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0RQWHV�GH�2FD�0XQJXLD��2����*��+DUPVZRUWK���5��<RXQJ���DQG�-��'\PRQG��

�/DQGFDUH�5HVHDUFK��3ULYDWH�%DJ��������3DOPHUVWRQ�1RUWK�������1HZ�=HDODQG�
�&DZWKURQ�,QVWLWXWH��3ULYDWH�%DJ����1HOVRQ�������1HZ�=HDODQG�

(PDLO��PRQWHVR#ODQGFDUHUHVHDUFK�FR�Q]��
$EVWUDFW�� &XOWXUDO� YDOXHV� DUH� LQWHJUDO� WR� LQGLJHQRXV�0 RUL� FXOWXUH� LQ� 1HZ� =HDODQG� DQG� DUH� SLYRWDO� WR�
JXLGLQJ�D�SHUVRQ¶V�SUHIHUHQFHV�DQG�SULRULWLHV��7UDGLWLRQDO�FRQFHSWV�DQG�EHOLHIV�KDYH�VKDSHG� WKH� WKLQNLQJ�RI�
PRVW� 0 RUL�� DQG� 0 RUL� NQRZOHGJH� VWLOO� UHVRQDWHV� VWURQJO\� ZLWKLQ� FRQWHPSRUDU\� 0 RUL� VRFLHW\�� &XOWXUDO�
YDOXHV�WKHUHIRUH�UHIOHFW�ERWK�WKH�ORQJ�KLVWRU\�DQG�UHODWLRQVKLS�WDQJDWD�ZKHQXD��SHRSOH�RI�WKH�ODQG��KDYH�ZLWK�D�
JLYHQ�DUHD��ORFDWLRQ��FDWFKPHQW��RU�UHJLRQ�DQG�WKHLU�ZRUOG�YLHZ��&XOWXUDO�YDOXHV�DUH�VWDWHPHQWV�RI�NQRZOHGJH��
DQG� VKDSH� WKH�ZD\�0 RUL� WKLQN�DERXW� LVVXHV�� IRUP� WKH�EDVLV� IRU�GHFLVLRQ�PDNLQJ�� DQG�DUH� IXQGDPHQWDO� IRU�
HVWDEOLVKLQJ�DVSLUDWLRQV��GHVLUHV��DQG�SULRULWLHV��,ZL�DQG�KDSX��WULEHV�DQG�VXE�WULEHV��LQ�WKH�7H�7DX�,KX�UHJLRQ�
�QRUWKHUQ� SDUW� RI� WKH� 6RXWK� ,VODQG�� KDYH� EHHQ� DFWLYH� LQ� UHFRUGLQJ� DQG� H[SUHVVLQJ� WKHLU� FXOWXUDO� YDOXHV� IRU�
PDQ\� \HDUV�� 7LDNLQD� 7H� 7DLDR� /WG�� D� SDQ�LZL� UHVRXUFH� PDQDJHPHQW� RUJDQLVDWLRQ�� KDV� EHHQ� GHYHORSLQJ�
FXOWXUDO�DQG�HQYLURQPHQWDO�PHWKRGV�DQG�LQGLFDWRUV��$�ODUJH�DPRXQW�RI�LQIRUPDWLRQ�DQG�NQRZOHGJH�KDV�EHHQ�
UHFRUGHG�RQWR�*HRJUDSKLF�,QIRUPDWLRQ�6\VWHPV��*,6���DQG�LW�LV�QRZ�D�FHQWUDO�WRRO�IRU�SODQQLQJ�HQYLURQPHQWDO�
DQG� FXOWXUDO� SURMHFWV�� UHFRUGLQJ� FXOWXUDO� YDOXHV�� DQG� GRFXPHQWLQJ� VLJQLILFDQW� FXOWXUDO�� KHULWDJH�� WDRQJD�
�WUHDVXUH���DQG�DUFKDHRORJLFDO�VLWHV��DPRQJVW�RWKHUV���
2Q�WKH�RWKHU�KDQG��DJHQW�EDVHG�PRGHOOLQJ��$%0��KDV�EHHQ�LQFUHDVLQJO\�XVHG�WR�DVVLVW�XQGHUVWDQGLQJ�RI�WKH�
LQWHUDFWLRQV�LQ�FRPSOH[�FRXSOHG�KXPDQ�DQG�QDWXUDO�V\VWHPV��7KHVH�PRGHOV�KDYH�EHHQ�FRPELQHG�ZLWK�*,6�WR�
SURGXFH� /DQG� 8VH±/DQG� &KDQJH� �/8/&�� VLPXODWLRQV� WR� KHOS� FRQYHQWLRQDO� SODQQLQJ� DQG� PDQDJHPHQW�
PHWKRGV�RI�KXPDQ�DQG�ODQGVFDSH�LQWHUDFWLRQ��*LPEOHW��������+HFNEHUW�DQG�6PDMJO��������%ROWH�HW�DO����������
7KHVH�VLPXODWLRQV�KDYH�EHHQ�XVHG�LQ�VRFLDO�VFLHQFHV�IRU�WKHLU�FDSDELOLW\�RI�SURYLGLQJ�D�VSDWLDOO\�H[SOLFLW�WRRO�
WKDW� IRUPDOO\� UHSUHVHQWV� ODQGVFDSH� FKDUDFWHULVWLFV�� ODQG�PDQDJHPHQW� FKRLFHV�� FRPPXQLW\� YDOXHV�� DQG�
WUDGHRIIV� EHWZHHQ� FRQIOLFWLQJ� JRDOV�� 7KH\� FDQ� EH� XVHG� DV� D� µEULGJH¶� EHWZHHQ� TXDQWLWDWLYH� DQG� TXDOLWDWLYH�
DSSURDFKHV��SURYLGLQJ�ERWK�IRUPDO�DQG�GHVFULSWLYH�ODQGVFDSH�UHSUHVHQWDWLRQV�WR�LOOXVWUDWH�SODXVLEOH�DOWHUQDWLYH�
IXWXUHV� WKDW� FDQ� DVVLVW� WKH� LQFRUSRUDWLRQ� RI� VFLHQWLILF� LQIRUPDWLRQ� LQWR� GHFLVLRQ�PDNLQJ� SURFHVVHV� IRU�
VXVWDLQDELOLW\��YDQ�:\N�HW�DO����������7KH�VRIWZDUH�(19,6,21��%ROWH��������ZDV�XVHG�WR�FRQVWUXFW�D�/8/&�
$%0�IRU�WKH�0RWXHND�FDWFKPHQW��7KH�FRPSRQHQWV�RI�WKH�VSDWLDOO\�H[SOLFLW�PRGHO�GLVFXVVHG�LQ�WKLV�SDSHU�DUH��
ODQGVFDSH�� ODQGVFDSH� SURGXFWLRQ� PHWULFV�� DQG� DJHQWV�� 7KH� ODQGVFDSH� FRPSRQHQW� KDV� EHHQ� FRPSOHWHG�� WKH�
ODQGVFDSH�PHWULFV� KDYH� EHHQ� SDUWLDOO\� EXLOW�� DQG� WKH� DJHQWV� DUH� VWLOO� EHLQJ� GHYHORSHG��/DQGVFDSH� LQFOXGHV��
FXUUHQW�ODQG�XVHV��ODQG�XVH�FDSDELOLW\�DQG�SURSHUW\�ERXQGDULHV��/DQGVFDSH�SURGXFWLRQ�PHWULFV�LQFOXGH��JURVV�
PDUJLQV��HPSOR\PHQW��QLWURJHQ�DQG�VHGLPHQW�OHDFKLQJ��FDUERQ�VHTXHVWUDWLRQ�DQG�ZDWHU�XVH���
7KLV�SDSHU�RXWOLQHV�VHOHFWHG�PRGHO�FRPSRQHQWV�DQG�D�SDUWLFLSDWRU\�SURFHVV�WR�HQJDJH�ZLWK�7LDNLQD�7H�7DLDR�
/WG�WR�DVVHVV�ZKHWKHU�/8/&�$%0�WHFKQRORJ\�FDQ�EH�HIIHFWLYHO\�XVHG�DV�D�WRRO�IRU�LZL�WR�LQFRUSRUDWH�FXOWXUDO�
YDOXHV�LQWR�VSDWLDO�IXWXUHV�RU�VFHQDULR�PRGHOOLQJ�DQG�KRZ�LZL�FRXOG�XVH�VXFK�WRROV�WR�DUWLFXODWH�FXOWXUDO�YDOXHV�
DQG� DVSLUDWLRQV� GXULQJ� GLVFXVVLRQ� DQG� QHJRWLDWLRQ� ZLWK� JRYHUQPHQW�� LQGXVWU\�� UHVHDUFK� DJHQFLHV�� DQG�
FRPPXQLW\� JURXSV�� 7KH� SDUWLFLSDWRU\� SURFHVV� DLPV� WR� HOLFLW� HPSLULFDO� NQRZOHGJH� RQ� LQGLJHQRXV� YDOXHV� WR�
FDOLEUDWH� WKH�$%0��7KH�SURFHVV�FRQVLVWV�RI�JHQHUDWLQJ� WZR�H[WUHPH�/8/&�VFHQDULRV�XVLQJ� WKH�HQYLVLRQLQJ�
FDSDELOLW\� RI� WKH� PRGHO� WR� FROOHFW� LQIRUPDWLRQ� DERXW� WKH� SHUFHSWLRQ� RI� VWDNHKROGHUV� FRQFHUQLQJ� WKH�
VLPXODWLRQV��:H�ZLOO� WKHQ� MRLQWO\�GHWHUPLQH� WKH�IHDVLELOLW\�RI�GHILQLQJ�D�FXOWXUDO� ODQGVFDSH�PHWULF�IXQFWLRQ��
7KH�PRGHO�DQG�SDUWLFLSDWRU\�SURFHVV�KDYH�EHHQ�GLVFXVVHG�ZLWK�7LDNLQD�7H�7DLDR�/WG��DQG�WKH\�KDYH�DJUHHG�WR�
SDUWLFLSDWH� LQ� WKH� SURFHVV�� 6R� IDU��ZH� KDYH� LGHQWLILHG� WKH�PRGHO� KDV� EHHQ�XVHIXO� WR� HQKDQFH� GLDORJXH�ZLWK�
0 RUL� UHVHDUFKHUV� RQ� QDWXUDO� UHVRXUFH� PDQDJHPHQW� SURFHVVHV�� HVSHFLDOO\� ZKHQ� WKH� GHEDWH� FHQWUHV� RQ�
ODQGVFDSH� FKDUDFWHULVWLFV�� SRVVLEOH� ODQG� FRQYHUVLRQV�� DQG� KLJK�OHYHO� DQDO\VLV� RI� WUDGHRIIV� EHWZHHQ�
VRFLRHFRQRPLF�DQG�HQYLURQPHQWDO�JRDOV���
.H\ZRUGV�� (QYLVLRQLQJ��LQGLJHQRXV�NQRZOHGJH��WUDGHRIIV��,QWHJUDWHG�&DWFKPHQW�0DQDJHPHQW�
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&XOWXUDO� YDOXHV� VKDSH� WKH� ZD\� 0 RUL� WKLQN� DERXW� LVVXHV�� IRUP� WKH� EDVLV� IRU� GHFLVLRQ�PDNLQJ�� DQG� DUH�
IXQGDPHQWDO�IRU�HVWDEOLVKLQJ�DVSLUDWLRQV��GHVLUHV��DQG�SULRULWLHV��7KH�1HZ�=HDODQG�5HVRXUFH�0DQDJHPHQW�$FW�
�������DOVR�HPSKDVLVHV�WKH�LPSRUWDQFH�RI�WKH�UHODWLRQVKLS�RI�0 RUL�ZLWK�WKHLU�HQYLURQPHQW�DQG�UHTXLUHV�WKDW�
DOO� UHVRXUFH� PDQDJHPHQW� GHFLVLRQV� LQ� WKH� FRXQWU\� KDYH� SDUWLFXODU� UHJDUG� WR� NDLWLDNLWDQJD� �H[HUFLVH�
JXDUGLDQVKLS�RU�VWHZDUGVKLS�RI�WKH�HQYLURQPHQW�DQG�FXVWRPDU\�YDOXHV��UXOHV��DQG�SUDFWLFHV���
$�VWXG\�RI� WKH� OLQNDJHV�EHWZHHQ�FXOWXUDO�DQG�VFLHQWLILF� LQGLFDWRUV�RI�ULYHU�DQG�VWUHDP�KHDOWK��<RXQJ�HW�DO���
������GRFXPHQWHG�KRZ� LZL�KDS �JURXSV� IURP� WKH�0RWXHND�FDWFKPHQW�KDYH�DGDSWHG�DQG�DSSOLHG�D�FXOWXUDO�
KHDOWK�LQGH[�DW�VLWHV�WKURXJKRXW�WKH�FDWFKPHQW��7KH�LQGH[�LQFOXGHV�TXDOLWDWLYH�VFRUHV�IRU�ULYHUEDQN�FRQGLWLRQ��
ULYHUEHG�FRPSRVLWLRQ��ZDWHU�FODULW\��ZDWHU�IORZ��ZDWHU�TXDOLW\��FKDQQHO�VKDSH��ULSDULDQ�YHJHWDWLRQ��FDWFKPHQW�
YHJHWDWLRQ�� ULYHU�PRGLILFDWLRQ�XVH�� XVH� RI� ULYHU�PDUJLQV� DQG� VPHOO�� ZLWK� WKH� RYHUDOO� FXOWXUDO� VWUHDP� KHDOWK�
PHDVXUH� FDOFXODWHG� DV� WKH� DYHUDJH� RI� WKHVH� VFRUHV�� $Q� DVVHVVPHQW� RI� WKH� PDKLQJD� NDL� �FXOWLYDWLRQ� VLWHV��
JDUGHQV��SODFHV�RI�IRRG�KDUYHVW�DQG�FROOHFWLRQ��VWDWXV�DQG�WKH�WUDGLWLRQDO�VWDWXV�RI�WKH�VLWH�LV�DOVR�GHWHUPLQHG��
DORQJ�ZLWK�D�MXGJPHQW�RI�ZKHWKHU�LZL�ZRXOG�UHWXUQ�WR�WKH�VLWH��7KH�VWXG\�IRXQG�D�VWURQJ�FRUUHODWLRQ�EHWZHHQ�
WKH�FXOWXUDO�VWUHDP�KHDOWK�PHDVXUH�DQG�WKH�SHUFHQWDJH�RI�WKH�FDWFKPHQW�DERYH�HDFK�VLWH�LQ�QDWLYH�IRUHVW��DQG�
DOVR�ZHDNHU�UHODWLRQVKLSV�ZLWK�ZDWHU�FODULW\��D�PDFUR�LQYHUWHEUDWH�FRPPXQLW\�LQGH[��DQG�WKH�FRQFHQWUDWLRQ�RI�
IDHFDO�LQGLFDWRU�EDFWHULD��7KH�VWXG\�FRQFOXGHG�WKDW�VFLHQWLILFDOO\�DQG�FXOWXUDOO\�EDVHG�LQGLFDWRUV��DORQJ�ZLWK�
FRPPXQLW\�EDVHG�DSSURDFKHV��SRWHQWLDOO\�SURYLGH�DQ�HQULFKHG�XQGHUVWDQGLQJ�RI� WKH�HQYLURQPHQW�ZLWK�HDFK�
RIIHULQJ�D�VOLJKWO\�GLIIHUHQW�ZRUOGYLHZ�DERXW�WKH�KHDOWK�RI�IUHVKZDWHU�V\VWHPV��7KLV�VWXG\�GHPRQVWUDWHG�KRZ�
GLIIHUHQW�IRUPV�RI�DVVHVVPHQW�DQG�PRQLWRULQJ�FRXOG�EH�XVHG�VLGH�E\�VLGH�E\�ORFDO�JRYHUQPHQW��FRPPXQLW\��
LZL�DQG�KDS ��DQG�UHVHDUFK�DJHQFLHV���
:KLOH� DJHQW�EDVHG� PRGHOOLQJ� �$%0�� LV� ZLGHO\� XVHG� LQWHUQDWLRQDOO\� LQ� /DQG� 8VH±/DQG� &KDQJH� �/8/&��
VWXGLHV��PRVW�QRWDEO\�E\�WKH�*OREDO�/DQG�3URMHFW���WKH�FRQFHSW�RI�XVLQJ�$%0�IRU�ODQG�XVH�FKDQJH�VFHQDULRV�
LQ� D�1HZ�=HDODQG� FRQWH[W� KDV� QRW� EHHQ� JHQHUDOO\� H[SORUHG��$JHQWV� DUH� VRIWZDUH� HQWLWLHV�ZLWK� DW� OHDVW� WKH�
IROORZLQJ�EDVLF�SURSHUWLHV��DXWRQRPRXV�EHKDYLRXU��DELOLW\�WR�VHQVH�WKHLU�HQYLURQPHQW��DELOLW\�WR�DFW�XSRQ�WKHLU�
HQYLURQPHQW��DQG�UDWLRQDOLW\��:RROULGJH�DQG�-HQQLQJV���������$%0��DOVR�NQRZQ�DV�PXOWL�DJHQW�VLPXODWLRQ�
�0$6���LV�D�G\QDPLF�VLPXODWLRQ�WHFKQLTXH�FRQFHUQLQJ�LQGLYLGXDO�DJHQWV�DQG�WKHLU�LQWHUDFWLRQV�ZLWK�HDFK�RWKHU�
DQG� WKHLU� HQYLURQPHQW� DQG� KDV� EHHQ� UHFRJQLVHG� LQ� VRFLDO� VFLHQFH� DV� WKH� EHVW� FRPSXWDWLRQDO� WRRO� WR� HQDEOH�
UHVHDUFKHUV� WR�PRGHO� VRFLDO� SKHQRPHQD� �*LOEHUW�� �������7KH�SURFHVVHV� EHKLQG�KXPDQ�GHFLVLRQ�PDNLQJ� DUH�
KLJKO\�XQFHUWDLQ��,QGLYLGXDO�FLUFXPVWDQFHV��SUHIHUHQFHV��VRFLDO�QHWZRUNV��FXOWXUDO�YDOXHV��WLPLQJ��ULVN�SURILOH��
VHQVLWLYLW\� WR�HQYLURQPHQWDO�GHWHULRUDWLRQ��HFRQRPLF�JRDOV�� DWWLWXGH� WRZDUGV� IXWXUH�JHQHUDWLRQV�� HWF��� DUH�DOO�
LQYROYHG� LQ� WKH� DFWXDO� GHFLVLRQ�RI� FKDQJLQJ� ODQG� XVH��/8/&�$%0�DWWHPSWV� WR� JDLQ�PRUH� NQRZOHGJH� LQWR�
WKHVH�SURFHVVHV�E\� IRUPDOLVLQJ�EHKDYLRXUDO� UXOHV� WR�EH� IROORZHG�E\� LQGLYLGXDO� VLPXODWHG� DJHQWV��7KH�PDLQ�
DLP�RI�/8/&�$%0�LV�WKH�VWXG\�RI�WKH�FROOHFWLYH�HIIHFWV�RI�LQGLYLGXDO�DFWLRQV��XVHG�WR�KHOS�RXU�XQGHUVWDQGLQJ�
RI� WKH� LQWHUDFWLRQV� LQ� FRPSOH[� FRXSOHG� KXPDQ� DQG� QDWXUDO� V\VWHPV� �3DUNHU�� HW� DO� ������ -DJHU� DQG�0RVOHU��
������� /8/&�$%0�SURYLGHV� XV�ZLWK� D� WRRO� WKDW� UHFRJQLVHV� GLYHUVLW\� LQ� GHFLVLRQ�PDNLQJ� DQG� GLYHUVLW\� LQ�
HYDOXDWLQJ� ODQG�XVH� RSWLRQV�� ,WV� PDLQ� IXQFWLRQ� LV� WKHUHIRUH� WR� UHSUHVHQW� LQGLYLGXDO� GHFLVLRQ�PDNHUV� ZLWK�
GLVWLQFW�LQGLYLGXDO�VHW�RI�YDOXHV��DQG�FXVWRPLVH�HYDOXDWLQJ�FULWHULD�IRU�ODQG�XVH�RSWLRQV��WR�UHSUHVHQW�WUDGHRIIV�
YLVXDOO\���
7KH�µ0RWXHND�$%0¶�ZDV�GHYHORSHG�DV�D�VXSSRUW�WRRO�IRU�YLVXDOLVLQJ�DQG�FRPPXQLFDWLQJ�DOWHUQDWLYH�ODQG�XVH�
FKDQJH�VFHQDULRV�DQG�WKH�HFRQRPLF��HQYLURQPHQWDO��VRFLDO�DQG�FXOWXUDO� WUDGHRIIV�DVVRFLDWHG�ZLWK�WKHP��7KH�
PRGHO� LV� SDUW� RI� D� ZLGHU� VHW� RI� TXDQWLWDWLYH� WRROV� GHYHORSHG� IRU� WKH� ,QWHJUDWHG� &DWFKPHQW� 0DQDJHPHQW�
SURJUDPPH�� �,&0��� D� JRYHUQPHQW�IXQGHG� UHVHDUFK� SURJUDPPH�� 7KH�0RWXHND� $%0� FRPELQHV� D� UDQJH� RI�
FRPSRQHQWV�ZLWK�YDU\LQJ�GHJUHHV�RI�DFFXUDF\��SUHFLVLRQ��DQG�OHYHO�RI�DEVWUDFWLRQ�WR�H[SORUH�IXWXUH�ODQGVFDSH�
FKDQJHV�� ,W� GRHV� QRW� DWWHPSW� WR� EH� D� SUHGLFWLYH� WRRO�� EXW� UDWKHU� DQ� H[SORUDWLYH� WRRO� WR� EH� LQWHJUDWHG�ZLWK� D�
SDUWLFLSDWRU\�SURFHVV�ZLWK�VWDNHKROGHUV�WR�REWDLQ�WKH�EHQHILWV�RI�IRUPDO�SUHFLVLRQ�DQG�WKH�LOOXVWUDWLYH�SRZHU�RI�
PRGHOV�DQG�*,6�IRU�HIIHFWLYH�UHVRXUFH�PDQDJHPHQW��&RVWDQ]D�DQG�5XWK��������&DVWHOOD�HW�DO�����������
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��KWWS���ZZZ�JOREDOODQGSURMHFW�RUJ��
��0RUH�LQIRUPDWLRQ�FDQ�EH�DFFHVVHG�DW��KWWS���LFP�ODQGFDUHUHVHDUFK�FR�Q]��
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����� 3DUWLFLSDWRU\�PRGHOOLQJ�IRU�$%0�FDOLEUDWLRQ�

&RPSOH[LW\� LQ� DJHQW¶V� EHKDYLRXU� YDULHV� FRQVLGHUDEO\�� )RU� H[DPSOH�� LW� FDQ� EH�GHILQHG�E\� VLPSOH� KHXULVWLFV�
�*X]\��HW�DO��������RU�E\�FRPSOH[�FRJQLWLYH�SURFHVVHV�EDVHG�RQ�SV\FKRORJLFDO�WKHRU\��VXFK�DV�WKH�FRQVXPDW�
DSSURDFK�SURSRVHG�E\� -DJHU�HW� DO�� ��������$%0�FDOLEUDWLRQ� UHOLHV�RQ� IRUPDOLVDWLRQ�RI� HPSLULFDO� GDWD��)LYH�
JURXSV� RI� FRPPRQO\� XVHG� PHWKRGV� KDYH� EHHQ� LGHQWLILHG� E\� 5RELQVRQ�� HW� DO�� �������� 2QH� RI� WKHP� LV�
FRPSDQLRQ�PRGHOOLQJ��RU�SDUWLFLSDWRU\�PRGHOOLQJ�LQ�ZKLFK�UHVHDUFKHUV�MRLQ�ZLWK�VWDNHKROGHUV�LQ�D�PRGHOOLQJ�
SURFHVV�F\FOH�WR�HQVXUH�WKH�UREXVWQHVV�RI�D�PRGHO��0RVV��������:LQGUXP�HW�DO���������7HVIDWVLRQ���������:H�
DUH�SURSRVLQJ�WKH�XVH�RI�(19,6,21�ODQGVFDSH�VLPXODWLRQV��%ROWH��������WR�HOLFLW�VWDNHKROGHU¶V�UHVSRQVH�WR�
IXWXUH� ODQGVFDSH� FKDQJH��7KLV�SURFHVV� ORRVHO\� ILWV�ZLWKLQ� WKH� FRPSDQLRQ�PRGHOOLQJ� DSSURDFK� LGHQWLILHG�E\�
5RELQVRQ��HW�DO����������DQG�LV�DLPHG�DW�HVWDEOLVKLQJ�WKH�IHDVLELOLW\�RI�GHILQLQJ�D�FXOWXUDO�PHWULF�IRU�ODQGVFDSH�
HYDOXDWLRQ��7KH�UROH�RI�YLVLRQLQJ�LQ�SODQQLQJ�IRU�QDWXUDO�UHVRXUFHV�LV�H[HPSOLILHG�E\�0LOOHU��HW�DO���������DQG�
%DOO��HW�DO����������IURP�WKH�0F.DXOD\�LQVWLWXWH���
,W� ZDV� LPSRUWDQW� WR� OLQH� XS� WKH� PRGHO� ZLWK� D� VRFLDO� OHDUQLQJ� SURFHVV� WR� HQVXUH� WKH� HVWDEOLVKPHQW� RI� D�
PHDQLQJIXO� FRQWH[W� IRU� LWV� XVH� �$OOHQ� DQG�.LOYLQJWRQ�� ������.LOYLQJWRQ� DQG�$OOHQ�� ������ )HQHPRU� HW� DO���
������� (19,6,21� ZDV� XVHG� EHFDXVH� LW� SURYLGHV� FOHDU�� WUDQVSDUHQW� VSHFLILFDWLRQV� RI� KRZ� WKH� GLIIHUHQW�
FRPSRQHQWV� DQG� WKHLU� UHODWLRQVKLSV� DUH� EXLOW� LQWR� WKH� PRGHO�� UHVXOWLQJ� LQ� DVVXPSWLRQV� EHLQJ� QRW� RQO\�
PHDQLQJIXO�EXW�DOVR�WUDQVSDUHQW�DQG�LQWXLWLYH���
2XU� SURSRVHG� SDUWLFLSDWRU\� SURFHVV� FRQVLVWV� RI� L�� SURYLGLQJ� 0 RUL� UHVHDUFK� SDUWQHUV� ZLWK� EDFNJURXQG�
LQIRUPDWLRQ�RQ�WKH�FUHDWLRQ�RI�WZR�H[WUHPH�VFHQDULRV�FRQFHUQLQJ�FXUUHQW�VKHHS�	�EHHI�SDVWXUH��)LJXUH�����WKH�
*,6� OD\HUV� WKDW�KHOS�GHILQH� ODQG�FKDQJH�SRWHQWLDO� DQG� ODQGVFDSH�SURGXFWLRQ�PHWULFV� �7DEOH����� LL�� VKRZLQJ�
ERWK�VFHQDULRV�DQG�GLVFXVVLQJ�WKHLU�HQYLURQPHQWDO�DQG�VRFLR�HFRQRPLF�VFRUHV��)LJXUH�����LLL��GLVFXVVLQJ�KRZ�
HDFK� VFHQDULR� ZRXOG� VFRUH� FXOWXUDOO\�� DQG� WKH� UHDVRQV� IRU� LW�� LY�� GLVFXVVLQJ� WKH� IHDVLELOLW\� RI� GHILQLQJ� D�
IXQFWLRQ�ZLWKLQ�WKH�ODQGVFDSH�SURGXFWLRQ�PHWULFV�WKDW�ZRXOG�UHIOHFW�WKRVH�FXOWXUDO�YLHZV��Y��IRUPDOLVLQJ�WKH�
FXOWXUDO�PHWULF�LQWR�WKH�PRGHO��WR�VHH�KRZ�WKH�WZR�H[WUHPH�VFHQDULRV�VFRUH�DJDLQVW�LW��DQG�YL��GLVFXVVLQJ�KRZ�
FRPIRUWDEOH� LZL� ZRXOG� IHHO� DERXW� XVLQJ� WKLV� DSSURDFK�� LI� WKH� UHSUHVHQWDWLRQ� LV� WRR� VLPSOLVWLF�� LI� LW� FRXOG�
PLVUHSUHVHQW� FXOWXUDO� YDOXHV�� DQG� LI� WKLV� WRRO� ZRXOG� EH� XVHIXO� WR� DUWLFXODWH� FXOWXUDO� YDOXHV� DQG� DVSLUDWLRQV�
GXULQJ�GLVFXVVLRQ�DQG�QHJRWLDWLRQ�ZLWK�JRYHUQPHQW��LQGXVWU\��UHVHDUFK�DJHQFLHV��DQG�FRPPXQLW\�JURXSV��7KH�
PRGHO� DQG�SDUWLFLSDWRU\�SURFHVV�KDYH�EHHQ�GLVFXVVHG�ZLWK�7LDNLQD�7H�7DLDR�/WG�� DQG� WKH\�KDYH� DJUHHG� WR�
SDUWLFLSDWH�� ,W� LV� HQYLVDJHG� WKH\� ZLOO� DOVR� EH� LQYROYHG� LQ� WKH� SURFHVVHV� RI� VFHQDULR� JHQHUDWLRQ�� DQG� DJHQW�
GHILQLWLRQ�DQG�FDOLEUDWLRQ���
��� 0278(.$�$*(17�%$6('�02'(/�

7KH�0RWXHND�$%0�LV�D�VLPXODWLRQ�PRGHO�DLPHG�DW�DQVZHULQJ�µZKDW�LI¶�TXHVWLRQV�RQ�/8/&�VFHQDULRV�LQ�WKH�
FDWFKPHQW��WR�KHOS�UHVRXUFH�PDQDJHPHQW�HYDOXDWLRQ�RI�LQGLYLGXDO�FKRLFHV�DQG�SROLFLHV��7KH�0RWXHND�$%0�
ZDV�GHYHORSHG�XVLQJ�WKH�(19,6,21�VRIWZDUH�ZKLFK�IXQFWLRQDOLW\�LV�H[SODLQHG�LQ�JUHDW�GHWDLO�LQ�*X]\��HW�DO����������
7KLV� VHFWLRQ�ZLOO� WKHUHIRUH� FHUWDLQO\� OHDYH� ELJ� JDSV� LQ� WHFKQLFDO� GHWDLOV�� FRQFHQWUDWLQJ� LQVWHDG� RQ� D� GHVFULSWLRQ� RI� WKH�
PRGHO�FRPSRQHQWV�WR�EH�XVHG�E\�WKH�SDUWLFLSDWRU\�SURFHVV���
7KH� FRUH� RI� WKH� DQDO\VLV� LV� ODQGVFDSH� G\QDPLFV� DV� D� UHVXOW� RI� KXPDQ� GHFLVLRQ�PDNLQJ� DQG� WKH� WUDGH�RII�
DQDO\VLV� DVVRFLDWHG� ZLWK� WKRVH� GHFLVLRQV�� 7KH�PRGHO� HQDEOHV� UHVHDUFKHUV� WR� SXW� WRJHWKHU� D� FRPSLODWLRQ� RI�
DVVXPSWLRQV�EDVHG�RQ�H[LVWLQJ�,&0�DQG�LZL�*,6�GDWDEDVHV��GHPRJUDSKLF�DQG�HFRQRPHWULF�SUHGLFWLRQV��VRFLDO�
DQG� FXOWXUDO� EHKDYLRXU�� VWUXFWXUDO� FRQGLWLRQV� DQG� LQVWLWXWLRQDO� DUUDQJHPHQWV�� LQ� RUGHU� WR� LQWHUDFW� ZLWK�
VWDNHKROGHUV� �'\PRQG�HW� DO��� ������&DR�HW� DO���������+DUPVZRUWK���������0RGHO� FRPSRQHQWV�GLVFXVVHG� LQ�
WKLV�VHFWLRQ�DUH�� ODQGVFDSH�±� LQFOXGLQJ�FXUUHQW�0RWXHND�FDWFKPHQW¶V�ELRSK\VLFDO�FKDUDFWHULVWLFV�� ODQGVFDSH�
SURGXFWLRQ�PHWULFV�±D�FROOHFWLRQ�RI�VRFLRHFRQRPLF�DQG�HQYLURQPHQWDO�SHUIRUPDQFH�PHDVXUHV�IRU�DOWHUQDWLYH�
ODQG� XVHV� LQ� WKH� FDWFKPHQW�� DQG� DJHQWV� ±� VLPXODWHG� KXPDQ� LQIOXHQFHV� DIIHFWLQJ� WKH� ODQGVFDSH�� 7KH�
(19,6,21�PRGHO�LQFOXGHV�RWKHU�FRPSRQHQWV�SDUWLDOO\�EXLOW�IRU�WKH�0RWXHND�$%0�DQG�DUH�QRW�GLVFXVVHG�LQ�
WKLV�VHFWLRQ��VXFK�DV��DXWRQRPRXV�SURFHVVHV�±�FXUUHQW�DQG�SURMHFWHG�H[WHUQDO�IDFWRUV�DIIHFWLQJ�WKH�ODQGVFDSH�
�L�H�� UHJLRQDO�VHFWRUV� HFRQRPLF� SURMHFWLRQV�� GHPRJUDSKLF� FKDQJH��� DQG� SROLFLHV� ±� IUDPHZRUN� JXLGLQJ� DQG�
FRQVWUDLQLQJ� ODQG�XVH� DQG� ODQG�PDQDJHPHQW� GHFLVLRQ�PDNLQJ�� 3ROLFLHV� FDSWXUH� UXOHV�� UHJXODWLRQV�� DQG�
LQFHQWLYHV�SURPXOJDWHG�E\�SXEOLF�DJHQFLHV�LQ�UHVSRQVH�WR�VRFLDO�GHPDQGV�IRU�HFRORJLFDO�DQG�VRFLDO�JRRGV��DV�
ZHOO�DV�IDFWRUV�XVHG�E\�SULYDWH�ODQGRZQHUV�ODQG�PDQDJHUV�WR�PDNH�ODQG�DQG�ZDWHU�XVH�GHFLVLRQV��
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7DEOH� �� 6DPSOH� RI� SURGXFWLRQ� PHWULFV� IRU�
VHOHFWHG�ODQG�XVH�RSWLRQV�LQ�WKH�0RWXHND�$%0��

����� /DQGVFDSH�

7R�GHILQH�,QGLYLGXDO�'HFLVLRQ�8QLWV��,'8V��XVHG�WR�VLPXODWH�ODQG�XVH�FKDQJH��WKH�0RWXHND�$%0�XVHV�*,6�
GDWDEDVHV�DQG�ELRSK\VLFDO�PRGHOV�WR�FUHDWH�DQ�DFFXUDWH�UHSUHVHQWDWLRQ�RI�ODQG�FDSDELOLW\��FXUUHQW�ODQG�FRYHU�
DQG�ODQG�XVH�FKDQJH�SRWHQWLDO�RSWLRQV�IRU�HDFK�,'8��$Q�,'8�UHVXOWV�IURP�WKH�FRPELQDWLRQ�RI��FXUUHQW�ODQG�
FRYHU�±�WKH�PRGHO�XVHV�WKLV�LQIRUPDWLRQ�WR�GHILQH����FXUUHQW�ODQG�XVHV��XUEDQ��EDUH�JURXQG��DOSLQH�KHUEILHOG��
ZDWHU��FURSODQG��YLQH\DUG��RUFKDUG��SDVWXUH��VKHHS�DQG�EHHI��GDLU\�FRZV��GHHU��� WXVVRFN�JUDVVODQGV��ZHWODQG�
SODQWV�� VFUXE�� EURDGOHDYHG� LQGLJHQRXV� IRUHVW� KDUGZRRGV�� VXE�DOSLQH� VKUXEODQG�� H[RWLF� IRUHVW� �PDLQO\� SLQH�
IRUHVWV��� DQG� LQGLJHQRXV� IRUHVW�� DQG� ODQG�XVH� FDSDELOLW\� ±� LQ� D� V\QWKHVLVHG� VFDOH� IURP� �� WR� ��� 7KLV�
FODVVLILFDWLRQ�PDLQO\�LQGLFDWHV�VRLO�IHUWLOLW\�SRWHQWLDO�LQGH[��LQ�D�GHVFHQGLQJ�RUGHU���,W�LV�D�FRPELQDWLRQ�RI�EDVH�
DQG� WRS� URFN� W\SHV�� VRLO� W\SHV�� VORSH�� HURVLRQ� SRWHQWLDO�� DQG� ZDWHU� UHWHQWLRQ�� DJULFXOWXUDO� SURSHUWLHV�
ERXQGDULHV�±XVHG�WR�GHWHUPLQH�WKH�PDLQ�HFRQRPLF�DFWLYLWLHV�FDUULHG�RXW�E\�WKH�DJULFXOWXUDO�SURSHUWLHV�LQ�WKH�
FDWFKPHQW�� H�J�� FURSSLQJ�� VKHHS� DQG� EHHI� IDUPLQJ�� GDLU\� IDUPLQJ�� IRUHVWU\� DQG� ORJJLQJ�� YLWLFXOWXUH�� RWKHU�
DJULFXOWXUH�� OLIHVW\OH� EORFNV�� RU� QRQ�DJULFXOWXUH� �LQFOXGLQJ� UHVHUYHV� DQG�QDWXUDO� IRUHVW��� )LJXUH� �� VKRZV� WKH�
FXUUHQW�ODQG�FRYHU�LQ�WKH�FDWFKPHQW�DQG�WZR�H[WUHPH�VFHQDULRV�IRU�VKHHS�DQG�EHHI�SDVWXUH�WR�EH�XVHG�LQ�WKH�
SDUWLFLSDWRU\�SURFHVV��

�
)LJXUH����6FHQDULRV�IRU�VKHHS�DQG�EHHI�SDVWXUH��GDUN�JUHHQ�±�QDWLYH�IRUHVW��SDOH�JUHHQ�±�H[RWLF�IRUHVW��\HOORZ�
±�VKHHS�	�EHHI�SDVWXUH��UHG�±�GDLU\�SDVWXUH���/HIW��FXUUHQW�ODQG�XVH��FHQWUH��VKHHS�	�EHHI�SDVWXUH�WR�GDLU\�

SDVWXUH��ULJKW��VKHHS�	�EHHI�SDVWXUH�WR�IRUHVW��
�

����� /DQGVFDSH�SURGXFWLRQ�PHWULFV�

7KHVH� LQGLFDWRUV� DUH� DVVRFLDWHG� ZLWK� HDFK� ODQG�
XVH�DQG�DUH�W\SLFDOO\�FDOFXODWHG�RQ�D�SHU�KHFWDUH�
EDVLV�� 7DEOH� �� VKRZV� D� VHOHFWLRQ� RI� SURGXFWLRQ�
PHWULFV� IRU� D� VHOHFWHG� QXPEHU� RI� ODQG� XVHV�
TXDQWLILHG� IRU� WKH� 0RWXHND� FDWFKPHQW�� 7KH\�
UHSUHVHQW� D� VLPSOLILHG� µVFRUH¶� IRU� HDFK� ODQG�XVH��
:KHQ�DSSOLHG�DW� D� FDWFKPHQW� OHYHO�� WKH\� FDQ�EH�
XVHG� G\QDPLFDOO\� WR� FRPSXWH� RYHUDOO�
HQYLURQPHQWDO� DQG� VRFLR�HFRQRPLF� VFRUHV� WKDW�
DOORZ�IRU�WKH�GHILQLWLRQ�RI�ODQGVFDSH�VFDUFLWLHV�WR�
ZKLFK� DJHQWV� ZLOO� UHVSRQG�� DV� UHSUHVHQWHG� LQ�
)LJXUH� ��� )RU� H[DPSOH�� 1LWURJHQ� OHDFKLQJ��
VHGLPHQW�\LHOGV��DQG�(�FROL�FRQFHQWUDWLRQ�PHWULFV�

3URGXFWLRQ�PHWULF�

6KHHS�
	� EHHI�
SDVWXUH�

'DLU\�
SDVWXUH�

([RWLF�
IRUHVWU\�

1LWURJHQ�OHDFKLQJ��NJ�KD�\U�� ����� ����� �����
6HGLPHQW��W�NP��\U�� ���� ���� ����
0D[��ZDWHU�WDNH��P��KD�ZN�� �� ���� ��
����(�FROL��FIX����PO�KD�� ������ ������ ��
*URVV�PDUJLQ����KD�\U�� ���� ����� ����
��2XWSXW����KD�\U�� ���� ����� ����
(PSOR\PHQW��MREV�����KD�� ���� �� �����
&DUERQ�VLQN�UDWH��W�KD�\U�� �� �� ��
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ZHUH� XVHG� WR� GHILQH� WKH� IUHVKZDWHU� DQG�PDULQH� VFRUHV�� JURVV� PDUJLQV� DQG� HFRQRPLF� RXWSXW� ZHUH� XVHG� WR�
GHILQH� WKH�HFRQRPLF�VFRUH��ZKLOH�HPSOR\PHQW�ZDV�XVHG�DV� WKH�EDVLV�IRU� WKH�VRFLDO�VFRUH�� ,Q�D�VLPLODU�ZD\��
GHILQLQJ�D�FXOWXUDO�SURGXFWLRQ�PHWULF�FRXOG�EH�XVHG�WR�FRPSXWH�D�FDWFKPHQW�VFDOH�FXOWXUDO�VFRUH��RU�µFXOWXUDO�
KHDOWK� LQGH[¶�� 7KLV� FXOWXUDO� PHWULF� FRXOG� DOVR� LQFRUSRUDWH� VSDWLDO� FRQVLGHUDWLRQV� �L�H�� GLVWDQFH� WR� ULYHUV��
QHLJKERXULQJ�SDUFHOV¶�ODQG�XVH��YHJHWDWLRQ�FRUULGRUV��FXOWXUDO�KHDOWK�DV���RI�ULYHU�OHQJWK��HWF����
7KHVH�VFRUHV�DUH�XQGHU�FRQVWDQW�UHYLHZ��DQG�WKH\�ZLOO�EH�GLVFXVVHG�LQ�WKH�SDUWLFLSDWRU\�SURFHVV��:KLOH�WKHUH�LV�
UHOLDEOH�NQRZOHGJH�RQ�VRPH�SURGXFWLRQ�PHWULFV� IRU� VRPH� ODQG�XVHV� LQ� WKH�PRGHOHG� ODQGVFDSH� �L�H�� DYHUDJH�
HFRQRPLF�UHWXUQV�IURP�DJULFXOWXUH��IRUHVWU\�DQG�DTXDFXOWXUH��DQQXDO�QLWURJHQ�DQG�VHGLPHQW�\LHOGV�GLVFKDUJHG�
WR� WKH� 0RWXHND� ULYHU� GXH� WR� GLIIHUHQW� ODQG� XVHV� DQG� WKHLU� JHRJUDSKLFDO� GLIIHUHQFHV�� FDUERQ� VHTXHVWUDWLRQ�
SRWHQWLDO�� GLUHFW� HPSOR\PHQW� JHQHUDWHG� E\� DJULFXOWXUH�� IRUHVWU\� DQG� DTXDFXOWXUH��� LW� LV� GLIILFXOW� WR� EXLOG�
KRPRJHQHRXVO\�WKH�GLUHFW�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�RWKHU�ODQG�XVH�RSWLRQV��DQG�LW�LV�DOVR�GLIILFXOW�WR�
WUDQVODWH�VRPH�PHWULFV�LQWR�D�VSDWLDO�PHWULF��PHWULF�KD����
�

�
)LJXUH����6FRUHV�IRU�VFHQDULRV��/HIW��VKHHS�	�EHHI�SDVWXUH�WR�GDLU\�SDVWXUH�VFRUHV��ULJKW��VKHHS�	�EHHI�SDVWXUH�

WR�IRUHVW�VFRUHV��
����� $JHQWV�

$JHQWV�LQ�(19,6,21�RQO\�LQWHUDFW�ZLWK�HDFK�RWKHU�LQGLUHFWO\��DIIHFWLQJ�HDFK�RWKHU�WKRXJK�WKHLU�DFWLRQV��WKH\�
GR� QRW� FRPPXQLFDWH�ZLWK� HDFK�RWKHU� QRU� VKRZ� OHDUQLQJ� FDSDFLW\� �*X]\� HW� DO� ������� ,W� FDQ� EH� DUJXHG� WKDW�
DJHQWV� LQ� (19,6,21� RIIHU� OLPLWHG� EHKDYLRXUDO� FRPSOH[LW\�� KRZHYHU�� WKH� VRIWZDUH� SURYLGHV� ZLWK� DQ�
H[WUHPHO\�IOH[LEOH�DQG�WUDQVSDUHQW�V\VWHP�WR�GHILQH�YHU\�GHWDLOHG�,'8V��DQG�WKH�HYDOXDWLYH�IUDPHZRUN�XVHG�WR�
µVFRUH¶�ODQG�XVH�RSWLRQV��DV�ZHOO�DV�H[FHOOHQW�YLVXDOLVDWLRQ�FDSDELOLW\���
$JHQWV� LQ�(19,6,21�DUH�FKDUDFWHULVHG�E\� WKH�YDOXHV� WKH\�KROG�RQ� ODQGVFDSH�SURGXFWLRQ�DQG� WKH� ORFDWLRQV�
�,'8V��IRU�ZKLFK�WKH\�KDYH�UHVSRQVLELOLW\�WR�PDNH�SROLF\�VHOHFWLRQ�DQG�LPSOHPHQWDWLRQ��$JHQWV�PDNH�WKHVH�
GHFLVLRQV�XVLQJ�D�FRPELQDWLRQ�RI�WZR�DSSURDFKHV��DOWUXLVWLF�GHFLVLRQ�PDNLQJ��EDVHG�RQ�ODQGVFDSH�IHHGEDFNV�
WKDW�UHIOHFW�ODQGVFDSH�OHYHO�VFDUFLWLHV��DQG�VHOI�LQWHUHVWHG�GHFLVLRQ�PDNLQJ��EDVHG�RQ�DOLJQPHQW�RI�ODQG�FKDQJH�
RSWLRQV�ZLWK� WKHLU�RZQ�YDOXHV�� ,Q�ERWK�DSSURDFKHV��VLPXODWHG�DFWRUV�UHVSRQG�WR�VFDUFLW\�VLJQDOV�VHQW�E\� WKH�
ODQGVFDSH�PHWULFV��DQG�XVH�VLPSOH�KHXULVWLFV�DV�WKH�EDVH�RI�GHFLVLRQ�PDNLQJ��ZKLFK�LV�D�FRPPRQ�DSSURDFK�LQ�
$%0��6FKOXWHU�DQG�3DKO�:ROVW���������)LJXUH���VKRZV�WKH�VLPXODWLRQ�VHWXS�VFUHHQ�IRU� WKH�0RWXHND�$%0�
XVHG�WR�GHILQH�FDWFKPHQW�VFDOH�SULRULWLHV��(DFK�ODQG�XVH�RSWLRQ�KDV�RQH�SURGXFWLRQ�PHWULF�FRUUHVSRQGLQJ�WR�
HDFK� RI� WKH� FDWFKPHQW¶V� RYHUDOO� µPHWDJRDOV¶� �HQYLURQPHQWDO� DQG� VRFLRHFRQRPLF� VFRUHV��� ,I� DFWRUV� DUH�
DOWUXLVWLF��WKH\�ZLOO�UHVSRQG�WR�WKH�FROOHFWLYH�µKHDOWK¶�VLJQDOV��LQ�ZKLFK�FDVH�WKH\�DUH�OLNHO\�WR�PDNH�D�GHFLVLRQ�
WR�PLWLJDWH�SHUFHLYHG�VFDUFLWLHV��
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)LJXUH����6LPXODWLRQ�VHWXS�IRU�WKH�0RWXHND�
$%0��VKRZLQJ�WKH�UHODWLYH�LPSRUWDQFH�RI�

HQYLURQPHQWDO��VRFLRHFRQRPLF�DQG�FXOWXUDO�JRDOV�

�
����� 8VLQJ�(19,6,21�WR�LOOXVWUDWH�$WXD�GRPDLQV�

$� GLIIHUHQW� XVH� RI� WKH� 0RWXHND� $%0� WKDW� ZH� FRXOG�
FRQVLGHU� LV� WKH� YLVXDOLVDWLRQ� RI� HQYLURQPHQWDO� DQG�
VRFLR�HFRQRPLF� WUDGHRIIV� XVLQJ� 0 RUL� FXOWXUDO�
IUDPHZRUNV�VXFK�DV�WKH�$WXD�GRPDLQV��EDVHG�RQ�0 RUL�
GHSDUWPHQWDO� JRGV�� VSLULWXDO� GHLWLHV�� VXSHUQDWXUDO�
EHLQJV�� WKDW� VWUDWLI\� DQG� LQWHJUDWH� HFRV\VWHPV� DQG�
HQYLURQPHQWV��WHUUHVWULDO��FRDVWDO��PDULQH��HWF����<RXQJ��
HW� DO�� ������� GRFXPHQWHG� WKH� FXUUHQW� 0RWXHND� ULYHU�
FXOWXUDO� KHDOWK� LQGH[� WKDW� XVHV� FXOWXUDO� LQGLFDWRUV� WR�
DVVHVV� ULYHU�DQG�VWUHDP�KHDOWK�DFFRUGLQJ� WR� WKHVH�$WXD�
GRPDLQV��,W�LV�WKHQ�SRVVLEOH�WR�DVVXPH�WKDW�WKH�GRPDLQV�
RI� VLJQLILFDQW� JRGV�� 7DQJDURD�� 7DQH� 0DKXWD��
+DXPLHWLNHWLNH�� 5RQJRPDWDQH�� 7 PDWDXHQJD� DQG�
7DZKLULPDWHD� �<RXQJ�� HW� DO� ������ S���� FRXOG� EH�
FKDUDFWHULVHG�� RU� ZHLJKWHG�� DJDLQVW� WKH� HYDOXDWLYH�
IUDPHZRUN�EXLOW� LQ� WKH�0RWXHND�$%0� �)LJXUH�����:H�
FRXOG� WKHQ� GHILQH� DQG� YLVXDOLVH� ODQG�XVH� FKDQJH�
VFHQDULRV�WKDW�EHVW�UHIOHFW�D�SDUWLFXODU�$WXD�GRPDLQ��
��� &21&/86,216�$1'�)8785(�:25.�

:H�SURSRVH� WKDW� WKH�0RWXHND�$%0�FRXOG�EH�DQ�HIIHFWLYH� WRRO� IRU�FURVV�FXOWXUDO��PXOWL�GLVFLSOLQDU\��PXOWL�
VWDNHKROGHU� UHVHDUFK� WR� SURYLGH� LQIRUPDWLRQ� DQG� NQRZOHGJH� WKDW� ZLOO� LPSURYH� WKH� PDQDJHPHQW� RI� ODQG��
IUHVKZDWHU�� DQG� QHDU�FRDVWDO� HQYLURQPHQWV�ZLWK�PXOWLSOH�� LQWHUDFWLQJ�� DQG� SRWHQWLDOO\� FRQIOLFWLQJ� XVHV��:H�
EHOLHYH�WKH�PRGHO�FRXOG�RIIHU�D�ZD\�WR�H[WHQG�WKH�FRQFHSWV�GHYHORSHG�E\�<RXQJ��HW�DO���������LQ�WKH�0RWXHND�
5LYHU�� SRWHQWLDOO\� GHYHORSLQJ� D� µFXOWXUDO� KHDOWK� LQGH[¶� WR� LQFOXGH� ODQGVFDSH� DW� D� FDWFKPHQW� VFDOH�� � 7KH�
0RWXHND�$%0�FDQ�GUDZ�RQ�H[LVWLQJ�ELRSK\VLFDO��VRFLRHFRQRPLF�DQG�SRWHQWLDOO\�FXOWXUDO�LQIRUPDWLRQ�DQG�XVH�
LW� LQ�D�GHFLVLRQ�PDNLQJ�FRQWH[W�E\�GHILQLQJ�DVVXPSWLRQV� WKDW�DUH� WUDQVSDUHQW�DQG� LQWXLWLYH��\HW�PHDQLQJIXO��
7KH�PRGHO� FRXOG� EH� XVHG� DV� D� WRRO� WR� LOOXVWUDWH� GLIIHUHQFHV� LQ� LQGLYLGXDO� SUHIHUHQFHV� WR� FRQVLGHU� ODQG�XVH�
FKDQJHV�DQG�WKH�FROOHFWLYH�UHVXOWV�RI�LQGLYLGXDO�DFWLRQV���
:H�DOVR�SURSRVH� WKDW� WKH�VXJJHVWHG�SDUWLFLSDWRU\�PRGHOOLQJ�SURFHVV�XVLQJ�HQYLVLRQLQJ�WHFKQRORJ\�ZLWK�RXU�
0 RUL� UHVHDUFKHUV� DW� 7LDNLQD� ZRXOG� EH� HIIHFWLYH� WR� HOLFLW� WKH� HPSLULFDO� WUDGLWLRQDO� NQRZOHGJH� QHHGHG� WR�
FDOLEUDWH�WKH�$%0��,I�ZH�DVVXPH�WKLV�WR�EH�FRUUHFW��ZH�FRXOG�VXEVHTXHQWO\�XVH�WKH�VDPH�PHWKRG�WR�H[SORUH�
WKH� GHILQLWLRQ� DQG� FDOLEUDWLRQ� RI� DJHQWV� LQ� WKH�PRGHO�� DQG�ZH� FRXOG� GHILQH� DQG� YLVXDOLVH� ODQG�XVH� FKDQJH�
VFHQDULRV�WKDW�EHVW�UHIOHFW�FXOWXUDO�JRDOV�DQG�DVSLUDWLRQV�IRU�WKH�FDWFKPHQW���
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%RXVTXHW��)���/H�3DJH��&�����������0XOWL�DJHQW�VLPXODWLRQV�DQG�HFRV\VWHP�PDQDJHPHQW��D�UHYLHZ��(FRORJLFDO�

0RGHOLQJ����������±������
%DOO�� -���&DSDQQL��1�� DQG�:DWW��6��� ��������9LUWXDO� UHDOLW\� IRU�PXWXDO�XQGHUVWDQGLQJ� LQ� ODQGVFDSH�SODQQLQJ��

,QWHUQDWLRQDO�-RXUQDO�RI�6RFLDO�6FLHQFHV���������������
&DR��:���%RZGHQ��:�%���'DYLH��7���DQG�)HQHPRU��$��� ��������0RGHOOLQJ� LPSDFWV�RI� ODQG�FRYHU�FKDQJH�RQ�

FULWLFDO�ZDWHU� UHVRXUFHV� LQ� WKH�0RWXHND�5LYHU�&DWFKPHQW��1HZ�=HDODQG��:DWHU�5HVRXUFHV�0DQDJHPHQW��
'2,���������V�����±���±����±���



0RQWHV�GH�2FD�0XQJXLD�HW�DO���7KH�8VH�RI�DQ�$JHQW�%DVHG�0RGHO�WR�5HSUHVHQW�0 RUL�&XOWXUDO�9DOXHV��

&DVWHOOD�� -�&��� 7UXQJ�� 7�1��� DQG� %RLVVDX�� 6��� �������� 3DUWLFLSDWRU\� VLPXODWLRQ� RI� ODQG�XVH� FKDQJHV� LQ� WKH�
QRUWKHUQ�PRXQWDLQV�RI�9LHWQDP�� WKH�FRPELQHG�XVH�RI�DQ�DJHQW�EDVHG�PRGHO��D� UROH�SOD\LQJ�JDPH��DQG�D�
JHRJUDSKLF�LQIRUPDWLRQ�V\VWHP��(FRORJ\�DQG�6RFLHW\�������������

&ROH��$��� ��������0RWXHND�&DWFKPHQW�)XWXUHV�� WUDQVGLVFLSOLQDULW\�� D� ORFDO� VXVWDLQDELOLW\�SUREOpPDWLTXH� DQG�
WKH� $FKLOOHV�KHHO� RI� ZHVWHUQ� VFLHQFH�� 3UHVHQWHG� DW� �WK� $XVWUDODVLDQ� &RQIHUHQFH� RQ� 6RFLDO� DQG�
(QYLURQPHQWDO�$FFRXQWLQJ�5HVHDUFK�:HOOLQJWRQ��1HZ�=HDODQG����±���1RYHPEHU��������

&RVWDQ]D��5��DQG�5XWK��0�����������8VLQJ�G\QDPLF�PRGHOOLQJ�WR�VFRSH�HQYLURQPHQWDO�SUREOHPV�DQG�EXLOGLQJ�
FRQVHQVXV��(QYLURQPHQWDO�0DQDJHPHQW�����������±�����

'\PRQG�� -��� &ROH�� $��� 'DYLH�� 7��� )HQHPRU�� $��� DQG� *LEEV�� 0��� �������� ,'($6� ±� DQ� LQWHJUDWHG� G\QDPLF�
HQYLURQPHQWDO� DVVHVVPHQW� V\VWHP� IRU� FDWFKPHQW� SODQQLQJ�� /DQGFDUH� 5HVHDUFK��
KWWS���LFP�ODQGFDUHUHVHDUFK�FR�Q]�NQRZOHGJHEDVH�SXEOLFDWLRQV�SXEOLF�LGHDVBUHSRUWB�����SGI��

)HQHPRU��$���'HDQV��1���'DYLH��7���$OOHQ��:���'\PRQG��-���.LOYLQJWRQ��0���3KLOOLSV��&���%DVKHU��/���*LOOHVSLH��
3��� <RXQJ�� 5��� 6LQQHU�� -��� +DUPVZRUWK�� *��� $WNLQVRQ�� 0��� DQG� 6PLWK�� 5��� �������� &ROODERUDWLRQ� DQG�
PRGHOOLQJ��WRROV�IRU�LQWHJUDWLRQ�LQ�WKH�0RWXHND�FDWFKPHQW��1HZ�=HDODQG��:DWHU���������±������

*LOEHUW��1�����������$JHQW�EDVHG�PRGHOV��6DJH�3XEOLFDWLRQV��/RQGRQ��
*LPEOHW��5����������0RGHOOLQJ�KXPDQ�ODQGVFDSH�LQWHUDFWLRQV�LQ�VSDWLDOO\�FRPSOH[�VHWWLQJV��:KHUH�DUH�ZH�DQG�

ZKHUH�DUH�ZH�JRLQJ"�,QWHUQDWLRQDO�&RQJUHVV�RQ�0RGHOOLQJ�DQG�6LPXODWLRQ��0HOERXUQH����±���'HF���������
*X]\��0�5���6PLWK��&�/���%ROWH��-�3���+XOVH��'�:���*UHJRU\��6�9�����������3ROLF\�UHVHDUFK�XVLQJ�DJHQW�EDVHG�

PRGHOLQJ� WR� DVVHVV� IXWXUH� LPSDFWV� RI� XUEDQ� H[SDQVLRQ� LQWR� IDUPODQGV� DQG� IRUHVWV��(FRORJ\�DQG�6RFLHW\��
���������

+DUPVZRUWK�� *��� �������� 0 WDXUDQJD� 0 RUL� DQG� FXOWXUDO� LQGLFDWRUV� IRU� ,&0��
KWWS���LFP�ODQGFDUHUHVHDUFK�FR�Q]�DERXW�QHZVOHWWHU���

+HFNEHUW�� 6��� DQG�6PDMJO��$��� ��������$Q�DJHQW�EDVHG�SROLF\� LPSDFW� DVVHVVPHQW� WRRO� IRU� WKH�*UHDW�%DUULHU�
5HHI� 5HJLRQ�� 3UHVHQWHG� DW� ,QWHUQDWLRQDO� &RQJUHVV� RQ� 0RGHOOLQJ� DQG� 6LPXODWLRQ�� 0HOERXUQH�� ��±���
'HFHPEHU�������

-DJHU��:���-DQVVHQ��0�$��'H�9ULHV��+�-�0���'H�*UHHI��-���DQG�9OHN��&�$�-�� ��������%HKDYLRXU� LQ�FRPPRQV�
GLOHPPDV�� +RPR� (FRQRPLFXV� DQG� +RPR� 3V\FKRORJLFXV� LQ� DQ� HFRORJLFDO�HFRQRPLF� PRGHO�� (FRORJLFDO�
(FRQRPLFV����������±�����

-DJHU� :��� DQG� 0RVOHU�� +�-�� �������� 6LPXODWLQJ� KXPDQ� EHKDYLRU� IRU� XQGHUVWDQGLQJ� DQG� PDQDJLQJ�
HQYLURQPHQWDO�GLOHPPDV��-RXUQDO�RI�6RFLDO�,VVXHV�����������±�����

.LOYLQJWRQ�� 0��� DQG� $OOHQ�� :��� �������� (YDOXDWLRQ� RI� WKH� VRFLDO� VSDFHV� RI� WKH� ,QWHJUDWHG� &DWFKPHQW�
0DQDJHPHQW� �,&0�� UHVHDUFK� SURJUDPPH�� /DQGFDUH� 5HVHDUFK� /LQFROQ�� 1=��
KWWS���LFP�ODQGFDUHUHVHDUFK�FR�Q]�NQRZOHGJHEDVH�SXEOLFDWLRQV�SXEOLF�6RFLDOBVSDFHVBUHSRUWB2FW���SGI��

0DWWKHZV�� 5�%��� *LOEHUW�� 1�*��� 5RDFK�� $��� 3ROKLOO�� -�*��� DQG� *RWWV�� 1�0��� �������� $JHQW�EDVHG� ODQG�XVH�
PRGHOV��D�UHYLHZ�RI�DSSOLFDWLRQV��/DQGVFDSH�(FRORJ\����������±������

0LOOHU�� '��� 9RJW�� 1��� 1LMQLN�� 0��� %URQGL]LR�� (��� DQG� )LRULQL�� 6��� �������� ,QWHJUDWLQJ� DQDO\WLFDO� DQG�
SDUWLFLSDWRU\�WHFKQLTXHV�IRU�SODQQLQJ�WKH�VXVWDLQDEOH�XVH�RI�ODQG�UHVRXUFHV�DQG�ODQGVFDSHV��&KDSWHU�����,Q��
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