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7KH�SXUSRVH� RI� WKLV�SDSHU� LV� WR� UHYLVLW� WKH�SURGXFWLYLW\� JDS� LQ�PDQXIDFWXULQJ�EHWZHHQ� WKH�8.� DQG� RWKHU� LQGXVWULDOL]HG� FRXQWULHV� RYHU� WKH� SHULRG� ����� WR� ������ 7R� WKLV� HQG�� QHZ�HVWLPDWHV�RI�JURZWK�SHUIRUPDQFH�DQG� OHYHOV�RI�SURGXFWLYLW\� DUH�SURYLGHG�IRU�WKH�DJJUHJDWH�PDQXIDFWXULQJ� VHFWRU� DQG� IRU� D� VHW� RI� HLJKW�PDQXIDFWXULQJ� LQGXVWULHV��7KH� VWUHVV� LV�SODFHG�XSRQ�WKH�VHQVLWLYLW\�RI�WKH�VL]H�DQG�GLUHFWLRQ�RI�WKH�SURGXFWLYLW\�GLIIHUHQWLDO�WR�PHDVXUHPHQW�LVVXHV� DQG� UHVWULFWLYH� DVVXPSWLRQV�� 7KH� UHVXOWV� LQGLFDWH� WKDW� WKH� ELDV� LQ� WUDGLWLRQDO� 7)3�HVWLPDWHV�GRHV�QRW�LPSDFW�JUHDWO\�RQ�WKH�VL]H�RI�WKH�%ULWLVK�SURGXFWLYLW\�JDS�DW�WKH�DJJUHJDWH�PDQXIDFWXULQJ� OHYHO�EXW�GRHV�VR�DW�D�PRUH�GLVDJJUHJDWHG� OHYHO��$GMXVWLQJ�IRU�PHDVXUHPHQW�ELDV�� WKH� UHVXOWV� VKRZ� WKDW� WKH�SURGXFWLYLW\�JDS�UHPDLQV�VLJQLILFDQW�DQG�WKH�SURGXFWLYLW\�RI�8.� PDQXIDFWXULQJ� VWLOO� WUDLOV� EHKLQG� WKDW� DFKLHYHG� LQ� WKH� 86�� )UDQFH� DQG� *HUPDQ\��UHJDUGOHVV�RI�WKH�VHFWRU�
.H\ZRUGV� 7RWDO� )DFWRU� 3URGXFWLYLW\�� ,QWHUQDWLRQDO� &RPSDULVRQ�� 3DQHO� 'DWD�� &RPSHWLWLYHQHVV��&DSDFLW\�8WLOLVDWLRQ�-(/�&ODVVLILFDWLRQ��'����2����2���

k 'HSDUWPHQW� RI� 6WUDWHJLF�0DQDJHPHQW��$VWRQ�%XVLQHVV�6FKRRO��$VWRQ�8QLYHUVLW\��%LUPLQJKDP��%�� �(7��8QLWHG�.LQJGRP��(�PDLO�DGGUHVV��'�$QRQ#DVWRQ�DF�XN��7KH�DXWKRU�ZRXOG�OLNH�WR�WKDQN�3DXO�6WRQHPDQ�DQG�:LML�$UXODPSDODP�IRU�PDQ\�KHOSIXO�GLVFXVVLRQV��7KH�ILQDQFLDO�VXSSRUW�UHFHLYHG�IURP�WKH�)XQGDFLyQ�5DPyQ�$UHFHV�LV�JUDWHIXOO\�DFNQRZOHGJHG��7KH�XVXDO�GLVFODLPHU�DSSOLHV�
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´3URGXFWLYLW\� LV� D� IXQGDPHQWDO� \DUGVWLFN� RI� HFRQRPLF�SHUIRUPDQFH«ZH�DUH�QRW�DV�SURGXFWLYH�DV�RXU�PDMRU�SDUWQHUV�DQG� WKH� H[WHQW� RI� RXU� XQGHU�SHUIRUPDQFH� LV� YHU\�VXEVWDQWLDO«WDFNOLQJ�LW�PXVW�EH�D�FHQWUDO�SULRULW\µ
+0�7UHDVXU\��������S�����

��,1752'8&7,21
5HFHQW�VWXGLHV�RI�LQWHUQDWLRQDO�SURGXFWLYLW\�FRPSDULVRQV� GUDZ�DWWHQWLRQ�WR�WKH�VLJQLILFDQFH�RI�WKH� 8.� SURGXFWLYLW\� JDS� LQ� PDQXIDFWXULQJ� UHODWLYH� WR� RWKHU� LQGXVWULDOL]HG� FRXQWULHV��3DUWLFXODUO\�� ODWHVW� HYLGHQFH� IURP� 2·0DKRQ\� DQG� GH� %RHU� ������ LQGLFDWHV� WKDW� WKH� 8.�GLIIHUHQWLDO� LQ� WHUPV� RI� 7)3� LQ� PDQXIDFWXULQJ� LQ� ����� LV� RI� WKH� RUGHU� RI� ���� DQG� ����FRPSDUHG� ZLWK� )UDQFH� DQG� *HUPDQ\� UHVSHFWLYHO\�� DQG� ���� ZLWK� UHVSHFW� WR� WKH� 86�� $V�GRFXPHQWHG� E\� 0DGGLVRQ� �������� %URDGEHUU\� ������� DQG� &UDIWV� �������� DPRQJ� RWKHUV�� WKLV�SURGXFWLYLW\� JDS� LV� QRW� D� UHFHQW� SKHQRPHQRQ�� LW� KDV� EHHQ� D� SHUVLVWHQW� IHDWXUH� RI� %ULWLVK�LQGXVWU\��RSHQLQJ�XS�ZLWK�WKH�86�DW�WKH�EHJLQQLQJ�RI�WKH���WK FHQWXU\��DQG�ZLWK�(XURSH�GXULQJ�WKH�����V��
)ROORZLQJ�+DUULJDQ·V� ������� S�� ���� DUJXPHQW�� RQH� SRVVLELOLW\� IRU� WKH� H[LVWHQFH� DQG� UHSRUWHG�VL]H� RI� WKH� SURGXFWLYLW\� JDS� LV� WKH� IDFW� WKDW� ´WKLV� LV� WKH� UHVXOW� RI� D� PLVPDWFK� EHWZHHQ� WKH� WKHRU\� RI�SURGXFWLYLW\� FRPSDULVRQV� DQG� WKH� WHFKQRORJLFDO� DQG� PHDVXUHPHQW� SURFHVV� ZKLFK� JHQHUDWH� WKH� GDWD�µ� ,Q� WKLV�UHJDUG��PHDVXUHPHQW� HUURUV� DQG�RU� UHVWULFWLYH� DVVXPSWLRQV�XQGHUO\LQJ� WUDGLWLRQDO�PHWKRGV�RI�SURGXFWLYLW\� PHDVXUHPHQW� PD\� FDXVH� ELDVHV� WKDW� FDQ� DOWHU� WKH� VL]H� DQG� GLUHFWLRQ� RI� WKH�PHDVXUHG�SURGXFWLYLW\�JDS�GLIIHUHQWLDO�
:KLOH�SUHYLRXV�ILQGLQJV�RQ�LQWHUQDWLRQDO�SURGXFWLYLW\�GLIIHUHQWLDOV�KDYH�ODUJHO\�EHHQ�LQ�WHUPV�RI�ODERXU� SURGXFWLYLW\� PHDVXUHV�� FRPSDULVRQV� EDVHG� RQ� WRWDO� IDFWRU� SURGXFWLYLW\� �7)3�� DUH� OHVV�IUHTXHQW��� $GGLWLRQDOO\��PRVW� RI� HDUOLHU� VWXGLHV� KDYH� EHHQ� UHVWULFWHG� WR� DJJUHJDWH� SURGXFWLYLW\�
� 6HH�IRU�LQVWDQFH�2¶0DKRQ\���������+0�7UHDVXU\���������2¶0DKRQ\�DQG�GH�%RHU �������DQG�0DOOH\�HW�DO���������� ([FHSWLRQV� WR� WKLV� DUH� SURYLGHG� E\�2¶0DKRQ\� ��������2¶0DKRQ\� DQG� GH�%RHU� ������� DQG�0DOOH\�HW� DO��������� ZKR� DOO� VWXG\� %ULWDLQ¶V� UHODWLYH� SURGXFWLYLW\� SHUIRUPDQFH�� 7KHLU� VWXGLHV� DUH� GLVFXVVHG� LQ� WKH� QH[W�VHFWLRQ�
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DQDO\VLV� EDVHG�RQ� YDOXH� DGGHG� DV� D�PHDVXUH� RI� UHDO� RXWSXW� �YDQ�$UN� ������2·0DKRQ\��������LQVWHDG�RI�JURVV�RXWSXW��$V�HPSKDVL]HG�LQ�WKH�ZRUNV�RI�%DVX�DQG�)HUQDOG���������������WKH�XVH�RI�YDOXH�DGGHG�PD\�FRQVWLWXWH�D�SRWHQWLDO�VRXUFH�RI�ELDV�ZKHQ�FHUWDLQ�FRQGLWLRQV�DUH�QRW�PHW��2QH�RI� WKH�SULPDU\� LQWHUHVWV� LQ� WKLV�SDSHU� LV� WR�DQDO\VH�WKH�VHQVLWLYHQHVV�RI� WKH�PDJQLWXGH�RI�WKH�8.·V�SURGXFWLYLW\�JDS�LQ�PDQXIDFWXULQJ�WR�GLIIHUHQW�PHDVXUHV�RI�SURGXFWLYLW\��7R�WKLV�HQG��WKH� SDSHU� UHYLHZV� VRPH� SUHYLRXV� DWWHPSWV� DORQJ� WKHVH� OLQHV� DQG� SURYLGHV� FRPSDUDWLYH�HVWLPDWHV�RI�UHODWLYH�SURGXFWLYLW\�LQ�WHUPV�RI�ERWK�DOWHUQDWLYH�SURGXFWLYLW\�DQG�RXWSXW�FRQFHSWV��
7KH�VHFRQG�DLP�RI�WKLV�SDSHU�LV�WR�SURYLGH�QHZ�HVWLPDWHV�RI�JURZWK�SHUIRUPDQFH�DQG�OHYHOV�RI�SURGXFWLYLW\� DW� VHFWRUDO� OHYHO� DQG� FRPSDUH� WKHP� ZLWK� HDUOLHU� ILQGLQJV�� 7KH� SUHVHQW� UHVHDUFK�DLPV� WR� SURYLGH� D� GHWDLOHG� HYDOXDWLRQ�RI� SURGXFWLYLW\� SHUIRUPDQFH� IRU� WKH�PDMRU�EUDQFKHV� RI�8.�PDQXIDFWXULQJ� UHODWLYH� WR� RWKHU� LQGXVWULDOL]HG� FRXQWULHV�� 7KH� UHDVRQ� IRU� WKLV� LV� WKDW� WKH�DJJUHJDWH�DQDO\VLV�RI�SURGXFWLYLW\�SHUIRUPDQFH�PD\�KLGH�VLJQLILFDQW�GLIIHUHQFHV�LQ�WUHQGV�DFURVV�VHFWRUV��VHH�%HUQDUG�DQG�-RQHV�������
$GGLWLRQDOO\��WKLV�VWXG\�SD\V�SDUWLFXODU�DWWHQWLRQ�WR�WKH�LPSDFW�RI�GLIIHUHQW�PHDVXUHPHQW�LVVXHV�RQ�WKH�DQDO\VLV�RI�LQWHUQDWLRQDO�SURGXFWLYLW\�FRPSDULVRQV��7KH�SUREOHP�ZLWK�WUDGLWLRQDO�JURZWK�DFFRXQWLQJ�HVWLPDWHV�RI�7)3� LV�WKDW�WKH\�PD\�QRW�EH�DQ�DFFXUDWH�PHDVXUH�RI�WKH�WUXH�FRQFHSW�RI�7)3��7KH�UHDVRQ� LV� WKDW� WKHVH�HVWLPDWHV� LJQRUH� WKH�UROH�RI�PDUNHW�SRZHU�� VFDOH�HFRQRPLHV�DQG�DGMXVWPHQWV�LQ�FDSDFLW\�XWLOLVDWLRQ��7KXV��WKLV�VWXG\�DLPV�WR�GHWHUPLQH�ZKHWKHU�DQG�WR�ZKDW�H[WHQW�DGMXVWLQJ�WUDGLWLRQDO�7)3�HVWLPDWHV�IRU�PHDVXUHPHQW�ELDV�KDV�DQ�LPSDFW�RQ�WKH�VL]H�DQG�GLUHFWLRQ�RI�WKH�SURGXFWLYLW\�JDS��
7R�WKHVH�HQGV��D�SDQHO�UHJUHVVLRQ�LV�FRQGXFWHG�LQ�ZKLFK�LPSHUIHFW�FRPSHWLWLRQ��UHWXUQV�WR�VFDOH�DQG�DGMXVWPHQWV�IRU�FDSDFLW\�XWLOLVDWLRQ�DUH�DOORZHG��7KH�UHVXOWLQJ�SDUDPHWULF�HVWLPDWHV�RI�7)3�JURZWK� DUH� WKHQ� FRPSDUHG� WR� WKRVH�GHULYHG� IURP� WKH� WUDGLWLRQDO� DFFRXQWLQJ� IUDPHZRUN��7KH�QHZ� HVWLPDWHV� RI� VHFWRUDO� 7)3� DUH� LPSRUWDQW� EHFDXVH� QRW� RQO\� GR� WKH\� FRYHU� DQ� LPSRUWDQW�UDQJH� RI� FRXQWULHV� DQG� LQGXVWULHV�� EXW� DOVR� WKH\� XVH UHFHQW� GDWD� DQG� WU\� WR� LPSURYH�� LI� QRW�RYHUFRPH��VRPH�RI�WKH�GDWD�DQG�LQGH[�QXPEHU�SUREOHPV�RI�SUHYLRXV�ZRUN��+RZHYHU��LW�KDV�WR�EH�HPSKDVL]HG�WKDW�WKH�FRYHUDJH�DQG�GHSWK�RI�DQDO\VLV� LQ�WKLV�SDSHU� LV�QHFHVVDULO\�FRQVWUDLQHG�E\�WKH�DYDLODELOLW\��DFFXUDF\�DQG�LQWHUQDWLRQDO�FRPSDUDELOLW\�RI�HFRQRPLF�VWDWLVWLFV�
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7KH�UHVW�RI�WKH�SDSHU�LV�RUJDQL]HG�DV�IROORZV��7KH�QH[W�VHFWLRQ�UHYLHZV�VRPH�RI�WKH�VWXGLHV�WKDW�FRQVLGHU� %ULWDLQ·V� SURGXFWLYLW\� SRVLWLRQ� LQ� PDQXIDFWXULQJ� LQ� DQ� LQWHUQDWLRQDO� SHUVSHFWLYH��6HFWLRQ� �� EULHIO\� GHVFULEHV� WKH� GDWD� DQG� LQGXVWU\� FKDUDFWHULVWLFV�� 6HFWLRQ� �� RXWOLQHV� WKH� EDVLF�FRQFHSWV� DQG� WUDGLWLRQDO�PHWKRGV� RI�PHDVXUHPHQW�XVHG� WR� TXDQWLI\� FRPSDUDWLYH� SURGXFWLYLW\�GLIIHUHQWLDOV��7KLV�VHFWLRQ�DOVR�DQDO\VHV�WKH�VHQVLWLYLW\�RI�WKH�SURGXFWLYLW\�JDS�LQ�PDQXIDFWXULQJ�WR�PHDVXUHPHQW� LVVXHV�� 6HFWLRQ� �� SUHVHQWV� VHFWRUDO�PHDVXUHV� RI� 7)3�� 6HFWLRQ� �� VHWV� RXW� WKH�HFRQRPHWULF� DSSURDFK�XVHG� WR� LPSOHPHQW� WKH� DGMXVWPHQWV� LQ� WUDGLWLRQDO�PHDVXUHV�RI�7)3� WR�DOORZ� IRU� LPSHUIHFW� FRPSHWLWLRQ�� VFDOH� HFRQRPLHV� DQG� DGMXVWPHQWV� IRU� FDSDFLW\� XWLOLVDWLRQ��$GGLWLRQDOO\�� WKLV� VHFWLRQ� UHSRUWV� WKH� UHVXOW� RI� WKLV� HVWLPDWLRQ�� 6HFWLRQ� �� GLVFXVVHV� WKH�LPSOLFDWLRQ�RI�WKHVH�UHVXOWV��)LQDOO\��VHFWLRQ���GUDZV�FRQFOXVLRQV�DQG�GLVFXVVHV�WKH�UHOHYDQFH�RI�WKH�UHVXOWV��
��35(9,286�678',(6�21�5(/$7,9(�352'8&7,9,7<�3(5)250$1&(�,1�8.�0$18)$&785,1*
,Q� UHFHQW� \HDUV� WKHUH� KDV� EHHQ� UHQHZHG� LQWHUHVW� LQ� LQWHUQDWLRQDO� FRPSDULVRQV� RI� IDFWRU�SURGXFWLYLW\�� 7KH� OLWHUDWXUH� RQ� WKLV� WRSLF� LV� FRQVLGHUDEOH� DQG� GLYHUVH� LQ� WHUPV� RI� DSSURDFKHV�IROORZHG�� EUHDGWK� RI� FRYHUDJH�� OHYHOV� RI� GHWDLO� DQG� TXHVWLRQV� DGGUHVVHG�� 7DEOH� �� JLYHV� DQ�RYHUYLHZ�RI�VWXGLHV�WKDW�FRQVLGHU�%ULWDLQ·V�UHODWLYH�SURGXFWLYLW\�SRVLWLRQ�LQ�PDQXIDFWXULQJ�LQ�DQ�LQWHUQDWLRQDO� SHUVSHFWLYH��� 'HVSLWH� WKH� GLYHUVLW\� LQ� DSSURDFKHV�� WKHVH� VWXGLHV� FRLQFLGH� LQ�UHFRJQLVLQJ� WKH� ODJJDUG� SRVLWLRQ� RI� %ULWLVK� PDQXIDFWXULQJ� SHUIRUPDQFH� UHODWLYH� WR� RWKHU�LQGXVWULDOL]HG� FRXQWULHV�� 7KH� HDUOLHVW� FRPSDUDWLYH� VWXGLHV� ZHUH� PDLQO\� EDVHG� RQ� WKH� 8.�LQGXVWU\� FRPSDUHG� WR� WKH� 86��� +RZHYHU�� WKH� SURGXFWLYLW\� JDS� EHWZHHQ� WKH� 8.� DQG� RWKHU�(XURSHDQ�FRXQWULHV� WKDW�KDG�HPHUJHG�GXULQJ� WKH�SRVW�ZDU�SHULRG�VWDUWHG� UHFHLYLQJ� LQFUHDVLQJ�DWWHQWLRQ�GXULQJ�WKH�����V�LQ�VWXGLHV�E\�WKH�1,(65��DPRQJ�RWKHUV��

� 6HH .UDYLV������� DQG�,VODP������� IRU�RWKHU�VXUYH\V�RI�LQWHUQDWLRQDO�FRPSDULVRQV�RI�SURGXFWLYLW\�� 6HH� %URDGEHUU\� DQG� &UDIWV� ������ DQG� %URDGEHUU\� ������ IRU� D� GHWDLOHG� DQDO\VLV� RI� WKH� YDULRXV� $QJOR�$PHULFDQ�FURVV�FRXQWU\�FRPSDULVRQV��� )RU�FRPSDULVRQV�EHWZHHQ�WKH 8.�DQG�*HUPDQ\�VHH�6PLWK�HW�DO� ��������2¶0DKRQ\�DQG�:DJQHU������� DQG�%URDGEHUU\���������DPRQJ�RWKHUV��)RU�FRPSDULVRQV�EHWZHHQ�)UDQFH�DQG�8.�VHH�YDQ�$UN��������
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7DEOH��(PSLULFDO�6WXGLHV�RQ�%ULWLVK�0DQXIDFWXULQJ�5HODWLYH�3URGXFWLYLW\�3HUIRUPDQFH$XWKRU %HQFKPDUN�<HDU�V� &RXQWU\�&RYHUDJH ,QGXVWU\�&RYHUDJH 3URGXFWLYLW\&RQFHSW 2XWSXW�&RQFHSW,QGXVWU\�RI�2ULJLQ�$SSURDFK ��� ��� ���5RVWDV������ ������� 8.�86 ���LQGXVWULHV /3 *2
0DGGLVRQ������ ���� 8.�86&'�86 ���SURGXFWV /3 *2
6PLWK�HW�DO������� ������� 86�8.*<�8. ���LQGXVWULHV���LQGXVWULHV /3 9$
YDQ�$UN������ ���� 17�8.)5�8. ���LQGXVWULHV���LQGXVWULHV /3/3 9$9$2¶0DKRQ\������ ���� *<�8. ���LQGXVWULHV /3 9$
YDQ�$UN������ ���� 8.�86 ���LQGXVWULHV0DQXIDFWXULQJ /37)3 9$9$2¶0DKRQ\�	�:DJQHU������ ������� 8.�*< ���LQGXVWULHV 7)3 9$
3LODW������ ���� $8��)5��*<��,7��-3��17��6:��8.��86� ���LQGXVWULHV /3 9$
YDQ�$UN������ ��������� )5��*<��-3��8.��86 ���,QGXVWULHV /3 9$
%URDGEHUU\������� ��������� 86��8.��*< ���,QGXVWULHV /37)3 9$9$2¶0DKRQ\������ ������� )5��*<��-3��8.��86 ���,QGXVWULHV /37)3 9$9$2¶0DKRQ\�	�GH�%RHU������ ������� )5��*<��8.��86� ���,QGXVWULHV /37)3 9$9$([SHQGLWXUH�$SSURDFK3UDLV������� ������� 86��8.��*< 0DQXIDFWXULQJ /3 9$
5R\������� ���������� 86��8.��-3��,7��*<��)5��%*��17 ���,QGXVWULHV /3 9$
5R\������� ���� ���FRXQWULHV ��,QGXVWULHV /3 9$
+RRSHU�	�/DULQ������� ������� ���FRXQWULHV 0DQXIDFWXULQJ /3 9$
+RRSHU������� ������� 86��8.��-3��,7��*<��)5��&' ��,QGXVWULHV /3 9$
+DUULJDQ������ ������� 86��8.��-3��,7��*<��),��1:��&' ��,QGXVWULHV� 7)3 9$
0DOOH\�HW�DO������� ������� )5��*<��,7��-3�8.��86� ���LQGXVWULHV 7)3 *2
1RWHV� ����&RXQWU\�&RYHUDJH��$8��$XVWUDOLD��%*��%HOJLXP��&'��&DQDGD��),��)LQODQG��)5��)UDQFH��*<��*HUPDQ\��,7��,WDO\��-3��-DSDQ��17��1HWKHUODQGV��1:��1RUZD\��6:��6ZHGHQ��8.��8QLWHG�.LQJGRP��86��8QLWHG�6WDWHV������3URGXFWLYLW\�&RQFHSWV��/3��/DERXU�3URGXFWLYLW\��7)3��7RWDO�)DFWRU�3URGXFWLYLW\�����2XWSXW�&RQFHSWV��*2��*URVV�2XWSXW��9$��9DOXH�$GGHG�6RXUFHV�� $XWKRU
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7KH�HDUOLHVW�FRPSDULVRQV�RI�%ULWDLQ·V�SURGXFWLYLW\�GXULQJ�WKH�����·V�DQG�����·V��LQFOXGLQJ�WKRVH�RI�5RVWDV� ������ DQG�0DGGLVRQ���������ZHUH�IUHTXHQWO\�PDGH�E\�FRPSDULQJ�SK\VLFDO�TXDQWLWLHV�RI�RXWSXW��$V� WKH�QXPEHU�RI�SURGXFW�YDULHWLHV� LQ�PDQXIDFWXULQJ� LQFUHDVHG�WKHVH�FRPSDULVRQV�EDVHG� RQ� SK\VLFDO� TXDQWLWLHV� EHFDPH� OHVV� IHDVLEOH�� 7KLV� OHG� WR� D� VKLIW� LQ� PHWKRGRORJ\� IURP�SK\VLFDO� TXDQWLW\� FRPSDULVRQV� WR� FRQYHUWLQJ� RXWSXW� WR� D� FRPPRQ� XQLW� XVLQJ� FXUUHQF\�FRQYHUVLRQ�IDFWRUV��6LQFH�WKHQ��WZR�GLIIHUHQW�DSSURDFKHV�KDYH�EHHQ�XVHG�WR�FRPSXWH�FXUUHQF\�FRQYHUVLRQ� IDFWRUV� VSHFLILF� WR� PDQXIDFWXULQJ� RXWSXW�� 2QH� DSSURDFK�� ´WKH� LQGXVWU\�RI�RULJLQ�DSSURDFKµ��LV�EDVHG�RQ�FRPSXWLQJ�XQLW�YDOXH�UDWLRV��895V��XVLQJ�GDWD�RQ�RXWSXW�DQG�SULFHV�DW�WKH� LQGXVWU\� OHYHO�� ,Q� WKLV� OLQH�� 6PLWK� HW� DO� ������ FRPSDUHG� %ULWLVK��*HUPDQ� DQG�$PHULFDQ�RXWSXW�DQG�SURGXFWLYLW\�E\�FRQVWUXFWLQJ�895V�XVLQJ�FHQVXV�GDWD�RQ�QHW�RXWSXW�DQG�SULFHV�IRU�D�ODUJH�QXPEHU�RI�LQGLYLGXDO�LQGXVWULHV��/DWHU�VWXGLHV�ODUJHO\�UHSOLFDWHG�DQG�UHILQHG�WKLV�PHWKRG�
7KH� VHFRQG� DSSURDFK� WR� FDOFXODWLQJ� FXUUHQF\� FRQYHUVLRQ� IDFWRUV� LV� ´WKH� H[SHQGLWXUH�DSSURDFKµ��7KLV�DSSURDFK�XVHV�GDWD�RQ�WKH FRPSDUDWLYH� OHYHOV�RI�SULFHV�RI�GLVDJJUHJDWHG�ILQDO�H[SHQGLWXUHV�� )RU� VHYHUDO� UHDVRQV� LW� LV� FRQVLGHUHG� OHVV� GHVLUDEOH� IRU� VHFWRUDO� LQWHUQDWLRQDO�SURGXFWLYLW\� FRPSDULVRQV� WKDQ� WKH� IRUPHU� DSSURDFK��6RPH�VFKRODUV�� IRU� LQVWDQFH�0DOOH\� HW� DO���������� KDYH� XVHG� WKH� DJJUHJDWH� H[SHQGLWXUH� SXUFKDVLQJ� SDULWLHV� �333V�� IRU� WRWDO� *'3� DV�SUR[LHV�IRU�PDQXIDFWXULQJ�RXWSXW�SULFH�UDWLRV��7KLV�LV�FRQVLGHUHG�DQ�LQIHULRU�PHWKRG��DV�LW�GRHV�QRW� WDNH� DFFRXQW� RI� GLIIHUHQFHV� LQ� SULFH� OHYHOV� DFURVV� LQGXVWULHV� �VHH� 3LODW� DQG� 3UDVDGD� 5DR������� YDQ� $UN� ����� DQG� +DUULJDQ� ������� 2WKHUV� KDYH� DWWHPSWHG� WR� UHILQH� WKHVH� SUR[LHV� E\�FRPSXWLQJ� ZHLJKWHG� DYHUDJHV� RI� GLVDJJUHJDWHG� H[SHQGLWXUH� 333V� VSHFLILF� WR� PDQXIDFWXUHG�FDWHJRULHV�� )RU� LQVWDQFH�� 3UDLV� ������ XVHV� GLVDJJUHJDWHG� 333V� WR� FRPSDUH� PDQXIDFWXULQJ�RXWSXW� LQ�*HUPDQ\��8.�DQG� WKH�86� LQ� WKH�����V��5R\� ������ DQG�5R\� ������ GLG�PXFK� WKH�VDPH� IRU� D� ZLGHU� VHW� RI� FRXQWULHV� LQ� ����� DQG� ������+RRSHU� DQG�/DULQ� ������ LPSURYH� WKLV�PHWKRGRORJ\� E\� ´SHHOLQJ� RIIµ� LQGLUHFW� WD[HV� DQG� WUDGH� DQG� WUDQVSRUWDWLRQ�PDUJLQV� IURP� WKH�H[SHQGLWXUH�333V�IRU�WKH�WHQ�PDMRU�LQGXVWULDOLVHG�FRXQWULHV��$OO�WKHVH�DGMXVWPHQWV�UHSUHVHQW�DQ�
� 5RVWDV��������DOVR�LQFOXGHG�D�FRPSDULVRQ�ZLWK�*HUPDQ\�DQG��WKRXJK�EDVHG�RQ�PXFK�VPDOOHU�VDPSOHV�ZLWK�VRPH�RWKHU�FRXQWULHV� LQFOXGLQJ� WKH�1HWKHUODQGV��)RU� DQ�XS�GDWH�RI� WKH�*HUPDQ\�YHUVXV�8.�FRPSDULVRQ�RI�5RVWDV��VHH�%URDGEHUU\�DQG�)UHPGOLQJ��������� 6HH�YDQ�$UN��������DQG�2¶0DKRQ\� ������� IRU� DQ� HODERUDWH� GLVFXVVLRQ�RI� WKH� UHODWLYH�PHULWV�RI� GLIIHUHQW�GHIODWRUV�
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LPSURYHPHQW� RYHU� WKH� XVH� RI� XQDGMXVWHG� H[SHQGLWXUH� 333V�� +RZHYHU�� WKH\� DOVR� PDNH� WKH�H[SHQGLWXUH�333V�LQFUHDVLQJO\�VHQVLWLYH�WR�WKH�SURFHGXUH�XVHG�DQG�WKH�TXDOLW\�RI�GDWD��
$V� FDQ� EH� REVHUYHG� IURP�7DEOH� ���PRVW� RI� WKHVH� VWXGLHV�EDVH� WKHLU� ILQGLQJV� RQ�PHDVXUHV� RI�ODERXU� SURGXFWLYLW\� �H�J�� 0DGGLVRQ� ����� DQG� 3LODW� ������ DPRQJ� RWKHUV��� 7KHVH� SDUWLDO�SURGXFWLYLW\� PHDVXUHV� FDQ� EH� PLVOHDGLQJ� LQGLFDWRUV� RI� WHFKQRORJLFDO� GLIIHUHQFHV�� 7KLV� LV�EHFDXVH� WKH\�PD\� EH� SRVLWLYHO\� LQIOXHQFHG� E\� WKH� DYDLODELOLW\� RI� RWKHU� IDFWRUV� RI� SURGXFWLRQ��VHH�+XOWHQ������� /HVV�H[WHQVLYH��KRZHYHU��LV�WKH�HPSLULFDO�OLWHUDWXUH�GHDOLQJ�ZLWK�FRPSDULVRQV�EDVHG� RQ� 7)3�� ZKLFK� LV� FRQVLGHUHG� D� SUHIHUDEOH� PHDVXUH� RI� WHFKQRORJLFDO� GLIIHUHQFHV� ²SURYLGHG� WKDW� WKH�PHDVXUHV� FRQWURO� IRU�PDUNHW� SRZHU�� VFDOH� DQG� F\FOLFDO� HIIHFWV�� 6WXGLHV� WKDW�FRQVLGHU�7)3� FDOO� DWWHQWLRQ� WR� WKH� IDFW� WKDW� WKH� LPSDFW�RI�JHQHUDOO\� ORZHU�FDSLWDO� LQWHQVLW\� LQ�%ULWLVK� LQGXVWU\� LV� WR� FRQVLGHUDEO\� UHGXFH� WKH� 8.·V� SURGXFWLYLW\� GLIIHUHQWLDO� ZLWK� UHVSHFW� WR�RWKHU�LQGXVWULDOLVHG�FRXQWULHV ZKHQ�PHDVXUHG�E\�7)3�
$QRWKHU� FULWLFDO� LVVXH� LQ� WKH� OLWHUDWXUH� LV� WKH� RXWSXW� FRQFHSW� XVHG� IRU� VHFWRUDO� SURGXFWLYLW\�FRPSDULVRQV��:KLOH� UHDO�JURVV�RXWSXW� LV� WKH�PRVW� WKHRUHWLFDOO\� DSSHDOLQJ�FRQFHSW� IRU�RXWSXW��LQ�SURGXFWLYLW\�DQDO\VLV�DW� WKH� LQGXVWU\�OHYHO��YDOXH�DGGHG�LV��KRZHYHU�� WKH�FRQFHSW�XVHG�LQ�WKH�JUHDW� PDMRULW\� RI� HPSLULFDO� SURGXFWLYLW\� VWXGLHV���� 7KH� VWXGLHV� RI� 5RVWDV� �������� 0DGGLVRQ��������DQG��PRUH� UHFHQWO\�� WKH�VWXGLHV�E\�&UDIW�DQG�0LOOV�� �������DQG�0DOOH\ HW� DO� �������DUH�VRPH� RI� WKH� IHZ� H[DPSOHV� WKDW� XVH� JURVV� RXWSXW� IRU� VWXG\LQJ� %ULWDLQ·V� UHODWLYH� SURGXFWLYLW\�SHUIRUPDQFH�LQ�DQ�LQWHUQDWLRQDO�FRQWH[W���

� 7KH�PDMRU�SUREOHP�ZLWK�WKH�XVH�RI�SDUWLDO�SURGXFWLYLW\�PHDVXUHV�LV�WKDW�WKH\�DOVR�LQFRUSRUDWH�WKH�HIIHFWV�RI�IDFWRU�VXEVWLWXWLRQ��$V�+DUULV�DQG�7UDLQRU��������S�������SRLQW�RXW�³WKH�IDFWRU�SULFH�UDWLR�EHWZHHQ�FDSLWDO�DQG�ODERXU�VHUYLFHV�KDYH�EHHQ�IDOOLQJ�LQ�8.�PDQXIDFWXULQJ�IRU�D�JRRG�GHDO�RI�WKH�ODVW�TXDUWHU�FHQWXU\��DQG�WKXV�PXFK�RI�WKH�JDLQ�LQ�ODERXU�SURGXFWLYLW\�KDV�EHHQ�DFKLHYHG�WKURXJK�µFDSLWDO�GHHSHQLQJ¶�UDWKHU�WKDQ�µFDSLWDO�ZLGHQLQJ¶�´� 2¶0DKRQ\�DQG�:DJQHU���������2¶0DKRQ\���������+DUULJDQ��������DQG�0DOOH\�HW�DO� �������� 7KH XVH�RI�JURVV�RXWSXW�KDV��DPRQJ�RWKHUV��DQDO\WLFDO�DGYDQWDJHV�LQ�WKDW�LQWHUPHGLDWH�LQSXWV�FDQ�EH�WUHDWHG�V\PPHWULFDOO\�ZLWK LQSXWV�RI�FDSLWDO�DQG�ODERXU�VHUYLFHV�LQ�PHDVXULQJ�SURGXFWLYLW\��� 6HH��IRU�LQVWDQFH��YDQ�$UN�������������DQG��������� 7KH� VWXG\�E\�&UDIWV� DQG�0LOOV� �������FRQVLGHUV�JURZWK� UDWHV� LQVWHDG�RI� OHYHOV� WKURXJK�HVWLPDWLQJ�D�FRVW�IXQFWLRQ��� 2WKHU� VWXGLHV� WKDW�XVH� JURVV� RXWSXW� IRU� LQWHUQDWLRQDO� FRPSDULVRQV� DUH� -RUJHQVRQ��.XURGD� DQG�1LVKLPL]X���������-RUJHQVRQ�DQG�.XURGD�������� DQG�&DPHURQ���������7KHVH�VWXGLHV�UHIHU�WR�SURGXFWLYLW\�FRPSDULVRQV�EHWZHHQ�86�DQG�-DSDQ�
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)LQDOO\��JURZWK�DFFRXQWLQJ�H[HUFLVHV�DUH�WUDGLWLRQDOO\�XVHG�WR�PHDVXUH�LQWHUQDWLRQDO�GLIIHUHQFHV�LQ�SURGXFWLYLW\��$V�PHQWLRQHG�SUHYLRXVO\��WKH�DVVXPSWLRQV�XQGHUO\LQJ�WKH�DFFRXQWLQJ�DSSURDFK�FDQ�SRWHQWLDOO\�ELDV� WKH�PDJQLWXGH�RI� WKH�SURGXFWLYLW\�GLIIHUHQWLDO� LI� WKH\�DUH�QRW�FRUUHFW��)HZ�UHVHDUFKHUV��KRZHYHU��´FRUUHFWµ� WKH�VWDQGDUG�SURGXFWLYLW\�PHDVXUHV�WR�DFFRXQW�DW� OHDVW�IRU�WKH�SUHVHQFH�RI� LPSHUIHFW� FRPSHWLWLRQ�� UHWXUQV� WR� VFDOH� DQG��RU� DGMXVWPHQWV� LQ� IDFWRU� XWLOLVDWLRQ��7KH�H[FHSWLRQV�WR�WKLV�DUH�WKH�VWXGLHV�E\�+DUULJDQ���������&UDIWV�DQG�0LOOV��������DQG�0DOOH\�HW�DO� �������� ZKLFK�PDNH� XVH� RI� HFRQRPHWULF� WHFKQLTXHV� WR� HVWLPDWH� SURGXFWLYLW\� GLIIHUHQWLDOV��2YHUDOO�WKHVH�VWXGLHV�FRQFOXGH�WKDW�WKHVH�ELDVHV�DUH�LPSRUWDQW�DQG�YDU\�VXEVWDQWLDOO\�RYHU�WLPH��EXW�WHQG�QRW�WR�LPSDFW�KHDYLO\�RQ�WKH�HVWLPDWH�RI�WKH�%ULWLVK�SURGXFWLYLW\�JDS�
7KH�PDLQ�GLIIHUHQFH�EHWZHHQ� WKH�SUHVHQW�VWXG\�DQG�WKDW�RI�+DUULJDQ��������LV� WKDW�KHUH�JURVV�RXWSXW� LQVWHDG�RI�YDOXH�DGGHG� LV�XVHG�WR�REWDLQ� DGMXVWHG�7)3�PHDVXUHV��7KLV�UHVHDUFK�GLIIHUV�IURP�WKH�VWXG\�RI�&UDIWV� DQG�0LOOV� ������� LQ� VHYHUDO� DVSHFWV��)LUVW�� WKH�PDLQ� IRFXV�KHUH� LV�RQ�HLJKW� PDQXIDFWXULQJ� LQGXVWULHV�� ZKLOH� &UDIWV� DQG� 0LOOV� EDVH� WKHLU� UHVXOWV� RQ� WKH� DJJUHJDWH�PDQXIDFWXULQJ�VHFWRU�� 6HFRQG�� WKH\� FRPSDUH� SURGXFWLYLW\� JURZWK� UDWHV� IRU�*HUPDQ\�DQG�8.�EDVHG�RQ�WKH�GXDO�DSSURDFK��7KLV�VWXG\��FRQYHUVHO\��SURYLGHV�HVWLPDWHV�RI�JURZWK�SHUIRUPDQFH�DQG� OHYHOV�RI�SURGXFWLYLW\� IRU� WKH�*��FRXQWULHV�EDVHG�RQ�WKH�SULPDO� DSSURDFK� WR�SURGXFWLYLW\�PHDVXUHPHQW�
7KH�PDLQ�GLIIHUHQFHV�EHWZHHQ�WKH�SUHVHQW�UHVHDUFK�DQG�WKH�FRQWHPSRUDQHRXV�VWXG\�E\�0DOOH\�HW�DO� �������DUH�WKH�IROORZLQJ��)LUVW��WKH�GDWD�VRXUFHV�IRU�JURVV�RXWSXW�DQG�LQWHUPHGLDWH� LQSXWV�DUH� GLIIHUHQW��0DOOH\� DQG� FR�DXWKRUV� REWDLQ� WKHLU� GDWD� IURP� WKH� QDWLRQDO� LQSXW�RXWSXW� PRGHO�GDWDEDVHV�SURYLGHG�E\� WKH�,QIRUXP�*URXS�DW� WKH�8QLYHUVLW\�RI�0DU\ODQG�� ZKHUHDV�WKLV�VWXG\�XVHV�2(&'�67$1�GDWD����6HFRQG��WKH�SUR[\�IRU�FDSDFLW\�XWLOLVDWLRQ�LV�DOVR�GLIIHUHQW��0DOOH\·V�HW�DO� HPSOR\�GDWD�RQ�UDZ�PDWHULDOV�DQG�HQHUJ\�LQSXWV�WR�SUR[\�WKH�FDSDFLW\�XWLOLVDWLRQ�SDUDPHWHU�ZKLOH�WKLV�VWXG\�XVHV�GHYLDWLRQ�IURP�WKH�KRXUV�WUHQG��7KLUG��WKH�VDPSOH�SHULRG�LQ�0DOOH\·V�HW�DO�VWXG\�LV�FXUWDLOHG�IRU�VRPH�RI�WKH�FRXQWULHV�LQ�WKH�DQDO\VLV��)RU�LQVWDQFH��LQ�WKH�FDVH�RI�8.�WKH�
�� 6HH� WKH� WHFKQLFDO� QRWH� E\� :LOVRQ� DQG� 0HDG� �������� ZKLFK� LV� DYDLODEOH� IURP�KWWS���ZZZ�JOD�DF�XN�HFRQRPLFV�7)3��,Q�WKLV�WHFKQLFDO�QRWH�WKH�PDLQ�FDYHDWV�RI�WKH�GDWDEDVH�DUH�GLVFXVVHG��,Q�SDUWLFXODU��WKH�PDLQ�SUREOHPV�FRPH�IURP�WKH�IDFW�WKDW�,QSXW�2XWSXW�7DEOHV�DUH�QRW�DYDLODEOH�IRU�HYHU\�\HDU�DQG�FRXQWU\��7KHUHIRUH��H[WUDSRODWLRQ�PHWKRGV�KDYH�WR�EH�HPSOR\HG�WR�REWDLQ�HVWLPDWHV�RI�WKH�PLVVLQJ�VHULHV��� 7KH� 2(&'� 67$1� GDWDEDVH� LV� PDLQO\ EDVHG� RQ� QDWLRQDO� DFFRXQWV� GDWD� RI� LQGLYLGXDO� 2(&'� FRXQWU\�PHPEHUV��7KH�XVH�RI�QDWLRQDO�DFFRXQWV�KDV�WKH�DGYDQWDJH�WKDW�LWV�FRPSRQHQWV�DUH�KDUPRQLVHG�DFURVV�FRXQWULHV�RQ�WKH�EDVLV�RI�WKH�,QWHUQDWLRQDO�6\VWHP�RI�1DWLRQDO�$FFRXQWV�
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SHULRG� IRU�ZKLFK� GDWD� LV� DYDLODEOH� LV� ����������� 7KLV� SDSHU�� RQ� WKH� RWKHU� KDQG�� H[WHQGV� WKH�SHULRG�RI�DQDO\VLV�XQWLO��������
��'$7$�$1'�&+$5$&7(5,6$7,21�2)�8.�6(&7256�5(/$7,9(�72�7+(�*��$9(5$*(�
7KLV� VHFWLRQ� GLVFXVVHV� EULHIO\� VRPH� IHDWXUHV� RI� WKH� GDWD� DQG� FKDUDFWHULVWLFV� RI� WKH� %ULWLVK�PDQXIDFWXULQJ�VHFWRUV�UHODWLYH�WR�WKHLU�SULQFLSDO�FRPSHWLWRUV��
����'DWD�
,Q�RUGHU�WR�FRPSXWH�WKH�YDULRXV�PHDVXUHV�RI�SURGXFWLYLW\�WKH�SUHVHQW�VWXG\�XVHV�GDWD�RQ�HLJKW�WZR�GLJLW�PDQXIDFWXULQJ�LQGXVWULHV�DQG�RQ�WKH�PDQXIDFWXULQJ�VHFWRU�DV�DQ�DJJUHJDWH�RI�WKH�*��HFRQRPLHV� RYHU� WKH� SHULRG� ����������� 7KH� FRXQWULHV� DUH�� &DQDGD�� )UDQFH�� *HUPDQ\�� ,WDO\��-DSDQ��WKH�8.��DQG�WKH�86��'XH�WR�LQWHUQDWLRQDO�FRPSDUDELOLW\�LVVXHV��WKH�PDLQ�GDWD�VHW�XVHG�WR�FRQVWUXFW� WKHVH� VHULHV� LV� WKH� 2(&'� 67$1������ GDWDEDVH���� 7KLV� ZDV� XSGDWHG� IRU� PLVVLQJ�VHULHV� IURP� RWKHU� 2(&'� GDWDEDVHV� �H�J�� ,6'%�� 67$1������� DQG� 2·0DKRQ\� DQG� GH� %RHU���������'DWD��KRZHYHU��ZDV�QRW� DOZD\V� FRPSOHWH� IRU�HYHU\�FRXQWU\�LQGXVWU\��3DUWLFXODUO\��GDWD�IRU�*HUPDQ\�LV�DYDLODEOH�RQO\�XS�XQWLO������DQG�LW�UHIHUV�WR�WKH�IRUPHU�:HVWHUQ�*HUPDQ\��'DWD�OLPLWDWLRQV�LQ�WKH�FDVH�RI�-DSDQ�IRU�WKH�FDSLWDO�VWRFN�GLG�QRW�DOORZ�RQH�WR�REWDLQ�D�7)3�VHULHV�IRU�WKH�ZRRG�DQG�EDVLF�PHWDO�LQGXVWULHV�
,Q� WKLV� VWXG\� SURGXFWLYLW\� PHDVXUHV� DUH� SURYLGHG� ERWK� LQ� WHUPV� RI� OHYHOV� DQG� JURZWK� UDWHV��3DUWLFXODUO\�� LQWHUQDWLRQDO� FRPSDULVRQV� RI� SURGXFWLYLW\� OHYHOV� UHTXLUH� WKUHH�PDLQ� FRPSRQHQWV��QDPHO\� FRPSDUDEOH� LQIRUPDWLRQ� RQ� RXWSXW�� FRPSDUDEOH� LQIRUPDWLRQ� RQ� IDFWRU� LQSXWV� DQG�FXUUHQF\�FRQYHUVLRQ�IDFWRUV�LQ�RUGHU�WR�WUDQVODWH�RXWSXW�DQG�IDFWRU�LQSXWV�H[SUHVVHG�LQ�QDWLRQDO�FXUUHQFLHV� LQWR� D� FRPPRQ� FXUUHQF\�� 7KH� ODWWHU� LV� QRW� UHTXLUHG� ZKHQ� JURZWK� UDWHV� RI�SURGXFWLYLW\�DUH�FRPSXWHG��$SSHQGL[�$�SURYLGHV�D�PRUH�GHWDLO�DQDO\VLV�DERXW�WKH�GDWD�DQG�GDWD�VRXUFHV��
�� 6HH�$SSHQGL[�$�IRU�D�GHWDLOHG�DQDO\VLV�RI�WKH�GDWD�DQG�GDWD�VRXUFHV�
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����&KDUDFWHULVWLFV�RI�%ULWLVK�0DQXIDFWXULQJ�6HFWRUV�5HODWLYH�WR�WKH�*��$YHUDJH
,Q�7DEOH� �� VRPH�IHDWXUHV�RI� WKH�GDWD�IRU�WKH�8.�PDQXIDFWXULQJ�LQGXVWULHV� UHODWLYH� WR� WKH�*��DYHUDJH� DUH� KLJKOLJKWHG�� ,Q� SDUWLFXODU�� WKH� LQIRUPDWLRQ� LQ� 7DEOH� �� FRQWDLQV� WKH� UHODWLYH�GLIIHUHQFH�RQ�DYHUDJH�JURZWK�UDWHV�IRU�RXWSXW�DQG�LQSXW�IDFWRUV�EHWZHHQ�WKH�8.�LQGXVWULHV�DQG�WKH�DYHUDJH�RI�WKH�*��HFRQRPLHV�GXULQJ������WR�������

7DEOH��'LIIHUHQFHV�LQ�$YHUDJH�$QQXDO�*URZWK�5DWHV�� 8.�YV��*��$YHUDJH������������l,QGXVWU\ 6\PERO � � � � �
�OQ 8.*44§ ·¨ ¸¨ ¸© ¹' �OQ 8.*..§ ·¨ ¸¨ ¸© ¹' �OQ 8.*//§ ·¨ ¸¨ ¸© ¹' �OQ 8.*00§ ·¨ ¸¨ ¸© ¹' ���

)RRG��%HYHUDJHV�	�7REDFFR� )%7 ����� ����� ����� ����� �����7H[WLOH�	�/HDWKHU� 7/ ����� ����� ����� ����� �����:RRG�	�:RRG�3URGXFWV� ::3 ����� ����� ���� ����� �����3DSHU�	�3DSHU�3URGXFWV� 333 ����� ����� ����� ����� ����&KHPLFDOV�� PDQ�PDGH� ILEUHV�� UXEEHU�	� SODVWLF�SURGXFWV� &+ ���� ����� ����� ���� ����
2WKHU�1RQ�0HWDOOLF�0LQHUDO�3URGXFWV� 100 ����� ���� ����� ����� ����0DQXIDFWXUH�RI�%DVLF�0HWDOV�	�)DEULFDWHG�0HWDO�3URGXFWV %)0 ����� ����� ����� ����� ����
0DFKLQHU\�� 2SWLFDO� (TXLSPHQW� 	� 7UDQVSRUW�(TXLSPHQW� 027 ����� ����� ����� ����� ����
$YHUDJH ����� ����� ����� ����� �����6WG��'HY� ���� ���� ���� ����6RXUFHV� 'DWD�DUH�IURP�67$1�GDWDEDVH�DQG�2¶0DKRQ\�DQG�GH�%RHU���������6HH�'DWD�$SSHQGL[�$�IRU�IXUWKHU�GHWDLO�1RWHV� l <HDUO\�DYHUDJH LQ�SHUFHQWDJH�����WHUPV�4 UHSUHVHQWV�JURVV�RXWSXW��. LV�WKH�SK\VLFDO�FDSLWDO�VWRFN��/ LV�ODERXU�PHDVXUHG�DV�KRXUV�SHU�PDQ��DQG�0 UHIHUV�WR�LQWHUPHGLDWH�LQSXWV�
2YHU�WKH�SHULRG�FRQVLGHUHG��UHDO�RXWSXW��PHDVXUHG�LQ�WHUPV�RI�UHDO�JURVV�RXWSXW��LQ�WKH�%ULWLVK�LQGXVWULHV� JUHZ� DW� ORZHU� UDWHV� WKDQ� WKH� RXWSXW� RI� WKH� *�� DYHUDJH�� H[FHSW� LQ� WKH� FKHPLFDO�LQGXVWU\��$GGLWLRQDOO\��ORZHU�UDWHV�WKDQ�%ULWLVK�FRPSHWLWRUV�ZHUH�DOVR�IRXQG�ZLWK�UHVSHFW�WR�WKH�ODERXU� LQSXW��+RZHYHU�� VLJQLILFDQW� GLIIHUHQFHV� FDQ� EH� REVHUYHG� LQ JURZWK� G\QDPLFV� EHWZHHQ�LQGXVWU\�JURXSV��7KH� ODVW�FROXPQ�RI�7DEOH���VKRZV�UHODWLYH�GLIIHUHQFHV� LQ�JURVV�RXWSXW�EDVHG�
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ODERXU� SURGXFWLYLW\� DV� WKH� GLIIHUHQFH� EHWZHHQ� FROXPQ� �� DQG� FROXPQ� ��� 7KH� 8.� DFKLHYHG�KLJKHU� ODERXU�SURGXFWLYLW\�JURZWK�UDWHV� WKDQ�WKH�*��DYHUDJH� LQ�WKH�SDSHU��FKHPLFDO��PLQHUDOV��EDVLF�PHWDOV� DQG�PDFKLQHU\� LQGXVWULHV��2Q� WKH�RWKHU�KDQG�� FDSLWDO� VWRFN�ZDV�WKH�YDULDEOH� WKDW�KDG�UHODWLYHO\�ORZHU�UDWHV�LQ�FRPSDULVRQ�ZLWK�WKH�*��DYHUDJH�
��6(16,7,9,7<�2)�7+( 8.�352'8&7,9,7<�*$3 ,1�0$18)$&785,1* 72�0($685(0(17�,668(6
'LIIHUHQW� SURGXFWLYLW\� FRQFHSWV� DUH� RIWHQ� XVHG� ZLWKRXW� VXIILFLHQW� FODULW\� DERXW� WKH� VSHFLILF�FRQFHSW� WKDW� LV� EHLQJ� HPSOR\HG� DQG� LWV� FRUUHFW� LQWHUSUHWDWLRQ��%URDGO\�� SURGXFWLYLW\� FRQFHSWV�FDQ� EH� FODVVLILHG� DV� SDUWLDO� IDFWRU� SURGXFWLYLW\� �UHODWLQJ� D� PHDVXUH� RI� UHDO� RXWSXW� WR� D� VLQJOH�PHDVXUH�RI�UHDO�LQSXW��RU�PXOWLIDFWRU�SURGXFWLYLW\��UHODWLQJ�D�PHDVXUH�RI�RXWSXW�WR�D�EXQGOH�RI�LQSXWV���$V�FDQ�EH�REVHUYHG�IURP�DERYH��LQWHUQDWLRQDO�FRPSDULVRQV�KDYH�EHHQ�KDELWXDOO\�PDGH�LQ� WHUPV� RI� ODERXU� SURGXFWLYLW\�� ZKLFK� PD\� EH� D� PLVOHDGLQJ� LQGLFDWRU� RI� WHFKQRORJLFDO�GLIIHUHQFHV� DV� LW�PD\�EH� SRVLWLYHO\� LQIOXHQFHG�E\�RWKHU� IDFWRUV�RI�SURGXFWLRQ�� DV� LQWHUPHGLDWH�LQSXWV�RU�FDSLWDO�VWRFN��VHH�+XOWHQ�������
$QRWKHU� GLVWLQFWLRQ� RI� SDUWLFXODU� UHOHYDQFH� DW� WKH� LQGXVWU\� OHYHO� LV� EHWZHHQ� SURGXFWLYLW\�FRQFHSWV�WKDW�UHODWH�JURVV�RXWSXW�WR�RQH�RU�VHYHUDO�LQSXWV�DQG�WKRVH�ZKLFK�XVH�WKH�YDOXH�DGGHG�FRQFHSW�WR�FDSWXUH�PRYHPHQWV�RI�UHDO�RXWSXW��(PSLULFDOO\��WKH�FKRLFH�RI�FRQFHSWV�PDWWHUV��$V�SRLQWHG� RXW� E\� 'ROODU� DQG :ROII� ������ ´WKH� YDOXH� DGGHG� FRQFHSW� FUHDWHV� D� SUREOHP� IRU� SURGXFWLYLW\�VWXGLHV�VLQFH�LQWHUPHGLDWH�LQSXWV�DUH�WUDQVIHUUHG�IURP�D�´VRXUFHµ�RI�RXWSXW�WR�DQ�H[SODQDWLRQ�RI�RXWSXW�JURZWKµ��&RQWUDU\� WR� YDOXH� DGGHG�� JURVV�RXWSXW� DOORZV� D� V\PPHWULFDO� WUHDWPHQW�RI� LQWHUPHGLDWH� LQSXWV�DQG�SULPDU\� LQSXWV��ODERXU�DQG�FDSLWDO���'HVSLWH�WKH�WKHRUHWLFDO�UHFRJQLWLRQ�RI�JURVV�RXWSXW�DV�WKH� UHOHYDQW�RXWSXW� FRQFHSW� IRU�SURGXFWLYLW\� DQDO\VLV� DW� LQGXVWU\� OHYHO��YDOXH�DGGHG� LV� VWLOO� WKH�FRQFHSW�XVHG�LQ�WKH�JUHDW�PDMRULW\�RI�LQWHUQDWLRQDO�SURGXFWLYLW\�FRPSDULVRQV��'ROODU�DQG�:ROII������� YDQ�$UN� DQG�3LODW� ������� H[FHSWLRQV� EHLQJ� WKH�ZRUNV� RI� -RUJHQVRQ� ������ DQG�KLV� FR�DXWKRUV�
7KH�DLP�RI�WKLV�VHFWLRQ�LV�WR�DQDO\VH�WKH�VHQVLWLYHQHVV�RI�WKH�PHDVXUH�RI WKH�SURGXFWLYLW\�JDS�LQ�%ULWLVK�PDQXIDFWXULQJ�WR�GLIIHUHQW�FRQFHSWV�RI�SURGXFWLYLW\��7R�WKLV� HQG�� WKH�VHFWLRQ�SURYLGHV�
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HVWLPDWHV� RI� UHODWLYH� ODERXU� DQG� WRWDO� IDFWRU� SURGXFWLYLW\� IRU� PDQXIDFWXULQJ� EDVHG� RQ� ERWK�YDOXH� DGGHG� DQG� JURVV� RXWSXW�� UHVSHFWLYHO\�� 7KHVH� HVWLPDWHV� DUH� FDOFXODWHG� IURP� WKH� GDWD�GHVFULEHG� DERYH� RQ� RXWSXW�� IDFWRU� LQSXWV� DQG� FXUUHQF\� FRQYHUVLRQ� IDFWRUV� DQG� XVH� WKH�WUDGLWLRQDO�JURZWK�DFFRXQWLQJ�IUDPHZRUN�
)LUVW�� WKH� UHODWLYH� ODERXU� SURGXFWLYLW\� LQGH[� LV� GHILQHG� DFFRUGLQJ� WR� HTXDWLRQ� ���� DQG� ����GHSHQGLQJ�RQ�WKH�RXWSXW�FRQFHSW�XVHG��YDOXH�DGGHG�� �9W��RU�JURVV�RXWSXW��4W���UHVSHFWLYHO\�
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2Q�WKH�RWKHU�KDQG��IROORZLQJ�PXFK�RI�WKH�OLWHUDWXUH�RQ�SURGXFWLYLW\�FRPSDULVRQV��WKH�UHODWLYH�7)3� LQGH[� SUHVHQWHG� LV� WKDW� GHULYHG� E\� &DYHV� HW� DO�� �������� ZKLFK� FRPSDUHV�� IRU� DQ\� WZR�FRXQWULHV� DQG� IRU� D� SDUWLFXODU� LQGXVWU\�� KRZ� PXFK� RXWSXW� WKH� LQGXVWU\� RI� HDFK� FRXQWU\� FDQ�SURGXFH� JLYHQ� D� ZHLJKWHG� PHDVXUH� RI� LQSXW� IDFWRUV�� $Q� DGYDQWDJH� RI� WKH� PXOWLODWHUDO� 7)3�LQGH[�XVHG�LV�WKDW�LV�VXSHUODWLYH��L�H��LW�LV�H[DFW�� IRU�WKH�IOH[LEOH�WUDQVORJ�IXQFWLRQDO�IRUP��DQG�LW�LV�WUDQVLWLYH��VR�WKDW�WKH�FKRLFH�RI�WKH�EDVH�FRXQWU\�LV�XQLPSRUWDQW��7KH�7)3�LQGH[�UHTXLUHV�WKH�DVVXPSWLRQ� RI� FRQVWDQW� UHWXUQV� WR� VFDOH� LQ� SURGXFWLRQ� DQG� SHUIHFW� FRPSHWLWLRQ� WKURXJK� WKLV�VHFWLRQ��7KH� LQGH[�LV�SUHVHQWHG��UHVSHFWLYHO\�� LQ� WHUPV�RI�YDOXH�DGGHG��HTXDWLRQ������DQG�JURVV�RXWSXW��HTXDWLRQ�����
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�� 7ZR�PDLQ�DSSURDFKHV�FDQ�EH�GLVWLQJXLVKHG�WR�FRQYHUW�YDOXH�DGGHG�LQ�QDWLRQDO�FXUUHQFLHV�LQWR�D�FRPPRQ�FXUUHQF\��7KHVH� DUH� VLQJOH� GHIODWLRQ� DQG� GRXEOH� GHIODWLRQ�� ,Q� WKH� VLQJOH� GHIODWLRQ� SURFHGXUH�� WKH� FXUUHQF\�FRQYHUVLRQ� IDFWRU� EDVHG� RQ� UHODWLYH� SULFHV� RI� JURVV� RXWSXW� LV� XVHG� WR� FRQYHUW� YDOXH� DGGHG�� ,Q� WKH� GRXEOH�GHIODWLRQ�DSSURDFK�RXWSXWV�DQG�LQWHUPHGLDWH�LQSXWV�DUH�FRQYHUWHG�VHSDUDWHO\��� $Q�LQGH[�QXPEHU�LV�VDLG� WR�EH�H[DFW�IRU�D�SDUWLFXODU�IXQFWLRQDO�IRUP�LI�LW�HTXDOV�WKH�)LVKHU�LGHDO�LQGH[�IRU�WKDW�IXQFWLRQDO�IRUP�� L�H��LW�LV�HTXDO�WR�WKH�JHRPHWULF�PHDQ�RI�WKH�3DDVFKH�DQG�/DVSH\UHV�LQGH[��$Q�LQGH[�LV�VDLG�WR�EH�VXSHUODWLYH�LI�LW�LV�H[DFW�IRU�D�IOH[LEOH�IXQFWLRQDO�IRUP�VXFK�DV�WKH�WUDQVORJ��'LHZHUW�������



��

��� � �$ $ $ $ % % % %
$%

$ % % %4 W W W WW % $ $ $W W W W
4 / . 0/ . 07)3 4 / . 0 / . 0V V T T V V T T� � � �§ · § · § · § · § · § · ¨ ¸ ¨ ¸ ¨ ¸ ¨ ¸ ¨ ¸ ¨ ¸© ¹ © ¹ © ¹© ¹ © ¹ © ¹

ZKHUH�D�EDU�GHQRWHV�WKH�JHRPHWULF�PHDQ�RYHU�DOO�WKH�REVHUYDWLRQV�LQ�WKH�VDPSOH��7KH�YDULDEOH�� � � �F FV VV  � LV� WKH� DYHUDJH� RI� WKH� ODERXU� VKDUH� LQ� FRXQWU\� F �VF�� DQG� WKH� JHRPHWULF�PHDQ�ODERXU�VKDUH�� V ���$GGLWLRQDOO\��WKH�YDULDEOH� � � � �F FP PT  � LV�WKH�DYHUDJH�RI�WKH�LQWHUPHGLDWH�LQSXW�VKDUH�LQ�FRXQWU\�F �PF��DQG�WKH�JHRPHWULF�PHDQ�RI�WKH�LQWHUPHGLDWH�LQSXW�VKDUH��P �
7DEOH��3URGXFWLYLW\�(VWLPDWHV�IRU�$OWHUQDWLYH�2XWSXW�&RQFHSWV7RWDO�0DQXIDFWXULQJ������&RXQWU\ /3�9$� U /3�*2� U 7)3�9$� U 7)3�*2� U86 ��� � ��� � ��� � ��� �-3 ���� � ���� � ���� � ���� �*< ���� � ���� � ���� � ���� �)5 ���� � ���� � ���� � ���� �,7 ���� � ���� � ���� � ���� �8. ���� � ���� � ���� � ���� �&' ���� � ���� � ���� � ���� �6WG�'HY� ����� ����� ����� ����1RWH� U�UHIHUV�WR�WKH�UDQN�SRVLWLRQ�RI�HDFK�FRXQWU\�UHODWLYH�WR�WKH�WRWDO

1RWZLWKVWDQGLQJ� WKH�QXPEHU�RI� IDFWRUV� DIIHFWLQJ�SURGXFWLYLW\�PHDVXUHPHQW� LW� LV��QRQHWKHOHVV��RI� LPSRUWDQFH� WR� DVVHVV� WKH� VHQVLWLYLW\� RI� WKH� UHVXOWV� REWDLQHG� WKURXJK� DGRSWLQJ� GLIIHUHQW�SURGXFWLYLW\� FRQFHSWV�� 7DEOH� �� UHSRUWV� UHODWLYH� SURGXFWLYLW\� HVWLPDWHV� LQ� ����� IRU�PDQXIDFWXULQJ� LQ� WHUPV� RI� ODERXU� DQG� WRWDO� IDFWRU� SURGXFWLYLW\� UHVSHFWLYHO\� IRU� DOWHUQDWLYH�RXWSXW�FRQFHSWV��7KH�FRXQWU\�RI�FRPSDULVRQ�LV�WKH�86��ZKLFK�LV�VHW�HTXDO�WR������$GGLWLRQDOO\��RUGLQDO� LQIRUPDWLRQ� FRQWDLQHG� LQ� WKH� LQGLFHV� LV� VXPPDUL]HG� LQ� WKH� IRUP� RI� UDQNV��,QGHSHQGHQWO\� RI� WKH� SURGXFWLYLW\� FRQFHSW� XVHG�� WKH� 8QLWHG� 6WDWHV� FOHDUO\� VWDQGV� RXW� DV� WKH�SURGXFWLYLW\�OHDGHU�LQ�WRWDO�PDQXIDFWXULQJ�LQ���������7KH�8.·V�PDQXIDFWXULQJ�UHODWLYH�SRVLWLRQ��RQ� WKH� RWKHU� KDQG�� FKDQJHV� FRQVLGHUDEO\� GHSHQGLQJ�RQ� WKH�SURGXFWLYLW\� FRQFHSW� XVHG��:KLOH�8.� LV� UDQNHG� WKH� OHDVW�SURGXFWLYH� LQ� WHUPV�RI�/3�9$���ZLWK�D�SURGXFWLYLW\� JDS�RI�����ZLWK�UHVSHFW� WR� WKH�86�� LWV� UHODWLYH� SURGXFWLYLW\� SRVLWLRQ� LV� LPSURYHG� LQ� WHUPV�RI�7)3��$V� DOUHDG\�
�� 7R� WKH� H[WHQW� WKDW� WKH� FRXQWULHV¶� EXVLQHVV� F\FOHV� DUH� QRW� V\QFKURQL]HG�� UHODWLYH�7)3�PD\�FKDQJH�GXH� WR�FKDQJHV�LQ�UHODWLYH�FDSDFLW\�XWLOLVDWLRQ�
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SRLQWHG�RXW�E\�RWKHU�VWXGLHV��2·0DKRQ\�������� WKH�UHODWLYHO\�ORZ�OHYHOV�RI�ODERXU�SURGXFWLYLW\�LQ�8.�PDQXIDFWXULQJ�DUH�SDUWLDOO\�FDXVHG�E\�OHVV�FDSLWDO�LQWHQVLYH�SURGXFWLRQ��
1RW�RQO\� WKH�UHODWLYH�SRVLWLRQ�RI�VRPH�RI�WKHVH�FRXQWULHV�YDULHV�ZLWK�WKH�SURGXFWLYLW\�FRQFHSW�XVHG�� EXW� WKH� VL]H� RI� WKH� SURGXFWLYLW\� JDS� FKDQJHV� FRQVLGHUDEO\� WRR�� ,Q� WKH� FDVH� RI� WKH�8.�PDQXIDFWXULQJ� VHFWRU�� IRU� LQVWDQFH�� WKH�SURGXFWLYLW\� GLIIHUHQWLDO�ZLWK� UHVSHFW� WR� WKH� OHDGHU� E\������LV�HVWLPDWHG�RI�WKH�RUGHU�RI�����LQ�WHUPV�RI�7)3�9$��ZKLOH� LV�UHGXFHG�WR�RQO\�����LQ�WHUPV� RI� 7)3�*2��� 2YHUDOO�� RQH� FDQ� REVHUYH� WKDW� 7)3�*2�� UHSRUWV� VPDOOHU� SURGXFWLYLW\�GLIIHUHQWLDOV� WKDQ� WKH� UHVW� RI� WKH� SURGXFWLYLW\� HVWLPDWHV� SUHVHQWHG�� 1HYHUWKHOHVV�� GHVSLWH� WKH�DSSDUHQW�FORVHQHVV� LQ�JURVV�RXWSXW�EDVHG�SURGXFWLYLW\� OHYHOV��RQH�PXVW�FRQVLGHU� WKDW� WKH�7)3�JURZWK�UDWHV�EDVHG�RQ�JURVV�RXWSXW�ZLOO�EH�ORZHU�WKDQ�WKRVH�EDVHG�RQ�YDOXH�DGGHG����,Q�RWKHU�ZRUGV��WKH�VSHHG�E\�ZKLFK�WKH�JDS�ZLWK�UHVSHFW�WR�WKH�OHDGHU�LV�UHGXFLQJ�RU�EURDGHQLQJ�ZLOO�EH�ORZHU� LQ� WHUPV�RI�JURVV�RXWSXW�EDVHG�SURGXFWLYLW\�PHDVXUHV��$GGLWLRQDOO\��JURVV�RXWSXW�EDVHG�7)3� WHQGV� WR� VKRZ� D� OHVV� PDUNHG� YDULDWLRQ� DFURVV� FRXQWULHV� WKDQ� WKH� RWKHU� SURGXFWLYLW\�HVWLPDWHV�

)LJXUH��&RPSDULVRQV�RI�0DQXIDFWXULQJ�3URGXFWLYLW\�&RQFHSWV'DWD�UHODWLYH�WR�����
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86 *< )5 8. -3 &' ,7
7)3�*2� /3�9$� /3�*2� 7)3�9$�

2Q� WKH�RWKHU� KDQG��)LJXUH���FRQVLGHUV� WKH�TXHVWLRQ�RI�KRZ�DOWHUQDWLYH�SURGXFWLYLW\�FRQFHSWV�DIIHFW� WKH� UDQNLQJ�RI� WKH�*��HFRQRPLHV� DFFRUGLQJ� WR� WKHLU�SHUIRUPDQFH� LQ�PDQXIDFWXULQJ�� ,Q�
�� 6SHFLILFDOO\��WKH�UDWH�RI�FKDQJH�RI�YDOXH�DGGHG�EDVHG�7)3�HTXDOV�WKH�UDWH�RI�FKDQJH�RI�JURVV�RXWSXW�EDVHG�7)3��PXOWLSOLHG�E\�WKH�LQYHUVH�RI�WKH�QRPLQDO�VKDUH�RI�YDOXH�DGGHG�LQ�JURVV�RXWSXW�
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WKH�KRUL]RQWDO�D[LV�RI�)LJXUH����FRXQWULHV�KDYH�EHHQ�DUUD\HG�LQ�RUGHU�RI�WKHLU�7)3�*2��OHYHOV��7KXV�� ZKLOH� WKH� OLQH� FRUUHVSRQGLQJ� WR� 7)3�*2�� LV� FRQWLQXRXVO\� LQFUHDVLQJ� E\� GHILQLWLRQ��FKDQJHV� LQ� WKH� VLJQ� RI� WKH� VORSH� IRU� RWKHU� SURGXFWLYLW\� HVWLPDWH� UHSUHVHQW� D� FKDQJH� LQ� WKH�UDQNLQJ� RI� FRXQWULHV�� 6RPH� FRXQWULHV�� DQG� WKLV� LV� WKH� FDVH� IRU� WKH�8.�� VKDUSO\ FKDQJH� WKHLU�SRVLWLRQ�IURP�RQH�GDWD�VHW�WR�WKH�RWKHU��:KLOH�7)3�*2��DQG�7)3�9$��RYHUODS�LQ�)LJXUH����LW�LV� ZRUWK� PHQWLRQLQJ� WKDW� LQ� WHUPV� RI� PDJQLWXGHV� WKH� GLVWDQFH� WR� WKH� OHDGHU� LV� UHGXFHG�� RQ�DYHUDJH��E\�KDOI�ZKHQ�JURVV�RXWSXW�� LV�XVHG�
2QH� ZD\� RI� IRUPDOL]LQJ� WKH� FORVHQHVV� RI� WKHVH� YDULRXV� UDQNLQJV� SUHVHQWHG� LQ� 7DEOH� �� LV� WR�FRPSXWH� UDQN� FRUUHODWLRQ�� 7KH� UHVXOWV� LQ� 7DEOH� �� VXJJHVW� WKDW� WKH� UDQNLQJ� SURYLGHG� E\� WKH�FRPPRQO\� XVHG� /3�9$�� LV� RQO\� VLJQLILFDQWO\� �UDQN�� FRUUHODWHG�ZLWK� WKH� UDQNLQJ� SURYLGHG� E\�/3�*2�� DW� WKH� ��� OHYHO� RI� VLJQLILFDQFH�� $GGLWLRQDOO\�� /3�*2��� D� PHDVXUH� RI� ODERXU�SURGXFWLYLW\� UDUHO\� XVHG�� DSSHDUV� WR� EH� VLJQLILFDQWO\� FRUUHODWHG�ZLWK� WKH� UDQNLQJV� SURYLGHG� E\�WKH� RWKHU� GLIIHUHQW� PHDVXUHV� DW� ��� VLJQLILFDQFH� OHYHO�� 1RW� VXUSULVLQJ� WKH� QXOO� K\SRWKHVLV� RI�LQGHSHQGHQFH�RI�WKH�WZR�UDQNLQJV�SURYLGHG�E\�7)3�9$��DQG�7)3�*2��LV�UHMHFWHG�

7DEOH��6SHDUPDQ¶V�5DQN�&RUUHODWLRQ�&RHIILFLHQWV/3�9$� /3�*2� 7)3�9$�/3�*2� �����
>�����@7)3�9$� ������ �����
>�����@ >�����@
7)3�*2� ������ �����
 ����

>�����@ >�����@ >������@

1RWHV� 7KH�7DEOH�UHSRUWV�6SHDUPDQ�UDQN�FRUUHODWLRQ�FRHIILFLHQWV
�6LJQLILFDQW�DW����OHYHO�

 6LJQLILFDQW�DW����OHYHO�

�� 1RWH�WKDW��LQ�SDUWLFXODU��IRU�WKH�\HDU������FXUUHQF\�FRQYHUVLRQ�IDFWRUV�IRU�JURVV�RXWSXW��LQWHUPHGLDWH�LQSXWV�DQG�YDOXH� DGGHG� DUH� DVVXPHG� WR� EH� WKH� VDPH�� DQG� HTXDO� WR� WKH�895�XVHG� IRU�RXWSXW�� 7KH� ODFN�RI� UHOLDEOH�LQIRUPDWLRQ� RQ� LQWHUQDWLRQDO� SULFH� GDWD� RQ� LQWHUPHGLDWH� JRRGV� PDNHV� WKH� GRXEOH� GHIODWLRQ� DSSURDFK� QRW�SUDFWLFDEOH�KHUH�
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��7+(�8.·6�5(/$7,9(�352'8&7,9,7<�3(5)250$1&(�,1�0$18)$&785,1*�,1'8675,(6��$�*52:7+�$&&2817,1*�$3352$&+
$JJUHJDWH�SDWWHUQV�RI�PDQXIDFWXULQJ�FRQYHUJHQFH� DQG� UHODWLYH�GHFOLQH�PD\�EH� UHSUHVHQWHG�E\�VLPLODU�PRYHPHQWV� DW� D�PRUH� GLVDJJUHJDWHG� OHYHO� RU�PD\� KLGH� GLYHUJLQJ� WUHQGV�� 7KLV� VHFWLRQ�FRQVLGHUV�WKH�HPSLULFDO�HYLGHQFH�RQ�8.·V�SURGXFWLYLW\�SHUIRUPDQFH�DW�VHFWRUDO�OHYHO�UHODWLYH�WR�VRPH�RI�LWV�PDMRU�DQG�PRVW�LQIOXHQWLDO�FRPSHWLWRUV��7KH�JURZWK�DFFRXQWLQJ�IUDPHZRUN�LV�XVHG�WKURXJKRXW�WKLV�VHFWLRQ�DV�D�PHWKRG�RI�GHVFULELQJ�DQG�EHQFKPDUNLQJ�SURGXFWLYLW\�SHUIRUPDQFH�EDVHG�RQ�JURVV�RXWSXW��ERWK�LQ�WHUPV�RI�OHYHOV�DQG�LQ�WHUPV�RI�JURZWK�UDWHV�
�����6HFWRUDO�7)3�/HYHOV
7KLV� VHFWLRQ� DLPV� WR� H[DPLQH� WKH� SDWWHUQV� WKDW� HPHUJH� IURP� WKH� VHFWRUDO� JURVV�RXWSXW� EDVHG�7)3� OHYHO� GDWD��0RUHRYHU� LW� VHHNV� WR� LGHQWLI\� WKRVH� VHFWRUV�ZKLFK� LQ� UHODWLRQ� WR� SURGXFWLYLW\�SHUIRUPDQFH� LQ�RWKHU� FRXQWULHV�KDYH� UHSUHVHQWHG� WKH� HQJLQHV� RI� WKH�%ULWLVK� LQGXVWU\�RYHU� WKH�SDVW�WKUHH�GHFDGHV��7R�WKLV�HQG�7DEOH���VKRZV�KRZ�WKH�OHYHO�RI�7)3�LQ�WHUPV�RI�JURVV�RXWSXW�KDV�HYROYHG�IRU�VHYHUDO�PDQXIDFWXULQJ�LQGXVWULHV�LQ�D�FRPSDUDWLYH�FRQWH[W��7KH�ILJXUHV�UHODWH�WR�WKH�OHYHO�RI�7)3�RQ�WKUHH�LQWHUPHGLDWH�GDWHV��L�H�������������DQG��������
$OWKRXJK� WKH�86�VWDQGV�RXW�DV� WKH�FOHDU� OHDGHU� LQ�SURGXFWLYLW\� LQ� WRWDO�PDQXIDFWXULQJ�IRU� WKH�SHULRG�FRQVLGHUHG�� LW�GRHV�QRW� OHDG�LQ�VRPH�RI�WKH�PDQXIDFWXULQJ�VXEVHFWRUV��UDWKHU�*HUPDQ\�DQG�)UDQFH�GR��,Q�IDFW��E\�������*HUPDQ\�DQG�)UDQFH�KDG�HYHQ�KLJKHU�SURGXFWLYLW\�OHYHOV�WKDQ�WKH�86� LQ� WKH�PDQXIDFWXUH� RI� WH[WLOHV� �7/���QRQ�PHWDOOLF�PLQHUDO� SURGXFWV� �100��DQG�EDVLF�PHWDOV� �%)0��� DQG�*HUPDQ\�ZDV� DOVR� DKHDG� LQ� IRRG� �)%7��� FKHPLFDOV� �&+�� DQG�PDFKLQHU\��027���+RZHYHU��WKH�WUHQG�E\�ZKLFK�WKHVH�FRXQWULHV�ZHUH�FDWFKLQJ�XS�ZLWK�WKH�86�VWDJQDWHG�RU�HYHQ�EHJDQ�WR�GLYHUJH�LQ�WKH�����·V��2YHUDOO�� LW�FDQ�EH�REVHUYHG�WKDW�PRVW�RI�WKH�FRXQWULHV�ZHUH� FORVHU� WR� WKH�86� LQ� ����� WKDQ� LQ� ������ WKH� H[FHSWLRQ� EHLQJ� WKH�8.�� ZKLFK� FRQWLQXHG�FRQYHUJLQJ�WR�86�YDOXHV��DW� OHDVW�XQWLO�������DQG�FORVHG�WKH�JDS�ZLWK�*HUPDQ\�DQG�)UDQFH�LQ�PDQ\�LQGXVWULHV��3DUWLFXODUO\��E\�������WKH�SURGXFWLYLW\�JDS�LQ�WKH�%ULWLVK�FKHPLFDO��PLQHUDO�DQG�SDSHU�LQGXVWULHV�ZLWK�UHVSHFW�WR�WKH�EHVW�FRXQWU\�SHUIRUPHU�ZDV�RI�RUGHU�RI��������LQ�WHUPV�RI�JURVV�RXWSXW�EDVHG�7)3�PHDVXUHV��
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�� 1RWH�WKDW�VLQFH�WKH�RXWSXW�HODVWLFLWLHV�RI�IDFWRUV�-�VXP�XS�WR�WKH�VFDOH�HODVWLFLW\��(XOHU¶V�7KHRUHP��RQH�FDQ�FRPSXWH� WKH� FDSLWDO� HODVWLFLW\� DV� WKH� IROORZLQJ� GLIIHUHQFH� � / 0) . V V. ) O P Pw  � � �w �� 7KLV� UHODWLRQ� LV� YHU\�XVHIXO�DV�LW�DYRLGV�WKH�SUREOHPDWLF�FRPSXWDWLRQ�RI�WKH�VKDGRZ�YDOXH�RI�FDSLWDO��� 7KH�PDUN�XS��WKH�FDSDFLW\�XWLOLVDWLRQ�DQG�VFDOH�FRHIILFLHQWV�DUH�FRQVLGHUHG�DV�DYHUDJH�SDUDPHWHUV��� )RU�HPSLULFDO�SXUSRVH��GLVFUHWH�JURZWK�UDWHV�UHSODFH�FRQWLQXRXV�RQHV�DQG�WKH�LQGH[�RI�LQSXW�JURZWK��)&��LV�D�7|UQTYLVW�RQH��ZKHUH�WKH�ZHLJKWV�DUH�WKH�DULWKPHWLF�DYHUDJH�RI�WKH�VKDUHV�LQ�\HDU��W��DQG��W����UHVSHFWLYHO\�
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)LQDOO\��LQVHUWLQJ�HTXDWLRQ����� LQWR�HTXDWLRQ�����RQH�REWDLQV�WKH�HTXDWLRQ�WR�EH�HVWLPDWHG�
���� OQ� � � OQ OQ� � OQLFW LF LF LFW LF LFW L LFW LFW4 . )& . &8E P O G Q'  � ' � ' � ' �
����(FRQRPHWULF�,VVXHV
%HIRUH�WXUQLQJ�WR�WKH�UHVXOWV��WKHUH�DUH�D�QXPEHU�RI�LVVXHV�WR�GLVFXVV�UHODWLQJ�WR�HTXDWLRQ�������)LUVW�� LW� LV� LQ� SULQFLSOH� VHQVLEOH� WR� DVVXPH� WKDW� WKHUH� PD\� EH� LPSRUWDQW� GLIIHUHQFHV� EHWZHHQ�LQGXVWULHV� LQ� HDFK� FRXQWU\��+RZHYHU�� LW� LV� DVVXPHG� WKDW� WKH�SURGXFWLRQ� VWUXFWXUH�RI� WKH�VDPH�LQGXVWU\� LV� YHU\� OLNHO\� WR�EH� VLPLODU� LQ� D� VHW�RI� LQGXVWULDOL]HG�FRXQWULHV��7KHUHIRUH��SDUDPHWHUV�HVWLPDWHG�DUH� DVVXPHG�WR�EH� WKH�VDPH�DFURVV� LQGXVWULHV� LQ�GLIIHUHQW�FRXQWULHV�� H[FHSW�IRU� WKH�HVWLPDWHG� 7)3� JURZWK� UDWHV�� ZKLFK�� LQ� SULQFLSOH�� DUH� DOORZHG� WR� YDU\� DFURVV� VHFWRUV� DQG�FRXQWULHV�
6HFRQG�� WKLV PRGHO� LV�EDVHG�RQ�WKH�DVVXPSWLRQV�RI�VWDWLRQDULW\�RI�DOO� WKH�YDULDEOHV� LQFOXGHG�LQ�WKH� UHJUHVVLRQ�� )DLOLQJ� VXFK� DQ� DVVXPSWLRQ� RQH� PLJKW� EH� GHDOLQJ� ZLWK� VSXULRXV� UHJUHVVLRQV��8QLW�URRW�WHVWV�DUH�SHUIRUPHG�RQ�WKH�LQGLYLGXDO�VHULHV�WR�HQVXUH�DOO�YDULDEOHV�HQWHULQJ�HTXDWLRQ������ DUH� VWDWLRQDU\�� $PRQJ� WKH� YDULRXV� WHVWV� SURSRVHG� LQ� WKH� OLWHUDWXUH�� WKH� ,P�� 3HVDUDQ� DQG�6KLQ���������,36��SDQHO�XQLW�URRW�WHVW�LV�VXLWDEOH�KHUH��7KH�,36� W�EDU�WHVW�LV�EDVHG�RQ�DQ�DYHUDJH�RI�WKH�LQGLYLGXDO�FRXQWU\�LQGXVWU\�'LFNH\�)XOOHU��$')��WHVWV�ZKLOH�DOORZLQJ�IRU�KHWHURJHQHRXV�FRHIILFLHQWV� XQGHU� WKH� DOWHUQDWLYH� K\SRWKHVLV� DQG� GLIIHUHQW� VHULDO� FRUUHODWLRQ� SDWWHUQV� DFURVV�JURXSV��8QGHU�WKH�QXOO�K\SRWKHVLV��DOO�JURXSV�H[KLELW�D�XQLW�URRW�ZKLOH�XQGHU�WKH�DOWHUQDWLYH�WKLV�LV�QRW�WUXH�IRU�VRPH��
7DEOH� %� LQ� $SSHQGL[� %� SUHVHQWV� WKH� UHVXOWV� RI� WKH� SDQHO� XQLW� URRW� WHVWV� DOORZLQJ� IRU� DQ�LQWHUFHSW��$SSO\LQJ�E\� LQGXVWU\�WKH� W�EDU�WHVW�WR� WKH�YDULDEOHV� LQ�ILUVW�GLIIHUHQFHV�� WHVW�VWDWLVWLFV�DUH� REWDLQHG� DERYH� WKH� FULWLFDO� YDOXH� WR� UHMHFW� WKH�K\SRWKHVLV� RI� WKH�SUHVHQFH�RI� D� XQLW� URRW��7KHVH� WHVWV� DUH� EDVHG� RQ� DQ� $')� UHJUHVVLRQ� RI �� ODJ� DQG� D� ')� UHJUHVVLRQ�� 7KHUHIRUH�� WKH�UHMHFWLRQ�RI� WKH�QXOO� K\SRWKHVLV� LPSOLHV�WKDW� WKH�GDWD� VHULHV� LQ�JURZWK� UDWHV�DUH�VWDWLRQDU\�DQG�
�� 7KH�PDUN�XS��WKH�FDSDFLW\�XWLOLVDWLRQ�DQG�WKH�VFDOH�FRHIILFLHQWV�DUH�DVVXPHG�WR�EH�FRQVWDQW�DFURVV�FRXQWULHV�EXW�DOORZHG�WR�YDU\�DFURVV�LQGXVWULHV��7KLV�LV�DFKLHYHG�XVLQJ�VORSH�GXPP\�YDULDEOHV�IRU�HDFK�LQGXVWU\�
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FRQVHTXHQWO\��WUDGLWLRQDO�HVWLPDWLRQ�PHWKRGV�FDQ�EH�XVHG�WR�HVWLPDWH�WKH�UHODWLRQVKLS�EHWZHHQ�WKHP�
(TXDWLRQ� ����� FDQ� EH� HVWLPDWHG� LQ� YDULRXV� ZD\V� GHSHQGLQJ� RQ� KRZ� RQH� FRQVLGHUV� WKH� HUURU�WHUP� DQG� DGGUHVVHV� SRWHQWLDO� FRUUHODWLRQ� EHWZHHQ� WKH� ULJKW� KDQG� VLGH� YDULDEOHV� DQG� WKH�FRPSRVLWH�HUURU� WHUP�GXH� WR� VLPXOWDQHLW\�DQG�RU�RPLWWHG�YDULDEOH�SUREOHPV��7KH�DSSURSULDWH�VROXWLRQ�WR�WKH�SRWHQWLDO�FRUUHODWLRQ�SUREOHP� LV�WR�XVH�DQ�LQVWUXPHQWDO�YDULDEOH�HVWLPDWRU��7KH�GLIILFXOW\��KRZHYHU��LV�WKH�ODFN�RI�DSSURSULDWH�LQVWUXPHQWV�LQ�WKLV�NLQG�RI�UHJUHVVLRQV��DV�VKRZQ�LQ�RWKHU� VWXGLHV�� VHH�*ULOLFKHV� DQG�0DLUHVVH�������� ,Q�IDFW��%DVX�DQG�)HUQDOG�������� ILQG�WKDW�XVLQJ�2/6�GRHV�QRW�JUHDWO\� DIIHFW� WKH� UHVXOW��7KH�HVWLPDWHG�SDUDPHWHUV�RI� �����DUH� WKXV�QRQ�LQVWUXPHQWHG����
)LQDOO\�� DQ� LVVXH� LQ� HVWLPDWLQJ� HTXDWLRQ� ����� LV� WKH� SRVVLELOLW\� RI� VHULDO� FRUUHODWLRQ� DQG�KHWHURVNHGDVWLFLW\� LQ� WKH� UHVLGXDOV��$�SUHOLPLQDU\� UHJUHVVLRQ�RI� HTXDWLRQ� �����E\�2/6� �UHVXOWV�QRW� UHSRUWHG�� VXJJHVWV� WKH� QRQ�H[LVWHQFH� RI� VHULDO� FRUUHODWLRQ� LQ� WKH� UHVLGXDOV�� 7KH� %DOWDJL�DXWRFRUUHODWLRQ� /0� WHVW� IRU� SDQHO� GDWD� SUHGLFWV� D� ·����� VWDWLVWLF� IRU� WKH� QXOO� RI� QR� VHULDO�FRUUHODWLRQ� RI� ������ ZLWK� D� SUREDELOLW\� YDOXH� RI� ������� DQG� WKH� 'XUELQ�:DWVRQ� VWDWLVWLF� IRU�SDQHO�GDWD� LV�������+RZHYHU��SUH�WHVWLQJ�WKH�QXOO�RI�D�FRQVWDQW�YDULDQFH�UHMHFWV�WKH�DVVXPSWLRQ�RI� KRPRVNHGDVWLFLW\���� $VVXPLQJ� KRPRVNHGDVWLFLW\� GLVWXUEDQFHV� ZKHQ� KHWHURVNHGDVWLFLW\� LV�SUHVHQW�ZLOO�VWLOO�UHVXOW�LQ�FRQVLVWHQW�HVWLPDWHV�RI�WKH�UHJUHVVLRQ�FRHIILFLHQWV��EXW�WKHVH�HVWLPDWHV�ZLOO�QRW�EH�HIILFLHQW��,Q�SDUWLFXODU��WKH�PRGLILHG�:DOG�WHVW�IRU�JURXSZLVH�KHWHURVNHGDVWLFLW\��+R��³�LF  � ³���✂ LF��SUHGLFWV� D�·������ VWDWLVWLF�RI���������ZLWK�D�SUREDELOLW\� YDOXH�RI��������2Q� WKH�EDVLV� RI� WKLV� WHVW� WKH� DQDO\VLV� SURFHHGV� E\� HVWLPDWLQJ� WKH� UHJUHVVLRQ� DOORZLQJ� IRU�KHWHURVNHGDVWLFLW\�LQ�WKH�UHVLGXDOV�
,Q� WKH� FDVHV� RI� KHWHURVNHGDVWLF� SDQHOV� RQH� KDV� WZR� SRVVLELOLWLHV� WR� SURFHHG�� �D�� PDNLQJ�DVVXPSWLRQV�DERXW�WKH�SUHFLVH�IRUP�RI�KHWHURVNHGDVWLFLW\�DQG�HVWLPDWLQJ�WKH�PRGHO�DJDLQ�ZLWK�*/6�� RU� �E�� XVLQJ� D� FRYDULDQFH� PDWUL[� HVWLPDWRU� WKDW� LV� UREXVW� DJDLQVW� KHWHURVNHGDVWLFLW\� RI�XQNQRZQ� IRUP�� 7KH� UHVXOWV� SUHVHQWHG� LQ� WKLV� SDSHU� DUH� EDVHG� RQ� WKH� ILUVW� DSSURDFK��
�� 7KH\� VKRXOG� EH� LQWHUSUHWHG� ZLWK� FDXWLRQ�� DV� WKH\� PD\� QRW� EH� FRQVLVWHQW� HVWLPDWHV� RI� WKH� VWUXFWXUDO�SDUDPHWHUV�GXH�WR�WKH�VLPXOWDQHLW\�SUREOHP���� 7KH�%UHXFK�DQG�3DJDQ�/0�WHVW�IRU�FURVV�VHFWLRQDO�FRUUHODWLRQ�FDQQRW�UHMHFW�WKH�QXOO�RI�VSDWLDO�LQGHSHQGHQFH�RI�WKH�UHVLGXDOV��7KH�$��������VWDWLVWLF�UHSRUWV�D�YDOXH�RI���������ZLWK�SUREDELOLW\�YDOXH�RI��������



��

1HYHUWKHOHVV�� SRLQW� HVWLPDWHV� XQGHU� ERWK� DSSURDFKHV� ZHUH� YHU\� VLPLODU�� DOWKRXJK� VWDQGDUG�HUURUV�ZHUH�VOLJKWO\�KLJKHU�XQGHU�WKH�VHFRQG�DSSURDFK��EXW�LQ�QR�FDVH�FKDQJLQJ�WKH�VLJQLILFDQFH�RI�WKH�FRHIILFLHQWV��,Q�SDUWLFXODU��WKH�.PHQWD�&+7$�FRUUHFWLRQ�IRU�SDQHO�KHWHURVNHGDVWLFLW\�LV�XVHG�� L�H��3DQHO�:HLJKWHG�/HDVW�6TXDUHV��3:/6���7KLV�HVWLPDWRU�LV�D�IRUP�RI�*/6�DOWKRXJK�LW�DSSOLHV� WKH� ILQLWH� VDPSOH� QRUPDOLVDWLRQ� DGMXVWPHQW� WR� WKH� HVWLPDWHG� YDULDQFHV�� 7KH� DQDO\VLV�VWDUWV� E\� HVWLPDWLQJ� HTXDWLRQ� ����� YLD�2/6� DQG� JHQHUDWLQJ� UHVLGXDOV�� ZKLFK� DUH� WKHQ� XVHG� WR�HVWLPDWH�WKH�HUURU�YDULDQFHV��7KH�HVWLPDWHG�YDULDQFHV�DUH�WKHQ�XVHG�WR�ZHLJKW�HYHU\�REVHUYDWLRQ�LQ�D�SDUWLFXODU�XQLW�´LFµ��DQG�2/6�LV�UXQ�DJDLQ�RQ�WKH�ZHLJKWHG�GDWD���
����(PSLULFDO�5HVXOWV�
7DEOH� �� UHSRUWV� HVWLPDWHV� RI� WKUHH� YDULDQWV� RI� HTXDWLRQ� ������ 7KH� HVWLPDWRU� LQ� HDFK� FDVH� LV�3:/6� DV� GLVFXVVHG� DERYH�� 0RGHO� �� LV� WKH� XQUHVWULFWHG� HTXDWLRQ�� ZKLOH� 0RGHO� �� LPSRVHV�FRQVWDQW� UHWXUQV� WR� VFDOH�� 0RGHO� �� LPSRVHV� UHVWULFWLRQ� DFURVV� FRXQWULHV� RQ� WKH� 7)3� JURZWK�WHUP� DW� WKH� LQGXVWU\� OHYHO� DQG�� ILQDOO\��0RGHO� �� LV� WKH� FRQVWDQW� UHWXUQV� UHVWULFWHG� YHUVLRQ� RI�0RGHO����
7KH� XQUHVWULFWHG� PRGHO� DOORZV� IRU� WZR� VRXUFHV� RI� LQGXVWU\� SURGXFWLYLW\� JURZWK� GLIIHUHQFHV��GLIIHUHQFHV� LQ� WKH� VFDOH� RI� SURGXFWLRQ� ZLWKLQ� LQGXVWU\� DQG� LQGXVWU\�FRXQWU\� GLIIHUHQFHV� LQ�SURGXFWLYLW\� JURZWK� UDWHV�� 7KH� LPSRVLWLRQ� RI� FRQVWDQW� UHWXUQV� WR� VFDOH� �«  � ��� LQ� 0RGHO� ��PHDQV� WKDW� DQ\� GLIIHUHQFHV� LQ� SURGXFWLYLW\� JURZWK� ZLOO� EH� DWWULEXWHG� WR� LQGXVWU\�FRXQWU\�VSHFLILF�JURZWK�UDWHV��,Q�IDFW��WKH�WHVW�RI�WKH�QXOO�K\SRWKHVLV�RI�«L  ���IRU�DOO�LQGXVWULHV�FDQQRW�EH�UHMHFWHG�DW�WKH����OHYHO�RI�VLJQLILFDQFH�RQ�WKH�EDVLV�RI�DQ�)�WHVW��)��������� �������2Q�WKH�RWKHU�KDQG��WKH�DVVXPSWLRQ�RI�HTXDO�7)3�JURZWK�UDWHV�IRU�LQGXVWU\�L DFURVV�FRXQWULHV��+���¢LF� �¢L�� FDQQRW� EH� UHMHFWHG� �0RGHO� �� WR�0RGHO� ��� DQG�0RGHO� �� WR�0RGHO� ���� ,Q� RWKHU� ZRUGV�� WKH�UHVXOWV� VXJJHVW� WKDW�GLIIHUHQFHV� LQ�SURGXFWLYLW\�JURZWK� UDWHV�ZLWKLQ� DQ� LQGXVWU\�DFURVV� WKH�*��HFRQRPLHV�DUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�

�� 7KLV�LV�URXJKO\�DQDORJRXV�WR�³UREXVW´�VWDQGDUG�HUURU�LQ�D�SDQHO�FRQWH[W���
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7DEOH��(VWLPDWHV�RI�(TXDWLRQ�����0RGHO�� 0RGHO�� 0RGHO�� 0RGHO��&RHII� 6WG��(UU� &RHII� 6WG��(UU� &RHII� 6WG��(UU� &RHII� 6WG��0DUN�XS)%7 �����
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$V� FDQ�EH�YHULILHG� LQ�7DEOH���� WKH� FRHIILFLHQW� HVWLPDWHV� FRQILUP� WKH�SUHVHQFH�RI�SRVLWLYH� DQG�VWDWLVWLFDOO\� VLJQLILFDQW� PDUN�XSV�� H[FHSW� IRU� WKH� )%7� LQGXVWULHV�� ZKHUH� WKH� ���� FRQILGHQFH�LQWHUYDO�RI� WKH�HVWLPDWH�RI�¬ LQFOXGHV��� LQ�DQ\�RI� WKH�PRGHOV� DQDO\VHG�� ,QGXVWULHV�ZLWK�KLJKHU�PDUN�XSV� DUH� WKH�QRQ�PHWDOOLF�PLQHUDO� LQGXVWU\� IROORZHG�E\� WKH�PDFKLQHU\� LQGXVWU\�� ,Q� SULRU�VWXGLHV�� HVWLPDWHV� IRU�PDUN�XSV�REWDLQHG�ZLWKLQ� WKH�SULPDO� IUDPHZRUN�YDU\� LQ� VL]H��EXW�DOO� RI�WKHP�SRLQW� WRZDUG� WKH�H[LVWHQFH�RI�PDUNHW�SRZHU� �+DOO��������������7KH�FUXFLDO� IDFWRU�ZKHQ�HVWLPDWLQJ�PDUN�XSV�DSSHDUV�WR�EH�WKH�GHILQLWLRQ�RI�RXWSXW��� 5HJDUGOHVV�RI�WKH�RXWSXW�FRQFHSW�XVHG� LQ� SULRU� VWXGLHV��PDUN�XS� HVWLPDWHV� SUHVHQWHG� LQ� WKLV� UHVHDUFK� DUH� LQ� JHQHUDO� ERWK�PRUH�KRPRJHQHRXV� DFURVV� LQGXVWULHV� DQG� ORZHU��PRVWO\� UDQJLQJ�EHWZHHQ����� DQG�EHLQJ�ZHOO� EHORZ�����IRU�HYHU\�LQGXVWU\�
0DUN�XSV�DQG�UHWXUQV� WR�VFDOH�DUH�HFRQRPLFDOO\� UHODWHG�VXFK�¬�75�7&� ���«�����+RZHYHU�� LQ�WKLV� FDVH� WKH� UHVXOWV� VXJJHVW� GHYLDWLRQ� IURP� FRQVWDQW� UHWXUQV� WR� VFDOH� LV� LQGLYLGXDOO\� QRQ�VLJQLILFDQW�IRU�DOO�WKH�FRQVLGHUHG�LQGXVWULHV��H[FHSW�IRU WKH�)%7�LQGXVWU\�ZKLFK�DSSHDUV�WR�VKRZ�VLJQLILFDQW�GHFUHDVLQJ� UHWXUQV� WR� VFDOH��DOWKRXJK� LWV�PDUN�XS� LV�QRW� VLJQLILFDQWO\�GLIIHUHQW�IURP����$V� IDU� DV� HFRQRPLHV�RI� VFDOH� LV� FRQFHUQHG�� WKH� ILQGLQJ�RI� FRQVWDQW� UHWXUQV� LV�QRWKLQJ�QHZ��%XUQVLGH� ������ %XUQVLGH HW� DO� ������+DVNHO HW� DO� ������� 5HVXOWV� REWDLQHG� ZLWKLQ� WKH� SULPDO�DSSURDFK�DUH�PL[HG��6RPH HVWLPDWHV� LPSO\�KLJK� LQFUHDVLQJ� UHWXUQV� WR� VFDOH� �+DOO��������ZKLOH�RWKHUV� ILQG� RQO\� PRGHUDWH� HFRQRPLHV� RI� VFDOH� �%DUWHOVPDQ HW� DO� ������� FRQVWDQW� �%XUQVLGH�������%XUQVLGH HW�DO� ����� RU�HYHQ�GHFUHDVLQJ�UHWXUQV��%DVX�DQG�)HUQDOG�������
7KH FDSDFLW\� XWLOLVDWLRQ� WHUP�� RQ� WKH� RWKHU� KDQG�� DSSHDUV� VLJQLILFDQW� IRU� �� RI� WKH� LQGXVWULHV�FRQVLGHUHG�� &RUUHFWLQJ� PHDVXUHV� RI� LQSXW� IRU� F\FOLFDO� FKDQJHV� LQ� FDSDFLW\� XWLOLVDWLRQ� KDV� D�VLJQLILFDQW�LPSDFW�RQ�HVWLPDWHV�RI�WKH�PDUN�XSV�DQG�UHWXUQV�WR�VFDOH��:KHQ�FDSDFLW\�XWLOLVDWLRQ�LV� LQFOXGHG� LQ� WKH� UHJUHVVLRQ� WKH� VLJQLILFDQFH� DQG� VL]HV� RI� WKH�PDUN�XS�GLPLQLVKHV��7KH� VDPH�DSSOLHV�WR�WKH�HVWLPDWHV�RI�WKH�UHWXUQV�WR�VFDOH�

�� %DVX� DQG� )HUQDOG� ������� VKRZ� WKDW� WKH� XVH�RI� YDOXH� DGGHG� GDWD� HVWLPDWHG�PDUN�XSV� XSZDUGV�� ,Q� IDFW��HVWLPDWHV�REWDLQHG�ZLWK�JURVV�RXWSXW�GDWD�DUH�JHQHUDOO\�ORZHU�WKDQ�WKRVH�REWDLQHG�ZLWK�YDOXH�DGGHG�GDWD���� 75�DQG�7&�VWDQG�IRU�WRWDO�UHYHQXHV�DQG�WRWDO�FRVWV�UHVSHFWLYHO\�
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��',6&866,21
7KH� LQWHUHVW� LQ� WKLV� VHFWLRQ� LV�PXOWLSOH��%DVHG�RQ� WKH� UHVXOWV�GHULYHG� LQ�SUHYLRXV� VHFWLRQV�� WKH�ILUVW�REMHFWLYH� LV� WR� H[DPLQH� WKH�GLUHFWLRQ� DQG� VL]H�RI� WKH�ELDV� LQ� WKH�SURGXFWLYLW\� UHVLGXDO�E\�XVLQJ� WKH� WUDGLWLRQDO� JURZWK� DFFRXQWLQJ� DSSURDFK�� 7KH� VHFRQG� JRDO� LV� WR� VWXG\� ZKHWKHU�DGMXVWLQJ� IRU� ELDV�PDWHULDOO\� DIIHFWV� LQWHUQDWLRQDO� FRPSDULVRQV� RI�7)3� RYHU� WLPH�� )LQDOO\�� WKH�UHVXOWV�UHSRUWHG�KHUH�DUH�FRPSDUHG�ZLWK�WKRVH�IURP�RWKHU�UHFHQW�VWXGLHV�
����%LDV�LQ�7UDGLWLRQDO�7)3�(VWLPDWHV
7DEOH���SUHVHQWV�WKH�LPSOLHG�DYHUDJH�JURVV�RXWSXW�EDVHG�7)3�UDWHV�XVLQJ�ERWK� WKH�SDUDPHWULF�DQG� QRQ�SDUDPHWULF� WHFKQLTXHV� IRU� GLIIHUHQW� LQGXVWU\� JURXSV� DQG� FRXQWULHV� RYHU� WKH� SHULRG������������3DUWLFXODUO\��WKH�SDUDPHWULF�HVWLPDWHV�DUH�WKRVH�EDVHG�RQ�WKH�UHVXOWV�UHSRUWHG�LQ�WKH�ODVW�FROXPQ�RI�7DEOH���� FRUUHVSRQGLQJ�WR� WKH�HVWLPDWLRQ�RI�0RGHO����2Q�WKH�RWKHU�KDQG�� WKH�QRQ�SDUDPHWULF�HVWLPDWHV�DUH�WKRVH�EDVHG�RQ�WKH�DFFRXQWLQJ�DSSURDFK�RXWOLQHG�LQ�VHFWLRQ����
$UH� WUDGLWLRQDO� JURZWK� DFFRXQWLQJ� PHDVXUHV� RI� 7)3� JURZWK� VHULRXVO\� ELDVHG"� 7KH� UHVXOWV�SUHVHQWHG� LQ�7DEOH� �� VXJJHVW� WKDW� WKH�JURZWK� DFFRXQWLQJ�7)3� UDWHV� HVWLPDWHV��ZKLFK� DUH� QRW�FRUUHFWHG� IRU� ELDVHV� UHVXOWLQJ� IURP� LPSHUIHFW� FRPSHWLWLRQ� DQG� DGMXVWPHQWV� LQ� FDSDFLW\�XWLOLVDWLRQ�DUH�D�SRRU�JXLGH� WR� WKH�´DGMXVWHGµ�7)3��7KH�ODWWHU�DUH�REWDLQHG�ZKHQ�WKRVH�ELDVHV�KDYH� EHHQ� UHPRYHG� DQG� WKH\�PD\� EH� WKRXJKW� RI� DV� D� EHWWHU�PHDVXUH� RI� WKH� FRQWULEXWLRQ� RI�LQQRYDWLRQ�WR�SURGXFWLYLW\�JURZWK��2YHUDOO��IRU�WKH�SHULRG������WR�������WKH�VLJQ�RI�WKH�ELDV�LV�SRVLWLYH��LQ�WKH�VHQVH�WKDW�JURZWK�DFFRXQWLQJ�HVWLPDWHV�XQGHUHVWLPDWH�WUXH�DYHUDJH�7)3�JURZWK�UDWHV�� WKH� RQO\� H[FHSWLRQ� EHLQJ� IRU� WKH� ZRRG� LQGXVWU\�� 7KH� VL]H� RI� WKH� ELDV� FKDQJHV� DFURVV�LQGXVWULHV�DQG�FRXQWULHV��)RU�WKH�FDVH�RI�8.�WKH�DYHUDJH�HVWLPDWHG�ELDV� LV�HTXDO� WR�������7KH�PDMRU� GLIIHUHQFHV� EHWZHHQ�ERWK� DSSURDFKHV� DUH� IRXQG� IRU� -DSDQ� DQG�*HUPDQ\��$GGLWLRQDOO\��WKH�LQGXVWU\�IRU�ZKLFK�WKH�UHVXOWV�GLIIHU�PRVW�LV�WKH�WH[WLOH�LQGXVWU\�
$OWKRXJK�WKH�PDJQLWXGHV�RI�WKH�UHVXOWV�SUHVHQWHG�LQ�WKH�ILUVW�WZR�SDQHOV�RI�7DEOH���DUH�UDWKHU�GLIIHUHQW�� VLPLODU� SDWWHUQV� DFURVV� LQGXVWULHV� RYHU� WKH� VDPSOH� SHULRG� HPHUJH�� ,Q� SDUWLFXODU�� WKH�
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LQGXVWU\� ZLWK� ORZHVW� SURGXFWLYLW\� JURZWK� UDWHV� LV� WKH� IRRG� LQGXVWU\�� ZKLOH� WKH� PDFKLQHU\�LQGXVWU\�LV�WKH�RQH�H[SHULHQFLQJ�IDVWHVW�JURZWK�UDWHV�XQGHU�ERWK�DSSURDFKHV�
7DEOH��3DUDPHWULF�YV��1RQ�3DUDPHWULF�*URVV�2XWSXW�%DVHG�7)3 *URZWK�(VWLPDWHV�����������LQ���WHUPV�

)%7 7/ ::3 333 &+ 100 %)0 027 $YHUDJH 6WG��'HY� 0$1
*URZWK�UDWHV�RI�7)3�*2��� *URZWK�$FFRXQWLQJ ��� ���&' ���� ���� ���� ����� ���� ���� ���� ���� ���� ���� ����)5 ����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����*< ����� ���� ����� ���� ���� ���� ���� ���� ���� ���� ����,7 ���� ���� ���� ���� ����� ���� ���� ���� ���� ���� ����-3 ����� ����� Q�D ����� ����� Q�D ���� ���� ����� ���� ����8. ���� ���� ����� ���� ���� ���� ���� ���� ���� ���� ����86 ���� ���� ���� ����� ���� ���� ���� ���� ���� ���� ����$YHUDJH ����� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����8.�$YJ� ���� ���� ����� ���� ���� ����� ���� ���� ���� ����6WG��'HY� ���� ���� ���� ���� ���� ���� ���� ����*URZWK�UDWHV�RI�7)3�*2���� 3DUDPHWULF�UHVXOWV&' ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����)5 ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����*<��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����,7 ���� ���� ���� ���� ����� ���� ���� ���� ���� ���� ����-3 ����� ���� Q�D ���� ���� Q�D ���� ���� ���� ���� ����8. ���� ���� ����� ���� ���� ���� ���� ���� ���� ���� ����86 ���� ���� ���� ����� ���� ���� ���� ���� ���� ���� ����$YHUDJH ���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����8.�$YJ� ���� ����� ����� ���� ���� ���� ���� ���� ���� ����6WG��'HY� ���� ���� ���� ���� ���� ���� ���� ����%LDV��3DUDPHWULF�±*URZWK�$FFRXQWLQJ

&' ���� ���� ���� ���� ���� ����� ���� ���� ���� ����)5 ���� ���� ����� ����� ���� ���� ���� ���� ���� ����*<��� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����,7 ���� ���� ����� ���� ���� ���� ���� ���� ���� ����-3 ���� ���� Q�D ���� ���� Q�D ���� ���� ���� ����8. ���� ���� ���� ���� ���� ���� ���� ���� ���� ����86 ���� ���� ����� ���� ���� ���� ���� ���� ���� ����$YHUDJH ���� ���� ����� ���� ���� ���� ���� ����6RXUFH� 5HVXOWV�IURP 7DEOH���DQG�7DEOH���1RWH� ����$YHUDJH�	�VWDQGDUG�GHYLDWLRQ�H[FOXGHV�WRWDO�PDQXIDFWXULQJ����*HUPDQ\�UHIHUV�WR�:HVWHUQ�*HUPDQ\��DQG�JURZWK�UDWHV�DUH�FDOFXODWHG�IRU�WKH�SHULRG��������
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'RHV� DGMXVWLQJ� IRU�ELDV� DIIHFW� FRPSDULVRQV�EHWZHHQ�%ULWLVK�DQG� WKH�*� DYHUDJH�7)3�JURZWK�UDWHV"� 7KH� UHVXOWV� SUHVHQWHG� LQ� 7DEOH� �� VXJJHVW� WKDW� ZLWK� UHVSHFW� WR� WKH� SHUIRUPDQFH� RI� WKH�%ULWLVK� LQGXVWULHV�� ERWK� DSSURDFKHV� FRQFOXGH� WKDW� RYHUDOO� 8.� PDQXIDFWXULQJ� LQGXVWULHV�H[SHULHQFHG� KLJKHU� UDWHV� WKDQ� WKH� *�� DYHUDJH�� ZLWK� YHU\� IHZ� H[FHSWLRQV�� 0DMRU� GLIIHUHQFHV�EHWZHHQ� ERWK� DSSURDFKHV� DUH� IRXQG� IRU� WKH� PLQHUDO� LQGXVWU\�� IROORZHG� E\� WKH� WH[WLOH� DQG�PDFKLQHU\�LQGXVWU\��LQGXVWULHV�ZLWK�KLJK�HVWLPDWHG�PDUN�XSV��
'RHV�DGMXVWLQJ�IRU�ELDV�DIIHFW�WKH�VL]H�DQG�GLUHFWLRQ�RI�WKH�%ULWLVK�SURGXFWLYLW\�JDS�ZLWK�UHVSHFW�WR� WKH�7)3� SHUIRUPDQFH�RI� WKH�*�� FRXQWULHV"�7R� DQVZHU� WKLV� TXHVWLRQ�7DEOH� ��SUHVHQWV� WKH�HVWLPDWHG� ELDV� RI� WKH� 8.� UHODWLYH� SURGXFWLYLW\� JDS�� 7KH� ELDV� LV� REWDLQHG� DV� WKH� GLIIHUHQFH�EHWZHHQ� WKH� JURVV� RXWSXW� EDVHG� 7)3� OHYHOV� LQ� ����� REWDLQHG� IURP� DGMXVWLQJ� IRU� LPSHUIHFW�FRPSHWLWLRQ�DQG�FDSDFLW\�XWLOLVDWLRQ�DQG�WKH�7)3�OHYHOV�IURP�WKH�DFFRXQWLQJ�DSSURDFK�RXWOLQHG�LQ�VHFWLRQ����

7DEOH��%LDV�RI�8.�5HODWLYH�7)3�*DS�86 -3 *< )5 ,7 &' $YHUDJH
0$1 ���� ��� ��� ��� ��� ���� ���)%7 ���� ��� ���� ��� ��� ���� ����7/ ���� ��� ���� ���� ��� ���� ����::3 ���� Q�D ���� ��� ��� ���� ���333 ��� ���� ��� ���� ��� ��� ���&+ ��� ��� ���� ���� ��� ��� ���100 ��� Q�D ���� ��� ���� ��� ����%)0 ��� ��� ���� ��� ��� ��� ���027 ���� ��� ����� ��� ��� ���� ���$YHUDJH ���� ��� ���� ��� ��� ���1RWH��7KH�ELDV�LV�FDOFXODWHG�DV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�7)3�OHYHO�LQ������REWDLQHG�IURP�WKH�UHVXOWV�SUHVHQWHG�LQ�7DEOH���DQG�WKH�7)3�OHYHO�IURP�WKH�JURZWK�DFFRXQWLQJ�DSSURDFK�LQ�7DEOH���

)RU�7RWDO�0DQXIDFWXULQJ� �0$1��� WKH� HVWLPDWHG� ELDV� LV� QHJDWLYH� IRU� WKH�86� DQG�&DQDGD� DQG�SRVLWLYH�RWKHUZLVH��$�QHJDWLYH�ELDV�PHDQV�WKDW� UHODWLYH�7)3� OHYHOV�HVWLPDWHV� IURP�WKH�JURZWK�DFFRXQWLQJ�DSSURDFK�DUH�ODUJHU�WKDQ�WKH�´DGMXVWHG�7)3µ�OHYHOV��$W�VHFWRUDO�OHYHO��WKH�VLJQ�RI�WKH�ELDV� LV�SRVLWLYH�DQG�LWV�VL]H�RI�WKH�RUGHU�RI����LQ�ERWK�GLUHFWLRQV��/DUJHU�ELDVHV�DUH� IRXQG�IRU�
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WKH�PLQHUDO��SDSHU� DQG�WKH�WH[WLOH� LQGXVWULHV��$FURVV�FRXQWULHV�PDMRU�GLIIHUHQFHV�DUH�HVWLPDWHG�ZLWK�UHVSHFW�WR�,WDO\��ZLWK�DQ�DYHUDJH�ELDV�RI������*HUPDQ\��DQG�-DSDQ��ZLWK�DQ�DYHUDJH�ELDV�RI�����
2YHUDOO�� WKHVH�HVWLPDWHV� LPSO\� WKDW� LW� LV� LPSRUWDQW� WR�EH�FRQFHUQHG�DERXW�ELDVHV� LQ� WUDGLWLRQDO�HVWLPDWHV� RI� 7)3�� SDUWLFXODUO\� DW� WKH� VHFWRUDO� OHYHO�� $OWKRXJK� IRU� WRWDO� PDQXIDFWXULQJ� WKH�DYHUDJH� ELDV� RI� WKH� SURGXFWLYLW\� JDS� LV� HVWLPDWHG� RI� WKH� RUGHU� RI� ������ WKHUH� DUH� VRPH�LQGXVWULHV�IRU�ZKLFK�WKLV�ELDV�LV�HYHQ�DERYH�����
�����&RPSDULVRQ�ZLWK�3UHYLRXV�6WXGLHV
$V� PHQWLRQHG� LQ� WKH� LQWURGXFWLRQ� WR� WKLV� SDSHU�� WKHUH� KDV� EHHQ� PXFK� UHFHQW� LQWHUHVW� LQ�FRPSDULQJ� WKH� 8.·V� SHUIRUPDQFH� LQ� WHUPV� RI� SURGXFWLYLW\� OHYHOV� ZLWK� WKDW� RI� RWKHU�LQGXVWULDOL]HG�HFRQRPLHV��7KLV�LV�UHIOHFWHG�LQ�WKH�VWXGLHV�E\�2·0DKRQ\���������2·0DKRQ\�DQG�GH�%RHU��������DQG�0DOOH\� HW�DO� ��������7KH ILUVW�WZR�VWXGLHV�DUH�EDVHG�RQ�JURZWK�DFFRXQWLQJ�DQG�XVH�YDOXH� DGGHG� DV� D�PHDVXUH�RI�RXWSXW��7KH� ODWWHU�XVHV�JURVV�RXWSXW� DQG�DGMXVW� IRU� WKH�SUHVHQFH�RI� LPSHUIHFW� FRPSHWLWLRQ� DQG�FDSDFLW\�XWLOLVDWLRQ��%XW�KRZ�GR� WKHVH�RWKHU�HVWLPDWHV�RI�UHODWLYH�8.�7)3�IRU�PDQXIDFWXULQJ�FRPSDUH�ZLWK�WKRVH�UHSRUWHG�KHUH"�7DEOH����FRPSDUHV�UHODWLYH�7)3�OHYHOV�GHULYHG�IURP�SUHYLRXV�VHFWLRQV�ZLWK�WKRVH�UHSRUWHG�E\�RWKHUV��$OO�GDWD�UHIHU�WR�������ZLWK� WKH�H[FHSWLRQ�RI�WKH�GDWD�UHSRUWHG�E\�0DOOH\� HW� DO�� ��������ZKLFK�UHIHUV�WR�������)RU�HDVH�RI�FRPSDULVRQ�� WKH� LQGLFHV�RI�7DEOH����KDYH�EHHQ�UHEDVHG�VR�WKH�8.·V�7)3� OHYHO�LV�VHW�HTXDO�WR�����
$OWKRXJK� RXU� DSSURDFK� LV� FORVHVW� WR� WKH�0DOOH\� HW� DO�� ������� VWXG\�RXU� UHVXOWV� GLIIHU� WR� VRPH�GHJUHH��0DMRU�GLIIHUHQFHV�ZLWK�0DOOH\·V� UHVXOWV UHIHU� WR� WKH� HVWLPDWHG�JDS�ZLWK� UHVSHFW� WR� WKH�86�� ,Q� IDFW�� WKHLU� UHVXOW� LV� FDOOHG� LQWR� TXHVWLRQ�� )RFXVLQJ� RQ� WKH� GLIIHUHQWLDO� ZLWK� WKH� 86��0DOOH\·V�SURGXFWLYLW\�JDS�RI�����LPSOLHV�WKDW��DW�DYHUDJH�JURVV�RXWSXW�EDVHG�7)3�JURZWK�UDWHV�RI����DQG�������IRU�8.�DQG�WKH�86�UHVSHFWLYHO\��LW�ZLOO�WDNH�����\HDUV�IRU�WKH�8.�WR�FDWFK�XS�ZLWK�WKH�86�OHYHOV�LQ�PDQXIDFWXULQJ��2Q�WKH�RWKHU�KDQG��WKH�UHSRUWHG�2·0DKRQ\·V�JDS�RI�����
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LPSOLHV� WKDW� DW� YDOXH� DGGHG� EDVHG� 7)3� JURZWK� UDWHV�� RI� ������ DQG� ������ IRU�8.� DQG�86�UHVSHFWLYHO\�� LW�ZLOO� WDNH� MXVW����\HDUV� WR�FRQYHUJH� WR� WKH�86� OHYHOV��7KHUHIRUH�� WKH�GLIIHUHQFHV�EHWZHHQ� ERWK� VWXGLHV� DUH� TXLWH� FRQVLGHUDEOH�� DOWKRXJK� WKH� UHSRUWHG� JDS� ORRNV� VLPLODU�� 7KH�UHVXOWV�UHSRUWHG�KHUH�DUH�PRUH�LQ�OLQH�ZLWK�WKH�HVWLPDWHV�E\�2·0DKRQ\���������LQ�WKH�VHQVH�WKDW�WKH\� LPSO\� D� ���\HDU� VSDQ� WR� DWWDLQ� WKH�86� OHYHOV� LQ� PDQXIDFWXULQJ� �JLYHQ� FRQVWDQW� UDWHV� RI�JURZWK��
7DEOH���8.�0DQXIDFWXULQJ�3URGXFWLYLW\�*DS��&RPSDULVRQV�ZLWK�3UHYLRXV�6WXGLHV6WXGLHV 7)3�0HDVXUH 86 -3 *< )5 ,7 8. &'$XWKRU $GMXVWHG�*2�7)3 ��� ��� ��� ��� �� ��� ��$XWKRU 6RORZ�*2� ��� �� ��� ��� �� ��� ��$XWKRU 6RORZ�9$� ��� �� ��� ��� �� ��� ��0DOOH\�HW�DO�������� $GMXVWHG�*2�7)3 ��� ��� ��� ���2
0DKRQ\������ 6RORZ�9$� ��� ��� ��� ��� ���2
0DKRQ\������ 6RORZ�9$� ��� ��� ��� ���1RWHV��0DOOH\�HW�DO� �������GDWD�UHIHUV�WR�����

7KH� SUHIHUUHG� HVWLPDWHV� KHUH� �WKRVH� DGMXVWHG� IRU� PDUNHW� SRZHU� DQG� YDULDWLRQV� LQ� FDSDFLW\�XWLOLVDWLRQ�� FRQILUP� WKH� ILQGLQJ� RI� WKHVH� SUHYLRXV� VWXGLHV� WKDW� 8.� PDQXIDFWXULQJ� IDFHV� D�VLJQLILFDQW�SURGXFWLYLW\�ODJ�LQ�WHUPV�RI�7)3��$GGLWLRQDOO\��LQ�DJUHHPHQW�ZLWK�RWKHU�VWXGLHV��WKH�DQDO\VLV�FRQFOXGHV�WKDW�DGMXVWLQJ�IRU�ELDVHV�GRHV�QRW�LPSDFW�KHDYLO\�RQ�WKH�%ULWLVK�SURGXFWLYLW\�JDS�IRU�WKH�PDQXIDFWXULQJ�VHFWRU�LQ�DJJUHJDWH��,Q�SDUWLFXODU��WKH�UHVXOWV�REWDLQHG�LQ�WKH�SUHVHQW�VWXG\�VXJJHVW�WKDW�WKH�JDS�LQ�WHUPV�RI�JURVV�RXWSXW�EDVHG�7)3�ZLWK�UHVSHFW�WR�WKH�86�LV�RI�WKH�RUGHU�RI������ZLWK�UHVSHFW�WR�*HUPDQ\�DQG�)UDQFH�RI�������DQG�RI����ZLWK�UHVSHFW�WR�-DSDQ�
��&21&/86,216
7KH SXUSRVH� RI� WKLV� SDSHU� ZDV� WR� UHYLVLW� WKH� ZHOO�GRFXPHQWHG� SURGXFWLYLW\� JDS� LQ�PDQXIDFWXULQJ�EHWZHHQ� WKH�8.�DQG� LWV�PRVW�GLUHFW� DQG� LQIOXHQWLDO� FRPSHWLWRUV��7R� WKLV� HQG��QHZ� HVWLPDWHV� RI� JURZWK� SHUIRUPDQFH� DQG� OHYHOV� RI� SURGXFWLYLW\� ZHUH� SURYLGHG� IRU� WKH�
�� 7KHVH�JURZWK� UDWHV�DUH� WKH�RQHV�UHSRUWHG�LQ�2¶0DKRQ\��������IRU�YDOXH� DGGHG�EDVHG�7)3�IRU� WKH�SHULRG������������
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DJJUHJDWH�PDQXIDFWXULQJ�VHFWRU�DQG�IRU�D�VHW�RI�HLJKW�PDQXIDFWXULQJ�LQGXVWULHV�RYHU�WKH�SHULRG������������3DUWLFXODUO\�� WKH�VWUHVV�RI� WKH�SUHVHQW� VWXG\�ZDV�SODFHG�XSRQ�WKH�VHQVLWLYLW\�RI� WKH�VL]H� DQG� GLUHFWLRQ� RI� WKH� SURGXFWLYLW\� GLIIHUHQWLDO� WR� PHDVXUHPHQW� LVVXHV� DQG� UHVWULFWLYH�DVVXPSWLRQV�
)LUVW� RI� DOO�� WKH� UHVXOWV� VKRZHG� WKDW� WKH� %ULWLVK� SURGXFWLYLW\� JDS� LQ� WRWDO� PDQXIDFWXULQJ� LV�SDUWLFXODUO\� VHQVLWLYH� WR� GLIIHUHQW� SURGXFWLYLW\� FRQFHSWV��1RW� RQO\� WKH� UHODWLYH� SRVLWLRQ� RI� WKH�8.�PDQXIDFWXULQJ�VHFWRU�ZLWK� UHVSHFW� WR� WKH�SHUIRUPDQFH�RI�RWKHU�FRXQWULHV�YDULHV�ZLWK� WKH�SURGXFWLYLW\� FRQFHSW� XVHG�� EXW� DOVR� WKH� VL]H� RI� WKH� UHSRUWHG� SURGXFWLYLW\� GLIIHUHQWLDO� FKDQJHV�FRQVLGHUDEO\�WRR�
*URZWK�DFFRXQWLQJ�SURGXFWLYLW\�HVWLPDWHV�ZHUH�SUHVHQWHG� WRJHWKHU�ZLWK�SDUDPHWULF HVWLPDWHV��7KH�SUREOHP�ZLWK�JURZWK�DFFRXQWLQJ�HVWLPDWHV�LV�WKDW�WKH\�PD\�QRW�EH�DQ�DFFXUDWH�PHDVXUH�RI�WKH�WUXH�7)3�VLQFH�WKH\� LJQRUH�WKH�UROH�RI�PDUNHW�SRZHU��VFDOH�HFRQRPLHV�DQG�DGMXVWPHQWV�LQ�FDSDFLW\�XWLOLVDWLRQ�� ,Q� IDFW�� WKH�HFRQRPHWULF� UHVXOWV�SUHVHQWHG� LQ� WKLV�SDSHU�VXJJHVW� WKDW�VRPH�RI� WKH� DVVXPSWLRQV� XQGHUO\LQJ� WKH� JURZWK� DFFRXQWLQJ� DSSURDFK� DUH� QRW� VXVWDLQDEOH��3DUWLFXODUO\�� WKH� UHVXOWV� FRQILUP� WKH�SUHVHQFH�RI� SRVLWLYH� DQG� VWDWLVWLFDOO\� VLJQLILFDQW�PDUN�XSV�IRU�DOO� LQGXVWULHV�FRQVLGHUHG��H[FHSW�IRU�WKH�IRRG�LQGXVWU\��DQG�WKH�VLJQLILFDQFH�RI�WKH�FDSDFLW\�XWLOLVDWLRQ�WHUP��+RZHYHU��WKH�DVVXPSWLRQ�RI�FRQVWDQW�UHWXUQV�WR�VFDOH�FRXOG�QRW�EH�UHMHFWHG�
7DNLQJ� LQWR� DFFRXQW� WKHVH� UHVXOWV�� ´DGMXVWHGµ� 7)3� HVWLPDWHV� ZHUH� SUHVHQWHG�� ZKLFK� DUH�REWDLQHG� ZKHQ� WKRVH� ELDVHV� KDYH� EHHQ� UHPRYHG� DQG� ZKLFK� PLJKW� EH� WKRXJKW� RI� DV� PRUH�DFFXUDWH�PHDVXUHV� RI� WKH�XQGHUO\LQJ� WHFKQRORJLFDO� GLIIHUHQWLDO��7KHVH� HVWLPDWHV� SHUPLWWHG� WKH�VWXG\�RI�WKH�ELDV�DQG�LWV�LPSDFW�RQ�WKH�8.·V�SURGXFWLYLW\�GLIIHUHQWLDO��7KH�UHVXOWV�SUHVHQWHG�LQ�WKLV�SDSHU�VKRZHG�WKDW�WKH�PDJQLWXGH�DQG�GLUHFWLRQ�RI�WKH�ELDV�YDULHV�DFURVV�LQGXVWULHV�DV�ZHOO�DV�DFURVV�FRXQWULHV��1HYHUWKHOHVV��WKH�VLJQ�RI�WKH�ELDV�ZDV�RQ�DYHUDJH�SRVLWLYH��LQ�WKH�VHQVH�WKDW�WUDGLWLRQDO�JURZWK�DFFRXQWLQJ�SURGXFWLYLW\� HVWLPDWHV�DUH�VLJQLILFDQWO\�GRZQZDUG�ELDVHG�IRU�WKH�SHULRG������������
2YHUDOO�� WKHVH� UHVXOWV� VXJJHVWHG� WKDW� LV� LPSRUWDQW� WR� EH� FRQFHUQHG� DERXW� ELDVHV� LQ� WUDGLWLRQDO�HVWLPDWHV�RI�7)3�EXW��PDLQO\�� DW� VHFWRUDO� OHYHO� $OWKRXJK� IRU� WRWDO�PDQXIDFWXULQJ� WKH�DYHUDJH�ELDV� RI� WKH VL]H� RI� WKH� SURGXFWLYLW\� JDS� ZDV� IRXQG� RI� WKH� RUGHU� RI� ������ WKHUH� DUH� VRPH�
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LQGXVWULHV� IRU�ZKLFK� WKLV� ELDV�ZDV�HYHQ�JUHDWHU� WR������7KLV� LPSOLHV� WKDW�DGMXVWLQJ�IRU�ELDVHV�GRHV� QRW� LPSDFW� JUHDWO\� RQ� WKH� VL]H� RI� WKH� %ULWLVK� SURGXFWLYLW\� JDS� DW� WKH� DJJUHJDWHPDQXIDFWXULQJ�OHYHO�EXW�LW�GRHV�DW�D�PRUH�GLVDJJUHJDWHG�OHYHO�
'HVSLWH� WKH� FRQFHUQ� DERXW� ELDVHV�� WKH� UHVXOWV� VKRZHG� WKDW�� DOWKRXJK� WKHUH� DUH�%ULWLVK� VXFFHVV�VWRULHV��VXFK�DV�FKHPLFDOV��PLQHUDOV�DQG�SDSHU�DQG�SULQWLQJ�LQGXVWULHV���WKH�SURGXFWLYLW\�JDS�VWLOO�UHPDLQV� VLJQLILFDQW��0RUHRYHU�� DOWKRXJK� WKH�SURGXFWLYLW\� JDS� KDV� EHHQ� UHGXFHG� RYHU� WLPH� �DW�OHDVW� XQWLO� ������� WKH� SURGXFWLYLW\� RI� WKH� 8.� VWLOO� WUDLOV� EHKLQG� WKDW� LQ� WKH� 86�� )UDQFH� DQG�*HUPDQ\�DQG�WR�D�OHVVHU�H[WHQW�-DSDQ��DOPRVW�UHJDUGOHVV�RI�WKH�VHFWRU�
)LQDOO\��ZKDW�HPHUJHV�DV�D�FRQFOXVLRQ�LV�WKDW�SURGXFWLYLW\�JURZWK�HVWLPDWHV�DUH�KLJKO\�VHQVLWLYH��+RZHYHU��GHVSLWH�WKH�VHQVLWLYLW\�RI�SURGXFWLYLW\�PHDVXUHV��RQH�PXVW�EH�FDXWLRXV�DERXW�WKH�XVH�RI� WKH� VWDQGDUG� DFFRXQWLQJ� DSSURDFK� WR� EHQFKPDUN� SURGXFWLYLW\� SHUIRUPDQFH� DQG� VWXG\�GLIIHUHQFHV� LQ� SURGXFWLYLW\� DFURVV� FRXQWULHV�� 6XFK� FULWLFLVP� PXVW� EH� WDNHQ� VHULRXVO\� LQ� WKH�LQWHUSUHWDWLRQ�DQG�XVH�RI�SURGXFWLYLW\�PHDVXUHV�DV�UHSUHVHQWDWLRQV�RI�WKH�WKHRUHWLFDO�FRQFHSW�RI�7)3�
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$SSHQGL[�$��'DWD�'HVFULSWLRQ�DQG�6RXUFHV
7KH� PDLQ� GDWD� DUH� REWDLQHG� IURP� WKH� 2(&'� 6WUXFWXUDO� $QDO\VLV� �67$1�� GDWDEDVH�� 7KLV�GDWDEDVH�� ZKLFK� LV� ODUJHO\� EDVHG� RQ� QDWLRQDO� DFFRXQWV� RI� LQGLYLGXDOV� 2(&'�PHPEHU� VWDWHV��SURYLGHV�D�FRPSUHKHQVLYH�WRRO�IRU�DQDO\VLQJ�LQGXVWULDO�SHUIRUPDQFH�DFURVV�FRXQWULHV�XVLQJ�WKH�,6,&� 5HY�� �� ,QGXVWU\� FODVVLILFDWLRQ�� 7KH� XVH� RI� QDWLRQDO� DFFRXQWV� IRU� WKH� SXUSRVH� RI�LQWHUQDWLRQDO� FRPSDULVRQV� KDV� WKH� DGYDQWDJH� WKDW� LWV� FRPSRQHQWV� DUH� KDUPRQLVHG� DFURVV�FRXQWULHV�RQ�WKH�EDVLV�RI�WKH�,QWHUQDWLRQDO�6\VWHP�RI�1DWLRQDO�$FFRXQWV�
,QWHUQDWLRQDO� FRPSDULVRQV� RI� SURGXFWLYLW\� OHYHOV� UHTXLUH� WKUHH� PDLQ� FRPSRQHQWV�� QDPHO\�FRPSDUDEOH� LQIRUPDWLRQ� RQ� RXWSXW�� FRPSDUDEOH� LQIRUPDWLRQ� RQ� IDFWRU� LQSXWV� DQG� FXUUHQF\�FRQYHUVLRQ� IDFWRUV� LQ� RUGHU� WR� WUDQVODWH� RXWSXW� DQG� IDFWRU� LQSXWV� H[SUHVVHG� LQ QDWLRQDO�FXUUHQFLHV�LQWR�D�FRPPRQ�FXUUHQF\�
&XUUHQF\�&RQYHUVLRQ�)DFWRUV��2QH�RI�WKH�PRVW�VHULRXV�OLPLWDWLRQV�LQ�DWWHPSWLQJ�WR�HVWLPDWH�UHODWLYH� SURGXFWLYLW\� OHYHOV� LV� WKH� ODFN� RI� DGHTXDWH� GDWD� RQ� LQWHUQDWLRQDOO\� FRPSDUDEOH� SULFHV��7KH� LQGLYLGXDO� FRXQWU\� GDWD� VHWV� FRQWDLQ� SULFH� LQGH[HV� IRU� LQSXWV� DQG� RXWSXWV� ZKLFK� DUH�QRUPDOL]HG� LQ� VRPH� SDUWLFXODU� \HDU�� $V� DQ� H[DPSOH� FRQVLGHU� WKH� SULFH� RI� RXWSXW�� )RU� WKH�FRXQWULHV� FRQVLGHUHG�� WKH�GDWD� VHW� UHFRUGV� WKH� SULFH� RI� RXWSXW� LQ� HDFK� FRXQWU\� DV� �� LQ� ������+RZHYHU��LW�ZRXOG�EH�LQFRUUHFW�WR�DVVXPH�WKDW�WKH�UHODWLYH�RXWSXW�SULFH�DFURVV�FRXQWULHV�LV���LQ�������7KHUHIRUH��RQH�QHHGV� WR�NQRZ�WKH�UHODWLYH� LQGXVWU\�RXWSXW�SULFHV�DFURVV�FRXQWULHV�IRU�DW�OHDVW�RQH�\HDU��7KH� ODFN�RI� WKLV� LQIRUPDWLRQ� LPSOLHV� WKDW�RXWSXW�ZLOO� EH�PHDVXUHG� LQ�GLIIHUHQW�XQLWV��$�VLPLODU�DUJXPHQW�KROGV�IRU�HDFK�LQSXW��
7KLV�VWXG\�XVHV�WKH�895�IRU������HPSOR\HG�E\�3LODW��������DQG�H[WUDSRODWHG�WR�������H[FHSW�IRU� ,WDO\�� ZKLFK� LV� QRW� LQFOXGHG� LQ� WKLV� VWXG\�� )ROORZLQJ� YDQ� $UN� ������� WKHVH� 895V� DUH�H[WUDSRODWHG�� IRU� HDFK� LQGXVWU\� �L�� ZLWK� WKH� LQGXVWU\� VSHFLILF� QDWLRQDO� SULFH� LQGH[HV� REWDLQHG�IURP�WKH�2(&'����DV�UHSUHVHQWHG�LQ�HTXDWLRQ��$����
�� YDQ�$UN�DQG�3LODW� ������� XVHG� WKH� VDPH�PHWKRGRORJ\� WR�H[WUDSRODWH� WKHLU������895V� IRU�*HUPDQ\� DQG�-DSDQ�WR�������� 7KH�UHOLDELOLW\�RI�WKLV�H[WUDSRODWLRQ�SURFHGXUH�LV DIIHFWHG�E\�WKH�GLIIHUHQFHV�LQ�GDWD�DQG�PHWKRGRORJ\�XVHG�WR�FRQVWUXFW�WKH�895V�DQG�WKH�QDWLRQDO�SULFH�LQGLFHV�UHVSHFWLYHO\�
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,Q�WKH�FDVH�RI�,WDO\��RXWSXW�ZDV�FRQYHUWHG�WR�86��XVLQJ�WKH�VSHFLILF�RXWSXW�SULFH�UDWLRV��EDVHG�RQ� WKH� H[SHQGLWXUH� 333V� DGMXVWHG� IRU� QHW� WD[HV� DQG� VXEVLGLHV� DQG�� IRU� LPSRUW� DQG� H[SRUW�SULFHV�� SURYLGHG� E\� +RRSHU� �������� 7KHVH� DUH� DGGLWLRQDOO\� H[WUDSRODWHG� WR� ����� XVLQJ� WKH�DERYH�SURFHGXUH�
5HDO�2XWSXW��7KURXJK�WKH�SDSHU��WZR�RXWSXW�FRQFHSWV�DUH�XVHG�IRU�FRPSDULVRQ�SXUSRVHV��7KHVH�DUH�JURVV�RXWSXW�DQG�YDOXH�DGGHG��

D� *URVV�2XWSXW����7KH�QRPLQDO�JURVV�RXWSXW�GDWD�E\�VHFWRU�ZDV�REWDLQHG�IURP�WKH�67$1�GDWDEDVH�� 7KH� LQGXVWU\�VSHFLILF� SURGXFHU� SULFH� LQGLFHV�� REWDLQHG� IURP� WKH� +LVWRULFDO�,QGLFDWRUV� ,6,&� �2(&'���ZHUH� XVHG� WR� GHIODWH� QRPLQDO� JURVV� RXWSXW�� )LQDOO\��GDWD� LQ�UHDO� WHUPV� �LQ� ����� SULFHV�� ZDV� FRQYHUWHG� LQWR� GROODU� WHUPV� XVLQJ� WKH� XSGDWHG� 3LODW��������895�IRU�LQGLYLGXDO�LQGXVWULHV�
E� 9DOXH�$GGHG��5HDO�YDOXH�DGGHG�GDWD�E\�VHFWRU�ZDV�REWDLQHG� IURP�WKH�67$1�GDWDEDVH��7KH�GDWD�VHULHV� LQ�UHDO� WHUPV�ZHUH�FRQYHUWHG�LQWR�GROODU�WHUPV�XVLQJ�WKH�XSGDWHG�3LODW��������895�IRU�LQGLYLGXDO�LQGXVWULHV��,Q�SULQFLSOH��GLIIHUHQW�FRQYHUVLRQ�IDFWRUV�VKRXOG�EH�XVHG�IRU�JURVV�RXWSXW�DQG�LQWHUPHGLDWH�LQSXWV �GRXEOH�GHIODWLRQ�DSSURDFK��WR�REWDLQ�

�� *URVV� RXWSXW� LV� WKH� SUHIHUUHG� PHDVXUH� IRU� SURGXFWLYLW\� DQDO\VLV� DW� ORZHU� OHYHOV� RI� DJJUHJDWLRQ�� EXW� WKH�SUREOHP�RI�GRXEOH�FRXQWLQJ�UHPDLQV�DW�KLJKHU�OHYHOV�� ,W�VHHPV� WKDW�DW� WKH�OHYHO�RI�DQDO\VLV�SURSRVHG�LQ�WKLV�VWXG\��WKH�EHQHILWV�RI�XVLQJ�JURVV�RXWSXW�DUH�ELJJHU�WKDQ�WKH�SRWHQWLDO�GLVDGYDQWDJHV��VHH�DOVR�2(&'�������
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D�PHDVXUH�RI� UHDO�YDOXH� DGGHG� LQ� D�FRPPRQ�FXUUHQF\����+RZHYHU�� WKH� ODFN�RI� UHOLDEOH�LQIRUPDWLRQ� RQ� LQWHUQDWLRQDO� SULFH� GDWD� RQ� LQWHUPHGLDWH� JRRGV�PDNHV� WKLV� RSWLRQ�QRW�SUDFWLFDEOH�
,QWHUPHGLDWH� ,QSXWV��1RPLQDO� LQWHUPHGLDWH� LQSXWV�ZHUH�REWDLQHG�DV� WKH�GLIIHUHQFH�EHWZHHQ�QRPLQDO� JURVV� RXWSXW� DQG� QRPLQDO� YDOXH� DGGHG�� $V� WKHUH� LV� QR� RIILFLDO� SULFH� GHIODWRU� IRU�LQWHUPHGLDWH� LQSXWV� DW� VHFWRUDO� OHYHO�� UHDO� LQWHUPHGLDWHV� LQSXWV� LQ� QDWLRQDO� FXUUHQFLHV� DUH�REWDLQHG� XVLQJ� WKH�'LYLVLD� GHILQLWLRQ� RI� UHDO� YDOXH� DGGHG�� LQ� RWKHU� ZRUGV�� XVLQJ� WKH� LPSOLFLW�GHIODWRU�XVHG�E\�WKH�2(&'�GDWDEDVH�WR�FRQVWUXFW�WKH�UHDO�YDOXH�DGGHG��,Q�WKLV�VHQVH�
�$��� > @�OQ OQ OQ�W W 0 W09 4 V 0V'  ' � '�
([SUHVVLRQ��$���� LV� WKH�'LYLVLD�GHILQLWLRQ�RI�YDOXH�DGGHG�GLVFXVVHG�E\�6LPV������� �WKDW� LV�� LQ�JURZWK�UDWHV�LQ�FRQWLQXRXV�WLPH����
)LQDOO\�� WR� REWDLQ� LQWHUPHGLDWH� LQSXWV� LQWR� D� FRPPRQ� FXUUHQF\�� GXH� WR� WKH� SUREOHPV�KLJKOLJKWHG�DERYH�RQ�LQWHUQDWLRQDO�SULFHV�RQ�LQWHUPHGLDWH�JRRG��VSHFLILF�FRQYHUVLRQ�IDFWRUV�IRU�JURVV�RXWSXW�DUH�DSSOLHG�WR�UHDO�LQWHUPHGLDWH�LQSXWV�
/DERXU��7KH� ODERXU� LQSXW� UHIHUV� WR� WKH� QXPEHU� RI� DQQXDO� KRXUV� ZRUNHG� LQ� PDQXIDFWXULQJ�FDOFXODWHG� RQ� WKH� EDVLV� RI� HPSOR\PHQW� �IURP� LQGXVWU\� HPSOR\PHQW� ILJXUHV� LQ� WKH� 67$1�GDWDVHW��DQG�WKH�DQQXDO�DYHUDJH�RI�KRXUV�ZRUNHG��67$1�DQG�2·0DKRQ\�DQG�GH�%RHU�������IRU�PLVVLQJ�VHULHV��DW�WKH�VHFWRUDO�OHYHO��,Q�WKH�FDVH�RI�,WDO\��DQQXDO�DYHUDJH�KRXUV�ZRUNHG�IRU�WRWDO�PDQXIDFWXULQJ�DUH�DSSOLHG�DW�WKH�VHFWRUDO�OHYHO�
&DSLWDO�6WRFN��,QWHUQDWLRQDO�FRPSDULVRQV�RI�OHYHOV�RI�7)3�UHTXLUH�WKDW�DQ�LQGXVWU\�FRQYHUVLRQ�IDFWRU� LV� DOVR�QHHGHG� WR� WUDQVODWH� FDSLWDO� LQWR� D� FRPPRQ�FXUUHQF\�� ,Q� SULQFLSOH�� WKHVH� FDQ�EH�
�� 7KHUH� LV�DOVR�VRPH�GRXEW�DV� WR� WKH�YDOLGLW\�RI� LQWHUQDWLRQDO�SULFH�GDWD�RQ� LQWHUPHGLDWH�JRRGV�RXWVLGH� WKH�DJULFXOWXUH�VHFWRU�DQG�UHODWLYHO\�³KHURLF´�DVVXPSWLRQV�VXFK�DV�WKH�DSSOLFDWLRQ�RI�WKH�³ODZ�RI�RQH�SULFH´�WR�VXFK�SURGXFWV�KDYH�WR�EH�PDGH��5R\��������� ,Q� SUDFWLFH� LW� PD\� QRW� EH� SRVVLEOH� WR� FRQVWUXFW� D� FKDLQHG� 'LYLVLD� LQGH[�� ,QVWHDG�� WKH� XVH� RI� D� GLVFUHWH�7|UTYLVW�LQGH[��WKH�JHRPHWULF�PHDQ�RI�WKH�WZR�HVWLPDWHV��LV�D�JRRG�ILUVW�DSSUR[LPDWLRQ�WR�WKH�GHVLUHG�ILJXUH�
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GHULYHG� IURP� RIILFLDO� 333V� IRU� LQYHVWPHQW� E\� FRQYHUWLQJ� LQYHVWPHQW� VHULHV� WR� D� FRPPRQ�FXUUHQF\�DQG�WKHQ�FDOFXODWLQJ�FDSLWDO�VWRFN�LQ�D�FRPPRQ�FXUUHQF\��
,Q�WKLV�VWXG\��FDSLWDO�VWRFN�GDWD�IRU�8.��86��)UDQFH�DQG�*HUPDQ\�FRPH�IURP�2·0DKRQ\�DQG�GH�%RHU���������7KLV�GDWD�ZDV�RULJLQDOO\� LQ�FRQVWDQW������86���DQG�ZDV�UHEDVHG�WR������XVLQJ�LQYHVWPHQW� VSHFLILF� 333V� IURP� WKH� 2(&'�� &DSLWDO� VWRFN� GDWD� IRU� ,WDO\�� -DSDQ� DQG� &DQDGD�FRPH� IURP� WKH�2(&'� �67$1� GDWDEDVH�� DQG� DUH� FRQYHUWHG� WR� D� FRPPRQ� FXUUHQF\� RQ� WKH�EDVLV�RI�333V�IRU�LQYHVWPHQW�GHULYHG�IURP�WKH�2(&'�
$SSHQGL[�%��3DQHO�8QLW�5RRW�7HVW

7DEOH�%3DQHO�8QLW�5RRW�7HVW�IRU�9DULDEOHV�LQ�)LUVW�'LIIHUHQFHV��,QWHUFHSW�,QFOXGHG�W�EDU9DULDEOHV ¨OQ�4�.� ¨OQ�)&� ¨OQ�.� ¨OQ�&8�1R�ODJV)%7 ������ ������ ������ ������7/ ������ ������ ������ ������::3 ������ ������ ������ ������333 ������ ������ ������ ������&+ ������ ������ ������ ������100 ������ ������ ������ ������%)0 ������ ������ ������ ������027 ������ ������ ������ ��������ODJ)%7 ������ ������ ������ ������7/ ������ ������ ������ ������::3 ������ ������ ������ ������333 ������ ������ ������ ������&+ ������ ������ ������ ������100 ������ ������ ������ ������%)0 ������ ������ ������ ������027 ������ ������ ������ ������&ULWLFDO�9DOXHV�RI�W�EDU��,P�HW�DO�������FY�� FY� FY������� ������ ������6RXUFH��6HH�$SSHQGL[�'DWD�$�
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5()(5(1&(6
%DLO\��0��1�����������3URGXFWLYLW\�*URZWK�DQG�0DWHULDOV�8VH�LQ�86�0DQXIDFWXULQJ���4XDUWHUO\�-RXUQDO�RI�(FRQRPLFV�������SS����������
%DUWHOVPDQ�� (�� -��� 5�� -�� &DEDOOHUR� DQG� 5�� .�� /\RQV� �������� �&XVWRPHU�DQG�6XSSOLHU�'ULYHQ�([WHUQDOLWLHV���$PHULFDQ�(FRQRPLF�5HYLHZ� �������SS������������
%DVX�� 6�� DQG� -�� *�� )HUQDOG� �������� �$UH� $SSDUHQW� 3URGXFWLYH� 6SLOORYHUV� D� )LJPHQW� RI� 6SHFLILFDWLRQ�(UURU"��-RXUQDO�RI�0RQHWDU\�(FRQRPLFV� ����SS����������
%DVX��6��DQG�-��*��)HUQDOG����������5HWXUQV�WR�6FDOH� LQ�8�6��3URGXFWLRQ��(VWLPDWHV�DQG�,PSOLFDWLRQV���-RXUQDO�RI�3ROLWLFDO�(FRQRP\� ��������SS����������
%DVX��6��DQG�-��*��)HUQDOG� ���������5HWXUQV�WR�6FDOH�LQ�8�6��3URGXFWLRQ��(VWLPDWHV�DQG�,PSOLFDWLRQV���-RXUQDO�RI�3ROLWLFDO�(FRQRP\� �����SS����������
%HUQDUG��$��%��DQG�&��,��-RQHV����������&RPSDULQJ�$SSOHV�WR�2UDQJHV��3URGXFWLYLW\�&RQYHUJHQFH�DQG�0HDVXUHPHQW�DFURVV�,QGXVWULHV�DQG�&RXQWULHV���7KH�$PHULFDQ�(FRQRPLF�5HYLHZ� �������SS������������
%URDGEHUU\�� 6��1�� �������� �&RPSDUDWLYH� 3URGXFWLYLW\� LQ�%ULWLVK� DQG�$PHULFDQ�0DQXIDFWXULQJ�'XULQJ�WKH�1LQHWHHQWK�&HQWXU\���([SORUDWLRQV�LQ�(FRQRPLF�+LVWRU\� ����SS����������
%URDGEHUU\��6��1�� ��������7KH�3URGXFWLYLW\�5DFH��%ULWLVK�0DQXIDFWXULQJ� LQ�,QWHUQDWLRQDO�3HUVSHFWLYH������ �������&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV�
%URDGEHUU\��6��1�� DQG�1��&UDIWV� ���������([SODLQLQJ�$QJOR�$PHULFDQ�3URGXFWLYLW\�'LIIHUHQFHV� LQ� WKH�0LG�7ZHQWLHWK�&HQWXU\���2[IRUG�%XOOHWLQ�RI�(FRQRPLFV�DQG�6WDWLVWLFV� �������SS����������
%URDGEHUU\��6��1��DQG�5��)UHPGOLQJ����������&RPSDUDWLYH�3URGXFWLYLW\�LQ�%ULWLVK�DQG�*HUPDQ�,QGXVWU\�������������2[IRUG�%XOOHWLQ�RI�(FRQRPLFV�DQG�6WDWLVWLFV ���������SS����������
%UXQR�� 0�� �������� �'XDOLW\�� ,QWHUPHGLDWH� ,QSXWV� DQG� 9DOXH�$GGHG�� LQ�3URGXFWLRQ� (FRQRPLFV�� $� 'XDO�$SSURDFK�WR�7KHRU\�DQG�$SSOLFDWLRQV ��HG��E\�0��)XVV�DQG�'��0F)DGGHQ��$PVWHUGDP��1RUWK�+ROODQG�
%XUQVLGH��&�� �������� �3URGXFWLRQ�)XQFWLRQ�5HJUHVVLRQV��5HWXUQV� WR�6FDOH�DQG�([WHUQDOLWLHV���-RXUQDO�RI�0RQHWDU\�(FRQRPLFV ���������������
%XUQVLGH��&���0��(LFKHQEDXP�DQG�6��5HEHOR����������&DSLWDO�8WLOL]DWLRQ�DQG�5HWXUQV�WR�6FDOH��LQ�1%(5�0DFURHFRQRPLF�$QQXDO��HG�E\�%��6��%HUQDQNH�DQG�-��5RWHPEHUJ��0,7�3UHVV��SS���������
&DPHURQ�� *�� �������� 7KH� 6XQ� $OVR� 5LVHV�� 3URGXFWLYLW\� &RQYHUJHQFH� EHWZHHQ� WKH� 86$� DQG� -DSDQ��2[IRUG�'HSDUWPHQW�RI�(FRQRPLFV��'LVFXVVLRQ�3DSHU�1R�����
&DPHURQ��*����������:K\�'LG�8.�0DQXIDFWXULQJ�3URGXFWLYLW\�*URZWK�6ORZ�'RZQ�LQ�WKH�����V�DQG�6SHHG�8S�LQ�WKH�����V"��(FRQRPLFD�����������SS����������
&DYHV��'��:���/��5��&KULVWHQVHQ�DQG�:��(��'LHZHUW����������0XOWLODWHUDO�&RPSDULVRQV�RI�2XWSXW��,QSXW�DQG�3URGXFWLYLW\�8VLQJ�6XSHUODWLYH�,QGH[�1XPEHUV���(FRQRPLF�-RXUQDO ������SS��������
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&UDIWV�� 1�� )�� 5�� ��������%ULWDLQ
V� 5HODWLYH� (FRQRPLF� 3HUIRUPDQFH�� ���� ������� /RQGRQ�� 7KH� ,QVWLWXWH� RI�(FRQRPLF�$IIDLUV�
&UDIWV��1��)��5��DQG�7��&��0LOOV����������7)3�*URZWK�LQ�%ULWLVK�DQG�*HUPDQ�0DQXIDFWXULQJ������������/RQGRQ��&HQWUH�IRU�(FRQRPLF�3ROLF\�5HVHDUFK��'LVFXVVLRQ�3DSHU�1R�������
'LHZHUW��:��(�����������([DFW�DQG�6XSHUODWLYH,QGH[�1XPEHUV���-RXUQDO�RI�(FRQRPHWULFV� ���SS����������
'ROODU��'��DQG�(��1��:ROII� ��������&RPSHWLWLYHQHVV��&RQYHUJHQFH��DQG�,QWHUQDWLRQDO�6SHFLDOL]DWLRQ ��&DPEULGJH�0$��0,7�3UHVV�
*ULOLFKHV��=��DQG�-��0DLUHVVH����������&RPSDULQJ�3URGXFWLYLW\�*URZWK��$Q�([SORUDWLRQ�RI�)UHQFK�DQG�8�6��,QGXVWULDO�DQG�)LUP�'DWD���(XURSHDQ�(FRQRPLF�5HYLHZ� ����SS���������
+DOO��5��(�����������7KH�5HODWLRQ�EHWZHHQ�3ULFH�DQG�0DUJLQDO�&RVW�LQ�8�6��,QGXVWU\���-RXUQDO�RI�3ROLWLFDO�(FRQRP\� �������SS����������
+DOO��5��(�����������7KH�,QYDULDQFH�3URSHUWLHV�RI�6RORZ
V�3URGXFWLYLW\�5HVLGXDO���LQ�*URZWK��3URGXFWLYLW\��8QHPSOR\PHQW ��HG��E\�3��'LDPRQG��0,7�3UHVV��&DPEULGJH�0$��SS��������
+DUULJDQ�� -�� �������� �(VWLPDWLRQ� RI� &URVV�&RXQWU\� 'LIIHUHQFHV� LQ� ,QGXVWU\� 3URGXFWLRQ� )XQFWLRQV���-RXUQDO�RI�,QWHUQDWLRQDO�(FRQRPLFV� �������SS����������
+DUULV�� 5�� ,�� '�� DQG� 0�� 7UDLQRU� �������� �3URGXFWLYLW\� JURZWK� LQ� WKH� 8.� UHJLRQV�� ����������2[IRUG�%XOOHWLQ�RI�(FRQRPLFV�DQG�6WDWLVWLFV ���������SS����������
+DVNHO��-���&��0DUWLQ�DQG�,��6PDOO����������3ULFH��0DUJLQDO�&RV\�DQG�WKH�%XVLQHVV�&\FOH���2[IRUG�%XOOHWLQ�RI�(FRQRPLFV�DQG�6WDWLVWLFV� �������SS�������
+HU� 0DMHVW\
V� 7UHDVXU\� �������� �3UH�%XGJHW� 5HSRUW� 1RYHPEHU� ������� �&0�� ������� /RQGRQ�� 7KH�6WDWLRQDU\�2IILFH�
+HU�0DMHVW\
V�7UHDVXU\���������3URGXFWLYLW\LQ�WKH�8.��7KH�(YLGHQFH�DQG�WKH�*RYHUQPHQW
V�$SSURDFK��/RQGRQ��7KH�6WDWLRQDU\�2IILFH�
+RRSHU��3�����������&RPSDULQJ�0DQXIDFWXULQJ�2XWSXW�/HYHOV�DPRQJ�WKH�0DMRU�,QGXVWULDO�&RXQWULHV���LQ�,QGXVWU\�3URGXFWLYLW\���,QWHUQDWLRQDO�&RPSDULVRQV�DQG�0HDVXUHPHQW�,VV XHV� 3DULV��2(&'��SS����������
+RRSHU��3��DQG�.��$��/DULQ����������,QWHUQDWLRQDO�&RPSDULVRQV�RI�/DERU�&RVWV�LQ�0DQXIDFWXULQJ���7KH�5HYLHZ�RI�,QFRPH�DQG�:HDOWK� �������SS����������
+XOWHQ��&��5�����������7RWDO�)DFWRU�3URGXFWLYLW\��$�6KRUW�%LRJUDSK\���1%(5�:RUNLQJ�3DSHU�1R��������&DPEULGJH��0$�
,P��.��6���0��+��3HVDUDQ�DQG�<��6KLQ���������7HVWLQJ�IRU�8QLW�5RRWV�LQ�+HWHURJHQHRXV�3DQHOV��0LPHR��'HSDUWPHQW�RI�$SSOLHG�(FRQRPLFV��8QLYHUVLW\�RI�&DPEULGJH�
,VODP��1�� �������� �*URZWK�(PSLULFV��$�3DQHO�'DWD�$SSURDFK���4XDUWHUO\� -RXUQDO�RI�(FRQRPLFV� �����SS������������
-RUJHQVRQ��'��:�� ��������3URGXFWLYLW\��9ROXPH���� ,QWHUQDWLRQDO�&RPSDULVRQV�RI�(FRQRPLF�*URZWK ��&DPEULGJH�0$��0,7�3UHVV�



��

-RUJHQVRQ��'��:��DQG�0��.XURGD����������3URGXFWLYLW\�DQG�,QWHUQDWLRQDO�&RPSHWLWLYHQHVV�LQ�-DSDQ�DQG�WKH�8QLWHG�6WDWHV������²������� LQ�3URGXFWLYLW\�*URZWK� LQ�-DSDQ�DQG� WKH�8QLWHG�6WDWHV �� HG��E\�&��5��+XOWHQ��&KLFDJR��8QLYHUVLW\�RI�&KLFDJR�3UHVV�
-RUJHQVRQ��'��:���0��.XURGD�DQG�0��1LVKLPL]X����������-DSDQ�8V�,QGXVWU\�/HYHO�&RPSDULVRQV��������������-RXUQDO�RI�WKH�-DSDQHVH�DQG�,QWHUQDWLRQDO�(FRQRPLHV� ������SS�������
.UDYLV�� ,�� %�� �������� �$� 6XUYH\� RI� ,QWHUQDWLRQDO� &RPSDULVRQV� RI� 3URGXFWLYLW\���7KH� (FRQRPLF� -RXUQDO��������SS�������
/\QGH��&��DQG�-��5LFKPRQG����������3XEOLF�&DSLWDO�DQG�/RQJ�5XQ�&RVWV�LQ�8�.��0DQXIDFWXULQJ���7KH�(FRQRPLF�-RXUQDO �������-XO\���SS����������
0DGGLVRQ�� $�� �������� �3URGXFWLYLW\� LQ� &DQDGD�� WKH�8QLWHG�.LQJGRP�� DQG� WKH�8QLWHG� 6WDWHV���2[IRUG�(FRQRPLF�3DSHUV� ������SS����������
0DGGLVRQ�� $�� ��������'\QDPLF� )RUFHV� LQ� &DSLW DOLVW� 'HYHORSPHQW�� $� /RQJ �5XQ� &RPSDUDWLYH� 9LHZ� 2[IRUG��2[IRUG�8QLYHUVLW\�3UHVV�
0DOOH\��-���$��0XVFDWHOOL�DQG�8��:RLWHFK����������6RPH�1HZ�,QWHUQDWLRQDO�&RPSDULVRQV�RI�3URGXFWLYLW\�3HUIRUPDQFH� DW� WKH� 6HFWRUDO� /HYHO���-RXUQDO� RI� WKH� 5R\DO� 6WDWLVWLFDO� 6RFLH W\�� 6HULHV� $� �6WDWLVWLFV� LQ� 6RFLHW\����������SS���������
2(&'���������0HDVXULQJ�3URGXFWLYLW\��0HDVXUHPHQW�RI�$JJUHJDWH�DQG�,QGXVWU\ �/HYHO�3URGXFWLYLW\�*URZWK ��2(&'�0DQXDO��3DULV��2(&'�
2
0DKRQ\��0�� �������� �3URGXFWLYLW\�/HYHOV� LQ�%ULWLVK�DQG�*HUPDQ�0DQXIDFWXULQJ� ,QGXVWU\���1DWLRQDO�,QVWLWXWH�(FRQRPLF�5HYLHZ������)HEUXDU\���SS��������
2
0DKRQ\��0�����������&RQYHUVLRQ�)DFWRUV�LQ�5HODWLYH�3URGXFWLYLW\�&DOFXODWLRQV��7KHRU\�DQG�3UDFWLFH���LQ�,QGXVWU\�3URGXFWLYLW\��,QWHUQDWLRQDO�&RPSDULVRQV�DQG�0HDVXUHPHQW�,VVXH V��3DULV��2(&'��SS����������
2
0DKRQ\��0����������%ULWDLQ
V�5HODWLYH�3URGXFWLYLW\�3HUIRUPDQFH����� �������/RQGRQ��1,(65�
2
0DKRQ\�� 0�� DQG� :�� G�� %RHU� �������� �%ULWDLQ
V� 5HODWLYH� 3URGXFWLYLW\� 3HUIRUPDQFH�� +DV� $Q\WKLQJ�&KDQJHG"��1DWLRQDO�,QVWLWXWH�(FRQRPLF�5HY LHZ����������SS��������
2
0DKRQ\�� 0�� DQG� .�� :DJQHU� �������� �$QJOR� *HUPDQ� 3URGXFWLYLW\� 3HUIRUPDQFH�� ������������ LQ�,QWHUQDWLRQDO� 3URGXFWLYLW\� 'LIIHUHQFHV�� 0HDVXUHPHQW� DQG� ([SODQDWLRQ �� HG�� E\� .�� :DJQHU� DQG� %�� YDQ� $UN��$PVWHUGDP��(OVHYLHU��SS����������
3LODW� '�� �������� /DERXU� 3URGXFWLYLW\� /HYHOV� LQ� 2(&'� &RXQWULHV�� (VWLPDWHV� IRU�0DQXIDFWXULQJ� DQG�6HOHFWHG�6HUYLFH�6HFWRUV��2(&'��(FRQRPLFV�'HSDUWPHQW�:RUNLQJ�3DSHU�1R������
3LODW�� '�� DQG� '�� 6�� 3UDVDGD� 5DR� �������� �0XOWLODWHUDO� &RPSDULVRQV� RI� 2XWSXW�� 3URGXFWLYLW\�DQG�3XUFKDVLQJ�3RZHU�3DULWLHV�LQ�0DQXIDFWXULQJ���5HYLHZ�RI�,QFRPH�DQG�:HDOWK ������SS����������
3UDLV��6��-����������3URGXFWLYLW\�DQG�,QGXVWULDO�6WUXFWXUH ��/RQGRQ��&DPEULGJH�8QLYHUVLW\�3UHVV�
5RVWDV��/����������&RPSDUDWLYH�3URGXFWLYLW\�LQ�WKH�%ULWLVK�DQG�$ PHULFDQ�,QGXVWU\ ��&DPEULGJH�8QLYHUVLW\�3UHVV�



��

5R\�� $�� '�� �������� �/DERXU� 3URGXFWLYLW\� LQ� ������ $Q� ,QWHUQDWLRQDO� &RPSDULVRQ���1DWLRQDO� ,QVWLWXWH�(FRQRPLF�5HYLHZ� �����SS��������
5R\��'��-�����������,QWHUQDWLRQDO�&RPSDULVRQV�RI�5HDO�9DOXH�$GGHG��3URGXFWLYLW\DQG�(QHUJ\�,QWHQVLW\�LQ��������(FRQRPLF�7UHQGV� ����-XQH���SS��������
6PDOO��,�����������7KH�&\FOLFDOLW\�RI�PDUN�XSV�DQG�SURILW�PDUJLQV��6RPH�HYLGHQFH�IRU�PDQXIDFWXULQJ�DQG�6HUYLFHV���%DQN�RI�(QJODQG�:RUNLQJ�3DSHU�1R�����
6LPV��&��$�����������7KHRUHWLFDO�%DVLV�IRU�D�'RXEOH�'HIODWHG�,QGH[�RI�5HDO�9DOXH�$GGHG���7KH�5HYLHZ�RI�(FRQRPLFV�DQG�6WDWLVWLFV ��������SS����������
6PLWK��$��'���'��+LWFKFKHQV�DQG�6��:��'DYLHV���������,QWHUQDWLRQDO�,QGXVWULDO�3URGXFWLYLW\��$�&RPSDULVRQ�RI�%ULWDLQ��$PHULFD�DQG�*HUPDQ\� /RQGRQ��&DPEULGJH�8QLYHUVLW\�3UHVV�
6¡UHQVHQ�� $�� �������� �&RPSDULQJ� $SSOHV� WR� 2UDQJHV�� 3URGXFWLYLW\� &RQYHUJHQFH� DQG� 0HDVXUHPHQW�$FRUVV�,QGXVWULHV�DQG�&RXQWULHV��&RPPHQW���$PHULFDQ�(FRQRPLF�5HYLHZ ���������SS������������
YDQ�$UN��%�����������0DQXIDFWXULQJ�3URGXFWLYLW\�/HYHOV� LQ�)UDQFH�DQG�WKH�8QLWHG�.LQJGRP���1DWLRQDO�,QVWLWXWH�(FRQRPLF�5HYLHZ�������$XJXVW���SS��������
YDQ� $UN�� %�� ���������&RPSDUDWLYH� 3URGXFWLYLW\� LQ� %ULWLVK� DQG� $PHULFDQ� 0DQXIDFWXULQJ���1DWLRQDO�,QVWLWXWH�(FRQRPLF�5HYLHZ� �����1RYHPEHU���SS��������
YDQ� $UN�� %�� �������� �&RPSDUDWLYH� /HYHOV� RI� 0DQXIDFWXULQJ� 3URGXFWLYLW\� LQ� 3RVWZDU� (XURSH��0HDVXUHPHQW�DQG�&RPSDULVRQV���2[IRUG�%XOOHWLQ�RI�(FRQRPLFV�DQG�6WDWLVWLFV ������SS����������
YDQ� $UN�� %�� ��������3URGXFWLYLW\� DQG� &RPSHWLWLYHQHVV� LQ�0DQXIDFWXULQJ�$� &RPSDULVRQ� RI� (XURSH��-DSDQ� DQG� WKH�8QLWHG�6WDWHV��,QWHUQDWLRQDO�3URGXFWLYLW\�'LIIHUHQFHV��0HDVXUHPHQW� DQG�([SODQDWLRQV� HG��E\�.��:DJQHU�DQG�%��YDQ�$UN��&RQWULEXWLRQV�WR�(FRQRPLF�$QDO\VLV��1RUWK�+ROODQG�
YDQ� $UN�� %�� DQG� '�� 3LODW� �������� �3URGXFWLYLW\� /HYHOV� LQ� *HUPDQ\�� -DSDQ�� DQG� WKH� 8QLWHG� 6WDWHV��'LIIHUHQFHV�DQG�&DXVHV���%URRNLQJV�3DSHUV�RQ�(FRQRPLF�$FWLYLW\��0LFURHFRQRPLFV ��
:LOVRQ�� '�� DQG� 0�� 'RXJODV� �������� �7LPH� VHULHV� IRU� &XUUHQW� DQG� &RQVWDQW� 3ULFH� 2XWSXW� DQG�,QWHUPHGLDWH� &RVW� IRU� �� LQGXVWULDOLVHG�&RXQWULHV���7HFKQLFDO�1RWH�� ,QIRUXP��8QLYHUVLW\� RI�0DU\ODQG��%DOWLPRUH��$YDLODEOH�IURP�ZZZ�JOD�DF�XN�HFRQRPLFV�7)3�


