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1R�SDUW�RI� WKLV�ZRUN�FRYHUHG�E\�FRS\ULJKW�PD\�EH�UHSURGXFHG�RU�FRSLHG� LQ�DQ\�IRUP�RU�E\�
DQ\� PHDQV� �JUDSKLF�� HOHFWURQLF� RU� PHFKDQLFDO�� LQFOXGLQJ� SKRWRFRS\LQJ�� UHFRUGLQJ�� WDSLQJ��
LQIRUPDWLRQ�UHWULHYDO�V\VWHPV��RU�RWKHUZLVH��ZLWKRXW�WKH�ZULWWHQ�SHUPLVVLRQ�RI�WKH�SXEOLVKHU��
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�
6XPPDU\��������������������������������������������������������������������������������������������������������������������������� ��

��� ,QWURGXFWLRQ����������������������������������������������������������������������������������������������������������������������� ��
���� 7KHRUHWLFDO�XQGHUSLQQLQJ ���������������������������������������������������������������������������������������� ��
���� &DOFXODWLRQ�RI�VXVWDLQDELOLW\�YDOXHV������������������������������������������������������������������������� ��

��� 0HWKRGRORJ\��������������������������������������������������������������������������������������������������������������������� ��
���� &DOFXODWLRQ�RI�LQIOXHQFH�LQGLFHV ���������������������������������������������������������������������������� ���
���� 5DQNLQJ�IDFWRUV�EDVHG�RQ�LQIOXHQFH�LQGLFHV ���������������������������������������������������������� ���
���� 7KH�GHWHUPLQDWLRQ�RI�D�IDFWRU�W\SRORJ\����������������������������������������������������������������� ���
���� (YDOXDWLRQ�RI�WKH�LQIOXHQFH�PDWUL[�FRORXU�PDS ����������������������������������������������������� ���

��� 'LVFXVVLRQ�RI�5HVXOWV������������������������������������������������������������������������������������������������������ ���
��� &RQFOXVLRQV��������������������������������������������������������������������������������������������������������������������� ���
��� $FNQRZOHGJHPHQWV��������������������������������������������������������������������������������������������������������� ���
��� 5HIHUHQFHV����������������������������������������������������������������������������������������������������������������������� ���
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/LVW�RI�WDEOHV�DQG�ILJXUHV�
�
7DEOH��� 6FRULQJ�VWUDWHJ\�
7DEOH��� 7KH����NH\�IDFWRUV�UDQNHG�E\�DFWLYH�VXP��$6��VFRUHV�
7DEOH��� 7KH����NH\�IDFWRUV�UDQNHG�E\�SDVVLYH�VXP��36��VFRUHV�
7DEOH��� 3DVVLYH�VFRUHV�E\�IDFWRU�JURXSLQJ�
7DEOH��� $FWLYH�VFRUHV�E\�IDFWRU�JURXSLQJ�
7DEOH��� ,QIOXHQFH�LQGLFHV�XVHG�WR�GHWHUPLQH�IXQFWLRQDO�FKDUDFWHU�
7DEOH��� 7KH�FDOFXODWLRQ�RI�FULWLFDO�DQG�EXIIHU�IDFWRUV�
7DEOH��� 7KH�FDOFXODWLRQ�RI�SDVVLYH�DQG�DFWLYH�IDFWRUV�
7DEOH��� 7KH�*5&�IDFWRU�W\SRORJ\�
7DEOH���� 7KH�LQIOXHQFH�PDWUL[� �
7DEOH���� 7KH�FRORXU�VFRUH�NH\�XVHG�WR�LQWHUSUHW�7DEOH����
7DEOH���� $Q�LQIOXHQFH�PDWUL[�FRORXU�PDS�
7DEOH���� 4XDGUDQWV�RI�DQ�LQIOXHQFH�PDWUL[�H[SODLQHG�XVLQJ�)LJXUH���
�
�
)LJXUH��� ,QIOXHQFH�PDWUL[�IDFWRU�W\SRORJ\�
)LJXUH��� 7KH�LQIOXHQFH�PDWUL[�GHYHORSPHQW�F\FOH�
)LJXUH��� 7KH�DFWLYH�VXP�DQG�LWV�LQIOXHQFH�RQ�RWKHU�IDFWRUV�
)LJXUH��� 7KH�SDVVLYH�VXP�VKRZLQJ�LQIOXHQFH�E\�RWKHU�IDFWRUV�
)LJXUH��� $Q�LQIOXHQFH�PRGHO�IRU�D�VRFLDO�HFRQRPLF�HFRORJLFDO�V\VWHP�
)LJXUH��� 7KH�IORZ�RI�V\VWHP�ZLGH�LQIOXHQFH�EDVHG�RQ�%LQQLQJ�HW�DO���������
�
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6XPPDU\�

�
7KLV�UHSRUW�SURYLGHV�D�IXOO�GRFXPHQWDWLRQ�RI�WHFKQLFDO�DQG�WKHRUHWLFDO�GHYHORSPHQWV�WKDW�KDYH�
HPHUJHG�IURP�WKH�XVH�RI�DQ�LQIOXHQFH�PDWUL[�DV�D�SDUWLFLSDWRU\�PRGHOOLQJ�WRRO�DW�FDWFKPHQW�
VFDOH�LQ�1HZ�=HDODQG��7KH�SDUWLFLSDWRU\�PRGHOOLQJ�WULDO�LQYROYHG�D�JURXS�RI�UHVHDUFKHUV�DQG�
FRPPXQLW\�PHPEHUV�LQ�WKH�0RWXHND�&DWFKPHQW�RI�1HZ�=HDODQG��7KLV�0RWXHND�&RPPXQLW\�
5HIHUHQFH� *URXS� �&5*�� ±� D� VWDNHKROGHU� JURXS� LQ� WKH� 0RWXHND� ,QWHJUDWHG� &DWFKPHQW�
0DQDJHPHQW� �,&0�� UHVHDUFK� SURJUDPPH�� ±� WULDOOHG� ERWK� WKH� GHYHORSPHQW� RI� DQ� LQIOXHQFH�
PDWUL[��DQG�D�SDUWLFLSDWRU\�SURFHVV�GHVLJQHG�WR�EXLOG�DQG�LQWHUSUHW�WKH�PDWUL[���
�
7KH� LQIOXHQFH�PDWUL[�ZDV� DSSOLHG� WR� WKH� WDVN� RI� FDOFXODWLQJ�ZKROH�RI�V\VWHP� VXVWDLQDELOLW\�
YDOXHV�XVHG���L��DV�D�TXDOLWDWLYH�SUH�FXUVRU�WR�TXDQWLWDWLYH�V\VWHP�G\QDPLF�PRGHOOLQJ���LL��IRU�
LGHQWLI\LQJ� WKRVH� KLJKO\� LQIOXHQWLDO� FULWLFDO�� DFWLYH�� SDVVLYH� DQG� EXIIHULQJ� IDFWRUV� WKDW�
FRQVWLWXWH� WKH� JRYHUQLQJ� G\QDPLFV� RI� WKLV� &DWFKPHQW� V\VWHP�� DQG� �LLL�� DV� D� FRQWULEXWLRQ�
WRZDUGV�ERWK� UHVHDUFK�GHVLJQ� DQG� UHVRXUFH�PDQDJHPHQW� SODQ� DQG�SROLF\�GHYHORSPHQW��7KH�
FKDOOHQJH� RI� DFKLHYLQJ� ZKROH�RI�V\VWHP� VXVWDLQDELOLW\� PXVW� LQFOXGH� FRQVLGHUDWLRQ� RI�
HFRV\VWHP� VHUYLFHV�� 7KH� LQIOXHQFH� PDWUL[� GHYHORSHG� DQG� HYDOXDWHG� XVLQJ� WKH� PHWKRGV�
RXWOLQHG� LQ� WKLV� UHSRUW� ZDV� QRW� LQWHQWLRQDOO\� IUDPHG� E\� UHVHDUFKHUV� IURP� DQ� HFRV\VWHP�
VHUYLFHV�YLHZ�RI�WKH�ZRUOG��EXW�SURYLGHV�D�QXPEHU�RI�LPSRUWDQW�LQVLJKWV�LQ�WKLV�DUHD���
�
7KLV�UHSRUW�SURYLGHV�WKH�WKHRUHWLFDO�EDVLV�IRU�WKLV�MRLQW�SUREOHP�VROYLQJ�PHWKRG�DQG�GHVFULEHV�
LQ� VWHSZLVH� PDQQHU� WKH� PHWKRGV� XVHG� LQ� LWV� FRQVWUXFWLRQ� DQG� HYDOXDWLRQ�� 7KH� UHDVRQ� IRU�
SURGXFLQJ� WKLV� VHSDUDWH� WHFKQLFDO� UHSRUW� LV� WR� HQVXUH� WKHVH� GHYHORSPHQWV� KDYH� EHHQ� IXOO\�
GRFXPHQWHG��%HFDXVH�RI�WKH�DPRXQW�RI�WHFKQLFDO�DQG�WKHRUHWLFDO�EDFNJURXQG��WKDW�GHWDLO�ZDV�
QRW� LQFOXGHG� LQ� WKH�SDUWQHU� UHSRUW� �&ROH�HW�DO��������� WKDW�GRFXPHQWHG�� �D�� WKH�PHWKRGRORJ\�
DQG� ORJLF� RI� WKH� PDWUL[� FDOFXODWLRQV� WR� LGHQWLI\� DQG� SULRULWLVH� IRXU� IXQGDPHQWDO� FODVVHV� RI�
LQIOXHQFH� IDFWRUV�� FULWLFDO�� DFWLYH�� EXIIHU� DQG� SDVVLYH� IDFWRUV�� �E�� WKH� SDUWLFLSDWRU\� PRGHO��
VWUHQJWKV�� ZHDNQHVVHV� DQG� UHSHDWDELOLW\�� DQG� �F�� FRPPHQWHG� RQ� KRZ� WKH� UHVXOWV� FRXOG� EH�
DSSOLHG�LQ�D�SUDFWLFDO�SODQQLQJ�FRQWH[W��IRU�H[DPSOH��E\�WHUULWRULDO�RU�UHJLRQDO�FRXQFLOV���
�
7KH�H[SORUDWRU\� LGHDV�SUHVHQWHG�KHUH�ZHUH� ILUVW�SUHVHQWHG� IRU�SHHU� UHYLHZ� WR�D�JDWKHULQJ�RI�
LQWHUQDWLRQDO� UHVHDUFKHUV� LQ� WKH� DUHD� RI� HFRV\VWHP� VHUYLFHV� UHVHDUFK� DW� D� FRQIHUHQFH�
V\PSRVLXP�RQ�7KHRU\�DQG�3UDFWLFH�LQ�WKH�6WXG\�RI�(FRV\VWHP�6HUYLFHV��7KLV�VSHFLDO�VHVVLRQ�ZDV�
RUJDQLVHG� E\�'U�6WHYHQ�&RUN� RI�&6,52�6XVWDLQDEOH�(FRV\VWHP� LQ�&DQEHUUD� DV� SDUW� RI� WKH�
(FRORJLFDO� 6RFLHW\� RI� $XVWUDOLD� µ(FRORJ\� ����� &RQIHUHQFH¶� LQ� &DLUQV�� $XVWUDOLD�� �±��
'HFHPEHU� ������7KH� SURGXFWLRQ� RI� WKLV� UHSRUW� GRFXPHQWV� WKH� FRQWHQWV� RI� WKLV� SUHVHQWDWLRQ�
DQG� WKH� UHILQHPHQWV� WR� LW� WKDW� HPHUJHG� LQ� UHVSRQVH� WR� TXHVWLRQV� DQG� LGHDV� SXW� IRUZDUG� E\�
FRQIHUHQFH�SDUWLFLSDQWV��
�������������������������������������������������
��KWWS���LFP�ODQGFDUHUHVHDUFK�FR�Q]��
��7KH�LQIOXHQFH�PDWUL[�PHWKRGRORJ\�UHIHUUHG�WR�LQ�WKLV�SDSHU�KDV�HPHUJHG�IURP�LQLWLDO�UHVHDUFK�LQ�WKH�GHYHORSPHQW�RI�FURVV�
LPSDFW�PDWUL[�IRUHFDVWLQJ��*RUGRQ�	�+D\ZDUG���������7KLV�LQLWLDO�UHVHDUFK�ZDV�WKHQ�IXUWKHU�GHYHORSHG�E\�*RGHW��������DQG�
9HVWHU�DQG�YRQ�+HVOHU��������ZKR�ERWK�XVH�WKH�WHUP�LPSDFW�PDWUL[��+RZHYHU��9HVWHU�DV�HDUO\�DV������LQWURGXFHG�WKH�WHUP�
µSDSHU�FRPSXWHU¶�DQG�ODWHU�µLQIOXHQFH�PDWUL[¶��9HVWHU��������ZKLOH�QXPHURXV�DSSOLFDWLRQV�RI�WKLV�PHWKRG�DUH�SXEOLVKHG�
XQGHU�WKH�QDPHV�VXFK�DV�LPSDFW�PDWUL[��QHWZRUNHG�WKLQNLQJ�PHWKRG��)ULHG�	�9RONHU���������DQG�VHQVLWLYLW\�PRGHO��8OULFK��
�������4XLWH�VHSDUDWHO\��WKH�QDPH�LQIOXHQFH�PDWUL[�LV�DOVR�XVHG�LQ�VWDWLVWLFV�DV�D�GLDJQRVWLF�WRRO�IRU�UHJUHVVLRQ�DQG�RWKHU�
VWDWLVWLFDO�LQIHUHQFH��.R�	�&KDQJ���������7KLV�GLYHUVLW\�RI�QDPHV�DQG�PHDQLQJV�LV�FRQIXVLQJ��,Q�WKH�UHPDLQGHU�RI�WKLV�SDSHU�
ZH�FRQVLVWHQWO\�XVH�WKH�QDPH�LQIOXHQFH�PDWUL[��LQIOXHQFH�PDWUL[��WR�GHVLJQDWH�RXU�XVH�RI�WKH�LPSDFW�PDWUL[�LQ�D�ZD\�WKDW�
H[WHQGV�HDUOLHU�ZRUN�E\�9HVWHU�DQG�YRQ�+HVOHU���������
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�
7KH� LQIOXHQFH�PDWUL[� LV� D�PDWKHPDWLFDO�PRGHOOLQJ� WRRO� JHQHUDOO\� XVHG� WR� DQDO\VH� FRPSOH[�
SUREOHPV� DQG� SURYLGH� LQVLJKWV� LQWR� FRPSOH[� V\VWHP� VWUXFWXUH�� IXQFWLRQ� DQG� EHKDYLRXU��
'HVSLWH�LWV�PDWKHPDWLFDO�DQG�VFLHQWLILF�RULJLQV�WKLV�WRRO�KDV�EHHQ�HIIHFWLYHO\�XVHG�LQ�QXPHURXV�
LQWHUQDWLRQDO�SDUWLFLSDWRU\�PRGHOOLQJ�VWXGLHV�WR�PHGLDWH�JURXS�GLDORJXH�SURFHVVHV��,Q�������DV�
D�SDUW�RI�WKH�0RWXHND�,QWHJUDWHG�&DWFKPHQW�0DQDJHPHQW�UHVHDUFK�SURJUDPPH���WKH�LQIOXHQFH�
PDWUL[�ZDV�WUDLOHG�DV�D�SDUWLFLSDWRU\�PRGHOOLQJ�WRRO��7KH�UHVXOWV�RI�WKLV�VWXG\�ZHUH�SXEOLVKHG�
LQ� D� FR�DXWKRUHG� UHSRUW� WKDW� SURYLGHG� D� EULHI� RXWOLQH� RI� WKH� LQIOXHQFH� PDWUL[� PHWKRG�� WKH�
SDUWLFLSDWRU\�SURFHVV�DQG�LWV�HYDOXDWLRQ��&ROH�HW�DO����������+RZHYHU��D�QXPEHU�RI�LPSRUWDQW�
WKHRUHWLFDO�LQVLJKWV�DQG�PHWKRGRORJLFDO�UHILQHPHQWV�GHYHORSHG�GXULQJ�WKH�FRXUVH�RI�WKLV�VWXG\�
ZHUH�QRW�LQFOXGHG�LQ�WKLV�HDUOLHU�UHSRUW���
�
7KLV� SUHVHQW� UHSRUW� SURYLGHV� D� IXOO� WHFKQLFDO� GRFXPHQWDWLRQ� RI� WKH� LQIOXHQFH� PDWUL[�
PHWKRGRORJ\�� LWV� WKHRUHWLFDO� XQGHUSLQQLQJ�� DQG� SUHYLRXV� DSSOLFDWLRQV�� 7KH� UHDVRQ� IRU�
SURGXFLQJ� DQ� DGGLWLRQDO� WHFKQLFDO� UHSRUW� LV� WR� HQVXUH� LPSRUWDQW� WHFKQLFDO� DQG� WKHRUHWLFDO�
GHYHORSPHQWV� DVVRFLDWHG� ZLWK� WKH� DSSOLFDWLRQ� RI� WKH� LQIOXHQFH� PDWUL[� LQ� WKH� 0RWXHND�
,QWHJUDWHG� &DWFKPHQW�0DQDJHPHQW� UHVHDUFK� SURJUDPPH� KDYH� EHHQ� IXOO\� GRFXPHQWHG� DV� D�
EDVLV� IRU� IXWXUH� UHVHDUFK� DQG� GHYHORSPHQW� RI� WKLV� LPSRUWDQW�PHWKRGRORJ\�� 7R� DFKLHYH� WKLV�
DLP��WKH�UHPDLQGHU�RI�WKLV�UHSRUW�LV�GLYLGHG�LQWR�WZR�PDLQ�SDUWV��)LUVW��WKH�UHPDLQGHU�RI�WKLV�
LQWURGXFWLRQ� VHFWLRQ� SURYLGHV� D� KLVWRULFDO� DFFRXQW� RI� WKH� WKHRUHWLFDO� GHYHORSPHQW� RI� WKH�
LQIOXHQFH� PDWUL[� PHWKRGRORJ\� DQG� LWV� DSSOLFDWLRQ� LQ� WKLV� 1HZ� =HDODQG� EDVHG� &DWFKPHQW�
UHVHDUFK� FRQWH[W� WR� DVVLVW� LQ� WKH� FDOFXODWLRQ� RI� ZKDW� ZH� KDYH� FDOOHG� VXVWDLQDELOLW\� YDOXHV��
6HFRQG�� WKH�PHWKRGRORJ\� VHFWLRQ� RI� WKLV� UHSRUW� SURYLGHV� D� VWHS� E\� VWHS� DFFRXQW� RI�� �L�� WKH�
URXWLQH� DQDO\WLFDO�PHWKRGV� DVVRFLDWHG�ZLWK� WKH� FRQVWUXFWLRQ� DQG� HYDOXDWLRQ� RI� DQ� LQIOXHQFH�
PDWUL[�� �LL��PDWKHPDWLFDO� UHILQHPHQWV�PDGH� WR� WKH� VWDQGDUG� HYDOXDWLRQ� WHFKQLTXHV�� DQG� �LLL��
WKH�GHYHORSPHQW�RI�QHZ�HYDOXDWLRQ�WHFKQLTXHV��
�
���� 7KHRUHWLFDO�XQGHUSLQQLQJ�
7KH� LQIOXHQFH� PDWUL[� HPHUJHG� IURP� UHVHDUFK� LQ� WKH� DUHD� RI� FURVV� LPSDFW� DQDO\VLV� WKDW�
DWWHPSWHG� WR� H[WHQG� DQG� DGGUHVV� ZHDNQHVVHV� LQ� WKH� IRUHFDVWLQJ� WHFKQLTXHV� RI� WKH� 'HOSKL�
PHWKRG�GHYHORSHG�E\�WKH�5$1'�&RUSRUDWLRQ�DW�WKH�EHJLQQLQJ�RI�WKH�&ROG�:DU���
�
$W�8&/$�LQ�������*RUGRQ�DQG�+D\ZDUG�SXEOLVKHG�WKHLU�FRPSXWHU�EDVHG�DSSURDFK�WR�FURVV�
LPSDFW�DQDO\VLV�LQ�WKH�ILUVW�YROXPH�RI�WKH�)XWXUHV�MRXUQDO��*RUGRQ�	�+D\ZDUG���������7KHLU�
PHWKRG� HPSOR\HG� DQ� RUWKRJRQDO� PDWUL[� DQG� DW� HDFK� URZ�FROXPQ� LQWHUVHFWLRQ� DVNHG� WKH�
TXHVWLRQ�� LI� WKH� HYHQW� LQ� WKH� URZ� ZDV� WR� RFFXU�� KRZ� ZRXOG� LW� DIIHFW� WKH� SUREDELOLW\� RI�
RFFXUUHQFH�RI�WKH�HYHQW�LQ�WKH�FROXPQ"�7KH�VFRULQJ�VWUDWHJ\�LQYROYHG�D�TXLWH�FRPSOLFDWHG�VHW�
RI�V\PEROV�WKDW�ZHUH�FRGHG�WR�LQGLFDWH���L��LQIOXHQFH�VWUHQJWK��VFDOH��±������LL��LQKLELWLRQ�RU�
HQKDQFHPHQW� ��YH� RU� �YH� VLJQ��� DQG� �LLL�� SUHGHFHVVRU� VWDWXV� �� LPPDWHULDO�� � OLNHO\��
� QHFHVVDU\���7KH�PDWUL[�ZDV�PDWKHPDWLFDOO\�HYDOXDWHG�WR�SURGXFH�D�UDQNLQJ�RI�IDFWRUV�EDVHG�
RQ�WKH�FRQGLWLRQDO�SUREDELOLW\�RI�RWKHU�HYHQWV�RFFXUULQJ�RU�QRW�RFFXUULQJ��,Q�FRQQHFWLRQ�ZLWK�
WKLV�SDSHU��WZR�IXUWKHU�GHYHORSPHQWV�HPHUJHG�IURP�WKLV�LQLWLDO�UHVHDUFK��
�
�������������������������������������������������
��KWWS���LFP�ODQGFDUHUHVHDUFK�FR�Q]��
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,Q������*RGHW�SXEOLVKHG�D�ERRN�RQ�WKH�FULVLV�LQ�IRUHFDVWLQJ�LQ�ZKLFK�KH�DWWHPSWHG�WR�FRUUHFW�
VKRUW�FRPLQJV�LQ�WKH�FURVV�LPSDFW�PDWUL[�PHWKRGRORJ\�WKURXJK�WKH�GHYHORSPHQW�RI�0,&0$&�
�*RGHW���������7KH�LQLWLDO�LPSDFW�PDWUL[�GHYHORSHG�E\�*RUGRQ�DQG�+D\ZDUG��������DQG�ODWHU�
VLPSOLILHG�E\�)UHGHULF�9HVWHU��������ZDV�RQO\�FDSDEOH�RI�PHDVXULQJ�WKH�GLUHFW��HIIHFWV�RI�RQH�
V\VWHP�IDFWRU�RQ�DQRWKHU��*RGHW�DWWHPSWHG� WR�DGGUHVV� WKH� LQGLUHFW� LPSDFWV�SUREOHP�E\� �L��D�
PRGLILHG�VFRULQJ�VWUDWHJ\�EDVHG�RQ�������� QR�LPSDFW��� LPSDFW��DQG��LL��E\�UDLVLQJ�WKH�SRZHU�
RI� WKH� PDWUL[�� 1HZ� LPSDFW� PDWULFHV� DUH� DGGHG� DV� UHTXLUHG� XQWLO� DSSURSULDWH� FRYHUDJH� RI�
LQGLUHFW�DIIHFWV�LV�REWDLQHG��ZLWK�HDFK�QHZ�PDWUL[�FRQWULEXWLQJ�WRZDUGV�WKH�DFWLYH�VXP�XVHG�DV�
D� PHDVXUH� RI� WRWDO� V\VWHP�ZLGH� LQIOXHQFH�� 7KH�0,&0$&� VROXWLRQ� DOJRULWKP� LV� FRQWLQXHG�
XQWLO�WKHUH�LV�D�VWDEOH�RUGHU�RI�WKH�LPSDFW�IDFWRUV��DOWKRXJK�UHFHQW�UHVHDUFK�QRZ�VXJJHVWV�WKLV�
REMHFWLYH�IXQFWLRQ�LV�XQOLNHO\�WR�EH�XQLYHUVDOO\�DSSOLFDEOH�WR�HYHU\�V\VWHP��)ULHG�	�9RONHU��
��������
�
7KH�1HWZRUNHG�7KLQNLQJ�PHWKRGRORJ\�RI�9HVWHU�DQG�YRQ�+HVOHU��������DOVR�PDGH�D�QXPEHU�
RI�PRGLILFDWLRQV��9HVWHU�	�+HVOHU�������� WR� WKH� LQLWLDO�FURVV� LPSDFW�PDWUL[�PHWKRGRORJ\�RI�
*RUGRQ� DQG� +D\ZDUG� �������� )LUVW�� WKH\� GHYHORSHG� D� VLPSOLILHG� VFRULQJ� VWUDWHJ\� WKDW�
TXDQWLILHG�LQIOXHQFH�RU�LPSDFW�RQ�D�VFDOH�RI����������DQG����QR�LPSDFW��ZHDN�LPSDFW��PHGLXP�
LPSDFW�DQG�VWURQJ�LPSDFW���6HFRQG��D�VLPSOLILHG�VFRULQJ�VWUDWHJ\�WKHQ�LPSOLHG�FKDQJHV�WR�WKH�
VROXWLRQ� DOJRULWKP�� %RWK� WKH� 0,&0$&� DQG� 1HWZRUNHG� 7KLQNLQJ� DSSURDFKHV� DWWHPSW� WR�
TXDQWLI\�WKH�V\VWHP�ZLGH�LPSRUWDQFH�RI�HDFK�IDFWRU��,Q�WKH�1HWZRUNHG�7KLQNLQJ�DSSURDFK�WKLV�
ZDV�DFKLHYHG�E\�UDQNLQJ�DFWLYH��DQG�SDVVLYH��VXPV�DV�*RUGRQ�DQG�+D\ZDUG�KDG�DWWHPSWHG�WR�
GR� ZLWK� WKHLU� SUREDELOLW\� LQGLFHV�� 7KLUG�� LQ� DGGLWLRQ� WR� WKLV� 9HVWHU� DQG� YRQ� +HVOHU�
PDWKHPDWLFDOO\�FRPELQHG�WKHVH�LQGLFHV�DV�D�EDVLV�IRU�GHYHORSLQJ�D�IXQFWLRQDO�IDFWRU�W\SRORJ\�
�)LJXUH� ��� WKDW� FKDUDFWHULVHV� HDFK� IDFWRU� LQ� WHUPV� RI� LWV� GRZQVWUHDP� DQG� XSVWUHDP� V\VWHP�
ZLGH�LQIOXHQFHV���
�

�
)LJXUH����,QIOXHQFH�PDWUL[�IDFWRU�W\SRORJ\�
�
�
$OWKRXJK�PDWKHPDWLFDOO\�VLPSOH�DQG�HOHJDQW�� WKH�DOJRULWKP�RQ�ZKLFK�WKH�IDFWRU� W\SRORJ\�LV�
EDVHG� LV� QRW� SRZHUIXO� HQRXJK� WR� GLVFULPLQDWH� FRPSOHWHO\� EHWZHHQ� DFWLYH�FULWLFDO� DQG�
SDVVLYH�EXIIHU�IXQFWLRQDO�W\SHV�LQ�WKH�FDVH�RI�WKRVH�IDFWRUV�WKDW�KDYH�LQWHUPHGLDWH�DFWLYH�DQG�
SDVVLYH�VXPV��%UHQQHU���������+RZHYHU��WKLV�LV�QRW�D�QHFHVVLW\�DV�LW�LV�DOVR�SRVVLEOH�WR�XVH�WKH�
SURGXFW� DQG� TXRWLHQW� RI� WKH� DFWLYH� DQG� SDVVLYH� VXP� WR� GHILQH� D� FRQWLQXRXV� W\SRORJ\�
FODVVLILFDWLRQ�UDWKHU�WKDQ�GLVWLQFWLYH�W\SRORJLFDO�JURXSLQJV��6FKODQJH��������9HVWHU���������
�
�������������������������������������������������
��$Q�LQGLUHFW�LPSDFW�LV�WKH�LQIOXHQFH�RI�RQH�V\VWHP�IDFWRU�XSRQ�DQRWKHU�HYHQ�LI�WKHUH�LV�QR�GLUHFW�HIIHFW��
��7KH�WRWDO�VXP�RI�DOO�URZ�LQIOXHQFHV�IRU�D�JLYHQ�IDFWRU�ZKLFK�SURYLGHV�D�PHDVXUHPHQW�RI�WKH�UHODWLYH�LQIOXHQFH�WKDW�IDFWRU�KDV�
RQ�DOO�RWKHU�V\VWHP�IDFWRUV��
��7KH�WRWDO�VXP�RI�DOO�FROXPQ�LQIOXHQFH�IRU�D�JLYHQ�IDFWRU�SURYLGHV�D�PHDVXUH�RI�WKH�H[WHQW�WR�ZKLFK�WKDW�IDFWRU�LV�LQIOXHQFHG�
E\�DOO�RWKHU�IDFWRUV���
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,Q� WKH� \HDUV� IROORZLQJ� WKH� LQLWLDO� SXEOLFDWLRQ� RI� 9HVWHU� DQG� YRQ� +HVOHU� �������� 9HVWHU� LQ�
SDUWLFXODU�FRQWLQXHG�WR�GHYHORS�DQG�UHILQH�WKH�WKHRUHWLFDO�XQGHUSLQQLQJ�DQG�DSSOLFDWLRQ�RI�WKH�
1HWZRUNHG�7KLQNLQJ�DSSURDFK��9HVWHU��������9HVWHU�	�*XQWUXP��������9HVWHU���������ZKLOH�
WKH� PHWKRG� LWVHOI� ZDV� DSSOLHG� LQ� D� GLYHUVLW\� RI� UHVHDUFK� FRQWH[WV� LQFOXGLQJ�� FRVW� EHQHILW�
DQDO\VLV��:HQ]HO�	�,JHQEHUJV���������ULVN�DQDO\VLV��6ZLVV�)HGHUDO�2IILFH�RI�&LYLO�'HIHQFH��
�������WKH�LQWHJUDWLRQ�RI�WUDQVSRUW�DQG�XUEDQ�IRUP��7UDQVIRUPHV���������LPSURYLQJ�VODVK�DQG�
EXUQ� DJULFXOWXUDO� SUDFWLFHV� �0HVVHUOL�� ������� WKH� PDQDJHPHQW� RI� HFRORJLFDO� UHVHUYHV� �,URQ�
&XUWDLQ�&RQVRUWLXP���������HQYLURQPHQWDOO\�VXVWDLQDEOH� WUDQVSRUW� �(QYLURQPHQW�'LUHFWRUDWH�
�2(&'��� ������� UHJLRQDO� ODQGXVH� PRGHOOLQJ� �:DO]�� ������� DQG� SODQQLQJ� VXVWDLQDEOH�
VHWWOHPHQWV� �&RSODN� 	� 5DNVDQ\L�� ������ DQG� FLW\� UHJLRQV� �:LHN� 	� %LQGHU�� ������ 9HVWHU��
�������
�
���� &DOFXODWLRQ�RI�VXVWDLQDELOLW\�YDOXHV�
)UHGHULF�9HVWHU¶V�KLPVHOI�FOHDUO\�YLHZHG�WKH�LQIOXHQFH�RU�LPSDFW�PDWUL[��DV�D�SUHOLPLQDU\�VWHS�
�9HVWHU��������8OULFK�������� WRZDUGV�V\VWHP�G\QDPLF�PRGHOOLQJ�EHFDXVH� LW�KHOSHG� WR� IRFXV�
DWWHQWLRQ�DQG�OLPLWHG�UHVHDUFK�UHVRXUFHV�RQ� WKRVH�FULWLFDO��DFWLYH��SDVVLYH�DQG�EXIIHU�IDFWRUV�
WKDW�ZLHOG�WKH�JUHDWHVW�JRYHUQLQJ�LQIOXHQFH�RYHU�WKH�V\VWHP��,I�ZH�DUH�QRW�H[SOLFLWO\�LQFOXGLQJ�
DQG� PRGHOOLQJ� WKHVH� EURDGHU� JRYHUQLQJ� LQIOXHQFHV� LQ� RXU� V\VWHP� G\QDPLFV� PRGHOV� RI�
VXVWDLQDELOLW\� WKHQ� LW� PXVW� IROORZ� WKDW� WKH� ILUVW� UHTXLVLWH� IRU� DFKLHYLQJ� VXVWDLQDEOH� IXWXUHV�
FDQQRW�EH�XSKHOG���
�
7KH� LQIOXHQFH� PDWUL[� FDQ� PDNH� DQ� LPSRUWDQW� FRQWULEXWLRQ� WRZDUGV� WKH� JRDO� RI� DFKLHYLQJ�
VXVWDLQDEOH�IXWXUHV��+DYLQJ�HVWDEOLVKHG�WKH�H[LVWHQFH�RI�D�FROOHFWLYHO\�KHOG�VXVWDLQDELOLW\�JRDO��
LW�LV�LPSRUWDQW�WKDW�ZH�KDYH�VRPH�ZD\�RI�PHDVXULQJ�WKH�YDOXH�RI�GLIIHUHQW�V\VWHP�IDFWRUV�LQ�
PDNLQJ�SURJUHVV�WRZDUG�WKDW�JRDO��6\VWHP�YDOXHV�DUH�FOHDUO\�FRQWH[W�GHSHQGHQW��,I�ZH�FKRRVH�
WKH�IDFWRUV�IRU�EXLOGLQJ�DQ�LQIOXHQFH�PDWUL[�ZLWK�WKH�IXWXUH�JRDO�RI�VXVWDLQDELOLW\�LQ�PLQG�WKHQ�
WKH�DQDO\WLF�SRZHU�RI�WKH�LQIOXHQFH�PDWUL[�SURYLGHV�D�ZD\�RI�FDOFXODWLQJ�VXVWDLQDELOLW\�YDOXHV���
�
7KHUH� LV� D� VOLJKW� VHPDQWLF� SRLQW� RI� FODULILFDWLRQ� QHHGHG� KHUH�� 2XU� XVH� RI� WKH� WHUP�
³VXVWDLQDELOLW\�YDOXH´� LV� QRW� DQ� DWWHPSW� WR� YLHZ� WKH� FRQFHSW� RI� VXVWDLQDELOLW\� IURP� WKH�
SHUVSHFWLYH�RI�WKHRULHV�RI�YDOXH��2XU�XVH�RI�WKH�WHFKQLFDO�WHUP�³VXVWDLQDELOLW\�YDOXH´�UHIHUV�WR�
WKRVH�IDFWRUV�RI�D�FRPSOH[�VRFLDO�V\VWHP�WKDW�KDYH�D�UHODWLYHO\�ODUJH�V\VWHP�ZLGH�LQIOXHQFH�LQ�
WHUPV�RI�DFKLHYLQJ�WKH�JRDO�RI�VXVWDLQDELOLW\�LQ�WKH�FRQWH[W�LQ�ZKLFK�LW�LV�GHILQHG��+HQFH��ZH�
XVH� WKH� WHUP� VXVWDLQDELOLW\�YDOXH� LQ� D� PXFK� EURDGHU� VHQVH� WKDQ� LPSO\LQJ� D� IRFXV� RQ� MXVW�
HFRORJLFDO�VXVWDLQDELOLW\��ZKLFK�&RVWDQ]D�DQG�)RONH��������KDYH�DWWHPSWHG�WR�GR��+RZHYHU��
ZH�PDLQWDLQ�WKH�HFRV\VWHP�VHUYLFHV�IRFXV�RI�&RVWDQ]D�DQG�)RONH��������LQ�RXU�DSSOLFDWLRQ�RI�
WKH�LQIOXHQFH�PDWUL[�PHWKRGRORJ\��7KLV�VLPSO\�LQYROYHV�IUDPLQJ�WKH�V\VWHP�EHLQJ�VWXGLHG��D�
FDWFKPHQW��DQG�WKH�PRGHO�EHLQJ�GHYHORSHG��DQ�LQIOXHQFH�PDWUL[��IURP�DQ�HFRV\VWHP�VHUYLFHV�
YLHZ�RI�WKH�ZRUOG��7KLV�IUDPHZRUN�LV�H[SODLQHG�PRUH�IXOO\�ODWHU�LQ�WKH�PHWKRGRORJ\�VHFWLRQV�
RI�WKLV�UHSRUW���
�
,Q�WKH�LQIOXHQFH�PDWUL[�PHWKRGRORJ\��WKH�DFWLYH�VXP��SDVVLYH�VXP�DQG�FULWLFDO��DFWLYH��SDVVLYH�
DQG�EXIIHU�IDFWRUV�SURYLGH�XV�ZLWK�D�UDQJH�RI�VXVWDLQDELOLW\�YDOXHV�WKDW�GHILQH�WKH�XSVWUHDP��
GRZQVWUHDP�DQG�WRWDO� LQIOXHQFH�WKDW�HDFK�V\VWHP�IDFWRU�FRQWULEXWHV� WR�WKH�HQWLUH�V\VWHP��$V�
VXFK�� WKH� XVH� RI� WKHVH� LQIOXHQFH�PDWUL[� LQGLFHV� DV� D� SUR[\� IRU� VXVWDLQDELOLW\� YDOXH�PD\� EH�
FRQVLGHUHG� DV� WKH� DUWLFXODWLRQ� RI� D� ZKROH�RI�V\VWHP� FRQWULEXWRU\� WKHRU\� RI� VXVWDLQDELOLW\�
YDOXH��$�XVHIXO�IHDWXUH�RI�WKH�LQIOXHQFH�PDWUL[�LV�WKDW�LW�SURYLGHV�D�PHDQV�RI�ZKROH�RI�V\VWHP�
GHSLFWLRQ� EDVHG� RQ� D� TXDOLWDWLYH�PHWULF� �V\VWHP�ZLGH� LQIOXHQFH�� WKDW� DYRLGV� WKH� WKHRUHWLFDO�
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��

DQG� PHWKRGRORJLFDO� HTXLYDOHQFH� SUREOHPV� DVVRFLDWHG� ZLWK� WU\LQJ� WR� PHDVXUH� DQG� PRGHO�
ZKROH�RI�V\VWHP�IDFWRUV�XVLQJ�PL[HG�XQLWV��&RVWDQ]D�	�+DQQRQ����������
�
)XUWKHUPRUH�� WKHUH� VHHPV� QR� REYLRXV� PDWKHPDWLFDO� UHDVRQ� ZK\� WKH� DQDO\WLF� SRZHU� RI� WKH�
LQIOXHQFH�PDWUL[�VROXWLRQ�DOJRULWKP�FRXOG�QRW�EH�H[WHQGHG�DQG�DSSOLHG�TXDQWLWDWLYHO\� WR� WKH�
HFRQRPLF�� ELRSK\VLFDO� DQG� VRFLDO� DFFRXQWLQJ� PDWULFHV� URXWLQHO\� XVHG� E\� HFRORJLFDO�
HFRQRPLVWV�� 7KH�PDLQ� OLPLWDWLRQ� RI� WKLV� DSSURDFK�ZRXOG� EH� WKDW� QRQH� RI� WKHVH� TXDQWLWDWLYH�
PRGHOV� FRQVWLWXWHV� D� ZKROH�RI�V\VWHP� GHSLFWLRQ�� +RZHYHU�� WKHUH� DUH� WLPHV� ZKHQ� LW� LV�
DSSURSULDWH� WR� IRFXV� RQ� SDUWV� RI� WKH� ZKROH� V\VWHP�� DQG� KHUH� WKH� DQDO\WLF� SRZHU� RI� WKH�
LQIOXHQFH�PDWUL[�PD\EH�DGYDQWDJHRXV��7KH�UHPDLQGHU�RI�WKH�UHSRUW�SURYLGHV�DQ�RXWOLQH�RI�WKH�
WHFKQLFDO�VWHSV�DVVRFLDWHG�ZLWK��L�� WKH�FRQVWUXFWLRQ�RI�DQ� LQIOXHQFH�PDWUL[� LQ�D�SDUWLFLSDWRU\�
UHVHDUFK�FRQWH[W��DQG��LL��LWV�HYDOXDWLRQ�LQ�D�PDQQHU�WKDW�SURYLGHV�GHHSHU�LQVLJKW�LQWR�ZKROH�
RI�V\VWHP�IXQFWLRQ�DQG�WKH�DLP�RI�VXVWDLQLQJ�HFRV\VWHP�VHUYLFHV��
�

��� 0HWKRGRORJ\�

�
7KH�PHWKRG�XVHG�LQ�EXLOGLQJ�DQ�LQIOXHQFH�PRGHO� LV�JHQHUDOO\�GHVLJQHG�EDVHG�RQ�WKH�VL]H�RI�
WKH� SUREOHP� EHLQJ� H[SORUHG�� ,QIOXHQFH�PDWUL[� VL]H� LV� GHWHUPLQHG� E\� WKH� QXPEHU� RI� V\VWHP�
IDFWRUV�VHOHFWHG�DQG�WKLV� LQ�WXUQ�GHWHUPLQHV�WKH�DPRXQW�RI�ZRUN�LQYROYHG�LQ�FRQVWUXFWLQJ�DQ�
LQIOXHQFH� PDWUL[�� 7KH� 0RWXHND� &5*� PHPEHUV� LQYROYHG� LQ� WKLV� SURMHFW� IRXQG� WKDW� DQ�
LQIOXHQFH�PDWUL[�RI����URZV�E\����FROXPQV������FHOOV��WRRN�DERXW��±����KRXUV�WR�VFRUH��7KHLU�
FKRLFH� RI� ��� IDFWRUV� FDPH� DV� D� UHVXOW� RI� DJJUHJDWLQJ� D� PXFK� ODUJHU� JURXS� RI� ���� IDFWRUV��
$JJUHJDWLRQ� LV� RQH� VLPSOH� ZD\� RI� UHGXFLQJ� WKH� QXPEHU� RI� IDFWRUV� FKRVHQ� WR� D� PRUH�
PDQDJHDEOH� QXPEHU�� 7KH� IRXU� PDLQ� VWHSV� LQYROYHG� LQ� EXLOGLQJ� DQ� LQIOXHQFH� PDWUL[� DUH�
RXWOLQHG� LQ� )LJXUH� ��� 7KLV� SURFHVV� LV� SRUWUD\HG� DV� F\FOLFDO� EHFDXVH� WKH� FRPSOHWLRQ� RI� DQ�
LQIOXHQFH�PDWUL[�PRGHO�LWVHOI�RSHQV�QHZ�RSSRUWXQLWLHV�IRU�IXUWKHU�LQTXLU\�XVLQJ�WKH�VDPH�WRRO��
7KH� DERYH� IRXU� VWHSV� DUH� EULHIO\� RXWOLQHG� EHORZ� WR� SURYLGH� D� PHWKRGRORJLFDO� FRQWH[W� IRU�
FORVHU�HYDOXDWLRQ�RI�WKH�WHFKQLFDO�VWHSV�XVHG�WR�EXLOG�DQG�HYDOXDWH�DQ�LQIOXHQFH�PDWUL[�ODWHU�LQ�
WKLV�PHWKRG�VHFWLRQ��&ROH�HW�DO���������SURYLGH�D�PRUH�GHWDLOHG�RXWOLQH�DQG�HYDOXDWLRQ�RI�KRZ�
WKHVH� IRXU�PDLQ� VWHSV�ZHUH� DGDSWHG� IRU� XVH� LQ� D� SDUWLFLSDWRU\� SURFHVV� LQ� WKH�0RWXHND� FDVH�
VWXG\���
�

��
)LJXUH����7KH�LQIOXHQFH�PDWUL[�GHYHORSPHQW�F\FOH�
�
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'HILQLQJ�WKH�SUREOHP�±�WKH�FRPPXQLW\�UHIHUHQFH�JURXS�ZDV�JLYHQ�WKH�RSSRUWXQLW\�WR�GHILQH�
WKH� UHVHDUFK� SUREOHP� UHODWHG� WR� WKH� QHHGV� RI� WKHLU� ORFDO� &DWFKPHQW� FRPPXQLW\�� 7KLV� ZDV�
DFKLHYHG� ZLWK� WKH� XVH� RI� DQ� LQWURGXFWRU\� VHQWHQFH� DLPHG� DW� IRFXVLQJ� WKH� LGHDV� RI� JURXS�
PHPEHUV�RQ�WKH�ORQJ�WHUP�PDQDJHPHQW�RXWFRPHV�WKH\�ZRXOG�OLNH�WR�VHH�LQ�WKHLU�&DWFKPHQW��
�
7KH�UHVLGHQWV�RI�WKH�0RWXHND�&DWFKPHQW�ZDQW�WR�PDQDJH�WKHLU�&DWFKPHQW�VR�DV�WR�HQVXUH�WKDW�
WKH\�FRQWLQXH�WR�HQMR\«�
�
7KH� LQWURGXFWRU\� VHQWHQFH� ZDV� FRPSOHWHG� ZLWK� WKH� DLG� RI� FRQWULEXWLRQV� IURP� SDUWLFLSDWLQJ�
JURXS�PHPEHUV� REWDLQHG� GXULQJ� D� EUDLQVWRUPLQJ� VHVVLRQ� LQ�ZKLFK� LGHDV�ZHUH�ZULWWHQ� RQ� D�
ZKLWHERDUG��6RPH�UHILQHPHQWV�ZHUH�QHFHVVDU\�WR�WKLV�SDUWLFLSDWRU\�PHWKRG��7KHQ�WKH�YDULRXV�
LGHDV� DQG� LVVXHV� UDLVHG� GXULQJ� WKH� EUDLQVWRUPLQJ� VHVVLRQ� ZHUH� FROOHFWLYHO\� UH�ZRUGHG� DQG�
RUJDQLVHG�LQWR�D�JRDO�VWDWHPHQW��
�
&KRRVLQJ�LQIOXHQFH�IDFWRUV�±�D�JRDO�VWDWHPHQW�KHOSV�JXLGH�WKH�VHOHFWLRQ�RI�LQIOXHQFH�PRGHO�
IDFWRUV� WKRXJKW� WR�EH�UHODWHG� LQ�VRPH�ZD\� WR� WKH�DFKLHYHPHQW�RI�SUHIHUUHG�JRDOV��$IWHU� WZR�
EUDLQVWRUPLQJ� VHVVLRQV� WKH� JURXS� LGHQWLILHG� ���� IDFWRUV��$Q� LQIOXHQFH�PDWUL[� FRPSULVHG� RI�
����IDFWRUV�ZRXOG�FRQWDLQ��������FHOOV��$�PDWUL[�RI�WKLV�VL]H�ZRXOG�WDNH�D�YHU\�ORQJ�WLPH�WR�
VFRUH���7R�RYHUFRPH�WKLV�SUREOHP��WKH�����IDFWRUV�ZHUH�DJJUHJDWHG�WR�D�VHW�RI����NH\�IDFWRUV�
�$SSHQGL[������
�
,W� LV� SRVVLEOH� WR� GLVDJJUHJDWH� DQ� LQIOXHQFH� PDWUL[�� LI� QHFHVVDU\�� E\� LQVHUWLQJ� DGGLWLRQDO�
FROXPQV�DQG� URZV� LQWR�DQ� H[LVWLQJ� LQIOXHQFH�PDWUL[��2QFH� H[WUD� IDFWRUV�KDYH�EHHQ� LQVHUWHG�
LQWR�DQ�H[LVWLQJ�PRGHO�LW�LV�QHFHVVDU\�WR�VFRUH�WKH�QHZ�FROXPQV�DQG�URZV��2QFH�WKLV�LV�GRQH��
WKH�PDWUL[�QHHGV� WR�EH� UH�HYDOXDWHG��7KH�DELOLW\� WR�DJJUHJDWH�DQG�GLVDJJUHJDWH�DQ� LQIOXHQFH�
PDWUL[�SURYLGHV�D�ORW�RI�VFRSH�IRU�DGMXVWLQJ�D�WDEOH�ZLWKRXW�KDYLQJ�WR�EXLOG�LW�DJDLQ�IURP�WKH�
EHJLQQLQJ�� $� FRPSXWHU� VSUHDGVKHHW� LV� D� JRRG� WRRO� IRU� EXLOGLQJ�� DGMXVWLQJ� DQG� HYDOXDWLQJ�
LQIOXHQFH�PDWUL[�PRGHOV��
�
6FRULQJ� WKH� LQIOXHQFH� PDWUL[� ±� WKH� LQIOXHQFH� PDWUL[� FRQWDLQV� QXPEHUV� WKDW� UHSUHVHQW� D�
TXDOLWDWLYH�DVVHVVPHQW�RI�WKH�VWUHQJWK�RI�WKH�LQIOXHQFH�WKDW�H[LVWV�EHWZHHQ�D�JLYHQ�IDFWRU�DQG�
HYHU\�RWKHU� IDFWRU� LQ� WKH�PDWUL[��6\VWHP�ZLGH� LQIOXHQFH� LV�HVWLPDWHG�TXDOLWDWLYHO\�XVLQJ� WKH�
VFRUH�VWUDWHJ\�VKRZQ�LQ�7DEOH����$�VFRULQJ�VWUDWHJ\�RI��±��SURYLGHV��L��D�VFRUH�RI�]HUR�IRU�QR�
LQIOXHQFH���LL��ORZ��DYHUDJH�DQG�KLJK�LQIOXHQFH�VFRUHV��DQG��LLL��WKH�RSWLRQ�WR�VFRUH�HLWKHU�VLGH�
RI�DQG�DYHUDJH�V\VWHP�LQIOXHQFH�RI����7DEOH�����
�
7DEOH����6FRULQJ�VWUDWHJ\��
1R�LQIOXHQFH� ��
+DV�DQ�LQIOXHQFH�EXW�LWV�RQO\�ZHDN� ��
7KH�LQIOXHQFH�LV�VWURQJHU�WKDQ���EXW�OHVV�WKDQ��� ��
+DV�DQ�DYHUDJH�VL]HG�LQIOXHQFH� ��
7KH�LQIOXHQFH�LV�VWURQJHU�WKDQ���EXW�OHVV�WKDQ��� ��
+DV�D�VWURQJ�LQIOXHQFH� ��
�
$V�D�WLPH�VDYLQJ�PHDVXUH�WKH�LQIOXHQFH�PDWUL[�ZDV�SULPDULO\�VFRUHG�E\�LQGLYLGXDOV�SURGXFLQJ�
WKHLU�RZQ�IXOO\�VFRUHG�PDWUL[��7KHVH�LQGLYLGXDO�PDWULFHV�ZHUH�WKHQ�FRPELQHG�PDWKHPDWLFDOO\�
�������������������������������������������������
��)URP�H[SHULHQFH�ZH�KDYH�HVWLPDWHG�WKDW�LW�WDNHV�DSSUR[LPDWHO\���±���KRXUV�WR�ZRUN�WKURXJK�DQ�LQIOXHQFH�WDEOH�FRQWDLQLQJ�
�������FHOOV���
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���

WR�SURGXFH�DQ�DYHUDJH�PDWUL[��3DUWLFLSDWRU\�DSSURDFKHV�WR�VFRULQJ�DQ�LQIOXHQFH�PDWUL[�ZHUH�
DOVR�WULHG�EXW�IRXQG�WR�EH�YHU\�WLPH�FRQVXPLQJ���
�
(YDOXDWLRQ�±� WKH�HYDOXDWLRQ�RI� WKH�LQIOXHQFH�PDWUL[�W\SLFDOO\�LQYROYHV��L�� WKH�FDOFXODWLRQ�RI�
LQIOXHQFH�LQGLFHV���LL��WKH�VRUWLQJ�RI�V\VWHP�IDFWRUV�EDVHG�RQ�LQIOXHQFH�VFRUHV�RU�LQGLFHV��DQG�
�LLL��WKH�GHWHUPLQDWLRQ�RI�D�IDFWRU�W\SRORJ\��7KHVH�YDULRXV�OLQHV�RI�LQIRUPDWLRQ�FDQ�EH�XVHG�WR�
SURGXFH�D�V\VWHP�G\QDPLFV�PRGHO�DQG�DOVR�IRUP�WKH�HPSLULFDO�EDVLV�RI�ZKDW�ZDV�UHIHUUHG�WR�
HDUOLHU� LQ� WKLV� UHSRUW� DV� VXVWDLQDELOLW\� YDOXHV�� ,Q� DGGLWLRQ� WR� WKHVH� PRUH� URXWLQH� DQDO\WLFDO�
PHWKRGV�GHYHORSHG�DQG�XVHG�E\�9HVWHU�DQG�YRQ�+HVOHU���������WKLV�UHSRUW�H[SORUHV��D��WKH�XVH�
RI�YLVXDO�FRORXU�FRGLQJ�RI�LQIOXHQFH�PDWUL[�VFRUHV�DV�D�PHDQV�RI�HYDOXDWLRQ�RI�SDWWHUQV�LQ�WKH�
LQIOXHQFH�0DWUL[�� �E�� WKH� HYDOXDWLRQ� RI� JURXS� LQIOXHQFH� VFRUHV�� DQG� �F�� VRPH�PDWKHPDWLFDO�
UHILQHPHQWV�WR�WKH�HDUOLHU�PHWKRG�GHYHORSHG�E\�9HVWHU�DQG�YRQ�+HVOHU���������7KH�UHPDLQGHU�
RI�WKLV�UHSRUW�SURYLGHV�DQ�RXWOLQH�RI�HDFK�RI�WKH�HYDOXDWLRQ�PHWKRGV�PHQWLRQHG�DERYH��
�
���� &DOFXODWLRQ�RI�LQIOXHQFH�LQGLFHV�
,Q�EXLOGLQJ�RQ� WKH�PDWKHPDWLFDO�PHWKRGRORJ\�RI�9HVWHU� ������� DQG�9HVWHU� DQG�YRQ�+HVOHU�
�������ZH�KDYH�QRW� DWWHPSWHG� WR� GLIIHUHQWLDWH� EHWZHHQ�GLUHFW� DQG� LQGLUHFW� IDFWRUV� DV�*RGHW�
�������DQG�RWKHUV�KDYH�GRQH���
�
$Q�LQIOXHQFH�PDWUL[�LV�D�VTXDUH�PDWUL[�ZLWK�LGHQWLFDO�IDFWRUV�LQ�WKH�VDPH�UDQN�RUGHU�LQ�URZV�
DQG�FROXPQV��7KH�PDWUL[�LV�FRQVWUXFWHG�E\�XVLQJ�D�VFRULQJ�VWUDWHJ\�WR�TXDQWLI\�WKH�VWUHQJWK�RI�
LQIOXHQFH�RI�URZ�IDFWRUV�RQ�LQGLYLGXDO�FROXPQ�IDFWRUV�RQ�DQ�HOHPHQW�E\�HOHPHQW�VFRULQJ�EDVLV��
,W�LV�SRVVLEOH�WR�UDQN�WKH�URZ�DQG�FROXPQ�IDFWRUV�XVLQJ�URZ�����DQG�FROXPQ�����VXP�VFRUHV�DV�
GHULYHG�EHORZ��%\�FRQWUDVW�WKH�IDFWRU�W\SRORJ\�LV�SURGXFHG�E\�PDWKHPDWLFDOO\�FRPELQLQJ�WKH�
URZ�DQG�FROXPQ�VXP�VFRUHV�WR�SURGXFH�PXOWLSOLHU�����DQG�TXRWLHQW�VFRUHV������
�
$VVXPH�WKDW�ZH�KDYH�DQ� LQIOXHQFH�PDWUL[�� LM0 ��RI�GLPHQVLRQV����URZV�E\����FROXPQV��7R�
HYDOXDWH�WKLV�PDWUL[�ZH�VXP�WKH�URZV��L��DQG�FROXPQV��M��RI�WKH�LQIOXHQFH�PDWUL[�WR�FDOFXODWH�
WKH�URZ��DFWLYH������DQG�FROXPQ��SDVVLYH��VXPV�������
�
5RZ��RU�DFWLYH��VXP��56�� �∑

=

=

��

�

L

L
LM0 � � � � � � � ����

�
&ROXPQ��RU�SDVVLYH��VXP��&6�� �∑

=

=

��

�

M

M
LM0 � � � � � � ����

�
$V� D� UHILQHPHQW� RI� WKH� VROXWLRQ�PHWKRG�RI�9HVWHU� �������� WKH� IDFWRU� W\SRORJ\� LV� FDOFXODWHG�
XVLQJ� WKUHH� OLQHV� RI� QXPHULFDO� LQIRUPDWLRQ�� )LUVW�� ZH� FDOFXODWH� WKH� DEVROXWH� QXPHULFDO�
GLIIHUHQFH��$1'��EHWZHHQ�WKH�56�DQG�&6�VFRUHV�IRU�HDFK�IDFWRU��7KLV�DGGLWLRQDO�VWHS�LV�QRW�
LQFOXGHG� LQ� WKH�PHWKRG�RI�9HVWHU� �������������RU�9HVWHU� DQG�YRQ�+HVOHU� �������ZKR�KDYH�
FRQFHQWUDWHG�RQ� LQWHUSUHWLQJ� D� IDFWRU� W\SRORJ\�FRQWLQXXP� UDWKHU� WKDQ�EHLQJ�FRQFHUQHG�ZLWK�
IDFWRU� W\SRORJ\� JURXSLQJV�� %RWK� WKHVH� DSSURDFKHV� KDYH� WKHLU� PHULWV�� :H� SODFH� PRUH�
LPSRUWDQFH� RQ� JURXSLQJ� WR� GHFLGH� RQ� IXQFWLRQDO� FKDUDFWHU� DV� D� EDVLV� IRU� V\VWHP� G\QDPLF�
PRGHOOLQJ�� 7KH� $1'� VFRUH� KHOSV� GLVFULPLQDWH� EHWZHHQ� EXIIHU�FULWLFDO� DQG� SDVVLYH�DFWLYH�
IDFWRUV�ZLWK�LQWHUPHGLDWH�SDVVLYH�DQG�DFWLYH�VXP�VFRUHV���
�
$EVROXWH�1XPHULFDO�'LIIHUHQFH��$1'�� � &656 − � �� � � � ����
�
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)RU�D�SDUWLFXODU�IDFWRU��LI�$1'�LV�FORVH�WR�]HUR��WKH�IXQFWLRQDO�FKDUDFWHU�RI�WKDW�IDFWRU�WHQGV�
WRZDUGV�FULWLFDO�RU�EXIIHU��,Q�FRQWUDVW��D�KLJKHU�$1'�VFRUH�LQGLFDWHV�WKH�IXQFWLRQDO�FKDUDFWHU�
RI�WKDW�IDFWRU�WHQGV�WRZDUGV�SDVVLYH�RU�DFWLYH��$SSHQGL[������
�
7KH�TXRWLHQW�VFRUH�LV�XVHG�WR�LGHQWLI\�ZKHWKHU�D�SDUWLFXODU�IDFWRU�LV�DFWLYH�RU�SDVVLYH��
�
4XRWLHQW�6FRUH��46�� � 36$6 � � � � � � � � ����
�
+LJK�TXRWLHQW� VFRUHV� �L�H��ZKHUH� WKH� URZ� VXP� LV�PXFK� ODUJHU� WKDQ� WKH� FROXPQ� VXP� IRU� WKDW�
IDFWRU�� LQGLFDWH� DFWLYH� IXQFWLRQDO� FKDUDFWHU��PHDQLQJ� D� VWURQJ� LQIOXHQFH�RQ� RWKHU� IDFWRUV��$�
ORZ� TXRWLHQW� VFRUH� LQGLFDWHV� SDVVLYH� IXQFWLRQDO� FKDUDFWHU� LQ� ZKLFK� WKH� IDFWRU� LV� UHODWLYHO\�
PRUH�VWURQJO\�LQIOXHQFHG�E\�RWKHU�IDFWRUV�FRPSDUHG�ZLWK�WKH�VWUHQJWK�RI�LWV�LQIOXHQFH�RQ�RWKHU�
IDFWRUV��)DFWRUV�ZLWK�LQWHUPHGLDWH�TXRWLHQW�VFRUHV�ZLOO�WHQG�WR�EH�PRUH�FULWLFDO�RU�EXIIHULQJ�LQ�
IXQFWLRQDO�FKDUDFWHU��
�
7KH�PXOWLSOLHU�VFRUH�LV�XVHG�WR�LGHQWLI\�ZKHWKHU�D�IDFWRU�LV�FULWLFDO�RU�EXIIHU��
�
0XOWLSOLHU�6FRUH��06�� � 36$6 × � � � � � � � ����
�
+LJK�PXOWLSOLHU� VFRUHV� LQGLFDWH� FULWLFDO� IXQFWLRQDO� FKDUDFWHU��PHDQLQJ� D� VWURQJ� LQIOXHQFH�RQ�
RWKHU� IDFWRUV� DQG� VWURQJO\� LQIOXHQFHG� E\� RWKHU� IDFWRUV�� /RZ� PXOWLSOLHU� VFRUHV� LQGLFDWH�
EXIIHULQJ�IXQFWLRQDO�FKDUDFWHU�LQ�ZKLFK�WKH�IDFWRU� LV�ZHDNO\�LQIOXHQFHG�E\�RWKHU�IDFWRUV�DQG�
KDV�D�ZHDN�LQIOXHQFH�RQ�RWKHU�IDFWRUV��)DFWRUV�ZLWK�LQWHUPHGLDWH�PXOWLSOLHU�VFRUHV�ZLOO�WHQG�WR�
EH�PRUH�SDVVLYH�DQG�DFWLYH�LQ�IXQFWLRQDO�FKDUDFWHU��,Q�ERWK�FDVHV��ZH�XVH�WKH�$1'�VFRUH�WR�
GHFLGH�ERUGHUOLQH�FDVHV��
�
���� 5DQNLQJ�IDFWRUV�EDVHG�RQ�LQIOXHQFH�LQGLFHV�
7KH�URZ��DFWLYH������DQG�FROXPQ��SDVVLYH��VXPV�����PDWKHPDWLFDOO\�GHILQHG�DERYH�DOVR�KDYH�
FRQFHSWXDO�PHDQLQJ��7KH�DFWLYH�VXP�LV�D�PHDVXUH�RI�WKH�LQIOXHQFH�RI�DQ�LQGLYLGXDO�IDFWRU�RQ�
RWKHU�IDFWRUV�LQ�WKH�PDWUL[�RU�PRGHO�V\VWHP��)LJXUH�����

��
)LJXUH���7KH�DFWLYH�VXP�DQG�LWV�LQIOXHQFH�RQ�RWKHU�IDFWRUV�
�
,W� LV� SRVVLEOH� WR� UDQN� DOO� WKH� IDFWRUV� DFFRUGLQJ� WR� WKHLU� DFWLYH� VXP� VFRUHV�� 7KLV� SURYLGHV� D�
PHDVXUHPHQW�RI�WKH�H[WHQW�WR�ZKLFK�HDFK�IDFWRU�LV�DEOH�WR�LQIOXHQFH�DOO�RWKHU�V\VWHP�IDFWRUV�
�7DEOH� ���� &RORXU� FRGLQJ� KHOSV� XV� YLVXDOO\� DVVHVV� 7DEOH� �� IRU� WKH� FOXVWHULQJ� RI� FRPPRQ�
IDFWRUV�� $� TXLFN� YLVXDO� DVVHVVPHQW� RI� 7DEOH� �� LQGLFDWHV� WKH�PDLQ� FOXVWHULQJ� RI� IDFWRUV� DUH�
WKRVH� HFRORJLFDO�VFLHQFH� IDFWRUV� �EURZQ�� LQ� WKH� FHQWUH� RI� WKH� 7DEOH� �PDLQWDLQ� VRLO� KHDOWK��
PDLQWDLQ�ELRGLYHUVLW\��VFLHQWLILF�UHVHDUFK�DQG�PDLQWDLQ�WKH�LQWHJULW\�RI�HFRORJLFDO�SURFHVVHV���
7KHUH�LV�DOVR�D�FOXVWHULQJ�RI�HFRQRPLF�IDFWRUV��\HOORZ��ZLWK�ORZHU�LQIOXHQFH�VFRUHV�DW�WKH�WRS�
RI� 7DEOH� ��� ,W� LV� LQWHUHVWLQJ� WR� QRWH� WKDW� WKRVH� IDFWRUV�ZLWK� KLJKHU� LQIOXHQFH� VFRUHV� LQFOXGH�
UHSUHVHQWDWLYH� IDFWRUV� IURP� WKH� VL[� PDLQ� IDFWRU� JURXSLQJV� �HFRORJLFDO�� HFRQRPLF�� VRFLDO��
LQVWLWXWLRQDO�� UHJXODWRU\� DQG� QRQ�ORFDO��� 1R� RQH� JURXSLQJ� KROGV� D� PRQRSRO\� RQ� DFWLYH�
LQIOXHQFH�LQ�WKH�&DWFKPHQW��
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7DEOH����7KH����NH\�IDFWRUV�UDQNHG�E\�DFWLYH�VXP��$6��VFRUHV��

��
,W�LV�QRW�VXUSULVLQJ�WR�ILQG�WKDW�SULPDU\�LQGXVWULHV�KDYH�WKH�JUHDWHVW�LQIOXHQFH�RQ�RWKHU�IDFWRUV�
LQ� WKH� &DWFKPHQW�� HVSHFLDOO\� JLYHQ� WKDW� WKH� &DWFKPHQW� LV� RUJDQLVHG� DURXQG� KRUWLFXOWXUH��
DJULFXOWXUH� DQG� IRUHVWU\� DFWLYLWLHV�� ,W�ZRXOG� EH� LQWHUHVWLQJ� WR� GLVDJJUHJDWH� WKLV� VLQJOH� IDFWRU�
DQG�EXLOG�DQRWKHU�LQIOXHQFH�PDWUL[�WR�EH�DEOH�WR�VHH�ZKLFK�SULPDU\�LQGXVWULHV�RU�LQGXVWU\�KDYH�
WKH�KLJKHVW� LQIOXHQFH� LQ� WKH�&DWFKPHQW�� ,W� LV� DOVR� LQWHUHVWLQJ� WR�QRWH� WKDW�ZDWHU�TXDOLW\�DQG�
VXSSO\� DQG� FOLPDWH� DQG� DWPRVSKHUH� DUH� LQFOXGHG� ZLWK� WKH� IDFWRUV� WKDW� KDYH� KLJKHU� DFWLYH�
LQIOXHQFHV�LQ�WKH�&DWFKPHQW�DV�WKHVH�DUH�ERWK�IDFWRUV�RI�FXUUHQW�FRQFHUQ�LQ�WKH�&DWFKPHQW��,W�
ZRXOG�EH�LQWHUHVWLQJ�WR�FRPSDUH�WKLV�UDQNLQJ�RI�IDFWRUV�ZLWK�DQ�DVVHVVPHQW�RI�FXUUHQW�SROLF\�
SULRULWLHV�IRU�WKH�ORFDO�UHJLRQDO�DXWKRULW\����
�
7KH�SDVVLYH�VXP�LV�D�PHDVXUH�RI�KRZ�PXFK�DQ�LQGLYLGXDO�IDFWRU�LV�LQIOXHQFHG�E\�DOO�IDFWRUV�LQ�
WKH�PDWUL[�RU�PRGHO�V\VWHP��)LJXUH�����

��
)LJXUH����7KH�SDVVLYH�VXP�VKRZLQJ�LQIOXHQFH�E\�RWKHU�IDFWRUV�
�
,W� LV� SRVVLEOH� WR� UDQN� DOO� WKH� IDFWRUV� DFFRUGLQJ� WR� WKHLU� SDVVLYH� VXP� VFRUHV��7KLV� SURYLGHV� D�
PHDVXUHPHQW�RI�WKH�UHODWLYH�H[WHQW�WR�ZKLFK�HDFK�IDFWRU�LV�LQIOXHQFHG�E\�RWKHU�V\VWHP�IDFWRUV�
�7DEOH� ���� &RORXU� FRGLQJ� KHOSV� XV� YLVXDOO\� DVVHVV� 7DEOH� �� IRU� WKH� FOXVWHULQJ� RI� FRPPRQ�
IDFWRUV�� $� TXLFN� YLVXDO� DVVHVVPHQW� RI� 7DEOH� �� LQGLFDWHV� WKH�PDLQ� FOXVWHULQJ� RI� IDFWRUV� DUH�
WKRVH�HFRORJLFDO�VFLHQFH�IDFWRUV��EURZQ��DW� WKH�WRS�RI�7DEOH���DQG�D�FOXVWHULQJ�RI�HFRQRPLF�
DQG�VRFLDO� IDFWRUV� LQ� WKH� ORZHU�SDUW�RI�7DEOH����7KLV� LQGLFDWHV�HFRORJLFDO� IDFWRUV�RYHUDOO�DUH�
�������������������������������������������������
��7DVPDQ�'LVWULFW�&RXQFLO�
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OHVV� VHQVLWLYH� WR� FKDQJH� LQ� RWKHU� SDUWV� RI� WKH� &DWFKPHQW� V\VWHP� WKDQ� HFRQRPLF� DQG� VRFLDO�
IDFWRUV��7DEOH���VKRZV�HFRQRPLF�DQG�VRFLDO�IDFWRUV�WHQG�WR�KROG�D�PRQRSRO\�RQ�EDFNZDUG��RU�
SDVVLYH��LQIOXHQFH�LQ�WKH�&DWFKPHQW��7KLV�SRLQW�FDQ�EH�PRUH�FOHDUO\�VHHQ�LQ�WKH�JURXS�SDVVLYH�
VFRUHV�RI�7DEOH����
�
7DEOH����7KH����NH\�IDFWRUV�UDQNHG�E\�SDVVLYH�VXP��36��VFRUHV�

��
,QIOXHQFH� LQGLFHV� FDQ� DOVR� SURYLGH� LQVLJKW� LQWR� WKH� UROH� RI� JURXS� IDFWRU� LQIOXHQFH� LQ� WKH�
&DWFKPHQW��&ROXPQ���RI�7DEOH���SURYLGHV�D� OLVW�RI� WKH� IDFWRU�JURXSV��&ROXPQ���RI�7DEOH���
JLYHV� WKH� WRWDO� LQIOXHQFH� VFRUH� IRU� HDFK� IDFWRU�JURXSLQJ��7KLV� VFRUH� UHSUHVHQWV� WKH�H[WHQW� WR�
ZKLFK�HDFK�IDFWRU�JURXS�LV�LQIOXHQFHG�E\�DOO�RI�WKH�RWKHU�IDFWRUV�LQ�WKH�&DWFKPHQW��,Q�FROXPQ�
��RI�7DEOH���WKH�IDFWRU�JURXS�VFRUHV�DUH�FRQYHUWHG�LQWR�SHUFHQWDJHV�RI�WKH�WRWDO�V\VWHP�ZLGH�
LQIOXHQFH� DFFRXQWHG� IRU� LQ� WKH� LQIOXHQFH� PDWUL[� �*6���� +RZHYHU�� LQWHUSUHWDWLRQ� RI� WKHVH�
VFRUHV� QHHGV� WR� DFFRXQW� IRU� DQ\� ELDV� LQWURGXFHG� E\� WKH� QXPEHU� RI� IDFWRUV� LQ� D� SDUWLFXODU�
JURXS��7R�RYHUFRPH�WKLV�ELDV�SUREOHP�HDFK�JURXS�IDFWRU�VFRUH� LV�GLYLGHG�E\�WKH�QXPEHU�RI�
IDFWRUV�LQ�WKDW�JURXS��FROXPQ����DQG�FRQYHUWHG�LQWR�D�SHUFHQWDJH�ZHLJKWHG�VFRUH��FROXPQ�����
%\�FRPSDULQJ�WKH�*6��VFRUHV�LQ�FROXPQV���DQG�WKH�:WG��VFRUHV�LQ�FROXPQ���LW�LV�SRVVLEOH�
WR�VHH�KRZ�ZHLJKWLQJ�KDV�KHOSHG�QRUPDOLVH�WKH�JURXS�VFRUHV��
�
7DEOH����3DVVLYH�VFRUHV�E\�IDFWRU�JURXSLQJ�
)DFWRU�JURXS� *URXS�6FRUH� *6�� :HLJKWHG� :WG��
(FRORJLFDO� ������� ��� ����� ���
6RFLDO� ������� ��� ����� ���
(FRQRPLF� ������� ��� ����� ���
*RYHUQDQFH� ������ �� ����� ���
3ROLF\�/HJLVODWLRQ� ������ �� ����� ���
1RQ�ORFDO� ������ �� ����� ���
7RWDO� �������� ������ ������ ������
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2I� WKH� ILUVW� �� IDFWRU�JURXSV� OLVWHG� LQ�7DEOH���� WKH� VRFLDO� JURXS�RI� IDFWRUV� DUH�PRVW� VWURQJO\�
LQIOXHQFHG�E\�RWKHU�JURXSV�RI�IDFWRUV�ZLWK�D�ZHLJKWHG�JURXS�VFRUH�RI����UHSUHVHQWLQJ�����RI�
WKH� WRWDO� V\VWHP�ZLGH� EDFNZDUG� ZHLJKWHG� LQIOXHQFH�� 2QO\� ��� RI� WKH� WRWDO� V\VWHP�ZLGH�
EDFNZDUG�ZHLJKWHG�LQIOXHQFH�VFRUH�VHSDUDWHV�VRFLDO�DQG�HFRQRPLF�JURXS�IDFWRUV��(FRORJLFDO�
JURXS� IDFWRUV� KDYH� D� ORZHU� ZHLJKWHG� JURXS� VFRUH� RI� ����� UHSUHVHQWLQJ� ���� RI� WKH� WRWDO�
EDFNZDUG�ZHLJKWHG�LQIOXHQFH���
�
7DEOH���DOVR�LQGLFDWHV�WKDW�WKH�ODVW���IDFWRUV�OLVWHG�LQ�URZV��±���JRYHUQDQFH��SROLF\�OHJLVODWLRQ�
DQG� QRQ�ORFDO� LQIOXHQFHV�� DFFRXQW� IRU� D� FRPELQHG� ZHLJKWHG� JURXS� VFRUH� RI� �������
UHSUHVHQWLQJ�����RI�WKH�V\VWHP�ZLGH�EDFNZDUG�ZHLJKWHG�LQIOXHQFH��3ROLF\�OHJLVODWLRQ�UHFHLYH�
WKH� VWURQJHVW� ZHLJKWHG� EDFNZDUG� LQIOXHQFH�� 7KH� EDFNZDUG� LQIOXHQFH� VFRUH� IRU�
3ROLF\�OHJLVODWLRQ� UHSUHVHQWV� DQ� LQIRUPDWLRQDO� IORZ�� *LYHQ� LWV� KLJK� VFRUH�� LW� ZRXOG� EH�
LQWHUHVWLQJ� WR� NQRZ� LI� WKH�5HIHUHQFH�*URXS�0HPEHUV� FRQVLGHU� WKLV� DJJUHJDWHG� IDFWRU� WR� EH�
UHVSRQVLYH�WR�FXUUHQW�ORFDO�FRPPXQLW\�QHHGV��
�
7KH�UHODWLYH�GLVWULEXWLRQ�RI�JURXS�LQIOXHQFH�KHOSV�XV�WR�JHW�D�VHQVH�RI�WKH�UHODWLYH�LPSRUWDQFH�
RI�GLIIHUHQW�JURXSV�RI�IDFWRUV� WR�WKH�RYHUDOO� IXQFWLRQLQJ�RI� WKH�V\VWHP��:HLJKWLQJ� WKH�IDFWRU�
JURXS�VFRUHV�KHOSV�WR�QRUPDOLVH�WKH�KLJK�RU�ORZ�LQIOXHQFH�RI�LQGLYLGXDO�IDFWRUV��)RU�H[DPSOH��
UDQNLQJV� RI� WKH� LQGLYLGXDO� IDFWRUV� �7DEOHV� �� DQG� ��� FRQVLVWHQWO\� VKRZHG� WKDW� SULPDU\�
LQGXVWULHV�KDG�WKH�VWURQJHVW�IRUZDUG�DQG�EDFNZDUG�V\VWHP�ZLGH�LQIOXHQFH��7KLV�FRXOG�OHDG�WR�
WKH� FRQFOXVLRQ� WKDW� WKH� HFRQRPLF� JURXS� RI� IDFWRUV� ZLOO� KDYH� WKH� VWURQJHVW� V\VWHP�ZLGH�
LQIOXHQFH��KRZHYHU��7DEOH���VKRZV�WKLV�LV�QRW�WKH�FDVH��7KH�UHVXOWV�RI�7DEOHV���DQG���ZRXOG�
VHHP� WR� LQGLFDWH� LQGLYLGXDO� IDFWRUV� LQIOXHQFH� FKDQJHV�DV�D� IXQFWLRQ�RI� RUJDQLVDWLRQDO� VFDOH�
�KLJK�LQGLYLGXDO�LQIOXHQFH�VFRUHV�GRHV�QRW�QHFHVVDULO\�PHDQ�KLJK�JURXS�VFRUHV����
�
7DEOH� �� FRQWDLQV� D� OLVW� RI� WKH�PDLQ� IDFWRU� JURXSLQJV� VRUWHG� DFFRUGLQJ� WR� JURXS� DFWLYH� VXP�
VFRUHV��)URP�WKHVH�UHVXOWV�LW�LV�SRVVLEOH�WR�VHH�WKDW�JRYHUQDQFH�DQG�SROLF\�OHJLVODWLRQ�FXUUHQWO\�
H[HUW� WKH� ODUJHVW� ZHLJKWHG� V\VWHP�ZLGH� LQIOXHQFH� RQ� DOO� RWKHU� IDFWRUV� LQ� WKH� &DWFKPHQW�
DFFRXQWLQJ�IRU�����RI�WRWDO�ZHLJKWHG�LQIOXHQFH��6XUSULVLQJO\��WKH�HFRORJLFDO�JURXS�RI�IDFWRUV�
KDYH�D�KLJKHU�ZHLJKWHG�JURXS�VFRUH�DQG�ZHLJKWHG�SHUFHQWDJH�VFRUH�WKDQ�VRFLDO�DQG�HFRQRPLF�
IDFWRU�JURXSV��
�
7DEOH����$FWLYH�VFRUHV�E\�IDFWRU�JURXSLQJ�
)DFWRU�JURXS� *URXS�6FRUH� *6�� :HLJKWHG� :WG��
(FRORJLFDO� ���� ��� ��� ���
6RFLDO� ���� ��� ��� ���
(FRQRPLF� ���� ��� ��� ���
*RYHUQDQFH� ��� �� ��� ���
3ROLF\�/HJLVODWLRQ� ��� �� ��� ���
1RQ�ORFDO� ��� �� ��� ���
7RWDO� ����� ���� ���� ����
�
'HVSLWH�WKH�KLJK�VFRUH�IRU�WKH�HFRORJLFDO�JURXS�RI�IDFWRUV��JRYHUQDQFH��SROLF\�OHJLVODWLRQ�DQG�
QRQ�ORFDO�LQIOXHQFHV�DOVR�KDYH�KLJK�VFRUHV�WKDW��FRPELQHG��DFFRXQW�IRU�����RU�PRUH�WKDQ�KDOI�
RI�WKH�ZHLJKWHG�V\VWHP�ZLGH�LQIOXHQFH��7KLV�VXJJHVWV�WKDW�IRU�DOO�WKDW�FDQ�EH�GRQH�WR�PDQDJH�
HFRORJLFDO� DQG� HFRQRPLF� GLPHQVLRQV� RI� WKH� &DWFKPHQW�� QRQ�ORFDO� GULYHUV�� LQVWLWXWLRQDO�
DUUDQJHPHQWV� �LQFOXGLQJ� SROLWLFDO� SURFHVVHV��� SROLF\� DQG� OHJLVODWLRQ� HIIHFWLYHO\� UHTXLUH� DQ�
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HTXDO� OHYHO� RI� FRQVLGHUDWLRQ�� 7KH� LPSRUWDQFH� RI� WKLV� SHUFHSWLRQ�K\SRWKHVLV� VKRXOG� QRW� EH�
PLVVHG� DV� LW� KLJKOLJKWV� WKH� V\VWHP�ZLGH� LPSRUWDQFH� RI� WKH� LQVWLWXWLRQDO�SROLWLFDO�OHJDO�
GLPHQVLRQ�LQ�DGGUHVVLQJ�IXWXUH�PDQDJHPHQW�JRDOV��
�
���� 7KH�GHWHUPLQDWLRQ�RI�D�IDFWRU�W\SRORJ\�
,Q� DGGLWLRQ� WR� WKH� FDOFXODWLRQ� RI� LQGLFHV� ZKLFK� FKDUDFWHULVH� HDFK� IDFWRU� LQ� WHUPV� RI� LWV�
GRZQVWUHDP� DQG� XSVWUHDP� V\VWHP�ZLGH� LQIOXHQFHV�� 9HVWHU� DQG� YRQ� +HVOHU� PDWKHPDWLFDOO\�
FRPELQHG�WKHVH� LQGLFHV�DV�D�EDVLV�IRU�GHYHORSLQJ�D�IXQFWLRQDO�IDFWRU� W\SRORJ\��)LJXUH����� ,I�
DVNHG�GLUHFWO\��PRVW�VWDNHKROGHUV�ZRXOG�QRW�EH�DEOH�WR�LGHQWLI\�IDFWRUV�LQ�WKHLU�FDWFKPHQW�RU�
ORFDO� FRPPXQLW\� DFFRUGLQJ� WR� GLIIHULQJ� IXQFWLRQ� UROHV�� 7KLV� LV� EHFDXVH� WKH� DYHUDJH� SHUVRQ�
GRHV� QRW� KDYH� WKH� PHQWDO� DELOLW\� WR� HYDOXDWH� FRPSOH[� LQIOXHQFH� LQWHUDFWLRQV� RI� WKH� W\SH�
SRUWUD\HG�LQ�WKH�LQIOXHQFH�PDWUL[��7KH�LQIOXHQFH�PDWUL[�SURYLGHV�D�VROXWLRQ�WR�WKLV�SUREOHP��
)URP�WKH�URZ�DQG�FROXPQ�VFRUHV�RI�WKH�LQIOXHQFH�PDWUL[�LW�LV�SRVVLEOH�FDOFXODWH�WKH�IXQFWLRQDO�
UROHV� RI� GLIIHUHQW� IDFWRUV� EDVHG� RQ� WKH� UHODWLYH� VL]H� RI� IRUZDUG� DQG� EDFNZDUG� LQIOXHQFHV�
�7DEOH�����
�
7DEOH����,QIOXHQFH�LQGLFHV�XVHG�WR�GHWHUPLQH�IXQFWLRQDO�FKDUDFWHU�
)DFWRUV� 7\SH� 56� &6� $1'� 4XRWLHQW� 0XOWLSOLHU�
&OLPDWH�	�$WPRVSKHUH� $FWLYH� ��� ��� ��� ����� �����
1RQ�ORFDO�,QIOXHQFHV� $FWLYH� ��� ��� ��� ����� �����
*RYHUQDQFH�RI�6RFLDO� $FWLYH� ��� ��� ��� ����� �����
3XEOLF�/LIH�±�*RYHUQDQFH� $FWLYH� ��� ��� ��� ����� �����
6FLHQWLILF�5HVHDUFK� $FWLYH� ��� ��� ��� ����� �����
(FRQRPLF�'ULYHUV� $FWLYH� ��� ��� �� ����� �����
� � � � � � �
)DFWRUV� 7\SH� 56� &6� $1'� 0XOWLSOLHU� 4XRWLHQW�
3HVW�0DQDJHPHQW� %XIIHU� ��� ��� �� ����� �����
,QFRPH�7D[�	�*67� %XIIHU� ��� ��� �� ����� �����
/DQGVFDSH�&KDQJH�3URFHVVHV� %XIIHU� ��� ��� �� ����� �����
1DWXUDO� $VVLPLODWLRQ� 	�
3XULILFDWLRQ�

%XIIHU� ��� ��� �� ����� �����
� � � � � � �
)DFWRUV� 7\SH� 56� &6� $1'� 0XOWLSOLHU� 4XRWLHQW�
3ULPDU\�,QGXVWULHV� &ULWLFDO� ��� ��� �� ����� �����
3ROLF\��SODQV��UXOHV��OHJLVODWLRQ� &ULWLFDO� ��� ��� �� ����� �����
:DWHU�4XDOLW\�	�6XSSO\� &ULWLFDO� ��� ��� �� ����� �����
6HFRQGDU\�,QGXVWU\� &ULWLFDO� ��� ��� �� ����� �����
(FRQRPLF�,QSXWV� &ULWLFDO� ��� ��� �� ����� �����
3RSXODWLRQ�'\QDPLFV� &ULWLFDO� ��� ��� �� ����� �����
0DLQWDLQ�%LRGLYHUVLW\� &ULWLFDO� ��� ��� �� ����� �����
0DLQWDLQ� ,QWHJULW\� RI�
����(FRORJLFDO�3URFHVVHV�

&ULWLFDO� ��� ��� �� ����� �����
3DUWLFLSDWLRQ�LQ�(FRQRPLF�/LIH� &ULWLFDO� ��� ��� �� ����� �����
0DLQWDLQ�6RLO�+HDOWK� &ULWLFDO� ��� ��� �� ����� �����
� � � � � � �
)DFWRUV� 7\SH� 56� &6� $1'� 4XRWLHQW� 0XOWLSOLHU�
+XPDQ�+HDOWK� 3DVVLYH� ��� ��� ��� ����� �����
3URSHUW\�9DOXDWLRQ� 3DVVLYH� ��� ��� ��� ����� �����
7HUWLDU\�6HFWRU� 3DVVLYH� ��� ��� ��� ����� �����
)DPLO\� 	� &RPPXQLW\�
:HOOEHLQJ�

3DVVLYH� ��� ��� ��� ����� �����
&RPPXQLW\�6HUYLFHV� 3DVVLYH� ��� ��� ��� ����� �����
/DERXU�0DUNHW� 3DVVLYH� ��� ��� ��� ����� �����
7RXULVP�� /HLVXUH�� 5HFUHDWLRQ��
6SRUW�

3DVVLYH� ��� ��� �� ����� �����
&XVWRPDU\�8VH� 3DVVLYH� ��� ��� �� ����� �����
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$OWKRXJK�PDWKHPDWLFDOO\�VLPSOH�DQG�HOHJDQW�� WKH�DOJRULWKP�RQ�ZKLFK�WKH�IDFWRU� W\SRORJ\�LV�
EDVHG� LV� QRW� SRZHUIXO� HQRXJK� WR� GLVFULPLQDWH� FRPSOHWHO\� EHWZHHQ� DFWLYH�FULWLFDO� DQG�
SDVVLYH�EXIIHU�IXQFWLRQDO�W\SHV�LQ�WKH�FDVH�RI�WKRVH�IDFWRUV�WKDW�KDYH�LQWHUPHGLDWH�DFWLYH�DQG�
SDVVLYH�VXPV��%UHQQHU���������2QH�VROXWLRQ�WR�WKLV�SUREOHP�LV�WR�XVH�WKH�SURGXFW�DQG�TXRWLHQW�
RI� WKH� DFWLYH� DQG� SDVVLYH� VXP� WR� GHILQH� D� FRQWLQXRXV� W\SRORJ\� FODVVLILFDWLRQ� UDWKHU� WKDQ�
GLVWLQFWLYH�W\SRORJLFDO�JURXSLQJV��6FKODQJH��������9HVWHU���������+RZHYHU�� LW� LV�QRW�DOZD\V�
GHVLUDEOH�WR�FOXPS�DQG�JURXS�IDFWRUV�WRJHWKHU��$Q�DOWHUQDWLYH�ZD\�RI�DGGUHVVLQJ�WKLV�SUREOHP�
ZDV� WKHUHIRUH�GHYHORSHG�LQ� WKLV�UHVHDUFK�SURMHFW�EDVHG�RQ�WKH�DEVROXWH�QXPHULFDO�GLIIHUHQFH�
VFRUH� �$1'�� HTXDWLRQ� ����$V�PHQWLRQHG� DERYH�� WKH�$1'� VFRUH� KHOSV� GLVFULPLQDWH� EHWZHHQ�
EXIIHU�FULWLFDO�DQG�SDVVLYH�DFWLYH�IDFWRUV�ZLWK�LQWHUPHGLDWH�SDVVLYH�DQG�DFWLYH�VXP�VFRUHV���
�
,Q� RSHUDWLRQDO� WHUPV�� WKH� IDFWRU� W\SRORJ\� FDQ� EH� FDOFXODWHG� ZLWK� WKH� DLG� RI� D� VSUHDGVKHHW�
SURJUDP� WR� DXWRPDWH� WKH� FROXPQ� DQG� URZ� RSHUDWLRQV� DQG� WKH� VRUWLQJ� RI� IDFWRUV� EDVHG� RQ�
LQIOXHQFH� LQGLFHV��7DEOH���VKRZV�KRZ�WKH�FDOFXODWLRQV�DUH�VHW�RXW� LQ�D�VSUHDGVKHHW�SURJUDP�
ZLWK���L��IDFWRU�QDPHV�LQ�FROXPQ�����LL��DFWLYH�VXP��$6��VFRUHV�IRU�HDFK�IDFWRU�LQ�FROXPQ����
�LLL��SDVVLYH�VXP��36��VFRUHV�IRU�HDFK�IDFWRU�LQ�FROXPQ����DQG��LY��WKH�PXOWLSOLHU�VFRUH��06��LQ�
FROXPQ����0XOWLSOLFDWLRQ�KDV�D�GXDO�HIIHFW��)RU� IDFWRUV� WKDW�KDYH�D�ZHDN�DFWLYH�DQG�SDVVLYH�
VXP�LW�SURGXFHV�D�VPDOO�VFRUH��'XULQJ�VRUWLQJ���WKHVH�IDFWRUV�ZLOO�EH�UDQNHG�DW�WKH�WRS�RI�WKH�
FDOFXODWLRQ�WDEOH�DV�EXIIHU�HOHPHQWV��WKRVH�IDFWRUV�WKDW�KDYH�D�ZHDN�LQIOXHQFH�RQ�RWKHU�IDFWRUV�
DQG�DUH�ZHDNO\�LQIOXHQFHG�E\�WKHP��)LJXUH�����
�
7DEOH����7KH�FDOFXODWLRQ�RI�FULWLFDO�DQG�EXIIHU�IDFWRUV�

��
0XOWLSOLFDWLRQ�ZLOO�WHQG�WR�SURGXFH�D�KLJK�VFRUH�IRU�IDFWRUV�WKDW�KDYH�D�UHODWLYHO\�VWURQJ�DFWLYH�
DQG�SDVVLYH�VXP��6RUWLQJ�WKH�UHVXOWV�RI�WKLV�PXOWLSOLFDWLRQ�RSHUDWLRQ�ZLOO�SRVLWLRQ�IDFWRUV�ZLWK�
KLJKHU�PXOWLSOLHU�VFRUHV�WRZDUGV�WKH�ERWWRP�RI�7DEOH���DV�FULWLFDO�IDFWRUV��L�H��IDFWRUV�WKDW�DUH�
VWURQJO\�LQIOXHQFHG�E\��DQG�KDYH�D�VWURQJ�LQIOXHQFH�RQ�RWKHU�IDFWRUV���
�
7KH�RUGHULQJ�RI�WKH�VFRUHV�VKRZQ�LQ�7DEOH���LQGLFDWHV�WKHUH�LV�QRW�MXVW�RQH�FULWLFDO�IDFWRU�WKDW�
KDV� WKH� KLJKHVW�PXOWLSOLHU� VFRUH�� EXW� D� JURXS�RI� IDFWRUV� WKDW� WHQG� WR� EH� FULWLFDO� LQ� FKDUDFWHU�
EHFDXVH�WKH\�KDYH�UHODWLYHO\�KLJKHU�DFWLYH�DQG�SDVVLYH�VXPV��/LNHZLVH��WKHUH�LV�QRW�MXVW�RQH�
EXIIHU� IDFWRU�� EXW� D� JURXS�RI� IDFWRUV� WKDW� WHQG� WR� EH�EXIIHUV� LQ� FKDUDFWHU� EHFDXVH� WKH\�KDYH�
UHODWLYHO\�ORZHU�DFWLYH�DQG�SDVVLYH�VFRUHV��7DEOH���LV�DQ�H[DPSOH�RI�D�FRQWLQXRXV�W\SRORJ\��
�������������������������������������������������
��$VVXPHV�VRUWLQJ�EDVHG�RQ�DVFHQGLQJ�QXPHULFDO�RUGHU��
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7DEOH���� VKRZV�KRZ� WKH�DEVROXWH�QXPHULFDO�GLIIHUHQFH� �$1'��VFRUH� LV�XVHG� WR�GLIIHUHQWLDWH�
EHWZHHQ�WKRVH�PDUJLQDO�IDFWRUV�LQ�7DEOH���WKDW�KDYH�LQWHUPHGLDWH�PXOWLSOLHU�VFRUHV���
�
7KH�PHWKRG�GHVFULEHG�DERYH�IRU�WKH�FDOFXODWLRQ�RI�WKH�FULWLFDO�DQG�EXIIHU�IDFWRUV�LV�DOVR�XVHG�
WR�FDOFXODWH�WKH�DFWLYH�DQG�SDVVLYH�IDFWRUV��)LJXUH�����7DEOH���VKRZV�KRZ�WKH�FDOFXODWLRQV�DUH�
VHW� RXW� LQ� D� VSUHDGVKHHW� SURJUDP�ZLWK�� �L�� IDFWRU� QDPHV� LQ� FROXPQ� ��� �LL�� DFWLYH� VXP� �$6��
VFRUHV�IRU�HDFK�IDFWRU�LQ�FROXPQ�����LLL��SDVVLYH�VXP��36��VFRUHV�IRU�HDFK�IDFWRU�LQ�FROXPQ����
DQG��LY��WKH�TXRWLHQW�VFRUH��46��LQ�FROXPQ����7KH�RUGHU�RI�WKH�GLYLVLRQ�RSHUDWLRQ�LQ�FROXPQ���
RI�7DEOH���LV�LPSRUWDQW��7KH�DFWLYH�VXP�LV�WKH�UHIHUHQFH�SRLQW�IRU�WKH�LGHQWLILFDWLRQ�RI�DFWLYH�
IDFWRUV�� 7KH� GLYLVLRQ� RI� WKH� DFWLYH� VXP� E\� WKH� SDVVLYH� VXP� HQVXUHV� IDFWRUV� KDYLQJ� D� KLJK�
DFWLYH�VXP�ZLOO�DOVR�KDYH�D�KLJK�TXRWLHQW�VFRUH��L�H��WKH�GLYLVLRQ�RI�D�ODUJH�QXPEHU�E\�D�VPDOO�
QXPEHU���'XULQJ�VRUWLQJ��WKHVH�IDFWRUV�ZLOO�EH�UDQNHG�DW�WKH�ERWWRP�RI�WKH�FDOFXODWLRQ�WDEOH�DV�
DFWLYH� HOHPHQWV� �7DEOH� ���� L�H�� IDFWRUV� WKDW� KDYH� D� VWURQJ� LQIOXHQFH� RQ� RWKHU� IDFWRUV� EXW� DUH�
ZHDNO\�LQIOXHQFHG�E\�WKHP��)LJXUH�����
�
)RU�IDFWRUV�WKDW�KDYH�D�ZHDN�DFWLYH�VXP��GLYLVLRQ�SURGXFHV�D�VPDOO�VFRUH��L�H��WKH�GLYLVLRQ�RI�D�
VPDOO�QXPEHU�E\�D� UHODWLYHO\� ODUJH�QXPEHU���'XULQJ�VRUWLQJ�� WKHVH� IDFWRUV�ZLOO�EH�UDQNHG�DW�
WKH� WRS�RI� WKH�FDOFXODWLRQ� WDEOH�DV�SDVVLYH�HOHPHQWV� �7DEOH����� L�H�� IDFWRUV� WKDW�KDYH�D�ZHDN�
LQIOXHQFH�RQ�RWKHU�IDFWRUV�EXW�DUH�VWURQJO\�LQIOXHQFHG�E\�WKHP��)LJXUH�����
�
7DEOH����7KH�FDOFXODWLRQ�RI�SDVVLYH�DQG�DFWLYH�IDFWRUV�

��
7DEOH���VKRZV�KRZ�WKH�IDFWRUV�LQ�FROXPQ���KDYH�EHHQ�UDQNHG�LQWR�DVFHQGLQJ�QXPHULFDO�RUGHU�
EDVHG�RQ�WKHLU�TXRWLHQW�VFRUHV�DV�OLVWHG�LQ�FROXPQ����7KRVH�IDFWRUV�WKDW�WHQG�WR�EH�PRUH�DFWLYH�
LQ� FKDUDFWHU� DUH� UDQNHG� DW� WKH� ERWWRP� RI� WKH� 7DEOH�� 7KH�PRVW� DFWLYH� IDFWRU� LV� FOLPDWH� DQG�
DWPRVSKHUH��7KRVH�IDFWRUV�WKDW�WHQG�WR�EH�PRUH�SDVVLYH�LQ�FKDUDFWHU�KDYH�EHHQ�UDQNHG�DW�WKH�
WRS�RI�7DEOH����7KH�+XPDQ�KHDOWK� IDFWRU� LV�PRVW�SDVVLYH� LQ�FKDUDFWHU��7KRVH� IDFWRUV� LQ� WKH�
FHQWUH� RI� WKH�7DEOH� �� DUH�PRUH� FULWLFDO� RU� EXIIHU� WKDQ� DFWLYH� RU� SDVVLYH�� DV� VKRZQ� E\� WKHLU�
TXRWLHQW� VFRUH� DSSUR[LPDWLQJ����7KH�XSSHU� DQG� ORZHU�TXRWLHQW�YDOXHV�GHWHUPLQH� DFWLYH� DQG�
SDVVLYH� FKDUDFWHU�� /LNHZLVH�� WKH� XSSHU� DQG� ORZHU� PXOWLSOLHU� VFRUHV� GHWHUPLQH� FULWLFDO� DQG�
EXIIHU�FKDUDFWHU��7KH�$1'�VFRUH�LV�XVHG�WR�GLIIHUHQWLDWH�EHWZHHQ�IDFWRUV�ZLWK�TXRWLHQW�VFRUHV�
DW�WKH�PDUJLQV��
�
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7KH� IDFWRU� W\SRORJ\� SURYLGHV� LQVLJKW� LQWR� WKRVH� JRYHUQLQJ� IDFWRUV� WKDW� ZLHOG� WKH� JUHDWHVW�
RYHUDOO�LQIOXHQFH�RQ�WKH�V\VWHP�DV�GHILQHG�E\�SDUWLFLSDQWV��7KH�UHVXOWV�RI�WKH�IDFWRU�W\SRORJ\�
FDOFXODWLRQV�DUH�VKRZQ�LQ�7DEOH����
�
7DEOH����7KH�*5&�IDFWRU�W\SRORJ\�
)DFWRUV� 7\SH� )DFWRUV� 7\SH�
3ULPDU\�,QGXVWULHV� &ULWLFDO� 6FLHQWLILF�5HVHDUFK� $FWLYH�
3ROLF\��SODQV��UXOHV��OHJLVODWLRQ� &ULWLFDO� (FRQRPLF�'ULYHUV� $FWLYH�
:DWHU�4XDOLW\�	�6XSSO\� &ULWLFDO� +XPDQ�+HDOWK� 3DVVLYH�
6HFRQGDU\�,QGXVWU\� &ULWLFDO� 3URSHUW\�9DOXDWLRQ� 3DVVLYH�
(FRQRPLF�,QSXWV� &ULWLFDO� 7HUWLDU\�6HFWRU� 3DVVLYH�
3RSXODWLRQ�'\QDPLFV� &ULWLFDO� )DPLO\�	�&RPPXQLW\�:HOOEHLQJ� 3DVVLYH�
0DLQWDLQ�%LRGLYHUVLW\� &ULWLFDO� &RPPXQLW\�6HUYLFHV� 3DVVLYH�
0DLQWDLQ�,QWHJULW\�RI�(FR�3URFHVVHV� &ULWLFDO� /DERXU�0DUNHW� 3DVVLYH�
3DUWLFLSDWLRQ�LQ�(FRQRPLF�/LIH� &ULWLFDO� 7RXULVP��/HLVXUH��5HFUHDWLRQ� 3DVVLYH�
0DLQWDLQ�6RLO�+HDOWK� &ULWLFDO� &XVWRPDU\�8VH� 3DVVLYH�
&OLPDWH�	�$WPRVSKHUH� $FWLYH� 3HVW�0DQDJHPHQW� %XIIHU�
1RQ�ORFDO�,QIOXHQFHV� $FWLYH� ,QFRPH�7D[�	�*67� %XIIHU�
*RYHUQDQFH�RI�6RFLDO�,QVWLWXWLRQV� $FWLYH� /DQGVFDSH�&KDQJH�3URFHVVHV� %XIIHU�
3XEOLF�/LIH�±�*RYHUQDQFH� $FWLYH� 1DWXUDO�$VVLPLODWLRQ�	�3XULILFDWLRQ� %XIIHU�
�
(YDOXDWLRQ�RI�WKH�&5*�LQIOXHQFH�PDWUL[�KDV�SURGXFHG�WKH�IDFWRU�W\SRORJ\�VKRZQ�LQ�)LJXUH����
7KH�IDFWRU�W\SHV�OLVWHG�LQ�7DEOH���KDYH�EHHQ�VRUWHG�LQ�GHVFHQGLQJ�RUGHU�IURP�WKH�VWURQJHVW�WR�
ZHDNHVW� LQIOXHQFH� VFRUHV��)RU� H[DPSOH�� WKH�PRVW� FULWLFDO� IDFWRU�RI� DOO� LV�SULPDU\� LQGXVWULHV��
DQG� WKH�PRVW� DFWLYH� IDFWRU� LV� FOLPDWH� DQG� DWPRVSKHUH��:H� FRPPHQW� RQ� WKH� VLJQLILFDQFH� RI�
WKHVH�IDFWRUV�EHORZ��
�
&ULWLFDO� )DFWRUV� ±� KDYH� D� V\VWHP�ZLGH� LQIOXHQFH� RQ� RWKHU� IDFWRUV� DQG� D� KLJK� OHYHO� RI�
VHQVLWLYLW\�WR�FKDQJH�LQ�WKH�V\VWHP��&ULWLFDO�IDFWRUV�DUH�LPSRUWDQW�RSHUDWLRQDO�SURFHVVHV�LQ�WKH�
V\VWHP�� XVXDOO\� DVVRFLDWHG� ZLWK� JURZWK� DQG� GHYHORSPHQW�� DQG� FORVHO\� FRXSOHG� ZLWK� WKH�
IXQFWLRQ�RI�DFWLYH��SDVVLYH�DQG�EXIIHU�IDFWRUV��)RU�WKLV�UHDVRQ�LW�LV�GLIILFXOW�WR�FRQVLGHU�FULWLFDO�
IDFWRUV�LQ�LVRODWLRQ�IURP�RWKHU�V\VWHP�ZLGH�IDFWRUV��7KH�&5*�LQIOXHQFH�PDWUL[�KDV�LGHQWLILHG�
��� FULWLFDO� IDFWRUV� OLVWHG� KHUH� LQ� RUGHU� RI� KLJKHVW� WR� ORZHVW� PXOWLSOLHU� VFRUHV�� SULPDU\�
LQGXVWULHV�� SROLF\�� SODQV�� UXOHV�� OHJLVODWLRQ��ZDWHU� TXDOLW\� DQG� VXSSO\�� VHFRQGDU\� LQGXVWULHV��
HFRQRPLF�LQSXWV��SRSXODWLRQ�G\QDPLFV��PDLQWDLQLQJ�ELRGLYHUVLW\��PDLQWDLQLQJ�WKH�LQWHJULW\�RI�
HFRORJLFDO�SURFHVVHV��SDUWLFLSDWLRQ�LQ�HFRQRPLF�OLIH��PDLQWDLQLQJ�VRLO�KHDOWK���
�
*LYHQ� WKDW� SULPDU\� LQGXVWULHV� LQ� WKH� 0RWXHND� &DWFKPHQW� DUH� WKH� EDFNERQH� RI� WKH� ORFDO�
HFRQRP\� �FRQWULEXWLRQ� WR� &DWFKPHQW� *'3� �����0������ QH[W� WR� IRUHVWU\� �FRQWULEXWLRQ� WR�
&DWFKPHQW�*'3������0������� LW� LV�QRW�VXUSULVLQJ� WR�GLVFRYHU� WKDW�SULPDU\� LQGXVWULHV�DUH� WKH�
PRVW�FULWLFDO�IDFWRU��+RZHYHU��LW�LV�LQWHUHVWLQJ�WR�GLVFRYHU�WKDW�SROLF\��SODQV��UXOHV��OHJLVODWLRQ�
WDNH�VHFRQG�SODFH��D�IDFW�WKDW�XQGHUVFRUHV�WKH�FULWLFDO�UROH�SOD\HG�E\�UHJLRQDO�JRYHUQPHQW�LQ�
WKH�H\HV�RI�WKH�&5*�PHPEHUV��,W�LV�DOVR�QRW�VXUSULVLQJ�WR�ILQG�WKDW�ZDWHU�TXDOLW\�DQG�VXSSO\�LV�
WKH�WKLUG�PRVW�FULWLFDO�IDFWRU��JLYHQ�WKH�FHQWUDO�UROH�RI�SULPDU\�LQGXVWULHV�LQ�WKH�&DWFKPHQW�DQG�
WKH�KLVWRU\�RI�ZDWHU�DOORFDWLRQ�LVVXHV�WKDW�WKH�FRPPXQLW\�KDV�KDG�WR�GHDO�ZLWK�FROOHFWLYHO\��,W�
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LV�DOVR�LPSRUWDQW�WR�QRWH�WKH�QXPEHU�RI�HFRV\VWHP�VHUYLFHV�WKDW�KDYH�WXUQHG�RXW�WR�EH�FULWLFDO�
IDFWRUV�LQ�WKLV�DQDO\VLV��
�
$FWLYH�)DFWRUV� ±� DUH� UHVSRQVLEOH� IRU� GULYLQJ� FKDQJH� DQG� GHYHORSPHQW� LQ� WKH� V\VWHP��7KH\�
KDYH�D�VWURQJ�LQIOXHQFH�RQ�RWKHU�V\VWHP�IDFWRUV��)URP�D�VLPSOH�FDXVH�DQG�HIIHFW�SHUVSHFWLYH��
WKH� LGHQWLILFDWLRQ� RI� WKHVH� V\VWHP� GULYHUV� KHOSV� XV� XQGHUVWDQG�PXFK� DERXW� WKH� EHKDYLRXUDO�
FKDUDFWHULVWLFV�RI�D�V\VWHP�IURP�WKH�W\SH�RI�UHVRXUFH�EDVH�DQG�GLVWXUEDQFH�UHJLPH�WKDW�GULYHV�
LW��)RU� H[DPSOH�� LV� WKH� V\VWHP�SULPDULO\�JURZWK�RU�GLVWXUEDQFH�GULYHQ"�7KH�&5*� LQIOXHQFH�
PDWUL[�KDV�LGHQWLILHG���DFWLYH�IDFWRUV�OLVWHG�KHUH�LQ�RUGHU�RI�KLJKHVW�WR�ORZHVW�TXRWLHQW�VFRUHV��
FOLPDWH�DQG�DWPRVSKHUH��QRQ�ORFDO�LQIOXHQFHV��JRYHUQDQFH�RI�VRFLDO�LQVWLWXWLRQV��SXEOLF�OLIH�±�
JRYHUQDQFH��VFLHQWLILF�UHVHDUFK��HFRQRPLF�GULYHUV��
�
*LYHQ� WKDW� WKH� &DWFKPHQW� HFRQRP\� LV� VR� VWURQJO\� EDVHG� RQ� SULPDU\� LQGXVWULHV� LW� LV� QRW�
VXUSULVLQJ�WR�GLVFRYHU�WKDW�WKH�&DWFKPHQW�V\VWHP�DV�D�ZKROH�LV�VWURQJO\�LQIOXHQFHG�E\�FOLPDWH�
DQG� DWPRVSKHUH� DV� D� GULYHU�� %HFDXVH� RI� WKH� GHSHQGHQFH� RI� WKH� &DWFKPHQW� HFRQRP\� RQ�
H[WHUQDO�PDUNHWV�IRU�WKH�VDOH�RI�SULPDU\�SURGXFH��ZH�ZRXOG�H[SHFW�QRQ�ORFDO�LQIOXHQFHV�VXFK�
DV�H[FKDQJH�UDWHV��LQWHUHVW�UDWHV�DQG�WKH�GHJUHH�RI�IRUHLJQ�RZQHUVKLS�ZRXOG�EH�DQ�LPSRUWDQW�
GULYHU��DQG�LQ�WKLV�DQDO\VLV�LW�LV�WKH�VHFRQG�PRVW�DFWLYH�IDFWRU���
�
3DVVLYH�)DFWRUV�±�DUH�KLJKO\�VHQVLWLYH�WR�FKDQJH�DQG�ZH�FDOO�WKHVH�IDFWRUV�LQGLFDWRU�YDULDEOHV�
EHFDXVH� RI� WKH� PDQQHU� LQ� ZKLFK� WKH\� UHVSRQG� WR� VWURQJ� LQIOXHQFHV�� 3DVVLYH� IDFWRUV� FDQ�
SHUIRUP�GLIIHUHQW�UROHV�LQ�WKH�V\VWHP��)RU�H[DPSOH��D�SDVVLYH�IDFWRU�FRXOG�EH�D�VWRFN��WKH�VWDWH�
RI� ZKLFK� SHUIRUPV� DQ� LPSRUWDQW� IHHGEDFN� IXQFWLRQ� IRU� WKH� V\VWHP�� 7\SLFDOO\�� ZH� ZRXOG�
H[SHFW�WR�ILQG�SDVVLYH�IDFWRUV�LQ�WKH�ILQDO�GHPDQG�RU�FRQVXPSWLRQ�HQG�RI�WKH�HFRQRP\�DV�WKH\�
KDYH�ZHDN�IRUZDUG�LQIOXHQFH�DQG�WKXV�DUH�QRW�DVVRFLDWHG�ZLWK�JURZWK�SURFHVVHV�LQ�WKH�VDPH�
ZD\� WKDW� FULWLFDO� DQG� DFWLYH� IDFWRUV� DUH�� 3DVVLYH� IDFWRUV� FDQ� DOVR� SOD\� LPSRUWDQW� VLJQDO�
GDPSLQJ�IXQFWLRQV�IRU�WKH�V\VWHP��7KH�&5*�LQIOXHQFH�PDWUL[�KDV�LGHQWLILHG���SDVVLYH�IDFWRUV�
OLVWHG�KHUH� LQ�RUGHU�RI�KLJKHVW� WR� ORZHVW�TXRWLHQW� VFRUHV��KXPDQ�KHDOWK��SURSHUW\�YDOXDWLRQ��
WHUWLDU\�VHFWRU��IDPLO\�DQG�FRPPXQLW\�ZHOOEHLQJ��FRPPXQLW\�VHUYLFHV��ODERXU�PDUNHW��WRXULVP��
OHLVXUH��UHFUHDWLRQ�DQG�VSRUW��FXVWRPDU\�XVH��
�
%XIIHU�)DFWRUV�±�KDYH� WKH�FDSDFLW\� WR�DEVRUE�FKDQJH�ZLWKRXW�GUDVWLFDOO\�DOWHULQJ� WKHLU�RZQ�
VWDWH�RU�WKDW�RI�RWKHU�IDFWRUV�LQ�WKH�V\VWHP��$OO�FRPSOH[�V\VWHPV�JR�WKURXJK�VWDJHV�RI�JURZWK��
GHYHORSPHQW� DQG� VWDWH� FKDQJH� WKDW� DGMXVW� LQ� H[WHQW� DQG� IUHTXHQF\�� 6\VWHP� EXIIHUV� SURYLGH�
URRP�IRU�VXGGHQ�JURZWK�DQG�FKDQJH�VKRFNV�RQ�WKH�RQH�KDQG��DQG�FRPSHQVDWLRQ�IRU� ODFN�RI�
JURZWK�DQG�FKDQJH�RQ�WKH�RWKHU�KDQG��7KH�&5*�LQIOXHQFH�PDWUL[�KDV�LGHQWLILHG�IRXU�EXIIHU�
IDFWRUV� OLVWHG�KHUH�LQ�RUGHU�RI�KLJKHVW� WR�ORZHVW�PXOWLSOLHU�VFRUHV��SHVW�PDQDJHPHQW�� LQFRPH�
WD[�DQG�*67��ODQGVFDSH�FKDQJH�SURFHVVHV��QDWXUDO�DVVLPLODWLRQ�DQG�SXULILFDWLRQ���
�
7KH�IDFWRU�W\SRORJ\�IURP�WKH�&5*�LQIOXHQFH�PDWUL[�GRHV�VHHP�WR�EH�ODFNLQJ�LQ�LWV�UDQJH�RI�
SDVVLYH�DQG�EXIIHU� IDFWRUV� LGHQWLILHG� WKURXJK� WKLV�DQDO\VLV��)RU�H[DPSOH�� WKH�SDVVLYH� IDFWRUV�
DUH�PDLQO\�VRFLDO�LQ�QDWXUH��ZKLOH�ZH�ZRXOG�H[SHFW�WKHUH�DOVR�WR�EH�LPSRUWDQW�HFRORJLFDO�DQG�
HFRQRPLF� SDVVLYH� IDFWRUV�� +RZHYHU�� WKRVH� SDVVLYH� IDFWRUV� WKDW� DUH� FKRVHQ� SURYLGH� D� YHU\�
XVHIXO� LQGLFDWLRQ� RI� ZKDW� WKH� &5*�PHPEHUV� FRQVLGHU� DV� LQGLFDWRU� YDULDEOHV� IRU� WKH� VRFLDO�
�KXPDQ� KHDOWK�� SURSHUW\� YDOXDWLRQ�� IDPLO\� DQG� FRPPXQLW\� ZHOOEHLQJ�� FRPPXQLW\� VHUYLFHV��
FXVWRPDU\� XVH�� DQG� HFRQRPLF� �FRPPXQLW\� VHUYLFHV�� ODERXU� PDUNHW�� WRXULVP�� OHLVXUH��
UHFUHDWLRQ� DQG� VSRUW�� SURSHUW\� YDOXDWLRQ�� ZHOOEHLQJ� RI� WKH� &DWFKPHQW�� ,W� ZRXOG� DOVR� KDYH�
EHHQ�XVHIXO�WR�VHH�VRPH�HFRORJLFDO�LQGLFDWRUV��7KHLU�DEVHQFH�LV�SUREDEO\�UHODWHG�WR�DVSHFWV�RI�
RXU�SDUWLFLSDWRU\�SURFHVV�GHVLJQ��HVSHFLDOO\�WKH�IDFWRU�VHOHFWLRQ�DQG�DJJUHJDWLRQ�VWDJHV��VLQFH�
ERWK� WKHVH�SURFHVV� VWDJHV�GHWHUPLQH� WKH� ILQDO� VHOHFWLRQ�RI� IDFWRUV� WKDW�JR� LQWR� WKH� LQIOXHQFH�
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PDWUL[� VWUXFWXUH�� )XUWKHU� UHVHDUFK� LV� QHHGHG� WR� EHWWHU� XQGHUVWDQG� WKH� H[WHQW� WR� ZKLFK� WKH�
UHVXOWV�RI�WKH�LQIOXHQFH�PDWUL[�PRGHO�DUH�GHSHQGHQW�RQ�RXU�SURFHVV�GHVLJQ��
�
���� (YDOXDWLRQ�RI�WKH�LQIOXHQFH�PDWUL[�FRORXU�PDS�
%HIRUH� VHHNLQJ� WR� HYDOXDWH� WKH� YLVXDO� SURSHUWLHV� RI� WKH� LQIOXHQFH�PDWUL[� LW� LV� LPSRUWDQW� WR�
RXWOLQH�KRZ�LW�ZDV�GHYHORSHG�DQG�RUJDQLVHG�LQ�SUDFWLFDO�WHUPV���
�
7KH� ILUVW� VWHS� LQ�EXLOGLQJ� WKH�0RWXHND�&5*�LQIOXHQFH�PRGHO� LQYROYHG�DQ�DWWHPSW� WR�GHILQH�
V\VWHP� JRDOV�� 7KH� &RPPXQLW\� 5HIHUHQFH� JURXS� PHPEHUV� GHFLGHG� RQ� WKH� IROORZLQJ� JRDO�
VWDWHPHQW��7KH�WH[W�LQ�LWDOLFV�ZDV�GHYHORSHG�E\�WKH�FRPPXQLW\�JURXS�PHPEHUV��
�
7KH� UHVLGHQWV� RI� WKH�0RWXHND�&DWFKPHQW�ZDQW� WR�PDQDJH� WKHLU�&DWFKPHQW� VR� DV� WR� HQVXUH�
WKH\�FRQWLQXH�WR�HQMR\�«�D�VDIH�SODFH�WR�SOD\�DQG�OLYH��LWV�SULVWLQH�FKDUDFWHU�DQG�EHDXW\��LWV�
LGHQWLW\��HFRQRPLF�DQG�HFRORJLFDO�EDODQFH�� LWV�HFRQRPLF�YLDELOLW\� IRU�EXVLQHVV�GHYHORSPHQW��
LWV�H[FHSWLRQDO�FOLPDWH��ELRORJLFDO��FRPPXQLW\�DQG�ODQGVFDSH�GLYHUVLW\�DQG�FRDVWDO�LQWHJULW\���

�
7KH�DERYH�VWDWHPHQW�VKRZV�WKDW�WKH�JRDOV�RI�WKH�0RWXHND�&5*�DUH�IDU�EURDGHU�WKDQ�VLPSO\�
HFRQRPLF� HIILFLHQF\�� 7KLV� LPSOLHV� WKH� PDQDJHPHQW� RI� WKH� &DWFKPHQW� LV� D� PXOWLSOH� JRDO�
SUREOHP��DQG�WKH�LQIOXHQFH�PDWUL[�LV�LGHDOO\�VXLWHG�WR�FKDOOHQJHV�RI�WKLV�NLQG���
�
7KH�0RWXHND� &5*� LGHQWLILHG� ���� IDFWRUV� �$SSHQGL[� ��� WKH\� IHOW� LQIOXHQFHG� WKH� ORQJ�WHUP�
PDQDJHPHQW� RI� WKH�0RWXHND� &DWFKPHQW� WRZDUG� WKH� JRDOV� PHQWLRQHG� DERYH�� $Q� LQIOXHQFH�
PDWUL[�EDVHG�RQ�����IDFWRUV�ZRXOG�WDNH�D�ORQJ�WLPH�WR�VFRUH��7R�RYHUFRPH�WKLV�SUREOHP�WKH�
����IDFWRUV�ZHUH�DJJUHJDWHG�WR�IRUP�D�JURXS�RI����NH\�IDFWRUV��$SSHQGL[�����7KLV�OLVW�RI�NH\�
IDFWRUV�ZDV�XVHG� WR�QDPH� WKH�FROXPQV�DQG� URZV�RI�RXU� LQIOXHQFH�PDWUL[� �7DEOH������7KHVH�
URZV�DQG�FROXPQV�KDYH�EHHQ�FRORXU�FRGHG�WR�DVVLVW� LGHQWLILFDWLRQ�RI� WKH�GLIIHUHQW�JURXSV�RI�
IDFWRUV�� HFRORJLFDO� �EURZQ��� HFRQRPLF� �\HOORZ��� VRFLDO� �JUHHQ��� JRYHUQDQFH� RI� VRFLDO�
LQVWLWXWLRQV� �EOXH��� SROLF\�� SODQV�� UXOHV� DQG� OHJLVODWLRQ� �GDUN�EOXH��� DQG�QRQ�ORFDO� LQIOXHQFHV�
�SXUSOH����
�
7DEOH� ��� VKRZV� WKH� FRPSOHWHG� DYHUDJH� LQIOXHQFH� PDWUL[� SURGXFHG� E\� WKH� JURXS�� ,W� ZDV�
SURGXFHG�IURP�VHYHQ�LQGLYLGXDOO\�VFRUHG�LQIOXHQFH�PDWULFHV��7KH�LQIOXHQFH�VFRUHV�LQ�HDFK�FHOO�
RI� WKH�PDWUL[� SURYLGH� D� TXDOLWDWLYH� HVWLPDWH� RI� KRZ�GLIIHUHQW�PDWUL[� IDFWRUV� LQIOXHQFH� HDFK�
RWKHU��,W�LV�YHU\�GLIILFXOW�WR�GUDZ�XVHIXO�FRQFOXVLRQV�IURP�WKH�PDWUL[�LQ�WKLV�IRUP��2QH�RI�WKH�
HDVLHVW�ZD\V� WR� HYDOXDWH� WKH�PDWUL[� LV� WR� XVH� FRORXU� FRGLQJ� WR� SURGXFH� DQ� LQIOXHQFH�PDWUL[�
FRORXU�PDS��
�
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7DEOH�����7KH�LQIOXHQFH�PDWUL[�

��
$� FRORXU�PDS�PDNHV� LW� SRVVLEOH� WR� ORRN� IRU� SDWWHUQV� RU� WUHQGV� LQ� WKH� GDWD� UHFRUGHG� LQ� WKH�
LQIOXHQFH�PDWUL[��7KHUH�DUH�GLIIHUHQW�W\SHV�RI�FRORXU�PDSV�WKDW�FDQ�EH�EXLOW�IURP�WKH�GDWD�LQ�
DQ�LQIOXHQFH�PDWUL[��7KH�VLPSOHVW�DSSURDFK�LV�WR�WDNH�WKH�LQIOXHQFH�PDWUL[�VKRZQ�LQ�7DEOH����
DQG�DVVLJQ�D�FRPPRQ�FRORXU�WR�HDFK�RI�WKH�VL[�LQIOXHQFH�VFRUHV��7DEOH�����7DEOH����SURYLGHV�D�
FRORXU�NH\�WKDW�VKRZV�ZKLFK�FRORXU�LV�DVVLJQHG�WR�HDFK�RI�WKH�VL[�LQIOXHQFH�VFRUHV�WKDW�ZHUH�
XVHG�LQ�7DEOH����
�
7DEOH�����7KH�FRORXU�VFRUH�NH\�XVHG�WR�LQWHUSUHW�7DEOH���

�
�
7KH�VFRUHV�LQ�7DEOH����KDYH�QRW�EHHQ�VRUWHG�LQ�DQ\ZD\��WKHUHIRUH�WKH�RUGHU�RI�WKH�FROXPQ�DQG�
URZ�IDFWRU�QDPHV�LV�LGHQWLFDO�WR�WKRVH�LQ�7DEOH�����$�YLVXDO�LQVSHFWLRQ�RI�WKH�7DEOH�VKRZV�WKDW�
D� FRXSOH� RI� GRPLQDQW� FRORXU� SDWWHUQV� H[LVW� DQG� KDYH� EHHQ� GHILQHG� ZLWK� WKH� DLG� RI� EODFN�
ERUGHUV��:KDW�GR�WKHVH�SDWWHUQV�PHDQ"�,W�LV�SRVVLEOH�WR�LQWHUSUHW�WKHVH�SDWWHUQV�E\�VHHNLQJ�WR�
XQGHUVWDQG� ZKDW� WKH� YDULRXV� SDUWV� RI� WKH� LQIOXHQFH� PDWUL[� VKRZQ� LQ� 7DEOH� ��� UHSUHVHQW�
WKHRUHWLFDOO\��
�
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7DEOH�����$Q�LQIOXHQFH�PDWUL[�FRORXU�PDS��

�
�
7KH�LQIOXHQFH�PDWUL[�LV�FRPSRVHG�RI�WKUHH�PDLQ�JURXSV�RI�IDFWRUV��HFRORJLFDO��HFRQRPLF�DQG�
VRFLDO��,W�LV�SRVVLEOH�WR�EXLOG�D�PRGHO�WKDW�LOOXVWUDWHV�KRZ�WKHVH�WKUHH�HQWLWLHV�DUH�LQWHUUHODWHG�
WRJHWKHU��7KH�PRGHO�LQ�)LJXUH���FRQWDLQV�VRFLDO��HFRQRPLF�DQG�HFRORJLFDO�JURXSV�RI�IDFWRUV��
7KH�VRFLDO�DQG�HFRQRPLF�IDFWRUV�KDYH�EHHQ�JURXSHG�WRJHWKHU�LQWR�RQH�FRPELQHG�JURXS�FDOOHG�
VRFLDO�HFRQRPLF�V\VWHPV��7KH�UHPDLQLQJ�HFRORJLFDO�IDFWRUV�KDYH�EHHQ�SODFHG�LQWR�RQH�JURXS�
FDOOHG�HFRORJLFDO�V\VWHPV��7KHVH�WZR�VSKHUHV�V\PEROLVH�WKH�HFRORJLFDO�HFRORJLFDO�DQG�VRFLDO�
HFRQRPLF�VRFLDO�HFRQRPLF�TXDGUDQWV�RI�WKH�LQIOXHQFH�PDWUL[�SRUWUD\HG�LQ�7DEOHV����DQG�����
�

��
)LJXUH���$Q�LQIOXHQFH�PRGHO�IRU�D�VRFLDO�HFRQRPLF�HFRORJLFDO�V\VWHP�
�
7KH�PRGHO�LQ�)LJXUH���VKRZV�WKDW�HFRORJLFDO�V\VWHPV�KDYH�DQ�LQIOXHQFH�RQ�VRFLDO�HFRQRPLF�
V\VWHPV� DQG� LQ� WXUQ� WKH\� DUH� DOVR� LQIOXHQFHG�E\� VRFLDO�HFRQRPLF� V\VWHPV��7KLV�PRGHO� DOVR�
VKRZV�WKDW�HFRORJLFDO�V\VWHPV�KDYH�DQ�LQIOXHQFH�RQ�WKHPVHOYHV��7KLV�VLPSOLILHG�YLHZ�RI�WKH�
ZRUOG� LV�FDSWXUHG� LQ� WKH� LQIOXHQFH�PDWUL[�VKRZ�LQ�7DEOH����� ,Q�RUGHU� WR� LOOXVWUDWH� WKLV�SRLQW�
7DEOH����KDV�EHHQ�UH�GUDZQ��7DEOH�����ZLWK�)LJXUH���VXSHULPSRVHG�RQ�WRS�RI�LW��
�
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7DEOH� ��� � 7KH� TXDGUDQWV� RI� DQ� LQIOXHQFH� PDWUL[� DQG� ZKDW� WKH\� UHSUHVHQW� DV� VKRZQ� LQ�
)LJXUH���

�
�
7DEOH����VKRZV� WKDW� WKH� LQIOXHQFH�PDWUL[� LV�FRPSRVHG�RI� IRXU�PDLQ�DUHDV�RU�TXDGUDQWV� WKDW�
UHSUHVHQW�WKH�VLPSOLILHG�YLHZ�RI�WKH�ZRUOG�SUHVHQWHG�LQ�)LJXUH����7KH�LQIOXHQFH�PDWUL[�KDV�D�
TXDGUDQW� LQ�ZKLFK� HFRORJLFDO� IDFWRUV� LQIOXHQFH� HDFK�RWKHU�� UHSUHVHQWLQJ�HFRORJLFDO� V\VWHPV��
(FRORJLFDO� V\VWHPV� KDYH� DQ� LQIOXHQFH� RQ� WKH� VRFLDO� HFRQRPLF� TXDGUDQW� RI� WKH� LQIOXHQFH�
PDWUL[�� 7KHVH� LQIOXHQFHV� DUH� UHFRUGHG� E\� WKH� LQIOXHQFH� VFRUHV� FRQWDLQHG� LQ� WKH� SDUW� RI� WKH�
LQIOXHQFH� PDWUL[� ODEHOOHG� ZLWK� WKH� ZRUGV� ³(FRORJLFDO� 6\VWHPV� ,QIOXHQFH� RQ´�� 7KH� GDVKHG�
EODFN�OLQH�WKDW�SDVVHV�WKURXJK�WKLV�SDUW�RI�WKH�LQIOXHQFH�PDWUL[�UHSUHVHQWV�D�IORZ�RI�LQIOXHQFH�
IURP�HFRORJLFDO�V\VWHPV�WR�VRFLDO�HFRQRPLF�V\VWHPV��7DEOH�������
�

� �
)LJXUH����7KH�IORZ�RI�V\VWHP�ZLGH�LQIOXHQFH�EDVHG�RQ�%LQQLQJ�HW�DO���������
�
�
/LNHZLVH��WKH�VRFLDO�HFRQRPLF�TXDGUDQW�RI�WKH�LQIOXHQFH�PDWUL[�SURGXFHV�D�IORZ�RI�LQIOXHQFH�
WKDW� DIIHFWV� HFRORJLFDO� V\VWHPV�� 7KHVH� LQIOXHQFHV� DUH� UHFRUGHG� E\� WKH� LQIOXHQFH� VFRUHV�
FRQWDLQHG� LQ� WKH� SDUW� RI� WKH� LQIOXHQFH�PDWUL[� ODEHOOHG�ZLWK� WKH�ZRUGV� ³(FRORJLFDO� 6\VWHPV�
,QIOXHQFHG�E\´��7KH�GDVKHG�EODFN� OLQH� WKDW�SDVVHV� WKURXJK� WKLV�SDUW� RI� WKH� LQIOXHQFH�PDWUL[�
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UHSUHVHQWV� D� IORZ� RI� LQIOXHQFH� IURP� VRFLDO�HFRQRPLF� V\VWHPV� WR� HFRORJLFDO� V\VWHPV� �7DEOH�
�����
�
1RZ�WKDW�WKH�YDULRXV�SDUWV�RI�WKH�LQIOXHQFH�PDWUL[�KDYH�EHHQ�GHILQHG�LW�LV�SRVVLEOH�WR�LQWHUSUHW�
WKH� SDWWHUQV�� 7KH� LQIOXHQFH�PDWUL[� FRORXU�PDS� LQGLFDWHV� WKH�0RWXHND�&5*�PHPEHUV� KDYH�
VFRUHG�WKH�LQIOXHQFH�PDWUL[�LQ�VXFK�D�ZD\�WKDW�WKH�HFRORJLFDO�DQG�VRFLDO�HFRQRPLF�TXDGUDQWV�
RI�WKH�LQIOXHQFH�PDWUL[�KDYH�WKH�RYHUDOO�KLJKHVW�VFRUHV�DV�VHHQ�E\�WKH�KLJKHU�FRQFHQWUDWLRQ�RI�
JUHHQ�DQG�EOXH�SDWWHUQ�LQ�WKLV�DUHD�RI�WKH�LQIOXHQFH�PDWUL[��7DEOH�������
�
,Q�FRQWUDVW�� WKH�TXDGUDQWV�RI� WKH�LQIOXHQFH�PDWUL[�WKDW�UHSUHVHQW� WKH�IORZV�RI� LQIOXHQFH�IURP�
HFRORJLFDO�V\VWHPV�WR�WKH�VRFLDO�HFRQRPLF�V\VWHP�DQG�IURP�WKH�VRFLDO�HFRQRPLF�V\VWHP�WR�WKH�
HFRORJLFDO�V\VWHP�KDYH�D�ORZHU�LQIOXHQFH�VFRUH��DV�VHHQ�E\�WKH�KLJKHU�FRQFHQWUDWLRQ�RI�\HOORZ�
DQG�EURZQ�FRORXU�LQ�WKHVH�SDUWV�RI�WKH�LQIOXHQFH�PDWUL[���7KHUH�DUH�WZR�SRVVLEOH�UHDVRQV�ZK\�
WKH�LQIOXHQFH�PDWUL[�VKRZV�SDWWHUQV�RI�WKLV�NLQG��)LUVW��LW�FRXOG�EH�WKDW�WKH�IORZ�RI�LQIOXHQFHV�
IURP�WKH�HFRORJLFDO� WR� WKH�VRFLDO�HFRQRPLF�V\VWHP�DQG� IURP�WKH�VRFLDO�HFRQRPLF�V\VWHP� WR�
WKH�HFRORJLFDO�V\VWHP�LV�LQGHHG�ZHDN��7KHUH�DUH�REYLRXVO\�H[FHSWLRQV�WR�WKLV�WUHQG�DV�VHHQ�LQ�
WKH�FDVH�RI�ZDWHU�TXDOLW\�DQG�VXSSO\����7DEOH������
�
$QRWKHU�SRVVLEOH�H[SODQDWLRQ�LV�WKDW�WKHVH�IORZV�KDYH�DQ�LQWHUPHGLDWH�WR�VWURQJ�LQIOXHQFH�WKDW�
LV�FXUUHQWO\�QRW�SHUFHLYHG�E\�WKH�PHPEHUV�RI�WKH�0RWXHND�&RPPXQLW\�5HIHUHQFH�JURXS���
�
7KH�PRGHO�VKRZQ�LQ�)LJXUH���LV�VOLJKWO\�GLIIHUHQW�WR�WKH�PRGHO�VKRZQ�LQ�)LJXUH����)LJXUH���
SURYLGHV�D�VXPPDU\�RI�WKH�IORZ�RI�LQIOXHQFHV�LQ�WKH�LQIOXHQFH�PDWUL[�EDVHG�RQ�7DEOH�����,Q�
)LJXUH� ��� UHG� DUURZV� V\PEROLVH� D� VWURQJ� LQIOXHQFH� DQG� JUH\� DUURZV� V\PEROLVH� D� ZHDN�
LQIOXHQFH�� 7KH� VXPPDU\� PRGHO� LQ� )LJXUH� �� VKRZV� WKDW� WKH� PHPEHUV� RI� WKH� 0RWXHND�
&RPPXQLW\�5HIHUHQFH�JURXS�KDYH�LGHQWLILHG� WKH�H[LVWHQFH�RI�VWURQJHU�LQIOXHQFHV�ZLWKLQ�WKH�
VRFLDO�HFRQRPLF� V\VWHP� DQG� HFRORJLFDO� V\VWHPV� FRPSDUHG� ZLWK� WKH� VWUHQJWK� RI� WKRVH�
LQIOXHQFH� IORZV� WKDW� OLQN� WKH� WZR� V\VWHPV�� &XUUHQW� VFLHQWLILF� XQGHUVWDQGLQJ� DERXW� WKH�
LPSRUWDQFH�RI�HFRV\VWHP�VHUYLFHV�WR�KXPDQ�HFRQRPLF�DFWLYLW\�VXJJHVWV�WKLV�LV�XQOLNHO\�WR�EH�
DQ�DFFXUDWH�SHUFHSWLRQ�RI�UHDOLW\���
�
,W�ZRXOG�EH�SRVVLEOH�WR�WHVW�WKLV�K\SRWKHVLV�E\�FRQGXFWLQJ�UHVHDUFK�DLPHG�DW�GRFXPHQWLQJ�WKH�
QDWXUH� DQG� PRQHWDU\� YDOXH� RI� WKH� IORZV� RI� HFRV\VWHP� JRRGV� DQG� VHUYLFHV� SUHVHQW� LQ� WKH�
0RWXHND�&DWFKPHQW��7KLV�ZRXOG�KHOS�GRFXPHQW�DQG�TXDQWLI\�WKH�OHYHO�RI�GHSHQGHQFH�RI�WKH�
ORFDO�0RWXHND�FRPPXQLW\�RQ�HFRORJLFDO�VHUYLFHV��,W�ZRXOG�WKHQ�EH�SRVVLEOH�WR�GRFXPHQW�DQ\�
FKDQJHV� LQ� SHUFHSWLRQ� E\� EXLOGLQJ� DQRWKHU� LQIOXHQFH�PRGHO�� ,W�ZRXOG� DOVR� EH� LQWHUHVWLQJ� WR�
EXLOG� LQIOXHQFH� PRGHOV� ZLWK� RWKHU� VWDNHKROGHU� JURXSV� IURP� ZLWKLQ� WKH� ORFDO� 0RWXHND�
FRPPXQLW\�±�GLIIHUHQW�JURXSV�PLJKW�KDYH�GLIIHUHQW�SHUFHSWLRQV��

�������������������������������������������������
���$V�D�VFDUFH�UHVRXUFH��ZDWHU�LV�FXUUHQWO\�DOORFDWHG�LQ�WKH�:DLPHD�&DWFKPHQW�XVLQJ�D�WUDQVIHUDEOH�ZDWHU�ULJKW�SHUPLW�V\VWHP�
�)HQHPRU�$��	�.HDUQH\�0��������=XXU�%��	�)HQHPRU�$����������
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�
7KH� DLP� RI� WKLV� UHSRUW� KDV� EHHQ� WR� SURYLGH� D� PRUH� GHWDLOHG� RXWOLQH� RI� WKH� WKHRU\� DQG�
PHWKRGRORJLFDO� GHYHORSPHQWV� WKDW�KDYH� HPHUJHG� IURP� WKH�XVH�RI� WKH� LQIOXHQFH�PDWUL[� DV� D�
SDUWLFLSDWRU\� WRRO� LQ�,QWHJUDWHG�&DWFKPHQW�0DQDJHPHQW�UHVHDUFK� LQ�1HZ�=HDODQG��7R�PDNH�
WKH� QDWXUH� RI� WKHVH� PHWKRGRORJLFDO� UHILQHPHQWV� DQG� WKHRUHWLFDO� GHYHORSPHQWV� FOHDUHU�� WKH�
LQWURGXFWLRQ� VHFWLRQ� WR� WKLV� UHSRUW� SURYLGHV� D� UHYLHZ� RI� WKH� NH\� VWDJHV� LQ� WKH� KLVWRULFDO�
GHYHORSPHQW� RI� WKH� LQIOXHQFH� PDWUL[� PHWKRGRORJ\�� )XUWKHUPRUH�� WKH� VWDQGDUG� PHWKRG�
GHYHORSHG�E\�9HVWHU��������DQG�9HVWHU�DQG�YRQ�+HVOHU��������KDV�DOVR�EHHQ�RXWOLQHG�LQ�WKH�
PHWKRG� VHFWLRQ�� $JDLQVW� WKLV� WKHRUHWLFDO� DQG� PHWKRGRORJLFDO� EDVHOLQH�� WKLV� 1HZ� =HDODQG�
LQIOXHQFH�PDWUL[�UHVHDUFK�KDV�DGGHG�WKH�IROORZLQJ�GHYHORSPHQWV��
�
)LUVW��WKLV�UHVHDUFK�KDV�H[WHQGHG�WKH�XVH�RI�WKH�LQIOXHQFH�PDWUL[�LQWR�WKH�WKHRUHWLFDO�UHDOP�RI�
FDOFXODWLQJ�ZKROH�RI�V\VWHP�VXVWDLQDELOLW\�YDOXHV�DQG�OLQNLQJ�WKH�FRQFHSW�RI�IORZV�RI�V\VWHP�
LQIOXHQFH�ZLWK�IORZV�RI�HFRV\VWHP�VHUYLFHV��)LJXUH���	�����7KH�XVH�RI�WKH�LQIOXHQFH�PDWUL[�DV�
D�SDUWLFLSDWRU\�WRRO�IRU�WKH�FDOFXODWLRQ�RI�VXVWDLQDELOLW\�YDOXHV�SURYLGHV�D�ZRUNLQJ�VROXWLRQ�WR�
WKH� VXVWDLQDELOLW\� PHWKRGRORJLFDO� FKDOOHQJH� WKDW� KDV� EHHQ� UHFRJQLVHG� E\� HFRORJLFDO�
HFRQRPLVWV� �:LOVRQ� 	� +RZDUWK�� ������ &RVWDQ]D� 	� )RONH�� ������� 7KH� H[WHQVLRQ� RI� WKH�
LQIOXHQFH� PDWUL[� PHWKRGRORJ\� LQWR� WKH� UHDOP� RI� HFRV\VWHP� VHUYLFHV� UHVHDUFK� LV� D� XQLTXH�
GHYHORSPHQW� LQ� WHUPV� RI� WKH� UDQJH� RI� GRFXPHQWHG� DSSOLFDWLRQV� RI� WKH� LQIOXHQFH� PDWUL[�
RXWOLQHG�HDUOLHU�LQ�WKLV�UHSRUW��7KH�YDOXH�RI�WKLV�WKHRUHWLFDO�DQG�PHWKRGRORJLFDO�GHYHORSPHQW�
OLHV�LQ�WKH�DELOLW\�WR�H[SORUH�WKH�UROH�RI�HFRV\VWHP�VHUYLFHV�LQ�D�ZKROH�RI�V\VWHP�FRQWH[W�XVLQJ�
D�PRGHOOLQJ�WRRO�WKDW�LV�DFFHVVLEOH�WR�QRQ�VFLHQWLILF�VWDNHKROGHUV���
�
7KLV�UHSRUW�KDV�QRW�DWWHPSWHG�WR�SURYLGH�D�V\VWHPDWLF�DQG�WKRURXJK�FRYHUDJH�RI�WKH�UHVXOWV�RI�
WKH� 0RWXHND� LQIOXHQFH� PDWUL[� PRGHOOLQJ� WULDO�� +RZHYHU�� LW� LV� DOUHDG\� HYLGHQW� IURP� WKH�
PDWHULDO�SUHVHQWHG�KHUH�WKDW�WKH�XVH�RI�WKH�LQIOXHQFH�PDWUL[�PHWKRG�WR�LQYHVWLJDWH�HFRV\VWHP�
VHUYLFHV�KDV�\LHOGHG�UHVXOWV�WKDW�FKDOOHQJH�PDQ\�FRQYHQWLRQDO�HFRQRPLF�DVVXPSWLRQV��7KHVH�
LQVLJKWV� KDYH� HPHUJHG� EHFDXVH� WKH� LQIOXHQFH� PDWUL[� SURYLGHV� D� PHWKRG� IRU� H[SORULQJ�
PDQDJHPHQW� LVVXHV� DW� D� ZKROH�RI�V\VWHP� VFDOH� LQ� D� SDUWLFLSDWRU\� PDQQHU�� $V� D� WRRO�� LW�
SURYLGHV�D�PHDQV�WR�H[WHQG�WKH�LQWHOOHFWXDO�DQG�PHQWDO�FDSDELOLWLHV�RI�PRGHOOLQJ�SDUWLFLSDQWV�
LQWR�WKH�UHDOP�RI�FRPSOH[�SUREOHP�VROYLQJ���
�
7KH�PDWKHPDWLFDO�VWHSV� LQYROYHG�LQ�FDOFXODWLQJ� LQIOXHQFH� LQGLFHV�KDYH�EHHQ�RXWOLQHG� LQ� WKLV�
UHSRUW� WR� SURYLGH� D�PHWKRGRORJLFDO� EDVHOLQH� RU� EHQFKPDUN� IRU� GHYHORSPHQWDO� ZRUN� LQ� WKLV�
DUHD� WR� GDWH�� 2QH� RI� WKH� NH\� ZHDNQHVVHV� DVVRFLDWHG� ZLWK� WKH� GHYHORSPHQW� RI� WKH� PHWKRG�
DUWLFXODWHG� ILUVW� E\�9HVWHU� ������� DQG� ODWHU� E\�9HVWHU� DQG� YRQ�+HVOHU� ������� KDV� EHHQ� WKH�
GLIILFXOW\� RI� GLVFULPLQDWLQJ� EHWZHHQ� WKH� IXQFWLRQDO� UROHV� RI� GLIIHUHQW� IDFWRU� W\SHV�� ,Q� WKLV�
UHVHDUFK�SURMHFW�WKH�DEVROXWH�QXPHULFDO�GLIIHUHQFH�VFRUH��$1'��KDV�EHHQ�XVHG�WR�DGGUHVV�WKLV�
SUREOHP�� 7KH� $1'� VFRUH� SURYLGHV� DQ� DGGLWLRQDO� NH\� IRU� FODVVLILFDWLRQ� RI� IDFWRUV� WKDW� KDV�
PDGH� LW� SRVVLEOH� WR� GLVWLQJXLVK� EHWZHHQ� ERUGHUOLQH� FDVHV� WKDW� HPHUJHG�ZKHQ� WKH�PXOWLSOLHU�
DQG�TXRWLHQW�VFRUHV�WHQG�WRZDUGV�LQWHUPHGLDWH�YDOXHV��7KH�UDWLRQDOH�XQGHUSLQQLQJ�WKH�XVH�RI�
WKH�$1'�VFRUH�LV�VLPSOH�±�WKH�ODUJHU�WKH�DEVROXWH�QXPHULFDO�GLIIHUHQFH�LV�EHWZHHQ�DFWLYH�VXP�
DQG�SDVVLYH�VXP�VFRUHV��WKH�PRUH�OLNHO\�D�IDFWRU�LV�WR�IDOO�LQWR�WKH�FDWHJRU\�RI�EHLQJ�SDVVLYH�RU�
DFWLYH��6PDOO�$1'�VFRUH�OLNHZLVH�LQGLFDWH�FULWLFDO�DQG�EXIIHU�IXQFWLRQDO�FKDUDFWHU���
�
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,W�LV�LPSRUWDQW�WR�QRWH�WKDW�GLVFULPLQDWLRQ�RI�IDFWRU�IXQFWLRQDO�W\SHV�GRHV�QRW�VXFFHVVIXOO\�UHVW�
RQ�DQ\�RQH�VLQJOH�NH\��)RU�WKLV�UHDVRQ��ZH�JDWKHUHG�DOO�WKH�LQIOXHQFH�LQGH[�FDOFXODWLRQV�LQWR�
RQH� FRPSDUDWLYH� 7DEOH� ����� ZKLFK� PDGH� LW� PXFK� HDVLHU� WR� FODVVLI\� WKH� YDULRXV� IDFWRUV�
DFFRUGLQJ�WR�WKHLU�IXQFWLRQDO�W\SH�EDVHG�RQ�WKHVH�YDULHG�FODVVLILFDWLRQ�NH\V���
�
$QRWKHU�LPSRUWDQW�PHWKRGRORJLFDO�GHYHORSHG�WKDW�KDV�HPHUJHG�IURP�WKLV�SURMHFW�KDV�EHHQ�WKH�
XVH�RI�DFWLYH�DQG�SDVVLYH�VXP�VFRUHV�WR�UDQN�QRW�RQO\�LQGLYLGXDO�V\VWHP�IDFWRUV��EXW�JURXSV�RI�
IDFWRUV�� 7KLV� H[HUFLVH� ZDV� LQLWLDOO\� DWWHPSWHG� DV� DQ� H[SHULPHQW�� 7KH� LPSRUWDQFH� RI� WKLV�
PXOWLSOH� VFDOH� DSSURDFK� EHFDPH� HYLGHQW� ZKHQ� WKH� UHVXOWV� IRU� LQGLYLGXDO� DQG� JURXS� IDFWRUV�
GLYHUJHG�� 7KLV� LQGLFDWHV� LW� LV� GLIILFXOW� WR� DVVHVV� JURXS� LQIOXHQFH� IURP� WKH� LQIOXHQFH� RI�
LQGLYLGXDO�IDFWRUV��6\VWHP�ZLGH�LQIOXHQFH�ZRXOG�WKHUHIRUH�DSSHDU�WR�EH�DQ�HPHUJHQW�SURSHUW\�
RI�V\VWHP�VFDOH��*LYHQ�WKLV�IDFW��LW�LV�LPSRUWDQW�WR�H[SORUH�V\VWHP�ZLGH�LQIOXHQFH�DW�GLIIHUHQFH�
OHYHOV�RI�RUJDQLVDWLRQDO�VFDOH��,Q�WKLV�SURMHFW�ZH�KDYH�DJJUHJDWHG�WKH�IDFWRUV�LQWR�JURXSV�EDVHG�
RQ�YHU\�VLPSOH�HFRORJLFDO��HFRQRPLF�DQG�VRFLDO�JURXSLQJV��+RZHYHU�� WKLV� LV�QRW� WKH�RQO\�RU�
QHFHVVDULO\�WKH�PRVW�YDOLG�W\SH�RI�RUJDQLVDWLRQDO�FODVVLILFDWLRQ��)XUWKHU�UHVHDUFK�LV�QHHGHG�LQ�
WKLV�DUHD���
�
7KH�FRORXU�PDS�LGHD�SURYLGHV�DQ�DOWHUQDWLYH�LQGXFWLYH�ZD\�RI�HYDOXDWLQJ�DQ�LQIOXHQFH�PDWUL[�
TXLWH� VHSDUDWH� IURP� WKH� GHGXFWLYH� DQDO\WLFDO� WRROV� GHYHORSHG� E\� HDUOLHU� UHVHDUFKHUV� LQ� WKLV�
ILHOG��2QH�SRLQW�WR�FRQVLGHU�LQ�WKH�DGDSWDWLRQ�RI�WKH�FRORXU�PDS�WR�WKH�LQIOXHQFH�PDWUL[�LV�WKDW�
WKLV�DSSURDFK�GHSHQGV�RQ�WKH�RUJDQLVDWLRQ�RI�IDFWRUV�LQ�WKH�LQIOXHQFH�PDWUL[��2XU�RUJDQLVDWLRQ�
RI� WKH� LQIOXHQFH�PDWUL[� LQWR� HFRQRPLF�� VRFLDO� DQG� HFRORJLFDO� TXDGUDQWV� VHHPHG� ORJLFDO�� EXW�
ZDV� QRW� EDVHG� RQ� DQ\� GHGXFWLYH� WKHRU\��$V� LW� WXUQHG� RXW�� WKLV� W\SH� RI� IDFWRU� FODVVLILFDWLRQ�
�7DEOH�����DQG�RUJDQLVDWLRQ�RI�WKH�LQIOXHQFH�PDWUL[�KDSSHQHG�WR�FRUUHVSRQG�YHU\�QHDWO\�ZLWK�
WKH� PRGHO� RI� HFRV\VWHP� VHUYLFHV� GHYHORSHG� E\� UHVHDUFKHUV� DW� WKH� &6,52� VXVWDLQDEOH�
HFRV\VWHP� LQ� &DQEHUUD�� $XVWUDOLD�� +RZHYHU�� WKLV� LQWHUUHODWLRQVKLS� EHWZHHQ� WKH� LQIOXHQFH�
PDWUL[� RUJDQLVDWLRQDO� PHWDSKRU� �7DEOH� ��� 	� ���� DQG� WKH� HFRV\VWHP� VHUYLFHV� PHWDSKRU�
�)LJXUHV�� �� 	� ��� VXJJHVWV� GHGXFWLYH� ORJLF� PD\� \HW� UHYHDO� IXUWKHU� ZD\V� RI� HYDOXDWLQJ� WKH�
LQIOXHQFH�PDWUL[�LQ�WKLV�PDQQHU��)XUWKHU�UHVHDUFK�LV�QHHGHG�LQ�WKLV�DUHD��
�
7KH� SDWWHUQV� UHYHDOHG� LQ� WKH� FRORXU�PDS� HYDOXDWLRQ� RI� WKH� LQIOXHQFH�PDWUL[� DUH� WKHPVHOYHV�
YHU\�LQWHUHVWLQJ��$Q�LPSRUWDQW�SRLQW�WR�FRQVLGHU�LV�WKDW�LW�LV�QRW�SRVVLEOH�WR�ELDV�WKH�VFRULQJ�RI�
WKH� LQIOXHQFH�PDWUL[� LQ�D�ZD\� WKDW�GLVJXLVHV�ZKDW�\RX�DUH�GRLQJ�±� WKH�PRGHO� V\VWHP� LV� WRR�
FRPSOH[��7KHUHIRUH��ZH�FDQ�DVVXPH�SDWWHUQV�WKDW�H[LVW�LQ�WKH�VFRULQJ�RI�WKH�LQIOXHQFH�PDWUL[�
DUH�D�UHIOHFWLRQ�RI�KXPDQ�SHUFHSWLRQV��)URP�D�VXVWDLQDELOLW\�YDOXHV�SHUVSHFWLYH�� WKLV� W\SH�RI�
HYDOXDWLRQ�PDNHV�LW�SRVVLEOH�WR�VHH�MXVW�KRZ�SDUWLFLSDQWV�SHUFHLYH�YDOXH�LQ�D�ZKROH�RI�V\VWHP�
FRQWH[W��,QVLJKWV�RI�WKLV�NLQG�SOD\�DQ�LPSRUWDQW�UROH�LQ�KHOSLQJ�XV�XQGHUVWDQG�EHWWHU�KRZ�DQG�
ZK\�ZH� UHODWH� WR� WKH� HQYLURQPHQW� LQ� WKH�ZD\� WKDW�ZH� GR��7KLV� DGDSWDWLRQ� RI� WKH� LQIOXHQFH�
PDWUL[�PHWKRG�WR�WKH�VWXG\�RI�KXPDQ�SHUFHSWLRQ�OLQNV�WKLV�SDUWLFLSDWRU\�PRGHOOLQJ�WRRO�ZLWK�
WKH� WKHRUHWLFDO� GRPDLQ� RI� HGXFDWLRQDO� DQG� GHYHORSPHQWDO� SV\FKRORJ\��2QJRLQJ� UHVHDUFK� LQ�
WKLV�DUHD�ZLOO�GRXEWOHVV�SURYLGH�YHU\�YDOXDEOH� LQVLJKWV�DQG� LV� LQGHHG�QHHGHG�DV�ZH�EURDGHQ�
RXU�FXUUHQW�LQWHUGLVFLSOLQDU\�UHVHDUFK�LQWR�WKH�GRPDLQ�RI�WUDQVGLVFLSOLQDU\�VWXGLHV��
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�
7KH�DLP�RI� WKLV� UHSRUW�KDV�EHHQ� WR�GRFXPHQW�PRUH�IXOO\� WKH� WKHRUHWLFDO�DQG�PHWKRGRORJLFDO�
GHYHORSPHQWV�PDGH�ZLWK�WKH�XVH�RI�WKH�LQIOXHQFH�PDWUL[�DV�D�SDUWLFLSDWRU\�PRGHOOLQJ�WRRO�LQ�D�
&DWFKPHQW� UHVHDUFK� FRQWH[W��7KH�PDLQ� WKHRUHWLFDO� GHYHORSPHQWV� KDYH�EHHQ� WR� �L�� DSSO\� WKH�
LQIOXHQFH� PDWUL[� WR� WKH� FKDOOHQJH� RI� FDOFXODWLQJ� ZKROH�RI�V\VWHP� VXVWDLQDELOLW\� YDOXHV� DW�
&DWFKPHQW� VFDOH�� DQG� �LL�� WR� H[WHQG� WKH� FRQFHSWXDO� SRZHU� RI� WKH� LQIOXHQFH�PDWUL[� LQWR� WKH�
UHDOP�RI�HFRV\VWHP�VHUYLFHV�UHVHDUFK��
�
7KLV� UHVHDUFK� KDV� DOVR� DGGHG� D� QXPEHU� RI� LPSRUWDQW� PHWKRGRORJLFDO� UHILQHPHQWV� WR� WKH�
HYDOXDWLRQ�RI�DQ�LQIOXHQFH�PDWUL[��LQFOXGLQJ���D��WKH�XVH�RI�WKH�DEVROXWH�QXPHULFDO�LQGH[�VFRUH�
DV�D�NH\�IRU�IXQFWLRQDO�IDFWRU�FODVVLILFDWLRQ���E��WKH�XVH�RI�DFWLYH�DQG�SDVVLYH�VXP�VFRUHV�IRU�
WKH�FDOFXODWLRQ�RI�JURXS�IDFWRU� LQIOXHQFH��DQG��F�� WKH�XVH�RI� WKH�FRORXU�PDS�DV�DQ� LQGXFWLYH�
WRRO�IRU�WKH�YLVXDO�LGHQWLILFDWLRQ�RI�SDWWHUQ�LQ�WKH�QXPHULFDO�VWUXFWXUH�RI�WKH�LQIOXHQFH�PDWUL[��
$V�KDV�EHHQ�LQGLFDWHG�LQ�WKH�GLVFXVVLRQ�VHFWLRQ�RI�WKLV�UHSRUW��WKHVH�GHYHORSPHQWV�DUH�QRW�WKH�
HQG��EXW�WKH�EHJLQQLQJ�RI�IXWXUH�GHYHORSPHQWDO�ZRUN�WKDW�LV�QHHGHG�WR�UHILQH�WKLV�PRGHOOLQJ�
WRRO� IXUWKHU�� 7KH� VFRSH� DQG� QDWXUH� RI� WKH� WKHRUHWLFDO� DQG� PHWKRGRORJLFDO� GHYHORSPHQWV�
RXWOLQHG�LQ�WKLV�UHSRUW�VXJJHVW�IXUWKHU�UHVHDUFK�RI�WKLV�NLQG�ZLOO�\LHOG�YDOXDEOH�UHVXOWV��
�

��� $FNQRZOHGJHPHQWV�

�
7KLV� ZRUNLQJ� SDSHU� UHSUHVHQWV� DQ� LQLWLDO� DWWHPSW� WR� DUWLFXODWH� IRU� SHHU� UHYLHZ� LQ� DQ�
LQWHUQDWLRQDO� IRUXP� D� PHWKRGRORJLFDO� DQG� WKHRUHWLFDO� V\QWKHVLV� RI� SURJUHVV� WR� GDWH� RQ� WKH�
LQIOXHQFH�PDWUL[�UHVHDUFK�SURMHFW��)RU�D�PRUH�PDWXUH�GHYHORSPHQW�RI�WKLV�VXEMHFW�PDWWHU��WKH�
UHDGHU�VKRXOG�UHIHU�WR�ODWHU�SXEOLVKHG�UHSRUWV�DQG�MRXUQDO�SDSHUV���
�
7KLV�UHVHDUFK�SURMHFW�ZDV�IXQGHG�ZLWK�QRQ�VSHFLILF�RXWSXW�IXQGLQJ�IURP�WKH�)RXQGDWLRQ�IRU�
5HVHDUFK��6FLHQFH�DQG�7HFKQRORJ\��)567���DQG�ZDV�OLQNHG�ZLWK�DQ�H[LVWLQJ�)567�UHVHDUFK�
SURJUDPPH� FDOOHG� ,QWHJUDWHG� /DQG� DQG� :DWHU� 5HVRXUFH� 0DQDJHPHQW� LQ� &RPSOH[�
&DWFKPHQWV���� 7KH� LGHD� RI� XVLQJ� DQ� LQIOXHQFH� PDWUL[� WR� VWXG\� HFRV\VWHP� VHUYLFHV� DW� D�
FDWFKPHQW�VFDOH�ZDV�WKH�UHVXOW�RI�FROODERUDWLRQ�EHWZHHQ�VFLHQWLILF�VWDII�DW�&6,52�VXVWDLQDEOH�
HFRV\VWHPV�LQ�&DQEHUUD��$XVWUDOLD�DQG�/DQGFDUH�5HVHDUFK��1HZ�=HDODQG��/WG��7KLV�UHVHDUFK�
SURMHFW� UHSUHVHQWV� RQH� RI� D� VHULHV� RI� FDVH� VWXGLHV� DVVRFLDWHG� ZLWK� DQ� HFRV\VWHP� VHUYLFHV�
UHVHDUFK� LQLWLDWLYH� DW� &6,52� VXVWDLQDEOH� HFRV\VWHPV� LQ� &DQEHUUD� IXQGHG� E\� WKH� 0H\HU�
)RXQGDWLRQ���
�
7KLV� UHVHDUFK�SURMHFW�ZDV�PDGH�SRVVLEOH�ZLWK� WKH� HQWKXVLDVWLF� VXSSRUW� DQG�FRQWULEXWLRQV�RI�
QXPHURXV� SHRSOH�� ,&0� UHVHDUFK� SURJUDPPH� OHDGHUV�%UHFN�%RZGHQ� DQG�$QGUHZ�)HQHPRU��
0RWXHND�&5*�PHPEHUV��(OL]DEHWK�0DUWLQ��-DQ�/DQJIRUG��,DLQ�7KRUQH��*ORULD�+LJJLQV��*HRII�
5RZOLQJ�� -XG\�3URILWW��/OR\G�)DXONQHU��3DXO�*LOOHVSLH�DQG�5RJHU�<RXQJ��DQG�FROOHDJXHV�DW�
/DQGFDUH� 5HVHDUFK� �:LOO� $OOHQ� DQG� 0DUJDUHW� .LOYLQJWRQ�� 0LFKDHO� .UDXVVH�� $URRQ�
3DUVKRWDP��� 0DVVH\� 8QLYHUVLW\� �0XUUD\� 3DWWHUVRQ�� *DU\� 0F'RQDOG��� *UHHQLQJ� $XVWUDOLD�
�������������������������������������������������
���&RQWUDFW�1XPEHU��&��;�����
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�&DUO� %LQQLQJ��� WKH� HFRV\VWHP� VHUYLFHV� QDWLRQDO� ZRUNLQJ� JURXS� �'DYLG� :RRG� DQG� /LQGD�
&DPHURQ� �7UHDVXU\��� 7KHR� 6WHSKHQV� �'HSDUWPHQW� RI�&RQVHUYDWLRQ���1LFN� 3RWWHU� �2IILFH� RI�
WKH� 3DUOLDPHQWDU\� &RPPLVVLRQHU� IRU� WKH� (QYLURQPHQW��� 0LFKDHO� -HEVRQ� �0LQLVWU\� RI�
$JULFXOWXUH� DQG� )LVKHULHV�� DQG�.LUVW\� -RKQVRQ� �0LQLVWU\� IRU� WKH�(QYLURQPHQW�� DQG�&6,52�
VXVWDLQDEOH�HFRV\VWHPV��&DQEHUUD��6WHYHQ�&RUN��1LFN�$EHO��'DYLG�6KHOWRQ���
�

��� 5HIHUHQFHV�

�
%LQJKDP�*���%LVKRS�5���%URG\�0���%URPOH\�'���&ODUN�(���&RRSHU�:���&RVWDQ]D�5��+DOH�7���

+D\GHQ�*���.HOOHUW� 6���1RUJDDUG�5���1RUWRQ�%��� 3D\QH� -���5XVVHOO�&��� 6XWHU�*�� ������
,VVXHV�LQ�HFRV\VWHP�YDOXDWLRQ��LPSURYLQJ�LQIRUPDWLRQ�IRU�GHFLVLRQ�PDNLQJ��(FRORJLFDO�
(FRQRPLFV������������

%LQQLQJ�&���&RUN� 6��� 3DUU\�5��� 6KHOWRQ�'�� ������1DWXUDO� DVVHWV� DQ� LQYHQWRU\� RI� HFRV\VWHP�
JRRGV� DQG� VHUYLFHV� LQ� WKH� *RXOEXUQ� %URNHQ� &DWFKPHQW�� &6,52� 6XVWDLQDEOH�
(FRV\VWHPV��&DQEHUUD��

%UHQQHU� -�� ������ )RUPHQ� GHU� HQWVFKHLGXQJVILQGXQJ� �� HLQVDW]� YRQ� V]HQDULR�PRGHOOHQ"� ,Q�
%UHQQHU�-���+HUUPDQQ�0���	�1HKULQJ�0���(GV����0RJOLFKNHLWHQ�SDUWL]LSDWLYHU�HOHPHQWH�
LQ� HQWVFKHLGXQJVILQGXQJVSUR]HVVHQ� DP� EHLVSLHO� GHV� YHUNHKUV� �SS�� �������� 6WXWWJDUW��
=ZLVFKHQEHULFKW�LP�3URMHNW�9HUNHKUVSODQXQJ�LP�'LVNXUV��

&ROH�$�2���$OOHQ�:���.LOYLQJWRQ�0���)HQHPRU�$���%RZGHQ�%��������8QGHUVWDQGLQJ�ZKROH�RI�
V\VWHP� VXVWDLQDELOLW\� LQ� WKH� 0RWXHND� &DWFKPHQW�� SDUWLFLSDWRU\� PRGHOOLQJ� ZLWK� DQ�
LQIOXHQFH�PDWUL[� �5HS��1R��/&2����������3DOPHUVWRQ�1RUWK��1HZ�=HDODQG��/DQGFDUH�
5HVHDUFK��

&ROH�$�2��������9DOXLQJ�HFRV\VWHP�VHUYLFHV��DQ�HPHUJHQW�WKHRU\�RI�LQGLYLGXDO�DQG�VRFLHWDO�
GHYHORSPHQW��3UHVHQWHG�DW�(FRORJLFDO�6RFLHW\�RI�$XVWUDOLD�&RQIHUHQFH��6\PSRVLXP�RQ�
7KHRU\�DQG�3UDFWLFH�LQ�WKH�6WXG\�RI�(FRV\VWHP�6HUYLFHV���±��'HFHPEHU��������&DLUQV�
&RQYHQWLRQ�&HQWUH��&DLUQV��$XVWUDOLD���

&RUN� 6��� 6KHOWRQ� '�� ������ 7KH� QDWXUH� DQG� YDOXH� RI� $XVWUDOLD
V� HFRV\VWHP� VHUYLFHV�� D�
IUDPHZRUN� IRU� VXVWDLQDEOH� HQYLURQPHQWDO� VROXWLRQV�� (QYLURQPHQWDO� (QJLQHHULQJ�
6RFLHW\�� 4XHHQVODQG� &KDSWHU�� 7KH� ,QVWLWXWH� RI� (QJLQHHUV�� $XVWUDOLD�� DQG�4XHHQVODQG�
&KDPEHU�RI�&RPPHUFH�DQG�,QGXVWU\��4XHHQVODQG��$XVWUDOLD��3DJHV����������

&RUN�6��� 6KHOWRQ�'���%LQQLQJ�&���3DUU\�5�� ������$� IUDPHZRUN� IRU� DSSO\LQJ� WKH� FRQFHSW� RI�
HFRV\VWHP� VHUYLFHV� WR� QDWXUDO� UHVRXUFH� PDQDJHPHQW� LQ� $XVWUDOLD�� ,Q�� 5XWKHUIRUG� ,���
6KHOGRQ�)���%ULHUOH\�*��� DQG�.HQ\RQ�&�� �(GV���7KLUG�$XVWUDOLDQ�6WUHDP�0DQDJHPHQW�
&RQIHUHQFH� $XJXVW� ������� ����� �SS�� ���������� &RRSHUDWLYH� 5HVHDUFK� &HQWUH� IRU�
&DWFKPHQW�+\GURORJ\��%ULVEDQH��$XVWUDOLD��

&RSODN�-���5DNVDQ\L�3��������3ODQQLQJ�VXVWDLQDEOH�VHWWOHPHQWV��5HS��1R��(&�3URMHFW�(FRFLW\�
±�(%9.��&7�������������:3�����%UDWLVODYD��6ORYDN�8QLYHUVLW\�RI�7HFKQRORJ\��

&RVWDQ]D� 5��� 6NODU� )�+�� ������ $UWLFXODWLRQ�� DFFXUDF\� DQG� HIIHFWLYHQHVV� RI� PDWKHPDWLFDO�
PRGHOV��D�UHYLHZ�RI�IUHVKZDWHU�ZHWODQG�DSSOLFDWLRQV��(FRORJLFDO�0RGHOOLQJ������������

&RVWDQ]D�5��������6LPXODWLRQ�PRGHOOLQJ�RQ�WKH�0DFLQWRVK�XVLQJ�6WHOOD��%LRVFLHQFH���������
�����
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&RVWDQ]D� 5�� ������ 0RGHO� JRRGQHVV� RI� ILW�� D� PXOWLSOH� UHVROXWLRQ� SURFHGXUH�� (FRORJLFDO�
0RGHOOLQJ��������������

&RVWDQ]D�5��6NODU�)�+���:KLWH�0�/�� ������0RGHOOLQJ� FRDVWDO� ODQGVFDSH�G\QDPLFV� SURFHVV�
EDVHG� G\QDPLF� VSDWLDO� HFRV\VWHP� VLPXODWLRQ� FDQ� H[DPLQH� ORQJ�WHUP� QDWXUDO� FKDQJHV�
DQG�KXPDQ�LPSDFWV��%LR6FLHQFH�������������

&RVWDQ]D� 5��� &RUQZHOO� /�� ������ 7KH� �3� DSSURDFK� WR� GHDOLQJ� ZLWK� VFLHQWLILF� XQFHUWDLQW\��
(QYLURQPHQW������������

&RVWDQ]D�5��:DLQJHU�/���)RONH�&���0DOHU�.��������0RGHOOLQJ�FRPSOH[�HFRORJLFDO�HFRQRPLF�
V\VWHPV��%LR6FLHQFH��������������

&RVWDQ]D� 5�� ������ (FRORJLFDO� HFRQRPLFV�� UHLQWHJUDWLQJ� WKH� VWXG\� RI� KXPDQV� DQG� QDWXUH��
(FRORJLFDO�$SSOLFDWLRQV�������������

&RVWDQ]D� 5��� )RONH� &�� ������ 9DOXLQJ� HFRV\VWHP� VHUYLFHV� ZLWK� HIILFLHQF\�� IDLUQHVV� DQG�
VXVWDLQDELOLW\� DV�JRDOV�� ,Q�'DLO\�*�&�� �(G����1DWXUH
V� VHUYLFHV� VRFLHWDO�GHSHQGHQFH�RQ�
QDWXUDO�HFRV\VWHPV��SS����������:DVKLQJWRQ�'&��,VODQG�3UHVV��

&RVWDQ]D�5���+DQQRQ�%��������'HDOLQJ�ZLWK�WKH��PL[HG�XQLWV��SUREOHP�LQ�HFRV\VWHP�QHWZRUN�
DQDO\VLV�� ,Q�:XOIW� )��� )HLOG� -�*��� DQG�0DQQ�.�+��(GV����1HWZRUN� DQDO\VLV� LQ� PDULQH�
HFRORJ\��PHWKRGV�DQG�DSSOLFDWLRQV��SS�����������%HUOLQ��6SULQJHU�9HUODJ��

&RVWDQ]D�5��������6RFLDO�JRDOV�DQG�WKH�YDOXDWLRQ�RI�HFRV\VWHP�VHUYLFHV��(FRV\VWHPV����������
'DLO\�*�&������D��,QWURGXFWLRQ��:KDW�DUH�HFRV\VWHP�VHUYLFHV"�,Q�'DLO\�*�&���(G����1DWXUH
V�

VHUYLFHV� VRFLHWDO� GHSHQGHQFH� RQ� QDWXUDO� HFRV\VWHPV� �SS�� ������� ,VODQG� 3UHVV��
:DVKLQJWRQ�'&��

'DLO\�*�&������E��1DWXUH
V�VHUYLFHV�VRFLHWDO�GHSHQGHQFH�RQ�QDWXUDO�HFRV\VWHPV��,VODQG�3UHVV��
:DVKLQJWRQ�'&��

)HQHPRU�$���.HDUQH\�0��������,VVXHV��RSWLRQV�DQG�SUDFWLFDOLW\�RI�WUDQVIHUDEOH�ZDWHU�SHUPLWV�
LQ�WKH�:DLPHD�&DWFKPHQW��D�GLVFXVVLRQ�SDSHU�SUHSDUHG�ZLWK�ILQDQFLDO�DVVLVWDQFH�IURP�
WKH�6XVWDLQDEOH�0DQDJHPHQW�)XQG��������5LFKPRQG��1=��7DVPDQ�'LVWULFW�&RXQFLO��

(QYLURQPHQW�'LUHFWRUDWH��2(&'��������3URMHFW�RQ�HQYLURQPHQWDOO\�VXVWDLQDEOH�WUDQVSRUW��WKH�
HFRQRPLF� DQG� VRFLDO� LPSOLFDWLRQV� RI� VXVWDLQDEOH� WUDQVSRUWDWLRQ�� �SS�� �������� 3DULV��
)UDQFH��2(&'�:RUNLQJ�JURXS�RQ�7UDQVSRUW��

)ULHG�$���9RONHU�/��������7RZDUGV�DQ�DGYDQFHG� LPSDFW�DQDO\VLV�RI� LQWDQJLEOH�UHVRXUFHV� LQ�
RUJDQLVDWLRQV� �5HS��1R�� ���������*HUPDQ\��'HSDUWPHQW� RI� ,QQRYDWLRQ��5HVHDUFK� DQG�
6XVWDLQDEOH�5HVRXUFH�0DQDJHPHQW��%:/�,;���&KHPQLW]�8QLYHUVLW\�RI�7HFKQRORJ\��

*RGHW�0��������7KH�FULVLV� LQ� IRUHFDVWLQJ�DQG�WKH�HPHUJHQFH�RI� WKH��SURVSHFWLYH��DSSURDFK�
ZLWK�FDVH�VWXGLHV�LQ�HQHUJ\�DQG�DLU�WUDQVSRUW��1HZ�<RUN��3HUJDPRQ�3UHVV��

*RUGRQ�7�-���+D\ZDUG�+��������,QLWLDO�H[SHULPHQWV�ZLWK�WKH�FURVV�LPSDFW�PDWUL[�PHWKRG�RI�
IRUHFDVWLQJ��)XWXUHV��>�@�����������

,URQ�&XUWDLQ�&RQVRUWLXP������� ,QWHJUDWHG�PXOWLOD\HU� GDWDEDVH� IRU� WKH� UHIHUHQFH� DUHDV� DQG�
LQWHUSUHWHG�PDSV�DQG�WLPH�VHULHV��5HS��1R��4/.���������������*HUPDQ\��,QVWLWXWH�IRU�
*HRJUDSK\�±�*HRLQIRUPDWLFV��)ULHGULFK�6FKLOOHU�8QLYHUVLWDW�-HQD��81,-(1$���

.R�-�/�'���&KDQJ�7��������7KH�VWDQGDUGL]HG�LQIOXHQFH�PDWUL[�DQG�LWV�DSSOLFDWLRQV��-RXUQDO�RI�
WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ���>���@��������������
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0HVVHUOL�3��������8VH�RI�VHQVLWLYLW\�DQDO\VLV�WR�HYDOXDWH�NH\�IDFWRUV�IRU�LPSURYLQJ�VODVK�DQG�
EXUQ�FXOWLYDWLRQ�V\VWHPV�RQ�WKH�(DVWHUQ�(VFDUSPHQW�RI�0DGDJDVFDU��0RXQWDLQ�5HVHDUFK�
DQG�'HYHORSPHQW���>�@����������

2[IRUG�8QLYHUVLW\�3UHVV�������7KH�&RQFLVH�2[IRUG�'LFWLRQDU\����WK�(GLWLRQ��2[IRUG��2[IRUG�
8QLYHUVLW\�3UHVV��

3DWWHUVRQ�0�*��������(FRORJLFDO�SURGXFWLRQ�EDVHG�SULFLQJ�RI�ELRVSKHUH�SURFHVVHV��(FRORJLFDO�
(FRQRPLFV��������������

3DWWHUVRQ� 0�*��� &ROH� $�2�� ������ $VVHVVLQJ� WKH� YDOXH� RI� 1HZ� =HDODQG
V� ELRGLYHUVLW\��
3DOPHUVWRQ� 1RUWK�� 1=�� 0DVVH\� 8QLYHUVLW\�� 6FKRRO� RI� 5HVRXUFH� DQG� (QYLURQPHQWDO�
3ODQQLQJ��

6FKODQJH� /�(�� ������ /LQNLQJ� IXWXUH� UHVHDUFK� PHWKRGRORJLHV�� DQ� DSSOLFDWLRQ� RI� V\VWHPV�
WKLQNLQJ�DQG�PHWDJDPH�DQDO\VLV� WR�QXFOHDU� HQHUJ\�SROLF\� LVVXHV��)XWXUHV���>�@������
������

6KHOWRQ�'���&RUN�6���%LQQLQJ�&���3DUU\�5���9HUWHVV\�5���6WDXIIDFKHU�0��������$SSOLFDWLRQ�RI�
DQ� HFRV\VWHP� VHUYLFHV� LQYHQWRU\� DSSURDFK� WR� WKH� *RXOEXUQ� %URNHQ� &DWFKPHQW�� ,Q��
5XWKHUIRUG�,���6KHOGRQ�)���%ULHUOH\�*���DQG�.HQ\RQ�&���(GV���7KLUG�$XVWUDOLDQ�6WUHDP�
0DQDJHPHQW� &RQIHUHQFH� $XJXVW� ������� ������ &RRSHUDWLYH� 5HVHDUFK� &HQWUH� IRU�
&DWFKPHQW�+\GURORJ\��%ULVEDQH��3S�����������

6ZLVV�)HGHUDO�2IILFH� RI�&LYLO�'HIHQFH� ������&DWDVWURSKHV� DQG� GLVDVWHUV� LQ� 6ZLW]HUODQG�� D�
FRPSDUDWLYH�RYHUYLHZ�%HUQ��6ZLVV�)HGHUDO�2IILFH�RI�&LYLO�'HIHQFH��)2&'���

7UDQVIRUPHV�������+XPDQ�UHVRXUFHV�DQG�PRELOLW\� �+50��DFWLYLW\�� LQWHJUDWLRQ�RI� WUDQVSRUW�
DQG�XUEDQ�IRUP�LQ�WKH�(XURSHDQ�UHJLRQ�RI�6WUDVERXUJ��5HS��1R��)3�������0RELOLW\�����
6WUDVERXUJ��7UDQVIRUPHV��

8OULFK� :�� ������ &DQ� QDWXUH� WHDFK� XV� JRRG� UHVHDUFK� SUDFWLFH"� $� FULWLFDO� ORRN� DW� )UHGHULF�
9HVWHU
V�ELR�F\EHUQHWLF�V\VWHPV�DSSURDFK��-RXUQDO�RI�5HVHDUFK�3UDFWLFH�����������

9HVWHU�)��������8UEDQ�V\VWHPV�LQ�FULVLV��XQGHUVWDQGLQJ�DQG�SODQQLQJ�KXPDQ�OLYLQJ�VSDFHV��
WKH�ELRF\EHUQHWLF�DSSURDFK��*HUPDQ\��GYD�2IIHQWOLFKH�:LVVHQVFKDIW��

9HVWHU�)��������7KH�ELRF\EHUQHWLF�DSSURDFK�DV�D�EDVLV�IRU�SODQQLQJ�RXU�HQYLURQPHQW��6\VWHPV�
3UDFWLFH��������������

9HVWRU�)���*XQWUXP�8��������6\VWHPV� WKLQNLQJ�DQG� WKH�HQYLURQPHQW��QRYHO� LQVLJKWV� IURP�D�
ELRORJLVW��EXVLQHVV�DQG�V\VWHPV�WKLQNHU��7KH�0F.LQVH\�4XDUWHUO\�������������

9HVWHU�)��������'LH�NXQVW�YHUQHW]W�]X�GHQNHQ��LGHHQ�XQG�ZHUN]HXJH�IXU�HLQHQ�QHXHQ�XPJDQJ�
PLW�NRPSOH[LWDW���YROV��(LQ�EHULFKW�DQ�GHQ�&OXE�RI�5RPH��*HUPDQ\��*PE+�0XQFKHQ��

9HVWHU� )�� ������ 7KH� HFRSROLF\� JDPH�� *HUPDQ\�� 6WXGLHQJUXSSH� I�U� %LRORJLH� XQG� 8PZHOW�
)UHGHULF�9HVWHU�*PE+���

9HVWHU�)��������6HQVLWLYLW\�PRGHO�� WKH�FRPSXWHULVHG�V\VWHP�WRROV� IRU�D�QHZ�PDQDJHPHQW�RI�
FRPSOH[�SUREOHPV�*HUPDQ\��*PE+�0XQFKHQ��

9HVWHU�)���+HVOHU�$�9��������6HQVLWLYLW\�PRGHO��)UDQNIXUW�0DLQ��8PODQGYHUEDQG�)UDQNIXUW��
:DO]�$��������/DQGXVH�PRGHOOLQJ�IRU�DQ�LQWHJUDWHG�DSSURDFK�WR�UHJLRQDO�GHYHORSPHQW�LQ�WKH�

6ZLVV� $OSV�� 'RFWRUDWH� 0DWKHPDWLVFK�� QDWXUZLVVHQVFKDIWOLFKHQ� )DNXOWDW�� 8QLYHUVLWDW��
=XULFK��

:HQ]HO� 6��� ,JHQEHUJV� (�� ������ $JHQW� V\VWHPV� DUFKLWHFWXUH� IRU� FRPSOH[� DQG� GLVWULEXWHG�
SURGXFW� GHYHORSPHQW� V\VWHPV�� D� PHWKRGRORJ\� WR� PHDVXUH� WKH� FRVW�EHQHILW�UDWLR� RI�
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GLIIHUHQW� DJHQW�V\VWHP� FRQVWHOODWLRQV��0HOERXUQH�� $XVWUDOLD�� ,QWHUQDWLRQDO� &RXQFLO� RQ�
6\VWHPV�(QJLQHHULQJ�,1&26(��

:LHN�$���%LQGHU�&��������6ROXWLRQ�VSDFHV� IRU�GHFLVLRQ�PDNLQJ�� D� VXVWDLQDELOLW\�DVVHVVPHQW�
WRRO�IRU�FLW\�UHJLRQV��(QYLURQPHQWDO�,PSDFW�$VVHVVPHQW�5HYLHZ���������������

:LOVRQ� 0�$��� +RZDUWK� 5�%�� ������ 'LVFRXUVH�EDVHG� YDOXDWLRQ� RI� HFRV\VWHP� VHUYLFHV��
HVWDEOLVKLQJ�IDLU�RXWFRPHV�WKURXJK�JURXS�GHOLEHUDWLRQ��(FRORJLFDO�(FRQRPLFV���������
�����
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�
6\PSRVLXP�� 7KHRU\�DQG�3UDFWLFH�LQ�WKH�6WXG\�RI�(FRV\VWHP�6HUYLFHV��
&RQYHQHG�E\��� � 'U�6WHYHQ�&RUN�

&6,52�6XVWDLQDEOH�(FRV\VWHPV���
&DQEHUUD��$&7��

�
7KH� FRQFHSW� RI� HFRV\VWHP� VHUYLFHV� LV� HPHUJLQJ� ZRUOGZLGH� DV� D� ZD\� WR� DFNQRZOHGJH� WKH�
GHSHQGHQFH�RI�KXPDQV�RQ�QDWXUH�DQG�WR�FRPPXQLFDWH�WKH�EHQHILWV�RI�HFRV\VWHPV�LQ�ODQJXDJH�
DQG� FRQFHSWV� WKDW� D� ZLGH� UDQJH� RI� SHRSOH� FDQ� XQGHUVWDQG�� ,QWHUHVW� LQ� WKH� FRQFHSW� KDV�
GHYHORSHG� DW� D� PXFK� JUHDWHU� UDWH� WKDQ� WKHRU\� WR� XQGHUSLQ� DSSOLFDWLRQ�� 7KH� WZR� ZRUGV�
�HFRV\VWHP�VHUYLFHV��SRWHQWLDOO\�EULQJ�WRJHWKHU�WKHRU\�IURP�HFRORJLFDO��VRFLDO�DQG�HFRQRPLF�
VFLHQFHV��LQFOXGLQJ�HTXLOLEULXP�DQG�UHVLOLHQFH�WKHRU\��HFRQRPLF�WKHRU\�RI�YDOXH��WKHRU\�DERXW�
IXQGDPHQWDO� KXPDQ� QHHGV�� DQG� OHDUQLQJ� WKHRU\�� ,Q� WKLV� V\PSRVLXP�� VFLHQWLVWV� VWXG\LQJ�
HFRV\VWHP�VHUYLFHV�LQ�1HZ�=HDODQG��$XVWUDOLD�DQG�6RXWK�$IULFD�ZLOO�SUHVHQW�DQG�GLVFXVV�WKH�
WKHRUHWLFDO� XQGHUSLQQLQJV� RI� WKHLU� ZRUN� DQG� FRQVLGHU� ZKDW� LV� QHHGHG� LQ� DQ� RYHUDUFKLQJ�
DSSURDFK�WR�WKHRU\�IRU�HFRV\VWHP�VHUYLFHV�UHVHDUFK���
�
�
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�
7DEOH�$���/LVW�RI�����IDFWRUV��JURXS�QDPHV�DQG�DJJUHJDWHG�IDFWRUV�QDPHV�
*URXS�1DPHV� 'LVDJJUHJDWHG�)DFWRU�1DPHV������� $JJUHJDWHG�)DFWRUV�1DPHV������
(FRORJLFDO�� %XUQLQJ�ILHOGV��SURGXFLQJ�VPRNH�� &OLPDWH�DQG�$WPRVSKHUH�
� &OLPDWH� &OLPDWH�DQG�$WPRVSKHUH�
� 3LQH�SROOHQ� &OLPDWH�DQG�$WPRVSKHUH�
� �����SRLVRQ� 3HVW�0DQDJHPHQW�
� $QWV��LQWURGXFHG�SHVWV�� 3HVW�0DQDJHPHQW�
� %LR�VHFXULW\� 3HVW�0DQDJHPHQW�
� *LDUGLD� 3HVW�0DQDJHPHQW�
� *\SV\�PRWKV� 3HVW�0DQDJHPHQW�
� 3HVW�FRQWURO�PHWKRGV� 3HVW�0DQDJHPHQW�
� 3RS��SUHVVXUH��SODQW�	�DQLPDO�SHVWV�� 3HVW�0DQDJHPHQW�
� 7E�9HFWRUV��SRVVXP��IHUUHWV��SLJV��GHHU�� 3HVW�0DQDJHPHQW�
� %LRGLYHUVLW\� 0DLQWDLQ�%LRGLYHUVLW\�
� &KDQJLQJ�FURS�VHHG�PL[HV� 0DLQWDLQ�%LRGLYHUVLW\�
� (QYLURQPHQWDO�LQWHJULW\� 0DLQWDLQ�%LRGLYHUVLW\�
� )RUHVWU\� 0DLQWDLQ�%LRGLYHUVLW\�
� 1DWLRQDO�SDUNV� 0DLQWDLQ�%LRGLYHUVLW\�
� (FRORJLFDO�WLPH� 0DLQWDLQ�(FRORJLFDO�3URFHVVHV�
� &KDQJLQJ�ODQG�XVH� 0DLQWDLQ�6RLO�+HDOWK�
� 'RHV�IRUHVWU\�FDXVH�HURVLRQ� 0DLQWDLQ�6RLO�+HDOWK�
� (URVLRQ��FRDVWDO�	�ULYHU�� 0DLQWDLQ�6RLO�+HDOWK�
� )HUWLOLVHU�	�FKHPLFDO�XVH� 0DLQWDLQ�6RLO�+HDOWK�
� /DQGVFDSH� 0DLQWDLQ�6RLO�+HDOWK�
� 1XWULHQW�OHYHOV� 0DLQWDLQ�6RLO�+HDOWK�
� 6LOW�OHYHOV� 0DLQWDLQ�6RLO�+HDOWK�
� 6RLO�SURGXFWLYLW\� 0DLQWDLQ�6RLO�+HDOWK�
� 6RLOV� 0DLQWDLQ�6RLO�+HDOWK�
� 3DVWXUH� 0DLQWDLQ�6RLO�+HDOWK�
� 3RSXODWLRQ�SUHVVXUH��VWRFNLQJ�UDWH�� 0DLQWDLQ�6RLO�+HDOWK�
� 2WKHU�SROOXWLRQ� 1DWXUDO�$VVLPLODWLRQ�	�3XULILFDWLRQ�
� &RDVWDO�HURVLRQ� /DQGVFDSH�3URFHVVHV�
� +���IRU�ORFDO�HFRQRP\��VKRUWDJHV"�� :DWHU�4XDOLW\�	�6XSSO\�
� &KDQJLQJ�ZDWHU�TXDOLW\� :DWHU�4XDOLW\�	�6XSSO\�
� 'HPDQG�IRU�ZDWHU� :DWHU�4XDOLW\�	�6XSSO\�
� ,UULJDWLRQ� :DWHU�4XDOLW\�	�6XSSO\�
� /LPLWV�RI�DTXLIHUV� :DWHU�4XDOLW\�	�6XSSO\�
� 5DLQIDOO� :DWHU�4XDOLW\�	�6XSSO\�
� 5LYHU�IORZV� :DWHU�4XDOLW\�	�6XSSO\�
� 5XQ�RII� :DWHU�4XDOLW\�	�6XSSO\�
� :DWHU�SROOXWLRQ� :DWHU�4XDOLW\�	�6XSSO\�
(FRQRPLF�� (HOLQJ� &XVWRPDU\�8VH�
� ([FKDQJH�UDWHV� (FRQRPLF�'ULYHUV�
� 7RXULVP�SUHVVXUH� (FRQRPLF�'ULYHUV�
� 8UEDQ�GHYHORSPHQW� (FRQRPLF�'ULYHUV�
� ,QSXWV�±�FKHPLFDOV� (FRQRPLF�,QSXWV�
� ,QSXWV�±�HOHFWULFLW\� (FRQRPLF�,QSXWV�
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*URXS�1DPHV� 'LVDJJUHJDWHG�)DFWRU�1DPHV������� $JJUHJDWHG�)DFWRUV�1DPHV������
� ,QSXWV�±�IXHOV� (FRQRPLF�,QSXWV�
� ,QSXWV�±�QDWXUDO�DVVHWV� (FRQRPLF�,QSXWV�
� ,QSXWV�±�URDG�LQIUDVWUXFWXUH� (FRQRPLF�,QSXWV�
� ,QSXWV�±�WUDQVSRUW� (FRQRPLF�,QSXWV�
� 5RDGV��LPSURYLQJ�� (FRQRPLF�,QSXWV�
� 7D[HV� ,QFRPH�7D[�	�*67�
� (PSOR\PHQW� /DERXU�0DUNHW�
� &URSSLQJ� 3ULPDU\�,QGXVWULHV�
� 'DLU\LQJ� 3ULPDU\�,QGXVWULHV�
� 'HHU�IDUPLQJ� 3ULPDU\�,QGXVWULHV�
� )DUPLQJ� 3ULPDU\�,QGXVWULHV�
� )LVKHULHV� 3ULPDU\�,QGXVWULHV�
� )RUHVWU\� 3ULPDU\�,QGXVWULHV�
� )RUHVWU\� 3ULPDU\�,QGXVWULHV�
� *RDWV� 3ULPDU\�,QGXVWULHV�
� *UDYHO�H[WUDFWLRQ� 3ULPDU\�,QGXVWULHV�
� +RUWLFXOWXUH� 3ULPDU\�,QGXVWULHV�
� +RUWLFXOWXUH� 3ULPDU\�,QGXVWULHV�
� 0DULMXDQD� 3ULPDU\�,QGXVWULHV�
� 0LQLQJ� 3ULPDU\�,QGXVWULHV�
� 1DWXUDO�	�IDUPHG�ILVKHULHV� 3ULPDU\�,QGXVWULHV�
� 2UJDQLFV� 3ULPDU\�,QGXVWULHV�
� 2VWULFKHV�HPX� 3ULPDU\�,QGXVWULHV�
� 6KHHS�IDUPLQJ� 3ULPDU\�,QGXVWULHV�
� 6KHOO�ILVKHULHV� 3ULPDU\�,QGXVWULHV�
� 7URXW� 3ULPDU\�,QGXVWULHV�
� :KLWHEDLW� 3ULPDU\�,QGXVWULHV�
� &RDVWDO�FRUULGRU�HFRQRPLF�]RQH� 3URSHUW\�9DOXDWLRQ�
� /DQG�SULFHV� 3URSHUW\�9DOXDWLRQ�
� /DQG�YDOXHV� 3URSHUW\�9DOXDWLRQ�
� 6XE�GLYLVLRQ� 3URSHUW\�9DOXDWLRQ�
� $UWV�DQG�FUDIWV� 6HFRQGDU\�,QGXVWU\�
� &RWWDJH�LQGXVWULHV� 6HFRQGDU\�,QGXVWU\�
� )LVK�SURFHVVLQJ� 6HFRQGDU\�,QGXVWU\�
� +RUWLFXOWXUDO�SDFNDJLQJ� 6HFRQGDU\�,QGXVWU\�
� ,QGXVWU\� 6HFRQGDU\�,QGXVWU\�
� 7LPEHU�SURFHVVLQJ� 6HFRQGDU\�,QGXVWU\�
� :LQH�SURFHVVLQJ� 6HFRQGDU\�,QGXVWU\�
� &RPPXQLFDWLRQ� 7HUWLDU\�6HFWRU�
� &RQWUDFWLQJ� 7HUWLDU\�6HFWRU�
� (GXFDWLRQ� 7HUWLDU\�6HFWRU�
� +HDOWKFDUH� 7HUWLDU\�6HFWRU�
� +RPH�VWD\V�	�DFFRPPRGDWLRQ� 7HUWLDU\�6HFWRU�
� 6HUYLFH�VHFWRU� 7HUWLDU\�6HFWRU�
� 6RFLDO�ZHOIDUH�	�VHUYLFHV� 7HUWLDU\�6HFWRU�
� 7RXULVP� 7HUWLDU\�6HFWRU�
� 7UDQVSRUW� 7HUWLDU\�6HFWRU�
� 8UEDQ�FHQWUHV� 7HUWLDU\�6HFWRU�
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6RFLDO��
&RUSRUDWH�IDUPLQJ�GLYLVLYH�RQ�ORFDO�
FRPPXQLWLHV� )DPLO\�	�&RPPXQLW\�:HOOEHLQJ�

� 'HFOLQH�LQ�FRPPXQLW\�VRFLDO�DFWLYLWLHV� )DPLO\�	�&RPPXQLW\�:HOOEHLQJ�

�
(PHUJLQJ�VHWWOHPHQW�SDWWHUQV�KDUG�RQ�
UXUDO�VFKRROV�

)DPLO\�	�&RPPXQLW\�:HOOEHLQJ�

� )RUHLJQ�RZQHUVKLS� )DPLO\�	�&RPPXQLW\�:HOOEHLQJ�
� *URZLQJ�VRFLR�HFRQRPLF�JDS� )DPLO\�	�&RPPXQLW\�:HOOEHLQJ�

�
+RXVLQJ�LVVXHV�±�ODUJH�FRPPXQLW\�LVVXHV�
LPSDFWV�RQ�OLYLQJ�	�FRPPXQLW\�VXSSRUW�

)DPLO\�	�&RPPXQLW\�:HOOEHLQJ�

� /DFN�RI�VRFLDO�DFWLYLWLHV� )DPLO\�	�&RPPXQLW\�:HOOEHLQJ�

�
5XUDO�FRPPXQLWLHV�±�OHVV�FRPPXQLW\�
FRKHVLRQ�

)DPLO\�	�&RPPXQLW\�:HOOEHLQJ�

� 6FKRRO�UROOV� )DPLO\�	�&RPPXQLW\�:HOOEHLQJ�
� 6FKRROV�D�PDMRU�FRPPXQLW\�IRFXV� )DPLO\�	�&RPPXQLW\�:HOOEHLQJ�

�
7UDGLWLRQDO�IDPLO\�IDUPV�FRQYHUWHG�WR�
FRUSRUDWH�IDUPV�

)DPLO\�	�&RPPXQLW\�:HOOEHLQJ�

� +HDOWK� +XPDQ�+HDOWK�

�
$OVR�SHRSOH�ZLWK�JRRG�VNLOOV�FRPH�LQWR�
WKH�FRPPXQLW\� 3DUWLFLSDWLRQ�LQ�(FRQRPLF�/LIH�

� +DUG�IRU�SHRSOH�WR�VWD\�LQ�FRPPXQLW\� 3DUWLFLSDWLRQ�LQ�(FRQRPLF�/LIH�
� ,QIOXHQFH�RI�0 RUL�RZQHG�ODQG� 3DUWLFLSDWLRQ�LQ�(FRQRPLF�/LIH�

�
/DUJH�SURSRUWLRQ�RI�0 RUL�OHDVHKROG�ODQG�
LQ�0RWXHND�OHDVHG�IRU�FRPPHUFLDO�
SXUSRVHV� 3DUWLFLSDWLRQ�LQ�(FRQRPLF�/LIH�

� /RZ�XQHPSOR\PHQW� 3DUWLFLSDWLRQ�LQ�(FRQRPLF�/LIH�
� 3RRU�VRFLR�HFRQRPLF�JURXSV� 3DUWLFLSDWLRQ�LQ�(FRQRPLF�/LIH�
� <RXQJ�SHRSOH�FDQ�EH�WUDLQHG�ORFDOO\� 3DUWLFLSDWLRQ�LQ�(FRQRPLF�/LIH�

�
<RXQJ�SHRSOH�QHHG�WR�OHDYH�DUHD�IRU�
SUHIHUUHG�FDUHHUV� 3DUWLFLSDWLRQ�LQ�(FRQRPLF�/LIH�

� <RXWK�FDUHHU�RSSRUWXQLWLHV� 3DUWLFLSDWLRQ�LQ�(FRQRPLF�/LIH�
� &KDQJLQJ�GHPRJUDSKLFV� 3RSXODWLRQ�'\QDPLFV�

�
&RPPXQLW\�YHU\�PRELOH��SHRSOH�DOZD\V�
RQ�WKH�PRYH�� 3RSXODWLRQ�'\QDPLFV�

� )DUP�ZRUNHUV�KDUG�WR�JHW� 3RSXODWLRQ�'\QDPLFV�
� ,PPLJUDWLRQ� 3RSXODWLRQ�'\QDPLFV�

�
/RFDO�HFRQRP\�EDVHG�RQ�VHDVRQDO�
ZRUNHUV� 3RSXODWLRQ�'\QDPLFV�

�
0RWXHND�LV�JURZLQJ�LQ�WHUPV�RI�
SRSXODWLRQ� 3RSXODWLRQ�'\QDPLFV�

� 1=�KROLGD\�GHVWLQDWLRQ� 3RSXODWLRQ�'\QDPLFV�
� 3RSXODWLRQ�LV�PRUH�WUDQVLWRU\� 3RSXODWLRQ�'\QDPLFV�
� 3RSXODWLRQ�SUHVVXUH��+XPDQ�� 3RSXODWLRQ�'\QDPLFV�
� 3RSXODWLRQ�SUHVVXUHV�LQ�VXPPHU� 3RSXODWLRQ�'\QDPLFV�
� 5XUDO�LQGXVWULHV��PDLQ�ODERXU�IRUFH�� 3RSXODWLRQ�'\QDPLFV�
� 6HDVRQDO�ZRUNIRUFH� 3RSXODWLRQ�'\QDPLFV�

�
+RXVLQJ�LVVXHV�±�FKHDS�KRXVLQJ�LQ�UXUDO�
DUHDV� 3XEOLF�/LIH���*RYHUQDQFH�

� +RXVLQJ�LVVXHV�±�GRUPLWRU\�HIIHFWV� 3XEOLF�/LIH���*RYHUQDQFH�
� +RXVLQJ�LVVXHV�±�OLIHVW\OH�EORFNV� 3XEOLF�/LIH���*RYHUQDQFH�
� ,QIOXHQFH�RI�LZL�WUXVWV� 3XEOLF�/LIH���*RYHUQDQFH�
� ,ZL� 3XEOLF�/LIH���*RYHUQDQFH�
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*URXS�1DPHV� 'LVDJJUHJDWHG�)DFWRU�1DPHV������� $JJUHJDWHG�)DFWRUV�1DPHV������
� /LIH�VW\OH�EORFNV� 3XEOLF�/LIH���*RYHUQDQFH�
� $FFHVV�WR�VRFLDO�IDFLOLWLHV� &RPPXQLW\�6HUYLFHV�
� 'HFOLQH�LQ�FRPPXQLW\�VHUYLFHV� &RPPXQLW\�6HUYLFHV�
� 'HFOLQH�LQ�UXUDO�VHUYLFHV� &RPPXQLW\�6HUYLFHV�

�
,QFUHDVLQJO\�JRRG�FDUHHU�WUDLQLQJ�
RSSRUWXQLWLHV�

&RPPXQLW\�6HUYLFHV�

�
/RFDO�SRO\WHFKQLFV�GR�D�JRRG�MRE�RI�
FDUHHU�WUDLQLQJ�

&RPPXQLW\�6HUYLFHV�

� 0RXQWDLQ�ELNHV� &RPPXQLW\�6HUYLFHV�
� 3HRSOH�VHQG�FKLOGUHQ�WR�SUHIHUUHG�VFKRROV� &RPPXQLW\�6HUYLFHV�

�
3ROLFLQJ�YDULHV�DFURVV�UXUDO�XUEDQ�
FRPPXQLW\�

&RPPXQLW\�6HUYLFHV�

�
5HODWLYH�RSSRUWXQLWLHV�LQ�UXUDO�YHUVXV�
XUEDQ�HGXFDWLRQ�

&RPPXQLW\�6HUYLFHV�

� 5XUDO�KHDOWKFDUH� &RPPXQLW\�6HUYLFHV�
� &DWFKPHQW�WRSRJUDSK\��YLHZV��DPHQLWLHV��7RXULVP��/HLVXUH��5HFUHDWLRQ��6SRUW�
� &RDVWDO�DQG�0RSHNX�DUHDV�JURZLQJ� 7RXULVP��/HLVXUH��5HFUHDWLRQ��6SRUW�
� &RDVWDO�EHOW�FRQWDLQV�ULFK�KRXVLQJ� 7RXULVP��/HLVXUH��5HFUHDWLRQ��6SRUW�
� '2&�HVWDWH� 7RXULVP��/HLVXUH��5HFUHDWLRQ��6SRUW�
� 3DVVLYH�UHFUHDWLRQ�YHUVHV�DFWLYH� 7RXULVP��/HLVXUH��5HFUHDWLRQ��6SRUW�
� 5HFUHDWLRQDO�XVH� 7RXULVP��/HLVXUH��5HFUHDWLRQ��6SRUW�
,QVWLWXWLRQV� $UHD�KHDOWK�ERDUG� *RYHUQDQFH�RI�6RFLDO�,QVWLWXWLRQV�
� &RPPXQLW\�ERDUGV� *RYHUQDQFH�RI�6RFLDO�,QVWLWXWLRQV�
� 'HSDUWPHQW�RI�FRQVHUYDWLRQ� *RYHUQDQFH�RI�6RFLDO�,QVWLWXWLRQV�
� 'LVWULFW�KHDOWK�ERDUG� *RYHUQDQFH�RI�6RFLDO�,QVWLWXWLRQV�
� (1=$�PDQDJHPHQW� *RYHUQDQFH�RI�6RFLDO�,QVWLWXWLRQV�
� )LVK�DQG�JDPH� *RYHUQDQFH�RI�6RFLDO�,QVWLWXWLRQV�
� 7DVPDQ�GLVWULFW�FRXQVHO� *RYHUQDQFH�RI�6RFLDO�,QVWLWXWLRQV�
5HJXODWRU\� 6XVWDLQDELOLW\� 3ROLF\��SODQV��UXOHV��OHJLVODWLRQ�
� 5HVRXUFH�0DQDJHPHQW�$FW� 3ROLF\��SODQV��UXOHV��OHJLVODWLRQ�
� *RYHUQPHQW�SROLF\� 3ROLF\��SODQV��UXOHV��OHJLVODWLRQ�
� 1DWLRQDO�SDUN�UHJXODWLRQV� 3ROLF\��SODQV��UXOHV��OHJLVODWLRQ�
� 4XRWD�PDQDJHPHQW�ILVKLQJ� 3ROLF\��SODQV��UXOHV��OHJLVODWLRQ�
� :DWHU�FRQVHUYDWLRQ�RUGHUV� 3ROLF\��SODQV��UXOHV��OHJLVODWLRQ�
1RQ�ORFDO�� 6FKRRO�FXUULFXOD�RSSRUWXQLWLHV� 1RQ�/RFDO�,QIOXHQFHV�
� +HDOWK�FDUH� 1RQ�/RFDO�,QIOXHQFHV�
� ([FKDQJH�UDWH� 1RQ�/RFDO�,QIOXHQFHV�
� ,QWHUHVW�UDWH� 1RQ�/RFDO�,QIOXHQFHV�
� $EVHQWHH�RZQHUV� 1RQ�/RFDO�,QIOXHQFHV�
� 'HPDQG�IRU�SURGXFH� 1RQ�/RFDO�,QIOXHQFHV�
� )RUHLJQ�RZQHUVKLS� 1RQ�/RFDO�,QIOXHQFHV�
� *0�FURS�VHHG� 1RQ�/RFDO�,QIOXHQFHV�
� 0DUNHW�GHPDQG� 1RQ�/RFDO�,QIOXHQFHV�
� :RUOG�WUDGH�UHJXODWLRQV� 1RQ�/RFDO�,QIOXHQFHV�
�
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7DEOH�$���$�/LVW�RI����NH\�IDFWRUV�
(FRORJLFDO� &OLPDWH�	�DWPRVSKHUH�
� 3HVW�PDQDJHPHQW�
� 0DLQWDLQ�ELRGLYHUVLW\�
� 0DLQWDLQ�LQWHJULW\�RI�HFRORJLFDO�SURFHVVHV�
� 0DLQWDLQ�VRLO�KHDOWK�
� 1DWXUDO�DVVLPLODWLRQ�	�SXULILFDWLRQ�
� /DQGVFDSH�FKDQJH�SURFHVVHV�
� :DWHU�TXDOLW\�	�VXSSO\�
� 6FLHQWLILF�UHVHDUFK�
(FRQRPLF�� &XVWRPDU\�XVH�
� (FRQRPLF�GULYHUV�
� (FRQRPLF�LQSXWV�
� ,QFRPH�WD[�	�*67�
� /DERXU�PDUNHW�
� 3ULPDU\�LQGXVWULHV�
� 3URSHUW\�YDOXDWLRQ�
� 6HFRQGDU\�LQGXVWU\�
� 7HUWLDU\�VHFWRU�
6RFLDO�� )DPLO\�	�FRPPXQLW\�ZHOOEHLQJ�
� +XPDQ�KHDOWK�
� 3DUWLFLSDWLRQ�LQ�HFRQRPLF�OLIH�
� 3RSXODWLRQ�G\QDPLFV�
� 3XEOLF�OLIH�±�JRYHUQDQFH�
� &RPPXQLW\�VHUYLFHV�
� 7RXULVP��OHLVXUH��UHFUHDWLRQ��VSRUW�
,QVWLWXWLRQDO� *RYHUQDQFH�RI�VRFLDO�LQVWLWXWLRQV�
5HJXODWRU\� 3ROLF\��SODQV��UXOHV��OHJLVODWLRQ�
1RQ�ORFDO�� 1RQ�ORFDO�LQIOXHQFHV�
�
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&RQWDFW�,QIRUPDWLRQ��
,I�\RX�KDYH�TXHVWLRQV�RU�ZRXOG�OLNH�PRUH�LQIRUPDWLRQ�DERXW�WKLV�WKHVLV�SOHDVH�FRQWDFW��
�
'U�$QWKRQ\�2��&ROH�
7H�: QDQJD�R�5DXNDZD�
32�%R[�����
WDNL��

1HZ�=HDODQG�
�
3KRQH��� ����������������
)DFVLPLOH�� ����������������
(PDLO�� � FROHD#WZRU�DF�Q]�


