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6WXGLHV�RI�%ORFN��-RKQVRQ�DQG�6FKXO]��7KLV� VWXG\� ZDV� GRQH� LQ� ����� DQG� WKH\� FHQWUDOL]H�WKHLU�DQDO\VLV�RQ�WKH�FXUYH�RI�VHFXULWLHV�H[FKDQJH��,I�SRUWIROLR� LV� HIILFLHQW� PDUNHW�� D� OLQHDU� UHODWLRQ�EHZHHQ� %HWD� DQG� H[SHFWHG� UHYHQXH� DPRXQW� LV�FUHDWHG�ZKLFK�%ORFN��-RKQV�DQG�6FKXO]�ZHUH�DERXW�WR�WHVW�LW��7KH\�OLPLWHG�WKHLU�VDPSOHV�ZLWK�DOO�VWRFNV�WKDW� ZHUH� WUDQVDFWHG� LQ� 1HZ� <RUN� H[FKDQJH� IURP������ WR� ������ 7KH\� EHJDQ� WKHLU� VWXG\� WR� VXUYH\�SHULRGV� RI� ����� DQG� ����� DQG� XVHG� %HWD� IRU� DOO�H[LVWLQJ� VWRFNV� LQ� <HZ� <RUN� H[FKDQJH� WKDW� ZHUH�VKDUHG� HTXDOO\� DQG� WKHQ� WKH\� GLYLGHG� VWRFNV� EHLQJ�VWXGLHG�� IRU� WHQ� SRUWIROLR� �VWRFN� EDVNHW�� EDVHG� RQ�WKHLU� %HWDV�� ,Q� D� FDVH� WKDW� WHQ� SHUFHQW� RI� VWRFN�KDYLQJ�KLJKHVW�%HWD�ZDV�FRQVLGHUHG�LQ�SRUWIROLR�1R��� DQG� WHQ� SHUFHQW� RI� VWRFN� EHLQJ� DIWHU� WKH� ILVW� WHQ�SHUFHQW� ZDV� FRQVLGHUHG� DV� SRUWIROLR�1R�� �� DQG� WKH�VHTXHQFH� ZDV� UHSHDWHG� XS� WR� WKH� HQG� VR� WKDW� ���

SRUWIROLR� ZRXOG� EH� FRQVWUXFWHG�� ,Q� WKH� QH[W� VWDJH��WKH\� FDOFXODWHG� WKH� UHYHQXH� DPRXQW� RI� HDFK�SRUWIROLR�IRU����PRQWK�LQ������DQG�DW�WKH�HQG�RI�WKLV�\HDU�� WKH\� UHFDOFXODWHG�%HWD� IRU� DOO� H[LVWLQJ� VWRFNV�LQ� H[FKDQJH� IURP� SHULRGV� ����� WR� ����� DQG�FRPSRVHG� ��� SRUWIROLR� LQ� H[SODLQHG� RUGHU� DQG� GLG�WKLV� SURFHVV� IRU� DOO� \HDUV� IURP� ����� WR� ����� DQG�KHQFH�D� VHULHV�RI�PRQWKO\� UHYHQXH�ZHUH�FDOFXODWHG�IRU� WHQ� SRUWIROLR�� )RU� FDOFXODWLQJ� %HWD� RI� HDFK�SRUWIROLR��WKH�DPRXQW�RI�PDUNHW¶V�SRUWIROLR�UHYHQXH�ZHUH� FRQVLGHUHG� LQGHSHQGHQW� YDULDEOH� DQG� WKH�UHYHQXH� DPRXQWV� REWDLQHG� IRU� SRUWIROLR� GXULQJ�GLIIHUHQW� SHULRGV� ZHUH� FRQVLGHUHG� GHSHQGHQW�YDULDEOH�DQG�WKH�VORSH�RI�HTXDWLRQV�REWDLQHG�VKRZV�WKH�%HWD�RI�HDFK�SRUWIROLR��$OWKRXJK�WKH\�NHSW�WKHLU�VXUYH\V� IRU�YDULRXV�SHULRGV� IURP������WR������EXW�WKH�ZKROH�HVWLPDWHV�UHODWHG�WR�SHULRGV�IURP������WR������SUHVHQWHG�LQ�WKH�IROORZLQJ�GLDJUDP���

7KH� OLQNDJH�GLDJUDP�EHWZHHQ� UHYHQXH� DPRXQW� DQG�%HWD�7KH� SUHVHQWHG� FXUYH� LV� UHODWHG� WR� VHFXULWLHV�H[FKDQJH�FXUYH�RI�1HZ�<RUN�IRU�SHULRGV�RI������WR�������,I�LQYHVWRUV�FDQ�OHQG�DQG�ERUURZ�ORDQ�KDYLQJ�SURILW� DPRXQW� ZLWKRXW� ULVN�� WKH� HTXDWLRQ� RI�VHFXULWLHV�H[FKDQJH�FXUYH�ZRXOG�EH�DV�IROORZ��( �5L�  �(��5]� �EL >(��5P� ±�(��5]�@�,Q� WKH� DERYH� HTXDWLRQ�� (� �5L�� LV� WKH� DPRXQW� RI�H[SHFWHG� UHYHQXH� RI�PDUNHW� SRUWIROLR�� WKH� VORSH� RI�VHFXULWLHV� H[FKDQJH� FXUYH� REWDLQHG� E\� %ORFN��-RKQVRQ� DQG� 6FKXO]HTXDOV� ZLWK� �������� ZKLFK�VKRZV�WKDW�GXH�WR�WKH�PDUNHW�ULVN��������SHUFHQW�LV�IRU�HDFK�PRQWK�DQG�RU��������SHUFHQW�IRU�HDFK�\HDU��:KHUH� WKH� FXUYH� RI� VHFXULWLHV� H[FKDQJH� FURVVHV�YHUWLFDO� D[LV�� LW� LV� DVVXPHG� WKDW� WKH� HTXLYDOHQW� RI�UHYHQXH� DPRXQW� RI� ULVNOHVV� GHEHQWXUH� ZLWK� WKH�H[SHFWHG� UHYHQXH� DPRXQW�� DUH� SRUWIROLRV� KDYLQJ�]HUR� %HWD�� ,Q� VWXGLHV� RI� %ORFNV�� -RKQVRQ� DQG�6KXOH]��WKH�FXUYH�RI�VHFXULWLHV�H[FKDQJH�KDV�FURVVHG�YHUWLFDO� D[LV� LQ� DQ� LQWHUYDO� RI� ��������7KLV�GLIIHUHQFH� VKRZV� WKH� UHYHQXH� DPRXQW� HTXLYDOHQW������� IRU� HDFK�PRQWK� DQG� RU� ������ IRU� HDFK� \HDU��7KLV�QXPEHU� LV�FRQVLGHUDEO\�JUHDWHU� WKDQ� WKH�PHDQ�RI� ULVNOHVV� UHYHQXH� DPRXQW� DQG� LV� LQ� WKH� FRXUVH�RI�H[SHFWHG� SHULRG�� KHQFH� WKH\� FRQFOXGHG� WKDW� WKHLU�UHVXOWV� LV� LQ� DFFRUGDQFH� ZLWK� D� SLFWXUH� RI� &$30�0RGHO�LQ�ZKLFK�WKHUH�LV�SRVVLELOLW\�RI�OHQGLQJ�ZLWK�ULVNOHVV� LQWHUHVW� DPRXQW� EXW� ERUURZLQJ� ZLWK�

PHQWLRQHG� DPRXQW� LV� QRW� SRVVLEOH�� *HQHUDOO\�� WKH�DERYH� PHQWLRQHG� UHVXOWV� VXSSRUW� &$30� 0RGHO�VWURQJO\�� 7KHUH� LV� QR� HYLGHQFH� VKRZLQJ� WKH�VHFXULWLHV�H[FKDQJH�FXUYH�WR�EH�QRQOLQHDU�RU�LV�IHZ���6WXGLHV�RI�%ORFN��-RKQVRQ�DQG�6NLQQHU��%,6���([DFW�VWXGLHV�KDYH�EHHQ�GRQH�RQ�FRPPRQ�VWRFN�RI�DFFHSWHG�HQWHUSULVHV�LQ�VHFXULWLHV�H[FKDQJH�RI�1HZ�<RUN� IRU� D� SHULRG� RI� ��� \HDUV�� )LUVW�� WKH� VWRFN�UHYHQXH� DQG� SRUWIROLR� UHYHQXH� RI� DFFHSWHG�HQWHUSULVHV¶� PDUNHW� LQ� 1HZ� <RUN� VHFXULWLHV�H[FKDQJH� ZDV� FDOFXODWHG�� 7KHQ� WKH\� FDOFXODWHG�V\VWHPDWLF�ULVN�E\�DSSO\LQJ�WKH�IROORZLQJ�IRUPXOD��
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7KH� VWXG\� VKRZHG� WKDW� WKHUH� ZDV� QR� FRQQHFWLRQ�EHWZHHQ�ULVN�DQG�VHFXULWLHV�UHYHQXH��LQ�RWKHU�ZRUGV��ILUPV� WKDW� KDGQ¶W� KDG� KLJKHU� VWRFN� UHYHQXH�� IDFHG�ZLWK�KLJKHU�ULVN��
6WXGLHV�RI�.LQJ�
.LQJ� EDVHG� KLV� VWXGLHV� RQ� WKH� GLIIHUHQFHV� DPRQJ�YDULRXV� LQGXVWULHV�� +H� GLYLGHG� ��� JURXSV� RI�HQWHUSULVHV¶� VWRFNV� LQ� VL[� LQGXVWULDO� JURXSV� DQG�
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VWXGLHG�WKHLU�UHYHQXH�LQ�D�SHULRG�RI����\HDUV�������������� $W� ILUVW�� .LQJ� EHJDQ� WR� GHWHUPLQH� PDUNHW�HIIHFWV� RQ� FRPPRQ� LQWHUHVW� UHYHQXH� DQG� WKHQ�FRQWLQXHG� KLV� UHVHDUFKHV� IRU� WKLV� SHULRG� VR� DV� WR�NQRZ� ZKHWKHU� WKHUH� LV� VRPHWKLQJ� DV� DQ� DJHQW� RI�DIIHFWLYH� LQGXVWU\� WR� WKH� RWKHU� UHYHQXH� RU� QRW�� %\�DSSO\LQJ� WKH� FOXVWHUHG� PHWKRG� RI� DQDO\VLV�� KH�FRQFOXGHG�WKDW�WKH�VWRFN�UHYHQXH�LQ�IDFW�LV�DIIHFWHG�E\�LQGXVWU\��.LQJ�FRQFOXGHG�WKDW����SHUFHQW�RI�HDFK�VWRFN¶V� YDULDEOH� GHSHQGV� RQ� WKH� PDUNHW� IDFWRU� DQG�FDQ� UHODWH� ���� RI� UHYHQXH� YDULDEOH� WR� LQGXVWU\�IDFWRU��
6WXGLHV�RI�)HUDO���
/LNH�.LQJ��)HUDO�FRQVLGHUHG�IDFWRUV�RI�LQGXVWU\��+H�VWXGLHG����� IRU� D�SHULRG�RI��� \HDUV� ������±�������DQG�ILUVW�HOLPLQDWHG�PDUNHW�IDFWRU�DQG�WKHQ�VWXGLHG�D�SRUWLRQ�RI�VWRFNV¶�UHYHQXH�UHODWHG�WR�QRQV\VWHPDWLF�ULVN�YLD�FOXVWHU�DQDO\VLV�DQG�FRQFOXGHG�WKDW�����RI�VWRFN� UHYHQXH� LV� LQ� FRQQHFWLRQ� ZLWK� PDUNHW� IDFWRU�DQG� LQYHVWPHQW�PXVW�EH�PDGH� LQ� YDULRXV� VWRFNV�RI�GLIIHUHQW� ILUPV� LQ� LQGXVWULHV� WR� HOLPLQDWH� WKH�QRQV\VWHPDWLF�ULVN��
6WXGLHV�RI�5XOH��
�5XOH� EHOLHYHG� WKDW� GLIIHUHQW� LQGLFDWRUV� VKRXOG� EH�XVHG�IRU�FDOFXODWLQJ�%HWD�VLQFH�LQ�WKLV�FDVH��WKH�UDWH�RI�FRUUHODWLRQ�ZRXOG�EH�GLIIHUHQW�DV�ZHOO��7KHUHIRUH�WKH� FDOFXODWLRQ� RI� %HWD� GHSHQGV� RQ� WKH� NLQG� RI�VHOHFWHG� LQGH[�� 7R� ILQG� DSSURSULDWH� LQGH[� IRU�FDOFXODWLQJ�%HWD��5XO�DSSOLHG�&563��SDUDOOHO�LQGH[�DQG� 1(6(�� SDUDOOHO� LQGH[� DV� UHSODFHPHQWV� IRU�SRUWIROLR�RI�PDUNHW�DQG�WKH�UHVXOWV�RI�VWXG\�VKRZHG�WKDW�VHOHFWLQJ�NLQG�RI�LQGH[�FDQ�KDYH�PRUH�HIIHFW�RQ�WKH� DPRXQW� RI� %HWD� DQG�$OID�� 7KH� UHVHDUFK� ZKLFK�KDG� EHHQ� GRQH� E\� 'U�� $OL� -DKDQNKDQL� RQ�³V\VWHPDWLF� ULVN´� DQG� SXEOLVKHG� LQ� HDUO\� VSULQJ� RI������LQ�ILQDQFLDO�UHVHDUFKHV��
� FHQWHU�IRU�UHVHDUFK�LQ�VHFXULW\�SULFHV�
� 1HZ�<RUN�6WRFNV�([FKDQJH�
,Q� DQ� LQWHUYDO� IURP� -DQXDU\� ����� WR� 'HFHPEHU������� IRU� D� SHULRG� RI� ��� \HDUV�� WKH� UHVHDUFK�H[DPLQHG� VWDELOLW\� RI� V\VWHPDWLF� ULVN� LQ� D� VDPSOH�FRQWDLQLQJ� ���� FDVHV� IURP� H[LVWLQJ� HQWHUSULVHV� LQ�UHVHDUFK�FHQWHU�RI�VHFXULWLHV�H[FKDQJH��7KH�UHVHDUFK�VKRZHG�WKDW�WKHUH�LV�OLQHDU�UHODWLRQVKLS�EHWZHHQ�ULVN�DQG� UHYHQXH� DQG� DOVR�� WKH� UHVXOWV� RI� WKLV� UHVHDUFK�HPSKDVL]HG� RQ� ³GLYHUVLI\LQJ� PRUH� SRUWIROLRV� WKDW�OHDG�WR�WKH�VWDELOLW\�RI�%HWD�FRHIILFLHQW´��7KH�WKHVLV�ZKLFK� KDV� EHHQ� ZULWWHQ� E\� %DEDN� ±� 7H\PXUSRXU��HQWLWOHG�VXUYH\LQJ�WKH�UHODWLRQVKLS�EHWZHHQ�ULVN�DQG�UHYHQXH�LQ�7HKUDQ�VHFXULWLHV�H[FKDQJH�������������LQ� ����� XQGHU� WKH� JXLGDQFH� RI� $KPDGUH]D� -DODOL�1D\LQL� LQ� IDFXOW\� RI� PDQDJHPHQW� RI� 7HKUDQ�8QLYHUVLW\��7KH�DLP�RI�FDSLWDO�PDUNHWV�LV�WR�WUDQVIHU�IXQGV�EHWZHHQ�OHQGHUV�DQG�ERUURZHUV�HIILFLHQWO\��7R�EH� HIILFLHQW�� WKH� FDSLWDO� VSHFLILFDWLRQ�PXVW� SURYLGH�LQYHVWPHQWV� KDYLQJ� KLJKHU� VRFLDO� UHYHQXH� DQG�DVVLJQ� FDSLWDO� WR� LQYHVWPHQWV� ZKLFK� VWDQG� LQ�QHJDWLYH� VWDWXV�� ,Q� VSHFLI\LQJ� HIIHFWLYH� UHVRXUFHV��WKH�PDUNHW� VKRXOG� EH� DEOH� WR� GHWHUPLQH� WKH� VWRFNV�SULFH�RI�DQ�HQWHUSULVH�EDVHG�RQ�HVVHQWLDO�IDFWRUV�OLNH�

UHYHQXH� DQG� ULVN� LQYROYHG� LQ� GHWHUPLQLQJ� SUHVHQW�YDOXH�� ,Q� WKLV� FDVH�� H[LVWLQJ� IXQGV� IRU� WKH� ILUPV�XWLOL]LQJ�UHVRXUFHV�LQ�SURSHU�ZD\�ZLOO�EH�DFFHVVLEOH�HDVLO\��)RU�PDUNHW�HIILFLHQF\��LQYHVWRUV�PXVW�EH�DEOH�WR� HVWLPDWH� WKH� ULVN� RI� DQ\� DVVHW� EDVHG� RQ�DSSURSULDWH� FULWHULD� DQG� SURFHHG� WR� VHOHFW� WKHLU�VXEVWDQWLDO�SRUWIROLR�ZLWK�UHJDUG�WR�UHYHQXH�DQG�ULVN�RI� YDULRXV� DVVHWV� RI� WKHLU� RZQ� XWLOLWDULDQ�� +HQFH��H[LVWHQFH� RI� DSSURSULDWH� FULWHULD� IRU� ULVN�PHDVXUHPHQW�LV�QHFHVVDU\��,Q�DQ�HIILFLHQW�PDUNHW�LQ�ZKLFK� WKH� SDVW� LQIRUPDWLRQ� DQG� DQ\� JHQHUDO�LQIRUPDWLRQ� LQ� SULFHV� DUH� UHIOHFWHG�� LW� LV� H[SHFWHG�WKDW�WKH�SULFH�RI�VHFXULWLHV�EH�DSSUR[LPDWHO\�FORVH�WR�LWV� UHDO� YDOXH� DQG� UHIOHFW� WKH� UHYHQXH� DQG� ULVN� RI�VHFXULWLHV�� 0HDQZKLOH�� GHWHUPLQLQJ� UHDO� ULVN� RI�VWRFNV� LV� RQH� RI� WKH� HVVHQWLDO� HOHPHQWV� LQ�PDQDJHPHQW� RI� VHFXULWLHV�� 7KLV� UHVHDUFK� EHLQJ�FRQGXFWHG� RQ�PRQWKO\� FHQVXV� RI� 7HKUDQ� H[FKDQJH�VHHNV� WR� GLVFRYHU� UHODWLRQVKLS� EHWZHHQ� ULVN� DQG�VWRFN� UHYHQXH� LQ�7HKUDQ� H[FKDQJH�PDUNHW� LQ�RUGHU�WR� REWDLQ� DSSURSULDWH� FULWHULD� IRU� SULFLQJ� VWRFNV�HIILFLHQWO\�� � 7KHRUHWLFDO� EDVLV� RI� UHVHDUFK� LV� WKH�PRGHO� RI� SULFLQJ� FDSLWDO� DVVHW� �&$30�� DQG� WKHRU\�RI� SURILWDEOH� SULFLQJ� �$37�� DQG� WKH� H[SHULPHQWDO�PRGHO� RI� PDUNHW� LV� XVHG� IRU� HVWLPDWLRQ�� $OVR�LQYHVWLJDWLQJ� WKH� QRQ�OLQHDULW\� RI� ULVN� UHODWLRQVKLS�DQG�UHYHQXH�LV�LQ�WKH�FRQWH[W�RI�VWXG\��
5LVN��
3RVVLELOLW\� RI� YDOXH� GHYLDQFH� RI� D� YDULDEOH� WRZDUG�H[SHFWHG� YDOXH� RU� LQ� RWKHU� ZRUGV�� WKH� ULVN� LV� WKH�SRVVLELOLW\� RI� YDU\LQJ� UHDO� UHYHQXH� IURP� H[SHFWHG�UHYHQXH�� ,Q� D� JHQHUDO�GLYLVLRQ�� ULVN� FDQ�EH�GLYLGHG�LQWR� WZR� JURXSV� RI� V\VWHPDWLF� ULVN� �XQDYRLGDEOH��DQG�QRQV\VWHPDWLF��DYRLGDEOH���ZKLFK�PHDQV��
1RQV\VWHPDWLF�ULVN���V\VWHPDWLF�ULVN� �WRWDO�ULVN�
6\VWHPDWLF�ULVN��
6\VWHPDWLF� ULVN� LV� RQH� WKDW� LV� PDGH� DV� D� UHVXOW� RI�WRWDO� IDFWRUV� RI� PDUNHW� DIIHFWLQJ� SULFH� RI� DOO�VHFXULWLHV� LQ� D� ILQDQFLDO� PDUNHW�� ,W¶V� FDOOHG� PDUNHW�ULVN� VLQFH� WKLV� ULVN� LV� LQ� FRQQHFWLRQ� ZLWK� JHQHUDO�VLWXDWLRQ� RI� PDUNHW� DQG� GHULYHG� IURP� PDUNHW�YDFLOODWLRQ� DQG� LV� QRW� FRQWUROODEOH� IRU� FHUWDLQ�HQWHUSULVH�RU�LQGXVWU\���
1RQV\VWHPDWLF�ULVN��
$VVHW�ULVN�RULJLQDWLQJ�IURP�VLWXDWLRQ�DQG�FKDQJH�LQ�FHUWDLQ� FLUFXPVWDQFHV� RI� DQ\� VWRFN� RU� VHFXULWLHV�ZKLFK� LV� RPLVVLEOH� DQG� SURQH� WR� UHGXFH� DQG� LV�NQRZQ�DV�UHGXFLQJ�ULVN�DV�ZHOO��
�3RUWIROLR��
7KH� VDPH� DV� VWRFN� ILOH� FRQVLVWLQJ� FRPSRXQGV� RI�FRPSOH[� DVVHWV�� QRQV\VWHPDWLF� ULVN� FDQ� EH� RPLWWHG�E\�GLYHUVLILFDWLRQ�LQ�LQYHVWPHQWV��
([SHFWHG�UHYHQXH��
(TXDOZLWK� H[SHFWHG� UHYHQXH� RI� PDUNHW� IRU�LQYHVWPHQW�ZLWKRXW�ULVN�DQG�ULVN�LWVHOI��
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&DSLWDO�$VVHW�3ULFLQJ�0RGHO��&$30���
&$30�LV�DQ�DFFHSWHG�PRGHO�LQ�DVVHWV¶�LQGXVWU\�DQG�LWV�DLP�LV�WR�VKRZ�UHODWLRQ�EHWZHHQ�ULVN�DQG�UHYHQXH�RI� DQ� LQYHVWPHQW�� RU� PRGHO� RI� ULVN� YDOXDWLRQ� RI�FDSLWDO�DVVHWV��
%HWD�FRHIILFLHQW������
%HWD�FRHIILFLHQW���� PHDVXUHV�V\VWHPDWLF�ULVN�DQG�LW�FDQ� EH� VDLG� WKDW� LW� FRQVLVW� RI� IULFWLRQ� FULWHULD� RI�PDUNHW� SULFH� RI� VWRFN� WRZDUG� WKH� DPRXQW� RI�SRUWIROLR�UHYHQXH��
2EMHFWLYHV�RI�VWXG\��
([SHUWV� RI� ILQDQFLDO� DIIDLUV� DQG� DFDGHPLF� WKHRULVWV�KDYH� WULHG� WR� VSHFLI\� WKH� UHODWLRQ�EHWZHHQ� ULVN� DQG�UHYHQXH� DPRXQW� RI� VHFXULWLHV�� 2QH� RI� WKHVH�FKDOOHQJHV� LV� D� UHVHDUFK� FRQGXFWHG� E\� 6KDUS�� %\�LQWURGXFLQJ�&$30��+H�DVVXPHG�WKDW�WKHUH�LV�OLQHDU�DQG�VLPSOH�FRQQHFWLRQ�EHWZHHQ�V\VWHPDWLF�ULVN�DQG�VHFXULW\� UHYHQXH�� 7KLV� WKHRU\� KDV� EHHQ� WHVWHG� DQG�DSSURYHG�LQ�VRPH�FRXQWULHV��6LQFH�WKH�LQYHVWRU�SD\V�VSHFLDO� DWWHQWLRQ� WR� ULVN� DQG� UHYHQXH� LQ� GHFLVLRQ�PDNLQJ� SURFHVV� DQG� VWHSV� WRZDUG� LQYHVWPHQW�FRQVLGHULQJ� WKHVH� WZR� IDFWRUV�� WKHUHIRUH� LW� FDQ� EH�VDLG� WKDW� WKH� PDLQ� SXUSRVH� RI� WKLV� UHVHDUFK� LV� WR�DVVLVW�VHFXULW\�H[FKDQJH�LQYHVWRUV�RI�7HKUDQ�VR�DV�WR�LQYHVW�LQ�DVVHWV�RI�PRUH�UHYHQXH�DQG�OHVV�ULVN�DQG�LQ�WKLV�ZD\�LQFUHDVH�WKHLU�SURSHUWLHV��7KHQ��WKH�VHFRQG�DLP� RI� VWXG\LQJ� WKH� LVVXH� LQ� ZKLFK� LQYHVWRUV� FDQ�GHWHUPLQH�WKHLU�H[SHFWHG�UHYHQXH�IRU�VHFXULWLHV�DQG�DOVR�SUHGLFW�WKHLU�QH[W�LQYHVWPHQW�UHYHQXH�EDVHG�RQ�H[LVWLQJ�LQIRUPDWLRQ�LQ�H[FKDQJH��
5HVHDUFK�K\SRWKHVHV��
0DLQ�K\SRWKHVLV��
7KHUH� LV�FRUUHODWLRQ�EHWZHHQ�H[SHFWHG�UHYHQXH�DQG�UHDO�UHYHQXH�RI�VWRFNV�REWDLQHG�E\�DSSO\LQJ�&$30�PRGHO�LQ�7HKUDQ�VHFXULW\�PDUNHW��
6HFRQGDU\�K\SRWKHVLV��
7KHUH� LV� FRUUHODWLRQ� EHWZHHQ� V\VWHPDWLF� ULVN� DQG�VWRFNV� UHYHQXH� REWDLQHG� IURP� DSSO\LQJ� &$30� LQ�VHFXULWLHV�PDUNHW��
5HVHDUFK�PHWKRG��
'HGXFWLYH�LQGXFWLYH� PHWKRG� ZDV� DSSOLHG� LQ� WKLV�UHVHDUFK�� 7KH� WKHRUHWLFDO� IUDPHZRUN� DQG�EDFNJURXQG�RI�UHVHDUFK�LV�FRQGXFWHG�LQGXFWLYHO\�DV�LQ� IRUPV� RI� OLEUDU\�� DUWLFOHV� DQG� LQWHUQHW�� DQG�FROOHFWLQJ� LQIRUPDWLRQ� IRU� UHMHFWLQJ� RU� DSSURYLQJ�WKH�K\SRWKHVLV�WHVW�LV�FRQGXFWHG�DV�GHGXFWLYH��$OVR��WKLV�UHVHDUFK�ZLOO�EH�RI�DQDO\WLF�DQG�DSSOLHG�RQH��
0HWKRG�RI�GDWD�FROOHFWLRQ��
2EWDLQLQJ� WKH� LQIRUPDWLRQ� IRU� WKLV� UHVHDUFK� WR�FDOFXODWH� DQG� WHVW� LW� KDV� EHHQ� SHUIRUPHG� E\� XVLQJ�H[LVWLQJ� GDWD� LQ� ILQDQFLDO� VWDWHPHQW� UHSRUWV� RI�VHFXULW\�H[FKDQJH��

'DWD�DQDO\VLV��
&DOFXODWLQJ�WKH�UHYHQXH�RI�FRPPRQ�VWRFNV�
%\� DSSO\LQJ� UHODWLRQV� SUHVHQWHG� LQ� WKLUG� FKDSWHU��VWRFN� UHYHQXH� KDV� EHHQ� FDOFXODWHG� DQQXDOO\� IRU�
XQGHU�UHVHDUFKHG� ILUPV�DQG� WKHQ� WKHLU�DYHUDJH� K4KDV�EHHQ�REWDLQHG�IRU���\HDUV��
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5L 7KH� UHYHQXH� DPRXQW� PHDQ� RI� VWRFNV� LQ� ILYH�
\HDUV��
&DOFXODWLQJ�WKH�SRUWIROLR�UHYHQXH�RI�PDUNHW�
7KH�UHYHQXH�RI�PDUNHW�SRUWIROLR�KDV�EHHQ�REWDLQHG�
DQQXDOO\�WKURXJK�WKH�IROORZLQJ�FRQQHFWLRQ��
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,Q�ZKLFK���
5P �PDUNHW�SRUWIROLR�UHYHQXH�
5L WKH�UHYHQXH�DPRXQW�RI�ILUP�VWRFNV��
1 � QXPEHU� RI� VKDUHV� LQ� WKH� FRXUVH� RI� DOO� VDPSOH�
HQWHUSULVHV�
$QG�Q �WKH�QXPEHU�RI�VDPSOH�HQWHUSULVHV�
5HODWHG�FDOFXODWLRQV�KDYH�EHHQ�GRQH�DQG�SUHVHQWHG��
7KH� IROORZLQJ� FKDUW� VKRZV� WKH� PDUNHW� SRUWIROLR�
UHYHQXH�IRU�UHVHDUFKHG�SHULRG��
7KH�FKDUW�RI�PDUNHW¶V�SRUWIROLR�UHYHQXH��5P��

URZ \HDU 5P
� ���� ������
� ���� ������
� ���� ������
� ���� ������
� ���� ������

&DOFXODWLRQ�RI�V\VWHPDWLF�ULVN�
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7KH� V\VWHPDWLF� ULVN� FDOFXODWLRQ �
 KC KDV� EHHQ�
FDOFXODWHG�E\�KROGLQJ�UHYHQXH�RI�VWRFNV� K4 DQG�WKH�
UHYHQXH� RI�PDUNHW� SRUWIROLR� O4 DQG� E\� XVLQJ� WKH�
FRQQHFWLRQ� SUHVHQWHG� LQ� WKLUG� FKDSWHU�� IURP� WKH�UDWLRQ� RI� FRYDULDEOH� EHWZHHQ� VWRFNV¶� UHYHQXH� DQG�SRUWIROLR� UHYHQXH� RI� PDUNHW� GLYLGHG� E\� UHYHQXH�YDULDEOH�RI�PDUNHW�SRUWIROLR� IRU�HDFK�HQWHUSULVH� IRU�� \HDUV���
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,I�WKH�UHYHQXH�RI�PDUNHW�UHYHQXH� O4 LV�UHSODFHG�E\�
; DQG� WKH� UHYHQXH� RI� VWRFNV� K4 UHSODFHG� E\�<� LQ�
WKH� DERYH� UHODWLRQ�� WKH� UHODWLRQ� ZLOO� EH� DV� IROORZ��5DHH�� 5H]D� DQG� 7DODQJKL�� $KPDG�� ������ SDJH�������
�

&DOFXODWLRQ�RI�H[SHFWHG�UHYHQXH�
7KH�H[SHFWHG�UHYHQXH�KDV�EHHQ�FDOFXODWHG�DQQXDOO\��5HW�� E\� XVLQJ� UHODWLRQVKLS� SUHVHQWHG� LQ� WKLUG�FKDSWHU�� IRU� XQGHU� UHVHDUFK� HQWHUSULVHV� DQG� WKHQ�WKHLU�PHDQ��5H��KDV�EHHQ�REWDLQHG�IRU���\HDUV��
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5H � WKH� PHDQ� RI� H[SHFWHG� UHYHQXH� DPRXQW� RI�VWRFNV�LQ�ILYH�\HDUV��
7HVWLQJ�UHVHDUFK�WKHRU\��
)RU� WHVWLQJ� WKHVH� WKHRULHV� DQG� H[DPLQLQJ� WKH�UHODWLRQVKLS� EHWZHHQ� V\VWHPDWLF� ULVN� DQG� H[SHFWHG�UHYHQXH� ZLWK� FRPPRQ� VWRFNV� UHYHQXH�� 5HJUHVVLRQ�DQDO\VLV� LV� XVHG� ILUVW�� DQG� WKHQ� IRU� H[DPLQLQJ� WKH�LQWHQVLW\� DQG� UDWH� RI� FRUUHODWLRQ�� WKH� 3LHUVRQ¶V�FRHIILFLHQW� RI� FRUUHODWLRQ� DQG� GHWHUPLQDQW�FRHIILFLHQW� DUH� FDOFXODWHG�� )RU� WHVWLQJ� K\SRWKHVLV�DQG� GRLQJ� FDOFXODWLRQV�� 6366� VRIWZDUH� KDV� EHHQ�XVHG��1RUPDOLW\�RI�GDWD�LV�H[DPLQHG�EHIRUHKDQG��
([DPLQLQJ�GDWD�QRUPDOLW\��
:LWK�UHJDUG�WR�WKH�LPSRUWDQFH�RI�QRUPDOLW\�DQG�ODFN�RI�UHPRWH�SRLQWV��ZD\V�RI�GLVFRYHULQJ�UHPRWH�SRLQWV�DQG� H[DPLQLQJ� QRUPDOLW\� RI� GDWD� ZHUH� GRQH���5HVXOWV� RI� .ROPRJRURY� DQG� 6PLUQRII� ZKLFK� ZHUH�XVHG� IRU� WHVWLQJ� GDWD� QRUPDOLW\�� LV� VLJQLILFDQW� RI�QRUPDOLW\�IRU�WKH�ILUVW�GDWD��
,Q�IDFW��WKH�IROORZLQJ�WKHRU\�KDV�EHHQ�WHVWHG��
+���GDWD�DUH�QRUPDO�
+���GDWD�DUH�QRW�QRUPDO�
7KH� DPRXQW� RI� $V\PS� VLJQLILFDQW� OHYHO� HTXDOHG�ZLWK�������ZKLFK�LV�JUHDWHU�WKDQ� ���� �LQ�FHUWDLQ�OHYHO�������DQG�WKHUHIRUH�]HUR�WKHRU\�LV�QRW�UHMHFWHG�DQG� GDWD� DUH� QRUPDO�� &RQVLGHULQJ� WKDW� H[DPLQLQJ�QRUPDOLW\� RI� GHSHQGHQW� YDULDEOH� LQ� 5HJUHVVLRQ� LV�LPSRUWDQW� KHQFH� RQO\� QRUPDOLW\� KDV� EHHQ� DSSO\LQJ�IRU�WKDW��
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7HVWLQJ�PDLQ�K\SRWKHVLV������$V\PS��6LJQLILFDQW�/HYHO�7KH�PDLQ�WKHRU\�RI�UHVHDUFK�LV�SUHVHQWHG�DV�IROORZ��+��� WKHUH� LV� QR� FRUUHODWLRQ� EHWZHHQ� H[SHFWHG�UHYHQXH� DQG� UHDO� UHYHQXH� RI� VWRFNV� UHVXOWHG� IURP�DSSO\LQJ�&$30�0RGHO�LQ�7HKUDQ�VHFXULWLHV�PDUNHW���+��� WKHUH� LV� FRUUHODWLRQ� EHWZHHQ� H[SHFWHG� UHYHQXH�DQG�VWRFNV¶�UHYHQXH�UHVXOWHG�IURP�DSSO\LQJ�&$30�

0RGHO�LQ�7HKUDQ�VHFXULW\�PDUNHW���6LQFH� WKH� DLP� RI� VWXG\� LV� WKH� UDWH� RI� UHODWLRQVKLS�EHWZHHQ� WZR� TXDQWLWDWLYH� YDULDEOHV�� 3LHUVRQ¶V�FRUUHODWLRQ�WHVWV�DQG�5HJUHVVLRQ¶V�VLPSOH� OLQHDU�DUH�XVHG��)LUVW�WKH�VLPSOHVW�DQG�PRVW�HIILFLHQW�PHWKRG�LV�WKH� XVH� RI� WUDQVPLWWDO� GLDJUDP��%HFDXVH� XVLQJ� WKLV�GLDJUDP� VKRZV� WKH� ZKROH� LGHD� DERXW� WKH� NLQG� RI�UHODWLRQVKLS�EHWZHHQ�WZR�YDULDEOHV���

5HJUHVVLRQ���7KH�]HUR�DQG�RSSRVLWH�WKHRU\�ZDV�WHVWHG�DV�IROORZ��+���WKHUH¶V�QR�VLJQLILFDQW�UHODWLRQ�+���WKHUH¶V�VLJQLILFDQW�UHODWLRQ�&RQVLGHULQJ� WKDW� WKH� 5�� DPRXQW� HTXDOV� ������ DQG�WKH�VLJQLILFDQW�OHYHO�DPRXQW�RI�)�HTXDOV�ZLWK�������EHFDXVH�LW¶V�VPDOOHU�WKDQ�� WKH�]HUR� WKHRU\� LV� UHMHFWHG�DQG�VKRZV� WKDW� WKHUH¶V�VLJQLILFDQW�UHODWLRQ�LQ�YLHZ�RI�OLQHDU� ���� 7KH� IROORZLQJ� DVVXPSWLRQV� FDQ� EH� GRQH� E\� XVLQJ�VPDOO�W�VWDWLVWLFV��
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4XDQWLWLHV� KDYH� EHHQ� REWDLQHG� WKDW� VWDQGV� LQ�UHMHFWLRQ�]RQH�RI�]HUR� WKHRU\��7KHUHIRUH�� WKH�ZLGWK�IURP�RIIVHW�DQG�OLQHDU�VORSH�LV�VLJQLILFDQW��7KHQ��WKH�PRGHO�LV�ZULWWHQ�DV�IROORZ��6WRFNV¶� UHYHQXH�  � ������ �� ������ 
� �H[SHFWHG�UHYHQXH���

7HVW�RI�VHFRQGDU\�WKHRU\��7KH� VHFRQGDU\� K\SRWKHVLV� RI� UHVHDUFK� LV� DOVR�SUHVHQWHG�KHUHXQGHU��
+���WKHUH�LV�QR�FRUUHODWLRQ�EHWZHHQ�V\VWHPDWLF�ULVN�DQG� UHDO� UHYHQXH� RI� VWRFNV� UHVXOWHG� IURP� DSSO\LQJ�&$30�0RGHO�LQ�7HKUDQ�VHFXULWLHV�PDUNHW��
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+���WKHUH�LV�FRUUHODWLRQ�EHWZHHQ�V\VWHPDWLF�ULVN�DQG�UHDO� UHYHQXH� RI� VWRFNV� UHVXOWHG� IURP� DSSO\LQJ�&$30�0RGHO�LQ�7HKUDQ�VHFXULW\�PDUNHW��%HFDXVH� WKH� DLP� LQ� WKLV� WHVW� LV� DOVR� H[DPLQLQJ� WKH�
UHODWLRQ� EHWZHHQ� WKH� WZR� TXDQWLWDWLYH� YDULDEOHV��WKHUHIRUH�� WUDQVPLWWDO� GLDJUDP� LV� XVHG�� %HFDXVH�XVLQJ�WKLV�GLDJUDP�VKRZV�ZKROH�LGHD�DERXW�WKH�NLQG�RI�OLQN�EHWZHHQ�WKH�WZR�YDULDEOHV���

5HJUHVVLRQ�7KH� =HUR� DQG� RSSRVLWH� K\SRWKHVLV� DUH� WHVWHG� DV�IROORZ��+���WKHUH�LV�QR�VLJQLILFDQW�UHODWLRQ�+���WKHUH�LV�VLJQLILFDQW�UHODWLRQ�&RQVLGHULQJ� WKDW� WKH� TXDQWLW\� RI� 5�� HTXDOV� ZLWK������ DQG� WKH� VLJQLILFDQW� OHYHO� RI� )� TXDQWLW\� HTXDOV��������EHFDXVH�LW�LV�VPDOOHU�WKDQ������ 7KH�]HUR�K\SRWKHVHVDUH�UHMHFWHG�DQG�VKRZ�WKDW�WKHUH�LV�VLJQLILFDQW�UHODWLRQ�LQ�YLHZ�RI�OLQHDU��7KH� IROORZLQJ� K\SRWKHVLV� FDQ� EH� GRQH� E\� XVLQJ�VPDOO�W�VWDWLVWLFV���
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�4XDQWLWLHV�ZHUH�REWDLQHG�WKDW�DUH�SODFHG�LQ�UHMHFWLRQ�]RQH� RI� K\SRWKHVLV�� WKHUHIRUH� WKH� ZLGWK� LV�VLJQLILFDQW� IURP� WKH� VWDUW� DQG� OLQH� VORSH�� 7KHQ� WKH�PRGHO�LV�ZULWWHQ�DV�IROORZ��5HYHQXH�RI�VWRFNV� ���������������
��%HWD��7HVW�RI�K\SRWKHVLV�E\�XVLQJ�3LHUVRQ¶V�FRUUHODWLRQ��³7KHUH� LV� VLJQLILFDQW� UHODWLRQ� EHWZHHQ� V\VWHPDWLF�ULVN� DQG� UHYHQXH� RI� VWRFNV�´� %\� XVLQJ� 3LHUVRQ¶V�FRUUHODWLRQ� WHVW� �+�� IRU� WKH� WZR� TXDQWLWDWLYH�YDULDEOHV��� WKH� ]HUR� K\SRWKHVLV� DQG� RSSRVLWH�K\SRWKHVLV�EHORZ�DUH�WHVWHG���

+���7KHUH�LV�QR�OLQHDU�OLQN�EHWZHHQ�V\VWHPDWLF�ULVN�DQG�UHDO�UHYHQXH�RI�VWRFNV��+���7KHUH�LV�OLQHDU�OLQN�EHWZHHQ�V\VWHPDWLF�ULVN�DQG�WKH�UHDO�UHYHQXH�RI�VWRFNV���� �� �\[+ S
� �� �� y\[+ S

7KH� GHWHUPLQDQW� FRHIILFLHQW� REWDLQHG� LQ� VHFRQGDU\� WHVW�� ������ EHLQJ� LWV� TXDQWLW\�� WKH� FRHIILFLHQW� RI�
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FRUUHODWLRQ� REWDLQHG� LV� US�  � ����� �7KH� VTXDUH� RI�GHWHUPLQDQW� FRHIILFLHQW�� ZKLFK� VKRZV� WKDW� WKHUH� LV�FRUUHODWLRQ� EXW� SHUKDSV� WKHUH� LVQ¶W� VR�� 7KHUHIRUH��K\SRWKHVLV� +�� LV� UHMHFWHG� DQG� +�� K\SRWKHVLV� LV�DFFHSWHG�� 0HDQLQJ�� WKHUH� LV� FRUUHODWLRQ� EHWZHHQ�V\VWHPDWLF�ULVN�DQG�UHDO�UHYHQXH�RI�VWRFNV���&RQFOXVLRQ�6LQFH� WKH� SRVVLELOLW\� RI� UHMHFWLQJ� WKH� VWUXFWXUHG�PRGHOV¶� FRHIILFLHQWV� LV� ]HUR��KHQFH� WKH�PRGHO�ZLWK�LWV� ZKROH� WKHRULHV� LQ� ERWK� WHVWV� VLJQLILFDQWO\�DSSURYHG�����DQG� WKH� OLQN�EHWZHHQ� WKH�GHSHQGHQW�YDULDEOH� DQG� GHVFULSWLYHYDULDEOH� RI� PRGHO� LV�
DFFHSWHG�� PHDQLQJ�� EHWZHHQ� VWRFN� UHYHQXHV� K4 �
ZLWK�H[SHFWHG�UHYHQXH��5H��DQG�V\VWHPDWLF�ULVN��%��H[LVWV�D�OLQHDU�UHODWLRQVKLS����:LWK� UHJDUG� WR� WKH� HTXDWLRQ� REWDLQHG� IURP�UHJUHVVLRQ�LQ�ERWK�WHVWV��LW�FDQ�EH�VDLG�WKDW�LQ�FDVH�RI�RQH� SHUFHQW� LQFUHDVH� LQ� GHSHQGHQW� YDULDEOHV��H[SHFWHG� UHYHQXH� DQG� V\VWHPDWLF� ULVN�� GHSHQGHQW�YDULDEOH� �WKH� UHYHQXH� RI� FRPPRQ� VWRFN�� LQFUHDVH����� DQG� ���� DQG� LQ� FDVH� RI� LWV� RQH� SHUFHQW�UHGXFWLRQ�� WKH� FRPPRQ� VWRFN� UHYHQXH� ZLOO� GHFOLQH�XS�WR�WKH�VDPH�SHUFHQW��2Q�WKH�RWKHU�VLGH��EDVHG�RQ�FDOFXODWHG� VWDWLVWLFV�� WKH� DFFXUDF\� RI� PRGHO�FRQVWUXFWLRQ�WRR�LV�DFFHSWHG�����&RHIILFLHQW� RI� FRUUHODWLRQ� OHYHOV� REWDLQHG� LQ� ERWK�WHVWV�WKDW�LV�US ������UHODWLRQVKLS��EHWZHHQ�H[SHFWHG�UHYHQXH� DQG� FRPPRQ� VWRFN� UHYHQXH�� DQG� LQ�VXERUGLQDWH� WHVW� LV� US ����� �UHODWLRQVKLS� � EHWZHHQ�V\VWHPDWLF� ULVN�DQG�FRPPRQ� VWRFN� UHYHQXH�� VKRZV�WKDW� WKHUH� LV� VWURQJ� GLUHFW� FRQQHFWLRQ� EHWZHHQ�GHSHQGHQW�DQG�LQGHSHQGHQW�YDULDEOHV�DQG�LQ�RULJLQDO�WHVW��PHDQLQJ��LQYHVWRU�ZKR�WKLQN�WR�REWDLQ�H[SHFWHG�UHYHQXH� DQG� WKHUH� LV� QR� VWURQJ� FRQQHFWLRQ� LQ�LQIHULRU� WHVW�DQG� LI� WKH� V\VWHPDWLF�ULVN� LQFUHDVH�� WKH�FRPPRQ�VWRFN�UHYHQXH�ZLOO�LQFUHDVH�DQG�LQ�FDVH�WKH�V\VWHPDWLF� ULVN� FRPHV� GRZQ�� WKH� FRPPRQ� VWRFN�UHYHQXH� ZLOO� UHGXFH�� 7KLV� FDVH� VKRZV� WKDW� VWRFNV�KDYLQJ�PRUH�H[SHFWHG�UHYHQXH�DQG�V\VWHPDWLF�ULVN��KDV�KLJKHU�UHYHQXH��DQG� LQ� WXUQ��VWRFN�KROGHUV�ZKR�UHFHLYH�PRUH�V\VWHPDWLF�ULVN��REWDLQ�KLJKHU�UHYHQXH�DV�ZHOO��,W� VKRXOG� EH� PHQWLRQHG� WKDW� WKH� REWDLQHG�GHWHUPLQDQW�FRHIILFLHQW������LQ�LQIHULRU�WHVW�VLJQLILHV�WKDW� ��� SHUFHQW� FKDQJHV� RI� GHSHQGHQW� YDULDEOHV��FRPPRQ�VWRFN�UHYHQXH�� LQ�DFFHSWHG�HQWHUSULVHV� LQ�VHFXULW\� H[FKDQJH� FUHDWHG� E\� FKDQJHV� LQ�LQGHSHQGHQW� YDULDEOHV� �V\VWHPDWLF� ULVN�� DQG� ���SHUFHQW� RI� UHPDLQGHUV� FUHDWHG� E\� FKDQJHV� LQ�QRQV\VWHPDWLF� ULVN�� 0HDQLQJ�� D� ODUJH� SDUW� RI� ULVN�UHFHLYHG�E\� LQYHVWRUV� LQ�HQWHUSULVHV��FUHDWHG�GXH� WR�LQQHU� IDFWRUV� RI� WKHVH� HQWHUSULVHV� DQG� OHVV� SHUFHQW�UHODWHV�WR�RXWHU�IDFWRUV��7KH�LQQHU�IDFWRUV�ZULWWHQ�RQ�SDJH� ��� RI� WKLV� VWXG\� LV� VDLG� WR� SRLQW� WR�JRYHUQPHQWDO�VXSSRUW� IURP�LQVLGH� LQGXVWULHV�ZKLFK�FDXVHV� WKH� RXWHU� HIIHFWV� RQ� HQWHUSULVHV� WR� EH� DV�ORZHU� DV� SRVVLEOH�� ,Q� WKLV� FDVH�� WKH� PDLQ� ULVN�WKUHDWHQLQJ� HQWHUSULVHV� ZLOO� EH� QRQV\VWHPDWLF� ULVN�DQG�GHULYHV�IURP�IDFWRUV�H[FHSW�RXWHU�IDFWRUV��7KHUHIRUH�� IRU� UHGXFLQJ� WKLV� QRQV\VWHPDWLF� ULVN��LQYHVWRUV�PXVW�GLYHUVLI\�WKHLU�LQYHVWPHQWV�DFFRUGLQJ�WR�:LOOLDP�6KDUSV¶�GHILQLWLRQ�DERXW� WKLV�ULVN��VR�DV�WR�REWDLQ�PRUH�UHYHQXH�LQ�WKLV�ZD\��*HQHUDOO\�� ZLWK� UHJDUG� WR� DERYH� PHQWLRQ� WHVW� GDWD�DQG� VLQFH� WKHUH� LV� FRUUHODWLRQ� EHWZHHQ� H[SHFWHG�UHYHQXH� ZLWK� FRPPRQ� VWRFN� UHYHQXH� DQG� DOVR�

V\VWHPDWLF�ULVN�ZLWK�FRPPRQ�VWRFN�UHYHQXH��WKH�+��DVVXPSWLRQ� LV� UHMHFWHG� DQG� +�� DVVXPSWLRQ� LV�DFFHSWHG�� WKHUHIRU�� SULFLQJ� PRGHO� RI� FDSLWDO� DVVHW��&$30��LV�DIIHFWLYH�DQG�LWV�WKHRULHV�DUH�FRQILUPHG��0HDQLQJ�� WKH�&$30�PRGHO�FRQILUPV�GDWD� UHVXOWHG�IURP� PHQWLRQHG� WHVWV� DQG� VKRZV� WKDW� &$30� LV�H[SODLQDEOH�DQG�DSSOLFDEOH�LQ�,UDQ�DQG�LW�FDQ�EH�VDLG�WKDW� LQ� 7HKUDQ� VHFXULWLHV� H[FKDQJH� WKHUH� LV�FRUUHODWLRQ�DQG�OLQHDU�FRQQHFWLRQ�EHWZHHQ�H[SHFWHG�UHYHQXH� DQG� V\VWHPDWLF� ULVN� ZLWK� FRPPRQ� VWRFN�UHYHQXH� DQG� WKLV� FRQQHFWLRQ� KDV� EHHQ� VKRZQ� YLD�5HJUHVVLRQ�OLQHDU�HTXDWLRQ�DQG�SURYHG�E\�DSSO\LQJ�3LHUVRQ¶V� FRHIILFLHQW� RI� FRUUHODWLRQ� WKDW� WKHUH� LV�FRHIILFLHQW�RI�FRUUHODWLRQ�DQG�DPRXQW�RI�FRUUHODWLRQ�FRHIILFLHQW� VKRZV� WKH� GLUHFWQHVV� DQG� VDPH�RULHQWDWLRQ�RI�WKHVH�FRQQHFWLRQV��DQG�WKH�SHUFHQW�RI�VWRFNV�UHYHQXH�FKDQJHV��GHSHQGHQW�YDULDEOH��LQ�WKH�SUHVHQFH� RI� FKDQJHV� LQ� H[SHFWHG� UHYHQXH� DQG�V\VWHPDWLF� ULVN� �LQGHSHQGHQW� YDULDEOHV�� E\� ZD\� RI�GHWHUPLQDQW�FRHIILFLHQW�WKDW�ILQGLQJV�VKRZ�WKDW�����UHYHQXH� FKDQJHV� RI� FRPPRQ� VWRFNV� H[SODLQHG� E\�FKDQJH� LQ� H[SHFWHG� UHYHQXH� DQG� ���� FRPPRQ�VWRFNV�FKDQJHV�H[SODLQHG�E\�FKDQJHV� LQ�V\VWHPDWLF�ULVN� DQG� WKH� UHVW� UHODWHV� WR� RWKHU� IDFWRUV� RI�&$30�PRGHO�VXFK�DV�QRQV\VWHPDWLF�ULVN��:LWK� UHJDUG� WR� &$30� PRGHO� LQ� ZKLFK� WKHUH� LV� D�FRQQHFWLRQ� EHWZHHQ� H[SHFWHG� UHYHQXH� DQG�V\VWHPDWLF� ULVN� ZLWK� FRPPRQ� VWRFNV� UHYHQXH�VSHFLDOO\� GLUHFW� DQG� VWURQJ� FRQGLWLRQ�DQ\� LQYHVWRU�FDQ� WDNH� VWHS� WRZDUG� LQYHVWPHQW�� PHDQLQJ�� VWRFNV�ZLWK� KLJKHU� H[SHFWHG� UHYHQXH� DQG� V\VWHPDWLF� ULVN��KDYH� KLJKHU� UHYHQXH�� DQG� VWRFNV� ZLWK� ORZHU�H[SHFWHG� UHYHQXH�DQG� ORZHU� V\VWHPDWLF� ULVN�� \LHOGV�ORZHU�UHYHQXH�WR�WKH�LQYHVWRU����
5HVHDUFK�VXJJHVWLRQV��,W� LV� UHFRPPHQGHG� WKDW� WKH� VHFXULWLHV� H[FKDQJH�FDOFXODWHV� WKH�&$20�PRGHO�YDULDEOHV� LQ�H[FKDQJH�DQQXDOO\� DQG� DYDLOV� WR� LQYHVWRUV� DQG� HYHQ� UDQNV�HQWHUSULVHV� ZLWK� UHVSHFW� WR� FDOFXODWHG� YDULDEOHV� WR�SURYLGH�SRVVLELOLW\�RI�LQYHVWPHQW�IRU�DQ�LQYHVWRU��,Q�WKH�LQIHULRU�WHVW�RI�WKLV�UHVHDUFK��QRQV\VWHPDWLF�ULVN�KDV�WKH�KLJKHVW�SHUFHQW��LQYHVWRUV�PXVW�WU\�WR�FUHDWH�LQFHQWLYHV� RI� RPLWWLQJ� QRQV\VWHPDWLF� WKDW� UHODWH� WR�LQQHU�IDFWRUV�RI�HQWHUSULVHV���
5HIHUHQFHV�$IVKDUL��$VDGROODK�������� ILQDQFLDO�PDQDJHPHQW� LQ�WKHRU\� DQG� SUDFWLFH�� 7HKUDQ�� 6RURXVK� SXEOLFDWLRQV��9��
%RWVKHNDQ��0RKDPPDG�+DVKHP�DQG�$UHIL��$VJKDU�������� DGRSWLQJ� VWUDWHJ\� LQ� LQYHVWPHQW� HQWHUSULVHV��MRXUQDO�RI�DFFRXQWDQW��1R�������
7D\PRXUSRRU�� %DEDN�� ������ UHYLHZLQJ� UHODWLRQ�EHWZHHQ� ULVN� DQG� UHYHQXH� LQ� 7HKUDQ� VHFXULW\�H[FKDQJH� �)URP� ����� WR� ������� 7HKUDQ�� WKHVLV� RI�0$�LQ�PDQDJHPHQW�RI�7HKUDQ�8QLYHUVLW\��
-DKDQNKDQL�� $OL� DQG� 3DUVLDQ�� $OL�� ������ 6HFXULW\�H[FKDQJH�� 7HKUDQ�� SXEOLFDWLRQV� RI� 7HKUDQ�8QLYHUVLW\�IDFXOW\�RI�PDQDJHPHQW��
-DKDQNKDQL�� $OL� DQG� 3DUVLDQ�� $OL�� ������PDQDJHPHQW� RI� LQYHVWPHQW� DQG� HYDOXDWLQJ�
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VHFXULWLHV�� 7HKUDQ�� SXEOLFDWLRQV� RI� 7HKUDQ�8QLYHUVLW\�PDQDJHPHQW�IDFXOW\��
5D¶HH� 5H]D� DQG� 7DODQJKL�� $KPDG�� ������PDQDJHPHQW�RI�DGYDQFHG�LQYHVWPHQW��7HKUDQ��6DPW�SXEOLFDWLRQV��
5HPRQG3LQRZ�� ������ )LQDQFLDO� PDQDJHPHQW��WUDQVODWHG� E\� -DKDQNKDQL�� $OL� DQG� 3DUVLDQ�� $OL��7HKUDQ��6DPW�SXEOLFDWLRQV���9�
6KDEDKDQJK�� 5H]D�� ������ )LQDQFLDO� PDQDJHPHQW���9�� 7HKUDQ�� &HQWHU� RI� VSHFLDO� UHVHDUFK� LQ�DFFRXQWLQJ�DQG�DXGLWLQJ�RUJDQL]DWLRQ��
6KDIL]DGHK��$OL�������� UHVHDUFK� LQ�FRQQHFWLRQ�ZLWK�OLQN� EHWZHHQ� V\VWHPDWLF� ULVN� �%�� DQG� UHYHQXH� RI�H[FKDQJH� LQ� 7HKUDQ� VHFXULWLHV� H[FKDQJH�� 7HKUDQ��7KHVLV�RI�0$�LQ�PDQDJHPHQW��7HKUDQ�8QLYHUVLW\��
6DODKL�� $EGROODK�� ������ VWXG\LQJ� WKH� UHODWLRQ�EHWZHHQ� V\VWHPDWLF� ULVN� DQG� FRPPRQ� VWRFNV¶�UHYHQXH� LQ� LQGXVWU\� RI� PDFKLQHU\� DQG� XWHQVLOV��7HKUDQ�� 0$� WKHVLV� LQ� DFFRXQWLQJ�� ,VODPLF� $]DG�8QLYHUVLW\�RI�7HKUDQ�FHQWUDO�EUDQFK��

7DOHEL$Q]DE�� 6DPDG�� ������ VWXG\LQJ� WKH� UHODWLRQ�EHWZHHQ� V\VWHPDWLF� ULVN� DQG� UHYHQXH� RI� FRPPRQ�VWRFNV�GXULQJ�����������ZLWK�HPSKDVLV�RQ�FHPHQW�LQGXVWU\��7HKUDQ��0$�WKHVLV�RI�DFFRXQWLQJ��,VODPLF�$]DG�8QLYHUVLW\��7HKUDQ�FHQWUDO�EUDQFK��
*LWLQHMDG��=DKUD��������UHYLHZLQJ�WKH�UDWH�RI�HIIHFWV�RI�&$30�0RGHO� RQ� SUHGLFWLRQ� RI� VWRFNV¶� UHYHQXH�LQ� DFFHSWHG� SKDUPDFRORJ\� FRPSDQLHV� LQ� 7HKUDQ�VHFXULW\� H[FKDQJH�� 7HKUDQ�� 0$� WKHVLV� RI�DFFRXQWLQJ�� ,VODPLF� $]DG� 8QLYHUVLW\�� 7HKUDQ�FHQWUDO�EUDQFK��
0RGDUUHV�� $KPDG� DQG� $EGROODK]DGHK�� ������ILQDQFLDO� PDQDJHPHQW�� 7HKUDQ�� &RPPHUFLDO�SXEOLFDWLRQV�LQFRUSRUDWLRQ���9��
1RRURRVK�� ,UDM� ������ ILQDQFLDO� PDQDJHPHQW� ���7HKUDQ�� SXEOLFDWLRQV� RI� PDQDJHPHQW� IDFXOW\� RI�7HKUDQ�8QLYHUVLW\���
-DPHV� &�� 9DQ� +RUQ� ����� )LQDQFLDO� 0DQDJHPHQW�DQG� 3ROLF\� 3UHQWLFH� +DOO� ,QWHUQDWLRQDO� (GLWLRQ� �WK�(GLWLRQ��
ZZZ�LUERXUVH�FRP�
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