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$EVWUDFW�
,Q�WKLV�VWXG\��VWRFKDVWLF�VLPXODWLRQ�EDVHG�ULVN�DQDO\VLV�LV�DSSOLHG�WR�
WKH�JRYHUQPHQW�GRPHVWLF�GHEW�VWRFN�LQ�7XUNH\�ZLWK�WKH�PRWLYDWLRQ�WR�
LGHQWLI\�WKH�FRVW�DQG�ULVN�FKDUDFWHULVWLFV�RI�DOWHUQDWLYH�GHEW�ILQDQFLQJ�
VWUDWHJLHV�� )XWXUH� SDWK� RI� LQWHUHVW� UDWHV� LV� VLPXODWHG� E\� XVLQJ� WKH�
\LHOG�FXUYH� IUDPHZRUN� LQ�'LHEROG�DQG�/L� ��������ZKLFK� LV� IRXQGHG�
RQ� WKH�1HOVRQ�6LHJHO�PRGHO��<LHOG�FXUYH�VLPXODWLRQ�LV�EDVHG�RQ�WKH�
HVWLPDWHG�WHUP�VWUXFWXUH�RI�LQWHUHVW�UDWHV�IRU�WKH�SHULRG�-XQH������
-XO\�������6LPXODWHG�\LHOG�FXUYHV�DUH�JHQHUDOO\�XSZDUG�VORSHG�DQG�
FRQFDYH��&RQWUDU\�WR�WKH�FRPPRQ�REVHUYDWLRQ��ORQJ�WHUP�\LHOGV�DUH�
PRUH�YRODWLOH�FRPSDUHG�WR�VKRUW�WHUP�\LHOGV��8QGHU�HDFK�ILQDQFLQJ�
VWUDWHJ\�� GHEW� LV� UROOHG� RYHU� RQ� WRS� RI� VLPXODWHG� WHUP� VWUXFWXUH� RI�
LQWHUHVW� UDWHV�� $OWHUQDWLYH� ILQDQFLQJ� VWUDWHJLHV� DUH� FRPSDUHG� ZLWK�
UHVSHFW� WR� DEVROXWH�&RVW�DW�5LVN�� UHODWLYH�&RVW�DW�5LVN� DQG� UHODWLYH�
ULVN� PHDVXUHV� FRPSXWHG� IURP� WKH� VLPXODWHG� FRVW� GLVWULEXWLRQV��
5HVXOWV�RI� WKH�ULVN�DQDO\VLV�DUH� LQIOXHQFHG�E\� WKH�FKDUDFWHULVWLFV�RI�
WKH�VLPXODWHG�WHUP�VWUXFWXUH�RI�LQWHUHVW�UDWHV�DQG�WKH�DGGLWLRQDO�\LHOG�
LPSRVHG� RQ� WKH� FRXSRQ� ERQGV�� ZKLFK� LV� DVVXPHG� WR� UHIOHFW� ULVN�
SHUFHSWLRQ�RI�LQYHVWRUV�IRU�LQFUHDVHG�PDWXULW\���
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,��,QWURGXFWLRQ��
6XVWDLQDEOH�SXEOLF�GHEW�VWRFN�DORQJ�ZLWK�VRXQG�ILVFDO�DQG�PRQHWDU\�SROLFLHV�LV�

WKH� SUHPLVHV� RI� D� VWDEOH� HFRQRP\�� +LJK� DQG� SRRUO\� VWUXFWXUHG� GHEW� UDLVHV� FRQFHUQV�
UHODWHG� WR� WKH� VXVWDLQDELOLW\� RI� WKH� GHEW� VWRFN� DQG� FRXSOHG� ZLWK� LQWHUQDWLRQDO� FDSLWDO�
PRELOLW\� GDPDJHV� ILQDQFLDO� VWDELOLW\�� 3RRUO\� VWUXFWXUHG�GHEW� LQ� WHUPV� RI�PDWXULW\�PL[�
DQG� FXUUHQF\� GHQRPLQDWLRQ� KDV� EHHQ� LPSRUWDQW� IDFWRUV� LQ� LQGXFLQJ� DQG� SURSDJDWLQJ�
HFRQRPLF�FULVHV��,0)�DQG�:RUOG�%DQN���������6SHFLILFDOO\��VKRUW�PDWXULW\�DQG�IORDWLQJ�
UDWH�GHEW�H[SRVH�JRYHUQPHQW�EXGJHW�WR�FKDQJLQJ�ILQDQFLDO�PDUNHW�FRQGLWLRQV�ZKHQ�WKLV�
GHEW�KDV�WR�EH�UROOHG�RYHU��5HILQDQFLQJ�SUREOHP�IDFHG�E\�WKH�JRYHUQPHQW�LV�H[DFHUEDWHG�
ZKHQ�WKH�GHEW�WR�EH�UHILQDQFHG�LV�LQ�IRUHLJQ�FXUUHQF\��,Q�WKHVH�LQVWDQFHV��LQDELOLW\�RI�WKH�
JRYHUQPHQW�WR�ERUURZ�LQ�WHUPV�RI�IRUHLJQ�FXUUHQF\�HLWKHU�VWHPPLQJ�IURP�QRQ�DGHTXDWH�
IRUHLJQ�H[FKDQJH�LQ�WKH�HFRQRP\�RU�UHOXFWDQFH�RI�LQYHVWRUV�WR�OHQG�LQ�IRUHLJQ�FXUUHQF\�
FDQ� H[HUW� XSZDUG� SUHVVXUH� RQ� WKH� H[FKDQJH� UDWH�� 6RXQG� GHEW� VWUXFWXUHV� RQ� WKH� RWKHU�
KDQG�� DOOHYLDWH� WKH� ULVN� SHUFHSWLRQ� UHODWHG� WR� WKH� VXVWDLQDELOLW\� RI� WKH� GHEW� VWRFN� E\�
UHGXFLQJ� LWV� H[SRVXUH� WR� WKH� LQWHUHVW� UDWH� DQG� WKH� H[FKDQJH� UDWH�PRYHPHQWV��7KH� ULVN�
SRVHG� E\� WKH� JRYHUQPHQW� GHEW�� EULQJV� IRUZDUG� WKH� LPSRUWDQFH� RI� VRXQG� GHEW�
PDQDJHPHQW � ��6RYHUHLJQ�GHEW�PDQDJHPHQW��DQG� WKH�FRQILJXUDWLRQ�RI� WKH�RSWLPDO�GHEW�
VWUXFWXUH� LQ� WKDW�FRQWH[W�� LV�QRW� MXVW� WKH�FRQFHUQ�RI� WKH�KLJKO\� LQGHEWHG�FRXQWULHV�ZLWK�
GHEW� VXVWDLQDELOLW\� SUREOHPV�� 2QH� RI� WKH� UHDVRQV� IRU� HVWDEOLVKLQJ� GHEW� PDQDJHPHQW�
IUDPHZRUN�LV�WKH�ZHOIDUH�ORVV�WKDW�UHVXOW�IURP�LQFUHDVH�LQ�WKH�FRVW�RI�GHEW��,QFUHDVH�LQ�
LQWHUHVW�H[SHQGLWXUHV�UHVXOWV�LQ�ZHOIDUH�ORVVHV�DV�WKH�WD[�UDWHV�DUH�DGMXVWHG�WR�ILQDQFH�WKH�
JDS�LQ�WKH�JRYHUQPHQW�EXGJHW��:HOIDUH�ORVV�LV�DJJUDYDWHG�IXUWKHU�LI�WKH�FRVW�RI�IRUHLJQ�
GHEW� VWRFN� LV� LQFUHDVHG�� VLQFH� LQ� WKDW� FDVH� UHVRXUFHV� RI� WKH� HFRQRP\� DUH� WUDQVIHUUHG�
DEURDG��$QRWKHU�UHDVRQ�IRU�HVWDEOLVKLQJ�GHEW�PDQDJHPHQW�IUDPHZRUN�LV�WR�PDLQWDLQ�WKH�
UHSXWDWLRQ�RI�WKH�JRYHUQPHQW�LQ�LQWHUQDWLRQDO�ILQDQFLDO�PDUNHWV��*RYHUQPHQWV��ZKLFK�DUH�
GHEWRUV� LQ� LQWHUQDWLRQDO� ILQDQFLDO� PDUNHWV�� DUH� H[SHFWHG� WR� KDYH� WUDQVSDUHQW� DQG�
DFFRXQWDEOH�GHEW�PDQDJHPHQW�SUDFWLFHV� LQFOXGLQJ�D�ULVN�PDQDJHPHQW�SROLF\��6WRUNH\��
��������
������������������������������ ������������������� �3XEOLF�GHEW�PDQDJHPHQW� LV�GHILQHG�DV�D�SURFHVV�RI�HVWDEOLVKLQJ�DQG�H[HFXWLQJ�D�VWUDWHJ\�IRU�PDQDJLQJ�
the government’s debt in order to raise required amount of funding, achieve its risk and cost objective, 
DQG� WR� PHHW� DQ\� RWKHU� VRYHUHLJQ� GHEW� PDQDJHPHQW� JRDOV� WKH� JRYHUQPHQW� PD\� KDYH� VHW�� VXFK� DV�
GHYHORSLQJ� DQG� PDLQWDLQLQJ� DQ� HIILFLHQW� PDUNHW� IRU� JRYHUQPHQW� VHFXULWLHV� �,0)� DQG� :RUOG� %DQN�
*XLGHOLQHV��SS�����
�



�
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2SWLPDO� VWUXFWXUH� RI� SXEOLF� GHEW� LQ� WHUPV� RI� GHQRPLQDWLRQ��PDWXULW\� VWUXFWXUH�
DQG� LQGH[DWLRQ� IHDWXUHV�KDV�EHHQ�DQ� LVVXH�RI�ERWK�DFDGHPLF�DQG�SUDFWLWLRQHU�UHVHDUFK��
+RZHYHU�� WKHVH� OLQHV� RI� ZRUN� FRQVLGHU� WKH� LVVXH� IURP� GLIIHUHQW� SHUVSHFWLYHV�� ,Q� WKH�
WKHRUHWLFDO� OLWHUDWXUH�� XQGHU� WKH� RSWLPDO� WD[DWLRQ� DSSURDFK�� WKH� REMHFWLYH� RI� WKH�
JRYHUQPHQW�LV�WR�PLQLPL]H�ZHOIDUH�ORVVHV�UHVXOWLQJ�IURP�GLVWRUWLRQDU\�WD[DWLRQ��+HQFH�
WKH�JRYHUQPHQW�LV�PRWLYDWHG�WR�VPRRWK�WD[�UDWHV�RYHU�WLPH��8QGHU�WKLV�IUDPHZRUN��ULVN�
LV� WKH� EXGJHWDU\� ULVN�� PRUH� VSHFLILFDOO\� LW� LV� WKH� ULVN� RI� KDYLQJ� WR� FKDQJH� WD[HV� LQ�
UHVSRQVH� WR� WKH� VKRFNV� KLWWLQJ� WKH� JRYHUQPHQW� EXGJHW��2Q� WKH� RWKHU� KDQG�� XQGHU� WKH�
SXEOLF� GHEW� PDQDJHPHQW� SUDFWLFH�� REMHFWLYH� RI� WKH� JRYHUQPHQW� LV� WR� PLQLPL]H� WKH�
ILQDQFLDO�FRVW�RI�VHUYLFLQJ�GHEW�ZLWK�GXH�UHJDUG�WR�ULVN��ZKLFK�LV�WKH�SRWHQWLDO�YDULDWLRQ�
LQ�WKH�ILQDQFLDO�FRVW��+HQFH��WKH�VFRSH�RI�ULVN�FRQFHSW�XQGHU�GHEW�PDQDJHPHQW�SUDFWLFH�
LV�OLPLWHG�WR�WKH�GHEW�VHUYLFLQJ�FRVW��+RZHYHU�LQ�UHFHQW�\HDUV��WKHUH�LV�D�WHQGHQF\�LQ�GHEW�
PDQDJHPHQW� SUDFWLFH�� WRZDUGV� PHDVXULQJ� WKH� ULVN� XQGHU� D� EXGJHWDU\� IUDPHZRUN��
DFNQRZOHGJLQJ� WKDW�PDFURHFRQRPLF� VKRFNV� QRW� RQO\� DIIHFW� GHEW� FRVWV� EXW� DOVR� RWKHU�
components of the government’s budget.�

:HOO�HVWDEOLVKHG� GHEW� PDQDJHPHQW� IUDPHZRUN� HQDEOHV� WKH� JRYHUQPHQW� WR�
LGHQWLI\� FRVW� DQG� ULVN� WUDGHRIIV� DVVRFLDWHG� ZLWK� GLIIHUHQW� GHEW� VWUXFWXUHV�� 2QH� RI� WKH�
WUDGH�RIIV�LV�UHODWHG�WR�WKH�PDWXULW\�RI�WKH�GHEW�VWRFN��6KRUW�WHUP�GHEW�LV�SHUFHLYHG�WR�EH�
OHVV�FRVWO\�DOWKRXJK�PRUH�ULVN\�FRPSDUHG�WR�ORQJ�WHUP�GHEW��7KLV�LQIHUHQFH�LV�EDVHG�RQ�
WKH�IUHTXHQW�UHILQDQFLQJ�QHFHVVLW\�DVVRFLDWHG�ZLWK�VKRUW�WHUP�ERUURZLQJ�DQG�WKH�JHQHUDO�
REVHUYDWLRQ�WKDW�RQ�WKH�DYHUDJH�\LHOG�FXUYHV�DUH�SRVLWLYHO\�VORSHG�DQG�VKRUW�WHUP�UDWHV�
DUH�PRUH� YRODWLOH� FRPSDUHG� WR� ORQJ�WHUP� UDWHV� �%ROGHU�� ������'LHEROG� DQG�/L���������
$QRWKHU�WUDGH�RII�LV�UHODWHG�WR�WKH�GHQRPLQDWLRQ�RI�WKH�GHEW�VWRFN��3UHIHUHQFH�RI�IRUHLJQ�
FXUUHQF\�GHEW�DJDLQVW�7/�GHQRPLQDWHG�GHEW�DOVR�HQWDLOV�D�WUDGHRII��DV�IRUHLJQ�FXUUHQF\�
GHQRPLQDWHG�� LQGH[HG� GHEW� UHGXFHV� WKH� FRVW� RI� ERUURZLQJ�� KRZHYHU� LQFUHDVHV� WKH�
H[SRVXUH�RI�GHEW�VWRFN�WR�GHSUHFLDWLRQ�RI�WKH�H[FKDQJH�UDWH���

*LYHQ�WKH�WUDGHRIIV�LQ�ERUURZLQJ�SROLF\��LQ�UHFHQW�\HDUV�WKHUH�LV�LQFUHDVHG�IRFXV�
RI� FRXQWULHV� RQ� PDQDJLQJ� ILQDQFLDO� ULVN� LQKHUHQW� LQ� WKH� JRYHUQPHQW� GHEW� SRUWIROLR��
&RXQWU\� VXUYH\V� SRLQW� RXW� WR� WKH� KLJK� OHYHO� RI� DZDUHQHVV� RI� WKH� LPSRUWDQFH� RI� ULVN�
PDQDJHPHQW�RI�SXEOLF�GHEW�DQG�JURZLQJ�FRQVHQVXV� IRU� WKH�DSSURSULDWH� WHFKQLTXHV�IRU�
PDQDJLQJ�ULVN��,0)�DQG�:RUOG�%DQN�*XLGHOLQHV���������7KLV�WHQGHQF\�LQ�WKH�ILHOG�KDV�
UHQGHUHG�LGHQWLILFDWLRQ�RI�FRVW�DQG�ULVNV�DVVRFLDWHG�ZLWK�DOWHUQDWLYH�ILQDQFLQJ�VWUDWHJLHV�



�
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DQG�FRUUHVSRQGLQJ�GHEW�VWUXFWXUHV�DQ�LPSRUWDQW�FRPSRQHQW�RI�SXEOLF�GHEW�PDQDJHPHQW��
3DUDOOHO�WR�WKLV�WUHQG�LQ�WKH�ILHOG��DOVR�LQ�7XUNH\��VRYHUHLJQ�GHEW�PDQDJHPHQW�IUDPHZRUN�
KDV� EHHQ� DGRSWHG � �� $PRQJ� EDVLF� SULQFLSOHV� RI� WKH� GHEW� PDQDJHPHQW� IUDPHZRUN�
HVWDEOLVKHG� LQ������ LV� WKH�IXOILOOPHQW�RI�ILQDQFLQJ�UHTXLUHPHQWV�DW� WKH� ORZHVW�SRVVLEOH�
FRVW�LQ�WKH�PHGLXP�DQG�ORQJ�WHUP�ZLWK�UHJDUG�WR�WKH�GHWHUPLQHG�OHYHOV�RI�ULVN��

7KLV� SDSHU� TXDQWLWDWLYHO\� DQDO\]HV� WKH� FRVW� DQG� WKH� ULVN� WR� WKH� 7XUNLVK�
JRYHUQPHQW�RI�DOWHUQDWLYH�GRPHVWLF�ERUURZLQJ�VWUDWHJLHV��,Q�7XUNH\�ORZHULQJ�GHEW�FRVW�
LV�D�PDMRU�LVVXH�RQ�DFFRXQW�RI�WKH�FRQVLGHUDEOH�VKDUH�RI�LQWHUHVW�H[SHQGLWXUH�ZLWKLQ�WKH�
JRYHUQPHQW�H[SHQGLWXUHV��$W�SUHVHQW��JLYHQ�WKDW�WKH�OHYHO�DQG�WKH�YXOQHUDEOH�VWUXFWXUH�RI�
WKH� GHEW� VWRFN� DUH� IDFWRUV� FRQWULEXWLQJ� WR� WKH� KLJK� UHDO� LQWHUHVW� UDWHV� LQ� 7XUNH\�� WKH�
REMHFWLYH�RI�WKH�GHEW�PDQDJHPHQW�VWUDWHJ\�LV�VWUDLJKW�IRUZDUG��LQFUHDVLQJ�WKH�PDWXULW\�RI�
WKH� GHEW� VWRFN� DQG� UHGXFLQJ� WKH� VKDUH� RI� );� GHQRPLQDWHG�GHEW�� WKHUHE\� UHGXFLQJ� WKH�
VXVFHSWLELOLW\� WR� LQWHUHVW� UDWH� DQG� WKH� H[FKDQJH� UDWH� PRYHPHQWV�� (YHQ� WKRXJK� WKH�
GLUHFWLRQ�RI�WKH�SROLF\�LV�XQDPELJXRXV��TXDQWLI\LQJ�WKH�HIIHFW�RI�DOWHUQDWLYH�ERUURZLQJ�
VWUDWHJLHV� LV� ZRUWK� WKH� HIIRUW�� 0RUHRYHU�� LQ� WKH� 7XUNLVK� FDVH�� WKH� LPSRUWDQFH� RI�
HVWDEOLVKLQJ� ULVN�PDQDJHPHQW� WRROV�ZLOO�EHFRPH� LPSRUWDQW� LQ� WKH�XSFRPLQJ�SHULRG�DV�
WKH�HFRQRP\�PRYHV� LQWR�D�SKDVH�RI�UHODWLYHO\�VWDEOH�HFRQRPLF�HQYLURQPHQW�� LQ�ZKLFK�
FRQWH[W�WKH�IHDVLELOLW\�RI�DFWLYH�GHEW�PDQDJHPHQW�ZLOO�LQFUHDVH��DV�WKH�GHEW�VXVWDLQDELOLW\�
ZLOO�VHL]H�WR�EH�D�FRQFHUQ���

,Q�WKLV�SDSHU��FRPSDUDWLYH�FRVW�DQG�ULVN�DQDO\VLV�RI�ILQDQFLQJ�VWUDWHJLHV�LV�EDVHG�
RQ�VWRFKDVWLF�VLPXODWLRQ�PHWKRGRORJ\��&RVW�LV�GHILQHG�VLPSO\�DV�WKH�LQWHUHVW�H[SHQGLWXUH�
DQG� ULVN� LV� WKH� OLNHOLKRRG� WKDW� LQWHUHVW� H[SHQGLWXUH� ZLOO� EH� RYHU� D�PD[LPXP� DPRXQW�
VSHFLILHG�ZLWK�VRPH�SUREDELOLW\�OHYHO��6FRSH�RI�WKH�ULVN�DQDO\VLV�LV�OLPLWHG�WR�WKH�PDUNHW�
ULVN� DVVRFLDWHG�ZLWK� IOXFWXDWLRQV� LQ� WKH� LQWHUHVW� UDWH�� L�H�� LQWHUHVW� UDWH� ULVN��%RUURZLQJ�
VWUDWHJLHV� FRPSULVH� GLVFRXQWHG� VHFXULWLHV� RI� YDULRXV� PDWXULWLHV� DQG� FRXSRQ� ERQGV�
GHQRPLQDWHG� LQ� GRPHVWLF� FXUUHQF\��5LVN�PHDVXUHV� DUH� FRPSXWHG� IURP� VLPXODWHG� FRVW�
GLVWULEXWLRQV�REWDLQHG�IURP�D�VWRFKDVWLF�VLPXODWLRQ�PRGHO��ZKLFK�KDV�ILYH�\HDU�KRUL]RQ��
FRYHULQJ�WKH�\HDUV�������������

6LPXODWLRQ�EDVHG� ULVN�PRGHOV�XVHG� LQ�VRYHUHLJQ�GHEW�PDQDJHPHQW�SUDFWLFH�DUH�
ULVN�PHDVXUHV�DGRSWHG�IURP�WKH�ILQDQFLDO�DQG�WKH�FRUSRUDWH�VHFWRU��0RVW�FRPPRQO\�XVHG�
������������������������������ ������������������� �1HZ�GHEW�PDQDJHPHQW�IUDPHZRUN�KDV�EHHQ�HVWDEOLVKHG�ZLWK�WKH�HQIRUFHPHQW�RI�ODZ�RQ�WKH�5HJXODWLRQ�
RI�3XEOLF�)LQDQFLQJ�DQG�'HEW�0DQDJHPHQW� LQ�0DUFK�����������DQG�WKH�5HJXODWLRQ�RQ�WKH�3ULQFLSOHV�DQG�
3URFHGXUHV�IRU�WKH�&RRUGLQDWLRQ�DQG�([HFXWLRQ�RI�'HEW�DQG�5LVN�0DQDJHPHQW�LQ�6HSWHPEHU�����������
�



�
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ULVN� PHDVXUH� XVHG� LQ� WKHVH� VHFWRUV� LV� 9DOXH�DW�5LVN� �9D5��� ZKLFK� H[SUHVVHV� WKH�
PD[LPXP�GHFOLQH��ZLWK� D�JLYHQ�SUREDELOLW\�� LQ� WKH�PDUNHW�YDOXH�RI�D�SRUWIROLR�RYHU�D�
JLYHQ�SHULRG��6LQFH�EXON�RI�GHEW�LV�OHIW�RXWVWDQGLQJ�XQWLO�PDWXULW\��LQ�PDMRULW\�RI�WKH�GHEW�
PDQDJHPHQW� SUDFWLFHV� GHEW� FRVW� LV� QRW� FRPSXWHG� IURP� WKH�PDUNHW� YDOXH� RI� WKH� GHEW�
SRUWIROLR�� ,QVWHDG�� RQO\� UHDOL]HG� FRVW� LV� WDNHQ� LQWR� FRQVLGHUDWLRQ�� ZKHUHDV� XQUHDOL]HG�
PDUN�WR�PDUNHW � �FRVWV��FKDQJHV�LQ�WKH�PDUNHW�YDOXH�RI�WKH�GHEW�VWRFN�UHVXOWLQJ�IURP�WKH�
PRYHPHQWV� LQ� WKH�PDUNHW�SULFHV�� DUH� QRW� FRQVLGHUHG��7KXV�� LQVWHDG�RI�9D5�� D� VLPLODU�
PHDVXUH�XVHG� LQ�VRYHUHLJQ�GHEW�PDQDJHPHQW� LV�&RVW�DW�5LVN � ��ZKLFK� LV�EDVHG�RQ�GHEW�
FRVWV� UDWKHU� WKDQ� PDUNHW� YDOXH�� 2QFH� WKH� VWDWLVWLFDO� GLVWULEXWLRQ� RI� WKH� GHEW� FRVWV� LV�
REWDLQHG�� &D5� LV� WKH� PD[LPXP� FRVW� WKDW� FRXOG� RFFXU� ZLWK� VRPH� SUREDELOLW\� LQ� D�
SDUWLFXODU�WLPH�SHULRG��)RU�H[DPSOH�ZLWK����SHUFHQW�SUREDELOLW\��&D5�LV�WKH��� � � �TXDUWLOH�
YDOXH�RI�WKH�FRVW�GLVWULEXWLRQ��)LJXUH�������

�

)LJXUH�����,OOXVWUDWLRQ�RI�&RVW�DW�5LVN�
�
(PSLULFDO� VWXGLHV� RI� ERWK� WKH� GHEW� PDQDJHPHQW� RIILFHV � � DQG� RWKHU� UHVHDUFKHUV� WKDW�
PHDVXUH� ULVN� IURP� FRVW� GLVWULEXWLRQV� DUH� PRWLYDWHG� WR� FRPSDUH� FRVW� DQG� ULVN�
FKDUDFWHULVWLFV�RI�YDULRXV�GHEW�PDQDJHPHQW�VWUDWHJLHV�ZLWK�WKH�SHUVSHFWLYH�RI�VHOHFWLQJ�
WKH� RSWLPDO� GHEW� VWUDWHJ\� DPRQJVW� WKH� DOWHUQDWLYHV�� DOWKRXJK� QRW� QHFHVVDULO\� IRU� WKH�

������������������������������ �������������������
5HDOL]HG�PDUN�WR�PDUNHW�FRVWV�DUH�FRVW�DULVLQJ�IURP�GHEW�EX\EDFNV�DQG�VZDSV����
$Q�H[FHSWLRQ� WR� WKLV�SUDFWLFH� LV�1HZ�=HDODQG�'HEW�0DQDJHPHQW�2IILFH�1='02���1='02�PDQDJHV�

PDUNHW� ULVN� DVVRFLDWHG� ZLWK� WDFWLFDO� WUDGLQJ� WKURXJK� WKH� XVH� RI� 9D5� PHDVXUH� �,0)� DQG� :RUOG� %DQN�
*XLGHOLQHV����������� �0HWKRGV�XVHG� WR�PHDVXUH� WKH�PDUNHW� ULVN�RI�VRYHUHLJQ�GHEW�SRUWIROLR�GLIIHU�DFURVV�FRXQWULHV��0RVW�XVH�
GHWHUPLQLVWLF� VFHQDULRV� DQG� IHZ� XVH� VWRFKDVWLF�PRGHOV�� &RXQWULHV� WKDW� XVH� VWRFKDVWLF� VLPXODWLRQ�PRGHOV�
FRPSULVH� %UD]LO�� &RORPELD�� 'HQPDUN�� 1HZ� =HDODQG�� &DQDGD�� ,WDO\�� 3RUWXJDO� DQG� 6ZHGHQ�� 5HFHQWO\�
7XUNLVK� 7UHDVXU\�� DXWKRULW\� RI� PDQDJLQJ� VRYHUHLJQ� GHEW�� KDV� DOVR� DGRSWHG� D� ULVN� PHDVXUH� EDVHG� RQ� D�
VWRFKDVWLF� VLPXODWLRQ�PRGHO�� 'HEW�PDQDJHPHQW� RIILFHV� WKDW� KDYH� LQLWLDOO\� DSSOLHG� WKLV�PHWKRG� DUH�1HZ�
=HDODQG��'HQPDUN�DQG�6ZHGHQ��
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SXUSRVH� RI�PDNLQJ� D� SROLF\� UHFRPPHQGDWLRQ�� ,Q� SUDFWLFH� HLWKHU� D�JRDO� LV� VHW�� VXFK�DV�
PLQLPL]LQJ� FRVW� DQG� ULVN� RI� WKH� GHEW�� WKH� RSWLPDO� VWUDWHJ\� LV� WKHQ� FKRVHQ� YLD�
RSWLPL]DWLRQ� RU� DOWHUQDWLYHO\� FRVW� DQG� ULVN� FKDUDFWHULVWLFV� RI� YDULRXV� VWUDWHJLHV� DUH�
FRPSXWHG�WKURXJK�VLPXODWLRQV�DQG�WKH�UHVXOWV�DUH�FRPSDUHG��,Q�WKH�ILUVW�W\SH�RI�DQDO\VLV��
RSWLPDO�VWUDWHJ\�LV�WKH�PRGHO�RXWFRPH��WKDW�LV�WKH�SUREOHP�IDFHG�E\�WKH�JRYHUQPHQW�LV�
IRUPXODWHG� DV� VWRFKDVWLF� G\QDPLF� RSWLPL]DWLRQ� SUREOHP�ZKHUH� JLYHQ� WKH� RXWVWDQGLQJ�
GHEW�VWRFN�DQG�WKH�VLPXODWHG�SDWKV�IRU�WKH�YDULDEOHV�HIIHFWLQJ�LW��WKH�UROH�RI�PRGHO�LV�WR�
ILQG�WKH�ERUURZLQJ�SROLF\��FRQWURO�YDULDEOH��WKDW�PLQLPL]HV�WKH�REMHFWLYH�IXQFWLRQ�WKDW�LV�
the cost or the risk of debt (Grill and Östberg, 2003, Cannata et al., 2004, Bolder, 

������ ! ��
,Q� WKH� ODWWHU� W\SH� RI� DQDO\VLV�� VWRFKDVWLF� VLPXODWLRQ� FRQVWLWXWHV� WKH� ILUVW� VWDJH��

ZKLFK� SURYLGHV� VHW� RI� ERUURZLQJ� VWUDWHJLHV� HDFK� ZLWK� FRVW� DQG� ULVN� FKDUDFWHULVWLFV��
)XUWKHU� VWDJH� LV� WKH� VHOHFWLRQ�RI� WKH�RSWLPDO� VWUDWHJ\�DPRQJVW� WKHP��7KLV� WDVN�FDQ�EH�
DFFRPSOLVKHG�XQGHU�MXGJPHQWDO�RU�PDWKHPDWLFDO�RSWLPL]DWLRQ�IUDPHZRUN�RQ�DFFRXQW�RI�
WKH�RWKHU�REMHFWLYHV�RI�WKH�JRYHUQPHQW�DORQJ�ZLWK�FRVW�DQG�ULVN��$QDO\VLV�LQ�WKLV�SDSHU�LV�
OLPLWHG�WR�WKH�ILUVW�VWDJH�RI�WKH�ODWWHU�W\SH�RI�DQDO\VLV��

6WRFKDVWLF� VLPXODWLRQ� PRGHO� LQ� WKLV� SDSHU� FRQVLVWV� RI� WZR� SDUWV�� )LUVW� SDUW�
FRPSULVHV�WKH�VWRFKDVWLF�PRGHO��XVLQJ�ZKLFK�WHUP�VWUXFWXUH�RI�LQWHUHVW�UDWHV�LV�PRGHOHG�
DQG�VLPXODWHG��6HFRQG�SDUW�FRQWDLQV�VWUDWHJ\�VLPXODWLRQ�� LQ�ZKLFK�IRU�HDFK�ERUURZLQJ�
VWUDWHJ\�GHEW�LV�UROOHG�RYHU�RQ�WRS�RI�WKH�VLPXODWHG�HFRQRPLF�HQYLURQPHQW��&RVW�DQG�ULVN�
PHDVXUHV�DUH�WKHQ�FRPSXWHG�IURP�D�VLPXODWHG�FRVW�GLVWULEXWLRQ��&RVW�LV�WKH�PHGLDQ�RI�
WKH� GLVWULEXWLRQ�ZKHUHDV� ULVN� LV�PHDVXUHG� DV� GHYLDWLRQ� IURP� WKH�PHGLDQ�ZLWK� D� JLYHQ�
SUREDELOLW\���

$QDO\VLV� FDUULHG� RXW� LQ� WKLV� SDSHU� LV� DPRQJ� WKH� ILUVW� VWXGLHV� DWWHPSWLQJ� WR�
PHDVXUH�PDUNHW�ULVN�DVVRFLDWHG�ZLWK�WKH�JRYHUQPHQW�GHEW�LQ�7XUNH\��XQGHU�D�VWRFKDVWLF�
VLPXODWLRQ�IUDPHZRUN� " �7KLV�SDSHU�GRHV�QRW�DLP�WR�PDNH�D�SROLF\�UHFRPPHQGDWLRQ�RQ�
WKH� RSWLPDO� GHEW� VWUDWHJ\�� UDWKHU� WULHV� WR� SURYLGH� D� WRRO� WKDW� FRXOG� VHUYH� WKH� GHFLVLRQ�
������������������������������ ������������������
��,Q�%ROGHU��������JRYHUQPHQWV�ERUURZLQJ�GHFLVLRQ�LV�DOVR�FRQFHSWXDOL]HG�DV�DQ�RSWLPDO�FRQWURO�SUREOHP�
LQ� D� VWRFKDVWLF� VHWWLQJ�� ZKHUH� WKH� JRYHUQPHQW� LV� WU\LQJ� WR� RSWLPDOO\� VHOHFW� WKH� FRPSRVLWLRQ� RI� LWV� GHEW�
SRUWIROLR� WR� PLQLPL]H� H[SHFWHG� GHEW� FRVW� VXEMHFW� WR� ULVN� DQG� OLTXLGLW\� FRQVWUDLQWV�� +RZHYHU� GXH� WR�
SUDFWLFDO�FRPSOH[LWLHV�UHJDUGLQJ�WKH�XVH�RI�G\QDPLF�SURJUDPPLQJ�WHFKQLTXH��DQDO\VHV�UHO\�RQ�VLPXODWLRQ�
RI�DOWHUQDWLYH�GHEW�PDQDJHPHQW�VWUDWHJLHV��# �+RZHYHU��DQDO\VLV�LV�SDUWLDO��LQ�WKH�VHQVH�WKDW�DPRQJ�WKH�PDUNHW�ULVN�WKDW�GHEW�VWRFN�LV�H[SRVHG�WR��RQO\�
WKH� LQWHUHVW� UDWH� ULVN� DVVRFLDWHG� ZLWK� GRPHVWLF� FXUUHQF\� �7XUNLVK� OLUD�� GHQRPLQDWHG� SRUWLRQ� RI� WKH� GHEW�
VWRFN� LV� HYDOXDWHG�� 5HFHQWO\�� 5LVN� 0DQDJHPHQW� 8QLW� ZLWKLQ� 7XUNLVK� 7UHDVXU\� KDV� DGRSWHG� D� QHZ�
IUDPHZRUN�IRU�ULVN�DQDO\VLV�ZKHUH�PDUNHW�ULVN�LV�PHDVXUHG�RQ�WKH�EDVLV�RI�D�VWRFKDVWLF�PRGHO��
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SURFHVV� RI� VHOHFWLQJ� DQ� RSWLPDO� GHEW� VWUDWHJ\�� 2SWLPDO� GHEW� VWUDWHJ\�� DORQJ� ZLWK� WKH�
REMHFWLYH�RI�FRVW�PLQLPL]DWLRQ�ZLWK�GXH�UHJDUG�WR�ULVN��LV�H[HUFLVHG�RQ�DFFRXQW�RI�RWKHU�
TXDOLWDWLYH� IDFWRUV� VRPH� RI� ZKLFK� LQFOXGH� GHYHORSLQJ� DQG� PDLQWDLQLQJ� DQ� HIILFLHQW�
PDUNHW� IRU� JRYHUQPHQW� VHFXULWLHV�� PDLQWDLQLQJ� VXIILFLHQW� OHYHO� RI� OLTXLGLW\� LQ� WKH�
VHFRQGDU\�PDUNHWV�DQG�EURDGHQLQJ� WKH� LQYHVWRU�EDVH�E\�GLYHUVLI\LQJ� WKH�VWRFN�RI�GHEW�
DPRQJ�GLIIHUHQW�PDWXULWLHV�DQG�GHEW�LQVWUXPHQWV��

7KH�VWXG\�LV�VWUXFWXUHG�DV�IROORZV��,Q�VHFWLRQ���VWUXFWXUH�RI�WKH�SXEOLF�GHEW�VWRFN�
LQ� 7XUNH\� LV� DQDO\]HG�� 6HFWLRQ� �� DQG� 6HFWLRQ� �� H[SODLQ� VWRFKDVWLF� DQG� VWUDWHJ\�
VLPXODWLRQ�PRGXOHV� RI� WKH� DQDO\VLV��6HFWLRQ���FRQWDLQV� WKH�HPSLULFV�RI� WHUP�VWUXFWXUH�
HVWLPDWLRQ�DQG�VLPXODWLRQ�IUDPHZRUN��6HFWLRQ���SUHVHQWV�LOOXVWUDWLYH�UHVXOWV�RI�WKH�ULVN�
DQDO\VLV�RI�WKH�GRPHVWLF�FXUUHQF\�GHQRPLQDWHG�SRUWLRQ�RI�WKH�JRYHUQPHQW�GHEW�VWRFN�LQ�
7XUNH\�DQG�&KDSWHU���FRQFOXGHV����
�
,,��7KH�6WUXFWXUH�RI�WKH�6RYHUHLJQ�'HEW�6WRFN�LQ�7XUNH\��
�

,Q�WKLV�VHFWLRQ��HYROXWLRQ�RI�WKH�WRWDO�SXEOLF�VHFWRU�GHEW�VWRFN�GXULQJ�����������
DQG� WKH� SUHVHQW� VWUXFWXUH� RI� WKH� GHEW� VWRFN� LQ� WHUPV� RI� PDWXULW\� DQG� FXUUHQF\�
FRPSRVLWLRQ�LV�DQDO\]HG��*URVV�GHEW�VWRFN�RI�WKH�SXEOLF�VHFWRU�LQ�7XUNH\�LQFUHDVHG�IURP�
�����SHUFHQW�RI�*'3�LQ������WR������SHUFHQW�LQ�������)LJXUH�������'HFRPSRVLWLRQ�RI�WKH�
FKDQJH� LQ� WKH� GHEW� VWRFN� UHYHDOV� VHYHUDO� LPSRUWDQW� SRLQWV� �)LJXUH� ������ ,QWHUHVW�
H[SHQGLWXUH�GXULQJ� WKH�SHULRG�KDV�ULVHQ�VKDUSO\�DV�D�UHVXOW�RI� WKH�LQFUHDVHG�ERUURZLQJ�
IURP� WKH�PDUNHWV� DQG�HQVXLQJ�KLJK� OHYHO�RI� LQWHUHVW� UDWHV�� ,QWHUHVW�H[SHQGLWXUH��ZKLFK�
FRQVWLWXWHG� �� SHUFHQW� RI� *'3� LQ� ����� LQFUHDVHG� WR� ����� SHUFHQW� RI� *'3� LQ� ������
$QRWKHU�SURQRXQFHG�UHPDUN�LV�WKH�LPSDFW�RI�WKH�H[FKDQJH�UDWH�RQ�WKH�HYROXWLRQ�RI�WKH�
GHEW� VWRFN� GXULQJ� WKH� SHULRG� ����������� ([FOXGLQJ� WKH� \HDUV� IURP� ����� WR� ������
LQFUHDVH� LQ� WKH� GHEW� VWRFN� FDXVHG� E\� WKH� DGMXVWPHQWV� LQ� WKH� YDOXH� RI� IRUHLJQ� GHEW�
H[SUHVVHG�LQ�GRPHVWLF�FXUUHQF\�KDV�EHHQ�JUHDWHU�WKDQ�WKH�LQWHUHVW�H[SHQGLWXUH���

,Q� WKH� SHULRG� ����������� SULPDU\� EDODQFH� RI� WKH� JRYHUQPHQW� ZDV� LQ� GHILFLW�
LQGLFDWLQJ� ODFN� RI� ILVFDO� GLVFLSOLQH��$OWKRXJK� SULPDU\� EXGJHW�ZDV� LQ� VXUSOXV� SRVLWLRQ�
IROORZLQJ� ����� XQWLO� ������ WKH� PDJQLWXGH� RI� WKH� SULPDU\� VXUSOXV� UHPDLQHG� ORZ�
FRPSDUHG�WR�WKH�KHLJKWHQLQJ�LQWHUHVW�H[SHQGLWXUHV��8QGHU�D�WUDQVSDUHQW�ILVFDO�IUDPHZRUN�
LQFUHDVH�LQ�WKH�GHEW�VWRFN�VKRXOG�EH�H[SODLQHG�E\�WKH�DERYHPHQWLRQHG�IDFWRUV��QDPHO\��
SULPDU\� EDODQFH�� LQWHUHVW� H[SHQGLWXUH� DQG� UHYDOXDWLRQ� RI� WKH� IRUHLJQ� FXUUHQF\�
GHQRPLQDWHG�SRUWLRQ�RI�WKH�GHEW�VWRFN��,Q�WKH�7XUNLVK�FDVH�KRZHYHU��IRU�VHYHUDO�\HDUV�
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ZH�REVHUYH�FRQVLGHUDEOH�DPRXQW�RI�UHVLGXDO�LQFUHDVHV�LQ�WKH�GHEW�VWRFN�WKDW�FDQQRW�EH�
H[SODLQHG�E\�WKH�H[FKDQJH�UDWH�PRYHPHQWV�RU�WKH�EXGJHW�GHILFLWV��,Q�PDMRU�SDUW��VRXUFH�
RI� WKHVH� LQFUHDVHV� LV� WKH� VHFXULWLHV� LVVXHG� WR� FRYHU� WKH� RII� EXGJHW� H[SHQGLWXUH� RI� WKH�
FHQWUDO� JRYHUQPHQW� RU� WKH� RWKHU� SXEOLF� LQVWLWXWLRQV�� 6XEVWDQWLDO� DPRXQW� RI� UHVLGXDO�
LQFUHDVH�ZDV�REVHUYHG� LQ� WKH�\HDU�������SULRU� WR�ZKLFK��FHQWUDO�JRYHUQPHQW�WRWDO�GHEW�
VWRFN�WR�*'3�UDWLR�ZDV�DURXQG����SHUFHQW��+LNH�LQ�WKH�GHEW�VWRFN�PDLQO\�UHVXOWHG�IURP�
WKH� LQFUHDVH� LQ� WKH� QRQ�FDVK� GHEW $ �� ZKLFK� ZDV� LVVXHG� ZLWKLQ� WKH� FRQWH[W� RI� EDQNLQJ�
VHFWRU� RSHUDWLRQ�� ,Q� 0D\� ������ XQGHU� WKH� IUDPHZRUN� RI� WKLV� RSHUDWLRQ�� VSHFLDOO\�
GHVLJQHG��QRQ�FDVK�GHEW� LQVWUXPHQWV�ZHUH� LVVXHG� WR� WKH�VWDWH�EDQNV�DQG�WR� WKH�SULYDWH�
EDQNV� XQGHU� 6DYLQJ� 'HSRVLWRU\� ,QVXUDQFH� )XQG� �6',)�� WR� VWUHQJWKHQ� WKHLU� FDSLWDO�
VWUXFWXUH��%HVLGHV�WKH�UHVWUXFWXULQJ�RI�WKH�FDSLWDO�VWUXFWXUH��DGGLWLRQDO�GHEW�ZDV�LVVXHG�WR�
WKH�VWDWH�EDQNV�WR�FRYHU�WKH�LQFXUUHG�GXW\�ORVVHV��7KH�VRXUFH�RI�GXW\�ORVVHV�GDWHV�EDFN�WR�
1980’s, beginning from which off�EXGJHW�JRYHUQPHQW�H[SHQGLWXUHV�ZHUH�FDUULHG�RXW�E\�
WKH� XVH� RI� VWDWH� EDQNV�� 6XEVWDQWLDO� LQFUHDVH� LQ� WKH� GHEW� VWRFN� LQ� ������ IRU� WKH�
DIRUHPHQWLRQHG�UHDVRQV�KDV�XQGHUOLQHG�WKH�LPSRUWDQFH�RI�ILVFDO�GLVFLSOLQH�DQG�WKH�QHHG�
WR�HVWDEOLVK�D�FRQWURO�RYHU�FRQWLQJHQW�OLDELOLWLHV��

)LJXUH������*URVV�'HEW�RI�WKH�3XEOLF�VHFWRU�������������

�
%��'& � ��
�( % � � � 
*)  � ��� � ��+-,.� + � � � / � � � � ��0 % )1,32 4651� 
 �'� & � 7
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�
)LJXUH������'HFRPSRVLWLRQ�RI�WKH�&KDQJH�LQ�WKH�*URVV�7RWDO�3XEOLF�'HEW�

6WRFN��6KDUH�LQ�*'3��

�
%��'& � ��
�( % )1,9465
� 
 ��� & � 7;:

�
'HVSLWH� WKH� GHFOLQLQJ� WUHQG� LQ� WKH� GHEW� VWRFN� WR� *'3� UDWLR�� IROORZLQJ� WKH�

VXEVWDQWLDO� LQFUHDVH� LQ� WKH� \HDU� ������ SXEOLF� GHEW� VXVWDLQDELOLW\� LV� VWLOO� D� FRQFHUQ� LQ�
7XUNH\��$ORQJ�ZLWK� LWV�KLJK� OHYHO�� WKH�VWUXFWXUH�RI� WKH�GHEW�VWRFN�LQ�WHUPV�RI�PDWXULW\�
DQG�FXUUHQF\�FRPSRVLWLRQ�UDLVH�FRQFHUQV��,Q�WKH�UHPDLQLQJ�RI�WKLV�VHFWLRQ��VWUXFWXUH�RI�
WKH� FHQWUDO� JRYHUQPHQW� GHEW� VWRFN � �� IRU� WKH� UHFHQW� SHULRG� LV� DQDO\]HG� EDVHG� RQ� WKH�
LQIRUPDWLRQ�SURYLGHG� LQ�7DEOH�,����$SSHQGL[�,���$FFRUGLQJO\��PDLQ�ZHDNQHVVHV�RI�WKH�
FHQWUDO� JRYHUQPHQW� GHEW� DUH� WKH� VLJQLILFDQW� VKDUH� RI� );�OLQNHG� GHEW� DQG� WKH� VKRUW�
PDWXULW\� RI� WKH� GRPHVWLF� GHEW� VWRFN�� ([WHUQDO� GHEW� VWRFN� RI� WKH� FHQWUDO� JRYHUQPHQW��
ZKLFK�FRQVWLWXWHV����SHUFHQW�RI� WKH� WRWDO�FHQWUDO�JRYHUQPHQW�GHEW�VWRFN�DV�RI�WKH�\HDU�
������PDLQO\�FRQVLVWV�RI�SURJUDP�FUHGLWV�IURP�LQWHUQDWLRQDO�RUJDQL]DWLRQV�DQG�(XURERQG�
LVVXHV��,WV�VKDUH�KDV�LQFUHDVHG�LQ������GXH�WR�,0)�FUHGLWV�DQG�GHFUHDVHG�LQ�WKH�IROORZLQJ�
SHULRG� DV� D� FRQVHTXHQFH� RI� WKH� SUHIHUHQFH� RI� WKH� GHEW� PDQDJHPHQW� DXWKRULWLHV� IRU�
GRPHVWLF� ERUURZLQJ� RYHU� IRUHLJQ� ERUURZLQJ�� $V� RI� ������ IRUHLJQ� GHEW� DQG� WKH� );�
OLQNHG�SRUWLRQ�RI�WKH�GRPHVWLF�GHEW�VWRFN�WDNHQ�WRJHWKHU�FRQVWLWXWH�����RI�WKH�WRWDO�GHEW��
������������������������������ ������������������� �6WUXFWXUH�RI� WKH�JRYHUQPHQW�GHEW�VWRFN� LV�DQDO\]HG�RQ� WKH�EDVLV�RI� WKH�FHQWUDO�JRYHUQPHQW�GHEW�VWRFN��
0DMRU� VHJPHQW�RI� WKH�SXEOLF� VHFWRU�GHEW� VWRFN� LV�KHOG�E\� WKH�FHQWUDO�JRYHUQPHQW�� WKXV� VHQVLWLYLW\�RI� WKH�
GHEW�VWRFN�ZLWK�UHVSHFW�WR�WKH�PRYHPHQWV�LQ�WKH�LQWHUHVW�UDWH�DQG�WKH�H[FKDQJH�UDWH�FDQ�EH�FDSWXUHG�E\�WKH�
HYDOXDWLRQ�RI�WKH�FHQWUDO�JRYHUQPHQW�GHEW�VWRFN����
�
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,Q� WHUPV� RI� LWV� PDWXULW\� H[WHUQDO� GHEW� UDLVH� QR� FRQFHUQV�� DV� RI� ����� GXUDWLRQ� RI� WKH�
IRUHLJQ�ERQG�VWRFN�ZDV�����\HDUV��7KH�LQFUHDVH�LQ�WKH�);�OLQNHG�GRPHVWLF�GHEW�REVHUYHG�
LQ������ZDV� WKH�FRQVHTXHQFH�RI� WKH�GHEW� LVVXHG�ZLWKLQ� WKH�IUDPHZRUN�RI� WKH�EDQNLQJ�
VHFWRU� RSHUDWLRQ� DQG� WKH� ,0)� FUHGLWV� WKDW� ZHUH� XVHG� XQGHU� WKH� VWDQGE\� SURJUDP�� $Q�
DGGLWLRQDO� IDFWRU� ZDV� WKH� ORVV� LQ� FRQILGHQFH� LQ� WKH� 7XUNLVK� OLUD�� ZKLFK� GLUHFWHG� WKH�
JRYHUQPHQW�WR�ERUURZ�IURP�WKH�PDUNHWV�LQ�);�GHQRPLQDWHG�LQGH[HG�VHFXULWLHV���

'RPHVWLF�GHEW�VWRFN�FRPSULVHV�VHFXULWLHV�GHQRPLQDWHG�LQ�IRUHLJQ�FXUUHQF\��IL[HG�
UDWH� VHFXULWLHV�� PDLQO\� GLVFRXQWHG� ERQGV�� DQG� VHFXULWLHV� LQGH[HG� WR� WKH� VKRUW�WHUP�
LQWHUHVW�UDWH��WKH�LQIODWLRQ�DQG�WKH�H[FKDQJH�UDWH��$V�PHQWLRQHG�SUHYLRXVO\��ZHDN�VSRW�RI�
WKH�GRPHVWLF�GHEW�VWRFN�KDV�EHHQ�LWV�VKRUW�PDWXULW\��,Q�\HDU�������PDWXULW\�RI�WKH�RYHUDOO�
GHEW�VWRFN�KDV� LQFUHDVHG�DV� WKH�QRQ�FDVK�VHFXULWLHV�ZLWK�UHODWLYHO\�KLJK�PDWXULW\�ZHUH�
LVVXHG� XQGHU� WKH� IUDPHZRUN� RI� WKH� DIRUHPHQWLRQHG� EDQNLQJ� VHFWRU� RSHUDWLRQ�� ,Q� WKH�
SHULRG�IROORZLQJ�������PDWXULW\�RI�WKH�GRPHVWLF�GHEW�GHFOLQHG��DSSURDFKLQJ�WKH�PDWXULW\�
RI� FDVK� GHEW� VWRFN�� DV� WKH� VKDUH� DQG� UHPDLQLQJ� PDWXULW\� RI� QRQ�FDVK� GHEW� VWRFN�
GHFUHDVHG�� 7KLV� WUHQG� ZLOO� FRQWLQXH� LQ� WKH� FRPLQJ� \HDUV� DQG� WKH� PDWXULW\� RI� FDVK�
ERUURZLQJ� ZLOO� GHWHUPLQH� WKH� PDWXULW\� RI� WKH� GRPHVWLF� GHEW� VWRFN�� ,W� VKRXOG� EH�
HPSKDVL]HG�WKDW��QRQ�FDVK�ERUURZLQJ�WDNHV�SODFH�XQGHU�VSHFLDO�FLUFXPVWDQFHV�DQG�WKH�
UHJXODU� PHDQV� RI� ILQDQFLQJ� GHEW� VHUYLFH� LV� YLD� FDVK� ERUURZLQJ� IURP� WKH� PDUNHWV��
7KHUHIRUH��DOWKRXJK�PDWXULW\�RI�WKH�WRWDO�GRPHVWLF�GHEW�VWRFN�UHIOHFWV�WKH�ULVNV�IDFHG�E\�
WKH�JRYHUQPHQW��WKH�PDWXULW\�RI�FDVK�GHEW�VWRFN�DQG�FDVK�ERUURZLQJ�DUH�EHWWHU�LQGLFDWRUV�
IRU�HYDOXDWLQJ�WKH�PDUJLQDO�LPSURYHPHQWV�LQ�WKH�PDWXULW\�VWUXFWXUH��&DVK�ERUURZLQJ�LV�
FDUULHG�RXW�PDLQO\�LQ�7/�GHQRPLQDWHG�GLVFRXQWHG�VHFXULWLHV�LQ�WKH�PDWXULW\�UDQJH�RI���WR�
��� PRQWKV� DQG� WZR� \HDU� IORDWLQJ� UDWH� VHFXULWLHV� ZLWK� TXDUWHUO\� FRXSRQ� SD\PHQWV��
0DWXULW\�RI�FDVK�ERUURZLQJ�KDV�EHHQ� LQFUHDVLQJ�DV�RI�������$OWKRXJK�WKH�PDWXULW\�RI�
ERUURZLQJ� KDV� EHHQ� H[WHQGLQJ� LW� GLG� QRW� VXIILFH� WR� H[WHQG� WKH�PDWXULW\� RI� FDVK� GHEW�
VWRFN�� ,Q� WKH� ���������� SHULRG�� VLJQLILFDQW� VWHSV� KDYH� EHHQ� WDNHQ� WRZDUGV� DFKLHYLQJ�
HFRQRPLF�VWDELOLW\��FRQVHTXHQWO\�WKLV�SHULRG�HQDEOHG�LPSURYHPHQW�LQ�WHUPV�RI�HIIHFWLYH�
H[HFXWLRQ� RI� WKH� ERUURZLQJ� SROLF\�� 7KH� LPSURYHPHQW� LQ� WKH� ERUURZLQJ� PDWXULW\� LV�
QRWDEOH�WKDQ�WKH�ILJXUHV�LPSOLHG�E\�WKH�PDWXULW\�RI�FDVK�ERUURZLQJ�GXH�WR�WKH�FKDQJH�LQ�
WKH� ERUURZLQJ� FRPSRVLWLRQ�� 0DWXULW\� LQ� GLVFRXQWHG� DXFWLRQV�� ZKLFK� FRQVWLWXWH�
VLJQLILFDQW� SRUWLRQ� RI� FDVK� ERUURZLQJ�� KDV� OHQJWKHQHG� VLJQLILFDQWO\�� 'HVSLWH� WKLV�
LPSURYHPHQW�� DV� WKH� FRPSRVLWLRQ� RI� FDVK� ERUURZLQJ� VKLIWHG� WRZDUGV� GLVFRXQWHG�
VHFXULWLHV�� ZKRVH� PDWXULWLHV� DUH� VKRUWHU� WKDQ� WKRVH� ZLWK� IORDWLQJ� UDWH� ERQGV�� WKH�
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H[WHQVLRQ�LQ�WKH�ERUURZLQJ�PDWXULW\�UHPDLQHG�OLPLWHG��'HVSLWH�WKH�SURJUHVV�ZLWQHVVHG�LQ�
WKH�UHFHQW�SHULRG��H[LVWLQJ�PDWXULW\�RI�WKH�GRPHVWLF�GHEW�VWRFN�LV�VKRUW��'XUDWLRQ�RI�WKH�
7/�GHQRPLQDWHG�FDVK�GHEW�VWRFN��ZKLFK�LQFUHDVHG�WR�����SHUFHQW�LQ�������KLJKOLJKWV�WKH�
VHULRXVQHVV�RI�WKH�LVVXH��,Q�WKLV�FRQWH[W��LQFUHDVLQJ�WKH�PDWXULW\�RI�ERUURZLQJ�LV�D�PDMRU�
LVVXH�RI�WKH�GHEW�PDQDJHPHQW�VWUDWHJ\���

5HFHQWO\�VWRFKDVWLF�VLPXODWLRQ�EDVHG�ULVN�DQDO\VLV�KDV�EHHQ�DGRSWHG�WR�FRPSDUH�
FRVW�DQG�ULVN�FKDUDFWHULVWLFV�RI�DOWHUQDWLYH�ERUURZLQJ�SROLFLHV�DQG�WR�GHYHORS�D�VWUDWHJLF�
EHQFKPDUN� SROLF\�� 5LVN� LV� PHDVXUHG� DV� &RVW�DW�5LVN�� 7UHDVXU\� GRHV� QRW� DQQRXQFH�
ERUURZLQJ�EHQFKPDUNV��WKDW�LV�ULVN�OLPLWV��LQ�WHUPV�RI�GXUDWLRQ�WDUJHWV�RU�IL[HG�UDWH�VKDUH�
IRU� WKH� GHEW� VWRFN�� +RZHYHU�� ZLWKLQ� WKH� IUDPHZRUN� RI� VWUDWHJLF� EHQFKPDUN� SUDFWLFH��
GHWHUPLQHG�RQ�DFFRXQW�RI� WKH�FRVW�DQG� ULVN�DQDO\VLV��DQQRXQFHV�ERUURZLQJ�REMHFWLYHV��
)RU�WKH�\HDU�������REMHFWLYHV�ZHUH�GHILQHG�DV�WR�UDLVH�IXQGV�PDLQO\�LQ�7/��WR�XVH�IL[HG�
UDWH�7/�LQVWUXPHQWV�DV�D�PDMRU�VRXUFH�RI�GRPHVWLF�ERUURZLQJ�DQG�WR�LQFUHDVH�DYHUDJH�
PDWXULW\�RI�GRPHVWLF�ERUURZLQJ�RYHU�D�\HDU�WDNLQJ�LQWR�DFFRXQW�PDUNHW�FRQGLWLRQV��

�
,,,��7KH�6WRFKDVWLF�0RGHO��
�

6WRFKDVWLF� PRGHO�� LQ� ZKLFK� UDQGRP� YDULDEOHV� WKDW� DIIHFW� WKH� GHEW� FRVW� DUH�
PRGHOHG�� FRPSULVHV� WKH� ILUVW�PRGXOH� RI� WKH� VLPXODWLRQ�PRGHO��7KLV� LV� WKH� SDUW�ZKHUH�
VRXUFH�RI�UDQGRPQHVV�LV�LQWURGXFHG�LQWR�WKH�VLPXODWLRQ�IUDPHZRUN��5DQGRP�YDULDEOHV�WR�
EH� PRGHOHG� DUH� GHWHUPLQHG� E\� WKH� VWUXFWXUH� RI� WKH� GHEW� VWRFN� DQG� WKH� VFRSH� RI� WKH�
DQDO\VLV�� ,Q� WKH� OLWHUDWXUH�� WKHVH� PRGHOV� UDQJH� IURP� VLPSOH� VWRFKDVWLF� SURFHVVHV�
(Valendia, 2002) to parsimonious macro models (Bergström et al., 2002) depending on 

WKH� VWUXFWXUH� RI� WKH� GHEW� VWRFN� DQG� WKH� VFRSH� RI� WKH� DQDO\VLV�� ,Q� RXU� VWXG\�� VHW� RI�
ERUURZLQJ�VWUDWHJLHV�DUH�FRPSDUHG�ZLWK�UHVSHFW�WR�WKH�LQWHUHVW�UDWH�ULVN��KHQFH�RXU�IRFXV�
LV�RQ�PRGHOLQJ� WKH� LQWHUHVW� UDWHV�RI�GLIIHUHQW�PDWXULWLHV��2QH�ZD\�RI�GRLQJ� WKLV� LV� WKH�
WHUP�VWUXFWXUH�RU�\LHOG�FXUYH�PRGHOLQJ� �=< ��
������������������������������ ������������������
���0HWKRGV�RWKHU� WKDQ� WHUP�VWUXFWXUH�PRGHOLQJ�ZHUH�XVHG� LQ� WKH�PRGHOV�GHYHORSHG�E\� WKH�:RUOG�%DQN�
DQG�WKH�6ZHGLVK�1DWLRQDO�'HEW�2IILFH��61'2���,Q�WKH�:RUOG�%DQN�0RGHO��LQWHUHVW�UDWH�DORQJ�ZLWK�RWKHU�
ILQDQFLDO� YDULDEOHV� LV�PRGHOHG� DV� D� VLPSOH� VWRFKDVWLF� SURFHVV� �9DOHQGLD�� �������:KHUHDV� LQ� WKH� 61'2�
PRGHO� VKRUW� WHUP� DQG� ORQJ� WHUP� LQWHUHVW� UDWHV� DUH� PRGHOHG� XQGHU� D� SDUVLPRQLRXV� PDFURHFRQRPLF�
IUDPHZRUN��LQ�ZKLFK�VKRUW�WHUP�UDWH�ZLWK�WKUHH�PRQWK�PDWXULW\�LV�GHWHUPLQHG�RQ�WKH�EDVLV�RI�D�PRQHWDU\�
SROLF\� UXOH� WKDW� FHQWUDO� EDQN� DVVXPHV� WR� IROORZ�� WKH�7D\ORU� UXOH� DQG�$IWHU� WKDW�� WR� REWDLQ� WKH� ORQJ�WHUP�
UDWH�� LQ� WKH� ILUVW� YHUVLRQ� RI� WKH� PRGHO�� VSUHDG� EHWZHHQ� WKH� WKUHH�PRQWK� UDWH� DQG� WKH� WHQ�\HDU� UDWH� LV�
PRGHOHG�DV�D�UHgime switching autoregressive process (Bergström and Holmlund, 2000). Whereas in the 
H[WHQGHG� PRGHO� QRPLQDO� ORQJ�WHUP� \LHOG� LV� PRGHOHG� RQ� WKH� EDVLV� RI� UHDO� UHWXUQ� UHTXLUHPHQW�� ZKLFK�
GHSHQG� RQ� LWV� ODJJHG� YDOXHV� DQG� WKH� FDSDFLW\� XWLOL]DWLRQ� LQ� WKH� HFRQRP\� �%ergström et al., 2002). The 
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<LHOG� FXUYH� RU� WHUP� VWUXFWXUH� RI� LQWHUHVW� UDWHV� LV� WKH� VHW� RI� LQWHUHVW� UDWHV� IRU�
GLIIHUHQW�PDWXULWLHV��7HUP�VWUXFWXUH�PRGHO�WR�EH�XVHG�LQ�WKH�ULVN�PDQDJHPHQW�DQDO\VLV�
QHHG�WR�ILW�WR�FURVV�VHFWLRQDO�VHW�RI�REVHUYDWLRQV�DQG�DW�WKH�VDPH�WLPH�FDSWXUH�WKH�LQWHU�
WHPSRUDO�G\QDPLFV�RI�WKH�WHUP�VWUXFWXUH�RI�LQWHUHVW�UDWHV��,Q�RUGHU�WR�VHUYH�WKLV�SXUSRVH��
IRU�PRGHOLQJ�DQG�VLPXODWLQJ�WKH�\LHOG�FXUYH��ZH�XVH�WKH�G\QDPLF�IUDPHZRUN�SURSRVHG�
E\�'LHEROG� DQG�/L� �������� ,Q� WKLV� IUDPHZRUN� WKUHH� IDFWRU�1HOVRQ�6LHJHO� �������\LHOG�
FXUYH�PRGHO�LV�XVHG�WR�ILW�WKH�\LHOG�FXUYH�LQ�HDFK�SHULRG��$IWHU�WKDW��HDFK�IDFWRU�RI�WKH�
\LHOG�FXUYH�LV�HVWLPDWHG�DV�DQ�DXWRUHJUHVVLYH�PRGHO��DQG�WKH�\LHOG�FXUYH�LV�IRUHFDVWHG�E\�
IRUHFDVWLQJ� WKH� IDFWRUV��1HOVRQ�6LHJHO�������PRGHO� WKDW� LV�XWLOL]HG� LQ�RXU�ULVN�DQDO\VLV�
IUDPHZRUN� GRHV� QRW� EHORQJ� WR� WKH� FODVV� RI� G\QDPLF� \LHOG� FXUYH� PRGHOV� XVHG� LQ�
VRYHUHLJQ�ULVN�DQDO\VLV��%ROGHU���������'DQLVK�1DWLRQDO�%DQN����������������LQIDFW�LW�LV�
D�VWDWLF�PRGHO��+RZHYHU�XQGHU�'LHEROG�DQG�/L�������DSSURDFK�WKH�PRGHO�LV�VWUXFWXUHG�
LQ�D�G\QDPLF�IUDPHZRUN� ��� ���
�
1HOVRQ�6LHJHO�<LHOG�&XUYH�0RGHO�
�

1HOVRQ�6LHJHO� ������� WHUP� VWUXFWXUH� PRGHO� LV� FDSDEOH� RI� SURGXFLQJ� KXPSHG��
PRQRWRQLF�DQG�6�VKDSHG�\LHOG�FXUYHV�XVLQJ�IRXU�SDUDPHWHUV� �=� �,Q�WKLV�DSSURDFK��LQLWLDOO\�
IRUZDUG�UDWH�IXQFWLRQ�LV�GUDZQ�DV�D�VROXWLRQ�WR�D�VHFRQG�RUGHU�GLIIHUHQWLDO�RU�D�GLIIHUHQFH�
HTXDWLRQ�RI�WKH�IRUP�UHSUHVHQWHG�LQ�HTXDWLRQ������ZKHUH�U�P��LV�WKH�LQVWDQWDQHRXV�UDWH�DW�
PDWXULW\�P�� ��� �
�

021 )2()1()( ααα +−+−= PUPUPU � � � � � � � ����
�
7KH�IRUZDUG�UDWH��VROXWLRQ�WR�WKH�GLIIHUHQFH�HTXDWLRQ�IRU�WKH�FDVH�RI�HTXDO�URRWV�LV��
�
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������������������������������ ������������������������������ ������������������������������ ������������������������������ ������������������
QRPLQDO� \LHOGV� IRU� WKH� PDWXULWLHV� LQ� EHWZHHQ� WKH� WKUHH�PRQWK� UDWH� DQG� WKH� WHQ�\HDU� UDWH� DUH� REWDLQHG�
WKURXJK�LQWHUSRODWLRQ���>=> � ,Q� WKH� HDUO\� YHUVLRQ� RI� WKH� VRYHUHLJQ� ULVN�PRGHO� GHYHORSHG�E\�'DQLVK�1DWLRQDO�%DQN� �'1%���1HOVRQ�
6LHJHO�\LHOG�FXUYH�PRGHO�ZDV�XWLOL]HG��KRZHYHU�QRW�LQ�D�G\QDPLF�IUDPHZRUN�DV�LQ�'LHEROG�DQG�/L���������
,Q� WKH�'1%� IUDPHZRUN�� LQLWLDOO\�� KLVWRULFDO� \LHOG� FXUYHV�ZHUH� HVWLPDWHG� IRU� HDFK� WLPH� LQFUHPHQW� XVLQJ�
1HOVRQ�6LHJHO�PRGHO��$IWHUZDUGV�� WKH� FXUYHV� WKDW�ZLOO� EH� XVHG� LQ� WKH� VLPXODWLRQ�ZHUH� UDQGRPO\�FKRVHQ�
IURP�WKH�HVWLPDWHG�\LHOG�FXUYHV��'DQLVK�1DWLRQDO�%DQN����������> ? � 1HOVRQ�6LHJHO� PRGHO� LV� FDSDEOH� RI� JHQHUDWLQJ� FXUYHV�ZLWK� RQH� KXPS�� 6YHQVVRQ� �������PRGHO� LV� WKH�
H[WHQGHG� YHUVLRQ� RI� WKH� 1HOVRQ�6LHJHO� PRGHO� DQG� LW� LV� FDSDEOH� RI� ILWWLQJ� \LHOG� FXUYH� VKDSHV� ZLWK� WZR�
KXPSV�RU�X�VKDSHV��> @ �,QVWDQWDQHRXV�UDWH�LV�WKH�UDWH�RI�LQWHUHVW�ZLWK�DQ�H[WUHPHO\�VKRUW�PDWXULW\���
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<LHOG�WR�PDWXULW\�RQ�D�ELOO��GHQRWHG�5�P��LV�WKH�DYHUDJH�RI�WKH�IRUZDUG�UDWHV�U��P���

∫=
A

G[[UPP5
0

)(1)( �

[ ] ��PH[S���P����PH[S����P�5 τβττβββ −−−−++= 2210 1 � � � � ����
�
^ B �� C �� D �� `� DUH� WKH� SDUDPHWHUV� RI� WKH� PRGHO� DQG�P� VWDQGV� IRU� PDWXULW\�� ,Q� WKHVH�
IXQFWLRQV�� � LV� D� SRVLWLYH� FRQVWDQW� GHWHUPLQHG� E\� E � DQG� F �� G �� E �� F DUH� FRQVWDQWV�
GHWHUPLQHG�E\�WKH�LQLWLDO�FRQGLWLRQV�RQ�WKH�IRUZDUG�UDWH��7KH�SDUDPHWHU� �GHWHUPLQH�WKH�
UDWH�DW�ZKLFK�WKH�WHUPV�H[S��P�� ��GHFD\�WR�]HUR��/LPLWLQJ�YDOXH�RI�5�P��DQG�U�P��DV�P�
DSSURDFK�WR�LQILQLW\�LV� B �DQG�DV�P�DSSURDFK�WR�]HUR�LV�� ���� �����

)LJXUH�����&RPSRQHQWV�RI�WKH�)RUZDUG�&XUYH� )LJXUH������&RPSRQHQWV�RI�WKH�<LHOG�FXUYH�
�'LHEROG�/L�6SHFLILFDWLRQ�

H-I'J K�L�M;N�J O�PQI6R;J O�K3R I'S T9N�S U-S N�J K.V�I'WYX�I'Z�K�Z�J P[N�S K.V�I'W\X�]�J K�U-]^P=_ Z�` a�N�b ]�K.K�c6]�N�b6J I C=DdC�e T3O^_ V�Of_ PgJ O�K.N�a�K�S N�`6K a�N�b ]�K3R I'SdI']�SPhN�WYX�b K*X�K�S _ I6U;i

�
)RUZDUG� UDWH� FXUYH� �HTXDWLRQ� ��� LV� FRPSRVHG� RI� ORQJ� WHUP�� VKRUW� WHUP� DQG�

PHGLXP�WHUP�FRPSRQHQWV��/RQJ�WHUP�FRPSRQHQW��ZHLJKWHG�ZLWK� B �� LV�D�FRQVWDQW�DQG�
GRHV�QRW�GHFD\� WR�]HUR� LQ� WKH�OLPLW��6KRUW�WHUP�FRPSRQHQW��ZHLJKWHG�ZLWK� C ��VWDUWV�DW�
YDOXH�RQH�DQG�GHFD\V�WR�]HUR�DQG�WKH�PHGLXP�WHUP�FRPSRQHQW��ZHLJKWHG�ZLWK� D ��VWDUWV�
RXW�DW�]HUR�DQG�GHFD\V�WR�]HUR��)LJXUH�������$W�WKH�SRLQW�ZKHUH�PHGLXP�FRPSRQHQW�LV�
PD[LPL]HG�PDWXULW\� LV� HTXDO� WR� WKH� YDOXH�RI� ��+HQFH�� � VSHFLILHV� WKH� SRVLWLRQ� RI� WKH�
KXPS� RQ� WKH� FXUYH�� :HLJKW� RI� WKH� PHGLXP� WHUP� FRPSRQHQW�� D^e GHWHUPLQHV� WKH�
PDJQLWXGH�DQG�GLUHFWLRQ�RI�WKH�KXPS��,I� D �LV�SRVLWLYH��QHJDWLYH���KXPS��X�VKDSH��ZLOO�
RFFXU�DW� � �%ROGHU� DQG�6WUHOLVNL�� �������*LYHQ� WKHVH�FKDUDFWHULVWLFV�RI� WKH�\LHOG�FXUYH�
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FRPSRQHQWV�� ZLWK� WKH� DSSURSULDWH� FKRLFH� RI� SDUDPHWHUV�� ZKLFK� DUH� ZHLJKWV� IRU� WKH�
FRPSRQHQWV��1HOVRQ�6LHJHO�PRGHO�LV�FDSDEOH�RI�JHQHUDWLQJ�VKDSHV�LQFOXGLQJ�KXPSV��6�
VKDSHV��DQG�PRQRWRQLF�FXUYHV��

'LHEROG�DQG�/L��������SURSRVH�GLIIHUHQW�LQWHUSUHWDWLRQ�WR�WKH�SDUDPHWHUV�RI�WKH�
VOLJKWO\�PRGLILHG�VSHFLILFDWLRQ�RI�WKH�1HOVRQ�6LHJHO�PRGHO��5H�VSHFLILHG�PRGHO�LV�JLYHQ�
EHORZ��
�
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0RGHO�SDUDPHWHUV� n �� o �� p^q ZKLFK�ZHUH�GHILQHG�DV�ZHLJKWV IRU�WKH�ORQJ�WHUP��VKRUW�WHUP�
DQG� PHGLXP� WHUP� FRPSRQHQWV� RI� WKH� \LHOG� FXUYH� LQ� 1HOVRQ�6LHJHO� ������� DUH� QRZ�
LQWHUSUHWHG� DV� OHYHO�� VORSH�� FXUYDWXUH� IDFWRUV�� ,Q� HTXDWLRQ� ���� YDOXHV� PXOWLSOLHG� E\�
SDUDPHWHUV� n �� o �� p DUH�GHILQHG�DV�ORDGLQJV��,Q�WKDW�UHVSHFW�ORDGLQJ�RI� n �LV�FRQVWDQW�����
LQ�WKH�OLPLW�LW�GRHVQ¶W�DSSURDFK�WR�]HUR��,QFUHDVH�LQ� n ��LQFUHDVHV�DOO�\LHOGV�HTXDOO\��KHQFH�
n � FRQWURO� WKH� OHYHO� RI� WKH� \LHOG� FXUYH�� /RDGLQJ� RI� o �� GHQRPLQDWHG� DV�






 −−
��P�

��PH[S�
τ

τ1 VWDUWV�DW�YDOXH�RQH�DQG�DSSURDFKHV� WR�]HUR� LQ� WKH�OLPLW��7KHUHIRUH� o � LV�

HYDOXDWHG� DV� WKH� VKRUW�WHUP� IDFWRU�� 6KRUW�WHUP� IDFWRU� FRQWUROV� WKH� VORSH� RI� WKH� \LHOG�
FXUYH�� ,QFUHDVH� LQ� o � LQFUHDVHV� VKRUW� \LHOGV� UHODWLYHO\�PRUH� FRPSDUHG� WR� ORQJ� \LHOGV��
FRQVHTXHQWO\� FKDQJLQJ� WKH� VORSH� RI� WKH� \LHOG� FXUYH�� /RDGLQJ� RI� p ��







−−−− ��PH[S���P�

��PH[S� τ
τ

τ1 �� VWDUWV� DW� ]HUR�� LQFUHDVHV� ZLWK� PDWXULW\� DQG� DIWHU� D� SRLQW�

VWDUWV� WR� GHFUHDVH� DJDLQ�� +HQFH�� p � LV� LQWHUSUHWHG� DV� WKH� PHGLXP� WHUP� IDFWRU�� $QG�
PHGLXP�WHUP�IDFWRU�LV�UHODWHG�WR�WKH�FXUYDWXUH��JLYHQ�WKDW�FKDQJH�LQ� p �ZLOO�KDYH�OLWWOH�
HIIHFW�RQ�WKH�YHU\�VKRUW�DQG�YHU\�ORQJ�\LHOGV��EXW�ZLOO�DIIHFW�PHGLXP�WHUP�\LHOGV��7KXV�
FKDQJH� LQ� p � ZLOO� DOWHU� WKH� FXUYDWXUH� RI� WKH� \LHOG� FXUYH�� 7KHVH� LQWHUSUHWDWLRQV� ZHUH�
VXSSRUWHG�E\�WKH�FDOFXODWLRQV�RI�'LHEROG�DQG�/L��������XVLQJ�WKHLU�GDWDEDVH��ZKHUH�WKH\�
KDYH�GHPRQVWUDWHG�WKDW�OHYHO��VORSH�DQG�WKH�FXUYDWXUH�RI�WKH�\LHOG�FXUYH�ZHUH�DIIHFWHG�LQ�
PDMRU�SDUW�E\�WKH�ORQJ�WHUP��VKRUW�WHUP�DQG�WKH�PHGLXP�WHUP�FRPSRQHQWV�UHVSHFWLYHO\��
7KHUHIRUH� n �� o ��DQG� p ZHUH�WUHDWHG�DV�OHYHO��VORSH�DQG�FXUYDWXUH�RI�WKH�\LHOG�FXUYH��
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,Q�ILJXUH�����\LHOG�FXUYH�ORDGLQJV�WKDW�SUHYDLO�LQ�RXU�DQDO\VLV�DUH�SORWWHG� o=r �7KXV��
ILJXUH�����GLVSOD\V�WKH�ORDGLQJV�WKDW�SUHYDLO�LQ�RXU�DQDO\VLV�IRU�WKH�DYHUDJH� �YDOXH�RI�WKH�
VDPSOH��(YHQ�WKRXJK�ORDGLQJV�RI� n �DQG� o �HQDEOH�LQWHUSUHWDWLRQ�RI�WKHVH�IDFWRUV�DV�OHYHO�
DQG� VORSH�� SDWK� GLVSOD\HG� E\� WKH� ORDGLQJ� RI� p �� JLYHQ� WKH� VKRUW� PDWXULW\� UDQJH��
QHFHVVLWDWHV�PRGLILFDWLRQ�RQ�WKH�LQWHUSUHWDWLRQ�RI�WKH�PHGLXP�WHUP�IDFWRU��,W�LV�REVHUYHG�
WKDW� WKH� ORDGLQJ�RI� p DIWHU� UHDFKLQJ�D�PD[LPXP�GHFD\V�EDFN� WR� ]HUR�DW� D� VORZ�SDFH��
&KDQJH�LQ� p �GRHV�QRW�RQO\�HIIHFW�WKH�PHGLXP�WHUP�EXW�DOVR�ORQJ�WHUP�\LHOGV��

1HOVRQ�6LHJHO� PHWKRG� SURYLGHV� D� VWDWLF� FXUYH� ILWWLQJ� WRRO�� 'LHEROG� DQG� /L�
DSSURDFK� KDV� JLYHQ� D� G\QDPLF� IUDPHZRUN� WR� WKH� PRGHO� E\� LQWHUSUHWLQJ� \LHOG� FXUYH�
IDFWRUV� DV� WLPH� YDU\LQJ� YDULDEOHV�� $V� D� UHVXOW� \LHOG� FXUYH� HTXDWLRQ� ���� WXUQV� LQWR� D�
G\QDPLF�HTXDWLRQ��6SHFLILFDWLRQ�RI�WKH�VLPXODWLRQ�IUDPHZRUN�WKDW�LV�XVHG�LQ�RXU�DQDO\VLV�
LV�JLYHQ�EHORZ���
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�ZKHUH�� | a ( )1,01 �
�
������������������������������ ������������������} ~ �<LHOG�FXUYHV�DUH�SORWWHG�IRU�  �����DQG�PDWXULW\�UDQJH�RI����WR�����GD\V���x�y �5HVLGXDO� RI� WKH� VORSH� HTXDWLRQ� LV� WDNHQ� DV� WKH� QHJDWLYH� RI� WKH� UDQGRP� VKRFN� W� RQ� DFFRXQW� RI� WKH�
QHJDWLYH�FRUUHODWLRQ�RI�WKH�VORSH�FRHIILFLHQW�ZLWK�WKH�OHYHO�DQG�WKH�FXUYDWXUH��$SSHQGL[�,9��7DEOH�,9������
�
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�6| �� x | �� DQG� ��| � DUH� WKH� WLPH� YDU\LQJ� FRXQWHUSDUWV� RI� � �� x �� DQG� � � SDUDPHWHUV�
UHVSHFWLYHO\� x�� �,Q�RUGHU�WR�IRUHFDVW�\LHOG�FXUYHV��1HOVRQ�6LHJHO�IDFWRUV�DUH�HVWLPDWHG�DV�
XQLYDULDWH�DXWRUHJUHVVLYH�SURFHVVHV��5DQGRP�YDULDEOH� �ν LV�WKH�VRXUFH�RI�UDQGRPQHVV�LQ�
WKH�VLPXODWLRQ�PRGHO���
�
,9��6WUDWHJ\�6LPXODWLRQ�

6HFRQG�SDUW�RI�WKH�VLPXODWLRQ�PRGHO�LV�WKH�VWUDWHJ\�VLPXODWLRQ��LQ�ZKLFK�XQGHU�
HDFK�ERUURZLQJ�VWUDWHJ\�GHEW�LV�UROOHG�RYHU�RQ�WRS�RI�VLPXODWHG�WHUP�VWUXFWXUH�RI�LQWHUHVW�
UDWHV��6WUDWHJ\�VLPXODWLRQ�LV�WKH�FRUH�RI�WKH�VWRFKDVWLF�VLPXODWLRQ�DQDO\VLV��,Q�HDFK�VWHS��
UROH� RI� WKH� VWUDWHJ\� VLPXODWLRQ� LV� WR� GHWHUPLQH� WKH� DPRXQWV� WKDW�ZLOO� EH� ERUURZHG� DW�
GLIIHUHQW�PDWXULWLHV��0RUHRYHU��VWUDWHJ\�VLPXODWLRQ�DOVR�NHHSV�WUDFN�RI�WKH�GHEW�FRVW�DQG�
WKH�GHEW�VHUYLFH��SULQFLSDO�DQG�LQWHUHVW�SD\PHQWV��RI�HDFK�SHULRG���

,Q� VRYHUHLJQ� ULVN� DQDO\VLV�� WKHUH� LV� QR� FRPPRQ� IUDPHZRUN� IRU� VWUDWHJ\�
VLPXODWLRQ��0HWKRGV�DSSOLHG�E\� WKH�SUDFWLWLRQHUV� DUH�VKDSHG�E\� WKH�GHEW�PDQDJHPHQW�
SUDFWLFH�DQG�REMHFWLYHV��$�VLPSOH�VLPXODWLRQ�IUDPHZRUN�LV�WR�DVVXPH�H[RJHQRXV�RU�]HUR�
JRYHUQPHQW� EXGJHW� EDODQFH� DQG� UROO� RYHU� WKH� PDWXULQJ� GHEW� XQGHU� D� VWDWLF� ILQDQFLQJ�
VWUDWHJ\�GHILQHG�LQ�WHUPV�RI�YHFWRU�RI�IL[HG�ZHLJKWV�DV�LQ�+DKP�DQG�.LP���������7KH�
OHYHO� RI� FRPSOH[LW\�RI� WKH� VLPXODWLRQ� IUDPHZRUN� FRXOG� EH� H[WHQGHG� LQ� YDULRXV�ZD\V��
2QH�H[WHQVLRQ�LV�WR�LQFOXGH�GHEW�EX\EDFNV�DV�LQ�WKH�VLPXODWLRQ�IUDPHZRUN�GHYHORSHG�E\�
Swedish National Debt Office (Bergström et.al , 2002) and Danmarks National Bank 

�'DQLVK� *RYHUQPHQW� %RUURZLQJ� DQG� 'HEW� ������� %ROGHU� ������� FRQWDLQV� D�
FRPSUHKHQVLYH� VWUDWHJ\� VLPXODWLRQ� IUDPHZRUN��ZKLFK� LV� EDVHG� RQ� D� VWRFKDVWLF�PRGHO�
ZKHUH� WKH� HYROXWLRQ� RI� WKH� WHUP� VWUXFWXUH� RI� LQWHUHVW� UDWHV�� PDFURHFRQRPLF� EXVLQHVV�
cycles and government’s financial SRVLWLRQ�DUH�MRLQWO\�PRGHOHG��'LVWLQJXLVKHG�IHDWXUH�RI�
the model is that it takes into account the effect of financing strategy on government’s 

ILQDQFLDO�SRVLWLRQ�DQG�LQWHUHVW�UDWHV��
8QGHU�VWUDWHJ\�VLPXODWLRQ��ERUURZLQJ�VWUDWHJ\�DQG�WKH�LQLWLDO�SRUWIROLR�FKRLFH�DUH�

WKH� GHWHUPLQHG� E\� WKH� SUDFWLWLRQHU�� 6LQFH� WKHVH� YDULDEOHV� DUH� XQGHU� FRQWURO� RI� WKH�
SUDFWLWLRQHU�� WKH\� DUH� UHIHUUHG� WR� DV� FRQWURO� YDULDEOHV�� 7KHUH� DUH� WZR� SRVVLEOH� LQLWLDO�
SRUWIROLR� DOWHUQDWLYHV�� 2QH� RI� WKHP� LV� WR� XVH� WKH� DFWXDO� SRUWIROLR� DQG� LWV� PDWXULW\�
VWUXFWXUH��'UDZEDFN�RI�WKLV�DSSURDFK�LV�WKDW�VWDUWLQJ�ZLWK�WKH�DFWXDO�SRUWIROLR�FDQ�PDNH�
������������������������������ ������������������} � �,Q�WKH�DQDO\VLV��OHYHO�FRHIILFLHQW� ��� �LV�QRQ�VWDWLRQDU\��7KHUHIRUH�ZH�XVH�WKH�OHYHO�FRHIILFLHQW�GHIODWHG�E\�
LQIODWLRQ��GHILQHG�DV�5 ��� �
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WKH�UHVXOWV�IURP�GLIIHUHQW�GHEW�PDQDJHPHQW�VWUDWHJLHV�OHVV�GHILQLWH��VLQFH�VWDUWLQJ�IURP�D�
FRPPRQ�SRUWIROLR�ZLOO�LQIOXHQFH�WKH�UHVXOWV��8VLQJ�WKH�DFWXDO�SRUWIROLR�ZLOO�EHFRPH�OHVV�
RI�D�FRQFHUQ�LI�WKH�PDWXULW\�RI�WKH�DFWXDO�GHEW�VWRFN�VKRUW�DQG�WKH�SHULRG�RI�WKH�DQDO\VLV�
LV�ORQJ��7KH�RWKHU�DOWHUQDWLYH�LV�WR�ZRUN�ZLWK�VWHDG\�VWDWH�SRUWIROLR��,QLWLDO�SRUWIROLR�LV�LQ�
VWHDG\�VWDWH�LI�WKH�SURSRUWLRQV�RI�GHEW�LQVWUXPHQWV�LQ�WKH�RYHUDOO�SRUWIROLR�DUH�LGHQWLFDO�WR�
WKH�ZHLJKWV�RI�WKH�ERUURZLQJ�LQVWUXPHQWV�LQ�WKH�ILQDQFLQJ�VWUDWHJ\�YHFWRU��6WHDG\�VWDWH�
SRUWIROLR�LV�SUHIHUUHG�WR�DFWXDO�SRUWIROLR�ZKHQ�WKH�PRWLYDWLRQ�RI�WKH�VLPXODWLRQ�DQDO\VLV�
LV�FRPSDULVRQ�RI�WKH�ORQJ�WHUP�FRVW�DQG�ULVN�FKDUDFWHULVWLFV�RI�GLIIHUHQW�GHEW�SRUWIROLRV�
rather than moving from one portfolio to the other (Bolder, 2003, Bergström et al, 

�������+RZHYHU�XVH�RI� VWHDG\� VWDWH�SRUWIROLR�GLVUHJDUGV� WKH�FRVW�DQG� WLPH� UHTXLUHG� WR�
WUDQVIRUP�DFWXDO�SRUWIROLR�WR�WKH�VWHDG\�VWDWH�SRUWIROLR��

$ORQJ�ZLWK�WKH�LQLWLDO�GHEW�SRUWIROLR�� WKH�RWKHU�FRQWURO�YDULDEOH�LV�WKH�ILQDQFLQJ�
VWUDWHJ\�� )LQDQFLQJ� VWUDWHJ\� LQGLFDWHV� KRZ� PXFK� RI� WKH� ERUURZLQJ� UHTXLUHPHQW� WR�
DOORFDWH� DPRQJ� ERUURZLQJ� LQVWUXPHQWV�� )LQDQFLQJ� VWUDWHJLHV� FDQ� EH� IRUPXODWHG� LQ�
YDULRXV�ZD\V��7KH�VWUDWHJ\�FRXOG�EH�GHILQHG�LQ�WHUPV�RI�GXUDWLRQ�WDUJHW�RU�D�WDUJHW�IRU�
allocation of debt stock between different denominations as in Bergström and Holmlund 

(2000) and Bergström et al. (2002). Alternatively, financing stratHJLHV�FRXOG�EH�GHILQHG�
LQ�WHUPV�RI�D�IL[HG�ERUURZLQJ�VWUXFWXUH��VXFK�DV�IL[HG�YHFWRU�RI�ZHLJKWV�DOORFDWHG�WR�HDFK�
GHEW� LQVWUXPHQW� �%ROGHU�� ����� DQG�+DKP� DQG�.LP�� �������$� FRPPRQ� SUDFWLFH� LV� WR�
ZRUN� ZLWK� SUHGHWHUPLQHG� VWUDWHJLHV�� ,Q� RWKHU� ZRUGV�� GHFLVLRQ� RQ� ZKLFK� ERUURZLQJ�
LQVWUXPHQW�WR�LVVXH�RU�WKH�GXUDWLRQ�RI�WKH�GHEW�VWRFN�LV�QRW�FRQGLWLRQDO�RQ�WKH�UHDOL]DWLRQ�
RI� WKH� UDQGRP�YDULDEOHV�DIIHFWLQJ� WKH�FRVW�RI� WKH�GHEW�VWRFN��3XEOLF�GHEW�PDQDJHPHQW�
SUDFWLFH�LV�DVVXPHG�WR�EH�H[HUFLVHG�ZLWKLQ�D�WUDQVSDUHQW�DQG�SUHGLFWDEOH�PDQQHU��,Q�WKDW�
UHVSHFW��JRYHUQPHQW�DGKHUHV�WR�WKH�SUHGHWHUPLQHG�ERUURZLQJ�SROLF\��GHVSLWH�IOXFWXDWLRQV�
LQ�WKH�UDQGRP�YDULDEOHV��

:LWKLQ�WKH�VWUDWHJ\�VLPXODWLRQ�IUDPHZRUN�XWLOL]HG�LQ�WKLV�SDSHU��WKH�DFWXDO�LQLWLDO�
GRPHVWLF� FXUUHQF\� GHQRPLQDWHG� GHEW� SRUWIROLR� DQG� WKH� LPSOLHG� PDWXULW\� VWUXFWXUH� LV�
XVHG��6LQFH�PDWXULW\�RI�WKH�GHEW�VWRFN�LV�VKRUW��GUDZEDFN�DULVLQJ�IURP�WKH�XVH�RI�DFWXDO�
SRUWIROLR�LV�QRW�H[SHFWHG�LQIOXHQFH�WKH�UHVXOWV�LQ�D�VLJQLILFDQW�PDJQLWXGH��(YHU\�VWUDWHJ\�
LV� UXQ� IRU������VLPXODWHG� LQWHUHVW� UDWH�SDWKV�DQG�HDFK�VLPXODWLRQ� LV� UXQ�IRU���\HDUV� LQ�
PRQWKO\� VWHSV�� WKDW� LV� ��� SHULRGV�� $W� HDFK� VWHS� JRYHUQPHQW� ILQDQFHV� QHW� ERUURZLQJ�
UHTXLUHPHQW�LQ�OLQH�ZLWK�WKH�SUHGHWHUPLQHG�ILQDQFLQJ�VWUDWHJ\�GHILQHG�DV�IL[HG�YHFWRU�RI�
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ZHLJKWV� DOORFDWHG� WR� GHEW� LQVWUXPHQWV��1HW� ERUURZLQJ� UHTXLUHPHQW� RI� WKH� JRYHUQPHQW�
FRQVLVWV�RI�PDWXULQJ�GHEW��LQWHUHVW�SD\PHQW�DQG�WKH�SULPDU\��QRQ�LQWHUHVW��GHILFLW���
6WUDWHJ\� VLPXODWLRQ� VWDUWV� ZLWK� DQ� LQLWLDO� GHEW� SRUWIROLR� UHSUHVHQWHG� LQ� WHUPV� RI� D�
PDWXULW\�PDWUL[�RI�GLPHQVLRQ����E\����7KH�LQIRUPDWLRQ�HPEHGGHG�LQ�WKH�PDWXULW\�PDWUL[�
LV�WKH�GHEW�VHUYLFH�RI�WKH�VXEVHTXHQW����PRQWKV��(DFK�URZ�RI�WKH�PDWUL[�FRUUHVSRQGV�WR�
WKH� WLPH� LQFUHPHQWV�� L�H�� PRQWKV�� 3ULQFLSDO� SD\PHQWV� DQG� WKH� LQWHUHVW� SD\PHQWV� DUH�
ORFDWHG� DW� WKH� ILUVW� DQG� WKH� VHFRQG� FROXPQ� UHVSHFWLYHO\�� )RU� HDFK� ILQDQFLQJ� VWUDWHJ\�
VLPXODWLRQ� LV� UHSHDWHG� IRU� ����� WLPHV�� ,Q� HDFK� VLPXODWLRQ� UXQ�GHEW� SRUWIROLR� LV� UROOHG�
RYHU�IRU���\HDUV�LQ�PRQWKO\�VWHSV��,Q�HDFK�VWHS�IROORZLQJ�WDVNV�DUH�SHUIRUPHG��
�

��� %RUURZLQJ� UHTXLUHPHQW� IRU� WKH� FXUUHQW� PRQWK� LV� FDOFXODWHG� DV� WKH� WRWDO� GHEW�
VHUYLFH� �LQWHUHVW� �� SULQFLSDO�� PLQXV� WKH� SULPDU\� EXGJHW� VXUSOXV� RI� WKH�
JRYHUQPHQW� x�� �'HEW�VHUYLFH�LV�WKH�VXP�RI�WKH�ILUVW�URZ�RI�WKH�PDWXULW\�PDWUL[��

��� 2QFH�WKH�GHEW�VHUYLFH�RI�WKH�FXUUHQW�PRQWK�LV�FDOFXODWHG��ILUVW�URZ�RI�WKH�PDWXULW\�
PDWUL[�LV�HOLPLQDWHG�DQG�D�QHZ�URZ�RI�]HURV�LV�DGGHG�WR�WKH�HQG�RI�WKH�PDWUL[��
7KHUHE\��VL]H�RI�WKH�PDWXULW\�PDWUL[�LV�NHSW�XQFKDQJHG�DQG�LW�LV�SUHSDUHG�IRU�WKH�
VXEVHTXHQW�VWHS��$IWHU�WKHVH�DUUDQJHPHQWV�ILUVW�URZ�RI�WKH�PDWUL[�QRZ�UHSUHVHQWV�
GHEW�VHUYLFH�RI�WKH�QH[W�SHULRG�

��� 7RWDO� ERUURZLQJ� UHTXLUHPHQW� LV� GLVWULEXWHG� DPRQJ� ERUURZLQJ� LQVWUXPHQWV� LQ�
DFFRUGDQFH�ZLWK�DVVRFLDWHG�ZHLJKWV��

��� 1RPLQDO�DQG�UHDO�FRVW�DUH�FRPSXWHG��
��� 1H[W�� DFFUXHG� LQWHUHVW� DQG� SULQFLSDO� SD\PHQWV� DUH� GLVWULEXWHG� RYHU� WKH� UHODWHG�

FHOOV�LQ�WKH�PDWXULW\�PDWUL[���
�
6WHSV� RI� VWUDWHJ\� VLPXODWLRQ� DORQJ� ZLWK� WKH� 0$7/$%� FRGHV� DUH� SURYLGHG� LQ� WKH�
$SSHQGL[�,,��

������������������������������ ������������������} � �3ULPDU\�EXGJHW�VXUSOXV�LV�H[RJHQRXV�WR�WKH�PRGHO��,W�LV�FDOFXODWHG�DV���SHUFHQW�RI�WKH�*13�RI�WKH�\HDU��
2XU�DVVXPSWLRQ�LV�WKDW����SHUFHQW�RI�WKH�SULPDU\�VXUSOXV�ZLOO�EH�XVHG�WR�ILQDQFH�GHEW�VHUYLFH�DULVLQJ�IURP�
WKH�7/�GHQRPLQDWHG�SRUWLRQ�RI�WKH�GHEW�VWRFN���
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)LJXUH�����,OOXVWUDWLRQ�RI�WKH�6LPXODWLRQ�2XWSXW

�
8QGHU�HDFK�ILQDQFLQJ�VWUDWHJ\��VLPXODWLRQ�SURYLGHV�DQ�RXWSXW�LQ�WKH�IRUP�RI�FRVW�

GLVWULEXWLRQV� IRU� HDFK�PRQWK�� )LJXUH� ���� GLVSOD\V� DQ� H[DPSOH� VLPXODWLRQ� RXWSXW�� 7KH�
DYHUDJH� FRVW� GLVWULEXWLRQ� �ULJKW� SDQHO�� LV� REWDLQHG�E\� WDNLQJ� WKH� DYHUDJH� RI� HDFK� FRVW�
SDWK� �OHIW� SDQHO��� ,Q� RWKHU�ZRUGV�� ����� VLPXODWHG� SDWKV� DUH� VXPPDUL]HG� LQWR� D� VLQJOH�
GLVWULEXWLRQ�UHSUHVHQWLQJ�DYHUDJH�FRVW��7KH�H[SHFWHG�FRVW�RI�WKH�VWUDWHJ\�LV�WKHQ�GHILQHG�
DV�WKH�PHGLDQ���� | � �SHUFHQWLOH��RI�WKH�DYHUDJH�FRVW�GLVWULEXWLRQ��,Q�WKH�UHPDLQLQJ�RI�WKLV�
VHFWLRQ�FRVW�DQG�ULVN�GHILQLWLRQV�DUH�FODULILHG���

&RVW� PHDVXUH� FRYHUV� WKH� LQWHUHVW� H[SHQGLWXUH� RI� GLVFRXQWHG� VHFXULWLHV� DQG�
FRXSRQ� ERQGV�� ,W� LV�PHDVXUHG� XQGHU� FDVK� IORZ�EDVLV� DQG� LW� LV� UHFRUGHG�XQGHU� DFFUXDO�
WHUPV�DV�GHILQHG�E\�WKH�(6$���FULWHULD x�� ��8QGHU�FDVK�IORZ�EDVLV�FRVWV�RQO\�RFFXU�ZKHQ�
PRQH\� LV�SDLG�RXW�� WKXV�XQGHU� WKLV� IUDPHZRUN�PDUN�WR�PDUNHW�HIIHFWV� VWHPPLQJ� IURP�
YDU\LQJ�LQWHUHVW�UDWHV�DUH�QRW�LQFOXGHG��%HVLGHV�WKH�FRYHUDJH�DQG�WKH�W\SH�RI�PHDVXULQJ��
DQRWKHU� LVVXH� LV� WKH� UHFRUGLQJ� SHULRG�� FRVW� FDQ� EH� UHFRUGHG� LQ� SHULRG� LW� LV� SDLG� RU� LQ�
SHULRG�LW�EHORQJV��8QGHU�WKH�ODWWHU�DSSURDFK��IRU�HDFK�ERQG�WRWDO�FRVW�LV�GLVWULEXWHG�RYHU�
LWV�H[LVWHQFH�SHULRG��7KXV��FRVW�RYHU�D�JLYHQ�SHULRG�LV�OLPLWHG�WR�WKH�FRVW�RI�ERQGV�WKDW�
IDOO� ZLWKLQ� WKH� SHULRG� FRQVLGHUHG��0HDVXULQJ� FRVW� LQ� DFFUXDO� WHUPV� SURYLGHV� D� EHWWHU�
FRPSDULVRQ�RI�DOWHUQDWLYH�VWUDWHJLHV�LQ�D�VSHFLILHG�SHULRG��7R�JLYH�DQ�H[DPSOH��VXSSRVH�
������������������������������ ������������������} � (6$���0DQXDO�RQ�*HQHUDO�*RYHUQPHQW�GHILFLW�DQG�GHEW��KWWS���ZZZ�LPI�RUJ�H[WHUQDO�ERSDJH�SGI����
���SGI�

1 2 3 4 5
10

20

30

40

50

60

70

80

90



�

� ���

WKDW�FRVWV�DUH�UHFRUGHG�LQ�WKH�SHULRG�SD\PHQW�LV�PDGH�LQ�D�ULVN�DQDO\VLV�ZLWK�RQH�\HDU�
VLPXODWLRQ�KRUL]RQ�� ,Q� WKLV� FDVH� ERQGV�ZLWK�PDWXULW\� KLJKHU� WKDQ�D�\HDU�ZLOO� KDYH�QR�
LQWHUHVW�FRVW��$V�D�UHVXOW��VKRUW�WHUP�GHEW�ZLOO�DSSHDU�PRUH�FRVWO\��

�8QGHU�VWRFKDVWLF�VLPXODWLRQ�IUDPHZRUN�WZR�GLPHQVLRQV�RI�ULVN�FDQ�EH�VSHFLILHG��
the scenario risk and the time series risk (Bergström et al., 2002). In this paper 

DOWHUQDWLYH�ILQDQFLQJ�VWUDWHJLHV�DUH�FRPSDUHG�RQ�WKH�EDVLV�RI�VFHQDULR�ULVN��ZKLFK�LV�WKH�
ULVN�WKDW�RYHUDOO�GHEW�FRVW�ZLOO�H[FHHG�D�FHUWDLQ�DPRXQW�LQ�D�VSHFLILHG�SHULRG�� x�� �2QFH�WKH�
DYHUDJH�FRVW�GLVWULEXWLRQ�LV�REWDLQHG�VFHQDULR�ULVN�FDQ�EH�FDOFXODWHG�XVLQJ�YDULRXV�ULVN�
PHDVXUHV�� 7KHVH� PHDVXUHV� FRPSULVH� DEVROXWH� &RVW�DW�5LVN�� UHODWLYH� &RVW�DW�5LVN�
(Bolder, 2003) and relative risk (Bergström and Holmlund, 2000). In the following, we 

GHVFULEH�WKHVH�PHDVXUHV�RQH�E\�RQH��
$EVROXWH� &RVW�DW�5LVN� �$&D5�� LV� WKH� ODUJHVW� DPRXQW� RI� JRYHUQPHQW� GHEW� FRVW�

RYHU� D� JLYHQ� WLPH� KRUL]RQ� WKDW� LV� QRW� H[FHHGHG�ZLWK� SUREDELOLW\� ��S�� XVLQJ� VWDWLVWLFDO�
WHUPLQRORJ\� p-1CaR) ( =≤;3 �� :KHQ� S� LV� VHW� WR� ������ DEVROXWH� &D5� LV� WKH� �� | � �
SHUFHQWLOH�RI�WKH�GHEW�FRVW�GLVWULEXWLRQ��LPSO\LQJ�WKDW�DEVROXWH�&D5�LV�QRW�H[FHHGHG�E\�
���SHUFHQW�RI�WKH�GHEW�FRVW�REVHUYDWLRQV��5HODWLYH�&D5��5FD5��LV�WKH�GLVWDQFH�EHWZHHQ�
DEVROXWH�&D5���� | � �SHUFHQWLOH��DQG�WKH�PHGLDQ�RI�WKH�GLVWULEXWLRQ��&RPSDUDWLYH�DQDO\VLV�
RI� DOWHUQDWLYH� ILQDQFLQJ� VWUDWHJLHV� EDVHG� RQ�$&D5� DQG� 5&D5� HQWDQJOH� D� ELDV��:KHQ�
WKHVH� PHDVXUHV� DUH� XVHG�� H[SHQVLYH� ILQDQFLQJ� VWUDWHJLHV� DOVR� DSSHDU� PRUH� ULVN\�
FRPSDUHG�WR�ILQDQFLQJ�VWUDWHJLHV�GRPLQDWHG�E\�OHVV�FRVWO\�VKRUW�WHUP�ERUURZLQJ���

Relative risk measure proposed in Bergström et al. (2002) is similar to RCaR. 

,QVWHDG� RI� WKH� DEVROXWH� GHYLDWLRQ�� SHUFHQWDJH� GHYLDWLRQ� LV� XVHG� WR� RYHUFRPH� WKH�
DERYHPHQWLRQHG�ELDV�DVVRFLDWHG�ZLWK�5&D5��5HODWLYH�ULVN�PHDVXUH�LV�FRPSXWHG�DV�WKH�
UHODWLYH�GLVWDQFH�EHWZHHQ�WKH��� | � �DQG�WKH��� | � �SHUFHQWLOHV�RI�WKH�VLPXODWHG�GLVWULEXWLRQ��
�
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�
������������������������������ ������������������x�� �7LPH�VHULHV�ULVN�GHILQHV�DQRWKHU�ULVN�GLPHQVLRQ��ZKLFK�LV�WKH�YDULDELOLW\�RI�FRVWV�EHWZHHQ�WKH�\HDUV�
%ROGHU� ������� SURSRVHV� DQ� DOWHUQDWLYH� ULVN� PHDVXUH� WKDW� LQFRUSRUDWHV� WLPH� GLPHQVLRQ� LQWR� WKH� ULVN�
DQDO\VLV�� 3URSRVHG� ULVN� PHDVXUH� LV� FDOFXODWHG� IURP� D� FRQGLWLRQDO� GHEW� FRVW� GLVWULEXWLRQ�� ,Q� WKLV� PHWKRG�
GHEW� FRVW� LV� HVWLPDWHG� DV� DQ� DXWRUHJUHVVLYH� WLPH� VHULHV�PRGHO�� $� IRUHFDVW� HUURU� IURP� WKH�PRGHO� WKDW� LV�
FDSWXUHG� E\� FRQGLWLRQDO� YRODWLOLW\� SURYLGHV� D� QRWLRQ� RI� ULVN�� 7KLV� PHDVXUH� SURYLGHV� D� PHDVXUH� RI�
XQFHUWDLQW\�UHODWLQJ�WR�WKH�GHEW�FKDUJHV�RI�WKH�VXEVHTXHQW�SHULRG�JLYHQ�GHEW�FKDUJH�RI�WKH�FXUUHQW�SHULRG��
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9��(PSULFDO�$QDO\VLV��<LHOG�&XUYH�(VWLPDWLRQ�IRU�7XUNH\��
�

,Q� WKLV� SDUW� RI� WKH� DQDO\VLV�� WKUHH� IDFWRU�1HOVRQ�6LHJHO�PRGHO� LV� HVWLPDWHG� IRU�
HDFK�PRQWK�RI�WKH�SHULRG�-XQH������-XO\������XVLQJ�7XUNLVK�VHFRQGDU\�PDUNHW�GDWD�IRU�
JRYHUQPHQW� VHFXULWLHV� ��� � $IWHUZDUGV� WKH� H[WUDFWHG� OHYHO�� VORSH� DQG� FXUYDWXUH�
FRPSRQHQWV� RI� WKH� \LHOG� FXUYH� DUH� PRGHOHG� DV� DXWRUHJUHVVLYH� SURFHVVHV�� 7KHQ�� ZH�
SURFHHG�WR�WKH�VLPXODWLRQ�RI�WKHVH�IDFWRUV�DQG�WKHUHE\�WKH�\LHOG�FXUYHV�IRU�WKH����PRQWK�
SHULRG�LQWR�WKH�IXWXUH���
�
'DWD��

'DWD�XVHG�LQ�WKH�HVWLPDWLRQV�DUH�PRQWKO\�FRQWLQXRXVO\�FRPSRXQGHG�\LHOGV�DQG�
WKHLU� FRUUHVSRQGLQJ�PDWXULWLHV��<LHOGV� DUH� FDOFXODWHG� IURP�HQG�RI�PRQWK�SULFHV�RI� WKH�
JRYHUQPHQW�VHFXULWLHV�IURP�WKH�7XUNLVK�6HFRQGDU\�*RYHUQPHQW�6HFXULWLHV�0DUNHW��IURP�
-XQH������WKURXJK�-XO\�������'DWD�LV�REWDLQHG�IURP�GDLO\�EXOOHWLQ�RI�WKH�,VWDQEXO�6WRFN�
([FKDQJH� �,6(���2QO\�GLVFRXQWHG� VHFXULWLHV� DUH�XVHG� LQ� WKH�HVWLPDWLRQV�ZKLFK� IRU� WKH�
���������� SHULRG� FRPSULVH� RQ� DYHUDJH� ��� SHUFHQW� RI� WKH� VHFRQGDU\� JRYHUQPHQW�
VHFXULWLHV�PDUNHW�LQ�7XUNH\��$OSHU�HW�DO�������E���6HFXULWLHV�ZLWK�D�PDWXULW\�RI�OHVV�WKDQ�
D�PRQWK�DUH�H[FOXGHG�IURP�WKH�HVWLPDWLRQV��KHQFH�PLQLPXP�PDWXULW\�LV����GD\V � � x

�
)LWWLQJ�WKH�<LHOG�&XUYHV��

:H� ILW� WKH� \LHOG� FXUYH� XVLQJ�1HOVRQ�6LHJHO�0RGHO� ������� DV� LQ� HTXDWLRQ� �����
1RQOLQHDU�OHDVW�VTXDUHV�DQG�RUGLQDU\�OHDVW�VTXDUHV��2/6��HVWLPDWLRQ�PHWKRGV�DUH�XVHG�
LQ�D�FRPSOHPHQWDU\�IUDPHZRUN�IRU�HVWLPDWLQJ�WKH�\LHOG�FXUYH�SDUDPHWHUV�^ ��� ��� ���
`� ��� �
������������������������������ ������������������� � �<ROGDú�������DQG�$OSHU�HW�DO������D��KDYH�HVWLPDWHG�\LHOG�FXUYHV�LQ�7XUNH\�XVLQJ�1HOVRQ�6LHJHO�
PHWKRG�ZLWK�VHFRQGDU\�PDUNHW�JRYHUQPHQW�VHFXULWLHV�GDWD��
��6} �'DWD� ILOWHULQJ� LV� GRQH� LQ� D� VLPLODU�PDQQHU� LQ�<ROGDú������� DQG�$OSHU� HW� DO������D��� ,Q�<ROGDú�������
IORDWLQJ�UDWH�ERQGV��FRXSRQ�ERQGV��LQIODWLRQ�OLQNHG�ERQGV�DQG�7�ELOOV�ZLWK�WLPH�WR�PDWXULW\�RI�OHVV�WKDQ�D�
PRQWK�ZHUH�H[FOXGHG�IURP�WKH�VDPSOH��,Q�$OSHU�HW�DO���������GDWD�VDPSOH�LQFOXGHV�GLVFRXQWHG�VHFXULWLHV�
ZLWK�WLPH�WR�PDWXULW\�JUHDWHU�WKDQ�WHQ�GD\V��
��=� � 'LIIHUHQW� PHWKRGV� KDYH� EHHQ� XVHG� WR� ILW� WKH� \LHOG� FXUYHV� XVLQJ� 1HOVRQ�6LHJHO� 0RGHO�� <LHOG� FXUYH�
HTXDWLRQ��(TXDWLRQ����EHFRPHV�D�OLQHDU�PRGHO�ZKHQ�WKH�YDOXH�RI� � LV�JLYHQ��7KXV�IRU�D�JLYHQ�YDOXH�RI� ��
UHPDLQLQJ� SDUDPHWHUV� RI� WKH� PRGHO� FDQ� EH� HVWLPDWHG� XVLQJ� RUGLQDU\� OHDVW� VTXDUHV� �2/6��� +HQFH�� LQ�
1HOVRQ�6LHJHO� �������� EHVW�ILWWLQJ� YDOXHV� RI� WKH� \LHOG� FXUYH� SDUDPHWHUV� LV� IRXQG� E\� UHSHDWLQJ� 2/6�
HVWLPDWLRQ� RYHU� D� JULG� RI� YDOXHV� IRU� �� 'LHEROG� DQG� /L� ������� XVHV� QRQOLQHDU� OHDVW� VTXDUHV� HVWLPDWLRQ�
PHWKRG�� ,Q� %ROGHU� DQG� 6WUHOLVNL� ������� 1HOVRQ�6LHJHO� FXUYHV� DUH� QRW� GHWHUPLQHG� WKURXJK� VWDWLVWLFDO�
HVWLPDWLRQ�EXW�LQ�SXUH�RSWLPL]DWLRQ�IUDPHZRUN���
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,QLWLDOO\� WKH�\LHOG�FXUYH� LV� HVWLPDWHG�XVLQJ�QRQ�OLQHDU� OHDVW�VTXDUHV� IRU�YDULRXV�
LQLWLDO� �YDOXHV�LQ�D�UDQJH�RI����WR������*LYHQ�WKH�LQLWLDO�YDOXHV��WZR�GLIIHUHQW�UHVXOWV�DUH�
LGHQWLILHG�� L�� QRQ�OLQHDU� HVWLPDWLRQ� FRQYHUJHV� WR� D� VLQJOH� VROXWLRQ�� LL�� QRQ�OLQHDU�
HVWLPDWLRQ� FRQYHUJHV� WR�PXOWLSOH� UHVXOWV��PRUH� VSHFLILFDOO\� ORZ� �KLJK�� LQLWLDO� � YDOXHV�
FRQYHUJH�WR�UHVXOWV�LQ�ZKLFK�HVWLPDWHG� �YDOXH�LV�ORZ��KLJK�� ��� �(VWLPDWLRQ�SURFHGXUH�LV�
ILQDOL]HG� LI�D� VWDWLVWLFDOO\�DQG�HFRQRPLFDOO\�VLJQLILFDQW�VLQJOH�UHVXOW� LV�REWDLQHG�� ,I� WKH�
SDUDPHWHUV�RI�WKH�VLQJOH�VROXWLRQ�DUH�QRW�VLJQLILFDQW�2/6�HVWLPDWLRQ�LV�FDUULHG�RXW�RYHU�D�
JULG�RI�YDOXHV�IRU� ��DQG�WKH�YDOXH�RI� �WKDW�SURYLGHV�WKH�EHVW�ILW�DPRQJ�WKH�VLJQLILFDQW�
SDUDPHWHU� HVWLPDWHV� LV� FKRVHQ�� ,Q� WKH� ODWWHU� FDVH�� ZKHUH� WKHUH� DUH� PXOWLSOH� UHVXOWV��
LQLWLDOO\� ZH� FKRVH� WKH� HVWLPDWHG� VROXWLRQ� ZLWK� WKH� ORZHVW� VXP� RI� VTXDUHG� UHVLGXDOV�
�665��� 7KHQ�� LI� WKH� QRQ�OLQHDU� HVWLPDWLRQ� UHVXOWV� DUH� RI� WKH� KLJK� �ORZ�� � YDOXH� ZH�
SURFHHG�E\�GHFUHDVLQJ��LQFUHDVLQJ�� �E\�LQFUHPHQWV�RI����DQG�HVWLPDWLQJ�WKH�\LHOG�FXUYH�
WURXJK�2/6�XQWLO� VLJQLILFDQW� UHVXOWV�DUH�REWDLQHG� ��� (VWLPDWLRQ�UHVXOWV�DUH�SUHVHQWHG� LQ�
$SSHQGL[�,,,��(VWLPDWHG�SDUDPHWHUV�DUH�DOO�VWDWLVWLFDOO\�VLJQLILFDQW�IRU�HDFK�PRQWK�RI�WKH�
-XQ� �����-XO\� ����� SHULRG�� ,Q� WKH� HVWLPDWLRQV� ZH� FRQWURO� IRU� WKH� FRUUHODWLRQ��
KHWHURVFHGDVWLFLW\� DQG� QRUPDOLW\� LQ� WKH� UHVLGXDOV�� 'LDJQRVWLFV� RI� WKH� \LHOG� FXUYH�
HTXDWLRQV�UHYHDO�WKDW�DVVXPSWLRQV�UHODWHG�WR�WKH�GLVWXUEDQFHV�KROG�H[FHSW�IRU�IHZ�GDWHV�
ZKHUH�WKH�KHWHURVFHGDVWLFLW\�DQG�RU�WKH�QRUPDOLW\�DVVXPSWLRQV�DUH�QRW�VDWLVILHG��)RU�WKH�
HVWLPDWHG� SDUDPHWHUV� W�VWDWLVWLFV� DUH� FRPSXWHG� XVLQJ� :KLWH�+HWHURVFHGDVWLFLW\�
FRQVLVWHQW�FRYDULDQFHV���

$ORQJ�ZLWK� VWDWLVWLFDO� VLJQLILFDQFH�ZH� LPSRVH� FRQVWUDLQV�RQ� WKH�YDOXHV� WKDW� � �
DQG� � �FDQ�WDNH�RQ�DFFRXQW�RI�WKH�HFRQRPLF�LQWHUSUHWDWLRQ�DWWDFKHG�WR�WKHVH�SDUDPHWHUV��
:KHQ�PDWXULW\� DSSURDFKHV� WR� LQILQLW\� DQG� ]HUR�� VSRW� \LHOG� LV� JLYHQ� E\� � � DQG� � � � �
UHVSHFWLYHO\��7KXV�FRQVWUDLQWV�5�������DQG�5�������ZKLFK�FRUUHVSRQG�WR� � � � ���DQG�
� ���DSSO\�� ,Q�RXU�HVWLPDWLRQV�ZH�LPSRVH�DQ�DGGLWLRQDO�FRQVWUDLQW�RQ� x ��ZKLFK�LV�WKH�
QHJDWLYH�RI�WKH�VORSH�RI�WKH�\LHOG�FXUYH�� � �LV�FRQVWULFWHG�WR�EH�QHJDWLYH��SRVLWLYH��ZKHQ��
FXUYH�KDG�XSZDUG��GRZQZDUG��VORSH��:KHQ�WKH�FXUYH�LV�XSZDUG�VORSHG��WKLV�FRQVWUDLQW�
LPSOLHV�WKDW�DV�PDWXULW\�LQFUHDVHV�\LHOG�ZLOO�QRW�IDOO�EHORZ�WKH�VKRUWHVW�\LHOG���
������������������������������ ��������������������� �:H� LQLWLDOO\� HVWLPDWHG� \LHOG� FXUYHV� E\� H[FOXGLQJ� VHFXULWLHV� ZLWK� UHPDLQLQJ�PDWXULW\� RI� OHVV� WKDQ� ���
GD\V�� ,Q� WKDW�FDVH�ZH�REVHUYHG�D�KLJKHU� WHQGHQF\�IRU�VPDOO� � YDOXHV� WR� FRQYHUJH� WR�VROXWLRQV�ZLWK�VPDOO�
YDOXHV�RI� ����=~ �([LVWHQFH�RI�KHWHURVFHGDVWLFLW\�LQ�WKH�HUURU�WHUPV�QHFHVVLWDWHV�XVH�RI�KHWHURVFHGDVWLFLW\�FRQVLVWHQW�HUURU�
WHUPV��7KHVH�VWDWLVWLFDO�LVVXHV�ZHUH�WDNHQ�LQWR�DFFRXQW�ZKHQ�GHFLGLQJ�XSRQ�WKH�VWDWLVWLFDO�VRXQGQHVV�RI�WKH�
HVWLPDWHG�FXUYHV���
�



�

� ���

,Q�WKH�\LHOG�FXUYH�HVWLPDWLRQ��YDOXH�RI� �DIIHFWV�WKH�ILW�RI�WKH�FXUYH��WKXV�LW�LV�DQ�
LPSRUWDQW�FKRLFH��9DOXH�RI� �GHWHUPLQHV�WKH�ORFDWLRQ�RI�WKH�KXPS�LQ�WKH�IRUZDUG�FXUYH�
�DQG� WKHUHE\� WKH� \LHOG� FXUYH�� � y � 6PDOO� YDOXHV� RI� � FRUUHVSRQG� WR� UDSLG� GHFD\� LQ� WKH�
UHJUHVVRUV� DQG� WKHUHIRUH� WKH� HVWLPDWHG� FXUYH� ZLOO� EH� DEOH� WR� ILW� FXUYDWXUH� DW� ORZ�
PDWXULWLHV� ZHOO� ZKLOH� EHLQJ� XQDEOH� WR� ILW� H[FHVVLYH� FXUYDWXUH� RYHU� ORQJHU� PDWXULW\�
UDQJHV��/LNHZLVH��ODUJH�YDOXHV�RI� �UHVXOW�LQ�VORZ�GHFD\�LQ�WKH�UHJUHVVRUV��LQ�ZKLFK�FDVH�
WKH�HVWLPDWHG�FXUYH�FDQ�ILW�FXUYDWXUH�RYHU�ORQJHU�PDWXULW\�UDQJHV�EXW�LW�ZLOO�EH�XQDEOH�WR�
IROORZ�H[WUHPH�FXUYDWXUH�DW�VKRUW�PDWXULWLHV��1HOVRQ�6LHJHO���������$YHUDJH� �YDOXH�IRU�
RXU�VDPSOH�LV������*LYHQ�WKDW�RXU�VDPSOH�LV�LQ�WKH�UDQJH�RI��������GD\V��DYHUDJH�YDOXH�
FRUUHVSRQGV�WR�WKH����SHUFHQW�RI�WKH�XSSHU�OLPLW�RI�WKH�PDWXULW\�UDQJH� � � ��

2XU�FRQFHUQ�LV�QRW�VWDWLF�FXUYH�ILWWLQJ�WKDW�LV�WR�HVWLPDWH�WKH�EHVW�ILWWLQJ�FXUYH�DW�
RQH� SRLQW� LQ� WLPH� EXW� WR� REWDLQ� FRQVLVWHQW� YDOXHV� IRU� WKH�PRGHO� SDUDPHWHUV� VR� DV� WR�
FDSWXUH�WKH�G\QDPLFV�RI�WKH�\LHOG�FXUYH�DQG�WR�REWDLQ�SODXVLEOH�IRUHFDVWV�IRU�WKH�IXWXUH�
SHULRGV��9DOXH�RI� �WKDW�SURYLGH�WKH�EHVW�ILW�FRXOG�YDU\�FRQVLGHUDEO\�DQG�WDNLQJ�GLIIHUHQW�
YDOXHV�IRU� �HDFK�SHULRG�FRXOG�OHDG�WR�IOXFWXDWLQJ�SDUDPHWHUV�DQG�OLWWOH�JDLQ�LQ�SUHFLVLRQ��
,Q� RUGHU� WR� RYHUFRPH� IOXFWXDWLRQV� LQ� HVWLPDWHG� SDUDPHWHUV� 1HOVRQ�6LHJHO� ������� DQG�
'LHEROG�DQG�/L� �������KDYH�XVHG� VDPH� �YDOXH� IRU� WKH�ZKROH�VDPSOH�SHULRG��1HOVRQ�
6LHJHO�KDV�SRLQWHG�RXW�WKH�YDOXH�RI� �LV�EHVW�FKRVHQ�E\�ILWWLQJ�DFURVV�GDWD�VHWV�UDWKHU�WKDQ�
E\�VHOHFWLQJ�WKH�YDOXH�IRU�HDFK�LQGLYLGXDO�GDWD�VHW��(PSOR\LQJ�WKH�VDPH�DSSURDFK�LQ�RXU�
VWXG\�UHVXOWHG�LQ�KLJKHU�YRODWLOLW\�LQ�WKH�SDUDPHWHUV��7KHUHIRUH�ZH�SURFHHGHG�XVLQJ�WKH�
HVWLPDWHG�SDUDPHWHUV�REWDLQHG�IURP�WKH�VROXWLRQV�ZKHUH�YDOXH�RI� �SURYLGHG�EHVW�ILW���

,Q� $SSHQGL[� ,9�� ILWWHG� FXUYHV� DUH� SORWWHG� ZLWK� UDZ� \LHOGV� IRU� VRPH� VHOHFWHG�
GDWHV�� )RU� WKH� SHULRG� XQGHU� FRQVLGHUDWLRQ�� HVWLPDWHG� \LHOG� FXUYHV� DUH�PRVWO\� XSZDUG�
VORSHG�DQG�KXPSHG�RU�FRQFDYH��'RZQZDUG�VORSLQJ�FXUYH�LV�REVHUYHG�RQO\�LQ�'HFHPEHU�
������,Q�JHQHUDO�1HOVRQ�6LHJHO�PRGHO�SURYLGHG�JRRG�ILW�IRU�WKH�UDZ�\LHOG�FXUYHV�LQ�RXU�
VDPSOH�SHULRG���

������������������������������ ��������������������  �$W�WKH�SRLQW�ZKHUH�PHGLXP�WHUP�FRPSRQHQW�RI�WKH�IRUZDUG�FXUYH�LV�PD[LPL]HG�YDOXH�RI� �LV�HTXDO�WR�
WKH�PDWXULW\��)LJXUH����������� �(VWLPDWHG� �YDOXHV�DUH�ORZHU�LQ�$OSHU�HW�DO�������D��FRPSDUHG�WR�RXU�HVWLPDWLRQ�UHVXOWV��,Q�RXU�RSLQLRQ�
GLIIHUHQFH�VWHPV�IURP�WKH�PDWXULW\�UDQJH�XVHG�LQ�WKH�HVWLPDWLRQV��$OSHU�HW�DO������D��LQFOXGHV�PDWXULWLHV�
ZLWKLQ�WKH�UDQJH�RI����WR����GD\V��:H�KDG�LQLWLDOO\�HVWLPDWHG�WKH�\LHOG�FXUYHV�E\�LQFOXGLQJ�VHFXULWLHV�ZLWK�
UHPDLQLQJ�PDWXULW\� RI� JUHDWHU� WKDQ� ��� GD\V�� ,Q� WKLV� FDVH��ZKHQ� VKRUW�PDWXULWLHV� DUH� LQFOXGHG�� QRQOLQHDU�
HVWLPDWLRQ� FRQYHUJHV� WR� VROXWLRQV�ZLWK� ORZ� � YDOXHV��7KH� LPSOLFDWLRQ� LV� WKDW�� DW� ORZ� �YDOXHV�� HVWLPDWHG�
\LHOG�FXUYH�ILWV�WKH�FXUYDWXUH�ORFDWHG�LQ�WKH�VKRUW�HQG�RI�WKH�FXUYH��7KLV�OHDGV�WR�D�ELDV��VLQFH�FXUYDWXUH�DW�
WKH�VKRUW�HQG�RI�WKH�\LHOG�FXUYH�GRHV�QRW�UHIOHFW�WKH�RYHUDOO�FXUYDWXUH�RI�WKH�FXUYH���
�
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)LJXUH�����(VWLPDWHG�\LHOG�FXUYHV�IRU�WKH�SHULRG�-XQH������–�-XO\������
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7DEOH������'HVFULSWLYH�6WDWLVWLFV�RI�WKH�(VWLPDWHG�<LHOG�&XUYH�

0DWXULW\�
�'D\V� 0HDQ� 6W��GHY� 0LQ�� 0D[�� ����� ������

��� ����� ����� ����� ����� ����� �����
��� ����� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� �����
���� ����� ����� ����� ����� ����� �����

� � ����� ����� ����� ����� ����� �����
} � ����� ���� ������ ���� ����� �����
� � ����� ����� ������ ����� ����� �����
� ������ ����� ����� ������ ����� ������

1RWH�� ����DQG� �����DUH�WKH�� ¡ � �DQG�WKH���� ¢ �RUGHU�DXWRFRUUHODWLRQV��
�

*UDSKLFDO�UHSUHVHQWDWLRQ�DQG�GHVFULSWLYH�VWDWLVWLFV�RI�WKH�HVWLPDWHG�\LHOG�FXUYHV�
DUH�SUHVHQWHG�LQ�)LJXUH�����DQG�7DEOH������,Q�WHUPV�RI�YRODWLOLW\�RI�WKH�LQWHUHVW�UDWHV�RXU�
HVWLPDWLRQ�UHVXOWV�GHSDUW�IURP�WKH�W\SLFDO�REVHUYDWLRQ�WKDW�VKRUW�HQG�RI�WKH�WHUP�VWUXFWXUH�
LV�PRUH� YRODWLOH� WKDQ� WKH� ORQJ� HQG� RI� WKH� \LHOG� FXUYH� �%ROGHU�� ������'LHEROG�DQG�/L��
�������2XU�HVWLPDWLRQ�UHVXOWV�YDOLGDWH�WKH�FRQWUDU\��YRODWLOLW\�LQ�WKH�ORQJ�HQG�LV�KLJKHU�
FRPSDUHG�WR�WKH�VKRUW�HQG��7KLV�UHVXOWV�IURP�WKH�KLJK�DQG�QHJDWLYH�FRUUHODWLRQ�DPRQJ� � �
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DQG �6£ VXFK�WKDW�YDULDQFH�RI� � �LV�OHVV�WKDQ�WKH�FRYDULDQFH�RI� � �DQG� � �LQ�DEVROXWH�WHUPV�
�$SSHQGL[� 9�� � � � &RUUHODWLRQ� RI� ¤ � ZLWK� WKH� RWKHU� WZR� IDFWRUV� DUH� ORZ�� ZKHUHDV�
FRUUHODWLRQ�EHWZHHQ� � �DQG� � � LV�KLJK�LPSO\LQJ�WKDW�ZKHQ�WKHUH�LV�D�VKRFN�WR�WKH�OHYHO�
FRPSRQHQW�\LHOG�FXUYH�QRW�RQO\�VKLIWV�EXW�DOVR�LWV�VORSH�FKDQJHV�7DEOH�9����$SSHQGL[�
9���(VWLPDWHG�\LHOGV�DQG�WKH�HVWLPDWHG�OHYHO�IDFWRU�� � ��DUH�SHUVLVWHQW�DQG�KLJKO\�YDULDEOH�
UHODWLYH�WR�WKHLU�PHDQ��&RPSDUHG�WR�WKH�OHYHO�FRHIILFLHQW� � �DQG� ¤ DUH�OHVV�SHUVLVWHQW���

7LPH�VHULHV�SORWV�RI�WKH�\LHOG�FXUYH�IDFWRUV�DUH�GLVSOD\HG�LQ�$SSHQGL[�9��/HYHO�
IDFWRU�RI�WKH�\LHOG�FXUYH�� � £ �ZKLFK�LQ�WKH�OLPLW�FRUUHVSRQGV�WR�WKH�ORQJ�WHUP�LQWHUHVW�UDWH��
LV� SORWWHG� WRJHWKHU�ZLWK� WKH� SULPDU\�PDUNHW� DYHUDJH� FRPSRXQGHG� UDWH� IRU� GLVFRXQWHG�
VHFXULWLHV��/HYHO�FRHIILFLHQW�GLVSOD\V�D�GHFOLQLQJ�WUHQG�GXULQJ�WKH�-XO\�������-XO\������
SHULRG��DV� LQWHUHVW� UDWHV�DUH� IDOOLQJ� IURP�FRQVLGHUDEO\�KLJK� OHYHOV� WKDW�SUHYDLOHG� LQ� WKH�
SUHYLRXV� \HDUV� GXH� WR� WKH� IDYRUDEOH� HFRQRPLF� HQYLURQPHQW� HVWDEOLVKHG� ZLWKLQ� WKH�
IUDPHZRUN� RI� WKH� VWDELOL]DWLRQ� SURJUDP� WKDW� LQLWLDWHG� IROORZLQJ� WKH� ����� DQG� �����
FULVHV���

'HFOLQLQJ�SDWK�RI�WKH�IDFWRU� � �UHYHDOV�QRQ�VWDWLRQDU\�QDWXUH�RI�WKH�VHULHV�IRU�WKH�
VDPSOH� SHULRG�� $')� WHVW� VXJJHVW� WKDW� IRU� WKH� JLYHQ� VDPSOH� SHULRG� � � DQG� ¤ � DUH�
VWDWLRQDU\��ZKHUHDV� � � LV�QRQ�VWDWLRQDU\�IRU�WKH�VDPSOH�XQGHU�FRQVLGHUDWLRQ��$SSHQGL[�
9�� � � �

0RGHOLQJ�<LHOG�&XUYH�)DFWRUV�
�
(VWLPDWHG� \LHOG� FXUYH� IDFWRUV� DUH�PRGHOHG� DV� DXWRUHJUHVVLYH� SURFHVVHV� �7DEOH�

������+RZHYHU� GXH� WR� WKH� QRQ�VWDWLRQDU\� QDWXUH� RI� WKH� OHYHO� FRHIILFLHQW�� LW� LV� GHIODWHG�
ZLWK�WKH�H[SHFWHG�LQIODWLRQ�DQG�WKH�UHVXOWLQJ�GHIODWHG�VWDWLRQDU\�VHULHV�LV�PRGHOHG��ZKLFK�
ZH�UHIHU�WR�DV�UHDO� � �5 � ���$SSHQGL[�9���6LQFH�WKH�OHYHO�FRHIILFLHQW�UHIHUV�WR�WKH�ORQJ�
WHUP�LQWHUHVW�UDWH��ZKHQ�GHIODWLQJ�LW��ZH�LPLWDWHG�WKH�)LVKHU�HTXDWLRQ��ZKHUH�UHHO�LQWHUHVW�
UDWH� LV� REWDLQHG� E\� GHGXFWLQJ� LQIODWLRQ� H[SHFWDWLRQV� IURP� WKH� QRPLQDO� LQWHUHVW� UDWH�
�'RUQEXVK�DQG�)LVKHU����������

������������������������������ ��������������������� �9DULDQFH�RI�WKH�ORQJ�WHUP�\LHOG�LV�JLYHQ�E\�9$5�5���� 9$5� � ��DQG�YDULDQFH�RI�WKH�VKRUW�UDWH�LV�
JLYHQ�E\�9$5� � �� } �� �9$5� � ���9$5�� } ���&29� � �� } ��7KHQ�9$5�5����!9$5�5�����ZKHQ��
9$5�� } ���&29� � �� } �����WKDW�LV�9$5�� } ����&29� � �� } ���� � $OSHU�HW�DO� �����E�� ILQGV�DOO� WKH�1HOVRQ�6LHJHO�\LHOG�FXUYH� IDFWRUV� WR�EH�VWDWLRQDU\�IRU� WKH�SHULRG�

����������
�
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1RWH�� '������ '������ '������ '������ '������ '����� DUH� WKH� GXPP\�
YDULDEOHV��)LUVW�WZR�GLJLWV�DIWHU�WKH�OHWWHU�'�VWDQG�IRU�WKH�\HDU��IROORZLQJ�WZR�
GLJLWV�VWDQG�IRU�WKH�PRQWK��
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<LHOG�&XUYH�6LPXODWLRQ�)UDPHZRUN�DQG�WKH�6LPXODWLRQ�5HVXOWV ³�´ �
�
2QFH� WKH� IDFWRUV� DUH� PRGHOHG�� \LHOG� FXUYH� VLPXODWLRQ� LV� H[HUFLVHG� DV� LQ� WKH�

VLPXODWLRQ� IUDPHZRUN�SUHVHQWHG� LQ�VHFWLRQ� ,,,��HTXDWLRQV� �������� ��� �'XULQJ�VLPXODWLRQ��
OHYHO�FRHIILFLHQW�LV�GHULYHG�IURP�WKH�VLPXODWHG�UHDO�OHYHO�VHULHV��JLYHQ�WKH�DVVXPSWLRQV�
UHJDUGLQJ� WKH� LQIODWLRQ� H[SHFWDWLRQV� WKDW� ZLOO� SUHYDLO� IRU� WKH� VLPXODWLRQ� KRUL]RQ�� 2Q�
DFFRXQW�RI�WKH�GHFOLQLQJ�LQIODWLRQ��H[SHFWHG�DQQXDO�LQIODWLRQ�LV�DVVXPHG�WR�EH���SHUFHQW�
IRU� WKH�HQG�RI�\HDU������DQG���SHUFHQW�IRU�WKH�UHPDLQLQJ�SHULRG��,QLWLDO�YDOXHV�IRU�WKH�
SDUDPHWHUV� DUH� WDNHQ� IURP� WKH� ILQDO� \LHOG� FXUYH� HTXDWLRQ� HVWLPDWHG� IRU� -XO\� ������
6LPXODWLRQ� LV� FDUULHG� RXW� IRU� ����� WLPHV� RYHU� �� \HDUV� LQ� PRQWKO\� VWHSV�� WKDW� LV� ���
SHULRGV�� ,Q� HDFK� VLPXODWLRQ� UXQ� \LHOGV� IRU� ��� ��� ��� ���� ���� ��� PRQWKV�PDWXULWLHV� DUH�
FDOFXODWHG��&RQVHTXHQWO\��IRU�HDFK�SHULRG������\LHOG�FXUYHV�DUH�VLPXODWHG���

�
)LJXUH�����$YHUDJH�6LPXODWHG�<LHOG�&XUYHV�IRU�WKH�����������3HULRG�
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$YHUDJH�RI�WKH�VLPXODWHG�\LHOG�FXUYHV�DQG�WKHLU�GHVFULSWLYH�VWDWLVWLFV�DUH�SORWWHG�

LQ�)LJXUH�����DQG�7DEOH�����UHVSHFWLYHO\��$YHUDJH�VLPXODWHG�\LHOG�FXUYH�LQ�PDMRU�SDUW�
SRVVHVVHV�WKH�FKDUDFWHULVWLFV�RI�WKH�DYHUDJH�HVWLPDWHG�FXUYH��6LPXODWHG�FXUYH�LV�XSZDUG�
VORSHG� DQG� FRQFDYH�� DV� WKH� DYHUDJH� HVWLPDWHG� FXUYH�� +RZHYHU� XQOLNH� WKH� HVWLPDWHG�
FXUYH��VLPXODWHG�FXUYH�KDV�D�VWHHSHU�VKRUW�HQG�DQG�WKH�ORQJ�HQG�RI�WKH�VLPXODWHG�FXUYH�
VORSHV�GRZQZDUGV��<LHOGV�GLVSOD\�GHFOLQLQJ�WUHQG�WLOO�WKH��� | � �SHULRG��DIWHUZDUGV�IROORZ�
������������������������������ ��������������������µ �)RU�\LHOG�FXUYH�VLPXODWLRQ��0$7/$%�6RIWZDUH�LV�XVHG����� � 5HVLGXDO� RI� WKH� VORSH� HTXDWLRQ� LV� WDNHQ� DV� WKH� QHJDWLYH� RI� WKH� UDQGRP� VKRFN� � � RQ� DFFRXQW� RI� WKH�
QHJDWLYH�FRUUHODWLRQ�RI�WKH�VORSH�FRHIILFLHQW�ZLWK�WKH�OHYHO�DQG�WKH�FXUYDWXUH��$SSHQGL[�,9��7DEOH�,9������
�
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D�VWDEOH�SDWK��7KLV�UHVXOWV�IURP�IL[LQJ�WKH�H[SHFWHG�LQIODWLRQ�DW���DIWHU�������9RODWLOLW\�RI�
WKH�VLPXODWHG�\LHOGV�LV�ORZHU�FRPSDUHG�WR�WKH�HVWLPDWHG�SHULRG��KRZHYHU�YRODWLOLW\�LQ�WKH�
ORQJ� HQG� LV� VWLOO� KLJKHU� WKDQ� WKH� YRODWLOLW\� LQ� WKH� VKRUW� HQG� RI� WKH� FXUYH�� 0RUHRYHU��
SHUVLVWHQF\�RI�WKH�VLPXODWHG�\LHOGV�KDV�GHFOLQHG�FRPSDUHG�WR�WKH�HVWLPDWHG�\LHOGV�IRU�WKH�
-XQH������-XO\������SHULRG��$QRWKHU�SURPLQHQW�IHDWXUH�RI�WKH�VLPXODWHG�\LHOGV�LV�WKDW�
WKH�\LHOGV�ZLWK�D�PDWXULW\�RI����PRQWKV�DQG�JUHDWHU�KDYH�VLPLODU�FKDUDFWHULVWLFV�LQ�WHUPV�
RI� YRODWLOLW\� DQG� SHUVLVWHQF\� �7DEOH� ������7KXV�FKDUDFWHULVWLFV� RI� WKH� \LHOG�FXUYHV� WKDW�
ZLOO� EH� XVHG� LQ� WKH� GHEW� VLPXODWLRQ� H[HUFLVH� FDQ� EH� VXPPDUL]HG� DV� IROORZV�� L��<LHOG�
FXUYH�LV�RQ�WKH�DYHUDJH�XSZDUG�VORSLQJ�DQG�FRQFDYH��/RQJ�WHUP�\LHOGV�DUH�KLJKHU�WKDQ�
VKRUW�WHUP�\LHOGV��+RZHYHU�DIWHU�PDWXULW\�RI����PRQWKV��\LHOGV�VOLJKWO\�GHFOLQH��LL��/RQJ�
WHUP�\LHOGV�DUH�PRUH�YRODWLOH�FRPSDUHG�WR�VKRUW�WHUP�\LHOGV��LLL��<LHOGV�GHFOLQH�IRU�WZR�
\HDU�SHULRG�XQWLO�WKH�\HDU������DQG�WKHUHDIWHU�IROORZ�D�VWDEOH�SDWK��

�
��������������������7DEOH������'HVFULSWLYH�6WDWLVWLFV�RI�WKH�6LPXODWHG�<LHOG�&XUYH�

0DWXULW\�
�'D\V��

$YHUDJH� 6W��GHY�� 0LQ�� 0D[�� ���� �����

��� ����� ���� ���� ����� ����� �����
��� ����� ���� ���� ����� ����� �����
���� ����� ���� ���� ����� ����� �����
���� ����� ���� ���� ����� ����� �����
���� ����� ���� ���� ����� ����� �����
���� ����� ���� ���� ����� ����� �����
���� ����� ���� ���� ����� ����� �����

���������������������1RWH�� ����DQG� �����DUH�WKH�� ¡ � �DQG�WKH���� ¢ �RUGHU�DXWRFRUUHODWLRQV�

�
9,��,OOXVWUDWLYH�5HVXOWV�RI�WKH�5LVN�$QDO\VLV�
�

,Q� WKLV� VHFWLRQ� UHVXOWV� RI� WKH� VWUDWHJ\� VLPXODWLRQ� DUH� SUHVHQWHG�� $V�PHQWLRQHG�
SUHYLRXVO\�PDUNHW� ULVN� LV� RQO\� RQH�RI� WKH� GHEW�PDQDJHPHQW� REMHFWLYHV��+HQFH� UHVXOWV�
REWDLQHG�XQGHU�WKH�ULVN�DQDO\VLV�IUDPHZRUN�LQ�WKLV�SDSHU�DUH�QRW�WKH�ILQDO�ZRUGV�RQ�WKH�
GHVLJQ� RI� WKH� ILQDQFLQJ� VWUDWHJ\�� ,QVWHDG� LW� SURYLGHV� D� WRRO� IRU� GHEW� PDQDJHPHQW� WR�
HYDOXDWH� FRVW� DQG� ULVN� FKDUDFWHULVWLFV� RI� DOWHUQDWLYH� GHEW� VWUXFWXUHV�� 0RUHRYHU� LW� LV�
OLPLWHG� WR� WKH�GRPHVWLF�FXUUHQF\�GHQRPLQDWHG�SRUWLRQ�RI� WKH�GHEW�VWRFN�DQG�FRQVLGHUV�
RQO\�WKH�ULVN�DVVRFLDWHG�ZLWK�WKH�PRYHPHQWV�LQ�WKH�LQWHUHVW�UDWH��7KXV��UHVXOWV�REWDLQHG�
IURP�WKH�VWRFKDVWLF�VLPXODWLRQ�DQDO\VLV�VKRXOG�EH�HYDOXDWHG�XQGHU�WKLV�IUDPHZRUN���
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8QGHU� WKH� VWUDWHJ\� VLPXODWLRQ� IUDPHZRUN�� ILQDQFLQJ� VWUDWHJLHV� DUH� GHILQHG� DV� VWDWLF�
YHFWRU� RI� ZHLJKWV� DVVLJQHG� WR� HDFK� ERUURZLQJ� LQVWUXPHQWV�� 7KHUH� DUH� ��� ERUURZLQJ�
VWUDWHJLHV�IRUPXODWHG�XVLQJ����GLIIHUHQW�ERUURZLQJ�LQVWUXPHQWV����GLVFRXQWHG�VHFXULWLHV�
ZLWK�PDWXULW\� RI� �� WR� ���PRQWKV� DQG� �� FRXSRQ� ERQGV��&RXSRQ� ERQGV� DUH� IRUPXODWHG�
XVLQJ�GLIIHUHQW�FRPELQDWLRQV�RI�WKH�IROORZLQJ�WKUHH�IHDWXUHV��L��PDWXULW\����\HDU����\HDU���
LL�� FRXSRQ� W\SH� �IOH[LEOH�� IL[HG�� DQG� LLL�� FRXSRQ� SHULRG� �TXDUWHUO\�� VHPLDQQXDOO\���
,QWHUHVW� UDWHV� WR� EH� DSSOLHG� WR� WKH� GLVFRXQWHG� ERQGV� DUH� FRPSXWHG� GLUHFWO\� IURP� WKH�
VLPXODWHG�\LHOG� FXUYHV��2Q� WKH� RWKHU� KDQG�� FRXSRQ�SD\PHQWV� DUH� FRPSXWHG�XVLQJ� WKH�
LQIRUPDWLRQ�SURYLGHG�IURP�WKH�\LHOG�FXUYH�ZLWK�VRPH�DGGLWLRQDO�DVVXPSWLRQV��GXH�WR�WKH�
UHVWULFWLRQ�SRVHG�E\�WKH�VKRUW�PDWXULW\�UDQJH�RI�WKH�HVWLPDWHG�\LHOG�FXUYHV��(VWLPDWLRQV�
ZHUH� FDUULHG� RXW� XVLQJ� GLVFRXQWHG� ERQGV� ZLWK� D� PDWXULW\� UDQJH� RI� ������� GD\V��
7KHUHIRUH��RQ�DFFRXQW�RI�WKH�VKRUW�PDWXULW\�UDQJH��\LHOGV�JUHDWHU�WKDQ����PRQWKV�DUH�QRW�
IRUHFDVWHG�IURP�WKH�HVWLPDWHG�\LHOG�FXUYH��6SHFLILFDOO\��FRXSRQ�UDWH� LV�FRPSXWHG�RYHU�
WKH� VLPXODWHG� �� RU� ��PRQWK� \LHOG�ZLWK� DQ� DGGLWLRQDO� UHWXUQ� WKDW� LV� DVVXPHG� WR� UHIOHFW�
LQYHVWRUV�ULVN�SHUFHSWLRQ�IRU�LQFUHDVHG�PDWXULW\� � x �,Q�D�ILQDQFLQJ�VWUDWHJ\�WKDW�LQYROYHV�D�
FRXSRQ�ERQG�����SHUFHQW�RI�WKH�WRWDO�ERUURZLQJ�LV�UHVWULFWHG�WR�EH�RI�WKH�GLVFRXQWHG�ERQG�
ZLWK�PDWXULW\�HTXDO� WR� WKH�FRXSRQ�SHULRG��5HIHUHQFH�LQWHUHVW� UDWH�IRU� WKH�FRXSRQ�UDWH��
ZKLFK� LV� WKH� LQWHUHVW� UDWH� RI� WKH� GLVFRXQWHG� ERQG� ZLWK� PDWXULW\� HTXDO� WR� WKH� FRXSRQ�
SHULRG��LV�VHW�WKUHH�RU�VL[�PRQWKV�EHIRUH�WKH�WLPH�RI�WKH�FRXSRQ�SD\PHQW��7KLV�LV�LQOLQH�
ZLWK�WKH�FXUUHQW�SUDFWLFH�LQ�GHEW�PDQDJHPHQW�LQ�7XUNH\���

,Q�WKH�UHPDLQLQJ�RI�WKLV�VHFWLRQ��ILQDQFLQJ�VWUDWHJLHV�DUH�FRPSDUHG�ZLWK�UHVSHFW�
WR�WKHLU�DYHUDJH�FRVW�DQG�ULVN�FKDUDFWHULVWLFV��,Q�)LJXUH�����DQG�)LJXUH�����UHVXOWV�IURP�
WKH�VLPXODWLRQ�RI�WKH�WZHOYH�VWUDWHJLHV�DUH�VKRZQ� �'� �(DFK�VWUDWHJ\�LV�ORFDWHG�DV�D�SRLQW�
RQ� WKH� FRVW� DQG� ULVN� VXUIDFH�� &RVW� LV� H[SUHVVHG� ERWK� LQ� QRPLQDO� WHUPV�� LQ� WHUPV� RI�
GRPHVWLF� FXUUHQF\� DQG� LQ� UHDO� WHUPV� DV� D� VKDUH�RI�*13��5HDO� FRVW�PHDVXUH�DWWULEXWHV�
KLJKHU�UHODWLYH�ZHLJKW�WR�WKH�LQWHUHVW�H[SHQGLWXUH�WKDW�DFFUXHV�LQ�D�VKRUWHU�SHULRG�RI�WLPH�
DQG� WKXV� SURYLGHV� PRUH� DGHTXDWH� DVVHVVPHQW� RI� WKH� GHEW� EXUGHQ� RQ� JRYHUQPHQW�
EXGJHW� ��� � (DFK�RI� WKH� ULVN�PHDVXUHV� FRQWDLQV� GLIIHUHQW� LQIRUPDWLRQ��$&D5�SURYLGHV� D�
������������������������������ �������������������'} �$GGLWLRQDO�UHWXUQ�LV�DVVXPHG�WR�EH�����SHUFHQWDJH�SRLQWV�IRU�DOO�W\SHV�RI�FRXSRQ�ERQGV��LUUHVSHFWLYH�RI�
WKH�PDWXULW\�DQG�WKH�FRXSRQ�SHULRG����� �&RPSXWHG�FRVW�DQG�ULVN�PHDVXUHV��ERWK�LQ�UHDO�DQG�QRPLQDO�WHUPV�DUH�UHDO�DQG�QRPLQDO�WHUPV�DUH�DOVR�
SUHVHQWHG�LQ�7DEOH�9,��$SSHQGL[�9,��DQG�7DEOH�9,,��$SSHQGL[�9,,��UHVSHFWLYHO\���=� �:KHQ�WKH�FRVW�LV�PHDVXUHG�LQ�QRPLQDO�WHUPV��HTXDO�ZHLJKW�LV�DWWULEXWHG�WKH�LQWHUHVW�SD\PHQWV�WKDW�
DFFUXH�LQ�GLIIHUHQW�WLPHV�IURP�QRZ��*LYHQ�WKLV�HTXDO�ZHLJKWLQJ�VFKHPH��FRPSDULVRQ�RI�DOWHUQDWLYH�
VWUDWHJLHV�E\�PHDQV�RI�QRPLQDO�FRVW�ZRXOG�EH�ELDVHG�DV�WKH�VDPH�DPRXQW�RI�GHEW�VHUYLFH�DW�GLIIHUHQW�GDWHV�
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PHDVXUH� WR� DVVHVV� WKH� DPRXQW� RI� PD[LPXP� WRWDO� FRVW� JRYHUQPHQW� ZRXOG� KDYH� WR�
XQGHUWDNH�DW�WKH�VSHFLILHG�SUREDELOLW\��ZKHUHDV�5&D5�DQG�5HODWLYH�5LVN�PHDVXUHV�IRFXV�
RQ� WKH� ULVN� WKDW�JRYHUQPHQW� GHEW� FRVW�ZLOO�EH�VLJQLILFDQWO\�KLJKHU� WKDQ�H[SHFWHG��7KH�
KLJKHU�WKH��� | � �SHUFHQWLOH�YDOXH�RU�WKH�GHYLDWLRQ�IURP�H[SHFWHG�FRVW��KLJKHU�LV�WKH�ULVN�RI�
D�VWUDWHJ\��*LYHQ�RXU�PRWLYDWLRQ�WR�FRQVLGHU�WKH�FRVW�DQG�ULVN�WKDW�DUH�DFWXDOO\�DIIHFWLQJ�
WKH�EXGJHW��PDLQ�IRFXV�RI�WKH�DQDO\VLV�LV�RQ�UHDO�FRVW�DQG�$EVROXWH�&D5�$&D5��PHDVXUH�
�)LJXUH�������

([SHFWHG�DYHUDJH�UHDO�FRVW�DVVRFLDWHG�ZLWK�ILQDQFLQJ�VWUDWHJLHV�UDQJH�IURP�������RI�
*13�LQ�VWUDWHJ\���WR��������RI�*13�LQ�VWUDWHJ\����7KLV�������DYHUDJH�FRVW�UDQJH�SHU�
DQQXP�LQGLFDWHV�WKDW�FRQVLGHUDEOH�FRVW�VDYLQJV�FDQ�EH�DFFRPSOLVKHG�E\�WKH�DSSURSULDWH�
FKRLFH�RI�D�VWUDWHJ\��0DMRU�UHPDUNV�RI�WKH�DQDO\VLV�FDQ�EH�VXPPDUL]HG�DV�IROORZV��

��� 6WUDWHJLHV� DUH� FOXVWHUHG� LQ� WR� WKUHH� JURXSV�� GLVFRXQWHG� VHFXULWLHV�� ERQGV� ZLWK�
TXDUWHUO\� DQG� VHPLDQQXDO� FRXSRQ� SD\PHQWV�� &OXVWHULQJ� LV� PRUH� DSSDUHQW� LQ�
WHUPV�RI� WKH�UHODWLYH�ULVN�PHDVXUH�LQ�SHUFHQWDJH�GHYLDWLRQV��ZKLFK�RQ\�UHIOHFWV�
YRODWLOLWL\�RI�WKH�LQWHUHVW�UDWHV��)LJXUH�����F��,Q�UHDO�WHUPV��GLVFRXQWHG�VHFXULWLHV�
KDYH� WKH� ORZHVW�FRVW�DQG�$&D5��,Q�QRPLQDO� WHUPV�KRZHYHU�FRVW�RI�GLVFRXQWHG�
VHFXWLWLHV� ZLWK� D� PDWXULW\� JUHDWHU� WKDQ� ��PRQWKV� RYHUODS�ZLWK� WKDW� RI� FXRSRQ�
ERQGV��)LJXUH�������

��� $�SURPLQHQW�REVHUYDWLRQ� LV�WKDW��H[FOXGLQJ� WKH�FDVH�ZKHUH�ULVN�LV�H[SUHVVHG�DV�
SHUFHQWDJH� GHYLDWLRQ� IURP� H[SHFWHG� FRVW�� WKHUH� DUH�QR� FRVW� DQG� ULVN� WUDGH�RIIV�
DPRQJ�WKH�VWUDWHJLHV��7KHUH�DUH�WZR�PDLQ�UHDVRQV�XQGHUO\LQJ�WKLV�UHVXOW��)LUVW�RI�
DOO��DORQJ�WKH�\LHOG�FXUYH�ZLWKLQ�WKH������PRQWK�PDWXULW\�UDQJH��YRODWLOLW\�RI�WKH�
\LHOG�LQFUHDVHV�ZLWK�PDWXULW\��6HFRQGO\��ZKHQ�ULVN�LV�PHDVXUHG�LQ�DEVROXWH�WHUPV�
�$&D5��RU�DV�DEVROXWH�GHYLDWLRQ��5&D5��VFHQDULRV�ZLWK�KLJK�FRVW�DOVR�DSSHDU�WR�
EH�PRUH�ULVN\��7KHUHIRUH�XQGHU�WKHVH�ELDVHG�ULVN�PHDVXUHV��KLJK�FRVW�DVVRFLDWHG�
ZLWK� FRXSRQ� ERQGV� GRPLQDWHV�� $V� D� UHVXOW� RI� WKLV� SKHQRPHQRQ�� HYHQ� WKRXJK�
GLVFRXQWHG� VHFXULWLHV� SRVVHVV� WKH� KLJKHVW� ULVN� LQ� WHUPV� RI� UHODWLYH� ULVN� DQG�
UHODWLYH� &D5�� EHFDXVH� WKH\� DUH� WKH� OHDVW� FRVWO\� VWUDWHJ\� JURXS� WKH\� DUH�
FKDUDFWHUL]HG�ZLWK�ORZHVW�$EVROXWH�&D5��2Q�WKH�RWKHU�KDQG��LQ�WHUPV�RI�UHODWLYH�
ULVN�PHDVXUH��ZKLFK�RQO\�UHIOHFWV�WKH�YRODWLOLW\�LQ�WKH�LQWHUHVW�UDWHV��WKHUH�DSSHDUV�
WR� EH� D� WUDGHRII� EHWZHHQ�ERUURZLQJ� VWUDWHJLHV� FRQWDLQLQJ�GLVFRXQWHG� VHFXULWLHV�

������������������������������ ������������������������������ ������������������������������ ������������������������������ ������������������
in the future doesn’ t correspond to equal amount of burden from the governments perspective, since 
governments’  capacity to servLFH�GHEW�LQFUHDVHV�WKURXJK�WLPH�DORQJ�ZLWK�HFRQRPLF�JURZWK��
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DQG� FRXSRQ� ERQGV�� 6KLIWLQJ� IURP� IRUPHU� WR� WKH� ODWWHU� LQFUHDVHV� WKH� FRVW� EXW�
UHGXFHV�WKH�ULVN��5HODWLYH�ULVN�RI�TXDUWHUO\�FRXSRQ�ERQGV�IDOOLQJ�XQGHU�WKLV�JURXS�
LV�DURXQG����SHUFHQW��,PSO\LQJ�WKDW�DW���SHUFHQW�VLJQLILFDQFH�OHYHO��DYHUDJH�FRVW�
IRU� WKH�SHULRG�����������FDQ�EH�RYHU����SHUFHQW�RI� WKH�H[SHFWHG�FRVW��6HFRQG�
JURXS�RI�VWUDWHJLHV�ZLWK�VHPLDQQXDO�FRXSRQ�ERQGV�KDYH�KLJKHU�ULVN��LQ�WKH�UDQJH�
RI� ������SHUFHQW�RI� WKH�H[SHFWHG� FRVW��/DVWO\�� ULVN�RI�GLVFRXQWHG�VHFXULWLHV� OLH�
ZLWKLQ�WKH�UDQJH�RI�������SHUFHQW��7KLV�ULVN�VFDOH��UHIOHFWV�WKH�YRODWLOLW\�VWUXFWXUH�
RI�WKH�\LHOG�FXUYH��&RVWV�DVVRFLDWHG�ZLWK�FRXSRQ�ERQGV�DUH�H[SRVHG�WR�YRODWLOLW\�
LQ�HLWKHU�WKUHH�RU�VL[�PRQWK�\LHOG��2Q�WKH�RWKHU�KDQG��GLVFRXQWHG�ERQGV��ZKLFK�
DUH� LVVXHG� LQ� WKH� PDWXULW\� UDQJH� RI� �� WR� ��� PRQWKV�� DUH� H[SRVHG� WR� KLJKHU�
YRODWLOLW\���

��� ,QOLQH� ZLWK� RXU� H[SHFWDWLRQV�� IORDWLQJ�UDWH� ERQGV� DUH� OHVV� FRVWO\� FRPSDUHG� WR�
IL[HG� FRXSRQHG� ERQGV�� 8QGHU� DQ� HFRQRPLF� HQYLURQPHQW� RI� GHFOLQLQJ� LQWHUHVW�
UDWHV�� IL[LQJ� WKH� FRXSRQ� UDWH� DW� WKH� WLPH� ZKHQ� ERQG� LV� LVVXHG� LV� D� IDFWRU�
LQFUHDVLQJ�WKH�FRVW�RI�D�VWUDWHJ\��)ORDWLQJ�UDWH�ERGV�DUH�DOVR�OHVV�ULVN\�FRPSDUHG�
WR�IL[HG�UDWH�ERQGV��+RZHYHU��RQH�ZRXOG�H[SHFW�WKH�FRQWDU\�VLQFH�IORDWLQJ�UDWH�
GHEW� H[SRVHV� GHEW� VWRFN� WR� IOXFWXDWLRQV� LQ� WKH� LQWHUHVW� UDWHV�� 5HVXOWV� RI� WKH�
analysis reveal that this fact doesn’ t have a dominant effect in our analysis. In 

IDFW�� WKLV� FRXQWHULQWXLWLYH� UHVXOW� PLJKW� EH� H[SODLQHG� E\� WKH� IDFW� LQ� WKH� PRGHO�
interest volatility doesn’ t change over time.� 7KH� ULVN� JDS� EHWZHHQ� IL[HG� DQG�
IODRWLQJ� UDWH� ERQGV� LQFUHDVHV� LQ� VL]H� IRU� 5&D5� DQG� $&D5�� VLQFH� IRU� WKHVH�
PHDVXUHV�VWUDWHJLHV�ZLWK�KLJK�FRVW�DSSHDU�WR�KDYH�KLJKHU�ULVN���

��� 6WUDWHJLHV� ZLWK� VHPLDQQXDO� FRXSRQ� SD\PHQWV� DUH� PRUH� ULVN\� FRPSDUHG� WR�
VHFXULWLHV� ZLWK� TXDUWHUO\� SD\PHQWV��:KHQ� FRVW� LV�PHDVXUHG� LQ� UHDO� WHUPV�� IRU�
IORDWLQJ�UDWH�ERQGV��ULVN�GLIIHUHQFH�EHWZHHQ�ERQGV�WKDW�GLIIHU�RQO\�ZLWK�UHVSHFW�WR�
FRXSRQ�SHULRG�DUH����������DQG������SHUFHQWDJH�SRLQWV�LQ�WHUPV�RI�$&D5��5&D5�
DQG�UHODWLYH�ULVN�UHVSHFWLYHO\���

��� 7KHUH�LV�QRW�VLJQLILFDQW�FRVW�DQG�ULVN�GLIIHUHQFH�DPRQJ�IORDWLQJ�UDWH�VWUDWHJLHV�RI�
GLIIHUHQW�PDWXULWLHV��:LWKLQ�VWUDWHJLHV�LQFOXGLQJ�IL[HG�UDWH�ERQGV��UHDO�FRVW��$&DU�
DQG� 5&D5� LQFUHDVH� ZLWK� PDWXULW\� DQG� FXRSRQ� SHULRG�� 2Q� WKH� RWKHU� KDQG��
UHVSRQVH� RI� UHODWLYH� ULVN� WR� WKH� FKDQJH� LQ� PDWXULW\� DQG� FXRSRQ� SHULRG� LV� QRW�
VLJQLILFDQW���
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 Figure 6.1.a: Efficient Frontier
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Figure 6.1.b: Efficient Frontier
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 Figure 6.1.c: Efficient Frontier
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Figure6.2.a: Real Cost- Efficient Frontier
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Figure 6.2.b: Real Cost- Efficient Frontier
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Figure 6.2.c: Real Cost- Efficient Frontier
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*LYHQ� WKDW� DEVROXWH�&D5� LV� WKH�PD[LPXP�FRVW� WKDW�ZLOO� EH� XQGHUWDNHQ�E\� WKH�
JRYHUQPHQW��DPRQJ�RWKHU�ULVN�PHDVXUHV�LW�LV�WKH�PRVW�DGHTXDWH�RQH�WR�DVVHVV�WKH�PDUNHW�
ULVN��6WUDWHJLHV�LQFOXGLQJ�GLVFRXQWHG�VHFXULWLHV�DUH�FKDUDFWHUL]HG�ZLWK�KLJKHVW�YRODWLOLW\�
KRZHYHU� ZLWK� ORZHVW� H[SHFWHG� FRVW�� &RQVHTXHQWO\�� WKHVH� VWUDWHJLHV� DUH� FKDUDFWHUL]HG�
ZLWK�ORZHVW�ULVN�LQ�WHUPV�RI�DEVROXWH�&D5��8QGHU�WKLV�IUDPHZRUN�LI�WKH�JRYHUQPHQW�LV�
QRW�IDFHG�ZLWK�DQ\�RWKHU�ULVN�LQ�WHUPV�RI�IXOILOOLQJ�LWV�ERUURZLQJ�UHTXLUHPHQW�DQG�WKHUH�LV�
QR� FRVW� EXUGHQ� RQ� WKH� JRYHUQPHQW� DULVLQJ� IURP�GHEW� VXVWDLQDELOLW\� FRQFHUQV� WKHQ� WKH�
JRYHUQPHQW�ZRXOG� EH� LQFOLQHG� WR� ERUURZ� LQ� WHUPV� RI� GLVFRXQWHG� VHFXULWLHV��+RZHYHU�
JLYHQ�WKH�VKRUW�PDWXULW\�RI�WKH�JRYHUQPHQW�GRPHVWLF�GHEW�VWRFN�LQ�7XUNH\�DQG�KLJK�ULVN�
SUHPLXP�HPEHGGHG�LQ�WKH�LQWHUHVW�UDWHV��LPSURYHPHQW�RI�WKH�GHEW�VWUXFWXUH�QHFHVVLWDWHV�
H[WHQVLRQ� RI� WKH� ERUURZLQJ� PDWXULW\�� ,Q� RUGHU� WR� DFFRPSOLVK� WKLV� VWUXFWXUDO� FKDQJH�
JRYHUQPHQW�KDV�WR�LVVXH�ORQJ�WHUP�FRXSRQ�ERQGV��7KHUHIRUH�ZH�FDQ�HYDOXDWH�WKH�UHVXOWV�
RI� RXU� DQDO\VLV� E\� FRQVWUDLQLQJ� DYDLODEOH� VWUDWHJLHV� WR� WKH� FRXSRQ� ERQGV�� $PRQJ�
VWUDWHJLHV� FRQWDLQLQJ�FRXSRQ�ERQGV�� VWUDWHJ\�JURXSV�ZLWK� ORZHVW�FRVW� DQG� ULVN�DUH� WKH�
IORDWLQJ�UDWH�ERQGV�ZLWK�TXDUWHUO\�FRXSRQ�SD\PHQWV��,I�WKH�JRYHUQPHQW�KDV�WKH�REMHFWLYH�
RI�LQFUHDVLQJ�WKH�PDWXULW\�IXUWKHU��7KHQ��XQGHU�GHFOLQLQJ�LQWHUHVW�UDWHV�JLYHQ�WKH�ORZHU�
YRODWLOLW\�DW�WKH�VKRUW�HQG�RI�WKH�\LHOG�FXUYH��RXU�DQDO\VLV�VXJJHVWV�WKH�LVVXDQFH�RI�ERQGV�
ZLWK�TXDUWHUO\�FRXSRQ�SD\PHQWV��+RZHYHU�LW�VKRXOG�DOVR�EH�HPSKDVL]HG�WKDW�IRU�IORDWLQJ�
rate bonds, choice on the coupon period doesn’ t make a significant difference in terms 

RI� FRVWV� DQG� $&D5�� ,I� WKH� FRQILGHQFH� DPRQJ� WKH� LQYHVWRUV� WKDW� LQWHUHVW� UDWHV� ZLOO�
GHFUHDVH� LQ� WKH� IRUWKFRPLQJ� SHULRG� LV� FRQVWLWXWHG�� DGGLWLRQDO� \LHOGV� LPSRVHG� RQ� WKH�
FRXSRQ�ERQGV�ZRXOG�GHFOLQH��&RQVHTXHQWO\�WKH�JRYHUQPHQW�ZRXOG�EH�DEOH�WR�LQFUHDVH�
WKH�PDWXULW\�E\�LVVXLQJ�FRXSRQ�ERQGV�ZLWKRXW�LQFXUULQJ�VXFK�KLJK�FRVW�DV�LPSOLHG�E\�WKH�
UHVXOWV�RI�RXU�DQDO\VLV���

�
9,��&RQFOXVLRQ��

,Q�WKLV�VWXG\�VWRFKDVWLF�VLPXODWLRQ�EDVHG�ULVN�DQDO\VLV�LV�DSSOLHG�WR�WKH�GRPHVWLF�
FXUUHQF\�GHQRPLQDWHG�SRUWLRQ�RI�WKH�7XUNLVK�VRYHUHLJQ�GHEW�VWRFN��6LPXODWLRQ�KRUL]RQ�
LV�ILYH�\HDUV�DQG�FRYHUV�WKH�����������SHULRG��5LVN�DQDO\VLV�LV�EDVHG�RQ�WKUHH�GLIIHUHQW�
ULVN�PHDVXUHV��QDPHO\��5HODWLYH�5LVN��$EVROXWH�&RVW�DW�5LVN��&D5��DQG�5HODWLYH�&D5��
5HODWLYH�ULVN��PHDVXUHG�DV�WKH�SHUFHQWDJH�GHYLDWLRQ�IURP�WKH�H[SHFWHG�FRVW��HQDEOHV�RQH�
WR�FRPSDUH�DOWHUQDWLYH�VWUDWHJLHV�RQ�WKH�EDVLV�RI�YRODWLOLW\�RI�WKH�H[SHFWHG�FRVW��2Q�WKH�
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RWKHU� KDQG�� $EVROXWH� DQG� 5HDWLYH� &D5� SURYLGH� D� PHDVXUH� WR� DVVHVV� WKH� DPRXQW� RI�
PD[LPXP� WRWDO� FRVW� DQG� WKH� PD[LPXP� H[FHVV� FRVW� RYHU� WKH� H[SHFWHG� FRVW� WKDW�
JRYHUQPHQW�ZRXOG�KDYH� WR� XQGHUWDNH� DW� WKH� VSHFLILHG�SUREDELOLW\��7KH�RQO\�VRXUFH�RI�
XQFHUWDLQW\�LQ�WKH�PRGHO�LV�WKH�WHUP�VWUXFWXUH�RI�LQWHUHVW�UDWHV��,W�LV�VLPXODWHG�E\�XVLQJ�
WKH� G\QDPLF� \LHOG� FXUYH� IUDPHZRUN� LQ� 'LHEROG� DQG� /L� �������� ZKLFK� LV� IRXQGHG� RQ�
1HOVRQ�6LHJHO�������PRGHO���

6WUDWHJ\�VLPXODWLRQ��LQ�ZKLFK�GHEW�LV�UROOHG�RYHU�XQGHU�HDFK�VWUDWHJ\��LV�DSSOLHG�
RQ� WRS� RI� VLPXODWHG� WHUP� VWUXFWXUH� RI� LQWHUHVW� UDWHV�� )RUPXODWHG� VWUDWHJLHV� FRPSULVH�
GLVFRXQWHG� VHFXULWLHV� DQG� FRXSRQ� ERQGV�� <LHOG� RI� WKH� GLVFRXQWHG� VHFXULWLHV� DUH�
FRPSXWHG� GLUHFWO\� IURP� WKH� \LHOG� FXUYH�� :KHUHDV� \LHOG� RI� WKH� FRXSRQ� ERQGV� DUH�
FRPSXWHG�E\�LPSRVLQJ�DQ�DGGLWLRQDO�UHWXUQ�RYHU�WKH�FRXSRQ�UDWH�REWDLQHG�IURP�WKH�\LHOG�
FXUYH�� 5HVXOWV� RI� WKH� ULVN� DQDO\VLV� DUH� KLJKO\� GHSHQGHG� RQ� WKH� FKDUDFWHULVWLFV� RI� WKH�
VLPXODWHG�WHUP�VWUXFWXUH�RI�LQWHUHVW�UDWHV�DQG�WKH�DGGLWLRQDO�\LHOG�LPSRVHG�RQ�WKH�FRXSRQ�
ERQGV�� 5HODWLYH� ULVN� SRLQW� RXW� WR� WKH� WUDGHRII� DPRQJ� WKH� VWUDWHJLHV�� 6KLIWLQJ� IURP�
GLVFRXQWHG�ERQGV�WR�FRXSRQ�ERQGV�LQFUHDVHV�FRVW�EXW�UHGXFHV�YRODWLOLW\��L�H��UHODWLYH�ULVN��
+RZHYHU� LQ� WHUPV�RI�DEVROXWH�&D5��GHWHUPLQHG�ERWK�E\� WKH� OHYHO�DQG�WKH�YRODWLOLW\�RI�
H[SHFWHG�FRVW��WKHUH�DUH�QR�WUDGHRIIV��5LVN�DQG�FRVW�LQFUHDVH�ZLWK�PDWXULW\��DV�VWUDWHJLHV�
ZLWK�KLJK�FRVWV�DOVR�DSSHDU�WR�EH�PRUH�ULVN\��$PRQJ�WKH�FRXSRQ�ERQGV��VWUDWHJ\�JURXS�
ZLWK� WKH� ORZHVW� FRVW� DQG� ULVN� DUH� WKH� IORDWLQJ� UDWH� ERQGV� ZLWK� TXDUWHUO\� FRXSRQ�
SD\PHQWV�� ,I� WKH�JRYHUQPHQW�KDV�WKH�REMHFWLYH�RI�LQFUHDVLQJ�WKH�PDWXULW\�IXUWKHU�� WKHQ�
JLYHQ� WKH� ORZHU� YRODWLOLW\� RI� WKH� WKUHH�PRQWK� UDWH� FRPSDUHG� WR� VL[� PRQWK� UDWH� RXU�
DQDO\VLV�VXJJHVW�WKH�LVVXDQFH�RI�ERQGV�ZLWK�TXDUWHUO\�FRXSRQ�SD\PHQWV���

5LVN�DQDO\VLV�LQ�WKLV�SDSHU�SRLQWV�RXW�WKDW�UHVXOWV�RI�WKH�VWUDWHJ\�VLPXODWLRQ�DUH�
GHSHQGHQW�RQ�WKH�FKDUDFWHULVWLFV�RI�WKH�VLPXODWHG�WHUP�VWUXFWXUH�RI�LQWHUHVW�UDWHV��+HQFH�
LW� LV�QHFHVVDU\� WR�EH�DEOH� WR� DGHTXDWHO\�PRGHO� WKH�QDWXUH�RI� WHUP�VWUXFWXUH�RI� LQWHUHVW�
UDWHV�� LQ� RUGHU� WR� SHUIRUP� ULVN�PDQDJHPHQW� DQDO\VLV��<LHOG� FXUYH�PRGHOLQJ� DSSURDFK�
WKDW�ZH�KDYH�DGRSWHG�GLVSOD\HG�D�JRRG�SHUIRUPDQFH�LQ�WHUPV�RI�ILWWLQJ�WKH�GDWD�IRU�WKH�
����� -XO\������ -XQH� SHULRG� DQG� SURGXFLQJ� VLPXODWHG� FXUYHV� KDYLQJ� VLPLODU�
FKDUDFWHULVWLFV� ZLWK� WKH� HVWLPDWHG� \LHOG� FXUYHV�� 2QH� GUDZEDFN� RI� WKH� DQDO\VLV� LV� WKH�
VKRUWQHVV�RI� WKH�HVWLPDWLRQ�SHULRG��+RZHYHU�WKLV�GRHV�QRW�GHJUDGH�WKH�RXWFRPH�RI�WKH�
VWUDWHJ\�VLPXODWLRQ��VLQFH�UHVXOWV�DUH�HYDOXDWHG�RQ�DFFRXQW�RI�WKH�UDQGRP�HQYLURQPHQW�
JHQHUDWHG�IURP�WKH�VWRFKDVWLF�PRGHO�DFNQRZOHGJLQJ�WKDW�GLIIHUHQW�UDQGRP�HQYLURQPHQW�
ZRXOG�OHDG�WR�GLIIHUHQW�UHVXOWV���
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6WUDWHJ\� VLPXODWLRQ� IUDPHZRUN� DGRSWHG� LQ� WKLV� SDSHU� FRXOG� EH� H[WHQGHG� LQ�
YDULRXV� DVSHFWV�� 2QH� H[WHQVLRQ�ZRXOG� EH� WR� FRYHU� JUHDWHU� SRUWLRQ� RI� WKH� SXEOLF� GHEW�
VWRFN�E\�LQFOXGLQJ�GHEW�LQVWUXPHQWV�GHQRPLQDWHG�LQ�WHUPV�RI�IRUHLJQ�FXUUHQF\��$QRWKHU�
H[WHQVLRQ�ZRXOG�EH�WR�OHQJWKHQ�WKH�VLPXODWLRQ�KRUL]RQ��7KLV�ZRXOG�QRW�RQO\�LPSURYH�WKH�
VFHQDULR�ULVN�DQDO\VLV�EXW�ZRXOG�DOVR�SURYLGH�D�IUDPHZRUN�WR�HYDOXDWH�WKH�WUHQG�LQ�WKH�
FRVW� SDWKV� DVVRFLDWHG� ZLWK� WKH� ILQDQFLQJ� VWUDWHJLHV�
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$33(1',;�,,��6WUDWHJ\�6LPXODWLRQ�
�
&RQWURO�YDULDEOH��
�

[ ] ectorstrategy v Borrowing141 →= dde f �������
.instrument borrowingeach  with associatedweight 14,,1, →= ghikj �

�
([RJHQHRXV�YDULDEOHV�

→×961
lkmon6m �*13�YHFWRU��9HFWRU�HOHPHQWV�DUH�WKH�DQQXDO�*13�DW�PRQWKO\�IUHTXHQF\�
IRU�WKH�SHULRG�������������

→×100060
pq ,QWHUHVW�UDWH�PDWUL[��:KHUH� 540,450,360,270,180,90=

r ��
(OHPHQWV�RI�WKH�PDWUL[�DUH�WKH����SHULRG�LQWHUHVW�UDWH�VLPXODWLRQV�RI�WKH�FRUUHVSRQGLQJ�
PDWXULW\��
(DFK�FROXPQ�VWDQGV�IRU�D�VLPXODWLRQ�UXQ��0DWULFHV�DUH�WKH�RXWSXW�RI�\LHOG�FXUYH�
VLPXODWLRQ��
�

→×160
stku �,QWHUHVW�UDWH�YHFWRU��:KHUH� 540,450,360,270,180,90=

v ���
→×272

w ,QLWLDO�PDWXULW\�PDWUL[��
�
'HEW�6LPXODWLRQ�
��
IRU�M ��������������� );,60:1( xyykz {{

= ��
IRU�N ��Q��
6WHS���7RWDO�ILQDQFLQJ�QHHG�IRU�WKH�N | } �SHULRG�RI�WKH�M | } �VLPXODWLRQ�UXQ�LV�FRPSXWHG������� ( )( ) ( )( );24/05.0*1,1:,1 ~k�o�������� −= ��
6WHS����,QWHUHVW�DQG�WKH�SULQFLSDO�SD\PHQW�RI�WKH�N | } �SHULRG�RI�WKH�M | } �VLPXODWLRQ�UXQ�LV�
FRPSXWHG���
���)�M�N� 0�������
����$1�M�N� 0��������
6WHS����0DWXULW\�PDWUL[�LV�DGMXVWHG��)LUVW�URZ�LV�HOLPLQDWHG�DQG�URZ�RI�]HURV�LV�DGGHG�
WR�WKH�HQG�RI�WKH�PDWUL[�
�
����0����� >�@��
����0������ ����
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6WHS����)LQDQFLQJ�QHHG�LV�GLVWULEXWHG�DFFRUGLQJ�WR�WKH�ILQDQFLQJ�VWUDWHJ\���
�

36,...,9,6,3,2 =������ � �DUH�WKH�WRWDO�LQWHUHVW�SD\PHQWV�RI�WKH�L � � �VXEVHTXHQW�PRQWK���
����0����� 0������1
Z���
����$GG�� �1
Z�
)=��������1
Z�
)=����������1
Z�
)=����������
1
Z�
)=��������
��1
Z��
)=�����������

����0����� 0������$GG����
�����
����0����� 0������1
Z���
����$GG�� 1
Z�
)=���������� 1
Z�
)=�������� �1
Z�
)=��������
�1
Z�
)=���������
�1
Z��
)=����������1
Z��
)=���������1
Z��
)=���������
�1
Z��
)=�����������1
Z��
)=����������

����0����� 0������$GG����

�������������������������������������������������
����$GG��� 1
Z�
)=����������1
Z��
)=���������1
Z��
)=����������
�1
Z��
)=����������
����0������ 0�������$GG�����
����0������ 1
Z��1
Z���1
Z���1
Z����

�
6WHS����1RPLQDO�DQG�UHDO�FRVWV�DUH�FRPSXWHG��&671�DQG�&675�DUH�WKH�QRPLQDO�DQG�
UHDO�FRVW�IRU�WKH�N | } �SHULRG�RI�WKH�M | } �VLPXODWLRQ������
&671 $GG���$GG���$GG���$GG����$GG����$GG����$GG����$GG����$GG�
���$GG����$GG����$GG�����
&675 ��$GG���*131��������$GG���*131���������$GG���*131��������
�$GG����*131���������
�$GG����*131���������$GG����*131���������$GG����*131���������
�$GG����*131���������
�$GG����*131���������$GG����*131���������$GG����*131���������$GG����*
131���������
�
6WHS����,QWHUHVW�UDWHV�DQG�*13��DUH�DGMXVWHG�IRU�WKH�QH[W�SHULRG�
����



�

� ���

���
( ) [ ]
( )

 ], [GNPN(:,1)
;01,60

;:,1

=
=

=
"

"

)=
)=

�

HQG��
HQG�



��
���

$33(1',;�,,,�

B0 B1 B2 Tau
Ser. Corr.        

LM Test Heteroscedasticity Jarque-Bera

2001 Jun 46.9 -4.2 54.2 74 1.30 (0.52) 2.01 (0.36) 1.57 (0.46) 14 40-250

Jul 61.7 -25.2 40.9 40 0.51 (0.77) 1.34 (0.51) 2.74 (0.25) 14 36-218

Aug 51.5 -7.5 42 42 2.75 (0.25) 2.40 (0.66) 1.33 (0.51) 15 42-189

Sep 55.6 -15.5 50.9 70 0.38 (0.82) 2.21 (0.32) 0.58 (0.75) 12 40-159

Oct 60.8 -14.9 27.5 110 0.10 (0.94) 2.62 (0.26) 2.86 (0.24) 13 42-233

Nov 52.4 -6.9 25.5 80 3.98 (0.13) 1.60 (0.44) 0.78 (0.68) 12 37-208

Dec 52.9 -11.3 12.9 40 4.53 (0.10) 3.96 (0.13) 2.06 (0.36) 11 44-191

2002 Jan 48.4 -4.1 21.7 80 1.15 (0.56) 0.26 (0.87) 0.77 (0.68) 14 34-217

Feb 44.8 -4.6 37.1 110 3.57 (0.16) 7.27 (0.02) 0.14 (0.93) 19 33-342

Mar 44.1 -2.7 19.3 110 1.22 (0.54) 2.34 (0.30) 1.55 (0.46) 11 40-313

Apr 37.8 -2 20.5 90 3.63 (0.16) 0.26 (0.87) 0.69 (0.71) 15 50-344

May 40.1 -5.1 39.6 140 2.29 (0.31) 1.99 (0.57) 1.43 (0.49) 18 37-313

Jun 36.9 -14.7 85.4 110 1.28 (0.52) 3.22 (0.19) 0.48 (0.79) 14 47-285

Jul 55.5 -21 44.2 180 4.14 (0.12) 5.30 (0.07) 0.6 (0.74) 17 35-252

Aug 43.8 -11.8 47.6 160 1.28 (0.52) 0.78 (0.67) 1.47 (0.48) 13 55-251

Sep 50.6 -15.3 45.8 180 0.73 (0.69) 4.95 (0.17) 1.45 (0.48) 17 37-275

Oct 39 -3.4 40.3 140 1.70 (0.42) 2.86 (0.23) 0.6 (0.74) 18 40-300

Nov 36.4 -3.2 21.4 130 2.07 (0.35) 2.20 (0.69) 0.24 (0.89) 15 40-369
Dec 36.1 -2.6 32.5 130 1.94 (0.37) 1.29 (0.52) 3.75 (0.15) 15 36-337

Parameters Diagnostics*
Number of 

variables

Maturity 
range 

(Days)B0 B1 B2 Tau
Ser. Corr.        

LM Test Heteroscedasticity Jarque-Bera

2001 Jun 46.9 -4.2 54.2 74 1.30 (0.52) 2.01 (0.36) 1.57 (0.46) 14 40-250

Jul 61.7 -25.2 40.9 40 0.51 (0.77) 1.34 (0.51) 2.74 (0.25) 14 36-218

Aug 51.5 -7.5 42 42 2.75 (0.25) 2.40 (0.66) 1.33 (0.51) 15 42-189

Sep 55.6 -15.5 50.9 70 0.38 (0.82) 2.21 (0.32) 0.58 (0.75) 12 40-159

Oct 60.8 -14.9 27.5 110 0.10 (0.94) 2.62 (0.26) 2.86 (0.24) 13 42-233

Nov 52.4 -6.9 25.5 80 3.98 (0.13) 1.60 (0.44) 0.78 (0.68) 12 37-208

Dec 52.9 -11.3 12.9 40 4.53 (0.10) 3.96 (0.13) 2.06 (0.36) 11 44-191

2002 Jan 48.4 -4.1 21.7 80 1.15 (0.56) 0.26 (0.87) 0.77 (0.68) 14 34-217

Feb 44.8 -4.6 37.1 110 3.57 (0.16) 7.27 (0.02) 0.14 (0.93) 19 33-342

Mar 44.1 -2.7 19.3 110 1.22 (0.54) 2.34 (0.30) 1.55 (0.46) 11 40-313

Apr 37.8 -2 20.5 90 3.63 (0.16) 0.26 (0.87) 0.69 (0.71) 15 50-344

May 40.1 -5.1 39.6 140 2.29 (0.31) 1.99 (0.57) 1.43 (0.49) 18 37-313

Jun 36.9 -14.7 85.4 110 1.28 (0.52) 3.22 (0.19) 0.48 (0.79) 14 47-285

Jul 55.5 -21 44.2 180 4.14 (0.12) 5.30 (0.07) 0.6 (0.74) 17 35-252

Aug 43.8 -11.8 47.6 160 1.28 (0.52) 0.78 (0.67) 1.47 (0.48) 13 55-251

Sep 50.6 -15.3 45.8 180 0.73 (0.69) 4.95 (0.17) 1.45 (0.48) 17 37-275

Oct 39 -3.4 40.3 140 1.70 (0.42) 2.86 (0.23) 0.6 (0.74) 18 40-300

Nov 36.4 -3.2 21.4 130 2.07 (0.35) 2.20 (0.69) 0.24 (0.89) 15 40-369
Dec 36.1 -2.6 32.5 130 1.94 (0.37) 1.29 (0.52) 3.75 (0.15)

B0 B1 B2 Tau
Ser. Corr.        

LM Test Heteroscedasticity Jarque-Bera

2001 Jun 46.9 -4.2 54.2 74 1.30 (0.52) 2.01 (0.36) 1.57 (0.46) 14 40-250

Jul 61.7 -25.2 40.9 40 0.51 (0.77) 1.34 (0.51) 2.74 (0.25) 14 36-218

Aug 51.5 -7.5 42 42 2.75 (0.25) 2.40 (0.66) 1.33 (0.51) 15 42-189

Sep 55.6 -15.5 50.9 70 0.38 (0.82) 2.21 (0.32) 0.58 (0.75) 12 40-159

Oct 60.8 -14.9 27.5 110 0.10 (0.94) 2.62 (0.26) 2.86 (0.24) 13 42-233

Nov 52.4 -6.9 25.5 80 3.98 (0.13) 1.60 (0.44) 0.78 (0.68) 12 37-208

Dec 52.9 -11.3 12.9 40 4.53 (0.10) 3.96 (0.13) 2.06 (0.36) 11 44-191

2002 Jan 48.4 -4.1 21.7 80 1.15 (0.56) 0.26 (0.87) 0.77 (0.68) 14 34-217

Feb 44.8 -4.6 37.1 110 3.57 (0.16) 7.27 (0.02) 0.14 (0.93) 19 33-342

Mar 44.1 -2.7 19.3 110 1.22 (0.54) 2.34 (0.30) 1.55 (0.46) 11 40-313

Apr 37.8 -2 20.5 90 3.63 (0.16) 0.26 (0.87) 0.69 (0.71) 15 50-344

May 40.1 -5.1 39.6 140 2.29 (0.31) 1.99 (0.57) 1.43 (0.49) 18 37-313

Jun 36.9 -14.7 85.4 110 1.28 (0.52) 3.22 (0.19) 0.48 (0.79) 14 47-285

Jul 55.5 -21 44.2 180 4.14 (0.12) 5.30 (0.07) 0.6 (0.74) 17 35-252

Aug 43.8 -11.8 47.6 160 1.28 (0.52) 0.78 (0.67) 1.47 (0.48) 13 55-251

Sep 50.6 -15.3 45.8 180 0.73 (0.69) 4.95 (0.17) 1.45 (0.48) 17 37-275

Oct 39 -3.4 40.3 140 1.70 (0.42) 2.86 (0.23) 0.6 (0.74) 18 40-300

Nov 36.4 -3.2 21.4 130 2.07 (0.35) 2.20 (0.69) 0.24 (0.89) 15 40-369
Dec 36.1 -2.6 32.5 130 1.94 (0.37) 1.29 (0.52) 3.75 (0.15) 15 36-337

Parameters Diagnostics*
Number of 

variables

Maturity 
range 

(Days)
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Parameters Diagnostics*

0 1 2 Ser. Corr. LM Test Heteroscedasticity Jarque -Bera

Number of 
variables

Maturity 
range (Days)

2003 Jan 39.8 -6.9 29.9 190 0.44 (0.80) 1.55 (0.45) 0.89 (0.64) 23 30-362

Feb 41.9 -8.6 15.1 111 1.97 (0.37) 1.17 (0.55) 4.78 (0.09) 18 40-369

Mar 54.9 -19.4 -9.3 50 1.85 (0.39) 7.22 (0.30) 1.82 (0.40) 23 49-364

Apr 38.7 -9.1 27.6 170 0.37 (0.82) 2.49 (0.28) 2.07 (0.35) 23 49-364

May 24.1 -2.9 56.9 160 0.61 (0.73) 11.5 (0.04) 11.77 (0.00) 26 33-404

Jun 33.9 -6.8 38 190 2.26 (0.32) 8.98 (0.10) 1.19 (0.55) 22 43-373

Jul 28.3 -7.8 48 170 1.85 (0.39) 2.49 (0.28) 2.55 (0.28) 22 48-384

Aug 30.4 -10.5 21.6 90 1.78 (0.41) 7.76 (0.02) 2.16 (0.34) 25 40-390

Sep 33.3 -7.6 -10.1 40 2.72 (0.25) 10.6 (0.00) 1.16 (0.56) 25 22-390

Oct 25.1 -5.1 15.6 190 2.99 (0.22) 5.93 (0.05) 1.1 (0.59) 23 33-362

Nov 21.2 -2.7 20 140 1.58 (0.45) 9.20 (0.10) 0.81 (0.67) 18 54-383

Dec 21.2 0.8 6.1 90 3.49 (0.17) 3.06 (0.38) 1.03 (0.60) 24 43-393

2004 Jan 21 -1.0 10.2 90 4.17 (0.12) 1.91 (0.38) 1.2 (0.55) 22 33-418

Feb 18.6 -1.0 13.1 130 1.86 (0.39) 3.72 (0.44) 0.61 (0.74) 23 40-425

Mar 17.8 -1.0 12.1 100 1.72 (0.42) 4.87 (0.30) 2.72 (0.26) 22 35-511

Apr 17.9 -1.0 16.5 160 0.10 (0.94) 0.94 (0.62) 0.75 (0.69) 25 40-523

May 19.6 -2.2 36.1 170 0.24 (0.88) 4.13 (0.38) 0.5 (0.78) 26 37-492

Jun 19.6 -2.1 33.3 160 1.42 (0.49) 3.68 (0.59) 2.46 (0.29) 22 42-462

Jul 21.6 -4.6 26.8 180 0.65 (0.72) 11.6 (0.00) 0.02 (0.99) 27 41-496

Parameters Diagnostics*

0 1 2 Ser. Corr. LM Test Heteroscedasticity Jarque -Bera

Number of 
variables

Maturity 
range (Days)

2003 Jan 39.8 -6.9 29.9 190 0.44 (0.80) 1.55 (0.45) 0.89 (0.64) 23 30-362

Feb 41.9 -8.6 15.1 111 1.97 (0.37) 1.17 (0.55) 4.78 (0.09) 18 40-369

Mar 54.9 -19.4 -9.3 50 1.85 (0.39) 7.22 (0.30) 1.82 (0.40) 23 49-364

Apr 38.7 -9.1 27.6 170 0.37 (0.82) 2.49 (0.28) 2.07 (0.35) 23 49-364

May 24.1 -2.9 56.9 160 0.61 (0.73) 11.5 (0.04) 11.77 (0.00) 26 33-404

Jun 33.9 -6.8 38 190 2.26 (0.32) 8.98 (0.10) 1.19 (0.55) 22 43-373

Jul 28.3 -7.8 48 170 1.85 (0.39) 2.49 (0.28) 2.55 (0.28) 22 48-384

Aug 30.4 -10.5 21.6 90 1.78 (0.41) 7.76 (0.02) 2.16 (0.34) 25 40-390

Sep 33.3 -7.6 -10.1 40 2.72 (0.25) 10.6 (0.00) 1.16 (0.56) 25 22-390

Oct 25.1 -5.1 15.6 190 2.99 (0.22) 5.93 (0.05) 1.1 (0.59) 23 33-362

Nov 21.2 -2.7 20 140 1.58 (0.45) 9.20 (0.10) 0.81 (0.67) 18 54-383

Dec 21.2 0.8 6.1 90 3.49 (0.17) 3.06 (0.38) 1.03 (0.60) 24 43-393

2004 Jan 21 -1.0 10.2 90 4.17 (0.12) 1.91 (0.38) 1.2 (0.55) 22 33-418

Feb 18.6 -1.0 13.1 130 1.86 (0.39) 3.72 (0.44) 0.61 (0.74) 23 40-425

Mar 17.8 -1.0 12.1 100 1.72 (0.42) 4.87 (0.30) 2.72 (0.26) 22 35-511

Apr 17.9 -1.0 16.5 160 0.10 (0.94) 0.94 (0.62) 0.75 (0.69) 25 40-523

May 19.6 -2.2 36.1 170 0.24 (0.88) 4.13 (0.38) 0.5 (0.78) 26 37-492

Jun 19.6 -2.1 33.3 160 1.42 (0.49) 3.68 (0.59) 2.46 (0.29) 22 42-462

Jul 21.6 -4.6 26.8 180 0.65 (0.72) 11.6 (0.00) 0.02 (0.99) 27 41-496

Parameters Diagnostics*

0 1 2 Ser. Corr. LM Test Heteroscedasticity Jarque -Bera

Number of 
variables

Maturity 
range (Days)

2003 Jan 39.8 -6.9 29.9 190 0.44 (0.80) 1.55 (0.45) 0.89 (0.64) 23 30-362

Feb 41.9 -8.6 15.1 111 1.97 (0.37) 1.17 (0.55) 4.78 (0.09) 18 40-369

Mar 54.9 -19.4 -9.3 50 1.85 (0.39) 7.22 (0.30) 1.82 (0.40) 23 49-364

Apr 38.7 -9.1 27.6 170 0.37 (0.82) 2.49 (0.28) 2.07 (0.35) 23 49-364

May 24.1 -

Parameters Diagnostics*

0 1 2 Ser. Corr. LM Test Heteroscedasticity Jarque -Bera

Number of 
variables

Maturity 
range (Days)

2003 Jan 39.8 -6.9 29.9 190 0.44 (0.80) 1.55 (0.45) 0.89 (0.64) 23 30-362

Feb 41.9 -8.6 15.1 111 1.97 (0.37) 1.17 (0.55) 4.78 (0.09) 18 40-369

Mar 54.9 -19.4 -9.3 50 1.85 (0.39) 7.22 (0.30) 1.82 (0.40) 23 49-364

Apr 38.7 -9.1 27.6 170 0.37 (0.82) 2.49 (0.28) 2.07 (0.35) 23 49-364

May 24.1 -2.9 56.9 160 0.61 (0.73) 11.5 (0.04) 11.77 (0.00) 26 33-404

Jun 33.9 -6.8 38 190 2.26 (0.32) 8.98 (0.10) 1.19 (0.55) 22 43-373

Jul 28.3 -7.8 48 170 1.85 (0.39) 2.49 (0.28) 2.55 (0.28) 22 48-384

Aug 30.4 -10.5 21.6 90 1.78 (0.41) 7.76 (0.02) 2.16 (0.34) 25 40-390

Sep 33.3 -7.6 -10.1 40 2.72 (0.25) 10.6 (0.00) 1.16 (0.56) 25 22-390

Oct 25.1 -5.1 15.6 190 2.99 (0.22) 5.93 (0.05) 1.1 (0.59) 23 33-362

Nov 21.2 -2.7 20 140 1.58 (0.45) 9.20 (0.10) 0.81 (0.67) 18 54-383

Dec 21.2 0.8 6.1 90

2.9 56.9 160 0.61 (0.73) 11.5 (0.04) 11.77 (0.00) 26 33-404

Jun 33.9 -6.8 38 190 2.26 (0.32) 8.98 (0.10) 1.19 (0.55) 22 43-373

Jul 28.3 -7.8 48 170 1.85 (0.39) 2.49 (0.28) 2.55 (0.28) 22 48-384

Aug 30.4 -10.5 21.6 90 1.78 (0.41) 7.76 (0.02) 2.16 (0.34) 25 40-390

Sep 33.3 -7.6 -10.1 40 2.72 (0.25) 10.6 (0.00) 1.16 (0.56) 25 22-390

Oct 25.1 -5.1 15.6 190 2.99 (0.22) 5.93 (0.05) 1.1 (0.59) 23 33-362

Nov 21.2 -2.7 20 140 1.58 (0.45) 9.20 (0.10) 0.81 (0.67) 18 54-383

Dec 21.2 0.8 6.1 90 3.49 (0.17) 3.06 (0.38) 1.03 (0.60) 24 43-393

2004 Jan 21 -1.0 10.2 90 4.17 (0.12) 1.91 (0.38) 1.2 (0.55) 22 33-418

Feb 18.6 -1.0 13.1 130 1.86 (0.39) 3.72 (0.44) 0.61 (0.74) 23 40-425

Mar 17.8 -1.0 12.1 100 1.72 (0.42) 4.87 (0.30) 2.72 (0.26) 22 35-511

Apr 17.9 -1.0 16.5 160 0.10 (0.94) 0.94 (0.62) 0.75 (0.69) 25 40-523

May 19.6 -2.2 36.1 170 0.24 (0.88) 4.13 (0.38) 0.5 (0.78) 26 37-492

Jun 19.6 -2.1 33.3 160 1.42 (0.49) 3.68 (0.59) 2.46 (0.29) 22 42-462

Jul 21.6 -4.6 26.8 180 0.65 (0.72) 11.6 (0.00) 0.02 (0.99) 27 41-496

3.49 (0.17) 3.06 (0.38) 1.03 (0.60) 24 43-393

2004 Jan 21 -1.0 10.2 90 4.17 (0.12) 1.91 (0.38) 1.2 (0.55) 22 33-418

Feb 18.6 -1.0 13.1 130 1.86 (0.39) 3.72 (0.44) 0.61 (0.74) 23 40-425

Mar 17.8 -1.0 12.1 100 1.72 (0.42) 4.87 (0.30) 2.72 (0.26) 22 35-511

Apr 17.9 -1.0 16.5 160 0.10 (0.94) 0.94 (0.62) 0.75 (0.69) 25 40-523

May 19.6 -2.2 36.1 170 0.24 (0.88) 4.13 (0.38) 0.5 (0.78) 26 37-492

Jun 19.6 -2.1 33.3 160 1.42 (0.49) 3.68 (0.59) 2.46 (0.29) 22 42-462

Jul 21.6 -4.6 26.8 180 0.65 (0.72) 11.6 (0.00) 0.02 (0.99) 27 41-496
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