
/$1'�86(�6&$11(5�$Q�LQWHJUDWHG�*,6�EDVHG�PRGHO�IRU�ORQJ�WHUP�SURMHFWLRQV�RI�ODQG�XVHLQ�XUEDQ�DQG�UXUDO�DUHDV�

6HSWHPEHU����

0DDUWHQ�+LOIHULQN�3LHW�5LHWYHOG�
9ULMH�8QLYHUVLWHLW$PVWHUGDP

$EVWUDFW7KLV� SDSHU� GHVFULEHV� WKH� VWUXFWXUH� RI� WKH� /$1'�86(� 6&$11(5�PRGHO�� D� *,6� EDVHGPRGHO� GHYHORSHG� WR� JHQHUDWH� VSDWLDO� IRUHFDVWV� IRU� YDULRXV� W\SHV� RI� ODQG� XVH� IRU� D� ODUJHQXPEHU�RI�JULGV��7KH�PRGHO�EDVLFDOO\� DOORFDWHV� ODQG� DFFRUGLQJ� WR�ELG�SULFHV� IRU� YDULRXVW\SHV� RI� ODQG� XVH�� 7KH� SRVVLELOLW\� RI� JRYHUQPHQW� LQWHUYHQWLRQ� LQ� ODQG� XVH� LV� WDNHQ� LQWRDFFRXQW� DPRQJ�RWKHUV� E\� DGGLQJ� DJJUHJDWH� FRQVWUDLQWV�� 7KH�PRGHO� LQFOXGHV� DOO� UHOHYDQWODQG� XVH� W\SHV� VXFK� DV� UHVLGHQWLDO�� LQGXVWULDO�� DJULFXOWXUDO�� QDWXUDO� DUHDV� DQG�ZDWHU�� 7KHPRGHO� LV�GULYHQ�E\�VHFWRUDO�PRGHOV�SURYLGLQJ� IRUHFDVWV�RI�DJJUHJDWH� ODQG�XVH� LQ�YDULRXVODQG� XVH� FDWHJRULHV�� $Q� DSSOLFDWLRQ� RI� WKH� ILUVW� YHUVLRQ� RI� WKH� PRGHO� LV� JLYHQ� IRU� WKH1HWKHUODQGV�ZLWK�VRPH���������JULG�FHOOV��)XUWKHU�GHYHORSPHQWV�DQG�UHILQHPHQWV�RI� WKHPRGHO�DUH�SODQQHG�IRU�WKH�QHDU�IXWXUH�
� 0DDUWHQ�+LOIHULQN�LV�PDQDJLQJ�GLUHFWRU�RI�<86(�*62�2EMHFW�9LVLRQ��HPDLO��PKLOIHULQN#WLS�QO� 3LHW�5LHWYHOG�LV�SURIHVVRU�LQ�WUDQVSRUW�HFRQRPLFV�DW�WKH�)UHH�8QLYHUVLW\��$PVWHUGDP�HPDLO��SULHWYHOG#HFRQ�YX�QO



LL

&RQWHQWV
&RQWHQWV��������������������������������������������������������������������������������������������������������������������������������������������������������������� LL
���,QWURGXFWLRQ� �����������������������������������������������������������������������������������������������������������������������������������������������������
���7KH�/$1'�86(�6&$11(5�PRGHO��JHQHUDO�GHVFULSWLRQ� �������������������������������������������������������������������������������*HQHUDO�IHDWXUHV� �������������������������������� �������������������������������� �������������������������������� ��������������������������/DQG�XVH�FDWHJRULHV� �������������������������������� �������������������������������� �������������������������������� �������������������6FHQDULRV �������������������������������� �������������������������������� �������������������������������� ������������������������������� ������5HJLRQDO�FRQVWUDLQWV��GULYLQJ�PRGHOV� �������������������������������� �������������������������������� ��������������������������6XLWDELOLW\�PDSV �������������������������������� �������������������������������� �������������������������������� ����������������������������3ROLF\�PDSV �������������������������������� �������������������������������� �������������������������������� ��������������������������� �
���0RGHO��PDWKHPDWLFDO�IRUPXODWLRQ����������������������������������������������������������������������������������������������������������������������,QWURGXFWLRQ �������������������������������� �������������������������������� �������������������������������� ���������������������������� ������%DODQFLQJ�IDFWRUV� �������������������������������� �������������������������������� �������������������������������� ������������������������([WHQVLRQV�WR�WKH�GRXEO\�FRQVWUDLQHG�ODQG�XVH�PRGHO �������������������������������� ��������������������������� ������6ROYLQJ�WKH�GRXEO\�FRQVWUDLQHG�ODQG�XVH�PRGHO �������������������������������� �������������������������������� �����
���'HWHUPLQDWLRQ�RI�6XLWDELOLW\�PDSV� ��������������������������������������������������������������������������������������������������������������
���&DOLEUDWLRQ�RI�WKH�PRGHO ��������������������������������������������������������������������������������������������������������������������������������
���$SSOLFDWLRQ�RI�WKH�/$1'�86(��6&$11(5�PRGHO �������������������������������������������������������������������������������������������$Q�LPSOHPHQWDWLRQ�LQ�D�*HRJUDSKLF�,QIRUPDWLRQ�6\VWHP��*,6� �������������������������������� ������������������5HVXOWLQJ�PDSV �������������������������������� �������������������������������� �������������������������������� ����������������������0DS����&XUUHQW�UHVLGHQWLDO�ODQG�XVH0DS����6XLWDELOLW\�RI�ODQG�IRU�UHVLGHQWLDO�XVH�0DS����&DOFXODWHG�ODQG�VFDUFLW\�LQGLFDWRUV�JLYHQ� (XURSHDQ�&RRUGLQDWLRQ�0DS����$OORFDWHG�UHVLGHQWLDO�ODQG�XVH
���&RQFOXVLRQV� ���������������������������������������������������������������������������������������������������������������������������������������������������
$FNQRZOHGJHPHQW����������������������������������������������������������������������������������������������������������������������������������������������
5HIHUHQFHV�����������������������������������������������������������������������������������������������������������������������������������������������������������



�

���,QWURGXFWLRQ�
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VHOHFWHG�&3%VFHQDULR
H[RJHQRXVVHFWRU�VSHFLILFUHJLRQDO�PRGHOUHVXOWV

FXUUHQW�ODQG�XVHDQG�DWWULEXWHVSHU�JULGFHO
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'LYLGHG(XURSH ,Q�WKLV�VFHQDULR�SURWHFWLRQLVW�WHQGHQFLHV�LQ�LQGLYLGXDO�(XURSHDQ�FRXQWULHVDUH� VWURQJ�� (FRQRPLF� JURZWK� LV� ORZ�� 7KH� QXPEHU� RI� LQKDELWDQWV� LQ� WKH1HWKHUODQGV� JURZV� WR� ����� PLOOLRQ�� 7KH� FXUUHQW� (XURSHDQ� &RPPRQ$JULFXOWXUH�3ROLF\�LV�FRQWLQXHG�



�

(XURSHDQ�FR�RUGLQDWLRQ 7KH�LQWHJUDWLRQ�RI�LQGLYLGXDO�(XURSHDQ�FRXQWULHV�LV�DFFHOHUDWHG��(FRQRPLFJURZWK�LV�PRGHUDWH�DOWKRXJK�WKH�QXPEHU�RI�LQKDELWDQWV�LV������PLOOLRQ��$XQLILHG� (XURSHDQ� SROLF\� LV� LPSOHPHQWHG� LPSO\LQJ� D� FHUWDLQ� OHYHO� RISURWHFWLRQ�RI�DJULFXOWXUH�LQ�WKH�FRPPRQ�PDUNHW�*OREDOFRPSHWLWLRQ 0DUNHW�IRUFHV�GRPLQDWH�WKH�ZRUOG�HFRQRP\��(FRQRPLF�JURZWK�LV�KLJK�DQGDOWKRXJK� WKH� QXPEHU� RI� LQKDELWDQWV� LV� ����� PLOOLRQ�� WKH� JURZWK� RIUHVLGHQWLDO�DUHDV�LV�KLJKHU�WKDQ�LQ�WKH�(XURSHDQ�FR�RUGLQDWLRQ VFHQDULR�GXHWR�LQFUHDVHG�LQGLYLGXDOLVDWLRQ��7KH�FXUUHQW�&RPPRQ�$JULFXOWXUDO�3ROLF\�LVDEDQGRQHG�DQG�WKH�DJULFXOWXUDO�VHFWRU�PXVW�FRPSHWH�LQ�WKH�ZRUOG�PDUNHW������5HJLRQDO�FRQVWUDLQWV��GULYLQJ�PRGHOV�7KH�/$1'�86(�6&$11(5�PRGHO� LV�GULYHQ�E\�RXWFRPHV�RI�RWKHU� VHFWRU� VSHFLILF�PRGHOVZKLFK�JHQHUDWH�UHVXOWV�DW�D�PXFK�ORZHU�VSDWLDO�GHWDLO��7KH�RXWFRPHV�UHODWH�WR�WKH�\HDU������7KH�SURMHFWLRQV�IRU�XUEDQ�IXQFWLRQV�DQG�DJULFXOWXUDO�ODQG�XVH�KDYH�EHHQ�PDGH�IRU�WKH�YDULRXVVFHQDULRV�PHQWLRQHG� LQ� WKH�SUHFHGLQJ�VHFWLRQ��7KXV��D�FKHFN�KDV� WR�EH�FRQGXFWHG� WR�HQVXUHFRQVLVWHQF\�RI�LQSXWV��VHH�EHORZ�LQ�VHFWLRQ������%HORZ�IROORZV�D�VKRUW�GHVFULSWLRQ�RI�WKH�UHJLRQDO�FRQVWUDLQWV�XVHG�LQ�WKH�PRGHO��VHH�)LJXUH����0RUH�GHWDLOV�FDQ�EH�IRXQG�LQ�6FKRWWHQ�HW�DO���������
PDFUR�GHPRJUDSKLF�DQGHFRQRPLF�GHYHORSPHQWV PDFUR�DJULFXOWXUDOGHYHORSPHQWV

UHJLRQDO�XUEDQGHYHORSPHQWV�53'�
UHJLRQDO�DJULFXOWXUDOPRGHO�6&�'/2�/(,�'/2�

SURMHFWLRQV�IRU�UHVLGHQWLDODQG�LQGXVWULDO�ODQG�XVH�SHU&2523�UHJLRQ

PDFUR�QDWXUDOGHYHORSPHQWV
(+6�PRGHO�5,90�,.&�1�/%/�

DJULFXOWXUDO�SURMHFWLRQV�SHU���DJULFXOWXUDO�UHJLRQV SURMHFWLRQV�IRU�WKHSUHVHUYDWLRQ��DQGGHYHORSPHQW�RI�QDWXUDODUHDV�SHU�SURYLQFH
ODQG�XVH�DOORFDWLRQ�PRGHO�SHU�JULG�5,90�/(,�'/2�*HRGDQ�53'�98�
UHVLGHQWLDO��LQGXVWULDO�DJULFXOWXUDO��DQG�QDWXUDO�ODQGXVH�SHU�JULG�FHOO
PRGHOV�IRU�HQYLURQPHQWDO�QDWXUDO�DQG�ODQGVFDSHDVVHVVPHQW

)LJXUH����'ULYLQJ�DQG�FR�RSHUDWLQJ�PRGHOV3URMHFWLRQV�IRU�XUEDQ�ODQG�XVH�LQ�WHUPV�RI�DPRXQWV�RI�KHFWDUH�UHVLGHQWLDO�DQG�LQGXVWULDO�DUHDKDYH�EHHQ�JHQHUDWHG�E\� WKH�53'��QDWLRQDO�SK\VLFDO�SODQQLQJ�DJHQF\��DW� WKH�&2523� OHYHO�7KH�&2523� UHJLRQV� DUH� SXUHO\� VWDWLVWLFDO� VSDWLDO� XQLWV� VRPHZKHUH� EHWZHHQ� SURYLQFHV� DQGPXQLFLSDOLWLHV�� 7KH\� FRUUHVSRQG� DSSUR[LPDWHO\� ZLWK� ODERXU� PDUNHW� UHJLRQV�� 7KHUH� DUH� ��&2523�UHJLRQV�LQ�WKH�1HWKHUODQGV�3URMHFWLRQV� IRU�DJULFXOWXUDO� ODQG�XVH� LQ� WHUPV�RI�KHFWDUH� IRU�PRVW� W\SHV�RI� FURSV�KDYH�EHHQ



�

PDGH�E\� WKH�/(,�'/2� �DJULFXOWXUDO� HFRQRPLF� LQVWLWXWH�� DQG� WKH�6&�'/2� �6WDULQJ�&HQWUH��7KHVH�SURMHFWLRQV�KDYH�EHHQ�PDGH�DW�WKH�OHYHO�RI�DJULFXOWXUDO�UHJLRQV��7KHUH�DUH����RI�WKHVHUHJLRQV�LQ�WKH�1HWKHUODQGV�)RU� QDWXUDO� DUHDV� UHJLRQDO� FRQVWUDLQWV� DUH� LQFOXGHG� IRU� ��� UHJLRQV�� 7KHVH� FRQVWUDLQWV� DQGWDUJHWV� KDYH� EHHQ� IRUPXODWHG� E\� WKH� 5,90� �WKH� QDWLRQDO� LQVWLWXWH� IRU� KHDOWK� DQG� WKHHQYLURQPHQW���WKH�,.&�1��LQWHJUDO�H[SHUWLVH�FHQWUH�QDWXUH��DQG�WKH�/%/��WKH�LQVWLWXWH�IRU�ODQGGHYHORSPHQW� DQG� DGPLQLVWUDWLRQ� RI� DJULFXOWXUDO� ODQG��� 7KH� FRQVWUDLQWV� LPSO\� WKDW� WKH� WRWDODPRXQW�RI�ODQG�XVHG�E\�QDWXUH�PXVW�EH�DW�OHDVW�WKH�DPRXQW�ZKLFK�LV�VHW�DV�D�PLQLPXP�DPRXQWIRU�HDFK�UHJLRQ������6XLWDELOLW\�PDSV$�VXLWDELOLW\�PDS�LV�JHQHUDWHG�IRU�HDFK�ODQG�XVH�W\SH�WR� LQGLFDWH� WKH�VXLWDELOLW\�RI�HDFK�JULGFHOO�IRU�WKDW�W\SH��7KHVH�VXLWDELOLW\�PDSV�DUH�FDOFXODWHG�E\�FRPELQLQJ�x VRLO�TXDOLW\x WUDQVLWLRQ�FRVWV��JLYHQ�SUHYLRXV�ODQG�XVHx DFFHVVLELOLW\�RI�IDFLOLWLHV�DQG�LQIUDVWUXFWXUHx DPRXQW�RI�VLPLODU�ODQG�XVH�LQ�WKH�QHLJKERXUKRRG�,Q�VHFWLRQ���PRUH�GHWDLOV�DUH�JLYHQ�DERXW�WKH�VXLWDELOLW\�PDSV������3ROLF\�PDSV/DQG�XVH�GHYHORSPHQWV�RFFXU�ZLWKLQ� WKH�ERXQGDULHV�RI�JRYHUQPHQWDO� SODQQLQJ� UHJXODWLRQV�7KHVH�LQFOXGH�x SROLF\�WRZDUGV�EXLOGLQJ�SHUPLWV�IRU�UHVLGHQWLDO�DQG�LQGXVWULDO�ODQG�XVH�x SROLF\�UHJDUGLQJ�WKH�SUHVHUYDWLRQ�DQG�GHYHORSPHQW�RI�QDWXUDO�DUHDV�1RWH�WKDW�WKHVH�UHVWULFWLQJ�SROLF\�IDFWRUV�DUH�JULG�VSHFLILF��$V�ZLOO�EH�H[SODLQHG�LQ�VHFWLRQ���WKH�SROLF\�PDSV�DUH�³VXEWUDFWHG´�RU�³DGGHG´�WR�WDNH�JRYHUQPHQW�SROLFLHV�LQWR�DFFRXQW�
���0RGHO��PDWKHPDWLFDO�IRUPXODWLRQ�
�����,QWURGXFWLRQ$�FRUH�YDULDEOH�RI� WKH�PRGHO� LV� WKH� VXLWDELOLW\�VFM IRU� ODQG�XVH�RI� W\SH� M LQ�JULG�FHOO�F��7KLVVXLWDELOLW\�UHSUHVHQWV�WKH�QHW�EHQHILWV��EHQHILWV�PLQXV�FRVWV��RI�ODQG�XVH�W\SH�M LQ�FHOO�F���7KHKLJKHU�WKH�VXLWDELOLW\�IRU�ODQG�XVH�W\SH�M��WKH�KLJKHU�WKH�SUREDELOLW\�[FM WKDW�WKH�FHOO�ZLOO�EH�XVHGIRU� WKLV� W\SH�� ,Q� WKH� VLPSOHVW� YHUVLRQ� RI� RXU� PRGHO� ZH� XVH� DQ� XQFRQVWUDLQHG� ORJLW� W\SHDSSURDFK�WR�GHWHUPLQH�WKLV�SUREDELOLW\�� �� �[ V VFM FM

FMM
 � �¦H[SH[S 



EE IRU�DOO�F DQG�M ���
7KXV�� ZKHQ�E LV� ]HUR�� DOO� W\SHV� RI� ODQG� XVH� KDYH� WKH� VDPH� SUREDELOLW\�� L�H�� WKH� VXLWDELOLW\IDFWRUV�VFM GR�QRW�SOD\�DQ\�UROH�LQ�GHWHUPLQLQJ�WKHVH�VKDUHV��2Q�WKH�RWKHU�KDQG��ZKHQ�E JRHV�WR
� ,Q�FDVH�VSDWLDO�SROLFLHV�KDYH�EHHQ�IRUPXODWHG��WKH�VXLWDELOLW\�VFRUHV�DUH�DGMXVWHG�E\�VXEWUDFWLQJ�RU�DGGLQJ�VFRUHVIRU�SROLF\�LQWHUYHQWLRQ�EDVHG�RQ�WKH�SROLF\�PDSV��VHFWLRQ�������7KH�UHVXOWLQJ�³DGMXVWHG�VXLWDELOLW\´�YDOXHV�ZLOO��IRUFRQYHQLHQFH��EH�FDOOHG�³VXLWDELOLW\´�



�

LQILQLWH�� WKH�OLPLW�RI�SUREDELOLW\� WKDW� WKH�FDWHJRU\�ZLWK�WKH�KLJKHVW�VXLWDELOLW\ JHWV� WKH�FHOO� LVHTXDO�WR���,Q� WHUPV� RI� H[SHFWHG� YDOXHV�� WKH� H[SHFWHG� YROXPH� RI� ODQG� XVH�/FM IRU� FDWHJRU\� M LQ� FHOO� FHTXDOV� / [ /FM FM F � IRU�DOO�F DQG�M ���ZKHUH�/F GHQRWHV� WKH� WRWDO�YROXPH�RI� ODQG� LQ�FHOO�F��:LWK� HTXDOO\� VL]HG� FHOOV�/F ZRXOG�RIFRXUVH�EH�HTXDO�IRU�DOO�F��8QHTXDOO\�VL]HG�FHOOV�PD\�RFFXU�LQ�WKH�FDVH�RI�FHOOV�ORFDWHG�QHDU�WKHQDWLRQDO�ERUGHU��RU�FHOOV�EHLQJ�SDUWO\�ZDWHU��LI�D�WUDQVIHU�IURP�ZDWHU�WR�QRQ�ZDWHU�ODQG�XVH�LVQRW� DOORZHG��� RU� FRQWDLQ� SUHVHQW� ODQG� XVH� EDVHG� RQ� H[RJHQRXV� GDWD�� VXFK� DV� LQIUDVWUXFWXUHGHYHORSPHQWV�7KH�PRGHO�DV�IRUPXODWHG�KHUH�GRHV�QRW�JXDUDQWHH�WKDW�WKH�DOORFDWLRQ�RI�VSDFH�DFURVV�SRVVLEOHODQG�XVHV�LV�LQ�DFFRUGDQFH�ZLWK�RYHUDOO�GHPDQG�FRQGLWLRQV��7KHUHIRUH��VLGH�FRQVWUDLQWV�KDYH�WREH�LPSRVHG�LQ�RUGHU�WR�HQVXUH�WKDW�DW�WKH�UHOHYDQW�OHYHOV�RI�DJJUHJDWLRQ�WRWDO�GHPDQG�LV�PHW�7KLV�OHDGV�WR�D�UHIRUPXODWLRQ�RI�WKH�PRGHO�DV�D�FRQVWUDLQHG�ORJLW�PRGHO��/HW�'M EH�D�UHVWULFWLRQRQ�WRWDO�GHPDQG�IRU�ODQG�XVH�FDWHJRU\� M�� ,Q�DGGLWLRQ�� OHW�0FM GHQRWH�WKH�H[SHFWHG�DPRXQW�RIODQG�LQ�FHOO�F WKDW�ZLOO�EH�XVHG�IRU�FDWHJRU\�M WDNLQJ�LQWR�DFFRXQW�WKH�VLGH�FRQVWUDLQWV��:H�WKHQDUULYH�DW�D�GRXEO\�FRQVWUDLQHG�PRGHO�0 D E VFM M F FM � � �H[SE IRU�WKH�FRQVWUDLQHG�M DQG�DOO�F ���ZKHUH�DM DQG�EF DUH�EDODQFLQJ�IDFWRUV�VXFK�WKDW�WKH�IROORZLQJ�FRQVWUDLQWV�DUH�VDWLVILHG�0 'FM MF  ¦ IRU�WKH�FRQVWUDLQHG�M ���
0 /FM FM  ¦ IRU�DOO�F ���

(TXDWLRQ���JXDUDQWHHV�WKDW�WKH�H[SHFWHG�DPRXQW�RI�ODQG�DOORFDWHG�IRU�ODQG�XVH�W\SH�M HTXDOVWKH�LPSRVHG�DPRXQW�'M��,Q�DGGLWLRQ��HTXDWLRQ���LPSOLHV�WKDW�WKH�VXP�RI�WKH�H[SHFWHG�YROXPHVRI�WKH�YDULRXV�ODQG�XVH�W\SHV�SHU�FHOO�LV�HTXDO�WR�WKH�WRWDO�DUHD�RI�HDFK�FHOO�(TXDWLRQV�����DQG�����REYLRXVO\�PHDQ�WKDW�VXSSO\�RI�DQG�GHPDQG�IRU�ODQG�XVH�DUH�IL[HG��WKH\DUH� LQHODVWLF� LQ� WHUPV� RI� SULFHV�� $� UHOD[DWLRQ� RI� WKLV� ]HUR� HODVWLFLW\� LV� FDOOHG� IRU� LQ� D� QH[WYHUVLRQ� RI� WKH� PRGHO�� 7KLV� ZRXOG� LPSO\� WKDW� IHHG�EDFN� LV� FUHDWHG� IURP� WKH� /$1'� 86(6&$11(5 WR�WKH�VHFWRUDO�PRGHOV�:H� XVH� WKH� H[SUHVVLRQ� �IRU� WKH� FRQVWUDLQHG� M�� ZKHQ� DQ� DJJUHJDWH� FRQVWUDLQW KDV� EHHQIRUPXODWHG�IRU�WKH�SDUWLFXODU�ODQG�XVH�W\SH�M��,W�LV�FOHDU�WKDW�WKH�FRQVWUDLQWV�PD\�LPSO\�WKDW�QRIHDVLEOH�VROXWLRQ�H[VLVWV��7KLV�FDQ�EH�FKHFNHG�E\�VHHNLQJ�IRU�D�VWDUWLQJ�VROXWLRQ�RI�WKH�V\VWHPLQ� D� OLQHDU� SURJUDPPLQJ� FRQWH[W�� :KHQ� QR� IHDVLEOH� VROXWLRQ� LV� IRXQG�� WKH� DJJUHJDWHFRQVWUDLQWV�KDYH�WR�EH�UHFRQVLGHUHG�EHIRUH�WKH�PRGHO�FDQ�EH�XVHG��)RU�WKRVH�ODQG�XVH�W\SHV�MIRU�ZKLFK�QR DJJUHJDWH�FRQVWUDLQW DSSOLHV�ZH�DUULYH�DW�0 E VFM F FM � �H[SE IRU�XQFRQVWUDLQHG�M DQG�DOO�F��
�XQGHU�FRQVWUDLQW� ����VR� WKDW�ZH�PD\�FRQFOXGH� WKDW� LQ� WKLV�FDVH� D M KDV�EHHQ�VHW�HTXDO� WR���1RWH�WKDW�LQ�WKH�H[WUHPH�FDVH�WKDW�QRQH�RI�WKH�ODQG�XVH�W\SHV�KDV�DQ\�DJJUHJDWH�FRQVWUDLQWV�ZH�KDYH� 0 /FM FM IRU�DOO�F DQG�M��DQG� � �E / VF F
FMM

 �¦H[S 

 E IRU�DOO�F



�

�����%DODQFLQJ�IDFWRUV�7KH� DERYH� UHIRUPXODWLRQ� DV� D� GRXEO\� FRQVWUDLQHG� ODQG� XVH�PRGHO� LV� KHOSIXO� IRU� DQ� XQGHU�VWDQGLQJ�RI�WKH�VWUXFWXUH�RI�WKH�PRGHO��7KH�VWUXFWXUH�RI�WKH�PRGHO�LV�TXLWH�VLPLODU�WR�GRXEO\FRQVWUDLQHG� VSDWLDO� LQWHUDFWLRQ� PRGHOV� XVHG� LQ� WUDQVSRUWDWLRQ� UHVHDUFK� �VHH� IRU� H[DPSOH)RWKHULQJKDP�DQG�2
.HOO\���������:H�QRZ�WXUQ�WR�WKH�LQWHUSUHWDWLRQ�RI�WKH�EDODQFLQJ�IDFWRUV�)URP�HTXDWLRQV���������LW�IROORZV�WKDW�� �E /D VF F
M FMM

 � �¦ H[S E IRU�DOO�F ��D�
� �D 'E VM M

F FMF
 � �¦ H[S E IRU�WKH�FRQVWUDLQHG�M ��E�

D M  �� IRU�WKH�RWKHU�M ��F�� �E VF FMF � �¦ H[S E FDQ�EH� LQWHUSUHWHG� DV� WKH� DJJUHJDWH� VXLWDELOLW\�RI� ODQG� IRU� ODQG�XVH� W\SH� M�ZKHQ�WKH�VXLWDELOLW\�RI�ODQG�XVH�W\SH�M ZRXOG�EH�ORZ�LQ�WHUPV�RI�VFM��WKH�YDOXH�RI�WKH�GHQRPLQD�WRU� LQ� ��E�� LV� ORZ� DV� ZHOO�� 7KH� EDODQFLQJ� IDFWRU� D M LV� KLJK� ZKHQ� D� KLJK� FRQVWUDLQW�'M LVFRPELQHG�ZLWK�D�ORZ�DJJUHJDWH�VXLWDELOLW\�,Q�D�VLPLODU�ZD\� � �D VM FMM � �¦ H[S E LQ���D��FDQ�EH�LQWHUSUHWHG�DV�D�PHDVXUH�RI�GHPDQG�IRU�ODQGXVH�LQ�FHOO�F��$�KLJK�YDOXH�RI�WKLV�H[SUHVVLRQ�PHDQV�WKDW�WKH�GHPDQG�IRU�WKH�ODQG�LQ�FHOO�F IRUWKH�YDULRXV�ODQG�XVH�W\SHV��WDNLQJ�LQWR�DFFRXQW�WKH�XUJHQF\�RI�WKH�ODQG�XVH�W\SHV�DV�UHSUHVHQ�WHG� E\� D M �� LV� UHODWLYHO\� KLJK�� ,W� OHDGV� WR� D� ORZ� YDOXH� RI� WKH� EDODQFLQJ� IDFWRU� EF�� DQG� WKXVHQVXUHV�WKDW�LQ�HTXDWLRQ�����WKH�WRWDO�DPRXQW�RI�ODQG�ILQDOO\�DOORFDWHG�LQ�FHOO�F GRHV�QRW�H[FHHGWKH�VXSSO\�RI�DYDLODEOH�ODQG�/F�7KXV��WKH�VROXWLRQ�RI�WKH�GRXEO\�FRQVWUDLQHG�PRGHO�\LHOGV�DV�D�VLGH�SURGXFW�WKH�VKDGRZ�SULFHVRI�ODQG�LQ�WKH�FHOOV�$QRWKHU�ZD\�WR�LQWHUSUHW�WKH�EDODQFLQJ�IDFWRUV�LV�WR�UHZULWH�HTXDWLRQ�����DV�> @� �0 V D EFM FM M F � � � � �� �H[S ORJ� � ORJ� �E E E� �
IRU�WKH�FRQVWUDLQHG�M DQG�DOO�F ��

�

$�ODUJH�YDOXH�RI� D M LPSOLHV�D�VWURQJ�SUHVVXUH�RQ�ODQG�XVH�W\SH� M�� ,W�FDQ�EH�LQWHUSUHWHG�DV�DVXEVLG\�WR� WKLV� W\SH�RI� ODQG�XVH�� WKH�VXEVLG\�LV�JLYHQ�WR�HQVXUH�WKDW� WKH�DJJUHJDWH� WDUJHW� IRUODQG�XVH�W\SH�M LV�DFKLHYHG��7KH�UHYHUVH�FDVH�LV�D�VPDOO�YDOXH�IRU� D M ��WKLV�FDQ�EH�LQWHUSUHWHG�DVD�WD[�RQ�WKLV�ODQG�XVH�W\SH�WR�SUHYHQW�WKDW�H[FHVV�RI�WKH�UHODWHG�WDUJHW��1RWH�WKDW�WKH�FDVH�LQEHWZHHQ�RFFXUV�ZKHQ�D M HTXDOV����LPSO\LQJ�ORJ�D M � ��,Q�RUGHU�WR�FODULI\�WKH�UROH�RI�WKH�EDODQFLQJ�IDFWRUV��ZH�SHUIRUP�WKH�IROORZLQJ�WUDQVIRUPDWLRQRQ� ��

���'HILQH� ODQG�XVH�SULFH�SF LQ�FHOO�F DV� �� ���E��ORJ�EF�� DQG�SULFH�OM IRU� FRQVWUDLQW� M DV����E��ORJ�D M ���QRZ�0FM FDQ�EH�FRQVLGHUHG�DV�D�GHPDQG�IXQFWLRQ�RI�ODQG�XVH�SULFH�SF�0FM��SF �� �H[S��E ��VFM ��OM ��SF � ��


�
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7KLV�IRUPXODWLRQ�DOVR�VKHGV�OLJKW�RQ�WKH�EF IDFWRU��$�KLJK�YDOXH�RI�EF PHDQV�WKDW�XVH�RI�FHOO�FLV�GLVFRXUDJHG��,W�FDQ�WKHUHIRUH�EH�LQWHUSUHWHG�DV�DQ�LQGLFDWRU�RI�GHPDQG�VXSSO\�FRQGLWLRQV�LQHDFK�FHOO�$Q� LQFUHDVH� LQ� WKH� DJJUHJDWH� GHPDQG� RI� FDWHJRU\� M ZLOO� OHDG� WR� D� VKLIW� LQ� ODQG� XVH� LQ� WKHIROORZLQJ�ZD\��7KH�KLJKHU�YDOXH�RI�'M ZLOO�OHDG�WR�D�KLJKHU�EDODQFLQJ�IDFWRU� D M ��ZKLFK�ZLOOOHDG�WR�D�FRUUHVSRQGLQJ�LQFUHDVH�LQ�WKH�H[SHFWHG�ODQG�XVH�LQ�WKH�YDULRXV�JULGV�GHSHQGLQJ�RQWKH�UHODWLYH�VXLWDELOLW\�RI�WKH�JULGV�IRU�WKH�YDULRXV�W\SHV�RI�ODQG�XVH������([WHQVLRQV�WR�WKH�GRXEO\�FRQVWUDLQHG�ODQG�XVH�PRGHO,Q�UHDOLW\�WKH�PRGHO�LV�PRUH�FRPSOH[�WKDQ�SUHVHQWHG�KHUH�2QH�FRPSOLFDWLRQ�LV�WKDW�WKH�FRQVWUDLQWV�DUH�QRW�DOZD\V�LQ�WHUPV�RI�HTXDOLWLHV��EXW�LQ�WHUPV�RILQHTXDOLWLHV��&RQVLGHU�WKH�FRQVWUDLQW�WKDW�0 'FM MF t¦ ��
�
7KHQ�LQ�WKH�FDVH�ZKHQ�WKH�FRQVWUDLQW�LV�QRW�ELQGLQJ��ZH�KDYH� D M  ���DQG�ZKHQ�WKH�FRQVWUDLQWLV�ELQGLQJ�ZH�KDYH�D M DV�GHILQHG�LQ���E���7KXV��LQ�WKLV�FDVH�ZH�DUULYH�DW�

� �D 'E VM M
F FMF

 � �
­®°°̄

½¾°¿°¦PD[ � H[S� E IRU�DOO�ORZHU�ERXQGHG�M ���
,Q�WKH�FDVH�RI�DQ�d FRQVWUDLQW�ZH�DUULYH�DW�

� �D 'E VM M
F FMF

 � �
­®°°̄

½¾°¿°¦PLQ � H[S� E IRU�DOO�XSSHU�ERXQGHG�M ���
$QRWKHU�FRPSOLFDWLRQ� LV� WKDW� WKH�DJJUHJDWH�FRQVWUDLQWV�QRW�RQO\� IXQFWLRQ�DW� WKH� OHYHO� RI� WKHFRXQWU\�� EXW� DOVR� DW� YDULRXV� UHJLRQDO� OHYHOV�� 7KLV� PHDQV� IRU� H[DPSOH� WKDW� SRSXODWLRQSUHGLFWLRQV� KDYH� EHHQ�PDGH� IRU� ODERXU�PDUNHW� UHJLRQV�� RU� WKDW� DJULFXOWXUDO� SURGXFWLRQ� KDVEHHQ� SUHGLFWHG� DW� WKH� OHYHO� RI� DJULFXOWXUDO� DUHDV�� 7KLV� OHDGV� WR� DQ� H[WHQGHG� YHUVLRQ� RI� WKHPRGHO�ZKHUH�WKH�EDODQFLQJ�IDFWRU� D M EHFRPHV�VSHFLILF�IRU�HDFK�UHJLRQ�IRU�ZKLFK�D�FRQVWUDLQWKDV�EHHQ�IRUPXODWHG��$V�VKRZQ�LQ�)LJXUH���RQH�PD\�HDVLO\�DUULYH�DW�LQFRQVLVWHQFLHV��,Q�WKLVH[DPSOH�LQ�UHJLRQ����WKH�FODLP�IRU�ODQG�XVH�W\SH�$�LV����KHFWDUH�DQG�LQ�UHJLRQ���WKH�FODLP�IRUODQG�XVH�W\SH�%�LV�DOVR����KHFWDUH��:H�REYLRXVO\�KDYH�D�FRQIOLFW�ZKHQ�WKH�WRWDO�DUHD�RI�ERWKUHJLRQV� LV� RQO\� ���� KHFWDUH��$V�PHQWLRQHG� DERYH� �VHFWLRQ� ����� WKH� H[LVWHQFH� RI� D� IHDVLEOHVROXWLRQ�FDQ�EH�FKHFNHG�E\�PHDQV�RI�OLQHDU�SURJUDPPLQJ�
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)LJXUH����&RQIOLFWLQJ�ODQG�XVH�FODLPV,W� LV� LQ�SULQFLSOH� DOVR�SRVVLEOH� WR� IRUPXODWH� FRQVWUDLQWV� DW� WKH� OHYHO� RI� LQGLYLGXDO� JULGV�� )RUH[DPSOH��E\� LQGLFDWLQJ� WKDW� LQ�FHUWDLQ�JULGV�SDUWLFXODU� W\SHV�RI� ODQG�XVH�DUH�EDQQHG��RU� WKDWRWKHU�W\SHV�RI�ODQG�XVH�VKRXOG�EH�SUHVHQW�IRU�DW�OHDVW�D�JLYHQ�SHUFHQWDJH�RI�[���&RQFHSWXDOO\�WKHUH� LV� QR� SUREOHP� LQ� GHDOLQJ�ZLWK� WKLV� W\SH� RI� FRQVWUDLQWV��&RPSXWDWLRQDOO\�� LW�PHDQV� RIFRXUVH� WKDW� WKH� WRWDO� QXPEHU� RI� HQGRJHQRXV� YDULDEOHV� LQFUHDVHV� VXEVWDQWLDOO\�� :KHQFRQVWUDLQWV�DUH�IRUPXODWHG�RQO\�DW�WKH�QDWLRQDO�OHYHO��WKHUH�DUH�RQO\���� D M YDULDEOHV��EXW�ZKHQWKH�FRQVWUDLQWV�DUH�IRUPXODWHG�DW�WKH�OHYHO�RI�PDQ\�VPDOO�UHJLRQV�RU�HYHQ�LQGLYLGXDO�FHOOV��WKHQXPEHU�LQFUHDVHV�VXEVWDQWLDOO\��5HPHPEHU�WKDW���������FHOOV�DUH�FRYHUHG�LQ�WKH�PRGHO������6ROYLQJ�WKH�GRXEO\�FRQVWUDLQHG�ODQG�XVH�PRGHO6ROXWLRQ�RI�WKH�PRGHO�LV�GRQH�LQ�DQ�LWHUDWLYH�ZD\��,Q�WKH�FDVH�RI�HTXDOLW\�FRQVWUDLQWV��LW�RQO\ERLOV�GRZQ�WR�ILQGLQJ�WKH�YDOXHV�RI�D M DQG�EF LQ�HTXDWLRQV���D�F��%HJLQQLQJ�ZLWK�DUELWUDU\�YDOXHV�IRU� WKH� D M ��RQH�FDQ�FRPSXWH�WKH�UHVXOWLQJ�YDOXHV� IRU�EF E\PHDQV�RI���D���7KHQ�WKHVH�EF YDOXHV�DUH�IHG�LQWR�HTXDWLRQ���E��OHDGLQJ�WR�UHYLVHG�YDOXHV�IRUD M �,Q� WKH� FDVH� ZKHUH� VRPH� RI� WKH� FRQVWUDLQWV� DUH� LQ� WHUPV� RI� LQHTXDOLWLHV�� RQH� VKRXOG� XVHHTXDWLRQV�����DQG�����LQVWHDG�RI���E���2QFH�WKHVH�IDFWRUV�KDYH�EHHQ�GHWHUPLQHG��WKH�LPSOLHGODQG�XVH�SDWWHUQ�FDQ�HDVLO\�EH�IRXQG�E\�PHDQV�RI�HTXDWLRQ�����,Q�RUGHU�WR�FRPSXWH�D�VROXWLRQ�IRU�WKH�PRGHO��HTXDWLRQ���D��LV�XVHG�WR�VXEVWLWXWH�EF LQ�HTXDWLRQ����VR�DV�WR�LQFRUSRUDWH�WKH�ODQG�VXSSO\�UHVWULFWLRQ�JLYHQ�E\�����LQWR�WKH�FDOFXODWLRQ�RI�0FM�� �� �0 / D VD VFM F M FM
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 H[S� �¦ E LV�VXEVWLWXWHG�E\�7F DQG� 0FMF¦ LV�VXEVWLWXWHG�E\�0M�
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&KHFN�UHJLRQDO�FODLPFRPSOLDQFH�' 0M M  6WRS�LI�VXIILFLHQWO\�FORVH�
)LJXUH����6ROYLQJ�WKH�GRXEO\�FRQVWUDLQHG�ODQG�XVH�PRGHO7KH� DOJRULWKP� OHDGV� WR� D� UDSLG� FRQYHUJHQFH� SURFHVV�� &RQYHUJHQFH� LV� PHDVXUHG� E\� WKH� ILWEHWZHHQ�SURMHFWHG�ODQG�XVH�'M�DQG�DOORFDWHG�ODQG�XVH�$M��$IWHU�DERXW����LWHUDWLRQV�WKH�FKDQJHVLQ�WKH�EDODQFLQJ�IDFWRUV�EHFRPH�H[WUHPHO\�VPDOO��,W�WDNHV�D�SHUVRQDO�FRPSXWHU�ZLWK�D�3HQWLXPSURFHVVRU�����0E��DERXW�WKUHH�PLQXWHV�WR�\LHOG�D�FRQYHUJHG�VROXWLRQ��7KLV�PDNHV�WKH�PRGHO�DIULHQGO\�WRRO�LQ�DQ�LQWHUDFWLYH�SROLF\�SUHSDUDWLRQ�SURFHVV�
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)LJXUH����*RRGQHVV�RI�)LW�DV�D�IXQFWLRQ�RI�WKH�QXPEHU�RI�LWHUDWLRQV
���'HWHUPLQDWLRQ�RI�6XLWDELOLW\�PDSV�
7KH� VWDUWLQJ� YDOXHV� RI� VFM IRU� WKH� YDULRXV� ODQG� XVH� W\SHV� KDYH� EHHQ� DSSUR[LPDWHG� LQ� WKHIROORZLQJ�ZD\��)RU�DOO�ODQG�XVH�FDWHJRULHV�WKH�VXLWDELOLW\�LV�PHDVXUHG�DW�D�VFDOH�IURP�����WR���)RU�UHVLGHQWLDO�ODQG�XVH�RXU�SRLQW�RI�GHSDUWXUH�LV�WKDW�FXUUHQW�XVH�IRU�UHVLGHQWLDO�SXUSRVHV�LQ����� ZLOO� UHPDLQ� UHVLGHQWLDO� LQ� ������ 7KLV� PHDQV� WKDW� H[LVWLQJ� UHVLGHQWLDO� ODQG� XVH� LVH[RJHQRXVO\�IL[HG�)RU� WKH� FRPLQJ� GHFDGH� D� QXPEHU� RI� ORFDWLRQV� KDYH� DOUHDG\� EHHQ� LQGLFDWHG� ZKHUH� ODUJHFRQVWUXFWLRQ�SURMHFWV�ZLOO�WDNH�SODFH��9,1(;�ORFDWLRQV���7KHVH�ORFDWLRQV�UHFHLYH�D�PD[LPXPVFRUH�RI����� ,Q� DGGLWLRQ�� D�QXPEHU�RI� VRPHZKDW� VRIWHU� LQGLFDWLRQV� �VHDUFK�GLUHFWLRQV�� KDYHEHHQ�IRUP ��,Q�DGGLWLRQ�WRWKHVH�LQSX PHQWV�DUH�DOVRLQFOXGHG�DWWUDFWLYHQDFFHVVLELOEHHQ�EDVHDFFRXQW� DV\VWHP��HW,QGXVWULDOUHPDLQ�XQ6XLWDELOLW\QHWZRUNV�)RU� WKH� YSDUWO\�RQ�ODQG� XVH�LQHUWLD��,Q

3URJUHVV�RI�JRRGQHVV�RI�ILW*2)����

��� 1XPEHU�RI�LWHUDWLRQV����������������������������� �������������������������������������������������

'LYLGHG�(XURSH(XURSHDQ�&RRUGLQDWLRQ*OREDO�&RPSHWLWLRQ
XODWHG�LQ�WKH�SROLF\�GRFXPHQWV��7KHVH�ORFDWLRQV�UHFHLYH�D�VFRUH�RI��WV�IURP�QDWLRQDO�SROLF\�FRQVLGHUDWLRQV��PRUH�PDUNHW�RULHQWHG�GHYHORS
LQ� WKH� VXLWDELOLW\� LQGLFHV�� 7KHVH� PDUNHW� RULHQWHG� GHYHORSPHQWV� UHIHU� WR� KLJKHUHVV�RI�JULG�FHOOV�ZKHQ�WKH\�DUH�QHDU�WR�H[LVWLQJ�XUEDQ�DUHDV��RSHUDWLRQDOLVHG�YLD�DQLW\�LQGLFDWRU��DQG�QHDU�UDLOZD\�VWDWLRQV��7KH�ZHLJKWV�DWWDFKHG�WR�WKHVH�IDFWRUV�KDYHG�RQ�LQWHUDFWLYH�SURFHGXUHV�ZLWK�H[SHUWV��2WKHU�IDFWRUV�PD\�EH�DGGHG�WR�WDNH�LQWRWWUDFWLYHQHVV� RI� WKH� QDWXUDO� HQYLURQPHQW�� DFFHVVLELOLW\� RI� WKH� QDWLRQDO� H[SUHVVZD\F�� ODQG� XVH� LV� WUHDWHG� LQ� D� VLPLODU� ZD\�� SUHVHQW� LQGXVWULDO� XVH� LV� DJDLQ� DVVXPHG� WRFKDQJHG��$UHDV�ZLWK�D�ILUP�SK\VLFDO�SODQQLQJ�DVVLJQPHQW�UHFHLYH�D�VFRUH�RI�����HWF��IXUWKHU�GHSHQGV�RQ�WKH�DFFHVVLELOLW\�RI�H[LVWLQJ�ZRUN�ORFDWLRQV�DQG�LQIUDVWUXFWXUH�7KH�ZHLJKWV�KDYH�DJDLQ�EHHQ�GHWHUPLQHG�E\�H[SHUWV�DULRXV� DJULFXOWXUDO� W\SHV� RI� ODQG� XVH�ZH� DVVXPH� WKDW� VXLWDELOLW\� RI� JULGV� GHSHQGVWKH�H[LVWLQJ�OHYHOV�RI�WKHVH�ODQG�XVH�W\SHV�LQ�WKH�JULGV��7KLV�LQGLFDWHV�WKDW�FKDQJHV�LQLPSO\� FHUWDLQ� FRVWV��$V� D� UHVXOW� RI� WKHVH� FRVWV�ZH�ZLOO� REVHUYH� D� FHUWDLQ� OHYHO� RI�DGGLWLRQ�WR�WKLV�FRPSRQHQW��WKH�VXLWDELOLW\�LQGLFHV�GHSHQG�RQ�GHWDLOHG�DJURQRPLFDO
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LQIRUPDWLRQ�DERXW�WKH�SURGXFWLYLW\�RI�WKH�JULGV�IRU�WKH�YDULRXV�W\SHV�RI�DJULFXOWXUDO�ODQG�XVH�(IIHFWV�RI�QHLJKERXULQJ�]RQHV�RQ�WKH�VXLWDELOLW\�DUH�LPSOHPHQWHG�E\�XVLQJ�D�SRWHQWLDO�IXQFWLRQZLWK� D� SDUDPHWHULVHG� UDQJH� DQG� GHFD\��7KH� VXLWDELOLW\� IRU� UHVLGHQWLDO� XVH� LV� DVVXPHG� WR� EHPXFK�KLJKHU�LQ�WKH�QHLJKERXUKRRG�RI�RWKHU�UHVLGHQWLDO�DUHDV��ZRUNLQJ�ORFDWLRQV��HWF��6LPLODUVSDWLDO� GHSHQGHQFLHV� DUH� LPSOHPHQWHG� IRU� WKH� GHWHUPLQDWLRQ� RI� VXLWDELOLW\� IRU� ZRUNLQJLQGXVWULDO� DQG� DJULFXOWXUDO� ODQG� XVH��2WKHU� VSDWLDO� IDFWRUV� VXFK� DV� GLVWDQFHV� WR� WKH�PDUNHWV�DYDLODELOLW\�RI�VHUYLFHV�KDYH�QRW�EHHQ�FRQVLGHUHG�WKXV�IDU�6XLWDELOLW\�RI�ODQG�XVH�IRU�QDWXUH�DQG�ZRRGV�LV�EDVHG�RQ�D�UDQJH�RI�SROLF\�GRFXPHQWV�LQ�WKLVILHOG�ZKHUH�DUHDV�RI�KLJK�QDWXUDO�TXDOLW\�KDYH�EHHQ�LQGLFDWHG�7KH�RWKHU�ODQG�XVH�W\SHV��YDULRXV�W\SHV�RI�LQIUDVWUXFWXUH�DQG�ZDWHU��KDYH�EHHQ�NHSW�H[RJHQRXVLQ�WKH�PRGHO�WKXV�IDU��7KHVH�W\SHV�RI�ODQG�XVH�DUH�HLWKHU�DVVXPHG�WR�EH�FRQVWDQW�LQ�WLPH��RUWKH\�DUH�SOXJJHG�LQWR�WKH�PRGHO�DV�H[RJHQRXV�FKDQJHV��IRU�H[DPSOH�WKH�FRQVWUXFWLRQ�RI�D�QHZKLJK�VSHHG�UDLOZD\�OLQH��RU�D�QHZ�DLUSRUW��
���&DOLEUDWLRQ�RI�WKH�PRGHO
7KH�/$1'�86(�6&$11(5�PRGHO� DV� LW� LV� XVHG� KHUH� \LHOGV� SURMHFWLRQV� RQ� ODQG� XVH� LQ� DIXWXUH�\HDU���������JLYHQ�WKH�ODQG�XVH�LQ�WKH�EDVH�\HDU���������WDNLQJ�LQWR�DFFRXQW�DJJUHJDWHFRQVWUDLQWV�DQG�VXLWDELOLW\�RI�JULG�FHOOV��,Q�RUGHU�WR�FDOLEUDWH�WKLV�PRGHO�ZH�VKRXOG�DSSO\�LW�WRDQ�HDUOLHU�EDVH�\HDU��VD\��������DQG�ILQG�WKH�FRPELQDWLRQ�RI�VXLWDELOLW\�LQGLFHV�DQG�E SDUDPH�WHU�WKDW�\LHOG�WKH�EHVW�SUHGLFWLRQ�IRU� WKH�DFWXDOO\�REVHUYHG�ODQG�XVH�$FM LQ� WKH�\HDU�������2IFRXUVH��LW�ZLOO�QRW�EH�SRVVLEOH�WR�FDOLEUDWH�WKH�VXLWDELOLW\�LQGLFHV�WKHPVHOYHV��EHFDXVH�WKHUH�DUHD�JUHDW�PDQ\�RI�WKHP����������WLPHV������:KDW�KDV�WR�EH�GRQH�LV�WR�ILQG�WKH�SDUDPHWHUV�WKDWOLQN�H[SODQDWRU\�IDFWRUV�WR�VXLWDELOLW\�LQGLFHV��)RU�H[DPSOH��VXLWDELOLW\�IRU�UHVLGHQWLDO�ODQG�XVHGHSHQGV� RQ� IDFWRUV� VXFK� DV� WKH� DFFHVVLELOLW\� RI� XUEDQ� DUHDV�� SUHVHQFH� RI� QDWXUDO� DUHDV�� HWF�2QFH�WKHVH�SDUDPHWHUV�KDYH�EHHQ�HVWLPDWHG�RQH�FDQ�HDVLO\�GHWHUPLQH�VXLWDELOLW\�PDSV�IRU�HDFKW\SH�RI�ODQG�XVH��VHFWLRQ������E\�ZHLJKWHG�VXPPDWLRQ�RI�XQGHUO\LQJ�PDSV�,Q�RUGHU�WR�FDOLEUDWH�WKH�PRGHO�WKH�IROORZLQJ�VWHSV�DUH�XVHG��VHH�ILJXUH����

6HOHFW�D�UDQGRP �YDOXHIURP �D�JLYHQ�UDQJH�IRUHDFK�FDOLEUDWLRQSDUDPHWHU
&DOFXODWH�0FM XVLQJ�WKHDOJRULWKP �RI�ILJXUH���

6WRUH�SDUDPHWHU�YDOXHV�LIOLNHOLKRRG�LV�EHWWHU�WKDQZLWK �DQ\�SUHYLRXVSDUDPHWHU�VHW�
6WRS�ZKHQ�RXW�RI�WLPH�

&DOFXODWH�OLNHOLKRRG�RIUHDOL]DWLRQ �JLYHQ�WKH�PRGHOSUHGLFWLRQ�/ $ 0 /FM FM FFM� ORJ � §©̈ ·¹̧¦

6WDUW�FDOLEUDWLRQ

)LJXUH����&DOLEUDWLRQ�RI�ODQG�XVH�PRGHO0RUH�HIIHFWLYH�SURFHGXUHV�FDQ�EH�GHULYHG�IURP�WKLV� WHPSODWH�E\� LPSURYLQJ� WKH�VHOHFWLRQ�RI
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SDUDPHWHU�YDOXHV�XVLQJ�WKH�UHVXOWV�IURP�SUHYLRXV�LWHUDWLRQV��DOWKRXJK�WKH�RSWLPLVDWLRQ�SURFHVVFDQ�EHFRPH�PRUH�VHQVLWLYH�IRU�EHLQJ�FDXJKW�LQ�D�ORFDO�RSWLPXP�8QIRUWXQDWHO\��GDWD�RQ�SDVW� ODQG�XVH� IRU� WKH�JLYHQ� ODQG�XVH�FDWHJRULHV�DW� WKH�JLYHQ� OHYHO�RIVSDWLDO�GHWDLO� DUH�QRW� \HW� DYDLODEOH��7KHUHIRUH�� IXOO� FDOLEUDWLRQ�RI� WKH�PRGHO�PXVW�ZDLW� XQWLOVXFK�GDWD�DUH�UHDG\�IRU�XVH��$V�H[SODLQHG�LQ�VHFWLRQ����LQ�WKH�SUHVHQW�YHUVLRQ�RI�WKH�PRGHO�WKHZHLJKWV�XQGHUO\LQJ�WKH�VXLWDELOLW\�LQGLFHV�DUH�EDVHG�RQ�MXGJHPHQWV�H[SUHVVHG�E\�H[SHUWV�LQ�WKHYDULRXV� ILHOGV� RI� ODQG� XVH� �XUEDQ�� DJULFXOWXUDO� DQG� QDWXUDO�� GXULQJ� D� VHULHV� RI� LQWHUDFWLYHVHVVLRQV�7KLV� OHDYHV� WKH� SUREOHP� RI� KRZ� WR� HVWLPDWH� WKH E SDUDPHWHU�� 7KLV� SDUDPHWHU� KDV� D� VWURQJLPSDFW�RQ�PRGHO�RXWFRPHV��EHFDXVH�DV�H[SODLQHG�LQ�VHFWLRQ������ LW�GHWHUPLQHV�WKH�H[WHQW� WRZKLFK� PL[HG� ODQG� XVH� ZLOO� RFFXU� LQ� FHOOV�� $� KLJK E SDUDPHWHU� LPSOLHV� D� KLJK� GHJUHH� RIKRPRJHQHLW\�RI� ODQG�XVH�SHU�FHOO��:LWK�D� ORZ�E SDUDPHWHU� WKHUH�ZLOO�EH�D�VWURQJ�GHJUHH�RIPL[HG� ODQG� XVH� SHU� FHOO�� 7KH� FDOLEUDWLRQ� VFKHPH� SUHVHQWHG� LQ� )LJXUH� �� KDV� EHHQ� XVHG� WRHVWLPDWH�E�$V�D�VWDUWLQJ�SRLQW�RI� WKH�FDOLEUDWLRQ�ZH�KDYH�DSSOLHG� WKH�PRGHO�RQ� WKH������VLWXDWLRQ�DQGFRPSDUHG� WKH� UHVXOWV�ZLWK� GLIIHUHQW� YDOXHV� IRU�E ZLWK� WKH� UHVXOWV� RI� ����� LWVHOI��:LWK� WKLVDSSURDFK� ZH� GLG� QRW� WHVW� WKH� DELOLW\� WR� SUHGLFW� ODQG� XVH� FKDQJHV�� EXW� PHUHO\� WHVWHG� WKHVHQVLWLYLW\� WR� FKDQJHV� RI� SDUDPHWHUV� DQG� WKH� PRGHO
V� FDSDELOLW\� WR� JHQHUDWH� DQ� H[SUHVVLYHDOORFDWLRQ��6LQFH�WKH�E SDUDPHWHU�LV�DFFXVWRPHG�WR�DGMXVWLQJ�WKH�VFDOH�RI�WKH�VXLWDELOLW\�PDSV�WKLV� DQDO\VLV� KDV� FODULILHG� DQ� DSSURSULDWH� UHVFDOLQJ� RI� WKHVH� PDSV�� 2QH� VKRXOG� EH� DZDUH�KRZHYHU��WKDW�WKH�FDOLEUDWLRQ�RI�E E\�PHDQV�RI�FURVV�VHFWLRQ�GDWD�GRHV�QRW�QHFHVVDULO\�OHDG�WRDQ� HVWLPDWH� WKDW� ZRXOG� DOVR� EH� DSSOLFDEOH� LQ� D� G\QDPLF� FRQWH[W�� 7KLV� PHDQV� WKDW� ZKHQKLVWRULFDO�GDWD�ZLOO�EHFRPH�DYDLODEOH�DOVR�WKH�E SDUDPHWHU�ZLOO�KDYH�WR�EH�UH�HVWLPDWHG�
E ORJ�OLNHOLKRRG���� ������������������ ������������������ ������������������ ������������������ ������������������ ������������������ ��������������7DEOH����ORJ�OLNHOLKRRG�RI�DOORFDWLRQ�DV�D�IXQFWLRQ�RI�E
���$SSOLFDWLRQ�RI�WKH�/$1'�86(��6&$11(5�PRGHO
�����$Q�LPSOHPHQWDWLRQ�LQ�D�*HRJUDSKLF�,QIRUPDWLRQ�6\VWHP��*,6�$Q�LQIRUPDWLRQ�V\VWHP�KDV�EHHQ�GHYHORSHG�LQ�&���LQ�RUGHU�WR�LPSOHPHQW�DQG�XVH�WKH�/$1'86(�6&$11(5�PRGHO�7KH�V\VWHP�DUFKLWHFWXUH� �VHH� ILJXUH���� LV� VXFK� WKDW�HDFK�DWWULEXWH�FDQ�EH�H[RJHQRXV�RU�XVHUVSHFLILHG��8VHU�VSHFLILHG�DWWULEXWHV�DUH�FDOFXODWHG�E\�WKH�/$1'�86(�6&$11(5�V\VWHP�E\DSSO\LQJ�D�XVHU�JLYHQ�PRGHO�H[SUHVVLRQ��(DFK�PRGHO�UHVXOW�FDQ�HLWKHU�EH�JHQHULF�RU�VFHQDULR



��

VSHFLILF�7KH�/$1'�86(�6&$11(5�V\VWHP�PDQDJHV�D�VHW�RI�WDEOHV�UHODWHG�WR�JULG�FHOOV�DQG�D�VHW�RIWDEOHV�UHODWHG�WR�UHJLRQV��7KH�WDEOHV�UHODWHG�WR�JULG�FHOOV�FRQWDLQ�DWWULEXWHV�RQ�FXUUHQW�ODQG�XVH�DWWUDFWLYHQHVV� IDFWRUV�� ORFDOLVHG� SROLF\� GDWD�� HWF�� 7KH� WDEOHV� UHODWHG� WR� UHJLRQV� FRQWDLQDWWULEXWHV�RQ�UHJLRQDO�FODLPV��(DFK�WDEOH�FDQ�EH�LGHQWLILHG�DV�VFHQDULR�VSHFLILF�
0RGHO�VSHFLIL�FDWLRQ�WDEOHV5HJLRQ�UHODWHGWDEOHV*ULG�FHOOUHODWHG�WDEOHV

'DWD�LQWHUIDFH�OD\HU�PDQDJLQJ�VFHQDULR��PRGHO�VWRUDJH��DQG�SURFHVV�VWDWH�GHVFULSWLRQV
0RGHO�EDVHx HOHPHQWDU\RSHUDWLRQVx DOORFDWLRQPRGHOVx HYDOXDWLRQPHDVXUHVx HWF�

*UDSKLFDO�'DWD9LVXDOLVDWLRQx PDSVx OHJHQGVx VWDWLVWLFVx �JUDSKV�x �WDEOHV�x �HWF��

8VHU�&RQWURO

6FHQDULR�EDVHx VFHQDULRVx SROLF\RSWLRQVx �UROHV�x �SDUDPHWHUV�

6FHQDULRFRQWUROOHU 0RGHO'HILQLWLRQ(GLWRU
'DWD�9LHZ,QWHUDFWRUV�DQG(GLWRUV

'66�&OLHQWV

6WRUDJH�6HUYHU

'DWD�	�0RGHO6HUYHU

,QWHUQHW�6HUYHU

0RGHO�$

0RGHO�%

0RGHO�&

6FULSW�(YDOXDWRU3DFNDJH

'DWD�9LVXDOLVDWLRQ&RPSRQHQWV

,QWHUQHW�&OLHQWV0RGHO�%XLOG:L]DUGV

)LJXUH���	�����6\VWHP�$UFKLWHFWXUH$�XVHU�FDQ�VSHFLI\�KRZ�WKH�ODQG�XVH�W\SH�VSHFLILF�VXLWDELOLW\�PDSV�VKRXOG�EH�FDOFXODWHG�DQGKRZ�UHJLRQDO�FODLPV�VKRXOG�EH�GHULYHG� IURP� WKH� UHVXOWV�RI� VHFWRU� VSHFLILF� UHJLRQDO�PRGHOV�)XUWKHUPRUH�� WKH� /$1'�86(� 6&$11(5� HQDEOHV� WKH� XVHU� WR� VSHFLI\� KLV�KHU� RZQ� PRGHOHYDOXDWLRQ�PHDVXUHV�LQ�RUGHU�WR�HYDOXDWH�WKH�PRGHO�UHVXOWV�E\�FDOFXODWLQJ�PHDVXUHV�IRU�ODQGXVH�GLYHUVLW\��ODQG�VFDUFLW\��HWF�(DFK�DWWULEXWH�DQG�PRGHO�UHVXOW�FDQ�EH�YLVXDOLVHG�E\�WKH�XVHU�LQ�D�PDS�YLHZ��7KLV�HQDEOHV�WKHXVHU�WR�LQVSHFW�x H[RJHQRXV�GDWD��L�H��FXUUHQW�ODQG�XVH��ORFDOLVHG�SROLF\�GDWD��DWWUDFWLYHQHVV�GDWD��HWF�x FDOFXODWHG�LQWHUPHGLDWH�PRGHO�UHVXOWV�VXFK�DV�PDSV�ZLWK�D�PHDVXUH�RI�WKH�VXUURXQGLQJV�IRUHDFK�JULG�FHOO��VXLWDELOLW\�PDSV��UHJLRQDO�FODLPVx DOORFDWHG�IXWXUH�ODQG�XVHx XVHU�VSHFLILHG�HYDOXDWLRQ�PHDVXUHV�RQ�DOORFDWHG�IXWXUH�ODQG�XVH�����5HVXOWLQJ�PDSV7KH� IROORZLQJ� DUH� H[DPSOHV� RI� PDSV� WKDW� UHVXOWHG� IURP� WKH� XVH� RI� WKH� /$1'� 86(6&$11(5�V\VWHP�
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0DS����&XUUHQW�UHVLGHQWLDO�ODQG�XVH

0DS��� VKRZV�FXUUHQW� ������� UHVLGHQWLDO� ODQG�XVH��$UHDV�ZLWK� ]HUR�RU� QHJOLJLEOH� UHVLGHQWLDOODQG�XVH�DUH�ZKLWH��7KH�DUHDV�LQ�EODFN�KDYH�UHVLGHQWLDO�ODQG�XVH�RI�����RU�PRUH�RI�WKH�JULGDUHD�����P�[����P���7KH�PDS�FOHDUO\�VKRZV�WKH�SRO\FHQWULF�XUEDQ�VWUXFWXUH��HVSHFLDOO\�LQ�WKHKLJKO\�XUEDQLVHG�ZHVWHUQ�SDUW�RI�WKH�FRXQWU\�)RU� WKH� FRPLQJ� GHFDGHV� D� FRQVLGHUDEOH� LQFUHDVH� LQ� GHPDQG� RI� ODQG� IRU� UHVLGHQWLDO� XVH� LVIRUHVHHQ�� VHH�PDS����7KH� VXLWDELOLW\� RI� ODQG� IRU� UHVLGHQWLDO� XVH� LV� FDOFXODWHG� E\� DSSO\LQJ� DZHLJKWHG�DGGLWLRQ�RI�x JRYHUQPHQWDO�SROLF\�WRZDUG�EXLOGLQJ�ORFDWLRQV�x D�QRUPDOLVHG�SRWHQWLDO�WR�VXUURXQGLQJ�FXUUHQW�UHVLGHQWLDO�ODQG�XVH�x D�QRUPDOLVHG�SRWHQWLDO�WR�VXUURXQGLQJ�FXUUHQW�ZRUN�RSSRUWXQLWLHV�x D�QRUPDOLVHG�SRWHQWLDO�WR�VXUURXQGLQJ�WUDQVSRUW�LQIUDVWUXFWXUH7KLV�OLVW�LQFOXGHV�IDFWRUV�FRQVLVWHQW�ZLWK�WKH�JLYHQ�QDWLRQDO�SK\VLFDO�SODQQLQJ�SROLFLHV�ZKLFKDLP�DW� ORFDWLQJ�QHZ�UHVLGHQWLDO�VLWHV�QHDU� WR�H[LVWLQJ�FLWLHV�DQG�ZLWK�KLJK� �SXEOLF� WUDQVSRUW�DFFHVVLELOLW\��2WKHU�IDFWRUV�VXFK�DV�WKH�DWWUDFWLYHQHVV�RI�WKH�UHVLGHQWLDO�HQYLURQPHQW�KDYH�QRWEHHQ�LQFOXGHG��6XFK�IDFWRUV�ZRXOG�RI�FRXUVH�SOD\�D�UROH�ZKHQ�D�PRUH�PDUNHW�RULHQWHG�SDWWHUQRI� UHVLGHQWLDO� ORFDWLRQV�ZRXOG�EH�DOORZHG��7KH�PDS� LQGHHG�FOHDUO\�H[SUHVVHV�KLJK� OHYHOV�RIVXLWDELOLW\� LQ� DQG� DURXQG� H[LVWLQJ� XUEDQ� DUHDV�� $� PRUH� PDUNHW� RULHQWHG� GHYHORSPHQW� RIUHVLGHQWLDO�ODQG�XVH�ZRXOG�UHIOHFW�D�PXFK�KLJKHU�DWWUDFWLYHQHVV�RI�UHJLRQV�LQ�WKH�LQWHUPHGLDWH]RQH�DW�D�GLVWDQFH�RI�VRPH�������NP�IURP�WKH�KLJKO\�XUEDQLVHG�ZHVWHUQ�SDUW�RI�WKH�FRXQWU\�
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0DS����6XLWDELOLW\�RI�ODQG�IRU�UHVLGHQWLDO�XVH

0DS����&DOFXODWHG�ODQG�VFDUFLW\�LQGLFDWRUV�JLYHQ�(XURSHDQ�&RRUGLQDWLRQ
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7KH�ODQG�VFDUFLW\�LQGLFDWRUV��GHPDQG�IRU�ODQG�XVH��DUH�GHILQHG�IRU�HDFK�FHOO�E\�� �S D VF M FMM ORJ��E E� � �ª¬« º¼»¦ H[S
XVLQJ� WKH� D M IDFWRUV� WKDW� UHVXOW� IURP�DOORFDWLQJ� WKH�FODLPV��7KXV�ZH�PD\�H[SHFW�KLJK� ODQGVFDUFLWLHV�LQ�WKRVH�FHOOV�F ZKHUH�VXLWDELOLWLHV�DUH�KLJK�IRU�KLJKO\�GHPDQGHG�ODQG�XVH�W\SHV�0DS��� VKRZV�D�SDWWHUQ�ZLWK�KLJK�YDOXHV� LQ� WKH�:HVWHUQ�SDUW� RI� WKH�1HWKHUODQGV�� ,W� FOHDUO\VKRZV�WKDW�WKH�ODQG�VFDUFLW\�LQGLFDWRUV�DFFRUGLQJ�WR�WKLV�VFHQDULR�DUH�KLJK�LQ�DQG�QHDU�WKH�PRVWXUEDQLVHG� UHJLRQV�� 8UEDQ� IXQFWLRQV� �UHVLGHQWLDO�� LQGXVWULDO�� SOD\� D� GRPLQDQW� UROH� LQ� WKHELGGLQJ�SURFHVV�IRU�WKH�XVH�RI�ODQG�DFFRUGLQJ�WR�WKLV�VFHQDULR��/RZ�ODQG�VFDUFLW\�YDOXHV�DUHIRXQG�LQ�WKH�9HOXZH�UHJLRQ��D�ODUJH�QDWXUDO�DUHD�ORFDWHG�LQ�WKH�FHQWUH�RI�WKH�FRXQWU\��ZKHUHUHVWULFWLRQV�RQ�WKH�XVH�IRU�XUEDQ�IXQFWLRQV�LPSO\�ORZ�YDOXHV�IRU�WKH�VFDUFLW\�LQGLFDWRU��,I�WKHUHVWULFWLRQV� RQ� ODQG� XVH� IRU� XUEDQ� IXQFWLRQV�ZRXOG� EH� OLIWHG� LQ� WKH� QDWXUDO� DUHDV�� RQH�PD\H[SHFW�PXFK�KLJKHU�YDOXHV�IRU�WKH�VFDUFLW\�LQGLFDWRU�LQ�WKHVH�DUHDV��7KLV�XQGHUOLQHV�WKH�LPSRU�WDQFH�RI�SROLF\�FRQVWUDLQWV�LQ�ODQG�XVH�SDWWHUQV�0DS����)XWXUH�UHVLGHQWLDO�ODQG�XVH�JLYHQ�(XURSHDQ�&RRUGLQDWLRQ

,Q�0DS���ZH�VKRZ�WKH�DOORFDWLRQ�RI�UHVLGHQWLDO�ODQG�XVH�LQ�WKH�FRPLQJ�GHFDGHV�DV�JHQHUDWHGE\�/$1'�86(�6&$11(5��%\�FRPSDULQJ�WKLV�PDS�ZLWK�0DS����ZH�VHH�WKDW�LQ�WKH�(XURSHDQ&RRUGLQDWLRQ VFHQDULR�� JURZWK� LQ� UHVLGHQWLDO� ODQG� XVH�PDLQO\� WDNHV� SODFH� QHDU� WKH� H[LVWLQJXUEDQ� DUHDV�� 7KH� QHZ� VSDWLDO� SDWWHUQ� RI� WKH� GLVWULEXWLRQ� RI� SRSXODWLRQ� LV� FOHDUO\� OHVVGLIIHUHQWLDWHG�WKDQ�WKH�SUHVHQW�RQH��,W�DSSHDUV� WKDW� ODUJH�UHJLRQV�FDQ�EH�GLVFHUQHG�ZLWK�KLJKVKDUHV�RI�XUEDQ�ODQG�XVH��WKHVH�UHJLRQV�FRQVLVW�RI�YDULRXV�H[LVWLQJ�FLWLHV�DQG�WKH�FRUULGRUV�LQEHWZHHQ��7KLV�GRHV�QRW�RQO\�KROG�WUXH�IRU�WKH�5DQGVWDG�DUHD�ORFDWHG�LQ�WKH�:HVWHUQ�SDUW��EXWDOVR�IRU�FLW\�UHJLRQV�LQ�WKH�6RXWKHUQ�DQG�(DVWHUQ�SDUW�RI�WKH�FRXQWU\��
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$�FORVHU�FRPSDULVRQ�RI�0DSV���DQG���VKRZV�WKDW�WKH�VR�FDOOHG�*UHHQ�+HDUW�DUHD��WKH�ORZO\XUEDQLVHG�DUHD�LQ�EHWZHHQ�WKH�ODUJH�FLWLHV�RI�$PVWHUGDP��5RWWHUGDP��WKH�+DJXH�DQG�8WUHFKW�ZLOO�H[SHULHQFH�D�VXEVWDQWLDO�LQFUHDVH�LQ�UHVLGHQWLDO�ODQG�XVH�LQ�WKLV�VFHQDULR��7KXV�WKH�SUHVHQWJRYHUQPHQW�SROLFLHV�WR�NHHS�WKLV�DUHD�
RSHQ
�DJDLQVW�PDUNHW�IRUFHV�DUH�QRW�YHU\�VXFFHVVIXO�LQWKLV�VFHQDULR�7KH�PDSV�VKRZQ�KHUH�SURYLGH�RQO\�D�OLPLWHG�H[DPSOH�RI�WKH�SRVVLELOLWLHV�RI�WKH�/$1'�86(VFDQQHU��$OWHUQDWLYH�ORQJ�WHUP�VFHQDULRV�IRU�WKH�HFRQRP\�ZRXOG�UHVXOW�LQ�GLIIHUHQW�SLFWXUHV�$OVR�FKDQJHV�LQ�WKH�LQWHQVLW\�RI�SROLFLHV�WR�UHVWULFW�WKH�JURZWK�RI�XUEDQ�IXQFWLRQV�LQ�QDWXUDODUHDV�ZRXOG�OHDG�WR�FRQVLGHUDEO\�GLIIHUHQW�UHVXOWV�
���&RQFOXVLRQV�
7KH�VWUHQJWK�RI�/$1'�86(�6&$11(5�LV�WKDW�LW�LQWHJUDWHV�GHWDLOHG�GDWDEDVHV�DQG�VHFWRUDOPRGHOV� IURP� TXLWH� GLIIHUHQW� EDFNJURXQGV� LQ� D� FRQVLVWHQW� VSDWLDO� IUDPHZRUN�� ,W� JHQHUDWHVSUHGLFWLRQV� IRU� ODQG� XVH� DQG� HIIHFWV� EDVHG� RQ� IXWXUH� VSDWLDO� GHYHORSPHQWV� ZLWK� GLIIHUHQWVFHQDULR¶V��,W�KDV�KHOSHG�QRW�RQO\�DV�D�PRGHOOLQJ�WRRO��EXW�DOVR�DV�D�FRPPXQLFDWLRQ�GHYLFH�WRVXSSRUW�WKH�H[FKDQJH�RI�LGHDV��PRGHOOLQJ�FRQFHSWV��DQG�VSDWLDO�GDWD�EHWZHHQ�LQVWLWXWHV�WKDW�DUHLQYROYHG�LQ�VSDWLDO�SODQQLQJ�DQG�RU�UHODWHG�UHVHDUFK�2QH�PD\�ZRQGHU�WR�ZKDW�H[WHQW�WKLV�PRGHO�LV�WUDQVIHUDEOH�WR�RWKHU�FRXQWULHV��,W�LV�FOHDU�WKDWIURP� D� GDWD� YLHZSRLQW�� WKH� 1HWKHUODQGV� PD\� KDYH� DQ� DGYDQWDJH� DERYH� RWKHU� FRXQWULHV�+RZHYHU�� DOVR�ZLWK� OHVV� GHWDLOHG� GDWDEDVHV�� WKH�PRGHO� VWLOO�PDNHV� VHQVH��$� UHODWHG� FULWLFDOVXFFHVV�IDFWRU�LV�WKH�ZLOOLQJQHVV�WR�FR�RSHUDWH�RI�YDULRXV�DJHQFLHV�VXSSO\LQJ�GDWD�DQG�XVLQJPRGHO� UHVXOWV�� 7KLV�ZLOOLQJQHVV� FDQ� EH� JUHDWO\� LPSURYHG�ZKHQ� WKHVH� DJHQFLHV� EHFRPH� FR�RZQHU�RI�WKH�PRGHO�VR�WKDW�WKH\�FDQ�XVH�LI�IRU�WKHLU�RZQ�SROLF\�SUHSDUDWLRQ�SXUSRVHV��$QRWKHUIDFWRU� LV� WKDW� WKH� WUDGLWLRQ� RI� ORQJ� WHUP� SODQQLQJ� LQ� WKH� 1HWKHUODQGV� KDV� VWLPXODWHG� WKLVGHYHORSPHQW��,W�VKRXOG�EH�HPSKDVLVHG��KRZHYHU��WKDW�DOVR�ZLWKRXW�VXFK�D�SODQQLQJ�FRQWH[W��D/$1'�86(�6&$11(5 W\SH�RI�PRGHO�FDQ�EH�TXLWH�XVHIXO� IRU�H[DPSOH� WR� VXUYH\�SRVVLEOHPHGLXP�WHUP�GHYHORSPHQWV�LQ�ODQG�XVH�DV�D�FRQVHTXHQFH�RI�YDULRXV�WHFKQRORJLFDO�WUDMHFWRULHVRU�SK\VLFDO�SURFHVVHV�7KH�/$1'�86(�6&$11(5�PRGHO�FDQ�EH�LV�EHLQJ�H[WHQGHG�LQWR�VHYHUDO�GLUHFWLRQV��� ,QWHQVLWLHV�RI� ODQG�XVH KDYH�QRW�\HW�EHHQ� LQFOXGHG��$�SRVVLEOH�ZD\� WR�DFKLHYH� WKLV� LV�E\PDNLQJ�DJJUHJDWH�GHPDQG�IRU�D�FHUWDLQ�ODQG�XVH�FDWHJRU\�GHSHQGHQW�RQ�LWV��VKDGRZ�SULFH�$�KLJK�VKDGRZ�SULFH�ZRXOG�LPSO\�DQ�LQFHQWLYH�WR�PDNH�WKH�ODQG�XVH�W\SH�FRQFHUQHG�PRUHODQG�LQWHQVLYH��� 7KH� LQWHUUHODWLRQVKLSV� ZLWK� WKH� GULYLQJ� VHFWRUDO� PRGHOV LV� XQL�GLUHFWLRQDO� WKXV� IDU�� $VWUXFWXUH�ZKHUH�RXWFRPHV�RI�/$1'�86(�6&$11(5�ZRXOG� IHHG�EDFN� LQWR� WKH� GULYLQJPRGHOV�ZRXOG�LPSURYH�WKH�TXDOLW\�RI�WKH�PRGHO�V\VWHP�DV�D�ZKROH��� 6HFWRUDO�GHWDLO RI� WKH�PRGHO�FDQ�VWLOO� EH� LPSURYHG��(VSHFLDOO\� IRU� WKH�XUEDQ� DQG�QDWXUDOIXQFWLRQV�D�PRUH�GHWDLOHG�WUHDWPHQW�ZRXOG�EH�FDOOHG�IRU��� &DOLEUDWLRQ RI� WKH�PRGHO� KDV� IRFXVVHG� RQ� WKH�E SDUDPHWHU� WKXV� IDU�� $�PRUH� H[WHQVLYHKLVWRULF�FDOLEUDWLRQ�LQFOXGLQJ�PXOWLSOH�SDUDPHWHUV�WRJHWKHU�LV�UHTXLUHG��� %HFDXVH�RI�LW
V�LQWHJUDWHG�FKDUDFWHU��XQFHUWDLQWLHV�DQG�HUURUV�SURSDJDWH WKURXJK�WKH�ZKROHJULG�V\VWHP��6HQVLWLYLW\�DQDO\VLV�LV�QHHGHG�WR�ILQDO�RXW�WKH�H[WHQW�WR�ZKLFK�FKDQJHV�LQ�WKHLQSXW�KDYH�DQ�LPSDFW�RQ�RXWFRPHV��6XFK�W\SH�RI�DQDO\VLV�KHOSV�WR�IRUPXODWH�SULRULWLHV� LQWHUPV�RI�FDOLEUDWLRQ�RI�WKH�SDUDPHWHU��� /LQNV�EHWZHHQ�DFWXDO� ODQG�SULFHV�DQG� VKDGRZ�SULFHV DV� JHQHUDWHG� E\� WKH�PRGHO� FDQ� EHLQYHVWLJDWHG� LQ�PRUH� GHWDLO� DQG� VKRXOG� EH� FRPSDUHG� ZLWK� WKH� UHVXOWV� RI� RWKHU� ODQG� XVHPRGHOV�
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�� ,QFRPSDWLELOLWLHV�DQG�V\QHUJLHV�EHWZHHQ�ODQG�XVH�W\SHV LQ�D�FHOO�PD\�KDYH�WR�EH�LQFOXGHG��� 6SDWLDO� VSLOO�RYHU� HIIHFWV KDYH� QRW� \HW� UHFHLYHG� PXFK� DWWHQWLRQ�� 7KHVH� QHLJKERXUKRRGHIIHFWV� FDQ� EH� ERWK� SRVLWLYH� RU� QHJDWLYH� �WKH� VXLWDELOLW\� RI� ODQG� XVH� W\SH� M LQ� D� FHOO� LVLQFUHDVHG�GHFUHDVHG�ZKHQ�LQ�D�QHLJKERXU�FHOO�WKHUH�ZRXOG�EH�D�JRRG�DPRXQW�RI�ODQG�XVHW\SH�M
���� 7KHUH�LV�D�QHHG�WR�DGG�WR�WKH�PRGHO�D�QXPEHU�RI�VXPPDU\�LQGLFDWRUV�RI�WKH�VSDWLDO�SDWWHUQVJHQHUDWHG��([DPSOHV�DUH�LQGLFDWRUV�RI�WKH�KHWHURJHQHLW\�RI�ODQG�XVH�DPRQJ�FHOOV�RU�UHJLRQV�WKH�VL]H�RI�XUEDQ�DUHDV��HWF��7KHVH�LQGLFDWRUV�FDQ�DOVR�EH�XVHG�LQ�DQ�HYDOXDWLYH�FRQWH[W�WRFRPSDUH�GLIIHUHQW�ODQG�XVH�SROLFLHV����7KHUH� LV�D�QHHG� IRU� WKH� LPSOHPHQWDWLRQ�RI� IXUWKHU� VXSSRUW� IRU� LQWHUDFWLYH�PRGHOOLQJ DQGPRGHO�UHVXOW�PDQDJHPHQW�
$FNQRZOHGJHPHQW�
7KH� DXWKRUV� WKDQN� WKH� IROORZLQJ� FROOHDJXHV� RI� WKH�/$1'�86(�6&$11(5� WHDP� IRU� WKHLUFRQWULEXWLRQV��.HHV�6FKRWWHQ��5RE�YDQ�GH�9HOGH��+DQV�9HOGNDPS��0DWKLMV�5DQVLMQ��5,90��+HQN� 6FKROWHQ�� :LGHNH� %RHUVPD�� 5HPFR� =XW� �*HRGDQ��� -DQ� *URHQ� �53'��� 5RODQG*RHWJHOXN��-XUULDDQ�YDQ�5LMVZLMN��/(,�'/2��
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5HIHUHQFHV�
$ORQVR��:���/RFDWLRQ�DQG�ODQG�XVH��+DUYDUG�8QLYHUVLW\�3UHVV��&DPEULGJH�������$OOHQ��3�0���*��(QJHOHQ�DQG�0��6DQJOLHU��6HOI�RUJDQL]LQJ�V\VWHPV�DQG�WKH�ODZV�RI�VRFLR�HFRQRPLF�JHRJUDSK\��(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK�� YRO����� ������ SS���������$QDV�� $�� 5HVLGHQWLDO� ORFDWLRQ� PRGHOV� DQG� XUEDQ� WUDQVSRUWDWLRQ�� $FDGHPLF� 3UHVV�� 1HZ<RUN�������%HXUGHQ�� $�8�&�-�� YDQ� 	� 0�7K�$�� +LOIHULQN�� 6SDWLDO� DQDO\VLV� ZLWK� *,6� DW� 5,90�� $EDFNJURXQG�RYHUYLHZ�RI�VSDWLDO�DQDO\VLV�ZLWK�*,6�LQ�UHVHDUFK�IRU�HQYLURQPHQW�DQG�SXEOLFKHDOWK��5,90�������&HQWUDO�3ODQQLQJ�%XUHDX��HFRQRPLH�HQ�I\VLHNH�RPJHYLQJ��7KH�+DJXH�������)XMLWD��0���8UEDQ�(FRQRPLF�7KHRU\��&DPEULGJH�8QLYHUVLW\�3UHVV��&DPEULGJH�������(QJHOHQ�� *��� 7KH� WKHRU\� RI� VHOI�RUJDQL]DWLRQ� DQG� PRGHOOLQJ� FRPSOH[� XUEDQ� V\VWHPV�(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK��YRO�����������SS�������)RWKHULQJKDP�� $�6��� DQG� 0�(�� 2
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