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%LRORJLFDO�DQG�&KHPLFDO�6WXGLHV�RI�(VVHQWLDO�2LO�IURP�9LWH[�
QHJXQGR�RI�1HSDOHVH�2ULJLQ�

,VKZRU�3DWKDN� ��0XQD�1LUDXOD��DQG�3UDNDVK�7KDSD��

�'HSDUWPHQW�RI�&KHPLVWU\��$PULW�&DPSXV��7ULEKXYDQ�8QLYHUVLW\��.DWKPDQGX��1HSDO�
�&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\��7ULEKXYDQ�8QLYHUVLW\��.LUWLSXU��.DWKPDQGX��1HSDO�

(PDLO��SDWKDNLVKZRU��#JPDLO�FRP�

$EVWUDFW�

,Q�WKLV�VWXG\��HVVHQWLDO�RLO�IURP�DLU�GULHG�OHDYHV��IORZHUV�DQG�IUXLWV�RI�WKH�9LWH[�QHJXQGR�ZDV�H[WUDFWHG�
E\� K\GUR� GLVWLOODWLRQ� XVLQJ� &OHYHQJHU� DSSDUDWXV� DQG� FKHPLFDO� FRPSRVLWLRQV� RI� WKH� HVVHQWLDO� RLO� ZDV�
DQDO\]HG�E\�SHUIRUPLQJ�*&�DQDO\VLV�ZKLFK�UHYHDOHG�WKH�SUHVHQFH�RI����FRPSRXQGV��PRVW�RI� WKHP�ZHUH�
PRQRWHUSHQHV�� VHVTXLWHUSHQHV�� PRQRWHUSHQH� DOFRKROV�� VHVTXLWHUSHQH� DOFRKROV�� GLWHUSHQHV�� F\FOLF� DQG�
ELF\FOLF� DOFRKROV�� 6RPH� FRPSRXQGV� ZHUH� QDSKWKDOHQH�� S\UDGL]LQH� DQG� S\UD]ROH� GHULYDWLYHV� DOVR�� 7KH�
PDMRU� FRQVWLWXHQWV� SUHVHQW� LQ� WKH� RLO� VDPSOH� ZDV� ��PHWK\OHQH�������WULPHWK\O���YLQ\O�
%LF\FOR>�����@QRQDQH� ���������� %LRORJLFDO� DFWLYLW\� RI� WKH� HVVHQWLDO� RLO�ZDV� WHVWHG� E\� SHUIRUPLQJ� EULQH�
VKULPS�ELRDVVD\��7KH�RLO� WHVWHG�ZDV� IRXQG� WR� EH� F\WRWR[LF� DJDLQVW� EULQH� VKULPSV� DV� VKRZQ�E\� LWV� /&��

YDOXH�RI�������PXFK�EHORZ�WKH�DFFHSWHG�PD[LPXP�SRWHQWLDO�YDOXH�RI�������

.H\ZRUGV��9LWH[�QHJXQGR��HVVHQWLDO�RLO��*&�DQDO\VLV��%ULQH�VKULPS�ELRDVVD\�

,QWURGXFWLRQ�

$�QDWXUDO�SURGXFW�LV�D�FKHPLFDO�FRPSRXQG�RU�VXEVWDQFH�SURGXFHG�E\�OLYLQJ�RUJDQLVPV�IRXQG�LQ�QDWXUH�
WKDW� XVXDOO\� KDV� D� SKDUPDFRORJLFDO� RU� ELRORJLFDO� DFWLYLW\� DQG� FDQ� EH� XVHG� LQ� SKDUPDFHXWLFDO� GUXJ�
GLVFRYHU\� DQG�GUXJ�GHVLJQ�� 6RXUFHV�RI�QDWXUDO� SURGXFW� DUH� SODQWV�� DQLPDOV� DQG�PLFURRUJDQLVPV��ZKLFK�
FDQ� EH� WHUUHVWULDO� RU� PDULQH�� 6RPH� H[DPSOHV� RI� QDWXUDO� SURGXFWV� DUH� VWHURLGV�� WHUSHQRLGV�� IODYRQRLGV��
DONDORLGV��TXLQRQHV��SRO\SKHQROV�HWF����

+HUEDO�PHGLFLQH�LV�WKH�ROGHVW�IRUP�RI�KHDOWKFDUH�WR�PDQNLQG�DQG�LW�ZLOO�EH�QRW�DQ�H[DJJHUDWLRQ�WR�VD\�
WKDW�XVH�RI�KHUEDO�KHDOWKFDUH�LV�SUREDEO\�DV�DQFLHQW�DV�PDQNLQG���:LWK�FKDQJH�LQ�WLPH�DQG�GHYHORSPHQW�RI�
VFLHQFH�DQG�WHFKQRORJ\��WKH�WUDGLWLRQDO�PHGLFLQH�KDV�EHFRPH�WKH�SUHFXUVRU�IRU�WRGD\¶V�PRGHUQ�PHGLFLQH�
DQG�ILQDOO\�WKH�ERRQ�WR�KXPDQ����'HVSLWH�RI�WUHPHQGRXV�SURJUHVV�LQ�KXPDQ�PHGLFLQHV��LQIHFWLRXV�GLVHDVHV�
FDXVHG�E\�EDFWHULD�� IXQJL��YLUXVHV�DQG�SDUDVLWHV� DUH� VWLOO� D�PDMRU� WKUHDW� WR�SXEOLF�KHDOWK��7KH� LQFUHDVLQJ�
IDLOXUH�RI�FKHPRWKHUDSHXWLFV�DQG�DQWLELRWLF�UHVLVWDQFH�H[KLELWHG�E\�SDWKRJHQLF�PLFURELDO�LQIHFWLRXV�DJHQWV�
KDV� OHG� WR� WKH� VFUHHQLQJ� RI� VHYHUDO� PHGLFLQDO� SODQWV� IRU� WKHLU� SRWHQWLDO� ELRORJLFDO� DFWLYLW\��� 7KHUHIRUH��
QDWXUDO�SURGXFW� FKHPLVWU\�KDV�EHFRPH�DQ� LPSRUWDQW� VLWH� WR� H[SORUH� WKH�ELRORJLFDO� DQG�SKDUPDFHXWLFDOO\�
DFWLYH�FRPSRQHQWV�IURP�SODQWV����

&RUUHVSRQGLQJ�DXWKRU
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,Q�1HSDO�� WKHUH� DUH� WKRXVDQGV� RI�PHGLFLQDOO\� LPSRUWDQW� SODQWV� DPRQJ�ZKLFK������� VSHFLHV� DUH� YHU\�
LPSRUWDQW�LQ�WHUPV�RI�ELRORJLFDO�DFWLYLW\���7KH�SUHVHQW�VWXG\�LV�IRFXVHG�RQ�ELRORJLFDO�DQG�FKHPLFDO�VWXGLHV�
RI�WKH�HVVHQWLDO�RLO�IURP�9LWH[�QHJXQGR�SODQW�RI�1HSDOHVH�RULJLQ��$Q�HVVHQWLDO�RLO� LV�QDWXUDO�RLO� W\SLFDOO\�
REWDLQHG�IURP�GLVWLOODWLRQ�DQG�KDYLQJ�WKH�FKDUDFWHULVWLF�RGRXU�RI�WKH�SODQW�RU�RWKHU�VRXUFHV�IURP�ZKLFK�LW�LV�
H[WUDFWHG��7KH\�DUH�QDWXUDO�DURPDWLF�FRPSRXQGV�IRXQG�LQ�VHHGV��EDUN��URRW��IORZHUV�DQG�RWKHU�SDUWV�RI�WKH�
SODQW��� 7KH\� FRQVLVW� RI� D� FRPSOH[� PL[WXUH� RI� PRQR�� DQG� VHVTXLWHUSHQHV�� SKHQ\O� SURSDQRLGV� DQG�
R[\JHQDWHG�FRPSRXQGV���

9LWH[�QHJXQGR�/LQQ���9HUEHQDFHDH��LV�FRPPRQO\�NQRZQ�DV�6LPDOL��1HSDOL���1LUJXQGL��+LQGL��DQG�ILYH�
OHDYHG�FKDVWH�WUHH��(QJOLVK����,W�LV�IRXQG�LQ�PRLVW�DUHD�WKURXJKRXW�1HSDO�XS�WR�DQ�DOWLWXGH�RI������PHWHU��,W�
DOVR� JURZV� ZLGHO\� LQ� RWKHU� ,QGLDQ� VXEFRQWLQHQWV�� FHQWUDO� $VLD�� (XURSH�� QRUWKHUQ� $PHULFD� DQG� HDVWHUQ�
$IULFD��,W�LV�DQ�DURPDWLF�ODUJH�VKUXE�RU�VPDOO�VOHQGHU�WUHH�RI�DERXW���WR���PHWHU�LQ�KHLJKW�DQG�FRPPRQO\�
EHDUV� WUL�� RU� SHQWD�IROLDWH� OHDYHV� RQ� TXDGUDQJXODU� EUDQFKHV�� ZKLFK� JLYHV� ULVH� WR� EOXLVK�SXUSOH� FRORUHG�
IORZHUV��7KH�IUXLW�LV�VXFFXOHQW��EODFN�DQG�URXQGHG�ZKHQ�ULSH�KDYLQJ�DERXW���PP�LQ�GLDPHWHU�����

9LWH[�QHJXQGR��/LQQ���LV�RQH�RI�WKH�FRPPRQ�SODQWV�XVHG�LQ�WUDGLWLRQDO�PHGLFLQH�DQG�UHSRUWHG�WR�KDYH�
YDULHW\� RI� SKDUPDFRORJLFDO� DFWLYLWLHV�� $OWKRXJK�� DOO� SDUWV� RI� 9�� QHJXQGR� DUH� XVHG� DV� PHGLFLQH� LQ� WKH�
LQGLJHQRXV�V\VWHP�RI�PHGLFLQH��WKH�OHDYHV�DUH�WKH�PRVW�SRWHQW�IRU�PHGLFLQDO�XVH���7KH�GHFRFWLRQ�RI�OHDYHV�
LV�XVHG�IRU�WUHDWPHQW�RI�LQIODPPDWLRQ��H\H�GLVHDVH��WRRWKDFKH��OHXFRGHUPD��HQODUJHPHQW�RI�VSOHHQ��XOFHUV��
FDQFHUV�� FDWDUUKDO� IHYHU�� UKHXPDWRLG� DUWKULWLV�� JRQRUUKHD�� VLQXVHV�� VFURIXORXV� VRUHV�� EURQFKLWLV� DQG� DV�
WRQLFV��DQWLPLFURELDO��DQWLEDFWHULDO��DQWLS\UHWLF��DQDOJHVLF��LQVHFWLFLGDO��DQWL�R[LGDQW��JURZWK�LQKLELWLRQ�DQG�
PRUSKRJHQHWLF�DJHQWV����7KH�URRW� LV�FRQVLGHUHG�DV� WRQLF�� IHEULIXJH�DQG�H[SHFWRUDQW��DUWKULWLV��G\VSHSVLD��
FROLF��UKHXPDWLVP��OHSURV\��G\VHQWHU\��XULQDU\�GLVRUGHUV��ZRXQGV��XOFHUV��PDODULDO�IHYHU�DQG�VNLQ�GLVHDVHV��
7KH�URRW�LV�DOVR�DQ�DQWLGRWH�WR�VQDNH�YHQRP��)ORZHUV�DUH�XVHG�LQ�GLDUUKHD��FKROHUD��IHYHU��KHPRUUKDJHV��
KHSDWRSDWK\� DQG� FDUGLDF� GLVRUGHUV�� 7KH� HVVHQWLDO� RLOV� DQG� H[WUDFWV� SURGXFHG� E\� WKH� SODQW¶V� VHFRQGDU\�
PHWDEROLWHV�LV�UHVSRQVLEOH�IRU�WKHVH�YDULRXV�SKDUPDFRORJLFDO�DFWLYLWLHV���

([SHULPHQWDO�0HWKRGV�

&ROOHFWLRQ�RI�SODQW�PDWHULDOV�

7KH�IUHVK�OHDYHV��IORZHUV�DQG�IUXLWV�RI�9LWH[�QHJXQGR�ZHUH�FROOHFWHG�LQ�2FWREHU������IURP�'KDGLQJ�
GLVWULFW�RI�1HSDO��7KH� WD[RQRPLF� LGHQWLILFDWLRQ�RI�SODQW�ZDV�FRQILUPHG�DW�'HSDUWPHQW�RI�%RWDQ\��$PULW�
&DPSXV�� /DLQFKRXU�� .DWKPDQGX�� 7KH� FROOHFWHG� IUHVK� SODQW� PDWHULDOV� ZHUH� ZDVKHG� ZLWK� WDS� ZDWHU� WR�
UHPRYH� WKH� FRQWDPLQDQWV� OLNH� GXVW�� VRLO�� LQVHFW¶V� ODUYDH� RU� LQVHFWV� WRR� DQG� RWKHU� XQZDQWHG� DWWDFKHG�
SDUWLFOHV�RQ�WKH�SODQW���

([WUDFWLRQ�RI�HVVHQWLDO�RLOV�

7KH� HVVHQWLDO� RLO� IURP� WKH� OHDYHV�� IORZHUV� DQG� IUXLWV� RI� 9LWH[� QHJXQGR� ZDV� H[WUDFWHG� E\� K\GUR�
GLVWLOODWLRQ�XVLQJ�FORVHG�W\SH�&OHYHQJHU�DSSDUDWXV�IRU�H[WUDFWLRQ�RI�RLOV�OLJKWHU�WKDQ�ZDWHU������JUDPV�RI�
IUHVK�OHDYHV��IORZHUV�DQG�IUXLWV�RI�9��QHJXQGR�ZHUH�FXW�LQWR�VPDOO�SLHFHV�DQG�NHSW�LQWR�KDUG�JODVV�URXQG�
IODVN� DORQJ� ZLWK� VRPH� GLVWLOOHG� ZDWHU�� 7KH� FRQWHQW� RI� WKH� IODVN� ZDV� KHDWHG� WR� ERLOLQJ�� +HDWLQJ� ZDV�
FRQWLQXHG�IRU���KRXUV�DQG�DOORZHG�WR�VWDQG�IRU�VRPH�WLPH�DQG�WKH�VWRSSHU�RI�WKH�&OHYHQJHU�DSSDUDWXV�ZDV�
RSHQHG��7KH�ZDWHU�ZDV�GUDZQ�RXW�VORZO\�XQWLO�WKH�VXUIDFH�RI�WKH�RLO�OD\HU�FRUUHVSRQGHG�WR�WKH�SUHSDUDWLRQ�
OLQH�DQG�DOORZHG�WR�VWDQG�IRU�VRPH�WLPH��7KH�VXUIDFH�RI�WKH�OD\HU�ZDV�ORZHUHG�WR�]HUR�OLQH�DQG�WKH�YROXPH�
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RI� WKH�RLO�ZDV�PHDVXUHG�DW� WKH� VDPH�FRQGLWLRQ��7KH�SURFHVV�ZDV� UHSHDWHG�VHYHUDO� WLPHV�DQG�SHUFHQWDJH�
\LHOG�RI�HVVHQWLDO�RLO�ZDV�FDOFXODWHG��)LQDOO\�� WKH�RLO�ZDV�FROOHFWHG� LQ�D�JODVV�YLDO�RYHU�GU\�1D�62��DQG�
VWRUHG�LQ�D�VHDOHG�JODVV�ERWWOH�LQ�D�UHIULJHUDWRU�XQWLO�IXUWKHU�H[SHULPHQW�ZDV�SHUIRUPHG��

*&�$QDO\VLV�

*&�DQDO\VLV�RI�WKH�HVVHQWLDO�RLO�ZDV�FDUULHG�RXW�RQ�D�JDV�FKURPDWRJUDSK\�PDVV�VSHFWURPHWHU�DQG�WKH�
YRODWLOH�RLO�FRPSRQHQWV�ZHUH� LGHQWLILHG�E\�FRPSDULQJ�WKHLU� UHWHQWLRQ� LQGLFHV�RI�*&�FKURPDWRJUDP�ZLWK�
WKRVH�RI�OLWHUDWXUH�DQG�DXWKHQWLF�VWDQGDUGV�DYDLODEOH�LQ�WKH�ODERUDWRU\��*&�DQDO\VLV�ZDV�SHUIRUPHG�XQGHU�
WKH�IROORZLQJ�FRQGLWLRQV��LQMHFWLRQ�YROXPH���/�ZLWK�VSOLW�UDWLR�������+HOLXP�DV�D�FDUULHU�JDV��WHPSHUDWXUH�
PDLQWDLQHG� DW� ��� �&�� HOHFWURQ� LPSDFW�PRGH�RI� LRQL]DWLRQ�ZLWK� LRQL]DWLRQ� HQHUJ\���� H9�DQG� LRQ� VRXUFH�
WHPSHUDWXUH������&���

%LRORJLFDO�6FUHHQLQJ�

%LRORJLFDO�VFUHHQLQJ�LQYROYHV�WKH�VWXG\�RI�HIIHFW�RI�WKH�HVVHQWLDO�RLO�DW�DUELWUDULO\�IL[HG�GRVH�OHYHOV�LQ�D�
VSHFLHV� RI� RUJDQLVP� DQG� SUHGLFWLRQ� RI� LWV� HIIHFW� RYHU� WKH� HQWLUH� GRVDJH� UDQJH�� ,W� KHOSV� WR� FRQILUP� WKH�
ELRORJLFDO� DFWLYLW\� RI�PHGLFLQDO� SODQW�� ,Q� RUGHU� WR� WHVW� WKH� ELRORJLFDO� DFWLYLW\� RI� WKH� HVVHQWLDO� RLO�� EULQH�
VKULPS�ELRDVVD\�KDV�EHHQ�FDUULHG�RXW�E\�IROORZLQJ�VWDQGDUG�SURWRFRO����

%ULQH�6KULPS�%LRDVVD\�

%ULQH� VKULPS�ELRDVVD\�SURFHVV� LQYROYHV� LQWURGXFLQJ� WKH�QHZO\�KDWFKHG�EULQH� VKULPS�QDXSDOLL� WR� WKH�
FUXGH� SODQW� H[WUDFWV�� IUDFWLRQV�� 7KH�PHWKRG� GHWHUPLQHV� WKH� /&��� YDOXHV� �/HWKDO� FRQFHQWUDWLRQ� IRU� ����
PRUWDOLW\�� IRU� WKH� FUXGH� H[WUDFWV�� &RPSRXQG� RI� /&��� YDOXHV� OHVV� WKDQ� ����� SSP� DUH� FRQVLGHUHG� DV�
SRWHQWLDOO\�SKDUPDFRORJLFDOO\�DFWLYH���

,Q�RUGHU�WR�KDWFK�WKH�VKULPSV��DERXW����PJ�RI�EULQH�VKULPS�HJJV�ZHUH�VSULQNOHG�RQ�WKH�EHDNHU�ILOOHG�
ZLWK�DUWLILFLDO�VHD�ZDWHU�DQG�LOOXPLQDWHG�ZLWK�WDEOH�ODPS�����ZDWW��IRU����KRXUV�E\�DGMXVWLQJ�WHPSHUDWXUH�
DW�����&� ���PJ�RI�WKH�VDPSOH�HVVHQWLDO�RLO�ZDV�GLVVROYHG�LQ���P/�DFHWRQH��7KH�VROXWLRQ�WKXV�SUHSDUHG�ZDV�
XVHG�DV�VWRFN�VROXWLRQ��7KH�WHVW�ZDV�FRQGXFWHG�LQ�WHVW�WXEHV�DQG�VWHULOL]HG�VHD�ZDWHU��ILQDO�YROXPH����P/���
)URP� HDFK� VWRFN� VROXWLRQ�� �����/� �HTY�� ����� SSP��� ����/� �HTY�� ���� SSP��� ��/� �HTY�� ��� SSP��ZHUH�
WUDQVIHUUHG�WR�WRWDO�QLQH�WHVW�WXEHV��WKUHH�WXEHV�IRU�HDFK�GRVHV�OHYHO��7KHQ��WKH�VROYHQW�ZDV�HYDSRUDWHG�E\�
VWDQGLQJ� RYHUQLJKW�� $IWHU� FRPSOHWH� HYDSRUDWLRQ� RI� VROYHQW�� WHQ�PDWXUHG� VKULPSV� LQ� ��P/� DUWLILFLDO� VHD�
ZDWHU�ZHUH� WUDQVIHUUHG� WR�DOO� WHVW� WXEHV�FRQWDLQLQJ�VDPSOHV��6LPLODUO\�� WKUHH�FRQWUROOHG�YLDOV�ZHUH� WDNHQ�
DQG�WHQ�PDWXUHG�QDXSOLL�ZHUH�LQWURGXFHG�LQ�HDFK�YLDO��$IWHU����KRXUV�RI�LOOXPLQDWLRQ�XQGHU�D�WDEOH�ODPS�
����:DWW���WKH�QXPEHUV�RI�VXUYLYRU�ZHUH�FRXQWHG�ZLWK�WKH�KHOS�RI�GLVSRVDEOH�SLSHWWHV��7KH�/&���YDOXH�ZDV�
GHWHUPLQHG�XVLQJ�SURELW�UHJUHVVLRQ���

5HVXOWV�DQG�'LVFXVVLRQ��

7KH�SHUFHQWDJH�\LHOG�RI�WKH�HVVHQWLDO�RLO�IURP�OHDYHV��IUXLWV�DQG�IORZHUV�RI�9��QHJXQGR�ZDV�IRXQG�WR�EH�
����� �Y�Z�� RQ� D� IUHVK� ZHLJKW� EDVLV� DQG� WKH� FROOHFWHG� RLO� ZDV� IRXQG� WR� KDYH� IROORZLQJ� RUJDQROHSWLF�
SURSHUWLHV��
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7DEOH����2UJDQROHSWLF�SURSHUWLHV�RI�HVVHQWLDO�RLO�IURP�9LWH[�QHJXQGR

����������3ODQW� �������$SSHDUDQFH� ��������&RORU� $URPD�

9LWH[�QHJXQGR� 6OLJKWO\� YLVFRXV� DQG���
QRQ�VWLFN\�

3DOH�\HOORZ� 3OHDVDQW��VWURQJO\�
IUDJUDQW��

7KH� *&� DQDO\VLV� RI� WKH� HVVHQWLDO� RLO� RI� OHDYHV�� IORZHUV� DQG� IUXLWV� RI� 9LWH[� QHJXQGR� UHYHDOHG� WKH�
SUHVHQFH� RI� ��� FRPSRXQGV�� $PRQJ� WKH� LGHQWLILHG� FRPSRXQGV�� �� ZHUH� PRQRWHUSHQHV�� �� ZHUH�
PRPRWHUSHQH� DOFRKROV�� �� ZHUH� VHVTXLWHUSHQHV�� �� ZHUH� VHVTXLWHUSHQH� DOFRKROV�� �� ZHUH� ELF\FOLF�
VHVTXLWHUSHQHV�� �� ZDV� ELF\FOLF� GLWHUSHQH� DOFRKRO� DQG� WKH� UHPDLQLQJ� FRPSRXQGV� LQFOXGH� �� QDSKWKDOHQH�
GHULYDWLYHV�� �� S\UDGL]LQH� GHULYDWLYHV�� �� S\UD]RO� GHULYDWLYHV� DQG� VRPH� F\FOLF� DQG� ELF\FOLF� DOFRKROV��
&RQVWLWXHQWV�RI�HVVHQWLDO�RLO�RI�9LWH[�QHJXQGR�DUH�WDEXODWHG�EHORZ��

7DEOH����&KHPLFDO�FRQVWLWXHQWV�RI�HVVHQWLDO�RLO�IURP�9LWH[�QHJXQGR�

6�1�� 1DPH�RI�FRPSRXQG� 5HWHQWLRQ�

7LPH��5W��
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�3LQHQH�

6DELQHQH�

�3LQHQH�

0\UFHQH�

�3KHOODQGUHQH�

3DUD�&\PHQH�

�3KHOODQGUHQH�

�7HUSLQHQH�

����GLPHWK\O�����2FWDGLHQ���RO�

7HUSLQHQ���RO�

��PHWK\OHQH�������WULPHWK\O���YLQ\O�%LF\FOR>�����@QRQDQH�

�(�)DUQHVHQH�

�±&XUFXPHQH�

6HOLQD������GLHQH�

�±0XXUROHQH�

��(OHPRO�

'LHWK\O�����D]R[\GLEHQ]RDWH�

&DU\RSK\OOHQH�R[LGH�
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+LQHVRO�

��>���������7ULPHWK\O�F\FORKH[���HQ\O������GLK\GUR��>��
S\UD]RO���\O@�HWKDQRQH�

��,VRSURSHQ\O����D�GLPHWK\O����������������D�
RFWDK\GURQDSWKDOHQH�����GLRO�

'HFDK\GUR������D�WULPHWK\O���PHWK\OHQH������PHWK\O�����
SHQWDGLHQ\O�1DSWKDOHQH�

�����IOXRURSKHQ\O����SHQW\O�&\FORKH[DQRO�

��>���������7ULPHWK\O�F\FORKH[���HQ\O������GLK\GUR��>��
S\UD]RO���\O@�HWKDQRQRQH�

>������WULPHWK\O������IXU\O����R[DELF\FOR>�����@QRQ���HQ���
\O@�0HWKDQRO�

�����D������������D�RFWDK\GUR�������GLPHWK\O�����
0HWKDQRF\FORRFWD>G@S\GLGD]LQH�

��>���������7ULPHWK\O�F\FORKH[���HQ\O������GLK\GUR��+�
S\UD]RO���\O@�HWKDQRQH�

�HWKHQ\OGHFDK\GUR� ������D�WHWUDPHWK\O���PHW���
1DSWKDOHQHSURSDQRO�

�����D������������D�RFWDK\GUR�������GLPHWK\O�����
PHWKDQRF\FORRFWD>G@S\ULGD]LQH�

0DQRRO�

������GLGHK\GUR��������������������������������������
F\FORGHFDF\FORWHWUDGHFHQH�
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,QYHVWLJDWLRQ� RI� HVVHQWLDO� RLO� RI� 9LWH[� QHJXQGR� UHSRUWHG� ��PHWK\OHQH�������WULPHWK\O���YLQ\O�
%LF\FOR>�����@QRQDQH� DV� D� SUHGRPLQDQW� FRQVWLWXHQW� ���������� 6LPLODUO\�� �(�)DUQHVHQH� ���������� �
3LQHQH� ���������� �3KHOODQGUHQH� ���������� ��>���������7ULPHWK\O�F\FORKH[���HQ\O������GLK\GUR��>��
S\UD]RO���\O@�HWKDQRQH� ��������� 6DELQHQH� ��������� ��,VRSURSHQ\O����D�GLPHWK\O����������������D�
RFWDK\GURQDSWKDOHQH�����GLRO� �������� DQG� 'HFDK\GUR������D�WULPHWK\O���PHWK\OHQH������PHWK\O�����
SHQWDGLHQ\O�1DSWKDOHQH���������ZHUH�DOVR�UHSRUWHG�LQ�FRQVLGHUDEOH�DPRXQW�LQ�*&�DQDO\VLV�RI�WKH�RLO���

([WHQVLYH�OLWHUDWXUH�VXUYH\�UHYHDOHG�WKDW�PRVW�RI�WKH�FRPSRXQGV�IRXQG�LQ�WKH�RLO�KDV�EHHQ�UHSRUWHG�LQ�
GLIIHUHQW�DUWLFOHV�WKDW�KDV�EHHQ�DOUHDG\�SXEOLVKHG��������������+RZHYHU��WKH�PRVW�SUHGRPLQDQW�FRPSRXQG���
PHWK\OHQH�������WULPHWK\O���YLQ\O�%LF\FOR>�����@QRQDQH� KDV� QRW� EHHQ� UHSRUWHG� DQ\ZKHUH� LQ� WKH� YRODWLOH�
RLO� IURP�9�� QHJXQGR� WLOO� GDWH�� 7DQ� HW� DO ��� UHSRUWHG� WKDW� WKLV� FRPSRXQG� H[KLELW� DQWL�LQIODPPDWRU\� DQG�
DQWLEDFWHULDO�DFWLYLWLHV������
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)LJ�������PHWK\OHQH�������WULPHWK\O���YLQ\O�%LF\FOR>�����@QRQDQH�

,Q� WKLV�VWXG\��/&���YDOXHV���J�P/��IRU� WKH�RLO� IURP�9LWH[�QHJXQGR�ZDV�HYDOXDWHG��/&���YDOXH� LV� WKH�
OHWKDO�FRQFHQWUDWLRQ�GRVH�UHTXLUHG�WR�NLOO������RI�WKH�VKULPSV��9DOXHV�OHVV�WKDQ�������J�P/�DUH�VXSSRVHG�
WR�EH�SKDUPDFRORJLFDOO\�DFWLYH�

7KH�HVVHQWLDO�RLO�IURP�9LWH[�QHJXQGR�ZDV�IRXQG�WR�EH�F\WRWR[LF�DJDLQVW�EULQH�VKULPSV�DV�VKRZQ�E\�LWV�
/&���YDOXH�RI�������PXFK�EHORZ�WKH�DFFHSWHG�PD[LPXP�SRWHQWLDO�YDOXH�RI�������

&RQFOXVLRQV�

/HDYHV�� IUXLWV� DQG� IORZHUV� RI� 9LWH[� QHJXQGR� IURP� 'KDGLQJ� GLVWULFW� RI� 1HSDO� ZDV� FROOHFWHG� DQG�
HVVHQWLDO�RLOV�IURP�WKH�FROOHFWHG�SODQW�PDWHULDOV�KDV�EHHQ�LVRODWHG���%LRORJLFDO�DQG�FKHPLFDO�VWXGLHV�RQ�WKH�
LVRODWHG�HVVHQWLDO�RLO�KDYH�EHHQ�VXFFHVVIXOO\�FDUULHG�RXW��%DVHG�RQ�WKH�UHVXOWV�RI�WKH�VWXG\��WKH�HVVHQWLDO�RLO�
ZDV� IRXQG� WR�EH�KLJKO\� WR[LF�DJDLQVW�EULQH� VKULPS�QDXSOLL�KDYLQJ�/&���YDOXH��������*&�DQDO\VLV� UHVXOW�
VKRZHG� WKDW� WKH� FRPSRXQG� ��PHWK\OHQH�������WULPHWK\O���YLQ\O�%LF\FOR>�����@QRQDQH� ZDV� IRXQG� WR� EH�
WKH� SUHGRPLQDQW� ELF\FOR� FRPSRXQG� ��������� LQ� WKH� RLO� DORQJ�ZLWK� �(�)DUQHVHQH� ���������� �3LQHQH�
���������� �3KHOODQGUHQH����������DQG���>���������7ULPHWK\O�F\FORKH[���HQ\O������GLK\GUR��>��S\UD]RO�
��\O@�HWKDQRQH� �������� DV� RWKHU�PDMRU� FRPSRXQGV�� 6LQFH�� WKH� HVVHQWLDO� RLO� LV� F\WRWR[LF� DQG� WKH�PDMRU�
ELF\FOR�FRPSRXQG�VKRZV�DQWL�LQIODPPDWRU\�DQG�DQWLEDFWHULDO�DFWLYLWLHV����WKLV�SODQW�FDQ�EH�H[SORLW�DV�SODQW�
EDVHG�GUXJV��

$FNQRZOHGJHPHQWV�

2QH� RI� WKH� DXWKRU� ZRXOG� OLNH� WR� WKDQN� ,QVWLWXWH� RI� 6FLHQFH� DQG� 7HFKQRORJ\�� 2IILFH� RI� WKH� 'HDQ��
7ULKXYDQ�8QLYHUVLW\�� .LUWLSXU�� 1HSDO� IRU� ILQDQFLDO� VXSSRUW� WR� FDUU\� RXW� WKLV� UHVHDUFK��$XWKRUV� DUH� DOVR�
WKDQNIXO�WR�+HDG�RI�&KHPLVWU\�'HSDUWPHQW��$PULW�&DPSXV��IRU�SURYLGLQJ�ODERUDWRU\�IDFLOLW\��'HSDUWPHQW�
RI�3ODQW�5HVRXUFHV��IRU�SURYLGLQJ�WHFKQLFDO�VXSSRUW�WR�SHUIRUP�*&�DQDO\VLV�RI�HVVHQWLDO�RLO��

5HIHUHQFHV�

���� 1�3��0DQDQGKDU��3ODQWV�DQG�SHRSOH�RI�1HSDO� 7LPEHU�SUHVV��3RUWODQG��86$���������SS������

���� 5�7��9LVKDO��1DW��3URG��5DG���������������������

���� 3�&��7ULYHGL��$JURELRVLV������������������

���� 6�'��6DUNHU��=��/DOLI��DQG��$��,��*UD\��1DWXUDO�3URGXFWV�,VRODWLRQ��6HFRQG�HGLWLRQ��+XPDQD�3UHVV�

,QF���������S��������

���� +��<XDQ��4��0D��/��<H��DQG�*���3LDR��0ROHFXOHV����������������������
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����� 6��%ULQGKD��7��7KDPDUDLVHOYL��%��$QQDGXUDL�DQG�6�.��*DQJZDU��,QW��-��RI�$GY��%LR��5HV���������

���������������

����� 3��6HHQLYDVDQ��-��0DQLNNDP��DQG�6DYDULPXWKX���-��RI��,QW��6RF��IRU�&RPS��0HG��5HV���������������

����

����� 6��5DQD�DQG�.�.��5DQD��6FLHQWLILF�5HVHDUFK������� ���������

����� $�6��9LVKZDQDWKDQ�DQG�5��%DVDYDUDMX��(-%6������������������

����� $�.��0HHQD��8�6��1LUDQMDQ��0�0��5DR��0�0��3DGKL�DQG�5��%DEX��$VLDQ�-��RI�7UDG��0HG���������

����������

����� /�1��*DXWDP��6�/��6KUHVWKD��3��:DJOH�DQG�%�0��7DPUDNDU��6FLHQWLILF�ZRUOG������������������

����� 9��6LQJK��5��'D\DO�DQG�-�3��%DUWOH\��2UJDQLF�/HWWHUV���������������������

����� 4�6��6DUDK��)��&KRZGKXU\�DQG�0��0LVKXGGLQ��%DQJ��-��RI�3KDUP����������������������

����� :�1��7DQ��.�&��:RQJ��0��.KDLUXGGHDQ�� ,�0��(OGHQ��=��$VPDZL�� DQG�%��6XODLPDQ��)ODY��DQG�

)UDJ��-����������������������

����� 3��6LQJK��*��0LVKUD��.�.��-KD��9�.��*DUJ�DQG�5�/��.KRVD��,QW��-��RI�&KHP��7HFK��5HV�������������

�����������

����� *�5�� 0DOODYDUDSX�� 6�� � 5DPHVK�� 3�1�� .DXO�� $�.�� %KDWWDFKDU\D� DQG� %�� 5�� 5HMHVZDUD��/HWWHUV��

�������������������

����� 5�6��)DUJ��)�0��+HZDGL�DQG�*�6��(OEDURW\��-��RI�)RRG�3URW�������������������������


