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$%675$&7�� $� VHULHV� RI�FRPSXWDWLRQV�ZLWK�D��'�5$16�VROYHU�)ORZ(5�
DUH�PDGH�WR�FRPSDUH�WKH�SHUIRUPDQFH�RI�WKH�0HQWHU�VKHDU�VWUHVV�
WUDQVSRUW� DQG�%DOGZLQ�/RPD[� WXUEXOHQFH�PRGHOV� LQ�SUHGLFWLQJ�
IORZ�SDWWHUQV�DQG� ORVVHV� LQ�+3�D[LDO� IORZ�VWHDP�WXUELQHV��7ZR�
+3� VWDWRU�URWRU� VWDJHV� DUH� FRPSXWHG� �� RQH�ZKRVH� IORZ�E\� WXU�
ERPDFKLQHU\� VWDQGDUGV� FDQ� EH� UHIHUUHG� WR� DV� UHJXODU�� DQG� DQ�
RWKHU�ZLWK�IORZ�VHSDUDWLRQ�DW�WKH�URRW��7KH�FRPSDULVRQ�RI�FRP�
SXWDWLRQV�XVLQJ�WKH�0HQWHU�667�DQG�%DOGZLQ�/RPD[�WXUEXOHQFH�
PRGHOV� H[KLELWV� GLIIHUHQFHV� DV� IDU� DV� WKH� WUDLOLQJ� HGJH� ORVVHV��
GHYHORSPHQW�RI�VHFRQGDU\�IORZV�DQG�VHSDUDWLRQV��DQG�WKH�UHVXOW�
LQJ� SUHGLFWLRQ� RI� VSDQ�ZLVH� GLVWULEXWLRQV� RI� ORVVHV�� +RZHYHU��
WKH�WHQGHQF\�LV� WKDW�IRU�WKH�VDPH�UHODWLYHO\�UHILQHG�JULG�UHVROX�
WLRQV�� WKH� OHYHO� RI� SLWFK�VSDQ� DYHUDJHG� ORVVHV� IRU� WKH� 0HQWHU�
667� WXUEXOHQFH�PRGHO� LV� RQO\� VOLJKWO\� DERYH� WKDW� RI�%DOGZLQ�
/RPD[��7KH�FRPSXWDWLRQDO�UHVXOWV�DUH�YDOLGDWHG�RQ�D�PRGHO�VWD�
WRU�URWRU�DLU�WXUELQH��JLYLQJ�D�FRPSDULVRQ�RI�VSDQ�ZLVH�GLVWULEX�
WLRQV�RI�YHORFLW\�DQG�VZLUO�DQJOH�GRZQVWUHDP�RI�WKH�URWRU�WUDLO�
LQJ�HGJH�DQG�D�FRPSDULVRQ�RI�HIILFLHQF\�FKDUDFWHULVWLFV�IRU�WKUHH�
RSHUDWLRQDO�UHJLPHV�RI�WKH�PRGHO�WXUELQH���
,1752'8&7,21�� 6LPXODWLRQ�RI�WXUEXOHQW�HIIHFWV�LV�RI�JUHDW�LPSRUWDQFH�IRU�WKH�
FRPSXWDWLRQ�RI��'�YLVFRXV�FRPSUHVVLEOH�WXUERPDFKLQHU\�IORZV��
7KHUH� DUH� D� QXPEHU� RI� WXUEXOHQFH� PRGHOV� UDQJLQJ� IURP� DOJH�
EUDLF� HGG\�YLVFRVLW\� WR� GLIIHUHQWLDO� 5H\QROGV� VWUHVV� PRGHOV��
1RQH�RI�WKHP�KDV�EHHQ�UHSRUWHG�VR�IDU�WR�FRUUHFWO\�GHVFULEH�DOO�
W\SHV� RI� IORZV�� 7KHUHIRUH�� LW� LV� FUXFLDO� WKDW� D� FKRVHQ� PRGHO�
VKRXOG�EH�DSSURSULDWH�IRU�WKH�LQYHVWLJDWHG�IORZ�DQG�HDV\�WR�LP�
SOHPHQW� ZLWKRXW� FRQVLGHUDEO\� LQFUHDVLQJ� FRPSXWDWLRQDO� FRVWV��
7KH�VLPSOHVW� WXUEXOHQFH�PRGHO� LV�DQ�DOJHEUDLF� WZR�OD\HU�HGG\�

YLVFRVLW\� PRGHO� RI� %DOGZLQ�/RPD[� ����� WKDW� KDV� EHFRPH� D�
VWDQGDUG� IRU� WXUERPDFKLQHU\� FRGHV�� ,WV� JUHDW� DVVHWV� DUH� HDV\�
QXPHULFDO� LPSOHPHQWDWLRQ�� UHODWLYHO\� JRRG� QXPHULFDO� VWDELOLW\��
UHDVRQDEOH�SHUIRUPDQFH�LQ�ZDOO�UHJLRQV��DQG�ORZ�&38�FRVWV��$�
GLVDGYDQWDJH�LV�WKDW�WKH�PRGHO�SHUIRUPV�SRRUHU�LQ�DGYHUVH�SUHV�
VXUH�JUDGLHQW� ERXQGDU\� OD\HUV� DQG� IUHH� VKHDU� IORZV�DZD\� IURP�
ERG\� VXUIDFHV�� DQG� GRHV� QRW� DFFRXQW� IRU� HIIHFWV� RI� LQOHW� IUHH�
VWUHDP�WXUEXOHQFH��
� 7ZR�HTXDWLRQ�PRGHOV�DUH�DOVR�YHU\�RIWHQ�GHYHORSHG�DV�FOR�
VXUHV�RI�5$16� VROYHUV��7KHUH� DUH�D�YDULHW\�RI�N�H PRGHOV�� LQ�
FOXGLQJ� WKRVH� RI� -RQHV� 	� /DXQGHU� ������ /DXQGHU� 	� 6KDUPD�
����� RU� &KLHQ� ������ N�H PRGHOV� DUH� NQRZQ� WR� SHUIRUP� UHOD�
WLYHO\�ZHOO�LQ�IUHH�VKHDU�OD\HU�IORZV��2Q�WKH�RWKHU�KDQG��WKH\�UH�
TXLUH�D�QXPEHU�RI�GDPSLQJ� IXQFWLRQV�QHDU� WKH�ZDOOV��DQG�HYHQ�
ZLWK�GDPSLQJ�IXQFWLRQV�WKH\�DUH�XQDEOH�WR�SUHGLFW�ZHOO�YHORFLW\�
SURILOHV�DQG�VNLQ�IULFWLRQ�LQ�KLJK�5H\QROGV�QXPEHU�IORZV��
� 8QOLNH�N�H PRGHOV��D�VHULHV�RI�N�Z PRGHOV��VHH�:LOFR[�������
&KLPD�������GR�QRW�QHHG�GDPSLQJ�IXQFWLRQV�QHDU�WKH�ZDOO�DQG�
DOORZ�D� VLPSOH�'LULFKOHW�FRQGLWLRQ� WR�EH� VSHFLILHG� WKHUH��7UXO\�
LQFRQVLVWHQW�KHUH��DQ�DV\PSWRWLF�EHKDYLRXU�RI�Z DV�LW�DSSURDFKHV�
WKH�ZDOO� LV�XVXDOO\� UHSODFHG�E\�D� ILQLWH�YDOXH��DV� WKH�PROHFXODU�
YLVFRVLW\� LQ� WKH�ERXQGDU\� OD\HU�H[FHHGV� WKH�HGG\�YLVFRVLW\�DQG�
WKH�IRUP�RI�WXUEXOHQFH�KHUH�GRHV�QRW�QHFHVVDULO\�KDYH�DQ�HIIHFW�
RQ�WKH�PHDQ�YHORFLW\�SURILOHV�DQG�VNLQ�IULFWLRQ��7KH�N�Z PRGHO�
RI�:LOFR[� LV� DOVR� FDSDEOH� RI� WUHDWLQJ� URXJK�ZDOOV� DQG� VXUIDFH�
PDVV�LQMHFWLRQV��DQG�LV�DOVR�VXSHULRU�WR�WKH�N�H LQ�FRPSUHVVLEOH�
IORZV��$QRWKHU�PRGHO�RI�:LOFR[������FRQWDLQV�H[WUD�IXQFWLRQV�
WR� LPSURYH� WKH� WUDQVLWLRQ��2QH� GUDZEDFN� RI� WKH� N�Z PRGHOV� LV�
WKHLU�H[FHVVLYH�VHQVLWLYLW\�WR�WKH�IUHH�VWUHDP�YDOXH��
RI�Z� D�GHILFLHQF\�QRW�IHDWXULQJ�LQ�WKH�N�H DSSURDFK��
� $Q� LGHD� SXW� IRUZDUG� E\�0HQWHU� ����� LV� WR� FRPELQH� JRRG�
IHDWXUHV�RI�ERWK�N�Z DQG�N�H PRGHOV��DW�WKH�VDPH�WLPH�HOLPLQDW�
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LQJ� WKHLU� GHILFLHQFLHV�� 7KLV� LV� SURQRXQFHG� LQ� KLV� QHZ� PRGHO�
FDOOHG� WKH�EDVHOLQH�PRGHO� �%6/��ZKHUH�N�Z PRGHO� LV�DFWLYDWHG�
LQ� WKH�QHDU�ZDOO� UHJLRQ��DQG� WKHQ� VZLWFKHG� WR� WKH�N�H PRGHO� LQ�
WKH�ZDNH� UHJLRQ� DQG� IUHH� VKHDU� OD\HUV��7KH� IRUPXODWLRQ�RI� WKH�
VWDQGDUG� KLJK�5H\QROGV� QXPEHU�N�H PRGHO� LV� WUDQVIRUPHG� WR� D�
N�Z IRUPXODWLRQ�� ,W� LV� WKHQ� PXOWLSOLHG� E\� VLGHV� E\� D� EOHQGLQJ�
IXQFWLRQ����)�� DQG�DGGHG�WR�DQ�RULJLQDO�IRUPXODWLRQ�RI�WKH�N�ZPRGHO�PXOWLSOLHG�E\�)�� ZLWK�WKH�EOHQGLQJ�IXQFWLRQ�)��FKDQJLQJ�IURP�� LQ�WKH�ORJDULWKPLF�UHJLRQ�RI�WKH�ERXQGDU\�OD\HU�JUDGXDOO\�
WR���LQ�WKH�ZDNH�UHJLRQ��
� 'HSDUWLQJ�IURP�WKLV�PRGHO��0HQWHU������DOVR�SURSRVHG�DQ�
RWKHU� PRGHO� KH� UHIHUV� WR� DV� WKH� VKHDU� VWUHVV� WUDQVSRUW� PRGHO�
�667���PRGLI\LQJ�WKH�HGG\�YLVFRVLW\�VR�DV�WR�DFFRXQW�IRU�WKH�HI�
IHFWV� RI� WXUEXOHQW� VKHDU� VWUHVV� WUDQVSRUW�� 7KH� LGHD� LV� EDVHG� RQ�
%UDGVKDZ¶V�H[SHULPHQWDO�REVHUYDWLRQV�WKDW� WKH�SULQFLSDO�WXUEX�
OHQW� VKHDU� VWUHVV� LV�SURSRUWLRQDO� WR� WKH� WXUEXOHQW�NLQHWLF�HQHUJ\�
LQ�WKH�ZDNH�UHJLRQ�RI�WKH�ERXQGDU\�OD\HU��$UJXLQJ�WKDW�VXSHULRU�
SHUIRUPDQFH�RI� WKH�N�Z PRGHO� LQ� WKH� ORJDULWKPLF�UHJLRQ�RI� WKH�
ERXQGDU\�OD\HU�KDV�D�OLPLWHG�HIIHFW�RQ�WKH�HGG\�YLVFRVLW\�LQ�WKH�
ZDNH� UHJLRQ� ZKLFK� ILQDOO\� GHWHUPLQHV� WKH� DELOLW\� RI� DQ� HGG\�
YLVFRVLW\� PRGHO� WR� SUHGLFW� VWURQJ� DGYHUVH� SUHVVXUH� JUDGLHQW�
IORZV�� DQG� UHIHUULQJ� WR� WKH� UHVXOWV� RI� WKH�PRGHO� RI� -RKQVRQ�	�
.LQJ������WKDW�HQIRUFHV�WKH�%UDGVKDZ¶V�REVHUYDWLRQ�DQG�VKRZV�
DQ�LPSURYHPHQW�RYHU�VWDQGDUG�DOJHEUDLF�PRGHOV�E\�UHGXFLQJ�WKH�
ZDNH�UHJLRQ�HGG\�YLVFRVLW\�LQ�DGYHUVH�SUHVVXUH�JUDGLHQW�IORZV��
0HQWHU� UHGHILQHV� WKH� HGG\� YLVFRVLW\� LQWR� WKH� IROORZLQJ� IRUP��Q ZW D N D ) � � �� PD[� � �: � ZKHUH�D� LV�D�%UDGVKDZ�FRQVWDQW��: �
YRUWLFLW\��DEVROXWH�YDOXH��DQG�)� LV�D�IXQFWLRQ�WKDW�FKDQJHV�IURP�� LQ�ERXQGDU\�OD\HU�IORZV�WR�� IRU�IUHH�VKHDU�OD\HUV��'XH�WR�WKH�
IDFW� WKDW� LQ�DGYHUVH�SUHVVXUH�JUDGLHQW�ERXQGDU\� OD\HUV� WKH�SUR�
GXFWLRQ�RI�WXUEXOHQW�NLQHWLF�HQHUJ\�LV�ODUJHU�WKDQ�LWV�GLVVLSDWLRQ��
WKH� DERYH� IRUPXODWLRQ�JXDUDQWHHV� WKH�SURSRUWLRQDO� UHODWLRQVKLS�
EHWZHHQ� WKH� SULQFLSDO� WXUEXOHQW� VKHDU� VWUHVV� DQG� WKH� WXUEXOHQW�
NLQHWLF�HQHUJ\�LQ�WKH�ERXQGDU\�OD\HU��W Q U  W D N: � ���
� 'LIIHUHQWLDO� RU� DOJHEUDLF� 5H\QROGV� VWUHVV� PRGHOV� IRUP� D�
JUHDW� SRWHQWLDO� WR� LPSURYH� SUHGLFWLRQV� IURP� 5$16� VROYHUV��
+RZHYHU�� QXPHULFDO� LPSOHPHQWDWLRQ� RU� QXPHULFDO� VWDELOLW\� LV�
VWLOO�DQ�XQUHVROYHG�TXHVWLRQ�KHUH��DOVR�LQ�FODVVLFDO�WHVW�FDVHV��QRW�
RQO\� ZLWK� UHVSHFW� WR� FRPSOH[� WXUERPDFKLQHU\� JHRPHWULHV��
7KHUHIRUH�� VRIWZDUH� GHYHORSHUV� VWLOO� WHQG� WR� KROG� RQ� WR� VLPSOH�
EXW�UREXVW�DOJHEUDLF�RU�WZR�HTXDWLRQ�HGG\�YLVFRVLW\�PRGHOV�DQG�
LPSURYH�WKHP�IRU�SDUWLFXODU�DSSOLFDWLRQV��7KLV�WHQGHQF\�LV�DOVR�
SUHVHUYHG�LQ�GHYHORSPHQW�RI�D�FRGH�)ORZ(5���5$16�VROYHU�RI�
�'�YLVFRXV�FRPSUHVVLEOH�IORZV�LQ�D[LDO�DQG�UDGLDO�WXUERPDFKLQ�
HU\� VKRUWO\� GHVFULEHG�EHORZ�� VHH�<HUVKRY�	�5XVDQRY�����DE��
<HUVKRY� HW� DO�� ������ ������$�FRPSUHKHQVLYH� UHYLHZ�RI� WXUEX�
OHQFH�PRGHOOLQJ�IRU�&)'�FDQ�EH�IRXQG�H�J��LQ�D�ERRN�RI�:LOFR[�
������SDSHU�RI�0HQWHU������DQG�GLVVHUWDWLRQ�RI�/DUVVRQ�������
� 3UHYLRXV�ZRUNV�RI�WKH�DXWKRUV��<HUVKRY�HW�DO��������LQGLFDWH�
WKDW� WKH�0HQWHU� 667�PRGHO� KDV� DQ�XSSHU� KDQG�RYHU� WKH�%DOG�
ZLQ�/RPD[�PRGHO�LQ�PRGHOOLQJ�WUDQVRQLF�FRPSUHVVRU�IORZV��IRU�
H[DPSOH�52725�����)RU�WKLV�FDVH��LW�WXUQHG�RXW�WR�EH�LPSRVVL�
EOH� WR� FRPSXWH�RYHU� WKH� HQWLUH� UDQJH�RI� RSHUDWLRQ�RI� WKH�FRP�

SUHVVRU� XVLQJ� WKH� %DOGZLQ�/RPD[�PRGHO�� ZKHUHDV� WKH�0HQWHU�
667�PRGHO�\LHOGHG�D�YHU\�JRRG�DJUHHPHQW�EHWZHHQ�WKH�H[SHUL�
PHQWDO� DQG� FRPSXWDWLRQDO� UHVXOWV�� LQFOXGLQJ� WKH� WRWDO� SUHVVXUH�
UDWLR�DQG�DGLDEDWLF�HIILFLHQF\�RYHU� WKH�HQWLUH�RSHUDWLRQDO� UDQJH�
RI�WKH�FRPSUHVVRU��7KH�ZRUN�RI�/DPSDUW�HW�DO��������FRQFHUQLQJ�
WKH� IORZ�DQDO\VLV� LQ��'� VLQJOH�URZ�PRGHO�FDVFDGHV� UHYHDO� WKDW�
WKH� 0HQWHU� 667� PRGHO� JLYHV� D� EHWWHU� UHVROXWLRQ� RI� H[LW� WRWDO�
SUHVVXUH� ORVV� FRQWRXUV�� DQG�EHWWHU� DJUHHPHQW� LQ� VSDQ�ZLVH�GLV�
WULEXWLRQ�RI�H[LW�YHORFLW\�DQG�H[LW�DQJOH��LQFOXGLQJ�WKH�RYHUWXUQ�
LQJ� DQG� XQGHUWXUQLQJ� GXH� WR� VHFRQGDU\� IORZV�� 7KH� DLP� RI� WKH�
SUHVHQW� SDSHU� LV� WR� WHVW� WKH� SHUIRUPDQFH� RI� WKH� WZR�HTXDWLRQ�
HGG\�YLVFRVLW\�VKHDU�VWUHVV�WUDQVSRUW�PRGHO�RI�0HQWHU��VXSHULRU�
LQ� WKH� DXWKRUV¶� RSLQLRQ� EHWZHHQ� WKH� WZR�HTXDWLRQ� PRGHOV�� DV�
FRPSDUHG� WR� WKDW� RI� WKH� PRGLILHG� DOJHEUDLF� HGG\�YLVFRVLW\�
PRGHO�RI�%DOGZLQ�/RPD[��LQ�WKH�FRQWH[W�RI�SUHGLFWLQJ�IORZ�SDW�
WHUQV� DQG� HIILFLHQF\� FKDUDFWHULVWLFV� IRU�+3� VWDJHV�RI� UHDO� ODUJH�
SRZHU�VWHDP�WXUELQHV��
�
�'�5$16�62/9(5�
%DVLF�HTXDWLRQV�'�IORZ�RI�YLVFRXV�DQG�FRPSUHVVLEOH�JDV�WKURXJK�D�WXUELQH�
VWDJH�FDQ�EH�GHVFULEHG�E\�D�VHW�RI�XQVWHDG\�5H\QROGV�DYHUDJHG�
1DYLHU�6WRNHV�HTXDWLRQV�ZULWWHQ�LQ�D�FXUYLOLQHDU�ERG\�ILWWHG�FR�
RUGLQDWH� V\VWHP� �[�K�]�� URWDWLQJ�ZLWK� DQ� DQJXODU� VSHHG�Y �WKH�
FRPSXWDWLRQDO�GRPDLQ�H[WHQGV�RQ�EODGH�WR�EODGH�SDVVDJHV�� D[�
LDO�JDSV�DQG�UDGLDO�JDSV�DERYH�EHORZ�XQVKURXGHG�EODGH�WLSV��
� � � � �
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� �WLMPLMLM WWW � � � ����� LMQQLMPLMP 66 GPW � �
�� � ������� LMLMQQLMWLMW N66 GUGPW �� 7T �� O �
�7KH� V\PEROV�S� U� X� Y� Z UHSUHVHQW� WKH� SUHVVXUH�� GHQVLW\� DQG�

FRPSRQHQWV�RI�WKH�YHORFLW\��ZKLOH�WPLM� WWLM� WLM�DUH�PROHFXODU��WXU�EXOHQW�DQG�WRWDO�YLVFRXV�VWUHVV��6LM���PHDQ�VWUDLQ�UDWH�WHQVRU��7 ±WHPSHUDWXUH��P� �PP��PW� ��HIIHFWLYH��PROHFXODU��WXUEXOHQW��YLV�FRVLW\�� T ± KHDW� IOX[�� �3U�3U��F WWPPSWP PPOOO � � �
± HIIHFWLYH��PROHFXODU���WXUEXOHQW��KHDW�FRQGXFWLYLW\��3UP���3UW ±PROHFXODU� DQG� WXUEXOHQW� 3UDQGWO� QXPEHUV�� 7KH� WXUEXOHQFH� HI�
IHFWV� DUH�PRGHOOHG�XVLQJ� WZR�HGG\�YLVFRVLW\�PRGHOV� �� DQ�DOJH�
EUDLF� PRGHO� RI� %DOGZLQ�/RPD[� DQG� WZR�HTXDWLRQ� PRGHO� RI�
VKHDU�VWUHVV�WUDQVSRUW��667��SURSRVHG�E\�0HQWHU���
%DOGZLQ�/RPD[�WXUEXOHQFH�PRGHO,Q�WKH�RULJLQDO�%DOGZLQ�/RPD[�PRGHO�WKH�ERXQGDU\�OD\HU�LV�
GLYLGHG�LQWR�WZR�GRPDLQV���DQ�LQQHU�DQG�RXWHU�OD\HU��7KH�WXUEX�
OHQW�YLVFRVLW\�LQ�WKH�LQQHU�UHJLRQ�LV�FDOFXODWHG�IURP�WKH�3UDQGWO�
FRQFHSW�RI�PL[LQJ�OHQJWK�
� P P UWXUE WXUE

L O  �: � ����
�ZKHUH�: LV�WKH�YRUWLFLW\��DEVROXWH�YDOXH���O � PL[LQJ�OHQJWK�
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�ZKHUH� \� LV� D� GLVWDQFH� IURP� WKH� ZDOO�� WZ � ZDOO� VKHDU� VWUHVV��
N ������.DUPDQ�FRQVWDQW���$�  ����YDQ�'ULHVW�FRQVWDQW����
� 7KH�WXUEXOHQW�YLVFRVLW\�LQ�WKH�RXWHU�UHJLRQ�RI�WKH�ERXQGDU\�
OD\HU�LV�GHILQHG�E\�WKH�PRGLILHG�&ODXVHU�IRUPXOD�
� P P D UWXUE WXUE &3& ):. )N  � � ����
�
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ZKHUH�8' 8PD[�8PLQ� LV�D�GLIIHUHQFH�EHWZHHQ�WKH�PD[LPXP�DQG�PLQLPXP� YHORFLW\� DW� WKH� ERXQGDU\� OD\HU� VHFWLRQ��&:.�  � ������ZDNH�FRQVWDQW���)PD[�DQG�\PD[�DUH�IRXQG�IURP�WKH�PD[LPXP�RI�WKH�IXQFWLRQ�
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�ZKHUH�&N  �����.OHEDQRII�FRQVWDQW���7KH�GLYLVLRQ�EHWZHHQ�WKH�

LQQHU�DQG�RXWHU�OD\HU�LV�VHW�DW�D�SRLQW�QHDUHVW�WR�WKH�ZDOO�ZKHUH�
�

P PWXUE
L

WXUE � �
� 7KH� IORZ� LV� DVVXPHG� WXUEXOHQW� LI� DW� VRPH� SRLQW� RI� WKH�
ERXQGDU\� OD\HU� SURILOH� WKH� HGG\� YLVFRVLW\� FDOFXODWHG� DV� SUH�
VFULEHG�DERYH�LV����WLPH�ODUJHU�WKDQ�WKH�PROHFXODU�YLVFRVLW\�RI�
XQGLVWXUEHG� IORZ��2WKHUZLVH�� WKH� ERXQGDU\� OD\HU� LV� WKRXJKW� WR�
EH�ODPLQDU�DW�WKLV�VHFWLRQ��
� 7KH�RULJLQDO�PRGHO�RI�%DOGZLQ�/RPD[�LQ�WKH�FRGH�)ORZ(5�
LV�PRGLILHG�E\�<HUVKRY�	�5XVDQRY������WR�LPSURYH�LWV�FDOFXOD�
WLRQ�RI�HGG\�YLVFRVLW\�LQ�WKH�UHJLRQV�RI�VHSDUDWLRQ�DQG�ZDNH��
� )RU�VHSDUDWHG�IORZV��WKH�YHORFLW\�8PLQ�LV�DVVXPHG�DV�D�QHJD�WLYH�RI�WKH�PD[LPXP�EDFNIORZ�YHORFLW\��7KH�FRHIILFLHQW�&:.�LQ�WKH� UHFLUFXODWLRQ�]RQH� LV� LQFUHDVHG�DFFRUGLQJ� WR� WKH� IRUPXOD�RI�
.LQVH\�	�(DVWHS������
� � �& & ' \ /:. :.
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ZKHUH� &:.%/ �LV�WKH�ZDNH�FRQVWDQW�LQ�WKH�RULJLQDO�%DOGZLQ�/RPD[�
PRGHO�� \VHS� �� EDFNIORZ� WKLFNQHVV��/ � FKDUDFWHULVWLF� GLPHQVLRQ�
�EODGH�VSDQ�IRU�HQGZDOO�ERXQGDU\� OD\HUV�RU�SLWFK�IRU�ERXQGDU\�
OD\HUV�DW�EODGH�ZDOOV���': | ����$IWHU�&RODQWXRQL�HW�DO��������LQ�
WKH� SUR[LPLW\� RI� VHSDUDWLRQ� DQG� UHDWWDFKPHQW� WKH� ZDOO� VKHDU�
VWUHVV�LV�FDOFXODWHG�DV�D�GLVWDQFH�DYHUDJHG�YDOXH�
�
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�ZKHUH�[ LV� WKH� FXUYLOLQHDU� ERG\�ILWWHG� FRRUGLQDWH��/ � LV� D� GLV�
WDQFH�DORQJ�WKH�ZDOO��,Q�RUGHU�WR�DVVXUH�VPRRWK�FKDQJHV�RI�WXU�
EXOHQW�YLVFRVLW\�� WKH� IORZ�KLVWRU\� LV� WDNHQ� LQWR�DFFRXQW�XVLQJ�D�
VLPSOH� UHOD[DWLRQ� SURFHGXUH� WKDW� UHIHUV� WR� WXUEXOHQW� YLVFRVLW\�
XSVWUHDP��VHH�)OHWFKHU������
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DUH� WKH� UHVXOWDQW� WXUEXOHQW� YLVFRVLW\�� LWV�

SUHOLPLQDU\�YDOXH�DQG�WXUEXOHQW�YLVFRVLW\�RQH�FHOO�XSVWUHDP��UH�
VSHFWLYHO\��DQG�F ��������LV�WKH�FRUUHODWLRQ�FRHIILFLHQW��
� )RU�ZDNHV��WKH�&ODXVHU�IRUPXOD�LV�LPSURYHG�DQG�UHGXFHG�
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�DQG� G Z LV� D� FURVV�ZDNH� GLVWDQFH� EHWZHHQ� WKH�ZDNH� D[LV� DQG� D�
SRLQW� LQ� WKH� ZDNH� ZKHUH� WKH� YRUWLFLW\� DVVXPHV� D� PD[LPXP�
YDOXH��7KH�UHODWLRQ� aG GY| � LV�XVXDOO\��YDOLG���7KH��ZDNH��D[LV��LV�
GHWHUPLQHG�DV�D�OLQH�WKDW�FRQVLVWV�RI�SRLQWV�ZKHUH�WKH�YHORFLW\�LV�
PLQLPDO� DQG� WKH� HQWURS\� IXQFWLRQ� UHDFKHV� LWV�PD[LPXP��)RU� D�
QHDU�ZDNH�WKH�IROORZLQJ�UHOD[DWLRQ�IRUPXOD�LV�DSSOLHG��VHH�5RGL�
	 6ULQLYDV������

�PWXUE� P&/ ��PWH���P&/� H[S>�[����GWH�@�� � � � �
�ZKHUH�P&/� PWH� PWXUE�DUH�FRHIILFLHQWV�RI�WXUEXOHQW�YLVFRVLW\�FDOFX�ODWHG� LQ� WKH� ZDNH� IURP� WKH� &ODXVHU� IRUPXOD�� FDOFXODWHG� DW� WKH�

WUDLOLQJ�HGJH�IURP�WKH�%DOGZLQ�/RPD[�PRGHO��DQG�WKH�UHVXOWDQW�
WXUEXOHQW�YLVFRVLW\�LQ�WKH�QHDU�ZDNH��UHVSHFWLYHO\��[ LV�WKH�GLV�
WDQFH�IURP�WKH� WUDLOLQJ�HGJH�VHFWLRQ�DQG�GWH� LV� WKH�WUDLOLQJ�HGJH�ERXQGDU\�OD\HU�WKLFNQHVV��
� $V� WKH�RULJLQDO�%DOGZLQ�/RPD[�PRGHO�ZDV�SXW�IRUZDUG�IRU�
�'�IORZ�VLPXODWLRQ��LWV�LPSOHPHQWDWLRQ�LQ��'�UHTXLUHV�D�SURFH�
GXUH� WR� DFFRXQW� IRU� LQWHUVHFWLQJ� HIIHFWV� RI� GLIIHUHQW� ZDOOV� DQG�
UHJLRQV� �HQGZDOOV�DQG�EODGH�ZDOOV��ZDNH�� WLS� OHDNDJH���7KH�UH�
VXOWDQW� WXUEXOHQW�YLVFRVLW\� LV�FDOFXODWHG�DV�DQ�DYHUDJH�RI�WXUEX�
OHQW� YLVFRVLWLHV� FDOFXODWHG� ZLWK� UHVSHFW� WR� GLIIHUHQW� ZDOOV� �UH�
JLRQV��IRU�LQGHSHQGHQW�OHQJWK�VFDOHV��ZHLJKWHG�ZLWK�WKH�GLVWDQFH�
WR� WKH�RWKHU�ZDOO��UHJLRQ���7KH�GHWDLOV�RI�WKH�SURFHGXUH�DUH�GH�
VFULEHG�LQ�<HUVKRY�	�5XVDQRY�������<HUVKRY�HW�DO��������
�
6KHDU�VWUHVV�WUDQVSRUW�PRGHO�RI�0HQWHU

7KH�VHW�RI�HTXDWLRQV�LQ�D�N�Z IRUPXODWLRQ�UHDGV�DV�EHORZ�
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7KH�EOHQGLQJ�IXQFWLRQV�)� �DVVXULQJ�VPRRWK�WUDQVLWLRQ�IURP�WKH�N�Z DW�WKH�ZDOO� WR�WKH�N�H LQ�IUHH�VKHDU�OD\HUV� DQG�)� �DVVXULQJ�WKH� SURSRUWLRQDO� UHODWLRQVKLS� EHWZHHQ� WKH� SULQFLSDO� WXUEXOHQW�
VKHDU� VWUHVV� DQG� WKH� WXUEXOHQW� NLQHWLF� HQHUJ\� LQ� WKH� ERXQGDU\�
OD\HU��KDYH�WKH�IRUP�
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�$ YHFWRU�RI�FRQVWDQWV� @���> JEVVI ZN LQ�WKH�EDVHOLQH�RU�VKHDU�
VWUHVV�WUDQVSRUW�PRGHOV�FDQ�EH�ZULWWHQ�DV� ���� ��� III )) �� �
ZKHUH�I��LV�WKLV�YHFWRU�LQ�WKH�N�Z PRGHO��DQG�I� LQ�WKH�N�H PRGHO�ZULWWHQ�LQ�N�Z IRUPXODWLRQ��7KH�FRQVWDQWV�RI�WKH�667�PRGHO�DV�
VXPH�WKH�IROORZLQJ�YDOXHV�
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%RXQGDU\�FRQGLWLRQV7KH�ERXQGDU\�FRQGLWLRQV�IRU�WKH�VHW�RI�(TV������DUH��
� DW�WKH�ZDOOV���QR�VOLS�DQG�QR�KHDW�IOX[���
� DW�WKH�LQOHW���VSDQ�ZLVH�GLVWULEXWLRQ�RI�WKH�WRWDO�SUHVVXUH��WRWDO�
WHPSHUDWXUH�DQG�IORZ�DQJOHV�DW�WKH�LQOHW�WR�WKH�VWDJH���
� DW�WKH�H[LW���VWDWLF�SUHVVXUH��HLWKHU�LWV�VSDQ�ZLVH�GLVWULEXWLRQ�RU�
D YDOXH�DW�WKH�PLG�VSDQ�ZLWK�WKH�UDGLDO�HTXLOLEULXP�HTXDWLRQ���
� )RU�WKH�VHW�RI�(TV�������ZH�KDYH�WKH�ERXQGDU\�FRQGLWLRQV��
� DW�WKH�ZDOOV��
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�ZKHUH�7X���LQOHW�IUHH�VWUHDP�WXUEXOHQFH�OHYHO��

� DW�WKH�RXWOHW��YDOXHV�RI�N DQG�Z DUH�H[WUDSRODWHG�IURP�WKH�SUH�
FHGLQJ�FHOO�FHQWUHV��
� 7KH�FRPSXWDWLRQV�DUH�FDUULHG�RXW�LQ�RQH�EODGH�WR�EODGH�SDV�
VDJH�RI�WKH�VWDWRU�DQG�URWRU��DQG�FRQYHUJH�WR�D�VWHDG\�VWDWH�ZLWK�
WKH�FRQGLWLRQ�RI� VSDWLDO�SHULRGLFLW\�DQG�PL[LQJ�SODQH�DSSURDFK�
DVVXPHG��7KH�FRQFHSW�RI�PL[LQJ�SODQH�GUDZV�RQ�SLWFK�ZLVH�DY�
HUDJLQJ�RI� IORZ�SDUDPHWHUV� LQ� WKH�D[LDO�JDS�EHWZHHQ� WKH�VWDWRU�
DQG�URWRU��7LS�DQG�URRW�OHDNDJH�IORZV�DUH�QRW�LQFOXGHG��7KH�DV�
VXPHG�LQOHW�H[LW�ERXQGDU\�FRQGLWLRQV�LPSRVH�WKH�SUHVVXUH�GURS�
DQG�OHW�WKH�PDVV��IORZ��UDWH��EH��UHVXOWDQW���&RPSDUDWLYH��FDOFXOD��
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WLRQV�DUH�SHUIRUPHG�IRU�WKH�VDPH�SUHVVXUH�GURS�DFURVV�WKH�VWDJH��
�
1XPHULFDO�VFKHPH7KH� JRYHUQLQJ� HTXDWLRQV� DUH� VROYHG� QXPHULFDOO\� EDVHG� RQ�
FHOO�FHQWUHG�ILQLWH�YROXPH�GLVFUHWLVDWLRQ��*RGXQRY�W\SH�XSZLQG�
GLIIHUHQFLQJ��KLJK�UHVROXWLRQ�(12�VFKHPH��DQG� LPSOLFLW�RSHUD�
WRU�G RI�%HDP�	�:DUPLQJ��VHH�<HUVKRY�HW�DO��������
�
9$/,'$7,21�2)�7+(�&2'(�$1'�785%8/(1&(�02�
'(/6�21�$�02'(/�$,5�785%,1(�67$*(��0$7��� 7KH� FRQVLGHUHG�PRGHO� DLU� WXUELQH� VWDJH� RI� WKH� ,QVWLWXWH� RI�
7KHUPDO�(QJLQHHULQJ� �,7&���yGº��3RODQG� ��PRGHO�7.��7:���
VHH�:LHFKRZVNL�������KDV�D�JHRPHWU\�W\SLFDO�IRU�+3�VWHDP�WXU�
ELQH�VWDJHV��,W�RSHUDWHV�ZLWK�VKRUW�KHLJKW�F\OLQGULFDO�EODGLQJ�DQG�
DIW�ORDGHG� VWDWRU� SURILOHV� RI� DVSHFW� UDWLRV�� VSDQ�FKRUG� �� �����
�VWDWRU�� DQG� ����� �URWRU��� SLWFK�FKRUG� �� ����� �VWDWRU�� DQG� �����
�URWRU����VSDQ�GLDPHWHU���������VWDWRU�DQG�URWRU���7KH�WKHUPRG\�
QDPLF�FRQGLWLRQV�DUH��WKH�SUHVVXUH�GURS�IURP���WR�����EDU��LQOHW�
WHPSHUDWXUH� �� ���.�� DYHUDJH� UHDFWLRQ� �� ����� �QRPLQDO� FRQGL�
WLRQV���PDVV�IORZ�UDWH�������NJ�V��QRPLQDO�FRQGLWLRQV���7KH�WXU�
ELQH�VWDJH�ZDV�WHVWHG�H[SHULPHQWDOO\�E\�:LHFKRZVNL������RYHU�
D ZLGH�UDQJH�RI�RSHUDWLQJ�FRQGLWLRQV�X�F�7�EHWZHHQ�����DQG������X � URWRU�VSHHG�DW�WKH�PLG�VSDQ��F�7�� WKHRUHWLFDO�HQWKDOS\�GURS�DFURVV� WKH� VWDJH��� DFKLHYHG� E\� FKDQJLQJ� WKH� URWRU� URWDWLRQDO�
VSHHG��7KH�DYDLODEOH�H[SHULPHQWDO�GDWD�GR�QRW�VKRZ�ILHOG�FRQ�
WRXUV�EXW�GLVFORVH��DPRQJ�RWKHUV��WKH�VWDJH�HIILFLHQF\�DV�ZHOO�DV�
VSDQ�ZLVH�GLVWULEXWLRQV�RI� WKH�H[LW�YHORFLW\�DQG�VZLUO� DQJOH� IRU�
WKH�VWDWRU�DQG�URWRU�LQ�WKH�WHVWHG�UDQJH�RI�RSHUDWLQJ�FRQGLWLRQV��
7KHUHIRUH�� WKHVH�TXDQWLWLHV�ZLOO�EH�VRXJKW� IRU�LQ�WKH�SURFHVV�RI�
FRPSXWDWLRQV�RI�WKH�PRGHO�7.��7:��WR�YDOLGDWH�WKH�FRGH�DQG�
WKH�FRQVLGHUHG�PRGHOV�RI�WXUEXOHQFH��
� 7KH� FRPSXWDWLRQV� DUH� FDUULHG�RXW� IRU� WKUHH�YDOXHV�RI�X�F�7�HTXDO�WR�������������QRPLQDO�FRQGLWLRQV��DQG�������7KH�VSHFLILF�
KHDW� UDWLR�DQG�JDV�FRQVWDQW� IRU� WKH�DLU� DUH�DVVXPHG�DV�J ������
DQG�5 ����-��NJ.���$Q�+�W\SH�JULG�RI�����������FHOOV��VWDWRU���
URWRU��UHILQHG�QHDU�WKH�HQGZDOOV��EODGH�ZDOOV�� WUDLOLQJ�DQG�OHDG�
LQJ�HGJHV�LV�DVVXPHG�IRU�WKH�FRPSXWDWLRQV��*ULGGLQJ�RI�WKH�IORZ�
GRPDLQ�LQ�WKH�PHULGLRQDO�YLHZ�DQG�LQ�WKH�EODGH�WR�EODGH�VHFWLRQ�
LV� SUHVHQWHG� LQ� )LJ�� ��� 7KH� UHVXOWV� PD\� QRW� EH� H[DFWO\� JULG�
LQGHSHQGHQW��EXW�VKRZ�OLWWOH�FKDQJH�FRPSDUHG�WR�WKRVH�RI�������
���� RU� �������� FHOOV��7KH� WRWDO� SUHVVXUH�SURILOH� DW� WKH� LQOHW� LV�
DVVXPHG� XQLIRUP�� ZLWK� WKH� LQOHW� HQGZDOO� ERXQGDU\� OD\HUV� RI�
WKLFNQHVV����RI�WKH�EODGH�VSDQ�HDFK��DQG�ORZ�LQOHW�IUHH�VWUHDP�
WXUEXOHQFH�OHYHO��
� )LJ���� VKRZV� WKH�FRPSDULVRQ�RI�FRPSXWDWLRQDO� UHVXOWV��RE�
WDLQHG� ZLWK� WKH� KHOS� RI� WKH� %DOGZLQ�/RPD[� DQG�0HQWHU� 667�
PRGHOV� RI� WXUEXOHQFH��ZLWK� H[SHULPHQWDO� GDWD� IRU� WKH� DEVROXWH�
YHORFLW\�DQG�DEVROXWH�VZLUO�DQJOH��PHDVXUHG�IURP�WKH�GLUHFWLRQ�
QRUPDO� WR� WKH� FDVFDGH� IURQW�� DW� WKH� H[LW� IURP� WKH� URWRU� IRU�
X�F�7 ������ ����� DQG� ������ 7KH� FRPSXWHG� GLVWULEXWLRQV� ZHUH�FDSWXUHG�DW� WKH�VHFWLRQ� ORFDWHG������RI�WKH�D[LDO�FKRUG�GRZQ�
VWUHDP� RI� WKH� URWRU� WUDLOLQJ� HGJH�� WKDW� LV� DW� D� GLVWDQFH� FRUUH�
VSRQGLQJ� WR� WKH� ORFDWLRQ�RI� WKH�PHDVXULQJ�SUREH�DW� WKH�H[SHUL�

PHQWDO�IDFLOLW\��,Q�JHQHUDO�� WKH�FRPSXWDWLRQDO�DQG�H[SHULPHQWDO�
UHVXOWV� UHYHDO� VDWLVIDFWRU\� TXDOLWDWLYH� DQG� DOVR� TXDQWLWDWLYH�
DJUHHPHQW� IRU� WKH� WKUHH� LQYHVWLJDWHG� YDOXHV� RI� ORDG�� KRZHYHU��
WKH� GLVWULEXWLRQV� DQG� WKHLU� VSDQ�ZLVH� DYHUDJHG�YDOXHV�REWDLQHG�
ZLWK� WKH� KHOS� RI� WKH�0HQWHU� 667� FORVXUH� VHHP� WR� DJUHH�EHWWHU�
ZLWK�WKH�H[SHULPHQWDO�UHVXOWV�WKDQ�WKRVH�RI�WKH�%DOGZLQ�/RPD[�
WXUEXOHQFH�PRGHO�� 7KH� UHIHUHQFH� D[LDO� VHFWLRQ� LV� UHODWLYHO\� IDU�
GRZQVWUHDP�RI�WKH�EODGLQJ�V\VWHP��WKHUHIRUH��LW�LV�H[SHFWHG�WKDW�
WKH� SURFHVVHV� RI�PL[LQJ� DQG� GLVVLSDWLRQ� RI� �'� IORZ� VWUXFWXUHV�
DUH� ODUJHO\� DFFRPSOLVKHG� WKHUH�� 7KLV� LV� ZK\� WKH� H[SHULPHQWDO�
GLVWULEXWLRQV� RI� WKH� LQYHVWLJDWHG� TXDQWLWLHV� GR� QRW� H[KLELW� FRQ�
VLGHUDEOH� �'� SHDNV� FKDUDFWHULVWLF� IRU� VHFWLRQV�PRUH� XSVWUHDP��
1HLWKHU�GR�WKH�FRPSXWDWLRQDO�FXUYHV�IRU�WKH�0HQWHU�667�PRGHO��
ZKLFK� VXJJHVWV� WKH�DSSURSULDWH� UDWH�RI�GLVVLSDWLRQ�RI��'�IORZV�
LQ� WKLV� PRGHO�� 7KH� VSDQ�ZLVH� ORFDWLRQV� RI� WKRVH� ODUJHO\� GLVVL�
SDWHG�SHDNV� DQG�RWKHU�QRQ�XQLIRUPLWLHV�RI�GLVWULEXWLRQV�DUH� UH�
SURGXFHG� UHODWLYHO\�ZHOO��7KH�FXUYHV�DUH� OHVV�ÄVPRRWK´�IRU� WKH�
%DOGZLQ�/RPD[�PRGHO��ZLWK��'�SHDNV�PRUH�FOHDU��ZKLFK�VXJ�
JHVWV� WRR� OLWWOH� GLVVLSDWLRQ� RI� IORZ� QRQ�XQLIRUPLWLHV�� ,W� VHHPV�
WKDW�WKH�0HQWHU�667�PRGHO�EHWWHU�SUHGLFWV�WKH�OHYHO�RI�HGG\�YLV�
FRVLW\�LQ�IORZ��DQG�UDWH�RI�GLVVLSDWLRQ�RI�IORZ�QRQ�XQLIRUPLWLHV��
� 7KH� FRPSXWHG� HIILFLHQF\� FKDUDFWHULVWLFV� RI� WKH� VWDJH� DV� D�
IXQFWLRQ�RI�ORDG�X�F�7�REWDLQHG�ZLWK�WKH�FRQVLGHUHG�WZR�FORVXUHV�RI�5$16�HTXDWLRQV�DUH�VKRZQ�LQ�)LJ����DJDLQVW�WKH�H[SHULPHQ�
WDO�JUDSK��7KH�VWDJH�HIILFLHQF\�LV�GHILQHG�KHUH�DV�WKH�VWDJH�ORVV�
ZLWK� WKH�H[LW�HQHUJ\�VXEWUDFWHG�IURP�XQLW\��VHH�DOVR�$SSHQGL[��
)RU� WKH� WKUHH� H[DPLQHG� RSHUDWLQJ� FRQGLWLRQV� WKH� %DOGZLQ�
/RPD[� PRGHO� RYHUHVWLPDWHV� WKH� VWDJH� HIILFLHQF\�� ZKLOH� WKH�
0HQWHU�667�PRGHO�DSSDUHQWO\�XQGHUHVWLPDWHV� LW��EXW�VWLOO� OHDY�
LQJ� URRP� IRU� EHWWHU� DFFXUDF\� �DQG� KLJKHU� HIILFLHQF\�� RQ�PRUH�
UHILQHG� JULGV�� 7KH� GLIIHUHQFHV� LQ� HVWLPDWLRQ� RI� WKH� VWDJH� HIIL�
FLHQF\�EHWZHHQ�WKH�WZR�PRGHOV�DUH�EHORZ�����
� ,Q� WKH� QH[W� FKDSWHU�� ZH� ZLOO� FRQFHQWUDWH� RQ� GLIIHUHQFHV� LQ�
JOREDO�FKDUDFWHULVWLFV�DV�ZHOO�DV�LQ�ORFDO�IORZ�SDWWHUQV�LQ�WXUELQH�
IORZV�PRGHOOHG�ZLWK�WKH�KHOS�RI�WKH�%DOGZLQ�/RPD[�DQG�0HQ�
WHU� 667�PRGHOV��7ZR�+3� VWDJHV�RI� D� UHDO� ODUJH�SRZHU� WXUELQH�
ZLOO� EH� FRPSXWHG�� 7KHVH� VWDJHV� RSHUDWH� DW� WKH� VDPH� SUHVVXUH�
GURS�RI�����DV�WKH�PRGHO�DLU�WXUELQH��DQG�KDYH�VLPLODU�DVSHFW�UD�
WLRV� �VKRUW�KHLJKW� EODGLQJ�� DQG� WKH� VDPH� VWDWRU� DQG� URWRU� SUR�
ILOHV�� KRZHYHU� GLIIHULQJ� LQ� SURILOH� FKRUGV�� VWDJJHU� DQJOHV� DQG�
EODGH�QXPEHUV��7KH�IORZ�LQ� WKH�ILUVW�+37�VWDJH�FDQ��E\� WXUER�
PDFKLQHU\�VWDQGDUGV��EH�UHIHUUHG�WR�DV�UHJXODU�DQG�ZHOO�WDLORUHG�
WR�WKH�IORZ�FRQGLWLRQV��5HJXODU�IORZ�SDWWHUQV�LQ�WKH�VHFRQG�+37�
VWDJH�DUH�GLVWXUEHG�E\�WKH�VHSDUDWLRQ�DW�WKH�URWRU�URRW��7KH�VHSD�
UDWLRQ� LV� D� UHVXOW� RI� LQDGHTXDWH� ORFDO� LQFLGHQFH� RQ� WKH� URWRU�
EODGH�DW�WKH�URRW��DQG�FDQ�UHODWLYHO\�HDV\�EH�FRUUHFWHG�LQ�WKH�GH�
VLJQ� SURFHVV� E\�PRUH� FDUHIXO� VWDWRU�URWRU�PDWFKLQJ� IRU� WKH� DV�
VXPHG� RSHUDWLRQDO� UDQJH� RI� WKHUPRG\QDPLF� SDUDPHWHUV��+RZ�
HYHU�� WKH� H[DPSOH� SURYLGHV� D� IHUWLOH� ILHOG� IRU� LQYHVWLJDWLRQV� RI�
WKH� HIIHFW� RI� WXUEXOHQFH�PRGHOOLQJ� RQ� FRPSXWDWLRQDO� IORZ� SDW�
WHUQV�DQG�FKDUDFWHULVWLFV��DV�LQ�WKH�FDVH�RI�DGYHUVH�SUHVVXUH�JUD�
GLHQW� IORZV�� LQFOXGLQJ� VHSDUDWHG� IORZV�� WKH�SHUIRUPDQFH�RI� WKH�
%DOGZLQ�/RPD[�PRGHO� LV� XVXDOO\� SRRU� DQG� LW� LV� H[SHFWHG� WKDW�
WKH�0HQWHU�667�PRGHO�VKRXOG�SURGXFH�PRUH�DGHTXDWH�UHVXOWV��



�

� )LJ�����0$7���FRPSXWDWLRQDO�JULGV�IRU�WKH�VWDWRU�DQG�URWRU�FDVFDGHV�RI�WKH�PRGHO�WXUELQH�VWDJH��
LQ�PHULGLRQDO�YLHZ��WRS��DQG�LQ�WKH�EODGH�WR�EODGH�VHFWLRQ�DW�WKH�PLG�VSDQ��ERWWRP���

�



�

�

�

�)LJ�����0$7���FRPSXWHG��%/�DQG�667��DQG�H[SHULPHQWDO��DEVROXWH�YHORFLW\��OHIW��DQG�DEVROXWH�VZLUO�DQJOH��ULJKW���
DW�WKH�H[LW�IURP�WKH�URWRU�IRU�X�F�7 ������WRS���������FHQWUH��DQG�������ERWWRP���

�

�)LJ�����0$7���FRPSXWHG�DQG�H[SHULPHQWDO�HIILFLHQF\�FKDUDFWHULVWLFV�RI�WKH�PRGHO�DLU�WXUELQH�VWDJH�DV�D�IXQFWLRQ�RI�ORDG�X�F�7�



�

+3�785%,1(�67$*(��+37���� 7KH�+3� VWDJH�RI� D� ODUJH�SRZHU� VWHDP� WXUELQH� WR�EH� WHVWHG�
ILUVW� LV� D� W\SLFDO� LPSXOVH� VWDJH� ZLWK� VKRUW�KHLJKW� F\OLQGULFDO�
EODGLQJ�� LQFOXGLQJ� DIW�ORDGHG� VWDWRU� SURILOHV�� RSHUDWLQJ� DW� WKH�
SUHVVXUH�GURS�IURP����WR����EDU��LQOHW�WHPSHUDWXUH������.��IORZ�
UDWH� ������NJ�V�� VWDWRU�H[LW�0DFK�QXPEHU� ��������DYHUDJH� UHDF�
WLRQ���������7KH�DVSHFW�UDWLRV�DUH��VSDQ�FKRUG���������VWDWRU��DQG�
����� �URWRU��� SLWFK�FKRUG� ������� �VWDWRU��DQG������ �URWRU��� VSDQ��
GLDPHWHU� �� ������ �VWDWRU�� DQG� ������ �URWRU��� 7KH� VSHFLILF� KHDW�
UDWLR� DQG� JDV� FRQVWDQW� DUH� DVVXPHG� DV� J ����� DQG� 5 ����
-��NJ.���7KH�FDOFXODWLRQV�DUH�FDUULHG�RXW�RQ�DQ�+�W\SH�JULG�RI�
�������� FHOOV� �VWDWRU��� URWRU�� UHILQHG�QHDU� WKH�HQGZDOOV��EODGH�
ZDOOV�� WUDLOLQJ� DQG� OHDGLQJ� HGJHV��6LPLODU� WR� WKH�PRGHO�DLU� WXU�
ELQH�� WKH� WRWDO�SUHVVXUH�SURILOH�DW� WKH� LQOHW� LV�DVVXPHG�XQLIRUP��

ZLWK� WKH� LQOHW� HQGZDOO� ERXQGDU\� OD\HUV�RI� WKLFNQHVV����RI� WKH�
EODGH�VSDQ�HDFK��DQG�ORZ�LQOHW�IUHH�VWUHDP�WXUEXOHQFH�OHYHO��
� )LJ�� �� VKRZV� WKH� FRPSDULVRQ� RI� WRWDO� SUHVVXUH� FRQWRXUV�
GRZQVWUHDP�RI� WKH� VWDWRU� WUDLOLQJ�HGJH�REWDLQHG�ZLWK�%DOGZLQ�
/RPD[� DQG�0HQWHU�667� WXUEXOHQFH�PRGHOOLQJ��7KH� ILJXUHV�GR�
QRW�SDUWLFXODUO\�GLIIHU��VDYH�IRU�WKH�IDFW�WKDW�WKH�ZDNH�LV�VOLJKWO\�
WKLFNHU�DQG�WKH�WRWDO�SUHVVXUH�SHDNV�GXH�WR�VHFRQGDU\�IORZV��HV�
SHFLDOO\�WKDW�DW�WKH�WLS��DUH�FORVHU�WR�WKH�HQGZDOOV�LQ�WKH�FDVH�RI�
WKH�0HQWHU�667�PRGHO��9HORFLW\�YHFWRUV�DW� WKH�VXFWLRQ�VXUIDFH�
RI� WKH� URWRU� SUHVHQWHG� LQ� )LJ�� �� LQGLFDWH� DQ� HDUOLHU� RQVHW�� LQ�
WHUPV�RI�WKH�VWUHDP�ZLVH�FRRUGLQDWH��DQG�D�ODUJHU�VSDQ�ZLVH�H[�
WHQVLRQ� RI� WKH� VHFRQGDU\� IORZ� ]RQHV� LQ� WKH� %DOGZLQ�/RPD[�
PRGHO�� )LJ�� �� VKRZLQJ� WKH� FRPSDULVRQ� RI� FRQWRXUV� RI� WKH� HQ�
WURS\�IXQFWLRQ��V S�UJ � S � SUHVVXUH��U � GHQVLW\��LQ�WKH��URWRU��DW��

�

�)LJ�����+37����WRWDO�SUHVVXUH�FRQWRXUV�GRZQVWUHDP�RI�WKH�VWDWRU��%DOGZLQ�/RPD[��OHIW���0HQWHU�667��ULJKW���
�

�)LJ�����+37����YHORFLW\�YHFWRUV�DW�WKH�VXFWLRQ�VXUIDFH�RI�WKH�URWRU��%DOGZLQ�/RPD[��OHIW���0HQWHU�667��ULJKW���
�

%/ 667������������� %/ 667���������� %/ 667�
�)LJ�����+37����HQWURS\�IXQFWLRQ�FRQWRXUV�LQ�WKH�URWRU������D[LDO�FKRUG�GRZQVWUHDP�RI�WKH�OHDGLQJ�HGJH��OHIW���DW�WKH�WUDLOLQJ�HGJH��FHQ�

WUH��DQG�����D[LDO�FKRUG�GRZQVWUHDP�RI�WKH�WUDLOLQJ�HGJH��ULJKW���%DOGZLQ�/RPD[��OHIW���0HQWHU�667��ULJKW���



�

�)LJ�����+37����VSDQ�ZLVH�GLVWULEXWLRQ�RI�NLQHWLF�HQHUJ\�ORVVHV�LQ�WKH�VWDWRU��OHIW���URWRU��FHQWUH��DQG�VWDJH�ZLWKRXW�H[LW�HQHUJ\��ULJKW���
�

� )LJ�����+37����VSDQ�ZLVH�GLVWULEXWLRQ�RI�URWRU�H[LW�VZLUO�DQJOH��
�VWUHDPZLVH�VXEVHTXHQW� VHFWLRQV� LOOXVWUDWHV� WKH� GHYHORSPHQW� RI�

VHFRQGDU\� IORZ� SDWWHUQV� LQ� WKH� URWRU�� FRQILUPLQJ� WKH� WHQGHQF\�
REVHUYHG� LQ� WKH� VWDWRU� WKDW� WKH� ORVV� FHQWUHV� GXH� WR� VHFRQGDU\�
IORZV�UHPDLQ�FORVHU�WR�WKH�HQGZDOOV��DQG�WKH�ZDNH�DQG�ERXQGDU\�
OD\HUV�DUH�VOLJKWO\�WKLFNHU�LQ�WKH�FDVH�RI�WKH�0HQWHU�667�PRGHO��
� )LJ�� �� VKRZV� D� VSDQ�ZLVH� GLVWULEXWLRQ� RI� NLQHWLF� HQHUJ\�
ORVVHV�LQ�WKH�VWDWRU��URWRU�DQG�VWDJH�ZLWKRXW�WKH�H[LW�HQHUJ\��VHH�
DOVR�WKH�GHILQLWLRQV�RI�ORVVHV�JLYHQ�LQ�$SSHQGL[��7KH�VWDWRU�ORVV�
LV�FDSWXUHG�LQ�WKH�D[LDO�JDS�����RI�WKH�VWDWRU�D[LDO�FKRUG�GRZQ�
VWUHDP�RI�WKH�WUDLOLQJ�HGJH��WKH�URWRU�ORVV�������RI�WKH�URWRU�D[�
LDO�FKRUG�GRZQVWUHDP�RI�WKH�WUDLOLQJ�HGJH��7KH�WHQGHQF\�LV�WKDW�
WKH� 0HQWHU� 667� PRGHO� SUHGLFWV� D� VOLJKWO\� KLJKHU� OHYHO� RI� �'�
ORVVHV��)RU�WKH�VWDWRU��WKH�GLIIHUHQFH�LV�DERXW�������IRU�WKH�URWRU�
� ������+RZHYHU�� WKH�VLPLODU�GLVWULEXWLRQV�DW� WKH�WUDLOLQJ�HGJHV�
RI�WKH�VWDWRU�DQG�URWRU�ZLOO�VKRZ�WKDW�WKH�ERXQGDU\�OD\HU�ORVVHV�
REWDLQHG�XVLQJ�WKH�0HQWHU�667�DQG�%DOGZLQ�/RPD[�DUH�QHDUO\�
WKH�VDPH��EHORZ�D������DFFXUDF\�PDUJLQ��ERWK�IRU�WKH�VWDWRU�DQG�
URWRU��7KH�PDLQ�GLIIHUHQFH�LQ�SUHGLFWLRQV�RI�WKH��'�ORVV�LV�LQ�WKH�
OHYHO� RI� WKH� WUDLOLQJ� HGJH� ORVV� GXH� WR� WKH� IDFW� WKDW� WKH�0HQWHU�
667�PRGHO�SUHGLFWV�PRUH�HGG\�YLVFRVLW\�LQ�WKH�ZDNH��UHVXOWLQJ�
LV�D�ODUJHU�UDWH�RI�GLVVLSDWLRQ�RI�NLQHWLF�HQHUJ\��7KH�0HQWHU�667�
PRGHO�SUHGLFWV�DOVR�PRUH�HGG\�YLVFRVLW\�LQ�WKH�UHJLRQ�RI�VHFRQ�
GDU\�IORZV��DQG�D�KLJKHU�ORFDO� ORVV��+RZHYHU�� WKH�GLIIHUHQFH�LQ�
WKH� OHYHO�RI�VHFRQGDU\�ORVV�LV�GHFUHDVHG�GXH�WR�D�VPDOOHU�VSDQ�
ZLVH� H[WHQVLRQ� RI� WKH� VHFRQGDU\� IORZ� ]RQH� SUHGLFWHG� E\� WKH�
0HQWHU�667�PRGHO��7KH� VHFRQGDU\� ORVV�PD[LPD�DUH�DOVR� UHOR�
FDWHG� FRPSDUHG� WR� WKRVH� RI� WKH� %DOGZLQ�/RPD[� PRGHO�� 7KH�
SLWFK�VSDQ�DYHUDJHG�YDOXH�RI�WKH�VWDWRU�ORVV�GLIIHUV�E\�������%/�
� ������667�����������WKH��URWRU��ORVV���������%/���������667���
�������7KH�WHQGHQFLHV�REVHUYHG�IRU�WKH�VWDWRU�DQG�URWRU�VXPPD�

ULVHG�RQ�WKH�JUDSK�RI�VWDJH�ORVVHV�ZLWKRXW�WKH�H[LW�HQHUJ\��FDS�
WXUHG� VLPLODU� WR� WKDW� RI� WKH� URWRU� ORVV�� WKDW� LV�����RI� WKH� URWRU�
D[LDO�FKRUG�GRZQVWUHDP�RI�WKH�URWRU�WUDLOLQJ�HGJH��,W�LV�FOHDU�WKDW�
WKH�0HQWHU�667�FXUYHV�KDYH�WKH��'�ORVV�EDVH�VOLJKWO\�PRYHG�XS�
DQG��'�SHDNV�LQFUHDVHG�DQG�UHORFDWHG��FRPSDUHG�WR�WKRVH�RI�WKH�
%DOGZLQ�/RPD[�PRGHO�� �'XH� WR� WKH� ORZ� UHDFWLRQ� RI� WKH� VWDJH�
DQG�D�UHVXOWLQJ�VPDOO�FRQWULEXWLRQ�RI�WKH�URWRU�ORVV�WR�WKH�RYHUDOO�
VWDJH� ORVV�� WKH� SLWFK�VSDQ� DYHUDJHG� YDOXHV� RI� WKH� VWD�JH� ORVV�
ZLWKRXW�WKH�H[LW�HQHUJ\�GLIIHU�E\������RQO\��%/���������667���
�������7KH�PHDQ�H[LW�VZLUO�DQJOH�GLIIHUV�E\����R���%/����R� 667���
����R���7KH�H[LW�DQJOH�SHDNV�GXH�WR��'�HIIHFWV�XQGHUJR�PRGHU�
DWH�FKDQJHV�LQ�SRVLWLRQ�DQG�PDJQLWXGH��VHH�)LJ�����)RU�WKH�VDPH�
SUHVVXUH�GURS��ERWK� WXUEXOHQFH�PRGHOV�SUHGLFW�VLPLODU�UHVXOWDQW�
PDVV�IORZ�UDWHV��%/�������NJ�V��667���������NJ�V���
�
+3�785%,1(�67$*(��+37���� 7KH�VHFRQG�+3�VWDJH�RI�DQRWKHU�ODUJH�SRZHU�VWHDP�WXUELQH�
LV�D� VLPLODU� LPSXOVH� VWDJH��RSHUDWLQJ�DW� WKH�SUHVVXUH�GURS�IURP�
���WR����EDU��LQOHW�WHPSHUDWXUH������.��IORZ�UDWH�������NJ�V��VWD�
WRU� H[LW�0DFK�QXPEHU� �� ������DYHUDJH� UHDFWLRQ� ��������7KH�DV�
SHFW�UDWLRV�DUH��VSDQ�FKRUG���������VWDWRU��DQG�������URWRU���SLWFK��
FKRUG� �� ����� �VWDWRU�� DQG� ����� �URWRU��� VSDQ�GLDPHWHU� �� ������
�VWDWRU��DQG������� �URWRU���+37��KDV� WKH�VDPH�VWDWRU�DQG�URWRU�
SURILOHV�DV�0$7�DQG�+37���EXW�GLIIHULQJ�LQ�FKRUGV�DQG�VWDJJHU�
DQJOHV� �DOVR� EODGH� QXPEHU� LV� GLIIHUHQW��� 3HUIHFW� JDV� FRQVWDQWV�
DUH�DVVXPHG�DV�J ������5 ����-��NJ.���7KH�FDOFXODWLRQV�DUH�DO�
VR�PDGH�RQ�DQ�+�W\SH�JULG�RI���������FHOOV��VWDWRU���URWRU���
� 7KH� FRPSDULVRQ� RI� WRWDO� SUHVVXUH� FRQWRXUV� GRZQVWUHDP�RI�
WKH�VWDWRU�WUDLOLQJ�HGJH�SUHVHQWHG�LQ�)LJ����FRQILUPV�WKH�REVHUYD�
WLRQV� IURP� )LJ�� ��� 7KH� ZDNH� LV� VOLJKWO\� WKLFNHU� DQG� WKH� WRWDO�
SUHVVXUH�SHDNV�GXH�WR�VHFRQGDU\�IORZV��HVSHFLDOO\�WKDW�DW�WKH�WLS��
DUH�FORVHU�WR�WKH�HQGZDOOV�LQ�WKH�FDVH�RI�WKH�0HQWHU�667�PRGHO��
9HORFLW\�YHFWRUV�DW�WKH�VXFWLRQ�VXUIDFH�RI�WKH�URWRU�SUHVHQWHG�LQ�
)LJ�����DJDLQ�LQGLFDWH�DQ�HDUOLHU�RQVHW�DQG�ODUJHU�VSDQ�ZLVH�H[�
WHQVLRQ� RI� WKH� VHFRQGDU\� IORZ� ]RQHV� LQ� WKH� %DOGZLQ�/RPD[�
PRGHO�� $� VHSDUDWLRQ� IURP� WKH� VXFWLRQ� VXUIDFH� DW� WKH� URRW� DOVR�
FRPHV�LQWR�SOD\�KHUH��7KLV�SKHQRPHQRQ�LV�DOVR�FOHDU�IURP�)LJ��
��� VKRZLQJ� HQWURS\� IXQFWLRQ� FRQWRXUV� LQ� WKH� URWRU� ��� RI� WKH�
EODGH� VSDQ� IURP� WKH� URRW�� 7KH� VHSDUDWLRQ� LQ� WKH�0HQWHU� 667�
PRGHO� LV� FOHDUO\� GHOD\HG� DQG� WKH� SLWFK�ZLVH� H[WHQVLRQ� RI� WKH�
VHSDUDWLRQ�]RQH��UHGXFHG���FRPSDUHG��WR��WKH��SUHGLFWLRQV��RI��WKH��



��

�

�)LJ�����+37����WRWDO�SUHVVXUH�FRQWRXUV�GRZQVWUHDP�RI�WKH�VWDWRU��%DOGZLQ�/RPD[��OHIW���0HQWHU�667��ULJKW���
�

�)LJ������+37����YHORFLW\�YHFWRUV�DW�WKH�VXFWLRQ�VXUIDFH�RI�WKH�URWRU��%DOGZLQ�/RPD[��OHIW���0HQWHU�667��ULJKW���
�

�)LJ������+37����HQWURS\�IXQFWLRQ�FRQWRXUV�LQ�WKH�URWRU����EOD�
GH�VSDQ�IURP�URRW��%DOGZLQ�/RPD[��OHIW���0HQWHU�667��ULJKW���

�%DOGZLQ�/RPD[�PRGHO��(QWURS\�IXQFWLRQ�FRQWRXUV�LQ�WKH�URWRU�
DW�VXEVHTXHQW�VHFWLRQV�SUHVHQWHG�LQ�)LJ�����LOOXVWUDWH�WKH�GHYHO�
RSPHQW�RI�VHFRQGDU\�IORZ�SDWWHUQV�DQG�VHSDUDWLRQ�LQ�WKH�URWRU��
ZLWK� WKH�VDPH�WHQGHQF\�DV�REVHUYHG�LQ�WKH�VWDWRU�WKDW� WKH�ORVV�
FHQWUHV� GXH� WR� VHFRQGDU\� IORZV� �DW� WKH� URRW� GXH� WR� VHFRQGDU\�
IORZV�DQG�VHSDUDWLRQ�FRPELQHG��UHPDLQ�FORVHU�WR�WKH�HQGZDOOV��
DQG� WKH�ZDNH� DQG� ERXQGDU\� OD\HUV� DUH� VOLJKWO\� WKLFNHU� LQ� WKH�
0HQWHU�667�PRGHO��
� )LJ�� ��� VKRZV� D� VSDQ�ZLVH� GLVWULEXWLRQ� RI� NLQHWLF� HQHUJ\�
ORVVHV�LQ�WKH�VWDWRU��URWRU�DQG�VWDJH�ZLWKRXW�WKH�H[LW�HQHUJ\�FDS�
WXUHG�DW�WKH�VDPH�GLVWDQFHV�GRZQVWUHDP�RI�WKH�UHVSHFWLYH�WUDLO�
LQJ� HGJHV� DV� LQ� WKH� SUHYLRXV� H[DPSOH�� 7KH� WHQGHQF\� LV� WKDW�

WKHUH�LV�SUDFWLFDOO\�OLWWOH�GLIIHUHQFH�LQ�GHWHUPLQDWLRQ�RI�WKH�SUR�
ILOH� ERXQGDU\� OD\HU� ORVVHV� EHWZHHQ� WKH� WZR� PRGHOV�� 7KH�
0HQWHU�667�PRGHO�SUHGLFWV�PRUH�HGG\�YLVFRVLW\� LQ�WKH�ZDNH��
VHFRQGDU\� IORZ� UHJLRQV� DQG� VHSDUDWLRQ� ]RQHV�� 7KLV� UHVXOWV� LQ�
PRUH�WUDLOLQJ�HGJH�ORVV��DQG�DOVR�VHFRQGDU\�ORVV�DQG�VHSDUDWLRQ�
ORVV�� VD\�� SHU� YROXPH� RI� WKH� VHFRQGDU\� IORZ� DQG� VHSDUDWLRQ�
]RQHV�� +RZHYHU�� WKH� GLIIHUHQFH� LQ� VHFRQGDU\� DQG� VHSDUDWLRQ�
ORVVHV� EHWZHHQ� WKH� WZR�PRGHOV� LV� GHFUHDVHG�GXH� WR� D� VPDOOHU�
H[WHQVLRQ� RI� WKH� VHFRQGDU\� IORZ� DQG� VHSDUDWLRQ� ]RQHV� LQ� WKH�
0HQWHU� 667� PRGHO�� 7KH� VHFRQGDU\� DQG� VHSDUDWLRQ� ORVV�
PD[LPD�DUH� FRQVLGHUDEO\� UHORFDWHG��FRPSDUHG� WR� WKRVH�RI� WKH�
%DOGZLQ�/RPD[�PRGHO��7KH�SLWFK�VSDQ�DYHUDJHG�YDOXH�RI� WKH�
VWDWRU�ORVV�GLIIHUV�E\�������%/���������667�����������WKH��URWRU��
ORVV� �� ����� �%/� �� ������667� ��������� WKH� VWDJH� ORVV�ZLWKRXW�
WKH�H[LW�HQHUJ\�GLIIHUV�DJDLQ�E\������RQO\��%/���������667���
�������$OWKRXJK�SHDNV�RI�WKH�URWRU�H[LW�VZLUO�DQJOH�LQ�)LJ�����
XQGHUJR� FRQVLGHUDEOH� FKDQJHV� LQ�SRVLWLRQ� DQG�PDJQLWXGH�� WKH�
PHDQ� H[LW� VZLUO� DQJOH� SUDFWLFDOO\� GRHV� QRW� FKDQJH�� )RU� WKH�
VDPH�SUHVVXUH�GURS��WKH�UHVXOWDQW�PDVV�IORZ�UDWH�IRU�WKH�%DOG�
ZLQ�/RPD[�PRGHO�LV�������NJ�V��IRU�0HQWHU�667�������NJ�V��
� $OWKRXJK�WKH�IORZ�LQ�WKH�VWDJH�+37��KDV�D�PRUH�FRPSOH[�
QDWXUH��FRPSDUHG�WR�WKDW�RI�WKH�VWDJH�+37���PDLQO\�GXH�WR�WKH�
LQWHUDFWLRQ�RI�WKH�VHSDUDWLRQ�ZLWK�WKH�PDLQ�IORZ�DQG�VHFRQGDU\�
IORZV��DQG� WKHUH�DUH�VLJQLILFDQW� UHGLVWULEXWLRQV�RI� ORVVHV�VSDQ�
ZLVH��WKH�GLIIHUHQFH�LQ�SLWFK�VSDQ�DYHUDJHG�YDOXHV�RI�WKH�VWDJH�
ORVV�LV�VWLOO�D�PHUH�������

�



��

%/ 667������������� %/ 667�������������� %/� 667�
�)LJ������+37����HQWURS\�IXQFWLRQ�FRQWRXUV�LQ�WKH�URWRU������D[LDO�FKRUG�GRZQVWUHDP�RI�WKH�OHDGLQJ�HGJH��OHIW���DW�WKH�WUDLOLQJ�HGJH�

�FHQWUH��DQG�����D[LDO�FKRUG�GRZQVWUHDP�RI�WKH�WUDLOLQJ�HGJH��ULJKW���%DOGZLQ�/RPD[��OHIW���0HQWHU�667��ULJKW���
�

�)LJ������+37����VSDQ�ZLVH�GLVWULEXWLRQ�RI�NLQHWLF�HQHUJ\�ORVVHV�LQ�WKH�VWDWRU��OHIW���URWRU��FHQWUH��DQG�VWDJH�ZLWKRXW�H[LW�HQHUJ\��ULJKW���
�

�)LJ������+37����VSDQ�ZLVH�GLVWULEXWLRQ�RI�URWRU�H[LW�VZLUO�DQJOH��
�
&21&/86,216�� 7ZR�+3�VWDWRU�URWRU�VWDJHV�KDYH�EHHQ�FRPSXWHG�XVLQJ�D��'�
5$16�VROYHU�)ORZ(5�ZLWK�FORVXUHV�LQ�WKH�IRUP�RI�WKH�PRGLILHG�
DOJHEUDLF�HGG\�YLVFRVLW\�PRGHO�RI�%DOGZLQ�/RPD[��RU�WKH�WZR�
HTXDWLRQ�HGG\�YLVFRVLW\�VKHDU�VWUHVV�WUDQVSRUW�PRGHO�RI�0HQWHU��
D UHODWLYHO\� QHZ� WZR�HTXDWLRQ�PRGHO� FRPELQLQJ� JRRG� IHDWXUHV�
RI� WKH� N�Z DQG� N�H PRGHOV�� 7KH� FRPSXWDWLRQV� VKRZ� WKDW� WKH�
0HQWHU� 667�PRGHO� SUHGLFWV�PRUH� HGG\� YLVFRVLW\� LQ� WKH�ZDNH��
VHFRQGDU\� IORZ� UHJLRQV� DQG� VHSDUDWLRQ� ]RQHV�� +RZHYHU�� D�
VPDOOHU�H[WHQVLRQ�RI�WKH�VHFRQGDU\�IORZ�DQG�VHSDUDWLRQ�]RQHV�LV�
REVHUYHG� LQ� WKH� 0HQWHU� 667� PRGHO�� 7KHUH� DUH� DOWHUDWLRQV� LQ�
VSDQ�ZLVH� GLVWULEXWLRQV� RI� NLQHWLF� HQHUJ\� ORVVHV� LQ� HDFK� EODGH�
URZ�DQG�WKH�VWDJH�DV�D�ZKROH��E\�PRYLQJ�VOLJKWO\�XS�WKH��'�ORVV�
EDVH� �LQFUHDVHG� WUDLOLQJ�HGJH� ORVV��� DQG� LQFUHDVLQJ�DQG�UHORFDW�
LQJ� �'� SHDNV�� ZKLFK� UHPDLQ� FORVHU� WR� WKH� HQGZDOOV� LQ� WKH�

0HQWHU� 667� PRGHO�� 7KHUH� DUH� DOVR� FKDQJHV� LQ� WKH� PHDQ� DQG�
VSDQ�ZLVH� GLVWULEXWLRQ� RI� WKH� H[LW� YHORFLW\� DQG� VZLUO� DQJOH��
+RZHYHU�� WKH� SLWFK�VSDQ�DYHUDJHG� YDOXHV� RI� WKH� RYHUDOO� VWDJH�
ORVV�GR�QRW�VLJQLILFDQWO\�GLIIHU�ERWK�IRU�UHJXODU�+3�WXUELQH�IORZ�
SDWWHUQV�� DQG� WKRVH� PRUH� FRPSOH[�� $OWKRXJK� WKH�0HQWHU� 667�
PRGHO� KDV� DQ� XSSHU� KDQG� RYHU� WKH� %DOGZLQ�/RPD[� PRGHO� LQ�
PRGHOOLQJ�WUDQVRQLF�WXUERPDFKLQHU\�IORZV��HVSHFLDOO\�FRPSUHV�
VRU� IORZV�� WKH� FRPSXWDWLRQV� FDUULHG� RXW� IRU� WKLV� SDSHU� DOVR�
DXWKRULVH� WKH� XVH� RI� WKH� OHVV� DGYDQFHG�%DOGZLQ�/RPD[�PRGHO�
IRU�HQJLQHHULQJ�DSSOLFDWLRQV�ZLWK�UHJDUGV�WR�+3�WXUELQHV���
5()(5(1&(6�� %DOGZLQ�%�6���/RPD[�+��� ������7KLQ� OD\HU� DSSUR[LPDWLRQ�
DQG�DOJHEUDLF�PRGHO�IRU�VHSDUDWHG�WXUEXOHQW�IORZV��$,$$�3DSHU��
1R��������

&KLHQ� .�<��� ������ 3UHGLFWLRQV� RI� FKDQQHO� DQG� ERXQGDU\�
OD\HU� IORZV� ZLWK� D� ORZ�5H\QROGV� QXPEHU� WXUEXOHQFH� PRGHO��
$,$$�-���9RO������1R�����
� &KLPD�5�9���������$�N�Z WXUEXOHQFH�PRGHO�IRU�TXDVL�WKUHH�
GLPHQVLRQDO�WXUERPDFKLQHU\�IORZV��$,$$�3DSHU��1R���������

&RODQWXRQL�6���7HUOL]]L�$���*UDVVR�)���������$�YDOLGDWLRQ�RI�
D 1DYLHU�6WRNHV��'�VROYHU�IRU�WUDQVRQLF�WXUELQH�FDVFDGH�IORZV��
$,$$�3DSHU�1R�������
� )OHWFKHU�&�$�-���������&RPSXWDWLRQDO�7HFKQLTXHV�IRU�)OXLG�
'\QDPLFV� ��� 6SHFLILF� 7HFKQLTXHV� IRU� 'LIIHUHQW� )ORZ� &DWHJR�
ULHV� 6SULQJHU�9HUODJ�%HUOLQ��+HLGHOEHUJ��
� -RKQVRQ�'�$���.LQJ�/�6���������0DWKHPDWLFDOO\�VLPSOH��WXU��
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EXOHQFH� FORVXUH� PRGHO� IRU� DWWDFKHG� DQG� VHSDUDWHG� WXUEXOHQW�
ERXQGDU\�OD\HUV��$,$$�-���9RO������1R������
� -RQHV�:�3��� /DXQGHU� %�(��� ������ 7KH� FDOFXODWLRQ� RI� ORZ�
5H\QROGV� QXPEHU� SKHQRPHQD� ZLWK� D� WZR�HTXDWLRQ� PRGHO� RI�
WXUEXOHQFH��,QW��-��+HDW�DQG�0DVV�7UDQVIHU� 9RO������1R������
� .LQVH\�'�:���(DVWHS�)�(���������1DYLHU�6WRNHV�VROXWLRQ�IRU�
D WKLFN� VXSHUFULWLFDO� DLUIRLO� ZLWK� VWURQJ� VKRFNV� DQG� PDVVLYHO\�
VHSDUDWHG�IORZ��$$,$�3DSHU��1R�������
� /DPSDUW�3���¯ZLU\GF]XN�-���<HUVKRY�$���5XVDQRY�$���������
&)'�DQDO\VLV�RI��'�VXEVRQLF�FDVFDGH�IORZV��VXEPLWWHG�IRU�SXE�
OLFDWLRQ��
� /DUVVRQ� -��� ������ 1XPHULFDO� VLPXODWLRQ� RI� WXUELQH� EODGH�
KHDW� WUDQVIHU��/LFHQWLDWH�RI�(QJLQHHULQJ�7KHVLV� &KDOPHUV�8QL�
YHUVLW\�RI�7HFKQRORJ\��6ZHGHQ��
� /DXQGHU� %�(��� 6KDUPD� %�,��� ������ $SSOLFDWLRQ� RI� HQHUJ\�
GLVVLSDWLRQ�PRGHO�RI�WXUEXOHQFH�WR�WKH�FDOFXODWLRQ�RI�IORZ�QHDU�D�
VSLQQLQJ�GLVF��/HWWHUV�LQ�+HDW�DQG�0DVV�7UDQVIHU� 9RO�����1R�����
� 0HQWHU� )�5��� ������ 7ZR�HTXDWLRQ� HGG\�YLVFRVLW\� WXUEX�
OHQFH� PRGHOV� IRU� HQJLQHHULQJ� DSSOLFDWLRQV�� $,$$� -��� 9RO�� ����
1R�����
� 0HQWHU� )�5��� ������ $� FRPSDULVRQ� RI� VRPH� UHFHQW� HGG\�
YLVFRVLW\�WXUEXOHQFH�PRGHOV��7UDQV��$60(��-��)OXLGV�(QJLQHHU�
LQJ��9RO�������1R�����
� 5RG\� :��� 6ULQLYDV� .��� ������ &RPSXWDWLRQ� RI� IORZ� DQG�
ORVVHV� LQ� WUDQVRQLF� WXUELQH� FDVFDGHV�� =�� )OXZLVV�� :HOWUDXP�
IRUVFK� 1R�����
� :LHFKRZVNL�6��� ������5HVXOWV� RI� LQYHVWLJDWLRQV�RI�DQQXODU�
FDVFDGHV� 7.��� 7.�� DQG� PRGHOV� 7.��7:��� 7.��7:�� 5HS��
,QVWLWXWH�RI�7KHUPDO�(QJQJ��yGº��LQ�3ROLVK���
� :LOFR[�'�&���������5HDVVHVVPHQW�RI�WKH�VFDOH�GHWHUPLQLQJ�
HTXDWLRQ�IRU�DGYDQFHG�WXUEXOHQFH�PRGHOV��$,$$�-���9RO������1R��
����
� :LOFR[� '�&��� ������ &RPSDULVRQ� RI� WZR�HTXDWLRQ� WXUEX�
OHQFH�PRGHOV�IRU�ERXQGDU\�OD\HUV�ZLWK�SUHVVXUH�JUDGLHQW��$,$$�
-���9RO������1R�����
� :LOFR[�'�&���������7XUEXOHQFH�PRGHOOLQJ�IRU�&)'��'&:�
,QGXVWULHV�,QF���/D�&DQDGD��&DOLIRUQLD��
� :LOFR[� '�&��� ������ 6LPXODWLRQ� RI� WUDQVLWLRQ� ZLWK� D� WZR�
HTXDWLRQ�WXUEXOHQFH�PRGHO��$,$$�-���9RO������1R�����
� <HUVKRY� 6��� 5XVDQRY� $��� ����D�� 7KH� KLJK� UHVROXWLRQ�
PHWKRG� RI� *RGXQRY¶V� W\SH� IRU� �'� YLVFRXV� IORZ� FDOFXODWLRQV�
3URF����&ROORT��3URF��6LPXODWLRQ� (VSRR��)LQODQG��-XQH��������
� <HUVKRY� 6��� 5XVDQRY�$��� ����E�� 7KH� DSSOLFDWLRQ� SDFNDJH�
)ORZ(5�IRU�FDOFXODWLRQ�RI��'�YLVFRXV�IORZV�WKURXJK�PXOWL�VWDJH�
WXUERPDFKLQHU\� &HUWLILFDWH�RI�8NUDLQLDQ�VWDWH�DJHQF\�RI�FRS\�
ULJKW�DQG�UHODWHG�ULJKWV��.LHY��8NUDLQH��)HEUXDU\�����
� <HUVKRY� 6��� 5XVDQRY�$��� ������0RGLILFDWLRQ� RI� DOJHEUDLF�
WXUEXOHQFH�PRGHO� XVHG� LQ� FRGH� )ORZ(5�� ,Q�0RGHOOLQJ�7XUEX�
OHQFH� LQ� 7HFKQLFDO� $SSOLFDWLRQV� &RS\ERRNV� RI� ,QVWLWXWH� RI�
)OXLG�)ORZ�0DFKLQHU\� 1R������*GDxVN��3RODQG��
� <HUVKRY� 6��� 5XVDQRY� $��� *DUG]LOHZLF]� $��� /DPSDUW� 3��
������&DOFXODWLRQV�RI��'�YLVFRXV�FRPSUHVVLEOH�WXUERPDFKLQHU\�
IORZV�� �QG� 6\PS�� RQ� &RPS�� 7HFKQRORJLHV� IRU� )OXLG�7KHUPDO��
&KHPLFDO��6\VWHPV��ZLWK��,QGXVWULDO��$SSOLFDWLRQV���$60(��393�

'LYLVLRQ�&RQI���$XJXVW������%RVWRQ���86$���$60(��393� ���9RO��
�����1R�����
� <HUVKRY�6���5XVDQRY�$��� 6KDSRFKND�$��� ������ �'�YLVFRXV�
WUDQVRQLF� WXUERPDFKLQHU\�IORZV��1XPHULFDO�VLPXODWLRQ�DQG�RS�
WLPLVDWLRQ�XVLQJ�FRGH�)ORZ(5��3URF��&RQI��9�,6$,)¶����� 6HS�
WHPEHU������*GDxVN��3RODQG��WR�DSSHDU����
$33(1',;�
� ,Q�WKLV�FKDSWHU��NLQHWLF�HQHUJ\�ORVVHV�LQ�WKH�VWDWRU��URWRU�DQG�
VWDJH�DUH�GHILQHG��)LJ��$���ZKLFK� LOOXVWUDWHV� WKH�SURFHVV�RI�H[�
SDQVLRQ� LQ� D� WXUELQH� VWDJH� LQ� WKH� IRUP� RI� DQ� HQWKDOS\�HQWURS\�
GLDJUDP��ZLOO�KHOS�WR�H[SODLQ�GHILQLWLRQV�JDWKHUHG�LQ�7DE��$���
�
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