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(GXFDWLRQ�DQG�HFRQRPLF�JURZWK��WKH�FDVH�RI�0(1$�FRXQWULHV�
�

0LUQDVHU�0LUEDJKHUL�KLU�� )DU]DG�5DKLP]DGHK� DQG��-DYDG�*KDGLPSRRU�
�'HSDUWPHQW�RI�HFRQRPLFV��3D\DPH�1RRU�8QLYHUVLW\��32�%2;������������7HKUDQ��,�5�RI�,5$1��

(�PDLO�PLUEDJKHULBKLU#\DKRR�FRP�� 'HSDUWPHQW�RI�HFRQRPLFV��3D\DPH�1RRU�8QLYHUVLW\��32�%2;������������7HKUDQ��,�5�RI�,5$1��
(�PDLO�UDKLP]DGHK#PRGDUHV�DF�LU��7HO����������������

�0DQDJHPHQW�DQG�$FFRXQWLQJ�'HSDUWPHQW��3DUVDEDG0RJKDQ�%UDQFK��,VODPLF�$]DG�8QLYHUVLW\��3DUVDEDG��,UDQ�
&RUUHVSRQGLQJ�$XWKRU��-DYDG�*KDGLPSRRU�

�
�

$EVWUDFW�� (PSLULFDO� HYLGHQFHV� LQGLFDWH� WKDW� HGXFDWLRQ� LV� QHFHVVDU\� IRU� HFRQRPLF� GHYHORSPHQW� SURFHVV� LQ� HDFK�FRXQWU\��(GXFDWLRQ�FDQ�LQFUHDVH�ODERU�SURGXFWLYLW\��SHRSOH�LQFRPH��OLIH�TXDOLW\��KXPDQ�FDSLWDO�DFFXPXODWLRQ�DQG�OHG�WR� HFRQRPLF� JURZWK�� 7KHUHIRUH� LQ� WKLV� VWXG\��ZH� XVH� VHOHFWHG�0(1$� FRXQWULHV� GDWD� DQG� SDQHO� GDWD� DSSURDFK� IRU�H[DPLQH� UHODWLRQVKLS� EHWZHHQ� HGXFDWLRQ� DQG� HFRQRPLF� JURZWK�� )LUVW�� VWDWLRQDU\� RI� YDULDEOHV� KDV� EHHQ� WHVWHG�� DQG�WKHQ� FRLQWHJUDWLRQ� RI�PRGHO� YDULDEOHV� KDV� EHHQ� VXUYH\HG� E\� SHGURQL� SDQHO� FRLQWHJUDWLRQ� WHVWV�� 6WXG\� UHVXOWV� VKRZ�WKDW�LQ�0(1$�FRXQWULHV��VHFRQGDU\�DQG�WHUWLDU\�HGXFDWLRQV�DUH�LPSRUWDQW�IDFWRU�WR�LQFUHDVH�SURGXFWLRQ��,Q�FRQWUDVW��SULPDU\�HGXFDWLRQ�KDV�QR�VWDWLVWLFDOO\�VLJQLILFDQW�HIIHFW�RQ�SURGXFWLRQ�OHYHO����>0LUQDVHU�0LUEDJKHUL�KLU��)DU]DG�5DKLP]DGHK�DQG� �-DYDG�*KDGLPSRRU��(GXFDWLRQ�DQG�HFRQRPLF�JURZWK�� WKH�FDVH�RI�0(1$�FRXQWULHV��/LIH�6FL�-����������V���������@�� �,661��������������KWWS���ZZZ�OLIHVFLHQFHVLWH�FRP�����
.H\ZRUGV��HGXFDWLRQ��HFRQRPLF�JURZWK��3DQHO�FRLQWHJUDWLRQ���0(1$�FRXQWULHV�
�0LGGOH�(DVW� DQG�1RUWK�$IULFD�� � 6DPSOH� FRXQWULHV� DUH�$OJHULD��(J\SW�� ,VODPLF�5HSXEOLF�RI� ,UDQ�� -RUGDQ��0DOWD��0RURFFR��
2PDQ��6DXGL�$UDELD��8QLWHG�$UDE�(PLUDWHV��6\ULDQ�$UDE�5HSXEOLF��7XQLVLD��/HEDQRQ�DQG�.XZDLW��

��� ,QWURGXFWLRQ�
(GXFDWLRQ�FDQ�SOD\�NH\�UROH�LQ�HFRQRPLF�GHYHORSPHQW�SURFHVV�� )URP� WKH� PDFURHFRQRPLF� DVSHFWV�� HGXFDWLRQ�DQG� LWV� TXDOLW\� DIIHFW� RQ� ODERXU� SURGXFWLYLW\�� KXPDQ�FDSLWDO� DFFXPXODWLRQ� DQG� OHG� WR� IXWXUH� HFRQRPLF�LPSURYHPHQW�� $OVR�� LQ� PLFURHFRQRPLF� DVSHFW��HGXFDWLRQ� LQFUHDVH� HPSOR\PHQW� RSSRUWXQLWLHV� DQG�SHRSOH� LQFRPH� DQG� LPSURYH� OLIH� TXDOLW\� IRU� WKHP��7KHUHIRUH�� (GXFDWLRQ� KDV� DQ� LPSRUWDQW� VKDUH� LQ�HFRQRPLF� SROLF\� DQG� HFRQRPLF� GHYHORSPHQW� PDS� LQ�HDFK�FRXQWU\�� ,Q�RWKHU�ZRUGV��(GXFDWLRQ�LV�XQLYHUVDOO\�DFNQRZOHGJHG� D� SULPDU\� WRRO� WR� SURPRWH� HFRQRPLF�GHYHORSPHQW�� ,W� SOD\V� D� IXQGDPHQWDO� SDUW� LQ�GHYHORSLQJ� KXPDQ� FDSLWDO� DQG� HVFDODWHV� HFRQRPLF�JURZWK� E\� LPSURYLQJ� VNLOOV�� LQFUHDVLQJ� FRPSHWHQF\��DQG�SURGXFWLYLW\��7KH�HGXFDWLRQ�EULQJV�EHQHILWV�IRU�WKH�ZKROH� VRFLHW\� DQG� WKH� LQGLYLGXDOV�� 7KLV� LPSRUWDQFH�LQGLFDWH�WKDW�SROLF\�PDNHU�LQ�HYHU\�HFRQRP\�VKRXOG�EH�LQIRUP� DERXW� WKH� HFRQRPLF� LPSDFWV� RI� HGXFDWLRQ� DQG�FRQVLGHU�LW���
HFRQRPLF� JURZWK� PRGHO� WKDW� SUHVHQWHG� E\� 5REHUW�6RORZ�� KDV� HPSKDVLV� RQ� SK\VLFDO� FDSLWDO� DQG� ODERXU�IRUFH� DV� D� GHWHUPLQDQW� RI� HFRQRPLF� JURZWK� LQ� HDFK�FRXQWU\�� � DIWHU� KLP�� RWKHU� HFRQRPLVW� VXFK� DV� 5REHUW�

/XFDV� LQWURGXFH� DQRWKHU� W\SH� RI� FDSLWDO� WKDW� QDPHG��KXPDQ�FDSLWDO����7KH�KXPDQ�FDSLWDO�WKHRU\�UHFRJQL]HV�SHRSOH� DV� D� W\SH� RI� HFRQRPLF� DVVHW� DQG� VKRZV� WKDW�LQFUHDVHG� LQYHVWPHQW� LQ� KHDOWK�� VNLOOV�� DQG� NQRZOHGJH�SURYLGHV� IXWXUH� UHWXUQV� WR� WKH� HFRQRP\� WKURXJK�LQFUHDVHV� LQ� ODERU� SURGXFWLYLW\�� (GXFDWLRQ� LQFUHDVHV�ZRUNHUV¶� DYHUDJH� HDUQLQJV� DQG� SURGXFWLYLW\�� DQG� LW�DOVR� UHGXFHV� WKH� LQFLGHQFH�RI�VRFLDO�SUREOHPV�VXFK�DV�GUXJ� DEXVH�� FULPH�� ZHOIDUH� GHSHQGHQF\�� DQG� ODFN� RI�DFFHVV�WR�PHGLFDO�FDUH��DOO�RI�ZKLFK�FDQ�ZHLJK�KHDYLO\�RQ� WKH�HFRQRP\��7KLV� IHDWXUH�RI� FDSLWDO� FDQ�H[SODLQ� D�SDUW� RI� JURZWK� GLIIHUHQFHV� EHWZHHQ� FRXQWULHV�� %\�DVVXPLQJ� WKDW� HGXFDWLRQ� KDV� PDMRU� VKDUH� LQ� KXPDQ�FDSLWDO� IRUPDWLRQ�� ZH� FDQ� FRQVLGHU� HGXFDWLRQ� DV�QHFHVVDU\�LQSXW�IRU�HQKDQFH�SURGXFWLRQ�OHYHO���
%HFDXVH� RI� HGXFDWLRQ� LPSRUWDQFH�� WKH� LPSDFW� RI�HGXFDWLRQ� RQ� HFRQRPLF� JURZWK� KDV� EHHQ� VXUYH\HG� LQ�VHYHUDO� VWXGLHV�� 6RPH� VWXG\� FRQFOXGHG� WKDW� HGXFDWLRQ�KDV� D� VLJQLILFDQW� DQG� SRVLWLYH� LPSDFW� RQ� HFRQRPLF�JURZWK�� %DUUR� ������� ILQGV� D� SRVLWLYH� UHODWLRQVKLS�EHWZHHQ� HGXFDWLRQ� H[SHQGLWXUHV� DQG� HFRQRPLF�JURZWK�� %HQKDELE� DQG� 6SLHJHO�� ������� DFNQRZOHGJH�WKH� KXPDQ� FDSLWDO� GHYHORSPHQW� DV� D� VRXUFH� RI�HFRQRPLF� JURZWK�� *HPPHOO� ������� GHWHUPLQH� WKDW��ERWK� KXPDQ� FDSLWDO� DQG� WKHLU� JURZWK� UDWHV� DV� PDLQ�GHWHUPLQDQWV� RI� HFRQRPLF� JURZWK�� ,Q� RWKHU� RQH��
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HGXFDWLRQ�KDV�DQ� LQVLJQLILFDQW� DQG�QR�FOHDU� LPSDFW�RQ�HFRQRPLF� JURZWK�� )RU� LQVWDQFH�� 'H� 0HXOPHVWHU� DQG�5RFKHW��������FRQFOXGHV�WKDW�WKH�UHODWLRQVKLS�EHWZHHQ�HGXFDWLRQ�DQG�HFRQRPLF�JURZWK�LV�QRW�DOZD\V�SRVLWLYH����7KH� SXUSRVH� RI� WKLV� VWXG\� LV� WR� VXUYH\� LPSRUWDQFH� RI�HGXFDWLRQ� RQ� HFRQRPLF� GHYHORSPHQW� LQ� 0(1$�FRXQWULHV�� 7KHUHIRUH�� ZH� XVH� WKHVH� FRXQWU\
V� GDWD� DQG�SDQHO�GDWD�DSSURDFK�WR�H[DPLQH���WKH�HGXFDWLRQ�HIIHFWV�RQ�HFRQRPLF�JURZWK���
���7KHRULFDO�EDVLFV�7KH� UHODWLRQVKLS� EHWZHHQ� HFRQRPLF� JURZWK� DQG�HGXFDWLRQ� KDV� EHHQ� RQH� RI� WKH� FHQWUDO� WUHDGV� RI�HFRQRPLF� DQDO\VLV�� &RQVLGHU� 0DQNLZ�� 5RPHU�� DQG�:HLO� ������� KXPDQ� FDSLWDO� DXJPHQWHG� 6RORZ� PRGHO�RI�HFRQRPLF�JURZWK��

�����@���>������ � �� �� CBCB W/W$W+W.W<
:KHUH < >���� �CB � < >����� CB DQG� W� GHQRWHV�
WLPH�� 7KLV� LPSOLHV� WKDW� WKH� SURGXFWLRQ� IXQFWLRQ�H[KLELWV� FRQVWDQW� UHWXUQV� WR� VFDOH� LQ� LWV� WKUHH� IDFWRUV��
SK\VLFDO� FDSLWDO� �. ��� KXPDQ� FDSLWDO� �+ ��� DQG�
SURGXFWLYLW\�DXJPHQWHG� ODERU� � $/ ��� $OO� PDUNHWV��ERWK� LQSXW� DQG� RXWSXW� PDUNHWV�� DUH� DVVXPHG� WR� EH�SHUIHFWO\� FRPSHWLWLYH�� $OO� ILUPV� DUH� DVVXPHG� WR� EH�LGHQWLFDO�� 7KH� HFRQRP\� FDQ� WKHQ� EH� GHVFULEHG� E\� D�UHSUHVHQWDWLYH� DJHQW�� 3K\VLFDO� FDSLWDO� DQG� KXPDQ�FDSLWDO�DUH�DVVXPHG�WR�EH�DFFXPXODWLQJ�IDFWRUV�DQG�WKH�UHSUHVHQWDWLYH�DJHQW�VDYHV�RXWSXW�WR�KDYH�PRUH�FDSLWDO��HLWKHU�SK\VLFDO�RU�KXPDQ���$V� HGXFDWLRQ� EHFRPHV� PRUH� EURDGO\� EDVHG�� ORZ�LQFRPH� SHRSOH� DUH� EHWWHU� DEOH� WR� VHHN� RXW� HFRQRPLF�RSSRUWXQLWLHV�� 3VDFKDURSRXORV������� E\� VWXG\� RI� WKH�UHODWLRQ� EHWZHHQ� VFKRROLQJ�� LQFRPH� LQHTXDOLW\� DQG�SRYHUW\�LQ����FRXQWULHV�RI�/DWLQ�$PHULFD�LQ�WKH�����V�IRXQG� WKDW� RQH� TXDUWHU� RI� WKH� YDULDWLRQ� LQ� ZRUNHUV
�LQFRPHV�ZDV�DFFRXQWHG� IRU�E\�YDULDWLRQV� LQ� VFKRROLQJ�DWWDLQPHQW�� ,W� FRQFOXGHV� WKDW� FOHDUO\� HGXFDWLRQ� LV� WKH�YDULDEOH�ZLWK�WKH�VWURQJHVW�LPSDFW�RQ�LQFRPH�HTXDOLW\��%RXUJXLJQRQ� ������� LQYHVWLJDWH� WKH� GHWHUPLQDQWV� RI�LQFRPH� GLVWULEXWLRQ� LQ� ��� FRXQWULHV� IRXQG� VHFRQGDU\�HQUROOPHQW�UDWHV�WR�EH�VLJQLILFDQW���
:H� FDQ� UHFHLYH� WR� VWHDG\�VWDWH� OHYHO� RI� RXWSXW� E\�PDWKHPDWLFDO� ZD\V�� ,W� VKRZ� WKDW�� WKH� UDWH� RI� KXPDQ�FDSLWDO� DFFXPXODWLRQ� FDQ� DIIHFW� WKH� VWHDG\�VWDWH� OHYHO�RI� RXWSXW� SHU� HIIHFWLYH� ZRUNHU� DQG� KLJKHU� OHYHO� RI��KXPDQ� FDSLWDO� DFFXPXODWLRQ� OHDG� WR� KLJKHU� OHYHO� RI�RXWSXW� SHU� HIIHFWLYH� ZRUNHU�� )URP� DQ� HPSLULFDO�SHUVSHFWLYH�� WKH� DGGLWLRQ� RI� KXPDQ� FDSLWDO� WR� WKH�PRGHO� DOORZV� IRU� DQRWKHU� GLPHQVLRQ� WR� EH� LQYRNHG� LQ�H[SODLQLQJ� GLIIHUHQFHV� LQ� RXWSXW� OHYHOV� DFURVV�FRXQWULHV�� 7KHUHIRUH�� &RXQWULHV� ZKR� LQYHVW� LQ�HGXFDWLRQ� DUH� SUHGLFWHG� WR� KDYH� KLJKHU� LQFRPH� OHYHOV�

WKDQ�WKRVH�ZKR�GRQ
W��IRU�DQ\�JLYHQ�LQYHVWPHQW�UDWH� LQ�SK\VLFDO�FDSLWDO���
�
���/LWHUDWXUH�UHYLHZ�6LQFH� WKH� ZRUN� RI� 0DQNLZ�� 5RPHU� DQG�:HLO� �������DQG� %DUUR� �������� WKHUH� KDV� GHYHORSHG� D� ODUJH�OLWHUDWXUH�RQ�UHODWLRQ�EHWZHHQ�HGXFDWLRQ�DQG�HFRQRPLF�JURZWK�� 6RPH� DXWKRUV� FRQFOXGH� WKDW� WKH� HGXFDWLRQ�TXDQWLW\� KDV� SRVLWLYH� HIIHFWV� RQ� HFRQRPLF� JURZWK��+DQXVKHN��������7HPSOH��������.UXHJHU�DQG�/LQGDKO�������� *HPPHO�� ������ %HQKDELE� DQG� 6SLHJHO�� �������(GXFDWLRQ� TXDQWLW\� LV� PHDVXUHG� E\� VFKRROLQJ�HQUROPHQW� UDWLRV� �0DQNLZ�� 5RPHU� DQG� :HLO� ������%DUUR� ������ /HYLQH� DQG� 5HQHOW� ������� WKH� DYHUDJH�\HDUV� RI� VFKRROLQJ� �+DQXVKHN� DQG�:RHVVPDQQ� ������.UXHJHU� DQG� /LQGKDO� ������� DGXOW� OLWHUDF\� UDWH��'XUODXI� DQG� -RKQVRQ� ������ 5RPHU� ������ DQG�HGXFDWLRQ�VSHQGLQJ��%DODGDFFL�HW�DO����%DODGDFFL�HW� DO��������� ILQG� D� SRVLWLYH� DVVRFLDWLRQ� EHWZHHQ� HGXFDWLRQ�VSHQGLQJ� DQG� HFRQRPLF� JURZWK�� 2]WXUN� �������FRQFOXGHG� WKDW�(GXFDWLRQ� LQ�HYHU\� VHQVH� LV�RQH�RI� WKH�IXQGDPHQWDO� IDFWRUV� RI� GHYHORSPHQW� DQG� 1R� FRXQWU\�FDQ� DFKLHYH� VXVWDLQDEOH� HFRQRPLF� GHYHORSPHQW�ZLWKRXW� VXEVWDQWLDO� LQYHVWPHQW� LQ� KXPDQ� FDSLWDO��&RRUD\� ������� H[DPLQH� WKH�HIIHFW�RI� WKH�TXDQWLW\� DQG�TXDOLW\� RI� HGXFDWLRQ� RQ� HFRQRPLF� JURZWK�� 7KLV� VWXG\�ILQGV� WKDW� HGXFDWLRQ� TXDQWLW\� ZKHQ� PHDVXUHG� E\�HQUROPHQW� UDWLRV�� XQDPELJXRXVO\� LQIOXHQFHV� HFRQRPLF�JURZWK�� �7KHUH�DUH� KRZHYHU�� VWXGLHV� WKDW� ILQG� D�ZHDN�UHODWLRQVKLS� EHWZHHQ� HGXFDWLRQ� TXDQWLW\� DQG� JURZWK��'HYDUDMDQ� HW� DO�� ������� REVHUYH� D� QHJDWLYH�LQVLJQLILFDQW� UHODWLRQ� EHWZHHQ� SXEOLF� VSHQGLQJ� RQ�HGXFDWLRQ� DQG� HFRQRPLF� JURZWK�� %LOV� DQG� .OHQRZ�������� DQG� 3ULFKHWW� ������� ILQGV� QR� UHODWLRQ� DW� DOO�EHWZHHQ�VFKRROLQJ�DQG�HFRQRPLF�JURZWK���$OVR�� WKH� UHODWLRQVKLS� EHWZHHQ� VFKRROLQJ� TXDOLW\� DQG�HFRQRPLF� JURZWK� LV� H[DPLQHG� LQ� WKH� ZRUN� RI� %DUUR��������� +DQXVKHN� DQG� .LPNR� �������� +DQXVKHN� DQG�.LP� ��������+DQXVKHN� DQG�:�RHVVPDQQ� �������� 7KH�VWXGLHV� RI� +DQXVKHN� DQG� .LPNR�� +DQXVKHN� DQG� .LP�DQG�+DQXVKHN� DQG�:RHVVPDQQ�GHYHORS� D�PHDVXUH� RI�ODERXU� IRUFH� TXDOLW\� EDVHG� RQ� FRJQLWLYH� VNLOOV� LQ�PDWKHPDWLFV�DQG�VFLHQFH�DQG�ILQG�WKDW�WKLV�KDV�D�VWURQJ�DQG� UREXVW� LQIOXHQFH� RQ� HFRQRPLF� JURZWK�� %DUUR��������XVLQJ�GDWD�RQ� VWXGHQW�VFRUHV�RQ� LQWHUQDWLRQDOO\�FRPSDUDEOH� H[DPLQDWLRQV� WR� PHDVXUH� VFKRROLQJ�TXDOLW\� ILQGV� D� SRVLWLYH� UHODWLRQ� EHWZHHQ� VFKRROLQJ�TXDOLW\�DQG�HFRQRPLF�JURZWK���
���0RGHO�VSHFLILFDWLRQ��:H� &RQVLGHU� 0DQNLZ�� 5RPHU�� DQG� :HLO� �������KXPDQ� FDSLWDO� DXJPHQWHG� 6RORZ� PRGHO� RI� HFRQRPLF�JURZWK��

�����@���>������ � �� �� CBCB W/W$W+W.W<
:KHUH� ��W< LV�WKH�OHYHO�RI�RXWSXW�� ��W. SK\VLFDO�FDSLWDO�� ��W+ KXPDQ�FDSLWDO�DQG� ��W$ WKH�OHYHO�RI� WHFKQRORJ\��
7DNLQJ�WKH�QDWXUDO�ORJDULWKP�RI�HTXDWLRQ��������HTXDWLRQ�������LV�REWDLQHG��
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< > ����������������� ������ W$W//QW/Q+W/Q.W/Q< CBCB

%\� $GGLQJ� D� UDQGRP� FRPSRQHQW� WR� WKH� HTXDWLRQ� ������ ZLWK� WKLV� DVVXPSWLRQ� WKDW ����� W/Q$CBK ��� �
HTXDWLRQ�������LV�REWDLQHG�� �

����������������� �������� W8W/Q/W/Q+W/Q.W/Q< CBCBK

6LQFH��WKLV�HTXDWLRQ�WR�EH�HVWLPDWHG�E\�FURVV��FRXQWU\�GDWD��WKH�HVWLPDWHG�HTXDWLRQ�LV�DV�IROORZV�� �
��������������� ����� �������� WLWLWLWLLWL 8/+/Q./Q</Q CBCBK

:KHUH� L ,QGH[�GHQRWH�WKH�QXPEHU�RI�FRXQWU\�� �����L � DQG� W LV�WKH�GDWD�VHW�SHULRG�� �������� ��W �� WL8 �

LV�HUURU� WHUP�WKDW� LQFOXGH�WKH�FRXQWU\�HIIHFWV� � LN ��� WLPH�HIIHFWV� � WM � DQG�GLVWXUEDQFH�WHUP�RI� WKH�HTXDWLRQ� � WL�F ���
7KDW�LV� LWWLWL8 NMF ��� �� �
�����'DWD�,Q� WKLV� DUWLFOH�� ��� FRXQWULHV� IURP� 0(1$� FRQVLGHUHG�IRU� ����� �� ����� SHULRG�� ,Q� WKH� HVWLPDWHG� PRGHO��YDULDEOHV�DUH�GHILQHG�DV�EHORZ��

��W/Q< � 1DWXUDO� ORJDULWKP� RI� HDFK� FRXQWU\
V� *'3�
�FRQVWDQW������86���

��W/Q. � 1DWXUDO� /RJDULWKP� RI� JURVV� FDSLWDO�
IRUPDWLRQ�� ���W/Q/ � 1DWXUDO�/RJDULWKP�RI�ODERU�IRUFH� �

���W/Q+ 1DWXUDO� /RJDULWKP� RI� HGXFDWLRQ� YDULDEOH�
WKDW� PHDVXUHG� E\� 3ULPDU\� HQUROOPHQW� ��JURVV���VHFRQGDU\� HQUROOPHQW� ��JURVV��� WHUWLDU\� HQUROOPHQW���JURVV��� (GXFDWLRQ� H[SHQGLWXUH� �86� ��� DQG�(GXFDWLRQ�H[SHQGLWXUH���*'3���
$OO� YDULDEOHV� GDWD� FROOHFWHG� IURP�:RUOG� %DQN� RQOLQH�GDWDEDVH���������

�����0RGHO�HVWLPDWLRQ��
)LUVW�� ZH� VKRXOG� HQVXUH� PRGHO� YDULDEOH
V� VWDWLRQDU\�E\� FRQYHUVLRQDO� XQLW� URRW� WHVWV�� 7KH� PRVW� ZLGHO\�XWLOL]HG� SDQHO� XQLW� URRW� WHVWV� DUH� WKH� ,P�� 3HVDUDQ� DQG�6KLQ�,36��:�±WHVW���������/HYLQ��/LQ�DQG�&KX�//&��W�WHVW��������DQG�)LVKHU�W\SH�XQLW�URRW�WHVW�GHYHORSHG�E\�0DGGDOD�DQG�:X���������)LVKHU�$')���,Q�WKLV�VHFWLRQ��ZH�XVH�0DGGDOD�DQG�:X��0:��������3DQHO�8QLW�5RRW�7HVW� RU� 7KH� )LVKHU�$')� WHVW�� 7KH� )LVKHU�$')� SDQHO�GDWD�XQLW� URRW� WHVW� LV� D�PXFK�PRUH� IOH[LEOH� WHVW� DQG� LV�DSSOLFDEOH�HYHQ�WR�XQEDODQFHG�SDQHOV�DQG�LW�LV�YDOLG�IRU�LQGLYLGXDO� $')� WHVWV� ZLWK� GLIIHUHQW� ODJ� OHQJWKV�� 7KH�

)LVKHU�$')� WHVW� VWDWLVWLFM � ZKLFK� KDV� D� FKL�VTXDUH�
GLVWULEXWLRQ�ZLWK��1�GHJUHHV�RI�IUHHGRP�XQGHU�WKH�QXOO�K\SRWKHVLV��LV�H[SUHVVHG�DV��

� � KWWS���GDWD�ZRUOGEDQN�RUJ�GDWD�FDWDORJ�ZRUOG�GHYHORSPHQW�LQGLFDWRUV�

�����ORJ��
�

��� ¥
�

1

L
LQM

:KHUH� LQ UHIHUV� WR� WKH� SUREDELOLW\� YDOXHV� IURP�
LQGLYLGXDO�$')�XQLW� URRW� WHVWV� IRU�HDFK�FRXQWU\� LQ� WKH�SDQHO��7KH�UHVXOWV�RI�XQLW�URRW� WHVW�FDQ�VXPPDUL]HG�DV�IROORZ�LQ�7DEOH��� �
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7DEOH� �� UHVXOWV� VKRZ� WKDW� *'3�� JURVV� FDSLWDO�IRUPDWLRQ�� 3ULPDU\� HQUROOPHQW� ��JURVV��� VHFRQGDU\�HQUROOPHQW���JURVV��� WHUWLDU\�HQUROOPHQW� ��JURVV��DQG�(GXFDWLRQ� H[SHQGLWXUH� �86� ��� KDYH� QRW� VWDWLRQDU\�SURSHUW\� LQ� YDULDEOH� OHYHO�� 7KHVH� YDULDEOHV� DUH�VWDWLRQDU\� E\� JHWWLQJ� ILUVW� GLIIHUHQFHV�� ,Q� RWKHU� ZRUGV�PHQWLRQHG�YDULDEOHV�KDYH�D�XQLW� URRW��/DERU�IRUFH�DQG�(GXFDWLRQ�H[SHQGLWXUH���*'3��DUH�VWDWLRQDU\��+HQFH��WKH�PRGHO�YDULDEOHV� VKRXOG� EH� VXUH� WR�FRLQWHJUDWHG�� ,I�WKH� PRGHO� YDULDEOHV� FRLQWHJUDWHG�� WKHUH� LV� D� ORQJ�UXQ�UHODWLRQVKLS� EHWZHHQ� WKH� GHSHQGHQW� YDULDEOH� DQG�LQGHSHQGHQW�YDULDEOHV�LQ�WKH�PRGHO��

�6R��WR�HQVXUH�FRLQWHJUDLRQ�RI�YDULDEOHV��3HGURQL�SDQHO�FRLQWHJUDWLRQ�WHVW��������������LV�XVHG��3HGURQL�������������� GHYHORSHG� D� QXPEHU� RI� VWDWLVWLFV� EDVHG� RQ� WKH�UHVLGXDOV� RI� WKH� (QJOH� DQG� *UDQJHU� �������FRLQWHJUDWLRQ� UHJUHVVLRQ�� 7KH� WHVWV� SURSRVHG� LQ�3HGURQL� ������� ������ DOORZ� IRU� KHWHURJHQHLW\� DPRQJ�LQGLYLGXDO� PHPEHUV� RI� WKH� SDQHO�� LQFOXGLQJ�KHWHURJHQHLW\� LQ� ERWK� WKH� ORQJ�UXQ� FRLQWHJUDWLQJ�YHFWRUV� DQG� LQ� WKH� G\QDPLFV�� $VVXPLQJ� D� SDQHO� RI�1�LQGXVWULHV� HDFK� ZLWK� P� UHJUHVVRUV� �;P� DQG� 7�REVHUYDWLRQV��WKH�ORQJ�UXQ�PRGHO�LV�ZULWWHQ�DV���
����������������� ���������� 1L7W;;;W< LWLWPPLLWLLWLLLLW ��� FCCCMB

(TXDWLRQ� ������ LPSOLHV� WKDW� DOO� FRHIILFLHQWV�� DQG��KHQFH�� WKH�FRLQWHJUDWLQJ�YHFWRU��YDU\�DFURVV� FRXQWULHV��WKXV� DOORZ� IXOO� KHWHURJHQHLW\� DFURVV� LQGLYLGXDO�PHPEHUV� RI� WKH� SDQHO�� � ,Q� WKHVH� WHVWV�� WKH� QXOO�K\SRWKHVLV� LV� IRU� HDFK� PHPEHU� RI� WKH� SDQHO� WKH�YDULDEOHV� LQYROYHG� DUH� QRW� FRLQWHJUDWHG�� DQG� WKH�DOWHUQDWLYH� WKDW� IRU�HDFK�PHPEHU�RI� WKH�SDQHO� H[LVWV� D�VLQJOH�FRLQWHJUDWLQJ�YHFWRU��3HGURQL� ������� ������DOVR�GHYHORSHG� VHYHQ� SDQHO� FRLQWHJUDWLRQ� VWDWLVWLFV�� � )RXU�

RI�WKHVH�VWDWLVWLFV��FDOOHG�SDQHO�FRLQWHJUDWLRQ�VWDWLVWLFV��DUH�ZLWKLQ�GLPHQVLRQ� EDVHG� VWDWLVWLFV�� 7KH� RWKHU� WKUHH�VWDWLVWLFV�� FDOOHG� *URXS� PHDQ� SDQHO� FRLQWHJUDWLRQ�VWDWLVWLFV�� DUH� EHWZHHQ�GLPHQVLRQ� SDQHO� VWDWLVWLFV���)ROORZLQJ� 3HGURQL� ������� ������� WKH� KHWHURJHQHRXV�
SDQHO�DQG�KHWHURJHQHRXV�JURXS�PHDQ�SDQHO�RI�UKR�� S
���SDUDPHWULF��$')��DQG�QRQ�SDUDPHWULF��33��VWDWLVWLFV�DUH�FDOFXODWHG�DV�IROORZV��

���3DQHO�Y�6WDWLVWLF�
�

7DEOH����5HVXOWV�RI�YDULDEOHV�VWDWLRQDU\�EDVHG�RQ�)LVKHU�$')�WHVW
)LUVW�GLIIHUHQFH�OHYHO�YDULDEOH�VLWXDWLRQ� 6WDWLRQ�1RQ�6WDWLRQ�3ULPDU\�HQUROOPHQW��JURVV��,QGLYLGXDO�LQWHUFHSW�DQG�WUHQG�

6WDWLRQ�1RQ�6WDWLRQ�VHFRQGDU\�HQUROOPHQW��JURVV��,QGLYLGXDO�LQWHUFHSW�DQG�WUHQG�
6WDWLRQ�1RQ�6WDWLRQ�7HUWLDU\��HQUROOPHQW��JURVV��,QGLYLGXDO�LQWHUFHSW�DQG�WUHQG�
6WDWLRQ�1RQ�6WDWLRQ�*URVV�GRPHVWLF�SURGXFW�,QGLYLGXDO�LQWHUFHSW�DQG�WUHQG�
6WDWLRQ�1RQ�6WDWLRQ�*URVV�FDSLWDO�IRUPDWLRQ�,QGLYLGXDO�LQWHUFHSW�DQG�WUHQG�

�6WDWLRQ�/DERU�IRUFH�,QGLYLGXDO�LQWHUFHSW�DQG�WUHQG�
6WDWLRQ�1RQ�6WDWLRQ�(GXFDWLRQ�H[SHQGLWXUH�86����,QGLYLGXDO�LQWHUFHSW�DQG�WUHQG�

�6WDWLRQ�(GXFDWLRQ�H[SHQGLWXUH��*'3��,QGLYLGXDO�LQWHUFHSW�DQG�WUHQG�
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ZKHUH �ÖT LV� WKH�SRROHG� ORQJ�UXQ�YDULDQFH�IRU� WKH�QRQ�
SDUDPHWULF� PRGHO� JLYHQ� DV ¥ �

�1

L LL/1
�

��
�� ÖÖ�� T �

	 
�� ÖÖ���Ö
LLL 6�� TM � ZKHUH� L/Ö LV� XVHG� WR� DGMXVW� IRU�

DXWRFRUUHODWLRQ� LQ� SDQHO� SDUDPHWULF� PRGHO�� �Ö LT DQG�
�Ö
L6 DUH� WKH� ORJ�UXQ� DQG� FRQWHPSRUDQHRXV� YDULDQFHV�

IRU�LQGLYLGXDO�,��DQG� �Ö6 DUH�REWDLQHG�IURP�LQGLYLGXDO�
$')�WHVW� RI� WLWLLWL YHH ���� �� �S � �6 LV� WKH�
LQGLYLGXDO� FRQWHPSRUDQHRXV� YDULDQFH� IURP� WKH�
SDUDPHWULF�PRGHO�� WLH �Ö WKH�HVWLPDWHG�UHVLGXDO�IURP�WKH�
SDUDPHWULF� FRLQWHJUDWLRQ�� ZKLOH� 

�Ö WLH WKH� HVWLPDWHG�
UHVLGXDO� IURP� WKH� SDUDPHWULF� PRGHO� DQG� L/��Ö WKH�

HVWLPDWHG�ORJ�UXQ�FRYDULDQFH�PDWUL[�IRU� WLH �Ö% � DQG� L/
LV� WKH� LWK� FRPSRQHQW�RI� WKH� ORZHU�WULDQJXODU�&KROHVN\�
GHFRPSRVLWLRQ� RI� PDWUL[� L8 IRU� WLH �Ö% ZLWK� WKH�
DSSURSULDWH�ODJ�OHQJWK�GHWHUPLQHG�E\�WKH�1HZH\�:HVW�PHWKRG���
7KH�VPDOO�VDPSOH�VL]H�DQG�SRZHU�SURSHUWLHV�RI�DOO� WKH�VHYHQ� VWDWLVWLFV� DUH� H[DPLQHG� LQ� 3HGURQL� �������� � ,Q�WHUPV� RI� SRZHU�� 3HGURQL� VKRZHG� WKDW� WKH� JURXS�$')�VWDWLVWLF� JHQHUDOO\� SHUIRUPV� EHVW�� IROORZHG� E\� WKH�SDQHO�$')�VWDWLVWLF��:KLOH� WKH�SDQHO�YDULDQFH�DQG� WKH�JURXS�UKR�VWDWLVWLF�GR�SRRUO\��
�,Q� WKLV� VHFWLRQ�� VHYHQ� PRGHOV� KDYH� EHHQ� HVWLPDWHG�ZLWK�SDQHO�GDWD��&DR�3DQHO�FRLQWHJUDWLRQ�WHVW�UHVXOWV�RI�WKHVH�PRGHOV�DUH�SUHVHQWHG�LQ�7DEOH�����

�
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7DEOH����&RLQWHJUDWLRQ�RI�PRGHO�YDULDEOHV�
� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO��� 0RGHO���

3DQHO� *URXS� 3DQHO� *URXS� 3DQHO� *URXS� 3DQHO� *URXS� 3DQHO� *URXS�

9DULDQFH�UDWLR� ����� �� ���� �� ������ �� ����� �� ���� ��

5KR�VWDWLVWLF� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

33�VWDWLVWLF� ������ ������ ������ ������ ����� ������ ����� ������ ����� ������

$')�VWDWLVWLF� ������ ����� ������ ������ ������ ������ ������ ����� ����� ������

$ �LQGLFDWHV�WKH�UHMHFWLRQ�RI��WKH�QXOO�K\SRWKHVLV�RI�QR�FRLQWHJUDWLRQ�DW�OHDVW�RQ�WKH������OHYHO�RI�VLJQLILFDQFH���

5HVXOWV� IURP� 7DEOH� �� LQGLFDWH� WKH� QXOO� RI� QR�FRLQWHJUDWLRQ� LV� UHMHFWHG� E\� DOO� VHYHQ� VWDWLVWLFV� LQ�PRGHO����,Q�PRGHO����QXOO�K\SRWKHVLV�LV�UHMHFWHG�E\�VL[�VWDWLVWLFV��,Q�PRGHO������DQG����QXOO�RI�QR�FRLQWHJUDWLRQ�LV� UHMHFWHG� E\� IRXU�� ILYH� DQG� IRXU� VWDWLVWLFV��UHVSHFWLYHO\�� �2Q� WKH� EDVLV� RI� WKHVH� UHVXOWV�� WKH� ORQJ�UXQ� UHODWLRQVKLS� EHWZHHQ� PRGHO� YDULDEOHV� VWURQJO\�VXSSRUWV���)LQDO�0RGHOV�FDQ�EH�HVWLPDWHG�LQ�IRUP�RI�3RROHG�GDWD�RU�3DQHO�GDWD��7KH�/HDPHU�)�WHVW�XVHG�WR�GHWHFW�LW��7KH�QXOO�K\SRWKHVLV�RI�WKLV�WHVW�VXSSRVHV�WKDW�PRGHO�VKRXOG�EH� HVWLPDWHG� DV� 3RROHG� GDWD�� 5HVXOWV� RI� WKLV� WHVW�SUHVHQWHG� LQ� WDEOH���� ,I�SDQHO�GDWD�DSSURDFK�DFFHSWHG��LQ�WKH�VHFRQG�VWHS��VKRXOG�EH�GHWHUPLQH�ZKLFK�PHWKRG�LV� VXLWDEOH� �IL[HG� HIIHFWV� RU� UDQGRP� HIIHFWV�� IRU�HVWLPDWH�WKH�3DQHO�GDWD��,Q�WKLV�VWDJH��WKH�+RXVPDQ�WHVW�

������� XVHG�� +RXVPDQ� WHVW� H[DPLQH� WKH� QXOO�K\SRWKHVLV� WKDW� UDQGRP� HIIHFWV� LV� VXLWDEOH� IRU� PRGHO�HVWLPDWLRQ�� ,I� WKH� QXOO� K\SRWKHVLV� UHMHFWHG�� IL[HG�HIIHFWV�PHWKRGV�DUH�XVHG��7KH�UHVXOWV�RI�WKLV�WHVW�VKRZ�LQ� WKH� WDEOH� ��� WRR�� ,W� VKRXOG� EH� QRWHG� WKDW� GXH� WR� WKH�PRGHO
V� ORJDULWKPLF� IRUP�� ZH� FDQ� VD\� WKDW� WKH�FRHIILFLHQW�RI�HDFK�YDULDEOH��LV�HODVWLFLW\�RI�WKHP��7KDW�LV�� LI� WKHVH� YDULDEOHV� FKDQJH��� SHUFHQW�� WKH� GHSHQGHQW�YDULDEOH� RI�PRGHO�ZLOO� FKDQJH� HTXDO� WR� WKLV� YDULDEOH
V�FRHIILFLHQW�� :H� XVH� VHYHUDO� SUR[LHV� DV� HGXFDWLRQ�YDULDEOH�� 7KHVH� SUR[LHV� LQFOXGH� 3ULPDU\� HQUROOPHQW��35,0��� VHFRQGDU\� HQUROOPHQW� �6(&��� WHUWLDU\�HQUROOPHQW� �7(5��� (GXFDWLRQ� H[SHQGLWXUH� LQ� WHUP� RI�86����('8��DQG�(GXFDWLRQ�H[SHQGLWXUH�DV�SHUFHQW�RI�*'3��('8*'3���
� 7DEOH����UHVXOW�RI�PRGHO�HVWLPDWLRQ��GHSHQGHQW�YDULDEOH��*'3��

0RGHO���0RGHO��0RGHO���0RGHO���0RGHO���YDULDEOHV�
�������������������������������������������������������� � �F
������������ � ��������� � ������������ � �������������� � ������������� � �/Q�.��

����������� � ������������� � ������������ � ������������ � ������������ � �/Q�/��
����������������� � �/Q�('8��
�����������������/Q�('8*'3��
�����������������/Q�35,0��
����������� �����/Q�6(&��

����������� � ����/Q�7(5��
��������������������������5�

�������������������

����������������������

�������������������

����������������������

����������������������
/HDPHU�)�WHVW����+RXVPDQ��WHVW��

1RWH��ILJXUHV�LQ�SDUHQWKHVHV�DUH�W�VWDWLVWLFV�RI�HDFK�FRHIILFLHQW���
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$ �LQGLFDWHV�WKH�UHMHFWLRQ�RI�WKH�QXOO�K\SRWKHVLV�RQ�WKH������OHYHO�RI�VLJQLILFDQFH��$ �LQGLFDWHV�WKH�UHMHFWLRQ�RI�WKH�QXOO�K\SRWKHVLV�RI�OHDPHU�)�WHVW�RQ�WKH������OHYHO�RI�VLJQLILFDQFH��$ �LQGLFDWHV�WKDW�ZH�FDQ
W�UHMHFW�WKH�QXOO�K\SRWKHVLV�RI�KDXVPDQ�WHVW�RQ�WKH������OHYHO�RI�VLJQLILFDQFH���

,Q�DOO�PRGHOV�� WKH� OHDPHU�)� WHVW� UHMHFW�QXOO�K\SRWKHVLV��WKHUHIRUH� WKHVH�PRGHOV�FDQ�EH�HVWLPDWHG�DV� WKH�SDQHO�GDWD�� $OVR�� +RXVPDQ� 7HVW� UHVXOWV� VKRZ� WKDW� ZH� FDQ
W�UHMHFW� QXOO� K\SRWKHVLV� DQG� ZH� VKRXOG� HVWLPDWH� DOO�PRGHOV� DV� UDQGRP� HIIHFWV�� 0RGHO� HVWLPDWLRQ� UHVXOWV�VKRZ� WKDW� FDSLWDO� VWRFN� DQG� ODERU� IRUFH� KDYH� SRVLWLYH�DQG� VWDWLVWLFDOO\� VLJQLILFDQW� LPSDFWV� RQ� � � SURGXFWLRQ�OHYHO�DQG�KDYH�H[SHFWHG�VLJQV��7KH�PRGHOV� UHVXOWV�VKRZ�WKDW�FDSLWDO� VWRFN�FRHIILFLHQW�LV�HVWLPDWHG�������� WR�������� �6LQFH�WKH�PRGHOV�DUH� LQ�ORJDULWKPLF�IRUP��VR�ZH�FRQFOXGH� WKDW� LI� FDSLWDO� VWRFN�FKDQJH� �� SHUFHQW� DQG� DOO� RWKHU� FRQGLWLRQV� UHPDLQ�FRQVWDQW��SURGXFWLRQ�OHYHOV�ZLOO�FKDQJH��������WR�������SHUFHQW� �$OVR�� WKH� HVWLPDWHG� FRHIILFLHQW� RI� WKH� ODERU�IRUFH�LV������WR�������7KLV�LQGLFDWH�WKDW�WKH�HODVWLFLW\�RI�ODERU� LQ� WKHVH� FRXQWULHV�� LV� EHWZHHQ� ���������� DQG� E\�FKDQJLQJ� ODERU� IRUFH���SHUFHQW��SURGXFWLRQ� OHYHOV�ZLOO�FKDQJH������WR������SHUFHQW��LI�RWKHU�FRQGLWLRQV�UHPDLQ�FRQVWDQW���7KH� HVWLPDWLRQ� UHVXOWV� LQGLFDWH� WKDW�� LI� ZH� PHDVXUH�HGXFDWLRQ� YDULDEOH� E\� VHFRQGDU\� HQUROOPHQW� �6(&���WHUWLDU\� HQUROOPHQW� �7(5�� DQG� (GXFDWLRQ� H[SHQGLWXUH�LQ� WHUP� RI� 86� ��('8��� HGXFDWLRQ� KDV� SRVLWLYH� DQG�VWDWLVWLFDOO\� VLJQLILFDQW� HIIHFW� RQ� RXWSXW� OHYHO� LQ�0(1$� VHOHFWHG� FRXQWU\�� ,Q� FRQWUDVW�� HGXFDWLRQ�SUR[LHV�VXFK�(GXFDWLRQ�H[SHQGLWXUH�DV�SHUFHQW�RI�*'3��('8*'3�� DQG� 3ULPDU\� HQUROOPHQW� �35,0�� KDV� QR�VLJQLILFDQW� HIIHFWV� RQ� SURGXFWLRQ�� 7KHUHIRUH�� ZH� FDQ�FRQFOXGH� WKDW�� LQ� 0(1$� FRXQWULHV�� VHFRQGDU\� DQG�WHUWLDU\� HGXFDWLRQV� DUH� LPSRUWDQW� IDFWRU� IRU� LQFUHDVH�SURGXFWLRQ�LQ�WKHVH�FRXQWULHV���
����6XPPDU\�DQG�&RQFOXGLQJ�5HPDUNV�,Q� WKLV� VWXG\�� WKH� UHODWLRQVKLS� EHWZHHQ� HGXFDWLRQ� DQG�HFRQRPLF� JURZWK� H[DPLQHG�� )LUVW�� GDWD� VWDWLRQDU\�SURSHUW\� WHVWHG� E\� )LVKHU�$')� SDQHO� GDWD� XQLW� URRW�WHVW�� 7KHQ�� XVLQJ� 3HGURQL� SDQHO� FRLQWHJUDWLRQ� WHVW��H[LVWHQFH� RI� FRLQWHJUDWLRQ� EHWZHHQ� PRGHO� YDULDEOHV�VXUYH\HG��5HVXOWV�RI�WKLV�WHVW�LQGLFDWH�WKDW�H[LVWHQFH�RI�ORQJ�UXQ� UHODWLRQVKLS� EHWZHHQ� PRGHO� YDULDEOHV�VWURQJO\� VXSSRUWHG��$OVR��/HDPHU�)� WHVW� DQG�KDXVPDQ�WHVW� VXJJHVW� WKDW�PRGHO� VKRXOG� EH� HVWLPDWHG� E\� SDQHO�GDWD�DSSURDFK�DQG�DV�UDQGRP�HIIHFWV��0RGHO�HVWLPDWLRQ�UHVXOWV�VKRZ�WKDW�HGXFDWLRQ�YDULDEOH�KDV� SRVLWLYH� DQG� VWDWLVWLFDOO\� VLJQLILFDQW� HIIHFWV� RQ�SURGXFWLRQ� OHYHO�� LI� LW� PHDVXUHG� E\� VHFRQGDU\�HQUROOPHQW� �6(&��� WHUWLDU\� HQUROOPHQW� �7(5�� DQG�(GXFDWLRQ� H[SHQGLWXUH� LQ� WHUP� RI� 86� ��('8��� ,Q�FRQWUDVW�� LI� HGXFDWLRQ� YDULDEOH�PHDVXUHG�E\�(GXFDWLRQ�H[SHQGLWXUH� DV� SHUFHQW� RI� *'3� �('8*'3�� DQG�3ULPDU\� HQUROOPHQW� �35,0��� LW� KDV� QR� VLJQLILFDQW�HIIHFWV� RQ� SURGXFWLRQ�� 7KHUHIRUH�� ZH� FDQ� VWURQJO\�FRQFOXGH� WKDW� LQ� 0(1$� FRXQWULHV�� VHFRQGDU\� DQG�WHUWLDU\�HGXFDWLRQV��LQ�FRQWUDVW�3ULPDU\�HQUROOPHQW��DUH�LPSRUWDQW�IDFWRU�WR�LQFUHDVH�SURGXFWLRQ�OHYHO���
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