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3URLQIODPPDWRU\� HIIHFWV� RI� R[LGDWLYH� VWUHVV� LQ� FKURQLF�

NLGQH\�GLVHDVH��UROH�RI�DGGLWLRQDO�DQJLRWHQVLQ�,,�EORFNDGH�

&KURQLF� NLGQH\� GLVHDVH� LV� DVVRFLDWHG� ZLWK�R[LGDWLYH�

VWUHVV�LQGHSHQGHQW�RI�K\SHUWHQVLRQ�

&KURQLF� .LGQH\� 'LVHDVH� LQ�

2OGHU� 3HRSOH�� 'LVHDVH� RU� 'LOHPPD"

�

(OHYDWHG� KRPRF\VWHLQH� OHYHOV� DUH� DVVRFLDWHG� ZLWK� LQFUHDVHG� LVFKHPLF�

P\RFDUGLDO� LQMXU\� LQ� DFXWH� FRURQDU\� V\QGURPHV�

(QKDQFHG� VFDYHQJHU�

UHFHSWRU� H[SUHVVLRQ� LQ� PRQRF\WH PDFURSKDJHV� LQ� GLDO\VLV� SDWLHQWV

0RGLILHG�/'/V�

LQGXFH�SUROLIHUDWLRQ�PHGLDWHG�GHDWK�RI�KXPDQ�YDVFXODU�HQGRWKHOLDO�FHOOV�

WKURXJK� 0$3.� SDWKZD\�



&DUEDP\ODWHG�

ORZGHQVLW\� OLSRSURWHLQ� LQGXFHV� PRQRF\WH� DGKHVLRQ� WR� HQGRWKHOLDO� FHOOV�

WKURXJK� LQWHUFHOOXODU� DGKHVLRQ� PROHFXOH��� DQG� YDVFXODU� FHOO� DGKHVLRQ�

PROHFXOH���

4XDQWLILFDWLRQ� RI�

FDUEDP\ODWHG� /'/� LQ� KXPDQ� VHUD� E\� D� QHZ� VDQGZLFK� (/,6$�

'\VOLSLGHPLD�LQ�FKURQLF�NLGQH\�GLVHDVH�DQG�HQG�

VWDJH�UHQDO�GLVHDVH��$�UHYLHZ�

,QFUHDVHG�SODVPD�KRPRF\VWHLQH�LV�DQ�

LQGHSHQGHQW�SUHGLFWRU�RI�QHZ�DWKHURWKURPERWLF�EUDLQ�LQIDUFWLRQ�LQ�ROGHU�

SHUVRQV��

,QFUHDVHG�SODVPD�KRPRF\VWHLQH�LV�DQ�LQGHSHQGHQW�

SUHGLFWRU� RI� QHZ� FRURQDU\� HYHQWV� LQ� ROGHU� SHUVRQV�

'LDO\VLV�PRGDOLWLHV�DQG�G\VOLSLGHPLD�

'\VOLSLGHPLD�RI� NLGQH\�GLVHDVH�



UROH� RI� F\VWHLQH� UHVLGXHV� DV� UHGR[�VHQVLWLYH� UHJXODWRU\�

VZLWFKHV�

0HFKDQLVPV� RI� GLVHDVH�� LQ� XWHUR�

SURJUDPPLQJ� LQ� WKH� SDWKRJHQHVLV� RI� K\SHUWHQVLRQ

$GYDQFHG��JO\FDWLRQ�HQG�SURGXFWV�

DQG� YDVFXODU� LQIODPPDWLRQ�� LPSOLFDWLRQ� IRU� DFFHOHUDWHG�DWKHURVFOHURVLV�

LQ�GLDEHWHV�

/S�D�� OLSRSURWHLQ�� DQ� LPSRUWDQW� JHQHWLF� ULVN� IDFWRU� IRU�

DWKHURVFOHURVLV�

$WKHURVFOHURVLV�� EDVLF� PHFKDQLVPV��

2[LGDWLRQ��LQIODPPDWLRQ��DQG�JHQHWLFV�

,QIOXHQFH�RI�KRPRF\VWHLQH�RQ�PDWUL[�PHWDOORSURWHLQDVH����DFWLYDWLRQ�DQG�

DFWLYLW\�



$SROLSRSURWHLQ�D��JHQH�DFFRXQWV�IRU�JUHDWHU�WKDQ�����RI�WKH�YDULDWLRQ�LQ�

SODVPD�OLSRSURWHLQ�D��FRQFHQWUDWLRQV�

(QGRWKHOLDO�G\VIXQFWLRQ��D�PDUNHU�

RI�DWKHURVFOHURWLF�ULVN�

0LQLPDOO\� R[LGL]HG� /'/� RIIVHWV� WKH� DSRSWRWLF� HIIHFWV� RI�

H[WHQVLYHO\� R[LGL]HG� /'/� DQG� IUHH� FKROHVWHURO� LQ� PDFURSKDJHV��

'LUHFW� HYLGHQFH� IRU� D�

SURWHLQ� UHFRJQL]HG� E\� D� PRQRFORQDO� DQWLERG\� DJDLQVW� R[LGDWLYHO\�

PRGLILHG� /'/� LQ� DWKHURVFOHURWLF� OHVLRQV� IURP� D� :DWDQDEH� KHULWDEOH�

K\SHUOLSLGHPLF�UDEELW�

)DPLOLDO�GLVRUGHUV�RI�KLJK�GHQVLW\� OLSRSURWHLQ�PHWDEROLVP

/LSRSURWHLQ� WUDQVSRUW� JHQH� DEQRUPDOLWLHV� XQGHUO\LQJ�

FRURQDU\�KHDUW�GLVHDVH�VXVFHSWLELOLW\

67$7��DFWLYDWLRQ�LQGXFHG�E\�GLDEHWLF�



/'/� GHSHQGV� RQ� /'/� JO\FDWLRQ� DQG� RFFXUV� YLD� VUF� NLQDVH� DFWLYLW\

+\GUD]LQH� FRPSRXQGV� LQKLELW� JO\FDWLRQ� RI� ORZ�GHQVLW\� OLSRSURWHLQ� DQG�

SUHYHQW� WKH� LQ� YLYR� IRUPDWLRQ�RI�PRGHO� IRDP�FHOOV� IURP�JO\FRDOGHK\GH�

PRGLILHG�ORZ�GHQVLW\�OLSRSURWHLQV�

7KH� K\SHUOLSRSURWHLQHPLDV� DQG� RWKHU�

GLVRUGHUV�RI�OLSLG�PHWDEROLVP�

/LSRSURWHLQ� UHFHSWRUV� LQ� WKH� OLYHU�� &RQWURO�

VLJQDOV�IRU�SODVPD�FKROHVWHURO�WUDIILF�

5HDFWLRQ� RI� PRQRVDFFKDULGHV� ZLWK� SURWHLQV��

SRVVLEOH�HYROXWLRQDU\�VLJQLILFDQFH�

2[LGDWLYH� VWUHVV� DQG� LQIODPPDWLRQ�� D� OLQN� EHWZHHQ� FKURQLF� NLGQH\�

GLVHDVH�DQG�FDUGLRYDVFXODU�GLVHDVH�

3URSHUWLHV�RI�KHDY\� �6I������ FDUEDP\ODWHG�KXPDQ�

EHWDOLSRSURWHLQV�



3ODVPD� WKLROV� UHGR[�

VWDWXV� E\� ODVHU�LQGXFHG� IOXRUHVFHQFH� FDSLOODU\� HOHFWURSKRUHVLV�

0HWDEROLF�DEQRUPDOLWLHV�GHWHFWHG�LQ�D�VXUYH\�RI�

PHQWDOO\� EDFNZDUG� LQGLYLGXDOV� LQ� 1RUWKHUQ� ,UHODQG�

&KROHVWHURO�DQG�OLSLGV�LQ�WKH�ULVN�RI�FRURQDU\�DUWHU\�GLVHDVH�

±�WKH�)UDPLQJKDP�+HDUW�6WXG\�

/LSLG� GLVRUGHUV� LQ� FKURQLF� NLGQH\� GLVHDVH�� UHYHUVH� HSLGHPLRORJ\� DQG�

WKHUDSHXWLF�DSSURDFK�

(]HWLPLEH� DGGHG� WR� DWRUYDVWDWLQ� FRPSDUHG� ZLWK�

GRXEOLQJ�WKH�DWRUYDVWDWLQ�GRVH�LQ�SDWLHQWV�DW�KLJK�ULVN�IRU�FRURQDU\�KHDUW�

GLVHDVH�ZLWK�GLDEHWHV�PHOOLWXV��PHWDEROLF�V\QGURPH�RU�QHLWKHU�

6WDQGDUGL]DWLRQ�RI�OLSLG��

OLSRSURWHLQ�� DQG� DSROLSRSURWHLQ� PHDVXUHPHQWV�

3UHYDOHQFH� RI�

FKURQLF�NLGQH\�GLVHDVH�DQG�GHFUHDVHG�NLGQH\� IXQFWLRQ�LQ� WKH�DGXOW�8�6��



SRSXODWLRQ�� 7KLUG� 1DWLRQDO� +HDOWK� DQG� 1XWULWLRQ� ([DPLQDWLRQ� 6XUYH\�

1LHPDQQ�3LFN� &�� /LNH� �� �13&�/��� LV� WKH� LQWHVWLQDO� SK\WRVWHURO� DQG�

FKROHVWHURO� WUDQVSRUWHU�DQG�D�NH\�PRGXODWRU�RI�ZKROH�ERG\�FKROHVWHURO�

KRPHRVWDVLV�

6WDWLQ�DQG�H]HWLPLEH�FRPELQDWLRQ�WKHUDS\�

LQ� FDUGLRYDVFXODU� GLVHDVH��

7KLRODWLRQ� DQG�

QLWURVDWLRQ� RI� F\VWHLQHV� LQ� ELRORJLFDO� IOXLGV� DQG� FHOOV�

2[LGDWLYH�VWUHVV�LQ�

SDWLHQWV� ZLWK� HQG�VWDJH� UHQDO� GLVHDVH� SULRU� WR� WKH� VWDUW� RI� UHQDO�

UHSODFHPHQW�WKHUDS\�

7KH� HIIHFW� RI� ILEUDWHV� DQG� RWKHU�

OLSLGORZHULQJ�GUXJV�RQ�SODVPD�KRPRF\VWHLQH�OHYHOV�



6HUXP�SDUDR[RQDVH�DFWLYLW\�LQ�

XUHPLF� SUHGLDO\VLV� DQG� KHPRGLDO\VLV� SDWLHQWV�

2[LGDWLYH� VWUHVV� LV�

SURJUHVVLYHO\� HQKDQFHG�ZLWK�DGYDQFLQJ�VWDJHV�RI�&.'�

(IILFDF\� DQG� VDIHW\� RI� D� SRWHQW� QHZ� VHOHFWLYH�

FKROHVWHURO� DEVRUSWLRQ� LQKLELWRU�� H]HWLPLEH�� LQ� SDWLHQWV� ZLWK� SULPDU\�

K\SHUFKROHVWHUROHPLD�

$� WUDLO�RI�UHVHDUFK� LQ� VXOIXU�FKHPLVWU\�DQG�PHWDEROLVP�

DQG�UHODWHG�ILHOGV��

*O\FDWLRQ�RI�

SODVPD� ORZ� GHQVLW\� OLSRSURWHLQV� LQFUHDVHV� LQWHUDFWLRQ� ZLWK� DUWHULDO�

SURWHRJO\FDQV�

(QGRWKHOLDO� G\VIXQFWLRQ�

7KH� UROH� RI� OLSLG�

SHUR[LGDWLRQ� DQG� DQWLR[LGDQWV� LQ� R[LGDWLYH� PRGLILFDWLRQ� RI� /'/�



$XWR[LGDWLRQ� RI�

KXPDQ� ORZ�GHQVLW\� OLSRSURWHLQ�� ORVV� RI�SRO\XQVDWXUDWHG� IDWW\�DFLGV� DQG�

YLWDPLQ�(�DQG�JHQHUDWLRQ�RI�DOGHK\GHV�

� 6HFWLRQ� 9,,�� 9DVFXODU� GLVHDVH� DQG� ULVN�

IDFWRUV�

�([HFXWLYH� 6XPPDU\� RI� 7KH�7KLUG�5HSRUW� RI� 7KH�

1DWLRQDO� &KROHVWHURO� (GXFDWLRQ� 3URJUDP� �1&(3�� �$GXOW� 7UHDWPHQW�

3DQHO�,,,��

)DPLOLDO�OLSRSURWHLQ�

OLSDVH�GHILFLHQF\�LQ�LQIDQF\��FOLQLFDO��ELRFKHPLFDO��DQG�PROHFXODU�VWXG\�

&KDUDFWHUL]DWLRQ� RI� WKH� DGGXFW� IRUPHG� IURPWKH�

UHDFWLRQ�EHWZHHQ�KRPRF\VWHLQH�WKLRODFWRQH�DQG�ORZ�GHQVLW\�OLSRSURWHLQ��

DQWLR[LGDQW�LPSOLFDWLRQV�

(IIHFW� RI�

KRPRF\VWHLQ\ODWLRQ� RQ� KXPDQ� KLJK�GHQVLW\� OLSRSURWHLQV�� D� FRUUHODWLRQ�

ZLWK�SDUDR[RQDVH�DFWLYLW\�



3URWHFWLYH�

HIIHFW� RI� KXPDQ�+'/� DJDLQVW�&X��� LQGXFHG� R[LGDWLRQ� RI� DVWURF\WHV�

(IIHFW� RI� KRPRF\VWHLQ\ODWLRQ� RI� ORZ�GHQVLW\� OLSRSURWHLQV� RQ� OLSLG�

SHUR[LGDWLRQ�RI�KXPDQ�HQGRWKHOLDO�FHOOV�

*O\FDWHG� ORZ� GHQVLW\� OLSRSURWHLQV� PRGLI\�

SODWHOHW� SURSHUWLHV�� D� FRPSRVLWLRQDO� DQG� IXQFWLRQDO� VWXG\�

$FFXPXODWLRQ� RI� QDWLYH� DQG� PHWK\ODWHG� ORZ� GHQVLW\� OLSRSURWHLQV� E\�

KHDOLQJ�UDEELW�DUWHULDO�ZDOO�� �

5HGXFWLRQ�RI�

SODVPD� DSROLSRSURWHLQ %� E\� HIIHFWLYH� UHPRYDO� RI� FLUFXODWLQJ� JO\FDWLRQ�

GHULYDWLYHV�LQ�XUHPLD�

,PSDFW� RI� K\SHUWHQVLRQ� RQ� FDUGLRP\RSDWK\��PRUELGLW\� DQG�PRUWDOLW\� LQ�

HQG�VWDJH�UHQDO�GLVHDVH�



&OLQFLDO� HSLGHPLRORJ\� RI�

FDUGLRYDVFXODU� GLVHDVH� LQ� FKURQLF� UHQDO� GLVHDVH�

3UHYDOHQFH�RI� WKH�PHWDEROLF� V\QGURPH�

DPRQJ�86�DGXOWV��)LQGLQJV�IURP�WKH�WKLUG�QDWLRQDO�KHDOWK�DQG�QXWULWLRQ�

H[DPLQDWLRQ�VXUYH\�

&URVV�FODVVLILFDWLRQ� RI� PLFURDOEXPLQXULD�

DQG� UHGXFHG� JORPHUXODU� ILOWUDWLRQ� UDWH�

&OLQLFDO�DSSOLFDWLRQV�RI�FLUFXODWLQJ�R[LGL]HG�ORZ�

GHQVLW\� OLSRSURWHLQ� ELRPDUNHUV� LQ� FDUGLRYDVFXODU� GLVHDVH�

$QWLR[LGDQW� GHIHQVHV� DQG� OLSLG�

SHUR[LGDWLRQ� LQ� KXPDQ� EORRG� SODVPD�



7KH�WDUJHW�RI�H]HWLPLEH�LV�1LHPDQQ�3LFN�&��/LNH���

�13&�/��

/LSRSURWHLQ� GLVRUGHUV� DQG� FDUGLRYDVFXODU� ULVN�

)DPLOLDO� OLSRSURWHLQ� GLVRUGHUV� LQ� SDWLHQWV� ZLWK� SUHPDWXUH� FRURQDU\�

DUWHU\�GLVHDVH�

7KH� LGHQWLILFDWLRQ� RI�

KRPRF\VWLQH�LQ�WKH�XULQH��

$WKHURVFOHURVLV�� 7KH� URDG� DKHDG�

&KURQLF�NLGQH\�

GLVHDVH� DQG� WKH� ULVNV� RI� GHDWK�� FDUGLRYDVFXODU� HYHQWV�� DQG�

KRVSLWDOL]DWLRQ�

)DPLOLDO� K\SHUFKROHVWHUROHPLD�



$� ELQGLQJ� VLWH� RQ�

PDFURSKDJHV�WKDW�PHGLDWHV�WKH�XSWDNH�DQG�GHJUDGDWLRQ�RI�DFHW\ODWHG�ORZ�

GHQVLW\� OLSRSURWHLQ�� SURGXFLQJ� PDVVLYH� FKROHVWHURO� GHSRVLWLRQ�

7KH� LQWHUDFWLRQ� RI� FDUEDP\ODWHG� ORZ�

GHQVLW\� OLSRSURWHLQ�ZLWK� FXOWXUHG� FHOOV�� 6WXGLHV�ZLWK� KXPDQ� ILEUREODVWV��

UDW�SHULWRQHDO�PDFURSKDJHV�DQG�KXPDQ�PRQRF\WHGHULYHG�PDFURSKDJHV�

$EQRUPDO�

FHOOLQWHUDFWLYH� SURSHUWLHV� RI� ORZ�GHQVLW\� OLSRSURWHLQV� LVRODWHG� IURP�

SDWLHQWV�ZLWK�FKURQLF�UHQDO�IDLOXUH�

0DQXDO�RI�/LSLG�'LVRUGHUV��5HGXFLQJ�WKH�5LVN�IRU�

&RURQDU\�+HDUW�'LVHDVH�

0DQXDO�RI�/LSLG�'LVRUGHUV��5HGXFLQJ�WKH�5LVN�IRU�

&RURQDU\�+HDUW�'LVHDVH�

3URWHLQXULD� LV� D� ULVN� IDFWRU� IRU� PRUWDOLW\� RYHU� ��� \HDUV� RI� IROORZ�XS��

05),7�5HVHDUFK�*URXS�



'LHWDU\� LQIOXHQFHV� RQ� VHUXP� OLSLGV� DQG�

OLSRSURWHLQV�

'\VOLSLGHPLD� LQ� FKURQLF� NLGQH\�

GLVHDVH� 3DWKRJHQHVLV� DQG� LQWHUYHQWLRQ

0DORQGLDOGHK\GH�DOWHUHG� SURWHLQ�

RFFXUV� LQ� DWKHURPD� RI� :DWDQDEH� KHULWDEOH� K\SHUOLSLGHPLF� UDEELWV�

7KH�GLVWULEXWLRQ�DQG�FKHPLFDO�

FRPSRVLWLRQ�RI� XOWUDFHQWULIXJDOO\� VHSDUDWHG� OLSRSURWHLQV� LQ� KXPDQ�

VHUXP�

05&�%+)� +HDUW�

3URWHFWLRQ�� ����� 6WXG\� RI� FKROHVWHURO� ORZHULQJ� ZLWK� VLPYDVWDWLQ� LQ�

������� KLJK�ULVN� LQGLYLGXDOV�� D� UDQGRPL]HG� SODFHER�FRQWUROOHG� WULDO�

/RZ�'HQVLW\� /LSRSURWHLQ� ,QGXFHV� 9DVFXODU� $GKHVLRQ� 0ROHFXOH�

([SUHVVLRQ�RQ�+XPDQ�(QGRWKHOLDO�&HOOV�

3RRU� ORQJ�WHUP� VXUYLYDO� DIWHU� DFXWH�

P\RFDUGLDO� LQIDUFWLRQ� DPRQJ� SDWLHQWV� RQ� ORQJ�WHUP� GLDO\VLV�



8ULQDU\� DOEXPLQ� H[FUHWLRQ� SUHGLFWV� FDUGLRYDVFXODU� DQG�

QRQFDUGLRYDVFXODU� PRUWDOLW\� LQ� JHQHUDO� SRSXODWLRQ�

/RZ� GHQVLW\� OLSRSURWHLQ� IRU�

R[LGDWLRQ�DQG�PHWDEROLF�VWXGLHV��,VRODWLRQ�IURP�VPDOO�YROXPHV�RI�SODVPD�

XVLQJ�D�WDEOHWRS�XOWUDFHQWULIXJH�

7KH�HIIHFW�RI�F\VW�H�LQH�RQ� WKH�DXWRR[LGDWLRQ�RI�KRPRF\VWHLQH�

0DORQGLDOGHK\GH�PRGLILHG� ORZ�GHQVLW\� OLSRSURWHLQ� LQ� SDWLHQWV� ZLWK�

DWKHURVFOHURWLF�GLVHDVH�

'HFUHDVHG�

FOHDUDQFH�RI�XUDHPLF�DQG�PLOGO\�FDUEDP\ODWHG� ORZ�GHQVLW\� OLSRSURWHLQ�

&DUEDP\ODWLRQ LQGXFHG� DOWHUDWLRQV� LQ� ORZ GHQVLW\� OLSRSURWHLQ�

PHWDEROLVP��



'HOD\HG� LQ� YLYR� FDWDEROLVP� RI�

LQWHUPHGLDWH GHQVLW\� OLSRSURWHLQ� DQG� ORZ GHQVLW\� OLSRSURWHLQ� LQ�

KHPRGLDO\VLV� SDWLHQWV� DV� SRWHQWLDO� FDXVH� RI� SUHPDWXUH� DWKHURVFOHURVLV�

3ODVPD�)��LVRSURVWDQH� OHYHOV� DUH� HOHYDWHG�

LQ�FKURQLF�KHPRGLDO\VLV�SDWLHQWV�

)RODWH�

WUHDWPHQW�DQG�XQEDODQFHG�PHWK\ODWLRQ�DQG�FKDQJHV�RI�DOOHOLF�H[SUHVVLRQ�

LQGXFHG� E\� K\SHUKRPRF\VWHLQDHPLD� LQ� SDWLHQWV� ZLWK� XUHPLD�

$VVRFLDWLRQ� RI� VLQJOH� PHDVXUHPHQWV� RI� GLSVWLFN�

SURWHLQXULD�� HVWLPDWHG� JORPHUXODU� ILOWUDWLRQ� UDWH�� DQG� KHPDWRFULW� ZLWK�

���\HDU�LQFLGHQFH�RI�HQG�VWDJH�UHQDO�GLVHDVH�LQ� WKH�PXOWLSOH�ULVN� IDFWRU�

LQWHUYHQWLRQ�WULDO�



2[LGL]HG�SKRVSKROLSLGV�DV�D�QHZ� ODQGPDUN� LQ�DWKHURVFOHURVLV�

0ROHFXODU�

WDUJHWLQJ�E\�KRPRF\VWHLQH��D�PHFKDQLVP�IRU�YDVFXODU�SDWKRJHQHVLV�

+\SHUKRPRF\VWHLQHPLD� DQG� R[LGDWLYH� VWUHVV� WLPH� IRU� D�

UHDOLW\�FKHFN"�

&DOFLXP�GHSHQGHQW� KXPDQ� VHUXP� KRPR� �F\VWHLQH�

WKLRODFWRQH� K\GURODVH�� $� SURWHFWLYH� PHFKDQLVP� DJDLQVW� SURWHLQ� 1�

KRPRF\VWHLQ\ODWLRQ�

+RPRF\VWHLQH� LV� D� SURWHLQ� DPLQR� DFLG� LQ� KXPDQV��

,PSOLFDWLRQV� IRU� KRPRF\VWHLQH�OLQNHG� GLVHDVH�

+RPRF\VWHLQH�WKLRODFWRQH��PHWDEROLF�RULJLQ�DQG�SURWHLQ�

KRPRF\VWHLQ\ODWLRQ�LQ�KXPDQV�

+RPRF\VWHLQH�WKLRODFWRQH� DQG� 6�QLWURVRKRPRF\VWHLQH�

PHGLDWH� LQFRUSRUDWLRQ� RI� KRPRF\VWHLQH� LQWR� SURWHLQ� LQ� KXPDQV�



0HWDEROLVP� RI� KRPRF\VWHLQH� WKLRODFWRQH� LQ� KXPDQ� FHOO�

FXOWXUHV��3RVVLEOH�PHFKDQLVP�IRU�SDWKRORJLFDO�FRQVHTXHQFHV�RI�HOHYDWHG�

KRPRF\VWHLQH�OHYHOV�

3DWKRSK\VLRORJLFDO� FRQVHTXHQFHV� RI� KRPRF\VWHLQH�

H[FHVV�

3URWHLQ� KRPRF\VWHLQ\ODWLRQ�� SRVVLEOH� PHFKDQLVP�

XQGHUO\LQJ� SDWKRORJLFDO� FRQVHTXHQFHV� RI� HOHYDWHG� KRPRF\VWHLQH� OHYHOV�

7KH� SDWKRSK\VLRORJLFDO� K\SRWKHVLV� RI� KRPRF\VWHLQH�

WKLRODFWRQH�PHGLDWHG� YDVFXODU� GLVHDVH�

8QUHIHUUHG� FKURQLF� NLGQH\�

GLVHDVH��D�ORQJLWXGLQDO�VWXG\�

'HFOLQLQJ�

VHUXP�WRWDO�FKROHVWHURO�OHYHOV�DPRQJ�86�DGXOWV��

5HYHUVH�

HSLGHPLRORJ\� RI� FDUGLRYDVFXODU� ULVN� IDFWRUV� LQ� PDLQWHQDQFH� GLDO\VLV�

SDWLHQWV�



/RQJ�WHUP�FDUGLRYDVFXODU�ULVN�ZLWK�SURWHDVH�

LQKLELWRUV� DQG� PDQDJHPHQW� RI� G\VOLSLGHPLD�

7KH� SURJQRVWLF�

VLJQLILFDQFH� RI� SURWHLQXULD�� WKH� )UDPLQJKDP� VWXG\��

5LVN� VWUDWLILFDWLRQ� RI� G\VOLSLGHPLD�� LQVLJKWV� IURP� WKH�

)UDPLQJKDP� VWXG\�

&RPSRVLWLRQDO� OLSRSURWHLQ�

FKDQJHV� DQG� ORZ GHQVLW\� OLSRSURWHLQ� VXVFHSWLELOLW\� WR� R[LGDWLRQ� LQ�

FKURQLF� UHQDO� IDLOXUH� SDWLHQWV� ZLWK� KHDY\� SURWHLQXULD�

7KH� UROH� RI� VWDWLQV� LQ� FKURQLF�

NLGQH\�GLVHDVH��&.'���IULHQG�RU�IRH"

7KH�UROH�RI�R[LGDWLYH�VWUHVV�DOWHUHG�OLSRSURWHLQ�

VWUXFWXUH�DQG�IXQFWLRQ�DQG�PLFURLQIODPPDWLRQ�RQ�FDUGLRYDVFXODU�ULVN�LQ�

SDWLHQWV�ZLWK�PLQRU�UHQDO�G\VIXQFWLRQ�



/LSLG�DQG�OLSRSURWHLQ�PHWDEROLVP�LQ�FKURQLF�NLGQH\�GLVHDVH�

3URWHLQXULD�� DOEXPLQXULD�� ULVN��

DVVHVVPHQW�� GHWHFWLRQ�� HOLPLQDWLRQ� �3$5$'(��� D� SRVLWLRQ� SDSHU� RI� WKH�

1DWLRQDO�.LGQH\�)RXQGDWLRQ��

.�'24,�

FOLQLFDO�SUDFWLFH�JXLGHOLQHV�IRU�PDQDJHPHQW�RI�G\VOLSLGHPLDV�LQ�SDWLHQWV�

ZLWK�NLGQH\�GLVHDVH

'LHW� DQG� FRURQDU\� KHDUW� GHVHDVH�

(IIHFWV�RI�H]HWLPLEH��D�QHZ�FKROHVWHURO�

DEVRUSWLRQ� LQKLELWRU�� RQ� SODVPD� OLSLGV� LQ� SDWLHQWV� ZLWK� SULPDU\�

K\SHUFKROHVWHUROHPLD�

7\SH�,�PDFURSKDJH�VFDYHQJHU�UHFHSWRU�FRQWDLQV�D�KHOLFDO�DQG�FROODJHQ�

OLNH�FRLOV��

$EQRUPDOLWLHV� LQ� OLSRSURWHLQ� PHWDEROLVP� LQ� KHPRGLDO\VLV� SDWLHQWV�



$Q�RYHUYLHZ�RI�WKH�H[WUD�OLSLG�

HIIHFWV�RI�URVXYDVWDWLQ��

&DUEDPR\ODWLRQ�RI�DPLQR�DFLGV�DQG�SURWHLQV�LQ�

XUHPLD��

/LSRSURWHLQ�

PHWDEROLVP�DQG�OLSLG�PDQDJHPHQW�LQ�FKURQLF�NLGQH\�GLVHDVH��

&OLQLFDO� UHOHYDQFH� RI� WKH� ELRFKHPLFDO��PHWDEROLF� DQG�

JHQHWLF�IDFWRUV�WKDW�LQIOXHQFH�ORZ�GHQVLW\�OLSRSURWHLQ�KHWHURJHQHLW\�

1HZ� LQVLJKWV� LQWR� WKH� JHQHWLF� UHJXODWLRQ� RI�

LQWHVWLQDO�FKROHVWHURO�DEVRUSWLRQ��

)UHH� 5DGLFDOV�� 1LWULF� 2[LGH�� DQG�

,QIODPPDWLRQ�� 0ROHFXODU�� %LRFKHPLFDO�� DQG� &OLQLFDO� $VSHFW�� �

$WKHURVFOHURVLV�LV�D�IUHH�UDGLFDO�SDWKRORJ\



0DORQGLDOGHK\GH� DGGXFWV� WR�� DQG� IUDJPHQWDWLRQ� RI��

DSROLSRSURWHLQ�%�IURP�KXPDQ�SODVPD�

5ROH� IRU�

SHUR[LVRPH� SUROLIHUDWRU�DFWLYDWHG� UHFHSWRU� OSKD� LQ� R[LGL]HG�

SKRVSKROLSLG�LQGXFHG� V\QWKHVLV� RI�PRQRF\WH� FKHPRWDFWLF� SURWHLQ��� DQG�

LQWHUOHXNLQ���E\�HQGRWKHOLDO�FHOOV�

,QIODPPDWLRQ�LQ�DWKHURVFOHURVLV�

$OWHUDWLRQV� RI�

SDUDR[RQDVH�DQG�SODWHOHW�DFWLYDWLQJ� IDFWRU� DFHW\OK\GURODVH�DFWLYLWLHV� LQ�

SDWLHQWV�RQ�SHULWRQHDO�GLDO\VLV�

,Q�YLWUR�DQG�LQ�YLYR�LQWHUDFWLRQV�RI�KRPRF\VWHLQH�ZLWK�

KXPDQ�SODVPD�WUDQVWK\UHWLQ�

7KH�R[LGDQW�VWUHVV�RI�K\SHUKRPRF\VW�H�LQHPLD

.LGQH\¶V�UROH�LQ�K\SHUWHQVLRQ��0LQHUYD�

&DUGLRDQJLRO��'HVFULEHV� WKH�PHFKDQLVPV�E\�ZKLFK�&.'�HOHYDWHV�EORRG�



SUHVVXUH� DQG� PDNHV� LW� PRUH� GLIILFXOW� WR� WUHDW�

&DUGLRYDVFXODU� ULVN� IDFWRUV� LQ� FKURQLF�

UHQDO� IDLOXUH� DQG� KHPRGLDO\VLV� SRSXODWLRQV�

+'/�� LWV� HQ]\PHV� DQG� LWV� SRWHQWLDO� WR�

LQIOXHQFH�OLSLG�SHUR[LGDWLRQ�

,QKLELWLRQ� RI� OLSRSURWHLQ� ELQGLQJ� WR� FHOO� VXUIDFH� UHFHSWRUV� RI�

ILEUREODVWV� IROORZLQJ� VHOHFWLYH� PRGLILFDWLRQ� RI� DUJLQ\O� UHVLGXHV� LQ�

DUJLQLQH�ULFK�DQG�%�DSRSURWHLQV�

$FWLRQ�GHF�DFLGHV�DPLQHV� VXUH� OHU� VXUFUHV�� IRUPDWLRQ�GHV�

PHODQRLGLQHV�SDU�YRLH�PpWKRGLTXH�

+RPRF\VWHLQH�ELQGV� WR� KXPDQ�SODVPD� ILEURQHFWLQ� DQG� LQKLELWV� LWV�

LQWHUDFWLRQ�ZLWK� ILEULQ�

(IIHFW� RI� JO\FDWHG� ORZ� GHQVLW\�

OLSRSURWHLQ� RQ� VPRRWK� � PXVFOH� FHOO� SUROLIHUDWLRQ�



'HWHUPLQDWLRQ� RI� F\DQDWH�� � DQG� D� VWXG\� RI� LWV��

DFFXPXODWLRQ� � LQ� � DTXHRXV� � VROXWLRQV� � RI� XUHD�

+XPDQ� PDFURSKDJH�

VFDYHQJHU� UHFHSWRUV�� SULPDU\� VWUXFWXUH�� H[SUHVVLRQ� DQG� ORFDOL]DWLRQ� LQ�

DWKHURVFOHURWLF�OHVLRQV�

$OEXPLQ� WKLRO� R[LGDWLRQ�

DQG�VHUXP�SURWHLQ�FDUERQ\O�IRUPDWLRQ�DUH�SURJUHVVLYHO\�HQKDQFHG�ZLWK�

DGYDQFLQJ� VWDJHV� RI� FKURQLF� NLGQH\� GLVHDVH�

�&DUGLRYDVFXODU�GLVHDVH�LQ�

FKURQLF�NLGQH\�GLVHDVH��GDWD�IURP�WKH�.LGQH\�(DUO\�(YDOXDWLRQ�3URJUDP�

�.((3��

&DUGLRYDVFXODU�GLVHDVH�LQ�FKURQLF�NLGQH\�GLVHDVH�IURP�

D�FDUGLRORJLVW
V�SHUVSHFWLYH�

+RPRF\VWHLQH� WKHRU\� RI� DUWHULRVFOHURVLV�



+RPRF\VWHLQH��YLWDPLQV��DQG�YDVFXODU�GLVHDVH�SUHYHQWLRQ�

$� UDSLG� PHWKRG� IRU�

PHDVXUHPHQW�RI�WKH�VXVFHSWLELOLW\�WR�R[LGDWLRQ�RI�ORZ�GHQVLW\�OLSRSURWHLQ�

+RPRF\VWHLQH�DQG�HQGRWKHOLDO�G\VIXQFWLRQ��D�

OLQN�ZLWK�FDUGLRYDVFXODU�GLVHDVH�

5ROHV�RI�KRPRF\VWHLQH�LQ�

FHOO�PHWDEROLVP��ROG�DQG�QHZ�IXQFWLRQV�

&KURQLF� NLGQH\� GLVHDVH�� WKH� JOREDO�

FKDQJH�

=HWLD� �H]HWLPLEH�� �SDFNDJH�

LQVHUW��

&RPSDUDWLYH�HIIHFWV�RI�DWRUYDVWDWLQ��VLPYDVWDWLQ��DQG�IHQRILEUDWH�RQ�

VHUXP� KRPRF\VWHLQH� OHYHOV� LQ� SDWLHQWV� ZLWK� SULPDU\� K\SHUOLSLGHPLD�



*OXFRVH�PRGLILHG� ORZ� GHQVLW\� OLSRSURWHLQ� HQKDQFHV� KXPDQ� PRQRF\WH�

FKHPRWR[LV�

+RPRF\VWLQXULD�� DQ�

HQ]\PDWLF�GHIHFW��

,Q� YLYR� DQG� LQ� YLWUR� XSWDNH� DQG�

GHJUDGDWLRQ� RI� DFHW\ODWHG� ORZ� GHQVLW\� OLSRSURWHLQ� E\� UDW� OLYHU�

HQGRWKHOLDO�� .XSIIHU� DQG� SDUHQFK\PDO� FHOOV�

7KLRODWLRQ�

RI�ORZ�GHQVLW\�OLSRSURWHLQ�E\�KRPRF\VWHLQH�WKLRODFWRQH�FDXVHV�LQFUHDVHG�

DJJUHJDWLRQ� DQG� DOWHUHG� LQWHUDFWLRQ� ZLWK� FXOWXUHG� PDFURSKDJHV�

�.�'24,�&OLQLFDO�3UDFWLFH�*XLGHOLQHV� IRU�

&DUGLRYDVFXODU� 'LVHDVH� LQ� 'LDO\VLV� 3DWLHQWV� 1DWLRQDO� .LGQH\�

)RXQGDWLRQ��

.'24,� FOLQLFDO� SUDFWLFH� JXLGHOLQHV� IRU�

FKURQLF� NLGQH\� GLVHDVH�� HYDOXDWLRQ�� FODVVLILFDWLRQ�� DQG� VWUDWLILFDWLRQ�

1DWLRQ�.LGQH\�)RXQGDWLRQ��

5HODWLRQVKLS� EHWZHHQ� SDUDR[RQDVH� DQG� KRPRF\VWHLQH��

FURVVURDGV�RI�R[LGDWLYH�GLVHDVHV�



3ODVPD�KRPRF\VWHLQH�OHYHOV�DQG�PRUWDOLW\�LQ�SDWLHQWV�ZLWK�FRURQDU\�

DUWHU\�GLVHDVH�

/RZ�GHQVLW\� OLSRSURWHLQ� �/'/��LQGXFHG� PRQRF\WH�HQGRWKHOLDO�

FHOO� DGKHVLRQ�� VROXEOH� FHOO� DGKHVLRQ� PROHFXOHV�� DQG� DXWRDQWLERGLHV� WR�

R[LGL]HG�/'/� LQ� FKURQLF� UHQDO� IDLOXUH� SDWLHQWV� RQ� GLDO\VLV� WKHUDS\�

/RZ� GHQVLW\� OLSRSURWHLQ� SDUWLFOH�

VL]H�GLVWULEXWLRQ�LQ�HQG฀VWDJH�UHQDO�GLVHDVH�WUHDWHG�ZLWK�KHPRGLDO\VLV�RU�

SHULWRQHDO�GLDO\VLV��

&DUEDP\ODWHG�

ORZ�GHQVLW\� OLSRSURWHLQ� LQGXFHV� GHDWK� RI� HQGRWKHOLDO� FHOOV�� D� OLQN� WR�

DWKHURVFOHURVLV�LQ�SDWLHQWV�ZLWK�NLGQH\�GLVHDVH��

7KH� VWDWLQ� VWXGLHV�� IURP� WDUJHWLQJ� K\SHUFKROHVWHURODHPLD� WR�

WDUJHWLQJ�WKH�KLJK�ULVN�SDWLHQW�

0HDVXUHPHQW� LVVXHV� UHODWHG� WR�

OLSRSURWHLQ�KHWHURJHQHLW\��

&ORQLQJ� RI�PRQRFORQDO� DXWRDQWLERGLHV� WR� HSLWRSHV� RI�



R[LGL]HG� OLSRSURWHLQV� IURP� DSROLSRSURWHLQ� (�GHILFLHQW� PLFH��

'HPRQVWUDWLRQ�RI�HSLWRSHV�RI�R[LGL]HG�ORZ�GHQVLW\�OLSRSURWHLQ�LQ�KXPDQ�

SODVPD�

$SR� (� GHILFLHQW� PLFH� DUH� D� PRGHO� RI� OLSRSURWHLQ� R[LGDWLRQ� LQ�

DWKHURJHQHVLV�� 'HPRQVWUDWLRQ� RI� R[LGDWLRQ�VSHFLILF� HSLWRSHV� LQ� OHVLRQV�

DQG� KLJK� WLWHUV� RI� DXWRDQWLERGLHV� WR� PDORQGLDOGHK\GH�O\VLQH� LQ� VHUXP�

/RZ�

GHQVLW\� OLSRSURWHLQ�XQGHUJRHV�R[LGDWLYH�PRGLILFDWLRQ� LQ�YLYR��

7KH�FOLQLFDO� HSLGHPLRORJ\�RI� FDUGLDF�GLVHDVH� LQ�

FKURQLF�XUHPLD��

,QKLELWLRQ� RI�

HU\WKURSRLHWLQ�DFWLYLW\�E\�F\DQDWH

/LSLG�

SHUR[LGDWLRQ�DQG�GHFRPSRVLWLRQ�FRQIOLFWLQJ�UROHV�LQ�SODTXH�YXOQHUDELOLW\�

DQG�VWDELOLW\�

5HGXFHG�DJRQLVW�LQGXFHG�HQGRWKHOLXP�GHSHQGHQW�YDVRGLODWLRQ�LQ�XUHPLD�



LV� DWWULEXWDEOH� WR� DQ� LPSDLUPHQW� RI� YDVFXODU� QLWULF� R[LGH�

3RVVLEOH� PHFKDQLVPV� RI�

KRPRF\VWHLQH�WR[LFLW\��

&DUEDP\ODWLRQ� RI� SURWHLQV� OHDGV� WR�

DOWHUDWLRQV� LQ� WKH� PHPEUDQH� VWUXFWXUH� RI� HU\WKURF\WHV

5LVN� IDFWRUV� IRU� &RURQDU\� $UWHU\� 'LVHDVH� LQ� SDWLHQWV� ZLWK�

UHQDO�IDLOXUH�

6WXG\� RI� R[LGDWLYH� VWUHVV� LQ� DGYDQFHG�

NLGQH\�GLVHDVH�

5HDFWLRQ� �RI� �DVSLULQ� �ZLWK�F\VWHLQ\O�

UHVLGXHV� RI� OHQV� JDPPD�FU\VWDOOLQV�� � D� PHFKDQLVP� � IRU� WKH� SURSRVHG��

DQWL�FDWDUDFW� �HIIHFW�RI�DVSLULQ��

1RQ�LQVXOLQ�GHSHQGHQW� GLDEHWHV�PHOOLWXV�



DQG� K\SHUWULJO\FHULGHPLD� LPSDLU� OLSRSURWHLQ� PHWDEROLVP� LQ� FKURQLF�

KHPRGLDO\VLV�SDWLHQWV�

/RZ�GHQVLW\�

OLSRSURWHLQ� VXEIUDFWLRQ� SURILOHV� LQ� FKURQLF� UHQDO� IDLOXUH��

+DQGERRN�RI�/LSRSURWHLQ�

7HVWLQJ�

+0*� &R$� UHGXFWDVH� LQKLELWRUV� DQG� UHQRSURWHFWLRQ�� WKH�

ZHLJKW�RI�WKH�HYLGHQFH�

+\SHUOLSLGHPLD� LQ� NLGQH\� GLVHDVH�� &DXVHV�

DQG�FRQVHTXHQFHV�

7KH� IDPLOLDO� FK\ORPLFURQHPLD� V\QGURPH��

.LGQH\� GLVHDVH� DV� D� ULVN�

IDFWRU� IRU�GHYHORSPHQW�RI�FDUGLRYDVFXODU�GLVHDVH��D�VWDWHPHQW� IURP�WKH�

$PHULFDQ� +HDUW� $VVRFLDWLRQ� &RXQFLOV� RQ� .LGQH\� LQ� &DUGLRYDVFXODU�

'LVHDVH�� +LJK� %ORRG� 3UHVVXUH� 5HVHDUFK�� &OLQLFDO� &DUGLRORJ\�� DQG�

(SLGHPLRORJ\�DQG�3UHYHQWLRQ�



(SLGHPLRORJ\�� GLDJQRVLV�� DQG� PDQDJHPHQW� RI�

FDUGLDF� GLVHDVH� LQ� FKURQLF� UHQDO� GLVHDVH�

/LSRSURWHLQ�D��� KHWHURJHQHLW\� DQG� ELRORJLFDO�

UHOHYDQFH��

1RQ�HQ]\PDWLF� JO\FRV\ODWLRQ� RI�

KXPDQ� VHUXP� OLSRSURWHLQV�� (OHYDWHG� HSVLORQ�O\VLQH� JO\FRV\ODWHG� ORZ�

GHQVLW\�OLSRSURWHLQ�LQ�GLDEHWLF�SDWLHQWV��

$OEXPLQ�WKLRODWH�DQLRQ�LV�DQ�LQWHUPHGLDWH�LQ�

WKH� IRUPDWLRQ� RI� DOEXPLQ�6±6�KRPRF\VWHLQH�

5HODWLYH� UROHV� RI� DOEXPLQ� DQG� FHUXORSODVPLQ� LQ� WKH� IRUPDWLRQ� RI�

KRPRF\VWLQH�� KRPRF\VWHLQH�F\VWHLQH�PL[HG� GLVXOILGH�� DQG� F\VWLQH� LQ�

FLUFXODWLRQ��

3UHYHQWLRQ� RI� FRURQDU\� DQG� VWURNH� HYHQWV� ZLWK� DWRUYDVWDWLQ� LQ�

K\SHUWHQVLYH� SDWLHQWV� ZKR� KDYH� DYHUDJH� RU� ORZHU�WKDQ�DYHUDJH�



FKROHVWHURO� FRQFHQWUDWLRQV�� LQ� WKH� $QJOR�6FDQGLQDYLDQ� &DUGLDF�

2XWFRPHV� 7ULDO��/LSLG� /RZHULQJ� $UP� �$6&27�//$��� D� PXOWLFHQWUH�

UDQGRPL]HG�FRQWUROOHG�WULDO��

$6&27�LQYHVWLJDWRUV��SUHYHQWLRQ�

RI�FRURQDU\�DQG�VWURNH�HYHQWV�ZLWK�DWRUYDVWDWLQ�LQ�K\SHUWHQVLYH�SDWLHQWV�

ZKR�KDYH�DYHUDJH�RU�ORZHUWKDQ��DYHUDJH�FKROHVWHURO�FRQFHQWUDWLRQV��LQ�

WKH� $QJOR�6FDQGLQDYLDQ� &DUGLDF� 2XWFRPHV� 7ULDO�/LSLG� /RZHULQJ� $UP�

�$6&27�//$��� D� PXOWLFHQWUH� UDQGRPL]HG� FRQWUROOHG� WULDO�

1RYHO� PHFKDQLVPV� LQ�

DFFHOHUDWHG�DWKHURVFOHURVLV�LQ�NLGQH\�GLVHDVH

$VVRFLDWLRQ� RI� UHQDO� LQVXIILFLHQF\� ZLWK� WUHDWPHQW� DQG�

RXWFRPHV� DIWHU� P\RFDUGLDO� LQIDUFWLRQ� LQ� HOGHUO\� SDWLHQWV�

5HDFWLRQV��RI��WKH��F\DQDWH�SUHVHQW��

LQ� DTXHRXV� XUHD� ZLWK� � DPLQR� DFLGV� DQG� SURWHLQV�



0LFURDOEXPLQXULD� LV� DVVRFLDWHG� ZLWK� LPSDLUHG� EUDFKLDO� DUWHU\��

IORZ�PHGLDWHG� YDVRGLODWLRQ� LQ� HOGHUO\� LQGLYLGXDOV� ZLWKRXW� DQG� ZLWK�

GLDEHWHV�� )XUWKHU� HYLGHQFH� IRU� D� OLQN� EHWZHHQ� PLFURDOEXPLQXULD� DQG�

HQGRWKHOLDO�G\VIXQFWLRQ��WKH�+RRUQ�VWXG\�

2[LGDWLYH�PRGLILFDWLRQ�

RI�/'/�DQG�DWKHURJHQHVLV��

%H\RQG�

FKROHVWHURO�� 0RGLILFDWLRQV� RI� ORZ�GHQVLW\� OLSRSURWHLQ� WKDW� LQFUHDVH� LWV�

DWKHURJHQLFLW\��

7KH� /'/� PRGLILFDWLRQ� K\SRWKHVLV� RI� DWKHURJHQHVLV�� DQ�

XSGDWH�

,PPXQRJHQLFLW\�RI�

KRPRORJRXV� ORZ� GHQVLW\� OLSRSURWHLQ� DIWHU� PHWK\ODWLRQ�� HWK\ODWLRQ��

DFHW\ODWLRQ�� RU� FDUEDP\ODWLRQ�� JHQHUDWLRQ� RI� DQWLERGLHV� VSHFLILF� IRU�

GHULYDWL]HG�O\VLQH

2[LGDWLRQ�RI�KXPDQ� ORZ�GHQVLW\� OLSRSURWHLQ� UHVXOWV� LQ�

GHULYDWL]DWLRQ� RI� O\VLQH� UHVLGXHV� RI� DSROLSRSURWHLQ� %� E\� OLSLG� SHUR[LGH�

GHFRPSRVLWLRQ�SURGXFWV�

7KH� QDWXUDO� KLVWRU\� RI� VHUXP� OLSLGV� DQG�

OLSRSURWHLQV�GXULQJ�FKLOGKRRG�



,QKLELWLRQ� RI� LQWHVWLQDO� FKROHVWHURO�

DEVRUSWLRQ�E\�H]HWLPLEH�LQ�KXPDQV���

5HGXFHG�

KRPRF\VWHLQH�WKLRODFWRQDVH�DFWLYLW\�LQ�$O]KHLPHU¶V�GLVHDVH��

�

$� FRPSDUDWLYH� VWXG\� RI� FXOWXUHG�

VPRRWK� PXVFOH� FHOO� SUROLIHUDWLRQ� DQG� LQMXU\�� XWLOL]LQJ� JO\FDWHG� ORZ�

GHQVLW\� OLSRSURWHLQV� ZLWK� VOLJKW� R[LGDWLRQ�� DXWRR[LGDWLRQ�� RU� H[WHQVLYH�

R[LGDWLRQ�

&KURQLF� .LGHQ\� 'LVHDVH�� '\VOLSLGHPLD�� DQG�

$WKHURVFOHURVLV�

)RUPDWLRQ� RI� JO\FR[DO��

PHWK\OJO\FR[DO� DQG� ��GHR[\JOXFRVRQH� LQ� WKH� JO\FDWLRQ� RI� SURWHLQ� E\�

JOXFRVH�



&KURQLF� NLGQH\� GLVHDVH� DQG� PRUWDOLW\� ULVN�� D� V\VWHPDWLF�

UHYLHZ�

/LSLGV�DQG�UHQDO�GLVHDVH�

'\VOLSLGHPLD� LQ�

FKURQLF�NLGQH\�GLVHDVH��DQ�DSSURDFK�WR�SDWKRJHQHVLV�DQG�WUHDWPHQW�

,Q� YLYR� PDUNHUV� RI� R[LGDWLYH� VWUHVV� DQG� WKHUDSHXWLF�

LQWHUYHQWLRQV�

,QWHUDFWLRQV� EHWZHHQ� FDUGLRYDVFXODU�

GLVHDVH�DQG�FKURQLF�NLGQH\�GLVHDVH�

0HFKDQLVPV� RI� G\VOLSLGHPLD� RI� FKURQLF� UHQDO�

IDLOXUH�

(QKDQFHG�QLWULF�R[LGH�

LQDFWLYDWLRQ� DQG� SURWHLQ� QLWUDWLRQ� E\� UHDFWLYH� R[\JHQ� VSHFLHV� LQ� UHQDO�

LQVXIILFLHQF\��

'\VOLSLGHPLD� RI� FKURQLF� UHQDO� IDLOXUH�� WKH� QDWXUH��

PHFKDQLVPV��DQG�SRWHQWLDO�FRQVHTXHQFHV�



0ROHFXODU� PHFKDQLVPV� RI� OLSLG� GLVRUGHUV� LQ� QHSKURWLF�

V\QGURPH�

$FWLYDWLRQ�RI�

0$3.�E\�PRGLILHG� ORZ�GHQVLW\� OLSRSURWHLQV� LQ�YDVFXODU� VPRRWK�PXVFOH�

FHOOV�

0RGLILFDWLRQ� LQGXFHG� E\� KRPRF\VWHLQH� DQG� ORZ�GHQVLW\� OLSRSURWHLQ� RQ�

KXPDQ� DRUWLF� HQGRWKHOLDO� FHOOV�� DQ� LQ� YLWUR� VWXG\�

/RZ� ELUWK�

ZHLJKW� LQFUHDVHV� ULVN� IRU� HQG฀VWDJH�UHQDO�GLVHDVH��

,GHQWLILFDWLRQ� DQG�

LVRODWLRQ� RI� HQGRWKHOLDO� FHOOV� EDVHG� RQ� WKHLU� LQFUHDVHG� XSWDNH� RI�

DFHW\ODWHG�ORZ�GHQVLW\�OLSRSURWHLQ�

0RGLILFDWLRQ� RI� SURWHLQV� LQ� YLWUR� E\� SK\VLRORJLFDO�

OHYHOV� RI� JOXFRVH�� S\URGR[DPLQH� LQKLELWV� FRQYHUVLRQ� RI� $PDGRUL�

LQWHUPHGLDWH� WR� DGYDQFHG� JO\FDWLRQ� HQG�SURGXFWV� WKURXJK� ELQGLQJ� RI�

UHGR[�PHWDO�LRQV�



6HYHUH�GHIHFW�LQ�FOHDULQJ�SRVWSUDQGLDO�FK\ORPLFURQ�

UHPQDQWV�LQ�GLDO\VLV�SDWLHQWV�

5ROH�RI� O\VLQH� UHVLGXHV�RI�

SODVPD�OLSRSURWHLQV�LQ�KLJK�DIILQLW\�ELQGLQJ�WR�FHOO�VXUIDFH�UHFHSWRUV�RQ�

KXPDQ�ILEUREODVWV�

1LWULF�

R[LGH� SURGXFWLRQ� LV� UHGXFHG� LQ� SDWLHQWV� ZLWK� FKURQLF� UHQDO� IDLOXUH�

7KH� FOLQLFDO�

LPSOLFDWLRQV� RI� HQGRWKHOLDO� G\VIXQFWLRQ��

5ROH�RI�WKH�ORZ�GHQVLW\�OLSRSURWHLQ�
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