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7KH�RYHUWRSSLQJ�RI�HPEDQNPHQW�GDPV�DQG�OHYHHV�RIWHQ�FDXVHV�HURVLRQ�RI�HPEDQNPHQW�PDWHULDO��DQG�FDQ�UHVXOW�
LQ�IDLOXUH�RI�WKH�VWUXFWXUH�E\�EUHDFKLQJ� 7KH EUHDFKLQJ�SURFHVV�LV�DIIHFWHG�E\�QXPHURXV FKDUDFWHULVWLFV RI�WKH�
HPEDQNPHQW� DQG� UHVHUYRLU� V\VWHP�� LQFOXGLQJ� HPEDQNPHQW� JHRPHWU\� PDWHULDO� FRPSRVLWLRQ�� DQG� K\GUDXOLF�
FRQGLWLRQV��7KH�HIIHFWV RI� WKHVH SDUDPHWHUV DUH�JHQHUDOO\� LQYHVWLJDWHG�E\�SK\VLFDO�PRGHO� H[SHULPHQWV� 7KH
H[WHQW�WR�ZKLFK�D�SDUDPHWHU�LV�LQYHVWLJDWHG�LV�RIWHQ�OLPLWHG�E\ WKH�DPRXQW�RI WLPH UHTXLUHG�IRU SK\VLFDO�PRGHO
VHWXS��H[SHULPHQWDWLRQ��DQG�GDWD�SRVW�SURFHVVLQJ� 7KLV�VWXG\�SURSRVHV�D�FRPSRVLWH PRGHOLQJ�VWUDWHJ\�IRU PRUH�
HIILFLHQW PRGHOLQJ�RI�HPEDQNPHQW�GDP�EUHDFKLQJ�GXH� WR�RYHUWRSSLQJ��)LUVW��DQ�HPEDQNPHQW�GDP�EUHDFK� LV�
PRGHOHG� ZLWK� SK\VLFDO� H[SHULPHQWV� 6HFRQG�� D FRUUHVSRQGLQJ� QXPHULFDO� PRGHO� LV VHW� XS� ZLWK� WKH� VDPH�
JHRPHWU\� PDWHULDO�FRPSRVLWLRQ��DQG�K\GUDXOLF�LQSXWV DV�WKH�SK\VLFDO�PRGHO��1H[W��LPSRUWDQW�ILQGLQJV�IURP�WKH�
SK\VLFDO PRGHOLQJ�DUH LPSOHPHQWHG�LQ�WKH QXPHULFDO�PRGHO��/DVWO\� WKH�QXPHULFDO�PRGHO�LV YDOLGDWHG�ZLWK UHVXOWV�
IURP�WKH SK\VLFDO�PRGHOLQJ��7KH�FRPSRVLWH�PRGHOLQJ�VWUDWHJ\ ZDV DSSOLHG�WR�DQ�LQYHVWLJDWLRQ�RI�WKH�HIIHFW�RI�
PDWHULDO� JUDLQ� VL]H� RQ� GDP� EUHDFKLQJ� 7KH� FRPSRVLWH� PRGHOLQJ� VWUDWHJ\ VKRZHG� WKH� DELOLW\� WR UHSUHVHQW�
QXPHURXV HIIHFWV�RI�PDWHULDO�JUDLQ�VL]H�� LQFOXGLQJ�HURVLRQ�UDWHV DQG� WLPLQJ�RI�SHDN�RXWIORZ��DV�FRQILUPHG�E\
VHSDUDWH SK\VLFDO� PRGHOLQJ� RI� WKH� VDPH� V\VWHP� 3UHOLPLQDU\� UHVXOWV� LQGLFDWH� WKDW� WKH� FRPSRVLWH� PRGHOLQJ�
VWUDWHJ\ LV�D�YLDEOH�RSWLRQ�IRU�PRGHOLQJ�GDP�EUHDFKLQJ�WR�LQYHVWLJDWH�HIIHFWV�RI�YDULRXV�SDUDPHWHUV�RQ�WKH�EUHDFK�
SURFHVV��DOORZLQJ�IRU�JUHDWHU�HIILFLHQF\�DQG ODUJHU�WHVW�VHULHV WKDQ�ZLWK�SK\VLFDO�PRGHOLQJ�E\�LWVHOI�

.H\ZRUGV� 'DP�EUHDFK��+RPRJHQHRXV�HPEDQNPHQW��&RPSRVLWH�PRGHOLQJ� 3K\VLFDO PRGHOLQJ� 1XPHULFDO�PRGHOLQJ
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(DUWKHQ�HPEDQNPHQWV�DUH�XWLOL]HG�DV�GDPV�DQG�OHYHHV�WKURXJKRXW�WKH�ZRUOG� )DLOXUH�RI WKHVH K\GUDXOLF�
VWUXFWXUHV�SRVHV D� WKUHDW� WR OLYHV�DQG�SURSHUW\�ZKHUHYHU� WKH\ H[LVW��DQG�EHWWHU�XQGHUVWDQGLQJ�RI� WKHLU� IDLOXUH�
SURFHVVHV FDQ� OHDG� WR� LPSURYHG PDQDJHPHQW� RI� WKHLU� DVVRFLDWHG� ULVNV� )DLOXUH� RI� HPEDQNPHQW� GDPV� E\�
RYHUWRSSLQJ�W\SLFDOO\ EHJLQV�ZLWK�KHDGFXWWLQJ�RU�VXUIDFH�HURVLRQ�IRUPLQJ�DQ�LQLWLDO�EUHDFK�DW�D�YXOQHUDEOH ORFDWLRQ
RQ WKH�GRZQVWUHDP�IDFH� )ORZ�WKURXJK�WKH�LQLWLDO�EUHDFK�FRQWLQXHV WKH�HURVLRQ�RI HPEDQNPHQW�PDWHULDO��ORZHULQJ�
WKH�EUHDFK�SURILOH�WRZDUGV�WKH�EDVH�RI�WKH VWUXFWXUH��6LGHZDOOV RI�WKH�EUHDFK FKDQQHO��VWHHSHQHG�E\�WKH�YHUWLFDO�
HURVLRQ� HYHQWXDOO\�FROODSVH WKURXJK PDVV VORSH IDLOXUHV� UHVXOWLQJ�LQ ODWHUDO H[SDQVLRQ�RI�WKH EUHDFK� 1XPHURXV
DVSHFWV� RI� WKH EUHDFKLQJ SURFHVV�� VXFK� DV WKH UDWH� RI� VXUIDFH� HURVLRQ�� IDLOXUH� DQJOHV�� DQG� VHHSDJH�� DUH�
GHSHQGHQW�RQ�WKH�FRPSRVLWLRQ RI�HPEDQNPHQW�PDWHULDO�

,QYHVWLJDWLQJ� WKH� HIIHFWV� RI� HPEDQNPHQW� PDWHULDO� FRPSRVLWLRQ RQ� WKH� GDP� EUHDFK� SURFHVV KDV EHHQ�
H[WHQVLYHO\ SHUIRUPHG� WKURXJK SK\VLFDO� PRGHO� H[SHULPHQWV�� VXFK� DV� WKH� VWXGLHV� RI 3LFNHUW� HW� DO�� ��������
6FKPRFNHU�DQG�+DJHU� ������� $O�5LIIDL� ������� 6FKPRFNHU�HW�DO�� ������� :DOOQHU� ������� )UDQN� ������� DQG�
'KLPDQ�DQG�3DWUD���������+RZHYHU� SK\VLFDO�PRGHO H[SHULPHQWV DUH RIWHQ�WLPH FRQVXPLQJ� ODERU�LQWHQVLYH� DQG�
VSDFH�OLPLWHG� 2WKHU�RSWLRQV�IRU�GDP�EUHDFK�LQYHVWLJDWLRQV�DUH�DYDLODEOH��GHSHQGLQJ RQ�WKH�GHVLUHG DFFXUDF\�
GHWDLO��DQG�HIIRUW��'LPHQVLRQOHVV�HTXDWLRQV�GHYHORSHG�IURP�H[SHULPHQWDO�GDWD FDQ�EH�XVHG�WR SUHGLFW LPSRUWDQW
SDUDPHWHUV� VXFK�DV�WKH�PDJQLWXGH�DQG�WLPLQJ�RI�SHDN�EUHDFK�IORZ��YROXPH�RI�HURVLRQ��DQG�HPEDQNPHQW�VKDSH
�)UDQN��������$VJKDUL�7DEUL]L HW�DO�������� %RHV�HW�DO���������'KLPDQ�	�3DWUD���������3DUDPHWHU�PRGHOV��VXFK�
DV�WKRVH�RI 0DFFKLRQH�������� :X�������� DQG 3HWHU�HW�DO����������SURYLGH�D�FRPSXWDWLRQDOO\�HIILFLHQW�PHDQV�RI�
QXPHULFDO�PRGHOLQJ ZKHQ�DGGLWLRQDO GHWDLO�� VXFK�DV�D�FRPSOHWH EUHDFK�RXWIORZ�K\GURJUDSK�� LV� UHTXLUHG� )RU�
JUHDWHU DFFXUDF\� VHYHUDO GHWDLOHG SK\VLFDOO\�EDVHG QXPHULFDO�FRGHV KDYH�EHHQ�GHYHORSHG�WKDW�DUH�GHVLJQHG�
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IRU�HPEDQNPHQW�GDP�EUHDFK PRGHOLQJ��LQFOXGLQJ WKRVH�RI :X�HW�DO��������� 9RO]�HW�DO��������������� %HJDP�HW�
DO��������� DQG�.DQJ�HW�DO��������� 7KHVH�QXPHULFDO PRGHOV ZHUH JHQHUDOO\ YDOLGDWHG E\�PRGHOLQJ�D�GDP�EUHDFK�
WKDW�ZDV�DOVR UHSUHVHQWHG�E\ D SK\VLFDO�PRGHO H[SHULPHQW��DQG�SURGXFLQJ�FRPSDUDEOH UHVXOWV�

7KLV�VWXG\�XVHG D FRPSRVLWH�PRGHOLQJ�VWUDWHJ\ WR�PRGHO�HPEDQNPHQW�GDP�EUHDFKLQJ�GXH�WR�RYHUWRSSLQJ�
/DERUDWRU\�SK\VLFDO�PRGHO H[SHULPHQWV ZHUH SHUIRUPHG�ZLWK�D�KRPRJHQHRXV�GDP�PDGH�RI�XQLIRUP�FRDUVH�
VDQG� 'HWDLOHG� SK\VLFDOO\�EDVHG� QXPHULFDO PRGHOLQJ� ZDV� SHUIRUPHG� E\� DSSO\LQJ� WKH� K\GURG\QDPLF� DQG�
PRUSKRG\QDPLF� PRGHOLQJ� VRIWZDUH� %$6(0(17� �9HWVFK� HW DO��� ������� ZKLFK� LQFRUSRUDWHV� WKH� QXPHULFDO�
DSSURDFKHV RI�9RO]�HW�DO�� ��������7KH�QXPHULFDO�PRGHO�UHSUHVHQWV� WKH�VDPH�JHRPHWU\��K\GUDXOLF�FRQGLWLRQV��
DQG�HPEDQNPHQW�PDWHULDO DV�WKH�SK\VLFDO�PRGHO��DQG�VRPH�ILQGLQJV IURP�WKH�SK\VLFDO�PRGHOLQJ ZHUH�XVHG�DV�
LQSXWV�LQ�WKH�QXPHULFDO�PRGHO� 7KH�QXPHULFDO�PRGHO�UHVXOWV�ZHUH YDOLGDWHG�EDVHG�RQ WKH SK\VLFDO�PRGHOLQJ��7KH
QXPHULFDO PRGHO�ZDV WKHQ�WHVWHG�IRU�LWV�DELOLW\ WR�LQYHVWLJDWH WKH�LQIOXHQFH�RI�PDWHULDO�JUDLQ�VL]H�RQ�WKH�EUHDFK�
SURFHVV� 5HVXOWV�ZHUH�FRPSDUHG�WR�SK\VLFDO�PRGHOLQJ�RI� WKH�VDPH PDWHULDO�JUDLQ�VL]H� LQYHVWLJDWLRQ��DQG�WKH�
YLDELOLW\�RI�WKH�FRPSRVLWH�PRGHOLQJ�VWUDWHJ\ IRU�LQYHVWLJDWLQJ�WKH�GDP�EUHDFK�SURFHVV�ZDV�DVVHVVHG�
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���� /DERUDWRU\ ([SHULPHQW�6HWXS

)LYH�SK\VLFDO�PRGHO H[SHULPHQWV RI�HPEDQNPHQW�GDP�EUHDFKLQJ ZHUH�SHUIRUPHG�LQ�D � PHWHU �P��ZLGH�
DQG����� P ORQJ UHFLUFXODWLQJ K\GUDXOLF IOXPH�LQ�WKH /DERUDWRU\�RI�+\GUDXOLFV��+\GURORJ\�DQG�*ODFLRORJ\ �9$:���
(7+�=XULFK� 0RGHO�GDPV�ZHUH�EXLOW�RQ�D ���� P GHHS HOHYDWHG�WHVW�VHFWLRQ� $OO�ILYH�PRGHO�GDPV�KDG�WKH�VDPH�
VL]H DQG VKDSH�� GDP� KHLJKW� Z  ��� P�� ZLGWK E  ��� P�� FUHVW� OHQJWK /.  ��� P�� WRWDO VWUHDPZLVH OHQJWK�
/'  ��� P�� DQG� XSVWUHDP� 6X DQG� GRZQVWUHDP 6G IDFH� VORSHV RI ���� �KRUL]RQWDO�YHUWLFDO�� $OO� PRGHO� GDPV�
FRQVLVWHG�RI�D�XQLIRUP�FRDUVH�VDQG�ZLWK�D�PHDQ�GLDPHWHU�GP  ���� PLOOLPHWHUV��PP�� DQG�D�JHRPHWULF�VWDQGDUG�
GHYLDWLRQ� RI� JUDLQ� VL]H� GLVWULEXWLRQ� ıJ  �G���G������  �����ZKHUH� G[ LV WKH� JUDLQ� VL]H� GLDPHWHU� IRU�ZKLFK [��RI�
PDWHULDO�LV�ILQHU� $ KDOI�PRGHO�VHWXS ZDV�XVHG� LQ�ZKLFK�WKH�EUHDFK�FHQWHUOLQH�ZDV�GLUHFWHG DORQJ WKH�WUDQVSDUHQW
OHIW VLGHZDOO�RI�WKH IOXPH E\ D ��� P GHHS��ZS��DQG���� P�ZLGH��ES��WULDQJXODU�SLORW�EUHDFK��FXW�LQWR�WKH�OHIW�VLGH�RI�
WKH�GDP�FUHVW��7KLV�DOORZHG�IRU�REVHUYDWLRQ�DQG�UHFRUGLQJ�RI�WKH�EUHDFK�FHQWHUOLQH�ZKLOH�UHSUHVHQWLQJ�RQO\�KDOI�
RI� WKH�GDP� LQ� WKH�H[SHULPHQW �)UDQN�������� $����� P ORQJ�DQG���� P ZLGH� IORRU�GUDLQ�� ORFDWHG�EHQHDWK WKH�
GRZQVWUHDP� IDFH�RI� WKH�PRGHO�GDPV�� FDSWXUHG VHHSDJH� IORZ�DQG� URXWHG� LW� WR�D FROOHFWLRQ� WDQN� $�VHGLPHQW�
FROOHFWLRQ�EDVNHW�ZDV� ORFDWHG�GLUHFWO\ GRZQVWUHDP�RI� WKH� WHVW� VHFWLRQ� $OO� H[SHULPHQWV�ZHUH� UXQ� IRU� DW� OHDVW�
��� VHFRQGV� �V�� ([SHULPHQWDO� VHWXS� DQG� SURFHGXUHV� IROORZHG� WKRVH� RI� )UDQN� �������� $ VFKHPDWLF�
UHSUHVHQWDWLRQ�RI�WKH�PRGHO�GDP VHWXS DQG�SDUDPHWHU�GHILQLWLRQV LV�VKRZQ�LQ�)LJXUH���

,QIORZ HQWHUHG� WKH� IOXPH�XSVWUHDP�RI� WKH�PRGHO�GDPV� YLD D�SXPS�� ,QIORZ ZDV�VHW�DW 4R  �� O�V IRU�DOO�
H[SHULPHQWV� DQG�ZDV�PHDVXUHG� E\� DQ� LQGXFWLYH� GLVFKDUJH�PHDVXUHPHQW �0,'� GHYLFH� :DWHU� OHYHOV�ZHUH�
PHDVXUHG�E\�XOWUDVRQLF�GLVWDQFH�VHQVRUV �8'6� XSVWUHDP�RI�WKH�PRGHO�GDP��KR� DQG�LQ�WKH�VHHSDJH�FROOHFWLRQ�
WDQN� �KV��� ZKLFK� DOORZHG� IRU� FDOFXODWLRQ� RI FKDQJHV� WR� UHVHUYRLU� VWRUDJH DQG WKH� VHHSDJH� IORZ� UDWH� %UHDFK�
GLVFKDUJH��4E� FRXOG�EH�FDOFXODWHG�EDVHG�RQ WKHVH�PHDVXUHPHQWV��XVLQJ�D YROXPHWULF�FRQWLQXLW\ DSSURDFK DOVR�
XVHG�E\�&ROHPDQ�HW�DO����������&HVWHUR�HW�DO��������� )UDQN�DQG�+DJHU���������DQG )UDQN���������0HDVXUHPHQWV�
RI�WKH�VHHSDJH�IORZ�UDWH�ZHUH XQDYDLODEOH�IRU�WZR�UXQV�RI�WKH�SK\VLFDO PRGHO H[SHULPHQW��WKHUHIRUH�WKH�VHHSDJH�
IORZ�K\GURJUDSKV�LQ�WKRVH�H[SHULPHQWV�ZHUH�VHW�DV�WKH�DYHUDJH�RI�WKH�VHHSDJH�IORZ�K\GURJUDSKV�RI�WKH�RWKHU�
WKUHH�H[SHULPHQWV�

7KH�HPEDQNPHQW�VXUIDFH�ZDV�UHFRUGHG WKURXJKRXW�WKH H[SHULPHQWV E\�D�SKRWRJUDPPHWULF�PHDVXUHPHQW
V\VWHP��GHVFULEHG�E\�)UDQN�DQG�+DJHU� ������� 7KH�SKRWRJUDPPHWULF� V\VWHP�RXWSXWV WKH WRSRJUDSK\ RI� WKH�
HPEDQNPHQW�VXUIDFH� DOORZLQJ IRU�FRQWLQXRXV�HVWLPDWLRQ�RI WKH�UHPDLQLQJ HPEDQNPHQW YROXPH��7KH YROXPH RI
HURGHG HPEDQNPHQW PDWHULDO �9H��ZDV WKHQ FDOFXODWHG� E\ VXEWUDFWLRQ�RI� WKH�UHPDLQLQJ�HPEDQNPHQW�YROXPH�
IURP�WKH�LQLWLDO�HPEDQNPHQW�YROXPH��7KLV�SKRWRJUDPPHWULF�YROXPH�EDVHG PHWKRG�IRU�FDOFXODWLQJ HPEDQNPHQW�
PDWHULDO�HURVLRQ ZDV�DOVR�DSSOLHG E\�)UDQN��������

$�V\VWHP�IRU�FRQWLQXRXV�PHDVXUHPHQW�RI�WKH�HPEDQNPHQW�PDWHULDO�HURVLRQ�ZDV�XWLOL]HG�IRU�RQH�UXQ�RI�WKH�
SK\VLFDO�PRGHO�H[SHULPHQW� 7KH�VHGLPHQW�FROOHFWLRQ�EDVNHW��ORFDWHG�OHVV�WKDQ���� P�IURP WKH�GRZQVWUHDP�WRH
RI�WKH�GDP� ZDV�VXVSHQGHG�IURP�D�VWHHO�VXSSRUW�VWUXFWXUH E\�WKUHH�PHWDO�FKDLQV��(DFK�FKDLQ�ZDV�FRQQHFWHG�WR�
D�IRUFH�WUDQVGXFHU��ZKLFK�DOORZHG�IRU�ZHLJKW�PHDVXUHPHQW� 7KH�ZHLJKW�RI�PDWHULDO�HURGHG�IURP�WKH�GDP�ZDV�
WKHUHIRUH� FRQWLQXRXVO\� PHDVXUHG� XSRQ� FROOHFWLRQ� LQ� WKH� VHGLPHQW� EDVNHW� 7KH� ZDWHU� OHYHO� DW� WKH� VHGLPHQW�
FROOHFWLRQ�EDVNHW��KVHG��ZDV�PHDVXUHG�E\�D 8'6� 7KH�YROXPH�RI�HURGHG�PDWHULDO�ZDV WKHQ FDOFXODWHG IURP�WKLV�
FRQWLQXRXV� PDVV� PHDVXUHPHQW� PHWKRG� EDVHG� RQ� WKH PDWHULDO� GHQVLW\� DQG� SRURVLW\� $� VLPLODU� PHWKRG� IRU�
TXDQWLI\LQJ�HPEDQNPHQW�PDWHULDO�HURVLRQ�E\�D�FRQWLQXRXV�PDVV�PHDVXUHPHQW�DSSURDFK�ZDV DSSOLHG�E\�3LFNHUW�
HW�DO���������
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)LJXUH����6FKHPDWLF�UHSUHVHQWDWLRQ�RI�PRGHO�GDP�VHWXS DQG�SDUDPHWHU�GHILQLWLRQV ZLWK��D��ORQJLWXGLQDO�DQG��E��
WUDQVYHUVH�VHFWLRQV�RI�WKH�PRGHO�HPEDQNPHQW�GDP�

��� 1XPHULFDO�0RGHO�6HWXS

1XPHULFDO� PRGHOLQJ� ZDV� SHUIRUPHG� E\� DSSO\LQJ WKH� K\GURG\QDPLF� DQG� PRUSKRG\QDPLF� VRIWZDUH�
%$6(0(17 YHUVLRQ��������9HWVFK�HW�DO����������7KH�QXPHULFDO�PRGHO�GRPDLQ FRQVLVWHG RI�WZR�VXE�GRPDLQV��D�
WZR�GLPHQVLRQDO� ��'�� VXUIDFH� IORZ� UHJLRQ DQG�D� WKUHH�GLPHQVLRQDO� ��'�� VXEVXUIDFH� IORZ� UHJLRQ �9RO]� HW� DO���
�������7KH�VXUIDFH�IORZ�VXE�GRPDLQ UHSUHVHQWV�WKH�IOXPH�JHRPHWU\�DQG�WKH�FRQWLQXRXVO\�HYROYLQJ GDP VXUIDFH��
7KH� ILQLWH YROXPH� PHWKRG LV� XVHG WR VROYH� WKH� VKDOORZ� ZDWHU� HTXDWLRQV IRU� K\GUDXOLF FDOFXODWLRQV��
0RUSKRG\QDPLF SURFHVVHV� DUH� PRGHOHG� ZLWK� WKH� ([QHU� HTXDWLRQ LQ� FRPELQDWLRQ� ZLWK� HPSLULFDO� VHGLPHQW�
WUDQVSRUW�UHODWLRQV�DQG�D�JHRPHWULFDO�VLGHZDOO�IDLOXUH DSSURDFK��7KH�VXEVXUIDFH�IORZ�VXE�GRPDLQ UHSUHVHQWV�WKH�
LQWHULRU�RI�WKH�PRGHO�GDP� )RU�PRGHOLQJ�RI�VHHSDJH�IORZ��WKH�5LFKDUGV�HTXDWLRQV�DUH�VROYHG�XVLQJ�WKH /DWWLFH�
%ROW]PDQQ� PHWKRG� 7KH� WZR� VXE�GRPDLQV� DUH� FRXSOHG� EDVHG� RQ� ZDWHU� GHSWKV� DQG� SRUH� SUHVVXUHV�� 7KH�
QXPHULFDO�PRGHOLQJ ZDV� GHVLJQHG� WR� UHSOLFDWH� WKH� SK\VLFDO�PRGHO� VHWXS��ZLWK� WKH� VDPH� JHRPHWU\� PDWHULDO�
FRPSRVLWLRQ��DQG�K\GUDXOLF�FRQGLWLRQV� 'HWHUPLQDWLRQ�RI�WKH LQIORZ�ERXQGDU\�FRQGLWLRQ�LV�GHVFULEHG�LQ�VHFWLRQ�
����

7KH�HPEDQNPHQW�PDWHULDO FRPSRVLWLRQ�ZDV�UHSUHVHQWHG�ZLWK�ILYH�JUDLQ�VL]HV��HDFK�UHSUHVHQWLQJ�D�SRUWLRQ�
RI�WKH�JUDLQ�VL]H�GLVWULEXWLRQ� %HG�ORDG�WUDQVSRUW�ZDV�DSSOLHG�EDVHG�RQ�WKH�HPSLULFDO�UHODWLRQ�RI�0H\HU�3HWHU�DQG�
0�OOHU���������H[WHQGHG�IRU�PXOWLSOH�JUDLQ�VL]HV��$VKLGD�	�0LFKLXH������� DQG�LQFRUSRUDWLQJ�WKH�FRUUHFWLRQ�RI�
:RQJ�DQG�3DUNHU���������+\GUDXOLF�URXJKQHVV�ZDV�LQFRUSRUDWHG�ZLWK�D�6WULFNOHU�SDUDPHWHU� VHOHFWHG�EDVHG�RQ�
WKH�JUDLQ�VL]H�RI�HPEDQNPHQW PDWHULDO��6LPLODU VWUDWHJLHV�ZHUH�HPSOR\HG�E\ 9RO]�HW�DO���������������
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��� 3K\VLFDO�0RGHO 5HOLDELOLW\�DQG 5HSHDWDELOLW\

7KH�SK\VLFDO�PRGHO H[SHULPHQW SHUIRUPHG�LQ�WKLV�VWXG\�ZDV GHVLJQHG�WR�UHSOLFDWH�DQ�H[SHULPHQW�WKDW�ZDV�
SHUIRUPHG�SUHYLRXVO\�DW�WKH�9$:�ODERUDWRU\��)UDQN�������� 7KDW�SUHYLRXV�H[SHULPHQW��SHUIRUPHG�LQ�WKH�VDPH�
K\GUDXOLF�IOXPH�DV�WKH�H[SHULPHQWV�RI�WKH�SUHVHQW�VWXG\� ZDV�SDUW�RI�D�VHULHV�RI�VSDWLDO�GLNH�EUHDFK�H[SHULPHQWV�
IRU�LQYHVWLJDWLQJ�H[SHULPHQWDO�UHSHDWDELOLW\ DQG�UHOLDELOLW\��DV�ZHOO�DV�WKH HIIHFWV�RI�YDULRXV�JHRPHWULF��PDWHULDO��
DQG�K\GUDXOLF�SDUDPHWHUV� 7KDW H[SHULPHQWDO�SURFHGXUH�ZDV GHPRQVWUDWHG�WR�EH�UHSHDWDEOH�DQG�UHOLDEOH��DQG�
ZHUH� WKXV� IROORZHG�KHUH� 7KH�SK\VLFDO�PRGHO H[SHULPHQW SHUIRUPHG� LQ WKLV� VWXG\�XVHG� WKH� VDPH�GDP�VL]H��
VKDSH��SRVLWLRQ��PDWHULDO�FRPSRVLWLRQ��LQIORZ��DQG�VHHSDJH�FRQWURO DV�WKH�H[SHULPHQW�RI�)UDQN��������

7KH� SK\VLFDO� PRGHO� H[SHULPHQW� ZDV� SHUIRUPHG� ILYH WLPHV LQ� WKH� SUHVHQW� VWXG\� WR� HQVXUH� UHSHDWDEOH�
DSSOLFDWLRQ RI�PRGHO� VHWXS��PHDVXUHPHQW� WHFKQLTXHV�� DQG� VHHSDJH�FRQWURO� 5HSHDWDELOLW\�ZDV�DVVHVVHG�E\�
FRPSDULVRQ�RI�K\GUDXOLF�UHVXOWV RI WKH�ILYH�UXQV�RI�WKH�H[SHULPHQW� DV�ZHOO�DV E\�FRPSDULVRQ�RI�HPEDQNPHQW�
VXUIDFH� SURILOHV� 7KH� FRPSDULVRQV VKRZHG� DFFHSWDEOH� VLPLODULW\� RI� UHVXOWV EHWZHHQ� WKH� ILYH� UXQV� RI� WKH�
H[SHULPHQW��WKXV GHPRQVWUDWLQJ�UHSHDWDELOLW\�RI�WKH�H[SHULPHQWDO�SURFHGXUH�

5HOLDELOLW\�RI�WKH�SK\VLFDO�PRGHOLQJ�ZDV�DVVHVVHG�E\�FRPSDULVRQ�ZLWK WKH�H[SHULPHQW�RI )UDQN���������WR�
FRQILUP WKDW�H[SHULPHQWDO�UHVXOWV�ZHUH�XQDIIHFWHG�E\�WKH�PRGHO�RSHUDWRU�RU E\�PLQRU�PRGLILFDWLRQV PDGH�WR�WKH�
IOXPH� +\GUDXOLF�DQG�PRUSKRG\QDPLF UHVXOWV�ZHUH�FRPSDUHG XVLQJ�RQH�UXQ�RI�WKH�H[SHULPHQW�WR�UHSUHVHQW�WKH�
SUHVHQW�VWXG\��7KRVH�UHVXOWV�DUH�FRPSDUHG LQ )LJXUH�� ZLWK WHPSRUDO�RXWSXW�RI �D��XSVWUHDP�ZDWHU� OHYHO� �E�
EUHDFK�GLVFKDUJH��DQG �F� HURGHG�PDWHULDO�YROXPH� 3URILOHV�RI�WKH�HPEDQNPHQW�VXUIDFH�DUH FRPSDUHG LQ�)LJXUH�
� DW WLPHV�W  �����������DQG���� V�DW �D��D�FURVV�VHFWLRQ�WKURXJK�WKH FHQWHU�RI�WKH GDP�FUHVW�DQG �E� D�ORQJLWXGLQDO�
SURILOH� WKURXJK� WKH EUHDFK FHQWHUOLQH� (PEDQNPHQW� VXUIDFH� SURILOHV� DUH� FRPSDUHG XVLQJ� FRPSLODWLRQV DQG�
DYHUDJLQJ� IURP� PXOWLSOH� UXQV� RI� WKH� SK\VLFDO� PRGHO� H[SHULPHQW WR� UHSUHVHQW� WKH� SUHVHQW� VWXG\�� 7KLV� ZDV�
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QHFHVVDU\�GXH�WR JDSV�LQ�WKH HPEDQNPHQW�VXUIDFH�RXWSXWV��ZKLFK�OHIW QR�VLQJOH�H[SHULPHQW�UXQ�ZLWK�HQRXJK�
GDWD WR FRYHU� WKH HQWLUHW\� RI� WKH� FRPSDULVRQ� SURILOHV� 7KH� WHPSRUDO� UHVXOWV DQG� GDP� VXUIDFH� SURILOHV� RI� WKH�
SUHVHQW�VWXG\�ZHUH�VLPLODU WR�WKRVH�RI�WKH�H[SHULPHQW�E\ )UDQN���������WKXV�GHPRQVWUDWLQJ�UHOLDEOH�DSSOLFDWLRQ�
RI�WKH�H[SHULPHQWDO�SURFHGXUH�

,Q�RQH�UXQ�RI�WKH�SK\VLFDO�PRGHO�H[SHULPHQW��PDWHULDO�HURVLRQ ZDV�PHDVXUHG FRQWLQXRXVO\�XVLQJ WKH PDVV�
PHDVXUHPHQW� DSSURDFK�� DV� GHVFULEHG� LQ� VHFWLRQ� ���� )LJXUH� ��F� LQFOXGHV WKH� UHVXOWV� RI� WKLV�PHDVXUHPHQW�
VKRZLQJ�D�VLPLODU�HURVLRQ�UDWH�WR�WKDW FDOFXODWHG IURP WKH SKRWRJUDPPHWULF�YROXPH�EDVHG�PHWKRG� 7KLV�VLPLODULW\�
GHPRQVWUDWHV�WKH�UHOLDELOLW\�RI�PHDVXULQJ�HPEDQNPHQW�PDWHULDO�HURVLRQ�E\�HLWKHU�PHWKRG�

)LJXUH����7HPSRUDO�RXWSXW�RI �D��KHDGZDWHU�OHYHO�KR���E��EUHDFK�GLVFKDUJH 4E��DQG��F��YROXPH RI�HURGHG�GDP�
PDWHULDO�9H� IURP SK\VLFDO�PRGHOLQJ�RI �ʊ�î� WKH�SUHVHQW�VWXG\ DQG����î� )UDQN��������

)LJXUH����'DP�VXUIDFH�SURILOHV DW �D��D�FURVV�VHFWLRQ�WKURXJK�WKH�GDP�FHQWHU�DQG �E��D�ORQJLWXGLQDO�SURILOH�DW�
WKH�EUHDFK�FHQWHUOLQH DW W >V@  � �ʊ����� ������� �ÂÂÂ���DQG���� �íÂí���IURP SK\VLFDO�PRGHOLQJ�RI��ʊ��WKH�SUHVHQW�
VWXG\�DQG �ʊ��)UDQN��������

��� ,QSXWV WR�1XPHULFDO�0RGHO IURP�3K\VLFDO�0RGHOLQJ

,QIORZ� WR� WKH� QXPHULFDO� PRGHO� GRPDLQ� ZDV� VHW� ZLWK� D� VRXUFH� ERXQGDU\� FRQGLWLRQ�� XVLQJ� DQ� LQIORZ�
K\GURJUDSK��7KH�QXPHULFDO�PRGHO¶V�LQIORZ�K\GURJUDSK�ZDV�GHVLJQHG�WR�PDNH�WKH�VDPH�DPRXQW�RI�IORZ DYDLODEOH�
WR� WKH�RYHUWRSSLQJ�EUHDFK�DV�ZDV�DYDLODEOH� LQ� WKH�SK\VLFDO�PRGHOLQJ��7KLV�UHTXLUHG�VRPH�DGMXVWPHQW� IURP�D�
VLPSOH�FRQVWDQW�LQIORZ��,QIORZ�IRU�WKH�SK\VLFDO�PRGHOLQJ�ZDV�VHW�WR�4R  �� O�V��EXW�WKH�LQIORZ�PHDVXUHG�E\�WKH�
0,'�UDQJHG�EHWZHHQ�����DQG����� O�V��7KH�PHDVXUHG�SXPS�LQIORZ��DYHUDJHG�EHWZHHQ�PXOWLSOH�SK\VLFDO�PRGHO�
H[SHULPHQWV��ZDV�DSSOLHG�WR�WKH�QXPHULFDO�PRGHO�LQIORZ�K\GURJUDSK��,Q�WKH�SK\VLFDO�PRGHOLQJ��ZDWHU�VHHSV�LQWR�
WKH�PRGHO�GDP�DQG�LV�FROOHFWHG�E\�WKH�GUDLQDJH�V\VWHP��,Q�WKH�QXPHULFDO�PRGHO��K\GURVWDWLF�SUHVVXUH�RQ�WKH�
GDP�IDFH�OHDGV�WR�LQILOWUDWLRQ��UHSUHVHQWHG�E\�LQFUHDVHG�VDWXUDWLRQ��%XW�WKLV�LQILOWUDWLRQ�GRHV�QRW�WUDQVIHU�ZDWHU�
YROXPH�IURP�WKH�VXUIDFH�IORZ�UHJLRQ�WR�WKH�VXEVXUIDFH�IORZ�UHJLRQ��7KHUHIRUH��ZDWHU�LQ�WKH�UHVHUYRLU�LV�QRW�ORVW�
WR� VHHSDJH LQ� WKH�QXPHULFDO�PRGHOLQJ��7R�DFFRXQW� IRU� VHHSDJH� IORZ��D�K\GURJUDSK�RI� IORZ� ORVW� WR� VHHSDJH��
DYHUDJHG�EHWZHHQ�PXOWLSOH�SK\VLFDO�PRGHO�H[SHULPHQWV��ZDV�VXEWUDFWHG�IURP�WKH�LQIORZ�K\GURJUDSK�

6LGHZDOO� VORSH� IDLOXUHV DUH�QXPHULFDOO\�PRGHOHG�ZLWK�D JHRPHWULFDO�DSSURDFK �9RO]�HW�DO����������������
:KHQ�VLGHZDOO�VORSH�EHFRPHV�VWHHSHU�WKDQ�D�XVHU�GHILQHG FULWLFDO�DQJOH��VORSH�IDLOXUH�RFFXUV� 7KH�FULWLFDO�DQJOH�
LV�GHSHQGHQW�RQ�PDWHULDO� W\SH DQG�OHYHO�RI�VDWXUDWLRQ� )XOO\�VDWXUDWHG�DQG�FRPSOHWHO\�GU\�PDWHULDO�ERWK�KDYH�
IDLOXUH�DQJOHV�LQ�WKH�UDQJH�RI�WKH�DQJOH�RI�UHSRVH��3DUWLDOO\ VDWXUDWHG PDWHULDO�FDQ�H[SHULHQFH DSSDUHQW�FRKHVLRQ��
ZKLFK�LQFUHDVHV�VRLO�VKHDU�VWUHQJWK DQG�WKXV�LQFUHDVHV�WKH�IDLOXUH�DQJOH� 'HSRVLWHG�PDWHULDO��PDWHULDO�WKDW�KDV�
EHHQ�HURGHG�DQG�WKHQ�GHSRVLWHG�LQ�D�QHZ�ORFDWLRQ��KDV�D�IDLOXUH�DQJOH�LQ�WKH�UDQJH�RI�KDOI�RI�WKH�DQJOH�RI�UHSRVH��
EXW�LV�DOVR�GHSHQGHQW RQ�VDWXUDWLRQ �9RO]�HW�DO����������3UHGLFWLQJ�WKH�HIIHFW�RI�DSSDUHQW�FRKHVLRQ�LV�FRPSOH[��
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EXW� WKDQNV� WR� WKH� SK\VLFDO� PRGHOLQJ� VRPH� LPSRUWDQW� SDUDPHWHUV� FRXOG EH� PHDVXUHG� 7KH� VWHHSHVW� DQJOH�
PHDVXUHG�GXULQJ�WKH�SK\VLFDO�PRGHO�H[SHULPHQWV�ZDV �����7KH�VWHHSHVW�DQJOH�RI�IXOO\�VDWXUDWHG PDWHULDO�ZDV�
PHDVXUHG�DW����� 7KHVH�DQJOHV�ZHUH�DSSOLHG�WR�WKH�QXPHULFDO�PRGHO�DV�FULWLFDO�IDLOXUH�DQJOHV��ZLWK�ȖPD[  ���
DSSOLHG�DV�WKH�PD[LPXP�IDLOXUH�DQJOH� DQG ȖUHS  ����DSSOLHG�DV�WKH�DQJOH�RI�UHSRVH�

��� &RPSDULVRQ RI�1XPHULFDO�DQG�3K\VLFDO�0RGHO 5HVXOWV

7KH� DELOLW\� RI� WKH� QXPHULFDO� PRGHO� WR� DFFXUDWHO\� UHSUHVHQW WKH� SK\VLFDO� PRGHO� LV� HYDOXDWHG� WKURXJK
FRPSDULVRQ�RI�K\GUDXOLF DQG�PRUSKRG\QDPLF�UHVXOWV��VKRZQ LQ�)LJXUH��� &RPSDULVRQV�RI HPEDQNPHQW�VXUIDFH�
SURILOHV�DUH�VKRZQ�LQ�)LJXUH��� 'XULQJ WKH�ILUVW�SKDVH RI WKH�EUHDFK�SURFHVV �W �����V�� VXUIDFH�HURVLRQ�ORZHUV�
WKH�GRZQVWUHDP�IDFH�DQG�VKRUWHQV WKH�SLORW�FKDQQHO OHQJWK��7KLV�SURFHVV�ZDV ZHOO�PDWFKHG�E\�WKH�QXPHULFDO�
PRGHO��DV�VKRZQ�E\�WKH�W  �� V FHQWHUOLQH�SURILOH DQG�WKH�VLPLODU�UDWHV RI�HURGHG�PDWHULDO YROXPH��

,Q� WKH� VHFRQG� SKDVH RI� EUHDFKLQJ ��� V � W � �� V��� DIWHU� VXUIDFH� HURVLRQ� KDV� SURSDJDWHG� WKURXJK� WKH�
XSVWUHDP�HQG�RI� WKH�SLORW�FKDQQHO�� ORZHULQJ�RI� WKH�XSVWUHDP�IDFH RFFXUV� DQG UDSLG KRUL]RQWDO�H[SDQVLRQ E\�
VLGHZDOO�IDLOXUHV RI�WKH�EUHDFK�EHJLQV��7KH�QXPHULFDO�PRGHO�VXFFHVVIXOO\ UHSUHVHQWHG WKH�RFFXUUHQFH�RI�ERWK�RI�
WKRVH�SURFHVVHV��DOEHLW�DW�VORZHU�UDWHV� 7KH�PRUH�UDSLG�XSVWUHDP�IDFH�ORZHULQJ�DQG�LQLWLDO�KRUL]RQWDO�H[SDQVLRQ�
LQ�WKH�SK\VLFDO�PRGHOLQJ�LV�VKRZQ�E\�LWV KLJKHU YROXPH�RI�HURGHG�PDWHULDO GXULQJ�WKLV SKDVH��DV�ZHOO�DV LQ�WKH
W  �� V FHQWHUOLQH� SURILOH DQG FURVV� VHFWLRQ�� 7KH� EUHDFK� FURVV� VHFWLRQ JUHZ OHVV� UDSLGO\� LQ� WKH� QXPHULFDO�
PRGHOLQJ�GXULQJ�WKLV�SKDVH��UHVXOWLQJ�LQ�WKH�VORZHU�LQFUHDVH�LQ�EUHDFK�GLVFKDUJH��DQG�WKXV�DQ�H[WHQGHG XSVWUHDP�
ZDWHU� OHYHO ULVH� 7KH� SHDN� ZDWHU� OHYHO� ZDV� UHDFKHG ��� V ODWHU LQ� WKH� QXPHULFDO� PRGHOLQJ�� DQG LW� SHDNHG
DSSUR[LPDWHO\ �� ���PP� KLJKHU� 7KH�SHDN�EUHDFK�GLVFKDUJH�ZDV�UHDFKHG��� V�ODWHU��DQG WKH�SHDN�IORZ�ZDV�
ZLWKLQ���������� O�V��RI�WKH�SK\VLFDO�PRGHOLQJ� 7KH�UDWH�RI�EUHDFK�H[SDQVLRQ�ZDV GLIILFXOW�WR�PDWFK�GXULQJ�WKLV�
SKDVH��SRVVLEO\�GXH�WR�WKH�DSSOLFDWLRQ�RI�WKH�HPSLULFDO EHG�ORDG�WUDQVSRUW�PRGHO�WKDW�ZDV�GHVLJQHG�IRU XQLIRUP�
IORZ� DQG� HTXLOLEULXP� VHGLPHQWDWLRQ� FRQGLWLRQV�� FRQGLWLRQV� WKDW� GR� QRW� SUHYDLO LQ� GDP� EUHDFK� SURFHVVHV��
1HYHUWKHOHVV� WKH�QXPHULFDO�PRGHO�ZDV�VXFFHVVIXO�DW�UHSURGXFLQJ�WKH�LPSRUWDQW SDUDPHWHU RI�SHDN�EUHDFK�IORZ
UDWH�

$IWHU�WKH�XSVWUHDP�ZDWHU�OHYHOV�DQG�EUHDFK�GLVFKDUJHV�EHJDQ�FRPLQJ GRZQ�IURP WKHLU�SHDNV��W !����V���
EUHDFK�JURZWK�VORZHG LQ�ERWK�PRGHOV� /RZHULQJ�RI�WKH�EUHDFK�FHQWHUOLQH DSSHDUV�VOLJKWO\�IDVWHU�LQ�WKH�QXPHULFDO�
PRGHOLQJ��SRVVLEO\ GXH�WR�WKH�VWLOO�KLJKHU�XSVWUHDP�ZDWHU�OHYHO�DQG�KLJKHU�EUHDFK�GLVFKDUJH�FDXVLQJ�D�JUHDWHU�
VKHDU� VWUHVV�DV�EUHDFK� IORZ�SDVVHG RYHU� WKH�GDP�VXUIDFH� 'HVSLWH� WKLV� GLIIHUHQFH�� WKH�HURVLRQ� UDWH�RI� GDP�
PDWHULDO� LV�PDWFKHG�ZHOO� LQ� WKLV�SKDVH��$GGLWLRQDOO\�� WKH�IDOOLQJ� OLPEV�RI� WKH�XSVWUHDP�ZDWHU� OHYHO�DQG�EUHDFK�
GLVFKDUJH�K\GURJUDSKV�KDYH�VLPLODU�VKDSHV�DQG�DSSURDFK�VLPLODU�VWHDG\�YDOXHV�

7KH�QXPHULFDO�PRGHO GHPRQVWUDWHG�D�UHDVRQDEOH�DELOLW\�WR UHSURGXFH WKH�GDP�EUHDFKLQJ�REVHUYHG�LQ�WKH�
SK\VLFDO�PRGHO�H[SHULPHQWV� 7KH�GRPLQDQW�PRUSKRG\QDPLF�SURFHVVHV�RI�FHQWHUOLQH�SURILOH�ORZHULQJ E\�VXUIDFH�
HURVLRQ�DQG�ODWHUDO�H[SDQVLRQ�E\�VLGHZDOO�IDLOXUHV ZHUH�UHSUHVHQWHG�E\�WKH�QXPHULFDO�PRGHO��DOEHLW�VRPHWLPHV
DW GLIIHUHQW�UDWHV�WKDQ�LQ WKH�SK\VLFDO�PRGHOLQJ� ,PSRUWDQWO\��WKH�QXPHULFDO�PRGHO�ZDV�VXFFHVVIXO�DW�UHSURGXFLQJ�
WKH�SHDN�EUHDFK�IORZ�UDWH�DQG�WKH�HURVLRQ�UDWH�RI�HPEDQNPHQW�PDWHULDO� %DVHG�RQ WKHVH�UHVXOWV� WKH QXPHULFDO�
PRGHO LV�FRQVLGHUHG�YDOLGDWHG�

)LJXUH����7HPSRUDO�RXWSXW�RI �D��KHDGZDWHU�OHYHO�KR���E��EUHDFK�GLVFKDUJH�4E��DQG��F��YROXPH RI�HURGHG�GDP�
PDWHULDO�9H� IURP��ʊ�î� SK\VLFDO�PRGHOLQJ DQG ��� QXPHULFDO�PRGHOLQJ�
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)LJXUH����'DP�VXUIDFH�SURILOHV�DW��D��D�FURVV�VHFWLRQ�WKURXJK�WKH�GDP�FHQWHU�DQG��E��D�ORQJLWXGLQDO�SURILOH�DW�
WKH�EUHDFK� FHQWHUOLQH�DW WLPH W >V@  � �ʊ��� �� ����� �� �ÂÂÂ��� DQG���� �íÂí��� IURP� �ʊ� SK\VLFDO�PRGHOLQJ�DQG�
�ʊ� QXPHULFDO�PRGHOLQJ�

��� &RPSRVLWH�0RGHOLQJ 6WUDWHJ\

7KH�SK\VLFDO�H[SHULPHQWV�DQG�QXPHULFDO�PRGHOLQJ�GHVFULEHG�LQ�WKH�SUHFHGLQJ�VHFWLRQV IRUP�D�FRPSRVLWH�
PRGHOLQJ�VWUDWHJ\ IRU PRGHOLQJ RI�HPEDQNPHQW�GDP�EUHDFKLQJ��7KH�VWUDWHJ\ LV�VXPPDUL]HG�ZLWK�WKH IROORZLQJ�
VWHSV�

L� 6HWXS�RI�D� ODERUDWRU\�SK\VLFDO PRGHO H[SHULPHQW IRU�EUHDFKLQJ�RI�D�KRPRJHQHRXV�HPEDQNPHQW�E\�
RYHUWRSSLQJ�

LL� 3HUIRUP�SK\VLFDO�PRGHO�H[SHULPHQWV�WR�FRQILUP H[SHULPHQWDO�UHSHDWDELOLW\ DQG�UHOLDELOLW\�
LLL� 6HWXS�RI�D QXPHULFDO PRGHO WKDW�PDWFKHV�JHRPHWU\��K\GUDXOLF FRQGLWLRQV��DQG�PDWHULDO�FRPSRVLWLRQ�RI�

WKH�SK\VLFDO�PRGHO H[SHULPHQW�
LY� ,QFRUSRUDWH VHOHFW�SDUDPHWHUV IURP�SK\VLFDO�PRGHOLQJ UHVXOWV�DV�LQSXWV�WR WKH�QXPHULFDO�PRGHO�
Y� 9DOLGDWH UHOLDELOLW\�RI�WKH�QXPHULFDO�PRGHO�E\�FRPSDULQJ QXPHULFDO�UHVXOWV�ZLWK�UHVXOWV�RI WKH SK\VLFDO�

PRGHO�H[SHULPHQWV�
YL� 3HUIRUP�H[WHQGHG�H[SHULPHQWDO�LQYHVWLJDWLRQV E\�XVLQJ�WKH YDOLGDWHG QXPHULFDO�PRGHO�WR H[SDQG RQ

WKH VHWXS�DQG�SDUDPHWHU UDQJHV�RI�WKH�SK\VLFDO�PRGHO H[SHULPHQWV�

�� $33/,&$7,21�2)�&20326,7(�02'(/,1* 675$7(*<��())(&7�2)�0$7(5,$/�3523(57,(6

7KH� FRPSRVLWH�PRGHOLQJ� VWUDWHJ\ ZDV�HYDOXDWHG� IRU� SRWHQWLDO� DSSOLFDWLRQ� WR LQYHVWLJDWLQJ WKH� HIIHFWV� RI�
HPEDQNPHQW PDWHULDO�SDUDPHWHUV RQ�GDP�EUHDFKLQJ� 7KH QXPHULFDO�PRGHO�GHYHORSHG KHUHLQ ZLWK�WKH�FRPSRVLWH�
PRGHOLQJ� VWUDWHJ\ ZDV EDVHG� RQ� D GDP� PDGH� RI XQLIRUP �ıJ  ���� FRDUVH VDQG ZLWK� PHDQ� JUDLQ� VL]H�
GP  ���� PP� 7KH�QXPHULFDO�PRGHO ZDV�WKHQ�XVHG�WR�PRGHO�EUHDFKLQJ�RI�GDPV�PDGH�RI�XQLIRUP�PDWHULDO�ZLWK
PHDQ�JUDLQ�VL]HV�GP  �����DQG����� PP��7KLV�QXPHULFDO�PRGHOLQJ�LV�UHIHUUHG�WR�LQ�WKLV�VHFWLRQ�DV�³FRPSRVLWH�
PRGHOLQJ�´

5HVXOWV�RI�WKH FRPSRVLWH�PRGHOLQJ�ZHUH�FRPSDUHG�WR�SK\VLFDO�PRGHO�H[SHULPHQWV�RI GDP EUHDFKLQJ ZLWK�
WKHVH� VDPH� SDUDPHWHUV�� SHUIRUPHG� SUHYLRXVO\� DW� WKH� 9$:� ODERUDWRU\� E\� )UDQN� ������� )LJXUH � VKRZV
FRPSDULVRQV�RI�K\GUDXOLF�UHVXOWV�IURP�WKH�FRPSRVLWH�PRGHOLQJ�DQG FRUUHVSRQGLQJ�SK\VLFDO�PRGHO H[SHULPHQWV�
&RPSDULVRQV�RI�EUHDFK�GHYHORSPHQW�DUH VKRZQ ZLWK�SURILOHV�RI�WKH�HPEDQNPHQW VXUIDFH�LQ�)LJXUH���

7KH� HIIHFWV RI� PHDQ� JUDLQ� VL]H� RQ WKH� EUHDFKLQJ� SURFHVV� DUH� SDUWLDOO\ UHSUHVHQWHG� E\ WKH� FRPSRVLWH�
PRGHOLQJ��'XULQJ�WKH�HDUO\ DQG�PLGGOH�VWDJHV�RI�WKH�H[SHULPHQWV��W � �� V���LQLWLDO�VXUIDFH�HURVLRQ�DQG�KRUL]RQWDO�
H[SDQVLRQ DSSHDU IDVWHU ZLWK�LQFUHDVLQJ�PHDQ�JUDLQ�VL]H��7KLV�LV�FOHDU IURP�ERWK�WKH�FRPSRVLWH�PRGHOLQJ�DQG�
SK\VLFDO�PRGHOLQJ LQ�WKH�FRPSDULVRQV RI�PDWHULDO�HURVLRQ��DV�ZHOO�LQ�WKH FURVV�VHFWLRQV�DQG�FHQWHUOLQH�SURILOHV
IRU�W  �� V DQG�W  �� V� 7KH�LQLWLDO�IDVWHU�HURVLRQ�ZLWK�LQFUHDVLQJ�PHDQ�JUDLQ�VL]H�OHDGV�WR�IDVWHU�ULVHV�LQ�EUHDFK�
IORZ�� DQG� WKXV� HDUOLHU� SHDNLQJ� RI EUHDFK� IORZ� DQG� XSVWUHDP�ZDWHU OHYHO�� 7KLV� LV� DOVR� REVHUYHG� LQ� ERWK� WKH�
FRPSRVLWH�PRGHOLQJ�DQG�SK\VLFDO�PRGHOLQJ��DORQJ�ZLWK�D GHFUHDVH�LQ SHDN�XSVWUHDP�ZDWHU�OHYHO�ZLWK�LQFUHDVLQJ�
PHDQ�JUDLQ� VL]H��7KH�GHFUHDVLQJ�SHDN�EUHDFK� IORZ�ZLWK� LQFUHDVLQJ�PHDQ�JUDLQ� VL]H� WKDW� LV� REVHUYHG� LQ� WKH�
SK\VLFDO PRGHOLQJ�LV��KRZHYHU��QRW�UHSUHVHQWHG LQ�WKH�FRPSRVLWH�PRGHOLQJ�

/DWHU� LQ� WKH� H[SHULPHQWV� �W ! �� V��� WKH� UDWH� RI� HURVLRQ� DSSHDUV IDVWHU� ZLWK� GHFUHDVLQJ� JUDLQ� VL]H�� 7KH�
UHODWLYH�UDWHV�RI�HURVLRQ��D�UHYHUVDO�IURP�HDUOLHU�LQ�WKH�H[SHULPHQWV� FDQ�EH�VHHQ�LQ�ERWK�WKH�FRPSRVLWH PRGHOLQJ
DQG�SK\VLFDO�H[SHULPHQWV��LQ�WKH�FRPSDULVRQV RI�PDWHULDO�HURVLRQ�DQG�WKH�FURVV�VHFWLRQV�DQG�FHQWHUOLQH�SURILOHV�
IRU�W  �� V DQG�W  ��� V��+RZHYHU� WKHUH�DUH�VRPH�GLIIHUHQFHV�LQ�WKH PDJQLWXGHV�RI�ERWK�YHUWLFDO�DQG�KRUL]RQWDO�
EUHDFK�H[SDQVLRQ��ZLWK H[SDQVLRQ�JHQHUDOO\�XQGHUSUHGLFWHG�E\�WKH�FRPSRVLWH�PRGHOLQJ��SDUWLFXODUO\�DW�W  �� V�
$W� W  ��� V� WKH� FRPSRVLWH�PRGHOLQJ VKRZV� WKDW� ODWHUDO EUHDFK� H[SDQVLRQ LV� HTXLYDOHQW� EHWZHHQ� WKH� WKUHH�
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H[SHULPHQWV� 7KH�SK\VLFDO�PRGHOLQJ�VLPLODUO\�VKRZV�QHDUO\�HTXLYDOHQW�ODWHUDO H[SDQVLRQ�XS�WR�DQ�HOHYDWLRQ�RI�
DSSUR[LPDWHO\� ��� PP�� EXW� DERYH� WKDW HOHYDWLRQ WKH� VLGH VORSHV� GLIIHU�� ZLWK� VLGHZDOOV� DSSHDULQJ� VWDEOH DW�
VWHHSHU� DQJOHV ZLWK� GHFUHDVLQJ� PHDQ� JUDLQ� VL]H� 9HUWLFDO� EUHDFK� H[SDQVLRQ DSSHDUV� RYHUSUHGLFWHG� E\� WKH�
FRPSRVLWH�PRGHOLQJ�� SDUWLFXODUO\� DW� W  ��� V��+RZHYHU�� WKH RYHUDOO� UDWHV� RI� HURVLRQ� DSSHDU� VLPLODU�� DQG� WKH�
SURILOH�VORSHV�DW�W  ��� V DUH�QHDUO\�LGHQWLFDO IRU DOO�H[SHULPHQWV��DW�DSSUR[LPDWHO\����� P�P�

)LJXUH����7HPSRUDO�RXWSXW�RI �D��KHDGZDWHU�OHYHO�KR���E��EUHDFK�GLVFKDUJH�4E��DQG��F��YROXPH RI�HURGHG�GDP�
PDWHULDO� 9H� IURP� �ʊ�î� SK\VLFDO� PRGHOLQJ� DQG� �� � FRPSRVLWH PRGHOLQJ ZLWK� PHDQ� JUDLQ� VL]H�
GP >PP@  ���� �ʊ������� �ʊ�� DQG����� �ʊ� PP�

)LJXUH����'DP�VXUIDFH�SURILOHV�DW��D��E��D�FURVV�VHFWLRQ�WKURXJK�WKH�GDP�FHQWHU�DQG��F��G��D�ORQJLWXGLQDO�SURILOH�
DW�WKH�EUHDFK�FHQWHUOLQH�DW W >V@  � �ʊ����� ������� �ÂÂÂ���DQG���� �íÂí���IURP SK\VLFDO�PRGHOLQJ�DQG�FRPSRVLWH�
PRGHOLQJ ZLWK�PHDQ�JUDLQ�VL]H�GP >PP@  ���� �ʊ�ʊ������� �ʊ�ʊ���DQG����� �ʊ�ʊ��

�� &21&/86,216�$1'�287/22.

$ FRPSRVLWH� DSSURDFK� WR� PRGHOLQJ� RI� HPEDQNPHQW� EUHDFKLQJ� GXH� WR� RYHUWRSSLQJ� ZDV� XWLOL]HG E\�
SHUIRUPLQJ ERWK� SK\VLFDO� DQG� QXPHULFDO� PRGHOLQJ� 7KH� FRPSRVLWH PRGHOLQJ DSSURDFK� ZDV� DSSOLHG� WR� DQ�
LQYHVWLJDWLRQ�RI� WKH�HIIHFWV�RI�PDWHULDO�JUDLQ�VL]H�RQ�WKH�EUHDFKLQJ�SURFHVV��&RPSDULVRQ�RI� WKH�UHVXOWV�RI� WKH�
FRPSRVLWH�DSSURDFK ZLWK�SK\VLFDO�PRGHOLQJ�RI� WKH�VDPH� LQYHVWLJDWLRQ�VKRZHG� WKDW�VRPH�HIIHFWV�RI PDWHULDO�
JUDLQ� VL]H FDQ� EH� UHSUHVHQWHG� E\� WKH� FRPSRVLWH� DSSURDFK�� LQFOXGLQJ HIIHFWV� RQ WKH UDWH� RI� HURVLRQ�� SHDN�
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����� ,$+5��8VHG�ZLWK�SHUPLVVLRQ���,661�/����������

XSVWUHDP�ZDWHU�OHYHO��DQG�WLPLQJ�RI�SHDN�EUHDFK�IORZ� )XWXUH�ZRUN�ZLOO�EH�XQGHUWDNHQ�WR�LPSURYH�WKH�DELOLW\�RI�
WKH� QXPHULFDO� PRGHO� WR� LPLWDWH� WKH� SK\VLFDO� PRGHO�� 9DULRXV EHG� ORDG� UHODWLRQV DQG� FULWLFDO� VKHDU� VWUHVV�
DSSOLFDWLRQV�ZLOO� EH� FRQVLGHUHG� WR� LPSURYH�VXUIDFH�HURVLRQ� UDWHV��ZLWK� WKH� FRQVLGHUDWLRQ� WKDW�PRVW� VHGLPHQW�
WUDQVSRUW� UHODWLRQV KDYH� EHHQ� GHYHORSHG� XQGHU� XQLIRUP� IORZ� DQG� HTXLOLEULXP� VHGLPHQWDWLRQ� FRQGLWLRQV��
FRQGLWLRQV�WKDW DUH�JHQHUDOO\�YLRODWHG�LQ�GDP�EUHDFK�SURFHVVHV�

7KH�UHVXOWV RI�WKLV�UHVHDUFK VXJJHVW�WKDW�D FRPSRVLWH�DSSURDFK�FDQ�EH�D�YLDEOH�RSWLRQ IRU�H[SHULPHQWDO�
LQYHVWLJDWLRQV�RI WKH�HIIHFWV�RI�HPEDQNPHQW�PDWHULDO�SURSHUWLHV�RQ�WKH�EUHDFKLQJ RI�KRPRJHQHRXV�HPEDQNPHQW�
GDPV� 7KLV ZLOO�EH�HYDOXDWHG�LQ IXWXUH�UHVHDUFK�E\�FRPSDULQJ SDUDPHWHU�LQYHVWLJDWLRQV�E\�FRPSRVLWH�PRGHOLQJ
WR WKH�VDPH�LQYHVWLJDWLRQV�E\ SK\VLFDO�PRGHOLQJ��DV�ZDV�GRQH�LQ�WKLV�VWXG\�IRU�PHDQ�JUDLQ�VL]H�GP� )XUWKHU��WKH�
FRPSRVLWH�PRGHOLQJ�DSSURDFK�ZLOO�EH�DSSOLHG�WR�LQYHVWLJDWLQJ WKH�HIIHFWV�RI�RWKHU W\SHV�RI�FKDUDFWHULVWLFV RQ�WKH�
GDP�EUHDFK�SURFHVV��VXFK�DV JHRPHWULF�SDUDPHWHUV��K\GUDXOLF�SDUDPHWHUV��DQG�]RQDWLRQ�

�� $&.12:/('*(0(176

7KLV�VWXG\�ZDV�PDGH�SRVVLEOH E\�IXQGLQJ�IURP�WKH�6ZLVV�1DWLRQDO 6FLHQFH�)RXQGDWLRQ �SURMHFW ����������

�� 5()(5(1&(6

$O�5LIIDL��0����������([SHULPHQWDO�6WXG\�RI�%UHDFK�0HFKDQLFV�LQ�2YHUWRSSHG�1RQFRKHVLYH�(DUWKHQ�
(PEDQNPHQWV >'RFWRUDO�7KHVLV��8QLYHUVLW\�RI�2WWDZD@��2WWDZD��&DQDGD��
KWWSV���UXRU�XRWWDZD�FD�KDQGOH������������

$VJKDUL�7DEUL]L��$���(ODOI\��(���(ONKRO\��0���&KDXGKU\��0��+���	�,PUDQ��-����������(IIHFWV�RI�FRPSDFWLRQ�RQ�
HPEDQNPHQW�EUHDFK�GXH�WR�RYHUWRSSLQJ��-RXUQDO�RI�+\GUDXOLF�5HVHDUFK� ����������������
KWWSV���GRL�RUJ������������������������������

$VKLGD��.���	�0LFKLXH��0����������������$Q�LQYHVWLJDWLRQ�RI�ULYHU�EHG�GHJUDGDWLRQ�GRZQVWUHDP�RI�D�GDP��
3URFHHGLQJV�RI�WKH���WK�FRQJUHVV�RI�,$+5��3DULV��)UDQFH�

%HJDP��6���6HQ��'���	�'H\��6����������0RUDLQH�GDP�EUHDFK�DQG�JODFLDO�ODNH�RXWEXUVW�IORRG�JHQHUDWLRQ�E\�
SK\VLFDO�DQG�QXPHULFDO�PRGHOV��-RXUQDO�RI�+\GURORJ\� ��������������
KWWSV���GRL�RUJ�KWWSV���GRL�RUJ���������M�MK\GURO������������

%RHV��5��0���)UDQN��3��-���	�+DJHU��:��+����������6SDWLDO�EUHDFK�GHYHORSPHQW�RI�KRPRJHQHRXV�QRQ�FRKHVLYH�
OHYHHV�DQG�HPEDQNPHQW�GDPV�GXH�WR�RYHUWRSSLQJ� ��WK�$QQXDO�0HHWLQJ�RI�,QWHUQDWLRQDO�&RPPLVVLRQ�
RQ�/DUJH�'DPV��,&2/'��������3UDJXH��&]HFK�5HSXEOLF��-XO\�������������
KWWS���KGO�KDQGOH�QHW��������������������

&HVWHUR��-��$��)���,PUDQ��-���	�&KDXGKU\��0��+����������([SHULPHQWDO�,QYHVWLJDWLRQ�RI�WKH�(IIHFWV�RI�6RLO�
3URSHUWLHV�RQ�/HYHH�%UHDFK�E\�2YHUWRSSLQJ��-RXUQDO�RI�+\GUDXOLF�(QJLQHHULQJ� ������������������
KWWSV���GRL�RUJ����������$6&(�+<������������������

&ROHPDQ��6��(���$QGUHZV��'��3���	�:HEE\��0��*� ��������2YHUWRSSLQJ�%UHDFKLQJ�RI�1RQFRKHVLYH�
+RPRJHQHRXV�(PEDQNPHQWV��-RXUQDO�RI�+\GUDXOLF�(QJLQHHULQJ� �����������������
KWWSV���GRL�RUJ����������$6&(���������������������������

'KLPDQ��6���	�3DWUD��.��&����������([SHULPHQWDO�VWXG\�RI�HPEDQNPHQW�EUHDFK�EDVHG�RQ�LWV�VRLO�SURSHUWLHV��,6+�
-RXUQDO�RI�+\GUDXOLF�(QJLQHHULQJ� ����������������KWWSV���GRL�RUJ������������������������������

)UDQN��3��-����������+\GUDXOLFV�RI�VSDWLDO�GLNH�EUHDFKHV >'RFWRUDO�7KHVLV��(7+�=XULFK@��=XULFK��6ZLW]HUODQG��
KWWSV���GRL�RUJ���������HWK]�D����������

)UDQN��3��-���	�+DJHU��:��+����������6SDWLDO�GLNH�EUHDFK��6HGLPHQW�VXUIDFH�WRSRJUDSK\�XVLQJ�
SKRWRJUDPPHWU\� ��WK�,$+5�:RUOG�&RQJUHVV��'HOWDV�RI�WKH�)XWXUH�DQG�ZKDW�KDSSHQV�XSVWUHDP��7KH�
+DJXH��7KH�1HWKHUODQGV��-XQH����� -XO\�����������KWWS���KGO�KDQGOH�QHW��������������������

.DQJ��&���&KHQ��6��&���&KDQ��'���	�7IZDOD��6����������1XPHULFDO�PRGHOLQJ�RI�ODUJH�VFDOH�GDP�EUHDFK�
H[SHULPHQW��/DQGVOLGHV� �������������������KWWSV���GRL�RUJ���������V�����������������

0DFFKLRQH��)����������0RGHO�IRU�SUHGLFWLQJ�IORRGV�GXH�WR�HDUWKHQ�GDP�EUHDFKLQJ��,��)RUPXODWLRQ�DQG�
HYDOXDWLRQ��-RXUQDO�RI�+\GUDXOLF�(QJLQHHULQJ� ��������������������

0H\HU�3HWHU��(���	�0�OOHU��5����������)RUPXODV�IRU�EHG�ORDG�WUDQVSRUW���QG�0HHWLQJ�RI�WKH�,QWHUQDWLRQDO�
$VVRFLDWLRQ�RI�+\GUDXOLF�6WUXFWXUHV�5HVHDUFK��6WRFNKROP��6ZHGHQ�

3HWHU��6��-���9HWVFK��'��)���6LYLJOLD��$���	�%RHV��5��0����������3UREDELOLVWLVFKH�'DPPEUXFKDQDO\VH�
�
3UREDELOLVWLF�'DP�%UHDN�$QDO\VLV
���:DVVHU�(QHUJLH�/XIW� ������������������LQ�*HUPDQ���

3LFNHUW��*���:HLWEUHFKW��9���	�%LHEHUVWHLQ��$����������%UHDFKLQJ�RI�RYHUWRSSHG�ULYHU�HPEDQNPHQWV�FRQWUROOHG�
E\�DSSDUHQW�FRKHVLRQ��-RXUQDO�RI�+\GUDXOLF�5HVHDUFK� ����������������
KWWSV���GRL�RUJ�����������������������������

6FKPRFNHU��/���)UDQN��3��-���	�+DJHU��:��+����������2YHUWRSSLQJ�GLNH�EUHDFK��HIIHFW�RI�JUDLQ�VL]H�GLVWULEXWLRQ��
-RXUQDO�RI�+\GUDXOLF�5HVHDUFK� ����������������KWWSV���GRL�RUJ�����������������������������
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6FKPRFNHU��/���	�+DJHU��:��+����������3ODQH�GLNH�EUHDFK�GXH�WR�RYHUWRSSLQJ��HIIHFWV�RI�VHGLPHQW��GLNH�KHLJKW�
DQG�GLVFKDUJH��-RXUQDO�RI�+\GUDXOLF�5HVHDUFK� ����������������
KWWSV���GRL�RUJ�����������������������������

9HWVFK��'���6LYLJOLD��$���%�UJOHU��0���&DSRQL��)���(KUEDU� '���)DFFKLQL��0���)DHK��5���)DUVKL��'���*HUEHU��0���
*HUNH��(���.DPPHUHU��6���.RFK��$���0XHOOHU��5���3HWHU��6���5RXVVHORW��3���9DQ]R��'���9HSUHN��5���9RO]��
&���9RQZLOOHU��/���	�:HEHUQGRUIHU��0����������6\VWHP�PDQXDOV�RI�EDVHPHQW��9HUVLRQ��������/DERUDWRU\�
RI�+\GUDXOLFV��*ODFLRORJ\�DQG�+\GURORJ\��9$:���(7+�=XULFK��$YDLODEOH�IURP�KWWSV���EDVHPHQW�HWK]�FK�

9RO]��&���)UDQN��3��-���9HWVFK��'��)���+DJHU��:��+���	�%RHV��5��0����������1XPHULFDO�HPEDQNPHQW�EUHDFK�
PRGHOOLQJ�LQFOXGLQJ�VHHSDJH�IORZ�HIIHFWV��-RXUQDO�RI�+\GUDXOLF�5HVHDUFK� ����������������
KWWSV���GRL�RUJ������������������������������

9RO]��&���5RXVVHORW��3���9HWVFK��'���	�)DHK��5����������1XPHULFDO�PRGHOOLQJ�RI�QRQ�FRKHVLYH�HPEDQNPHQW�
EUHDFK�ZLWK�WKH�GXDO�PHVK�DSSURDFK��-RXUQDO�RI�+\GUDXOLF�5HVHDUFK� ����������������
KWWSV���GRL�RUJ�����������������������������

:DOOQHU��6����������(LQIOXVV�YRQ�6SHLFKHUJHRPHWULH�XQG�6SHLFKHUJU|VVH�DXI�GLH�)OXWZHOOH�EHLP�
'DPPHURVLRQV�EUXFK�EHLP�hEHUVWU|PHQ��µ,QIOXHQFH�RI�UHVHUYRLU�VKDSH�DQG�VL]H�RQ�WKH�IORRG�ZDYH�
FDXVHG�E\�SURJUHVVLYH�RYHUWRSSLQJ�GDP�IDLOXUHµ� >'RFWRUDO�7KHVLV��7HFKQLFDO�8QLYHUVLW\�RI�9LHQQD@��
9LHQQD��$XVWULD��LQ�*HUPDQ���KWWSV���UHSRVLWXP�WXZLHQ�DW�KDQGOH������������������

:RQJ��0���	�3DUNHU��*����������5HDQDO\VLV�DQG�&RUUHFWLRQ�RI�%HG�/RDG�5HODWLRQ�RI�0H\HU�3HWHU�DQG�0�OOHU�
8VLQJ�7KHLU�2ZQ�'DWDEDVH��-RXUQDO�RI�+\GUDXOLF�(QJLQHHULQJ� ��������������������
KWWSV���GRL�RUJ����������$6&(�����������������������������

:X��:����������6LPSOLILHG�3K\VLFDOO\�%DVHG�0RGHO�RI�(DUWKHQ�(PEDQNPHQW�%UHDFKLQJ��-RXUQDO�RI�+\GUDXOLF�
(QJLQHHULQJ� �����������������KWWSV���GRL�RUJ����������$6&(�+<������������������

:X��:���0DUVRROL��5���	�+H��=����������'HSWK�$YHUDJHG�7ZR�'LPHQVLRQDO�0RGHO�RI�8QVWHDG\�)ORZ�DQG�
6HGLPHQW�7UDQVSRUW�GXH�WR�1RQFRKHVLYH�(PEDQNPHQW�%UHDN�%UHDFKLQJ��-RXUQDO�RI�+\GUDXOLF�
(QJLQHHULQJ� �����������������KWWSV���GRL�RUJ����������$6&(�+<������������������


