
0HFKDQLVPV�RI�ORFDO�LQKRPRJHQHLW\�RI�GRSDQWFRQFHQWUDWLRQ�LQ�<�6L2��3U�� QDQRFU\VWDOV
9�9�6HPLQNR��$�$�0DVDORY��<X�9�0DO\XNLQ��<X�,�%R\NR

,QVWLWXWH�IRU�6FLQWLOODWLRQ�0DWHULDOV��67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV���1DWLRQDO
$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH�����/HQLQ�$YH��������.KDUNLY��8NUDLQH9�.DUD]LQ�.KDUNLY�1DWLRQDO�8QLYHUVLW\����6YRERG\�6T���������.KDUNLY�

8NUDLQH

5HFHLYHG�)HEUXDU\���������
7KH�FDXVHV�RI�ORFDO�LQKRPRJHQHLW\�RI�3U���FRQFHQWUDWLRQ�LQ�<�6L2��3U���QDQRFU\VWDOV�DUHGLVFXVVHG�� 7R� H[SODLQ� WKLV� HIIHFW�� WZR� SK\VLFDO�PRGHOV�KDYH� EHHQ� SURSRVHG�� WKH� ILUVW� RQH

EDVHG�RQ�WKH�IDFW�WKDW�WKH�GRSDQW�LRQ�IRUFH�ILHOG�LQ�WKH�QHDU�VXUIDFH�OD\HU�LV�LQKRPRJHQH�
RXV� DQG� WKH� VHFRQG�� RQ� LQKRPRJHQHRXV� RI� D� QDQRFU\VWDO� VXUIDFH� FXUYDWXUH�� 7KH� UDWLR
EHWZHHQ�WKH�QHDU�VXUIDFH�GRSDQW�FRQFHQWUDWLRQ�DQG�EXON�RQH�HVWLPDWHG�DFFRUGLQJ�WKH�ILUVW
PRGHO�LV�DERXW����WKH�UDWLR�EHWZHHQ�WKH�GRSDQW�FRQFHQWUDWLRQV�LQ�WKH�GLIIHUHQW�QDQRFU\VWDO
UHJLRQV�HVWLPDWHG�ZLWKLQ� WKH� VHFRQG�RQH� LV�DERXW������7KH�TXDQWLWDWLYH�HVWLPDWLRQV� VKRZ
FOHDUO\�WKDW� WKH�ERWK�PRGHOV� FDQ�EH�XVHG�WR�H[SODLQ�WKH�VHJUHJDWLRQ�HIIHFW� LQ�<�6L2��3U��QDQRFU\VWDOV��EXW�WKH�FRQWULEXWLRQ�RI�WKH�ILUVW�PHFKDQLVP�H[FHHGV�WKDW�RI�WKH�VHFRQG�RQH�
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���,QWURGXFWLRQ
3URGXFWLRQ� RI� UDUH�HDUWK� DFWLYDWHG� OXPL�

QHVFHQW� PDWHULDOV� ZLWK� KLJK� DFWLYDWRU� LRQ
FRQFHQWUDWLRQV� LV� DQ� LPSRUWDQW� WDVN� IRU
YDULRXV� SRVVLEOH� DSSOLFDWLRQV� >�Ü�@�� +RZ�
HYHU��WKH�LQFUHDVH�SRVVLELOLWLHV�RI�WKH�DFWLYD�
WRU� FRQFHQWUDWLRQ� DUH� XVXDOO\� VWURQJO\� OLP�
LWHG� �IRU� LQVWDQFH�� IRU� WKH� EXON� FU\VWDOV�� LW
LV�FRQQHFWHG�ZLWK�WKH�OLPLWHG�HQWHULQJ�FRHI�
ILFLHQW� RI� WKH� FU\VWDO��� 7KXV�� WKH� HIIHFW� RI
ORFDO� FRQFHQWUDWLRQ� LQFUHDVH� LQ� <�6L2��3U��QDQRFU\VWDOV�GLVFXVVHG� LQ� WKLV� SDSHU� FDQ�EH
XVHG�LQ�WKH�ILHOG�RI�FUHDWLRQ�RI�OXPLQHVFHQW
PDWHULDOV� ZLWK� HQKDQFHG� DFWLYDWRU� FRQFHQ�
WUDWLRQV�� 7KH� OXPLQHVFHQFH� VSHFWUD� DQG

GHFD\� FXUYHV� RI� �'�o�+�� OXPLQHVFHQFH� LQ
<�6L2��3U���QDQRFU\VWDOV�FRQVLGHUHG�LQ�>�Ü�@
GHPRQVWUDWH�XQDPELJXRXVO\�WKH�SUHVHQFH�RI
FRQVLGHUDEOH� DPRXQW�RI�3U��� LRQ�SDLUV� VHSD�
UDWHG� E\� WKH� PLQLPXP� DFFHSWDEOH� GLVWDQFH
IRU�WKLV� ODWWLFH�HYHQ�DW�VPDOO�DFWLYDWRU�FRQ�
FHQWUDWLRQV��WKDW�KDYH�QRW�EHHQ�REVHUYHG� LQ
WKH�EXON�<�6L2��3U���FU\VWDOV��7KH�IRUPDWLRQ
RI� QXPHURXV� DFWLYDWRU� LRQ� SDLUV� DW� ORZ� 3U
FRQFHQWUDWLRQV� VXJJHVWV� WKH� VHJUHJDWLRQ� RI
WKH�DFWLYDWRU� LRQV� �L�H�� WKH� IRUPDWLRQ�RI�UH�
JLRQV� ZLWK� D� ODUJH� FRQFHQWUDWLRQ� LQKRPR�
JHQHLW\��LQ�<�6L2��3U���QDQRFU\VWDOV�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�

)XQFWLRQDO�PDWHULDOV������������� ���



���5HVXOWV�DQG�GLVFXVVLRQ
:H�SURSRVH�WZR�SRVVLEOH�PRGHOV�H[SODLQ�

LQJ� WKH� VHJUHJDWLRQ� RI� DFWLYDWRU� LRQV� LQ
<�6L2��3U��� IUHH� QDQRFU\VWDOV� �QDQRFU\VWDOVDGMDFHQW� D� JDVHRXV� SKDVH��� 7KH� ILUVW� PRGHO
LV� EDVHG� RQ� WKH� IDFW� WKDW� WKH� IRUFH� ILHOG
FUHDWHG�E\�WKH�LPSXULW\�LRQ�KDYLQJ�D�UDGLXV
ODUJHU�WKDQ�WKDW�RI�UHJXODU�RQH�ZLOO�EH�VXI�
ILFLHQWO\� LQJRPRJHQHRXV� QHDU� WKH� FU\VWDO
VXUIDFH�� 7KH� GLIIHUHQFH� LQ� WKH� QDQRFU\VWDO
FXUYDWXUH�FDQ�DOVR�FDXVH�D�UHGLVWULEXWLRQ�RI
LPSXULW\�LRQV�LQ�WKH�QDQRSDUWLFOH�YROXPH�

7KH� ILUVW� SURSRVHG� PRGHO� FDQ� EH� LQWHU�
SUHWHG� LQ�WHUPV�RI�WKH�XSKLOO�GLIIXVLRQ�WKH�
RU\�� 7KH� LPSXULW\� LRQ� GLIIXVLRQ� SURFHVVHV
XQGHU�LQKRPRJHQHRXV�IRUFH�ILHOG��XSKLOO�GLI�
IXVLRQ�� IRU� GLIIHUHQW� V\VWHPV� ZHUH� FRQVLG�
HUHG� LQ� >�Ü��@�� ,Q�RXU� FDVH�� WKH�3U��� LPSX�
ULW\� LRQ� ZLWK� D� UDGLXV� H[FHHGLQJ� WKDW� RI
UHJXODU�<��� LRQ� VXEVWLWXWHV� WKH� UHJXODU� LRQ
LQ� WKH�<�6L2�� FU\VWDO� ODWWLFH� DQG� IRUPV� WKHSRLQW�ODWWLFH�GHIHFW��D�GLODWDWLRQ�FHQWHU��7KH
UDGLDO� FRPSRQHQW� RI� HODVWLF� VWUHVV� ILHOG� DS�
SHDUHG�QHDU�WKLV�SRLQW�GHIHFW�LV�>��@��

V� �*':SU� �
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ZKHUH�*� LV� WKH�VKHDU�PRGXOXV��':�� WKH�YRO�
XPH� GLIIHUHQFH� EHWZHHQ� WKH� LPSXULW\� DQG
UHJXODU� LRQV��U�� WKH�GLVWDQFH� IURP� LPSXULW\
LRQ��7R�HVWLPDWH�WKH�WRWDO�HODVWLF�HQHUJ\�LQ�
GXFHG�E\�WKLV�GHIHFW�LQ�WKH�ZKROH�FU\VWDO��LQ
WKH� FDVH� ZKHQ� WKH� GHIHFW� LV� IDU� IURP� WKH
VXUIDFH���WKH�QH[W�H[SUHVVLRQ�FDQ�EH�XVHG�

8� � ��*³�V��U�G9� ���

7KH� LQWHJUDWLRQ� LQ� VSKHULFDO� FRRUGLQDWHV
LQ� WKH� UDQJH� IURP� WKH� ODWWLFH� FRQVWDQW� D� WR
WKH� FU\VWDO� VL]H� YDOXH� JLYHV� WKH� YDOXH� RI
WRWDO� HODVWLF� HQHUJ\� RI� GLODWDWLRQ� FHQWHU� LQ�
VLGH�WKH�FU\VWDO�DV
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$W�WKH�VDPH�WLPH��LI�WKH�GLODWDWLRQ�FHQWHU
LV�ORFDWHG�QHDU�WKH�FU\VWDO�VXUIDFH��WKH�IRUFH
ILHOG� EHFRPHV� UDWKHU� LQKRPRJHQHRXV�� 7KH
IRUFHV� DFWLQJ� RQ� WKH� LPSXULW\� LRQ� LQ� WKLV
FDVH�GR�QRW�FRPSHQVDWH�HDFK�RWKHU��WKXV�UH�
VXOWLQJ�LQ�DSSHDUDQFH�RI�WKH�UHVXOWDQW�IRUFH
GLUHFWHG� WR� WKH� VXUIDFH�� 7KH� HODVWLF� HQHUJ\
FRPSRQHQW� ZKLFK� VSHFLILHV� WKH� LQWHUDFWLRQ
EHWZHHQ� WKH� GLODWDWLRQ� FHQWHU� DQG� WKH� VXU�
IDFH� FDQ� EH� HVWLPDWHG� E\� WKH� IROORZLQJ� H[�
SUHVVLRQ�

8V� � ��S
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ZKHUH�[�LV�WKH�GLVWDQFH�IURP�GLODWDWLRQ�FHQ�
WHU� WR� WKH� FU\VWDO� VXUIDFH�� 7KH� UHVXOWDQW
IRUFH�DFWLQJ�RQ�WKH�LPSXULW\�LRQ�LV�
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7KH�SUHVHQFH�RI� WKLV�IRUFH�UHVXOWV� LQ�WKH
LPSXULW\� LRQ� �DWWUDFWLRQ�� E\� WKH� IUHH� FU\V�
WDO� VXUIDFH�� 7KHUHIRUH�� WKH� LPSXULW\� LRQV
PRYH�WRZDUG�WKH�FU\VWDO�VXUIDFH��WKHLU�IORZ
EHLQJ� DFFRPSDQLHG� E\� WKHLU� VHJUHJDWLRQ� LQ
WKH� QHDU�VXUIDFH� OD\HU�� 7KLV� HIIHFW� FDQ� EH
REVHUYHG�QRW�RQO\�LQ�QDQRFU\VWDOV�DV�LQ�RXU
FDVH��EXW�DOVR�LQ�EXON�FU\VWDOV��+RZHYHU��DV
WKH� IRUFH� DFWLQJ� RQ� WKH� LPSXULW\� LRQ� ���� LV
LQYHUVHO\� SURSRUWLRQDO� WR� WKH� IRXUWK� SRZHU
RI�WKH�GLVWDQFH�IURP�WKH�GLODWDWLRQ�FHQWHU�WR
WKH� FU\VWDO� VXUIDFH�� RQO\� WKH� LRQV� SODFHG
QHDU�WKH�FU\VWDO�VXUIDFH�XQGHUJR�WKH�DFWLRQ
RI�WKLV�IRUFH��6R��WKH�IUDFWLRQ�RI�VHJUHJDWHG
LRQV�ZLOO�EH�DSSUHFLDEOH�RQO\�IRU�WKH�V\VWHPV
ZLWK� ODUJH� VXUIDFH�YROXPH� UDWLR� �IRU� LQ�
VWDQFH��IRU�QDQRFU\VWDOV��

)RU�WKH�TXDQWLWDWLYH�HVWLPDWLRQ�RI�WKH�DF�
WLYDWRU� LRQ� UHGLVWULEXWLRQ�� WKH� VR�FDOOHG� HQ�
ULFKPHQW�IDFWRU�F�ZDV�XVHG�>��@�GHILQHG�DV

F� �&VXUI��������&EXON�&VXUI��������&EXON��
���

ZKHUH�&EXON�DQG�&VXUI�DUH�WKH�EXON�DQG�VXU�IDFH�FRQFHQWUDWLRQ�RI�VHJUHJDWHG�FRPSRQHQW�
UHVSHFWLYHO\�

,Q� WKH� FDVH� RI� HTXLOLEULXP�� WKH� HQULFK�
PHQW�IDFWRU�FDQ�EH�ZULWWHQ�DV�WKH�%ROW]PDQ
WHUP�
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ZKHUH� ')D� LV� WKH� IUHH� *LEEV� HQHUJ\� RI� DG�VRUSWLRQ��7��WHPSHUDWXUH��
7KH� IUHH�*LEEV� HQHUJ\�RI� DGVRUSWLRQ�FDQ

EH�HVWLPDWHG�XVLQJ�WKH�IROORZLQJ�H[SUHVVLRQ
>������@�

')D� ���
��S.*U�U��U����U���

�.U�����*U� � ���

+HUH��*�LV�WKH�VKHDU�PRGXOXV�RI�WKH�KRVW
PDWUL[��.�� WKH�EXON�PRGXOXV� IRU� WKH� LPSX�
ULW\�� U�� DQG� U��� WKH� LRQLF� UDGLL� RI� LPSXULW\DQG� UHJXODU� LRQV�� 7KLV� H[SUHVVLRQ� ZDV� RE�
WDLQHG� IRU� WKH� JUDLQ� ERXQGDU\� VHJUHJDWLRQ�
EXW�LW�LV�RIWHQ�XVHG�IRU�WKH�VXUIDFH�VHJUHJD�

9�9�6HPLQNR�HW�DO����0HFKDQLVPV�RI�ORFDO�LQKRPRJHQHLW\���

��� )XQFWLRQDO�PDWHULDOV�������������



WLRQ� DV� ZHOO� >������@�� )RU� <�6L2��3U��QDQRFU\VWDOV�� WKH� FRUUHVSRQGLQJ� YDOXHV� DUH�
*� ���� *3D�� .� ���� *3D�� U�� �������SPDQG� U�� ������ SP��$FFRUGLQJ� WR� ����� ����� DWURRP� WHPSHUDWXUH� WKH� HQULFKPHQW� IDFWRU� F
LV� ������ ,Q� RWKHU� ZRUGV�� IRU� EXON� DFWLYDWRU
FRQFHQWUDWLRQ�&EXON� �������WKH�VXUIDFH�DFWL�YDWRU�FRQFHQWUDWLRQ�&VXUI�ZLOO�EH�DERXW������L�H��IRXU�WLPHV�PRUH�WKDW�WKH�EXON�RQH�

7KH� VHFRQG� PRGHO� LV� EDVHG� RQ� WKH� IDFW
WKDW�WKH�YDFDQF\�LQKRPRJHQHLW\�LQ�D�V\VWHP
PD\�FDXVH�D�UHGLVWULEXWLRQ�RI�DWRPLF�FRPSR�
QHQWV� ZLWK� GLIIHUHQW� GLIIXVLRQ� FRHIILFLHQWV�
)RU�QDQRFU\VWDOV��WKH�REYLRXV�GLIIHUHQFH�EH�
WZHHQ� YDFDQF\� FRQFHQWUDWLRQV� DSSHDUV� GXH
WR�D�YDULDWLRQ�RI�QDQRFU\VWDO�VXUIDFH�FXUYD�
WXUH��WKLV�HIIHFW�LV�TXLWH�VLPLODU�WR�WKH�ZHOO�
NQRZQ� HIIHFW� RI� YDFDQF\� FRQFHQWUDWLRQ� LQ�
FUHDVLQJ�LQ�WKH�QHFN�DUHD�RI�VLQWHULQJ�SDUWL�
FOHV�� >��@�� 7KH� YDFDQF\� FRQFHQWUDWLRQ
GHSHQGHQFH�RQ�WKH�FU\VWDO�VXUIDFH�FXUYDWXUH
LV�JLYHQ�DV
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ZKHUH� &�Q� LV� WKH� YDFDQF\� FRQFHQWUDWLRQ
XQGHU� WKH� IODW� VXUIDFH�� J�� WKH� VXUIDFH� WHQ�
VLRQ�� 5�� WKH� FXUYDWXUH� UDGLXV�� DQG� :�� WKH
YDFDQF\�YROXPH��

7KH� SUHVHQFH� RI� WKH� YDFDQF\� JUDGLHQW
JUDG�&Q� LQ� WKH�Q�FRPSRQHQW� V\VWHP� UHVXOWVLQ� WKH� YDFDQF\� IOX[� MQ� ��'Q�&�� ZKLFK� LV
HTXDO� WR� WKH� RSSRVLWH� IOX[� RI� DWRPV
MQ� �¦ML

L
�� ZKHUH� L� �����Q�� ,I� WKH� GLIIXVLRQ

FRHIILFLHQWV� '�������� 'Q� DUH� QRW� HTXDO�� WKHVHJUHJDWLRQ� RI� GLIIHUHQW� FRPSRQHQW� DWRPV
VKRXOG�EH�REWDLQHG��

)RU� DSSUR[LPDWH� HVWLPDWLRQ� RI� VHJUHJD�
WLRQ�H[WHQW� LQ�WKH�<�6L2��3U���QDQRFU\VWDOV�H[SUHVVLRQ�����FDQ�EH�SUHVHQWHG�LQ�WKH�IRUP�
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&RQVLGHULQJ�WKH�QDQRFU\VWDO�WR�EH�RI�DQ�HO�
OLSVRLG�VKDSH�ZLWK�D� ����QP��E� ����QP��F� 
��� QP� DQG� WDNLQJ� J�|���1�P��:�|���Ü���P��
7�|�����.��ZH�REWDLQ�WKDW�WKH�GLPHQVLRQOHVV
YDFDQF\� FRQFHQWUDWLRQ� FKDQJH� '&Q�&�Q� LVYDULHG� IURP� ����� WR� ���� DQG� WKH� UDWLR� EH�
WZHHQ� YDFDQF\� FRQFHQWUDWLRQV� LQ� WKH� FRUUH�
VSRQGLQJ� UHJLRQV� &�Q�&�Q� ������ 7KH� PD[L�PXP� UDWLR� EHWZHHQ� 3U��� FRQFHQWUDWLRQV� LQ
WKHVH� UHJLRQV� RI� ���� ZLOO� EH� REWDLQHG� ZKHQ
WKH�GLIIHUHQFH�EHWZHHQ�GLIIXVLRQ�FRHIILFLHQWV
RI�3U���DQG�RWKHU�FRPSRQHQWV�LV�VLJQLILFDQW�

LQ� RWKHU� FDVHV�� WKLV� UDWLR� ZLOO� EH� OHVV� WKDQ
����� 7KLV� IDFW� VKRXOG� EH� FRQVLGHUHG� DV� DQ
DGGLWLRQDO� FRQWULEXWLRQ� WR� WKH� VXUIDFH� LRQ
FRQFHQWUDWLRQ� GXH� WR� VHJUHJDWLRQ�� $W� WKH
VDPH�WLPH��WKH�YDOXH�RI�LPSXULW\� LRQ�UHGLV�
WULEXWLRQ� SUHGLFWHG� E\� WKLV� PRGHO� ZLOO� EH
PXFK�OHVV�DV�FRPSDUHG�WR�WKH�RQH�PHQWLRQHG
DERYH��

���&RQFOXVLRQ
7KH� H[SHULPHQWDO� UHVXOWV� VKRZ� WKH� SUHV�

HQFH� RI� 3U� LRQ� SDLUV� LQ� D� FRQVLGHUDEOH
DPRXQW� LQ�<�6L2��3U��� QDQRFU\VWDOV� HYHQ�DWORZ� DFWLYDWRU� FRQFHQWUDWLRQV� WKDW� ZDV� QRW
REVHUYHG� IRU� FRUUHVSRQGLQJ� EXON� FU\VWDOV�
7KLV� DQRPDORXV� IRUPDWLRQ� RI� LRQ� SDLUV� FDQ
EH� H[SODLQHG� E\� WKH� VHJUHJDWLRQ� SURFHVVHV
REVHUYHG� LQ� <�6L2��3U��� QDQRFU\VWDOV�� 7ZRSRVVLEOH�PRGHOV�RI�WKH�VHJUHJDWLRQ�KDYH�EHHQ
GLVFXVVHG�LQ�WKLV�SDSHU��WKH�PRGHO�EDVHG�RQ
WKH� DFWLYDWRU� LRQ� IRUFH� ILHOG� LQKRPRJHQHLW\
LQ� WKH� QHDU�VXUIDFH� OD\HU� DQG� WKH�PRGHO� RI
LQKRPRJHQHRXV� YDFDQF\� GLVWULEXWLRQ� GXH� WR
YDULDWLRQ� RI� WKH� QDQRFU\VWDO� VXUIDFH� FXUYD�
WXUH�� 7KH� ILUVW� PRGHO� JLYHV� WKH� UDWLR� EH�
WZHHQ� DFWLYDWRU� FRQFHQWUDWLRQV� LQ� WKH� QHDU�
VXUIDFH� OD\HU�DQG� LQ�WKH�EXON�&VXUI�&EXON|��WKH�VHFRQG�RQH��WR�WKH�UDWLR�EHWZHHQ�DFWLYD�
WRU� FRQFHQWUDWLRQV� &��&�|���� IRU� D
QDQRFU\VWDO�ZLWK�WKH�VL]H�YDULDWLRQ�IURP���
WR� ��� QP�� 7KHVH� HVWLPDWLRQV� VKRZ� XQDPEL�
JXRXVO\�WKDW�ERWK�PRGHOV�DUH�DSSOLFDEOH�IRU
WKH� FDVH� RI� <�6L2��3U��� QDQRFU\VWDOV�� EXWWKH�PRGHO�RI�DFWLYDWRU� LRQ� IRUFH� ILHOG� LQKR�
PRJHQHLW\� LQ� WKH� QHDU�VXUIDFH� OD\HU� SUR�
YLGHV�WKH�PDLQ�FRQWULEXWLRQ�

5HIHUHQFHV
� ���5�%�6PDUW��(OHFWURQ��/HWW�������������������
� ���$�&�7URSSHU�� -��2SW��6RF��$P��%�� ���� ���

�������
� ���+�0�3DVN��2SW��&RPPXQ�������������������
� ���+�6FKHLIH��2SW��0DWHU������������������
� ���1�9�=QDPHQVNLL�� $�<X�6KDVKNRY�� <X�9�2UORY

HW�DO���-(73�/HWWHUV�����������������
� ���<X�9�0DO\XNLQ�� $�$�0DVDORY�� 3�1�=KPXULQ
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