����

5HNLOl�� -�� 	� (NOXQG�� -�� �������� 3UHSDUDWLRQ� RI� KHUULQJ� RWROLWKV� IRU� DJH� UHDGLQJ�� 8QSXEOLVKHG� VWXG\� UHSRUW��
$UFKLSHODJR�5HVHDUFK�,QVWLWXWH��8QLYHUVLW\�RI�7XUNX����SS�

5LGHRXW��5��0��	�7RPNLHZLF]��-����������6NLSSHG�VSDZQLQJ�LQ�ILVKHV��PRUH�FRPPRQ�WKDQ�\RX�PLJKW�WKLQN��
0DULQH�DQG�&RDVWDO�)LVKHULHV�������±����

5LGJZD\��/��/��	�&KDSOHDX��)����������6WXG\�RI�D�VWXQWHG�SRSXODWLRQ�RI \HOORZ�SHUFK��3HUFD�IODYHVFHQV��LQ�D�
PRQRVSHFLILF�ODNH�LQ�*DWLQHDX�3DUN��4XHEHF��&DQDGLDQ�-RXUQDO�RI�=RRORJ\���������±�����

5XELQ��'��$����������(IIHFW�RI�S+�RQ�VH[�UDWLR�LQ�FLFKOLGV�DQG�D�SRHFLOLLG��7HOHRVWHL���&RSHLD����������±����

5|PHU��8��	�%HLVHQKHU]��:����������(QYLURQPHQWDO�GHWHUPLQDWLRQ�RI�VH[�LQ�$SLVWRJUDPPD��&LFKOLGDH��DQG�
WZR� RWKHU� IUHVKZDWHU� ILVKHV� �7HOHRVWHL��� -RXUQDO� RI� )LVK� %LRORJ\� ���� ���±����� GRL�� ��������M������
����������WE������[�

5|QNN|QHQ��6���2MDYHHU� (�� 5DLG� 7� 	 9LLWDVDOR� 0� ��������/RQJ�WHUP�FKDQJHV� LQ�%DOWLF�KHUULQJ� �&OXSHD�
KDUHQJXV�PHPEUDV��JURZWK�LQ�WKH�*XOI�RI�)LQODQG��&DQ� -��)LVK��$TXDW��6FL�����������±����

6DQGUD��*(��	�1RUPD��00��5HY�)LVK�%LRO�)LVKHULHV������������������GRL���������V�����������������

6$6�,QVWLWXWH�,QF�������



��

6WRFNOH\��3���*DJH��0��-��*���3DUNHU��*��$� 	�0¡OOHU��$��3����������6SHUP�FRPSHWLWLRQ�LQ�ILVKHV��WKH�HYROXWLRQ�
RI�WHVWLV�VL]H�DQG�HMDFXODWH�FKDUDFWHULVWLFV��7KH�$PHULFDQ�1DWXUDOLVW�������������±����

6XFNRZ��0� $���:HLVEURWK��6� +��	 )UDQNOLQ��/� &����������6HDZDWHU��6HFRQG�(GLWLRQ��
,WV�&RPSRVLWLRQ��3URSHUWLHV�DQG�%HKDYLRXU��,6%1��������������������

6XXURQHQ� 3���3HUH]�&RPDV���/HKWRQHQ��(� 	 7VFKHUQLM��9��������� 6L]H�UHODWHG�PRUWDOLW\�RI�KHUULQJ��&OXSHD�
KDUHQJXV�/���HVFDSLQJ�WKURXJK�D�ULJLG�VRUWLQJ�JULG�DQG�WUDZO�FRGHQG�PHVKHV��,&(6�-�0DU�6FL������������������±
�����GRL����������MPVF�����������

8UKR��/��	�+LOGHQ��0��������� 'LVWULEXWLRQ�SDWWHUQV�RI�%DOWLF�KHUULQJ�ODUYDH��&OXSDH�KDUHQJXV�/���LQ�WKH�FRDVWDO�
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