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,QWHUQDWLRQDO�5	'�VSLOORYHUV��$�FRPPHQW
)UDQN�5��/LFKWHQEHUJD�E ��%UXQR�YDQ�3RWWHOVEHUJKH�GH�OD�3RWWHULHF

D &ROXPELD�8QLYHUVLW\�E 1DWLRQDO�%XUHDX�RI�(FRQRPLF�5HVHDUFKF 8QLYHUVLWp�/LEUH�GH�%UX[HOOHV

5HFHLYHG�-XO\�������UHYLVHG�-XQH�������DFFHSWHG�IRU�SXEOLFDWLRQ�LQ�WKH�(XURSHDQ�(FRQRPLF�5HYLHZ7KH�SXEOLVKHG�YHUVLRQ�RI�WKLV�SDSHU�PLJKW�EH�VOLJKWO\�GLIIHUHQW�IURP�WKLV�RQH��GXH�WR�HGLWRULDO�FRUUHFWLRQV�

$EVWUDFW
&RH�DQG�+HOSPDQ�SUHVHQWHG�HYLGHQFH�FRQVLVWHQW�ZLWK� WKH�K\SRWKHVLV� WKDW� WHFKQRORJ\�VSLOOV RYHU�DFURVV� FRXQWULHV� WKURXJK� WKH� FKDQQHO� RI� WUDGH� IORZV�� DQG� SURYLGHG� HVWLPDWHV� RI� WKH�PDJQLWXGH� RI� WKHVH�VSLOORYHUV�� �:H� UH�H[DPLQH� WZR� IHDWXUHV� RI� WKHLU� HFRQRPHWULF�PRGHO��)LUVW��ZH� DUJXH� WKDW� WKH�ZHLJKWLQJ�VFKHPH�WKH\�XVHG�WR�FRPSXWH�IRUHLJQ�5	'�FDSLWDO�VWRFNV�LV�VXEMHFW�WR�DQ�³DJJUHJDWLRQ�ELDV´��:H�VXJJHVW�DQ� DOWHUQDWLYH� ZHLJKWLQJ� VFKHPH� WKDW� LV� WKHRUHWLFDOO\�PXFK� OHVV� ELDVHG� DQG� WKDW� \LHOGV� VRPHZKDW� EHWWHU�HPSLULFDO�UHVXOWV��� �6HFRQG��ZH�FRUUHFW�DQ�³LQGH[DWLRQ�ELDV´�DQG�JHQHUDOLVH�WKHLU�HPSLULFDO�IUDPHZRUN�E\�DQDO\VLQJ� KRZ� WKH� RXWSXW� HODVWLFLW\� RI� IRUHLJQ� 5	'� GHSHQGV� RQ� D� FRXQWU\¶V� RSHQQHVV� WR� WUDGH�� 7KH�HPSLULFDO� UHVXOWV� FRQILUP� WKDW� WKH�PRUH� RSHQ� WR� WUDGH� D� FRXQWU\� LV�� WKH�PRUH� OLNHO\� LW� LV� WR�EHQHILW� IURP�IRUHLJQ�5	'�

-(/�&ODVVLILFDWLRQ� 2����2����2����&����)��
.H\ZRUGV� ,QWHUQDWLRQDO�WHFKQRORJ\�WUDQVIHU��7UDGH��5	'��3URGXFWLYLW\�
���,QWURGXFWLRQ

,Q�WKLV�SDSHU�ZH�UH�H[DPLQH�WZR�DVSHFWV�RI�&RH�DQG�+HOSPDQ�������¶V�HPSLULFDO�
PRGHO� RI� WKH� ³SURSDJDWLRQ�PHFKDQLVP´� RI� LQWHUQDWLRQDO� 5	'� VSLOORYHUV� HPERGLHG� LQ�
� *UDGXDWH� 6FKRRO� RI� %XVLQHVV�� ����� %URDGZD\�� ���� 8ULV� +DOO�� 1HZ� <RUN�� 1<� ������ 86$�� H�PDLO��IUDQN�OLFKWHQEHUJ#FROXPELD�HGX�
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WUDGH�IORZV��)LUVW��ZH�VXJJHVW� WKDW� WKH�ZHLJKWLQJ�VFKHPH�WKH\�XVHG�WR�FRPSXWH�IRUHLJQ�
5	'�FDSLWDO�VWRFNV�LV�VXEMHFW�WR�D�NLQG�RI�³DJJUHJDWLRQ�ELDV�´�:H�VXJJHVW�DQ�DOWHUQDWLYH�
ZHLJKWLQJ�VFKHPH�WKDW�LV�WKHRUHWLFDOO\�PXFK�OHVV�ELDVHG�DQG�WKDW�\LHOGV�VRPHZKDW�EHWWHU�
HPSLULFDO� UHVXOWV�� 6HFRQG�� ZH� DUJXH� WKDW� &RH� DQG� +HOSPDQ� PD\� KDYH� LPSURSHUO\�
LQGH[HG�VRPH�YDULDEOHV�LQ�WKHLU�DQDO\VLV�RI�KRZ�D�FRXQWU\¶V�RSHQQHVV�WR�WUDGH�DIIHFWV�LWV�
RXWSXW� HODVWLFLW\�RI� IRUHLJQ�5	'��DQG�DWWHPSW� WR� FRUUHFW� WKLV� ³LQGH[DWLRQ�ELDV´�� ,Q� WKH�
QH[W� VHFWLRQ� ZH� GLVFXVV� WKH� LVVXHV� RI� DJJUHJDWLRQ� DQG� LQGH[DWLRQ�� (VWLPDWHV� RI� RXU�
UHYLVHG�VSHFLILFDWLRQ��EDVHG�HVVHQWLDOO\�RQ�WKH�VDPH�GDWD�&RH�DQG�+HOSPDQ�FRQVWUXFWHG�
DQG�XVHG��DUH�SUHVHQWHG�LQ�VHFWLRQ����DQG�FRQFOXVLRQV�DUH�UHSRUWHG�LQ 6HFWLRQ���
���$JJUHJDWLRQ�DQG�LQGH[DWLRQ�LVVXHV

&RH�DQG�+HOSPDQ��&+��UHODWH�WKHLU�HPSLULFDO�PRGHO�WR�WKH�WKHRUHWLFDO�PRGHOV�RI�
µLQQRYDWLRQ�GULYHQ¶�JURZWK��7KHLU�REMHFWLYH�LV�WR�DVVHVV�KRZ�IRUHLJQ�WHFKQLFDO�DGYDQFHV�
FRQWULEXWH� WR�GRPHVWLF�SURGXFWLYLW\� 0RUH�SUHFLVHO\��WKH�LGHD�LV�WR�HYDOXDWH�WKH�LQGLUHFW�
EHQHILWV� HPDQDWLQJ� IURP� LPSRUWV�RI�JRRGV�DQG�VHUYLFHV� WKDW�HPERG\� WKH� WHFKQRORJLFDO�
NQRZOHGJH�RI�WUDGH�SDUWQHUV��7KHLU�EDVLF�HTXDWLRQ�KDV�WKH�IROORZLQJ�IRUP�
ORJ ORJ ORJ ORJ7)3 6 * 6 6LW L G LWG G LWG I LWI &+ LW � � � ��D D D D H� � � � ���
ZKHUH� ORJ�7)3 LV� WKH� ORJDULWKP� RI� WRWDO� IDFWRU� SURGXFWLYLW\�� L�  ��� ������� LV� D� FRXQWU\�
LQGH[�� W  ������������LV�D�WLPH�LQGH[�UDQJLQJ�IURP������WR�������D� LV�D�FRXQWU\�VSHFLILF�
FRQVWDQW��DG LV� WKH� RXWSXW� HODVWLFLW\� RI� WKH� GRPHVWLF�5	'�FDSLWDO� VWRFN� �6G���ZKLFK� LV�
DOORZHG�WR�GLIIHU�EHWZHHQ�WKH�*��DQG�RWKHU�FRXQWULHV�E\�LQWHUDFWLQJ�WKH�GRPHVWLF�5	'�

 8/%��&3���������DY��)�'��5RRVHYHOW��%������%UXVVHOV��H�PDLO��EYSRW#XOE�DF�EH��7HO��������������������)D[��������������������
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FDSLWDO�VWRFN�ZLWK�D�GXPP\�YDULDEOH�WKDW�WDNHV�WKH�YDOXH�RI���IRU�*��FRXQWULHV��DI LV�WKH�
RXWSXW� HODVWLFLW\� RI� WKH� IRUHLJQ� 5	'� FDSLWDO� VWRFN�� H LV� WKH� HUURU� WHUP�� DQG� 6I�&+
UHSUHVHQWV�WKH�IRUHLJQ�5	'�FDSLWDO�VWRFN�GHILQHG�DV�WKH�LPSRUW�VKDUH�ZHLJKWHG�DYHUDJH�
RI�WKH�GRPHVWLF�5	'�FDSLWDO�VWRFNV�RI�WUDGH�SDUWQHUV�
6 PP 6LI &+ LM

LM L MG�
�z �¦ � ���

ZKHUH�PLM LV�WKH�IORZ�RI�LPSRUWV�RI�JRRGV�DQG�VHUYLFHV�RI�FRXQWU\�L IURP�FRXQWU\�M��PL� LV�
WKH�WRWDO�LPSRUWV�RI�FRXQWU\�L IURP�LWV����WUDGH�SDUWQHUV��PL�  �6M PLM ���7KLV�IRUPXODWLRQ�
LPSOLFLWO\� DVVXPHV� WKDW� D� FRXQWU\�ZLOO� UHDS�� FHWHULV� SDULEXV�� PRUH� LQWHUQDWLRQDO� 5	'�
VSLOORYHUV�LI�LW�LPSRUWV�PRUH�IURP�FRXQWULHV�ZLWK�D�UHODWLYHO\�KLJK�GRPHVWLF�5	'�FDSLWDO�
VWRFN��$V�QRWHG�E\�&RH�DQG�+HOSPDQ���KRZHYHU��WKH�ZHLJKWLQJ�YHFWRU�LQ�����UHIOHFWV�WKH�
³GLUHFWLRQ´� RI� 5	'� VSLOORYHUV� EXW� QRW� WKHLU� ³LQWHQVLW\´�� 7KH\� WKHUHIRUH� SURSRVHG� D�
PRGLILHG� YHUVLRQ� RI� ���� LQ� ZKLFK� WKH� IRUHLJQ� 5	'� FDSLWDO� VWRFNV� LQWHUDFWV� ZLWK� WKH�
SURSHQVLW\�WR�LPSRUW�
ORJ ORJ ORJ ORJ7)3 6 * 6 P\ 6LW L G LWG G LWG I LW

LW LWI &+ LW � � � ��D D D D H� � � � ���
ZKHUH� PL LV�WKH�WRWDO�LPSRUWV�RI�FRXQWU\�L DQG�\L LV�FRXQWU\�L¶V�*'3���+HUH�WKH�HODVWLFLW\�
RI� RXWSXW� ZLWK� UHVSHFW� WR� WKH� IRUHLJQ� 5	'� FDSLWDO� VWRFN� HTXDOV� DI 
� �PL�\L��� WKLV�
VSHFLILFDWLRQ�DOORZV�WKH�HODVWLFLW\�WR�YDU\�DFURVV�FRXQWULHV�DQG�WLPH�LQ�SURSRUWLRQ�WR�WKHLU�
LPSRUW� VKDUHV�� � ,Q� SDUWLFXODU�� WKH�KLJKHU� WKH� WRWDO� LPSRUWV� UHODWLYH� WR�*'3�� WKH�PRUH� D�
GRPHVWLF�HFRQRP\�ZLOO�EHQHILW�IURP�IRUHLJQ�5	'��
� © 7KH� VSHFLILFDWLRQ� RI� ���� PD\� QRW� FDSWXUH� DGHTXDWHO\� WKH� UROH� RI� LQWHUQDWLRQDO� WUDGH�� $OWKRXJK� WKH�IRUHLJQ� VWRFN� RI� NQRZOHGJH�6I�&+ FRQVLVWV�RI� LPSRUW�ZHLJKWHG� IRUHLJQ�5	'�FDSLWDO� VWRFNV�� WKHVH�ZHLJKWV�DUH� IUDFWLRQV� WKDW� DGG�XS� WR�RQH�DQG� WKHUHIRUH�GR�QRW�SURSHUO\� UHIOHFW� WKH� OHYHO�RI� LPSRUWV�� ,W�PLJKW�EH�H[SHFWHG� WKDW� ZKHQHYHU� WZR� FRXQWULHV� KDYH� WKH� VDPH� FRPSRVLWLRQ� RI� LPSRUWV� DQG� IDFH� WKH� VDPH�FRPSRVLWLRQ�RI�5	'�FDSLWDO� VWRFNV�DPRQJ� WUDGH�SDUWQHUV�� WKH�FRXQWU\� WKDW� LPSRUWV�PRUH�UHODWLYH� WR� LWV�*'3�PD\�EHQHILW�PRUH�IURP�IRUHLJQ�5	'� ª�>S�����@�
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&+¶V�SURFHGXUH�IRU�FRQVWUXFWLQJ� IRUHLJQ�5	'�FDSLWDO�VWRFNV� LV�QRW� LQYDULDQW� WR�
WKH� OHYHO� RI� GDWD� DJJUHJDWLRQ��$�PHUJHU� EHWZHHQ� FRXQWULHV�ZRXOG� DOZD\V� LQFUHDVH� WKH�
VWRFN�RI�IRUHLJQ�5	'�FDOFXODWHG�DFFRUGLQJ�WR������:H�SURSRVH�DQ�DOWHUQDWLYH�PHDVXUH�RI�
IRUHLJQ�5	'�WKDW�LV�PXFK�OHVV�VHQVLWLYH�WR�WKH�OHYHO�RI�GDWD�DJJUHJDWLRQ���2XU�SURSRVHG�
PHDVXUH�LV�
6 P 6\LWI /3 LMW MWG

MWM
�  ¦ � ���

ZKHUH� \MW LV� FRXQWU\� M¶V� *'3�� 7KLV� IRUPXODWLRQ� UHIOHFWV� WKH� LQWHQVLW\� DV� ZHOO� DV� WKH�
GLUHFWLRQ� RI� LQWHUQDWLRQDO� 5	'� VSLOORYHUV�� $FFRUGLQJ� WR� ����� WKH� VWRFN� RI� 5	'� WKDW�
FRXQWU\� L ³UHFHLYHV´� IURP� FRXQWU\� M LV� FRXQWU\� M¶V� 5	'� VWRFN� WLPHV� WKH� IUDFWLRQ� RI�
FRXQWU\�M¶V�RXWSXW�WKDW�LV�H[SRUWHG�WR�FRXQWU\� L��0HDVXUHV�RI�³LPSRUWHG´�RU�³HPERGLHG´�
5	'� VLPLODU� WR� ���� KDYH� EHHQ� XVHG� LQ� SUHYLRXV� HPSLULFDO� VWXGLHV� RI� LQWHU�LQGXVWU\�
WHFKQRORJ\� IORZV��:LWK� WKLV� DOWHUQDWLYH� ZHLJKWLQJ� VFKHPH�� WKH� VWRFN� RI� IRUHLJQ�5	'�
EHFRPHV� DSSUR[LPDWHO\� HTXDO� WR� WKH� DPRXQW� RI� WRWDO� LPSRUWV� PXOWLSOLHG� E\� WKH�
5	'�*'3� UDWLR�RI� WKH� ODUJHU� H[�FRXQWU\�� LI� WKH� WZR�PHUJLQJ�FRXQWULHV�ZHUH� WKH� VDPH�
VL]H��WKH�IRUHLJQ�5	'�FDSLWDO�VWRFN�ZRXOG�QRW�EH�DIIHFWHG�DW�DOO�E\�WKH�PHUJHU���7DEOH���
SUHVHQWV� WKH� YDOXHV� RI� WKH� IRUHLJQ� 5	'� FDSLWDO� VWRFNV� RI� WKH�86� DQG� -DSDQ� LQ� ������
EHIRUH�DQG�DIWHU�D�K\SRWKHWLFDO�PHUJHU�RI� WKH�HOHYHQ�(&�FRXQWULHV��FRPSXWHG�IURP�WKH�
&+�GDWD�XQGHU�WKH�WZR�DOWHUQDWLYH�PHWKRGV�




,QVHUW�7DEOH���DERXW�KHUH



7KH� PHUJHU� VXEVWDQWLDOO\� LQFUHDVHV� WKH� 86� DQG� -DSDQHVH� IRUHLJQ� 5	'� FDSLWDO�

VWRFNV� FDOFXODWHG� XVLQJ� WKH� &+� IRUPXOD� E\� PRUH� WKDQ� ����� DQG ����� UHVSHFWLYHO\��
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ZKHUHDV� LW� UHGXFHV� RQO\� PDUJLQDOO\� �E\� ��� DQG� ���� UHVSHFWLYHO\�� WKH� FDSLWDO� VWRFNV�
FDOFXODWHG�XVLQJ�RXU�IRUPXOD��6LQFH�WKH�6I�/3 PHDVXUH�LV�PRUH�UREXVW�WR�DUELWUDU\�FKRLFHV�
DERXW� GDWD� DJJUHJDWLRQ�� RQH�PLJKW� H[SHFW� LW� WR� KDYH� JUHDWHU� H[SODQDWRU\� SRZHU� LQ� WKH�
7)3 UHJUHVVLRQ��ZH�ZLOO�GHWHUPLQH�ZKHWKHU�LW�GRHV�LQ�WKH�QH[W�VHFWLRQ��

7KH�VWDWLVWLFDO�PHWKRGRORJ\�XVHG�E\�&RH�DQG�+HOSPDQ�WR�HVWLPDWH�VSHFLILFDWLRQ�
����PD\�DOVR�EH�LPSURYHG�XSRQ��7KH�DXWKRUV�KDYH�WUDQVIRUPHG�DOO�YDULDEOHV�LQWR�LQGH[�
QXPEHUV� ����� ��� EHFDXVH 7)3 LV� PHDVXUHG� LQ� FRXQWU\� VSHFLILF� FXUUHQFLHV�� ZKHUHDV�
ERWK�5	'�FDSLWDO� VWRFNV�DUH� LQ�FRQVWDQW������86�333V��'XH� WR� WKH�SUHVHQFH�RI� IL[HG�
FRXQWU\�HIIHFWV�LQ�VSHFLILFDWLRQ������LW�PDNHV�QR�GLIIHUHQFH�LQ�WKLV�HTXDWLRQ�ZKHWKHU�WKH�
5	'�YDULDEOHV�DUH�H[SUHVVHG�DV�OHYHOV�RU�DV�LQGH[HV��WKH�OHYHOV�GLYLGHG�E\�D�FRQVWDQW��
H�J��� WKH������YDOXH� IRU�HDFK�FRXQWU\��� WKH� IL[HG�FRXQWU\�HIIHFWV�ZRXOG� LQFRUSRUDWH� WKH�
GHQRPLQDWRUV� XVHG� WR� LQGH[� HDFK� FRXQWU\¶V� 5	'� FDSLWDO� VWRFNV�� 2QO\� WKH� HVWLPDWHG
FRXQWU\� VSHFLILF� FRQVWDQWV� ZRXOG� GLIIHU�� ,Q� VSHFLILFDWLRQ� ����� KRZHYHU�� WKH� HVWLPDWHG�
HODVWLFLWLHV�DUH�QRW�LQYDULDQW�ZLWK�UHVSHFW�WR�LQGH[DWLRQ��7KH�DXWKRUV�PXOWLSO\�WKH�LPSRUW�
VKDUH�WR�*'3�UDWLR�E\�WKH�ORJ�RI�WKH�IRUHLJQ�5	'�FDSLWDO�VWRFN�LQGH[HG�IRU�HDFK�FRXQWU\��
,I�6 UHSUHVHQWV�WKH�OHYHO�RI�WKH�IRUHLJQ�5	'�FDSLWDO�VWRFN��WKHQ�HVWLPDWLQJ�LWV�LPSDFW�RQ�
7)3��DV�LQGH[HG����� ���LV�HTXLYDOHQW�WR�HVWLPDWLQJ�WKLV�VSHFLILFDWLRQ�
ORJ ORJ ORJ ORJ� �7)3 P\ 66 P\ 6 P\ 6LW L I LW

LW
LW
L L I LW

LW LW I LW
LW L �  � �D D D D D�
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7KH� WKLUG� WHUP�FDQQRW�EH� LQFRUSRUDWHG� LQWR� WKH�FRXQWU\�VSHFLILF�FRQVWDQWV�EHFDXVH� LW� LV�
WLPH�YDU\LQJ��&OHDUO\��WKH�HVWLPDWH�RI�D I LQ�HTXDWLRQ�����ZRXOG�QRW��LQ�JHQHUDO��EH�WKH�
VDPH�DV�LQ�HTXDWLRQ������ZLWK�QR�LQGH[DWLRQ�RI�WKH�YDULDEOHV���LPSO\LQJ�WKDW�HTXDWLRQ�����
ZRXOG�EH�PLVVSHFLILHG�E\�WKH�WUDQVIRUPDWLRQ�RI�WKH�IRUHLJQ�5	'�FDSLWDO�VWRFN�YDULDEOH�
LQWR�LQGLFHV�



�

ORJ ORJ7)3 P\ 6LW L I LW
LW LW �D D� � ���

���(FRQRPHWULF�UHVXOWV
7KH� ILUVW� WZR�URZV�RI�7DEOH���VKRZ�WKH�HVWLPDWHV�RI�VSHFLILFDWLRQV� ����DQG������

VLPLODU�WR�WKH�RQHV�UHSRUWHG�E\�&RH�DQG�+HOSPDQ��FI��WKHLU�7DEOH����3��������LQ�ZKLFK�DOO�
WKH�5	'�YDULDEOHV�DUH�H[SUHVVHG�DV�LQGH[HV��2XU�HVWLPDWHV�DUH�VOLJKWO\�GLIIHUHQW�EHFDXVH�
ZH�FRPSLOHG�RXU�RZQ�GDWD�RQ�ELODWHUDO�LPSRUW�IORZV�IURP������WR������ �WKHVH�ZHUH�QRW�
UHSRUWHG�LQ�&RH�DQG�+HOSPDQ¶V�DSSHQGL[��IURP�ZKLFK�WKH�UHPDLQGHU�RI�RXU�GDWD�FRPHV���
7KH� VHFRQG� SDUW� RI�7DEOH� �� VKRZV� WKH� HVWLPDWHG� SDUDPHWHUV� RI� VSHFLILFDWLRQV� ����� �����
DQG� ����� DOO� WKH�5	'�YDULDEOHV�EHLQJ� H[SUHVVHG� LQ� OHYHOV��7KH� WKUHH� UHJUHVVLRQV� �Y� WR�
�YLL� PLJKW�EH�FRQVLGHUHG�DV�VSHFLDO�FDVHV�RI�WKH�IROORZLQJ�PRUH�JHQHUDO�VSHFLILFDWLRQ�
ORJ ORJ ORJ ORJ �7)3 6 * 6 P\ P 6P \LW L G LWG G LWG IP LW

LW
LMW MWG
L W MWM LW � � � ª¬« º¼» ��ª¬«« º¼»» �¦D D D D HT
T T� � � �
� � � ���

6SHFLILFDWLRQ� ���� LV� HTXLYDOHQW� WR� VSHFLILFDWLRQ� ���� ZLWK� WKH� SDUDPHWHUV� T� DQG� T�
FRQVWUDLQHG�WR�HTXDO�]HUR�DQG�T� FRQVWUDLQHG�WR�HTXDO�RQH��,Q�VSHFLILFDWLRQ������RQO\�T� LV�
VHW� HTXDO� WR� ]HUR�� /3¶V� ZHLJKWLQJ� VFKHPH� FRUUHVSRQGV� WR� VSHFLILFDWLRQ� ���� ZLWK� WKH�
SDUDPHWHUV� T� DQG� T� FRQVWUDLQHG� WR� HTXDO� ]HUR� DQG� T� WR� HTXDO� ��� 5HJUHVVLRQ� �YL�
SUHVHQWV� WKH� QRQ�OLQHDU� HVWLPDWH� RI� VSHFLILFDWLRQ� ����� ZKLFK� LQFOXGHV� �QHVWV�� WKH� WZR�
DOWHUQDWLYH�ZHLJKWLQJ�VFKHPHV�DV�VSHFLDO�FDVHV��(VWLPDWHV�RI�WKLV�PRGHO�VKRXOG�KHOS�XV�
WR�GHWHUPLQH�ZKHWKHU�WRWDO�GRPHVWLF�LPSRUWV�RU�WKH�*'3�RI�WKH�WUDGH�SDUWQHU�LV�WKH�PRUH�

� %LODWHUDO�LPSRUWV�IORZV�DUH�IURP�WKH�8QLWHG�1DWLRQ¶V�,QWHUQDWLRQDO�7UDGH�6WDWLVWLFV�<HDUERRNV �&RH�DQG�+HOSPDQ� XVHG� GDWD� IURP� WKH� ,0)¶V�'LUHFWLRQ� RI� 7UDGH��� 'DWD� RQ� *'3¶V� DUH� IURP� WKH� 2(&'¶V�0DLQ�(FRQRPLF�,QGLFDWRUV IRU�WKH����2(&'�FRXQWULHV��DQG�IURP�WKH�,0)¶V�6WDWLVWLFDO�<HDUERRN IRU�,VUDHO�
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DSSURSULDWH� GHQRPLQDWRU� �VFDOH� IDFWRU�� LQ� WKH� FRPSXWDWLRQ� RI� IRUHLJQ� 5	'� FDSLWDO�
VWRFNV�

6SHFLILFDWLRQ� ���� \LHOGV� DQ�HVWLPDWHG�RXWSXW�HODVWLFLW\�RI� IRUHLJQ�5	'�HTXDO� WR�
��� LQ� UHJUHVVLRQ� �L��� 7KH� LPSDFW�RI� WKH� �LQGH[HG�� IRUHLJQ�5	'�FDSLWDO� VWRFN� LV�PXFK�
VWURQJHU� ZKHQ� LW� LQWHUDFWV� ZLWK� WKH� VKDUH� RI� LPSRUWV� LQ� *'3�� 7KH� FRUUHVSRQGLQJ�
HVWLPDWHV�RI� VSHFLILFDWLRQV� ���� DQG� ����DUH�SURYLGHG� LQ� UHJUHVVLRQV� �LLL� DQG��LY���ZKHUH�
WKH� H[SODQDWRU\� YDULDEOHV� DUH� QRZ� H[SUHVVHG� LQ� OHYHOV� LQVWHDG� RI� LQGLFHV��$V� H[SHFWHG�
IURP� WKH� SUHYLRXV� GLVFXVVLRQ�� UHJUHVVLRQ� �LLL� \LHOGV� H[DFWO\� WKH� VDPH� SDUDPHWHUV� DV�
UHJUHVVLRQ �L��� ZKLFK� LV� HVWLPDWHG� ZLWK� WKH� 5	'� YDULDEOHV� H[SUHVVHG� LQ� LQGLFHV�� 7KH�
SUREOHP�OLHV�ZLWK�VSHFLILFDWLRQ� �����ZKHQ� LW� LV�HVWLPDWHG�ZLWK� WKH�IRUHLJQ�5	'�FDSLWDO�
VWRFN� DV� DQ� LQGH[�� 5HJUHVVLRQ� �LY� \LHOGV� GLIIHUHQW� HVWLPDWHV� WKDQ� UHJUHVVLRQ� �LY���
DOWKRXJK� WKH� WZR� VSHFLILFDWLRQV� VHHP� VLPLODU��)XUWKHU�� WKH� HVWLPDWHG�FRHIILFLHQW� RI� WKH�
IRUHLJQ�5	'�FDSLWDO�VWRFN�LV�YHU\�VPDOO�DQG�VHHPV�QR�ORQJHU�VLJQLILFDQWO\�GLIIHUHQW�IURP�
]HUR��7KLV�FRQILUPV�RXU�FRQMHFWXUH�WKDW�WKH�ZD\�VSHFLILFDWLRQ�����HVWLPDWHV�WKH�LPSDFW�RI�
WKH�IRUHLJQ�5	'�FDSLWDO�VWRFN�RQ�7)3 LV�VWDWLVWLFDOO\�PLVVSHFLILHG�




,QVHUW�7DEOH���DERXW�KHUH



5HJUHVVLRQ��Y� SUHVHQWV�WKH�UHVXOWV�ZLWK�/3¶V�PHDVXUH�RI�WKH�IRUHLJQ�5	'�FDSLWDO�

VWRFN�� 7KH� RXWSXW� HODVWLFLW\� RI� IRUHLJQ� 5	'� FDSLWDO� VWRFN� LV� HTXDO� WR� ���� DQG� WKH�
DGMXVWHG�5�VTXDUHG�LV�KLJKHU�WKDQ�LQ�DQ\�RI�WKH�SUHYLRXV�UHJUHVVLRQV��ZKLFK�VXJJHVWV�WKDW�
6I�/3 DOORZV� IRU� DQ� LPSURYHG�DSSUR[LPDWLRQ�RI� WKH�HIIHFW�RI� IRUHLJQ�5	'�RQ�GRPHVWLF�
7)3��5HJUHVVLRQ �YL� DLPV�DW�WHVWLQJ�ZKLFK�YDULDEOH�� WKH�*'3�RI�WKH�IRUHLJQ�FRXQWU\�M RU�
WKH�WRWDO�LPSRUWV�RI�FRXQWU\�L�� LV�EHVW�VXLWHG�WR�µVFDOH¶�WKH�GRPHVWLF�5	'�FDSLWDO�VWRFNV�
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RI� WKH� RWKHU� FRXQWULHV��7KH� SDUDPHWHU�T� LV� DSSDUHQWO\� QRW� VLJQLILFDQWO\� GLIIHUHQW� IURP�
]HUR��ZKLOH�T� LV�SRVLWLYH�DQG�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP����7KH�UHVWULFWLRQV�LPSRVHG�
LQ� UHJUHVVLRQ� �Y� DUH� HYLGHQWO\� QRW� UHMHFWHG� E\� WKH� GDWD�� 7KDW� LV�� ZKHQ� FRPSXWLQJ� D�
IRUHLJQ�5	'�FDSLWDO�VWRFN�IRU�FRXQWU\�L��WKH�UDWLR�RI�LPSRUWV�IURP�FRXQWU\�M WR�WKH�*'3�
RI� FRXQWU\� M LV� D�PRUH� DSSURSULDWH�ZHLJKW� WKDQ� WKH� VKDUH�RI� LPSRUWV� IURP�FRXQWU\� M LQ�
FRXQWU\�L¶V�WRWDO�LPSRUWV�

&RH�DQG�+HOSPDQ�FRQFOXGHG�IURP�WKHLU�HFRQRPHWULF�UHVXOWV� � PRUH�SDUWLFXODUO\�
IURP� UHJUHVVLRQ �LL� � WKDW� IRUHLJQ� 5	'� KDV� VWURQJHU� EHQHILFLDO� HIIHFWV� RQ� GRPHVWLF�
SURGXFWLYLW\� WKH�PRUH�RSHQ�DQ�HFRQRP\� LV� WR� IRUHLJQ� WUDGH��7KLV�REVHUYDWLRQ�GRHV�QRW�
DSSHDU�WR�EH�VXSSRUWHG�E\�UHJUHVVLRQ��LY���1RQHWKHOHVV��WKH�TXHVWLRQ�PD\�EH�UH�H[DPLQHG�
E\� DGGLQJ� DPRQJ� WKH� ULJKW�KDQG� VLGH� YDULDEOHV� WKH� WRWDO� LPSRUW� VKDUH� YDULDEOH�� DQG�
DOORZLQJ� LW� WR� LQWHUDFW� ZLWK� WKH� IRUHLJQ� 5	'� YDULDEOH� �H�J��� T� ���� ,Q� GRLQJ� VR��
UHJUHVVLRQV� �YLL� DQG� �YLLL� VKRZ�WKDW� WKH� LPSRUW�VKDUH�KDV�D�QHJDWLYH� LPSDFW�RQ�RXWSXW�
JURZWK�ZKLFK�LV�FRPSHQVDWHG�E\�WKH�ODUJH�DPSOLWXGH�WDNHQ�E\�WKH�SDUDPHWHU�DVVRFLDWHG�
WR�LWV�LQWHUDFWLRQ�ZLWK�WKH�IRUHLJQ�5	'�YDULDEOH������ZLWK�&+�DQG�����ZLWK�/3����

7KHVH�HVWLPDWHV� LPSO\� WKDW��XQOHVV� WKH� IRUHLJQ�5	'�FDSLWDO�VWRFN�LV�YHU\�ODUJH��
DQ� LQFUHDVH� LQ� RSHQQHVV� UHGXFHV�7)3�� ZKLFK� LV� FRXQWHULQWXLWLYH�� ,I� RQH� WDNHV� WKH� WZR�
DOWHUQDWLYH� IRUHLJQ� 5	'� FDSLWDO� VWRFN� DYHUDJHG� RYHU� DOO� FRXQWULHV�� ERWK� UHJUHVVLRQ�
UHVXOWV�ZRXOG�PHDQ�WKDW�WKH�DYHUDJH�HIIHFW�RI�LPSRUW�VKDUH�RQ�7)3 LV�]HUR���7KLV�FRXOG�
EH�LQWHUSUHWHG�DV�IROORZV��LW�LV�QRW�WKH�LQWHQVLW\�RI�LPSRUWV�SHU�VH WKDW�PDWWHUV��EXW�UDWKHU�
� :KHQ�WKH�LPSRUW�VKDUH�LV�LQFOXGHG�DPRQJ�WKH�5+6�YDULDEOHV��ZLWK�T� VHW�WR�]HUR��H�J���QR�LQWHUDFWLRQ�LV�DOORZHG���LWV�LPSDFW�LV�LQVLJQLILFDQW�� /HW�XV�FRPSXWH�IURP�UHJUHVVLRQ��YLLL���>�G�ORJ��7)3����G�P  ������������ORJ��6I�/3��@��RU�IURP�UHJUHVVLRQ��YLL���>�G�ORJ��7)3����G�P  ������������ORJ��6I�&+��@��7KH�LPSDFW�RI�P RQ�7)3 LV�SRVLWLYH�DV�ORQJ�DV�ORJ��6I�/3��LV�JUHDWHU�WKDQ���RU�DV�ORQJ�DV�ORJ��6I�&+��LV�JUHDWHU�WKDQ�����:LWK�WKH�/3�ZHLJKWLQJ�VFKHPH�����FRXQWULHV�KDYH� DQ� DYHUDJH� IRUHLJQ�5	'�FDSLWDO� VWRFN�XQGHU� WKH� UHTXLUHG� WKUHVKROG��ZKLOH�ZLWK� WKH�&+�ZHLJKWLQJ�VFKHPH����FRXQWULHV�DUH�XQGHU�WKH�UHTXLUHG�WKUHVKROG�
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WKH� GLVWULEXWLRQ� RI� WKH� FRXQWULHV� RI� RULJLQ�� 7KH� PRUH� \RX� LPSRUW� IURP� KLJKO\� 5	'�
LQWHQVLYH� FRXQWULHV�� WKH� ODUJHU� WKH� LPSDFW� RI� IRUHLJQ� 5	'�� 7KLV� LV� WUXH� ZLWK� ERWK�
ZHLJKWLQJ� VFKHPHV�� :LWK� WKH� LPSRUW� VKDUH� DGGHG� DPRQJ� WKH� H[SODQDWRU\� YDULDEOHV��
UHJUHVVLRQ��L[� FRQILUPV�WKDW�WKH�/3�ZHLJKWLQJ�VFKHPH�LV�SUREDEO\�PRUH�DSSURSULDWH�WKDQ�
WKH� RQH� VXJJHVWHG� E\� &+�� T� LV� QRW� VLJQLILFDQWO\� GLIIHUHQW� IURP� ]HUR� DQG� T� LV� QRW�
VLJQLILFDQWO\�GLIIHUHQW�IURP���

$Q� DGGLWLRQDO� PHWKRG� IRU� WHVWLQJ� WKH� VWDELOLW\� RI� WKH� HVWLPDWHG� HODVWLFLWLHV� RI�
IRUHLJQ�5	'�LV�WR�LQWHUDFW�WKH�IRUHLJQ�5	'�YDULDEOH�ZLWK�D�GXPP\�YDULDEOH��0�/� WKDW�
WDNHV� WKH� YDOXH� RI� RQH� IRU� WKH� HLJKW� FRXQWULHV� FKDUDFWHULVHG� E\� WKH� ORZHVW� YDOXHV� RI�
RSHQQHVV�WR�WUDGH���,Q�UHJUHVVLRQ��[� WKH�RXWSXW�HODVWLFLW\�RI�IRUHLJQ�5	'�FRPSXWHG�ZLWK�
&+¶V�ZHLJKWLQJ�VFKHPH�LV�HTXDO�WR������IRU�KLJKO\�RSHQ�HFRQRPLHV��EXW�LV�QHJDWLYH���
����� ������� �������IRU�WKH�FRXQWULHV�ZLWK�D�ORZ�SURSHQVLW\�WR�LPSRUW��7KLV�UHVXOW�LV�
VRPHZKDW�SX]]OLQJ�VLQFH�LW�PHDQV�WKDW�IRUHLJQ�5	'�ZRXOG�DFWXDOO\�GHFUHDVH�GRPHVWLF�
SURGXFWLYLW\�JURZWK�LQ�FRXQWULHV�WKDW�DUH�UHODWLYHO\�ZHDNO\�RSHQ�WR�WUDGH��5HJUHVVLRQ��[L���
ZKLFK�LV�EDVHG�RQ WKH�DOWHUQDWLYH�ZHLJKWLQJ�VFKHPH��SURYLGHV�PRUH�SODXVLEOH�UHVXOWV��)RU�
UHODWLYHO\�FORVHG�HFRQRPLHV�� WKH�HVWLPDWHG�RXWSXW�HODVWLFLW\�RI�IRUHLJQ�5	'�LV�SRVLWLYH�
�������EXW�LW�LV�ORZHU�WKDQ�WKDW�RI�UHODWLYHO\�RSHQ�HFRQRPLHV����������
���&RQFOXGLQJ�UHPDUNV

&RH� DQG� +HOSPDQ� SUHVHQWHG� HYLGHQFH� FRQVLVWHQW� ZLWK� WKH� K\SRWKHVLV� WKDW�
WHFKQRORJ\�VSLOOV�RYHU�DFURVV�FRXQWULHV�WKURXJK�WKH�FKDQQHO�RI�WUDGH�IORZV��DQG�SURYLGHG�
� 7KH�HLJKW�FRXQWULHV�DUH�WKH�86��ZLWK�D�UDWLR�RI�WRWDO�LPSRUWV�RQ�*'3�HTXDO�WR������-DSDQ��������)UDQFH��,WDO\��&DQDGD��$XVWUDOLD��6SDLQ��������DQG�*HUPDQ\�������



��

HVWLPDWHV� RI� WKH�PDJQLWXGH� RI� WKHVH� VSLOORYHUV��:H� KDYH� UH�H[DPLQHG� WZR� IHDWXUHV� RI�
WKHLU� HFRQRPHWULF� PRGHO�� � )LUVW�� ZH� DUJXHG� WKDW� WKH� ZHLJKWLQJ� VFKHPH� WKH\� XVHG� WR�
FRPSXWH�IRUHLJQ�5	'�FDSLWDO�VWRFNV�LV�VXEMHFW�WR�DQ�³DJJUHJDWLRQ�ELDV´��:H�VXJJHVWHG�
DQ� DOWHUQDWLYH�ZHLJKWLQJ� VFKHPH� WKDW� LV� WKHRUHWLFDOO\�PXFK� OHVV� ELDVHG� DQG� WKDW� \LHOGV�
VRPHZKDW� EHWWHU� HPSLULFDO� UHVXOWV�� 6HFRQG�� ZH� FRUUHFWHG� DQ� ³LQGH[DWLRQ´� ELDV� DQG�
JHQHUDOLVHG�WKHLU�HPSLULFDO�IUDPHZRUN�E\�DQDO\VLQJ�KRZ�WKH�RXWSXW�HODVWLFLW\�RI�IRUHLJQ�
5	'�GHSHQGV�RQ�D�FRXQWU\¶V�RSHQQHVV�WR�WUDGH��7KH�HPSLULFDO�UHVXOWV�FRQILUP�WKDW�WKH�
PRUH�RSHQ�WR�WUDGH�D�FRXQWU\�LV��WKH�PRUH�OLNHO\�LW�LV�WR�EHQHILW�IURP�IRUHLJQ�5	'�
$FNQRZOHGJHPHQW
7KH�ZRUN�RQ� WKLV� SDSHU�ZDV�SDUWO\�GRQH�ZKHQ�%UXQR�YDQ�3RWWHOVEHUJKH�GH� OD�3RWWHULH�
�%RXUVLHU� GH� O¶8/%�� ZDV� 9LVLWLQJ� 5HVHDUFKHU� LQ� WKH� -HURPH� $�� &KD]HQ� ,QVWLWXWH� RI�
,QWHUQDWLRQDO�%XVLQHVV�DW�&ROXPELD�8QLYHUVLW\� IURP�)HEUXDU\� WR�0D\�������+H� WKDQNV�
WKH�&ROXPELD�%XVLQHVV�6FKRRO�IRU�LWV�KRVSLWDOLW\�DQG�8QLYHUVLWp�/LEUH�GH�%UX[HOOHV�IRU�
ILQDQFLDO� DVVLVWDQFH�� :H� DUH� LQGHEWHG� WR� +HQUL� &DSURQ�� 0LFKHOH� &LQFHUD�� 0DUFHOR�
)HUQDQGHV�� (OKDQDQ� +HOSPDQ�� *RGIUH\� .HOOHU�� 3LHUUH� 0RKQHQ�� DQG� WZR� DQRQ\PRXV�
UHIHUHHV�IRU�FRPPHQWV�RQ�SUHYLRXV�GUDIWV��:H�DUH�UHVSRQVLEOH�IRU�DQ\�HUURUV�
5HIHUHQFH
&RH��'��7�� DQG�(��+HOSPDQ�� ����� ,QWHUQDWLRQDO�5	'�VSLOORYHUV��(XURSHDQ�(FRQRPLF�
5HYLHZ ������������
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7DEOH���6W\OLVHG� IDFWV��7KH� VHQVLWLYLW\�RI� WKH�86�DQG�-DSDQHVH� IRUHLJQ�5	'�FDSLWDO� VWRFN� WR�D�SRWHQWLDO�PHUJHU�RI�WKH�HOHYHQ�(&�FRXQWULHV��
86$ -DSDQZHLJKWLQJ�VFKHPH� &+ /3 &+ /3%HIRUH�WKH�PHUJHU ����� ���� ����� ����$IWHU�WKH�PHUJHU ����� ���� ����� ����'LIIHUHQFH ����� ��� ���� ������ 7KHVH� ILJXUHV� UHSUHVHQW� WKH� YDOXH�� LQ� ELOOLRQ�RI�86��� RI� WKH�86� DQG� -DSDQHVH� I RUHLJQ�5	'�FDSLWDO� VWRFNV� FRPSXWHG�RYHU� ���LQGXVWULDOLVHG� FRXQWULHV�� EHIRUH� DQG� DIWHU� WKH� PHUJHU� RI� HOHYHQ� (&� FRXQWULHV�� &+� LV� &RH� DQG� +HOSPDQ¶V� ZHLJKWLQJ� VFKHPH� RI�HTXDWLRQ������/3�LV�WKH�DOWHUQDWLYH�ZHLJKWLQJ�VFKHPH�RI�HTXDWLRQ�����



��

7DEOH���7RWDO�IDFWRU�SURGXFWLYLW\�HVWLPDWLRQ�UHVXOWV�� ���FRXQWULHV���������������REVHUYDWLRQV�
UHJ� T� T� T� D G D �G D I D P D 0 /I � 5��DGM�6WG��HUU��

([SODQDWRU\�YDULDEOHV�DV�LQGLFHV������ �� �L� � � � ���������� ���������� ���������� � � ����������
�LL� � � � ���������� ���������� ���������� � � ����������

([SODQDWRU\�YDULDEOHV�LQ�OHYHOV �LLL� � � � ���������� ���������� ���������� � � ����������
�LY� � � � ���������� ���������� ���������� � � ����������
�Y� � � � ���������� ���������� ���������� � � ����������
�YL� � ������������ ����������� ���������� ���������� ���������� � � ����������

,PSRUW�VKDUH�LQWURGXFHG� �YLL� � � � ���������� ���������� ���������� ������������ � ����������
�YLLL� � � � ���������� ���������� ���������� ������������ � ����������
�L[� � ����������� ���������� ���������� ���������� ���������� ������������ � ����������

'LIIHUHQWLDWLRQ�RI�DIIRU�ORZ�RSHQQHVV� �[� � � � ���������� ���������� ���������� � ����������� ����������
�[L� � � � ���������� ���������� ���������� � ����������� ����������

���7KH�GHSHQGHQW�YDULDEOH�LV�ORJ��WRWDO�IDFWRU�SURGXFWLYLW\���LQGH[HG�DV����� ���$OO�HTXDWLRQV�LQFOXGH�FRXQWU\�VSHFLILF�IL[HG�HIIHFWV��ZLWKLQ�HVWLPDWHV���6WDQGDUG�HUURUV�LQ��SDUHQW KHVHV��7KH�TµV�DUH�WKH�H[SRQHQWV�LQ�VSHFLILFDWLRQ������ T� LV�WKH�H[SRQHQW�RQ�WKH�UDWLR�RI�LPSRUWV�WR�*'3��T� LV�WKH�H[SRQHQW�RQ�FRXQWU\� L¶V�WRWDO�LPSRUWV�DQG�T� LV�WKH�H[SRQHQW�RQ�FRXQWU\� M¶V�*'3�����7KH�HVWLPDWHG�HODVWLFLW\�RI� IRUHLJQ�5	'�FDSLWDO�VWRFN LV�GLIIHUHQWLDWHG�IRU�WKH�FRXQWULHV�ZLWK� WKH� ORZHVW�GHJUHH�RI�RSHQQHVV�WR�WUDGH��FI��IRRW�QRWH���


