
.QRZOHGJH� LV� 3RZHU�� $�4XDQWLWDWLYH�$VVHVVPHQW�0HWKRG� IRU� WKH� (QYLURQPHQWDO�
,PSDFW�RI�'LIIHUHQW�8UEDQ�'HYHORSPHQW�3DWWHUQV�
�
'U�6XPLWD�*KRVK��/DQGFDUH�5HVHDUFK��7HOHSKRQH��'',����������HPDLO��*KRVK6#ODQGFDUHUHVHDUFK�FR�Q]�
3URI��%UHQGD�9DOH��7KH�8QLYHUVLW\�RI�$XFNODQG��7HOHSKRQH�����������H[WQ��������HPDLO��E�YDOH#DXFNODQG�DF�Q]��
'U�5REHUW�9DOH��/DQGFDUH�5HVHDUFK��7HOHSKRQH��'',����������HPDLO��9DOH5#ODQGFDUHUHVHDUFK�FR�Q]�
������������������
$EVWUDFW���
�
,Q� 1HZ� =HDODQG�� XUEDQ� JURZWK� SROLFLHV� PDLQO\� UHFRPPHQG� DQ� LQFUHDVH� LQ� WKH� IRRWSULQW� GHQVLW\� RI�
KRXVLQJ�LQ�XUEDQ�DUHDV��7KLV�ZLOO�QHFHVVLWDWH�D�OLIHVW\OH�FKDQJH�IURP�WKH�XVHUV��DV�WKH�DFFHSWHG�JRDO�LV�
VWLOO�WKH�GHWDFKHG�KRXVH�DQG�JDUGHQ�IRU�WKH�DYHUDJH�1HZ�=HDODQGHU��+RZHYHU��DW�SUHVHQW�WKHUH�DSSHDUV�
WR�EH�QR�PHWKRG�WKDW�DOORZV�D�TXDQWLWDWLYH�FRPSDULVRQ�DV�WR�ZKHWKHU�RQH�IRRWSULQW�SDWWHUQ�KDV�D�ORZHU�
HQYLURQPHQWDO�LPSDFW�WKDQ�DQRWKHU��7KLV�SDSHU�SUHVHQWV�VRPH�UHVXOWV�IURP�D�TXDQWLWDWLYH�VWXG\�FDUULHG�
RXW� WR�FDOFXODWH�WKH�SRWHQWLDO�VXVWDLQDELOLW\�RI�ILYH�UHVLGHQWLDO�EORFNV�RI�$XFNODQG��7KH�RULJLQDO�VWXG\��
RQ�ZKLFK� WKLV� SDSHU� LV� EDVHG�� ORRNHG�DW� D� UDQJH�RI� IDFWRUV� RI� DQ�XUEDQ�HQYLURQPHQWDO� VXVWDLQDELOLW\�
HTXDWLRQ�� GRPHVWLF� HQHUJ\�� WUDQVSRUW�� IRRG�� ZDVWH�� FDUERQ� VHTXHVWUDWLRQ� DQG� ZDWHU�� XVHG� DHULDO�
SKRWRJUDSKV� DQG�*HRJUDSKLF� ,QIRUPDWLRQ� 6\VWHP� �*,6�� DQG� GHYHORSHG� FRPSUHKHQVLYH�PDWKHPDWLFDO�
PHWKRGV� EDVHG� RQ� HFRORJLFDO� IRRWSULQW� DVVHVVPHQW� WHFKQLTXHV�� 7KLV� SDSHU� IRFXVHV� RQ� RQO\� WZR� NH\�
DVSHFWV�� GRPHVWLF� DQG� WUDQVSRUWDWLRQ� HQHUJ\� XVH� DQG� RQ�VLWH� HQHUJ\� JHQHUDWLRQ� SRWHQWLDO� DV� DQ�
LOOXVWUDWLRQ�RI�WKH�PHWKRGV�LQYROYHG�LQ�WKH�ZLGHU�VWXG\��7KH�UHVXOWV�IURP�WKHVH�SDUDPHWHUV�ZHUH�DGGHG�
WRJHWKHU�WR�GHWHUPLQH�WKH�PRVW�VXVWDLQDEOH�UHVLGHQWLDO�EORFN��7KH�RXWFRPHV�VXJJHVWHG�WKDW�WKH�FODVVLF�
1HZ� =HDODQG� UHVLGHQWLDO� ORZ� GHQVLW\� VXEXUE� ���� KRXVHKROGV�� KHFWDUH�� EORFN� DW� D�PRGHUDWH� GLVWDQFH�
IURP� WKH� &HQWUDO� %XVLQHVV� 'LVWULFW� RI� $XFNODQG� PD\� KDYH� WKH� JUHDWHVW� SRWHQWLDO� WR� EH� VXVWDLQDEOH��
DOWKRXJK�WKLV�PD\�DOVR�UHTXLUH�D�OLIHVW\OH�FKDQJH�IRU�WKH�LQKDELWDQWV���
�
,QWURGXFWLRQ��
�
,Q�WKH�SURFHVV�RI�DFFRPPRGDWLQJ�IXWXUH�JURZWK��$XFNODQG�LV�WUDQVIRUPLQJ�YHU\�UDSLGO\��$V�SDUW�RI�WKLV�
UDSLG� FKDQJH�� LW� LV� LPSRUWDQW� WR� EH� DEOH� WR� GHWHUPLQH� REMHFWLYHO\�ZKHWKHU� D� JLYHQ� QHLJKERXUKRRG� RU�
SURSRVHG� SDWWHUQ� RI� GHYHORSPHQW� KDV� WKH� SRWHQWLDO� WR� EH�PRUH� RU� OHVV� VXVWDLQDEOH� WKDQ� DQRWKHU�� 7KH�
FRQWURYHUVLDO� GHEDWH� RQ� VRFLR�HFRQRPLF�HQYLURQPHQWDO� VXVWDLQDELOLW\� WHQGV� WR� ODEHO� DQ\� ORZ�GHQVLW\�
GHYHORSPHQWV�DV�XQVXVWDLQDEOH�VSUDZO�ZKHUHDV�FRPSDFW�GHYHORSPHQWV�DUH�RIWHQ�SUHVHQWHG�DV�µWRGD\¶V�
YLVLRQDU\� VROXWLRQ¶�*X\�HW� DO�� ������ S������ IRU� VXVWDLQDEOH� IXWXUH�XUEDQ� IRUP��:LOOLDP� HW�� DO�� �������
FRQFOXGHG�WKDW�µ7KH�VHDUFK�IRU�WKH�XOWLPDWH�VXVWDLQDEOH�XUEDQ�IRUP�SHUKDSV�QRZ�QHHGV�WR�EH�UHRULHQWHG�
WR�WKH�VHDUFK�RI�D�QXPEHU�RI�VXVWDLQDEOH�XUEDQ�IRUPV�ZKLFK�UHVSRQG�WR�D�YDULHW\�RI�H[LVWLQJ�VHWWOHPHQW�
SDWWHUQ�DQG�FRQWH[WV�¶�7KLV�SDSHU�SUHVHQWV�D�VDPSOH�RI�WKH�UHVXOWV�RI�D�TXDQWLWDWLYH�VWXG\�FDUULHG�RXW�RQ�
ILYH�UHVLGHQWLDO�EORFNV�LQ�$XFNODQG��'ZHOOLQJV�DQG�WKHLU�VHUYLFLQJ�LQIUDVWUXFWXUH�IRUP�DQ�LQWHJUDO�SDUW�RI�
WKH�IXWXUH�EXLOW�HQYLURQPHQW��DQG�WKHLU�SDWWHUQ�RI�GHYHORSPHQW�FDQ�DIIHFW�QDWLRQDO�HQHUJ\�GHPDQG�DQG�
UHVRXUFH�FRQVXPSWLRQ�RYHU�D� ORQJ�SHULRG�RI� WLPH��7KHUHIRUH��UHVLGHQWLDO�EORFNV�KDYH�EHHQ�FRQVLGHUHG�
IRU� WKLV�VWXG\��7KLV�SDSHU� LGHQWLILHV� WKH�PRVW�SRWHQWLDOO\�VXVWDLQDEOH� UHVLGHQWLDO�EORFN� IURP�D� µERWWRP�
XS¶� DSSURDFK�� E\� H[WUDSRODWLQJ� IURP� WKH� KRXVHKROG� VFDOH�� EXW� LW� FRQVLGHUV� RQO\� WZR� DVSHFWV� RI�
VXVWDLQDELOLW\��GRPHVWLF�HQHUJ\�XVH�DQG�WUDQVSRUWDWLRQ�GHPDQG�IRU�WUDYHO�WR�ZRUN��,Q�WKH�RULJLQDO�VWXG\�
RQ� ZKLFK� WKLV� SDSHU� LV� EDVHG� WKH� IDFWRUV� FRQVLGHUHG� ZHUH� GRPHVWLF� HQHUJ\�� WUDQVSRUW�� IRRG�� ZDVWH��
FDUERQ� VHTXHVWUDWLRQ� DQG� ZDWHU�� 7KHVH� ZHUH� FKRVHQ� DV� NH\� JOREDO�VFDOH� DVSHFWV� RI� HQYLURQPHQWDO�
VXVWDLQDELOLW\� WKDW� QHHG� WR� EH� FRQVLGHUHG� IRU� DQ\� XUEDQ� GHYHORSPHQW�� 'LIIHUHQW� PDWKHPDWLFDO�
PHWKRGRORJLHV�ZHUH� GHYHORSHG� IRU� HDFK�RI� WKHVH� IDFWRUV�� EXW�ZLWKLQ� WKH� VFRSH� RI� WKLV� SDSHU� LW� LV� QRW�
SRVVLEOH�WR�GR�PRUH�WKDQ�JLYH�D�VLPSOLILHG�RXWOLQH�RI�WKH�FRPSOH[�PHWKRGRORJLHV�XVHG�IRU�FDOFXODWLQJ�



WZR�RI�WKH�IDFWRUV��7KHUH�LV�D�PXFK�ZLGHU�UDQJH�RI�LVVXHV�WKDW�FRXOG�EH�FRQVLGHUHG��EXW�LI�WKRVH�OLVWHG�
DERYH�FDQQRW�EH�PDQDJHG�LQ�D�VXVWDLQDEOH�PDQQHU�WKHUH�LV�OLWWOH�ORQJ�WHUP�IXWXUH�LQ�FRQVLGHULQJ�RWKHUV��
�
6LWH�6HOHFWLRQ���
�
7KH�ILYH�VLWHV�XVHG�LQ�WKLV�VWXG\�ZHUH�VHOHFWHG�WR�JLYH�D�VSUHDG�RI�UHVLGHQWLDO�IRUPV�DQG�OD\RXWV�EDVHG�RQ�
WKH�IROORZLQJ�IDFWRUV���

•� WKH�GLVWDQFH�IURP�WKH�FLW\�FHQWUH���
•� ]RQLQJ�SDWWHUQ�DFFRUGLQJ�WR�2SHUDWLYH�$XFNODQG�&LW\�'LVWULFW�3ODQ��������
•� VLWH�FRQILJXUDWLRQ�DQG�IRUP���
•� SUR[LPLW\�WR�WKH�PDLQ�WUDQVSRUW�FRUULGRUV�DQG�VKRSSLQJ�IDFLOLWLHV���
•� PD[LPXP�OHQJWK�RI�UHVLGHQWLDO�EORFNV�EHWZHHQ�WZR�URDGV�EHORZ�����PHWUHV���
•� WRWDO�QXPEHU�RI�KRXVHKROGV�EHWZHHQ����WR�����DQG�
•� GHQVLW\�SDWWHUQ�RI�DUHD��

�
7KHVH� ILYH� UHVLGHQWLDO� EORFNV� DUH� ORFDWHG� DV� IROORZV�� LQ� RUGHU� RI� LQFUHDVLQJ� GLVWDQFH� IURP�$XFNODQG�
&HQWUDO�%XVLQHVV�'LVWULFW��&%'����
�
$UHD�XQLW� � � 'HQVLW\�RI�DUHD�XQLW� � 'HVFULSWRU��
)UHHPDQ¶V�%D\�� � �����SHUVRQV�KD� � :HOOLQJWRQ�6WUHHW��
3RQVRQE\�� � � �����SHUVRQV�KD�� � 5LFKPRQG�5RDG��
6DQGULQJKDP� � � �����SHUVRQV�KD�� � 6DQGULQJKDP�5RDG��
5REHUWRQ�� � � �����SHUVRQV�KD�� � 0HWKXHQ�5RDG��
1HZ�/\QQ�� � �����������������SHUVRQV�KD�� �� 1HZ�/\QQ�
�
:HOOLQJWRQ�6WUHHW�ZLWK�UHVLGHQWLDO�]RQLQJ��D�FRQWDLQV� WZR�WR� WKUHH�VWRUH\�URZ�KRXVLQJ�� WUDSH]RLGDO� LQ�
IRUP� DQG� KDV� D� JUHDWHU� GHQVLW\� WKDQ� WKH� DYHUDJH� IRU� WKH� DUHD� XQLW�� 5LFKPRQG� 5RDG� ZLWK� KHULWDJH�
UHVLGHQWLDO� ]RQLQJ� �� KDV� GHWDFKHG� KRXVHV� IURP� WKH� (GZDUGLDQ� DQG�9LFWRULDQ� HUD� DQG� LV� UHFWDQJXODU��
OLQHDU� LQ� IRUP��7KHVH� WZR� UHVLGHQWLDO�EORFNV� OLH�DW�SUR[LPLW\� WR�3RQVRQE\�5RDG�DQG�DUH� ORFDWHG�YHU\�
FORVH� WR� WKH� &%'�� 2Q� WKH� RWKHU� KDQG�� 1HZ� /\QQ�� VLWXDWHG� DW� WKH� ERXQGDU\� RI�:DLWDNHUH� &LW\� DQG�
$XFNODQG�&LW\�LV�LUUHJXODU�LQ�IRUP��ORZ�GHQVLW\�DQG�LV�ORFDWHG�FORVH�WR�1HZ�/\QQ�6KRSSLQJ�0DOO��*UHDW�
1RUWK�5RDG�DQG�5DWD�6WUHHW��0HWKXHQ�5RDG�ZLWK�UHVLGHQWLDO�]RQLQJ��D�DQG���LV�SDUDOOHORJUDP�LQ�IRUP��
ORFDWHG�QHDU�WKH�VKRSSLQJ�DUHDV�RI�0RXQW�$OEHUW��FORVH�WR�1HZ�1RUWK�5RDG�DQG�%ORFNKRXVH�%D\�5RDG�
DQG�KDYH�ODUJH�VLQJOH�VWRUH\��WZR�DQG�WKUHH�VWRUH\�GHWDFKHG�IDPLO\�KRXVHV�ZLWK�JHQHURXV�RSHQ�VSDFHV��
6DQGULQJKDP�5RDG�ZLWK�UHVLGHQWLDO�]RQLQJ��D���E�DQG��D�LV�PRUH�UHFWDQJXODU�LQ�IRUP��VLWXDWHG�QHDU�WKH�
6W��/XNHV�6KRSSLQJ�0DOO�� FORVH� WR�6DQGULQJKDP�5RDG�DQG�%DOPRUDO�5RDG�DQG�KDV�D�PL[WXUH�RI� WZR�
VWRUH\�URZ�KRXVLQJ�XQLWV��VLQJOH�DQG�WZR�VWRUH\�GHWDFKHG��VHPL�GHWDFKHG�DQG�DWWDFKHG�KRXVHV�� �7KHVH�
ILYH�UHVLGHQWLDO�EORFNV�DUH�ORFDWHG�DW�DSSUR[LPDWHO\�EHWZHHQ����NP�WR���NP�GLVWDQFH�IURP�WKH�&%'�RI�
$XFNODQG���
�
0HWKRGRORJ\�IRU�&DOFXODWLRQ���
�
7KH� H[LVWLQJ� ODQG� XVH� SDWWHUQV� RI� WKH� UHVLGHQWLDO� EORFNV� ZHUH� FDOFXODWHG� XVLQJ� ERWK� WKH� *,6� EDVHG�
µ&,7<JUHHQ¶� VRIWZDUH� DV�ZHOO� DV� D�PDQXDO� JUDSKLFDO�PHWKRG� XVLQJ� DQ� DSSURSULDWH� JULG� DW� D� VFDOH� RI�
�������� 7KH� UHVXOWV� RI� ERWK� PHWKRGV� ZHUH� FRPSDUHG� ZKLFK� HVWDEOLVKHG� WKH� DFFXUDF\� RI� WKH�
PHWKRGRORJ\��7KH�H[LVWLQJ�ODQG�XVH�SDWWHUQV�FRQWDLQ�PDLQO\�WZR�FDWHJRULHV��
�
��



L��QRQ�SURGXFWLYH�ODQG���
•� URRI�DUHDV�RI�EXLOGLQJV��
•� URDG�DUHDV�LQFOXGLQJ�KDOI�VLWH�SHULPHWHU�URDG�ZLGWK��
•� SDYHG�QRQ�SDYHG�SDWKZD\V��
•� H[LVWLQJ�YHJHWDWLRQ�FRYHU�
�

LL��SURGXFWLYH�ODQG��L�H��DYDLODEOH�IRU�JURZLQJ�DGGLWLRQDO�ELRPDVV���
•� UHPDLQLQJ�RSHQ�VSDFHV�
�

��DGGLWLRQDO�PHDVXUHPHQWV��
•� WRWDO� DYDLODEOH� VRODU� HIILFLHQW� URRI� DUHDV� RI� EXLOGLQJV� �RULHQWHG� ��R� RQ� HLWKHU� VLGH� RI� 1RUWK� 

�%UHXHU�HW�DO��������
•� WRWDO�VLWH�DUHD�

�

 
)LJ���6DQGULQJKDP�5RDG�/DQG�XVH�3DWWHUQ�0DS�
�
'DWD� IRU� WKH�FDOFXODWLRQV�ZHUH�FROOHFWHG� IURP�YDULRXV�VRXUFHV��PDLQO\� IURP�DHULDO�SKRWRJUDSKV�� UDSLG�
YLVXDO� VXUYH\� DQG�QDWLRQDO� DQG� LQWHUQDWLRQDO� GDWDEDVHV� VXFK� DV� FHQVXV�� SXEOLFDWLRQV� DQG� UHSRUWV��7KH�
EDVLV� RI� WKH� FDOFXODWLRQ� ZDV� IURP� DHULDO� SKRWRJUDSKV� WDNHQ� LQ� ����� DQG� WKHUHIRUH�� DOO� WKH� GDWD� IRU�
FDOFXODWLRQV�ZHUH� DOLJQHG�ZLWK� WKH� VDPH� EDVH� \HDU� WR� DFKLHYH� DSSURSULDWH� UHVXOWV�� 7KH� VXVWDLQDELOLW\�
UDQNLQJ�RI�WKH�EORFNV�LV�WKHUHIRUH�D�µVQDSVKRW¶�WDNHQ�DW�D�SDUWLFXODU�WLPH��EXW�LW�FRXOG�EH�XSGDWHG�XVLQJ�
PRUH�UHFHQW�GDWD���
�
7KLV�SDSHU�IRFXVHV�RQ�WKH�PHWKRGRORJ\�WR�GHWHUPLQH�VXVWDLQDELOLW\�RI�WKHVH�UHVLGHQWLDO�EORFNV�LQ�WHUPV�
RI�RQO\�WKH�GRPHVWLF�HQHUJ\�DQG�WUDQVSRUWDWLRQ�VHFWRUV��7DEOH���VKRZV�KRZ�WKH�ODQG�XVHV�GLIIHU�EHWZHHQ�
WKH�ILYH�EORFNV��
�
�



7DEOH����([LVWLQJ�/DQG�8VH�3DWWHUQ��'HQVLW\�SHU�KHFWDUH�	�7RWDO�6RODU�(IILFLHQW�5RRI�$UHD�
�

3DUDPHWHU�
�

1HZ�
�/\QQ�

0HWKXHQ��
5RDG��

6DQGULQJKDP�
5RDG�

5LFKPRQG��
5RDG�

:HOOLQJWRQ�
6WUHHW�

7RWDO�6LWH�$UHD��KD��������� ����� ����� ����� ����� �����
�$UHD�RI�5RDG�ZLWK�+DOI�
ZLGWK��JUDVV�DQG��
SHGHVWULDQ�SDWK��KD��
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7RWDO�3DYHG�SDWKZD\V�
H[FOXGLQJ�URDG�DUHD��KD��
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3URGXFWLYH�/DQG�$UHD��KD���
�
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7RWDO�VRODU�HIILFLHQW�5RRI�DUHD��
�KD���DV���7RWDO�5RRI�$UHD��
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7RWDO�QR��RI�KRXVHKROGV�
�

��� ���� ���� ��� ����
7RWDO�QR��RI�SHRSOH�
�

���� ���� ���� ���� ����
'HQVLW\�DVVXPLQJ�1R��RI�
SHUVRQV���KD�

��� ��� ��� ��� ���
'HQVLW\�DVVXPLQJ��1R��RI�
KRXVHKROGV���KD�
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6LWH�DUHD��VT�P����KKROG ��� ������ ��� ������ ������
5RDG�$UHD��VT�P����KKROG ����� ���� ��� ����� �����
$UHD�RI�%OGJV��VT�P����KKROG ������ ������ ������ ����� �����
7UHH�	�6KUXE�$UHD��VT�P����KKROG ����� ������ ����� ����� ������
3DWKZD\V�$UHD�VT�P����KKROG ����� ����� ����� ����� ����
6RODU�(II��5RRI�DUHD��VT�P����KKROG ���� ����� ���� ����� ����

1HZ�/\QQ 0HWKXHQ�5RDG 6DQGULQJKDP�5RDG 5LFKPRQG�5RDG :HOOLQJWRQ�6WUHHW

�
)LJ���/DQG�8VH�3DWWHUQ�SHU�KRXVHKROG�LQ������
�
�



'RPHVWLF�(QHUJ\�8VH�
�
'RPHVWLF� HQHUJ\� XVH� IRU� HDFK� UHVLGHQWLDO� EORFN�ZDV� FDOFXODWHG� E\�PXOWLSO\LQJ� QDWLRQDO� DYHUDJH� SHU�
FDSLWD�GRPHVWLF�HQHUJ\�XVH�IRU�D�SDUWLFXODU�HQHUJ\�HQG�XVH�VHFWRU�FDOFXODWHG�IURP�WKH�(QHUJ\�(IILFLHQF\�
&RQVHUYDWLRQ� $XWKRULW\� (QHUJ\� (QG�XVH� 'DWDEDVH� �((&$�� ������ )LJ� ���$�� S���� DQG� S������ E\� WKH�
UHVSHFWLYH�SRWHQWLDO�SRSXODWLRQ�RI�WKH�UHVLGHQWLDO�EORFN���
�
'RPHVWLF�HQHUJ\�JHQHUDWLRQ�SRWHQWLDO�RI�UHVLGHQWLDO�EORFNV�ZDV�FDOFXODWHG�XVLQJ�WZR�PHWKRGV��7R�VWDUW�
ZLWK�� WKH� 'HILFLW� (QHUJ\� 0HWKRG� FDOFXODWHG� WKH� SHU� FDSLWD� GHILFLW� HQHUJ\� UHTXLUHPHQW� IRU� HDFK�
UHVLGHQWLDO�EORFN�IURP�WKH�HVWLPDWLRQ�RI�WRWDO�HQHUJ\�XVH��7KH�GHILFLW�HQHUJ\�XVH�LV�WKH�HQHUJ\�WKDW�FRXOG�
QRW�EH�SURYLGHG�IURP�RQ�VLWH�UHQHZDEOH�VRXUFHV��7KH�HQHUJ\�XVH�ZDV�JURXSHG�LQWR�WZR�VHFWLRQV��ZDWHU�
KHDWLQJ�DQG�WKH�UHVW��VSDFH�KHDWLQJ��FRRNLQJ��UHIULJHUDWLRQ��OLJKWLQJ�DQG�RWKHUV��EHFDXVH�HQHUJ\�QHHGHG�
IRU�ZDWHU�KHDWLQJ�FDQ�EH�SURGXFHG�XVLQJ�D�VRODU�ZDWHU�KHDWHU�EXW�HQHUJ\�IRU�WKH�UHVW�RI�WKH�DFWLYLWLHV�ZLOO�
QHHG�WR�EH�HOHFWULFLW\�JHQHUDWHG�IURP�SKRWRYROWDLF�PRGXOHV��
�
�
7DEOH� �� 'HILFLW� (QHUJ\� 0HWKRG� �� &RPSDULVRQ� RI� $QQXDO� (QHUJ\� 8VH�� $YDLODEOH� 	� 'HILFLW� (QHUJ\�

5HTXLUHPHQWV�LQ������
�

�

3DUDPHWHUV� 1HZ��
/\QQ�

0HWKXHQ��
5RDG��

6DQGULQJKDP�
�5RDG��
�

5LFKPRQG�
5RDG�

:HOOLQJWRQ��
6WUHHW�

7RWDO�HQHUJ\�XVH�LQ�
UHVLGHQWLDO�EORFN�
��*-��\HDU��

����� ����� ����� ����� �����

7RWDO�QXPEHU�RI�
KRXVHKROGV�

��� ���� ���� ��� ����

7RWDO�DYDLODEOH�VRODU�
HIILFLHQW�URRI�DUHD��Pð��

����� ����� ����� ����� �����
7RWDO�UHTXLUHG�DUHD�RI�
VRODU�ZDWHU�KHDWHU�Pð���

���� ���� ���� ���� ����

7RWDO�DYDLODEOH�(QHUJ\�
IURP�6RODU�ZDWHU�
KHDWHU�RQ�VLWH�
�*-�\HDU��

���� ���� ���� ���� ����

7RWDO�DYDLODEOH�VRODU�
HIILFLHQW�URRI�DUHD�IRU�
39�PRGXOHV��Pð���

����� ����� ����� ����� �����

�7RWDO�DYDLODEOH�HQHUJ\�
IURP�39�PRGXOHV�RQ�
VLWH��*-�\HDU��

���� ����� ����� ����� �����

7RWDO�SRWHQWLDO�HQHUJ\�
IURP�VRODU�ZDWHU�
KHDWHU�DQG�39�PRGXOHV�
RQ�VLWH��*-�\HDU��

����� ����� ����� ����� �����

7RWDO�GHILFLW�HQHUJ\�
UHTXLUHPHQW��*-�\HDU��

���� ����� ����� ����� �����
7RWDO�GHILFLW�HQHUJ\�
UHTXLUHPHQW�SHU�
KRXVHKROG�H[FHSW�
WUDQVSRUW�
�*-�\HDU�KRXVHKROG��

����� ����� ���� ����� �����



,W�ZDV�DVVXPHG��((&$�DQG�&$(��������S�����&$(��������9RO����S������WKDW�D���P��SHU�KRXVHKROG�VRODU�
ZDWHU�KHDWHU�DUHD�ZRXOG�EH�VXIILFLHQW�RQ�DYHUDJH�IRU�DOO�VL]HV�RI�KRXVHKROG�DQG�WKLV�ZRXOG�QHHG�WR�EH�
SODFHG�RQ�SDUW�RI�WKH�VRODU�HIILFLHQW�URRI�DUHD������P��RI�SKRWRYROWDLF��39��PRGXOHV�FDQ�JHQHUDWH�����
0-� �GD\� DVVXPLQJ� ���� HIILFLHQF\� IRU� $XFNODQG� �5HGVKDZ� DQG� 'DZEHU�� ������ SS�������� DQG� 39�
PRGXOHV�FRXOG�EH�SODFHG�RQ�WKH�UHPDLQLQJ�DYDLODEOH�VRODU�HIILFLHQW�URRI�DUHD�DIWHU�LQVWDOODWLRQ�RI��P��RI�
VRODU�ZDWHU�KHDWHU�FROOHFWRUV�RQ�WKH�URRIV�RI�EXLOGLQJV��
�
7KH�/DQG�$UHD�0HWKRG� LV� EDVHG�RQ�(FRORJLFDO� )RRWSULQW� WHFKQLTXHV� DQG� FRQYHUWV� WKH� GHILFLW� HQHUJ\�
FRQVXPSWLRQ�WR�ODQG�DUHDV�WR�FDOFXODWH�WKH�PD[LPXP�RIIVLWH�ODQG�DUHD�QHHGHG�WR�PHHW�WKH�RYHUDOO�HQHUJ\�
GHPDQG�RI� WKH� UHVLGHQWLDO�EORFN� WR�JURZ�WKH�HQHUJ\� WKDW� WKH\�QHHG��7KH� WRWDO�HQHUJ\�UHTXLUHPHQWV�RI�
HDFK�UHVLGHQWLDO�EORFN�ZHUH�DGGHG�DQG�FRQYHUWHG� LQWR� WKH�FRUUHVSRQGLQJ� ODQG�DUHD� LQ�KHFWDUHV��ZKLFK�
ZRXOG�EH�QHHGHG�WR�JHQHUDWH�WKH�UHTXLUHG�DPRXQW�RI�HQHUJ\��*HQHUDOO\�WKH�ODQG�WR�HQHUJ\�UDWLR�IRU�1HZ�
=HDODQG�LV�DVVXPHG�WR�EH�����WR�����JLJDMRXOHV��*-��SHU�KHFWDUH�SHU�DQQXP��:DFNHUQDJHO�DQG�5HHV��
������ S������ $VVXPLQJ� WKH� DYHUDJH� ODQG�IRU�HQHUJ\� UDWLR� LV� ���� *-� SHU� KHFWDUH� SHU� \HDU�� WKH� WRWDO�
DPRXQWV�RI�DYDLODEOH�SURGXFWLYH�ODQG�RQ�VLWH�DQG�RII�VLWH�IRU�HDFK�KRXVLQJ�DUHD�DV�ZHOO�DV�SHU�KRXVHKROG�
ZHUH�FDOFXODWHG��
�
7DEOH����/DQG�$UHD�0HWKRG� ��&RPSDULVRQ�RI�/DQG�$UHD�(TXLYDOHQWV�RI�(QHUJ\�8VH��'HILFLW�DQG�$YDLODEOH�
(QHUJ\�LQ�5HVLGHQWLDO�%ORFNV�
�

�
�

/DQG�$UHD�UHTXLUHG�LQ�WKH�
KRXVLQJ�

1HZ��
/\QQ�

0HWKXHQ��
5RDG��

6DQGULQJKDP�
�5RDG��

5LFKPRQG�
5RDG�

:HOOLQJWRQ��
6WUHHW�

7RWDO�HQHUJ\�UHTXLUHPHQW�
�H[FHSW�IRRG�	�WUDQVSRUW��
�*-��

����� ����� ����� ����� �����

7RWDO�ODQG�DUHD�QHHGHG�WR�
JHQHUDWH�UHTXLUHG�HQHUJ\��
�KD��

����� ����� �����
�

����� �����

7RWDO�ODQG�DUHD��KD��SHU�
KRXVHKROG�SHU�\HDU�

����� ����� ����� ����� �����
7RWDO�DYDLODEOH�HQHUJ\�RQ�
VLWH��*-��

����� ����� ����� ����� �����

2Q�6LWH�/DQG�DUHD�
HTXLYDOHQW�HQHUJ\�JHQHUDWLRQ�
�KD���

����� ����� ����� ����� �����

7RWDO�RQ�VLWH�ODQG�DUHD�
DYDLODEOH�IRU�HQHUJ\�
JHQHUDWLRQ�SHU�KRXVHKROG�
SHU�\HDU��KD��

������ ������ ������ ������ ������

7RWDO�GHILFLW�HQHUJ\��*-��� ���� ����� ����� ����� �����
2II�6LWH�/DQG�DUHD�
HTXLYDOHQW�RI�GHILFLW�HQHUJ\�
UHTXLUHG��

����� ������ ���� ���� ������

7RWDO�RII�VLWH�GHILFLW�HQHUJ\�
ODQG�DUHD�HTXLYDOHQW�SHU�
KRXVHKROG�SHU�\HDU��KD��

������ ������ ����� ������ ������

5DWLR�RI�GHILFLW�RII�VLWH�ODQG�
DUHD�WR�DYDLODEOH�RQ�VLWH�ODQG�
DUHD�SHU�KRXVHKROG�SHU�\HDU�

���� ���� ����� ����� �����



7KH�UDWLR�RI�GHILFLW�RII��VLWH�ODQG�DUHD�WR�DYDLODEOH�RQ��VLWH�ODQG�DUHD�SHU�KRXVHKROG�SHU�\HDU�YDULHV�IURP�
��WR����:KHQ�WKLV�UDWLR�LV�HTXDO�WR�]HUR��WKH�PD[LPXP�GHJUHH�RI�VXVWDLQDELOLW\�LV�DFKLHYHG��$W�D�YDOXH�
HTXDO�WR����WKH�GHJUHH�RI�VXVWDLQDELOLW\�LV�����DQG�LW�GHFUHDVHV�ZLWK�WKH�LQFUHDVLQJ�YDOXH�RI�WKH�UDWLR��$W�
D�YDOXH�HTXDO�WR����WKH�GHJUHH�RI�VXVWDLQDELOLW\�LV�WKH�OHDVW��
�
)LJXUH� �� LQGLFDWHV� WKDW� FRQVLGHULQJ� RQO\� GRPHVWLF� HQHUJ\� FRQVXPSWLRQ� DQG� JHQHUDWLRQ� �H[FOXGLQJ�
WUDQVSRUWDWLRQ��6DQGULQJKDP�5RDG�ZLWK�KRXVHKROG�GHQVLW\�RI����KRXVHKROGV�SHU�KHFWDUH�KDV�WKH�KLJKHVW�
SRWHQWLDO�VXVWDLQDELOLW\�DQG�:HOOLQJWRQ�6WUHHW�ZLWK�KRXVHKROG�GHQVLW\�RI����KRXVHKROGV�SHU�KHFWDUH�KDV�
WKH�OHDVW�SRWHQWLDO�VXVWDLQDELOLW\��
�
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�����
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�����
�����
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����

1HZ�/\QQ 0HWKXHQ�5RDG 6DQGULQJKDP
5RDG

5LFKPRQG�5RDG :HOOLQJWRQ�6WUHHW

5HVLGHQWLDO�%ORFNV
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7RWDO�RII�VLWH�GHILFLW�HQHUJ\�ODQG�DUHD�HTXLYDOHQW�SHU�KRXVHKROG�SHU�\HDU��KD�

�
)LJ���&RPSDULVRQ�RI�/DQG�$UHD�(TXLYDOHQWV��KD��RI�'HILFLW�'RPHVWLF�(QHUJ\�SHU�+RXVHKROG�SHU�\HDU��������

H[FOXGLQJ�7UDQVSRUW�
�
7UDQVSRUW�(QHUJ\�8VH��
�
7KH�$XFNODQG�5HJLRQDO�/DQG�7UDQVSRUW�6WUDWHJ\�LV�JXLGHG�E\�WKH�$XFNODQG�5HJLRQDO�*URZWK�6WUDWHJ\��
ZKLFK� SXWV� HPSKDVLV� RQ� D�PRUH� FRPSDFW� XUEDQ� IRUP��8UEDQ� IRUP� LV� WR� D� ODUJH� H[WHQW� D� IXQFWLRQ� RI�
WUDQVSRUW� QHWZRUNV� DQG� KHQFH� WUDQVSRUWDWLRQ� HQHUJ\� XVH� LV� YHU\� LPSRUWDQW� LQ� GHYHORSLQJ� VXVWDLQDEOH�
PHDVXUHPHQW�PHWKRGRORJ\�DW�D�ORFDO�OHYHO��7KH�DQQXDO�HQHUJ\�XVH�DQG�&2��HPLVVLRQV�LQ�WUDQVSRUW�ZHUH�
FDOFXODWHG�EDVHG�RQ�NQRZQ�ZRUN�WULS�OHQJWK��XVLQJ�$UHD�8QLW�EDVHG�GDWD�IURP�6WDWLVWLFV�1HZ�=HDODQG�
IRU� WKH� OHQJWK�RI� WKH� MRXUQH\� WR�ZRUN�DSSOLFDEOH� WR�HDFK�RI� WKH� UHVLGHQWLDO�EORFNV� �:KLWHKHDG���������
7KH� OHQJWKV� RI� MRXUQH\� WR� ZRUN� YDU\� ZLWK� WKH� ORFDWLRQ� RI� $UHD� 8QLWV� DQG� WKXV� WDNH� LQWR� DFFRXQW�
ORFDWLRQDO�DVSHFWV�RI�UHVLGHQWLDO�EORFNV�VLWXDWHG� LQ�GLIIHUHQW�$UHD�8QLWV� LQ�DGGLWLRQ�WR� WKHLU�UHVLGHQWLDO�
GHQVLW\��$OO�WKH�WUDQVSRUW�HQHUJ\�XVHV�IRU�WUDYHO�WR�ZRUN�LQ�N:K�ZDV�FRQYHUWHG�LQWR�*-�DQG�DOO�*-�LQWR�
FRUUHVSRQGLQJ� ODQG�DUHD�HTXLYDOHQWV� LQ�KHFWDUHV�XVLQJ� WKH�VDPH� WHFKQLTXH�DV� IRU� WKH�GRPHVWLF�HQHUJ\�
XVH�FDOFXODWLRQV��XVLQJ�DQ�DYHUDJH�YDOXH�RI�����*-�SHU�KHFWDUH�SHU�DQQXP���7KH�PDLQ�DVVXPSWLRQ�ZDV�



WKDW�WKH�SULYDWH�WUDQVSRUW�LQFOXGHG�RQO\�FDUV�DQG�SXEOLF�WUDQVSRUW�LQFOXGHG�RQO\�EXVHV��7KLV�LV�EHFDXVH�RI�
WKH�WRWDO�HQHUJ\�FRQVXPHG�IRU�GRPHVWLF�WUDYHO�LQ�����������ZDV�DWWULEXWHG�WR�FDUV��((&$��������S�Y���
$�WUDYHO�VXUYH\�RI�1HZ�=HDODQG�E\�WKH�/DQG�7UDQVSRUW�6DIHW\�$XWKRULW\��������/76$��������LQGLFDWHV�
WKDW�PRVW�KRXVHKROG�YHKLFOHV��YDQV�DQG�XWHV�LQ�1HZ�=HDODQG�ZHUH�RI�HQJLQH�VL]H�����FF�WR�����FF��7KH�
DYHUDJH�RI������FF�ZDV�WDNHQ�IRU�WKLV�FDOFXODWLRQ��$YHUDJH�&2��HPLVVLRQV�E\�D�����OLWUH�SHWURO�FDU�DW�
���� RFFXSDQF\� DUH� FDOFXODWHG� WR� EH� ������ NJ� SHU� SDVVHQJHU� NP�� DQG� DOVR� DYHUDJH� HQHUJ\� XVH� LV�
FDOFXODWHG� WR�EH������.ZK�SHU�SDVVHQJHU�NP��GDWD� IRU�&2�� HPLVVLRQV�DQG�HQHUJ\�XVH� IURP�9DOH�DQG�
9DOH��������7DEOH����S�����6LPLODUO\�WKH�HQHUJ\�XVH�DQG�&2��HPLVVLRQV�IRU�D�EXV�DW�����RFFXSDQF\�DUH�
DOVR�FDOFXODWHG��LELG��������7DEOH����S�����7KH�WRWDO�WUDQVSRUW�HQHUJ\�UHTXLUHG�E\�D�UHVLGHQWLDO�EORFN�LV�
FRQVLGHUHG�WR�EH�HTXDO�WR�WKH�WRWDO�GHILFLW�HQHUJ\�LQ�WUDQVSRUW�DV�QRWKLQJ�FRXOG�EH�JHQHUDWHG�RQ�VLWH��7KH�
XVH�RI�FDUV� FRXOG�EH� UHGXFHG�RQO\� LI� WKHUH�ZDV�D�EHKDYLRXU�FKDQJH� LQ� WKH�SHRSOH� WR�XVH�PRUH�SXEOLF�
WUDQVSRUW� DQG� XVH� SHGHVWULDQ� IDFLOLWLHV�� 7KH� WUDYHO� SDWWHUQ� DQG� WUHQGV� DV� HVWLPDWHG� E\� WKH� $XFNODQG�
5HJLRQDO�&RXQFLO�LQ�WKH�$XFNODQG�5HJLRQDO�/DQG�7UDQVSRUW�6WUDWHJ\��$5/76�������VKRZHG�WKDW�����
RI� DOO� KRXVHKROG� MRXUQH\V� DUH� WR� DQG� IURP� ZRUN� ZLWK� DQ� DGGLWLRQDO� ���ZRUN� UHODWHG� MRXUQH\V� WKXV�
PDNLQJ�����RI�DOO�KRXVHKROG�MRXUQH\V�ZRUN�UHODWHG��$5/76��������S�������
�
7DEOH���&DOFXODWLRQV�IRU�WKH�7RWDO�7UDQVSRUW�(QHUJ\�8VH�DQG�&2��(PLVVLRQV�E\�WKH�&DUV�DQG�%XVHV�
�

�
,W� KDV� EHHQ� DOVR� DVVXPHG� WKDW� WKH� PHDQ� ZRUN� MRXUQH\� WULS� OHQJWKV� IRU� HDFK� $UHD� 8QLW� DSSO\� SHU�
KRXVHKROG��3XEOLF�WUDQVSRUW�LQFOXGHV�RQO\�EXVHV�DQG�H[FOXGHV�IHUULHV�DQG�WUDLQV��DV�WKH�DSSOLFDELOLW\�RI�
WKHVH�PRGHV�IRU�WKH�UHVLGHQWLDO�EORFNV�LV�QRW�NQRZQ��'XH�WR�WKH�QRQ�DYDLODELOLW\�RI�GDWD��QRQ�ZRUN�WULS�
ZHUH�QRW� LQFOXGHG� LQ� WKH� FDOFXODWLRQ��/LPLWHG� UHVHDUFK� LQ�1HZ�=HDODQG� VXJJHVWV� WKDW�SHRSOH�PRYLQJ�
LQWR� PHGLXP� GHQVLW\� GHYHORSPHQWV� GR� QRW� GHPRQVWUDWH� FKDQJHV� LQ� WUDQVSRUW� EHKDYLRXU� �'L[RQ� DQG�
'XSXLV���������PHDQLQJ�WKDW�WKH�DYHUDJH�PRGDO�VSOLW�IRU�$XFNODQG�ZDV�DVVXPHG�WR�DSSO\��
�
7KH�6XVWDLQDEOH�5HVLGHQWLDO�%ORFN��
�
7KH�VXVWDLQDELOLW\�SHUIRUPDQFH�RI�WKH�UHVLGHQWLDO�EORFNV�ZDV�WKXV�PHDVXUHG�LQ�WHUPV�RI�GRPHVWLF�HQHUJ\�
XVH� DQG� ZRUN� MRXUQH\� WUDQVSRUW� HQHUJ\� XVH� DQG� UHVXOWV� ZHUH� DGGHG� WRJHWKHU� WR� GHWHUPLQH� WKH� PRVW�
VXVWDLQDEOH�UHVLGHQWLDO�EORFN�LQ�WHUPV�RI�WKHVH�WZR�IDFWRUV���
�

5HVLGHQWLDO�
%ORFNV�

(QHUJ\�
XVH� E\�
FDUV� SHU�
DQQXP� LQ�
������*-���

&2��
HPLVVLRQV�
E\� FDUV�
SHU�
DQQXP�
�����
�WRQV��

(QHUJ\�
XVH� E\�
EXVHV� SHU�
DQQXP�
�����
�*-���

&2��
HPLVVLRQV�
E\� EXVHV�
SHU� DQQXP�
������WRQV��

7RWDO�
HQHUJ\� XVH�
SHU� DQQXP�
LQ� �����
�*-��

7RWDO� &2��
HPLVVLRQV�
SHU� DQQXP�
������WRQV��

7RWDO� /DQG�
DUHD�
HTXLYDOHQW�
RI� ZRUN�
WULSV�HQHUJ\�
XVH� SHU�
KRXVHKROG�
�KD��

1HZ�/\QQ� ���� ��� ��� �� ���� ��� ������
�

0HWKXHQ�5RDG� ���� ��� ��� �� ���� ��� ������
�

6DQGULQJKDP�
5RDG�

���� ��� ��� �� ���� ��� ������
5LFKPRQG�

5RDG�
���� ��� �� �� ���� ��� ������

�
:HOOLQJWRQ�

6WUHHW�
���� ��� ��� �� ���� ��� ������
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1HZ�/\QQ 0HWKXHQ
5RDG

6DQGULQJKDP
5RDG

5LFKPRQG
5RDG

:HOOLQJWRQ
6WUHHW

5HVLGHQWLDO�%ORFNV
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)LJ���&RPSDULVRQ�RI�'HILFLW�/DQG�$UHD�(TXLYDOHQWV��KD��SHU�KRXVHKROG�SHU�\HDU�EDVHG�RQ�'RPHVWLF�(QHUJ\�

DQG�7UDQVSRUW�(QHUJ\�IRU�ZRUN�WUDYHO�
�
&RQFOXVLRQV��
�
7KH� VXVWDLQDELOLW\� SHUIRUPDQFH� RI� ILYH� UHVLGHQWLDO� EORFNV� LQ� $XFNODQG� ZDV� PHDVXUHG� LQ� WHUPV� RI�
GRPHVWLF�HQHUJ\�XVH�DQG�ZRUN� MRXUQH\� WUDQVSRUW�HQHUJ\�XVH��7KH�UHVXOWV� LQGLFDWH� WKDW�FRPSDFW�XUEDQ�
IRUP�PD\� OLPLW� WKH�SRWHQWLDO� VXVWDLQDELOLW\�RI� UHVLGHQWLDO�EORFNV��$V�PHDVXUHG� LQ� WKLV�SDSHU� WKH�PRVW�
VXVWDLQDEOH� XUEDQ� IRUP� ZDV� D� ORZ�GHQVLW\� ���� KRXVHKROGV�� KHFWDUH�� UHVLGHQWLDO� EORFN� DW� D� PRGHUDWH�
GLVWDQFH� IURP� WKH� &%'�� 7KLV� LV� LQ� VSLWH� RI� WKH� IDFW� WKDW� FRPSDFW� GHYHORSPHQW� LV� XVXDOO\� FLWHG� DV�
UHGXFLQJ�WKH�QHHG�IRU�WUDQVSRUW��7KH�VXVWDLQDELOLW\�IDFWRUV�LOOXVWUDWHG�LQ�WKLV�SDSHU�DUH�OLPLWHG�WR�WZR�LQ�
RUGHU� WR�GHPRQVWUDWH� WKH� DSSURDFK��(YHQ� FRQVLGHULQJ�RQO\� WKH� WZR� IDFWRUV�� IXUWKHU� UHVHDUFK� FRXOG�EH�
FDUULHG�RXW�WR�GHPRQVWUDWH�WKH�LPSDFW�RI�EHKDYLRXUDO�FKDQJHV��VXFK�DV�HQHUJ\�FRQVHUYDWLRQ�LQ�WKH�KRPH��
ZLGHU�WDNH�XS�RI�SXEOLF�WUDQVSRUW��RU�WKH�DGRSWLRQ�RI�PRUH�HIILFLHQW�SULYDWH�YHKLFOHV��7KH�LQFOXVLRQ�RI�D�
ZLGHU�UDQJH�RI�IDFWRUV�WKDQ�WKRVH�XVHG�LQ�WKH�RULJLQDO�VWXG\�LV�SRVVLEOH��DV�WKH�DSSURDFK�LV�IOH[LEOH��DQG�
WKH� LQFOXVLRQ� RI� RWKHU� IDFWRUV� PLJKW� FKDQJH� WKH� UDQNLQJV� RI� WKH� UHVLGHQWLDO� EORFNV�� ,Q� IXWXUH�� WKH�
PDWKHPDWLFDO� PHWKRGRORJ\� GHYHORSHG� LQ� WKLV� UHVHDUFK� FDQ� EH� DSSOLHG� WRZDUGV� IRUPXODWLRQ� RI� XUEDQ�
GHQVLW\�VWDQGDUGV� LQ�UHODWLRQ�WR�HQHUJ\�FRQVXPSWLRQ�DQG�GHYHORSPHQW�SDWWHUQV�RI�XUEDQ�DUHDV�XVLQJ�D�
ODUJHU�VDPSOH�VL]H��,W�RSHQV�XS�WKH�SRVVLELOLW\�WR�GHYHORS�D�PRGHO�HVWLPDWLQJ�WKH�FRPSDUDWLYH�GHJUHH�RI�
HQYLURQPHQWDO�VXVWDLQDELOLW\�RI�YDULRXV�XUEDQ�IRUPV�DW�ORFDO��UHJLRQDO�DQG�QDWLRQDO�OHYHOV��
�
$FNQRZOHGJHPHQWV�
�
7KH� DXWKRUV� ZRXOG� OLNH� WR� DFNQRZOHGJH� WKH� VXSSRUW� RI� WKH� )567� IXQGHG� ³/HDUQLQJ� 6XVWDLQDELOLW\´�
SURJUDPPH�LQYROYLQJ�/DQGFDUH�5HVHDUFK�LQ�FROODERUDWLRQ�ZLWK�2SXV�,QWHUQDWLRQDO�&RQVXOWDQWV�/WG��DQG�
WKH�8QLYHUVLW\�RI�$XFNODQG��7KH�DXWKRUV�DOVR�VLQFHUHO\�WKDQN�WKH�8QLYHUVLW\�RI�$XFNODQG�IRU�IXQGLQJ�
WKH� RULJLQDO� UHVHDUFK�� 7KH\� ZRXOG� DOVR� OLNH� WR� WKDQN� WKH� $XFNODQG� &LW\� &RXQFLO� IRU� WKH� DHULDO�
SKRWRJUDSKV�� )RU� DVVLVWDQFH� LQ� VRXUFLQJ� UHOHYDQW� PDWHULDOV� WKDQNV� WR� VWDII� PHPEHUV� RI� WKH� *HQHUDO�



/LEUDU\�� 0DVVH\� 8QLYHUVLW\�� 3DOPHUVWRQ� 1RUWK� DQG� WKH� $UFKLWHFWXUH� /LEUDU\� RI� WKH� 8QLYHUVLW\� RI�
$XFNODQG��
�
5HIHUHQFHV�
�
$PHULFDQ�)RUHVWV��&,7<JUHHQ�� FDOFXODWLQJ� WKH� YDOXH� RI� QDWXUH�� ����8VHU�0DQXDO��$PHULFDQ�)RUHVWV��
������:DVKLQJWRQ��8�6�$��
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