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7ͳ�NKyD��333��Wͽ�JLi�K͙L�ÿRiL�WKF��9(&0��ÿ͛QJ�OLrQ�N͇W�-RKDQVHQ

���,QWURGXFWLRQ
3XUFKDVLQJ�3RZHU�3DULW\��333��H[HUWV�D�FU

FLDO�H൶FLHQF\�RQ�WKH�HFRQRP\��)LUVW��XVLQJ�333��
HFRQRPLVWV� DUH� DEOH� WR� IRUHFDVW� WKH� H[FKDQJH�
UDWH� LQ� WKH� ORQJ�WHUP� DQG� VKRUW�WHUP� EHFDXVH�
H[FKDQJH�UDWH�WHQGV�WR�PRYH�LQ�WKH�VDPH�GLUHF�
WLRQ�RI�333��7KH�YDOXDWLRQ�RI�UHDO�H[FKDQJH�UDWH�
LV�YHU\�LPSRUWDQW�IRU�9LHWQDP��.DPLQVN\�HW�DO���
������� DQG� &KLQQ� ������� VWDWH� WKDW� DSSUHFLD�
WLRQ�RI�WKH�H[FKDQJH�UDWH�FDQ�OHDG�WR�D�FULVLV�IRU�
HPHUJLQJ�HFRQRPLHV��,W�D൵HFWV�WKH�LQWHUQDWLRQDO�
FRPPRGLW\� PDUNHWV� DQG� LQWHUQDWLRQDO� ¿QDQFH�
WKURXJK� H[FKDQJH� UDWHV�� WKHUHIRUH�� WKH� SROLF\�
PDNHUV�PXVW�KDYH�SODQV�WR�UHDFW�WR�H[FKDQJH�UDWH�
YRODWLOLW\��DQG�HQWHUSULVH�PDQDJHUV�QHHGV�VXLWDEOH�
VWUDWHJLHV� WR� GHDO� ZLWK� WKH� VDPH�� )XUWKHUPRUH��
WKH� H[FKDQJH� UDWH� LV� YHU\� LPSRUWDQW� WR�PDQD
LQJ� D� FRXQWU\¶V� WUDGH� EDODQFH� DQG� EDODQFH� RI�
SD\PHQWV��)LQDOO\��333�KHOSV�FRXQWULHV�FRPSDUH�
WKH�SRVLWLRQ�DQG�HFRQRPLF�SHUIRUPDQFH�WKURXJK�
DGMXVWLQJ�*URVV�'RPHVWLF�3URGXFW��$V� D� UHVXOW��

333�KDV�EHFRPH�RQH�RI�WKH�PRVW�GLVFXVVHG�WRS�
LFV�LQ�WKH�ZRUOG��,Q�VKRUW��333�LV�D�JRRG�LQGLFDWRU�
IRU�SROLF\�PDNHUV��PXOWLQDWLRQDO�HQWHUSULVHV�DQG�
SDUWLFLSDQWV�LQ�H[FKDQJH�PDUNHWV�

7KH�SUHVHQFH�RI�333�LV�PL[HG��7DVWDQ��������
¿QGV�WKDW�333�GRHV�QRW�H[LVW�EHWZHHQ�7XUNH\�DQG�
86�RU�EHWZHHQ�7XUNH\�DQG�(QJODQG�LQ�WKH�ORQJ�
UXQ�� 1HYHUWKHOHVV��%DKDUXPVKDK�� HW� DO��� �������
¿QGV� WKH� UHODWLRQVKLS� EHWZHHQ� VL[�$VLDQ� F
WULHV�DQG�WKH�8QLWHG�6WDWHV�

7KH� FRPSXWDWLRQ� RI� 333� GHSHQGV� RQ� FRXQ�
WULHV�DQG�FXUUHQFLHV�XVHG��,Q� WKLV�SDSHU�� WKH�D
WKRUV�DLP�WR�GHWHUPLQH�WKH�H[LVWHQFH�RI�333�EH�
WZHHQ�9LHWQDP�DQG�8QLWHG�6WDWHV�

���/LWHUDWXUH�UHYLHZ
7KH�333�ZDV�¿UVW�SUHVHQWHG�E\�WKH�6DODPDQ�

FD�6FKRRO�LQ�6SDQLVK�LQ�WKH���WK�FHQWXU\��$W�WKDW�
WLPH��333�EDVLFDOO\�PHDQW�WKDW�ZKHQ�ZH�FKDQJHG�
WR�WKH�FRPPRQ�FXUUHQF\��WKH�SULFH�OHYHO�RI�HYHU\�
FRXQWU\�ZRXOG�EH�WKH�VDPH��5RJR൵��������

&DVVHO�LQWURGXFHG�WKH�WHUP�SXUFKDVLQJ�SRZHU�
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SDULW\� �333�� LQ� ������$IWHU� WKDW�� 333� EHFDPH�
WKH�EHQFKPDUN�IRU�D�FHQWHU�EDQN�WR�VHW�H[FKDQJH�
UDWHV� DQG� IRU� VFKRODUV� WR� VWXG\�GHWHUPLQDQWV�RI�
H[FKDQJH�UDWHV��7KH�PRGHO�RI�333�RI�&DVVHO�
FDPH�WKH�LQVSLUDWLRQ�IRU�%DODVVD�DQG�6DPXHOVRQ�
WR�VHW�XS�WKHLU�PRGHOV�LQ�������7KH\�ZRUNHG�LQ�
GHSHQGHQWO\�DQG�JDYH�WKH�¿QDO�H[SODQDWLRQ�ZK\�
DEVROXWH�333�IRUPHG�D�JRRG�WKHRU\�RI�H[FKDQJH�
UDWH� �$VHD�DQG�&RUGHQ���������7KH�UHDVRQ�WKH\�
JDYH� LV� WKDW� WKH� UHODWLYH� SULFH� RI� HDFK� JRRG� LQ�
GL൵HUHQW� FRXQWULHV�VKRXOG�EH�HTXDO�WR� WKH�VDPH�
SULFH�DIWHU�H[FKDQJLQJ�LQWR�DQRWKHU�FXUUHQF\�

7KH�333�KDV�WZR�YHUVLRQV��DEVROXWH�333�DQG�
UHODWLYH� 333� �%DODVVD�� �������$FFRUGLQJ� WR� WKH�
¿UVW� YHUVLRQ��.UXJPDQ� HW� DO��� �������� VD\V� WKDW�
DEVROXWH�333�VHWV�WKH�H[FKDQJH�UDWH�RI�D�SDLU�RI�
FRXQWULHV�HTXDO�WR�WKH�UDWLR�RI�WKH�SULFH�OHYHO�RI�
WKHVH�FRXQWULHV��7KLV�PHDQV��VW� �SW�SW����

6KDSLUR� ������� VWDWHV� WKDW� WKH� UHODWLYH� 333�
VHWV�WKH�UDWLR�RI�GRPHVWLF�WR�IRUHLJQ�SULFHV�HTXDO�
WR�WKH�UDWLR�FKDQJH�LQ�WKH�HTXLOLEULXP�H[FKDQJH�
UDWH��7KLV�VWDWHV�WKDW�WKHUH�LV�D�FRQVWDQW�N�ZKLFK�
LV� WKH� UHODWLRQVKLS� EHWZHHQ� SULFH� OHYHO� DQG� WKH�
HTXLOLEULXP�H[FKDQJH�UDWH�

VW� �NSW�SW
,Q� HPSLULFDO� VWXGLHV�� FKHFNLQJ� WKH� YDOLGLW\�

RI�333�E\�XQLW�URRW�WHVW�ZDV�SRSXODU�LQ�����¶V��
EDVHG�RQ�WKH�'LFNH\�DQG�)XOOHU�DSSURDFK��QHYHU
WKHOHVV�� WKLV�DSSURDFK�KDV�ORZ�SUHGLFWLYH�SRZHU�
�(QGHU�DQG�*UDQJHU���������

/DWHU�� -RKDQVHQ� ������� GHYHORSHG�D�PHWKRG�
RI� FRQGXFWLQJ� 9(&0�� ZKLFK� KDV� EHFRPH� WKH�
EHQFKPDUN�PRGHO� IRU�PDQ\�DXWKRUV� WHVWLQJ� WKH�
333�DSSURDFK�

6WXGLHV�RI�333�XVH�WZR�SRSXODU�PRGHOV��OLQ�
HDU�DQG�QRQOLQHDU��(PSOR\LQJ�WKH�OLQHDU�PRGHO��
PRVW� SDSHUV� XVH� D� FRLQWHJUDWLRQ� WHVW� FDOOHG� WKH�
9HFWRU�(UURU�&RUUHFWLRQ�0RGHO��9(&0���RU�WHVW�
WKH�XQLW�URRW�WR�FKHFN�ZKHWKHU�DOO�YDULDEOHV�PRYH�
DORQJ�WRJHWKHU�RU�UHYHUW�WR�WKH�PHDQ��,Q�FRQWUDVW��
XVLQJ�WKH�QRQOLQHDU�PRGHO��PRVW�SDSHUV�DSSO\�WKH�
67$5�IDPLO\��6PRRWK�7UDQVLWLRQ�$XWR�5HJUHV�
VLYH��PRGHO��DQG�WKHQ�WHVW�WKH�XQLW�URRW�RI�UHDO�H[
FKDQJH�UDWH�LQ�WKH�QRQOLQHDU�PRGHO�IUDPHZRUN��

7DVWDQ� ������� DQG� 1DUD\DQ� ������� WHVW� WKH�
VWDWLRQDU\�RI�UHDO�H[FKDQJH�UDWH�E\�XVLQJ�D�XQLW�
URRW�WHVW��7DVWDQ��������DWWHPSWHG�WR�¿QG�WKH�VWD�
WLRQDU\�RI�WKH�UHDO�H[FKDQJH�UDWH�EHWZHHQ�7XUNH\�
DQG� IRXU� RWKHU� SDUWQHUV��86��(QJODQG��*HUPDQ�
DQG�,WDOLDQ��)URP������WR�������WKH�HPSLULFDO�UH�
VXOW�UHPDLQHG�QRQ�VWDWLRQDU\�LQ�WKH�ORQJ�UXQ�E

WZHHQ�7XUNH\�DQG�WKH�86��DQG�EHWZHHQ�7XUNH\�
DQG�(QJODQG�DV�ZHOO��:KLOH�7DVWDQ��������XVHG�
D�VLQJOH�FRXQWU\��1DUD\DQ�H[DPLQHG�333�IRU����
2(&'�FRXQWULHV��7KH�UHVXOWV�RI�KLV�UHVHDUFK�DUH�
PL[HG��,I�KH�XVHV�FXUUHQF\�EDVHG�RQ�WKH�86�GRO�
ODU�� WKUHH�FRXQWULHV��)UDQFH��3RUWXJDO�� DQG�'HQ
PDUN� DUH� VDWLV¿HG�� ,I� WKH� XVHG� FXUUHQF\� LV� WKH�
'HXWVFKPDUN��VHYHQ�FRXQWULHV�DUH�VDWLV¿HG��7KH�
DXWKRUV� XVHG�D� XQLYDULDWH� WHFKQLTXH� WR� ¿QG�RXW�
WKH�HTXLOLEULXP�RI�WKH�UHDO�H[FKDQJH�UDWH
HYHU��.UHPHUV�HW�DO���������VWDWHV�WKDW�WKLV�WHFK�
QLTXH� �XQLYDULDWH� DSSURDFK�� VX൵HUV� ORZ� SRZHU�
DJDLQVW� D�PXOWLYDULDWH� DSSURDFK� EHFDXVH� RI� WKH�
GHFHSWLRQ�RI�LPSURSHU�FRPPRQ�IDFWRU�OLPLWDWLRQ�
LPSOLFLW�LQ�WKH�$')�WHVW�

$IWHU� -RKDQVHQ� ������� GHYHORSHG� D� PHWKRG�
RI� FRQGXFWLQJ�9(&0�� WKHUH�KDYH�EHHQ�YDULRXV�
SDSHUV� DSSO\LQJ� LW� WR� WHVW� 333�� 7KHUHE\��&KLQQ�
������� HVWLPDWHG� (DVW� $VLDQ� FXUUHQFLHV� RY
YDOXHG�RU�XQGHUYDOXHG�ZLWK�9(&0��&KLQQ�HV
PDWHG�WKDW�WKH�FXUUHQFLHV�RI�+RQJ�.RQJ��,QGRQH
VLDQ��7KDL��0DOD\VLDQ��3KLOLSSLQHV�DQG�6LQJDSRUH�
ZHUH�RYHUYDOXHG��

0DQ\� DXWKRUV� EHVLGHV�&KLQQ� KDYH� XVHG� WKH�
9(&0� WHFKQLTXH� WR� WHVW� WKH� 333� WKHRU\�� 3D�
SHUV� ¿QGLQJ� HPSLULFDO� YDOLGLW\� ZHUH� SXEOLVKHG�
E\�<D]JDQ����������'R÷DQODU�HW�DO���������.LP�
��������.LP�DQG� -HL� ��������-RYLWD� ��������DQG�
SDSHUV� QRW� ¿QGLQJ� YDOLGLW\� ZHUH� SXEOLVKHG� E\�
%DVKHU�HW�DO����������DQG�'R÷DQODU��������

���5HVHDUFK�0HWKRGV
�����'DWD�FROOHFWLRQ
7KH� QRPLQDO� H[FKDQJH� UDWH�� WKH� &3,� �&RQ�

VXPHU� 3ULFH� ,QGH[��RI�9LHWQDP�DQG� WKH�&3,�RI�
WKH�8�6��DUH�JLYHQ�LQ�WHUPV�RI�ORJDULWKPLF�IRUP��
$OO�GDWD�VSDQQHG�PRQWKO\�IURP�-DQXDU\������WR�
'HFHPEHU�������7DEOH�����

�����'DWD�DQDO\VLV
7DNH�ORJ�IURP�WKH�HTXDWLRQ�����ZH�KDYH�

6R�ZKHQ�ZH�UXQ�UHJUHVVLRQ��WKH�IRUPXOD�LV�

:KHUH��V� LV� WKH�QDWXUDO�ORJ�H[FKDQJH�UDWH�RI�
91����������������LV�WKH�QDWXUDO�ORJ�&3,�RI�91�DQG�
&3,�RI�86�UHVSHFWLYHO\�

%HFDXVH�LW�XVHV�WLPH�VHULHV�GDWD��WKH�PRVW�LP�
SRUWDQFH�LVVXH�LV�WKDW�V��S��DQG�S��DUH�VWDWLRQDU\�
RU�QRQVWDWLRQDU\��,I�WKH�YDULDEOH�LV�QRQVWDWLRQDU\��
WKHUH�ZLOO�EH�VSXULRXV�UHVXOWV�ZKHQ�UXQQLQJ�WKH�
PRGHO�
6WHS����7HVWLQJ�V��S��DQG�S�VWDWLRQDU\�RU�QRQ�
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VWDWLRQDU\� E\� XVLQJ� $XJPHQWHG� 'LFNH\� )XOOHU�
WHVW��$�WLPH�VHULHV�LV�

$Q�$XJPHQWHG�'LFNH\�)XOOHU� WHVW� EDVHG� RQ�
WKH�HTXDWLRQ�

:KHUH���LV�D�SXUH�ZKLWH�QRLVH�HUURU�WHUP�DQG�
Q�LV�PD[LPXP�OHQJWK�RI�ODJJHG�GHSHQGHQW�YDU
DEOHV�

1XOO�K\SRWKHVLV��+R��
$OWHUQDWLYH�K\SRWKHVLV��+���
,I�WKH�DEVROXWH�YDOXH�W�H[FHHGV�$')�FULWLFDO�

YDOXH��WKH�QXOO�K\SRWKHVLV�FRXOG�QRW�EH�UHMHFWHG��
WKLV�UHVXOW�LPSOLHV�WKDW�WKH�YDULDEOH�LV�QRQVWDWLRQ
DU\�

,I�WKH�DEVROXWH�YDOXH�W�LV�VPDOOHU�WKDQ�$')�
FULWLFDO�YDOXH��WKH�QXOO�K\SRWKHVLV�IDLOV�WR�UHMHFW��
WKLV�UHVXOW�VXJJHVWV�YDULDEOH�VWDWLRQDU\�

6WHS����7HVW�RI�FRLQWHJUDWLRQ�
-RKDQVHQ��������XVHG�WKH�IROORZLQJ�9$5�V\VWHP�
WR�DQDO\]H�WKH�UHODWLRQVKLS�DPRQJ�YDULDEOHV�QR�
VWDWLRQDU\�RU�VWDWLRQDU\�

:KHUH� ;� �T�� ��� YHFWRU� RI� REVHUYDWLRQ� RI� T�
YDULDEOHV�DW� WLPH� W���� LV� D� �T�����YHFWRU�RI� FRQ
VWDQW�WHUPV�LQ�HDFK�HTXDWLRQ��İBW�LV�D��T����YHFWRU�
RI�HUURU�WHUPV��ȽL��T�T���ɉ��T�T��DUH��PDWULFHV�RI�
FRH൶FLHQWV�

-RKDQVHQ� ������� SURFHGXUH� KDV� WZR� WHVWV��
7UDFH� WHVW�DQG�0D[LPXP�(LJHQYDOXH�� WR�FKHFN�
ZKHWKHU�YHFWRUV�FRLQWHJUDWLRQ�

7UDFH�WHVW�LV�FDOFXODWHG�IROORZLQJ�WKH�IRUPXOD�

:KHUH�U�LV�WKH�QXPEHU�RI�FRLQWHJUDWHG�HTXD�
WLRQ� U� � ����«N���DQG�N� LV�QXPEHU�RI�HQGRJH�
QRXV�YDULDEOHV�

1XOO� K\SRWKHVLV�� U� LV� WKH� QXPEHU� RI� FRLQWH�
JUDWHG�HTXDWLRQV�

$OWHUQDWLYH�K\SRWKHVLV��N�LV�WKH�QXPEHU�FRL
WHJUDWHG�HTXDWLRQV

7KH�PD[LPXP�(LJHQYDOXH� WHVW� LV�FDOFXODWHG�
IROORZLQJ�WKH�IRUPXOD�

1XOO�K\SRWKHVLV��U�LV�WKH�QXPEHU�FRLQWHJUDWHG�
HTXDWLRQV

$OWHUQDWLYH� K\SRWKHVLV�� U����� LV� WKH� QXPEHU�
FRLQWHJUDWHG�HTXDWLRQV

$IWHU�XVLQJ�-RKDQVHQ��������SURFHGXUH��YDU
DEOHV� DUH� WHVWHG� FRLQWHJUDWLRQ� RU� QRW�� ,I� WKUHH�
YDULDEOHV�DUH�FRLQWHJUDWLRQ��WKH�FRQFOXVLRQ�LV�WKDW�
WKUHH�YDULDEOHV�KDYH�ORQJ�UXQ�UHODWLRQVKLS�RU�RQH�
RU�WKUHH�YDULDEOHV�FRPH�EDFN�WR�WKH�PHDQ�

6WHS� ��� 9HFWRU� (UURU� &RUUHFWLRQ� 0RGHO�
�9(&0�

,I� WKHUH� DUH� WKH� FRLQWHJUDWHG� DPRQJ� WKH� VH
ULHV��WKH�ORQJ�WHUP�UHODWLRQVKLS�KDSSHQ��WKHUHIRUH�
9(&0�FDQ�EH�DSSOLHG��

9DULDEOHV 9DULDEOHV�GH¿QLWLRQ� 6RXUFHV

S

7KH�QRPLQDO�H[FKDQJH�UDWH�LV�
GH¿QHG�DV�WKH�QXPEHU�RI�XQLWV�
RI�GRPHVWLF�FXUUHQF\�SHU�XQLW�
RI�IRUHLJQ�FXUUHQF\�

(5,&�LQGLFDWRU

&3,91 &RQVXPHU�SULFH�LQGH[�RI�9LHW�
QDP��\HDU������ ���� ,)6�DQG�*62

&3,86 &RQVXPHU�SULFH�LQGH[�RI��8�6��
\HDU������ ���� 2(&'

7DEOH����9DULDEOHV�GH¿QLWLRQ�DQG�GDWD�VRXUFH

7KH�UHJUHVVLRQ�RI�9(&0�KDV�WKH�IRUP�DV�IRO�
ORZ��

ZKHUH
�������Qî���WKH�H[FKDQJH�UDWHV�PDWUL[�
ʌ� �Įȕ��Į�LV�Q�î�U�DQG�ȕ�LV�U�î�Q�PDWULFHV�RI�WKH�

HUURU�FRUUHFWLRQ�WHUP
ȽBL��Qî�Q�WKH�VKRUW�WHUP�FRH൶FLHQW�PDWUL[
�����Qî���YHFWRU�RI�LLG�HUURUV
,I�WKH�(UURU�&RUUHFWLRQ�7HUP�LV�QHJDWLYH��DQG�

VLJQL¿FDQW� LQ� VLJQ�� WKHUH�ZLOO� EH� D� VWHDG\� ORQJ�
WHUP�UHODWLYH�DPRQJ�YDULDEOHV�

���5HVXOWV�DQG�'LVFXVVLRQ
�����8QLW�URRW�WHVW
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7KH�$XJPHQWHG�'LFNH\�)XOOHU�WHVW�LV�XVHG�WR�
FKHFN�WKH�VWDWLRQDU\�RI�FRQVXPHU�SULFH�LQGH[�RI�
9LHWQDP��&3,91���FRQVXPHU�SULFH�LQGH[�RI�8�6�
�&3,86��DQG�QRPLQDO�H[FKDQJH�UDWH��6��EHWZHHQ�
9LHWQDP�DQG�8�6��$OO�YDULDEOHV�KDYH� ORJ�IRUP���
0DFNLQRQ� ������� ZKLFK� LV� DYDLODEOH� LQ� (YLHZ�
����SDFNDJH�VRIWZDUH�LV�XVHG�DV�WKH�FULWLFDO�YDOXH�

7DEOH����8QLW�URRW�WHVW�IRU�YDULDEOHV

9DULDEOHV
$')

$W�OHYHO $W�¿UVW�GL൵HUHQW
W�±�VWDWLVWLF S�YDOXH W���VWDWLVWLF S�YDOXH

&3,86 �������� ������ ��������� �������
&3,91 ��������� ������ ��������� �������

S �������� ������ ��������� ��������

1RWH�����LQGLFDWH�VLJQL¿FDQW�DW����DQG����OHYHOV�UHVSHFWLYHO\�

2Q� WKH� FRQWUDU\�� DW� ¿UVW�� GL൵HUHQFH� 6� DQG�
&3,86� KDYH� WKH� W�VWDWLVWLF� VPDOOHU� WKDQ� FULWL
FDO� YDOXH�DW�����7KHUHIRUH��6�DQG�&3,86�KDYH�
QRW�XQLW�URRW�RU�VWDWLRQDU\�DW�WKH�¿UVW�GL൵HUHQFH��
6LPLODUO\��&3,91�KDV�W�VWDWLVWLF�VPDOOHU�WKDQ�WKH�
FULWLFDO�YDOXH�DW����VR�WKDW�LW�LV�VWDWLRQDU\�DW�WKH�
¿UVW�GL൵HUHQFH�

$V� EHLQJ� DQDO\]HG� DERYH�� DOO� YDULDEOHV� DUH�
QRQVWDWLRQDU\�DW�OHYHO�DQG�VWDWLRQDU\�DW�¿UVW�GLI�
IHUHQFH�� WKHUHIRUH� WKH\� FRLQWHJUDWHG� DW� ,���� RU�
VDPH�RUGHU��$V�D�UHVXOW��-RKDQVHQ��������SURFH�
GXUH�LV�H[DPLQHG�WR�LQYHVWLJDWH�WKH�FRLQWHJUDWLRQ�
DPRQJ�WKHVH�WLPH�VHULHV�

�����2SWLPDO�ODJ
2SWLPDO�ODJ�PXVW�EH�FKRVHQ�EHIRUH�FRQGXFW

LQJ�-RKDQVHQ��������SURFHGXUH��,Q�YLHZ�SDFNDJH��
WKHUH�DUH�¿YH�ODJV�OHQJWK�FULWHULD�ZKLFK�KDYH�WKH�
VDPH�SRZHU��7KHUHIRUH��LI�RQH�ODJ�LV�GRPLQDWHG�
E\�PDQ\�FULWHULRQV��WKLV�ODJ�ZLOO�EH�VHOHFWHG��8Q�
OHVV��HYHU\�ODJ�LV�XVHG�IRU�HYHU\�FDVH�LQ�9(&0�

�/5��VHTXHQWLDO�PRGL¿HG�/5�WHVW�VWDWLVWLF�
�)3(��)LQDO�SUHGLFWLRQ�HUURU�
�$,&��$NDLNH�LQIRUPDWLRQ�FULWHULRQ�
�6&��6FKZDU]�LQIRUPDWLRQ�FULWHULRQ
+4��+DQQDQ�4XLQQ�LQIRUPDWLRQ�FULWHULRQ
7DEOH���LOOXVWUDWHV�WKUHH�WKH�FULWHULRQ�VXFK�DV�

/5��)3(�DQG�$,&�FKRRVH�ODJ����,Q�RWKHU�ZRUGV��
��ODJ� ZDV� FKRVHQ� IRU� FRQGXFWLQJ� -RKDQVHQ�
������� SURFHGXUH� RU� WHVWLQJ� FRLQWHJUDWLRQ� RI�
WKUHH�YDULDEOHV�

7DEOH����/DJ�FULWHULD

&ULWHULRQ /5 FPE $,& 6& +4
/DJ 3 3 3 � 3

�����-RKDQVHQ��������SURFHGXUH�IRU�FRLQWH-
JUDWLRQ�WHVW

)RU�WKH�UHDVRQ�DOO� YDULDEOHV�DUH�FRLQWHJUDWHG�
DW�WKH�¿UVW�RUGHU�,�����-RKDQVHQ��������FRLQWHJU
WLRQ�ZLWK���ODJV�LV�FRQGXFWHG�WR�WHVW�WKH�ORQJ�UXQ�
UHODWLRQVKLS�DPRQJ�YDULDEOHV�

7DEOH���SUHVHQWV�WKH�-RKDQVHQ����
JUDWLRQ�WHVW��7KH�UHVXOWV�LQGLFDWH�ERWK�7UDFH�WHVW�

DQG�(LJHQYDOXH�WHVW�DUH�VWDWLVWLFDOO\�VLJQL¿FDQW�DW�
���EHFDXVH�WKH�VWDWLVWLF�LV�JUHDWHU�WKDQ�WKH�FULWL
FDO�YDOXH�RI����RU�3�YDOXHG�OHVV�WKDQ�����,Q�FRQ�
VHTXHQFH��WKH�QXOO�K\SRWKHVLV�RI�U� ���LV�UHMHFWHG��
5� ���LPSOLHV�RQH�FRLQWHJUDWLRQ�HTXDWLRQ�LQ�WKH�
ORQJ�UXQ��7KDW�LV�WKH�UHDVRQ�ZK\�9(&0�FDQ�EH�
XVHG�IRU�IXUWKHU�LQYHVWLJDWLRQ�RI�YDULDEOHV�

7KH� WDEOH� �� UHSRUWV� WKH� UHVXOWV� RI� XQLW� URRW�
WHVW� IRU� WLPH� VHULHV�RI� FRQVXPHU�SULFH� LQGH[�RI�
9LHWQDP��&3,91���FRQVXPHU�SULFH�LQGH[�RI�8�6�
�&3,86��DQG�QRPLQDO�H[FKDQJH�UDWH��6��EHWZHHQ�
9LHWQDP� DQG�8�6��$OO� YDULDEOHV� KDYH� W�VWDWLVWLF�
JUHDWHU� WKDQ� WKH� FULWLFDO� YDOXH� DW� OHYHO�� $V� WKH�
FRQVHTXHQFH��DOO�YDULDEOHV�KDYH�XQLW�URRW�RU�Q
VWDWLRQDU\�DW�OHYHO��
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7DEOH����-RKDQVHQ��������FRLQWHJUDWLRQ�HTXDWLRQ

1XPEHU
�RI�&HV

&RLQWHJUDWLRQ�HTXDWLRQ

7UDFH�WHVW (LJHQYDOXH�WHVW

6WDWLVWLF 3���YDOXHG 6WDWLVWLF 3���YDOXHG

1RQH ��������� ������� ��������� �������

$W�PRVW�� ��������� ������� ��������� �������

$W�PRVW�� ��������� ������� ��������� �������

7DEOH����7KH�VSHHG�RI�DGMXVWPHQW�FRH൶FLHQW�RI�ORQJ�UXQ

&RH൶FLHQW 6WG��(UURU W�6WDWLVWLF 3URE���

&��� ��������� �������� ��������� ������

,Q�FRQFOXVLRQ��$')��-RKDQVHQ�&RLQWHJUDWLRQ�
DQG� 9HFWRU� (UURU�&RUUHFWLRQ�0RGHO� SURYH� WKDW�
333�KROG�EHWZHHQ�9LHWQDP�DQG�8�6��7KLV�LV�WKH�
JRRG�LQGLFDWRU�IRU�SROLF\�PDNHUV��PXOWLQDWLRQDO�
¿UPV�DQG�H[FKDQJH�UDWH�PDUNHW�PHPEHUV�WR�VHW�
WKHLU�SODQV�IRU�IXWXUH�DFWLYLWLHV�

���&RQFOXVLRQ�
%DVHG�RQ�WKH�WKHRU\�RI�ORQJ�UXQ�HTXLOLEULXP�

UHDO�H[FKDQJH�UDWH��WKH�DLP�RI�WKLV�SDSHU�ZDV�WR�
FRQWULEXWH�WR�WKH�DQDO\VLV�RI�ZKHWKHU�WKH�ORQJ�UXQ�
333�K\SRWKHVLV�KROG�IRU�9LHWQDP�DQG�WKH�8QLWHG�
6WDWHV��7R�WKH�HQG��YDULRXV�PHWKRGV�VXFK�DV�-R�
KDQVHQ� FRLQWHJUDWLRQ� DQG� 9(&0� IUDPHZRUNV��
ZKLFK�DUH�WKH�EHWWHU�PHWKRGRORJLHV�WKDQ�XQLYDU
DWH�PHWKRG�ZHUH�FRQGXFWHG��*HQHUDO��WKH�UHVXOWV�
VHHP� WR� LQGLFDWH� WKDW� WKH� 333� K\SRWKHVLV� KROG�
VWURQJO\�IRU�WKH�91'�DQG�86'�EDVHG�RQ�WKH�UHDO�
H[FKDQJH� UDWH�� 7KLV� FRQFOXVLRQ� LV� WKH� VDPH� DV�
WKH�UHVXOWV�RI�'R÷DQODU�HW�DO���������.LP���������
.LP�DQG�-HL���������-RYLWD��������

1HYHUWKHOHVV�� WKLV�SDSHU�KDV� MXVW�SURYHG� WKH�
333� EHWZHHQ�9LHWQDP� DQG�8�6� KROG�� ,W� LV� UHF
RPPHQGHG� WKDW� IXUWKHU� UHVHDUFKHV� VKRXOG� EH�
FRQGXFWHG�VXFK�DV�¿QGLQJ�RXW�WKH�PLVDOLJQPHQW��
IRUHFDVWLQJ� WKH� UHDO� H[FKDQJH� UDWH� DQG� LQYHVWL�
JDWLQJ� RQ� WKH� LPSDFW� RI� UHDO� H[FKDQJH� UDWH� RQ�
WUDGH�EDODQFH�

&RQÀLFWV�RI�,QWHUHVW�
7KH�DXWKRUV�GHFODUH�QR�FRQÀLFW�RI�LQWHUHVW

5HIHUHQFHV

$VHD��3��.��DQG�&RUGHQ��:��0����������7KH�%DO�
DVVD�6DPXHOVRQ�PRGHO�� DQ�RYHUYLHZ��5HYLHZ�
RI�LQWHUQDWLRQDO�HFRQRPLFV���������SS���������

%DKDUXPVKDK��=��$���/LHZ��.��9��DQG�&KRZGKXU\��
,�� �������� $V\PPHWU\� G\QDPLFV� LQ� UHDO� H[�
FKDQJH�UDWHV��1HZ�UHVXOWV�RQ�(DVW�$VLDQ�FXU
UHQFLHV�� ,QWHUQDWLRQDO� 5HYLHZ� RI� (FRQRPLFV�
DQG�)LQDQFH������������±����'2,���������M�
LUHI�������������

%DODVVD�� %�� �������� 7KH� 3XUFKDVLQJ�3RZH
LW\�GRFWULQH�� D� UHDSSUDLVDO�� -RXUQDO�RI�3ROLWL-
FDO�(FRQRP\���������� SS�����������5HWULHYHG�
IURP��KWWS���ZZZ�MVWRU�RUJ�VWDEOH����������

%DVKHU��6��$��DQG�0RKVLQ��0�����������333�7HVWV�
LQ�&RLQWHJUDWHG�3DQHOV��(YLGHQFH�IURP�$VLDQ�
'HYHORSLQJ� &RXQWULHV�� $SSOLHG� (FRQRPLFV�
/HWWHUV����������SS����������

&KLQQ��'��0����������%HIRUH�WKH� IDOO��ZHUH�(DVW�
$VLDQ�FXUUHQFLHV�RYHUYDOXHG"�(PHUJLQJ�0DU-
NHW� 5HYLHZ�� �� ����� SS�� ��������� 5HWULHYHG�
IURP�� KWWS���ZZZ�VFLHQFHGLUHFW�FRP�VFLHQFH�
DUWLFOH�SLL�6���������������;

'R÷DQODU��0�� ��������/RQJ�UXQ�9DOLGLW\� RI�3XU
FKDVLQJ�3RZHU�3DULW\�DQG�&RLQWHJUDWLRQ�$QDO�
\VLV�IRU�&HQWUDO�$VLDQ�&RXQWULHV��$SSOLHG�(FR-

�����9HFWRU�(UURU�&RUUHFWLRQ�0RGHO
7KH�WDEOH���VXJJHVWV�WKH�ORQJ�UXQ�UHODWLRQVKLS�

RI�333�EHWZHHQ�WZR�FRXQWULHV��&����KDV�QHJDWLYH�
LQ� YDOXH� ��������� DQG� VLJQL¿FDQW� LQ� VLJQ� �3URE�

 ����������LV�HUURU�FRUUHFWLRQ�WHUP��7KLV�LPSOLHV�
WKDW� WKH�YDULDEOHV�PRYH�DORQJ� WRJHWKHU�RU�KDYH�
PHDQ�UHYHUWLQJ��$V�FRQVHTXHQFH��333�H[LVWV�EH�
WZHHQ�9LHWQDP�DQG�8�6�
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QRPLFV�/HWWHUV����������SS����������
'R÷DQODU�� 0��� +�� %DO� DQG� 0�� g]PHQ�� ��������

7HVWLQJ� /RQJ�5XQ� 9DOLGLW\� RI� 3XUFKDVLQJ�
3RZHU� 3DULW\� IRU� 6HOHFWHG� (PHUJLQJ�0DUNHW�
(FRQRPLHV�� $SSOLHG� (FRQRPLFV� /HWWHUV�� ���
������SS��������������

(QGHUV�� :��� DQG� *UDQJHU�� &�:�)�� �������� 8QLW�
URRW�WHVWV�DQG�DV\PPHWULF�DGMXVWPHQW�ZLWK�DQ�
H[DPSOH� XVLQJ� WKH� WHUP� VWUXFWXUH� RI� LQWHUHVW�
UDWHV��-RXUQDO�RI�%XVLQHVV�(FRQRPLFV�DQG�6WD-
WLVWLFV������SS����������

-RKDQVHQ��6����������6WDWLVWLFDO�$QDO\VLV�RI�&RLQ�
WHJUDWHG� 9HFWRUV�� -RXUQDO� RI� (FRQRPLF� '\-
QDPLFV�DQG�&RQWURO������������SS�������������

-RYLWD�*�� ��������0RGHOOLQJ�DQG� IRUHFDVWLQJ�H[�
FKDQJH�UDWH��/LWKXDQLDQ�-RXUQDO�RI�6WDWLVWLFV��
��������SS��������

.DPLQVN\��*���/L]RQGR��6�� DQG�5HLQKDUW��&��0��
��������/HDGLQJ�,QGLFDWRUV�RI�&XUUHQF\�&ULVHV��
,0)�6WD൵�SDSHUV����������SS��������5HWULHYHG�
IURP��KWWS���ZZZ�MVWRU�RUJ�VWDEOH���������

.LP��+�*����������9(&0�(VWLPDWLRQV�RI�WKH�333�
5HYHUVLRQ�5DWH�5HYLVLWHG��-RXUQDO�RI�0DFURH-
FRQRPLFV��GRL����������M�MPDFUR������������

.LP��+�*��DQG�-HL��6��<����������(PSLULFDO�7HVW�
IRU� 3XUFKDVLQJ� 3RZHU� 3DULW\� 8VLQJ� D� 7LPH�
9DU\LQJ� 3DUDPHWHU�0RGHO�� -DSDQ� DQG�.RUHD�
&DVHV��$SSOLHG�(FRQRPLFV�/HWWHUV����������SS��
����������

.UHPHUV��0��-��-���(ULFVVRQ��5��-��-��0��DQG�'ROD�
GR�� -�� -�� �������� 7KH� SRZHU� RI� FRLQWHJUDWLRQ�
WHVWV��2[IRUG�%XOOHWLQ�RI�(FRQRPLFV�DQG�6WD-
WLVWLFV����������GRL����������M����������������
WE������[

.UXJPDQ�� 5��3���2EVWIHOG��0�� DQG�0HOLW]��-��0��
��������3ULFH�OHYHOV�DQG� WKH�H[FKDQJH�UDWH�LQ�
WKH�ORQJ�UXQ��,Q�6��<DJDQ��(G����,QWHUQDWLRQDO�
(FRQRPLFV�7KHRU\�DQG�3ROLF\��SS������±������
3HDUVRQ�(GXFDWLRQ�

1DUD\DQ��3��.�����������1HZ�HYLGHQFH�RQ�SXUF
LQJ� SRZHU� SDULW\� IURP� ��� 2(&'� FRXQWULHV��
$SSOLHG�(FRQRPLFV���������SS������������

5RJR൵��.����������7KH�3XUFKDVLQJ�3DULW\�3X]]OH��
-RXUQDO� RI�(FRQRPLF�/LWHUDWXUH�� ���� SS������
±������5HWULHYHG�IURP��KWWS���VFKRODU�KDUYDUG�
HGX�URJRII�SXEOLFDWLRQV�SXUFKDVLQJ�SRZHU�
SDULW\�SX]]OH

6KDSLUR�� &�� $�� �������� :KDW� GRHV� 3XUFKDVLQJ�
3RZHU�3DULW\�PHDQ"�-RXUQDO�RI�,QWHUQDWLRQDO�
0RQH\�DQG�)LQDQFH���������SS������±������

7DVWDQ��+����������'R�UHDO�H[FKDQJH�UDWHV�FRQWDLQ�
D�XQLW�URRW"�(YLGHQFH�IURP�7XUNLVK�GDWD��$S-
SOLHG�(FRQRPLFV�����������SS������±������

<D]JDQ�� (�� �������� 7KH� 3XUFKDVLQJ� 3RZHU� 3DU�
LW\�+\SRWKHVLV� IRU� D�+LJK� ,QÀDWLRQ�&RXQWU\��
$�5H�([DPLQDWLRQ�RI�WKH�&DVH�RI�7XUNH\��$S-
SOLHG�(FRQRPLFV�/HWWHUV����������SS����������
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