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*DLQLQJ�LQWHJUDWHG�XQGHUVWDQGLQJ�RI�3KDHRF\VWLV�VSS��
�3U\PQHVLRSK\FHDH��WKURXJK�PRGHO�GULYHQ�ODERUDWRU\�
DQG�PHVRFRVP� VWXGLHV�

6WXDUW� -��:KLSSOH� �%HUQDUG� &�� 3DWWHQ� �3HWHU�*�� 9HULW\� �0DUF� (�� )ULVFKHU��

-HUHP\�'�� /RQJ� �-HQV�&��1HMVWJDDUG� �-RQ�7��$QGHUVRQ� �$QLWD� -DFREVHQ� D�

$XG� /DUVHQ� �-RDTXLQ� 0DUWLQH]�0DUWLQH]� �6WXDUW�5�� %RUUHWW�

5HFHLYHG�� ���$SULO��������$FFHSWHG�� ��6HSWHPEHU��������3XEOLVKHG�RQOLQH����0DUFK� �����
"� 6SULQJHU�6FLHQFH�%XVLQHVV�0HGLD� %�9�� �����

$EVWUDFW� .QRZOHGJH� RI�WKH�FRPSOH[� OLIH�F\FOH�RI�

3KDHRF\VWLV� LV�D� NH\� WR�XQGHUVWDQGLQJ� LWV�UROH� LQ�

PDULQH�HFRV\VWHPV�DQG�JOREDO�ELRJHRFKHPLVWU\��
$Q� H[LVWLQJ� OLIH�F\FOH�PRGHO� ZDV� PRGLILHG� DQG�

XVHG�WR�LQWHJUDWH�XQGHUVWDQGLQJ�RI�WKH�3KDHRF\VWLV�

OLIH�F\FOH�� ,Q�PRGHO�GULYHQ�UHVHDUFK��PRGHOV�
H[SRVH�JDSV�LQ�RXU�XQGHUVWDQGLQJ��HPSLULFDO�VWXG�
LHV�HQVXH��DQG�IHHGEDFN�LPSURYHV�XQGHUVWDQGLQJ��
)ROORZLQJ�WKLV�VFKHPH��WKUHH�IDFHWV�RI�WKH�OLIH�
F\FOH�PRGHO�ZHUH� H[DPLQHG�KHUH��:LWK� IRXU�
H[FHSWLRQV��WKH�HPSLULFDO�VWXGLHV�GHVFULEHG�KDYH�
EHHQ�SUHVHQWHG�LQ�RWKHU�OLWHUDWXUH�FLWDWLRQV��7KH�
ILUVW�IDFHW� LQYROYHG� WHVWLQJ�IRU�WKH�H[LVWHQFH� RI� D�

SURFHVV�RU�SURGXFLQJ�LWV�GHVFULSWLRQ��7KHVH�VWXG�
LHV� LQFOXGHG��GHPRQVWUDWLRQ�RI� LQ�YLWUR�FRORQ\�
GLYLVLRQ�LQ�3KDHRF\VWLV�SRXFKHWLL��GHVFULSWLRQ�RI�
LQ�YLWUR� FKDQJH� LQ�FRORQ\� VKDSH� IRU�3�� SRXFKHWLL�

DVVRFLDWHG�ZLWK�VHQHVFHQFH��GHWHUPLQLQJ�ZKLFK�
3��SRXFKHWLL� OLIH�VWDJH� LV�YXOQHUDEOH� WR�YLUDO� LQIHF�

WLRQ� DQG� O\VLV��DQG� DQ� H[SHULPHQW� GHVLJQHG� WR�

GHWHUPLQH�ZKHWKHU� WKH�VHGLPHQW� FRXOG� EH� D�VRXUFH�

RI�QHZ�3KDHRF\VWLV�FRORQLHV�WR�RYHUO\LQJ�ZDWHUV��
UHVXOWV�VXJJHVWHG�WKDW�PRUH�GHWDLOHG�LQYHVWLJDWLRQ�
RI�EHQWKLF� SDUWLFOHV� DV� D�SK\VLFDO� VXEVWUDWH� IRU�FRO�

RQ\� IRUPDWLRQ� LV�ZDUUDQWHG�� 7KH� VHFRQG� IDFHW�

LQYROYHG�LQYHVWLJDWLRQ�RI�SURFHVV�UDWH�TXDQWLILFD�
WLRQ�RU� SURFHVV� FRQWURO� SDUDPHWHUV�� 3URFHVV� UDWH�

TXDQWLILFDWLRQ�LQFOXGHG�PHDVXUHPHQWV�RI�FRORQ\�
GLYLVLRQ� UDWH� DQG� JURZWK� UDWH� XVLQJ�PHVRFRVP�

GHULYHG�FRORQLHV��3URFHVV�FRQWURO�H[SHULPHQWV�
LQFOXGHG�WHVWLQJ�GLDWRP�IUXVWXOH�HQKDQFHPHQW�RI�
3��SRXFKHWLL�FRORQ\�IRUPDWLRQ�IURP�VROLWDU\�FHOOV��
DQG�LQYHVWLJDWLRQ�RI�PHVR]RRSODQNWRQLF�VXSSUHV�
VLRQ�DQG�PLFUR]RRSODQNWRQLF�HQKDQFHPHQW�RI�
3KDHRF\VWLV� JORERVD� FRORQ\� IRUPDWLRQ� E\� SODQN�

WRQLF� JUD]HU� LQIRFKHPLFDOV�� 7KH� WKLUG� IDFHW�

6�� -��:KLSSOH� �3��*�� 9HULW\� �0�� (�� )ULVFKHU�

6NLGDZD\�,QVWLWXWH�RI�2FHDQRJUDSK\��
6DYDQQDK��*$��86$�

6�� -��:KLSSOH� �0�� �%�� &�� 3DWWHQ�

,QVWLWXWH�RI�(FRORJ\��8QLYHUVLW\�RI�*HRUJLD��$WKHQV��
*$�� �������86$�
H�PDLO��VMZKLSSOH#HDUWKOLQN�QHW�

-��'��/RQJ�
0DULQH� 6FLHQFH�&HQWHU��1RUWKHDVWHUQ�8QLYHUVLW\��
1DKDQW��0$��86$�

-��&�� 1HMVWJDDUG� ��$�� -DFREVHQ� �$�� /DUVHQ�

'HSDUWPHQW�RI�%LRORJ\��8QLYHUVLW\�RI�%HUJHQ��%HUJHQ��
1RUZD\�

-��7��$QGHUVRQ�
(VWXDULQH�5HVHDUFK�&HQWHU��0RUJDQ�6WDWH�8QLYHUVLW\��
6W��/HRQDUG��0'�� 86$�

-��0DUWLQH]�0DUWLQH]�
3O\PRXWK�0DULQH�/DERUDWRU\��
3O\PRXWK��'HYRQ��8.�

6��5��%RUUHWW�
&RPSXWDWLRQDO�/HDUQLQJ�/DERUDWRU\��
6WDQIRUG�8QLYHUVLW\��6WDQIRUG��&$��86$�
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SHUWDLQHG� WR� WKH�PROHFXODU� LGHQWLILFDWLRQ�RI�
JHQHWLF�GLIIHUHQFHV�EHWZHHQ�VLQJOH�FHOOV�DQG�FROR�
QLHV�RI�3��JORERVD��7KHVH�VWXGLHV�ZHUH�GHVLJQHG�WR�
SURYLGH�LQVLJKW�WR�WKH�TXHVWLRQ�RI�FRQWURO�IDFWRUV�
LQYROYHG�LQ�WKH�WUDQVLWLRQ�EHWZHHQ�VLQJOH�FHOO�DQG�
FRORQLDO�OLIH�VWDJHV��7KH� OLIH�F\FOH�PRGHO�SURYLGHG�
D� UHDG\�SODFH� WR�LQFRUSRUDWH�QHZ� LQVLJKWV�DQG�
XQGHUVWDQGLQJ�IURP�HPSLULFDO�VWXGLHV�LQWR�DQ�
H[LVWLQJ�PRGHO��DQG�FDQ�EH�XVHG�WR�LPSURYH�VLPX�
ODWLRQ�PRGHOV�RI�WKH�GLUHFW�DQG�LQGLUHFW�HIIHFWV�RI�
3KDHRF\VWLV�RQ�JOREDO�ELRJHRFKHPLVWU\��

.H\ZRUGV� &RQFHSWXDO�PRGHO� �/LIH�F\FOH�
0HVRFRVP� �0RGHO�GULYHQ�UHVHDUFK��3KDHRF\VWLV�

,QWURGXFWLRQ�

7KH�JHQXV�3KDHRF\VWLV�FRQWDLQV�VSHFLHV�WKDW�PD\�
SOD\�D�VLJQLILFDQW�UROH�LQ�JOREDO�ELRJHRFKHPLVWU\�
�6PLWK� -U�HW�DO�� ������ /DQFHORW� HW�DO�� ������:DVV�

PDQQ� HW�DO�� �������7KH\� RFFXU�RYHU�H[WHQVLYH�
DUHDV� �6WHIDQVVRQ�DQG�2ODIVVRQ� ������/DQFHORW�
DQG�5RXVVHDX��������VXSSO\�VLJQLILFDQW�SRUWLRQV�RI�
JOREDO�GLPHWK\O�VXOSKLGH��'06�� *DEULF� HW�DO��
������$\HUV�DQG�*LOOHWW��������DQG�SOD\�D�NH\�UROH�
LQ�SODQNWRQLF�HFRV\VWHPV��9HULW\�DQG�6PHWDFHN�
������/DQFHORW�HW�DO���������/LIH�F\FOH�SURFHVVHV�RI�
3KDHRF\VWLV�PD\�KDYH�VLJQLILFDQW�HIIHFWV�RQ�HFR�
V\VWHP�ELRJHRFKHPLFDO�SURFHVVHV�LQFOXGLQJ�QXWUL�
HQW� XSWDNH� DQG� UHJHQHUDWLRQ� E\� OLIH� IRUPV� RI�

3KDHRF\VWLV��QXWULHQW�UHOHDVH�E\�YLUDO�O\VLV��QXWUL�
HQW�UHOHDVH�DVVRFLDWHG�ZLWK�]RRSODQNWRQ�JUD]LQJ��
DQG� QXWULHQW�UHOHDVH� E\� VHQHVFHQW�FRORQLHV��
'HWDLOV� RI� WKH�FXUUHQW� VWDWH� RI�NQRZOHGJH� RI� WKH�

3KDHRF\VWLV� OLIH� F\FOH� DUH� FRPSUHKHQVLYHO\�
UHYLHZHG�LQ�5RXVVHDX� HW�DO�� �LQ�SUHVV��WKLV�YRO�
XPH���,Q�RUGHU�WR�LQWHJUDWH�XQGHUVWDQGLQJ�RI�WKH�
3KDHRF\VWLV�OLIH�F\FOH��D�FRQFHSWXDO�PRGHO�ZDV�
FRQVWUXFWHG��:KLSSOH�HW�DO������D���DOWKRXJK�WKH�
H[LVWHQFH� RI� VRPH� OLIH�VWDJHV� ZDV� XQFHUWDLQ� DQG�

WKH�FRQWUROV� RQ�PDQ\� RI� WKH�SURFHVVHV� ZHUH� SRRUO\�
XQGHUVWRRG��7KLV� H[HUFLVH�KLJKOLJKWHG�H[SHUL�
PHQWV�ZKLFK�FRXOG�SURYLGH�D�EHWWHU�XQGHUVWDQG�
LQJ�RI� WKH�UROH�RI� WKH�OLIH�F\FOH� LQ�VSHFLHV� G\QDPLFV�
DQG�HFRV\VWHP�SURFHVVHV��

6XFK�HQKDQFHG�XQGHUVWDQGLQJ�ZLOO�EH�LQFRUSR�
UDWHG�LQWR�D�GHYHORSLQJ�FRQFHSWXDO�PRGHO� �:KLS�
SOH� HW�DO�� ����D��� DQG� DOVR� LQWR� DQ� HFRV\VWHP�

PRGHO� LQ�ZKLFK�WKH�3KDHRF\VWLV�OLIH�F\FOH�LV�RQO\�
RQH� VHW�RI�ELRWLF�FRPSDUWPHQWV��:KLSSOH�HW�DO��
XQSXEO���� ,Q�PRGHO�GULYHQ� UHVHDUFK��PRGHOV�
H[SRVH�JDSV�LQ�RXU�XQGHUVWDQGLQJ�RI�WKH�3KDHR�
F\VWLV�OLIH�F\FOH�HPEHGGHG�LQ�LWV�HFRV\VWHP��HPSLU�
LFDO�VWXGLHV�WR�DGGUHVV�WKHVH�JDSV�HQVXH��DQG�WKH�
IHHGEDFN�IURP�LWHUDWLRQ�RI�WKLV�F\FOH�LPSURYHV�
XQGHUVWDQGLQJ��7KLV�SDSHU�SUHVHQWV�H[DPSOHV�RI�
KRZ�D� OLIH�F\FOH�PRGHO�RI�3KDHRF\VWLV�KDV�EHHQ�
XVHG� WR�GLUHFW�UHVHDUFK�RQ� WKH�3KDHRF\VWLV�OLIH�
F\FOH�DQG� LWV�HFRORJ\��DQG�GHPRQVWUDWHV�KRZ�
LQVLJKW�IURP�WKHVH�VWXGLHV�LQWHJUDWHG�LQWR�D�FRQ�
FHSWXDO�PRGHO� FRQWH[W�HQKDQFHV�DQG� LQWHJUDWHV�
VXFK�HPSLULFDO�ILQGLQJV��

0RGHO�GHVFULSWLRQ�

7KH�3KDHRF\VWLV�OLIH�F\FOH��ZKLFK�KDV�EHHQ�PRGL�
ILHG�IURP�WKH�PRGHO�SUHVHQWHG�LQ�:KLSSOH�HW�DO��
�����D���DGYDQFHV�FORFNZLVH�DURXQG�)LJ����IURP�
WKH�XSSHU�OHIW�ZLWK�'LSORLG�6ROLWDU\�&HOOV��DV�WKH�
VWDUWLQJ�SRLQW��7KHVH�FHOOV�IORZ�WR�DQG�IURP�1HZ�
&RORQLHV��ZKLFK� LV�WKH�FULWLFDO�WUDQVLWLRQ�VWDJH�
EHWZHHQ�VROLWDU\�DQG�FRORQLDO�OLIH�IRUPV��
$IWHU�QHZ�FRORQLHV�FHOOV�ILUVW�GLYLGH��WKH\�WUDQV�

IHU�WR�WKH�JURZLQJ�VPDOO�FRORQLHV�FRPSDUWPHQW��
0DWXUDWLRQ�FRQWLQXHV�WKURXJK�WKH�VL]H�FODVVHV��
VPDOO� �!�PHGLXP� ��� ODUJH� YLD�PLWRVLV� DQG�PXFXV�

SURGXFWLRQ� RI� FRORQ\� FHOOV�� 7KHUH� LV�DOVR� EDFN�
WUDQVIHU�IURP�ODUJHU� WR�VPDOOHU� VL]H� FODVVHV� E\�FRO�
RQ\�GLYLVLRQ��:KLSSOH�HW�DO������E���
:KHQ�FRORQLHV�EHJLQ�WR�ORVH�FHOOV��JURZLQJ�FRO�

RQLHV�DUH�WUDQVIHUUHG�WR�FRUUHVSRQGLQJ�VL]H�EDVHG�
VHQHVFHQW�FRORQLHV��'LSORLG� RU�KDSORLG�VROLWDU\�
FHOOV� DUH� UHOHDVHG� IURP� WKHVH� WR� FRPSOHWH� WKH�

3KDHRF\VWLV�OLIH�F\FOH��2I� WKH�IRXU�FRORQ\�IRUPLQJ�
3KDHRF\VWLV�VSHFLHV��KDSORLG�IODJHOODWHV�KDYH�EHHQ�
GRFXPHQWHG�RQO\�IRU�3KDHRF\VWLV�JORERVD��(LOHUW�
VHQ�������-DFREVHQ�������0HGOLQ�DQG�=LQJRQH�LQ�
SUHVV��WKLV�YROXPH��5RXVVHDX� HW�DO��LQ�SUHVV��WKLV�
YROXPH���7KH�RWKHU�OLIH�F\FOH�LQSXW�WR�GLSORLG�VROL�
WDU\�FHOOV� FRPHV� IURP�WUDQVIRUPDWLRQ� RI�QHZ� FROR�
QLHV�FHOOV��6\QJDP\�KDV�QRW�EHHQ�GRFXPHQWHG�LQ�
DQ\� 3KDHRF\VWLV� VSHFLHV�� KRZHYHU�� LW�KDV� EHHQ�
LQFOXGHG� LQ�WKH�PRGHO� VLQFH� LW�LV�K\SRWKHVL]HG� DV�

QHFHVVDU\�WR�FUHDWH�GLSORLG�VROLWDU\�FHOOV�IURP�KDS�
ORLG�FHOOV� SULRU� WR�FRORQ\� IRUPDWLRQ� LQ�3�� JORERVD�
�5RXVVHDX� HW�DO�� LQ�SUHVV�� WKLV�YROXPH��� 6LQFH� WKLV�

;(�6SULQJHU�
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��*UD]HUV� �� � ��6� � �� 6L]H�6HOHFWLYH�
��� aaaa������*UD]HUVa�

;�RO� �� �� &':3�H�
YLUDO�O\VLV� *URZLQJ� 
� URZLQJ� *URZLQ�

LQIRFKHPLFDOV� EXGGLQJ� EXGGLQJ�

6HQHVFHQW� LLaL�
/� 6\QJDP\� 6HQHVFHQW� 6HQHVFHQW� 6PDOO� &RORQLHV�

aa�?� 9� /DUJH� �� W� a0HGLXP�
?� ?� �� ?� ��_ROQLH� 5&:3� _�

)LJ��� 3KDHRF\VWLV� OLIH�F\FOH�GLDJUDP��6ROLG�OLQH� RYDOV�� V\PEROV��UDWH�FRQWURO�IRU�OLIH�F\FOH�WUDQVLWLRQV��5HFWDQJOHV�
3KDHRF\VWLV�OLIH�F\FOH�VWDJHV��GDVKHG�OLQH�RYDOV��RWKHU�HFR�� ZLWK� DFURQ\PV�� HPSLULFDO� VWXGLHV�ZLWK� GDVKHG�OLQHV�
V\VWHP�FRPSRQHQWV��6ROLG�DUURZV��OLIH�F\FOH�WUDQVLWLRQV��KRO�� SRLQWLQJ�WR�DQ� DVVRFLDWHG� OLIH�F\FOH�VWDJH�RU� OLIH�F\FOH�
ORZ�OLQH�DUURZV��LQSXWV�WR�RU�RXWSXWV�IURP�3KDHRF\VWLV��'�O� WUDQVLWLRQ�

1DPHV�DQG�DFURQ\PV�IRU�H[SHULPHQWV�GHVFULEHG��
&':3� &RORQ\�GLYLVLRQ�LQ�ZHOO�(ODWHV�
&)63� &RORQ\�IRUPDWLRQ�ZLWK�VHHG�SDUWLFOHV�
&)%,� &RORQ\�IRUPDWLRQ�ZLWK�EHQWKLF�LQYROYHPHQW�
&*:3� &RORQ\�JURZWK�LQ�ZHOO�SODWHV�
&6:3� &RORQ\� VHQHVFHQFH� LQ�ZHOO� SODWHV�
'*(� 'LIIHUHQWLDO�JHQH�H[SUHVVLRQ�
35,� 3KDHRF\VWLV�UHVSRQVH�WR�LQIRFKHPLFDOV�
5&:3� 5HOHDVH� RI�FRORQ\� FHOOV� LQ�ZHOO� SODWHV�
9,/� 9LUDO�LQIHFWLRQ�DQG�O\VLV�

PRGHO�ZDV� GHYHORSHG� WR�UHSUHVHQW�WKH�JHQXV�
3KDHRF\VWLV��KDSORLG�OLIH�VWDJHV�DUH�LQFOXGHG��EXW�
PD\�RQO\�RFFXU�LQ�FHUWDLQ�VSHFLHV��:KLSSOH�HW�DO��
����D���
+ROORZ�OLQH�DUURZV�LQ�)LJ����UHSUHVHQW�K\SRWKH�

VL]HG�IORZV�WR�RU�IURP�QRQ�3KDHRF\VWLV�FRPSR�
QHQWV�RI�WKH�ODUJHU�HFRV\VWHP��,Q�VRPH�FDVHV�WKHVH�
VHUYH� DV� FRQWUROV� RQ� OLIH�F\FOH� IORZV��DQG� LQ�RWKHU�

FDVHV� WKH\�DUH� ERXQGDU\� LQSXWV�RU�RXWSXWV� RI� WKH�
3KDHRF\VWLV�OLIH�F\FOH��7KUHH�PDLQ�RXWSXWV�IURP�
WKH�3KDHRF\VWLV�OLIH�F\FOH�DUH�UHSUHVHQWHG��7ZR�DUH�
JUD]LQJ�RQ�VROLWDU\�FHOOV��XSSHU�OHIW���DQG�JUD]LQJ�
RQ� DOO� VL]H�FODVVHV�RI�JURZLQJ�FRORQLHV��XSSHU�
ULJKW���7KH�WKLUG�LV�YLUDO�O\VLV��OHIW�FHQWHU���ZKLFK�LV�
DQ�RXWSXW�SURFHVV�XVXDOO\�HPSKDVL]HG�LQ�YLUDO�
VWXGLHV��+RZHYHU�� LQIHFWLRQ��DQ� LQSXW�SURFHVV��
PXVW�RFFXU�IRU�YLUXVHV�WR�FRPSOHWH�WKHLU�OLIH�F\FOH�

DQG�KDYH�DQ�HIIHFW�RQ�3KDHRF\VWLV�FHOOV��7KH� ODVW�
SURFHVV�LV�WKH�LQSXW�RI�LQIRFKHPLFDOV�IURP�]RR�
SODQNWRQ�JUD]HUV��ORZHU�OHIW��LQWR�3KDHRF\VWLV�VROL�
WDU\�FHOO�WR�FRORQ\�WUDQVIRUPDWLRQV�RU�FRORQ\�FHOOV��

&DVH�VWXGLHV�

7KH� FRQFHSWXDO�PRGHO�RI�WKLV�SDSHU�VHUYHV�WZR�
IXQFWLRQV�E\������SURYLGLQJ�D�FRQWH[W�IRU�LQWHJUDW�
LQJ�ZKDW�LV�NQRZQ��DQG�����GHILQLQJ�REVHUYDWLRQV�
DQG�H[SHULPHQWV�WR�HOLPLQDWH�XQNQRZQV��:KLS�
SOH�HW�DO������D���)LJXUH���JUDSKLFDOO\�GHSLFWV�KRZ�
WKH�3KDHRF\VWLV�OLIH�F\FOH�PRGHO� DQG�HPSLULFDO�
VWXGLHV�FRQGXFWHG�WR�DGGUHVV�XQNQRZQV�PD\�EH�
LQWHUUHODWHG��HDFK�H[SHULPHQW�ZLWKLQ�RXU�UHVHDUFK�
JURXS�GHVFULEHG�EHORZ�LV�GHQRWHG�E\�DQ�DFURQ\P�

H� 6SULQJHU�
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7DEOH� ��'HVFULSWLRQ�RI�WKH�3KDHRF\VWLV�OLIH�F\FOH�SURFHVVHV�DQG�WKH�VWXGLHV�DVVRFLDWHG�ZLWK�WKHP�WKDW�DUH�GLVFXVVHG�LQ�WKLV�
SDSHU�

$FURQ\P� 1DPH� XVHG�LQ�)LJ���� 3URFHVV�GHVFULSWLRQ� 6RXUFH�RI�GDWD�

&':3� &RORQ\�GLYLVLRQ�LQ�ZHOO�SODWHV� ,Q�YLWUR�REVHUYDWLRQV�RI�FRORQ\�GLYLVLRQ� :KLSSOH� HW�DO�������E��
LQ�3��SRXFKHWLL�

&)%,� &RORQ\�IRUPDWLRQ�ZLWK� ,Q�YLWUR�REVHUYDWLRQ�RI�FRORQLHV�GHULYHG� WKLV�VWXG\�
EHQWKLF�LQYROYHPHQW� IURP�FRDUVH�VXUILFLDO�PDWHULDO�FROOHFWHG�

IURP�VKDOORZ�IMRUG�VHGLPHQWV�
&)63� &RORQ\�IRUPDWLRQ�ZLWK� ,Q�YLWUR�REVHUYDWLRQ�RI�FRORQ\�IRUPDWLRQ� 1HMVWJDDUG�HW�DO���LQ�SUHVV��

VHHG�SDUWLFOHV� IURP�VROLWDU\�FHOOV�LQ�3��SRXFKHWLL�
ZLWK�GLDWRP�IUXVWXOHV�

&*:3� &RORQ\�JURZWK�LQ�ZHOO�SODWHV� ,Q�YLWUR�REVHUYDWLRQV�RI�FRORQ\� :KLSSOH� HW�DO�������E��
JURZWK�LQ�3��SRXFKHWLL�

&6:3� &RORQ\�VHQHVFHQFH� ,Q�YLWUR�REVHUYDWLRQV�RI�FRORQ\� WKLV�VWXG\�
LQ�ZHOO�SODWHV� VHQHVFHQFH�LQ�3��SRXFKHWLL�

'*(� 'LIIHUHQWLDO�JHQH�H[SUHVVLRQ� 'LIIHUHQWLDO�JHQH�H[SUHVVLRQ�LQ� WKLV�VWXG\�
VROLWDU\�YHUVXV�FRORQLDO�FHOOV�LQ�3��JORERVD�

35,� 3KDHRF\VWLV�UHVSRQVH� ([SHULPHQWV�WR�GHWHUPLQH�3��JORERVD� /RQJ�HW�DO���VXEPLWWHG���
WR�LQIRFKHPLFDOV� UHVSRQVH�WR�SUHVHQFH�RI�PLFUR��DQG� /RQJ� �������

PHVR]RRSODQNWRQ�JUD]HUV�RU�WKHLU�
LQIRFKHPLFDOV�

5&:3� 5HOHDVH� RI�FRORQ\�FHOOV� ,Q�YLWUR�REVHUYDWLRQV�RI�FRORQ\�FHOO� WKLV�VWXG\�
LQ�ZHOO�SODWHV� UHOHDVH�LQ�3��SRXFKHWLL�

6,0� 6SHFLHV� LGHQWLILFDWLRQ� ��6�U'1$�SUREH�DVVHVVPHQW�RI� WKLV�VWXG\�
LQ�PHVRFRVPV� 3KDHRF\VWLV�VSHFLHV�JURZLQJ�LQ������

1RUZHJLDQ�PHVRFRVP�
9,/� 9LUDO� LQIHFWLRQ�DQG�O\VLV� ,Q�YLWUR�REVHUYDWLRQV�RI�YLUDO�LQIHFWLRQ� -DFREVHQ�HW�DO����������

DQG�O\VLV�IRU�FHOOV�IURP�LQWDFW�DQG�
GLVUXSWHG�FRORQLHV�LQ�3��SRXFKHWLL�

�H�J���9,/�  �YLUDO�LQIHFWLRQ�DQG�O\VLV��OHIW�FHQWHU��
LQGLFDWLQJ�ZKHUH�LW�UHODWHV�WR�WKH�OLIH�F\FOH��7KH�
QLQH�SURFHVVHV�DQG�WKHLU�DVVRFLDWHG�VWXGLHV�FRQ�
VLGHUHG�LQ�WKLV�SDSHU�DUH�VKRZQ�LQ�WKHLU�OLIH�F\FOH�
FRQWH[W�LQ�)LJ�����'HVFULSWLRQV�RI�WKHVH�SURFHVVHV��
WKHLU�DFURQ\PV��DQG�GDWD�VRXUFHV�DUH�VKRZQ�LQ�
7DEOH����DQ�HQWU\�GHVFULELQJ�YHULILFDWLRQ�RI�WKH�
3KDHRF\VWLV�VSHFLHV�IRXQG�LQ�WKH�PHVRFRVP�VWXG�
LHV��6,0�� LV�DOVR� LQFOXGHG��6WDJHV�RU�SURFHVVHV�
LQYROYHG�LQ�WKH�SKHQRPHQD�XQGHU�LQYHVWLJDWLRQ�
DUH�GHVFULEHG�LQ�UHODWLRQ�WR�WKH�OLIH�F\FOH�PRGHO��
3DUHQWKHVL]HG�DFURQ\PV�IRU�WKH�7DEOH� ��H[SHUL�
PHQWV�DSSHDU�LQ�WKH�VXEKHDGLQJV�RI�WKLV�VHFWLRQ��
,Q�IRXU�FDVH�VWXGLHV��GHWDLOHG�PHWKRGV�DQG�UHVXOWV�
DUH�SUHVHQWHG��LQ�RWKHU�FDVHV��D�EULHI�VXPPDU\�RI�
PHWKRGV�DQG�UHVXOWV�ZLOO�EH�JLYHQ�EDVHG�RQ�SXE�
OLVKHG�RU�VXEPLWWHG�OLWHUDWXUH�VRXUFHV��ZKLFK�PD\�
EH�FRQVXOWHG�IRU�IXUWKHU�GHWDLOV��7KH�'LVFXVVLRQ�
VHFWLRQ�FRQVLGHUV�EURDGHU� LPSOLFDWLRQV�RI�RXU�
HPSLULFDO�ILQGLQJV�IRU�ERWK�3KDHRF\VWLV�OLIH�F\FOH�
G\QDPLFV�LWVHOI��DQG�SRWHQWLDO�UHYLVLRQV�RI�WKH�OLIH�
F\FOH�PRGHO��

0HVRFRVP�H[SHULPHQW�PHWKRGV�

0DQ\� RI�WKH�REVHUYDWLRQV�DQG�H[SHULPHQWV�GLV�
FXVVHG�EHORZ�ZHUH�SHUIRUPHG�LQ�WKH�FRQWH[W�RI�
PHVRFRVP�VWXGLHV�FRQGXFWHG�LQ�5DXQHIMRUGHQ�DW�
WKH�1RUZHJLDQ�1DWLRQDO� 0HVRFRVP� &HQWHU��
ORFDWHG�DW�WKH�PDULQH�ELRORJLFDO�ILHOG�VWDWLRQ�DW�WKH�
8QLYHUVLW\�RI�%HUJHQ�LQ�ZHVWHUQ�1RUZD\��6WXGLHV�
ZHUH�FRQGXFWHG�EHWZHHQ���0DUFK� DQG����0DUFK�
�����DQG����)HEUXDU\�DQG���$SULO�������1HMVWJ�
DDUG�HW�DO���������WKHVH�VWXGLHV�ZLOO�EH�UHIHUUHG�WR�
DV������DQG������PHVRFRVP�VWXGLHV�LQ�WKH�UHPDLQ�
GHU� RI� WKH�SDSHU�� 7KH� PDLQ� UHVXOWV�RI� WKHVH�PHVR�
FRVP� VWXGLHV�ZLOO� QRW� EH� SUHVHQWHG� LQ� WKLV�
PDQXVFULSW��WKH\�DUH�SURYLGHG�LQ�GHWDLO�LQ�1HMVWJ�
DDUG� HW�DO�� �������� 7KH� SXUSRVH� RI� WKLV�VHFWLRQ� LV�WR�

SURYLGH�VXIILFLHQW�EDFNJURXQG�RQ� WKH�PHVRFRVP�
VWXGLHV�VR� WKDW�H[SHULPHQWV�FRQGXFWHG�LQ�WKHLU�
FRQWH[W�FDQ�EH�XQGHUVWRRG�DQG�LQWHUSUHWHG��

,Q�HDFK�VWXG\��WKUHH�WUDQVSDUHQW�SRO\HWK\OHQH�
HQFORVXUHV� �����P� GHHS�� ��P� GLDPHWHU�� FD�� ���PL���
����3$5��ZHUH�ILOOHG�ZLWK�XQILOWHUHG�IMRUG�ZDWHU�

;��6SULQJHU�
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IURP���P� GHSWK��$Q� DLUOLIW�V\VWHP�FRPSOHWHO\�
PL[HG� WKH�HQFORVXUHV�DSSUR[LPDWHO\�ILYH�WLPHV�
SHU�GD\��7R�DOORZ�IRU�WKH�LQWURGXFWLRQ�RI�QHZ�VSH�
FLHV�� WR�DYRLG� S+� FKDQJHV�� DQG� WR� UHSODFH� ZDWHU�

UHPRYHG�IRU�VDPSOLQJ������RI�WKH�ZDWHU�LQ�HDFK�
HQFORVXUH�ZDV� UHQHZHG�GDLO\�ZLWK�IMRUG�ZDWHU�
�1HMVWJDDUG�HW�DO���������7ZR�RI�WKH�WKUHH�PHVR�
FRVPV�ZHUH�DPHQGHG�ZLWK�QLWUDWH�DQG�SKRVSKDWH�
WKDW�FRUUHVSRQGHG�WR�DQ� LQLWLDO�HQULFKPHQW�RI�
��� MW0�QLWUDWH� DQG� �� >L0�SKRVSKDWH�� 'DLO\� DGGL�

WLRQ�RI�����M0� QLWUDWH�DQG� ����M0� SKRVSKDWH�
UHSODFHG�QXWULHQWV�UHPRYHG�E\�WKH�����ZDWHU�
UHQHZDO�DQG�VDPSOLQJ��,Q�WKH������H[SHULPHQW��
EDVHG�RQ� ORZ�QXWULHQW�FRQFHQWUDWLRQV�PHDVXUHG�
RQ�0DUFK�����ERWK�QXWULHQW�HQULFKHG�PHVRFRVPV�
ZHUH�DXJPHQWHG�ZLWK�DGGLWLRQDO�QXWULHQWV����ML0�
QLWUDWH�DQG�����M0�SKRVSKDWH�RQ�WKH�HYHQLQJ�RI�
0DUFK� ����7KH� WKLUG�PHVRFRVP� LQ�HDFK�H[SHUL�
PHQW��ZKLFK�ZDV�OHIW�XQDPHQGHG��VHUYHG�DV�D�FRQ�
WURO��1HMVWJDDUG�HW�DO���������'HWDLOHG�GHVFULSWLRQ�
RI�PHVRFRVP�VHW�XS��VDPSOLQJ��DQDO\WLFDO�PHWK�
RGV��DQG�UHVXOWV�DUH�GHVFULEHG�LQ�1HMVWJDDUG�HW�DO��
��������

6SHFLHV�LGHQWLILFDWLRQ�LQ�PHVRFRVPV��6,0��

'XULQJ� WKH������ DQG������PHVRFRVP� VWXGLHV�
PDQ\�RI�WKH�3KDHRF\VWLV�FRORQLHV�ZHUH�REVHUYHG�
WR�EH�SHUIHFWO\�VSKHULFDO��VXJJHVWLQJ�WKDW�WKHUH�
PD\�EH�3��JORERVD�UDWKHU�WKDQ�3��SRXFKHWLL�SUHV�
HQW�LQ�ZHVWHUQ�1RUZHJLDQ�IMRUGV��'XULQJ�WKH�VHF�
RQG�PHVRFRVP�H[SHULPHQW��������DQ�HIIRUW�ZDV�
PDGH� WR�GHWHUPLQH�WKH�GLYHUVLW\�RI�3KDHRF\VWLV�
VSHFLHV�SUHVHQW�LQ�WKHVH�PHVRFRVP�VWXGLHV��

0HWKRGV�

7KURXJKRXW�WKH������PHVRFRVP�VWXG\��ZDWHU�����
����PO�� ZDV� FROOHFWHG� HYHU\� WKLUG�GD\� RQWR� ����JP�
6XSRU"�PHPEUDQH�ILOWHUV��3DOO�FRUS���DQG�VWRUHG�
DW����"&�XQWLO�DQDO\VLV��)ROORZLQJ�HQXPHUDWLRQ�RI�
3KDHRF\VWLV�VS��VLQJOH�FHOOV�DQG�FRORQLHV��WZR�VDP�
SOHV�ZHUH�FKRVHQ�IRU�PROHFXODU�GHWHUPLQDWLRQ�RI�
WKH�FRPSRVLWLRQ�RI�WKH�3KDHRF\VWLV�VS��FRPPX�
QLW\��*HQH� VHTXHQFH�DQDO\VLV�RI�3KDHRF\VWLV�VS��
VPDOO�VXEXQLW�ULERVRPDO�51$� �U51$�� JHQHV�
IURP�VDPSOHV�FROOHFWHG�IURP�D�IHUWLOL]HG�HQFORVXUH�
HDUO\�LQ�WKH�H[SHULPHQW�ZKHQ�RQO\�VLQJOH�FHOOV�
ZHUH� SUHVHQW� ���0DUFK� ������ VLQJOH� FHOOV� ���PO����

FRORQLHV���PO�
�� DQG�VDPSOHV�FROOHFWHG�GXULQJ�WKH�
SHDN�RI�WKH�EORRP�����0DUFK� ������VLQJOH�FHOOV�
����PO��� FRORQLHV����PO�
��ZHUH�H[DPLQHG��7RWDO�
'1$� ZDV�H[WUDFWHG�IURP�ILOWHUV�XVLQJ�WKH�8OWUD�
FOHDQ70�VRLO�'1$� LVRODWLRQ��0R%LR�/DERUDWRULHV��
,QF���DV�SUHYLRXVO\�GHVFULEHG��$OOHQ�HW�DO���������
6PDOO�VXEXQLW�U51$�JHQHV�IURP�3KDHRF\VWLV�VS��
ZHUH� VSHFLILFDOO\�SRO\PHUDVH�FKDLQ� UHDFWLRQ�
�3&5��DPSOLILHG�XVLQJ�D�XQLYHUVDO���6�U51$�WDU�
JHWHG� SULPHU�8QLY)���� ��
� FWJ�FFD� JWD�JWF�DWD� WJF��

)ULVFKHU�HW�DO��������DQG�D�3KDHRF\VWLV�JHQXV�VSH�
FLILF�SULPHU�3+$(2�� ��
�FJJ�WFJ�DJJ�WJJ�DFW�FJW��
/DQJH�HW�DO���������$PSOLILFDWLRQ�UHDFWLRQV�ZHUH�
IDFLOLWDWHG�XVLQJ�DQ�$SSOLHG� %LRV\VWHPV�������
WKHUPRF\FOHU�LQ����JLO�YROXPHV��(DFK�DPSOLILFDWLRQ�
UHDFWLRQ�FRQVLVWHG�RI���>WO�(SSHQGRUI�"�0DVWHU�
0L["� �(SSHQGRUI�1RUWK�$PHULFD��� ���� WO�3&5�
JUDGH� GLVWLOOHG� ZDWHU�� ��SO� HDFK� SULPHU�
�����QJ� >G�����DQG� ��SWO�RI�XQGLOXWHG� RU������GLOXWHG�
'1$� H[WUDFW��3XULILHG�'1$� IURP�WKH�H[WUDFWHG�
VDPSOHV�ZDV�QRW�TXDQWLILHG��5HDFWLRQ�FRQGLWLRQV�
FRQVLVWHG�RI�DQ� LQLWLDO�GHQDWXUDWLRQ�VWHS����"&��
��PLQ��IROORZHG�E\����DPSOLILFDWLRQ�F\FOHV����"&��
��� V����"&�� ���V����"&�� ��� V�� IROORZHG� E\� D� ��PLQ�

ILQDO�H[WHQVLRQ�DW���"&��3&5� DPSOLFRQV�ZHUH�
H[DPLQHG� RQ� DQ� DJDURVH� JHO� WR�LQVXUH� WKDW�RQO\� D�

VLQJOH�EDQG�ZDV� SURGXFHG��6LQJOH�EDQGV�ZHUH�
FORQHG�LQWR�WKH�EDFWHULDO�SODVPLG�YHFWRU�3&5"����
XVLQJ�WKH�7232� 7$� &ORQLQJ"�NLW��,QYLWURJHQ��
&DUOVEDG��&$�� DQG�VHTXHQFHG�LQ�ERWK�GLUHFWLRQV�
DV�SUHYLRXVO\�GHVFULEHG��)ULVFKHU�HW�DO���������

5HVXOWV�

$� WRWDO�RI����FORQHV� ZDV� VHTXHQFHG� DQG� WKH�LGHQ�

WLW\�RI�HDFK�FORQHG�VHTXHQFH�ZDV�FRQILUPHG�WR�EH�
3KDHRF\VWLV�SRXFKHWLL��LQGLFDWLQJ�WKDW�LW�LV�XQOLNHO\�
WKDW�DQ\�RWKHU�VSHFLHV�RI�3KDHRF\VWLV�ZHUH�SUHVHQW�
LQ�WKHVH�VWXGLHV��

7HVWLQJ�IRU�WKH�H[LVWHQFH�RI�D�SURFHVV�RU�SURGXF�
LQJ�D�GHVFULSWLRQ�RI�D�SURFHVV�

&RORQ\�IRUPDWLRQ�ZLWK�EHQWKLF�LQYROYHPHQW�
�&)%,��

%HQWKLF�LQYROYHPHQW�LQ�WKH�OLIH�F\FOH�RI�YDULRXV�
3KDHRF\VWLV�VSHFLHV�KDV�EHHQ�GLVFXVVHG�IRU�PDQ\�
\HDUV�LQ�WKH�OLWHUDWXUH��.D\VHU��������GHVFULEHV�KLV�

H� 6SULQJHU�
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REVHUYDWLRQ�RI�EHQWKLF�FHOOV�LQ�FXOWXUH�DV�IROORZV��
�,W� LV�LQWHUHVWLQJ�WR�REVHUYH�WKDW�VLQJOH�FHOOV�RI�
3KDHRF\VWLV�SRXFKHWLL�H[KLELW�D�WHQGHQF\�WR�DWWDFK�
WKHPVHOYHV�WR�VROLG�VXUIDFHV����:H� PD\�DVVXPH�
WKDW� LQ� WKH�RSHQ� VHD� VLQJOH� FHOOV� DUH� DWWDFKHG� WR�

VROLG�VXUIDFHV�RQ�WKH�VHD�IORRU�RU�WR�PRWLOH�SDUWL�
FOHV�DQG�FRQVWDQWO\�VXSSO\�WKH�IUHH�ZDWHU�ZLWK�VLQ�
JOH�FHOOV�RU�\RXQJ�FRORQLHV�� �.D\VHU�������SS��
����������5RXVVHDX�HW�DO���������S������FRQFOXGHG��
WKHUH�LV�����DEVROXWHO\�QR� HYLGHQFH�IRU�D� WUXO\�
GLIIHUHQWLDWHG�EHQWKLF�VWDJH���
5RXVVHDX�HW�DO���LQ�SUHVV��WKLV�YROXPH��GHVFULEH�

3��JORERVD�GLSORLG�IODJHOODWHV�DV�IRUPLQJ�QHZ�FROR�
QLHV� ZLWKLQ� D� GD\� DIWHU� DGKHVLRQ� WR� D� VXUIDFH�

�&DULRX�HW�DO��������.D\VHU�������.RUQPDQQ�������
5RXVVHDX�HW�DO���������1RQ�OLYLQJ�SDUWLFOHV��5RXV�
VHDX�HW�DO���������FXOWXUH�YHVVHO�ZDOOV��&DULRX�HW�DO��
������.D\VHU��������DQG�GLDWRPV��:HLVVH�HW�DO��
������%RDOFK� ������5RXVVHDX� HW�DO��������KDYH�
EHHQ�UHSRUWHG�DV�DGKHVLRQ�VLWHV��5RXVVHDX�HW�DO��
LQ�SUHVV��WKLV�YROXPH���$WWDFKPHQW�RI�FHOOV�WR�VXU�
IDFHV�OHG�WR�WKH�DVVXPSWLRQ�WKDW�D�EHQWKLF�VWDJH��
DFWLQJ�DV�DQ�RYHUZLQWHULQJ�IRUP��H[LVWV�LQ�WKH�QDW�
XUDO�HQYLURQPHQW��.D\VHU�������5RXVVHDX�HW�DO��LQ�
SUHVV��WKLV�YROXPH���7KH�JHQHUDO�FRQFOXVLRQ�IURP�
WKHVH� UHSRUWV�LV� WKDW� WKH�GLSORLG� IODJHOODWH�
GHVFULEHG�LQ�WKHVH�VWXGLHV�LV�QRW�D�WUXO\�GLIIHUHQWL�
DWHG�EHQWKLF�IRUP��5RXVVHDX�HW�DO��LQ�SUHVV��WKLV�
YROXPH���

(PSLULFDO� ZRUN� FRQGXFWHG� GXULQJ� WKH�

�����PHVRFRVP�VWXG\�WHVWHG�ZKHWKHU�3��SRXFKHWLL�
VROLWDU\�FHOOV�RU�FRORQLHV�ZRXOG�EH� UHVXVSHQGHG�
IURP�IMRUG�VHGLPHQW�LQFXEDWHG�ZLWK�ILOWHUHG�ZDWHU�
LQ�FRQWUROOHG�HQYLURQPHQWDO�FKDPEHUV��

0HWKRGV�

%HQWKLF�VXEVWUDWH��ZKLFK�FRQVLVWHG�RI�PHGLXP�
JUDLQHG�VDQGV�ZLWK�VKHOOV�DQG�ELRWLF�UHPDLQV��ZDV�
KDQG�FROOHFWHG�E\�6&8%$� GLYHUV�IURP����P�
GHSWK� LQ�D�FRDVWDO� HPED\PHQW� QHDU� %HUJHQ�� 1RU�

ZD\�RQ�0DUFK�����������7KH�VHGLPHQWV�ZHUH�NHSW�
LVRODWHG�IURP�WKH�RYHUO\LQJ�ZDWHU�GXULQJ�FROOHF�
WLRQ�DQG� H[SHULPHQWDO�SUHSDUDWLRQ��DQG�ZHUH�
RYHUODLG�ZLWK�ILOWHUHG�VHDZDWHU�GXULQJ�LQFXEDWLRQ��
$� VHW�RI����FF� DOLTXRWV� RI�GUDLQHG� EXW�GDPS� VHGL�

PHQWV�ZHUH�SODFHG� LQ�WKH�ERWWRP�RI� WULSOLFDWH�
����PO� 3&� ERWWOHV� DQG� JUDGXDOO\� RYHUODLG� ZLWK�
����PO� RI� WKH� IROORZLQJ� ZDWHU� W\SHV�� DUWLILFLDO�

VHDZDWHU��DXWRFODYHG�IMRUG�ZDWHU������JP�ILOWHUHG�
ZDWHU�IURP�PHVRFRVP�����FRQWURO��QR�QXWULHQWV�
DGGHG�������JP�ILOWHUHG�ZDWHU�IURP�PHVRFRVP����
�12��DQG�3���DGGHG���7KH�ERWWOHV�ZHUH�LQFXEDWHG�
XQGHU� GLP� OLJKW������ MPRO�P��� V�� ��PHDVXUHG� XVLQJ�
D�%LRVSKHULFDO�,QVWUXPHQWV�46/����� PHWHU�ZLWK�
D�VSKHULFDO�OLJKW�FROOHFWRU��������/�'�� DW��"&�LQ�D�
ZDON�LQ� FROG� URRP� DQG� VDPSOHG� DW�GD\� �� �VWDUW�RI�

LQFXEDWLRQ��DQG�DW�GD\����7KH�DEXQGDQFH��GLDPH�
WHU��DQG�FHOO�GHQVLW\�RI�3��SRXFKHWLL�FRORQLHV�ZHUH�
PHDVXUHG�PLFURVFRSLFDOO\��

5HVXOWV�

3KDHRF\VWLV�SRXFKHWLL�FRORQLHV�ZDV�REVHUYHG�LQ�DOO�
VHGLPHQW�ZDWHU�WUHDWPHQWV�DIWHU�VHYHQ�GD\V�RI�
LQFXEDWLRQ��)LJ������7KH�KLJKHVW�QXPEHU�RI�FROR�
QLHV�GHYHORSHG�LQ�ERWWOHV�FRQWDLQLQJ�ILOWHUHG�ZDWHU�
IURP�PHVRFRVP��� �0��� WUHDWPHQWV��ZKLFK�KDG�
UHFHLYHG�GDLO\�QLWURJHQ�DQG�SKRVSKRUXV�DGGLWLRQV�
�)LJ���D���0��ZDWHU�VDPSOHV�DOVR�FRQWDLQHG�FROR�
QLHV�ZLWK�WKH�ODUJHVW�GLDPHWHU��DQG�KLJKHVW�QXP�
EHU�RI�FHOOV�SHU�FRORQ\��)LJV���E�F���

([LVWHQFH�RI�FRORQ\�GLYLVLRQ�LQ�3��SRXFKHWLL�
�&':3�� 8VLQJ� LQ�YLWUR�REVHUYDWLRQV�RI�PHVR�
FRVP�GHULYHG�3��SRXFKHWLL�FRORQLHV�LQ�ZHOO�SODWHV�
LQ�������:KLSSOH�HW�DO�������E��UHSRUWHG�WKDW����
����RI�ZHOOV�FRQWDLQ�FRORQLHV�WKDW�GLYLGHG�DW�OHDVW�
RQFH��7KH\�DOVR�REVHUYHG�WKDW�GLYLVLRQ�RI�FRORQLHV�
ZDV� RQO\�REVHUYHG� DIWHU�PDQ\� KRXUV� KDG� HODSVHG��
7KLV�PD\�LQGLFDWH�WKDW�FRORQLHV�XQGHUJR�D�SHULRG�
RI�FRORQ\�HQODUJHPHQW�E\�FHOO�GLYLVLRQ�DQG�PXFXV�
SURGXFWLRQ�EHIRUH�WKH\�GLYLGH�WR�SURGXFH�GDXJK�
WHU�FRORQLHV��:KLSSOH�HW�DO������E���7KLV�SDWWHUQ�
RI�FRORQ\�PXOWLSOLFDWLRQ�ZDV�DOVR�UHSRUWHG�IRU�3��
JORERVD��9HULW\�HW�DO���������

,GHQWLILFDWLRQ�RI�PROHFXODU�PDUNHUV�WKDW�GLVWLQ�
JXLVK�EHWZHHQ�VLQJOH�FHOOV�DQG�FRORQLHV�$� ILUVW�
RUGHU�K\SRWKHVLV�JHQHUDWLQJ�TXHVWLRQ�DVVRFLDWHG�
ZLWK�WKH�PXOWLIRUP�OLIH�F\FOH�RI�3KDHRF\VWLV�VS��LV�
WKH�LGHQWLILFDWLRQ�RI�FHOOXODU�DQG�JHQHWLF�GLIIHU�
HQFHV�EHWZHHQ�VLQJOH�DQG�FRORQLDO�FHOOV��7R�EHJLQ�
WR�DGGUHVV� WKLV�TXHVWLRQ� LQ�WKH�FRQWH[W� RI� WKH�FRP�

SOH[�3KDHRF\VWLV�OLIH�F\FOH��D�GLIIHUHQWLDO�GLVSOD\�
3&5� DSSURDFK� ZDV� XVHG� WR� LGHQWLI\�JHQHV� ZKRVH�

H[SUHVVLRQ�ZDV� UHJXODWHG�LQ�FRORQLDO� YHUVXV�
VLQJOH�FHOOV��7KHVH� VWXGLHV�ZHUH�FRQGXFWHG�ZLWK�

H� 6SULQJHU�
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)LJ�� �� 5HVXOWV� RI� VXUILFLDO� PDWHULDO� FROOHFWHG� IURP� VKDOORZ�

IMRUG� VHGLPHQWV� H[SHULPHQW�� 7UHDWPHQW� NH\��$UW6:��� DUWL�

ILFLDO� VHDZDWHU�� $XWR&��� DXWRFODYHG� IMRUG� ZDWHU�� 0O�� ���

���� �XP�ILOWHUHG� ZDWHU� IURP�PHVRFRVP� ��� �� � QR� QXWULHQWV�

DGGHG��� 0��� �������XP� ILOWHUHG� ZDWHU� IURP�PHVRFRVP� ���

�12�� DQG� 3��� DGGHG��� �D��$EXQGDQFH� RI�3�� SRXFKHWLL� FROR�

QLHV� �FRORQLHV� PO�
��� KLVWRJUDPV� UHSUHVHQW� FRORQ\� HVWLPDWHV�

IRU�HDFK� UHSOLFDWH� ERWWOH�� �E�� &RORQ\� GLDPHWHU� ��XPQ���HUURU�

EDUV� UHSUHVHQW� VWDQGDUG� GHYLDWLRQV� RI�HVWLPDWHV� ZLWKLQ� HDFK�

ERWWOH� FDOFXODWHG� IURP� WULSOLFDWH� FRXQWV�� �F�� &HOO� GHQVLW\�

�FHOOV� FRORQ\�
��� HUURU� EDUV� UHSUHVHQW� VWDQGDUG� GHYLDWLRQV� RI�

HVWLPDWHV� ZLWKLQ� HDFK� ERWWOH� FDOFXODWHG� IURP� WULSOLFDWH�
FRXQWV�

ODERUDWRU\� FXOWXUHV� RI� 3�� JORERVD� �&&03� ������
3URYDVROL�*XLOODUG�1DWLRQDO�&HQWHU�IRU�&XOWXUH�RI�
0DULQH�3K\WRSODQNWRQ��86$���

0HWKRGV�

7KUHH�LQGHSHQGHQW�FXOWXUHV�RI�3��JORERVD�&&03�
����� ZHUH� JURZQ� IRU�RQH� ZHHN� DW� ��"&�� ������

OLJKW�GDUN�� LQ�/L�6L� PHGLD� �*XLOODUG� DQG� +DU�

JUDYHV���������8QGHU�WKHVH�FRQGLWLRQV�ERWK�VLQJOH�
FHOOV� DQG� FRORQLHV� ZHUH� SURGXFHG� LQ�HDFK� FXOWXUH��

6LQJOH� FHOOV� ZHUH� VHSDUDWHG� IURP� FRORQLHV� E\�

UHYHUVH� RVPRVLV� ZLWK� D� ���SLP�PHVK� VLHYH� DQG�

KDQG� SXPS�� &HOOV� DQG� FRORQLHV� ZHUH� VHSDUDWHO\�

FROOHFWHG� RQWR� ���PP�� ��SWP�'XUDSRUH� ILOWHUV�

��69/3�������0LOOLSRUH��%HGIRUG��0$���$SSUR[�
LPDWHO\� ���� [� ���� VLQJOH� FHOOV� DQG� ��[� ���� VPDOO�

FRORQLHV� �FD�� ��PP�� ZHUH� LPPRELOL]HG� SHU� ILOWHU��

51$� ZDV� H[WUDFWHG� IURP�HDFK� VDPSOH� XVLQJ� WKH�

4LDJHQ� 51HDV\� 3ODQW� 0LQL� .LW� �&DW�� �������

4LDJHQ�� 9DOHQFLD�� &$�� IROORZLQJ� WKH�PDQXIDF�

WXUHU
V�UHFRPPHQGHG�SURFHGXUHV��4LDJHQ��9DOHQ�
FLD�� &$��� 3XULILHG� 51$� H[WUDFWV� RI� UHSOLFDWH�

VDPSOHV� IURP� HDFK� FXOWXUH� ZHUH� FRPELQHG� ���

H[WUDFWLRQV� IRU�HDFK� FHOO� W\SH���51$� ZDV� TXDQWL�

ILHG�E\�IOXRURPHWU\�XVLQJ�5LER*UHHQ��0ROHFXODU�
3UREHV�� ,QF��� DQG� SXULILHG� 51$� ZDV� VWRUHG� DW�

���"&�XQWLO�DQDO\VLV��
'LIIHUHQWLDOO\�H[SUHVVHG�JHQHV�ZHUH� LGHQWLILHG�

E\�GLIIHUHQWLDO�GLVSOD\�IROORZLQJ�F'1$� V\QWKHVLV�
IURP�FD�� ���WJ�RI� WRWDO�51$� XVLQJ� WKH�$GYDQWDJH"�
F'1$� 3&5� NLW� �&DW��.�������� &ORQWHFK� /DERUD�

WRULHV��,QF���3DOR�$OWR��&$���'LIIHUHQWLDO�GLVSOD\�
DQDO\VLV�ZDV� IDFLOLWDWHG� XVLQJ� UHDJHQWV� DQG� SURFH�

GXUHV� DVVRFLDWHG� ZLWK� WKH�FRPPHUFLDOO\� DYDLODEOH�

GHOWD�GLIIHUHQWLDO�GLVSOD\�NLW"� �&DW��.��������
&ORQWHFK� /DERUDWRULHV�� ,QF��� 3DOR� $OWR�� &$���

$PSOLILFDWLRQ� RI� F'1$� ZDV� DFFRPSOLVKHG� ZLWK�

DOO����XQLTXH� FRPELQDWLRQV� RI����DUELWUDU\����PHU�

SULPHUV� �3� SULPHUV�� DQG� ��2OLJR�G7�� SULPHUV� �7�

SULPHUV��VXSSOLHG�LQ�WKH�GHOWD�GLIIHUHQWLDO�GLVSOD\�
NLW��'LIIHUHQWLDO�GLVSOD\�DPSOLILFDWLRQ�UHDFWLRQV�
ZHUH� FRQGXFWHG� LQ���� �G�YROXPHV� ZLWK� �� WOG�O2;�

.OHQ� 7DT� 3&5� UHDFWLRQ� EXIIHU������� SO�3&5� JUDGH�

GLVWLOOHG� ZDWHU�� ���� S�O�G173� PL[� ���P0� HDFK���

���� SO��2;�$GYDQWDJH"� .OHQ7DT�� ���� SO���3�G$73��
DQG� ��S�O�RI� D� ����� RU� D� ����� GLOXWLRQ� RI� F'1$�

WHPSODWH�� $PSOLILFDWLRQ� FRQGLWLRQV� ZHUH� DV�

4� 6SULQJHU�
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7DEOH� �� 'LIIHUHQWLDOO\�H[SUHVVHG�JHQH�IUDJPHQWV�IURP�3��JORERVD�FRORQLDO�DQG�VLQJOH�FHOOV�

&HOO� W\SH� 1R�� RI� &RQD� 3DUWLDOO\�UHJXODWHG� )XOO\�UHJXODWHG�
EDQGV�

8SD� UHJ� 'RZQ� UHJD� 2Q� 2II�

&HOOV� ����� ����� ��� ��� ���� ���
&RORQLHV� ����� ����� �� �� �� ���

D�&RQ��FRQVWLWXWLYHO\�H[SUHVVHG��XS�UHJ��XSUHJXODWHG��GRZQ�UHJ��GRZQUHJXODWH�

UHFRPPHQGHG�E\�&ORQWHFK�DQG�FRQVLVWHG�RI�WKUHH�
ORZ�VWULQJHQF\�3&5�F\FOHV��OVW�F\FOH����"&����PLQ��
��"&����PLQ����"&����PLQ���VHFRQG�DQG�WKLUG�F\FOHV�
���"&�� ��� V����"&�� ��� V����"&�� ��PLQ��� DQG� ��� DGGL�

WLRQDO�KLJK�VWULQJHQF\�F\FOHV����"&����V�� ��"&��
��� V����"&�� ��PLQ�� IROORZHG� E\� D� GZHOO� F\FOH� IRU�

��PLQ�DW���"&��$PSOLILFDWLRQ�ZDV�SHUIRUPHG�LQ�D�
GHGLFDWHG�$PSOLWURQ�WKHUPRF\FOHU��%DUQVWHDG��
7KHUPRO\QH��'XEXTXH�� ,$���)ROORZLQJ�FRQILUPD�
WLRQ�RI�3&5� DPSOLILFDWLRQ�RI�F'1$� E\�DJDURVH�
JHO� HOHFWURSKRUHVLV����JO�RI�3&5� SURGXFW�ZDV�
PL[HG� ZLWK� JHO� ORDGLQJ� G\H� ���PO� ���[�7$(�� ����PO�

���� VXFURVH������SWO��[� EURPRSKHQRO�EOXH��
����PO� GLVWLOOHG�ZDWHU�� DQG� ��JO�ZDV� ORDGHG� RQWR� D�

�0� XUHD�� ��� DFU\ODPLGH� JHO� ����� [� ���� [� ��PP��

ZLWK���[�7%(� EXIIHU�DQG�HOHFWURSKRUHWLFDOO\�VHSD�
UDWHG� DW� ���29�� �2:� IRU������� K��7KH� JHO� ZDV�

WUDQVIHUUHG�WR�ILOWHU�SDSHU��FRYHUHG�ZLWK�SODVWLF�
ZUDS� DQG�GULHG� RQ� D�YDFXXP� JHO�GU\HU� �)LVKHU� 6FL�

HQWLILF��3WWVEXUJK��3$�� IRU���K�DW���"&��$IWHU�GU\�
LQJ��EDQGV�ZHUH�GHWHFWHG�E\�DXWRUDGLRJUDSK\�LQ�D�
ILOP�FDVVHWWH�ZLWK�D���3�LQWHQVLI\LQJ�VFUHHQ��)LOPV�
ZHUH� H[SRVHG� IRU����� GD\V� DW� ���"&�� $OO� EDQGV�

ZHUH�PDQXDOO\�DVVLJQHG�LQWR�WKUHH�SULPDU\�FDWH�
JRULHV�� FRQVWLWXWLYHO\�H[SUHVVHG��GLIIHUHQWLDOO\�
H[SUHVVHG��RU�IXOO\�UHJXODWHG��%DQGV�FDWHJRUL]HG�
DV� FRQVWLWXWLYHO\�H[SUHVVHG�ZHUH� WKRVH� WKDW�
DSSHDUHG� DW� DSSUR[LPDWHO\� WKH� VDPH� GHQVLW\� LQ�

ERWK�FRORQLDO�DQG�VLQJOH�FHOOV��%DQGV� LGHQWLILHG�DV�
GLIIHUHQWLDOO\�H[SUHVVHG�ZHUH�WKRVH�ZKRVH�DXWRUD�
GLRJUDSKLF�GHQVLW\�ZDV� VXEVWDQWLDOO\�GLIIHUHQW�
EHWZHHQ�FRORQLDO�DQG�VLQJOH�FHOOV��)XOO\�UHJXODWHG�
EDQGV� ZHUH� WKRVH� WKDW�ZHUH� HLWKHU� SUHVHQW� RU�

DEVHQW� LQ�RQH� FHOO� W\SH�FRPSDUHG� WR�WKH�RWKHU��

)ROORZLQJ� LGHQWLILFDWLRQ�RI� GLIIHUHQWLDOO\�
H[SUHVVHG� JHQHV�� WKH�VHYHQ� JHQHV� WKDW�ZHUH� SUHV�

HQW� LQ�FRORQLDO� FHOOV� EXW� QRW� LQ�VLQJOH� FHOOV�ZHUH�

FORQHG�DQG�VHTXHQFHG��'LIIHUHQWLDOO\�H[SUHVVHG�
3&5� EDQGV� ZHUH� H[FLVHG� IURP� WKH�GULHG� JHO� DV�

UHFRPPHQGHG�E\�&ORQWHFK��%ULHIO\��EDQGV�ZHUH�

FXW�IURP�WKH�JHO�ILOWHU�SDSHU��SODFHG� LQ����JLO�RI�
'1DVH�� DQG�51DVH�IUHH�ZDWHU��FRYHUHG�ZLWK�WZR�
GURSV�RI�VWHULOH�PLQHUDO�RLO�DQG�KHDWHG�DW����"&�
IRU���PLQ��7KH� ILOWHU�SDSHU�ZDV� WKHQ�GLVFDUGHG��
7KH�3&5�SURGXFW�ZDV�UH�DPSOLILHG�ZLWK�WKH�VDPH�
SULPHUV�RULJLQDOO\�XVHG� WR�DPSOLI\�WKH�EDQG�RI�
LQWHUHVW��)ROORZLQJ�DPSOLILFDWLRQ��3&5� DPSOLFRQV�
ZHUH�H[DPLQHG�RQ�DQ�DJDURVH�JHO�WR�LQVXUH�WKDW�
RQO\�D� VLQJOH�EDQG�ZDV�SURGXFHG��6LQJOH�EDQGV�
ZHUH� FORQHG� LQWR�WKH�EDFWHULDO�SODVPLG�YHFWRU�
3&5"����XVLQJ�WKH�7232� 7$�&ORQLQJ"�NLW��,QYL�
WURJHQ��&DUOVEDG��&$�� DQG� VHTXHQFHG� LQ�ERWK�
GLUHFWLRQV�XVLQJ�WKH�0��� SULPLQJ�VLWHV�DV�SUHYL�
RXVO\� GHVFULEHG� �$OOHQ� HW�DO��� ������� $IWHU�
VHTXHQFH�DVVHPEO\�DQG�HGLWLQJ�XVLQJ�WKH�9HFWRU�
17,� 6XLWH���VRIWZDUH�SDFNDJH��,QIRU0D[��%HWK�
HVGD��0'��� SXWDWLYH�JHQH�LGHQWLWLHV�ZHUH�GHWHU�
PLQHG�XVLQJ�%/$67Q� DQG�%/$67� VHDUFKHV�IRU�
VKRUW�QHDUO\�LGHQWLFDO�PDWFKHV� �1&%,�� KWWS����
ZZZ�QFEL�QLK�JRY��

5HVXOWV�

$� WRWDO�RI�������H[SUHVVHG�JHQH�IUDJPHQWV�GHULYHG�
IURP�VLQJOH�FHOOV�DQG�������H[SUHVVHG�JHQH�IUDJ�
PHQWV� LQ�FRORQLDO�FHOOV�ZHUH�REVHUYHG�LQ�WKHVH�
VWXGLHV��7DEOH�����2I� WKHVH�H[SUHVVHG�IUDJPHQWV��
����XQLTXH�IUDJPHQWV�ZHUH�REVHUYHG�LQ�VLQJOH�
FHOOV�WKDW�ZHUH�QRW�REVHUYHG�LQ�FRORQLDO�FHOOV�DQG�
VHYHQ�IUDJPHQWV�WKDW�ZHUH�H[SUHVVHG�LQ�FRORQLDO�
FHOOV�EXW�DEVHQW�LQ�VLQJOH�FHOOV�ZHUH�GHWHFWHG��2I�
WKH�����GLIIHUHQWLDO�H[SUHVVHG�JHQHV�REVHUYHG�LQ�
IODJHOODWHG�FHOOV������RI�WKHP�������ZHUH�HLWKHU�
XS�UHJXODWHG�RU�WXUQHG�RQ�FRPSDUHG�WR�FRORQLDO�
FHOOV��,Q�FRPSDULVRQ��RQO\����� �����RI�WKH����
GLIIHUHQWLDOO\�H[SUHVVHG�JHQHV�REVHUYHG�LQ�FROR�
QLDO�FHOOV�ZHUH�XSUHJXODWHG�RU�WXUQHG�RQ�UHODWLYH�
WR�VLQJOH�FHOOV��
7KH� VHYHQ�JHQH�IUDJPHQWV�WKDW�ZHUH�REVHUYHG�

RQO\�LQ�FRORQLDO�FHOOV�ZHUH�FORQHG�DQG�VHTXHQFHG��

P��6SULQJHU�
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7DEOH� ��'LIIHUHQWLDOO\�H[SUHVVHG�JHQHV�DVVRFLDWHG�ZLWK�3��JORERVD�FRORQLHV�

&ORQH� 6L]H� �ES��*HQEDQN� &ORVHVW�EODVW�KLW�,GHQWLW\� (�YDOXH� 3UHGLFWHG�IXQFWLRQ�
DFFHVVLRQ�QR�� *HQEDQN�

DFFHVVLRQ�QR��

3J&��� ����ES� '4������� $$3������ (PLOLDQLD�KX[OH\L�1$'+� ��[� ������(OHFWURQ�WUDQVSRUW�
'HK\GURJHQDVH� VXEXQLW�,�

3J&��������ES� '4������� =3��������� 8'3�����DF\O� ��[�������/LSLG�DVVHPEO\�
1�DFHW\OJOXFRVDPLQH�
GHDFHW\ODVH��EDFWHULDO��

3J&��������ES� '4������� $<������� (PLOLDQLD�KX[OH\L�VWUDLQ� ��[�������3URWHLQ�V\QWKHVLV�
&&03� ����U51$�JHQH�

3J&��������ES� '4������� ;3������� +\SRWKHWLFDO�SURWHLQ� ��[������ 6LPLODU�WR�SXWDWLYH�VWUHVV�
''%���������'LFW\RVWHOLXP� UHVSRQVLYH�SURWHLQ�6UJ��
GLVFRLGHXP��

3J&��� ����ES� '4������� $)������� 'HQGURELXP�JUH[�0DGDPH� ��[������'LIIHUHQWLDO�H[SUHVVHG�JHQH�
7KRQJ�,1�SXWDWLYH���'�� GXULQJ�RUFKLG�IORUDO�WUDQVLWLRQ�
SURWHLQ��RYJ����

3J&��� ����ES� '4������� $)������� 'HQGURELXP�JUH[�0DGDPH� ��[������'LIIHUHQWLDOO\�H[SUHVVHG�
7KRQJ�,1�SXWDWLYH�FHOO� JHQH�GXULQJ�RUFKLG�IORUD�
FRQWURO�SURWHLQ��RWJ��� WUDQVLWLRQ�JHQH�LQYROYHG�

LQ�FHOO�GLYLVLRQ�

DOWKRXJK�RQH�GLG�QRW�SURGXFH�XVHDEOH�VHTXHQFH�
LQIRUPDWLRQ��7DEOH�����7KH� VL]H�RI� WKHVH�IUDJ�
PHQWV� UDQJHG� IURP����� WR����� ES�ZLWK� DQ� DYHUDJH�

RI�����"� ����ES��2I� WKH�JHQHV� WKDW�ZHUH� SXWDWLYHO\�

LGHQWLILHG��RQH�ZDV� LQYROYHG�LQ�HQHUJ\�SURGXFWLRQ�
�3J&����ZLWK�FORVHVW�VLPLODULW\�WR�WKH�QLFRWLQ�
DPLGH�DGHQLQH�GLQXFOHRWLGH��1$'+�� GHK\GURJH�
QDVH�VXEXQLW�,��3J&����ZDV�PRVW�FORVHO\�UHODWHG�WR�
D� EDFWHULDO�8'3�����DF\O�1�DFHW\OJOXFRVDPLQH�
GHDFHW\ODVH�FRGLQJ�JHQH�LQYROYHG�LQ�OLSLG�DVVHP�
EO\��DQG�3J&���� ZDV�PRVW� VLPLODU� WR�WKH�ODUJH�VXE�

XQLW�ULERVRPDO�JHQH� IURP�(PLOLDQLD� KX[OH\L��
,QWHUHVWLQJO\��WKH�UHPDLQLQJ�WKUHH�IUDJPHQWV�
DSSHDU�WR�EH�UHODWHG�WR�VWUHVV�SURWHLQV�RU�JHQHV�
DVVRFLDWHG�ZLWK�IORZHULQJ�LQ�KLJKHU�SODQWV��3J&����
ZDV�PRVW�VLPLODU�WR�D�K\SRWKHWLFDO�VWUHVV�UHVSRQVH�
SURWHLQ�IURP�WKH�DPRHED�'LFW\RVWHOLXP�GLVFRLG�
HXP�� %RWK� 3J&��� DQG� 3J&��� DSSHDUHG� WR� EH�

UHODWHG�WR�JHQHV�DVVRFLDWHG�ZLWK�IORZHULQJ�LQ�DQ�
2UFKLG�VSHFLHV��7KH�VHTXHQFHV�RI�WKHVH�JHQH�IUDJ�
PHQWV�KDYH�EHHQ�GHSRVLWHG� LQ�*HQEDQN�ZLWK�
DFFHVVLRQ�QXPEHUV�'4����������

'HWHUPLQDWLRQ�RI�OLIH�VWDJH�YXOQHUDEOH�WR�YLUDO�
LQIHFWLRQ�LQ�3��SRXFKHWLL��9,/�� 9LUXVHV� DQG� WKH�
SURFHVVHV�RI�YLUDO�LQIHFWLRQ�DQG�O\VLV�KDYH�EHHQ�
FKDUDFWHUL]HG�IRU�3��SRXFKHWLL�DQG�3�� JORERVD�
�%UDWEDN� HW�DO�� ����D�� E�� %UXVVDDUG� HW�DO�� ������

������-DFREVHQ�������������-DFREVHQ�HW�DO��������

9HOGKXLV�HW�DO���������'HWHUPLQLQJ�ZKLFK�VWDJHV�
RI�WKH�OLIH�F\FOH�DUH�YXOQHUDEOH�WR�YLUDO�LQIHFWLRQ�
DQG�O\VLV�LV�FULWLFDO�IRU�XQGHUVWDQGLQJ�WKH�HIIHFWV�RI�
YLUXVHV�RQ�3KDHRF\VWLV�OLIH�F\FOH�G\QDPLFV�DQG�
HFRORJ\��0RVW� SUHYLRXV�ZRUN�ZLWK�3��SRXFKHWLL�
�%UDWEDN�HW�DO������E��+DPP�HW�DO��������-DFREVHQ�
������-DFREVHQ�HW�DO��������DQG�3��JORERVD��%UXVV�
DDUG�HW�DO��������%UXVVDDUG�HW�DO��������LQGLFDWHG�
WKDW�VROLWDU\�FHOOV�DUH�YXOQHUDEOH�WR�YLUDO�LQIHFWLRQ�
DQG�O\VLV�ZKLOH�FRORQ\�FHOOV�DUH�QRW��+RZHYHU��LQ�
RQH�VHW�RI�H[SHULPHQWV��%DXGRX[�DQG�%UXVVDDUG�
�������VKRZHG�WKDW�FRORQLDO�3��JORERVD�FHOOV�FDQ�
EH�LQIHFWHG�E\�WKH�3J9�YLUXV��7R�GHWHUPLQH�ZKLFK�
OLIH�VWDJHV�RI�3��SRXFKHWLL�DUH�YXOQHUDEOH�WR�YLUDO�
LQIHFWLRQ�DQG� O\VLV��-DFREVHQ�HW�DO�� �������FRQ�
GXFWHG�D�VHW�RI�H[SHULPHQWV�GXULQJ�RXU������PHV�
RFRVP� VWXG\��,Q� RQH� VHW�RI� H[SHULPHQWV�3��
SRXFKHWLL�VROLWDU\�FHOOV�ZHUH�LQFXEDWHG�ZLWK�GLIIHU�
HQW�DPRXQWV� RI�YLUXV� DGGLWLRQV� DQG� D�FRQWURO� FRQ�

WDLQLQJ� QR� YLUXVHV� �-DFREVHQ� HW�DO�� ������� ,Q� D�

VHFRQG�VHW�RI�H[SHULPHQWV��FRORQ\�FHOOV�WKDW�ZHUH�
GHWDFKHG�IURP�WKHLU�FRORQ\�PDWUL[�ZHUH� LQFX�
EDWHG�ZLWK�GLIIHUHQW�DPRXQWV�RI�YLUXV�DGGLWLRQV�
DQG�D�FRQWURO�FRQWDLQLQJ�QR�YLUXVHV��IRU�FRPSDUL�
VRQ�VROLWDU\�IODJHOODWH�FHOOV�ZHUH�DOVR�LQFOXGHG�LQ�
WKLV�H[SHULPHQW��&RORQLHV�ZHUH�VKDNHQ�VWURQJO\�LQ�
RUGHU�WR�GHWDFK�WKH�FHOOV�IURP�WKH�PXFXV�� WKLV�
PHWKRG�LV�HIIHFWLYH�LQ�SURGXFLQJ�FRORQLDO�FHOOV�IUHH�
RI� WKHLU�PXFXV� PDWUL[� EHFDXVH�� LQ� FRQWUDVW� WR�

P� 6SULQJHU�
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)LJ�� �� $� WLPH� VHTXHQFH� RI�

D�VLQJOH�3��SRXFKHHWLL�
FRORQ\�LVRODWHG�DQG�
PDLQWDLQHG� LQ�D�ZHOO� SODWH� ����������

IURP�WKH������PHVRFRVPV�
�VHH�0HVRFRVP�
([SHULPHQW�0HWKRGV���
GDWD� IRUPDW�� ORQJHVW� OLQHDU�

GLPHQVLRQ� DQG� GDWH� DQG�

WLPH�RI�SKRWR��D������PP��
���0DUFK� ����������� �E��
����PP�� ���0DUFK� �������
������ �F�� ����PP�� ��� ������G� ��� ���� ���

0DUFK� ��;����������G�� �� �������
����PP�� ���0DUFK� ������
�������&HOOV�ZLWKLQ�FRORQ\� ����
VNLQ�DQG�LQ�ZHOO�SODWH� ��
REVHUYHG� WR�EH�PRWLOH� DW�

WKLV�WLP�H� �� �� �����������

B�B�J��������� �

���
� �� �� �� aa-L�

3��JORERVD��FRORQLHV�RI�3��SRXFKHWLL�HDVLO\�UXSWXUH�
�-DFREVHQ�HW�DO���������

,QWDFW�FRORQLHV�LQFXEDWHG�ZLWK�YLUXVHV�VKRZHG�
QR�HYLGHQFH�RI�YLUDO�LQIHFWLRQ�RU�O\VLV��-DFREVHQ�
HW�DO���������,Q�H[SHULPHQWV�ZKHUH�FRORQLDO�FHOOV�
ZHUH�GHWDFKHG�IURP�WKHLU�FRORQLHV��GHWDFKHG�FROR�
QLDO�FHOOV�VKRZHG�QR�HYLGHQFH�RI�FHOO�O\VLV��ZKHUHDV�
WKH�VROLWDU\�IODJHOODWHG�FHOOV�ZHUH�FRPSOHWHO\�O\VHG�
GXULQJ�WKH�H[SHULPHQWDO�SHULRG��-DFREVHQ�HW�DO��
�������

&RORQ\�VKDSH�FKDQJHV�DFFRPSDQ\�FRORQ\�
VHQHVFHQFH�LQ�3��SRXFKHWLL��&6:3��5&:3�� 7KH�
VHQHVFHQFH�RI�3KDHRF\VWLV�FRORQLHV�KDV� EHHQ�
REVHUYHG� XQGHU� QDWXUDO�� PHVRFRVP�� DQG� ODERUD�
WRU\�FRQGLWLRQV��'DYLGVRQ�DQG�0DUFKDQW�������
/DQFHORW� DQG� 5RXVVHDX� ������ 5RXVVHDX� HW�DO��
������9HOGKXLV� HW�DO�� ������9HULW\� HW�DO�� ������� 6RO�
LWDU\�FHOO�UHOHDVH� IURP�VHQHVFHQW�FRORQLHV� DW�
EORRP� WHUPLQDWLRQ� KDV� DOVR� EHHQ� GRFXPHQWHG�
�.RUQPDQQ� ������ 5RXVVHDX� HW�DO�� ������ 9HULW\�
HW�DO�� ������� +RZHYHU�� WKHUH� LV� OLWWOH� GHWDLOHG�
XQGHUVWDQGLQJ�RI�JHQHUDO�FRORQ\�VHQHVFHQFH�DQG�
EORRP�WHUPLQDWLRQ� SURFHVVHV�� ,Q�DQ� LQ�YLWUR� VWXG\�
RI�3��SRXFKHWLL��FRORQLHV�ZHUH� LVRODWHG�LQ�ZHOO�
SODWHV� IURP�WKH������PHVRFRVPV�� REVHUYHG� RYHU� D�

WKUHH�GD\�SHULRG��DQG�GLJLWDO�PLFURJUDSKV�ZHUH�
WDNHQ� WR�UHFRUG� FRORQ\�PRUSKRORJ\� DQG�PHDVXUH�
PHQW�RI�GLPHQVLRQV��

'XULQJ� WKLV�VWXG\�� D� VLQJOH� FRORQ\� ZDV� SKRWR�
JUDSKHG� RYHU� WLPH� WKDW�VKRZV� D� FKDQJH� LQ�PRU�
SKRORJ\�IURP�WKH�W\SLFDO�OREXODU�3�� SRXFKHWLL�
VKDSH� WR�D� VSKHULFDO� VKDSH� �)LJ���D�G��� 7KH� WLPH�
LQWHUYDO�UHTXLUHG�IRU�WKH�REVHUYHG�VKDSH�FKDQJH�
ZDV� WZR�GD\V�� $SSUR[LPDWHO\� RQH� GD\� DIWHU� WKH�
REVHUYHG�VKDSH�FKDQJH��WKH�FRORQ\�ZDV�REVHUYHG�
WR�FRQWDLQ�PRWLOH� FHOOV� DQG�KDG� DOVR� UHOHDVHG� VRPH�
FHOOV�LQWR�WKH�PHGLXP��)LJ���G���:KLOH� WKH�SRVVL�
ELOLW\�H[LVWV�WKDW�VSKHULFDO�FRORQLHV�ZHUH�3��JORE�
RVD��ZH� IRXQG�QR� HYLGHQFH� IRU�WKH�SUHVHQFH� RI�3��
JORERVD� LQ�WKHVH�VWXGLHV� �VHH� VHFWLRQ� LQ�WKLV�PDQX�
VFULSW�HQWLWOHG�6SHFLHV� ,GHQWLILFDWLRQ�LQ�0HVR�
FRVPV��� )XUWKHU� LQYHVWLJDWLRQ�LV� QHHGHG� WR�
GRFXPHQW�WKH�REVHUYHG�VHQHVFHQFH�SKHQRPHQRQ�
LQ�RWKHU�FRQWH[WV��DQG�WR�ULJRURXVO\�GHVFULEH�DQG�
TXDQWLI\�WKH�REVHUYHG�PRUSKRORJLFDO�FKDQJHV��

4XDQWLILFDWLRQ� RU� LQYHVWLJDWLRQ� RI�D�SURFHVV� RU�
FRQWURO�SDUDPHWHU�

3URFHVV�UDWH�TXDQWLILFDWLRQ�

'LYLVLRQ� �&':3�� DQG�JURZWK� �&*:3�� RI�3��

SRXFKHWLL�FRORQLHV�:KLSSOH� HW�DO�� �����E��
UHSRUWHG�WKDW�LQ�YLWUR�PHGLDQ� FRORQ\�GLYLVLRQ�
UDWHV�RI�PHVRFRVP�GHULYHG�3��SRXFKHWLL�FRORQLHV�
UDQJHG�IURP�����������GLYLVLRQV�GD\���7KH\�DOVR�
IRXQG� WKDW� WKHVH�FRORQLHV� UHTXLUHG� DQ� DYHUDJH� RI�

;��6SULQJHU�
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��������GD\V� WR�FRPSOHWH�RQH� GLYLVLRQ��FXOWXUH�
GDWD�IURP�&DULRX� �GHVFULEHG�LQ�5RXVVHDX� HW�DO���
������ LQGLFDWHG�WKDW�3��JORERVD�FRORQ\�GLYLVLRQ�
RFFXUUHG�DIWHU�����GD\V��LQGLFDWLQJ�VLPLODULW\�WR�3��
SRXFKHWLL��:KLSSOH�HW�DO������E���:KLSSOH� HW�DO��
�����E��UHSRUWHG�WKDW�PHGLDQ�JURZWK�UDWHV�RI�FRO�
RQLHV��PHDVXUHG�DV�PD[LPXP�OLQHDU�GLPHQVLRQ��
UDQJHG� IURP�QHDU� ]HUR� WR���JP�K����

&RQWURO�SDUDPHWHUV�

(IIHFW�RI�GLDWRP�IUXVWXOHV�RQ�FRORQ\�IRUPDWLRQ�UDWH�
LQ�3��SRXFKHWLL��&)63�� 7KH� WUDQVLWLRQ�IURP�VROL�
WDU\�FHOOV� WR�FRORQLDO� IRUPV�LV�D�FULWLFDO� HYHQW� LQ�WKH�
3KDHRF\VWLV�OLIH�F\FOH��0DQ\�EORRPV�FRQVLVW�SUL�
PDULO\�RI�FRORQLDO�OLIH�VWDJHV��EXW�VHH�:DVVPDQQ�
HW�DO�� ������� (YHQ� DIWHU�QHDUO\� D�FHQWXU\� RI�VWXG\��
QR�GHILQLWLYH�VHW�RI�FRQGLWLRQV�KDV�EHHQ�HVWDE�
OLVKHG�DV�QHFHVVDU\�IRU�FRORQ\�IRUPDWLRQ�IURP�VRO�
LWDU\�FHOOV��'LDWRP�IUXVWXOHV�KDYH�EHHQ�FRQVLGHUHG�
DV�SDUWLFOH�QXFOHL�IRU�FRORQ\�IRUPDWLRQ��LQFOXGLQJ�
D�QXPEHU�RI�REVHUYDWLRQV�RI�VPDOO�3KDHRF\VWLV�
FRORQLHV�DWWDFKHG�WR�WKH�VHWDH�RI�GLDWRP�IUXVWXOHV�
�HVSHFLDOO\�&KDHWRFHURV���%RDOFK�������/DQFHORW�
DQG�5RXVVHDX�������5RXVVHDX�HW�DO���������5RXV�
VHDX� HW�DO�� ������� VWDWHG�WKDW�����H[SHULPHQWDO�
ZRUN� XQGHU� FRQWUROOHG�ODERUDWRU\�FRQGLWLRQV�
�5RXVVHDX�DQG�'DYLHV��XQSXEOLVKHG�GDWD���JLYHV�
VWURQJ�HYLGHQFH�WKDW�DQ\�PLFURVFRSLF�SDUWLFOHV��
HLWKHU�ELRORJLFDO��H�J��GLDWRPV���RUJDQLF�RU�PLQ�
HUDO� �VDQG�� JODVV� ZRRO�� PD\� DFW� DV� VXEVWUDWH� IRU�

FRORQ\�GHYHORSPHQW���5RXVVHDX�HW�DO��������S��
�����3HSHU]DN�HW�DO�� �����E��VXJJHVWHG�WKDW��LQ�
DGGLWLRQ�WR�SURYLGLQJ�D�VXEVWUDWH�WKDW�FRXQWHUDFWV�
ORFDO�WXUEXOHQFH��GLDWRPV�PD\� LQIOXHQFH�FRORQ\�
IRUPDWLRQ�E\�VHFUHWLQJ�YLWDPLQ�%L�� D�SRVVLEOH�
JURZWK�VWLPXODWRU��RU�GHSOHWLQJ�YLWDPLQ�%���� D�
SRVWXODWHG�JURZWK�LQKLELWRU��7KHVH�REVHUYDWLRQV�
KDYH�OHG�WR�WKH�K\SRWKHVLV�WKDW�GLDWRP�IUXVWXOHV�
PLJKW�HQKDQFH�FRORQ\�IRUPDWLRQ�UDWH��

'XULQJ� WKH������PHVRFRVP�VWXG\��DQ�H[SHUL�
PHQW� ZDV� FRQGXFWHG� WR�GHWHUPLQH� LI�LQ�YLWUR� 3��

SRXFKHWLL� FRORQ\� IRUPDWLRQ�UDWHV�ZRXOG� EH�
HQKDQFHG�E\�WKH�SUHVHQFH�RI�GLDWRP�IUXVWXOHV�
DGGHG�WR�FXOWXUH�PHGLXP��GHWDLOHG�PHWKRGV�DQG�
UHVXOWV�DSSHDUHG�LQ�1HMVWJDDUG�HW�DO�� �LQ�SUHVV���
&RORQ\� IRUPDWLRQ�UDWHV�ZHUH� HVWLPDWHG�XVLQJ�
ZDWHU�IURP�D�QXWULHQW�DPHQGHG�PHVRFRVP�WKDW�
ZDV� ILOWHUHG�WR�UHPRYH�3KDHRF\VWLV�FRORQLHV�EXW�

DOORZ�VROLWDU\�FHOOV�WR�SDVV��'LDWRPDFHRXV�HDUWK�
ZDV�DGGHG�WR�FRORQLHV�LQ�WUHDWPHQW�ZHOO�SODWHV��
ZKLOH�FRQWURO�ZHOO�SODWHV�UHFHLYHG�RQO\�ILOWHUHG�
PHVRFRVP�ZDWHU��1HMVWJDDUG�HW�DO���������,Q�DOO�
WKH�H[SHULPHQWV��QHZ�FRORQLHV�LQFUHDVHG�DSSUR[L�
PDWHO\�OLQHDUO\�RYHU�WLPH��7KH�FRORQ\�IRUPDWLRQ�
UDWH�IRU�WKH�ILOWHUHG�PHVRFRVP�ZDWHU�UDQJHG�IURP�
�������� FRORQLHV� PO�
� G���� UDWHV�IRU�ZDWHU�ZLWK� GLD�
WRPDFHRXV�HDUWK�UDQJHG�IURP���������FRORQLHV�
PO�
�G����/LQHDU�UHJUHVVLRQ�VORSHV�IRU�WKH�ILOWHUHG�
ZDWHU�YHUVXV�ZDWHU�ZLWK�GLDWRPDFHRXV�HDUWK�ZHUH�
VLJQLILFDQWO\�GLIIHUHQW��1HMVWJDDUG�HW�DO���������7KH�
JHQHUDO�FRQFOXVLRQ�RI�1HMVWJDDUG�HW�DO���������ZDV�
WKDW�GLDWRPDFHRXV�HDUWK�HQKDQFHG�WKH�LQ�YLWUR�
FRORQ\�IRUPDWLRQ�UDWH�IRU�3��SRXFKHWLL��

,QIRFKHPLFDO�HIIHFW�RQ�FRORQ\�IRUPDWLRQ�GXH�WR�
PHVR]RRSODQNWRQ�DQG�PLFUR]RRSODQNWRQ��35,���
/RQJ�DQG�FROOHDJXHV�FRQGXFWHG�D�VHULHV�RI�H[SHUL�
PHQWV�WR�WHVW�WKH�DELOLW\�RI�3��JORERVD�VROLWDU\�FHOOV�
WR�UHVSRQG�WR�JUD]HU�DVVRFLDWHG�VLJQDOV�E\�DOWHULQJ�
FRORQ\�IRUPDWLRQ�RU�FRORQ\�VL]H��&RORQ\�IRUPD�
WLRQ�ZDV� DVVHVVHG�ZKHQ�3��JORERVD�HQFRXQWHUHG�
HLWKHU�PLFUR]RRSODQNWRQ�RU�PHVR]RRSODQNWRQ�
JUD]HUV�GLUHFWO\��RQO\�WKH�FKHPLFDO�VLJQDOV�IURP�
WKHVH�JUD]HUV��RU�QR�JUD]HU�FXHV��/RQJ�������/RQJ�
HW�DO�� VXEPLWWHG���,Q� LQLWLDO�H[SHULPHQWV�ZLWK�
PL[HG�]RRSODQNWRQ��WKH�WKUHH�GRPLQDQW�JUD]HUV�
ZHUH� DGXOW� FRSHSRGV� RI� WD[D�$FDUWLD� WRQVD� DQG�
3VHXGRGLDSWRPXV�SHODJLFXV��VL]H�FD�� OPP��DQG�
WKH�KHWHURWURSKLF�GLQRIODJHOODWH�1RFWLOXFD�VFLQWLO�
ODQV��WKH�VL]H�RI�3��JORERVD�FRORQLHV�ZDV� DERXW�
���SWP�LQ�GLDPHWHU��,Q�RWKHU�H[SHULPHQWV��$�� WRQVD�
DQG� (XSORWHV� VSS��ZHUH� XVHG� DORQH� DV� VHSDUDWH�
JUD]HU�WUHDWPHQWV��
7ZR� W\SHV�RI�FRQWDLQHUV��ERWK�RI�ZKLFK�FRQ�

VLVWHG�RI�FRQQHFWLQJ�FRPSDUWPHQWV�VHSDUDWHG�E\�D�
PHPEUDQH�DQG�DOORZHG�IRU�FKHPLFDO�H[FKDQJH�
EHWZHHQ�FRQQHFWLQJ�FRPSDUWPHQWV�ZKLOH�SUHYHQW�
LQJ�DOJDH� DQG� JUD]HUV� IURP�PRYLQJ� EHWZHHQ� FRP�
SDUWPHQWV�ZHUH�XVHG��3��JORERVD�FHOOV�ZHUH�DGGHG�
WR�ERWK�FRPSDUWPHQWV�ZKLOH�PLFUR��RU�PHVR]RR�
SODQNWRQ� JUD]HUV� ZHUH� DGGHG� WR�RQO\� RQH� FRP�
SDUWPHQW� LQ� JUD]HU� WUHDWPHQWV�� 2QH� VHW� RI�
FRQWDLQHUV�ZDV� ��/� SODVWLF�ERWWOHV�ZLWK�VLGHV�
UHPRYHG�DQG�FRYHUHG�ZLWK�1LWH[�PHVK"� ���MJP��
XVLQJ�VXSHUJOXH��7KHVH�PHVK�ERWWOHV�ZHUH�SODFHG�
LQVLGH�����JODVV�EHDNHUV�WKDW�DOORZHG�IRU�FKHPLFDO�
H[FKDQJH� DFURVV� ���� FP��RI�PHVK�� 7KH� VHFRQG� VHW�
RI�FRQWDLQHUV�� FDOOHG� 
FRPPXQLFDWLRQ� FKDPEHUV
��
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ZDV� FRQVWUXFWHG�IURP�WZR������FP�WKLFN��FOHDU��
DFU\OLF��FDSSHG�WXEHV��HDFK������FP�LQ�GLDPHWHU�
DQG�DSSUR[LPDWHO\������FP�LQ�OHQJWK��IRU�D�ILQDO�
YROXPH�RI�����PO�HDFK�� WKDW�VFUHZHG�LQWR�HDFK�
RWKHU�DQG�ZHUH�VHSDUDWHG�E\�D������WP�SRO\FDUERQ�
DWH�PHPEUDQH�ILOWHU��/RQJ�������/RQJ�HW�DO���VXE�
PLWWHG���

3KDHRF\VWLV�JORERVD�FHOOV�ZHUH�DGGHG�WR�ERWK�
FRPSDUWPHQWV�ZKLOH�JUD]HUV�ZHUH�DGGHG�WR�RQO\�
RQH�LQ�JUD]HU�WUHDWPHQWV��7KLV�DOORZHG�IRU�VLPXO�
WDQHRXV�DVVHVVPHQW�RI� WKH�GLUHFW�DQG� LQGLUHFW�
HIIHFWV�RI�JUD]HUV�RQ�FRORQ\�IRUPDWLRQ�FRPSDUHG�
WR�JUD]HU�IUHH�FRQWUROV��/RQJ�������/RQJ�HW�DO���
VXEPLWWHG���7R�HQKDQFH�H[FKDQJH�RI�FKHPLFDO�VLJ�
QDOV�EHWZHHQ�H[SHULPHQWDO�FKDPEHUV��PHVK�ERW�
WOHV�ZHUH�SODFHG�LQ�EHQFK�WRS�RUELWDO�VKDNHUV�DQG�
URWDWHG�DW����USP��HDFK�ERWWOH�ZDV� DOVR�JHQWO\�
OLIWHG�WZLFH�D�GD\�XQWLO�KDOI�RI�LWV�YROXPH�ZDV�GLV�
SODFHG� IURP�RQH�FKDPEHU�WR�WKH�RWKHU��/RQJ�
������/RQJ�HW�DO���VXEPLWWHG���$GGLWLRQDO�GHWDLOV�
RI�WKH�VHWXS�RI�WKH�H[SHULPHQWV��VDPSOLQJ�PHWK�
RGV��DQG�UHVXOWV�FDQ�EH�IRXQG�LQ�/RQJ��������DQG�
/RQJ�HW�DO���VXEPLWWHG���

,Q�WKH�LQLWLDO�PL[HG�]RRSODQNWRQ�H[SHULPHQWV��
/RQJ� HW�DO�� �VXEPLWWHG��IRXQG�WKDW�FUXVWDFHDQ�
PHVR]RRSODQNWRQ��GRPLQDWHG�E\�DGXOW�FRSHSRGV�
$�� WRQVD�DQG�3��SHODJLFXV��VLJQLILFDQWO\�VXSSUHVVHG�
FRORQ\�IRUPDWLRQ��,Q�RWKHU�H[SHULPHQWV��/RQJ�
HW�DO�� �VXEPLWWHG��IRXQG�WKDW�LQIRFKHPLFDO�FXHV�
DORQH�IURP�WKH�PHVR]RRSODQNWRQ�$�� WRQVD�DORQH�
VXSSUHVVHG�FRORQ\�IRUPDWLRQ��/RQJ�HW�DO���VXEPLW�
WHG��DOVR�REVHUYHG�WKDW�WKH�FRORQ\�VXSSUHVVLRQ�
HIIHFW�RI�$�� WRQVD�ZDV� GHQVLW\�GHSHQGHQW��,Q�
H[SHULPHQWV�ZLWK�WKH�PLFUR]RRSODQNWRQ�(XSORWHV�
VSS���/RQJ�HW�DO���VXEPLWWHG��UHSRUWHG�WKDW�LQIR�
FKHPLFDO� FXHV� IURP�WKLV�FLOLDWH� HQKDQFHG� 3�� JORE�
RVD�FRORQ\�IRUPDWLRQ��

'LVFXVVLRQ�

6ROLWDU\�FHOO�WUDQVIRUPDWLRQ�WR�FRORQLHV�

'LDWRP�IUXVWXOHV�HQKDQFH�3��SRXFKHWLL�FRORQ\�IRU�
PDWLRQ� LQ�YLWUR� �1HMVWJDDUG� HW�DO��������� D�SURFHVV�
WKDW�PD\� WKHUHIRUH�DFFHOHUDWH� WKH�LQ�VLWX� WUDQVIRU�

PDWLRQ� RI� VROLWDU\�PRWLOH� FHOOV� LQWR�QHZ� FRORQLHV��

7KLV�LV�WKH�FULWLFDO�VWHS�LQ�WKH�IRUPDWLRQ�RI�FRORQ\�
EDVHG� 3KDHRF\VWLV� EORRPV�� DQG� WKXV�LV�HVVHQWLDO� LQ�

WKH�FRQVWUXFWLRQ�RI�TXDQWLWDWLYH�HFRV\VWHP�PRG�
HOV�RI�3KDHRF\VWLV��)XWXUH�UHVHDUFK�PXVW�HODERUDWH�
GHWDLOV�RI�WKH�FRQWURO�RI�FRORQ\�IRUPDWLRQ�UDWH�E\�
GLDWRP�IUXVWXOHV��VXFK�DV�GRVH�UHVSRQVH��VSHFLHV�
GLIIHUHQFHV��3KDHRF\VWLV�RU�GLDWRPV���DQG�KRZ�WKLV�
FRQWURO�PLJKW�FKDQJH�RYHU�WKH�FRXUVH�RI�D�EORRP��
2QH�PHWKRG�E\�ZKLFK�WKHVH�UHVXOWV�FRXOG�EH�UHS�
UHVHQWHG�LQ�PHFKDQLVWLF�PRGHOV�LV�WR�LQFOXGH�D�FRO�
RQ\�IRUPDWLRQ�UDWH�DOJRULWKP�WKDW�YDULHV�FRORQ\�
IRUPDWLRQ�UDWH�ZLWK�UHVSHFW�WR�WKH�GHQVLW\�RI�GLD�
WRP�IUXVWXOHV�LQ�WKH�3KDHRF\VWLV�HQYLURQPHQW��
7KH� UHVXOWV�RI�FKHPLFDO�FXH�H[SHULPHQWV�SRLQW�

WR�D� SRWHQWLDOO\�LPSRUWDQW�UROH�RI�FRQVXPHU�
RUJDQLVPV�LQ�LQIOXHQFLQJ�WKH�3KDHRF\VWLV�OLIH�F\FOH��
7DQJ� ������� IRXQG�WKDW�JUD]LQJ�E\�PLFUR]RR�
SODQNWRQ�UHVXOWHG�LQ�DQ�LQFUHDVH�LQ�WKH�SURSRUWLRQ�
RI�FHOOV�LQ�WKH�FRORQ\�OLIH�VWDJHV��DQG�LQFUHDVHG�WKH�
PHDQ�VL]H�RI�FRORQLHV��/RQJ�HW�DO���VXEPLWWHG��DOVR�
IRXQG�WKDW�LQIRFKHPLFDO�FXHV�IURP�FLOLDWHV��(XSO�
RWHV�VSS���HQKDQFHG�FRORQ\�IRUPDWLRQ�LQ�3��JORE�
RVD�� ,Q�FRQWUDVW��/RQJ�HW�DO�� �VXEPLWWHG��IRXQG�
WKDW�FKHPLFDO�VLJQDOV�IURP�WKH�PHVR]RRSODQNWRQ�
$FDUWLD�WRQVD�VXSSUHVVHG�FRORQ\�IRUPDWLRQ�LQ�3��
JORERVD�� %HFDXVH� RI� WKH�GLIIHUHQW�UHVSRQVHV�
REVHUYHG� IRU�PHVR�� YHUVXV�PLFUR]RRSODQNWRQ�
JUD]HUV��/RQJ�HW�DO���VXEPLWWHG��SRVWXODWHG�WKDW�3��
JORERVD�PLJKW�EH�DEOH�WR�GHWHFW�JUD]LQJ��LGHQWLI\�
WKH�JUD]HU�W\SH��DQG�UHVSRQG�ZLWK�HQKDQFHPHQW�
RU�VXSSUHVVLRQ�RI�FRORQ\�IRUPDWLRQ�RU�JURZWK�RI�
H[LVWLQJ�FRORQLHV��7KLV� W\SH�RI�LQGXFHG�UHVSRQVH�
E\�3KDHRF\VWLV�LPSOLHV�D� VRSKLVWLFDWHG�FRQWURO�
PHFKDQLVP�IRU�FRORQ\�IRUPDWLRQ�ZKHUH�FKHPLFDO�
VLJQDOV�DUH�UHFHLYHG��SURFHVVHG��DQG�D�UHVSRQVH�LV�
PDGH�GHSHQGHQW�RQ�WKH�LQIRUPDWLRQ�FRQWDLQHG�LQ�
WKH�VLJQDO��)XUWKHU�HPSLULFDO�ZRUN�PLJKW�LQFOXGH�
LGHQWLILFDWLRQ�RI�FKHPLFDOV�LQ�WKH�VLJQDO��DQG�
GHWHUPLQDWLRQ�RI� VSHFLILFLW\�RI� WKH�VLJQDO�IRU�
JUD]HU� WD[D��7KH� 7DQJ� ������� DQG�/RQJ� HW�DO�� �VXE�

PLWWHG��UHVXOWV�ZRXOG�DOORZ�IRU�FRQWURO�VWUXFWXUHV�
WR�EH� DGGHG� WR�PHFKDQLVWLF�PRGHOV� LQYROYLQJ�
GHWHFWLRQ�RI�JUD]HUV��LGHQWLILFDWLRQ�RI�VHQGHU��DQG�
DSSURSULDWH�UHVSRQVH�RI�3KDHRF\VWLV�VROLWDU\�FHOOV�
RU� FRORQLHV� WR�JUD]HUV�� ,Q�DGGLWLRQ�� WKH�UHVXOWV� RI�

/RQJ�HW�DO���VXEPLWWHG���WKDW�WKH�FRORQ\�VXSSUHV�
VLRQ�HIIHFW�RI�$�� WRQVD�LV�GHQVLW\�GHSHQGHQW��JLYHV�
WKH�ILUVW�GDWD� IRU�SURGXFLQJ� D�GRVH�UHVSRQVH� DOJR�
ULWKP�IRU�WKH�HIIHFWV�RI�WKHVH�JUD]HU�GHULYHG�LQIR�
FKHPLFDOV�LQ�SODQNWRQ�PRGHOV� FRQWDLQLQJ�WKH�
3KDHRF\VWLV� OLIH�F\FOH� VWDJHV��7KHVH� VRUW�RI�
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FRQWUROV�GHPRQVWUDWH�RQH�DVSHFW�RI�WKH�ELRFRP�
SOH[LW\�WKDW�RUJDQLVP�VHPLRWLFV�FDQ�JHQHUDWH�LQ�
HFRV\VWHP�PRGHOV��
([SHULPHQWDO�UHVXOWV�XVLQJ�FRDUVH� VXUILFLDO�

PDWHULDO�FROOHFWHG�IURP�VKDOORZ�IMRUG�VHGLPHQWV�
LQGLFDWH�WKDW�EHQWKLF�SDUWLFOHV�PD\� IXQFWLRQ�DV�
VLWHV�IRU�FRORQ\�IRUPDWLRQ��7KH� FRORQLHV� WKDW�
DSSHDUHG�LQ�WKH�RYHUO\LQJ�ZDWHU�GXULQJ�WKH�LQFX�
EDWLRQ�ZHUH�GHULYHG�IURP�FHOOV�RU�YHU\�VPDOO�FROR�
QLHV�DVVRFLDWHG�ZLWK�WKH�VHGLPHQWV��,W�LV�LQIHUUHG�
WKDW�WKHVH�FHOOV�RU�VPDOO�FRORQLHV�ZHUH�QDWXUDOO\�
DVVRFLDWHG�ZLWK�WKHVH�VHGLPHQWV��KRZHYHU�WKH�SRV�
VLELOLW\�FDQQRW�EH�H[FOXGHG�WKDW�WKH\�ZHUH�DUWLIL�
FLDOO\�PL[HG� LQWR�WKH�VHGLPHQWV�DW� WLPH�RI�
FROOHFWLRQ��7KHVH� VWXGLHV�ZHUH�QRW�GHVLJQHG�WR�
SURYH�RU�GLVSURYH�WKH�RFFXUUHQFH�RU�H[LVWHQFH�RI�D�
WUXH�EHQWKLF�OLIH�F\FOH�VWDJH��ZKLFK�KDV�QRW�EHHQ�
IRXQG�VLQFH�LWV�RULJLQDO�K\SRWKHVL]HG�H[LVWHQFH�
�.RUQPDQQ�������.D\VHU��������5DWKHU��WKH�PRVW�
SDUVLPRQLRXV�H[SODQDWLRQ�LV�WKDW�WKHVH�FRDUVH�VHG�
LPHQWV�IXQFWLRQHG�DV�DWWDFKPHQW�VLWHV�IRU�WKH�LQLWL�
DWLRQ�RI�QHZ�FRORQLHV��YHU\�PXFK�OLNH�GLDWRPV�DQG�
GLDWRP�IUXVWXOHV�LQ�WKH�ZDWHU�FROXPQ��5RXVVHDX�
HW�DO��������-DFREVHQ�������1HMVWJDDUG�HW�DO���������
&RORQLHV�ZHUH�SUHVHQW�LQ�WKH�IMRUG�WKURXJKRXW�WKH�
PHVRFRVP�VWXG\�SHULRG��1HMVWJDDUG�HW�DO���������
7KHVH� UHVXOWV�VXJJHVW�WKDW�VKDOORZ�VHGLPHQWV�
XQGHUO\LQJ�LOOXPLQDWHG�ZDWHUV�GXULQJ�WKH�SHULRG�
RI�3KDHRF\VWLV�FRORQ\�JURZWK�PD\�VHUYH�DV�FRORQ\�
IRUPDWLRQ�VLWHV��7KH� HFRORJLFDO�FRQWULEXWLRQ�RI�
FRORQLHV�GHULYHG�IURP�VXFK�D�PHFKDQLVP�PXVW�
DZDLW�D� WKRURXJK�VHDVRQDO�VWXG\�WKDW�LQFOXGHV�
VDPSOLQJ�EHIRUH�DQG�DIWHU�WKH�SHULRG�RI�FRORQ\�
DSSHDUDQFH� LQ�WKH�ZDWHU� FROXPQ�� 7KLV� ILQGLQJ�VXJ�
JHVWV�WKDW�VRPH�IRUP�RI�EHQWKLF�LQYROYHPHQW�
VKRXOG�EH�LQFOXGHG�LQ�3KDHRF\VWLV�OLIH�F\FOH�PRG�
HOV��WKHVH�H[SHULPHQWV�GR�QRW�SURYLGH�HYLGHQFH�
IRU�D�GLVWLQFW�EHQWKLF� OLIH�F\FOH� VWDJH� RI�3��SRXFK�
HWLL��0HFKDQLVPV�WKDW�SURYLGH�IRU�EHQWKLF�VHGL�
PHQWV�SURYLGLQJ�FRORQ\�IRUPDWLRQ�VLWHV�FRXOG�EH�
SURYLVLRQDOO\�LQFOXGHG�LQ�PRGHOV�RI�3KDHRF\VWLV�
OLIH�F\FOHV��(PSLULFDO�VWXGLHV�WR�SURYLGH�GHWDLOV�RI�
WKHVH�VHGLPHQW�PHFKDQLVPV�DUH�UHTXLUHG�WR�IXU�
WKHU�HODERUDWH�FRQFHSWXDO�RU�PHFKDQLVWLF�PRGHOV��
&RPSDULVRQ� RI� JHQH� H[SUHVVLRQ� SURILOHV�

EHWZHHQ�VLQJOH�DQG�FRORQLDO�3KDHRF\VWLV�FHOOV�LQGL�
FDWHG� WKDW�D� ODUJHU�DUUD\�RI�JHQHV� ZHUH� H[SUHVVHG�

GXULQJ� WKH� VLQJOH� VWDJH� OLIH� F\FOH� SKDVH� WKDQ�

GXULQJ�WKH�FRORQLDO� OLIH�F\FOH�VWDJH��LPSO\LQJ�

LQFUHDVHG�ELRFKHPLFDO�FRPSOH[LW\�DVVRFLDWHG�ZLWK�
VLQJOH�FHOOV��:KLOH� WKH�GLIIHUHQWLDO�GLVSOD\�DQDO\VHV�
FRQGXFWHG� DV�SDUW� RI� WKHVH� VWXGLHV� LQ�QR�ZD\� UHS�
UHVHQW�D� FRPSUHKHQVLYH�FKDUDFWHUL]DWLRQ�RI�
PROHFXODU�GLIIHUHQFHV�EHWZHHQ�WKH�FRORQLDO�DQG�
VLQJOH�FHOO�OLIH�F\FOHV��LQWULJXLQJO\�VHYHUDO�RI�WKH�
JHQHV�WKDW�ZHUH�H[SUHVVHG�LQ�FRORQLDO�3KDHRF\VWLV�
FHOOV� DQG� QRW� LQ�IODJHOODWHG� VLQJOH� FHOOV� DSSHDU� WR�

EH�UHODWHG�WR�VWUHVV��FHOO�VLJQDOLQJ��DQG�FRPSOH[�
GHYHORSPHQWDO�WUDQVLWLRQV�LQ�KLJKHU�SODQWV��)XU�
WKHUPRUH��WKH�SUHVHQFH�RI�JHQHV�LQ�3KDHRF\VWLV�
PRVW� FORVHO\�DVVRFLDWHG�ZLWK�SK\ORJHQHWLFDOO\�
GLYHUVH�RUJDQLVPV�LQFOXGLQJ�EDFWHULD��DPRHED��
DQG�KLJKHU�SODQWV��LQ�DGGLWLRQ�WR�WKH�FORVHO\�
UHODWHG�KDSWRSK\WH�(PLOLDQLD� KX[OH\L��VXJJHVW�
WKDW�WKH�JHQRPH�RI�3KDHRF\VWLV�LV�OLNHO\�FRPSRVHG�
RI�D�FRPSOH[�PRVDLF�RI�JHQHV�DQG�UHJXODWRU\�HOH�
PHQWV�VLPLODU�WR�RWKHU�PLFURDOJDH��LQFOXGLQJ�GLD�
WRPV��ZKRVH�JHQRPHV�KDYH�UHFHQWO\�EHHQ� IXOO\�
VHTXHQFHG��0RQWVDQW�HW�DO���������
7KH� VWXGLHV�GHVFULEHG�KHUH�DOVR�GHPRQVWUDWH�

WKH�WUDFWDELOLW\�RI�3KDHRF\VWLV�VS��WR�JHQRPLF�DQG�
WUDQVFULSWRPLFV�VWXGLHV�LQ�WKH�IXWXUH��:LWK� UHOD�
WLYHO\�OLWWOH�PRGLILFDWLRQ�LW�ZDV�SRVVLEOH�WR�DGDSW�
FRPPHUFLDOO\�DYDLODEOH�51$�SXULILFDWLRQ�NLWV�IRU�
ZRUN�ZLWK�SODQW�FHOOV�WR�SURGXFH�51$� VXLWDEOH�IRU�
FRQVWUXFWLQJ�F'1$� OLEUDULHV�IURP�ERWK�VLQJOH�
FHOOV�DQG�FRORQLHV�RI�3KDHRF\VWLV�JORERVD��6HYHUDO�
SUHYLRXV�UHSRUWV�KDYH�GHPRQVWUDWHG�WKDW�JHQRPLF�
DQG�SODVWLG�'1$� VXLWDEOH�IRU�PROHFXODU�VWXGLHV�LV�
DOVR�UHODWLYHO\�HDVLO\�REWDLQHG�IURP�D�YDULHW\�RI�
3KDHRF\VWLV�VSHFLHV��=LQJRQH�HW�DO��������/DQJH�
HW�DO��������� $V� LV�RFFXUULQJ� LQ�DOO� ILHOGV�RI�ELRORJ\��
DFFHVV�WR�PROHFXODU�LQIRUPDWLRQ�IURP�LQGLYLGXDO�
RUJDQLVPV�DQG�FRPPXQLWLHV�RI�RUJDQLVPV�LV�\LHOG�
LQJ�WUHPHQGRXV�LQVLJKWV�LQWR�WKH�SK\VLRORJ\��OLIH�
KLVWRU\��DQG�HFRORJ\�RI�RUJDQLVPV�LQFOXGLQJ�PLF�
URDOJDH�IRU�ZKLFK�PROHFXODU�LQIRUPDWLRQ�LV�DYDLO�
DEOH� �$OOHQ� ������ :DONHU� HW�DO�� �������
8QGRXEWHGO\��LPSRUWDQW�QHZ�LQVLJKWV�LQWR�WKH�OLIH�
KLVWRU\�RI�3KDHRF\VWLV�ZLOO�EH�JDLQHG�ZKHQ�FRP�
SOHWH�JHQRPLF�DQG�FRPSUHKHQVLYH�JHQH�H[SUHV�
VLRQ�GDWD�EHFRPH�DYDLODEOH��

&RORQ\�SUROLIHUDWLRQ�

'RFXPHQWDWLRQ� RI� FRORQ\� GLYLVLRQ� LQ�YLWUR�
SURYLGHV�HYLGHQFH�IRU�WZR�W\SHV�RI�FRORQ\�SUROLI�
HUDWLRQ�LQ�3��SRXFKHWLL��)LUVW��FRORQLHV�PD\�IRUP�
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IURP�VROLWDU\�FHOOV�DQG�JURZ�E\�PLWRVLV�DQG�VHFUH�
WLRQ�RI�H[WUDFHOOXODU�PXFXV�WR�IRUP�WKH�ODUJH�FROR�
QLHV� REVHUYHG� LQ�PRVW� EORRPV��5HODWLRQVKLSV�
EHWZHHQ�FHOO�QXPEHU�DQG�ELRPDVV�KDV�EHHQ�GRFX�
PHQWHG�IRU�3��JORERVD��5RXVVHDX�HW�DO��������DQG�
3��SRXFKHWLL��9HULW\�HW�DO�� LQ�SUHVV���VXFK�GDWD�
ZRXOG�HQKDQFH�WKH�XVHIXOQHVV�RI�3��SRXFKHWLL�FRO�
RQ\�VL]H�PHDVXUHPHQWV��6HFRQG��H[LVWLQJ�FRORQLHV�
PD\�XQGHUJR�GLYLVLRQ�DQG�PD\�DOVR� LQFUHDVH�LQ�
VL]H�DIWHU�GLYLVLRQ�E\�PLWRVLV�DQG�VHFUHWLRQ�RI�
H[WUDFHOOXODU�PXFXV� �:KLSSOH�HW�DO������E���7KH�
ODWWHU�SDWKZD\�DOORZV�WKH�QXPEHU�RI�FRORQLHV�WR�
LQFUHDVH�IDVWHU�WKDQ�ZRXOG�EH�SRVVLEOH�LI�DOO�FROR�
QLHV�ZHUH�SURGXFHG�IURP�VROLWDU\�FHOOV��EHFDXVH�
GDXJKWHU�FRORQLHV�SURGXFHG�E\�FRORQ\�GLYLVLRQ�
VWDUW�RXW�ZLWK� KXQGUHGV� RI�FHOOV�� DQG�PD\� DWWDLQ� D�

ODUJH�VL]H�PXFK�IDVWHU�WKDQ�FRORQLHV�HVWDEOLVKHG�
ZLWK�D�VROLWDU\�FHOO��:LWK� WKH�SRVVLELOLW\�RI�FRORQ\�
GLYLVLRQ��FRORQLHV�WKDW�IRUP�IURP�VROLWDU\�FHOOV�
FRQVWLWXWH�D�VRXUFH�SRSXODWLRQ�IURP�ZKLFK�ODUJH�
QXPEHUV�RI�PXOWLFHOOXODU�FRORQLHV�PD\�EH�GHULYHG�
E\�VXFFHVVLYH�FRORQ\�JURZWK�DQG�FRORQ\�GLYLVLRQ�
VWDJHV��0RGHOLQJ� WKLV�PRGH� RI�FRORQ\�SUROLIHUD�
WLRQ�FRXOG�SURYLGH�LQVLJKW�LQWR�LWV�SRVVLEOH�HIIHFWV�
RQ�3KDHRF\VWLV�EORRP�G\QDPLFV��)XUWKHU�ZRUN�
ZLOO�EH�QHHGHG�WR�GHWHUPLQH�WKH�H[WHQW�WR�ZKLFK�
WKLV�SDWWHUQ�LV�REVHUYHG�LQ�QDWXUDO�3KDHRF\VWLV�
EORRPV��

&RORQ\�VHQHVFHQFH�DQG�VROLWDU\�FHOO�UHOHDVH�

2EVHUYDWLRQ�RI�VSKHULFDO�FRORQLHV�ZLWK�VXSSRUWLQJ�
JHQHWLF�GDWD�� LGHQWLI\LQJ�WKHP�ZLWK�KLJK�FRQIL�
GHQFH�DV�3��SRXFKHWLL��LQGLFDWHV�WKDW�FRORQ\�VKDSH�
DORQH�VKRXOG�EH�FRQILUPHG�ZLWK�RWKHU�PHWKRGV�WR�
XQDPELJXRXVO\�LGHQWLI\�WKH�VSHFLHV�RI�3KDHRF\VWLV�
FRORQLHV�REVHUYHG� LQ�WKH�ILHOG��7KH� REVHUYHG�
LQ�YLWUR�PRUSKRORJLFDO�FKDQJHV�RI�FRORQLHV�RI�3��
SRXFKHWLL�VXJJHVW�WKDW�WKHUH�PD\�EH�PDQ\�FKDQJHV�
LQ�FRORQ\�FHOO�DFWLYLWLHV�DQG�SK\VLRORJ\�WKDW�ZRXOG�
EH�UHTXLUHG�WR�SHUIRUP�WKLV�PRUSKRORJLFDO�FKDQJH�
GXULQJ�FRORQ\�VHQHVFHQFH��,W� LV�QRW�NQRZQ�LQ�
GHWDLO�ZKDW�FKDQJHV�WKH�FRORQ\�FHOOV�XQGHUJR�GXU�
LQJ�VHQHVFHQFH��KRZHYHU�� WKLV�FRORQ\� VKDSH�
FKDQJH�REVHUYDWLRQ�SRLQWV�WR�D� SHULRG�ZKHUH�
PDMRU� FKDQJHV�PD\� EH� RFFXUULQJ��)XUWKHU�
LQYHVWLJDWLRQ�RI� WKH�FRORQ\�FHOO�FKDUDFWHULVWLFV�
GXULQJ�WKLV�VKDSH�FKDQJH�SHULRG�PLJKW�SURYLGH�
IXUWKHU�LQVLJKW�LQWR�WKH�VHQHVFHQFH�SURFHVVHV�LQ�3��

SRXFKHWLL��4XDOLWDWLYH�VKDSH�FKDQJHV��DV�GHVFULEHG�
LQ�WKHVH�UHVXOWV��FDQQRW�XVHIXOO\�EH� LQFRUSRUDWHG�
LQWR�3KDHRF\VWLV�OLIH�F\FOH�PRGHOV��KRZHYHU��LI�
GHWDLOV�RI�FHOOXODU�SK\VLRORJ\�GXULQJ�VHQHVFHQFH�
ZHUH�WR�EH�GLVFRYHUHG�E\�IXUWKHU�VWXG\�RI�WKLV�FRO�
RQ\�VWDJH��WKH\�ZRXOG� OLNHO\�SURYH�XVHIXO�IRU�
PRGHO�GHYHORSPHQW��

&RORQ\�RU�VROLWDU\�FHOO�ORVVHV��YLUDO�LQIHFWLRQ�DQG�
O\VLV�

,I�EORRPV�IRUP�SUHGRPLQDQWO\�IURP�FRORQLHV��3��
SRXFKHWLL�FDQ�HVFDSH�YLUDO�O\VLV�E\�IRUPLQJ�FROR�
QLHV��8QWLO� FRORQLHV�XQGHUJR�VHQHVFHQFH�DQG�
UHOHDVH�VROLWDU\�IODJHOODWH�FHOOV��ZKLFK�ZRXOG�EH�
SUHGLFWHG�WR�EH�YXOQHUDEOH�WR�YLUXVHV��3��SRXFKHWLL�
FRORQ\�FHOOV�ZRXOG�EH�SURWHFWHG�IURP�YLUDO�LQIHF�
WLRQ��7UDQVSDUHQW�H[RSRO\PHU�SDUWLFOHV��7(3���
ZKLFK�DSSHDU� WR�ELQG�YLUXVHV��%UXVVDDUG�HW�DO��
�������LQWURGXFH�DQRWKHU�FRQWURO�WKDW�PLJKW�EH�
HVSHFLDOO\�VLJQLILFDQW�GXULQJ�VHQHVFHQFH�RI�3KDHR�
F\VWLV�FRORQLHV�DW�WKH�HQG�RI�EORRPV��

-DFREVHQ�HW�DO�� ������� UHSRUW�WKDW�GHWDFKHG�
FRORQLDO�FHOOV�RI�3��SRXFKHWLL�DSSHDU�WR�EH�QRQ�
LQIHFWDEOH��7KLV�VXJJHVWV�WKDW�WKH�FRORQ\�FHOOV�PD\�
KDYH�RU�DFTXLUH�VRPH�LQKHUHQW�UHVLVWDQFH�WR�YLUDO�
LQIHFWLRQ�WKDW�GRHV�QRW�LQYROYH�WKH�FRORQ\�LQWHJX�
PHQW��%HFDXVH� WKH�GHWDFKHG�FRORQLHV�ZRXOG�EH�
VXUURXQGHG�E\�FRORQ\�PXFXV�WKDW�FRQWDLQV�7(3��
WKH�3J9� SDUWLFOHV�PLJKW� KDYH� EHHQ� ERXQG� WR�7(3��
UHGXFLQJ�WKHLU�DELOLW\�WR�LQIHFW�WKH�GHWDFKHG�FHOOV��
7KLV� SRWHQWLDO�FRQIRXQGLQJ�IDFWRU�VKRXOG�EH�
DGGUHVVHG�LQ�IXWXUH�H[SHULPHQWV��-DFREVHQ��������
SURSRVHG�WKDW�D�FRORQ\�LQWHJXPHQW�SRUH�VL]H�WRR�
VPDOO� WR�DGPLW� YLUXV� SDUWLFOHV� PLJKW� EH� D�PHFKD�
QLVP�IRU�SUHYHQWLRQ�RI�YLUDO�LQIHFWLRQ�RI�FRORQLHV��
5HVXOWV�UHSRUWHG�LQ�-DFREVHQ�HW�DO���������LQGLFDWH�
WKDW�DQRWKHU�PHFKDQLVP�PLJKW�EH�UHVSRQVLEOH�IRU�
WKH�ODFN�RI�FRORQ\�FHOO�O\VLV�REVHUYHG�IRU�3��SRXFK�
HWLL��7KHVH�H[SHULPHQWV�ZHUH�QRW�GHVLJQHG�WR�HOX�
FLGDWH�WKH�VSHFLILF�YLUDO�LQIHFWLRQ�PHFKDQLVPV��DQG�
IXUWKHU�LQYHVWLJDWLRQ�LV�QHHGHG� WR�FRQILUP�WKHVH�
SUHOLPLQDU\�REVHUYDWLRQV�DQG�LQYHVWLJDWH�PHFKD�
QLVPV�RI�O\VLV�UHVLVWDQFH��-DFREVHQ�HW�DO����������
5XDUGLM� HW�DO�� ������� LQFRUSRUDWHG� YLUDO� O\VLV�LQWR�D�

VLPXODWLRQ� PRGHO� RI�3�� JORERVD�� LI�WKH� UHVXOWV� RI�
-DFREVHQ� HW�DO�� ������� ZHUH� LQFRUSRUDWHG� LQWR� D�

VLPXODWLRQ�PRGHO�RI�3��SRXFKHWLL��YLUDO�O\VLV�ZRXOG�
RQO\� LQYROYH� VROLWDU\� FHOOV� DQG� RQFH� FHOOV�ZHUH� LQ�
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WKHLU�FRORQLDO�IRUP�WKH\�ZRXOG�EH�LQYXOQHUDEOH�WR�
YLUXVHV��

6XPPDU\�DQG�FRQFOXVLRQV�

6HYHUDO�FRPSDUWPHQWV��SURFHVV�IORZV��DQG�WKHLU�
FRQWUROV�WKDW�ZHUH� LQFOXGHG�LQ�:KLSSOH� HW�DO��
�����D��ZHUH�HPSLULFDOO\�LQYHVWLJDWHG�WR�ILOO�JDSV�
LQ�RXU�XQGHUVWDQGLQJ��7ZR�PDMRU�DVSHFWV�RI�WKH�
FRQFHSWXDO�PRGHO�ZHUH�LQYROYHG��
7KH�ILUVW�LQYROYHG�WHVWLQJ�IRU�WKH�H[LVWHQFH�RI�D�

OLIH�F\FOH�SURFHVV�RU�SURGXFLQJ�D�GHVFULSWLRQ�RI�
VXFK�D� SURFHVV��)LYH� H[DPSOHV�GLVFXVVHG�KHUH�
LQFOXGH��D��GHPRQVWUDWLRQ�RI�LQ�YLWUR�FRORQ\�GLYL�
VLRQ�LQ�3��SRXFKHWLL��&':3��� �E��GHVFULSWLRQ�RI�
LQ�YLWUR�FKDQJH�LQ�FRORQ\�VKDSH�IRU�3��SRXFKHWLL�
DVVRFLDWHG�ZLWK�VHQHVFHQFH��&6:3��� �F��GHWHU�
PLQLQJ�ZKLFK�OLIH�VWDJH�RI�3��SRXFKHWLL��VROLWDU\�
FHOOV�RU�FRORQLHV��LV�YXOQHUDEOH�WR�YLUDO�LQIHFWLRQ�
DQG� O\VLV��9,/��� �G��GHPRQVWUDWLRQ�RI�SRWHQWLDO�
EHQWKLF�LQYROYHPHQW�LQ�WKH�3��SRXFKHWLL�OLIH�F\FOH�
�&)%,��� �H�� GHPRQVWUDWLRQ�RI�GLIIHUHQWLDO�JHQH�
H[SUHVVLRQ�LQ�VROLWDU\�YHUVXV�FRORQLDO�FHOOV�RI�3��
JORERVD��'*(���
7KH� VHFRQG�IDFHW�LQYROYHG�TXDQWLILFDWLRQ�RI�

SURFHVVHV�RU�UHJXODWRU\�FRQWUROV��7ZR�H[DPSOHV�RI�
SURFHVV�UDWH�TXDQWLILFDWLRQ�IRU�3��SRXFKHWLL�DUH��
�D�� LQ�YLWUR�FRORQ\�GLYLVLRQ�UDWH��&':3�� DQG��E��
LQ�YLWUR�FRORQ\�JURZWK�UDWH��&*:3���7KHUH�ZHUH�
DOVR�WZR�H[DPSOHV�RI�LQYHVWLJDWLQJ�SURFHVV�FRQ�
WUROV��7KH� ILUVW�ZDV�GLDWRP�IUXVWXOH�HQKDQFHPHQW�
RI�FRORQ\�IRUPDWLRQ�IURP�VROLWDU\�FHOOV� LQ�3��
SRXFKHWLL��&)63���DQG�WKH�VHFRQG�ZDV�VXSSUHVVLRQ�
RI�FRORQ\�IRUPDWLRQ�LQ�3��JORERVD�E\�LQIRFKHPL�
FDOV�UHOHDVHG�E\�PHVR]RRSODQNWRQLF�JUD]HUV��DQG�
HQKDQFHPHQW�RI�FRORQ\�IRUPDWLRQ�E\�LQIRFKHPL�
FDOV�UHOHDVHG�E\�PLFUR]RRSODQNWRQ�JUD]HUV��35,���
7KH�VLJQLILFDQFH�RI�LQYHVWLJDWLQJ�WKHVH�IHDWXUHV�

RI�3KDHRF\VWLV�HFRORJ\�LQ�WKH�FRQWH[W�RI�D�3KDHR�
F\VWLV�OLIH�F\FOH�PRGHO� LV�WKDW�QHZ�LQVLJKWV�DQG�
XQGHUVWDQGLQJ�DUH� UHDGLO\�DFFRPPRGDWHG�LQ�D�
SUH�H[LVWLQJ�RUJDQL]HG�VFKHPH�RI�HVWDEOLVKHG�IDFWV�
DQG�K\SRWKHVHV��7KLV�QHZ�XQGHUVWDQGLQJ��PDGH�
FRKHUHQW�E\�WKH�OLIH�F\FOH�PRGHO��FDQ� LPSURYH�
HFRV\VWHP�VLPXODWLRQ�PRGHOV� �H�J���&DQ]LDQL�
DQG�+DOODP� ������ 9HULW\� ������ /DQFHORW� HW�DO��

������5XDUGLM�HW�DO��������GHVLJQHG�WR�UHFHLYH�WKH�
OLIH�F\FOH� LQIRUPDWLRQ� DQG� UHODWH� LW�WR�WKH�EURDGHU�

HFRV\VWHP��)URP�WKLV�SHUVSHFWLYH��3KDHRF\VWLV�LV�D�
GHILQLWLYH�H[DPSOH�RI�D�FRPSOH[�DGDSWLYH�V\VWHP�
�&$6�� �:DOGURS�������.DXIIPDQ�������������
LQFRUSRUDWHG�ZLWKLQ�LWV�EURDGHU�HFRV\VWHP��DOVR�
VHHQ�DV�D�FRPSOH[�DGDSWLYH�V\VWHP��8VLQJ�PRGHOV��
FRQFHSWXDO�RU� HFRV\VWHP��WR�GULYH�HPSLULFDO�
UHVHDUFK�WKDW�LV�WKHQ�LQFRUSRUDWHG�LQWR�QHZ�PRGHO�
VWUXFWXUHV�FDQ�XOWLPDWHO\�SURYLGH�EHWWHU�LQVLJKW�
LQWR�WKH�GLUHFW�DQG�LQGLUHFW�HIIHFWV�RI�3KDHRF\VWLV�
SRSXODWLRQV�RQ� VXFK� LPSRUWDQW�FRQWHPSRUDU\�
SUREOHPV�DV�JOREDO�ELRJHRFKHPLFDO�F\FOHV��DV�ZHOO�
DV�LOOXPLQDWH�WKH�UROHV�RI�3KDHRF\VWLV�LQ�LWV�RUJD�
QL]HG�HFRV\VWHPV��

$FNQRZOHGJHPHQWV� 7KH� DXWKRUV�ZRXOG� OLNH�WR�WKDQN�7��
6RUOLH��$��$DGQHVHQ�� DQG�+��*MHUWVHQ�RI�WKH�8QLYHUVLW\�RI�
%HUJHQ�0DULQH� %LRORJLFDO� 6WDWLRQ� IRU�DVVLVWDQFH�GXULQJ�
PHVRFRVP� H[SHULPHQWV��:H� WKDQN�FXUUHQW�DQG� IRUPHU�
6NLGDZD\� ,QVWLWXWH�RI�2FHDQRJUDSK\� VWDII��0�� =LUEHO��7��
:DOWHUV��-��'DQIRUWK��.��.RKOEHUJ��*��6PDOOH\��'��+HDWRQ��
-��%URIIW��DQG�5��+ULVWRY��:H� DOVR�WKDQN�FXUUHQW�DQG�IRUPHU�
*HRUJLD� ,QVWLWXWH�RI�7HFKQRORJ\�VWXGHQW�DQG�IDFXOW\�PHP�
EHUV��7��%DUVE\�DQG�0��+D\��)XQGLQJ�ZDV�SURYLGHG�E\�86�
1DWLRQDO�6FLHQFH�)RXQGDWLRQ�JUDQW�233�����������7KLV�SD�
SHU� LV�D�FRQWULEXWLRQ�WR�WKH�6&25�:*� �����3KDHRF\VWLV��
PDMRU� OLQN�LQ�WKH�ELRFKHPLFDO�F\FOLQJ�RI�FOLPDWH�UHOHYDQW�
HOHPHQWV���

5HIHUHQFHV�

$OOHQ�$(� �������'HILQLQJ�WKH�PROHFXODU�EDVLV�IRU�HQHUJ\�
EDODQFH� LQ�PDULQH� GLDWRPV� XQGHU� IOXFWXDWLQJ� HQYLURQ�

PHQWDO�FRQGLWLRQV��-�3K\FRO��������������
$OOHQ�$(�� %RRWK�0*�� 9HULW\�3*��)ULVFKHU�0(� �������

,QIOXHQFH� RI�QLWUDWH� DYDLODELOLW\� RQ� WKH�GLVWULEXWLRQ� DQG�

DEXQGDQFH� RI� KHWHURWURSKLF� EDFWHULDO� QLWUDWH� DVVLPLOD�

WLRQ� JHQHV� LQ� WKH�%DUHQWV� 6HD� GXULQJ� VXPPHU�� $TXDW�
0LFURE�(FRO� �����������

$\HUV�*3��*LOOHWW�5:� �������'06� DQG�LWV�R[LGDWLRQ�SURG�
XFWV� LQ� WKH� UHPRWH� PDULQH� DWPRVSKHUH�� -� 6HD� 5HV�

�����������
%DXGRX[� $�&�� %UXVVDDUG� &3'� ������� &KDUDFWHUL]DWLRQ� RI�

GLIIHUHQW� YLUXVHV� LQIHFWLQJ� WKH�PDULQH� KDUPIXO� DOJDO�
EORRP� VSHFLHV� 3KDHRF\VWLV� JORERVD�� 9LURORJ\� ����������

%RDOFK�*7� �������5HFHQW�EORRPV� LQ�WKH�ZHVWHUQ�(QJOLVK�
&KDQQHO�� 5DSS� 3�Y� 5HXQ� &RQV� LQW�([SORU� 0HU� �������

���

%UDWEDN�*�� -DFREVHQ�$��+HOGDO�0� �����D��9LUDO� O\VLV�RI�
3KDHRF\VWLV� SRXFKHWLL� DQG� EDFWHULDO� VHFRQGDU\� SURGXF�
WLRQ��$TXDW�0LFURE�(FRO� ���������

%UDWEDN� *�� -DFREVHQ� $�� +HOGDO� 0�� 1DJDVDNL� .�� 7KLQJVWDG�
)� �����E��9LUDO� SURGXFWLRQ�LQ�3KDHRF\VWLV�SRXFKHWLL�
DQG� LWV� UHODWLRQ� WR� KRVW� FHOO� JURZWK� DQG� QXWULWLRQ��

$TXDW�0LFURE�(FRO� �������
%UXVVDDUG�&3'�� .XLSHUV�%��9HOGKXLV�0-:� �������$�PHV�

RFRVP� VWXG\� RI� 3KDHRF\VWLV� JORERVD� SRSXODWLRQ�

H� 6SULQJHU�



���� %LRJHRFKHPLVWU\�������������������

G\QDPLFV� ,�� 5HJXODWRU\� UROH� RI� YLUXVHV� LQ� EORRP�

FRQWURO�� +DUPIXO� $OJDH� ����������

%UXVVDDUG�&3'�� 6KRUW�60��)UHGHULFNVRQ�&0�� 6XWWOH�&$�
������� ,VRODWLRQ�DQG�SK\ORJHQHWLF�DQDO\VLV�RI�QRYHO�YL�
UXVHV� LQIHFWLQJ� WKH�SK\WRSODQNWRQ� 3KDHRF\VWLV� JORERVD�

�3U\PQHVLRSK\VHDH��� $SSO� (QYLURQ� 0LFURELRO�
�������������

&DQ]LDQL� *$�� +DOODP� 7*� ������� $� PDWKHPDWLFDO�
PRGHO� IRU�3KDHRF\VWLV� VS�� GRPLQDWHG� SODQNWRQ� FRP�

PXQLW\�G\QDPLFV��,�7KH�EDVLF�PRGHO�1RQOLQHDU�:RUOG�
��������

&DULRX�9��&DVRWWL�5��%LUULHQ�-/��9DXORW�'� �������7KH� LQLWL�
DWLRQ� RI�3KDHRF\VWLV� FRORQLHV�� -�3ODQNWRQ� 5HV� �������

����
'DYLGVRQ�$7��0DUFKDQW�+-� �������7KH�ELRORJ\�DQG�HFRO�

RJ\�RI�3KDHRF\VWLV� �3U\PQHVLRSK\FHDH���,Q��5RXQG�
)(��&KDSPDQ�'-� �HGV��3URJUHVV�LQ�3K\FRORJLFDO�5H�
VHDUFK�� %LRSUHVV� /WG�� %ULVWRO�� 8.� SS� �����

(LOHUWVHQ�+&� �������3KDHRF\VWLV�SRXFKHWLL��+DULRW��/DJHU�
KHLP�� D� NH\� VSHFLHV� LQ�$UFWLF� PDULQH� HFRV\VWHPV�� /LIH�

KLVWRU\� DQG� SK\VLRORJ\�� 5DSS� 3�Y� 5HXQ� &RQV� LQW�([�

SORU�0HU� ��������
)ULVFKHU�0(�� +DQVHQ�$6��:\OOLH�-$��:LPEXVK�-��0XUUD\�

-��1LHU]ZLFNL�%DXHU�6$� �������6SHFLILF�DPSOLILFDWLRQ�
RI� WKH� ��6� U51$� JHQH� DV� D�PHWKRG� WR� GHWHFW� ]HEUD�

PXVVHO� �'UHLVVHQD� SRO\PRUSKD�� ODUYDH� LQ� SODQNWRQ�

VDPSOHV��+\GURELRORJLD�����������
*DEULF�$-��0DWUDL�3$��9HUQHW�0� �������0RGHOOLQJ� WKH�SUR�

GXFWLRQ�RI�GLPHWK\OVXOILGH�GXULQJ�WKH�YHUQDO�EORRPV�LQ�
WKH�%DUHQWV�6HD��7HOOXV� 6HU�%�&KHP� 3K\V�0HWHRURO�
�����������

*XLOODUG�55/��+DUJUDYHV�3(� �������6WLFKRFKU\VLV�LPPREL�
OLV� LV�D� GLDWRP�� QRW� D� FKU\VRSK\WH�� 3K\FRORJLD� �������

����
+DPP�&(�� 6LPVRQ�'$�� 0HUNHO� 5��6PHWDFHN�9� �������

&RORQLHV� RI�3KDHRF\VWLV� JORERVD� DUH� SURWHFWHG� E\� D�

WKLQ�EXW� WRXJK� VNLQ��0DU� (FRO� 3URJ� 6HU� ������������

-DFREVHQ�$� �������1HZ� DVSHFWV�RI�EORRP�G\QDPLFV�RI�
3KDHRF\VWLV�SRXFKHWLL� �+DSWRSK\WD�� LQ�1RUZHJLDQ�
ZDWHUV�� 3K'� 'LVVHUWDWLRQ�� 'HSDUWPHQW� RI� )LVKHULHV�

DQG�0DULQH� %LRORJ\� ���SS���8QLYHUVLW\�RI�%HUJHQ��
%HUJHQ�� 1RUZD\�

-DFREVHQ�$� �������0RUSKRORJ\��UHODWLYH�'1$� FRQWHQW�DQG�
K\SRWKHWLFDO� OLIH�F\FOH� RI�3KDHRF\VWLV� SRXFKHWLL� �3U\P�

QHVLRSK\FHDH��� ZLWK� VSHFLDO� HPSKDVLV� RQ� WKH� IODJHO�
ODWHG�FHOO�W\SH��6DUVLD������������

-DFREVHQ�$�� %UDWEDN� *�� +HOGDO� 0� ������� ,VRODWLRQ�
DQG� FKDUDFWHUL]DWLRQ� RI� D� YLUXV� LQIHFWLQJ� 3KDHRF\VWLV�

SRXFKHWLL��3U\PQHVLSK\FHDH���-�3K\FRO������������
-DFREVHQ� $�� 0DUW"QH]�0DUW"QH]� -��9HULW\� 3�� )ULVFKHU� 0(��

6DQGDD� 5$�� /DUVHQ� $� ������� $UH� FRORQLHV� RU� FRORQLDO�

FHOO�RI�3KDRHF\VWLV�SRXFKHWLL��3U\PQHVLRSK\FHDH��VX�

VHSWLEOH� WR� YLUXV� LQIHFWLRQ"� $PHULFDQ� VRFLHW\� RI� OLP�

QRORJ\� DQG� RFHDQRJUDSK\�� VXPPHU� PHHWLQJ�� $6/2��

6DQWLDJR� GH� &RPSRVWHOD�� 6SDLQ�
.DXIIPDQ� 6$� ������� 7KH� RULJLQV� RI� RUGHU�� 6HOI�RUJDQL]D�

WLRQ� DQG� VHOHFWLRQ� LQ� HYROXWLRQ�� 2[IRUG� 8QLYHUVLW\�
3UHVV�� 1HZ� <RUN�

.DXIIPDQ�6$� �������$W�KRPH�LQ�WKH�8QLYHUVH��7KH� VHDUFK�
IRU� ODZV� RI� VHOI�RUJDQL]DWLRQ� DQG� FRPSOH[LW\�� 2[IRUG�

8QLYHUVLW\� 3UHVV�� 1HZ� <RUN�

.D\VHU� +� ������� ([SHULPHQWDO�HFRORJLFDO� LQYHVWLJDWLRQV� RQ�

3KDHRF\VWLV� SRXFKHG� �+DSWRSK\FHDH��� +HOJRO� ZLVV�

0HHUHVXQWHUV� �����������

.RUQPDQQ� 39� ������� %HREDFKWXQJHQ� DQ� 3KDHRF\VWLV�
.XOWXUHQ�� +HOJRO� ZLVV� 0HHUHVXQWHUV� ����������

/DQFHORW� &�� .HOOHU� 0'�� 5RXVVHDX� 9�� 6PLWK�:2�� 0DWKRW� 6�

�������$XWHFRORJ\�RI�WKH�PDULQH�+DSWRSK\WH�3KDHR�
F\VWLV� VS�� ,Q��$QGHUVRQ� '0�� &HPEHOOD� $'�� +DOOHJUDHII�
*0� �HGV�� 3K\VLRORJLFDO� HFRORJ\� RI� KDUPIXO�DOJDO�
EORRPV�� 6SULQJHU�9HUODJ�� %HUOLQ� SS� ��������

/DQFHORW�&��5RXVVHDX�9� �������(FRORJ\�RI�3KDHRF\VWLV��WKH�
NH\� UROH� RI� FRORQ\� IRUPV�� ,Q��*UHHQ� -&�� /HDGEHDWHU�

%6&� �HGV��7KH� KDSWRSK\WH�DOJDH��&ODUHQGRQ� 3UHVV��
2[IRUG�SS���������

/DQFHORW�&��6SLW]�<��*\SHQV�1��5XGGLFN�.��%HFTXHYRUW�6��
5RXVVHDX� 9�� /DFURL[�*�� %LOOHQ�*� �������0RGHOOLQJ�
GLDWRP� DQG� 3KDHRF\VWLV� EORRPV� DQG� QXWULHQW� F\FOHV� LQ�

WKH�6RXWKHUQ�%LJKW�RI�WKH�1RUWK�6HD�� WKH�0,52� PRG�
HO��0DU� (FRO� 3URJ� 6HU� ����������

/DQFHORW�&��:DVVPDQQ�3��%DUWK�+� �������(FRORJ\�RI�3KDH�
RF\VWLV�GRPLQDW*G� HFRV\VWHPV�� -�0DU� 6\VW� ������

/DQJH�0��&KHQ�<�4��0HGOLQ�/.� �������0ROHFXODU� JHQHWLF�
GHOLQHDWLRQ� RI� 3KDHRF\VWLV� VSHFLHV� �3U\PQHVLRSK\�
FHDH�� XVLQJ� FRGLQJ� DQG� QRQ�FRGLQJ� UHJLRQV� RI� QXFOHDU�
DQG� SODVWLG� JHQRPHV�� (XU� -�3K\FRO� ���������

/DQJH� 0�� /DXUH� *�� 9DXORW� '�� 6LPRQ� 1�� $PDQQ� 5,�� /XG�

ZLJ�:� �������,GHQWLILFDWLRQ�RI�WKH�FODVV�3U\PQHVLRSK\�
FHDH� DQG� WKH� JHQXV� 3KDHRF\VWLV� ZLWK� ULERVRPDO� 51$�

WDUJHWHG� QXFOHLF� DFLG� SUREHV� GHWHFWHG� E\� IORZ� F\WRPH�

WU\��-�3K\FRO������������
/RQJ�-'��������3ODVWLFLW\�RI�FRQVXPHU�SUH\�LQWHUDFWLRQV�LQ�

WKH� VHD�� FKHPLFDO� VLJQDOLQJ�� OHDUQHG� DYHUVLRQ�� DQG� HFR�

ORJLFDO� FRQVHTXHQFHV�� 3K'� 'LVVHUWDWLRQ�� 'HSDUWPHQW�
RI�%LRORJ\� ����SS���*HRUJLD� ,QVWLWXWH�RI�7HFKQRORJ\��
$WODQWD�� *$�� 86$�� 85/� OLQN�� KWWS���ZZZ�HWG�JD�
WHFK�HGX�WKHVHV�DYDLODEOH�HWG�����������������XQUH�

VWULFWHG�ORQJBMHUHP\BGB������BSKG�SGI�

/RQJ� -'�� 6PDOOH\� *:�� %DUVE\� 7�� $QGHUVRQ� -7�� DQG� +D\�
0(� �VXEPLWWHG�� &KHPLFDO� FXHV� LQGXFH� FRQVXPHU�VSH�
FLILF� GHIHQFHV� LQ�D� EORRP�IRUPLQJ� PDULQH� SK\WRSODQN�
WRQ�� 3URFHHGLQJV� RI� WKH�1DWLRQDO� $FDGHP\� RI� 6FLHQFH�

0HGOLQ� /.�� =LQJRQH�$� �LQ�SUHVV��$� UHYLHZ��WKH�JHQXV�
3KDHRF\VWLV� DQG� LWV�VSHFLHV�� %LRJHRFKHPLVWU\�

0RQWVDQW�$�� -DEEDUL�.��0DKHVZDUL�8�� %RZOHU�&� �������
&RPSDUDWLYH� JHQRPLFV� RI� WKH�SHQQDWH� GLDWRP� 3KDHR�

GDFW\OXP� WULFRUQXWXP�� 3ODQW� 3K\VLRO� �������"����

1HMVWJDDUG� -&��)ULVFKHU� 0(�� 9HULW\� 3*�� $QGHUVRQ� -7�� -DF�

REVHQ� $�� =LUEHO� 0-�� /DUVHQ� $�� 0DUW"QH]�0DUW"QH]� -��
6D]KLQ�$)��:DOWHUV�7��%URQN�'$��:KLSSOH�6-��%RUUHWW�
65��3DWWHQ�%&�� /RQJ� -'� �������3ODQNWRQ�GHYHORS�
PHQW� DQG� WURSKLF� WUDQVIHU� LQ�VHD� ZDWHU� HQFORVXUHV� DGG�

HG� QXWULHQWV� DQG� 3KDHRF\VWLV� SRXFKHWLL�� 0DU� (FRO� 3URJ�
6HU������������

3HSHU]DN�/��&ROLMQ�)��9ULHOLQJ�(*��*LHVNHV�::&�� 3HHWHUV�
-&+������D��2EVHUYDWLRQV�RI�IODJHOODWHV�LQ�FRORQLHV�RI�
3KDHRF\VWLV� JORERVD� �3U\PQHVLRSK\FHDH��� D� K\SRWKH�
VLV� IRU� WKHLU� SRVLWLRQ� LQ� WKH� OLIH�F\FOH�� -�3ODQNWRQ� 5HV�

�������������
3HSHU]DN�/��*LHVNHV�::&��'XLQ�5��&ROLMQ�)� ����.�E��7KH�

YLWDPLQ� %� UHTXLUHPHQW� RI�3KDHRF\VWLV� JORERVD� �3U\P�

QHVLRSK\FHDH���-�3ODQNWRQ�5HV� �������������

,/�6SULQJHU�



%LRJHRFKHPLVWU\������������������� ����

5RXVVHDX�9�� -DFREVHQ�$��9HULW\�3��:KLSSOH� 6� �LQ�SUHVV��
7KH� OLIH�F\FOH� RI�3KDHRF\VWLV�� VWDWH� RI� NQRZOHGJH� DQG�

SUHVXPSWLYH� UROH� LQ�HFRORJ\�� %LRJHRFKHPLVWU\�
5RXVVHDX�9��0DWKRW�6��/DQFHORW�&� �������&DOFXODWLQJ�FDU�

ERQ� ELRPDVV� RI� 3KDHRF\VWLV� VS�� IURP� PLFURVFRSLF�
REVHUYDWLRQV� 0DU� %LRO� ������������

5RXVVHDX� 9�� 9DXORW� '�� &DVRWWL� 5�� &DULRX� 9�� /HQ]� -��*XQ�

NHO�-��%DXPDQQ�0� �������7KH� OLIH�F\FOH�RI�3KDHRF\VWLV�
�3U\PQHVLRSK\FHDH��� HYLGHQFH� DQG� K\SRWKHVHV�� -�0DU�

6\VW���������
5XDUGLM�3��9HOGKXLV�0-:��%UXVVDDUG�&3'� �������0RGHO�

LQJ�WKH�EORRP�G\QDPLFV�RI�WKH�SRO\PRUSKLF�SK\WR�
SODQNWHU� 3KDHRF\VWLV� JORERVD�� LPSDFW� RI� JUD]HUV� DQG�

YLUXVHV�� +DUPIXO� $OJDH� ����������

6PLWK�-U�:2�� &RGLVSRWL�/$��1HOVRQ�'0��0DQOH\�7��%XV�
NH\�(-��1LHEDXHU�+-��&RWD�*)� ������� ,PSRUWDQFH�RI�
3KDHRF\VWLV� EORRPV� LQ� WKH� KLJK�ODWLWXGH� RFHDQ� FDUERQ�

F\FOH�� 1DWXUH� ������������

6WHIDQVVRQ�8��2ODIVVRQ�-��������1XWULHQWV�DQG�IHUWLOLW\�RI�
,FHODQGLF� ZDWHUV�� 5LW� )LVNLGHLOGDU� ��������

7DQJ�.:� �������*UD]LQJ�DQG�FRORQ\�VL]H�GHYHORSPHQW�LQ�
3KDHRF\VWLV� JORERVD� �3U\PQHVLRSK\FHDH��� WKH� UROH� RI� D�

FKHPLFDO� VLJQDO�� -�3ODQNWRQ� 5HV� �����������

9HOGKXLV�0-:��%UXVVDDUG�&3'��1RRUGHORRV�$$0� �������
/LYLQJ� LQ�D�3KDHRF\VWLV� FRORQ\�� D�ZD\� WR�EH� D� VXFFHVVIXO�

DOJDO�VSHFLHV��-�6HD�5HV� �����������
9HOGKXLV�0-:��&ROLMQ� )��9HQHNDPS� /$+� �������7KH�

VSULQJ�EORRP�RI�3KDHRF\VWLV�SRXFKHWLL��+DSWRSK\FHDH��
LQ�'XWFK� FRDVWDO� ZDWHUV�� 1HWK� -�6HD� 5HV� ���������

9HULW\�3*� �������*UD]LQJ�H[SHULPHQWV�DQG�PRGHO� VLPXOD�
WLRQV� RI� WKH� UROH� RI� =RRSODQNWRQ� LQ�3KDHRF\VWLV� IRRG�

ZHEV��-�6HD�5HV������������
9HULW\�3*��6PHWDFHN�9� �������2UJDQLVP� OLIH�F\FOHV��SU"GD�

WLRQ�� DQG� WKH� VWUXFWXUH� RI�PDULQH� SHODJLF� HFRV\VWHPV��
0DU�(FRO�3URJ�6HU�������������

9HULW\�3*��9LOODUHDO� 7$�� 6PD\GD�7-� �������(FRORJLFDO�
LQYHVWLJDWLRQV� RI� EORRPV� RI� FRORQLDO� 3KDHRF\VWLV�

SRXFKHWLL�� ,,�� 7KH� UROH� RI� OLIH�F\FOH� SKHQRPHQD� LQ�

EORRP� WHUPLQDWLRQ�� -�3ODQNWRQ� 5HV� �����������

9HULW\�3*��:KLSSOH� 6-��1HMVWJDDUG�-&��DQG�$OGHUNDPS�$�
&� �LQ�SUHVV�� &RORQ\� VL]H�� FHOO� GHQVLW\�� FDUERQ� DQG� QLWUR�

JHQ� FRQWHQWV� RI� 3KDHRF\VWLV� SRXFKHWLL� IURP� ZHVWHUQ�

1RUZD\�� -�3ODQNWRQ� 5HV�

:DOGURS�00� �������&RPSOH[LW\��7KH� HPHUJLQJ�VFLHQFH�DW�
WKH�HGJH� RI�RUGHU� DQG� FKDRV�� 6LPRQ� DQG� 6FKXVWHU�� 1HZ�

<RUN�

:DONHU�7/��&ROOHW�&��3XUWRQ�6� �������$OJDO� WUDQVJHQLFV�LQ�
WKH�JHQRPLF�HUD��-�3K\FRO��������������

:DVVPDQQ�3��5DWNRYD�7��5HLJVWDG�0� �������7KH�FRQWULEX�
WLRQ�RI�VLQJOH�DQG�FRORQLDO�FHOOV�RI�3KDHF\VGV�SRXFKHWLL�
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