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7KH�&DVFDGH�RI�&KDRV��

)URP�(DUO\�$GYHUVLW\�WR�,QWHUSHUVRQDO�$JJUHVVLRQ

$EVWUDFW�

:H�GHYHORSHG�D�FDVFDGH�PRGHO�WR�UHFRQVWUXFW�WKH�K\SRWKHVL]HG�GHYHORSPHQWDO�SURJUHVVLRQ�

IURP�����LQFUHDVHG�UHVRXUFH�LQVWDELOLW\�GXULQJ�FKLOGKRRG�WR�����GHFUHDVHG�PDWHUQDO�VHQVLWLYLW\�

GXULQJ�FKLOGKRRG�WR�����VRFLDO�YXOQHUDELOLW\�FRJQLWLYH�VFKHPDWD�WR�����IDVWHU�OLIH�KLVWRU\�

VWUDWHJLHV�WR�����GHFUHDVHG�EHKDYLRUDO�UHJXODWLRQ�WR�����PRUH�SURQRXQFHG�³'DUN�7ULDG´�

SHUVRQDOLWLHV�WR�����KLJKHU�OHYHOV�RI�LQWHUSHUVRQDO�DJJUHVVLRQ�LQ�DGXOWKRRG��7KH�K\SRWKHVL]HG�

FDVFDGH�PRGHO�DOVR�HYDOXDWHG�WKH�FURVV�FXOWXUDO�JHQHUDOLW\�RI�WKLV�WKHRUHWLFDOO\�VSHFLILHG�

GHYHORSPHQWDO�SURJUHVVLRQ�DFURVV�D�VDPSOLQJ�RI�GLIIHUHQW�VRFLHWLHV������WKH�8QLWHG�6WDWHV�RI�

$PHULFD��1 ����������0H[LFR��1 ����������%UD]LO��1 ������GLVWULEXWHG�DFURVV���GDWD�

FROOHFWLRQ�VLWHV�������6ZHGHQ��1 ������DQG�����WKH�8QLWHG�.LQJGRP��1 �������2XW�RI����

LQWHUDFWLYH�WHVWV�RI�WKH�FURVV�FXOWXUDO�UREXVWQHVV�RI�WKH�PDLQ�PRGHO�SDUDPHWHUV��RQO\�ILYH�

UHDFKHG�VWDWLVWLFDO�VLJQLILFDQFH��DQG�ZHUH�UHODWLYHO\�VPDOO�LQ�PDJQLWXGH�FRPSDUHG�WR�WKHLU�

PDLQ�HIIHFWV��,Q�QR�FDVH�GLG�WKH�PDJQLWXGH�DQG�GLUHFWLRQ�RI�WKH�LQWHUDFWLRQ�FRPSOHWHO\�UHYHUVH�

WKDW�RI�WKH�FRUUHVSRQGLQJ�PDLQ�HIIHFW�RI�WKH�SUHGLFWRU��EXW�PHUHO\�HLWKHU�DXJPHQWHG�RU�

DWWHQXDWHG�LW�VRPHZKDW�DFURVV�WKH�DIIHFWHG�VWXG\�VLWHV��:H�FRQFOXGH�WKDW�WKH�UHVXOWV�JHQHUDOO\�

VXSSRUWHG�ERWK�WKH�FRQILJXUDO�DQG�PHWULF�LQYDULDQFH�RI�WKH�FDVFDGH�PRGHO�WR�D�UHODWLYHO\�KLJK��

DOEHLW�LPSHUIHFW��GHJUHH�

.H\ZRUGV�

(DUO\�$GYHUVLW\��/LIH�+LVWRU\�6WUDWHJ\��%HKDYLRUDO�5HJXODWLRQ��'DUN�7ULDG�7UDLWV��

,QWHUSHUVRQDO�$JJUHVVLRQ

3XEOLF�6LJQLILFDQFH�6WDWHPHQW��7KLV�FURVV�FXOWXUDO�VWXG\�WHVWHG�WKH�JHQHUDOLW\�RI�D�

GHYHORSPHQWDO�VHTXHQFH�OHDGLQJ�IURP�FKLOGKRRG�KDUVKQHVV�DQG�XQSUHGLFWDELOLW\� WKURXJK�

YDULRXV�WKHRUHWLFDOO\�VSHFLILHG�VWDJHV� WR�DGXOW�LQWHUSHUVRQDO�DJJUHVVLRQ�
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7KH�&DVFDGH�RI�&KDRV��

)URP�(DUO\�$GYHUVLW\�WR�,QWHUSHUVRQDO�$JJUHVVLRQ

5DWLRQDOH�IRU�6WXG\

7KH�SXUSRVH�RI�WKLV�VWXG\�ZDV�WR�UHFRQVWUXFW��PRGHO��DQG�HVWLPDWH D�GHYHORSPHQWDO�

VHTXHQFH�IURP�UHWURVSHFWLYH�VHOI�UHSRUW��VWDUWLQJ�ZLWK�WKH�H[SHULHQFH�RI�HDUO\�HQYLURQPHQWDO�

DGYHUVLW\�DQG�XOWLPDWHO\�OHDGLQJ�WR�WKH�LQYROYHPHQW�LQ LQWHUSHUVRQDO�DJJUHVVLRQ��$V�LOOXVWUDWHG�

E\�)LJXUH����WKH�PXOWLSOH�PHGLDWLRQ�FDVFDGH�PRGHO�K\SRWKHVL]HG�D�VHTXHQFH�RI�VXFFHVVLYH�

VWDJHV�RI�GHYHORSPHQW EDVHG�RQ�/LIH�+LVWRU\ �/+� WKHRU\ IURP�����LQFUHDVHG�UHVRXUFH�

LQVWDELOLW\�GXULQJ�FKLOGKRRG�WR�����GHFUHDVHG�PDWHUQDO�VHQVLWLYLW\�GXULQJ�FKLOGKRRG�WR�����

VRFLDO�YXOQHUDELOLW\�FRJQLWLYH�VFKHPDWD�WR�����IDVWHU�OLIH�KLVWRU\�VWUDWHJLHV�WR�����GHFUHDVHG�

EHKDYLRUDO�UHJXODWLRQ�WR�����PRUH�DQWDJRQLVWLF�VRFLDO�VFKHPDWD WR�����KLJKHU�OHYHOV�RI

LQYROYHPHQW�LQ LQWHUSHUVRQDO�DJJUHVVLRQ�GXULQJ DGXOWKRRG� 7KLV�VWXG\�GRHV�QRW�DGGUHVV�WKH�

YLFWLPL]DWLRQ�GLPHQVLRQ�RI�DJJUHVVLYH�LQWHUDFWLRQV��EXW�RQO\�IRFXVHV�RQ�SHUSHWUDWLRQ�

>,QVHUW�)LJXUH���+HUH@

,Q�DGGLWLRQ��WKH�SUHVHQW�VWXG\�DWWHPSWV�WR�HVWDEOLVK�WKH�FURVV�FXOWXUDO�UREXVWQHVV�RI�

WKHVH�ILQGLQJV�E\�H[DPLQLQJ�WKH�GHJUHH�RI�VWUXFWXUDO�DQG�PHWULF�LQYDULDQFH�RI�ERWK�

PHDVXUHPHQW�DQG�VWUXFWXUDO�PRGHOV�DFURVV�YDULRXV�GDWD�FROOHFWLRQ VLWHV�LQ�WKH�8QLWHG�6WDWHV�RI�

$PHULFD��0H[LFR��%UD]LO��6ZHGHQ��DQG�WKH�8QLWHG�.LQJGRP� 7KXV��LW H[SORUHV KRZ�FKDRWLF�

HDUO\�HQYLURQPHQWV�UHSOLFDWH�WKHPVHOYHV�LQWHUJHQHUDWLRQDOO\�E\�LQIOXHQFLQJ�GHYHORSPHQWDO��

HPRWLRQDO��SV\FKRORJLFDO��DQG�EHKDYLRUDO�FKDUDFWHULVWLFV RI�FKLOGUHQ�H[SRVHG�WR�HDUO\�

DGYHUVLW\��$Q�XQIRUWXQDWH�HIIHFW�RI�VXFK�H[SRVXUH�LV�WKDW��IRU�VRPH��LW FUHDWHV�FRQGLWLRQV

FRQGXFLYH�WR�WKH�GHYHORSPHQW�RI�VLPLODU�SDWWHUQV�RI�EHKDYLRU��WKHUHE\�IDFLOLWDWLQJ�

LQWHUJHQHUDWLRQDO�WUDQVPLVVLRQ�RI�FKDRWLF�SDWWHUQV�RI�EHKDYLRU�

'HVFULSWLRQ�RI�0DMRU�&RQVWUXFWV
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/+�WKHRU\�GHVFULEHV�WKH�VWUDWHJLF�DOORFDWLRQ�RI�ELRHQHUJHWLF�DQG�PDWHULDO�UHVRXUFHV�LQ�

VHUYLFH�RI�VXUYLYDO�DQG�UHSURGXFWLRQ LQ�HDFK�SKDVH�RI�OLIH �%ODFN��)LJXHUHGR��	�-DFREV��������

)LJXHUHGR��3DWFK��	�&HEDOORV���������/+�VWUDWHJLHV�UDQJH�IURP�IDVW�WR�VORZ��ZKHUH�VORZ�

VWUDWHJLHV�DUH�UHIOHFWHG�LQ�FKDUDFWHULVWLFV�LQGLFDWLQJ�JUHDWHU�VRPDWLF�DQG�SDUHQWDO�HIIRUW�UHODWLYH�

WR�PDWLQJ�HIIRUW��,Q�FRQWUDVW��IDVW�VWUDWHJLHV�DUH�FKDUDFWHUL]HG�E\�JUHDWHU�PDWLQJ DQG�

LQWUDVH[XDOO\�FRPSHWLWLYH HIIRUW�UHODWLYH�WR�VRPDWLF�DQG�SDUHQWDO�HIIRUW��

,QGLYLGXDO�SODVWLFLW\�LQ�WKH�FRQWH[W�RI�/+�WKHRU\�LV�PDLQO\�VKDSHG�E\�VSHFLILF�

GLPHQVLRQV�RI�HQYLURQPHQWDO�ULVN��KDUVKQHVV�DQG�XQSUHGLFWDELOLW\ �(OOLV�HW�DO����������5DWHV�RI�

PRUELGLW\�PRUWDOLW\�DQG�UHVRXUFH�VFDUFLW\�FKDUDFWHUL]H�HQYLURQPHQWDO�KDUVKQHVV��ZKLOH�

YDULDWLRQ�RI�KDUVKQHVV�RYHU�WLPH�DQG�VSDFH�FKDUDFWHUL]H�LQVWDELOLW\��(QYLURQPHQWDO�

XQSUHGLFWDELOLW\��SDUWLFXODUO\�IRU�MXYHQLOHV��DFFHOHUDWHV�GHYHORSPHQWDO�WLPLQJ�DQG�PDWXUDWLRQ��

EHFDXVH�XQSUHGLFWDELOLW\�LQ WKH�HQYLURQPHQW SRVHV�ULVNV�WR�VXUYLYDO�DQG�UHSURGXFWLRQ��

$FFHOHUDWLQJ�GHYHORSPHQW�WR�EHFRPH�UHSURGXFWLYH LQFUHDVHV�ILWQHVV�LQ�WKH�IDFH�RI�VXFK�ULVNV�

%DVHG�RQ�WKH /+�WKHRUHWLFDO�IUDPHZRUN� VWHS���LQ�WKH�FDVFDGH�PRGHO DVVHVVHG�HQYLURQPHQWDO�

LQVWDELOLW\�E\�PHDVXULQJ HFRQRPLF�UHVRXUFH�LQVWDELOLW\��LQFOXGLQJ�XQSUHGLFWDEOH�DFFHVV�WR�

IRRG��FORWKLQJ��DQG�RWKHU�EDVLF�QHFHVVLWLHV� 6WHS���DVVHVVHG�PHDVXUHG�PDWHUQDO�VHQVLWLYLW\��DV

HQYLURQPHQWDO�XQSUHGLFWDELOLW\�FUHDWHV�FRPSHWLQJ�LQWHUHVWV�IRU�SDUHQWV�UDLVLQJ�RIIVSULQJ�XQGHU�

WKHVH�FRQGLWLRQV��%HOVN\��6FKORPHU��	�(OOLV���������*LYHQ�WKH�VLJQLILFDQW�LPSDFW�RI�SDUHQWDO�

LQYHVWPHQW�RQ�RIIVSULQJ�GHYHORSPHQWDO�RXWFRPHV �&DEH]D�GH�%DFD�	�(OOLV��������&DEH]D�GH�

%DFD��)LJXHUHGR��	�(OOLV��������&DEH]D�GH %DFD��6RWRPD\RU�3HWHUVRQ��6PLWK�&DVWUR��	�

)LJXHUHGR��������&DEH]D�GH�%DFD��6RWRPD\RU�3HWHUVRQ��	�)LJXHUHGR��������&DEH]D�GH�%DFD��

:DKO��%DUWQHWW��)LJXHUHGR��	�(OOLV��������6RWRPD\RU�3HWHUVRQ��&DEH]D�GH�%DFD��6PLWK�

&DVWUR��	�)LJXHUHGR�������� RXU FDVFDGH�PRGHO PHDVXUHG�PDWHUQDO�VHQVLWLYLW\�DORQJ�WKUHH�

GLPHQVLRQV�IROORZLQJ�%HOVN\�HW�DO�¶V��������ZRUN������VXSSRUWLYH�SUHVHQFH������UHVSHFW�IRU�

DXWRQRP\��DQG�����KRVWLOLW\�
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(YROXWLRQDU\�SV\FKRORJLVWV�DSSO\�/+�WR�LQWHUSUHW�WKH�VKDUHG�YDULDQFH�RI�D�YDULHW\�RI�

SHUVRQDOLW\��FRJQLWLYH��HPRWLRQDO��DQG�EHKDYLRUDO�WUDLWV�WKDW�DUH�LPSDFWHG�E\�HQYLURQPHQWDO�

ULVN�IDFWRUV �)LJXHUHGR�HW�DO����������������6WHS���LQ�WKH�FDVFDGH�DVVHVVHG�LQWHUQDOL]HG

VFKHPDWD RI�VRFLDO�YXOQHUDELOLW\��$VVHVVLQJ�KRZ�LQGLYLGXDOV�LQWHUQDOL]H�H[WHUQDO�HYHQWV�LV�DQ�

LPSRUWDQW�DUJXPHQW�LQ�IDYRU�RI�PHDVXULQJ�SV\FKRORJLFDO�/+�FKDUDFWHULVWLFV LQ�DGGLWLRQ�WR

ELRGHPRJUDSKLF�RQHV �%ODFN��)LJXHUHGR��	�-DFREV��������%ODFN��3DWFK��)LJXHUHGR��	�-DFREV��

XQGHU�UHYLVLRQ���$Q�HYROXWLRQDU\�DQDO\VLV�RI�WKH�GHYHORSPHQW�RI�VRFLDO�GHYLDQFH�KDV�

HOXFLGDWHG�WKH�PHFKDQLVPV�E\�ZKLFK�VRFLDO�DQG�VH[XDO�HQYLURQPHQWV�VHOHFWLQJ�IRU�VORZ�/+�

OHDG�WR�WKH�LQWHUQDOL]LQJ�RI�FRQYHUJHQW RU�PXWXDOLVWLF VRFLDO�VFKHPDWD��ZKHUHDV�WKRVH�VHOHFWLQJ�

IRU�IDVW�/+�OHDG�WR�WKH�LQWHUQDOL]LQJ�RI�GLYHUJHQW RU�DQWDJRQLVWLF VRFLDO�VFKHPDWD��DV�ZRUNLQJ�

PRGHOV�IRU�WKHLU�VRFLDO�DQG�VH[XDO�UHODWLRQVKLSV��)LJXHUHGR�	�-DFREV���������%DVHG�RQ�WKH

RSHUDWLRQDOL]DWLRQ�RI HQYLURQPHQWDO�LQVWDELOLW\��ZH�DVVHVVHG WKUHH�GLPHQVLRQV�RI VRFLDO�

YXOQHUDELOLW\�FRJQLWLYH�VFKHPDWD LQ�VWHS �������DEDQGRQPHQW�LQVWDELOLW\������PLVWUXVW�DEXVH��

DQG�����YXOQHUDELOLW\�WR�KDUP �<RXQJ��������

$FFRUGLQJ�WR�WKH�WKHRUHWLFDO�G\QDPLFV�RI�/+�WKHRU\��(OOLV�HW�DO����������KLJK�

FKLOGKRRG�UHVRXUFH�LQVWDELOLW\��ORZ�FKLOGKRRG�PDWHUQDO�VHQVLWLYLW\��DQG�WKH�FRQVHTXHQW�

GHYHORSPHQW�RI�DQ VRFLDO�YXOQHUDELOLW\ VRFLDO�FRJQLWLYH VFKHPD�VKRXOG�FRQWULEXWH�WR�WKH�

GHYHORSPHQW�RI�D�IDVWHU�/+�VWUDWHJ\�WR�EH�H[SUHVVHG�LQ�DGXOWKRRG��ZKLFK�FRQVWLWXWH VWHS ���

/+�VWUDWHJ\�LV�FRQFHLYHG�RI�DV�D�SV\FKRPHWULF�FRPSRVLWH�RI�WKUHH PDMRU�FRQVWLWXHQWV �WKH�

6XSHU�.�)DFWRU��)LJXHUHGR�HW�DO�������� �����������WKH�.�)DFWRU��UHSUHVHQWLQJ�VORZ�OLIH�KLVWRU\�

VWUDWHJ\��DV�PHDVXUHG�SV\FKRPHWULFDOO\�E\�D�VHW�RI�FRQYHUJHQW�EHKDYLRUDO�DQG�FRJQLWLYH�

LQGLFDWRUV������WKH�&RYLWDOLW\�)DFWRU��LQGLFDWLQJ�WKH�KLJKHU�PHQWDO�DQG�SK\VLFDO�IXQFWLRQLQJ�

UHIOHFWLYH�RI�LQFUHDVHG�UHFHLYHG�SDUHQWDO�DQG�LQYHVWHG�VRPDWLF�HIIRUW��DQG�����WKH�3HUVRQDOLW\�

)DFWRU��DOVR�NQRZQ�DV�WKH�*HQHUDO�)DFWRU�RI�3HUVRQDOLW\�RU�*)3���FRQVWUXFWHG�IURP�WKH�
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FRQVWLWXHQW�%LJ�)LYH��2SHQQHVV�WR�([SHULHQFH��&RQVFLHQWLRXVQHVV��([WUDYHUVLRQ��

$JUHHDEOHQHVV��DQG�(PRWLRQDO�6WDELOLW\��ZKLFK�LV�WKH�LQYHUVH�RI�1HXURWLFLVP���

%HKDYLRUDO�G\VUHJXODWLRQ�FRQVWLWXWHV VWHS���WKH�VHTXHQFH�ZLWKLQ�WKH�FDVFDGH�PRGHO��

5HVRXUFH�LQVWDELOLW\�LQ�FKLOGKRRG�DSSHDUV�WR GHFUHDVH�EHKDYLRUDO�UHJXODWLRQ�LQ�DGXOWKRRG�

�+DFNPDQ��)DUDK��	�0HDQH\��������+LOO��3URNRVFK��'HO3ULRUH��*ULVNHYLFLXV��	�.UDPHU��

������*ULVNHYLFLXV�HW�DO���������*ULVNHYLFLXV��7\EHU��'HOWRQ��	�5RELQVRQ���������'HWHFWLQJ�

HQYLURQPHQWDO�LQVWDELOLW\�LQ�FKLOGKRRG�GHFUHDVHV�RQH¶V�VHQVH�RI�FRQWURO��ZKLFK�KDV�EHHQ�

VKRZQ�WR�PHGLDWH�WKH�UHODWLRQVKLS�EHWZHHQ�HQYLURQPHQWDO�FRQGLWLRQV�DQG�LPSXOVLYH�EHKDYLRU�

�0LWWDO 	�*ULVNHYLFLXV� ������ ,PSXOVLYH�EHKDYLRU�GHYHORSHG�LQ�DGROHVFHQFH�LQFUHDVHV�WKH�

ULVN�RI�DJJUHVVLRQ��FULPH��DQG�RWKHU�UHFNOHVV�EHKDYLRUV��(OOLV�HW�DO���������

'DUN�7ULDG��'7��SHUVRQDOLWLHV�WHQG�WR�EH�PRUH�FRPPRQ�DPRQJVW IDVWHU�/+�VWUDWHJLVWV�

�%RRN�	�4XLQVH\��������6FKPLWW�HW�DO���������-RQDVRQ��,FKR��	�,UHODQG��������3DWFK�	�

)LJXHUHGR���������'7 SHUVRQDOLWLHV DSSDUHQWO\ FRQVWLWXWH�SV\FKRORJLFDO�DGDSWDWLRQV WKDW�PDNH�

LQGLYLGXDOV PRUH�FDSDEOH�RI�DFKLHYLQJ�WKHLU�DQWDJRQLVWLF�HQGV��)RU�H[DPSOH��WKHVH�WUDLWV�KDYH�

EHHQ�OLQNHG�WR�H[SORLWDWLYH�PDWLQJ�VW\OHV��-RQDVRQ��1RUPDQ��:HEVWHU��	�6FKPLWW���������

VRFLDO�GRPLQDQFH DQG�QRQ�FRQIRUPLW\��)LJXHUHGR�	�-DFREV��������DQG�DJJUHVVLRQ��.HOOHU�HW�

DO����������,Q�VWHS���RI�WKH�VHTXHQFH�RI�WKH�FDVFDGH�PRGHO�ZH�WKHUHIRUH�H[DPLQH�DQWDJRQLVP��

WKH FRUH�RI�WKH '7�WUDLWV �)LJXHUHGR��3DWFK��3HUH]�5DPRV��	�&UX]��������-RQHV 	�)LJXHUHGR��

������

7KHUH�DUH�RQ�JRLQJ�GHEDWHV�DERXW�ZKHWKHU�RU�QRW�SV\FKRSDWK\��1DUFLVVLVP��DQG�

0DFKLDYHOOLDQLVP�DUH�GLIIHUHQW�SHUVRQDOLW\�WUDLWV �)LJXHUHGR��*ODGGHQ��6LVFR��3DWFK��	�-RQHV��

������-RQDVRQ��,FKR��	�,UHODQG��������3DXOKXV�	�:LOOLDPV���������DQG�KHUH�ZH�UHIHU�WR�WKH�

'7�SHUVRQDOLWLHV�DV�LQGLYLGXDOV�ZKR�KDYH D�FRUH�RI�FDOORXVQHVV�DQG�DQ�DQWDJRQLVWLF�PDQQHU�RI�

LQWHUDFWLQJ�ZLWK�WKH�ZRUOG��)LJXHUHGR��3DWFK� 3HUH]�5DPRV��	�&UX]���������:KLOH�WKH�'7

SHUVRQDOLWLHV�GR�KDYH�D�FRPPRQ�FRUH�RI�FDOORXVQHVV��-RQDVRQ HW�DO�� ������-RQHV�	�)LJXHUHGR��
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������-RQHV�	�3DXOKXV���������LW�LV�JHQHUDOO\�DFFHSWHG�WKDW�WKH\�KDYH�VRPH�XQLTXH�IHDWXUHV

�+H\P��)LUWK��.LERZVNL��6XPLFK��(JDQ��	�%OR[VRP���������3V\FKRSDWKV DUH FKDUDFWHUL]HG�E\�

XQSODQQHG��HUUDWLF��LPSXOVLYH�EHKDYLRU��-RQHV�	 3DXOKXV���������ZKLOH�0DFKLDYHOOLDQV�

PDLQWDLQ�DQ�DELOLW\�WR�SODQ�IRU�WKH�ORQJ�WHUP��-RQDVRQ��,FKR��	�,UHODQG��������-RQHV�	�

3DXOKXV��������3DXOKXV�	�:LOOLDPV�������� 1DUFLVVLVWV�DUH�FKDUDFWHUL]HG�E\�JUDQGLRVH�VHQVH�

RI�VHOI DQG�H[WUHPH�HQWLWOHPHQW��-RQHV�	 3DXOKXV��������

7KH�'DUN�,QYHQWRU\ �',��)LJXHUHGR��3DWFK��3HUH]�5DPRV��	�&UX]��������UHSUHVHQWV�D�

WKHRUHWLFDO�UHVWUXFWXULQJ�WKDW UHRUJDQL]HV�WKH�YDULDQFH�DPRQJ�WKHVH�'7�WUDLWV�LQWR�WKUHH�

FRQVWUXFWV������DQWDJRQLVWLF�VRFLDO�VFKHPDWD������PXWXDOLVWLF�VRFLDO�VFKHPDWD��DQG�����

HPRWLRQDO�DQG�FRJQLWLYH�ODELOLW\��+HUH� WKH�DQWDJRQLVWLF�FRQVWUXFW�UHIHUV�WR�WKH�'7¶V�FRPPRQ�

FRUH�RI�FDOORXVQHVV�DQG�ODFN�RI�HPRWLRQDO�HPSDWK\��7KH�IXQFWLRQDO�RSSRVLWH�RI�WKLV�LV�

PXWXDOLVWLF��ZKLFK UHIHUV�WR�WKH�DELOLW\�WR�IRUP�DWWDFKPHQWV�DQG�KDYH�FRQFHUQ�IRU�RWKHU�

LQGLYLGXDOV��/DELOLW\�UHIHUV�WR�WKHVH�LQGLYLGXDOV¶ LQDELOLW\�WR�UHJXODWH�WKHLU�EHKDYLRU��)LJXHUHGR

HW�DO�� ������ 7KXV��WKH�'7�WUDLWV�KDYH�EHHQ�DVVRFLDWHG�ZLWK�D�UDQJH�RI�GLUHFW�DQG�LQGLUHFW�

LQWHUSHUVRQDO�DJJUHVVLYH�EHKDYLRUV �H�J�� +H\P�HW�DO����������ZKLFK�IRUP�WKH�ILQDO�RXWFRPH�

�6WHS����RI�WKH�&DVFDGH�PRGHO�

,I�DQ�DQWDJRQLVWLF�VRFLDO�VFKHPD LV�DQ�DGDSWDWLRQ��LW�VKRXOG�EH DW�OHDVW�SDUWLDOO\

KHULWDEOH �&URVWRQ�HW�DO��������� 7KH�KHULWDEOH�QDWXUH�RI�SV\FKRSDWK\��0LOORQ�HW�DO�� ������

%HLWFKPDQ�HW�DO���������DQG�/+�VWUDWHJ\ �)LJXHUHGR�HW�DO���������PLJKW�KDYH�EHHQ�VHOHFWHG�IRU�

WKH�EHQHILWV�RI�GHYLDQW�EHKDYLRUV��VXFK�DV�VRFLDO�FKHDWLQJ��%RRN�	�4XLQVH\���������7KHVH�

DGDSWDWLRQV�DUH LGHQWLILDEOH��IRU�H[DPSOH� LQ�WKDW�SV\FKRSDWKV�KDYH�G\VUHJXODWHG�DXWRQRPLF�

UHVSRQVHV��IDLO�WR�UHFRJQL]H�IHDU�VWLPXOL� DQG�GHYHORS�LQDSSURSULDWH�UHVSRQVHV�WR�WKHVH�VWLPXOL

�'DGGV�HW�DO�������� 7KHLU GLPLQLVKHG�IHDU�UHVSRQVH��XQGHUSLQQHG�E\�XQGHUDFWLYLW\�RU�

G\VUHJXODWLRQ�LQ�WKH�OLPELF�V\VWHP��%ODLU��������.LHKO�������� SUHYHQWV�WKHP�IURP�OHDUQLQJ�WR�

DYRLG�GDQJHURXV�VWLPXOL� DQG�KDV�EHHQ�DUJXHG WR�XQGHUSLQ�WKH�DJJUHVVLYH�DQG�YLROHQW�EHKDYLRU�



5XQQLQJ�+HDG��7+(�&$6&$'(�2)�&+$26 �

LQ�SV\FKRSDWK\��%ODLU���������)URP�D�GHYHORSPHQWDO�YLHZSRLQW��FKLOGUHQ�DV�\RXQJ�DV�� \HDUV

GHPRQVWUDWH�FDOORXV�XQHPRWLRQDO��&8��WUDLWV OLQNHG�WR ODFN�RI�JXLOW� HPSDWK\ DQG FRQFHUQ�IRU�

RWKHUV��DV�ZHOO�DV OLPELF�G\VUHJXODWLRQ �'DGGV�HW�DO���������9LGLQJ��%ODLU��0RIILWW��	�3ORPLQ��

������ DOO RI ZKLFK�DUH�WKRXJKW�WR�SRVH D�GHYHORSPHQWDO�ULVN�IRU SV\FKRSDWK\�LQ�DGXOWKRRG�

�9LGLQJ�HW�DO����������7KHVH�WUDLWV�DUH�VWURQJO\�KHULWDEOH �DURXQG���� RU�����ZKHQ�FRXSOHG�

ZLWK�FRQGXFW�GLVRUGHU��'DGGV�HW��DO����������,PSRUWDQWO\��ZKLOH HQYLURQPHQWDO�IDFWRUV�VXFK�DV�

DEXVH�DQG�QHJOHFW�FDQ�FDXVH�DJJUHVVLRQ�DQG�FRQGXFW�SUREOHPV��QRW�DOO FKLOGUHQ ZLWK�

SV\FKRSDWKLF�WHQGHQFLHV KDYH�H[SHULHQFHG�DQ\�DEXVH��'DGGV�HW�DO����������+RZHYHU��GHVSLWH�

JHQHWLF�LQIOXHQFHV��SV\FKRSDWK\�KDV�D�JUHDWHU�REVHUYHG�SUHYDOHQFH LQ�XQIDYRUDEOH�

HQYLURQPHQWV��9LGLQJ�HW�DO��������� 7KXV��RXU GHYHORSPHQWDO�FDVFDGH�PRGHO�H[DPLQHV�OHYHOV�

RI�LQVWDELOLW\�LQ�WKH�FKLOGKRRG�HQYLURQPHQW�DQG�WKH�UHVXOWLQJ�SV\FKRORJLFDO�ULVN�IDFWRUV� DQG�

IDVW�/+�VWUDWHJ\�DV�ULVN�IDFWRUV�IRU WKH�GHYHORSPHQW�RI�'7 WUDLWV�DQG�DQ�DQWDJRQLVWLF�VRFLDO�

VFKHPDWD DQG SURFOLYLW\�WR�EH�LQYROYHG LQ�YLROHQW�LQWHUDFWLRQV��ZKLFK�FRQVWLWXWHV�VWHS�� LQ�RXU�

PRGHO� 7KH�FXUUHQW�VWXG\�FRQFHSWXDOL]HG WKLV EURDGO\�DFURVV�ILYH�GLIIHUHQW�PDQLIHVWDWLRQV�RI�

DJJUHVVLRQ WRZDUGV�ERWK�VDPH�VH[�DQG�RSSRVLWH�VH[�WDUJHWV��)LJXHUHGR��-DFREV��*ODGGHQ��

%LDQFKL��3DWFK��%HFN��.DYDQDJK��6RWRPD\RU�3HWHUVRQ��-LDQJ��	�/L� �����������&RHUFLYH�

&RQWURO������3V\FKRORJLFDO�$EXVH������3K\VLFDO�$EXVH������(VFDODWHG��/LIH�7KUHDWHQLQJ��

9LROHQFH��DQG�����6H[XDO�$EXVH��

&RQVLVWHQW�ZLWK�RQH�RI�WKH�PDMRU�JRDOV�RI�HYROXWLRQDU\�SV\FKRORJ\��ZKLFK�LV�WR�

LGHQWLI\�DQG�GRFXPHQW�KXPDQ�XQLYHUVDOV��ZH�DOVR�VXEMHFWHG�WKLV�FDVFDGH�PRGHO�WR�WHVWV�RI�

FURVV�FXOWXUDO�UREXVWQHVV�DFURVV�ILYH�GLIIHUHQW�FRQWHPSRUDU\�VRFLHWLHV�

2YHUYLHZ�RI�6WXG\

,Q�VXPPDU\��WKH�SUHVHQW�VWXG\�ZDV�GHVLJQHG�WR�UHFRQVWUXFW��PRGHO��DQG�HVWLPDWH WKH�

K\SRWKHVL]HG�GHYHORSPHQWDO�SURJUHVVLRQ�IURP ��� LQFUHDVHG�UHVRXUFH�LQVWDELOLW\�GXULQJ�

FKLOGKRRG�WR�����GHFUHDVHG�PDWHUQDO�VHQVLWLYLW\�GXULQJ�FKLOGKRRG�WR�����VRFLDO�YXOQHUDELOLW\�
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FRJQLWLYH�VFKHPDWD�WR�����IDVWHU�/+�VWUDWHJLHV�WR�����GHFUHDVHG�EHKDYLRUDO�UHJXODWLRQ�WR�����

PRUH�SURQRXQFHG�³'DUN�7ULDG´�SHUVRQDOLWLHV WR�����KLJKHU�OHYHOV�RI�LQWHUSHUVRQDO�DJJUHVVLRQ�

)XUWKHU��WKH�SUHVHQW�VWXG\�ZDV�GHVLJQHG�WR�HYDOXDWH�WKH�FURVV�FXOWXUDO�JHQHUDOLW\�RI�WKLV�

K\SRWKHVL]HG�GHYHORSPHQWDO�SURJUHVVLRQ�DFURVV�D�VDPSOLQJ�RI�GLIIHUHQW�VRFLHWLHV������WKH�

8QLWHG�6WDWHV�RI�$PHULFD������0H[LFR������%UD]LO������6ZHGHQ��DQG�����WKH�8QLWHG�.LQJGRP�

0(7+2'6

3DUWLFLSDQWV

8QLYHUVLW\�VWXGHQWV�ZHUH�UHFUXLWHG�DW�WKH�IROORZLQJ�LQVWLWXWLRQV��WKH�GHPRJUDSKLFV�

OLVWHG�LQ�7DEOH��������8QLYHUVLW\�RI�$UL]RQD�LQ�WKH�86����� 8PHn�8QLYHUVLWHW�LQ�6ZHGHQ�����

WKH�$XWRQRPRXV�0HWURSROLWDQ�8QLYHUVLW\�RI�0H[LFR����� 1RWWLQJKDP�7UHQW�8QLYHUVLW\�LQ�WKH�

8.� DQG ��� WKH�8QLYHUVLGDGH�GH�6mR�3DXOR��8QLYHUVLGDGH�)HGHUDO�GR�5LR�*UDQGH�GR�1RUWH��

DQG�8QLYHUVLGDGH�)HGHUDO�GR�5LR�*UDQGH�GR�6XO�LQ�%UD]LO��7KH�%UD]LOLDQ�VDPSOHV�ZHUH�

EURNHQ�GRZQ�E\�VWXGHQW�SODFH�RI�RULJLQ�ZLWKLQ�%UD]LO�LQ�RXU�DQDO\VHV��UDWKHU�WKDQ�WKH�VLWH�RI�

WKHLU�GDWD�FROOHFWLRQ��)RU�WKH�ILQDO�FRPSRVLWH�VDPSOH�VL]H�RI�1  �������DIWHU�H[FOXGLQJ�DOO�

FDVHV�ZLWK�PLVVLQJ�GDWD��D�SRVW�KRF SRZHU�DQDO\VLV�UHYHDOHG�SUREDELOLWLHV�RI�7\SH�,,�(UURU�RI�S�

�����IRU�U  ������U  �����DQG�U  ����

3DUWLFLSDQWV�ZHUH�UHFUXLWHG�SULPDULO\�IURP LQWURGXFWRU\�3V\FKRORJ\�FODVVHV��LQ�ZKLFK�

FDVH�VLWH�DGPLQLVWUDWRUV�ZHUH�LQYLWHG�WR�FODVVURRPV�WR�DQQRXQFH�WKH�SURMHFW�DQG�LQVWUXFW�WKH�

VWXGHQWV�RQ�KRZ�WR�ILQG�WKH�GDWD�FROOHFWLRQ�ZHEVLWH��3DUWLFLSDQWV�IURP�WKH�8QLYHUVLW\�RI�

$UL]RQD�FRXOG�DOVR�VLJQ�XS�WKURXJK�WKHLU�UHVSHFWLYH�3V\FKRORJ\�GHSDUWPHQW¶V�VXEMHFW�SRRO�LQ�

H[FKDQJH�IRU�FRXUVH�RU�H[WUD�FUHGLW��7KH�6ZHGLVK�DQG�%ULWLVK�UHVHDUFK�WHDPV�XVHG�D�UDIIOH�

V\VWHP�WR�UHFUXLW�VWXGHQWV�IURP�DOO�GLVFLSOLQHV��)ROORZLQJ�WKH�8QLYHUVLW\�RI�$UL]RQD�SROLF\�

UHJDUGLQJ�UDIIOHV�IRU�VXEMHFW�UHFUXLWPHQW��WKH�UHFUXLWPHQW�PDWHULDOV�DEURDG�GLG�QRW�UHIHUHQFH�

DQ\�FRPSHQVDWLRQ��,Q�%UD]LO��UHVHDUFK�SDUWLFLSDQWV�DUH�SURKLELWHG�IURP�UHFHLYLQJ�DQ\�

FRPSHQVDWLRQ��&RQVHQW�PDWHULDOV�LQFOXGHG�LQIRUPDWLRQ�DERXW�WKH�UDIIOH�DQG�VWDWHG�WKDW�
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SDUWLFLSDWLRQ�ZDV�QRW�UHTXLUHG�WR�SDUWLFLSDWH�LQ�WKH�GUDZLQJ��DGGLWLRQDOO\��VWXGHQWV�ZHUH�

SURYLGHG�ZLWK�D�ZD\�WR�GHFOLQH�SDUWLFLSDWLRQ�EXW�HQWHU�WKH�GUDZLQJ� )RU�DOO�ILYH�FRXQWULHV�

VDPSOHG��ZH�DOVR�IROORZHG�DOO�RWKHU�SHUWLQHQW�,5%�UHJXODWLRQV�IRU�WKH�SURWHFWLRQ�RI�KXPDQ�

UHVHDUFK�SDUWLFLSDQWV�

>,QVHUW�7DEOH���+HUH@

3URFHGXUHV

)RU�WKH�IROORZLQJ�WKUHH�VDPSOHV��WKH�VWXG\�ZDV�FRQGXFWHG�RQOLQH�XVLQJ�WKH�8QLYHUVLW\�

RI�$UL]RQD¶V�4XDOWULFV �3URYR��87� RQOLQH�GDWD�FROOHFWLRQ�V\VWHP������8QLYHUVLW\�RI�$UL]RQD��

����8QLYHUVLW\�RI�8PHn��DQG�����$XWRQRPRXV�8QLYHUVLW\�RI�0H[LFR��)RU�WKH�%ULWLVK�VDPSOH�

�L�H���1RWWLQJKDP�7UHQW�8QLYHUVLW\���GDWD�ZHUH�FROOHFWHG�XVLQJ�DQ�RQOLQH�GDWD�FROOHFWLRQ�

V\VWHP�VLPLODU�WR�4XDOWULFV��FDOOHG�WKH�%ULVWRO�2QOLQH�6XUYH\��)RU�WKH�%UD]LOLDQ�VDPSOHV��GDWD�

ZHUH�FROOHFWHG�RQOLQH�XVLQJ�6XUYH\0RQNH\��,QF���6DQ�0DWHR��&$��

3DUWLFLSDQWV�SURYLGHG�LQIRUPHG�FRQVHQW�DQG�FRPSOHWHG�WKH�TXHVWLRQQDLUHV�YLD�VHFXUH�

GDWD�FROOHFWLRQ�VRIWZDUH��$OO�UHVHDUFK�SDUWLFLSDQWV�UHFHLYHG�XQLTXH�VXEMHFW�,'V�WKDW GR�QRW�

LGHQWLI\�WKHP�DV�LQGLYLGXDOV��3DUWLFLSDQWV�DFURVV�WKH�ILYH�FRXQWULHV �%UD]LO��0H[LFR��6ZHGHQ��

8.� DQG�86��FRPSOHWHG�DOO�WKH�TXHVWLRQQDLUHV�OLVWHG�EHORZ��

0HDVXUHV

$OO�TXHVWLRQQDLUHV�ZHUH�WUDQVODWHG�DQG�FXOWXUDOO\�DGDSWHG�WR�HDFK�FRXQWU\
V�ODQJXDJH�

E\�ELOLQJXDO�UHVHDUFKHV�XVLQJ�WKH�VWDQGDUG�EDFN�WUDQVODWLRQ�SURFHGXUH�IRU�FURVV�FXOWXUDO�

UHVHDUFK��%ULVOLQ���������$V�DOO�RI�WKH�PHDVXUHV�XVHG�KDYH�EHHQ�SXEOLVKHG�SUHYLRXVO\��ZH�

UHVWULFW�WKH�SUHVHQW�WUHDWPHQW�WR�D�OLVWLQJ�RI�VFDOHV�SOXV�WKH�FLWDWLRQV�IRU�HDFK��OHDYLQJ�WKH�IXOO�

GHVFULSWLRQV�RI�HDFK�PHDVXUH�WR�$SSHQGL[�$�

x (QYLURQPHQWDO�,QVWDELOLW\

R (DUO\�(QYLURQPHQW�4XHVWLRQQDLUH �%ODFN�	�*DEOH��������
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R <RXQJ�6FKHPD�4XHVWLRQQDLUH�± $EEUHYLDWHG�6KRUW�)RUP �<64�6���<RXQJ�	�

%URZQ��������)LJXHUHGR�HW�DO����������

x +LJKHU�2UGHU�/+��6XSHU�.�

R 0LQL�.�6KRUW�)RUP �)LJXHUHGR�HW�DO���������

R 5DQG����,WHP�+HDOWK�6XUYH\��9HUVLRQ�� �:DUH�	�6KHUERXUQH��������

R 7HQ�,WHP�3HUVRQDOLW\�,QYHQWRU\ �7,3,��*RVOLQJ�HW�DO���������

x %HKDYLRUDO�5HJXODWLRQ

R 7KH�%HKDYLRUDO�5HJXODWLRQ�6FDOH �%5,()��*LRLD��,VTXLWK��5HW]ODII��	�(VS\��

������

x 'DUN�7ULDG�3HUVRQDOLWLHV

R 7KH�'DUN�,QYHQWRU\��',��)LJXHUHGR��3DWFK��3HUH]�5DPRV��	�&UX]��������

x ,QWHUSHUVRQDO�$JJUHVVLRQ��,3$��

R ,QWHUSHUVRQDO�5HODWLRQV�5DWLQJ�6FDOH �,556��)LJXHUHGR��-DFREV��*ODGGHQ��

%LDQFKL��3DWFK��%HFN��.DYDQDJK��6RWRPD\RU�3HWHUVRQ��-LDQJ��	�/L�������

)LJXHUHGR��3DWFK� 3HUH]�5DPRV� 	�&UX]��������

3V\FKRPHWULF�UHOLDELOLWLHV�DQG�YDOLGLWLHV�IRU�HDFK�RI�WKHVH�VFDOHV�LV�SUHVHQWHG�LQ�7DEOH�

���ZKLFK�GLVSOD\V�WKH�&URQEDFK¶V�DOSKDV�DQG�SDUW�ZKROH�FRUUHODWLRQV��XQLW�ZHLJKWHG�IDFWRU�

ORDGLQJV��IRU�DOO�WKH�PDMRU�FRQVWUXFWV�XVHG�LQ�WKHVH�DQDO\VHV��$OO�WKHVH�PHDVXUHPHQW�PRGHO�

SDUDPHWHUV�ZHUH�GHHPHG�WR�EH�SV\FKRPHWULFDOO\�DFFHSWDEOH��

>,QVHUW�7DEOH���+HUH@

'XH�WR�WKH�KLJK�GHJUHH�RI�FURVV�FXOWXUDO�LQYDULDQFH�DPRQJ�WKH�UHVXOWV�RI�WKHVH�

PHDVXUHPHQW�PRGHOV��WKH�RQHV�SUHVHQWHG�KHUH�DUH�DJJUHJDWHG�VWDWLVWLFV��ZLWK�WKH�

GLVDJJUHJDWHG�HTXLYDOHQWV�E\�VWXG\�VLWH�SUHVHQWHG LQ�$SSHQGL[�%��

6WDWLVWLFDO�DQDO\VHV
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$OO�XQLYDULDWH�DQG�PXOWLYDULDWH�DQDO\VHV�ZHUH�SHUIRUPHG�XVLQJ�6$6���� �6$6�,QVWLWXWH�

,QF�������� DQG�8QLPXOW����*RUVXFK�������� 8VLQJ�6$6�352&�67$1'$5'�DQG�'$7$��

XQLW�ZHLJKWHG�FRPPRQ�IDFWRU�VFDOHV��*RUVXFK������� ZHUH�HVWLPDWHG DV�WKH�PHDQV�RI�WKH�

VWDQGDUGL]HG�VFRUHV�IRU�DOO�QRQ�PLVVLQJ�VXEVFDOHV�RQ�HDFK�IDFWRU��)LJXHUHGR��0F.QLJKW��

0F.QLJKW��	�6LGDQL���������8VLQJ�6$6�352&�&255��ZH�DOVR�FRPSXWHG�WKH�&URQEDFK¶V�

DOSKDV��WKH�FRYDULDQFH�PDWULFHV�RI�WKH�VXEVFDOHV� DQG�WKH�SDUW�ZKROH�FRUUHODWLRQV�RI�WKH�

VXEVFDOHV�ZLWK�WKH�XQLW�ZHLJKWHG�IDFWRU�VFDOHV��$OO�WKH�XQLW�ZHLJKWHG�IDFWRU�VFDOHV�HVWLPDWHG�

ZHUH�HQWHUHG�DV�PDQLIHVW�YDULDEOHV�IRU�FDXVDO�DQDO\VLV�ZLWKLQ�D�FDVFDGH�PRGHO�IUDPHZRUN

�'DYLV�HW�DO�� ������'HPHWULRX�HW�DO�� ������)LJXHUHGR�	�*RUVXFK��������*XJJHQKHLP��'DYLV��

	�)LJXHUHGR��������0RX\L��������

7KH�FDVFDGH�PRGHO�ZDV�FRQVWUXFWHG�DV�D�VHULHV�RI�KLHUDUFKLFDO�PXOWLSOH�UHJUHVVLRQV��

XVLQJ�8QL0XOW��� LQ�ZKLFK�HDFK�SULRU�FULWHULRQ�YDULDEOH�ZDV�HQWHUHG�DV�WKH�ILUVW�SUHGLFWRU�

YDULDEOH�IRU�HDFK�VXFFHVVLYH�HTXDWLRQ��7KLV�KDG�WKH�IXQFWLRQ�RI�VWDWLVWLFDOO\�FRQWUROOLQJ�IRU�DOO�

LQGLUHFW�HIIHFWV�RI�WKH�SUHGLFWRU�YDULDEOHV�WKURXJK�HDFK�SULRU�FULWHULRQ��VR�WKDW�HDFK�UHJUHVVLRQ�

PRGHO�ZRXOG�EH�OLPLWHG�WR�WKH�HVWLPDWLRQ�RI�WKH�GLUHFW�HIIHFWV�RI�HDFK�VXFFHVVLYH�VHW�RI�

SUHGLFWRUV�ZLWKRXW�FRQIRXQGLQJ�E\�WKH�LQGLUHFW HIIHFWV�WKURXJK�SULRU�WKH�FULWHULRQ�YDULDEOHV�

7KXV��LI�;��SUHGLFWHG�<��DQG�<� WKHQ SUHGLFWHG�<���WKHQ�WKH�VHFRQG�HTXDWLRQ�ZRXOG�EH�DEOH�

WR�HVWLPDWH�WKH�GLUHFW�HIIHFW�RI�;��RQ�<��ZKLOH�VWDWLVWLFDOO\�FRQWUROOLQJ�IRU�LWV�LQGLUHFW�HIIHFW�

RQ�<��WKURXJK�<�� 7KXV��WKH�WKHRUHWLFDOO\�GHWHUPLQHG�VHTXHQFH�RI�FULWHULRQ�YDULDEOHV�ZDV�

VSHFLILHG�DV�IROORZV��DORQJ�ZLWK�WKH�H[SHFWHG�GLUHFWLRQ�RI�HDFK�VXFFHVVLYH�HIIHFW�JLYHQ�LQ�

SDUHQWKHVHV� 5HVRXUFH�,QVWDELOLW\ GXULQJ�&KLOGKRRG����Æ0DWHUQDO�6HQVLWLYLW\�GXULQJ�

&KLOGKRRG����Æ 6RFLDO�9XOQHUDELOLW\�&RJQLWLYH�6FKHPDWD����Æ 6XSHU�.��6ORZ�/+��)DFWRU�

���Æ %HKDYLRUDO�5HJXODWLRQ����Æ 'DUN�,QYHQWRU\�RI�³'DUN�7ULDG´�7UDLWV����Æ ,QWHUSHUVRQDO�

$JJUHVVLRQ�
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7R�WHVW�IRU�WKH�FURVV�FXOWXUDO�FRQVLVWHQF\�RI�WKHVH�HIIHFWV��D�V\VWHP�RI�RUWKRJRQDO�

FRQWUDVWV�ZDV�FRQVWUXFWHG�WR�RSHUDWLRQDOL]H�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�GLIIHUHQW�VWXG\�

SRSXODWLRQV� 7KH�FRQWUDVWV�ZHUH�FRQVWUXFWHG�EDVHG�RQ�VLPSOH�JHRJUDSK\�UDWKHU�WKDQ�WKH�

HQYLURQPHQWDO�IDFWRUV�RI�³KDUVKQHVV�DQG�XQSUHGLFWDELOLW\´��(OOLV�HW�DO���������WKDW�DUH�

WKHRUHWLFDOO\�SUHGLFWHG�WR�LQIOXHQFH�OLIH�KLVWRU\�HYROXWLRQ�DQG�GHYHORSPHQW���7KHVH�ODWWHU�

IDFWRUV�DUH�PHDVXUHG�H[SOLFLWO\�LQ�WKH�PRGHO�E\�LQGLYLGXDO�OHYHO�FRQVWUXFWV�DQG�DUH�QRW�

HQFDSVXODWHG�LQ�WKH�V\VWHP�RI�RUWKRJRQDO�FRQWUDVWV� 7KHVH�FRQWUDVWV�ZHUH�LQWHQWLRQDOO\�

GHVLJQHG�WR�EH�DJQRVWLF�ZLWK�UHVSHFW�WR�RXU�PDLQ�K\SRWKHVHV�LQ�YLHZ�RI�WKH�IDFW�WKDW�DOWKRXJK�

RXU�VDPSOLQJ�RI�LQGLYLGXDOV�ZDV�H[WHQVLYH��RXU�VDPSOLQJ�RI�GLIIHUHQW�FXOWXUHV �RQO\���

GLIIHUHQW�QDWLRQDO�SROLWLHV��ZDV�KDUGO\�VXIILFLHQW�WR�VXSSRUW�DQ\�JHQHUDOL]DEOH�LQIHUHQFHV�

UHJDUGLQJ�WKH SRVVLEOH FDXVHV RI�WKH�FURVV�FXOWXUDO�GLIIHUHQFHV���(YHQ�KDG�ZH�H[SOLFLWO\�EDVHG�

RXU�FRQWUDVWV�RQ FRPSDULQJ�FXOWXUHV�ZLWK�KLJK� WR�ORZ� KDUVKQHVV�RU�XQSUHGLFWDELOLW\��RXU�

VDPSOH�VL]H�RI�FXOWXUHV ZRXOG�KDYH�EHHQ�LQDGHTXDWH�WR�PDNH�VXFK�FDXVDO�DWWULEXWLRQV�LQ�D�ZD\�

WKDW�ZRXOG�EH�JHQHUDOL]DEOH�WR�RWKHU�FXOWXUHV�QRW�VDPSOHG�

7KH�ILUVW�FRQWUDVW��&���FRPSDUHG�WKH�VRFLHWLHV�VDPSOHG�LQ�WKH�$PHULFDV ZLWK�WKRVH�

VDPSOHG�LQ�(XURSH��7KH�VHFRQG�FRQWUDVW��&���FRPSDUHG�1RUWK�$PHULFD��86$�DQG�0H[LFR��WR�

6RXWK�$PHULFD��%UD]LO�� 7KH�QH[W�WZR�FRQWUDVWV�ZHUH�1RUWK�6RXWK�FRPSDULVRQV�ZLWKLQ�HDFK�

FRQWLQHQW� 7KH�WKLUG�FRQWUDVW��&���FRPSDUHG�WKH�86$�WR�0H[LFR��ZLWKLQ�1RUWK�$PHULFD� 7KH�

IRXUWK�FRQWUDVW��&���FRPSDUHG�6ZHGHQ�WR�WKH�8QLWHG�.LQJGRP��ZLWKLQ�(XURSH� 7KH�UHPDLQLQJ�

IRXU�FRQWUDVWV�FRPSDUHG�VXEQDWLRQDO�UHJLRQV�ZLWKLQ�%UD]LO� 7KH�ILIWK�FRQWUDVW��&���FRPSDUHG�

1RUWKHUQ %UD]LO��$FUH��$PDSi��$PD]RQDV��3DUi��5RQG{QLD��5RUDLPD��7RFDQWLQV��$ODJRDV��

%DKLD��&HDUi��0DUDQKmR��3DUDtED��3HUQDPEXFR��3LDXt�5LR�*UDQGH�GR�1RUWH��6HUJLSH� WR�

6RXWKHUQ %UD]LO��'LVWLWR�)HGHUDO��*RLiV��0DWR�*URVVR��0DWR�*URVVR�GR�6XO��(VStULWR�6DQWR��

0LQDV�*HUDLV� 5LR�GH�-DQHLUR��6mR�3DXOR��3DUDQi��5LR�*UDQGH�GR�6XO��6DQWD�&DWDULQD���7KH�

VL[WK�FRQWUDVW��&���FRPSDUHG�WKH�1RUWK�RI�%UD]LO��$FUH��$PDSi��$PD]RQDV��3DUi��5RQG{QLD��
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5RUDLPD��7RFDQWLQV��WR�WKH�1RUWKHDVW�RI�%UD]LO��$ODJRDV��%DKLD��&HDUi��0DUDQKmR��3DUDtED��

3HUQDPEXFR��3LDXt�5LR�*UDQGH�GR�1RUWH��6HUJLSH���7KH�VHYHQWK�FRQWUDVW��&���FRPSDUHG�WKH�

6RXWKHDVW��(VStULWR�6DQWR��0LQDV�*HUDLV��5LR�GH�-DQHLUR��6mR�3DXOR��WR�WKH�UHPDLQGHU�RI�WKH�

6RXWKHUQ�UHJLRQV��'LVWLWR�)HGHUDO��*RLiV��0DWR�*URVVR��0DWR�*URVVR�GR�6XO��3DUDQi��5LR�

*UDQGH�GR�6XO��6DQWD�&DWDULQD�� 7KH�HLJKWK�FRQWUDVW��&���FRPSDUHG�WKH�&HQWHU�:HVW��'LVWLWR�

)HGHUDO��*RLiV��0DWR�*URVVR��0DWR�*URVVR�GR�6XO��WR�WKH�IXUWKHVW�6RXWK��3DUDQi��5LR�*UDQGH�

GR�6XO��6DQWD�&DWDULQD��

7KHVH�RUWKRJRQDO�FRQWUDVWV�ZHUH�HQWHUHG�ILUVW�DV�PDLQ�HIIHFWV��WR�WHVW DQG�DGMXVW�IRU�

FURVV�FXOWXUDO�GLIIHUHQFHV�LQ�EDVHOLQHV�IRU�HDFK�FULWHULRQ�YDULDEOH��,QWHUDFWLRQ�WHUPV�ZHUH�WKHQ�

FRQVWUXFWHG�IRU�HDFK�SUHGLFWRU�YDULDEOH��LQFOXGLQJ�WKH�SULRU�FULWHULRQ�YDULDEOHV��ZLWKLQ�HDFK�

UHJUHVVLRQ�WR�DVVHVV�WKH�GHJUHH�RI�FRQGLWLRQDOLW\�RI�WKH�HIIHFWV�RI�HDFK�SUHGLFWRU�XSRQ�WKH�VLWHV�

VDPSOHG� 7KLV�SURFHGXUH�HQDEOHG XV�WR�HVWLPDWH�RI�WKH�GHJUHHV�RI�FURVV�FXOWXUDO�FRQVLVWHQF\�RI�

HDFK�HIIHFW�ZLWKLQ�WKH�PRGHO�E\�FRPSDULQJ�WKH�PDJQLWXGHV�DQG�GLUHFWLRQ�RI�WKH�LQWHUDFWLRQV�WR�

WKRVH�RI�WKH�PDLQ�HIIHFWV�

7R�VWDWLVWLFDOO\�SURWHFW�DJDLQVW�DOSKD�VOLSSDJH��LQIODWLRQ�RI�WKH�7\SH�,�(UURU�UDWH���HDFK�

VHW�RI�FRQWUDVWV�DQG�FRQWUDVW�LQWHUDFWLRQV�ZDV�DVVHVVHG�VHWZLVH�E\�DQ�RPQLEXV�SURWHFWLYH�)�

UDWLR� 7KXV��LI�WKLV�RPQLEXV�WHVW�ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�IRU�DQ\�JLYHQ�VHW�RI�FRQWUDVWV�

RU�FRQWUDVW�LQWHUDFWLRQV��WKH�LQGLYLGXDO�WHUPV ZLWKLQ�HDFK�VHW�ZHUH�QRW�H[DPLQHG�IRU�VWDWLVWLFDO�

VLJQLILFDQFH�DQG�WKH�HQWLUH�VHW�ZDV�FRQVLGHUHG�QRQVLJQLILFDQW�DV�D�ZKROH��7KLV�FRQWUROOHG IRU�

H[FHVVLYH�DOSKD�VOLSSDJH�E\�UHGXFLQJ�WKH�IXQFWLRQDO�QXPEHU�RI�VLJQLILFDQFH�WHVWV��&RKHQ�	�

&RKHQ��������

5(68/76

0DJQLWXGHV�DQG�GLUHFWLRQV�RI�VWDWLVWLFDOO\�VLJQLILFDQW�HIIHFWV�DUH�UHSRUWHG�EHORZ�LQ�

SDUHQWKHVHV��RSHUDWLRQDOL]HG�DV�HLWKHU�WKH�PXOWLSOH�FRUUHODWLRQ�FRHIILFLHQWV��5��RU�WKH�

VHPLSDUWLDO�FRUUHODWLRQ�FRHIILFLHQWV��V5���DQG�IROORZHG�E\�WKH�SUREDELOLW\�XQGHU�WKH�QXOO�
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K\SRWKHVLV��H�J���S�������7KH�PDJQLWXGHV�RI�FHUWDLQ�QRQ�VLJQLILFDQW�SURWHFWLYH�RPQLEXV WHVWV�

DUH�DOVR�UHSRUWHG�WR�KLJKOLJKW�WKHLU�UHODWLYHO\�VPDOO�HIIHFW�VL]HV� 7KH�IXOO�GHWDLOV�RI�WKH�VHULHV�RI�

KLHUDUFKLFDO�PXOWLSOH�UHJUHVVLRQV��&DVFDGH�(TXDWLRQV������XVHG�WR�RSHUDWLRQDOL]H�WKH�

VWUXFWXUDO�K\SRWKHVHV�DQG�WHVW�IRU�FURVV�FXOWXUDO�FRQVLVWHQF\��LQFOXGLQJ�DOO�VWDWLVWLFDOO\�QRQ�

VLJQLILFDQW�HIIHFWV�DUH�UHSRUWHG�LQ�7DEOHV�&��&��LQ�$SSHQGL[�&�

,QVWDELOLW\ RI�&KLOGKRRG�(FRQRPLF�5HVRXUFHV �&DVFDGH�(TXDWLRQ��� 5 �����S ����

7KH�RPQLEXV�)�UDWLR�IRU�WKH�VHW�RI�PDLQ�HIIHFWV�RI�WKH�RUWKRJRQDO�FRQWUDVWV�IRU�FURVV�

FXOWXUDO�VLWHV�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW �5 �����S ������7KLV�LQGLFDWHV WKDW�LW�ZDV�

DSSURSULDWH�WR�HYDOXDWH�DQG�LQWHUSUHW�WKH�VWDWLVWLFDO�VLJQLILFDQFH�RI�WKH�LQGLYLGXDO�WHUPV�ZLWKLQ�

WKDW�VHW�DV�UHSUHVHQWLQJ�EDVHOLQH�GLIIHUHQFHV�LQ�WKH�,QVWDELOLW\ RI�FKLOGKRRG�HFRQRPLF�

UHVRXUFHV�DFURVV�FHUWDLQ�VLWHV��)RXU�LQGLYLGXDO�FRQWUDVWV�ZHUH�IRXQG�VWDWLVWLFDOO\�VLJQLILFDQW��

LQGLFDWLQJ WKDW�WKH�EDVHOLQH�OHYHO�RI�&KLOGKRRG 5HVRXUFH�,QVWDELOLW\�ZDV���&���KLJKHU�LQ�WKH�

$PHULFDV�WKDQ�LQ�(XURSH �V5 �����S �������&���ORZHU�LQ�1RUWK�WKDQ�6RXWK�$PHULFD �V5 ������

S �������&���ORZHU�LQ�WKH�86$�WKDQ�LQ�0H[LFR �V5 ������S ������DQG��&���KLJKHU�LQ�WKH�

6RXWKHDVW�WKDQ�LQ�RWKHU�6RXWKHUQ�UHJLRQV�RI�%UD]LO �V5 �����S ������

0DWHUQDO�6HQVLWLYLW\�GXULQJ�&KLOGKRRG �&DVFDGH�(TXDWLRQ��� 5 �����S ����

7KH�PDLQ�HIIHFW�RI�FKLOGKRRG�5HVRXUFH�,QVWDELOLW\ XSRQ�FKLOGKRRG�0DWHUQDO�

6HQVLWLYLW\�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�DQG�QHJDWLYH �V5 ������S ������7KH�RPQLEXV�)�UDWLR�

IRU�WKH�VHW�RI�PDLQ�HIIHFWV�RI�WKH�RUWKRJRQDO�FRQWUDVWV�IRU�FURVV�FXOWXUDO�VLWHV�ZDV�QRW�

VWDWLVWLFDOO\�VLJQLILFDQW �5 �����S ������VXJJHVWLQJ WKDW�WKLV�YDULDEOH�ZDV�VWDWLVWLFDOO\�LQYDULDQW�

DPRQJ�VWXG\�VLWHV�

+RZHYHU��WKH�RPQLEXV�)�UDWLR�IRU�WKH�VHW�RI�LQWHUDFWLYH�HIIHFWV�RI�WKH�RUWKRJRQDO�

FRQWUDVWV�IRU�FURVV�FXOWXUDO VWXG\ VLWHV�ZLWK�FKLOGKRRG�5HVRXUFH�,QVWDELOLW\ ZDV�VWDWLVWLFDOO\�

VLJQLILFDQW �5 �����S ������SHUPLWWLQJ�XV�WR�VDIHO\�HYDOXDWH�DQG�LQWHUSUHW�WKH�LQGLYLGXDO�

LQWHUDFWLRQ�WHUPV��7ZR�LQWHUDFWLRQ�WHUPV�EHWZHHQ�WKH�FRQWUDVWV�DQG�FKLOGKRRG�5HVRXUFH�
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,QVWDELOLW\�ZHUH�IRXQG�VWDWLVWLFDOO\�VLJQLILFDQW��LQGLFDWLQJ WKDW�WKH�HIIHFW�RI�FKLOGKRRG�

5HVRXUFH�,QVWDELOLW\�RQ�FKLOGKRRG�0DWHUQDO�6HQVLWLYLW\�ZDV���&�� KLJKHU LQ�WKH�$PHULFDV�WKDQ�

LQ�(XURSH �V5 �����S ������DQG��&���ORZHU LQ�1RUWK�WKDQ�6RXWK�$PHULFD �V5 ������S ������

+RZHYHU��WKHVH�HIIHFWV�ZHUH�ERWK�VPDOOHU�LQ�DEVROXWH�PDJQLWXGH�WKDQ�WKH�PDLQ�HIIHFW�RI�

FKLOGKRRG�5HVRXUFH�,QVWDELOLW\ VR�WKDW�LQ�QHLWKHU�FDVH�ZHUH�WKH�GLUHFWLRQV�RI�WKDW PDLQ�HIIHFW�

UHYHUVHG��MXVW�HLWKHU�VRPHZKDW�DXJPHQWHG�RU�DWWHQXDWHG�LQ�WKH�DIIHFWHG�VLWHV�

6RFLDO�9XOQHUDELOLW\�&RJQLWLYH�6FKHPDWD �&DVFDGH�(TXDWLRQ��� 5 �����S ����

,Q�OLQH�ZLWK�WKH�PRGHO��WKH�PDLQ�HIIHFW�RI�FKLOGKRRG�0DWHUQDO�6HQVLWLYLW\�XSRQ�

FKLOGKRRG�6RFLDO�9XOQHUDELOLW\�&RJQLWLYH�6FKHPDWD�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�DQG�QHJDWLYH

�V5 ������S ����� ZKHUHDV WKH�PDLQ�HIIHFW�RI�FKLOGKRRG�5HVRXUFH�,QVWDELOLW\ XSRQ�FKLOGKRRG�

6RFLDO�9XOQHUDELOLW\�&RJQLWLYH�6FKHPDWD�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�DQG�SRVLWLYH �V5 �����

S �����

7KH�RPQLEXV�)�UDWLR�IRU�WKH�VHW�RI�PDLQ�HIIHFWV�RI�WKH�RUWKRJRQDO�FRQWUDVWV�IRU�FURVV�

FXOWXUDO�VLWHV�RQ�FKLOGKRRG�6RFLDO�9XOQHUDELOLW\�&RJQLWLYH�6FKHPDWD�ZDV�VWDWLVWLFDOO\�

VLJQLILFDQW �5 �����S ������7KUHH�FRQWUDVW�PDLQ�HIIHFWV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW��

LQGLFDWLQJ WKDW�WKH�EDVHOLQH�OHYHO�RI�FKLOGKRRG�6RFLDO�9XOQHUDELOLW\�&RJQLWLYH�6FKHPDWD�ZDV��

�&���ORZHU�LQ�WKH�$PHULFDV�WKDQ�LQ�(XURSH �V5 ������S �������&���KLJKHU�LQ�1RUWK�$PHULFD�

WKDQ�6RXWK�$PHULFD �V5 �����S ����� DQG �&���ORZHU�LQ 6ZHGHQ�WKDQ�LQ�WKH�8QLWHG�.LQJGRP

�V5 ������S �����

1HYHUWKHOHVV��WKH�RPQLEXV�)�UDWLRV�IRU�WKH�VHWV�RI�LQWHUDFWLYH�HIIHFWV�RI�WKH�RUWKRJRQDO�

FRQWUDVWV�IRU�FURVV�FXOWXUDO�VLWHV�ZLWK�ERWK�FKLOGKRRG�0DWHUQDO�6HQVLWLYLW\ �5 �����S ���� DQG�

FKLOGKRRG�5HVRXUFH�,QVWDELOLW\ �5 �����S ���� ZHUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�IRU�6RFLDO�

9XOQHUDELOLW\�&RJQLWLYH�6FKHPDWD VKRZLQJ VWDWLVWLFDO�LQYDULDQFH�DFURVV�VWXG\�VLWHV�IRU�WKH�

HIIHFWV�RI�WKHVH�WZR�SUHGLFWRU�YDULDEOHV�

6XSHU�.��6ORZ�/+��)DFWRU �&DVFDGH�(TXDWLRQ��� 5 �����S ����
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$V�H[SHFWHG��WKH�PDLQ�HIIHFW�RI�FKLOGKRRG�6RFLDO�9XOQHUDELOLW\�&RJQLWLYH�6FKHPDWD�

XSRQ�DGXOW�6ORZ�/+�6WUDWHJ\��DV�PHDVXUHG�E\�WKH�6XSHU�.�)DFWRU� ZDV�VWDWLVWLFDOO\�

VLJQLILFDQW�DQG�QHJDWLYH �V5 ������S ������ZKHUHDV�WKH�PDLQ�HIIHFW�RI�FKLOGKRRG�0DWHUQDO�

6HQVLWLYLW\�XSRQ�DGXOW�6ORZ�/+�6WUDWHJ\�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�DQG�SRVLWLYH �V5 �����

S ������$V�VSHFLILFDOO\�SUHGLFWHG�E\�/+�WKHRU\��WKH�PDLQ�HIIHFW�RI�FKLOGKRRG�5HVRXUFH�

,QVWDELOLW\�XSRQ�DGXOW�6ORZ�/+�6WUDWHJ\�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�DQG�QHJDWLYH �V5 ������

S �����

7KH�RPQLEXV�)�UDWLR�IRU�WKH�VHW�RI�PDLQ�HIIHFWV�RI�WKH�RUWKRJRQDO�FRQWUDVWV�IRU�FURVV�

FXOWXUDO�VLWHV XSRQ�DGXOW�6ORZ�/+�6WUDWHJ\ ZDV�VWDWLVWLFDOO\�VLJQLILFDQW �5 �����S ������7ZR�

FRQWUDVW�PDLQ�HIIHFWV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW��LQGLFDWLQJ WKDW�WKH�EDVHOLQH�OHYHO�RI�DGXOW�

6ORZ�/+�6WUDWHJ\�ZDV���&���KLJKHU�LQ�WKH�86$�WKDQ�LQ�0H[LFR �V5 �����S ������DQG��&���

KLJKHU�LQ�WKH�6RXWKHDVW�WKDQ�LQ�RWKHU�6RXWKHUQ�UHJLRQV�RI�%UD]LO �V5 �����S ������

7KH�RPQLEXV�)�UDWLRV�IRU�WKH�VHWV�RI LQWHUDFWLYH�HIIHFWV�RI�WKH�RUWKRJRQDO�FRQWUDVWV�IRU�

FURVV�FXOWXUDO�VLWHV�ZLWK�FKLOGKRRG�6RFLDO�9XOQHUDELOLW\�&RJQLWLYH�6FKHPDWD �5 �����S ������

FKLOGKRRG�0DWHUQDO�6HQVLWLYLW\ �5 �����S ������DQG�FKLOGKRRG�5HVRXUFH�,QVWDELOLW\ �5 �����

S ���� ZHUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�IRU�DGXOW�6ORZ�/+�6WUDWHJ\��VXJJHVWLQJ�VWDWLVWLFDO

LQYDULDQFH�DFURVV�VWXG\�VLWHV�IRU�WKH�HIIHFWV�RI�WKHVH�WKUHH�SUHGLFWRU�YDULDEOHV�

%HKDYLRUDO�5HJXODWLRQ �&DVFDGH�(TXDWLRQ��� 5 �����S ����

$OVR�DV�H[SHFWHG��WKH�PDLQ�HIIHFW�RI�DGXOW�6ORZ�/+�6WUDWHJ\��DV�PHDVXUHG�E\�WKH�

6XSHU�.�)DFWRU��XSRQ�DGXOW�%HKDYLRUDO�5HJXODWLRQ�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�DQG�SRVLWLYH

�V5 �����S ������DQG�WKH�PDLQ�HIIHFW�RI�FKLOGKRRG�6RFLDO�9XOQHUDELOLW\�&RJQLWLYH�6FKHPDWD�

XSRQ�DGXOW�%HKDYLRUDO�5HJXODWLRQ�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�DQG�QHJDWLYH �V5 ������S ������

+RZHYHU��WKH�PDLQ�HIIHFWV RI�FKLOGKRRG�0DWHUQDO�6HQVLWLYLW\�DQG�5HVRXUFH�,QVWDELOLW\�XSRQ�

DGXOW�%HKDYLRUDO�5HJXODWLRQ�ZHUH QRW�VWDWLVWLFDOO\�VLJQLILFDQW�
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7KH�RPQLEXV�)�UDWLR�IRU�WKH�VHW�RI�PDLQ�HIIHFWV RI�WKH�RUWKRJRQDO�FRQWUDVWV�IRU�FURVV�

FXOWXUDO�VLWHV XSRQ�DGXOW�%HKDYLRUDO�5HJXODWLRQ ZDV�VWDWLVWLFDOO\�VLJQLILFDQW �5 �����S ������

7KUHH�FRQWUDVW�PDLQ�HIIHFWV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW��LQGLFDWLQJ�WKDW�WKH�EDVHOLQH�OHYHO�RI�

DGXOW�%HKDYLRUDO�5HJXODWLRQ�ZDV���&���ORZHU�LQ�WKH�$PHULFDV�WKDQ�LQ�(XURSH �V5 ������

S �������&�� KLJKHU�LQ�1RUWK�$PHULFD�WKDQ�6RXWK�$PHULFD �V5 �����S ������DQG��&���KLJKHU�

LQ�6ZHGHQ�WKDQ�LQ�WKH�8QLWHG�.LQJGRP �V5 �����S �����

7KH�RPQLEXV�)�UDWLR�IRU�WKH�VHW�RI�LQWHUDFWLYH�HIIHFWV�RI�WKH�RUWKRJRQDO�FRQWUDVWV�IRU�

FURVV�FXOWXUDO�VLWHV�ZLWK�DGXOW�6ORZ�/+�6WUDWHJ\�ZDV�DOVR�VWDWLVWLFDOO\�VLJQLILFDQW �5 �����

S ������7ZR�LQWHUDFWLRQ�WHUPV�EHWZHHQ�WKH�FRQWUDVWV�DQG�DGXOW�6ORZ�/+�6WUDWHJ\�ZHUH�IRXQG�

VWDWLVWLFDOO\�VLJQLILFDQW� LQGLFDWLQJ�WKDW�WKH�SUHGLFWHG�HIIHFW�RI�DGXOW�6ORZ�/+�6WUDWHJ\�RQ�DGXOW�

%HKDYLRUDO�5HJXODWLRQ�ZDV���&���KLJKHU LQ�WKH�$PHULFDV�WKDQ�LQ�(XURSH �V5 �����S ������DQG�

�&��ORZHU LQ�WKH�86$ WKDQ�LQ�0H[LFR �V5 �����S ������+RZHYHU��WKHVH�HIIHFWV�ZHUH�ERWK�

VPDOOHU�LQ�DEVROXWH�PDJQLWXGH�WKDQ�WKH�PDLQ�HIIHFW�RI�DGXOW�6ORZ�/+�6WUDWHJ\�VR�WKDW�LQ�

QHLWKHU�FDVH�ZHUH�WKH�GLUHFWLRQV�RI�WKDW�PDLQ�HIIHFW�UHYHUVHG��MXVW�HLWKHU�VRPHZKDW�DXJPHQWHG�

RU�DWWHQXDWHG�

$V�ZLWK�DGXOW�6ORZ�/+�6WUDWHJ\��WKH�RPQLEXV�)�UDWLRV�IRU�WKH�VHWV�RI�LQWHUDFWLYH�

HIIHFWV�RI�WKH�RUWKRJRQDO�FRQWUDVWV�IRU�FURVV�FXOWXUDO�VLWHV�ZLWK�FKLOGKRRG�6RFLDO�9XOQHUDELOLW\�

&RJQLWLYH�6FKHPDWD �5 �����S ������FKLOGKRRG�0DWHUQDO�6HQVLWLYLW\ �5 �����S ������DQG�

FKLOGKRRG�5HVRXUFH�,QVWDELOLW\ �5 �����S ���� ZHUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�IRU�DGXOW�

%HKDYLRUDO�5HJXODWLRQ��7KLV�LQGLFDWHV WKDW�WKH�HIIHFWV�RI�WKHVH�WKUHH�SUHGLFWRU�YDULDEOHV�ZHUH�

VWDWLVWLFDOO\�LQYDULDQW�DFURVV�VWXG\�VLWHV�

'DUN�,QYHQWRU\�RI�'7�7UDLWV �&DVFDGH�(TXDWLRQ��� 5 �����S ����

$OVR�DV�H[SHFWHG��WKH�PDLQ�HIIHFW�RI�DGXOW�%HKDYLRUDO�5HJXODWLRQ�XSRQ�DGXOW�³'DUN�

7ULDG´�7UDLWV�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�DQG�QHJDWLYH �V5 ������S ������WKH�PDLQ�HIIHFW�RI�

DGXOW�6ORZ�/+�6WUDWHJ\�XSRQ�DGXOW�³'DUN�7ULDG´�7UDLWV�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�DQG�
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QHJDWLYH �V5 ������S ����� DQG�WKH�PDLQ�HIIHFW�RI�FKLOGKRRG�6RFLDO�9XOQHUDELOLW\�&RJQLWLYH�

6FKHPDWD�XSRQ�DGXOW�³'DUN�7ULDG´�7UDLWV�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�DQG�SRVLWLYH �V5 �����

S ������+RZHYHU��WKH�UHVLGXDO�PDLQ�HIIHFW�RI�FKLOGKRRG�0DWHUQDO�6HQVLWLYLW\�XSRQ�DGXOW�

³'DUN�7ULDG´ 7UDLWV�DQG�WKH�UHVLGXDO�PDLQ�HIIHFW�RI�FKLOGKRRG�5HVRXUFH�,QVWDELOLW\�XSRQ�DGXOW�

³'DUN�7ULDG´�7UDLWV�ZHUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��7KHVH�WZR�ODWWHU�ZHUH�LQVWHDG�

WUDQVPLWWHG�DV�LQGLUHFW�HIIHFWV�WKURXJK�DGXOW�%HKDYLRUDO�5HJXODWLRQ�DQG�DGXOW�6ORZ�/+�

6WUDWHJ\�

7KH�RPQLEXV�)�UDWLR�IRU�WKH�VHW�RI�PDLQ�HIIHFWV�RI�WKH�RUWKRJRQDO�FRQWUDVWV�IRU�FURVV�

FXOWXUDO�VLWHV XSRQ�DGXOW�³'DUN�7ULDG´�7UDLWV ZDV�VWDWLVWLFDOO\�VLJQLILFDQW �5 �����S ������7ZR�

FRQWUDVW�PDLQ�HIIHFWV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW LQGLFDWLQJ�WKDW�WKH�EDVHOLQH�OHYHO�RI�DGXOW�

³'DUN�7ULDG´�7UDLWV�ZDV���&���ORZHU�LQ�1RUWK�WKDQ�6RXWK�$PHULFD �V5 ������S ������DQG��&���

ORZHU�LQ�6ZHGHQ�WKDQ�LQ�WKH�8QLWHG�.LQJGRP �V5 ������S �����

0RUHRYHU��WKH�RPQLEXV�)�UDWLR�IRU�WKH�VHW�RI�LQWHUDFWLYH�HIIHFWV�RI�WKH�RUWKRJRQDO�

FRQWUDVWV�IRU�FURVV�FXOWXUDO�VLWHV�ZLWK�DGXOW�6ORZ�/+�6WUDWHJ\�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW

�5 �����S ������2QO\�RQH�RI�WKH�LQWHUDFWLRQ�WHUPV�EHWZHHQ�WKH�FRQWUDVWV�DQG�DGXOW�6ORZ�/+�

6WUDWHJ\�ZDV�IRXQG�VWDWLVWLFDOO\�VLJQLILFDQW���&���LQGLFDWLQJ�D KLJKHU SUHGLFWHG�HIIHFW�RI�DGXOW�

6ORZ�/+�6WUDWHJ\�RQ�DGXOW�%HKDYLRUDO�5HJXODWLRQ�LQ�6ZHGHQ�WKDQ�LQ�WKH�8QLWHG�.LQJGRP

�V5 ������S ������+RZHYHU��WKLV�HIIHFW�ZDV�VPDOOHU�LQ�DEVROXWH�PDJQLWXGH�WKDQ�ZDV�WKH�PDLQ�

HIIHFW�RI�DGXOW�6ORZ�/+�6WUDWHJ\� VR�WKDW�WKH�GLUHFWLRQ�RI�WKDW�PDLQ�HIIHFW�ZDV�QRW�UHYHUVHG��

MXVW�HLWKHU�VRPHZKDW�DXJPHQWHG�RU�DWWHQXDWHG�

1HYHUWKHOHVV��WKH�RPQLEXV�)�UDWLRV�IRU�WKH�VHWV�RI�LQWHUDFWLYH�HIIHFWV�RI�WKH�RUWKRJRQDO�

FRQWUDVWV�IRU�FURVV�FXOWXUDO�VLWHV�ZLWK�DGXOW�%HKDYLRUDO�5HJXODWLRQ �5 �����S ������FKLOGKRRG�

6RFLDO�9XOQHUDELOLW\�&RJQLWLYH�6FKHPDWD �5 �����S ������FKLOGKRRG�0DWHUQDO�6HQVLWLYLW\

�5 �����S ������DQG�FKLOGKRRG�5HVRXUFH�,QVWDELOLW\ �5 �����S ���� ZHUH�QRW�VWDWLVWLFDOO\�
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VLJQLILFDQW�IRU�DGXOW�³'DUN�7ULDG´�7UDLWV��7KLV�LQGLFDWHV WKDW�WKH�HIIHFWV�RI�WKHVH�WKUHH�

SUHGLFWRU�YDULDEOHV�ZHUH�VWDWLVWLFDOO\�LQYDULDQW�DFURVV�VWXG\�VLWHV�

,QWHUSHUVRQDO�$JJUHVVLRQ �&DVFDGH�(TXDWLRQ��� 5 �����S ����

)LQDOO\� DV�H[SHFWHG��WKH�PDLQ�HIIHFW�RI�DGXOW�³'DUN�7ULDG´�7UDLWV�XSRQ�DGXOW�

,QWHUSHUVRQDO�$JJUHVVLRQ�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�DQG�SRVLWLYH �V5 �����S ������WKH�PDLQ�

HIIHFW�RI�DGXOW�%HKDYLRUDO�5HJXODWLRQ�XSRQ�,QWHUSHUVRQDO�$JJUHVVLRQ�ZDV�VWDWLVWLFDOO\�

VLJQLILFDQW�DQG�QHJDWLYH �V5 ������S ������DQG�WKH�PDLQ�HIIHFW�RI�FKLOGKRRG�5HVRXUFH�

,QVWDELOLW\�XSRQ�,QWHUSHUVRQDO�$JJUHVVLRQ�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�DQG�SRVLWLYH �V5 �����

S ������+RZHYHU��WKH�UHVLGXDO�PDLQ�HIIHFWV RI�DGXOW�6ORZ�/+�6WUDWHJ\� FKLOGKRRG�6RFLDO�

9XOQHUDELOLW\�&RJQLWLYH�6FKHPDWD�DQG�0DWHUQDO�6HQVLWLYLW\�XSRQ�DGXOW�,QWHUSHUVRQDO�

$JJUHVVLRQ�ZHUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��7KHVH�WKUHH�ODWWHU�ZHUH�LQVWHDG�WUDQVPLWWHG�DV�

LQGLUHFW�HIIHFWV�WKURXJK�DGXOW�³'DUN�7ULDG´�7UDLWV�DQG�DGXOW�%HKDYLRUDO�5HJXODWLRQ�

7KH�RPQLEXV�)�UDWLR�IRU�WKH�VHW�RI�PDLQ�HIIHFWV�RI�WKH�RUWKRJRQDO�FRQWUDVWV�IRU FURVV�

FXOWXUDO�VLWHV XSRQ�DGXOW�,QWHUSHUVRQDO�$JJUHVVLRQ ZDV�VWDWLVWLFDOO\�VLJQLILFDQW �5 �����S ������

2QH�FRQWUDVW�PDLQ�HIIHFW�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW���&���LQGLFDWLQJ�D�KLJKHU�EDVHOLQH�OHYHO�

RI�DGXOW�,QWHUSHUVRQDO�$JJUHVVLRQ�LQ�1RUWK�WKDQ�6RXWK�$PHULFD �V5 �����S �����

0RUHRYHU��WKH�RPQLEXV�)�UDWLR�IRU�WKH�VHW�RI�LQWHUDFWLYH�HIIHFWV�RI�WKH�RUWKRJRQDO�

FRQWUDVWV�IRU�FURVV�FXOWXUDO�VLWHV�ZLWK�FKLOGKRRG�6RFLDO�9XOQHUDELOLW\�&RJQLWLYH�6FKHPDWD�ZDV�

VWDWLVWLFDOO\�VLJQLILFDQW �5 �����S ������2QO\�RQH�RI�WKH�LQWHUDFWLRQ�WHUPV�EHWZHHQ�WKH�

FRQWUDVWV�DQG�FKLOGKRRG�6RFLDO�9XOQHUDELOLW\�&RJQLWLYH�6FKHPDWD�ZDV�IRXQG�VWDWLVWLFDOO\�

VLJQLILFDQW���&���LQGLFDWLQJ�D�ORZHU SUHGLFWHG�HIIHFW�RI�FKLOGKRRG�6RFLDO�9XOQHUDELOLW\�

&RJQLWLYH�6FKHPDWD�RQ�DGXOW�,QWHUSHUVRQDO�$JJUHVVLRQ�LQ�1RUWK�WKDQ�LQ�6RXWK�$PHULFD �V5 �

�����S ������$OWKRXJK�WKH�PDLQ�HIIHFW�RI�FKLOGKRRG�6RFLDO�9XOQHUDELOLW\�&RJQLWLYH�6FKHPDWD�

ZDV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��LW�ZDV�QHYHUWKHOHVV�QHJDWLYH�DV�SUHGLFWHG�
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,Q�DGGLWLRQ��WKH�RPQLEXV�)�UDWLR�IRU�WKH�VHW�RI�LQWHUDFWLYH�HIIHFWV�RI�WKH�RUWKRJRQDO�

FRQWUDVWV�IRU�FURVV�FXOWXUDO�VLWHV�ZLWK�FKLOGKRRG�5HVRXUFH�,QVWDELOLW\�ZDV�VWDWLVWLFDOO\�

VLJQLILFDQW �5 �����S ������2QO\�RQH�RI�WKH�LQWHUDFWLRQ�WHUPV�EHWZHHQ�WKH�FRQWUDVWV�DQG�

FKLOGKRRG�5HVRXUFH�,QVWDELOLW\�ZDV�IRXQG�VWDWLVWLFDOO\�VLJQLILFDQW���&���LQGLFDWLQJ�D�KLJKHU

SUHGLFWHG�HIIHFW�RI�DGXOW�FKLOGKRRG�5HVRXUFH�,QVWDELOLW\�RQ�DGXOW�,QWHUSHUVRQDO�$JJUHVVLRQ LQ�

1RUWK�WKDQ�6RXWK�$PHULFD �V5 �����S ������+RZHYHU��WKLV�HIIHFW�ZDV�HTXDO�LQ�ERWK�DEVROXWH�

PDJQLWXGH�DQG�GLUHFWLRQ�WR WKH�PDLQ�HIIHFW�RI�FKLOGKRRG�5HVRXUFH�,QVWDELOLW\�VR�WKDW�WKH�

GLUHFWLRQ�RI�WKDW�PDLQ�HIIHFW�ZDV�QRW�UHYHUVHG��MXVW�VRPHZKDW�DXJPHQWHG LQ�1RUWK�$PHULFD

DQG DWWHQXDWHG�LQ�6RXWK�$PHULFD�

1HYHUWKHOHVV��WKH�RPQLEXV�)�UDWLRV�IRU�WKH�VHWV�RI�LQWHUDFWLYH�HIIHFWV�RI�WKH�RUWKRJRQDO�

FRQWUDVWV�IRU�FURVV�FXOWXUDO�VLWHV�ZLWK�DGXOW�³'DUN�7ULDG´�7UDLWV��5 �����S ������%HKDYLRUDO�

5HJXODWLRQ��5 �����S ������DGXOW�6ORZ�/+�6WUDWHJ\ �5 �����S ����� DQG�FKLOGKRRG�0DWHUQDO�

6HQVLWLYLW\ �5 �����S ���� ZHUH�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�IRU�DGXOW�,QWHUSHUVRQDO�

$JJUHVVLRQ��7KLV�LQGLFDWHV WKDW�WKH�HIIHFWV�RI�WKHVH�WKUHH�SUHGLFWRU�YDULDEOHV�ZHUH�VWDWLVWLFDOO\�

LQYDULDQW�DFURVV�VWXG\�VLWHV�

',6&866,21

$OO�RI�WKH�K\SRWKHVL]HG�VWUXFWXUDO�UHODWLRQV�ZLWKLQ�WKH�D�SULRUL�VSHFLILHG�VHTXHQFH�LQ�

WKH�FDVFDGH�PRGHO�ZHUH�VXSSRUWHG�IRU�WKH�VHYHQ�PDMRU�FRQVWUXFWV�LQ�WHUPV�RI�ERWK�WKH�

VWDWLVWLFDO�VLJQLILFDQFH�DQG H[SHFWHG GLUHFWLRQ�RI�HIIHFWV��$OO�RI�WKH�VHYHQ�VHWV�RI�PDLQ�HIIHFWV�

IRU�WKH�SODQQHG�RUWKRJRQDO�FRQWUDVWV�UHSUHVHQWLQJ�EDVHOLQH�FURVV�FXOWXUDO�GLIIHUHQFHV�DPRQJ�

WKH�VWXG\�VLWHV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW� H[FHSW�IRU�WKHLU�HIIHFWV�XSRQ�FKLOGKRRG�0DWHUQDO�

6HQVLWLYLW\��ZKLFK�DSSHDUHG�WR�EH�VWDWLVWLFDOO\�LQYDULDQW�DFURVV�VWXG\�VLWHV��7KH�PDLQ�HIIHFWV�RI�

WKH�VSHFLILF�FRQWUDVWV ZHUH�JHQHUDOO\ VPDOO�LQ�PDJQLWXGH��DQG�IHZ�RI�WKHP�UHDFKHG�

VWDWLVWLFDOO\�VLJQLILFDQW�OHYHOV� 2I�WKH�WZHQW\�RQH�VHWV�RI�LQWHUDFWLYH�HIIHFWV�RI�WKH�SODQQHG�

RUWKRJRQDO�FRQWUDVWV�ZLWK�HDFK�SULRU�FULWHULRQ�YDULDEOH TXD SUHGLFWRU��UHSUHVHQWLQJ�FURVV�
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FXOWXUDO�GLIIHUHQFHV�DPRQJ�WKH�VWXG\�VLWHV�LQ�WKH�HIIHFWV�RI�HDFK�VXFFHVVLYH�SUHGLFWRU� ILYH�

UHDFKHG�FRQYHQWLRQDO�OHYHOV�RI�VWDWLVWLFDO�VLJQLILFDQFH� 7KH�VWDWLVWLFDOO\�VLJQLILFDQW�LQWHUDFWLRQ�

HIIHFWV RI�FRQWUDVWV�ZLWK�SUHGLFWRUV ZHUH�RQFH�DJDLQ�UHODWLYHO\�IHZ�DQG�VPDOO�LQ�PDJQLWXGH��,Q�

QR�FDVH�ZDV�WKH�PDJQLWXGH�DQG�GLUHFWLRQ�RI�WKH�LQWHUDFWLRQV DEOH�WR�FRPSOHWHO\�UHYHUVH�WKDW�RI�

WKH�FRUUHVSRQGLQJ�PDLQ�HIIHFW�RI�WKH�SUHGLFWRU��EXW�PHUHO\�HLWKHU�DXJPHQWHG RU�DWWHQXDWHG LW�

VRPHZKDW DFURVV�WKH�DIIHFWHG�VWXG\�VLWHV� :H�FDQ�WKHUHIRUH�FRQFOXGH�WKDW�WKHVH�UHVXOWV

JHQHUDOO\ VXSSRUW�ERWK�WKH�FRQILJXUDO�DQG�PHWULF�LQYDULDQFH�RI�WKH�FDVFDGH�PRGHO�WHVWHG�WR�D�

UHODWLYHO\�KLJK��DOEHLW�LPSHUIHFW��GHJUHH�

$OWKRXJK�WKLV�LV�D�SXUHO\�FRUUHODWLRQDO�DQDO\VLV��WKH�LQWHQW�ZDV�WR�HYDOXDWH�WKH�

SODXVLELOLW\ RI�RXU�FDXVDO�WKHRU\��:H�WKHUHIRUH�SUHVHQW�WKH�QDUUDWLYH�RI�ZKDW�ZH�FRQVWUXH�WR�EH�

WKH�GHYHORSPHQWDO�VHTXHQFH�WKDW�ZH�KDYH�WHQWDWLYHO\�UHFRQVWUXFWHG�DQG�HVWLPDWHG�LQ�WKLV�

VWXG\��ZLWK�WKH�QHFHVVDU\�FDYHDW�WKDW�QRQH�RI�RXU�HPSLULFDO�UHVXOWV�FDQ�VXSSRUW�DQ\�GHILQLWLYH�

FDXVDO�LQIHUHQFHV��7R�VWUHDPOLQH�WKLV�QDUUDWLYH�IRU�WKH�SXUSRVH�RI�H[SRVLWLRQ��ZH�ZLOO�

WHPSRUDULO\�VXVSHQG�DOO�TXDOLILHUV�WR�WKDW�HIIHFW��DV�ZHOO�DV�LJQRUH�WKH�YDULRXV�VPDOO�EXW�

VWDWLVWLFDOO\�VLJQLILFDQW�FURVV�FXOWXUDO�GLIIHUHQFHV�LGHQWLILHG�

6XPPDU\�RI�5HVXOWV

)LUVW��UHVRXUFH�LQVWDELOLW\�GXULQJ�FKLOGKRRG�UHGXFHV�SHUFHLYHG�PDWHUQDO�VHQVLWLYLW\�

GXULQJ�FKLOGKRRG� 6HFRQG��SHUFHLYHG�PDWHUQDO�VHQVLWLYLW\�GXULQJ�FKLOGKRRG�LQKLELWV�WKH�

GHYHORSPHQW�RI�HDUO\�VRFLDO�YXOQHUDELOLW\�FRJQLWLYH�VFKHPDWD��ZKHUHDV�UHVRXUFH�LQVWDELOLW\�

GXULQJ�FKLOGKRRG�SURPRWHV�WKHP��7KLUG��HDUO\�VRFLDO�YXOQHUDELOLW\�FRJQLWLYH�VFKHPDWD�LQKLELW�

WKH�GHYHORSPHQW�RI�DGXOW�VORZ�/+�VWUDWHJ\��DV�GRHV�UHVRXUFH�LQVWDELOLW\�GXULQJ�FKLOGKRRG��

ZKHUHDV�PDWHUQDO�VHQVLWLYLW\�GXULQJ�FKLOGKRRG�SURPRWHV�LW� )RXUWK��DGXOW�VORZ�/+�VWUDWHJ\�

LQFUHDVHV�EHKDYLRUDO�UHJXODWLRQ��ZKHUHDV HDUO\ VRFLDO�YXOQHUDELOLW\�FRJQLWLYH�VFKHPDWD�

GHFUHDVH�LW��)LIWK��EHKDYLRUDO�UHJXODWLRQ�LQKLELWV WKH�GHYHORSPHQW�RI DGXOW�³'DUN´ SHUVRQDOLW\

WUDLWV��DV�GRHV�DGXOW�VORZ�/+�VWUDWHJ\��ZKHUHDV�HDUO\�VRFLDO�YXOQHUDELOLW\�FRJQLWLYH�VFKHPDWD�
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SURPRWH�WKHP��6L[WK� DQG�ILQDOO\��DGXOW�³'DUN´�SHUVRQDOLW\ WUDLWV�SURPRWH�LQWHUSHUVRQDO�

DJJUHVVLRQ��DV�GRHV�UHVRXUFH�LQVWDELOLW\�GXULQJ�FKLOGKRRG��ZKHUHDV�HQKDQFHG�EHKDYLRUDO�

UHJXODWLRQ�LQKLELWV�LW�

)LJXUH�� LOOXVWUDWHV�WKHVH�UHODWLRQV�JUDSKLFDOO\��1RWH�WKDW�WKH�PDJQLWXGHV�RI�WKH�OLQNV�

EHWZHHQ�LPPHGLDWHO\�DGMDFHQW�FRQVWUXFWV LQ�WKH�GLDJUDP DUH�JHQHUDOO\�VWURQJHU�WKDQ�WKRVH�

EHWZHHQ�FRQVWUXFWV�WKDW�DUH�QRW�LPPHGLDWHO\�DGMDFHQW�WR�HDFK�RWKHU��7KLV�SDWWHUQ�SURYLGHV�D�

FHUWDLQ�GHJUHH�RI�HPSLULFDO�VXSSRUW�IRU�RXU�WKHRUHWLFDO�RUGHULQJ�RI�WKH�YDULDEOHV LQ�WKH�

K\SRWKHVL]HG�VHTXHQFH�

>,QVHUW�)LJXUH�� +HUH@

/LPLWDWLRQV�RI�WKH�6WXG\

7KH�SUHVHQW�VWXG\�ZDV�EDVHG�HQWLUHO\�RQ�UHWURVSHFWLYH�VHOI�UHSRUWV�E\�UHVHDUFK�

SDUWLFLSDQWV YLD�FRQYHQLHQFH��QRW�UHSUHVHQWDWLYH��VDPSOLQJ��7KH�UHFRQVWUXFWHG�WHPSRUDO�

VHTXHQFH�RI�GHYHORSPHQWDO�HYHQWV�LV�WKHUHIRUH�EDVHG�RQ�WKH�VHTXHQFH�DPRQJ�WKH�UHIHUHQWV RI�

WKHVH�VHOI�UHSRUWV��RU�WKH�UHODWLYH�WLPLQJ�RI�WKH�WKLQJV�EHLQJ�UHWURVSHFWLYHO\ GHVFULEHG��7KH�

K\SRWKHVL]HG�FDXVDO�VHTXHQFH�LV� WKHUHIRUH� EDVHG�RQ�WKHRUHWLFDO�FRQVLGHUDWLRQV�UDWKHU�WKDQ�

EHLQJ�WKH�UHVXOWV�RI�D�WUXH�ORQJLWXGLQDO�VWXG\��ZKHUH�HDFK�HYHQW�ZDV�PHDVXUHG�DV�LW�DFWXDOO\�

RFFXUUHG�RYHU�WKH SDUWLFLSDQW¶V OLIHWLPH��3RVVLEO\� WKH PHPRULHV�RQ�ZKLFK�WKHVH�UHWURVSHFWLYH�

UHSRUWV�DUH�EDVHG�PLJKW�EH�DW�OHDVW�SDUWLDOO\�UHFRQVWUXFWHG�EDVHG�RQ�VXEVHTXHQW�H[SHULHQFHV��

$OWHUQDWLYHO\��D WUXH�ORQJLWXGLQDO�VWXG\�RI�WKH�ODWWHU�W\SH�ZRXOG�WDNH�DW�OHDVW�WZR�GHFDGHV�WR�

FRPSOHWH��DQG�ZRXOG�EH�D�PRQXPHQWDO�XQGHUWDNLQJ�WR�FRRUGLQDWH�DPRQJ�ILYH�LQWHUQDWLRQDO�

VDPSOLQJ�ORFDWLRQV� 7KH�SUHVHQW�VWXG\�LV�WKXV�RXU�EHVW�DWWHPSW�WR�GR�ZKDW�ZH�FRXOG�WR�GHYHORS�

D�WKHRUHWLFDOO\�SODXVLEOH�PRGHO�RI�GHYHORSPHQW�IRU�WKHVH�LPSRUWDQW�SV\FKRORJLFDO�FRQVWUXFWV�

JLYHQ�WKH�FXUUHQWO\�DYDLODEOH�UHVRXUFHV�

2XU�FDVFDGH�PRGHO�FRQWDLQV�VHYHQ�HTXDWLRQV��RQH�SUHGLFWLQJ�HDFK�FULWHULRQ�YDULDEOH�RI�

LQWHUHVW��DQG�WKH�RUGHU�DPRQJ�WKHVH�FULWHULRQ�YDULDEOHV�ZDV�WKHRUHWLFDOO\�VSHFLILHG�EDVHG�RQ�
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/+�WKHRU\��&RQVHTXHQWO\��LW�VKRXOG�EH�QRWHG�WKDW WKH�JHQHUDWLRQ�RI�SODXVLEOH�DOWHUQDWLYH�

K\SRWKHVHV�UHJDUGLQJ�WKH�FDXVDO�RUGHU�WKDW�ZH�VSHFLILHG�DPRQJ�FULWHULRQ�YDULDEOHV�LV�DOZD\V�

SRVVLEOH��6SHFLILFDOO\��WKH�QXPEHU�RI�SHUPXWDWLRQV�WKDW�LW�LV�PDWKHPDWLFDOO\�SRVVLEOH�WR�

JHQHUDWH�DPRQJ�RXU�VHYHQ�FULWHULRQ YDULDEOHV�LV�VHYHQ�IDFWRULDO �XVXDOO\�GHQRWHG������ZKLFK�LV�

HTXDO�WR�QR�OHVV�WKDQ������SHUPXWDWLRQV��7KDW�PHDQV�WKDW�WKHUH�DUH������PDWKHPDWLFDOO\�

SRVVLEOH�RUGHUV�DPRQJ�RXU�VHYHQ�HTXDWLRQV��,W�LV�WKHUHIRUH�VHOI�HYLGHQW�WKDW�WHVWLQJ�DOO�VXFK�

PDWKHPDWLFDOO\ SRVVLEOH�SHUPXWDWLRQV�LV�VWDWLVWLFDOO\�LQGHIHQVLEOH��JLYHQ�WKH�PDVVLYH�

FDSLWDOL]DWLRQ�RQ�FKDQFH�WKDW�ZRXOG�QR�GRXEW�RFFXU�ERWK�LQ�K\SRWKHVLV�WHVWLQJ�DQG�SDUDPHWHU�

HVWLPDWLRQ�

7KDW�EHLQJ�VDLG��WKHUH�DUH�VRPH�SODXVLEOH�ULYDO�K\SRWKHVHV�WKDW�PLJKW�EH�VXEVWDQWLYHO\�

UHDVRQDEOH�DQG�SHUKDSV�VFLHQWLILFDOO\�SURGXFWLYH�WR�UHYLHZ��$PRQJ�WKHVH�LV�WKH�UHODWLRQ�

EHWZHHQ�FKLOGKRRG�UHVRXUFH�LQVWDELOLW\�DQG�SHUFHLYHG�PDWHUQDO�VHQVLWLYLW\�GXULQJ�FKLOGKRRG��

7KLV�LV�D�VSHFLDO�FDVH�RI�WKH�PRUH�JHQHUDO�REVHUYDWLRQ�WKDW�GHYHORSPHQWDO�UHVHDUFK�RIWHQ�

VXIIHUV�IURP�WKH�SUREOHP�RI�JHQHWLF�FRQIRXQGLQJ�RI�HIIHFWV�WKDW�DUH�FRPPRQO\�DWWULEXWHG�WR�

WKH�HQYLURQPHQW��3ORPLQ��'H)ULHV��.QRSLN��	�1HLGHUKLVHU���������7KH�PDMRULW\�RI�

LQGLYLGXDOV�DUH�UDLVHG�E\�WKHLU�RZQ�ELRORJLFDO�SDUHQWV��WR�ZKRP�WKH\�DUH�FORVHO\�JHQHWLFDOO\�

UHODWHG��3XWDWLYHO\�³HQYLURQPHQWDO´�FRQVWUXFWV��VXFK�DV�RXU�PHDVXUH�RI�UHVRXUFH�LQVWDELOLW\�

GXULQJ�FKLOGKRRG��DUH�LQHYLWDEO\�LQIOXHQFHG�E\�SDUHQWDO�EHKDYLRUV��7R�WKH�H[WHQW�WKDW�VXFK�

SDUHQWDO�EHKDYLRUV�PD\�EH�SDUWLDOO\�KHULWDEOH��WKH�UHVXOWLQJ�FKLOGKRRG�HQYLURQPHQWV�PD\�EH�

LQIOXHQFHG�E\�JHQHV�WKDW�DUH�DOVR�SUHVHQW�LQ�WKHLU�RIIVSULQJ��5RZH���������7KLV�FUHDWHV�JHQH�

HQYLURQPHQW�FRUUHODWLRQV WKDW�QHFHVVDULO\�FRQIRXQG�DQ\�SUHGLFWLRQV�RI�IXWXUH�RIIVSULQJ�

EHKDYLRUDO�RXWFRPHV��%XVV���������)RU�LQVWDQFH��HDUO\�DGYHUVLW\�SUHGLFWLQJ�IXWXUH�RIIVSULQJ�

RXWFRPHV�PD\�EH�DW�OHDVW�SDUWLDOO\�DWWULEXWDEOH�WR�VWDWLVWLFDOO\�VSXULRXV�HIIHFWV�RI�FRPPRQ�

JHQHWLF�LQIOXHQFHV�WKURXJKRXW�GHYHORSPHQW��0DWHUQDO�JHQHV�WKDW�PLJKW�EH�LQIOXHQFLQJ�

SHUFHLYHG�PDWHUQDO VHQVLWLYLW\��LI�DFFXUDWH��FRXOG�DOVR�EH�H[HUWLQJ�SOHLRWURSLF�EHKDYLRUDO�
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HIIHFWV�RQ�WKH�JHQHUDWLRQ�RI�KRXVHKROG�UHVRXUFH�LQVWDELOLW\�GXULQJ�FKLOGKRRG��VHH�FKDSWHU�RQ�

(YROXWLRQDU\�(FRORJLFDO�6\VWHPV�7KHRU\��+HUWOHU��)LJXHUHGR��3HxDKHUUHUD�$JXLUUH��

)HUQDQGHV��	�:RRGOH\�RI�0HQLH���������,I�WKLV�ZHUH�LQGHHG�RFFXUULQJ��WKHQ�WKH�GLUHFWLRQ�RI�

WKH�HIIHFW�IURP�UHVRXUFH�LQVWDELOLW\�WR�PDWHUQDO�VHQVLWLYLW\�LQ�RXU�PRGHO�ZRXOG�QHHG�WR�EH�

UHYHUVHG��$OWKRXJK�WKH�FXUUHQW�PRGHO�LV�EDVHG�RQ�WKH�SUHGLFWLRQV�RI�/+�WKHRU\��ZRUN LV�

FXUUHQWO\�XQGHUZD\�WR�DGGUHVV�WKLV�LPSRUWDQW�TXHVWLRQ�XVLQJ�EHKDYLRUDO�JHQHWLF�PHWKRGV�RQ�

JHQHWLFDOO\�LQIRUPDWLYH�GDWD��)LJXHUHGR��&DEH]D�GH�%DFD��	�5LFKDUGVRQ��������

$QRWKHU�VXFK�HTXLYRFDO�UHODWLRQ�LV�WKDW�EHWZHHQ�EHKDYLRUDO�UHJXODWLRQ�DQG�WKH�

GHYHORSPHQW�RI�DGXOW�³'DUN´�SHUVRQDOLW\�WUDLWV��7KH�DVVRFLDWLRQ�DPRQJ�WKHVH�FRQVWUXFWV�LV�

ZHOO�NQRZQ��DQG�GHILFLWV�LQ�EHKDYLRUDO�UHJXODWLRQ��H�J���³LPSXOVLYHQHVV´�DV�RSSRVHG�WR�³VHOI�

FRQWURO´��DUH�RIWHQ�LQFOXGHG�LQ�WKH�YHU\�GHILQLWLRQ�RI�VRPH�³'DUN´�SHUVRQDOLW\�WUDLWV��VXFK�DV�

3V\FKRSDWK\��7KH�FDXVDO�RUGHULQJ�DPRQJ�WKHVH�WUDLWV��KRZHYHU��UHPDLQV�XQFHUWDLQ��6RPH�

UHFHQW�PRGHOV��VXFK�DV�WKH�RQH�SUHVHQWO\�UHSRUWHG��KDYH�K\SRWKHVL]HG�WKDW�WKH�HQKDQFHG�OHYHOV�

RI�H[HFXWLYH�IXQFWLRQLQJ�DVVRFLDWHG�ZLWK�VORZHU�/+�VWUDWHJ\��H�J���)LJXHUHGR��&XWKEHUWVRQ��

.DXIIPDQ��:HLO��	�*ODGGHQ��������6DOPRQ��)LJXHUHGR��	�:RRGEXUQ��������VXSSUHVVHV�WKH�

GHYHORSPHQW�RI�SV\FKRSDWKLF�DQG�DJJUHVVLYH�DWWLWXGHV��)LJXHUHGR��-DFREV��*ODGGHQ��%LDQFKL��

3DWFK��%HFN��.DYDQDJK��6RWRPD\RU�3HWHUVRQ��-LDQJ� 	�/L���������DQRWKHU�UHFHQW�PRGHO��

KRZHYHU��VSHFLILHV�³'DUN´�SHUVRQDOLW\�WUDLWV�DV�LQVWHDG�FDXVDOO\�SULRU WR�GHILFLWV�LQ�H[HFXWLYH�

IXQFWLRQV��)LJXHUHGR��3DWFK��3HUH]�5DPRV��	�&UX]���������%RWK�PRGHOV�ZHUH�FURVV�FXOWXUDOO\�

UHSOLFDWHG��ERWK�H[SODLQ�D�VXEVWDQWLDO�DPRXQW�RI�YDULDQFH�LQ�LQWHUSHUVRQDO�DJJUHVVLRQ��5� ����

DQG�5� �����UHVSHFWLYHO\���DQG�ERWK�SURSRVH�SODXVLEOH�PHFKDQLVPV�IRU�WKHLU�SUHIHUUHG�

GLUHFWLRQDOLWLHV��,W�LV�WKHUHIRUH�QRW�SRVVLEOH�DW�WKLV�VWDJH�RI�WKH�RQJRLQJ�UHVHDUFK�SURJUDP�WR�

VWDWH�GHILQLWLYHO\�ZKLFK�FRQVWUXFWV�SUHFHGH�WKH�RWKHUV�GXULQJ�GHYHORSPHQW��DQG�UHYHUVLQJ�WKH�

GLUHFWLRQ�RI�SUHGLFWLRQ�KDV�KDG�PLQLPDO�LPSDFW�XSRQ�WKH�SHUIRUPDQFH�RI�VXFK�PRGHOV�
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)LQDOO\��LW�PLJKW�EH�ZRUWKZKLOH�WR�PHQWLRQ�WKDW�DOO�WKH�HYHQWV�UHSRUWHG�E\�UHVSRQGHQWV�

LQ�WKLV�VWXG\�SUHVXPDEO\�WUDQVSLUHG�LQ�PRGHUQ�HQYLURQPHQWV��ZLWKLQ�HLWKHU�GHYHORSHG�RU�

GHYHORSLQJ�FRXQWULHV��ZKLFK�PD\�RU�PD\�QRW�FORVHO\�UHIOHFW�WKH�PRUH�GLVWDQW�DQFHVWUDO�

HQYLURQPHQWV�RI�WKHVH�VDPH�VRFLHWLHV��2XU�HYROXWLRQDU\�GHYHORSPHQWDO�PRGHO�LV�EDVHG�RQ�WKH�

DVVXPSWLRQ�WKDW�WKH�GHYHORSPHQWDO�PHFKDQLVPV�H[SUHVVHG�LQ�VXFK�PRGHUQ�HQYLURQPHQWV�

SUHVXPDEO\�HYROYHG�LQ�PRUH�DQFHVWUDO�HQYLURQPHQWV��DQG�WKDW�WKH�VHOHFWLYH�SUHVVXUHV�VKDSLQJ�

VXFK�PHFKDQLVPV�ZHUH�UHDVRQDEO\�FRPSDUDEOH�WKHQ�DQG�QRZ��VHH�WKH�FRQFHSW�RI�$GDSWLYHO\�

5HOHYDQW�(QYLURQPHQWV��)LJXHUHGR��%UXPEDFK��-RQHV��6HIFHN��9iVTXH]��	�-DFREV��������

,URQV���������+RZHYHU��ZH�KDYH�QR�ZD\�WR�DVFHUWDLQ�DW�SUHVHQW�ZKHWKHU�RU�WR�ZKDW�H[WHQW�WKDW�

DVVXPSWLRQ�PLJKW�EH�ZDUUDQWHG��7KLV�LV�DQ�LPSRUWDQW�SUREOHP�ZKLFK�PXVW�DZDLW�IXUWKHU�

UHVHDUFK�WR�EHWWHU�HOXFLGDWH�

(YROXWLRQDU\�6LJQLILFDQFH�RI�WKH�6WXG\

,W�LV�WKH�JHQHUDO�FRQVHQVXV�ZLWKLQ�ERWK�KHDOWK�DQG�GHYHORSPHQWDO�SV\FKRORJ\�WKDW�WKH�

GHYHORSPHQW�RI�ZHOO�EHLQJ��VHOI�HVWHHP��VHFXUH�DWWDFKPHQW��DQG�FRRSHUDWLYH�VXSSRUWLYH�

SDWWHUQV�RI�VRFLDO�UHODWLRQ�LQ�DGXOWKRRG�LV�ODUJHO\�D�FRQVHTXHQFH�RI�VXSSRUWLYH�SDUHQWDO�FDUH��

DV�WKURXJK�DIIHFWLRQDWH�WRXFK��ODFN�RI�FRUSRUDO�SXQLVKPHQW��UHVSRQVLYHQHVV�WR�WKH�FKLOG¶V�

QHHGV��SOD\�DFWLYLWLHV��DQG�VRFLDO�HPEHGGHGQHVV��6DQGHUV��������:ROII�	�9DQ�,M]HQGRRUQ��

�������+RZHYHU��ZH�VHH�WKLV�DV�D�SDUWLDO�DQG�LQFRPSOHWH�DFFRXQW�RI�GLYHUVLW\�LQ�KXPDQ�ILWQHVV�

ODQGVFDSHV��DV�WKHUH�LV�QR�VLQJOH�ZD\�RI�RSWLPL]LQJ�DGDSWDWLRQ��:KHUHDV�WKH�DERYH�FRQFHUWHG�

VHW�RI�GHYHORSPHQWDO�FRQGLWLRQV�FHUWDLQO\�SHUPLWV�ZKDW�ZH�FRQVLGHU�KHDOWK\�SV\FKRORJLFDO�

GHYHORSPHQW��DOWHUQDWLYH�GHYHORSPHQWDO�FRQGLWLRQV�OHDGLQJ�WR�RWKHU�SV\FKRVRFLDO�WUDLWV�FDQ�

DOVR�EH�DGDSWLYH�IURP�WKH�SHUVSHFWLYH�RI�HYROXWLRQDU\�VXFFHVV�DQG�WKHUHIRUH�WKHLU�

LQWHUJHQHUDWLRQDO�PDLQWHQDQFH��LQ�VSLWH�RI�QRW�EHLQJ�³KHDOWK\´�IURP�WKH�SRLQW�RI�YLHZ�RI�

PRGHUQ�FXOWXUDO VWDQGDUGV��+HUWOHU��)LJXHUHGR��3HxDKHUUHUD�$JXLUUH��)HUQDQGHV��	�:RRGOH\�

RI�0HQLH���������,QGLYLGXDOV DQG�FRPPXQLWLHV PD\�WKXV FUHDWH�DQG�UHLQIRUFH�VRFLDO�QLFKHV�
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ZKHUH�VHHPLQJO\ FKDRWLF�V\QGURPHV�RI�EHKDYLRU�DUH DGDSWLYHO\ IXQFWLRQDO LQ�WKH�FRQWH[W�RI�

IDVW�/+�VWUDWHJLHV��:H�DUJXH�WKDW�WKH�VHOI�UHLQIRUFLQJ�QDWXUH�RI�/+�VWUDWHJLHV�DQG�WKHLU�

SV\FKRVRFLDO�VHTXHODH KDSSHQV SDUWLDOO\ WKURXJK DFWLYH QLFKH�FRQVWUXFWLRQ��

1LFKH�FRQVWUXFWLRQ�LV�WKH�SURFHVV�E\�ZKLFK�RUJDQLVPV�PRGLI\�WKHLU�RZQ�DQG�HDFK�

RWKHU
V�QLFKHV�WKURXJK�WKHLU�RZQ�DFWLYLWLHV��JHQHUDWLQJ�QHZ�FRQGLWLRQV�IRU�GHYHORSPHQW��DQG�D�

QHZ�FRQWH[W�IRU�DGDSWDWLRQ��$OWKRXJK�WKH�IRFXV�RI�QLFKH�FRQVWUXFWLRQ�WKHRU\�KDV�EHHQ�

SULPDULO\�DW�WKH�HFRORJLFDO�PRGLILFDWLRQV�DQG�HFRORJLFDO�FRQVHTXHQFHV�WR�RUJDQLVPV��)ODFN��

*LUYDQ��'H�:DDO��	�.UDNDXHU���������WKH�ORJLF�RI DFWLYH QLFKH�FRQVWUXFWLRQ�FDQ�DOVR�EH�

DSSOLHG�WR�SV\FKRVRFLDO�PRGLILFDWLRQV�DQG�LPSOLFDWLRQV�GUDZQ�IRU�SV\FKRVRFLDO�FRQVHTXHQFHV��

3RSXODWLRQV�DQG�WKHLU VXEJURXSV� VXFK�DV IDPLOLHV�DQG�LQGLYLGXDOV� FDQ�DOVR�EH�DQDO\]HG�

WKURXJK�WKH�OHQV�RI�QLFKH�FRQVWUXFWLRQ�WKHRU\��DV�WKH\�PRGLI\�DQG�DUH�LPSDFWHG�E\�

PRGLILFDWLRQV�WR�WKHLU�PLFUR�QLFKHV��7KLV�PHDQV�WKDW�WKH�GHYHORSPHQWDO�QLFKHV�FRQVWUXFWHG�IRU�

RIIVSULQJ�WKURXJKRXW�HYROXWLRQDU\�KLVWRU\�DUH�QRW�DOO�WKH�VDPH��'LIIHUHQW�IRUPV�RI�VRFLDO�

UHODWLRQVKLS�PD\�KDYH�EHHQ�IRVWHUHG�IRU�GLIIHUHQW�FRPPXQLWLHV�RU�IDPLOLHV ZLWKLQ�WKHP��

GHSHQGLQJ�RQ�WKHLU�HFRORJLFDO�FRQGLWLRQV�DQG�SHUVRQDO�FKDUDFWHULVWLFV�

,W�LV�UHDGLO\ UHFRJQL]HG�WKDW�WKH�FRQWHQGHG�³RSWLPDO´ GHYHORSPHQWDO�QLFKH�LV�

FRQVWUXFWHG� DV�LW�GRHV�QRW�FRPH H[FOXVLYHO\ IURP WKH�H[WHUQDO HQYLURQPHQW EXW�IURP�VRFLDO�

RUJDQL]DWLRQ��1DUYDH]��:DQJ��	�&KHQJ��������6WHUHOQ\���������/LNHZLVH��DOWHUQDWLYH�

GHYHORSPHQWDO�QLFKHV�DUH�FRQVWUXFWHG�DQG�QRW�VLPSO\�D�SURGXFW�RI�WKH�H[WHUQDO�HQYLURQPHQW�WR�

ZKLFK�JURXSV�DQG�LQGLYLGXDOV�DUH�VXEMHFWHG��+RZHYHU��WKH�WHUP�³FRQVWUXFWLRQ´�VKRXOG�QRW�

QHFHVVDULO\�FRQQRWH�WKH�PHDQLQJ�RI�SUHPHGLWDWHG�LQWHQWLRQDOLW\��1LFKH�FRQVWUXFWLRQ�LV�RIWHQ�D�

VHOHFWHG�UHVSRQVH WR�FRQGLWLRQV�LQ�WKH�HQYLURQPHQW�DQG�OLPLWHG�WR�WKH�FXUUHQW�EHKDYLRUDO�

UHSHUWRU\ RI�WKH�LQGLYLGXDOV�FRQVWUXFWLQJ�WKH�QLFKH��$FFRUGLQJO\��FRPSDUDWLYHO\�IDVWHU�/+�

FRPPXQLWLHV�ZRXOG�FRQVWUXFW�QLFKHV�WKDW�QRW�RQO\�VXLW�EXW�DFWXDOO\�UHLQIRUFH WKHLU�

ELRSV\FKRVRFLDO�DGDSWDWLRQV��RSWLPL]LQJ�WKHLU�ILWQHVV�E\�EXLOGLQJ�FXOWXUDO�SUDFWLFHV�WKDW�
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FDSLWDOL]H�RQ�WKH�KLJK�YDULDELOLW\�RI�FRQGLWLRQV��,QVWDELOLW\ DQG�DGYHUVLW\�WKHPVHOYHV�DUH�

UHOLDEOH�FRQVWDQWV LQ�WKHLU�HFRORJ\��DQG�VXFK�FRPPXQLWLHV�ZRXOG�EHQHILW��IURP�WKH�SRLQW�RI�

YLHZ�RI�HYROXWLRQDU\�VXFFHVV��IURP�WKH�DELOLW\�WR�QDYLJDWH�VXFK�HQYLURQPHQWV�UDWKHU�WKDQ�

DYRLG�WKHP�DQG�SULRULWL]H�WUDLWV�FRQVLGHUHG�³RSWLPDO´�IURP�WKH�SRLQW�RI�YLHZ�RI�KHDOWK�

SV\FKRORJ\�

7KXV��WKH�IDPLO\�HQYLURQPHQW�PD\�VHUYH�WR�SUHSDUH�WKH�FKLOG�IRU�WKH�DYHUDJH�VRFLDO�

HQYLURQPHQW�WKDW�UHFXUUHQWO\�RFFXUV�LQ�WKH�IDPLO\¶V�SUHFHGLQJ�KLVWRU\��$Q DGDSWLYH IDPLO\

HQYLURQPHQW GRHV�QRW�SUHSDUH�FKLOGUHQ�IRU�DQ�LGHDOL]HG IXWXUH HQYLURQPHQW��EXW�UDWKHU�WR�

FRQGLWLRQV�FORVH�WR�WKHLU�SUHVHQW�UHDOLW\��0DQ\�QLFKHV�DUH�VWDEOH��HVSHFLDOO\�IRU�WKRVH�ZLWK�D�

ODUJHO\�VWDEOH�FXOWXUH��ZKHUH�UHOLDEOH�VRFLRFXOWXUDO�FRQGLWLRQV�H[LVW��7KH�QRWLRQ�WKDW�

FRQVWUXFWHG�QLFKHV�SURWHFW�DJDLQVW�KDUVKQHVV�DQG�HQFRXUDJH�VDIHW\�DQG�VRFLDO�FRKHVLRQ�LV�

FRPPRQ��)O\QQ��/DODQG��.HQGDO��	�.HQGDO���������7KH�PDLQWHQDQFH�RI�VXFK�ORQJ�WHUP�

VRFLDO�IHDWXUHV�LV�SULRULWL]HG�E\�LQGLYLGXDOV�DQG�JURXSV�WKDW�OLYH�LQ�UHODWLYHO\�VWDEOH��

SUHGLFWDEOH�QLFKHV�LQ�ZKLFK�FXPXODWLYH�DQG�IXWXUH�SD\RIIV�WR�FXUUHQW�LQYHVWPHQWV�DUH�UHOLDEOH��

)RU�H[DPSOH��LQWHUSHUVRQDO�DJJUHVVLRQ LV�IUHTXHQWO\�LQWHUSUHWHG�DV�D�PDQLIHVWDWLRQ�RI�IDLOHG�

LPSXOVH�FRQWURO�RU�DQ�XQGHUO\LQJ�SV\FKRSDWKRORJLFDO�FRQGLWLRQ��DQG�WKXV� VHHQ�DV�PDODGDSWLYH�

�IRU�D�UHYLHZ��VHH�)HUQDQGHV��)LJXHUHGR��	�3HxDKHUUHUD�$JXLUUH���������$JJUHVVLRQ�LQGHHG�

MHRSDUGL]HV�WKH�VXFFHVVIXO�LPSOHPHQWDWLRQ�RI�ORQJ�WHUP�PDWLQJ�VWUDWHJLHV��LQYHVWPHQWV�LQ�NLQ��

DQG�WKH�PDLQWHQDQFH�RI�ORQJ�WHUP�FRRSHUDWLYH�HIIRUWV��WKXV�UHGXFLQJ�RU�LPSHGLQJ�JURXS�

FRKHVLRQ��)LJXHUHGR�	�-DFREV���������

2WKHU�QLFKHV��KRZHYHU� LQYROYH�ODUJHO\�XQVWDEOH�FRQGLWLRQV��5RZOH\�&RQZ\�	�

/D\WRQ���������3DUHQWLQJ�VW\OHV�WKDW�IRVWHU�VWDELOLW\�PD\�VHHP�LGHDO�IURP�WKH�SRLQW�RI�YLHZ�RI�

SURGXFWLRQ�RI�VXEMHFWLYH�ZHOO�EHLQJ��EXW�RXW�RI�V\QF�ZLWK�WKH�UHDOLW\�RI�WKH�DGXOW�HFRORJ\ WKDW�

DZDLWV�LQGLYLGXDOV��,Q�XQVWDEOH��IDVWHU�/+�FRPPXQLWLHV��LQWHUYHQWLRQV�RQ�DJJUHVVLRQ�ZLWKRXW�

VLPXOWDQHRXV�LQWHUYHQWLRQV�RQ�SURYLGLQJ�VWDEOH�DQG�SUHGLFWDEOH�RSSRUWXQLWLHV�DUH�OLNHO\�WR�
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SURGXFH�PLVPDWFK��GLVVRQDQFH��DQG�WKH�GHSULYDWLRQ�RI�DGDSWLYH�VWUDWHJLHV�WR�VROYH�SUREOHPV�

IDFHG�LQ�RQH¶V�QLFKH��(OOLV�HW�DO�������� 0RGLI\LQJ�URXJK�SDUHQWLQJ�VW\OHV�WKDW�WUDLQ�FKLOGUHQ�WR�

IDFH�DQG�VXFFHHG�LQ�DGYHUVLW\�PD\ QRW QHHG WR�EH�GLVFDUGHG�DV�D�JRDO��EXW�WR�HQVXUH�ORQJ�WHUP�

DGMXVWPHQW�RQH�VKRXOG�DUJXDEO\�DOVR�FRUUHVSRQGLQJO\�PRGLI\�WKH�VRFLDO�QLFKH�WKDW�WKHVH�

FKLOGUHQ�ZLOO�HQFRXQWHU�DV�DGXOWV��%UXPEDFK��)LJXHUHGR��	�(OOLV��������(OOLV�HW�DO�� ������

������ )RU�H[DPSOH��UHDFWLYLW\�DQG�LUULWDELOLW\�HDUO\�LQ�OLIH�FDQ�EH�D�YDOXDEOH�EDVLV�IRU�

DVVHUWLYHQHVV�DQG�VWDWXV�VHHNLQJ�LQ�DGXOWKRRG�DQG�SDUHQWLQJ�VW\OHV�PD\�WUDLQ�FKLOGUHQ�IRU�WKDW��

ZKHUHDV�LQ�RWKHU�VRFLDO�QLFKHV�VXFK�HDUO\�WUDLWV�PD\�EH�GHWULPHQWDO�WR�VXFFHVVIXOO\�QDYLJDWLQJ�

DGXOW�UHODWLRQV��:RUWKPDQ�	�%URZQ��������

7KH�IDFW�WKDW�PXOWLSOH�IRUPV�RI�FKLOG�DEXVH��QHJOHFW��ODFN�RI�VHQVLWLYLW\��DQG�DGYHUVLW\�

LQ�SDUHQWLQJ�VW\OHV�LQ�JHQHUDO�DUH�LQWHUJHQHUDWLRQDOO\�F\FOLFDO�LV�ZHOO�NQRZQ��%HOVN\��������

.DXIPDQ�	�=LHJOHU���������DQG�WKH�SUHVHQW�FDVFDGH�DQDO\VLV�UHLQIRUFHV�WKDW�QRWLRQ��,QGHHG��D�

UHFHQW�ORQJLWXGLQDO�FURVV�QDWLRQDO�VWXG\�KDV�XVHG�FULWLFDO�GLPHQVLRQV�VXFK�DV�KRXVHKROG�FKDRV��

QHLJKERUKRRG�GDQJHU��KDUVK�PDWHUQDO�SDUHQWLQJ��DQG�PDWHUQDO�DIIHFWLRQ�WR�SUHGLFW�FKLOG�

RXWFRPHV�VXFK�DV�H[WHUQDOL]LQJ�EHKDYLRUV��LQWHUQDOL]LQJ�EHKDYLRUV��DQG�VFKRRO�DFKLHYHPHQW�

�'HDWHU�'HFNDUG�HW�DO��������� 7KH�FURVV�FXOWXUDO�LQYDULDQFH�RI�WKHVH�UHVXOWV DFURVV�ORZǦ �DQG

PLGGOHǦ LQFRPH�FRXQWULHV��/0,&V� ZHUH�FRQILUPHG�E\�PXOWLJURXS�VWUXFWXUDO�HTXDWLRQ�PRGHOV�

�06(0V���+RZHYHU��WR�RXU�NQRZOHGJH�WKLV�LV�WKH�ILUVW�VWXG\�WR H[SOLFLWO\ WLH�WKLV�SKHQRPHQRQ

HPSLULFDOO\ WR�WKH�QH[XV�RI�/+�VSHHG��SHUPLWWLQJ�D�WKHRUHWLFDO�DQDO\VLV�RI�WKH�DGDSWLYH�DVSHFWV�

EHKLQG�LW��)DFLOLWDWLQJ�LQWHUJHQHUDWLRQDO�UHFXUUHQFH�LV�WKH�VHOI�UHLQIRUFLQJ�QDWXUH�RI�/+�

VWUDWHJLHV��3LDQND���������RFFXUULQJ�ZKHUH WKH�PDMRULW\�RI RWKHUV�LQ�WKH�VRFLDO�QLFKH�DUH�DOVR�

SXUVXLQJ�IDVW�/+�DQG�VKRUW�WHUP�VRFLDO�VWUDWHJLHV��UDWKHU�WKDQ�IDYRULQJ�RU�HYHQ�SHUPLWWLQJ�

ORQJ�WHUP�ERQG�IRUPDWLRQ���7KLV�FROOHFWLYH�VHOI�UHLQIRUFHPHQW�RI�/+�VWUDWHJLHV�SHUPLWV WKH�

HVWDEOLVKPHQW�RI�FRPPXQLW\�HIIRUW LQ�QLFKH�FRQVWUXFWLRQ��:KDW�LV�IRUZDUGHG�KHUH�LV�WKH�

K\SRWKHVLV�WKDW�FKDRWLF�SDWWHUQV�RI�UHODWLRQVKLS�LQ�FKLOGKRRG�SUHSDUH�IRU�WKH�HTXDOO\�FKDRWLF�
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XQSUHGLFWDEOH�DQG�KDUVK�QLFKHV�RI�IDVW�/+�DGXOWKRRG��7KH�SV\FKREHKDYLRUDO�VHW�RI�

FKDUDFWHULVWLFV�GHVFULEHG�LQ�WKH�DERYH�FDVFDGH�DUH�QRW QHFHVVDULO\ PDODGDSWLYH�IURP�WKH�SRLQW�

RI�YLHZ�RI�VXFFHVVIXO�UHSOLFDWLRQ�DFURVV�JHQHUDWLRQV� DQG�WKHUHIRUH� DSSHDU�HYROXWLRQDU\�

IXQFWLRQDO��7KH\�RQO\�DSSHDU�PDODGMXVWHG WR�WKH�H[SHFWDWLRQV�RI�VRPHRQH�ZKR�LV�QRW�

HPEHGGHG�LQ�IDVW�/+�QLFKHV��

)XUWKHUPRUH��UDWKHU�WKDQ�EHLQJ�SUHPHGLWDWHG��LQWHQWLRQDO��RU�HYHQ�HJR�V\QWRQLF��WKH�

LQWHUJHQHUDWLRQDO�UHSHWLWLRQ�RI�WKHVH�SDUHQWLQJ�SUDFWLFHV�PD\�EH�SHUFHLYHG�DV�XQGHVLUDEOH HYHQ�

E\�WKRVH�ZKR�SUDFWLFH�WKHP��7KLV�UHDOL]DWLRQ�VHUYHV�WR�DYRLG�EODPLQJ�LQGLYLGXDOV�EXW�DOVR�WR�

XQGHUVWDQG�WKDW�SDUHQWLQJ�SUDFWLFHV�PD\�EH�SHUFHLYHG�DW�OHDVW�SDUWO\�DV�XQDYRLGDEOH�DQG�

XQFRQWUROODEOH��ZKLFK�UHLQIRUFHV WKH�WKHRUHWLFDO�QRWLRQ�WKDW�LW�LV�D�SURGXFW�RI�WKH�QLFKH��

6HFRQG��QR�UHODWLRQVKLS�EHWZHHQ�FKLOGKRRG�H[SHULHQFHV�DQG�DGXOW�SDWWHUQV�RI�EHKDYLRU�

LGHQWLILHG�LQ�WKH�SUHVHQW�VWXG\�RU�LQ�SUHYLRXV�VWXGLHV�LV�GHWHUPLQLVWLF��,Q�WKH�IDFH�RI�

PHDVXUHPHQW�HUURU�DQG�VWRFKDVWLF�SURFHVVHV��LQGLYLGXDOV�GR�VRPHWLPHV EUHDN�RXW�RI�WKH�

SDWWHUQ�RI�LQWHUJHQHUDWLRQDO�UHSHWLWLRQ��$V�VXFK��LW LV�LQ�QR�ZD\�LPSOLHG�E\ WKH�SUHVHQW�

GLVFXVVLRQ�WKDW�LW�LV�WKH�LQHYLWDEOH�IDWH RI�LQGLYLGXDOV WR�UHSURGXFH�WKH�SDUHQWLQJ�DQG�IDPLOLDO�

SDWWHUQV�RI�UHODWLRQVKLS�WR�ZKLFK�WKH\�ZHUH�H[SRVHG�GXULQJ�HDUOLHU�VWDJHV�RI�GHYHORSPHQW�

5HIHUHQFHV

%HLWFKPDQ��-�+���=DL��&�&���0XLU��.���%HUDOO��/���1RZURX]L��%���&KRL��(���	�.HQQHG\��-�/��

��������&KLOGKRRG�DJJUHVVLRQ��FDOORXV�XQHPRWLRQDO�WUDLWV�DQG�R[\WRFLQ�JHQHV��

(XURSHDQ�FKLOG�	�DGROHVFHQW�SV\FKLDWU\��������������

%HOVN\��-����������(WLRORJ\�RI�FKLOG�PDOWUHDWPHQW��$�GHYHORSPHQWDO�HFRORJLFDO�

DQDO\VLV� 3V\FKRORJLFDO�%XOOHWLQ� �������������

%HOVN\��-���6FKORPHU��*�/���	�(OOLV��%�-����������%H\RQG�FXPXODWLYH�ULVN��GLVWLQJXLVKLQJ�

KDUVKQHVV�DQG�XQSUHGLFWDELOLW\�DV�GHWHUPLQDQWV�RI�SDUHQWLQJ�DQG�HDUO\�OLIH�KLVWRU\�

VWUDWHJ\��'HYHORSPHQWDO�3V\FKRORJ\���������± ����
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%ODFN��&�-���)LJXHUHGR��$�-���	�-DFREV��:�-����������6XEVWDQFH��KLVWRU\��DQG�SROLWLFV��$Q�

H[DPLQDWLRQ�RI�WKH�FRQFHSWXDO�XQGHUSLQQLQJV�RI�DOWHUQDWLYH�DSSURDFKHV�WR�WKH�OLIH�

KLVWRU\�QDUUDWLYH��(YROXWLRQDU\�3V\FKRORJ\�����������������������

%ODFN��&�-���)LJXHUHGR��$�-���	�-DFREV��:�-����������/LIH�KLVWRU\�WKHRU\��,Q�9��=HLJOHU�+LOO��7��

.��6KDFNHOIRUG��(GV����(QF\FORSHGLD�RI�3HUVRQDOLW\�DQG�,QGLYLGXDO�'LIIHUHQFHV��

KWWSV���GRL�RUJ��������������������������B������

%ODFN��&�-���3DWFK��(�$���)LJXHUHGR��$�-���	�-DFREV��:�-���XQGHU�UHYLVLRQ���6KDUHG�UROHV��&KLOG�

DQG�DGROHVFHQW�HYHQWV�DQG�WKHLU�SHUFHSWLRQV�LQIOXHQFH�GHYHORSPHQWDO�WLPLQJ�DQG�

KHDOWK�RXWFRPHV�

%ODFN��&�-���	 *DEOH��-�&����������(DUO\�(QYLURQPHQW�4XHVWLRQQDLUH��5HWULHYHG�IURP�

KWWS���ZZZ�X�DUL]RQD�HGX�aFMEODFN�((4�KWPO

%ODLU��5�-�5����������1HXURELRORJLFDO�EDVLV�RI�SV\FKRSDWK\��7KH�%ULWLVK�-RXUQDO�RI�

3V\FKLDWU\�����������

%RRN��$�6���	�4XLQVH\��9�/����������3V\FKRSDWKV��FKHDWHUV�RU�ZDUULRU�KDZNV" 3HUVRQDOLW\�

DQG�,QGLYLGXDO�'LIIHUHQFHV� ����������

%ULVOLQ��5�:����������%DFN�WUDQVODWLRQ�IRU�FURVV�FXOWXUDO�UHVHDUFK��-RXUQDO�RI�FURVV�FXOWXUDO�

SV\FKRORJ\�������������

%UXPEDFK��%�+���)LJXHUHGR��$�-���	�(OOLV��%�-��������� (IIHFWV�RI�KDUVK�DQG�XQSUHGLFWDEOH�

HQYLURQPHQWV�LQ�DGROHVFHQFH�RQ�GHYHORSPHQW�RI�OLIH�KLVWRU\�VWUDWHJLHV��$�ORQJLWXGLQDO�

WHVW�RI�DQ�HYROXWLRQDU\�PRGHO��+XPDQ�1DWXUH��������±���

%XVV��'�0����������6HOHFWLRQ��HYRFDWLRQ��DQG�PDQLSXODWLRQ��-RXUQDO�RI�3HUVRQDOLW\�DQG�6RFLDO�

3V\FKRORJ\����������������

&DEH]D�GH�%DFD��7���	�(OOLV��%�-����������(DUO\�6WUHVV��SDUHQWDO�PRWLYDWLRQ��DQG�UHSURGXFWLYH�

GHFLVLRQ�PDNLQJ��$SSOLFDWLRQV�RI�OLIH�KLVWRU\�WKHRU\�WR�SDUHQWDO�EHKDYLRU��&XUUHQW�

2SLQLRQ�LQ�3V\FKRORJ\�����������'2,����������M�FRSV\F������������
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&DEH]D�GH�%DFD��7���)LJXHUHGR��$�-���	�(OOLV��%�-����������$Q�HYROXWLRQDU\�DQDO\VLV�RI�

YDULDWLRQ�LQ�SDUHQWDO�HIIRUW��'HWHUPLQDQWV�DQG�DVVHVVPHQW��3DUHQWLQJ��6FLHQFH�DQG�

3UDFWLFH��6SHFLDO�,VVXH��7KH�$UF�RI�3DUHQWLQJ�IURP�(SLJHQRPHV�WR�(WKLFV�������������

&DEH]D�GH�%DFD��7���6RWRPD\RU�3HWHUVRQ��0���6PLWK�&DVWUR��9���	�)LJXHUHGR��$�-����������

&RQWULEXWLRQV�RI�PDWULOLQHDO�DQG�SDWULOLQHDO�NLQ�DOORSDUHQWDO�HIIRUW�WR�WKH�GHYHORSPHQW

RI�OLIH�KLVWRU\�VWUDWHJLHV�DQG�SDWULDUFKDO�YDOXHV��$�FURVV�FXOWXUDO�OLIH�KLVWRU\�DSSURDFK�

-RXUQDO�RI�&URVV�&XOWXUDO�3V\FKRORJ\��������������

&DEH]D�GH�%DFD� 7���6RWRPD\RU�3HWHUVRQ��0���	�)LJXHUHGR��$�-����������3DUHQWDO�,QYHVWPHQW�

DQG�3DUHQWLQJ��,Q�7��.��6KDFNHOIRUG�	�:HHNHV�6KDFNHOIRUG��9���(GV����(QF\FORSHGLD�

RI�HYROXWLRQDU\�SV\FKRORJLFDO�VFLHQFH��&KDP��6ZLW]HUODQG��6SULQJHU��

'2,��������������������������B������

&DEH]D�GH�%DFD� 7���:DKO��5�$�� %DUQHWW��0�$���)LJXHUHGR��$�-���	�(OOLV��%�-����������

$GYHUVLW\��$GDSWLYH�&DOLEUDWLRQ��DQG�+HDOWK��7KH�FDVH�RI�GLVDGYDQWDJHG�IDPLOLHV�

$GDSWLYH�+XPDQ�%HKDYLRU�DQG�3K\VLRORJ\� ���������� '2,����������V����������

�����]

&RKHQ��-���	�&RKHQ��3����������$SSOLHG�0XOWLSOH�5HJUHVVLRQ�&RUUHODWLRQ�$QDO\VLV�IRU�WKH�

%HKDYLRUDO�6FLHQFHV��+LOOVGDOH��1-��(UOEDXP�

&URVWRQ��5���%UDQFK� &�/���.R]ORYVN\��'�<���'XNDV��5���	�3UDYRVXGRY��9�9����������

+HULWDELOLW\�DQG�WKH�HYROXWLRQ�RI�FRJQLWLYH�WUDLWV��%HKDYLRUDO�(FRORJ\����������������

'DGGV��0�5���$OOHQ��-�/���2OLYHU��%�5���)DXONQHU��1���/HJJH��.���0RXO��&�������	�6FRWW��6��

��������/RYH��H\H�FRQWDFW�DQG�WKH�GHYHORSPHQWDO�RULJLQV�RI�HPSDWK\�Y��

SV\FKRSDWK\� 7KH�%ULWLVK�-RXUQDO�RI�3V\FKLDWU\� �������������

'DGGV��0�5���0RXO��&���&DXFKL��$���'REVRQ�6WRQH��&���+DZHV��'�-���%UHQQDQ��-���	�(EVWHLQ��

5�(����������0HWK\ODWLRQ�RI�WKH�R[\WRFLQ�UHFHSWRU�JHQH�DQG�R[\WRFLQ�EORRG�OHYHOV�LQ�

WKH�GHYHORSPHQW�RI�SV\FKRSDWK\� 'HYHORSPHQW�DQG�SV\FKRSDWKRORJ\� ����������
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'DYLV� 0�)���*XJJHQKHLP��&���)LJXHUHGR��$�-���:ULJKW��$���	�/RFNH��&����������'LIIHUHQWLDO�

SDUHQWDO�LQYHVWPHQW�LQ�7XFVRQ�EDELHV��-RXUQDO�RI�WKH�$UL]RQD�1HYDGD�$FDGHP\�RI�

6FLHQFH�������������

'HDWHU�'HFNDUG��.���*RGZLQ��-���/DQVIRUG��-��(���7LUDGR��/��0��8���<RWDQ\DPDQHHZRQJ��6���

$ODPSD\��/��3�������	�'L�*LXQWD��/����������&KDRV��GDQJHU��DQG�PDWHUQDO�SDUHQWLQJ�LQ�

IDPLOLHV��/LQNV�ZLWK�DGROHVFHQW�DGMXVWPHQW�LQ�ORZ� DQG�PLGGOH�LQFRPH�FRXQWULHV��

'HYHORSPHQWDO�VFLHQFH���������H������

'HPHWULRX��$���&KULVWRX��&���6SDQRXGLV��*���	�3ODWVLGRX��0����������7KH�GHYHORSPHQW�RI�

PHQWDO�SURFHVVLQJ��(IILFLHQF\��ZRUNLQJ�PHPRU\��DQG�WKLQNLQJ��0RQRJUDSKV�RI�WKH�

6RFLHW\�RI�5HVHDUFK�LQ�&KLOG�'HYHORSPHQW�������6HULDO�1R�������������

(OOLV��%�-���'HO�*LXGLFH��0���'LVKLRQ��7�-���)LJXHUHGR��$�-���*UD\��3���*ULVNHYLFLXV��9�������	�

:LOVRQ��'�6����������7KH�HYROXWLRQDU\�EDVLV�RI�ULVN\�DGROHVFHQW�EHKDYLRU��

LPSOLFDWLRQV�IRU�VFLHQFH� SROLF\��DQG�SUDFWLFH��'HYHORSPHQWDO�SV\FKRORJ\����������

(OOLV��%�-���)LJXHUHGR��$�-���%UXPEDFK��%�+���	�6FKORPHU��*�/����������)XQGDPHQWDO�

GLPHQVLRQV�RI�HQYLURQPHQWDO�ULVN��7KH�LPSDFW�RI�KDUVK�YHUVXV�XQSUHGLFWDEOH�

HQYLURQPHQWV�RQ�WKH�HYROXWLRQ�DQG�GHYHORSPHQW�RI�OLIH�KLVWRU\�VWUDWHJLHV��+XPDQ�

1DWXUH��������������

)LJXHUHGR��$�-���%UXPEDFK��%�+���-RQHV��'�1���6HIFHN��-�$���9iVTXH]��*���	�-DFREV��:�-��

��������(FRORJLFDO�FRQVWUDLQWV�RQ�PDWLQJ�WDFWLFV��,Q�*HKHU��*���	�0LOOHU��*�)����(GV����

0DWLQJ�,QWHOOLJHQFH��6H[��5HODWLRQVKLSV�DQG�WKH�0LQG¶V�5HSURGXFWLYH�6\VWHP �SS������

������0DKZDK��1-��/DZUHQFH�(UOEDXP�

)LJXHUHGR��$�-���&DEH]D�GH�%DFD��7���	�5LFKDUGVRQ��*�%����������+\EULG�EHKDYLRU�JHQHWLF�

PRGHOV�RI�WKH�FRQIRXQGLQJ�JHQH�HQYLURQPHQW�FRUUHODWLRQV�LQ�WKH�GHYHORSPHQW�RI�OLIH�

KLVWRU\�VWUDWHJ\��7ZR�FRQYHUJHQW�DSSURDFKHV��-RXUQDO�RI�WKH�0HWKRGV�DQG�

0HDVXUHPHQW�LQ�WKH�6RFLDO�6FLHQFHV��PDQXVFULSW�VXEPLWWHG�IRU�SXEOLFDWLRQ�
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)LJXHUHGR��$�-���&XWKEHUWVRQ��$�0���.DXIIPDQ��,�$���:HLO��(���	�*ODGGHQ��3�5� ��������7KH�

LQWHUSOD\�RI�EHKDYLRUDO�GLVSRVLWLRQV�DQG�FRJQLWLYH�DELOLWLHV��6RFLRVH[XDO�RULHQWDWLRQ��

HPRWLRQDO�LQWHOOLJHQFH��H[HFXWLYH�IXQFWLRQV��DQG�OLIH�KLVWRU\�VWUDWHJ\��7HPDV�HP�

3VLFRORJLD� ��������������

)LJXHUHGR��$�-���*ODGGHQ��3�5���6LVFR��0�0���3DWFK��(�$���	�-RQHV��'�1����������7KH�XQKRO\�

WULQLW\��7KH�'DUN�7ULDG��VH[XDO�FRHUFLRQ��DQG�%UXQVZLN�V\PPHWU\��(YROXWLRQDU\�

3V\FKRORJ\�������������������������

)LJXHUHGR��$�-���	�*RUVXFK��5����������$VVRUWDWLYH�PDWLQJ�LQ�WKH�-HZHO�ZDVS�����6HTXHQWLDO�

FDQRQLFDO�DQDO\VLV�DV�DQ H[SORUDWRU\�IRUP�RI�SDWK�DQDO\VLV��-RXUQDO�RI�WKH�$UL]RQD�

1HYDGD�$FDGHP\�RI�6FLHQFH������������

)LJXHUHGR��$�-���	�-DFREV��:�-����������$JJUHVVLRQ��ULVN�WDNLQJ��DQG�DOWHUQDWLYH�OLIH�KLVWRU\�

VWUDWHJLHV��7KH�EHKDYLRUDO�HFRORJ\�RI�VRFLDO�GHYLDQFH��,Q�0��)ULDV�$UPHQWD�	�9��

&RUUDO�9HUGXJR��(GV��� %LRSV\FKRVRFLDO�SHUVSHFWLYHV�RQ�DJJUHVVLRQ �SS���±�����

+DXSSDXJH��1RYD�6FLHQFH�3XEOLVKHUV�

)LJXHUHGR��$��-���-DFREV��:��-���*ODGGHQ��3��5���%LDQFKL��-���3DWFK��(��$���.DYDQDJK��3��6�������

	�/L��1��3����������,QWLPDWH�SDUWQHU�YLROHQFH��LQWHUSHUVRQDO�DJJUHVVLRQ��DQG�OLIH�

KLVWRU\�VWUDWHJ\� (YROXWLRQDU\�%HKDYLRUDO�6FLHQFHV� ���������

)LJXHUHGR��$�-���0F.QLJKW��3�(���0F.QLJKW��.�0���	�6LGDQL��6����������0XOWLYDULDWH�

PRGHOLQJ�RI�PLVVLQJ�GDWD�ZLWKLQ�DQG�DFURVV�DVVHVVPHQW�ZDYHV��$GGLFWLRQ�������V����

���������GRL����������M����������������V����[

)LJXHUHGR��$�-���3DWFK��(�$���	�&HEDOORV��&�(�*����������$�OLIH�KLVWRU\�DSSURDFK�WR�WKH�

G\QDPLFV�RI�VRFLDO�VHOHFWLRQ��,Q�9��=HLJOHU�+LOO��/��/��0��:HOOLQJ��	�7��.��

6KDFNHOIRUG �(GV����(YROXWLRQDU\�SHUVSHFWLYHV�RQ�VRFLDO�SV\FKRORJ\ �SS������������

1HZ�<RUN��1<��6SULQJHU�
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)LJXHUHGR��$�-���3DWFK��(�$�� 3HUH]�5DPRV��0���	�&UX]��*�-� ��������(YROXWLRQDU\�,QIOXHQFHV�

RQ�$JJUHVVLYH�%HKDYLRXU��,Q�$��9D]VRQ\L��'��)ODQQHU\��	�0��'HOLVL��HGV����

&DPEULGJH�KDQGERRN�RI�YLROHQW�EHKDYLRXU�DQG�DJJUHVVLRQ �SS����������&DPEULGJH��

0$��&DPEULGJH�8QLYHUVLW\�3UHVV��'2,� ����������������������

)LJXHUHGR��$�-���	�5XVKWRQ��-�3��������� (YLGHQFH�IRU�VKDUHG�JHQHWLF�GRPLQDQFH�EHWZHHQ�WKH�

JHQHUDO�IDFWRU�RI�SHUVRQDOLW\��PHQWDO�DQG�SK\VLFDO�KHDOWK��DQG�OLIH�KLVWRU\�WUDLWV��7ZLQ�

5HVHDUFK�DQG�+XPDQ�*HQHWLFV����� ���±����

)LJXHUHGR��$�-���9iVTXH]��*���%UXPEDFK��%�+���	�6FKQHLGHU��6�0�5����������7KH�KHULWDELOLW\�

RI�OLIH�KLVWRU\�VWUDWHJ\��7KH�.�IDFWRU��FRYLWDOLW\��DQG�SHUVRQDOLW\��6RFLDO�%LRORJ\������

��������

)LJXHUHGR��$�-���9iVTXH]��*���%UXPEDFK��%�+���	�6FKQHLGHU��6�0�5����������7KH�.�IDFWRU��

FRYLWDOLW\��DQG�SHUVRQDOLW\��$�SV\FKRPHWULF�WHVW�RI�OLIH�KLVWRU\�WKHRU\��+XPDQ�1DWXUH�

����������

)LJXHUHGR��$�-���9iVTXH]��*���%UXPEDFK� %�+���6FKQHLGHU��6�0�5���6HIFHN��-�$���7DO��,�5���

+LOO��'���:HQQHU��&�-���	�-DFREV��:�-����������&RQVLOLHQFH�DQG�OLIH�KLVWRU\�WKHRU\��

)URP�JHQHV�WR�EUDLQ�WR�UHSURGXFWLYH�VWUDWHJ\��'HYHORSPHQWDO�5HYLHZ� ������������

)ODFN��-�&���*LUYDQ��0�� 'H�:DDO��)�%���	�.UDNDXHU��'�&����������3ROLFLQJ�VWDELOL]HV�

FRQVWUXFWLRQ�RI�VRFLDO�QLFKHV�LQ�SULPDWHV� 1DWXUH� ���� ��������

)O\QQ��(�*���/DODQG��.�1���.HQGDO��5�/���	�.HQGDO��-�5����������7DUJHW�DUWLFOH�ZLWK�

FRPPHQWDULHV��'HYHORSPHQWDO�QLFKH�FRQVWUXFWLRQ� 'HYHORSPHQWDO�6FLHQFH� ��������

����

*LRLD��*�$���,VTXLWK��3�.���5HW]ODII��3�'���	�(VS\��.�$����������&RQILUPDWRU\�IDFWRU�DQDO\VLV�

RI�WKH�%HKDYLRU�5DWLQJ�,QYHQWRU\�RI�([HFXWLYH�)XQFWLRQ��%5,()��LQ�D�FOLQLFDO�VDPSOH��

&KLOG�1HXURSV\FKRORJ\��������������GRL����������FKLQ��������������

*RUVXFK��5�/����������)DFWRU�DQDO\VLV ��QG�HG����+LOOVGDOH��1�-���/��(UOEDXP�$VVRFLDWHV�
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*RUVXFK��5�/����������8QL0XOW��)RU�XQLYDULDWH�DQG�PXOWLYDULDWH�GDWD�DQDO\VLV��$OWDGHQD��

&$��8QL0XOW��,QF��5HWULHYHG�IURP�KWWSV���XQLPXOW����ZHEKRVWDSS�FRP�

*RVOLQJ��6�'���5HQWIURZ��3�-���	�6ZDQQ��:�%���-U����������$�9HU\�%ULHI�0HDVXUH�RI�WKH�%LJ�

)LYH�3HUVRQDOLW\�'RPDLQV��-RXUQDO�RI�5HVHDUFK�LQ�3HUVRQDOLW\��������������

*ULVNHYLFLXV��9���$FNHUPDQ��-�0���&DQW~��6�0���'HOWRQ��$�:���5REHUWVRQ��7�(���6LPSVRQ��

-�$�������	�7\EXU��-�0����������:KHQ�WKH�HFRQRP\�IDOWHUV��GR�SHRSOH�VSHQG�RU�VDYH"�

5HVSRQVHV�WR�UHVRXUFH�VFDUFLW\�GHSHQG�RQ�FKLOGKRRG�HQYLURQPHQWV��3V\FKRORJLFDO�

VFLHQFH��������������

*ULVNHYLFLXV��9���7\EXU� -�0���'HOWRQ��$�:���	�5REHUWVRQ��7�(����������7KH�LQIOXHQFH�RI�

PRUWDOLW\�DQG�VRFLRHFRQRPLF�VWDWXV�RQ�ULVN�DQG�GHOD\HG�UHZDUGV��D�OLIH�KLVWRU\�WKHRU\�

DSSURDFK� -RXUQDO�RI�SHUVRQDOLW\�DQG�VRFLDO�SV\FKRORJ\� �������������

*XJJHQKHLP��&�%���'DYLV��0�)���	�)LJXHUHGR��$�-����������6RQV�RU�GDXJKWHUV��$�FURVV�

FXOWXUDO�VWXG\�RI�VH[�UDWLR�ELDVLQJ�DQG�GLIIHUHQWLDO�SDUHQWDO�LQYHVWPHQW��-RXUQDO�RI�WKH�

$UL]RQD�1HYDGD�$FDGHP\�RI�6FLHQFH�������� �������

+DFNPDQ��'�$���)DUDK��0�-���	�0HDQH\��0�-����������6RFLRHFRQRPLF�VWDWXV�DQG�WKH�EUDLQ��

0HFKDQLVWLF�LQVLJKWV�IURP�KXPDQ�DQG�DQLPDO�UHVHDUFK��1DWXUH�5HYLHZV�1HXURVFLHQFH��

�������± �����KWWS���G[�GRL�RUJ����������QUQ����

+HUWOHU��6�&���)LJXHUHGR��$�-���3HxDKHUUHUD�$JXLUUH��0���	�)HUQDQGHV��+�%�)��	�:RRGOH\�RI�

0HQLH��0��$��������� /LIH�KLVWRU\�HYROXWLRQ��$�ELRORJLFDO�PHWD�WKHRU\�IRU�WKH�VRFLDO�

VFLHQFHV��1HZ�<RUN��1<� 3DOJUDYH�0DFPLOODQ� ,6%1��������������������

+H\P��1���)LUWK��-���.LERZVNL��)���6XPLFK��$���(JDQ��9��	�%OR[VRP��&�$�-����������(PSDWK\�

DW�WKH�KHDUW�RI�GDUNQHVV��HPSDWK\�GHILFLWV�WKDW�ELQG�WKH�GDUN�WULDG�DQG�WKRVH�WKDW�

PHGLDWH�LQGLUHFW�UHODWLRQDO�DJJUHVVLRQ��)URQWLHUV�LQ�3V\FKLDWU\���������
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+LOO��6�(���3URNRVFK��0�/���'HO3ULRUH��'�-���*ULVNHYLFLXV��9���	�.UDPHU��$����������/RZ�

FKLOGKRRG�VRFLRHFRQRPLF�VWDWXV�SURPRWHV�HDWLQJ�LQ�WKH�DEVHQFH�RI�HQHUJ\�QHHG��

3V\FKRORJLFDO�6FLHQFH��������������

-RQDVRQ��3�.���,FKR��$���	�,UHODQG��.����������5HVRXUFHV��KDUVKQHVV��DQG�XQSUHGLFWDELOLW\��WKH�

VRFLRHFRQRPLF�FRQGLWLRQV�DVVRFLDWHG�ZLWK�WKH�'DUN�7ULDG�WUDLWV��(YROXWLRQDU\�

3V\FKRORJ\�����������

-RQDVRQ��3�.���/L��1�3���:HEVWHU��*�'���	�6FKPLWW��'�3����������7KH�GDUN�WULDG��)DFLOLWDWLQJ�D�

VKRUW�WHUP�PDWLQJ�VWUDWHJ\�LQ�PHQ� (XURSHDQ�-RXUQDO�RI�3HUVRQDOLW\��3XEOLVKHG�IRU�

WKH�(XURSHDQ�$VVRFLDWLRQ�RI�3HUVRQDOLW\�3V\FKRORJ\� ���������

-RQHV��'�1���	�)LJXHUHGR��$�-����������7KH�FRUH�RI�GDUNQHVV��8QFRYHULQJ�WKH�KHDUW�RI�WKH�

'DUN�7ULDG� (XURSHDQ�-RXUQDO�RI�3HUVRQDOLW\� ������������

-RQHV��'�1���	�3DXOKXV��'�/����������'LIIHUHQWLDWLQJ�WKH�'DUN�7ULDG�ZLWKLQ�WKH�LQWHUSHUVRQDO�

FLUFXPSOH[��,Q�/�0��+RURZLW]�	�6��6WUDFN��(GV����+DQGERRN�RI�LQWHUSHUVRQDO�

SV\FKRORJ\ �SS�����±������1HZ�<RUN��*XLOIRUG�

.DXIPDQ��-���	�=LJOHU��(����������7KH�LQWHUJHQHUDWLRQDO�WUDQVPLVVLRQ�RI�FKLOG�DEXVH��,Q�'��

&LFFKHWWL�	�9��&DUOVRQ��(GV����&KLOG�PDOWUHDWPHQW��7KHRU\�DQG�UHVHDUFK�RQ�WKH�FDXVHV�

DQG�FRQVHTXHQFHV�RI�FKLOG�DEXVH�DQG�QHJOHFW��SS������������&DPEULGJH��0$��

&DPEULGJH�8QLYHUVLW\�3UHVV�

.HOOHU��3�6���%OLQFRH��6���*LOEHUW��/�5���'HZDOO��&�1���+DDN��(�$���	�:LGLJHU��7����������

1DUFLVVLVP�LQ�URPDQWLF�UHODWLRQVKLSV��$�G\DGLF�SHUVSHFWLYH� -RXUQDO�RI�6RFLDO�DQG�

&OLQLFDO�3V\FKRORJ\� ����������

.LHKO��.�$����������$�FRJQLWLYH�QHXURVFLHQFH�SHUVSHFWLYH�RQ�SV\FKRSDWK\��HYLGHQFH�IRU�

SDUDOLPELF�V\VWHP�G\VIXQFWLRQ��3V\FKLDWU\�UHVHDUFK����������������

0LOORQ��7���6LPRQVHQ��(���%LUNHW�6PLWK��0���	�'DYLV��5�'���(GV������������3V\FKRSDWK\��

$QWLVRFLDO��FULPLQDO��DQG�YLROHQW�EHKDYLRU��*XLOIRUG�3UHVV�
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0LWWDO��&���	�*ULVNHYLFLXV��9����������6HQVH�RI�FRQWURO�XQGHU�XQFHUWDLQW\�GHSHQGV�RQ�SHRSOH¶V�

FKLOGKRRG�HQYLURQPHQW��$�OLIH�KLVWRU\�WKHRU\�DSSURDFK��-RXUQDO�RI�3HUVRQDOLW\�DQG�

6RFLDO�3V\FKRORJ\��������������

0RX\L��$�����������8QWDQJOLQJ�WKH�FRJQLWLYH�SURFHVVHV�ZHE��3DSHU��6HYHQWK�$QQXDO�

&RQIHUHQFH�RI�WKH�,QWHUQDWLRQDO�6RFLHW\�IRU�,QWHOOLJHQFH�5HVHDUFK��6DQ�)UDQFLVFR��

&DOLIRUQLD�

1DUYDH]��'���:DQJ��/���	�&KHQJ��<����������7KH�HYROYHG�GHYHORSPHQWDO�QLFKH�LQ�FKLOGKRRG��

5HODWLRQ�WR�DGXOW�SV\FKRSDWKRORJ\�DQG�PRUDOLW\� $SSOLHG�'HYHORSPHQWDO�6FLHQFH� ����

��������

3DXOKXV��'�/���	�:LOOLDPV��.����������7KH�'DUN�7ULDG�RI�SHUVRQDOLW\��1DUFLVVLVP��

0DFKLDYHOOLDQLVP��DQG�SV\FKRSDWK\��-RXUQDO�RI�5HVHDUFK�LQ�3HUVRQDOLW\��������������

3DWFK��(�$���	�)LJXHUHGR��$�-����������&KLOGKRRG�VWUHVV��OLIH�KLVWRU\��SV\FKRSDWK\��DQG�

VRFLRVH[XDOLW\��3HUVRQDOLW\�DQG�,QGLYLGXDO�'LIIHUHQFHV���������������

3LDQND��(�5����������2Q�U� DQG�.�VHOHFWLRQ��$PHULFDQ�1DWXUDOLVW����������±����

3ORPLQ��5���'H)ULHV��-�&���.QRSLN��9�6���	�1HLGHUKLVHU��-�0����������7RS����UHSOLFDWHG�

ILQGLQJV�IURP�EHKDYLRUDO�JHQHWLFV��3HUVSHFWLYHV�RQ�3V\FKRORJLFDO�6FLHQFH�����������

5RZH��'�&����������7KH�OLPLWV�RI�IDPLO\�LQIOXHQFH��1HZ�<RUN��7KH�*XLOIRUG�3UHVV�

6DOPRQ��&���)LJXHUHGR��$�-���	�:RRGEXUQ��/����������/LIH�KLVWRU\�VWUDWHJ\�DQG�GLVRUGHUHG�

HDWLQJ�EHKDYLRU��(YROXWLRQDU\�3V\FKRORJ\����������������

6DQGHUV��0�5����������7ULSOH�3±3RVLWLYH�3DUHQWLQJ�3URJUDP��$�SRSXODWLRQ�DSSURDFK�WR�

SURPRWLQJ�FRPSHWHQW�SDUHQWLQJ� $XVWUDOLDQ�H�MRXUQDO�IRU�WKH�$GYDQFHPHQW�RI�0HQWDO�

+HDOWK� �����������

6FKPLWW��'�3���$OFDOD\��/���$OYHV��,�&�%���$QGHUVRQ��&�$���$QJHOLQL��$�/���$VHQGRUSI��-�%�������

=XSDQþLþ��$����������1DUFLVVLVP�DQG�WKH�VWUDWHJLF�SXUVXLW�RI�VKRUW�WHUP�PDWLQJ��
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8QLYHUVDO�OLQNV�DFURVV����ZRUOG�UHJLRQV�RI�WKH�LQWHUQDWLRQDO�VH[XDOLW\�GHVFULSWLRQ�

SURMHFW����3V\FKRORJLFDO�7RSLFV��������±����

6RWRPD\RU�3HWHUVRQ��0���&DEH]D�GH�%DFD��7���)LJXHUHGR��$�-���	�6PLWK�&DVWUR��9����������

6KDUHG�SDUHQWLQJ��SDUHQWDO�HIIRUW��DQG�OLIH�KLVWRU\�VWUDWHJ\��$�FURVV�FXOWXUDO�

FRPSDULVRQ��-RXUQDO�RI�&URVV�&XOWXUDO�3V\FKRORJ\� �������������

6$6�,QVWLWXWH�,QF����������%DVH�6$6�����3URFHGXUHV�JXLGH��&DU\��1&��$XWKRU�

6WHUHOQ\��.����������6RFLDO�LQWHOOLJHQFH��KXPDQ�LQWHOOLJHQFH�DQG�QLFKH�

FRQVWUXFWLRQ� 3KLORVRSKLFDO�7UDQVDFWLRQV�RI�WKH�5R\DO�6RFLHW\�%��%LRORJLFDO�

6FLHQFHV� �������������������

9LGLQJ��(���%ODLU��5�-�5���0RIILWW��7�(���	�3ORPLQ��5����������(YLGHQFH�IRU�VXEVWDQWLDO�JHQHWLF�

ULVN�IRU�SV\FKRSDWK\�LQ���\HDU�ROGV��-RXUQDO�RI�&KLOG�3V\FKRORJ\�DQG�3V\FKLDWU\������

��������

9LGLQJ��(���0F&URU\��(���	�6HDUD�&DUGRVR��$����������3V\FKRSDWK\� &XUUHQW�%LRORJ\� ����

5����5����

:DUH��-�(���	�6KHUERXUQH��&�'����������7KH�026����LWHP�VKRUW�IRUP�KHDOWK�VXUYH\��6)������

,��&RQFHSWXDO�IUDPHZRUN�DQG�LWHP�VHOHFWLRQ��0HGLFDO�&DUH��������������

'H�:ROII��0�6���	�9DQ�,M]HQGRRUQ��0��+����������6HQVLWLYLW\�DQG�DWWDFKPHQW��$�

PHWDǦ DQDO\VLV�RQ�SDUHQWDO�DQWHFHGHQWV�RI�LQIDQW�DWWDFKPHQW� &KLOG�GHYHORSPHQW� ����

��������

:RUWKPDQ��&�0���	�%URZQ��5�$����������$�ELRFXOWXUDO�OLIH�KLVWRU\�DSSURDFK�WR�WKH�

GHYHORSPHQWDO�SV\FKRELRORJ\�RI�PDOH�DJJUHVVLRQ��,Q�'��0��6WRII�	�(��-��6XVPDQ�

�(GV����'HYHORSPHQWDO�SV\FKRELRORJ\�RI�DJJUHVVLRQ �SS�����±������&DPEULGJH��8.��

&DPEULGJH�8QLYHUVLW\�3UHVV�
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<RXQJ��-�(����������3UDFWLWLRQHU
V�UHVRXUFH�VHULHV��&RJQLWLYH�WKHUDS\�IRU�SHUVRQDOLW\�

GLVRUGHUV��$�VFKHPD�IRFXVHG�DSSURDFK���UG�HG����6DUDVRWD��)/��86��3URIHVVLRQDO�

5HVRXUFH�3UHVV�3URIHVVLRQDO�5HVRXUFH�([FKDQJH�

<RXQJ��-��(���	�%URZQ��*��.����������<RXQJ�6FKHPD�4XHVWLRQQDLUHV��6KRUW�9HUVLRQ��1HZ�

<RUN��&RJQLWLYH�7KHUDS\�&HQWHU�RI�1HZ�<RUN�
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7DEOH��

'HPRJUDSKLFV�DFURVV���FURVV�FXOWXUDO�VLWHV

%UD]LO� 0H[LFR 6ZHGHQ 8. 86
1 ���� ��� ��� ��� ���
$JH��0� ���� ���� ���� ���� ����
$JH�6'� ���� ���� ��� ��� ����
$JH�5DQJH ����� ����� ����� ����� �����
)HPDOH Q �������� �������� �������� ��������� ��������
0DOH�Q �������� �������� �������� �������� ��������
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7DEOH��

&URQEDFK¶V�DOSKDV�DQG�SDUW�ZKROH�FRUUHODWLRQV��XQLW�ZHLJKWHG�IDFWRU�ORDGLQJV��IRU�WKH�

LQGLFDWRUV�RI�&KLOGKRRG�5HVRXUFH�,QVWDELOLW\��5(6,167$%���&KLOGKRRG�0DWHUQDO�6HQVLWLYLW\�

�0$76(1���<RXQJ�6FKHPD�4XHVWLRQQDLUH��<64���6ORZ�/+�6WUDWHJ\�)DFWRU��683(5�.���

%HKDYLRUDO�5HJXODWLRQ�6FDOHV�RI�WKH�%5,()�$��%(+5(*���'DUN�,QYHQWRU\�6KRUW�)RUP�IRU�

³'DUN�7ULDG´�7UDLWV��',�6)���6DPH�6H[�,QWHUSHUVRQDO�5HODWLRQV�5DWLQJV�6FDOH��,556�6���

2SSRVLWH�6H[ ,QWHUSHUVRQDO�5HODWLRQV�5DWLQJV�6FDOH��,556�2���DQG�*HQHUDO�,QWHUSHUVRQDO�

$JJUHVVLRQ��,3$�

$OSKD 8QLW�:HLJKWHG�)DFWRU�
&KLOGKRRG�5HVRXUFH�,QVWDELOLW\�5(6,167$%�
+$56+�&+,/' ���� �����
,167$�&+,/' ���� �����
&KLOGKRRG 0DWHUQDO�6HQVLWLYLW\�0$76(1�
0$76(1�&+,/' ���� ������
6RFLDO�9XOQHUDELOLW\�6FKHPDWD ± <RXQJ�6FKHPD�4XHVWLRQQDLUH �<64�
<64�&+,/'�$% ���� �����
<64�&+,/'�0$ ���� �����
<64�&+,/'�9+ ���� �����
<RXQJ�$GXOW�6ORZ�/LIH�+LVWRU\�6WUDWHJ\�)DFWRU��683(5�.�
.�)$&725 ���� �����
&29,7$/,7< ���� �����
3(5621$/,7< ���� �����
%HKDYLRUDO�5HJXODWLRQ 6FDOHV�RI�WKH�%5,()�$ �%(+5(*�
(027,21$/�&21752/ ���� �����
,1+,%,7 ���� �����
6(/)�021,725 ���� �����
6+,)7 ���� �����
'DUN�,QYHQWRU\�± 6KRUW�)RUP��',�6)�
$17$*21,67,& ���� �����
0878$/,67,& ���� ������
/$%,/,7< ���� �����
6DPH�6H[�,QWHUSHUVRQDO�5HODWLRQV�5DWLQJV�6FDOH��,556�6�
6$0(�6(;�&21752/ ���� �����
6$0(�6(;�36<&+2 ���� �����
6$0(�6(;�3+<6,&$/ ���� �����
6$0(�6(;�(6&$/$7(' ���� �����
6$0(�6(;�6(;8$/ ���� �����
2SSRVLWH�6H[�,QWHUSHUVRQDO�5HODWLRQV�5DWLQJV�6FDOH��,556�2�
23326,7(�6(;�&21752/ ���� �����
23326,7(�6(;�36<&+2 ���� �����
23326,7(�6(;�3+<6,&$/ ���� �����
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23326,7(�6(;�(6&$/$7(' ���� �����
23326,7(�6(;�6(;8$/ ���� �����
*HQHUDO�,QWHUSHUVRQDO�$JJUHVVLRQ �,3$�
6$0(�6(;�,556 ���� �����
23326,7(�6(;�,556 ���� �����
�S����
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)LJXUH��

7KH�PXOWLSOH�PHGLDWLRQ�FDVFDGH�PRGHO�K\SRWKHVL]HG��VKRZLQJ�WKH�VHTXHQFH�RI�VXFFHVVLYH�
VWDJHV�RI�GHYHORSPHQW

&KLOGKRRG�
5HVRXUFH�
,QVWDELOLW\�

&KLOGKRRG�0DWHUQDO�
6HQVLWLYLW\

6RFLDO�
9XOQHUDELOLW\�
&RJQLWLYH�
6FKHPDWD

6ORZ�/LIH�+LVWRU\�
6WUDWHJ\

'DUN�
3HUVRQDOLW\

%HKDYLRUDO�
5HJXODWLRQ

,QWHUSHUVRQDO�
$JJUHVVLRQ

6WHS��

6WHS��

6WHS��

6WHS��

6WHS��

6WHS��

6WHS��
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)LJXUH���

*UDSKLFDO�VXPPDU\�RI�PDLQ�UHVXOWV�RI�WKH�FDVFDGH�PRGHO�

&KLOGKRRG�
5HVRXUFH�
,QVWDELOLW\�

&KLOGKRRG�0DWHUQDO�
6HQVLWLYLW\

6RFLDO�
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