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PPRO�/�JOXFRVH�IRU���K��7KH�SUHLQFXEDWLRQ�EXIIHU�ZDV�UHPRYHG�DQG�JOXFRVH�VWLPXODWHG�LQVXOLQ�VHFUHWLRQ�ZDV�LQLWLDWHG�E\�WKH�DGGLWLRQ�RI�IUHVK�.5%%�FRQWDLQLQJ
����PPRO�/�JOXFRVH�IRU���K��$Q�DOLTXRW�RI�PHGLXP�ZDV�FROOHFWHG�IRU�PHDVXUHPHQW�RI�EDVDO�LQVXOLQ�VHFUHWLRQ��,VOHWV�ZHUH�WKHQ�FXOWXUHG�LQ�.5%%�PHGLD�FRQWDLQLQJ
�����PPRO�/�JOXFRVH�IRU���K��$Q�DOLTXRW�RI�PHGLXP�ZDV�FROOHFWHG�IRU�PHDVXUHPHQW�RI�VWLPXODWRU\�LQVXOLQ�VHFUHWLRQ��7KH�DPRXQW�RI�LQVXOLQ�JHQHUDWHG�LQ�UHVSRQVH
WR�WKH�KLJK�JOXFRVH�ZDV�GLYLGHG�E\�WKH�DPRXQW�JHQHUDWHG�E\�WKH�ORZ�JOXFRVH�WR�\LHOG�WKH�PHDQ�LQVXOLQ�UHOHDVH�VWLPXODWLRQ�LQGH[��7KH�VWLPXODWLRQ�LQGLFHV�RI�LVOHWV
H[SRVHG�WR�YDULRXV�FRQFHQWUDWLRQV�RI�,/��β�ZLWK�RU�ZLWKRXW�100$�ZHUH�FRPSDUHG�ZLWK�WKDW�RI�WKH�FRQWURO��%DUV�DUH�WKH�PHDQ�6(0�IRU�VL[�H[SHULPHQWV����S�����
FRPSDUHG� WR� WKH�FRQWURO�JURXS�����S������FRPSDUHG� WR� WKH�JURXSV�RI� LVOHWV�H[SRVHG� WR� ,/��β�ZLWKRXW�100$�

)LJXUH����5DW�LVOHWV�ZHUH�H[SRVHG�WR�YDULRXV�FRQFHQWUDWLRQV���������������������SPRO�/��RI�,/��β�ZLWKRXW��1��RU�ZLWK��0��100$�IRU���K��$��DQG���K��%���1LWULWH
ZDV�GHWHUPLQHG�VSHFWURSKRWRPHWULFDOO\�ZLWK�*ULHVV� UHDJHQW��%DUV�DUH� WKH�PHDQ�6(0� IRU�VL[�H[SHULPHQWV�� ��S������FRPSDUHG� WR� WKH�FRQWURO� LVOHWV�



7KH�VWLPXODWRU\�HIIHFW�RI�,/��β�RQ�WKH�LQVXOLQ�VHFUHWLRQ ��

(IIHFW�RI�,/��β�RQ�WKH�L126�P51$�H[SUHVVLRQ�

7R�VWXG\�WKH�UHODWLRQVKLS�EHWZHHQ�LQVXOLQ�VHFUHWLRQ�DQG

WKH�H[SUHVVLRQ�RI� L126�P51$��ZH�KDYH�H[DPLQHG�WKH

H[SUHVVLRQ� RI� L126�P51$� DFFRUGLQJ� WR� GLIIHUHQW� FRQ�

FHQWUDWLRQV� RI� ,/��β �)LJXUH� ���� 7KH� GHJUHHV� RI� L126

P51$�H[SUHVVLRQ�ZHUH�GLVSOD\HG�E\�WKH�UDWLR�RI�*$3'+V

VLJQDO�LQWHQVLW\��7KH�L126�P51$�EHJDQ�WR�EH�H[SUHVV�

HG� DW� WKH� FRQFHQWUDWLRQ� RI� �� SPRO�/� RI� ,/��β�� DQG� WKH
GHJUHH�RI�H[SUHVVLRQ� LQFUHDVHG�DFFRUGLQJ� WR� WKH�H[SR�

VXUH� WLPH� DQG� WKH� FRQFHQWUDWLRQ� RI� ,/��β�� $W� WKH� ORZ
FRQFHQWUDWLRQ�RI�����SPRO�/�RI� ,/��β�� L126�P51$�ZDV

QRW� LQGXFHG�HYHQ�ZLWK���K� WUHDWPHQW�

'LVFXVVLRQ

7KLV�VWXG\�FRQILUPHG�WKDW�WKH�VWLPXODWRU\�HIIHFW�RI�,/��β
RQ� WKH� LQVXOLQ� VHFUHWLRQ� LQ� UDW� SDQFUHDWLF� LVOHW� ZDV� QRW

DFFRPSDQLHG� E\� FKDQJHV� LQ� QLWULF� R[LGH� PHWDEROLVP�

DQG�LQKLELWRUV�RI�12�V\QWKDVH�FRXOG�QRW�SUHYHQW�WKH�,/�

�β�PHGLDWHG� LQFUHDVH� LQ� LQVXOLQ� UHOHDVH��

,W�KDV�SUHYLRXVO\�EHHQ�UHSRUWHG�WKDW�,/��β�LQGXFHG�DQ
LQLWLDO�SKDVH�RI� IXQFWLRQDO�VWLPXODWLRQ�LQ�UDW� LVOHWV��ZKLFK

LV� IROORZHG� DIWHU� ���� K� E\� D� SURJUHVVLYH� LQKLELWLRQ� RI

LQVXOLQ� UHOHDVH� �6SLQDV� HW� DO��� ������ &RPHQV� HW� DO��

������ 6SLQDV�HW� DO��� ������ 6SLQDV� HW� DO��� ������� ,W� KDV

EHHQ� NQRZQ� WKDW� LQFUHDVHG� SURGXFWLRQ� RI� 12� LV� DQ

LPSRUWDQW� PHGLDWRU� ZLWK� WKH� LQKLELWRU\� HIIHFW� RQ� LQVXOLQ

VHFUHWLRQ� �&RUEHWW� HW�DO��� ������&RUEHWW� HW�DO��� ������� ,W

KDV�EHHQ�SURSRVHG�WKDW�12�SURGXFHG�E\� ,/��β� LQKLELWV
LQVXOLQ�VHFUHWLRQ�DQG�JOXFRVH�R[LGDWLRQ��6RXWKHUQ�HW�DO��

������� VXSSUHVVHV� WKH� SURGXFWLRQ� RI� DFRQLWDVHG �PLWR�

FKRQGULDO� HQ]\PH�G �:HOVK� HW� DO��� ������ DQG� F$03

�*UHHQ�HW�DO����������LQFUHDVHV�WKH�SURGXFWLRQ�RI�F*03

LQ�LVOHWV��:HOVK�HW�DO����������DQG�LQMXUHV�'1$��'HODQH\

HW� DO��� ������� :HOVK� HW� DOU� UHSRUWHG� WKDW� QLWULF� R[LGH

SURGXFWLRQ�LV�D�ODWH�HYHQW�DQG�OHDGV�WR�GHIHFWLYH�LQVXOLQ

UHOHDVH� �:HOVK�HW�DO����������

2Q� WKH� FRQWUDU\� WR� PDQ\� UHSRUWV� RQ� WKH� LQKLELWRU\

HIIHFW� RI� 12� RQ� LQVXOLQ� VHFUHWLRQ�� WKHUH� DUH� VHYHUDO

UHSRUWV�DERXW�WKH�UROH�RI�12�LQ�WKH�VWLPXODWLRQ�RI�LQVXOLQ

VHFUHWLRQ� �/D\FKRFN� HW�DO��� ������6FKPLGW�HW�DO��� �����

/DIIUDQFKL�HW�DO���������.RQWXUHN�HW�DO����������/D\FKRFN

HW�DO���������UHSRUWHG�WKDW�12�LV�UHODWHG�WR�WKH�HQKDQFHG

SURGXFWLRQ�RI�F*03�OHDGLQJ�WR�WKH�EHWD�FHOO�VWLPXODWLRQ�

7KH�LQFUHDVHG�F*03�IDFLOLWDWHV�FDOFLXP�VHSDUDWLRQ�IURP

WKH�PLWRFKRQGULD�HYHQWXDOO\�WR�LQFUHDVH�LQVXOLQ�VHFUHWLRQ

�/DIIUDQFKL� HW� DO��� ������� %XW� VWLOO� WKHUH� DUH� IHZ� GDWD

UHJDUGLQJ� WKH�UROH�RI� ,/��β�LQGXFHG�12� LQ� WKH�FRQWULEX�

WLRQ�WR�WKH�LQVXOLQ�VHFUHWLRQ�LQ�WKH�LVOHW��2XU�GDWD�VKRZHG

WKDW� WKH� VWLPXODWRU\� HIIHFW� RI� ,/��β� RQ� WKH� LQVXOLQ

VHFUHWLRQ�LV�QRW�DOWHUHG�E\�EORFNLQJ�L126�JHQHUDWHG�12

SURGXFWLRQ��6HYHUDO� SRVVLELOLWLHV� DUH� VXJJHVWHG��2QH� LV

WKDW�12�LV�QRW�LQYROYHG�LQ�WKH�SURFHVV�RI�WKH�VWLPXODWRU\

HIIHFW�RI�,/��β�RQ�LQVXOLQ�VHFUHWLRQ��&DUGR]R�HW�DO��������
UHSRUWHG� WKDW� ,/��β� LV� QRW� RQO\� LQYROYHG� LQ� L126� JHQH

H[SUHVVLRQ� EXW� DOVR� LQ� WKH� H[SUHVVLRQ� RI� PDQ\� RWKHU

JHQHV�VXFK�DV�KVS�����0Q62'��DQG�+2����$OVR��UHDF�

WLYH�R[\JHQ�VSHFLHV�VXFK�DV�VXSHUR[LGHV��K\GURJHQ�SHU�

R[LGH�DQG�K\GUR[\O�UDGLFDOV�KDYH�EHHQ�VXJJHVWHG�WR�EH

LQYROYHG�LQ�WKH�FDWDO\WLF�DFWLRQ�RI�QLWULF�R[LGH�V\QWKDVH�WR

SURGXFH�12� IURP�/�DUJLQLQH� �.LP�HW�DO���������

,QWHUHVWLQJO\�� LVOHWV� H[SRVHG� WR� ,/��β� LQGXFH� FRPSOH[

UHVSRQVHV��EHLQJ�SURWHFWLYH�DV�ZHOO�DV�GHOHWHULRXV��5KR

HW� DO��� ������� 7KHUHIRUH�� WKH� VWLPXODWRU\� PHGLDWRU� IRU

LQVXOLQ� VHFUHWLRQ� LV� QRW� L126� LQ� WKH� FRQGLWLRQ� RI� VKRUW�

)LJXUH����7KH�HIIHFW�RI� ,/��β�RQ� L126�P51$�H[SUHVVLRQ� LQ� WKH� LVOHWV� WUHDWHG�ZLWK�YDULRXV�FRQFHQWUDWLRQV��������������������SPRO�/��RI� ,/��β� IRU���K��$��DQG
��K��%���,VOHWV�ZHUH�WUHDWHG�ZLWK�GLIIHUHQW�FRQFHQWUDWLRQV�RI�,/��β� IRU���K�DQG���K��51$�ZDV�H[WUDFWHG�DQG�57�3&5�ZDV�SHUIRUPHG��DV�GHVFULEHG�LQ�0DWHULDOV
DQG�0HWKRGV��7KH�SLFWXUHV� VKRZQ�DUH� UHSUHVHQWDWLYH� IRU� �� VLPLODU� H[SHULPHQWV��3&5�EDQG� LQWHQVLWLHV�RI� L126�P51$�ZHUH�PHDVXUHG� E\�0XOWL�DQDO\VW� DQG
FRUUHFWHG� IRU�*$3'+�H[SUHVVLRQ��'DWD�DUH�PHDQ�6(0�IURP� ILYH� LQGHSHQGHQW�H[SHULPHQWV�� ��S������FRPSDUHG� WR� WKH�FRQWURO�
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WHUP�DQG�KLJK�GRVH� WUHDWPHQW�RI� ,/��β��
6FKPLGW�HW�DO���������UHSRUWHG�WKDW�QHDUO\�WRWDO�EORFN�RI

12�JHQHUDWLRQ�ZDV�DVVRFLDWHG�ZLWK�GLPLQXWLRQ�RI�LQVXOLQ

VHFUHWLRQ��7KHUH�DUH�VHYHUDO�SDWKZD\V�IRU�12�V\QWKHVLV

LQ� WKH� LVOHW�� L126�� H126� DQG� F126�� %ORFNLQJ� WKH

DFWLYLWLHV� RI� L126�E\�100$�QRW� QHFHVVDULO\�PHDQ� WKH

FRPSOHWH�DEVHQFH�RI� LQWUDLVOHW�12��7KXV� WKH�SRVVLELOLW\

RI� WKH� DX[LOLDU\� UROH� RI� 12� LQ� WKH� VWLPXODWRU\� HIIHFW� RQ

LQVXOLQ�VHFUHWLRQ�FDQQRW�EH�FRPSOHWHO\�H[FOXGHG��)XUWKHU

VWXGLHV� VKRXOG� EH� QHHGHG� WR� GHILQH� WKH� PDMRU� IDFWRUV

LQYROYHG� LQ� WKH� SURFHVV� RI� WKH� VWLPXODWLRQ� RI� LQVXOLQ

VHFUHWLRQ��

,QWHUHVWLQJO\��LQ�WKH�FRQGLWLRQ�RI�H[SRVXUH�WR�ORQJ�WHUP

DQG�KLJK�GRVH�RI� ,/��β�� WKH�LQKLELWRU\�HIIHFW�RI� ,/��β�RQ
LQVXOLQ�VHFUHWLRQ�ZDV�UHYHUVHG�WR�WKH�OHYHO�RI�WKH�FRQWURO

E\�EORFNLQJ�WKH�SURGXFWLRQ�RI�12��7KLV�ILQGLQJ�LQGLFDWHG

WKDW� 12� PHGLDWHV� WKH� LQKLELWRU\� UROH� RI� ,/��β� RQ� WKH
LQVXOLQ� VHFUHWLRQ�� %DVHG� RQ� WKH� GDWD�� ZH� FDQ� UDLVH

DQRWKHU� SRVVLELOLW\� UHJDUGLQJ� WKH� UROH� RI� 12� LQ� LQVXOLQ

VHFUHWLRQ�� WKDW� WKH�DPRXQW�RI� LQWUDLVOHW�12�FRXOG�GHWHU�

PLQH� WKH�HIIHFW�RI� VWLPXODWLRQ�RU� LQKLELWLRQ��+RZHYHU�� LQ

RXU� H[SHULPHQWDO� GHVLJQ�� WKH� SRVVLELOLW\� RI� LQYROYHPHQW

RI� L126� SDWKZD\� FDQ� EH� H[FOXGHG� LQ� WKH� VWLPXODWRU\

HIIHFW�RI� ,/��β�RQ� WKH� LQVXOLQ�VHFUHWLRQ�RI� WKH� LVOHW��
,Q�RXU�SUHYLRXV�VWXG\�� WKH�H[SUHVVLRQ�VWDWXV�RI� L126

EHJDQ�WR� LQFUHDVH�DW���K�DQG�UHDFKHG�WKH�SHDN�DW���K�

EXW�GHFUHDVHG�DW����K��-HRQJ�HW�DO����������,W� LV�VLPLODU

WR�RWKHU� UHVXOWV�RI�1LHPDQQ�HW�DO�� �������ZKR� UHSRUWHG

WKDW�L126�ZDV�H[SUHVVHG�LQ���K�DIWHU�VXVSHQVLRQ�LQ�,/�

�β�DQG�LQFUHDVHG�WKH�PRVW�LQ���K��EXW�JUDGXDOO\�GHFUHDV�

HG� DIWHU� ������ K�� 7KH\� VXJJHVWHG� WKDW� WKH� LQFUHDVH� RI

WKH� QLWULF� R[LGH� LQ� WKH� FXOWXUH� PHGLXP� IXQFWLRQV� DV� D

QHJDWLYH� IHHGEDFN�PHFKDQLVP� WR� LQKLELW� L126��

:H� KDYH� REVHUYHG� WKDW� SUHSURLQVXOLQ� P51$� ZDV

SDUDOOHOHG�ZLWK�WKH�VWLPXODWRU\�HIIHFW�RQ�LQVXOLQ�VHFUHWLRQ

LQ� SUHYLRXV� VWXG\� �-HRQJ� HW� DO��� ������� $FFRUGLQJ� WR

$QGHUVHQ�HW�DO����������ZKHQ�WKH�LVOHW�ZDV�LQFXEDWHG�LQ

,/��β�IRU����K�����RU����JHQHV��UHVSHFWLYHO\��ZHUH�XS�RU
GRZQ� UHJXODWHG� E\� WKH� F\WRNLQH� DORQJ� ZLWK� WKH� H[SUH�

VVLRQ�RI�L126��$PRQJ�WKH�H[SUHVVHG�SURWHLQV��VRPH�RI

WKHP� ZHUH� LQYROYHG� LQ� WKH� V\QWKHVLV� RI� QLWULF� R[LGH�

OHDGLQJ� WR� F\WRWR[LFLW\�� +RZHYHU�� WKH� RWKHUV� SURWHFWHG

EHWD�FHOOV�IURP�EHLQJ�LQMXUHG�DQG�KHOS�WKHP�UHFRYHU�� ,Q

VXPPDU\��LW�LV�DVVXPHG�WKDW�WKH�VWLPXODWRU\�HIIHFW�RI�,/�

�β� RQ� LQVXOLQ� VHFUHWLRQ� LV� IDU� OHVV� UHODWHG� ZLWK� WKH
H[SUHVVLRQ� RI� L126� DQG� VXEVHTXHQW� V\QWKHVLV� RI� 12�

)XUWKHU�VWXG\�VKRXOG�EH�QHHGHG�WR�FODULI\�WKH�UROH�RI�,/�

�β� LQ� LQVXOLQ�VHFUHWLRQ� LQ� WKH� LVOHW�
�

$FNQRZOHGJPHQWV

7KLV�VWXG\�ZDV�VXSSRUWHG�E\�*UDQWV�RI�WKH�*RRG�+HDOWK

5	'�3URMHFW���+03����(�����������0LQLVWU\�RI�+HDOWK�	

:HOIDUH��5�2�.��

5HIHUHQFHV

$QGHUVHQ� +8�� /DUVHQ� 30�� )H\� 6-�� .DUOVHQ� $(�� 0DQGUXS�

3RXOVHQ� 7�� 1HUXS� -�� 7ZR�GLPHQVLRQDO� JHO� HOHFWURSKRUHVLV� RI

UDW�LVOHW�SURWHLQV��,QWHUOHXNLQ���EHWD�LQGXFHG�FKDQJHV�LQ�SURWHLQ

H[SUHVVLRQ� DUH� UHGXFHG� E\� /�DUJLQLQH� GHSOHWLRQ� DQG� QLFRWLQ�

DPLGH��'LDEHWHV��������������

%LOVNL� -�� .RQWXUHN� -:�� .RQWXUHN� 6-�� 'RPVFKNH� :�� 7KH

LQYROYHPHQW� RI� HQGRJHQRXV� QLWULF� R[LGH� LQ� YDJDO�FKROLQHUJLF

VWLPXODWLRQ�RI�H[RFULQH�DQG�HQGRFULQH�SDQFUHDV�LQ�GRJV��,QW�-

3DQFUHDWRO��������������

%RUJ� /$�� (L]LULN� '/�� 6KRUW�WHUP� H[SRVXUH� RI� UDW� SDQFUHDWLF

LVOHWV�WR�KXPDQ�LQWHUOHXNLQ���EHWD�LQFUHDVHV�FHOOXODU�XSWDNH�RI

FDOFLXP�� ,PPXQRO�/HWW���������������

&DUGR]R� $.�� .UXKRIIHU� 0�� /HHPDQ� 5�� 2UQWRIW� 7�� (L]LULN� '/�

,GHQWLILFDWLRQ� RI� QRYHO� F\WRNLQH�LQGXFHG� JHQHV� LQ� SDQFUHDWLF

EHWD�FHOOV� E\� KLJK�GHQVLW\� ROLJRQXFOHRWLGH� DUUD\V�� 'LDEHWHV

��������������

&RPHQV�3*��:ROI�%$��8QDQXH�(5��/DF\�3(��0F'DQLHO�0/�

,QWHUOHXNLQ� �� LV� SRWHQW� PRGXODWRU� RI� LQVXOLQ� VHFUHWLRQ� IURP

LVRODWHG� UDW� LVOHWV�RI�/DQJHUKDQV��'LDEHWHV���������������

&RUEHWW� -$�� :DQJ� -/�� 0LVNR� 73�� =KDR� :�� +LFNH\� :)�

0F'DQLHO� 0/�� 1LWULF� R[LGH� PHGLDWHV� ,/��� EHWD�LQGXFHG� LVOHW

G\VIXQFWLRQ� DQG� GHVWUXFWLRQ�� SUHYHQWLRQ� E\� GH[DPHWKDVRQH�

$XWRLPPXQLW\���������������

&RUEHWW� -$�� :DQJ� -/�� 6ZHHWODQG� 0$�� /DQFDVWHU� -5� -U�

0F'DQLHO�0/��,QWHUOHXNLQ���EHWD�LQGXFHV�WKH�IRUPDWLRQ�RI�QLWULF

R[LGH�E\�EHWD�FHOOV�SXULILHG�IURP�URGHQW� LVOHWV�RI�/DQJHUKDQV�

(YLGHQFH� IRU� WKH� EHWD�FHOO� DV� D� VRXUFH� DQG� VLWH� RI� DFWLRQ� RI

QLWULF�R[LGH��-�&OLQ� ,QYHVW����������������

'HODQH\� &$�� *UHHQ� 0+�� /RZH� -(�� *UHHQ� ,&�� (QGRJHQRXV

QLWULF� R[LGH� LQGXFHG� E\� LQWHUOHXNLQ��� EHWD� LQ� UDW� LVOHWV� RI

/DQJHUKDQV�DQG�+,7�7���FHOOV�FDXVHV�VLJQLILFDQW�'1$�GDPDJH

DV�PHDVXUHG�E\�WKH�µFRPHW¶�DVVD\��)(%6�/HWW��������������

��

(L]LULN� '/�� 6DQGOHU� 6�� +XPDQ� LQWHUOHXNLQ��� EHWD� LQGXFHG

VWLPXODWLRQ� RI� LQVXOLQ� UHOHDVH� IURP� UDW� SDQFUHDWLF� LVOHWV� LV

DFFRPSDQLHG�E\�DQ�LQFUHDVH�LQ�PLWRFKRQGULDO�R[LGDWLYH�HYHQWV�

'LDEHWRORJLD���������������

(L]LULN�'/��6DQGOHU�6��:HOVK�1�� -XQWWL�%HUJJUHQ�/��%HUJJUHQ

32��,QWHUOHXNLQ���EHWD�LQGXFHG�VWLPXODWLRQ�RI�LQVXOLQ�UHOHDVH�LQ

PRXVH�SDQFUHDWLF�LVOHWV�LV�UHODWHG�WR�GLDF\OJO\FHURO�SURGXFWLRQ

DQG� SURWHLQ� NLQDVH� &� DFWLYDWLRQ�� 0RO� &HOO� (QGRFULQRO� �����

����������

(L]LULN� '/�� 7UDFH\� '(�� %HQGW]HQ� .�� 6DQGOHU� 6�� 5ROH� RI

UHFHSWRU� ELQGLQJ� DQG� JHQH� WUDQVFULSWLRQ� IRU� ERWK� WKH� VWLPX�

ODWRU\�DQG�LQKLELWRU\�HIIHFWV�RI�LQWHUOHXNLQ���LQ�SDQFUHDWLF�EHWD�

FHOOV��$XWRLPPXQLW\���������������

*UHHQ�,&��'HODQH\�&$��&XQQLQJKDP�-0��.DUPLULV�9��6RXWKHUQ

&��,QWHUOHXNLQ���EHWD�HIIHFWV�RQ�F\FOLF�*03�DQG�F\FOLF�$03�LQ

FXOWXUHG� UDW� LVOHWV� RI� /DQJHUKDQV�DUJLQLQH�GHSHQGHQFH� DQG

UHODWLRQVKLS� WR� LQVXOLQ�VHFUHWLRQ��'LDEHWRORJLD�������������

-HRQJ�,.��2K�6+��.DQJ�'0��&KXQJ�-+��0LQ�<.��/HH�06��/HH

0.��.LP�.:��7KH�VWLPXODWRU\�HIIHFW�RI�,/��EHWD�RQ�WKH�LQVXOLQ



7KH�VWLPXODWRU\�HIIHFW�RI�,/��β�RQ�WKH�LQVXOLQ�VHFUHWLRQ ��

VHFUHWLRQ� DQG� LWV� UHODWLQJ� IDFWRUV�� -� .RU� 'LDEHWHV� $VVR

��������������

.LP�.:��3UHYHQWLRQ�DQG�WUHDWPHQW�RI�1,''0���6PLWK�*RUGRQ

DQG�1LVKLPXUD�HGV���������SS���������/RQGRQ�

.LP�60��%\XQ�-6��-XQJ�<'��.DQJ�,&��&KRL�6<��/HH�.<��7KH

HIIHFWV� RI� R[\JHQ� UDGLFDOV� RQ� WKH� DFWLYLW\� RI� QLWULF� R[LGH

V\QWKDVH�DQG�JXDQ\ODWH�F\FODVH��([S�0RO�0HG�������������

��

.RQWXUHN�-:��+HQJVW�.��.XOHV]D�(��*DEU\HOHZLF]�$��.RQWXUHN

6-�� 'RPVFKNH� :�� 5ROH� RI� HQGRJHQRXV� QLWULF� R[LGH� LQ� WKH
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