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LV DOUHDG\� XVHG� LQ� ;6� GXH� WR� LWV� XQLTXHSURSHUWLHV�� 5DWKHU� ORQJ� GHFD\� WLPHV�� KRZ �HYHU�� KDV� UHPDLQHG� LWV� GUDZEDFN� >�@�� 2XUVWXGLHV�RI�WKH�HIIHFWV�RI�GRSDQWV�XSRQ�OXPL �QHVFHQFH�NLQHWLFV�RI�VFLQWLOODWRUV�ZHUH�DLPHGDW� EURDGHQLQJ� WKHLU� ILHOG� RI� DSSOLFDWLRQV�:H�KDYH�DOVR�FRQVLGHUHG�HIIHFWV�RI�PHFKDQL �FDO�WUHDWPHQW�DQG�SUH�LUUDGLDWLRQ�XSRQ�WLPHFKDUDFWHULVWLFV�RI�YDULRXV�W\SHV�RI�VFLQWLOOD �WRUV�XVHG�LQ�;6�6FLQWLOODWRU� FU\VWDOV� XVHG� LQ� RXU� H[SHUL �PHQWV� LQFOXGHG��&V,�7O���&:2 �XQGRSHG�DQGGRSHG�ZLWK�%L���=Q6H�� DFWLYDWHG�ZLWK� LVRYD�OHQW� GRSDQWV� �,9'�� 2�� 7H�� &G, +J�� *62GRSHG ZLWK &H�� 7KH� GRSDQW� FRQFHQWUDWLRQUDQJHG�IURP�����WR�������PRO��7KH�FU\VWDOVIRU� VWXGLHV� ZHUH� JURZQ� E\� NQRZQ� PHWKRGV>����Ü�@��0HDVXUHPHQWV� RI� WKH� OLJKW� RXWSXWDQG�WKH�DIWHUJORZ�OHYHO� η ����DIWHU�D�VSHFL�ILHG� WLPH�ZHUH� FDUULHG� RXW�XVLQJ�D�PHDVXU �LQJ�FDOFXODWLQJ� FRPSOH[� IRU� VWXGLHV� RI� NL �QHWLF�FKDUDFWHULVWLFV��0&&.&���LWV�EORFN�GLD �JUDP� LV� SUHVHQWHG� LQ� )LJ����� 0&&.&� KDVEHHQ� GHVLJQHG� IRU� PHDVXUHPHQWV� RI� DIWHU �JORZ� LQWHQVLW\� DQG� DXWRPDWLF� SURFHVVLRQ� RIWKH�REWDLQHG�GDWD�ZLWK�GHWHUPLQDWLRQ�RI�WKHDPSOLWXGH�WLPH�SDUDPHWHUV��7KH�FRPSOH[�LQ �FOXGHG� D� SXOVH� ;�UD\� HPLWWHU� RI� 5$3$1����� W\SH� �([  ����Ü���� NH9��� D+DPDPDWVX� 6����� SKRWRGLRGH�� D� �FXUUHQWWR� YROWDJH�� FRQYHUWHU� �,8&��� D� PXOWLSOH[RU�08;���DQ�DQDORJ�WR�GLJLW�FRQYHUWHU��$'&��D�SHUVRQDO� FRPSXWHU� �3&���D�6������RVFLOOR �VFRSH� DQG� D� FRQWURO� EORFN� IRU� WKH� ;�UD\HPLWWHU��%&;���0HDVXUHPHQWV� RI� WKH� DIWHUJORZ� OHYHO� LQVFLQWLOODWRU�FU\VWDOV�ZHUH�FDUULHG�RXW�DFFRUG �LQJ�WR�WKH�DPSOLWXGH�WLPH�GLDJUDP�DV�VKRZQLQ�)LJ����

7KH�YDOXH�RI�η�W��DW�DQ�DUELWUDU\�PRPHQWRI�WLPH�LV�GHILQHG�DV
η(W) = [,(W) − $�∗ ] ⁄ 


,� − $�∗ 


⋅ ����� ���

ZKHUH� ,� LV� WKH� DYHUDJHG� VLJQDO� DPSOLWXGHIURP� WKH� LUUDGLDWHG� VDPSOH� RYHU� ���� $'&FRXQWLQJV��,�W��LV�WKH�VLJQDO�RI�WKH�VFLQWLOOD �WRU� DIWHUJORZ�� $��� $� Û� YROWDJH� IOXFWXD�WLRQV�DW�WKH�RXWSXW�RI�WKH�,8&�SUHDPSOLILHUEHIRUH� DQG� DIWHU� LUUDGLDWLRQ�� UHVSHFWLYHO\�([SHULPHQWDO�,�W��GDWD�DUUD\V�DUH�D�IXQFWLRQRI� UHDGLQJV� ZLWK� DQ� DUELWUDU\� VFDOH� WQ�ZKHUH�Q  ����������1��DSSUR[LPDWHG�E\�H[SR�QHQWLDOO\�GHFUHDVLQJ�IXQFWLRQ�RI�WKH�IRUP�I(W) = [�H−\��W + [�H−\��W + ���
+ [QH−\QQW� \ > ��� ���

$SSUR[LPDWLRQ� SDUDPHWHUV� [L�� \L DUH� GH�WHUPLQHG� E\� WKH� OHDVW� VTXDUHV� PHWKRG�� L�H�E\�PLQLPL]DWLRQ�RI�WKH�IXQFWLRQDO
Φ = ∑>Q=�

1 I(WQ) − JQ@��� ���
ZKHUH�JQ LV�WKH�H[SHULPHQWDO�GDWD�$� V\VWHP� RI� QRUPDO� HTXDWLRQV� REWDLQHGDV� D� UHVXOW� RI� PLQLPL]DWLRQ� DSSHDUV� WR� EHQRQ�OLQHDU� DQG� FDQ� EH� VROYHG� RQO\� QXPHUL �FDOO\�� E\� LWHUDWLRQV�� $V� WKH� LQLWLDO� IXQF �WLRQDO� LV� QRW� FRQYH[� HYHU\ZKHUH�� DQG� WKHUHJLRQ�RI� WKH�JOREDO�PLQLPXP� LV� RI� WKH� UD �YLQH� FKDUDFWHU�� ZH� XVHG� WKH� TXDVL�1HZWRQSURFHGXUH� RI� %UR\GHQ�� )OHWFKHU�� *ROGIDUEDQG�&KDQRW�ZLWK�IXOO�XSSHU�UHOD[DWLRQ�>�@�DVLWHUDWLRQ� PHWKRG�� 7KH� XVH� RI� 0&&.&� DQGDSSURSULDWH�VRIWZDUH�IRU�GDWD�SURFHVVLQJ�DO �ORZHG� GHWHUPLQDWLRQ� RI� DPSOLWXGHV� DQGGHFD\� WLPH� FRQVWDQWV�� ZKLFK� JDYH� LQIRUPD �WLRQ�RQ�SK\VLFV�RI�WKH�SURFHVVHV�GHWHUPLQLQJ

)LJ�����$PSOLWXGH�WLPH� RSHUDWLRQ� GLDJUDP� RI0&&.&� LQ� PHDVXUHPHQWV� RI� WKH� DIWHUJORZOHYHO�RI�VFLQWLOODWRUV��W� Ü�W���W� Ü�W� Û�PHDVXUH�PHQW�WLPH�RI��VXEVWLWXWLRQV��k� DQG�k� ,8&�W� ÜW�  �,���W� Ü�W�  �,�W���DQG�W� Ü�W� LV�SDXVH��)LJ�����%ORFN�GLDJUDP�RI�WKH�PHDVXULQJ�FRP�SXWLQJ�FRPSOH[�IRU�PHDVXUHPHQW�RI�WKH�DIWHU�JORZ�OHYHO�LQ�VFLQWLOODWRUV�

9�5\]KLNRY�HW�DO����2Q�OXPLQHVFHQFH�NLQHWLFV����

�� )XQFWLRQDO�PDWHULDOV�������������



WKH� DIWHUJORZ� PHFKDQLVP�� DV� ZHOO� DV� RQUHODWLYH�YDOXHV�RI�WKH�VFLQWLOODWRU� OLJKW�RXW �SXW�DQG�;�UD\�VHQVLWLYLW\�RI�WKH�GHWHFWRUV�'HFD\� WLPHV� RI� VFLQWLOODWRU� FU\VWDOV�ZHUHPHDVXUHG� E\� RVFLOORVFRSLF� PHWKRG� XVLQJ� DQLQVWDOODWLRQ� FRPSULVLQJ� D� 0,5$��'� ;�UD\HPLWWHU� �τ[  ���� QV�� ([  ����� NH9��� WKHVFLQWLOODWRU� XQGHU� VWXG\�� D� FROOLPDWRU�� DOLJKW� WUDQVGXFHU�� DQ� 6������ RVFLOORVFRSH�DQG� D� )(8���� 307�� )RU� VWXGLHV� RI� WKH� HI �IHFWV� RI� SUHOLPLQDU\� LUUDGLDWLRQ�XSRQ� OXPL �QHVFHQFH� NLQHWLFV�� DQ� ,5,�;�UD\� VRXUFH�ZDVXVHG� �8D  ����� N9�� LD  ����Ü�� P$��� 0H�FKDQLFDO� GHIHFWV� ZHUH� LQWURGXFHG� LQWR� VDP �SOHV�E\�WKHLU�JULQGLQJ�RU�GHIRUPDWLRQ�XS�WRGHVWUXFWLRQ�WKUHVKROG�'HSHQGLQJ� XSRQ� WKH� DFWLYDWLQJ� GRSDQWW\SH�� FKDQJHV� LQ�;�UD\� OXPLQHVFHQFH� NLQHW �LFV� DUH� REVHUYHG� IRU� DOO� WKH� VFLQWLOODWRUVVWXGLHG�� ,Q� WKH� FDVH� RI� R[LGH� VFLQWLOODWRUV&:2��%*2�� YDULDWLRQV� RI� WKH� GRSDQW� FRP�SRVLWLRQ� �LQWURGXFWLRQ� RI� %L�� 7E) PDLQO\� DI�IHFW�WKH�YDOXHV�RI�η��)RU =Q6H�EDVHG�VFLQWLO�ODWRU� FU\VWDOV�� WKH� W\SH� RI� WKH� DFWLYDWRUGRSDQW� FDQ� VXEVWDQWLDOO\� DIIHFW� ERWK� GHFD\WLPHV�DQG�WKH�DIWHUJORZ�OHYHO��)RU� =Q6H�7H�FU\VWDOV�� � NLQHWLFV� RI� ;�UD\� OXPLQHVFHQFHGHFD\�LV�GHVFULEHG�E\�D�QRQ�PRQRWRQRXV�GH �SHQGHQFH�ZLWK�D�UHJLRQ�RI�ULVH�DW�WKH�LQLWLDOWLPH�PRPHQW� DIWHU� HQGLQJ� WKH� VDPSOH� LUUD �GLDWLRQ��)LJ�����$FFRXQWLQJ�IRU�WKH�IDFW�WKDW�LQ� =Q6H�7H�FRQFHQWUDWLRQ� RI� WKH� IUHH� HOHFWURQV� Q� LV�WKRXJK� VXIILFLHQWO\�KLJK� �≈�⋅���� FPÜ���� E\DQ� RUGHU� RI�PDJQLWXGH� ORZHU� WKDQ� LQ� =Q6HZLWK� FDWLRQLF� GRSDQWV� &G DQG� +J�� OHW� XVFRQVLGHU�D�VLPSOH�VFKHPH�RI�HOHFWURQLF�WUDQ �VLWLRQV� ZLWK� RQH� UHFRPELQDWLRQ� OHYHO� �(D��7KH� FRUUHVSRQGLQJ� NLQHWLF� HTXDWLRQV� ZLOOKDYH�WKH�IROORZLQJ�IRUP

GS ⁄ GW = J − &S S(1 − SD)� ���
GSD ⁄ GW = &S S(1 − SD) − &Q QSD�� ���+HUH� J LV� WKH� UDWH� RI� HOHFWURQ�KROH� SDLUJHQHUDWLRQ�XQGHU�LQWHU�]RQH�H[FLWDWLRQ�� S ÛFRQFHQWUDWLRQ� RI� QRQ�HTXLOLEULXP� IUHH�KROHVRQ�WKH�YDOHQFH�]RQH�� SD Û�FRQFHQWUDWLRQ�RIQRQ�HTXLOLEULXP�KROHV� ORFDOL]HG� RQ� UHFRPEL �QDWLRQ� FHQWHUV�� &S�Q Û� FDSWXUH� FRHIILFLHQWVRI� KROHV� DQG� HOHFWURQV�� UHVSHFWLYHO\�� RQ� WKHDGPL[WXUH� FHQWHU�� τS Û� KROH� FDSWXUH� WLPHRQ�WKH�UHFRPELQDWLRQ�FHQWHU�� τQ Û�UHFRPEL�QDWLRQ� WLPH� RI� D� IUHH� HOHFWURQ� ZLWK� D� IUHHKROH��1 Û�FRQFHQWUDWLRQ�RI� WKH� FDSWXUH�UH �FRPELQDWLRQ� FHQWHUV�� 7KH� OXPLQHVFHQFH� LQ �WHQVLW\�LV�,;/  �&QQSD��DQG�J  ��1 Ü�SD�,;/�8QGHU� FRQGLWLRQV� RI� SD ��1 LQHTXDOLW\�VROXWLRQ�RI�V\VWHP����Ü����JLYHVSD(W) = 





S∞ ⁄ (τS ⁄ τQ − �)


⋅ H[S(−W ⁄ τS) 




+ [(SD)∞ − S∞ ⁄ (τS ⁄ τQ − �)] ⋅ H[S(−W ⁄ τQ)�����
ZKHUH� S∞�� �SD�∞ DUH� VWDWLRQDU\� �LQLWLDO�� FRQ�FHQWUDWLRQV� RI� IUHH� DQG� ORFDOL]HG� QRQ�HTXL �OLEULXP�KROHV��UHVSHFWLYHO\�� τQ  ���Q&Q��τS  ��&S1�$V�VHHQ�IURP������WKH�ODZ�RI�WKH�OXPLQHV �FHQFH�GHFD\�LQ�WKH�JHQHUDO�FDVH�LV�QRW�H[SR �QHQWLDO�� /HW� XV� FRQVLGHU� WZR� VSHFLILF� FDVHV�)RU� WKH� FDVH� τS ��τQ�� ZH� KDYH� SD�W��aH[S�W�τQ��� L�H��� ;�UD\� OXPLQHVFHQFH� NLQHWLFVLV� GHWHUPLQHG� E\� WKH� IUHH� HOHFWURQ� FRQFHQ �WUDWLRQ�� DQG� IRU� FU\VWDOV� =Q6H�&G� DQG=Q6H�+J� LW� ZLOO� EH� GHVFULEHG� E\� D� GHSHQG�HQFH�FORVH�WR�H[SRQHQWLRQDO��)LJ�����SORWV�������ZKLFK�LV�FKDUDFWHULVWLF�IRU��IDVW��FHQWHUVRI� UDGLDWLYH� UHFRPELQDWLRQ� RI� ^=QL9=Q&G=Q`DQG�^=QL9=Q+J=Q`�W\SH��$W�τS !!�τQ��WKH�ILUVWWHUP�RI�WKH�ULJKW�KDQG�VLGH�RI�����ZRXOG�EHSUHGRPLQDQW�� L�H��� WKH� OXPLQHVFHQFH� GHFD\WLPH�ZRXOG�EH�GHWHUPLQHG�E\�WKH�FRQFHQWUD �WLRQ�RI�UHFRPELQDWLRQ�FHQWHUV�$V�LQ�WKH�FDVH�RI�=Q6H�7H� WKH�WHOOXULXPDWRPV�LQFOXGHG�LQWR�UDGLDWLYH�UHFRPELQDWLRQFHQWHUV�^=QL9=Q7H6H`�>����@��FDQ�SOD\�WKH�UROHRI� LVRHOHFWURQ� WUDSV� >�@�� LW� FDQ� EH� DVVXPHGWKDW�ODUJH�YDOXHV�RI�τS��QRQ�PRQRWRQRXV�DQGGHOD\HG�FKDUDFWHU�RI�WKH�;�UD\�OXPLQHVFHQFH�)LJ�����SORW����DUH�GXH�WR�DQ�LQLWLDO�SDUWLDOFDSWXUH� RI� QRQ�HTXLOLEULXP� KROHV� RQ� 7HDWRPV� ZLWK� WKHLU� VXEVHTXHQW� WUDQVLWLRQ� WR9=Q DQG� IXUWKHU� UDGLDWLYH� UHFRPELQDWLRQZLWK�IUHH�HOHFWURQV�DFFRUGLQJ�WR�WKH�VFKHPHSUHVHQWHG�LQ�)LJ�����

)LJ�����/XPLQHVFHQFH�GHFD\�NLQHWLFV�RI�GRSHG=Q6H�7H� FU\VWDOV��=Q6H�7H� �����=Q6H�&G� ����=Q6H�+J� �����=Q6H�7H�=Q� ����DW�7  �����.�
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9HU\� ODUJH� YDOXHV� RI� NLQHWLF� FRQVWDQWV� τDQG� η IRU� =Q6H�7H�=Q� FU\VWDOV� FDQ� EH� H[�SODLQHG�DV�IROORZV��:KHQ�H[WUD� =Q LV� LQWUR�GXFHG� LQWR� WKH� LQLWLDO� UDZ� FKDUJH� =Q6H±=Q7H�� WKLV� RYHU�VWRLFKLRPHWULF� FRPSRQHQWFDQ�� XQGHU� JURZWK� FRQGLWLRQV� RI� WHPSHUD �WXUHV�XS�WR������.�DQG�SUHVVXUHV�RI�WHQV�RIDWPRVSKHUHV�� HLWKHU� HQWHU� WKH� FU\VWDO� ODW �WLFH�� ILOOLQJ� WKH� YDFDQFLHV� LQ� WKH� FDWLRQVXEODWWLFH� VLWHV� DQG� KLQGHULQJ� IRUPDWLRQ� RI9=Q7H6H FRPSOH[HV�� RU� FDXVH� JHQHUDWLRQ� RIYDFDQFLHV� LQ� WKH� DQLRQ� VXEODWWLFH� 96H �DQGLQWHUVWLWLDO� 6HL��� IRUPLQJ� GHHS� OHYHOV� ZLWK(D  ����Ü�����H9� LQ� WKH�EDQG�JDS� >�@� VHUY �LQJ�DV�FKDUJH�FDUULHU�WUDSV�9DULRXV� NLQGV� RI� PHFKDQLFDO� WUHDWPHQW�JULQGLQJ�� GHIRUPDWLRQ�� HWF��� RU� RWKHU� IDF �WRUV� VLPLODU� LQ� WKHLU� FRQVHTXHQFHV� IRU� WKHFU\VWDO� ODWWLFH� �WKHUPDO� RU� UDGLDWLRQ� VKRFN�HWF��� FDQ� DOVR� FKDQJH� WKH� ;�UD\� OXPLQHV �

FHQFH� NLQHWLFV�� ([SHULPHQWV� KDYH� VKRZQWKDW�� WR� VPDOOHU� RU� ODUJHU� GHJUHH�� IRU� DOOFU\VWDOV�VWXGLHG�WKH�DIWHUJORZ�OHYHO� η LV� LQ�FUHDVHG� SURSRUWLRQDOO\� WR� WKH� GHSWK� RI� WKHDIIHFWHG� VXUIDFH� OD\HU� RU� WR� WKH� SODVWLF� GH �IRUPDWLRQ�YDOXH��7KHVH�IDFWRUV�DUH�WKH�PRVWLPSRUWDQW�ZLWK�&:2��DQG�&V,�EDVHG�VFLQWLO�ODWRUV�� :LWK� &V,�7O� FU\VWDOV�� LW� LV� SRVVLEOHWR� QHDUO\� GRXEOH� WKH� η YDOXH� E\� SODVWLF� GH�IRUPDWLRQ�� ZKLFK� LV� VKRZQ� LQ� )LJ����� SORWV������VHH�η YDOXHV�DW�'  ����QRWDWLRQ�&V,�7O�±0 FRUUHVSRQGV�WR�D�VDPSOH�DIWHU�PHFKDQLFDOWUHDWPHQW��� � 7KH� SUHVHQFH� RI� VXFK� HIIHFWVFDQ� EH� H[SODLQHG� E\� D� PHFKDQRVWLPXODWHGLQFUHDVH� LQ� FRQFHQWUDWLRQ� RI� SRLQW� DQG� H[ �WHQGHG� GHIHFWV� WKDW� DIIHFW� WKH� HQHUJ\� OHYHOVWUXFWXUH�LQ�WKH�EDQG�JDS�DQG�SOD\�WKH�UROHRI� WUDSV� IRU� FKDUJH� FDUULHUV� FDXVLQJ� VHFRQ �GDU\� SURFHVVHV� RI� FDSWXUH�UHOHDVH�UDGLDWLYH

)LJ����� &KDQJHV� LQ� WKH� DIWHUJORZ� OHYHO� η DIWHU���PV�LQ�VFLQWLOODWRU�FU\VWDOV�DW�GLIIHUHQW�GRVHVRI�SUHOLPLQDU\�;�UD\�LUUDGLDWLRQ���&V,�7O�±0 ����&:2�%L� �����&V,�7O� �����&:2 ����)LJ�����6FKHPH�RI�QRQ�UDGLDWLYH�DQG�UDGLDWLYHWUDQVLWLRQV�LQ�=Q6H�7H� FU\VWDOV�

7DEOH��.LQHWLF� FKDUDFWHULVWLFV�RI� OXPLQHVFHQFH� LQ�VFLQWLOODWRU�FU\VWDOV�EDVHG�RQ� =Q6H��&V,��&:2DQG�*62
&U\VWDO τ��µV η����DIWHU�PV�� �� ���=Q6H�7H� ��Ü��� ����� ����� �����=Q6H�7H�=Q� !��� �� �� ��=Q6H�&G� �Ü� ����� ����� �����=Q6H�+J� �Ü�� ����� ����� �����&:2 ��Ü�� ���� ����� �����&:2�%L� ��Ü�� ���� ����� �����&V,�7O� ��� ����� ����� �����&V,�1D� ��� ���� ���� ����*62�&H� ���� ����� ����� �����*62�&H�7E� ���� ��� ���� ����
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UHFRPELQDWLRQ� DQG�� DV� D� FRQVHTXHQFH�� LQ �FUHDVHG�DIWHUJORZ�YDOXHV�,W� LV� NQRZQ� WKDW� NLQHWLF� FKDUDFWHULVWLFVRI�VFLQWLOODWRUV�FDQ�EH�LPSURYHG�QRW�RQO\�E\WKH� FRUUHFW� FKRLFH� RI� GRSDQWV�� EXW� DOVR� E\DSSO\LQJ� WKHUPDO� RU� UDGLDWLRQ� DQQHDOLQJ� LQRSWLPL]HG� FRQGLWLRQV�� 7KXV�� IRU� VFLQWLOODWRUFU\VWDOV� RQ� WKH� EDVLV� RI� ]LQF� VHOHQLGH�� DQHIIHFWLYH� ZD\� LV� DQQHDOLQJ� LQ� =Q YDSRU� >���@��7KH�DIWHUJORZ�OHYHO� η RI�&:2 DQG�*62FU\VWDOV� DIWHU� DQQHDOLQJ� LQ� DQ� R[\JHQ�FRQ �WDLQLQJ� DWPRVSKHUH� DW� 7  ����70 IDOOV� E\QHDUO\� WZR� WLPHV� �LW� VKRXOG� EH� QRWHG�� KRZ �HYHU�� WKDW� VLPLODU� WKHUPDO� WUHDWPHQW� RI&:2�%L� DQG�&V,�7O� FU\VWDOV� OHDGV� WR� D� QR�WLFHDEOH�Û� E\� ��Ü������Û� LQFUHDVH� LQ� η�6PDOO� GRVHV� RI� ;�UD\� UDGLDWLRQ�' ≤ ���� UDG�� DW� ([ ������ N9� OHDG� WR� LQ�FUHDVHV� LQ� WLPH�FKDUDFWHULVWLFV�RI�QHDUO\�DOOVFLQWLOODWRU� FU\VWDOV� XQGHU� VWXG\�� ZKLFK� LVHVSHFLDOO\� FKDUDFWHULVWLF� IRU� R[LGH� DQG� DO �NDOL�KDOLGH� VFLQWLOODWRUV� �)LJ������6LPLODU�HI �IHFWV� DIWHU� UDGLDWLRQ� DQQHDOLQJ� RI� WKH� GH �IHFWV� DUH� REVHUYHG� LQ� =Q6H�7H� DQG=Q6H�7H�2� FU\VWDOV�� ZKHQ� ORZ�HQHUJ\� QHX�WURQV�DUH�XVHG�>�@��,W�LV�QDWXUDO�WKDW�DW�KLJK' YDOXHV� DQG�KLJK� HQHUJLHV� RI� WKH� H[FLWLQJUDGLDWLRQ�� ZKHQ� WKH� GHIHFW� IRUPDWLRQ� DQGDFFXPXODWLRQ� SURFHVVHV� DUH� SUHGRPLQDQW�ZRUVHQLQJ� RI� WLPH� FKDUDFWHULVWLFV� LV� PRUHSUREDEOH��DV�ZHOO�DV�D�GHFUHDVH�LQ�OLJKW�RXW �SXW�7KXV��WKH�OXPLQHVFHQFH�NLQHWLFV��SDUDPH �WHU� η�� RI� ]LQF� VHOHQLGH�EDVHG� VFLQWLOODWRUVFDQ�EH�FRQWUROOHG�ZLWKLQ��Ü��RUGHUV�RI�PDJ �QLWXGH� E\� LQWURGXFWLRQ� RI� YDULRXV� FDWLRQ�&G��+J�� RU� DQLRQ� �2��7H�� GRSDQWV�� 7KH� DI�WHUJORZ� OHYHO� DQG� UDGLDWLRQ� VWDELOLW\� RIR[LGH� VFLQWLOODWRUV� RI� XQGRSHG� FU\VWDOV�&:2��*62�� LV� HVVHQWLDOO\� GHSHQGHQW� XSRQWKH� GRSDQW� FRPSRVLWLRQ� DQG� WKH� SRVW�JURZWK�DQQHDOLQJ�FRQGLWLRQV�� ,Q�IDEULFDWLRQRI� VFLQWLOODWLRQ�HOHPHQWV� RQ� WKH�EDVLV�RI�DO �

NDOL�KDOLGH� FU\VWDOV�� RQH� VKRXOG�DFFRXQW� IRUQRWLFHDEOH� HIIHFWV� RI� PHFKDQLFDOO\� LQWUR �GXFHG� VWUXFWXUDO� GHIHFWV� XSRQ� WKH� GHFD\WLPH�� ZKLFK� FDQ� EH� DYRLGHG� E\� D� ILQLVKLQJWKHUPDO� WUHDWPHQW� RI� WKH� VFLQWLOODWRU� FU\V �WDOV��:KHQ� DONDOL�KDOLGH� FU\VWDOV� DQG�R[LGHVFLQWLOODWRUV� DUH� XVHG� LQ� ;�UD\� LQWURVFRS\V\VWHPV��FKDQJHV� LQ�WKH�SDUDPHWHU� η DW�WKHLQLWLDO� VWDJH� RI� LUUDGLDWLRQ� VKRXOG� EH� WDNHQLQWR�DFFRXQW�7KH� UHVHDUFK� GHVFULEHG� LQ� WKLV� SXEOLFD �WLRQ� ZDV� PDGH� SRVVLEOH� LQ� SDUW� E\� $ZDUG1R�8(�������.+����RI� WKH�8�6�&5')�� DQGKDV�EHHQ�FDUULHG�RXW�ZLWK�ILQDQFLDO�VXSSRUWIURP�67&8�*UDQW�*U����M��DQG�WKH�1DWLRQDO$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH�5HIHUHQFHV���/�9�$WURVKFKHQNR�� 9�'�5\]KLNRY�� 1�*�6WDU�]KLQVNL\�� &U\VWDO� 6FLQWLOODWRUV� DQG� 'HWHFWRUV%DVH� 7KHUHRQ�� 1DXNRYD� 'XPND�� .LHY� ������>LQ�5XVVLDQ@����9�'�5\]KLNRY�� /�3�*DO�FKLQHWVNLL�� 1�*�6WDU�]KLQVNL\� HW� DO��� ,QW��-��,QRUJ�� 0DWHU��� 1R������������������9�.�.RPDU���9�0�3X]LNRY��6LQJOH�&U\VWDOV�RI$�%� *URXS�� *URZLQJ�� 3URSHUWLHV�� $SSOLFD�WLRQ�� ,QVW��IRU�6LQJOH�&U\VWDOV�3XEO���.KDUNLY�������>LQ�5XVVLDQ@����9�'�5\]KLNRY��1�*�6WDU]KLQVNL\��/�3�*DO�FKL�QHWVNLL��9�,�6LOLQ��6HPLFRQGXFWRU�6FLQWLOODWRUVRQ� WKH� %DVLV� RI� $,,%9, &RPSRXQGV�� LQ� %RRN�)XQFWLRQDO� 0DWHULDOV� DQG� 7HFKQRORJ\�� ,QVW�IRU�6LQJOH�&U\VWDOV�3XEO���.KDUNLY��������S���>LQ�5XVVLDQ@�����0�(�*OREXV��%�9�*ULQ\RY��,QRUJDQLF�6FLQWLOOD�WRUV�� 1HZ� DQG� 7UDGLWLRQDO� 0DWHULDOV�� $NWD3XEO���.KDUNLY��������>LQ�5XVVLDQ@����-�'�:DWNLQV��LQ��,QVW��3K\V��&RQW���6HU�1R����&KDSWHU����S��������������6�.LVKLGD�� .�0DWVZXUD�� +�1DJDVH�� +�0RUL�3K\V��6W��6RO��D���������������������9�5\]KLNRY�� 1�6WDU]KLQVNL\�� /�*DO�FKLQHWVNLLHW� DO��� ,(((� 7UDQV��1XFO��6FL��� ���� �����������
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