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.��6K\DPD��DQG�.��0��6\DP�0RKDQ�
'HSDUWPHQW�RI�$QLPDO�1XWULWLRQ�
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV�
0DQQXWK\��7KULVVXU��.HUDOD5HFHLYHG��������������

$FFHSWHG�������������

���$VVLVWDQW� 3URIHVVRU�

$EVWUDFW
$�IHHGLQJ�WULDO�IRU�D�SHULRG�RI�����GD\V�

ZDV� FRQGXFWHG� XVLQJ� ���ZHDQHG� FURVV� EUHG�
�/DUJH�:KLWH� <RUNVKLUH� [� 'HVL�� SLJOHWV� WR�
DVVHVV�WKH�HIIHFW�RI�SK\WDVH�VXSSOHPHQWDWLRQ�
RQ�PLQHUDO�DYDLODELOLW\�DQG�SODVPD�ELRFKHPLFDO�
SDUDPHWHUV��7KH�DQLPDOV�ZHUH�GLYLGHG�LQWR�WKUHH�
JURXSV� �DV� XQLIRUPO\� DV� SRVVLEOH�ZLWK� UHJDUG�
JURXS�ZHUH�DOORWWHG�UDQGRPO\�WR�VL[�SHQV�ZLWK�
WZR�SLJOHWV�LQ�HDFK�SHQ��DQG�ZHUH�IHG�ZLWK�WKUHH�
������FRQWDLQLQJ�����SHU�FHQW�FDOFLXP�DQG�����
ZLWKRXW�DQ\�PLQHUDO�VXSSOHPHQWV�DQG�ZLWK�����
ZLWKRXW�SK\WDVH�DQG�PLQHUDO�VXSSOHPHQWDWLRQ��
$�GLJHVWLELOLW\�WULDO�ZDV�FRQGXFWHG�DW�WKH�HQG�RI�
WKH�H[SHULPHQW�WR�GHWHUPLQH�WKH�DYDLODELOLW\�RI�
PLQHUDOV�RI�WKH�H[SHULPHQWDO�GLHWV��$YDLODELOLW\�
ZDV�ORZHU�IRU�7��WKDQ�WKDW�RI�WKH�FRQWURO�UDWLRQ�
DQG�=Q�ZDV�DOVR� ORZHU�IRU�7��WKDQ�WKDW�RI�7��
UDWLRQ�� %ORRG� VDPSOHV�ZHUH� FROOHFWHG� DW� WKH�
EHJLQQLQJ�DQG�DW���WK�ZHHN�RI�WKH�H[SHULPHQW�
DQG� RQ� DQDO\VLV� RI� WKH� UHVXOWV� WKHUH�ZDV� QR�

WKUHH�H[SHULPHQWDO�UDWLRQV���,W�FDQ�EH�FRQFOXGHG�
WKDW� VXSSOHPHQWDWLRQ�RI� SK\WDVH�DW� ����XQLWV�
��NJ�IHHG�WR�FURVV�EUHG�SLJV�UHVXOWHG�LQ�EHWWHU�

FRVW�SHU�NJ�JDLQ�
.H\�ZRUGV�

,QGLD�SURGXFHV����� WKRXVDQG� WRQHV�RI�
SRUN�SHU�\HDU�ZKLFK�DFFRXQW�IRU������SHU�FHQW�RI�
WRWDO�PHDW�SURGXFHG�LQ�WKH�FRXQWU\��)$2���������
6ZLQH� UHDULQJ� LV� DQ�HQWHUSULVLQJ� OLYHOLKRRG�RI�
IDUP� VHFWRU� RZLQJ� WR� WKH� IDVW� JURZWK�� EHWWHU�

WKH� DYDLODELOLW\� DQG� UHTXLUHPHQW� RI�PHDW� LQ�
WKH�FRXQWU\��6ZLQH�DUH� IHG�PDLQO\�ZLWK�FHUHDO�
JUDLQV�ZKLFK�DUH�JHQHUDOO\�ORZ�LQ�&D�ZKLOH�3�LV�
SUHVHQW�PDLQO\�DV�SK\WDWH�3�ZLWK�ORZ�DYDLODELOLW\��
3K\WDWHV� DOVR� IRUP� FRPSOH[HV�ZLWK�&D��0J�
DQG�RWKHU�FDWLRQV�UHGXFLQJ�WKHLU�DYDLODELOLW\� LQ�
PRQRJDVWULF�DQLPDOV�0F�'RQDOG�HW�DO����������

NLWFKHQ�KRWHO�ZDVWHV�DORQH�ZLWKRXW�DQ\�PLQHUDO�
RU� YLWDPLQ� VXSSOHPHQWDWLRQ��'LHWDU\� DGGLWLRQ�
RI�SK\WDVH�LQ�SLJV�LV�GRFXPHQWHG�WR�UHOHDVH�D�
ODUJH�SRUWLRQ�RI�QDWXUDOO\�RFFXUULQJ�SKRVSKRUXV�
IURP� SK\WDWH� 3� DQG� WKLV� FDQ� JUHDWO\� UHGXFH�
WKH� DPRXQW� RI� LQRUJDQLF� SKRVSKRUXV� WR� EH�
DGGHG�LQ�WKH�SLJ�GLHW��,W�LV�DOVR�XVHG�DV�D�WRRO�WR�
UHGXFH�SKRVSKRUXV�H[FUHWLRQ�DQG�WKXV�UHGXFH�
WKH� HQYLURQPHQWDO� SROOXWLRQ��5HDULQJ� RI� SLJV�
ZLWKRXW� DQ\�PLQHUDO� VXSSOHPHQWDWLRQ��ZKLFK�
LV� WKH� FRPPRQ�SUDFWLFH� DPRQJ�SLJ� EUHHGHUV�
RI� WKH� VWDWH�� ZLOO� UHVXOW� LQ� UHGXFHG� JURZWK�
SHUIRUPDQFH�DQG�ERQH�DEQRUPDOLWLHV��+HQFH��DQ�
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LQYHVWLJDWLRQ�ZDV�XQGHUWDNHQ�WR�VWXG\�ZKHWKHU�
SK\WDVH�VXSSOHPHQWDWLRQ�FDQ�DOOHYLDWH�QHJDWLYH�
HIIHFW�RI�SK\WDVH�VXSSOHPHQWDWLRQ�RQ�PLQHUDO�
GLJHVWLELOLW\��DQG�EORRG�SDUDPHWHUV�DORQJ�ZLWK�
FRVW�RI�SURGXFWLRQ�LQ�FURVV�EUHG�SLJV�
0DWHULDOV�DQG�0HWKRGV
([SHULPHQWDO�$QLPDOV

7KLUW\� VL[� /DUJH�:KLWH� <RUNVKLUH� [�
'HVL�ZHDQHG�SLJOHWV�����FDVWUDWHG�PDOHV�DQG�
��� IHPDOHV�� EHORQJLQJ� WR� WKH�&HQWUH� IRU� 3LJ�
3URGXFWLRQ� DQG� 5HVHDUFK��0DQQXWK\� ZHUH�
UDQGRPO\�VHOHFWHG�DQG�ZHUH�GLYLGHG�LQWR�WKUHH�
JURXSV��DV�XQLIRUPO\�DV�SRVVLEOH�ZLWK�UHJDUG�WR�
DJH��VH[�DQG�ZHLJKW��3LJOHWV�RI�HDFK�JURXS�ZHUH�
DOORWWHG�UDQGRPO\�LQWR�VL[�SHQV�ZLWK�WZR�SLJOHWV�
LQ�HDFK�SHQ��7KH\�ZHUH�UDQGRPO\�DOORWWHG�WR�WKH�
WKUHH�H[SHULPHQWDO�WUHDWPHQWV��
+RXVLQJ��DQG�0DQDJHPHQW

$OO�DQLPDOV�ZHUH�GHZRUPHG�EHIRUH� WKH�
VWDUW�RI�WKH�H[SHULPHQW��(DFK�UHSOLFDWH�ZDV�KRXVHG�
LQ�VHSDUDWH�SHQ� LQ� WKH�VDPH�VKHG�ZLWK�FRQFUHWH�
DQLPDOV�ZHUH�ZDVKHG�HYHU\�GD\� LQ� WKH�PRUQLQJ�
EHIRUH���$0�DQG�VWDOOV�ZHUH�FOHDQHG�WZLFH�GDLO\�
EHIRUH�PRUQLQJ�DQG�DIWHUQRRQ� IHHGLQJ��$OO� WKH�

DQLPDOV�ZHUH�IHG�ZLWK�WKH�UHVSHFWLYH�UDWLRQ�LQ�PDVK�
IRUP�DQG�UHVWULFWHG�IHHGLQJ�ZDV�IROORZHG�WKURXJKRXW�
WKH�H[SHULPHQWDO�SHULRG��7KH\�ZHUH�DOORZHG� WR�
FRQVXPH�DV�PXFK� IHHG�DV� WKH\�FRXOG��ZLWKLQ�D�
SHULRG�RI�RQH�KRXU��%DODQFH�RI�IHHG�ZDV�FROOHFWHG�
DQG�ZHLJKHG�EHIRUH�WKH�QH[W�IHHGLQJ��&OHDQ�GULQNLQJ�
ZDWHU�ZDV�SURYLGHG�LQ�DOO�WKH�SHQV�IRU�WZHQW\�IRXU�
KRXUV�WKURXJKRXW�WKH�H[SHULPHQWDO�SHULRG��
([SHULPHQWDO�5DWLRQV

7KH� DQLPDOV� ZHUH� IHG�ZLWK� VWDQGDUG�
JURZHU� UDWLRQ� XS� WR� ��� NJ� ERG\�ZHLJKW� DQG�
IRUPXODWHG�DV�SHU�15&��������� WR�FRQWDLQ����
SHUFHQW�&3�DQG�����NFDO�RI�0(��NJ�RI�IHHG�DQG�
���SHU�FHQW�&3�DQG�����NFDO�RI�0(���NJ�RI�IHHG��
UHVSHFWLYHO\��7KH� WKUHH� H[SHULPHQWDO� UDWLRQV�
ZHUH�7��&RQWURO�UDWLRQ�FRQWDLQLQJ�����SHU�FHQW�
&D�DQG�����SHU�FHQW�3��7���&RQWURO�UDWLRQ�ZLWKRXW�
DQ\�PLQHUDO�VXSSOHPHQWV�DQG�ZLWK�����XQLWV�RI�
SK\WDVH���NJ�IHHG�DQG�7���&RQWURO�UDWLRQ�ZLWKRXW�
SK\WDVH� DQG�PLQHUDO� VXSSOHPHQWDWLRQ�� 7KH�
LQJUHGLHQW� DQG� FKHPLFDO� FRPSRVLWLRQ� �$2$&��
IXUQLVKHG�LQ�7DEOHV���DQG���UHVSHFWLYHO\��3LJOHWV�
RI� WKH� WKUHH� JURXSV�ZHUH�PDLQWDLQHG� RQ� WKH�
WKUHH�H[SHULPHQWDO�UDWLRQV�7���7��DQG�7��IURP�
ZHDQLQJ�WLOO�WKH\�DWWDLQHG�VODXJKWHU�ZHLJKW�RI����
NJ��'DLO\�IHHG�LQWDNH�ZDV�UHFRUGHG�

,QJUHGLHQWV 6WDUWHU�UDWLRQV� )LQLVKHU��UDWLRQV
7� 7� 7� 7� 7� 7�

<HOORZ�PDL]H��NJ �� �� �� �� �� ��
6R\D�EHDQ�PHDO��NJ ���� ���� ���� ���� ���� ����

6DOW��NJ ��� ��� ��� ��� ��� ���
/\VLQH��NJ ��� ��� ���

7RWDO ��� ��� ��� ��� ��� ���
7R�����NJ�RI�WKH�DERYH�PL[WXUH�DGGHG
'LFDOFLXP�SKRVSKDWH��

NJ ��� � � ��� � �
6KHOO�JULW��NJ ��� � � ��� � �
=LQF�R[LGH��J �� ��

,QGRPL[�$%�'���J� �� �� �� �� �� ��
5RYL�%(��J� �� �� �� �� �� ��
3K\WDVH��J� � �� � � �� �

7DEOH���

� � �
� �� � �%���
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3ODVPD�%LRFKHPLFDO�3DUDPHWHUV
%ORRG� VDPSOHV�ZHUH� FROOHFWHG� DW� WKH�

EHJLQQLQJ�DQG�DW���WK�ZHHN�RI�WKH�H[SHULPHQW�LQ�
FOHDQ�GU\�WHVW�WXEHV�XVLQJ�KHSDULQ�DV�DQWLFRDJXODQW��
%ORRG�VDPSOHV�ZHUH�FHQWULIXJHG�DW������USP�IRU�
���PLQXWHV�WR�VHSDUDWH�WKH�SODVPD�IRU�DQDO\]LQJ�
&D��0J��0Q��&X�DQG�=Q�E\�$WRPLF�$EVRUSWLRQ�
6SHFWURSKRWRPHWHU� �3HUNLQ�(OPHU�������XVLQJ�
KROORZ� FDWKRGH� WXEHV�� DQG� SKRVSKRUXV� E\�
3KRVSKRPRO\EGDWH�PHWKRG��XVLQJ�WKH�NLW�VXSSOLHG�
E\�$JDSSH� GLDJQRVWLFV�� 6KDLOHVK� ,QGXVWULDO�
&RPSOH[��7KDQH��7KH� DONDOLQH� SKRVSKDWDVH�
HQ]\PH� �$/3��DFWLYLW\� LQ�SODVPD�VDPSOHV�ZDV�
HVWLPDWHG� XVLQJ� WKH� NLW� VXSSOLHG� E\�$JDSSH�
GLDJQRVWLFV��6KDLOHVK�,QGXVWULDO�&RPSOH[��7KDQH�
'LJHVWLRQ�7ULDO

$�GLJHVWLELOLW\� WULDO�ZDV�FRQGXFWHG�DW� WKH�
HQG�RI�WKH�H[SHULPHQW�WR�GHWHUPLQH�WKH�DYDLODELOLW\�
RI�PLQHUDOV�RI�WKH�H[SHULPHQWDO�GLHWV��%HIRUH�WKH�
FRPPHQFHPHQW�RI� WKH�DFWXDO�FROOHFWLRQ�SHULRG��
DQLPDOV�ZHUH�VXEMHFWHG�WR�D�SUHOLPLQDU\�SHULRG�RI�
WKUHH�GD\V�ZKHQ�WKH\�ZHUH�IHG�WKH�VDPH�TXDQWLW\�RI�
WKH�IHHG��7RWDO�TXDQWLWLHV�RI�WKH�IDHFHV�YRLGHG�ZHUH�
FROOHFWHG�IRU�WKUHH�GD\V�DV�DQG�ZKHQ�WKH\�ZHUH�
YRLGHG��XQFRQWDPLQDWHG�ZLWK� IHHG��GLUW�RU�XULQH��
6DPSOHV�ZHUH�FROOHFWHG�RQ�HDFK�GD\�IURP�HDFK�
DQLPDO�ZHUH�ZHLJKHG�DQG�UHSUHVHQWDWLYH�VDPSOHV�
ZHUH�WDNHQ�DIWHU�WKRURXJK�PL[LQJ��7KHVH�VDPSOHV�
ZHUH�SODFHG�LQ�GRXEOH�OLQHG�SRO\WKHQH�EDJV��ODEHOHG�
DQG�NHSW�LQ�GHHS�IUHH]HU�XQWLO�IXUWKHU�DQDO\VLV��7KH�
UHSUHVHQWDWLYH�VDPSOHV�RI�IHHG�RIIHUHG�GXULQJ�WKH�
FROOHFWLRQ�SHULRG�ZHUH�DOVR�WDNHQ�HDFK�GD\�DQG�

ZHUH�SRROHG�DQG�VXE�VDPSOHV�ZHUH�WDNHQ�IRU�WKH�
DQDO\VLV��)DHFDO�VDPSOHV�RI�HDFK�DQLPDO�ZHUH�
WDNHQ�DIWHU�SRROLQJ�WKH�VDPSOHV�RI�WKUHH�GD\V�RI�
GLJHVWLELOLW\�WULDO�DQG�WDNLQJ�VXEVDPSOHV��7KH�IHHG�
DQG�IDHFDO�VDPSOHV�ZHUH�DQDO\]HG�IRU�SUR[LPDWH�
SULQFLSOHV� �$2$&��������DQG�PLQHUDOV�VXFK�DV�
&D��0J��0Q��&X�DQG�=Q�ZHUH�DQDO\]HG�XVLQJ�
$WRPLF�$EVRUSWLRQ�6SHFWURSKRWRPHWHU� �3HUNLQ�
(OPHU�������DIWHU�ZHW�DVKLQJ�XVLQJ�QLWULF�DFLG�
DQG�SHUFKORULF�DFLG� �������3KRVSKRUXV�FRQWHQWV�
RI�WKH�IHHG�DQG�IDHFDO�VDPSOHV�ZHUH�DQDO\]HG�E\�
FRORULPHWU\� �9DQDGR�PRO\EGDWH�PHWKRG��$2$&��
������XVLQJ�6SHFWURSKRWRPHWHU��6SHFWURQLF������
SOXV��0LOWRQ�5R\��86$��
(FRQRPLFV�RI�*DLQ

&RVW�RI�IHHG�SHU�NJ�ERG\�ZHLJKW�JDLQ�RI�
SLJV�PDLQWDLQHG�RQ�WKH�WKUHH�GLHWDU\�WUHDWPHQWV�
ZHUH�FDOFXODWHG�DQG�FRPSDUHG�
6WDWLVWLFDO�$QDO\VLV

'DWD�FROOHFWHG�RQ�YDULRXV�SDUDPHWHUV�ZHUH�
VWDWLVWLFDOO\�DQDO\]HG�E\�&RPSOHWHO\�5DQGRPL]HG�
'HVLJQ��&5'��PHWKRG�DV�GHVFULEHG�E\�6QHGHFRU�
DQG�&RFKUDQ����������0HDQV�ZHUH�FRPSDUHG�E\�

5HVXOWV�DQG�'LVFXVVLRQ
3ODVPD�%LRFKHPLFDO�3DUDPHWHUV

7KH� UHVXOWV� RI� SODVPD� ELRFKHPLFDO�
SDUDPHWHUV�RI�DQLPDOV�EHORQJLQJ� WR� WKH� WKUHH�
JURXSV�DUH�JLYHQ�LQ�7DEOH���

3DUDPHWHU *URZHU�5DWLRQV� ���������)LQLVKHU�UDWLRQV
7� 7� 7� 7� 7� 7�

'U\�PDWWHU��� ����� ����� ����� ����� ����� �����
&UXGH�SURWHLQ��� ����� ����� ����� ����� ����� �����
(WKHU�H[WUDFW��� ��� ���� ���� ���� ���� ����

���� ���� ���� ���� ���� ����
7RWDO�DVK��� ���� ���� ���� ��� ���� ����

1LWURJHQ�IUHH�H[WUDFW��� ����� ����� ����� ����� ����� �����
$FLG�LQVROXEOH�DVK��� ���� ���� ���� ���� ���� ����

&DOFLXP��� ���� ��� ���� ���� ���� ����
3KRVSKRUXV�����WRWDO� ���� ���� ���� ���� ���� ����

0DJQHVLXP��� ���� ���� ���� ���� ���� ����
=LQF��SSP ������ ����� ����� ������ ����� �����

&RSSHU��SSP ���� ���� ���� ���� ���� ����
0DQJDQHVH��SSP ����� ����� ����� ����� ����� �����

7DEOH����&KHPLFDO�FRPSRVLWLRQ�RI�JURZHU�

�
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&DOFLXP��3KRVSKRUXV�DQG�0DJQHVLXP
7KH� VWDWLVWLFDO� DQDO\VLV� RI� WKH� GDWD� RQ�

GLIIHUHQFH�DPRQJ�SLJV�EHORQJLQJ�WR�WKH�WUHDWPHQW�
JURXSV�7���7��DQG�7���3LJV�RI�DOO�WKH�WKUHH�JURXSV�
VKRZHG�QRUPDO�SODVPD�&D�OHYHO�LUUHVSHFWLYH�RI�
SK\WDVH�RU�&D�VXSSOHPHQWDWLRQ��0RUHLUD�HW�DO�
�������DOVR�REVHUYHG�WKDW�SODVPD�FRQFHQWUDWLRQV�
DIIHFWHG�E\�GLHWDU\�SK\WDVH�VXSSOHPHQWDWLRQ�LQ�
SLJV�ZKLOH� 0DUWLQH]�HW�DO���������FRXOG�REVHUYH�
KLJKHU� SODVPD� 3� FRQFHQWUDWLRQ� LQ� SLJV� IHG�
SK\WDVH�VXSSOHPHQWHG�GLHWV��)DU]LQSRXU�HW�DO�
�������VKRZHG� WKDW�VXSSOHPHQWDWLRQ�RI�EURLOHU�
GLHWV�ZLWK�FRPPHUFLDO�SK\WDVH�LQFUHDVHG�OHYHOV�
RI� QRQ� SK\WDWH� SKRVSKRUXV� DQG� GHFUHDVHG�
VHUXP�0J��+RZHYHU��QR�FKDQJH�ZDV�REVHUYHG�
LQ�SODVPD�&D�FRQFHQWUDWLRQ��
=LQF

6WDWLVWLFDO�DQDO\VLV�RI�WKH�GDWD�RQ�SODVPD�
]LQF�FRQFHQWUDWLRQ�LQGLFDWHG�WKDW�WKH�YDOXHV�ZHUH�
3K\WDVH� VXSSOHPHQWDWLRQ� WR� UDWLRQV�ZLWKRXW�
PLQHUDO� VXSSOHPHQWDWLRQ�KDV�QR�HIIHFW� RQ� WKH�
SODVPD�=Q�FRQFHQWUDWLRQ� LQ�SLJV��$GHROD�HW�DO��
������� UHSRUWHG� WKDW�SODVPD�=Q�FRQFHQWUDWLRQ�
LQFUHDVHG�ZKHQ�SK\WDVH�ZDV�DGGHG�WR�WKH�GLHW�
FRQWDLQLQJ�QR�VXSSOHPHQWDO�=Q��EXW�SODVPD�=Q�
FRQFHQWUDWLRQ�ZDV�QRW�DIIHFWHG�E\�SK\WDVH��ZKHQ�
WKH�GLHW�ZDV�VXSSOHPHQWHG�ZLWK�=Q��

&RSSHU
7KH� DQLPDOV� EHORQJLQJ� WR� WKH� WKUHH�

FRQFHQWUDWLRQV��WKH�YDOXHV�EHLQJ������������DQG�
����SSP�LQLWLDOO\�DQG������������DQG�����SSP�
DW���WK�ZHHN��0XUU\�HW�DO���������REVHUYHG�QR�
FRQVLVWHQW� HIIHFW� RI� GLHWDU\�PLFURELDO� SK\WDVH�
IRU� VHUXP� &X� FRQFHQWUDWLRQV� LQ� SLJV� IHG�
VXSSOHPHQWDO� SK\WDVH�ZKLFK� LV� LQ� DJUHHPHQW�
ZLWK�WKDW�RI�WKH�SUHVHQW�VWXG\�
$ONDOLQH�3KRVSKDWDVH

,Q�WKH�SUHVHQW�VWXG\�VWDWLVWLFDO�DQDO\VLV�
RI� WKH� GDWD� UHYHDOHG� WKDW� WKH� GLIIHUHQFH�
*XJJHQEXKO�HW�DO��������� LQ�WKHLU�ZRUN�RQ�WKH�
LQ�$VSHUJLOOXV�RU\]DH�RQ�WKH�SHUIRUPDQFH�DQG�
SKRVSKRUXV�XWLOL]DWLRQ� LQ�VZLQH�REVHUYHG� WKDW�
EORRG�DONDOLQH�SKRVSKDWDVH�FRQFHQWUDWLRQV�ZHUH�
UHVWRUHG�WR�WKHLU�QRUPDO�SK\VLRORJLF�OHYHOV�ZKHQ�
WKH�SLJOHWV�ZHUH�VXSSOHPHQWHG�ZLWK�SK\WDVH�LQ�
FRPSDULVRQ�WR�QRQ�VXSSOHPHQWHG�GLHWV�
$YDLODELOLW\�RI�0LQHUDOV

7KH�GDWD�RQ�WKH�DYDLODELOLW\�RI�GLIIHUHQW�
PLQHUDOV�DUH�VKRZQ�LQ�7DEOH����
&DOFLXP

,Q� WKH� SUHVHQW� VWXG\� WKH� SHUFHQWDJH�
DYDLODELOLW\�RI�&D�IRU�WKH�WKUHH�UDWLRQV�7���7��DQG�
7��ZHUH��������������DQG�������UHVSHFWLYHO\��

7UHDWPHQWV &DOFLXPPJ�GO 3KRVSKRUXVPJ�GO 0DJQHVLXPPJ�GO =LQFSSP &RSSHUSSP $/38�/
7� ������ ����� ����� ����� ����� ������
7� ����� ����� ����� ����� ����� ������
7� ������ ����� ����� ����� ����� ������

3RROHG�6( ���� ���� ���� ���� ���� �����

7DEOH����3ODVPD�ELRFKHPLFDO�SDUDPHWHUV�RI�DQLPDOV��

�

7UHDWPHQWV 0LQHUDOV
&D 3 0J =Q 0Q &X

7� �����D �����D �����D �����D �����D �������16�
7� �����E �����E �����E �����DE �����E ������16�

7� �����EF �����DE �����EF �����EF �����DF ������16�

3RROHG��6( ���� ���� ���� ���� ���� ����
3 ���� ���� ���� ���� ���� ����

7DEOH����$YDLODELOLW\�RI�PLQHUDOV��RI�WKUHH�H[SHULPHQWDO�UDWLRQV���
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6WDWLVWLFDO� DQDO\VLV� RI� WKH� GDWD� VKRZHG� WKDW�
&D� DYDLODELOLW\� RI� WKH� UDWLRQV�7�� DQG�7��ZDV�
KLJKHU� �3������� WKDQ� WKDW� RI� UDWLRQ�7��ZKLOH�
WKHUH� ZDV� QR� GLIIHUHQFH� EHWZHHQ� UDWLRQV�
7�� DQG�7��� -RKQVWRQ�HW� DO�� ������� REVHUYHG�
LPSURYHG�&D�DYDLODELOLW\�DQG�DEVRUSWLRQ�DORQJ�
ZLWK� SK\WDVH� VXSSOHPHQWDWLRQ� LQ� SLJV��%UDQD�
HW� DO�� ������� REVHUYHG� WKDW� WKHUH� ZDV� QR�
HIIHFW�RI�&D�3�UDWLR�RU 1DWXSKRV�HQ]\PH�OHYHO�
RQ� WKH� TXDQWLW\� RI�&D� DEVRUEHG� LQ� SLJV� LQ� D�
FRPSDUDWLYH�VWXG\�EHWZHHQ� WKH� WZR�HQ]\PHV�
1DWXSKRV�DQG��3K\]\PH��+RZHYHU��WKH\�QRWHG�
WKDW�&D� DEVRUSWLRQ� LQFUHDVHG� LQ� UHVSRQVH� WR�
3K\]\PH DGGLWLRQV� � DQG� �9HXP�HW� DO�� �������
DOVR� REVHUYHG� LPSURYHG�&D� GLJHVWLELOLW\� DQG�
DEVRUSWLRQ�DORQJ�ZLWK�SK\WDVH�VXSSOHPHQWDWLRQ�
VWXG\��*XJJHQEXKO�HW�DO�� ������� LQ� WKHLU�ZRUN�
RQ�WKH�SHUIRUPDQFH�DQG�SKRVSKRUXV�XWLOL]DWLRQ�
LQ�VZLQH�REVHUYHG�WKDW�WKH�HQ]\PH�LQFUHDVHG�
WKH�XWLOLVDWLRQ�DQG�UHGXFHG�IDHFDO�H[FUHWLRQ�RI�
&D� LQ� D� GRVH�GHSHQGHQW�PDQQHU� DQG� UHVXOWV�
VXJJHVWHG� WKDW� WKH� DQLPDOV� FRXOG� WROHUDWH�
&D�DYDLODELOLW\�LQ�SLJOHWV�DQG�SLJV�
3KRVSKRUXV

'DWD� RQ� SHUFHQWDJH� DYDLODELOLW\� RI� 3�
RI� WKH� WKUHH� H[SHULPHQWDO� UDWLRQV�7���7���7��
ZHUH��������������DQG�������UHVSHFWLYHO\��2Q�
VWDWLVWLFDO�DQDO\VLV�LW�ZDV�REVHUYHG�WKDW�UDWLRQV�
VXSSOHPHQWHG�ZLWK� SK\WDVH� VKRZHG� KLJKHU�
�3�������3�DYDLODELOLW\�WKDQ�WKDW�RI�7��DQG�7���
,QFUHDVHG�3�DYDLODELOLW\�DQG�UHWHQWLRQ�DV�D�UHVXOW�
RI�SK\WDVH�VXSSOHPHQWDWLRQ�ZDV�DOVR�UHSRUWHG�
E\��9HXP�HW�DO���������LQ�SLJV�

%UDQD� HW� DO�� ������� REVHUYHG� WKDW�
WKHUH�ZDV�QR�HIIHFW�RI�&D�3�UDWLR�RU 1DWXSKRV�
HQ]\PH�OHYHO�RQ�WKH�TXDQWLW\�RI�&D�DEVRUEHG�
LQ� SLJV� LQ� D� FRPSDUDWLYH� VWXG\� EHWZHHQ� WKH�
WZR�HQ]\PHV�1DWXSKRV�DQG� �3K\]\PH��7KH\�
IXUWKHU�FRQFOXGHG�WKDW�SK\WDVH�VXSSOHPHQWDWLRQ�
LPSURYHG WKH� DSSDUHQW� DYDLODELOLW\� RI� 3� RYHU�
WKH�FRQWURO E\����SHU�FHQW�DQG����SHU�FHQW�ZLWK�
3K\]\PH�DQG�1DWXSKRV��UHVSHFWLYHO\��9HXP�HW�
DO���������REVHUYHG�WKDW�SLJV�IHG�EDUOH\�EDVHG�
GLHWV�FRQWDLQLQJ�ORZ�3�VXSSOHPHQWHG�ZLWK������
RU��������38�NJ�RI�(��FROL�SK\WDVH�KDG�JUHDWHU�
DSSDUHQW� DEVRUSWLRQ �SHU� FHQW�� RI�3��&D�� DQG�
0J� WKDQ� SLJV� IHG� WKH� SRVLWLYH� FRQWURO� GLHWV��
*XJJHQEXKO�HW�DO��������� LQ�WKHLU�ZRUN�RQ�WKH�

LQ�$VSHUJLOOXV� RU\]DH� RQ� WKH� SHUIRUPDQFH�
DQG�SKRVSKRUXV�XWLOL]DWLRQ� LQ�VZLQH�REVHUYHG�
WKDW� WKH� HQ]\PH� LQFUHDVHG� WKH� XWLOLVDWLRQ�
DQG� UHGXFHG� IDHFDO� H[FUHWLRQ� RI�3� LQ� D� GRVH�
GHSHQGHQW�PDQQHU�
0DJQHVLXP�

$YDLODELOLW\� RI�0J� IURP� H[SHULPHQWDO�
UDWLRQV�7���7��DQG�7��ZHUH��������������DQG�
������SHU�FHQW�UHVSHFWLYHO\��6WDWLVWLFDO�DQDO\VLV�
RI�WKH�GDWD�VKRZHG�ORZHU��3�������0J�DYDLODELOLW\�
IRU�UDWLRQV�7��DQG�7��WKDQ�WKDW�RI�7���,Q�FRQWUDVW��
ZLWK�WKH�REVHUYDWLRQV�LQ�SUHVHQW�VWXG\�9HXP�HW�DO��
�������REVHUYHG�WKDW�SLJV�IHG�EDUOH\�EDVHG�GLHWV�
FRQWDLQLQJ� ORZ�3� VXSSOHPHQWHG�ZLWK� SK\WDVH�
KDG�JUHDWHU�SHU�FHQW�DSSDUHQW�DEVRUSWLRQRI�0J�
WKDQ� WKRVH� IHG� WKH�SRVLWLYH�FRQWURO� GLHWV�ZKLOH�
9LVZDQDWKDQ�HW�DO���������FRXOG�QRW�QRWH�D�EHWWHU�
DSSDUHQW� GLJHVWLELOLW\� RI�0J� LQ� FLWULF� DFLG� DQG�
SK\WDVH�VXSSOHPHQWHG�JURXSV�RI�/DUJH�:KLWH�
<RUNVKLUH�SLJV��ZKLFK�LV�LQ�DFFRUGDQFH�ZLWK�WKH�
UHVXOW�RI�WKH�SUHVHQW�VWXG\�
=LQF

)URP�WKH�GDWD�SUHVHQWHG� LQ�7DEOH���� LW�
FRXOG�EH�VHHQ�WKDW� WKH�SHU�FHQW�DYDLODELOLW\�RI�
=Q� IRU� WKH� H[SHULPHQWDO� UDWLRQV�7���7��� DQG�
7��ZHUH��������������DQG�������UHVSHFWLYHO\��
2Q�DQDO\VLV�RI�WKH�GDWD�VWDWLVWLFDOO\�WKHUH�ZDV�
VLJQLILFDQW� GLIIHUHQFH� �3 ������ EHWZHHQ� WKH�
WUHDWPHQW�JURXSV�ZLWK�UHJDUG�WR�=Q�GLJHVWLELOLW\��
2Q�IXUWKHU�DQDO\VLV�RI� WKH�GDWD� LW�ZDV�HYLGHQW�
WKDW� 7�� UDWLRQ� ZDV� VKRZLQJ� VLJQLILFDQWO\�
ORZHU� �3������� =Q� GLJHVWLELOLW\� WKDQ� WKDW� RI�
7��� � 5DWLRQ� 7�� KDG� VLPLODU� =Q� GLJHVWLELOLW\�
VXSSOHPHQWDWLRQ� LPSURYHG� GLJHVWLELOLW\� RI� =Q�
IURP�WKH�LQJUHGLHQWV�XVHG�LQ�WKH�UDWLRQ��9HXP�
HW� DO�� ������� RQ� WKH� FRQWUDU\�� REVHUYHG� WKDW�
DGGLWLRQ� RI�(�� FROL� SK\WDVH� GLG� QRW� LQFUHDVH�
WKH� DSSDUHQW� SHUFHQWDJH�DEVRUSWLRQ� RI� =Q� LQ�
SLJV��,Q�DJUHHPHQW�WR�WKH�UHVXOWV�RI�WKH�SUHVHQW�
VWXG\��9LVZDQDWKDQ�HW� DO�� ������� REVHUYHG� D�
KLJKHU� DSSDUHQW� GLJHVWLELOLW\� RI� =Q� IRU� UDWLRQV�
VXSSOHPHQWHG�ZLWK�FLWULF�DFLG�DQG�SK\WDVH�
&RSSHU

7KH� SHU� FHQW� &X� DYDLODELOLW\� RI� WKH�
WKUHH� H[SHULPHQWDO� UDWLRQV� RI� WKH� SUHVHQW�
�������������DQG�������UHVSHFWLYHO\�IRU�UDWLRQV�
7���7��DQG�7���9HXP�HW� DO�� ������� REVHUYHG�
WKDW� DGGLWLRQ� RI� SK\WDVH�GLG� QRW� LQFUHDVH� WKH�
DSSDUHQW� SHUFHQWDJH�DEVRUSWLRQ� RI�&X�ZKLFK�
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�� (IIHFW�RI�3K\WDVH�6XSSOHPHQWDWLRQ�RQ�0LQHUDO����

LV�LQ�DJUHHPHQW�ZLWK�WKDW�RI�WKH�SUHVHQW�VWXG\��
+RZHYHU��.LHV�HW�DO���������REVHUYHG�LQFUHDVHG�
DYDLODELOLW\�RI�&X��LQ�ZHDQHU�SLJV�ZLWK�LQFUHDVLQJ�

FRUQ�
EDUOH\�VR\DEHDQ�PHDO�GLHWV�ZKLOH�9LVZDQDWKDQ�
HW� DO�� ������� REVHUYHG� D� EHWWHU� DSSDUHQW�
GLJHVWLELOLW\� RI�&X� LQ� FLWULF� DFLG� VXSSOHPHQWHG�
JURXSV�RI�SLJV�
0DQJDQHVH

7KH�SHU�FHQW�DYDLODELOLW\�RI�0Q�UHFRUGHG�
IRU� WKH� WKUHH� WUHDWPHQW� JURXSV� ZDV� �������
������ DQG� ������ UHVSHFWLYHO\��7KH� VWDWLVWLFDO�
DQDO\VLV�RI�WKH�GDWD�UHYHDOHG�KLJKHU��3��������
0Q�DYDLODELOLW\�IRU�UDWLRQ�7��WKDQ�WKDW�RI�7��DQG�
7��� LQGLFDWLQJ� WKDW� SK\WDVH� VXSSOHPHQWDWLRQ�
LQFUHDVHG�WKH�DYDLODELOLW\�RI�0Q�LQ�SLJV�IHG�UDWLRQV�
ZLWKRXW�DQ\�DGGHG�PLQHUDOV��,Q�FRQFXUUHQFH�ZLWK�
WKH� SUHVHQW� VWXG\�9LVZDQDWKDQ�HW� DO�� �������
REVHUYHG�D�EHWWHU�DSSDUHQW�GLJHVWLELOLW\�RI�0Q�LQ�
FLWULF�DFLG�SOXV�SK\WDVH�VXSSOHPHQWHG�JURXSV�
(FRQRPLFV�RI�*DLQ

3K\WDVH� ZDV� VXSSOLHG� E\� 3ROFKHP�
+\JLHQH� /DERUDWRULHV� 3YW� /WG�� 3XQH� DW� WKH�
UDWH�RI�5V�������NJ��&RVW�RI�IHHG�SHU�NJ�ERG\�
ZHLJKW� JDLQ� RI� SLJV�PDLQWDLQHG� RQ� WKH� WKUHH�
GLHWDU\� WUHDWPHQWV�ZDV�5V�� ������� ������DQG�
������UHVSHFWLYHO\��)HHG�FRVW�SHU�NJ�JDLQ�ZDV�
ORZHU��3��������IRU�7��WKDQ�WKDW�RI�7����,W�FDQ�
EH�FRQFOXGHG�WKDW�SK\WDVH�VXSSOHPHQWDWLRQ�RI�
UDWLRQV�UHVXOWHG�LQ�GHFUHDVHG�IHHG�FRVW�SHU�NJ�
JDLQ�FRPSDUHG�WR�FRQWURO�GLHW�

)URP� WKH� RYHUDOO� UHVXOWV�� LW� FDQ� EH�
FRQFOXGHG�WKDW�VXSSOHPHQWDWLRQ�RI�SK\WDVH�LQ�
SLJV�ZLOO�DOOHYLDWH�WKH�QHJDWLYH�HIIHFWV�RI�PLQHUDO�
E\�LQFUHDVLQJ�WKH�DYDLODELOLW\�RI�PLQHUDOV�VXFK�
DV�&D��3�DQG�0Q��+RZHYHU��ORQJ�WHUP�IHHGLQJ�
H[SHULPHQWV�DUH�WR�EH�FDUULHG�RXW�EHIRUH�PDNLQJ�
UHFRPPHQGDWLRQV�
5HIHUHQFHV
$GHROD��2��� /DZUHQFH��%�9���6XWWRQ��$�/�� DQG�

&OLQH��7�5�� ������ � � 3K\WDVH� �� LQGXFHG�
FKDQJHV� LQ�PLQHUDO� XWLOL]DWLRQ� LQ� ]LQF�
VXSSOHPHQWHG� GLHWV� IRU� SLJV��-��$QLP��

��������±�����
$2$&�� � ������ ��

��WK
&KHPLVWV��:DVKLQJWRQ��'��&���S������

%UDQD��'�9���(OOLV��0���&DVWDxHGD��(�2���6DQGV��

-�6��DQG�%DNHU��'�+���������(IIHFW�RI�D�
QRYHO�SK\WDVH�RQ�JURZWK�SHUIRUPDQFH��
ERQH� DVK�� DQG�PLQHUDO� GLJHVWLELOLW\� LQ�
QXUVHU\� DQG� JURZHU�ILQLVKHU� SLJV�� -���

�������������
)$2�� 6WDWLVWLFDO� \HDU� ERRN� ������ )RRG� DQG�

$JULFXOWXUDO� 2UJDQLVDWLRQ�� 5RPH��
KWWS���ZZZ�IDR�RUJ�HFRQRPLF�HVV�
HVV�SXEOLFDWLRQV�HVV�\HDUERRN�HVV�
\HDUERRN�����QRWHV�HQ�

)DU]LQSRXU��$���.DULPL��$��DQG��$KPDGL��$�6��������
(IIHFW� RI� GLHWDU\� SK\WDVH�DQG�GLIIHUHQW�
OHYHOV� RI� QRQ� SK\WDWH� SKRVSKRUXV� RQ�
VRPH�VHUXP�PLQHUDOV�DQG�ELRFKHPLFDO�
SDUDPHWHUV� LQ�EURLOHU� FKLFNHQ��-��$QLP�

��������������
*XJJHQEXKO��3���7RUUDOODUGRQD��'���&HFKRYD��,���

1XQHV�6�&���:DFKp��<���)UX��)��DQG�%UR]��
SK\WDVH�H[SUHVVHG�LQ�DVSHUJLOOXV�RU\]DH�
RQ� WKH� SHUIRUPDQFH� DQG� SKRVSKRUXV�
XWLOL]DWLRQ� LQ� VZLQH�� ��
�����������������

-RKQVWRQ��6�/���:LOOLDPV��6�%���6RXWKHUQ��/�/���
%LGQHU�� 7�'��%XQWLQJ�� /�'��0DWWKHZV��
-�2�� DQG�2OFRWW�� %�0�� ������ (IIHFW� RI�
SK\WDVH�DGGLWLRQ�DQG�GLHWDU\�FDOFLXP�DQG�
SKRVSKRUXV�OHYHOV�RQ�SODVPD�PHWDEROLWHV�
DQG�LOHDO�DQG�WRWDO�WUDFW�QXWULHQW�GLJHVWLELOLW\�
LQ�SLJV�� ������������

.LHV��$�.���.HPPH��3�$����6HEHN��/�%����'LHSHQ��
-��7K��0��DQG�-RQJEORHG��:��������(IIHFW�
RI� JUDGHG� GRVHV� DQG� D� KLJK� GRVH� RI�
PLFURELDO�SK\WDVH�RQ�WKH�GLJHVWLELOLW\�RI�
YDULRXV�PLQHUDOV�LQ�ZHDQHU�SLJV��-��$QLP��

��������������
0DUWtQH]��0�0���+LOO��*�0��� /LQN�� -�(���5DQH\��

1�(��� 7HPSHOPDQ�� 5�-� DQG� (UQVW��
&�:�� ������3KDUPDFRORJLFDO� ]LQF� DQG�
SK\WDVH� VXSSOHPHQWDWLRQ� HQKDQFH�
PHWDOORWKLRQHLQ�P51$�DEXQGDQFH�DQG�
SURWHLQ�FRQFHQWUDWLRQ�LQ�QHZO\�ZHDQHG�
SLJV�� �������������

0F�'RQDOG��3���(GZDUGV��5���0RUJDQ��&��$��DQG�
*UHHQKDOJK��-��)�'��������
�WK�HG��/RQJPDQ�6LQJDSRUH�3XEOLVKHUV�3YW��
/WG���6LQJDSRUH��SS�����������

0RUHLUD��-��$���9LWWL��'���0���6���6���1HWR��0���$��
GD�7�� DQG�/RSHV�� -��%�� ������3K\WDVH�
HQ]\PH� LQ� GLHWV� FRQWDLQLQJ� GHIDWWHG�



-��9
HW��

$Q
LP�

6F
L���

���
����

���
���

���
����

�

5(6($5&+�$57,&/(

��.��6K\DPD�HW��DO

ULFH� EUDQ� IRU� JURZLQJ� VZLQH��
$JULFROD��������������

0XUU\��$�&���/HZLV��5�'��DQG�$PRV��+�(��������
7KH�HIIHFW�RI�PLFURELDO�SK\WDVH�LQ�D�SHDUO�
PLOOHW�VR\EHDQ�PHDO� GLHW� RQ� DSSDUHQW�
GLJHVWLELOLW\� DQG� UHWHQWLRQ� RI� QXWULHQWV��
VHUXP�PLQHUDO�FRQFHQWUDWLRQ��DQG�ERQH�
PLQHUDO�GHQVLW\�RI�QXUVHU\�SLJV��-���$QLP���

��������������
�15&��������1XWULHQW�5HTXLUHPHQWV�RI�6ZLQH��

7HQWK�HGLWLRQ��1DWLRQDO�$FDGHP\��3UHVV��
:DVKLQJWRQ��'&��SS����±����

6QHGHFRU�� *�:� DQG� &RFKUDQ��:�*�� ������
6WDWLVWLFDO�PHWKRGV���WK�HG��7KH�,RZD�6WDWH�
8QLYHUVLW\�3UHVV��$PHV��86$�����S�

9HXP��7�/��� %ROOLQJHU�� '�:��� %XII�� &�(�� DQG�
%HGIRUG�� 0�5�� ������$� JHQHWLFDOO\�
HQJLQHHUHG�(VFKHULFKLD� FROL� SK\WDVH�
LPSURYHV� QXWULHQW� XWLOL]DWLRQ�� JURZWK�
SHUIRUPDQFH�� DQG� ERQH� VWUHQJWK� RI�
\RXQJ� VZLQH� IHG� GLHWV� GHILFLHQW� LQ�
DYDLODEOH� SKRVSKRUXV��
��������������

9LVZDQDWKDQ��7�9���6HNDU��0��DQG�0RKDQ��6�.�0��
������(IIHFW�RI�FLWULF�DFLG�DQG�SK\WDVH�
RQ� QXWULHQW� XWLOL]DWLRQ� LQ� ODUJH� ZKL7H�
<RUNVKLUH�SLJV��

�����������


