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7KH�DFFXUDWH�PRGHOOLQJ�DQG�SUHGLFWLRQ�RI ELPRGDO�VHD VWDWHV��FRPELQLQJ�VZHOO�DQG�ZLQG�ZDYHV� LV�RI�XSPRVW�
LPSRUWDQFH�IRU�PDQ\�DSSOLFDWLRQV�VXFK�DV�ZDYH�RYHUWRSSLQJ�RI�FRDVWDO�SURWHFWLRQV��<HW��WKH�GLVFUHSDQF\�LQ�WKH�
ILHOG�REVHUYDWLRQV�DQG�WKH�ZDYH�PRGHO�OLPLWDWLRQV PDNH�WKH�PRGHOLQJ�RI�WKLV�FRPPRQ�VHD VWDWH�FRQGLWLRQ�UDWKHU�
FRPSOH[� 7KH�TXHVWLRQ�JXLGLQJ WKLV�SDSHU� LV� DUH�ZLQG�ZDYHV�JHQHUDWHG�WKH�VDPH�ZD\ ZLWK�DQG�ZLWKRXW�SUH�
H[LVWLQJ�VZHOO"�7KH�DSSURDFK�ZH�FKRVH VWDUWV�ZLWK�ODERUDWRU\ PHDVXUHPHQWV�LQ�D�ZLQG�ZDYH�IDFLOLW\�VKRZLQJ�
WKDW�ZLQG�VHD�JURZWK�LV�PRGLILHG�LQ�WKH�SUHVHQFH RI�ORQJ�ZDYHV��UHSUHVHQWLQJ�VZHOO���7R�XSVFDOH�WKLV�REVHUYDWLRQ�
WR RSHQ�RFHDQV��D�QXPHULFDO�VSHFWUDO�ZDYH�PRGHO�LV�ILUVWO\�YDOLGDWHG�E\�FRPSDULVRQ�ZLWK�ODERUDWRU\�UHVXOWV��DQG�
WKHQ�DW�FRDVWDO�VFDOH�XVLQJ�LQ VLWX ELPRGDO�VHD�VWDWH REVHUYDWLRQV�FROOHFWHG�GXULQJ WKH�6+2:(;�FDPSDLJQ� %\�
D�VHSDUDWLRQ RI WKH SK\VLFDO SURFHVVHV LQYROYHG�LQ ZLQG�ZDYH�JHQHUDWLRQ��QXPHULFDO�VLPXODWLRQV DOORZ�WR�DVVHVV�
WKH UROH�HDFK SK\VLFDO�SURFHVV�SOD\V LQ�WKH ZLQG�ZDYH�JURZWK�ZKHQ�D�VZHOO V\VWHP�LV�SUHVHQW�

.H\ZRUGV� FRPSOH[�VHD�VWDWHV��ZLQG�ZDYH�JURZWK��ZLQG�ZDYH�WDQN��ZDYH�PRGHO��ZDYH�VSHFWUD

�� ,1752'8&7,21

$OWKRXJK�FRPSOH[�VHD�VWDWHV�FRPSRVHG�RI�DW�OHDVW�WZR�GLIIHUHQW�ZDYH�V\VWHPV��L�H��VZHOO�DQG�ORFDO�ZLQG�
VHD��RFFXU�UDWKHU� IUHTXHQWO\� LQ� WKH�RFHDQ�� WKHLU�G\QDPLFV� LV�QRW�HQWLUHO\�XQGHUVWRRG� +RZHYHU�� LW� LV�FUXFLDO� WR�
PRGHO�WKHLU�SURSHUWLHV��L�H��VLJQLILFDQW�ZDYH�KHLJKW��UHSUHVHQWDWLYH�SHULRG��PDLQ�GLUHFWLRQ��HWF���ZLWK�SUHFLVLRQ�IRU�
PDQ\� LQGXVWULDO� DSSOLFDWLRQV� OLNH�ZDYH�RYHUWRSSLQJ�DQG� IORRG� IRUHFDVWLQJ LQ�FRDVWDO�DUHDV� ,Q�RUGHU� WR�EHWWHU�
DVVHVV�WKH�HIIHFW�RI�VZHOO�RQ�WKH�JHQHUDWLRQ�RI�ORFDO�ZLQG�VHD�DQG�WR�VWXG\�WKH�LQWHUDFWLRQ EHWZHHQ�WKH�WZR�ZDYH�
V\VWHPV��SK\VLFDO�H[SHULPHQWV�FRPELQHG�ZLWK�QXPHULFDO�VLPXODWLRQV�XVLQJ�D�WKLUG�JHQHUDWLRQ�ZDYH�PRGHO�KDYH�
EHHQ�FDUULHG�RXW�

8VLQJ�WKH�,53+(�3\WKpDV�ZLQG�ZDYH�WDQN�IDFLOLW\�LQ�0DUVHLOOHV��)UDQFH���ZLQG�ZDYH�JURZWK�LV�REVHUYHG�ZLWK�
DQG�ZLWKRXW� WKH�SUHVHQFH�RI� IROORZLQJ� LUUHJXODU�SDGGOH ZDYHV� �JHQHUDWHG� IURP�D�-216:$3�W\SH�VSHFWUXP��
UHSUHVHQWLQJ�WKH�VZHOO�V\VWHP� %XW� FRQWUDU\�WR�ZKDW�KDV�EHHQ�REVHUYHG�LQ�WKH�SDVW�ZLWK�D�PRQRFKURPDWLF�VZHOO�
�'RQHODQ��������WKH�LUUHJXODU�SDGGOH�ZDYHV�GR�QRW�KDYH�D�PDUNHG�GDPSLQJ�HIIHFW�RQ�WKH�ZLQG�ZDYH�HQHUJ\�
7KXV��LUUHJXODU�SDGGOH�ZDYHV�VLJQLILFDQWO\�PRGLI\�ZLQG�ZDYH�GHYHORSPHQW�DW�ODERUDWRU\�VFDOH�LQ�WHUPV�RI�ZLQG�
ZDYH�VWHHSQHVV�GXH�WR�D�IUHTXHQF\�GRZQVKLIW� +RZHYHU��RQO\�OLWWOH�HYLGHQFH�RI�LQWHUDFWLRQV�EHWZHHQ�ERWK�ZDYH�
V\VWHPV�LV�REVHUYHG�DW�SURWRW\SH�VFDOH��+ZDQJ�HW�DO� ������

6LQFH�LGHDO�ZLQG�RYHU�VZHOO�FRQGLWLRQV�DUH�GLIILFXOW�WR�PHDVXUH�DFFXUDWHO\�LQ�WKH�RFHDQ��QXPHULFDO�VLPXODWLRQ�
LV XVHG�DV�D�EULGJH�IURP�ODERUDWRU\�WR�SURWRW\SH�VFDOH��7KXV��WKH�YDOLGDWLRQ�RI�WKH�PRGHO�KDV�EHHQ�FDUULHG�RXW�DW�
ERWK�VFDOHV� ,QLWLDOO\�GHVLJQHG�IRU�DSSOLFDWLRQV�IURP�JOREDO�WR�FRDVWDO�VFDOHV��WKH�FDSDELOLWLHV�RI�D�WKLUG�JHQHUDWLRQ�
ZDYH�PRGHO� LQ� UHSURGXFLQJ� ELPRGDO� VHD� VWDWHV� DW� ODERUDWRU\� VFDOH� DUH� LQYHVWLJDWHG� 8VLQJ� WKH�ZDYH�PRGHO�
720$:$&��%HQRLW�HW�DO���������SDUW�RI�WKH�7(/(0$&�0$6&$5(7�K\GUR�LQIRUPDWLF�V\VWHP���DQ�RULJLQDO VHW�RI�
VRXUFH�VLQN�WHUPV�RI�WKH�DFWLRQ�EDODQFH�HTXDWLRQ��GHVFULELQJ�ZLQG�LQSXW��ZKLWH�FDSSLQJ�GLVVLSDWLRQ�DQG�QRQOLQHDU�
IRXU�ZDYH� LQWHUDFWLRQV�� LV FRPSDUHG� WR� WKH� REWDLQHG� H[SHULPHQWDO� UHVXOWV� LQ� RQH� KDQG�� DQG� WR� LQ� VLWX
PHDVXUHPHQWV IURP�WKH�6+2:(;�FDPSDLJQ��=KDQJ�HW�DO� ������$UGKXLQ HW�DO��������RQ�WKH�RWKHU�KDQG�
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2XU PHWKRGRORJ\�LV�SUHVHQWHG�E\�VWDUWLQJ�ZLWK�WKH�GHVFULSWLRQ�RI�WKH�ODERUDWRU\�H[SHULPHQWV�FDUULHG�RXW�LQ�
0DUVHLOOHV ZLQG�ZDYH�WDQN DQG WKH�REVHUYDWLRQ�RI�WKH�PRGLILHG�ZLQG�ZDYH�JURZWK�LQ�VHFWLRQ �� ,Q�VHFWLRQ ���D�
SDUWLFXODU�HYHQW�RI�WKH�6+2:(;�FDPSDLJQ�SURYLGLQJ�D�YDOXDEOH�GDWDEDVH�WR�YDOLGDWH�D�ZDYH�PRGHO�RI�ZLQG�
ZDYH�JURZWK�LQ�WKH�SUHVHQFH�RI�VZHOO�LV�EULHIO\�GHVFULEHG��%RWK�ODERUDWRU\�DQG�6+2:(;�GDWD�DUH�WKHQ�XVHG�WR�
YDOLGDWH�720$:$&�ZDYH�PRGHO LQWURGXFHG�LQ�VHFWLRQ����7KH YDOLGDWLRQ�VWHS��GHVFULEHG�LQ�VHFWLRQ �� SURYLGHV
ILUVW�LQVLJKWV�DERXW�WKH�SURFHVVHV�DW SOD\�LQ�WKH�ZLQG�ZDYH�JURZWK�PRGLILFDWLRQ�LQ�WKH�SUHVHQFH�RI�VZHOO�

�� 7+(�/$%25$725<�(;3(5,0(176

��� 7KH�IDFLOLW\

7KH�,QVWLWXW GH�5HFKHUFKH�VXU�OHV�3KpQRPqQHV�+RUV�(TXLOLEUH��,53+(�±3\WKpDV�ZLQG�ZDYH�WDQN�FRQVLVWV�
RI�D�FORVHG�ORRS�WXQQHO�ZLWK�D���� P KLJK�DLU�FDYLW\�IRU�DLU�FLUFXODWLRQ DERYH�D�EDVLQ�ZLWK�D �� P ORQJ�DQG ���� P
ZLGH�WHVW�VHFWLRQ �)LJXUH���� :DYHV�FDQ�EH�JHQHUDWHG�HLWKHU�E\ WKH�FLUFXODWLQJ�DLU IORZ��E\�XVLQJ�DQ�DLU�EORZHU��
RU�E\�D�PHFKDQLFDO�ZDYHPDNHU�VLWXDWHG�DW�WKH�XSZLQG�HQG�RI�WKH�ZDWHU�WDQN��$�PRUH�GHWDLOHG�GHVFULSWLRQ�RI�WKH�
IDFLOLW\�DQG�WKH�H[SHULPHQWV LV�JLYHQ�LQ 9LOOHIHU�HW�DO���������

)LJXUH����6NHWFK�RI�WKH�,53+(�3\WKpDV�ZLQG�ZDYH�WDQN�IDFLOLW\�VKRZLQJ�WKH�ORFDWLRQ�RI�WKH�PHDVXULQJ�GHYLFHV��
7KH�YHUWLFDO�H[DJJHUDWLRQ�LV ൈ��

��� 7KH�H[SHULPHQWV

%RWK ZD\V�RI�JHQHUDWLQJ�ZDYHV ZHUH�XVHG�WR�FUHDWH�D�ELPRGDO�VHD VWDWH�ZLWKLQ�WKH�WHVW�VHFWLRQ��ZLQG ZDYHV�
XVLQJ� WKH� DLU�EORZHU� DQG� ORQJ� ZDYHV�� UHSUHVHQWLQJ� VZHOO�� XVLQJ� WKH� ZDYHPDNHU�� $� VHW� RI� ��� ZDYH� JDXJHV�
PHDVXUHG�IUHH�VXUIDFH�HOHYDWLRQ�WLPH�VHULHV�IURP�ZKLFK�ZDYH�YDULDQFH�GHQVLW\ VSHFWUD ሺ݂ሻܧ ZHUH�FRPSXWHG��
ZLWK�݂ WKH�IUHTXHQF\� IURP D�IHWFK�RI���P��JUDYLW\�FDSLOODULW\�ZLQG�ZDYHV��WR����P��IXOO�JUDYLW\�ZLQG ZDYHV��

%RWK� WKH�HIIHFWV�RI�PRQRFKURPDWLF�DQG� LUUHJXODU� ORQJ�FUHVWHG�VZHOO�RQ�ZLQG�ZDYHV�ZHUH�VWXGLHG� ,Q� WKLV�
SDSHU KRZHYHU�� RQO\� FDVHV�ZLWK� LUUHJXODU� VZHOO� DUH� FRQVLGHUHG� 7KH� LUUHJXODU� VZHOO� ZDV FKDUDFWHUL]HG� E\� D�
-216:$3�W\SH�VSHFWUXP�ZLWK�D�SHDN�IUHTXHQF\� ݂  �����+]�DQG�WZR�GLIIHUHQW YDOXHV�RI VWHHSQHVV�ܽ݇ RI�����

DQG��������ZLWK�ܽ ൌ ඥʹ݉ ൌ బܪ
Ȁሺʹξʹሻ WKH�UHSUHVHQWDWLYH�ZDYH�DPSOLWXGH��݉ ൌ  ሺ݂ሻ݂݀ܧ WKH�WRWDO�YDULDQFH�

RI�WKH�IUHH�VXUIDFH�HOHYDWLRQ�DQG�݇ WKH�SHDN�ZDYH�QXPEHU�
)RU�ZLQG�ZDYH�JHQHUDWLRQ��WKH�ZLQG�YHORFLW\�FRXOG�YDU\�EHWZHHQ���DQG����P�V����7KUHH�ZLQG�YHORFLW\�VHWWLQJV��

PHDVXUHG�ZLWK�D�VRQLF�DQHPRPHWHU� ZHUH�FKRVHQ�IRU�RXU�VWXG\��ܷ ൌ ������DQG����P�V����7KH�ZLQG�YHORFLW\�
SURILOH ܷሺݖሻ �L�H��YHUWLFDO�SURILOH�RI�WKH�KRUL]RQWDO�YHORFLW\� ZDV PHDVXUHG�XVLQJ�D�KRW�ILOP�DQHPRPHWHU�VXSSRUWHG�
E\� D� YHUWLFDO� WHOHVFRSLF� SROH�� )LWWLQJ� WKH� PHDVXUHG YHORFLWLHV ZLWK� D� ORJDULWKPLF� SURILOH�� XVLQJ� 0RQLQ� DQG�
2EXNKRY¶V �������WXUEXOHQFH�VLPLODULW\�WKHRU\��SHUPLWWHG WR�REWDLQ�WKH�IULFWLRQ�YHORFLW\�DW�WKH�DLU�VHD�LQWHUIDFHڅݑ�
DQG�WKH�DHURG\QDPLF�URXJKQHVVݖ��

��� 7KH�UHVXOWV

7KH�DQDO\VLV�FDUULHG�RXW�LQ�WKLV�VHFWLRQ�IRFXVVHV RQ�WKH�FRPSDULVRQ�EHWZHHQ�WKH�GLIIHUHQW�VSHFWUD�LQ�WHUPV
RI�ZDYH�HQHUJ\�DQG�SHDN�IUHTXHQF\��
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)LJXUH����0HDVXUHG�ZLQG�ZDYH�YDULDQFH�GHQVLW\�VSHFWUD�ZLWK�DQG�ZLWKRXW�LUUHJXODU�SDGGOH�ZDYHV�RI�VWHHSQHVV�
ܽ݇ DQG�SHDN�IUHTXHQF\�����+]�IRU�WKUHH�ZLQG�YHORFLWLHV�ܷ DW�IHWFK����P��PD[LPDO�IHWFK���

,Q�)LJXUH����WKH�FRPSDULVRQ�EHWZHHQ WKH�SHDNV RI�WKH�GRWWHG�OLQH�VSHFWUD��REWDLQHG�ZLWK�ZLQG�ZDYHV�RQO\��
DQG WKH�FRUUHVSRQGLQJ�KLJK�IUHTXHQF\�SHDNV�RI�ERWK�JUH\�DQG�EODFN�VROLG�OLQH�VSHFWUD��REWDLQHG�ZLWK�ZLQG�ZDYH�
� LUUHJXODU�SDGGOH�ZDYHV��GHSLFWV�D�FOHDU GRZQVKLIW�RI�WKH�ZLQG�ZDYH�SHDN�LQ�WKH�SUHVHQFH�RI�ORQJ�PHFKDQLFDOO\�
JHQHUDWHG ZDYHV��7KLV�GRZQVKLIW�VHHPV� WR� LQFUHDVH�ZLWK� LQFUHDVLQJ�VZHOO�VWHHSQHVV� ([FHSW� IRU�)LJXUH���E��
ZKHUH�WKH�VWHHSHVW�ORQJ�ZDYHV LQFUHDVH�ZLQG�ZDYH�HQHUJ\��DOO WKH�FDVHV VKRZ�D�FRPSDUDEOH�OHYHO�RI�HQHUJ\�RI�
WKH�ZLQG�VHD�SHDN��LQGHSHQGHQWO\�RI�WKH�SUHVHQFH�DQG�VWHHSQHVV�RI�WKH�ORQJ�ZDYHV� %DVHG�RQ�WKLV�REVHUYDWLRQ��
LW�LV�QRW�FOHDU�WKDW WKH�ORQJ�ZDYH�V\VWHP�PRGLILHV�WKH�ZLQG�ZDYH�HQHUJ\�

%DVHG� RQ� 9LOOHIHU� HW� DO�� ������� REVHUYDWLRQV� WKH� IULFWLRQ� YHORFLW\� DW� WKH� DLU�VHD� LQWHUIDFH�� ZKLFK� ZDV�
FRQVLGHUHG�DV�FRQVWDQW�DORQJ�WKH�WDQN� WHQGHG�WR�LQFUHDVH�LQ�WKH�SUHVHQFH�RI�ORQJ�ZDYHV��7KLV�UHPDUN FDQ EH�
UHWDLQHG� DV� D� ILUVW� K\SRWKHVLV WR� H[SODLQ WKH� GRZQVKLIW RI� WKH� ZLQG�ZDYH� IUHTXHQF\�� $OO� WKHVH REVHUYDWLRQV�
UHVXOWLQJ�IURP�WKH�ODERUDWRU\�H[SHULPHQWV�DUH�H[SHFWHG�WR�EH�HQFRXQWHUHG ZLWK�WKH�QXPHULFDO�VLPXODWLRQV�LQ�WKH�
IROORZLQJ�

�� 6+2:(;�2%6(59$7,216

7KH�6KRDOLQJ�:DYHV�([SHULPHQW��6+2:(;��ZDV�FRQGXFWHG�LQ�WKH�1RUWK�&DUROLQD�FRQWLQHQWDO�VKHOI��HDVW�
FRDVW�RI�WKH�86$��IURP�$XJXVW�WR�'HFHPEHU�������$UGKXLQ�HW�DO������D�E���$�FURVV�VKHOI�WUDQVHFW�RI�VL[�'DWDZHOO�
'LUHFWLRQDO�:DYHULGHU� EXR\V�� VLWXDWHG� EHWZHHQ� �� DQG� ��� NP� �;�� WR� ;��� IURP� WKH� FRDVWOLQH� �VHH� )LJXUH� ����
FRPSOHWHG� E\� WKUHH� $LU±6HD� ,QWHUDFWLRQ� 6SDU� �$6,6�� EXR\V� ZHUH GHSOR\HG WR� PHDVXUH� ZDYH� DQG� ZLQG�
SURSHUWLHV� ([WUD�GDWD�UHJDUGLQJ�WKH�ZLQG�ILHOG�LQ�WKH�DUHD�ZHUH�SURYLGHG�E\�WKH�VWDWLRQV�RI�WKH�1DWLRQDO�'DWD�
%XR\�&HQWHU��1'%&��DQG�WKH�8�6��$UP\�&RUSV�RI�(QJLQHHUV��86$&(��

7KH�HYHQW�VHOHFWHG� IRU�720$:$&
V�YDOLGDWLRQ�KDSSHQHG�RQ��UG 1RYHPEHU�������7KLV VDPH�HYHQW ZDV�
FKRVHQ E\� $UGKXLQ�HW� DO�� ������� WR� YDOLGDWH� WKH� VSHFWUDO� ZDYH�PRGHO�:$9(:$7&+� ,,, �::���ZLWK� LQ VLWX
LGHDOL]HG�IHWFK�OLPLWHG�FRQGLWLRQV��$����P�V�� ZLQG��FRPLQJ�IURP�WKH�ODQG��ZHVW�ZLQG��RUDQJH�DUURZ�LQ�)LJXUH�����
ZDV�EORZLQJ�VWHDGLO\�DQG�XQLIRUPO\�RYHU�D�WLPH�SHULRG�RI���KRXUV�IURP�������WR�������(67 �(DVW�&RDVW�6WDQGDUG�
7LPH�� 7KH�GLUHFWLRQ�RI�WKH�ZLQG�ZDV����WR����GHJUHHV�UHODWLYH�WR�WKH�QRUPDO�WR WKH�FRDVW��L�H��VOLJKWO\�REOLTXH�
ZLQG�� $�PRGHUDWH�VRXWKHDVWHUO\�VZHOO��EOXH�DUURZ�LQ�)LJXUH����ZLWK�D�SHDN�SHULRG� ܶ  ͳͲ V�DQG�D�VLJQLILFDQW�
ZDYH�KHLJKW ௦ܪ  ͳ P ZDV�QHDUO\�RSSRVHG�WR�WKH�ORFDO�ZLQG� 8VLQJ�PHDVXUHPHQWV�IURP�VHYHUDO�VWDWLRQV��WKH�
JLYHQ�DLU�WHPSHUDWXUH�ZDV���WR���� FROGHU�WKDQ�WKH�RFHDQ��WKH�DWPRVSKHULF�ERXQGDU\�OD\HU�ZDV�WKXV�XQVWDEOH�
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)LJXUH����%DWK\PHWU\�RI�WKH�1RUWK�&DUROLQD�VKHOI�DQG�ORFDWLRQV�RI�ZDYH�PHDVXUHPHQWV�GXULQJ�6+2:(;�
��������7KH�RUDQJH�DQG�WKH�EOXH�DUURZV�GHSLFW�ZLQG�DQG�VZHOO�GLUHFWLRQV�UHVSHFWLYHO\���)LJXUH�UHSULQWHG�IURP�
$UGKXLQ�HW�DO�������

'XULQJ�WKLV�HYHQW��WKH�REVHUYHG�ZDYH�VSHFWUD�GHSLFWHG WKH�HYROXWLRQ�RI�WZR�ZHOO�GHILQHG�ZDYH�V\VWHPV��WKH�
KLJK�IUHTXHQF\�SDUW�ZLWK�ZLQG ZDYHV�JURZLQJ�ZLWK�IHWFK�IURP�;��WR�;��DQG�WKH�ORZ�IUHTXHQF\�SDUW�ZLWK�VZHOO�
GHFUHDVLQJ�IURP�RIIVKRUH�WR�WKH�FRDVW�

7KH� LGHDOL]HG� IHWFK�OLPLWHG� FRQGLWLRQ� DQG� WKH� FRPSDULVRQ ZLWK� ::�� SHUIRUPDQFHV� LQ� UHSURGXFLQJ� WKH�
REVHUYDWLRQV��$UGKXLQ�HW�DO������� $UGKXLQ�HW�DO������� SURYLGH�D�YDOXDEOH�GDWDEDVH�IRU�720$:$&
V�YDOLGDWLRQ�

�� :$9(�02'(/

����%ULHI�SUHVHQWDWLRQ�RI�720$:$&

720$:$&�LV�D�WKLUG�JHQHUDWLRQ ZDYH�PRGHO��GHYHORSHG�E\�WKH�(')�5	'�/1+(��XVLQJ�WKH�ILQLWH�HOHPHQW�
IRUPDOLVP�IRU�VROYLQJ�WKH�EDODQFH�HTXDWLRQ�RI�WKH�DFWLRQ�GHQVLW\�GLUHFWLRQDO�VSHFWUXP�LQ�WKH�VHD�GRPDLQ��%HQRLW�
HW�DO�������� 7R�VHUYH�WKDW�SXUSRVH��WKH�PRGHO�FRPSXWHV�WKH�HYROXWLRQ�RI�WKH�DFWLRQ�VSHFWUXP�DW�HDFK�QRGH�RI�D�
VSDWLDO� FRPSXWDWLRQDO� JULG� ,Q� 720$:$&� WKH� GLUHFWLRQDO� ZDYH� VSHFWUXP� LV� VSOLW� LQWR� D� ILQLWH� QXPEHU� RI�
SURSDJDWLRQ�IUHTXHQFLHV� ݂ DQG�GLUHFWLRQVߠ�� 7KH�EDODQFH�HTXDWLRQ�RI�ZDYH�DFWLRQ�GHQVLW\�LV�VROYHG�IRU�HDFK�
FRPSRQHQW�൫ ݂ ǡ �൯��(DFK�FRPSRQHQW�RI�WKH�DFWLRQ�GHQVLW\�VSHFWUXP�FKDQJHV�LQ�WLPH�XQGHU�WKH�FRPELQHG�HIIHFWVߠ
RI�WKH�VHYHUDO SK\VLFDO�SURFHVVHV��PRGHOOHG�LQ�WKH�FRGH�

7KH�EDODQFH�HTXDWLRQ�RI�WKH�DFWLRQ�GHQVLW\�GLUHFWLRQDO�VSHFWUXP ܰሺݐǡ ǡ࢞ ݂ǡ ሻߠ FDQ�EH�ZULWWHQ�DV IROORZ�
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7KH�OHIW�SDUW�RI�WKH�HTXDWLRQ�LV�WKH�NLQHPDWLF�SDUW�DQG�WKH�ULJKW�SDUW�JDWKHUV�WKH�FRQWULEXWLRQV IURP�WKH�SK\VLFDO�
SURFHVVHV�PRGHOHG�XVLQJ�VRXUFH�VLQN�WHUPV�ܳሺݐǡ ǡ࢞ ݂ǡ ሻ��,Q�GHHS�ZDWHU��ܳߠ LV�XVXDOO\�IRUPXODWHG�DV�
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FRUUHVSRQGLQJ�WR�WKH�SURFHVVHV�RI�ZLQG�HQHUJ\�LQSXW�ܳ��GLVVLSDWLRQ�WKURXJK�ZKLWH�FDSSLQJ ܳௗ௦ DQG�QRQOLQHDU�
IRXU�ZDYH�LQWHUDFWLRQV�ܳ� ,Q�WKH�IROORZLQJ��ZDWHU�FXUUHQW�LQWHUDFWLRQ�LV�QRW�FRQVLGHUHG� EHLQJ�WKH�UHODWLYH�DQG�
DEVROXWH�IUHTXHQFLHV�HTXDO��7KHUHE\��WKH�YDULDQFH�GHQVLW\ ሺ݂ሻܧ LV�XVHG�LQVWHDG�RI�WKH�DFWLRQ�GHQVLW\��ܧ ൌ ��݂ܰߨʹ

6HYHUDO�SDUDPHWHUL]DWLRQV�DUH�DYDLODEOH�WR�FRPSXWH HDFK�VRXUFH�WHUP�LQ�720$:$&��,Q RUGHU�WR�VLPXODWH�
WKH�FRPELQDWLRQ�RI�VZHOO�DQG�ZLQG�ZDYHV��WKH SDUDPHWUL]DWLRQ�RI�WKH VRXUFH�WHUPV�QHHGV WR�EH�FDUHIXOO\�VHOHFWHG�

����3DUDPHWHUL]DWLRQ�RI�VRXUFH�WHUPV

7KH�VWDQGDUG�720$:$&�SDUDPHWHUL]DWLRQ�XVHV�WKH�:$0 F\FOH�� ZKLFK�ZDV�WKH�GHIDXOW�SDUDPHWHUL]DWLRQ�
XVHG�LQ�WKH�RSHUDWLRQDO�IRUHFDVWLQJ�DW�WKH�(XURSHDQ�&HQWUH�IRU�0HGLXP�5DQJH�:HDWKHU�)RUHFDVWV��(&0:)��
7KLV�SDUDPHWHUL]DWLRQ�XVHV�WKH�'LVFUHWH�$SSUR[LPDWLRQ�0HWKRG��',$���GHYHORSHG�E\�+DVVHOPDQQ�HW�DO����������
WR�DFFRXQW�IRU�WKH�QRQOLQHDU�IRXU�ZDYH�LQWHUDFWLRQV�ܳ��7KH�WUDQVIHU�RI�PRPHQWXP�IURP�WKH�ZLQG�WR�WKH�VHD��ܳ��
LV�JLYHQ�E\�-DQVVHQ¶V��������IRUPXODWLRQ��/DVWO\��WKH�HQHUJ\�ORVV WKURXJK�ZKLWH�FDSSLQJ �ܳௗ௦� LV HVWLPDWHG�E\
.RPHQ�HW�DO�¶V �������VLQN�WHUP�EDVHG�RQ�+DVVHOPDQQ¶V��������ZRUN�LQ�ZKLFK�ZKLWHFDSV�DFW�DV�D�SUHVVXUH�SXOVH
GUDLQLQJ�WKH�HQHUJ\�IURP�WKH�ZDYH�

5HJDUGLQJ�WKH SDUDPHWHUL]DWLRQV FKRVHQ�IRU�720$:$& YDOLGDWLRQ LQ�WKH�IROORZLQJ��WKH�:$0�F\FOH���VHW�RI�
VRXUFH�WHUPV LV�DGDSWHG�E\�UHSODFLQJ�WKH�GLVVLSDWLRQ�PRGHO RI�.RPHQ�HW�DO���������E\�D�PRUH�UHFHQW�RQH� SDUWO\�
EDVHG�RQ�D�VDWXUDWLRQ�WKUHVKROG��GHYHORSHG�E\�YDQ�GHU�:HVWKX\VHQ������� DQG EDVHG�RQ�$OYHV�DQG�%DQQHU¶V�
�������ZRUN�

7KH�XVH�RI�WKLV�VDWXUDWLRQ�EDVHG�PRGHO�LV�PRWLYDWHG�E\�WKH�OLPLWDWLRQ�RI�WKH�SUHVVXUH�SXOVH�PRGHO�WKDW�XVHV
DQ�DYHUDJHG�ZDYH�VWHHSQHVV�WR�HVWLPDWH WKH�GLVVLSDWLRQ��:KHQ�XVLQJ�WKLV�ODWWHU�PRGHO� WKH�DGGLWLRQ�RI�PLOG VZHOO
OHDGV WR�DQ�DQRPDORXV�DPSOLILFDWLRQ�RI�D�SUH�H[LVWLQJ ZLQG�ZDYH V\VWHP� WKH�ORZ�VWHHSQHVV�RI�WKH�VZHOO�UHGXFHV�
WKH�PHDQ�GLVVLSDWLRQ�UDWH�

9DQ�GHU�:HVWX\VHQ� ������� GHYHORSHG�D�GLVVLSDWLRQ�PRGHO� WDNLQJ� WKH�DGYDQWDJH�RI� ERWK� WKH� VDWXUDWLRQ�
EDVHG�PRGHO ܳௗ௦

ௐ DQG�WKH�SUHVVXUH�SXOVH�RQH ܳௗ௦
 � DQG�SURSRVHG�WKH�IROORZLQJ�H[SUHVVLRQ�

ܳௗ௦ ൌ ݂ሺ݇ሻǤ ܳௗ௦
ௐ  ൫ͳ െ ݂ሺ݇ሻ൯Ǥ ܳௗ௦
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7KH� UDWLR� RI� WKH� GLUHFWLRQ� LQWHJUDWHG� VDWXUDWLRQ� VSHFWUXPܤ�ሺ݇ሻ RYHU� WKH� VDWXUDWLRQ� WKUHVKROGܤ� KDQGOHV WKH�
ZHLJKWLQJ�EHWZHHQ�ERWK�FRPSRQHQWV�RI�WKH�GLVVLSDWLRQ�WHUP��7KDW�ZD\��WKH�HQHUJ\�RI�VWHHS�ZDYHV�H[FHHGLQJ�
WKH�VDWXUDWLRQ�WKUHVKROG�LV�GLVVLSDWHG�DFFRUGLQJ�WR�ܳௗ௦

ௐ ��LQGHSHQGHQWO\�IURP�WKH�DYHUDJH�VWHHSQHVV�RI�WKH�VHD�
VWDWH��ZKLOH�WKH�HQHUJ\�RI�PLOGHU�ZDYHV�LV�GLVVLSDWHG�DFFRUGLQJ�WR�ܳௗ௦

 ��+HQFH��WKLV�IRUPXODWLRQ�LV�UHODWLYHO\�ZHOO�
DGDSWHG�WR�ELPRGDO�VHD�VWDWHV�PRGHOOLQJ�ZLWK WKH�GLVVLSDWLRQ�RI�VWHHS�ZLQG�ZDYHV EHFRPLQJ�LQGHSHQGHQW�IURP�
WKH�VZHOO�V\VWHP�

7KH�SHUIRUPDQFHV�RI�WKLV�FRPELQDWLRQ�RI�VRXUFH�WHUPV�WR�UHSURGXFH�WKH�ODERUDWRU\�H[SHULPHQW�ILUVW��DQG�WKH
1RYHPEHU��UG� �����6+2:(;�HYHQW�VHFRQGO\��DUH�VKRZHG DQG�GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQ�

�� 9$/,'$7,21

����$W�ODERUDWRU\�VFDOH

)LUVW�� LW� LV� LPSRUWDQW� WR� QRWH� WKDW� WKH� YDOLGDWLRQ� RI� D� �UG JHQHUDWLRQ ZDYH� PRGHO� XVLQJ� GLUHFW� ODERUDWRU\�
PHDVXUHPHQWV �L�H��ZLWKRXW�DQ\�NLQHPDWLF�VLPLODULW\��LV�QRW�FRPPRQ�LQ�WKH�OLWHUDWXUH��7KLV�FDQ�EH�H[SODLQHG�E\�
WKH� IDFW� WKDW�VXFK�ZDYH�PRGHOV�DUH�H[FOXVLYHO\ SDUDPHWHUL]HG� IRU�ZDYH�KLQGFDVWLQJ�RU� IRUHFDVWLQJ�DW�JOREDO��
UHJLRQDO RU�FRDVWDO�VFDOHV��+RZHYHU��DV�6KHPHU��������VKRZHG��ZDYH�JHQHUDWLRQ�LQ�ZLQG�ZDYH�WXQQHOV�LV��WR�D�
JUHDW� H[WHQW�� FRPSDUDEOH� WR� LQ VLWX ZLQG�ZDYH� JURZWK� 7KXV�� WDNLQJ� WKH� DGYDQWDJH� RI� WKH� ZHOO�FRQWUROOHG�
ODERUDWRU\�HQYLURQPHQW��LW FDQ�EH�D�SRZHUIXO�ZD\�WR�YDOLGDWH��UG JHQHUDWLRQ�ZDYH�PRGHOV�
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����� ,$+5��8VHG�ZLWK�SHUPLVVLRQ���,661�/������
����

$�ILUVW�VHULHV�RI�VLPXODWLRQV�OHDG�WR�VRPH�DGMXVWPHQWV�RI WKH�SDUDPHWHUL]DWLRQ RI�VRXUFH�WHUPV��)LUVW�� WKH�
ZDYH�JURZWK� OLPLWHU LV� GHDFWLYDWHG��7KLV OLPLWHU LV� JHQHUDOO\ XVHG� WR� JXDUDQWHH� WKH�QXPHULFDO� VWDELOLW\� RI� WKH�
FDOFXODWLRQ ZKLFK��LQ�RXU�FDVH� DSSHDUV�WR�EH�XQQHFHVVDU\�ZLWK�D�VPDOO�WLPH�VWHS�RI�����V� 6HFRQGO\��LQ�-DQVVHQ¶V�
�������ZLQG�ZDYH�JHQHUDWLRQ�PRGHO��ܳሻ��WKH�IULFWLRQ�YHORFLW\�DW�WKH�DLU�VHD�LQWHUIDFH�LV�IRUFHG�WR�EH�FRQVWDQW�
DQG�HTXDO� WR� WKH� ODERUDWRU\�PHDVXUHG�RQH� ZLWKRXW�VZHOO�DQG� IRU�HDFK�ZLQG�VSHHG��:LWKRXW� WKLV� IRUFLQJ�� WKH�
PRGHO WHQGV�WR RYHUHVWLPDWH�WKH�IULFWLRQ�YHORFLW\� /DVWO\�� WKH�DSSUR[LPDWLRQ�RI� LQILQLWH�GHSWK� LV�DGRSWHG� LQ�WKH�
PRGHO�VLQFH�LW ZDV�VKRZQ�E\�9LOOHIHU�HW�DO���������WKDW�WKH�GLVVLSDWLRQ�GXH�WR�ERWWRP�IULFWLRQ�LV�UHODWLYHO\�ORZ�

)LJXUH����0HDVXUHG��JUD\ VFDOH� DQG�VLPXODWHG �UHG VFDOH� ZLQG�ZDYH�YDULDQFH�GHQVLW\�VSHFWUD�ZLWK�DQG�
ZLWKRXW�LUUHJXODU�SDGGOH�ZDYHV�RI�VWHHSQHVV�ܽ݇ DQG�SHDN�IUHTXHQF\�����+]�IRU�WKUHH�ZLQG�YHORFLWLHV�8UHI DW�
IHWFK����P��PD[LPDO�IHWFK��

)LJXUH�� FRPSDUHV�WKH�YDULDQFH�VSHFWUD�REWDLQHG�ZLWK�720$:$&�DW�D����P�IHWFK�ZLWK WKH�H[SHULPHQWDO�
VSHFWUD��2YHUDOO��D JRRG�DJUHHPHQW�EHWZHHQ�JUD\�VFDOH�DQG�UHG�VFDOH�VSHFWUD� LV�REVHUYHG�ZLWK� WKH�ELPRGDO�
VSHFWUD� �VROLG� OLQHV��� /RRNLQJ� DW� HDFK� VSHFWUXP� IURP� WKH� ORZHVW� WR� WKH� KLJKHVW� IUHTXHQFLHV�� WKH� VZHOO� SHDN��
VLWXDWHG� DW� ���� +]�� LV� ZHOO� UHSUHVHQWHG� E\� WKH� VLPXODWLRQ� DW� ORZ� ZLQG� VSHHG �)LJXUH� ��D� EXW� VOLJKWO\� RYHU�
GLVVLSDWHG�ZKHQ�WKH�ZLQG�VSHHG�LQFUHDVHV��)LJXUH���F��HVSHFLDOO\�ZLWK�VZHOO�RI�VWHHSQHVV ܽ݇ ൌ ������ $W�KLJKHU�
IUHTXHQF\ DQG�ZKHQ�VZHOO�LV�SUHVHQW��WKH�VLPXODWHG�ZLQG�ZDYH�SHDN�DJUHHV�ZLWK�WKH�PHDVXUHPHQWV�LQ�WHUPV�RI�
SHDN�IUHTXHQF\� EXW WKH FRUUHVSRQGLQJ HQHUJ\�OHYHOV�DUH�XQGHUHVWLPDWHG DW�ORZ�ZLQG�VSHHG� :LWKRXW�VZHOO��WKH�
VLPXODWHG�ZLQG�ZDYH�SHDN�DJUHHV�ZLWK�WKH�VKDSH�RI�WKH�ORZ�IUHTXHQF\�VLGH�RI�WKH�PHDVXUHG�SHDN�IRU�)LJXUH ��D�
DQG���E��EXW�IDLOV�WR�UHSURGXFH�ERWK�WKH�HQHUJ\�OHYHOV�DQG�WKH�SHDN�IUHTXHQFLHV�REVHUYHG�LQ�WKH�PHDVXUHPHQWV�
/DVWO\��WKH�VLPXODWHG�KLJK�IUHTXHQF\�WDLOV�RI�WKH�VSHFWUD��DERYH���+]��ORRN�UDWKHU�DFFXUDWH�ZKHQ�8UHI LV�HTXDO�WR�
��DQG��� P�V�ERWK�LQ�WHUPV�RI�HQHUJ\�OHYHO�DQG�VORSH�EXW�GLIIHU�LQ�WHUPV�RI�HQHUJ\�VORSH�ZLWK�WKH�VWURQJHVW�IRUFLQJ�
ZLQG�8UHI  ����P�V���

7KH�VOLJKW�LQFUHDVH�RI�WKH�VZHOO GLVVLSDWLRQ�LQ�)LJXUH���F�FDQ�ILQG�DQ�H[SODQDWLRQ�FRQVLGHULQJ�WKH�GLVVLSDWLRQ�
PRGHO�RI�.RPHQ�HW�DO��������� 7KLV�PRGHO�LV�DFWLYDWHG�LQ�YDQ�GHU�:HVWKX\VHQ��������PRGHO�IRU�WKH�VZHOO¶V�ORZ�
IUHTXHQF\�UDQJH �VHH�HT��>���@���+HQFH��WKH�KLJK�VWHHSQHVV�RI�WKH�ZLQG�ZDYHV�SHQDOL]HV�WKH�VZHOO�GLVVLSDWLRQ��
7KLV�LVVXH�VKRZV�WKH�OLPLWDWLRQ�RI YDQ�GHU�:HVWKX\VHQ��������PRGHO WR�VLPXODWH�WKH�ORZ�IUHTXHQF\�ZDYHV IRU�
ELPRGDO�VSHFWUD ZKHQ�VWHHS�ZLQG�ZDYHV�DUH�SUHVHQW��$�GLVVLSDWLRQ�PRGHO�IUHH�IURP�WKH�LQIOXHQFH�RI�WKH DYHUDJH�
ZDYH�VWHHSQHVV RI�WKH�VHD�VWDWH��VXFK�DV�GHYHORSHG�E\�$UGKXLQ�HW�DO����������FRXOG�KHOS�UHVROYLQJ�WKLV�LVVXH�

$Q�LQWHUHVWLQJ�IHDWXUH�WR�REVHUYH�LQ�WKH�720$:$&¶V�VLPXODWLRQV�LQ�)LJXUH�� LV�WKDW��WKRXJK WKH�ZLQG�ZDYH�
SHDN�IUHTXHQF\�DQG�HQHUJ\�DUH�XQGHUHVWLPDWHG�ZLWKRXW�VZHOO��RQH�FDQ�REVHUYH�D�VOLJKW�GHYLDWLRQ�RI�WKH�ZLQG�
ZDYH�SHDN�WRZDUGV�WKH�ORZ�IUHTXHQF\�ZKHQ�WKH�VZHOO�V\VWHP�LV�DGGHG��7KXV��WKH�ZLQG�ZDYH�SHDN�IUHTXHQF\�
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GRZQVKLIW�REVHUYHG�LQ�ODERUDWRU\�DOVR�KDSSHQV LQ�WKH�VLPXODWLRQV� WR�D�OHVVHU�H[WHQW WKRXJK��6LQFH�WKH�IULFWLRQ�
YHORFLW\�LV�NHSW�WKH�VDPH�ZLWK�DQG�ZLWKRXW�VZHOO��WKLV�REVHUYDWLRQ�VKRZV WKDW�WKH�LQFUHDVH�RI�WKH�IULFWLRQ�YHORFLW\�
LV�QRW�VXIILFLHQW�WR�H[SODLQ�WKH�GRZQVKLIW DV�LW�ZDV�DVVXPHG�LQ�VHFWLRQ����$�IXUWKHU�DQDO\VLV�FRXOG�SHUPLW�WR�LGHQWLI\�
ZKLFK�VRXUFH�VLQN�WHUP�LV�LQYROYHG�LQ�WKLV�PRGLILFDWLRQ�RI�WKH�ZLQG�ZDYH�V\VWHP�

5HPRYLQJ�WKH�IULFWLRQ�YHORFLW\�IRUFLQJ� DGRSWHG�IRU WKH�VLPXODWLRQV�DW�ODERUDWRU\�VFDOH��ZRXOG�EH�QHFHVVDU\�
WR�IXUWKHU�LPSURYH�720$:$&��5HFHQW�VWXGLHV SURSRVHG�D�PRUH�DFFXUDWH�FDOFXODWLRQ�RI�WKH�IULFWLRQ�YHORFLW\�ZLWK
WKH�XVH�RI�D�ZDYH�ERXQGDU\�OD\HU PRGHO�E\�'X�HW�DO��������� RU�ZLWK -DQVVHQ�DQG�%LGORW¶V��������UHYLVLRQ�RI�
-DQVVHQ¶V��������VRXUFH�WHUP�E\�IXUWKHU�LQFOXGLQJ�WKH�HIIHFWV RI�QRQOLQHDULW\�

2YHUDOO��720$:$&�VHHPV UDWKHU�DGDSWHG� WR�VLPXODWH� WKH�ZLQG�ZDYH�JURZWK� LQ�SUHVHQFH�RI�D VZHOO��DV
PHDVXUHG� LQ� WKH�ZLQG�ZDYH� WDQN��$IWHU� WKLV�YDOLGDWLRQ�VWHS�DW�D� ODERUDWRU\�VFDOH�DQG� LQ�RUGHU� WR�XSVFDOH� WKH�
REVHUYDWLRQV��WKH�ZDYH�PRGHO�SHUIRUPDQFHV�PXVW EH�YHULILHG�DW�FRDVWDO�VFDOH�ZLWK ELPRGDO�VHD�VWDWH FRQGLWLRQV�

����$W�FRDVWDO�VFDOH

:LWK� VHYHUDO�ZDYH� JDXJHV� GLVWULEXWHG� DW� GLIIHUHQW� GLVWDQFHV� IURP� WKH� FRDVW�� WKH�6+2:(;� FDPSDLJQ� LV�
SDUWLFXODUO\�DGDSWHG�WR�WKH�YDOLGDWLRQ�RI�D�ZDYH�PRGHO��7KH�EDWK\PHWU\�RI�'XFN�FRDVWDO�VKHOI�ZDV�LQFOXGHG�LQ�
720$:$&¶V� FDOFXODWLRQ� WR� WDNH� WKH� YDULDEOH�ZDWHU GHSWK� LQWR� DFFRXQW �)LJXUH����� ,W�ZDV�DOVR�QHFHVVDU\� WR�
LQFOXGH�D�UHDOLVWLF ZLQG�ILHOG�ZLWK�YDULDWLRQV�LQ�WLPH�DQG�VSDFH��)RU�WKDW�SXUSRVH� WKH�PRGHO�ZDV�IRUFHG�ZLWK�ZLQGV�
IURP &OLPDWH�)RUHFDVW�6\VWHP�5HDQDO\VLV� �&)65�� ILOHV SURGXFHG�E\� WKH�1DWLRQDO�&HQWHU� IRU�(QYLURQPHQWDO�
3UHGLFWLRQ��1&(3���7KH�VZHOO�FRPLQJ�IURP�WKH�VRXWK�HDVW�ZDV�HVWLPDWHG�IURP�EXR\�;��GDWD�DQG�LPSRVHG�LQ�WKH�
FDOFXODWLRQ�DW�WKH�VRXWK�DQG�HDVW�ERXQGDULHV�FRQGLWLRQV RI�WKH�QXPHULFDO�GRPDLQ �LOOXVWUDWHG LQ�)LJXUH����

)LJXUH� �� 720$:$&¶V� VSDWLDO� GRPDLQ� VKRZLQJ� WKH� ZDWHU� GHSWK� DQG� WKH� LUUHJXODU� PHVK� DGRSWHG� IRU� WKH�
VLPXODWLRQV��7KH�GLVWDQFH�EHWZHHQ�WZR�FRQVHFXWLYH�QRGHV�LV���NP�

7KH�PRGHO�ZDV�UXQ�IURP���1RYHPEHU ������(67�WR ��1RYHPEHU ������(67��7KH�ILUVW����KRXUV�RI�WKH�UXQ�
DLPHG�DW�LQLWLDOL]LQJ�WKH�VLPXODWLRQ�VWDUWLQJ�IURP�UHVW��7KH�ZDYH�VSHFWUD�XVHG�IRU�FRPSDULVRQV�ZLWK�REVHUYDWLRQV�
ZHUH�DYHUDJHG�RYHU�WKH�������������(67�WLPH�IUDPH�

)LJXUH� � VKRZV� 720$:$&¶V� SHUIRUPDQFHV� LQ� UHSURGXFLQJ WKH� IHWFK�OLPLWHG� HYHQW� E\� FRPSDULVRQ� ZLWK�
6+2:(;� REVHUYDWLRQV� DQG� VLPXODWLRQV ZLWK ::�� XVLQJ� WKH� 67�� SDUDPHWHUL]DWLRQ� RI� VRXUFH�VLQN� WHUPV��
SURSRVHG�E\�$UGKXLQ�HW�DO�� ��������HVSHFLDOO\ UHJDUGLQJ� WKH GLVVLSDWLRQ�PRGHO��7KH�JUD\�]RQH�KLJKOLJKWV� WKH�
ZLQG�ZDYH�IUHTXHQF\�UDQJH�IRU�HDFK�EXR\�
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720$:$&¶V�IUHTXHQF\�VSHFWUD��)LJXUH���D�DQG���G��DUH�LQ�UDWKHU�JRRG�DJUHHPHQW�ZLWK�WKH�REVHUYDWLRQV��
5HJDUGLQJ�WKH�PHDQ�GLUHFWLRQV��WKH�VLPXODWLRQ�LV�TXLWH�DFFXUDWH�LQ�WKH�ZLQG�ZDYH�IUHTXHQF\�UDQJH��(VSHFLDOO\��
LW� LV� LQWHUHVWLQJ� WR�REVHUYH�WKH�ZLQG�ZDYH�DORQJVKRUH�FRPSRQHQW�UHSURGXFHG LQ� WKH�VLPXODWLRQ� LQ�)LJXUH���E�
+RZHYHU��WKH�ZLQG�ZDYH�GLUHFWLRQDO�VSUHDGLQJ�LV�XQGHUHVWLPDWHG�E\�PRUH�WKDQ�����IRU�ERWK�EXR\V ;��DQG�;���
)LQDOO\��720$:$&¶V�UHVXOWV�DUH�FORVH�WR�EH�HTXLYDOHQW�WR�WKH�RQHV�IURP�67��SDUDPHWHUL]DWLRQ�E\�$UGKXLQ�HW�DO��
������� EDVHG� RQ� WKH� REVHUYDWLRQV� DW� EXR\� ;��� &RQVLGHULQJ� 6+2:(;� REVHUYDWLRQV� DW� EXR\� ;��� WKH�PDMRU�
LPSURYHPHQW� XVLQJ� 67��ZRXOG� EH� WKH� DFFXUDWH� FDSWXUH� RI� WKH� HQHUJ\� VSHFWUXP� DURXQG� WKH� ORFDO�PLQLPXP�
EHWZHHQ�VZHOO�DQG�ZLQG�VHD�SHDNV��)LJXUH���G� DQG�WKH�EHWWHU�DJUHHPHQW�ZLWK�WKH�REVHUYHG�GLUHFWLRQDO�VSUHDG�
�)LJXUH���I��

)LJXUH����6LPXODWHG��VROLG�UHG DQG�GDVKHG EODFN OLQHV��DQG�REVHUYHG��GRWWHG�JUD\�OLQH���D�G��IUHTXHQF\�VSHFWUD��
DQG� ERWK� DV� D� IXQFWLRQ� RI� IUHTXHQF\� �E�H��PHDQ� GLUHFWLRQV� DQG� �F�I�� GLUHFWLRQDO� VSUHDGLQJ� RQ� �� 1RY�� �����
�DYHUDJHV�RYHU�WKH������±������(67�WLPH�LQWHUYDO� DW�WZR�IHWFKHV����NP�DQG����NP��3DUDPHWHUL]DWLRQ�::��67��
LV�WKH�RQH�SURSRVHG�E\�$UGKXLQ�HW�DO���������

�� &21&/86,216

2YHUDOO�� WKH��UG JHQHUDWLRQ�VSHFWUDO�PRGHO�720$:$&�SHUIRUPV�ZHOO� LQ�UHSURGXFLQJ�ZLQG�ZDYH�JURZWK�LQ�
WKH� SUHVHQFH� RI� VZHOO� ERWK� DW� ODERUDWRU\� VFDOH� DQG� DW� FRDVWDO� VFDOH�� 7KH� SDUDPHWHUL]DWLRQ� XVLQJ� YDQ� GHU�
:HVWKX\VHQ
V��������GLVVLSDWLRQ�VRXUFH�WHUP��-DQVVHQ
V��������ZLQG�LQSXW�WHUP�DQG�',$�SDUDPHWHUL]DWLRQ�WR�
DFFRXQW�IRU�WKH�QRQOLQHDU���ZDYH�LQWHUDFWLRQV�VHHPV�ZHOO�DGDSWHG�IRU�VLPXODWLQJ�ELPRGDO�VHD�VWDWHV��%DVHG�RQ�
WKH�FRPSDULVRQV�DW�EXR\�;���67��SDUDPHWHUL]DWLRQ��$UGKXLQ�HW�DO��������JLYHV�VRPHZKDW�HTXLYDOHQW�UHVXOWV�DV�
720$:$&�ZLWK� WKH�FKRVHQ�SDUDPHWHUL]DWLRQ�EXW VHHPV� WR�EHWWHU�FDSWXUH�ERWK� WKH�VHSDUDWLRQ�EHWZHHQ� WKH�
ZDYH� V\VWHPV� DQG� WKH GLUHFWLRQDO� VSUHDGLQJ�� *LYHQ� WKHVH� ILUVW� FRQFOXVLRQV�� 720$:$&� FRXOG� EH� XVHG� IRU�
QXPHULFDOO\� DVVHVVLQJ� ZLQG�ZDYH� JURZWK� LQ� WKH� SUHVHQFH� RI� VZHOO� XQGHU� YDULRXV� FRQGLWLRQV� �OLPLWHG� GHSWK��
VWURQJ�PLOG�VZHOO��HWF���

7KH�IROORZHG�PHWKRGRORJ\�LQGLFDWHV WKDW�D�ZDYH PRGHO�FDQ�EH�XVHG DV�D�EULGJH�IURP�ODERUDWRU\�WR�SURWRW\SH�
VFDOH�� ,Q� WKLV� FDVH� WKH� FRQWUROOHG� FRQGLWLRQ� RI� D ZLQG�ZDYH� WDQN UHYHDOHG� WKH� GRZQVKLIW RI� WKH� ZLQG�ZDYH�
IUHTXHQF\�GXH� WR� WKH�SUHVHQFH�RI�D�SUHH[LVWLQJ� IROORZLQJ�VZHOO��&RQVLGHULQJ WKH�YDOLGDWLRQ�DW� ODERUDWRU\�DQG�
FRDVWDO� VFDOHV�� WKH� QXPHULFDO� PRGHO FRXOG EH� XVHG� DV� D� WRRO� WR DVVHVV� WKH� H[WHQW� DW� ZKLFK WKH� SK\VLFDO
SKHQRPHQD�REVHUYHG�LQ�ODERUDWRU\ FDQ�RFFXU�LQ RSHQ�VHDV�
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5HLOO\��:�������D���6ZHOO�7UDQVIRUPDWLRQ�DFURVV�WKH�&RQWLQHQWDO�6KHOI��
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$UGKXLQ��)�� +HUEHUV��7���2
5HLOO\��:�� -HVVHQ��3�)�������E���6ZHOO�7UDQVIRUPDWLRQ�DFURVV�WKH�&RQWLQHQWDO�6KHOI��
3DUW�,��$WWHQXDWLRQ�DQG�'LUHFWLRQDO�%URDGHQLQJ��-� 3K\V� 2FHDQRJUDSK\� ��� ����������

%HQRLW��0�� 0DUFRV��)���%HFT��)����������'HYHORSPHQW�RI�D�7KLUG�*HQHUDWLRQ�6KDOORZ�:DWHU�:DYH�0RGHO�ZLWK�
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+DVVHOPDQQ��.� ������� 2Q�WKH�VSHFWUDO�GLVVLSDWLRQ�RI�RFHDQ�ZDYHV�GXH�WR�ZKLWH�FDSSLQJ��%RXQG��/D\HU�0HWHRU���
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+DVVHOPDQQ��6���+DVVHOPDQQ� .�� $OOHQGHU� -���%DUQHWW� 7� ��������&RPSXWDWLRQ�DQG�SDUDPHWHUL]DWLRQV�RI�WKH�

QRQOLQHDU� HQHUJ\ WUDQVIHU� LQ� D� JUDYLW\�ZDYH� VSHFWUXP��3DUW� ,,�� 3DUDPHWHUL]DWLRQV RI� WKH� QRQOLQHDU� HQHUJ\
WUDQVIHU�IRU�DSSOLFDWLRQ�LQ�ZDYH�PRGHOV� -��3K\V��2FHDQRJUDSK\����������������

+ZDQJ��3�$���*DUFtD�1DYD��+��2FDPSR�7RUUHV��)�-� ��������2EVHUYDWLRQV�RI�:LQG�:DYH�'HYHORSPHQW�LQ�0L[HG�
6HDV�DQG�8QVWHDG\�:LQG�)RUFLQJ��-� 3K\V� 2FHDQRJUDSK\� ��������������

-DQVVHQ��3�$�(�0��%LGORW�� -��5�� ��������2Q� WKH�FRQVHTXHQFHV�RI�QRQOLQHDULW\�DQG�JUDYLW\�FDSLOODU\�ZDYHV�RQ�
ZLQG�ZDYH�LQWHUDFWLRQ��(&0:)�7HFK��0HPR�����SS�

-DQVVHQ�� 3�$�(�0�� �������� 4XDVL�OLQHDU� 7KHRU\� RI�:LQG�:DYH�*HQHUDWLRQ� $SSOLHG� WR�:DYH� )RUHFDVWLQJ�� -��
3K\V��2FHDQRJUDSK\����������������

.RPHQ�� *�-��� +DVVHOPDQQ�� 6�� +DVVHOPDQQ�� .� �������� 2Q� WKH� ([LVWHQFH� RI� D� )XOO\� 'HYHORSHG�:LQG�6HD�
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$NDG��1DXN�6665�*HRSKL]��,QVW�� ������������

6KHPHU��/����������2Q�(YROXWLRQ�RI�<RXQJ�:LQG�:DYHV�LQ�7LPH�DQG�6SDFH��$WPRVSKHUH� �����������SS�
YDQ�GH�:HVWKX\VHQ��$�-����������$GYDQFHV�LQ�WKH�VSHFWUDO�PRGHOOLQJ�RI�ZLQG�ZDYHV�LQ�WKH�QHDUVKRUH��3K�'��

WKHVLV��'HOIW�8QLYHUVLW\�RI�7HFKQRORJ\��'HOIW� 7KH 1HWKHUODQGV� ����SS�
9LOOHIHU��$���%HQRLW��0�� 9LROHDX� '���/XQHDX�&���%UDQJHU��+����������,QIOXHQFH�RI�)ROORZLQJ��5HJXODU��DQG�
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=KDQJ��)�� 'UHQQDQ��:�� +DXV��%�� *UDEHU��+����������2Q�ZLQG�ZDYH�FXUUHQW�LQWHUDFWLRQV�GXULQJ�WKH�6KRDOLQJ�
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