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3URGXFWLYLW\�DQG�IRUHLJQ�RZQHUVKLS

LQ�WKH�8.�FDU�LQGXVWU\

5DFKHO�*ULIILWK

,QVWLWXWH�IRU�)LVFDO�6WXGLHV

$SULO�����

$EVWUDFW

0DQ\�VHFWRUV�RI�WKH�8.�HFRQRP\�H[SHULHQFHG�UDSLG�SURGXFWLYLW\�JURZWK�RYHU�WKH�����V��7KLV�FRLQFLGHG
ZLWK�DQ�LQFUHDVH�LQ�WKH�IORZ�RI�LQZDUG�LQYHVWPHQW��6WXGLHV�XVLQJ�PDFUR�GDWD�KDYH�OLQNHG�WKHVH�WZR�HYHQWV�
7KLV�SDSHU�LQYHVWLJDWHV�ZKDW�KDV�KDSSHQHG�LQ�RQH�LQGXVWU\�DW�WKH�PLFURHFRQRPLF�OHYHO�DQG�DVNV�ZKHWKHU
IRUHLJQ�RZQHG� HVWDEOLVKPHQWV� LQ� WKH� 8.� FDU� LQGXVWU\� PRUH� SURGXFWLYH� WKDQ� GRPHVWLF�RZQHG� RQHV�
3URGXFWLRQ�IXQFWLRQV�DUH�HVWLPDWHG�XVLQJ�D�QHZ�SDQHO�GDWD�VHW�DW�WKH�SODQW�OHYHO��7KH�ILQGLQJV�VXJJHVW�WKDW�
ZKLOH� IRUHLJQ�RZQHG� HVWDEOLVKPHQWV� KDYH� KLJKHU� RXWSXW� DQG� YDOXH�DGGHG� SHU� ZRUNHU�� WKHVH� GLIIHUHQFHV
DSSHDU� WR� EH� ODUJHO\� H[SODLQHG� E\� GLIIHUHQW� OHYHOV� RI� IDFWRU� XVDJH�� )RUHLJQ�RZQHG� ILUPV� LQYHVW�PRUH� LQ
SK\VLFDO�FDSLWDO�DQG�XVH�PRUH�LQWHUPHGLDWH�JRRGV��7KH\�DOVR�SD\�WKHLU�ZRUNHUV�KLJKHU�ZDJHV��'LIIHUHQFHV
LQ�OHYHOV�RI�WRWDO�IDFWRU�SURGXFWLYLW\�VWLOO�H[LVW�EXW�WKH\�DUH�UHODWLYHO\�VPDOO�

.H\ZRUGV��IRUHLJQ�GLUHFW�LQYHVWPHQW��SURGXFWLYLW\��PXOWLQDWLRQDO�ILUPV�

-(/�FODVVLILFDWLRQ��'����)����/���

$FNQRZOHGJHPHQWV

,�ZRXOG� OLNH� WR� WKDQN�2UD]LR�$WWDQDVLR��$ODQ�$XHUEDFK��-DPHV�%DQNV��5LFKDUG�%OXQGHOO��6WHSKHQ�%RQG�
*DYLQ�&DPHURQ��,DQ�&UDZIRUG��0LFKDHO�3��'HYHUHX[��&RVWDV�0HJKLU��6WHSKHQ�5HGGLQJ��-RKQ�9DQ�5HHQHQ�
+HOHQ� 6LPSVRQ�� )UDQN� :LQGPHLMHU� DQG� SDUWLFLSDQWV� DW� VHPLQDUV� DW� %ULVWRO� DQG� WKH� ,)6� IRU� KHOSIXO
FRPPHQWV�� ,� ZRXOG� DOVR� OLNH� WR� WKDQN� WKH� /HYHUKXOPH� 7UXVW� IRU� IXQGLQJ� WKLV� UHVHDUFK� DQG� WKH� (65&
&HQWUH�IRU�0LFURHFRQRPLF�$QDO\VLV�RI�)LVFDO�3ROLF\�DW�WKH�,QVWLWXWH�IRU�)LVFDO�6WXGLHV�IRU�ILQDQFLDO�VXSSRUW
LQ�VHWWLQJ�XS�WKH�$5'�GDWD��$OO�HUURUV�DQG�RPLVVLRQV�UHPDLQ�WKH�UHVSRQVLELOLW\�RI�WKH�DXWKRU�

&RUUHVSRQGHQFH

5DFKHO�*ULIILWK��,)6����5LGJPRXQW�6WUHHW��/RQGRQ�:&�(��$(��8.��UJULIILWK#LIV�RUJ�XN
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([HFXWLYH�6XPPDU\

2XWSXW�SHU�ZRUNHU�URVH�UDSLGO\�RYHU�WKH�����V�LQ�WKH�8.��ERWK�UHODWLYH�WR�SUHYLRXV�GHFDGHV�DQG

UHODWLYH�WR�RWKHU�FRXQWULHV��7RWDO�IDFWRU�SURGXFWLYLW\�DOVR� LQFUHDVHG��7KLV�JURZWK� LQ�SURGXFWLYLW\

FRLQFLGHG�ZLWK�PDQ\�FKDQJHV�LQ�WKH�8.�HFRQRP\��EXW�RQH�RI�SDUWLFXODU�LQWHUHVW�ZDV�WKH�LQFUHDVH

LQ�IRUHLJQ�GLUHFW�LQYHVWPHQW��,W�KDV�ORQJ�EHHQ�QRWHG�WKDW�PXOWLQDWLRQDO�ILUPV�DUH�PRUH�SURGXFWLYH

WKDQ� GRPHVWLF� ILUPV�� DQG� WKDW� WKH\� DUH� FRQFHQWUDWHG� LQ� NQRZOHGJH�LQWHQVLYH� LQGXVWULHV�� 7KLV

VXJJHVWV� WKDW� PXOWLQDWLRQDOV� PD\� KDYH� SOD\HG� D� UROH� LQ� LQFUHDVLQJ� SURGXFWLYLW\� OHYHOV� LQ� 8.

LQGXVWU\�DV�KLJKHU�SURGXFWLYLW\� IRUHLJQ�RZQHG�SURGXFWLRQ� UHSODFHG� ORZHU�SURGXFWLYLW\�GRPHVWLF

SURGXFWLRQ��7KLV�KDV�EHHQ�VXJJHVWHG�E\�VWXGLHV�XVLQJ�GDWD�DW�WKH�LQGXVWU\�RU�FRXQWU\�OHYHO�

7KLV� SDSHU� XVHV� GDWD� RQ� LQGLYLGXDO� HVWDEOLVKPHQWV� ORFDWHG� LQ� WKH�8.�RYHU� WKH� SHULRG� ����� WR

����� LQ� WKH�PRWRU� YHKLFOH� DQG� SDUWV� LQGXVWU\� WR� HVWLPDWH� SURGXFWLRQ� IXQFWLRQV�� 7KH� HPSLULFDO

UHVXOWV�VXJJHVW�WKDW�IRUHLJQ�RZQHG�HVWDEOLVKPHQWV�LQ�WKLV�LQGXVWU\�KDYH�VLJQLILFDQWO\�KLJKHU�OHYHOV

RI� RXWSXW� SHU�ZRUNHU� �RYHU� WZLFH� DV� KLJK� DV� GRPHVWLF�RZQHG� HVWDEOLVKPHQWV���+RZHYHU�� WKHVH

GLIIHUHQFHV� FDQ� EH� DOPRVW� HQWLUHO\� H[SODLQHG� E\� GLIIHUHQFHV� LQ� LQSXW� OHYHOV�� )RUHLJQ�RZQHG

HVWDEOLVKPHQWV�LQYHVW�PRUH�LQ�SK\VLFDO�FDSLWDO��XVH�D�KLJKHU�OHYHO�RI�LQWHUPHGLDWH�LQSXWV�DQG�SD\

WKHLU�ZRUNHUV�KLJKHU�ZDJHV��7KLV� ODVW� UHVXOW� LV�SDUWLFXODUO\� LQWHUHVWLQJ�� DQG�FDQ�EH� LQWHUSUHWHG�DV

VXJJHVWLQJ�HLWKHU� WKDW� IRUHLJQ�RZQHG�HVWDEOLVKPHQWV�KLUH�ZRUNHUV�ZLWK�JUHDWHU� VNLOO�RU� DELOLW\�RU

WKDW�IRUHLJQ�RZQHG�HVWDEOLVKPHQWV�SD\�WKHLU�ZRUNHUV�KLJKHU�ZDJHV�DQG�WKXV�JHW�PRUH�RXW�RI�WKHP

�FDOOHG� DQ� HIILFLHQF\� ZDJH� HIIHFW��� 7KH� SX]]OH� LV� ZK\� GRPHVWLF�RZQHG� HVWDEOLVKPHQWV� DUH� QRW

LQYHVWLQJ�LQ�FDSLWDO�RU�SD\LQJ�WKHLU�ZRUNHUV�DW�WKH�VDPH�OHYHO�DV�IRUHLJQ�RZQHG�HVWDEOLVKPHQWV�
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���,QWURGXFWLRQ

7KH�����V�VDZ�D�UDSLG�JURZWK�LQ�RXWSXW�SHU�ZRUNHU�DQG�WRWDO�IDFWRU�SURGXFWLYLW\�LQ�PDQ\�VHFWRUV

RI� WKH� 8.� HFRQRP\�� ERWK� UHODWLYH� WR� WKH� SUHYLRXV� GHFDGH� DQG� UHODWLYH� WR� WKH� 86��� 0DQ\

DOWHUQDWLYH�WKHRUHWLFDO�DQG�HPSLULFDO�H[SODQDWLRQV�KDYH�EHHQ�RIIHUHG��7KLV�SHULRG�RI�SURGXFWLYLW\

JURZWK� FRLQFLGHG�ZLWK�PDQ\� FKDQJHV� WR� WKH�8.� HFRQRP\� �� WKH� ZHDNHQLQJ� RI� ODERXU� XQLRQV�

UDSLG�VKDNHRXWV�RI�ILUPV�LQ�WKH�HDUO\�����V�UHFHVVLRQ��FRPSXWHULVDWLRQ�DQG�LQFUHDVHV�LQ�WKH�TXDOLW\

RI� WKH� ODERXU� IRUFH�� ,W� KDV� DOVR� EHHQ� QRWHG� WKDW� UDSLG� SURGXFWLYLW\� JURZWK� FRLQFLGHG� ZLWK� DQ

LQFUHDVH� LQ� WKH� LQZDUG� IORZ�RI� IRUHLJQ� LQYHVWPHQW��)URP� WKH� HDUO\� OLWHUDWXUH�RI�9HUQRQ� �������

'XQQLQJ� ������� DQG� &DYHV� ������� LW� KDV� EHHQ� VXJJHVWHG� WKDW� PXOWLQDWLRQDO� ILUPV� DUH� PRUH

SURGXFWLYH�DQG�DUH�FRQFHQWUDWHG�LQ�NQRZOHGJH�LQWHQVLYH�LQGXVWULHV��7KLV�VXJJHVWV�WKDW�DQ�LQFUHDVH

LQ� WKH�SUHVHQFH� RI�PXOWLQDWLRQDOV� LQ� WKH�8.�PD\� KDYH� SOD\HG� D� UROH� LQ� LQFUHDVLQJ� SURGXFWLYLW\

OHYHOV� LQ� 8.� LQGXVWU\� DV� KLJKHU� SURGXFWLYLW\� IRUHLJQ�RZQHG� SURGXFWLRQ� UHSODFHG� ORZHU

SURGXFWLYLW\�GRPHVWLF�SURGXFWLRQ��7KH�HQWU\�RI�PXOWLQDWLRQDO�ILUPV�PD\�DOVR�DIIHFW�SURGXFWLYLW\

OHYHOV�LQ�RWKHU�ZD\V�²�E\�EULQJLQJ�QHZ�LGHDV�RU�LQFUHDVLQJ�WKH�OHYHO�RI�FRPSHWLWLRQ�LQ�WKH�PDUNHW�

7KH�HQGRJHQRXV�JURZWK��DQG�QHZ�WUDGH�OLWHUDWXUHV��IRFXV�RQ�WKH�UROH�PXOWLQDWLRQDO�ILUPV�SOD\�LQ

WUDQVIHUULQJ�WHFKQRORJ\�IURP�WKH�IURQWLHU� WR� WHFKQRORJLFDOO\�PRUH�EDFNZDUG�HFRQRPLHV��$� ODUJH

WKHRUHWLFDO�OLWHUDWXUH�KDV�HYROYHG�WKDW�DWWHPSWV�WR�H[SODLQ�WKH�GHWHUPLQDQWV�DQG�HIIHFWV�RI�IRUHLJQ

LQYHVWPHQW� RQ� SURGXFWLYLW\� DQG� JURZWK�� (PSLULFDO� ZRUN�� ODUJHO\� DW� WKH� DJJUHJDWH� OHYHO�� KDV

LGHQWLILHG�FRUUHODWLRQV�EHWZHHQ�WKH�RSHQQHVV�RI�DQ�HFRQRP\�DQG�JURZWK�LQ�SURGXFWLYLW\�RU�H[SRUW

SHUIRUPDQFH��� $Q� DOWHUQDWLYH� H[SODQDWLRQ� LV� RIIHUHG� E\� 1LFNHOO� ������� ZKR� DUJXHV� WKDW

SURGXFWLYLW\�LQFUHDVHV�LQ�WKH�8.�RYHU�WKH�����V�ZHUH�GXH�PRUH�WR�PDQDJHPHQW�LQQRYDWLRQ��DQG

WKH� UHRUJDQLVDWLRQ� RI� SURGXFWLRQ� WKDQ� WR� D� VXUJH� LQ� WKH� UDWH� RI� WHFKQRORJLFDO� RU� VFLHQWLILF

DGYDQFH���,Q�FRQWUDVW��'RXJKHUW\�DQG�-RUJHQVRQ��������DUJXH�WKDW�GLIIHUHQFHV� LQ�RXWSXW�JURZWK

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

��6HH�2·0DKRQ\���������'RXJKHUW\�DQG�-RUJHQVRQ���������1LFNHOO�HW��DO����������/D\DUG�DQG�1LFNHOO���������2XOWRQ
DQG�2·0DKRQ\���������0D\HV� �������� �&DPHURQ��3URXGPDQ�DQG�5HGGLQJ� ��������YDQ�$UN� ��������/DQVEXU\� ������
DQG�2XOWRQ��������

��6HH��LQWHU�DOLD��%DUUR�DQG�6DOD�L�0DUWLQ���������$JKLRQ�DQG�+RZLWW���������*URVVPDQ�DQG�+HOSPDQ��������

��6HH��LQWHU�DOLD��.UXJPDQ������D�E��������9HQDEOHV���������6PLWK��������DQG�(GZDUGV��������

��7KHVH�VWXGLHV�KDYH�JHQHDUOO\�XVHG�ODERXU�SURGXFWLYLW\��VHH��IRU�H[DPSOH��%HUQDUG�DQG�-RQHV������D�E���%DUUHOO�DQG
3DLQ���������&DPHURQ��3URXGPDQ�DQG�5HGGLQJ��������ORRN�DW�7)3��VWXGLHV�XVLQJ�PLFUR�GDWD�LQFOXGH�%ORPVWURP�DQG
3HUVVRQ���������'DYLHV�DQG�/\RQV���������*OREHUPDQ��������

��6HH�/D\DUG�DQG�1LFNHOO���������%HDQ�DQG�6\PRQV��������DQG�%HDQ�DQG�&UDIWV��������
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DFURVV�WKH�*��FRXQWULHV�FDQ�EH�DOPRVW�HQWLUHO\�H[SODLQHG�E\�GLIIHUHQFHV�LQ�WKH�OHYHOV�DQG�JURZWK

UDWHV�RI�LQYHVWPHQW�LQ�SK\VLFDO��KXPDQ�DQG�NQRZOHGJH�FDSLWDO�

7KLV�SDSHU�FRQVLGHUV�ZKHWKHU�WKH�VW\OLVHG�IDFW�WKDW�PXOWLQDWLRQDO�ILUPV�DUH�PRUH�SURGXFWLYH�WKDQ

GRPHVWLF� ILUPV� LV� ERUQH� RXW� HPSLULFDOO\�� 7KH� VSHFLILF� TXHVWLRQ� DGGUHVVHG� LV� ZKHWKHU� WKHUH� DUH

GLIIHUHQFHV� EHWZHHQ� GRPHVWLF� DQG� IRUHLJQ�RZQHG� HVWDEOLVKPHQWV� DQG�ZKDW� UROH� IRUHLJQ�RZQHG

HVWDEOLVKPHQWV� WKDW� KDYH� FKRVHQ� WR� SURGXFH� LQ� WKH�8.� KDYH� SOD\HG� LQ� LQFUHDVLQJ� WKH� OHYHO� RI

ODERXU�DQG�WRWDO�IDFWRU�SURGXFWLYLW\��$�JHQHUDO�GHVFULSWLYH�DQDO\VLV�RI�WKH�GLIIHUHQFHV�EHWZHHQ�DOO

GRPHVWLF�DQG�IRUHLJQ�RZQHG�SURGXFWLRQ�HVWDEOLVKPHQWV�LQ�WKH�8.�LV�JLYHQ�DQG�D�GHWDLOHG�DQDO\VLV

RI�RQH�LQGXVWU\�LV�FDUULHG�RXW��7KH�FDU�LQGXVWU\�LV�FKRVHQ�IRU�D�QXPEHU�RI�UHDVRQV���LW�KDV�D�ODUJH

OHYHO� RI� IRUHLJQ� LQYROYHPHQW�� WKLV� OHYHO� LQFUHDVHG�RYHU� WKH�SHULRG�XQGHU� FRQVLGHUDWLRQ� DQG� LW� LV

DOVR�RQH�RI�WKH�LQGXVWULHV�WKDW�H[SHULHQFHG�D�ULVH�LQ�RXWSXW�SHU�ZRUNHU�

7KH�SUHGRPLQDQW�PRGHO�RI�ZK\�PXOWLQDWLRQDO�ILUPV�H[LVW�IRFXVHV�RQ�WKH�UROH�SOD\HG�E\�LQWDQJLEOH

DVVHWV��7KLV� WKHRU\� LV� EDVHG� RQ� WKH� SUHVXPSWLRQ� WKDW� LW� LV� FRVWO\� WR� RSHUDWH� DEURDG�� UHODWLYH� WR

GRPHVWLFDOO\��� /RFDO� ILUPV� KDYH� EHWWHU� NQRZOHGJH� RI� ORFDO� PDUNHWV�� FRQVXPHU� SUHIHUHQFHV� DQG

EXVLQHVV�SUDFWLFHV��)RUHLJQ�ILUPV�PXVW�WKHUHIRUH�KDYH�VRPH�RWKHU�DGYDQWDJH�RYHU�GRPHVWLF�ILUPV

LQ�RUGHU� WR�FRPSHWH��7KLV� FDQ�EH� LQ� WKH� IRUP�RI�KLJKHU�SURGXFWLYLW\� OHYHOV�� RU� WKURXJK�JUHDWHU

PDUNHW�SRZHU��)RUHLJQ�RZQHUVKLS� FDQ� FRPH� DERXW� HLWKHU�ZKHQ� D� IRUHLJQ� ILUP� VHWV� XS� D� JUHHQ

ILHOG� VLWH�� RU� E\� SXUFKDVLQJ� DQ� H[LVWLQJ� HVWDEOLVKPHQW�� 7KLV� SDSHU� H[DPLQHV� ZKHWKHU

HVWDEOLVKPHQWV� WKDW� DUH� IRUHLJQ�RZQHG� WKURXJK� HLWKHU� RI� WKHVH� URXWHV� KDYH� KLJKHU� SURGXFWLYLW\

OHYHOV�WKDQ�WKRVH�WKDW�DUH�GRPHVWLF�RZQHG�

,Q� WKH� WKHRUHWLFDO� OLWHUDWXUH� WKHUH� DUH�PDQ\�PHFKDQLVPV�E\�ZKLFK� LQYHVWPHQW� IURP�DEURDG� FDQ

DIIHFW� SURGXFWLYLW\�� 0RVW� HPSLULFDO� ZRUN� LQYHVWLJDWLQJ� WKH� LPSDFW� RI� IRUHLJQ� LQYHVWPHQW� RQ

SURGXFWLYLW\�KDV�XVHG�DQ�DJJUHJDWH�PHDVXUH�RI�IRUHLJQ�GLUHFW�LQYHVWPHQW��)',��DQG�KDV�UHPDLQHG

IDLUO\� DJQRVWLF� DV� WR� ZKDW� LV� WKH� SUHFLVH� PHFKDQLVP� E\� ZKLFK� WKLV� DIIHFWV� SURGXFWLYLW\�� )',

PHDVXUHV�D�IORZ�RI�ILQDQFLDO�FDSLWDO�IURP�RQH�FRXQWU\�WR�DQRWKHU��%XW�LQ�WKH�WKHRUHWLFDO�OLWHUDWXUH

WKH�PDLQ�FRQFHSW�LV�RQH�RI�FRQWURO�RI�SURGXFWLYH�DVVHWV�DQG�WKH�IORZ�RI�LGHDV��+HUH�LW�LV�DUJXHG

WKDW�D�EHWWHU�SUR[\�IRU�WKLV�LV�IRUHLJQ�RZQHUVKLS�

,QFUHDVHV�LQ�LQGXVWU\�OHYHO�SURGXFWLYLW\�DV�D�UHVXOW�RI�IRUHLJQ�RZQHUVKLS�PD\�RFFXU�IRU�D�QXPEHU

RI�UHDVRQV��7KH�DYHUDJH�OHYHO�RI�SURGXFWLYLW\�LQ�DQ�LQGXVWU\�FRXOG�ULVH�EHFDXVH�FRPSRVLWLRQ�HIIHFWV

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

��6HH��LQWHU�DOLD��&DYHV���������'XQQLQJ���������*UDKDP�DQG�.UXJPDQ��������
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PHDQ�WKDW�KLJKHU�SURGXFWLYLW\�IRUHLJQ�ILUPV�UHSODFH�ORZHU�SURGXFWLYLW\�GRPHVWLF�ILUPV��)ROORZLQJ

IURP�WKH�WKHRUHWLFDO�UHDVRQV�ZK\�PXOWLQDWLRQDO�ILUPV�H[LVW��LQ�RUGHU�IRU�WKH�IRUHLJQ�ILUP�WR�ZDQW

WR�HQWHU�WKH�GRPHVWLF�PDUNHW�LW�PXVW�H[SHFW�D�KLJKHU�UHWXUQ�WKDQ�GRPHVWLF�ILUPV��VLQFH�FRVWV�DUH

SUHVXPHG�FKHDSHU�IRU�GRPHVWLF�ILUPV���7KHVH�KLJKHU�UHWXUQV�FRXOG�EH�EHFDXVH�WKH�IRUHLJQ�RZQHG

ILUP�LV�PRUH�SURGXFWLYH��'HPRQVWUDWLRQ�HIIHFWV�PHDQ�WKDW�GRPHVWLF�ILUPV�PD\�EH�DEOH�WR�LPLWDWH�WKH

WHFKQRORJ\� XVHG� E\� IRUHLJQ� ILUPV�� 7KLV� ZRXOG� DIIHFW� ERWK� WKH� DYHUDJH� LQGXVWU\� OHYHO� RI

SURGXFWLYLW\� DQG� DOVR� WKH� OHYHO� RI� SURGXFWLYLW\� LQ� LQGLYLGXDO� GRPHVWLF�RZQHG� HVWDEOLVKPHQWV�

6LPLODUO\�� IRUHLJQ� ILUPV� PD\� LQWURGXFH� FRPSHWLWLRQ� LQWR� D� SUHYLRXVO\� XQFRPSHWLWLYH� GRPHVWLF

SURGXFW�PDUNHW��DQG�WKH\�PD\�EURDGHQ�WKH�PDUNHW�VL]H�E\�RSHQLQJ�XS�DFFHVV�WR�IRUHLJQ�PDUNHWV�

)RUHLJQ�ILUPV�PD\�KLUH�DQG� WUDLQ�ZRUNHUV�ZKR�WKHQ�HLWKHU�HDUQ�KLJKHU�ZDJHV�RU�JR�WR�ZRUN� IRU

RWKHU��GRPHVWLF��ILUPV�ZKR�WKHQ�EHQHILW�WKURXJK�KLJKHU�ODERXU�SURGXFWLYLW\��7KH\�PD\�DOVR�RSHQ

XS� DFFHVV� WR� KLJKHU� TXDOLW\� FDSLWDO� LQSXWV�� H�J�� WKURXJK� DFFHVV� WR� IRUHLJQ� IDFWRU� PDUNHWV�� 7KLV

SDSHU� FRQVLGHUV� RQO\� WKH� ILUVW� RI� WKHVH� HIIHFWV� ²� KDYH� KLJKHU� SURGXFWLYLW\� IRUHLJQ�RZQHG

HVWDEOLVKPHQWV� UHSODFHG� ORZHU� SURGXFWLYLW\� GRPHVWLF�RZQHG� HVWDEOLVKPHQWV� DQG� WKXV� OHG� WR

JURZWK�LQ�8.�SURGXFWLYLW\�OHYHOV�WKURXJK�FRPSRVLWLRQ�DORQH"

7KH�VWUXFWXUH�RI�WKLV�SDSHU�LV�DV�IROORZV��6HFWLRQ���GLVFXVVHV�VRPH�PHWKRGRORJLFDO�LVVXHV�LQYROYHG

LQ�PHDVXULQJ�WRWDO�IDFWRU�SURGXFWLYLW\��,Q�VHFWLRQ���WKH�HVWDEOLVKPHQW�OHYHO�GDWD�LV�GHVFULEHG�DQG

VRPH�SUHOLPLQDU\�DQDO\VLV�SUHVHQWHG��(FRQRPHWULF�HVWLPDWHV�RI�WKH�SDUDPHWHUV�RI�WKH�SURGXFWLRQ

IXQFWLRQ�RI�HVWDEOLVKPHQWV�LQ�RQH�LQGXVWU\�²�PRWRU�YHKLFOHV���DUH�SUHVHQWHG�LQ�6HFWLRQ����$�ILQDO

VHFWLRQ�VXPPDULVHV�

���0HWKRGRORJ\

6RORZ��������IRUPDOLVHG�WKH� LGHD�RI� LQWHUSUHWLQJ� WKH� WLPH�VHULHV�RI� WKH� UHVLGXDO� LQ�D�SURGXFWLRQ

IXQFWLRQ�DV�UHIOHFWLQJ�WHFKQRORJLFDO�FKDQJH�RU�7)3�JURZWK��6LPLODUO\��D�FRPSDULVRQ�RI�WRWDO�IDFWRU

SURGXFWLYLW\� FDQ� EH� PDGH� EHWZHHQ� GLIIHUHQW� HVWDEOLVKPHQWV� DW� WKH� VDPH� SRLQW� LQ� WLPH�� 7KLV

GLIIHUHQFH� LQ� 7)3� LV� LQWHUSUHWHG� KHUH� DV� WKH� GLIIHUHQFH� LQ� RXWSXW� WKDW� LV� QRW� H[SODLQHG� E\� D

GLIIHUHQFH�LQ�LQSXWV�

7KHUH�DUH�WZR�PDLQ�DSSURDFKHV�WR�PHDVXULQJ�7)3��WKH�LQGH[�QXPEHU�DSSURDFK�DQG�HFRQRPHWULF

HVWLPDWLRQ�� 7KH� LQGH[� QXPEHU� DSSURDFK� LV� WKH� RQH� WKDW� LV� PRUH� FRPPRQO\� WDNHQ�� ,W� KDV� WKH

DWWUDFWLYH�SURSHUW\� WKDW� LW�GRHV�QRW� LQYROYH� VSHFLILFDWLRQ�RI� WKH�SUHFLVH� IRUP�RI� WKH�SURGXFWLRQ

IXQFWLRQ� RU� HVWLPDWLRQ� RI� WKH� VWUXFWXUDO� SDUDPHWHUV�� &DYHV� HW�� DO�� ������� GHYHORS� VXSHUODWLYH

LQGLFHV�IRU� LQSXWV��RXWSXWV�DQG�WKXV�IRU�SURGXFWLYLW\��$�VXSHUODWLYH� LQGH[�QXPEHU� LV�RQH� WKDW� LV
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GHULYHG�IURP�D�VSHFLILF�DJJUHJDWRU�IXQFWLRQ��VR� LV�VDLG�WR�EH�H[DFW�IRU�WKDW�IXQFWLRQ��DQG�ZKHUH

WKH�DJJUHJDWRU�IXQFWLRQ�KDV�D�IOH[LEOH�IXQFWLRQDO�IRUP���7DNLQJ�DQ�LQGH[�DSSURDFK�REVHUYHG�IDFWRU

VKDUHV�FDQ�EH�XVHG�WR�FDOFXODWH�7)3��+RZHYHU��IRU�LQGH[�QXPEHUV�WR�\LHOG�XQELDVHG�HVWLPDWHV�RI

7)3�D�QXPEHU�RI�DVVXPSWLRQV�DUH�UHTXLUHG��7KHVH�LQFOXGH��FRQVWDQW�UHWXUQV�WR�VFDOH�WHFKQRORJ\�

FRPSHWLWLYH�LQSXW�DQG�RXWSXW�PDUNHWV��IXOO�XWLOLVDWLRQ�RI�DOO�LQSXWV�DQG�LQVWDQWDQHRXV�DGMXVWPHQW

RI�DOO�LQSXWV�WR�WKHLU�GHVLUHG�GHPDQG�OHYHOV��

(FRQRPHWULF�HVWLPDWLRQ�DOORZV�WKH�SRVVLELOLW\�RI�UHOD[LQJ�WKHVH�DVVXPSWLRQV��DOWKRXJK�LW�SUHVHQWV

LWV�RZQ�FKDOOHQJHV��:KLFK�RI�WKHVH�DVVXPSWLRQV�FDQ�EH�UHOD[HG�LQ�SUDFWLFH�GHSHQGV�ODUJHO\�RQ�WKH

ULFKQHVV�RI�WKH�GDWD�XVHG�IRU�HVWLPDWLRQ��3UDFWLFDO�UHTXLUHPHQWV�JHQHUDOO\�PHDQ�LPSRVLQJ�D�VWULFWHU

VHW�RI�DVVXPSWLRQV�DERXW�WKH�IXQFWLRQDO�IRUP�RI�WKH�SURGXFWLRQ�WHFKQRORJ\�DQG�WKH�VWDELOLW\�RI

SDUDPHWHUV� DFURVV� WLPH�� +RZHYHU�� D� G\QDPLF� SURGXFWLRQ� IXQFWLRQ�� DV� VSHFLILHG� EHORZ�� DOORZV

PDQ\�RI�WKHVH�DVVXPSWLRQV�WR�EH�UHOD[HG�DQG�SURYLGHV�D�XVHIXO�WRRO�IRU�DQDO\VLQJ�WKHLU�HPSLULFDO

LPSRUWDQFH��WKRXJK�RQO\�XQGHU�WKH�PDLQWDLQHG�K\SRWKHVLV�WKDW�WKH�IXQFWLRQDO�IRUP�LV�FRUUHFW�

,Q�WKLV�SDSHU��HVWDEOLVKPHQW�OHYHO�7)3�PHDVXUHV�DUH�REWDLQHG�E\�HVWLPDWLQJ�SURGXFWLRQ�IXQFWLRQV

IRU�WKH�8.�FDU�LQGXVWU\��(PSKDVLV�LV�SODFHG�RQ�DOORZLQJ�IRU�G\QDPLFV�VR�SURGXFWLYLW\�VKRFNV�DUH

DOORZHG�WR�WDNH�D�YHU\�JHQHUDO�IRUP��7KXV�WKH�JDLQV�RYHU�WKH�LQGH[�QXPEHU�DSSURDFK�DUH�WKDW�WKH

FRQVWDQW�UHWXUQ�WR�VFDOH��IXOO�FDSDFLW\�XWLOLVDWLRQ�DQG�LQVWDQWDQHRXV�DGMXVWPHQW�DVVXPSWLRQV�FDQ�EH

UHOD[HG��7KH�FRVW�LV�WKDW�PRUH�UHVWULFWLRQV�DUH�SODFHG�RQ�WKH�IXQFWLRQDO�IRUP�

&RQVLGHU�DQ�HVWDEOLVKPHQW� L� WKDW�SURGXFHV�D�VLQJOH�RXWSXW�DW� WLPH� W�ZLWK�D�&REE�'RXJODV�JURVV

RXWSXW�SURGXFWLRQ�IXQFWLRQ�RI�WKH�IRUP

Y A K L Xit it it it it= α β γ ����������

ZKHUH�<�LV�RXWSXW��$�LV�D�+LFNV�QHXWUDO�SURGXFWLYLW\�VKLIW�SDUDPHWHU��.�LV�FDSLWDO�LQSXW��/�LV�ODERXU

LQSXW��;�LV�LQWHUPHGLDWH�LQSXWV��α β γ, , �DUH�WKH�HODVWLFLWLHV�RI�RXWSXW�ZLWK�UHVSHFW�WR�WKH�UHOHYDQW

IDFWRU��α β γ+ + = 1�LPSOLHV�WKDW�WKH�SURGXFWLRQ�WHFKQRORJ\�LV�FRQVWDQW�UHWXUQV�WR�VFDOH�

7KH�SURGXFWLRQ�IXQFWLRQ�����FDQ�EH�HVWLPDWHG�LQ�ORJ�OLQHDU�IRUP

y k l x ait it it it it= + + +α β γ ����������

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

�� &DYHV� HW�� DO�� ������� GHILQH� IOH[LEOH� IXQFWLRQV� DV� WKRVH� ZKLFK� FDQ� SURYLGH� D� VHFRQG� RUGHU� DSSUR[LPDWLRQ� WR� DQ
DUELWUDU\�DJJUHJDWRU�IXQFWLRQ�

��6HH�&DYHV�HW��DO���������1DGLUL�DQG�3UXFKD��������DQG�'LHZHUW�DQG�1DNXPXUD��������
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ZKHUH� YDULDEOHV� LQ� ORZHU� FDVH� DUH� ORJV�� 7KH� UHVLGXDO�� ait �� FDQ� EH� LQWHUSUHWHG� DV� 7)3� DQG

GHFRPSRVHG�LQWR�WKH�IROORZLQJ�FRPSRQHQWV�

a t eit i t it= + +η ����������

ZKHUH�ηi � FDSWXUHV� HVWDEOLVKPHQW�VSHFLILF� GLIIHUHQFHV� LQ� SURGXFWLYLW\�ZKLFK� DUH� IL[HG� RYHU� WLPH

�VXFK� DV� ORFDWLRQ�� PDQDJHULDO� DELOLW\� RU� SHUPDQHQW� GLIIHUHQFHV� LQ� WKH� HVWDEOLVKPHQW·V� DELOLW\� WR

EHQHILW� IURP�VSLOORYHUV�� IRU�H[DPSOH�EHFDXVH�RI� WKHLU�DFWLYLWLHV� LQ�RWKHU�SDUWV�RI� WKH�ZRUOG�� DQG

RWKHU� SHUPDQHQW� XQREVHUYHG� IDFWRUV��� tt � FDSWXUHV� FRPPRQ� PDFUR� SURGXFWLYLW\� VKRFNV�� eit �

FDSWXUHV�HVWDEOLVKPHQW�VSHFLILF�WLPH�YDU\LQJ�SURGXFWLYLW\�VKRFNV�ZKLFK�DUH�LQLWLDOO\�DVVXPHG�WR�EH

LGLRV\QFUDWLF��7KHVH�VKRFNV�DUH�LQWHUSUHWHG�KHUH�DV�EHLQJ�NQRZQ�WR�WKH�HVWDEOLVKPHQW�EXW�QRW�WKH

HFRQRPHWULFLDQ��VR�WKH\�GR�QRW�H[SOLFLWO\�LQFRUSRUDWH�DQ\�XQFHUWDLQW\�IDFHG�E\�WKH�HVWDEOLVKPHQW�

2QH� RI� WKH� GLIILFXOWLHV� LQ� LQWHUSUHWLQJ� 7)3� WKDW� KDV� EHHQ� PHDVXUHG� DV� D� UHVLGXDO� FRPHV� LQ

NQRZLQJ�ZKDW� SRUWLRQ� LV� DWWULEXWDEOH� WR� WHFKQRORJLFDO� RU� RWKHU� VSLOORYHUV� DQG� H[WHUQDOLWLHV� DQG

ZKDW�SRUWLRQ�LV�PHDVXUHPHQW�HUURU�

7KLV�SDSHU�LV�FRQFHUQHG�ZLWK�WHVWLQJ�ZKHWKHU�RQH�JURXS�RI�HVWDEOLVKPHQWV��IRUHLJQ�RZQHG��KDV�D

KLJKHU� OHYHO� RI� WRWDO� IDFWRU� SURGXFWLYLW\� WKDQ� DQRWKHU� �GRPHVWLF�RZQHG��� 7KLV� LV� GRQH� E\

FRPSDULVRQ�RI�WKH�PHDQ�RI�ηi � DFURVV� WKH� WZR�JURXSV�²� WKH�PHDQ�IRU�GRPHVWLF�HVWDEOLVKPHQWV�

ηi
d � LV� FRPSDUHG�ZLWK� WKH�PHDQ� IRU� IRUHLJQ�HVWDEOLVKPHQWV��ηi

f �� ,I�η ηi
d

i
f< � WKLV�ZRXOG� VXJJHVW

WKDW� IRUHLJQ�RZQHG� HVWDEOLVKPHQWV� RQ� DYHUDJH� KDYH� KLJKHU� OHYHOV� RI� 7)3� DQG� WKDW� WKHUH� FRXOG

KDYH�EHHQ�D� FRPSRVLWLRQ� HIIHFW��$V� WKH�SURSRUWLRQ�RI�RXWSXW� DFFRXQWHG� IRU�E\� IRUHLJQ�RZQHG

HVWDEOLVKPHQWV�URVH�RYHU�WLPH�WKLV�FRXOG�KDYH�OHG�WR�D�ULVH�LQ�WKH�DYHUDJH�OHYHO�RI�7)3�LQ�WKH�8.�

&DUH�PXVW�EH�WDNHQ�LQ�LQWHUSUHWLQJ�DQ\�GLIIHUHQFHV�LQ�SURGXFWLYLW\�OHYHOV��7KH\�GR�QRW�QHFHVVDULO\

LPSO\�D�FDXVDO�UHODWLRQVKLS�EHWZHHQ�EHLQJ�IRUHLJQ�RZQHG�DQG�EHLQJ�PRUH�SURGXFWLYH��,W�PD\�EH

WKDW�ERWK�JURXSV�RI�HVWDEOLVKPHQWV�DUH�GUDZQ�IURP�WKH�VDPH�GLVWULEXWLRQ�EXW�WKDW�RQO\�WKH�EHVW

IRUHLJQ�RZQHG� HVWDEOLVKPHQWV� KDYH� FKRVHQ� WR� ORFDWH� LQ� WKH� 8.�� 7KLV� ZRXOG� PHDQ� WKDW� WKH

REVHUYHG�GLVWULEXWLRQ�RI� IRUHLJQ�RZQHG�HVWDEOLVKPHQWV� ORFDWHG� LQ�WKH�8.�ZDV�WUXQFDWHG�RQ�WKH

OHIW�� 'RPHVWLF�RZQHG� HVWDEOLVKPHQWV� PD\� LQFOXGH� D� OHIW�KDQG� WDLO� RI� SRRUO\� SHUIRUPLQJ

HVWDEOLVKPHQWV��L�H��WKRVH�WKDW�DUH�MXVW�VHWWLQJ�XS�RU�MXVW�JRLQJ�RXW�RI�EXVLQHVV���,W�FRXOG�DOVR�EH

WKH�FDVH�WKDW�IRUHLJQ�ILUPV�ORFDWLQJ�LQ�WKH�8.�VHOHFW�RQO\�WKH�PRVW�SURGXFWLYH�HVWDEOLVKPHQWV�
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2QH�FRQFHUQ�LV�WKDW�WKH�VWDWLF�VSHFLILFDWLRQ�FRQVLGHUHG�VR�IDU�PD\�EH�PLV�VSHFLILHG��)RU�H[DPSOH�

WKH� HVWDEOLVKPHQW�VSHFLILF� SURGXFWLYLW\�� eit �� PD\� SHUVLVW� RYHU� WLPH�
�� 7KLV� FDQ� EH� FDSWXUHG� E\

DOORZLQJ�WKLV�FRPSRQHQW�RI�WKH�HUURU�WHUP�WR�EH�VHULDOO\�FRUUHODWHG

e e uit it it= +−ρ 1 ����������

ZKHUH�uit �LV�DQ�LGLRV\QFUDWLF�HUURU�WHUP�

/DJJLQJ�����E\�RQH�SHULRG�DQG�PXOWLSO\LQJ�WKURXJK�E\�ρ �JLYHV

ρ ρα ρβ ργ ρy k l x ait it it it it− − − − −= + + +1 1 1 1 1 � ����������

6XEWUDFWLQJ�����IURP�����\LHOGV�D�G\QDPLF�IRUP�RI�WKH��SURGXFWLRQ�IXQFWLRQ�ZLWK�D�ZHOO�EHKDYHG

HUURU�WHUP

ittiitititititititit utxxllkkyy +++++++++= −−−−
**

17615413211 ηλλλλλλλ ���� ����������

ZKHUH� γλβλαλρλ ==== 6421 ,,, �� ( ) ii ηρη −= 1* �� 1
*

−−= ttt ttt ρ � DQG� WKH� FRPPRQ� IDFWRU

UHVWULFWLRQV�

ργλρβλραλ −=−=−= 753 ,, ��� ����������

FDQ�EH�LPSRVHG�RU�WHVWHG�

$QRWKHU�FRQFHUQ�DERXW�WKH�SURGXFWLRQ�IXQFWLRQV�VKRZQ�LQ�HTXDWLRQV�����DQG�����LV�WKDW�WKH\�GR

QRW�DOORZ�IRU�WKH�IDFW�WKDW�ZRUNHUV�RU�FDSLWDO�PD\�EH�KHWHURJHQHRXV�LQ�DELOLW\�RU�TXDOLW\�DQG�WKDW

HVWDEOLVKPHQWV�PD\�HPSOR\�ZRUNHUV�RI�GLIIHULQJ�DELOLWLHV�RU�SXUFKDVH�FDSLWDO�RI�GLIIHUHQW�DJHV�DQG

TXDOLWLHV��6XSSRVH�ZRUNHUV�ZHUH�RI� WZR�GLIIHUHQW�TXDOLWLHV�� VNLOO� � LS �� DQG�XQVNLOOHG� � LU �� WKHQ

WKH\�FRXOG�EH�HQWHUHG�LQWR�WKH�SURGXFWLRQ�IXQFWLRQ�VHSDUDWHO\�DQG�WKH�HODVWLFLWLHV�DOORZHG�WR�YDU\

VR�WKDW�HTXDWLRQ�����ZRXOG�EH�UHZULWWHQ

( ) γβφφα
itititit XLULSKAY Us

it
= � ����������

,I�ZDJHV�DQG�WKH�UHQWDO�SULFH�RI�FDSLWDO�DUH�DVVXPHG�WR�UHIOHFW�TXDOLW\��DQG�WKH�FRVW�LQGH[�IRU�WKLV

IDFWRU�LV�DVVXPHG�WR�EH�FRQVWDQW�UHWXUQV�WR�VFDOH�� 1=+ Us φφ ��WKHQ�FRVW�VKDUHV�FRXOG�EH�XVHG�DV

ZHLJKWV� DQG� WKH� GLIIHUHQW� TXDOLWLHV� FRXOG� EH� DJJUHJDWHG� LQWR� D� VLQJOH� LQGH[�� $Q� DOWHUQDWLYH

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

��7KLV�FRXOG�UHIOHFW�DQ�RPLWWHG�YDULDEOH��IRU�H[DPSOH�NQRZOHGJH�FDSLWDO��RU�LW�FRXOG�UHIOHFW�WKH�IDFW�WKDW�HVWDEOLVKPHQWV
GR�QRW�LQVWDQWDQHRXVO\�DGMXVW�



�

DSSURDFK� LV� WR� VFDOH� ODERXU� LQSXWV� E\� WKH� DYHUDJH� ZDJH� RI� ZRUNHUV� RI� HDFK� W\SH� LQ� HDFK

HVWDEOLVKPHQW� � itit wuws , ��� UHODWLYH� WR� WKH� DYHUDJH� ZDJH� LQ� WKH� HVWDEOLVKPHQW·V� LQGXVWU\

� itit wuws , ���VR�WKDW�WKH�SURGXFWLRQ�IXQFWLRQ�EHFRPHV

γ
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it
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ZKLFK�FDQ�EH�HVWLPDWHG�LQ�ORJ�OLQHDU�IRUP����DQG�DOORZLQJ�WKH�FRHIILFLHQW�RQ�WKH�UHODWLYH�ZDJH�WR

YDU\�IURP�WKDW�RQ�ODERXU��
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7KH�FRHIILFLHQWV�RQ�WKH�UHODWLYH�ZDJH�WHUPV�FRXOG�DOVR�EH�LQWHUSUHWHG�LQ�RWKHU�ZD\V��IRU�H[DPSOH�

DV� UHIOHFWLQJ� DQ� HIILFLHQF\� ZDJH� HIIHFW���� ,Q� SULQFLSOH� WKH� VDPH� FDQ� EH� GRQH� IRU� FDSLWDO� DQG

LQWHUPHGLDWH�LQSXWV��WKRXJK�LQ�SUDFWLFH�PXFK�OHVV�LQIRUPDWLRQ�LV�DYDLODEOH�RQ�WKHLU�UHQWDO�FRVW�

%HIRUH�WXUQLQJ�WR�D�GHVFULSWLRQ�RI�WKH�GDWD�XVHG�LQ�HPSLULFDO�DQDO\VLV�FRQVLGHU�ZKDW�DUH�VRPH�RI

WKH�DGYDQWDJHV�RI�XVLQJ�PLFUR�SDQHO�GDWD��0RVW�RI�WKH�HPSLULFDO�ZRUN�WKDW�ORRNV�DW�LQWHUQDWLRQDO

LQYHVWPHQW� EHKDYLRXU� DQG� WKH� DFWLYLWLHV� RI� PXOWLQDWLRQDO� ILUPV� KDV� XVHG� PDFUR� �FRXQWU\� RU

LQGXVWU\��OHYHO�GDWD����+RZHYHU��WKHUH�DUH�PDQ\�DGYDQWDJHV�WR�XVLQJ�PLFUR�GDWD�LQ�WKLV�FRQWH[W�

)LUVW��XVLQJ�PLFUR�SDQHO�GDWD�LW� LV�SRVVLEOH� WR�FRQWURO�IRU�XQREVHUYDEOH�FKDUDFWHULVWLFV�ZKLFK�DUH

VSHFLILF� WR� WKH� LQGLYLGXDO� DQG� PD\� EH� FRUUHODWHG� ZLWK� WKH� RWKHU� UHJUHVVRUV�� 7KHVH� KDYH� EHHQ

VKRZQ�WR�EH�LPSRUWDQW�LQ�PDQ\�HFRQRPHWULF�VWXGLHV����6HFRQGO\��WKH�WKHRU\�XSRQ�ZKLFK�PRVW�RI

WKHVH� HPSLULFDO� VWXGLHV� GUDZ� LV� EDVHG� RQ� WKH� SURILW� PD[LPLVLQJ� EHKDYLRXU� RI� ILUPV�� ([SOLFLWO\

DJJUHJDWLQJ�WKHVH�PRGHOV�ZLOO�QRW�QHFHVVDULO\�\LHOG�D�PRGHO�RI� WKH�VDPH�IRUP�DV� LPSOLHG�E\� WKH

GLVDJJUHJDWHG� YHUVLRQ��8VLQJ� DJJUHJDWH� GDWD� WR� HVWLPDWH�PRGHOV� GHVFULELQJ� ILUP� EHKDYLRXU� ZLOO

DOVR� LQWURGXFH� DJJUHJDWLRQ� ELDV� VLPSO\� IRU� WKH� UHDVRQ� WKDW� ln lnx xii

N

ii

N

= =∑ ∑≠
1 1

���� $� ILQDO

SUREOHP�DULVHV�LI�D�G\QDPLF�PRGHO�LV�EHLQJ�HVWLPDWHG�ZLWK�DJJUHJDWH�GDWD�LQ�WKDW�WKH�FRPSRVLWLRQ

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

���2XOWRQ��������HVWLPDWHV�DQ�HTXDWLRQ�RI�D�VLPLODU�IRUP�WR������ LPSRVLQJ�&56�EXW� LQWHUSUHWV� LW�DV�D�UHGXFHG�IRUP
GHVFULSWLRQ�RI�WKH�YDULDWLRQ�LQ�ODERXU�SURGXFWLYLW\�

���6HH��LQWHU�DOLD��/HYLQH��������

���([FHSWLRQV�WR�WKLV�LQFOXGH�+LQHV��������DQG�&XPPLQV�DQG�+XEEDUG��������

���6HH��LQWHU�DOLD��$WWDQDVLR�DQG�:HEHU���������6WRNHU��������DQG�%OXQGHOO�DQG�6WRNHU��������

���6HH��LQWHU�DOLD��$WWDQDVLR�DQG�:HEHU��������
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RI�ILUPV�LQ�WKH�LQGXVWU\�RU�FRXQWU\�DW�WLPH�W�DQG�W���ZLOO�QRW�EH�WKH�VDPH��7KLV�PHDQV�WKDW�FKDQJHV

RYHU� WLPH�UHIOHFW�ERWK�FKDQJHV� LQ�FRPSRVLWLRQ�DQG�FKDQJHV� LQ�EHKDYLRXU�DQG� WKDW�XVLQJ� ODJJHG

YDOXHV�DV�UHJUHVVRUV�RU�LQVWUXPHQWV�PD\�EHFRPH�LQYDOLG���

���'DWD

7KH�GDWD�XVHG� WR�HVWLPDWH� WKH�SURGXFWLRQ�IXQFWLRQV�FRPHV� IURP�WKH�$5'�GDWDVHW��$5'�LV� WKH

HVWDEOLVKPHQW�OHYHO�GDWD�WKDW�LV�FROOHFWHG�XQGHU�WKH�$QQXDO�&HQVXV�RI�3URGXFWLRQ����7KH�XQLW�RI

UHVSRQVH� LV� WKH�HVWDEOLVKPHQW��ZKLFK�FDQ�EH�D�VLQJOH�SODQW�RU�D�JURXS�RI�SODQWV��$OO�SURGXFWLRQ

HVWDEOLVKPHQWV�ORFDWHG�LQ�WKH�8.�ZLWK�PRUH�WKDQ�����HPSOR\HHV�DUH�VDPSOHG�HYHU\�\HDU��%HORZ

���� HPSOR\HHV� D� VWUDWLILHG� VDPSOH� LV� WDNHQ�� 2QO\� SURGXFWLRQ� HVWDEOLVKPHQWV� DUH� VXUYH\HG�

3URGXFWLRQ� LQFOXGHV�PDQXIDFWXULQJ��PLQLQJ�DQG�TXDUU\LQJ��FRQVWUXFWLRQ��HOHFWULFLW\��DQG�JDV�DQG

ZDWHU�VXSSO\��$V�DQ�H[DPSOH�FRQVLGHU�)LJXUH����ZKLFK�GHSLFWV�D�8.�EDVHG�PXOWLQDWLRQDO�ZKLFK�LV

HQJDJHG�LQ�ERWK�SURGXFWLRQ�DQG�QRQ�SURGXFWLRQ�DFWLYLWLHV�

7KH�PDLQ�$5'�GDWD�VHW�ZRXOG�FRQWDLQ�WZR�HQWULHV�IRU�WKLV�HQWHUSULVH��ILUP���RQH�IRU�HDFK�RI�WKH

SURGXFWLRQ�HVWDEOLVKPHQWV�RXWOLQHG�LQ�EROG��7KH�VPDOOHVW�HQWLW\�UHSRUWHG� LQ�$5'�LV�D� ORFDO�XQLW

ZKLFK� LV�HIIHFWLYHO\�D�SODQW� �LW� LV�D� VLQJOH�DGGUHVV���7KH�QXPEHU�RI� ORFDO�XQLWV� DFFRXQWHG� IRU�E\

HDFK�HVWDEOLVKPHQW�YDULHV�EXW�LV�UHSRUWHG��DV� LV� WKH�QXPEHU�RI�HPSOR\HHV� LQ�HDFK�ORFDO�XQLW��$Q

HQWHUSULVH�FRGH� LV�DOVR�JLYHQ�ZKLFK� LQGLFDWHV�ZKLFK�HVWDEOLVKPHQWV�DUH� OLQNHG� WKURXJK�FRPPRQ

RZQHUVKLS��7KHUH�LV�QR�LQIRUPDWLRQ�RQ�QRQ�SURGXFWLRQ�HVWDEOLVKPHQWV��LQFOXGLQJ�KHDG�RIILFH��RU

HVWDEOLVKPHQWV�ORFDWHG�LQ�IRUHLJQ�FRXQWULHV��:KHQ�FROOHFWLQJ�WKH�GDWD�WKH�216�DVNV�WKDW�DOO�QRQ�

SURGXFWLRQ�DFWLYLWLHV�XQGHUWDNHQ�ZLWKLQ�WKH�SURGXFWLRQ�HVWDEOLVKPHQWV�EH�H[FOXGHG�

2XWSXW��LQYHVWPHQW��HPSOR\PHQW�DQG�LQWHUPHGLDWH�LQSXWV�DUH�UHSRUWHG�LQ�QRPLQDO�WHUPV�IRU�HDFK

HVWDEOLVKPHQW��7KH�FRXQWU\�RI�UHVLGHQFH�RI�WKH�XOWLPDWH�RZQHU�RI�WKH�HVWDEOLVKPHQW�LV�DOVR�JLYHQ�

3ULFH�GHIODWRUV�IRU�RXWSXW�DQG�LQWHUPHGLDWH�JRRGV�DUH�DYDLODEOH�DW�WKH���GLJLW�LQGXVWU\�OHYHO��3ULFH

LQGLFHV�IRU�LQYHVWPHQW�LQ�SODQW�DQG�PDFKLQHU\�DUH�DYDLODEOH�DW�WKH���GLJLW�OHYHO�DQG�IRU�LQYHVWPHQW

LQ� EXLOGLQJV�� ODQG� DQG� YHKLFOHV� DW� WKH� DJJUHJDWH� OHYHO�� 7KH� UHWDLO� SULFH� LQGH[� LV� DYDLODEOH� DW� WKH

DJJUHJDWH�OHYHO��&DSLWDO�VWRFN�GDWD�LV�QRW�DYDLODEOH�DQG�LV�FRQVWUXFWHG�XVLQJ�WKH�SHUSHWXDO�LQYHQWRU\

PHWKRG�ZLWK�WKH�LQLWLDO�YDOXH�RI�WKH�FDSLWDO�VWRFN�HVWLPDWHG�XVLQJ�LQGXVWU\�OHYHO�GDWD�

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

���6HH�3LVFKNH��������

���6HH�*ULIILWK��������IRU�PRUH�GHWDLOV�



��

7DEOH��D�VKRZV�WKH�SURSRUWLRQ�RI�RXWSXW�IURP�VHOHFWHG�HVWDEOLVKPHQWV�WKDW� LV�DFFRXQWHG�IRU�E\

IRUHLJQ�RZQHG�HVWDEOLVKPHQWV� LQ�D�VHOHFWLRQ�RI���GLJLW� LQGXVWULHV�IRU� WKH�\HDUV�����������������

DQG�7DEOH��E�IRU�������7KHVH�LQGXVWULHV�DUH�FKRVHQ�EHFDXVH�WKH\�DUH�DPRQJ�WKH�ODUJHU�LQGXVWULHV

DQG� WKH\� DUH� WKH� RQHV� ZLWK� WKH� ODUJHVW� SURSRUWLRQ� RI� IRUHLJQ� RZQHUVKLS�� &RPSDULVRQV� DW� WKH

LQGXVWU\� OHYHO�EHWZHHQ������DQG������DUH�GLIILFXOW�EHFDXVH�RI� WKH�FKDQJH� LQ� LQGXVWU\�FRGLQJ� LQ

������VR�WKH�EUHDNGRZQ�IRU������������DQG������LV�SUHVHQWHG�XVLQJ�6,&���DQG�IRU������XVLQJ�WKH

PRVW�FRPSDUDEOH�LQGXVWU\�

7KH�SURSRUWLRQ�RI�YDOXH�DGGHG�DFFRXQWHG�IRU�E\�IRUHLJQ�RZQHG�HVWDEOLVKPHQWV�LQ�WKH�FKHPLFDOV

LQGXVWU\� KDV� UHPDLQHG� IDLUO\� FRQVWDQW�� LQFUHDVLQJ� VOLJKWO\� IURP� DURXQG� ���� LQ� ����� WR� DURXQG

���� LQ� ������ (VWDEOLVKPHQWV� LQ� WKH�PHFKDQLFDO� HQJLQHHULQJ� LQGXVWU\� �6,&�� ���� JR� LQWR� WZR

GLIIHUHQW� ����� 6,&� FDWHJRULHV� ²� PDQXIDFWXUH� RI� PHWDO� SURGXFWV� ����� DQG� PDQXIDFWXUH� RI

PDFKLQHU\� ����� DQG� DJDLQ� WKH� SURSRUWLRQ� RI� RXWSXW� DFFRXQWHG� IRU� E\� IRUHLJQ�RZQHG

HVWDEOLVKPHQWV� UHPDLQV� IDLUO\�FRQVWDQW�DW�DURXQG������6LPLODUO\��HVWDEOLVKPHQWV� LQ� WKH�HOHFWULFDO

DQG� HOHFWURQLF� HQJLQHHULQJ� LQGXVWU\� JR� LQWR� WZR� ����� 6,&� FODVVLILFDWLRQV� ²� PDQXIDFWXUH� RI

HOHFWULFDO�HTXLSPHQW������DQG�PDQXIDFWXUH�RI�HOHFWURQLF�SURGXFWV� ������)RU� WKHVH� WZR� LQGXVWULHV



��

DJJUHJDWHG�IRUHLJQ�RZQHG�HVWDEOLVKPHQWV�DFFRXQW�IRU�DURXQG�����RI�YDOXH�DGGHG��ZKLOH�IRU�WKH

HOHFWURQLFV� LQGXVWU\�RQ� LW·V�RZQ�WKH\�DFFRXQW�IRU�D�PXFK� ODUJHU�SURSRUWLRQ��RYHU�KDOI�DV� VKRZQ

IRU������

7DEOH��D��3URSRUWLRQ�RI�YDOXH�DGGHG�LQ�VHOHFWHG�HVWDEOLVKPHQWV�E\�LQGXVWU\�DQG�RZQHUVKLS�������

����������

6,&�� FKHPLFDOV����� PHFKDQLFDO
HQJLQHHULQJ

����

HOHFWULFDO�DQG
HOHFWURQLF

HQJLQHHULQJ
����

PRWRU�YHKLFOHV
DQG�SDUWV�����

LQVWUXPHQW
HQJLQHHULQJ

����

����
'RPHVWLF ����� ����� ����� ����� �����
-DSDQHVH � ����� ����� ����� �����
1RUWK
$PHULFDQ ����� ����� ����� ����� �����
(8 ����� ����� ����� ����� �����
2WKHU ����� ����� ����� ����� �����
����
'RPHVWLF ����� ����� ����� ����� �����
-DSDQHVH � ����� ����� ����� �����
1RUWK
$PHULFDQ ����� ����� ����� ����� �����
(8 ����� ����� ����� ����� �����
2WKHU ����� ����� ����� ����� �����
����
'RPHVWLF ����� ����� ����� ����� �����
-DSDQHVH ����� ����� ����� ����� �����
1RUWK
$PHULFDQ ����� ����� ����� ����� �����
(8 ����� ����� ����� ����� �����
2WKHU ����� ����� ����� ����� �����

7DEOH��E��3URSRUWLRQ�RI�YDOXH�DGGHG�LQ�VHOHFWHG�HVWDEOLVKPHQWV�E\�LQGXVWU\�DQG�RZQHUVKLS������

6,&�� FKHPLFDOV
����

PDQXI��RI
PHWDO

SURGXFWV
����

PDQXI��RI
PDFKLQHU\

����

PDQXI��RI
HOHFWULFDO

HTXLS�
����

PDQXI��RI
HOHFWURQLF
SURGXFWV

����

PRWRU
YHKLFOHV

DQG�SDUWV
����

PDQXI��RI
LQVWUXPHQ

WV�����

����
'RPHVWLF ����� ����� ����� ����� ����� ����� �����
-DSDQHVH ����� ����� ����� ����� ����� ����� �����
1RUWK
$PHULFDQ

�����
�����

����� ����� �����
�����

�����

(8 ����� ����� ����� ����� ����� ����� �����
2WKHU ����� ����� ����� ����� ����� ����� �����



��

7KH�PRWRU�YHKLFOHV�LQGXVWU\�LV�RQH�ZKLFK�KDV�VHHQ�DQ�LQFUHDVH�LQ�IRUHLJQ�RZQHUVKLS��JRLQJ�IURP

DURXQG� ���� LQ� ����� WR� QHDUHU� ���� LQ� ������ ,QVWUXPHQW� HQJLQHHULQJ� VHHPV� WR� KDYH� JRQH� WKH

RWKHU�ZD\��IURP�DURXQG�����IRUHLJQ�RZQHUVKLS�LQ������WR�XQGHU�����LQ������

����&KDUDFWHULVWLFV�RI�IRUHLJQ�YHUVXV�GRPHVWLF�RZQHG�HVWDEOLVKPHQWV

7DEOH���VKRZV�WKH�UDWLR�RI�WKH�PHDQ�YDOXH�RI�RXWSXW�DQG�LQSXWV�LQ�IRUHLJQ�RZQHG�HVWDEOLVKPHQWV

WR� WKH� PHDQ� LQ� GRPHVWLF�RZQHG� IRU� WKH� \HDUV� ������ ������ ����� DQG� ������ 7KH� PHDQV� DUH

FDOFXODWHG� RYHU� DOO� HVWDEOLVKPHQWV� ZLWK� DW� OHDVW� ���� HPSOR\HHV�� ,Q� ����� IRUHLJQ�RZQHG

HVWDEOLVKPHQWV� ZHUH� RQ� DYHUDJH� DURXQG� WZR� DQG� D� KDOI� WLPHV� WKH� VL]H� RI� GRPHVWLF�RZQHG

HVWDEOLVKPHQWV� LQ� WHUPV� RI� RXWSXW� DQG� LQYHVWPHQW� DQG� WZLFH� DV� ODUJH� LQ� WHUPV� RI� YDOXH� DGGHG�

7KH\�SURGXFHG�����PRUH�RXWSXW�DQG�����PRUH�YDOXH�DGGHG�SHU�HPSOR\HH�DQG�XVHG� VLPLODUO\

KLJKHU� SURSRUWLRQV� RI� LQSXWV� ²� HPSOR\HHV�� LQYHVWPHQW� DQG� LQWHUPHGLDWH� LQSXWV�� 7KH\� DOVR

HPSOR\HG�DURXQG�����PRUH�DGPLQLVWUDWLYH��WHFKQLFDO�DQG�FOHULFDO�ZRUNHUV��$7&V��DQG�SDLG�ERWK

$7&�DQG�RSHUDWLYH�ZRUNHUV�MXVW�RYHU�����PRUH�WKDQ�GRPHVWLF�RZQHG�HVWDEOLVKPHQWV��7KHVH�DUH

RQ�WKH�ZKROH�TXLWH�ODUJH�GLIIHUHQFHV�

7DEOH����5DWLR�RI�FKDUDFWHULVWLFV�RI�IRUHLJQ�WR�GRPHVWLF�RZQHG�HVWDEOLVKPHQWV

���� ���� ���� ����
HVWDEOLVKPHQWV�ZLWK�������HPSOR\HHV
QXPEHU�REVHUYDWLRQV��IRUHLJQ��GRPHVWLF ���������� ���������� ���������� ����������
2XWSXW ���� ���� ���� ����
9DOXH�DGGHG ���� ���� ���� ����
,QYHVWPHQW ���� ���� ���� ����
(PSOR\PHQW ���� ���� ���� ����
2XWSXW�HPSOR\HH ���� ���� ���� ����
9DOXH�DGGHG�HPSOR\HH ���� ���� ���� ����
,QYHVWPHQW�HPSOR\HH ���� ���� ���� ����
,QWHUPHGLDWH�LQSXWV�HPSOR\HH ���� ���� ���� ����
��HPSOR\HHV�$7& ���� ���� ���� ����
��ZDJH�ELOO�$7& ���� ���� ���� ����
DYHUDJH�ZDJH�$7& ���� ���� ���� ����
DYHUDJH�ZDJH�2SV ���� ���� ���� ����
1RWH��9DULDEOH�GHILQLWLRQV�ZLWK�$5'�YDULDEOHV�QXPEHUV�DUH�� JURVV� YDOXH�DGGHG� �T������QHW� FDSLWDO� H[SHQGLWXUH� �T������ HPSOR\PHQW
�T������SURSRUWLRQ�RI�ZDJH�ELOO�DFFRXQWHG� IRU�E\�DGPLQLVWUDWLYH�� WHFKQLFDO�DQG� FOHULFDO�ZRUNHUV� �T�����T����T�������DYHUDJH�ZDJH�RI
DGPLQLVWUDWLYH��WHFKQLFDO�DQG�FOHULFDO�ZRUNHUV��T����T������1RQ�PDQXIDFWXULQJ�SODQWV�KDYH�EHHQ�H[FOXGHG�
6RXUFH��$XWKRU·V�FDOFXODWLRQV�XVLQJ�$5'�

7KH� GLIIHUHQFHV� LQ� VL]H� KDYH� GHFOLQHG� VRPHZKDW� RYHU� WLPH�� DQG� E\� ����� IRUHLJQ�RZQHG

HVWDEOLVKPHQWV�ZHUH�PRUH�OLNH�RQH�DQG�D�KDOI�WR�WZR�WLPHV�ODUJHU�WKDQ�GRPHVWLF�RZQHG��)RUHLJQ�

RZQHG�HVWDEOLVKPHQWV�VWLOO�SURGXFHG�RYHU�����PRUH�RXWSXW�SHU�HPSOR\HH�DQG�DURXQG�����PRUH



��

YDOXH�DGGHG��,QSXWV�OHYHOV��DV�LQGLFDWHG�E\�ERWK�FDSLWDO�LQYHVWPHQW�DQG�LQWHUPHGLDWH�LQSXWV��ZHUH

EHWZHHQ� ���� DQ� ���� KLJKHU� LQ� IRUHLJQ�RZQHG� HVWDEOLVKPHQWV�� 'LIIHUHQFHV� LQ� HPSOR\PHQW

SDWWHUQV� DQG� DYHUDJH� ZDJHV� EHWZHHQ� IRUHLJQ� DQG� GRPHVWLF�RZQHG� UHPDLQHG� VLPLODU� RYHU� WKH

SHULRG�

7DEOH����3HUFHQWDJH�GLIIHUHQFH�EHWZHHQ�GRPHVWLF�DQG�IRUHLJQ�RZQHG�HVWDEOLVKPHQWV

&KDUDFWHULVWLF� )UHQFK *HUPDQ -DSDQHVH 86
���� ���� ���� ���� ���� ���� ���� ����

2XWSXW�ZRUNHU � �� �� �� ��� �� �� ��
9DOXH�DGGHG��ZRUNHU � �� �� �� � � �� ��
LQYHVWPHQW��ZRUNHU � �� �� ��� ��� ��� �� ��
LQWHUPHGLDWH
LQSXW�ZRUNHU � �� �� �� ��� �� �� ��
$7&�ZRUNHU � �� �� �� � ��� �� ��
DYHUDJH�ZDJH�$7& � � � � � � �� ��
DYHUDJH�ZDJH�23V � �� � �� � � � ��
6RXUFH��$XWKRUV·� FDOFXODWLRQV�XVLQJ�$5'��5HSRUWHG�GLIIHUHQFHV�DUH� FDOFXODWHG� IURP�D� UHJUHVVLRQ� RI� OQ�FKDUDFWHULVWLF�� RQ� \HDU�� WLPH� DQG

IRUHLJQ�RZQHUVKLS�GXPPLHV��7KH�UHSRUWHG�SURSRUWLRQDO�GLIIHUHQFH� LV� ( )1exp −β �ZKHUH� β � LV� WKH� FRHIILFLHQW�RQ� WKH� IRUHLJQ�RZQHUVKLS
GXPP\�

2QH�UHDVRQ�WKDW�WKHVH�GLIIHUHQFHV�FRXOG�DULVH�LV�EHFDXVH�IRUHLJQ�RZQHG�HVWDEOLVKPHQWV�FRXOG�EH

ORFDWHG� LQ� PRUH� SURGXFWLYH� LQGXVWULHV�� 7DEOH� �� LQYHVWLJDWHV� WKLV� SRVVLELOLW\� E\� ORRNLQJ� DW� WKH

SURSRUWLRQDO� GLIIHUHQFHV� EHWZHHQ� WKH� FKDUDFWHULVWLFV� RI� GRPHVWLF� DQG� IRUHLJQ�RZQHG

HVWDEOLVKPHQWV�FRQGLWLRQDO�RQ�WKHLU�LQGXVWU\��7KHVH�GLIIHUHQFH�DUH�FDOFXODWHG�E\�UHJUHVVLQJ�WKH�ORJ

RI� WKH� FKDUDFWHULVWLF� RQ� ��GLJLW� LQGXVWU\�� WLPH� DQG� FRXQWU\� GXPPLHV�� 7KH� RPLWWHG� FDWHJRU\� LV

GRPHVWLF�RZQHG�HVWDEOLVKPHQWV�VR� ( )1exp −β ��ZKHUH�β �LV�WKH�FRHIILFLHQW�RQ�D�FRXQWU\�GXPP\�

JLYHV� WKH�SURSRUWLRQDO� GLIIHUHQFH� IURP�GRPHVWLF�RZQHG� HVWDEOLVKPHQWV� FRQGLWLRQDO� RQ� LQGXVWU\

DQG�\HDU��7KLV�LV�ZKDW�LV�UHSRUWHG�LQ�7DEOH���IRU�WKRVH�FRHIILFLHQWV�WKDW�DUH�VLJQLILFDQWO\�GLIIHUHQW

IURP�]HUR�IRU�WKH�RWKHU�IRXU�*��FRXQWULHV�

2XWSXW�SHU�ZRUNHU�LV�KLJKHU�LQ�DOO�EXW�)UHQFK�RZQHG�HVWDEOLVKPHQWV�LQ�������ZKLOH�YDOXH�DGGHG

SHU�ZRUNHU�LV�RQO\�KLJKHU�LQ�*HUPDQ�DQG�86�RZQHG�HVWDEOLVKPHQWV�DQG�)UHQFK�RZQHG�LQ������

,QYHVWPHQW�DQG�LQWHUPHGLDWH�LQSXWV�SHU�ZRUNHU�DUH�KLJKHU��LQ�DOO�FDVHV��)UHQFK��*HUPDQ�DQG�86�

RZQHG�HPSOR\�D�KLJKHU�SURSRUWLRQ�RI�DGPLQLVWUDWLYH��WHFKQLFDO�DQG�FOHULFDO�ZRUNHUV��$7&��ZKLOH

-DSDQHVH� HPSOR\�D� ORZHU� SURSRUWLRQ��$YHUDJH�ZDJHV� IRU� ERWK� RSHUDWLYH� DQG�$7&�ZRUNHUV� DUH

KLJKHU� LQ�86�RZQHG� HVWDEOLVKPHQWV� LQ� ERWK� \HDUV� DQG� LQ�*HUPDQ� LQ� ������ZKLOH� RSHUDWLYHV� LQ

)UHQFK�RZQHG�HVWDEOLVKPHQWV�DUH�SDLG�KLJKHU�ZDJHV�LQ������



��

7KH�TXHVWLRQ�LV�ZKHWKHU�WKHVH�GLIIHUHQFHV�LQ�LQSXW�OHYHOV�DFFRXQW�IRU�WKH�GLIIHUHQFHV�LQ�RXWSXW��RU

LV� WKHUH� HYLGHQFH� WKDW� IRUHLJQ� ILUPV� DUH� PRUH� SURGXFWLYH� HYHQ� DIWHU� FRQGLWLRQLQJ� RQ� WKHVH

GLIIHUHQFHV��7R� LQYHVWLJDWH� WKLV�TXHVWLRQ� WKH�SURGXFWLRQ� FKDUDFWHULVWLFV�RI� HVWDEOLVKPHQWV� LQ� WKH

8.�PRWRU�YHKLFOH�LQGXVWU\�DUH�DQDO\VHG� LQ�GHWDLO��7KLV� LQGXVWU\� LV�FKRVHQ�EHFDXVH� LW�KDV�RQH�RI

WKH� KLJKHVW� VKDUHV� RI� IRUHLJQ� RZQHUVKLS� LQ� WKH� 8.�� ZLWK� RQ� DYHUDJH� OHVV� WKDQ� KDOI� RI� RXWSXW

FRPLQJ�IURP�GRPHVWLF�RZQHG�HVWDEOLVKPHQWV��86�RZQHG�HVWDEOLVKPHQWV�DFFRXQW�IRU�WKH�ODUJHVW

SURSRUWLRQ�RI�IRUHLJQ�RZQHG�RXWSXW�

����7KH�PRWRU�YHKLFOHV�DQG�SDUWV�LQGXVWU\

7KH� LQFUHDVH� LQ� IRUHLJQ�RZQHUVKLS� ZDV� QRW� WKH� RQO\� FKDQJH� WR� WKH� VWUXFWXUH� RI� WKH� 8.� FDU

LQGXVWU\��7KH�SHULRG�XQGHU�FRQVLGHUDWLRQ�ZDV�D�WLPH�RI�JUHDW�FKDQJH�LQ�8.�ODERXU�UHODWLRQV��,Q

WKH� HDUO\� ����V� WKH�8.�FDU� LQGXVWU\� KDG� D� YHU\� KLJK� VWULNH� UDWH�� DOPRVW� WHQ� WLPHV� WKH� QDWLRQDO

DYHUDJH��6RPH� IRUHLJQ� ILUPV� VXFK�DV�1LVVDQ�HQWHUHG�GXULQJ� WKLV� WLPH�DQG�QHJRWLDWHG� VWULNH�IUHH

GHDOV���� 7KH� LPSDFW� RI� GLIIHUHQFHV� LQ� RUJDQLVDWLRQDO� VWUXFWXUH� VXFK� DV� WKLV� RQ� RXWSXW� PD\� EH

FDSWXUHG� LQ� KLJKHU� ZDJHV� IRU� HPSOR\HHV� RU� LQ� 7)3� PHDVXUHV�� &DUH� QHHGV� WR� EH� WDNHQ� LQ

LQWHUSUHWLQJ�GLIIHUHQFHV� LQ�7)3�²�KLJKHU� OHYHOV�RI�7)3�GR�QRW�QHFHVVDULO\� UHIOHFW� GLIIHUHQFHV� LQ

WHFKQRORJ\� �QRU�ZLOO� GLIIHUHQFHV� LQ� WHFKQRORJ\� QHFHVVDULO\� EH� UHIOHFWHG� LQ� GLIIHUHQFHV� LQ�7)3� ²

WKH\�PD\��IRU�H[DPSOH��EH�HPERGLHG�LQ�FDSLWDO��

,W�LV�ZRUWK�HPSKDVLVLQJ�WKDW�WKH�ZKDW�LV�EHLQJ�FRQVLGHUDWLRQ�KHUH�LV�QRW�IRUHLJQ�GLUHFW�LQYHVWPHQW

EXW� IRUHLJQ� RZQHUVKLS���� )LJXUH� �� VKRZV� WKH� GLIIHUHQFH� EHWZHHQ� WKH� WZR� IRU� WKH� WUDQVSRUW

HTXLSPHQW� LQGXVWU\�� 7KLV� LQFOXGHV� ERWK� WKH�PRWRU� YHKLFOH� LQGXVWU\� ����� DQG� WKH�PXFK� VPDOOHU

PDQXIDFWXUH� RI� WUDQVSRUW� HTXLSPHQW� LQGXVWU\� ������ 3DQHO� �D� VKRZV� WKH� WLPH� VHULHV� SDWWHUQ� RI

LQYHVWPHQW� PDGH� E\� GRPHVWLF�RZQHG� HVWDEOLVKPHQWV� LQ� ����� SRXQGV� VWHUOLQJ� LQ� WKHVH� WZR

LQGXVWULHV��3DQHO��E�VKRZV�IRUHLJQ�GLUHFW�LQYHVWPHQW��)',��IURP�WKH�86�DQG�FDSLWDO�H[SHQGLWXUH

E\�86�RZQHG�HVWDEOLVKPHQWV��SDQHO��F�IRU�-DSDQ�DQG�SDQHO��G�IRU�RWKHU�IRUHLJQ��,W�LV�QRWLFHDEOH

WKDW�)',�LV�PXFK�PRUH�YRODWLOH�WKDQ�WKH�FDSLWDO�H[SHQGLWXUH�VHULHV��$�VLPLODU�SLFWXUH�DULVHV�LI�)',

LV�FRPSDUHG�ZLWK�WRWDO�H[SHQGLWXUH�RU�RXWSXW�E\�IRUHLJQ�RZQHG�HVWDEOLVKPHQWV�

7KH�PRWRU�YHKLFOH�DQG�SDUWV�LQGXVWU\�LV�PDGH�XS�RI�WKUHH���GLJLW�LQGXVWULHV�RQH�RI�ZKLFK�LV�PDGH

XS�RI� WKUHH� ��GLJLW� LQGXVWULHV��7KH�PRWRU� YHKLFOHV� DQG� HQJLQHV� LQGXVWU\� �6,&� ����� FRGH� HTXDOV

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

���6HH�%DVVHWW��������

����$XHUEDFK�DQG�+DVVHWW��������DOVR�HPSKDVLVH�WKLV�GLIIHUHQFH�



��

�����LV�WKH�ODUJHVW�DQG�KDV�WKH�ODUJHVW�SURSRUWLRQ�RI�IRUHLJQ�RZQHG�HVWDEOLVKPHQWV��0RWRU�YHKLFOH

SDUWV�������LV�DOVR�D�ODUJH�LQGXVWU\��ZKLOH�WKH�RWKHU���GLJLW�LQGXVWU\��PRWRU�YHKLFOH�ERGLHV��������LV

IDLUO\�VPDOO�DQG�ODUJHO\�GRPHVWLF�RZQHG��EXW�LV�PDGH�XS�RI�WKUHH���GLJLW�LQGXVWULHV��PRWRU�YHKLFOH

ERGLHV���������WUDLOHUV��������DQG�FDUDYDQV��������

9DOXH�DGGHG�SHU�ZRUNHU�LQ�WKH�PRWRU�YHKLFOHV�DQG�HQJLQHV�LQGXVWU\�������URVH�PDUNHGO\�RYHU�WKLV

SHULRG��DV�VKRZQ�LQ�)LJXUH������9DOXH�DGGHG�LV�XVHG�EHFDXVH�RXWSXW�FDQ�QRW�EH�DJJUHJDWHG�WR�WKH

LQGXVWU\�OHYHO�VLQFH�WKH�RXWSXW�RI�RQH�HVWDEOLVKPHQW�PD\�EH�DQ�LQSXW�IRU�DQRWKHU�HVWDEOLVKPHQW�LQ

WKH�VDPH�LQGXVWU\��7KLV�ILJXUH�XVHV�WKH�$5'�GDWD�DJJUHJDWHG�XS�WR�WKH���GLJLW�LQGXVWU\�OHYHO��$OO

YDOXHV�DUH�H[SUHVVHG� LQ������SRXQGV�VWHUOLQJ�� ,Q� WKH�PRWRU�YHKLFOHV� DQG�HQJLQHV� LQGXVWU\� �����

YDOXH�DGGHG�SHU�ZRUNHU� URVH� IURP� MXVW�RYHU�������� LQ������ WR�DOPRVW��������� LQ�������9DOXH�

DGGHG� SHU� ZRUNHU� DOVR� URVH� LQ� WKH� RWKHU� WZR� ��GLJLW� LQGXVWULHV�� ULVLQJ� E\� DURXQG� ��� SHU� FHQW

EHWZHHQ������WR������LQ�WKH�PRWRU�YHKLFOH�SDUWV� LQGXVWU\��������DQG�MXVW�DERXW�GRXEOLQJ� LQ�WKH

PRWRU�YHKLFOH�ERGLHV�LQGXVWU\��������7KHUH�LV�D�GUDPDWLF�GLS�LQ�RXWSXW�SHU�ZRUNHU�RYHU�WKH������

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

��� 9DOXH�DGGHG� LV� GHIODWHG� E\� D� ��GLJLW� LQGXVWU\� RXWSXW� SULFH� GHIODWRU�� VHH� 2XOWRQ� DQG� 2·0DKRQ\� ������� IRU� D
GLVFXVVLRQ�RI�WKH�ELDV�WKLV�FUHDWHV�



��

���UHFHVVLRQ�LQ�WKH�PRWRU�YHKLFOH�DQG�HQJLQHV�LQGXVWU\��������7KLV�FRXOG�EH�GXH�WR�ORZHU�OHYHOV�RI

FDSDFLW\�XWLOLVDWLRQ�



��

)LJXUHV���WR���VKRZ�WKH�VDPH�DJJUHJDWH�VHULHV�IRU�HDFK���GLJLW�LQGXVWU\�DV�ZHOO�DV�WKLV�VHULHV�VSOLW

E\� RZQHUVKLS� IRU� WKH� WZR�PDLQ� ��GLJLW� LQGXVWULHV�� ,Q� WKH�PRWRU� YHKLFOHV� DQG� HQJLQHV� LQGXVWU\

������YDOXH�DGGHG�SHU�ZRUNHU�IRU�86�RZQHG�HVWDEOLVKPHQWV�ZDV�KLJKHU�WKDQ�IRU�DOO�RWKHUV�XQWLO

������DQG�DIWHU�WKDW�ZDV�ORZHU��,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�DW�WKH�HVWDEOLVKPHQW�OHYHO�WKLV�ORZHU

YDOXH�DGGHG� SHU� ZRUNHU� LV� LQ� FRQWUDVW� WR� RXWSXW� SHU� ZRUNHU� ZKLFK� ZDV� VLJQLILFDQWO\� KLJKHU

EHFDXVH�IRUHLJQ�RZQHG�HVWDEOLVKPHQWV�XVH�D� ODUJH�SURSRUWLRQ�RI� LQWHUPHGLDWH� LQSXWV� �VHH�EHORZ

IRU�GLVFXVVLRQ���2WKHU�IRUHLJQ�RZQHG�HVWDEOLVKPHQWV�KDG�D�ORZHU�OHYHO�RI�YDOXH�DGGHG�SHU�ZRUNHU

WKDQ� GRPHVWLF�RZQHG� HVWDEOLVKPHQWV���� ,Q� WKH� PRWRU� YHKLFOH� SDUWV� LQGXVWU\� ������ 86�RZQHG

HVWDEOLVKPHQWV�KDYH�KLJKHU�YDOXH�DGGHG�SHU�HPSOR\HH�WKURXJKRXW�DQG�LW�QHDUO\�GRXEOHV�RYHU�WKH

SHULRG�

7DEOH����3HUFHQWDJH�RI�IRUHLJQ�RZQHUVKLS�LQ�$5'�VHOHFWHG�GDWD�RQ�WKH�PRWRU�YHKLFOH�LQGXVWU\�LQ

�����DQG�����

6,&�� 0RWRU�YHKLFOHV�DQG
HQJLQHV������

0RWRU�YHKLFOHV�ERGLHV
�����

0RWRU�YHKLFOH�SDUWV
�����

���� ���� ���� ���� ���� ����
(VWDEOLVKPHQWV �� �� � � �� ��
2XWSXW �� �� �� � �� ��
9DOXH�DGGHG �� �� �� � �� ��
(PSOR\PHQW �� �� �� � �� ��
,QYHVWPHQW �� �� � � �� ��
6RXUFH��$XWKRU·V�FDOFXODWLRQV�IURP�$5'�

7DEOH� �� VKRZV� WKH� SURSRUWLRQ� RI� HVWDEOLVKPHQWV�� RXWSXW�� YDOXH�DGGHG�� HPSOR\PHQW� DQG

LQYHVWPHQW�WKDW�LV�DFFRXQWHG�IRU�E\�IRUHLJQ�RZQHG�HVWDEOLVKPHQWV�LQ�HDFK���GLJLW�LQGXVWU\�LQ�WKH

ILUVW�DQG�ODVW�\HDUV�RI�WKH�VDPSOH��������DQG�������)RUHLJQ�RZQHG�HVWDEOLVKPHQWV�DFFRXQWHG�IRU

DURXQG�KDOI�RI�RXWSXW��YDOXH�DGGHG�DQG� LQYHVWPHQW� LQ� WKH�PRWRU� YHKLFOHV� DQG� HQJLQHV� LQGXVWU\

������ZKLOH�RQO\�DFFRXQWLQJ�IRU�����RI�HVWDEOLVKPHQWV�LQ�������%\������WKH\�DFFRXQWHG�IRU����

RI�HVWDEOLVKPHQWV��)RUHLJQ�RZQHG�HVWDEOLVKPHQWV�DUH�PXFK�ODUJHU�WKQ�GRPHVWLF�RZQHG�DQG�WKXV

DFFRXQW� IRU�����RI�RXWSXW�����RI�YDOXH�DGGHG������RI�HPSOR\PHQW�DQG�����RI� LQYHVWPHQW�

0RWRU�YHKLFOH�ERGLHV�������KDV�D�YHU\�VPDOO�OHYHO�RI�IRUHLJQ�LQYROYHPHQW�DQG�LW�GHFOLQHV�RYHU�WKH

SHULRG��7KH�PRWRU�YHKLFOH�SDUWV�LQGXVWU\�������LV�GRPLQDWHG�E\�GRPHVWLF�RZQHG�HVWDEOLVKPHQWV�

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

���2QH�RWKHU�IRUHLJQ�RZQHG�HVWDEOLVKPHQW�LV�H[FOXGHG�EHFDXVH�LWV�YDOXH�DGGHG�SHU�ZRUNHU�JRHV�XS�E\�D�IDFWRU�RI���LQ
�����DQG�WKHQ�EDFN�GRZQ�DJDLQ��,I�WKLV�HVWDEOLVKPHQW�LV�LQFOXGHG�WKH�RWKHU�IRUHLJQ�RZQHG�LV�KLJKHU�LQ�WKDW�\HDU�DQG
WKH�UHPDLQLQJ�\HDUV�ORRN�VLPLODU�



��

)RUHLJQ�RZQHG� DFFRXQWHG� IRU� DURXQG�RQH�WKLUG� RI� RXWSXW� DQG� YDOXH�DGGHG� DQG�RQH�TXDUWHU� RI

HPSOR\PHQW�EXW�RYHU�D�KDOI�RI�LQYHVWPHQW�E\������

7KH�DJJUHJDWH�VHULHV�GLVFXVVHG�VR�IDU�DUH�FRQVWUXFWHG�IURP�GDWD�RQ�DOO�VHOHFWHG�HVWDEOLVKPHQWV�LQ

WKH�$5'�GDWD��7KH�$5'�VHOHFWHG�GDWD� LQFOXGHV�������REVHUYDWLRQV�RQ�������HVWDEOLVKPHQWV� LQ

WKH�PRWRU�YHKLFOH�LQGXVWU\�RYHU�WKH�SHULRG������WR���������2I�WKHVH��������REVHUYDWLRQV�FDQ�QRW

EH� XVHG� IRU� HFRQRPHWULF� HVWLPDWLRQ� RI� WKH� SURGXFWLRQ� IXQFWLRQ� HLWKHU� EHFDXVH� WKH\� GR� QRW

FRQWDLQ� VXIILFLHQW� LQIRUPDWLRQ� RU� EHFDXVH� WKHUH� DUH� QRW� DW� OHDVW� IRXU� FRQWLJXRXV� WLPH� VHULHV

REVHUYDWLRQV� IRU� WKH� HVWDEOLVKPHQW�� ,Q� D� VPDOO� QXPEHU� RI� FDVHV� YDOXH�DGGHG� LV� QHJDWLYH�� WKHVH

REVHUYDWLRQV�KDYH�DOVR�EHHQ�H[FOXGHG��5HTXLULQJ�IRXU�FRQWLJXRXV�\HDUV�RI�GDWD�PHDQV�WKDW�PDQ\

RI� WKH� VPDOOHU� HVWDEOLVKPHQWV� DUH�QRW� LQFOXGHG�� VLQFH�HVWDEOLVKPHQWV�ZLWK�XQGHU�����HPSOR\HHV

DUH�QRW� D� FHQVXV�EXW� DUH� VDPSOHG� VR� LW� LV�PXFK� OHVV� OLNHO\� WKDW� WKH\� DSSHDU� LQ� IRXU� FRQWLJXRXV

\HDUV��7KLV� LV�RQO\� UHDOO\�DQ� LVVXH� LQ� WKH�PRWRU�YHKLFOH�SDUWV� LQGXVWU\� �������DV�QRW�PDQ\�PRWRU

YHKLFOH�DQG�HQJLQH�HVWDEOLVKPHQWV�������DUH�VPDOO��:KLOH�LW�DOVR�DIIHFWV�PRWRU�YHKLFOH�ERGLHV������

WKLV�LV�D�YHU\�VPDOO�LQGXVWU\�

7DEOH����3URSRUWLRQ�RI�RXWSXW�FRYHUHG�E\�$5'�VHOHFWHG�GDWD�DQG�VDPSOH

6,&�� 0RWRU�YHKLFOHV�DQG
HQJLQHV������

0RWRU�YHKLFOH�ERGLHV
�����

0RWRU�YHKLFOH�SDUWV
�����

2XWSXW�LQ��������P� ������ ��� �����
��RI�SRSXODWLRQ�LQ
$5'�VHOHFWHG�GDWD �� �� ��
��RI�SRSXODWLRQ�LQ
VDPSOH �� �� ��
1RWH��3RSXODWLRQ�WRWDOV�DUH�UHSRUWHG�LQ�3$&67$7�IURP������DQG�EHIRUH�WKDW�DUH�DYDLODEOH�IURP�WKH�216��7KH\�DUH�FDOFXODWHG�E\�WKH
216�E\�JURVVLQJ�XS�WKH�$5'�GDWD��7KH�SURSRUWLRQ�LV�WKH�DYHUDJH�RYHU�WKH�\HDU������WR������

7DEOH���VKRZV�WKH�SURSRUWLRQ�RI�WRWDO�RXWSXW�WKDW�ZDV�DFFRXQWHG�IRU�E\�ERWK�WKH�$5'�VHOHFWHG

GDWD��DQG�WKH�VDPSOH��RI�WKRVH�HVWDEOLVKPHQWV�ZLWK�DW�OHDVW�IRXU�FRQWLJXRXV�REVHUYDWLRQV��XVHG�LQ

WKH�DQDO\VLV�RI�SURGXFWLRQ�IXQFWLRQV�ODWHU�LQ�WKLV�SDSHU��7KH�$5'�VHOHFWHG�GDWD�DFFRXQWV�IRU����

RI�RXWSXW�LQ�WKH�PRWRU�YHKLFOH�LQGXVWU\��������DQG�WKH�VDPSOH�XVHG�LQ�HPSLULFDO�DSSOLFDWLRQ�EHORZ

DFFRXQWV�IRU������7KLV�KLJK�SURSRUWLRQ�RI�RXWSXW�DFFRXQWHG�IRU�E\�WKH�VDPSOH�UHIOHFWV�WKH�IDFW

WKDW�D�IHZ�YHU\�ODUJH�HVWDEOLVKPHQWV�LQ�WKLV�LQGXVWU\�DFFRXQW�IRU�PRVW�RI�RXWSXW��ZKLOH�WKHUH�DUH

RQO\�D�VPDOO�QXPEHU�RI�HVWDEOLVKPHQWV�ZLWK�IHZHU�WKDQ�����HPSOR\HHV��,Q�WKH�RWKHU�WZR���GLJLW

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

���:KLOH�$5'�FRQWDLQV�GDWD�XS�WR������WKHUH�LV�D�EUHDN� LQ�WKH�GDWD�WKDW�PDNHV� LW�GLIILFXOW� WR�PDWFK�HVWDEOLVKPHQWV
IURP� ����� WR� ������ ,Q� DGGLWLRQ�� WKHUH� ZDV� D� FKDQJH� LQ� VDPSOLQJ� DQG� FROOHFWLRQ� LQ� ����� WKDW� PDNHV� FRPSDULVRQ
EHWZHHQ������DQG������SUREOHPDWLF��)RU� WKLV� UHDVRQ� WKH�DQDO\VLV� LQ� WKH� UHVW�RI� WKLV�SDSHU�XVHV�GDWD� IURP������ WR
�����



��

LQGXVWULHV�WKHUH�DUH�D�KLJKHU�SURSRUWLRQ�RI�VPDOO�HVWDEOLVKPHQWV�DQG�WKXV�ERWK�WKH�$5'�VHOHFWHG

GDWD� DQG� WKH� VDPSOH� UHSUHVHQW� D� VPDOOHU� SURSRUWLRQ� RI� WRWDO� RXWSXW�� 2Q� DYHUDJH� D� KLJKHU

SURSRUWLRQ� RI� WKHVH� VPDOOHU� HVWDEOLVKPHQWV� DUH� GRPHVWLF�RZQHG� VR� WKH� VDPSOH� FRQWDLQV� D

VRPHZKDW�KLJKHU�SURSRUWLRQ�RI�IRUHLJQ�RZQHG�HVWDEOLVKPHQWV�LQ�WKH�PRWRU�YHKLFOH�SDUWV�LQGXVWU\

������WKDQ�LQ�WKH�IXOO�SRSXODWLRQ�

7DEOH����'HVFULSWLYH�VWDWLVWLFV�RI�WKH�VDPSOH�RI�HVWDEOLVKPHQWV�LQ�WKH�PRWRU�YHKLFOH�DQG�HQJLQHV

LQGXVWU\������

5DWLR�RI�IRUHLJQ�WR
GRPHVWLF

'RPHVWLF�
RZQHG

)RUHLJQ�
RZQHG

$OO�\HDUV ���� ����

QXPEHU�RI�REVHUYDWLRQV ��� ��� ����IRUHLJQ�
����GRPHVWLF

��IRUHLJQ�
���GRPHVWLF

���IRUHLJQ�
���GRPHVWLF

2XWSXWD ������� ������� ���� ���� ����
9DOXH�DGGHGD ������ ������ ���� ���� ����
,QYHVWPHQWD ����� ������ ���� ���� ����
&DSLWDO�VWRFND ������� ������� ���� ���� ����
(PSOR\PHQW ����� ����� ���� ���� ����
2XWSXW�HPSOR\HHD ������ ������ ���� ���� ����
9DOXH�DGGHG�HPSOR\HHD ����� ����� ���� ���� ����
,QYHVWPHQW�HPSOR\HHD ����� ����� ���� ���� ����
&DSLWDO�VWRFN�HPSOR\HHD ������ ������ ���� ���� ����
,QWHUPHGLDWH
LQSXWV�HPSOR\HHD ������ ������ ���� ���� ����
��HPSOR\HHV�$7& �� �� ���� ���� ����
��ZDJH�ELOO�$7& �� �� ���� ���� ����
$YHUDJH�ZDJH�$7&E ����� ����� ���� ���� ����
$YHUDJH�ZDJH�2SVE ����� ����� ���� ���� ����
D�,Q�������·���V��3ULFH�GHIODWRU�IRU�RXWSXW�DQG�YDOXH�DGGHG�DUH�DW���GLJLW�OHYHO��IRU�LQYHVWPHQW�D�FRPELQDWLRQ�RI���GLJLW�DQG�DJJUHJDWH�
ZDJHV�DUH�GHIODWHG�E\�WKH�53,��6HH�*ULIILWK��������IRU�GHWDLOV�
E�,Q�������V�
1RWH��9DULDEOH�GHILQLWLRQV�ZLWK�$5'�YDULDEOHV�QXPEHUV�DUH�� JURVV� YDOXH�DGGHG� �T������QHW� FDSLWDO� H[SHQGLWXUH� �T������ HPSOR\PHQW
�T������SURSRUWLRQ�RI�ZDJH�ELOO�DFFRXQWHG� IRU�E\�DGPLQLVWUDWLYH�� WHFKQLFDO�DQG� FOHULFDO�ZRUNHUV� �T�����T����T�������DYHUDJH�ZDJH�RI
DGPLQLVWUDWLYH��WHFKQLFDO�DQG�FOHULFDO�ZRUNHUV��T����T�����
6RXUFH��$XWKRU·V�FDOFXODWLRQV�XVLQJ�WKH�$5'�GDWD�

7DEOH���FRQWDLQV�D�VHW�RI�GHVFULSWLYH�VWDWLVWLFV�RQ�VDPSOHG�HVWDEOLVKPHQWV�LQ�WKH�PRWRU�YHKLFOH�DQG

HQJLQH�LQGXVWU\�������VSOLW�E\�RZQHUVKLS��7KH�GLIIHUHQFHV�DUH�SURQRXQFHG��7KH�ILUVW�WZR�FROXPQV

JLYH� WKH�PHDQ�YDOXHV� IRU� GRPHVWLF� DQG� IRUHLJQ�RZQHG� HVWDEOLVKPHQWV� DFURVV� DOO� \HDUV��&ROXPQ

WKUHH� VKRZV� WKH� UDWLR� RI� IRUHLJQ� WR� GRPHVWLF�RZQHG� �L�H�� FROXPQ� WZR� GLYLGHG� E\� FROXPQ� RQH�

ZKLOH�WKH�IRXUWK�DQG�ILIWK�FROXPQ�VKRZ�WKH�VDPH�UDWLR�IRU�WKH�ILUVW�DQG�ODVW�\HDUV�RI�WKH�VDPSOH�

)RUHLJQ�RZQHG�HVWDEOLVKPHQWV�ZHUH�EHWZHHQ�WZR�DQG�WKUHH�DUH�ODUJHU�WKDQ�GRPHVWLF�RZQHG�RQHV�

7KH\�SURGXFHG�RQ� DYHUDJH�����PRUH�RXWSXW�SHU�ZRUNHU� WKRXJK�RQO\� ����PRUH�YDOXH�DGGHG�



��

7KH\� LQYHVWHG� PRUH� DQG� KDG� D� ODUJHU� FDSLWDO� VWRFN� SHU� ZRUNHU�� )RUHLJQ� DQG� GRPHVWLF�RZQHG

HVWDEOLVKPHQWV�XVHG�DERXW�WKH�VDPH�SURSRUWLRQ�RI�$7&�ZRUNHUV�WKRXJK�WKH\�SDLG�WKHP�PRUH�RQ

DYHUDJH�� KHQFH�$7&�ZRUNHUV� FRQVWLWXWHG� D� ODUJHU� SDUW� RI� WKH� WRWDO� ZDJH� ELOO� LQ� IRUHLJQ�RZQHG

HVWDEOLVKPHQWV�

,Q������WKHUH�ZHUH����GRPHVWLF�RZQHG�DQG���IRUHLJQ�RZQHG�HVWDEOLVKPHQWV�LQ�WKH�PRWRU�YHKLFOH

DQG� HQJLQHV� LQGXVWU\� �������7KH� IRUHLJQ�RZQHG� HVWDEOLVKPHQWV�ZHUH� RYHU� VL[� WLPHV� DV� ODUJH� RQ

DYHUDJH�DV� WKH�GRPHVWLF�RZQHG�DQG�SURGXFHG�DOPRVW� ILYH� WLPHV�DV�PXFK�YDOXH�DGGHG��)RUHLJQ�

RZQHG� HVWDEOLVKPHQWV� LQYHVWHG� DQG� HPSOR\HG� DURXQG� IRXU� WLPHV� DV�PXFK� DV� GRPHVWLF�RZQHG�

+RZHYHU��DYHUDJH�RXWSXW�SHU�ZRUNHU�ZDV�DW�VLPLODU�OHYHOV�DQG�YDOXH�DGGHG�SHU�ZRUNHU�ZDV�VOLJKWO\

KLJKHU� LQ� GRPHVWLF�RZQHG� HVWDEOLVKPHQWV�� 7KLV� LV� LQ� FRQWUDVW� WR� WKH� DJJUHJDWH� ILJXUHV� ZKLFK

VXJJHVWHG� WKDW� IRUHLJQ�RZQHG� HVWDEOLVKPHQWV� KDG� VOLJKWO\� KLJKHU� YDOXH�DGGHG� SHU� ZRUNHU�� 7KLV

LPSOLHV� WKDW� ODUJHU� IRUHLJQ�RZQHG� HVWDEOLVKPHQWV� KDYH� KLJKHU� YDOXH�DGGHG� SHU� ZRUNHU� WKDQ

VPDOOHU� RQHV�� )RUHLJQ�RZQHG� HVWDEOLVKPHQWV� LQYHVWHG� RYHU� WZR� DQG� D� KDOI� WLPHV� DV� PXFK� SHU

ZRUNHU� DQG� XVHG� DURXQG� ����PRUH� LQWHUPHGLDWH� JRRGV�� $GPLQLVWUDWLYH�� WHFKQLFDO� DQG� FOHULFDO

ZRUNHUV� UHSUHVHQWHG� D� VOLJKWO\� VPDOOHU� SURSRUWLRQ� RI� WKH� ZRUNIRUFH� LQ� IRUHLJQ�RZQHG

HVWDEOLVKPHQWV�� WKRXJK� WKH\� ZHUH� SDLG� DURXQG� ���� EHWWHU� RQ� DYHUDJH� VR� WKDW� WKH\� UHSUHVHQW

DURXQG� WKH� VDPH� SURSRUWLRQ� RI� WKH� WRWDO�ZDJH� ELOO��2SHUDWLYH� ZRUNHUV� ZHUH� SDLG� DW� DERXW� WKH

VDPH�OHYHOV�RQ�DYHUDJH�LQ�IRUHLJQ�DQG�GRPHVWLF�RZQHG�HVWDEOLVKPHQW�

%\� ����� WKHUH� ZHUH� RYHU� WZLFH� DV� PDQ\� IRUHLJQ�RZQHG� HVWDEOLVKPHQWV� DQG� IHZHU� GRPHVWLF�

RZQHG��7KH�GLIIHUHQFH�LQ�VL]H�EHWZHHQ�WKH�WZR�JURXSV�ZDV�VPDOOHU�ZLWK�IRUHLJQ�RZQHG�EHLQJ�OHVV

WKDQ� WKUHH� WLPHV� DV� ODUJH� DV� GRPHVWLF�RZQHG�� 9DOXH�DGGHG� ZDV� RQO\� ���� KLJKHU� �GRZQ� IURP

QHDUO\� ILYH� WLPHV� DV�PXFK� LQ� ������ DQG� LQYHVWPHQW� ZDV� MXVW� RYHU� DQG� HPSOR\PHQW� MXVW� XQGHU

WZLFH�DV�PXFK��7KH�IDOO�LQ�WKH�DYHUDJH�QXPEHUV�HPSOR\HG�IURP������WR������LV�GUDPDWLF��2XWSXW

SHU� HPSOR\HH� LV� ���� KLJKHU� DQG� YDOXH�DGGHG� DURXQG� ���� KLJKHU� LQ� IRUHLJQ�RZQHG

HVWDEOLVKPHQWV�LQ������

:KLOH� GLIIHUHQFHV� LQ� WKH� OHYHO� RI� LQYHVWPHQW� GHFOLQHG� IURP� ����� WR� ������ LQYHVWPHQW� SHU

HPSOR\HH�ZDV�RYHU�ILYH�WLPHV�DV�KLJK�LQ�IRUHLJQ�RZQHG�HVWDEOLVKPHQWV�DV�LQ�GRPHVWLF�RZQHG�LQ

������PRUH� WKDQ� LQ� ������ )RUHLJQ�RZQHG� XVHG� DURXQG� ����PRUH� LQWHUPHGLDWH� LQSXWV� LQ� ����

UHODWLYH� WR� ���� PRUH� LQ� ������ )RUHLJQ�RZQHG� HVWDEOLVKPHQWV� HPSOR\HG� D� VOLJKWO\� ORZHU

SURSRUWLRQ� RI� DGPLQLVWUDWLYH�� WHFKQLFDO� DQG� FOHULFDO� ZRUNHUV� EXW� WKHLU� ZDJHV� ZHUH� DERXW� ���

KLJKHU�WKDQ�LQ�GRPHVWLF�RZQHG�HVWDEOLVKPHQWV��DV�WKH\�ZHUH�LQ�������DQG�RSHUDWLYH�ZRUNHUV�ZHUH
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SDLG�DERXW�WKH�VDPH�LQ�GRPHVWLF�DQG�IRUHLJQ�RZQHG�HVWDEOLVKPHQWV��7KHVH�GLIIHUHQFHV�DUH�TXLWH

ODUJH�

7DEOH���SUHVHQWV�WKH�VDPH�VHW�RI�GHVFULSWLYH�VWDWLVWLFV�IRU�WKH�PRWRU�YHKLFOH�SDUWV�LQGXVWU\�������

7KH�GLIIHUHQFHV�EHWZHHQ�GRPHVWLF�DQG�IRUHLJQ�RZQHG�DUH�VPDOOHU�LQ�WKLV�LQGXVWU\��DOWKRXJK�WKH\

VWLOO� H[LVW�� )RUHLJQ�RZQHG� HVWDEOLVKPHQWV� ZHUH� MXVW� RYHU� ���� ODUJHU� WKDQ� GRPHVWLF�RZQHG� DQG

LQYHVWHG� QHDUO\� WZLFH� DV�PXFK� DV� IRUHLJQ�RZQHG�� 7KH\� SURGXFHG�PRUH� SHU� HPSOR\HH� EXW� DOVR

XVHG� PRUH� LQWHUPHGLDWH� LQSXWV� DQG� LQYHVWHG� PRUH� SHU� HPSOR\HH�� 7KH� GLIIHUHQFHV� VHHQ� ZLWK

DJJUHJDWH�GDWD�DUH�JUHDWHU�EHFDXVH�ODUJHU�HVWDEOLVKPHQWV�DUH�PRUH�SURGXFWLYH�DQG�IRUHLJQ�RZQHG

HVWDEOLVKPHQWV� DUH� RQ� DYHUDJH� ODUJHU��$GPLQLVWUDWLYH�� WHFKQLFDO� DQG� FOHULFDO�ZRUNHUV�PDGH� XS� D

VOLJKWO\� KLJKHU� SURSRUWLRQ� RI� WKH� ZDJH� ELOO� LQ� IRUHLJQ�RZQHG� HVWDEOLVKPHQWV�� ZKLOH� EHLQJ� SDLG

DURXQG� ����PRUH� LQ� IRUHLJQ�RZQHG� WKDQ� LQ� GRPHVWLF�RZQHG� HVWDEOLVKPHQW�� 7KHVH� GLIIHUHQFHV

KDYH�UHPDLQHG�IDLUO\�VWDEOH�RYHU�WLPH�

7DEOH����'HVFULSWLYH�VWDWLVWLFV�RI�HVWDEOLVKPHQWV�E\�RZQHUVKLS�DQG�VL]H�LQ�WKH�PRWRU�YHKLFOH�SDUWV

LQGXVWU\������

5DWLR�RI�IRUHLJQ�WR
GRPHVWLF

'RPHVWLF�
RZQHG

)RUHLJQ�
RZQHG

$OO�\HDUV ���� ����

QXPEHU�REVHUYDWLRQV ����� ��� ���IRUHLJQ�
���GRPHVWLF

���IRUHLJQ�
���GRPHVWLF

2XWSXWD ������ ������ ���� ���� ����
9DOXH�DGGHGD ����� ����� ���� ���� ����
,QYHVWPHQWD ��� ��� ���� ���� ����
&DSLWDO�VWRFND
(PSOR\PHQW ��� ��� ���� ���� ����
2XWSXW�HPSOR\HHD ������ ������ ���� ���� ����
9DOXH�DGGHG�HPSOR\HHD ������ ������ ���� ���� ����
,QYHVWPHQW�HPSOR\HHD ����� ����� ���� ���� ����
&DSLWDO�VWRFN�HPSOR\HHD
,QWHUPHGLDWH
LQSXWV�HPSOR\HHD ������ ������ ���� ���� ����
��HPSOR\HHV�$7& �� �� ���� ���� ����
��ZDJH�ELOO�$7& �� �� ���� ���� ����
$YHUDJH�ZDJH�$7&E ����� ����� ���� ���� ����
$YHUDJH�ZDJH�2SVE ����� ����� ���� ���� ����
D�,Q�������·���V��3ULFH�GHIODWRU�IRU�RXWSXW�DQG�YDOXH�DGGHG�DUH�DW���GLJLW�OHYHO��IRU�LQYHVWPHQW�D�FRPELQDWLRQ�RI���GLJLW�DQG�DJJUHJDWH�
ZDJHV�DUH�GHIODWHG�E\�WKH�53,��6HH�*ULIILWK��������IRU�GHWDLOV�
E�,Q�������V�
1RWH��9DULDEOH�GHILQLWLRQV�ZLWK�$5'�YDULDEOHV�QXPEHUV�DUH�� JURVV� YDOXH�DGGHG� �T������QHW� FDSLWDO� H[SHQGLWXUH� �T������ HPSOR\PHQW
�T������SURSRUWLRQ�RI�ZDJH�ELOO�DFFRXQWHG� IRU�E\�DGPLQLVWUDWLYH�� WHFKQLFDO�DQG� FOHULFDO�ZRUNHUV� �T�����T����T�������DYHUDJH�ZDJH�RI
DGPLQLVWUDWLYH��WHFKQLFDO�DQG�FOHULFDO�ZRUNHUV��T����T�����
6RXUFH��$XWKRU·V�FDOFXODWLRQV�XVLQJ�WKH�$5'�GDWD�
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7KLV�GHVFULSWLYH�DQDO\VLV�KDV�VKRZQ�WKDW� WKHUH�DUH�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�GRPHVWLF�DQG

IRUHLJQ�RZQHG� HVWDEOLVKPHQWV� LQ� WHUPV�RI� RXWSXW� SHU�ZRUNHU� DQG� IDFWRU� XVDJH�� )RUHLJQ�RZQHG

HVWDEOLVKPHQWV�DSSHDU�WR�SURGXFH�PRUH�EXW�DOVR�WR�XVH�PRUH�FDSLWDO�DQG�LQWHUPHGLDWH�LQSXWV�SHU

ZRUNHU�WKDQ�GRPHVWLF�RZQHG�HVWDEOLVKPHQWV�DQG�WR�SD\�WKHLU�ZRUNHUV�KLJKHU�ZDJHV�

7KH�QH[W�VHFWLRQ�H[DPLQHV�ZKHWKHU�WKHUH�DUH�DOVR�GLIIHUHQFHV�LQ�7)3�OHYHOV��WKDW� LV�ZKHWKHU�WKH

GLIIHUHQFHV� LQ� IDFWRU� XVDJH� IXOO\� H[SODLQ� GLIIHUHQFHV� LQ� RXWSXW� OHYHOV�� RU�ZKHWKHU� WKHUH� DUH� DOVR

XQH[SODLQHG�GLIIHUHQFHV�EHWZHHQ�GRPHVWLF�DQG�IRUHLJQ�RZQHG�HVWDEOLVKPHQWV�

���3URGXFWLRQ�IXQFWLRQ�HVWLPDWHV

8VLQJ� WKH� $5'� GDWD� HVWLPDWHV� RI� 7)3� FDQ� EH� UHFRYHUHG� DQG� SURSHUWLHV� RI� WKH� SURGXFWLRQ

IXQFWLRQ� FDQ� EH� H[DPLQHG��(VWLPDWLQJ� SURGXFWLRQ� IXQFWLRQV� RI� WKH� IRUP� RI� ���� DQG� ���� LV� QRW

ZLWKRXW�GLIILFXOW\��,I�WKH�LQGLYLGXDO�VSHFLILF�SURGXFWLYLW\�HIIHFWV��ηi ��DUH�FRUUHODWHG�ZLWK�WKH�RWKHU

UHJUHVVRUV�� l k xit it it, , �� WKHQ�2/6�HVWLPDWHV�RI� WKH� FRHIILFLHQWV�ZLOO� QRW�EH� FRQVLVWHQW��7KH�ZLWKLQ

JURXSV�HVWLPDWRU�ZLOO�EH�ELDVHG�LQ�SDQHOV�RI�WKLV�OHQJWK��7KH�XVXDO�VROXWLRQ�WR�WKLV�SUREOHP�LV�WR

XVH�WKH�*00�ILUVW�GLIIHUHQFHG�HVWLPDWRU����7KLV�ZLOO�\LHOG�FRQVLVWHQW�HVWLPDWHV��KRZHYHU�� UHFHQW

ZRUN�KDV�VKRZQ�WKDW�LQ�FHUWDLQ��FRPPRQ��VLWXDWLRQV�LW�ZLOO�\LHOG�HVWLPDWHV�WKDW�VXIIHU�IURP�ODUJH

ILQLWH�VDPSOH�ELDV�GXH�WR�ZHDN�LQVWUXPHQWV�

*ULOLFKHV� DQG�0DLUHVVH� �������SRLQW�RXW� WKDW�SDQHO�GDWD�HVWLPDWHV�RI�SURGXFWLRQ� IXQFWLRQV� WKDW

DWWHPSW� WR� FRQWURO� IRU� XQREVHUYHG� KHWHURJHQHLW\� DQG� VLPXOWDQHLW\� KDYH� QRW� \LHOGHG� YHU\

VDWLVIDFWRU\�UHVXOWV��%OXQGHOO�DQG�%RQG������D�E��DUJXH�WKDW�WKLV�LV�EHFDXVH�RI�D�ZHDN�LQVWUXPHQWV

SUREOHP��/DJJHG�YDOXHV�RI�WKH�YDULDEOHV�RI�LQWHUHVW�DUH�RQO\�ZHDNO\�FRUUHODWHG�ZLWK�JURZWK�UDWHV

�GLIIHUHQFHV���7KH\�VKRZ�WKDW�LQ�WKHLU�VDPSOH�RI�ILUPV�WKH�VHULHV�IRU�VDOHV��FDSLWDO�DQG�HPSOR\PHQW

DUH�DOO�KLJKO\�SHUVLVWHQW�DQG� WKXV�SURYLGH�ZHDN� LQVWUXPHQWV� LQ�D� ILUVW�GLIIHUHQFHG�*00�VHWWLQJ�

7KH\� SURSRVH� D� V\VWHPV� HVWLPDWRU� ZKLFK� XVHV� DQ� DGGLWLRQDO� VHW� RI� PRPHQW� FRQGLWLRQV� �� ILUVW

GLIIHUHQFHV�DUH�XVHG�DV� LQVWUXPHQWV�IRU� OHYHOV�DV�ZHOO�DV� WKH�XVXDO� OHYHOV�DV� LQVWUXPHQWV� IRU� ILUVW

GLIIHUHQFHV�� 7KH\� VKRZ� WKDW� WKLV� HVWLPDWRU� JLYHV� EHWWHU� UHVXOWV� RQ� HIILFLHQF\� JURXQGV���� 7KHVH

DGGLWLRQDO� PRPHQW� FRQGLWLRQV� DUH� RQO\� YDOLG� XQGHU� D� VHW� RI� DGGLWLRQDO� DVVXPSWLRQV� WKDW� WKH

JURZWK�UDWH�RI�WKH�YDULDEOH�LV�XQFRUUHODWHG�ZLWK�WKH�IL[HG�HIIHFW��WKDW�WKH�VHULHV�LV�VWDWLRQDU\�DQG

WKDW�WKH�LQLWLDO�REVHUYDWLRQ�LV�GUDZQ�IURP�WKH�VDPH�SURFHVV�

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

���6HH�$UHOODQR�DQG�%RQG��������

���6HH�DOVR�$UHOODQR�DQG�%RYHU��������
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%OXQGHOO�DQG�%RQG�DOVR�VWUHVV�WKDW�LW�LV�LPSRUWDQW�WR�DOORZ�IRU�DQ�DXWRUHJUHVVLYH�FRPSRQHQW�LQ�WKH

SURGXFWLRQ� IXQFWLRQ� HUURU� WHUP�� 7KLV� DXWRUHJUHVVLYH� HUURU� WHUP� ZLOO� FDSWXUH� IHDWXUHV� RI� WKH

SURGXFWLRQ� SURFHVV� VXFK� DV� WKH� IDFW� WKDW� DGMXVWPHQW�PD\� QRW� EH� LQVWDQWDQHRXV� EXW�PD\� RFFXU

ZLWK�VRPH�WLPH�ODJ��,W�ZLOO�DOVR�FRQWURO�IRU�XQREVHUYHG�FKDUDFWHULVWLFV�WKDW�DUH�QRW�IL[HG�EXW�WKDW

GR� SHUVLVW� RYHU� WLPH� ²� IRU� H[DPSOH�� PDQDJHULDO� DELOLW\� RU� H[SHQGLWXUH� RQ� UHVHDUFK� DQG

GHYHORSPHQW�

7KH�HVWDEOLVKPHQW�OHYHO�GDWD�XVHG�LQ�WKLV�DQDO\VLV�H[KLELW�VLPLODU�SURSHUWLHV�WR�WKRVH�GLVFXVVHG�E\

%OXQGHOO�DQG�%RQG��������LQ�WKDW�WKH�VHULHV�DUH�KLJKO\�SHUVLVWHQW��7DEOH����VKRZV�HVWLPDWHV�RI�WKH

$5���� FRHIILFLHQW�RQ�RXWSXW�� ODERXU�� FDSLWDO�DQG� LQWHUPHGLDWH� LQSXWV�XVLQJ�2/6��ZLWKLQ� JURXSV�

ILUVW�GLIIHUHQFHG� DQG� WKH� V\VWHPV� HVWLPDWRU�� ,I� WKH� PHDQ� RI� WKH� SURFHVV� YDULHV� DFURVV

HVWDEOLVKPHQWV��L�H��WKHUH�LV�D�IL[HG�HIIHFW��WKHQ�WKH�2/6�HVWLPDWHV�ZLOO�EH�ELDVHG�XSZDUGV�ZKLOH

WKH� ZLWKLQ� JURXSV� HVWLPDWHV� ZLOO� EH� ELDVHG� GRZQZDUGV�� 7KH� ILUVW� GLIIHUHQFH� HVWLPDWRU� ZLOO� EH

FRQVLVWHQW�EXW�PD\�VXIIHU�IURP�ZHDN�LQVWUXPHQWV��7KH�V\VWHPV�HVWLPDWHV�VKRXOG�IDOO�VRPHZKHUH

LQ� EHWZHHQ� WKH� 2/6� DQG� ZLWKLQ� JURXSV� HVWLPDWHV�� )RU� DOO� IRXU� VHULHV� WKH� V\VWHPV� HVWLPDWRU

LQGLFDWHV� DQ�$5���� FRHIILFLHQW� RYHU� ����� 7KH� KLJKO\� SHUVLVWHQW� QDWXUH� RI� WKH� GDWD� VXJJHVWV� WKDW

ODJJHG� OHYHOV� ZLOO� SURYLGH� ZHDN� LQVWUXPHQWV� IRU� GLIIHUHQFHV� DQG� WKXV� WKH� V\VWHPV� HVWLPDWRU� LV

PRUH�DSSURSULDWH�WKDQ�WKH�ILUVW�GLIIHUHQFHG�HVWLPDWRU�

7KHUH� LV� VRPH� ZRUU\� DERXW� WKH� FDSLWDO� VHULHV� ZKLFK� LV� D� FRQVWUXFWHG� VHULHV�� 7KH� $5'� GDWD

FRQWDLQV�LQIRUPDWLRQ�RQ�LQYHVWPHQW��ERWK�FRVW�RI�DFTXLVLWLRQ�DQG�SURFHHGV�IURP�GLVSRVDO��WKRXJK

QRW�VFUDSSLQJ���,Q�WKH�$5'�LQYHVWPHQW�LV�DYDLODEOH�VHSDUDWHO\�IRU�SODQW�DQG�PDFKLQHU\��EXLOGLQJV

DQG�ODQG�DQG�YHKLFOHV��7KHUH�LV�QR�GDWD�RQ�FDSLWDO�VWRFNV�RU�GHSUHFLDWLRQ�UDWHV��(VWLPDWHV�RI�WKH

LQLWLDO�FDSLWDO�VWRFN�DUH�REWDLQHG�XVLQJ�LQGXVWU\�OHYHO�GDWD�IRU�HDFK�W\SH�RI�FDSLWDO�VHSDUDWHO\�XVLQJ

HFRQRPLF� GHSUHFLDWLRQ� UDWHV� RI� ������� SHUFHQW� IRU� SODQW� DQG� PDFKLQHU\�� ����� SHU� FHQW� IRU

EXLOGLQJV�DQG�ODQG�DQG������SHUFHQW�IRU�YHKLFOHV���

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

���6HH�2XOWRQ�DQG�2·0DKRQ\��������
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7DEOH����$5����FRHIILFLHQWV

2/6 :LWKLQ�JURXSV 'LIIHUHQFHG 6\VWHP 6\VWHP
2XWSXW�� yit � yt−2 y yt t− −3 2,∆
yit −1 ����� ����� ����� ����� �

����� ����� ����� ����� �

P� ������ ������ ������ �������
P� ������ ������ ������ ������
6DUJDQ��S�YDOXH� � � ����� �����
'LIIHUHQFH�6DUJDQ
�S�YDOXH�

� � � �����

(PSOR\PHQW��lit � lt −3 l lt t− −3 2,∆
lit−1 ����� ����� ����� ����� �

����� ����� ����� ����� �

P� ����� ������ ������ ������
P� ����� ������ ������ ������
6DUJDQ��S�YDOXH� � � ����� �����
'LIIHUHQFH�6DUJDQ
�S�YDOXH�

� � � �����

&DSLWDO�6WRFN��kit � kt −2 k kt t− −3 1,∆ y yt t− −3 2,∆ �
l lt t− −3 2,∆ �
x xt t− −3 2,∆

kit −1 ����� ����� ����� ����� �����
����� ����� ����� ����� �����

P� ����� ������ ������ ������ ������
P� ����� ����� ����� ����� �����
6DUJDQ��S�YDOXH� � � ����� ����� �����
'LIIHUHQFH�6DUJDQ
�S�YDOXH�

� � � �����
�����

,QWHUPHGLDWH
LQSXWV��xit �

xt −2 x xt t− −3 2,∆

xit −1 ����� ����� ����� ����� �
����� ����� ����� ����� �

P� ������ ������ ������ ������
P� ������ ������ ������ ������
6DUJDQ��S�YDOXH� � � ����� �����
'LIIHUHQFH�6DUJDQ
�S�YDOXH�

� � � �����

1RWH��VWDQGDUG�HUURUV�LQ�LWDOLFV�DUH�RQH�VWHS�UREXVW�IURP�'3'��P��DQG�P��DUH�WKH�1������WHVW�VWDWLVWLFV�IRU�ILUVW�DQG�VHFRQG
RUGHU�VHULDO� FRUUHODWLRQ� �VHH�$UHOODQR�DQG�%RQG���������������6DUJDQ�DQG�'LIIHUHQFH�6DUJDQ�DUH� WKH�S�YDOXHV� IURP� WKHVH
WHVWV��DOO�UHJUHVVLRQV�LQFOXGH�D�IXOO�VHW�RI�WLPH�GXPPLHV�

(VWDEOLVKPHQW�QHW�FDSLWDO�VWRFNV�DUH�HVWLPDWHG�XVLQJ���GLJLW�LQGXVWU\�OHYHO�FDSLWDO�VWRFN�HVWLPDWHV

IURP�2XOWRQ�DQG�2·0DKRQ\���������7KH�LQLWLDO�FDSLWDO�VWRFN�IRU�HDFK�HVWDEOLVKPHQW� LV�REWDLQHG

E\� DOORFDWLQJ� WKH� LQGXVWU\� FDSLWDO� VWRFN� EHWZHHQ� HVWDEOLVKPHQWV� XVLQJ� WKH� VKDUH� RI� HDFK

HVWDEOLVKPHQW·V� HQHUJ\� XVDJH� LQ� WRWDO� HQHUJ\� XVDJH�� 7KLV� DOORFDWLRQ� UXOH� LV� XVHG� DV� HQHUJ\� DQG
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FDSLWDO�HTXLSPHQW�DUH�FRPSOLPHQWV�DQG�WKXV�HQHUJ\�XVDJH� LV� OLNHO\� WR�SURYLGH�D�JRRG�SUR[\� IRU

WKH� VL]H� RI� WKH� FDSLWDO� VWRFN�� � 7KH� SHUSHWXDO� LQYHQWRU\� PHWKRG� �3,0�� LV� WKHQ� XVHG� DW� WKH

HVWDEOLVKPHQW�OHYHO��7KH�YDOXH�RI�WKH�FDSLWDO�VWRFN�RI�HDFK�W\SH�RI�FDSLWDO�IRU�HDFK�HVWDEOLVKPHQW

LQ�WKH�ILUVW�REVHUYHG�SHULRG�LV�JLYHQ�E\�
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ZKHUH� Kp �LV�WKH�SULFH�RI�FDSLWDO�LQSXWV�� itI �LV�LQYHVWPHQW��δ �LV�WKH�JHRPHWULF�GHSUHFLDWLRQ�UDWH��wi

LV�WKH�DOORFDWLRQ�UXOH�DQG�K j0 �LV�WKH�LQGXVWU\�FDSLWDO�VWRFN�LQ�WKH�SHULRG�EHIRUH�WKH�HVWDEOLVKPHQW�LV

ILUVW�REVHUYHG��,Q�SHULRG�t t, > 1�WKH�FDSLWDO�VWRFN�LV�JLYHQ�E\�
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7KLV�PHWKRG�RI�HVWLPDWLQJ�WKH�FDSLWDO�VWRFN�LQWURGXFHV�PHDVXUHPHQW�HUURU�LQ�WKH�VHULHV�RI�D�IRUP

WKDW�LV�GHFOLQLQJ�RYHU�WLPH��VLQFH�WKH�LQLWLDO�FRQGLWLRQ�LV�PHDVXUHG�ZLWK�HUURU���7KLV�PHDQV�WKDW�WKH

VHULHV�YLRODWHV� WKH�DVVXPSWLRQ� WKDW� WKH� LQLWLDO�REVHUYDWLRQ� LV�GUDZQ�IURP�WKH�VDPH�SURFHVV��7KH

HVWLPDWHV� RI� WKH� ODJJHG� FDSLWDO� VWRFN� FRHIILFLHQW� VKRZQ� LQ� WKH� ILIWK� FROXPQ� RI� 7DEOH� �� DUH

REWDLQHG� XVLQJ� ODJV� RI� RXWSXW�� HPSOR\PHQW� DQG� LQWHUPHGLDWH� LQSXWV� DV� LQVWUXPHQWV� RQ� WKH

DVVXPSWLRQ� WKDW� WKHVH� DUH� RUWKRJRQDO� WR� WKH� HUURU� WHUP�� 7KHVH� UHVXOWV� VXJJHVW� WKDW� WKH� FDSLWDO

VHULHV�IROORZV�PXFK�WKH�VDPH�SURFHVV�DV�WKH�RWKHU�WKUHH�VHULHV��DV�ZRXOG�EH�H[SHFWHG�

(VWLPDWHV�RI� WKH� FRHIILFLHQWV�RI� WKH� VWDWLF�&REE�'RXJODV� SURGXFWLRQ� IXQFWLRQ� DUH� SUHVHQWHG� LQ

7DEOH����$�IXOO�VHW�RI�WLPH�GXPPLHV�LV�LQFOXGHG�LQ�DOO�FROXPQV�WR�FRQWURO�IRU�SURGXFWLYLW\�VKRFNV

WKDW� DIIHFW� DOO� HVWDEOLVKPHQWV�� 7KH�2/6� HVWLPDWHV� LQ� FROXPQ� ���� VXJJHVW� WKDW�� RQ� DYHUDJH�� 86�

RZQHG�HVWDEOLVKPHQWV�KDYH�KLJKHU�WRWDO�IDFWRU�SURGXFWLYLW\�WKDQ�GRPHVWLF�RZQHG�HVWDEOLVKPHQWV�

EXW�WKDW�WKHUH�LV�QR�VLJQLILFDQW�GLIIHUHQFH�IRU�HVWDEOLVKPHQWV�RI�DQ\�RWKHU�QDWLRQDOLW\�RI�IRUHLJQ�

RZQHUVKLS��7KLV�UHVXOW�KDV�EHHQ�IRXQG�LQ�RWKHU�ZRUN�XVLQJ�WKLV�GDWD����&RQVWDQW�UHWXUQV�WR�VFDOH

�&56��LV�UHMHFWHG�DQG�WKH�WHVW�VWDWLVWLFV�LQGLFDWH�WKDW�WKH�HUURU�WHUP�LV�VHULDOO\�FRUUHODWHG��7KH�2/6

FRHIILFLHQWV� ZLOO� EH� ELDVHG� LI� XQREVHUYHG� LQGLYLGXDO� VSHFLILF� IDFWRUV� DUH� FRUUHODWHG� ZLWK� WKH

UHJUHVVRUV��7KH�ZLWKLQ�JURXSV�HVWLPDWRU��VKRZQ�LQ�FROXPQ�����ZLOO�DOVR�EH�ELDVHG�LQ�VKRUW�SDQHOV

�WKH�OHQJWK�RI�WKH�SDQHO�XVHG�KHUH�YDULHV�IURP���WR����\HDUV��

������������������������������������������������
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LQVWUXPHQWV
�VHH�QRWHV�

� � 2−t 1,2 −∆− tt 2,3 −∆− tt 2,3 −∆− tt 2,3 −∆− tt

HPSOR\PHQW��lit ����� ����� ����� ����� ����� ����� �����
����� ����� ����� ����� ����� ����� �����

FDSLWDO�VWRFN��kit ����� ����� ������ ����� ����� ����� �����
����� ����� ����� ����� ����� ����� �����

LQWHUPHGLDWH ����� ����� ����� ����� ����� � �����
LQSXWV��xit

����� ����� ����� ����� ����� �����
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*HUPDQ ����� � � ����� ����� ����� �����
����� ����� ����� ����� �����

2WKHU�IRUHLJQ ����� � � ������ ������ ����� ������
����� ����� ����� ����� �����

6DUJDQ��3�YDOXH� � � ����� ����� ����� ����� �����
&56��3�YDOXH� ����� ����� ����� ����� ����� �

P� ����� ������ ������ ������ ������ ������ ������
P� ����� ������ ������ ������ ������ ������ ������
1RWH��7KH�VDPSOH�LV�DQ�XQEDODQFHG�SDQHO�RI�����HVWDEOLVKPHQWV�IURP�����������ZLWK�������REVHUYDWLRQV��DOO�UHJUHVVLRQV
DUH� HVWLPDWHG� LQ� '3'�� QXPEHUV� LQ� LWDOLFV� DUH� RQH�VWHS� UREXVW� VWDQGDUG� HUURUV�� DOO� UHJUHVVLRQ� LQFOXGH� D� IXOO� VHW� RI� WLPH
GXPPLHV��P�� DQG�P�� DUH�1������ GLVWULEXWHG� WHVWV� IRU� ILUVW� DQG� VHFRQG� RUGHU� VHULDO� FRUUHODWLRQ� �VHH�$UHOODQR� DQG� %RQG
���������������6DUJDQ�DQG�&56�DUH�S�YDOXHV��GLIIHUHQFH�DQG�V\VWHP�HVWLPDWHV�DUH�*00�ZLWK�LQVWUXPHQWV�GDWHG�LQ�FROXPQ
���� 22 , −− itit xl ��LQ�FROXPQ����� 1122 ,,, −−−− ∆∆ itititit xlxl ��LQ�FROXPQ�����DQG����� 2233 ,,, −−−− ∆∆ itititit xlxl �DQG�LQ����

222333 ,,,,, −−−−−− ∆∆∆ itititititit xklxkl �DQG�HDUOLHU�

$V� GLVFXVVHG� DERYH�� WKH� ILUVW�GLIIHUHQFH� *00� HVWLPDWHV� SUHVHQWHG� LQ� FROXPQ� ���� ZLOO� EH

FRQVLVWHQW��EXW�ZLOO�VXIIHU�IURP�ILQLWH�VDPSOH�ELDV�GXH�WR�WKH�IDFW�WKDW�WKH�OHYHOV�RI�WKH�UHJUHVVRUV

DUH� ZHDN� LQVWUXPHQWV� IRU� GLIIHUHQFHV�� 2QH� HPSLULFDO� LVVXH� WKDW� KDV� WR� EH� DGGUHVVHG� LQ� XVLQJ

GLIIHUHQFH�RU�V\VWHP�HVWLPDWRUV�LV�ZKDW�GDWHG�LQVWUXPHQWV�WR�XVH��7KH�6DUJDQ�VWDWLVWLF�SURYLGHV�D

WHVW� RI� WKH� YDOLGLW\� RI� WKH� LQVWUXPHQWV�� 7KH� 6DUJDQ� VWDWLVWLF� LQ� FROXPQ� ���� GRHV� QRW� UHMHFW� WKH

YDOLGLW\�RI�WKH�LQVWUXPHQWV��DOWKRXJK�WKH�WHVW�VWDWLVWLFV�LQGLFDWH�WKDW�WKHUH�LV�HYLGHQFH�RI�ERWK�ILUVW

DQG�VHFRQG�RUGHU�VHULDO�FRUUHODWLRQ�

7KH� V\VWHPV� HVWLPDWHV� VKRZQ� LQ� FROXPQV� ���� WR� ����ZLOO� QRW� VXIIHU� IURP� WKH�ZHDN� LQVWUXPHQWV

SUREOHP�DQG�ZLOO�\LHOG�FRQVLVWHQW�HVWLPDWHV�XQGHU�WKH�DVVXPSWLRQV�GLVFXVVHG�HDUOLHU��,Q�FROXPQV

����WR�����WKH�FDSLWDO�VWRFN�YDULDEOH�LV�GURSSHG�IURP�WKH�LQVWUXPHQW�VHW�EHFDXVH�RI�FRQFHUQV�DERXW

PHDVXUHPHQW�HUURU�GLVFXVVHG�DERYH��ZKLOH� LQ�FROXPQ����� LW� LV� LQFOXGHG�� ,Q�FROXPQ� ���� OHYHOV�RI



��

HPSOR\PHQW� DQG� LQWHUPHGLDWH� LQSXWV� GDWHG� t t t− − −2 3 4, , � DUH� XVHG� DV� LQVWUXPHQWV� IRU� WKH

GLIIHUHQFH� HTXDWLRQV� DQG� GLIIHUHQFHV� GDWHG� t −1� DUH� XVHG� IRU� WKH� OHYHOV� HTXDWLRQ�� 7KH� 6DUJDQ

VWDWLVWLF�UHMHFWV�WKH�YDOLGLW\�RI�WKHVH�LQVWUXPHQWV��,Q�FROXPQ�����OHYHOV�LQVWUXPHQWV�GDWHG�RQH�\HDU

HDUOLHU��t t t− − −3 4 5, , �DQG�GLIIHUHQFHV�t − 2 ��DUH�XVHG��7KH�6DUJDQ�VWDWLVWLF�VWLOO�UHMHFWV�WKH�YDOLGLW\

RI� WKHVH� LQVWUXPHQWV�� 7KH� VHULDO� FRUUHODWLRQ� WHVWV� VXJJHVW� WKDW� WKLV� VWDWLF� PRGHO� PD\� EH� PLV�

VSHFLILHG�DQG�WKDW�WKH�G\QDPLF�IRUP�VKRZQ�LQ�HTXDWLRQ�����PD\�EH�D�PRUH�DSSURSULDWH�PRGHO�

&56� LV�QRW� UHMHFWHG� LQ�FROXPQ� ���� DQG� LQ�FROXPQ� ���� HVWLPDWHV� LPSRVLQJ�&56� DUH� LQFOXGHG� IRU

FRPSDULVRQ��,Q�FROXPQV�����DQG�����WKH�IRUHLJQ�RZQHUVKLS�GXPPLHV�DUH�LQVLJQLILFDQW��+RZHYHU�

ZKHQ�&56�LV�LPSRVHG�LQ�FROXPQ�����ERWK�86�DQG�*HUPDQ�RZQHG�HVWDEOLVKPHQWV�DSSHDU�WR�KDYH

KLJKHU�OHYHOV�RI�7)3��7KH�HVWLPDWHV�RI� WKH�IDFWRU�VKDUHV� LQ�FROXPQV������ ����� ����� ����DQG�����DUH

UHPDUNDEO\�VLPLODU�WR�HDFK�RWKHU��DQG�DUH�TXLWH�FORVH�WR�WKH�REVHUYH�IDFWRU�VKDUHV�ZKLFK�DUH���

)DFWRU� 0HDQ�VKDUH��VWDQGDUG�GHYLDWLRQ�

/DERXU �������������

&DSLWDO �������������

,QWHUPHGLDWH�JRRGV �������������

7KH�REVHUYHG� ODERXU� VKDUH� LV� VRPHZKDW� ORZHU� WKDQ� WKDW� HVWLPDWHG� DQG� FDSLWDO� VKDUH�KLJKHU�� ,Q

FROXPQ������ZKHQ�FDSLWDO� LV� LQFOXGHG� LQ� WKH� LQVWUXPHQW� VHW�� WKH�HVWLPDWHG� IDFWRUV� VKDUHV�FKDQJH

VLJQLILFDQWO\�� ZLWK� ODERXU� VKDUH� LQFUHDVLQJ� DQG� ERWK� FDSLWDO� DQG� LQWHUPHGLDWH� VKDUH� GHFOLQLQJ�

+RZHYHU��DV�PHQWLRQHG�� LQ�DOO� VHYHQ�FROXPQV� WKH�VHULDO� FRUUHODWLRQ� WHVWV� VXJJHVW� WKDW� WKLV� VWDWLF

PRGHO�LV�PLVVSHFLILHG�

,Q�7DEOH� ��� HVWLPDWHV�RI� WKH�G\QDPLF�&REE�'RXJODV�SURGXFWLRQ� IXQFWLRQ� DUH�SUHVHQWHG� LQ� WKH

VDPH�RUGHU�DV�LQ�7DEOH����$OO�FROXPQV�LQGLFDWH�D�KLJK�GHJUHH�RI�SHUVLVWHQFH��ZLWK�D�FRHIILFLHQW�RQ

WKH�ODJJHG�GHSHQGHQW�YDULDEOH�VLJQLILFDQW�RI�DURXQG������,Q�WKH�ERWWRP�SDUW�RI�WKH�WDEOH�HVWLPDWHV

RI�WKH�FRHIILFLHQWV�DIWHU�LPSRVLQJ�WKH�FRPPRQ�IDFWRU�UHVWULFWLRQV�JLYHQ�LQ�HTXDWLRQ�����DUH�VKRZQ�

$V�GLVFXVVHG�DERYH��WKH�2/6�DQG�ZLWKLQ�JURXSV�HVWLPDWHV�PD\�EH�ELDVHG��&ROXPQ�����VKRZV�WKH

ILUVW�GLIIHUHQFHG�*00�HVWLPDWHV�ZLWK�LQVWUXPHQWV�GDWHG�t − 2 �DQG�HDUOLHU�

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

��� 7KHVH� DUH� WKH� PHDQ� IDFWRU� VKDUHV� DUH� DFURVV� LQGLYLGXDOV� DQG� \HDUV�� VKDUHV� DUH� RI� RXWSXW�� ODERXU� VKDUH� LV
�T����T�����RXWSXW�� LQWHUPHGLDWH� LQSXW� VKDUH� LV� �T����T����T�����RXWSXW�� FDSLWDO� VKDUH� LV� �� ²� ODERXU� VKDUH� ²
LQWHUPHGLDWH�LQSXW�VKDUH�
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7DEOH�����'\QDPLF�&REE�'RXJODV�SURGXFWLRQ�IXQFWLRQ
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RXWSXW�� yit
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���
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���
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���
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���
V\VWHP
&56

���
V\VWHP

LQVWUXPHQWV � � 2−t t t− −2 1, ∆ t t− −3 2, ∆ t t− −3 2, ∆ t t− −3 2, ∆

lit ����� ����� ����� ����� ����� ����� �����
����� ����� ����� ����� ����� ����� �����

lit−1 ������ ������ ������ ������ ������ ������ ������
����� ����� ����� ����� ����� ����� �����

kit ����� ����� ������ ����� ������ ����� �����
����� ����� ����� ����� ����� ����� �����

kit−1 ������ ����� ������ ����� ����� ������ ������
����� ����� ����� ����� ����� ����� �����

xit ����� ����� ����� ����� ����� �� �����
����� ����� ����� ����� ����� �����

xit−1 ������ ������ ������ ������ ������ � ������

����� ����� ����� ����� ����� �����
yit−1 ����� ����� ����� ����� ����� ����� �����

����� ����� ����� ����� ����� ����� �����
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2WKHU�IRUHLJQ ����� � � ����� ������ ������ ������
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6DUJDQ��3�YDOXH� � � ����� ����� ����� ����� �����
&56��3�YDOXH� ����� ����� ����� ����� ����� �

P� ������ ������ ������ ������� ������ ������ ������
P� ����� ������ ������ ������ ����� ����� �����

lit ����� ����� ����� ����� ����� ����� �����
����� ����� ����� ����� ����� ����� �����

kit ����� ����� ������ ����� ����� ����� �����
����� ����� ����� ����� ����� ����� �����

xit ����� ����� ����� ����� ����� � �����
����� ����� ����� ����� ����� �����

yit −1 ����� ����� ����� ����� ����� ����� �����
����� ����� ����� ����� ����� ����� �����

&RPIDF��3�YDOXH� ����� ����� ����� ����� ����� ����� �����
1RWH��7KH�VDPSOH�LV�DQ�XQEDODQFHG�SDQHO�RI�����HVWDEOLVKPHQWV�IURP�����������ZLWK�������REVHUYDWLRQV��DOO�UHJUHVVLRQV�DUH�HVWLPDWHG
LQ�'3'��QXPEHUV�LQ�LWDOLFV�DUH�RQH�VWHS�UREXVW�VWDQGDUG�HUURUV��DOO�UHJUHVVLRQ�LQFOXGH�D�IXOO�VHW�RI�WLPH�GXPPLHV��P��DQG�P��DUH�1�����
GLVWULEXWHG�WHVWV�IRU�ILUVW�DQG�VHFRQG�RUGHU�VHULDO�FRUUHODWLRQ��VHH�$UHOODQR�DQG�%RQG����������������6DUJDQ�LV�WKH�3�YDOXH�IURP�D�WHVW�RI
WKH�YDOLGLW\�RI� WKH�RYHU�LGHQWLI\LQJ� UHVWULFWLRQV� IRU� WKH�*00�HVWLPDWRUV�� �&56�LV� WKH�3�YDOXH� IURP�D�:DOG� WHVW� IRU� FRQVWDQW� UHWXUQV� WR
VFDOH��FRHIILFLHQWV�LQ�ERWWRP�SDUW�DUH�RQH�VWHS�SDUDPHWHU�HVWLPDWHV�REWDLQHG�XVLQJ�PLQLPXP�GLVWDQFH�HVWLPDWRU�DQG�LPSRVLQJ�WKH�FRPPRQ
IDFWRU�UHVWULFWLRQV�JLYHQ�E\������&RPIDF�LV�WKH�3�YDOXH�IURP�D�FKL�VTXDUHG�WHVW�RI�WKH�UHVWULFWLRQV��GLIIHUHQFH�DQG�V\VWHP�HVWLPDWHV�DUH�*00

ZLWK� LQVWUXPHQWV� GDWHG� LQ� FROXPQ� ���� 22 , −− itit xl �� LQ� FROXPQ� ���� 1122 ,,, −−−− ∆∆ itititit xlxl �� LQ� FROXPQ� ���

2233 ,,, −−−− ∆∆ itititit xlxl �DQG�LQ�FROXPQ����� 222333 ,,,,, −−−−−− ∆∆∆ itititititit xklxkl ��DQG�HDUOLHU�



��

,Q� FROXPQ� ���� WKH� V\VWHPV� HVWLPDWRU� LV� XVHG�ZLWK� OHYHOV� LQVWUXPHQWV� GDWHG� t t t− − −2 3 4, , � DQG

GLIIHUHQFHV� t − 1��$V�EHIRUH�FDSLWDO� LV�RPLWWHG�IURP�WKH�LQVWUXPHQW�VHW� LQ�FROXPQV�����WR�����DQG

LQFOXGHG�LQ�FROXPQ������7KH�6DUJDQ�VWDWLVWLF�GRHV�QRW�UHMHFW�WKH�LQVWUXPHQWV�LQ�FROXPQV�����WR����

DW�WKH����OHYHO��EXW�LW�GRHV�LQ�FROXPQ�����DW�WKH�����OHYHO��7KH�WHVW�VWDWLVWLFV�LQGLFDWH�ILUVW�RUGHU

EXW�QRW�VHFRQG�RUGHU�VHULDO�FRUUHODWLRQ��DV�ZRXOG�EH�H[SHFWHG�IURP�GLIIHUHQFH�HVWLPDWRUV�

7KH� HVWLPDWHV� LQ� FROXPQV� ����� ���� DQG� ���� DUH� UHPDUNDEO\� VLPLODU� WR� HDFK� RWKHU� H[FHSW� WKDW� LQ

FROXPQ� ���� WKH� HODVWLFLW\� RI� RXWSXW� ZLWK� UHVSHFW� WR� ODERXU� LV� KLJKHU�� 7KH� UHVXOWV� LQ� DOO� WKUHH

FROXPQV� LQGLFDWH� WKDW� RQO\�*HUPDQ�RZQHG� HVWDEOLVKPHQWV� DSSHDU� WR� KDYH� SHUPDQHQWO\� KLJKHU

OHYHOV�RI�7)3�WKDQ�GRPHVWLF�RZQHG��DIWHU�FRQGLWLRQLQJ�RQ�LQSXWV�DQG�DOORZLQJ�IRU�G\QDPLFV��7KH

UHVXOWV�IRU�86�RZQHG�DUH�OHVV�FOHDU��,Q�DOO�VSHFLILFDWLRQV�H[FHSW������ZKHUH�&56�LV�LPSRVHG��WKHUH

LV�QR� VLJQLILFDQW�SHUPDQHQW�GLIIHUHQFH� LQ�SURGXFWLYLW\� OHYHOV�EHWZHHQ�86�RZQHG�DQG�GRPHVWLF�

RZQHG�HVWDEOLVKPHQWV�

7KH� GHVFULSWLYH� VWDWLVWLFV� VKRZQ� LQ� 7DEOHV� �� DQG� �� KLJKOLJKWHG� WKH� GLIIHUHQFHV� LQ� WKH� DYHUDJH

ZDJHV�SDLG�E\�GRPHVWLF�DQG�IRUHLJQ�RZQHG�HVWDEOLVKPHQWV��7KLV� UDLVHV� WKH�TXHVWLRQ�RI�ZKHWKHU

ZDJH�GLIIHUHQWLDOV�UHIOHFW�GLIIHUHQFHV�LQ�VNLOOV�RU�DELOLW\�RI�ZRUNHUV��7DEOH����SUHVHQWV�HVWLPDWHV�RI

WKH�FRHIILFLHQWV�IRU�WKH�PRGHO�WKDW�DOORZV�IRU�KHWHURJHQHRXV�ZRUNHUV��GHVFULEHG�LQ�HTXDWLRQ������

,Q� FROXPQV� ���� DQG� ���� ODERXU� LV� VSOLW� LQWR� WZR� W\SHV� ²� DGPLQLVWUDWLYH�� WHFKQLFDO� DQG� FOHULFDO

ZRUNHUV��$7&��DQG�RSHUDWLYHV��236���,Q�FROXPQV�����DQG�����WKH�UHODWLYH�DYHUDJH�ZDJH�RI�ZRUNHUV

LQ�HDFK�HVWDEOLVKPHQW�LV�LQFOXGHG��7KH�UHODWLYH�DYHUDJH�ZDJH�LV�GHILQHG�DV�WKH�ORJ�RI�WKH�DYHUDJH

ZDJH�IRU�WKH�HVWDEOLVKPHQW�GLYLGHG�E\�WKH�DYHUDJH�ZDJH�DFURVV�DOO�HVWDEOLVKPHQWV� LQ�WKDW���GLJLW

LQGXVWU\� LQ� WKDW� \HDU�� 7KH� LQVWUXPHQWV� XVHG� LQ� FROXPQV� ���� DQG� ���� LQFOXGH� FDSLWDO�� ZKLOH� LQ

FROXPQV� ���� DQG� ���� FDSLWDO� LV� H[FOXGHG� IURP� WKH� LQVWUXPHQW� VHW�� ,Q� DOO� FROXPQV� WKH� OHYHOV

LQVWUXPHQWV�DUH�GDWHG� t t t− − −3 4 5, , �DQG�GLIIHUHQFHV� t − 2 ��,Q�WKH�ERWWRP�SDUW�RI�WKH�WDEOH��RQ

WKH� QH[W� SDJH�� HVWLPDWHV� RI� WKH� FRHIILFLHQWV� DIWHU� LPSRVLQJ� WKH� FRPPRQ� IDFWRU� UHVWULFWLRQV� DUH

JLYHQ�

2SHUDWLYHV�FRQVWLWXWH�D�ODUJHU�VKDUH�RI�WKH�ZRUNIRUFH��DURXQG�����²������DQG�WKH�HODVWLFLWLHV�RQ

WKH�WZR�W\SHV�RI�ZRUNHUV�YDU\�ZLWK�RSHUDWLYHV�KDYLQJ�DQ�HODVWLFLW\�DERXW�WKUHH�WLPHV�KLJKHU�WKDQ

$7&V��7KH�FRHIILFLHQW�HVWLPDWHV�RQ�FDSLWDO��LQWHUPHGLDWH�LQSXWV�DQG�WKH�ODJJHG�GHSHQGHQW�YDULDEOH

GR�QRW�FKDQJH�VLJQLILFDQWO\��5HODWLYH�ZDJHV�HQWHU� VLJQLILFDQWO\�� WKRXJK�GR�QRW�KDYH�D�QRWLFHDEOH

LPSDFW�RQ�WKH�HODVWLFLW\�HVWLPDWHV��7KH�UHODWLYH�ZDJH�WHUPV�LQGLFDWLQJ�WKDW�HVWDEOLVKPHQWV�WKDW�SD\

KLJKHU�ZDJHV�KDYH�KLJKHU�RXWSXW�OHYHOV��7KH�SRVLWLYH�FRHIILFLHQW�RQ�UHODWLYH�ZDJHV�LV� LQWHUSUHWHG

KHUH�DV�LQGLFDWLQJ�WKDW�ZRUNHUV�DUH�KHWHURJHQHRXV�LQ�WKHLU�OHYHO�RI�VNLOO�DQG�DELOLW\�



��

7DEOH�����+HWHURJHQHRXV�ZRUNHUV

'HSHQGHQW�YDULDEOH��RXWSXW�� yit
��� ��� ��� ���

LQVWUXPHQWV��VHH�QRWHV� t t− −3 2, ∆ t t− −3 2, ∆ t t− −3 2, ∆ t t− −3 2, ∆

atcit ����� ����� ����� �����
����� ����� ����� �����

atcit−1 ������ ������ ������ ������
����� ����� ����� �����

opsit ����� ����� ����� �����
����� ����� ����� �����

opsit−1 ������ ������ ������ ������
����� ����� ����� �����

UHODWLYH�ZDJH�DWFLW � � ����� �����
����� �����

UHODWLYH�ZDJH�DWFLW�� � � ������ ������
����� �����

UHODWLYH�ZDJH�RSVLW � � ����� �����
����� �����

UHODWLYH�ZDJH�RSVLW�� � � ����� ������
����� �����

kit
����� ������ ����� �����
����� ����� ����� �����

kit−1
����� ����� ������ �����
����� ����� ����� �����

xit
����� ����� ����� �����
����� ����� ����� �����

xit−1
������ ������ ������ ������
����� ����� ����� �����

yit−1
����� ����� ����� �����
����� ����� ����� �����

86$ ����� ����� ����� �����
����� ����� ����� �����

*HUPDQ\ ����� ����� ����� �����
����� ����� ����� �����

2WKHU�IRUHLJQ ������ ����� ����� �����
����� ����� ����� �����

6DUJDQ��3�YDOXH� ����� ����� ����� �����

P� ������� ������ ������ ������
P� ����� ������ ������ ������



��

7DEOH�����+HWHURJHQHRXV�ZRUNHUV��FRQWLQXHG
&RHIILFLHQWV�LPSRVLQJ�FRPPRQ�IDFWRU
UHVWULFWLRQV

��� ��� ��� ���

atcit ����� ����� ����� �����
����� ����� ����� �����

opsit ����� ����� ����� �����
����� ����� ����� �����

UHODWLYH�ZDJH�DWFLW � � ����� �����
����� �����

UHODWLYH�ZDJH�RSVLW � � ����� �����
����� �����

kit ����� ����� ����� �����
����� ����� ����� �����

xit ����� ����� ����� �����
����� ����� ����� �����

yit−1 ����� ����� ����� �����
����� ����� ����� �����

&RPIDF��3�YDOXH� ����� ����� ����� �����
1RWH��7KH�VDPSOH�LV�DQ�XQEDODQFHG�SDQHO�RI�����HVWDEOLVKPHQWV�IURP�����������ZLWK�������REVHUYDWLRQV��DOO�UHJUHVVLRQV�DUH�HVWLPDWHG
LQ�'3'��QXPEHUV�LQ�LWDOLFV�DUH�RQH�VWHS�UREXVW�VWDQGDUG�HUURUV��DOO�UHJUHVVLRQ�LQFOXGH�D�IXOO�VHW�RI�WLPH�GXPPLHV��P��DQG�P��DUH�1�����
GLVWULEXWHG�WHVWV�IRU�ILUVW�DQG�VHFRQG�RUGHU�VHULDO�FRUUHODWLRQ��VHH�$UHOODQR�DQG�%RQG����������������6DUJDQ�LV�WKH�3�YDOXH�IURP�D�WHVW�RI
WKH�YDOLGLW\�RI� WKH�RYHU�LGHQWLI\LQJ� UHVWULFWLRQV� IRU� WKH�*00�HVWLPDWRUV�� �&56�LV� WKH�3�YDOXH� IURP�D�:DOG� WHVW� IRU� FRQVWDQW� UHWXUQV� WR
VFDOH��FRHIILFLHQWV�LQ�ERWWRP�SDUW�DUH�RQH�VWHS�SDUDPHWHU�HVWLPDWHV�REWDLQHG�XVLQJ�PLQLPXP�GLVWDQFH�HVWLPDWRU�DQG�LPSRVLQJ�WKH�FRPPRQ
IDFWRU�UHVWULFWLRQV�JLYHQ�E\������&RPIDF�LV�WKH�3�YDOXH�IURP�D�FKL�VTXDUHG�WHVW�RI�WKH�UHVWULFWLRQV��GLIIHUHQFH�DQG�V\VWHP�HVWLPDWHV�DUH�*00
ZLWK� FDSLWDO� LQFOXGHG� DV� DQ� LQVWUXPHQW� LQ� FROXPQV� ���� DQG� ���� EXW� H[FOXGHG� LQ� FROXPQV� ���� DQG� ���� VR� WKH� LQVWUXPHQWV� DUH� GDWHG� LQ

FROXPQ� ���� 222333 ,,,,, −−−−−− ∆∆∆ itititititit xklxkl �� � ���� 2233 ,,, −−−− ∆∆ itititit xlxl �� ���

22223333 ,,,,,,, −−−−−−−− ∆∆∆∆ itititititititit xwklxkwl ��DQG�LQ�FROXPQ����� 222333 ,,,,, −−−−−− ∆∆∆ itititititit xwlxwl
DQG�HDUOLHU��

$V� QRWHG� HDUOLHU�� WKLV� YDULDEOH� FRXOG� DOVR� EH� LQWHUSUHWHG� LQ� GLIIHUHQW� ZD\V�� IRU� H[DPSOH� DV

LQGLFDWLQJ� DQ� HIILFLHQF\� ZDJH� HIIHFW�� (QGRJHQHLW\�PLJKW� EH� D� FRQFHUQ� DQG� EHFDXVH� RI� WKLV� WKH

YDULDEOH�LV�LQVWUXPHQWHG�E\�ODJJHG�YDOXHV�

7KH� LQFOXVLRQ� RI� WKH� UHODWLYH� ZDJH� WHUPV� FKDQJHV� WKH� FRHIILFLHQWV� RQ� WKH� IRUHLJQ�RZQHUVKLS

GXPPLHV�� ,Q� FROXPQ� ���� *HUPDQ\�RZQHG� HVWDEOLVKPHQWV� DUH� VHHQ� WR� KDYH� KLJKHU� SHUPDQHQW

OHYHOV�RI�SURGXFWLYH��DQG�LQ�FROXPQ�����DW�WKH�����OHYHO��WKDQ�GRPHVWLF�RZQHG��ZKLOH�86�RZQHG

DUH�WKH�LQVLJQLILFDQWO\�GLIIHUHQW�IURP�GRPHVWLF�RZQHG��2QFH�WKH�UHODWLYH�ZDJH�YDULDEOHV�KDYH�EHHQ

LQFOXGHG�WKH�FRHIILFLHQW�RQ�*HUPDQ�RZQHG�HVWDEOLVKPHQWV�IDOOV�LQWR�LQVLJQLILFDQFH��7KLV�VXJJHVWV

WKDW�*HUPDQ�RZQHG�HVWDEOLVKPHQWV�KLUH�ZRUNHUV�ZLWK�KLJKHU�SURGXFWLYLW\� OHYHOV�� DQG�SD\� WKHP

FRUUHVSRQGLQJO\�PRUH� �RU� DOWHUQDWLYHO\�� WKH\� SD\� WKHLU�ZRUNHUV�PRUH� DQG� WKXV� JHW�PRUH� RXW� RI

WKHP��� ,Q� FRQWUDVW� WR� WKLV�� WKH� 86�RZQHG� GXPP\� EHFRPHV� VLJQLILFDQW� DIWHU� FRQGLWLRQLQJ� RQ

UHODWLYH�ZDJHV��7KLV� VXJJHVWV� WKDW�86�RZQHG�HVWDEOLVKPHQWV�KLUH� ORZHU�TXDOLW\�ZRUNHUV�EXW� VWLOO



��

PDQDJH�WR�JHW�PRUH�RXWSXW�RXW�RI� WKHP��WKHUH� LV�VRPH�XQREVHUYHG�IDFWRU�WKDW�PHDQV�WKDW� WKH\

DUH�PRUH�SURGXFWLYH�

���6XPPDU\

7KLV�SDSHU�KDV�LQYHVWLJDWHG�WKH�GLIIHUHQFHV�EHWZHHQ�GRPHVWLF�DQG�IRUHLJQ�RZQHG�HVWDEOLVKPHQWV

LQ�WKH�8.�PRWRU�YHKLFOH�DQG�SDUWV�LQGXVWU\��)RUHLJQ�RZQHG�HVWDEOLVKPHQWV�ZHUH�VKRZQ�WR�KDYH

VLJQLILFDQWO\� KLJKHU� OHYHOV� RI� RXWSXW� DQG� YDOXH�DGGHG� SHU� ZRUNHU� DQG� FRUUHVSRQGLQJO\� KLJKHU

OHYHOV� RI� IDFWRU� XVDJH�� ZLWK� IRUHLJQ�RZQHG� HVWDEOLVKPHQWV� XVLQJ� KLJKHU� OHYHOV� RI� FDSLWDO� DQG

LQWHUPHGLDWH� LQSXWV��)RUHLJQ�RZQHG� HVWDEOLVKPHQWV� DOVR�SD\� WKHLU�ZRUNHUV� KLJKHU�ZDJHV��ZKLFK

PD\�UHIOHFW�GLIIHUHQFHV�LQ�VNLOO�OHYHOV��RU�FRXOG�UHIOHFW�DQ�HIILFLHQF\�ZDJH�HIIHFW���7KHVH�GLIIHUHQFHV

LQ�IDFWRU�LQSXWV�DSSHDU�WR�DFFRXQW�IRU�DOPRVW�DOO�RI�WKH�GLIIHUHQFHV�LQ�RXWSXW�OHYHOV�

7KH� OHYHO� RI� RXWSXW� SHU�ZRUNHU� LQ� IRUHLJQ�RZQHG� HVWDEOLVKPHQWV� LV� RI� WKH� RUGHU� RI� WZR� WLPHV

ODUJHU�WKDQ�LQ�GRPHVWLF�RZQHG�HVWDEOLVKPHQWV��$IWHU�FRQGLWLRQLQJ�RQ�GLIIHUHQFHV�LQ�LQSXW�OHYHOV�LQ

D� VWDWLF� IUDPHZRUN� WKHVH� GLIIHUHQFHV� UHGXFH� WR� DURXQG� ��� SHU� FHQW�� $OORZLQJ� IRU� D� JHQHUDO

G\QDPLF�DGMXVWPHQW�SURFHVV�UHGXFHV�WKH�GLIIHUHQFH�IXUWKHU��DQG�DOORZLQJ�IRU�GLIIHUHQFHV�LQ�ZDJHV

�UHIOHFWLQJ� HLWKHU� GLIIHUHQFHV� LQ� WKH� TXDOLW\� RI�ZRUNHUV� RU� DQ� HIILFLHQF\�ZDJH� W\SH� HIIHFW�� WKHVH

GLIIHUHQFHV� DOO� EXW� GLVDSSHDU�� 7KHUH� UHPDLQV� D� VPDOO� GLIIHUHQFH� LQ� WKH� OHYHO� RI� WRWDO� IDFWRU

SURGXFWLYLW\� LQ�86�RZQHG�HVWDEOLVKPHQWV�RI� DURXQG�����DOWKRXJK� WKLV� UHVXOW� LV� VHQVLWLYH� WR� WKH

LQVWUXPHQWV�XVHG�LQ�HVWLPDWLRQ��7KHVH�UHVXOWV�LPSO\�WKDW�WKH�UHDVRQV�IRU�KLJK�RXWSXW�SHU�ZRUNHU

LQ� IRUHLJQ�RZQHG� HVWDEOLVKPHQWV� GRHV� QRW� VHHP� WR� EH� WKDW� WKH\� DUH� RSHUDWLQJ� RQ� D� KLJKHU

WHFKQRORJLFDO� IURQWLHU� WKDQ� GRPHVWLF�RZQHG� HVWDEOLVKPHQWV�� DV� PXFK� RI� WKH� UHFHQW� OLWHUDWXUH

VXJJHVWV��EXW�UDWKHU�WKDW�WKH\�DUH�RSHUDWLQJ�DW�D�SRLQW�DORQJ�WKH�WHFKQRORJLFDO�IURQWLHU�XVLQJ�PRUH

LQWHUPHGLDWH�DQG�FDSLWDO�LQSXWV�

7KH� SX]]OH� WKXV� EHFRPHV� ZK\� GRPHVWLF�RZQHG� HVWDEOLVKPHQWV� DUH� QRW� LQYHVWLQJ� LQ� FDSLWDO� RU

SD\LQJ�WKHLU�ZRUNHUV�DW�WKH�VDPH�OHYHO�DV�IRUHLJQ�RZQHG�HVWDEOLVKPHQWV��,W�FRXOG�EH�WKDW�WKH\�IDFH

VRPH� IRUP� RI� FRQVWUDLQW� �H�J�� OLTXLGLW\� FRQVWUDLQW�� QRW� IDFHG� E\� IRUHLJQ�RZQHG� HVWDEOLVKPHQWV�

$QRWKHU� H[SODQDWLRQ� LV� WKDW� LQ� WKLV� VDPSOH� WKH� IRUHLJQ�RZQHG� HVWDEOLVKPHQWV� DUH� ODUJHO\� 86�

RZQHG�� DQG� KDYH� EHHQ� LQ� WKH� 8.� IRU� D� ORQJ� WLPH� VR� WKHUHIRUH� PD\� QR� ORQJHU� EH� DW� WKH

WHFKQRORJLFDO� IURQWLHU��8VLQJ�PRUH�UHFHQW�GDWD� LW�ZRXOG�EH� LQWHUHVWLQJ� WR� LQYHVWLJDWH� IXUWKHU� WKH

GLIIHUHQFHV�ZLWK�WKH�QHZHU�-DSDQHVH�RZQHG�HVWDEOLVKPHQWV��+RZHYHU��ZKDW�WKLV�SDSHU�KLJKOLJKWV

LV� WKDW� LW� LV� LPSRUWDQW� WR�XQGHUVWDQG�ZKDW� LV�GULYLQJ�GLIIHUHQFHV� LQ� ODERXU�SURGXFWLYLW\�� ,I� WKHVH

GLIIHUHQFHV�ZHUH�GXH�WR�GLIIHUHQFHV�LQ�7)3��DV�LV�VXJJHVWHG�E\�PXFK�RI�WKH�WKHRUHWLFDO�DQG�PDFUR



��

HPSLULFDO� OLWHUDWXUH�� � WKHQ� SROLFLHV� WKDW� SURPRWHG� WHFKQRORJ\� WUDQVIHU�� H�J�� WKURXJK� VXEVLGLVLQJ

IRUHLJQ� LQYHVWPHQW�� FRXOG� EH� DSSURSULDWH�� +RZHYHU�� LI� GLIIHUHQFHV� LQ� WKH� OHYHO� RI� RXWSXW� SHU

ZRUNHU�DUH� ODUJHO\�H[SODLQHG�E\�GLIIHUHQFHV� LQ� LQYHVWPHQW�SDWWHUQV� WKLV�KDV�YHU\�GLIIHUHQW�SROLF\

LPSOLFDWLRQV��,W�VXJJHVWV�WKDW�ZH�QHHG�WR�XQGHUVWDQG�EHWWHU�ZK\�ILUPV�IDFH�GLIIHUHQW�LQFHQWLYHV�IRU

LQYHVWPHQW�DQG�IDFWRU�XVDJH�

5HIHUHQFHV

$JKLRQ�DQG�+RZLWW��������(QGRJHQRXV�*URZWK�7KHRU\��&DPEULGJH��0,7�3UHVV

$UHOODQR�� 0� DQG� 6�5�� %RQG� ������� ´6RPH� WHVWV� RI� VSHFLILFDWLRQ� IRU� SDQHO� GDWD�� 0RQWH� &DUOR
HYLGHQFH�DQG�DQ�DSSOLFDWLRQ�WR�HPSOR\PHQW�HTXDWLRQVµ�5HYLHZ�RI�(FRQRPLF�6WXGLHV����������
���

$UHOODQR��0��DQG�6�5��%RQG��������´'\QDPLF�3DQHO�'DWD�(VWLPDWLRQ�XVLQJ�'3'���IRU�*$866µ
PLPHR��,QVWLWXWH�IRU�)LVFDO�6WXGLHV��/RQGRQ

$UHOODQR��0��DQG�2��%RYHU��������´$QRWKHU�ORRN�D�WKH�LQVWUXPHQWDO�YDULDEOH�HVWLPDWLRQ�RI�HUURU�
FRPSRQHQWV�PRGHOVµ�-RXUQDO�RI�(FRQRPHWULFV�����������

YDQ�$UN��%��������´3URGXFWLYLW\�DQG�FRPSHWLWLYHQHVV�LQ�PDQXIDFWXULQJ��D�FRPSDULVRQ�RI�(XURSH�
-DSDQ�DQG�WKH�8QLWHG�6WDWHVµ�� LQ�:DJQHU��.�DQG�YDQ�$UN��%��HGV��,QWHUQDWLRQDO�SURGXFWLYLW\
GLIIHUHQFHV��PHDVXUHPHQW�DQG�H[SODQDWLRQV��1RUWK�+ROODQG��$PVWHUGDP��������

$WWDQDVLR��2��DQG�:HEHU��*���������´&RQVXPSWLRQ�*URZWK��WKH�,QWHUHVW�5DWH�DQG�$JJUHJDWLRQµ
5HYLHZ�RI�(FRQRPLF�6WXGLHV�������������

$XHUEDFK�� $�-�� DQG� .�� +DVVHWW� ������� ´7D[DWLRQ� DQG� IRUHLJQ� GLUHFW� LQYHVWPHQW� LQ� WKH� 8QLWHG
6WDWHV��D�UHFRQVLGHUDWLRQ�RI�WKH�HYLGHQFHµ�LQ�$�*LRYDQQLQL��5�*��+XEEDUG�DQG�-��6OHPURG
HGV��6WXGLHV�LQ�,QWHUQDWLRQDO�7D[DWLRQ��&KLFDJR��8QLYHUVLW\�RI�&KLFDJR�3UHVV����������

%DUUHOO� DQG� 3DLQ� ������� ´)RUHLJQ� 'LUHFW� ,QYHVWPHQW�� 7HFKQRORJLFDO� &KDQJH�� DQG� (FRQRPLF
*URZWK�:LWKLQ�(XURSHµ��7KH�(FRQRPLF�-RXUQDO��9ROXPH��������

%DUUR��5�DQG�6DOD�L�0DUWLQ��;��������(FRQRPLF�*URZWK��0F*UDZ�+LOO��1HZ<RUN

%DVVHWW��������6WULNH�)UHH��1HZ�,QGXVWULDO�5HODWLRQV�LQ�%ULWDLQ��0DF0LOODQ��/RQGRQ

%HDQ� DQG�&UDIWV� ������� ´%ULWLVK� HFRQRPLF� JURZWK� VLQFH� ������ UHODWLYH� HFRQRPLF� GHFOLQH� ��� DQG
UHQDLVVDQFH"µ�&(35�'LVFXVVLRQ�3DSHU�1R������

%HDQ�DQG�6\PRQV��������´7HQ�<HDUV�RI�0UV��7�µ�1%(5�0DFURHFRQRPLF�$QQXDO��9RO���������

%HUQDUG��$�DQG�-RQHV��&������D��´3URGXFWLYLW\�DFURVV�LQGXVWULHV�DQG�FRXQWULHV��WLPH�VHULHV�WKHRU\
DQG�HYLGHQFHµ�5HYLHZ�RI�(FRQRPLFV�DQG�6WDWLVWLFV���������������HWF�

%HUQDUG��$�DQG�-RQHV��&� �����E��´&RPSDULQJ�DSSOHV� WR�RUDQJHV��SURGXFWLYLW\�FRQYHUJHQFH�DQG
PHDVXUHPHQW�DFURVV�LQGXVWULHV�DQG�FRXQWULHVµ��$PHULFDQ�(FRQRPLF�5HYLHZ��'HFHPEHU������
���

%ORPVWURP� DQG� 3HUVVRQ� ������� ´)RUHLJQ� LQYHVWPHQW� DQG� VSLOORYHU� HIILFLHQF\� LQ� DQ
XQGHUGHYHORSHG� HFRQRP\�� HYLGHQFH� IURP� WKH�0H[LFDQ� PDQXIDFWXULQJ� LQGXVWU\µ�:RUOG
'HYHORSPHQW�������������



��

%OXQGHOO��5��DQG�%RQG��6�5�������D��´,QLWLDO�FRQGLWLRQV�DQG�PRPHQW�UHVWULFWLRQ�LQ�G\QDPLF�SDQHO
GDWD�PRGHOVµ�-RXUQDO�RI�(FRQRPHWULFV��������������

%OXQGHOO��5��DQG�6�5��%RQG������E��´*00�HVWLPDWLRQ�ZLWK�SHUVLVWHQW�SDQHO�GDWD��DQ�DSSOLFDWLRQ
WR�SURGXFWLRQ�IXQFWLRQVµ�PLPHR��,QVWLWXWH�IRU�)LVFDO�6WXGLHV

%OXQGHOO��5��DQG�6WRNHU��7���������´0RGHOV�RI�DJJUHJDWH�HFRQRPLF�UHODWLRQVKLSV�WKDW�DFFRXQW�IRU
KHWHURJHQHLW\µ��IRUWKFRPLQJ�LQ�%OXQGHOO��5���+HFNPDQ��-��DQG�/HDPHU��(���HGV���+DQGERRN
RI�(FRQRPHWULFV��$PVWHUGDP��1RUWK�+ROODQG�

&DPHURQ�� *��� 3URXGPDQ�� -�� DQG� 5HGGLQJ�� 6�� ������� ´2SHQQHVV� DQG� LWV� DVVRFLDWLRQ� ZLWK
SURGXFWLYLW\�JURZWK�LQ�8.�PDQXIDFWXULQJ�LQGXVWU\µ�LQ�3URXGPDQ��-�DQG�5HGGLQJ��6���HGV�
2SHQQHVV�DQG�*URZWK��/RQGRQ��%DQN�RI�(QJODQG

&DV��$��DQG�5\PHV��7��������2Q�FRQFHSWV�DQG�PHDVXUHV�RI�PXOWLIDFWRU�SURGXFWLYLW\�LQ�&DQDGD��&DPEULGJH
8QLYHUVLW\�3UHVV��1HZ�<RUN

&DYHV��5�� �������0XOWLQDWLRQDO�(QWHUSULVH� DQG�(FRQRPLF�$QDO\VLV�� �QG� HGLWLRQ��&DPEULGJH��(QJODQG�
&DPEULGJH�8QLYHUVLW\�3UHVV

&DYHV�� 5�� �������0XOWLQDWLRQDO� (QWHUSULVH� DQG� (FRQRPLF�$QDO\VLV�� &DPEULGJH�� (QJODQG�� &DPEULGJH
8QLYHUVLW\�3UHVV

&DYHV� ������� ´0XOWLQDWLRQDO� ILUPV�� FRPSHWLWLRQ� DQG� SURGXFWLYLW\� LQ� KRVW�FRXQWU\� PDUNHWVµ
(FRQRPLFD�������������

&DYHV��'��/��&KULVWHQVHQ�DQG�:��(��'LHZHUW��������´0XOWLODWHUDO�FRPSDULVRQV�RI�RXWSXW�� LQSXW�
DQG�SURGXFWLYLW\�XVLQJ�VXSHUODWLYH�LQGH[�QXPEHUVµ�7KH�(FRQRPLF�-RXUQDO�����������

&62��������%XVLQHVV�0RQLWRU�0$��2YHUVHDV�'LUHFW�,QYHVWPHQW�+062

&XPPLQV�� -�*�� DQG�+XEEDUG��5�*�� ������� ´7KH�7D[� 6HQVLWLYLW\� RI� )RUHLJQ�'LUHFW� ,QYHVWPHQW�
(YLGHQFH�IURP�)LUP�/HYHO�3DQHO�'DWDµ�1%(5�:RUNLQJ�3DSHU�1R������

'DYLHV� DQG� /\RQV� ������� ´&KDUDFWHULVLQJ� UHODWLYH� SHUIRUPDQFH�� WKH� SURGXFWLYLW\� DGYDQWDJH� RI
IRUHLJQ�RZQHG�ILUPV�LQ�WKH�8.µ�2[IRUG�(FRQRPLF�3DSHUV������2FWREHU���������

'HQLVRQ��(����������(VWLPDWHV�RI�SURGXFWLYLW\�FKDQJH�E\�LQGXVWU\��%URRNLQJV��:DVKLQJWRQ�'&

'LHZHUW�� ,�� DQG� 1DNDPXUD�� $�� ������� ´$� VXUYH\� RI� HPSLULFDO� PHWKRGV� RI� SURGXFWLYLW\
PHDVXUHPHQW� DQG� DQDO\VLVµ�� IRUWKFRPLQJ� LQ� %OXQGHOO�� 5��� +HFNPDQ�� -�� DQG� /HDPHU�� (�
�HGV���+DQGERRN�RI�(FRQRPHWULFV��$PVWHUGDP��1RUWK�+ROODQG�

'RXJKHUW\��&�DQG�-RUJHQVRQ��'��������´7KHUH�LV�QR�VLOYHU�EXOOHW��LQYHVWPHQW�DQG�JURZWK�LQ�WKH
*�µ��1DWLRQDO�,QVWLWXWH�(FRQRPLF�5HYLHZ��������&62�������

'XQQLQJ�� -�� ������� ´7UDGH�� ORFDWLRQ� RI� HFRQRPLF� DFWLYLW\� DQG� 01(�� D� VHDUFK� IRU� DQ� HFOHFWLF
DSSURDFKµ�� LQ� %�� 2KOLQ�� 3�2�� +HVVHOERUQ� DQG� 3�0�� :LMNPDQ� HGV�� 7KH� ,QWHUQDWLRQDO
$OORFDWLRQ�RI�(FRQRPLF�$FWLYLW\��/RQGRQ�0F0LOODQ����������

'XQQLQJ��-�� �������,QWHUQDWLRQDO�3URGXFWLRQ�DQG� WKH�0XOWLQDWLRQDO�(QWHUSULVH��*HRUJH�$OOHQ�	�8QZLQ�
/RQGRQ

(GZDUGV��6��������´2SHQQHVV��SURGXFWLYLW\�DQG�JURZWK��ZKDW�GR�ZH�UHDOO\�NQRZ"µ��7KH�(FRQRPLF
-RXUQDO��9RO�������1R�������������

)URRW� DQG� 6WHLQ� ������� ´([FKDQJH� UDWHV� DQG� IRUHLJQ� GLUHFW� LQYHVWPHQW�� DQ� LPSHUIHFW� FDSWLDO
PDUNHWV�DSSURDFKµ��4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV����������������

*HUVFKHQNURQ��$��������(FRQRPLF�%DFNZDUGQHVV�LQ�+LVWRULFDO�3HUVSHFWLYH��&DPEULGJH��%HONQDS�3UHVV
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*OREHUPDQ� ������� ´)RUHLJQ� GLUHFW� LQYHVWPHQW� DQG� VSLOORYHU� HIILFLHQF\� EHQHILWV� LQ� &DQDGLDQ
PDQXIDFWXULQJ�LQGXVWULHVµ�&DQDGLDQ�-RXUQDO�RI�(FRQRPLFV������������

*UDKDP�DQG�.UXJPDQ��������)RUHLJQ�'LUHFW�,QYHVWPHQW�LQ�WKH�8QLWHG�6WDWHV��6HFRQG�(GLWLRQ��,QVWLWXWH
IRU�,QWHUQDWLRQDO�(FRQRPLFV��:DVKLQJWRQ�'&

*ULIILWK�� 5�� ������� ´8VLQJ� WKH� $5'� HVWDEOLVKPHQW� OHYHO� GDWD�� DQ� DSSOLFDWLRQ� WR� HVWLPDWLQJ
SURGXFWLRQ�IXQFWLRQVµ�IRUWKFRPLQJ�LQ�(FRQRPLF�-RXUQDO�)HDWXUHV

*ULOLFKHV�� =� DQG� 0DLUHVVH�� -�� ������� ´3URGXFWLRQ� IXQFWLRQV�� WKH� VHDUFK� IRU� LGHQWLILFDWLRQµ� LQ
6WURP��HG���(VVD\V�LQ�+RQRXU�RI�5DJQDU�)ULVFK��&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV

*URVVPDQ�DQG�+HOSPDQ��������,QQRYDWLRQ�DQG�*URZWK�LQ�WKH�*OREDO�(FRQRP\��&DPEULGJH��0,7�3UHVV

+DOO��5�DQG�-RQHV��&��������´:K\�GR�VRPH�FRXQWULHV�SURGXFH�VR�PXFK�PRUH�RXWSXW�SHU�ZRUNHU
WKDQ�RWKHUV"µ��4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV��9RO��&;,9��������

+DUULV��5��������´(IILFLHQF\�LQ�8.�SODQWVµ��8QLYHUVLW\�RI�3RUWVPRXWK�PLPHR

+LQHV�� -�5�� ������� ´$OWHUHG� 6WDWHV�� WD[HV� DQG� WKH� ORFDWLRQ� RI� IRUHLJQ� GLUHFW� LQYHVWPHQW� LQ
$PHULFDµ��$PHULFDQ�(FRQRPLF�5HYLHZ����������������

+062��������,QGXVWULDO�'HYHORSPHQW�$FW������$QQXDO�5HSRUW�E\�WKH�6HFUHWDULHV�RI�6WDWH�IRU�7UDGH
DQG�,QGXVWU\��6FRWODQG�DQG�:DOHV�IRU�WKH�\HDU�HQGHG����0DUFK�������+062��/RQGRQ

+XOWHQ�� &�� ������� ´3DQHO� GLVFXVVLRQ�� LPSOLFDWLRQV� RI� %($·V� WUHDWPHQW� RI� FRPSXWHU� SULFHV� DQG
SURGXFWLYLW\�PHDVXUHPHQWµ�LQ�)RVV��0���0DQVHU��0�DQG�<RXQJ��$���HGV���3ULFH�PHDVXUHPHQWV
DQG�WKHLU�XVHV��8QLYHUVLW\�RI�&KLFDJR�3UHVV��&KLFDJR

-RUJHQVRQ��'���������´7KH�HPERGLPHQW�K\SRWKHVLVµ��-RXUQDO�RI�3ROLWLFDO�(FRQRP\��������)HEUXDU\����
��

-RUJHQVRQ�� '�� DQG� *ULOLFKHV�� =�� ������� ´7KH� H[SODQDWLRQ� RI� SURGXFWLYLW\� FKDQJHµ�� 5HYLHZ� RI
(FRQRPLF�6WXGLHV������-XO\����������

-RUJHQVRQ��'���*ROORS��)�DQG�)UDXPHQL��%�� �������3URGXFWLYLW\�DQG�86�HFRQRPLF� JURZWK��&DPEULGJH
0$��+DUYDUG�8QLYHUVLW\�3UHVV

.OHWWH��7��DQG�*ULOLFKHV��=���������´7KH�LQFRQVLVWHQF\�RI�FRPPRQ�VFDOH�HVWLPDWRUV�ZKHQ�RXWSXW
SULFHV�DUH�XQREVHUYHG�DQG�HQGRJHQRXVµ��-RXUQDO�RI�$SSOLHG�(FRQRPHWULFV�������������

.UXJPDQ��3�5�������D��´,QFUHDVLQJ�UHWXUQV�DQG�HFRQRPLF�JHRJUDSK\µ�-RXUQDO�RI�3ROLWLFDO�(FRQRP\�
������������

.UXJPDQ��3�5�������E��*HRJUDSK\�DQG�7UDGH��&DPEULGJH�86$��0,7�3UHVV�

.UXJPDQ��3�5���������5HWKLQNLQJ�,QWHUQDWLRQDO�7UDGH��&DPEULGJH�86$��0,7�3UHVV�

/DQVEXU\��0���������´8.�PDQXIDFWXULQJ�HPSOR\PHQW�VLQFH�%HYHULGJH��WKH�FKHPLFDO�DQG�PRWRU
YHKLFOH�LQGXVWULHVµ��1,(65�'LVFXVVLRQ�3DSHU�1R����

/D\DUG� DQG� 1LFNHOO� ������� ´7KH� 7KDWFKHU� 0LUDFOH"µ� $PHULFDQ� (FRQRPLF� 5HYLHZ� �3DSHUV� DQG
3URFHHGLQJV���9RO�����������

/HYLQH��'�� �������´&DQ�ZDJH� LQFUHDVHV�SD\� IRU� WKHPVHOYHV"�7HVWV�ZLWK�D�SURGXFWLRQ� IXQFWLRQµ�
7KH�(FRQRPLF�-RXUQDO����������������

0DUVGHQ��0RUULV��:LOOPDQ�DQG�:RRG��������7KH�FDU�LQGXVWU\��ODERXU�UHODWLRQV�DQG�LQGXVWULDO�DGMXVWPHQW

0D\HV��'���HG����������6RXUFHV�RI�SURGXFWLYLW\�JURZWK��&DPEULGJH�8QLYHUVLW\�3UHVV��&DPEULGJH
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0RUFN�DQG�<HXQJ��������´,QWHUQDOLVDWLRQ��DQ�HYHQW�VWXG\�WHVWµ�-RXUQDO�RI�,QWHUQDWLRQDO�(FRQRPLFV�����
�����

1DGLUL��0�,��DQG�3UXFKD�� ,�� �������´'\QDPLF� IDFWRU�GHPDQG�PRGHOV� DQG�SURGXFWLYLW\�DQDO\VLVµ�
1%(5�PLPHR

1LFNHOO��6�-���������7KH�SHUIRUPDQFH�RI�FRPSDQLHV��2[IRUG��%ODFNZHOO

1LFNHOO�� 6�-�� ������� ´&RPSHWLWLRQ� DQG� FRUSRUDWH� SHUIRUPDQFHµ� -RXUQDO� RI� 3ROLWLFDO� (FRQRP\�� ����
�������

1LFNHOO��6�-�� �������´'RHV�GRLQJ�EDGO\�HQFRXUDJH�PDQDJHPHQW� LQQRYDWLRQ"µ�SDSHU�SUHVHQWHG�DW
,)6�FRQIHUHQFH��0D\�����

1LFNHOO�� 6�-�� :DGKZDQL�� 6XVKLO� %� DQG� :DOO�� 0DUWLQ� ������� ´3URGXFWLYLW\� *URZWK� LQ� 8.
&RPSDQLHV�����������µ�(XURSHDQ�(FRQRPLF�5HYLHZ�������������

2·0DKRQ\�� 0�� ������� ´%ULWDLQ·V� UHODWLYH� SURGXFWLYLW\� SHUIRUPDQFH�� ����������� D� VHFWRUDO
DQDO\VLVµ��1,(65�PLPHR

2XOWRQ��1�� ������� ´,QYHVWPHQW�� FDSLWDO� DQG� IRUHLJQ� RZQHUVKLS� LQ�8.�PDQXIDFWXULQJµ��1,(65
'LVFXVVLRQ�3DSHU����

2XOWRQ��1��DQG�2·0DKRQ\��0��������3URGXFWLYLW\�DQG�*URZWK��D� VWXG\� RI�%ULWLVK� LQGXVWU\�����������
1,(65��/RQGRQ

3LVFKNH�� -�� ´,QGLYLGXDO� LQFRPH�� LQFRPSOHWH� LQIRUPDWLRQ�� DQG� DJJUHJDWH� FRQVXPSWLRQµ
(FRQRPHWULFD���������������

6PLWK��$���������´6WUDWHJLF�WUDGH�SROLF\�LQ�WKH�(XURSHDQ�FDU�PDUNHWµ�LQ�.UXJPDQ��3��DQG�6PLWK�
$���HGV��(PSLULFDO�6WXGLHV�RI�6WUDWHJLF�7UDGH�3ROLF\��&KLFDJR��&KLFDJR�8QLYHUVLW\�3UHVV

6RORZ��5�� �������´7HFKQLFDO�FKDQJH�DQG�WKH�DJJUHJDWH�SURGXFWLRQ�IXQFWLRQµ��5HYLHZ�RI�(FRQRPLFV
DQG�6WDWLVWLFV��������$XJXVW���������6REHO��5��DQG�*DUUHWW��7���������´7D[DWLRQ�DQG�SURGXFW
TXDOLW\��QHZ�HYLGHQFH�IURP�JHQHULF�FLJDUHWWHVµ�-RXUQDO�RI�3ROLWLFDO�(FRQRP\�����������������

6WRNHU��7���������´(PSLULFDO�DSSURDFKHV�WR�WKH�SUREOHP�RI�DJJUHJDWLRQ�RYHU�LQGLYLGXDOVµ�-RXUQDO
RI�(FRQRPLF�/LWHUDWXUH��9RO�;;;,��SS����������

9HQDEOHV�� $�� ������� ´7UDGH� SROLF\� XQGHU� LPSHUIHFW� FRPSHWLWLRQ�� D� QXPHULFDO� DVVHVVPHQWµ� LQ
.UXJPDQ��3��DQG�6PLWK��$���HGV��(PSLULFDO�6WXGLHV�RI�6WUDWHJLF�7UDGH�3ROLF\��&KLFDJR��&KLFDJR
8QLYHUVLW\�3UHVV

9HUQRQ�� 5�� ������� ´,QWHUQDWLRQDO� ,QYHVWPHQW� DQG� ,QWHUQDWLRQDO� 7UDGH� LQ� WKH� SURGXFW� &\FOH�µ
4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV��/;;;���������


