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�$EVWUDFW±� ,Q� UHFHQW� WLPHV�� HDUWKTXDNH�LQGXFHG� VWUXFWXUDO� SRXQGLQJ� KDV� EHHQ� LQWHQVLYHO\� VWXGLHG�

WKURXJK�WKH�XVH�RI�GLIIHUHQW�LPSDFW�IRUFH�PRGHOV��7KH�QXPHULFDO�UHVXOWV�REWDLQHG�IURP�WKH�SUHYLRXV�
VWXGLHV� LQGLFDWH� WKDW� WKH� OLQHDU� YLVFRHODVWLF�PRGHO� LV� UHODWLYHO\� VLPSOH� DQG� DFFXUDWH� LQ�PRGHOLQJ�
SRXQGLQJ�LQYROYHG�EHKDYLRU�RI�VWUXFWXUHV�GXULQJ�HDUWKTXDNHV��7KH�RQO\�VKRUWFRPLQJ�RI�WKH�PRGHO�
LV�D�QHJDWLYH�YDOXH�RI�WKH�SRXQGLQJ�IRUFH�RFFXUULQJ�MXVW�EHIRUH�VHSDUDWLRQ��ZKLFK�KDV�QR�SK\VLFDO�
H[SODQDWLRQ�� 7KH� DLP� RI� WKH� SUHVHQW� SDSHU� LV� WR� YHULI\� WKH� HIIHFWLYHQHVV� RI� WKH� PRGLILHG� OLQHDU�
YLVFRHODVWLF�PRGHO�� LQ� ZKLFK� WKH� GDPSLQJ� WHUP� LV� DFWLYDWHG� RQO\� GXULQJ� WKH� DSSURDFK� SHULRG� RI�
FROOLVLRQ��WKHUHIRUH�RYHUFRPLQJ�WKLV�GLVDGYDQWDJH��)LUVW��WKH�DQDO\WLFDO�IRUPXOD�EHWZHHQ�WKH�LPSDFW�
GDPSLQJ�UDWLR�DQG�WKH�FRHIILFLHQW�RI�UHVWLWXWLRQ�LV�UHDVVHVVHG�LQ�RUGHU�WR�VDWLVI\�WKH�UHODWLRQ�EHWZHHQ�
WKH� SRVW�LPSDFW� DQG� WKH� SULRU�LPSDFW� UHODWLYH� YHORFLWLHV�� 7KHQ�� WKH� SHUIRUPDQFH� RI� WKH�PRGHO� LV�
FKHFNHG� LQ� D� QXPEHU� RI� FRPSDUDWLYH� DQDO\VHV�� LQFOXGLQJ� QXPHULFDO� VLPXODWLRQ� RI� SRXQGLQJ�
LQYROYHG�UHVSRQVH��DV�ZHOO�DV�FRPSDULVRQ�ZLWK� WKH�UHVXOWV�RI� WKH� LPSDFW�H[SHULPHQW�DQG�VKDNLQJ�
WDEOH�H[SHULPHQWV�FRQFHUQLQJ�SRXQGLQJ�EHWZHHQ�WZR�VWHHO�WRZHUV�H[FLWHG�E\�KDUPRQLF�ZDYHV��7KH�
ILQDO� RXWFRPH� RI� WKLV� VWXG\� GHPRQVWUDWHV� WKDW� WKH� UHVXOWV� REWDLQHG� WKURXJK� WKH� PRGLILHG� OLQHDU�
YLVFRHODVWLF�PRGHO�ZLWKRXW� WKH� WHQVLRQ� IRUFH�DUH�FRPSDUDEO\� VLPLODU� WR� WKRVH� IRXQG�E\�XVLQJ� WKH�
OLQHDU�YLVFRHODVWLF�PRGHO�������������.H\ZRUGV±�9LVFRHODVWLF�PRGHO��VWUXFWXUDO�SRXQGLQJ��HDUWKTXDNHV��LPSDFW�GDPSLQJ�UDWLR��FRHIILFLHQW�RI�UHVWLWXWLRQ���

���,1752'8&7,21��
,QWHUDFWLRQV�EHWZHHQ�DGMDFHQW�EXLOGLQJV�RU�EULGJH�HOHPHQWV��NQRZQ�DV�VWUXFWXUDO�SRXQGLQJ��KDYH�RIWHQ�EHHQ�
REVHUYHG�GXULQJ�HDUWKTXDNHV��7KH�PDLQ�UHDVRQ�RI�SRXQGLQJ�LV�XVXDOO\�UHODWHG�WR�WKH�GLIIHUHQFH�LQ�G\QDPLF�
FKDUDFWHULVWLFV� EHWZHHQ� DGMDFHQW� VWUXFWXUHV� >��� �@� DQG� FRQFHUQV�� LQ� SDUWLFXODU�� WKHVH� VWUXFWXUHV�� ZKLFK�
LQGXFH�UHODWLYHO\�ODUJH�GULIWV�XQGHU�HDUWKTXDNH�H[FLWDWLRQ�>�@��

6WUXFWXUDO�SRXQGLQJ�GXULQJ�HDUWKTXDNHV�KDV�UHFHQWO\�EHHQ�LQWHQVLYHO\�VWXGLHG�XVLQJ�GLIIHUHQW�PRGHOV�
RI� FROOLVLRQV� DSSOLHG� WR� GLIIHUHQW� W\SHV� RI� VWUXFWXUHV�� 7KH� IXQGDPHQWDO� VWXG\� RQ� SRXQGLQJ� EHWZHHQ�
EXLOGLQJV� LQ� VHULHV�� XVLQJ� WKH� OLQHDU� YLVFRHODVWLF� PRGHO� RI� SRXQGLQJ� IRUFH�� ZDV� FRQGXFWHG� E\�
$QDJQRVWRSRXORV� >�@�� -DQNRZVNL� HW� DO�� >�@� XVHG� WKH� VDPH� PRGHO� WR� VWXG\� SRXQGLQJ� RI� DGMDFHQW�
VXSHUVWUXFWXUH�VHJPHQWV�LQ�HOHYDWHG�EULGJHV��2WKHU�PRGHOV�RI�SRXQGLQJ�IRUFH�GXULQJ�LPSDFW��VXFK�DV�WKH�
OLQHDU�HODVWLF�PRGHO�>����@��WKH�QRQOLQHDU�HODVWLF�PRGHO�>����@��WKH�QRQOLQHDU�YLVFRHODVWLF�PRGHO�>�@�DQG�WKH�
+HUW]GDPS�PRGHO�>��@��KDYH�DOVR�EHHQ�LPSOHPHQWHG�LQ�WKH�DQDO\VHV��

,W�KDV�EHHQ�YHULILHG�WKURXJK�WKH�H[SHULPHQWV�>�@�WKDW�WKH�OLQHDU�YLVFRHODVWLF�PRGHO�LV�RQH�RI�WKH�PRVW�
DFFXUDWH�DPRQJ�WKH�DERYH�PRGHOV��,Q�WKLV�PRGHO��WKH�SRXQGLQJ�IRUFH�) GXULQJ�LPSDFW�LV�GHILQHG�DV�>�@�
5HFHLYHG�E\�WKH�HGLWRUV�-DQXDU\�����������$FFHSWHG�2FWREHU����������
&RUUHVSRQGLQJ�DXWKRU�
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ZKHUH� G � G� � NN � DQG� NF GHQRWH� WKH� GHIRUPDWLRQ� RI� FROOLGLQJ� VWUXFWXUHV� ZLWK� PDVVHV� �P � �P � WKHLU�
UHODWLYH�YHORFLW\��WKH�LPSDFW�VWLIIQHVV�FRHIILFLHQW�DQG�WKH�LPSDFW�GDPSLQJ�FRHIILFLHQW��ZKLFK�DFFRXQWV�IRU�
WKH�HQHUJ\�GLVVLSDWLRQ�GXULQJ�FRQWDFW�DQG�ZKLFK�FDQ�EH�REWDLQHG�IURP�WKH�IRUPXOD�>�@��
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$FFRXQWLQJ� IRU� WKH�HQHUJ\�GLVVLSDWLRQ�GXULQJ�FRQWDFW��ZKLFK�FDQ�UHVXOW� IURP�SODVWLF�GHIRUPDWLRQV�� ORFDO�
FUDFNLQJ�� IULFWLRQ�� HWF��� PDNHV� WKH� OLQHDU� YLVFRHODVWLF� PRGHO� YHU\� DWWUDFWLYH� LQ� VLPXODWLQJ� PRUH� SODVWLF�
LPSDFWV��0RUHRYHU�� WKH�PRGHO� LV� UHODWLYHO\� VLPSOH�� DQG� WKHUHIRUH� FDQ� EH� HDVLO\� DSSOLHG� LQ�PRVW� RI� WKH�
FRPSXWHU�FRGHV��+RZHYHU��WKH�OLQHDU�YLVFRHODVWLF�PRGHO�KDV�D�PDMRU�VKRUWFRPLQJ�UHODWHG�WR�WKH�QHJDWLYH�
LPSDFW�IRUFH�REVHUYHG�MXVW�EHIRUH�VHSDUDWLRQ�RI�FROOLGLQJ�VWUXFWXUHV�>�@��ZKLFK�GRHV�QRW�KDYH�DQ\�SK\VLFDO�
H[SODQDWLRQ� >�����@�� 7KLV� EHKDYLRU� UHVXOWV� IURP� WKH� IDFW� WKDW� WKH� OLQHDU� GDPSLQJ� WHUP� LQ� WKH�PRGHO� LV�
DFWLYDWHG�GXULQJ�WKH�ZKROH�WLPH�RI�FRQWDFW��(T�������DVVXPLQJ�D�XQLIRUP�GLVVLSDWLRQ�RI�HQHUJ\��0HDQZKLOH��
WKH�UHVXOWV�RI�H[SHULPHQWV�LQGLFDWH�WKDW�PRVW�RI�WKH�HQHUJ\�LV�GLVVLSDWHG�GXULQJ�WKH�ILUVW�SKDVH�RI�FRQWDFW�
�DSSURDFK�SHULRG�� DQG� WKH� VHFRQG�SKDVH� �UHVWLWXWLRQ�SHULRG�� LV�PDLQO\� DWWULEXWHG� WR� WKH� HODVWLF�EHKDYLRU�
ZKHUH�WKH�DFFXPXODWHG�HODVWLF�VWUDLQ�HQHUJ\�LV�UHOHDVHG�ZLWK�PLQRU�HQHUJ\�ORVV�GXH�WR�IULFWLRQ�>��@���

,Q�RUGHU�WR�RYHUFRPH�WKH�DERYH�GUDZEDFN�RI�WKH�OLQHDU�YLVFRHODVWLF�PRGHO��9DOOHV�DQG�5HLQKRUQ�>��@�SURSRVHG� D� YDULDWLRQ� RI� WKH� PRGHO�� LQ� ZKLFK� WKH� GDPSLQJ� WHUP� LV� RQO\� DFWLYH� IRU� SRVLWLYH� YHORFLWLHV�
DOORZLQJ� WKH� PDVVHV� WR� UHOHDVH� DW� WLPH�
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PD[LPXP� GHIRUPDWLRQ�� +HQFH�� WKH� HTXLYDOHQW� FRHIILFLHQW� RI� UHVWLWXWLRQ� H FDQ� EH� GHVFULEHG� DV�
PD[ PD[VLQ� �H[S� �G FH W WZ [Z � � ZKHUH� GZ DQG� FZ LV� WKH� GDPSHG� DQG� XQGDPSHG� FLUFXODU� IUHTXHQF\��

UHVSHFWLYHO\��+RZHYHU��QR�QXPHULFDO�DQDO\VLV�KDV�EHHQ�FRQGXFWHG�WR� LQYHVWLJDWH� WKH�SHUIRUPDQFH�RI� WKH�SURSRVHG�PRGHO�RI�SRXQGLQJ�IRUFH�GXULQJ�LPSDFW���
7KH�DLP�RI�WKH�SUHVHQW�SDSHU�LV�WR�YHULI\�WKH�HIIHFWLYHQHVV�RI�WKH�PRGLILHG�OLQHDU�YLVFRHODVWLF�PRGHO��LQ�

ZKLFK� WKH� GDPSLQJ� WHUP� LV� DFWLYDWHG� RQO\� GXULQJ� WKH� DSSURDFK� SHULRG� RI� FROOLVLRQ�� )LUVW�� WKH� DQDO\WLFDO�
IRUPXOD�EHWZHHQ�WKH�LPSDFW�GDPSLQJ�UDWLR�DQG�WKH�FRHIILFLHQW�RI�UHVWLWXWLRQ�LV�UHDVVHVVHG�LQ�RUGHU�WR�VDWLVI\�
WKH� UHODWLRQ� EHWZHHQ� WKH� SRVW�LPSDFW� DQG� WKH� SULRU�LPSDFW� UHODWLYH� YHORFLWLHV�� ,Q� RUGHU� WR� YHULI\� WKH�
SHUIRUPDQFH�RI�WKH�PRGHO��D�QXPEHU�RI�QXPHULFDO�FRPSDUDWLYH�DQDO\VHV�DUH�FRQGXFWHG��7KH�DFFHOHUDWLRQ�
WLPH�KLVWRU\�FRUUHVSRQGLQJ�WR�WKH������(O�&HQWUR�HDUWKTXDNH�LV�ILUVW�DSSOLHG�WR�WZR�DGMDFHQW�VWUXFWXUHV�ZLWK�
DQ�LQVXIILFLHQW�JDS�GLVWDQFH�PRGHOHG�DV� WZR�VLQJOH�GHJUHH�RI�IUHHGRP��6'2)��V\VWHPV��7KH�VHFRQG�DQG�
WKLUG�QXPHULFDO�FRPSDUDWLYH�DQDO\VHV�XVH�WKH�UHVXOWV�RI�WKH�LPSDFW�H[SHULPHQW�DV�ZHOO�DV�WKH�UHVXOWV�RI�WKH�
VKDNLQJ�WDEOH�H[SHULPHQWV�RQ�SRXQGLQJ�EHWZHHQ�WZR�VWHHO�WRZHUV�H[FLWHG�E\�KDUPRQLF�ZDYH��
� �� $1$/<7,&$/�5(/$7,216��D��)RUFH�UHIRUPXODWLRQ���
7KH�DFWLYDWLRQ�RI�WKH�GDPSLQJ�WHUP�GXULQJ�WKH�ZKROH�WLPH�RI�FROOLVLRQ�UHVXOWV�LQ�D�QHJDWLYH�WHQVLOH�IRUFH�
MXVW�EHIRUH�VHSDUDWLRQ�RI�WKH�FROOLGLQJ�VWUXFWXUHV��7R�RYHUFRPH�WKLV�GLVDGYDQWDJH�RI�WKH�OLQHDU�YLVFRHODVWLF�
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PRGHO�� WKH�GDPSLQJ� WHUP� LV� FRQVLGHUHG� WR�EH�DFWLYDWHG�RQO\�GXULQJ� WKH�DSSURDFK�SHULRG�RI�FROOLVLRQ�� LQ�
ZKLFK�PRVW�RI�WKH�HQHUJ\�LV�GLVVLSDWHG�>��@��7KH�SRXQGLQJ�IRUFH�) GXULQJ�LPSDFW�LQ�WKH�PRGLILHG�OLQHDU�
YLVFRHODVWLF�PRGHO�FDQ�EH�H[SUHVVHG�DV��FRPSDUH�(T��������
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�DSSURDFK�SHULRG�RI�FROOLVLRQ�
�UHVWLWXWLRQ�SHULRG�RI�FROOLVLRQ� ����

�
E��'HULYDWLRQ�RI�WKH�UHODWLRQV�EHWZHHQ�[ DQG�H��

7KH�UHODWLRQ�EHWZHHQ�WKH�LPSDFW�GDPSLQJ�UDWLR�DQG�WKH�FRHIILFLHQW�RI�UHVWLWXWLRQ�����LV�QR�ORQJHU�YDOLG�
GXH� WR� WKH� DFWLYDWLRQ�RI� WKH� GDPSLQJ� WHUP� LQ� WKH� DSSURDFK�SHULRG�RQO\��$� UHDVVHVVPHQW� RI� WKH� UHODWLRQ�
EHWZHHQ� [ DQG� H� EDVHG� RQ� WKH� UHIRUPXODWLRQ� RI� WKH� SRXQGLQJ� IRUFH� �(T�� ������ FDQ� EH� GHULYHG� XVLQJ� D�
PHWKRGRORJ\�EDVHG�RQ�WKH�HQHUJ\�PHWKRGV�>������@�DV�IROORZV��

/HW� LY EH�WKH�SULRU�LPSDFW��DSSURDFKLQJ��YHORFLW\�RI�WKH�FROOLGLQJ�VWUXFWXUH�ZLWK�PDVV� LP �L ������7KH�
ORVV� LQ�NLQHWLF� HQHUJ\�DIWHU� LPSDFW� FDQ�EH�H[SUHVVHG� LQ� WHUPV�RI� WKH�FRHIILFLHQW�RI� UHVWLWXWLRQ�H DQG� WKH�
UHODWLYH�SULRU�LPSDFW�YHORFLW\� � � �Y YG  �� DV�>��@��
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�,Q�WKH�PRGLILHG�OLQHDU�YLVFRHODVWLF�PRGHO��WKH�GLVVLSDWHG�HQHUJ\�E\�WKH�GDPSLQJ�WHUP�IROORZV�WKH�UHODWLRQ��
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�
ZKHUH� G� DQG� PD[G GHQRWH� WKH� UHODWLYH� YHORFLW\� EHWZHHQ� WKH� FROOLGLQJ� VWUXFWXUHV� GXULQJ� WKH� DSSURDFK�
SHULRG�� �G !� � DQG�WKH�PD[LPXP�GHIRUPDWLRQ��UHVSHFWLYHO\��

$Q�H[SUHVVLRQ�IRU�WKH�UHODWLYH�YHORFLW\�G� GXULQJ�WKH�DSSURDFK�SHULRG��LQ�WHUPV�RI�WKH�GHIRUPDWLRQ�G
KDV� WR� EH� REWDLQHG� WR� HYDOXDWH� WKH� LQWHJUDO� LQ�(T�� ����� )RU� VLPSOLFLW\��ZH� ILUVW�REWDLQ� D� IRUPXOD� IRU� WKH�
UHODWLYH�YHORFLW\�G� GXULQJ�WKH�UHVWLWXWLRQ�SHULRG�� �G d� ���ZKLFK�LV�FRQVLGHUHG�WR�EH�WKH�IXOO\�HODVWLF�SHULRG�
(T�������7KHQ��EDVHG�RQ�WKH�DVVXPHG�DSSUR[LPDWLQJ�IXQFWLRQV��WKH�UHODWLYH�YHORFLW\�G� GXULQJ�WKH�DSSURDFK�
SHULRG�� �G !� � FDQ�EH�REWDLQHG�LQ�WHUPV�RI�WKH�GHIRUPDWLRQ�G �

(TXDWLQJ�WKH�DFFXPXODWHG�HODVWLF�VWUDLQ�HQHUJ\�DW� WKH�EHJLQQLQJ�RI� WKH�UHVWLWXWLRQ�SHULRG��L�H��DW� WKH�
SRLQW�RI�PD[LPXP�GHIRUPDWLRQ� PD[G � ZLWK�WKH�NLQHWLF�HQHUJ\�DW�WKH�WLPH�RI�VHSDUDWLRQ�\LHOGV��
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ZKHUH� IG� LV�WKH�SRVW�LPSDFW��ILQDO��UHODWLYH�YHORFLW\��6ROYLQJ�(T������IRU� PD[G \LHOGV��
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'XH�WR�WKH�HQHUJ\�WUDQVIHU�IURP�WKH�HODVWLF�VWUDLQ�HQHUJ\�WR�NLQHWLF�HQHUJ\��WKH�IROORZLQJ�FRQGLWLRQ�KROGV�LQ�
WKH�UHVWLWXWLRQ�SHULRG�
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�
6ROYLQJ�(T������DOORZV�XV�WR�GHWHUPLQH�WKH�IRUPXOD�IRU�WKH�UHODWLYH�YHORFLW\�G� GXULQJ�WKH�UHVWLWXWLRQ�SHULRG�
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/HW�XV�QRZ�FRQVLGHU�WZR�GLIIHUHQW�DSSUR[LPDWLQJ�IXQFWLRQV�>��@�WR�REWDLQ�WZR�GLIIHUHQW�H[SUHVVLRQV�IRU�WKH�
UHODWLYH�YHORFLW\�G� GXULQJ�WKH�DSSURDFK�SHULRG�RI�FROOLVLRQ�� �G !� ����
�� ([SUHVVLRQ����7DNLQJ�LQWR�FRQVLGHUDWLRQ�(T�������DQG�DVVXPLQJ�WKDW�WKH�IRUPXOD�
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UHODWLRQ�EHWZHHQ�WKH�SRVW�LPSDFW�DQG�SULRU�LPSDFW�UHODWLYH�YHORFLWLHV�>��@�� LV�DOVR�YDOLG�IRU�DOO�YDOXHV�RI�
GHIRUPDWLRQ�GXULQJ� WKH�DSSURDFK�SHULRG�RI�FROOLVLRQ�� WKH�IRUPXOD�IRU� WKH�UHODWLYH�YHORFLW\� G� GXULQJ�WKH�
DSSURDFK�SHULRG�� �G !� � FDQ�EH�H[SUHVVHG�DV��
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�
6XEVWLWXWLQJ� WKH� IRUPXOD� IRU� IG� REWDLQHG� IURP� (T�� ���� LQWR� (T�� ����� DQG� VLPSOLI\LQJ� WKH� UHVXOWLQJ�
H[SUHVVLRQ�OHDGV�WR�
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0DNLQJ�XVH�RI� WKH� IRUPXOD�
�
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� E\� VXEVWLWXWLQJ� LW� LQWR�(T�� ����� DOORZV�XV� WR�GHVFULEH� WKH� UHODWLRQ�
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7KH�UHODWLRQV�EHWZHHQ�WKH�FRHIILFLHQW�RI�UHVWLWXWLRQ�DQG�WKH�LPSDFW�GDPSLQJ�UDWLR�IRU�ERWK�WKH�OLQHDU�DQG�
PRGLILHG�OLQHDU�YLVFRHODVWLF�PRGHOV�DUH�VKRZQ�LQ�)LJ������ �� 180(5,&$/�678'<��
8VLQJ� (T�� ����� ZH� DVVHVV� WKH� SHUIRUPDQFH� RI� WKH� PRGLILHG� OLQHDU� YLVFRHODVWLF� PRGHO� LQ� FDSWXULQJ� WKH�
HDUWKTXDNH�LQGXFHG� SRXQGLQJ� FRPSDUHG� ZLWK� WKH� OLQHDU� YLVFRHODVWLF� PRGHO� >�@� DQG� WKH� QRQOLQHDU�
YLVFRHODVWLF� PRGHO� >�@�� WKURXJK� WKUHH� GLIIHUHQW� SURFHGXUHV� RI� FRPSDULVRQ�� 7KH� ILUVW� RQH� LV� EDVHG� RQ�
VLPXODWLRQ�XVLQJ�WKH�(O�&HQWUR�HDUWKTXDNH�RI�������7ZR�VLQJOH�GHJUHH�RI�IUHHGRP��6'2)��V\VWHPV�VKRZQ�
LQ�)LJ�� ��� DV�PRGHOV� RI� WZR� VWUXFWXUHV�ZLWK� HTXDO�PDVVHV� DQG�GLIIHUHQW�QDWXUDO�SHULRGV�� DUH�XVHG� LQ� WKH�
VWXG\�� 7KH� VHFRQG� SURFHGXUH� LV� EDVHG� RQ� WKH� LPSDFW� H[SHULPHQW�� 7KH� WKLUG� XVHV� WKH� VKDNLQJ� WDEOH�
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7KH� (O� &HQWUR� HDUWKTXDNH� RI� ����� LV� DSSOLHG� WR� WZR� 6'2)�PRGHOV� �)LJ�� ���� ZLWK� WKH� SDUDPHWHUV�
GHVFULEHG�LQ�>��@��XVLQJ�WKUHH�GLIIHUHQW�SRXQGLQJ�IRUFH�PRGHOV��7KH�SHDN�YDOXHV�RI�GLVSODFHPHQW��YHORFLW\��
DFFHOHUDWLRQ�DQG�SRXQGLQJ�IRUFH�IRU�HDFK�PRGHO�DUH�REWDLQHG��)RU�L� ���� OHW�PL EH�WKH�PDVVHV��FL EH�WKH�
YLVFRXV�GDPSLQJ�FRHIILFLHQWV��DQG�NL EH�WKH�VWLIIQHVV�IRU�6'2)���DQG�6'2)����UHVSHFWLYHO\��7KH�FRXSOLQJ�
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7KH�GLIIHUHQFHV�EHWZHHQ�WKH�SHDN�YDOXHV�RI�WKH�UHVSRQVHV�IRU�WKH�OLQHDU�YLVFRHODVWLF�PRGHO�DQG�LWV�PRGLILHG�
YHUVLRQ� KDYH� EHHQ� FDOFXODWHG� DV� HTXDO� WR�� ��������� IRU� WKH� SHDN� GLVSODFHPHQWV�� ��������� IRU� WKH� SHDN�
YHORFLWLHV�����������IRU�WKH�SHDN�DFFHOHUDWLRQV�DQG������IRU�WKH�SHDN�SRXQGLQJ�IRUFHV��/DUJHU�GLIIHUHQFHV�
KDYH� EHHQ� REVHUYHG� EHWZHHQ� WKH� UHVXOWV� REWDLQHG� IRU� WKH� PRGLILHG� OLQHDU� YLVFRHODVWLF� PRGHO� DQG� WKH�
QRQOLQHDU�YLVFRHODVWLF�PRGHO��FRPSDUH�)LJ����ZLWK�)LJ�������
E��&RPSDUDWLYH�DQDO\VLV�����FRPSDULVRQ�EDVHG�RQ�LPSDFW�H[SHULPHQW��

9DQ�0LHU�HW�DO��>��@�FDUULHG�RXW�DQ�H[SHULPHQW�RQ�FROOLVLRQV�EHWZHHQ�D�SUHVWUHVVHG�FRQFUHWH�SLOH�DQG�D�
FRQFUHWH� VWULNHU� IRU� GLIIHUHQW� FRQWDFW� VXUIDFH� JHRPHWULHV�� VWULNHU�PDVV� DQG� LPSDFW� YHORFLW\� YDOXHV�� 7KH�
G\QDPLF�HTXDWLRQ�RI�PRWLRQ�IRU�SRXQGLQJ�EHWZHHQ�D�VWULNHU�RI�PDVV�P� DQG�D�SUHVWUHVVHG�IL[HG�SLOH�FDQ�EH�
ZULWWHQ�DV��VHH�IUHH�ERG\�GLDJUDP�LQ�)LJ�����
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WKH�SRXQGLQJ�IRUFH�DQG�J VWDQGV�IRU�WKH�DFFHOHUDWLRQ�RI�JUDYLW\��7KH�UHVXOWV�IURP�WKH�QXPHULFDO�VLPXODWLRQV�
DV�ZHOO�DV�WKH�UHVXOWV�RI�WZR�H[SHULPHQWDO�WHVWV�IRU�WKH�LPSDFW�RI�D�VSKHULFDO�FRQFUHWH�SHQGXOXP�VWULNHU�RI�
PDVV�����NJ��FRQFUHWH�VWUHQJWK������1�PP�� ZLWK�DQ�LPSDFW�YHORFLW\�����P�V�>��@�DUH�VKRZQ�LQ�)LJ�����7KH�
IROORZLQJ�LPSDFW�VWLIIQHVV�SDUDPHWHUV�KDYH�EHHQ�XVHG�LQ�WKH�QXPHULFDO�DQDO\VLV��NN  �����[���� 1�P�IRU�
WKH�OLQHDU�YLVFRHODVWLF�PRGHO��NN  �����[���� 1�P�IRU�WKH�PRGLILHG�OLQHDU�YLVFRHODVWLF�PRGHO�DQG�NN  �����
[ ��� 1�P����IRU�WKH�QRQOLQHDU�YLVFRHODVWLF�PRGHO�>�@��7KHVH�YDOXHV�KDYH�EHHQ�IRXQG�WKURXJK�DQ�LWHUDWLYH�
SURFHGXUH�LQ�RUGHU�WR�NHHS�WKH�PD[LPXP�SRXQGLQJ�IRUFH�LQ�WKH�QXPHULFDO�DQDO\VLV�HTXDO�WR�WKH�PD[LPXP�
SRXQGLQJ�IRUFH�RI� WKH�H[SHULPHQW��������N1���)RU�DOO�PRGHOV��WKH�FRHIILFLHQW�RI�UHVWLWXWLRQ�H  �����KDV�
EHHQ�XVHG��,W�KDV�EHHQ�IRXQG�WKDW�WKH�QRUPDOL]HG�HUURU�LV�HTXDO�WR�������IRU�WKH�OLQHDU�YLVFRHODVWLF�PRGHO��
������IRU�WKH�PRGLILHG�OLQHDU�YLVFRHODVWLF�PRGHO�DQG�������IRU�WKH�QRQOLQHDU�YLVFRHODVWLF�PRGHO����

)LJ�����0RGHO�LGHDOL]DWLRQ�RI�DGMDFHQW�VWUXFWXUHV��
F��&RPSDUDWLYH�DQDO\VLV�����FRPSDULVRQ�EDVHG�RQ�VKDNLQJ�WDEOH�H[SHULPHQWV��

&KDX�HW�DO��>��@�FDUULHG�RXW�WKH�VKDNLQJ�WDEOH�WHVWV�WR�LQYHVWLJDWH�WKH�SRXQGLQJ�SKHQRPHQRQ�EHWZHHQ�
WZR�VWHHO�WRZHUV�RI�GLIIHUHQW�QDWXUDO�IUHTXHQFLHV�DQG�GDPSLQJ�UDWLRV�VXEMHFWHG�WR�GLIIHUHQW�FRPELQDWLRQV�RI�
VWDQG�RI�GLVWDQFH�DQG�VHLVPLF�H[FLWDWLRQV��7ZR�VLQJOH�GHJUHH�RI�IUHHGRP��6'2)��V\VWHPV�VKRZQ�LQ�)LJ�����
DV�PRGHOV�RI�WZR�VWUXFWXUHV��DUH�XVHG�LQ�WKH�QXPHULFDO�VLPXODWLRQV��7KH�G\QDPLF�HTXDWLRQ�RI�PRWLRQ�IRU�
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VHULHV�RI�VKDNLQJ�WDEOH�H[SHULPHQWV�IRU�Q� ������SRXQGLQJ�SHU�F\FOH��DQG�Q  �����SRXQGLQJ�SHU���F\FOHV��
XVLQJ� YDULRXV� KDUPRQLF� ZDYHV� DV� H[FLWDWLRQV� IRU� WZR� 6'2)�� ([SHULPHQWDO�� QXPHULFDO� DQG� DQDO\WLFDO�
UHVXOWV� RI� WKH� UHODWLYH� LPSDFW� YHORFLW\� YHUVXV� WKH� H[FLWDWLRQ� IUHTXHQF\� KDYH� EHHQ� FRPSXWHG� IRU� WKH�
FRPSDULVRQ�SXUSRVHV�EHWZHHQ�H[SHULPHQWV�DQG�WKHRULHV���
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)LJ�����5HVSRQVH�RI�WZR�6'2)�EXLOGLQJ�V\VWHPV�XQGHU�WKH�(O�&HQWUR�HDUWKTXDNH�XVLQJ�WKH�QRQOLQHDU�YLVFRHODVWLF�PRGHO��

)LJ�����)UHH�ERG\�GLDJUDP�IRU�SRXQGLQJ�EHWZHHQ�D�FRQFUHWH�SHQGXOXP��VWULNHU�DQG�SUHVWUHVVHG�FRQFUHWH�SLOH��
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&RQFUHWH�H[SHULPHQW��

/LQHDU�YLVFRHODVWLF
0RGLILHG�OLQHDU�YLVFRHODVWLF

1RQOLQHDU�YLVFRHODVWLF

)LJ�����3RXQGLQJ�IRUFH�WLPH�KLVWRULHV�GXULQJ�LPSDFW�EHWZHHQ�D�FRQFUHWH��SHQGXOXP�VWULNHU�DQG�SUHVWUHVVHG�FRQFUHWH�SLOH�
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6��0DKPRXG�DQG�5��-DQNRZVNL��

,-67��7UDQVDFWLRQV�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��9ROXPH�����1XPEHU�&��������������������������������������������)HEUXDU\������

��
,Q�WKLV�SDSHU��WKH�UHVXOWV�RI�WZR�GLIIHUHQW�VLQXVRLGDO�ORDGV��DV�LQSXW�H[FLWDWLRQV��DUH�SUHVHQWHG��)LUVW��ZH�

KDYH�FRQVLGHUHG�WKH�LQSXW�VKDNLQJ�WDEOH�RI�WKH�IRUP� ���VLQ�� �J JX I WS �� �DV�DQ�H[FLWDWLRQ�DFWLQJ�RQ�6'2)�
� DQG�6'2)���ZLWK�WKH�IROORZLQJ�G\QDPLF�FKDUDFWHULVWLFV��P�  �����NJ�� I�  �����+]�� �  ������P�  ������NJ��I�  �����+]�� �  �����DQG�D�VHSDUDWLRQ�GLVWDQFH�RI������PP�>��@��7KH�QXPHULFDO�VROXWLRQV�IRU�
WKH�VWHDG\�VWDWH�UHODWLYH�LPSDFW�YHORFLW\�XVLQJ�DOO�WKUHH�SRXQGLQJ�IRUFH�PRGHOV�KDYH�EHHQ�FRPSDUHG�ZLWK�
WKH�H[SHULPHQWDO�UHVXOWV�>��@�ZKLFK�DUH�WKH�DYHUDJH�RI����F\FOHV�LQ�WKH�VWHDG\�VWDWH��7KH�UHVXOWV�IURP�WKH�
QXPHULFDO� DQDO\VLV� DQG� WKH� H[SHULPHQW� DUH� VKRZQ� LQ� )LJ�� ��� 7KH� VLPXODWLRQ� HUURUV� IRU� WKH� QXPHULFDOO\�
REWDLQHG�LPSDFW�YHORFLW\�YDOXHV�FRPSDUHG�ZLWK�WKH�H[SHULPHQWDO�UHVXOWV�IRU�Q� ���DQG�Q� ���DUH���������
DQG� ������� IRU� WKH� OLQHDU� YLVFRHODVWLF�PRGHO�� �������DQG�������� IRU� WKH�PRGLILHG� OLQHDU� YLVFRHODVWLF�
PRGHO���������DQG��������IRU�WKH�QRQOLQHDU�YLVFRHODVWLF�PRGHO���

$V� D� VHFRQG� LQSXW� H[FLWDWLRQ�� ZH� KDYH� FRQVLGHUHG� WKH� KDUPRQLF� H[FLWDWLRQ� ���VLQ�� �J JX I WS �� �
DSSOLHG�WR�WKH�6'2)���DQG�6'2)���ZLWK�WKH�VDPH�G\QDPLF�FKDUDFWHULVWLFV�DQG�VHSDUDWLRQ�GLVWDQFH�DV�XVHG�
EHIRUH��7KH�UHVXOWV� IURP�WKH�QXPHULFDO�DQDO\VLV�DQG�WKH�H[SHULPHQW�DUH�VKRZQ�LQ�)LJ�����7KH�VLPXODWLRQ�
HUURUV�IRU�WKH�QXPHULFDOO\�REWDLQHG�LPSDFW�YHORFLW\�YDOXHV�FRPSDUHG�ZLWK�WKH�H[SHULPHQWDO�UHVXOWV�IRU�Q� �
� DQG� Q  �� DUH�� ������� DQG� ������� IRU� WKH� OLQHDU� YLVFRHODVWLF� PRGHO�� ������� DQG� ������� IRU� WKH�
PRGLILHG�OLQHDU�YLVFRHODVWLF�PRGHO���������DQG��������IRU�WKH�QRQOLQHDU�YLVFRHODVWLF�PRGHO���

�)LJ�����7KH�VWHDG\�VWDWH�UHODWLYH�LPSDFW�YHORFLW\�YHUVXV�WKH�H[FLWDWLRQ�IUHTXHQF\�XQGHU�WKH�LQSXW��
VKDNLQJ�WDEOH�H[FLWDWLRQ� ��VLQ���� WIX JJ S ��

)LJ�����7KH�VWHDG\�VWDWH�UHODWLYH�LPSDFW�YHORFLW\�YHUVXV�WKH�H[FLWDWLRQ�IUHTXHQF\�XQGHU�WKH��
LQSXW�VKDNLQJ�WDEOH�H[FLWDWLRQ� ��VLQ���� WIX JJ S ��
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$QDO\WLFDO�VROXWLRQ��Q ��

$QDO\WLFDO�VROXWLRQ��Q ��

([SHULPHQWDO�UHVXOWV��Q ��

([SHULPHQWDO�UHVXOWV��Q ��

1XPHULFDO�UHVXOWV���OLQHDU�YLVFRHODVWLF

1XPHULFDO�UHVXOWV���PRGLILHG�OLQHDU�YLVFRHODVWLF

1XPHULFDO�UHVXOWV���QRQOLQHDU�YLVFRHODVWLF
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0RGLILHG�OLQHDU�YLVFRHODVWLF�PRGHO�RI�HDUWKTXDNH�LQGXFHG«��

)HEUXDU\������������������������������������������������,-67��7UDQVDFWLRQV�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��9ROXPH�����1XPEHU�&��

��
���&21&/86,21��

$Q� LPSURYHG� YHUVLRQ� RI� WKH� OLQHDU� YLVFRHODVWLF� PRGHO� RI� WKH� HDUWKTXDNH�LQGXFHG� VWUXFWXUDO� SRXQGLQJ��
ZKLFK�RYHUFRPHV�WKH�GLVDGYDQWDJH�RI�WKH�WHQVLRQ�IRUFH�DSSHDULQJ�MXVW�EHIRUH�VHSDUDWLRQ�EHWZHHQ�FROOLGLQJ�
VWUXFWXUHV��KDV�EHHQ�FRQVLGHUHG�LQ�WKLV�SDSHU��,Q�WKH�PRGLILHG�OLQHDU�YLVFRHODVWLF�PRGHO�WKH�PLQRU�HQHUJ\�
ORVV�GXULQJ�WKH�UHVWLWXWLRQ�SHULRG�LV�QHJOHFWHG�DQG�WKH�GDPSLQJ�WHUP�LV�DFWLYDWHG�RQO\�GXULQJ�WKH�DSSURDFK�
SHULRG� RI� FROOLVLRQ�� 7ZR� DQDO\WLFDO� IRUPXODV� UHODWLQJ� WKH� LPSDFW� GDPSLQJ� UDWLR� DQG� WKH� FRHIILFLHQW� RI�
UHVWLWXWLRQ�KDYH�EHHQ�GHULYHG�EDVHG�RQ�WKH�DSSUR[LPDWLQJ�IXQFWLRQV��,Q�RUGHU�WR�YHULI\�WKH�YDOLGLW\�RI�WKH�
PRGLILHG�OLQHDU�YLVFRHODVWLF�PRGHO��D�QXPEHU�RI�FRPSDUDWLYH�DQDO\VHV�KDYH�EHHQ�FDUULHG�RXW���

7KH�UHVXOWV�RI�WKH�VWXG\�SUHVHQWHG�LQ�WKLV�SDSHU�LQGLFDWH�WKDW�WKH�XVH�RI�WKH�PRGLILHG�OLQHDU�YLVFRHODVWLF�
PRGHO�OHDGV�WR�YHU\�VLPLODU�SRXQGLQJ�LQYROYHG�UHVSRQVHV�DV�LQ�WKH�FDVH�RI�WKH�OLQHDU�YLVFRHODVWLF�PRGHO��
7KH� FRPSDULVRQ� EHWZHHQ� WKH� UHVXOWV� RI� QXPHULFDO� VLPXODWLRQV� DQG� H[SHULPHQWV� VKRZ� WKDW� WKH� OLQHDU�
YLVFRHODVWLF�PRGHO� LV�PRUH�DFFXUDWH� WKDQ� LWV�PRGLILHG�YHUVLRQ� LQ� DOO� WKH� FDVHV� FRQVLGHUHG��2Q� WKH�RWKHU�
KDQG�� WKH� PRGLILHG� OLQHDU� YLVFRHODVWLF� PRGHO� KDV� EHHQ� IRXQG� WR� EH� PRUH� DFFXUDWH� WKDQ� WKH� QRQOLQHDU�
YLVFRHODVWLF� PRGHO� LQ� D� IHZ� FDVHV�� $Q\ZD\�� WKH� UHVXOWV� RI� WKH� VWXG\� LQGLFDWH� WKDW� WKH� PRGLILFDWLRQ�
LQWURGXFHG� LQ� WKH� OLQHDU� YLVFRHODVWLF�PRGHO�� LQ� RUGHU� WR�RYHUFRPH� WKH�GUDZEDFN�ZKLFK�GRHV�QRW�KDYH�D�
SK\VLFDO�H[SODQDWLRQ��GRHV�QRW�UHDOO\�OHDG�WR�WKH�LPSURYHPHQW�RI�WKH�DFFXUDF\�RI�WKH�PRGHO��7KHUHIRUH��WKH�
VWDQGDUG�YHUVLRQ�RI�WKH�OLQHDU�YLVFRHODVWLF�PRGHO��EHLQJ�DZDUH�RI�LWV�VKRUWFRPLQJ��LV�UHFRPPHQGHG�IRU�WKH�
SXUSRVHV�RI�QXPHULFDO�VLPXODWLRQV�RI�WKH�HDUWKTXDNH�LQGXFHG�VWUXFWXUDO�SRXQGLQJ�LQ�IXWXUH�VWXGLHV��
�

���5(0$5.��
7KH�GLIIHUHQWLDO�(TV�������DQG������FDQ�EH�ZULWWHQ�LQ�D�XQLIRUP�YHUVLRQ��

�

� � � ��
��� �
GS X I XGW
X X

 
 

�W t �����
�

ZKHUH�X�� 5Q� S � 5Q o 5Q LV� D�FRQWLQXRXVO\�GLIIHUHQWLDEOH� IXQFWLRQ�DQG� I� ��5Q o 5Q LV� D� FRQWLQXRXV�
IXQFWLRQ� EXW� QRW� QHFHVVDULO\� GLIIHUHQWLDEOH�� 3UREOHP� ����� LV� FDOOHG� D� V\VWHP� RI� QRQVPRRWK� RUGLQDU\�
GLIIHUHQWLDO� HTXDWLRQV�RI� WKH� ILUVW�RUGHU�� ,Q�RUGHU� WR� VROYH� LW� HIILFLHQWO\�ZH�XVH� WKH� LPSOLFLW�5XQJH�.XWWD�
�,5.�� PHWKRG� >�����@� ZLWK� YDULRXV� FRHIILFLHQWV�� VXFK� DV� FRHIILFLHQWV� RI� *DXVV�� 5DGDX� ,$�� 5DGDX� ,,$��
/REDWWR�,,,$��%XUUDJH��HWF��>��@��

5()(5(1&(6��
��� $QDJQRVWRSRXORV�� 6�� $�� �������� 3RXQGLQJ� RI� EXLOGLQJV� LQ� VHULHV� GXULQJ� HDUWKTXDNHV��(DUWKTXDNH� (QJLQHHULQJ�

DQG�6WUXFWXUDO�'\QDPLFV� 9RO������1R�����SS�����������
��� *KDIRU\�$VKWLDQ\�� 0�� �������� 7KH� HIIHFW� RI� UDQGRP� PDVV�� VWLIIQHVV� DQG� HFFHQWULFLW\� SDUDPHWHUV� RQ� VHLVPLF�

UHVSRQVH�RI�WRUVLRQDO�V\VWHP��,UDQLDQ�-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\�7UDQVDFWLRQ�%��(QJLQHHULQJ� 9RO������
1R��%���SS����������

��� $NVRJDQ��2���0XUDW�$UVODQ��+��	�6HUHQ�$NDYFL��6����������6WLIIHQHG�FRXSOHG�VKHDU�ZDOOV�RQ�HODVWLF�IRXQGDWLRQ�
ZLWK� IOH[LEOH� FRQQHFWLRQV� DQG� VWHSZLVH� FKDQJHV� LQ� ZLGWK�� ,UDQLDQ� -RXUQDO� RI� 6FLHQFH� DQG� 7HFKQRORJ\��
7UDQVDFWLRQ�%��(QJLQHHULQJ� 9RO������1R��%���SS���������

��� -DQNRZVNL��5���:LOGH��.��	�)XMLQR��<��3RXQGLQJ�RI�VXSHUVWUXFWXUH�VHJPHQWV�LQ�LVRODWHG�HOHYDWHG�EULGJH�GXULQJ�
HDUWKTXDNHV��(DUWKTXDNH�(QJLQHHULQJ�DQG�6WUXFWXUDO�'\QDPLFV� 9RO������1R�����SS�����������

��� 0DLVRQ��%��)��	�.DVDL��.����������$QDO\VLV�IRU�D�W\SH�RI�VWUXFWXUDO�SRXQGLQJ��-RXUQDO�RI�6WUXFWXUDO�(QJLQHHULQJ�
�$6&(�� 9RO�������1R�����SS�����������
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6��0DKPRXG�DQG�5��-DQNRZVNL��

,-67��7UDQVDFWLRQV�RI�&LYLO�DQG�(QYLURQPHQWDO�(QJLQHHULQJ��9ROXPH�����1XPEHU�&��������������������������������������������)HEUXDU\������

��
��� 0DLVRQ��%��)��	�.DVDL��.����������'\QDPLFV�RI�SRXQGLQJ�ZKHQ�WZR�EXLOGLQJV�FROOLGH��(DUWKTXDNH�(QJLQHHULQJ�

DQG�6WUXFWXUDO�'\QDPLFV� 9RO������1R�����SS�����������
��� 3DQWHOLGHV�� &�� 3�� 	� 0D�� ;�� �������� /LQHDU� DQG� QRQOLQHDU� SRXQGLQJ� RI� VWUXFWXUDO� V\VWHPV�� &RPSXWHUV� DQG�

6WUXFWXUHV� 9RO������1R�����SS���������
��� &KDX��.��7��	�:HL��;��;�� �������� 3RXQGLQJ� RI� VWUXFWXUHV�PRGHOOHG� DV� QRQ�OLQHDU� LPSDFWV� RI� WZR� RVFLOODWRUV��

(DUWKTXDNH�(QJLQHHULQJ�DQG�6WUXFWXUDO�'\QDPLFV� 9RO������1R�����SS�����������
��� -DQNRZVNL��5����������1RQOLQHDU�YLVFRHODVWLF�PRGHOOLQJ�RI�HDUWKTXDNH�LQGXFHG�VWUXFWXUDO�SRXQGLQJ��(DUWKTXDNH�

(QJLQHHULQJ�DQG�6WUXFWXUDO�'\QDPLFV� 9RO������1R�����SS�����������
���� 0XWKXNXPDU�� 6�� 	� 'HV5RFKHV�� 5�� �������� $� +HUW]� FRQWDFW� PRGHO� ZLWK� QRQOLQHDU� GDPSLQJ� IRU� SRXQGLQJ�

VLPXODWLRQ��(DUWKTXDNH�(QJLQHHULQJ�DQG�6WUXFWXUDO�'\QDPLFV� 9RO������1R�����SS�����������
���� $QDJQRVWRSRXORV�� 6�� $�� �������� (TXLYDOHQW� YLVFRXV� GDPSLQJ� IRU� PRGHOLQJ� LQHODVWLF� LPSDFWV� LQ� HDUWKTXDNH�

SRXQGLQJ�SUREOHPV��(DUWKTXDNH�(QJLQHHULQJ�DQG�6WUXFWXUDO�'\QDPLFV� 9RO������1R�����SS�����������
���� +XQW�� .�� +�� 	� &URVVOH\�� )�� 5�� (�� �������� &RHIILFLHQW� RI� UHVWLWXWLRQ� LQWHUSUHWHG� DV� GDPSLQJ� LQ� YLEURLPSDFW��

-RXUQDO�RI�$SSOLHG�0HFKDQLFV�$60(� 9RO������SS�����������
���� 0DUKHIND��'��:��	�2ULQ��'��(�� ��������$�FRPSOLDQW�FRQWDFW�PRGHO�ZLWK�QRQOLQHDU�GDPSLQJ� IRU� VLPXODWLRQ�RI�

URERWLF�V\VWHPV��,(((�7UDQVDFWLRQV�RQ�V\VWHPV��0DQ��DQG�&\EHUQHWLFV��3DUW�$��6\VWHP�DQG�+XPDQV� 9RO������
1R�����SS�����������

���� *ROGVPLWK��:����������,PSDFW��WKH�WKHRU\�DQG�SK\VLFDO�EHKDYLRXU�RI�FROOLGLQJ�VROLGV� (GZDUG�$UQROG��/RQGRQ��
���� 9DOOHV��5��(��	�5HLQKRUQ��$��0����������(YDOXDWLRQ��SUHYHQWLRQ��DQG�PLWLJDWLRQ�RI�SRXQGLQJ�HIIHFWV�LQ�EXLOGLQJ�

VWUXFWXUHV��3URF��RI�WKH���WK�:RUOG�&RQIHUHQFH�RQ�(DUWKTXDNH�(QJLQHHULQJ� $FDSXOFR��0H[LFR��3DSHU�1R������
���� 6KHLGDLL��0��5���$EHGL��.���%HKUDYHVK��$��	�3DUNH��*��$��5����������$Q�LQYHVWLJDWLRQ�LQWR�WKH�FROODSVH�EHKDYLRXU�

RI�GRXEOH�OD\HU�VSDFH�WUXVVHV��,UDQLDQ�-RXUQDO�RI�6FLHQFH�DQG�7HFKQRORJ\��7UDQVDFWLRQ�%��(QJLQHHULQJ� 9RO������
1R��%���SS��������

���� -DQNRZVNL��5����������$QDO\WLFDO�H[SUHVVLRQ�EHWZHHQ�WKH�LPSDFW�GDPSLQJ�UDWLR�DQG�WKH�FRHIILFLHQW�RI�UHVWLWXWLRQ�
LQ�WKH�QRQ�OLQHDU�YLVFRHODVWLF�PRGHO�RI�VWUXFWXUDO�SRXQGLQJ��(DUWKTXDNH�(QJLQHHULQJ�DQG�6WUXFWXUDO�'\QDPLFV�
9RO������1R�����SS�����������

���� 0XWKXNXPDU��6��	�'HV5RFKHV��5����������(YDOXDWLRQ�RI�LPSDFW�PRGHOV�IRU�VHLVPLF�SRXQGLQJ��3URF��RI�WKH���WK�
:RUOG�&RQIHUHQFH�RQ�(DUWKTXDNH�(QJLQHHULQJ��9DQFRXYHU��&DQDGD��3DSHU�1R�������

���� +DUULV��&��0��	�3LHUVRO��$��*����������+DUULV
�VKRFN�DQG�YLEUDWLRQ�KDQGERRN� 0F*UDZ�+LOO��1HZ�<RUN��
���� 9DQ�0LHU��-��*��0���3UXLMVVHUV��$��)���5HLQKDUGW��+��:��	�0RQQLHU��7����������/RDG�WLPH�UHVSRQVH�RI�FROOLGLQJ�

FRQFUHWH�ERGLHV��-RXUQDO�RI�6WUXFWXUDO�(QJLQHHULQJ��$6&(�� 9RO�������1R�����SS�����������
���� &KDX��.��7���:HL��;��;���*XR��;��	�6KHQ��&��<�� ��������([SHULPHQWDO� DQG� WKHRUHWLFDO� VLPXODWLRQ� RI� VHLVPLF�

SRXQGLQJV�EHWZHHQ�WZR�DGMDFHQW�VWUXFWXUHV��(DUWKTXDNH�(QJLQHHULQJ�DQG�6WUXFWXUDO�'\QDPLFV� 9RO������1R�����
SS�����������

���� -D\�� /�� 2�� �������� ,QH[DFW� VLPSOLILHG�1HZWRQ� LWHUDWLRQV� IRU� LPSOLFLW� 5XQJH�.XWWD� PHWKRGV�� 6,$0� -RXUQDO� RQ�
1XPHULFDO�$QDO\VLV� 9RO������1R�����SS�������������

���� &KHQ��;��	�0DKPRXG��6����������,PSOLFLW�5XQJH�.XWWD�PHWKRGV�IRU�/LSVFKLW]�FRQWLQXRXV�RUGLQDU\�GLIIHUHQWLDO�
HTXDWLRQV��6,$0�-RXUQDO�RQ�1XPHULFDO�$QDO\VLV� 9RO������1R�����SS�������������

���� 0DKPRXG�� 6�� 	� &KHQ�� ;�� �������� $� YHULILHG� LQH[DFW� LPSOLFLW� 5XQJH�.XWWD� PHWKRG� IRU� QRQVPRRWK� 2'(V��
1XPHULFDO�$OJRULWKPV� 9RO������1R�����SS�����������

�
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