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7ZR PRQRPHULF DQG WZR GLPHULF FRSSHU�,,� EHQ]RDWH DQG DFHWDWH FRRUGLQDWLRQ FRPSRXQGV

ZLWK ��DPLQRS\ULGLQH ZHUH V\QWKHVL]HG� 7KH FU\VWDO VWUXFWXUHV RI EHQ]RDWH FRPSRXQGV ZHUH

GHWHUPLQHG E\ ;�UD\ GLIIUDFWLRQ DQDO\VLV� 7KH PRQRPHULF EHQ]RDWH IRUP

>&X�2�&&�+�����DS\��@ ��DS\  ��DPLQRS\ULGLQH� LV FRPSRVHG RI WUDQV RULHQWHG OLJDQGV

DURXQG FHQWUDO FRSSHU�,,� DWRP� ZKHUH EHQ]RDWHV DFW DV DV\PPHWULFDO FKHODWHV �&X ± 2 ����

DQG ���� 
�� 2Q WKH RWKHU KDQG� GLPHULF IRUP >&X��2�&&�+�����DS\��@ UHYHDOV SDGGOH �

ZKHHO W\SH VWUXFWXUH ZKHUH ��DPLQRS\ULGLQH DFWV DV D[LDO OLJDQG YLD S\ULGLQH QLWURJHQ DWRP�

$OO FRPSRXQGV ZHUH FKDUDFWHUL]HG E\ VWDQGDUG SK\VLFR�FKHPLFDO PHWKRGV DQG WHVWHG IRU

WKHLU IXQJDO P\FHOLDO JURZWK UHWDUGDWLRQ DFWLYLW\ IRU ZRRG GHFD\ IXQJL 7UDPHWHV YHUVLFRORU

DQG $QWURGLD YDLOODQWLL�
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,QWURGXFWLRQ�

&RSSHU�FDUER[\ODWHV�DUH�ZHOO�NQRZQ�WR�IRUP�D�YDULHW\�RI�VWUXFWXUHV�HYHQ�ZLWK�WKH�

OLJDQGV�RI� WKH�VDPH�KRPRORJRXV�VHULHV���7KH�PDLQ�UHDVRQ�IRU�VXFK�GLYHUVLW\�DUH� OLJDQG�

EDVLFLW\��VWHULF�IDFWRUV��K\GURJHQ�ERQGLQJ��FRQFHQWUDWLRQ�RI�WKH�VWDUWLQJ�FRPSRXQGV�LQ�WKH�

VROXWLRQ�DQG� WKHLU� UDWLR��6HYHUDO�SRVVLEOH�PRGLILFDWLRQV�DOVR�OHDG�WR�GLIIHUHQW�SURSHUWLHV�

RI�WKH�FRPSRXQGV�HYHQ�WKRXJK�WKH�FRQVWLWXHQWV�DUH�VLPLODU�RU�WKH�VDPH��2XU�LQYHVWLJDWLRQ�

LV� DLPHG� WRZDUGV� ILQGLQJ� QHZ� V\QWKHWLF� URXWHV� IRU� SUHSDUDWLRQ� RI� NQRZQ� FRSSHU�

FDUER[\ODWHV� DQG� V\QWKHVLV� RI� QHZ� VWRLFKLRPHWULF� W\SHV� RI� WKH� FRPSRXQGV� DQG� WKHLU�

FKDUDFWHUL]DWLRQ��:H� WU\� WR� ILQG� VXFK� FRPSRXQGV� WKDW�ZLOO� KDYH� VDWLVIDFWRU\� IXQJLFLGDO�

DFWLRQ� WRJHWKHU�ZLWK� WKHLU� SK\VLFDO� DQG� FKHPLFDO� SURSHUWLHV� WKDW� IXUWKHU� UHVHDUFK� LQ� WKH�

ILHOG� RI� WKHLU� DSSOLFDWLRQ� ZLOO� EH� ZRUWKZKLOH�� 7KHUHIRUH� LQ� WKLV� ZRUN� ZH� UHSRUW� WKH�

V\QWKHVLV��FKDUDFWHUL]DWLRQ�DQG�IXQJLFLGDO�DFWLYLW\�RI�PRQRPHULF�DQG�GLPHULF�FRSSHU�,,��

EHQ]RDWHV�DQG�DFHWDWHV�ZLWK���DPLQRS\ULGLQH����
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0DWHULDOV�� >&X��2�&&�+����&�+�&22+��@�ZDV�SUHSDUHG� IURP�KRW�DTXHRXV� VROXWLRQ�RI�

FRSSHU�,,�� VXOSKDWH�� EHQ]RLF� DFLG� DQG� VRGLXP� EHQ]RDWH� E\� SUHFLSLWDWLRQ� PHWKRG�� 7KH�

RWKHU� VWDUWLQJ� VXEVWDQFHV� DQG� VROYHQWV� ZHUH� SXUFKDVHG� IURP� FRPPHUFLDO� VRXUFHV� DQG�

XVHG�ZLWKRXW�SUHYLRXV�SXULILFDWLRQ���
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6\QWKHVLV� 0RQRPHULF� EHQ]RDWH� FRPSOH[� >&X�2�&&�+�����DS\��@� �� ��DS\�  � ��

DPLQRS\ULGLQH��ZDV�SUHSDUHG�E\�PRGLILHG�SURFHGXUH�DV�DOUHDG\�GHVFULEHG���,Q����P/�RI�

DFHWRQLWULOH������PPRO�RI�>&X��2�&&�+����&�+�&22+��@�ZDV�GLVVROYHG�GXH�WR�VWLUULQJ�

DQG� KHDWLQJ�� 7KLV� VROXWLRQ� ZDV� DGGHG� WR� ���� PPRO� RI� ��DPLQRS\ULGLQH� LQ� ���� P/� RI�

DFHWRQLWULOH��$IWHU����KRXUV��YLROHW�FU\VWDOOLQH�SURGXFW�ZDV�ILOWHUHG�RII�DQG�WKDQ�GULHG�LQ�D�

GHVLFFDWRU�RYHU�.2+�RYHUQLJKW��

�������)RU� WKH� GLPHULF� EHQ]RDWH� FRPSRXQG� >&X��2�&&�+�����DS\��@� �� IRXU� WLPHV� ORZHU�

DPRXQW�RI���DPLQRS\ULGLQH�ZDV�XVHG�EXW�RWKHU�DSSOLHG�SURFHGXUH�ZDV� WKH� VDPH�DV� IRU�

PRQRPHULF�FRPSRXQG����

�������6WDUWLQJ�FRSSHU�FRPSRXQG�IRU�ERWK�DFHWDWH�FRPSOH[HV�ZDV�>&X��2�&&+����+�2��@�

DQG� WKH� SURFHGXUH� ZDV� GLIIHUHQW� DV� GHVFULEHG����� 7KH� PRODU� UDWLR� RI� WKH� VWDUWLQJ�

FRPSRXQGV� IRU� DFHWDWH� FRPSOH[HV� �>&X��2�&&+����+�2��@� DQG��DS\��ZDV� WKH� VDPH�DV�

IRU� EHQ]RDWHV� �� DQG� ��� 0RQRPHULF� DFHWDWH� FRPSRXQG� >&X�2�&&+�����DS\��@� �� ZDV�

SUHSDUHG�VLPLODUO\�DV�PRQRPHULF�EHQ]RDWH���EXW�KLJKHU�FRQFHQWUDWLRQV�RI� WKH� UHDFWDQWV�

ZHUH� XVHG�� &RPSRXQG� �� FU\VWDOOL]H� IURP� DFHWRQLWULOH� VROXWLRQ� �DV� EHQ]RDWHV�� KRZHYHU�

GLPHULF�FRPSRXQG�>&X��2�&&+�����DS\��@��� IURP�DFHWRQH������PPRO���DPLQRS\ULGLQH�

LQ����P/�RI�DFHWRQH�ZDV�DGGHG�WR�����PPRO�>&X��2�&&+����+�2��@���%RWK�V\QWKHVL]HG�

DFHWDWH�FRPSOH[HV�ZHUH�ILOWHUHG�RII�DIWHU�WKH�VROXWLRQ�ZDV�OHIW�LQ�D�UHIULJHUDWRU��a����&��

IRU� ��� KRXUV��7KH� DYHUDJH� \LHOGV� IRU� DOO� V\QWKHVL]HG� FRPSRXQGV�ZHUH�EHWZHHQ���� DQG�

������

G�VSDFLQJV��c��DQG�WKHLU�UHODWLYH�LQWHQVLWLHV��IURP�;�UD\�SRZGHU�GLIIUDFWLRQ�GDWD�IRU�

DOO� FRPSRXQGV� GHVFULEHG� KHUHLQ�� DUH� LQ� DJUHHPHQW� ZLWK� WKH� FDOFXODWHG� YDOXHV �� IURP�

FU\VWDO�VWUXFWXUH�DQDO\VLV����
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;�UD\�GLIIUDFWLRQ�ZRUN��6LQJOH�FU\VWDO�GLIIUDFWLRQ�PHDVXUHPHQWV�ZHUH�FDUULHG�RXW�RQ�DQ�

(QUDI�1RQLXV� &$'�� GLIIUDFWRPHWHU� ZLWK� JUDSKLWH�PRQRFKURPDWHG� 0R� ..� UDGLDWLRQ��

8QLW�FHOO�GLPHQVLRQV�ZHUH�REWDLQHG�IURP����UHIOHFWLRQV� LQ� WKH��� UDQJH��������&RPPRQ�

GDWD� FRUUHFWLRQV� IRU� YDULDWLRQV� LQ� UHIHUHQFH� UHIOHFWLRQV� DQG�/RUHQW]� SRODUL]DWLRQ� HIIHFWV�

ZHUH�DSSOLHG���1R�DEVRUSWLRQ�FRUUHFWLRQ�ZDV�SHUIRUPHG��6WUXFWXUHV�ZHUH�VROYHG�E\�GLUHFW�

PHWKRGV�LPSOHPHQWHG�LQ�6+(/;6�����DQG�UHILQHG�E\�IXOO�PDWUL[�OHDVW�VTXDUHV�RQ�)��E\�

6+(/;/������1RQ�K\GURJHQ�DWRPV�ZHUH� UHILQHG�DQLVRWURSLFDOO\��K\GURJHQ�DWRPV�ZHUH�

JHQHUDWHG�JHRPHWULFDOO\��DVVLJQHG�DSSURSULDWH�LVRWURSLF�WKHUPDO�GLVSODFHPHQW�SDUDPHWHUV�

DQG� DOORZHG� WR� ULGH� RQ� WKHLU� SDUHQW� DWRPV��'HWDLOV� RQ� FU\VWDO� GDWD� DQG� GDWD� FROOHFWLRQ�

VXPPDU\� DUH� SUHVHQWHG� LQ� 7DEOH� ��� $GGLWLRQDO� FU\VWDOORJUDSKLF� GDWD� IRU� WKH� VWUXFWXUH�

UHSRUWHG�LQ� WKLV�SDSHU�DUH�DYDLODEOH�DW� WKH�&DPEULGJH�&U\VWDOORJUDSKLF�'DWD�&HQWHU�DQG�

FDQ�EH�REWDLQHG�RQ�UHTXHVW���

�

3K\VLFDO�PHDVXUHPHQWV��0HWDO�DQDO\VLV�ZDV�FDUULHG�RXW�HOHFWURJUDYLPHWULFDOO\�ZLWK�3W�

HOHFWURGHV��&��+��1�DQDO\VLV�ZDV�SHUIRUPHG�ZLWK�3HUNLQ�(OPHU��(OHPHQWDO�$QDO\]HU������

&+1��,QWHUSODQDU�VSDFLQJV�ZHUH�REWDLQHG�E\�WKH�*XLQLHU�FDPHUD��(QUDI�1RQLXV��ZLWK�&X�

..� UDGLDWLRQ�� 7KH� PDJQHWLF� VXVFHSWLELOLW\� RI� WKH� VXEVWDQFHV� ZDV� GHWHUPLQHG� DW� URRP�

WHPSHUDWXUH� E\� SRZGHUHG� VDPSOHV� ZLWK� D� 6KHUZRRG� 6FLHQWLILF�06%��� EDODQFH�� XVLQJ�

+J>&R�1&6��@� DV� D� FDOLEUDQW�� 'LDPDJQHWLF� FRUUHFWLRQV� ZHUH� HVWLPDWHG� IURP� 3DVFDO
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�/��H[�)U���3LODW� DQG�$QWURGLD�YDLOODQWLL� �'&��H[�)U���5\Y��DW� WKH�'HSDUWPHQW�RI�:RRG�

6FLHQFH�DQG�7HFKQRORJ\��%LRWHFKQLFDO�)DFXOW\��8QLYHUVLW\�RI�/MXEOMDQD��DV�GHVFULEHG��
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5HVXOWV�DQG�GLVFXVVLRQ��

'HVFULSWLRQ�RI�WKH�FU\VWDO�VWUXFWXUHV��7KH�VWHUHRFKHPLVWU\�RI�WKH�PRQRPHULF�FRPSOH[���

�)LJXUH� ��� FRXOG� EH� GHVFULEHG� DV� SVHXGR�RFWDKHGUDO� ZLWK� WKH� FRSSHU� DWRP� RQ� WKH�

LQYHUVLRQ�FHQWHU��%HQ]RDWH�DQG���DPLQRS\ULGLQH�OLJDQGV�DUH�DUUDQJHG�DURXQG�WKH�FRSSHU�

DWRP� LQ� D� WUDQV�PRGH�� (TXDWRULDO� SODQH� LV� FRQVWLWXWHG� RI� WZR� S\ULGLQH� QLWURJHQ� DWRPV�

IURP�WKH���DPLQRS\ULGLQH�OLJDQGV��&X�1������������c��DQG�WZR�EHQ]RDWH�R[\JHQ�DWRPV�

�2����RQ�WKH�GLVWDQFH�RI����������c�IURP�WKH�FRSSHU�LRQ��7KH�GLVWDQFH�RI�WKH�UHPDLQLQJ�

FDUER[\ODWH�R[\JHQV��&X�2�������������c��LV�VXEVWDQWLDOO\�ORQJHU�WKDQ�&X�2���GLVWDQFH��

EXW�VKRUWHU�WKDQ�WKH�VXP�RI�WKH�YDQ�GHU�:DDOV�UDGLL��ZKLFK�LQGLFDWHV�D�ZHDN�LQWHUDFWLRQ�

EHWZHHQ� WKH� WZR� DWRPV�� 7KHUHIRUH�� ���� FRRUGLQDWLRQ� ZDV� SURSRVHG�� $OWKRXJK� WKH� FLV�

DUUDQJHPHQW� RI� WKH� OLJDQGV� DURXQG� WKH� FRSSHU� FHQWHU� ZDV� REVHUYHG� IRU� PRQRPHULF�

FRPSOH[HV�ZLWK�DOLSKDWLF�FDUER[\ODWHV�DQG�WKH���DPLQRS\ULGLQH�DV�1�GRQRU�OLJDQG�����WKH�

WUDQV�DUUDQJHPHQW�LV�PRUH�FRPPRQO\�REVHUYHG�IRU�VLPLODU�FRPSOH[HV�����
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:LWKLQ�WKH�PROHFXOH�DQ�LQWUDPROHFXODU�K\GURJHQ�ERQG�WKURXJK�DPLQR�JURXS�DQG�

VHPL�FRRUGLQDWHG� FDUER[\ODWH� R[\JHQ� LV� REVHUYHG��$GGLWLRQDO� LQWHUPROHFXODU� K\GURJHQ�

ERQG� OLQNV�PRQRPHULF� XQLWV� LQWR� WZR�GLPHQVLRQDO� QHWZRUN�QHDUO\�SDUDOOHO� WR� DF�SODQH��

6HOHFWHG�JHRPHWULFDO�SDUDPHWHUV�DUH�SUHVHQWHG�LQ�7DEOH����

'LPHULF� FRPSOH[� KDV� WKH� H[SHFWHG� SDGGOH�ZKHHO� W\SH� VWUXFWXUH�� 7ZR�

FU\VWDOORJUDSKLFDOO\� LQGHSHQGHQW� FHQWURV\PPHWULF� GLPHUV� DUH� SUHVHQW� LQ� WKH� XQLW� FHOO��

2UWHS�YLHZ�RI�RQH�RI�WKH�GLPHUV�LV�SUHVHQWHG�LQ�)LJXUH����7KH�QHDUHVW�QHLJKERXUV�RI�HDFK�

FRSSHU� DWRP� DUH� WKH� IRXU� R[\JHQ� DWRPV� RI� WKH� EULGJLQJ� EHQ]RDWH� JURXSV� LQ� D� VTXDUH�

SODQDU�DUUDQJHPHQW��7KH�&X�2�GLVWDQFHV�VSDQ�WKH�UDQJH�IURP�������WR�������c��ZKLFK�LV�

QRUPDO�IRU�VLPLODU�W\SH�RI�FRPSRXQGV����$�VTXDUH�EDVHG�S\UDPLGDO�DUUDQJHPHQW�DURXQG�

WKH� FRSSHU� DWRP� LV� FRPSOHWHG�E\� WKH�HQGRF\FOLF�QLWURJHQ�DWRP�RI� WKH���DPLQRS\ULGLQH�

OLJDQG��7KH�FRSSHU�DWRP�LV�VKLIWHG�WRZDUGV�WKH�DSLFDO�SRVLWLRQ�IRU������������c�LQ�RQH�
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5HFHQWO\��WKH�VWUXFWXUH�RI�VLPLODU�FRPSOH[�ZLWK�VROYDWHG�WHWUDK\GURIXUDQ�PROHFXOHV�ZDV�

UHSRUWHG����7KH�&X�&X�GLVWDQFH�LQ�WKH�UHSRUWHG�VWUXFWXUH�LV�������c��ZKLOH�LQ�WKH�SUHVHQW�

VWUXFWXUH� &X�&X� GLVWDQFHV� DUH� ����������� DQG� ���������� c� LQ� WKH� WZR� LQGHSHQGHQW�

GLPHUV��7KH�JHRPHWULHV�RI�S\ULGLQH�DQG�SKHQ\O�ULQJV�DUH�QRUPDO��

� $PLQR�JURXSV�RI�WKH��DS\�OLJDQG�DUH�LQYROYHG�LQ�LQWUDPROHFXODU�K\GURJHQ�ERQGV��

,QWHUHVWLQJO\��HDFK�RI�WKH�WZR�GLPHUV�KDV�HDFK�RZQ�K\GURJHQ�ERQG�VFKHPH��$PLQR�1���

DWRP�LV� LQYROYHG� LQ� IRUPDWLRQ�RI�+�ERQG� WR�2���RQO\��ZKLOH�RWKHU�DPLQR�1���DWRP�LV�

K\GURJHQ� ERQGHG� WR� 2��� DQG�2��� RI� WKH� VDPH�PROHFXOH�� )RU� JHRPHWULFDO� GHWDLOV� VHH�
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)LJXUH����257(3�YLHZ�RI�RQH�RI�WKH�WZR�FU\VWDOORJUDSKLFDOO\�LQGHSHQGHQW�GLPHULF�XQLWV�
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0DJQHWLF�PHDVXUHPHQWV�DQG�VSHFWURVFRS\��7KH�UHVXOWV�RI�PDJQHWLF�PHDVXUHPHQWV�DUH�

LQ�DJUHHPHQW�ZLWK�PRQRPHULF�DQG�GLPHULF�QDWXUH�RI�WKH�FRPSRXQGV��7DEOH�����6LPLODU�

YDOXHV�IRU���������%0� ��DQG�>&X��2�&&�+�����DS\��@Â�&�+�2�����VROYDWH�DQDORJXH�RI���

������%0� ���ZHUH�UHSRUWHG�EXW�GLIIHUHQW�IRU���������%0����

�
�
7DEOH����6HOHFWHG�SDUDPHWHUV�RI�WKH�FKDUDFWHUL]DWLRQ�PHWKRGV��VK���VKRXOGHU���
�

FRPSRXQG� �HII���%0� �����QP� �����QP� �����QP�

�� ����� ����VK������� ����VK�� ���������VK��

�� ����� ����VK������� ����VK�� ����

�� ����� ��������� ����VK�� ����

�� ����� ����VK������� ����VK�� ����
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,Q� WKH� YLVLEOH� SDUW� RI� WKH� HOHFWURQLF� VSHFWUD�� WKH� EDQGV� IRU� G�G� WUDQVLWLRQV� DUH�

IRXQG�� )RU� GLPHULF� FRPSRXQGV� �� DQG� ��� ZLWK� VTXDUH� S\UDPLGDO� JHRPHWU\� RI� WKH� ILUVW�

FRRUGLQDWLRQ� VSKHUH� DURXQG� FRSSHU�� RQH� EDQG� LQ� WKH� ���� ±�����QP� UHJLRQ� LV� REVHUYHG�

�7DEOH�����0HDQZKLOH�LQ�WKH�VSHFWUD�RI�VL[�FRRUGLQDWHG�PRQRPHULF�FRPSRXQGV���DQG����

WKH�EDQGV�DUH�VKLIWHG�WR�KLJKHU�HQHUJLHV��)LJXUH�����6LPLODU�DSSHDUDQFH�ZHUH�QRWLFHG�DOVR�

IRU�WKH�RWKHU�FRSSHU�,,��FDUER[\ODWHV�ZLWK�GLIIHUHQW�S\ULGLQH�OLJDQGV�������7KH�SRVLWLRQV�RI�

WKH� EDQGV� LQ� WKH� VSHFWUD� RI�PRQRPHULF��� DQG��� DUH� LQ� DJUHHPHQW�ZLWK� WKH� UHSRUWV� IRU�

HOHFWURQLF�UHIOHFWDQFH�VSHFWUD�������QP���������������������������������������������������

$OO� FRPSRXQGV� VKRZ� VWURQJ� VLPLODULW\� LQ� WKH� YLEUDWLRQDO� VSHFWUD� IRU� ULQJ�

VWUHWFKLQJ� YLEUDWLRQV�� EXW� VRPH� GHYLDWLRQV� IRU� WKH� EDQG� DW� ����� FP��� ZHUH� REVHUYHG�

�)LJXUH����7DEOH������
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�����FP�������D������E������F���DQG����G���

�

�D�

�E�

�F�

�G�

,

���� ���� ���� ���� ���� ����

CQ���FP
±�



$FWD�&KLP��6ORY���������������������

%� .R]OHYþDU� 1� /DK� '� äOLQGUD� ,� /HEDQ� 3� âHJHGLQ� &RSSHU�,,� EHQ]RDWHV DQG DFHWDWHV ���

����

2Q�WKH�RWKHU�KDQG��WKH�DPLQH�EDQGV�DQG�û�� �QDV�±�QV��RI�FDUER[\ODWH�DV\PPHWULF�

DQG� V\PPHWULF� YLEUDWLRQV� GLIIHU� VLJQLILFDQWO\� DV� H[SHFWHG� IRU� WKH� FRPSRXQGV�ZLWK� WKH�

VDPH�FDUER\[ODWH�OLJDQG��1HYHUWKHOHVV�VRPH�FRUUHODWLRQV�EHWZHHQ�ERWK�PRQRPHULF��������

DQG� GLPHULF� ������� FRPSOH[HV� DUH� QRWLFHG��ZKHUH� DOVR�PRUH� VLPLODU� K\GURJHQ�ERQGLQJ�

VFKHPH� LV� H[SHFWHG��7KH�1+�� VWUHWFKLQJ�YLEUDWLRQV� LQ� WKH� UDQJH������±������FP
��� IRU�

ERWK�PRQRPHULF�FRPSOH[HV�DUH�LQ�WKH�ORZHU�HQHUJ\�UHJLRQ����LQWHU�DQG���LQWUDPROHFXODU�

K\GURJHQ� ERQGV��� WKDQ� LQ� WKH� VSHFWUD� RI� GLPHULF� FRPSRXQGV� �RQO\� LQWUDPROHFXODU�

K\GURJHQ� ERQGV��� �)RU� �� DQG� �� VHH� 7DEOH� ��� ��� LQWHU�� ��������� c�� ��������� c�� LQWUD��

���������c�����������c�����LQWUD����î����������c������2QH�EDQG�IRU�1+��EHQGLQJ�

�

7DEOH����$VVLJQDWLRQ�RI�WKH�EDQGV�LQ�WKH�YLEUDWLRQDO�VSHFWUD�LQ�WKH�UDQJH������±������DQG�
�����±������FP�� ��7KH�DYHUDJH�YDOXHV�IRU�WKH�SRVLWLRQV�RI�FDUER[\ODWH�EDQGV�ZHUH�XVHG�
IRU�û��

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

�� �� �� �� �DS\ �� DVVLJQDWLRQ�

������������ ����� ����� ����� ����������� QQDV�1+���

����� ����� ����� ����������� ����� QQV�1+���

� � � � ����� QQV�DU&+��

����� ����� ����������� ����� ����� ^�GG�1+���

����� � ����� � � �

����� ����������� ����� ����� ����� QQ�& &ULQJ��

����� � ����� ����� ����� QQ�& &ULQJ��

����������� ����� ����������� ����� � QQDV�2�&��

����� ����� ����� ����� ����� QQ�& &ULQJ��

����������� ����� ����������� ����� ����� QQ�& &ULQJ��

����� ����� ����������� ����� � QQV�2�&��

����� ����� ����������� ����� ����������� QQ�&�1+���
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YLEUDWLRQ� DW� ����� FP��� LQ� WKH� VSHFWUD� RI� GLPHULF� FRPSOH[HV� LV� QRWLFHG��ZKLOH� WZR� IRU�

PRQRPHULF�EHQ]RDWH���DQG�WKUHH�IRU�DFHWDWH����)RXU�GLIIHUHQW�K\GURJHQ�ERQGV�LQ���PD\�

DOVR�SOD\�D�NH\�UROH�LQ�VSOLWWLQJ�RI�WKH�FDUER[\ODWH�DV\PPHWULF�DQG�V\PPHWULF�VWUHWFKLQJ�

YLEUDWLRQV� �)LJXUH�����7KH�DVVLJQDWLRQ�RI� WKH�FDUER[\ODWH�EDQGV� IRU��� �C�� ��FP��� � QDV�

������������QV������
��DQG�IRU�VROYDWH�DQDORJXH�RI����QDV�������QV������

���LV�FORVH�WR�

RXU�YDOXHV��%HFDXVH�RI� WKH�VLPLODULW\�WR�WKH�RWKHU�LQYHVWLJDWHG�FRPSRXQGV��ZH�DVVLJQHG�

WKH������FP���EDQG�LQ�WKH�VSHFWUXP�RI���DV�Q�& &ULQJ���

�

7KH� LQIOXHQFH� RI� WKH� FRPSRXQGV� RQ� IXQJDO� JURZWK��7KH� SUHOLPLQDU\� WHVWV� RQ� IXQJDO�

JURZWK� IRU� WKH� VSHFLHV� 7UDPHWHV� YHUVLFRORU� DQG�$QWURGLD� YDLOODQWLL� GLG� QRW� VKRZ� DQ\�

VLJQLILFDQW�UHWDUGDWLRQ�DFWLYLW\�IRU�WKH�LQYHVWLJDWHG�FRPSRXQGV��

�

$FNQRZOHGJHPHQWV��

7KH� ILQDQFLDO� VXSSRUW� RI� WKH� 0LQLVWU\� RI� (GXFDWLRQ�� 6FLHQFH� DQG� 6SRUW�� 5HSXEOLF� RI�

6ORYHQLD�� WKURXJK� JUDQW� 36��������� LV� JUDWHIXOO\� DFNQRZOHGJHG�� :H� WKDQN� 3URI�� )��

3RKOHYHQ�IRU�IXQJDO�DFWLYLW\�WHVWV��

�
5HIHUHQFHV�

�� )�+� $OOHQ DQG 2� .HQQDUG� &KHP� 'HV� $XWRP� 1HZV ����� �� ���
�� %�6� 0DQKDV� *�6� -ROO\� 1� .XPDU� $�.� *DQGRWUD� -� &KHP� 6FL� ����� �������

�� 5� *UREHOQ\� 7� *ORZLDN� -� 0UR]LQVNL� /� %U]R]ND� :� %DUDQ� 3� 7RPDVLN� 3ROLVK -� &KHP� ����� ���

��������

�� $�6� $QWVLVKNLQD� 0�$� 3RUDL�.RVKLWV� 9�1� 2VWULNRYD� '�$� *DUQRYVN\� $�3� 6DGLPHQNR� 2�$�

2VLSRY� .RRUG� .KLP� ����� ��� ��������

�� (�-� *DEH� <� /H 3DJH� -�3� &KDUODQG� )�/� /HH� -� :KLWH� -� $SSO� &U\VW� ����� ��� ��������

�� *�0� 6KHOGULFN� 6+(/;6���DQG 6+(/;/���� 3URJUDPV IRU 6ROXWLRQ DQG 5HILQHPHQW RI &U\VWDO
6WUXFWXUHV IURP 'LIIUDFWLRQ 'DWD� 8QLYHUVLW\ RI *|WWLQJHQ� *HUPDQ\� �����

�� &DPEULGJH &U\VWDOORJUDSKLF 'DWD &HQWUH� �� 8QLRQ 5RDG� &DPEULGJH &%� �(=� 8. �ID[� ���������
������� H�PDLO� GHSRVLW#FFGF�FDP�DF�XN�� 7KH FU\VWDOORJUDSKLF GDWD FDQ EH REWDLQHG RQ UHTXHVW� IUHH
RI FKDUJH� E\ TXRWLQJ WKH SXEOLFDWLRQ FLWDWLRQ DQG WKH GHSRVLWLRQ QXPEHU ������ DQG �������

�� 7� %HUJDQW� 0� 3HWULþ� )� 3RKOHYHQ� -� 5HEHUãHN DQG 3� âHJHGLQ� $FWD &KLP�6ORY�� ����� ��� ��������
�� 1� /DK� *� *LHVWHU� -� /DK� 3� âHJHGLQ� ,� /HEDQ� 1HZ -� &KHP� ����� ��� ��������
��� 1� /DK� /� *ROLþ� 3� âHJHGLQ� ,� /HEDQ� $FWD &U\VW� ����� &��� ����������
��� 0�5� 6XQGEHUJ� 5� 8JJOD� 0� 0HOQLN� 3RO\KHGURQ ����� ��� ����������
��� 5� <DQJ� '� :DQJ� <� +RX� %� ;XH� '� -LQ� /� &KHQ� %� /XR� $FWD &KHP� 6FDQG� ����� ��� ��������
��� %� .R]OHYþDU� 6� )DMIDU� 0� 3HWULþ� )� 3RKOHYHQ� DQG 3� âHJHGLQ� $FWD &KLP�6ORY� �� ������ ��������
��� .R]OHYþDU� 1� /DK� ,� /HEDQ� $� 0XUQ� .� 3RGOLSQLN� )� 3RKOHYHQ� 3� âHJHGLQ�� ± 6ORYHQVNL NHPLMVNL

GQHYL� 0DULERU ����� =ERUQLN UHIHUDWRY V SRVYHWRYDQMD� �������� &$ ��� � ������ �������

��� 6� $N\X]� 9LEU� 6SHFWURVF� ����� ��� ������
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3RY]HWHN

6LQWHWL]LUDQL VWD ELOL GYH HQRMHGUQL LQ GYH GYRMHGUQL NRRUGLQDFLMVNL VSRMLQL EDNURYHJD
EHQ]RDWD LQ DFHWDWD ] ��DPLQRSLULGLQRP� = UHQWJHQVNR GLIUDNFLMVNR DQDOL]R MH ELOD GRORþHQD
NULVWDOQD VWUXNWXUD REHK EHQ]RDWQLK VSRMLQ� 9 HQRMHGUQL EHQ]RDWQL REOLNL
>&X�2�&&�+�����DS\��@ ��DS\  ��DPLQRSLULGLQ� VR NRRUGLQLUDQL OLJDQGL Y WUDQV SRORåDMX

RNROL RVUHGQMHJD EDNURYHJD�,,� DWRPD� NMHU VR EHQ]RDWL DVLPHWULþQL NHODWL �&X ± 2 ���� LQ

���� 
�� 3R GUXJL VWUDQL GYRMHGUQR REOLNR >&X��2�&&�+�����DS\��@ SUHGVWDYOMD VWUXNWXUQL WLS

µPOLQVNHJD NROHVD¶ ] ��DPLQRSLULGLQRP� NL VH YHåH DNVLDOQR SUHNR SLULGLQVNHJD GXãLNRYHJD

DWRPD� 9VH VSRMLQH VR ELOH NDUDNWHUL]LUDQH V VWDQGDUGQLPL IL]LNDOQR�NHPLMVNLPL PHWRGDPL LQ

WHVWLUDQH ]D QMLKRYR ]DYLUDOQR DNWLYQRVW SUL UDVWL PLFHOLMD OHVQLK JOLY SLVDQH SORVNRFHYNH LQ

EHOH KLãQH JREH�
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