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7KH�'DQLVK�(PHUJHQF\�5HVSRQVH�0RGHO�RI�WKH�$WPRVSKHUH��'(50$���6¡UHQVHQ��������6¡UHQVHQ

DQG� 5DVPXVVHQ�� ������ 6¡UHQVHQ� HW� DO��� ������ LV� D� �'� /DJUDQJLDQ� *DXVVLDQ� SXIIV� ORQJ�UDQJH

GLVSHUVLRQ� PRGHO�� GHYHORSHG� E\� WKH� 'DQLVK� 0HWHRURORJLFDO� ,QVWLWXWH� IRU� QXFOHDU� HPHUJHQF\

SUHSDUHGQHVV� SXUSRVHV�� 3UHYLRXV� YHUVLRQV� RI� WKH� PRGHO� LQFOXGHG� VLPXODWLRQV� RI� WUDQVSRUW� DQG

GLIIXVLRQ�RI�SDVVLYH�WUDFHUV�LQ�WKH�DWPRVSKHUH��+RZHYHU��WKH�UHPRYDO�SURFHVVHV�LQWR�WKH�DWPRVSKHUH

DQG� LQWHUDFWLRQ� RI� UDGLRQXFOLGHV� ZLWK� WKH� HDUWK� VXUIDFH� DUH� YHU\� LPSRUWDQW� IRU� PRGHOOLQJ� RI

DWPRVSKHULF�WUDQVSRUW�RI�QXFOHDU�DFFLGHQWDO�UHOHDVHV�

7KHUHIRUH��WKLV�UHSRUW�IRFXVHV�RQ�DQ�DQDO\VLV�RI�GLIIHUHQW�SDUDPHWHULVDWLRQV�RI�WKH�UHPRYDO�SURFHVVHV

E\�GU\�DQG�ZHW�GHSRVLWLRQ�RI�UDGLRQXFOLGHV�WR�WKH�VXUIDFH�DQG�VXJJHVWV�VRPH�SDUDPHWHULVDWLRQV�IRU

GHSRVLWLRQ� DQG� UDGLRDFWLYH� GHFD\� IRU� WKH� '(50$�PRGHO�� )RU� HPHUJHQF\� UHVSRQVH� DQG� IRU� SRVW�

DFFLGHQWDO� DQDO\VLV�� GLIIHUHQW� YHUVLRQV� RI� WKH� '(50$� PRGHO� DUH� VXJJHVWHG� XVLQJ� GLIIHUHQW

DSSURDFKHV�DQG�FRPSOH[LWLHV�IRU�WKH�SDUDPHWHULVDWLRQ�RI�WKH�GHSRVLWLRQ�SURFHVVHV�

,W�ZDV� VKRZQ� WKDW� WKH�ZDVKRXW� FRHIILFLHQW�/� VWURQJO\� GHSHQGV� RQ� WKH� SDUWLFOH� VL]H� �WKH� VR�FDOOHG

µ*UHHQILHOG�JDS¶���DOWKRXJK�LQ�PRVW�H[LVWLQJ�PRGHOV�RI� ORQJ�UDQJH�SROOXWLRQ�WUDQVSRUW� WKH�ZDVKRXW

FRHIILFLHQW� GRHV� QRW� GHSHQG� RQ� SDUWLFOH� UDGLXV�� 7KHUHIRUH�� D� UHYLVHG� IRUPXODWLRQ� RI� WKH� ZHW

GHSRVLWLRQ� SDUDPHWHULVDWLRQ� IRU� SDUWLFOHV� RI� GLIIHUHQW� VL]H� ZDV� VXJJHVWHG�� )RU� DFFLGHQWDO� UHOHDVHV

IURP�QXFOHDU�SRZHU�SODQWV��SDUWLFOHV�VPDOOHU�WKDQ�����PP�UDGLXV�FDQ�SOD\�DQ�LPSRUWDQW�UROH�LQ�ORQJ�

UDQJH�WUDQVSRUW�DQG�GRVH�IRUPLQJ��WKHUHIRUH�WKH�IRUPXODWLRQ�VXJJHVWHG�IRU�WKH�ZDVKRXW�FRHIILFLHQW�LQ

WKH�'(50$�PRGHO��LQ�FRQWUDVW�WR�WKH�IRUPXODWLRQ�LQ�RWKHU�PRGHOV��LQFOXGHV�WKH�PHFKDQLVP�RI�WKH

%URZQLDQ�FDSWXUH�DQG�FRYHUV�D�JDS�RI�WKH�ZDVKRXW�SDUDPHWHULVDWLRQ�IRU�VPDOO�SDUWLFOHV�

)RU�KHDY\�SDUWLFOHV��US�!���PP���WKH�JUDYLWDWLRQ�VHWWOLQJ�HVVHQWLDOO\�HIIHFWV�WKH�SURFHVV�RI�GHSRVLWLRQ

WR�WKH�VXUIDFH��7KHUHIRUH��WKH�HIIHFW�RI�WKH�JUDYLWDWLRQ�VHWWOLQJ�ZDV�LQFOXGHG�LQWR�WKH�GU\�GHSRVLWLRQ

SDUDPHWHULVDWLRQ� WKURXJK� WKH� JUDYLWDWLRQ� VHWWOLQJ� YHORFLW\� YJ�� ,W� ZDV� VXJJHVWHG� WR� PRGHO� WKH

JUDYLWDWLRQ�VHWWOLQJ�YHORFLW\�YJ�E\�D�FRPELQDWLRQ�RI�WKH�6WRNHV�ODZ��IRU�SDUWLFOH�GLDPHWHUV�OHVV�WKDQ

����PP��ZLWK�WKH�&XQQLQJKDP�FRUUHFWLRQ�IRU�VPDOO�SDUWLFOHV��US�������PP��DQG�DQ�LWHUDWLYH�SURFHGXUH

IRU�WKH�HTXDWLRQ�IRU�WKH�WHUPLQDO�VHWWOLQJ�YHORFLW\��IRU�SDUWLFOHV�ODUJHU�WKDQ�����PP��

(DUOLHU� FRPSDULVRQV� RI� VLPXODWLRQV� E\� WKH� '(50$� PRGHO� YHUVXV� WKH� (7(;� H[SHULPHQW� ZLWK

SDVVLYH� WUDFHUV� JDYH� YHU\� JRRG� UHVXOWV�� ,Q� RUGHU� WR� YHULI\� WKH� GHSRVLWLRQ� SDUDPHWHULVDWLRQ� IRU� WKH

'(50$�PRGHO�DQG�WR�VWXG\�HIIHFWV�RI�GHSRVLWLRQ��VLPXODWLRQV�IRU�WKH�,1(;���+XQ�H[HUFLVH�DQG�WKH

$OJHFLUDV�DFFLGHQWDO�&V�����UHOHDVH�LQ�6SDLQ�ZHUH�PDGH�WDNLQJ�LQWR�DFFRXQW�WKH�GHSRVLWLRQ�SURFHVV�

$� FRPSDULVRQ� RI� WKH� VLPXODWLRQ� UHVXOWV� ZLWK� PHDVXUHPHQWV� GDWD� IURP� �� (XURSHDQ� PRQLWRULQJ

VWDWLRQV�DUH�SUHVHQWHG�DQG�GLVFXVVHG�LQ�WKH�UHSRUW�
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,��,QWURGXFWLRQ

7KH� 'DQLVK� (PHUJHQF\� 5HVSRQVH� 0RGHO� RI� WKH� $WPRVSKHUH� �'(50$�� LV� D� ��'� /DJUDQJLDQ

*DXVVLDQ�SXIIV�GLVSHUVLRQ�PRGHO��GHYHORSHG�E\�WKH�'DQLVK�0HWHRURORJLFDO�,QVWLWXWH��6¡UHQVHQ������

6¡UHQVHQ� DQG� 5DVPXVVHQ� ������ 6¡UHQVHQ� HW� DO��� ������ IRU� QXFOHDU� HPHUJHQF\� SUHSDUHGQHVV

SXUSRVHV�� &XUUHQWO\� LW� LQFOXGHV� D� VLPXODWLRQ� RI� WUDQVSRUW� DQG� GLIIXVLRQ� RI� SDVVLYH� WUDFHUV� LQ� WKH

DWPRVSKHUH��+RZHYHU��WKH�UHPRYDO�SURFHVVHV�LQ�WKH�DWPRVSKHUH�DQG�DQ�LQWHUDFWLRQ�RI�UDGLRQXFOLGHV

ZLWK� WKH� HDUWK� VXUIDFH� DUH� YHU\� LPSRUWDQW� IRU� PRGHOOLQJ� RI� DWPRVSKHULF� WUDQVSRUW� RI� QXFOHDU

DFFLGHQWDO� UHOHDVHV�� 8VXDOO\�� HVSHFLDOO\� IRU� ORQJ�WHUP� FRQVHTXHQFHV�� WKH� UDGLRDFWLYLW\� GHSRVLWHG

FRQWULEXWHV�PRUH�WR�WKH�WRWDO�GRVH�WR�KXPDQV�WKDQ�GLUHFW�H[SRVXUH�IURP�WKH�DLU�

(DUOLHU� FRPSDULVRQV� RI� VLPXODWLRQV� E\� WKH� '(50$� PRGHO� YHUVXV� WKH� (7(;� H[SHULPHQW� ZLWK

SDVVLYH�WUDFHUV�JDYH�YHU\�JRRG�UHVXOWV�����LQVWLWXWLRQV�IURP�PRVW�(XURSHDQ�FRXQWULHV��86$��&DQDGD

DQG� -DSDQ� FRQWULEXWHG� WR� WKH� UHDO�WLPH� PRGHO� HYDOXDWLRQ�� %DVHG� RQ� DQDO\VHV� IURP� WKH� ILUVW

H[SHULPHQW�� WKH�'(50$�PRGHO�ZDV�HPSKDVLVHG�DV�EHLQJ�YHU\� VXFFHVVIXO� �*UD]LDQL�HW� DO��� ������

7KH�5702'�SURJUDPPH��DV�D�FRQWLQXDWLRQ�RI�WKH�(7(;�SURMHFW��SODQV�WR�LQFOXGH�D�FRPSDULVRQ�RI

H[LVWLQJ�ORQJ�WUDQVSRUW�PRGHOV�IRU�GLIIHUHQW�UHOHDVHV�WDNLQJ�LQWR�DFFRXQW�DOVR�WKH�GHSRVLWLRQ�SURFHVV�

7KH�REMHFWLYHV�RI�WKH�UHSRUW�DUH�

x� WR� UHYLHZ� WKH� H[LVWLQJ� SDUDPHWULVDWLRQV� RI� WKH� UHPRYDO� SURFHVVHV� LQ� ORQJ�UDQJH� UDGLRQXFOLGH

WUDQVSRUW�PRGHOV�

x� WR�GHYHORS�D�SDUDPHWULVDWLRQ�RI� WKH�UDGLRQXFOLGH�UHPRYDO�SURFHVVHV�E\�GU\�DQG�ZHW�GHSRVLWLRQ�

VXLWDEOH�IRU�WKH�'(50$�PRGHO�

x� WR� YHULI\� WKH� GHSRVLWLRQ� SDUDPHWHULVDWLRQ� GHYHORSHG� IRU� WKH� '(50$� DJDLQVW� WKH� $OJHFLUDV

DFFLGHQWDO�UHOHDVH��6SDLQ��DQG�K\SRWKHWLFDO�UHOHDVHV�SODQQHG�LQ�WKH�5702'�SURJUDPPH�DQG�WKH

,1(;�H[HUFLVH�
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,,��2YHUYLHZ�RI�GHSRVLWLRQ�SDUDPHWHULVDWLRQ�LQ�H[LVWLQJ�PRGHOV

�����$'3,&�PRGHO

7KH� 0$7+(:�$'3,&� PRGHO� LV� D� UHDO� WLPH� PRGHOOLQJ� V\VWHP�� GHYHORSHG� E\� WKH� /DZUHQFH

/LYHUPRUH� 1DWLRQDO� /DERUDWRU\� �/DQJH� ������ )RUVWHU� ������ IRU� PDMRU� HPHUJHQF\� UHVSRQVH� DQG

PDQDJHPHQW��,Q� WKH�EDVLF�YHUVLRQ�RI�$'3,&��$5$&���GLVSHUVLRQ�LV�GHVFULEHG�E\�D�SDUWLFOH�LQ�FHOO

PRGHO� �)RVWHU�� ������� 7KH� �'�PRGHOOHG�ZLQG� ILHOG�� LQ�ZKLFK� WKH� SDUWLFOHV� DUH� DGYHFWHG�� LV�PDVV

FRQVLVWHQW�DQG�LV�SURGXFHG�E\�WKH�0$7+(:�PRGHO�RU�E\�LQWHUSRODWLQJ�PHWHRURORJLFDO�1:3�GDWD

LQWR�WKH�PRGHO�JULG��1HZ�JHQHUDWLRQ�RI�WKH�PRGHO��$5$&����LPSOHPHQWHG�D�0RQWH�&DUOR�DSSURDFK

WR�GLIIXVLRQ�SURFHVVHV�XVLQJ�WKH�UDQGRP�GLVSODFHPHQW�PHWKRG��5'0���(UPDN�HW�DO���������

�������'U\�GHSRVLWLRQ

'U\�GHSRVLWLRQ�LV�FDOFXODWHG�VHSDUDWHO\�IRU�WZR�PHFKDQLVPV�RI�GHSRVLWLRQ��JUDYLWDWLRQDO�VHWWOLQJ�DQG

IOX[�RI�PDWHULDOV�IURP�WKH�VXUIDFH�OD\HU�WR�WKH�JURXQG��)RU�SDUWLFOHV�WKH�JUDYLWDWLRQDO�VHWWOLQJ�YHORFLW\

LV� FDOFXODWHG� E\� WKH�6WRFNV� ODZ� DQG� IRU� KHDY\� SDUWLFOHV� �GS� !����PP��E\� WKH�0F'RQDOGV�PHWKRG�

ZKLFK�LV�DQ�H[WHQVLRQ�RI�WKH�6WRNHV�ODZ�ZKHQ�WKH�5H\QROGV�QXPEHU�LV�JUHDWHU�WKDQ����0F'RQDOGV�

�������7KH�GU\�GHSRVLWLRQ�YHORFLW\�DSSURDFK�LV�XVHG�IRU�HVWLPDWLRQ�RI�WKH�IOX[�RI�PDWHULDOV�IURP�WKH

VXUIDFH�OD\HU�WR�WKH�JURXQG�

�������:HW�GHSRVLWLRQ

7KH� ZHW� GHSRVLWLRQ� LV� WUHDWHG� LQ� D� VWDQGDUG� ZD\� ZLWK� D� FRQVWDQW�LQ�VSDFH� ZDVKRXW� FRHIILFLHQW�

$'3,&�LQ�SUHVHQW�IRUP��)RVWHU��������GRHVQ¶W�WUHDW�LQ�FORXG�UDLQRXW��EXW�KDV�SURYLVLRQV�IRU�EHORZ�

FORXG� ZDVKRXW� �&UDQGDOO� HW� DO��� ������� 1lVOXQG� 	� +ROVWU|P� ������� LPSURYHG� WKH� GHVFULSWLRQ� RI

SUHFLSLWDWLRQ�DQG�ZHW�GHSRVLWLRQ�LQ�$'3,&�E\�LQWURGXFLQJ�D�VSDFH�YDU\LQJ�FRHIILFLHQW��)RU�WKH�ZHW

GHSRVLWLRQ� SDUDPHWHULVDWLRQ� WKH\� H[SUHVVHG� WKH� ZDVKRXW� FRHIILFLHQW� DV� D� SRO\QRPLDO� IXQFWLRQ� RI

SDUWLFOH�UDGLXV�DQG�UDLQUDWHV��+RZHYHU��IRU�JHQHUDO�SXUSRVHV��D�ODUJH�VSHFWUXP�RI�SDUWLFOHV��WKH\�XVHG

WKH� IRUPXOD�� UHFHLYHG� E\� &UDQGDOO� HW� DO�� ������� RQO\� IRU� ODUJH� SDUWLFOHV� RI� QXFOHDU� GHEULVHV�

$FFRUGLQJ�WR�WKLV�IRUPXOD��WKHUH�LV�QR�ZHW�GHSRVLWLRQ�HIIHFW�IRU�SDUWLFOHV�ZLWK�D�UDGLXV�OHVV�WKDQ����

PP��EXW�VRPH�H[SHULPHQWDO�GDWD��%XUWVHY�HW�DO���������+LFNV�������5DGNH�HW�DO���������LQGLFDWH�WKH

ZDVKRXW�FRHIILFLHQW�DERXW����������
��
�VHF

��
�IRU�SDUWLFOH�UDGLXV�RI����������PP�

�����'(0�'5($0�PRGHO

7KH�'DQLVK�(XOHULDQ�PRGHO��'(0��LV�DQ�DLU�SROOXWLRQ�PRGHO�GHYHORSHG�E\�WKH�'DQLVK�(QYLURQPHQW

5HVHDUFK� ,QVWLWXWH� �1(5,�� IRU� VWXG\LQJ� GLIIHUHQW� SKHQRPHQD� LQ� UHJLRQDO� VFDOH� FRQQHFWHG� ZLWK

WUDQVSRUW� RI� DLU� SROOXWDQWV� LQ� WKH� DWPRVSKHUH�� 0DLQ� LPSRUWDQW� SK\VLFDO� SURFHVVHV� �DGYHFWLRQ�

GLIIXVLRQ�� GHSRVLWLRQ�� HPLVVLRQV� DQG� FKHPLFDO� UHDFWLRQV�� DUH� UHSUHVHQWHG� LQ� WKH� PDWKHPDWLFDO

IRUPXODWLRQ�RI�WKH�PRGHO��=ODWHY�������=ODWHY�HW�DO��������

7KH� '5($0� �WKH� 'DQLVK� 5LPSXII� DQG� (XOHULDQ� $FFLGHQWDO� UHOHDVH�0RGHO�� LV� D� KLJK�UHVROXWLRQ

WKUHH�GLPHQVLRQDO�WUDFHU�PRGHO��ZKLFK�KDV�EHHQ�GHYHORSHG�IURP�WKH�'(0�PRGHO�IRU�VWXG\LQJ�VKRUW�

DQG� ODUJH�VFDOH� DWPRVSKHULF� WUDQVSRUW�� GLVSHUVLRQ�� DQG� GHSRVLWLRQ� �ZHW� DQG� GU\�� RI� UDGLRDFWLYH� DLU

SROOXWLRQ�FDXVHG�E\�D�VLQJOH�EXW�VWURQJ�VRXUFH��%UDQW��������7KH�PRGHO�LV�EDVHG�RQ�D�FRPELQDWLRQ�RI

D�/DJUDQJLDQ� VKRUW�VFDOH�SXII�PRGHO�DQG�DQ�(XOHULDQ� ORQJ�UDQJH� WUDQVSRUW�PRGHO��7KH�/DJUDQJLDQ

5LPSXII�PRGHO� RI� WKH�5LV¡�1DWLRQDO� /DERUDWRU\� LV� XVHG� LQ� DQ� DUHD� QHDU� D� VRXUFH� WR� GHVFULEH� WKH

WUDQVSRUW��GLVSHUVLRQ��DQG�GHSRVLWLRQ�LQ�WKH�LQLWLDO�SKDVH�RI�D�UHOHDVH�DQG�WKH�(XOHULDQ�PRGHO�LV�XVHG



�

IRU�ORQJ�UDQJH�WUDQVSRUW��GLVSHUVLRQ��DQG�GHSRVLWLRQ�FDOFXODWLRQV�LQ�WKH�PRGHO�GRPDLQ�ZKLFK�FRYHUV

WKH�ZKROH�(XURSH�

7KH�GHSRVLWLRQ�VFKHPH�RI�WKH�(XOHULDQ�PRGHO�LV�EDVHG�RQ�DOPRVW�WKH�VDPH�WKHRUHWLFDO�DVVXPSWLRQV

DV�WKH�1$0(�PRGHO��0DU\RQ�HW�DO����������KRZHYHU��FDVHV�RI�µRFFXOW�GHSRVLWLRQ¶�ZHUH�QRW�LQFOXGHG

LQWR�FRQVLGHUDWLRQ��0DU\RQ�HW�DO���������

�����(0(3�PRGHOV

,Q�WKH�ERXQGV�RI�WKH�(0(3�SURJUDPPH��WKH�/DJUDQJLDQ��(0(3�������DQG�(XOHULDQ��(0(3������

%DUWQLFNL�HW�DO��������YHUVLRQV�RI�WKH�(0(3�PRGHO�ZHUH�GHYHORSHG��7KH�PRGHOV�ZHUH�GHYHORSHG�IRU

JDVHRXV�QRQ�UDGLRDFWLYH�SROOXWDQWV��KRZHYHU� WKH�GHSRVLWLRQ�SDUDPHWHULVDWLRQV�ZHUH�DOVR�GHYHORSHG

LQ�GHWDLOV�IRU�SDUWLFOHV��(0(3�������%DUWQLFNL�HW�DO��������

�����(85$'�PRGHO

7KH� (XURSHDQ�$LU� 3ROOXWLRQ� 'LVSHUVLRQ�0RGHO� �(85$'�� LV� D� WKUHH�GLPHQVLRQDO� (XOHULDQ� PRGHO

GHYHORSHG�E\�WKH�,QVWLWXW�I�U�*HRSK\VLN�XQG�0HWHRURORJLH��8QLYHUVLWlW�]X�.|OQ��*HUPDQ\��(EHO�HW

DO���������

(85$'�KDV�EHHQ�GHVLJQHG�WR�SUHGLFW�DLU�SROOXWLRQ�HSLVRGHV��WUHQGV�DQG�WR�VWXG\�HPLVVLRQ�UHGXFWLRQ

VFHQDULRV�� 7KHUHIRUH�� (85$'� VLPXODWHV� WUDQVSRUW�� FKHPLFDO� WUDQVIRUPDWLRQV� DQG� GHSRVLWLRQV� RI

DWPRVSKHULF� FRQVWLWXHQWV� LQ� WKH� WURSRVSKHUH� RYHU� (XURSH�� ,WV� FRPSUHKHQVLYH� GHVFULSWLRQ� RI

DWPRVSKHULF� SURFHVVHV� LQFOXGHV� FKHPLFDO� SURFHVVHV� LQ� FORXGV� DQG� UDLQ� DQG� DOVR� GHYHORSPHQW� RI

DHURVROV�

7KH�(85$'�PRGHO�FRQVLVWV�RI�VHYHUDO�PRGXOHV��ZKLFK�DUH�GHYHORSHG�E\�VHYHUDO� LQVWLWXWLRQV��7KH

GHSRVLWLRQ� PRGXOH� LV� GHYHORSHG� IRU� QRQ�UDGLRDFWLYH� SROOXWDQWV�� ILUVW� RI� DOO�� DQG� KDV� D� VWDQGDUG

DSSURDFK�IRU�WKH�SDUDPHWHULVDWLRQ��7KH�WHPSRUDULO\�DQG�VSDWLDOO\�YDU\LQJ�GU\�GHSRVLWLRQ�YHORFLWLHV�RI

62��DUH�XVHG�IRU�,�����DQG�D�KDOI�RI�WKLV�YDOXH�LV�HPSOR\HG�IRU�&V������+DDV�HW�DO���������

�����)2$�5'0�PRGHO

7KH� 6ZHGLVK� 'HIHQFH� 5HVHDUFK� (VWDEOLVKPHQW� �)2$�� GHYHORSHG� D� SDUWLFOH� UDQGRP� GLVSODFHPHQW

PRGHO��5'0��IRU�ORQJ�UDQJH�UDGLRQXFOLGH�WUDQVSRUW�DQG�GHSRVLWLRQ��/LQTXLVW�HW�DO���������.DUOVVRQ

HW�DO����������7KH�ZHW�GHSRVLWLRQ�LV�SDUDPHWHULVHG�DFFRUGLQJ�WR�1lVOXQG�	�+ROVWU|P��������VLPLODU

WR� WKH�$'3,&�PRGHO�� DQG� WKH� GU\� GHSRVLWLRQ� SURFHVVHV� DUH� SDUDPHWHULVHG� WKURXJK� WKH� JUDYLWDWLRQ

VHWWOLQJ� IRU� WKH� 6WRFNV� DQG� WXUEXOHQW� UHJLPHV� �� DFFRUGLQJ� WR� 1lVOXQG� 	� 7KDQLQJ� ������� DQG� WKH

VXUIDFH�UHVLVWDQFH���DFFRUGLQJ�WR�1lVOXQG�	�.DUOVVRQ��������

�����.10,�5,90�PRGHO

7KH�1HWKHUODQGV�QXFOHDU�DFFLGHQW�PRGHO�.10,�5,90��9DQ�5KHLQHFN�HW�DO���������LV�D�/DJUDQJLDQ

*DXVVLDQ� SXIIV� GLVSHUVLRQ�PRGHO�� GHYHORSHG� E\� WKH�1HWKHUODQGV�0HWHRURORJLFDO� ,QVWLWXWH� �.10,�

DQG�WKH�1DWLRQDO�,QVWLWXWH�RI�3XEOLF�+HDOWK�DQG�WKH�(QYLURQPHQW��5,90���7KH�PRGHO�LV�EDVHG�RQ�WKH

VLPLODU� WKHRUHWLFDO� DVVXPSWLRQV� DV� WKH� '(50$� PRGHO� �9DQ� 5KHLQHFN� HW� DO��� ������� WKHUHIRUH

DOJRULWKPV�RI�SDUDPHWHULVDWLRQ�IRU�GHSRVLWLRQ�FDQ�EH�XVHG�IRU�WKH�'(50$�PRGHO�

7KH�GU\�GHSRVLWLRQ�IOX[�LV�FDOFXODWHG�XVLQJ�D� UHVLVWDQFH�PRGHO��KRZHYHU� WKH�GHSRVLWLRQ�YHORFLW\� LV

XQLIRUP� RYHU� WKH� PRGHO� DUHD�� $� FRUUHFWLRQ� RI� WKH� FRQFHQWUDWLRQ� QHDU� WKH� VXUIDFH� GXH� WR� WKH� GU\

GHSRVLWLRQ� VXJJHVWHG� LQ� WKH�PRGHO� LV� UHDVRQDEOH� WR� XVH� LQ� WKH�'(50$�PRGHO�ZLWK� WKH� FRPSOHWH

PL[LQJ�RI�SROOXWDQWV�LQWR�$%/�

7KH� ZHW� GHSRVLWLRQ� LV� SURSRUWLRQDO� WR� WKH� SUHFLSLWDWLRQ� UDWH� DQG� WKH� VSHFLHV�VSHFLILF� VFDYHQJLQJ

FRHIILFLHQWV�RI�ZDVKRXW�DQG�UDLQRXW�



�

�����0$&&6�PRGHO

7KH�0(/&25�$FFLGHQW�&RQVHTXHQFH�&RGH�6\VWHP��0$&&6��KDV�EHHQ�GHYHORSHG�E\� WKH�6DQGLD

1DWLRQDO�/DERUDWRU\��86$�IRU�DQDO\VLV�RI�ULVN�OHYHOV�DQG�SRVVLEOH�FRQVHTXHQFHV�IRU�WKH�SRSXODWLRQ

DIWHU�UDGLDWLRQ�DFFLGHQWV��0$&&6���������,W�LV�D�WRRO�IRU�SUREDELOLVWLF�ULVN�HQYLURQPHQW�DVVHVVPHQW�

7KH� LQSXW�ZHDWKHU�FRQGLWLRQV� IRU� WKH�SUREDELOLVWLF� DQDO\VLV� DUH�XVHG� IURP� WKH� VWDWLVWLFDO� ORQJ�WHUP

PHWHRURORJLFDO�GDWD�IRU�PDQ\�VHFWRUV��7KH�HDUO\�HIIHFWV�IRU� WKH�SRSXODWLRQ�RI� WKH�QHDUHVW� WR�D�133

]RQH�DUH�FDOFXODWHG�E\�WKH�0$&&6�FRGHV�µ$WPRV¶�DQG�µ(DUO\¶��7KH�WKLUG�SDUW�µ&KURQLF¶�LV�D�WRRO�IRU

HVWLPDWLRQV�RI�ORQJ�WHUP�HIIHFWV�IRU�WKH�SRSXODWLRQ�

$� VLPSOH� *DXVVLDQ� SOXPH� GLVSHUVLRQ� PRGHO� LV� XVHG� IRU� VLPXODWLRQ� RI� DLU� FRQFHQWUDWLRQ� DQG

GHSRVLWLRQ��'U\�DQG�ZHW�GHSRVLWLRQV�RI�QXFOLGHV�DUH�LQFOXGHG�WR�WKH�PRGHO�IRU�VHYHUDO�SDUWLFOH�VL]HV

XVLQJ�&KDPEHUODLQ¶V�VRXUFH�GHSOHWLRQ�DSSURDFK�IRU� WKH�GU\�GHSRVLWLRQ�DQG�WKH�ZDVKRXW�FRHIILFLHQW

DFFRUGLQJ�WR�%UHQN�	�9RJW�IRU�WKH�ZHW�GHSRVLWLRQ��0$&&6��������

�����0$7&+�PRGHO

7KH�0$7&+�PRGHO�RI�WKH�6ZHGLVK�0HWHRURORJLFDO�DQG�+\GURORJLFDO�,QVWLWXWH��60+,���/DQJQHU�HW

DO��� ������ 3HUVRQ� HW� DO��� ������5REHUWVRQ� HW� DO��� ������ LV� D� �'�(XOHULDQ�0HVR�VFDOH�$WPRVSKHULF

7UDQVSRUW� DQG�&KHPLVWU\�PRGHO��7KH�PRGHO� LV� H[WHQGHG�ZLWK� D�/DJUDQJLDQ� SDUWLFOH�PRGHO� IRU� DQ

HPHUJHQF\� UHVSRQVH� V\VWHP� �/DQJQHU� HW� DO��� ������� 7KH� GHSRVLWLRQ� VFKHPH� LV� PRUH� RU� OHVV

FRQYHQWLRQDO�FODVVLFDO�IRU�VXFK�W\SH�RI�PRGHOV��3HUVRQ�HW�DO���������5REHUWVRQ�HW�DO���������

'U\�GHSRVLWLRQ�LV�SURSRUWLRQDO�WR�WKH�FRQFHQWUDWLRQ�DQG�D�VSHFLHV�VSHFLILF�GU\�GHSRVLWLRQ�YHORFLW\�DW

��P�KHLJKW��7KH� GU\� GHSRVLWLRQ� IOX[� FDOFXODWLRQ� LV� WUDQVIRUPHG� WR� WKH� ILUVW�PRGHO� OHYHO� XVLQJ� WKH

VWDQGDUG�VLPLODULW\�WKHRU\�IRU�WKH�DWPRVSKHULF�VXUIDFH�OD\HU��'U\�GHSRVLWLRQ�YHORFLWLHV�DUH�VSHFLILHG

DV�D�IXQFWLRQ�RI�WKH�VXUIDFH�FKDUDFWHULVWLFV��IUDFWLRQ�IRUHVW��ILHOGV�HWF���

7KH� ZHW� GHSRVLWLRQ� RI� GLIIHUHQW� VSHFLHV� LV� SURSRUWLRQDO� WR� WKH� SUHFLSLWDWLRQ� UDWH� DQG� D� VSHFLHV�

VSHFLILF�VFDYHQJLQJ�FRHIILFLHQW��9DOXHV�RI�FRHIILFLHQWV�DQG�YHORFLWLHV�DUH�FORVH�WR�WKRVH�XVHG�LQ�WKH

(0(3�FDOFXODWLRQV�

�����1$0(�PRGHO

7KH� 8.� QXFOHDU� DFFLGHQW� PRGHO� 1$0(� �0DU\RQ� HW� DO��� ������ ����D�� ����E�� LV� D� /DJUDQJLDQ

SDUWLFOH�GLVSHUVLRQ�PRGHO��7KH�PRGHO�KDV�D�YHU\�JRRG�GHVFULSWLRQ�RI�PHFKDQLVPV�RI�GHSRVLWLRQ�IRU

DLUERUQH�UDGLRQXFOLGHV��%HVLGH�WKH�GU\�DQG�ZHW�GHSRVLWLRQV��WKH�DXWKRUV�RI�WKH�PRGHO�SDUDPHWHULVHG

VRPH� FDVHV� RI� µRFFXOW� GHSRVLWLRQ¶� OLNH� RURJUDSKLF� HIIHFWV�� FDSSLQJ� FORXG� RQ� KLOOWRSV� DQG� VHHGHU�

IHHGHU�HIIHFW�� VFDYHQJLQJ�E\�VQRZ�� LQFOXGLQJ� WKH�VHHGHU�IHHGHU�HIIHFW�DQG�EHORZ�FORXG�VFDYHQJLQJ

E\�VQRZ�

������52'26�5,038))�PRGHO

7KH� 5LV¡� 0HVRVFDOH� 38))� PRGHO� �5,038))�� LV� D� IDVW� DQG� RSHUDWLRQDO� SXII� GLIIXVLRQ� PRGHO

VXLWDEOH� IRU� UHDO�WLPH� VLPXODWLRQ� RI� SXII� DQG� SOXPH� GLVSHUVLRQ� GXULQJ� WLPH� DQG� VSDFH� FKDQJLQJ

PHWHRURORJ\� �7K\NLHU�1LHOVHQ� 	� 0LNNHOVHQ�� ������� 5,038))� LQFOXGHV� IDVW� VXEURXWLQHV� IRU� WKH

FDOFXODWLRQ� RI� JDPPD� GRVHV� IURP� DLUERUQH� DQG� GHSRVLWHG� UDGLRDFWLYH� LVRWRSHV�� UHOHDVHG� WR� WKH

DWPRVSKHUH� IURP� D� QXFOHDU� SRZHU� SODQW�� )RU� UHDO�WLPH� DSSOLFDWLRQV�� 5,038))� FDQ� EH� GULYHQ� E\

ZLQG� GDWD� IURP� D� FRPELQDWLRQ� RI�� �� $� SHUPDQHQW� QHWZRUN� RI�PHWHRURORJLFDO� WRZHUV�� �� 7KH� IORZ

PRGHOV�/,1&20��DQG���1:3�GDWD��'0,�+,5/$0��

7KH�SXII�RU�SOXPH�GLIIXVLRQ�SURFHVV�LQ�5,038))�LV�FRQWUROOHG�E\�WKH�ORFDO�WXUEXOHQFH�OHYHOV��HLWKHU

DUH� SURYLGHG� GLUHFWO\� IURP� RQ�VLWH� PHDVXUHPHQWV�� RU� SURYLGHG� YLD� SUH�SURFHVVRU� FDOFXODWLRQV

�0LNNHOVHQ�DQG�'HVLDWR���������5,038))�LV�IXUWKHU�HTXLSSHG�ZLWK�SOXPH�ULVH�IRUPXODV��LQYHUVLRQ

DQG� JURXQG� OHYHO� UHIOHFWLRQ� FDSDELOLWLHV�� JDPPD� GRVH� DOJRULWKPV� DQG� ZHW�GU\� GHSOHWLRQ�� 7KH
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5,038))�PRGHO�LV�FRQQHFWHG�WR�WKH�52'26�V\VWHP�IRU�D�ORFDO�VFDOH�VLPXODWLRQ��7K\NLHU�1LHOVHQ

HW�DO���������

,Q�WKH�ILUVW�YHUVLRQ�RI�52'26��WKH�GHSRVLWLRQ�RI�UDGLRQXFOLGHV�IURP�WKH�DWPRVSKHUH�WR�JURXQG�ZDV

FRQVLGHUHG�LQ�VHYHUDO�DWPRVSKHULF�GLVSHUVLRQ�PRGXOHV��$767(3��5,038))�DQG�0$7&+���DQG�LQ

WKH�WHUUHVWULDO�IRRG�DQG�GRVH�PRGXOH�)'07��0LNNHOVHQ�HW�DO����������(DFK�RI�WKHVH�PRGXOHV�KDV�LWV

RZQ� ZD\� RI� FDOFXODWLQJ� GHSRVLWLRQ� LQ� RUGHU� WR� HVWLPDWH�� SOXPH� GHSOHWLRQ�� H[SRVXUH� IURP

UDGLRQXFOLGHV�GHSRVLWHG�RQ�WKH�JURXQG��DQG�FRQWDPLQDWLRQ�RI�FURSV�DV�LQSXW�WR�IRRG�FKDLQV�

7KLV� GLYHUVLW\� RI� GHSRVLWLRQ� FDOFXODWLRQ� DSSURDFKHV� GRHV� QRW� JXDUDQWHH� D� FRQVLVWHQW� DSSURDFK

WKURXJKRXW� WKH� ZKROH� 52'26� V\VWHP�� 7KHUHIRUH�� WKH� ODVW� YHUVLRQ� �52'26�� ������ GHVFULEHV

FKDQJHV� LQ� WKH�GHSRVLWLRQ� FDOFXODWLRQ�ZKLFK� DLP� DW� D� KDUPRQLVDWLRQ� RI� FDOFXODWLRQ�PHWKRGRORJLHV

ZLWKLQ�WKH�DWPRVSKHULF�GLVSHUVLRQ�PRGXOHV��WHUUHVWULDO��DTXDWLF�DQG�IRUHVW�IRRG�FKDLQ�PRGXOHV�

������61$3�PRGHO

7KH�61$3��6HYHUH�1XFOHDU�$FFLGHQW�3URJUDP��PRGHO�LV�D�UHDO�WLPH�/DJUDQJLDQ�SDUWLFOH�GLVSHUVLRQ

PRGHO�� GHYHORSHG� E\� WKH� 1RUZHJLDQ� 0HWHRURORJLFDO� ,QVWLWXWH� �'10,�� �6DOWERQHV� HW� DO��� �����

6DOWERQHV�HW�DO���������IRU�PDMRU�HPHUJHQF\�PDQDJHPHQW��7KH�ILUVW�YHUVLRQ�RI�WKH�PRGHO�ZDV�EDVHG

RQ�WKH�VDPH�WKHRUHWLFDO�DVVXPSWLRQV�DV�WKH�1$0(�PRGHO��+RZHYHU��WKH�GHSRVLWLRQ�SDUDPHWHULVDWLRQ

LQ� WKH� ODVW� YHUVLRQ� RI� WKH�PRGHO� LV� RULJLQDO� DQG� GLIIHUHQW� IURP� WKH�1$0(��%RWK� IRU�ZHW� DQG� GU\

GHSRVLWLRQ��D�SUREDELOLVWLF�DSSURDFK��6DOWERQHV�HW�DO���������LV�WDNHQ�DV�D�EDVLV��7KHVH�SURFHVVHV�DUH

DSSOLHG�IRU�HDFK�SDUWLFOH�DW�HYHU\�WLPH�VWHS��7KH�DSSURDFK�LV�LQWHUHVWLQJ�DQG�SURPLVLQJ�IRU�SDUWLFOH

PRGHOV��EXW�QRW�VXLWDEOH�IRU�WKH�'(50$�PRGHO�

������75$'26�6,/$0�PRGHOV

7KH� )LQQLVK�0HWHRURORJLFDO� ,QVWLWXWH� �)0,�� DQG� 6WDWH� WHFKQLFDO� UHVHDUFK� FHQWUH� �977�� GHYHORSHG

WZR� PRGHOV� IRU� HPHUJHQF\� SUHSDUHGQHVV� LWHPV�� 7KH� 75$'26� PRGHO� �3|OOlQHQ� HW� DO��� �����

3|OOlQHQ�HW�DO���������KDV�EHHQ�D�ILUVW�VWDQGDUG�ORQJ�UDQJH�PRGHO�IRU�QXFOHDU�DFFLGHQWV��,W�LV�D�UXQ�RI�

PLOO� WUDMHFWRU\� PRGHO�� ZLWK� PL[HG� *DXVVLDQ� DQG� YHUWLFDO� .�SURILOH� VROXWLRQV�� 6,/$0� LV� D� QHZ

JHQHUDWLRQ�GHYHORSPHQW�SURMHFW��7KH�GLVSHUVLRQ�PRGHO�IUDPHZRUN�GHVLJQHG�IRU�PXOWL�SXUSRVH�XVH�

ILUVW� RI� DOO� IRU� RSHUDWLRQDO� GLVSHUVLRQ�� IDOORXW� DQG� UDGLRDFWLYH� GRVH� FDOFXODWLRQ� LQ� FDVH� RI� DQ

HPHUJHQF\�LQ�D�QXFOHDU�SRZHU�SODQW��7KH�6,/$0�PRGHO�FRQWDLQV�D�PHVR�VFDOH�ORQJ�UDQJH�UDQGRP�

ZDON� SDUWLFOH� PRGHO�� KLJK� TXDOLW\� UDGLRDFWLYH� GRVH�FDOFXODWLRQ� V\VWHP� DQG� D� WKUHH�GLPHQVLRQDO

WUDMHFWRU\�PRGHO��9DONDPD���������7KH�GHSRVLWLRQ�PHWKRG�XVHG�LQ�WKH�6,/$0�GLVSHUVLRQ�PRGHO�LV

WKH� VWDQGDUG� VFDYHQJLQJ� FRHIILFLHQW� DSSURDFK�� 7KH� UHVSHFWLYH� HIIHFWLYHQHVV� RI� UDLQ� DQG� VQRZ

GHSOHWLRQ� LV�GHVFULEHG�E\�DGRSWLQJ�GLIIHUHQW�QXPHULFDO�YDOXHV� IRU� WKH�FRQVWDQWV�XVHG� LQ�FRQYHUWLQJ

+,5/$0�1:3�PRGHO�SUHFLSLWDWLRQ�UDWHV�WR�VFDYHQJLQJ�FRHIILFLHQWV��7KH�SUHVHQFH�RI�ZDWHU�RU�VQRZ

LV�GHGXFHG�IURP�WKH�DPELHQW�DLU�WHPSHUDWXUHV�RQ�WKH�+,5/$0�PRGHO�OHYHOV�



��

,,,��'HSRVLWLRQ�SDUDPHWHULVDWLRQ�DSSURDFK�IRU�WKH�'(50$�PRGHO

7KH�EDVLF� IRUP�RI� WKH�HTXDWLRQ� IRU�FRQFHQWUDWLRQ�RI� UDGLRDFWLYH� VSHFLHV� LQ� WKH� DWPRVSKHUH�� WDNLQJ

LQWR�DFFRXQW�UHPRYDO�SURFHVVHV�LQ�WKH�DWPRVSKHUH�DQG�LQWHUDFWLRQ�RI�WKH�UDGLRQXFOLGHV�ZLWK�WKH�HDUWK

VXUIDFH��PLJKW�EH�WKH�IROORZLQJ�

wF�wW� �GLY��X�F����'GHS���:GHS���OF���O�F����5HV ���

7KH�'(50$�PRGHO�FXUUHQWO\�LQFOXGHV�RQO\�WKH�ILUVW�WHUP�LQ�WKH�ULJKW�SDUW�RI�WKH�HTXDWLRQ������7KLV

WHUP�GHVFULEHV�WKH�DGYHFWLRQ�WUDQVSRUW�E\�YHORFLW\�X�DQG�WXUEXOHQW�GLIIXVLRQ�RI�SDVVLYH�WUDFHUV�LQ�WKH

DWPRVSKHUH��)RU�VLPXODWLRQ�RI� WKH� UHDO�SURFHVVHV�RI�FRQWDPLQDWLRQ�E\� UDGLRQXFOLGHV� �SDUWLFOHV�DQG

JDVHV��LW�LV�QHFHVVDU\�WR�LQFOXGH�WKH�IROORZLQJ�ILYH�WHUPV�LQ�WKH�ULJKW�SDUW�RI�HTXDWLRQ�����

x� 'GHS���GU\�GHSRVLWLRQ�RQ�WKH�VXUIDFH�

x� :GHS���ZHW�GHSRVLWLRQ�SURFHVVHV�

x� OF���UDGLRDFWLYH�GHFD\�WR�GDXJKWHU�

x� �O�F����GHFD\�IURP�SDUHQW�

x� 5HV���UHVXVSHQVLRQ�SURFHVVHV�DQG�RWKHU�VRXUFHV�

�'HSHQGLQJ� RQ� WKH� DLPV� RI� WKH� PRGHO�� IRU� WKH� HPHUJHQF\� UHVSRQVH� DQG� IRU� WKH� SRVW�DFFLGHQWDO

DQDO\VLV� YHUVLRQV� RI� WKH� '(50$� PRGHO� ZH� ZLOO� XVH� GLIIHUHQW� DSSURDFKHV� DQG� FRPSOH[LWLHV� IRU

SDUDPHWHULVDWLRQ�RI�WKH�GHSRVLWLRQ�SURFHVVHV�

�����'U\�GHSRVLWLRQ

�'U\� GHSRVLWLRQ� LV� WKH� UHPRYDO� RI� JDVHRXV� DQG� SDUWLFXODWH� QXFOLGHV� RU� RWKHU� SROOXWDQWV� IURP� WKH

DWPRVSKHUH�WR�WKH�HDUWK�VXUIDFH�E\�YHJHWDWLRQ�RU�RWKHU�ELRORJLFDO�RU�PHFKDQLFDO�PHDQV��,W�SOD\V�DQ

LPSRUWDQW�UROH�IRU�PRVW�RI�QXFOLGHV��H[FOXGLQJ�WKH�QREOH�JDVHV���

�$V�D�ILUVW�VLPSOH�SDUDPHWHULVDWLRQ�RI�GU\�GHSRVLWLRQ�ZH�FDQ�VXJJHVW�D�FODVVLF�DSSURDFK��EDVHG�RQ�D

FRQFHSW�RI�WKH�GHSRVLWLRQ�YHORFLW\�YG��)RU�WKH�'(50$�PRGHO��LW�LV�UHDVRQDEOH�WR�LQFOXGH�WKH�PDVV

ORVV� GXH� WR� WKH� GU\� GHSRVLWLRQ� LQ� WKH� FDOFXODWLRQ� RI� VRXUFH� WHUP�4S� �� WKH� DPRXQW� RI� UDGLRQXFOLGH

DVVRFLDWHG�ZLWK�HDFK�SXII�S�GHSHQGLQJ�RQ�WKH�HPLVVLRQ�UDWH��7KH�GU\�GHSRVLWLRQ�WDNHV�SODFH� LQ� WKH

ORZHU�VXUIDFH�OD\HUV�DQG�LV�QRW�YDOLG�LQ�WKH�IUHH�WURSRVSKHUH��]�!�K���7KHUHIRUH��IRU�WKH�DVVXPSWLRQ��

HPSOR\HG� LQ� WKH� '(50$�PRGHO� �� DERXW� D� FRPSOHWH� YHUWLFDO� PL[LQJ� ZLWKLQ� $%/� IRU� HDFK� SXII

FHQWUH��ZH�FDQ�REWDLQ�WKH�IROORZLQJ�IRUPXOD�IRU�WKH�PDVV�ORVV�GXH�WR�WKH�GU\�GHSRVLWLRQ�LQ�4S�

�

� 4S_Q�� �4S_Q �H[S��'W��YG��K�� ���

�

�ZKHUH�'W���WLPH�VWHS�RI�WKH�PRGHO��K���WKH�$%/�KHLJKW�

�3UDKP�DQG�%HUNRZLF]��������VKRZHG��WKDW�WKH�VRXUFH�GHSOHWLRQ�PHWKRG�FDQ�JLYH�FRQVLGHUDEOH�HUURUV

RI�WKH�VXUIDFH�DLU�FRQFHQWUDWLRQ�LQ�FDVH�RI�VWDEOH�VWUDWLILFDWLRQ�RI�$%/��+RZHYHU��WKH�DSSURDFK�RI�WKH

FRPSOHWH� YHUWLFDO� PL[LQJ� ZLWKLQ� $%/� IRU� HDFK� SXII� FHQWUH� ZLOO� QRW� OHDG� WR� WKLV� SUREOHP� LQ� WKH

'(50$�PRGHO�

�&DOFXODWLRQ� RI� WKH� DPRXQW� RI� UDGLRQXFOLGHV� GHSRVLWHG� RQ� WKH� VXUIDFH� GXH� WR� GU\� GHSRVLWLRQ� LV

UHDVRQDEOH� WR� LPSOHPHQW� DW� WKH� ILQDO� SDUW� RI� WKH� '(50$�PRGHO�� ZKHUH� WKH� DLU� FRQFHQWUDWLRQ� RI

VSHFLHV�LV�FDOFXODWHG�
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�7KH�GU\�GHSRVLWLRQ�YHORFLW\�GHSHQGV�RQ�PDQ\�SDUDPHWHUV�RI�SDUWLFOHV��FKDUDFWHULVWLFV�RI�WKH�VXUIDFH

DQG�VXUIDFH�OD\HU��0HWKRGV�RI�LWV�SDUDPHWHULVDWLRQ�ZLOO�EH�GLVFXVVHG�EHORZ�

�)RU�WKH�VLPSOHVW�FDVH�RI�GU\�GHSRVLWLRQ�SDUDPHWHULVDWLRQ�IRU�WKH�HPHUJHQF\�YHUVLRQ�RI�WKH�'(50$

PRGHO�� ZH� DVVXPHG� WKDW� WKH� GU\� GHSRVLWLRQ� YHORFLW\� LV� D� FRQVWDQW� IRU� HDFK� QXFOLGH� DQG� GLIIHUHQW

VXUIDFH�W\SH��VHH�WDEOH�����)RU�H[DPSOH��IRU�&V�����D�UHIHUHQFH�YDOXH�LV�YG� ������FP�V��IRU�,�����YG� 

����FP�V��VHH�EHORZ�DERXW�,�������IRU�6U�����YG� ���FP�V��IRU�WKH�QREOH�JDVHV��YG� ���

�

$�PRUH�VRSKLVWLFDWHG�DSSURDFK�IRU�SDUDPHWHULVDWLRQ�RI�WKH�GU\�GHSRVLWLRQ��LV�UHDOLVHG�E\�GHILQLQJ�WKH

GU\�GHSRVLWLRQ�YHORFLW\�DV�WKH�LQYHUVH�RI�D�VXP�RI�UHVLVWDQFHV�UD ��UE��UF��VHH��������LQ�WKUHH�VHTXHQWLDO

OD\HUV��<DPDUWLQR��������=DQHWWL���������LQ�WKH�IROORZLQJ�IRUP�IRU�JDVHRXV�SROOXWDQWV�

�
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�7KLV� IRUPXOD� IRU� WKH� GU\� GHSRVLWLRQ� YHORFLW\� RI� SDUWLFOHV� KDV� DQ� DGGLWLRQDO� WHUP�� GHILQHG� E\� WKH

VHGLPHQWDWLRQ�JUDYLWDWLRQ�VHWWOLQJ�RI�SDUWLFOHV�
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�ZKHUH� JY �LV�WKH�JUDYLWDWLRQ�VHWWOLQJ�YHORFLW\�

�+RZHYHU�� WKLV� UHVLVWDQFH�DSSURDFK�ZDV�GHYHORSHG�IRU�JDVHRXV�SROOXWDQWV�� ILUVW�RI�DOO�� WKHUHIRUH� WKH

JUDYLWDWLRQ�VHWWOLQJ�YHORFLW\�IRU�SDUWLFOHV�LV�XVXDOO\�DVVXPHG�WR�EH�FRQVWDQW�GXH�WR�SUREOHPV�ZLWK�WKH

HPSLULFDO�GDWD�

�������*UDYLWDWLRQDO�VHWWOLQJ

�)RU�SDUWLFOHV��HVSHFLDOO\�IRU�KHDY\�SDUWLFOHV��UDGLXV�US�!���PP���WKH�JUDYLWDWLRQ�VHWWOLQJ�VWURQJO\�HIIHFW

WKH�SURFHVV�RI�GHSRVLWLRQ�WR�WKH�VXUIDFH��$V�ZH�VXJJHVWHG�DERYH��WKH�HIIHFW�RI�WKH�JUDYLWDWLRQ�VHWWOLQJ

LV�GHVFULEHG�LQ�����WKURXJK�WKH�JUDYLWDWLRQ�VHWWOLQJ�YHORFLW\�YJ�

�)RU�SDUWLFOH�GLDPHWHUV�OHVV�WKDQ�DSSUR[LPDWHO\�����PP��DLUIORZ�DURXQG�WKH�IDLOLQJ�SDUWLFOH�LV�ODPLQDU�

WKH�JUDYLWDWLRQ�VHWWOLQJ�YHORFLW\�YJ�LV�PRGHOOHG�E\�WKH�6WRNHV�ODZ��+LQGV��������
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�ZKHUH�9� LV� WKH� UHODWLYH� YHORFLW\� RI� SDUWLFOHV�� X�� Y�� Z�� XS�� YS�� ZS� DUH� WKH� DLU� DQG� SDUWLFOH� YHORFLW\

FRPSRQHQWV��&G�LV�WKH�GUDJ�FRHIILFLHQW�WKDW�LV�YDOLG�IRU�WKH�VWDWLF�FDVH��7XUWRQ�	�/HYHQVSLHO�������

5H� ��9U�Q��)RU�PRVW�RI�VLWXDWLRQV�ZH�FDQ�VXSSRVH� WKDW�X� �XS� DQG�Y� �YS� DQG�FRQVLGHU�RQO\� WKH

YHUWLFDO� YHORFLW\� ZS� �9� |� YJ��� 7KH� LWHUDWLRQ� SURFHGXUH� IRU� FDOFXODWLRQ� RI� WKH� JUDYLWDWLRQ� VHWWOLQJ

YHORFLW\�YJ�QHHGV�DERXW����LWHUDWLRQV�IRU�D�QHFHVVDU\�DFFXUDF\��DQG�WKHUHIRUH�LV�QRW�WLPH�FRQVXPLQJ

IRU�WKH�PRGHOOLQJ�

�������0DWHULDO�IOX[�IURP�WKH�VXUIDFH�OD\HU�WR�WKH�JURXQG�GXH�WR�UHVLVWDQFH

�7KH� UHVLVWDQFH� WHUPV� LQ� ���� DUH�� UD� ±� WKH� DHURG\QDPLF� UHVLVWDQFH�� ZKLFK� GHVFULEHV� WKH� WXUEXOHQW

WUDQVIHU�RI� WKH� FRQWDPLQDQW� WR� WKH� QHDU�VXUIDFH� OD\HU�� UE� ±� WKH� UHVLVWDQFH� WR� SHQHWUDWLRQ� DFURVV� WKH

DWPRVSKHULF� QHDU�VXUIDFH� OD\HU� �ZLWK� GRPLQDWLRQ� RI� WKH� PROHFXODU� WUDQVSRUW�� E\� FRQYHFWLRQ�

GLIIXVLRQ�RU�LQHUWLDO�SURFHVVHV��DQG�UF�±�WKH�UHVLVWDQFH�DVVRFLDWHG�ZLWK�SROOXWDQW�VXUIDFH�LQWHUDFWLRQ�

�7KH� DHURG\QDPLF� UHVLVWDQFH� UD� GHSHQGV� RQ� PHWHRURORJLFDO� SDUDPHWHUV�� VXFK� DV� ZLQG� VSHHG�

DWPRVSKHULF�VWDELOLW\�DQG�VXUIDFH�URXJKQHVV��DQG�FDQ�EH�GHULYHG��:HVHO\�	�+LFNV�������E\
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�/� LV� WKH�0RQLQ�2EXKNRY� OHQJWK�� ]V� LV� WKH� KHLJKW� RI� WKH� ILUVW� UHIHUHQFH� OHYHO�� ]�� LV� WKH� URXJKQHVV

KHLJKW��N�LV�IRQ�.DUPDQ�FRQVWDQW��N�|�������X�LV�WKH�IULFWLRQ�YHORFLW\�

�7KH� VXUIDFH� OD\HU� UHVLVWDQFH� UE� GHSHQGV� RQ� SDUDPHWHUV� FKDUDFWHULVLQJ� GLIIXVLRQ� DFURVV� D� ODPLQDU

VXEOD\HU�� H�J�� RQ� PROHFXODU� UDWKHU� WKDQ� WXUEXOHQW� SURSHUWLHV�� 7KHUHIRUH�� WKLV� SDUDPHWHU� ZLOO� EH

GLIIHUHQW�IRU�SDUWLFOHV�DQG�JDVHV�

�)RU� SDUWLFOHV� WKH� VXUIDFH� OD\HU� UHVLVWDQFH� UE� FDQ� EH� H[SUHVVHG� LQ� D� JHQHUDO� IRUP� DFFRUGLQJ� WR

�=DQQHWWL��������DV�D�IXQFWLRQ�RI�WKH�6FKPLGW�QXPEHU�6F� �Q�'�
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�ZKHUH�'�LV�WKH�%URZQLDQ�GLIIXVLYLW\�RI�D�SROOXWDQW�� '
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= ��πµ ��US LV�WKH�SDUWLFOH�UDGLXV��&�LV

WKH�&XQQLQJKDP�FRUUHFWLRQ�IDFWRU��7�LV�WKH�WHPSHUDWXUH��N%�LV�WKH�%ROW]PDQQ�FRQVWDQW��N% ��������
�
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���P�LV�WKH�G\QDPLF�YLVFRVLW\�FRHIILFLHQW��������
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�NJ�PV���WKH�FRQVWDQWV�G�� ���DQG�G�� ������

�&DOFXODWLRQ�RI�UE�IRU�JDVHV��,�����DQG�RWKHUV��FDQ�EH�GRQH�E\�WKH�IROORZLQJ�IRUPXOD�

�
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�7KH� WUDQVIHU� �FDQRS\�� UHVLVWDQFH� UF� GHSHQGV� RQ� WKH� SK\VLFR�FKHPLFDO� LQWHUDFWLRQ� EHWZHHQ� WKH

SROOXWDQW�DQG�WKH�VXUIDFH�

�7KLV�WHUP�IRU�SDUWLFOHV�LV�QHJOLJLEOH��VLQFH�RQFH�WKH�SDUWLFOH�HQFRXQWHUV�WKH�VXUIDFH�LW�LV�FRQVLGHUHG�WR

KDYH� GHSRVLWHG�� 6HLQILHOG� ������� VXJJHVWV� IRU� SDUWLFOHV� DQRWKHU� WHUP� UDUEYJ� LQVWHDG� RI� WKH� WUDQVIHU

UHVLVWDQFH�UF�

�)RU� JDVHRXV� FRPSRXQGV� LQ� JHQHUDO�� FDOFXODWLRQ� RI� WKH� WUDQVIHU� UHVLVWDQFH� UF� LV� D� YHU\� FRPSOH[

SUREOHP��$FFRUGLQJ� WR�(ULVPDQ� ������� DQG�+RQJLVWR� �������� IRU� HVWLPDWLRQ� RI� UF�ZH� FDQ� XVH� WKH

IROORZLQJ�IRUPXOD�
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�:KHUHE\�WKH�WUDQVSRUW�RI�WKH�SROOXWDQW�WR�WKH�FDQRS\�LV�DSSUR[LPDWHG�DV�IROORZLQJ�URXWHV�

�UV�DQG�UP�±�LQWR�WKH�SODQWV�YLD�VWRPDWD�DQG�WKURXJK�PHVRSK\OO�

�UOX�DQG�UH[W±� LQWR� WKH�SODQWV� WKURXJK� WKH�FXWLFXOD�FHOOV� �OHDI�VXUIDFH� UHVLVWDQFH�UOX�RU� WURXJK�H[WHUQDO

OHDI�VXUIDFH�LQ�ZHW�VLWXDWLRQV�UH[W��

�UGF�DQG�UFO�±�LQWR�WKH�ORZHU�FDQRS\�DJDLQVW�WKH�UHVLVWDQFH�RI�EXR\DQW�FRQYHFWLRQ�LQ�FDQRSLHV�UOX�DQG

WKH�VXUIDFH�UHVLVWDQFH�RI�OHDYHV��WZLQJ�DQG�EDUN�UFO�

�UDF� DQG� UJV� ±� LQWR� WKH� JURXQG� DJDLQVW� WKH� UHVLVWDQFH� UDF�� ZKLFK� GHSHQGV� RQ� WKH� FDQRS\� KHLJKW� DQG

GHQVLW\�DQG�VXUIDFH�UHVLVWDQFH�RI�WKH�VRLO��OHDI�OLWWHU�HWF���UJV�

�+RZHYHU��PRVW� RI� WKH� UHVLVWDQFHV� GHSHQGV� YHU\�PXFK� XSRQ� WKH� W\SH� RI� JDV� DQG� FDQ� EH� HVWLPDWHG

IURP�VRPH�HPSLULFDO�RU�VHPLHPSLULFDO�SDUDPHWHULVDWLRQV��8QIRUWXQDWHO\��IRU�UDGLRDFWLYH�JDVHV� LW� LV

YHU\� GLIILFXOW� WR� HVWLPDWH� FRUUHFWO\� DOO� WKRVH� UHVLVWDQFHV�� EHFDXVH� RI� D� ODFN� RI� H[SHULPHQWDO� GDWD�

7KHUHIRUH� DW� WKLV� VWDJH�� LW� LV� UHDVRQDEOH� WR� OLPLW� WKH� GHVFULSWLRQ� RI� WKH� FDQRS\� UHVLVWDQFH� UF� IRU

UDGLRDFWLYH�JDVHV��OLNH�,�����DQG�RWKHUV��E\�VRPH�VLPSOHU�SDUDPHWHULVDWLRQ�

�$W� WKH� ILUVW� VWHS� ZH� XVH� WKH� VLPSOHVW� VXJJHVWLRQ� RI� 9HUQHU� 	� 'H� /HHXZ� ������� IRU� WKH� FDQRS\

UHVLVWDQFH�UF�IRU�WKH�JDVHRXV�IRUP�RI�,������UF� �����V�P�

�,Q�DGGLWLRQ��VRPH�QXFOLGHV�FDQ�WUDQVIRUP�IURP�D�JDVHRXV�WR�SDUWLFXODWH�IRUP��)RU�H[DPSOH��LW�LV�YHU\

LPSRUWDQW�IRU�,������WKDW�FDQ�EH�UHOHDVHG�LQ�GLIIHUHQW�IRUPV��PROHFXODU��RUJDQLF�DQG�SDUWLFOHV���7KH

JDVHRXV� IRUP�RI� ,����� LV� XVXDOO\�GRPLQDWHG� LQ� UHOHDVHV� �PRUH� WKDQ� �������+RZHYHU�� WKH� JDVHRXV

LRGLQH�KDV�D� VLJQLILFDQW� WHQGHQF\� WR�EHFRPH�DWWDFKHG� WR�RWKHU�SDUWLFOHV� �XVXDOO\� WR�62�� SDUWLFOHV��

7KLV� LV�QRW�DQ�RQH�ZD\�SURFHVV�� WKHUH� LV� D� VWURQJ� WHQGHQF\� IRU� WKH�HIIHFWLYH�GHSRVLWLRQ�YHORFLW\� WR

GHFUHDVH� ZLWK� WLPH� �0DU\RQ� HW� DO��� ������� 7KLV� FDQ� EH� GHVFULEHG� LQ� WKH� PRGHO� E\� D� GHSOHWLRQ

HTXDWLRQ�
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�ZKHUH�YGJ DQG�YGS�DUH�WKH�JDVHRXV�DQG�SDUWLFXODWH�GHSRVLWLRQ�YHORFLWLHV�DQG�W�LV�D�WLPHVFDOH�HVWLPDWHG

WR�EH����GD\V�IURP�WKH�JDVHRXV�SDUWLFXODWH�UDWLR�PHDVXUHG�DIWHU�WKH�&KHUQRE\O�DFFLGHQW��0DU\RQ�HW

DO��������

�+RZHYHU��IRU�PDLQ�PRGHOOLQJ�LWHPV�WKH�SUHGLFWLRQ�WLPH�LV�PXFK�VKRUWHU��XS�WR�����GD\V���WKHUHIRUH�LW

LV� SRVVLEOH� WR� VLPXODWH� WKH� GU\� GHSRVLWLRQ� RI� LRGLQHV� ZLWK� WKH� WLPH�LQGHSHQGHQW� GU\� GHSRVLWLRQ

YHORFLWLHV��EXW�VHSDUDWHO\�IRU�WKH�JDVHRXV�DQG�SDUWLFXODWH�IRUPV��,Q�WKLV�FDVH�ZH�KDYH�WR�NQRZ�WKH�,�

���� UHOHDVHV� IRU� HDFK� IRUP��)RU� WKH� JDVHRXV� IRUP� RI� ,����� WKH� UHIHUHQFH� YDOXH� IRU� YGJ� LV� FORVH� WR

YDOXHV� IRU�62��DQG�IRUPV�DERXW�����FP�V�DQG�IRU� WKH�SDUWLFOH� IRUP�YGS� LV� FRUUHVSRQGHQW� WR� WKH�GU\

GHSRVLWLRQ�YHORFLW\�IRU�62��DQG�HTXDO�WR�DERXW�����FP�V�

�������/DQG�FODVVLILFDWLRQ�IRU�SDUDPHWHULVDWLRQ�RI�GU\�GHSRVLWLRQ�YHORFLW\

�6LQFH� WKH� GU\� GHSRVLWLRQ� YHORFLW\� DQG� VXUIDFH� UHVLVWDQFHV� GHSHQG� RQ� D� W\SH� RI� WKH� VXUIDFH�� LW� LV

UHDVRQDEOH� WR� XVH� VRPH� VXLWDEOH� FODVVLILFDWLRQ� RI� WKH� ODQG�VHD� VXUIDFH�� 7KH� H[LVWLQJ� RSHUDWLRQDO

YHUVLRQ�RI� WKH�'0,�+,5/$0�PRGHO�XVHV�D�YHU\� VLPSOH�FODVVLILFDWLRQ�RI� WKH�HDUWK� VXUIDFH� IRU� WKH

FDOFXODWLRQ� RI� WKH� URXJKQHVV� DQG� DOEHGR� SDUDPHWHUV� �+,5/$0�� ������� +RZHYHU�� QHZ� UHVHDUFK

YHUVLRQV� RI� +,5/$0� �%ULQJIHOG� HW� DO�� ������ LPSURYHG� WKH� FODVVLILFDWLRQ� RI� WKH� HDUWK� VXUIDFH� LQ

PDQ\�FODVVHV��PRUH�WKDQ������$�QHZ�UHVHDUFK�YHUVLRQ�RI�'0,�+,5/$0��6DWWOHU��������GHYHORSV�WKH

IROORZLQJ� %LRVSKHUH�$WPRVSKHUH� 7UDQVIHU� 6FKHPH� /HJHQG� �7DEOH� ��� IRU� WKH� HDUWK� VXUIDFH

FODVVLILFDWLRQ� LQ� WKH� ��� FODVVHV�� 7KLV� FODVVLILFDWLRQ�� DIWHU� LQFOXGLQJ� RQH� DGGLWLRQDO� FODVV� � µ8UEDQ

DUHDV¶��PLJKW�EH�YHU\� VXLWDEOH� LQ� RXU� FDVH� IRU� WKH� FDOFXODWLRQ� RI� WKH� GU\� GHSRVLWLRQ� YHORFLWLHV� DQG

VXUIDFH�UHVLVWDQFHV��VHH�7DEOH����

�

�7DEOH����%LRVSKHUH�$WPRVSKHUH�7UDQVIHU�6FKHPH�/HJHQG�

�9DOXH� 'HVFULSWLRQ

��� &URSV��0L[HG�)DUPLQJ

��� 6KRUW�*UDVV

��� (YHUJUHHQ�1HHGOHOHDI�7UHHV

��� 'HFLGXRXV�1HHGOHOHDI�7UHH

��� 'HFLGXRXV�%URDGOHDI�7UHHV

��� (YHUJUHHQ�%URDGOHDI�7UHHV

��� 7DOO�*UDVV

��� 'HVHUW

��� 7XQGUD

���� ,UULJDWHG�&URSV

���� 6HPLGHVHUW

���� ,FH�&DSV�DQG�*ODFLHUV

���� %RJV�DQG�0DUVKHV

���� ,QODQG�:DWHU

���� 2FHDQ

&
&J



��
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���� 'HFLGXRXV�6KUXEV

���� 0L[HG�)RUHVW

���� ,QWHUUXSWHG�)RUHVW

���� :DWHU�DQG�/DQG�0L[WXUHV

��� 8UEDQ�DUHD

�

�8QIRUWXQDWHO\��WKLV�ODQG�FODVVLILFDWLRQ�LV�UHDG\�RQO\�IRU�WKH�µ'¶�YHUVLRQ�RI�WKH�'0,�+,5/$0�PRGHO

DQG�FXUUHQWO\�GRHV�QRW�FRYHU�DOO�WKH�(XURSHDQ�WHUULWRU\�

�7KHUHIRUH��DV� WKH�ILUVW�DSSUR[LPDWLRQ�ZH�FDQ�XVH�WKH�H[LVWLQJ�FODVVLILFDWLRQ�RI� WKH�ODQG�VHD�VXUIDFH

IURP� WKH�RSHUDWLRQDO�YHUVLRQ�RI� WKH�'0,�+,5/$0�PRGHO��7KLV� VLPSOH� FODVVLILFDWLRQ� LQFOXGHV� WKH

IROORZLQJ� SDUDPHWHUV�IUDFWLRQV� IRU� HDFK� JULG� FHOO�� WKH� VHD�RFHDQ� VXUIDFH�� ODQG� VXUIDFH�� LFH�VKHHW�

XUEDQLVDWLRQ��URXJKQHVV�DQG��SUREDEO\�LQ�WKH�QHDUHVW�IXWXUH��IUDFWLRQ�RI�WKH�IRUHVW��+,5/$0��������

�+RZHYHU��IRU�WKH�HPHUJHQFH�UHVSRQVH�YHUVLRQ�RI�WKH�PRGHO�DW�SUHVHQW�VWDJH�LW�LV�UHDVRQDEOH�WR�XVH�D

VLPSOHU�SDUDPHWHULVDWLRQ�IRU�WKH�GU\�GHSRVLWLRQ�YHORFLW\�IRU�GLIIHUHQW�W\SHV�RI�VXUIDFH��VHH�WDEOH����

7KXV��YG�LV�DVVXPHG��LQ�FDVH�ZKHQ�LW�LV�LPSRUWDQW��WR�EH�SURSRUWLRQDO�WR�WKH�OHDI�DUHD�LQGH[�/$,�IRU

HDFK�VXUIDFH�W\SH�

�YG� �YGPD[�/$,�/$,PD[ ����

�ZKHUH�/$,�LV�WKH�OHDI�DUHD�LQGH[�IRU�HDFK�VXUIDFH�W\SH�DW�WLPH�RI�GHSRVLWLRQ��/$,PD[�LV�WKH�OHDI�DUHD

LQGH[�DW�WLPH�RI�IXOO\�GHYHORSHG�IROLDJH�

� 7DEOH����'HSRVLWLRQ�YHORFLWLHV�YGPD[�IRU�VRLO�DQG�IXOO\�GHYHORSHG�SODQW�FDQRSLHV��DFFRUGLQJ

WR�0�OOHU�	�3U|Q��������

� �'HSRVLWLRQ�YHORFLW\��FP�V

�6XUIDFH�W\SH �$HURVRO�ERXQG

UDGLRQXFOLGHV �(OHPHQWDO�LRGLQH
�2UJDQLF�ERXQG

LRGLQH

�6RLO ����� ���� ������

�*UDVV ����� ����� ������

�7UHHV ���� �� �����

�2WKHU�SODQWV ���� �� �����

�

�����:HW�GHSRVLWLRQ

�7KH�ZHW�GHSRVLWLRQ�RU�SROOXWDQW� VFDYHQJLQJ�E\�SUHFLSLWDWLRQ� SURFHVVHV�� DV� WKH�&KHUQRE\O� DFFLGHQW

VKRZHG�� DUH� YHU\� LPSRUWDQW� IRU�PRGHOOLQJ� RI� DWPRVSKHULF� WUDQVSRUW� RI� QXFOHDU� DFFLGHQWDO� UHOHDVHV

DQG�WKH�GHSRVLWHG�UDGLRDFWLYLW\�SDWWHUQ��8VXDOO\�WKH�ZHW�GHSRVLWLRQ�LV�WUHDWHG�LQ�D�VWDQGDUG�ZD\�ZLWK

D�ZDVKRXW�FRHIILFLHQW�IRU�EHORZ�FORXG�VFDYHQJLQJ�DQG�D�UDLQRXW�FRHIILFLHQW�IRU�LQ�FORXG�VFDYHQJLQJ

�<DPDUWLQR��������6HLQIHOG��������=DQHWWL��������

�$V�WKH�ILUVW�DSSUR[LPDWLRQ�IRU�WKH�HPHUJHQF\�UHVSRQVH�YHUVLRQ�RI�'(50$��IRU�SDUDPHWHULVDWLRQ�RI

WKH�ZHW�GHSRVLWLRQ��DEVRUSWLRQ�LQWR�GURSOHWV�IROORZHG�E\�GURSOHW�UHPRYDO�E\�SUHFLSLWDWLRQ��RI�DHURVRO

SDUWLFOHV�RU�KLJKO\�VROXEOH�JDVHV��ZH�FDQ�GHVFULEH�WKH�ORFDO�UDWH�RI�PDWHULDO�UHPRYDO�DV�D�ILUVW�RUGHU

SURFHVV�



��

��
G&

GW
= −/�&�[L��W��� ����

�ZKHUH�/�U��[L��W��LV�D�ZDVKRXW�FRHIILFLHQW��ZKLFK�GHSHQGV�LQ�JHQHUDO�RQ�KHLJKW�DERYH�WKH�VXUIDFH�DQG

WLPH�

�7KH�ZHW� GHSRVLWLRQ� IOX[� WR� WKH� VXUIDFH�� LQ� FRQWUDVW� WR� WKH� GU\� GHSRVLWLRQ� IOX[�� LV� WKH� VXP� RI�ZHW

UHPRYDO� IURP� DOO� YROXPH� HOHPHQWV� DORIW�� DVVXPLQJ� WKDW� WKH� VFDYHQJHG� PDWHULDO� FRPHV� GRZQ� DV

SUHFLSLWDWLRQ�� +RZHYHU�� IRU� WKH� '(50$�PRGHO�� E\� WKH� DVVXPSWLRQ� RI� FRPSOHWH� YHUWLFDO� PL[LQJ

ZLWKLQ�$%/�DQG�LI�WKH�KHLJKW�RI�UDLQ�FORXGV�+U�d�K��ZH�FDQ�LQWURGXFH�D�WHUP�RI�WKH�ZHW�GHSRVLWLRQ

YHORFLW\�

� �YZ� �/���+U ����

�

�6R��ZH�FDQ�\LHOG�WKH�VLPLODU�WR�����IRUPXOD�IRU�FDOFXODWLRQ�RI�WKH�PDVV�ORVV�E\�WKH�ZHW�GHSRVLWLRQ�LQ

4S�

� 4S_Q�� �4S_Q �H[S��'W�/���+U��K�� ����

�

�,I�WKH�KHLJKW�RI�UDLQ�FORXGV�+U�LV�XQNQRZQ��IRU�VLPSOLILFDWLRQ�ZH�FDQ�VXSSRVH�WKDW�+U� �K�

�������:DVKRXW

�%HORZ�FORXG�VFDYHQJLQJ��ZDVKRXW��FRHIILFLHQW�/�IRU�DHURVRO�SDUWLFOHV�RI�UDGLXV�US�FDQ�EH�H[SUHVVHG

LQ�D�JHQHUDO�IRUP�DV

�

� /� ��S1U�∫ D�ZU�D�(�US�D�ID�D�GD���� ����

�

�ZKHUH�1U�LV�WKH�WRWDO�QXPEHU�RI�UDLQGURSV�UHVLGLQJ�LQ�WKH�XQLW�YROXPH��(�U�D��LV�WKH�DHURVRO�FDSWXUH

HIILFLHQF\� WHUP�� D� LV� WKH� UDLQGURS� SURMHFWHG� UDGLXV�� ZU� LV� WKH� YHUWLFDO� YHORFLW\� RI� WKH� UDLQGURSV

�QHJDWLYH�GRZQZDUG���ID�LV�SUREDELOLW\�GHQVLW\�IXQFWLRQ�RI�WKH�UDLQGURS�VL]H�GLVWULEXWLRQ�

�7KH�DHURVRO�FDSWXUH�HIILFLHQF\�(�U�D��LV�D�IXQFWLRQ�RI�WKH�UDGLXV�RI�SDUWLFOH��U�DQG�UDLQ�GURSV��D�DQG

GHSHQGV�XSRQ�VHYHUDO�PHFKDQLVPV��+DOHV�������

x� LPSDFWLRQ�RI�DHURVRO�SDUWLFOHV�RQ�WKH�UDLQ�GURS�

x� LQWHUFHSWLRQ�RI�SDUWLFOHV�E\�WKH�UDLQ�GURS�

x� %URZQLDQ�PRWLRQ�RI�SDUWLFOHV�WR�WKH�UDLQ�GURS�

x� QXFOHDWLRQ�RI�D�ZDWHU�GURS�E\�WKH�SDUWLFOH�

x� HOHFWULFDO�DWWUDFWLRQ�

x� WKHUPDO�DWWUDFWLRQ�

x� GLIIXVLRIRUHVLV�

�7KH�ZDVKRXW�FRHIILFLHQW�/�YDULHV�VSDWLDOO\�DQG�WHPSRUDOO\��KRZHYHU��LQ�RXU�FDVH��IRU�WKH�HPHUJHQF\

UHVSRQVH�YHUVLRQ�RI�'(50$��LW�LV�SRVVLEOH�WR�XVH�DQ�DYHUDJH�ZDVKRXW�FRHIILFLHQW�/¶�DQG�WKH�VXUIDFH

SUHFLSLWDWLRQ�GDWD�IURP�WKH�'0,�+,5/$0�PRGHO�

�$V�LW�ZDV�VKRZQ�DERYH�� LQ�PRVW�RI�H[LVWLQJ�PRGHOV�RI� ORQJ�UDQJH�SROOXWLRQ� WUDQVSRUW� WKH�ZDVKRXW

FRHIILFLHQW�GRHV�QRW�GHSHQG�RQ�SDUWLFOH�UDGLXV��+RZHYHU��DV�LW�ZDV�VKRZQ�E\�PDQ\�DXWKRUV��6HLQIHOG

������+DOHV�������%XUWVHY�HW�DO���������+LFNV�������5DGNH�HW�DO����������(�U�D��DQG�FRUUHVSRQGLQJO\

/�VWURQJO\�GHSHQG�RQ�WKH�SDUWLFOH�VL]H��VR�FDOOHG�WKH�µ*UHHQILHOG�JDS¶��

�$FFRUGLQJ� WR� 1lVOXQG� 	� +ROPVWU|P� �������� ZH� FDQ� H[SUHVV� WKH� ZDVKRXW� FRHIILFLHQW� /¶� DV� D

SRO\QRPLDO�IXQFWLRQ�RI�SDUWLFOH�UDGLXV�U�DQG�UDLQUDWHV�T��PP�K��

�
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�+RZHYHU��DFFRUGLQJ�WR� WKLV�IRUPXOD�� WKHUH� LV�QR�ZHW�GHSRVLWLRQ�ZDVKRXW�HIIHFW�IRU�SDUWLFOHV�ZLWK�D

UDGLXV� OHVV� WKDQ� ����PP�� EXW� VHYHUDO� DXWKRUV� �6HLQIHOG�� ������ %XUWVHY� HW� DO��� ������ +LFNV�� �����

5DGNH�HW�DO���������VKRZHG�H[SHULPHQWDO�GDWD�ZLWK�WKH�ZDVKRXW�FRHIILFLHQW�DERXW������������
��
�VHF

��

IRU� SDUWLFOH� UDGLXV� ��������� PP�� 7KHUHIRUH�� DV� WKH� ILUVW� DSSUR[LPDWLRQ�� ZH� VXJJHVW� D� UHYLVHG

IRUPXODWLRQ�IRU�SDUWLFOHV�RI�VPDOOHU�VL]H�

�

�/¶��U�T�� �D��T
����
�� U�������PP

�/¶��U�T�� ��E����E�U���E�U
�
���E�U

�
��I�T�� ����PP���U������PP� ����

�/¶��U�T�� �I�T�� U�!����PP

�

�ZKHUH��DFFRUGLQJ�WR�0DU\RQ�HW�DO����������D� �������
��
�

7KH�UHDVRQ��ZK\�1lVOXQG�	�+ROPVWU|P��������JRW�WKDW�HIIHFW�IRU�VPDOO�SDUWLFOHV��ZDV�WKH�IROORZLQJ�

7KH\�XVHG�UHVXOWV�RI�LQYHVWLJDWLRQV�RI�&UDQGDO�HW�DO���������IRU�IUHH�DLU�EXUVWV��ZKHUH�YHU\�IHZ�GHEULV

SDUWLFOHV�ZHUH�VPDOOHU�WKDQ�����PP�UDGLXV��7KHUHIRUH��&UDQGDO�HW�DO��LQFOXGHG�LQWR�FRQVLGHUDWLRQ�WKH

LPSDFWLRQ�RI�DHURVRO�SDUWLFOHV�RQ�WKH�UDLQ�GURS�DQG�LQWHUFHSWLRQ�RI�SDUWLFOHV�E\�WKH�UDLQ�GURS�RQO\�DQG

GLG�QRW�LQFOXGH�WKH�%URZQLDQ�FDSWXUH�DQG�RWKHU�DGGLWLRQDO�PHFKDQLVPV�

�)RU�DFFLGHQWDO�UHOHDVHV�IURP�QXFOHDU�SRZHU�SODQWV��SDUWLFOHV�VPDOOHU�WKDQ���������PP�UDGLXV�FDQ�SOD\

DQ� LPSRUWDQW� UROH� LQ� ORQJ�UDQJH� WUDQVSRUW� DQG� GRVH� IRUPLQJ�� 7KHUHIRUH�� IRU� WKH� '(50$�PRGHO�

HVSHFLDOO\� IRU� WKH� SRVW�DFFLGHQWDO� DQDO\VLV� YHUVLRQ�� LW� LV� UHDVRQDEOH� WR� LPSURYH� WKH� ZDVKRXW

SDUDPHWHULVDWLRQ�E\�LQFOXGLQJ�WKH�PHFKDQLVP�RI�WKH�%URZQLDQ�FDSWXUH�

�

�7KH�%URZQLDQ�FDSWXUH�DQG�GLIIXVLRQ�PHFKDQLVP�JLYH� WKH� IROORZLQJ�DGGLWLRQDO� WHUP� WR� WKH�DHURVRO

FDSWXUH�HIILFLHQF\�
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�ZKHUH�3H� LV� WKH�3HFOHW� QXPEHU� �D�ZU�'���6F� LV� WKH�6FKPLGW� QXPEHU� �Q�'�DQG�5H� LV� WKH�5H\QROGV

QXPEHU��D�ZU�Q���Q�LV�WKH�NLQHPDWLF�YLVFRVLW\�RI�WKH�DLU��'�LV�WKH�%URZQLDQ�GLIIXVLYLW\�RI�SDUWLFOHV�

�%DVHG�RQ�D�VLPSOLILFDWLRQ�RI�WKH�HTXDWLRQ������DFFRUGLQJ�WR�6OLQQ��������ZH�FDQ�ZULWH

�

�/� �T(�US�D���DP��� ����

�

�ZKHUH� WKH� YROXPH�PHDQ� UDLQGURS� UDGLXV� DP ����PP�S��PP�K
��
�
����
� IRU� VWHDG\� IURQWDO� UDLQ�

$FFRUGLQJO\��ZH�FDQ�DGG�WKH�HIIHFW�RI�WKH�GLIIXVLRQ�PHFKDQLVP�WR������IRU�/�E\�WKH�DGGLWLRQDO�WHUP

�����������ZKLFK�SOD\V�UROH�IRU�SDUWLFOHV�ZLWK�D�UDGLXV�VPDOOHU�WKDQ�����PP�
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�&UDQGDO� HW� DO�������� DQG� 6OLQQ� ������� IRXQG� WKH� DHURVRO� FDSWXUH� HIILFLHQF\� (�U�D��� GXH� WR� WKH

LPSDFWLRQ�RI�DHURVRO�SDUWLFOHV�RQ�WKH�UDLQ�GURS�DQG�LQWHUFHSWLRQ�RI�SDUWLFOHV�E\�WKH�UDLQ�GURS��DV�DQ

VHPL�DQDO\WLFDO�IRUPXODWLRQ�
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�ZKHUH�DP� LV�WKH�YROXPH�PHDQ�UDLQGURS�SURMHFWHG�UDGLXV��6W� LV� WKH�6WRNHV�QXPEHU����U
�
USZU��DUDQ��

6W� LV� WKH� FULWLFDO�6WRNHV�QXPEHU� �����OQ���5H�����������OQ���5H������PZ� DQG�PD� DUH� WKH�G\QDPLF

YLVFRVLW\�RI�ZDWHU�DQG�DLU��US DQG�UD�DUH�WKH�GHQVLW\�RI�SDUWLFOHV�DQG�DLU�

�%DVHG�RQ�D�VLPSOLILFDWLRQ�RI�WKH�HTXDWLRQV������������ZH�FDQ�UHFHLYH�WKH�IROORZLQJ�IRUPXODWLRQ�IRU

WKH�ZDVKRXW�FRHIILFLHQW�/�
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�7KLV�SDUDPHWHULVDWLRQ�ZLOO�EH�GHYHORSHG�DQG�YHULILHG�YHUVXV�HPSLULFDO�GDWD�

�������5DLQRXW

�7KHUH� DUH�� EHVLGH� WKH� ZHW� GHSRVLWLRQ� HIIHFW� E\� WKH� ZDVKRXW� EHORZ� D� FORXG� EDVH� �VHH� �������� WKH

IROORZLQJ�DGGLWLRQDO�HIIHFWV�RI�WKH�ZHW�GHSRVLWLRQ�ZKHQ�DLU�SROOXWDQWV�DUH�LQWR�WKH�FORXGV�

x� UDLQRXW�EHWZHHQ�WKH�FORXG�EDVH�DQG�WRS��VFDYHQJLQJ�LQWR�WKH�FORXG��

x� ZHW�GHSRVLWLRQ�FDXVHG�E\�VXUIDFH�GHSRVLWLRQ�RI�IRJ�DQG�FORXG�GURSOHWV�

7KH� ILUVW� SURFHVV� RI� WKH� UDLQRXW� EHWZHHQ� WKH� FORXG� EDVH� DQG� WRS� GHSHQGV� RQ� WKH� FRQYHFWLYH� RU

G\QDPLF�W\SH�RI�SUHFLSLWDWLRQ�

7KH�UDLQRXW�FRHIILFLHQW�IRU�WKH�FRQYHFWLYH�SUHFLSLWDWLRQ�LV�PRUH�HIIHFWLYH�LQWHQVLYH�WKDQ�WKH�ZDVKRXW

FRHIILFLHQW�DQG�FDQ�EH�HVWLPDWHG�DFFRUGLQJ�WR�0DU\RQ�HW�DO���������E\�WKH�IROORZLQJ�IRUPXOD�

/¶��U�T�� �D��T
����
�� ����

ZKHUH�D�  �����Â��
��
��&UDQGDOO�HW�DO���������VKRZHG�VLPXODWLRQV�IRU�UDLQRXW�LQ�ZKLFK�WKH�VFDYHQJLQJ

FRHIILFLHQW�LV�QRW�D�VWURQJ�IXQFWLRQ�RI�SDUWLFOH�VL]H�

7KH� UDLQRXW� FRHIILFLHQW� IRU� WKH� G\QDPLF� SUHFLSLWDWLRQ� LV� HTXDO� WR� WKH�ZDVKRXW� FRHIILFLHQW� DQG� WKH

UDLQRXW�HIIHFW�LQ�WKLV�FDVH�FDQ�EH�DOVR�HVWLPDWHG�E\�WKH�IRUPXOD������

+RZHYHU��IRU�FRUUHFW�VLPXODWLRQ�RI� WKH�HIIHFWV�RI� WKH�UDLQRXW�EHWZHHQ�WKH�FORXG�EDVH�DQG�WRS�� LW� LV

QHFHVVDU\�WR�NQRZ�IURP�D�1:3�PRGHO�WKH�FORXG�EDVH�DQG�WRS�KHLJKWV�IRU�HDFK�KRUL]RQWDO�JULG�FHOO�

$W� WKH�PRPHQW�ZH�KDYH�QRW� VXFK�RXWSXW�GDWD� IURP� WKH�'0,�+,5/$0�PRGHO��7KHUHIRUH��ZH� XVH

DQRWKHU� SRVVLELOLW\� WR� FDOFXODWH� WKH� KHLJKWV� RI� FORXG� EDVH� DQG� WRS� IURP� �'� ILHOGV� RI� KXPLGLW\�

DVVXPLQJ�WKDW�WKH�FORXG�LV�SUHVHQW�LQ�DUHDV�ZKHUH�WKH�UHODWLYH�KXPLGLW\�LV�DERYH�������3RG\XNHYLFK�

�������,W�LV�QHFHVVDU\�WR�PHQWLRQ�WKDW�WKLV�PHWKRG�FDQ�JLYH�D�YHU\�URXJK�HVWLPDWLRQ�� WKHUHIRUH�LW� LV

SODQQHG�WR�LQFOXGH�WKH�DGGLWLRQDO�RXWSXW�LQIRUPDWLRQ�IURP�WKH�'0,�+,5/$0�PRGHO�IRU�VLPXODWLRQ

RI�VFDYHQJLQJ�LQWR�FORXGV�
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�������6FDYHQJLQJ�E\�VQRZ

$FFRUGLQJ� WR� SXEOLFDWLRQV� �+RQJLVWR� ������ 0DU\RQ� HW� DO�� ������ LQ� PRVW� RI� WKH� H[LVWLQJ� PRGHOV

SURFHVVHV� RI� WKH� VFDYHQJLQJ� E\� VQRZ� DUH� GHVFULEHG� E\� WKH� VDPH� IRUPXODH� IRU� D� FDVH� RI� UDLQ

SUHFLSLWDWLRQ�� OLNH� WKH� IRUPXODH� ������ ����� DQG� ����� LQ� RXU� FDVH�� EXW� ZLWK� RWKHU� YDOXHV� RI� WKH

VFDYHQJLQJ�FRHIILFLHQW�/��'LDSDVRQ�RI�YDOXHV�RI�/�IRU�VQRZ�GLIIHUV�IURP���XS�WR����WLPHV�ORZHU�WKDQ

WKH�ZDVKRXW�FRHIILFLHQW�/�IRU�D�FDVH�RI�UDLQ�ZLWK�WKH�HTXLYDOHQW�SUHFLSLWDWLRQ�UDWHV�T�

)RU� VFDYHQJLQJ� E\� VQRZ�� DFFRUGLQJ� WR� 0DU\RQ� HW� DO�� �������� ZH� XVH� WKH� IROORZLQJ� VLPSOH

IRUPXODWLRQ�ZLWKRXW�DQ\�GHSHQGHQFH�RI�WKH�FRHIILFLHQW�/¶�RQ�WKH�SDUWLFOH�UDGLXV�

/¶��T�� �D� T
E
�� ����

ZKHUH�D� �������
��
��E� �������IRU�VFDYHQJLQJ�E\�VQRZ�EHORZ�WKH�FORXG�EDVH�DQG�EHWZHHQ�WKH�FORXG

EDVH� DQG� WRS� IRU� WKH�G\QDPLF� SUHFLSLWDWLRQ�� DQG�D�  � �������
��
�� E� ������ IRU� VFDYHQJLQJ�E\� VQRZ

EHWZHHQ�WKH�FORXG�EDVH�DQG�WRS�IRU�WKH�FRQYHFWLYH�SUHFLSLWDWLRQ�

$V�D�FULWHULRQ�IRU�GLVWLQJXLVKLQJ�EHWZHHQ�UDLQ�RU�VQRZ�SUHFLSLWDWLRQ��DLU�WHPSHUDWXUH�LV�XVHG�

8QIRUWXQDWHO\�� WKH� SURFHVVHV� RI� VFDYHQJLQJ� E\� VQRZ� DUH� QRW�ZHOO� VWXGLHG�� )RU� H[DPSOH�� WKHUH� DUH

VRPH�HIIHFWV�RI�ZDWHU�FRQWHQW�LQ�VQRZIODNHV�RQ�WKH�VFDYHQJLQJ�E\�VQRZ��HVSHFLDOO\�IRU�WHPSHUDWXUHV

FORVH�WR��q&��.DUOVVRQ�DQG�1\KROP���������EXW� WKHUH�DUH�QR�UHOHYDQW�H[SHULPHQWDO�GDWD� IRU� WDNLQJ

WKLV�HIIHFW�LQWR�DFFRXQW�

�������2URJUDSKLF�DQG�RWKHU�HIIHFWV

%HVLGH�WKH�ZHW�GHSRVLWLRQ�HIIHFWV��GHVFULEHG�DERYH��LW�LV�UHDVRQDEOH�WR�LQFOXGH�DGGLWLRQDO�HIIHFWV�DQG

WR�SDUDPHWHULVH�VRPH�FDVHV�RI�µRFFXOW�GHSRVLWLRQ¶�OLNH�RURJUDSKLF�HIIHFWV��FDSSLQJ�FORXG�RQ�KLOOWRSV

DQG�VHHGHU�IHHGHU�HIIHFW�� VFDYHQJLQJ�E\� VQRZ�� LQFOXGLQJ� WKH� VHHGHU�IHHGHU� HIIHFW� DQG�EHORZ�FORXG

VFDYHQJLQJ�E\�VQRZ��,W�LV�YHU\�VXLWDEOH�IRU�WKH�'(50$�PRGHO�WR�XVH�WKH�SDUDPHWHULVDWLRQV�RI�VXFK

HIIHFWV�IURP�WKH�1$0(�PRGHO��0DULRQ�HW�DO����������+RZHYHU��LW�QHHGV�VSHFLDO�GDWD�IURP�VDWHOOLWH

UHPRWH� VHQVLQJ� PRQLWRULQJ� V\VWHP�� QRZ� DYDLODEOH� IRU� WKH� 8.� WHUULWRU\� RQO\�� EXW� QRW� IRU� RWKHU

(XURSHDQ�UHJLRQV�

�����7RWDO�GHSRVLWLRQ�WR�WKH�JURXQG

%HFDXVH�WKH�PDVV�ORVV�GXH�WR�WKH�GU\�DQG�ZHW�GHSRVLWLRQ�LV�FDOFXODWHG�LQ�WKH�'(50$�PRGHO�XVLQJ

WKH�VRXUFH�GHSOHWLRQ�FRQFHSW�IRU�HDFK�LQGLYLGXDO�SXII���4S���WKH�DPRXQW�RI�UDGLRQXFOLGH�DVVRFLDWHG

ZLWK�HDFK�SXII�S�GHSHQGLQJ�RQ�WKH�HPLVVLRQ�UDWH���WKH�WRWDO�GHSRVLWLRQ�RI�QXFOLGHV�WR�WKH�JURXQG�ZLOO

EH�FDOFXODWHG�E\�WKH�LQWHJUDWLRQ�RI�WKH�WRWDO�PDVV�ORVV�GXH�WR�WKH�GHSRVLWLRQ�RYHU�HDFK�KRUL]RQWDO�JULG

FHOO�IRU�WKH�WLPH�SHULRG�

&DOFXODWLRQ� RI� WKH� DPRXQW� RI� UDGLRQXFOLGH� GHSRVLWHG� RQ� WKH� VXUIDFH� GXH� WR� WKH� GU\� DQG� ZHW

GHSRVLWLRQ�LV�LPSOHPHQWHG�LQ�WKH�'(50$�PRGHO�DW�WKH�ILQDO�VWDJH��ZKHUH�WKH�DLU�FRQFHQWUDWLRQ�RI

VSHFLHV� LV� FDOFXODWHG��7KH�FKRLFH�RI� WKH� WLPH�VWHS� IRU�FDOFXODWLRQ�RI� WKH� WRWDO� DPRXQW�RI� D�QXFOLGH

GHSRVLWHG�LV�YHU\�LPSRUWDQW�DQG�GHPDQGV�IXUWKHU�LQYHVWLJDWLRQ�



��

,9��1XFOLGHV�RI�PDLQ�FRQFHUQ�DQG�UDGLRDFWLYH�GHFD\

�����1XFOLGHV�RI�PDLQ�FRQFHUQ

)RU� DQ� DQDO\VLV� RI� WKH� HQYLURQPHQW� DQG� KXPDQ� KHDOWK� FRQVHTXHQFHV� DIWHU� DFFLGHQWV� ZLWK� QXFOHDU

UHDFWRUV�ZH� FDQ� IRFXV� RQO\� RQ� VLPXODWLRQ� RI� WKH� DWPRVSKHULF� WUDQVSRUW�� GHSRVLWLRQ� DQG� HIIHFWV� RI

PDLQ� GRVH�FRQWULEXWLQJ� QXFOLGHV�� $Q� DQDO\VLV� RI� SXEOLVKHG� ULVN� DVVHVVPHQWV� IRU� GLIIHUHQW� QXFOHDU

SRZHU�SODQWV�VKRZV��$70(6�������6ODSHU�HW� DO��������7KDQLQJ�	�%DNODQRY������� WKH� IROORZLQJ

PDLQ�GRVH��FRQWULEXWLQJ�QXFOLGHV�

7DEOH����&KDUDFWHULVWLFV�RI�WKH�PDLQ�GRVH��FRQWULEXWLQJ�QXFOLGHV�

1XFOLGHV +DOI OLYH� KUV 0HGLDQ UDGLXV� PPP YG� FP�V  )RUP &RPPHQWV

&V���� ����� H�� ��� ���  ! %D���� U  ���� J�FP�

&V���� ����� H�� ��� ����

,���� ���� H�� JDV����  ���  PROHF�RUJ�SDUW� U  ���� J�FP�
�SDUWLFO��

7H���� ���� H�� ��� ���  ! ,����

,���� ���� H�� JDV���� �"� ���

%D���� ����� H�� a ��� ���  ! /D����

6U��� ����� H�� ��"�  ! �� � �"�

5X���� ����� H�� ����"�  ! �� ��� 5X2�� 5X2� ! µKRW SDUW¶ &KHUQRE\O FDVH

3X���� ����� H�� � �"� � �"� IRU WKH )%5 W\SH

3X���� ����� H�� � �"� � �"� ORQJ�WHUP HIIHFWV

6U��� ����� H�� � �"� � �"� QHDUHVW ]RQH

 GXULQJ ILUVW ZHHN WKH JDVHRXV IRUP �HOHPHQWDU\ DQG RUJDQLF� GRPLQDWHV IRU ,����� YG LV FRUUHFWHG�UHFDOFXODWHG IRU ���

JDVHRXV ,����� WKH GU\ GHSRVLWLRQ YHORFLW\ IRU ,���� SDUWLFOHV | YG IRU 62��

 WKH W\SLFDO GHSRVLWLRQ YHORFLWLHV DUH JLYHQ IRU D JUDVV VXUIDFH IRU PRVW RI WKH QXFOLGHV�

7KH�SK\VLFDO�DQG�FKHPLFDO�IRUP�RI�D�QXFOLGH�HIIHFWV�LWV�EHKDYLRXU�LQ�WKH�DWPRVSKHUH�DQG�PD\�LWVHOI

EH� VXEMHFWHG� WR� WUDQVIRUPDWLRQ� GXULQJ� DWPRVSKHULF� WUDQVSRUW�� 7KH� UDGLRDFWLYH� GHFD\� LV� WKH� PDLQ

PHFKDQLVP� RI� WUDQVIRUPDWLRQ�� +RZHYHU�� WKH� UDGLRQXFOLGHV� PLJKW� EH� HPLWWHG� LQ� YDULRXV� IRUPV�

LQFOXGLQJ��:DUQHU�	�+DUULVRQ�������

�� DQ�LQHUW�JDV��ORVW�IURP�WKH�DWPRVSKHUH�RQO\�E\�GHFD\��EXW�SRVVLEO\�SURGXFLQJ�GDXJKWHU�QXFOLGHV

ZLWK�GLIIHUHQW�SURSHUWLHV�

�� D�PRUH�UHDFWLYH�VSHFLHV�VXFK�DV�HOHPHQWDO�,�����ZKLFK�PD\�LQWHUDFW�SK\VLFDOO\�RU�FKHPLFDOO\�ZLWK

RWKHU�VSHFLHV��IRU�H[DPSOH�E\�DEVRUSWLRQ�RQ�WKH�VXUIDFH�RI�WKH�DPELHQW�DHURVRO��62��DQG�RWKHU��

�� DV�VPDOO�QXFOHL�PRGH�SDUWLFOHV��a�����PP�GLDPHWHU��ZKLFK�LQWHUDFW�ZLWK�WKH�DPELHQW�DHURVRO�

�� DV�LQ� WKH�FDVH�RI� WKH�DFWLQLGHV�DQG�PRUH�UHIUDFWRU\�QXFOLGHV�IURP�&KHUQRE\O��DWWDFKHG�WR�FRDUVH

IXHO�SDUWLFOHV�ZKLFK�VHGLPHQW�RXW�UDSLGO\�

�����5DGLRDFWLYH�GHFD\�VLPXODWLRQ

7KH�UDGLRDFWLYH�GHFD\� LV� WKH�PDLQ�PHFKDQLVP�RI� WUDQVIRUPDWLRQ�RI�PDQ\�EDVLF�GRVH��FRQWULEXWLQJ

QXFOLGHV� DQG� VKRXOG� EH� WDNHQ� LQWR� FRQVLGHUDWLRQ� IRU� VLPXODWLRQ� RI� WKH� SRVVLEOH� UDGLRDFWLYH

FRQWDPLQDWLRQ��7KH�GHFD\�HIIHFWV�LQ�WKH�IROORZLQJ�ZD\V�

x� VLPSOH�GHFD\�



��

x� GDXJKWHU�QXFOLGHV��%��RU�%���%��

x� VHFRQGDU\�GHFD\�RI�GDXJKWHU�QXFOLGHV��&��'�«��

,W�LV�SRVVLEOH�WR�VSOLW�GHFD\�VLPXODWLRQ�LQ�WKH�PRGHO�LQWR�WZR�EDVLF�VWHSV�

��� GXULQJ�WKH�DLUERUQH�WUDQVSRUW�IRU�VKRUW�OLYLQJ�QXFOLGHV��OLNH�,������LQWR�WKH�'(50$�PRGHO�

��� DIWHU�WKH�DLUERUQH�WUDQVSRUW�VLPXODWLRQ�IRU�GHSRVLWHG�WR�WKH�VXUIDFH�ORQJ�OLYLQJ�QXFOLGHV��OLNH�&V�

�����LQ�D�VHSDUDWH�VXESURJUDP�PRGHO�

6LPXODWLRQ�RI�SK\VLFDO�DQG�FKHPLFDO�IRUP�RI�QXFOLGHV�LQFOXGHV�IRU�,��������IRUPV�RI�,RGLQH��JDVHRXV

DQG�SDUWLFOHV��

x� (OHPHQWDO�,RGLQH�

x� 2UJDQLF�,RGLQH��&+�,��

x� $WWDFKHG�WR�DHURVRO�SDUWLFOHV�

'XULQJ� WKH� ILUVW�ZHHN� WKH�JDVHRXV� IRUP�GRPLQDWHV� IRU� ,������YG� LV� FRUUHFWHG�UHFDOFXODWHG� IRU� ���

JDVHRXV�,������ WKH�GU\�GHSRVLWLRQ�YHORFLW\� IRU� ,�����SDUWLFOHV� LV�DOPRVW�HTXDO� WR�YG� IRU�SDUWLFOHV�RI

62���

7KH�UDGLRDFWLYH�GHFD\�LV�WDNHQ�LQWR�DFFRXQW�WKURXJK�PRWKHU��$��DQG�SRVVLEOH�GDXJKWHU�QXFOLGHV��%�

&��«��E\�WKH�IROORZLQJ�IRUPXODH�

G$�GW� ��OD$��

G%�GW� ��OE%���OD$�� ����

G&�GW� ��OF&���OE%���OD$��

ZKHUH�OF��OE��OD �DUH�WKH�GHFD\�FRQVWDQWV�IRU�FRUUHVSRQGLQJ�QXFOLGHV�

7KH� VHFRQG� VWHS� RI� WKH� GHFD\� VLPXODWLRQ� DIWHU� WKH� DLUERUQH� WUDQVSRUW� IRU� GHSRVLWHG� WR� WKH� VXUIDFH

ORQJ�OLYLQJ�QXFOLGHV�LV�QRW�LQFOXGHG�LQWR�WKH�'(50$�VLPXODWLRQV�DW�WKH�FXUUHQW�VWDJH�

�����5HVXVSHQVLRQ�SURFHVVHV

$WPRVSKHULF� UHVXVSHQVLRQ� RI� UDGLRQXFOLGHV� FDQ� EH� D� VHFRQGDU\� VRXUFH� RI� FRQWDPLQDWLRQ� DIWHU� DQ

DFFLGHQWDO� UHOHDVH� KDV� VWRSSHG� RU� D� SULPDU\� VRXUFH� IRU� GXVWLQJ� WDLOLQJ� GXPSV� RQ� PLQLQJ� RU� RUH�

GUHVVLQJ�ZRUNV��*DUJHU�HW�DO���������*DYULORY�HW�DO����������+RZHYHU��UHVXVSHQVLRQ�SURFHVVHV�SOD\�DQ

LPSRUWDQW�UROH�IRU�WKH�ORFDO�VFDOH�FRQWDPLQDWLRQ��ILUVW�RI�DOO��WKHUHIRUH�DW�WKLV�VWDJH�ZH�FDQ�RPLW�WKHVH

SURFHVVHV�LQ�WKH�UHJLRQDO�VFDOH�PRGHO�



��

9��([DPSOHV�RI�GHSRVLWLRQ�VLPXODWLRQ�E\�WKH�'(50$�PRGHO

�����$OJHFLUDV�DFFLGHQW��6SDLQ

(DUOLHU�FRPSDULVRQV�RI�VLPXODWLRQV�E\�WKH�'(50$�PRGHO�YHUVXV�WKH�(7(;�H[SHULPHQW� LQYROYLQJ

SDVVLYH� WUDFHUV� JDYH� YHU\� JRRG� UHVXOWV� �*UD]LDQL� HW� DO��� ������� KRZHYHU� WKH\� GLG� QRW� LQFOXGH� LQWR

DFFRXQW� WKH� GHSRVLWLRQ� SURFHVVHV�� $V� WKH� ILUVW� VWHS� WR� YHULI\� WKH� GHSRVLWLRQ� SDUDPHWULVDWLRQV

LPSOHPHQWHG�LQ�WKH�'(50$�PRGHO��DQG�LQ�RUGHU�WR�VWXG\�HIIHFWV�RI�GHSRVLWLRQ��PRGHO�VLPXODWLRQV

KDYH�EHHQ�SHUIRUPHG� IRU� WKH�$OJHFLUDV� DFFLGHQWDO� UHOHDVH�RI� UDGLRDFWLYLW\��)RU� WKH� VLPXODWLRQV�ZH

XVHG�WKH�HPHUJHQF\�UHVSRQVH�YHUVLRQ�RI�WKH�'(50$�ZLWK�WKH�VLPSOH�SDUDPHWULVDWLRQ�RI�GHSRVLWLRQ

DQG�GHFD\��DFFRUGLQJ�WR���������������������������������

2Q����0D\��������D�&V�����VRXUFH�ZDV�DFFLGHQWDOO\�PHOWHG�LQ�RQH�RI�WKH�IXUQDFHV�DW�WKH�$FHULQR[

VWDLQOHVV�VWHHO�SURGXFWLRQ�SODQW�LQ�/RV�%DUULRV��QHDU�$OJHFLUDV��SURYLQFH�RI�&iGL]��6SDLQ��7KH�VRXUFH

ZDV�FRQWDLQHG� LQ� VFUDS�XVHG�DV� UDZ�PDWHULDO� IRU� VWHHO�SURGXFWLRQ� �&61��������9RJW� HW� DO��� ������

7KH�UHOHDVH�SDUDPHWHUV�ZHUH�QRW�ZHOO�HVWLPDWHG��$FFRUGLQJ�WR�WKH�6SDQLVK�1XFOHDU�6HFXULW\�$JHQF\

�&61���WKH�PRVW�OLNHO\�UHOHDVH�UDWH�ZDV������&L����&L� ����Â��
��
�%T��EHWZHHQ�������87&�RQ����0D\�

)LJXUH����7KH�DUHD�IRU�WKH�5702'�VLPXODWLRQV�IRU�WKH�$OJHFLUDV�DFFLGHQWDO�UHOHDVH�



��

7KH� VWXG\� DUHD� HQFRPSDVVHV� WKH�(XURSHDQ� UHJLRQ� EHWZHHQ� ���:� WR� ���(� DQG� ���1� WR� ����1�� 7KH

PHWHRURORJLFDO�DQDO\VHG�GDWD�VHW�IRU����0D\������-XQH�������IURP�WKH������GHJUHH��DSSUR[LPDWHO\

��� NP�� KRUL]RQWDO� UHVROXWLRQ� YHUVLRQ� RI� WKH� '0,�+,5/$0�PRGHO� ZDV� XVHG� IRU� WKH� VLPXODWLRQ�

)LJXUH���VKRZV�WKH�DUHD��D�VXE�UHJLRQ�RI�WKH�'0,�+,5/$0�DUHD���ZKLFK�ZDV�XVHG�IRU�VLPXODWLRQV

RI�WKH�$OJHFLUDV�DFFLGHQWDO�UHOHDVH�

7KH�PHWHRURORJLFDO�GDWD�FRQVLVW�RI�DQDO\VHG�GDWD�IURP������������DQG����87&��DQG����DQG����KRXU

IRUHFDVW� GDWD� ILOOLQJ� RXW� WKH� JDSV� EHWZHHQ� DQDO\VHV� WKXV� SURGXFLQJ� D� ��KRXUO\� WLPH� UHVROXWLRQ

�6¡UHQVHQ���������7KH�IROORZLQJ�PXOWL�OHYHO�ILHOGV�

��X�ZLQG�FRPSRQHQW�

��Y�ZLQG�FRPSRQHQW�

��WHPSHUDWXUH�

��VSHFLILF�KXPLGLW\�

DQG�VLQJOH�OHYHO�ILHOGV�

��VXUIDFH�JHRSRWHQWLDO�

��VXUIDFH�SUHVVXUH�

��VHD�VXUIDFH�WHPSHUDWXUH�

��VXUIDFH�WHPSHUDWXUH�

����PHWHU�WHPSHUDWXUH�

����PHWHU�VSHFLILF�KXPLGLW\�

�����PHWHU�X�ZLQG�FRPSRQHQW�

�����PHWHU�Y�ZLQG�FRPSRQHQW�

��IUDFWLRQ�RI�LFH�

��IUDFWLRQ�RI�ODQG�

��DOEHGR�

��G\QDPLF��VHD��VXUIDFH�URXJKQHVV�

��FOLPDWRORJLFDO�VXUIDFH�URXJKQHVV�

��VXUIDFH�VHQVLEOH�KHDW�IOX[�

��VXUIDFH�ODWHQW�KHDW�IOX[�

��VXUIDFH�PRPHQWXP�IOX[�

��DFFXPXODWHG�VWUDWLIRUP�SUHFLSLWDWLRQ�

��DFFXPXODWHG�FRQYHFWLYH�SUHFLSLWDWLRQ

IURP�WKH�'0,�+,5/$0�PRGHO�ZHUH�XVHG�

$FFRUGLQJ�WR�WKH�ILUVW�UHTXLUHPHQWV�WR�WKH�SDUWLFLSDQWV�RI�WKH�$OJHFLUDV�5702'�LQWHU�FRPSDULVRQ��D

&V�����UHOHDVH�RI�a���&L�VWDUWV�RQ����0D\�������87&������KRXUV�GXUDWLRQ�DW��q���
�����:�DQG���q

��
�����1��7KH�VRXUFH�PDWHULDO�LV�GHSRVLWLQJ���9G� ����FP�VHF��

1H[W� UHTXLUHPHQWV� WR� WKH� 5702'� SDUWLFLSDQWV� RI� WKH� $OJHFLUDV� LQWHU�FRPSDULVRQ� ZHUH� WKH

IROORZLQJ��WKH�UHOHDVH�KDV�WDNHQ�SODFH�DW�����P�DERYH�JURXQG��7KH�VRXUFH�VWUHQJWK�ZDV�GHFLGHG�WR�EH

���&L�KU�RI�&V������WKH�GXUDWLRQ�RI�RQH�KRXU��7KH�VXJJHVWHG�GHSRVLWLRQ�YHORFLW\�ZDV�����FP�V�DQG�WKH

VXJJHVWHG� ZDVK� RXW� FRHIILFLHQW� ZDV� ��(���� V
��
� FRUUHVSRQGLQJ� WR� �� PP� KU

��
� SUHFLSLWDWLRQ� LQWHQVLW\�

+RZHYHU��SDUWLFLSDQWV�ZHUH�OHIW�IUHH�WR�XVH�DQ\�YDOXH�GLIIHUHQW�IURP�WKRVH�VXJJHVWHG�

)LJXUHV���DQG���VKRZ�WKH�'(50$�VLPXODWLRQ�UHVXOWV�IRU�WKH�ILUVW�UHOHDVH�VFHQDULR�RI�WKH�VXUIDFH�DLU

FRQFHQWUDWLRQV�RI�
���
&V��%T�P

�
��IRU�WKH�ILUVW���GD\V��GXULQJ����0D\����-XQH�������HDFK����KRXUV����

	����87&��



��

�
)LJXUH����$LU�FRQFHQWUDWLRQ�RI�

���
&V��P%T�P

�
��GXULQJ����0D\����-XQH����������	����87&�

�� 0D\ ����� �� 87& �� 0D\ ����� �� 87&

�� 0D\ ����� �� 87&
�� -XQH ����� �� 87&

�� -XQH ����� �� 87& �� -XQH ����� �� 87&
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7KH�ILUVW�PDS�RI�WKH�ILJXUH���VKRZV�WKH�FRQFHQWUDWLRQ�SDWWHUQ����KRXUV�DIWHU�WKH�HQG�RI�WKH�UHOHDVH�DW

��� 87&� RQ� ���0D\�� 7KH� UHOHDVHG� SOXPH� H[WHQGV� RYHU� WKH� 0HGLWHUUDQHDQ� VHD� DQG� RQO\� VOLJKWO\

WRXFKHV� WKH� WHUULWRU\�RI�$IULFD� �$OJHULD�� DQG� WKH� VRXWK�ZHVW� FRVW� RI� WKH� ,EHULDQ�SHQLQVXOD� FORVH� WR

3DORPDUHV��1H[W�PDSV�RI�WKH�ILJXUH���VKRZ�WUDQVSRUW�DQG�GLVSHUVLRQ�RI�WKH�SOXPH�HDFK����KRXUV�

1H[W�KRXUV�WKH�SOXPH�H[WHQGV�RYHU�WKH�ZHVWHUQ�SDUW�RI�WKH�0HGLWHUUDQHDQ�VHD�DQG�DURXQG����87&

RQ����0D\�LW�UHDFKHV�WKH�6DUGLQLD�LVODQG�DQG�WKUHH�KRXUV�ODWHU���WKH�FRDVW�RI�VRXWK�HDVW�)UDQFH�DQG

DERXW�������87&���WKH�QRUWK�ZHVW�H[WUHPLW\�RI�,WDO\��$IWHU�WKDW��D�QRUWKHUQ�SHULSKHU\�RI�WKH�SOXPH

FRYHUV�D�ODQG�WHUULWRU\�RI�VRXWK�HDVW�)UDQFH�DQG�QRUWK�,WDO\��WZR�ODVW�PDSV�LQ�WKH�ILJXUH�����6LQFH���

87&�RQ���� -XQH� WKH�PDLQ� SDUW� RI� WKH� SOXPH� H[WHQGV� RYHU�)UDQFH�� ,WDO\�� 6ZLW]HUODQG� DQG�$XVWULD

�)LJXUH�����7KHQ��GXULQJ�WKH�PRUQLQJ�KRXUV�RQ����-XQH�WKH�&V�FRQFHQWUDWLRQ�RI�WKH�SOXPH�VWURQJO\

GHFUHDVHG��PRVWO\�GXH�WR�WKH�VFDYHQJLQJ�E\�SUHFLSLWDWLRQ�

)LJXUHV� ���� VKRZ� WKH� '(50$� VLPXODWLRQ� UHVXOWV� RI� WKH� FXPXODWLYH� GHSRVLWLRQ� SDWWHUQ� RI�
���
&V

�%T�P
�
��E\�WKH�GU\��)LJXUH����DQG�ZHW�GHSRVLWLRQV��)LJXUH����DQG�E\�WKH�WRWDO�GHSRVLWLRQ��)LJXUH�����

GD\V�DIWHU�WKH�UHOHDVH�����-XQH����������87&�IRU�WKH�ILUVW�UHOHDVH�VFHQDULR�

'XULQJ�WKH�ILUVW�WZR�DQG�D�KDOI�GD\V��WKH�GU\�GHSRVLWLRQ�WRWDOO\�GRPLQDWHG�LQ�WKH�GHSRVLWLRQ�SDWWHUQ�

WKHUHIRUH�WKH�WRWDO�GHSRVLWLRQ�WR�WKH�0HGLWHUUDQHDQ�VHD�LV�FRQGLWLRQHG�E\�WKH�GU\�GHSRVLWLRQ��)LJ����

����2YHU�WKH�(XURSHDQ�WHUULWRU\��WKH�ZHW�GHSRVLWLRQ�SOD\V�DQ�LPSRUWDQW�UROH�GXH�WR�WKH�SUHFLSLWDWLRQ

RYHU�)UDQFH��*HUPDQ\��,WDO\��6ZLW]HUODQG��$XVWULD�DQG�RWKHU�FHQWUDO�(XURSHDQ�FRXQWULHV�GXULQJ����

���-XQH��2YHU�WKLV�WHUULWRU\�WKH�ZHW�GHSRVLWLRQ�SOD\V�DV�LPSRUWDQW�UROH�DV�WKH�GU\�GHSRVLWLRQ�RU�HYHQ

GRPLQDWHV�RYHU�WKH�GU\�GHSRVLWLRQ��HVSHFLDOO\�IRU�WKH�QRUWKHUQ�DUHDV��FRYHUHG�E\�WKH�SOXPH�

1HLWKHU�WKH�UDGLRDFWLYLW\�OHYHOV�GHWHFWHG�LQ�(XURSH�QRU�WKRVH�GHWHFWHG�FORVH�WR�WKH�VRXUFH�ZHUH�VXFK

DV� WR�KDYH�DQ\�HIIHFW�RQ� WKH�KHDOWK�RI� LQGLYLGXDOV�RU� WKH�HQYLURQPHQW��7KH� UDGLRDFWLYH�SOXPH�ZDV

GHWHFWHG�DW�D�QXPEHU�RI�(XURSHDQ�UDGLRORJLFDO�VWDWLRQV��)LJXUH����

6LPXODWLRQ� UHVXOWV� KDYH� EHHQ� FRPSDUHG� ZLWK� PHDVXUHPHQW� GDWD� IURP� QLQH� (XURSHDQ� PRQLWRULQJ

VWDWLRQV��WKDW�PHDVXUHG�D�VLJQLILFDQW�OHYHO�RI�&V�����FRQFHQWUDWLRQ��)LJ����VKRZV�WKH�QDPHV�RI�WKRVH

VWDWLRQV���7DEOH���SUHVHQWV�WKH�DYHUDJH�FRQFHQWUDWLRQ�RI�&V�����PHDVXUHG�DW�WKH�PRQLWRULQJ�VWDWLRQV

LQ�FRPSDULVRQ�ZLWK�WKDW�VLPXODWHG�E\�'(50$�IRU�WKH�VHFRQG�VFHQDULR�

6HYHUDO�H[DPSOHV�RI�D�VLPXODWLRQ�DQG�PHDVXUHPHQW�FRPSDULVRQ�DUH�VKRZQ�DV�JUDSKV�LQ�)LJXUHV���

����7KH�ILJXUHV�SUHVHQW�KRXUO\�DYHUDJH�FRQFHQWUDWLRQ�RI�&V�����FDOFXODWHG�E\�'(50$��WKLFN�FXUYH�

DQG� GDLO\�DYHUDJH� RU� VHYHUDO�GD\V�DYHUDJH� FRQFHQWUDWLRQV� PHDVXUHG� DW� GLIIHUHQW� (XURSHDQ

PRQLWRULQJ�VWDWLRQV��WKLQ�FXUYH��IRU�GLIIHUHQW�SHULRGV�EHWZHHQ����0D\�DQG���-XQH�

$QDO\VLV� RI� 7DEOH� �� DQG� WKH� ILJXUHV� LQGLFDWHV� D� IDLU� DJUHHPHQW� LQ� JHQHUDO� ZLWK� WKH� VLPXODWHG

FRQFHQWUDWLRQ�� +RZHYHU�� WKH� PRGHO� VLJQLILFDQWO\� RYHUHVWLPDWHV� FRQFHQWUDWLRQV� IRU� ,VSUD�� 0LODQR�

1LFH�� &DGDUDFKH�� 0DUFRXOH�� WKH� PRGHOOHG� FRQFHQWUDWLRQV� DUH� ������ WLPHV� KLJKHU� WKDQ� PHDVXUHG

OHYHOV��$YHUDJH�FRQFHQWUDWLRQV�RI�&V�����PHDVXUHG�DW�7RXORQ�/D�6H\QH��0RQWSHOOLHU��0RQWIDXFRQ

DUH� ������ WLPHV� ORZHU� LQ� FRPSDULVRQ�ZLWK� WKH� FDOFXODWLRQV� E\�'(50$�� 7KH�PD[LPXP� RI� GDLO\�

DYHUDJH�FRQFHQWUDWLRQ��PHDVXUHG�DW�1LFH�LV����WLPHV�ORZHU�WKDQ�WKH�PRGHOOHG�FRQFHQWUDWLRQV�IRU����

-XQH�DQG�����WLPHV�ORZHU�IRU�����-XQH�



��

)LJXUH����$LU�FRQFHQWUDWLRQ�RI�
���
&V��P%T�P

�
��GXULQJ�������-XQH����������	����87&�

�� -XQH ����� �� 87& �� -XQH ����� �� 87&

�� -XQH ����� �� 87& �� -XQH ����� �� 87&

�� -XQH ����� �� 87& �� -XQH ����� �� 87&



��

)LJXUH����&XPXODWLYH�GHSRVLWLRQ�SDWWHUQ�RI�
���
&V��P%T�P

�
��E\�WKH�GU\�GHSRVLWLRQ���GD\V�DIWHU

WKH�UHOHDVH�����-XQH����������87&�



��

)LJXUH����&XPXODWLYH�GHSRVLWLRQ�SDWWHUQ�RI�
���
&V��P%T�P

�
��E\�WKH�ZHW�GHSRVLWLRQ���GD\V�DIWHU

WKH�UHOHDVH�����-XQH����������87&�



��

)LJXUH����&XPXODWLYH�WRWDO�GHSRVLWLRQ�SDWWHUQ�RI�
���
&V��P%T�P

�
��E\�WKH�GU\�DQG�ZHW�GHSRVLWLRQ

��GD\V�DIWHU�WKH�UHOHDVH�����-XQH����������87&�



��

3DORPDUHV

1LFH

0LODQR,VSUD

7RXORQ

0RQWSHOOLHU
&DGDUDFKH

0RQWIDXFRQ

0DUFRXOH

)LJXUH����/RFDWLRQV�RI�WKH�(XURSHDQ�UDGLRORJLFDO�PRQLWRULQJ�VWDWLRQV��PHDVXUHG�&V���

DLU�FRQFHQWUDWLRQ�DIWHU� WKH�$OJHFLUDV�DFFLGHQWDO�UHOHDVH��7KH�QDPHV�LQGLFDWHG

RQO\�IRU�WKH�VWDWLRQV��WKDW�ZHUH�XVHG�IRU�RXU�FRPSDULVRQ�



��

7KH�PDLQ�PD[LPD�RI�FRQFHQWUDWLRQ��SUHGLFWHG�E\�WKH�'(50$�PRGHO��ZHOO�FRLQFLGH�WHPSRUDOO\�ZLWK

WKH�PHDVXUHPHQW�SHDNV�IRU�WKH�PRQLWRULQJ�VWDWLRQV�,VSUD�DQG�RWKHUV��&RPSDULVRQV�RI�WKH�HVWLPDWHG

$%/�KHLJKW� LQ�'(50$�ZLWK�PHDVXUHPHQW�GDWD�IRU� WKH�*LEUDOWDU�DHURORJLFDO�VWDWLRQ�DW� WKH� UHOHDVH

WLPH�VKRZ�YHU\�JRRG�DJUHHPHQW�����P�WR����P��

/HW¶V�FRQVLGHU�LQ�PRUH�GHWDLOV�WKH�UHVXOWV�IRU�WKH�VWDWLRQ�,VSUD��ZKHUH�GDLO\�PHDVXUHPHQWV�ZHUH�PDGH�

$�FRQVLGHUDEOH�RYHUHVWLPDWLRQ�RI�WKH�PRGHO�FRQFHQWUDWLRQ�WDNHV�SODFH�RQO\�IRU�WKH�PDLQ�SHDNV�RQ���

��-XQH��LQ�������WLPHV���,W�VHHPV��WKH�UHOHDVH�ODVWHG�IRU�D�ORQJHU�WLPH�DQG�FRQWLQXHG�DIWHU����87&�

EHFDXVH� WKH� PRGHO� FRQFHQWUDWLRQV� IRU� ���� DQG� ���� -XQH� ZHUH� FRQVLGHUDEO\� ORZHU� WKDQ� WKRVH

PHDVXUHG��DQG�WKH�PHDQ�YDOXHV�IRU�����-XQH�GLIIHUV�RQ�������2WKHU�UHDVRQ�IRU�WKLV�GLIIHUHQFH�PLJKW

EH�D�VLPSOLILFDWLRQ�RI�WKH�GHVFULSWLRQ�RI�WKH�YHUWLFDO�GLVWULEXWLRQ�RI�SROOXWDQWV�DV�HYHQO\�PL[HG�DORQJ

$%/�

)RU�WKH�VWDWLRQ�1LFH��WKH�VLWXDWLRQ�ZDV�GLIIHUHQW��WKH�FHQWUH�RI�WKH�PRGHO�SOXPH�SDVVHG�H[DFWO\�RYHU

1LFH���������VR�ZH�JRW�D�YHU\�KLJK�FRQFHQWUDWLRQ�WKDW�GD\��,W�VHHPV��LQ�WKH�UHDOLW\�WKH�FHQWUH�RI�WKH

SOXPH�ZLWK�PD[LPDO�FRQFHQWUDWLRQ�SDVVHG�DVLGH�WKH�VWDWLRQ��%HVLGHV��WKLV�VWURQJ�GLIIHUHQFH�PLJKW�EH

H[SODLQHG�E\�WKH�SRRUO\�GHILQHG�WLPH�RU�GXUDWLRQ�RI�WKH�UHOHDVH�

7DEOH����$YHUDJH�FRQFHQWUDWLRQ�RI�&V�����PHDVXUHG�DW�QLQH�(XURSHDQ�PRQLWRULQJ�VWDWLRQV�LQ

FRPSDULVRQ�ZLWK�D�FDOFXODWLRQ�E\�'(50$�

� 6LWH�QDPH $YHUDJLQJ�SHULRG 0HDVXUHG��P%T�P
�
� 0RGHOOHG��P%T�P

�
�

� ,VSUD ����-XQH

����-XQH

����-XQH

����-XQH

����-XQH

����-XQH

���0D\���-XQH

����-XQH

���

���

���

���

���

���

���

���

���

����

����

���

�

���

���

����

� 0LODQR ����-XQH ���� ����

� 1LFH ����-XQH

����-XQH

����

���

�����

����

� 7RXORQ�/D�6H\QH ���0D\���-XQH

����-XQH

�����-XQH

������-XQH

����

���

���

���

����

���

�

�

� &DGDUDFKH ����-XQH

����-XQH

����

���

����

���

� 0RQWSHOOLHU ����-XQH

����-XQH

���

���

���

���

� 0RQWIDXFRQ ����-XQH ��� ���

� 0DUFRXOH ����-XQH ��� ���

� 3DORPDUHV ���0D\���-XQH

����-XQH

���

�

PD[�����

�



��

)LJXUH����+RXUO\�DYHUDJH�FRQFHQWUDWLRQ�RI�&V�����FDOFXODWHG�E\�'(50$��WKLFN�FXUYH��DQG�GDLO\�

DYHUDJH�FRQFHQWUDWLRQ�PHDVXUHG�DW�-5&��,VSUD��,WDO\�WKLQ�FXUYH��

)LJXUH����+RXUO\�DYHUDJH� FRQFHQWUDWLRQ�RI�&V�����FDOFXODWHG�E\�'(50$��WKLFN� FXUYH�� DQG� WZR�

GD\�DYHUDJH�FRQFHQWUDWLRQ�IRU�����-XQH�PHDVXUHG�DW�0LODQR��,WDO\��WKLQ�FXUYH��



��

)LJXUH�����+RXUO\�DYHUDJH�FRQFHQWUDWLRQ�RI�&V�����FDOFXODWHG�E\�'(50$��WKLFN�FXUYH��DQG�GDLO\�

DYHUDJH�FRQFHQWUDWLRQ�IRU�����-XQH�PHDVXUHG�DW�1LFH��)UDQFH��WKLQ�FXUYH��

)LJXUH� ���� +RXUO\�DYHUDJH� FRQFHQWUDWLRQ� RI� &V����� FDOFXODWHG� E\� '(50$� �WKLFN� FXUYH�� DQG

VHYHUDO�GD\�DYHUDJH�FRQFHQWUDWLRQV�IRU����0D\�����-XQH�DQG�����-XQH�PHDVXUHG�DW�7RXORQ�/D�6H\QH�

)UDQFH��WKLQ�FXUYH��



��

)LJXUH�����+RXUO\�DYHUDJH�FRQFHQWUDWLRQ�RI�&V�����FDOFXODWHG�E\�'(50$��WKLFN�FXUYH��DQG�GDLO\�

DYHUDJH�FRQFHQWUDWLRQ�IRU�����-XQH�PHDVXUHG�DW�&DGDUDFKH��)UDQFH��WKLQ�FXUYH��

)LJXUH�����+RXUO\�DYHUDJH�FRQFHQWUDWLRQ�RI�&V�����FDOFXODWHG�E\�'(50$��WKLFN�FXUYH��DQG�GDLO\�

DYHUDJH�FRQFHQWUDWLRQ�IRU�����-XQH�PHDVXUHG�DW�0RQWSHOOLHU��)UDQFH��WKLQ�FXUYH��



��

)LJXUH�����+RXUO\�DYHUDJH�FRQFHQWUDWLRQ�RI�&V�����FDOFXODWHG�E\�'(50$��WKLFN�FXUYH��DQG�GDLO\�

DYHUDJH�FRQFHQWUDWLRQ�IRU�����-XQH�PHDVXUHG�DW�0RQWIDXFRQ��)UDQFH��WKLQ�FXUYH��

)LJXUH�����+RXUO\�DYHUDJH�FRQFHQWUDWLRQ�RI�&V�����FDOFXODWHG�E\�'(50$��WKLFN�FXUYH��DQG�GDLO\�

DYHUDJH�FRQFHQWUDWLRQ�IRU�����-XQH�PHDVXUHG�DW�0DUFRXOH��)UDQFH��WKLQ�FXUYH��



��

+LJK� FRQFHQWUDWLRQ� RI� &V�� UHJLVWUDWHG� DW� 3DORPDUHV� IRU� WKH� SHULRG� RI� ���0D\� �� ��� -XQH� ZDV� QRW

UHSURGXFHG�E\�WKH�PRGHO��7DEOH�����EHFDXVH� WKH�PRQLWRULQJ�VWDWLRQ� LV�VLWXDWHG�RQ� WKH�SHULSKHU\�RI

WKH�SOXPH�DQG�WKH�PRGHOOHG�SOXPH�RQO\�VOLJKWO\�WRXFKHV�WKH�VRXWK�ZHVW�FRVW�RI�WKH�,EHULDQ�SHQLQVXOD

DQG�3DORPDUHV�E\����87&�RQ����0D\�ZLWK�D�YHU\�ORZ�FRQFHQWUDWLRQ��PD[������P%T�P
�
���SUREDEO\�

GXH�WR�OLPLWHG�UHVROXWLRQ�RI�WKH�PHWHRURORJLFDO�ILHOGV�

'XH�WR�WKH�SRRU�HVWLPDWLRQ�RI�WKH�UHOHDVH�SDUDPHWHUV��DFFRUGLQJ�WR�&61�WKH�UHOHDVH�UDWH�ZDV������&L

EHWZHHQ� ��� DQG� ���87&� RQ� ���0D\��� D�PDLQ� SRVVLEOH� UHDVRQ� RI� WKH�PRGHO� RYHUHVWLPDWLRQ� LV� DQ

RYHUHVWLPDWLRQ� RI� WKH� UHOHDVH� E\� D� IDFWRU� RI� ������ �WKH� SURSRVHG� UHOHDVH� ZDV� DERXW� ��� &L�� RU� D

GLIIHUHQW� WLPH� RU� GXUDWLRQ� RI� WKH� UHOHDVH�� 7R� DQVZHU� WKH� ODVW� TXHVWLRQ�� LW� LV� QHFHVVDU\� WR� VWXG\� D

VHQVLWLYLW\�RI�WKH�SOXPH�FRQFHQWUDWLRQ�WR�WKH�WLPH�DQG�GXUDWLRQ�RI�WKH�UHOHDVH��0RUHRYHU��DGGLWLRQDO

'(50$�VLPXODWLRQV�ZLWK�EHWWHU�KLJKHU� UHVROXWLRQ�RI� WKH�PHWHRURORJLFDO�'0,�+,5/$0�GDWD� �WKH

�����GHJUHH�KRUL]RQWDO�UHVROXWLRQ�JULG��VKRZ�D�KLJK�VHQVLWLYLW\�RI�WKH�FRQFHQWUDWLRQ�DQG�GHSRVLWLRQ

ILHOGV�WR�WKH�ZLQG�ILHOG�UHVROXWLRQ�



��

�����,1(;���H[HUFLVH��WKH�3HUWK�133��+XQJDU\

2Q���1RYHPEHU��������DQ�LQWHUQDWLRQDO�QXFOHDU�HPHUJHQF\�H[HUFLVH��,1(;���+XQ��WRRN�SODFH�ZLWK�D

K\SRWKHWLFDO�UHOHDVH�IURP�WKH�QXFOHDU�SRZHU�SODQW�LQ�3DNV��+XQJDU\��'0,�WRRN�SDUW�LQ�WKLV�H[HUFLVH

SURYLGLQJ�WKH�'DQLVK�(PHUJHQF\�0DQDJHPHQW�$JHQF\��'(0$��ZLWK�SUHGLFWHG�FRQFHQWUDWLRQ�DQG

GHSRVLWLRQ�ILHOGV�FDOFXODWHG�E\�WKH�'(50$�PRGHO�XVLQJ�'0,�+,5/$0�GDWD�

7KH�VRXUFH�WHUP�LQIRUPDWLRQ�ZDV�XVHG�IURP�GLIIHUHQW�VRXUFHV��WKH�ILUVW�VFHQDULR�IURP�'(0$�RQ�WKH

ILUVW�VWHS�RI�WKH�IRUHFDVW�DQG�IURP�WKH�52'26�SURJUDPPH��� WKH�VHFRQG�VFHQDULR��7KH�LQIRUPDWLRQ

ZH�JRW�IURP�'(0$�RQ�WKH�VRXUFH�WHUP�ZDV�GLIIHUHQW�IURP�WKDW�HVWLPDWHG�E\�52'26�

$FFRUGLQJ� WR� WKH� ILUVW� VFHQDULR�� WKH� K\SRWKHWLFDO� UHOHDVH� VWDUWHG� DW� ����� 87&� RQ� ����������� DQG

ODVWHG�IRU���KRXUV��WKH�UHOHDVHG�DPRXQW�ZDV�����3%T�RI�,�����

7KH� VHFRQG� FRUUHFWHG� VFHQDULR� RI� WKH� UHOHDVH� LV� WKH� IROORZLQJ�� VWDUWV� DW� ������87&�� GXUDWLRQ� LV� �

KRXUV��UHOHDVHG�DPRXQWV�DUH�EDVHG�RQ�WKH�IROORZLQJ�,$($�LQIRUPDWLRQ����3%T�RI�,����������3%T�RI

&V����������3%T�RI�&V���������3%T�RI�WKH�QREOH�JDVHV�

)RU�WKRVH�WZR�FDVH�VWXGLHV�WKH�'(50$�ORQJ�UDQJH�GLVSHUVLRQ�PRGHO�ZDV�UXQ�XVLQJ�'0,�+,5/$0

GDWD�ZLWK���NP�KRUL]RQWDO�UHVROXWLRQ�

)LJXUH�����'(50$�UHVXOWV��$LU�FRQFHQWUDWLRQ�RI�
���
&V��N%T�P

�
������������DQG����KRXUV�DIWHU�WKH

VWDUW�RI�WKH�UHOHDVH�RQ�������1RYHPEHU����������	����87&��7KH�VHFRQG�VFHQDULR�



��

)LJXUH� ��� VKRZV� WKH�'(50$�VLPXODWLRQ� UHVXOWV� IRU� WKH� VHFRQG� UHOHDVH� VFHQDULR� RI� WKH� VXUIDFH� DLU

FRQFHQWUDWLRQV�RI�
���
&V�IRU�WKH�ILUVW���GD\V������������DQG����KRXUV�DIWHU�WKH�VWDUW�RI�WKH�UHOHDVH�RQ����

���1RYHPEHU����������	����87&��

7KH�ILUVW�PDS�RI�)LJXUH����VKRZV�WKH�DLU�FRQFHQWUDWLRQ�SDWWHUQ�RI�
���
&V���KRXUV�DIWHU�WKH�VWDUW�RI�WKH

UHOHDVH� DW� ��� 87&� RQ� ��� 1RYHPEHU�� 7KH� UHOHDVHG� SOXPH� H[WHQGV� RYHU� WKH� HDVWHUQ� SDUW� RI� WKH

+XQJDULDQ� WHUULWRU\�� WKH� WHUULWRU\� RI� 8NUDLQH� DQG� VOLJKWO\� WRXFKHV� WKH� VRXWK�ZHVW� SDUW� RI� %HODUXV�

1H[W�PDSV�RI�WKH�ILJXUH����VKRZ�WUDQVSRUW�DQG�GLVSHUVLRQ�RI�WKH�SOXPH�HDFK����KRXUV��1H[W�KRXUV

WKH�SOXPH�H[WHQGV�RYHU�WKH�WHUULWRU\�RI�8NUDLQH��5XVVLD�DQG�SDUWO\�RYHU�%HODUXV�

)LJXUH����VKRZV�WKH�'(50$�VLPXODWLRQ�UHVXOWV�RI� WKH�H[WHUQDO�GRVH� �OHIW��DQG� WKH� WRWDO�GHSRVLWLRQ

�ULJKW��RI�
���
&V�E\�WKH�GU\�DQG�ZHW�GHSRVLWLRQV����KRXUV�DIWHU�WKH�VWDUW�RI�WKH�UHOHDVH�RQ����1RYHPEHU

���������87&�IRU�WKH�VHFRQG�UHOHDVH�VFHQDULR�

�

)LJXUH�����'(50$�UHVXOWV��([WHUQDO�GRVH� �OHIW��DQG� WRWDO�GHSRVLWLRQ�RI�
���
&V��N%T�P

�
�� �ULJKW����

KRXUV�DIWHU�WKH�VWDUW�RI�WKH�UHOHDVH�RQ����1RYHPEHU����������87&��7KH�VHFRQG�VFHQDULR�

)RU�D�FRPSDULVRQ�ZH�VKRZ�UHOHYDQW�VLPXODWLRQ�UHVXOWV�RI�WKH�)LQLVK�0HWHRURORJLFDO�,QVWLWXWH��)0,�

E\�WKH�6,/$0�PRGHO��)0,���������)LJXUH����VKRZV�WKH�DLU�FRQFHQWUDWLRQ����	�����KRXUV�DIWHU�WKH

VWDUW� RI� WKH� UHOHDVH� IRU� WKH� VHFRQG� VFHQDULR� �)0,�� ������� )LJXUH� ��� VKRZV� WKH� H[WHUQDO� GRVH� UDWH

�FORXG���IDOORXW��DW������	�����K�DIWHU�WKH�VWDUW�RI�WKH�UHOHDVH��)0,��������

$V�LW�VHHQ��RXU�'(50$�UHVXOWV�GR�QRW�VHHP�WR�GLIIHU�PXFK�IURP�ZKDW�FDQ�EH�VHHQ�IURP�)0,�E\�WKH

6,/$0�PRGHO�DQG�IURP�WKH�6ZHGLVK�0HWHRURORJLFDO�DQG�+\GURORJLFDO�,QVWLWXWH�VLPXODWLRQV�E\�WKH

0$7&+�PRGHO��60+,��������



��

��

)LJXUH� ����6,/$0� UHVXOWV�� $LU� FRQFHQWUDWLRQ� ���	� ���� KRXUV� DIWHU� WKH� VWDUW� RI� WKH� UHOHDVH�� 7KH

VHFRQG�VFHQDULR��)0,��������

��

)LJXUH�����6,/$0�UHVXOWV��([WHUQDO�GRVH�UDWH��FORXG���IDOORXW��DW������	�����K�DIWHU�WKH�VWDUW�RI�WKH

UHOHDVH��7KH�VHFRQG�VFHQDULR��)0,��������



��

9,��&21&/86,216

7KH�'DQLVK�(PHUJHQF\�5HVSRQVH�0RGHO�RI�WKH�$WPRVSKHUH��'(50$��ZDV�LPSURYHG�E\�LQFOXGLQJ

SURFHVVHV� RI� WKH� GHSRVLWLRQ� DQG� UDGLRDFWLYH� GHFD\�� 'LIIHUHQW� SDUDPHWHULVDWLRQV� RI� WKH� UHPRYDO

SURFHVVHV� E\� WKH� GU\� DQG� ZHW� GHSRVLWLRQ� RI� UDGLRQXFOLGHV� WR� WKH� VXUIDFH� ZHUH� DQDO\VHG�� )RU

HPHUJHQF\�UHVSRQVH�DQG�IRU�SRVW�DFFLGHQWDO�DQDO\VLV��GLIIHUHQW�YHUVLRQV�RI� WKH�'(50$�PRGHO�DUH

VXJJHVWHG� XVLQJ� GLIIHUHQW� DSSURDFKHV� DQG� FRPSOH[LWLHV� IRU� WKH� SDUDPHWHULVDWLRQ� RI� WKH� GHSRVLWLRQ

SURFHVVHV�

,W�ZDV� VKRZQ� WKDW� WKH�ZDVKRXW� FRHIILFLHQW�/� VWURQJO\� GHSHQGV� RQ� WKH� SDUWLFOH� VL]H� �WKH� VR�FDOOHG

µ*UHHQILHOG�JDS¶���DOWKRXJK�LQ�PRVW�H[LVWLQJ�PRGHOV�RI� ORQJ�UDQJH�SROOXWLRQ�WUDQVSRUW� WKH�ZDVKRXW

FRHIILFLHQW� GRHV� QRW� GHSHQG� RQ� SDUWLFOH� UDGLXV�� 7KHUHIRUH�� D� UHYLVHG� IRUPXODWLRQ� RI� WKH� ZHW

GHSRVLWLRQ�SDUDPHWHULVDWLRQ�IRU�SDUWLFOHV�RI�GLIIHUHQW�VL]H�ZDV�VXJJHVWHG�

)RU�DFFLGHQWDO�UHOHDVHV�IURP�QXFOHDU�SRZHU�SODQWV��SDUWLFOHV�VPDOOHU�WKDQ�����PP�UDGLXV�FDQ�SOD\�DQ

LPSRUWDQW�UROH�LQ�ORQJ�UDQJH�WUDQVSRUW�DQG�GRVH�IRUPLQJ��WKHUHIRUH�WKH�IRUPXODWLRQ�VXJJHVWHG�IRU�WKH

ZDVKRXW� FRHIILFLHQW� LQ� WKH� '(50$�PRGHO�� LQ� FRQWUDVW� WR� WKH� IRUPXODWLRQ� LQ� WKH� $'3,&�PRGHO�

LQFOXGHV�WKH�PHFKDQLVP�RI�WKH�%URZQLDQ�FDSWXUH�DQG�FRYHUV�D�JDS�RI�WKH�ZDVKRXW�SDUDPHWHULVDWLRQ

IRU�VPDOO�SDUWLFOHV�

)RU�KHDY\�SDUWLFOHV��US�!���PP���WKH�JUDYLWDWLRQ�VHWWOLQJ�HVVHQWLDOO\�HIIHFWV�WKH�SURFHVV�RI�GHSRVLWLRQ

WR�WKH�VXUIDFH��7KHUHIRUH��WKH�HIIHFW�RI�WKH�JUDYLWDWLRQ�VHWWOLQJ�ZDV�LQFOXGHG�LQWR�WKH�GU\�GHSRVLWLRQ

SDUDPHWHULVDWLRQ� WKURXJK� WKH� JUDYLWDWLRQ� VHWWOLQJ� YHORFLW\� YJ�� ,W� ZDV� VXJJHVWHG� WR� PRGHO� WKH

JUDYLWDWLRQ�VHWWOLQJ�YHORFLW\�YJ�E\�D�FRPELQDWLRQ�RI�WKH�6WRNHV�ODZ��IRU�SDUWLFOH�GLDPHWHUV�OHVV�WKDQ

����PP��ZLWK�WKH�&XQQLQJKDP�FRUUHFWLRQ�IRU�VPDOO�SDUWLFOHV��US�������PP��DQG�DQ�LWHUDWLYH�SURFHGXUH

�1lVOXQG�	�7KDQLQJ��������IRU�WKH�HTXDWLRQ�IRU�WKH�WHUPLQDO�VHWWOLQJ�YHORFLW\��IRU�ODUJHU�WKDQ�����PP

SDUWLFOHV��

$V�WKH�ILUVW�VWHS�WR�YHULI\�WKH�GHSRVLWLRQ�SDUDPHWULVDWLRQ�IRU�WKH�'(50$�PRGHO�DQG�WR�VWXG\�HIIHFWV

RI�GHSRVLWLRQ��VLPXODWLRQV�IRU�WKH�,1(;���+XQ�H[HUFLVH�DQG�WKH�$OJHFLUDV�DFFLGHQWDO�&V�����UHOHDVH

LQ�6SDLQ��WDNLQJ�LQWR�DFFRXQW�WKH�GHSRVLWLRQ�SURFHVV��DQG�D�FRPSDULVRQ�RI�WKH�VLPXODWLRQ�UHVXOWV�ZLWK

PHDVXUHPHQWV�GDWD�IURP���(XURSHDQ�PRQLWRULQJ�VWDWLRQV�ZHUH�SUHVHQWHG��7KH�FRPSDULVRQ�VKRZV�LQ

JHQHUDO�D�JRRG�DJUHHPHQW�RI�WKH�VLPXODWHG�FRQFHQWUDWLRQ�ZLWK�WKH�PRQLWRULQJ�GDWD�

7KH� PDLQ� PD[LPD� RI� FRQFHQWUDWLRQ�� SUHGLFWHG� E\� WKH� '(50$� PRGHO�� FRLQFLGH� UDWKHU� JRRG

WHPSRUDOO\�ZLWK�WKH�PHDVXUHPHQW�SHDNV�IRU�WKH�PRQLWRULQJ�VWDWLRQ�,VSUD��DV�ZHOO�IRU�RWKHU�VWDWLRQV�

'XH�WR�WKH�SRRU�HVWLPDWLRQ�RI�WKH�UHOHDVH�SDUDPHWHUV��D�SRVVLEOH�UHDVRQ�IRU�DQ�RYHUHVWLPDWLRQ�E\�WKH

PRGHO� IRU� VRPH�PRQLWRULQJ� VWDWLRQV� LV� DQ� RYHUHVWLPDWLRQ� RI� WKH� UHOHDVH� E\� D� IDFWRU� RI� ������ �WKH

SURSRVHG� UHOHDVH�ZDV� DERXW� ���&L�� RU� LQFRUUHFW� WLPH� DQG� GXUDWLRQ� RI� WKH� UHOHDVH�� 7R� DQVZHU� WKLV

TXHVWLRQ��LW�LV�QHFHVVDU\�WR�DGGLWLRQDOO\�VWXG\�D�VHQVLWLYLW\�RI�WKH�SOXPH�FRQFHQWUDWLRQ�WR�WKH�WLPH�DQG

GXUDWLRQ�RI�WKH�UHOHDVH�

2WKHU� UHDVRQ� IRU� WKLV� GLIIHUHQFH� PLJKW� EH� D� VLPSOLILFDWLRQ� RI� WKH� GHVFULSWLRQ� RI� WKH� YHUWLFDO

GLVWULEXWLRQ�RI�SROOXWDQWV�DV�HYHQO\�PL[HG�DORQJ�$%/��&RPSDULVRQV�RI�WKH�HVWLPDWHG�$%/�KHLJKW�LQ

WKH�'(50$�ZLWK�PHDVXUHPHQW�GDWD�IRU�WKH�*LEUDOWDU�DHURORJLFDO�VWDWLRQ�DW�WKH�UHOHDVH�WLPH�VKRZ�D

JRRG�DJUHHPHQW�

0RUHRYHU��'(50$�VLPXODWLRQV�ZLWK�KLJKHU�UHVROXWLRQV�RI�WKH�PHWHRURORJLFDO�'0,�+,5/$0�GDWD

VKRZ�D�KLJK�VHQVLWLYLW\�RI�WKH�FRQFHQWUDWLRQ�DQG�GHSRVLWLRQ�ILHOGV�WR�WKH�ZLQG�ILHOG�UHVROXWLRQ�



��

$FNQRZOHGJHPHQW

,�DP�YHU\�JUDWHIXO�WR�P\�FROOHDJXH�-HQV�+DYVNRY�6¡UHQVHQ��ZKR�NLQGO\�VKDUHG�WKH�'(50$�PRGHO

DQG�DFWLYHO\�SDUWLFLSDWHG�LQ�WKH�LQWHJUDWLRQ�RI�WKH�SDUDPHWHULVDWLRQV�RI�GHSRVLWLRQ�DQG�GHFD\�LQWR�WKH

PRGHO��QXPHULFDO�H[SHULPHQWV�DQG�GLVFXVVLRQV�

,� ZLVK� WR� H[SUHVV� P\� DSSUHFLDWLRQ� WR� /HLI� /DXUVHQ� IRU� UHYLHZLQJ� WKH� UHSRUW� DQG� IRU� YDOXDEOH

FRPPHQWV� DQG� VXJJHVWLRQV�� ,� WKDQN� $OL[� 5DVPXVVHQ� IRU� VWLPXODWLQJ� GLVFXVVLRQV� DQG� YDOXDEOH

FRPPHQWV�RQ�WKH�PDQXVFULSW�

,� DP� DOVR� JUDWHIXO� WR�P\� SUHYLRXV� FROOHDJXHV� IURP� WKH� 6ZHGLVK�'HIHQFH�5HVHDUFK� (VWDEOLVKPHQW

�)2$��� (GYDUG� .DUOVVRQ�� /HQQDUW� 7KDQLQJ� DQG� (ULN� 1lVOXQG�� 7RUEHQ� 0LNNHOVHQ� IURP� WKH� 5LV¡

1DWLRQDO�/DERUDWRU\�DQG�-RKQ�1DVVWURP�IURP�WKH�/DZUHQFH�/LYHUPRUH�1DWLRQDO�/DERUDWRU\��//1/�

IRU�KHOSIXO�GLVFXVVLRQV�

7KH� FRPSDULVRQV� RI� WKH� VLPXODWLRQV� ZLWK� WKH� PHDVXUHPHQW� GDWD� IRU� WKH� $OJHFLUDV� DFFLGHQW� ZHUH

SRVVLEOH� WKDQNV� WR� WKH�5702'�SURMHFW� �FR�RUGLQDWRU�*LRYDQQL�*UD]LDQL�� DQG�//1/�� ,� DOVR� WKDQN

,ONND� 9DONDPD� IURP� WKH� )LQLVK� 0HWHRURORJLFDO� ,QVWLWXWH� IRU� JLYLQJ� KLV� UHVXOWV� RI� ,1(;��+XQ

VLPXODWLRQ�IRU�WKH�FRPSDULVRQ�

7KLV� ZRUN� ZDV� GRQH� SDUWO\� LQ� WKH� ERXQGV� RI� WKH� '0,�'(0$� UHVHDUFK� SODQV� �SURMHFW� µ1XFOHDU

(PHUJHQF\�3UHSDUHGQHVV¶��DQG�SDUWO\�LQ�WKH�ERXQGV�RI�WKH�'DQLVK�(PHUJHQF\�0DQDJHPHQW�$JHQF\

�'(0$��SURMHFW�IRU�/LWKXDQLD�



��

5()(5(1&(6

$70(6� ������ (YDOXDWLRQ� RI� ORQJ� UDQJH� DWPRVSKHULF� WUDQVSRUW� PRGHOV� XVLQJ� HQYLURQPHQWDO

UDGLRDFWLYLW\�GDWD� IURP�WKH�&KHUQRE\O�DFFLGHQW��7KH�$70(6�5HSRUW��(GLWHG�E\�.OXJ��:���*�

*UD]LDQL��*��*ULSSD��'��3LHUFH�	�&��7DVVRQH��(OVHYLHU�$SSOLHG�6FLHQFH��3XE��1R�(85������

(1�

%DUWQLFNL�� -��� .�� 2OHQGU]\QVNL�� -�(�� -RQVRQ�	� 6�� 8QJHU�� ������ 'HVFULSWLRQ� RI� WKH� (XOHULDQ� $FLG

'HSRVLWLRQ�0RGHO��$SSHQGL[�$���(0(3�06&�:�6WDWXV�5HSRUW������

%UDQW�� -�� ������0RGHOOLQJ� WUDQVSRUW�� GLVSHUVLRQ� DQG� GHSRVLWLRQ� RI� SDVVLYH� WUDFHUV� IURP� DFFLGHQWDO

UHOHDVHV��3K'�WKHVLV��5,62�1(5,��'HQPDUN��$XJXVW������

%ULQJIHOG�� %��� 1�� *XVWDYVVRQ�� 3�� 9LOPXVHQDKR�	� 6�� -lUYHQRMD�� ������ 8SGDWLQJ� RI� WKH� +,5/$0

SK\VLRJUSK\�DQG�FOLPDWH�GDWD�EDVH��+,5/$0�7HFKQLFDO�5HSRUW�1R������1RUUN|SLQJ��-XQH������

%XUWVHY�� ,�$��� 9�$�� %XUWVHYD� 	� 6�.�� 0DODNRX�� ������ :DVKRXW� FKDUDFWHULVWLFV� RI� D� ��3� DHURVRO

LQMHFWHG�LQWR�D�FORXG��$WPRV��6FDYHQJLQJ�RI�5DGLR�LVRWRSHV��(GLW��E\�%��6W\UD��17,6�

&UDQGDOO��:�.��� &�5��0ROHQNDPS��$�/��:LOLDPV��0�0�� )XON�� 5�� /DQJH�	� -�%��.QR[�� ������ $Q

LQYHVWLJDWLRQ�RI� VFDYHQJLQJ�RI� UDGLRDFWLYLW\� IURP�QXFOHDU�GHEULV� FORXGV�� UHVHDUFK� LQ�3URJUHVV�

/DZUHQFH�/LYHUPRUH�1DWLRQDO�/DERUDWRU\��&DOLIRUQLD��86$��5HSRUW�8&5/�������

&61�� ������0HOWLQJ� RI� D� FDHVLXP� VRXUFH� DW� WKH�$FHULQR[� VWDLQOHVV� VWHHO� SURGXFWLRQ� SODQW� DW� /RV

%DUULRV��&DGL]�SURYLQFH���6XPPDU\�RI�5HSRUW�����-XO\�������1XFOHDU�6DIHW\�&RXQFLO��6SDLQ�

(EHO�� $��� )�0�� 1HXEDXHU� 	� 3�� 6SHWK�� HGLWRUV�� ������ 'HVFULSWLRQ� RI� WKH� (85$'� &KHPLVWU\�

7UDQVSRUW�0RGHO� 9HUVLRQ� �� �&70���� 0LWWHLOXQJHQ� DXV� GHP� ,QVWLWXW� I�U� *HRSK\VLN� XQG

0HWHRURORJLH��8QLYHUVLWlW�]X�.|OQ��1R�����

(0(3��������/DJUDQJLDQ�PRGHO��3K\VLFDO�DQG�FKHPLFDO�IRUPXODWLRQ��$SSHQGL[�$��(0(3�06&�:

6WDWXV�5HSRUW������

(ULVPDQ�� -�:�� ������ (YDOXDWLRQ� RI� VXUIDFH� UHVLVWDQFH� SDUDPHWULVDWLRQ� RI� VXOSKXU� GLR[LGH�� $WP�

(QYLURQ��9RO������1R������SS������������

(UPDN�� '�/��� -�6�� 1DVVWURP�� $�*�� 7D\ORU�� ������ ,PSOHPHQWDWLRQ� RI� D� 5DQGRP� 'LVSODFHPHQW

0HWKRG� �5'0�� LQ� WKH� $'3,&� 0RGHO� )UDPHZRUN�� 8&5/�,'��������� /DZUHQFH� /LYHUPRUH

1DWLRQDO�/DERUDWRU\��&$��86$�

)0,��������7KH�,1(;���+XQ�LQWHUQDWLRQDO�QXFOHDU�HPHUJHQF\�H[HUFLVH����1RYHPEHU�������

)RUVWHU��&�� 6��� (GLWRU�� ������8VHU¶V� JXLGH� WR� WKH�0$7+(:�$'3,&�PRGHOV�� 5HSRUW�8&5/�0$�

�������5HY����/DZUHQFH�/LYHUPRUH�1DWLRQDO�/DERUDWRU\��&DOLIRUQLD��86$�

*DUJHU��(�.���+RIIPDQ��)�2���7KLHVVHQ��.�0��HW�DO��������7HVW�RI�H[LVWLQJ�PDWKHPDWLFDO�PRGHOV�IRU

DWPRVSKHULF� UHVXVSHQVLRQ�RI� UDGLRQXFOLGHV��-RXUQDO�RI� HQYLURQPHQWDO� UDGLRDFWLYLW\��Y������ SS�

��������

*DYULORY��9�3���1�9��.OHSLNRYD��1�,��7UR\DQRYVND\D�	�+�&��5RGHDQ�� ������6WDWLRQDU\�PRGHO� IRU

UHVXVSHQVLRQ�RI�UDGLRQXFOLGHV�DQG�DVVHVVPHQW�RI�����&V�FRQFHQWUDWLRQ�LQ�WKH�QHDU�VXUIDFH�OD\HU�

$WP��(QYLURQ��9RO������QR�����SS������������

*HQHULF� PRGHOV� DQG� SDUDPHWHUV� IRU� DVVHVVLQJ� WKH� HQYLURQPHQWDO� WUDQVIHU� RI� UDGLRQXFOLGHV� IURP

URXWLQH�UHOHDVHV��([SRVXUHV�RI�FULWLFDO�JURXSV��,$($��6DIHW\�6HULHV�1R�����9LHQQD������

*UD]LDQL�� *��� :�� .OXJ� 	� 6�� 0RVFD�� (GLWRUV�� ������ 5HDO�WLPH� ORQJ�UDQJH� GLVSHUVLRQ� PRGHO

HYDOXDWLRQ�RI�WKH�(7(;�ILUVW�UHOHDVH��-RLQW�5HVHDUFK�&HQWUH��(8��/X[HPEXUJ�

+DDV��+���0��0HPPHVKHLPHU��+��*HLVV��+�-��-DNREV��0��/DXEH�	�$��(EHO��������6LPXODWLRQ�RI�WKH

&KHUQRE\O� UDGLRDFWLYH�FORXG�RYHU�(XURSH�XVLQJ� WKH�(85$'�PRGHO��$WP��(QYLURQ��9RO����$�

SS����������

+DOHV��-�0��������7KH�PDWKHPDWLFDO�FKDUDFWHULVDWLRQ�RI�SUHFLSLWDWLRQ�VFDYHQJLQJ��,Q��7KH�+DQGERRN

RI�(QYLURQPHQWDO�&KHPLVWU\���2��+XW]LQJHU��HGLWRU��9RO�����3DUW�$���SS�����������

+LFNV��%�%��������$Q�HYDOXDWLRQ�RI�SUHFLSLWDWLRQ�VFDYHQJLQJ�UDWHV�RI�EDFNJURXQG�DHURVRO��$UJRQQH

1DW��/DE��5DGLRORJLFDO�DQG�(QYLURQPHQWDO�5HV��'LYLVLRQ�$QQXDO�5HSRUW�

+LQGV��:�&��������$HURVRO�7HFKQRORJ\��:LOH\��1HZ�<RUN��3S��������	���������



��

+,5/$0��������+,5/$0�'RFXPHQWDWLRQ�0DQXDO��6\VWHP������(GLWHG�E\�(��.lOOHQ��-XQH������

+RQJLVWR�� 0�� ������ +,/$7$5�� $� UHJLRQDO� VFDOH� JULG� PRGHO� IRU� WKH� WUDQVSRUW� RI� VXOSKXU� DQG

QLWURJHQ�FRPSRXQGV��'HVFULSWLRQ�RI� WKH�PRGHO��6LPXODWLRQ� UHVXOWV� IRU� WKH�\HDU�������)LQQLVK

0HWHRURORJLFDO�,QVWLWXWH��+HOVLQNL��1R����

.DUOVVRQ��(��	�1\KROP��6��������'U\�GHSRVLWLRQ�RI�WR[LF�JDVHV�WR�DQG�IURP�VQRZ�VXUIDFHV��-RXUQDO

RI�+D]DUGRXV�0DWHULDOV��������������

.DUOVVRQ�� (��� 1lVOXQG�� (� 	� 6��(�� *U\QLQJ�� ������ &RPSDULVRQ� EHWZHHQ� H[SHULPHQWDO� GDWD� DQG� D

/DQJHYLQ� SDUWLFOH� GLVSHUVLRQ�PRGHO� LQFOXGLQJ� GU\� GHSRVLWLRQ�� $LU�3ROOXWLRQ�0RGHOLQJ� DQG� ,WV

$SSOLFDWLRQ�;,��3OHQXP�3UHVV��1HZ�<RUN��3S����������

/DQJH��5��������$'3,&���D�WKUHH�GLPHQVLRQDO�SDUWLFOH�LQ�FHOO�PRGHO�IRU�WKH�GLVSHUVDO�RI�DWPRVSKHULF

SROOXWDQWV�DQG� LWV�FRPSDULVRQ� WR� UHJLRQDO� WUDFHU�VWXGLHV��-RXUQDO�RI�$SSOLHG�0HWHRURORJ\��9RO

����S���������

/DQJQHU�� -��� &�� 3HUVVRQ� 	� /�� 5REHUWVRQ�� ������ 0$7&+� �� $� PRGHOOLQJ� V\VWHP� IRU� PHVR�VFDOH

DWPRVSKHULF�GLVSHUVLRQ��$SSOLFDWLRQ� WR�DLU�SROOXWLRQ�VWXGLHV� LQ�6ZHGHQ��3UHSULQWV� IRU� WKH�;,;

1RUGLF�0HWHRURORJLVWV�0HHWLQJ����������������.ULVWLDQGVDQG��1RUZD\�

/DQJQHU��-���/��5REHUWVRQ��&��3HUVVRQ�	�$��8OOHUVWLJ�������� �7KH�RSHUDWLRQDO�HPHUJHQF\�UHVSRQVH

PRGHO�DW�WKH�6ZHGLVK�0HWHRURORJLFDO�+\GURORJLFDO�,QVWLWXWH��9DOLGDWLRQ�XVLQJ�GDWD�IURP�(7(;

DQG� WKH� &KHUQRE\O� DFFLGHQW�� (7(;� V\PSRVLXP� RQ� ORQJ�UDQJH� DWPRVSKHULF� WUDQVSRUW�� PRGHO

YHULILFDWLRQ�DQG�HPHUJHQF\�UHVSRQVH��.��1RGRS��(GLWRU��(85�������(1���SS����������

/LQTYLVW�-��������(Q�VWRNDVWLN�SDUWLNHOPRGHOO�L�HWW�LFNH�PHWULVNW�NRRUGLQDWV\VWHP��06F�GHJUHH�ZRUN�

6XSHUYLVRUV� /�� 7KDQLQJ� DQG� (�� 1lVOXQG�� )2$� 1%&�GHIHQFH�� 8QLYHUVLW\� RI� 8PHn�� 8PHn�

6ZHGHQ�����S���LQ�6ZHGLVK��

0$&&6�� ������ 0(/&25� $FFLGHQW� &RQVHTXHQFH� &RGH� 6\VWHP� �0$&&6��� 0RGHO� GHVFULSWLRQ�

�185(*�&5�������6$1'���������9RO�����6DQGLD�1DWLRQDO�/DERUDWRU\��86$�

0DU\RQ��5�+���)�%��6PLWK��%�-��&RQZ\�	�'�0��*RGGDUG��������7KH�8�.��QXFOHDU�DFFLGHQW�PRGHO�

3URJUHVV�LQ�QXFOHDU�HQHUJ\��9������Q�����SS���������

0DU\RQ� 5�+��� '�� %�� 5\DOO�� ����D�� 'HYHORSPHQWV� WR� WKH� 8.� QXFOHDU� DFFLGHQW� UHVSRQVH� PRGHO

�1$0(���'HSDUWPHQW�RI�(QYLURQPHQW��8.�0HW��2IILFH��'R(�5HSRUW���'2(�5$6��������

0DU\RQ�� 5�+��� -�� 6DOWERQHV�� '�� %�� 5\DOO�� -�� %DUWQLFNL�� +�$�� -DNREVHQ� 	� (�� %HUJH�� ����E�� $Q

LQWHUFRPSDULVRQ� RI� WKUHH� ORQJ� UDQJH� GLVSHUVLRQ�PRGHOV� GHYHORSHG� IRU� WKH�8.�PHWHRURORJLFDO

RIILFH��'10,�DQG�(0(3��8.�PHWHRURORJLFDO�RIILFH�7XUEXOHQW�DQG�'LIIXVLRQ�1RWH���������S�

0F'RQDOG��-�(��������$Q�DLG�WR�FRPSXWDWLRQ�RI�WHUPLQDO�IDOO�YHORFLWLHV�RI�VSKHUHV��-��0HWHRURORJ\�

$XJXVW�������S������

0F0DQRQ�� 7�$��	�'HQLVRQ�� 3�-�� ������ (PSLULFDO� DWPRVSKHULF� GHSRVLWLRQ� SDUDPHWHUV� �� D� VXUYH\�

$WPRVSKHULF�(QYLURQPHQW��YRO������SS����������

0LNNHOVHQ�� 7�� DQG� )�� 'HVLDWR�� ������ $WPRVSKHULF� GLVSHUVLRQ� PRGHOV� DQG� SUH�SURFHVVLQJ� RI

PHWHRURORJLFDO�GDWD�IRU�UHDO�WLPH�DSSOLFDWLRQV��5DGLDWLRQ�3URWHFWLRQ�'RVLPHWU\��9RO������Q������

SS����������

0LNNHOVHQ��7���6��7U\NLHU�1LHOVHQ��3��$VWUXS��-��0��6DQWDEiUEDUD��-�+��6¡UHQVHQ��$��5DVPXVVHQ��/�

5REHUWVRQ��$��8OOHUVWLJ��6��'HPH��5��0DUWHQV��-��*��%DUW]LV�DQG�-��3lVOHU�6DXHU��������0(7�

52'26��$� FRPSUHKHQVLYH� DWPRVSKHULF� GLVSHUVLRQ�PRGXOH��5DGLDWLRQ�3URWHFWLRQ�'RVLPHWU\�

9RO������Q�������SS��������

0REHUJ��/���(GLWRU��������7KH�&KHUQRE\O�IDOORXW�LQ�6ZHGHQ��5HVXOWV�IURP�D�UHVHDUFK�SURJUDPPH�RQ

HQYLURQPHQWDO�UDGLRORJ\��7KH�6ZHGLVK�5DGLDWLRQ�3URWHFWLRQ�,QVWLWXWH��6WRFNKROP��6ZHGHQ�

0�OOHU�� +�� 	� *�� 3U|KO�� ������ (&26<6����� $� G\QDPLF� PRGHO� IRU� DVVHVVLQJ� UDGLRORJLFDO

FRQVHTXHQFHV�RI�QXFOHDU�DFFLGHQWV��+HDOWK�3K\VLFV��9�����Q�������������SS�

1lVOXQG�� (�� DQG� +ROPVWU|P�� +�� ������ ,QFOXVLRQ� RI� D� WKUHH�GLPHQVLRQDO� ZDVKRXW� FRHIILFLHQW� LQ

$'3,&�� 5HSRUW� 8&5/� �,'��������� /DZUHQFH� /LYHUPRUH� 1DWLRQDO� /DERUDWRU\�� &DOLIRUQLD�

86$�



��

1lVOXQG��(��	�(��.DUOVVRQ�������'U\�GHSRVLWLRQ�LQ�D�PRGHO�IRU�VWRFKDVWLF�SDUWLFOH�GLVSHUVLRQ��$LU

3ROOXWLRQ�,,,��9ROXPH������$LU�3ROOXWLRQ�(QJLQHULQJ�DQG�0DQDJHPHQW��(GLWRUV�+��3RZHU�HW�DO��

6RXWKDPSWRQ��&RPSXWDWLRQDO�0HFKDQLFV��SS��������

1lVOXQG��(�	�7KDQLQJ��/�� ������2Q� WKH� VHWWOLQJ� YHORFLW\� LQ� D� QRQVWDWLRQDU\� DWPRVSKHUH��$HURVRO

6FLHQFH�DQG�7HFKQRORJ\��������������

3HUVRQ�� &��� -�� /DQJQHU�� 	� /�� 5REHUWVRQ�� ������ 0$7&+� �� $� PHVRVFDOH� DWPRVSKHULF� GLVSHUVLRQ

PRGHO�DQG�LWV�DSSOLFDWLRQ�WR�DLU�SROOXWLRQ�DVVHVVPHQWV�LQ�6ZHGHQ���$LU�3ROOXWLRQ�0RGHOOLQJ�DQG

,WV�DSSOLFDWLRQV�;��1$72�&&0&��9RO������SS�������

3HUVRQ��&���+��5RKGH�DQG�/��(��'H�*HHU��������7KH�&KHUQRE\O�DFFLGHQW���D�PHWHRURORJLFDO�DQDO\VLV

RI�KRZ�UDGLRQXFOLGHV�UHDFKHG�DQG�ZHUH�GHSRVLWHG�LQ�6ZHGHQ��$PELR������SS��������

3RG\XNHYLFK��-��������6LPXODWLRQ�RI�WKH�GLVSHUVLRQ�ZLWK��'�KHPLVSKHULF�WUDFHU�PRGHO��7HOOXV����%�

SS����������

3|OOlQHQ�� 5�� 	� +�� 7RLYRQHQ�� ������ 6NLQ� GRVHV� IURP� ODUJH� XUDQLXP� SDUWLFOHV�� DSSOLFDWLRQ� WR� WKH

&KHUQRE\O�DFFLGHQW��5DGLDWLRQ�3URWHFWLRQ�'RVLPHWU\��9������Q�����SS����������

3|OOlQHQ�� 5��� ,�� 9DONDPD� DQG� +�� 7RLYRQHQ�� ������ 7UDQVSRUW� RI� UDGLRDFWLYH� SDUWLFOHV� IURP� WKH

&KHUQRE\O�DFFLGHQW��$WP��(QYLURQ��9RO������1R������SS������������

3UDKP��/�3��	�5��%HUNRZLF]��������3UHGLFWLQJ�FRQFHQWUDWLRQ� LQ�SOXPHV�VXEMHFW� WR�GU\�GHSRVLWLRQ�

1DWXUH���������������

5DGNH�� /�)��� (�(�� ,,� +LQGPDQ�	�9�3�� +REEV�� ������ $� FDVH� VWXG\� RI� UDLQ� VFDYHQJLQJ� RI� DHURVRO

SDUWLFOHV� IURP� DQ� LQGXVWULDO� SOXPH�� 3URF�� 6\PS�� 2Q� 3UHFLSLWDWLRQ� 6FDYHQJLQJ�� ������ (5'$

6\PS��6HULHV��17,6��SS����������

5REHUWVRQ��/���-��/DQJQHU�	�0��(QJDUGW��������0$7&+���0HVR�VFDOH�$WPRVSKHULF�7UDQVSRUW�DQG

&KHPLVWU\�PRGHOOLQJ�V\VWHP��%DVLF� WUDQVSRUW�PRGHO�GHVFULSWLRQ�DQG�FRQWURO�H[SHULPHQWV�ZLWK
���

5Q��60+,�50.�1R�����1RUUNRSLQJ��6ZHGHQ�

52'26�������*HULQJ��)��	�+��0�OOHU��'HSRVLWLRQ�FDOFXODWLRQ�LQ�52'26�39������52'26�:*���

71���������)LQDO�5HSRUW��'UDIW�

6DOWERQHV��-���$��)RVV�	�-��%DUWQLFNL��������61$3��6HYHUH�1XFOHDU�$FFLGHQW�3URJUDP��$�UHDO�WLPH

GLVSHUVLRQ� PRGHO� IRU� PDMRU� HPHUJHQF\� PDQDJHPHQW�� 1RUZHJLDQ� 0HWHRURORJLFDO� ,QVWLWXWH

�'10,���(85(.$�(8�����5HSRUW�

6DOWERQHV�� -��� $�� )RVV� 	� -�� %DUWQLFNL�� ������ $� UHDO� WLPH� GLVSHUVLRQ� PRGHO� IRU� VHYHUH� QXFOHDU

DFFLGHQWV��WHVWHG�LQ�WKH�(XURSHDQ�7UDFHU�([SHULPHQW��6$06��9RO������3S����������

6DQ�-RVH��5���/��5RGULJHV��0��3DODFLRV�	�-��0RUHQR��������&RXSOLQJ� WKH�SKRWRFKHPLFDO��(XOHULDQ

WUDQVSRUW� DQG� µELJ�OHDI¶� GHSRVLWLRQ�PRGHOOLQJ� LQ� D� WKUHH� GLPHQVLRQDO�PHVRVFDOH� FRQWH[W�� �$LU

3ROOXWLRQ�0RGHOOLQJ�DQG�,WV�DSSOLFDWLRQV�;��1$72�&&0&��9RO�������SS��������

6DWWOHU��.���������1HZ�KLJK�UHVROXWLRQ�SK\VLRJUDSKLF�GDWD�DQG�FOLPDWH�JHQHUDWLRQ�IRU�WKH�+,5/$0

IRUHFDVW�V\VWHP��'0,�7HFKQLFDO�UHSRUW�������

6HLQIHOG�� -�+�� ������ $WPRVSKHULF� FKHPLVWU\� DQG� SK\VLFV� RI� DLU� SROOXWLRQ�� $� :LOH\�,QWHUVFLHQFH

3XEOLFDWLRQ��1HZ�<RUN�

6ODSHU��+���*��-��(JJLQN�DQG�5��2��%ODDXERHU��������5LVN�DVVHVVPHQW�PHWKRG�IRU�DFFLGHQWDO�UHOHDVHV

IURP�QXFOHDU�SRZHU�SODQWV�LQ�(XURSH��5HSRUW�RI�WKH�1DWLRQDO�,QVWLWXWH�RI�SXEOLF�KHDOWK�DQG�WKH

HQYLURQPHQW��%LOWKRYHQ��1HWKHUODQGV�

6OLQQ��:�*�1��������$SSUR[LPDWLRQV�IRU� WKH�ZHW�DQG�GU\�UHPRYDO�RI�SDUWLFOHV�DQG�JDVHV�IURP�WKH

DWPRVSKHUH��:DWHU��$LU�DQG�6RLO�3ROOXWLRQ���������

60+,��������7KH�,1(;���+XQ�LQWHUQDWLRQDO�QXFOHDU�HPHUJHQF\�H[HUFLVH����1RYHPEHU�������

6¡UHQVHQ�� -�+�� ������ 6HQVLWLYLW\� RI� WKH� '(50$� /RQJ�5DQJH� *DXVVLDQ� 'LVSHUVLRQ� 0RGHO� WR

0HWHRURORJLFDO�,QSXW�DQG�'LIIXVLRQ�3DUDPHWHUV��$WPRV��(QYLURQ����������������

6¡UHQVHQ��-�+��DQG�$��5DVPXVVHQ��������'DQLVK�(PHUJHQF\�5HVSRQVH�0RGHO�IRU�WKH�$WPRVSKHUH�

$70(6�,,�±�(YDOXDWLRQ�RI�/RQJ�UDQJH�'LVSHUVLRQ�0RGHOV�8VLQJ�'DWD�RI�WKH��VW�(7(;�5HOHDVH�

(GV��6��0RVFD��5��%LDQFRQL��5��%HOODVLR��*��*UD]LDQL��DQG�:��.OXJ��(85�������(1�



��

6¡UHQVHQ��-�+���$��5DVPXVVHQ��7��(OOHUPDQQ�DQG�(��/\FN��������0HVRVFDOH�,QIOXHQFH�RQ�/RQJ�UDQJH

7UDQVSRUW��(YLGHQFH�IURP�(7(;�0RGHOOLQJ�DQG�2EVHUYDWLRQV��$WPRV��(QYLURQ����������������

6¡UHQVHQ�� -�+��������6SHFLILFDWLRQV�DQG�&'�520�ZLWK�'0,�+,5/$0�GDWD�FRUUHVSRQGLQJ� WR� WKH

$OJHFLUDV�DFFLGHQW��3UHSDUHG�IRU�WKH�5702'�SURMHFW��'0,��&RSHQKDJHQ��-DQXDU\������

7HFKQLTXHV� DQG� GHFLVLRQ� PDNLQJ� LQ� WKH� DVVHVVPHQW� RI� RII�VLWH� FRQVHTXHQFHV� RI� DQ� DFFLGHQW� LQ� D

QXFOHDU�IDFLOLW\��,$($��6DIHW\�6HULHV�1R�����9LHQQD������

7KDQLQJ�� /�� 	� $�� %DNODQRY�� ������ 6LPXODWLRQ� RI� DWPRVSKHULF� WUDQVSRUW� DQG� GHSRVLWLRQ� RQ� WKH

ORFDO�PHVR��DQG� UHJLRQDO� VFDOHV�DIWHU�K\SRWKHWLFDO� DFFLGHQWV� DW�.ROD�QXFOHDU�SRZHU�SODQW��7KH

6FLHQFH�RI�WKH�7RWDO�(QYLURQPHQW���������������SS�

7K\NLHU�1LHOVHQ��6��	�/DUVHQ��6�(��������7KH�LPSRUWDQFH�RI�GHSRVLWLRQ�IRU�LQGLYLGXDO�DQG�FROOHFWLYH

GRVHV�LQ�FRQQHFWLRQ�ZLWK�URXWLQH�UHOHDVHV�IURP�QXFOHDU�SRZHU�SODQWV��5,62�0�������'HQPDUN�

$SULO������

7K\NLHU�1LHOVHQ��6���'HPH��6��DQG�0LNNHOVHQ�7��������52'26�6<67(0��$QDO\VLQJ�6XEV\VWHP�

5,038))��6WDQG�$ORQH�9HUVLRQ��5,0'26���8VHUV�*XLGH��52'26�$��71������

7K\NLHU�1LHOVHQ��6��	�7��0LNNHOVHQ��������5,038))��8VHU�JXLGH��9HUVLRQ�����526��/DERUDWRU\�

7XUWRQ��5��	�/HYHQVSLHO��2���������3RZGHU�7HFKQRO��9������SS��������

9DONDPD��,���������3HUVRQDO�FRPPXQLFDWLRQV�

9DQ� 5KHLQHFN� /H\VVLXV�� +�-��� +�-�$�� YDQ� -DDUVYHOG�	� )�$�$�0�� GH� /HHXZ�� ������ $� /DJUDQJLDQ

PRGHO� IRU� WKH� UHDO� WLPH� VLPXODWLRQ� RI� DWPRVSKHULF� WUDQVSRUW� DQG� GLVSHUVLRQ� RI� DFFLGHQWO\

UHOHDVHG�PDWHULDOV���1$72�&KDOOHQJHV�RI�0RGHUQ�6RFLHW\������SS���������

9RJW��3�-���%�0��3REDQ]��)�-��$OX]]L��5�/��%DVNHW�	�7�-��6XOOLYDQ�������$5$&�VLPXODWLRQ�RI� WKH

$OJHFLUDV��6SDLQ�VWHHO�PLOO�&V�����UHOHDVH��$5$&��/DZUHQFH�/LYHUPRUH�1DWLRQDO�/DERUDWRU\�

&DOLIRUQLD��86$��6HSWHPEHU�������'UDIW�UHSRUW�

:DQJ�� 3�.�� 	� +�5�� 3UXSSDFKHU�� ������ $Q� H[SHULPHQWDO� GHWHUPLQDWLRQ� RI� HIILFLHQF\� ZLWK� ZKLFK

DHURVRO�SDUWLFOHV�DUH�FROOHFWHG�E\�ZDWHU�GURSV� LQ�VXEVDWXUDWHG�DLU��-��$WPRV��6FL�������SS������

�����

:DUQHU�� 6�)�� 	� 5�0�� +DUULVRQ�� (GLWRUV�� ������ 5DGLRHFRORJ\� DIWHU� &KHUQRE\O�� %LRJHRFKHPLFDO

3DWKZD\V�RI�$UWLILFLDO�UDGLRQXFOLGHV��6&23(�����-RKQ�:LOH\�	�6RQV�

:HVHO\��0�/�� ������ 3DUDPHWULVDWLRQ� RI� VXUIDFH� UHVLVWDQFHV� WR� JDVHRXV� GU\� GHSRVLWLRQ� LQ� UHJLRQDO

VFDOH�QXPHULFDO�PRGHOV��$WP��(QYLURQ��9RO������1R�����SS�����������

<DPDUWLQR�� 5�-�� ������$WPRVSKHULF� SROOXWDQW� GHSRVLWLRQ�PRGHOOLQJ�� &KDSWHU� ��� LQ��+DQGERRN� RI

DSSOLHG� PHWHRURORJ\�� +RXJKWRQ�� '�'��� (GLWRU�� $�:LOH\�,QWHUVFLHQFH� 3XEOLFDWLRQ�� 1HZ�<RUN�

��������SS�

<DPDUWLQR�� 5�6��� -�6�� 6FLUH�� 6�5�� +DQQD�� *�5�� &DUPLFKDHO�� <�6�� &KDQJ�� ������ &$/*5,'�� $

PHVRVFDOH� SKRWRFKHPLFDO� JULG� PRGHO�� 6LJPD� 5HVHDUFK� &RUS�� 5HSRUW� $������� &DOLIRUQLD� $LU

5HVRXUFHV�%RDUG��6DFUDPHQWR��86$�

=DQHWWL�� 3�� ������ $LU� 3ROOXWLRQ� 0RGHOLQJ� �� 7KHRULHV�� &RPSXWDWLRQDO� 0HWKRGV� DQG� $YDLODEOH

6RIWZDUH��6RXWKDPSWRQ��&RPSXWDWLRQDO�0HFKDQLFV�DQG�1HZ�<RUN��9DQ�1RVWUDQG�5HLQKROG�

=ODWHY�� =��� ������ &RPSXWHU� WUHDWPHQW� RI� ODUJH� DLU� SROOXWLRQ� PRGHOV�� ./8:(5� $FDGHPLF

3XEOLVKHUV��'RUVUHFKW�%RVWRQ�/RQGRQ�

=ODWHY�� =��� ,�� 'LPRY� DQG� .�� *HRUJLHY� ������ 7KUHH�GLPHQVLRQDO� YHUVLRQ� RI� WKH� 'DQLVK� (XOHULDQ

0RGHO��=HLWVFKULIW�I�U�$QJHZDQGWH�0DWKHPDWLN�XQG�0HFKDQLN��9RO������������6�����������
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'$1,6+0(7(252/2*,&$/ ,167,787(

6FLHQWLILF 5HSRUWV

6FLHQWLILF UHSRUWV IURP WKH 'DQLVK 0HWHRURORJLFDO ,QVWLWXWH FRYHU D YDULHW\ RI JHRSK\VLFDO

ILHOGV� L�H� PHWHRURORJ\ �LQFOXGLQJ FOLPDWRORJ\�� RFHDQRJUDSK\� VXEMHFWV RQ DLU DQG VHD

SROOXWLRQ� JHRPDJQHWLVP� VRODU�WHUUHVWULDO SK\VLFV� DQG SK\VLFV RI WKH PLGGOH DQG XSSHU

DWPRVSKHUH�

5HSRUWV LQ WKH VHULHV ZLWKLQ WKH ODVW ILYH \HDUV�

1R� ����

%M¡UQ 0� .QXGVHQ� '\QDPLFDO SURFHVVHV LQ WKH

R]RQH OD\HU

1R� ����

-� .� 2OHVHQ DQG .� (� -DFREVHQ� 2Q WKH

DWPRVSKHULF MHW VWUHDP ZLWK FOHDU DLU WXUEXOHQFHV

�&$7� DQG WKH SRVVLEOH UHODWLRQVKLS WR RWKHU

SKHQRPHQD LQFOXGLQJ +) UDGDU HFKRHV� HOHFWULF

ILHOGV DQG UDGLR QRLVH

1R� ����

2OH %¡VVLQJ &KULVWHQVHQ DQG %HQW +DQVHQ 6DVV�

$ GHVFULSWLRQ RI WKH '0, HYDSRUDWLRQ IRUHFDVW

SURMHFW

1R� ����

,�6� 0LNNHOVHQ� %� .QXGVHQ� (� .\U| DQG 0�

5XPPXNDLQHQ� WURSRVSKHULF R]RQH RYHU )LQODQG

DQG *UHHQODQG� �������

1R� ����

-HQV +HVVHOEMHUJ &KULVWHQVHQ� (LJLO .DDV� /HLI

/DXUVHQ� 7KH FRQWULEXWLRQ RI WKH 'DQLVK

0HWHRURORJLFDO ,QVWLWXWH �'0,� WR WKH (32&+

SURMHFW �7KH FOLPDWH RI WKH ��VW FHQWXU\� 1R�

(32&�����& �0%�

1R� ����

3HWHU 6WDXQLQJ DQG 7�-� 5RVHQEHUJ�

+LJK�/DWLWXGH� GD\�WLPH DEVRUSWLRQ VSLNH HYHQWV

�� PRUSKRORJ\ DQG RFFXUUHQFH VWDWLVWLFV

1RW SXEOLVKHG

1R� ����

1LHOV /DUVHQ� 0RGHOOLQJ RI FKDQJHV LQ

VWUDWRVSKHULF R]RQH DQG RWKHU WUDFH JDVHV GXH WR WKH

HPLVVLRQ FKDQJHV � &(& (QYLURQPHQW 3URJUDP

&RQWUDFW 1R� (9�9�&7�������� &RQWULEXWLRQ WR

WKH ILQDO UHSRUW

1R� ����

1LHOV /DUVHQ� %M¡UQ .QXGVHQ� 3DXO (ULNVHQ� ,E

6WHHQ 0LNNHOVHQ� 6LJQH %HFK $QGHUVHQ DQG

7RUEHQ 6WRFNIOHW -¡UJHQVHQ� ,QYHVWLJDWLRQV RI

R]RQH� DHURVROV� DQG FORXGV LQ WKH DUFWLF

VWUDWRVSKHUH � &(& (QYLURQPHQW 3URJUDP &RQWUDFW

1R� (9�9�&7�������� &RQWULEXWLRQ WR WKH ILQDO

UHSRUW

1R� ����

3HU +¡HJ DQG 6WLJ 6\QGHUJDDUG� 6WXG\ RI WKH

GHULYDWLRQ RI DWPRVSKHULF SURSHUWLHV XVLQJ UDGLR�

RFFXOWDWLRQ WHFKQLTXH

1R� ����

;LDR�'LQJ <X� ;LDQJ�<X +XDQJ DQG /HLI

/DXUVHQ DQG (ULN 5DVPXVVHQ� $SSOLFDWLRQ RI WKH

+,5/$0 V\VWHP LQ &KLQD� KHDY\ UDLQ IRUHFDVW

H[SHULPHQWV LQ <DQJW]H 5LYHU 5HJLRQ

1R� ����

%HQW +DQVHQ 6DVV� $ QXPHULFDO IRUHFDVWLQJ V\VWHP

IRU WKH SUHGLFWLRQ RI VOLSSHU\ URDGV

1R� ����

3HU +¡HJ� 3URFHHGLQJ RI 856, ,QWHUQDWLRQDO

&RQIHUHQFH� :RUNLQJ *URXS $)*� &RSHQKDJHQ�

-XQH ����� $WPRVSKHULF UHVHDUFK DQG DSSOLFDWLRQV

XVLQJ REVHUYDWLRQV EDVHG RQ WKH *36�*/21$66

6\VWHP

1R� ����

-XOLH '� 3LHWU]DN� $ FRPSDULVRQ RI DGYHFWLRQ

VFKHPHV IRU RFHDQ PRGHOOLQJ

1R� ����

3RXO )ULFK �FR�RUGLQDWRU�� +� $OH[DQGHUVVRQ� -�

$VKFURIW� %� 'DKOVWU|P� *�5� 'HPDUpH� $� 'UHEV�

$�)�9� YDQ (QJHOHQ� (�-� )¡UODQG� ,� +DQVVHQ�

%DXHU� 5� +HLQR� 7� -yQVVRQ� .� -RQDVVRQ� /�

.HHJDQ� 3��� 1RUGOL� 7� 6FKPLWK� 3� 6WHIIHQVHQ�

+� 7XRPHQYLUWD� 2�(� 7YHLWR� 1RUWK $WODQWLF

&OLPDWRORJLFDO 'DWDVHW �1$&' 9HUVLRQ �� � )LQDO

UHSRUW

1R� ����

*HRUJ .M UJDDUG $QGUHDVHQ� 'DLO\ UHVSRQVH RI

KLJK�ODWLWXGH FXUUHQW V\VWHPV WR VRODU ZLQG

YDULDWLRQV� DSSOLFDWLRQ RI UREXVW PXOWLSOH

UHJUHVVLRQ� 0HWKRGV RQ *RGKDYQ PDJQHWRPHWHU

GDWD



��

1R� ����

-DFRE :RJH 1LHOVHQ� .DUVWHQ %ROGLQJ

.ULVWHQVHQ� /RQQ\ +DQVHQ� ([WUHPH VHD OHYHO

KLJKV� D VWDWLVWLFDO WLGH JDXJH GDWD VWXG\

1R� ����

-HQV +HVVHOEMHUJ &KULVWHQVHQ� 2OH %¡VVLQJ

&KULVWHQVHQ� 3KLOLSSH /RSH]� (ULN YDQ 0HLMJDDUG�

0LFKDHO %RW]HW� 7KH +,5/$0� 5HJLRQDO

$WPRVSKHULF &OLPDWH 0RGHO

1R� ����

;LDQJ�<X +XDQJ� +RUL]RQWDO GLIIXVLRQ DQG

ILOWHULQJ LQ D PHVRVFDOH QXPHULFDO ZHDWKHU

SUHGLFWLRQ PRGHO

1R� ����

+HQULN 6YHQVPDUN DQG (LJLO )ULLV�&KULVWHQVHQ�

9DULDWLRQ RI FRVPLF UD\ IOX[ DQG JOREDO FORXG

FRYHUDJH � D PLVVLQJ OLQN LQ VRODU�FOLPDWH

UHODWLRQVKLSV

1R� ����

-HQV +DYVNRY 6¡UHQVHQ DQG &KULVWLDQ �GXP

-HQVHQ� $ FRPSXWHU V\VWHP IRU WKH PDQDJHPHQW RI

HSLGHPLRORJLFDO GDWD DQG SUHGLFWLRQ RI ULVN DQG

HFRQRPLF FRQVHTXHQFHV GXULQJ RXWEUHDNV RI IRRW�

DQG�PRXWK GLVHDVH� &(& $,5 3URJUDPPH� &RQWUDFW

1R� $,5� � &7�������

1R� ����

-HQV +DYVNRY 6¡UHQVHQ� 4XDVL�DXWRPDWLF RI LQSXW

IRU /,1&20 DQG 5,038))� DQG RXWSXW

FRQYHUVLRQ� &(& $,5 3URJUDPPH� &RQWUDFW 1R�

$,5� � &7�������

1R� ����

5DVKSDO 6� *LOO DQG +DQV +� 9DOHXU�

(YDOXDWLRQ RI WKH UDGDUVDW LPDJHU\ IRU WKH

RSHUDWLRQDO PDSSLQJ RI VHD LFH DURXQG *UHHQODQG

1R� �����

-HQV +HVVHOEMHUJ &KULVWHQVHQ� %HQQHUW

0DFKHQKDXHU� 5LFKDUG *� -RQHV� &KULVWRSK 6FKlU�

3DROR 0LFKHOH 5XWL� 0DQXHO &DVWUR DQG *XLGR

9LVFRQWL�

9DOLGDWLRQ RI SUHVHQW�GD\ UHJLRQDO FOLPDWH

VLPXODWLRQV RYHU (XURSH� /$0 VLPXODWLRQV ZLWK

REVHUYHG ERXQGDU\ FRQGLWLRQV

1R� �����

1LHOV /DUVHQ� %M¡UQ .QXGVHQ� 3DXO (ULNVHQ� ,E

6WHHQ 0LNNHOVHQ� 6LJQH %HFK $QGHUVHQ DQG

7RUEHQ 6WRFNIOHW -¡UJHQVHQ� (XURSHDQ

6WUDWRVSKHULF 0RQLWRULQJ 6WDWLRQV LQ WKH $UWLF� $Q

(XURSHDQ FRQWULEXWLRQ WR WKH 1HWZRUN IRU 'HWHFWLRQ

RI 6WUDWRVSKHULF &KDQJH �1'6&�� &(&

(QYLURQPHQW 3URJUDPPH &RQWUDFW (9�9�&7���

����� '0, FRQWULEXWLRQ WR WKH ILQDO UHSRUW

1R� �����

1LHOV /DUVHQ� (IIHFWV RI KHWHURJHQHRXV FKHPLVWU\

RQ WKH FRPSRVLWLRQ RI WKH VWUDWRVSKHUH� &(&

(QYLURQPHQW 3URJUDPPH &RQWUDFW (9�9�&7���

����� '0, FRQWULEXWLRQ WR WKH ILQDO UHSRUW

1R� ����
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