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2EHVLW\�LV�QRZ�DFNQRZOHGJHG�DV�D�SULPDU\�KHDOWK�EXUGHQ�ZKLFK�LPSDFW�TXDOLW\�RI�OLIH�KHDYLO\�GXH�WR�LWV�

YDULRXV�FRPSOLFDWLRQV�� ,W� LV�D�FKURQLF�GLVHDVH�RI�PXOWLIDFWRULDO�RULJLQ��*URZLQJ�HYLGHQFH�SURSRVHV� WKDW�

RQH�RI� WKH�FULWLFDO� IDFWRUV� OLQNLQJ�REHVLW\�ZLWK� LWV�DVVRFLDWHG�FRPSOLFDWLRQV� LV�R[LGDWLYH�VWUHVV��2EHVLW\�

LQGXFHV� V\VWHPLF� R[LGDWLYH� VWUHVV� ZKLFK� FDXVLQJ� WKH� GLVRUGHUHG� SURGXFWLRQ� RI� DGLSRNLQHV� WKDW����������

FRQWULEXWHV� WR� WKH� PHWDEROLF� V\QGURPH� GHYHORSPHQW�� 7KH\� DUH� PRUH� VHQVLWLYH� WRZDUGV� &-UHDFWLYH����

SURWHLQ� �&53�� DQG� RWKHU� R[LGDWLYH� GDPDJH� ELRPDUNHUV�� ,Q� FRQWUDVW�� WKH� OHYHO� RI� DQWLR[LGDQW� GHIHQFH�

PDUNHUV� LV� ORZHU� EDVHG� RQ� WKH� WRWDO� ERG\� IDW� DV� ZHOO� DV� FHQWUDO� REHVLW\�� 2QH� RI� WKH� DQWLR[LGDQWV� LV�����

JOXWDWKLRQH��*6+���ZKLFK�DFWV�DJDLQVW�IUHH�UDGLFDOV�DQG�UHDFWLYH�R[\JHQ�VSHFLHV��526��LQ�GHWR[LILFDWLRQ�

RI� [HQRELRWLF� FRPSRXQGV��0RUHRYHU�� JOXWDWKLRQH� SHUR[LGDVH� �*3[��� RQH� RI� WKH�PRVW� DEXQGDQW� LQ� LWV�

IDPLO\�LV�WKH�PRVW�HIIHFWXDO�RQH�DJDLQVW�R[LGDQW�VWUHVV�LQ�HU\WKURF\WHV�DQG�KDV�VRPH�HVVHQWLDO�IXQFWLRQV�

LQ�SKDJRF\WLF�FHOOV��%HVLGHV��LW� LV�DOVR�LQ�FKDUJH�RI�WKH�UHPRYDO�RI� LQWUDFHOOXODU�K\GURSHUR[LGHV��7KHUH�

IRUH��WKLV�UHYLHZ�DWWHPSWV�WR�HYLGHQFH��L��WKH�UROH�RI�R[LGDWLYH�VWUHVV�GXH�WR�REHVLW\�DV�ZHOO�DV��LL��DQWLR[L�

GDQWV�DV�WKH�SRWHQWLDO�RSSRVLWLRQ�WR�WKLV�HYHQW�DV�SURPLVLQJ�LQWHUYHQWLRQDO�WKHUDS\�WR�PDQDJH�REHVLW\� 
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2EHVLW\��,QFLGHQFH�DQG�*OREDO�6FHQDULR 
%DVHG� RQ� :RUOG� +HDOWK� 2UJDQL]DWLRQ� �:+2�� ������
DERXW�����RI�WKH�ZRUOG¶V�DGXOW�SRSXODWLRQ������RI�PHQ�
DQG� ���� RI� ZRPHQ�� ZHUH� REHVH� LQ� ������ 7KH������
ZRUOGZLGH�SUHYDOHQFH�RI�REHVLW\�VLJQLILFDQWO\�LQFUHDVHG�
EHWZHHQ������DQG������� ,Q�������DSSUR[LPDWHO\������
PLOOLRQ�FKLOGUHQ�\RXQJHU�WKDQ���\HDUV�ZHUH�RYHUZHLJKW�
RU� REHVH�� %HIRUHKDQG�� LW� LV� YLHZHG� DV� D� KLJK-LQFRPH�
FRXQWU\�SUREOHP��KRZHYHU��RYHUZHLJKW�DQG�REHVLW\�DUH�
HVFDODWLQJ� LQ� ORZ-� DQG� PLGGOH-LQFRPH� FRXQWULHV�������
SDUWLFXODUO\�LQ�XUEDQ�VHWWLQJV��,Q�$IULFD��VLQFH�������WKH�
QXPEHU� RI� RYHUZHLJKW� FKLOGUHQ� XQGHU� �� KDV� ULVHQ� E\�
DOPRVW� ����� 3UDFWLFDOO\� ���� RI� WKH� FKLOGUHQ� XQGHU� ��
ZKR�ZHUH� RYHUZHLJKW� RU� REHVH� LQ� ����� OLYHG� LQ� $VLD��
0RUH�WKDQ�����PLOOLRQ�FKLOGUHQ�DQG�DGROHVFHQWV�DJHG��
-���ZHUH�RYHUZHLJKW�RU�REHVH�LQ������>�@� 
 
$V� VWDWHG� E\� D� V\VWHPDWLF� DQDO\VLV� RI� JOREDO� GDWD� RQ�
WKH�SUHYDOHQFH�RI�RYHUZHLJKW�DQG�REHVLW\�LQ�DGXOWV�>�@��
WKH�SUHYDOHQFH�RI�REHVLW\�LQ�0DOD\VLD��������LQ�PDOHV��
������ LQ� IHPDOHV�� ZDV� ORZHU� WKDQ� WKDW� UHSRUWHG� LQ�
:HVWHUQ�FRXQWULHV��VXFK�DV�$XVWUDOLD��������LQ�PDOHV��
������ LQ� IHPDOHV�� DQG� WKH� 8QLWHG� 6WDWHV� ������� LQ�
PDOHV�������� LQ� IHPDOHV���1RQHWKHOHVV�� LW�ZDV�DOPRVW�
WKUHH�WR�IRXU�WLPHV�KLJKHU�WKDQ�LQ�RWKHU�$VLDQ�FRXQWULHV��
VXFK�DV�,QGLD�������LQ�PDOHV�������LQ�IHPDOHV���&KLQD�
������ LQ� PDOHV�� ����� LQ� IHPDOHV��� 7DLZDQ� ������ LQ�
PDOHV�� ����� LQ� IHPDOHV�� DQG� -DSDQ� ������ LQ� PDOHV��
�����LQ�IHPDOHV��� 

 
%DVHG� RQ� WKH� VWDWLVWLF� IURP� :RUOG� 3RSXODWLRQ������
5HYLHZ� LQ� ������ 0DOD\VLD� KDV� WKH� KLJKHVW����������
SUHYDOHQFH� RI� REHVLW\� �������� IROORZHG� E\� %UXQHL�
��������� 7KDLODQG� ������ DQG� ,QGRQHVLD� ������� >�@��
$FFRUGLQJ� WR� WKH� 1DWLRQDO� +HDOWK� DQG� 0RUELGLW\���
6XUYH\� 0DOD\VLD� �1+06�� LQ� ����� UHSRUWHG� WKDW�
������ RI� RYHUZHLJKW� DQG� ������ LQ� DGXOWV�����������
VSHFLILFDOO\� KLJK� DPRQJ� ZRPHQ� ��������� � 10+6�
DOVR� UHYHDOHG� WKDW�������RI� FKLOGUHQ�EHWZHHQ��-���
\HDUV�ROG�ZHUH�RYHUZHLJKW�REHVH�>�@��2Q�WRS�RI�WKDW��
WKH�KHDOWK�FRQVHTXHQFHV�RI�RYHUZHLJKW�DQG�REHVLW\�
DUH�H[WHQVLYHO\�DVVRFLDWHG�ZLWK�FRPRUELGLWLHV�DQG�D�
KLJK� SUHYDOHQFH� RI� FDUGLRYDVFXODU� GLVHDVHV��������
GLDEHWHV��K\SHUWHQVLRQ�DQG�VHYHUDO�FDQFHUV�>�@��7KLV�
VKRZV� KRZ� VXSUHPH� REHVLW\� LV� DV� RQH� RI� WKH������
FRQGLWLRQV� WKDW�KDYH� D�JOREDO� LPSDFW�ZLWK�0DOD\VLD�
LV�RI�QR�H[FHSWLRQ�UHLQIRUFLQJ�WKH�QHHG�WR�DGGUHVV�LW�
DQG�PDQDJH�LW�WR�WKH�FRUH�� 
 
5LVN�IDFWRU�IRU�REHVLW\ 
2YHUZHLJKW� DQG� REHVLW\� DUH� GHILQHG� DV� DQ�������
DQRPDORXV� DFFXPXODWLRQ� RI� H[FHVVLYH� ERG\� IDW� >�@�
ZKLFK� PD\� MHRSDUGL]H� KHDOWK� �:+2�������� 7KH�
:RUOG� +HDOWK� 2UJDQL]DWLRQ� �:+2�� GHVFULEHG�����
RYHUZHLJKW�DV�D� ERG\�PDVV� LQGH[� �%0,��RI� ����� WR�
����ௗNJ�P� DQG� REHVLW\� DV� D� %0,� RI� ���ௗNJ�P�� >�@��
2EHVLW\� LV� D� FRPSOH[� KHDOWK� LVVXH� WKDW� QRZ� KDV�
EHHQ� FRQVLGHUHG� DV� D� GLVHDVH�� ,W� UHVXOWV� IURP� DQ�
DPDOJDP�RI� LQGLYLGXDO� IDFWRUV�DQG�FDXVHV� LQYROYLQJ�
PRGLILDEOH� DQG� QRQ-PRGLILDEOH� IDFWRUV�� +DELWXDO� RU�



�� 

 

QRQ-KDELWXDO� EHKDYLRUV� ZKLFK� DUH� DOO� PRGLILDEOH�����
IDFWRUV� FRPSULVH� LQDFWLYLW\�� SK\VLFDO� DFWLYLW\����������
PHGLFDWLRQ� XVH�� GLHWDU\� SDWWHUQV�� DQG� RWKHU�����������
H[SRVXUHV�� 2WKHU� FRQWULEXWLQJ� IDFWRUV� DUH� WKH� IRRG�
DQG� SK\VLFDO� DFWLYLW\� HQYLURQPHQW�� IRRG� PDUNHWLQJ�
DQG�SURPRWLRQ��DV�ZHOO�DV�HGXFDWLRQ�DQG�VNLOOV��&'&��
�������2Q�WKH�RWKHU�KDQG��KHUHGLWDU\�IDFWRUV�VXFK�DV�
JHQHWLFV�� IDPLO\� KLVWRU\�� UDFLDO�HWKQLF� GLIIHUHQFHV� DUH�
WKH�QRQ-PRGLILDEOH�IDFWRUV�WKDW�DOVR�SOD\�DQ�LPSRUWDQW�
UROH� LQ�FDXVLQJ�REHVLW\��+RZHYHU�� LQ�JHQHUDO��REHVLW\�
LV� XQGHQLDEOH� WR� EH� JUHDWO\� FDXVHG� E\� WKRVH���������
PRGLILDEOH�IDFWRUV� 
 
2YHU� WKH� \HDUV�� WKH� UROH�RI� SK\VLFDO� DFWLYLW\� DQG�GLHW�
UHPDLQV� WKH� FHQWUH� RI� DWWHQWLRQ� LQ� UHGXFLQJ� WKH�����
SUHYDOHQFH�DQG�ULVN�RI�REHVLW\�ZRUOGZLGH��,Q�RUGHU� WR�
PDLQWDLQ� D� KHDOWK\� ZHLJKW� LQ� WKH� ORQJ� UXQ���������������
REVHUYDWLRQDO� FRKRUWV� HYLGHQWO\� SRLQW� RXW� WKDW�
³KHDOWKLHU´� GLHWV� EULQJ� DERXW� EHWWHU� UHVXOWV�� )RU�������
LQVWDQFH�� DYHUDJHG� �-\HDU� ZHLJKW� JDLQ� WKURXJKRXW�
PLGGOH� DJH� LV� LQGLFDWHG� E\� UHVHDUFK� LQ� 86� KHDOWK���
SURIHVVLRQDOV� DV� EHLQJ� FORVHO\� OLQNHG� WR� LQFUHDVHG�
LQWDNH� RI� VXJDU-VZHHWHQHG� EHYHUDJHV�� SURFHVVHG�
DQG� XQSURFHVVHG� UHG� PHDWV� DQG� SRWDWR� FKLSV� DQG�
SRWDWRHV�� EXW� LQYHUVHO\� OLQNHG� WR� WKH� LQWDNH� RI� IUXLWV��
ZKROH�JUDLQ�� YHJHWDEOHV�� IUXLWV�� \RJKXUW�DQG�QXWV� >�@��
&HUWDLQ�IRRG�JURXSV�OLNH�VXJDU-VZHHWHQHG�EHYHUDJHV��
HDUQ� DEXQGDQW� DWWHQWLRQ� DV� FRQVXPSWLRQ� RI� DGGHG�
VXJDU� KDV� EHHQ� RQ� WKH� ULVH� FRQFXUUHQWO\� ZLWK�������
SUHYDOHQW� REHVLW\� >��@�� 2Q� D� UHODWHG� SRLQW�� 0DOD\VLD�
DV� D� PLGGOH-LQFRPH� FRXQWU\� LV� QRZ� H[SHULHQFLQJ���
UDSLG� XUEDQLVDWLRQ� DQG� LQGXVWULDOLVDWLRQ� ZKLFK� KDYH�
EURXJKW� VLJQLILFDQW� FKDQJHV� WR� WKH� GLHWDU\� SDWWHUQV�
DQG� OLIHVW\OH� RI�0DOD\VLDQV� >��@�� � $W� WKH� VDPH� WLPH��
WKH� LQWURGXFWLRQ� RI� PRGHUQ� IXVLRQ� IRRG� KDV����������
WUDQVIRUPHG� WKH�0DOD\VLDQ� GLHW� IURP� ORZ� FDORULHV� RI�
SODQW-EDVHG� SURGXFWV� WR� D� GLHW� ULFK� LQ� FDORULHV�� IDWV�
DQG�VXJDU�>��@�� 
 
8SSHU� OHYHOV� RI� SK\VLFDO� DFWLYLW\� FRUUHODWH� ZLWK� ERWK�
ORQJ-WHUP�ZHLJKW�PDLQWHQDQFH�DIWHU�LQWHQWLRQDO�ZHLJKW�
ORVV� DQG� ZHLJKW� JDLQ� SUHYHQWLRQ�� $PRQJ� WKH� YLWDO��
ILQGLQJV� LQ�1XUVHCV�+HDOWK�6WXGLHV� �1+6�� ,,� DUH� WKDW�
ZRPHQ�ZKR�SHUIRUPHG�OHVV�SK\VLFDO�DFWLYLW\��H�J����ௗ
��� PLQ�GD\�� WKHQ� LQFUHDVHG� LW� ��ௗ��� PLQ�GD\�� KDG���
UHPDUNDEO\�UHGXFHG�ZHLJKW�JDLQ��,QYHUVHO\��LI�SK\VLFDO�
DFWLYLW\� LV�PDLQWDLQHG�DW�D� ORZ� OHYHO��RU� IHOO� IURP�KLJK�
WR�ORZ��ZRPHQ�KDG�D�KLJKHU�ULVN�RI�SXWWLQJ�RQ�ZHLJKW�
>��@��0RUHRYHU��VHGHQWDULQHVV�KDV�D�KDQG�LQ�REHVLW\��
ZDWFKLQJ� WHOHYLVLRQ� DQG� RWKHU� VHGHQWDU\� DFWLYLWLHV� DW�
ZRUN�RU�KRPH�HVFDODWHG� WKH� ULVN�RI�EHFRPLQJ�REHVH�
>��@� 
 
3UHYLRXV� UHVHDUFK� UHYHDOHG� WKDW� ,QGLDQV� KDV� WKH���
KLJKHVW�ULVN�RI�EHLQJ�RYHUZHLJKW�DQG�REHVH�FRPSDUHG�
WR�RWKHU�HWKQLFLWLHV�ZKLFK�DUH�VXJJHVWLYH�RI�D� UROH�RI�
JHQHWLFV�LQ�REHVLW\�>��@��+RZHYHU��LW�GRHV�QRW�UXOH�RXW�
HQYLURQPHQWDO� IDFWRUV� OLNH� FXOWXUDO� LQIOXHQFHV� DQG��
EHKDYLRXUDO� RQ� IRRG� SUHSDUDWLRQ� DQG� FRQVXPSWLRQ�
>��@�� %HVLGHV�� WKH� SRSXODWLRQ� ZLWK� ORZHU� HGXFDWLRQ�
OHYHOV�KDG�D�KLJKHU�SUHYDOHQFH�RI�RYHUZHLJKW�DV�ZHOO�
DV� REHVLW\�� 8QDZDUHQHVV� WR� WKHVH� SHRSOH� RI� JRRG�
KDELWV� GXH� WR� DEVHQFH� RU� OLWWOH� H[SRVXUH� WR� WKH� ULJKW�
HGXFDWLRQ� VXEVHTXHQWO\� SURPSW� VHGHQWDU\� OLIHVW\OHV��
XQKHDOWK\� HDWLQJ�� DQG� LPSDFW� WKHP� QHJDWLYHO\� LQ�
WHUPV� RI� FKURQLF� LOOQHVV�� %HVLGHV�� REHVLW\� RFFXUV���
VLPLODUO\� LQ� WKH� XUEDQ� DQG� UXUDO� DUHDV� ZKLFK� KHDYLO\�
VXJJHVWV�WKDW�LW�LV�QRW�UHVWULFWHG�WR�WKRVH�ORDGHG�RQHV��

EXW� LV� DOVR�ZLGHO\� VSUHDG� WR� WKH� UXUDO� GXH� WR� UDSLG�
XUEDQL]DWLRQ� DORQJ�ZLWK� JURZLQJ�QXPEHUV�RI�KLJKO\�
SURFHVVHG� IRRG� DGYHUWLVLQJ� DQG� IRRG� PHGLD� LQ�����
SURPRWLQJ� IDVW� IRRG� RXWOHWV� DQG� VXSHUPDUNHWV� >��@�
LQ� FRQWUDVW� WR� WKH� WUDGLWLRQDO� KRPH� FRRNHG-PHDOV�
ZKLFK� FRQWDLQ� KHDOWK\� ILEUH� ZLWK� IUXLWV� DQG������������
YHJHWDEOHV�>��@� 

 
2EHVLW\-LQGXFHG�R[LGDWLYH�VWUHVV 
2[LGDWLYH� VWUHVV� �26�� RFFXUV� GXH� WR� DQ� LPEDODQFH�
EHWZHHQ�WKH�JHQHUDWLRQ�DQG�GHJUDGDWLRQ�RI�UHDFWLYH�
R[\JHQ�VSHFLHV��526��RU�UHDFWLYH�QLWURJHQ�VSHFLHV�
�516��� 7KH\� DUH� SDUWLDOO\� UHGXFHG������������������������
R[\JHQ-FRQWDLQLQJ� PHWDEROLWHV� �VRPH� RI� WKHP� DUH�
IUHH�UDGLFDOV��ZKLFK�DUH�LPPHQVHO\�UHDFWLYH�ZLWK�WKH�
SRWHQWLDO�RI�R[LGL]LQJ�SURWHLQV��OLSLGV�DQG�'1$��526�
DUH� SURGXFHG� E\� PLWRFKRQGULD� EHFDXVH� RI� QRUPDO�
FHOOXODU� PHWDEROLVP� DQG� HQYLURQPHQWDO� IDFWRUV� EXW�
DUH� H[FHSWLRQDOO\� DEXQGDQW� LQ� SDWKRORJLFDO���������
FRQGLWLRQV�� +\GURJHQ� SHUR[LGH� �+2��� VXSHUR[LGH�
UDGLFDOV� �2�

�í��� VLQJOHW� R[\JHQ� ��2��� DQG� K\GUR[\O�
UDGLFDOV� ��2+�� DUH� H[DPSOHV� RI� 526� ZKLFK� DUH��
SURGXFHG�DV�PHWDEROLF�E\� SURGXFWV� >��@��+RZHYHU��
SURSHU� 526� JHQHUDWLRQ� DIIHFWV� VHYHUDO� SURFHVVHV�
OLNH� DFWLYDWLRQ� RI� WUDQVFULSWLRQDO� IDFWRUV�� SURWHLQ�
SKRVSKRU\ODWLRQ�� LPPXQLW\�� DSRSWRVLV� DQG�����������
GLIIHUHQWLDWLRQ�� )XUWKHUPRUH�� WKH\� DUH� LQYROYHG����
GLUHFWO\�DQG� LQGLUHFWO\� LQ� LPPXQH-PHGLDWHG�GHIHQFH�
PHFKDQLVPV� DJDLQVW� SDWKRJHQLF� PLFURRUJDQLVPV�
>��@�� 
 
2EHVLW\�LV�IRXQG�WR�EH�UHODWHG�WR� ORZ-JUDGH�FKURQLF�
V\VWHPLF� LQIODPPDWLRQ� WKDW� RFFXUV� LQ� DGLSRVH�����
WLVVXHV�� $FWLYDWLRQ� RI� WKH� LQQDWH� LPPXQH� V\VWHP�
LQIOXHQFH� WKLV� FRQGLWLRQ� E\� SURPRWLQJ��������������������
SUR-LQIODPPDWRU\�UHVSRQVHV�ZKLOH�D�V\VWHPLF�DFXWH
-SKDVH� UHVSRQVH� WULJJHUHG� E\� 26� WDNHV� SODFH�����
$GLSRVH� WLVVXH�� DQG� HQGRFULQH� DQG� VWRUDJH� RUJDQ�
ZKLFK�LV�HVVHQWLDO�IRU�KRPHRVWDWLF�FRQWURO�RI�HQHUJ\�
EDODQFH��LV�SUHGRPLQDQWO\�FRPSRVHG�RI�DGLSRF\WHV��
,W� VHFUHWHV�KRUPRQHV�DQG�F\WRNLQHV� �DGLSRNLQHV�RU�
DGLSRF\WRNLQHV��ZKLFK� DFW� IRU� SDUDFULQH�� HQGRFULQH�
DQG� DXWRFULQH� DFWLRQ�� +RZHYHU�� LQ� REHVH� SHRSOH��
WKH� DGLSRF\WHV� OLPLW� WKH� QRUPDO� IXQFWLRQLQJ� OHYHO�
WKXV� XQDEOH� WR� IXQFWLRQ� SURSHUO\� DV� DQ� HQHUJ\����
VWRUDJH� RUJDQ�� 7KH� H[FHVVLYH� DGLSRVH� WLVVXH� DOVR�
KDV� EHHQ� UHFRJQL]HG� DV� D� VRXUFH� RI���������������������
SUR-LQIODPPDWRU\�F\WRNLQHV�LQFOXGLQJ�LQWHUOHXNLQ��,/�
-�ȕ�� ,/-��DQG�WXPRXU�QHFURVLV� IDFWRU-DOSKD��71)-Į��
>��@�� ZKLFK� DUH� WKH� PRVW� SURPLQHQW� PHGLDWRUV�����
LQYROYHG�GXULQJ�WKH�HDUO\�LQIODPPDWRU\�UHVSRQVH��,Q�
DGGLWLRQ�� LW� UHVXOWV� LQ� IDW� EHLQJ� LQDSSURSULDWHO\������
DFFXPXODWHG� LQ� LPSRUWDQW� RUJDQV�� KHDUW�� OLYHU�����
SDQFUHDV� ZKLFK� FDQ� FDXVH� WKH� G\VIXQFWLRQ� RI� WKLV�
RUJDQ�� ,Q� SK\VLRORJLFDO� DQG� KD]DUGRXVO\� LQ�������
SDWKRORJLFDO� FRQGLWLRQV�� DGLSRNLQHV� �0&3-��-��-��
DORQJ� ZLWK� 0,3� -�D�� -�E�-�D�� WULJJHU� LQILOWUDWLRQ� RI�
PDFURSKDJH�DQG�VXEVHTXHQW�H[FHVV�SURGXFWLRQ�RI��
526� DQG� LQIODPPDWRU\� F\WRNLQHV�� JLYH� ULVH� WR� 26�
DQG��HYHQWXDOO\��D�PDMRU��HUUDWLF�SURGXFWLRQ�RI�RWKHU�
DGLSRNLQHV� >���� ��@� 526� LWVHOI� DOVR� LQGXFHV� WKH���
UHOHDVH� RI� SUR-LQIODPPDWRU\� F\WRNLQHV� DQG����������
H[SUHVVLRQ� RI� JURZWK� IDFWRUV� �H�J��� LQVXOLQ-OLNH�
JURZWK� IDFWRU-�� �,*)-,�� DQG� FRQQHFWLYH� WLVVXH�
JURZWK� IDFWRU��� DQG� DGKHVLRQ� PROHFXOHV� >��@�
WKURXJK� UHGR[-VHQVLWLYH� WUDQVFULSWLRQ� IDFWRUV�������
VSHFLILFDOO\� WKH�1$'3+�R[LGDVH� �12;��DQG�1)-ț%�
SDWKZD\�>��@� 
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$W� WKH� VDPH� WLPH�� LPSDLUPHQW� RI� WKH� DFWLYLW\� RI������
QXFOHDU�IDFWRU�(�-UHODWHG�IDFWRU����1UI���RFFXUV��7KLV�
UHVXOWV� LQ� DQ� LPSHGLPHQW� RI� WKH� H[SUHVVLRQ� RI� 1UI��
GRZQVWUHDP� WDUJHWV� �DQWLR[LGDQW� DQG� SKDVH� ,,�������
GHWR[LI\LQJ� HQ]\PHV�� OHDGLQJ� WR� GHELOLWDWHG� ERG\���
DQWLR[LGDQW� GHIHQFHV� >��@�� ,Q� DGGLWLRQ�� DQWLR[LGDQW�
VRXUFHV� DUH� GHSOHWHG� LQFOXGLQJ� JOXWDWKLRQH������������
SHUR[LGDVH� �*3[��� VXSHUR[LGH� GLVPXWDVH� �62'����
FDWDODVH��&$7���YLWDPLQ�$��YLWDPLQ�(��ȕ-FDURWHQH�DQG�
YLWDPLQ� &� >��@�� 7KH� ODWWHU� LV� WKURXJK� PRGXODWLRQ� RI�
H[SUHVVLRQ� RI� VRGLXP-GHSHQGHQW� YLWDPLQ� &���������
WUDQVSRUWHUV�EHOLHYHG�WR�EH�FDXVHG�E\�PHWDEROLF�DQG�
RU�26��WKXV�DGYHUVHO\�DIIHFWLQJ�FHOOXODU�XSWDNH�DQG�LQ�
WKH� ELJJHU� SLFWXUH�� YLWDPLQ� &� KRPHRVWDVLV�� $OO� RI�
WKHVH�FRQWULEXWH� WR�JUHDWHU�VXVFHSWLELOLW\� WR�R[LGDWLYH�
GDPDJH�LQ�REHVH�VXEMHFWV�>��@� 
 
2EHVLW\� FRUUHODWHV� KLJKO\� ZLWK� K\SHUJO\FHPLD� DQG�
LQVXOLQ� UHVLVWDQFH�� 2YHUDEXQGDQW� LQWUDFHOOXODU�������
JOXFRVH�HVFDODWHV�WKH�WULFDUER[\OLF�DFLG�F\FOH�DQG�WKH�
JO\FRO\WLF�SDWKZD\�ZKLFK�OHDGV�WR�WKH�RYHUSURGXFWLRQ�
RI�QLFRWLQDPLGH�DGHQLQH�GLQXFOHRWLGH�K\GULGH�1$'+��
DQG� IODYLQ� DGHQLQH� GLQXFOHRWLGH� K\GULGH� �)$'+���� ,W�
UHVXOWV� LQ� LQFUHDVLQJ� SURWRQ� JUDGLHQW� DFURVV� WKH�����
PLWRFKRQGULDO� LQQHU�PHPEUDQH�ZKLFK� IXUWKHU� FDXVHV�
OHDNDJH�RI�DQ�HOHFWURQ�DW�FRPSOH[� ,,,�� OHDGLQJ� WR� WKH�
IRUPDWLRQ� RI� VXSHUR[LGH�� *O\FHUDOGHK\GH-�-
SKRVSKDWH�GHK\GURJHQDVH� LV� LQKLELWHG�E\� WKHVH� IUHH�
UDGLFDOV� WKHUHE\� GLYHUWLQJ� XSVWUHDP�PHWDEROLWHV� LQWR�
IRXU�DOWHUQDWLYH�SDWKZD\V�>��@������VKLIWLQJ�RI�JOXFRVH�
WR� WKH� SRO\RO� SDWKZD\� �� ���� VKLIWLQJ� RI� IUXFWRVH-�-
SKRVSKDWH� WR� WKH�KH[RVDPLQH�SDWKZD\�� ���� �SURGXF�
WLRQ�RI�PHWK\OJO\R[DO��WKH�YLWDO�SUHFXUVRU�RI�DGYDQFHG�

)LJXUH����7KH�LOOXVWUDWLRQ�VXPPDUL]HV�WKH�REHVLW\-LQGXFHG�R[LGDWLYH�VWUHVV�LQ�JHQHUDO��LQ�ZKLFK�REHVLW\�LV�SURYHQ�WR�
FDXVH�LQIODPPDWLRQ�WKXV�EULQJLQJ�DERXW�D�VHULHV�RI�SDWKZD\V�LQYROYLQJ�SUR-LQIODPPDWRU\�F\WRNLQHV�DQG�LQFUHDVHG�

SURGXFWLRQ�RI�UHDFWLYH�R[\JHQ�VSHFLHV��526��ZKLFK�HQG�XS�ZLWK�R[LGDWLYH�VWUHVV�>��@� 

JO\FDWLRQ� HQG� SURGXFWV� �$*(�� E\� WULRVH������������
SKRVSKDWHV�� DQG� ���� FRQYHUVLRQ� RI� GLK\GUR[\DFH�
WRQH�SKRVSKDWH�WR�GLDF\OJO\FRO�ZKLFK�DFWLYDWHV�WKH�
3URWHLQ�.LQDVH�&� �3.&��SDWKZD\��$FWLYDWLRQ�RI� DOO�
WKHVH� SDWKZD\V� JHQHUDWH� R[LGDWLYH� VWUHVV� HLWKHU�
E\�� LPSDLULQJ� DQWLR[LGDQW� GHIHQFHV� RU� DPSOLI\LQJ�
WKH� SURGXFWLRQ� RI� IUHH� UDGLFDO�� 0RUHRYHU�� SRO\RO�
SDWKZD\� DFWLYDWLRQ� FDXVHV� GHSOHWLRQ� RI��������������
QLFRWLQDPLGH� DGHQLQH� GLQXFOHRWLGH� SKRVSKDWH����
K\GULGH� �1$'3+�� DV� ZHOO� DV� HQKDQFHPHQW� RI����
JOXFRVH�FRQYHUVLRQ�WR�VRUELWRO�ZKLFK�LV�UHVSRQVLEOH�
IRU� DFWLYDWLRQ� RI� YDULRXV� VWUHVV� JHQHV� FDXVLQJ����
R[LGDWLYH�VWUHVV�>��@� 
 
$QRWKHU� ZHOO-NQRZQ� SRLQW� LV� K\SHUOHSWLQHPLD�����
/HSWLQ�� RQH� RI� WKH� DGLSRF\WH-GHULYHG� IDFWRUV�� LV�
SRVLWLYHO\� DVVRFLDWHG� ZLWK� REHVLW\�� VKRZLQJ� WKDW� LW�
SOD\V� D� SDUW� LQ� REHVLW\-LQGXFHG� R[LGDWLYH� VWUHVV�
>��@�� /HSWLQ� DFWLYDWHV� QLWURJHQ� R[LGHV� �12;�� DQG�
LQGXFHV� WKH� SURGXFWLRQ� RI� UHDFWLYH� LQWHUPHGLDWHV�
OLNH� K\GUR[\O� UDGLFDO� DQG� +�2� >��@�� 6HFRQGO\����
K\SHUOHSWLQHPLD� DOVR� HVFDODWHV� WKH� SURFHVV� RI���
R[LGDWLRQ� RI� PLWRFKRQGULDO� DQG� SHUR[LVRPDO� IDWW\�
DFLG�� ZLWK� FRQVHTXHQWLDO� VWLPXODWLRQ� RI� 526������
SURGXFWLRQ� YLD� WKH�PLWRFKRQGULDO� UHVSLUDWRU\� FKDLQ�
>��@�� ,W�DOVR� WULJJHUV� WKH�SUROLIHUDWLRQ�RI�PRQRF\WHV�
DV� ZHOO� DV� PDFURSKDJHV� WKXV� SURPRWLQJ� WKH������
SURGXFWLRQ� RI� SURLQIODPPDWRU\� F\WRNLQHV� ZKLFK���
IRUWLI\�26�>��@��,QFUHDVHG�&-UHDFWLYH�SURWHLQ��&53��
OHYHOV� DUH� DOVR� UHSRUWHG� GXULQJ� WKH� DGPLQLVWUDWLRQ�
RI� OHSWLQ�� IXUWKHU� YHULI\LQJ� LQIODPPDWRU\� HIIHFWV��$V�
SHU� WKHVH� GDWD�� GXULQJ� ZHLJKW� ORVV�� WKHUH� LV� D�����
UHGXFWLRQ� RI� REHVLW\-DVVRFLDWHG� LQIODPPDWRU\��



�� 

 

PDUNHUV�DQG�FLUFXODWLQJ�OHSWLQ�OHYHOV��)LJXUH����>��@�� 
 
,Q�REHVH�VXEMHFWV��DFFXPXODWLRQ�RI�H[FHVVLYH�IDW�OHDGV�
WR�D�SDWKRORJLFDO� ULVH� RI� VHUXP-IUHH� IDWW\�DFLGV� �))$��
OHYHOV� VHTXHQWLDOO\� LPSDLUV� JOXFRVH� PHWDEROLVP� >��@��
IDYRXUV� DGLSRVH��PXVFXODU� DQG� KHSDWLF� DFFXPXODWLRQ�
RI� HQHUJ\� VXEVWUDWHV�� IDWV� DQG� JOXFRVH� >��@� DQG������
HOHYDWHV� KLJKHU� PLWRFKRQGULDO� DQG� SHUR[LVRPDO�������
R[LGDWLRQ�� 7KLV� JLYHV� ULVH� WR� VLJQLILFDQW� V\QWKHVLV� RI�
IUHH� UDGLFDOV�� GHSOHWLRQ� RI� DGHQRVLQH� WULSKRVSKDWH�
�$73���PLWRFKRQGULDO�'1$� LQMXU\��26� >��@� DQG�� LQ� WKH�
HQG��OLSRWR[LFLW\��%HVLGHV��XSEXLOGLQJ�RI�IUHH�UDGLFDOV�LV�
PDMRUO\� LQYROYHG� LQ� YDVFXODU� HQGRWKHOLXP� GDPDJLQJ��
WULJJHULQJ� HQGRWKHOLDO� G\VIXQFWLRQ� �('�� DQG�������������
GHYHORSPHQW� RI� FDUGLRYDVFXODU� FRPSOLFDWLRQV� UHODWHG�
WR� REHVLW\�� 1RWRULRXVO\�� FDUGLRYDVFXODU� HYHQWV���������
GHWHUPLQH� KLJK� SUHPDWXUH� PRUWDOLW\� UDWHV� RI� REHVH�
SDWLHQWV��)LJXUH����� 
 
 
&21&(37�2)�$17,2;,'$7,9(�3$7+:$< 
 
$FWLYDWLRQ�RI�WKH�DQWLR[LGDWLYH�SDWKZD\ 
$V�RYHUSURGXFWLRQ�RI�UHDFWLYH�R[LGDQWV�LV�KDUPIXO��WKH\�
DUH� EDODQFHG� RXW� E\� FRPSOH[� DQWLR[LGDQW� GHIHQFH��
V\VWHPV� UHJXODWHG� E\� D� VHULHV� RI� SDWKZD\V� ZKLFK� LV�
WKH� .HOFK-OLNH� (&+-DVVRFLDWHG� SURWHLQ� �� �.HDS��� -�
QXFOHDU�IDFWRU�HU\WKURLG��-UHODWHG�IDFWRU����1UI���-�DQWL�
R[LGDQW� UHVSRQVH� HOHPHQWV� �$5(�� SDWKZD\� ZKLFK��
RFFXUV�RQ�D�GD\-WR-GD\�EDVLV� WR�PDLQWDLQ� WKH�KRPHR�
VWDVLV� LQ� JHQHUDO� E\� UHJXODWLQJ� WKH� WUDQVFULSWLRQ� RI���
QXPHURXV�GHWR[LILFDWLRQ�JHQHV�DQG�DQWLR[LGDQW�JHQHV� 
8QGHU� QRUPDO� SK\VLRORJLFDO� FRQGLWLRQV�� ERQGLQJ� RI�
1IU��ZLWK�LWV�QHJDWLYH�UHJXODWRU�.HDS���.HOFK-OLNH�(&+

-DVVRFLDWHG�SURWHLQ�����ZKLFK� LV�D� UHGR[� UHJXODWRU�
VXEVWUDWH� DGDSWRU� IRU� WKH� &XOOLQ� �&XO��-5,1*-ER[�
SURWHLQ� �5E[��� XELTXLWLQ� OLJDVH� FDXVHV� 1IU�� WR����
UHPDLQ�LGOH�DV�LW�GLUHFWV�1UI��WR�EH�VHTXHVWUDWHG�LQ�
F\WRVRO� E\� XELTXLWLQDWLRQ� >��@�� .HDS��� D� F\VWHLQH-
ULFK� SURWHLQ� LV� R[LGL]HG� E\� 526�� FRQVHTXHQWLDOO\��
DOWHULQJ� LWV� FRQIRUPDWLRQDO� VWDWH�� IUHHLQJ�1UI�� >��@
>��@�� 7KXV�� LQFUHDVLQJ� 26� HQFRXUDJHV� WKH��������
GLVVRFLDWLRQ�RI�1UI��IURP�.HDS���ZKLFK�DFWLYDWHV�D�
VHULHV� RI� SDWKZD\V� WR� RFFXU� IURP� LQLWLDOO\� EULQJ�
DERXW� WR�1UI��WUDQVORFDWLRQ� LQ� WKH�QXFOHXV�IRU� LW� WR�
KHWHURGLPHUL]H� ZLWK� PXVFXORDSRQHXURWLF����������
ILEURVDUFRPD� SURWHLQV� �0$)� SURWHLQV��� WR� ERQG�
ZLWK�D�VSHFLILF�'1$�VHTXHQFH�NQRZQ�DV�WKH�DQWL�
R[LGDQW�UHVSRQVH�HOHPHQW��$5(���ƍ-7*$&111*&
-�ƍ�� >��@�� 7KLV� UHVXOWV� LQ� WKH� DFWLYDWLRQ� RI� D� ODUJH�
QXPEHU�RI�JHQHV�DVVRFLDWHG�ZLWK�WKH�SURGXFWLRQ�RI�
DQWLR[LGDWLYH�DQG�F\WRSURWHFWLYH�SURWHLQV� LQFOXGLQJ�
1$'3+� GHK\GURJHQDVH�� TXLQRQH� �� �142����
KHPH� R[\JHQDVH-�� �+2-���� JOXWDWKLRQLQH� 6-
WUDQVIHUDVH��*67���F-JOXWDP\OF\VWHLQH�V\QWKHWDVH��
VXSHUR[LGH� GLVPXWDVH� �62'�� JOXWDWKLRQH� SHUR[L�
GDVH� ��*3[-��� DQG� JOXWDWKLRQH� UHGXFWDVH� �*5��
�)LJXUH����>��@��� 
 
+RZ�DQWLR[LGDWLYH�SDWKZD\V�DFW�RQ�REHVLW\-
LQGXFHG�R[LGDWLYH�VWUHVV 
,Q� DFFRUGDQFH� ZLWK� WKH� LQFUHDVLQJ� SUHYDOHQFH� RI�
REHVLW\�� JRYHUQPHQWDO� DQG� QRQ–JRYHUQPHQWDO��
RUJDQL]DWLRQV� UHFRPPHQG� D� EURDG� UDQJH� RI����
VWUDWHJLHV� WR� FRPEDW� LW�� )RU� LQVWDQFH�� YDULRXV�
KHDOWK� SURJUDPV� KDG� EHHQ� LQLWLDWHG� E\� WKH��������
0DOD\VLDQ� *RYHUQPHQW� VXFK� DV� µ0\� :HLJKW� 0\�
+HDOWK¶�� µ0\VLKDW¶� DQG� µ(DW� 5LJKW�� 0RYH� 5LJKW��

)LJXUH����,OOXVWUDWLRQ�GHSLFWV�KRZ�REHVLW\�LQGXFHV�R[LGDWLYH�VWUHVV�DW�VXEFHOOXODU�OHYHOV��E\�H[FHVVLYH�SURGXFWLRQ�RI�526�DQG�
UHGXFHG�DQWLR[LGDQW�GHIHQFH�WKURXJK�VHYHUDO�PHFKDQLVPV�>��@� 



�� 

 

)LJKW� 2EHVLW\� WR� SURPRWH� D� KHDOWK\� OLIHVW\OH� DPRQJ���
0DOD\VLDQ� FLWL]HQV� E\� GLVVHPLQDWLQJ� LQIRUPDWLRQ�������
UHJDUGLQJ� SURSHU� GLHWDU\� SUDFWLFHV�� QXWULWLRQ� DQG����
ILWQHVV� WKURXJK� SK\VLFDO� DFWLYLWLHV� RU� H[HUFLVHV� >��@��
7KLV� LV� � LPSRUWDQW� LQ� RUGHU� WR� FXUE� PRUELGLW\� DQG���
PRUWDOLW\� UDWHV� DV� ZHOO� DV� KHDOWK� FDUH� H[SHQVHV�� $�
VWXG\� E\� >��@� H[KLELWHG� WKDW� WKHUH� ZDV� D� VLJQLILFDQW�
DGGLWLRQDO� LQFUHDVH� LQ� PHGLFDO� H[SHQGLWXUH� GXH� WR�
REHVLW\�DQG�WKH�DFWXDO�FRVW�WKDW�D�SDWLHQW�VKRXOG�SD\�
LV� YHU\� OHVV� GXH� WR� EHLQJ� KHDYLO\� VXEVLGLVHG� E\� WKH�
0DOD\VLDQ�JRYHUQPHQW��$W�SUHVHQW��HPHUJLQJ�VWXGLHV�
DUH�DLPLQJ�LQ�PRGXODWLQJ�UHGR[�KRPHRVWDVLV�DV�WRROV�
WR� IRUHVWDOO�RU�VORZ�GRZQ� WKH�SURJUHVVLRQ�RI�REHVLW\-
DVVRFLDWHG� SDWKRORJLHV�� $QWLR[LGDQWV� DUH� EHLQJ�
ORRNHG� LQWR�NHHQO\�DV�D�SRVVLEOH�RSWLRQ� LQ�FRQWUROOLQJ�
REHVLW\�DQG�LWV�DVVRFLDWHG�FRPSOLFDWLRQV� 
 
,Q�VKRUW��REHVLW\-LQGXFHG�R[LGDWLYH�VWUHVV�LV�EULHIO\�E\�
VHYHUDO� PHFKDQLVPV�� G\VIXQFWLRQ� DGLSRVH� WLVVXH������
K\SHUJO\FHPLD�� K\SHUOHSWLQHPLD� DQG� K\SHUOLSLGHPLD�
UHVXOWLQJ� LQ� R[LGDWLYH� VWUHVV� GXH� WR� DQ� LPEDODQFH������
EHWZHHQ� 526� JHQHUDWLRQ� DQG� LWV� GHWR[LILFDWLRQ� E\�
DQWLR[LGDQW� V\VWHPV�� LQ� IDYRXU�RI� WKH� IRUPHU��2Q� WKH�
RWKHU� VLGH�� DQWLR[LGDQWV� QXOOLI\� WKH� HIIHFW� RI� KLJKO\��
UHDFWLYH� 526� E\� FRQYHUWLQJ� WKHP� LQWR� OHVV� UHDFWLYH�
VSHFLHV� DQG� HOLPLQDWLQJ� WKH� E\SURGXFWV� WKURXJK����
YDULRXV� UHDFWLRQV�� SUHVHUYLQJ� FHOOV� IURP� R[LGDWLYH�
GDPDJH��ZKLFK�ZLOO�EH�GLVFXVVHG�LQ�PDQ\�GHWDLOV� 
 
$QWLR[LGDQWV�FDQ�EH�FODVVHG�LQWR�HQ]\PDWLF�DQG�QRQ-
HQ]\PDWLF� W\SHV�� LQ� ZKLFK� WKH� ODWWHU�� LWV� H[RJHQRXV�
IRUP� LV� IRXQG� PDLQO\� LQ� WKH� GLHW�� %HVLGHV� WKH� RWKHU�
EHQHILFLDO� UHDFWLRQV� WKURXJK� PRGXODWLRQV� RI� .HDS�-
1UI��VLJQDOOLQJ�D[LV� LQ� UHVSRQVH� WR�526�� WKH�DQWLR[L�
GDQW�HQ]\PHV�SURGXFHG�GXULQJ�WKH�SDWKZD\�DOVR�SOD\�

)LJXUH����7KH�DFWLYDWLRQ�RI�WKH�DQWLR[LGDWLYH�SDWKZD\�PHGLDWHG�E\�R[LGDWLYH�VWUHVV�FDXVLQJ�DEQRUPDOLW\�WR�.HDS��
FRQILJXUDWLRQ�FDXVLQJ�DFWLYDWLRQ�RI�1UI��SDWKZD\��7KLV�OHDG�WR�WKH�SURGXFWLRQ�RI�HQ]\PDWLF�DQWLR[LGDQWV�ZKLFK�

SOD\�WKH�UROH�WR�UHGXFHG�IUHH�UDGLFDOV�EHIRUH�WKH\�FDXVH�GDPDJH�WR�FHOOV�SDUWLFXODUO\�WR�SURWHLQ��OLSLG�RU�'1$�>��@� 

WKHLU� UROH� LQ� WKH�DQWLR[LGDQW�GHIHQFH�V\VWHP��7KH\�
DUH� HIIHFWLYH� LQ� GHDFWLYDWLQJ� RU� VWDELOL]LQJ� IUHH����
UDGLFDOV� EHIRUH� WKH� IUHH� UDGLFDOV� DWWDFN� FHOOXODU�
FRPSRQHQWV�� 7KHVH� HQ]\PDWLF� DQWLR[LGDQWV������
IXQFWLRQ�E\�JLYLQJ�XS�SDUW�RI�WKHLU�HOHFWURQV�WR�PDNH�
WKH�IUHH�UDGLFDOV�VWDEOH�RU�E\�UHGXFLQJ�WKHLU�HQHUJ\��
,QQXPHUDEOH� VWXGLHV� KDYH� EHHQ� IRFXVHG� RQ� WKH�
DGYDQWDJHRXV� HIIHFWV� RI� DQWLR[LGDQW� HQ]\PHV��
$PRQJ� WKH� SRSXODU� HQ]\PDWLF� DQWLR[LGDQWV� DUH��
FDWDODVH� �&$7��� � � JOXWKDWKLRQH� SHUR[LGDVH� �*3[��
DQG� VXSHUR[LGH� GLVPXWDVH� �62'��� +RZHYHU�� WKH\�
DOVR�ZRUN�LQWHUDFWLYHO\�DQG�V\QHUJLVWLFDOO\�ZLWK�QRQ-
HQ]\PDWLF�RQHV�LQ�RUGHU�WR�SHUIRUP�WKHLU���IXQFWLRQ�
>��@� 
 
&DWDODVH��&$7� 
&$7� LV� ZHOO� NQRZQ� IRU� LWV� NH\� UROH� LQ� FRQWUROOLQJ�
+�2�� FRQFHQWUDWLRQ� DQG� RWKHU� F\WRWR[LF� R[\JHQ�
GHULYDWLYHV��,W�DFWV�E\�EUHDNLQJ�GRZQ�WZR�K\GURJHQ�
SHUR[LGH�PROHFXOHV� LQWR�RQH�R[\JHQ�PROHFXOH�DQG�
WZR� ZDWHU� PROHFXOHV� LQ� D� WZR-VWHS� UHDFWLRQ��������
%DVLFDOO\�� WKH� ILUVW�VWHS�RI� WKH� UHDFWLRQ�PHFKDQLVP�
LQYROYHV� D� KLJK� VSLQ� IHUULF� �)H,,,�� VWDWH� WKDW� UHDFWV�
ZLWK�SHUR[LGH�PROHFXOHV�WR�IRUP�FRPSRXQG�,� LQWHU�
PHGLDWH�� D� SRUSK\ULQ� ʌ-FDWLRQ� UDGLFDO� FRQWDLQLQJ�
)H,9�� +�2�� UHPRYHV� RQH� RI� WKH� SURWRQV� IURP� RQH�
HQG� RI� WKH�PROHFXOH� DQG� SODFH� LW� DW� WKH� RQH� HQG��
7KH� WUDQVIHUULQJ� RI� WKH� SURWRQ� LV� YLD� KLVWLGLQH������
UHVLGXH�LQ�WKH�DFWLYH�VLWH��7KLV�DFWLRQ�SRODUL]HV�DQG�
EUHDNV� WKH� 2-2� ERQG� LQ� K\GURJHQ� SHUR[LGH�������
6HFRQGO\�� WKH� UHJHQHUDWLRQ� RI� HQ]\PHV� E\� +�2��
ZKLFK�LV�XVHG�DV�D�UHGXFWDQW�SURGXFHV�R[\JHQ�DQG�
ZDWHU��7KH�QDWLYH�UHVWLQJ-VWDWH�)H��,,,��LV�IRUPHG�E\�
R[LGDWLRQ�RI�DQ�HOHFWURQ�GRQRU��KHUH�VHFRQG�+�2���
LQ�FRPSRXQG� ,��D�KLJKO\-R[LGL]LQJ� �)H��,9��VSHFLHV�
�)LJXUH����>��@� 
 



�� 

 

*OXWDWKLRQH�SHUR[LGDVH��*3[� 
6HFRQGO\��*3[��DQ�HQ]\PH-FRQWDLQLQJ�IRXU VHOHQLXP-
FRIDFWRUV� FDWDO\VHV� WKH� IRUPDWLRQ� RI� R[LGL]HG����������
JOXWDWKLRQH� �*66*�� IURP� JOXWDWKLRQH� �*6+�� E\�����
FUHDWLQJ� D� GLVXOILGH� EULGJH� ZLWK� DQRWKHU� JOXWDWKLRQH�
PROHFXOH� ZKLOH� GHWR[LI\LQJ� WKHVH� PROHFXOHV� E\������
UHDFWLQJ�ZLWK�K\GURJHQ�SHUR[LGHV�RU�OLSLG�SHUR[LGDWLRQ��
>��@�� ,W� LV� SDUWO\� UHVSRQVLEOH� IRU� K\GURSHUR[LGHV������
UHGXFWLRQ�� 7KH� LQYROYHPHQW� RI� *3[� LQ� WKH���������������
GHWR[LILFDWLRQ�RI�[HQRELRWLFV�VKRZHG� WKDW� WKLV� � � �DQWL�
R[LGDQW�HQ]\PH�SURYLGHV�WKH�PRVW�LPSRUWDQW�GHIHQFH�
DJDLQVW� WKH� SHUR[LGDWLYH� GDPDJH� RI� ELRORJLFDO�����
PHPEUDQHV�LQ�WKH�PDPPDOLDQ�FHOO��)LJXUH����>��@� 
 
6XSHUR[LGH�GLVPXWDVH��62'� 
7KH� WKLUG� RQH� LV� 62'�� ZKLFK� FRQWDLQV� PHWDO� LRQ�������
FR-IDFWRUV��WKDW��GHSHQGLQJ�RQ�WKH�LVR]\PH��FDQ�EH�RI�
YDULRXV� HOHPHQWV� VXFK� DV� ]LQF�� FRSSHU�� LURQ� RU�����
PDQJDQHVH��7KH�UROH�RI�WKHVH�FRIDFWRUV�LV�WR�GRQDWH�
DQ� HOHFWURQ� WR� 526� DQG� UHJHQHUDWH� WKURXJKRXW� WKH�

)LJXUH�����7ZR-VWDJH�PHFKDQLVP�RI�FDWDODVH�DFWLRQ�>��@� 

FDWDO\WLF�PHFKDQLVP�ZKHUH�62'�DFWV�DV�WKH�LQLWLDO�
GHIHQFH� DJDLQVW� UHDFWLYH� R[\JHQ� VSHFLHV� �526�-
PHGLDWHG�LQMXU\�>��@��)XUWKHUPRUH��LW�FDWDO\]HV�WKH�
GLVPXWDWLRQ�RI�VXSHUR[LGH�DQLRQ�IUHH�UDGLFDO��2����
LQWR�PROHFXODU�+�2�� DQG�R[\JHQ��7KLV� UHDFWLRQ� LV�
IROORZHG�E\�DOWHUQDWH�R[LGDWLRQ-UHGXFWLRQ�RI�PHWDO�
LRQV�SUHVHQW� LQ�WKH�DFWLYH�VLWH�RI�62'V��)LJXUH���
>��@�� 
 
$SDUW� IURP� WKHVH� HQ]\PDWLF� DQWLR[LGDQWV�� QRQ-
HQ]\PDWLF�DQWLR[LGDQWV�OLNH�OLSRLF�DFLG�DOVR�WDNHV�D�
OHDG�� %HLQJ� FODVVHG� DV� ³WKLRO´� RU� ³ELRWKLRO´�� WKHVH�
VXOSKXU-FRQWDLQLQJ� PROHFXOHV� FDWDO\]H� WKH��������
R[LGDWLYH� GHFDUER[\ODWLRQ� RI� DOSKD-NHWR� DFLGV�� IRU�
H[DPSOH�� Į-NHWRJOXWDUDWH� DQG� S\UXYDWH� LQ� .UHEV�
F\FOH� >��@�� /LSRLF� DFLG� DQG� GLK\GUROLSRLF� DFLG�
�'+/$��� LWV� UHGXFHG� IRUP�� FRXQWHUDFW� WKH� IUHH���
UDGLFDOV� LQ� ERWK� DTXHRXV� DQG� OLSLG� GRPDLQV��
KHQFH��WKH����QLFNQDPH�³XQLYHUVDO�DQWLR[LGDQW´�>��@� 

��)LJXUH����*OXWDWKLRQH�R[LGDWLRQ�SURFHVV�>��@�� 



�� 

 

 
$GGLWLRQDOO\�� WKH� H[RJHQRXV� RQHV� VXFK� DV� GLHWDU\�
PLFURQXWULHQWV� DOVR� WDNH� SDUW� LQ� WKH� DQWLR[LGDQW������
GHIHQFH�V\VWHP��7KHVH�LQFOXGH�E-FDURWHQH��9LWDPLQV�
&� �DVFRUELF� DFLG�� DQG� 9LWDPLQ� (� �WRFRSKHUROV� DQG�
WRFRWULHQROV��� 9LWDPLQ� (� FDQ� SURWHFW� DJDLQVW� OLSLG���
SHUR[LGDWLRQ�DQG�VWDELOL]H�ELRORJLFDO�PHPEUDQHV�>��@���
9LWDPLQ�&�RSHUDWHV�DV�D�IUHH�UDGLFDO�VFDYHQJHU�LQ�WKH�
DTXHRXV� SKDVH� RI� F\WRSODVP� DQG� FDQ� UHJHQHUDWH�
UHGXFHG�WRFRSKHURO�>��@��2Q�WKH�RWKHU�KDQG��9LWDPLQ�
(� DQG� E-FDURWHQH� DFW� DV� DQWLR[LGDQWV� LQ� WKH� OLSLG���
HQYLURQPHQW��,Q�RQH�VWXG\��FRWUHDWPHQW�ZLWK�YLWDPLQV�
&� DQG� (� GHPRQVWUDWHG� D� V\QHUJLVWLF� DQWLR[LGDQW����
HIIHFW� >��@�� 2WKHU� LPSRUWDQW� HOHPHQWV� LQFOXGH��������
VHOHQLXP�� FRSSHU�� ]LQF� DQG� PDQJDQHVH� VLQFH� WKH\�
VHUYH�DV�FRIDFWRUV�IRU�HQ]\PDWLF�DQWLR[LGDQWV��� 
 
7KXV�� LW�EHFRPHV�PXFK�FOHDUHU� WKDW�DQWLR[LGDQWV�DUH�
EHQHILFLDO� LQ� WDFNOLQJ� REHVLW\� ZKLFK� RSHQV� XS� WR����
GLIIHUHQW�GLVFXVVLRQV�RQ�KRZ�WR�HQKDQFH�DQWLR[LGDQWV�
RXWZHLJKLQJ�LWV�UHGXFHG�OHYHO� LQ�REHVLW\-LQGXFHG�26��
7R� QR� VXUSULVH�� OLIHVW\OH� PRGLILFDWLRQV�� H[HUFLVH�
SK\VLFDO� DFWLYLWLHV�� ZHLJKW� UHGXFWLRQ� DQG� D� EDODQFHG�
QDWXUDO� GLHW� DUH� SURYHQ� WR� KDYH� DQ� DGYDQWDJHRXV��
HIIHFW�RQ�DQWLR[LGDQW�OHYHOV�� 
 
([HUFLVH�VWLPXODWHV�DQ�DQWLR[LGDWLYH�SDWKZD\ 
,W� LV� IRXQG� WKDW� GXULQJ� SK\VLFDO� H[HUFLVH�� WKH� HQHUJ\�
UHTXLUHPHQW�RI�WKH�PXVFXODU�V\VWHP�ULVHV�WKH�R[\JHQ�
FRQVXPSWLRQ�WR�D�OHYHO���–���WLPHV�DERYH�WKDW�RI�WKH�
>��@�� WKLV�SURPSWV� WKH�HVFDODWLRQ� RI�526� IORZ� LQ� WKH�
PXVFOH�ILEUHV�>��@��6NHOHWDO�PXVFOH� LV� WKH�FKLHI�526�
PDQXIDFWXUHU� GXULQJ� H[HUFLVH�� DQG� WKH� FHOOXODU� VLWHV�
RI�DEXQGDQW�SURGXFWLRQ�FRPSULVLQJ�WKH�PLWRFKRQGULD��
[DQWKLQH� R[LGDVH�� SKRVSKROLSDVH� $��� �1$'3+�����
R[LGDVH�� DQG� VRPH� LPPXQH-V\VWHP� FHOOV�� VXFK� DV�
QHXWURSKLOV�� HRVLQRSKLOV�� PRQRF\WHV� DQG� � PDFUR�
SKDJHV�>��@��,Q�DGGLWLRQ��LQFUHDVHG�ERG\�WHPSHUDWXUH�
DQG� GHFUHDVHG� EORRG� S+� GXH� WR� WKH� SUHVHQFH� RI���
ODFWLF� DFLG� KDV� EHHQ� UHSRUWHG� WR� VSHHG� XS� WKH�������
SURGXFWLRQ�RI�526��LQFUHDVLQJ�26�>��@��1RQHWKHOHVV��
GXULQJ� SK\VLFDO� WUDLQLQJ�� LQ� UHVSRQVH� WR� WKH���������
DEXQGDQFH� RI� 526�� SHFXOLDUO\� ZKHQ� LW� LV� QRW���������
H[KDXVWLYH�� DFWLYDWLRQ�RI� WKH�HQ]\PDWLF�(QGRJHQRXV�
$QWLR[LGDQW� 6\VWHP� �($6�� LV� VWLPXODWHG�� ZKLFK�����
PRGXODWHV� HQ]\PHV� VXFK� DV� *5�� &$7� DQG� *3[�
DORQJ� ZLWK� WKH� QRQ-HQ]\PDWLF� ($6�� LQFOXGLQJ� DOSKD�
OLSRLF�DFLG��JOXWDWKLRQH��DQG�VR�IRUWK�� 
 
%DVHG�RQ�D�FURVV-VHFWLRQDO�VWXG\�FRQGXFWHG�RQ�RYHU�
ZHLJKW�REHVH�SRVWPHQRSDXVDO�ZRPHQ�RI�DJH���-����
DQ� DFWLYH� OLIHVW\OH� �DHURELF� H[HUFLVH� IRU� DW� OHDVW� ���
PLQXWHV�� WKUHH� WLPHV� SHU� ZHHN�� ZDV� OLQNHG� WR��������
HQKDQFHG� DQWLR[LGDQW� HQ]\PH�DFWLYLWLHV�� SDUWLFXODUO\��
&$7�DQG�62'��LQ�SHULSKHUDO�EORRG�PRQRQXFOHDU�FHOOV�
>��@��$FXWH�WUDLQLQJ�DQG�FKURQLF�WUDLQLQJ�ZHUH�SURYHQ�
WR�KDYH�GLIIHUHQW�UHVSRQVHV�WR�26��0RGHUDWH�UHJXODU�
WUDLQLQJ�LV�SRVWXODWHG�WR�LQGXFH�($6��SURWHFW�WKH�ERG\�
IURP�26-LQGXFHG�GDPDJH�DQG�UHGXFH�WKH�SUREDELOLW\�
RI� FDUGLRYDVFXODU� GLVHDVHV� DV� ZHOO� DV� GHDWK���������
&RQYHUVHO\�� DFXWH� H[KDXVWLYH� WUDLQLQJ� KDV� EHHQ���
REVHUYHG� WR� PDUNHGO\� LQFUHDVH� IUHH� UDGLFDO�����������
SURGXFWLRQ�>��@�� ,W� LV�GHPRQVWUDWHG�WKDW�RFFDVLRQDOO\��
VHGHQWDU\� LQGLYLGXDOV� ZLWK� SUHFHGLQJ� FDUGLRYDVFXODU�
GLVHDVH�KDYH�VXGGHQ�FDUGLDF�GHDWK�GXH� WR�YLJRURXV�
H[HUFLVH�� WKRXJK�� QRW� LQ� WKH� FDVH� ZLWK� PRGHUDWH����
H[HUFLVH� DV� DFFXVWRPHG� SUDFWLFH� >��@�� 7KHUHIRUH��
UHJXODU� H[HUFLVH� GRHV� DFW� DV� DQ� DQWL-LQIODPPDWRU\�

)LJXUH����7KH�JHQHUDO�FDWDO\WLF�PHFKDQLVP�IRU�
GLVPXWDWLRQ�RI�2�E\�&X-=Q62'�>��@� 

VWUDWHJ\� DQG� D� QDWXUDO� DQWLR[LGDQW� LQ� FRPEDWLQJ����
REHVLW\�DQG�LWV�DVVRFLDWHG�FRPSOLFDWLRQV��ZKLOVW��LW�LV�
DOVR� QHFHVVDU\� WR� WDNH� LQWR� DFFRXQW� WKH� LQWHQVLW\��
PRGDOLW\� DQG� GXUDWLRQ� RI� WUDLQLQJ� DORQJ� ZLWK���������
LQGLYLGXDOVC�FOLQLFDO�DQWHFHGHQWV� 
 
%HVLGHV��ZHLJKW� UHGXFWLRQ� LV� VKRZQ� WR�HVFDODWH� WKH�
DQWLR[LGDQWV� OHYHO�� ,W� LV�NQRZQ� WKDW�ZHLJKW� UHGXFWLRQ�
LQFUHDVHV� DQWLR[LGDQW� GHIHQFHV�� GLPLQLVKHV���������
R[LGDWLRQ�PDUNHUV�DQG�LPSURYHV�FDUGLRYDVFXODU�DQG�
PHWDEROLF�ULVNV�DVVRFLDWHG�ZLWK�KXPDQ�REHVLW\� >��@��
$�VWXG\�E\�+HUPVGRUII�HW�DO��������WKDW�WKH�YDOXHV�RI�
DQWLR[LGDQWV� LQ�SODVPD� LQFUHDVHV�FRQVLGHUDEO\�DV�D�
UHVXOW�RI�UHSODFLQJ�EDOORRQV�LQ�WKH�VWRPDFK�RI�REHVH�
SHRSOH�IRU�VL[�PRQWKV�DV�ZHOO�DV�WKH�UHGXFWLRQ�LQ�WKH�
%0,�DQG�ZHLJKW� >��@��7KLV�VWXG\�DOVR�FRQILUPHG� WKH�
HIIHFW�RI�ZHLJKW�ORVV�ZLWK�WKH�HQKDQFHG�DQWLR[LGDQWV�
FDSDFLW\�� $QRWKHU� VWXG\� E\� 'HO� 5LR� HW� DO�� ������
SURYHG� WKDW� ZLWK� � GLHWDU\� LQWHUYHQWLRQ� DQG� ���� RI�
ZHLJKW� ORVV�� WKH� FRUUHODWLRQ� RI� HQ]\PDWLF� DQWLR[L�
GDQWV� DQG� WKHLU� V\QHUJLVWLF� DFWLRQ� WR� HOLPLQDWH� IUHH�
UDGLFDOV� KDG� � LQFUHDVHG� HVSHFLDOO\� JOXWDWKLRQH�����
SHUR[LGDVH�ZKLFK�LV�WKH�IRFXV�RI�WKLV�VWXG\�>��@��,Q�D�
VWXG\�E\�6WHSKHQLH�HW�DO����������D�����UHGXFWLRQ�LQ�
ZHLJKW� UHVXOWHG� LQ� LQFUHDVHG� 9LWDPLQ� '����������������
FRQFHQWUDWLRQV� LQ� SUHYLRXVO\� YLWDPLQ� '-LQVXIILFLHQW�
REHVH� LQGLYLGXDOV� >��@�� %HVLGHV�� REHVLW\� ZDV� DQ���
LQGHSHQGHQW� ULVN� IDFWRU� LQ� GUDLQLQJ� SURWHFWLYH�������
HQ]\PHV� LQ� HU\WKURF\WHV�� LQGLYLGXDOV� ZLWK� QRUPDO�
%0,� KDG� KLJKHU� 62'� DQG� *3;� DFWLYLWLHV� LQ���������
FRPSDULVRQ� ZLWK� REHVH� SHRSOH� >��@�� 7KHUHIRUH��
ZHLJKW� ORVV� FDQ� EULQJ� DERXW� DQ� LQFUHDVH� LQ�����������
DQWLR[LGDQW�HQ]\PHV�DFWLYLWLHV� ,Q�D�VWXG\�FRQGXFWHG�
E\� 0DWWPLOOHU� HW� DO�� �������� D� ���� UHGXFWLRQ� LQ�
ZHLJKW� UHVXOWHG� LQ� LQFUHDVHG� 9LWDPLQ� '����������������
FRQFHQWUDWLRQV� LQ� SUHYLRXVO\� YLWDPLQ� '-LQVXIILFLHQW�



�� 

 

REHVH� LQGLYLGXDOV� >��@�� %HVLGHV�� REHVLW\� ZDV� DQ����
LQGHSHQGHQW� ULVN� IDFWRU� LQ� GUDLQLQJ� SURWHFWLYH��������
HQ]\PHV�LQ�HU\WKURF\WHV��LQGLYLGXDOV�ZLWK�QRUPDO�%0,�
KDG� KLJKHU� 62'� DQG� *3;� DFWLYLWLHV� LQ� FRPSDULVRQ�
ZLWK� REHVH� SHRSOH� >��@�� 7KHUHIRUH�� ZHLJKW� ORVV� FDQ�
EULQJ� DERXW� DQ� LQFUHDVH� LQ� DQWLR[LGDQW� HQ]\PHV����
DFWLYLWLHV� 
 
 
&21&/86,21 
 
2EHVLW\� LV�D�ZRUU\LQJ�SUHYDOHQFH�ZKLFK�VSLNHG�XS� LQ�
QXPEHUV�QRW�RQO\� LQ�GHYHORSHG�FRXQWULHV�EXW�DOVR� LQ�
XQGHUGHYHORSHG� FRXQWULHV� UHVXOWLQJ� IURP� PDLQ���
FKDQJHV� LQ� GLHWDU\� SDWWHUQ� DQG� OLIHVW\OH� VXFK� DV����
VHGHQWDU\� OLIHVW\OH�� ODFN� RI� H[HUFLVH� RU� SK\VLFDO�����
LQDFWLYLW\�DV�ZHOO�DV� LQFUHDVLQJ�QXPEHUV�RI� IDVW-IRRG�
FKDLQ�DQG�KLJKO\�SURFHVVHG�IRRG�ZKLOH�PHWDEROLF�DQG�
JHQHWLF� VWXGLHV� GLVFORVH� WKDW� WKHUH� DUH� LQGLYLGXDOV�
ZKR� DUH� PRUH� OLDEOH� WR� JDLQ� ZHLJKW� FRPSDUHG� WR����
RWKHUV�� 2EHVLW\� LQGXFHV� R[LGDWLYH� VWUHVV� WKURXJK��
VHYHUDO� PHFKDQLVPV�� H[FHVVLYH� DQG� G\VIXQFWLRQ��
DGLSRVH�WLVVXH��K\SHUJO\FHPLD��K\SHUOHSWLQHPLD��DQG�
K\SHUOLSLGHPLD� ZKLFK� DOO� KDV� EHHQ� GHVFULEHG� WR�����
HVFDODWH�526-JHQHUDWLRQ�V\VWHPV�DQG� WR� UHGXFH� LWV�
GHWR[LILFDWLRQ�E\�DQWLR[LGDQW�V\VWHPV��LQ�IDYRXU�RI�WKH�
IRUPHU�� ,Q�DFFRUGDQFH�ZLWK� WKLV� LVVXH�� WKH�0DOD\VLDQ�
*RYHUQPHQW� KDG� VWDUWHG� YDULRXV� KHDOWK� SURJUDPV�
VXFK� DV� µ0\�:HLJKW� 0\� +HDOWK¶�� µ0\VLKDW¶� DQG� µ(DW�
5LJKW�� 0RYH� 5LJKW�� )LJKW� 2EHVLW\� WR� SURPRWH� D�
KHDOWK\� OLIHVW\OH� DPRQJ� 0DOD\VLDQ� FLWL]HQV� E\�������
GLVVHPLQDWLQJ� LQIRUPDWLRQ� UHJDUGLQJ� SURSHU� GLHWDU\�
SUDFWLFHV�� QXWULWLRQ� DQG� ILWQHVV� WKURXJK� SK\VLFDO����
DFWLYLWLHV� RU� H[HUFLVHV�� 2QH� RI� WKH� ULVLQJ� VXEMHFWV�
ZKLFK� JDUQHUHG� PXFK� DWWHQWLRQ� UHFHQWO\� LV�������������
DQWLR[LGDQWV��7KH�DFWLYDWLRQ�RI�DQWLR[LGDQWV�LQ�REHVLW\
-LQGXFHG�R[LGDWLYH�VWUHVV�LV�EHLQJ�NHHQO\�DQDO\]HG�DV�
D� SRVVLEOH� RSWLRQ� LQ� FRPEDWLQJ� REHVLW\� DQG� LWV�������
DVVRFLDWHG�FRPSOLFDWLRQ��$W�WKH�PRPHQW��PRGLILFDWLRQ�
RI� OLIHVW\OH� LQFOXGLQJ� LQFUHDVHG� SK\VLFDO� DFWLYLW\��
ZHLJKW� UHGXFWLRQ� DQG� SUDFWLFH� RI� KHDOWK\� GLHW���������
HVSHFLDOO\� RQHV� ULFK� LQ� DQWLR[LGDQWV�� LQFOXGLQJ�������
YHJHWDEOHV�� IUXLWV�DQG�EDODQFHG�PLFURQXWULHQWV��KDYH�
EHHQ�SURSRVHG�DV�EHQHILFLDO�VWUDWHJLHV�DV�WKH\�DUH�DOO�
SURYHQ�WR�KDYH�OLQNHG�LQ�LQFUHDVLQJ�DQWLR[LGDQWV�OHYHO� 
 
 
5()(5(1&(6 
 
�� 2EHVLW\�� ��������� 5HWULHYHG� 'HFHPEHU� ��� ������

IURP� KWWSV���ZZZ�ZKR�LQW�ZHVWHUQSDFLILF�KHDOWK-
WRSLFV�REHVLW\� 

�� 1J� 0�� )OHPLQJ� 7�� 5RELQVRQ� 0�� 7KRPVRQ� %��
*UHHW]� 1�� 0DUJRQR� &�� HW� DO�� ������ *OREDO�� UH�
JLRQDO�� DQG� QDWLRQDO� SUHYDOHQFH� RI� RYHUZHLJKW�
DQG� REHVLW\� LQ� FKLOGUHQ� DQG� DGXOWV� GXULQJ� ����-
������ D� V\VWHPDWLF� DQDO\VLV� IRU� WKH�*OREDO� %XU�
GHQ� RI�'LVHDVH�6WXG\� /DQFHW� ���� ����������–
�����GRL����������6����-�������������-��  

�� 2EHVLW\�RQ�WKH�ULVH�LQ�$6($1�_�7KH�$6($1�3RVW��
��������� 5HWULHYHG� 'HFHPEHU� ��� ������ IURP�
KWWSV���WKHDVHDQSRVW�FRP�DUWLFOH�REHVLW\-ULVH-
DVHDQ� 

�� ,QVWLWXWH� IRU�3XEOLF�+HDOWK� ������1DWLRQDO�+HDOWK�
DQG� 0RUELGLW\� 6XUYH\� �1+06�� ������ 1RQ-
FRPPXQLFDEOH� GLVHDVHV�� KHDOWKFDUH� GHPDQG��
DQG� KHDOWK� OLWHUDF\—.H\� )LQGLQJV� IURP� KWWS���
LNX�JRY�P\�LPDJHV�,.8�'RFXPHQW�5(3257�

1+06�����,QIRJUDSKLFB%RRNOHWB1+06B����-
(QJOLVK�SGI 

�� &HUFDWR�&���)RQVHFD�)$��������&DUGLRYDVFXODU�
ULVN�DQG�REHVLW\�� ,Q�'LDEHWRORJ\�DQG�0HWDEROLF�
6\QGURPH� ������� ���� %LR0HG� &HQWUDO� /WG��
KWWSV���GRL�RUJ���������V�����-���-����-� 

�� 0�OOHU � 0-�� *HLVOHU� &�� ������ 'HILQLQJ� REHVLW\�
DV�D�GLVHDVH��(XURSHDQ�-RXUQDO�RI�&OLQLFDO�1X�
WULWLRQ���������������� 

�� 6LNDULV�.$� ������7KH�&OLQLFDO�%LRFKHPLVWU\�RI�
2EHVLW\� &OLQLFDO� %LRFKHPLVW� 5HYLHZV�� ��
�������-���� 

�� &HQWUHV� IRU� 'LVHDVH� &RQWURO� DQG� 3UHYHQWLRQ�
�&'&��� ������ KWWSV���ZZZ�FGF�JRY�REHVLW\�
DGXOWV�FDXVHV�KWPO� 

�� 0R]DIIDULDQ� '�� +DR� 7�� 5LPP� (%��:LOOHWW�:&��
+X� )%�� ������ &KDQJHV� LQ� 'LHW� DQG� /LIHVW\OH�
DQG� /RQJ-7HUP� :HLJKW� *DLQ� LQ� :RPHQ� DQG�
0HQ� 1HZ� (QJODQG� -RXUQDO� RI� 0HGLFLQH����
���������–�����GRL����������1(-0RD���������
30,'������������30&,'��30&��������  

��� 0DOLN�96��3RSNLQ�%0��%UD\�*$��'HVSUHV� --3��
+X� )%�� ������ 6XJDU-6ZHHWHQHG� %HYHUDJHV��
2EHVLW\��7\SH���'LDEHWHV�0HOOLWXV��DQG�&DUGLR�
YDVFXODU� 'LVHDVH� 5LVN� &LUFXODWLRQ����
���������–���� KWWSV���GRL�RUJ���������
&,5&8/$7,21$+$������������ 

��� .LW� /3�� 6DDG� +$�� -DPDOXGGLQ� 5�� 3KLQJ� &+��
������ 3UHYDOHQFH� RI� 2YHUZHLJKW� DQG� 2EHVLW\�
DPRQJ� 3ULPDU\� +HDOWKFDUH�:RUNHUV� ,Q� 3HUDN��
0DOD\VLD��,Q�,,80�0HGLFDO�-RXUQDO�0DOD\VLD���
�����KWWSV���GRL�RUJ����������,0-0�9��,������ 

��� *KHH�/.��������$�5HYLHZ�RI�$GXOW�2EHVLW\�5H�
VHDUFK� LQ�0DOD\VLD��0HGLFDO� -RXUQDO� RI�0DOD\�
VLD�������-��� 

��� 0HNDU\�5$��)HVNDQLFK�'��0DOVSHLV�6��+X�)%��
:LOOHWW� :&�� )LHOG� $(�� ������ 3K\VLFDO� DFWLYLW\�
SDWWHUQV� DQG� SUHYHQWLRQ� RI� ZHLJKW� JDLQ� LQ�
SUHPHQRSDXVDO� ZRPHQ� ,QWHUQDWLRQDO� -RXUQDO�
RI� 2EHVLW\�����������–�����  GRL�� ��������
LMR����������� (SXE� ����� -XQ� ���� 30,'��
����������30&,'��30&�������� 

��� +X�)%��/L�7<��&ROGLW]�*$��:LOOHWW�:&��0DQVRQ�
-(�� ������ 7HOHYLVLRQ� ZDWFKLQJ� DQG� RWKHU� VHG�
HQWDU\� EHKDYLRUV� LQ� UHODWLRQ� WR� ULVN� RI� REHVLW\�
DQG� W\SH� �� GLDEHWHV� PHOOLWXV� LQ� ZRPHQ� 7KH�
-RXUQDO� RI� WKH� $PHULFDQ� 0HGLFDO� $VVRFLDWLRQ��
������������–������  GRL�� ��������
MDPD��������������30,'����������� 

��� 0XQJUHLSK\� 1.�� 'KDOO� 0�� 7\DJL� 5�� 6DOXMD� .��
.XPDU�$��7XQJGLP�0*��6LQKD�5��5RQJPHL�.6��
7DQGRQ�.��%KDUGZDM�6��.DSRRU�$.��.DSRRU�6��
������ (WKQLFLW\�� REHVLW\� DQG� KHDOWK� SDWWHUQ�
DPRQJ� ,QGLDQ� SRSXODWLRQ�� -RXUQDO� RI� 1DWXUDO�
6FLHQFH��%LRORK\�DQG�0HGLFLQH���������-���GRL��
������������-������������ 30,'�� ����������
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�� 

 

UHODWHG�WR�FHQWUDO�DGLSRVLW\�DV�ZHOO�DV�WR�PHWDEROLF�
DQG� R[LGDWLYH� VWUHVV� PDUNHUV� LQ� KHDOWK\� \RXQJ�
DGXOWV��1XWULWLRQ�	�0HWDEROLVP� �/RQG��������������
GRL�� ������������-����-�-���� 30,'�� ����������
30&,'��30&�������� 

��� 'HO� 5LR� '�� $JQROL�� &�� 3HOOHJULQL� 1�� .URJK� 9��
%ULJKHQWL� )��0D]]HR�7��0DVDOD�*��%HQGLQHOOL�� %��
%HUULQR� )�� 6LHUL�� 6�� HW� DO� ������ 7RWDO� DQWLR[LGDQW�
FDSDFLW\�RI� WKH� GLHW� LV� DVVRFLDWHG�ZLWK� ORZHU� ULVN�
RI� LVFKHPLF�VWURNH� LQ�D� ODUJH�,WDOLDQ�FRKRUW��-RXU�
QDO�RI�1XWULWLRQ���������–���� 

��� 6WHSKHQLH� 6�� &KDQJ� <3�� *QDQDVHNDUDQ� $�� (VD�
10��*QDQDUDM�&��������$Q�LQVLJKW�RQ�VXSHUR[LGH�
GLVPXWDVH� �62'�� IURP� SODQWV� IRU� PDPPDOLDQ�
KHDOWK� HQKDQFHPHQW�� -RXUQDO� RI� )XQFWLRQDO�
)RRGV�� ���� �������� KWWSV���GRL�RUJ���������

M�MII������������ 
��� 0DWWPLOOHU� 6$�� &DUOVRQ� %$�� 6RUGLOOR� /0�� ������

5HJXODWLRQ�RI� LQIODPPDWLRQ�E\�VHOHQLXP�DQG�VH�
OHQRSURWHLQV��,PSDFW�RQ�HLFRVDQRLG�ELRV\QWKHVLV��
-RXUQDO� RI� 1XWULWLRQDO� 6FLHQFH� ��� �–���� KWWSV���
GRL�RUJ���������MQV�������� 

��� *R\DO� 00�� %DVDN� $�� ������ +XPDQ� FDWDODVH��
/RRNLQJ�IRU�FRPSOHWH�LGHQWLW\��3URWHLQ�DQG�&HOO���
������ ���–����� KWWSV���GRL�RUJ���������V�����-
���-����-] 


