
,W KDV ORQJ EHHQ UHFRJQL]HG WKDW HYHQWV LQ WKH HDUO\ OLIH RI

DQLPDOV PD\ KDYH D SURIRXQG LQIOXHQFH RQ WKHLU DGXOW

SK\VLRORJ\� 7KHUH LV JURZLQJ HYLGHQFH WKDW WKH XWHULQH

HQYLURQPHQW SURJUDPV WKH PHWDEROLF DEQRUPDOLWLHV WKDW OHDG

WR FDUGLRYDVFXODU GLVHDVH LQ DGXOW OLIH� 6WXGLHV LQ KXPDQV

KDYH VKRZQ WKDW WKH UDWH RI FRURQDU\ KHDUW GLVHDVH DQG

UHODWHG GLVRUGHUV VXFK DV VWURNHV� GLDEHWHV DQG K\SHUWHQVLRQ

LV LQFUHDVHG LQ PHQ DQG ZRPHQ ZKR ZHUH VPDOO DW ELUWK LQ

UHODWLRQ WR WKHLU SODFHQWDV� WKLQ DW ELUWK� RU GHVSLWH DYHUDJH

ELUWK ZHLJKW ZHUH VKRUW LQ UHODWLRQ WR KHDG VL]H DQG KDG D

ORZHU WKDQ DYHUDJH LQIDQW ZHLJKW JDLQ� ,Q IDFW� HDUO\

HSLGHPLRORJLFDO VWXGLHV WKDW VXSSRUWHG WKH QRWLRQ RI

SURJUDPPHG DGXOW GLVHDVH ZHUH EDVHG RQ WKH VLPSOH

VWUDWHJ\ RI H[DPLQLQJ PLGGOH�DJHG DQG HOGHUO\ PHQ DQG

ZRPHQ ZKRVH ERG\ PHDVXUHPHQWV ZHUH UHFRUGHG DW ELUWK�

7KLV UHYLHZ ZLOO GLVFXVV WKH OLQN EHWZHHQ WKH IDLOXUH WR

UHDOL]H JURZWK SRWHQWLDO LQ XWHUR DQG DGXOW FDUGLRYDVFXODU

GLVHDVH� ,I WKH IHWDO RULJLQ K\SRWKHVLV RI DGXOW FDUGLRYDVFXODU

GLVHDVH LV FRUUHFW� SUHYHQWLYH PHGLFLQH LQ XWHUR DQG PRUH

VSHFLILF DGYLFH IRU SUHJQDQW ZRPHQ PXVW DZDLW IXUWKHU

VWXGLHV�

7KH FRQFHSW RI HDUO\ QXWULWLRQ EHLQJ DQ LPSRUWDQW

FRQWULEXWRU WR DGXOW GLVHDVH� DV UHIOHFWHG LQ DQWKURSRPHWULF

YDULDEOHV PHDVXUHG DW ELUWK DQG GXULQJ LQIDQF\� KDV UHFHLYHG

VXEVWDQWLDO DWWHQWLRQ LQ WKH PHGLFDO OLWHUDWXUH� SDUWLFXODUO\

IURP D JURXS RI 8. LQYHVWLJDWRUV KHDGHG E\ 3URIHVVRU 'DYLG

%DUNHU >���@� %DUNHU DQG FROOHDJXHV� ZRUNLQJ LQ 6RXWK�

DPSWRQ� SURSRVHG WKH K\SRWKHVLV WKDW �D EDE\·V QRXULVKPHQW

EHIRUH ELUWK DQG GXULQJ LQIDQF\� DV PDQLIHVW LQ SDWWHUQV RI

IHWDO JURZWK� ·SURJUDPPHV· WKH GHYHORSPHQW RI ULVN IDFWRUV

VXFK DV HOHYDWHG EORRG SUHVVXUH� ILEULQRJHQ FRQFHQWUDWLRQ�

K\SHUOLSLGHPLD DQG JOXFRVH LQWROHUDQFH� DQG KHQFH WKHVH DUH

NH\ GHWHUPLQDQWV RI FRURQDU\ KHDUW GLVHDVH� >�@� 7KH JURXS

KDV HODERUDWHG XSRQ WKLV K\SRWKHVLV LQ DW OHDVW �� VWXGLHV

DQG WZR ERRNV >�@ VLQFH �����

1XPHURXV DQLPDO H[SHULPHQWV KDYH VKRZQ WKDW SRRU

QXWULWLRQ DQG RWKHU JURZWK�LPSDLULQJ LQIOXHQFHV GXULQJ

FULWLFDO SHULRGV RI HDUO\ OLIH PD\ SHUPDQHQWO\ DIIHFW

�SURJUDP� WKH VWUXFWXUH DQG SK\VLRORJ\ RI D UDQJH RI RUJDQV

DQG WLVVXHV� LQFOXGLQJ WKH HQGRFULQH SDQFUHDV� OLYHU� DQG

EORRG YHVVHOV >�@� ,Q KLV ERRN SXEOLVKHG LQ ����� %DUNHU >�@

UHILQHG KLV LGHDV WR VXJJHVW WKDW IHWDO XQGHUQXWULWLRQ

RSHUDWLQJ LQ GLIIHUHQW SKDVHV RI IHWDO LQWUDXWHULQH OLIH ZLOO

KDYH GLIIHUHQW HIIHFWV RQ ELUWK ZHLJKW DQG VXEVHTXHQW

GLVHDVH SDWWHUQV�

'XULQJ WKH HDUOLHVW VWDJHV RI SUHJQDQF\ �HPEU\RQLF OLIH�

³ WKH ILUVW � ZHHNV DIWHU FRQFHSWLRQ ³ WKH QXWULHQW

UHTXLUHPHQWV DUH TXDQWLWDWLYHO\ LQVLJQLILFDQW� WKRXJK DOO

HVVHQWLDO QXWULHQWV PXVW EH SUHVHQW DQG LQ HTXLOLEULXP GXH

WR WKH GHOLFDWH SURFHVVHV RI GLIIHUHQWLDWLRQ DQG RUJDQL]DWLRQ

>�@� $W WKLV VWDJH� QXWULHQW GHILFLHQFLHV� VXFK DV D ]LQF RU

IRODWH GHILFLW� PD\ UHVXOW LQ PDOIRUPDWLRQ RI WKH GHYHORSLQJ

HPEU\R >�@� %RWK K\SHU� DQG K\SRJO\FHPLD LQ HDUO\

HPEU\RJHQHVLV PD\ EH DVVRFLDWHG ZLWK ORZ ELUWK ZHLJKW�

7KH IHWDO SHULRG� PRQWK � WR PRQWK �� LV FKDUDFWHUL]HG E\

VRPH FHOO PXOWLSOLFDWLRQ� EXW SUHGRPLQDQWO\ E\ DQ LQFUHDVH LQ

WKH VL]H RI H[LVWLQJ FHOOV� 'LIIHUHQW WLVVXHV RI WKH ERG\ JURZ

GXULQJ SHULRGV RI UDSLG FHOO GLYLVLRQ >�@� 7KH WLPLQJ RI WKHVH

VR�FDOOHG FULWLFDO SHULRGV YDULHV IRU HDFK WLVVXH� 1XWULHQW

GHILFLHQFLHV GXULQJ WKH IHWDO VWDJH JHQHUDOO\ LPSHGH JURZWK

RU LQGXFH VXEWOH FKDQJHV LQ IXQFWLRQ� 7KH PDLQ DGDSWDWLRQ RI

WKH IHWXV WR XQGHUQXWULWLRQ LV WR VORZ LWV UDWH RI DOO FHOO

GLYLVLRQ� HVSHFLDOO\ LQ WKRVH WLVVXHV WKDW DUH LQ FULWLFDO

SHULRGV DW WKH WLPH� %ULHI SHULRGV RI XQGHUQXWULWLRQ PD\

SHUPDQHQWO\ UHGXFH WKH QXPEHU RI FHOOV LQ SDUWLFXODU RUJDQV�

&KURQLF YDVFXODU LQVXIILFLHQF\ FDXVHG E\ PDWHUQDO PDOQX�

WULWLRQ FDXVHV IHWDO JURZWK UHWDUGDWLRQ� LQ ZKLFK WKH IHWXV KDV

DERXW ��²��� RI WKH QXPEHU RI FHOOV LW VKRXOG KDYH LQ DOO LWV

RUJDQV >�@� 7KLV LV RQH RI WKH PHFKDQLVPV ZKHUHE\

XQGHUQXWULWLRQ PD\ SHUPDQHQWO\ FKDQJH RU SURJUDP WKH

ERG\ >�@� 6RPH RI WKH PHPRULHV RI WKH ERG\ DW HDUO\

XQGHUQXWULWLRQ DUH WUDQVODWHG LQWR SDWKRORJ\ GXULQJ DGXOW OLIH�

%%OORRRRGG SSUUHHVVVVXXUUHH LLQQ DDGGXXOOWW OOLLIIHH DDQQGG
LLWWVV UUHHOODDWWLLRRQQ WWRR JJUURRZZWWKK

,W KDV EHHQ VXJJHVWHG WKDW HOHYDWHG EORRG SUHVVXUH LV OLQNHG

ZLWK DQ XQIDYRUDEOH LQWUDXWHULQH HQYLURQPHQW DQG D ORQJ�

WHUP ULVN RI FDUGLRYDVFXODU GLVHDVH >�@� %LUWK ZHLJKW DV D

PHDVXUH RI LQWUDXWHULQH LQIOXHQFH KDV DFFRUGLQJO\ EHHQ

IRXQG WR EH LQYHUVHO\ DVVRFLDWHG ZLWK EORRG SUHVVXUH LQ

FKLOGKRRG >���@ DV ZHOO DV LQ DGXOWKRRG >�������@� $OWRJHWKHU�

�� VWXGLHV KDYH VKRZQ DQ DVVRFLDWLRQ EHWZHHQ ORZ ELUWK

ZHLJKW DQG HOHYDWHG EORRG SUHVVXUH LQ FKLOGKRRG DQG DGXOW

OLIH� /DX HW DO� >��@ SURSRVHG WKDW DGXOW K\SHUWHQVLRQ

GHYHORSV DV D UHVXOW RI D SURFHVV LQLWLDWHG GXULQJ LQWUDXWHULQH

OLIH DQG LV DPSOLILHG DV \HDUV DGYDQFH�

5HYLHZV
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%DUNHU HW DO� >��@ PHDVXUHG WKH EORRG SUHVVXUHV RI ���

PHQ DQG ZRPHQ ERUQ LQ D KRVSLWDO LQ 3UHVWRQ GXULQJ WKH

\HDUV ����²�� DQG VWLOO OLYLQJ LQ /DQFDVKLUH� DQG VWXGLHG

WKHLU REVWHWULF UHFRUGV� %DUNHU·V JURXS VKRZV WKDW LQ ERWK

VH[HV� V\VWROLF DQG GLDVWROLF SUHVVXUHV ZHUH VWURQJO\ UHODWHG

WR SODFHQWDO ZHLJKW DQG ELUWK ZHLJKW� 0HDQ V\VWROLF

SUHVVXUHV URVH E\ �� PP+J DV SODFHQWDO ZHLJKW LQFUHDVHG

IURP ��� J WR !��� J� DQG GURSSHG E\ �� PP+J DV ELUWK

ZHLJKW LQFUHDVHG IURP ����� J WR !����� J� 7KHVH UHODWLRQV

ZHUH LQGHSHQGHQW VR WKDW WKH KLJKHVW EORRG SUHVVXUHV

RFFXUUHG LQ SHRSOH ERUQ DV VPDOO EDELHV ZLWK ODUJH SODFHQWDV�

0DUW\Q HW DO� >��@ H[DPLQHG DGXOW V\VWROLF DQG GLDVWROLF EORRG

SUHVVXUH DQG DUWHULDO FRPSOLDQFH� DV PHDVXUHG E\ SXOVH

ZDYH YHORFLW\ LQ WZR DUWHULDO VHJPHQWV� LQ ��� PHQ DQG

ZRPHQ ERUQ LQ -HVVRS +RVSLWDO� 6KHIILHOG� EHWZHHQ WKH \HDUV

���� DQG ����� %RWK V\VWROLF DQG GLDVWROLF EORRG SUHVVXUHV

ZHUH KLJKHU LQ SHRSOH ZKRVH ELUWK ZHLJKW ZDV ORZ� ZKR

ZHUH VKRUW RU ZKR KDG VPDOO DEGRPLQDO RU KHDG FLUFXP�

IHUHQFH DW ELUWK� $UWHULDO FRPSOLDQFH ZDV ORZHU LQ WKRVH ZKR

KDG EHHQ VPDOO DW ELUWK�

3RVVLEOH PHFKDQLVPV OLQNLQJ UHWDUGHG IHWDO JURZWK DQG

HOHYDWHG EORRG SUHVVXUH DUH DW SUHVHQW D PDWWHU IRU

VSHFXODWLRQ� 0DWHUQDO XQGHUQXWULWLRQ OHDGV WR IHWDO XQGHU�

QXWULWLRQ� OHDGLQJ WR DGDSWLYH FKDQJHV LQ WKH FRQFHQWUDWLRQ RI

IHWDO DQG SODFHQWDO KRUPRQHV DQG LQ WKH VHQVLWLYLW\ RI

GLIIHUHQW WLVVXHV WR WKHP >��@� 2QH SRVVLELOLW\ LV WKDW WKHVH

FKDQJHV PD\ FRQWULEXWH WR HOHYDWHG EORRG SUHVVXUH E\

DOWHULQJ OHYHOV RI JURZWK IDFWRUV WURSKLF IRU NH\ FRQVWLWXHQWV

RI EORRG YHVVHO ZDOOV� DQG E\ ORVV RI HODVWLFLW\ LQ YHVVHO ZDOOV

>��@� ,QWUDXWHULQH JURZWK UHWDUGDWLRQ LV DVVRFLDWHG ZLWK

DOWHUHG 'RSSOHU IORZ YHORFLW\ ZDYHIRUPV LQ VHYHUDO YDVFXODU

EHGV� LQFOXGLQJ WKH GHVFHQGLQJ DRUWD DQG FHUHEUDO YDVFXOD�

WXUH� 'HFUHDVHG EORRG IORZ LQ WKH GHVFHQGLQJ DRUWD DQG WKH

DUWHULHV RI WKH ORZHU OLPE LQ IHWXVHV ZLWK JURZWK UHWDUGDWLRQ

PD\ LQLWLDWH FKDQJHV LQ WKH DUWHULDO VWUXFWXUH� FRQWULEXWLQJ LQ

WKH ORQJ WHUP WR WKH PDLQWHQDQFH RI HOHYDWHG EORRG SUHVVXUH

DQG WKH SDWKRJHQHVLV RI FDUGLDF K\SHUWURSK\ >��@� $Q

DOWHUQDWLYH HWLRORJ\ ³ LQFUHDVHG IHWDO H[SRVXUH WR PDWHUQDO

JOXFRFRUWLFRLGV ³ LV VXSSRUWHG E\ ILQGLQJV LQ UDWV� QDPHO\�

WKDW GHFUHDVHG DFWLYLW\ RI WKH HQ]\PH WKDW DFWV DV D SODFHQWDO

EDUULHU WR PDWHUQDO JOXFRFRUWLFRLGV ���²K\GUR[\VWHURLG

GHK\GURJHQDVH� LV DVVRFLDWHG ZLWK ORZ ELUWK ZHLJKW

>�����@� ,W LV SRVVLEOH WKDW LQFUHDVHG H[SRVXUH RI WKH IHWXV

WR H[RJHQRXV JOXFRFRUWLFRLGV FRQWULEXWHV WR ORZ ELUWK ZHLJKW

DQG VXEVHTXHQW K\SHUWHQVLRQ LQ DGXOWKRRG�

5RELQVRQ HW DO� >��@ SURSRVHG DQ DOWHUQDWLYH HWLRORJ\ WKDW

OLQNV IHWDO DQWKURSRPHWU\ PHDVXUHPHQWV DQG KLJK DGXOW

EORRG SUHVVXUH� 7KH\ VXJJHVWHG WKDW RQH VXFK SURFHVV FRXOG

EH WKH LQWUDXWHULQH �VHWWLQJ� RI KHDUW UDWH� VLQFH SXOVH UDWH LV

NQRZQ WR UHODWH SRVLWLYHO\ WR EORRG SUHVVXUH ERWK LQ FKLOGUHQ

DQG LQ DGXOWV� 7KHVH UHVHDUFKHUV VKRZHG WKDW KLJKHU IHWDO

UDWH DW �� ZHHNV RI SUHJQDQF\ ZDV DVVRFLDWHG ZLWK ORZHU

SRQGHUDO LQGH[� D VPDOOHU KHDG FLUFXPIHUHQFH DQG VPDOOHU

PLG�DUP FLUFXPIHUHQFH DW ELUWK� $OWHUQDWLYHO\� D UDSLG KHDUW

UDWH FRXOG EH DQ HDUO\ DGDSWLYH UHVSRQVH WR DGYHUVH

LQIOXHQFHV WKDW ODWHU FDXVH JURZWK IDLOXUH� ,Q WKHLU VWXG\�

WHUP EDELHV ZLWK ORZ SRQGHUDO LQGH[� VPDOO KHDGV� WKLQ DUPV

DQG OHVV VXEFXWDQHRXV IDW DOUHDG\ GLIIHUHG IURP RWKHU EDELHV

LQ HDUO\ JHVWDWLRQ� 7KH LQWUDXWHULQH �VHWWLQJ� RI KHDUW UDWH

PD\ EH RQH PHFKDQLVP OLQNLQJ LPSDLUHG IHWDO JURZWK ZLWK

ODWHU EORRG SUHVVXUH�

&&RRUURRQQDDUU\\ KKHHDDUUWW GGLLVVHHDDVVHH�� VVHHUUXXPP
FFKKRROOHHVVWWHHUURROO�� EEOORRRRGG FFOORRWWWWLLQQJJ
IIDDFFWWRRUUVV�� JJOOXXFFRRVVHH WWRROOHHUUDDQQFFHH LLQQ
DDGGXXOOWWKKRRRRGG DDQQGG JJUURRZZWWKK LLQQ XXWWHHUURR

%DUNHU DQG FROOHDJXHV >��@ WUDFHG D JURXS RI PHQ ERUQ LQ D

PDWHUQLW\ KRVSLWDO LQ 6KHIILHOG EHIRUH ����� DQG UHODWHG WKHLU

VL]H DW ELUWK WR WKHLU VXEVHTXHQW GHDWK UDWHV GXH WR

FDUGLRYDVFXODU GLVHDVH� 6WDQGDUGL]HG PRUWDOLW\ UDWLRV IRU

FDUGLRYDVFXODU GLVHDVH GURSSHG IURP ��� LQ PHQ ZKR

ZHLJKHG ����� J RU OHVV DW ELUWK WR �� LQ PHQ ZKR ZHLJKHG

PRUH WKDQ ����� J DW ELUWK� 6WDQGDUGL]HG PRUWDOLW\ UDWLRV DOVR

IHOO ZLWK LQFUHDVLQJ KHDG FLUFXPIHUHQFH DQG LQFUHDVLQJ

SRQGHUDO LQGH[� $ IROORZ�XS RI ��� PHQ ERUQ LQ WKH \HDUV

����²�� VKRZHG WKDW IDVWLQJ SODVPD FRQFHQWUDWLRQV RI

JOXFRVH� LQVXOLQ DQG ��²�� VSOLW SUR�LQVXOLQ ZHUH LQYHUVHO\

SURSRUWLRQDO WR ELUWK ZHLJKW >��@� *OXFRVH DQG LQVXOLQ

FRQFHQWUDWLRQV DW �� DQG ��� PLQXWHV DIWHU DQ RUDO JOXFRVH

ORDG VKRZHG VLPLODU WUHQGV� $ VWXG\ RI WKH 6KHIILHOG UHFRUGV

>��@ VKRZHG WKDW PHQ DQG ZRPHQ ZKR KDG D VPDOO

DEGRPLQDO FLUFXPIHUHQFH DW ELUWK KDG HOHYDWHG VHUXP

FRQFHQWUDWLRQV RI WRWDO DQG ORZ GHQVLW\ OLSRSURWHLQ� FKROHV�

WHURO DQG DSROLSRSURWHLQ % DV DGXOWV� 7KLV UHODWLRQVKLS ZDV

LQGHSHQGHQW RI WKH GXUDWLRQ RI JHVWDWLRQ�

6HUXP FRQFHQWUDWLRQV RI WRWDO FKROHVWHURO IHOO E\ ����

PPRO�/ ZLWK HDFK ���� FP LQFUHDVH LQ DEGRPLQDO FLUFXP�

IHUHQFH� 5HGXFWLRQ RI VHUXP FKROHVWHURO FRQFHQWUDWLRQ IURP

��� WR � PPRO�/ KDV EHHQ VKRZQ WR UHGXFH WKH ULVN RI

FRURQDU\ KHDUW GLVHDVH E\ ��²��� >��@� 7KH DVVRFLDWLRQ

EHWZHHQ DEGRPLQDO FLUFXPIHUHQFH DW ELUWK DQG /'/�&

FRQFHQWUDWLRQ ZDV LQGHSHQGHQW RI VRFLDO FODVV� FXUUHQW ERG\

ZHLJKW� FLJDUHWWH VPRNLQJ DQG DOFRKRO FRQVXPSWLRQ >��@�

5HGXFHG DEGRPLQDO FLUFXPIHUHQFH DW ELUWK UHIOHFWV

LPSDLUHG OLYHU JURZWK DQG FRQVHTXHQW UHSURJUDPPLQJ RI

OLYHU PHWDEROLVP� ,PSDLUHG JURZWK RI WKH OLYHU LQ ODWH

JHVWDWLRQ OHDGV WR SHUPDQHQW FKDQJHV LQ /'/�& PHWDEROLVP

>��@� &LUFXODWLQJ ILEULQRJHQ DQG IDFWRU 9,, FRQFHQWUDWLRQV DUH

ODUJHO\ UHJXODWHG E\ WKH OLYHU� 0DUW\Q·V VWXG\ RI ��� PHQ

DQG ZRPHQ VKRZV WKDW WKH SODVPD FRQFHQWUDWLRQV RI

ILEULQRJHQ DQG IDFWRU 9,, GURSSHG E\ ���� J�/ IRU HDFK

SRXQG LQFUHDVH LQ ELUWK ZHLJKW DQG E\ ���� J�/ IRU HDFK LQFK

LQFUHDVH LQ DEGRPLQDO FLUFXPIHUHQFH >��@� 7KH KLJK DGXOW

FRQFHQWUDWLRQV RI ILEULQRJHQ DQG IDFWRU 9,, DVVRFLDWHG ZLWK

UHGXFHG LQIDQW JURZWK PD\ EH D SHUVLVWHQW UHVSRQVH WR

LPSDLUHG OLYHU GHYHORSPHQW GXULQJ D FULWLFDO HDUO\ SKDVH

>��@�

6LQFH ERWK FKROHVWHURO DQG ILEULQRJHQ PHWDEROLVP DUH

UHJXODWHG E\ WKH OLYHU� RQH LQWHUSUHWDWLRQ RI WKHVH ILQGLQJV LV

WKDW UHGXFHG DEGRPLQDO FLUFXPIHUHQFH DW ELUWK UHIOHFWV

LPSDLUHG OLYHU JURZWK DQG FRQVHTXHQW UHSURJUDPPLQJ RI

5HYLHZV
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OLYHU PHWDEROLVP� ([SHULPHQWV RQ UDWV KDYH VKRZQ WKDW

XQGHUQXWULWLRQ LQ XWHUR FDQ SHUPDQHQWO\ DOWHU WKH EDODQFH RI

WZR OLYHU HQ]\PHV� SKRVSKRHQROS\UXYDWH FDUER[\NLQDVH DQG

JOXFRNLQDVH� ZKLFK UHVSHFWLYHO\ V\QWKHVL]H DQG EUHDN GRZQ

JOXFRVH >��@� $ ORZ SURWHLQ GLHW GXULQJ JHVWDWLRQ SHUPD�

QHQWO\ FKDQJHV WKH EDODQFH RI HQ]\PH DFWLYLW\ LQ WKH

RIIVSULQJ LQ IDYRU RI V\QWKHVLV >��@� 7KH IRXUIROG LQFUHDVH

LQ WKH UDWLR RI SKRVSKRHQROS\UXYDWH FDUER[\NLQDVH WR

JOXFRNLQDVH� REVHUYHG LQ WKH ORZ SURWHLQ JURXS� ZDV VWLOO

HYLGHQW LQ WKH ���PRQWK�ROG UDWV WKDW KDG EHHQ H[SRVHG WR D

ORZ SURWHLQ GLHW GXULQJ HDUO\ OLIH >��@�

7KH ZRUNLQJ K\SRWKHVLV RI WKH %DUNHU JURXS LV WKDW

PDWHUQDO XQGHUQXWULWLRQ OHDGLQJ WR IHWDO XQGHUQXWULWLRQ LV

DVVRFLDWHG ZLWK FKDQJHV LQ WKH FRQFHQWUDWLRQ RI IHWDO DQG

SODFHQWDO KRUPRQHV >�@� ,QVXOLQ DQG WKH LQVXOLQ�OLNH JURZWK

IDFWRUV� KRUPRQHV WKRXJKW WR KDYH D FHQWUDO UROH LQ WKH

UHJXODWLRQ RI IHWDO JURZWK� UDSLGO\ UHVSRQG WR FKDQJHV LQ IHWDO

QXWULWLRQ� 7KH OLQN EHWZHHQ ORZHU ELUWK ZHLJKWV DQG KLJK

UDWHV RI GHDWK IURP FDUGLRYDVFXODU GLVHDVH LQ PHQ DQG

ZRPHQ PD\ UHIOHFW SHUVLVWLQJ FKDQJHV LQ WKH VHFUHWLRQ RI

LQVXOLQ RU WKH VHQVLWLYLW\ RI WLVVXHV WR LW >�@� 7KLV OLQN LV

DVVRFLDWHG ZLWK FKDQJHV LQ FHUWDLQ WLVVXHV� LQFOXGLQJ EORRG

YHVVHOV DQG WKH HQGRFULQH SDQFUHDV� 7KHVH FKDQJHV SURJUDP

EORRG SUHVVXUH� JOXFRVH DQG LQVXOLQ PHWDEROLVP� DQG

FDUGLRYDVFXODU GLVHDVH LQ DGXOW OLIH� 7KH QDWXUH RI WKH

FKDQJHV� ZKLFK FRXOG LQFOXGH PRGLILFDWLRQ RI JHQH H[SUHV�

VLRQ� SHUPDQHQW UHGXFWLRQ LQ FHOO QXPEHUV RU PRGLILFDWLRQ RI

RUJDQ VWUXFWXUHV� LV XQNQRZQ >��@� 5HVHDUFK LQ DQLPDOV KDV

VKRZQ WKDW UHVWULFWLRQ RI JURZWK GXULQJ FULWLFDO SHULRGV RI

HDUO\ OLIH PD\ SHUPDQHQWO\ DIIHFW RUJDQ VL]H DQG IXQFWLRQ

>��@�

&&RRQQWWUURRYYHHUUVV\\ RRYYHHUU %%DDUUNNHHUU··VV
KK\\SSRRWWKKHHVVLLVV

,W LV QRW VXUSULVLQJ WKDW D FRPSOH[ VHULHV RI K\SRWKHVHV VXFK

DV WKHVH ZDV WKH VXEMHFW RI FRQVLGHUDEOH FULWLFLVP� ,Q WKHLU

HGLWRULDO >�@� 3DQHWK DQG 6XVVHU VWDWHG WKDW IHWDO RULJLQ

K\SRWKHVHV UHVW RQO\ RQ WKH �YHU\ JHQHUDO� SURSRVLWLRQ WKDW

IHWDO XQGHUQXWULWLRQ FDXVHV FRURQDU\ KHDUW GLVHDVH� WKH\ IHOW

WKDW H[WUDSRODWLRQV ZHUH EHLQJ PDGH IURP YHU\ VPDOO

FRKRUWV DQG VHOHFWLRQ ELDV PLJKW EH RSHUDWLQJ� 7KH\

VXJJHVWHG WKDW IHWDO DQG LQIDQW DQWKURSRPHWU\ GLG QRW EHDU

D VLPSOH UHODWLRQ WR PDWHUQDO DQG LQIDQW QXWULWLRQ EXW LV

PXOWLIDFWRULDO�

7KH IHWDO RULJLQ K\SRWKHVLV VXJJHVWV WKDW JURZWK

UHWDUGDWLRQ LQ XWHUR DQG GXULQJ LQIDQF\ LQFUHDVHV WKH ULVN

IRU VHYHUDO GLVHDVHV DQG IRU HDUO\ GHDWK� 7ZLQV H[SHULHQFH

UHWDUGDWLRQ LQ LQWUDXWHULQH JURZWK� EXW &KULVWHQVHQ HW DO�

>��@ UHSRUWHG WKDW WKH PRUWDOLW\ DPRQJ VXUYLYLQJ WZLQV

GLIIHUV OLWWOH IURP WKDW RI WKH JHQHUDO SRSXODWLRQ� )ROORZLQJ

����� WZLQ LQGLYLGXDOV ERUQ GXULQJ WKH \HDUV ����²�����

WKH\ IRXQG VLPLODU PRUWDOLW\ SDWWHUQV DPRQJ WZLQV DQG WKH

JHQHUDO SRSXODWLRQ� 7KH IHWDO RULJLQ WKHRU\ VXJJHVWV WKDW WKH

UDWLR RI SODFHQWDO WR IHWDO ZHLJKW KDV DQ LPSRUWDQW UROH LQ WKH

SUHGLFWLRQ RI FRURQDU\ KHDUW GLVHDVH LQ DGXOW OLIH� DQG WKDW

PDWHUQDO XQGHUQXWULWLRQ LV DVVRFLDWHG ZLWK WKLV UHODWLRQVKLS�

,Q FRQWUDVW� 3HUU\ HW DO� >��@ IRXQG QR UHODWLRQ EHWZHHQ

PDWHUQDO KHPRJORELQ FRQFHQWUDWLRQ LQ HDUO\ SUHJQDQF\ DQG

IHWDO�SODFHQWDO UDWLR DW GHOLYHU\� EXW FRQILUPHG WKH SRVLWLYH

DVVRFLDWLRQ EHWZHHQ WKH UDWLR DQG PDWHUQDO ERG\ PDVV LQGH[

>��@� 0DWHUQDO GLDEHWHV DQG PDWHUQDO VPRNLQJ PD\ DOVR

LQIOXHQFH WKH UHODWLRQ RI ELUWK ZHLJKW WR SODFHQWDO ZHLJKW >�@�

6HLGPDQ HW DO� >��@ DQDO\]HG ZHLJKW� KHLJKW DQG EORRG

SUHVVXUH LQ ������ ,VUDHOL �� \HDU ROGV DFFRUGLQJ WR WKHLU

ELUWK ZHLJKW� DQG FRQFOXGHG WKDW ELUWK ZHLJKW KDV OLWWOH HIIHFW

RQ EORRG SUHVVXUH� %XW� WKH\ FODLPHG� IDFWRUV WKDW OHDG WR

H[FHVV ZHLJKW GXULQJ DGROHVFHQFH PD\ KDYH D PDMRU UROH LQ

SUHYHQWLQJ K\SHUWHQVLRQ LQ DGXOWV� %HQ�6KORPR DQG 6PLWK

>��@ VXJJHVWHG WKDW SRVWQDWDO HQYLURQPHQWDO IDFWRUV PLJKW EH

UHVSRQVLEOH IRU PRUH RI WKH GLIIHUHQFHV LQ DGXOW GLVHDVH

PRUWDOLW\ DQG PRUELGLW\ WKDQ %DUNHU KDG VXJJHVWHG�

6LPLODUO\� 3DQHWK HW DO� >��@ VXJJHVWHG WKDW WKH �HDUO\ OLIH

H[SHULHQFH K\SRWKHVLV� �LQ FRQWUDVW WR WKH �HDUO\ QXWULWLRQ

K\SRWKHVLV�� LV OLNHO\ WR EH WUXH� DQG VWUHVVHG WKH LPSRUWDQFH

RI FDUGLRYDVFXODU SUHYHQWLRQ DQG WKH QHHG WR LPSURYH WKH

VRFLDO DQG HFRQRPLF FLUFXPVWDQFHV RI PRWKHUV DQG FKLOGUHQ�

$QRWKHU WHDP� .UDPHU DQG -RVHSK� LQ WKHLU FRPPHQWDU\ LQ

7KH /DQFHW >��@� GHILQH SUREOHPV ZLWK WKH IHWDO�LQIDQW RULJLQV

K\SRWKHVLV� DV IROORZV�

D� 7KH K\SRWKHVLV GRHV QRW H[SODLQ WHPSRUDO DQG LQWHUQD�

WLRQDO WUHQGV LQ FRURQDU\ KHDUW GLVHDVHV�

E� 7KH UHVXOWV RI %DUNHU HW DO� VRPHWLPHV YDU\ IURP RQH

VWXG\ WR DQRWKHU�

F� 2WKHU VWXGLHV KDYH \LHOGHG QHJDWLYH RU RSSRVLWH UHVXOWV�

G� 6RPH SRWHQWLDO FRQIRXQGHUV DUH QRW PHDVXUHG�

H� 6RPH ORQJ�WHUP VWXGLHV DUH EDVHG RQ D VPDOO IUDFWLRQ RI

WKH RULJLQDO FRKRUW�

''LLVVFFXXVVVVLLRRQQ

*HQHWLF IDFWRUV� LQWUDXWHULQH LQIHFWLRQV� OLPLWHG VXEVWUDWH
DYDLODELOLW\ IURP ORZ PDWHUQDO VXEVWUDWH FRQFHQWUDWLRQ� RU
UHGXFHG SHUPHDELOLW\� DUH GLVSDUDWH IDFWRUV WKDW FRXOG
UHVWULFW IHWDO JURZWK >��@� (SLGHPLRORJLFDO VWXGLHV KDYH
LQGLFDWHG WKDW ORZ JURZWK UDWHV LQ XWHUR DQG GXULQJ LQIDQF\
DUH DVVRFLDWHG ZLWK KLJK GHDWK UDWHV IURP FDUGLRYDVFXODU
GLVHDVH DQG DUH DVVRFLDWHG ZLWK LQFUHDVHG SUHYDOHQFH RI
NQRZQ ULVN IDFWRUV IRU FDUGLRYDVFXODU GLVHDVH� LQFOXGLQJ
EORRG SUHVVXUH� KLJK SODVPD FRQFHQWUDWLRQV RI JOXFRVH� IDFWRU
9,,� ILEULQRJHQ� /'/�& DQG DSROLSRSURWHLQ %� 7KH\ DUH IRXQG
QRW RQO\ DPRQJ EDELHV ZLWK LQWUDXWHULQH JURZWK UHVWULFWLRQ�
GHILQHG E\ ELUWK ZHLJKW DW WKH ORZHVW FHQWLOHV� EXW DOVR
DPRQJ EDELHV RI DYHUDJH RU HYHQ DERYH DYHUDJH ZHLJKW DW
ELUWK� 6RPH RI WKH VXEMHFWV ZHUH VPDOO DW ELUWK LQ UHODWLRQ WR
WKH VL]H RI WKHLU SODFHQWDV >��@� RWKHUV ZHUH WKLQ DW ELUWK >��@
DQG \HW RWKHUV� GHVSLWH DYHUDJH ELUWK ZHLJKW ZHUH VKRUW LQ
UHODWLRQ WR KHDG VL]H DQG KDG D ORZHU WKDQ DYHUDJH LQIDQW
ZHLJKW JDLQ >�@�

7KHVH REVHUYDWLRQV DUH H[WUHPHO\ LPSRUWDQW� ,I WKH
GHYHORSLQJ IHWXV LV GLUHFWO\ LQIOXHQFHG E\ WKH QXWULWLRQDO
VWDWXV RI WKH PRWKHU� ERWK SULRU WR FRQFHSWLRQ DQG GXULQJ
SUHJQDQF\ >�@� PDWHUQDO XQGHUQXWULWLRQ LV D ULVN IDFWRU IRU
FRURQDU\ KHDUW GLVHDVH DQG GLDEHWHV LQ WKH LQIDQW DQG VKRXOG
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WKHUHIRUH EH DYRLGHG� )HWDO JURZWK LV WKXV D FRPSOH[�
PXOWLIDFWRULDO SKHQRPHQRQ� LQIOXHQFHG SUHGRPLQDQWO\ E\ WKH
PRWKHU DQG WKH XWHULQH HQYLURQPHQW >�@� ,Q WKH HDUOLHVW
VWDJHV RI SUHJQDQF\� HPEU\RQLF DQG WURSKREODVW JURZWK DUH
LQIOXHQFHG E\ WKH FRQFHQWUDWLRQ RI QXWULHQWV� +\SHUJO\FHPLD
LQ WKH PRWKHU GHOD\V HPEU\RQLF JURZWK DQG LV LPSOLFDWHG LQ
WKH GHYHORSPHQW RI PDOIRUPDWLRQ� 7KXV� ERWK K\SHUJO\FHPLD
DQG K\SRJO\FHPLD LQ HDUO\ HPEU\RJHQHVLV PD\ EH DVVRFLDWHG
ZLWK ORZ ELUWK ZHLJKW >��@� 7KH DPLQR DFLGV DUJLQLQH DQG
O\VLQH VHHP WR EH HVSHFLDOO\ LPSRUWDQW IRU WKH JURZWK RI WKH
EODVWRF\VW� DQG UHGXFHG PHWDEROLF JURZWK RFFXUV ZKHQ WKH
PRWKHU FRQVXPHV D ORZ SURWHLQ GLHW >�@� 0DOIRUPDWLRQ RI WKH
GHYHORSLQJ HPEU\R UHVXOWV LI WKHUH DUH QXWULHQW GHILFLHQFLHV
�]LQF DQG IRODWH� GXULQJ WKH WKLUG WKURXJK HLJKWK SRVWRYXOD�
WRU\ ZHHNV� 1XWULHQW GHILFLHQFLHV GXULQJ ODWH SUHJQDQF\
JHQHUDOO\ LPSHGH JURZWK RU LQGXFH VXEWOH FKDQJHV LQ
IXQFWLRQ�

$QRWKHU DVSHFW RI WKH GLHW RI WKH PRWKHU DQG QHZERUQ
LQIDQW LV WKH LPSRUWDQFH RI HVVHQWLDO IDWW\ DFLG DYDLODELOLW\ IRU
VXEVHTXHQW QHXURORJLFDO DQG LQWHOOHFWXDO GHYHORSPHQW RI WKH
FKLOG >��@� ,W LV JHQHUDOO\ EHOLHYHG WKDW LQDSSURSULDWH
OLIHVW\OHV DQG JHQHWLF IDFWRUV FDQ H[SODLQ PDQ\ RI WKH
GLVHDVHV WKDW FKDUDFWHUL]H RXU FLYLOL]DWLRQ� 1RZ FRPHV D QHZ
SDUDGLJP� WKH SUHFXUVRUV RI FRURQDU\ KHDUW GLVHDVH DQG
RWKHU DGXOW FKURQLF GLVHDVH� DQG KHQFH DOVR WKH SRWHQWLDO IRU
WKHLU SUHYHQWLRQ� DUH GHWHUPLQHG LQ XWHUR�

7KH KXPDQ RUJDQLVP LV D FRPSOH[ PDFKLQH� LW LV D OLYLQJ
V\VWHP WKDW H[FKDQJHV PDWWHU DQG HQHUJ\ IURP WKH PRPHQW
RI FRQFHSWLRQ� JURZV� DQG FKDQJHV LWV VWUXFWXUH� ,W LV D FHOO�
RUJDQL]LQJ V\VWHP DQG� DFFRUGLQJ WR %DUNHU� GLVHDVH PD\ EH
WKH UHVXOW RI D GLVRUGHU RI WKH SURFHVV RI VHOI�RUJDQL]DWLRQ
HDUO\ LQ OLIH� FDXVHG E\ PDWHUQDO PDOQXWULWLRQ RU SODFHQWDO
H[FKDQJH GHIHFWV >�@� ,V WKLV LQGHHG WUXH" 7KH %DUNHU
K\SRWKHVLV KDV FRPH XQGHU KHDY\ FULWLFLVP� EDVHG RQ
VHYHUDO PDMRU SUREOHPV RI WKH SXEOLVKHG HYLGHQFH >��@�
DQG QHLWKHU SHULQDWDO QRU FDUGLRYDVFXODU HSLGHPLRORJLVWV
KDYH XQLYHUVDOO\ HPEUDFHG WKH IHWDO�LQIDQW RULJLQV K\SRWK�
HVLV� &OHDUO\� PRUH H[WHQVLYH HSLGHPLRORJLFDO DQG REVWHWULF
UHVHDUFK LV UHTXLUHG WR UHVROYH VRPH RI WKH FUXFLDO TXHVWLRQV
SHUWDLQLQJ WR LQWUDXWHULQH OLIH� :KDW H[DFWO\ LV SRRU QXWULWLRQ
RU XQGHUQXWULWLRQ" :KDW DUH WKH HIIHFWV RI YDULRXV QXWULHQWV
RQ KXPDQ HPEU\RJHQHVLV DQG IHWDO JURZWK" +RZ GR RWKHU
GHWHUPLQDQWV RI IHWDO JURZWK LQWHUDFW ZLWK WKHVH LQIOXHQFHV"
+RZ GRHV WKH IHWXV DGDSW WR OLPLWHG QXWULHQWV DQG R[\JHQ�
DQG KRZ GRHV WKLV DGDSWDWLRQ SURJUDP WKH SK\VLRORJ\�
PHWDEROLVP DQG VWUXFWXUH RI RUJDQV" 7KHVH DQG RWKHU
TXHVWLRQV ZLOO EH RI LQWHUHVW WR REVWHWULFLDQV� ,I %DUNHU·V
WKHVLV LV FRUUHFW� SUHYHQWLYH PHGLFLQH LQ XWHUR� GLHWDU\
UHFRPPHQGDWLRQV DQG PRUH VSHFLILF DGYLFH IRU SUHJQDQW
ZRPHQ PXVW DZDLW IXUWKHU VWXGLHV�
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�� 2VPRQG &� %DUNHU '-3� :LQWHU 3'� )DOO &+'� 6LPPRQGV 6-� (DUO\ JURZWK
DQG GHDWK IURP FDUGLRYDVFXODU GLVHDVH LQ ZRPHQ� %U 0HG - ����� ��������²
���

�� %DUNHU '-3� 2VPRQG &� :LQWHU 3'� 6LPPRQGV 6-� 0DUJHWWV %� :HLJKW LQ

LQIDQF\ DQG GHDWK IURP LVFKDHPLF KHDUW 'LVHDVH� /DQFHW �����LL����²���

�� 3DQHWK 1� 6XVVHU 0� (DUO\ RULJLQ RI FRURQDU\ KHDUW GLVHDVH �WKH �%DUNHU
K\SRWKHVLV��� %U 0HG - ������������²���

�� +DKK 3� (IIHFW RI OLWWOH VL]H RQ SODVPD FKROHVWHURO DQG LQVXOLQ DQG VRPH OLYHU
DQG DGLSRVH WLVVXH HQ]\PHV LQ DGXOW URGHQWV� - 1XWU ������������²��

�� %DUNHU '-3� 0RWKHUV� %DELHV DQG 'LVHDVHV LQ /DWHU /LIH� /RQGRQ� %0-
3XEOLVKLQJ� �����

�� /XNH %� 1XWULWLRQDO LQIOXHQFHV RQ IHWDO JURZWK� &OLQ 2EVWHW *\QHFRO

�����������²���

�� %DUNHU '-3� )RHWDO RULJLQV RI FRURQDU\ KHDUW GLVHDVH� %U 0HG - ������������²
��

�� %DUNHU '-3� 2VPRQG &� *ROGLQJ -� .XK '� :DGVZRUWK 0(-� *URZWK LQ
XWHUR� EORRG SUHVVXUH LQ FKLOGKRRG DQG DGXOW OLIH DQG PRUWDOLW\ IURP
FDUGLRYDVFXODU GLVHDVH� %U 0HG - ������������²��

�� 6LPSVRQ $� 0RUWLPHU -<� 6LOYD 3$� 6SHDUV *� :LOOLDPV 6� ,Q� 2QHVWL *� .LP
.(� HGV� +\SHUWHQVLRQ LQ WKH <RXQJ DQG 2OG� 1HZ <RUN� *UXQH DQG
6WUDWWRQ� ��������²���

��� &DWHU -� *LOO 0� 7KH IROORZ�XS VWXG\� PHGLFDO DVSHFWV� ,Q� ,OOVOH\ 5� 0LWFKHOO
5*� HGV� /RZ %LUWK :HLJKW� $ 0HGLFDO� 3V\FKRORJLFDO DQG 6RFLDO 6WXG\�
&KLFKHVWHU� -RKQ :LOH\� ��������²����

��� *HQQVHU *� 5\PDUN 3� ,VEHUJ 3(� /RZ ELUWK ZHLJKW DQG ULVN RI KLJK EORRG
SUHVVXUH LQ DGXOWKRRG� %U 0HG - �������������²����

��� /DX &0� 'H�6ZLHW 0� 2VPRQG &� )D\HUV 30� %DUNHU '-3� &ULGGDV $0 HW
DO� ,QLWLDWLRQ RI K\SHUWHQVLRQ LQ XWHUR DQG LWV LPSOLFDWLRQ WKURXJKRXW OLIH� %U
0HG - �����������²��

��� %DUNHU '-3� %XOO $5� 2VPRQG &� 6LPPRQGV 6-� )RHWDO DQG SODFHQWDO VL]H
DQG ULVN RI K\SHUWHQVLRQ LQ DGXOW OLIH� %U 0HG - ������������²���

��� 0DUW\Q &1� %DUNHU '-3� -HVSHUVHQ 6� *UHHQZDOG 6� 2VPRQG &� %HUU\ &�
*URZWK LQ XWHUR� DGXOW EORRG SUHVVXUH DQG DUWHULDO FRPSOLDQFH� %U +HDUW -
�����������²���

��� %DUNHU '-3� *OXFNPDQ 3'� *RGIUH\ 50� +DUGLQJ -(� 2ZHQV -$� 5RELQVRQ
-6� )RHWDO QXWULWLRQ DQG FDUGLRYDVFXODU GLVHDVH LQ DGXOW OLIH� /DQFHW

������������²���

��� /HYHU $� +DUUDS '� (VVHQWLDO K\SHUWHQVLRQ� D GLVRUGHU RI JURZWK ZLWK
RULJLQV LQ FKLOGKRRG� - +\SHUWHQV �����������²���

��� %HQHGLNWVVRQ 5� /LQGVD\ 56� 1REOH -� 6HFNO -5� (GZDUGV &5:�
*OXFRFRUWLFRLG H[SRVXUH LQ XWHUR� QHZ PRGHO IRU DGXOW K\SHUWHQVLRQ� /DQFHW
������������²���

��� (GZDUGV &5:� %HQHGLNWVVRQ 5� /LQGVD\ 56� 6HFNO -5� '\VIXQFWLRQ RI
SODFHQWDO JOXFRFRUWLFRLG EDUULHU� OLQN EHWZHHQ IRHWDO HQYLURQPHQW DQG DGXOW
K\SHUWHQVLRQ" /DQFHW ������������²��

��� 5RELQVRQ 60� :KHHOHU 7� +D\HV 0&� %DUNHU '-3� 2VPRQG &� )RHWDO KHDUW
UDWH DQG LQWUDXWHULQH JURZWK� %U - 2EVWHW *\QDHFRO ������������²��

��� %DUNHU '-3� 2VPRQG &� 6LPPRQGV 6-� :LHOG *$� 7KH UHODWLRQ RI VPDOO
KHDG FLUFXPIHUHQFH DQG WKLQQHVV DW ELUWK WR GHDWK IURP FDUGLRYDVFXODU
GLVHDVH LQ DGXOW OLIH� %U 0HG - ������������²��

��� +DOHV &1� %DUNHU '-3� &ODUN 306� &R[ /-� )DOO &� 2VPRQG &� :LQWHU 3'�
)RHWDO DQG LQIDQW JURZWK DQG LPSDLUHG JOXFRVH WROHUDQFH DW DJH ��� %U 0HG -

�������������²���

��� %DUNHU '-3� 0DUW\Q &1� 2VPRQG &� +DOHV &1� )DOO &+'� *URZWK LQ XWHUR
DQG VHUXP FKROHVWHURO FRQFHQWUDWLRQV LQ DGXOW OLIH� %U 0HG - �������������²
��

��� 0DUW\Q &1� 0HDGH 7:� 6WLUOLQJ <� %DUNHU '-3� 3ODVPD FRQFHQWUDWLRQV RI
ILEULQRJHQ DQG IDFWRU 9,, LQ DGXOW OLIH DQG WKHLU UHODWLRQ WR LQWUDXWHULQH
JURZWK� %U - +DHPDWRO �����������²��

��� 'HVDL 0� &URZWKHU 1� /XFDV $� +DOHV &1� 3URJUDPPLQJ RI KHSDWLF
PHWDEROLVP E\ ORZ SURWHLQ GLHW GXULQJ HDUO\ OLIH� 'LDEHW 0HG �����������²��

��� &KULVWHQVHQ .� 9DXSHO -:� +ROP 19� <DVKLQ $� 0RUWDOLW\ DPRQJ WZLQV DIWHU
DJH �� IRHWDO RULJLQ K\SRWKHVLV YHUVXV WZLQ PHWKRG� %U 0HG - ������������²��

��� 3HUU\ ,-� %HHYHUV '*� :KLQFXS 3+� %DUHIRUG '� 3UHGLFWRUV RI UDWLR RI
SODFHQWDO ZHLJKW WR IRHWDO ZHLJKW LQ D PXOWLHWKQLF FRPPXQLW\� %U 0HG -
������������²��

��� 6HLGPDQ '6� /DRU $� *DOH 5� 6WHYHQVRQ '.� 0DVKLDFK 6� 'DQRQ </� %LUWK
ZHLJKW� FXUUHQW ERG\ ZHLJKW DQG EORRG SUHVVXUH LQ ODWH DGROHVFHQFH� %U 0HG -
�������������²��

��� %HQ�6KORPR <� 6PLWK -'� 'HSULYDWLRQ LQ LQIDQF\ RU DGXOW OLIH� ZKLFK LV WKH
PRUH LPSRUWDQW IRU PRUWDOLW\ ULVN" /DQFHW ������������²���

��� 3DQHWK 1� $KPHG )� 6WHLQ $'� (DUO\ QXWULWLRQDO RULJLQV RI K\SHUWHQVLRQ� D
K\SRWKHVLV VWLOO ODFNLQJ VXSSRUW� - +\SHUWHQV ��������6XSSO ���6���²��
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��� .UDPHU 0&� -RVHSK .6� (QLJPD RI IRHWDO�LQIDQW�RULJLQV K\SRWKHVLV� /DQFHW
�������������²��

��� /XQHOO 12� 1\OXQG /� 8WHURSODFHQWDO EORRG IORZ� &OLQ 2EVWHW *\QHFRO
�����������²���

��� %DUNHU '-3� 2VPRQG &� 6LPPRQGV 6-� :LHOG *$� 7KH UHODWLRQ RI KHDG VL]H
DQG WKLQQHVV DW ELUWK WR GHDWK IURP FDUGLRYDVFXODU GLVHDVH LQ DGXOW OLIH� %U
0HG - ������������²��

��� &UDZIROG 0$� 7KH UROH RI HVVHQWLDO IDWW\ DFLGV LQ QHXUDO GHYHORSPHQW�
LPSOLFDWLRQV IRU SHULQDWDO QXWULWLRQ� $P - &OLQ 1XWU ��������6XSSO������²
����
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&RUUHVSRQGHQFH� 'U� (� 2SKLU� 'HSW� RI 2EVWHWULFV DQG *\QHFRORJ\�

:HVWHUQ *DOLOHH 0HGLFDO &HQWHU� 3�2�%R[ ��� 1DKDUL\D ������ ,VUDHO�

7HO� ����²�� ��� ����� )D[ ����²�� ��� �����

HPDLO� PHWLQJ#QDKDULD�KHDWK�JRY�LO
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9LWDPLQ (� ILVK RLO DQG LVFKHPLF KHDUW GLVHDVH

)RU GLYHUVH UHDVRQV� WKHUH KDV EHHQ LQWHUHVW LQ FDSWXULQJ

WKH JHQLH RI WKH 0HGLWHUUDQHDQ GLHW LQ D FDSVXOH� 7KH

PRWLYDWLRQV KDYH UDQJHG IURP D SXUHO\ VFLHQWLILF DVSLUDWLRQ

WR JDLQ QHZ LQVLJKWV LQWR DWKHURJHQHVLV� WKURXJK SURYLVLRQ

RI D UDWLRQDOH IRU HQFRXUDJLQJ ZLGHU DGRSWLRQ RI WKH GLHW� WR

FRPPHUFLDO LQWHUHVW LQ VDOHV RI YLWDPLQV DQG RWKHU KHDOWK

SURGXFWV� 7KH *,66,�3UHYHQ]LRQH �*,66,�3� WULDO UHSRUWHG

LQ 7KH /DQFHW LV D ODXGDEOH DQG DPELWLRXV DWWHPSW WR

DQVZHU TXHVWLRQV DERXW ZKHWKHU LVFKHPLF KHDUW GLVHDVH

FDQ EH LQIOXHQFHG E\ VXSSOHPHQWV RI WZR VSHFLILF GLHWDU\

FRQVWLWXHQWV ³ WKH Q�� SRO\XQVDWXUDWHG FRPSRQHQW RI ILVK

RLO �Q�� 38)$� DQG YLWDPLQ (� )RU ERWK RI WKHVH GLHWDU\

FRPSRQHQWV� WKHUH LV D ZHDOWK RI FLUFXPVWDQWLDO HYLGHQFH

IRU EHQHILW� LQFOXGLQJ DQ LQYHUVH UHODWLRQ EHWZHHQ ULVN RI

GHDWK IURP P\RFDUGLDO LQIDUFWLRQ DQG HVWLPDWHG LQWDNH RI Q�

� 38)$ RU YLWDPLQ (� 6RPH RI WKH HYLGHQFH KDV FRPH IURP

VWXGLHV ZLWK D VLQJOH SRSXODWLRQ� DQG RWKHUV IURP

FRPSDULVRQV� IRU GLIIHUHQW FRXQWULHV� RI PHGLDQ OHYHOV RI

LQWDNH ZLWK SXEOLVKHG PRUWDOLW\ GDWD� )RU HDFK GLHWDU\

FRPSRQHQW� WKHUH KDV DOVR EHHQ RQH SRVLWLYH SURVSHFWLYH

WULDO� +RZHYHU� WKH HYLGHQFH KDV EHHQ FRQIOLFWLQJ� DQG

DGYHUVH HIIHFWV KDYH EHHQ IRXQG�

:KDW KDV *,66,�3 VKRZQ" 7KH UHVHDUFKHUV FRQFOXGH

WKDW DPRQJ 0HGLWHUUDQHDQV ZKR KDYH KDG D P\RFDUGLDO

LQIDUFWLRQ� Q�� 38)$ VXSSOHPHQWV� EXW QRW D PRGHUDWH

GRVH RI V\QWKHWLF YLWDPLQ (� UHGXFH ORQJ�WHUP FRPSOLFD�

WLRQV RI P\RFDUGLDO LQIDUFWLRQ WR D FOLQLFDOO\ LPSRUWDQW

H[WHQW� :KDW SUHFLVHO\ LV WKH EHQHILW� DQG ZKDW DUH WKH WUXH

FOLQLFDO RU VFLHQWLILF LPSOLFDWLRQV" 2WKHU ODUJH VWXGLHV RI

DQWLR[LGDQW YLWDPLQV IRU WKH SUHYHQWLRQ RI LVFKHPLF KHDUW

GLVHDVH DUH XQGHUZD\� VR DW WKLV VWDJH LW LV SHUKDSV EHVW

MXVW WR FRQVLGHU ZKDW TXHVWLRQV FRXOG EH DGGUHVVHG E\

*,66,�3�

*,66,�3 GLVSHQVHG� LW VHHPV� ZLWK WZR RI WKH PRVW

H[SHQVLYH SURYLVLRQV RI WULDOV OHDGLQJ WR UHJLVWUDWLRQ RI D

GUXJ RU QHZ LQGLFDWLRQ ³ QDPHO\� PDVNHG WUHDWPHQW� DQG

LQGHSHQGHQW PRQLWRUV DW HDFK FHQWHU� :KHWKHU WKH UHVXOWV

RI VXFK WULDOV DUH SRVLWLYH LV DVVHVVHG DFFRUGLQJ WR WKH

K\SRWKHVLV WKDW WKH WULDO LV GHVLJQHG WR WHVW ZKLFK LV

HVSHFLDOO\ LPSRUWDQW ZKHQ VHYHUDO TXHVWLRQV DUH EHLQJ

DGGUHVVHG� ,Q *,66,�3� WKH K\SRWKHVLV ZDV D ��� EHQHILW�

SUHVXPDEO\ DW D �� OHYHO RI VLJQLILFDQFH� EXW LQ WKH

SULPDU\� LQWHQWLRQ�WR�WUHDW FRPSDULVRQ RI SDWLHQWV ZKR

UHFHLYHG Q�� 389$ DJDLQVW WKRVH ZKR GLG QRW� WUHDWPHQW

UHGXFHG WKH FRPSRVLWH HQGSRLQW RI GHDWK DQG QRQ�IDWDO

P\RFDUGLDO LQIDUFWLRQ DQG VWURNH E\ RQO\ ���� ,Q WKH

FRPSDULVRQ RI HDFK VXSSOHPHQW DJDLQVW QR WUHDWPHQW� Q��

38)$ DQG YLWDPLQ ( UHGXFHG ULVN E\ ��� DQG ����

UHVSHFWLYHO\� EXW RQO\ WKH IRUPHU ZDV VWDWLVWLFDOO\ VLJQLIL�

FDQW� 6R WKH WULDO SURYLGHV VXSSRUW IRU RQO\ VRPH RI WKH

QRQ�UHJXODWRU\ LQWHUHVWV LQ GLHWDU\ VXSSOHPHQWV GLVFXVVHG

DERYH�

7KH *,66, LQYHVWLJDWRUV KDYH EHHQ GRLQJ WULDOV LQ

SDWLHQWV ZLWK P\RFDUGLDO LQIDUFWLRQ DQG KDYH XVHG VXFK

SDWLHQWV IRU *,66,�3� +RZHYHU� D WULDO FDUULHG RXW DPRQJ

SDWLHQWV ZKR KDYH KDG D P\RFDUGLDO LQIDUFWLRQ� HVSHFLDOO\

0HGLWHUUDQHDQ SDWLHQWV� PD\ SURYLGH DQ XQGHUHVWLPDWH RI

WKH EHQHILWV RI 0HGLWHUUDQHDQ�GLHW VXSSOHPHQWV LQ WKH

SUHYHQWLRQ RI DWKHURVFOHURVLV� 7KH OLSLG�R[LGDWLRQ K\SRWK�

HVLV SURSRVHG E\ 6WHLQEHUJ DQG 0LWFKLQVRQ VXJJHVWV WKDW

KLJK FRQFHQWUDWLRQV RI /'/ DUH QRW DWKHURJHQLF XQOHVV

WKHLU R[LGDWLRQ �RU RWKHU PRGLILFDWLRQ� OHDGV WR PDFURSKDJH

XSWDNH DQG DFWLYDWLRQ� 6WHLQEHUJ SUHGLFWHG WKDW DQWLR[L�

GDQWV PLJKW EH HIIHFWLYH RQO\ RYHU PDQ\ \HDUV DQG IRU

SULPDU\ SUHYHQWLRQ� :KHWKHU SDWLHQWV ZKR KDG D P\RFDU�

GLDO LQIDUFWLRQ GHVSLWH D OLIHWLPH RI 0HGLWHUUDQHDQ GLHW� DQG

DUH VXEVHTXHQWO\ WUHDWHG ZLWK D VWDWLQ �DERXW ��� LQ

*,66,�3�� ZRXOG EH H[SHFWHG WR EHQHILW IURP YLWDPLQ ( LV

QRW FOHDU� HVSHFLDOO\ VLQFH PDQ\ RI WKH FRPSOLFDWLRQV RI

P\RFDUGLDO LQIDUFWLRQ GHSHQG PRUH RQ WKH VWDWH RI WKH

P\RFDUGLXP WKDQ RI WKH FRURQDU\ DUWHULHV� 7KH RQO\ VWXG\

WR VKRZ WKDW YLWDPLQ ( KDG DQ HIIHFW ZDV GRQH RQ SDWLHQWV

ZLWK DQJLRJUDSKLF DWKHURVFOHURVLV UHFUXLWHG IURP WKH ORZ

ULVN� QRQ�0HGLWHUUDQHDQ HQFODYH RI (DVW $QJOLD� 7KH

LQYHVWLJDWRUV RI WKDW VWXG\ KDYH VXEVHTXHQWO\ UHSRUWHG

WKDW WKRVH SDWLHQWV KDG D ����IROG LQFUHDVHG IUHTXHQF\ IRU D

SRO\PRUSKLVP LQ WKH JHQH IRU HQGRWKHOLDO QLWULF R[LGH

V\QWKDVH� ZKLFK LV DVVRFLDWHG ZLWK UHGXFHG HQGRWKHOLDO

IXQFWLRQ� DQG WKH\ VSHFXODWHG WKDW YLWDPLQ ( LQ VXFK D

SRSXODWLRQ PD\ FRQIHU EHQHILW LQGHSHQGHQWO\ RI HIIHFWV RQ

/'/ E\ SURWHFWLQJ QLWULF R[LGH IURP UDSLG GHVWUXFWLRQ� 6R

DQRWKHU UHDVRQ IRU WKH QHJDWLYH ILQGLQJ RQ YLWDPLQ ( LQ

*,66,�3 PLJKW EH QRW MXVW WKDW ,WDOLDQ SDWLHQWV DUH

QXWULWLRQDOO\ OHVV GHSULYHG WKDQ WKH (QJOLVK EXW DOVR WKDW

WKH\ PLJKW GLIIHU LQ WKH SUHYDOHQFH RI WKH H126 SRO\�

PRUSKLVP�

7KH /DQFHW ������������

&DSVXOH


