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&URZQ�URW�RI�EDQDQDV��FDXVHG�E\�D�IXQJDO�SDUDVLWLF�FRPSOH[��LV�RQH�RI�WKH�PDLQ�TXDOLW\�GHIHFWV�RI�H[SRUWHG�EDQDQDV��0DMRU�
YDULDWLRQV�LQ�WKH�VXVFHSWLELOLW\�RI�EDQDQDV�WR�FURZQ�URW�KDYH�EHHQ�REVHUYHG�LQ�GLIIHUHQW�SURGXFWLRQ�]RQHV��7KH�SK\VLRORJLFDO�
VWDWH�RI�WKH�EDQDQD�IUXLW�DW�KDUYHVW�LV�VDLG�WR�LQÁXHQFH�LWV�UHVSRQVH�WR�SDWKRJHQLF�DWWDFN�DQG�WKXV�WR�PRGXODWH�LWV�VXVFHSWLELOLW\�
WR�FURZQ�URW��7KH�VXVFHSWLELOLW\�RI�EDQDQDV�WR�WKLV�GLVHDVH��KRZHYHU��DSSHDUV�WR�EH�LQÁXHQFHG�E\�PDQ\�SUH�KDUYHVW�IDFWRUV��
DOWKRXJK�WKH�XQGHUO\LQJ�GHIHQVH�PHFKDQLVPV�KDYH�QRW�EHHQ�FOHDUO\�LGHQWLÀHG��$�UHFHQW�UHSRUW�EDVHG�RQ�PROHFXODU�DQDO\VHV�
VXJJHVWV�WKDW�SKHQROLF�FRPSRXQGV�PLJKW�EH�LQYROYHG�LQ�WKH�GLIIHUHQW�YDULDWLRQV�LQ�WKH�VXVFHSWLELOLW\�RI�EDQDQDV�WR�FURZQ�URW��
5HVXOWV�RI�RWKHU�HDUOLHU�VWXGLHV�SRLQW�WR�DQ�LQYROYHPHQW�RI�SKHQROLF�FRPSRXQGV�LQ�WKH�GHIHQVLYH�UHDFWLRQV�RI�EDQDQD�SODQWV�
DJDLQVW�YDULRXV�SDWKRJHQV��7KH�SUHVHQW�SDSHU�UHYLHZV�WKH�FXUUHQW�VWDWH�RI�NQRZOHGJH�RQ�WKH�YDULDWLRQV�LQ�WKH�VXVFHSWLELOLW\�RI�
EDQDQDV�WR�FURZQ�URW�DQG�WDNHV�VWRFN�RI�ZKDW�LV�NQRZQ�DERXW�SKHQROLF�FRPSRXQGV�LQ�UHODWLRQ�WR�WKHLU�SRWHQWLDO�LQYROYHPHQW�LQ�
WKH�GHIHQVH�PHFKDQLVPV�RI�WKH�EDQDQD�SODQW��
.H\ZRUGV��%DQDQDV��IUXLW�VXVFHSWLELOLW\��FURZQ��URWV��GHIHQVH�PHFKDQLVPV��SKHQROLF�FRPSRXQGV�

,PSOLFDWLRQ� GHV� FRPSRVpV� SKpQROLTXHV� GDQV� OD� VHQVLELOLWp� GHV� EDQDQHV� j� OD� SRXUULWXUH� GH� FRXURQQH� �V\QWKqVH�
ELEOLRJUDSKLTXH��� /D� SRXUULWXUH� GH� FRXURQQH� GHV� EDQDQHV� SURYRTXpH� SDU� XQ� FRPSOH[H� SDUDVLWDLUH� IRQJLTXH� HVW� O·XQ� GHV�
SULQFLSDX[�GpIDXWV�GH�TXDOLWp�GHV�EDQDQHV�G·H[SRUWDWLRQ��'HV�YDULDWLRQV�GH�VHQVLELOLWp�LPSRUWDQWHV�GHV�EDQDQHV�j�OD�SRXUULWXUH�
GH�FRXURQQH�RQW�pWp�REVHUYpHV�GDQV�GLIIpUHQWHV�]RQHV�GH�SURGXFWLRQ��,O�D�pWp�VXJJpUp�TXH�O·pWDW�SK\VLRORJLTXH�GX�IUXLW�j� OD�
UpFROWH� LQÁXHQFH� OD� UpSRQVH� GHV� EDQDQHV� j� O·DWWDTXH� GHV�PLFUR�RUJDQLVPHV� SDWKRJqQHV� HW�PRGXOH� DLQVL� VD� VHQVLELOLWp� j� OD�
SRXUULWXUH�GH�FRXURQQH��/D�VHQVLELOLWp�GHV�EDQDQHV�j�OD�SRXUULWXUH�GH�FRXURQQH�HVW�LQÁXHQFpH�SDU�SOXVLHXUV�IDFWHXUV�SUp�UpFROWH��
ELHQ�TXH�OHV�PpFDQLVPHV�GH�GpIHQVH�VRXV�MDFHQWV�Q·DLHQW�SDV�pWp�FODLUHPHQW�LGHQWLÀpV��5pFHPPHQW��XQH�pWXGH�EDVpH�VXU�GHV�
DQDO\VHV�PROpFXODLUHV�D�VXJJpUp�TXH�OHV�FRPSRVpV�SKpQROLTXHV�SRXYDLHQW�rWUH�SRWHQWLHOOHPHQW�LPSOLTXpV�GDQV�OHV�YDULDWLRQV�
GH�VHQVLELOLWpV�GHV�EDQDQHV�DX[�SRXUULWXUHV�GH�FRXURQQH��'·DXWUHV�pWXGHV�DQWpULHXUHV�DYDLHQW�GpMj�VXJJpUp� O·LPSOLFDWLRQ�GH�
FRPSRVpV� SKpQROLTXHV� GDQV� OHV� UpDFWLRQV� GH� GpIHQVH� GX� EDQDQLHU� FRQWUH� GLYHUVHV� DWWDTXHV� GH� SDWKRJqQHV�� &HWWH� pWXGH� VH�
SURSRVH�GH�IDLUH�O·pWDW�GH�O·DUW�VXU�OHV�YDULDWLRQV�GH�VHQVLELOLWp�GHV�EDQDQHV�j�OD�SRXUULWXUH�GH�FRXURQQH��HW�GH�IDLUH�OH�SRLQW�VXU�
OHV�FRPSRVpV�SKpQROLTXHV�HW�OHXU�LPSOLFDWLRQ�SRWHQWLHOOH�GDQV�OHV�PpFDQLVPHV�GH�GpIHQVH�GX�EDQDQLHU��
0RWV�FOpV��%DQDQH��VHQVLELOLWp�GX�IUXLW��SRXUULWXUH�GH�FRXURQQH��PpFDQLVPH�GH�GpIHQVH��FRPSRVpV�SKpQROLTXHV��
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%DQDQD� LV�FXOWLYDWHG� LQ�PRUH� WKDQ�����FRXQWULHV�RYHU�
DERXW����PLOOLRQ�KHFWDUHV��,W�UDQNV�ÀUVW�LQ�JOREDO�IUXLW�
SURGXFWLRQ� ZLWK� MXVW� RYHU� ����PLOOLRQ� WRQV� EHLQJ�

SURGXFHG� DQQXDOO\� ZRUOGZLGH�� &URSSLQJ� V\VWHPV�
DURXQG� WKH� ZRUOG� DUH� GLYHUVH� DQG� SURGXFWLRQ� WDUJHWV�
LQFOXGH�VXEVLVWHQFH��VDOH�LQ�ORFDO�RU�QDWLRQDO�PDUNHWV��
DQG� LQWHUQDWLRQDO� H[SRUW�� 6RPH� EDQDQDV�� VXFK� DV�
SODQWDLQV�� FDQ� EH� FRRNHG�� ZKLOH� RWKHUV� DUH� FODVVLÀHG�
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DV� ´GHVVHUWµ� EDQDQDV�� 'HVVHUW� EDQDQDV� IRU� H[SRUW�
EHORQJ�H[FOXVLYHO\�WR�WKH�&DYHQGLVK�VXEJURXS�DQG�DUH�
VXEMHFWHG�WR�DQ�LPSRUWDQW�LQWHUQDWLRQDO�WUDGH��/RHLOOHW��
������� %DQDQD� LV� FXUUHQWO\�� LQ� WHUPV� RI� YROXPH�� WKH�
ÀUVW�H[SRUWHG�IUXLW�DQG�UDQNV�VHFRQG�DIWHU�FLWUXV�IUXLWV�
LQ� WHUPV� RI� YDOXH�� 7RWDO� ZRUOG� H[SRUWV� RI� EDQDQD� LQ�
�����DFFRXQWHG�IRU������PLOOLRQ�WRQV��)$267$7�GDWD��
�������7KXV�WKH�EDQDQD�LQGXVWU\�LV�RI�YLWDO�LPSRUWDQFH�
WR�EDQDQD�SURGXFLQJ�FRXQWULHV��

%DQDQD� WUHHV� DQG� IUXLWV� DUH� VXVFHSWLEOH� WR� DWWDFN�
E\� VHYHUDO� GLVHDVHV�� LQFOXGLQJ� WZR�PDLQ� SRVW�KDUYHVW�
GLVHDVHV��QDPHO\�EDQDQD�DQWKUDFQRVH�DQG�FURZQ�URW��,Q�
&DPHURRQ��WKH�PDLQ�TXDOLW\�GHIHFW�WKDW�DIIHFWV�H[SRUWHG�
EDQDQD�LV�FURZQ�URW��7KLV�GLVHDVH�LV�FDXVHG�E\�D�EURDG�
XQVSHFLÀF�DQG�RSSRUWXQLVWLF�IXQJDO�SDUDVLWLF�FRPSOH[��
)UXLW� FRQWDPLQDWLRQ� FDQ� RFFXU�ZLWKLQ� WKH� ÀHOG� EXW� LW�
PRVWO\�RFFXUV�LQ�WKH�ZDVKLQJ�WDQNV�DW�WKH�SDFNLQJ�VWDWLRQ�
ZKHUH�SURFHVVLQJ�IDYRUV�WKH�SHQHWUDWLRQ�RI�SDWKRJHQV�
LQWR� WKH� FURZQ� WLVVXHV�� 7KH� EDQDQD� FURZQV�� ZKLFK�
ZHUH� KHDOWK\� DW� KDUYHVW�� ZLOO� WKHQ� GHYHORS� D� IXQJDO�
LQIHFWLRQ� DIWHU� D� IHZ�GD\V� RI� VKLSSLQJ��8SRQ� DUULYDO��
WKH� TXDOLW\� RI� WKH� EDQDQD� IUXLWV� GRHV� QRW� DOORZ� WKHP�
WR�KDYH�D�JRRG�SRVLWLRQ� LQ� WKH�(XURSHDQ�PDUNHW��DQG�
WKLV�VRPHWLPHV�FRQVWLWXWHV�D�EORZ�WR�H[SRUWV��7KH�XVH�
RI�V\QWKHWLF�IXQJLFLGHV�WR�FRQWURO�EDQDQD�WUHH�GLVHDVHV�
DQG� SRVW�KDUYHVW� GLVHDVHV� LV� V\VWHPDWLF�� +RZHYHU��
WKLV� DSSURDFK� LV� QRW� VDWLVIDFWRU\� DQG� LV� LQFUHDVLQJO\�
EHLQJ� FULWLFL]HG� IRU� WKH� DPRXQWV� RI� FKHPLFDOV� XVHG��
ZKLFK� FRXOG�EH�KDUPIXO� WR� KXPDQV� DV�ZHOO� DV� WR� WKH�
HQYLURQPHQW�� &RQVHTXHQWO\�� VHYHUDO� DSSURDFKHV� KDYH�
EHHQ�GHYHORSHG�LQ�UHFHQW�\HDUV� WR�ÀQG�DOWHUQDWLYHV� WR�
FKHPLFDO�FRQWURO�

9DULDWLRQV� KDYH� EHHQ� QRWLFHG� LQ� WKH� GHYHORSPHQW�
RI� FURZQ� URW� GLVHDVH� SDUWO\� UHODWHG� WR� HQYLURQPHQWDO�
FRQGLWLRQV�GXULQJ�JURZWK��7KH�RFFXUUHQFH�RI�FURZQ�URW�
WKHUHIRUH�GHSHQGV�ÀUVWO\��RQ�WKH�OHYHO�RI�VXVFHSWLELOLW\�RI�
WKH�EDQDQD�IUXLW�WR�EHLQJ�LQÁXHQFHG�SK\VLRORJLFDOO\�E\�
HQYLURQPHQWDO�FRQGLWLRQV�GXULQJ�JURZWK�DQG�VHFRQGO\��
RQ�WKH�OHYHO�RI�FRQWDPLQDWLRQ��2FFXUUHQFH�RI�FURZQ�URW�
DOVR�GHSHQGV�RQ� WKH�DPRXQW�RI�GHIHQVLYH�FRPSRXQGV�
�SKHQROLFV��DFFXPXODWHG�LQ�IUXLW�WLVVXHV�IURP�ÁRZHULQJ�
WR� KDUYHVW� WR� ÀJKW� SDWKRJHQLF� LQIHFWLRQV�� ,QGHHG��
SODQW� GHIHQVH� VWUDWHJLHV� LQYROYH� WKH� FRPELQDWLRQ�
RI� VHYHUDO� VWUXFWXUDO� DQG� ELRFKHPLFDO� PHFKDQLVPV��
LQFOXGLQJ� DFFXPXODWHG� SKHQROLF� FRPSRXQGV� DQG�
OLJQLQ�OLNH�SRO\PHUV��+RZHYHU��ZLWK� WKH�FXUUHQW� VWDWH�
RI� NQRZOHGJH�� LW� LV� H[WUHPHO\� GLIÀFXOW� WR� GHWHUPLQH�
WKH� PHFKDQLVP� UHVSRQVLEOH� IRU� WKH� YDULDELOLW\� LQ� WKH�
VXVFHSWLELOLW\�RI�WKH�IUXLW�WR�FURZQ�URW��

8S�WR�GDWH� LQIRUPDWLRQ� ZLOO� EH� SUHVHQWHG� EHORZ�
ERWK� RQ� SUH�KDUYHVW� IDFWRUV� WKDW� LQÁXHQFH� WKH�
VXVFHSWLELOLW\� RI� EDQDQDV� WR� FURZQ� URW� �HVSHFLDOO\�
ELRWLF�DQG�DELRWLF� IDFWRUV��DQG�RQ� WKH� LQYROYHPHQW�RI�
SKHQROLF� FRPSRXQGV� LQ�SODQW�GHIHQVH�PHFKDQLVPV� LQ�
UHODWLRQ� WR� HQYLURQPHQWDO� FRQGLWLRQV� WKDW� VXSSRUW� WKH�
SODQW·V�JURZWK��
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([SRUWHG�EDQDQDV�DUH�VXEMHFWHG�WR�YDULRXV�SK\WRVDQLWDU\�
FRQVWUDLQWV� WKURXJKRXW� WKH� SURGXFWLRQ� FKDLQ� DQG�
WKHVH� DOWHU� IUXLW� PDUNHWDELOLW\�� &URZQ� URW� GLVHDVH� LQ�
SDUWLFXODU� FDXVHV�PDMRU�GDPDJH�DQG�HFRQRPLF� ORVVHV�
LQ� PRVW� EDQDQD�SURGXFLQJ� FRXQWULHV� �.UDXVV� HW� DO���
�������/RVVHV�RI�PRUH� WKDQ�����KDYH�EHHQ� UHSRUWHG�
IRU�QRQ�FKHPLFDOO\�WUHDWHG�EDQDQDV�H[SRUWHG�IURP�WKH�
3KLOLSSLQHV��$OYLQGLD�HW�DO���������

�����&URZQ�URW�GLVHDVH

&URZQ� URW� LV� D� GLVHDVH� RI� WKH� WLVVXH� XQLWLQJ� WKH�
SHGXQFOHV��,W�RFFXUV�ZKHQ�EDQDQD�KDQGV�DUH�GHWDFKHG�
IURP�WKHLU�FHQWUDO�D[LV��FDOOHG�WKH�VWDON��%DQDQD�KDQGV�
DUH�FXW�LQ�FOXVWHUV�RI�����IUXLWV��FDXVLQJ�WKH�H[SRVXUH�RI�
ZRXQGHG�FURZQ�WLVVXHV�WR�IXQJDO�LQIHFWLRQ��0XLUKHDG�
HW� DO����������)XQJDO�FRORQL]DWLRQ�RI� WKH�FURZQ�VWDUWV�
DIWHUZDUGV��DQG�WKH�GHJHQHUDWLRQ�RI�WKH�IUXLWV�GRHV�QRW�
UHTXLUH�KLJKO\�VSHFLDOL]HG�SDUDVLWHV��,QGHHG��FURZQ�URW�
LV�D�FRPSOH[�LQIHFWLRQ��ZKLFK�UHVXOWV�IURP�WKH�DFWLYLW\�
RI� VHYHUDO� PLFURRUJDQLVPV�� RI� ZKLFK�&ROOHWRWULFKXP�
PXVDH� LV� WKH�PRVW� SDWKRJHQLF� VSHFLHV� �)LQOD\� HW� DO���
������ .UDXVV� HW� DO��� ������ 0XLUKHDG� HW� DO��� ������
/DVVRLV�HW� DO�������D���7KH� LQIHFWLRQ� LV��KRZHYHU��QRW�
YLVLEOH� ZKHQ� WKH� EDQDQDV� DUH� SODFHG� LQ� FRPPHUFLDO�
ER[HV�DQG�WKH�ÀUVW�V\PSWRPV�GR�QRW�DSSHDU�XQWLO�DIWHU�
D� IHZ�GD\V� RI� VKLSSLQJ��7KH� GLVHDVH� HYROYHV� TXLFNO\�
GXULQJ�ULSHQLQJ��7KH�URW�LV�LQLWLDOO\�VXSHUÀFLDO�DQG�ODWHU�
SURJUHVVHV�LQWR�WKH�WLVVXHV��,Q�VRPH�FDVHV��LW�FDQ�LQYDGH�
WKH�SHGXQFOHV�DQG�ODWHU�WKH�IUXLWV��)LJXUH�����7KH�PDLQ�
HIIHFWV�RQ�IUXLW�TXDOLW\�DUH�VHHQ�LQ�URWWHQLQJ�DQG�LQ�WKH�
LQGXFWLRQ� RI� HDUO\� ULSHQLQJ� GXULQJ� VKLSSLQJ� EHFDXVH�
RI� WKH� HWK\OHQH� WKDW� LV� UHOHDVHG�� HLWKHU� E\� VWUHVVHG�
WLVVXHV� DQG� QHFURVHG� IUXLWV� RU� E\� IXQJDO� P\FHOLXP��
:KHQ�FURZQ�URW�LV�IUHTXHQWO\�REVHUYHG�LQ�EDQDQDV�RI�D�
VSHFLÀF�RULJLQ��SURGXFWLRQ�RI�EDQDQDV�IURP�WKLV�RULJLQ�
PD\�EH�H[FOXGHG�IURP�WKH�PDUNHW��

&URZQ� URW� GLVHDVH� LV� FXUUHQWO\� FRQWUROOHG� E\� WKH�
V\VWHPDWLF� XVH� RI� SRVW�KDUYHVW� IXQJLFLGDO� WUHDWPHQWV��
7KLV�DSSURDFK��KRZHYHU��KDV�VHYHUDO�GUDZEDFNV�
²� WKH�HIIHFWLYHQHVV�RI�IXQJLFLGHV�GHSHQGV�RQ�WKH�WLPH�
� RI�\HDU�WKDW�WKH\�DUH�DSSOLHG�DQG�RQ�WKH�SURGXFWLRQ�
� DUHD��
²� WKH� IUHTXHQW� DSSHDUDQFH� RI� IXQJLFLGH�UHVLVWDQW�
� VWUDLQV�SUHYHQWV�FRPSOHWH�GLVHDVH�FRQWURO��
²� WKH� IXQJLFLGDO� VOXUULHV� UHMHFWHG� DURXQG� SDFNLQJ�
� VWDWLRQV� DIWHU� SRVW�KDUYHVW� WUHDWPHQW� RI� EDQDQD�
� FURZQV�PD\�FDXVH�HQYLURQPHQWDO�SROOXWLRQ��

,Q�DGGLWLRQ��WKHVH�SRVW�KDUYHVW�FKHPLFDO�VDQLWDWLRQ�
WUHDWPHQWV� PD\� KDYH� ZLGHU�UHDFKLQJ� HIIHFWV�� ZLWK�
FKHPLFDO� H[SRVXUH� DIIHFWLQJ� ZRUNHUV� DW� WKH� SDFNLQJ�
VWDWLRQV��DQG�HYHQ�FRQVXPHUV��(YLGHQFH�RI�WKH�SRVVLEOH�
HIIHFW� RQ� FRQVXPHUV� FDQ� EH� VHHQ� LQ� WKH� IXQJLFLGDO�



3KHQROLF�FRPSRXQGV�DQG�EDQDQD�FURZQ�URW�VXVFHSWLELOLW\� ���

UHVLGXHV� UHJXODUO\� GHWHFWHG� RQ� EDQDQD� SHHO� DQG� DOVR�
LQ� WKH� SXOS�� 7KHVH� GUDZEDFNV� KDYH� OHG� WR� UHVHDUFK�
IRFXVLQJ�RQ�DOWHUQDWLYH�FRQWURO�PHWKRGV��

�����6XVFHSWLELOLW\�RI�EDQDQDV�WR�FURZQ�URW

9DULDWLRQV� LQ� GLVHDVH� LQFLGHQFH�� *HRJUDSKLFDO� DQG�
VHDVRQDO�YDULDWLRQV�KDYH�EHHQ�REVHUYHG�LQ�WKH�LQFLGHQFH�
RI�FURZQ�URW�GLVHDVH��/XNH]LF�HW�DO���������6KLOOLQJIRUG��
������.UDXVV�HW�DO���������/DVVRLV�HW�DO����������,Q�D�VWXG\�
FRQGXFWHG�LQ�+RQGXUDV��/XNH]LF�HW�DO���������VKRZHG�
WKDW�WKH�LQFLGHQFH�RI�WKH�GLVHDVH�YDULHG�LQ�WKH�FRXUVH�RI�
WKH�\HDU��EHLQJ�KLJKHU�LQ�VXPPHU�DQG�ORZHU�GXULQJ�WKH�
FROGHU�SHULRG��7KH\�DOVR�IRXQG� WKHVH�YDULDWLRQV� WR�EH�
XQUHODWHG�WR�YDULDWLRQV�LQ�WKH�SDUDVLWLF�FRPSOH[�LVRODWHG�
IURP�EDQDQD�FURZQV��6LPLODUO\��LQ�-DPDLFD��KLJK�OHYHOV�
RI� GLVHDVH� LQFLGHQFH� ZHUH� IRXQG� WR� FRUUHODWH� ZLWK�
SHULRGV�RI�KLJK�WHPSHUDWXUH��6KLOOLQJIRUG���������,W�KDV�
EHHQ�K\SRWKHVL]HG�WKDW�VXFK�VSDWLRWHPSRUDO�ÁXFWXDWLRQV�
LQ� GLVHDVH� LQFLGHQFH� FRXOG� UHÁHFW� WKH� YDULDWLRQV� LQ�
WKH�TXDOLW\�SRWHQWLDO�RI� WKH�IUXLW��DFTXLUHG�LQ� WKH�ÀHOG�
�/DVVRLV� HW� DO��� ����D��� 7KLV� TXDOLW\� SRWHQWLDO� ZRXOG�
LQFOXGH� WZR� FRPSRQHQWV�� ZKLFK� ZRXOG� WKHPVHOYHV�
GHSHQG�RQ�WKH�DJURWHFKQLFDO�DQG�SHGRFOLPDWLF�IDFWRUV�
SUHYDLOLQJ� GXULQJ� WKH� JURZWK� SKDVH� RI� WKH� EDQDQD�
SODQW�� 7KH� ÀUVW� RI� WKHVH� FRPSRQHQWV� LV� SDUDVLWLF� DQG�
WKH�VHFRQG� LV�SK\VLRORJLFDO��7KH�SDUDVLWLF�FRPSRQHQW�
UHÁHFWV�WKH�OHYHO�RI�FURZQ�FRQWDPLQDWLRQ�E\�WKH�IXQJDO�
FRPSOH[� DQG� WKH� SDWKRJHQLFLW\� RI� WKLV� FRPSOH[��7KH�
SK\VLRORJLFDO� FRPSRQHQW�� IRU� LWV� SDUW�� UHÁHFWV� WKH�
IUXLW·V�UHVSRQVH�WR�SDWKRJHQLF�DWWDFN��ZKLFK�LV�UHODWHG�
WR� WKH� SK\VLRORJLFDO� VWDWH� RI� WKH� IUXLW� DW� KDUYHVW�� DQG�
WKLV�VWDWH�PRGXODWHV�WKH�IUXLW·V�VXVFHSWLELOLW\�WR�FURZQ��
URW��

9DULDWLRQV� LQ� WKH� OHYHO� RI� IUXLW� VXVFHSWLELOLW\��
5HFHQWO\�� LW� KDV� EHHQ� VKRZQ� WKDW� VHYHUDO� SUH�KDUYHVW�
IDFWRUV�LQÁXHQFH�WKH�VXVFHSWLELOLW\�RI�EDQDQDV�WR�FURZQ�
URW�� 7KHVH� IDFWRUV� DUH�� JHRJUDSKLFDO� DQG� VHDVRQDO�
YDULDWLRQV�� EXQFK� DJH�� VRXUFH�VLQN� UDWLR�� DQG� ELRWLF�
VWUHVV�IDFWRUV��

*HRJUDSKLFDO� YDULDWLRQ�� $� PXOWLORFDO� VWXG\� FDUULHG�
RXW�LQ�&DPHURRQ�RYHU�D�\HDU�VKRZHG�OHVVHU�FURZQ�URW�
GHYHORSPHQW�DW�KLJKHU�DOWLWXGH������P�� WKDQ�DW� ORZHU�
DOWLWXGH�����P���(ZDQp��SHUVRQDO�FRPPXQLFDWLRQ���

6HDVRQDO�YDULDWLRQ��,Q�WKHLU�VWXG\��/DVVRLV�HW�DO���������
VKRZHG� WKDW� WKH� OHYHO�RI� IUXLW� VXVFHSWLELOLW\� WR� FURZQ�
URW�GLVHDVH�ZDV�YDULDEOH�RYHU�D����ZHHN�SHULRG�LQ�WKH�
VDPH�EDQDQD�SORW�LQ�*XDGHORXSH��7KH�PXOWLORFDO�VWXG\�
FDUULHG�RXW�LQ�&DPHURRQ�VXJJHVWHG�WKDW�IUXLWV�KDUYHVWHG�
GXULQJ�WKH�UDLQ\�VHDVRQ�PLJKW�EH�PRUH�VXVFHSWLEOH�WR�
FURZQ�URW� WKDQ�WKRVH�KDUYHVWHG�GXULQJ�WKH�GU\�VHDVRQ�
�(ZDQp��SHUVRQDO�FRPPXQLFDWLRQ���

%XQFK�DJH�DQG�VRXUFH�VLQN��6R�6L��UDWLR��$�ZLWKLQ�
EXQFK�JUDGLHQW�RI�IUXLW�LV�VXVFHSWLEOH�WR�FURZQ�URW��7KH�
ÀUVW�KDQGV� WR� LQLWLDWH�DUH�PRUH�VXVFHSWLEOH� WKDQ� WKRVH�
WKDW� LQLWLDWH� ODVW� �/DVVRLV� HW� DO��� ����D���2Q� WKH�RWKHU�
KDQG�� WKH� 6R�6L� UDWLR� RI� WKH� EDQDQD� WUHH� GXULQJ� LWV�
JURZWK�SKDVH�DOVR�KDV�D�VLJQLÀFDQW� LQÁXHQFH�RQ�IUXLW�
VXVFHSWLELOLW\� �KDQGV�EHLQJ� UHJDUGHG�DV� WKH� VLQNV�DQG�
OHDYHV�DV�WKH�VRXUFHV���:KHQ�WKH�WRWDO�VLQN�LV�GHFUHDVHG�
E\� WKH� UHPRYDO� RI� EDQDQD� KDQGV� IURP� WKH� EXQFK��
WKH� IUXLW·V� VXVFHSWLELOLW\� WR� FURZQ� URW� DOVR� GHFUHDVHV��
0RUHRYHU�� D� OLQHDU� UHODWLRQVKLS� EHWZHHQ� IUXLW� DJH�
DQG� IUXLW� VXVFHSWLELOLW\� WR� FURZQ� URW� KDV� DOVR� EHHQ�
GHPRQVWUDWHG�LQ�*XDGHORXSH��WKH�ROGHVW�IUXLWV�EHLQJ�WKH�
PRVW�VXVFHSWLEOH��)RUUHW���������

%LRWLF�VWUHVV�IDFWRUV��7KH�LQFLGHQFH�RI�0\FRVSKDHUHOOD�
OHDI� VSRW� GLVHDVH� DOVR� KDV� DQ� LQÁXHQFH� RQ� FURZQ�
URW� GLVHDVH�� ZKLFK� LV� JHQHUDWHG� E\� KRVW�SDWKRJHQ�
LQWHUDFWLRQ��(ZDQp��SHUVRQDO�FRPPXQLFDWLRQ���

$PRQJ� WKH� JUHDW� GLYHUVLW\� RI� UHDFWLRQV� DQG�
SURGXFWV�LQYROYHG�LQ�SODQW�GHIHQVH�UHVSRQVHV��SKHQROLF�
FRPSRXQGV�KDYH�EHHQ�UHSHDWHGO\�SURSRVHG�DV�SRWHQWLDO�
SDUWLFLSDQWV� LQ� EDQDQD� WUHH� GHIHQVH� PHFKDQLVPV�
�%HYHUUDJL� HW� DO��� ������ (O� +DGUDPL�� ������ 9DOHWWH�
HW�DO���������&ROOLQJERUQ�HW�DO���������.DQD]DZD�HW�DO���
������6RPH\D�HW�DO���������GH�$VFHQVDR�HW�DO���������
:X\WV�HW�DO���������.DYLQR�HW�DO����������$�UHFHQW�UHSRUW�

)LJXUH����%DQDQD�FURZQ�URW�³�/D�SRXUULWXUH�GH�FRXURQQH�GHV�EDQDQHV�
D��QHFURVHG�IUXLW�FOXVWHUV�³�ERXTXHWV�GH�IUXLWV�QpFURVpV��E��LQWHUQDO�QHFURVLV�³�QpFURVH�LQWHUQH��F��QHFURVLV�VSUHDG�WR�SHGXQFOHV�
DQG�ÀQJHUV�³�SURJUHVVLRQ�GH�OD�QpFURVH�VXU�OHV�SpGRQFXOHV�HW�OHV�GRLJWV�

H E F
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VXJJHVWHG� WKDW� WKHVH�FRPSRXQGV�PLJKW� FRQWULEXWH� WR�
GHWHUPLQLQJ�WKH�VWUHQJWK�RI�WKH�UHVSRQVH�RI�EDQDQDV�WR�
FURZQ�URW��/DVVRLV�HW�DO����������

���3+(12/,&�&203281'6�

3KHQROLF�FRPSRXQGV�DUH�WKH�PRVW�VWXGLHG�VHFRQGDU\�
PHWDEROLWHV�EHFDXVH�RI�WKHLU�FRQVLGHUDEOH�LQYROYHPHQW�
LQ�SODQW�HQYLURQPHQW�LQWHUDFWLRQV��7KH\�DUH�PROHFXOHV�
EHORQJLQJ�WR�YHU\�GLYHUVH�FKHPLFDO�IDPLOLHV�KDYLQJ�LQ�
FRPPRQ�DQ�DURPDWLF�ULQJ�EHDULQJ�DW�OHDVW�RQH�SKHQRO�
K\GUR[\O� VXEVWLWXHQW�� 6RPH� SKHQROLF� FRPSRXQGV�
KDYH�VHYHUDO�K\GUR[\O�JURXS�VXEVWLWXHQWV��ZKLFK�FDQ�
XQGHUJR� HVWHULÀFDWLRQ��PHWK\ODWLRQ�� HWKHULÀFDWLRQ� RU�
JO\FRV\ODWLRQ�UHDFWLRQV��5DYHQ�HW�DO���������0DFKHL[�
HW� DO��� ������ /DWWDQ]LR� HW� DO��� ������� 7KH� PROHFXODU�
ZHLJKW� RI� SKHQROLF� FRPSRXQGV� LV� YDULDEOH�� EHLQJ�
ORZHU� LQ� VLPSOH� FRPSRXQGV�� KLJKHU� LQ� WKRVH� ZLWK�
FRPSOH[� VWUXFWXUHV�� DQG� KLJKHU� VWLOO� LQ� SRO\PHUL]HG�
WDQQLQV�

�����&ODVVHV�RI�SKHQROLF�FRPSRXQGV

3KHQROLF�FRPSRXQGV�DUH�FODVVLÀHG�DFFRUGLQJ�WR��
²� WKH� QDWXUH� DQG� FRPSOH[LW\� RI� WKH� FDUERQDFHRXV�
� VNHOHWRQ��
²� WKH� GHJUHH� RI� VNHOHWDO� PRGLÀFDWLRQ� �GHJUHH� RI�
� R[LGDWLRQ��K\GUR[\ODWLRQ��PHWK\ODWLRQ��HWF���
²� WKH�OLQN�EHWZHHQ�WKH�EDVH�XQLW�DQG�RWKHU�PROHFXOHV�
� VXFK�DV�FDUERK\GUDWHV�� OLSLGV��SURWHLQV��RU�WKH�OLQN�
� WR�RWKHU�VHFRQGDU\�PHWDEROLWHV��SRVVLEO\�SRO\SKHQROV�
� �0DFKHL[�HW�DO����������

7KH� SKHQROLF� FRPSRXQGV� RI� SODQWV� LQFOXGH� WKH�
VLPSOHVW�IRUPV��K\GUR[\EHQ]RLF�DQG�K\GUR[\FLQQDPLF�
DFLGV���FRQGHQVHG�IRUPV��WDQQLQV���DQG�IRUPV�UHODWHG�
WR� QRQ�SKHQROLF� PDFURPROHFXOHV� �FHUWDLQ� JOXFLGLF�
FRPSRQHQWV� RI� WKH� SHFWR�FHOOXORVLF� ZDOO�� FXWLQ� DQG�
VXEHULQ��� 2QO\� WZR� JURXSV� RI� SKHQROLF� FRPSRXQGV�
DUH� PDLQO\� UHODWHG� WR� WKH� SODQW� ZDOOV�� ÀUVWO\�� ORZ�
PROHFXODU�ZHLJKW� K\GUR[\FLQQDPLF� DFLGV� UHODWHG� WR�
YDULRXV� FHOO�ZDOO� FRPSRXQGV�� DQG� VHFRQGO\�� OLJQLQV��
ZKLFK� DUH� SRO\PHUV� RI� PRQROLJQRO� XQLWV� ERXQG� E\�
R[LGDWLYH�FRXSOLQJ��)LJXUH����

6LPSOH�SKHQROV��&����7KHVH�DUH�FRPSRXQGV�ZLWK�RQH�
�PRQRSKHQRO�OLNH�FDWHFKLQ��RU�VHYHUDO�SKHQROLF�JURXSV�
�GL�� WUL�� DQG� ROLJRSKHQROV��� SKHQRO�� EHQ]RTXLQRQH��
S\URJDOORO��S\URFDWKHFRO��HWF���/DWWDQ]LR�HW�DO����������

3KHQROLF�DFLGV��&��&��RU�&��&����7KHVH�DUH�EHQ]RLF�RU�
K\GUR[\EHQ]RLF�DFLGV� �JDOOLF�DFLG��HOODJLF�DFLG���DQG�
FLQQDPLF� RU� K\GUR[\FLQQDPLF� DFLGV� VXFK� DV� FDIIHLF��
FRXPDULF�� IHUXOLF�� DQG� FKORURJHQLF� DFLG� �0DQDFK�
HW�DO��� ������ 0DFKHL[� HW� DO��� ������ /DWWDQ]LR� HW� DO���

�������$�JURXS�RI�VPDOO�SKHQROLF�PROHFXOHV�LV�GHULYHG�
IURP� WKH� VXEFODVV� RI� K\GUR[\FLQQDPLF� DFLGV� DQG� LV�
FDOOHG�SKHQ\OSURSHQHV��

)ODYRQRLGV� �&��&��&���� 7KHVH� DUH� SUHVHQW� LQ� SODQW�
YDFXROHV�� ZKHUH� WKH\� DUH� VRPHWLPHV� ZDWHU�VROXEOH�
RU� VRPHWLPHV� DFW� DV� SLJPHQWV� �5DYHQ� HW� DO��� �������
)ODYRQRLGV�DUH�WKH�PRVW�DEXQGDQW�SKHQROLF�FRPSRXQGV�
LQ�QDWXUH�DQG�DUH�FODVVLÀHG�DFFRUGLQJ�WR�WKH�GHJUHH�RI�
R[LGDWLRQ� DQG� XQVDWXUDWLRQ� RI� WKHLU� KHWHURF\FOLF� ULQJ�
�6FDOEHUW�HW�DO����������7ZR�FODVVHV�RI�ÁDYRQRLGV�FDQ�
EH�GLVWLQJXLVKHG����R[RÁDYRQRLGV�DQG�DQWKRF\DQLGLQV�
�0DQDFK�HW�DO����������

/LJQLQV� �&��&��Q�� 7KHVH� DUH� H[WUHPHO\� FRPSOH[�
SKHQROLF� SRO\PHUV��2I� WKH� ELRSRO\PHUV�� OLJQLQV� UDQN�
VHFRQG� LQ� DEXQGDQFH� DIWHU� FHOOXORVH�� 7KH� V\QWKHVLV�
RI� WKHVH�FRPSRXQGV�UHVXOWV� IURP�D� WKUHH�GLPHQVLRQDO�
SRO\PHUL]DWLRQ� RI� WKUHH� EDVLF� SKHQROLF� PROHFXOHV�
�FDOOHG� PRQROLJQROV��� FRXPDU\OLF�� FRQLIHU\OLF� DQG�
VLQDS\OLF� DOFRKRO�� FRUUHVSRQGLQJ� UHVSHFWLYHO\� WR�
S�FRXPDULF�� IHUXOLF� DQG� VLQDSLF� DFLG� �0DFKHL[� HW� DO���
������� 7KH� FRPSOH[LW\� RI� OLJQLQV� UHVXOWV� IURP� WKH�
SRWHQWLDO�DVVRFLDWLRQ�RI�WKHVH�XQLWV�YLD�YDULRXV�FKHPLFDO�
ERQGV��LQ�D�PDQQHU�WKDW�LV�QHLWKHU�RUGHUHG�QRU�UHSHWLWLYH��
VR�DV�WR�JHQHUDWH�DQ�DPRUSKRXV��K\GURSKRELF�SRO\PHU��

7DQQLQV� �&��&��&��Q�� 7KHVH� DUH� IRXQG� LQ� VHYHUDO�
IRUPV�ZLWK�GLIIHUHQW� W\SHV�RI�FKHPLFDO� UHDFWLYLW\�DQG�
FRPSRVLWLRQ��ZDWHU�VROXEOH�WDQQLQV��FRQGHQVHG�WDQQLQV��
FDWHFKLF� WDQQLQV� DQG� SURDQWKRF\DQLGLQV� �0DFKHL[�
HW�DO����������3URDQWKRF\DQLGLQV�KDYH�D�KLJK�PROHFXODU�
ZHLJKW�DQG�DUH�D�JURXS�RI�FRQGHQVHG��FKDLQ�GLPHUV�RU�
ROLJRPHUV��ÁDYDQ���ROV�RIWHQ�UHODWHG�WR�FHOO�ZDOOV�

7KH� YDULDELOLW\� RI� SKHQROLF� FRPSRXQG� FODVVHV�
LQ� SODQWV� LV� IDU�PRUH� FRPSOH[� WKDQ� SUHVHQWHG� DERYH��
7KLV�LV�RQO\�LQWHQGHG�WR�IDPLOLDUL]H�WKH�UHDGHU�ZLWK�WKH�
FODVVHV�RI�FRPSRXQGV�UHOHYDQW�WR�WKH�UHVHDUFK�WRSLF��

�����%LRV\QWKHVLV�RI�SKHQROLF�FRPSRXQGV�

7KH� ELRV\QWKHVLV� SDWKZD\� RI� SKHQROLF� FRPSRXQGV� LV�
ZHOO� FKDUDFWHUL]HG� �)LJXUH����� 3KHQROLF� FRPSRXQGV�
DUH� IRUPHG� YLD� WKH� ZHOO�NQRZQ� VKLNLPDWH� SDWKZD\�
IURP�VLPSOH�VXJDUV�UHVXOWLQJ�IURP�SULPDU\�PHWDEROLVP��
6\QWKHVLV�RI�SKHQ\ODODQLQH�EHJLQV�ZLWK�FDUERK\GUDWHV�
WUDQVIRUPLQJ� LQWR� HU\WKURVH���SKRVSKDWH� �SHQWRVH�
SKRVSKDWH� SDWKZD\�� DQG� SKRVSKRHQROS\UXYDWH�
�JO\FRO\VLV��� ZKLFK� HQWHU� LQWR� WKH� VKLNLPLF� DFLG�
PHWDEROLF� SDWKZD\�� 3KHQ\ODODQLQH� GHDPLQDWLRQ� E\�
SKHQ\ODODQLQH�DPPRQLD�O\DVH��3$/��LV�WKH�ÀUVW�FUXFLDO�
VWDJH� LQ� WKH� ELRV\QWKHVLV� RI� WKH� ODUJH� PDMRULW\� RI�
SKHQROLF�FRPSRXQGV��0DFKHL[�HW�DO����������,Q�DGGLWLRQ�
WR� LWV� LQYROYHPHQW� LQ� WKH� SURGXFWLRQ� RI� SKHQROLF�
FRPSRXQGV��SKHQ\ODODQLQH�R[LGDWLRQ�DOVR�OHDGV�WR�WKH�
IRUPDWLRQ�RI�W\URVLQH��WKH�SUHFXUVRU�RI�FDWHFKRODPLQHV�



3KHQROLF�FRPSRXQGV�DQG�EDQDQD�FURZQ�URW�VXVFHSWLELOLW\� ���

�GRSDPLQH�DQG�GHULYDWLYHV���.XOPD�HW�DO����������ZKLFK�
DUH�DEXQGDQW�FRPSRXQGV� LQ� WKH�EDQDQD� WUHH�DQG�IUXLW�
�0XLUKHDG�HW�DO���������.DQD]DZD�HW�DO���������:X\WV�
HW�DO���������

,Q� SODQWV�� WKH� SKHQROLF� FRPSRVLWLRQ� YDULHV�
FRQVLGHUDEO\� ERWK� TXDOLWDWLYHO\� DQG� TXDQWLWDWLYHO\�
EHWZHHQ�VSHFLHV�DQG�EHWZHHQ�LQGLYLGXDOV�RI�WKH�VDPH�
VSHFLHV�� 6RPH� SKHQROLF� FRPSRXQGV� DUH� XELTXLWRXV�
LQ� SODQWV� �H�J�� K\GUR[\FLQQDPLF� DFLGV��� VRPH� DUH�
FRPPRQ� �H�J�� DQWKRF\DQLQV�� DQG� RWKHUV� DUH� VSHFLÀF�
WR� FHUWDLQ� IDPLOLHV� RU� VSHFLHV� �H�J�� LVRÁDYRQRLGV� DQG�
VWLOEHQHV���%HVLGHV�SODQW�YDULHW\��D�ZLGH�UDQJH�RI�ELRWLF�
DQG�DELRWLF�VWUHVVHV��SK\VLFDO��FKHPLFDO�DQG�ELRORJLFDO�
IDFWRUV�� ERWK� H[WHUQDO� DQG� HQGRJHQRXV� FDQ� LQÁXHQFH�
WKH�OHYHO�RI�SODQW�SKHQROLF�FRQWHQW�ERWK�EHIRUH�DQG�DIWHU�
KDUYHVW��&KDQJHV�LQ�WKH�OHYHO�RI�SODQW�SKHQROLF�FRQWHQW�
DUH� HIIHFWHG� WKURXJK� PRGXODWLRQ� RI� WKH� SKHQROLFV�
PHWDEROLVP�� OLJKW� �YLVLEOH� DQG� 89��� WHPSHUDWXUH��
RVPRWLF� SRWHQWLDO�� SODQW� QXWULWLRQ�� JURZWK� UHJXODWRUV��
ELRWLF� HOLFLWRUV�� WKH� IUXLW� PDWXUDWLRQ� VWDWH� DW� KDUYHVW��

WKH� SKRWRSHULRG�� PRLVWXUH�� SURFHVVLQJ�� DQG� VWRUDJH�
�0DQDFK�HW�DO���������.DOW��������0DFKHL[�HW�DO���������
/DWWDQ]LR� HW� DO��� ������.VRXUL� HW� DO��� ������;X�HW� DO���
������+H�HW�DO���������7UHXWWHU���������7KLV�OHDGV�WR�DQ�
DOWHUDWLRQ�RI�D�YHU\�EURDG�SDOHWWH�RI�IXQFWLRQV��LQFOXGLQJ�
WKH�UHOHDVH�RU�V\QWKHVLV�RI�VWUHVV�PHWDEROLWHV�LQYROYLQJ�
SRO\SKHQROV��)RU�H[DPSOH��HQYLURQPHQWDO�VWUHVVHV�FDQ�
DIIHFW� SKRWRV\QWKHVLV� DQG� WKH� DVVLPLODWLRQ� RI� FDUERQ�
UHTXLUHG�IRU�JURZWK��GHYHORSPHQW�DQG�GHIHQVH��OHDGLQJ�
WR�DQ�LQÁXHQFH�RQ�WKH�ÀQDO�SKHQROLFV�FRQFHQWUDWLRQ�LQ�
SODQW� WLVVXHV�� ,Q� WKH� IROORZLQJ� VHFWLRQV�� WKH� LQÁXHQFH�
RI�ELRWLF�DQG�DELRWLF�IDFWRUV�RQ�SKHQROLFV�V\QWKHVLV�LV�
IXOO\�GLVFXVVHG�

,QÁXHQFH�RI�ELRWLF�IDFWRUV��3ODQWV�IDFH�GDLO\�SDUDVLWLF�
DWWDFNV�E\�SDWKRJHQLF�PLFURRUJDQLVPV��KHUELYRUHV�DQG�
LQVHFWV�� 3DUDVLWHV� KDYH� GHYHORSHG� GLIIHUHQW� VWUDWHJLHV�
IRU� FRORQL]LQJ� SODQWV�� VLQFH� WKH\� QHHG� UHJXODWLRQ�
PHFKDQLVPV� WR� HIIHFWLYHO\� DGDSW� WR� FKDQJHV� LQ� WKHLU�
HQYLURQPHQW�� 'HYHORSPHQW� RI� D� SDWKRJHQ� ZLWKLQ�

)LJXUH� ���6LPSOLÀHG� SDWKZD\� RI� SKHQROLF� FRPSRXQG� V\QWKHVLV� �DGDSWHG� IURP�5RODQG�'RXFH�� ������³�9RLH� GH� V\QWKqVH�
VLPSOLÀpH�GHV�FRPSRVpV�SKpQROLTXHV��G·DSUqV�5RODQG�'RXFH��������
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D� KRVW� SODQW� RFFXUV� RQO\� XQGHU� FHUWDLQ� FRQGLWLRQV��
7KHVH� FRQGLWLRQV� UHODWH� WR� WKH� HQYLURQPHQWDO� IDFWRUV�
LQÁXHQFLQJ� WKH� KRVW� SODQW·V� SK\VLRORJLFDO� VWDWH�� WKH�
SDUDVLWH·V�FDSDFLW\�WR�DWWDFN�DQG�FRORQL]H�LWV�KRVW��DQG�
WKH� KRVW·V� FDSDFLW\� WR� HVWDEOLVK� PHFKDQLVPV� FDSDEOH�
RI�VWRSSLQJ�FRORQL]DWLRQ�E\� WKH�SDUDVLWH��3ODQWV�KDYH��
KRZHYHU�� GHYHORSHG� SUHIRUPHG� DQG� LQGXFHG� GHIHQVH�
PHFKDQLVPV�HIIHFWLYH�DJDLQVW�SDWKRJHQLF�LQIHFWLRQV��

)ROORZLQJ�SHQHWUDWLRQ�E\�SDWKRJHQV�RI�WKH�SK\VLFDO�
DQG� FKHPLFDO� FRQVWLWXWLYH� EDUULHUV� RI� D� VXVFHSWLEOH�
RU� D� UHVLVWDQW� SODQW�� LQGXFHG� VWUXFWXUDO� DQG� FKHPLFDO�
EDUULHUV�DUH�DFWLYDWHG�LQ�RUGHU�WR�SUHYHQW�WKH�SDWKRJHQ·V�
SURJUHVVLRQ�� 7KLV� UHVXOWV� LQ� D� PXOWLWXGH� RI� GHIHQVH�
UHVSRQVHV�� )RU� LQVWDQFH�� WKH� GHIHQVH� UHVSRQVH� RI� WKH�
WRPDWR�WLVVXH�LV�VHHQ�LQ�DQ�LQFUHDVH�LQ�VROXEOH�SKHQRO�
�=KX� HW� DO��� ������� DQG�RU� WKH� GHSRVLW� RI� OLJQLQ� DQG�
OLJQLQ� SRO\PHUV� �0DQGDO� HW� DO��� ������ 3DQLQD� HW� DO���
�������:KHQ�D�SODQW�FHOO�HQFRXQWHUV�D�SDWKRJHQ�� WKLV�
DOVR�SURYRNHV�RWKHU�UHDFWLRQV�VXFK�DV�WKH�K\SHUVHQVLWLYH�
UHVSRQVH��+5���ZKLFK�PD\�FRQÀQH�WKH�SDWKRJHQ�DW�WKH�
SHQHWUDWLRQ� SRLQW� �/HSRLYUH�� ������ /DWWDQ]LR� HW� DO���
������ 9DQ� /RRQ� HW� DO��� ������ )HUUHLUD� HW� DO��� �������
+RZHYHU��SKHQROLF�FRPSRXQGV�KDYH�GLIIHUHQW�UDWHV�RI�
DFFXPXODWLRQ� GHSHQGLQJ� RQ� ZKHWKHU� SODQW�SDWKRJHQ�
LQWHUDFWLRQ�LV�FRPSDWLEOH�RU�LQFRPSDWLEOH��

7KH�+5� WULJJHUV� D� JHQHUDO� UHVLVWDQFH�PHFKDQLVP��
UHQGHULQJ� XQLQIHFWHG� SDUWV� RI� WKH� SODQW� OHVV� VHQVLWLYH�
WR�IXUWKHU�DWWDFN�E\�SDWKRJHQV��/DWWDQ]LR�HW�DO����������
5HVLVWDQW�UHDFWLRQV�LQYROYLQJ�SKHQROLF�FRPSRXQGV�DUH�
LQGXFHG�LQ�WKH�DGMDFHQW�FHOOV�VXUURXQGLQJ�WKH�LQIHFWHG�
]RQH��IRUPLQJ�D�ORFDOL]HG�DFTXLUHG�UHVLVWDQFH��/$5���,Q�
GLVWDO�WLVVXH�FHOOV��D�V\VWHPLF�DFTXLUHG�UHVLVWDQFH��6$5��
LV�HVWDEOLVKHG� �/HSRLYUH��������0DFKHL[�HW�DO���������
/DWWDQ]LR�HW�DO���������9DQ�/RRQ�HW�DO���������)HUUHLUD�
HW� DO��� ������� 6WLOEHQH� SK\WRDOH[LQHV� �UHVYHUDWURO���
IRU� H[DPSOH�� DUH� DFFXPXODWHG� LQ� JUDSHZLQH� EHUULHV�
IROORZLQJ�IXQJDO�LQIHFWLRQ�E\�%RWU\WLV�FLQHUHD��EXW�DOVR�
LQ�KHDOWK\�JUDSHV�RQ�WKH�VDPH�FOXVWHU�RU�QHDU�LQIHFWHG�
JUDSH�FOXVWHUV��$GULDQ�HW�DO����������,Q�WKH�FDVH�RI�WKH�
EDQDQD�WUHH��WKH�SUHVHQFH�RI�0\FRVSKDHUHOOD�OHDI�VSRW�
GLVHDVHV� GXULQJ� JURZWK� LQÁXHQFHV� WKH� VXVFHSWLELOLW\�
RI�EDQDQDV� WR�SRVW�KDUYHVW�GLVHDVHV� �(ZDQp��SHUVRQDO�
FRPPXQLFDWLRQ��� EXW� WKH� SRVVLEOH� LQYROYHPHQW� RI�
SKHQROLF�FRPSRXQGV�KDV�QRW�EHHQ�LQYHVWLJDWHG��

,QÁXHQFH� RI� DELRWLF� IDFWRUV�� $ELRWLF� IDFWRUV�²� H�J��
SHGRFOLPDWLF��DJURQRPLF�DQG�DJURWHFKQLFDO�ï�LQÁXHQFH�
WKH�SKHQROLF�ELRV\QWKHWLF�SURFHVV�LQ�SODQW� WLVVXH�FHOOV�
EHIRUH�DQG�DIWHU�KDUYHVW��7KH�JHRJUDSKLFDO�ORFDWLRQ�RI�
WKH�SURGXFWLRQ�]RQH�FDQ�LQÁXHQFH�WKH�ELRV\QWKHVLV�RI�
SRO\SKHQROV�LQ�SODQW�WLVVXHV��7URSLFDO�DQG�KLJK�DOWLWXGH�
SODQWV� FRQWDLQ� KLJKHU� SURSRUWLRQV� RI� ÁDYRQRLGV� WKDQ�
GR�WHPSHUDWH�SODQWV��/DWWDQ]LR�HW�DO����������SUREDEO\�
EHFDXVH�RI�GLIIHUHQFHV�LQ�FOLPDWLF�UHJLPHV��

6HDVRQDO�YDULDELOLW\�LQ�SODQW�SKHQROLF�FRQWHQW�PD\�
EH�GXH�WR�WKH�HIIHFWV�RI�FOLPDWLF�IDFWRUV�VXFK�DV�VRODU�

UDGLDWLRQ�� WHPSHUDWXUH�� UDLQIDOO� �ZDWHU� DYDLODELOLW\��
DQG� WKH� K\GURWKHUPDO� FRHIÀFLHQW� EHWZHHQ� VHDVRQV��
6SDWLRWHPSRUDO�YDULDWLRQV�KDYH�EHHQ�IRXQG�WR�LQÁXHQFH�
WKH�VXVFHSWLELOLW\�RI�EDQDQDV�WR�FURZQ�URW��EXW�IXUWKHU�
LQYHVWLJDWLRQV�DUH�QHHGHG� WR�SURYLGH�HYLGHQFH�IRU� WKH�
LQÁXHQFH� RI� WKHVH� YDULDWLRQV� RQ� WKH� IUXLW·V� SKHQROLF�
FRQWHQW��$�ZLGH�DUUD\�RI�DELRWLF�VWLPXOL��VXFK�DV�VDOLQLW\�
DQG�GURXJKW��DUH�FDSDEOH�RI� WULJJHULQJ�FKDQJHV�LQ� WKH�
SODQW·V� PHWDEROLVP� DQG� WKHVH� FKDQJHV� HQKDQFH� WKH�
SURGXFWLRQ� RI� SODQW� VHFRQGDU\� SURGXFWV� �.KDQ� HW� DO���
������

+LJK� OHYHOV� RI� VRODU� UDGLDWLRQ� FRXSOHG� ZLWK� KLJK�
WHPSHUDWXUHV�OHDG�LQ�VRPH�FDVHV�WR�PRGLÀFDWLRQV�LQ�WKH�
DFFXPXODWLRQ�RI�SRO\SKHQROV�LQ�WKH�SODQW��7KH�UHVXOWLQJ�
PRGLÀFDWLRQV�PDNH� LW� GLIÀFXOW� WR� GHWHUPLQH� ZKHWKHU�
SK\VLRORJLFDO�FKDQJHV�UHODWHG�WR�SKHQROLF�V\QWKHVLV�LQ�
WKH�SODQW�DUH�FDXVHG�E\�WKH�HIIHFWV�RI�HLWKHU�VRODU�UDGLDWLRQ�
RU� KLJK� WHPSHUDWXUH�� 7KH� OLWHUDWXUH� KDV� UHSRUWHG� WKDW�
WHPSHUDWXUH�FDQ�EH�SRVLWLYHO\�RU�QHJDWLYHO\�FRUUHODWHG�
WR� WKH�DFFXPXODWLRQ�RI�SRO\SKHQROV�GXULQJ�JURZWK�RU�
SURFHVVLQJ� IRU� VHYHUDO� SODQW� VSHFLHV� �.DOW�� ������ +H�
HW�DO���������7UHXWWHU���������$�SURPLQHQW�H[DPSOH�RI�
WKH�HIIHFW�RI�WHPSHUDWXUH�DQG�OLJKW�FDQ�EH�VHHQ�LQ�WKH�
VLJQLÀFDQWO\�KLJK�OHYHO�RI�SKHQROLFV�IRXQG�LQ�WKH�VHHG�
DQG�VNLQ�RI�ZLQWHU�EHUULHV�FRPSDUHG�WR�VXPPHU�EHUULHV�
�;X�HW�DO����������

6RPH�LQIRUPDWLRQ�RQ� WKH�HIIHFW�RI� OLJKW�H[SRVXUH��
89�DQG�VRODU�UDGLDWLRQ�RQ�3$/�DQG�SKHQROLFV�V\QWKHVLV�
KDV� EHHQ� UHSRUWHG� LQ� WKH� OLWHUDWXUH� IRU� VHYHUDO� SODQW�
VSHFLHV��7KH� LQÁXHQFH� RI� RWKHU� IDFWRUV� KDV� DOVR� EHHQ�
FLWHG��VXFK�DV�VRLO�IHUWLOLW\��IHUWLOL]DWLRQ�PRGH��QXWULHQW�
VXSSOLHV��� LUULJDWLRQ� �ZDWHU� DYDLODELOLW\��� URRWVWRFNV��
HOHYDWHG� DWPRVSKHULF�&2��� DQG� SUH�KDUYHVW� WUHDWPHQW�
�.DOW�� ������ /DWWDQ]LR� HW� DO��� ������ +H� HW� DO��� ������
7UHXWWHU�� ������ 3RPER� HW� DO��� �������+HQFH�� LW� LV� QRW�
RQO\� WKH� HQHUJ\� SURYLGHG� IRU� FDUERQ� DVVLPLODWLRQ�
�FDUERQ�UHVRXUFHV�IRU�ELRV\QWKHVLV��EXW�DOVR�WKH�TXDOLW\��
QDPHO\�89�IUDFWLRQV��OLJKW�LQWHQVLW\���ZKLFK�VWLPXODWHV�
WKH� IRUPDWLRQ� DQG� DFFXPXODWLRQ� RI� FHUWDLQ� SKHQROLF�
FRPSRXQGV� LQ� SODQWV� �*KDVHP]DGHK� HW� DO��� ������
7UHXWWHU���������7KH�LQÁXHQFH�RI�VRLO�ZLWK�KLJK�OHYHOV�
RI�DOXPLQXP�FKORULGH�LQ�JUDSH�OHDYHV�KDV�EHHQ�VKRZQ�
WR�VWLPXODWH�WKH�SURGXFWLRQ�RI�UHVYHUDWURO��$GULDQ�HW�DO���
������

&XOWXUDO� SUDFWLFH� LV� DQRWKHU� IDFWRU� WKDW� LQÁXHQFHV�
WKH�SKHQROLF�FRQWHQW�RI�SODQWV�DQG�DOORZV� WKH�FRQWURO�
RI� SODQW� JURZLQJ� FRQGLWLRQV�� 6LQFH� FDUERK\GUDWH�
DYDLODELOLW\� LV� D� SUHUHTXLVLWH� IRU� SKHQ\OSURSDQRLG�
DFFXPXODWLRQ��7UHXWWHU��������� WKH�GHJUHH�RI� ULSHQHVV�
RU�SK\VLRORJLFDO�DJH�RI� WKH�IUXLW�DW�KDUYHVW� �PDWXULW\��
KDV� D� FRQVLGHUDEOH� HIIHFW� RQ� WKH� FRQFHQWUDWLRQ� DQG�
SURSRUWLRQV�RI�WKH�YDULRXV�SRO\SKHQROV��0DFKHL[�HW�DO���
������ 0DFKHL[� HW� DO��� ������� 0RUHRYHU�� 6R�6L� UDWLR�
PRGLÀFDWLRQ�KDV�EHHQ�VKRZQ�WR�LPSURYH�WKH�FKHPLFDO�
FRPSRVLWLRQ� RI� 9LWLV� YLQLIHUD� FXOWLYDUV� WKURXJK� DQ�
LPSDFW� RQ� DQWKRF\DQLQ� DFFXPXODWLRQ� �0RWD� HW� DO���



3KHQROLF�FRPSRXQGV�DQG�EDQDQD�FURZQ�URW�VXVFHSWLELOLW\� ���

������� 6R�6L� UDWLR� PRGLÀFDWLRQ� DOVR� LQÁXHQFHV� WKH�
VXVFHSWLELOLW\�RI�WKH�EDQDQD�IUXLW�WR�FURZQ�URW��/DVVRLV�
HW�DO�������E���$Q�HYDOXDWLRQ�RI� WKH� OHYHO�RI�SKHQROLF�
FRPSRXQG� V\QWKHVLV� KDV� QRW� \HW� EHHQ� XQGHUWDNHQ��
)XUWKHUPRUH�� FXOWXUDO� FRQGLWLRQV� VXFK� DV� RUJDQLF� RU�
VXVWDLQDEOH� DJULFXOWXUH� SURYLGH� KLJKHU� DPRXQWV� RI�
SRO\SKHQROV� LQ� VWUDZEHUULHV�� EODFNEHUULHV�� DQG� FRUQ�
WKDQ�GR�FRQYHQWLRQDO�RU�K\GURSRQLF�FRQGLWLRQV�ZLWKRXW�
VWUHVV��$VDPL�HW�DO���������

6HYHUDO� VWXGLHV� KDYH� UHSRUWHG� WKH� LQÁXHQFH� RI�
SURFHVVLQJ� DQG� VWRUDJH� RQ� WKH� V\QWKHVLV� RI� SKHQROLF�
FRPSRXQGV� RU� RQ� GHJUDGDWLRQ� LQ� IUXLWV�� YHJHWDEOHV�
DQG� SODQWV� �.DOW�� ������ /DWWDQ]LR� HW� DO��� ������ +H�
HW�DO��� ������ 7UHXWWHU�� �������$W� WKH� SDFNLQJ� VWDWLRQ��
GXULQJ� WKH� SUHSDUDWLRQ� RI� EDQDQD� FOXVWHUV�� SK\VLFDO�
LQMXU\�WR�WKH�IUXLW�WKURXJK�FXWWLQJ�RI�WKH�FURZQ�WLVVXHV�
PD\� OHDG� WR� R[LGDWLYH� GHJUDGDWLRQ� RI� SRO\SKHQROV��
7KLV� R[LGDWLYH� GHJUDGDWLRQ� RI� SRO\SKHQROV� FDXVHV�
WKHLU� WUDQVIRUPDWLRQ� LQWR� EURZQ� SLJPHQWV� WKDW� DUH�
SRO\PHUL]HG� WR� GLIIHUHQW� GHJUHHV� RU� HOVH� LW� FDXVHV�
SRO\SKHQRO�V\QWKHVLV�LQ�WKH�EDQDQD�WLVVXHV��,Q�DGGLWLRQ��
FHUWDLQ�ZDWHU�VROXEOH�SKHQROLFV�SUHVHQW�LQ�WKH�ZRXQGHG�
FURZQ�PD\�OHDFK�IURP�IUXLW�WLVVXHV�LQWR�ZDVKLQJ�WDQNV��
)LQDOO\��WKH�QXPEHU�RI�SKHQROLF�FRPSRXQGV�NQRZQ�WR�
EH� V\QWKHVL]HG� DQG� VWRUHG� E\� KLJKHU� SODQWV� LV� LQ� WKH�
WKRXVDQGV�DQG�ULVLQJ��KRZHYHU��WKH�IXQFWLRQV�RI�PDQ\�
SKHQROLFV�UHPDLQ�XQNQRZQ��

�����/RFDOL]DWLRQ�DQG�IXQFWLRQ�RI�SKHQROLF�
FRPSRXQGV�LQ�SODQWV

%LRV\QWKHVLV�RI�SKHQROLF�FRPSRXQGV�RFFXUV�DW�YDULRXV�
VLWHV� LQ� SODQW� FHOOV�� VXFK� DV� WKH� FKORURSODVWV�� WKH�
F\WRSODVP�DQG�WKH�HQGRSODVPLF�UHWLFXOXP�PHPEUDQH��
3RO\SKHQROV� �UHODWLYHO\� K\GURSKLOLF�� XVXDOO\�
DFFXPXODWH� LQ� WKH� FHQWUDO� YDFXROHV� RI� JXDUG� FHOOV��
HSLGHUPDO� FHOOV� DQG� WKH� VXEHSLGHUPDO� FHOOV� RI� OHDYHV�
DQG� VKRRWV�� 6RPH� SRO\SKHQROV� DUH� IRXQG� FRYDOHQWO\�
OLQNHG�WR�WKH�SODQW�FHOO�ZDOO��OLJQLQ���RWKHUV�DUH�IRXQG�
LQ� ZD[HV� �UHODWHG� WR� OLSLGLF� VWUXFWXUHV�� RU� RQ� WKH�
H[WHUQDO� VXUIDFHV� �FXWLFOH�� RI� SODQW� RUJDQV� �/DWWDQ]LR�
HW�DO����������7KH�ORFDOL]DWLRQ�RI�D�SKHQROLF�FRPSRXQG�
ZLWKLQ� D� WLVVXH� UHÁHFWV� LWV� SK\VLRORJLFDO� IXQFWLRQ� RU�
LWV� SDUWLFLSDWLRQ� LQ� LQWHUDFWLRQV� RI� WKH� SODQW� ZLWK� LWV�
HQYLURQPHQW� �0DFKHL[� HW� DO��� ������� )RU� H[DPSOH��
SRO\SKHQROV� ZLWK� D� UROH� LQ� VLJQDOLQJ� RU� GHIHQVH� DUH�
RIWHQ�VWRUHG�DW�VWUDWHJLFDOO\�LPSRUWDQW�VLWHV��/DWWDQ]LR�
HW�DO���������

3KHQROLF�FRPSRXQGV��ERWK�SUHIRUPHG�DQG�LQGXFHG��
SOD\� DQ� HVVHQWLDO� UROH� LQ� WKH� EDODQFH� RI� WKH� SODQW�
ZLWKLQ� LWV� HQYLURQPHQW� DQG� LWV� FDSDFLW\� WR� DGDSW� WR�
HQYLURQPHQWDO�FKDQJHV��0DFKHL[�HW�DO���������WKURXJK�
ELRFKHPLFDO�� SK\VLRORJLFDO� DQG�PROHFXODU� UHVSRQVHV��
3KHQROLF�FRPSRXQGV�LQWHUYHQH�LQ�PDMRU�SK\VLRORJLFDO�
PHFKDQLVPV�RI�WKH�SODQW��VXFK�DV�JURZWK��UHSURGXFWLRQ��
SLJPHQWDWLRQ��UKL]RJHQHVLV��YLWULÀFDWLRQ�DQG�UHVLVWDQFH�

WR�SDWKRJHQV��E\�SHUIRUPLQJ�PDQ\�IXQFWLRQV��&KH\QLHU��
������ /DWWDQ]LR� HW� DO��� ������� 3RO\SKHQROV� SOD\� D�
NH\�UROH�DV� WKH�PDMRU� UHG��EOXH��DQG�SXUSOH�SLJPHQWV�
RI� SODQWV�� DV� DQWLR[LGDQWV� DQG� PHWDO� FKHODWRUV�� DQG�
DV� DJHQWV� DFWLQJ� ERWK� DERYH� DQG� EHORZ� JURXQG� LQ�
VLJQDOLQJ�EHWZHHQ� WKH�SODQW�DQG�RWKHU�RUJDQLVPV�DQG�
DV�89�OLJKW�VFUHHQV��&KH\QLHU��������/DWWDQ]LR�HW�DO���
������� 3RO\SKHQROV� KDYH� PXOWLSOH� HIIHFWV� RQ� WLVVXH�
PDWXUDWLRQ�SURFHVVHV� DQG�RQ� WKH� VHQVRU\�TXDOLWLHV� RI�
SODQW�GHULYHG� IRRG� SURGXFWV�� LQFOXGLQJ� DVWULQJHQF\��
ELWWHUQHVV� DQG� DURPD�� 7KH� FRPSRXQGV� DUH� DOVR�
UHVSRQVLEOH� IRU� WKH� EURZQLQJ� FDXVHG� E\� ZRXQGV� WR�
IUXLW�RU�E\�FRQVHUYDWLRQ�DFFLGHQWV�DQG�QRWDEO\�IRU�WKH�
HIIHFW�RI� ORZ� WHPSHUDWXUHV�RQ�SLQHDSSOH�DQG�EDQDQD��
,Q�EDQDQD��GRSDPLQH�KDV�EHHQ�LGHQWLÀHG�DV�D�VXEVWUDWH�
IRU� SRO\SKHQRO� R[LGDVH�� UHVXOWLQJ� LQ� WKH� EURZQLQJ�
UHDFWLRQ��DQG�WKH�FKHPLFDO�LV�DOVR�UHVSRQVLEOH�IRU�WLVVXH�
GLVFRORUDWLRQ� �.DQD]DZD� HW� DO��� ������6RPH\D� HW� DO���
������0DQHHQXDP�HW�DO����������$V�SRO\SKHQROV�SOD\�D�
UROH�LQ�UHJXODWLQJ�SODQW�HQYLURQPHQW�LQWHUDFWLRQV��VRPH�
UHVHDUFKHUV� DWWULEXWH� DQ� HFRORJLFDO� IXQFWLRQ� WR� WKHVH�
FRPSRXQGV�� 3RO\SKHQROV� DUH�� IRU� LQVWDQFH�� UHSRUWHG�
WR� PRGXODWH� OLWWHU� GHFRPSRVLWLRQ� SURFHVVHV� DQG� WKH�
PLQHUDOL]DWLRQ� UDWH� LQ� SODQWV� �0DFKHL[� HW� DO��� ������
/DWWDQ]LR� HW� DO��� ������� 3ODQWV� WKXV� FRQWDLQ� VHYHUDO�
FODVVHV�RI�SRO\SKHQROV�ZLWK�GLIIHUHQW�ORFDOL]DWLRQV�DQG�
UROHV��

�����,QYROYHPHQW�RI�SKHQROLF�FRPSRXQGV�LQ�SODQW�
GHIHQVH�PHFKDQLVPV

3KHQROLF� FRPSRXQGV� LQYROYHG� LQ� SODQW� GHIHQVH� DUH�
HLWKHU�SUHIRUPHG��FRQVWLWXWLYH��RU�V\QWKHVL]HG�GH�QRYR�
�SRVWLQIHFWLRQDO��� 3UHH[LVWLQJ� SKHQROV� DUH� DQWLELRWLF�
�DQWLIXQJDO�� FRPSRXQGV� VXFK� DV� VLPSOH� SKHQROV��
SKHQROLF� DFLGV�� ÁDYRQROV�� DQG� GLK\GURFKDOFRQHV��
7KHVH� SUHH[LVWLQJ� SKHQROV� DUH� FDOOHG� SK\WRDQWLFLSLQV�
LQ� RUGHU� WR� GLVWLQJXLVK� WKHP� IURP� SK\WRDOH[LQV��
ZKLFK� DUH� V\QWKHVL]HG� IURP� UHPRWH� SUHFXUVRUV� LQ�
UHVSRQVH�WR�SDWKRJHQLF�DWWDFN��/DWWDQ]LR�HW�DO����������
3KHQROLF�FRPSRXQGV�V\QWKHVL]HG�GH�QRYR�DFFXPXODWH�
LQ� UHVSRQVH� WR� SODQW� LQIHFWLRQ� E\� D� SDWKRJHQ�� 7KLV�
GHIHQVLYH� UHVSRQVH� LQYROYHV� WKH� UDSLG� LQFUHDVH� RI�
VSHFLÀF� SKHQROLF� FRPSRXQGV� DW� WKH� LQIHFWHG� VLWH��
SDUWLFXODUO\� SK\WRDOH[LQV�� ZKLFK� FDQ� LQKLELW� D� EURDG�
UDQJH� RI� PLFURRUJDQLVPV� �/HSRLYUH�� ������ 0DFKHL[�
HW� DO��� ������ /DWWDQ]LR� HW� DO��� ������� 7KH� UHVXOW� LV�
WKH� GHYHORSPHQW� RI� SODQW� UHVLVWDQFH� WR� GLVHDVH�� $Q�
H[DPSOH� RI� WKH� LQYROYHPHQW� RI� SRO\SKHQROV� LQ� SODQW�
GHIHQVH�LV�WKHLU�DFWLRQ�LQ�WKH�SURJUDPPHG�FHOO�GHDWK�RI�
RQH�SDUW�RI� WKH�SODQW��7KH�UDWH�DW�ZKLFK�SURJUDPPHG�
FHOO� GHDWK� RFFXUV� GHSHQGV� RQ� ZKHWKHU� WKH� KRVW�
SDWKRJHQ� LQWHUDFWLRQ� LV� FRPSDWLEOH� RU� LQFRPSDWLEOH��
'XULQJ�WKH�HVWDEOLVKPHQW�RI�D�SDWKRJHQ�LQ�KRVW�WLVVXHV��
WKHUH�LV�DQ�LQFUHDVH�LQ�WKH�DFWLYLW\�RI�VSHFLÀF�HQ]\PHV�
VXFK� DV� 3$/�� SHUR[LGDVH� DQG� SRO\SKHQRO� R[LGDVH��



���� %LRWHFKQRO��$JURQ��6RF��(QYLURQ���������������������� (ZDQp�&�$���/HSRLYUH�3K��HW�DO�

7KHVH�HQ]\PHV��ZKLFK�FRQVXPH�R[\JHQ�DQG�SURGXFH�
IXQJLWR[LF�TXLQRQHV��PDNH�WKH�PHGLXP�XQIDYRUDEOH�IRU�
WKH�IXUWKHU�GHYHORSPHQW�RI�SDWKRJHQV��/DWWDQ]LR�HW�DO���
������� 3$/� LV� WKH� NH\� HQ]\PH� LQYROYHG� LQ� SKHQROLF�
FRPSRXQG� PHWDEROLVP� WKURXJK� WKH� SKHQ\OSURSDQRLG�
SDWKZD\� �'L[RQ� HW� DO��� ������� 3HUR[LGDVH� FDWDO\]HV�
WKH� FRQGHQVDWLRQ� RI� SKHQRO� LQWR� OLJQLQ� DQG� LV� DOVR�
LQYROYHG�LQ�SKHQRO�PHWDEROLVP��3DVVDUGL�HW�DO����������
3RO\SKHQRO�R[LGDVH�R[LGL]HV�FRQVWLWXWLYH�SODQW�SKHQROV�
LQWR�TXLQRQHV��ZKLFK�KDYH�EDFWHULFLGDO�DQG�IXQJLFLGDO�
SURSHUWLHV�� DQG� LV� DOVR� LQYROYHG� LQ� WKH� R[LGDWLYH�
GHWR[LÀFDWLRQ�RI�SDWKRJHQ�SK\WRWR[LQV��0DFKHL[�HW�DO���
������<RUXN�HW�DO����������

$QRWKHU� H[DPSOH� RI� D� SKHQROLF� FRPSRXQG� WKDW�
FRQWULEXWHV�WR�WKH�SODQW·V�GHIHQVH�PHFKDQLVPV�LV�OLJQLQ��
/LJQLQ�LV�D�SKHQROLF�SRO\PHU��ZKLFK�SOD\V�D�IXQGDPHQWDO�
UROH� LQ� VROXWH� FRQGXFWDQFH�� PHFKDQLFDO� VXSSRUW� DQG�
GLVHDVH� UHVLVWDQFH�� ,Q� UHVSRQVH� WR� DELRWLF� VWUHVV�� WR�
ZRXQGLQJ�RU�WR�SDWKRJHQLF�LQIHFWLRQ��WKH�GHSRVLWLRQ�RI�
OLJQLQV��OLJQLQ�SRO\PHUV�DQG�RWKHU�SKHQROLF�VXEVWDQFHV�
UHODWHG�WR�WKH�FHOO�ZDOO�DUH�REVHUYHG��7KLV�FRQWULEXWHV�
WR�ERWK�D�WKLFNHQLQJ�RI�WKH�FHOO�ZDOO��FRQIHUULQJ�JUHDWHU�
ULJLGLW\�DQG�PHFKDQLFDO�UHVLVWDQFH��DQG�WR�DQ�LQFUHDVH�
LQ�FHOO�K\GURSKRELFLW\��/LJQLQ�WKXV�DFWV�DV�D�SK\VLFDO�
EDUULHU�DJDLQVW�SDWKRJHQLF�LQYDVLRQ��,Q�DGGLWLRQ��OLJQLQ�
GHSRVLWV�UHGXFH�WKH�GLIIXVLRQ�RI�HQ]\PHV�DQG�WR[LQV�WKDW�
WKH�SDWKRJHQ�UHOHDVHV�LQ�RUGHU�WR�IDFLOLWDWH�KRVW�WLVVXH�

FRORQL]DWLRQ��/LJQLQ�DOVR�GHSULYHV�WKH�SDWKRJHQ�RI�WKH�
SODQW�ZDWHU�DQG�QXWULHQWV�QHFHVVDU\�WR�LWV�SUROLIHUDWLRQ�
�0DFKHL[�HW�DO���������/DWWDQ]LR�HW�DO����������

�����,QYROYHPHQW�RI�SKHQROLF�FRPSRXQGV�LQ�EDQDQD�
WUHH�GHIHQVH

6LQFH�SKHQROLF�FRPSRXQGV�DUH�SRWHQWLDO�WDUJHWV�IRU�WKH�
LPSURYHPHQW� RI� SODQW� UHVLVWDQFH� DJDLQVW� SDWKRJHQLF�
DWWDFN�� LW� LV� SRVVLEOH� WKDW� WKH\� DUH� LQYROYHG� LQ� WKH�
VXVFHSWLELOLW\� RI� EDQDQDV� WR� FURZQ� URW� GLVHDVH� DQG� D�
EHWWHU� XQGHUVWDQGLQJ� RI� WKHLU� LQYROYHPHQW� LQ� EDQDQD�
WUHH�GHIHQVH�LV�UHTXLUHG��7KH�SKHQROLF�FRPSRVLWLRQ�DQG�
WKH� UROH�RI� VHYHUDO�EDQDQD� WUHH� WLVVXHV� �OHDYHV�� IUXLWV��
URRWV��KDYH�EHHQ�GHVFULEHG�LQ�WKH�OLWHUDWXUH�UHYLHZ��EXW�
WKHLU�SRWHQWLDO�UROH�LQ�WKH�YDULDWLRQ�RI�VXVFHSWLELOLW\�RI�
EDQDQD�FURZQV�WR�GLVHDVH�LV�QRW�\HW�NQRZQ��7DEOH�����

3UHIRUPHG� GHIHQVH� PHFKDQLVPV�� 7KH� OHDI� VXUIDFH�
ZD[��FXWLFOH��VXEHULQ�DQG�FHOO�ZDOO�DUH�WKH�ÀUVW�SUHIRUPHG�
SK\VLFDO�EDUULHUV�LQ�EDQDQD��7KHVH�SUHIRUPHG�SK\VLFDO�
EDUULHUV� DUH� DOVR� LQYROYHG� LQ� EDQDQD� WUHH� GHIHQVH�
PHFKDQLVPV�� DQG� FRQWDLQ� SKHQROLF� FRPSRXQGV�
�OLJQLQ��FURVV�OLQNLQJ�K\GUR[\FLQQDPLF�DFLGV��LQ�WKHLU�
VWUXFWXUHV��7KH�FXWLFOH�IRUPV�DQ�HQYHORSH�WKDW�SURWHFWV�
WKH�DHULDO�SDUWV�RI�SODQWV�IURP�WKH�PDMRULW\�RI�DWWDFNV�

7DEOH����6RPH�SKHQROLF�FRPSRXQGV�LGHQWLÀHG�LQ�EDQDQD�WUHH�WLVVXHV�³�4XHOTXHV�FRPSRVpV�SKpQROLTXHV�LGHQWLÀpV�GDQV�OHV�
WLVVXV�GX�EDQDQLHU�
3KHQROLF�DONDORLGV 7LVVXHV &ODVV��6XEFODVV� 5HIHUHQFHV
'RSDPLQH�
1RUHSLQHSKULQH�

)UXLWV
5RRWV

&DWHFKRODPLQHV 9DOHWWH�HW�DO���������.DQD]DZD�HW�DO���
������:X\WV�HW�DO�������

3KHQROLF�FRPSRXQGV 7LVVXHV &ODVV��6XEFODVV� 5HIHUHQFHV
3KHQROLF�DFLGV

*DOOLF�DFLG��YDQLOOLQ )UXLW +\GUR[\EHQ]RLF�DFLGV 0HQGR]D�HW�DO���������0HQGH]�HW�DO���
����

&KORURJHQLF��FDIIHLF��
3�FRXPDULF��IHUXOLF��
YDQLOOLF�DQG�V\QDSLF�DFLGV

)UXLWV��URRWV +\GUR[\FLQQDPLF�DFLGV�DQG�
GHULYDWLYHV

:DGH�HW�DO���������9DOHWWH�HW�DO���������
GH�$VFHQVDR�HW�DO���������:X\WV�HW�DO���
����

&DWHFKLQ
*DOORFDWHFKLQ�

)UXLWV 6LPSOH�SKHQROV�
)ODYDQ���RO

0HQGR]D�HW�DO���������:DGH�HW�DO���
������6RPH\D�HW�DO���������0HQGH]�
HW�DO��������

)ODYRQRLGV
5XWLQ��QDULQJLQ�� )UXLWV�

/HDYHV��URRWV
)ODYRQROV�
)ODYDQRQHV

9DOHWWH�HW�DO���������.DQD]DZD�HW�DO���
������:X\WV�HW�DO�������

$QWKRF\DQLGLQV )ODYRQRLGV�GHULYDWLYHV &ROOLQJERUQ�HW�DO�������
7DQQLQV

7DQQLQV�FDWHFKLF�
3URDQWKRF\DQLGLQV

)UXLWV
5RRWV

+\GURO\VDEOH�WDQQLQV�
&RQGHQVHG�WDQQLQV

0HQGR]D�HW�DO���������(O�KDGUDPL��
������9DOHWWH�HW�DO��������

/LJQLQ 5RRWV /LJQLQ 9DOHWWH�HW�DO���������GH�$VFHQVDR�HW�DO���
������:X\WV�HW�DO�������



3KHQROLF�FRPSRXQGV�DQG�EDQDQD�FURZQ�URW�VXVFHSWLELOLW\� ���

E\� SDWKRJHQLF� IXQJL� �3ROODUG� HW� DO��� ������� 6XEHULQ��
ORFDOL]HG� LQ� WKH�XQGHUJURXQG�SDUWV�RI� WKH�SODQWV� VXFK�
DV�WKH�EDUN�DQG�VFDU�WLVVXHV��FRQWDLQV�KLJK�TXDQWLWLHV�RI�
Ʒ�GLFDUER[\OLF� DFLG�� K\GUR[\FLQQDPLF� DFLGV� �PDLQO\�
IHUXODWH�� DQG� IDWW\� DOFRKROV� �3ROODUG� HW�DO��� ������
6FKUHLEHU���������7KH�FXWLFOH�DQG� VXEHULQ�FRQWURO� WKH�
GLIIXVLRQ�RI�JDVHV��RI�ZDWHU��DQG�RI�VROXWHV�LQ�DQG�RXW�RI�
WKH�SODQW��7KH\�DOVR�SOD\�D�SURWHFWLYH�UROH�WRZDUGV�ELRWLF�
DQG�DELRWLF�VWUHVV��3ROODUG�HW�DO���������6FKUHLEHU���������
7KH�SHFWR�FHOOXORVLF�ZDOO�SOD\V�WKH�UROH�RI�´VNHOHWRQµ�
ZKLOH�PDLQWDLQLQJ�D�FHUWDLQ�SODVWLFLW\�HODVWLFLW\� LQ� WKH�
SODQW��DOORZLQJ�JURZWK�DQG�FHOOXODU�GLYLVLRQV��0DFKHL[�
HW�DO����������EXW�DOVR�EHLQJ�LQYROYHG�LQ�SK\VLRORJLFDO�
UHVLVWDQFH��

7KH� SUHIRUPHG� FKHPLFDO� EDUULHUV� RI� SODQWV� DUH� D�
SOHWKRUD�RI�SHSWLGHV��SURWHLQV�DQG�VHFRQGDU\�PHWDEROLWHV�
�SKHQROLFV�� VXOIXU� FRPSRXQGV�� HWF���� ZKLFK� DFW� DV�
DQWLPLFURELDO� FRPSRXQGV� GXULQJ� GHIHQVH� UHVSRQVHV�
DJDLQVW�PLFURRUJDQLVPV��/DWWDQ]LR�HW�DO����������6RPH�
RI� WKHVH� FRPSRXQGV� DUH� SUHVHQW� LQ� WKHLU� ELRORJLFDOO\�
DFWLYH�IRUP��DQG�DUH�WKHUHIRUH�GLUHFWO\�WR[LF��RWKHUV�DUH�
SUHVHQW� LQ� WKH� IRUP�RI� LQDFWLYH�SUHFXUVRUV� �FRPELQHG�
IRUPV��� ,Q� VWXGLHV� FRPSDULQJ� YDULHWLHV� RI� EDQDQD�
VXVFHSWLEOH� WR�EODFN� OHDI� VWUHDN�GLVHDVH�ZLWK�SDUWLDOO\�
UHVLVWDQW�YDULHWLHV��FHUWDLQ�PHVRSK\OO�FHOOV�VSHFLDOL]HG�LQ�
WKH�VWRUDJH�RI�SKHQROLF�FRPSRXQGV��SURDQWKRF\DQLGLQV��
ZHUH� IRXQG� WR�EH� ORZHU� LQ�QXPEHU� LQ� WKH� VXVFHSWLEOH�
YDULHWLHV�WKDQ�LQ�WKH�SDUWLDOO\�UHVLVWDQW�RQHV��%HYHUDJJL�
HW�DO���������(O�+DGUDPL��������

,QGXFHG� GHIHQVH� PHFKDQLVPV�� $IWHU� LQIHFWLRQ� E\�
GLIIHUHQW� EDQDQD� SDWKRJHQV�� D� UDSLG� LQFUHDVH� LQ� ERWK�
SKHQROLF� FRPSRXQGV� DQG� SKHQ\OSURSDQRLG� SDWKZD\�
HQ]\PHV� KDV� EHHQ� REVHUYHG� LQ� EDQDQD� WUHH� WLVVXHV��
,QGXFHG�VWUXFWXUDO�EDUULHUV�DUH�DFWLYDWHG�IROORZLQJ�WKH�
SUHVHQFH�RI�SDWKRJHQV�LQ�VXVFHSWLEOH�RU�UHVLVWDQW�SODQWV��
DQG� WKLV� UHVXOWV� LQ� D�PXOWLWXGH� RI� GHIHQVH� UHVSRQVHV��
:KHQ� D� SODQW� UHFRJQL]HV� D� SDWKRJHQLF� LQYDGHU�� LWV�
GHIHQVH�PHFKDQLVPV�DUH�LQGXFHG��DQG�FKHPLFDO�EDUULHUV�
DUH� SURGXFHG� DV� D� UHVXOW�� 7KHVH� FKHPLFDO� EDUULHUV�
DUH� JHQHUDOO\� LQ� WKH� IRUP� RI� ´GH�QRYR··� V\QWKHVL]HG�
PROHFXOHV�DQG�RQFH�SURGXFHG��WKHVH�PROHFXOHV�EHFRPH�
DFFXPXODWHG�

6HYHUDO�VWXGLHV�RQ�WKH�LQWHUDFWLRQ�EHWZHHQ�EDQDQD�
WUHH�URRWV�DQG�WKHLU�YDULRXV�SDWKRJHQV�KDYH�VXJJHVWHG�
DQ�LQYROYHPHQW�RI�SKHQROLF�FRPSRXQGV�LQ�WKH�GHIHQVH�
UHVSRQVHV� RI� WKH� EDQDQD� WUHH�� 7KHVH� VWXGLHV� IRFXVHG�
RQ� FHOO�ZDOO� OLJQLÀFDWLRQ�� RQ� KLVWRFKHPLFDO� GHWHFWLRQ�
RI� SKHQROLF� FRPSRXQGV� DQG� RQ� WKH� TXDQWLÀFDWLRQ� RI�
ÁDYRQRLGV�� SURDQWKRF\DQLGLQV� DQG� K\GUR[\FLQQDPLF�
DFLGV�DIWHU�LQIHFWLRQ�RI�EDQDQD�URRWV�E\�SK\WRSKDJRXV�
QHPDWRGHV� �9DOHWWH� HW� DO��� ������ &ROOLQJERUQ� HW� DO���
������.DQD]DZD�HW�DO���������GH�$VFHQFHR�HW�DO���������
:X\WV� HW� DO��� ������� ,Q� UHVLVWDQW� EDQDQD� FXOWLYDUV�� D�
KLJKHU�FRQWHQW�RI�VHYHUDO�SKHQROLF�FRPSRXQGV�VXFK�DV�
GRSDPLQH�DQG�F\DQLGLQ�UHODWHG�FRPSRXQGV��OLJQLQ��DQG�

IHUXOLF�DFLG��HVWHUV�DQG�K\GURO\]DWLRQ�SURGXFWV�RI�IHUXOLF�
DFLG��ZDV�REVHUYHG��:X\WV�HW�DO����������0RUHRYHU��WKH�
UROH�RI�WKHVH�FRPSRXQGV�LQ�GHIHQVH�PHFKDQLVPV�VXFK�
DV�SK\VLFDO�EDUULHUV��WR[LF�DJHQW�DQG�SURWHFWLRQ�DJDLQVW�
SDWKRJHQLF�DWWDFN�ZDV�VXJJHVWHG��

,Q� RWKHU� VWXGLHV�� VHYHUDO� SK\WRDOH[LQV�
�SKHQ\OSKHQDOHQRQHV�� LUHQRORQH�� DQG� HPHQRORQH�
W\SHV��KDYH�EHHQ�LQGXFHG�LQ�JUHHQ�EDQDQD�IUXLWV�DIWHU�
ZRXQGLQJ� RU� LQRFXODWLRQ� ZLWK�&ROOHWRWULFKXP�PXVDH�
�/XLV� HW� DO��� ������ .DPR� HW� DO��� ������ .DPR� HW� DO���
������� 5HFHQWO\�� LQ� WKH� LQWHUDFWLRQ� EHWZHHQ� 0XVD�
VSS��DQG�)XVDULXP�R[\VSRUXP�I��VS��FXEHQVH��3DQDPD�
GLVHDVH��� UHVLVWDQW� K\EULG� SODQWOHWV� �OHDYHV� DQG� URRWV��
ZHUH�IRXQG�WR�FRQWDLQ�KLJKHU�FRQFHQWUDWLRQV�RI�SKHQRO�
DQG� SDWKRJHQHVLV�UHODWHG� SURWHLQV� DQG� KLJKHU� DFWLYLW\�
OHYHOV� RI� 3$/� DQG� R[LGDWLYH� HQ]\PHV� �SHUR[LGDVH��
SRO\SKHQRO� R[LGDVH�� VXSHUR[LGH� GLVPXWDVH�� FDWDODVH��
WKDQ� VHQVLWLYH� K\EULG� SODQWOHWV� �.DYLQR� HW� DO���
������� 'XULQJ� SHQHWUDWLRQ� RI� KRVW� WLVVXHV�� SKHQROLF�
VXEVWDQFHV� DUH� UHOHDVHG� DURXQG� WKH�SDWKRJHQ�K\SKDH��
FDXVLQJ� FRQVLGHUDEOH�PRUSKRORJLFDO� FKDQJHV� VXFK� DV�
F\WRSODVPLF�GLVRUJDQL]DWLRQ�DQG� ORVV�RI�SURWRSODVPLF�
FRQWHQWV� �.DYLQR� HW� DO��� ������ DQG� WKXV� IRUPLQJ� D�
FKHPLFDO� EDUULHU� WKDW� EORFNV� RU� DW� OHDVW� VORZV� GRZQ�
PLFURRUJDQLVP�SURJUHVVLRQ��

$V�PHQWLRQHG� DERYH��PDQ\� SKHQROLF� FRPSRXQGV��
SDUWLFXODUO\� GRSDPLQH�� KDYH� EHHQ� LGHQWLÀHG� LQ�
YDULRXV�EDQDQD� WUHH� WLVVXHV��$PRQJ�D�EURDG� UDQJH�RI�
SODQWV�� EDQDQDV� KDYH� WKH� ULFKHVW� GRSDPLQH� FRQWHQW���
����ƫJ�J���):�LQ�&DYHQGLVK�EDQDQD�SHHO�DV�FRPSDUHG�
ZLWK���ƫJ�J���):�IRU�SRWDWR��WKH�VHFRQG�ULFKHVW�LQ�WKLV�
OLVW� RI� GRSDPLQH�ULFK� SODQWV� �.XOPD� HW� DO��� �������
7KLV� REVHUYDWLRQ� VXJJHVWV� WKDW� GRSDPLQH�PLJKW� SOD\�
DQ� LPSRUWDQW� UROH� LQ� EDQDQD� SK\VLRORJ\�� 'RSDPLQH�
UHVXOWV� IURP� WKH� K\GUR[\ODWLRQ� RI� W\URVLQH� WR�
����GLK\GUR[\SKHQ\ODODQLQH��DQG�LV�UHVSRQVLEOH�IRU�WKH�
EURZQLQJ�RI� WKH� IUXLW�SHHO�DQG�SXOS��3URGXFWV�DULVLQJ�
IURP�WKH�GHFRPSRVLWLRQ�RI�EDQDQD�GRSDPLQH�VHHP�WR�
KDYH�D�IXQJLWR[LF�DFWLYLW\�DJDLQVW�&��PXVDH��0XOYHQD�
HW� DO��� ������ 0XLUKHDG� HW� DO��� ������� 0RUHRYHU�� D�
UHFHQW� VWXG\� RQ� WKH� PROHFXODU� PHFKDQLVPV� LQYROYHG�
LQ� WKH� YDULDWLRQV� LQ� WKH� VXVFHSWLELOLW\� RI� EDQDQD� IUXLW�
KDV� KLJKOLJKWHG� RYHUH[SUHVVLRQ� RI� WKH� GRSDPLQH�ơ�
PRQRR[\JHQDVH� JHQH� LQ� EDQDQDV� OHVV� VXVFHSWLEOH� WR�
FURZQ�URW��/DVVRLV�HW�DO���������

���&21&/86,21

7KH� RFFXUUHQFH� RI� FURZQ� URW� GLVHDVH� VHHPV� WR�
FRUUHODWH�ZLWK� WKH� SK\VLRORJLFDO� VWDWH� RI� WKH� IUXLWV� DW�
KDUYHVW��3ODQW�SRO\SKHQROV� DUH� VHFRQGDU\�PHWDEROLWHV�
LQYROYHG�LQ�WKH�GHIHQVH�PHFKDQLVPV�RI�SODQWV�DJDLQVW�
IXQJDO� SDWKRJHQV�� 7KHVH� SKHQROLF� FRPSRXQGV� DUH�
DOVR� LQYROYHG� LQ� WKH�GHIHQVH� UHVSRQVHV�RI� WKH�EDQDQD�
WUHH�� DOWKRXJK� WKHLU�PHFKDQLVP�V��RI� DFWLRQ�DQG� WKHLU�



���� %LRWHFKQRO��$JURQ��6RF��(QYLURQ���������������������� (ZDQp�&�$���/HSRLYUH�3K��HW�DO�

DQWDJRQLVWLF�SURSHUWLHV�DUH�QRW�NQRZQ��7KXV��WKH�SRVVLEOH�
LQYROYHPHQW� RI� SKHQROLF� FRPSRXQGV� LQ� YDULDWLRQV�
IRXQG� LQ� WKH� VXVFHSWLELOLW\� RI� EDQDQDV� WR� FURZQ� URW�
PHDQV� WKDW� WKHVH� FRPSRXQGV� UHSUHVHQW� D� SRWHQWLDO�
WDUJHW� IRU� GHYHORSLQJ� DOWHUQDWLYHV� WR� WKH� FKHPLFDO�
FRQWURO�RI� WKH�GLVHDVH�� ,W� LV� WKXV�HVVHQWLDO� WR�PHDVXUH�
SRROV�RI�SKHQROLF�FRPSRXQGV��SDUWLFXODUO\�GRSDPLQH��
LQ�IUXLWV�GLVSOD\LQJ�GLIIHUHQWLDO�VXVFHSWLELOLW\��VR�DV�WR�
LGHQWLI\�NH\�´GHIHQVHµ�FRPSRXQGV�DQG�WR�JDLQ�D�EHWWHU�
NQRZOHGJH�RI� WKH�GHIHQVH�PHFKDQLVPV�RI� WKH�EDQDQD�
FURZQ�WLVVXHV�

%LEOLRJUDSK\

$GULDQ�0�� HW� DO��� ������ 6WLOEHQH� FRQWHQW� RI� PDWXUH� 9LWLV�
YLQLIHUD�EHUULHV�LQ�UHVSRQVH�WR�89�&�HOLFLWDWLRQ��-��$JULF��
)RRG�&KHP���������������������

$OYLQGLD�'�*���.RED\DVKL�7���<DJXFKL�<��	�1DWVXDNL�.�7���
������6\PSWRPV�DQG�WKH�DVVRFLDWHG�IXQJL�RI�SRVW�KDUYHVW�
GLVHDVHV� RQ� QRQ�FKHPLFDO� EDQDQDV� LPSRUWHG� IURP� WKH�
3KLOLSSLQHV��-SQ��-��7URS��$JULF�������������

$VDPL�'�.��� +RQJ�<�-��� %DUUHWW�'�0�� 	� 0LWFKHOO�$�(���
������ &RPSDULVRQ� RI� WKH� WRWDO� SKHQROLF� DQG� DVFRUELF�
DFLG� FRQWHQW�RI� IUHH]H�GULHG� DQG� DLU�GULHG�PDULRQEHUU\��
VWUDZEHUU\��DQG�FRUQ�JURZQ�XVLQJ�FRQYHQWLRQDO��RUJDQLF��
DQG� VXVWDLQDEOH� DJULFXOWXUDO� SUDFWLFHV�� -�� $JULF�� )RRG�
&KHP�����������������

%HYHUDJJL�$��� 0RXULFKRQ�;�� 	� 6DOOp�*��� ������ eWXGH�
FRPSDUpH�GHV�SUHPLqUHV�pWDSHV�GH� O·LQIHFWLRQ�FKH]�GHV�
EDQDQLHUV�VHQVLEOHV�HW�UpVLVWDQWV�LQIHFWpV�SDU�&HUFRVSRUD�
ÀMLHQVLV�� DJHQW� GH� OD�PDODGLH� GHV� UDLHV� QRLUHV��&DQ�� -��
%RW�����������������

&KH\QLHU�9���������3RO\SKHQROV�LQ�IRRGV�DUH�PRUH�FRPSOH[�
WKDQ�RIWHQ�WKRXJKW��$P��-��&OLQ��1XWU���������������

&ROOLQJERUQ�)�0�%��� *RZHQ�6�5�� 	� 0XHOOHU�+DUYH\�,���
������ ,QYHVWLJDWLRQV� LQWR� WKH� ELRFKHPLFDO� EDVLV� IRU�
QHPDWRGHV�UHVLVWDQFH�LQ�URRWV�RI�WKUHH�0XVD�FXOWLYDUV�LQ�
UHVSRQVH�WR�5DGRSKROXV�VLPLOLV�LQIHFWLRQ��-��$JULF��)RRG�
&KHP�����������������

GH�$VFHQVDR�$�5�)�'�&��	�'XEHU\�,�$���������6ROXEOH�DQG�
ZDOO�ERXQG�SRO\SKHQROV�DQG�SKHQROLF�SRO\PHUV�LQ�0XVD�
DFXPLQDWD� URRWV� H[SRVHG� WR� HOLFLWRUV� IURP� )XVDULXP�
R[\VSRUXP�I��VS��FXEHQVH��3K\WRFKHPLVWU\��������������

'L[RQ�5�$�� HW� DO��� ������ 7KH� SKHQ\OSURSDQRLG� SDWKZD\�
DQG�SODQW�GHIHQFH�²�D�JHQRPLFV�SHUVSHFWLYH��0RO��3ODQW�
3DWKRO���������������

'RXFH�5��� ������ /HV� SODQWHV� VXSpULHXUHV��� GLYLQHV� HW�RX�
GLDEROLTXHV��&RQIpUHQFHV�HW�GpEDWV�VXU� OHV�JUDQGV�GpÀV�
GX� ��H� VLqFOH�� 3DULV��� ,QVWLWXW� GH� )UDQFH��$FDGpPLH� GHV�
6FLHQFHV�

(O�+DGUDPL�$���������3URDQWKRF\DQLGLQHV�FRQVWLWXWLYHV�GHV�
IHXLOOHV�GH�EDQDQLHUV�HW�UpVLVWDQFH�SDUWLHOOH�YLV�j�YLV�GH�
0\FRVSKDHUHOOD� ÀMLHQVLV�� O·DJHQW� FDXVDO� GH� OD�PDODGLH�
GHV� UDLHV� QRLUHV�� 0pPRLUH��� )DFXOWp� XQLYHUVLWDLUH� GHV�
6FLHQFHV�DJURQRPLTXHV�GH�*HPEORX[��%HOJLTXH���

)$267$7�� ������ )$267$7� GDWD�� KWWS���IDRVWDW�IDR�RUJ��
�������������

)HUUHLUD�5�%��HW�DO���������7KH�UROH�RI�SODQW�GHIHQFH�SURWHLQV�
LQ�IXQJDO�SDWKRJHQHVLV��0RO��3ODQW�3DWKRO���������������

)LQOD\�$�5��	�%URZQ�$�(��� ������7KH� UHODWLYH� LPSRUWDQFH�
RI�&ROOHWRWULFKXP� PXVDH� DV� D� FURZQ� URW� SDWKRJHQ� RQ�
:LQGZDUG�,VODQG�EDQDQDV��3ODQW�3DWKRO�������������

)RUUHW�0��� ������ eWXGH� GH� OD� YDULDWLRQ� GH� VHQVLELOLWp� GHV�
EDQDQHV� G·H[SRUWDWLRQ� DX[� SRXUULWXUHV� GH� FRXURQQH�
HQ� IRQFWLRQ� GX� VWDGH� GH� UpFROWH�� 0pPRLUH��� )DFXOWp�
XQLYHUVLWDLUH�GHV�6FLHQFHV�DJURQRPLTXHV�GH�*HPEORX[�
�%HOJLTXH��

*KDVHP]DGHK�$��� -DDIDU�+�=�(�� 	� 5DKPDW�$��� ������
6\QWKHVLV�RI�SKHQROLFV�DQG�ÁDYRQRLGV�LQ�JLQJHU��=LQJLEHU�
RIÀFLQDOH� 5RVFRH�� DQG� WKHLU� HIIHFWV� RQ� SKRWRV\QWKHVLV�
UDWH��,QW��-��0RO��6FL�����������������

+H�)�� HW� DO��� ������%LRV\QWKHVLV� RI� DQWKRF\DQLQV� DQG� WKHLU�
UHJXODWLRQ�LQ�FRORUHG�JUDSHV��0ROHFXOHV����������������

.DOW�:���������(IIHFWV�RI�SURGXFWLRQ�DQG�SURFHVVLQJ�IDFWRUV�
RQ�PDMRU�IUXLW�DQG�YHJHWDEOH�DQWLR[LGDQWV��-��)RRG�6FL���
�������������

.DPR�7�� HW� DO��� ������ 3KHQ\OSKHODQRQH�W\SH� SK\WRDOH[LQV�
IURP�XQULSH�EXQJXODQ�EDQDQD� IUXLW��%LRVFL��%LRWHFKQRO��
%LRFKHP��������������

.DPR�7��HW�DO���������1HZ�SKHQ\OSKHQDOHQRQHV�IURP�EDQDQD�
IUXLW��7HWUDKHGURQ����������������

.DQD]DZD�.�� 	� 6DNDNLEDUD�+��� ������ +LJK� FRQWHQW� RI�
GRSDPLQH�� D� VWURQJ� DQWLR[LGDQW�� LQ� &DYHQGLVK� EDQDQD���
-��$JULF��)RRG�&KHP���������������

.DYLQR�0�� HW� DO��� ������ %LRFKHPLFDO� PDUNHUV� DV� D� XVHIXO�
WRRO�IRU�WKH�HDUO\�LGHQWLÀFDWLRQ�RI�)XVDULXP�R[\VSRUXP�
I�� VS�� FXEHQVH�� UDFH� �� UHVLVWDQFH� EDQDQD� FORQHV��$UFK��
3K\WRSDWKRO��3ODQW�3URW���������������������

.KDQ�7�$��� 0D]LG�0�� 	� 0RKDPPDG�)��� ������ 6WDWXV�
RI� VHFRQGDU\� SODQW� SURGXFWV� XQGHU� DELRWLF� VWUHVV�� DQ�
RYHUYLHZ��-��6WUHVV�3K\VLRO��%LRFKHP���������������

.UDXVV�8�� 	� -RKDQVRQ�$��� ������ 5HFHQW� DGYDQFHV� LQ� WKH�
FRQWURO�RI�FURZQ�URW�RI�EDQDQD�LQ�WKH�:LQGZDUG�,VODQGV��
&URS�3URW���������������

.VRXUL�5��HW�DO���������,QÁXHQFH�RI�ELRORJLFDO��HQYLURQPHQWDO�
DQG�WHFKQLFDO�IDFWRUV�RQ�SKHQROLF�FRQWHQW�DQG�DQWLR[LGDQW�
DFWLYLWLHV� RI� 7XQLVLDQ� KDORSK\WHV��&�5�� %LRO��� ���������
��������

.XOPD�$�� 	� 6]RSD�-��� ������ &DWHFKRODPLQHV� DUH� DFWLYH�
FRPSRXQGV�LQ�SODQWV��3ODQW�6FL����������������

/DVVRLV�/���GH�/DSH\UH�GH�%HOODLUH�/��	�-LMDNOL�0�+���������
%LRORJLFDO�FRQWURO�RI�FURZQ�URW�RI�EDQDQDV�ZLWK�3LFKLD�
DQRPDOD�VWUDLQ�.�DQG�&DQGLGD�ROHRSKLOD�VWUDLQ�2��%LRO��
&RQWURO��������������

/DVVRLV�/�� HW� DO��� ����D�� +DQG� SRVLWLRQ� RQ� WKH� EXQFK� DQG�
VRXUFH�VLQN�UDWLR�LQÁXHQFH�WKH�EDQDQD�IUXLW�VXVFHSWLELOLW\�
WR� FURZQ� URW� GLVHDVH�� $QQ�� $SSO�� %LRO��� �������� ����
����

/DVVRLV�/��� -LMDNOL�0�+��� &KLOOHW�0�� 	� GH� /DSH\UH� GH�
%HOODLUH�/��� ����E�� &URZQ� URW� RI� EDQDQDV�� SUH�KDUYHVW�
IDFWRUV� LQYROYHG� LQ� SRVW�KDUYHVW� GLVHDVH� GHYHORSPHQW�



3KHQROLF�FRPSRXQGV�DQG�EDQDQD�FURZQ�URW�VXVFHSWLELOLW\� ���

DQG� LQWHJUDWHG� FRQWURO� PHWKRGV��3ODQW�'LVHDVH�� �������
��������

/DVVRLV�/�� HW� DO��� ������ ,GHQWLÀFDWLRQ�RI�JHQHV� LQYROYHG� LQ�
WKH�UHVSRQVH�RI�EDQDQD�WR�FURZQ�URW�GLVHDVH��0RO��3ODQW�
0LFUREH�,QWHUDFW���������������

/DWWDQ]LR�9��� /DWWDQ]LR�9�0�7��	�&DUGLQDOL�$��� ������5ROH�
RI� SRO\SKHQROV� LQ� WKH� UHVLVWDQFH�PHFKDQLVPV�RI� SODQWV�
DJDLQVW� IXQJDO� SDWKRJHQV� DQG� LQVHFWV�� ,Q�� ,PSHUDWR�)���
HG��3K\WRFKHPLVWU\��DGYDQFHV�LQ�UHVHDUFK��7ULYDQGUXP��
.HUDOD��,QGLD��5HVHDUFK�6LJQSRVW��������

/HSRLYUH�3��� ������ 3K\WRSDWKRORJLH��� EDVHV� PROpFXODLUHV�
HW� ELRORJLTXHV� GHV� SDWKRV\VWqPHV� HW� IRQGHPHQWV� GHV�
VWUDWpJLHV� GH� OXWWH�� %UX[HOOHV��� eGLWLRQV� 'H� %RHFN�
8QLYHUVLWp�

/RHLOOHW�'���������/H�FRPPHUFH�LQWHUQDWLRQDO�GH�OD�EDQDQH���
HQWUH�pYROXWLRQ�HW�UpYROXWLRQ��)UXLWURS�������������

/XLV�-�*�� HW� DO��� ������ ,UHQRORQH� DQG� HPHQRORQH�� WZR�QHZ�
W\SHV� RI� SK\WRDOH[LQ� IURP� 0XVD� SDUDGLVLFD�� -�� 2UJ��
&KHP�����������������

/XNH]LF�)�/��� .DLVHU�:�-�� 	� 0DUWLQH]�0�0��� ������ 7KH�
LQFLGHQFH�RI�FURZQ�URW�RI�ER[HG�EDQDQDV� LQ�UHODWLRQ� WR�
PLFURELDO�SRSXODWLRQV�RI�WKH�FURZQ�WLVVXH��&DQ��-��%RW���
������������

0DFKHL[�-��� )OHXULHW�$�� 	� %LOORW�-��� ������ 3KHQROLF�
FRPSRXQGV� LQ� IUXLW� SURFHVVLQJ�� ,Q�� 0DFKHL[�-���
)OHXULHW�$��	�%LOORW�-���HGV��)UXLW�SKHQROLFV��%RFD�5DWRQ��
)/��86$��&5&�3UHVV����������

0DFKHL[�-��-��� )OHXULHW�$�� 	� -D\�$OOHPDQG�&��� ������ /HV�
FRPSRVpV� SKpQROLTXHV� GHV� YpJpWDX[��� XQ� H[HPSOH� GH�
PpWDEROLWHV� VHFRQGDLUHV� G·LPSRUWDQFH� pFRQRPLTXH��
/DXVDQQH�� 6XLVVH��� 3UHVVHV� 3RO\WHFKQLTXHV� HW�
8QLYHUVLWDLUHV�5RPDQGHV�

0DQDFK�&�� HW� DO��� ������ 3RO\SKHQROV�� IRRG� VRXUFHV� DQG�
ELRDYDLODELOLW\��$P��-��&OLQ��1XWU���������������

0DQGDO�6�� 	� 0LWUD�$��� ������ 5HLQIRUFHPHQW� RI� FHOO� LQ�
URRWV�RI�/\FRSHUVLFRQ�HVFXOHQWXP� WKURXJK�LQGXFWLRQ�RI�
SKHQROLFV� DQG� OLJQLQ� E\� HOLFLWRUV�� 3K\VLRO�� 0RO�� 3ODQW�
3DWKRO����������������

0DQHHQXDP�7��� .HWVD�6�� 	� YDQ� 'RRUQ�:�*��� ������ +LJK�
R[\JHQ� OHYHOV� SURPRWH� SHHO� VSRWWLQJ� LQ� EDQDQD� IUXLW��
3RVWKDUYHVW�%LRO��7HFKQRO���������������

0HQGH]�&�G�0�9�� HW� DO��� ������ &RQWHQW� RI� IUHH� SKHQROLF�
FRPSRXQGV� LQ� EDQDQDV� IURP�7HQHULIH� �&DQDU\� ,VODQGV��
DQG� (FXDGRU�� (XU�� )RRG� 5HV�� 7HFKQRO��� ����� ����
����

0HQGR]D�(�0�7��HW�DO���������/HV�SRO\SKpQROV�GHV�EDQDQHV�
j�FXLUH��&KDQJHPHQWV�SHQGDQW�OH�P�ULVVDJH�HW�OD�FXLVVRQ�
HW�UHODWLRQV�DYHF�O·DVWULQJHQFH��3KLOLSSLQHV�-��&URS�6FL���
���������������

0RWD�5�9�� HW� DO��� ������ %LRFKHPLFDO� DQG� DJURQRPLFDO�
UHVSRQVHV� RI� JUDSHYLQHV� WR� DOWHUDWLRQ� RI� VRXUFH�VLQN�
UDWLR�E\�FOXVWHU�WKLQQLQJ�DQG�VKRRW�WULPPLQJ��%UDJDQWLD�
&DPSLQDV���������������

0XLUKHDG�,�)�� 	� 'HYHUDOO�%�-��� ������ (YDOXDWLRQ� RI�
����GLK\GUR[\EHQ]DOGHK\GH��GRSDPLQH�DQG�LWV�R[LGDWLRQ�
SURGXFWV� DV� LQKLELWRUV� RI�&ROOHWRWULFKXP�PXVDH� �%HUN��

	�&XUW���$U[�� LQ�JUHHQ�EDQDQD� IUXLWV��$XVW��-��%RW�������
��������

0XLUKHDG�,�)�� 	� -RQHV�'�5��� ������ )XQJDO� GLVHDVHV� RI�
EDQDQD� IUXLW�� 3RVW�KDUYHVW� GLVHDVHV�� ,Q�� -RQHV�'�5��� HG��
'LVHDVHV�RI�EDQDQD��DEDFD�DQG�HQVHWH��:DOOLQJIRUG��8.��
&$%,�

0XOYHQD�'��� (GZLQ�&�:�� 	� =HUQHU�%��� ������
��GLK\GUR[\EHQ]DOGHK\GH��D�IXQJLVWDWLF�VXEVWDQFH�IURP�
JUHHQ�&DYHQGLVK�EDQDQDV��3K\WRFKHPLVWU\�������������

3DQLQD�<��� )UDYH�'�5��� %DNHU�&�-�� 	� 6KFKHUEDNRYD�/�$���
������ %LRFRQWURO� DQG� SODQW� SDWKRJHQLF� )XVDULXP�
R[\VSRUXP�LQGXFHG� FKDQJHV� LQ� SKHQROLF� FRPSRXQGV�
LQ� WRPDWR� OHDYHV� DQG� URRWV�� -��3K\WRSDWKRO�������� ����
����

3DVVDUGL�)��� 3HQHO�&�� 	� 'XQDQG�&��� ������ 3HUIRUPLQJ� WKH�
SDUDGR[LFDO��KRZ�SODQW�SHUR[LGDVHV�PRGLI\�WKH�FHOO�ZDOO��
7UHQGV�3ODQW�6FL���������������

3ROODUG�0��� %HLVVRQ�)��� /L�<�� 	� 2KOURJJH�-�%��� ������
%XLOGLQJ�OLSLG�EDUULHUV��ELRV\QWKHVLV�RI�FXWLQ�DQG�VXEHULQ��
7UHQGV�3ODQW�6FL���������������

3RPER�0�$��� 5RVOL�+�*��� 0DUWtQH]�*�$�� 	� &LYHOOR�3�0���
������89�&�WUHDWPHQW�DIIHFWV�WKH�H[SUHVVLRQ�DQG�DFWLYLW\�
RI�GHIHQFH�JHQHV�LQ�VWUDZEHUU\�IUXLW��)UDJDULDðDQDQDVVD��
'XFK����3RVWKDUYHVW�%LRO��7HFKQRO��������������

5DYHQ�3�+��� (YHUW�5�)��� (LFKKRUQ�6�(�� 	� %RXKDUPRQW�-���
������%LRORJLH�YpJpWDOH��%UX[HOOHV���eGLWLRQV�'H�%RHFN�
8QLYHUVLWp�

6FDOEHUW�$�� 	� :LOOLDPVRQ�*��� ������ 'LHWDU\� LQWDNH�
DQG� ELRDYDLODELOLW\� RI� SRO\SKHQROV�� -�� 1XWU��� �����
����6�����6�

6FKUHLEHU�/���������7UDQVSRUW�EDUULHUV�PDGH�RI�FXWLQ��VXEHULQ�
DQG�DVVRFLDWHG�ZD[HV��7UHQGV�3ODQW�6FL���������������

6KLOOLQJIRUG�&�$��� ������ &OLPDWLF� IDFWRUV� DIIHFWLQJ� SRVW�
KDUYHVW� GHFD\� RI� -DPDLFDQ� EDQDQDV�� -�� $JULF�� 8QLY��
3XHUWR�5LFR���������������

6RPH\D�6��� <RVKLNL�<�� 	� 2NXER�.��� ������ $QWLR[\GDQW�
FRPSRXQGV� IURP� EDQDQDV� �0XVD� FDYHQGLVK��� )RRG�
&KHP���������������

7UHXWWHU�'���������0DQDJLQJ�SKHQRO�FRQWHQWV�LQ�FURS�SODQWV�
E\� SK\WRFKHPLFDO� IDUPLQJ� DQG� EUHHGLQJ�YLVLRQV� DQG�
FRQVWUDLQWV��,QW��-��0RO��6FL���������������

9DOHWWH�&�� HW� DO��� ������ +LVWRFKHPLFDO� DQG� F\WRFKHPLFDO�
LQYHVWLJDWLRQV� RI� SKHQROV� LQ� URRWV� RI� EDQDQD� LQIHFWHG�
E\� EXUURZLQJ� QHPDWRGH� 5DGRSKROXV� VLPLOLV��
3K\WRSDWKRORJ\����������������

9DQ� /RRQ�/�&��� 5HS�0�� 	� 3LHWHUVH�&�0�-��� ������
6LJQLÀFDQFH� RI� LQGXFLEOH� GHIHQFH�UHODWHG� SURWHLQV� LQ�
LQIHFWHG�SODQWV��$QQX��5HY��3K\WRSDWKRO���������������

:DGH�1�/���7DQ�6�&��	�.DYDQDJK�(�(��� ������:KLWH� OLJKW�
SUHYHQW� LQFUHDVHG� FDWHFKLQ� V\QWKHVLV� E\� XOWUDYLROHW�
LUUDGLDWLRQ� LQ� EDQDQD� IUXLWV�� -�� +RUWLF�� 6FL��� ���� ����
����

:X\WV�1�� HW� DO��� ������ 3RWHQWLDO� SK\VLFDO� DQG� FKHPLFDO�
EDUULHUV� WR� LQIHFWLRQ� E\� WKH� EXUURZLQJ� QHPDWRGH�
5DGRSKROXV�VLPLOLV�LQ�URRWV�RI�VXVFHSWLEOH�DQG�UHVLVWDQW�
EDQDQD��0XVD�VSS����3ODQW�3DWKRO������������������



���� %LRWHFKQRO��$JURQ��6RF��(QYLURQ���������������������� (ZDQp�&�$���/HSRLYUH�3K��HW�DO�

;X�&��HW�DO���������,QÁXHQFH�RI�JURZLQJ�VHDVRQ�RQ�SKHQROLF�
FRPSRXQGV�DQG�DQWLR[LGDQW�SURSHUWLHV�RI�JUDSH�EHUULHV�
IURP�YLQHV�JURZQ�LQ�VXEWURSLFDO�FOLPDWH��-��$JULF��)RRG�
&KHP��������������������

;X�)��HW�DO���������0ROHFXODU�FORQLQJ��FKDUDFWHUL]DWLRQ�DQG�
H[SUHVVLRQ�RI�SKHQ\ODODQLQH�DPPRQLD�O\DVH�JHQH� IURP�
*LQNJR�ELORED��$IU��-��%LRWHFKQRO�����������������

<RUXN�5�� 	� 0DUVKDO�0�5��� ������ 3K\VLFRFKHPLFDO�
SURSHUWLHV� DQG� IXQFWLRQ�RI� SODQW� SRO\SKHQRO�R[LGDVH�� D�
UHYLHZ��-��)RRG�%LRFKHP���������������

=KX�+�+��	�<DR�4���������/RFDOL]HG�DQG�V\VWHPLF�LQFUHDVH�
RI�SKHQROV�LQ�WRPDWR�URRWV�LQGXFHG�E\�*ORPXV�YHUVLIRUPH�
LQKLELWV�5DOVWRQLD� VRODQDFHDUXP��-��3K\WRSDWKRO��������
��������
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