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6RLO�(Q]\PH�$FWLYLWLHV�DQG�7KHLU�5HODWLRQVKLS�WR�7RWDO�6RLO

%DFWHULD��6RLO�0LFURELDO�%LRPDVV�DQG�6RLO�&KHPLFDO�&KDUDFWHULVWLFV�RI

2UJDQLF�DQG�&RQYHQWLRQDO�)DUPLQJ

0XKDPPDG�$EGXO�$]L]���)DKUL]DO�+D]UD���6HOO\�6DOPD��DQG�'HGL�1XUV\DPVL�

�*UDGXDWH�6FKRRO�RI�6RLO�%LRWHFKQRORJ\�DQG�(QYLURQPHQW��)DFXOW\�RI�$JULFXOWXUH��%RJRU�$JULFXOWXUDO�8QLYHUVLW\�
�'HSDUWPHQW�RI�6RLO�6FLHQFH�DQG�/DQG�5HVRXUFHV��)DFXOW\�RI�$JULFXOWXUH��%RJRU�$JULFXOWXUDO�8QLYHUVLW\

��,QGRQHVLDQ�$JHQF\�IRU�$JULFXOWXUDO�5HVHDUFK�DQG�'HYHORSPHQW��,QGRQHVLD�

H�PDLO�� D]LVX�NXQ��#JPDLO�FRP

5HFHLYHG����)HEUXDU\�������DFFHSWHG����-XO\�����

$%675$&7

6RLO�SURSHUWLHV�VXFK�DV�SK\VLFDO��FKHPLFDO��ELRORJLFDO��PLFURELRORJLFDO�DQG�ELRFKHPLFDO�DVSHFWV�DIIHFW�RQ�VRLO�TXDOLW\�

6RLO�PLFURELRORJLFDO�DFWLYLWLHV�GLUHFWO\�DIIHFW�VWDELOLW\�RI�HFRV\VWHPV�DQG�VRLO�IHUWLOLW\��7KH�UHVHDUFK�DLPHG�WR�GHWHU�

PLQH�VRLO�PLFURELDO�DFWLYLWLHV�WKURXJK�VRLO�HQ]\PH�DFWLYLWLHV�DQG�WKHLU�UHODWLRQVKLS�WR�WRWDO�VRLO�EDFWHULD��VRLO�PLFURELDO

ELRPDVV��DQG�VRLO�FKHPLFDO�FKDUDFWHULVWLFV��7KH�UHVHDUFK�ZDV�FRQGXFWHG�DW�/DERUDWRU\�RI�6RLO�0LFURELRORJ\��,QGRQH�

VLDQ�6RLO�5HVHDUFK�,QVWLWXWH��%RJRU�IURP�-XO\������WR�-DQXDU\�������6RLO�VDPSOHV������FP�GHSWK�ZHUH�WDNHQ�IURP

RUJDQLF�DQG�FRQYHQWLRQDO�IDUPLQJ�RI�VRPH�FRPPRGLWLHV��WRPDWR��FDUURW��PDL]H��EURFFROL��IURP�%RJRU�5HJHQF\��ZKLOH

WKRVH�RI�ULFH�ZHUH�WDNHQ�IURP�7DVLNPDOD\D�5HJHQF\��6RLO�GHK\GURJHQDVH��XUHDVH�DQG�FHOOXODVH�DFWLYLWLHV�ZHUH�GHWHU�

PLQHG�XVLQJ�VRPH�PRGLILHG�PHWKRGV��7KH�UHVXOWV�VKRZHG�WKDW�VRLO�GHK\GURJHQDVH�DQG�FHOOXODVH�DFWLYLWLHV�LQ�RUJDQLF

IDUPLQJ�ZHUH�KLJKHU�WKDQ�WKRVH�LQ�FRQYHQWLRQDO�IDUPLQJ��ZKHUHDV�WKH�VRLO�XUHDVH�DFWLYLW\�LQ�RUJDQLF�IDUPLQJ�ZDV

ORZHU�WKDQ�WKDW�LQ�FRQYHQWLRQDO�IDUPLQJ��7KH�WRWDO�VRLO�EDFWHULD�DQG�VRLO�PLFURELDO�ELRPDVV�ZHUH�VLJQLILFDQWO\�DQG

SRVLWLYHO\� FRUUHODWHG�ZLWK� VRLO� GHK\GURJHQDVH�� XUHDVH�� DQG� FHOOXORVH� DFWLYLWLHV��6RLO� GHK\GURJHQDVH�� XUHDVH�� DQG

FHOOXORVH� DFWLYLWLHV�ZHUH�YHU\�VLJQLILFDQWO\� DQG�SRVLWLYHO\� FRUUHODWHG�ZLWK� DOO� VRLO� FKDUDFWHULVWLFV� WHVWHG�� L�H�� VRLO

RUJDQLF�&��WRWDO�1��SRWHQWLDO�3�DQG�.��DYDLODEOH�3�DQG�.��&(&��DQG�S+��H[FHSW�WKDW�VRLO�XUHDVH�DFWLYLW\�ZDV�YHU\

VLJQLILFDQWO\�DQG�QHJDWLYHO\�FRUUHODWHG�ZLWK�VRLO�S+��7KH�UHVXOWV�RI�WKLV�UHVHDUFK�LQGLFDWHG�WKDW�RUJDQLF�IDUPLQJ�LV

UHFRPPHQGHG�IRU�PDLQWDLQLQJ�VRLO�IHUWLOLW\�DQG�SODQW�SURGXFWLYLW\��KRZHYHU��VPDOO�XVH�RI�XUHD�IHUWLOL]HU�LV�VWLOO�QHHGHG

LQ�WKH�IDUPLQJ�

.H\ZRUGV��&RQYHQWLRQDO�IDUPLQJ��RUJDQLF�IDUPLQJ��VRLO�FKHPLFDO�FKDUDFWHULVWLFV��VRLO�HQ]\PH�DFWLYLWLHV��VRLO�PLFUR�

ELDO�ELRPDVV�FDUERQ

6LIDW�WDQDK�VHSHUWL�ILVLN��NLPLD��ELRORJL��PLNURELRORJL�GDQ�DVSHN�ELRNLPLD�EHUSHQJDUXK�WHUKDGDS�NXDOLWDV�WDQDK�

$NWLYLWDV�PLNURELRORJL� WDQDK� GDSDW�PHPSHQJDUXKL� VWDELOLWDV� HNRVLVWHP�GDQ� NHVXEXUDQ� WDQDK� VHFDUD� ODQJVXQJ�

3HQHOLWLDQ�LQL�EHUWXMXDQ�XQWXN�PHQHQWXNDQ�DNWLYLWDV�PLNURED�WDQDK�PHODOXL�DNWLYLWDV�HQ]LP�WDQDK�GDQ�KXEXQJDQQ\D

GHQJDQ�WRWDO�EDNWHUL��ELRPDVVD�PLNURED��GDQ�NDUDNWHULVWLN�NLPLD�WDQDK��3HQHOLWLDQ�LQL�GLODNXNDQ�GL�/DERUDWRULXP

0LNURELRORJL�7DQDK��%DODL�3HQHOLWLDQ�7DQDK��%RJRU�GDUL�-XOL������KLQJJD�-DQXDUL�������6DPSHO�WDQDK�SDGD�NHGDODPDQ

�����FP�GLDPELO�GDUL�SHUWDQLDQ�RUJDQLN�GDQ�NRQYHQVLRQDO�GDUL�EHEHUDSD�NRPRGLWDV��WRPDW��ZRUWHO��MDJXQJ��EURNROL��GL

.DEXSDWHQ� %RJRU�� VHGDQJNDQ� WDQDK� VDZDK� �SDGL�� GLDPELO� GDUL� .DEXSDWHQ� 7DVLNPDOD\D��$NWLYLWDV� HQ]LP

GHKLGURJHQDVH��XUHDVH�GDQ�VHOXODVH�WDQDK�GLWHQWXNDQ�GHQJDQ�PHQJJXQDNDQ�EHEHUDSD�PHWRGH�\DQJ�GLPRGLILNDVL�

+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�EDKZD�DNWLYLWDV�HQ]LP�GHKLGURJHQDVH�GDQ�VHOXODVH�WDQDK�GL�SHUWDQLDQ�RUJDQLN�OHELK

WLQJJL� GDULSDGD�GL�SHUWDQLDQ� NRQYHQVLRQDO�� VHGDQJNDQ� DNWLYLWDV� HQ]LP�XUHDVH� WDQDK� GL� SHUWDQLDQ� RUJDQLN� OHELK

UHQGDK�GDULSDGD�GL�SHUWDQLDQ�NRQYHQVLRQDO��%LRPDVVD�PLNURED�GDQ�WRWDO�EDNWHUL�WDQDK�VHFDUD�VLJQLILNDQ�EHUNRUHODVL

SRVLWLI�GHQJDQ�DNWLYLWDV�HQ]LP�GHKLGURJHQDVH��XUHDVH��GDQ�VHOXODVH��$NWLYLWDV�HQ]LP�GHKLGURJHQDVH��XUHDVH��GDQ

VHOXODVH�WDQDK�VDQJDW�VLJQLILNDQ�EHUNRUHODVL�SRVLWLI�GHQJDQ�VHPXD�NDUDNWHULVWLN�WDQDK�\DQJ�GLXML��\DLWX��&�RUJDQLN�

1�WRWDO��3�SRWHQVLDO��.�SRWHQVLDO��3�WHUVHGLD��.�WHUVHGLD��&(&��GDQ�S+��6HPHQWDUD�DNWLYLWDV�HQ]LP�XUHDVH�WDQDK

VDQJDW�VLJQLILNDQ�EHUNRUHODVL�QHJDWLI�GHQJDQ�S+�WDQDK��+DVLO�SHQHOLWLDQ�LQL�PHQXQMXNNDQ�EDKZD�SHUWDQLDQ�RUJDQLN



��� 0$�$]L]�HW�DO���6RLO�(Q]\PH�$FWLYLWLHV�DQG�7KHLU�5HODWLRQVKLS�WR�6RLO�0LFURELDO�%LRPDVV

GLUHNRPHQGDVLNDQ�XQWXN�PHQMDJD�NHVXEXUDQ�WDQDK�GDQ�SURGXNWLYLWDV�WDQDPDQ��QDPXQ��SHQJJXQDDQ�SXSXN�XUHD

\DQJ�UHQGDK�PDVLK�GLEXWXKNDQ�GL�SHUWDQLDQ�

.DWD�NXQFL��$NWLYLWDV�HQ]LP�WDQDK��ELRPDVVD�NDUERQ�PLNURED�WDQDK��SHUWDQLDQ�NRQYHQVLRQDO��SHUWDQLDQ�RUJDQLN�

VLIDW�NLPLD�WDQDK

,1752'8&7,21

&RQYHQWLRQDO�IDUPLQJ�SOD\V�DQ�LPSRUWDQW�UROH

LQ� LQFUHDVLQJ� IRRG� SURGXFWLRQ�� EXW�PRVW� RI� LWV

PDQDJHPHQW�SUDFWLFHV�UHO\�RQ�FKHPLFDO�IHUWLOL]HUV

DQG�SHVWLFLGHV��7X�HW�DO���������8VH�RI�DJURFKHPLFDO

PDWHULDOV��IHUWLOL]HUV�DQG�SHVWLFLGHV��KDV�LQFUHDVHG

\LHOG�RI�DJULFXOWXUDO�FRPPRGLWLHV��+RZHYHU��XVH�RI

WKHVH�PDWHULDOV� FRXOG� KDYH� QHJDWLYH� LPSDFWV� RQ

HQYLURQPHQW��VRLO��ZDWHU��DQG�DLU���2Q�WKH�RWKHU�KDQG�

RUJDQLF� IDUPLQJ�GRHV�QRW�XVH�FKHPLFDO� IHUWLOL]HUV

DQG�SHVWLFLGHV�EXW�HPSKDVL]HV�RQ�RUJDQLF�LQSXWV�WR

PHHW� QXWULWLRQDO� QHHGV� IRU� SODQWV� DQG� ELRORJLFDO

FRQWURO�IRU�SHVW�PDQDJHPHQW�

$JULFXOWXUDO�FXOWLYDWLRQ�LQ�,QGRQHVLD�FRQVLVWV�RI

WZR�NLQGV��QDPHO\�RUJDQLF�DQG�FRQYHQWLRQDO�IDUPLQJ�

2UJDQLF� IDUPLQJ� LV� D� V\VWHP� RI� DJULFXOWXUDO

FXOWLYDWLRQ�WKDW�UHOLHV�RQ�WKH�XVH�RI�QDWXUDO�PDWHULDOV

VXFK� DV� FRPSRVW��PDQXUH�� DQG� ELRPDVV� UHVLGXHV

ZLWKRXW�XVLQJ�V\QWKHWLF�PDWHULDOV��DJURFKHPLFDOV��

2Q� WKH� RWKHU� KDQG�� FRQYHQWLRQDO� IDUPLQJ� LV� DQ

DJULFXOWXUDO�FXOWLYDWLRQ�V\VWHP�WKDW�UHOLHV�RQ�FKHPLFDO

LQSXWV��HVSHFLDOO\�FKHPLFDO�IHUWLOL]HUV�DQG�SHVWLFLGHV�

6RLO�PLFURELRORJLFDO�DFWLYLWLHV�GLUHFWO\�DIIHFW

VWDELOLW\�RI�HFRV\VWHPV�DQG�VRLO�IHUWLOLW\��'LFN�DQG

7DEDWDEDL�������%RXPD��������'\QDPLFV�RI� VRLO

PLFURELDO� ELRPDVV� KDV� D� GLUHFW� UHODWLRQVKLS� WR

YHJHWDWLRQ�DQG�HVWDEOLVKHG�HFR�SK\VLRORJLFDO�V\VWHP

UHODWLQJ�WR�VWDWXV�RI�PLFURELDO�PHWDEROLVP��$QGHUVRQ

������%XUQV�HW�DO���������8VH�RI�RUJDQLF�PDWHULDO

LQSXWV�LQWR�WKH�VRLOV�DIIHFWV�PLFURELDO�DFWLYLWLHV�GXH

WR� GLIIHUHQW� VXEVWUDWH� DYDLODELOLW\� �0RQGDO� HW� DO�

�������7KHUHIRUH�� G\QDPLFV�RI� VRLO�PLFURELDO�DUH

HVVHQWLDO�IRU�SODQW�JURZWK��,Q�LWV�DSSOLFDWLRQ��WKH�VRLO

PLFUREHV�SURGXFH�HQ]\PHV�WR�GHFRPSRVH�RUJDQLF

PDWHULDOV�RXWVLGH�WKHLU�FHOOV�

6RLO�PLFURELDO�DFWLYLW\�FDQ�DIIHFW�SODQW�JURZWK

DQG�VRLO�IHUWLOLW\��EHFDXVH�LW�FDQ�DFFHOHUDWH�F\FOH�RI

VXSSOLHG�QXWULHQWV��KRUPRQHV�DQG�HQ]\PHV�QHHGHG

E\� SODQWV� �$JXV� ������� 6RLO� PLFUREHV� SURGXFH

HQ]\PHV� UHODWHG� WR� QXWULHQW� F\FOLQJ�� VRLO

PLFURELRORJLFDO�DFWLYLW\��DQG�DUH�FORVHO\�UHODWHG�WR

FXOWLYDWLRQ�SUDFWLFHV��7KH�HQ]\PHV�SOD\�DQ�LPSRUWDQW

UROH� LQ� VXSSO\LQJ� QXWULHQWV� IRU� SODQWV� EHFDXVH

HQ]\PHV� LQYROYHG�LQ� WKH�F\FOH�RI�QXWULHQWV� LQ� WKH

VRLO�SODQW� V\VWHP��7KH�F\FOH�FDQ�EH� VHHQ� WKURXJK

DFWLYLW\�RI�PLFUREHV�WKDW�DUH�UHIOHFWHG�LQ�DFWLYLW\�RI

HQ]\PHV�FRQWDLQHG�LQ�WKH�VRLO��3DVFXDO�HW�DO�������

*LO�6WRUHV�HW�DO��������7UDVDU�&HSHGD�HW�DO�������

*LDFRPHWWL�HW�DO��������0DR�HW�DO���������

(Q]\PHV�DV�FDWDO\VWV�LQ�ELRFKHPLFDO�UHDFWLRQV

LQ�VRLO�FRXOG�EH�LQWUDFHOOXODU�HQ]\PHV�LQ�OLYLQJ�FHOOV

RU�GHDG�RUJDQLVPV�DQG�H[WUDFHOOXODU�HQ]\PHV��6RLO

HQ]\PHV�DUH�GLYLGHG�LQWR�WKUHH�PDMRU�JURXSV��QDPHO\

R[LGRUHGXFWDVH��WUDQVIHUDVH�DQG�K\GURODVH�JURXSV�

(Q]\PHV�DUH�FDWDO\VWV��VXEVWUDWH� VSHFLILF�UHDFWLRQ

WR�DFFHOHUDWH�FHUWDLQ�FKHPLFDO�UHDFWLRQV��3ODQW�DQG

PLFUREHV�REWDLQHG�WKHLU�OLIH�QHHGV�E\�XWLOL]LQJ�WKH

SURGXFWV�RI�HQ]\PDWLF�K\GURO\VLV�UHDFWLRQV�VXFK�DV

DPPRQLXP�� DPLQR� DFLGV�� DQG� VXJDUV��(Q]\PDWLF

DFWLYLW\�LQ�VRLO� LV�FORVHO\�UHODWHG�WR�VRLO�PLFURELDO

DFWLYLW\�� &KDQJHV� LQ� FOLPDWLF�� DJURQRPLF� DQG

HQYLURQPHQWDO�IDFWRUV�ZRXOG�LQIOXHQFH�VRLO�PLFURELDO

DFWLYLWLHV�ZKLFK�LQ�WXUQ�DIIHFW�HQ]\PDWLF�UHDFWLRQV�

6RLO�HQ]\PH�DFWLYLW\�FRXOG�VHUYH�DV�LQGLFDWRUV�RI�VRLO

IHUWLOLW\� RU� FRQWURO� YDULRXV� LQIOXHQFHV� GXH� WR

GLIIHUHQFHV�LQ�VRLO�PDQDJHPHQW��$OHI�DQG�1DQQLSHUL

������

%DVHG�RQ�WKH�GHVFULSWLRQ�PHQWLRQHG�DERYH��WKLV

VWXG\�DLPHG�WR������GHWHUPLQH�VRLO�PLFURELDO�DFWLYLWLHV

WKURXJK� VRLO� HQ]\PH� DFWLYLWLHV�� QDPHO\

GHK\GURJHQDVH�� XUHDVH�� DQG� FHOOXORVH� DW� VHYHUDO

FURSV� RI� RUJDQLF� DQG� FRQYHQWLRQDO� IDUPLQJ�� ���

GHWHUPLQH� UHODWLRQVKLS� EHWZHHQ� VRLO� HQ]\PH

DFWLYLWLHV�DQG�SRSXODWLRQ�RI�EDFWHULD��DQG�FRQWHQW�RI

VRLO�PLFURELDO�ELRPDVV�FDUERQ��DQG�����GHWHUPLQH

UHODWLRQVKLS�EHWZHHQ�VRLO�HQ]\PH�DFWLYLWLHV�DQG�VRLO

FKHPLFDO�FKDUDFWHULVWLFV�

0$7(5,$/6�$1'�0(7+2'6

6WXG\�6LWH

7KH�H[SHULPHQW�ZDV�FRQGXFWHG�DW�/DERUDWRU\

RI� 6RLO�0LFURELRORJ\�� ,QGRQHVLDQ� 6RLO� 5HVHDUFK

,QVWLWXWH��%RJRU�IURP�-XO\������WR�-DQXDU\������

6RLO� VDPSOHV� ZHUH� WDNHQ� IURP� RUJDQLF� DQG

FRQYHQWLRQDO� IDUPLQJ� LQ� GLIIHUHQW� ORFDWLRQV� DQG

FRPPRGLWLHV��6RLO�VDPSOHV�RI�EURFFROL��WRPDWR��PDL]H�

DQG� FDUURW� FXOWLYDWLRQV� ZHUH� WDNHQ� IURP�%RJRU

5HJHQF\�,QGRQHVLD��ZKLOH�WKRVH�RI�ULFH�FXOWLYDWLRQ

ZHUH�WDNHQ�IURP�7DVLNPDOD\D�5HJHQF\�,QGRQHVLD�

6RLO�FKHPLFDO�DQG�SHVWLFLGH�UHVLGXH�FKDUDFWHULVWLFV

IURP�ERWK�IDUPV�KDYH�EHHQ�UHSRUWHG�E\�$]L]�HW�DO�

�������
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6RLO�6DPSOLQJ

6RLO� VDPSOHV� ZHUH� WDNHQ� IURP� RUJDQLF� DQG

FRQYHQWLRQDO�IDUPLQJ�RI�VRPH�FRPPRGLWLHV��WRPDWR�

FDUURW��PDL]H��EURFFROL��IURP�%RJRU�5HJHQF\��ZKLOH

WKRVH� RI� ULFH� FXOWLYDWLRQ� ZHUH� WDNHQ� IURP

7DVLNPDOD\D�5HJHQF\��,QWHUYLHZV�ZLWK�WKH�IDUPHUV

LQ�WKH�UHVSHFWLYH�VLWHV�VKRZHG�WKDW�LQ�HDFK�SODQWLQJ

VHDVRQ�� IDUPHUV� XVXDOO\� SURYLGH� IHUWLOL]HU� IRU

FRQYHQWLRQDO�ULFH�IDUPLQJ�UDQJHV�IURP�����NJ�KD��

RI�XUHD�DQG�����NJ�KD���RI�13.��ZKLOH�IRU�RUJDQLF

ULFH�IDUPLQJ��WKH\�SURYLGH�LQSXW�RI�RUJDQLF�PDWWHU�

VXFK�DV�PDQXUH���0J�KD����DQG�FRPSRVW���0J�KD���

DV� ZHOO� DV� SODQW� UHVLGXHV�� 5LFH� SURGXFWLYLW\� RI

FRQYHQWLRQDO� IDUPLQJ� UDQJHV� IURP� ����0J� KD���

ZKLOH�WKDW�RI�RUJDQLF�IDUPLQJ�UDQJHV�IURP�����0J

KD���

7KH�VRLO�VDPSOHV�ZHUH�WDNHQ�FRPSRVLWHO\�IURP

D�GHSWK�RI������FP��QHDU�URRW�]RQH��ZKLFK�FRQWDLQV

RI�D�KLJK�PLFURELDO�SRSXODWLRQ�DQG�DFWLYLW\��DQG�PRUH

VLJQLILFDQW�HIIHFWV�RI�ODQG�XVH��7KH�VDPSOHV��WKHQ�

ZHUH� VLHYHG�ZLWK� VLHYH� VL]H� RI� ��PHVK� ���PP��

VWRUHG�LQ�SODVWLF�FOLSV��DQG�SODFHG�LQ�D�FROG�URRP����

�&��LQ�RUGHU�WR�SUHYHQW�FKDQJHV�RI�VRLO�ELRORJLFDO

SURSHUWLHV�SULRU�WR�DQDO\VLV�

$QDO\VLV� RI� 6RLO� %LRORJLFDO� 3URSHUWLHV

$QDO\VLV�RI�VRLO�ELRORJLFDO�SURSHUWLHV�ZDV�FDUULHG

RXW�LQ�WKH�/DERUDWRU\�RI�6RLO�0LFURELRORJ\��,QGRQHVLDQ

6RLO�5HVHDUFK� ,QVWLWXWH��%RJRU�IURP�-XO\������ WR

-DQXDU\� ������ 7KH� SDUDPHWHUV� LQFOXGHG� VRLO

GHK\GURJHQDVH��XUHDVH��DQG�FHOOXODVH�DFWLYLWLHV��VRLO

PLFURELDO�ELRPDVV�&��&�PLF���DQG�WRWDO�VRLO�EDFWHULD�

6RLO� 'HK\GURJHQDVH�$FWLYLW\

6RLO� GHK\GURJHQDVH� DFWLYLW\�ZDV� GHWHUPLQHG

XVLQJ� D�PRGLILHG�PHWKRG�RI�&DVLGD�HW�DO�� ������

DQG�2KOLJHU���������6RLO�VDPSOHV�ZHUH�ZHLJKHG��

JUDPV�DQG�WUDQVIHUUHG�LQWR�D�JODVV�YLDO��WKHQ���P/

WULSKHQ\OWHWUD]ROLXPFKORULGH��77&��DQG���P/�RI�7ULV

+&O� EXIIHU� ZHUH� DGGHG�� 7KH� VDPSOHV� ZHUH

KRPRJHQL]HG�� LQFXEDWHG� IRU� ��� KRXUV� DW� D

WHPSHUDWXUH�RI����&��WKHQ�PHWKDQRO�ZDV�DGGHG�DQG

VKDNHQ� IRU� �� KRXUV� DW� VKDNHU� RI� ���� USP��$IWHU

ILOWHULQJ�WKH�VXVSHQVLRQ��WKH�ILOWUDWH�ZDV�DGMXVWHG�WR

���P/��DQG�PHDVXUHG�ZLWK�D�VSHFWURSKRWRPHWHU�DW

D�ZDYHOHQJWK�RI�����QP�

)XUWKHUPRUH�� WULSKHQ\OIRUPD]DQ� �73)��ZDV

FDOFXODWHG�XVLQJ�WKH�HTXDWLRQ��<� �D;���E��5�� ������

LQ�ZKLFK�<�LV�DEVRUEDQFH��;�LV�FRQFHQWUDWLRQ�RI�73)�

DQG�5��LV�FRHIILFLHQW�GHWHUPLQDQW��:KLOH�WKH�YDOXH

RI� GHK\GURJHQDVH� DFWLYLW\� �'+$��ZDV� FDOFXODWHG

XVLQJ�WKH�IROORZLQJ�HTXDWLRQ�

'+$� ��;�î�9���P�î�ID�

LQ� ZKLFK� ;� LV� WKH� FRQFHQWUDWLRQ� RI

7ULSKHQ\OIRUPD]DQ��9�LV�WKH�ILQDO�YROXPH�RI�ILOWUDWH

RI�VRLO�H[WUDFWV��P�LV�WKH�ZHLJK�RI�VRLO�VDPSOH��ID�LV

IDFWRU�FRUUHFWLRQ��IRU�ZDWHU�FRQWHQW�

6RLO�8UHDVH�$FWLYLW\

6RLO� XUHDVH� DFWLYLW\�ZDV� GHWHUPLQHG� XVLQJ� D

PHWKRG�RI�6FKLQQHU�HW�DO����������6RLO�VDPSOHV�ZHUH

ZHLJKHG� �� JUDPV� DQG� WUDQVIHUUHG� LQWR� D� ERWWOH�

LQFXEDWHG�DW����&�IRU���KRXUV��7KHQ�����P/�RI�.&O

ZDV�DGGHG� LQWR� WKH�ERWWOH��VKDNHQ� IRU����PLQXWHV

DQG� ILOWHUHG�� 1HVVOHU� UHDJHQW� ZDV� DGGHG� WR� WKH

ILOWUDWH��WKHQ��VROXWLRQ�ZDV�KRPRJHQL]HG��DOORZHG�WR

VWDQG� IRU� ��� PLQXWHV� DQG� PHDVXUHG� ZLWK� D

VSHFWURSKRWRPHWHU�DW�D�ZDYHOHQJWK�RI�����QP�

)XUWKHUPRUH��VRLO�XUHDVH�DFWLYLW\�ZDV�FDOFXODWHG

XVLQJ�WKH�IRUPXOD�

8UHDVH�DFWLYLW\� ���6�&�����$���������%���GP�D�E�

6� � FRQFHQWUDWLRQ� RI � VDPSOH� �J�1+
�

���� &�  

FRQFHQWUDWLRQ� RI� FRQWURO� �J�1+
�

���� ���  � GLOXWLRQ

IDFWRU��$� �YROXPH�RI�H[WUDFW��P/���%� �ZHLJKW�RI

VRLO� �J����� GP� � IDFWRU� IRU� VRLO� GU\�ZHLJKW�� D� 

PROHFXODU� ZHLJKW� RI� 1+
�

�� �J� PRO����� DQG� E�  

LQFXEDWLRQ�WLPH�

6RLO�&HOOXODVH�$FWLYLW\

6RLO�FHOOXODVH�DFWLYLW\�ZDV�GHWHUPLQHG�XVLQJ�D

PHWKRG�RI�+RSH� DQG�%XUQV� ��������6RLO� VDPSOHV

ZHUH�ZHLJKHG���JUDP�DQG�SXW�LQWR�D�FHQWULIXJH�WXEH�

DGGHG�ZLWK� ����P/� RI� FDUER[\OPHWK\OFHOORORVH

�&0&��VXEVWUDWH��LQFXEDWHG�DW����&�IRU����KRXUV�

VKDNHQ�RQ�D�VKDNLQJ�ZDWHU�EDWK�LQFXEDWRU�DQG�WKHQ

FHQWULIXJHG�IRU����PLQXWHV�DW������USP��2QH�P/�RI

ILOWUDWH�ZDV� LQVHUWHG� LQWR� D� WHVW� WXEH�� ��PO� RI����

GLQLWURVDOLF\OLF�DFLG��'16��DQG���P/�RI�GLVWLOOHG

ZDWHU�ZHUH�DGGHG�DQG�WKHQ�KHDWHG�LQ�ERLOLQJ�ZDWHU

DW�����&�IRU����PLQXWHV�WR�HQDEOH�UHDFWLRQ�EHWZHHQ

JOXFRVH�DQG�'16��$IWHU�FRROLQJ��WKH�VDPSOHV�ZHUH

DGGHG�ZLWK�DTXDGHVW�XS�WR����P/��VKDNHQ��DQG�WKHQ

WKH� DEVRUEDQFH� ZDV� PHDVXUHG� ZLWK� D

VSHFWURSKRWRPHWHU�DW�D�ZDYHOHQJWK�RI�����QP�

6RLO�FHOOXODVH�DFWLYLW\�ZDV�FDOFXODWHG�XVLQJ�WKH

IRUPXOD��<� �D;���E��LQ�ZKLFK�<�LV�DEVRUEDQFH�DQG

;�LV�FRQFHQWUDWLRQ�RI�JOXFRVH��:KLOH�FHOOXORVH�DFWLYLW\

ZDV�FDOFXODWHG�XVLQJ�WKLV�IRUPXOD�

&HOOXORVH�DFWLYLW\� ��JOXFRVH�FRQFHQWUDWLRQ��VDPSOH

��FRQWURO����LQFXEDWLRQ�SHULRG��î���



��� 0$�$]L]�HW�DO���6RLO�(Q]\PH�$FWLYLWLHV�DQG�7KHLU�5HODWLRQVKLS�WR�6RLO�0LFURELDO�%LRPDVV

6RLO�0LFURELDO�%LRPDVV�&DUERQ

6RLO�PLFURELDO�ELRPDVV�&�ZDV�GHWHUPLQHG�XVLQJ

IXPLJDWLRQ�LQFXEDWLRQ� PHWKRG� �.XKQHUW� DQG

)LQNHPDJHO��������)LIW\�JUDPV�RI�VRLO�VDPSOHV�ZHUH

ZHLJKHG�DQG�WUDQVIHUUHG�LQWR�D����PO�JODVV�EHDNHU

DQG�SXUH�FKORURIRUP�ZDV�DGGHG��$IWHU�IXPLJDWLRQ�

WKH� VDPSOHV� ZHUH� WUDQVIHUUHG� LQWR� D� 39&� IRU

LQFXEDWLRQ�SURFHVVHV��)XUWKHU��VRLO�VDPSOHV�LQ�39&

FROXPQV�ZHUH�WUDQVIHUUHG�LQWR�LQFXEDWLRQ�MDUV�XVLQJ

WKH�YLDO�FRQWDLQLQJ����P/�RI�����1�.2+��DQG����P/

RI�GLVWLOOHG�ZDWHU�ZDV� DGGHG�� 7KH� MDU�ZDV� VHDOHG

DQG�LQFXEDWHG�IRU����GD\V�DW�URRP�WHPSHUDWXUH�LQ

GDUN� URRP�� 2Q� WKH� ��WK� GD\�� WKH� VDPSOHV� ZHUH

WLWUDWHG� ZLWK� ���� 1� +&O� DQG� DGGHG� ZLWK

SKHQROSKWKDOHLQH��SS��LQGLFDWRU�XQWLO�WKH�FRORU�RI�WKH

VROXWLRQ�GLVDSSHDUHG��7KHQ�WKH�VDPSOHV�ZHUH�DGGHG

ZLWK�PHWK\O�RUDQJH��02��LQGLFDWRU�DQG�WLWUDWHG�DJDLQ

ZLWK�����1�+&O�XQWLO�WKH�FRORU�RI�WKH�VROXWLRQ�WXUQHG

LQWR�SLQN�

7KH� VRLO�PLFURELDO� ELRPDVV�&� �&�PLF��ZDV

FDOFXODWHG�XVLQJ�WKH�HTXDWLRQ�

6RLO�PLFURELDO�ELRPDVV��60%�� 

�)XPLJDWLRQ���1RQ�)XPLJDWLRQ������

7KH�DPRXQW�RI�&�LQ�WKH�QRQ�IXPLJDWHG�DQG�IXPLJDWHG

VRLO�VDPSOHV�ZHUH�FDOFXODWHG�XVLQJ�WKH�IRUPXOD�RI

VRLO�UHVSLUDWLRQ�DV�IROORZV�

U� ��D�E��î�W��

D� �P/�+&O�RI�VDPSOH��E� �PO�+&O�RI�FRQWURO��MDU

ZLWKRXW�VRLO���W� �1RUPDOLW\�+&O��DQG��� �FRUUHFWLRQ

IDFWRU�PJ�&�&2
�
���60%� �6RLO�PLFURELDO�ELRPDVV

�PJ�&�&2
��
NJ���

7RWDO� 6RLO�%DFWHULD

7KH�SRSXODWLRQ�RI�VRLO�EDFWHULD�ZDV�FDOFXODWHG

XVLQJ�SODWH�FRXQW�PHWKRG�DQG�QXWULHQW�DJDU�PHGLD

DIWHU�RQH�GD\�RI�LQFXEDWLRQ�

'DWD�$QDO\VLV

7KH�GDWD�ZHUH�DQDO\]HG�DQG�FRUUHODWLRQ�DQDO\VLV

ZDV� WHVWHG��7KH� VWXGHQW¶V� W�WHVW�ZDV�PDGH� WR� VHH

WKH� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� RUJDQLF� DQG

FRQYHQWLRQDO�IDUPLQJ�DQG�WKH�FRUUHODWLRQ�DQDO\VLV

ZDV�PDGH� WR� VHH� WKH� UHODWLRQVKLS� EHWZHHQ� VRLO

FKHPLFDO�FKDUDFWHULVWLFV��$]L]�HW�DO��������DQG�VRLO

HQ]\PH� DFWLYLWLHV� XVLQJ�0LFURVRIW� ([FHO� DW� WKH

VLJQLILFDQFH�OHYHO�RI����DQG����

5(68/76�$1'�',6&866,21

6RLO� 'HK\GURJHQDVH�$FWLYLW\

6RLO�GHK\GURJHQDVH�DFWLYLW\��'+$��RI���FURSV

RI�RUJDQLF�DQG�FRQYHQWLRQDO�IDUPLQJ�LV�SUHVHQWHG�LQ

7DEOH� ��� 7KH� UHVXOWV� VKRZHG� WKDW� WKHUH� ZHUH

VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�RUJDQLF�IDUPLQJ�DQG

FRQYHQWLRQDO�IDUPLQJ�RI�WKH�FRPPRGLWLHV�EDVHG�RQ

VWXGHQW¶V� W�WHVW��7KH� UHVXOWV� DOVR� VKRZHG� WKDW� WKH

VRLO�'+$�RI�DOO�FURSV�RQ�RUJDQLF�IDUPLQJ�ZDV�KLJKHU

WKDQ� WKDW�RQ� FRQYHQWLRQDO� IDUPLQJ��6RLO�'+$�RQ

RUJDQLF�IDUPLQJ�RI�WRPDWR��FDUURW��PDL]H��EURFFROL�

DQG�ULFH�FRPPRGLWLHV�ZHUH��������������������������

DQG��������J�73)�J���GU\�VDPSOH�KRXU����UHVSHFWLYHO\�

ZKLOH�WKRVH�RI�FRQYHQWLRQDO�IDUPLQJ�ZHUH������������

������������DQG�������J�73)�J���GU\�VDPSOH�KRXU��

IRU� WRPDWR�� FDUURW�� PDL]H�� EURFFROL�� DQG� ULFH�

UHVSHFWLYHO\�

6RLO�'+$�LV�FORVHO\�UHODWHG�WR�VRLO�RUJDQLF�PDWWHU

FRQWHQW��7KH�KLJKHU� OHYHOV�RI� VRLO�RUJDQLF�PDWWHU�

WKH�KLJKHU�WKH�VRLO�'+$�LV��2UJDQLF�PDWWHU��PDQXUH�

FRPSRVW�� ORFDO�PLFURRUJDQLVPV� �02/��� HWF��� LQ

RUJDQLF� IDUPLQJ� LV�PXFK� KLJKHU� WKDQ� WKRVH� LQ

FRQYHQWLRQDO�IDUPLQJ��$]L]�HW�DO���������7KH�UHVXOWV

RI� LQWHUYLHZV�ZLWK� IDUPHUV� LQGLFDWHG� WKDW� HDFK

PDQXUH��ELRPDVV�UHVLGXHV��DQG�FRPSRVW���0J�KD��

ZDV� XVHG� EHIRUH� SODQWLQJ� LQ� LQWHQVLYH� RUJDQLF

IDUPLQJ�

6RLO� '+$� LV� DQ� LQGLFDWRU� RI� R[LGDWLYH

PHWDEROLVP� RI� PLFUREHV� WKDW� WDNHV� SODFH� LQ

LQWUDFHOOXODU� RI� OLYLQJ� FHOOV� �YLDEOH��� ,Q� VRLOV�

7DEOH����6RLO�'HK\GURJHQDVH�$FWLYLW\��'+$��RI�ILYH�FRPPRGLWLHV�LQ�RUJDQLF�DQG�FRQYHQ�

WLRQDO�IDUPLQJ�

)DUP� '+$���J�73)�J
��
K
��
��

7RPDWR� &DUURW� 0DL]H� %URFROOL� 5LFH�

2UJDQLF� ������ ����� ����� ������ ������

&RQYHQWLRQDO� ����� ����� ����� ����� �����

W�WHVW� ����
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���-�7URS�6RLOV��9RO������1R������������������

GHK\GURJHQDVH�EHFRPHV�DQ�LQWHJUDO�SDUW�RI� LQWDFW

FHOOV� DQG� GRHV�QRW� DFFXPXODWH� LQ� H[WUDFHOOXODU�� ,W

LQGLFDWHV� DQ� DYHUDJH� DFWLYLW\� RI� DFWLYH�PLFURELDO

SRSXODWLRQ��$Q�LQGLFDWRU�RI�VRLO�ELRORJ\�WR�ORRN�DW�WKH

OHYHO� RI� VRLO� IHUWLOLW\� LV� WKH� DFWLYLW\� RI� VRLO

GHK\GURJHQDVH� WKDW� R[LGL]HV� RUJDQLF�PDWWHU� E\

WUDQVIHUULQJ� SURWRQV� DQG� HOHFWURQV� IURP� VXEVWUDWH

WR�DFFHSWRU��,W�LV�SDUW�RI�VRLO�PLFURELDO�UHVSLUDWLRQ

F\FOH�SDWKV�ZKLFK�JLYHV�DQ�LQGLFDWLRQ�RI�SRWHQWLDO

IHUWLOLW\� RI� VRLO� ELRORJ\� UHODWHG� WR� ELRFKHPLFDO

SURFHVVHV�

$JULFXOWXUDO� SUDFWLFHV� DW� ERWK� RUJDQLF� DQG

FRQYHQWLRQDO� V\VWHPV� EDVLFDOO\� DUH� DIIHFWHG� E\

HQ]\PDWLF� DFWLYLW\� LQ� VRLOV� �*DUFLD� HW� DO�� ������

$YHUDJH�RI�VRLO�'+$�VKRZHG�WKDW�GHK\GURJHQDVH

DFWLYLW\�LQ�RUJDQLF�IDUPLQJ�ZDV�KLJKHU�WKDQ�WKRVH�LQ

FRQYHQWLRQDO�IDUPLQJ��7DEOH�����7KLV�LV�EHFDXVH�RI

GLIIHUHQFHV�LQ�RUJDQLF�&�FRQWHQW�LQ�ERWK�DJULFXOWXUDO

FXOWLYDWLRQV��$W�'LDQD�VLWH��RUJDQLF�IDUPLQJ��ZLWK

WRPDWR� DQG� EURFFROL� FRPPRGLWLHV� FRQWDLQHG� VRLO

RUJDQLF�&�RI�������ZKLFK�ZDV�KLJKHU�WKDQ�WKDW�DW

0HJDPHQGXQJ� VLWH� �FRQYHQWLRQDO� IDUPLQJ��� L�H�

�������7KH�FRQWHQW�RI�VRLO�RUJDQLF�&�FRXOG�GHVFULEH

WKH�XVH�RI�RUJDQLF�PDWWHU�LQ�WKH�VRLO�

0RHVNRSV� HW� DO�� ������� VWDWHG� WKDW� RUJDQLF

PDWWHU�FDQ�LPSURYH�VRLO�GHK\GURJHQDVH�DFWLYLWLHV�

7KLV�LV�HYLGHQW�IURP�DFWLYLW\�RI�VRLO�UHVSLUDWLRQ�DQG

UHOHDVH�RI�FDUERQ�GLR[LGH�IURP�UKL]RVSKHUH��6DOD]DU

HW� DO�� ������� DOVR� DUJXHG� WKDW� VRLO� RUJDQLF�PDWWHU

FRQWHQW�KDV�D�VLJQLILFDQW�HIIHFW�RQ�VRLO�HQ]\PH�DV

ZHOO� DV�PLFURELDO� DFWLYLWLHV�� 6RLO� GHK\GURJHQDVH

DFWLYLW\�IURP�RUJDQLF�ULFH�IDUPLQJ�LV�KLJKHU�WKDQ�WKDW

RI�FRQYHQWLRQDO�IDUPLQJ��7KLV�LQGLFDWHG�WKDW�XVH�RI

LQRUJDQLF� IHUWLOL]HUV� DQG� SHVWLFLGHV� WKDW� DUH� QRW

SUXGHQW�LQ�FRQYHQWLRQDO�DJULFXOWXUH�FRXOG�DIIHFW�VRLO

HQ]\PDWLF�DFWLYLW\��0DFFL�HW�DO���������VWDWHG�WKDW

DSSOLFDWLRQ�RI� LQRUJDQLF� IHUWLOL]HUV�FRXOG� LQFUHDVH

QXWULHQW� DYDLODELOLW\�� EXW� IHUWLOL]HU� DQG� SHVWLFLGH

DSSOLFDWLRQ� FRXOG� DIIHFW� SRSXODWLRQV� RI� VRLO

PLFURRUJDQLVPV�DQG�VRLO�HQ]\PDWLF�DFWLYLW\�DV�ZHOO�

)XUWKHUPRUH�� WKH\� DUJXHG� WKDW� WKH� GHFOLQH� RI

GHK\GURJHQDVH� HQ]\PH� DFWLYLW\� LV� GLUHFWO\

SURSRUWLRQDO�WR�WKH�OHYHO�RI�LQWHQVLW\�RI�IHUWLOL]HU�DQG

SHVWLFLGH� DSSOLFDWLRQV� RQ� D� FURS�PDQDJHPHQW�

-DVWU]HEVND� DQG�.XFKDUVNL� ������� VWDWHG� WKDW� WKH

VRLO� GHK\GURJHQDVH� DFWLYLW\� LV� LQKLELWHG�ZLWK� WKH

LQFUHDVH�RI�IXQJLFLGH�GRVHV��+LJKHU�GHK\GURJHQDVH

DFWLYLW\�ZDV�PHDVXUHG�LQ�WKH�RUJDQLF�IDUPLQJ�WKDQ

LQ� WKH� FRQYHQWLRQDO� IDUPLQJ� �&KX� HW� DO�� ������

3RWHQWLDO�K\GURJHQ� LV�DOVR�RQH�RI� WKH� IDFWRUV� WKDW

DIIHFW�VRLO�GHK\GURJHQDVH�HQ]\PH�DFWLYLW\��7KH�VRLO

S+� RI� RUJDQLF� IDUPLQJ� LV� KLJKHU� WKDQ� WKDW� RI

FRQYHQWLRQDO� IDUPLQJ� �$]L]� HW� DO� � ������

'HK\GURJHQDVH�DFWLYLW\�LV�GLUHFWO\�SURSRUWLRQDO�WR

VRLO�S+�YDOXH��0RHVNRSV�HW�DO��������

6RLO�8UHDVH�$FWLYLW\

7KH�UHVXOWV�RI�VWXGHQW¶V�W�WHVW�VKRZHG�WKDW�VRLO

XUHDVH�DFWLYLWLHV��85��RI�VRPH�FURSV��FDUURW��PDL]H�

EURFFROL�� DQG� ULFH�� RQ� RUJDQLF� DJULFXOWXUH�ZHUH

VLJQLILFDQWO\�ORZHU�WKDQ�WKRVH�RI�FRQYHQWLRQDO�IDUPLQJ

�7DEOH� ����7KH� UHVXOWV� DOVR� VKRZHG� WKDW� VRLO�85

DFWLYLWLHV�RI�WKH�FURSV�LQ�FRQYHQWLRQDO�DJULFXOWXUH�ZHUH

����������������������������DQG������XQLWV�JUDP���RI

WRPDWR��FDUURW��PDL]H��EURFFROL��DQG�ULFH�UHVSHFWLYHO\�

ZKHUHDV�WKRVH�LQ�RUJDQLF�DJULFXOWXUH�ZHUH�RQO\�����

������ ������ ����� DQG� ����� XQLWV� JUDP��� RI� WRPDWR�

FDUURW��PDL]H��EURFFROL��DQG�ULFH�UHVSHFWLYHO\�

6RLO�85�DFWLYLW\�LV�FORVHO\�UHODWHG�WR�VXEVWUDWH

RI�XUHD� LQ� WKH� VRLOV��6RXUFH�RI�1� LQ�FRQYHQWLRQDO

IDUPLQJ�LV�IUHTXHQWO\�GHULYHG�IURP�XUHD��ZKHUHDV�LQ

RUJDQLF�IDUPLQJ�LV�RULJLQDWHG�IURP�RUJDQLF�PDWHULDOV�

5HVXOWV�RI�LQWHUYLHZV�ZLWK�IDUPHUV�VKRZHG�WKDW�XUHD

IHUWLOL]HU� LQ� FRQYHQWLRQDO� DJULFXOWXUH�ZDV� DSSOLHG

LQWHQVLYHO\�EHIRUH�SODQWLQJ��L�H��XUHD�����NJ�KD���DQG

13.�����NJ�KD���

2QH�VRXUFH�RI�1�XVHG�LQ�DJULFXOWXUH�LV�FRPPRQO\

XUHD��2UJDQLF�IHUWLOL]HU�DOVR�FRQWDLQV�1��HVSHFLDOO\

RUJDQLF�IHUWLOL]HU�GHULYHG�IURP�XULQH�DQG�IHFHV�RI

FDWWOH��8UHD�LV�K\GURO\]HG�HQ]\PDWLFDOO\�E\�XUHDVH

LQ�WKH�VRLO�WR�IRUP�DPPRQLD�DQG�FDUERQ�GLR[LGH��WKHQ

DPPRQLD�FDQ�EH�IXUWKHU�K\GURO\]HG�LQWR�DPPRQLXP�

7KLV� DPPRQLXP� FDQ� EH� DEVRUEHG� E\� SODQWV

�5RVPDUNDP�DQG�<XZRQR�������:LQDUVR��������6RLO

XUHDVH� VHUYHV� WR�K\GURO\]H� XUHD�FRQWDLQHG� LQ� VRLO

LQWR�DPPRQLXP��ZKLFK�LV�UHDGLO\�DEVRUEHG�E\�SODQWV�

RU� FRXOG� EH� FRQYHUWHG� WR� QLWULWH� DQG� QLWUDWH

7DEOH����6RLO�8UHDVH�$FWLYLW\��85��RI�ILYH�FRPRGLWLHV�LQ�RUJDQLF�DQG�FRQYHQWLRQDO�IDUPLQJ�

)DUP� 85��XQLW�J
��
��

7RPDWR� &DUURW� 0DL]H�� %URFFROL� 5LFH�

2UJDQLF� ����� ����� ����� ���� �����

&RQYHQWLRQDO� ������ ����� ������ ������ �����

W�WHVW� �����
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��� 0$�$]L]�HW�DO���6RLO�(Q]\PH�$FWLYLWLHV�DQG�7KHLU�5HODWLRQVKLS�WR�6RLO�0LFURELDO�%LRPDVV

FRPSRXQGV�� 7KXV� WKH� HQ]\PH� XUHDVH� SOD\V� DQ

LPSRUWDQW�UROH�LQ�VRLO�1�F\FOH��%XUQ�HW�DO��������

+LJK� RU� ORZ� XUHDVH� DFWLYLW\� GHSHQGV� RQ� WKH

SUHVHQFH� RI� VXEVWUDWHV� DQG� SURGXFWV� RI� UHDFWLRQ

FDWDO\]HG�E\�WKLV�HQ]\PH��L�H��XUHD�DQG�DPPRQLXP

�$VNLQ�DQG�.L]LOND\D��������7KH�KLJK�DFWLYLW\�RI

XUHDVH�LQ�FRQYHQWLRQDO�IDUPLQJ�RI�WKH�FRPPRGLWLHV

ZDV�REYLRXVO\�GXH�WR�WKH�SUHVHQFH�RI�XUHD�LQ�VRLO

VXEVWUDWH� WKDW�ZDV� VWLOO� DEXQGDQW� LQ� EHJLQQLQJ� RI

REVHUYDWLRQ� SHULRG��/HYHO� RI� HQ]\PH� UHDFWLRQV� LV

OLPLWHG�E\�WKH�H[WHQW�RI�HQ]\PH�DQG�VXEVWUDWH�LI�RWKHU

HQYLURQPHQWDO� IDFWRUV� FRQVLGHUHG� DUH� FRQVWDQW�

.HHS� LQ�PLQG� WKDW� VXEVWUDWH� DYDLODELOLW\� LQ� VRLO�

HVSHFLDOO\�XUHD�DIIHFWV� VSHFLILF�HQ]\PH� LQGXFWLRQ

E\�PLFURELDO�RU�HQKDQFHG�PLFURELDO�JURZWK��ZKLFK

DOO�DIIHFW�WKH�OHYHO�RI�VRLO�XUHDVH�DFWLYLW\��&DWWDQHR

HW�DO��������

6RLO�&HOOXODVH�$FWLYLW\

6RLO� FHOOXODVH� DFWLYLW\� RI� (QGR�����k�'�

JOXFDQDVH��FDUER[\PHWK\O�FHOOXORVH�RU�&0&DVH��IRU

ILYH�FURSV�RI�RUJDQLF�DQG�FRQYHQWLRQDO�IDUPLQJ�LV

SUHVHQWHG�LQ�7DEOH����7KH�UHVXOWV�RI�VWXGHQW¶V�W�WHVW

VKRZHG�WKDW�VRLO�FHOOXODVH�DFWLYLWLHV�IRU�DOO�FURSV�RI

RUJDQLF�IDUPLQJ�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�IURP

WKRVH�RI�FRQYHQWLRQDO� IDUPLQJ��7KH�VRLO� FHOOXODVH

DFWLYLWLHV�IRU�DOO�FURSV�RI�RUJDQLF�IDUPLQJ�ZHUH�KLJKHU

WKDQ� WKRVH�RI� FRQYHQWLRQDO� IDUPLQJ��7DEOH� �� DOVR

VKRZHG�WKDW�VRLO�&0&DVH�IRU�WRPDWR��FDUURW��FRUQ�

EURFFROL��DQG�ULFH�FRPPRGLWLHV�RI�RUJDQLF�IDUPLQJ

ZDV��������������������� ������� DQG������� XQLWV

JUDP���UHVSHFWLYHO\��ZKHUHDV�WKDW�RI�FRQYHQWLRQDO

IDUPLQJ�ZDV�MXVW���������������������������DQG�����

XQLWV�JUDP����UHVSHFWLYHO\�

6RLO� &0&DVH� DFWLYLW\� LV� FORVHO\� UHODWHG� WR

FHOOXORVH�FRQWHQW�LQ�WKH�VRLO�ZKLFK�LV�UHIOHFWHG�LQ�WKH

OHYHOV� RI� VRLO� RUJDQLF�PDWWHU� FRQWHQW� �$]L]� HW� DO�

������� 7KH� KLJKHU� OHYHOV� RI� VRLO� RUJDQLF�PDWWHU

FRQWHQW��WKH�KLJKHU�OHYHO�RI�VRLO�FHOOXODVH�DFWLYLW\�LV�

6WUDZ� GHFRPSRVLWLRQ�� HVSHFLDOO\� LQ� SDGG\� VRLO

SURGXFHG�KLJK�OHYHO�RI�FHOOXORVH�WKHUHE\�WKH�FHOOXODVH

DFWLYLW\�ZDV�KLJK�

2QH�IDFWRU�DIIHFWLQJ�DFWLYLW\�RI�VRLO�FHOOXODVH�LV

RUJDQLF�PDWWHU�� 2UJDQLF� IDUPLQJ� KDV� KLJKHU� VRLO

RUJDQLF�&�FRQWHQW�WKDQ�WKDW�DW�FRQYHQWLRQDO�IDUPLQJ

�$]L]� HW� DO�� ������� ,W� LV� GLUHFWO\� SURSRUWLRQDO� WR

7DEOH����6RLO�&0&DVH�$FWLYLW\�RI�ILYH�FRPPRGLWLHV�LQ�RUJDQLF�DQG�FRQYHQWLRQDO�IDUPLQJ�

)DUP� &0&DVH��XQLW�J
��
��

7RPDWR� &DUURW� 0DL]H�� %URFROOL� 5LFH�

2UJDQLF� ������ ������ ������ ������ ������

&RQYHQWLRQDO� ����� ������ ������ ����� �����

W�WHVW� ������
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�

�1RWH��W�
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7DEOH����7RWDO�VRLO�EDFWHULD�RI�ILYH�FRPPRGLWLHV�LQ�RUJDQLF�DQG�FRQYHQWLRQDO�)DUPLQJ�

7DEOH����6RLO�PLFURELDO�ELRPDVV�LQ�RUJDQLF�DQG�FRQYHQWLRQDO�IDUPLQJ�ZLWK�ILYH�FRPPRGLWLHV�

)DUP� 7RWDO�%DFWHULD��/RJ�&IX�J��

7RPDWR� &DUURW� 0DL]H�� %URFFROL� 5LFH�

2UJDQLF� ����� ����� ����� ����� �����

&RQYHQWLRQDO� ����� ����� ����� ����� �����

W�WHVW� ����
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)DUP� 6RLO�PLFURELDO�ELRPDVV��PJ�&�&2��NJ
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7RPDWR� &DUURW� 0DL]H�� %URFFROL� 5LFH�

2UJDQLF� ������� ������� ������� ������� �������

&RQYHQWLRQDO� ������� ������� ������� ������� �������
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6RLO�0LFURELDO�%LRPDVV



���-�7URS�6RLOV��9RO������1R������������������

FHOOXODVH� DFWLYLW\�� ,QGXFWLYH� HQ]\PH� HOHYDWLRQV

�XUHDVH�DQG�FHOOXODVH��LQ�WKH�VRLO�DUH�FDXVHG�E\�WKH

VXEVWUDWHV� �RUJDQLF� &� DQG� WRWDO� 1�� ZKLFK� DUH

DYDLODEOH�LQ�WKH�VRLO��3UHYLRXV�VWXGLHV�VKRZHG�WKDW

WKH� XUHDVH� DQG� FHOOXORVH� DFWLYLWLHV� DUH� SRVLWLYHO\

FRUUHODWHG�ZLWK�VRLO�RUJDQLF�&�DQG�WRWDO�1��&OHJJ

������ %DVWLGD�� HW� DO�� ������ -DQJLG� HW� DO�� �����

0HULOHV�HW�DO��������8GDZDWWD�HW�DO��������9DOORMR

HW�DO��������

7RWDO�6RLO�%DFWHULD�DQG�6RLO�0LFURELDO�%LRPDVV

7RWDO�VRLO�EDFWHULD�DQG�VRLO�PLFURELDO�ELRPDVV

FDUERQ�LQ�RUJDQLF�DQG�FRQYHQWLRQDO�IDUPLQJ�RI�ILYH

FURSV� DUH� SUHVHQWHG� DW� 7DEOH� �� DQG� 7DEOH� ��

UHVSHFWLYHO\��%DVHG� RQ� WKH� UHVXOWV� RI� VWXGHQW¶V� W�

WHVW��WRWDO�VRLO�EDFWHULD��7DEOH����DQG�VRLO�PLFURELDO

ELRPDVV��7DEOH����RI�WRPDWR��FDUURW��PDL]H��EURFFROL�

DQG� ULFH� RI� RUJDQLF� IDUPLQJ�ZHUH� VLJQLILFDQWO\

GLIIHUHQW�IURP�WKRVH�RI�FRQYHQWLRQDO�IDUPLQJ��7KH

YDULDEOHV�LQ�RUJDQLF�IDUPLQJ�ZHUH�KLJKHU�WKDQ�WKRVH

RI�FRQYHQWLRQDO�IDUPLQJ��7KLV� LV� UHIOHFWHG�RQ�VRLO

RUJDQLF�&�FRQWHQW��$]L]�HW�DO��������WKDW�LQIOXHQFHV

VRLO�PLFURELDO�SRSXODWLRQ�DQG�VRLO�PLFURELDO�ELRPDVV�

6RLO�PLFURELDO�ELRPDVV�LV�DQ�LPSRUWDQW�DWWULEXWH

RI� VRLO� ELRORJLFDO� TXDOLW\� DQG� DOVR� VHUYHV� DV� DQ

LQGLFDWRU�RI�FKDQJHV�LQ�VRLO�PDQDJHPHQW�RU�ODQG�XVH

�'DQLHOOH� HW� DO�� ������� 6RLO� PLFURELDO� ELRPDVV

GHSHQGV�RQ� VRLO� RUJDQLF�PDWHULDO� FRQWHQW� DV� IRRG

VRXUFH�RU� VXEVWUDWH� �=KDQJ�HW�DO��������6DQWRV�HW

DO�� ������� 7KHUHIRUH�� IDUP�PDQDJHPHQW� JUHDWO\

DIIHFWV�WKH�G\QDPLFV�RI�RUJDQLF�PDWWHU�DQG�PLFURELDO

ELRPDVV�

5HODWLRQVKLSV� EHWZHHQ�6RLO� (Q]\PH�$FWLYLWLHV

ZLWK� 7RWDO� 6RLO� %DFWHULD�� 6RLO� 0LFURELDO

%LRPDVV�� DQG�6RLO�&KHPLFDO�&KDUDFWHULVWLFV

&RUUHODWLRQV� EHWZHHQ� VRLO� HQ]\PH� DFWLYLWLHV

ZLWK�WRWDO�VRLO�EDFWHULD�DQG�VRLO�PLFURELDO�ELRPDVV

�&�PLF�� DUH� SUHVHQWHG� LQ�7DEOH� ���7KH� WRWDO� VRLO

EDFWHULD� DQG� VRLO� PLFURELDO� ELRPDVV� ZHUH

VLJQLILFDQWO\� DQG� SRVLWLYHO\� FRUUHODWHG�ZLWK� VRLO

GHK\GURJHQDVH��XUHDVH��DQG�FHOOXODVH�DFWLYLWLHV��6RLO

RUJDQLF�PDWWHU�FDQ�LQFUHDVH�ELRPDVV�RI�VRLO�PLFUREHV

�+DQH\� HW� DO�� ������ WKDW� LV� DFFRPSDQLHG� E\

LQFUHDVLQJ�VRLO�HQ]\PH�DFWLYLW\��=KDQJ�HW�DO��������

VRLO�XUHDVH�DFWLYLW\��&DWWDQHR�HW�DO���������DQG�VRLO

FHOOXODVH�DFWLYLW\��$FRVWD�HW�DO��������

7KH�FRUUHODWLRQ�EHWZHHQ�VRLO�HQ]\PH�DFWLYLWLHV

DQG�VRLO�FKDUDFWHULVWLFV�LV�SUHVHQWHG�LQ�7DEOH����6RLO

GHK\GURJHQDVH�DFWLYLW\�ZDV�YHU\�VLJQLILFDQWO\�DQG

7DEOH����&RUUHODWLRQ�EHWZHHQ�6RLO�'HK\GURJHQDVH��'+$���8UHDVH��85��DQG

&HOOXODVH��&0&DVH��$FWLYLWLHV�ZLWK�WRWDO�VRLO�EDFWHULD�DQG�VRLO�PLFURELDO

ELRPDVV�

7DEOH����&RUUHODWLRQV�EHWZHHQ�6RLO�'+$��85�DQG�&0&DVH�$FWLYLWLHV�ZLWK�VRLO�FKHPLFDO

FKDUDFWHULVWLFV�
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��� 0$�$]L]�HW�DO���6RLO�(Q]\PH�$FWLYLWLHV�DQG�7KHLU�5HODWLRQVKLS�WR�6RLO�0LFURELDO�%LRPDVV

SRVLWLYHO\�FRUUHODWHG�ZLWK�VRLO�RUJDQLF�&��WRWDO�1�

SRWHQWLDO�3�DQG�.��DYDLODEOH�3��DYDLODEOH�.��&(&�

DQG�S+��6RLO�XUHDVH�DFWLYLW\�ZDV�YHU\�VLJQLILFDQWO\

DQG�QHJDWLYHO\�FRUUHODWHG�ZLWK�VRLO�S+��VLJQLILFDQWO\

DQG� SRVLWLYHO\� FRUUHODWHG�ZLWK� SRWHQWLDO�.�� YHU\

VLJQLILFDQWO\� DQG� SRVLWLYHO\� FRUUHODWHG�ZLWK� VRLO

RUJDQLF�&��WRWDO�1��SRWHQWLDO�3��DYDLODEOH�3�DQG�.�

DQG�VRLO�&(&��6RLO�FHOOXODVH�DFWLYLW\�ZDV�VLJQLILFDQWO\

DQG�SRVLWLYHO\� FRUUHODWHG�ZLWK� VRLO�RUJDQLF�&�DQG

SRWHQWLDO� .�� YHU\� VLJQLILFDQWO\� DQG� SRVLWLYHO\

FRUUHODWHG�ZLWK�WRWDO�1��SRWHQWLDO�3��DYDLODEOH�3�DQG

.��&(&��DQG�S+�

$OO�WKH�HQ]\PH�DFWLYLWLHV�WHVWHG�DUH�SRVLWLYHO\

DQG�VLJQLILFDQWO\�FRUUHODWHG�ZLWK�VRLO�RUJDQLF�&��WRWDO

1��SRWHQWLDO�3�DQG�.��DYDLODEOH�3�DQG�.��DV�ZHOO�DV

VRLO�&(&�� 7KH� UHVXOWV� LQGLFDWHG� WKDW� WKH� HQ]\PH

DFWLYLWLHV�DUH�FORVHO\�UHODWHG�WR�QXWULHQW�F\FOLQJ�LQ

WKH� VRLO��$FFRUGLQJ� WR�$FRVWD� HW� DO�� �������� VRLO

HQ]\PH� DFWLYLW\� LV� FULWLFDO� WR� VRLO� HFRV\VWHPV� LQ

WUDQVIRUPLQJ� QXWULHQWV�DQG�ELRFKHPLFDO� F\FOHV� RI

FDUERQ��QLWURJHQ��SKRVSKRUXV��DQG�VXOIXU��,Q�DGGLWLRQ�

VRLO�HQ]\PH�DFWLYLW\�LV�D�VHQVLWLYH�LQGLFDWRU�RI�FKDQJHV

LQ�VRLO�TXDOLW\�GXH�WR�GLIIHUHQW�ODQG�XVHV��.RQJ�HW�DO�

������:DOOHQVWHLQ�DQG�%XUQV�������

,PSOLFDWLRQ

6RLO�'+$��7DEOH����DQG�VRLO�FHOOXODVH��7DEOH���

DFWLYLWLHV�DW�RUJDQLF�IDUPLQJ�ZHUH�KLJKHU�WKDQ�WKRVH

RI�FRQYHQWLRQDO�IDUPLQJ��ZKLOH�VRLO�XUHDVH�DFWLYLW\

�7DEOH����DW�RUJDQLF�IDUPLQJ�ZDV�ORZHU�WKDQ�WKDW�RI

FRQYHQWLRQDO�IDUPLQJ��6LQFH�ERWK�VRLO�'+$�DQG�VRLO

FHOOXODVH�DFWLYLWLHV�DUH�LQGLFDWRUV�RI�VRLO�IHUWLOLW\��WKHQ

RUJDQLF�IDUPLQJ�LV�UHFRPPHQGHG�IRU�PDLQWDLQLQJ�VRLO

IHUWLOLW\�DQG�SODQW�SURGXFWLYLW\��7KH�XUHDVH�DFWLYLW\

LV�DOVR�DV�DQ�LQGLFDWRU�RI�VRLO�IHUWLOLW\��SDUWLFXODUO\�LQ

UHOHDVLQJ�1� IRU� SODQW� JURZWK�� 6LQFH� VRLO� XUHDVH

DFWLYLW\� DW� RUJDQLF� IDUPLQJ� LV� ORZHU� WKDQ� WKDW� RI

FRQYHQWLRQDO�IDUPLQJ��WKHUHIRUH��RUJDQLF�IDUPLQJ�VWLOO

QHHGV�VPDOO�DGGLWLRQ�RI�XUHD�IHUWLOL]HU��6RLO�HQ]\PH

DFWLYLW\� LV� VLJQLILFDQWO\� FRUUHODWHG�ZLWK� WRWDO� VRLO

EDFWHULD��VRLO�PLFURELDO�ELRPDVV��DQG�VRLO�FKHPLFDO

FKDUDFWHULVWLFV��7DEOH���DQG����� ,W�PHDQV�WKDW� VRLO

HQ]\PH� DFWLYLWLHV� DUH� YHU\� JRRG� LQGLFDWRUV� IRU

SUHGLFWLQJ� VRLO� IHUWLOLW\�� WKXV�ZH� FRXOG� XVH� WKRVH

SDUDPHWHUV�WR�SUHGLFW�WKH�OHYHO�RI�VRLO�IHUWLOLW\�

&21&/86,216

6RLO�GHK\GURJHQDVH�DQG�FHOOXODVH�DFWLYLWLHV�LQ

RUJDQLF� IDUPLQJ� ZHUH� KLJKHU� WKDQ� WKRVH� LQ

FRQYHQWLRQDO� IDUPLQJ�� ZKHUHDV� WKH� VRLO� XUHDVH

DFWLYLW\�LQ�RUJDQLF�IDUPLQJ�ZDV�ORZHU�WKDQ�WKDW�LQ

FRQYHQWLRQDO�IDUPLQJ��7KH�WRWDO�VRLO�EDFWHULD�DQG�VRLO

PLFURELDO�ELRPDVV�ZHUH�VLJQLILFDQWO\�DQG�SRVLWLYHO\

FRUUHODWHG�ZLWK� VRLO� GHK\GURJHQDVH�� XUHDVH�� DQG

FHOOXODVH�DFWLYLWLHV��6RLO�GHK\GURJHQDVH��XUHDVH��DQG

FHOOXODVH� DFWLYLWLHV� ZHUH� YHU\� VLJQLILFDQWO\� DQG

SRVLWLYHO\� FRUUHODWHG�ZLWK� DOO� VRLO� FKDUDFWHULVWLFV

WHVWHG��L�H��VRLO�RUJDQLF�&��WRWDO�1��SRWHQWLDO�3�DQG�.�

DYDLODEOH�3�DQG�.��&(&��DQG�S+��H[FHSW�WKDW�VRLO

XUHDVH�DFWLYLW\�ZDV�YHU\�VLJQLILFDQWO\�DQG�QHJDWLYHO\

FRUUHODWHG�ZLWK�VRLO�S+��7KH�UHVXOWV�RI�WKLV�UHVHDUFK

LQGLFDWHG�WKDW�RUJDQLF�IDUPLQJ�LV�UHFRPPHQGHG�IRU

PDLQWDLQLQJ� VRLO� IHUWLOLW\� DQG� SODQW� SURGXFWLYLW\�

KRZHYHU��VPDOO�XVH�RI�XUHD�IHUWLOL]HU�LV�VWLOO�QHHGHG

LQ�WKH�IDUPLQJ�

$&.12:/('*(0(176

7KH� DXWKRUV� DUH� WKDQNIXO� WR� ³6RLO� 5HVHDUFK

&HQWHU�,QVWLWXWH´�IRU�IDFLOLWLHV�DQG�IXQGLQJ�DVVLVWDQFH

GXULQJ�WKH�UHVHDUFK�

5()(5(1&(6

$]L]�0$��)�+D]UD��6�6DOPD�DQG�'�1XUV\DPVL��������6RLO

FKHPLFDO�FKDUDFWHULVWLFV�RI�FRQYHQWLRQDO�DQG�RUJDQLF

DJULFXOWXUDO��-�7URS�6RLOV�����������

$FRVWD�90��-�0RRUH�.��-�&RWWRQD��7�*DUGQHUD�DQG�'

:HVWHUGD��������6RLO�HQ]\PH�DFWLYLWLHV�GXULQJ�WKH

����� 7H[DV� UHFRUG� GURXJKW�KHDWZDYH� DQG

LPSOLFDWLRQV�WR�ELRJHRFKHPLFDO�F\FOLQJ�DQG�RUJDQLF

PDWWHU�G\QDPLFV��$SSO�6RLO�(FRO����������

$JXV� &'.�� ������5HVSLUDVL� WDQDK� SDGD� ODQWDL� KXWDQ

PDQJLXP��%XOHWLQ�.HKXWDQDQ�����LQ�,QGRQHVLDQ��

$OHI�.�DQG�3�1DQQLSHUL��������0HWKRGV�LQ�$SSOLHG�6RLO

0LFURELRORJ\�DQG�%LRFKHPLVWU\��$FDGHPLF�3UHVV�

/RQGRQ�

$QGHUVRQ� 7�� ������ 0LFURELDO� HFR�SK\VLRORJLFDO

LQGLFDWRUV� WR� DVVHV� VRLO� TXDOLW\��$JULF� (FRV\VW

(QYLURQ�������������

$VNLQ�7�DQG�5�.L]LOND\D��������7KH�VSDWLDO�YDULDELOLW\�RI

XUHDVH�DFWLYLW\�RI�VXUIDFH�DJOLFXOWXUDO�VRLOV�ZLWKLQ

DQ�XUEDQ�DUHD��-�&HQW�$JULF�����������

%DVWLGD�)��-/�0RUHQR��7�+HUQDQGH]�DQG�&�*DUFLD�������

7KH�ORQJ�WHUP�HIIHFW�RI�WKH�PDQDJHPHQW�RI�D�IRUHVW

VRLO�RQ�LWV�FDUERQ�FRQWHQW��PLFURELDO�ELRPDVV�DQG

DFWLYLW\�XQGHU�D�VHPL�DULG�FOLPDWH��$SSO�6RLO�(FRO

����������

%XUQV�5*��-/�'H)RUHVW��-�0DU[VHQ��5/�6LQVDEDXJK��0(

6WURPEHUJHU��0'�:DOOHQVWHLQ��01�:HLQWUDXE�DQG

$� =RSSLQL�� ������ 6RLO� HQ]\PHV� LQ� D� FKDQJLQJ

HQYLURQPHQW�� FXUUHQW� NQRZOHGJH� DQG� IXWXUH

GLUHFWLRQV��6RLO�%LRO�%LRFKHP�������������

&DVLGD� /(-U�� '$�.OHLQ� DQG�7� 6DQWRUR�� � ������ � 6RLO

GHK\GURJHQDVH�DFWLYLW\��6RLO�6FLHQFH����������������

&DWWDQHR�)��3'�*HQQDUR��/�%DUEDQWL��&�*LRYDQQLQL��0

/DEUD��%�0RUHQL��(�%HQLWH]�DQG�&�0DU]DGRUL�������

3HUHQQLDO� HQHUJ\� FURSSLQJ� V\VWHPV� DIIHFW� VRLO

HQ]\PH�DFWLYLWLHV�DQG�EDFWHULDO�FRPPXQLW\�VWUXFWXUH

LQ� D�6RXWK� (XURSHDQ� DJULFXOWXUDO� DUHD��$SSO� 6RLO

(FRO�������������



���-�7URS�6RLOV��9RO������1R������������������

&KX�+��;�/LQ��7�)XMLL��6�0RULPRWR��.�<DJL��-�+X�DQG�-

=KDQJ��������6RLO�PLFURELDO�ELRPDVV��GHK\GURJHQDVH

DFWLYLW\��EDFWHULDO�FRPPXQLW\�VWUXFWXUH�,Q�5HVSRQVH

WR� ORQJ�WHUP� IHUWLOL]HU� PDQDJHPHQW�� 6RLO� %LRO

%LRFKHP���������������

&OHJJ�&'��������,PSDFW�RI�FDWWOH�JUD]LQJ�DQG�LQRUJDQLF

IHUWLOLVHU� DGGLWLRQV� WR�PDQDJHG� JUDVVODQGV� RQ� WKH

PLFURELDO�FRPPXQLW\�FRPSRVLWLRQ�RI�VRLOV��$SSO�6RLO

(FRO�����������

'DQLHOOH�.$6��12�)UHLWDV��5*�6RX]D��)6%�6LOYD��$6)�$UDXMR

DQG� /&�0DLD�� ������ 6RLO�PLFURELDO� ELRPDVV� DQG

DFWLYLW\� XQGHU� QDWXUDO� DQG� UHJHQHUDWHG� IRUHVWV� DQG

FRQYHQWLRQDO� VXJDUFDQH� SODQWDWLRQV� LQ� %UD]LO�

*HRGHUPD��������������

'LFN�:$� DQG�7DEDWDEDL�0$�� ������ 6LJQLILFDQFH� DQG

3RWHQWLDO�8VHV�RI�6RLO�(Q]\PHV��,Q��0HWWLQJ�)%��HG�

6RLO�0LFURELDO�(FRORJ\��$SS�$JULF�(QYLURQ�0DQDJH

0DUFHO�'HNNHU��1HZ�<RUN��SS���������

*DUFLD�)2��&�*XHUUHUR��$�5ROGDQ��-�0DWDL[�6��$�&HUGD���0

&DPSR\��5�=RUQR]D��*�%DUFHQDV�DQG�)�&DUDYDFD�
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