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�(VWDFLyQ�([SHULPHQWDO�GH�$XOD�'HL��
�
� &RQWURO�JHQpWLFR�GH�OD�IORUDFLyQ�HQ�

FHEDGD��FDUDFWHUL]DFLyQ�GH�ORV�
SULQFLSDOHV�ORFL�\�UHODFLyQ�GH�SDWURQHV�GH�

HVSLJDGR�FRQ�HO�UHQGLPLHQWR�
�
� 7HVLV�'RFWRUDO�
�
� 0HPRULD�TXH�SDUD�RSWDU�DO�JUDGR�GH�'RFWRU�,QJHQLHUR�$JUyQRPR�

�
3UHVHQWD�� �

$OIRQVR�&XHVWD�0DUFRV�
�

�
� � 7XWRU��3URI��,JQDFLR�5RPDJRVD�&ODULDQD�

�
� 'LUHFWRUHV��'U��$QD�0��&DVDV�&HQGR\D��
� � ��'U��(UQHVWR�,JDUWXD�$UUHJXL�� � �

�
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'�� $1$� 0$5Ë$� &$6$6� &(1'2<$�� &LHQWtILFR� 7LWXODU� GHO� &RQVHMR� 6XSHULRU� GH�
,QYHVWLJDFLRQHV�&LHQWtILFDV� \�'��(51(672� ,*$578$�$55(*8,��&LHQWtILFR�7LWXODU�
GHO�PLVPR�RUJDQLVPR�
�
�
,1)250$1��
�
�
4XH� OD� WHVLV� GRFWRUDO� WLWXODGD� � ³&RQWURO� JHQpWLFR� GH� OD� IORUDFLyQ� HQ� FHEDGD��
FDUDFWHUL]DFLyQ� GH� ORV� SULQFLSDOHV� ORFL� \� UHODFLyQ� GH� SDWURQHV� GH� HVSLJDGR� FRQ� HO�
UHQGLPLHQWR´� KD� VLGR� UHDOL]DGD� SRU� HO� ,QJHQLHUR�$JUyQRPR�'��$/)2162�&8(67$�
0$5&26�� HQ� HO� 'HSDUWDPHQWR� GH� *HQpWLFD� \� 3URGXFFLyQ� 9HJHWDO�� GH� OD� (VWDFLyQ�
([SHULPHQWDO�GH�$XOD�'HL�GHO�&RQVHMR�6XSHULRU�GH�,QYHVWLJDFLRQHV�&LHQWtILFDV�EDMR�VX�
GLUHFFLyQ�\�UH~QH��D�VX�MXLFLR��ODV�FRQGLFLRQHV�UHTXHULGDV�SDUD�RSWDU�DO�*UDGR�GH�'RFWRU�
,QJHQLHUR�$JUyQRPR�
�
�
�

=DUDJR]D��DEULO�GH������
�
�
�
�

)GR��$QD�0DUtD�&DVDV�&HQGR\D� � � )GR��(UQHVWR�,JDUWXD�$UUHJXL�
�
�
�
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�

'��,*1$&,2�520$*26$�&/$5,$1$��3URIHVRU�GH�OD�8QLYHUVLGDG�GH�/OHLGD��
�
�
,1)250$��
�
�
4XH� OD� 7HVLV� 'RFWRUDO� WLWXODGD� � ³&RQWURO� JHQpWLFR� GH� OD� IORUDFLyQ� HQ� FHEDGD��
FDUDFWHUL]DFLyQ� GH� ORV� SULQFLSDOHV� ORFL� \� UHODFLyQ� GH� SDWURQHV� GH� HVSLJDGR� FRQ� HO�
UHQGLPLHQWR´� KD� VLGR� UHDOL]DGD� SRU� HO� ,QJHQLHUR�$JUyQRPR�'��$/)2162�&8(67$�
0$5&26�� HQ� HO� 'HSDUWDPHQWR� GH� *HQpWLFD� \� 3URGXFFLyQ� 9HJHWDO�� GH� OD� (VWDFLyQ�
([SHULPHQWDO�GH�$XOD�'HL�GHO�&RQVHMR�6XSHULRU�GH�,QYHVWLJDFLRQHV�&LHQWtILFDV�EDMR�VX�
WXWHOD� \� UH~QH�� D� VX� MXLFLR�� ODV� FRQGLFLRQHV� UHTXHULGDV� SDUD� RSWDU� DO�*UDGR� GH�'RFWRU�
,QJHQLHUR�$JUyQRPR�
�
�
�

/OHLGD��DEULO�GH������
�
�
�
�

)GR��,JQDFLR�5RPDJRVD�&ODULDQD�
�
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$JUDGHFLPLHQWRV�
(VWH�WUDEDMR�HV�HO�UHVXOWDGR�GHO�HVIXHU]R�GH�XQ�JUDQ�Q~PHUR�GH�SHUVRQDV��$�WRGDV�HOODV�
TXLHUR�DJUDGHFHUOHV�VX�FRQWULEXFLyQ�\�UHFRQRFHU�HO�LQHVWLPDEOH�YDORU�GH�VX�WUDEDMR��
0L� DJUDGHFLPLHQWR� HQ� SULPHU� OXJDU� HV� D� PLV� GLUHFWRUHV� GH� WHVLV�� OD� 'UD�� $QD�0DUtD�
&DVDV� &HQGR\D� \� DO� 'U�� (UQHVWR� ,JDUWXD� $UUHJXL�� SRU� VX� H[FHOHQWH� WUDEDMR�� SRU� VX�
GLVSRQLELOLGDG� HQ� WRGR� PRPHQWR�� SRU� VX� DSR\R� � \� SRU� KDEHUPH� GDGR� HVWD� JUDQ�
RSRUWXQLGDG��
$O�3URIHVRU�-RVH�0DQXHO�/DVD�\�D�OD�'UD��3LODU�*UDFLD�SRU�VXV�FRQVHMRV��
$O� SHUVRQDO� GHO� 'HSDUWDPHQWR� GH� *HQHWLFD� \� 3URGXFFLyQ� 9HJHWDO� GH� OD� (VWDFLyQ�
([SHULPHQWDO� GH� $XOD� 'HL�� HQ� SDUWLFXODU� D� %ODQFD� $EDG�� 7HUH� $FtQ�� 3LOL� $VtQ�� 3LOL�
%HFHUULFD�� 0DUtD� -HV~V� (VSLDX�� &ODULVD� *UDFLD�� 9DQHVD� 0DUWtQH]�� %ODQFD� 0HGLQD��
*ORULD� 5RGUtJXH]� \� 0DULQD� GH� OD� 9HJD� SRU� WRGD� VX� D\XGD� HQ� OD� UHDOL]DFLyQ� GH� ORV�
H[SHULPHQWRV�\�SRU�HO�EXHQ�DPELHQWH�HQ�HO�WUDEDMR��
$�6DPLD�<DKLDRXL��SRU�WRGRV�ORV�PRPHQWRV�TXH�KHPRV�FRPSDUWLGR��
$O�3URIHVRU�,JQDFLR�5RPDJRVD�SRU�DFHSWDU�OD�WXWRULD�GH�HVWD�WHVLV��
$O�3URIHVRU�3DWULFN�0��+D\HV�SRU�RULHQWDUPH�HQ�ORV�PRPHQWRV�GH�GXGDV��DO�'U��3HWHU�
6]�FV��$QQ�&RUH\��7DQLD�)LOLFKNLQD��-DUL�YRQ�=LW]HZLW]�\�OD�'UD��.HOOH\�5LFKDUGVRQ��SRU�
VX�D\XGD�\�VLPSDWtD��
$O�'U��)UDQFLVFR�&LXGDG��D�3ULPLWLYD�&RGHVDO�\�0DULD�&UX]�5H\�SRU�VX�D\XGD�FRQ�ORV�
HQVD\RV�GH�LQYHUQDGHUR��
$O�'U��-RVp�/XLV�0ROLQD�\�D�OD�'UD��0DULDQ�0RUDOHMR�SRU�VXPLQLVWUDU�SDUWH�GH�ORV�GDWRV�
XWLOL]DGRV�HQ�HVWH�WUDEDMR��
$O� 'U�� )UHG� YDQ� (HXZLMN� \� DO� 'U�� 0DUFRV� 0DORVHWWL� SRU� VX� D\XGD� HQ� ORV� DQiOLVLV�
HVWDGtVWLFRV��
$�WRGRV�ORV�TXH�KLFLHURQ�TXH�PL�HVWDQFLD�HQ�=DUDJR]D�IXHUD�DJUDGDEOH��
$�OD�'UD��0DULD�/XLVD�5XL]��TXH�PH�HQVHxR�HO�FDPLQR�GH�OD�FLHQFLD��
$�OD�'UD��/RUQD�'DZVRQ��TXH�PH�GLR�OD�SULPHUD�RSRUWXQLGDG�GH�GHGLFDUPH�D�OD�FLHQFLD�
\�D�TXLHQ�QXQFD�HVWDUH�VXILFLHQWHPHQWH�DJUDGHFLGR��
$�PL�IDPLOLD��$�PLV�SDGUHV��D�7HUHVD��D�-RUJH�\�D�(GD��
(VWD� WHVLV� VH� UHDOL]y�JUDFLDV� D� XQD�EHFD�GH�)RUPDFLyQ�GHO�3HUVRQDO� ,QYHVWLJDGRU�GHO�
0LQLVWHULR� GH� (GXFDFLyQ� \� &LHQFLD� \� D� OD� ILQDQFLDFLyQ� GH� ORV� SUR\HFWRV� GHO� 3ODQ�
1DFLRQDO�GH�,�'�L��$*)��������&����$*/����������\�$*/�������������
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� [YLL

5HVXP�
/D� GDWD� G
HVSLJRODW� pV� XQ� FDUjFWHU� GH� JUDQ� LPSRUWjQFLD� SHU� VHU� XQ� GHOV� SULQFLSDOV�

IDFWRUV� TXH� GHWHUPLQHQ� O
DGDSWDFLy� L� HO� UHQGLPHQW� GHOV� FHUHDOV�� $TXHVW� FDUjFWHU� pV�
HVSHFLDOPHQW�LPSRUWDQW�HQ�UHJLRQV�RQ�OD�GLVSRQLELOLWDW�G
DLJXD�pV�XQ�IDFWRU�OLPLWDQW��FRP�VRQ�
OHV�UHJLRQV�GH�FOLPD�PHGLWHUUDQL�GHO�1RUG�G
(VSDQ\D��$TXHVW�WUHEDOO�HV�SURSRVD�FRQqL[HU�HO�
FRQWURO�JHQqWLF�GHO�FDUjFWHU�HQ�FRQGLFLRQV�HVSDQ\ROHV�L�OD�VHYD�UHODFLy�DPE�HO�UHQGLPHQW���

(Q�SULPHU�OORF��HV�YDQ�DYDOXDU�XQ�FRQMXQW�GH�����OtQLHV�G¶KDSORLGHV�GXSOLFDWV�G
RUGL��
SURFHGHQWV� GHO� FUHXDPHQW�%HND� [�0RJDGRU�� HQ� XQD� VqULH� G
DVVDMRV� GH� FDPS� ORFDOLW]DWV� DO�
1RUG�G
(VSDQ\D�L�WDPEp�HQ�FRQGLFLRQV�FRQWURODGHV�GH�WHPSHUDWXUD�L�IRWRSHUtRGH��'
DTXHVWD�
PDQHUD� HV� YDQ� GHWHUPLQDU� OHV� SULQFLSDOV� UHJLRQV� JHQzPLTXHV� TXH� FRQWUROHQ� OD� GDWD�
G
HVSLJRODW��OHV�SRVLFLRQV�GHOV�47/��HOV�VHXV�HIHFWHV�L�OHV�VHYHV�LQWHUDFFLRQV��

(O� VHJRQ� SDV� YD� VHU� OD� YDOLGDFLy� GHOV� 47/� GH� GDWD� G
HVSLJRODW� LGHQWLILFDWV� HQ� OD�
SREODFLy� %HND� [� 0RJDGRU� L� HQ� OD� OLWHUDWXUD�� 3HU� D� DL[z� HV� YD� DYDOXDU� XQ� FRQMXQW� GH�
JHUPRSODVPD�G
jPSOLD�EDVH�JHQqWLFD��FRQVWLWXwW�SHU����SHWLWHV�SREODFLRQV� LQWHUFRQQHFWDGHV�
G
KDSORLGHV�GXSOLFDWV��HOV�TXDOV�SDUHQWDOV�HUHQ�YDULHWDWV�XWLOLW]DGHV�HQ�HO�SURJUDPD�HVSDQ\RO�
GH�PLOORUD�G
RUGL��

(OV�UHVXOWDWV�GHOV�GRV�SULPHUV�HVWXGLV�YDQ�SRVDU�GH�PDQLIHVW�TXH�XQ�FRQMXQW�GH�47/�
H[SOLFD�XQD�JUDQ�SDUW�GH�OD�YDULjQFLD�IHQRWtSLFD�GHO�FDUjFWHU�GDWD�G
HVSLJRODW��$�PpV�D�PpV��
KDQ�FRQILUPDW�XQD�VqULH�GH�PDUFDGRUV�VHQ]LOOV�SHU�D�GLDJQzVWLF�GHOV�47/��DSURSLDWV�SHU�DO�
VHX� ~V� HQ� PLOORUD� DVVLVWLGD� SHU� PDUFDGRUV�� $TXHVWV� 47/� VyQ� HOV� JHQV� GH� UHSRVDGD� DO�
IRWRSHUtRGH� 3SG�+�� L� 3SG�+��� HO� JHQ� GH� SUHFRFLWDW� LQWUtQVHFD� (DP�� L� HOV� JHQV� GH�
YHUQDOLW]DFLy�9UQ�+��L�9UQ�+���

/D�LQWHUDFFLy�HSLVWjWLFD�GHOV�JHQV�9UQ�+��L�9UQ�+��GHWHUPLQD�HO�JUDX�GH�VHQVLELOLWDW�D�
OD� YHUQDOLW]DFLy� GH� O
RUGL�� $TXHVW� PRGHO� HSLVWjWLF� HV� YD� FRQILUPDU� HQ� OD� SREODFLy� %HND� [�
0RJDGRU�� HQ� OHV� ��� SHWLWHV� SREODFLRQV� L� WDPEp� UHFXSHUDQW� JHQRWLSV� VHQVLEOHV� D� OD�
YHUQDOLW]DFLy� HQ� OD� GHVFHQGqQFLD� GH� FUHXDPHQWV� HQWUH� YDULHWDWV� LQVHQVLEOHV�� 7DPEp� HV� YD�
YHXUH� TXH� HOV� GLIHUHQWV� JUDXV� GH� VHQVLELOLWDW� D� OD� YHUQDOLW]DFLy� SRGULHQ� VHU� GHJXWV� D�
GLIHUqQFLHV�HQ�OD�ORQJLWXG�GHO�SULPHU�LQWUy�GHO�JHQ�9UQ�+����

7DPEp�HV�YDQ� LGHQWLILFDU� OHV�SULQFLSDOV� UHJLRQV�TXH�FRQWHQHQ�47/�GH� UHQGLPHQW�
HQ�OD�SREODFLy�%HND�[�0RJDGRU��L�HV�YD�HVWXGLDU�O
HIHFWH�TXH�HOV�47/�GH�GDWD�G
HVSLJRODW�
WHQHQ�VREUH�HO� UHQGLPHQW� L� VREUH� OD� LQWHUDFFLy�JHQRWLS�[�DPELHQW�GHO� UHQGLPHQW��(V�YD�
WUREDU�TXH�H[LVWHL[�XQD� UHODFLy�FDQYLDQW� HQWUH� OD�GDWD�G
HVSLJRODW� L� HO� UHQGLPHQW� HQ�HOV�
GLIHUHQWV�DVVDMRV�SHUz��HQ�JHQHUDO��HOV�HVSLJRODWV�SULPHUHQFV�R�WDUGDQV�QR�VROHQ�DIDYRULU�
DOWV�UHQGLPHQWV���
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� [L[�

5HVXPHQ�
/D�IHFKD�GH�HVSLJDGR�HV�XQ�FDUiFWHU�GH�JUDQ�LPSRUWDQFLD�SRU�VHU�XQR�GH�ORV�SULQFLSDOHV�

IDFWRUHV� TXH� GHWHUPLQDQ� OD� DGDSWDFLyQ� \� HO� UHQGLPLHQWR� GH� ORV� FHUHDOHV�� (VWH� FDUiFWHU� HV�
HVSHFLDOPHQWH� LPSRUWDQWH� HQ� UHJLRQHV� GRQGH� OD� GLVSRQLELOLGDG� GH� DJXD� HV� XQ� IDFWRU�
OLPLWDQWH�� FRPR� ODV� UHJLRQHV� GH� FOLPD�PHGLWHUUiQHR� GHO�1RUWH� GH�(VSDxD�� (VWH� WUDEDMR� VH�
SURSRQH�FRQRFHU�HO�FRQWURO�JHQpWLFR�GHO�FDUiFWHU�HQ�FRQGLFLRQHV�HVSDxRODV�\�VX�UHODFLyQ�FRQ�
HO�UHQGLPLHQWR��

(Q�SULPHU�OXJDU��VH�HYDOXDURQ�XQ�FRQMXQWR�GH�����OtQHDV�GH�KDSORLGHV�GXSOLFDGRV�GH�
FHEDGD��SURFHGHQWHV�GHO�FUX]DPLHQWR�%HND�[�0RJDGRU��HQ�XQD�VHULH�GH�HQVD\RV�GH�FDPSR�HQ�
HO�1RUWH�GH�(VSDxD�\�WDPELpQ�HQ�FRQGLFLRQHV�FRQWURODGDV�GH�WHPSHUDWXUD�\�IRWRSHULRGR��'H�
HVWD�PDQHUD�VH�GHWHUPLQDURQ�FXDOHV�HUDQ�ODV�SULQFLSDOHV�UHJLRQHV�JHQyPLFDV�TXH�FRQWURODQ�
OD�IHFKD�GH�HVSLJDGR��ODV�SRVLFLRQHV�GH�ORV�47/��VXV�HIHFWRV�\�VXV�LQWHUDFFLRQHV��

(O�VHJXQGR�SDVR�IXH�OD�YDOLGDFLyQ�GH�ORV�47/�GH�IHFKD�GH�HVSLJDGR�LGHQWLILFDGRV�HQ�OD�
SREODFLyQ� %HND� [� 0RJDGRU� \� HQ� OD� OLWHUDWXUD�� 3DUD� HOOR� VH� HYDOXy� XQ� FRQMXQWR� GH�
JHUPRSODVPD� GH� DPSOLD� EDVH� JHQpWLFD�� FRQVWLWXLGR� SRU� ��� SHTXHxDV� SREODFLRQHV�
LQWHUFRQHFWDGDV�GH�KDSORLGHV�GXSOLFDGRV��FX\RV�SDUHQWDOHV�HUDQ�YDULHGDGHV�XWLOL]DGDV�HQ�HO�
SURJUDPD�HVSDxRO�GH�PHMRUD�GH�FHEDGD��

/RV�UHVXOWDGRV�GH�ORV�GRV�SULPHURV�HVWXGLRV�SXVLHURQ�GH�PDQLILHVWR�TXH�XQ�FRQMXQWR�
GH�47/� H[SOLFD� XQD� JUDQ� SDUWH� GH� OD� YDULDQ]D� IHQRWtSLFD� GHO� FDUiFWHU� IHFKD� GH� HVSLJDGR��
$GHPiV��KDQ�FRQILUPDGR�XQD� VHULH�GH�PDUFDGRUHV� VHQFLOORV�SDUD�GLDJQyVWLFR�GH� ORV�47/��
DSURSLDGRV� SDUD� VX� XVR� HQ�PHMRUD� DVLVWLGD� SRU�PDUFDGRUHV�� (VWRV� 47/� VRQ� ORV� JHQHV� GH�
UHVSXHVWD� DO� IRWRSHULRGR� 3SG�+�� \� 3SG�+��� ORV� JHQHV� GH� SUHFRFLGDG� LQWUtQVHFD� (DP�� \�
(DP��\�ORV�JHQHV�GH�YHUQDOL]DFLyQ�9UQ�+��\�9UQ�+���

/D� LQWHUDFFLyQ� HSLVWiWLFD� GH� ORV� JHQHV� 9UQ�+�� \� 9UQ�+�� GHWHUPLQD� HO� JUDGR� GH�
VHQVLELOLGDG� D� OD� YHUQDOL]DFLyQ� HQ� OD� FHEDGD�� (VWH� PRGHOR� HSLVWiWLFR� VH� FRQILUPy� HQ� OD�
SREODFLyQ� %HND� [� 0RJDGRU�� HQ� ODV� ��� SHTXHxDV� SREODFLRQHV� \� WDPELpQ� UHFXSHUDQGR�
JHQRWLSRV�VHQVLEOHV�D�OD�YHUQDOL]DFLyQ�HQ�OD�GHVFHQGHQFLD�GH�FUX]DPLHQWRV�HQWUH�YDULHGDGHV�
LQVHQVLEOHV�� 7DPELpQ� VH� YLR� TXH� ORV� GLIHUHQWHV� JUDGRV� GH� VHQVLELOLGDG� D� OD� YHUQDOL]DFLyQ�
SRGUtDQ�VHU�GHELGRV�D�GLIHUHQFLDV�HQ�OD�ORQJLWXG�GHO�SULPHU�LQWUyQ�GHO�JHQ�9UQ�+���

7DPELpQ� VH� LGHQWLILFDURQ� ODV� SULQFLSDOHV� UHJLRQHV� TXH� FRQWLHQHQ� 47/� GH�
UHQGLPLHQWR� HQ� OD� SREODFLyQ�%HND�[�0RJDGRU�� \� VH� HVWXGLy� HO� HIHFWR�TXH� ORV�47/�GH�
IHFKD� GH� HVSLJDGR� WLHQHQ� VREUH� HO� UHQGLPLHQWR� \� VREUH� OD� LQWHUDFFLyQ� JHQRWLSR� [�
DPELHQWH�GHO�UHQGLPLHQWR��6H�HQFRQWUy�TXH�H[LVWH�XQD�UHODFLyQ�FDPELDQWH�HQWUH�OD�IHFKD�
GH�HVSLJDGR�\�HO�UHQGLPLHQWR�HQ�ORV�GLIHUHQWHV�HQVD\RV�SHUR��HQ�JHQHUDO�� ORV�HVSLJDGRV�
LQWHUPHGLRV�IDYRUHFHQ�ORV�UHQGLPLHQWRV�DOWRV���
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� [[L�

6XPPDU\�
+HDGLQJ�GDWH�LV�D�WUDLW�RI�PDMRU�LPSRUWDQFH��DV�RQH�RI�WKH�PDLQ�GHWHUPLQLQJ�IDFWRUV�RI�

DGDSWDWLRQ� DQG�JUDLQ�\LHOG� LQ� FHUHDOV��7KLV� LV� HVSHFLDOO\� LPSRUWDQW� LQ� UHJLRQV�ZLWK� OLPLWHG�
ZDWHU�DYDLODELOLW\��DV�LW�LV�WKH�FDVH�IRU�WKH�0HGLWHUUDQHDQ�FOLPDWH�DUHDV�RI�1RUWKHUQ�6SDLQ��

,Q� D� ILUVW� VWHS�� D� VHW� RI� ����GRXEOHG�KDSORLG� OLQHV� GHULYHG� IURP� WKH� VSULQJ�[�ZLQWHU�
FURVV� EHWZHHQ� WKH� FXOWLYDUV� %HND� DQG�0RJDGRU�ZDV� HYDOXDWHG� LQ� ILHOG� WULDOV� LQ� 1RUWKHUQ�
6SDLQ��DQG�XQGHU�FRQWUROOHG� WHPSHUDWXUH�DQG�SKRWRSHULRG�FRQGLWLRQV� LQ�RUGHU� WR�GHWHUPLQH�
ZKLFK� DUH� WKH� PDLQ� JHQRPLF� UHJLRQV� FRQWUROOLQJ� KHDGLQJ� GDWH�� WKH� 47/� SRVLWLRQV�� WKHLU�
HIIHFWV�DQG�LQWHUDFWLRQV��7KH�DLP�RI� WKLV�VWXG\�LV� WR�NQRZ�WKH�JHQHWLF�FRQWURO�RI�IORZHULQJ�
XQGHU�6SDQLVK�FRQGLWLRQV�DQG�LWV�UHODWLRQVKLS�ZLWK�WKH�JUDLQ�\LHOG��

,Q� D� VHFRQG� VWHS�� ZH� YDOLGDWHG� WKH� KHDGLQJ� GDWH� 47/� LGHQWLILHG� LQ� WKH� %HND� [�
0RJDGRU�SRSXODWLRQ��DQG�RWKHU�RQHV�UHSRUWHG�LQ�WKH�OLWHUDWXUH��LQ�D�JHUPSODVP�SRRO�RI�ZLGH�
JHQHWLF� EDVH�� FRQVLVWLQJ� RI� D� VHW� RI� ��� VPDOO� GRXEOHG� KDSORLG� LQWHUFRQQHFWHG� SRSXODWLRQV�
ZKRVH�SDUHQWV�ZHUH�FXOWLYDUV�XVHG�LQ�WKH�6SDQLVK�%DUOH\�%UHHGLQJ�3URJUDPPH���

7KH� UHVXOWV�RI� WKH� WZR�VWXGLHV� UHYHDOHG�D�VHW�RI�47/�WKDW�DFFRXQWV� IRU�DQ� LPSRUWDQW�
SHUFHQWDJH� RI� WKH� SKHQRW\SLF� YDULDWLRQ� IRU� KHDGLQJ� GDWH��%HVLGHV�� D� VHW� RI� IULHQGO\�WR�XVH�
PDUNHUV�ZHUH�FRQILUPHG�DV�GLDJQRVWLF�PDUNHUV�RI�WKHVH�47/�DQG�VXLWDEOH�IRU�EHLQJ�XVHG�LQ�
PDUNHU�DVLVWHG�VHOHFWLRQ��7KHVH�47/�DUH�WKH�SKRWRSHULRG�UHVSRQVH�JHQHV�3SG�+��DQG�3SG�
+���WKH�HDUO\�PDWXULW\�JHQHV�(DP��DQG�(DP��DQG�WKH�WZR�YHUQDOL]DWLRQ�JHQHV�9UQ�+��DQG�
9UQ�+���

7KH� HSLVWDWLF� LQWHUDFWLRQ� RI� DOOHOHV� DW� WKH� 9UQ�+�� DQG� 9UQ�+�� ORFL� GHWHUPLQHV� WKH�
GHJUHH� RI� YHUQDOL]DWLRQ� VHQVLWLYLW\� LQ� EDUOH\��7KH� HSLVWDWLF�PRGHO� RI� WKHVH� WZR� JHQHV�ZDV�
FRQILUPHG�LQ�WKH�%HND�[�0RJDGRU�SRSXODWLRQ�DQG�DOVR�LQ�WKH�VHW�RI����VPDOO�SRSXODWLRQV��$�
IXUWKHU�VWHS�ZDV�DFKLHYHG�WKURXJK�WKH�UHFRYHU\�RI�YHUQDOL]DWLRQ�VHQVLWLYH�JHQRW\SHV�LQ�WKH�
RIIVSULQJ� RI� FURVVHV� EHWZHHQ� YHUQDOL]DWLRQ� LQVHQVLWLYH� JHQRW\SHV�� :H� DOVR� VKRZHG� WKDW�
LQWURQ�OHQJWK�YDULDWLRQ�LQ�9UQ�+��PD\�DFFRXQW�IRU�D�FRQWLQXXP�RI�YHUQDOL]DWLRQ�VHQVLWLYLW\��

:H� WULHG� WR� LGHQWLI\� WKH�PDLQ� UHJLRQV�FRQWDLQLQJ�47/�IRU�JUDLQ�\LHOG� LQ� WKH�%HND�[�
0RJDGRU�SRSXODWLRQ��DQG�H[SORUHG�WKH�HIIHFW�RI�KHDGLQJ�GDWH�47/�RQ�\LHOG�DQG�DOVR�RQ�WKH�
JHQRW\SH�E\�HQYLURQPHQW� LQWHUDFWLRQ�RI�\LHOG��:H� IRXQG�D� FKDQJLQJ� UHODWLRQVKLS�EHWZHHQ�
KHDGLQJ� GDWH� DQG� \LHOG� LQ� WKH� GLIIHUHQW� WULDOV� EXW�� DV� D� JHQHUDO� FRQFOXVLRQ�� LQWHUPHGLDWH�
KHDGLQJ�GDWHV�XVXDOO\�IDYRXU�KLJKHU�\LHOGV���
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ËQGLFH�
�
5HVXP� �������������������������������������������������������������������������������������������������������������������� [YLL�
5HVXPHQ� ��������������������������������������������������������������������������������������������������������������������� [L[�
6XPPDU\� ��������������������������������������������������������������������������������������������������������������������� [[L�
ËQGLFH� �������������������������������������������������������������������������������������������������������������������� [YLL�
&DStWXOR����,QWURGXFFLyQ�*HQHUDO ������������������������������������������������������������������������������������� ��

���� &RQVLGHUDFLRQHV�LQLFLDOHV������������������������������������������������������������������������ ��
���� /D�FHEDGD ������������������������������������������������������������������������������������������������ ��
���� 5HODFLyQ�GH�OD�IHFKD�GH�HVSLJDGR�FRQ�OD�DGDSWDFLyQ�\�HO�

UHQGLPLHQWR ��������������������������������������������������������������������������������������������� ��
���� )DFWRUHV�TXH�GHWHUPLQDQ�OD�IHFKD�GH�IORUDFLyQ ��������������������������������������� ��
���� 0pWRGRV�GH�GHWHFFLyQ�GH�47/�������������������������������������������������������������� ���
���� 5HIHUHQFLDV�������������������������������������������������������������������������������������������� ���

&DStWXOR����2EMHWLYRV ������������������������������������������������������������������������������������������������������ ���
&DStWXOR����+HDGLQJ� GDWH� 47/� LQ� D� VSULQJ� [� ZLQWHU� EDUOH\� FURVV� HYDOXDWHG� LQ�

0HGLWHUUDQHDQ�HQYLURQPHQWV ����������������������������������������������������������������������� ���
���� $EVWUDFW ������������������������������������������������������������������������������������������������� ���
���� ,QWURGXFWLRQ������������������������������������������������������������������������������������������� ���
���� 0DWHULDO�DQG�PHWKRGV���������������������������������������������������������������������������� ���
���� 5HVXOWV��������������������������������������������������������������������������������������������������� ���
���� 'LVFXVVLRQ��������������������������������������������������������������������������������������������� ���
���� &RQFOXVLRQ �������������������������������������������������������������������������������������������� ���
���� 6XSSOHPHQWDU\�LQIRUPDWLRQ ������������������������������������������������������������������ ���
���� 5HIHUHQFHV��������������������������������������������������������������������������������������������� ���

&DStWXOR����-RLQW� DQDO\VLV� IRU�KHDGLQJ�GDWH�47/� LQ� VPDOO� LQWHUFRQQHFWHG�EDUOH\�
SRSXODWLRQV��������������������������������������������������������������������������������������������������� ���
���� $EVWUDFW ������������������������������������������������������������������������������������������������� ���
���� ,QWURGXFWLRQ������������������������������������������������������������������������������������������� ���
���� 0DWHULDOV�DQG�0HWKRGV�������������������������������������������������������������������������� ���
���� 5HVXOWV��������������������������������������������������������������������������������������������������� ���
���� 'LVFXVVLRQ��������������������������������������������������������������������������������������������� ���
���� 6XSSOHPHQWDU\�LQIRUPDWLRQ ������������������������������������������������������������������ ���
���� 5HIHUHQFHV��������������������������������������������������������������������������������������������� ���

&DStWXOR����9DOLGDWLRQ�RI�WKH�951�+��951�+��HSLVWDWLF�PRGHO�LQ�EDUOH\�UHYHDOV�
WKDW�LQWURQ�OHQJWK�YDULDWLRQ�LQ�951�+��PD\�DFFRXQW�IRU�D�FRQWLQXXP�
RI�YHUQDOL]DWLRQ�VHQVLWLYLW\ ��������������������������������������������������������������������������� ���
���� $EVWUDFW ������������������������������������������������������������������������������������������������� ���
���� ,QWURGXFWLRQ������������������������������������������������������������������������������������������� ���
���� 0DWHULDOV�DQG�0HWKRGV������������������������������������������������������������������������ ����
���� 5HVXOWV������������������������������������������������������������������������������������������������� ����
���� 'LVFXVVLRQ������������������������������������������������������������������������������������������� ����
���� 5HIHUHQFHV������������������������������������������������������������������������������������������� ����



�[YLLL

&DStWXOR����5HODWLRQVKLS�EHWZHHQ�KHDGLQJ�GDWH��KHDGLQJ�GDWH�47/��DQG�\LHOG�LQ�
EDUOH\�JURZQ�XQGHU�0HGLWHUUDQHDQ�FRQGLWLRQV ������������������������������������������ ����
���� $EVWUDFW ����������������������������������������������������������������������������������������������� ����
���� ,QWURGXFWLRQ����������������������������������������������������������������������������������������� ����
���� 0DWHULDOV�DQG�0HWKRGV������������������������������������������������������������������������ ����
���� 5HVXOWV������������������������������������������������������������������������������������������������� ����
���� 'LVFXVVLRQ������������������������������������������������������������������������������������������� ����
���� 5HIHUHQFHV������������������������������������������������������������������������������������������� ����

&DStWXOR����'LVFXVLyQ�*HQHUDO �������������������������������������������������������������������������������������� ����
���� ,GHQWLILFDFLyQ�GH�ORV�SULQFLSDOHV�ORFL�GHWHUPLQDQWHV�GH�OD�IHFKD�

GH�HVSLJDGR�HQ�OD�FHEDGD��������������������������������������������������������������������� ����
���� 47/�GH�IHFKD�GH�HVSLJDGR�HQFRQWUDGRV�HQ�HVWH�WUDEDMR���������������������� ����
���� ,QIOXHQFLD�GH�ORV�SULQFLSDOHV�47/�GH�IHFKD�GH�HVSLJDGR�VREUH�

HO�UHQGLPLHQWR ������������������������������������������������������������������������������������� ����
���� 5HIHUHQFLDV������������������������������������������������������������������������������������������ ����

&DStWXOR����&RQFOXVLRQHV ���������������������������������������������������������������������������������������������� ����
$QH[RV� �������������������������������������������������������������������������������������������������������������������� ����
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�

,QWURGXFFLyQ�*HQHUDO�
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&DStWXOR����,QWURGXFFLyQ�*HQHUDO�
�
���� &RQVLGHUDFLRQHV�LQLFLDOHV�

�
/D� FHEDGD� HV� XQD� GH� ODV� SULQFLSDOHV� RSFLRQHV� HQ� OD� DJULFXOWXUD� GH� VHFDQR� HQ�

(VSDxD��\�WLHQH�XQ�SDSHO�SUHSRQGHUDQWH�HQ�OD�]RQD�GHO�YDOOH�GHO�(EUR��3RU�HOOR��HQ������
VH�FRPHQ]y�D�GHVDUUROODU�XQ�SURJUDPD�GH�PHMRUD�GH�FHEDGD�HQ�OD�(VWDFLyQ�([SHULPHQWDO�
GH� $XOD� 'HL� �&6,&�� HQ� =DUDJR]D�� $FWXDOPHQWH�� HVWH� SURJUDPD� IRUPD� SDUWH� GH� XQ�
SURJUDPD�QDFLRQDO�S~EOLFR�GH�PHMRUD�GH�FHEDGD��&RQ�REMHWR�GH�VXSHUDU�ODV�OLPLWDFLRQHV�
GH� ORV� SURJUDPDV� FOiVLFRV� GH� PHMRUD�� VH� SODQWHy� OD� FRQYHQLHQFLD� GH� YDORUDU� OD�
LQFRUSRUDFLyQ�GH�VHOHFFLyQ�DVLVWLGD�SRU�PDUFDGRUHV��FRQ�HVSHFLDO�pQIDVLV�HQ�OD�IHFKD�GH�
HVSLJDGR��DO�VHU�pVWD�XQR�GH�ORV�SULQFLSDOHV�GHWHUPLQDQWHV�GH�OD�DGDSWDFLyQ�GHO�FXOWLYR�DO�
DPELHQWH�� HVSHFLDOPHQWH� HQ� FRQGLFLRQHV� VHPL�iULGDV� \� GH� FRQGLFLRQHV� FOLPiWLFDV�
YDULDEOHV�� FRPR� ODV� GH� OD� PD\RU� SDUWH� GH� ORV� FOLPDV� GHO� LQWHULRU� GH� (VSDxD�� 3DUD�
FRQVHJXLUOR�� HV� QHFHVDULR� TXH� VH� FXPSODQ� GRV� FRQGLFLRQHV�� GHVYHODU� ORV� IDFWRUHV�
JHQpWLFRV�TXH�FRQWURODQ�OD�GHWHUPLQDFLyQ�GH�OD�IHFKD�GH�HVSLJDGR�\�FRQRFHU�OD�LQIOXHQFLD�
GH�OD�IHFKD�GH�HVSLJDGR�VREUH�HO�UHQGLPLHQWR��

(Q� FXDQWR� D� OD� SULPHUD� GH� HVWDV� FRQGLFLRQHV�� HV� QHFHVDULR� LGHQWLILFDU� ORV�
SULQFLSDOHV� ORFL� TXH� FRQWURODQ� HVWH� FDUiFWHU�� DVL� FRPR� ORV� PDUFDGRUHV� PROHFXODUHV�
OLJDGRV�D�ORV�PLVPRV��(Q�SULPHU�OXJDU�VH�EXVFy�OD�LGHQWLILFDFLyQ�GH�ORV�SULQFLSDOHV�47/�
GH� IHFKD� GH� HVSLJDGR� HQ� OD� SREODFLyQ� GH� PDSHR� %HND� [� 0RJDGRU� HYDOXDGD� HQ�
ORFDOLGDGHV� UHSUHVHQWDWLYDV� GH� ODV� FRQGLFLRQHV� GH� FXOWLYR� GH� ORV� VHFDQRV� GHO� QRUWH� GH�
(VSDxD��3RVWHULRUPHQWH�VH�SURFHGLy�D�OD�YDOLGDFLyQ�GH�HVRV�47/�\�RWURV�SXEOLFDGRV�HQ�
OD�OLWHUDWXUD��HQ�XQD�VHULH�GH�SHTXHxDV�SREODFLRQHV�LQWHUFRQHFWDGDV�GH�FHEDGD�GH�DPSOLD�
EDVH�JHQpWLFD���

(Q� FXDQWR� D� OD� VHJXQGD� FRQGLFLyQ�� QRV� KHPRV� FHQWUDGR� HQ� OD� UHODFLyQ� GHO�
UHQGLPLHQWR� FRQ� HO� HVSLJDGR� HQ� XQD� SREODFLyQ� FRQ� XQD� VHJUHJDFLyQ� H[WUDRUGLQDULD� HQ�
FXDQWR�D�IHFKDV�GH�IORUDFLyQ��$XQTXH�OD�VHULH�GH�HQVD\RV�XWLOL]DGD�HV�FRUWD�SDUD�OOHJDU�D�
FRQFOXVLRQHV� LQHTXtYRFDV�� HV� VXILFLHQWH� SDUD� REVHUYDU� ORV� SDWURQHV� GH� UHODFLyQ� PiV�
JHQHUDOHV��

�
�
�



���

���� /D�FHEDGD�
�

������ 2ULJHQ�\�GRPHVWLFDFLyQ�
�
/D� FHEDGD� �+RUGHXP� YXOJDUH� VVS�� YXOJDUH��� IXH� XQD� GH� ODV� SULPHUDV� SODQWDV�

GRPHVWLFDGDV��6H�VXSRQH�TXH�VX�GRPHVWLFDFLyQ�WXYR�OXJDU�KDFH�XQRV��������DxRV�HQ�OD�
]RQD� GHO� &UHFLHQWH� )pUWLO� �=RKDU\� \� +RSI�� ������ /HY�<DGXQ� HW� DO��� ������� OR� TXH�
DFWXDOPHQWH�FRUUHVSRQGH�FRQ�,VUDHO��/tEDQR��6LULD��,UDN�\�7XUTXtD��D�SDUWLU�GH�OD�HVSHFLH�
VLOYHVWUH�+RUGHXP�YXOJDUH�VVS��VSRQWDQHXP��YRQ�%RWKPHU�HW�DO����������/D�]RQD�GRQGH�
+�� VSRQWDQHXP� PXHVWUD� XQD� PD\RU� YDULDELOLGDG� JHQpWLFD� VH� HQFXHQWUD� HQ� ,VUDHO� \�
-RUGDQLD��%DGU�HW�DO����������SRU�OR�TXH�VH�VXSRQH�TXH�HVH�IXH�HO�OXJDU�GRQGH�FRPHQ]y�HO�
FXOWLYR� \� TXH� GHVGH� DKt� VH� GLIXQGLy� KDFLD� HO�0HGLWHUUiQHR�� 1RUWH� GH� ÈIULFD� \� *ROIR�
3pUVLFR��([LVWHQ�WDPELpQ�OXJDUHV�GH�JUDQ�GLYHUVLGDG�JHQpWLFD��WDPELpQ�SURSXHVWRV�FRPR�
FHQWURV�GH�RULJHQ�R�GLYHUVLILFDFLyQ��HQ�(WLRStD��%HNHOH��������2UDEL�HW�DO����������HQ�HO�
7tEHW��;X���������HQ�0DUUXHFRV��0ROLQD±&DQR�HW�DO���������\�HQ�$VLD�FHQWUDO��0RUUHOO�\�
&OHJJ�� ������� /D� H[SDQVLyQ� GH� OD� FHEDGD� SRU� ]RQDV� HFRJHRJUiILFDV� PX\� GLYHUVDV�
�.Q�SIIHU�HW�DO���������VH�KD�UHDOL]DGR�JUDFLDV�D�XQD�IOH[LELOLGDG�DGDSWDWLYD�QRWDEOH�GH�OD�
HVSHFLH��/RV�LQYHVWLJDGRUHV�\�PHMRUDGRUHV�GH�HVWH�FXOWLYR�LQWHQWDQ�HQFRQWUDU�\�FRQWURODU�
ODV�FDXVDV�GH�HVWD�FDSDFLGDG�DGDSWDWLYD��

�
������ &LWRJHQpWLFD�\�WD[RQRPtD�

�
/D�FHEDGD�HV�XQD�SODQWD�GLSORLGH���[ �Q �����(O�WDPDxR�GH�VX�JHQRPD�KDSORLGH�

HV�DSUR[LPDGDPHQWH������0E��$UXPXJDQDWKDQ�\�(DUOH���������PXFKR�PD\RU�TXH�HO�GH�
ODV� HVSHFLHV� PRGHOR� GH� GLFRWLOHGyQHDV� �$UDELGRSVLV� WKDOLDQD�� ���� 0E�� \�
PRQRFRWLOHGyQHDV� �2U\]D� VDWLYD�� ����0E��� SRU� OR� TXH� HV� GLItFLO� TXH� VH� OOHJXH� D� XQD�
VHFXHQFLDFLyQ�FRPSOHWD�GHO�PLVPR�D�FRUWR�SOD]R��6LQ�HPEDUJR��VH�VDEH�TXH�HO�WDPDxR�GH�
VX� JHQRPD� QR� VH� GHEH� D� OD� SUHVHQFLD� GH� XQ� PD\RU� Q~PHUR� GH� JHQHV� TXH� HQ� HVWDV�
HVSHFLHV�� VLQR�D� OD�H[LVWHQFLD�GH�JUDQGHV� UHJLRQHV�GH�$'1�UHSHWLWLYR��HQ�SDUWLFXODU�GH�
DPSOLILFDFLyQ�GH�UHWURWUDQVSRVRQHV��%HQQHW]HQ�HW�DO���������5DPDNULVKQD�HW�DO����������

/D�WD[RQRPtD�GH�OD�FHEDGD�VHJ~Q�YRQ�%RWKPHU�HW�DO���������HV�OD�VLJXLHQWH��
&ODVH��$QJLRVSHUPDH��
6XEFODVH��0RQRFRW\OHGRQHDH��
2UGHQ��*OXPLIORUDH��



� ��

)DPLOLD��3RDFHDH��
*pQHUR��+RUGHXP��
(VSHFLH��YXOJDUH�
6XEHVSHFLHV���+RUGHXP�YXOJDUH�/��VXEVS��VSRQWDQHXP�.RFK�
��������� +RUGHXP�YXOJDUH�/��VXEVS��YXOJDUH�
�
�

������ ,PSRUWDQFLD�GHO�FXOWLYR�GH�OD�FHEDGD�
�
/D�FHEDGD�HV�XQD�SODQWD�KHUEiFHD�DQXDO��(V�HO�FXDUWR�FHUHDO��HQ�FXDQWR�D�VXSHUILFLH�

FXOWLYDGD�HQ�HO�PXQGR��GHVSXpV�GHO�PDt]��HO�WULJR�\�HO�DUUR]��(Q�FXDQWR�D�(VSDxD��HV�HO�
SULQFLSDO�FXOWLYR�WDQWR�HQ�VXSHUILFLH�FRQ������PLOORQHV�GH�KHFWiUHDV��FRPR�HQ�SURGXFFLyQ�
FRQ������PLOORQHV�GH�WRQHODGDV��)$267$7��GDWRV�GH��������(VWR�VXSRQH�HO�������GHO�
WRWDO�GH�VXSHUILFLH�GHGLFDGD�D�ORV�FHUHDOHV�\�HO�����GH�OD�SURGXFFLyQ���

/DV� SULQFLSDOHV� UD]RQHV� GH� OD� JUDQ� H[WHQVLyQ� GHO� FXOWLYR� VRQ� XQD� JUDQ�
DGDSWDELOLGDG�HFROyJLFD�\�HO�JUDQ�Q~PHUR�GH�XVRV�D�ORV�TXH�VH�GHVWLQD��TXH�LQFOX\HQ�OD�
DOLPHQWDFLyQ� KXPDQD�� ELHQ� GLUHFWDPHQWH�� ELHQ� D� WUDYpV� GH� OD� SURGXFFLyQ� GH�PDOWD�� OD�
DOLPHQWDFLyQ� DQLPDO� �FRPR� SLHQVR� \� IRUUDMH�� \� XVRV� QR� DOLPHQWDULRV�� FRPR� OD�
SURGXFFLyQ�GH�ELRHWDQRO��

�
������ 0HMRUD�GH�OD�FHEDGD�

�
/D� PHMRUD� GH� OD� FHEDGD�� HQ� VX� PD\RU� SDUWH�� HV� XQ� SURFHVR� HPStULFR�� (Q� ODV�

SULPHUDV� JHQHUDFLRQHV� VHJUHJDQWHV�� ORV�PHMRUDGRUHV� VXHOHQ� FHQWUDUVH� HQ� FDUDFWHUHV� GH�
DOWD�KHUHGDELOLGDG��FRPR�OD�DOWXUD��IRUPD�GH�HVSLJD�\�IHQRORJtD��PLHQWUDV�TXH�FDUDFWHUHV�
FRPR�OD�FDOLGDG�R�HO�UHQGLPLHQWR�VH�GHMDQ�SDUD�ODV�HWDSDV�ILQDOHV��9ROWDV�HW�DO����������

/D�LGHQWLILFDFLyQ�GH�ORV�PHMRUHV�JHQRWLSRV�HQ�ORV�FLFORV�ILQDOHV�GH�VHOHFFLyQ�VXHOH�
KDFHUVH� HQ� EDVH� D� HQVD\RV� UHDOL]DGRV� HQ�P~OWLSOHV� ORFDOLGDGHV�� (VWD� WDUHD� QR� HV� IiFLO�
GHELGR�D�TXH�IUHFXHQWHPHQWH�VH�SURGXFH�XQD�LQWHUDFFLyQ�JHQRWLSR�SRU�DPELHQWH��*[(���
TXH�HV�OD�H[SUHVLyQ�JHQRWtSLFD�GLIHUHQFLDO�HQ�IXQFLyQ�GH�ORV�GLVWLQWRV�DPELHQWHV��'H�HVWD�
IRUPD�� ORV� UHQGLPLHQWRV� PHGLRV� REWHQLGRV� HQ� XQD� VHULH� GH� DPELHQWHV� QR� GHEHUtD�
FRQVLGHUDUVH�FRPR�XQ�FULWHULR�SULQFLSDO�GH�VHOHFFLyQ��D�QR�VHU�TXH�QR�H[LVWD�*[(��9ROWDV�
HW�DO�����������



���

/D�LQWHUDFFLyQ�*[(�MXHJD�XQ�SDSHO�LPSRUWDQWH�HQ�ORV�SURJUDPDV�GH�PHMRUD��)R[�HW�
DO����������6X�WLSR�\�PDJQLWXG�FRQGLFLRQD�ORV�REMHWLYRV�GH�OD�PHMRUD��DGDSWDFLyQ�DPSOLD�
R�HVSHFLILFD��\�WDPELpQ�OD�HOHFFLyQ�GH�ODV�ORFDOLGDGHV�GH�VHOHFFLyQ��/D�LGHQWLILFDFLyQ�GH�
JHQRWLSRV� DGDSWDGRV� D� OD� ]RQD� REMHWLYR�� \� SRU� WDQWR� FRQ� WHQGHQFLD� D� PRVWUDU� PHQRU�
LQWHUDFFLyQ�*[(��HV�XQ�IDFWRU�FODYH�SDUD�FRQVHJXLU�YDULHGDGHV�FRQ�UHQGLPLHQWR�PD\RU��

(Q� HVWH� VHQWLGR�� VH� KDQ� SXEOLFDGR� GLIHUHQWHV� HVWXGLRV� TXH� SURSRQHQ� GLYHUVDV�
HVWUDWHJLDV� GH� VHOHFFLyQ�� 3RU� XQ� ODGR�� ORV� OOHYDGRV� D� FDER� HQ� ,&$5'$� �,QWHUQDFLRQDO�
&HQWHU� IRU�$JULFXOWXUDO�5HVHDUFK� LQ� WKH�'U\�$UHDV�� VRQ�SDUWLGDULRV�GH� OD�E~VTXHGD�GH�
DGDSWDFLyQ� HVSHFtILFD� SDUD� TXH� VH� SURGX]FD� XQ� XVR� ySWLPR� GH� ORV� UHFXUVRV��
SDUWLFXODUPHQWH�HQ�DPELHQWHV�PDUJLQDOHV��&HFFDUHOOL��������������&HFFDUHOOL�\�*UDQGR��
������� &HFFDUHOOL� ������� GHPRVWUy� ORV� EHQHILFLRV� GH� OD� VHOHFFLyQ� HQ� FRQGLFLRQHV�
VLPLODUHV�DO�DPELHQWH�REMHWLYR��SURSRQLHQGR�TXH�ORV�JHQRWLSRV�GH�FHEDGD�PHMRUDGDV�SDUD�
]RQDV�GH�HVFDVDV�SUHFLSLWDFLRQHV�GHEHUtDQ�VHOHFFLRQDUVH�EDMR�HVDV�PLVPDV�FRQGLFLRQHV��
3RU�RWUR�ODGR��HVWXGLRV�OOHYDGRV�D�FDER�HQ�HO�&,00<7��&HQWUR�,QWHUQDFLRQDO�GH�0HMRUD�
GHO�0DL]� \� GHO� 7ULJR���PRVWUDURQ� TXH� JHQRWLSRV� GH� WULJR� VHOHFFLRQDGRV� HQ� DPELHQWHV�
IDYRUDEOHV��SUHVHQWDEDQ�XQ�UHQGLPLHQWR�VXSHULRU�\�PHMRU�DGDSWDFLyQ�D�JUDQ�HVFDOD�TXH�
ORV�JHQRWLSRV�GHVDUUROODGRV�ORFDOPHQWH���

/D�LQWHUDFFLyQ�*[(�DSDUHFH�KDELWXDOPHQWH�GH�PRGR�VLJQLILFDWLYR�HQ�ORV�HVWXGLRV�
VREUH� UHQGLPLHQWR� HQ� FHUHDOHV� GH� LQYLHUQR�� /RV� IDFWRUHV� FOLPiWLFRV� TXH� GHWHUPLQDQ� HO�
UHQGLPLHQWR� GH� OD� FHEDGD� HQ�PD\RU�PHGLGD� VRQ� OD� WHPSHUDWXUD� \� ODV� SUHFLSLWDFLRQHV��
$PERV�WDPELpQ�MXHJDQ�XQ�SDSHO�SULQFLSDO�HQ�OD�DSDULFLyQ�GH�OD�LQWHUDFFLyQ�*[(�\��SRU�
WDQWR��HQ�OD�DGDSWDFLyQ��9ROWDV�HW�DO����������

/D� WHPSHUDWXUD� WLHQH� XQD� LQIOXHQFLD� GLUHFWD� VREUH� ODV� GLIHUHQWHV� IDVHV� GHO�
GHVDUUROOR� GHO� FXOWLYR�� PRGXODQGR� OD� WUDQVLFLyQ� GH� XQDV� D� RWUDV� \� OD� GXUDFLyQ� GH� ODV�
PLVPDV�� PHGLDQWH� IHQyPHQRV� GLUHFWDPHQWH� UHODFLRQDGRV� FRQ� HOOD�� FRPR� VRQ� OD�
SUHFRFLGDG�LQWUtQVHFD��HO�UHTXHULPLHQWR�GH�YHUQDOL]DFLRQ�R�OD�UHVLVWHQFLD�DO�IUtR�\�RWURV��
FRPR�OD�GXUDFLyQ�GHO�IRWRSHULRGR��8QD�FRQVHFXHQFLD�GLUHFWD�GH�HVWH�FRQWURO�DPELHQWDO�HV�
OD� YDULDFLyQ� HQ� OD� IHFKD� GH� HVSLJDGR� FXDQGR� HO� FXOWLYR� HVWi� H[SXHVWR� D� GLIHUHQWHV�
DPELHQWHV�\��SRU�WDQWR��OD�DSDULFLyQ�GH�LQWHUDFFLyQ�*[(�SDUD�OD�IHFKD�GH�HVSLJDGR��FRQ�
VXV�LPSOLFDFLRQHV�HQ�PHMRUD��

'H� HVWH� PRGR�� OD� YDULDFLyQ� HQ� OD� IHFKD� GH� HVSLJDGR� HV� XQD� GH� ODV� SULQFLSDOHV�
FDXVDV� GH� OD� LQWHUDFFLyQ�*[(� GHO� UHQGLPLHQWR�� GH� IRUPD� TXH� ODV� YDULHGDGHV� SUHFRFHV�
QRUPDOPHQWH� VH� FRPSRUWDQ� PHMRU� HQ� ]RQDV� GH� EDMR� UHQGLPLHQWR�� GHELGR� D� OD� PD\RU�



� ��

GLVSRQLELOLGDG� GH� DJXD� DO� ILQDO� GHO� FLFOR� �YDQ� 2RVWHURP� HW� DO��� ������ -DFNVRQ� HW� DO���
��������

2WURV�IDFWRUHV�WDPELpQ�UHVSRQVDEOHV�GH�OD�LQWHUDFFLyQ�*[(�GHO�UHQGLPLHQWR�HQ�OD�
FHEDGD� VRQ� ODV� FDUDFWHUtVWLFDV� GHO� VXHOR� �7HZDUL�� ������� OD� UHDFFLyQ� D� GLIHUHQWHV�
HQIHUPHGDGHV��:ULJKW�\�*DXQW���������HO�Q~PHUR�GH�FDUUHUDV��7DODPXFFL���������HO�XVR�
GH�FXOWLYDUHV�DXWyFWRQRV�UHVSHFWR�D�PDWHULDOHV�PHMRUDGRV��&HFFDUHOOL�\�*UDQGR���������
YDULHGDGHV�DQWLJXDV�UHVSHFWR�D�PRGHUQDV��0XxR]�HW�DO���������R�OD�HVWUXFWXUD�JHQpWLFD�GH�
ODV� YDULHGDGHV�� GRQGH� SREODFLRQHV� FRPSXHVWDV� SRU� FUX]DPLHQWRV� GH� YDULDV� YDULHGDGHV�
WLHQHQ�PHQRU�LQWHUDFFLyQ�TXH�ODV�OtQHDV�SXUDV��6ROLPDQ�\�$OODUG����������

�
���� 5HODFLyQ�GH�OD�IHFKD�GH�HVSLJDGR�FRQ�OD�DGDSWDFLyQ�\�HO�UHQGLPLHQWR�

�
(O� UHQGLPLHQWR� HV� HO� UHVXOWDGR� GHO� FRQMXQWR� GH� SURFHVRV� GH� FUHFLPLHQWR� \�

GHVDUUROOR� TXH� WLHQHQ� OXJDU� D� OR� ODUJR� GHO� FLFOR� GH� FXOWLYR�� FRQ� XQ� JUDQ� Q~PHUR� GH�
IDFWRUHV� JHQpWLFRV� TXH� OR� FRQGLFLRQDQ� GLUHFWD� R� LQGLUHFWDPHQWH�� (QWUH� HVWRV�� ORV�
SULQFLSDOHV� VRQ� DTXHOORV� TXH� GHWHUPLQDQ� OD� DGDSWDFLyQ� DO�PHGLR� GH� FXOWLYR� \� ORV� TXH�
WLHQHQ�SURSLDPHQWH�HIHFWR�VREUH�HO�SRWHQFLDO�SURGXFWLYR��6ODIHU���������

(Q�DTXHOODV�]RQDV�GRQGH�ORV�UHFXUVRV�KtGULFRV�VRQ�HVFDVRV��HO�IDFWRU�SULQFLSDO�GH�
DGDSWDFLyQ�GH�ORV�FXOWLYRV�HV�HO�DMXVWH�IHQROyJLFR��(Q�HO�FDVR�GH�OD�FHEDGD��OD�DGHFXDFLyQ�
GH�OD�IHFKD�GH�IORUDFLyQ�D�ODV�pSRFDV�GHO�FLFOR�GH�FXOWLYR�HQ�ODV�TXH�ORV�UHFXUVRV�KtGULFRV�
\� DPELHQWDOHV� VRQ� PiV� IDYRUDEOHV�� GHWHUPLQD� HO� UHQGLPLHQWR� ILQDO� �YDQ� 2RVWHURP� \�
$FHYHGR�� ������� (O� SDSHO� GH� OD� IHFKD� GH� HVSLJDGR� VREUH� OD� DGDSWDFLyQ� KD� VLGR�
DPSOLDPHQWH� HVWXGLDGR� HQ� ORV� FHUHDOHV�� +RRJHQGRRUQ� ������� SXVR� GH� PDQLILHVWR� OD�
UHODFLyQ� HQWUH� OD� IHFKD�GH� HPHUJHQFLD� GH� OD� HVSLJD�\� OD� GLVWULEXFLyQ�JHRJUiILFD�GH� ODV�
YDULHGDGHV�GH�7ULWLFXP�DHVWLYXP��.DWR�HW�DO����������HVWXGLDQGR�7��GLFRFFRLGHV�HQ�,VUDHO��
GHPRVWUDURQ� TXH� ORV� JHQRWLSRV� GH� IORUDFLyQ� WHPSUDQD� HVWiQ� DGDSWDGRV� D� ]RQDV� PiV�
FiOLGDV� \� VHFDV�� PLHQWUDV� TXH� ODV� WDUGtDV� OR� HVWiQ� D� ]RQDV� PiV� IUtDV� \� K~PHGDV��
*ROGULQJHU� HW� DO�� ������� REWXYLHURQ� UHVXOWDGRV� VLPLODUHV� FRQ� 7�� DHVWLYXP� HQ� )UDQFLD��
<RXQJ�\�(OOLRWW���������SXVLHURQ�GH�PDQLILHVWR�OD�LPSRUWDQFLD�GH�OD�IHFKD�GH�HVSLJDGR�
HQ�OD�HOHFFLyQ�GH�]RQDV�GH�FXOWLYR�\�ODV�IHFKDV�GH�VLHPEUD�HQ�ODV�FRQGLFLRQHV�GHO�2HVWH�
GH�$XVWUDOLD��3RU�RWUR�ODGR��HV�PDQLILHVWD�OD�GLILFXOWDG�TXH�VXSRQH�SDUD�ORV�PHMRUDGRUHV�
OD�SURGXFFLyQ�GH�YDULHGDGHV�FRQ�EXHQD�DGDSWDELOLGDG�D�]RQDV�FRQ�YDULDFLRQHV�FOLPiWLFDV�
DQXDOHV��FRPR�HV�HO�FDVR�GH�ORV�SDtVHV�GH�(XURSD�&HQWUDO��:RUODQG�HW�DO����������



���

(Q� ODV� FRQGLFLRQHV�GH� FOLPD�PHGLWHUUiQHR� HQ�(VSDxD�� OD� SDUWH� ILQDO� GHO� FLFOR�GH�
FXOWLYR�HV�VHFD�\�FiOLGD��(Q�FRQVHFXHQFLD��HV�LPSRUWDQWH�HYLWDU�IORUDFLRQHV�WDUGtDV��TXH�
RFXUULUtDQ�HQ�pSRFDV�HQ�ODV�TXH�HO�HVWUpV�KtGULFR�SURGXFH�XQD�FRQVLGHUDEOH�GLVPLQXFLyQ�
GHO�UHQGLPLHQWR��6LQ�HPEDUJR��XQD�H[FHVLYD�SUHFRFLGDG�HQ�HVWDV�FRQGLFLRQHV��LPSLGH�DO�
FXOWLYR�DSURYHFKDU�DO�Pi[LPR�ODV�OOXYLDV�GH�SULQFLSLRV�GH�SULPDYHUD�\�SXHGH�H[SRQHUOR�
D� KHODGDV� WDUGtDV� HQ� XQ� PRPHQWR� FUXFLDO� GHO� FUHFLPLHQWR�� 'H� HVWH� PRGR�� H[LVWH� XQ�
PDUJHQ�UHVWULQJLGR�GH�IHFKDV�GH�HVSLJDGR�HQ�HO�TXH�HO�FXOWLYR�SXHGH�H[SUHVDU�DO�Pi[LPR�
VX�SRWHQFLDO�GH�UHQGLPLHQWR��

�
���� )DFWRUHV�TXH�GHWHUPLQDQ�OD�IHFKD�GH�IORUDFLyQ�

�
8QD�H[SOLFDFLyQ�SUHYLD�VREUH�OD�GHILQLFLyQ�GH�ORV�FDUDFWHUHV�IORUDFLyQ�\�HVSLJDGR��

$XQTXH� OD� IORUDFLyQ� HV� XQ� KLWR� ILVLROyJLFR� FODYH� GHO� GHVDUUROOR� GH� XQD� SODQWD�� OD�
GHWHUPLQDFLyQ� GHO� PRPHQWR� H[DFWR� GH� VX� RFXUUHQFLD� SRU� PpWRGRV� YLVXDOHV� HV�
SUREOHPiWLFD�HQ�DOJXQDV�HVSHFLHV��(Q�XQD�HVSHFLH�DXWyJDPD�FRPR�OD�FHEDGD��OD�DQWHVLV�
VHUtD� HO� HYHQWR� FODYH� TXH� GHILQLUtD� OD� IHFKD� GH� IORUDFLyQ�� 6LQ� HPEDUJR�� pVWD� RFXUUH�
QRUPDOPHQWH�FXDQGR� OD�HVSLJD�D~Q�HVWi�HQFHUUDGD�HQ� OD�YDLQD��SRU� OR�TXH�QR�VH�SXHGH�
HVWLPDU� GH�PRGR� SUiFWLFR� HQ� HQVD\RV� FRQ�P~OWLSOHV� JHQRWLSRV��$Vt�� VH� VXHOH� WRPDU� HO�
PRPHQWR�GHO�HVSLJDGR��DSDULFLyQ�YLVXDO�GH�OD�HVSLJD�R�GH�SDUWH�GH�HOOD�IXHUD�GH�OD�YDLQD��
FRPR�PHGLGD� VXEURJDGD�GH� OD� IORUDFLyQ��$PERV�HYHQWRV�RFXUUHQ�PX\�SUy[LPRV�HQ� HO�
WLHPSR��\�OD�FRUUHODFLyQ�HQWUH�HOORV�HV�FDVL�WRWDO��(Q�HVWH�WUDEDMR�VH�KD�HVWXGLDGR�OD�IHFKD�
GH�HVSLJDGR���

/RV� SULPHURV� PRGHORV� SURSXHVWRV�� SDUD� H[SOLFDU� ODV� YDULDFLRQHV� HQ� OD� IHFKD� GH�
IORUDFLyQ� GH� OD� FHEDGD�� HUDQ� VLPSOHV� PRGHORV� PHQGHOLDQRV�� 1LODQ� ������� FLWD� YDULRV�
HVWXGLRV�TXH�SURSRQtDQ�VHJUHJDFLRQHV������WDQWR�D�IDYRU�GH�IORUDFLRQHV�WHPSUDQDV�FRPR�
WDUGtDV���\�RWURV�TXH�SURSRQtDQ�PRGHORV�EDVDGRV�HQ�GRV�JHQHV��VLHQGR�OD�IORUDFLyQ�WDUGtD�
GRPLQDQWH� VREUH� OD� WHPSUDQD�� $GHPiV�� VH� VDEtD� TXH� HVWH� FDUiFWHU� HVWDED� PX\�
LQIOXHQFLDGR� SRU� YDULRV� IDFWRUHV� DPELHQWDOHV�� <D� GHVGH� OD� GpFDGD� GH� ORV� DxRV� ��� GHO�
VLJOR�;,;��VH�VDEtD�TXH�OD�H[SRVLFLyQ�D�EDMDV�WHPSHUDWXUDV�SRGtD�LQGXFLU�OD�IORUDFLyQ�HQ�
ODV�SODQWDV��HVWXGLRV�FLWDGRV�HQ�6DOLVEXU\���������3RU�RWUR�ODGR��*DUQHU�\�$OODUG��������
GHVFXEULHURQ�TXH�OD�IORUDFLyQ�HQ�PXFKDV�SODQWDV�HVWDED�FRQGLFLRQDGD�SRU�HO�IRWRSHULRGR��

(VWXGLRV� SRVWHULRUHV� SXVLHURQ� HQ� HYLGHQFLD� TXH� OD� YDULDFLyQ� HQ� OD� IHFKD� GH�
IORUDFLyQ��HQWUH�GLIHUHQWHV�JHQRWLSRV�\�HQWUH�LQGLYLGXRV�GH�SREODFLRQHV�VHJUHJDQWHV��HUD�
GHELGD�D� IDFWRUHV�FRPR� OD� IHFKD�GH�VLHPEUD�� OD� ORFDOL]DFLyQ�GH� ORV�H[SHULPHQWRV�R� ORV�



� ��

JHQRWLSRV� HOHJLGRV� FRPR� SDUHQWDOHV� GH� ODV� SREODFLRQHV� VHJUHJDQWHV�� (VWR� OOHYy� D�%HOO�
�������D�SURSRQHU�TXH�OD�pSRFD�GH�IORUDFLyQ�HQ�OD�FHEDGD�VXSRQtD�XQD�UHODFLyQ�FRPSOHMD�
HQWUH�ILVLRORJtD��JHQRWLSR�\�DPELHQWH��

-RKQVRQ� \� 7D\ORU� ������� SURSXVLHURQ� TXH� OD� IHFKD� GH� IORUDFLyQ� HV� XQ� FDUiFWHU�
FXDQWLWDWLYR�GHWHUPLQDGR�SRU� OD� LQWHUDFFLyQ�GHO�JHQRWLSR�\�HO�DPELHQWH��\�HQ�HO�TXH�HO�
IRWRSHULRGR�\�OD�YHUQDOL]DFLyQ�WHQtDQ�XQD�LQIOXHQFLD�GLUHFWD�VREUH�ODV�WDVDV�GH�GHVDUUROOR��

3RVWHULRUPHQWH�� HO� XVR� GH� WpFQLFDV� PROHFXODUHV� GH� PDSHR� \� DQiOLVLV� GH�
DQHXSORLGHV��SHUPLWLy�LGHQWLILFDU�QXPHURVRV�JHQHV��R�UHJLRQHV�FURPRVyPLFDV��DVRFLDGRV�
FRQ�HO�FRQWURO�GH�OD�pSRFD�GH�IORUDFLyQ�HQ�ORV�FHUHDOHV�GH�LQYLHUQR��DO�PHQRV����HQ�WULJR�
\����HQ�FHEDGD��/DXULH�HW�DO���������:RUODQG��������+D\HV�HW�DO����������0XFKRV�GH�HVRV�
JHQHV��HQ�QXPHURVDV�RFDVLRQHV��LQWHUDFW~DQ�HQWUH�Vt�\�FRQ�HO�PHGLR�DPELHQWH��(O�HVWXGLR�
GH� OD� IORUDFLyQ�� VXHOH� LU� DFRPSDxDGR� GHO� HVWXGLR� GH� ODV� GLIHUHQWHV� IDVHV� GH� GHVDUUROOR�
�HVWDGRV� IHQROyJLFRV��� LQWHQWDQGR� H[SOLFDU� HO� HIHFWR� GHO� IRWRSHULRGR� \� OD� WHPSHUDWXUD�
VREUH� OD� GXUDFLyQ� GH� ODV� GLIHUHQWHV� IDVHV� IHQROyJLFDV� \�� SRU� WDQWR�� VX� UHODFLyQ� FRQ� HO�
DGHODQWR�R�UHWUDVR�GH�OD�IORUDFLyQ��*DUFtD�GHO�0RUDO�HW�DO����������DVt�FRPR�HO�HIHFWR�GH�
OD� LQWHUDFFLyQ� JHQRWLSR� SRU� DPELHQWH� \� VX� YDULDFLyQ� HQ� ORV� GLIHUHQWHV� HVWDGRV�
IHQROyJLFRV��([LVWHQ�GLYHUVDV�FODVLILFDFLRQHV�GH�ORV�GLIHUHQWHV�HVWDGRV�IHQROyJLFRV��ELHQ�
SRU�OD�DSDULHQFLD�H[WHUQD�GH�OD�SODQWD��/DUJH��������+DXQ���������R�ELHQ�GHVFULELHQGR�ORV�
FDPELRV� PRUIROyJLFRV� TXH� VH� SURGXFHQ� HQ� HO� PHULVWHPR� DSLFDO� �.LUE\� \� $SSOH\DUG��
�������6HJ~Q�*DUFtD�GHO�0RUDO�HW�DO����������HO�GHVDUUROOR�GH�OD�SODQWD�SXHGH�GLYLGLUVH�HQ�
WUHV� HVWDGRV� R� IDVHV� IHQROyJLFDV�� YHJHWDWLYD� �GHVGH� JHUPLQDFLyQ� KDVWD� LQLFLR� GH� OD�
IORUDFLyQ��� UHSURGXFWLYD� �KDVWD� DQWHVLV� R� HVSLJDGR�� \� IDVH� GH� OOHQDGR� GHO� JUDQR� �KDVWD�
PDGXUH]�GHO�JUDQR���

(Q�UHVXPHQ��VH�SXHGH�DILUPDU�TXH�ORV�SULQFLSDOHV�FRPSRQHQWHV�TXH�LQIOX\HQ�HQ�HO�
GHVDUUROOR�VRQ�HO�IRWRSHULRGR�\�OD�WHPSHUDWXUD��WDQWR�OD�WHPSHUDWXUD�SHU�VH�FRPR�OD�EDMD�
WHPSHUDWXUD�DVRFLDGD�DO�UHTXHULPLHQWR�GH�YHUQDOL]DFLyQ��0LHQWUDV�TXH�HO�IRWRSHULRGR�\�
OD� YHUQDOL]DFLyQ� DIHFWDQ� VRODPHQWH� D� OD� WDVD� GH� GHVDUUROOR� HQ� GHWHUPLQDGDV� IDVHV�
IHQROyJLFDV�� OD� WHPSHUDWXUD�SHU� VH� DIHFWD� D� WRGDV� ODV� IDVHV�\� QR� VH� KD�GHVFULWR� QLQJ~Q�
FXOWLYDU� FX\D� WDVD� GH� GHVDUUROOR� VHD� LQVHQVLEOH� D� HVWH� IDFWRU� �*DUFtD� GHO�0RUDO� HW� DO���
�������

$�FRQWLQXDFLyQ�GHVFULELUHPRV�ORV�HIHFWRV�GH�HVWDV�FRQGLFLRQHV�DPELHQWDOHV�VREUH�
HO� GHVDUUROOR� \� OD� IORUDFLyQ� GH� ORV� FHUHDOHV�� HVSHFLDOPHQWH� HQ� OD� FHEDGD�� \� HO� FRQWURO�
JHQpWLFR�GH�ODV�UHVSXHVWDV�JHQRWtSLFDV�D�ODV�PLVPDV��

�



����

�
�

������ )RWRSHULRGR�
�

/D�UHVSXHVWD�GH�ODV�SODQWDV�D�ORV�FDPELRV�HQ�HO�Q~PHUR�GH�KRUDV�GH�OX]�HV�XQR�GH�
ORV�SULQFLSDOHV�IDFWRUHV�GHWHUPLQDQWHV�GH�OD�GXUDFLyQ�GH�ODV�GLIHUHQWHV�IDVHV�GH�GHVDUUROOR�
\��SRU�WDQWR��GH�DGDSWDFLyQ�DO�DPELHQWH��(YDQV���������

/D�UHVSXHVWD�DO�IRWRSHULRGR�HV�XQR�GH�ORV�PHFDQLVPRV�TXH�WLHQHQ�ODV�SODQWDV�SDUD�
LPSHGLU� R� DFHOHUDU� OD� IORUDFLyQ� FXDQGR� ODV� FRQGLFLRQHV� GHO�PHGLR� QR� VRQ� ODV� ySWLPDV��
/RV�FHUHDOHV�GH�JUDQR�SHTXHxR�VRQ��HQ�JHQHUDO��SODQWDV�GH�GtD�ODUJR��HV�GHFLU��IORUHFHQ�
FXDQGR�HO�Q~PHUR�GH�KRUDV�GH�OX]�GH�ORV�GtDV�HV�FUHFLHQWH��7KRPDV�\�9LQFH�3UXH���������
(Q�HO�FDVR�GH�OD�FHEDGD��HVWD�JHQHUDOL]DFLyQ�HVWi�OLPLWDGD�SRU�HO�KHFKR�GH�TXH�H[LVWH�XQ�
XPEUDO� LQIHULRU�GH� IRWRSHULRGR��SRU�GHEDMR�GHO� FXDO� OD� IORUDFLyQ�QR�RFXUUH�GH�QLQJXQD�
PDQHUD�������KRUDV�HQ�IXQFLyQ�GH�ORV�JHQRWLSRV���\�XQ�XPEUDO�VXSHULRU�SRU�HQFLPD�GHO�
FXDO�XQ�LQFUHPHQWR�HQ�HO�IRWRSHULRGR�QR�VXSRQH�XQ�FDPELR�HQ�OD�WDVD�GH�GHVDUUROOR�����
���KRUDV�HQ�IXQFLyQ�GH�ORV�JHQRWLSRV��VHJ~Q�5REHUWV�HW�DO����������(QWUH�DPERV�OtPLWHV��
OD�UHVSXHVWD�GH�ORV�JHQRWLSRV�GH�FHEDGD�DO�IRWRSHULRGR�FUHFLHQWH�SHUPLWH�VX�FODVLILFDFLyQ�
HQ�GLIHUHQWHV�JUXSRV��WDO�FRPR�SURSXVLHURQ�%R\G�HW�DO����������

D��JHQRWLSRV�TXH�QR�UHVSRQGHQ��R�TXH�OR�KDFHQ�PtQLPDPHQWH��DO�LQFUHPHQWR�
HQ� HO� IRWRSHULRGR�� *DOODJKHU� HW� DO�� ������� VH� UHILHUHQ� D� HVWRV� JHQRWLSRV� FRPR�
LQVHQVLEOHV� DO� IRWRSHULRGR�� 3KRWRSHULRG� LQVHQVLWLYH� R� 3,�� HQ� FRQWUDSRVLFLyQ� FRQ�
DTXHOORV�TXH�Vt�UHVSRQGHQ��3KRWRSHULRG�VHQVLWLYH�R�36���

E��JHQRWLSRV�FX\R�JUDGR�GH�VHQVLELOLGDG�DO� IRWRSHULRGR�YDUtD�D� OR� ODUJR�GHO�
GHVDUUROOR��(VWRV�JHQRWLSRV�VHQVLEOHV�DO�IRWRSHULRGR�VRQ��VLQ�HPEDUJR��LQVHQVLEOHV�
GXUDQWH� HO� SHULRGR� GH� WLHPSR� TXH� VLJXH� LQPHGLDWDPHQWH� D� OD� JHUPLQDFLyQ��
GHQRPLQDGR� SHULRGR� SUHLQGXFWLYR� R� SHULRGR� EiVLFR� YHJHWDWLYR� �%93�� 0DMRU��
�������\�GXUDQWH�RWUR�SHULRGR�TXH�SUHFHGH�D�OD�DQWHVLV��GHQRPLQDGR�SRVWLQGXFWLYR��
(O� LQWHUYDOR� HQWUH� DPERV� SHULRGRV� GH� LQVHQVLELOLGDG� VH� GHQRPLQD� SHULRGR�
LQGXFWLYR�R�SHULRGR�GH�VHQVLELOLGDG�DO�IRWRSHULRGR��363��0DMRU��������\�HQ�pO�VH�
SURGXFH�XQD�UHODFLyQ�OLQHDO�HQWUH�HO�LQFUHPHQWR�HQ�HO�IRWRSHULRGR�\�HO�DGHODQWR�HQ�
HO�HVSLJDGR��VLHQGR�OD�WDVD�GH�FUHFLPLHQWR�YDULDEOH�HQ�IXQFLyQ�GH�ORV�JHQRWLSRV�\�OD�
WHPSHUDWXUD��(OOLV�HW�DO����������
3RU�RWUR�ODGR��WDPELpQ�H[LVWHQ�GLIHUHQFLDV�HQWUH�ORV�GLVWLQWRV�JHQRWLSRV�HQ�IXQFLyQ�

GH� VX� VHQVLELOLGDG� D� IRWRSHULRGRV� GH� FRUWD� GXUDFLyQ�� /RV� JHQRWLSRV� VHQVLEOHV� D�
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IRWRSHULRGRV�GH�FRUWD�GXUDFLyQ�SURGXFHQ�PiV�KRMDV�\�SHUPDQHFHQ�PiV�WLHPSR�HQ�VX�IDVH�
YHJHWDWLYD�� HQ� FRQGLFLRQHV� GH� IRWRSHULRGR� FRUWR�� 6LQ� HPEDUJR�� SDVDQ� D� VX� IDVH�
UHSURGXFWLYD�\� DFHOHUDQ� VX� IORUDFLyQ� UiSLGDPHQWH� HQ� FRQGLFLRQHV�GH� IRWRSHULRGR� ODUJR�
�0DKIRR]L�HW�DO����������

/D�UHVSXHVWD�GH�ODV�SODQWDV�D�OD�GLIHUHQWH�GXUDFLyQ�GH�ODV�IDVHV�GH�OX]�\�RVFXULGDG�
VH�GHEH�D�OD�SUHVHQFLD�GH�SLJPHQWRV�IRWRUUHYHUVLEOHV�GHQRPLQDGRV�ILWRFURPRV��/D�IRUPD�
LQDFWLYD� GHO� ILWRFURPR�� 3U�� DO� DEVRUEHU� OX]� URMD�� VH� WUDQVIRUPD� HQ� RWUD� IRUPD�� 3IU��
ILVLROyJLFDPHQWH�DFWLYD�SHUR�LQHVWDEOH��6PLWK�\�:KLWHODP���������FDSD]�GH�DEVRUEHU�OX]�
LQIUDUURMD�� (VWH� SURFHVR� VH� UHYLHUWH� HQ� FRQGLFLRQHV� GH� RVFXULGDG�� /D� LQGXFFLyQ� GH� OD�
IORUDFLyQ� HQ� OD� FHEDGD� HVWi� SURPRYLGD� SRU� OD� DEVRUFLyQ� GH� OX]� LQIUDUURMD� �-DEEHQ� \�
'HLW]HU�� ������� FRQ� OR� TXH� HO� SUHGRPLQLR� GH� OD� IRUPD�3IU� VREUH� OD�3U�� TXH� VH� GD� HQ�
FRQGLFLRQHV� GH� GtD� ODUJR�� DFWLYD� HO� SURFHVR� GH� LQGXFFLyQ� GH� OD� IORUDFLyQ� \� HQ� HO� FDVR�
FRQWUDULR�OR�LQDFWLYD��(O�PHFDQLVPR�GH�LQGXFFLyQ�SDUHFH�VHU�GHELGR�D�OD�DFXPXODFLyQ�GH�
HVWtPXORV� GH� IORUDFLyQ� HQ� ODV� KRMDV�� TXH� VH� WUDQVORFDQ� D� ORV� iSLFHV� GH� ORV� WDOORV��
GHVHQFDGHQDQGR�HO�SURFHVR�UHSURGXFWLYR��+D\�HYLGHQFLDV�GHO�SDSHO�GH�ODV�JLEHUHOLQDV�HQ�
HVWRV�HVWtPXORV��-DFNVRQ�\�7KRPDV���������

�������� &RQWURO�JHQpWLFR�GH�OD�UHVSXHVWD�DO�IRWRSHULRGR�
�
/RV�HVWXGLRV�OOHYDGRV�D�FDER�SRU�/DXULH�HW�DO���������������SXVLHURQ�GH�PDQLILHVWR�

OD� SUHVHQFLD� GH� GRV� JHQHV�PD\RUHV� UHODFLRQDGRV� FRQ� OD� UHVSXHVWD� DO� IRWRSHULRGR� HQ� OD�
FHEDGD�� XWLOL]DQGR�PDUFDGRUHV�5)/3�� HQ� XQ� FUX]DPLHQWR� GH� XQD� YDULHGDG� GH� LQYLHUQR�
SRU�XQD�GH�SULPDYHUD� �,JUL�[�7ULXPSK���(VWRV�JHQHV�KDQ� VLGR�GHQRPLQDGRV�3SG�+�� \�
3SG�+���VLJXLHQGR�OD�QRPHQFODWXUD�XWLOL]DGD�SDUD�HO�WULJR��/DZ�HW�DO�����������

3SG�+�� HVWi� VLWXDGR�HQ�HO�EUD]R�FRUWR�GHO�FURPRVRPD��+�D�DSUR[LPDGDPHQWH���
F0�GHO�PDUFDGRU�0:*����\�FRQILHUH�VHQVLELOLGDG�DO�IRWRSHULRGR�ODUJR��GH�WDO�PDQHUD�
TXH� HO� DOHOR� VHQVLEOH� SURYRFD� HO� DGHODQWR�GH� OD� IORUDFLyQ� D�PHGLGD�TXH� HO� IRWRSHULRGR�
FUHFH��PLHQWUDV�TXH�OD�YDULDFLyQ�QR�HV�VLJQLILFDWLYD�HQ�FRQGLFLRQHV�GH�IRWRSHULRGR�FRUWR��
(O� JHQ� 3SG�+��� VLWXDGR� HQ� HO� EUD]R� ODUJR� GHO� FURPRVRPD� �+�� WLHQH� XQ� HIHFWR�
VLJQLILFDWLYR� HQ� OD� YDULDFLyQ� GH� OD� IORUDFLyQ� VRODPHQWH� HQ� FRQGLFLRQHV� GH� IRWRSHULRGR�
FRUWR��1R�H[LVWH�HYLGHQFLD�GH�LQWHUDFFLRQHV�HSLVWiWLFDV�HQWUH�DPERV�JHQHV��/DXULH�HW�DO���
�������

0HGLDQWH� FORQDMH� SRVLFLRQDO�� VH� LGHQWLILFy� HO� JHQ� 3SG�+�� �SVHXGR�UHVSRQVH�
UHJXODWRU���TXH�HVWi�EDMR�FRQWURO�GHO�ULWPR�FLUFDGLDQR��7XUQHU�HW�DO����������6H�GLVSRQH�



����

GH�XQ�PDUFDGRU�676�GLDJQyVWLFR�GHO�JHQ��XQ�613�DO�GLJHULU�FRQ�%VW8,���5HFLHQWHPHQWH��
VH�KD�LGHQWLILFDGR�+Y)7��FRPR�FDQGLGDWR�SDUD�HO�JHQ�3SG�+���)DXUH�HW�DO����������

2WURV� JHQHV� TXH� FDXVDQ� GLIHUHQFLDV� HQ� OD� IHFKD� GH� IORUDFLyQ� HQ� FRQGLFLRQHV� GH�
IRWRSHULRGR�FRUWR� VRQ�HDP�� �VLQyQLPR�HD�� R�HF�� HQ� HO� EUD]R�FRUWR�GHO� FURPRVRPD��+�
�6WUDFNH� \� %|UQHU�� ������� HDP�� �VLQ�� HDN�� HD�D�� R� PDW�D��� HQ� HO� EUD]R� ODUJR� GHO�
FURPRVRPD��+��)UDQFNRZLDN���������HDP����VLQ��HDVS��HQ�HO�EUD]R�ODUJR�GHO�FURPRVRPD�
�+� �%|UQHU� HW� DO��� ������� \� HDP�� �VLQ�� HDF�� HQ� HO� EUD]R� ODUJR� GHO� FURPRVRPD� �+�
�)UDQFNRZLDN��������/XQGTYLVW�HW�DO����������

�
������ 9HUQDOL]DFLyQ�

�
(O�UHTXHULPLHQWR�GH�YHUQDOL]DFLyQ�HV�XQ�FDUiFWHU�GHWHUPLQDQWH�HQ�OD�DGDSWDFLyQ�DO�

PHGLR�DPELHQWH�GH�DOJXQDV�SODQWDV��HQ�OD�PHGLGD�HQ�TXH�DFWLYD�HO�SURFHVR�GH�FDPELR�GH�
OD�IDVH�YHJHWDWLYD�D�OD�UHSURGXFWLYD��(V�XQD�UHVSXHVWD�HVSHFtILFD�D�OD�WHPSHUDWXUD���

(Q� OD� FHEDGD�� DVt� FRPR� HQ� RWURV� PLHPEURV� GH� OD� IDPLOLD� 7ULWLFHDH�� VH� KD�
FODVLILFDGR� WUDGLFLRQDOPHQWH� D� ORV� JHQRWLSRV� VHJ~Q� VX� KiELWR� GH� FUHFLPLHQWR� HQ�
JHQRWLSRV� GH� LQYLHUQR� \� JHQRWLSRV� GH� SULPDYHUD�� (Q� JHQHUDO�� OD� GHQRPLQDFLyQ� GH�
³JHQRWLSRV� GH� LQYLHUQR´� VH� KD� FRQVLGHUDGR� VLQyQLPR� GH� JHQRWLSRV� TXH� UHTXLHUHQ�
YHUQDOL]DFLyQ�� $FWXDOPHQWH� VH� FRQVLGHUDQ� FRPR� JHQRWLSRV� GH� LQYLHUQR� DTXHOORV� TXH�
QHFHVLWDQ�XQD�VHxDO�H[WHUQD�SDUD�LQGXFLU�HO�SDVR�D�OD�IDVH�UHSURGXFWLYD��SXGLHQGR�VHU�pVWD�
XQD� DFXPXODFLyQ� GH� KRUDV� GH� IUtR� �/LPLQ� \� )RZOHU�� ������ \�R� XQ� IRWRSHULRGR� GH�
VXILFLHQWH�GXUDFLyQ��.DUVDL�HW�DO����������

$OJXQRV� JHQRWLSRV� GH� FHEDGD� SUHFLVDQ� GH� HVWH� SHULRGR� GH� H[SRVLFLyQ� D� EDMDV�
WHPSHUDWXUDV� SDUD� LQGXFLU� OD� IORUDFLyQ�� /D� UHVSXHVWD� JHQRWtSLFD� HV� YDULDEOH�� GHVGH�
DTXHOORV� HQ� ORV�TXH� OD� DFXPXODFLyQ�GH�KRUDV�GH� IUtR� DGHODQWD� OD� IORUDFLyQ�HQ�PD\RU�R�
PHQRU�PHGLGD��KDVWD�DTXHOORV�HQ�ORV�TXH�OD�YHUQDOL]DFLyQ�HV�XQ�UHTXLVLWR�LQGLVSHQVDEOH�
�5REHUWV�HW�DO����������([LVWHQ��SRU�RWUD�SDUWH��JHQRWLSRV�SXURV�GH�SULPDYHUD�HQ�ORV�TXH�
HO�UHTXHULPLHQWR�GH�YHUQDOL]DFLyQ�HV�QXOR��

6DOLVEXU\��������SURSXVR�TXH�OD�H[SRVLFLyQ�D�EDMDV�WHPSHUDWXUDV�SURYRFDED�HQ�OD�
SODQWD�OD�VtQWHVLV�GH�XQD�VXVWDQFLD��D�OD�TXH�GHQRPLQy�YHUQDOLQD��TXH�KDFtD�D�ODV�SODQWDV�
VHQVLEOHV� D� ORV� HIHFWRV� GHO� IRWRSHULRGR�� +R\� HQ� GtD�� VLQ� HPEDUJR�� D~Q� QR� VH� KD�
GHPRVWUDGR�OD�H[LVWHQFLD�ILVLROyJLFD�GH�OD�PLVPD��

6H� SURSXVLHURQ� YDULRV� PRGHORV� FRQ� LQWHUYHQFLyQ� GH� LQWHUDFFLyQ� HSLVWiWLFD� SDUD�
H[SOLFDU� HO� PHFDQLVPR� GH� UHVSXHVWD� D� OD� YHUQDOL]DFLyQ� HQ� 7ULWLFXP� PRQRFRFFXP�
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�'XEFRYVN\�HW�DO���������7UDQTXLOOL�\�'XEFRYVN\���������<DQ�HW�DO���������SURSXVLHURQ�
XQ�PRGHOR�SDUD�HO�WULJR�GLSORLGH�VHJ~Q�HO�FXDO��HQ�DTXHOORV�JHQRWLSRV�TXH�SUHVHQWDQ�XQ�
UHTXHULPLHQWR� GH� YHUQDOL]DFLyQ�� H[LVWH� XQ� UHSUHVRU� GH� OD� IORUDFLyQ� TXH� GHMD� GH� DFWXDU�
FXDQGR�VH�KD�DFXPXODGR�XQ�Q~PHUR�VXILFLHQWH�GH�KRUDV�GH�IUtR��SHUPLWLHQGR�HO�WUiQVLWR�
GH�OD�IDVH�YHJHWDWLYD�D�OD�UHSURGXFWLYD���

$� GLIHUHQFLD� GH� OR� TXH� RFXUUH� FRQ� ORV� HIHFWRV� GH� OD� WHPSHUDWXUD� SHU� VH�� OD�
YHUQDOL]DFLyQ� QR� DIHFWD� GLUHFWDPHQWH� D� OD� WDVD� GH� LQLFLDFLyQ� GH� ODV� KRMDV� �R� OR� KDFH�
OLJHUDPHQWH��� VLQR� DO� Q~PHUR� ILQDO� GH� KRMDV�� 3RU� HVWD� UD]yQ�� D� PHQXGR� VH� XWLOL]D� HO�
Q~PHUR�GH�KRMDV�FRPR�XQ�LQGLFDGRU�GH�OD�VHQVLELOLGDG�D�OD�YHUQDOL]DFLyQ��VLHPSUH�TXH�VH�
KD\DQ�VDWLVIHFKR�ORV�RWURV�UHTXLVLWRV�QHFHVDULRV��.LUE\�HW�DO����������

/RV� UDQJRV� GH� WHPSHUDWXUD� HQWUH� ORV� TXH� H[LVWH� HIHFWR� GH� YHUQDOL]DFLyQ� HQ� OD�
FHEDGD�YDUtDQ��VHJ~Q�ORV�DXWRUHV��GHVGH����KDVWD����&��FRQ�XQ�HIHFWR�Pi[LPR�HQWUH���\�
��&��5REHUWV�HW�DO����������R�GHVGH���KDVWD����&��FRQ�XQ�HIHFWR�ySWLPR�HQ���&��7ULRQH�\�
0HW]JHU���������

$� GLIHUHQFLD� GH� OR� TXH� RFXUUH� FRQ� HO� IRWRSHULRGR�� DTXt� QR� VH� KD� SURSXHVWR� XQD�
WUDQVORFDFLyQ� GH� HVWtPXORV� GHVGH� ODV� KRMDV� KDVWD� ORV� iSLFHV� GH� ORV� WDOORV�� VLQR� TXH� ODV�
FpOXODV� HQ� IDVH�GH�GLYLVLyQ�PLWyWLFD� HQ� HO�PHULVWHPR�DSLFDO� VRQ� ODV� ~QLFDV� FDSDFHV�GH�
SHUFLELU�OD�LQIOXHQFLD�GH�OD�YHUQDOL]DFLyQ��%XUQ�HW�DO�����������

7DPELpQ�HV�GH�JUDQ�UHOHYDQFLD�HO�UHTXHULPLHQWR�GH�YHUQDOL]DFLyQ�HQ�ORV�SURFHVRV�
GH�DGDSWDFLyQ�HQ�OD�FHEDGD�\�RWURV�PLHPEURV�GH�OD�IDPLOLD�7ULWLFHDH��SRU�HVWDU�DVRFLDGR�
D�OD�UHVLVWHQFLD�DO�IUtR��6NLQQHU�HW�DO����������

���
������ &RQWURO�JHQpWLFR�GH�OD�UHVSXHVWD�D�YHUQDOL]DFLyQ�

�
/D� EDVH� JHQpWLFD� GH� ODV� QHFHVLGDGHV� GH� YHUQDOL]DFLyQ� KD� VLGR� WUDGLFLRQDOPHQWH�

SURSXHVWD� FRPR� XQ� PRGHOR� HQ� HO� TXH� LQWHUYLHQHQ� �� ORFL�� 6K��VK��� 6K��VK�� \� 6K��VK���
VLWXDGRV�HQ� ORV�FURPRVRPDV��+/���+/��\��+/�UHVSHFWLYDPHQWH��7DNDKDVKL�\�<DVXGD��
������� 'LIHUHQWHV� FRPELQDFLRQHV� DOpOLFDV� HQ� HVWRV� ORFL� VRQ� ODV� UHVSRQVDEOHV� GH� OD�
YDULDFLyQ� HQ� HO� UHTXHULPLHQWR� GH� YHUQDOL]DFLyQ�� 7DQWR� 6K�� FRPR� 6K�� VRQ� HSLVWiWLFRV�
VREUH� HO� DOHOR� GH� LQYLHUQR� GRPLQDQWH� 6K��� \� HO� DOHOR� UHFHVLYR� GH� SULPDYHUD� VK�� HV�
HSLVWiWLFR� VREUH�VK�� \�VK��� GH�PDQHUD�TXH� VRODPHQWH�DTXHOORV�JHQRWLSRV�TXH�SUHVHQWDQ�
XQD�FRPELQDFLyQ�DOpOLFD�GHO�WLSR�6K�6K�VK�VK�VK�VK��SUHVHQWDQ�XQ�KiELWR�GH�FUHFLPLHQWR�
LQYHUQDO���



����

3RU�RWUR�ODGR��ORV�GLIHUHQWHV�JUDGRV�GH�UHVSXHVWD�D�OD�YHUQDOL]DFLyQ�SDUHFHQ�UHIOHMDU�
OD� H[LVWHQFLD� GH� XQD� VHULH� DOpOLFD� HQ� HO� ORFXV� 6K�� �7DNDKDVKL� \�<DVXGD�� ������� GRQGH�
YDULRV� DOHORV� GRPLQDQWHV� FRQGLFLRQDQ� YDULDFLRQHV� HQ� OD� UHVSXHVWD� D� ODV� EDMDV�
WHPSHUDWXUDV� HQ� DTXHOORV� JHQRWLSRV�TXH�QR� VRQ� SXUDPHQWH�GH� LQYLHUQR��7DQWR� HO� DOHOR�
UHFHVLYR�VK��FRPR�HO�GRPLQDQWH�6K���DPERV�DOHORV�GH�SULPDYHUD��VRQ�HSLVWiWLFRV�VREUH�HO�
DOHOR� GRPLQDQWH� 6K�� \� VRQ� VyOR� IXQFLRQDOHV� HQ� SUHVHQFLD� GH� XQR� X� RWUR� GH� ORV� DOHORV�
GRPLQDQWHV�GH�6K��� OR�FXDO�FRQWULEX\H�D�PD\RUHV�SRVLELOLGDGHV�GH�YDULDFLyQ�IHQRWtSLFD�
�%R\G�HW�DO�����������

/D� FORQDFLyQ� GH� ORV� JHQHV� FDQGLGDWRV� 9UQ�$P� \� 9UQ�$P�� TXH� UHJXODQ� HO�
UHTXHULPLHQWR�GH�YHUQDOL]DFLyQ�HQ�WULJR�GLSORLGH��<DQ�HW�DO���������<DQ�HW�DO���������KD�
VHUYLGR�SDUD�XQ�PHMRU� HQWHQGLPLHQWR�GHO�SURFHVR�HQ� ORV�FHUHDOHV��7DPELpQ�KD� VHUYLGR�
SDUD�OD�FORQDFLyQ�GH�ORV�JHQHV�FRUUHVSRQGLHQWHV�HQ�OD�FHEDGD��9UQ�+���VLQyQLPR�GH�6K��
\� 9UQ�+��� VLQyQLPR� GH� 6K���� EDViQGRVH� HQ� OD� RUWRORJtD� HQWUH� WULJR� \� FHEDGD� �YRQ�
=LW]HZLW]�HW�DO����������

/DV�YDULDQWHV�DOpOLFDV�HQ�HO�ORFXV�6K���DKRUD�WDPELpQ�GHQRPLQDGR�9UQ�+���KDEtDQ�
VLGR� GHVFULWDV� VRODPHQWH� HQ� FHEDGDV� GH� ODWLWXGHV� H[WUHPDGDPHQWH� DOWDV� R� EDMDV�
�7DNDKDVKL� \�<DVXGD�� ������� FRQ� OR� TXH� HQ� ODV� YDULHGDGHV� FRP~QPHQWH� XWLOL]DGDV� HQ�
(XURSD� VRODPHQWH� VH� HVSHUDED� YDULDFLyQ� HQ� ORV� ORFL� 6K�� \� 6K��� 5HFLHQWHPHQWH�� VH� KD�
LGHQWLILFDGR�HO�JHQ�9UQ�+���TXH�FRUUHVSRQGH�D�XQ�KRPyORJR�GHO�JHQ�)7�GH�$UDELGRSVLV��
+Y)7���<DQ�HW�DO���������)DXUH�HW�DO����������(VWH�JHQ�VH�KD�ORFDOL]DGR�HQ�HO�EUD]R�FRUWR�
GHO�FURPRVRPD��+���

6HJ~Q�HO�PRGHOR�PROHFXODU�TXH�H[SOLFD�OD�LQWHUDFFLyQ�HSLVWiWLFD�HQWUH�9UQ��\�9UQ��
HQ� OD� IDPLOLD� 7ULWLFHDH�� SURSXHVWR� SRU� <DQ� HW� DO�� �������� 9UQ�� FRGLILFD� XQ� UHSUHVRU�
GRPLQDQWH�GH� OD� IORUDFLyQ� �JHQ�FDQGLGDWR�=&&7���TXH� LQKLEH� OD� H[SUHVLyQ�GHO�JHQ�GH�
IORUDFLyQ�9UQ���JHQ�FDQGLGDWR�7P$3����/D�YHUQDOL]DFLyQ�UHJXOD�OD�H[SUHVLyQ�GH�9UQ��HQ�
OD�PHGLGD�HQ�TXH� OD�GLVPLQX\H��SHUPLWLHQGR� OD�H[SUHVLyQ�GH�YUQ�� HQ� ORV�JHQRWLSRV�GH�
LQYLHUQR��PLHQWUDV�TXH�QR�H[LVWH�QLQJ~Q�UHTXLVLWR�GH�YHUQDOL]DFLyQ�HQ�HO�FDVR�GH�TXH�QR�
VH�SURGX]FD�HO�UHSUHVRU��JHQRWLSR�YUQ����LQGHSHQGLHQWHPHQWH�GHO�DOHOR�SUHVHQWH�HQ�9UQ���
'H� OD�PLVPD�PDQHUD�� QR� QHFHVLWDQ� YHUQDOL]DFLyQ� DTXHOORV� JHQRWLSRV� TXH� SURGXFHQ� HO�
UHSUHVRU��DOHOR�GRPLQDQWH�9UQ���SHUR�FDUHFHQ�GH�XQ� OXJDU�GH�XQLyQ�GHO�UHSUHVRU��DOHOR�
GRPLQDQWH�9UQ�����

/RV�JHQHV�FDQGLGDWRV�RUWyORJRV�HQ�FHEDGD�VRQ��VHJ~Q�YRQ�=LW]HZLW]�HW�DO����������
HO�FOXVWHU�GH�JHQHV�=&&7�+��FRUUHVSRQGLHQWHV�D�=&&7���\�+Y%0�� �FRUUHVSRQGLHQWH�D�



� ���

7P$3����$PERV�VRQ�IDFWRUHV�GH�WUDQVFULSFLyQ��+Y%0��9UQ�+��GH�WLSR�³0$'6�ER[´�\�
+Y=&&7�9UQ�+��FRQWLHQH�XQ�³]LQF�ILQJHU´�\�XQ�GRPLQLR�&&7��

/D� YDULDFLyQ� DOpOLFD� HQ� 9UQ�+�� SDUHFH� TXH� VH� GHEH� D� GLIHUHQFLDV� HQ� HO� SULPHU�
LQWUyQ� GHO� JHQ� �)X� HW� DO��� ������ YRQ� =LW]HZLW]� HW� DO��� ������� DXQTXH� WDPELpQ� VH� KDQ�
SURSXHVWR�YDULDFLRQHV�GHELGDV�D�GLIHUHQFLDV�HQ�HO�SURPRWRU��<DQ�HW�DO���������%HDOHV�HW�
DO����������5HVSHFWR�D�OD�YDULDFLyQ�DOpOLFD�HQ�9UQ�+���.DUVDL�HW�DO���������FRPSUREDURQ�
TXH�VH�GHEtD�D�SUHVHQFLD�DXVHQFLD�GH�ORV�JHQHV�=&&7�+�PLHQWUDV�TXH�'XEFRYVN\�HW�DO��
������� SURSXVLHURQ� TXH� HV� HO� JHQ� =&&7�+D� HO� SULQFLSDO� UHVSRQVDEOH�� (YLGHQFLDV�
SRVWHULRUHV�SDUHFHQ�LQGLFDU�TXH�HO�UHVSRQVDEOH�GH�OD�YDULDFLyQ�DOpOLFD�HQ�9UQ�+��SRGUtD�
VHU�=&&7�+E��7UHYDVNLV�HW�DO���������6]�FV�HW�DO����������

�
������ ,QWHUDFFLyQ�HQWUH�OD�YHUQDOL]DFLyQ�\�HO�IRWRSHULRGR�

�
/D�YHUQDOL]DFLyQ�\�OD�UHVSXHVWD�DO�IRWRSHULRGR�QR�VRQ�IHQyPHQRV�LQGHSHQGLHQWHV��

'H�HVWD�PDQHUD��OD�H[SRVLFLyQ�D�IRWRSHULRGRV�GH�FRUWD�GXUDFLyQ�HQ�ODV�SULPHUDV�HWDSDV�GH�
FUHFLPLHQWR��HQ�DOJXQRV�JHQRWLSRV�TXH�UHVSRQGHQ�DO�LQFUHPHQWR�GHO�IRWRSHULRGR��SXHGH�
WHQHU�XQ�HIHFWR� VLPLODU�D� OD� H[SRVLFLyQ�D�EDMDV� WHPSHUDWXUDV��(YDQV� �������SURSXVR�HO�
QRPEUH�GH�³YHUQDOL]DFLyQ�GH�GtD�FRUWR´�SDUD�HVWH�IHQyPHQR���

7DQWR� ORV� IHQyPHQRV� GH� YHUQDOL]DFLyQ� SRU� EDMDV� WHPSHUDWXUDV�� FRPR� OD�
YHUQDOL]DFLyQ�GH�GtD�FRUWR��SDUHFH�TXH�WLHQHQ�HIHFWR�HQ�OD�UHGXFFLyQ�GH�OD�GXUDFLyQ�GH�OD�
IDVH�SUH�LQGXFWLYD��DTXHOOD�TXH�VLJXH�D�OD�QDVFHQFLD��HQ�OD�TXH�OD�SODQWD�HV�LQVHQVLEOH�DO�
LQFUHPHQWR�GHO� IRWRSHULRGR��\�HQ� OD� UHGXFFLyQ�GHO�Q~PHUR�GH�KRMDV�GHO� WDOOR�SULQFLSDO�
�5REHUWV�HW�DO����������

7DPELpQ�VH�KD�FRQVWDWDGR�TXH��HQ�PXFKRV�FDVRV��OD�LQGXFFLyQ�GH�OD�IORUDFLyQ�TXH�
SURYRFD� HO� LQFUHPHQWR� GHO� IRWRSHULRGR� HVWi� FRQGLFLRQDGD� SRU� OD� HWDSD� GH� EDMDV�
WHPSHUDWXUDV�LQPHGLDWDPHQWH�DQWHULRU��%HUQLHU�HW�DO����������

8QD� H[SRVLFLyQ� PRGHUDGD� D� EDMDV� WHPSHUDWXUDV� WLHQH� DGHPiV� HO� HIHFWR� GH�
LQFUHPHQWDU� OD� UHVLVWHQFLD� DO� IUtR�� QHFHVDULD� HQ� DTXHOODV� ]RQDV� GRQGH� VH� SURGXFHQ�
WHPSHUDWXUDV� SRU� GHEDMR� GH� ��&�� /D� Pi[LPD� WROHUDQFLD� D� ODV� EDMDV� WHPSHUDWXUDV� VH�
FRQVLJXH� HQ� OD� IDVH� YHJHWDWLYD� GHO� GHVDUUROOR� �)RZOHU� HW� DO��� ������� /RV� JHQRWLSRV� GH�
LQYLHUQR� VRQ� PiV� UHVLVWHQWHV� DO� IUtR�� VLQ� HPEDUJR�� HVWH� SURFHVR� GH� LQGXFFLyQ� GH� OD�
UHVLVWHQFLD� VH� SURGXFH� GH� OD� PLVPD� PDQHUD� HQ� ORV� JHQRWLSRV� GH� SULPDYHUD�� 6H� KD�
FRPSUREDGR��HQ�XQ�JUDQ�Q~PHUR�GH�JHQRWLSRV�GH�LQYLHUQR�GH�FHEDGD��TXH�ORV�IHQRWLSRV�
GH�UHVSXHVWD�DO�IRWRSHULRGR��D�OD�YHUQDOL]DFLyQ�\�OD�UHVLVWHQFLD�D�ODV�EDMDV�WHPSHUDWXUDV�VH�



����

HQFXHQWUDQ�HQ� WRGDV�ODV�FRPELQDFLRQHV�SRVLEOHV��.DUVDL�HW�DO����������(O�KHFKR�GH�TXH�
HVWRV� WUHV� IHQyPHQRV� HVWpQ� LQWHUUHODFLRQDGRV� HV� PiV� SUREDEOH� TXH� VHD� DWULEXLEOH� D�
HIHFWRV�GH� OLJDPLHQWR�TXH�D�SOHLRWURStD� �)UDQFLD�HW�DO����������/D� LGHQWLILFDFLyQ�GH� ORV�
JHQHV�&%)�HQ�OD�SUR[LPLGDG�GH�9UQ�+��DSR\D�HVWD�REVHUYDFLyQ��6NLQQHU�HW�DO����������
������ 7HPSHUDWXUD�

�
'H�IRUPD�JHQHUDO��\�FRPR�FDUDFWHUtVWLFD�FRP~Q�D�WRGRV�ORV�SURFHVRV�ELROyJLFRV��HO�

GHVDUUROOR�GH�OD�FHEDGD�\��SRU� WDQWR�� OD�IHFKD�GH�IORUDFLyQ��VH�YH�DGHODQWDGR�VHJ~Q�XQD�
UHODFLyQ�OLQHDO�FRQ�HO�DXPHQWR�HQ�OD�WHPSHUDWXUD��KDVWD�XQ�YDORU�ySWLPR�SRU�HQFLPD�GHO�
FXDO�QR�VH�SURGXFH�XQ�DGHODQWR�PD\RU��R�LQFOXVR�VH�UHWUDVD��5REHUWV�HW�DO����������(VWD�
UHODFLyQ�VH�FXPSOH�HQ�WRGRV�ORV�JHQRWLSRV�\�WRGDV�ODV�IDVHV�GH�GHVDUUROOR�GH�OD�FHEDGD��VL�
ELHQ�HO�JUDGR�GH�VHQVLELOLGDG�D�OD�WHPSHUDWXUD�YDUtD�HQ�IXQFLyQ�GH�ORV�JHQRWLSRV��

7UDGLFLRQDOPHQWH�� VH� KD� HPSOHDGR� HO� FRQFHSWR� GH� LQWHJUDO� WpUPLFD� �JUDGRV�GtD�
DFXPXODGRV��� EDVDGR� HQ� OD� REVHUYDFLyQ� GH� TXH�� HQ�PXFKDV� FLUFXQVWDQFLDV�� VH� FXPSOH�
HVWD�UHODFLyQ�OLQHDO��

E7DI +=
� �

'RQGH�I�HV�HO�WLHPSR�HQWUH�VLHPEUD�\�IORUDFLyQ��GtDV���\���I�HV�OD�WDVD�GH�GHVDUUROOR��
7�HV�OD�WHPSHUDWXUD�PHGLD�GLXUQD���&���D�HV�OD�WHPSHUDWXUD�EDVH�SRU�GHEDMR�GH�OD�FXDO�QR�
VH�SURGXFH�DYDQFH�HQ�HO�GHVDUUROOR�\���E�HV�OD�LQWHJUDO�WpUPLFD��VLHQGR�HVWRV�GRV�YDORUHV�
D�\�E�FRQVWDQWHV�HVSHFtILFDV�GH�FDGD�JHQRWLSR��6RODPHQWH�VL�VH�FXPSOH�HVWD�HFXDFLyQ�VH�
SXHGH� DILUPDU� TXH� OD� IORUDFLyQ� RFXUUH� FXDQGR� OD� LQWHJUDO� WpUPLFD� QHFHVDULD�� GLIHUHQWH�
SDUD�FDGD�JHQRWLSR��KD�VLGR�DFXPXODGD��6HJ~Q�6ODIHU�\�5DZVRQ� ��������HVWD�HFXDFLyQ�
SXHGH�DSOLFDUVH�LQGHSHQGLHQWHPHQWH�D�FDGD�IDVH�GH�GHVDUUROOR��\�VH�SXHGH�REWHQHU�SDUD�
FDGD�JHQRWLSR��SDUD�XQ�GHWHUPLQDGR�IRWRSHULRGR�\�EDMR�XQDV�GHWHUPLQDGDV�FRQGLFLRQHV�
GH�YHUQDOL]DFLyQ��/D�WHPSHUDWXUD��DGHPiV�GH�LQIOXLU�HQ�OD�WDVD�GH�GHVDUUROOR�\��SRU�WDQWR��
HQ�OD�GXUDFLyQ�GH�ODV�GLIHUHQWHV�IDVHV��WDPELpQ�DIHFWD�D�OD�WDVD�GH�LQLFLDFLyQ�GH�KRMDV�\�
HVSLJXLOODV�\�DO�ILORFURQR�R�WDVD�GH�DSDULFLyQ�GH�ODV�KRMDV��.OHSSHU�HW�DO����������

6LQ�HPEDUJR��FXDQGR�VH�SURGXFHQ�FDPELRV�HQ�OD�GXUDFLyQ�GHO�IRWRSHULRGR��FRPR�
RFXUUH�HQ�FRQGLFLRQHV�GH�FDPSR��OD�WDVD�GH�GHVDUUROOR�YDUtD�HQ�IXQFLyQ�GH�OD�IHQRORJtD��
FRQ� OR� TXH� HO� FRQFHSWR� GH� LQWHJUDO� WpUPLFD� QR� HV� WRWDOPHQWH� DSOLFDEOH� �5REHUWV� HW� DO���
������� 3DUD� VROYHQWDU� HVWD� GLILFXOWDG�� (OOLV� HW� DO�� ������� LQWURGXMHURQ� HO� FRQFHSWR� GH�
LQWHJUDO�IRWRWpUPLFD���



� ���

F3E7DI ++=
� �

'RQGH�3�HV�HO�IRWRSHULRGR�HQ�KRUDV�GtD����7�HV�OD�WHPSHUDWXUD�PHGLD�GLXUQD���&��\�
D�� E� \� F� VRQ� FRQVWDQWHV� HVSHFLILFDV� GH� FDGD� JHQRWLSR�� /RV� OtPLWHV� GH� HVWD� UHODFLyQ� VH�
HQFXHQWUDQ�HQWUH�XQD� WHPSHUDWXUD�EDVH�PtQLPD�\�XQD�ySWLPD��\� HQWUH�XQRV�YDORUHV�GH�
IRWRSHULRGR�PtQLPRV��TXH�LPSLGHQ�OD�IORUDFLyQ��\�Pi[LPRV��FX\D�VXSHUDFLyQ�QR�VXSRQH�
XQ�FDPELR�HQ�OD�UHVSXHVWD��

�
������ 3UHFRFLGDG�LQWUtQVHFD�

�
&XDQGR� OD� LQIOXHQFLD� GH� OD� YHUQDOL]DFLyQ� \� HO� IRWRSHULRGR� VREUH� OD� IHFKD� GH�

IORUDFLyQ� HV� HOLPLQDGD� H[SHULPHQWDOPHQWH�� VDWLVIDFLHQGR� ODV� QHFHVLGDGHV� GH� ORV�
GLIHUHQWHV� JHQRWLSRV�� VH� REVHUYD� TXH� D~Q� H[LVWH� YDULDFLyQ� HQ� ODV� PLVPDV�� /RV� JHQHV�
LPSOLFDGRV� HQ� HVWD� YDULDFLyQ�� FX\RV� HIHFWRV� QR� VRQ� GLUHFWDPHQWH� DWULEXLEOHV� D� OD�
YHUQDOL]DFLyQ�R�IRWRSHULRGR��VH�KDQ�GHQRPLQDGR�HQ�JHQHUDO�HDUOLQHVV�SHU�VH�R�JHQHV�GH�
SUHFRFLGDG� LQWUtQVHFD� �HSV��� /DXULH� HW� DO�� ������� LGHQWLILFDURQ� �� ORFL� HSV�� HSV�6� HQ� HO�
EUD]R� FRUWR� GHO� FURPRVRPD� �+�� SUy[LPR� DO� FHQWUyPHUR�� HSV�/� HQ� HO� EUD]R� ODUJR� GHO�
FURPRVRPD��+��HSV�/�HQ�HO�EUD]R�ODUJR�GHO�FURPRVRPD��+��HSV�/�HQ�HO�EUD]R�ODUJR�GHO�
FURPRVRPD��+��HSV�/���\�HSV�/����DPERV�HQ�HO�EUD]R�ODUJR�GHO�FURPRVRPD��+��HSV�6�
HQ� HO� EUD]R� FRUWR� GHO� FURPRVRPD� �+� \� HSV�/� HQ� HO� EUD]R� ODUJR� GHO� FURPRVRPD� �+��
$GHPiV�� VH� KDQ� LGHQWLILFDGR� RWURV� ORFL� FDXVDQWHV� GH� SUHFRFLGDG� GHQRPLQDGRV� (DUO\�
PDWXULW\� 47/� R�(DP� �)UDQFNRZLDN� HW� DO��� ������ )UDQFNRZLDN� ������� DOJXQRV� GH� ORV�
FXDOHV� VRQ� VLQyQLPRV� GH� ORV� HSV�� DXQTXH� RWURV� OR� VRQ� GH� ORV� JHQHV� GH� UHVSXHVWD� DO�
IRWRSHULRGR��SRU�HMHPSOR�(DP��HV�VLQyQLPR�GH�3SG�+���

/DV� FDXVDV� GH� OD� YDULDFLyQ� HQ� OD� IHFKD� GH� IORUDFLyQ� SRU� FDXVDV� GLVWLQWDV� DO�
IRWRSHULRGR� R� OD� YHUQDOL]DFLyQ� KDQ� VLGR� REMHWR� GH� GLIHUHQWHV� HVWXGLRV�� 5REHUWV� HW� DO��
������� SURSXVLHURQ� OD� UHODFLyQ� GH� HVWD� YDULDFLyQ� FRQ� OD� GXUDFLyQ� GHO� SHULRGR� SUH�
LQGXFWLYR� TXH� VLJXH� D� OD� QDVFHQFLD�� HQ� HO� FXDO� VH� SURGXFH� FUHFLPLHQWR� \� DXPHQWR� GHO�
Q~PHUR� GH� KRMDV� SHUR� QR� VH� SURGXFH� OD� LQGXFFLyQ� GH� OD� IORUDFLyQ�� 6LQ� HPEDUJR�� OD�
GXUDFLyQ� GH� HVWH� SHULRGR� YDUtD� PX\� SRFR� HQWUH� JHQRWLSRV�� \� VX� FRUUHODFLyQ� FRQ� HO�
Q~PHUR�GH�KRMDV�GHO� WDOOR�SULQFLSDO�HV�EDMD��FRQ� OR�TXH� ODV�GLIHUHQFLDV�HQWUH�JHQRWLSRV�
VHUtDQ� GHELGDV� D� GLIHUHQFLDV� HQ� OD� WDVD� GH� GHVDUUROOR� �)ORRG� \� +DOORUDQ�� ������� TXH�
HVWDUtD� DVRFLDGD� D� GLIHUHQFLDV� JHQpWLFDV� HQ� OD� UHVSXHVWD� D� OD� WHPSHUDWXUD�� OR� FXDO� IXH�
FRQILUPDGR�SRU�6ODIHU�\�5DZVRQ� ��������$GHPiV�� HVWRV�DXWRUHV�KDEtDQ�SURSXHVWR�TXH�



����

H[LVWH�XQD�YDULDFLyQ�HQ�OD�SUHFRFLGDG��LQGHSHQGLHQWHPHQWH�GH�OD�SUHFRFLGDG�DWULEXLGD�D�
YDULDFLRQHV� HQ� HO� IRWRSHULRGR� R� OD� YHUQDOL]DFLyQ�� \� TXH� HVWDED� FRUUHODFLRQDGD� FRQ� HO�
Q~PHUR� GH� KRMDV� GHO� WDOOR� SULQFLSDO� �6ODIHU� \� 5DZVRQ�� ������� /D� GXUDFLyQ� GHO� HIHFWR�
SURYRFDGR�SRU�HVWH�FDUiFWHU�QR�HUD�FRQVWDQWH�QL�HQ�GtDV�QL�HQ�LQWHJUDO�WpUPLFD��VLQR�TXH�
ODV�GLIHUHQFLDV�HQWUH�JHQRWLSRV�HUDQ�PHQRUHV�D�EDMDV�WHPSHUDWXUDV��DXPHQWDQGR�KDVWD�ORV�
���&� VLQ� FDPELDU� HO� RUGHQ�� SXGLHQGR� pVWH� UHYHUWLUVH� D� WHPSHUDWXUDV� VXSHULRUHV�� (VWRV�
DXWRUHV� FRQFOX\HURQ� TXH� ODV� LQWHUDFFLRQHV� JHQRWLSR� SRU� WHPSHUDWXUD� DFWXDEDQ� HQ� ODV�
GLIHUHQWHV�IDVHV�GH�GHVDUUROOR�IHQROyJLFR�DIHFWDQGR�D�OD�WDVD�GH�GHVDUUROOR�\��SRU�WDQWR��D�
OD�IHFKD�GH�IORUDFLyQ��

+D\� \� (OOLV� �������� D� PRGR� GH� FRQVHQVR�� SURSXVLHURQ� TXH� OD� YDULDFLyQ� HQ� HO�
FDUiFWHU� GH� SUHFRFLGDG� LQWUtQVHFD� HUD� GHELGD� D� XQD� FRPELQDFLyQ� GHO� Q~PHUR� GH� KRMDV�
LQLFLDGDV�HQ�HO�WDOOR�SULQFLSDO��GLUHFWDPHQWH�UHODFLRQDGR�FRQ�OD�GXUDFLyQ�GHO�SHULRGR�SUH�
LQGXFWLYR�SURSXHVWR�SRU�5REHUWV�HW�DO���������\�GLIHUHQFLDV�HQ� OD� WDVD�GH�GHVDUUROOR�� OD�
FXDO�HUD�XQ�FDUiFWHU�LQWUtQVHFR�GH�ORV�JHQRWLSRV�FRQWURODGR�SRU�JHQHV�UHJXODGRUHV�GH�OD�
WDVD�GH�GHVDUUROOR��TXH�D�VX�YH]�HVWDEDQ�LQIOXHQFLDGRV�SRU�OD�WHPSHUDWXUD��

2WURV� DXWRUHV� SDUHFHQ� KDEHU� HQFRQWUDGR� HYLGHQFLDV� GH� TXH� OD� UHJXODFLyQ� GH� ORV�
JHQHV�LPSOLFDGRV�HQ�OD�SUHFRFLGDG�LQWUtQVHFD�SXHGH�VHU�WDPELpQ�GLIHUHQWH�HQ�FRQGLFLRQHV�
GH� IRWRSHULRGR� FRUWR� R� ODUJR� �.DWR� HW� DO��� ������� FRQ� OR� TXH� HO� FRQWURO� JHQpWLFR� GH� OD�
UHVSXHVWD� D� WRGRV� ORV� IDFWRUHV� DPELHQWDOHV� TXH� LQIOX\HQ� HQ� OD� IHFKD� GH� IORUDFLyQ�
DSDUHFHUtDQ�DVt�LQWHUUHODFLRQDGRV��

�
������ 2WURV�HIHFWRV�

�
([LVWH�RWUD�VHULH�GH� IDFWRUHV��GH�PHQRU�HIHFWR�HQ�FRPSDUDFLyQ�FRQ� ORV�GHVFULWRV��

TXH�DIHFWDQ�WDPELpQ�D�OD�IHFKD�GH�HVSLJDGR��(QWUH�HOORV�VH�SXHGHQ�FLWDU�HO�HVWUpV�KtGULFR�
HQ� HO� VXHOR� �$VSLQDOO�� ������� ORV� QLYHOHV� GH� QXWULHQWHV� �+DOVH� \� :HLU�� ������� OD�
IRWRVtQWHVLV� \� OD� GLVSRQLELOLGDG� GH� DVLPLODGRV� �'DOH� \� :LOVRQ�� ������� \� OD� UDGLDFLyQ�
JOREDO��7KRPSVRQ�\�0DWKHZV���������

�
���� 0pWRGRV�GH�GHWHFFLyQ�GH�47/�

�
7UDGLFLRQDOPHQWH�� ORV�HVWXGLRV�GH�E~VTXHGD�GH�47/�SDUD�FDUDFWHUHV�GH�WRGR�WLSR�

HQ� SODQWDV� VH� KDQ� OOHYDGR� D� FDER� HQ� SREODFLRQHV� GH� IDPLOLDV� HPSDUHQWDGDV�� REWHQLGDV�
PHGLDQWH�HO�FUX]DPLHQWR�GH�GRV�SDUHQWDOHV��(Q�FHUHDOHV�� HVWRV�GRV�SDUHQWDOHV�KDQ�VLGR�



� ���

FDVL�VLHPSUH�GRV�OtQHDV�SXUDV��(VWH�HQIRTXH�WLHQH�OD�YHQWDMD�GH�OD�H[LVWHQFLD�GH�VyOR�GRV�
DOHORV� SRU� ORFXV�SROLPyUILFR�� SRU� OR� TXH� VX� HVWXGLR� HV� VHQFLOOR��/RV�GRV�PpWRGRV�PiV�
DPSOLDPHQWH� XWLOL]DGRV� SRU� VX� SRGHU� GH� GHWHFFLyQ� GH� 47/� KDQ� VLGR�� PDSHR� SRU�
LQWHUYDORV��LQWHUYDO�PDSSLQJ�R�,0��SRU�VXV�VLJODV�HQ�LQJOpV��/DQGHU�\�%RWVWHLQ��������\�
PDSHR�SRU�LQWHUYDORV�FRPSXHVWR��FRPSRVLWH�LQWHUYDO�PDSSLQJ�R�&,0��SRU�VXV�VLJODV�HQ�
LQJOpV��=HQJ���������SUHVHQWDQGR�HVWH�~OWLPR�DOJXQDV�YHQWDMDV�FRQ�UHVSHFWR�DO�,0��=HQJ��
������&RUQIRUWK�\�/RQJ���������

6LQ� HPEDUJR�� HO� HPSOHR�GH�XQD�SREODFLyQ�SURFHGHQWH�GH�XQ�FUX]DPLHQWR� VLPSOH�
SUHVHQWD�XQD�VHULH�GH�GHVYHQWDMDV��(Q�OD�PD\RULD�GH� ORV�FDVRV�� ORV�SDUHQWDOHV�SDUD�HVWH�
WLSR� GH� HVWXGLRV� VH� VHOHFFLRQDQ� WHQLHQGR� HQ� FXHQWD� OD� FDSDFLGDG� GH� SURGXFLU�
SROLPRUILVPR� HQ� HO� FUX]DPLHQWR�� SRU� OR� TXH� QRUPDOPHQWH� VH� KDQ� HOHJLGR� SDUHQWDOHV�
EDVWDQWH�DOHMDGRV�HQWUH�Vt��(Q�PXFKRV�FDVRV��HVWD�ILORVRItD�KD�OOHYDGR�D�OD�UHDOL]DFLyQ�GH�
FUX]DPLHQWRV�FRQ�HVFDVD�UHOHYDQFLD�GHVGH�HO�SXQWR�GH�YLVWD�GH� OD�PHMRUD��6ZDQVWRQ�HW�
DO����������\�QR�UHSUHVHQWDWLYRV�GHO�JHUPRSODVPD�FRQ�HO�TXH�UHDOPHQWH�VH�WUDEDMD�HQ�ORV�
SURJUDPDV�GH�PHMRUD��9DUVKQH\�HW�DO����������3RU�RWUR�ODGR��ORV�UHVXOWDGRV�GH�XQ�HVWXGLR�
HQ�XQ�FUX]DPLHQWR�VLPSOH�QR�VLHPSUH�SXHGHQ�VHU�H[WUDSRODGRV�D�RWUD�SREODFLyQ�GRQGH�
ORV�SROLPRUILVPRV�H[LVWHQWHV�SXHGHQ�VHU�GLVWLQWRV��3RU�~OWLPR��HO�HVWXGLR�VLPXOWiQHR�GH�
VRODPHQWH���DOHORV�SRU�ORFXV�QR�HV�UHSUHVHQWDWLYR�GHO�JHUPRSODVPD�GH�OD�HVSHFLH��)OLQW�
*DUFLD�HW�DO����������

'HELGR� D� HVWDV� OLPLWDFLRQHV� GH� ORV� HVWXGLRV� HQ� SREODFLRQHV� SURFHGHQWHV� GH�
FUX]DPLHQWRV�VLPSOHV��VH�KDQ�SURSXHVWR�RWURV�PpWRGRV�TXH�DFHUTXHQ�PiV�OD�GHWHFFLyQ�GH�
47/�D�ORV�PDWHULDOHV�GRQGH�VHD�PiV�UHOHYDQWH��\�WDPELpQ�D�SREODFLRQHV�GH�PiV�DPSOLD�
EDVH� JHQpWLFD�� 5HFLHQWHPHQWH�� VH� KDQ� HPSH]DGR� D� FRQVLGHUDU�PpWRGRV� DOWHUQDWLYRV� GH�
FRQVWUXFFLyQ� GH� PDSDV� \� E~VTXHGD� GH� 47/�� PiV� DOOi� GH� ODV� SREODFLRQHV� GH� PDSHR�
EDVDGDV�HQ�GRV�SDUHQWDOHV��(VWRV�PpWRGRV�HVWiQ�EDVDGRV�HQ�HO�SULQFLSLR�FRQRFLGR�FRPR�
OLQNDJH�GLVVHTXLOLEULXP�PDSSLQJ��(OVQHU�HW�DO��������5LVFK���������PHGLDQWH�ORV�TXH�VH�
GHWHUPLQDQ�DVRFLDFLRQHV�GH�47/�D�PDUFDGRUHV�HQ�LQGLYLGXRV�VLQ�XQD�HVWUXFWXUD�JHQpWLFD�
SDUWLFXODU�� FRPR� FROHFFLRQHV� GH� YDULHGDGHV� YHJHWDOHV�� (VWH� HQIRTXH� KD� SURGXFLGR�
UHVXOWDGRV� SRVLWLYRV� HQ� FXOWLYRV�� HQ� FHEDGD�� 3DNQL\DW� HW� DO�� ������� HQFRQWUDURQ�
DVRFLDFLRQHV� GH� EDQGDV� $)/3� FRQ� WROHUDQFLD� D� OD� VDOLQLGDG�� %DKUPDQ� HW� DO�� �������
SXGLHURQ�WUD]DU�HO�RULJHQ�GH�JHQHV�GH�UHVLVWHQFLD�DO�YLUXV�GHO�PRVDLFR�OHYH�GH�OD�FHEDGD�
�%D009�� HQ� YDULHGDGHV� IUDQFHVDV�� (Q� DUUR]�� 9LUN� HW� DO�� ������� ORJUDURQ� HQFRQWUDU�
PDUFDGRUHV� UHODFLRQDGRV� FRQ� FDUDFWHUHV� FXDQWLWDWLYRV�� FRPR� DOWXUD� GH� SODQWD�� HQ� XQD�
FROHFFLyQ�GH�HQWUDGDV�QR�UHODFLRQDGDV��



����

2WURV� HQIRTXHV� VH� GLULJHQ� D� OD� FUHDFLyQ� \� DQiOLVLV� GH� SREODFLRQHV� FRPSOHMDV�
�&UHSLHX[�HW� DO��� ������� LQFOXVR�GH� ORV�PDWHULDOHV�SURSLRV�GH� ORV�SURJUDPDV�GH�PHMRUD�
�&UHSLHX[�HW�DO����������8QD�DOWHUQDWLYD�SDUD�DPSOLDU�OD�EDVH�JHQpWLFD�SDUD�E~VTXHGD�GH�
47/�HV�HO�HPSOHR�GH�SHTXHxDV�SREODFLRQHV�GH�IDPLOLDV�FRQ�SDGUHV�HQ�FRP~Q��(Q�HVWH�
VHQWLGR�� 0XUDQW\� ������� \D� VXJLULy� HO� XVR� GH� SURJHQLHV� GH� YDULRV� SDUHQWDOHV� SDUD�
DOFDQ]DU�XQD�PD\RU�SUREDELOLGDG�GH�REWHQHU�PiV�GH�XQ�DOHOR�HQ�FDGD�47/�GH�LQWHUpV��\�
WDPELpQ� FRPR�PpWRGR� SDUD� WHQHU� XQD� HVWLPDFLyQ�PHMRU� GH� OD� YDULDQ]D� GHELGD� D� FDGD�
47/��(Q�FRQFUHWR�\�FRQ�HVWH�ILQ��5DH�HW�DO���������SURSXVLHURQ�HO�HVWXGLR�GH�XQ�FRQMXQWR�
GH� SHTXHxDV� SREODFLRQHV� GH� OtQHDV� GH� KDSORLGHV� GXSOLFDGRV� GH� FHEDGD�SURFHGHQWHV� GH�
FUX]DPLHQWRV�HQWUH�YDULHGDGHV�pOLWHV�DFWXDOHV�GHO�5HLQR�8QLGR��

8QD� YHQWDMD� GH� FXDOTXLHUD� GH� ORV� QXHYRV� HQIRTXHV� PHQFLRQDGRV� HV� TXH� OD�
GHWHFFLyQ�GH�47/� WLHQH� OXJDU�HQ� OD�SURSLD�SREODFLyQ�REMHWLYR� �%UHVHJKHOOR�\�6RUUHOOV��
��������

(O� SODQWHDPLHQWR� TXH� VH� SURSRQH� HQ� HO� SUHVHQWH� SUR\HFWR� SDUD� OD� YDOLGDFLyQ� GH�
47/� GH� HVSLJDGR� GHWHFWDGRV� HQ� OD� SREODFLyQ� %HND� [� 0RJDGRU� R� FRQRFLGRV� SRU� OD�
OLWHUDWXUD��HVWi�D�PHGLR�FDPLQR�HQWUH�HO�PDSHR�GH�47/�HQ�SREODFLRQHV�SURFHGHQWHV�GH�
XQ� FUX]DPLHQWR� \� HO� OLQNDJH� GLVHTXLOLEULXP� PDSSLQJ�� DO� RFXSDUVH� GH� SHTXHxDV�
SREODFLRQHV� GH� YDULRV� FUX]DPLHQWRV� GH� SDUHQWDOHV� QR� QHFHVDULDPHQWH� UHODFLRQDGRV�
JHQHDOyJLFDPHQWH���

�
���� 5HIHUHQFLDV�

�
$UXPXJDQDWKDQ� .�� (DUOH� (� ������� 1XFOHDU� '1$� FRQWHQW� RI� VRPH� LPSRUWDQW� SODQW�

VSHFLHV��3ODQW�0RO�%LRO�5HS������������
$VSLQDOO�'��������7KH�FRQWURO�RI�WLOOHULQJ�LQ�WKH�EDUOH\�SODQW��$XVW�-�%LRO�6FL���������

����
%DGU�$��0XOOHU�.��6FKDIHU�3UHJO�5��(O�5DEH\�+��(IIJHQ�6��,EUDKLP�++��3R]]L�&��5RKGH�

:�� 6DODPLQL� )� ������� 2Q� WKH� RULJLQ� DQG� GRPHVWLFDWLRQ� KLVWRU\� RI� EDUOH\�
�+RUGHXP�YXOJDUH���0RO�%LRO�(YRO��������±�����

%DKUPDQ�1��/H�*RXLV�-��+DULUL�'��*XLOEDXG�/��-HVWLQ�/��������*HQHWLF�GLYHUVLW\�RI�ROG�
)UHQFK� VL[�URZHG� ZLQWHU� EDUOH\� YDULHWLHV� DVVHVVHG� ZLWK� PROHFXODU�� ELRFKHPLFDO�
DQG�PRUSKRORJLFDO�PDUNHUV� DQG� LWV� UHODWLRQ� WR�%D009�UHVLVWDQFH��+HUHGLW\� ����
��������

%HDOHV�-��/DXULH�'��'HYRV�.0��������$OOHOLF�YDULDWLRQ�DW�WKH�OLQNHG�$3��DQG�3K\&�ORFL�
LQ� KH[DSORLG� ZKHDW� LV� DVVRFLDWHG� EXW� QRW� SHUIHFWO\� FRUUHODWHG�ZLWK� YHUQDOL]DWLRQ�
UHVSRQVH��7KHRU�$SSO�*HQHW����������������



� ���

%HNHOH�(��������$�GLIIHUHQWLDO�UDWH�RI�UHJLRQDO�GLVWULEXWLRQ�RI�EDUOH\�IODYRQRLG�SDWWHUQV�
LQ�(WKLRSLD��DQG�D�YLHZ�RQ�WKH�FHQWHU�RI�RULJLQ�RI�EDUOH\��+HUHGLWDV��������±����

%HOO�*'+��������$�VWXG\�RQ�WKH�GDWH�RI�HDU�HPHUJHQFH�LQ�EDUOH\��-�$JULF�6FL��������±
����

%HQQHW]HQ� -/�� 6DQ0LJXHO� 3�� &KHQ�0�� 7LNKRQRY� $�� )UDQFNL�0�� $YUDPRYD� =� �������
*UDVV�JHQRPHV��3URF�1DWO�$FDG�6FL��86$���������������

%HUQLHU�*��.LQHW�-0��6DFKV�50��������7KH�3K\VLRORJ\�RI�)ORZHULQJ��9RO��,�&KDSW�����
&5&�3UHVV��,QF��%RFD�5DWRQ��)/��86$���

%|UQHU� $�� %XFN�6RUOLQ� *+�� +D\HV� 30�� 0DO\VKHY� 6�� .RU]XQ� 9� ������� 0ROHFXODU�
PDSSLQJ�RI�PDMRU�JHQHV�DQG�TXDQWLWDWLYH�WUDLW�ORFL�GHWHUPLQLQJ�IORZHULQJ�WLPH�LQ�
UHVSRQVH�WR�SKRWRSHULRG�LQ�EDUOH\��3ODQW�%UHHG���������±����

%R\G�:-5��/L�&'��*ULPH�&5��&DNLU�0��3RWLSLERRO�6��.DYHHWD�/��0HQ�6��.DPDOL�05-��
%DUU� $5�� 0RRG\� '%�� /DQFH� 5&0�� /RJXH� 6-�� 5DPDQ� +�� 5HD� %-� �������
&RQYHQWLRQDO�DQG�PROHFXODU�JHQHWLF�DQDO\VLV�RI�IDFWRUV�FRQWULEXWLQJ�WR�YDULDWLRQ�LQ�
WKH�WLPLQJ�RI�KHDGLQJ�DPRQJ�VSULQJ�EDUOH\��+RUGHXP�YXOJDUH�/��JHQRW\SHV�JURZQ�
RYHU�D�PLOG�ZLQWHU�JURZLQJ�VHDVRQ��$XVW�-�$JULF�5HV���������������

%UHVHJKHOOR�)��6RUUHOOV�0(��������$VVRFLDWLRQ�DQDO\VLV�DV�D�VWUDWHJ\�IRU�LPSURYHPHQW�
RI�TXDQWLWDWLYH�WUDLWV�LQ�SODQWV��&URS�6FL���������������

%XUQ� -�� 'HQQLV� /�� 3HDFRFN� -� ������� 7KH� P\VWHULHV� RI� IORZHULQJ�� (Q� �7RGD\�V� OLIH�
VFLHQFH������������7KRPVRQ�3XEOLFDWLRQV�$XVWUDOLD�9RO��,,��&5&�3UHVV��,QF��%RFD�
5DWRQ��)/��86$���

&HFFDUHOOL�6��������:LGH�DGDSWDWLRQ��+RZ�ZLGH"�(XSK\WLFD������������
&HFFDUHOOL�6��������6SHFLILF�DGDSWDWLRQ�DQG�EUHHGLQJ�IRU�PDUJLQDO�FRQGLWLRQV��(XSK\WLFD�

������������
&HFFDUHOOL� 6�� *UDQGR� 6� ������� (QYLURQPHQW� RI� VHOHFWLRQ� DQG� W\SH� RI� JHUPSODVP� LQ�

EDUOH\�EUHHGLQJ�IRU�ORZ�\LHOGLQJ�FRQGLWLRQV��(XSK\WLFD�������������
&HFFDUHOOL� 6�� *UDQGR� 6� ������� 'URXJKW� DV� D� FKDOOHQJH� IRU� WKH� SODQW� EUHHGHU�� -� 3ODQW�

*URZWK�5HJ������������
&RUQIRUWK� 7:�� /RQJ� $'� ������� ,QIHUHQFHV� UHJDUGLQJ� WKH� QXPEHUV� DQG� ORFDWLRQV� RI�

47/V�XQGHU�PXOWLSOH�47/�PRGHOV�XVLQJ�LQWHUYDO�PDSSLQJ�DQG�FRPSRVLWH�LQWHUYDO�
PDSSLQJ��*HQHW�5HV�������±����

&UHSLHX[� 6�� /HEUHWRQ� &�� 6HUYLQ� %�� &KDUPHW� *� ������� 4XDQWLWDWLYH� WUDLW� ORFL� �47/��
GHWHFWLRQ� LQ� PXOWLFURVV� LQEUHG� GHVLJQV�� 5HFRYHULQJ� 47/� LGHQWLFDO�E\�GHVFHQW�
VWDWXV�LQIRUPDWLRQ�IURP�PDUNHU�GDWD��*HQHWLFV����������������

&UHSLHX[�6��/HEUHWRQ�&��)ODPHQW�3��&KDUPHW�*��������$SSOLFDWLRQ�RI�D�QHZ�,%'�EDVHG�
47/�PDSSLQJ�PHWKRG�WR�FRPPRQ�ZKHDW�EUHHGLQJ�SRSXODWLRQ��DQDO\VLV�RI�NHUQHO�
KDUGQHVV�DQG�GRXJK�VWUHQJWK��7KHRU�$SSO�*HQHW�����������������

'DOH�-(��:LOVRQ�5*��������7KH�HIIHFWV�RI�SKRWRSHULRG�DQG�PLQHUDO�QXWULHQW�VXSSO\�RQ�
JURZWK�DQG�SULPRUGLDO�SURGXFWLRQ�DW� WKH�VWHP�DSH[�RI�EDUOH\�VHHGOLQJV��$QQ�%RW�
�������±����

'XEFRYVN\� -�� /LMDYHW]N\� '�� $SSHQGLQR� /�� 7UDQTXLOOL� *� ������� &RPSDUDWLYH� 5)/3�
PDSSLQJ� RI� 7ULWLFXP�PRQRFRFFXP� JHQHV� FRQWUROOLQJ� YHUQDOL]DWLRQ� UHTXLUHPHQW��
7KHRU�$SSO�*HQHW�������������



����

'XEFRYVN\�-��&KHQ�&��.KDQ�,$��<DQ�/��������0ROHFXODU�FKDUDFWHUL]DWLRQ�RI�WKH�DOOHOLF�
YDULDWLRQ�DW�WKH�951�+��YHUQDOL]DWLRQ�ORFXV�LQ�EDUOH\��0RO�%UHHG��������±����

(OOLV� 5+�� 5REHUWV� (+�� 6XPPHUILHOG� 5-�� &RRSHU� -3� ������� (QYLURQPHQWDO� FRQWURO� RI�
IORZHULQJ�LQ�EDUOH\��+RUGHXP�YXOJDUH�/����,,��5DWH�RI�GHYHORSPHQW�DV�D�IXQFWLRQ�
RI� WHPSHUDWXUH� DQG� SKRWRSHULRG� DQG� LWV� PRGLILFDWLRQ� E\� ORZ�WHPSHUDWXUH�
YHUQDOL]DWLRQ��$QQ�%RW�������������

(OVQHU�7,��$OEHUWVHQ�+��*HUNHQ�6&��&DUWZULJKW�3��:KLWH�5��������%UHDNSRLQW�DQDO\VLV��
SUHFLVH� ORFDOL]DWLRQ� RI� JHQHWLF� PDUNHUV� E\� PHDQV� RI� QRQVWDWLVWLFDO� FRPSXWDWLRQ�
XVLQJ�UHODWLYHO\�IHZ�JHQRW\SHV��$PHU�-�+XPDQ�*HQHW�������������

(YDQV�/7��������6KRUW�GD\�LQGXFWLRQ�RI� LQIORUHVFHQFH�LQLWLDWLRQ�LQ�VRPH�ZLQWHU�ZKHDW�
YDULHWLHV��$XVW�-�3ODQW�3K\VLRO�������������

(YDQV�/7��������$GDSWDWLRQ�DQG�WKH�HFRORJ\�RI�\LHOG��(Q��&URS�(YROXWLRQ��$GDSWDWLRQ�
DQG�<LHOG��&DPEULGJH�8QLYHUVLW\�3UHVV��1HZ�<RUN��1<������SS���

)$267$7��$FFHVVLEOH�HQ�KWWS���IDRVWDW�IDR�RUJ�VLWH�����GHIDXOW�DVS[�$FFHVR����0DU]R�
GH�������

)DXUH� 6�� +LJJLQV� -�� 7XUQHU� $�� /DXULH� '$� ������� 7KH� )/2:(5,1*� /2&86� 7�OLNH�
JHQH�IDPLO\�LQ�EDUOH\��+RUGHXP�YXOJDUH���*HQHWLFV����������JHQHWLFV������������

)OLQW�*DUFLD� 6$�� 7KRUQVEHUU\� -0�� %XFNOHU� ,9� (6� ������� 6WUXFWXUH� RI� OLQNDJH�
GLVHTXLOLEULXP�LQ�SODQWV��$QQX�5HY�3ODQW�%LRO�������������

)ORRG� 5*�� +DOORUDQ� *0� ������� 7HPSHUDWXUH� DV� D� FRPSRQHQW� RI� WKH� H[SUHVVLRQ� RI�
GHYHORSPHQWDO�UHVSRQVHV�LQ�ZKHDW��(XSK\WLFD�������±���

)RZOHU� '%�� %UHWRQ� *�� /LPLQ� $(�� 0DKIRR]L� 6�� 6DUKDQ� )� ������� 3KRWRSHULRG� DQG�
WHPSHUDWXUH� LQWHUDFWLRQV� UHJXODWH� ORZ�WHPSHUDWXUH�LQGXFHG� JHQH� H[SUHVVLRQ� LQ�
EDUOH\��3ODQW�3K\VLRO����������±�����

)R[� 31�� &URVVD� -�� 5RPDJRVD� ,� ������� 0XOWL�HQYLURQPHQW� WHVWLQJ� DQG� JHQRW\SH� [�
HQYLURQPHQW� LQWHUDFWLRQ�� S�� ���±����� (Q�� 5$� .HPSWRQ� DQG� 31� )R[� �HG���
6WDWLVWLFDO�PHWKRGV�IRU�SODQW�YDULHW\�HYDOXDWLRQ��&KDSPDQ�	�+DOO��/RQGRQ���

)UDQFLD�(��5L]]D�)��&DWWLYHOOL�/��6WDQFD�$0��*DOLED�*��7yWK�%��+D\HV�30��6NLQQHU�-6��
3HFFKLRQL� 1� ������� 7ZR� ORFL� RQ� FKURPRVRPH� �+� GHWHUPLQH� ORZ�WHPSHUDWXUH�
WROHUDQFH�LQ�D�µ1XUH¶��ZLQWHU��[�µ7UHPRLV¶��VSULQJ��EDUOH\�PDS��7KHRU�$SSO�*HQHW�
�������������

)UDQFNRZLDN� -'� ������� 5HYLVHG� OLQNDJH� PDSV� IRU� PRUSKRORJLFDO� PDUNHUV� LQ� EDUOH\��
+RUGHXP�YXOJDUH��%DUOH\�*HQHW�1HZVO�����������

)UDQFNRZLDN� -'�� <X� *�� .UDVKHQLQQLN� 1� ������� *HQHWLF� FRQWURO� RI� SKRWRSHULRG�
UHVSRQVHV� LQ� VSULQJ�EDUOH\�� S�� ���� ,Q�3URF�� �UG�&DQDGLDQ�%DUOH\�6\PSRVLXP�����
DQG����-XQH��������5HG�'HHU��$OEHUWD��&DQDGD��

)UDQFNRZLDN� -'�� .UDVKHQLQQLN� 11�� <X� *7� ������� ,GHQWLI\LQJ� *HQHV� &RQWUROOLQJ�
+HDGLQJ� 'DWH� LQ� 6SULQJ� %DUOH\�� ,Q�� -�� 6SXQDU� DQG�� -�� -DQLNRYD� �HGV���� %DUOH\�
*HQHWLFV� ,;�� %RRN� RI� $EVWUDFWV�� 3URF�� 1LQWK� ,QW�� %DUOH\� *HQHW�� 6\PS��� %UQR��
&]HFK�5HSXEOLF��-XQH��������������&]HFK�-RXUQDO�RI�*HQHWLFV�DQG�3ODQW�%UHHGLQJ�
������

)X�'�� 6]XFV� 3��<DQ�/��+HOJXHUD�0�� 6NLQQHU� -��+D\HV� 3��'XEFRYVN\� -� ������� /DUJH�
GHOHWLRQV� LQ� WKH� ILUVW� LQWURQ�RI� WKH�951���YHUQDOL]DWLRQ�JHQH�DUH�DVVRFLDWHG�ZLWK�



� ���

VSULQJ�JURZWK�KDELW�LQ�EDUOH\�DQG�SRO\SORLG�ZKHDW��0RO�*HQ�*HQRPLFV��������±
���

*DOODJKHU� /:�� 6ROLPDQ� .0�� 9LYDU� +� ������� ,QWHUDFWLRQV� DPRQJ� ORFL� FRQIHUULQJ�
SKRWRSHULRG�LQVHQVLWLYLW\�IRU�KHDGLQJ�WLPH�LQ�VSULQJ�EDUOH\��&URS�6FL�������������

*DUFtD� GHO� 0RUDO� /)�� 0LUDOOHV� '-�� 6ODIHU� *$� ������� ,QLWLDWLRQ� DQG� DSSHDUDQFH� RI�
YHJHWDWLYH�DQG�UHSURGXFWLYH�VWUXFWXUHV�WKURXJKRXW�EDUOH\�GHYHORSPHQW��(Q��6ODIHU�
*$��0ROLQD�&DQR� -/�� 6DYLQ� 5�� $UDXV� -/�� 5RPDJRVD� ,�� �(GV��� %DUOH\� 6FLHQFH��
5HFHQW� $GYDQFHV� IURP�0ROHFXODU� %LRORJ\� WR� $JURQRP\� RI� <LHOG� DQG� 4XDOLW\��
7KH�+DUZRUWK�3UHVV�,QF���1HZ�<RUN��SS����������

*DUQHU�::��$OODUG�+$� �������(IIHFWV� RI� UHODWLYH� OHQJWK� RI� GD\� DQG� QLJKW� DQG� RWKHU�
IDFWRUV�RI�WKH�HQYLURQPHQW�RQ�JURZWK�DQG�UHSURGXFWLRQ�LQ�SODQWV��-�$JULF�5HV�����
��������

*ROGULQJHU� ,��3URXLQ�&��5RXVVHW�0��*DOLF�1��%RQQLQ�,� �������5DSLG�GLIIHUHQWLDWLRQ�RI�
H[SHULPHQWDO�SRSXODWLRQV�RI�ZKHDW�IRU�KHDGLQJ�WLPH�LQ�UHVSRQVH�WR�ORFDO�FOLPDWLF�
FRQGLWLRQV��$QQ�%RW�������������

+DOVH� 1-�� :HLU� 51� ������� (IIHFW� RI� YHUQDOL]DWLRQ�� SKRWRSHULRG� DQG� WHPSHUDWXUH� RQ�
SKHQRORJLFDO�GHYHORSPHQW�DQG�VSLNHOHW�QXPEHU�RI�$XVWUDOLDQ�ZKHDW��$XVW�-�$JULF�
5HV��������±����

+DXQ�-5��������9LVXDO�TXDQWLILFDWLRQ�RI�ZKHDW�GHYHORSPHQW��$JURQ�-��������±����
+D\�5.0��(OOLV�53��������7KH�FRQWURO�RI�IORZHULQJ�LQ�ZKHDW�DQG�EDUOH\��ZKDW�UHFHQW�

DGYDQFHV�LQ�PROHFXODU�JHQHWLFV�FDQ�UHYHDO��$QQ�%RW�������������
+D\HV� 30�� &HURQR� -�� :LWVHQERHU� +�� .XLSHU� 0�� =DEHDX� 0�� 6DWR� .�� .OHLQKRIV� $��

.XGUQD� '�� .LOLDQ� $�� 6DJKDL� 0DURRI� 0�� +RIIPDQ� '�� 1RUWK� $PHULFDQ� %DUOH\�
*HQRPH�0DSSLQJ�3URMHFW� �������&KDUDFWHUL]LQJ�DQG�H[SORLWLQJ�JHQHWLF�GLYHUVLW\�
DQG�TXDQWLWDWLYH� WUDLWV� LQ�EDUOH\��+RUGHXP�YXOJDUH��XVLQJ�$)/3�PDUNHUV��-�47/�
YRO����DUW����KWWS���SUREH�QDOXVGD�JRY������RWKHUGRFV�MTWO���

+RRJHQGRRUQ�-��������7KH�SK\VLRORJ\�RI�YDULDWLRQ�LQ�WKH�WLPH�RI�HDU�HPHUJHQFH�DPRQJ�
ZKHDW�YDULHWLHV�IURP�GLIIHUHQW�UHJLRQV�RI�WKH�ZRUOG��(XSK\WLFD�������������

-DEEHQ�0��'HLW]HU�*(��������(IIHFWV�RI�WKH�KHUELFLGH�6$1������RQ�SK\WRPRUSKRJHQLF�
UHVSRQVHV��3ODQW�3K\VLRO�������������

-DFNVRQ� 3$�� %\WK� '(�� )LVFKHU� .6�� -RKQVWRQ� 53� ������� *HQRW\SH� [� HQYLURQPHQW�
LQWHUDFWLRQV� LQ� SURJHQ\� IURP� D� EDUOH\� FURVV�� ,,�� 9DULDWLRQ� LQ� JUDLQ� \LHOG�� \LHOG�
FRPSRQHQWV�DQG�GU\�PDWWHU�SURGXFWLRQ�DPRQJ�OLQHV�ZLWK�VLPLODU�WLPHV�WR�DQWKHVLV��
)LHOG�&URSV�5HV�����������

-DFNVRQ�6��7KRPDV�%��������3KRWRUHFHSWRUV�DQG�VLJQDOV�LQ�WKH�SKRWRSHULRGLF�FRQWURO�RI�
GHYHORSPHQW��3ODQW�&HOO�(QYLURQ�������������

-RKQVRQ�/39��7D\ORU�$5��������1RWH�RQ�WKH�HIIHFW�RI�SKRWRSHULRG�DQG�WHPSHUDWXUH�RQ�
WKH�GHYHORSPHQW�RI�VSLNH�SULPRUGLD�LQ�EDUOH\��&DQ�-�3ODQW�6FL�������������

.DUVDL� ,�� 0pV]iURV� .�� 6]�FV� 3�� +D\HV� 30�� /iQJ� /�� %HG|� =� ������� (IIHFWV� RI� ORFL�
GHWHUPLQLQJ�SKRWRSHULRG�VHQVLWLYLW\��3KG�+���DQG�YHUQDOL]DWLRQ�UHVSRQVH��6K���RQ�
DJURQRPLF� WUDLWV� LQ� WKH� µ'LFNWRR¶� î� µ0RUH[¶� EDUOH\� PDSSLQJ� SRSXODWLRQ�� 3ODQW�
%UHHG��������������

.DUVDL�,��0pV]iURV�.��/iQJ�/��+D\HV�30��%HG|�=��������0XOWLYDULDWH�DQDO\VLV�RI�WUDLWV�
GHWHUPLQLQJ�DGDSWDWLRQ�LQ�FXOWLYDWHG�EDUOH\��3ODQW�%UHHG��������������



����

.DUVDL�,��6] FV�3��0pV]iURV�.��)LOLFKNLQD�7��+D\HV�30��6NLQQHU�-6��/iQJ�/��%HG �=�
�������7KH�9UQ�+��ORFXV�LV�D�PDMRU�GHWHUPLQDQW�RI�IORZHULQJ�WLPH�LQ�D�IDFXOWDWLYH�
î�ZLQWHU� JURZWK� KDELW� EDUOH\� �+RUGHXP� YXOJDUH� /��PDSSLQJ� SRSXODWLRQ�� 7KHRU�
$SSO�*HQHW����������������

.DWR�.��7DQL]RH�&��%HLOHV�$��1HYR�(��������*HRJUDSKLFDO�YDULDWLRQ�LQ�KHDGLQJ�WUDLWV�LQ�
ZLOG� HPPHU� ZKHDW�� 7ULWLFXP� GLFRFFRLGHV�� ,,�� 9DULDWLRQ� LQ� KHDGLQJ� GDWH� DQG�
DGDSWDWLRQ�WR�GLYHUVH�HFR�JHRJUDSKLFDO�FRQGLWLRQV��+HUHGLWDV������������

.DWR�.��0LXUD�+��6DZDGD�6� �������&KDUDFWHUL]DWLRQ�RI�4(HW�RFV��$����D�TXDQWLWDWLYH�
WUDLW�ORFXV�IRU�HDU�HPHUJHQFH�WLPH�RQ�ZKHDW�FKURPRVRPH��$/��3ODQW�%UHHG������
��������

.LUE\�(-0��$SSOH\DUG�0��)HOORZHV�*��������9DULDWLRQ� LQ�GHYHORSPHQW�RI�ZKHDW�DQG�
EDUOH\�LQ�UHVSRQVH�WR�VRZLQJ�GDWH�DQG�YDULHW\��-�$JULF�6FL��������������

.LUE\� (-0�� $SSOH\DUG� 0� ������� &HUHDO� 'HYHORSPHQW� *XLGH�� �QG� HG�� $UDEOH� 8QLW��
1DFLRQDO�$JULF��&HQWUH��(QJODQG�

.OHSSHU� %�� 5LFNPDQ� 5:�� 3HWHUVRQ� &0� ������� 4XDQWLWDWLYH� FKDUDFWHUL]DWLRQ� RI�
YHJHWDWLYH�GHYHORSPHQW�LQ�VPDOO�FHUHDO�JUDLQV��$JURQ�-�������������

.Q�SSIHU�+�� 7HUHQW\HYD� ,�� +DPPHU�.��.RYDOHYD�2�� 6DWR�.� ������� (FRJHRJUDSKLFDO�
GLYHUVLW\� ±� D�9DYLORYLDQ� DSSURDFK�� (Q��'LYHUVLW\� LQ� %DUOH\� �+RUGHXP� YXOJDUH���
�HGV��5�YRQ�%RWKPHU��7�YDQ�+LQWXP��+�.Q�SSIHU��.�6DWR��(OVHYLHU�6FLHQFH�%�9���
$PVWHUGDP��7KH�1HWKHUODQGV��SS��������

/DQGHU�(��%RWVWHLQ�'��������0DSSLQJ�PHQGHOLDQ�IDFWRUV�XQGHUO\LQJ�TXDQWLWDWLYH� WUDLWV�
XVLQJ�5)/3�OLQNDJH�PDSV��*HQHWLFV��������������

/DUJH�(&��������*URZWK�VWDJHV�LQ�FHUHDOV��,OOXVWUDWLRQV�RI�WKH�)HHNHV�VFDOH��3ODQW�3DWKRO�
�����������

/DXULH�'$��3UDWFKHWW�1��%H]DQW�-+��6QDSH�-:��������*HQHWLF�DQDO\VLV�RI�D�SKRWRSHULRG�
UHVSRQVH� JHQH� RQ� WKH� VKRUW� DUP� RI� FKURPRVRPH� �� ��+�� RI� +RUGHXP� YXOJDUH��
+HUHGLW\�������������

/DXULH� '$�� 3UDWFKHWW� 1�� %H]DQW� -+�� 6QDSH� -:� ������� 5)/3�PDSSLQJ� RI� ILYH� PDMRU�
JHQHV� DQG� HLJKW� TXDQWLWDWLYH� WUDLW� ORFL� FRQWUROOLQJ� IORZHULQJ� WLPH� LQ� D� ZLQWHU� [�
VSULQJ�EDUOH\��+RUGHXP�YXOJDUH�/��FURVV��*HQRPH�������������

/DZ�&1��'HDQ�&��&RXSODQG�*� �������*HQHV� FRQWUROOLQJ� IORZHULQJ� DQG� VWUDWHJLHV� IRU�
WKHLU�LVRODWLRQ�DQG�FKDUDFWHUL]DWLRQ��(Q��%5�-RUGDQ��HG��7KH�0ROHFXODU�%LRORJ\�RI�
)ORZHULQJ��&$%�,QWHUQDWLRQDO��2[IRUG��8.��SS�������

/HY�<DGXQ�6��*RSKHU�$��$EER�6��������7KH�FUDGOH�RI�DJULFXOWXUH��6FLHQFH�����������
�����

/LPLQ�$(��)RZOHU�'%��������'HYHORSPHQWDO�WUDLWV�DIIHFWLQJ�ORZ�WHPSHUDWXUH�WROHUDQFH�
UHVSRQVH� LQ� QHDU�LVRJHQLF� OLQHV� IRU� WKH� YHUQDOL]DWLRQ� ORFXV� 9UQ�$�� LQ� ZKHDW�
�7ULWLFXP�DHVWLYXP�/��HP�7KHOO���$QQ�%RW�������������

/XQGTYLVW� 8�� )UDQFNRZLDN� -'�� .RQLVKL� 7� ������� 1HZ� DQG� UHYLVHG� GHVFULSWLRQV� RI�
EDUOH\�JHQHV��%DUOH\�*HQHW�1HZVO������������

0DKIRR]L� 6�� /LPLQ� $(�� )RZOHU� '%� ������� 'HYHORSPHQWDO� UHJXODWLRQ� RI� ORZ�
WHPSHUDWXUH�WROHUDQFH�LQ�ZLQWHU�ZKHDW��$QQ�%RW�������������
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0DMRU� '-� ������� 3KRWRSHULRG� UHVSRQVH� FKDUDFWHULVWLFV� FRQWUROOLQJ� IORZHULQJ� RI� QLQH�
FURS�VSHFLHV��&DQ�-�3ODQW�6FL�������������

0ROLQD�&DQR�-/��,JDUWXD�(��&DVDV�$0��0RUDOHMR�0��������1HZ�YLHZV�RQ�WKH�RULJLQ�RI�
FXOWLYDWHG�EDUOH\��(Q��6ODIHU�*$��0ROLQD�&DQR�-/��6DYLQ�5��$UDXV�-/��5RPDJRVD�
,� �HGV�� %DUOH\� VFLHQFH�� )RRG� 3URGXFW� 3UHVV� �DQ� LPSULQW� RI� 7KH�+DZRUWK� 3UHVV���
1HZ�<RUN��SS���±���

0RUUHOO�3/��&OHJJ�07��������*HQHWLF� HYLGHQFH� IRU� D� VHFRQG�GRPHVWLFDWLRQ�RI�EDUOH\�
�+RUGHXP� YXOJDUH�� HDVW� RI� WKH� )HUWLOH�&UHVFHQW�� 3URF�1DWO�$FDG�6FL��86$������
�����������

0XxR]�3��9ROWDV�-��$UDXV�-/��,JDUWXD�(��5RPDJRVD�,��������&KDQJHV�RYHU�WLPH�LQ�WKH�
DGDSWDWLRQ�RI�EDUOH\�UHOHDVHV�LQ�1RUWK�HDVWHUQ�6SDLQ��3ODQW�%UHHG��������������

0XUDQW\� +� ������� 3RZHU� RI� WHVWV� IRU� TXDQWLWDWLYH� WUDLW� ORFL� GHWHFWLRQ� XVLQJ� IXOO�VLE�
IDPLOLHV�LQ�GLIIHUHQW�VFKHPHV��+HUHGLW\�������±����

1LODQ�5$� ������� 7KH� F\WRORJ\� DQG� JHQHWLFV� RI� EDUOH\�� �����������:DVKLQJWRQ� 6WDWH�
8QLYHUVLW\�3UHVV��3XOOPDQ��3DJ����������

2UDEL�-��%DFNHV�*��:ROGD\�$��<DK\DRXL�$��-DKRRU�$��������7KH�+RUQ�RI�$IULFD�DV�D�
FHQWUH� RI� EDUOH\� GLYHUVLILFDWLRQ� DQG� D� SRWHQWLDO� GRPHVWLFDWLRQ� VLWH�� 7KHRU� $SSO�
*HQHW�'2,���������V�����������������

3DNQL\DW�+��3RZHOO�:��%DLUG�(��+DQGOH\�//��5RELQVRQ�'��6FULPJHRXU�&0��1HYR�(��
+DFNHWW� &$�� &DOLJDUL� 3'6�� )RUVWHU� %3� ������� $)/3� YDULDWLRQ� LQ� ZLOG� EDUOH\�
�+RUGHXP� VSRQWDQHXP�&��.RFK��ZLWK� UHIHUHQFH� WR� VDOW� WROHUDQFH� DQG� DVVRFLDWHG�
HFRJHRJUDSK\��*HQRPH�������������

5DH�6-��.HLWK�5��0DFNLH�$��0DWWKHZV�'��)HOL[�*��0RUULV�3&��2¶6XOOLYDQ�'��'RQLQL�3��
7KRPDV�:7%��������6PDOO�FURVV�PDSSLQJ�RI�EDUOH\�TXDOLW\�FKDUDFWHUV��(XFDUSLD�
PHHWHLQJ��&HUHDOV�6HFWLRQ��/OHLGD��6SDLQ��1RYHPEHU�������

5DPDNULVKQD�:��'XEFRYVN\�-��3DUN�<-��%XVVR�&��(PEHUWRQ�-��6DQ0LJXHO�3��%HQQHW]HQ�
-/��������'LIIHUHQW�W\SHV�DQG�UDWHV�RI�JHQRPH�HYROXWLRQ�GHWHFWHG�E\�FRPSDUDWLYH�
VHTXHQFH� DQDO\VLV� RI� RUWKRORJRXV� VHJPHQWV� IURP� IRXU� FHUHDO� JHQRPHV��*HQHWLFV�
��������������

5LVFK�1-��������6HDUFKLQJ�IRU�JHQHWLF�GHWHUPLQDQWV�LQ�WKH�QHZ�PLOOHQQLXP��1DWXUH������
���������

5REHUWV� (+�� 6XPPHUILHOG� 5-�� &RRSHU� -3�� (OOLV� 5+� ������� (QYLURQPHQWDO� FRQWURO� RI�
IORZHULQJ� LQ� EDUOH\� �+RUGHXP� YXOJDUH� /��� ,� 3KRWRSHULRG� OLPLWV� WR� ORQJ�GD\�
UHVSRQVHV�� SKRWRSHULRG�LQVHQVLWLYH� SKDVHV� DQG� HIIHFWV� RI� ORZ� WHPSHUDWXUH� DQG�
VKRUW�GD\�YHUQDOL]DWLRQ��$QQ�%RW�������������

6DOLVEXU\�)%��������7KH�IORZHULQJ�SURFHVV��3HUJDPRQ�3UHVV�/RQGRQ��
6NLQQHU�-6��6] FV�3��YRQ�=LW]HZLW]�-��0DUTXH]�&HGLOOR�/��)LOLFKNLQ�7��7KRPDVKRZ�0)��

6WRFNLQJHU� (-�� &KHQ� 7++�� +D\HV� 30� ������� 0DSSLQJ� RI� EDUOH\� KRPRORJV� WR�
JHQHV� WKDW� UHJXODWH� ORZ�WHPSHUDWXUH� WROHUDQFH� LQ�$UDELGRSVLV��7KHRU�$SSO�*HQHW�
�������������

6ODIHU� *$� ������� *HQHWLF� EDVLV� RI� \LHOG� DV� YLHZHG� IURP� D� FURS� SK\VLRORJLVW¶V�
SHUVSHFWLYH��$QQ�$SSO�%LRO��������������



����

6ODIHU� *$�� 5DZVRQ� +0� ������� 6HQVLWLYLW\� RI� ZKHDW� SKDVLF� GHYHORSPHQW� WR� PDMRU�
HQYLURQPHQWDO� IDFWRUV�� D� UHH[DPLQDWLRQ� RI� VRPH� DVVXPSWLRQV� PDGH� E\�
SK\VLRORJLVWV�DQG�PRGHOOHUV��$XVW�-�3ODQW�3K\VLRO�������������

6ODIHU�*$��5DZVRQ�+0��������'HYHORSPHQW�LQ�ZKHDW�DV�DIIHFWHG�E\�WLPLQJ�DQG�OHQJWK�
RI�H[SRVXUH�WR�ORQJ�SKRWRSHULRG��-�([S�%RW���������������

6PLWK�+��:KLWHODP�*&��������3K\WRFKURPH��D�IDPLO\�RI�SKRWRUHFHSWRUV�ZLWK�PXOWLSOH�
SK\VLRORJLFDO�UROHV��3ODQW�&HOO�(QYLURQ�������������

6ROLPDQ�.0��$OODUG�5:��������*UDLQ�\LHOG�RI�FRPSRVLWH�FURVV�SRSXODWLRQV�RI�EDUOH\��
HIIHFWV�RI�QDWXUDO�VHOHFWLRQ��&URS�6FL��������������

6WUDFNH�6��%|UQHU�$��������0ROHFXODU�PDSSLQJ�RI�WKH�SKRWRSHULRG�UHVSRQVH�JHQH�HD��LQ�
EDUOH\��7KHRU�$SSO�*HQHW�������������

6ZDQVWRQ� -6��5XVVHOO� -5�� 3pUH]�9HQGUHOO�$0��(OLD�0��0RUDOHMR�0��0ROLQD�&DQR� -/�
�������(IILFLHQW�VHOHFWLRQ�RI�E�JOXFDQ�FRQWHQW�HQKDQFHV�ZLGHU�XWLOLVDWLRQ�RI�EDUOH\�
JUDLQ��(XFDUSLD�PHHWHLQJ��&HUHDOV�6HFWLRQ��/OHLGD��6SDLQ��1RYHPEHU�������

6]�FV�3��6NLQQHU�-6��.DUVDL�,��&XHVWD�0DUFRV�$��+DJJDUG�.*��&RUH\�$(��&KHQ�7++��
+D\HV� 30� �������9DOLGDWLRQ� RI� WKH�951�+��951�+�� HSLVWDWLF�PRGHO� LQ� EDUOH\�
UHYHDOV� WKDW� LQWURQ� OHQJWK�YDULDWLRQ� LQ�951�+��PD\� DFFRXQW� IRU� D� FRQWLQXXP�RI�
YHUQDOL]DWLRQ�VHQVLWLYLW\��0RO�*HQHW�*HQRP����������V�����������������

7DNDKDVKL�5��<DVXGD� 6� �������*HQHWLFV� RI� HDUOLQHVV� DQG� JURZWK� KDELW� LQ� EDUOH\�� (Q��
1LODQ�5$��HG��%DUOH\�*HQHWLFV�,,��:DVKLQJWRQ�6WDWH�8QLYHUVLW\�3UHVV��SS���������

7DODPXFFL� 3� ������� &RPSRUWDPHQWR� GL� ��� FXOWLYDU� GL� RU]R� LQ� VHPLQD� DXWXQQDOH� H�
SULPDYHUDOH�QHOOD�PRQWDJQD�SLVWRLHVH��6HPHQWL�(OHWWH������������

7HZDUL� 61� ������� 3DWK� FRHIILFLHQW� DQDO\VLV� IRU� JUDLQ� \LHOG� DQG� LWV� FRPSRQHQWV� LQ� D�
FROOHFWLRQ� RI� EDUOH\� �+RUGHXP� YXOJDUH�� JHUPSODVP�� %DUOH\� *HQHWLFV� ,,,�� 7KLUG�
,QWHUQDWLRQDO�%DUOH\�*HQHWLFV�6\PSRVLXP��S������

7KRPDV�%��9LQFH�3UXH�'��������3KRWRSHULRGLVP�LQ�SODQWV��$FDGHPLF�3UHVV��1HZ�<RUN��
1<������SS���

7KRPSVRQ� :-�� 0DWKHZV� 6� ������� 7KH� HIIHFW� RI� GD\OHQJWK� DQG� VRZLQJ� RQ� HDU�
GHYHORSPHQW�LQ�EDUOH\�FXOWLYDUV��(Q�³%DUOH\�*HQHWLFV�,9��3URFHHGLQJV�RI�WKH��WK�
,QWHUQDWLRQDO�%DUOH\�*HQHWLFV�6\PSRVLXP��3S����������(GLPEXUJK��8.���

7UDQTXLOOL�*(��'XEFRYVN\�-� �������(SLVWDWLF� LQWHUDFWLRQV�EHWZHHQ�YHUQDOL]DWLRQ�JHQHV�
9UQ�$�P���DQG�9UQ�$�P���LQ�GLSORLG�ZKHDW��-�+HUHG�������±����

7UHYDVNLV� %�� +HPPLQJ� 01�� 3HDFRFN� :-�� 'HQQLV� (6� �������+Y951�� 5HVSRQGV� WR�
GD\OHQJWK�� ZKHUHDV� +Y951�� LV� UHJXODWHG� E\� YHUQDOL]DWLRQ� DQG� GHYHORSPHQWDO�
VWDWXV��3ODQW�3K\VLRO����������������

7ULRQH�(-��0HW]JHU�5-��������:KHDW�DQG�EDUOH\�YHUQDOL]DWLRQ�LQ�D�SUHFLVH�WHPSHUDWXUH�
JUDGLHQW��&URS�6FL�������������

7XUQHU� $�� %HDOHV� -�� )DXUH� 6�� 'XQIRUG� 53�� /DXULH� '$� ������� 7KH� SVHXGR�UHVSRQVH�
UHJXODWRU� 3SG�+�� SURYLGHV� DGDSWDWLRQ� WR� SKRWRSHULRG� LQ� EDUOH\�� 6FLHQFH� �����
����±�����

YDQ� 2RVWHURP� (-�� $FHYHGR� (� ������� $GDSWDWLRQ� RI� EDUOH\� �+RUGHXP� YXOJDUH� /�� WR�
KDUVK�0HGLWHUUDQHDQ�HQYLURQPHQWV��,,,��3ODQW�LGHRW\SH�DQG�JUDLQ�\LHOG��(XSK\WLFD�
����������



� ���

YDQ�2RVWHURP�(-��.OHLMQ�'��&HFFDUHOOL�6��1DFKLW�00��������*HQRW\SH�E\�HQYLURQPHQW��
LQWHUDFWLRQV�RI�EDUOH\�LQ�WKH�0HGLWHUUUDQHDQ�UHJLRQ��&URS�6FL��������������

9DUVKQH\� 5.�� *UDQHU� $�� 6RUUHOOV� 0(� ������� *HQRPLFV�DVVLVWHG� EUHHGLQJ� IRU� FURS�
LPSURYHPHQW��7UHQGV�3ODQW�6FL�������������

9LUN� 36�� )RUG�/OR\G�%9�� -DFNVRQ�07��&OHPHQR�+6��1HZEXU\�+-� ������� 3UHGLFWLQJ�
TXDQWLWDWLYH� YDULDWLRQ�ZLWKLQ� ULFH� JHUPSODVP� XVLQJ�PROHFXODU�PDUNHUV��+HUHGLW\�
�������������

9ROWDV�-��YDQ�(HXZLMN�)��,JDUWXD�(��*DUFtD�GHO�0RUDO�/)��0ROLQD�&DQR�-/��5RPDJRVD�,�
�������*HQRW\SH� E\� HQYLURQPHQW� LQWHUDFWLRQ� DQG� DGDSWDWLRQ� LQ� EDUOH\� EUHHGLQJ��
%DVLF�FRQFHSWV�DQG�PHWKRGV�RI�DQDO\VLV��(Q��6ODIHU�*$��0ROLQD�&DQR�-/��6DYLQ�
5�� $UDXV� -/�� 5RPDJRVD� ,�� �(GV���� %DUOH\� 6FLHQFH�� 5HFHQW� $GYDQFHV� IURP�
0ROHFXODU�%LRORJ\�WR�$JURQRP\�RI�<LHOG�DQG�4XDOLW\��7KH�+DUZRUWK�3UHVV�,QF���
1HZ�<RUN��SS�����������

YRQ� %RWKPHU� 5�� -DFREVHQ� 1�� %DGHQ� &�� -RUJHQVHQ� 5%�� /LQGH�/DXUVHQ� ,� ������� $Q�
HFRJHRJUDSKLFDO� VWXG\� RI� WKH� JHQXV� +RUGHXP�� 6\VWHPDWLF� DQG� (FRJHRJUDSKLF�
6WXGLHV�RQ�&URS�*HQHSRROV�����,3*5,��5RPH�

YRQ� %RWKPHU� 5�� 6DWR� .�� .RPDWVXGD� 7�� <DVXGD� 6�� )LVFKEHFN� *� ������� 7KH�
GRPHVWLFDWLRQ� RI� FXOWLYDWHG� EDUOH\�� (Q�� 'LYHUVLW\� LQ� %DUOH\� �+RUGHXP� YXOJDUH���
�HGV��5�YRQ�%RWKPHU��7�YDQ�+LQWXP��+�.Q�SSIHU��.�6DWR��(OVHYLHU�6FLHQFH�%�9���
$PVWHUGDP��7KH�1HWKHUODQGV��SS�������

YRQ�=LW]HZLW]�-��6] FV�3��'XEFRYVN\�-��<DQ�/��3HFFKLRQL�1��)UDQFLD�(��&DVDV�$��&KHQ�
7++��+D\HV�30��6NLQQHU�-6��������0ROHFXODU�DQG�VWUXFWXUDO�FKDUDFWHUL]DWLRQ�RI�
EDUOH\�YHUQDOL]DWLRQ�JHQHV��3ODQW�0RO�%LRO��������±����

:RUODQG� $-� ������� 7KH� LQIOXHQFH� RI� IORZHULQJ� WLPH� JHQHV� RQ� HQYLURQPHQWDO�
DGDSWDELOLW\�LQ�(XURSHDQ�ZKHDWV��(XSK\WLFD�����������

:RUODQG�$-��%RUQHU�$��.RU]XQ�9��/L�:0��3HWURYLF�6��6D\HUV�(-��������7KH�LQIOXHQFH�
RI� SKRWRSHULRG� JHQHV� RQ� WKH� DGDSWDELOLW\� RI� (XURSHDQ� ZLQWHU� ZKHDW�� (XSK\WLFD�
�������������

:ULJKW�$&��*DXQW�5(��������'LVHDVH�\LHOG�UHODWLRQVKLS�LQ�EDUOH\��,��<LHOG��GU\�PDWWHU�
DFFXPXODWLRQ�DQG�\LHOG�ORVV�PRGHOV��3ODQW�3DWKRO��������������

;X�7:��������2ULJLQ�DQG�HYROXWLRQ�RI� FXOWLYDWHG�EDUOH\� LQ�&KLQD��$FWD�*HQHW�6LQ����
���������HQ�FKLQR�FRQ�DEVWUDFW�HQ�LQJOpV��

<DQ� /�� /RXNRLDQRY� $�� 7UDQTXLOOL� *�� +HOJXHUD� 0�� )DKLPD� 7�� 'XEFRYVN\� -� �������
3RVLWLRQDO� FORQLQJ� RI� WKH� ZKHDW� YHUQDOL]DWLRQ� JHQH�951��� 3URF� 1DWO� $FDG� 6FL��
86$����������������

<DQ�� /�� /RXNRLDQRY� $�� %OHFK� $� O�� 7UDQTXLOOL� *�� 5DPDNULVKQD� :�� 6DQ0LJXHO� 3��
%HQQHW]HQ� -/�� (FKHQLTXH� 9�� 'XEFRYVN\� -� ������� 7KH� ZKHDW� 951�� JHQH� LV� D�
IORZHULQJ�UHSUHVVRU�GRZQ�UHJXODWHG�E\�YHUQDOL]DWLRQ��6FLHQFH����������������

<DQ�/��)X�'��/L�&��%OHFKO�$��7UDQTXLOOL�*��%RQDIHGH�0��6DQFKH]�$��9DODULN�0��<DVXGD�
6�� 'XEFRYVN\� -� ������� 7KH� ZKHDW� DQG� EDUOH\� YHUQDOL]DWLRQ� JHQH� 951�� LV� DQ�
RUWKRORJXH�RI�)7��3URF�1DWO�$FDG�6FL��86$������������������

<RXQJ�.-��(OOLRWW�*$��������$Q�HYDOXDWLRQ�RI�EDUOH\�DFFHVVLRQV�IRU�DGDSWDWLRQ� WR� WKH�
FHUHDO� JURZLQJ� UHJLRQV� RI�:HVWHUQ� $XVWUDOLD�� EDVHG� RQ� WLPH� WR� HDU� HPHUJHQFH��
$XVW�-�$JULF�5HV�����������



����

=HQJ�=%��������3UHFLVLRQ�PDSSLQJ�RI�TXDQWLWDWLYH�WUDLW�ORFL��*HQHWLFV����������������
=RKDU\� '�� +RSI� 0� ������� 'RPHVWLFDWLRQ� RI� SODQWV� LQ� WKH� 2OG�:RUOG� ��QG� HGLWLRQ���

2[IRUG�8QLYHUVLW\�3UHVV��2[IRUG��
�

�



�

�
�
�
�
�
�

&DStWXOR���
�

2EMHWLYRV�



�



���

&DStWXOR����2EMHWLYRV�
�

/D� ILQDOLGDG�GH� HVWH� WUDEDMR� HV� OD�SURIXQGL]DFLyQ�HQ� HO� FRQRFLPLHQWR�GHO� FRQWURO�
JHQpWLFR� GH� OD� IHFKD� GH� IORUDFLyQ� HQ� OD� FHEDGD�� DO� VHU� pVWH� XQ� IDFWRU� GHWHUPLQDQWH� GHO�
UHQGLPLHQWR� HQ� ODV� ]RQDV� FRQ� UHFXUVRV� KtGULFRV� HVFDVRV�� (O� REMHWLYR� JHQHUDO� HV� OD�
LGHQWLILFDFLyQ�GH�ORV�SULQFLSDOHV�47/�LPSOLFDGRV��DVt�FRPR�VXV�LQWHUDFFLRQHV�HQWUH�Vt�\�
FRQ� HO� PHGLR� DPELHQWH�� \� OD� LGHQWLILFDFLyQ� \� GHVDUUROOR� GH� PDUFDGRUHV� PROHFXODUHV�
DVRFLDGRV�D�ORV�PLVPRV�FRQ�HO�ILQ�GH�VHU�XWLOL]DGRV�HQ�ORV�SURJUDPDV�GH�PHMRUD��

'HQWUR�GH�HVWH�REMHWLYR�JHQHUDO��ORV�REMHWLYRV�HVSHFtILFRV�TXH�VH�SODQWHDQ�VRQ�ORV�
VLJXLHQWHV��

-� ,GHQWLILFDFLyQ� GH� ORFL� GH� FRQWURO� GH� HVSLJDGR�� DVt� FRPR� PDUFDGRUHV�
PROHFXODUHV� OLJDGRV�� HQ� XQD� SREODFLyQ� GH� PDSHR� GH� DPSOLD� GLYHUVLGDG� SDUD� HO�
FDUiFWHU��&DStWXOR�����

-� 9DOLGDFLyQ� GH� HVWRV� 47/� HQ� XQ� FRQMXQWR� GH� ��� SREODFLRQHV� GH� OtQHDV�
KDSORLGHV� GXSOLFDGDV� GH� DPSOLD� EDVH� JHQpWLFD�� UHSUHVHQWDWLYDV� GHO� JHUPRSODVPD�
GHO� SURJUDPD� S~EOLFR� HVSDxRO� GH� PHMRUD�� (VWLPDFLyQ� GH� OD� YDOLGH]� GH� ORV�
PDUFDGRUHV� HQFRQWUDGRV� HQ� HO� REMHWLYR� DQWHULRU�� \� DQiOLVLV� GH� VX� GLYHUVLGDG�
JHQpWLFD�� 6H� WUDWD� GH� HYDOXDU�� GH� HVWD� IRUPD�� HO� FRPSRUWDPLHQWR� HQ� GLIHUHQWHV�
IRQGRV� JHQpWLFRV� \� VX� SRWHQFLDO� XVR� HQ� SURJUDPDV� GH� VHOHFFLyQ� DVLVWLGD� SRU�
PDUFDGRUHV��&DStWXOR�����

-� 9DOLGDFLyQ� GHO� PRGHOR� HSLVWiWLFR� GH� ORV� JHQHV� 9UQ�+�� \� 9UQ�+��� TXH�
GHWHUPLQDQ� OD� UHVSXHVWD� D� OD� YHUQDOL]DFLyQ�� DO� VHU� pVWD� XQD� GH� ODV� SULQFLSDOHV�
FRQGLFLRQDQWHV�GH�OD�IHFKD�GH�IORUDFLyQ��&DStWXOR������

-� ,GHQWLILFDFLyQ�GH�47/�GHWHUPLQDQWHV�GHO�UHQGLPLHQWR� �HQ�XQD�SREODFLyQ�
GH�PDSHR�� LQFOX\HQGR� HO� DQiOLVLV� GH� OD� UHODFLyQ� GH� OD� IHFKD� GH� HVSLJDGR� FRQ� HO�
UHQGLPLHQWR�\�HO�HVWXGLR�GH�OD�LQIOXHQFLD�GH�ORV�SULQFLSDOHV�JHQHV�GHWHUPLQDQWHV�GH�
OD�IHFKD�GH�HVSLJDGR�VREUH�HO�UHQGLPLHQWR��&DStWXOR�����
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&DStWXOR���
�

+HDGLQJ�GDWH�47/�LQ�D�VSULQJ�[�ZLQWHU�
EDUOH\�FURVV�HYDOXDWHG�LQ�0HGLWHUUDQHDQ�

HQYLURQPHQWV�



�



� ���

&DStWXOR����+HDGLQJ�GDWH�47/�LQ�D�VSULQJ�[�ZLQWHU�EDUOH\�FURVV�
HYDOXDWHG�LQ�0HGLWHUUDQHDQ�HQYLURQPHQWV�

�
$OIRQVR�&XHVWD�0DUFRV���(UQHVWR�,JDUWXD���)UDQFLVFR�&LXGDG���3ULPLWLYD�
&RGHVDO���-RDQQH�5�5XVVHOO���-RVp�/�0ROLQD�&DQR���0DULDQ�0RUDOHMR���

3HWHU�6] FV���0��3LODU�*UDFLD���-RVp�0�/DVD���$QD�0�&DVDV��
�
�
�
��'HSDUWPHQW�RI�*HQHWLFV�DQG�3ODQW�3URGXFWLRQ��$XOD�'HL�([SHULPHQWDO�6WDWLRQ��&6,&��
3�2��%R[������(��������=DUDJR]D��6SDLQ�
�� ,7$�� ,QVWLWXWR� GH� 7HFQRORJtD� $JUDULD�� -XQWD� GH� &DVWLOOD� \� /HyQ�� 3�2�� %R[� ����� (�
�������9DOODGROLG��6SDLQ�
��6FRWWLVK�&URS�5HVHDUFK�,QVWLWXWH��,QYHUJRZULH��'XQGHH�''���'$��8.�
��)LHOG�&URSV��&HQWUH�8G/�,57$��$Y��5RYLUD�5RXUH������(�������/OHLGD��6SDLQ�
��'HSDUWPHQW� RI� &URS� DQG� 6RLO� 6FLHQFH�� 2UHJRQ� 6WDWH� 8QLYHUVLW\�� ���� &URS� 6FLHQFH�
0XLOGLQJ��&RUYDOOLV��25��������86$�
�
�



����

���� $EVWUDFW�
�
+HDGLQJ�GDWH�LV�D�NH\�WUDLW�IRU�WKH�DGDSWDWLRQ�RI�EDUOH\�WR�0HGLWHUUDQHDQ�HQYLURQPHQWV��
:H� VWXGLHG� WKH� JHQHWLF� FRQWURO� RI� IORZHULQJ� WLPH� XQGHU� 1RUWKHUQ� 6SDQLVK�
�0HGLWHUUDQHDQ��FRQGLWLRQV�XVLQJ�D�QHZ�SRSXODWLRQ�GHULYHG�IURP�WKH�VSULQJ�ZLQWHU�FURVV�
%HND�0RJDGRU��$�VHW�RI�����GRXEOHG�KDSORLG�OLQHV�ZDV�HYDOXDWHG�LQ�WKH�ILHOG��DQG�XQGHU�
FRQWUROOHG� WHPSHUDWXUH� DQG� SKRWRSHULRG� FRQGLWLRQV�� *HQRW\SLQJ� ZDV� FDUULHG� RXW� ZLWK�
���� PDUNHUV� �5)/3�� 676�� 5$3'�� $)/3�� 665��� LQFOXGLQJ� PDUNHUV� IRU� YHUQDOL]DWLRQ�
FDQGLGDWH� JHQHV�� +Y%0�� �9UQ�+���� +Y=&&7� �9UQ�+���� DQG� +Y7� 613��� �3SG�+����
-XVW� IRXU� PDMRU� 47/�� DQG� WKH� LQWHUDFWLRQV� EHWZHHQ� WKHP�� DFFRXQWHG� IRU� PRVW� RI� WKH�
YDULDWLRQ�LQ�ERWK�ILHOG������WR������DQG�JUHHQKRXVH�WULDOV������WR�������7KHVH�ZHUH�
FRLQFLGHQW�ZLWK�WKH�ORFDWLRQ�RI�WKH�PDMRU�JHQHV�IRU�UHVSRQVH�WR�YHUQDOL]DWLRQ�DQG�VKRUW�
SKRWRSHULRG� �3SG�+�� RQ� FKURPRVRPH� �+��� $� PDMRU� 47/�� QHDU� WKH� FHQWURPHUH� RI�
FKURPRVRPH� �+� ZDV� WKH� PRVW� LPSRUWDQW� RQH� XQGHU� DXWXPQ� VRZLQJ� FRQGLWLRQV��
$OWKRXJK� LW� LV� GHWHFWHG� XQGHU� DOO� FRQGLWLRQV�� LWV� DFWLRQ� VHHPV� QRW� LQGHSHQGHQW� IURP�
HQYLURQPHQWDO�FXHV��$Q�HSLVWDWLF�LQWHUDFWLRQ�LQYROYLQJ�WKH�WZR�YHUQDOL]DWLRQ�JHQHV�ZDV�
GHWHFWHG�ZKHQ�WKH�SODQWV�ZHUH�JURZQ�ZLWKRXW�YHUQDOL]DWLRQ�DQG�XQGHU�ORQJ�SKRWRSHULRG��
7KH� VLPXOWDQHRXV� SUHVHQFH� RI� WKH� ZLQWHU�0RJDGRU� DOOHOH� DW� WKH� WZR� ORFL� SURGXFHG� D�
PDUNHG�GHOD\�LQ�KHDGLQJ�GDWH��EH\RQG�D�PHUH�DGGLWLYH�HIIHFW��7KLV�LQWHUDFWLRQ��FRPELQHG�
ZLWK� WKH� HIIHFW� RI� WKH� JHQH� UHVSRQVLYH� WR� VKRUW� SKRWRSHULRG�� 3SG�+��� ZDV� IRXQG�
UHVSRQVLEOH�RI�WKH�SKHQRPHQRQ�NQRZQ�DV�VKRUW�GD\�YHUQDOL]DWLRQ��SUHVHQW�LQ�VRPH�RI�WKH�
LQGLYLGXDOV�RI�WKH�SRSXODWLRQ��
�
.H\ZRUGV��%DUOH\��IORZHULQJ�WLPH��SKRWRSHULRG��47/��YHUQDOL]DWLRQ�
�
�



� ���

���� ,QWURGXFWLRQ�
�

%DUOH\�LV�RIWHQ�JURZQ�XQGHU�VHPL�DULG�FRQGLWLRQV��$GMXVWPHQW�RI�FURS�SKHQRORJ\�
WR�WKH�UHVRXUFHV�DYDLODEOH�LV�WKH�PDLQ�IDFWRU�IRU�WKH�GHWHUPLQDWLRQ�RI�JUDLQ�\LHOG�LQ�ZDWHU�
OLPLWHG�HQYLURQPHQWV��/XGORZ�DQG�0XFKRZ��������7KXV��EUHHGLQJ�SURJUDPV�IRU�VHPL�
DULG�FRQGLWLRQV�PXVW�LQFOXGH�WKH�DWWDLQPHQW�RI�DQ�DSSURSULDWH�KHDGLQJ�GDWH�DPRQJ�WKHLU�
REMHFWLYHV���

%DUOH\� JURZLQJ� DUHDV� LQ� 6SDLQ� SUHVHQW� PRVWO\� D� 0HGLWHUUDQHDQ� FOLPDWH�
FKDUDFWHUL]HG� E\�PLOG� WR� FROG�ZLQWHUV��ZLWK� WHPSHUDWXUHV� ULVLQJ� UDSLGO\� GXULQJ� VSULQJ��
KRW�GU\�VXPPHUV��DQG�OLPLWHG�UDLQIDOO��XVXDOO\�FRQFHQWUDWHG�LQ�PLG�DXWXPQ�DQG�VSULQJ��
3URGXFHUV�SUHIHU�DXWXPQ�RYHU�ZLQWHU�VRZLQJV�WR�EHQHILW�IURP�D�ORQJHU�JURZLQJ�SHULRG��
DQG�WR�PDNH�WKH�PRVW�RI�ERWK�UDLQ�PD[LPD��7KH�GHFLVLRQ�RQ�WKH�W\SH�RI�FXOWLYDU�WR�JURZ�
XQGHU� WKHVH� FRQGLWLRQV� LV� QRW� VWUDLJKWIRUZDUG�� 7KH� FKRLFH� UDQJHV� IURP� PLG�� WR� ODWH�
VSULQJ�FXOWLYDUV��ZLWK�VRPH�GHJUHH�RI�IUHH]LQJ�WROHUDQFH��WR�VWULFW�ZLQWHU�FXOWLYDUV�ZLWK�D�
VWURQJ� YHUQDOL]DWLRQ� UHTXLUHPHQW�� GHSHQGLQJ� RQ� WKH� IUHTXHQF\� RI� RFFXUUHQFH� RI� KDUVK�
ZLQWHUV��ZKLFK�IROORZV�JHRJUDSKLF�FOLQHV���7R�PDNH�LQIRUPHG�GHFLVLRQV�RQ�WKH�W\SH�RI�
FXOWLYDUV�VXLWHG�WR�HDFK�VSHFLILF�VLWXDWLRQ��EUHHGHUV�QHHG�WR�KDYH�GHWDLOHG�NQRZOHGJH�RQ�
WKH�JHQHWLF�IDFWRUV�DIIHFWLQJ�EDUOH\�GHYHORSPHQW�LQ�0HGLWHUUDQHDQ�HQYLURQPHQWV��

,W� KDV� ORQJ� EHHQ� NQRZQ� WKDW� YHUQDOL]DWLRQ� UHTXLUHPHQW� �7DNDKDVKL� DQG� <DVXGD�
�������SKRWRSHULRG�UHVSRQVH��5REHUWV�HW�DO��������DQG�HDUOLQHVV�SHU�VH�JHQHV��*DOODJKHU�
HW�DO��������DUH�WKH�PDLQ�IDFWRUV�FRQWUROOLQJ�KHDGLQJ�GDWH�LQ�EDUOH\��/DXULH�HW�DO���������
ORFDWHG� VHYHUDO� PDMRU� 47/� JRYHUQLQJ� WKHVH� WUDLWV� RQ� D� EDUOH\� JHQHWLF� PDS�� 3UHYLRXV�
47/� VWXGLHV� ZHUH� PDGH� XVLQJ� QHXWUDO� PDUNHUV�� &XUUHQWO\�� WKHUH� H[LVW� DOOHOH�VSHFLILF�
PDUNHUV�IRU�VRPH�FDQGLGDWH�JHQHV�FRQWUROOLQJ�WKHVH�SURFHVVHV��7XUQHU�HW�DO��������YRQ�
=LW]HZLW]�HW�DO����������

$IWHU� WKH� UHVXOWV�RI�SUHYLRXV� VWXGLHV� �&DVDV�HW�DO�������� ,JDUWXD�HW� DO��������� WKH�
FURVV� EHWZHHQ� FXOWLYDUV�%HND� DQG�0RJDGRU�ZDV� VHOHFWHG� WR� FDUU\� RXW� WKLV� VWXG\�� 7KH�
SDUHQWV�VKRZHG�SRO\PRUSKLVP�DW�VHYHUDO�RI� WKH�PDLQ�UHJLRQV�FRQWUROOLQJ�YHUQDOL]DWLRQ�
DQG�SKRWRSHULRG�UHVSRQVH���

7KH�DLPV�RI�WKLV�ZRUN�ZHUH��L��WR�GHWHUPLQH�WKH�PRVW�GHFLVLYH�JHQHWLF�IDFWRUV�IRU�
KHDGLQJ�GDWH�XQGHU�1RUWKHUQ�6SDQLVK��0HGLWHUUDQHDQ��FRQGLWLRQV��DQG� LL�� WR�DVVHVV� WKH�
HIIHFWLYHQHVV�RI�FORVHO\�OLQNHG�PDUNHUV�DQG�FDQGLGDWH�JHQHV��WR�H[SODLQ�JHQHWLF�YDULDWLRQ�
LQ�D�PDSSLQJ�SRSXODWLRQ�JURZQ�XQGHU�1RUWKHUQ�6SDQLVK�HQYLURQPHQWDO�FRQGLWLRQV��7KLV�



����

LV� WKH� ILUVW� VWHS�RI� D� ODUJHU� VWXG\�RQ�GLYHUVLW\�RI� JHQHV� DQG�47/V� FRQWUROOLQJ�KHDGLQJ�
WLPH�LQ�EDUOH\�XQGHU�0HGLWHUUDQHDQ�FRQGLWLRQV��DQG�WKHLU�HIIHFW�RQ�DGDSWDWLRQ�DQG�\LHOG���

�
�

���� 0DWHULDO�DQG�PHWKRGV�
�

3ODQW�PDWHULDO�
$�SRSXODWLRQ�RI�GRXEOHG�KDSORLG��'+��OLQHV�RI�WKH�VSULQJ�[�ZLQWHU�FURVV�EHWZHHQ�

WKH� )UHQFK� WZR�URZ� FXOWLYDUV� %HND� �%HWKJH� ;,,,� [� .QHLIHO�� DQG� 0RJDGRU� �$OSKD� [�
6RQMD��ZDV�XVHG��7KLV�SRSXODWLRQ�ZDV�GHULYHG�YLD�DQWKHU�FXOWXUH�IURP�WKH�)��RI�WKH�FURVV�
LQ� WKH� IUDPHZRUN� RI� WKH� 6SDQLVK� %DUOH\� %UHHGLQJ� 3URJUDPPH�� 2YHUDOO� LW� VKRZHG�
DFFHSWDEOH�\LHOG�DQG�JRRG�DJURQRPLF�FKDUDFWHULVWLFV�IRU�WKH�UHJLRQ��

)URP�DQ�RULJLQDO�VHW�RI�����OLQHV��D�VPDOOHU�VXEVHW�RI�����ZDV�VHOHFWHG��DFFRUGLQJ�
WR� WKH� UHVXOWV� RI� �� VPDOO�SORW� ILHOG� H[SHULPHQWV� FDUULHG� RXW� SULRU� WR� WKLV� VWXG\�� 3ODQWV�
ZHUH� FOXVWHUHG� LQ� �� JURXSV�� DFFRUGLQJ� WR� VLPLODULWLHV� RI� WKHLU� KHDGLQJ� GDWHV� WR� WKH�
EHKDYLRXU�RI�FXOWLYDUV�ZLWK�GLIIHUHQW�SKHQRORJLFDO�UHVSRQVH��7KH�VXEVHW�RI�����OLQHV�ZDV�
FKRVHQ� IURP� WKH���JURXSV�� WDNLQJ� LQWR�DFFRXQW� WKHLU�SURSRUWLRQ� LQ� WKH�RULJLQDO� VHW��EXW�
LPSRVLQJ�D�PLQLPXP�RI����SODQWV�IURP�HDFK�JURXS����

�
3KHQRW\SLQJ�
7KH�VWXG\�ZDV�PDLQO\�IRFXVHG�RQ�DXWXPQ�VRZLQJV��WKH�PRVW�IUHTXHQW�LQ�WKH�DUHD��

EXW� RWKHU� H[SHULPHQWV�ZHUH� DOVR� SHUIRUPHG� XQGHU� FRQWUDVWLQJ� ILHOG� FRQGLWLRQV� �ZLQWHU�
DQG� VSULQJ� VRZLQJV��� DQG� XQGHU� JUHHQKRXVH� FRQWUROOHG� FRQGLWLRQV� �IRXU� GLIIHUHQW�
FRPELQDWLRQV�RI� WHPSHUDWXUH�DQG�SKRWRSHULRG��� WR�SURYLGH�DVVHVVPHQW�RI�KHDGLQJ�GDWH�
XQGHU�FRQWUDVWLQJ�ILHOG�FRQGLWLRQV�RI�SKRWRSHULRG�DQG�WHPSHUDWXUH��

7KUHH�DXWXPQ�VRZQ� WULDOV�ZHUH�FDUULHG�RXW� DW� WKUHH� ORFDWLRQV� LQ�1RUWKHUQ�6SDLQ��
=DUDJR]D��9DOODGROLG�DQG�+XHVFD��ODWLWXGHV�DURXQG������1��GXULQJ�WKUHH�VHDVRQV�������
������� $� UDQGRPL]HG� FRPSOHWH� EORFN� GHVLJQ� ZLWK� WKUHH� UHSOLFDWHV� ZDV� XVHG� LQ� HDFK�
ORFDWLRQ��7KHVH� WULDOV�ZHUH� FRGHG� DV�$8=$����$89$��� DQG�$8+8���� UHVSHFWLYHO\��
7KUHH� DGGLWLRQDO� WULDOV� ZHUH� FDUULHG� RXW� DW� 9DOODGROLG�� LQ� ZLQWHU� VRZLQJ� LQ� �����
�:,9$�����DQG�VSULQJ�VRZLQJ�LQ������DQG�������639$���DQG�639$�����7KHVH�WULDOV�
ZHUH�XQUHSOLFDWHG��

)RU�DOO�ILHOG�WULDOV��SORWV�FRQVLVWHG�RI�VL[�RU�HLJKW�URZV����P�ORQJ��DQG�EHWZHHQ�����
DQG� ����P�ZLGH�� GHSHQGLQJ� RQ� ORFDWLRQV�� &URS� KXVEDQGU\� IROORZHG� ORFDO� SUDFWLFHV� DW�



� ���

HDFK�ORFDWLRQ��'D\V�WR�KHDGLQJ�ZHUH�FDOFXODWHG�DV�WKH�QXPEHU�RI�GD\V�EHWZHHQ�WKH��VW�RI�
-DQXDU\�DQG�WKH�GD\�ZKHQ�DSSUR[LPDWHO\���FP�RI�DZQV�ZHUH�YLVLEOH�LQ�����RI�VWHPV��
(QYLURQPHQWDO�FRQGLWLRQV�RI�HDFK� WULDO� DUH�GHWDLOHG� LQ�7DEOH����'D\� OHQJWK�FDOFXODWLRQ�
LQFOXGHV�SHULRGV�RI�WZLOLJKW��6ODIHU�DQG�:KLWHFKXUFK��������
�
7DEOH� ��� (QYLURQPHQWDO� FRQGLWLRQV� LQ� WKH� ILHOG�� JURZWK� FKDPEHUV� DQG� JUHHQKRXVHV� IRU� HYHU\� WULDO��
$YHUDJH� GDLO\� WHPSHUDWXUHV� ZHUH� FDOFXODWHG� DFFRUGLQJ� WR� QHDUE\� PHWHRURORJLFDO� VWDWLRQV�� )RU� JURZWK�
FKDPEHUV�DQG�JUHHQKRXVHV��WKHUPRK\JURJUDSKHV�ZHUH�XVHG�WR�KDYH�D�FRQWLQXRXV�UHFRUG�RI�WHPSHUDWXUHV����
�

7ULDO�WUHDWPHQW� 6'� &''� 77� +/�6���� +/�*� +/�7���� +/�+����
639$��� ��������� ���� ���� ����� �� �� �����
639$��� ��������� ��� ���� ����� �� �� �����
:,9$��� ��������� ���� ���� ����� �� �� �����
$8=$��� ��������� ���� ����� ����� �� �� �����
$89$��� ��������� ���� ���� ����� �� �� �����
$8+8��� ��������� ���� ����� ����� �� �� �����
19B63� �� �� ����� �� �� ����� �����
19B/3� �� �� ����� �� �� ����� �����
9B63� �� ���� ����� �� ���� ����� �����
9B/3� �� ���� ����� �� ����� ����� �����

����1DWXUDO�GD\�OHQJWK�LQFOXGHV�FLYLO�WZLOLJKW�
6'��6RZLQJ�GDWH�
&''��&RROLQJ�GHJUHH�GD\V��IURP�VRZLQJ�WR�DYHUDJH�KHDGLQJ�GDWH�RI�WKH�WULDO��
77��7KHUPDO�WLPH���&���IURP�VRZLQJ�WR�DYHUDJH�KHDGLQJ�GDWH�RI�WKH�WULDO��
+/�6��+RXUV�RI�OLJKW��LQ�VRZLQJ�GDWH���
+/�*��+RXUV�RI�OLJKW��GXULQJ�VWD\�LQ�JURZWK�FKDPEHU��
+/�7��+RXUV�RI�OLJKW��ZKHQ�SODQWV�ZHUH�WUDQVIHUUHG�WR�JUHHQKRXVH��
+/�+��+RXUV�RI�OLJKW��LQ�WKH�DYHUDJH�KHDGLQJ�GDWH�RI�WKH�WULDO��
�
�

7KH�SRSXODWLRQ�ZDV�DOVR�WHVWHG�XQGHU�FRQWUROOHG�FRQGLWLRQV�LQ�DQ�H[SHULPHQW�WKDW�
FRPELQHG� SUHVHQFH� RU� DEVHQFH� RI� YHUQDOL]DWLRQ�� ZLWK� ORQJ� DQG� VKRUW� SKRWRSHULRG��
7UHDWPHQWV� ZHUH� QDPHG� 9B/3� �YHUQDOL]DWLRQ� IROORZHG� E\� ORQJ� SKRWRSHULRG��� 9B63�
�YHUQDOL]DWLRQ� IROORZHG� E\� VKRUW� SKRWRSHULRG��� 19B/3� �QR� YHUQDOL]DWLRQ�� ORQJ�
SKRWRSHULRG��� DQG� 19B63� �QR� YHUQDOL]DWLRQ�� VKRUW� SKRWRSHULRG��� DQG� ZHUH� DSSOLHG� DV�
IROORZV��)RU�WKH�9B/3�DQG�9B63�WUHDWPHQWV��IRXU�SODQWV�SHU�JHQRW\SH�ZHUH�YHUQDOL]HG�
IRU���ZHHNV�LQ�D�JURZWK�FKDPEHU�DW���&�GXULQJ�OLJKW�WLPH�DQG���&�LQ�WKH�GDUN��ZLWK����K�
OLJKW� �9B/3��RU���K� OLJKW� �9B63���:KHQ� WKH�YHUQDOL]DWLRQ�SHULRG�ZDV�FRPSOHWHG�� WZR�
SODQWV�SHU�JHQRW\SH�ZHUH�WUDQVIHUUHG�WR�JODVVKRXVHV�ZLWK�GD\�OHQJWK�VHW�WR����K��9B/3��
RU� DSSUR[LPDWHO\� ��� K� �QDWXUDO� GD\� OHQJWK�� ODEHOOHG� DV� VKRUW� SKRWRSHULRG��9B63��� DQG�
WHPSHUDWXUH�VHW�WR�������&��GD\�QLJKW���7ZR�ZHHNV�EHIRUH�WKH�HQG�RI�WKH�YHUQDOL]DWLRQ�
SHULRG��DQRWKHU�IRXU�VHHGV�SHU�FXOWLYDU�ZHUH�VRZQ�LQ�SRWV��GLUHFWO\�ZLWKLQ�WKH�ORQJ�DQG�
VKRUW� SKRWRSHULRG� JODVVKRXVHV� �19B/3� DQG� 19B63� WUHDWPHQWV�� UHVSHFWLYHO\��� %\� WKH�



����

HQG� RI� WKH� YHUQDOL]DWLRQ� SHULRG�� ERWK� YHUQDOL]HG� DQG� XQYHUQDOL]HG� SODQWV� UHDFKHG�
DSSUR[LPDWHO\�WKH�VDPH�GHYHORSPHQWDO�VWDJH��2QH�SODQW�ZDV�WHVWHG�IRU�HDFK�JHQRW\SH�
WUHDWPHQW�FRPELQDWLRQ��)LQDO�QXPEHU�RI�OHDYHV�RQ�WKH�PDLQ�VWHP�ZDV�UHFRUGHG�IRU�HDFK�
SODQW�� &RROLQJ� GHJUHH�GD\V� �&''�� ZHUH� FDOFXODWHG� DV� WKH� VXP� RI� GDLO\� GLIIHUHQFHV�
EHWZHHQ�WKH�DYHUDJH�WHPSHUDWXUH�DQG����&��ZKHQ�DYHUDJH�WHPSHUDWXUH�ZDV�EHORZ����&��
$�PD[LPXP�RI���&�ZDV�FRQVLGHUHG�IRU�GD\V�ZLWK�DYHUDJH�WHPSHUDWXUH�ORZHU�WKDQ���&��
VLQFH�WKHUH�LV�QR�LQFUHDVH�RI�WKH�YHUQDOL]DWLRQ�HIIHFW�EHORZ�WKLV�WHPSHUDWXUH��7ULRQH�DQG�
0HW]JHU��������

9HUQDOL]DWLRQ�UHTXLUHPHQW��9HUB/3��ZDV�HVWLPDWHG�IRU�HDFK�OLQH�DV�WKH�GLIIHUHQFH�
LQ� QXPEHU� RI� PDLQ� VWHP� OHDYHV� EHWZHHQ� WKH� 19B/3� DQG� WKH� 9B/3� WUHDWPHQWV��
3KRWRSHULRG� VHQVLWLYLW\� �3KRB9�� ZDV� FDOFXODWHG� DV� WKH� GLIIHUHQFH� LQ� WKH� QXPEHU� RI�
OHDYHV�EHWZHHQ�WKH�9B63�DQG�WKH�9B/3�WUHDWPHQWV���

�
*HQRW\SLQJ�
*HQRPLF�'1$�ZDV�H[WUDFWHG�IURP�\RXQJ�OHDI�WLVVXH�RI�JUHHQKRXVH�JURZQ�SODQWV�

DV�GHVFULEHG�E\�&DVDV�HW�DO����������*HQRW\SLQJ�ZDV�FDUULHG�RXW�ZLWK�����PDUNHUV�����
5)/3����676����IURP�FDQGLGDWH�JHQHV������5$3'������$)/3�DQG����665�����(67V�DQG�
��� JHQRPLF�GHULYHG� PDUNHUV��� 7KH� 5)/3� ORFL� ZHUH� QDPHG� XVLQJ� VWDQGDUG� 1RUWK�
$PHULFDQ�%DUOH\�*HQRPH�3URMHFW��1$%*3��QRPHQFODWXUH��5)/3�SUREHV�FRQYHUWHG�WR�
676�SULPHUV�ZHUH�DOVR�XWLOL]HG��%ODNH�HW�DO��������.�Q]HO�HW�DO���������/RZHUFDVH�OHWWHUV�
ZHUH�HPSOR\HG�WR�GLIIHUHQWLDWH�WKHP�IURP�WKH�5)/3�ORFL��7KH�5$3'�ORFL�ZHUH�PDSSHG�
XVLQJ�23(521�SULPHU�VHWV��7KH�$)/3�PDUNHUV��(FR5,�0VH,��ZHUH�DQDO\]HG�IROORZLQJ�
WKH� LQVWUXFWLRQV� VXSSOLHG� ZLWK� WKH� ,QYLWURJHQ� $)/3� NLW�� 7KH� $)/3� ORFL� ZHUH� QDPHG�
DFFRUGLQJ� WR� 4L� DQG� /LQGKRXW� ������� DQG�:DXJK� HW� DO�� �������� 7KH� 665� ORFL� ZHUH�
LGHQWLILHG�DFFRUGLQJ�WR�WKHLU�QRPHQFODWXUH�LQ�WKH�OLWHUDWXUH��/LX�HW�DO��������'iYLOD�HW�DO��
������3LOOHQ�HW�DO��������5DPVD\�HW�DO��������0RUDOHMR�HW�DO����������

9HUQDOL]DWLRQ� FDQGLGDWH� JHQHV�� +Y%0�� �9UQ�+��� DQG� +Y=&&7� �9UQ�+��� ZHUH�
HYDOXDWHG� DV� UHSRUWHG� E\� YRQ� =LW]HZLW]� HW� DO�� �������� 'LIIHUHQFHV� LQ� VL]H� DW� WKH� ILUVW�
LQWURQ� RI� +Y%0�$�ZHUH� WHVWHG�� WKH� VSULQJ� DOOHOH� �%HND�� ZDV� DQDO\]HG� ZLWK� SULPHUV�
+Y%0����)�DQG�+Y%0����5�� WKH�ZLQWHU� DOOHOH� �0RJDGRU��ZDV�DVVD\HG�ZLWK�SULPHUV�
+Y%0����)� ��¶�JDDWJJFFJFWDFWJFWWDJ��¶�� DQG� +Y%0����5� ��¶�
WFWFDWDJJWWFWDJDFDDDJFDWDJ��¶���RU�SULPHUV�+Y%0����)���¶�FWWWDJFWJWWFJDFJJDJJ��¶��DQG�
+Y%0����5���¶�FWDFJFFJDJFDFDJDDDJF��¶���DOO�ZLWKLQ�WKH�ODUJH�VL]H�LQWURQ��
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/LQNDJH� PDS� FRQVWUXFWLRQ� ZDV� SHUIRUPHG� XVLQJ� -RLQ0DS� ���� �YDQ� 2RLMHQ� DQG�
9RRUULSV��������,Q�HDFK�FKURPRVRPH��PDUNHUV�ZKLFK�FDXVHG�D�QRUPDOLVHG�GLIIHUHQFH�LQ�
JRRGQHVV�RI�ILW� FKL�VTXDUH�KLJKHU� WKDQ���XQLWV� DIWHU� WKHLU� DGGLWLRQ�ZHUH�H[FOXGHG� IURP�
WKH�PDS��0DS�GLVWDQFHV�DUH�JLYHQ�LQ�FHQWL0RUJDQ��.RVDPEL�IXQFWLRQ���

�
47/�DQDO\VLV�
47/� DQDO\VLV� ZDV� SHUIRUPHG� XVLQJ� WKH� FRPSRVLWH� LQWHUYDO� PDSSLQJ� �&,0��

SURFHGXUH� �=HQJ������� LPSOHPHQWHG� LQ�:LQGRZV�47/�&DUWRJUDSKHU����� �:DQJ�HW� DO��
�������8S�WR����FRIDFWRUV�IRU�&,0�ZHUH�FKRVHQ�XVLQJ�D�VWHSZLVH�UHJUHVVLRQ�SURFHGXUH�
ZLWK�D�VLJQLILFDQFH�WKUHVKROG�RI�������:DON�VSHHG�ZDV�VHW�WR���F0��DQG�WKH�VFDQ�ZLQGRZ�
WR����F0�EH\RQG�WKH�PDUNHUV�IODQNLQJ�WKH�LQWHUYDO�WHVWHG��([SHULPHQW�ZLVH�VLJQLILFDQFH�
�α ������ OLNHOLKRRG� UDWLR� WHVW� �/5�� WKUHVKROGV� IRU�47/� LGHQWLILFDWLRQ�ZHUH�GHWHUPLQHG�
ZLWK� ����� SHUPXWDWLRQV�� DQG� H[SUHVVHG� DV� /2'� �/2'�  � ������ /5��� (SLVWDWLF�
LQWHUDFWLRQV� EHWZHHQ�47/�ZHUH� HYDOXDWHG�ZLWK� WKH�0XOWLSOH� ,QWHUYDO�0DSSLQJ� �0,0��
.DR� HW� DO�� ������ WRRO� LPSOHPHQWHG� LQ� :LQGRZV� 47/� &DUWRJUDSKHU� XVLQJ� %D\HVLDQ�
,QIRUPDWLRQ�&ULWHULD��%,&�0�����

+HDGLQJ� GDWH� YDOXHV� XVHG� IRU�47/� DQDO\VLV�ZHUH� FDOFXODWHG� XVLQJ� DGMXVWHG� OLQH�
PHDQV��ZHLJKWHG� OHDVW�VTXDUH�PHDQV�� IRU�HDFK�H[SHULPHQW��7KH�SURSRUWLRQ�RI� WKH� WRWDO�
YDULDQFH�H[SODLQHG�E\�WKH�47/�ZDV�FDOFXODWHG�DV�WKH�FRHIILFLHQW�RI�GHWHUPLQDWLRQ�RI�WKH�
PXOWLORFXV�PRGHO�IRU�HDFK�H[SHULPHQW�XVLQJ�0,0��$QDO\VHV�RI�YDULDQFH�DQG�UHJUHVVLRQ�
DQDO\VHV�ZLWK�PDUNHUV�OLQNHG�WR�WKH�47/�ZHUH�SHUIRUPHG�XVLQJ�WKH�*/0�SURFHGXUH�RI�
6$6�Y���6$6�,QVWLWXWH�,QF���&DU\��1&��86$���

7HVW�IRU�47/�[�(QYLURQPHQW�LQWHUDFWLRQV�ZHUH�SHUIRUPHG�XVLQJ�147/��:LQGRZV�
YHUVLRQ�RI�047/��7LQNHU�DQG�0DWKHU�������DW�DQ�H[SHULPHQW�ZLGH�VLJQLILFDQFH�OHYHO�RI�
�����DQG����EDFNJURXQG�PDUNHUV��

�
�

���� 5HVXOWV�
�
/LQNDJH�PDS�
$�OLQNDJH�PDS�ZLWK�����PDUNHUV�ZDV�FRQVWUXFWHG��0DS�GHQVLW\�IRU�47/�DQDO\VLV�

ZDV� UHGXFHG� WR� D� PLQLPXP� RI� ���� F0� EHWZHHQ� PDUNHUV�� E\� UHPRYLQJ� FR�VHJUHJDQW�
PDUNHUV��VLPLODULW\�KLJKHU�WKDQ�������DQG�WKRVH�ZLWK�SRRU�JRRGQHVV�RI�ILW��7KH�ILQDO�PDS�
IRU�47/�DQDO\VLV�KDG�����PDUNHUV�GLVWULEXWHG�RYHU���OLQNDJH�JURXSV��)LJ������DW��D��/2'��
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�
�

)LJXUH� ��� /LQNDJH� PDS� RI� %HND� [�0RJDGRU� GRXEOHG� KDSORLG� SRSXODWLRQ� �Q�  � ������ 2QO\� ���� VSDFHG�
PDUNHUV�XVHG�IRU�47/�DQDO\VLV��RXW�RI�WKH�LQLWLDO�QXPEHU�RI�����DUH�UHSUHVHQWHG��VHH�WH[W���'LVWDQFHV�DUH�
LQ�.RVDPEL�F0��

�
23)�����
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(��0��BF����
%PDJ�������
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VFRUH�RI������$OO�OLQNDJH�JURXSV�ZHUH�DVVLJQHG�WR�EDUOH\�FKURPRVRPHV��7KH�OLQNDJH�PDS�
FRYHUHG� ������ F0�� ZLWK� DQ� DYHUDJH� GLVWDQFH� RI� ���� F0� SHU� PDUNHU�� 0DUNHUV� ZHUH�
GLVWULEXWHG� DFURVV� WKH� HQWLUH� JHQRPH�� H[FHSW� RQ� WKH� GLVWDO� SDUW� RI� WKH� VKRUW� DUP� RI�
FKURPRVRPH� �+�� ZKHUH� QR� SRO\PRUSKLF� PDUNHUV� ZHUH� IRXQG�� 6HJUHJDWLRQ� GLVWRUWLRQ�
ZDV� VLJQLILFDQW� �3������� LQ� IDYRXU� RI� %HND� DOOHOHV� LQ� UHJLRQV� RI� FKURPRVRPHV� �+�
�(��0��BL� �� %PDJ������ �+� �(��0��BM� �� 23$1����� �+� �(��0��BO�� DQG� �+�
�(��0��BG� �� %PDJ������ DQG� LQ� IDYRXU� RI� 0RJDGRU� DOOHOHV� LQ� FKURPRVRPHV� �+�
�(��0��BK���(��0��BI����+��VFVVU��������%PDF����DQG�+9'+1����+Y%0���DQG��+�
�(��0��BG���(��0��BD���

�
+HDGLQJ�WLPH��
)UHTXHQF\�GLVWULEXWLRQV�RI�GD\V� WR�KHDGLQJ� IRU� ILHOG� WULDOV� DQG�QXPEHU�RI� OHDYHV�

IRU�JUHHQKRXVH�WUHDWPHQWV�VKRZHG�D�TXDQWLWDWLYH�UHVSRQVH�DQG�WUDQVJUHVVLYH�VHJUHJDWLRQ�
�)LJ�������
�
�
�
�
�
�
�
�
�
�
�
�
�
�
)LJXUH� ��� )UHTXHQF\� GLVWULEXWLRQ� RI� GD\V� WR� KHDGLQJ� �ILHOG�� DQG� QXPEHU� RI� OHDYHV� �JUHHQKRXVH�� RI� WKH�
%HND�[�0RJDGRU�'+�SRSXODWLRQ�H[SHULPHQWV��7KH�VFDOH�LQ�WKH�YHUWLFDO�D[LV�UHSUHVHQWV�UHODWLYH�IUHTXHQFLHV�
RI�GRXEOHG�KDSORLG�OLQHV����WR������LQ�WKH�ILHOG�WULDOV�DQG���WR�����LQ�WKH�JUHHQKRXVH�WULDOV��

�
�
(QYLURQPHQWDO�FRQGLWLRQV�ZHUH�YHU\�GLYHUVH��7DEOH�����/DFN�RI�HQRXJK�&''�TXLWH�

SRVVLEO\� OHG� WR� LQVXIILFLHQW� YHUQDOL]DWLRQ� �WULDOV� 639$��� DQG� 639$����� 7KHVH�
WUHDWPHQWV�� DORQJ� ZLWK� JUHHQKRXVH� WUHDWPHQWV� 19B63� DQG� 19B/3� UHVXOWHG� LQ� ODUJH�
KHDGLQJ� GDWH� GLIIHUHQFHV� EHWZHHQ� WKH� SDUHQWV�� DQG� D�ZLGH� DQG� IODW� GLVWULEXWLRQ� RI�'+�
KHDGLQJ�GDWHV��)LJ�������

$OO� FRUUHODWLRQ� FRHIILFLHQWV� EHWZHHQ� ILHOG� DQG� JUHHQKRXVH� H[SHULPHQWV� ZHUH�
VLJQLILFDQW� �7DEOH� ���� 7KH� KLJKHVW� FRUUHODWLRQ� FRHIILFLHQWV� ZHUH� REWDLQHG� EHWZHHQ�

�
$8+8���
$89$���
$8=$���
:,9$���

639$���
639$���

)LHOG�WULDOV�±�GD\V�WR�KHDGLQJ� *UHHQKRXVH�WUHDWPHQWV�±�QXPEHU�RI�OHDYHV�

%��%HND��0��0RJDGRU��
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VSULQJ±VRZQ� ILHOG� WULDOV� DQG� WKH� JUHHQKRXVH� WUHDWPHQW� 19B/3�� $� KLJK� FRUUHODWLRQ�
FRHIILFLHQW� ZDV� DOVR� REWDLQHG� EHWZHHQ� DXWXPQ�VRZQ� WULDOV� DQG� WKH� 9B63� WUHDWPHQW��
7KHVH� FRUUHODWLRQV� DUH� FRQVLVWHQW� ZLWK� H[SHFWDWLRQV�� EDVHG� RQ� &''� DQG� KRXUV� RI�
GD\OLJKW�DW�KHDGLQJ�WLPH�PHDVXUHG�DW�WKH�ILHOG�WULDOV��7DEOH�����

�
7DEOH���� 3HDUVRQ� FRUUHODWLRQ�FRHIILFLHQWV�EHWZHHQ�GD\V� WR�KHDGLQJ� LQ� ILHOG� H[SHULPHQWV� DQG�QXPEHU�RI�
OHDYHV�LQ�JUHHQKRXVH�WUHDWPHQWV���
�
�

� 639$��� 639$��� :,9$��� $8=$��� $89$��� $8+8���
19B63� �����


� �����


� ����


� �����


� �����


� �����


�
19B/3� �����


� �����


� ����


� �����
� �����
� �����
�
9B63� �����
� �����

� ����


� �����


� �����


� �����


�
9B/3� �����


� �����


� ����


� �����


� �����


� �����


�
&RUUHODWLRQ�FRHIILFLHQW�VLJQLILFDQW�DW�
3���������

3���������


3��������� �

�
�

�
4XDQWLWDWLYH�WUDLW�ORFL��PDLQ�HIIHFWV�
6HYHUDO�47/�IRU�KHDGLQJ�GDWH�ZHUH�IRXQG�LQ�WKH�ILHOG�DQG�JUHHQKRXVH�H[SHULPHQWV�

�)LJ������
7KH� DPRXQW� RI� SKHQRW\SLF� YDULDWLRQ� H[SODLQHG� MRLQWO\� E\� WKH�47/� UDQJHG� IURP�

����WR�����IRU�WKH�ILHOG�WULDOV��DQG�IURP�����WR�����IRU�WKH�JUHHQKRXVH�WULDOV��)LJ������
-XVW�IRXU�PDMRU�47/��)LJ������DQG�WKH�LQWHUDFWLRQV�EHWZHHQ�WKHP��DFFRXQWHG�IRU�PRVW�RI�
WKH�YDULDWLRQ�LQ�ERWK�ILHOG������WR������DQG�JUHHQKRXVH�WULDOV������WR��������

$Q� DQDO\VLV� RI� YDULDQFH�� LQFOXGLQJ� WKH� QHDUHVW� PDUNHUV� WR� WKH� 47/� SHDNV� DV�
VRXUFHV�RI�YDULDWLRQ��DQG�WKHLU�LQWHUDFWLRQV��LV�VKRZQ�LQ�7DEOH�����

,Q�DXWXPQ�VRZQ�H[SHULPHQWV��D�47/�QHDU�WKH�FHQWURPHUH�RI�FKURPRVRPH��+��ELQ�
���ZDV�WKH�PRVW�VLJQLILFDQW��,W�ZDV�ORFDWHG�LQ�WKH�LQWHUYDO�(��0��BD�±�23$6����ZLWK�
WKH� SHDN� DW� %PDF����� LQ� WKH� YLFLQLW\� RI� JHQH� (DP��� ,Q� DOO� FDVHV�� WKH� %HND� DOOHOH�
FRQIHUUHG� ODWHU� KHDGLQJ�� $QRWKHU� ODUJH� HIIHFW� 47/� ZDV� IRXQG� LQ� WKH� ORQJ� DUP� RI�
FKURPRVRPH��+��ELQ����������LQ�WKH�LQWHUYDO�0:*����±�(��0��BE��ZLWK�WKH�SHDN�DW�
%PDJ�����LQ�WKH�YLFLQLW\�RI�JHQH�3SG�+���7KH�0RJDGRU�DOOHOH�FRQIHUUHG�ODWH�KHDGLQJ��
8QGHU�JUHHQKRXVH�FRQGLWLRQV��LW�KDG�VWURQJ�HIIHFWV�XQGHU�VKRUW�SKRWRSHULRG��DQG�D�VPDOO�
HIIHFW�DW�WKH�9B/3�WUHDWPHQW��7KH�WKLUG�PRVW�UHOHYDQW�KHDGLQJ�GDWH�47/�DW�DOO�ILHOG�WULDOV�
ZDV�RQ�FKURPRVRPH��+��LQWHUYDO�0:*����±�(%PDF���E���ZLWK�0RJDGRU�DV�WKH�ODWHU�
DOOHOH���
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PXOWLORFXV� PRGHO� WKDW� LQFOXGHV� DOO� VLJQLILFDQW� PDUNHUV� DQG� LQWHUDFWLRQV�� )RU� HYHU\� 47/� GHWHFWHG�� LWV�
LQGLYLGXDO�5��DQG�DGGLWLYH�HIIHFW�DUH� LQGLFDWHG��3RVLWLYH�HIIHFWV� LQGLFDWH� ODWHU�KHDGLQJ�RI�SODQWV�FDUU\LQJ�
WKH�0RJDGRU�DOOHOH��&KURPRVRPHV��+�WKURXJK��+�DUH�GLVSOD\HG�RQ�WKH�;�D[LV��IURP�OHIW�WR�ULJKW��VKRZLQJ�
WKH�SRVLWLRQV�RI�WKH�PDUNHUV�LQFOXGHG�DV�FRIDFWRUV�LQ�WKH�&,0�DQDO\VLV��
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�6,0� ±� GRWWHG� OLQH�� DQG� 6LPSOLILHG� &RPSRVLWH� ,QWHUYDO� 0DSSLQJ� �V&,0� ±� IXOO� OLQH�� DUH� UHSUHVHQWHG�
�7LQNHU�DQG�0DWKHU���������7KH�/2'�WKUHVKROG�LQ�WKLV�FDVH�FRUUHVSRQGV�RQO\�WR�WKH�V&,0�EDVHG�RQ������
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2WKHU�47/V��DOWKRXJK�ZLWK�PLQRU�HIIHFW�FRPSDUHG�WR�WKH�SUHYLRXV�RQHV��ZHUH�DOVR�
GHWHFWHG�LQ�DXWXPQ�VRZLQJV��)LJ������RQ�FKURPRVRPHV��+��DW�WZR�ILHOG�WULDOV����+��RQH�
DW�WKUHH�ILHOG�WULDOV��DQRWKHU�RQH�RQO\�DW�$89$������+���+��DQG��+��DOO�LQ�MXVW�RQH�ILHOG�
WULDO����

5HJDUGLQJ�ODWH�VRZLQJV��WKH�PRVW�LPSRUWDQW�47/�FRLQFLGHG�ZLWK�WKH�SRVLWLRQV�RI�
PDUNHUV� +Y=&&7� DQG� +Y%0�� LQ� FKURPRVRPHV� �+� DQG� �+�� UHVSHFWLYHO\� �7DEOH� ����
7KHVH� SRVLWLRQV� FR�ORFDWH� ZLWK� WKH� YHUQDOL]DWLRQ� JHQHV� 9UQ�+�� DQG� 9UQ�+���
UHVSHFWLYHO\�� ZKRVH� DOOHOLF� YDULDWLRQV� GHWHUPLQH� WKH� UHTXLUHPHQWV� RI� YHUQDOL]DWLRQ� LQ�
WHPSHUDWH�JUDVVHV��<DQ�HW�DO��������������YRQ�=LW]HZLW]�HW�DO��������� ,Q�DXWXPQ�VRZQ�
ILHOG� WULDOV�� QR� HIIHFW� RI� WKHVH� JHQHV� ZDV� GHWHFWHG� �)LJ�� �D��� $V� WKH� VRZLQJ� GDWH�
DGYDQFHG�� WKH� HIIHFW� RI� WKHVH�PDUNHUV� JUHZ�SURJUHVVLYHO\�� EHLQJ� VPDOOHU� DW� WKH�ZLQWHU�
VRZLQJ��:,9$�����DQG� ODUJHU�DW� WKH�VSULQJ�VRZQ� WULDOV��2WKHU� OHVVHU�HIIHFW�47/�ZHUH�
IRXQG� LQ� FKURPRVRPH� �+� �SHDN� DW� ���� F0��� DQG� RQO\� LQ� WKH� ZLQWHU�VRZQ� WULDO� LQ�
FKURPRVRPHV��+��SHDN�DW�����F0��DQG��+��SHDN�DW����F0���

8QGHU� FRQWUROOHG� FRQGLWLRQV�� WKH� HIIHFWV� RI� WKH� 47/� DW� %PDJ����� %PDF�����
+Y=&&7� DQG� +Y%0�� ZHUH� YHU\� HYLGHQW�� 7KUHH� RWKHU� PLQRU� 47/� ZHUH� GHWHFWHG� LQ�
FKURPRVRPH� �+�� DW� GLIIHUHQW� WUHDWPHQWV�� DQG� RQH� LQ� FKURPRVRPH� �+�� RQ� WKH� VDPH�
ORFDWLRQ� DV� IRU� WKH� $89$��� ILHOG� WULDO�� 5HJDUGLQJ� WKH� 9HUB/3� HIIHFW�� WKH� RQO\� ORFL�
DIIHFWLQJ�WKLV�WUDLW�ZHUH�+Y=&&7�DQG�+Y%0��DQG�WKHLU�LQWHUDFWLRQ��)LJ���E��7DEOH�����
$OOHOLF�GLIIHUHQFHV�DW�PDUNHUV�%PDJ�����%PDF�����+Y=&&7��DQG� �WR�D� OHVVHU� H[WHQW��
%PDJ����ZHUH�DVVRFLDWHG�WR�WKH�3KRB9�HIIHFW��

�
,QWHUDFWLRQV�EHWZHHQ�47/�
6RPH�VLJQLILFDQW�LQWHUDFWLRQV�EHWZHHQ�47/V�ZHUH�IRXQG��)LJ����DQG�7DEOH�����7KH�

PDLQ�LQWHUDFWLRQ�ZDV�IRXQG�EHWZHHQ�9UQ�+��DQG�9UQ�+��LQ�VSULQJ�VRZQ�ILHOG�WULDOV��LQ�
WKH�19B/3�WUHDWPHQW��DQG�LQ�WKH�9(5�HIIHFW��LQWHUDFWLRQ�+Y=&&7
+Y%0��LQ�7DEOH�����
7KH� VLPXOWDQHRXV� SUHVHQFH� RI� WKH� ZLQWHU�0RJDGRU� DOOHOH� DW� WKH� WZR� ORFL� SURGXFHG� D�
PDUNHG� GHOD\� LQ� KHDGLQJ� GDWH�� EH\RQG� D� PHUH� DGGLWLYH� HIIHFW�� 7KHUH� ZDV� DOVR� D�
VLJQLILFDQW�47/�[�(QYLURQPHQW�HIIHFW�IRU�WKHVH�WZR�UHJLRQV��)LJ���D���

7KLV� LQWHUDFWLRQ� LV� IXUWKHU�GHVFULEHG� LQ�)LJ�����ZKHUH�UHVXOWV�KDYH�EHHQ�VSOLW� LQWR�
WKH� IRXU� FODVVHV� GHILQHG� E\� WKH� FRPELQDWLRQV� RI� +Y=&&7� DQG� +Y%0��� 7KH� DOOHOLF�
FRPSRVLWLRQ�DW�WKH�WZR�PDLQ�YHUQDOL]DWLRQ�JHQHV�ZDV�XVHG�E\�YRQ�=LW]HZLW]�HW�DO���������
WR�GHILQH�JURZWK�W\SH�FODVVHV��µVSULQJ¶�ZKHQ�WKH�SODQWV�ODFN�WKH�ZLQWHU�DOOHOH�LQ�9UQ�+��
�+Y%0���� µIDFXOWDWLYH¶� LI�YUQ�+��ZLQWHU� DOOHOH� LV� SUHVHQW� EXW� QRW� LWV� UHSUHVVRU�YUQ�+��



� ���

�+Y=&&7��� DQG� µZLQWHU¶�ZLWK� ERWK� YUQ�+�� DQG�9UQ�+��ZLQWHU� DOOHOHV� IXQFWLRQDO��:H�
ZLOO� IROORZ� WKHVH� GHQRPLQDWLRQV� IURP� QRZ� RQ�� EHDULQJ� LQ�PLQG� WKDW� µVSULQJ¶� DFWXDOO\�
FRPSULVHV� WZR� FODVVHV� �9UQ�+��9UQ�+�� DQG� 9UQ�+��YUQ�+���� 1R� GLIIHUHQFHV� DPRQJ�
FODVVHV� ZHUH� IRXQG� DW� WKH� DXWXPQ�VRZQ� WULDOV�� 'LIIHUHQFHV� ZHUH� VPDOO�� WKRXJK�
VLJQLILFDQW�� DW� WKH� ZLQWHU�VRZQ� WULDO�� DQG� UDWKHU� ODUJH� DW� VSULQJ�VRZQ� RQHV�� ,Q� WKHVH��
µVSULQJ¶�FODVVHV�KHDGHG�DW�WKH�VDPH�WLPH��DQG�VLJQLILFDQWO\�HDUOLHU�WKDQ�WKH�µZLQWHU¶�FODVV��
µIDFXOWDWLYH¶�EHLQJ�LQ�DQ�LQWHUPHGLDWH�SRVLWLRQ��,Q�WKH�JUHHQKRXVH�WUHDWPHQWV��WKHUH�ZHUH�
QR� GLIIHUHQFHV� XQGHU� WKH� OHVV� LQGXFWLYH� FRQGLWLRQV� �19B63��� 7KH� WZR� YHUQDOL]DWLRQ�
WUHDWPHQWV� SURGXFHG� D� SDWWHUQ� UDWKHU� VLPLODU� WR� WKH�ZLQWHU�VRZQ� ILHOG� WULDO�� DQG� DW� WKH�
19B/3�WKH�IRXU�FODVVHV�EHKDYHG�VLPLODU�WR�WKH�VSULQJ�VRZQ�WULDOV���

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

)LJXUH����0HDQV�RI�GD\V� WR�KHDGLQJ� IURP�-DQXDU\��VW�� DQG�QXPEHU�RI� OHDYHV�RI� WKH���FODVVHV�RI�
JHQRW\SHV� GHWHUPLQHG� E\� WKH� DOOHOLF� FRPSRVLWLRQ� DW� 9UQ�+�� DQG�9UQ�+��� 'XH� WR� WKH� VWURQJ� HIIHFW� RI�
SKRWRSHULRG� UHVSRQVH� 47/�� PHDQV� DUH� DGMXVWHG� IRU� RWKHU� 47/� GHWHFWHG� LQ� HDFK� H[SHULPHQW�� /HWWHUV�
LQGLFDWH� PHDQV� VHSDUDWLRQ� ZLWKLQ� HDFK� H[SHULPHQW�� :H� XVHG� WKH� %RQIHUURQL� PXOWLSOH� FRPSDULVRQ�
DGMXVWPHQW�IRU�WKH�3�YDOXHV�DQG�FRQILGHQFH�OLPLWV�IRU�WKH�GLIIHUHQFHV�RI�/6�PHDQV�ZLWK�DOSKD �������

7R� GHWHFW� SRVVLEOH� UHSUHVVRUV�� RWKHU� WKDQ� 9UQ�+��� PDNLQJ� WKH� IDFXOWDWLYH� FODVV�
ODWHU� WKDQ� WKH�VSULQJ�RQH� LQ� WKH�VSULQJ�VRZQ� WULDOV��ZH�SHUIRUPHG�DQDO\VHV�RI�YDULDQFH�
IRU�HDFK�VSULQJ�VRZQ�WULDO��ZLWKLQ�HDFK�RI�WKH�YHUQDOL]DWLRQ�FODVVHV��VSULQJ��IDFXOWDWLYH��
DQG�ZLQWHU���:H� XVHG� WKH� PXOWLORFXV� PRGHO� WKDW� LQFOXGHG� WKH� QHDUHVW� PDUNHUV� WR� WKH�
VLJQLILFDQW� SHDNV� GHWHFWHG� LQ� WKH� &,0� DW� HDFK� H[SHULPHQW�� DQG� WKHLU� VLJQLILFDQW�
LQWHUDFWLRQV� �VXPPDUL]HG� LQ� 7DEOH� �D��� 7KHQ�� WKH� UHVW� RI� WKH� ���� PDUNHUV� ZHUH�
VHTXHQWLDOO\� DGGHG� DQG� UHPRYHG� WR� WKLV�PRGHO�� RQH� E\� RQH�� �GDWD� QRW� VKRZQ��� ,Q� WKLV�
PDQQHU�� ILYH�PDUNHUV�ZLWK�D�FRQVLVWHQW� VLJQLILFDQW�HIIHFW�RQ�KHDGLQJ�GDWH�RQO\� IRU� WKH�
IDFXOWDWLYH�FODVV�OLQHV�LQ�WKH�WZR�VSULQJ�VRZQ�H[SHULPHQWV�ZHUH�GHWHFWHG��7KUHH�RI�WKHP�
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ZHUH�MXVW�DERYH�WKH�VLJQLILFDQFH�WKUHVKROG�XVLQJ�D�)DOVH�'LVFRYHU\�5DWH�DSSURDFK�DW�WKH�
FKURPRVRPH�OHYHO��7KH�RWKHU�WZR�SUHVHQWHG�D�PXFK�ODUJHU�HIIHFW��DQG�SHDNHG�DW�PDUNHUV�
MXVW�EHVLGH�KHDGLQJ�WLPH�47/�IRXQG�IRU�WKH�DXWXPQ�VRZQ�WULDOV��DQG�ZLWKLQ�WKH���/2'�
FRQILGHQFH�LQWHUYDO���7KHVH�ZHUH�23$1���LQ�ELQ���RI�FKURPRVRPH��+�DQG�0:*����LQ�
ELQ���RI� FKURPRVRPH��+� �7DEOH����� ,Q�DOO� FDVHV� WKH�%HND�DOOHOH� FDXVHG�HDUO\�KHDGLQJ�
�7DEOH����DQG�QR�LQWHUDFWLRQ�ZDV�IRXQG�EHWZHHQ�WKHP��

�
7DEOH���� -RLQW� LQWHUDFWLRQ�RI�9UQ�+��DQG�9UQ�+��ZLWK�RWKHU� ORFL��$YHUDJH�GD\V� WR�KHDGLQJ�IURP��VW�RI�
-DQXDU\� WR� KHDGLQJ� GDWH� RI� WZR� VSULQJ� VRZLQJ� H[SHULPHQWV�� /LQHV� DUH� FODVVLILHG� DFFRUGLQJ� WR� WKHLU�
JHQRW\SH�IRU�WKH�YHUQDOL]DWLRQ�JHQHV�9UQ�+��DQG�9UQ�+�����

� � � � $1�����+�� � 0:*������+��
&ODVV� 9UQ�+�� 9UQ�+�� � 1R� %� 1R� 0� 3U!W� � 1R� %� 1R� 0� 3U!W�
6SULQJ� %� %� � ��� ������ �� ������ ������� � ��� ������ ��� ������ �������
)DFXOWDWLYH� %� 0� � ��� ������ ��� ������ ������� � ��� ������ ��� ������ �������
6SULQJ� 0� %� � ��� ������ �� ������ ������� � ��� ������ ��� ������ �������
:LQWHU� 0� 0� � ��� ������ ��� ������ ������� � ��� ������ ��� ������ �������
%��%HND��0��0RJDGRU��1R���QXPEHU�RI�OLQHV��

$OVR�XQGHU�VSULQJ�VRZLQJ�FRQGLWLRQV��ZH�IRXQG�DQ�LQWHUDFWLRQ�EHWZHHQ�%PDF����
�IURP� QRZ� RQ��(DP��� DQG�9UQ�+�� �7DEOH� ���� ,Q� ERWK� H[SHULPHQWV�� OLQHV� FDUU\LQJ� WKH�
%HND� DOOHOH� LQ�(DP�� KHDGHG� VLJQLILFDQWO\� ODWHU�ZKHQ� WKH�ZLQWHU� DOOHOH� RI�9UQ�+��ZDV�
SUHVHQW��8QGHU�FRQWUROOHG�FRQGLWLRQV��(DP��DOVR�SUHVHQWHG�VLJQLILFDQW�LQWHUDFWLRQV�ZLWK�
YHUQDOL]DWLRQ� JHQHV�� EXW� PRUH� VR� ZLWK� 9UQ�+�� �+Y=&&7��� HYLGHQW� DW� WKH� 9B63�
WUHDWPHQW��2WKHU�VLJQLILFDQW�LQWHUDFWLRQV�IRXQG�ZHUH�RI�OHVVHU�LPSRUWDQFH��

:H� DOVR� REVHUYHG� VRPH� UHVXOWV� LQ� WKH� FRQWUROOHG� FRQGLWLRQV� H[SHULPHQW� ZKLFK�
DJUHHG�ZLWK�D�SKHQRPHQRQ�SUHYLRXVO\�GHVFULEHG�DV�VKRUW�GD\�YHUQDOL]DWLRQ�E\�5REHUWV�
HW� DO�� �������� LQ�ZKLFK� H[SRVXUH� RI�ZLQWHU� JHQRW\SHV� WR� VKRUW�SKRWRSHULRG� FRQGLWLRQV�
FRXOG� VXEVWLWXWH� WKH� HIIHFW� RI� YHUQDOL]DWLRQ�� 7KLV� LV� DSSDUHQW� LQ� )LJ�� ��� DV� WKH� SODQWV�
FDUU\LQJ�0RJDGRU�DOOHOHV�DW�WKH�WZR�YHUQDOL]DWLRQ�ORFL��DQG�WKH�%HND�DOOHOH�DW�%PDJ����
�IURP�QRZ�RQ��3SG�+���IRU�VLPSOLFLW\���SURGXFHG�D�VLJQLILFDQWO\�ORZHU�QXPEHU�RI�OHDYHV�
XQWLO� KHDGLQJ� DW� WKH�19B63� WUHDWPHQW� WKDQ� DW� WKH�19B/3� RQH� �ERWK�PDUNHG�ZLWK� DQ�
DVWHULVN�LQ�)LJ�������

$FWXDOO\��WKH�DYHUDJH�QXPEHU�RI�OHDYHV�IRU�OLQHV�ZLWK�%HND�DOOHOHV�DW�3SG�+��ZDV�
UDWKHU�VLPLODU�DFURVV�DOO�FODVVHV�RI�OLQHV��VSULQJ��IDFXOWDWLYH�DQG�ZLQWHU���DW� WKH�19B63�
WUHDWPHQW��DQG�WKH�VDPH�FRXOG�EH�VDLG�IRU�WKH�0RJDGRU�DOOHOH��WKRXJK�LW�ZDV�����OHDYHV�
PRUH�WKDQ�%HND�RYHUDOO��)LJ�������
�
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)LJXUH����(IIHFW�RI�9UQ�+��9UQ�+��LQWHUDFWLRQ�RQ�VKRUW�GD\�YHUQDOL]DWLRQ��$YHUDJH�QXPEHU�RI�OHDYHV�RI�
WKH�OLQHV�GLYLGHG�DFFRUGLQJ�WR�WKHLU�JHQRW\SH�IRU�WKH�YHUQDOL]DWLRQ�JHQHV�9UQ�+��DQG�9UQ�+��DQG�WKH�VKRUW�
SKRWRSHULRG�UHVSRQVH�JHQH�3SG�+���%��%HND�DOOHOH��0��0RJDGRU�DOOHOH���

7KHUH�ZDV�D�VLJQLILFDQWO\�KLJKHU�QXPEHU�RI�OHDYHV�IRU�WKH�ZLQWHU�FODVV��0RJDGRU�
DW�ERWK�YHUQDOL]DWLRQ�ORFL��DW�WKH�19B/3�WUHDWPHQW��7KLV�LQFUHDVH�ZDV�HYLGHQW�IRU�ERWK�
3SG�+��DOOHOHV��19B/3�EDUV�DW�WKH�0�0�FODVV�LQ�)LJ������%XW�WKH�HIIHFW�LW�SURGXFHG�IRU�
WKH�%HND� DOOHOH� DW�3SG�+���ZKHQ� FRPSDUHG�ZLWK� WKH� QXPEHU� RI� OHDYHV� VKRZQ� E\� WKH�
VDPH� OLQHV� DW� WKH� 19B63� WUHDWPHQW�� ZDV� DQ� DSSDUHQW� VKRUWHQLQJ� RI� WKH� F\FOH� RI�
XQYHUQDOL]HG�ZLQWHU�OLQHV��GXH�WR�WKH�VKRUW�SKRWRSHULRG��)RU�RWKHU�PDUNHU�FRPELQDWLRQV��
19B63�ZDV�DOZD\V�WKH�WUHDWPHQW�ZKHUH�PRUH�OHDYHV�ZHUH�SURGXFHG���

$�VPDOO�TXDQWLWDWLYH�LQWHUDFWLRQ�ZDV�IRXQG�EHWZHHQ�3SG�+��DQG�9UQ�+�� LQ�QRQ�
YHUQDOL]HG�SODQWV��7DEOH����DQG�ZH�DOVR�IRXQG�WKDW�WKH�HIIHFW�RI�3SG�+��ZDV�ODUJHU�LQ�WKH�
QRQ�YHUQDOL]HG� WUHDWPHQW� �)LJ�� �E��� %XW�� QR� VLJQLILFDQW� WKUHH�ZD\� LQWHUDFWLRQ� DPRQJ�
PDUNHUV�IRU�WKH�WKUHH�ORFL��9UQ�+���9UQ�+��DQG�3SG�+���ZDV�IRXQG��

�
�

���� 'LVFXVVLRQ�
�
'LVWDQFHV� DQG�PDUNHU� SRVLWLRQV� HVWLPDWHG� IRU� %HND� [�0RJDGRU� ZHUH� FRQVLVWHQW�

ZLWK�RWKHU�SXEOLVKHG�EDUOH\�JHQHWLF�PDSV��5DPVD\�HW�DO��������0DUTXH]�&HGLOOR�HW�DO��
������)UDQFLD�HW�DO���������

�
0DMRU�47/��
*HQHWLF�FRQWURO�RI�IORZHULQJ�WLPH�LQ�EDUOH\�KDV�EHHQ�WKRURXJKO\�VWXGLHG�DQG�LW�KDV�

ORQJ�EHHQ�HVWDEOLVKHG�WKDW�YHUQDOL]DWLRQ�UHTXLUHPHQW��7DNDKDVKL�DQG�<DVXGD�������DQG�
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������$YHUDJH�QXPEHU�RI�OHDYHV�RI�OLQHV�FDUU\LQJ�WKH�%HND�DOOHOH�RQ�3SG�+��
�����$YHUDJH�QXPEHU�RI�OHDYHV�RI�OLQHV�FDUU\LQJ�WKH�0RJDGRU�DOOHOH�RQ�3SG�+��



����

SKRWRSHULRG� VHQVLWLYLW\� �/DXULH� HW� DO�� ������ ������ DUH� WKH� PRVW� LPSRUWDQW� IDFWRUV�
FRQWUROOLQJ�WKLV�WUDLW���

)RXU� PDMRU� 47/�� ZKRVH� SRVLWLRQV� DJUHH� ZLWK� SUHYLRXVO\� UHSRUWHG� JHQHV�� ZHUH�
IRXQG�LQ�WKLV�VWXG\��DW�WKH�IROORZLQJ�ORFDWLRQV���

L��0DUNHU� %PDF����� RQ� WKH� FHQWURPHULF� UHJLRQ� RI� FKURPRVRPH� �+� �ELQ� ��� ELQ�
FODVVLILFDWLRQ�DIWHU�.OHLQKRIV�DQG�+DQ��������FRLQFLGHQW�ZLWK�WKH�HDUOLQHVV�SHU�VH�ORFXV�
HSV�6� �/DXULH� HW� DO�� ������� ZKRVH� HIIHFW� LV� HYLGHQW� XQGHU� VSULQJ� DQG� DXWXPQ� VRZLQJ�
FRQGLWLRQV��,W�LV�DOVR�FRLQFLGHQW�ZLWK�WKH�HDUO\�PDWXULW\�ORFXV�(DP���ZKLFK�FRQIHUV�HDUO\�
KHDGLQJ� XQGHU� ERWK� ORQJ�� DQG� VKRUW�GD\� FRQGLWLRQV� �)UDQFNRZLDN� DQG� .RQLVKL� ������
+RUVOH\�HW�DO���������7KLV�ZDV�WKH�PRVW�LPSRUWDQW�ORFXV�IRU�KHDGLQJ�WLPH�XQGHU�DXWXPQ�
VRZLQJ�FRQGLWLRQV�LQ�RXU�VWXG\��DQG�KDG�DOVR�D�ODUJH�HIIHFW�LQ�VSULQJ�VRZLQJV���

7KH� FHQWURPHULF� UHJLRQ� RI� FKURPRVRPH� �+� KDV� EHHQ� FRQVLVWHQWO\� LGHQWLILHG� LQ�
VWXGLHV�VHDUFKLQJ�IRU�KHDGLQJ�GDWH�47/��EXW�ZLWK�ODUJH�GLIIHUHQFHV�LQ�DOOHOLF�HIIHFWV��,W�
ZDV�ILUVW�GHVFULEHG�E\�/DXULH�HW�DO����������ZKR�UHSRUWHG�D�ODUJH�HIIHFW�RI�WKLV�47/�RQ�
KHDGLQJ�GDWH� �DURXQG� IRXU�GD\V��� WKRXJK� WKH�PHWKRG�RI� DQDO\VLV�DYDLODEOH�DW� WKDW� WLPH�
SUHYHQWHG�D�JRRG�HVWLPDWLRQ�RI�LWV�HIIHFW�LQGHSHQGHQW�RI�WKH�OLQNHG�ORFXV�3SG�+���

)RU� VSULQJ� [� VSULQJ� SRSXODWLRQV�� HYDOXDWHG� LQ� VSULQJ� VRZLQJV�� WKH� GLIIHUHQFH�
EHWZHHQ� DOOHOHV� IRXQG� LQ� D� UDWKHU� ODUJH� VHULHV� RI� VWXGLHV�ZDV� DOZD\V� EHWZHHQ��� DQG� ��
GD\V��4L�HW�DO�������0DUTXH]�&HGLOOR�HW�DO��������6HH�HW�DO��������0HVILQ�HW�DO��������
&DQFL� HW� DO�� ������ 'DKOHHQ� HW� DO�� ������ +RUVOH\� HW� DO�� ������� ZKHUHDV� IRU� VWXGLHV�
LQYROYLQJ�DXWXPQ�VRZLQJV��LWV�HIIHFW�ZDV�DOZD\V�DERYH���GD\V��HLWKHU�LQ�VSULQJ�[�VSULQJ�
�7RKQR�RND�HW�DO��������%R\G�HW�DO��������0RUDOHMR�HW�DO��������RU� LQ�VSULQJ�[�ZLQWHU�
FURVVHV� �/DXULH� HW� DO�� ������ 5HDG� HW� DO�� ������� ,Q� WKLV� ODVW� FDVH� �SRSXODWLRQ�
6ORRS�+DOF\RQ���WKH�GLIIHUHQFH�EHWZHHQ�DOOHOHV�ZDV���GD\V��VLPLODU�WR�WKH�RQH�IRXQG�LQ�
RXU� VWXG\�� DOVR� D� VSULQJ� [� ZLQWHU� FURVV�� (DP�� ZDV� LGHQWLILHG� DV� WKH� PDLQ� ORFXV�
UHVSRQVLEOH�RI�KHDGLQJ�GDWH�XQGHU�6SDQLVK�FRQGLWLRQV� LQ� WKH�SRSXODWLRQ�%HND�[�/RJDQ�
�0RUDOHMR� HW� DO�� ������� DQG� KDG� D� ODUJH� HIIHFW� LQ� $XVWUDOLDQ� FRQGLWLRQV� �DOVR� D�
0HGLWHUUDQHDQ�FOLPDWH���XQGHU�ERWK�VKRUW�DQG�ORQJ�SKRWRSHULRGV��%R\G�HW�DO����������

7KH� RQO\� H[FHSWLRQV� WR� WKLV� WUHQG� IRXQG� LQ� WKH� OLWHUDWXUH� ZHUH� WZR� SRSXODWLRQV�
LQYROYLQJ� D� FURVV�ZLWK� WKH� VDPH�+RUGHXP� VSRQWDQHXP� DFFHVVLRQ�� HYDOXDWHG� LQ� VSULQJ�
VRZLQJV��,Q�WKHVH�WZR�FDVHV��3LOOHQ�HW�DO���������������GLIIHUHQFHV�EHWZHHQ�DOOHOHV�DW�WKLV�
47/�ZHUH����� DQG������GD\V��ZLWK� WKH� HDUO\� DOOHOH� FRQWULEXWHG�E\� WKH�+�� VSRQWDQHXP�
SDUHQW��ZKLFK�FRXOG�EH�GLIIHUHQW�IURP�WKH�DOOHOHV�IRXQG�LQ�EDUOH\�FXOWLYDUV���



� ���

(DP�� �RU� HSV�V�� KDV� EHHQ� GHILQHG� DV� DQ� HDUO\� PDWXULW\� JHQH�� EXW� WKHUH� LV� QR�
FRQVHQVXV� DERXW� LWV� GHSHQGHQFH� RQ� HQYLURQPHQWDO� FRQGLWLRQV�� LW� KDV� EHHQ� GHVFULEHG�
HLWKHU� DV� SKRWRSHULRG�LQVHQVLWLYH� �%R\G� HW� DO�� ������ RU� DV� SKRWRSHULRG� VHQVLWLYH�
�)UDQFNRZLDN�DQG�.RQLVKL�������+RUVOH\�HW�DO���������2XU�GDWD�VXSSRUW� � WKH�HIIHFW�RI�
WKLV�ORFXV�XQGHU�D�ZLGH�YDULHW\�RI�FRQGLWLRQV��EXW�ZLWK�WKH�VL]H�RI�LWV�HIIHFW�PRGXODWHG�E\�
HQYLURQPHQWDO�FXHV�WKDW�FRXOG�EH�SKRWRSHULRG��DQ�HIIHFW�RQ�SKRWRSHULRG�VHQVLWLYLW\�ZDV�
UHSRUWHG�LQ�)LJ�����RU�WHPSHUDWXUH��ZH�DOVR�REVHUYHG�LQWHUDFWLRQV�RI�WKLV�ORFXV�ZLWK�WKH�
PDUNHUV�IRU�WKH�WZR�YHUQDOL]DWLRQ�JHQHV��7DEOH�����,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�WKH�HIIHFWV�
UHSRUWHG� IRU� WKLV� ORFXV� LQ� WKH� OLWHUDWXUH�� IRU� H[SHULPHQWV� FDUULHG� RXW� DW� ORZHU� ODWLWXGHV�
DQG�RU�HDUO\�VRZLQJV��KDYH�DOZD\V�EHHQ�ODUJH��ZKHUHDV�H[SHULPHQWV�DW�KLJKHU�ODWLWXGHV�
DQG�RU� ODWH� VRZLQJV� DOZD\V� GHWHFWHG� D� 47/� RI� OHVVHU� HIIHFW�� &RQVLVWHQWO\� ZLWK� WKLV�
K\SRWKHVLV�� DQ� $%�47/� VWXG\� E\� 7DODPp� HW� DO�� ������� IRXQG� LQFUHDVLQJ� HIIHFWV� RI�
KHDGLQJ�GDWH�LQ�D�VSULQJ�[�+��VSRQWDQHXP�FURVV��%DUNH�+25��������ZLWK�ODUJH�HIIHFWV�
����� GD\V�� LQ� DXWXPQ� VRZLQJV� LQ� QRUWK� $IULFD�� DQG� ORZHU� HIIHFW� ����� GD\V�� LQ� D� ODWH�
VRZLQJ��)HEUXDU\��,WDO\����

3SG�+���DOVR�LQ�WKH�VKRUW�DUP�RI�FKURPRVRPH��+��KDV�EHHQ�UHSRUWHG�DV�WKH�PDLQ�
JHQH�DIIHFWLQJ�KHDGLQJ�WLPH�LQ�EDUOH\�XQGHU�SKRWRSHULRGV�RI����KRXUV�RU�ORQJHU��/DXULH�
HW� DO�� ������7XUQHU� HW� DO�� �������:H� WHVWHG� WKH� IXQFWLRQDO� SRO\PRUSKLVP� LQ�613���RI�
3SG�+�� �7XUQHU� HW� DO�� ������� DQG� IRXQG� QR� SRO\PRUSKLVP�� WKHUHIRUH�� LW� LV� OLNHO\� WKDW�
ERWK� SDUHQWV� RI� WKH� SRSXODWLRQ� FDUULHG� WKH� VDPH�� QRQ�UHVSRQVLYH� DOOHOH�� 7KXV�� ODFN� RI�
SRO\PRUSKLVP�IRU�3SG�+�� LQ�WKLV�SRSXODWLRQ�SUHYHQWV�LWV�VWXG\�EXW��RQ�WKH�RWKHU�KDQG��
DOORZV� D� FOHDUHU� UHVROXWLRQ� RI� WKH� HIIHFW� DQG� LQWHUDFWLRQV� RI�(DP��� ZKLFK� FRXOG� KDYH�
EHHQ�SDUWLDOO\�PDVNHG�E\�LWV�OLQNDJH�WR�3SG�+���DV�PD\�KDYH�KDSSHQHG�LQ�SRSXODWLRQV�
VHJUHJDWLQJ�IRU�ERWK�PDMRU�47/�RQ�FKURPRVRPH��+��VXFK�DV�6WHSWRH�0RUH[��+D\HV�HW�
DO��������DQG�,JUL�7ULXPSK��/DXULH�HW�DO����������������

LL��/RQJ�DUP�RI�FKURPRVRPH��+��ELQ���������PDUNHU�%PDJ�����FRLQFLGLQJ�ZLWK�
WKH� SRVLWLRQ� RI� WKH� SKRWRSHULRG� UHVSRQVH� JHQH� 3SG�+��� ZKLFK� FDXVHV� GLIIHUHQFHV� LQ�
KHDGLQJ� GDWH� XQGHU� VKRUW� GD\� FRQGLWLRQV� LQ� ILHOG� DQG� JUHHQKRXVH� �/DXULH� HW� DO�� ������
)UDQFLD� HW� DO�� ������� ,WV� HIIHFW� ZDV� DOVR� PRVW� LQIOXHQWLDO� XQGHU� $XVWUDOLDQ� ILHOG�
FRQGLWLRQV��ZKHUH� FXOWLYDUV� DUH� DOVR�H[SRVHG� WR� VKRUW� SKRWRSHULRGV�GXULQJ�PRVW�RI� WKH�
JURZLQJ� VHDVRQ� �%R\G� HW� DO�� ������� ,Q� RXU� H[SHULPHQWV�� OLQHV� FDUU\LQJ� WKH� 0RJDGRU�
DOOHOH�ZHUH�DOZD\V�GHOD\HG�DW�ILHOG�DXWXPQ�VRZLQJV��9B63��DQG�19B63�WUHDWPHQWV�� LQ�
ZKLFK�PRVW�RI�WKH�YHJHWDWLYH�SKDVH�HODSVHV�ZLWK�SKRWRSHULRGV�DURXQG����±����KRXUV���
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LLL�� 7ZR� RWKHU� PDLQ� 47/V� ZHUH� IRXQG� XQGHU� ORQJ� SKRWRSHULRG� DQG� QR�
YHUQDOL]DWLRQ�FRQGLWLRQV��LQ�WKH�ILHOG�DQG�WKH�JUHHQKRXVH��FRLQFLGLQJ�ZLWK�WKH�SRVLWLRQV�
RI�9UQ�+���PDUNHU�+Y%0���ELQ����LQ�FKURPRVRPH��+��DQG�9UQ�+���PDUNHU�+Y=&&7��
ELQ����LQ�FKURPRVRPH��+���$OOHOLF�YDULDWLRQV�DQG�LQWHUDFWLRQV�RI�ERWK�ORFL�GHWHUPLQH�WKH�
UHTXLUHPHQWV�RI�YHUQDOL]DWLRQ�LQ�WHPSHUDWH�JUDVVHV��<DQ�HW�DO��������������YRQ�=LW]HZLW]�
HW�DO���������

$�VLJQLILFDQW�VHJUHJDWLRQ�GLVWRUWLRQ�ZDV�IRXQG�LQ�WKH�3SG�+��DQG�9UQ�+��UHJLRQV��
:H� WHVWHG� WKH�PDUNHUV� DW� WKH� GLVWRUWHG� UHJLRQV� IRU� D� UHPQDQW� RI� ����'+� OLQHV� RI� WKLV�
FURVV��QRW�XVHG� LQ� WKLV� VWXG\�� DQG� IRXQG� WKH� VDPH�GLVWRUWLRQ�ZKLFK�ZDV�� WKHUHIRUH��QRW�
GXH�WR�VDPSOLQJ���

�
0LQRU�47/�
7KH� SRVLWLRQV� IRU�PRVW� RI� WKH�PLQRU�47/�ZHUH� DOVR� FRLQFLGHQW�ZLWK� SUHYLRXVO\�

UHSRUWHG�RQHV��2QO\�RQH�PLQRU�47/�ZDV�IRXQG�LQ�ERWK�ILHOG�DQG�JUHHQKRXVH�FRQGLWLRQV��
FRLQFLGHQW�ZLWK�WKH�SRVLWLRQ�RI�HSV�/�LQ�ELQ���RI�FKURPRVRPH��+��/DXULH�HW�DO���������
7KRXJK�LW�KDG�D�PRUH�JHQHUDO�HIIHFW��WKH�ODUJHVW�HIIHFW�ZDV�DSSDUHQW�LQ�WKH�JUHHQKRXVH�
XQGHU� VKRUW� SKRWRSHULRGV�� DV� LQ� WKH� FXUUHQW� VWXG\� �7DEOH� ���� 7KHUH� LV� DOVR� D� UHSRUW� RI�
HSV�/�HIIHFW��EXW�ZLWK�YHUQDOL]HG�SODQWV�XQGHU�ORQJ�SKRWRSHULRGV��%R\G�HW�DO���������

2WKHU� PLQRU� 47/V� ZHUH� IRXQG� RQO\� LQ� WKH� ILHOG� H[SHULPHQWV�� 7KH� FRQILGHQFH�
LQWHUYDO�RI�WKH�RQH�GHWHFWHG�DURXQG�����F0�RQ�FKURPRVRPH��+��RYHUODSV�ZLWK�WZR�47/�
IRXQG�LQ�VSULQJ�EDUOH\��+D\HV�HW�DO��������3LOOHQ�HW�DO���������7KH�FRQILGHQFH�LQWHUYDO�RI�
WKH�47/�IRXQG�LQ�FKURPRVRPH��+�VSDQV�RYHU�ELQV�����DQG�RYHUODSV�ZLWK�WKH�47/�IRU�
KHDGLQJ� GDWH� HSV�V� �/DXULH� HW� DO�� ������� ZKLFK� KDG� HIIHFW� RQO\� LQ� VSULQJ� VRZLQJV��
0DUTXH]�&HGLOOR�HW�DO���������IRXQG�D�VLPLODU�HIIHFW�LQ�WKH�VDPH�UHJLRQ��ELQV�������3DQ�
HW�DO���������DOVR�UHSRUWHG�D�47/�LQ�WKLV�UHJLRQ��ELQV�������LQ�ZLQWHU�VRZLQJ�FRQGLWLRQV��
$V� VKRZQ�EHORZ�� ORFL� LQ� WKLV� UHJLRQ�ZHUH�DVVRFLDWHG�ZLWK�GLIIHUHQFHV� LQ�KHDGLQJ� WLPH�
DOVR�LQ�VSULQJ�FRQGLWLRQV��EXW�RQO\�LQ�IDFXOWDWLYH�SODQWV����

7KUHH� RI� WKH� 47/V� IRXQG� LQ� FKURPRVRPH� �+� DOVR� DJUHH� ZLWK� RWKHU� SUHYLRXVO\�
UHSRUWHG�ORFL��+D\HV�HW�DO���������IRXQG�D�47/�LQ�ELQ���LQ�DXWXPQ�VRZLQJV��DV�RXU�47/�
DW� %PDJ�����0HVILQ� DW� DO�� ������� IRXQG� DQRWKHU� RQH� LQ� ELQ� ������ LQ� VSULQJ� VRZLQJ��
VLPLODU�WR�RXU�47/�ZLWK�SHDN�DW�(��0��BN��7DEOH�����DQG�*DOODJKHU�HW�DO���������IRXQG�
D�WKLUG�RQH�LQ�ELQ�������FRLQFLGHQW�ZLWK�WKH�SRVLWLRQ�RI�RXU�47/�ZLWK�SHDN�DW�+Y0����
DQG� ORFXV� HDP��� �%|UQHU� HW� DO�� ������ V\QRQ\PRXV� RI� HDVS� LQ� *DOODJKHU� DQG�
)UDQFNRZLDN� ������ DQG� HSV�/� LQ� /DXULH� HW� DO�� ������� ZLWK� HIIHFW� LQ� VKRUW� GD\�
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SKRWRSHULRGV�� ,W� LV� DOVR�FRLQFLGHQW�ZLWK�RWKHU�47/V� IRU�KHDGLQJ�GDWH� UHSRUWHG� LQ� ILHOG�
DXWXPQ� VRZLQJ� DQG� �� KRXU�SKRWRSHULRG� JUHHQKRXVH� YHUQDOL]HG� DQG� QRQ� YHUQDOL]HG�
SODQWV��3DQ�HW�DO���������

2Q� FKURPRVRPH� �+�� WKH� 47/� LQ� ELQ� �� �SHDN� DW� VFVVU������� DJUHHV� ZLWK� WKH�
SRVLWLRQ� RI� HSV�/� �/DXULH� HW� DO�� ������� IRXQG� ERWK� XQGHU� JUHHQKRXVH� DQG� ILHOG�
FRQGLWLRQV��XQGHU�SKRWRSHULRGV�ORQJHU�WKDQ����KRXUV��7KH�47/�IRXQG�LQ�ELQV������SHDN�
DW�%PDJ�����ZDV�LQ�WKH�VDPH�SRVLWLRQ�DV�RQH�IRXQG�LQ�DQ�DXWXPQ�VRZQ�ILHOG�H[SHULPHQW�
E\� 3DQ� HW� DO�� �������� 7KH� 47/� LQ� ELQ� ��� KDV� QRW� EHHQ� SUHYLRXVO\� UHSRUWHG�� EXW� LWV�
GHWHFWLRQ� LQ� XQYHUQDOL]HG� SODQWV� JURZQ� XQGHU� VKRUW� SKRWRSHULRG�� DQG� LWV� SUR[LPLW\��
VXJJHVWV�WKDW�LW�FRXOG�EH�9UQ�+���

�
7KH�SDUDPRXQW�UROH�RI�YHUQDOL]DWLRQ�JHQHV�LQ�WKH�%HND�[�0RJDGRU�SRSXODWLRQ�
,W�VHHPV�WKDW�WKH�DXWXPQ�VRZLQJ�FRQGLWLRQV�SURYLGHG�SHULRGV�RI�ORZ�WHPSHUDWXUH�

ORQJ� HQRXJK� WR� VDWLVI\� YHUQDOL]DWLRQ� UHTXLUHPHQWV� LQ�ZLQWHU� JHQRW\SHV��7KLV� FDXVHG� D�
QDUURZHU�UDQJH�RI�YDULDWLRQ�IRU�KHDGLQJ�WLPH�LQ�WKH�SRSXODWLRQ��FRPSDUHG�WR�WKH�UDQJH�RI�
YDULDWLRQ� REVHUYHG� XQGHU� VSULQJ�VRZQ� FRQGLWLRQV� �)LJ�� ���� LQ� ZKLFK� YHUQDOL]DWLRQ�
UHTXLUHPHQWV�IRU�PDQ\�OLQHV�ZHUH�DSSDUHQWO\�QRW�PHW��7KXV��LW� LV�MXVW�FRKHUHQW�WKDW�WKH�
HIIHFW�RI�9UQ�+��RU�9UQ�+��ZDV�QRW�GHWHFWHG�XQGHU�QRUPDO��DXWXPQ��VRZLQJ�FRQGLWLRQV��
DQG� ZDV� PRVWO\� HYLGHQW� LQ� VSULQJ�VRZQ� WULDOV�� RU� LQ� XQYHUQDOL]HG� WUHDWPHQWV� LQ� WKH�
JUHHQKRXVH���

7KH� IXQFWLRQLQJ� RI� WKH� WZR� YHUQDOL]DWLRQ� JHQHV� LV� D� FOHDU� H[DPSOH� RI� HSLVWDVLV�
�/DXULH�HW�DO��������<DQ�HW�DO��������.DUVDL�HW�DO��������.RWL�HW�DO��������7UHYDVNLV�HW�DO��
������� ,Q� WKH� VSULQJ�VRZQ� H[SHULPHQWV� DQG� DW� WKH� 19B/3� WUHDWPHQW� �XQGHU� ORQJ�
SKRWRSHULRG�DQG�DOPRVW�DEVHQFH�RI�YHUQDOL]DWLRQ��9UQ�+�� LV�UHSUHVVHG�E\�9UQ�+��DQG��
WKHUHIRUH��µZLQWHU¶�OLQHV�ZHUH�UHPDUNDEO\�GHOD\HG�ZLWK�UHVSHFW�WR�VSULQJ�DQG�IDFXOWDWLYH�
OLQHV� �)LJ�� ���� 7KLV� GHOD\� RI� ZLQWHU� JHQRW\SHV� XQGHU� QRQ�LQGXFWLYH� FRQGLWLRQV� ZDV�
FRQILUPHG�ZKHQ� DQDO\]LQJ� WKH� QXPEHU� RI� OHDYHV� LQ� WKH�19B/3�JUHHQKRXVH� WUHDWPHQW�
�)LJ�� ���� 2XU� UHVXOWV� DOVR� FRQILUPHG� DQRWKHU� DVSHFW� RI� WKH� K\SRWKHVLV� SXW� IRUZDUG� E\�
7UHYDVNLV� HW� DO�� �������� L�H��� WKDW� UHSUHVVLRQ� RI� 9UQ�+�� E\�9UQ�+�� LV� LQHIIHFWLYH�ZKHQ�
YHUQDOL]DWLRQ� UHTXLUHPHQWV� DUH� IXOILOOHG�� DQG� DOVR� XQGHU� VKRUW� GD\� FRQGLWLRQV�
LUUHVSHFWLYH�RI�WKH�YHUQDOL]DWLRQ��7KLV�ZDV�DSSDUHQW�DW�WKH�DXWXPQ�VRZQ�WULDOV��DQG�DW�WKH�
VKRUW�SKRWRSHULRG�WUHDWPHQWV��9B63��19B63��LQ�ZKLFK�DOO�YHUQDOL]DWLRQ�FODVVHV�UHDFKHG�
KHDGLQJ� DOPRVW� DW� WKH� VDPH� WLPH� �)LJ�� ���� 2QO\� ZKHQ� WKHUH� ZDV� FRQFXUUHQW� ODFN� RI�
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YHUQDOL]DWLRQ�DQG�ORQJ�SKRWRSHULRG��WKH�HIIHFW�RI�UHSUHVVLRQ�RI�9UQ�+��RQ�9UQ�+��ZDV�
GHWHF7DEOH���

+RZHYHU��ZH�KDYH� IRXQG� WKDW� WKH� HIIHFW� RI�9UQ�+�� LV� QRW� UHVWULFWHG� WR� ORQJ�GD\�
FRQGLWLRQV�RQO\��7KHUH�ZDV�D�47/�DW�WKH�9UQ�+��UHJLRQ�LQ�WKH�9B63�WUHDWPHQW��)LJ���E���
:H�VDZ�WKDW�SODQWV�ZLWK�WKH�ZLQWHU�DOOHOH�LQ�9UQ�+��KHDGHG�HDUOLHU��LUUHVSHFWLYH�RI�WKH�
9UQ�+��DOOHOH��ZKHQ�H[SRVHG�WR�YHUQDOL]DWLRQ�DQG�VKRUW�SKRWRSHULRGV��WUHDWPHQW�9B63�
LQ�)LJ�������

,QWHUDFWLRQV� EHWZHHQ� SKRWRSHULRG� DQG� YHUQDOL]DWLRQ� JHQHV�� DOWKRXJK� VLJQLILFDQW�
�7DEOH�����GR�QRW�VHHP�YHU\�LPSRUWDQW�IRU�WKH�GHWHUPLQDWLRQ�RI�KHDGLQJ�WLPH�XQGHU�RXU�
ILHOG� FRQGLWLRQV�� 2QH� RI� WKHVH� LQWHUDFWLRQV� FRXOG� EH� UHVSRQVLEOH� IRU� WKH� SKHQRPHQRQ�
UHIHUUHG� WR� LQ� WKH� OLWHUDWXUH� DV� VKRUW�GD\� YHUQDOL]DWLRQ�� DV� PHQWLRQHG� LQ� WKH� 5HVXOWV�
VHFWLRQ��/DXULH� HW� DO�� �������� DQG� ,JDUWXD� HW� DO�� ������� VXJJHVWHG� D� UROH� RI�3SG�+�� LQ�
FRPELQDWLRQ�ZLWK�WKH�WZR�PDLQ�YHUQDOL]DWLRQ�JHQHV�WR�H[SODLQ�WKLV�SKHQRPHQRQ��/DXULH�
HW� DO�� �������REVHUYHG� WKDW�JHQRW\SHV�ZLWK� D� VWURQJ�YHUQDOL]DWLRQ� UHVSRQVH�XQGHU� ORQJ�
SKRWRSHULRG�FRQGLWLRQV��DQG�FDUU\LQJ�D�SDUWLFXODU�DOOHOH�RQ�3SG�+���KHDGHG�DW�WKH�VDPH�
WLPH�DV�JHQRW\SHV�WKDW�ODFNHG�YHUQDOL]DWLRQ�UHVSRQVH�ZKHQ�ERWK�W\SHV�ZHUH�JURZQ�XQGHU�
VKRUW�SKRWRSHULRGV�����KRXUV���7KLV�IDFW�VXJJHVWV�WKDW�VKRUW�GD\�FRXOG�VXEVWLWXWH�IRU�FROG�
WUHDWPHQW�WR�KDVWHQ�KHDGLQJ�RI�WKHVH�ZLQWHU�JHQRW\SHV��$�VLPLODU�VLWXDWLRQ�ZDV�GHVFULEHG�
E\� 5REHUWV� HW� DO�� ������� IRU� WKH� FXOWLYDU� $UDEL� $ELDG�� ZKLFK� VKRZHG� DQ� DSSDUHQW�
VKRUWHQLQJ� RI� WLPH� WR� KHDGLQJ� LQ� XQYHUQDOL]HG� SODQWV�� ZKHQ� JURZQ� XQGHU� VKRUW�
SKRWRSHULRG�� ZKLFK� ZDV� HTXLYDOHQW� WR� DERXW� KDOI� RI� WKH� HIIHFW� GXH� WR� YHUQDOL]DWLRQ��
$FWXDOO\��ZKDW�ZH�IRXQG�LV� WKDW� WKH�DGGLWLYH�HIIHFW�RI� WKH�3SG�+�� �%HND�DOOHOH�DOZD\V�
HDUOLHU� WKDQ� 0RJDGRU�� XQGHU� VKRUW� SKRWRSHULRG�� )LJ�� ��� ZLWK� WKH� 9UQ�+�
9UQ�+��
LQWHUDFWLRQ� �GHOD\� RI� WKH� 0�0� FODVV� DW� WKH� 19B/3� WUHDWPHQW�� )LJ�� ��� SURGXFHV� DQ�
DSSDUHQW� VKRUW�GD\� YHUQDOL]DWLRQ� HIIHFW�� ZKLFK� UHVHPEOHV� FORVHO\� WKH� ILQGLQJV� RI�
SUHYLRXV�DXWKRUV��L�H���WKH�IDFW�WKDW�ZLQWHU��0�0��OLQHV�ZLWK�WKH�%HND�DOOHOH�DW�3SG�+���
JURZQ� ZLWKRXW� YHUQDOL]DWLRQ�� KDYH� ORZHU� QXPEHU� RI� OHDYHV� XQGHU� VKRUW� SKRWRSHULRG�
FRQGLWLRQV� �19B63�� WKDQ� XQGHU� ORQJ� SKRWRSHULRG� �19B/3��� ZKHUHDV� VSULQJ� DQG�
IDFXOWDWLYH�KDYH�PRUH�OHDYHV��)LJ�������

7KH�%HND�DQG�0RJDGRU�DOOHOHV�RI�3SG�+��DUH�SRVVLEO\�WKH�VDPH�DOOHOH�SUHVHQWHG�
E\� FXOWLYDU� 7ULXPSK� DQG� ,JUL�� UHVSHFWLYHO\�� LQ� WKH� VWXG\� E\� /DXULH� HW� DO�� ��������
DFFRUGLQJ� WR� WKH� 5)/3� PDUNHU� 0:*����� DQG� WKH� GHULYHG� 676� PDUNHU� D0:*�����
ZKLFK� SUHVHQW� WKH� VDPH� SRO\PRUSKLVP� IRU� HDFK� SDLU� RI� FXOWLYDUV� �%HND�7ULXPSK��
0RJDGRU�,JUL���7KH�EHKDYLRXU�RI�FXOWLYDU�$UDEL�$ELDG�LQ�5REHUWV�HW�DO���������VWXG\�ZDV�
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DFWXDOO\�YHU\�VLPLODU� WR� WKH�EHKDYLRXU�RI� WKH�PRVW�H[WUHPH� OLQHV� LQ�SRSXODWLRQ�%HND�[�
0RJDGRU��DWWHQGLQJ�WR�WKH�QXPEHU�RI�OHDYHV�UHSRUWHG�IRU�WKLV�FXOWLYDU�DW�WKH�WUHDWPHQWV�
PRVW�VLPLODU�WR�RXUV��

:H�VHDUFKHG�IRU�RWKHU�SRVVLEOH�LQWHUDFWLRQV�ZLWK�WKH�WZR�PDLQ�YHUQDOL]DWLRQ�ORFL��
,Q�VSULQJ�VRZLQJ�FRQGLWLRQV��IDFXOWDWLYH�OLQHV�VKRXOG�UHDFK�KHDGLQJ�DW�WKH�VDPH�WLPH�DV�
WKH�VSULQJ�OLQHV��VLQFH�WKH\�KDYH�WKH�ZLQWHU�DOOHOH�RI�9UQ�+��EXW�ODFN�WKH�UHSUHVVRU�9UQ�
+��� DFFRUGLQJ� WR� WKH� PRGHO� E\� 7UHYDVNLV� HW� DO�� �������� +RZHYHU�� IDFXOWDWLYH� OLQHV�
KHDGHG�DURXQG����GD\V�ODWHU�WKDQ�VSULQJ�OLQHV�LQ�HDFK�VSULQJ�VRZQ�H[SHULPHQW��)LJ������
7KHUHIRUH��ZH�SURSRVH�WKH�K\SRWKHVLV�WKDW�WKHUH�FRXOG�EH�RWKHU�ORFL�LQWHUDFWLQJ�ZLWK�9UQ�
+���RWKHU�WKDQ�9UQ�+���WKDW�FRXOG�EH�UHSUHVVLQJ�LWV�DFWLRQ���

2WKHU� UHSUHVVRUV�RI�9UQ�+�� KDYH�EHHQ�SURSRVHG�DV�+Y957�� �.DQH�HW� DO�� �������
GHWHFWHG�RQ�FKURPRVRPH��+��LQ�WKH�IDFXOWDWLYH�SKRWRSHULRG�UHVSRQVLYH�FXOWLYDU�'LFNWRR�
ZKHQ�H[SRVHG�WR�D�SKRWRSHULRG�RI���KRXUV��:H�GLG�QRW�KDYH�FRPSDUDEOH�FRQGLWLRQV�LQ�
RXU� H[SHULPHQWV��1HYHUWKHOHVV��ZH� WHVWHG� WKH�+Y957�� JHQRW\SH�ZLWK� WKH� VDPH�&$36�
PDUNHU�DV�6] FV�HW�DO����������%RWK�SDUHQWV�VKRZHG�WKH�VDPH�DOOHOH��VLPLODU�WR�'LFNWRR��
DQG� WKXV� ZH� FRXOG� QRW� H[SHFW� WR� ILQG� D� 47/� LQ� WKLV� UHJLRQ�� %XW� ZH� FDQ� H[SHFW� D�
UHSUHVVLYH�DFWLRQ�RI�WKLV�+Y957��DOOHOH��LI�LW�LV�VLPLODU�WR�WKH�RQH�IURP�'LFNWRR��RQ�9UQ�
+�� LQ� DOO� WKH� SRSXODWLRQ�� ZKLFK� FRXOG� H[SODLQ�� DW� OHDVW� SDUWLDOO\� WKH� LQWHUPHGLDWH�
EHKDYLRXU�RI�IDFXOWDWLYH�OLQHV�GHVFULEHG�DERYH��

7KH�UHVXOWV�VXJJHVW�WKDW�WKHUH�FRXOG�EH�PLQRU�UHSUHVVRUV�RI�9UQ�+��LQ�WZR�UHJLRQV��
LQ�ELQ���RI�FKURPRVRPH��+��FORVH�WR�PDUNHU�23$1����DQG�LQ�ELQ���RI�FKURPRVRPH��+��
FORVH� WR�PDUNHU�0:*�����7DEOH�����ZKLFK�EHFRPH�HYLGHQW�RQO\�ZKHQ�9UQ�+�� LV�QRW�
SUHVHQW��,Q�ERWK�FDVHV�WKH�%HND�DOOHOH�FDXVHG�HDUO\�KHDGLQJ�EXW�WKHLU�HIIHFW�LV�VWLOO�VKRUW�
RI�DFFRXQWLQJ�IRU�DOO� WKH�GHOD\�RI�WKH� IDFXOWDWLYH� OLQHV�GHVFULEHG�DERYH��:H�FDQQRW�WHOO�
ZKHWKHU� WKH� DGGLWLRQ� RI� WKH� HIIHFWV� RI� WKHVH� WZR� ORFL� ZLWK� WKH� HIIHFW� RI� WKH�+Y957��
UHSUHVVRU�LV�HQRXJK�WR�DFFRXQW�IRU�WKH�GHOD\���

�
���� &RQFOXVLRQ�

%HND�[�0RJDGRU�KDV�EHHQ�FRQILUPHG�DV�DQ�H[FHOOHQW�SRSXODWLRQ�IRU�YHUQDOL]DWLRQ�
VWXG\�SXUSRVHV�VLQFH�LW�VKRZV�SRO\PRUSKLVP�IRU�ERWK�9UQ�+��DQG�9UQ�+���DQG�KDV�EHHQ�
JHQHWLFDOO\�FKDUDFWHUL]HG�ZLWK�DOOHOH�VSHFLILF�PDUNHUV�IRU�WKHVH�JHQHV��ZKLFK�SURYLGHG�DQ�
H[FHOOHQW�UHVROXWLRQ�IRU�WKH�GHWHFWLRQ�RI�WKH�HIIHFWV�RI�WKHVH�JHQHV�DQG�WKHLU�LQWHUDFWLRQV��
ZKLFK�LQFOXGHG�D�SODXVLEOH�H[SODQDWLRQ�IRU�WKH�SKHQRPHQRQ�RI�VKRUW�GD\�YHUQDOL]DWLRQ���



����

:H� KDYH� EHHQ� DEOH� WR� LGHQWLI\� WKH� 47/V� WKDW� H[SODLQ� PRVW� RI� WKH� YDULDWLRQ� LQ�
IORZHULQJ� WLPH�RI�EDUOH\� LQ�1RUWKHUQ�6SDQLVK�DXWXPQ�VRZLQJ�FRQGLWLRQV�DQG�ZH�KDYH�
FRQWUDVWHG�DQG�YDOLGDWHG�WKHVH�UHVXOWV�ZLWK�ILHOG�H[SHULPHQWV�LQ�RWKHU�VRZLQJ�WLPHV�DQG�
XQGHU� FRQWUROOHG� FRQGLWLRQV� RI� YHUQDOL]DWLRQ� DQG� SKRWRSHULRG� LQ� WKH� JUHHQKRXVH�� 7KH�
DPRXQW�RI�YDULDWLRQ�H[SODLQHG�E\�RQO\�IRXU�DOOHOH�VSHFLILF�RU�FORVHO\�OLQNHG�PDUNHUV�WR�
WKHVH�JHQHV��VRPH�RI�WKHP�SURSRVHG�E\�WKH�ILUVW�WLPH�LQ�WKLV�VWXG\��ZDV�LQ�DOO�FDVHV�RYHU�
�����DQG�ZH�FRXOG�LGHQWLI\�WKH�LQGHSHQGHQW�VRXUFHV�RI�YDULDWLRQ�PDNLQJ�IORZHULQJ�WLPH�
KLJKO\� SUHGLF7DEOH� DQG� DOPRVW� D� TXDOLWDWLYH� WUDLW�� 7KH� 47/� DW� WKH� FHQWURPHUH� RI�
FKURPRVRPH��+�GHVHUYHV� IXUWKHU� VWXG\�� DV�RQH�RI� WKH�FUXFLDO� ORFL�FRQWUROOLQJ�KHDGLQJ�
WLPH�XQGHU�0HGLWHUUDQHDQ�FRQGLWLRQV���

�
�

$FNQRZOHGJHPHQWV�
�
7KLV� ZRUN� ZDV� VXSSRUWHG� E\� WKH� 6SDQLVK� 0LQLVWU\� RI� (GXFDWLRQ� DQG� 5HVHDUFK�

�3URMHFWV� $*)��������&���� $*/����������� LQFOXGLQJ� D� VFKRODUVKLS� JUDQWHG� WR� 0U��
$OIRQVR� &XHVWD�0DUFRV�� DQG� $*/������������ DQG� E\� WKH� (XURSHDQ� 5HJLRQDO�
'HYHORSPHQW�)XQG��
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���� 6XSSOHPHQWDU\�LQIRUPDWLRQ���
�
�
6XSSOHPHQWDU\�7DEOH���6XPPDU\�RI�47/�SRVLWLRQV��DQG���/2'�FRQILGHQFH�LQWHUYDOV�LQ�EUDFNHWV���DQG�
DPRXQW�RI�SKHQRW\SLF�YDULDWLRQ�H[SODLQHG�E\�WKHP�IRU�DOO�WKH�H[SHULPHQWV���
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���� 5HIHUHQFHV��
�

%ODNH�7.��.DG\U]KDQRYD�'��6KHSHUG�.:�HW�DO� �������676�3&5�PDUNHUV�DSSURSULDWH�
IRU�ZKHDW�EDUOH\�LQWURJUHVVLRQ��7KHRU�$SSO�*HQHW������������

%|UQHU� $�� %XFN�6RUOLQ� *+�� +D\HV� 30�� 0DO\VKHY� 6�� .RU]XQ� 9� ������� 0ROHFXODU�
PDSSLQJ�RI�PDMRU�JHQHV�DQG�TXDQWLWDWLYH�WUDLW�ORFL�GHWHUPLQLQJ�IORZHULQJ�WLPH�LQ�
UHVSRQVH�WR�SKRWRSHULRG�LQ�EDUOH\��3ODQW�%UHHG��������±����

%R\G�:-5��&'�/L��&5�*ULPH��0�&DNLU��6�3RWLSLERRO��/�.DYHHWD��6�0HQ��05-�.DPDOL��
$5� %DUU�� '%� 0RRG\�� 5&0� /DQFH�� 6-� /RJXH�� +� 5DPDQ�� %-� 5HD� �������
&RQYHQWLRQDO�DQG�PROHFXODU�JHQHWLF�DQDO\VLV�RI�IDFWRUV�FRQWULEXWLQJ�WR�YDULDWLRQ�LQ�
WKH�WLPLQJ�RI�KHDGLQJ�DPRQJ�VSULQJ�EDUOH\��+RUGHXP�YXOJDUH�/��JHQRW\SHV�JURZQ�
RYHU�D�PLOG�ZLQWHU�JURZLQJ�VHDVRQ��$XVWUDOLDQ�-RXUQDO�RI�$JULFXOWXUDO�5HVHDUFK���
��������������

� &KURPRVRPH� �
7ULDO� ����+��� ������+� �������+� �������+� �������+� �������+� �������+� ���5��
��

����������������������������������������������)LHOG�H[SHULPHQWV���������������������������������������������
639$��� �� �� ����������� �� �� �������������� ��������������� �� �� �� �� �����
639$��� �� �� ����������� ������������� �������������� �������������� �� �� �� �� �����
:,9$��� ����������� ����������� ����
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$8+8��� ����������� ����������� ����������� �� �� ����������� �� �� ����������� �����
���������������������������������������������*UHHQKRXVH�WUHDWPHQWV���������������������������������������

19B63� ����������� ����������� �� �� �� �� ���� ���������� �� �� �� �� �����
19B/3� ��� ����������� �� �� �������������� ���� ���������� �� �� �� �� �����
9B63� ����������� ����������� �� �� �������������� ���� ��������� ����������� �� �� �����
9B/3� ����������� ����������� �� �� �� �� ���

����
��������

����������
�� �� �� �� �����

3KRB9� ����������� ����������� �� �� �������������� ���� ��������� �� �� �� �� �����
9HUB/3� �� �� �� �� �� �� �������������� ���� ���������� �� �� �� �� �����
�
��5 � �RI�WKH��PXOWLORFXV�PRGHO�WKDW�LQFOXGHV�WKH�47/V�DQG�WKHLU�VLJQLILFDQW�LQWHUDFWLRQV�REWDLQHG�XVLQJ�0XOWLSOH�,QWHUYDO�0DSSLQJ��0,0DS47/��47/�&DUWRJUDSKHU�Y������ � � �
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&DQFL� 3&�� 1GXXOX� /0�� 0XHKOEDXHU� *-�� 'LOO�0DFN\� 5�� 5DVPXVVRQ� '&�� 6PLWK� .3��
������ 9DOLGDWLRQ� RI� TXDQWLWDWLYH� WUDLW� ORFL� IRU� )XVDULXP� KHDG� EOLJKW� DQG� NHUQHO�
GLVFRORUDWLRQ�LQ�EDUOH\��0ROHFXODU�%UHHGLQJ�������������

&DVDV�$0�� ,JDUWXD�(��9DOOpV�03��0ROLQD�&DQR� -/� �������*HQHWLF�GLYHUVLW\�RI�EDUOH\�
FXOWLYDUV� JURZQ� LQ� 6SDLQ� HVWLPDWHG� E\� 5)/3� VLPLODULW\� DQG� FRDQFHVWU\�
FRHIILFLHQWV��3ODQW�%UHHG�������������

'DKOHHQ� /6�� $JUDPD� +$�� +RUVOH\� 5'�� 6WHIIHQVRQ� %-�� 6FKZDU]� 3%�� 0HVILQ� $��
)UDQFNRZLDN� -'� ������� ,GHQWLILFDWLRQ� RI� 47/V� DVVRFLDWHG� ZLWK� )XVDULXP� KHDG�
EOLJKW�UHVLVWDQFH�LQ�=KHGDU���EDUOH\��7KHRU�$SSO�*HQHW������������

'iYLOD��-$��/RDUFH�<��)HUUHU�(��������0ROHFXODU�FKDUDFWHUL]DWLRQ�DQG�JHQHWLF�PDSSLQJ�
RI� UDQGRP� DPSOLILHG� PLFURVDWHOOLWH� SRO\PRUSKLVP� LQ� EDUOH\�� 7KHRU� $SSO� *HQHW�
�����������

)UDQFLD�(��)�5L]]D��/�&DWWLYHOOL��$0�6WDQFD��*�*DOLED��%�7yWK��30�+D\HV��-6�6NLQQHU��
1� 3HFFKLRQL� ������� 7ZR� ORFL� RQ� FKURPRVRPH� �+� GHWHUPLQH� ORZ�WHPSHUDWXUH�
WROHUDQFH�LQ�D�µ1XUH¶��ZLQWHU��[�µ7UHPRLV¶��VSULQJ��EDUOH\�PDS��7KHRU�$SSO�*HQHW�
������������

)UDQFNRZLDN�-'��.RQLVKL�7��������(DUO\�PDWXULW\����(DP���%DUOH\�*HQHW�1HZVO�������
���

*DOODJKHU� /:�� 6ROLPDQ� .0�� 9LYDU� +� ������� ,QWHUDFWLRQV� DPRQJ� ORFL� FRQIHUULQJ�
SKRWRSHULRG�LQVHQVLWLYLW\�IRU�KHDGLQJ�WLPH�LQ�VSULQJ�EDUOH\��&URS�6FL������������

*DOODJKHU�/:��)UDQFNRZLDN�-'��������(DUO\�PDWXULW\�����%DUOH\�*HQHW�1HZVO��������
+D\HV�30��/LX�%+��.QDSS�6-��&KHQ�)��-RQHV�%��%ODNH�7��)UDQFNRZLDN�-��5DVPXVVRQ�

'�� 6RUUHOOV�0��8OOULFK� 6(��:HVHQEHUJ�'��.OHLQKRIV�$� �������4XDQWLWDWLYH� WUDLW�
ORFXV�HIIHFWV�DQG�HQYLURQPHQWDO�LQWHUDFWLRQ�LQ�D�VDPSOH�RI�1RUWK�$PHULFDQ�EDUOH\�
JHUP�SODVP��7KHRU�$SSO�*HQHW��������������

+RUVOH\�5'��6FKPLHUHU�'��0DLHU�&��.XGUQD�'��8UUHD�&$��6WHIIHQVRQ�%-��6FKZDU]�3%��
)UDQFNRZLDN�-'��*UHHQ�0-��=KDQJ�%��.OHLQKRIV�$��������,GHQWLILFDWLRQ�RI�47/V�
DVVRFLDWHG�ZLWK� )XVDULXP� KHDG� EOLJKW� UHVLVWDQFH� LQ� EDUOH\� DFFHVVLRQ�&,KR� ������
&URS�6FL�������������

,JDUWXD� (�� &DVDV� $0�� &LXGDG� )�� 0RQWR\D� -/�� 5RPDJRVD� ,� ������� 5)/3� PDUNHUV�
DVVRFLDWHG�ZLWK�PDMRU�JHQHV�FRQWUROOLQJ�KHDGLQJ�GDWH�HYDOXDWHG�LQ�D�EDUOH\�JHUP�
SODVP�SRRO��+HUHGLW\�������������

.DQH�1$��'DQ\OXN�-��7DUGLI�*��2XHOOHW�)��/DOLEHUWH�-)��/LPLQ�$(��)RZOHU�'%��6DUKDQ�
)��������7D957����D�PHPEHU�RI�WKH�6W0$'6����FODGH�RI�IORZHULQJ�UHSUHVVRUV��LV�
UHJXODWHG� E\� YHUQDOL]DWLRQ� DQG� SKRWRSHULRG� LQ� ZKHDW�� 3ODQW� 3K\VLRO� ��������±
�����

.DR�&+��=HQJ�=%��7HDVGDOH�5'��������0XOWLSOH�LQWHUYDO�PDSSLQJ�IRU�TXDQWLWDWLYH�WUDLW�
ORFL��*HQHWLFV���������±�����

.DUVDL�,��6] FV�3��0pV]iURV�.��)LOLFKNLQD�7��+D\HV�30��6NLQQHU�-6��/iQJ�/��%HG �=�
�������7KH�9UQ�+��ORFXV�LV�D�PDMRU�GHWHUPLQDQW�RI�IORZHULQJ�WLPH�LQ�D�IDFXOWDWLYH�
î�ZLQWHU� JURZWK� KDELW� EDUOH\� �+RUGHXP� YXOJDUH� /��PDSSLQJ� SRSXODWLRQ�� 7KHRU�
$SSO�*HQHW���������±�����

.OHLQKRIV�$��+DQ�)��������0ROHFXODU�PDSSLQJ�RI�WKH�EDUOH\�JHQRPH��,Q��*$�6ODIHU��-/�
0ROLQD�&DQR�� 5� 6DYLQ�� -/� $UDXV�� ,� 5RPDJRVD� �HGV�� %DUOH\� 6FLHQFH�� 5HFHQW�



� ���

$GYDQFHV� IURP� 0ROHFXODU� %LRORJ\� WR� $JURQRP\� RI� <LHOG� DQG� 4XDOLW\�� )RRG�
3URGXFW�3UHVV��1HZ�<RUN��SS�������

.yWL� .�� .DUVDL� ,�� 6] FV� 3�� +RUYiWK� &V�� 0pV]iURV� .�� .LVV� *%�� %HG|� =�� +D\HV� 30�
�������9DOLGDWLRQ�RI�WKH�WZR�JHQH�HSLVWDWLF�PRGHO�IRU�YHUQDOL]DWLRQ�UHVSRQVH�LQ�D�
ZLQWHU�[�VSULQJ�EDUOH\�FURVV��(XSK\WLFD�����������

.�Q]HO� *�� .RU]XQ� /�� 0HLVWHU� $� ������� &\WRORJLFDOO\� LQWHJUDWHG� SK\VLFDO� UHVWULFWLRQ�
IUDJPHQW�OHQJWK�SRO\PRUSKLVP�PDSV�IRU�WKH�EDUOH\�JHQRPH�EDVHG�RQ�WUDQVORFDWLRQ�
EUHDNSRLQWV��*HQHWLFV�������������

/DXULH�'$��3UDWFKHWW�1��%H]DQW�-+��6QDSH�-:��������*HQHWLF�DQDO\VLV�RI�D�SKRWRSHULRG�
UHVSRQVH� JHQH� RQ� WKH� VKRUW� DUP� RI� FKURPRVRPH� �� ��+�� RI� +RUGHXP� YXOJDUH�
�EDUOH\���+HUHGLW\������������

/DXULH� '$�� 3UDWFKHWW� 1�� %H]DQW� -+�� 6QDSH� -:� ������� 5)/3�PDSSLQJ� RI� ILYH� PDMRU�
JHQHV� DQG� HLJKW� TXDQWLWDWLYH� WUDLW� ORFL� FRQWUROOLQJ� IORZHULQJ� WLPH� LQ� D� ZLQWHU� [�
VSULQJ�EDUOH\��+RUGHXP�YXOJDUH�/��FURVV��*HQRPH������������

/LX�=:��%L\DVKHY�50��6DJKDL�0DURRI�0$� �������'HYHORSPHQW� RI� VLPSOH� VHTXHQFH�
UHSHDW�'1$�PDUNHUV�DQG�WKHLU�LQWHJUDWLRQ�LQWR�D�EDUOH\�OLQNDJH�PDS��7KHRU�$SSO�
*HQHW������������

/XGORZ�00��0XFKRZ�5&��������&ULWLFDO�HYDOXDWLRQ�RI�WKH�SRVVLELOLWLHV�IRU�PRGLI\LQJ�
FURSV� IRU�KLJK�SURGXFWLRQ�SHU�XQLW�RI�SUHFLSLWDWLRQ�� ,Q��)5�%LGLQJHU��&�-RKDQVHQ�
�HGV��'URXJKW�5HVHDUFK�3ULRULWLHV�IRU�WKH�'U\ODQG�7URSLFV��,&5,6$7��3DWDQFKHUX�
�,QGLD��

0DUTXH]�&HGLOOR� /$�� +D\HV� 30�� .OHLQKRIV� $�� /HJJH� :*�� 5RVVQDJHO� %*�� 6DWR� .��
8OOULFK� 6(��:HVHQEHUJ�'0� �������47/� DQDO\VLV� RI� DJURQRPLF� WUDLWV� LQ� EDUOH\�
EDVHG� RQ� WKH� GRXEOHG� KDSORLG� SURJHQ\� RI� WZR� HOLWH� 1RUWK� $PHULFDQ� YDULHWLHV�
UHSUHVHQWLQJ�GLIIHUHQW�JHUPSODVP�JURXSV��7KHRU�$SSO�*HQHW�������������

0HVILQ�$��6PLWK�.3��'LOO�0DFN\�5��(YDQV�&.��:DXJK�5��*XVWXV�&'��0XHKOEDXHU�*-�
������� 4XDQWLWDWLYH� WUDLW� ORFL� IRU� )XVDULXP� KHDG� EOLJKW� UHVLVWDQFH� LQ� EDUOH\�
GHWHFWHG�LQ�D�WZR�URZHG�E\�VL[�URZHG�SRSXODWLRQ��&URS�6FL�������±����

0RUDOHMR�0��6ZDQVWRQ�-6��0XxR]�3��3UDGD�'��(OLD�0��5XVVHOO�-5��5DPVD\�/��&LVWXH�/��
&RGHVDO�3��&DVDV�$0��5RPDJRVD� ,��3RZHOO�:��0ROLQD�&DQR�-/� � �������8VH�RI�
QHZ� (67� PDUNHUV� WR� HOXFLGDWH� WKH� JHQHWLF� GLIIHUHQFHV� LQ� JUDLQ� SURWHLQ� FRQWHQW�
EHWZHHQ�(XURSHDQ�DQG�1RUWK�$PHULFDQ� WZR�URZHG�PDOWLQJ�EDUOH\V��7KHRU�$SSO�
*HQHW������������

YDQ� 2RLMHQ� -:�� 9RRUULSV� 5(� ������� -RLQ0DS�� ����� VRIWZDUH� IRU� WKH� FDOFXODWLRQ� RI�
JHQHWLF�OLQNDJH�PDSV��3ODQW�5HVHDUFK�,QWHUQDWLRQDO��:DJHQLQJHQ��1HWKHUODQGV�

3DQ�$��+D\HV�30��&KHQ�)��&KHQ�7++��%ODNH�7��:ULJKW�6��.DUVDL� ,��%HG|�=� � �������
*HQHWLF� DQDO\VLV� RI� WKH� FRPSRQHQWV� RI� ZLQWHUKDUGLQHVV� LQ� EDUOH\� �+RUGHXP�
YXOJDUH�/���7KHRU�$SSO�*HQHW������������

3LOOHQ� .�� %LQGHU� $�� .UHX]NDP� %�� 5DPVD\� /�� :DXJK� 5�� )|UVWHU� -�� /pRQ� -� �������
0DSSLQJ� QHZ� (0%/�GHULYHG� EDUOH\� PLFURVDWHOOLWHV� DQG� WKHLU� XVH� LQ�
GLIIHUHQWLDWLQJ�*HUPDQ�EDUOH\�FXOWLYDUV��7KHRU�$SSO�*HQHW�������������

3LOOHQ� .�� =DFKDULDV� $�� /pRQ� -� ������� $GYDQFHG� EDFNFURVV� 47/� DQDO\VLV� LQ� EDUOH\�
�+RUGHXP�YXOJDUH�/���7KHRU�$SSO�*HQHW�������������



����

3LOOHQ�.��=DFKDULDV�$��/pRQ�-��������&RPSDUDWLYH�$%�47/�DQDO\VLV�LQ�EDUOH\�XVLQJ�D�
VLQJOH� H[RWLF� GRQRU� RI� +RUGHXP� YXOJDUH� VVS�� VSRQWDQHXP�� 7KHRU� $SSO� *HQHW�
��������������

4L�;��/LQGKRXW�3��������'HYHORSPHQW�RI�$)/3�PDUNHUV�LQ�EDUOH\��0RO�*HQ�*HQHW������
��������

4L�;��1LNV�5(��6WDP�3��/LQGKRXW�3��������,GHQWLILFDWLRQ�RI�47/V�IRU�SDUWLDO�UHVLVWDQFH�
WR�OHDI�UXVW��3XFFLQLD�KRUGHL��LQ�EDUOH\��7KHRU�$SSO�*HQHW��������������

5DPVD\�/��0DFDXOD\�0��GHJOL�,YDQLVVHYLFK�6��0DF/HDQ�.��&DUGOH�/��)XOOHU�-��(GZDUGV�
.-�� 7XYHVVRQ� 6�� 0RUJDQWH�0��0DVVDUL� $��0DHVWUL� (�� 0DUPLUROL� 1�� 6MDNVWH� 7��
*DQDO�0�� 3RZHOO�:��:DXJK�5� �������$� VLPSOH� VHTXHQFH� UHSHDW�EDVHG� OLQNDJH�
PDS�RI�EDUOH\��*HQHWLFV���������������

5HDG� %-�� 5DPDQ� +�� 0F0LFKDHO� *�� &KDOPHUV� .-�� $EOHWW� *$�� 3ODW]� *-�� 5DPDQ� 5��
*HQJHU�5.��%R\G�:-5��/L�&'��������0DSSLQJ�DQG�47/�DQDO\VLV�RI�WKH�EDUOH\�
SRSXODWLRQ�6ORRS�[�+DOF\RQ��$XVW�-�$JULF�5HV��������������

5REHUWV� (+�� 6XPPHUILHOG� 5-�� &RRSHU� -3�� (OOLV� 5+� ������� (QYLURQPHQWDO� FRQWURO� RI�
IORZHULQJ� LQ� EDUOH\� �+RUGHXP� YXOJDUH� /��� ,� 3KRWRSHULRG� OLPLWV� WR� ORQJ�GD\�
UHVSRQVHV�� SKRWRSHULRG�LQVHQVLWLYH� SKDVHV� DQG� HIIHFWV� RI� ORZ� WHPSHUDWXUH� DQG�
VKRUW�GD\�YHUQDOL]DWLRQ��$QQDO�%RW������������

6HH�'��.DQD]LQ�9��.HSKDUW�.��%ODNH�7��������0DSSLQJ�JHQHV�FRQWUROOLQJ�YDULDWLRQ�LQ�
EDUOH\�JUDLQ�SURWHLQ�FRQFHQWUDWLRQ��&URS�6FL������������

6ODIHU� *$�� :KLWHFKXUFK� (0� ������� 0DQLSXODWLQJ� ZKHDW� GHYHORSPHQW� WR� LPSURYH�
DGDSWDWLRQ�DQG� WR� VHDUFK� IRU� DOWHUQDWLYH�RSSRUWXQLWLHV� WR� LQFUHDVH�\LHOG�SRWHQWLDO��
,Q��03�5H\QROGV��-,�2UWL]�0RQDVWHULR��$�0F1DE��HGV��$SSOLFDWLRQ�RI�3K\VLRORJ\�
LQ�:KHDW�%UHHGLQJ��&,00<7��0p[LFR�')��SS�����±����

6] FV�3��.DUVDL�,��YRQ�=LW]HZLW]�-��0pV]iURV�.��&RRSHU�/��*X�<��&KHQ�7��+D\HV�30��
6NLQQHU�-��������3RVLWLRQDO�UHODWLRQVKLSV�EHWZHHQ�SKRWRSHULRG�UHVSRQVH�47/�DQG�
SKRWRUHFHSWRU� DQG� YHUQDOL]DWLRQ� JHQHV� LQ� EDUOH\�� 7KHRU� $SSO� *HQHW� ���������
�����

7DNDKDVKL� 5�� <DVXGD� 6� ������� *HQHWLFV� RI� HDUOLQHVV� DQG� JURZWK� KDELW� LQ� EDUOH\�� ,Q��
1LODQ�5$��HG��%DUOH\�*HQHWLFV� ,,��3URF��QG� ,QW�%DUOH\�*HQHW�6\PS��:DVKLQJWRQ�
6WDWH�8QLYHUVLW\�3UHVV��3XOOPDQ��SS����������

7DODPq�9��6DQJXLQHWL�0&��&KLDSSDULQR�(��%DKUL�+��6DOHP�%0��)RUVWHU�%3��(OOLV�53��
5KRXPD� 6�� =RXPDURX� :�� :DXJK� 5�� 7XEHURVD� 5� ������� ,GHQWLILFDWLRQ� RI�
+RUGHXP�VSRQWDQHXP�47/�DOOHOHV�LPSURYLQJ�ILHOG�SHUIRUPDQFH�RI�EDUOH\�JURZQ�
XQGHU�UDLQIHG�FRQGLWLRQV��$QQ�$SSO�%LRO�������������

7LQNHU� 1$�� 0DWKHU� '(� ������� 047/�� 6RIWZDUH� IRU� VLPSOLILHG� FRPSRVLWH� LQWHUYDO�
PDSSLQJ�RI�47/�LQ�PXOWLSOH�HQYLURQPHQWV��-�$JULF�*HQRPLFV��IRUPHU�-�47/���YRO�
�����DUW����KWWS���SUREH�QDOXVGD�JRY�������RWKHUGRFV�MTWO�MTWO���������

7RKQR�RND�7��,VKLW�0��.DQDWDQL�5��7DNDKDVKL�+��7DNHGD�.��������*HQHWLF�DQDO\VLV�RI�
SKRWRSHULRG�UHVSRQVH�RI�EDUOH\�LQ�GLIIHUHQW�GD\OHQJWK�FRQGLWLRQV��,Q��/RJXH�6��HG��
%DUOH\� *HQHWLFV� 9,,,�� 3URF� �WK� ,QW� %DUOH\� *HQHW� 6\PS� 9ROXPH� 9,,,�� $GHODLGH�
'HSW� 3ODQW� 6FLHQFH��:DLWH� &DPSXV�� $GHODLGH� 8QLYHUVLW\�� *OHQ� 2VPRQG�� 6RXWK�
$XVWUDOLD��SS���������



� ���

7UHYDVNLV� %�� +HPPLQJ� 01�� 3HDFRFN� :-�� 'HQQLV� (6� �������+Y951�� 5HVSRQGV� WR�
GD\OHQJWK�� ZKHUHDV� +Y951�� LV� UHJXODWHG� E\� YHUQDOL]DWLRQ� DQG� GHYHORSPHQWDO�
VWDWXV��3ODQW�3K\VLRO���������������

7ULRQH�(-��0HW]JHU�5-��������:KHDW�DQG�EDUOH\�YHUQDOL]DWLRQ�LQ�D�SUHFLVH�WHPSHUDWXUH�
JUDGLHQW��&URS�6FL������������

7XUQHU� $�� %HDOHV� -�� )DXUH� 6�� 'XQIRUG� 53�� /DXULH� '$� ������� 7KH� SVHXGR�UHVSRQVH�
UHJXODWRU� 3SG�+�� SURYLGHV� DGDSWDWLRQ� WR� SKRWRSHULRG� LQ� EDUOH\�� 6FLHQFH�
��������±�����

YRQ�=LW]HZLW]�-��6] FV�3��'XEFRYVN\�-��<DQ�/��3HFFKLRQL�1��)UDQFLD�(��&DVDV�$��&KHQ�
7++��+D\HV�30��6NLQQHU�-6��������0ROHFXODU�DQG�VWUXFWXUDO�FKDUDFWHUL]DWLRQ�RI�
EDUOH\�YHUQDOL]DWLRQ�JHQHV��3ODQW�0RO�%LRO�������±����

:DQJ�6��%DVWHQ�&-��=HQJ�=%��������:LQGRZV�47/�&DUWRJUDSKHU������1RUWK�&DUROLQD�
6WDWH� 8QLYHUVLW\�� 5DOHLJK�� 1&�
�KWWS���ZZZ�VWDWJHQ�QFVX�HGX�TWOFDUW�:47/&DUW�KWP��

:DXJK�5��%RQDU�1��%DLUG�(��*UDQHU�7$��+D\HV�30��3RZHOO�:��������+RPRORJ\�RI�
$)/3�SURGXFWV�LQ�WKUHH�PDSSLQJ�SRSXODWLRQV�RI�EDUOH\��0RO�*HQ�*HQHW���������
����

<DQ� /�� /RXNRLDQRY� $�� 7UDQTXLOOL� *�� +HOJXHUD� 0�� )DKLPD� 7�� 'XEFRYVN\� -� �������
3RVLWLRQDO� FORQLQJ� RI� WKH�ZKHDW� YHUQDOL]DWLRQ� JHQH�951��� 3URF�1DWO� $FDG� 6FL��
86$���������������

<DQ� /�� /RXNRLDQRY� $�� %OHFKO� $�� 7UDQTXLOOL� *�� 5DPDNULVKQD� :�� 6DQ0LJXHO� 3��
%HQQHW]HQ� -/�� (FKHQLTXH� 9�� 'XEFRYVN\� -� ������� 7KH� ZKHDW� 951�� JHQH� LV� D�
IORZHULQJ�UHSUHVVRU�GRZQ�UHJXODWHG�E\�YHUQDOL]DWLRQ��6FLHQFH����������������

=HQJ�=%��������3UHFLVLRQ�PDSSLQJ�RI�TXDQWLWDWLYH�WUDLW�ORFL��*HQHWLFV����������������
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&DStWXOR���
�

-RLQW�DQDO\VLV�IRU�KHDGLQJ�GDWH�47/�LQ�
VPDOO�LQWHUFRQQHFWHG�EDUOH\�SRSXODWLRQV�
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�
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&DStWXOR����-RLQW�DQDO\VLV�IRU�KHDGLQJ�GDWH�47/�LQ�VPDOO�
LQWHUFRQQHFWHG�EDUOH\�SRSXODWLRQV�

�
$OIRQVR�&XHVWD�0DUFRV���$QD�0��&DVDV���)UHG�(��YDQ�(HXZLMN���6DPLD�

<DKLDRXL���0��3LODU�*UDFLD���-RVp�0��/DVD���(UQHVWR�,JDUWXD��
�

�
�'HSDUWPHQW�RI�*HQHWLFV�DQG�3ODQW�3URGXFWLRQ��$XOD�'HL�([SHULPHQWDO�6WDWLRQ��&6,&��
3�2��%R[������(�������=DUDJR]D��6SDLQ�
�/DERUDWRU\� RI� 3ODQW� %UHHGLQJ�� :DJHQLQJHQ� 8QLYHUVLW\�� 3�2�� %R[� ����� ����� $-�
:DJHQLQJHQ��7KH�1HWKHUODQGV�



����

���� $EVWUDFW�
�
7KH� SXUSRVH� RI� WKH� SUHVHQW� ZRUN� LV� WR� YDOLGDWH� WKH� HIIHFW� RI� WKH� PDLQ� 47/�

GHWHUPLQLQJ�KHDGLQJ�GDWH�LQ�D�VHW�RI�����GRXEOHG�KDSORLG�OLQHV�RI�EDUOH\��GHULYHG�IURP�
���VPDOO�LQWHUFRQQHFWHG�SRSXODWLRQV��ZKRVH�SDUHQWV�DUH�FXOWLYDUV�FRPPRQO\�XVHG�LQ�WKH�
6SDQLVK�EDUOH\�EUHHGLQJ�SURJUDP��:H�XVHG�VHYHQW\�RQH�PROHFXODU�PDUNHUV�GLVWULEXWHG�
DFURVV�WKH���FKURPRVRPHV��SDUWLFXODUO\�LQ�UHJLRQV�ZKHUH�WKH�SUHVHQFH�RI�IORZHULQJ�WLPH�
JHQHV� RU� 47/� LV� NQRZQ�� $� FRPELQHG� OLQNDJH� PDS� RYHU� WKH� ��� SRSXODWLRQV� ZDV�
FRQVWUXFWHG��7KH�OLQHV�ZHUH�HYDOXDWHG�LQ�IRXU�ILHOG�WULDOV��WZR�DXWXPQ�VRZLQJV�DQG�WZR�
ZLQWHU�VRZLQJV��DQG�LQ�RQH�JUHHQKRXVH�WULDO��XQGHU�FRQWUROOHG�FRQGLWLRQV�RI�SKRWRSHULRG�
DQG� WHPSHUDWXUH��:H� KDYH� IRXQG� WKDW� LW� LV� SRVVLEOH� WR� FDUU\� RXW� 47/� GHWHFWLRQ� LQ� D�
FRPSOH[� JHUPSODVP� VHW�� UHSUHVHQWDWLYH� RI� WKH� PDWHULDOV� XVHG� LQ� DQ� DFWLYH� EUHHGLQJ�
SURJUDPPH��,Q�PRVW�FDVHV�WZR�DOOHOHV�SHU�47/�ZHUH�GHWHFWHG��WKRXJK�SRO\PRUSKLVP�RI�
IODQNLQJ�PDUNHUV�ZDV�QRWDEO\�KLJKHU��7KH�UHVXOWV�UHYHDOHG�WKDW�WKHUH�LV�D�VHW�RI�47/�WKDW�
DFFRXQWV� IRU�DQ� LPSRUWDQW�SHUFHQWDJH�RI� WKH�SKHQRW\SLF�YDULDWLRQ��DPHQDEOH� IRU�XVH� LQ�
PDUNHU�DVVLVWHG�VHOHFWLRQ��$OVR��WKH�UROH�RI�WKH�SKRWRSHULRG�UHVSRQVH�JHQHV�3SG�+��DQG�
3SG�+���WKH�YHUQDOL]DWLRQ�UHVSRQVH�JHQHV�9UQ�+��DQG�9UQ�+���DQG�WKH�HDUOLQHVV�SHU�VH�
ORFXV� (DP��� RI� ZKLFK� DOOHOH�VSHFLILF� RU� FORVHO\� OLQNHG� PDUNHUV� DUH� DYDLODEOH�� ZDV�
FRQILUPHG��7KHVH�UHVXOWV�VXSSRUW� WKH�XVH�RI� WKLV�NLQG�RI�DSSURDFK�IRU� WKH�YDOLGDWLRQ�RI�
47/�IRXQG�LQ�ELSDUHQWDO�VWXGLHV��RU�WR�VXUYH\�DOOHOLF�GLYHUVLW\�LQ�SODQW�EUHHGLQJ�VHWV�RI�
PDWHULDOV���

�
.H\ZRUGV��EDUOH\��FRQVHQVXV�PDS��KHDGLQJ�GDWH��47/�YDOLGDWLRQ�
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���� ,QWURGXFWLRQ�
�
6WXGLHV�RQ�47/�GHWHFWLRQ�LQ�SODQWV�KDYH�EHHQ�XVXDOO\�FDUULHG�RXW�LQ�SRSXODWLRQV�RI�

SURJHQLHV� GHULYHG� IURP� VLQJOH� FURVVHV�� ,Q� VPDOO� JUDLQ� FHUHDOV�� WKHVH� SDUHQWV� DUH�
FRPPRQO\� LQEUHG� OLQHV�� 7KH� DGYDQWDJH� RI� WKLV� DSSURDFK� LV� WKH� VLPSOLFLW\� RI� VWXG\LQJ�
RQO\� WZR�DOOHOHV�SHU�SRO\PRUSKLF� ORFXV��$OWKRXJK�WKHVH�VWXGLHV�KDYH� OHG� WR�VLJQLILFDQW�
DGYDQFHV�RQ�JHQHWLF�FRQWURO�RI�NH\� WUDLWV� IRU�PDQ\�FURSV��ZKHQ� UHVHDUFKHUV� WU\� WR�XVH�
WKHVH�47/�LQ�EUHHGLQJ�SURJUDPPHV��VRPH�GUDZEDFNV�RI�WKH�DSSURDFK�EHFRPH�HYLGHQW��
,Q�PRVW�FDVHV��SDUHQWV�IRU�47/�VWXGLHV�DUH�VHOHFWHG�DFFRUGLQJ�WR�WKH�SURVSHFWV�RI�ILQGLQJ�
SRO\PRUSKLVP�LQ�WKH�FURVV�DQG��WKHUHIRUH��DUH�FKRVHQ�DPRQJ�WKH�PRVW�H[WUHPH�RQHV�IRU�
WKH�WUDLW�RI�LQWHUHVW��7KLV�VWUDWHJ\�RIWHQ�OHG�WR�FURVVHV�ZLWK�OLWWOH�UHOHYDQFH�IURP�WKH�SODQW�
EUHHGLQJ�SRLQW�RI�YLHZ��6ZDQVWRQ�HW�DO���������DQG�RU�QRW�DGHTXDWHO\�UHSUHVHQWDWLYH�RI�
JHUPSODVP� LQYROYHG� LQ� EUHHGLQJ� SURJUDPPHV� �9DUVKQH\� HW� DO�� ������� %HVLGHV�� WKH�
UHVXOWV� RI� ELSDUHQWDO� VWXGLHV� FDQQRW� EH� GLUHFWO\� H[WUDSRODWHG� WR� RWKHU� SRSXODWLRQV� LQ�
ZKLFK� SRO\PRUSKLVPV�PD\� EH� GLIIHUHQW� �)OLQW�*DUFLD� HW� DO�� ������� DQG� WKH� UHVROXWLRQ�
REWDLQHG�LQ�47/�GHWHFWLRQ�LV�ORZ��0HOFKLQJHU�HW�DO���������

5HVHDUFKHUV� KDYH� VRXJKW� RWKHU� DSSURDFKHV� WR� GHWHFW� 47/� RYHU� ZLGHU� DUUD\V� RI�
PRUH�UHSUHVHQWDWLYH�JHUPSODVP��6HYHUDO�DXWKRUV�SURSRVHG�PHWKRGV�RI�47/�DQDO\VLV�LQ�
VHWV�RI�PXOWLSOH�IDPLOLHV��HLWKHU�XVLQJ�VRPH�NLQG�RI�PDWLQJ�GHVLJQ��0XUDQW\�������5HEDw�
DQG� *RIILQHW� ������ -DQQLQFN� DQG� -DQVHQ� ������ -DQVHQ� HW� DO�� ������� RU� LQ� PXOWLSOH�
IDPLOLHV�RI� LQEUHG� OLQHV�FURVVHV� �;X�������/LX�DQG�=HQJ�������&UHSLHX[�HW� DO���������
VXFK�DV�WKH�RQHV�XVXDOO\�IRXQG�LQ�EUHHGLQJ�SURJUDPPHV��7KHVH�DSSURDFKHV�ZHUH�SXW�LQWR�
SUDFWLFH�E\�&UHSLHX[�HW�DO���������LQ�ZKHDW��DQG�E\�5DH�HW�DO���������LQ�EDUOH\��,Q�WKLV�
ODVW�FDVH��WKH�DXWKRUV�XVHG�D�VHW�RI�VPDOO�SRSXODWLRQV�RI�GRXEOHG�KDSORLG�OLQHV�RI�EDUOH\��
GHULYHG� IURP� FURVVHV� EHWZHHQ� HOLWH� YDULHWLHV� FXUUHQWO\� XVHG� LQ� WKH� 8QLWHG� .LQJGRP�
�VPDOO� FURVV� PDSSLQJ��� 7KH� PRVW� H[WUHPH� DSSURDFK� LV� WKH� VHDUFK� RI� 47/� LQ� VHWV� RI�
LQGLYLGXDOV�ZLWK�GLIIHUHQW�NLQVKLS��HYHQ�LI�WKLV�NLQVKLS�LV�XQNQRZQ��WKURXJK�DVVRFLDWLRQ�
PDSSLQJ��DSSURDFK�UHYLHZHG�E\�%UHVHJKHOOR�DQG�6RUUHOOV��������

7KH�PDLQ� DGYDQWDJHV� RI� WKHVH� QHZ� DSSURDFKHV� DUH� WKH� KLJKHU� QXPEHU� RI� DOOHOHV�
H[SORUHG��DQG�WKHLU�GLUHFW�VWXG\�LQ�WDUJHW�EUHHGLQJ�SRSXODWLRQV��%UHVHJKHOOR�DQG�6RUUHOOV�
������� 7KH\� DUH� DOVR� H[SHFWHG� WR� KDYH� D� GHHSHU� LPSDFW� RQ� PDUNHU� DVVLVWHG� EUHHGLQJ�
SURJUDPPHV�� GHWHFWLQJ� PDUNHU� DVVRFLDWLRQV� UREXVW� HQRXJK� IRU� VXFFHVVIXO� PDUNHU�
DVVLVWHG� VHOHFWLRQ� �0$6�� EH\RQG� LWV� FXUUHQW� XVH� IRU� D� IHZ� JHQHV� ZLWK� RXWVWDQGLQJ�
HIIHFWV���



����

7KLV� VWXG\� DLPV� DW� ILQGLQJ� XVHIXO� ORFL� IRU�0$6� UHODWHG� WR� WLPH� WR� IORZHULQJ� LQ�
EDUOH\��)ORZHULQJ�WLPH�LV�RQH�RI�WKH�PDLQ�IDFWRUV�IRU�FXOWLYDU�DGDSWDWLRQ�LQ�WKH�GU\ODQG�
0HGLWHUUDQHDQ�DJURV\VWHPV��YDQ�2RVWHURP�DQG�$FHYHGR��������47/�IRU�WKLV�WUDLW�XQGHU�
1RUWKHUQ�6SDQLVK�GU\�ODQG�FRQGLWLRQV�ZHUH�SUHYLRXVO\�GHWHFWHG�LQ�WKH�SRSXODWLRQ�%HND�[�
0RJDGRU� �&XHVWD�0DUFRV� HW� DO�� XQSXEOLVKHG��� 7KLV� SRSXODWLRQ� ZDV� H[WUDRUGLQDULO\�
SRO\PRUSKLF��DQG�DSSURSULDWH�IRU�IORZHULQJ�WLPH�VWXGLHV���

%HIRUH� XVLQJ� WKHVH�47/� IRU�0$6�� LW� LV� QHFHVVDU\� WR� YDOLGDWH� WKHLU� HIIHFW� DW� WKH�
JHUPSODVP�SRRO� OHYHO�� DQG� WR� VXUYH\� WKH� YDULDELOLW\� SUHVHQW� IRU� HDFK� 47/� LQ� WKH�
EUHHGLQJ� SRRO�� )RU� WKHVH� SXUSRVHV�� ZH� VWXGLHG� D� VHW� RI� VPDOO� SRSXODWLRQV� RI� GRXEOHG�
KDSORLG� OLQHV�� GHULYHG� IURP� LQWHUFRQQHFWHG� FURVVHV� PDGH� ZLWK� D� VHW� RI� SDUHQWDO� OLQHV�
IUHTXHQWO\�XVHG�LQ�WKH�6SDQLVK�1DWLRQDO�%UHHGLQJ�3URJUDPPH��DQG�UHSUHVHQWDWLYH�RI�WKH�
JHQHWLF�GLYHUVLW\�XVHG�E\�WKH�EUHHGHUV���

�
�

���� 0DWHULDOV�DQG�0HWKRGV�
�
3ODQW�0DWHULDO��
+HDGLQJ�GDWH�ZDV�HYDOXDWHG�LQ�D�VHW�RI�����GRXEOHG�KDSORLG��'+��OLQHV�RI�EDUOH\��

GHULYHG� IURP� WKH� )�V� RI� ��� VPDOO� LQWHUFRQQHFWHG� SRSXODWLRQV�� FRQVLVWLQJ� RI� ELSDUHQWDO�
FURVVHV� DPRQJ� ��� KHWHURJHQHRXV� FXOWLYDUV� FRPPRQO\� XVHG� LQ� WKH� 6SDQLVK� EDUOH\�
EUHHGLQJ� SURJUDPPH� �VHYHUDO� SDUHQWV� XVHG� PRUH� WKDQ� RQFH��� 3RSXODWLRQ� VL]H� UDQJHG�
IURP�D�PLQLPXP�RI���WR�D�PD[LPXP�RI����'+�OLQHV��7DEOH�����

�
3KHQRW\SLQJ�
)RXU�ILHOG�WULDOV�ZHUH�FDUULHG�RXW�DW�WZR�SURYLQFHV�LQ�1RUWK�:HVWHUQ�6SDLQ�LQ������

DQG� ������ 9HGDGR� HVWDWH� LQ� =XHUD�� SURYLQFH� RI� =DUDJR]D�� DQG� /XSLxpQ� DQG� $OHUUH��
QHDUE\�ORFDWLRQV�RI�WKH�SURYLQFH�RI�+XHVFD��DOO�ODWLWXGHV�DURXQG������1��7DEOH�����7ZR�
RI�WKHP�ZHUH�VRZQ�LQ�DXWXPQ�LQ�������DQG�KDUYHVWHG�LQ�������FRGHG�DV�$879(���DQG�
$87+8���� DQG� WKH� RWKHU� WZR� ZHUH� VRZQ� LQ� ZLQWHU� ����� �FRGHG� DV�:,19(��� DQG�
:,1+8�����([SHULPHQWDO�GHVLJQ�IROORZHG�DQ�DOSKD�ODWWLFH�ZLWK�WKUHH�UHSOLFDWHV�DW�HDFK�
ORFDWLRQ��3ORWV�FRQVLVWHG�RI�WZR�URZV�����P�ORQJ�DQG����FP�DSDUW��'D\V�WR�KHDGLQJ�ZHUH�
FDOFXODWHG� DV� WKH� QXPEHU� RI� GD\V� EHWZHHQ� WKH� �VW� RI� -DQXDU\� DQG� WKH� GD\� ZKHQ�
DSSUR[LPDWHO\���FP�RI� DZQV�ZHUH�YLVLEOH� LQ�����RI� VWHPV��&URS�KXVEDQGU\� IROORZHG�



� ���

ORFDO�SUDFWLFH�DW�HDFK�ORFDWLRQ��1LQH�'+�OLQHV�ZHUH�QRW�VRZQ�LQ������EHFDXVH�RI�ODFN�RI�
VHHG��

�
7DEOH����'HVFULSWLRQ�RI�WKH����VPDOO�SRSXODWLRQV�RI�GRXEOHG�KDSORLG��'+��OLQHV�RI�EDUOH\�XVHG�LQ�WKLV�
VWXG\��3DUHQW�QDPH�DEEUHYLDWLRQV�LQ�EUDFNHWV��*URZWK�W\SH�LV�H[SUHVVHG�DV�IROORZV��6��6SULQJ���)�
�)DFXOWDWLYH����:��:LQWHU����

�
�
�
�
�
�
�
�
�
�
�
�

7DEOH����(QYLURQPHQWDO�FRQGLWLRQV�IRU�HYHU\�ILHOG�DQG�JUHHQKRXVH�WULDO��$YHUDJH�GDLO\� WHPSHUDWXUHV�IRU�
HYHU\�ILHOG�H[SHULPHQW�ZHUH�FDOFXODWHG�DFFRUGLQJ�WR�QHDUE\�PHWHRURORJLFDO�VWDWLRQV��)RU�JURZWK�FKDPEHUV�
DQG�JUHHQKRXVHV��WKHUPRK\JURJUDSKHV�ZHUH�XVHG�WR�KDYH�D�FRQWLQXRXV�UHFRUG�RI�WHPSHUDWXUHV����

�
�
�
�
�
�
�
�
�
�
�
+HDGLQJ�GDWH�RI�HDFK�OLQH�LQ�WKH�ILHOG�WULDOV�ZDV�HVWLPDWHG�DFFRUGLQJ�WR�WKH�DOSKD�

ODWWLFH�GHVLJQ��DQG�DOVR�DFFRUGLQJ�WR�VHYHUDO�VSDWLDO�DQDO\VLV�PRGHOV�LQ�RUGHU�WR�PLQLPL]H�
HUURU� GXH� WR� DXWRFRUUHODWLRQ� DPRQJ� DGMDFHQW� SORWV�� 7KHVH� LQFOXGHG� ELGLPHQVLRQDO�

3RSXODWLRQ� 3DUHQWV� *URZWK�W\SH� 5RZ�W\SH� '+�QXPEHU�
1R���

PDUNHUV�
DQDO\]HG��

1R��
�SRO\PRUSKLF�
PDUNHUV�

�� 6HLUD��6(,��� 2UULD��255�� 6�)� ���� ��� ��� ���
�� 6HLUD��6(,��� $OH[LV��$/(�� 6�6� ���� ��� ��� ���
�� 6HLUD��6(,��� 7LSSHU��7,3�� 6�:� ���� ��� ��� ���
�� $OEDFHWH��$/%��� 0RQORQ��021�� )�)� ���� �� ��� ���
�� $OEDFHWH��$/%��� 3ODLVDQW��3/$�� )�:� ���� ��� ��� ���
�� $OH[LV��$/(�� 3DQp��3$1�� 6�)� ���� ��� ��� ���
�� $QJRUD��$1*��� &ODULQH��&/$�� :�:� ���� ��� ��� ���
�� %DUEHURXVVH��%$5��� $OEDFHWH��$/%�� :�)� ���� ��� ��� ���
�� %DUEHURXVVH��%$5��� 0RQORQ��021�� :�)� ���� ��� ��� ���
��� %DUEHURXVVH��%$5��� 3ODLVDQW��3/$�� :�:� ���� ��� ��� ���
��� %DUEHURXVVH��%$5��� 7LSSHU��7,3�� :�:� ���� �� ��� ���
��� %HND��%(.��� 0RQORQ��021�� 6�)� ���� ��� ��� ���
��� &ODULQH��&/$��� 3ODLVDQW��3/$�� :�:� ���� ��� ��� ���
��� *DHOLF��*$(��� 7LSSHU��7,3�� )�:� ���� �� ��� ������ 1HYDGD��1(9��� %HND��%(.�� 6�6� ���� ��� ��� ���
��� 3DQp��3$1��� 3ODLVDQW��3/$�� )�:� ���� ��� ��� ���
��� 3ODLVDQW��3/$��� 2UULD��255�� :�)� ���� ��� ��� ���

�

7ULDO�WUHDWPHQW� /RFDWLRQ� <HDU� 6'� &''� 77� +/�6���� +/�+���� 5)�
$87+8��� /XSLxpQ� ���������� ����������� ���� ����� ����� ����� ����
$879(��� =XHUD� ���������� ����������� ���� ����� ����� ����� ����
:,1+8��� $OHUUH� ����� ����������� ���� ���� ����� ����� ����
:,19(��� =XHUD� ����� ����������� ���� ����� ����� ����� ����
19B/3� JUHHQKRXVH� ���������� �� �� ����� ����� ����� ��
9B/3� JUHHQKRXVH� ���������� �� ���� ����� ����� ����� ��
����1DWXUDO�GD\�OHQJWK�LQFOXGHV�FLYLO�WZLOLJKW�� � �
6'��6RZLQJ�GDWH� � �
&''��&RROLQJ�GHJUHH�GD\V��IURP�VRZLQJ�WR�DYHUDJH�KHDGLQJ�GDWH�RI�WKH�WULDO�� � �
77��7KHUPDO�WLPH���&���IURP�VRZLQJ�WR�DYHUDJH�KHDGLQJ�GDWH�RI�WKH�WULDO�� � �
+/�6��+RXUV�RI�OLJKW��LQ�VRZLQJ�GDWH��� � �
+/�+��+RXUV�RI�OLJKW��LQ�WKH�DYHUDJH�KHDGLQJ�GDWH�RI�WKH�WULDO�� � �
5)��5DLQ�IDOO��PP��IURP�VRZLQJ�WR�WKH�DYHUDJH�KHDGLQJ�GDWH�RI�WKH�WULDO� � �



����

DXWRUHJUHVVLYH�PRGHOV��$5��[�$5����HLWKHU�DORQH�RU�LQFOXGLQJ�WLHUV�DQG�FROXPQV�RI�WKH�
ILHOG�WULDO�DV�FRYDULDWHV��7KH�FDOFXODWLRQ�SURFHGXUH�ZDV�5HVWULFWHG�0D[LPXP�/LNHOLKRRG�
�5(0/��� DQG� WKH� %D\HVLDQ� ,QIRUPDWLRQ� &ULWHULRQ� �%,&�� 6FKZDU]� ������ ZDV� XVHG� WR�
VHOHFW�WKH�EHVW�PRGHO���

/LQHV�ZHUH�DOVR�WHVWHG�XQGHU�FRQWUROOHG�FRQGLWLRQV�LQ�WZR�JUHHQKRXVH�H[SHULPHQWV�
WKDW� FRPELQHG� SUHVHQFH� RU� DEVHQFH� RI� YHUQDOL]DWLRQ� ZLWK� ORQJ� SKRWRSHULRG�� ,Q� WKH�
YHUQDOL]DWLRQ�IROORZHG�E\�ORQJ�SKRWRSHULRG�WUHDWPHQW��9B/3���IRXU�SODQWV�SHU�JHQRW\SH�
ZHUH� YHUQDOL]HG� IRU� �� ZHHNV� LQ� D� JURZWK� FKDPEHU� DW� ��&� GXULQJ� WKH� OLJKW� WLPH� ����
KRXUV���DQG���&�LQ�WKH�GDUN��:KHQ�WKH�YHUQDOL]DWLRQ�SHULRG�ZDV�FRPSOHWHG��RQH�SODQW�SHU�
'+�JHQRW\SH��DQG�WKUHH�IRU�WKH�SDUHQWV��ZHUH�WUDQVIHUUHG�WR�D�JODVVKRXVH�ZLWK�GD\�OHQJWK�
VHW�WR����K��DQG�WHPSHUDWXUH�VHW�WR�������&��GD\�QLJKW����

,Q�WKH�QRQ�YHUQDOL]HG�SODQWV�DQG�ORQJ�SKRWRSHULRG�WUHDWPHQW��19B/3���IRXU�VHHGV�
SHU� JHQRW\SH� ZHUH� VRZQ� LQ� SRWV�� GLUHFWO\� LQ� DQ� DGMDFHQW� JODVVKRXVH� ZLWK� VLPLODU�
FRQGLWLRQV� RI� SKRWRSHULRG� DQG� WHPSHUDWXUH�� $IWHU� ��� GD\V�� RQO\� RQH� SODQW� SHU� '+�
JHQRW\SH�DQG���IRU�WKH�SDUHQWV�ZHUH�UHWDLQHG���

6RZLQJ�GDWHV�RI�ERWK�WUHDWPHQWV�ZHUH�VHW�VR�WKDW��E\�WKH�HQG�RI�WKH�YHUQDOL]DWLRQ�
SHULRG�� YHUQDOL]HG� DQG� XQYHUQDOL]HG� SODQWV� UHDFKHG� DSSUR[LPDWHO\� WKH� VDPH�
GHYHORSPHQWDO� VWDJH�� 3ODQWV� LQ� WKH� JUHHQKRXVHV� ZHUH� UDQGRPO\� GLVWULEXWHG� DQG� WKHLU�
SRVLWLRQV�ZHUH�URWDWHG�ZHHNO\��

)RU�HDFK�SODQW�DQG�H[SHULPHQW��KHDGLQJ�GDWH�DQG�QXPEHU�RI�OHDYHV�ZHUH�UHFRUGHG��
5HVSRQVH� WR� YHUQDOL]DWLRQ� �9(5��ZDV� HVWLPDWHG� IRU� HDFK� OLQH� DV� WKH� GLIIHUHQFH� LQ� WKH�
QXPEHU�RI�PDLQ�VWHP�OHDYHV�EHWZHHQ�WKH�19B/3�DQG�WKH�9B/3�WUHDWPHQWV����

1R� DGMXVWPHQW� ZDV�PDGH� IRU� WKH� QXPEHU� RI� OHDYHV� UHFRUGHG� LQ� WKH� JUHHQKRXVH�
H[SHULPHQWV� VLQFH� SODQWV� ZHUH� UHJXODUO\� URWDWHG�� DQG� KHQFH� QR� VSDWLDO� HIIHFWV� ZHUH�
H[SHFWHG��

�
*HQRW\SLQJ�
*HQRPLF�'1$�ZDV�H[WUDFWHG�IURP�\RXQJ�OHDI�WLVVXH�RI�JUHHQKRXVH�JURZQ�SODQWV�

DV�GHVFULEHG�E\�&DVDV�HW�DO����������(LJKW\�PDUNHUV�ZHUH�XVHG�LQ�WKLV�VWXG\�����665V�����
(67�GHULYHG�665V����(67�,Q'HO����676�DQG���5)/3��0DUNHUV�ZHUH�GLVWULEXWHG�DFURVV�
WKH���FKURPRVRPHV��SDUWLFXODUO\�RQ�UHJLRQV�ZKHUH�WKH�SUHVHQFH�RI�IORZHULQJ�WLPH�JHQHV�
RU� 47/� DUH� NQRZQ�� 6HYHQW\� RQH� PDUNHUV� ZHUH� XVHG� IRU� DOO� '+� OLQHV� DQG�� IRU� WKRVH�
SRSXODWLRQV� WKDW� ZHUH� QRW� VHJUHJDWLQJ� IRU� WKH� PDMRU� YHUQDOL]DWLRQ� DQG� SKRWRSHULRG�
UHODWHG�UHJLRQV��HLJKW�DGGLWLRQDO�PDUNHUV�ZHUH�SODFHG�RQ�FKURPRVRPH��+��VFVVU�������



� ���

%PDF����� %PDJ����� VFVVU������� %PDJ���� %PDF����� VFVVU������ \� VFVVU�������� $OO�
PDUNHUV�ZHUH�VHOHFWHG�DFFRUGLQJ�WR�WKH�OLWHUDWXUH�DQG�SUHYLRXV�VWXGLHV�FDUULHG�RXW�ZLWK�
WKH�SRSXODWLRQ�%HND�0RJDGRU��WHVWHG�XQGHU�VLPLODU�HQYLURQPHQWDO�FRQGLWLRQV���

$OOHOH� VSHFLILF� PDUNHUV� IRU� WKH� WZR�PDLQ� YHUQDOL]DWLRQ� UHVSRQVH� JHQHV�9UQ�+���
DQG� 9UQ�+�� ZHUH� XVHG� LQ� WKLV� VWXG\�� 9UQ�+�� ZDV� FKDUDFWHUL]HG� ZLWK� GLIIHUHQW�
FRPELQDWLRQV� RI� SULPHUV�� +Y%0����)�� +Y%0����5�� +Y%0����)�� +Y%0����5��
+Y%0����5��YRQ�=LW]HZLW]�HW�DO��������DQG�+Y%0����)��+Y%0����)��+Y%0����5��
�3��6]�FV��SHUV��FRPP���7KHVH�FRPELQDWLRQV�RI�SULPHUV�DPSOLI\�GLIIHUHQW�VHJPHQWV�RQ�
WKH� ILUVW� LQWURQ� RI� WKH� FDQGLGDWH� JHQH� �VXSSOHPHQWDU\� 7DEOH� ���� 9UQ+�� ZDV� VWXGLHG�
DQDO\]LQJ� WKH� SUHVHQFH� RI� WKH� FDQGLGDWH� JHQHV�=&&7�+D� DQG�=&&7�+E�ZLWK� SULPHUV�
+Y=&&7���)���5��YRQ�=LW]HZLW]�HW�DO���������+Y7�613����ZKLFK�LV�WKH�DOOHOH�VSHFLILF�
PDUNHU� IRU� WKH� ORQJ�SKRWRSHULRG� UHVSRQVH� JHQH� 3SG�+�� ZDV� WHVWHG� DV� UHSRUWHG� E\�
7XUQHU�HW�DO����������+Y957��ZDV�DQDO\]HG�DV�SXEOLVKHG�E\�6] FV�HW�DO�����������

:H� DOVR� XVHG� WKH�&$36�PDUNHU� D0:*����1KH� ,� �3ULPHU� )� �¶�$$$*&7*7&�
$7$&*7&$*&��¶� DQG�SULPHU�5��C�&77*7$7&777*&7*&$&*��¶��� GHULYHG� IURP�
WKH�5)/3�0:*����VLQFH�LW�LV�WLJKWO\�OLQNHG�WR�WKH�SKRWRSHULRG�UHVSRQVH�JHQH�3SG�+��
�/DXULH�HW�DO���������

)RU� WKH� RWKHU� PDUNHUV�� ZKRVH� SRO\PRUSKLVP� LV� EDVHG� RQ� DPSOLILFDWLRQ� SURGXFW�
OHQJWK�� DOOHOHV� RI� WKH� VDPH� VL]H� FRPLQJ� IURP� GLIIHUHQW� SDUHQWV�� L�H�� LGHQWLFDO� E\� VWDWH��
ZHUH�DOVR�FRQVLGHUHG�DV�LGHQWLFDO�E\�GHVFHQW���

�
&RQVHQVXV�PDS�
$� FRQVHQVXV� PDS� ZDV� FRQVWUXFWHG� XVLQJ� WKH� ��� SRSXODWLRQV�� 7KH� DSSUR[LPDWH�

FKURPRVRPH�ORFDWLRQ�IRU�HDFK�PDUNHU�ZDV�SUHYLRXVO\�NQRZQ��5HFRPELQDWLRQ�IUHTXHQF\�
DQG� /2'� VFRUH� ZDV� FDOFXODWHG� IRU� HDFK� FRPELQDWLRQ� RI� WZR� PDUNHUV� ZLWKLQ� HDFK�
FKURPRVRPH�� XVLQJ� -RLQPDS� ���� �YDQ� 2RLMHQ� DQG� 9RRUULSV� ������� 7KH� QXPEHU� RI�
LQGLYLGXDOV�FRQVLGHUHG� LQ�HDFK�FRPELQDWLRQ�RI� WZR�PDUNHUV�ZDV�GLIIHUHQW��DQG�ZDV�VHW�
E\� WKH�QXPEHU�RI�SRSXODWLRQV�SRO\PRUSKLF� IRU�ERWK�PDUNHUV��7KH�FRQVHQVXV�PDS�ZDV�
FRQVWUXFWHG� WDNLQJ� LQWR� DFFRXQW� WKH� UHFRPELQDWLRQ� IUHTXHQF\� RI� DOO� SRVVLEOH� SDLUV� RI�
PDUNHUV��DQG�ZHLJKWLQJ�WKHP�DFFRUGLQJ�WR�WKHLU�/2'�VFRUHV��WKH�KLJKHU�WKH�QXPEHU�RI�
LQGLYLGXDOV�� WKH� KLJKHU� WKH� /2'� VFRUH� IRU� D� VLPLODU� UHFRPELQDWLRQ� IUHTXHQF\��� XVLQJ�
-RLQPDS�������

�
�
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47/�GHWHFWLRQ�
47/�DQDO\VHV��DQG�FDOFXODWLRQ�RI�DOOHOH�HIIHFWV�DQG�PDUNHU�LQWHUDFWLRQV�HVWLPDWHV��

ZHUH�SHUIRUPHG�XVLQJ�D�PD[LPXP�OLNHOLKRRG�PHWKRG��PL[HG�SURFHGXUH�RI�6$6�Y���6$6�
,QVWLWXWH�,QF���&DU\��1&��86$��LQGHSHQGHQWO\�IRU�HDFK�ILHOG�DQG�JUHHQKRXVH�H[SHULPHQW��
$QDO\VHV� ZHUH� SHUIRUPHG� IRU� RQH� PDUNHU� DW� D� WLPH�� (DFK� PDUNHU� SDUDPHWHUV� ZKHUH�
DGMXVWHG� LQ� WKH� PRGHO� DQG�� VLPXOWDQHRXVO\�� SDUWLDO� UHJUHVVLRQ� FRHIILFLHQWV� ZKHUH�
DGMXVWHG�IRU�RWKHU�PDUNHUV��FRIDFWRUV���LQ�RUGHU�WR�UHGXFH�WKH�UHVLGXDO�YDULDQFH�FDXVHG�E\�
WKHP��0DUNHU�PDLQ�HIIHFWV�ZHUH�FRQVLGHUHG�DV�IL[HG�WHUPV�LQ�WKH�PRGHO��

,QFOXVLRQ� RI� RWKHU� PDUNHUV� �FRIDFWRUV�� IRU� 47/� DQDO\VLV� KDV� EHHQ� UHSRUWHG� E\�
RWKHU�DXWKRUV�VXFK�DV�-DQVHQ���������=HQJ���������RU�-DQVHQ�DQG�6WDP���������$OOHOHV�
SUHVHQW�LQ�OHVV�WKDQ����RI�WKH�LQGLYLGXDOV�ZHUH�H[FOXGHG�IURP�WKH�DQDO\VLV��

&RIDFWRU�VHOHFWLRQ�ZDV�FDUULHG�RXW�LQGHSHQGHQWO\�IRU�HDFK�H[SHULPHQW�IROORZLQJ�D�
IRUZDUG�VHOHFWLRQ�DQG�EDFNZDUG�HOLPLQDWLRQ�PXOWLSOH�UHJUHVVLRQ�SURFHGXUH��%DVWHQ�HW�DO��
������� 7KLV� PHWKRG� SURFHHGV� E\� SHUIRUPLQJ� OLQHDU� UHJUHVVLRQ� RI� HDFK�PDUNHU� RQ� WKH�
VWXGLHG� WUDLW�� $W� HDFK� VWHS�� WKH� PDUNHU� ZLWK� WKH� ORZHVW�3�YDOXH� RI� LWV� )� VWDWLVWLF� ZDV�
DGGHG� WR� WKH� PRGHO�� 0DUNHUV� ZLWK� ORZHVW� 3�YDOXH� RI� WKH� SDUWLDO� )� VWDWLVWLF� ZHUH�
VHTXHQWLDOO\�DGGHG�WR�WKH�PRGHO�XQWLO�QR�PDUNHU�KDG�D�3�YDOXH�EHORZ�WKH������WKUHVKROG��
7KHQ�� ZH� FKHFNHG� ZKHWKHU� DOO� FRIDFWRUV� �PDUNHUV�� LQFOXGHG� LQ� WKH� PRGHO� ZHUH� VWLOO�
VLJQLILFDQW��0DUNHUV�ZLWK�3�YDOXHV�DERYH�WKH������WKUHVKROG�ZHUH�VHTXHQWLDOO\�UHPRYHG�
XQWLO� DOO� PDUNHUV� OHIW� ZHUH� VLJQLILFDQW�� $� OLNHOLKRRG� UDWLR� WHVW� �/57�� ZDV� SHUIRUPHG�
EHWZHHQ�WKH�PD[LPXP�OLNHOLKRRG�RI�WKH�PRGHO�LQFOXGLQJ�PDUNHUV�DQG�FRIDFWRUV�DQG�WKH�
PRGHO� LQFOXGLQJ� RQO\� WKH� FRIDFWRUV�� IRU� HDFK� PDUNHU�� 7KH� PD[LPXP� QXPEHU� RI�
SDUDPHWHUV� LQ� WKH�PRGHO�ZDV�NHSW�EHORZ�WZR� WLPHV� WKH�VTXDUHG�URRW�RI� WKH�QXPEHU�RI�
LQGLYLGXDOV��6DNDPRWR�HW�DO���������&RIDFWRUV� WKDW�PDSSHG�ZLWKLQ�D����F0�ZLQGRZ�DW�
HDFK�VLGH�RI�WKH�PDUNHU�EHLQJ�WHVWHG��ZHUH�H[FOXGHG�IURP�WKH�PRGHO��7KH�VLJQLILFDQFH�RI�
WKH� /57� ZDV� WHVWHG� XVLQJ� D� �� ZLWK� D� QXPEHU� RI� GHJUHHV� RI� IUHHGRP� HTXDO� WR� WKH�
GLIIHUHQFH�LQ�WKH�QXPEHU�RI�SDUDPHWHUV�EHWZHHQ�WKH�WZR�PRGHOV��LQ�WKLV�FDVH�N����EHLQJ�
N�WKH�QXPEHU�RI�DOOHOHV�RI�WKH�PDUNHU�EHLQJ�WHVWHG���

$�)DOVH�'LVFRYHU\�5DWH�PXOWL�WHVW�DGMXVWPHQW��%HQMDPLQL�DQG�+RFKEHUJ��������RI�
WKH� /LNHOLKRRG�5DWLR� 7HVW� 3�YDOXHV�ZDV� SHUIRUPHG� WR� GHFODUH� WKH� VLJQLILFDQW�PDUNHUV�
ZLWK�D�JHQRPH��ZLGH�WKUHVKROG�RI�������

�
�
�



� ���

$OOHOH�HIIHFWV�DQG�LQWHUDFWLRQV�
$OOHOH�HIIHFWV�RI�HDFK�VLJQLILFDQW�PDUNHU�ZHUH�FDOFXODWHG�DV�WKH�DGMXVWHG�PHDQV�RI�

GD\V� WR� KHDGLQJ� RU� OHDI� QXPEHU�� DFFRUGLQJ� WR� WKH�PRGHO� WKDW� LQFOXGHG� WKH� VLJQLILFDQW�
PDUNHU�DQG�WKH�FRIDFWRUV�IRU�HDFK�H[SHULPHQW���

$�PXOWLORFXV�PRGHO� WKDW� LQFOXGHG� WKH� VLJQLILFDQW�PDUNHUV�ZDV� WHVWHG� DJDLQVW� WKH�
VDPH� PRGHO� SOXV� DOO� SRVVLEOH� LQWHUDFWLRQV�� DGGHG� VHTXHQWLDOO\�� DQG� XVLQJ� WKH� %,&� WR�
GHFODUH� VLJQLILFDQW� LQWHUDFWLRQV�� ,Q� FDVH�RI� VLJQLILFDQW� LQWHUDFWLRQV�EHLQJ�SUHVHQW�� WKHVH�
ZHUH�DOVR�LQFOXGHG�LQ�WKH�GHILQLWLYH�PRGHO�IRU�DOOHOH�HIIHFW�HVWLPDWLRQ��DQG�LQ�WKH�/57�LQ�
WKH�VDPH�ZD\�DV�FRIDFWRUV��

�
&ODVVLILFDWLRQ�RI�GHWHFWHG�47/�
:H�FODVVLILHG� WKH� VLJQLILFDQW�PDUNHUV� DV� SULPDU\� RU� VHFRQGDU\�� DFFRUGLQJ� WR� WKH�

FRPSDULVRQ�RI�WKH�%,&�EHWZHHQ�WKH�PXOWLORFXV�PRGHO�RI�DOO�VLJQLILFDQW�PDUNHUV�DQG�WKH�
PXOWLORFXV�PRGHO�RI�DOO�VLJQLILFDQW�PDUNHUV�EXW�WKH�RQH�EHLQJ�WHVWHG��7KH�/57�3�YDOXH�
RI�PDUNHUV�ZLWK�KLJKHU�QXPEHU�RI� DOOHOHV� WHQGHG� WR�EH�PRUH� VLJQLILFDQW��ZKLFK� VHHPV�
XQIDLU��7KH�XVH�RI�%,&�SUHYHQWV�WKLV�IODZ�WR�VRPH�H[WHQW��DV�LW�SHQDOL]HV�WKH�QXPEHU�RI�
SDUDPHWHUV�LQ�WKH�PRGHO�DQG��WR�D�PXFK�OHVVHU�H[WHQW��WKH�QXPEHU�RI�LQGLYLGXDOV��,I�WKH�
UHPRYDO�RI�D�PDUNHU�IURP�WKH�PXOWLORFXV�PRGHO�LPSOLHV�D�VPDOOHU�%,&��LW�PHDQV�WKDW�WKH�
LPSURYHPHQW�RI�WKH�/57�FDXVHG�E\�WKDW�PDUNHU�ZDV�VPDOO�DQG�RU�GXH�WR�D�ODUJH�QXPEHU�
RI�DOOHOHV��L�H�QXPEHU�RI�SDUDPHWHUV��0DUNHUV�SUHVHQWLQJ�WKLV�FRQGLWLRQ�ZHUH�FRQVLGHUHG�
DV� UHSUHVHQWDWLYH� RI� VHFRQGDU\� 47/�� &RQYHUVHO\�� 47/� ZHUH� GHFODUHG� SULPDU\� ZKHQ�
WKHLU� UHPRYDO� IURP� WKH� PXOWLORFXV� PRGHO� ZLWK� DOO� VLJQLILFDQW� PDUNHUV� FDXVHG� DQ�
LQFUHPHQW�RI�WKH�%,&�YDOXH��

�
�

���� 5HVXOWV�
�
+HDGLQJ�GDWH�DQG�OHDI�QXPEHU�
5DQJHV� RI� YDULDWLRQ� IRU� GD\V� WR� KHDGLQJ� ZHUH� VLPLODU� LQ� WKH� ZLQWHU�VRZQ� DQG�

DXWXPQ�VRZQ�ILHOG�WULDOV��DURXQG����GD\V�IRU�WKH�'+�OLQHV�DQG���GD\V�IRU�WKH�SRSXODWLRQ�
PHDQV� �)LJ�� ���� ,Q� DOO� WKH� H[SHULPHQWV��PRVW� RI� WKH� SRSXODWLRQV� VKRZHG� WUDQVJUHVVLYH�
VHJUHJDWLRQ���
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)LJXUH� ��� 5DQJH� RI� GD\V� WR� KHDGLQJ� LQ� WKH� ILHOG� H[SHULPHQWV�� DQG� OHDI� QXPEHU� XQWLO� KHDGLQJ� XQGHU�
JUHHQKRXVH� FRQGLWLRQV�� IRU� WKH� ���'+�SRSXODWLRQV� HYDOXDWHG� LQ� WKLV� VWXG\��'D\V� WR� KHDGLQJ�RI� WKH�'+�
OLQHV� DUH� DYHUDJHG� E\� VRZLQJ� VHDVRQ��3�� DQG�3�� DUH� WKH� DEEUHYLDWLRQV� RI� WKH� SDUHQWV� RI� HDFK� OLQH� �VHH�
7DEOH���IRU�GHVFULSWLRQ��

�
� �
7KH�SDUHQWV�ZHUH�FODVVLILHG�DV�ZLQWHU��IDFXOWDWLYH�RU�VSULQJ��DFFRUGLQJ�WR�SUHYLRXV�

NQRZOHGJH� DQG� FXOWLYDU� UHFRPPHQGDWLRQV�� 2YHUDOO�� WKHUH� ZHUH� PLQLPDO� GLIIHUHQFHV�
EHWZHHQ�SDUHQWV
�KHDGLQJ�GDWHV�LQ�WKH�DXWXPQ�VRZQ�WULDOV��DYHUDJHV�IRU�WKH�WKUHH�W\SHV�
RI�SDUHQWV�GLIIHUHG�E\�OHVV�WKDQ���GD\���6SULQJ�SDUHQWV�IORZHUHG�ODWH�LQ�WKH�ZLQWHU�VRZQ�
WULDOV�� SUREDEO\� DV� D� FRQVHTXHQFH� RI� WKH� HIIHFW� RI� ORQJ� SKRWRSHULRG� LQ� ODWH� VRZLQJV��
6SULQJ� FXOWLYDUV� DUH� XVXDOO\� SKRWRSHULRG� LQVHQVLWLYH�� DQG� WKXV� GR� QRW� VKRZ� DQ�
DGYDQFHPHQW�RI�KHDGLQJ�GDWH�DV�RSSRVHG�WR�PRVW�RI�WKH�VHQVLWLYH�IDFXOWDWLYH�DQG�ZLQWHU�
FXOWLYDUV��2Q�WKH�RWKHU�KDQG��LW�VHHPV�WKDW�WHPSHUDWXUH�FRQGLWLRQV�DW�ZLQWHU�VRZQ�WULDOV�
ZHUH�VXIILFLHQW�WR�SURYLGH�HQRXJK�YHUQDOL]DWLRQ�IRU�PRVW�ZLQWHU�FXOWLYDUV��DV�PRVW�ZHUH�
QRW�GHOD\HG�LQ�KHDGLQJ�GDWH��)LJ������7KH�H[FHSWLRQV�ZHUH�FXOWLYDUV�$QJRUD�DQG�7LSSHU��
UDWKHU�ODWH�LQ�WKHVH�WULDOV��VXJJHVWLQJ�D�KLJKHU�YHUQDOL]DWLRQ�UHTXLUHPHQW�IRU�WKHP��,Q�WKH�
JUHHQKRXVH�� ZLQWHU� FXOWLYDUV� ZHUH� FOHDUO\� VHSDUDWHG� IURP� WKH� UHVW� DW� WKH� 19B/3�
WUHDWPHQW��ZKHUH� WKH� ODFN� RI� YHUQDOL]DWLRQ�PDGH� WKHP�H[WUHPHO\� ODWH��7KH\�ZHUH� DOVR�
VOLJKWO\�ODWHU�WKDQ�VSULQJ�DQG�IDFXOWDWLYH�SDUHQWV�DW�WKH�9B/3�WUHDWPHQW��6SULQJ�SDUHQWV�
VKRZHG�TXLWH�KRPRJHQHRXV�EHKDYLRXUV�DFURVV�DOO�WULDOV��DV�H[SHFWHG��)DFXOWDWLYH�SDUHQWV�
SUHVHQWHG�GLYHUVH�UHVSRQVHV��DV�WKH\�FRPSULVH�D�YDULHW\�RI�FRPELQDWLRQV�RI�YHUQDOL]DWLRQ�
UHTXLUHPHQW�DQG�SKRWRSHULRG�VHQVLWLYLW\��$PRQJ� WKHP��FXOWLYDU�0RQORQ�ZDV� WKH� ODWHVW�
SDUHQW�DW�WKH�DXWXPQ�VRZQ�WULDOV��DQG�WKH�HDUOLHVW�RQH�DW�WKH�ZLQWHU�VRZQ�RQHV��
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$W�WKH�9B/3�WUHDWPHQW��WKH�PRVW�LQGXFWLYH�FRQGLWLRQV���DOO�SRSXODWLRQV�SUHVHQWHG�D�
UDWKHU� VLPLODU� UHVSRQVH�� ZLWK� D� QDUURZ� UDQJH� RI� YDULDWLRQ� IRU� DOO� SRSXODWLRQV�� $W� WKH�
19B/3�WUHDWPHQW��WKH�GLVWULEXWLRQ�RI�WKH�SRSXODWLRQV�ZDV�LQIOXHQFHG�E\�WKH�JURZWK�W\SH�
RI� WKH� SDUHQWV�� EHLQJ�ZLQWHU� [�ZLQWHU� �$1*�&/$�� %$5�3/$�� %$5�7,3�� &/$�3/$��
SRSXODWLRQV� WKH� ODWHVW� DQG� VSULQJ� [� VSULQJ� �1(9�%(.�� 6(,�$/(�� WKH� HDUOLHVW�
SRSXODWLRQV���

)LHOG� WULDOV� VKRZHG� D� KLJK� FRUUHODWLRQ� FRHIILFLHQW� EHWZHHQ� H[SHULPHQWV� ZLWK�
VLPLODU�VRZLQJ�GDWH��7KH�FRUUHODWLRQ�EHWZHHQ�WKH�WZR�JUHHQKRXVH�WULDOV�ZDV�DOVR�KLJKO\�
VLJQLILFDQW��7DEOH������

�
7DEOH����&RUUHODWLRQ�FRHIILFLHQWV�RI�KHDGLQJ�GDWHV�DQG�RU�OHDI�QXPEHU�DPRQJ�WKH�H[SHULPHQWV�FDUULHG�RXW�
LQ�WKLV�VWXG\��FRGHV�IRU�H[SHULPHQWV�LQ�WKH�WH[W����
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�3HDUVRQ�FRUUHODWLRQ�FRHIILFLHQWV�VLJQLILFDQW�DW�3���������3���������3����������UHVSHFWLYHO\��
�
&RQVHQVXV�OLQNDJH�PDS�
$�FRQVHQVXV�PDS�ZDV�FRQVWUXFWHG�ZLWK�WKH�PROHFXODU�GDWD�RI����PDUNHUV�DQDO\]HG�

LQ� WKH� ��� '+� SRSXODWLRQV� �)LJ�� ���� 6HYHQW\� ILYH� PDUNHUV� ZHUH� GLVWULEXWHG� DFURVV� ���
OLQNDJH�JURXSV��)LYH�PDUNHUV�ZHUH�QRW�JURXSHG�VLQFH�WKH\�GLG�QRW�SUHVHQW�D�VLJQLILFDQW�
OLQNDJH�ZLWK�� DW� OHDVW�� WZR�RWKHU�PDUNHUV��0DUNHU�GLVWDQFHV�ZLWKLQ�HDFK� OLQNDJH�JURXS�
DJUHH�ZLWK�RWKHU�SXEOLVKHG�EDUOH\�PDSV��/LQNDJH�JURXSV�DQG�XQOLQNHG�PDUNHUV��DV�ZHOO�
DV� WKHLU� UHODWLYH� SRVLWLRQV�� ZHUH� DVVLJQHG� WR� EDUOH\� FKURPRVRPHV� DFFRUGLQJ� WR� RWKHU�
SUHYLRXVO\� SXEOLVKHG� EDUOH\� OLQNDJH� PDSV� �3LOOHQ� HW� DO�� ������ 5DPVD\� HW� DO�� ������
0RUDOHMR�HW�DO��������5RVWRNV�HW�DO����������
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�0DUNHUV�DQDO\]HG�RQO\�LQ�SRSXODWLRQV����������������������DQG����DQG�H[FOXGHG�IURP�WKH�47/�DQDO\VLV���
�
)LJXUH����&RQVHQVXV�PDS�IRU�WKH����'+�SRSXODWLRQV��/LQNDJH�JURXSV�DUH�VHW�DW�D�/2'�VFRUH�RI������
'LVWDQFHV�DUH�LQ�.RVDPEL�F0��'RWWHG�OLQHV�ELQG�OLQNDJH�JURXSV�DQG�XQOLQNHG�PDUNHUV�ZLWKLQ�HDFK�
FKURPRVRPH��0DMRU�KHDGLQJ�WLPH�ORFL�DUH�LQGLFDWHG�LQ�EROG�W\SHV��SRVLWLRQV�DFFRUGLQJ�WR�OLWHUDWXUH���

�
�
4XDQWLWDWLYH�7UDLW�/RFL�
6RPH� PDUNHUV� ZHUH� VLJQLILFDQWO\� DVVRFLDWHG� ZLWK� KHDGLQJ� GDWH� XQGHU� DOO�

FRQGLWLRQV��DV�%PDF����DQG�+Y%0���ZKHUHDV�PRVW�RI�WKH�RWKHU�VLJQLILFDQW�PDUNHUV�KDG�
DQ�HIIHFW�LQ�DW�OHDVW�WZR�H[SHULPHQWV��)LJV����DQG����7DEOH�����7KH�DPRXQW�RI�SKHQRW\SLF�
YDULDWLRQ�H[SODLQHG�E\� WKH� VLJQLILFDQW�47/�DQG� WKHLU� LQWHUDFWLRQV� UDQJHG� IURP����� WR�
���� LQ� WKH� ILHOG�� DQG� ZDV�� ���� �19B/3��� ���� �9B/3�� DQG� ���� �9(5�� LQ� WKH�
JUHHQKRXVH��7KH�QXPEHU�RI�DOOHOHV�SHU�ORFXV�UDQJHG�IURP���WR�����$OWKRXJK�WKHUH�ZHUH�
PRUH�WKDQ�WZR�DOOHOHV�LQ�PRVW�RI�WKH�PDUNHUV��LQ�PRVW�FDVHV�WKH�HYLGHQFH�VXJJHVWHG�WKH�
SUHVHQFH�RI�D�ELDOOHOLF�47/��7DEOH�����7KLV�ZLOO�EH�GLVFXVVHG�IXUWKHU�LQ�WKH�QH[W�VHFWLRQV��
ZKHUH�47/�ZLOO�EH�SUHVHQWHG�DFFRUGLQJ�WR�WKHLU�SKHQRW\SLF�HIIHFW��
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)LJXUH� ��� � 3� YDOXHV� RI� WKH� /LNHOLKRRG� 5DWLR� 7HVW� �/57�� IRU� DOO� WKH�PDUNHUV� LQ� WKH� ILHOG� H[SHULPHQWV��
H[SUHVVHG�DV�±ORJ�3��6LJQLILFDQFH�WKUHVKROG�IRU�LQGLYLGXDO�47/�GHWHFWLRQ�LV�EDVHG�RQ�DQ�H[SHULPHQW�ZLVH�
HUURU�RI�α ����� ��ORJ�α ������$�)DOVH�'LVFRYHU\�5DWH�PXOWL�WHVW�DGMXVWPHQW� �%HQMDPLQL�DQG�+RFKEHUJ��
������RI�WKH�/57�3�YDOXHV�ZDV�SHUIRUPHG��,Q�EUDFNHWV�DUH�ZULWWHQ�WKH�YDOXHV�RI�PDUNHUV�ZKRVH�YDOXH�ZDV�
RYHU�����7HVWV�ZHUH�PDGH�RQO\�DW�WKH�SRVLWLRQV�RI�WKH�PDUNHUV��)XOO� OLQHV�MRLQ�PDUNHUV�RQO\�WR�IDFLOLWDWH�
YLVXDOL]DWLRQ�� EXW� WKH\� DUH� QRW� LQGLFDWLQJ� WHVW� YDOXHV� LQ� WKH� LQWHUYDOV�� 'RWWHG� OLQHV� MRLQ� OLQNDJH� JURXSV�
ZLWKLQ�WKH�VDPH�FKURPRVRPH���

�
�
�
�
�
�
�
�
�
�
�
�

)LJXUH�����3�YDOXHV�RI�WKH�/LNHOLKRRG�5DWLR�7HVW��/57��IRU�DOO�WKH�PDUNHUV�LQ�WKH�JUHHQKRXVH�H[SHULPHQWV���
�
�
�
�

�

�

�

� �

� �

�

�

� �

� �

�

�

� �

� �

�

�

� �

� �

�

0:
*�

���
+Y

+9
$�

�

+9
0�

��
+Y

$/
$$

7�
VFV

VU�
���

��
%P

DJ�
���

%P
DF�

���
:0

&�
(��

+9
0�

��

0:
*�

���
+Y

�)�
�

+Y
76

13
���

VFV
VU�

���
��

+9
0�

��
%P

DJ�
���

%P
DJ�

���
�%

PD
J��

��
%P

DJ�
���

+Y
��*

(,,
,�

+9
0�

��
+9

0�
��

%P
DJ�

���
+9

0�
��

(%
PD

F��
��

%P
DJ�

���
+Y

0/
2+

�
+9

0�
��

+Y
%$

0<
�

+Y
=&

&7
�

%P
\��

(%
PD

F��
��

%P
DJ�

���
%P

DF�
���

VFLQ
G��

���
�

%P
DJ�

���

VFV
VU�

���
��

%P
DJ�

���

%P
DF�

���
(%

PD
F��

��
VFV

VU�
���

��
%P

DF�
���

%P
DF�

���
VFLQ

G��
���

�
(%

PD
F��

��

%P
DJ�

���
%P

DF�
���

+Y
+(

0+
��

&'
2�

���
+Y

'+
1�

�
+Y

%0
��

VFV
VU�

���
��

:*
���

�
+Y

���
3��

��

VFV
VU�

���
��

*6
02

���
%P

DJ�
���

%P
DJ�

���
+9

0�
��

+Y
95

7��
+Y

66�
�

+Y
&0

$�
%P

DJ�
���

%P
DF�

���

+Y
*/

%�
�

%P
DJ�

���
%P

DF�
���

%P
DJ�

���

%P
DJ�

���
0:

*�
���

+Y
/(

8�
%P

DJ�
���

+Y7613����������

+Y7613����������

:,19(���

:,1+8���

$879(���

$87+8���

�ORJ3�

�ORJ3�

�ORJ3�

�ORJ3�

�

�

0:
*�

���
+Y

+9
$�

�

+9
0�

��
+Y

$/
$$

7�
VFV

VU�
���

��
%P

DJ�
���

%P
DF�

���
:0

&�
(��

+9
0�

��

0:
*�

���
+Y

�)�
�

+Y
76

13
���

VFV
VU�

���
��

+9
0�

��
%P

DJ�
���

%P
DJ�

���
�%

PD
J��

��
%P

DJ�
���

+Y
��*

(,,
,�

+9
0�

��
+9

0�
��

%P
DJ�

���
+9

0�
��

(%
PD

F��
��

%P
DJ�

���
+Y

0/
2+

�
+9

0�
��

+Y
%$

0<
�

+Y
=&

&7
�

%P
\��

(%
PD

F��
��

%P
DJ�

���
%P

DF�
���

VFLQ
G��

���
�

%P
DJ�

���

VFV
VU�

���
��

%P
DJ�

���

%P
DF�

���
(%

PD
F��

��
VFV

VU�
���

��
%P

DF�
���

%P
DF�

���
VFLQ

G��
���

�
(%

PD
F��

��

%P
DJ�

���
%P

DF�
���

+Y
+(

0+
��

&'
2�

���
+Y

'+
1�

�
+Y

%0
��

VFV
VU�

���
��

:*
���

�
+Y

���
3��

��

VFV
VU�

���
��

*6
02

���
%P

DJ�
���

%P
DJ�

���
+9

0�
��

+Y
95

7��
+Y

66�
�

+Y
&0

$�
%P

DJ�
���

%P
DF�

���

+Y
*/

%�
�

%P
DJ�

���
%P

DF�
���

%P
DJ�

���

%P
DJ�

���
0:

*�
���

+Y
/(

8�
%P

DJ�
���

�

�

� �

� �

�

�

� �

� �

�

�

� �

� �

+Y=&&7���������ORJ3�

�ORJ3�

�ORJ3�

+Y=&&7��������

+Y=&&7��������

+Y%0���������

+Y%0���������

+Y%0���������

19B/3�

9B/3�

9(5�



����

7DEOH� ��� 6LJQLILFDQW� PDUNHUV� GHWHFWHG� DW� HDFK� H[SHULPHQW�� 7KH� WDEOH� VKRZV� WKH� QXPEHU� RI� OLQHV� DQG�
DYHUDJH� GD\V� WR� KHDGLQJ�� RU� OHDI� QXPEHU�� IRU� WKH� GLIIHUHQW� DOOHOHV� RI� WKH� VLJQLILFDQW� PDUNHUV� IRU� HDFK�
H[SHULPHQW��0HDQV�DUH�DGMXVWHG�IRU�RWKHU�VLJQLILFDQW�PDUNHUV�LQ�HDFK�H[SHULPHQW��/HWWHUV�LQGLFDWH�PHDQV�
VHSDUDWLRQ��:H�XVHG�D�)DOVH�'LVFRYHU\�5DWH�PXOWL�WHVW�DGMXVWPHQW�IRU�WKH�3�YDOXHV�DQG�FRQILGHQFH�OLPLWV�
IRU� WKH� GLIIHUHQFHV� RI� PHDQV� ZLWK� DOSKD�  � ������ ,Q� LWDOLFV�� PDUNHUV� FRQVLGHUHG� DV� VHFRQGDU\� 47/�
DFFRUGLQJ�WR�WKH�PHWKRGRORJ\�GHVFULEHG�LQ�WKH�0	0�VHFWLRQ���
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�
9HUQDOL]DWLRQ�JHQHV�DQG�WKHLU�LQWHUDFWLRQ��8VLQJ�GLIIHUHQW�SULPHU�FRPELQDWLRQV��

ILYH� GLIIHUHQW� SURGXFWV�� DVVRFLDWHG�ZLWK� WKH� OHQJWK� RI� WKH� ILUVW� LQWURQ� RI�9UQ�+�� ZHUH�
IRXQG��VXSSOHPHQWDU\�7DEOH������

9UQ�+�� VKRZHG� DQ� LPSRUWDQW� HIIHFW� LQ� DOO� ILHOG� WULDOV�� ZLWK� ODUJHU� HIIHFW� LQ� WKH�
DXWXPQ�VRZQ� H[SHULPHQWV�� 9UQ�+�� ZDV� VLJQLILFDQW� RQO\� LQ� RQH� RI� WKH� ZLQWHU�VRZQ�
H[SHULPHQWV��1R�LQWHUDFWLRQ�EHWZHHQ�ERWK�YHUQDOL]DWLRQ�JHQHV�ZDV�GHWHFWHG�XQGHU�ILHOG�
FRQGLWLRQV��8QGHU�JUHHQKRXVH�FRQGLWLRQV��KRZHYHU��WKH�YHUQDOL]DWLRQ�JHQHV�SUHVHQWHG�D�
VWURQJ�LQWHUDFWLRQ��7KH�PDLQ�HIIHFWV�DQG�WKH�LQWHUDFWLRQ�DPRQJ�WKHVH�WZR�ORFL�DFFRXQWHG�
IRU�PRVW� RI� WKH� JHQRW\SLF� YDULDWLRQ�� ���� RI�19B/3�� ���� RI�9B/3� DQG� ���� RI� WKH�
YHUQDOL]DWLRQ�HIIHFW�9(5��

&KU�� 0DUNHU� � $879(��� $87+8��� :,19(��� :,1+8��� 19B/3� 9B/3� 9(5�
� �SXWDWLYH�JHQH�� $OOHOH� 1R�� 0HDQ� 1R�� 0HDQ� 1R�� 0HDQ� 1R�� 0HDQ� 1R�� 0HDQ� 1R�� 0HDQ� 1R�� 0HDQ�

�� ��� ������E� ��� ������E� �� �� �� �� �� �� �� �� �� ���� ����E� �� �� ���+� D0:*����
�3SG�+��� �� ���� ������ D� ���� ������D� �� �� �� �� �� �� �� �� �� ���� ����D� �� �� ��

���� ��� ������E� �� �� �� ��� ������ E� �� �� �� �� �� �� �� �� �� �� �� ���+� :0&�(�� ���� ���� ������ D� �� �� �� ���� ������ D� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� ���� ������ D� ����������D� ���������D� ���� ����D� �� �� ���+� +Y7613����3SG�+������� �� �� �� �� �� �� �� ���� ������ E� ����������E� ���� ����E� ���� ����E� �� �� ��

���� ��� ������E� ��� ������E� ��� ������ E� ���������E� ��� ����E� ��� ����E� �� �� ��
���� ��� ������ D� ��� ������D� ��� ������ D� ���������D� ��������D� ��� ����D� �� �� ���+� %PDF�����(DP��� ���� ���� ������E� ���� ������E� ���� ������ E� ����������E� ���� ����E� ���� ����E� �� �� ��
$� ��� ������ D� ��� ������D� ��� ������ D� �� �� �� �� �� �� �� �� �� �� �� ��
'� ��� ������E� ��� ������E� ��� ������ E� �� �� �� �� �� �� �� �� �� �� �� ���+� 0:*����

�YUV��� .� ���� ������E� ���� ������E� ���� ������ E� �� �� �� �� �� �� �� �� �� �� �� ��
�� �� �� �� �� �� �� �� �� �� ���������E� ��� ����E� ��� ����E� �������E��+� +Y=&&7��9UQ�+��� ����� �� �� �� �� �� �� �� �� �� ����������D� ���������D� ���� ����D� �������� D�
�� ��� ������ F� ��� ������E� ��� ������ F� ���������F� ��� ����F� ��� ����F� ������� F�

���� ��� ������ DE� ��� ������DE� ��� ������ EF� ���������E� ��� ����E� ��� ����E� �������EF�
����� ��� ������ F� ��� ������E� ��� ������ F� ���������F� ��� ����E� ��� ����F� �������E�
����� ��� ������EF� ��� ������DE� ��� ������ E� ���������E� ��� ����E� ��� ����EF� �������E�

�+� +Y%0��
��9UQ�+���

����� ���� ������ D� ���� ������D� ���� ������ D� ����������D� ���������D� ���� ����D� �������� D�
���� ���� ������DE� ���� ������EF� ���� ������ D� ����������E� �� �� �� �� �� �� �� �� ��
���� ��� ������E� ��� ������F� ��� ������ E� ���������F� �� �� �� �� �� �� �� �� ��
���� ��� ������DE� ��� ������DE� ��� ������ D� ���������E� �� �� �� �� �� �� �� �� ��
���� ��� ������D� ��� ������D� ��� ������ D� ���������DE� �� �� �� �� �� �� �� �� ��

�+� %PDJ�����(DP���
���� ��� ������D� ��� ������D� ��� ������ D� ���������D� �� �� �� �� �� �� �� �� ��
���� �� �� �� ��� ������E� ��� ������ D� ���������DF� �� �� �� �� �� �� �� �� ��
���� �� �� �� ��� ������EF� ��� ������ DE� ���������EG� �� �� �� �� �� �� �� �� ��
���� �� �� �� ��� ������E� ��� ������ D� ���������D� �� �� �� �� �� �� �� �� ��
���� �� �� �� ��� ������EF� ��� ������ F� ���������G� �� �� �� �� �� �� �� �� ��
���� �� �� �� ��� ������F� ��� ������ EF� ���������EFG� �� �� �� �� �� �� �� �� ��
���� �� �� �� ��� ������E� ��� ������ D� ���������DE� �� �� �� �� �� �� �� �� ��

�+� %PDJ����

���� �� �� ��� ��� ������D� ��� ������ D� ���������DE� �� �� �� �� �� �� �� �� ��
�



� ���

$OO� SRVVLEOH� FRPELQDWLRQV� DPRQJ� 9UQ�+�� DQG� 9UQ�+�� DOOHOHV� ZHUH� SUHVHQW��
DOWKRXJK� WKH� QXPEHU� RI� OLQHV� LQ� WKH� GLIIHUHQW� FDWHJRULHV� ZDV� XQEDODQFHG� �7DEOH� ����
9HUQDOL]DWLRQ� UHTXLUHPHQW�ZDV�PD[LPXP� LQ�JHQRW\SHV�FDUU\LQJ� WKH� UHSUHVVRU�DOOHOH�DW�
9UQ�+�� ������ ES�� DQG� WKH� ����� ES� DOOHOH� LQ� 9UQ�+��� XQGHU� ORQJ� SKRWRSHULRG�� 7KLV�
DOOHOLF�FRPELQDWLRQ�LV�SUHVHQW�LQ�WKH�ZLQWHU�FXOWLYDUV��7DEOH�����:KHQ�WKH�UHSUHVVRU�9UQ�
+��ZDV�SUHVHQW��WKH�UHVSRQVH�WR�YHUQDOL]DWLRQ�GHFUHDVHG�DV�WKH�VL]H�RI�WKH�LQWURQ�LQ�9UQ�
+��GLPLQLVKHV� ������������DQG����ES���DQG�ZDV� UHGXFHG� WR�D�PLQLPXP� LQ�JHQRW\SHV�
ODFNLQJ�DQ\�DPSOLILFDWLRQ�SURGXFW��:KHQ�9UQ�+��ZDV�DEVHQW��WKH�HIIHFW�RI�YHUQDOL]DWLRQ�
ZDV�UDWKHU�VLPLODU�RQ�DOO�9UQ�+��DOOHOHV��7DEOH������

7KH� ����� ES� DOOHOH� FRPHV� IURP� WKH� 6SDQLVK� IDFXOWDWLYH� FXOWLYDUV� $OEDFHWH� DQG�
3DQp��ERWK�DOVR�KDYH�9UQ�+����7KH������ES�DOOHOH�ZDV�SUHVHQW�RQO\�LQ�WKH�FXOWLYDU�2UULD��
VHOHFWHG� LQ�6SDLQ�IURP�D�PXOWLFURVV� OLQH�RI�&,00<7�PDWHULDOV��7KH���ES�DQG�����ES�
FRPH� IURP� VSULQJ� FXOWLYDUV�� $OOHOLF� FRPELQDWLRQV� IRU� HDFK� RI� WKH� WHVWHG� FXOWLYDUV� DUH�
VKRZQ�LQ�6XSSOHPHQWDU\�7DEOH����

�
7DEOH� ��� ,QWHUDFWLRQ� EHWZHHQ� PDUNHUV� DW� WKH� YHUQDOL]DWLRQ� JHQHV�� 1XPEHU� RI� OLQHV� DQG� DYHUDJH� OHDI�
QXPEHU�IRU�DOO�DOOHOH�FRPELQDWLRQV�RI�WKH�YHUQDOL]DWLRQ�JHQHV�9UQ�+��DQG�9UQ�+���0HDQV�VHSDUDWLRQ�DV�LQ�
7DEOH������
�

+Y%0�� +Y=&&7� 19B/3� 9B/3� 9(5�
�9UQ�+��� �9UQ�+���1R�� 0HDQ� 1R�� 0HDQ� 1R�� 0HDQ�

DOOHOH�VL]H��ES�� � � � � � �
����� ����� ���������D� ���� �����D� ���� ���� D�
����� ����� ��������E� ��� ����EF� ��� ���� E�
����� ����� ��� ����FG� ��� ����EFG� ��� ���� F�
���� ����� �������EF� �� ����E� �� ���� FGH�
�� ����� ��� ����HI� ��� ����FG� ��� ���� GH�

����� �� ��� ����GH� ��� ����EFG� ��� ���� G�
����� �� �� ����I� �� ����EFGH� �� ���� GH�
����� �� �� ����HI� �� ����GH� �� ���� FGH�
���� �� ��� ����I� ��� ����FG� ��� ���� H�
�� �� ��� ����I� ��� ����H� ��� ���� GH�

��
3KRWRSHULRG� UHVSRQVH� 47/�� 0DUNHUV� D0:*���� DQG� %PDJ���� �ELQ� �������

VKRZHG� D� VLJQLILFDQW� HIIHFW� RQ� KHDGLQJ� GDWH� LQ� ERWK� DXWXPQ�VRZQ� H[SHULPHQWV��
D0:*����DOVR�VKRZHG�D�VLJQLILFDQW�HIIHFW�LQ�WKH�9B/3�WUHDWPHQW��7DEOH����)LJV����DQG�
����7KH�DOOHOH�WKDW�FDXVHG�GHOD\�LQ�KHDGLQJ�WLPH�LV�XVXDOO\�SUHVHQW�LQ�WKH�ZLQWHU�FXOWLYDUV�
�FRGHG�DV����7DEOH�����



����

+Y7�613����RQ�WKH�VKRUW�DUP�RI�FKURPRVRPH��+��ZDV�WKH�PRVW�LPSRUWDQW�PDUNHU�
IRU� KHDGLQJ� GDWH� YDULDWLRQ� LQ� ZLQWHU�VRZQ� H[SHULPHQWV�� 7KLV� PDUNHU� VKRZHG� DQ�
LPSRUWDQW�HIIHFW�DOVR�LQ�WKH�JUHHQKRXVH�WULDOV��7DEOH����)LJV����DQG�����6SULQJ�FXOWLYDUV�
XVXDOO\�FDUULHG�WKH�SKRWRSHULRG�LQVHQVLWLYH�DOOHOH��FRGHG�DV����7DEOH�����

(DUOLQHVV� SHU� VH� 47/�� 7KH� FHQWURPHULF� UHJLRQ� RI� FKURPRVRPH� �+� VKRZHG� D�
VLJQLILFDQW� HIIHFW� LQ� DOO� ILHOG� DQG� JUHHQKRXVH� WULDOV�� 6HYHUDO� PDUNHUV� ZHUH� DERYH� WKH�
WKUHVKROG� LQ� WKLV� UHJLRQ� EXW�� LQ� DOO� FDVHV�� WKH� SHDN� ZDV� ORFDWHG� RQ� WKH� 665� PDUNHU�
%PDF����� /LQHV� WKDW� SUHVHQWHG� WKH� ���� ES� DOOHOH� IORZHUHG� VLJQLILFDQWO\� ODWHU� ZLWK�
UHVSHFW�WR�WKH�RWKHU�WZR�DOOHOHV��7DEOH������

$QRWKHU� UHPDUNDEOH� 47/�ZDV� IRXQG� LQ� WKH� FHQWURPHULF� UHJLRQ� RI� FKURPRVRPH�
�+��ZLWK�D�SHDN�RQ� WKH�665�PDUNHU�%PDJ�����7KLV�PDUNHU�ZDV� VLJQLILFDQW� LQ�DOO� WKH�
ILHOG�WULDOV��%PDJ����SUHVHQWV���DOOHOHV�LQ�WKLV�VWXG\��&OHDUO\��WKH�EDQG�RI�����ES��IURP�
SDUHQWV� %HND� DQG� 2UULD�� ZDV� DVVRFLDWHG� WR� HDUOLHU� KHDGLQJ�� 7KH� RWKHU� �� EDQGV� DOVR�
SUHVHQWHG� VRPH� GLIIHUHQFHV�� $OWKRXJK� PHDQV� VHSDUDWLRQV� ZHUH� QRW� FOHDU� FXW�� SODQWV�
FDUU\LQJ�EDQGV�RI�����DQG�����ES�ZHUH��RQ�DYHUDJH��EHWZHHQ�����WR�����GD\V�ODWHU�WKDQ�
WKRVH�ZLWK�EDQGV�RI�����DQG�����ES��VXJJHVWLQJ�WKH�SRVVLEOH�SUHVHQFH�RI�D�WRWDO�RI�WKUHH�
DOOHOHV�IRU�WKH�OLQNHG�47/���

2WKHU�PDUNHUV��%PDJ�����:0&�(���DQG�0:*�����KDG�D�VLJQLILFDQW�HIIHFW�LQ�DW�
OHDVW�WZR�H[SHULPHQWV��)RU�%PDJ�����WKHUH�ZHUH�DW�OHDVW�WZR�DOOHOHV�DW�WKH�OLQNHG�47/��
UHSUHVHQWHG�E\�EDQGV�RI���������������DQG�����ES��DOZD\V�ODWHVW��YHUVXV�WKH�UHVW��WKRXJK�
D� WKLUG� DOOHOH� ZDV� VXJJHVWHG� LI� WKLV� ODVW� JURXS� ZDV� VSOLW� LQWR� EDQG� ���� �DOZD\V�
LQWHUPHGLDWH�� DQG�EDQGV����� DQG����� �DOZD\V� HDUOLHVW���/LQHV� FDUU\LQJ� WKH�$�DOOHOH� LQ�
0:*����� RU� ���� ES� RQ�:0&�(�� �7DEOH� ��� IORZHUHG� ODWHU� WKDQ� OLQHV� FDUU\LQJ� DQ\�
RWKHU�DOOHOH���

6HYHUDO�RWKHU�47/�ZHUH�GHWHFWHG�LQ�RQO\�RQH�H[SHULPHQW��DQG�WKH\�ZHUH�XVXDOO\�
FODVVLILHG� DV� VHFRQGDU\�DFFRUGLQJ� WR� WKH�FULWHULRQ�GHVFULEHG� LQ� WKH�0	0�VHFWLRQ��7KH�
HIIHFWV�RI�WKHVH�PDUNHUV�DUH�QRW�UHSRUWHG�KHUH��

%HVLGHV��ZKHQ�DQDO\]LQJ�WKH�HIIHFW�RI�WKRVH�PDUNHUV�RQ�FKURPRVRPH��+�WKDW�ZHUH�
XVHG� WR� FKDUDFWHUL]H� RQO\� VSULQJ� [� VSULQJ� DQG� ZLQWHU� [� ZLQWHU� SRSXODWLRQV�� RQO\�
VFVVU������VKRZHG�D�VLJQLILFDQW�HIIHFW��LQ�WKH�:,1+8���DQG�19B/3�H[SHULPHQWV�DQG�
LQ�WKH�9(5�HIIHFW��GDWD�QRW�VKRZQ���

� �
�
�
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���� 'LVFXVVLRQ�
�
7KH�DLP�RI�WKH�VWXG\�ZDV�WR�YDOLGDWH�WKH�HIIHFW�RI�PDUNHUV�GHWHFWHG�LQ�ELSDUHQWDO�

SRSXODWLRQV��VR�WKH�HVWLPDWHV�DUH�UHGXFHG�WR�WKH�SRVLWLRQV�ZKHUH�WKH�PDUNHUV�DUH�ORFDWHG�
DQG�QR� LQWHUSRODWLRQ�EHWZHHQ�PDUNHUV�ZDV�PDGH��47/�GHWHFWLRQ�PD\�EH�KDPSHUHG� LQ�
WKLV�NLQG�RI�VWXG\�E\�WKH�SRVVLEOH�SUHVHQFH�RI�KRPRSODV\��EDQGV�RI�VLPLODU�VL]H�EXW�ZLWK�
GLIIHUHQW� VHTXHQFH���'LIIHUHQW� VWXGLHV� KDYH� UHYHDOHG� LWV� SUHVHQFH� DQG� UHOHYDQFH� DW� WKH�
LQWUD��RU�LQWHU�VSHFLILF�OHYHO��UHYLHZHG�E\�(VWRXS�HW�DO���������

6L]H�KRPRSODV\� LV�D�PDLQ�FRQFHUQ�ZKHQ�GHDOLQJ�ZLWK�SK\ORJHQHWLF� UHODWLRQVKLSV�
DPRQJ�VSHFLHV��(VWRXS�HW�DO���������EXW�IRU�VWXGLHV�LQYROYLQJ�PDSSLQJ�RU�JHQH�GLVFRYHU\�
LQ�ELSDUHQWDO�FURVVHV��ORRNLQJ�DW�WKH�GLYHUVLW\�RI�DFFHVVLRQV�ZLWKLQ�D�VSHFLHV��DV�LQ�WKLV�
VWXG\��� RU� DPRQJ� FORVHO\� UHODWHG� VSHFLHV�� YDULDWLRQ� DW� WKH� HOHFWURPRUSK� OHYHO� �EDQGV�
GLVWLQJXLVKHG� E\� HOHFWURSKRUHWLF� PRELOLW\�� SURYLGHV� VXIILFLHQW� UHVROXWLRQ� WR� EH� ERWK�
HIILFLHQW�DQG�XVHIXO��&KHQ�HW�DO����������

,W� LV� HVVHQWLDO� WR� JHW� D� JRRG� FRQVHQVXV� OLQNDJH�PDS� RI� WKH�PDUNHUV�� LQ� RUGHU� WR�
REWDLQ�DFFXUDWH�UHVXOWV��DQG�HVSHFLDOO\�WR�GHWHUPLQH�ZKLFK�FRIDFWRUV�DUH�ORFDWHG�LQ�WKH����
F0� YLFLQLW\� ZLQGRZ�� 7KH� PHWKRG� XVHG� IRU� WKH� FRQVHQVXV� PDS� FRQVWUXFWLRQ�� ZLWK� D�
PD[LPXP�RI�RQO\����LQGLYLGXDOV�SHU�SRSXODWLRQ��ZDV�GLIIHUHQW�WR�RWKHU�PHWKRGV�XVHG�IRU�
WKLV�SXUSRVH��XVXDOO\�EDVHG�RQ�WKH�FRQVWUXFWLRQ�RI�LQGLYLGXDO�PDSV�IRU�HDFK�SRSXODWLRQ�
�.DUDNRXVLV�HW�DO��������:HQ]O�HW�DO���������:H�FDQ�FRQFOXGH�WKDW�WKLV�LV�DQ�DSSURSULDWH�
PHWKRG��VLQFH�WKH�RXWFRPH�DJUHHV�ZHOO�ZLWK�RWKHU�EDUOH\�OLQNDJH�PDSV�EDVHG�RQ�VLQJOH�
FURVV�SRSXODWLRQV��DQG�LW�XVHV�DOO�WKH�LQIRUPDWLRQ�RQ�UHFRPELQDWLRQ�LQ�WKH�ZKROH�VHW�RI�
���� OLQHV��$QRWKHU� HYLGHQFH�RI� WKH�DFFXUDF\�RI� WKH�PDS�FRPHV� IURP� WKH� VKDSH�RI� WKH�
/57�VFRUH�SURILOHV�DURXQG�WKH�47/��)RU�PRVW�FDVHV��WKH�SHDNV�RI�VLJQLILFDQFH�VKRZHG�D�
GHFUHDVLQJ� WUHQG� IRU� WLJKWO\� OLQNHG�PDUNHUV� DW� ERWK� VLGHV��$Q� H[FHSWLRQ� LV� WKH� FDVH� RI�
PDUNHU�+Y�)���LQ�WKH�3SG�+��UHJLRQ���+���ZKLFK�SUHVHQWHG�D�UHPDUNDEOH�UHGXFWLRQ�LQ�
VLJQLILFDQFH�EHWZHHQ�WZR�PXFK�PRUH�VLJQLILFDQW�IODQNLQJ�PDUNHUV��7KH�UHDVRQ�IRU�WKLV�LV�
QRW� D� PLVSODFHPHQW� RI� WKH� PDUNHU� �LWV� SRVLWLRQ� IXOO\� DJUHH� ZLWK� RWKHU� PDSV��� EXW�
SUREDEO\�D�ODFN�RI�SRZHU�LQ�WKH�WHVW�DW� WKLV�SRLQW�FDXVHG�E\�WKH�XQEDODQFHG�QXPEHU�RI�
LQGLYLGXDOV�SUHVHQW�LQ�HDFK�DOOHOH�FODVV��DV�PRVW�RI�WKH�'+�OLQHV�FDUULHG�WKH�VDPH�DOOHOH�
IRU�PDUNHU�+Y�)����

$OO� PDUNHUV� VLJQLILFDQWO\� DVVRFLDWHG� WR� KHDGLQJ� GDWH� RU� QXPEHU� RI� OHDYHV� ZHUH�
SUHYLRXVO\� UHSRUWHG� DV� DOOHOH�VSHFLILF� RU� WLJKWO\� OLQNHG� WR� IORZHULQJ� WLPH� GHWHUPLQLQJ�
JHQHV��7KH�PRVW�VLJQLILFDQW�PDUNHUV�LQ�WKLV�VWXG\�ZHUH��



����

+Y7�613�����3SG�+��
0DUNHU� +Y7� 613���� RQ� WKH� VKRUW� DUP� RI� FKURPRVRPH� �+�� VKRZHG� WKH� ODUJHVW�

HIIHFW�RQ�KHDGLQJ�GDWH�LQ�WKH�ZLQWHU�VRZQ�H[SHULPHQWV��EHWZHHQ���DQG���GD\V�RI�KHDGLQJ�
WLPH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�DOOHOHV��7DEOH�����7KLV�LV�WKH�DOOHOH�VSHFLILF�PDUNHU�IRU�
WKH�ORQJ�SKRWRSHULRG�UHVSRQVH�JHQH�3SG�+���7XUQHU�HW�DO���������3SG�+�� LV�D�SVHXGR�
UHVSRQVH�UHJXODWRU��D�FODVV�RI�JHQHV�LQYROYHG�LQ�FLUFDGLDQ�FORFN�IXQFWLRQ�DQG�FDXVHV�DQ�
LQFUHDVHG� H[SUHVVLRQ� RI�+Y)7� ZLWK� SKRWRSHULRGV� RYHU� ��� KRXUV� �7XUQHU� HW� DO�� �������
+Y)7� LV� WKH�EDUOH\�RUWKRORJXH�WR� WKH�NH\�IORZHULQJ�SURPRWHUV�)7� LQ�$UDELGRSVLV��DQG�
+G�D� LQ� ULFH� �7XUQHU� HW� DO�� ������ <DQ� HW� DO�� ������� ,Q� SODQWV� JURZQ� XQGHU� ��� KRXUV�
SKRWRSHULRG��XQGHU�VLPLODU�SKRWRSHULRG�DV�IRU�WKH�JUHHQKRXVH�WULDOV�RI�WKLV�H[SHULPHQW��
SHDN�H[SUHVVLRQ�RI�+Y)7�RFFXUUHG�DW�WKH�HQG�RI�WKH�OLJKW�SHULRG�LQ�SODQWV�FDUU\LQJ�WKH�
SKRWRSHULRG� UHVSRQVH� DOOHOH� 3SG�+��� ZKHUHDV� UHGXFHG� H[SUHVVLRQ� RI�+Y)7� UHPDLQHG�
FRQVWDQW�RYHU�WKH�OLJKW�SHULRG�IRU�SODQWV�FDUU\LQJ�WKH�RSSRVLWH�SSG�+��DOOHOH��7XUQHU�HW�
DO�� ������� $V� WKH� JUHHQKRXVH� WUHDWPHQWV� ZHUH� FDUULHG� RXW� XQGHU� FRQVWDQW� ORQJ�
SKRWRSHULRG��3SG�+��VKRZHG�D�VLJQLILFDQW�HIIHFW��DOVR�UHSRUWHG�LQ�RWKHU�VWXGLHV��/DXULH�
HW�DO����������������

�
D0:*������3SG�+��
7KH�5)/3� DQG� WKH� 676�GHULYHG�PDUNHU� D0:*����� DQG� LWV� OLQNHG� 665�PDUNHU�

%PDJ�����RQ�WKH�ORQJ�DUP�RI�FKURPRVRPH��+��VKRZHG�D�VLJQLILFDQW�HIIHFW�RQ�DXWXPQ�
VRZQ� ILHOG� H[SHULPHQWV� �7DEOH� ���� %RWK� DUH� OLQNHG� WR� WKH� SKRWRSHULRG� UHVSRQVH� JHQH�
3SG�+���ZKLFK�FDXVHV�GLIIHUHQFHV�RQ�KHDGLQJ�GDWH�XQGHU�VKRUW�SKRWRSHULRG�FRQGLWLRQV�
�3DQ�HW�DO��������/DXULH�HW�DO��������%R\G�HW�DO��������)UDQFLD�HW�DO���������/LQHV�ZLWK�
WKH�DOOHOH���DW�D0:*�����RU� WKH�����ES�DOOHOH�DW�%PDJ�����KDG�D� ODWHU�KHDGLQJ�GDWH��
7KLV� 47/� LV� D� PDMRU� GHWHUPLQDQW� RI� KHDGLQJ� GDWH� XQGHU� 1RUWKHUQ� 6SDQLVK� DXWXPQ�
VRZLQJ� FRQGLWLRQV�� LQ� ZKLFK� PRVW� RI� WKH� YHJHWDWLYH� SKDVH� HODSVHV� ZLWK� SKRWRSHULRGV�
DURXQG�������KRXUV��GHFUHDVLQJ�LQ�WKH�ILUVW�GHYHORSPHQWDO�VWDJHV��&XHVWD�0DUFRV�HW��DO���
XQSXEOLVKHG���+RZHYHU�� D� VLJQLILFDQW� HIIHFW� RI� WKHVH�PDUNHUV�ZDV� DOVR�GHWHFWHG� DW� WKH�
9B/3�WUHDWPHQW��ZKHUH�SODQWV�ZHUH�JURZQ�LQ� WKH�JUHHQKRXVH�XQGHU� ORQJ�SKRWRSHULRGV�
DQG�ZH�KDYH�IRXQG�QR�SUHYLRXV�UHSRUW�RI�DQ�HIIHFW�RI�3SG�+��XQGHU�ORQJ�SKRWRSHULRG��

�
�
�
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%PDF������(DP��
7KH�RQO\�VLJQLILFDQW�PDUNHU�LQ�DOO�ILHOG�DQG�JUHHQKRXVH�H[SHULPHQWV�ZDV�WKH�665�

PDUNHU�%PDF�����LQ�ELQ���RI�FKURPRVRPH��+��)LJV����DQG����7DEOH�����7KLV�PDUNHU�FR�
ORFDWHV� LQ� ELQ� �� ZLWK� (DP�� �)UDQFNRZLDN� DQG� .RQLVKL�� ������� ZKLFK� FRQIHUV� HDUO\�
KHDGLQJ� XQGHU� ERWK� ORQJ� DQG� VKRUW� SKRWRSHULRG� FRQGLWLRQV� �+RUVOH\� HW� DO�� ������� ,Q� D�
VLPLODU�SRVLWLRQ��/DXULH�HW�DO���������LGHQWLILHG�HSV���DOVR�ZLWK�DQ�HIIHFW�LQGHSHQGHQW�RI�
GD\�OHQJWK��7KUHH�%PDF����DOOHOHV�ZHUH�GHWHFWHG�LQ�WKLV�VWXG\��,Q�DOO�H[SHULPHQWV�� WKH�
���� ES� DOOHOH� VKRZHG� D�PDUNHG� GHOD\�ZLWK� UHVSHFW� WR� DOOHOHV� ���� DQG� ���� ES��ZKLFK�
SUHVHQWHG�VLPLODU�KHDGLQJ�GDWHV��7KXV��ZH�FOHDUO\�IRXQG�WZR�DOOHOHV�LQ�WKH�OLQNHG�47/�LQ�
WKLV�JHUPSODVP�SRRO��7KH�(DP��UHJLRQ�KDV�DOVR�EHHQ�LGHQWLILHG�DV�D�PDMRU�GHWHUPLQDQW�
RI�KHDGLQJ�GDWH�LQ�WKH�SRSXODWLRQ�%HND�[�/RJDQ��0RUDOHMR�HW�DO��������&XHVWD�0DUFRV�HW�
DO��XQSXEOLVKHG��LQ�DXWXPQ�VRZLQJV�XQGHU�1RUWKHUQ�6SDQLVK�FRQGLWLRQV��DQG�DOVR�XQGHU�
$XVWUDOLDQ� 0HGLWHUUDQHDQ� FRQGLWLRQV� �%R\G� HW� DO�� ������� 7KLV� VWXG\� FRQILUPV� WKH�
LPSRUWDQFH� RI� WKH�(DP�� JHQH� XQGHU�0HGLWHUUDQHDQ� FRQGLWLRQV��ZLWK� DQ� RYHUDOO� HIIHFW�
EHWZHHQ���DQG���GD\V��7KH�SHDN�ZDV�FRQVLVWHQWO\�SUHVHQW�RQ�%PDF�����ZKLFK�KDV�QRW�
EHHQ�ZLGHO\�XVHG�WKXV�IDU��DQG�LV�QRW�SUHVHQW�LQ�WKH�EDUOH\�JHQRW\SLQJ�VHW�SURSRVHG�E\�
0DFDXOD\�HW�DO����������2WKHU�WLJKWO\�OLQNHG�PDUNHUV��VXFK�DV�%PDF����DQG�(%PDF�����
KDYH� EHHQ� XVHG� LQ� RWKHU� VWXGLHV�� %HFDXVH� RI� WKH� LPSRUWDQFH� RI� WKH� OLQNHG� 47/�� ZH�
SURSRVH�WKH�XVH�RI�%PDF����DV�D�GLDJQRVWLF�PDUNHU�IRU�(DP��LQ�EUHHGLQJ�SURJUDPPHV��
XQWLO�WKLV�JHQH�LV�FORQHG���

�
%PDJ����
7KH� 665�PDUNHU� %PDJ����� LQ� WKH� FHQWURPHULF� UHJLRQ� RI� FKURPRVRPH� �+��ZDV�

DOVR� VLJQLILFDQW� LQ� DOO� ILHOG� WULDOV�� ,W� LV� ORFDWHG� LQ� WKH� VDPH� UHJLRQ� RI� WKH� JHQH� HDP���
ZKLFK� FRQIHUV� HDUOLQHVV� XQGHU� VKRUW�SKRWRSHULRG� FRQGLWLRQV� �)UDQFNRZLDN� DQG�
*DOODJKHU�������6WUDFNH�DQG�%|UQHU��������$OWKRXJK�WKH�VWXGLHV�LQ�ZKLFK�WKLV�47/�ZDV�
LGHQWLILHG� XVHG� PXWDQWV�� LQ� WKLV� VHW� RI� '+� OLQHV� WKHUH� LV�� DW� OHDVW�� D� FRQVLVWHQW� HIIHFW�
DVVRFLDWHG�ZLWK�WKH�DOOHOH�RI�����ES��ZKLFK�LV�WKH�HDUOLHVW�LQ�DOO�FDVHV��&DQFL�HW�DO���������
GHVFULEHG� D� 47/� IRU� KHDGLQJ� GDWH�� LQ� D� VLPLODU� SRVLWLRQ�� LQ� GLIIHUHQW� PDSSLQJ�
SRSXODWLRQV��&KHYURQ�0����6WDQGHU�01���RU�06�������0����

�
0:*����
7KH�676�PDUNHU�0:*�����RQ�WKH�ORQJ�DUP�RI�FKURPRVRPH��+��LV�WLJKWO\�OLQNHG�

WR� WKH� YUV�� JHQH��ZKLFK� FRQWUROV� WKH� GHYHORSPHQW� DQG� IHUWLOLW\� RI� WKH� ODWHUDO� VSLNHOHWV�
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�.RPDWVXGD�HW�DO���������7KLV�PDUNHU�VKRZHG�D�VLJQLILFDQW�HIIHFW�LQ�RQH�RI�WKH�ZLQWHU�
VRZQ�WULDOV�DQG�LQ�ERWK�DXWXPQ�VRZQ�RQHV��.MDHU�HW�DO���������IRXQG�D�VLPLODU�HIIHFW�LQ�D�
��URZ�E\���URZ�SRSXODWLRQ��EXW�WKH\�GLG�QRW�KDYH�GDWD�WR�SURYH�ZKHWKHU�WKLV�HIIHFW�ZDV�
GXH�WR�SOHLRWURS\�RI�WKH�YUV��JHQH��RU�OLQNDJH�ZLWK�WKH�47/�QRZ�NQRZQ�DV�(DP���6RPH�
SRSXODWLRQV� RI� WKLV� VWXG\�ZHUH� ��URZ�E\� ��URZ� FURVVHV��ZKLFK�ZHUH� WKH� RULJLQ� RI� WKH�
SRO\PRUSKLVP� DW�0:*����� 7KXV�� SRSXODWLRQ� VWUXFWXUH�PLJKW� LQIOXHQFH� KHDGLQJ� GDWH�
47/�GHWHFWLRQ�LQ�D�VHW�RI�SRSXODWLRQV�LQFOXGLQJ���URZ�E\���URZ�FURVVHV��DV�LQ�RXU�VWXG\��
%XW��DV�WKH�PRGHO�ZH�KDYH�XVHG�SODFHV�FRIDFWRUV�DW�DOO�RWKHU�VLJQLILFDQW�ORFL��DQ\�FDUU\�
RYHU� HIIHFW� IURP� DQ� DVVRFLDWLRQ� EHWZHHQ�0:*���� DQG� 9UQ�+�� �+Y%0���� RU� (DP��
�%PDF������KDV�EHHQ�OLNHO\�UHPRYHG��DQG�WKH�HIIHFW�RI�0:*����VHHPV�D�WUXH�RQH���

7KH� 665� %PDJ���� ZDV� DOVR� VLJQLILFDQW� LQ� DOO� ILHOG� WULDOV�� EXW� ZLWK� WKH� SUHVHQW�
47/�DQDO\VLV�PHWKRG��ZH�FRXOG�QRW�GLVFHUQ�ZKHWKHU� LW� KDV� D�GLUHFW� HIIHFW� RQ�KHDGLQJ�
GDWH�SHU�VH��RU�EHFDXVH�RI�LWV�UHODWLYH�SUR[LPLW\�WR�(DP��DQG�YUV�����

�
9HUQDOL]DWLRQ�JHQHV�DQG�WKHLU�LQWHUDFWLRQ�
7KH� V\VWHP� RI� WKH� YHUQDOL]DWLRQ� UHVSRQVH� JHQHV� 951�� DQG� 951��� DQG� WKHLU�

HSLVWDWLF� LQWHUDFWLRQ� XQGHU� ORQJ� SKRWRSHULRG� FRQGLWLRQV�� LV� WKH�PDLQ� IDFWRU� FRQWUROOLQJ�
KHDGLQJ� GDWH� LQ� WHPSHUDWH� JUDVVHV� �<DQ� HW� DO�� ������ YRQ� =LW]HZLW]� HW� DO�� ������� 7KH�
HSLVWDWLF�PRGHO�RI�WKH�LQWHUDFWLRQ�ZDV�VXJJHVWHG�E\�<DQ�HW�DO����������IRU�WKH�7ULWLFHDH�
IDPLO\�DQG�ZDV�YDOLGDWHG�ZLWK�WKH�FRUUHVSRQGLQJ�EDUOH\�JHQHV�9UQ�+��DQG�9UQ�+��E\�
YRQ�=LW]HZLW]�HW�DO����������$�FHQWUDO�UROH�IRU�SKRWRSHULRG�LQ�WKLV�PRGHO�KDV�DOVR�EHHQ�
SURSRVHG��'XEFRYVN\�HW�DO��������7UHYDVNLV�HW�DO���������$FFRUGLQJ�WR�WKLV�ODVW�PRGHO��
9UQ�+��HQFRGHV�IRU�D�GRPLQDQW�IORZHULQJ�UHSUHVVRU�WKDW�LQKLELWV�WKH�H[SUHVVLRQ�RI�9UQ�
+���ZKLFK� LV� D� FHQWUDO� FRQWURO�SRLQW� IRU� WKH� WUDQVLWLRQ� IURP�YHJHWDWLYH� WR� UHSURGXFWLYH�
JURZWK�� 9HUQDOL]DWLRQ� GRZQ�UHJXODWHV� WKH� H[SUHVVLRQ� RI� 9UQ�+��� DOORZLQJ� 9UQ�+��
H[SUHVVLRQ� LQ� WKH� ZLQWHU� FXOWLYDUV� �JHQRW\SH� YUQ�+���� ,I� WKH� UHSUHVVRU� LV� DEVHQW�
�JHQRW\SH�YUQ�+����WKHUH�ZRXOG�QRW�H[LVW�DQ\�YHUQDOL]DWLRQ�UHTXLUHPHQW��7KLV�PRGHO�KDV�
EHHQ�YDOLGDWHG�LQ�WKH�SRSXODWLRQV�'LFNWRR�[�.RPSROWL�NRUDL��.DUVDL�HW�DO���������+DUG\�
[� -XELODQW� �.yWL� HW� DO�� ������ DQG� DOVR� LQ�'LFNWRR� [�2UHJRQ�:ROIH� %DUOH\�'RPLQDQW��
'LFNWRR� [� &DOLFXFKLPD�VLE� DQG� &DOLFXFKLPD�VLE� [� 2UHJRQ� :ROIH� %DUOH\� 'RPLQDQW�
�6] FV� HW� DO�� ������� YRQ�=LW]HZLW]� HW� DO� ������� LGHQWLILHG� D� ���� ES� UHJLRQ� LQ� WKH� ILUVW�
LQWURQ�RI�9UQ�+���FULWLFDO�IRU�WKH�H[SUHVVLRQ�RI�WKH�YHUQDOL]DWLRQ�UHTXLUHPHQW�������
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/LQHV�ZLWK�DOO�FRPELQDWLRQV�RI�VHYHUDO�GLVWLQFW�DOOHOHV�DW�9UQ�+���FRPELQHG�ZLWK�
SUHVHQFH�DEVHQFH� RI� WKH� 9UQ�+�� UHSUHVVRU� ZHUH� LQFOXGHG� LQ� WKLV� VWXG\�� WKRXJK� WKH�
QXPEHU�RI�OLQHV�LQ�HDFK�FODVV�ZDV�XQEDODQFHG��7DEOH������

:H� LGHQWLILHG� �� GLIIHUHQW� DOOHOHV� LQ� 9UQ�+��� ZKRVH� GLIIHUHQFHV� ZHUH� EDVHG� RQ�
GLIIHUHQW� OHQJWK�RI� GHOHWLRQV� LQ� D� UHJLRQ�ZLWKLQ� WKH� ILUVW� LQWURQ��7KH������ES� DOOHOH�� LV�
XVXDOO\� FRQVLGHUHG� DV� WKH�ZLQWHU� DOOHOH� �YRQ�=LW]HZLW]� HW� DO�� ������ DQG�� LQ� WKLV� VWXG\��
SUHVHQWHG�WKH�VWURQJHVW�YHUQDOL]DWLRQ�UHVSRQVH�ZKHQ�WKH�9UQ�+��UHSUHVVRU�ZDV�SUHVHQW��
7KH� ����� ES� DOOHOH� RI�$OEDFHWH� DQG� 3DQp� KDV� D� ODUJH� GHOHWLRQ� LQ� WKH� ILUVW� LQWURQ�� EXW�
FRQVHUYHV� WKH� FULWLFDO� UHJLRQ� �YRQ� =LW]HZLW]� HW� DO�� ������� ,WV� HIIHFW� RQ� YHUQDOL]DWLRQ�
UHTXLUHPHQW�� DV� ORQJ� DV� WKH� 9UQ�+�� UHSUHVVRU� ZDV� SUHVHQW� ������ ES� DOOHOH��� ZDV�
LQWHUPHGLDWH�EHWZHHQ�WKH�W\SLFDO�ZLQWHU�DOOHOH���������DQG�WKH�DOOHOHV�FDUULHG�E\�VSULQJ�
FXOWLYDUV�����������DV�VKRZQ�LQ�7DEOH����7KHVH�UHVXOWV�FRQILUP�WKH�ILQGLQJV�E\�6] FV�HW�
DO�� ��������ZKR�IRXQG� WKDW� WKH�����ES�FULWLFDO� UHJLRQ� LV�QHFHVVDU\�EXW�QRW�VXIILFLHQW� WR�
DOORZ� WKH� SUHVHQFH� RI� IXOO� YHUQDOL]DWLRQ� UHTXLUHPHQW�� 7KHUHIRUH�� WKHUH� FRXOG� EH� RWKHU�
UHJXODWRU\� UHJLRQV� LQ�9UQ�+��� 7KH� YHUQDOL]DWLRQ� HIIHFW� RI� OLQHV� FDUU\LQJ� WKH� ����� ES�
DOOHOH� ZDV� VLPLODU� WR� �7DEOH� ��� RU� LQWHUPHGLDWH� EHWZHHQ� WKH� ����� DQG� ���� ES� DOOHOHV�
�7DEOH�����WKRXJK�GDWD�ZHUH�QRW�FRQFOXVLYH�HQRXJK�WR�GHFODUH�ZKHWKHU�LW�FRUUHVSRQGV�WR�
D� IXQFWLRQDOO\�GLVWLQFW�DOOHOH��RU� LW� LV� WKH�VDPH�DV� WKH������ES�DOOHOH��)LQDOO\����ES�DQG�
����ES�DOOHOHV��WKDW�FRUUHVSRQG�ZLWK�ODUJH�GHOHWLRQV�LQFOXGLQJ�WKH�FULWLFDO�UHJLRQ��VKRZHG�
WKH� ORZHVW� YHUQDOL]DWLRQ� UHTXLUHPHQWV� �HLWKHU� ZLWK� RU� ZLWKRXW� WKH� 9UQ�+�� UHSUHVVRU���
7KXV�� DQ� DOOHOLF� VHULHV� DW�9UQ�+�� LV� VXJJHVWHG��ZLWK� VWUHQJWK�RI�9(5�HIIHFW� UHODWHG� WR�
VL]H�RI�WKH�LQWURQ�RQ�9UQ�+���ZKHQ�WKH�UHSUHVVRU�9UQ�+��ZDV�SUHVHQW��DV�LQ�6] FV�HW�DO��
���������

�
:H�KDYH�GHWHUPLQHG� WKDW� LW� LV�SRVVLEOH� WR�FDUU\�RXW�47/�GHWHFWLRQ� LQ�D�FRPSOH[�

JHUPSODVP�VHW�� UHSUHVHQWDWLYH�RI� WKH�PDWHULDOV�XVHG� LQ�DQ�DFWLYH�EUHHGLQJ�SURJUDPPH��
47/�SRVLWLRQ�DQG�DOOHOLF�HIIHFWV�ZHUH�FRQVLVWHQW�ZLWK�HVWLPDWHV�IRXQG�LQ�WKH�OLWHUDWXUH��
,Q� PRVW� FDVHV�� DSSDUHQWO\� WKH� PDUNHUV� SUHVHQWHG� PRUH� GLYHUVLW\� WKDQ� OLQNHG� 47/��
&RUUHVSRQGHQFH� EHWZHHQ� PDUNHU� DQG� 47/� DOOHOHV� ZDV� VWUDLJKWIRUZDUG� ZKHQ� PDUNHU�
DOOHOH� QXPEHU� ZDV� ORZ�� 0RVW� 47/� GHWHFWHG� KDG� SUHVXPDEO\� �� DOOHOHV�� ZLWK� D� IHZ�
H[FHSWLRQV� LQFOXGLQJ� +Y%0�� �9UQ�+���� 7KH� VHW� RI� PDUNHUV� XVHG� LQ� WKLV� VWXG\� ZDV�
SUHYLRXVO\� VHOHFWHG� WR� UHSUHVHQW� UHJLRQV�ZLWK� KHDGLQJ� GDWH�47/��7KH� FRYHUDJH� RI� WKH�
JHQRPH�DFKLHYHG��WKRXJK�QRW�FRPSOHWH��ZDV�JRRG�HQRXJK�WR�ILQG�47/�WKDW�H[SODLQHG�D�
YHU\� ODUJH�SURSRUWLRQ�RI� WKH�SKHQRW\SLF�YDULDQFH��7KHVH�UHVXOWV�VXSSRUW� WKH�XVH�RI� WKLV�
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NLQG� RI� DSSURDFK� IRU� WKH� YDOLGDWLRQ� RI�47/� IRXQG� LQ� ELSDUHQWDO� VWXGLHV�� RU� WR� VXUYH\�
DOOHOLF�GLYHUVLW\�LQ�SODQW�EUHHGLQJ�VHWV�RI�PDWHULDOV��

�
$FNQRZOHGJHPPHQWV�

�
7KLV� ZRUN� ZDV� VXSSRUWHG� E\� WKH� 6SDQLVK� 0LQLVWU\� RI� (GXFDWLRQ� DQG� 5HVHDUFK�

�3URMHFWV� $*/����������� LQFOXGLQJ� D� VFKRODUVKLS� JUDQWHG� WR� 0U�� $OIRQVR� &XHVWD�
0DUFRV��DQG�$*/������������DQG�E\�WKH�(XURSHDQ�5HJLRQDO�'HYHORSPHQW�)XQG��7KH�
DXWKRUV�DSSUHFLDWH�WKH�FULWLFDO�UHDGLQJ�RI�WKH�PDQXVFULSW�E\�3URI��6WHYH�8OOULFK��

�
���� 6XSSOHPHQWDU\�LQIRUPDWLRQ�

�
6XSSOHPHQWDU\�7DEOH����3DUHQWDO�JHQRW\SHV�DW�ORFL�DVVRFLDWHG�ZLWK�IORZHULQJ�WLPH�LQ�EDUOH\�
��

�����7KH�JHQRW\SH�DW�WKH�YHUQDOL]DWLRQ�JHQH�+Y%0���9UQ�+���LV�WKH�FRPELQDWLRQ�RI�GLIIHUHQW�DPSOLILFDWLRQV�FRYHULQJ�
WKH�ILUVW�LQWURQ�RI�WKDW�JHQH��7KHVH�DUH�WKH�FRGHV�IRU�WKH�+Y%0��DOOHOHV�UHSRUWHG�LQ�WKH�WH[W���

�
���� 5HIHUHQFHV�

�
%DVWHQ�&-��%6�:HLU�� =%�=HQJ�� �����±�������47/�&$572*5$3+(5��$�5HIHUHQFH�

0DQXDO�DQG�7XWRULDO�IRU�47/�0DSSLQJ��'HSDUWPHQW�RI�6WDWLVWLFV��1RUWK�&DUROLQD�
6WDWH�8QLYHUVLW\��5DOHLJK��1&��

%HQMDPLQL�<��+RFKEHUJ�<��������&RQWUROOLQJ�WKH�IDOVH�GLVFRYHU\�UDWH��$�SUDFWLFDO�DQG�
SRZHUIXO�DSSURDFK�WR�PXOWLSOH�WHVWLQJ��-�5�6WDW�6RF������������

9DULHW\� +Y7�613��� D0:*���� %PDF���� +Y%0����� +Y%0��
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$OEDFHWH� * �� & �� ���� ����� ����� � ���� � ����� * ��
$OH[LV� 7 �� $ �� ���� �� � � � ����� QXOO� $ ��
$QJRUD� 7 �� & �� ���� ����� ����� ����� ���� � ����� * ��
%DUEHURXVVH * �� & �� ���� ����� ����� ����� ���� � ����� $ ��
%HND� 7 �� $ �� ���� ���� ���� � � � QXOO� $ ��
&ODULQH� * �� & �� ���� ����� ����� ����� ���� � ����� $ ��
*DHOLF� 7 �� & �� ���� ���� ���� � � � ����� $ ��
0RQORQ� * �� & �� ���� ����� ����� ����� ���� � QXOO� * ��
1HYDGD� 7 �� $ �� ���� ���� ���� � � � QXOO� $ ��
2UULD� 7 �� & �� ���� ����� ����� � � � ����� * ��
3DQp� * �� & �� ���� ����� ����� � ���� � ����� * ��
3ODLVDQW� * �� & �� ���� ����� ����� ����� ���� � ����� * ��
6HLUD� 7 �� $ �� ���� �� � � � ����� QXOO� $ ��
7LSSHU� 7 �� $ �� ���� ����� ����� ����� ���� �� ����� $ ��



� ���

%R\G�:-5��&'�/L��&5�*ULPH��0�&DNLU��6�3RWLSLERRO��/�.DYHHWD��6�0HQ��05-�.DPDOL��
$5� %DUU�� '%� 0RRG\�� 5&0� /DQFH�� 6-� /RJXH�� +� 5DPDQ�� %-� 5HD� �������
&RQYHQWLRQDO�DQG�PROHFXODU�JHQHWLF�DQDO\VLV�RI�IDFWRUV�FRQWULEXWLQJ�WR�YDULDWLRQ�LQ�
WKH�WLPLQJ�RI�KHDGLQJ�DPRQJ�VSULQJ�EDUOH\��+RUGHXP�YXOJDUH�/��JHQRW\SHV�JURZQ�
RYHU�D�PLOG�ZLQWHU�JURZLQJ�VHDVRQ��$XVW�-�$JULF�5HV��������������

%UHVHJKHOOR�)��6RUUHOOV�0(��������$VVRFLDWLRQ�DQDO\VLV�DV�D�VWUDWHJ\�IRU�LPSURYHPHQW�
RI�TXDQWLWDWLYH�WUDLWV�LQ�SODQWV��&URS�6FL���������������

&DQFL� 3&�� 1GXXOX� /0�� 0XHKOEDXHU� *-�� 'LOO�0DFN\� 5�� 5DVPXVVRQ� '&�� 6PLWK� .3�
�������9DOLGDWLRQ� RI� TXDQWLWDWLYH� WUDLW� ORFL� IRU� )XVDULXP� KHDG� EOLJKW� DQG� NHUQHO�
GLVFRORUDWLRQ�LQ�EDUOH\��0RO�%UHHG�����������

&DVDV�$0�� ,JDUWXD�(��9DOOpV�03��0ROLQD�&DQR� -/� �������*HQHWLF�GLYHUVLW\�RI�EDUOH\�
FXOWLYDUV� JURZQ� LQ� 6SDLQ�� HVWLPDWHG� E\� 5)/3�� VLPLODULW\� DQG� FRDQFHVWU\�
FRHIILFLHQWV��3ODQW�%UHHGLQJ�������������

&KHQ�;��&KR�<*��0F&RXFK�65��������6HTXHQFH�GLYHUJHQFH�RI�ULFH�PLFURVDWHOOLWHV�LQ�
2U\]D�DQG�RWKHU�SODQW�VSHFLHV��0RO�*HQHW�*HQRPLFV�������������

&UHSLHX[� 6�� /HEUHWRQ� &�� 6HUYLQ� %�� &KDUPHW� *� ������� 4XDQWLWDWLYH� WUDLW� ORFL� �47/��
GHWHFWLRQ� LQ� PXOWLFURVV� LQEUHG� GHVLJQV�� 5HFRYHULQJ� 47/� LGHQWLFDO�E\�GHVFHQW�
VWDWXV�LQIRUPDWLRQ�IURP�PDUNHU�GDWD��*HQHWLFV���������������

&UHSLHX[�6��/HEUHWRQ�&��)ODPHQW�3��&KDUPHW�*��������$SSOLFDWLRQ�RI�D�QHZ�,%'�EDVHG�
47/�PDSSLQJ�PHWKRG�WR�FRPPRQ�ZKHDW�EUHHGLQJ�SRSXODWLRQ��DQDO\VLV�RI�NHUQHO�
KDUGQHVV�DQG�GRXJK�VWUHQJWK��7KHRU�$SSO�*HQHW����������������

'XEFRYVN\� -�� /RXNRLDQRY�$�� )X�'�� 9DODULN�0�� 6DQFKH]�$�� <DQ� /� ������� (IIHFW� RI�
SKRWRSHULRG� RQ� WKH� UHJXODWLRQ� RI� ZKHDW� YHUQDOL]DWLRQ� JHQHV� 951�� DQG� 951���
3ODQW�0RO�%LRO������������

(VWRXS�$��-DUQH�3��&RUQXHW�-0��������+RPRSODV\�DQG�PXWDWLRQ�PRGHO�DW�PLFURVDWHOOLWH�
ORFL� DQG� WKHLU� FRQVHTXHQFHV� IRU� SRSXODWLRQ� JHQHWLFV� DQDO\VLV�� 0ROHF� (FRO��
�������±�����

)OLQW�*DUFLD� 6$�� 7KRUQVEHUU\� -0�� %XFNOHU� ,9� (6� ������� 6WUXFWXUH� RI� OLQNDJH�
GLVHTXLOLEULXP�LQ�SODQWV��$QQX�5HY�3ODQW�%LRO������������

)UDQFLD�(��5L]]D�)��&DWWLYHOOL�/��6WDQFD�$0��*DOLED�*��7yWK�%��+D\HV�30��6NLQQHU�-6��
3HFFKLRQL� 1� ������� 7ZR� ORFL� RQ� FKURPRVRPH� �+� GHWHUPLQH� ORZ�WHPSHUDWXUH�
WROHUDQFH�LQ�D�µ1XUH¶��ZLQWHU��[�µ7UHPRLV¶��VSULQJ��EDUOH\�PDS��7KHRU�$SSO�*HQHW�
������������



����

)UDQFNRZLDN� -'�� *DOODJKHU� /:� ������� (DUO\� PDWXULW\� /RFXV� V\PERO�� HDP��� %DUOH\�
*HQHW�1HZVO���������

)UDQFNRZLDN�-'��.RQLVKL�7��������(DUO\�PDWXULW\����(DP���%DUOH\�*HQHW�1HZVO��������
���

+RUVOH\�5'��6FKPLHUHU�'��0DLHU�&��.XGUQD�'��8UUHD�&$��6WHIIHQVRQ�%-��6FKZDU]�3%��
)UDQFNRZLDN�-'��*UHHQ�0-��=KDQJ�%��.OHLQKRIV�$��������,GHQWLILFDWLRQ�RI�47/V�
DVVRFLDWHG�ZLWK� )XVDULXP� KHDG� EOLJKW� UHVLVWDQFH� LQ� EDUOH\� DFFHVVLRQ�&,KR� ������
&URS�6FL������������

-DQQLQN� -/�� -DQVHQ� 5&� ������� 0DSSLQJ� HSLVWDWLF� TXDQWLWDWLYH� WUDLW� ORFL� ZLWK� RQH�
GLPHQVLRQDO�JHQRPH�VHDUFKHV��*HQHWLFV��������±����

-DQVHQ� 5&� ������� ,QWHUYDO� PDSSLQJ� RI� PXOWLSOH� TXDQWLWDWLYH� WUDLW� ORFL�� *HQHWLFV� �����
��������

-DQVHQ�5&��6WDP�3� �������+LJK� UHVROXWLRQ�RI�TXDQWLWDWLYH� WUDLWV� LQWR�PXOWLSOH� ORFL�YLD�
LQWHUYDO�PDSSLQJ��*HQHWLFV���������������

-DQVHQ� 5&�� -DQQLQN� -/�� %HDYLV� :'� ������� 0DSSLQJ� TXDQWLWDWLYH� WUDLW� ORFL� LQ� SODQW�
EUHHGLQJ�SRSXODWLRQV��8VH�RI�SDUHQWDO�KDSORW\SH�VKDULQJ��&URS�6FL��������±����

.DUDNRXVLV�$��*XVWDIVRQ�-3��&KDOPHUV�.-��&KDOPHUV�.-��%DUU�$5��/DQJULGJH�3��������
$� %DUOH\� &RQVHQVXV� 0DS� ,QWHJUDWLQJ� 665� 5)/3�� DQG� $)/3� 0DUNHUV�� $XVW� -�
$JULF�5HV���������������

.DUVDL� ,�� 6] FV� 3��0pV]iURV�� )LOLFKNLQD� 7�� +D\HV� 30�� 6NLQQHU� -6�� /iQJ� /�� %HG � =�
�������7KH�9UQ�+��ORFXV�LV�D�PDMRU�GHWHUPLQDQW�RI�IORZHULQJ�WLPH�LQ�D�IDFXOWDWLYH�
î�ZLQWHU� JURZWK� KDELW� EDUOH\� �+RUGHXP� YXOJDUH� /��PDSSLQJ� SRSXODWLRQ�� 7KHRU�
$SSO�*HQHW���������������

.MDHU� %�� -HQVHQ� -�� *LHVH�+� �������4XDQWLWDWLYH� WUDLW� ORFL� IRU� KHDGLQJ� GDWH� DQG� VWUDZ�
FKDUDFWHUV�LQ�EDUOH\��*HQRPH��������������

.RPDWVXGD�7��/L�:��7DNDLZD�)��2ND�6� �������+LJK� UHVROXWLRQ�PDS� DURXQG� WKH� YUV��
ORFXV� FRQWUROOLQJ� WZR�URZHG� DQG� VL[URZHG� VSLNH� LQ� EDUOH\�� +RUGHXP� YXOJDUH��
*HQRPH������������

.yWL� .�� .DUVDL� ,�� 6] FV� 3�� +RUYiWK� &V�� 0pV]iURV� .�� .LVV� *%�� %HG|� =�� +D\HV� 30�
�������9DOLGDWLRQ�RI�WKH�WZR�JHQH�HSLVWDWLF�PRGHO�IRU�YHUQDOL]DWLRQ�UHVSRQVH�LQ�D�
ZLQWHU�[�VSULQJ�EDUOH\�FURVV��(XSK\WLFD�����������

/DXULH�'$��3UDWFKHWW�1��%H]DQW�-+��6QDSH�-:��������*HQHWLF�DQDO\VLV�RI�D�SKRWRSHULRG�
UHVSRQVH� JHQH� RQ� WKH� VKRUW� DUP� RI� FKURPRVRPH� �� ��+�� RI�+RUGHXP� YXOJDUH��
+HUHGLW\������������



� ���

/DXULH� '$�� 3UDWFKHWW� 1�� %H]DQW� -+�� 6QDSH� -:� ������� 5)/3�PDSSLQJ� RI� ILYH� PDMRU�
JHQHV� DQG� HLJKW� TXDQWLWDWLYH� WUDLW� ORFL� FRQWUROOLQJ� IORZHULQJ� WLPH� LQ� D� ZLQWHU� [�
VSULQJ�EDUOH\��+RUGHXP�YXOJDUH�/��FURVV��*HQRPH������������

/LX�<�� =HQJ�=%� �������$� JHQHUDO�PL[WXUH�PRGHO� DSSURDFK� IRU�PDSSLQJ� TXDQWLWDWLYH�
WUDLW� ORFL� IURP� GLYHUVH� FURVV� GHVLJQV� LQYROYLQJ�PXOWLSOH� LQEUHG� OLQHV��*HQHW�5HV�
������������

0DFDXOD\� 0�� 5DPVD\� /�� 3RZHOO� :�� :DXJK� 5� ������� $� UHSUHVHQWDWLYH�� KLJKO\�
LQIRUPDWLYH�
JHQRW\SLQJ�VHW
�RI�EDUOH\�665V��7KHRU�$SSO�*HQHW��������������

0HOFKLQJHU�$(��8W]�+)��6FK|Q�&&��������47/�DQDO\VHV�RI�FRPSOH[�WUDLWV�ZLWK�FURVV�
YDOLGDWLRQ��ERRWVWUDSSLQJ�DQG�RWKHU�ELRPHWULF�PHWKRGV��(XSK\WLFD����������

0RUDOHMR�0��6ZDQVWRQ�-6��0XxR]�3��3UDGD�'��(OLD�0��5XVVHOO�-5��5DPVD\�/��&LVWXH�/��
&RGHVDO� 3��&DVDV�$0��5RPDJRVD� ,�� 3RZHOO�:��0ROLQD�&DQR� -/� �������8VH� RI�
QHZ� (67� PDUNHUV� WR� HOXFLGDWH� WKH� JHQHWLF� GLIIHUHQFHV� LQ� JUDLQ� SURWHLQ� FRQWHQW�
EHWZHHQ�(XURSHDQ�DQG�1RUWK�$PHULFDQ� WZR�URZHG�PDOWLQJ�EDUOH\V��7KHRU�$SSO�
*HQHW�������������

0XUDQW\� +� ������� 3RZHU� RI� WHVWV� IRU� TXDQWLWDWLYH� WUDLW� ORFL� GHWHFWLRQ� XVLQJ� IXOO�VLE�
IDPLOLHV�LQ�GLIIHUHQW�VFKHPHV��+HUHGLW\������������

YDQ� 2RLMHQ� -:�� 9RRUULSV� 5(� ������� -RLQ0DS�� ����� 6RIWZDUH� IRU� WKH� FDOFXODWLRQ� RI�
JHQHWLF�OLQNDJH�PDSV��3ODQW�5HVHDUFK�,QWHUQDWLRQDO��:DJHQLQJHQ��1HWKHUODQGV��

YDQ�2RVWHURP� (-�� $FHYHGR� (� ������� $GDSWDWLRQ� RI� EDUOH\� �+RUGHXP� YXOJDUH� /� �� WR�
KDUVK�0HGLWHUUDQHDQ�HQYLURQPHQWV��,,,���3ODQW�LGHRW\SH�DQG�JUDLQ�\LHOG���(XSK\WLFD�
���������

3DQ�$��+D\HV�30��&KHQ�)��&KHQ�7++��%ODNH�7��:ULJKW�6��.DUVDL� ,��%HG|�=� �������
*HQHWLF� DQDO\VLV� RI� WKH� FRPSRQHQWV� RI� ZLQWHUKDUGLQHVV� LQ� EDUOH\� �+RUGHXP�
YXOJDUH�/���7KHRU�$SSO�*HQHW�������������

3LOOHQ� .�� %LQGHU� $�� .UHX]NDP� %�� 5DPVD\� /�� :DXJK� 5�� )|UVWHU� -�� /pRQ� -� �������
0DSSLQJ� QHZ� (0%/�GHULYHG� EDUOH\� PLFURVDWHOOLWHV� DQG� WKHLU� XVH� LQ�
GLIIHUHQWLDWLQJ�*HUPDQ�EDUOH\�FXOWLYDUV��7KHRU�$SSO�*HQHW�������������

5DH�6-��.HLWK�5��0DFNLH�$��0DWWKHZ�'��)HOL[�*��0RUULV�3&��2¶6XOOLYDQ�'��'RQLQL�3��
7KRPDV�:7%��������6PDOO�FURVV�PDSSLQJ�RI�EDUOH\�TXDOLW\�FKDUDFWHUV��(XFDUSLD�
PHHWHLQJ��&HUHDOV�6HFWLRQ��/OHLGD��6SDLQ��1RYHPEHU�������

5DPVD\�/��0DFDXOD\�0��GHJOL�,YDQLVVHYLFK�6��0DF/HDQ�.��&DUGOH�/��)XOOHU�-��(GZDUGV�
.-�� 7XYHVVRQ� 6�� 0RUJDQWH�0��0DVVDUL� $��0DHVWUL� (�� 0DUPLUROL� 1�� 6MDNVWH� 7��



����

*DQDO�0�� 3RZHOO�:��:DXJK�5� �������$� VLPSOH� VHTXHQFH� UHSHDW�EDVHG� OLQNDJH�
PDS�RI�EDUOH\��*HQHWLFV���������������

5HEDw�$��*RIILQHW� %� �������0RUH� DERXW� TXDQWLWDWLYH� WUDLW� ORFXV�PDSSLQJ�ZLWK� GLDOOHO�
GHVLJQV��*HQHW�5HV�������±����

5RVWRNV� 1�� 0XGLH� 6�� &DUGOH� /�� 5XVVHOO� -�� 5DPVD\� /�� %RRWK� $�� 6YHQVVRQ� -7��
:DQDPDNHU�6,��:DOLD�+��5RGULJXH]�(0��+HGOH\�3(��/LX�+��0RUULV�-��&ORVH�7-��
0DUVKDOO�')��:DXJK�5��������*HQRPH�ZLGH�613�GLVFRYHU\�DQG�OLQNDJH�DQDO\VLV�
LQ� EDUOH\� EDVHG� RQ� JHQHV� UHVSRQVLYH� WR� DELRWLF� VWUHVV�� 0RO� *HQ� *HQRPLFV�
������������

6DNDPRWR�<�� ,VKLJXUR�0�� .LWDJDZD�*� ������� $NDLNH� LQIRUPDWLRQ� FULWHULRQ� VWDWLVWLFV��
.7.�6FLHQWLILF�3XEOLVKHUV��7RN\R��SS��������

6FKZDU]�*���������(VWLPDWLQJ�WKH�GLPHQVLRQ�RI�D�PRGHO��$QQ�6WDWLVWLF�����������
6WUDFNH�6��%|UQHU�$��������0ROHFXODU�PDSSLQJ�RI�WKH�SKRWRSHULRG�UHVSRQVH�JHQH�HD��LQ�

EDUOH\��7KHRU�$SSO�*HQHW������������
6ZDQVWRQ� -6��5XVVHOO� -5�� 3pUH]�9HQGUHOO�$0��(OLD�0��0RUDOHMR�0��0ROLQD�&DQR� -/�

�������(IILFLHQW�VHOHFWLRQ�RI� �JOXFDQ�FRQWHQW�HQKDQFHV�ZLGHU�XWLOLVDWLRQ�RI�EDUOH\�
JUDLQ��(XFDUSLD�PHHWHLQJ��&HUHDOV�6HFWLRQ��/OHLGD��6SDLQ��1RYHPEHU�������

6] FV�3��.DUVDL�,��YRQ�=LW]HZLW]��&RRSHU�/��*X�<��&KHQ�7��+D\HV�3��6NLQQHU�-��������
3RVLWLRQDO� UHODWLRQVKLSV� EHWZHHQ� SKRWRSHULRG� UHVSRQVH� 47/� DQG� SKRWRUHFHSWRU�
DQG�YHUQDOL]DWLRQ�JHQHV�LQ�EDUOH\��7KHRU�$SSO�*HQHW���������������

6] FV�3��6NLQQHU�-6��.DUVDL�,��&XHVWD�0DUFRV�$��+DJJDUG�.*��&RUH\�$(��&KHQ�7++��
+D\HV� 30� �������9DOLGDWLRQ� RI� WKH�951�+��951�+�� HSLVWDWLF�PRGHO� LQ� EDUOH\�
UHYHDOV� WKDW� LQWURQ� OHQJWK�YDULDWLRQ� LQ�951�+��PD\� DFFRXQW� IRU� D� FRQWLQXXP�RI�
YHUQDOL]DWLRQ�VHQVLWLYLW\��0RO�*HQHW�*HQRP����������V�����������������

7UHYDVNLV� %�� +HPPLQJ� 01�� 3HDFRFN� :-�� 'HQQLV� (6� �������+Y951�� 5HVSRQGV� WR�
GD\OHQJWK�� ZKHUHDV� +Y951�� LV� UHJXODWHG� E\� YHUQDOL]DWLRQ� DQG� GHYHORSPHQWDO�
VWDWXV��3ODQW�3K\VLRO���������������

7XUQHU� $�� %HDOHV� -�� )DXUH� 6�� 'XQIRUG� 53�� /DXULH� '$� ������� 7KH� SVHXGR�UHVSRQVH�
UHJXODWRU� 3SG�+�� SURYLGHV� DGDSWDWLRQ� WR� SKRWRSHULRG� LQ� EDUOH\�� 6FLHQFH�
��������±�����

9DUVKQH\� 5.�� *UDQHU� $�� 6RUUHOOV� 0(� ������� *HQRPLFV�DVVLVWHG� EUHHGLQJ� IRU� FURS�
LPSURYHPHQW��7UHQGV�LQ�3ODQW�6FLHQFH������������

:HQ]O�3��/L�+��&DUOLQJ�-��=KRX�0��5DPDQ�+��3DXO�(��+HDUQGHQ�3��0DLHU�&��;LD�/��&DLJ�
9��2YHVQD�-��&DNLU�0��3RXOVHQ�'��:DQJ�-��5DPDQ�5��6PLWK�.3��0XHKOEDXHU�*-��



� ���

&KDOPHUV�.-��.OHLQKRIV�$��+XWWQHU�(��.LOLDQ�$��������$�KLJK�GHQVLW\�FRQVHQVXV�
PDS�RI�EDUOH\�OLQNLQJ�'$U7�PDUNHUV�WR�665��5)/3�DQG�676�ORFL�DQG�DJULFXOWXUDO�
WUDLWV��%0&�*HQRPLFV�����������

;X� 6=� �������0DSSLQJ� TXDQWLWDWLYH� WUDLW� ORFL� XVLQJ�PXOWLSOH� IDPLOLHV� RI� OLQH� FURVVHV��
*HQHWLFV��������������

<DQ� /�� /RXNRLDQRY� $�� 7UDQTXLOOL� *�� +HOJXHUD� 0�� )DKLPD� 7�� 'XEFRYVN\� -� �������
3RVLWLRQDO� FORQLQJ� RI� WKH� ZKHDW� YHUQDOL]DWLRQ� JHQH�951��� 3URF� 1DWO� $FDG� 6FL��
86$���������������

<DQ� /�� /RXNRLDQRY� $�� %OHFKO� $�� 7UDQTXLOOL� *�� 5DPDNULVKQD� :�� 6DQ0LJXHO� 3��
%HQQHW]HQ� -/�� (FKHQLTXH� 9�� 'XEFRYVN\� -� ������� 7KH� ZKHDW� 951�� JHQH� LV� D�
IORZHULQJ�UHSUHVVRU�GRZQ�UHJXODWHG�E\�YHUQDOL]DWLRQ��6FLHQFH���������������

<DQ�/��)X�'��/L�&��%OHFKO�$��7UDQTXLOOL�*��%RQDIHGH�0��6DQFKH]�$��9DODULN�0��<DVXGD�
6�� 'XEFRYVN\� -� ������� 7KH� ZKHDW� DQG� EDUOH\� YHUQDOL]DWLRQ� JHQH� 951�� LV� DQ�
RUWKRORJXH�RI�)7��3URF�1DWO�$FDG�6FL��86$�����������������

=HQJ�=%��������3UHFLVLRQ�PDSSLQJ�RI�TXDQWLWDWLYH�WUDLW�ORFL��*HQHWLFV���������������
YRQ�=LW]HZLW]�-��6] FV�3��'XEFRYVN\�-��<DQ�/��3HFFKLRQL�1��)UDQFLD�(��&DVDV�$��&KHQ�

7++��+D\HV�30��6NLQQHU�-6��������0ROHFXODU�DQG�VWUXFWXUDO�FKDUDFWHUL]DWLRQ�RI�
EDUOH\�YHUQDOL]DWLRQ�JHQHV��3ODQW�0RO�%LRO�������±����
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&DStWXOR���
�

9DOLGDWLRQ�RI�WKH�951�+��951�+��
HSLVWDWLF�PRGHO�LQ�EDUOH\�UHYHDOV�WKDW�LQWURQ�
OHQJWK�YDULDWLRQ�LQ�951�+��PD\�DFFRXQW�
IRU�D�FRQWLQXXP�RI�YHUQDOL]DWLRQ�VHQVLWLYLW\��



�
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&DStWXOR����9DOLGDWLRQ�RI�WKH�951�+��951�+��HSLVWDWLF�PRGHO�LQ�
EDUOH\�UHYHDOV�WKDW�LQWURQ�OHQJWK�YDULDWLRQ�LQ�951�+��PD\�DFFRXQW�

IRU�D�FRQWLQXXP�RI�YHUQDOL]DWLRQ�VHQVLWLYLW\��
�
3pWHU�6] FV������-HIIUH\�6��6NLQQHU������,OGLNy�.DUVDL���$OIRQVR�&XHVWD�0DUFRV���
.DOH�*��+DJJDUG���$QQ�(��&RUH\���7RQ\�+��+��&KHQ��DQG�3DWULFN�0��+D\HV���
�
�
��� 'HSDUWPHQW� RI� &URS� DQG� 6RLO� 6FLHQFH�� 2UHJRQ� 6WDWH� 8QLYHUVLW\�� ���� &URS� 6FLHQFH�
%XLOGLQJ��&RUYDOOLV��25��������86$��
�� $JULFXOWXUDO� 5HVHDUFK� ,QVWLWXWH� RI� WKH� +XQJDULDQ� $FDGHP\� RI� 6FLHQFHV�� �����
0DUWRQYiViU��+XQJDU\��
��'HSDUWPHQW�RI�+RUWLFXOWXUH��2UHJRQ�6WDWH�8QLYHUVLW\��&RUYDOOLV��25��������86$��
��'HSDUWPHQW�RI�*HQHWLFV�DQG�3ODQW�3URGXFWLRQ��$XOD�'HL�([SHULPHQWDO�6WDWLRQ��&6,&��
������=DUDJR]D��6SDLQ��
��
�
0ROHFXODU�*HQHWLFV�DQG�*HQRPLFV��5HFHLYHG�����$XJXVW�������$FFHSWHG����1RYHPEHU�
������3XEOLVKHG�RQOLQH����'HFHPEHU�������
�
�



����

���� $EVWUDFW�
�
7KH� HSLVWDWLF� LQWHUDFWLRQ� RI� DOOHOHV� DW� WKH�951�+�� DQG�951�+�� ORFL� GHWHUPLQHV�

YHUQDOL]DWLRQ�VHQVLWLYLW\�LQ�EDUOH\��7R�YDOLGDWH�WKH�FXUUHQW�PROHFXODU�PRGHO�IRU�WKH�WZR�
ORFXV� HSLVWDVLV�� ZH� FURVVHG� KRPR]\JRXV� YHUQDOL]DWLRQ�LQVHQVLWLYH� SODQWV� KDUERULQJ� D�
SUHGLFWHG�³ZLQWHU� W\SH´�DOOHOH�DW�HLWKHU�951�+�� �'LFNWRR��RU�951�+�� �2UHJRQ�:ROIH�
%DUOH\�'RPLQDQW���RU�DW�ERWK�951�+��&DOLFXFKLPD�VLE��ORFL�DQG�PHDVXUHG�WKH�IORZHULQJ�
WLPH�RI�XQYHUQDOL]HG�)��SURJHQ\�XQGHU�ORQJ�GD\�SKRWRSHULRG��:H�DVVHVVHG�ZKHWKHU�WKH�
VSULQJ�JURZWK�KDELW�RI�&DOLFXFKLPD�VLE�LV�DQ�H[FHSWLRQ�WR�WKH�WZR�ORFXV�HSLVWDWLF�PRGHO�
RU�FRQWDLQV�QRYHO�³VSULQJ´�DOOHOHV�DW�951�+���+Y%0�$��DQG�RU�951�+���=&&7�+��E\�
GHWHUPLQLQJ� DOOHOH� VHTXHQFH� YDULDQWV� DW� WKHVH� ORFL� DQG� WKHLU� HIIHFWV� UHODWLYH� WR� JURZWK�
KDELW��:H�IRXQG�WKDW��D��SURJHQ\�ZLWK�SUHGLFWHG�³ZLQWHU�W\SH´�DOOHOHV�DW�ERWK�951�+��
DQG� 951�+�� DOOHOHV� H[KLELWHG� DQ� H[WUHPHO\� GHOD\HG� IORZHULQJ� �L�H�� YHUQDOL]DWLRQ�
VHQVLWLYH��SKHQRW\SH� LQ� WZR�RXW�RI� WKH� WKUHH�)��SRSXODWLRQV�� �E�� VHTXHQFH� IODQNLQJ� WKH�
YHUQDOL]DWLRQ� FULWLFDO� UHJLRQ� RI� +Y%0�$� LQWURQ� �� OLNHO\� LQIOXHQFHV� GHJUHH� RI�
YHUQDOL]DWLRQ�VHQVLWLYLW\���F��D�ZLQWHU�KDELW�LV�UHWDLQHG�ZKHQ�=&&7�+D�KDV�EHHQ�GHOHWHG��
DQG� �G�� WKH� =&&7�+� JHQHV� KDYH� KLJKHU� OHYHOV� RI� DOOHOLF� SRO\PRUSKLVP� WKDQ� RWKHU�
ZLQWHUKDUGLQHVV�UHJXODWRU\�JHQHV��2XU�UHVXOWV�YDOLGDWH�WKH�PRGHO�H[SODLQLQJ�WKH�HSLVWDWLF�
LQWHUDFWLRQ�RI�951�+��DQG�951�+��XQGHU�ORQJ�GD\�FRQGLWLRQV��GHPRQVWUDWH�UHFRYHU\�RI�
YHUQDOL]DWLRQ�VHQVLWLYH� SURJHQ\� IURP� FURVVHV� RI� YHUQDOL]DWLRQ�LQVHQVLWLYH� JHQRW\SHV��
VKRZ� WKDW� LQWURQ� OHQJWK� YDULDWLRQ� LQ� 951�+�� PD\� DFFRXQW� IRU� D� FRQWLQXXP� RI�
YHUQDOL]DWLRQ�VHQVLWLYLW\��DQG�SURYLGH�PROHFXODU�PDUNHUV�WKDW�DUH�DFFXUDWH�SUHGLFWRUV�RI�
³ZLQWHU�YV�VSULQJ�W\SH´�DOOHOHV�DW�WKH�951�+�ORFL���

�
.H\ZRUGV����%0���&HUHDO��+RUGHXP�YXOJDUH��+Y957����7ULWLFHDH��951���951����
951���951��
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���� ,QWURGXFWLRQ�
�
7KH� FDSDFLW\� RI� WHPSHUDWH� JUDVVHV� WR� VXUYLYH� WKH�ZLQWHU� �L�H��ZLQWHUKDUGLQHVV�� LV�

DVVRFLDWHG�ZLWK�DQ�H[WHQGHG�H[SRVXUH�WR�ORZ�WHPSHUDWXUH��L�H��YHUQDOL]DWLRQ��LQ�RUGHU�WR�
SURSHUO\�UHJXODWH�WKH�WUDQVLWLRQ�IURP�YHJHWDWLYH�WR�UHSURGXFWLYH�JURZWK��8QGHUVWDQGLQJ�
WKH� JHQHWLFV� RI� YHUQDOL]DWLRQ� LV� D� SUHUHTXLVLWH� WR� LPSURYLQJ� ZLQWHUKDUGLQHVV�� DQG�
LPSURYHG�ZLQWHUKDUGLQHVV�ZLOO� DOORZ� IRU�PRUH� VXVWDLQDEOH� DQG� SURGXFWLYH� FHUHDO� FURS�
SURGXFWLRQ���

%DVHG� RQ�ZLQWHUKDUGLQHVV� WUDLWV�� WKH� JURZWK� KDELWV� RI� EDUOH\� �+RUGHXP� YXOJDUH�
VXEVS�� YXOJDUH�²WKH� VHFRQG�PRVW� LPSRUWDQW� WHPSHUDWH� FHUHDO� FURS� LQ� WKH�ZRUOG²DUH�
FODVVLILHG� DV� ZLQWHU�� IDFXOWDWLYH�� RU� VSULQJ�� 7KH� WHUP� ³YHUQDOL]DWLRQ� UHTXLUHPHQW´� LV�
PLVOHDGLQJ��DV�HYHQ�ZLQWHU�JURZWK�KDELW�EDUOH\�JHQRW\SHV�GR�QRW�³UHTXLUH´�YHUQDOL]DWLRQ�
SHU�VH�DV�WKH\�HYHQWXDOO\�ZLOO�IORZHU�XQGHU�FRQWLQXDO�ZDUP�WHPSHUDWXUHV�DQG�IDYRUDEOH�
JURZWK� FRQGLWLRQV�� )ORZHULQJ� RI� ZLQWHU� KDELW� JHQRW\SHV�� ZKLOH� VR� GHOD\HG� LQ� WKH�
DEVHQFH� RI� YHUQDOL]DWLRQ� DV� WR� EH� DJURQRPLFDOO\� XQDFFHSWDEOH�� LV� VLJQLILFDQWO\�
DFFHOHUDWHG�E\�YHUQDOL]DWLRQ��:H�XWLOL]H�WKH�WHUPV�³YHUQDOL]DWLRQ�VHQVLWLYLW\´�WR�LQGLFDWH�
WKH� GHOD\� LQ� IORZHULQJ� WLPH� DWWULEXWDEOH� WR� D� ODFN� RI� YHUQDOL]DWLRQ� XQGHU� ORQJ�GD\�
FRQGLWLRQV� DQG� ³YHUQDOL]DWLRQ� UHVSRQVH´� WR� LQGLFDWH� WKH� GLIIHUHQFH� LQ� IORZHULQJ� WLPH�
EHWZHHQ�XQYHUQDOL]HG�DQG�YHUQDOL]HG�JURZWK�FRQGLWLRQV���

7KH� JHQHWLF� EDVLV� RI� YHUQDOL]DWLRQ� VHQVLWLYLW\� LQ� EDUOH\�ZDV� ILUVW� GHVFULEHG� DV� D�
WKUHH�ORFXV� HSLVWDWLF� PRGHO� EDVHG� RQ� SKHQRW\SLF� GDWD� �7DNDKDVKL� DQG� <DVXGD� �������
8VLQJ�FXUUHQW�QRPHQFODWXUH�DQG�FKURPRVRPH�GHVLJQDWLRQV��WKH�ORFL�DUH�951�+�� ��+���
951�+�� ��+�� DQG�951�+�� ��+���:LQWHU� JHQRW\SHV�KDYH� WKH� DOOHOLF� DUFKLWHFWXUH�9UQ�
+�B�YUQ�+�YUQ�+��YUQ�+�YUQ�+��DQG�DOO�RWKHU�DOOHOLF�FRQILJXUDWLRQV� OHDG� WR�D� ODFN�RI�
VLJQLILFDQW�YHUQDOL]DWLRQ�UHVSRQVH��L�H��VSULQJ�RU�IDFXOWDWLYH�JURZWK�KDELWV���7KHUH�LV�QR�
DOOHOLF� YDULDWLRQ� DW�951�+�� LQ�PRVW� FXOWLYDWHG� EDUOH\� JHQRW\SHV�� UHGXFLQJ� WKH� JHQHWLF�
PRGHO�WR�D�WZR�ORFXV�HSLVWDWLF�PRGHO���

+Y%0�$�� D�0$'6�ER[� IORUDO� PHULVWHP� LGHQWLW\� JHQH� DQG�PHPEHU� RI� WKH� $3��
WUDQVFULSWLRQ� IDFWRU� IDPLO\� �6FKPLW]� HW� DO�� ������� LV� FRQVLGHUHG� WKH�GHWHUPLQDQW� RI� WKH�
951�+��ORFXV��)RU�QRPHQFODWXUDO�VLPSOLFLW\��ZH�XVH�WKH�951�+��GHVLJQDWLRQ�WR�UHIHU�
WR� ERWK� WKH� ORFXV� DQG� LWV� HIIHFWHU� JHQH�� 7KH� H[SUHVVLRQ� RI� 951�+�� DQG� LWV� ZKHDW�
RUWKRORJV�FRUUHODWHV�ZLWK�YHUQDOL]DWLRQ�UHVSRQVH��ZKHUH� LQFUHDVHG�H[SUHVVLRQ�SURPRWHV�
IORZHULQJ��'DQ\OXN�HW�DO��������'XEFRYVN\�HW�DO��������/RXNRLDQRY�HW�DO��������0XUDL�
HW�DO��������7UHYDVNLV�HW�DO��������������YRQ�=LW]HZLW]�HW�DO��������<DQ�HW�DO���������,Q�
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ZKHDW� DQG� EDUOH\�� DOOHOLF� YDULDWLRQ� DW� 951��� LV� DVVRFLDWHG� ZLWK� PXWDWLRQV� LQ� WKH�
SURPRWHU� DQG�RU� ILUVW� LQWURQ�� :KLOH� SURPRWHU� PXWDWLRQV� LQ� D� &$U*�OLNH� PRWLI� ZHUH�
LQLWLDOO\�UHSRUWHG�WR�DFFRXQW�IRU�GLIIHUHQFHV�LQ�JURZWK�KDELW�RI�ZKHDW��<DQ�HW�DO���������
WKLV�&$U*�OLNH�PRWLI�ZDV�IRXQG�WR�EH�LQYDULDQW�LQ�EDUOH\�JHQRW\SHV�GLIIHULQJ�LQ�JURZWK�
KDELW��YRQ�=LW]HZLW]�HW�DO���������6XEVHTXHQWO\��7��PRQRFRFFXP�VSULQJ�KDELW�JHQRW\SHV�
ZHUH� LGHQWLILHG� WKDW� ODFN�&$U*�PRWLI�PXWDWLRQV� OLNH�EDUOH\� �<DQ� HW� DO�� ����D���/DUJH�
������NE�� GHOHWLRQV� ZLWKLQ� WKH� ILUVW� LQWURQ� LQ� 951��� ZHUH� LGHQWLILHG� DV� PRUH� OLNHO\�
GHWHUPLQDQWV� RI� VSULQJ� JURZWK� KDELW� LQ� ERWK� EDUOH\� DQG� ZKHDW� DQG� WKH� SURSRVHG� NH\�
UHJXODWRU\�UHJLRQ�KDV�EHHQ�QDUURZHG�GRZQ�WR�D�KLJKO\�FRQVHUYHG������NE�³YHUQDOL]DWLRQ�
FULWLFDO�UHJLRQ´��)X�HW�DO��������YRQ�=LW]HZLW]�HW�DO����������

$� ]LQF� ILQJHU�&&7� �&2167$16�� &2167$16�OLNH�� DQG� 72&�� GRPDLQ�
WUDQVFULSWLRQ� IDFWRU� �=&&7��� HQFRGLQJ� D� IORZHULQJ� UHSUHVVRU� GRZQ�UHJXODWHG� E\�
YHUQDOL]DWLRQ�� LV� WKH� GHWHUPLQDQW� RI� WKH� ZKHDW� DQG� EDUOH\� 951��� ORFXV� �<DQ� HW� DO��
����E��� $OOHOLF� YDULDWLRQ� DW� WKLV� ORFXV� LV� DVFULEHG� WR� ORVV�RI�IXQFWLRQ� PXWDWLRQV� RU�
FRPSOHWH�GHOHWLRQ�� OHDGLQJ�WR�UHFHVVLYH�LQKHULWDQFH�RI�VSULQJ�JURZWK�KDELW��'XEFRYVN\�
HW�DO��������.DUVDL�HW�DO��������YRQ�=LW]HZLW]�HW�DO��������<DQ�HW�DO������E���7KHUH�DUH�
WKUHH�WLJKWO\�OLQNHG�=&&7�JHQHV�LQ�EDUOH\��=&&7�+D��=&&7�+E�DQG�=&&7�+F��DQG�WZR�
LQ�GLSORLG�ZKHDW��=&&7���DQG�=&&7����DW�WKLV�ORFXV��'XEFRYVN\�HW�DO��������.DUVDL�HW�
DO��������<DQ�HW�DO������E���=&&7���DQG�=&&7�+D� LQ�ZKHDW�DQG�EDUOH\�� UHVSHFWLYHO\��
KDYH�EHHQ�UHSRUWHG�WR�EH�WKH�PRVW�OLNHO\�FDQGLGDWHV�IRU�951����'XEFRYVN\�HW�DO��������
<DQ�HW�DO������E����

7KH� WZR�ORFXV� HSLVWDWLF�951� JHQH� LQWHUDFWLRQ� KDV� EHHQ� VXSSRUWHG� E\� H[WHQVLYH�
SKHQRW\SLF�GDWD�LQ�ZKHDW�DQG�EDUOH\�SRSXODWLRQV�GHULYHG�IURP�FURVVHV�RI�YHUQDOL]DWLRQ�
VHQVLWLYH� �L�H�� ZLQWHU�� E\� YHUQDOL]DWLRQ�LQVHQVLWLYH� �L�H�� IDFXOWDWLYH� RU� VSULQJ�� JURZWK�
KDELWV��'XEFRYVN\�HW�DO��������������������)X�HW�DO��������.DUVDL�HW�DO��������.yWL�HW�DO��
������/DXULH�HW�DO��������7DNDKDVKL�DQG�<DVXGD�������7UDQTXLOOL�DQG�'XEFRYVN\�������
<DQ�HW�DO������������D��E���<DQ�HW�DO�������������D��E��SURSRVHG�D�PROHFXODU�PRGHO�WR�
H[SODLQ� WKH� 951���951��� HSLVWDWLF� LQWHUDFWLRQ� LQ� FHUHDOV� ZKHUH� 9UQ��� HQFRGHV� D�
GRPLQDQW� UHSUHVVRU²GRZQ�UHJXODWHG� E\� YHUQDOL]DWLRQ²WKDW� LQKLELWV� WKH� H[SUHVVLRQ� RI�
YUQ���DOOHOHV��,Q�WKLV�PRGHO��QR�YHUQDOL]DWLRQ�VHQVLWLYLW\�LV�SUHGLFWHG�LQ�JHQRW\SHV�ZLWK�
UHFHVVLYH� YUQ��� DOOHOHV� �ORVV�RI�IXQFWLRQ� PXWDWLRQV� RU� FRPSOHWH� GHOHWLRQV� RI� =&&7���
UHJDUGOHVV�RI�DOOHOLF�VWDWH�DW�951����/LNHZLVH��JHQRW\SHV�ZLWK�ERWK�GRPLQDQW�9UQ���DQG�
9UQ���DOOHOHV��ODFNLQJ�D�UHSUHVVRU�ELQGLQJ�VLWH�LQ�WKH�SURPRWHU�DQG�RU�LQ�WKH�LQWURQ����DUH�
DOVR�SUHGLFWHG�WR�VKRZ�PLQLPDO�YHUQDOL]DWLRQ�VHQVLWLYLW\���



�����

7KHUH� LV� HYLGHQFH� WKDW� WKH� SKRWRSHULRG� DQG� YHUQDOL]DWLRQ� SDWKZD\V� RI� IORZHULQJ�
DUH� LQWHUFRQQHFWHG�� +LJK� OHYHOV� RI� EDUOH\� DQG�ZKHDW�=&&7� H[SUHVVLRQ� ZHUH� GHWHFWHG�
RQO\� ZKHQ� SKRWRSHULRG�UHVSRQVLYH� SODQWV� ZHUH� JURZQ� XQGHU� ORQJ�GD\� SKRWRSHULRG�
�'XEFRYVN\� HW� DO�� ������ 7UHYDVNLV� HW� DO�� ������� SURYLGLQJ� D� PROHFXODU� EDVLV� IRU�
H[SODLQLQJ�TXDQWLWDWLYH�WUDLW�ORFXV��47/��DVVRFLDWLRQV�EHWZHHQ�951�+��DQG�SKRWRSHULRG�
�.DUVDL� HW� DO�� ������ ������/DXULH� HW� DO�� ������6] FV� HW� DO�� �������=&&7� H[SUHVVLRQ� LV�
UHSUHVVHG� LQ� SKRWRSHULRG�UHVSRQVLYH� ZKHDW� DQG� EDUOH\� SODQWV� JURZQ� XQGHU� VKRUW�GD\�
FRQGLWLRQV��DW�ERWK�FROG�DQG�ZDUP�WHPSHUDWXUHV���\HW�QR�LQFUHDVH�LQ�951���H[SUHVVLRQ�LV�
REVHUYHG� IRU� VHYHUDO� ZHHNV�� VXJJHVWLQJ� WKH� H[LVWHQFH� RI� DW� OHDVW� RQH� RWKHU� 951���
UHSUHVVRU��'XEFRYVN\�HW�DO��������7UHYDVNLV�HW�DO���������$�FDQGLGDWH�JHQH�LV�957����D�
SXWDWLYH�IORZHULQJ�UHSUHVVRU�0$'6�ER[�JHQH�UHJXODWHG�E\�ERWK�YHUQDOL]DWLRQ�DQG�GD\�
OHQJWK� WKDW� VKRZV� KLJKHU� H[SUHVVLRQ� XQGHU� VKRUW�GD\� YV� ORQJ�GD\� LQ� D� SKRWRSHULRG�
VHQVLWLYH�EDUOH\��.DQH�HW�DO���������+Y957����RQ�WKH�VKRUW�DUP�RI�FKURPRVRPH��+��LV�
DVVRFLDWHG�ZLWK�SKRWRSHULRG�VHQVLWLYLW\�47/�LQ�EDUOH\��6] FV�HW�DO����������

2XU� REMHFWLYH� LQ� WKLV� VWXG\� ZDV� WR� JHQHWLFDOO\� YDOLGDWH� WKH� 951�+��951�+��
HSLVWDWLF�PRGHO�XQGHU�ORQJ�GD\�SKRWRSHULRG��XVLQJ�JHQRW\SLF�DQG�SKHQRW\SLF�GDWD�IURP�
WKUHH�)��SRSXODWLRQV��:H�H[DPLQHG�DOOHOLF�YDULDWLRQ�DW�WKH�GRPLQDQW�9UQ�+��DQG�9UQ�+��
ORFL� WR�GHILQH� WKH� UROH��RU� UROHV��RI� WKH�GXSOLFDWHG�=&&7�+� JHQHV�DQG� WKH�QXPEHU�DQG�
VWUXFWXUH�RI�UHJXODWRU\�VLWHV�LQ�951�+��DQG�KRZ�WKHVH�UHODWH�WR�WKH�WLPLQJ�RI�IORZHULQJ�
DQG�VHQVLWLYLW\�WR�YHUQDOL]DWLRQ��

�
�

���� 0DWHULDOV�DQG�0HWKRGV�
�
3ODQW�PDWHULDOV�DQG�SKHQRW\SH�HYDOXDWLRQ�
'LFNWRR� �'W�� �+D\HV� HW� DO�� ������� WKH� 2UHJRQ�:ROIH� %DUOH\� 'RPLQDQW� JHQHWLF�

VWRFN� �KHUHDIWHU� UHIHUUHG� WR� DV� 2:%�'� RU� 2G�� �:ROIH� DQG� )UDQFNRZLDN� ������� DQG�
&DOLFXFKLPD�VLE��&E���+D\HV�HW�DO��������DUH�YHUQDOL]DWLRQ�LQVHQVLWLYH�EDUOH\�JHQRW\SHV��
'LFNWRR�KDV�D�ZLQWHU��L�H��UHFHVVLYH��YUQ�+��DOOHOH�DQG�D�VSULQJ��L�H��UHFHVVLYH��YUQ�+��
DOOHOH�GXH�WR�GHOHWLRQ�RI�DOO�WKUHH�=&&7�+�JHQHV��)X�HW�DO��������.DUVDL�HW�DO��������YRQ�
=LW]HZLW]�HW�DO�������²WKLV�DOOHOH�FRQILJXUDWLRQ��YUQ�+�YUQ�+��YUQ�+�YUQ�+���GHILQHV�
WKH�IDFXOWDWLYH�JURZWK�KDELW��2:%�'�KDV�D�VSULQJ��L�H��GRPLQDQW��9UQ�+��DOOHOH�GXH�WR�D�
ODUJH�GHOHWLRQ�RI�WKH�LQWURQ���YHUQDOL]DWLRQ�FULWLFDO�UHJLRQ��)X�HW�DO��������DQG�D�ZLQWHU�
�L�H�� GRPLQDQW�� 9UQ�+�� DOOHOH� FRQWDLQLQJ� DOO� WKUHH� =&&7�+� JHQHV� �VHH� 5HVXOWV��� 7KH�



�����

VSULQJ�JURZWK�KDELW�&DOLFXFKLPD�VLE��ZKLOH�FRQWDLQLQJ�WKH�=&&7�+�JHQHV�DQG�951�+��
LQWURQ���YHUQDOL]DWLRQ�FULWLFDO�UHJLRQ��LV�GHOHWHG�IRU�VHTXHQFH�IODQNLQJ�WKH�FULWLFDO�UHJLRQ�
�VHH�5HVXOWV����

7KH� WKUHH� JHQRW\SHV� ZHUH� FURVVHG� WR� SURGXFH� WKUHH� VHJUHJDWLQJ� SRSXODWLRQV�
�'LFNWRR�î�2:%�'��'W�î�2G���'LFNWRR�î�&DOLFXFKLPD�VLE��'W�î�&E���DQG�&DOLFXFKLPD�
VLE�î�2:%�'� �&E�î�2G��� DQG� WHVW� IRU� YHUQDOL]DWLRQ� VHQVLWLYLW\� DQG�GHWHUPLQH�ZKHWKHU�
WKH� &DOLFXFKLPD�VLE� VSULQJ� KDELW� LV� DQ� H[FHSWLRQ� WR� WKH� WZR�ORFXV� HSLVWDWLF� PRGHO� RU�
FRQWDLQV�QRYHO�³VSULQJ´�DOOHOHV�DW�951�+��DQG�RU�951�+���)��SODQWV�GHULYHG�IURP�HDFK�
RI� WKH� WKUHH�SDUHQWDO�FURVVHV�ZHUH�VHOI�IHUWLOL]HG� WR�SURGXFH� WKUHH�)��SRSXODWLRQV�RI����
SODQWV� HDFK�� )RU� FRPSDULVRQ� RI� IORZHULQJ� WLPH� DQG�RU� DOOHOLF� YDULDWLRQ� DW� WKH�951�+�
ORFL�� WKUHH� DFFHVVLRQV� RI� NQRZQ� ZLQWHU� JURZWK� KDELW� ZHUH� XVHG�� .RPSROWL� NRUDL²
GHVFULEHG�E\�.DUVDL�HW�DO����������+RRG\²UHOHDVHG�LQ������E\�WKH�2UHJRQ�$JULFXOWXUDO�
([SHULPHQW�6WDWLRQ�� DQG� WKH�+RUGHXP�YXOJDUH� VXEVS�� VSRQWDQHXP� DFFHVVLRQ�&DHVDUHD�
��±����DOVR�NQRZQ�DV�268���²GHVFULEHG�E\�.DUVDL�HW�DO�����������

9HUQDOL]DWLRQ� VHQVLWLYLW\� ZDV� PHDVXUHG� EDVHG� RQ� WKH� PHWKRG� RI� 7DNDKDVKL� DQG�
<DVXGD���������$OO�SODQWV�ZHUH�JURZQ�XQGHU�JUHHQKRXVH�FRQGLWLRQV�ZLWK�VXSSOHPHQWDO�
OLJKW� RQ� D� ���K� OLJKW����K� SKRWRSHULRG� DQG� D� FRQVWDQW� ���������&� GD\� DQG� QLJKW�
WHPSHUDWXUH��ZLWKRXW�DQ\�YHUQDOL]DWLRQ��7KH�QXPEHU�RI�GD\V�IURP�VHHGOLQJ�HPHUJHQFH�WR�
IORZHULQJ²=DGRFN¶V� VFDOH� GHYHORSPHQWDO� SKDVH� �� DQG� ���� UHVSHFWLYHO\� �7RWWPDQ� DQG�
0DNHSHDFH� �����²ZHUH� VFRUHG� IRU� HDFK� SODQW�� 7KH� H[SHULPHQW� ZDV� WHUPLQDWHG�
����GD\V� DIWHU� SODQWLQJ�� DQG� SODQWV� WKDW� KDG� QRW� IORZHUHG� ZHUH� DVVLJQHG� D� GD\V� WR�
IORZHULQJ�YDOXH�RI�������

�
$OOHOH�VHTXHQFLQJ�DQG�JHQRW\SLQJ�
7KH�IROORZLQJ�SULPHU�VHW�ZDV�GHVLJQHG�WR�FORQH�DQG�VHTXHQFH�IXOO�OHQJWK�=&&7�

+D� DQG� =&&7�+E� JHQHV�� =&&7+���)� �� �WFDDDWDWWFWDJFDJWJJFFWWJ�� �� WR� D� FRQVHUYHG�
VHJPHQW�RI�WKH�� �875V�RI�SXEOLVKHG�EDUOH\�SDUWLDO�=&&7�+�JHQH�VHTXHQFHV�$<�������
DQG�$<������� DQG�=&&7����5� �� �WJJFJJWFJWJDWJJWWWDFWF�� �� WR� D� FRQVHUYHG� � �875�
UHJLRQ� RI� WKH�7ULWLFXP�PRQRFRFFXP� IXOO�OHQJWK�=&&7��� DQG�=&&7��� JHQH� VHTXHQFHV�
�$<��������� 3ULPHUV� =&&7�+F)� �� �FDFFDWFJFDWJDWJFDF�� �� DQG� =&&7�+F5� �� �
WFDWDWJJFJDDJFWJJDJ�� ��ZHUH�XVHG�WR�DPSOLI\�D�����ES�ORQJ�IUDJPHQW�RI�WKH�=&&7�+F�
JHQH� �$<��������� 3UHYLRXVO\� UHSRUWHG� SULPHU� SDLUV� +Y%0����)� �� �
DJJFFWDWWFJWWWJFDDWJF�� ��� +Y%0����5� �� �DWFWFJWJFJFFWWFWWJDJ�� ��� DQG� +Y%0����)�
�� �DWJFDWDJDDWDDWWJJFWFFDJF�� ��� +Y%0����5� �� �FDJWDDJFDFWDFJDWJDWJDWDDDF�� �� ZHUH�



�����

XVHG� WR� FORQH� WKH� SURPRWHU� UHJLRQ� DQG� SDUWLDO� LQWURQ� �� RI�951�+��� UHVSHFWLYHO\� �YRQ�
=LW]HZLW]�HW�DO���������)RU�HDFK�DOOHOH�LVRODWHG�YLD�3&5��FORQHG�DPSOLFRQV�IURP�DW�OHDVW�
WZR�LQGHSHQGHQW�3&5V�ZHUH�VHTXHQFHG�WR�FRQILUP�3&5�EDVHG�QXFOHRWLGH�VXEVWLWXWLRQV�
ZHUH�QRW�SUHVHQW��6HTXHQFHV�RI�WKH�QRQ�SULPHU�SRUWLRQ�RI�HDFK�FRQVHQVXV�DPSOLFRQ�ZHUH�
GHSRVLWHG�ZLWK�*HQ%DQN�DQG�DFFHVVLRQ�QXPEHUV�DUH�JLYHQ�LQ�7DEOH����
�
�
7DEOH���$FFHVVLRQ�QXPEHUV�IRU�=&&7�+�DQG�951�+���+Y%0�$��VHTXHQFHV���
*HQH� $OOHOH� $FFHVVLRQ� 'HWHUPLQHG�UHJLRQ� 6L]H��ES��
=&&7�+D�� &DOLFXFKLPD�VLE� '4������� )XOO�JHQH� ������
=&&7�+E�� &DOLFXFKLPD�VLE� '4������� )XOO�JHQH� ������
=&&7�+D�� 2:%�'� '4������� )XOO�JHQH� ������
=&&7�+E�� 2:%�'� '4������� )XOO�JHQH� ������
=&&7�+D�� .RPSROWL�NRUDL� '4������� )XOO�JHQH� ������
=&&7�+E�� .RPSROWL�NRUDL� '4������� )XOO�JHQH� ������
=&&7�+E�� &DHVDUHD�������268��� '4������� )XOO�JHQH� ������
951�+���+Y%0�$��� &DOLFXFKLPD�VLE� '4������� 3URPRWHU� ������
951�+���+Y%0�$��� 2:%�'� '4������� 3URPRWHU� ������
951�+���+Y%0�$��� 'LFNWRR� $<������� 3URPRWHU� ������
951�+���+Y%0�$��� .RPSROWL�NRUDL� $<������� 3URPRWHU� ������
951�+���+Y%0�$��� &DHVDUHD�������268��� $<������� 3URPRWHU� ������
951�+���+Y%0�$��� &DOLFXFKLPD�VLE� '4������� 3DUWLDO�LQWURQ��� ������
951�+���+Y%0�$��� 2:%�'� $<������� )XOO�LQWURQ��� ������
951�+���+Y%0�$��� 'LFNWRR� $<������� )XOO�LQWURQ��� �������
951�+���+Y%0�$��� .RPSROWL�NRUDL� $<������� 3DUWLDO�LQWURQ��� ������
951�+���+Y%0�$��� &DHVDUHD�������268��� $<������� 3DUWLDO�LQWURQ��� ������
�
�

7DEOH���VKRZV�WKH�JHQH�VSHFLILF�SULPHUV�XVHG�WR�DVVLJQ�DOOHOH�W\SHV�LQ�LQGLYLGXDOV�
RI� WKH� )�� VHJUHJDWLQJ� SRSXODWLRQV�� 7KH� 951�+�� ORFXV� ZDV� JHQRW\SHG� XVLQJ� D� FR�
GRPLQDQW�SURPRWHU�665�PDUNHU�DQG� LQWURQ���VSHFLILF�GRPLQDQW�PDUNHUV��7KH� LQWURQ���
SULPHU� SDLUV� ZHUH� GHVLJQHG� WR� EH� GLDJQRVWLF� IRU� WKH� DOOHOH� W\SH� DW� WKH� YHUQDOL]DWLRQ�
FULWLFDO�UHJLRQ��VHH�)LJ������7R�GHYHORS�FR�GRPLQDQW�PDUNHUV�IRU�WKH�LQWURQ���UHJLRQ�ZH�
FRPELQHG� GRPLQDQW� PDUNHUV� LQ� D� VLQJOH� 3&5�� 7ULSOH[LQJ� SULPHUV� +Y%0����)��
+Y%0����)�� DQG� +Y%0����5� GLVWLQJXLVKHG� WKH� WZR� SDUHQWDO� W\SHV� DQG� LGHQWLILHG�
KHWHUR]\JRWHV� IRU� WKH� &E�î�2G� SRSXODWLRQ�� 7ULSOH[LQJ� SULPHUV� +Y%0����)��
+Y%0����5�� DQG� +Y%0����5� IRU� 'W�î�2G�� DQG� +Y%0����)�� +Y%0����5�� DQG�
+Y%0����5� IRU�'W�î�&E� DPSOLILHG� RQO\� WKH� VKRUWHU� SDUHQWDO� IUDJPHQW� LQ� WKH� FDVH� RI�
KHWHUR]\JRWHV�� 7R� JHQRW\SH� WKH� 951�+�� ORFXV�� ZH� XVHG� ERWK� =&&7�+�VSHFLILF�
�GRPLQDQW�� DQG� WLJKWO\� OLQNHG�+Y61)��VSHFLILF� �FR�GRPLQDQW�� PDUNHUV� �.DUVDL� HW� DO��



�����

�������7KH�+Y957���JHQH�ZDV�JHQRW\SHG�ZLWK�D�FR�GRPLQDQW�&$36�PDUNHU��6] FV�HW�
DO���������$OO�JHQRW\SLQJ�3&5V�ZHUH�UHSOLFDWHG�DW�OHDVW�WZLFH�WR�YDOLGDWH�DOOHOH�VFRUHV��
�
�
7DEOH���3ULPHUV� XVHG� IRU� JHQRW\SLQJ� 951�+�� �+Y%0�$��� =&&7�+�� +Y61)� ��� DQG� +Y957��� LQ� )��SRSXODWLRQV���
*HQH�UHJLRQ� 3ULPHU�)��� � �� 3ULPHU�5��� � �� $PSOLILHG�

DOOHOHD�
)��SRSXODWLRQE�

951�+��
SURPRWHU��

+Y%0�����
�DWDWFWDFWFFDJFFWDJJJWDF��

+Y%0�����
�FJFJDDWFWFFFFFDWDWWJF��

&E������'W�
�����2G�����

'W�î�2G�
'W�î�&E�
&E�î�2G�

951�+��
LQWURQ����

+Y%0�����
�JDDDJJDFJWJWDWJWWJDJJWJ��

+Y%0�����
�JWFWJDJWFJJWWDWDWJFDJJ��

'W����� 'W�î�2G�
951�+��
LQWURQ����

+Y%0�����
�JDDDJJDFJWJWDWJWWJDJJWJ��

+Y%0�����
�WFFFFFDWWFWFJWFDDDDDJF��

2G����� 'W�î�2G�
&E�î�2G�

951�+��
LQWURQ����

+Y%0�����
�JFWWWDWWWWFWWFWFWJFFJWWFF��

+Y%0�����
�JWFWJDJWFJJWWDWDWJFDJJ��

'W����� 'W�î�&E�
951�+��
LQWURQ����

+Y%0�����
�JFWWWDWWWWFWWFWFWJFFJWWFF��

+Y%0�����
�FDJWDDJFDFWDFJDWJDWJDWDDDF��

&E����� 'W�î�&E�
951�+��
LQWURQ����

+Y%0�����
�JWJDJJJJDJFWJFDDWJJWJ��

+Y%0�����
�WFFFFFDWWFWFJWFDDDDDJF��

&E����� &E�î�2G�
=&&7�+D�E�� =&&7+����

�FFWDJWWDDDDFDWDWDWFFDWDJDJF��
=&&7+����
�JDWFJWWJFJWWJFWDDWDJWJ��

2G�DQG�&E�
��������

'W�î�2G�
'W�î�&E�

+Y61)��� +Y61)�����
�FFWJJFFDFDDDDDFDDWFDJF��

+Y61)�����
�JFWJFDWWDWDJDJDDDFDDFDDFJ��

&E������'W�
�����2G�����

'W�î�2G�
'W�î�&E�
&E�î�2G�

+Y957���� +Y957������
�JDJWWJFDJFDJDWJJ��

+Y957������
�FDJJWFDFWDDWWWJWWJFDWJD��

&E��'W�DQG�2G�
�����0VS,���

'W�î�&E�
&E�î�2G�

D�&E�&DOLFXFKLPD�VLE��'W�'LFNWRR��2G�2:%�'��IUDJPHQW�VL]H��ES��DQG�XWLOL]HG�UHVWULFWLRQ�HQGRQXFOHDVH�LQGLFDWHG��E�'W�î�2G�'LFNWRR�î�2:%�'��'W�î�&E�'LFNWRR�î�&DOLFXFKLPD�VLE��&E�î�2G�&DOLFXFKLPD�VLE�î�2:%�'��
��

6WDWLVWLFDO�DQDO\VHV�
*RRGQHVV� RI� ILW� WHVW� � ��� ZDV� XVHG� WR� FRPSDUH� REVHUYHG� DQG� SUHGLFWHG� DOOHOH�

VHJUHJDWLRQ�SDWWHUQV�DW�WKH�GLIIHUHQW�ORFL��$QDO\VLV�RI�YDULDQFH�ZDV�SHUIRUPHG�XVLQJ�WKH�
JHQHUDO� OLQHDU�PRGHO��*/0��SURFHGXUH�RI�7KH�6$6�6\VWHP�IRU�:LQGRZV��5HOHDVH�����
�6$6� ,QVWLWXWH� ������� 6HTXHQFH� DQDO\VHV�ZHUH� FRQGXFWHG� XVLQJ�*HQH'RF� YHUVLRQ� ����
�.DUO�DQG�+XJK�������DQG�0(*$�YHUVLRQ������.XPDU�HW�DO����������

�
�
�
�
�
�
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���� 5HVXOWV�
�
9HUQDOL]DWLRQ�VHQVLWLYH�SURJHQ\�DUH�UHFRYHUHG�IURP�YHUQDOL]DWLRQ�LQVHQVLWLYH�

SDUHQWDO�FURVVHV�
%DVHG�RQ�WKH�951�+��951�+��HSLVWDWLF�PRGHO��ZH�H[SHFWHG�WKDW�)��SURJHQ\�ZLWK�

9UQ�+�B�YUQ�+�YUQ�+�� DOOHOHV� GHULYHG� IURP�FURVVHV� EHWZHHQ�YHUQDOL]DWLRQ�LQVHQVLWLYH�
�L�H�� HDUO\� IORZHULQJ�� JHQRW\SHV� KDUERULQJ� 9UQ�+�9UQ�+��9UQ�+�9UQ�+�� DQG� YUQ�
+�YUQ�+��YUQ�+�YUQ�+�� DOOHOHV� VKRXOG� H[KLELW� D� YHUQDOL]DWLRQ�VHQVLWLYH� �L�H�� ODWH�
IORZHULQJ��SKHQRW\SH��8QYHUQDOL]HG�ZLQWHU�KDELW�FRQWUROV��+RRG\�DQG�.RPSROWL�NRUDL��
IORZHUHG�VLJQLILFDQWO\�ODWHU�WKDQ�IDFXOWDWLYH��'LFNWRR��DQG�VSULQJ��&DOLFXFKLPD�VLE�DQG�
2:%�'�� SDUHQWV� XQGHU� ORQJ�GD\� SKRWRSHULRG� �7DEOH����� 7KHUH�ZDV� DOVR� YDULDWLRQ� IRU�
IORZHULQJ�WLPH�DPRQJ�WKH�SDUHQWV��DQG�RQ�DYHUDJH��&DOLFXFKLPD�VLE�IORZHUHG�VL[�GD\V�
ODWHU�WKDQ�'LFNWRR�DQG����GD\V�ODWHU�WKDQ�2:%�'��7KH�)��RI�HDFK�RI�WKH�WKUHH�FURVVHV�
IORZHUHG�VLJQLILFDQWO\�HDUOLHU�WKDQ�DQ\�RI�WKH�ZLQWHU�KDELW�FRQWUROV�DQG�IORZHULQJ�WLPHV�
ZHUH�EHWZHHQ�WKRVH�RI�WKH�UHVSHFWLYH�SDUHQWV���
�
�
7DEOH���'D\V� WR� IORZHULQJ�� JURZWK� KDELW�� DQG�951�+� DOOHOH� FRPELQDWLRQ� IRU� FRQWURO�� SDUHQWDO�� DQG� )��JHQRW\SHV���
*HQRW\SH� 'D\V�WR�

IORZHULQJD��
*URZWK�
KDELW�

951�
+��951�+��E��

*HUPSODVP�
+RRG\� ������������ :LQWHU� 9�9��Y�Y��� &RQWURO�
.RPSROWL�NRUDL� ������������ :LQWHU� 9�9��Y�Y��� &RQWURO�
'LFNWRR� ������������ )DFXOWDWLYH� Y�Y��Y�Y��� 3DUHQW�
2:%�'� ����������� 6SULQJ� 9�9��9�9��� 3DUHQW�
&DOLFXFKLPD�VLE� ����������� 6SULQJ� 9�9��9�9��� 3DUHQW�
'LFNWRR�î�2:%�'� ����������� 6SULQJ� 9�Y��9�Y��� )���'LFNWRR�î�&DOLFXFKLPD�VLE� ����������� 6SULQJ� 9�Y��9�Y��� )���&DOLFXFKLPD�VLE�î�2:%�'� ����������� 6SULQJ� 9�9��9�9��� )���3ODQWV�ZHUH�JURZQ�XQGHU�ORQJ�GD\�FRQGLWLRQV�ZLWKRXW�YHUQDOL]DWLRQ�D�6WDQGDUG�GHYLDWLRQ�LV�VKRZQ��E�9���9UQ�+���Y���YUQ�+���9���9UQ�+���Y���YUQ�+����
�
7UDQVJUHVVLYH�VHJUHJDWLRQ�IRU�IORZHULQJ�WLPH�ZDV�REVHUYHG�LQ�WKH�'W�î�2G�DQG�'W�î�&E��
EXW�QRW�LQ�WKH�&E�î�2G��)��SRSXODWLRQV��)LJ������6HYHQW\�WZR�'W�î�2G�SODQWV�IORZHUHG�LQ�
��±���GD\V�� ZLWKLQ� WKH� UDQJH� RI� WKH� YHUQDOL]DWLRQ�LQVHQVLWLYH� 2:%�'� DQG� 'LFNWRR�
SDUHQWV��7ZHQW\�RQH�ODWH�IORZHULQJ�WUDQVJUHVVLYH�VHJUHJDQWV�IORZHUHG�LQ����±����GD\V��
YDOXHV�ZKLFK�DUH�DV�KLJK�DV�RU�KLJKHU�WKDQ��WKH��IORZHULQJ��WLPH��RI��WKH��ZLQWHU�FRQWUROV��
LQGLFDWLQJ�D�YHUQDOL]DWLRQ�VHQVLWLYH�SKHQRW\SH��/LNHZLVH��LQ�WKH�'W�î�&E�)��SRSXODWLRQ����



�����

�
�)LJ����)UHTXHQF\�GLVWULEXWLRQ�RI�GD\V�WR�IORZHULQJ�LQ�D�'LFNWRR�î�2:%�'��E�'LFNWRR�î�&DOLFXFKLPD�VLE��
DQG� F� &DOLFXFKLPD�VLE�î�2:%�'� )�� SRSXODWLRQV� XQGHU� ORQJ�GD\� SKRWRSHULRG� ZLWKRXW� YHUQDOL]DWLRQ��3ODQWV�WKDW�KDG�QRW�IORZHUHG�ZHUH�DVVLJQHG�D�GD\V�WR�IORZHULQJ�YDOXH�RI������'D\V�WR�IORZHULQJ�YDOXHV�RI�
&DOLFXFKLPD�VLE��&E���'LFNWRR��'W���DQG�2:%�'�SDUHQWV�DUH�LQGLFDWHG�E\�DUURZV���



�����

WKHUH�ZHUH�HDUO\�DQG�ODWH�WUDQVJUHVVLYH�VHJUHJDQWV��6HYHQW\�VHYHQ�SODQWV�IORZHUHG�LQ���±
���GD\V��PRVW�RI�WKHP�DV�HDUO\��RU�HDUOLHU��WKDQ�WKH�SDUHQWV��7ZHOYH�SODQWV�IORZHUHG��LQ��
���±�����GD\V��DQG��IRXU��SODQWV��GLHG��DIWHU�����±�����GD\V��ZLWKRXW�IORZHULQJ��7KH����
&E�î�2G�)��SODQWV�DOO�IORZHUHG�DIWHU���±���GD\V��YDOXHV�ZLWKLQ�WKH�UDQJH�RI�WKH�SDUHQWV���

�
6HJUHJDWLRQ�RI�951�+���951�+���DQG�+Y957��ORFL��
:H�GHWHUPLQHG�WKH�DOOHOLF�DUFKLWHFWXUH�DW�WKH�WZR�951�+�DQG�WKH�+Y957���ORFL�IRU�

WKH� WKUHH� SDUHQWDO� JHQRW\SHV²VHTXHQFH� DFFHVVLRQV� DUH� VKRZQ� LQ� 7DEOH���� $OO� WKUHH�
=&&7�+�JHQHV�DUH�GHOHWHG�LQ�'LFNWRR�DQG�SUHVHQW�LQ�&DOLFXFKLPD�VLE�DQG�2:%�'��7KH�
WKUHH�SDUHQWV�KDYH�GLIIHUHQW�DOOHOH�VL]HV�DW� WKH�=&&7�+�SUR[LPDO�+Y61)��JHQH��7DEOH�
����ZKLFK�ZDV�XVHIXO�LQ�FRUURERUDWLQJ�WKH�GRPLQDQW�PDUNHU�GDWD�IRU�951�+���7KH�WKUHH�
SDUHQWV� GLIIHUHG� DW�951�+�� LQ� WKH� OHQJWK� RI� D� SURPRWHU� 7$�UHSHDW�� DQG� WKH� LQWURQ� ��
YHUQDOL]DWLRQ� FULWLFDO� UHJLRQ� �)LJ������ :H� GHWHUPLQHG� ���NE� RI� +Y957��� JHQRPLF�
VHTXHQFH��'LFNWRR�DQG�2:%�'�ZHUH������LGHQWLFDO��EXW�GLIIHUHG�IURP�&DOLFXFKLPD�VLE�
LQ�VL[�VLQJOH�QXFOHRWLGH�SRO\PRUSKLVPV��613V���GDWD�QRW�VKRZQ����

1LQHW\�WKUHH�)��SODQWV�IURP�HDFK�RI�WKH�WKUHH�SRSXODWLRQV�ZHUH�JHQRW\SHG�IRU�WKH�
951�+�� DQG�951�+�� ORFL� XVLQJ� DOOHOH�VSHFLILF�SULPHU� VHWV� �7DEOH�����$W� WKH�951�+��
ORFXV�� WKH� FR�GRPLQDQW� +Y61)�� PDUNHU� FRQILUPHG� WKH� UHVXOWV� REWDLQHG� ZLWK� WKH�
GRPLQDQW� =&&7�+� PDUNHU� ZLWK� RQH� H[FHSWLRQ�� LQGLFDWLQJ� D� UHFRPELQDWLRQ� HYHQW�
RFFXUUHG�EHWZHHQ�WKHVH�WZR�WLJKWO\�OLQNHG�JHQHV��2QH�LQWUDJHQLF�UHFRPELQDQW�EHWZHHQ�
WKH�951�+��SURPRWHU�665�DQG�WKH�LQWURQ���YHUQDOL]DWLRQ�FULWLFDO�UHJLRQ�ZDV�REVHUYHG�LQ�
WKH�'W�î�2G�SRSXODWLRQ��'XH�WR�ODFN�RI�SRO\PRUSKLVP�EHWZHHQ�WKH�'LFNWRR�DQG�2:%�'�
+Y957��� DOOHOHV�� WKH� VHJUHJDWLRQ� RI� DOOHOHV� DW� WKLV� ORFXV�ZDV� GHWHUPLQHG� RQO\� IRU� WKH�
'W�î�&E�DQG�&E�î�2G�SRSXODWLRQV��7KHUH�ZDV�DQ�H[FHOOHQW� ILW�RI�REVHUYHG� WR�H[SHFWHG�
VHJUHJDWLRQ�UDWLRV�IRU�DOOHOHV�DW�WKH�951�+���951�+���DQG�+Y957��ORFL�LQ�DOO�WHVWHG�)��
SRSXODWLRQV��3� �����±�����IRU�WKH� ��WHVWV����

�
951�+� ORFL� DUH� PDMRU� GHWHUPLQDQWV� RI� IORZHULQJ� WLPH� XQGHU� ORQJ�GD\�

SKRWRSHULRG��
%DVHG� RQ� WKH� JHQRW\SH� GDWD�� 951�+��� 951�+��� DQG� +Y957��� DOOHOHV� ZHUH�

DVVLJQHG�WR�HDFK�)��SODQW�DQG�DQ�DQDO\VLV�RI�YDULDQFH�ZDV�SHUIRUPHG�XVLQJ�WKH�GD\V�WR�
IORZHULQJ� GDWD� DV� DQ� LQGLFDWRU� RI� YHUQDOL]DWLRQ� VHQVLWLYLW\� �7DEOH����� 7KLV� DQDO\VLV�
UHYHDOHG� WKDW� WKH� DOOHOH� W\SH� DW�951�+�� VLJQLILFDQWO\� �3����������� LQIOXHQFHG� GD\V� WR�
IORZHULQJ�LQ�DOO� WKUHH�SRSXODWLRQV��7KH�HIIHFWV�RI�DOOHOHV�DW� WKH�951�+�� ORFXV��DQG�WKH�
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LQWHUDFWLRQ�EHWZHHQ� WKH�951�+�� DQG�951�+�� ORFL��ZHUH�DOVR� VLJQLILFDQW� �3�����������
IRU� WKH�'W�î�2G� DQG�'W�î�&E� SRSXODWLRQV��7KH� WZR�951�+� ORFL�� DQG� WKHLU� LQWHUDFWLRQ��
DFFRXQWHG� IRU� ���� DQG� ���� RI� WKH� SKHQRW\SLF� YDULDQFH� LQ� IORZHULQJ� WLPH� LQ� WKH�
'W�î�2G�DQG�'W�î�&E�SRSXODWLRQV��UHVSHFWLYHO\��%RWK�&DOLFXFKLPD�VLE�DQG�2:%�'�KDYH�
GRPLQDQW�9UQ�+��DQG�9UQ�+�� ORFL��DQG�DV�H[SHFWHG�� WKH�DQDO\VLV�RI�YDULDQFH�UHYHDOHG�
QR� VLJQLILFDQW� HIIHFW� RI� 9UQ�+�� IRU� WKH� &E�î�2G� SRSXODWLRQV�� ,QWHUHVWLQJO\�� 9UQ�+��
VLJQLILFDQWO\� LQIOXHQFHG� WKH� IORZHULQJ� WLPH²WKH�PHDQ� QXPEHUV� RI� GD\V� WR� IORZHULQJ�
ZHUH� ��� DQG� ��� IRU� SODQWV� KDUERULQJ� D� KRPR]\JRXV� YV� KHWHUR]\JRXV� 2:%�'� DOOHOH��
UHVSHFWLYHO\��DQG����GD\V�IRU�WKRVH�KDYLQJ�D�KRPR]\JRXV�&DOLFXFKLPD�VLE�DOOHOH��$OOHOLF�
YDULDWLRQ�DW�WKH�+Y957���ORFXV�DQG�LWV�WZR�ZD\�RU�WKUHH�ZD\�LQWHUDFWLRQV�ZLWK�WKH�951�
+� ORFL� KDG� QR� VLJQLILFDQW� HIIHFW� RQ� IORZHULQJ� WLPH� XQGHU� ORQJ�GD\� JURZWK� FRQGLWLRQV�
�7DEOH�����

�
7DEOH���(IIHFWV� RI� 951�+��� 951�+��� +Y957���� DQG� WKHLU� LQWHUDFWLRQV�� RQ� GD\V� WR� IORZHULQJ� LQ� )��SRSXODWLRQV���

'HJUHHV�RI�IUHHGRP� 7\SH�,,,�PHDQ�VTXDUHE��6RXUFH�RI�YDULDWLRQD��
'W�î�2G� 'W�î�&E� &E�î�2G� 'W�î�2G� 'W�î�&E� &E�î�2G�

951�+��� �� �� �� ������



� ������



� ���



�
951�+��� �� �� �� �����



� �����



� ���
951�+��î�951�+��� �� �� �� �����



� �����



� ���
+Y957���� ±� �� �� ±� ��� ��
951�+��î�+Y957���� ±� �� �� ±� ��� ���
951�+��î�+Y957���� ±� �� �� ±� ���� ���
951�+��î�951�+��î�+Y957���� ±� �� �� ±� ���� ���
(UURU� ��� ��� ��� ��� ��� ���
3ODQWV�ZHUH�JURZQ�XQGHU�ORQJ�GD\�FRQGLWLRQV�ZLWKRXW�YHUQDOL]DWLRQ��'W�î�2G��'W�î�&E��&E�î�2G��VHH�7DEOH����D�'XH�WR�ODFN�RI�D�SRO\PRUSKLVP��+Y957���ZDV�QRW�JHQRW\SHG�LQ�WKH�'W�î�2G�SRSXODWLRQ��E�6LJQLILFDQFH�DW�WKH�����������DQG�������OHYHOV�DUH�LQGLFDWHG�E\�
��

��


�DQG�



��UHVSHFWLYHO\���
�

7KH� REVHUYHG� SODQW� QXPEHUV� LQ� WKH� QLQH� DOOHOH� FODVVHV� DW� WKH� WZR� 951�+� ORFL�
VKRZHG� H[FHOOHQW� ILW� WR� H[SHFWHG� UDWLRV��3� ������ DQG�3� ������ IRU� WKH� �� WHVWV� RI� WKH�
'W�î�2G�DQG�'W�î�&E�SRSXODWLRQV��UHVSHFWLYHO\��7KH�PHDQ�QXPEHU�RI�GD\V�WR�IORZHULQJ�
LQ� HDFK� JHQRW\SH� FODVV� ZDV� KLJKHU� IRU� WKH� 'W�î�&E� SRSXODWLRQ� WKDQ� IRU� WKH� 'W�î�2G�
SRSXODWLRQ��DQG�LQ�ERWK�SRSXODWLRQV��WKHUH�ZHUH�VLJQLILFDQW�GLIIHUHQFHV�LQ�IORZHULQJ�WLPH�
EHWZHHQ�FHUWDLQ�DOOHOH�FODVVHV��)LJ������$OO�SODQWV�ZLWK�ZLQWHU�DOOHOHV�DW�ERWK�951�+�ORFL�
�9UQ�+�B�YUQ�+�YUQ�+��� IORZHUHG� VLJQLILFDQWO\� ODWHU� WKDQ� SODQWV� LQ� DQ\� RWKHU� DOOHOH�
FODVV�� 6LPLODUO\�� DOO� ODWH� WUDQVJUHVVLYH� VHJUHJDQW� SODQWV� KDG� WKH� ZLQWHU� DOOHOH�
FRPELQDWLRQV� DW� WKH� WZR� 951�+� ORFL�� 7KHUH� ZHUH� DOVR� VRPH� VLJQLILFDQW� GLIIHUHQFHV�
EHWZHHQ� WKH� VHYHQ� HDUO\� IORZHULQJ� DOOHOH� FODVVHV�� )RU� H[DPSOH�� 9UQ�+�9UQ�+��9UQ�



�����

+�YUQ�+��SODQWV�IORZHUHG�VLJQLILFDQWO\�ODWHU�WKDQ�DQ\�SODQW�ZLWK�KRPR]\JRXV�GRPLQDQW�
9UQ�+�� DOOHOHV� LQ� WKH�'W�î�2G� SRSXODWLRQ�� ZKLOH� YUQ�+�YUQ�+��9UQ�+�9UQ�+�� SODQWV�
IORZHUHG�VLJQLILFDQWO\�HDUOLHU�WKDQ�DQ\�RWKHU�)��FODVV�LQ�WKH�'W�î�&E�SRSXODWLRQ��)LJ�������

�
�

��
)LJ����0HDQ�QXPEHUV�RI�GD\V�WR�IORZHULQJ�RI�WKH�QLQH�GLIIHUHQW�951�+��951�+��DOOHOH�FODVVHV�LQ�WKH�)��SURJHQ\� RI� WKH� 'LFNWRR�î�2:%�'� �'W�î�2G��� DQG� 'LFNWRR�î�&DOLFXFKLPD�VLE� �'W�î�&E�� FURVVHV� XQGHU�
ORQJ�GD\� SKRWRSHULRG� ZLWKRXW� YHUQDOL]DWLRQ�� 3ODQWV� WKDW� KDG� QRW� IORZHUHG� ZHUH� DVVLJQHG� D� GD\V� WR�
IORZHULQJ�YDOXH�RI������(UURU�EDUV�VKRZ�VWDQGDUG�GHYLDWLRQ���
�

$OOHOLF�YDULDWLRQ�DW�WKH�951�+�ORFL��
:LQWHU�KDELW�FRQWUROV�+RRG\�DQG�.RPSROWL�NRUDL�FRQWDLQ�DOO�WKUHH�=&&7�+�JHQHV��

ZKLOH�&DHVDUHD���±���KDV�RQO\�=&&7�+E�DQG�=&&7�+F��0XOWLSOH�SULPHU�SDLUV�VSHFLILF�
WR� YDULRXV� UHJLRQV� RI� =&&7�+D� IDLOHG� WR� DPSOLI\� D� SURGXFW� IURP� &DHVDUHD� ��±����
VXJJHVWLQJ� WKLV� JHQH� LV� DEVHQW� LQ� WKLV� ZLQWHU� KDELW� ZLOG� EDUOH\� DFFHVVLRQ� �GDWD� QRW�
VKRZQ��� 7R� LQYHVWLJDWH� WKH� DOOHOLF� YDULDWLRQ� DW� WKH� GRPLQDQW� 9UQ�+�� ORFXV� IRXQG� LQ�
GLIIHUHQW� VSULQJ�DQG�ZLQWHU�KDELW�JHQRW\SHV�� IXOO�OHQJWK�=&&7�+D� DQG�=&&7�+E� JHQH�
VHTXHQFHV� ZHUH� GHWHUPLQHG� IRU� &DOLFXFKLPD�VLE�� 2:%�'�� DQG� .RPSROWL� NRUDL�� DQG�
=&&7�+E� RI� &DHVDUHD� ��±��� �7DEOH����� &RPSDULVRQ� RI� WKH� WKUHH� =&&7�+D� DOOHOHV�
VKRZHG����613V�DQG�WKUHH�VPDOO���±��ES��LQVHUWLRQV�GHOHWLRQV��,1'(/V���ZKLOH�=&&7�
+E�DOOHOHV�GLVSOD\HG�HYHQ�JUHDWHU�DOOHOLF�GLYHUVLW\�ZLWK����613V�DQG�HLJKW�,1'(/V���±
���ES�²WKH�SRO\PRUSKLVPV�RFFXUUHG�WKURXJKRXW�DOO�UHJLRQV��875V��LQWURQV�DQG�H[RQV��
RI� WKH� JHQHV�� $OO� =&&7�+� DOOHOHV� HQFRGH� IXOO�OHQJWK� SRO\SHSWLGHV� DQG� WKH�



�����

SRO\PRUSKLVPV� OHDG� WR� D� QXPEHU� RI� DPLQR� DFLG� VXEVWLWXWLRQV� DQG� ,1'(/V� �)LJ������
=&&7�+D�DQG�=&&7�+E�DUH�PRUH�VLPLODU�WR�ZKHDW�=&&7���WKDQ�WR�=&&7���EDVHG�RQ�D�
1HLJKERU�-RLQLQJ�WUHH�RI�WKH�IXOO�OHQJWK�SRO\SHSWLGHV��)LJ������DQDORJRXV�WUHH�WRSRORJLHV�
ZHUH� DOVR� REWDLQHG� XVLQJ� WKH� 0LQLPXP� (YROXWLRQ� DQG� 83*0$� FOXVWHULQJ�
PHWKRGRORJLHV��GDWD�QRW�VKRZQ����

�

��
)LJ����6HTXHQFH�DOLJQPHQW�RI�EDUOH\�DQG�ZKHDW�=&&7�IDPLO\�PHPEHUV��6LPLODULW\�LV�VKRZQ�WR�IRXU�OHYHOV�
DQG� UHJLRQV� RI� SXWDWLYH�&�+�� ]LQF� ILQJHU� ���� DQG�&&7�GRPDLQ� �
�� DUH� LQGLFDWHG��+��YXOJDUH� VHTXHQFHV�VKRZQ� DUH� IURP� &DHVDUHD� ��±��� �&U�� '4��������� &DOLFXFKLPD�VLE� �&E�� '4������� DQG� '4���������
'DLURNNDNX� �'X�� $<������� DQG� $<��������� +D\DNLVR� �+R�� $<��������� .RPSROWL� NRUDL� �.N��
'4������� DQG� '4��������� DQG� 2:%�'� �2G�� '4������� DQG� '4��������� 5HSUHVHQWDWLYH� ZKHDW�
VHTXHQFHV� VKRZQ� DUH� IURP� 7�� PRQRFRFFXP� �7P�� $<�������� DQG� 7�� WXUJLGXP� �7W�� $<������� DQG�
$<����������



�����

��
�
)LJ����1HLJKERU�-RLQLQJ�SK\ORJHQHWLF�FOXVWHU�DQDO\VHV�RI�EDUOH\�DQG�ZKHDW�=&&7�DPLQR�DFLG�VHTXHQFHV��
&RQILGHQFH� YDOXHV� RQ� WKH� EUDQFKHV� DUH� EDVHG� RQ� ������ ERRWVWUDSV�� 6HH� )LJ���� OHJHQG� IRU� VHTXHQFH�
DFFHVVLRQV��
�
�
� :H� VHTXHQFHG� �����NE� RI� WKH� 951�+�� SURPRWHU� IURP� &DOLFXFKLPD�VLE� DQG�
2:%�'� DQG� DOLJQHG� WKHVH� VHTXHQFHV� ZLWK� WKH� HOHYHQ� SUHYLRXVO\� UHSRUWHG� DFFHVVLRQV�
�LQFOXGLQJ� 'LFNWRR�� .RPSROWL� NRUDL� DQG� &DHVDUHD� ��±���� IURP� YRQ� =LW]HZLW]� HW� DO��
�������� &DOLFXFKLPD�VLE� DQG� 2:%�'� VKDUH� WKH� WKUHH� SRO\PRUSKLVPV� FRPPRQ� WR� DOO�
VSULQJ�JHQRW\SHV�UHODWLYH�WR�ZLQWHU�DQG�IDFXOWDWLYH�JHQRW\SHV��FRQILUPLQJ�WKH�SURPRWHUV�
DUH�RI�VSULQJ�KDELW�RULJLQ��:LWK�WKH�H[FHSWLRQ�RI�D�7$�UHSHDW�OHQJWK��WKH�SURPRWHU�UHJLRQ�
VHTXHQFHV� RI� &DOLFXFKLPD�VLE� DQG� WKH� VSULQJ� JHQRW\SHV� +DUULQJWRQ� DQG� 0RUH[� DUH�
LGHQWLFDO��2:%�'�ZDV�IRXQG�WR�FRQWDLQ�D�XQLTXH�613��DFWFDWWWJJ�YV�FFWFDWWWJJ�� LQ�WKH�
&$U*�ER[�UHODWLYH�WR�DOO�RWKHU�EDUOH\�JHQRW\SHV�UHSRUWHG�WR�GDWH²WKLV�&$U*�ER[�ZDV�
LGHQWLILHG�DV�D�GHWHUPLQDQW�RI�VSULQJ�JURZWK�KDELW�LQ�ZKHDW��<DQ�HW�DO����������

:H� SUHYLRXVO\� UHSRUWHG� WKDW� WKH� VSULQJ� KDELW� 2:%�'� JHQRW\SH� KDV� D� �����NE�
GHOHWLRQ� LQ� WKH�951�+�� LQWURQ���FRPSDUHG� WR� WKH� LQWURQ���SUHVHQW� LQ�&DHVDUHD���±����
'LFNWRR� DQG�.RPSROWL� NRUDL� �)X� HW� DO�� ������ YRQ�=LW]HZLW]� HW� DO�� �������&ORQLQJ� DQG�
VHTXHQFLQJ� D� SDUWLDO� 951�+�� LQWURQ� �� IUDJPHQW� LQ� WKH� VSULQJ� KDELW� &DOLFXFKLPD�VLE�
UHYHDOHG� WKH� ����ES� YHUQDOL]DWLRQ� FULWLFDO� UHJLRQ� ZDV� LQWDFW� EXW� WKH� UHPDLQGHU� RI� WKH�
����NE� EDUOH\�ZKHDW� FRQVHUYHG� UHJLRQ� ZDV� GHOHWHG²WKH� GHOHWLRQ� EHJLQV� ���ES�
GRZQVWUHDP�IURP�WKH�� �HQG�RI�WKH�YHUQDOL]DWLRQ�FULWLFDO�UHJLRQ��)LJ�������
�
�
�
�



�����

�
�
�
�
�
�
�
�
�
�
)LJ����6FKHPDWLF� UHSUHVHQWDWLRQ� RI� WKH� 951�+�� LQWURQ� �� IURP� IRXU� EDUOH\� JHQRW\SHV� UHSUHVHQWLQJ�
GRPLQDQW�DQG�UHFHVVLYH�DOOHOHV��GHQRWHG���(GJHV�RI�H[RQV���DQG���DUH�LQGLFDWHG�E\�IODQNLQJ�EODFN�ER[HV��
*DSV�UHSUHVHQW�GHOHWLRQV�UHODWLYH�WR�WKH�IXOO�OHQJWK�'LFNWRR�DOOHOH��$<���������7KH�����NE�EDUOH\�ZKHDW�
FRQVHUYHG� UHJLRQ� �GDVKHG� OLQH�� DQG� WKH� ����ES� YHUQDOL]DWLRQ� FULWLFDO� UHJLRQ� �GRWWHG� ER[�� DUH� LQGLFDWHG��
3RVLWLRQV� DQG� RULHQWDWLRQV� RI�+Y%0�� SULPHUV� XVHG� WR� FKDUDFWHUL]H� WKH� GLIIHUHQW� DOOHOHV� �7DEOH� ��� DUH�
LQGLFDWHG�E\�EODFN�WULDQJOHV��SULPHU�QXPEHUV�DUH�GHQRWHG���
�
�
���� 'LVFXVVLRQ�

�
:H� WHVWHG� DQG� YHULILHG� WKH� WZR�ORFXV� HSLVWDWLF� PRGHO� �7DNDKDVKL� DQG� <DVXGD�

������ <DQ� HW� DO�� ����E�� E\� VHOHFWLQJ� YHUQDOL]DWLRQ�LQVHQVLWLYH� SDUHQWV� JHQRW\SHG� WR�
KDUERU� D� SUHGLFWHG� ³ZLQWHU� W\SH´� DOOHOH� DW� HLWKHU�951�+�� RU�951�+��� DQG� UHFRYHUHG�
HDUO\�DQG�ODWH�IORZHULQJ�SURJHQ\�LQ�WKH�H[SHFWHG�UDWLRV�LQ�WZR�)��SRSXODWLRQV��:H�XVHG�
IORZHULQJ� WLPH� XQGHU� ORQJ�GD\� FRQGLWLRQV� LQ� WKH� DEVHQFH� RI� YHUQDOL]DWLRQ� �7DNDKDVKL�
DQG�<DVXGD�������DV�D�GLDJQRVWLF�LQGLFDWRU�RI�YHUQDOL]DWLRQ�VHQVLWLYLW\�DQG�JURZWK�KDELW��
,Q�DQ�)��SRSXODWLRQ��LW�LV�QRW�SRVVLEOH�WR�KDYH�YHUQDOL]HG�DQG�XQYHUQDOL]HG�WUHDWPHQWV�RI�
WKH� VDPH� JHQRW\SH�� VLQFH� HDFK� SODQW� LV� D� XQLTXH� LQGLYLGXDO�� 3URRI� RI� YHUQDOL]DWLRQ�
UHVSRQVH� UHTXLUHV� FRPSDULVRQ� RI� IORZHULQJ� WLPH� LQ� WKH� XQYHUQDOL]HG� YV� YHUQDOL]HG� )��
SURJHQ\� RI� 9UQ�+�9UQ�+��YUQ�+�YUQ�+�� )�� KRPR]\JRWHV²WKLV� H[SHULPHQW� LV�
FXUUHQWO\� EHLQJ� LQLWLDWHG�� ,W� LV� DOVR� LPSRUWDQW� WR� UHLWHUDWH� WKDW� WKHVH� H[SHULPHQWV�ZHUH�
FRQGXFWHG�XQGHU� ORQJ�GD\�SKRWRSHULRG�FRQGLWLRQV�DV� UHFHQW�HYLGHQFH�VXJJHVWV� WKDW� WKH�
<DQ� HW� DO�� �����E�� PROHFXODU� PRGHO� LV� QRW� DSSOLFDEOH� XQGHU� VKRUW�GD\� FRQGLWLRQV�
�'XEFRYVN\�HW�DO��������7UHYDVNLV�HW�DO����������

2XU�FXUUHQW�UHVXOWV�YDOLGDWHG�D�QRYHO�GLPHQVLRQ�RI� WKH�WZR�ORFXV�HSLVWDWLF�PRGHO�
WKDW�ZDV�QRW�DVVHVVDEOH� LQ�)��SRSXODWLRQV�GHULYHG� IURP�FURVVHV�RI�KRPR]\JRXV�ZLQWHU�
�9UQ�+��YUQ�+��� E\� KRPR]\JRXV� VSULQJ� �YUQ�+��9UQ�+��� JURZWK� KDELW� EDUOH\�
JHQRW\SHV��'XEFRYVN\�HW�DO��������.yWL�HW�DO��������7DNDKDVKL�DQG�<DVXGD�������<DQ�HW�
DO������E���:H�VKRZ�WKDW�JHQRW\SHV�LQKHULWLQJ�=&&7�+��9UQ�+�B��DQG�WZR�UHSUHVVLEOH�
951�+�� FRSLHV� �YUQ�+�YUQ�+��� IURP� YHUQDOL]DWLRQ�LQVHQVLWLYH� EDFNJURXQGV� PDQLIHVW�



�����

VLJQLILFDQW� VHQVLWLYLW\� WR�YHUQDOL]DWLRQ��8VLQJ�951�+�VSHFLILF�PDUNHUV�RXU� UHVXOWV� DOVR�
FRQILUPHG� WKH� REVHUYDWLRQ� RI� 5HLQKHLPHU� HW� DO�� ������� ZKHUH� D� GRXEOH� KDSORLG�
SRSXODWLRQ�GHULYHG�IURP�D�FURVV�EHWZHHQ�KRPR]\JRXV�YHUQDOL]DWLRQ�LQVHQVLWLYH�SDUHQWV�
VHJUHJDWHG� IRU� JURZWK� KDELW�� 7KH� XVH� RI� )�� VHJUHJDWLQJ� SURJHQ\� LQ� WKH� FXUUHQW� VWXG\�
SURYLGHG�DQ�RSSRUWXQLW\� WR�DVVHVV� WKH�GHJUHH�RI�GRPLQDQFH�DW�HDFK�RI� WKH� ORFL�DQG�ZH�
REVHUYHG�951�+�DOOHOH�GRVDJH�HIIHFWV��%DVHG�RQ�WKH�DOOHOH�FODVV�PHDQV��9UQ�+�9UQ�+��
SODQWV� IORZHUHG� HDUOLHU� WKDQ� WKH� 9UQ�+�YUQ�+�� SODQWV� ZLWK� WKH� VDPH� 951�+�� DOOHOH�
FRQILJXUDWLRQ��VKRZLQJ�LQFRPSOHWH�GRPLQDQFH�RI�WKH�9UQ�+��DOOHOH��7KLV�LV�OLNHO\�GXH�WR�
H[SUHVVLRQ�GLIIHUHQFHV�ZKHUH�WKH�YUQ�+��DOOHOH�LV�VWLOO�VXVFHSWLEOH�WR�UHSUHVVLRQ�DQG�RQO\�
WKH�9UQ�+��DOOHOH�LV�DFWLYH��7KH�SDUWLDO�GRPLQDQFH�RI�DOOHOHV�DW�951���KDV�EHHQ�UHSRUWHG�
IRU�ERWK�EDUOH\�DQG�ZKHDW��,ZDNL�HW�DO��������.yWL�HW�DO��������/RXNRLDQRY�HW�DO���������
7KH�9UQ�+��DOOHOH�DOVR�VKRZHG�LQFRPSOHWH�GRPLQDQFH��9UQ�+�9UQ�+��SODQWV�IORZHUHG�
ODWHU� WKDQ� WKH� 9UQ�+�YUQ�+�� SODQWV� �JLYHQ� D� KRPR]\JRXV� UHFHVVLYH� RU� KHWHUR]\JRXV�
DOOHOH� FRQILJXUDWLRQ� DW�951�+���� VXJJHVWLQJ� OHYHO� RI� DYDLODEOH� UHSUHVVRU� DV� WKH� EDVLV��
8VLQJ� WKUHH�)�� SRSXODWLRQV�ZH�ZHUH� DOVR� DEOH� WR� FRPSDUH� WKH� HIIHFWV� RI� WZR�GLIIHUHQW�
GRPLQDQW�9UQ�+��DOOHOHV��)ORZHULQJ�WLPH�ZDV�PRUH�GHOD\HG�IRU�HYHU\�JHQRW\SH�FODVV�IRU�
FURVVHV�FRQWDLQLQJ�D�&DOLFXFKLPD�VLE�DOOHOH�UHODWLYH�WR�DQ�2:%�'�DOOHOH��7KLV�LV�OLNHO\�
GXH�WR�WKH�2:%�'�DOOHOH�EHLQJ�D�YHU\�VWURQJ��ZKHUHDV�&DOLFXFKLPD�VLE�LV�D�ZHDN��9UQ�
+��DOOHOH���

8QGHU�ORQJ�GD\�SKRWRSHULRG�FRQGLWLRQV��951�+��SOD\HG�D�PRUH�VLJQLILFDQW�UROH�LQ�
LQIOXHQFLQJ�IORZHULQJ�WLPH�WKDQ�951�+���FRUURERUDWLQJ�SULRU�UHSRUWV��'XEFRYVN\�HW�DO��
������.yWL�HW�DO��������DQG�VXSSRUWLQJ�951�+�¶V�IXQFWLRQ�DV�D�FHQWUDO�FRQWURO�SRLQW�IRU�
WKH� WUDQVLWLRQ� IURP�D�YHJHWDWLYH� WR� UHSURGXFWLYH�PHULVWHP�� ,Q�VXSSRUW�RI� WKH� WZR� ORFXV�
PRGHO�� LQFOXVLRQ� RI� WKH� LQWHUDFWLRQ�ZLWK�951�+�� H[SODLQHG� QHDUO\� DOO� WKH� SKHQRW\SLF�
YDULDQFH� LQ� IORZHULQJ� WLPH�� :KLOH� WKH� SXWDWLYH� IORZHULQJ� UHSUHVVRU� +Y957��� LV�
H[SUHVVHG�XQGHU�ERWK�GD\�OHQJWKV�LQ�EDUOH\��.DQH�HW�DO���������WKH�+Y957���ORFXV�RU�LWV�
LQWHUDFWLRQ�ZLWK�WKH�951�+�ORFL�KDG�QR�VLJQLILFDQW�HIIHFW�RQ�IORZHULQJ�WLPH�XQGHU�ORQJ�
GD\�FRQGLWLRQV���

7R�EHWWHU�XQGHUVWDQG�WKH�SKHQRW\SLF�YDULDWLRQ�RI�YHUQDOL]DWLRQ�VHQVLWLYLW\��ZH�DOVR�
H[SORUHG� WKH� DOOHOLF� YDULDWLRQ� RI� WKH� 951�+�� DQG� 951�+�� JHQHV� LQ� WKH� UHOHYDQW�
DFFHVVLRQV��&RPSDULVRQ�RI�WKH�IXOO�OHQJWK�=&&7�+D�DQG�=&&7�+E�JHQRPLF�VHTXHQFHV�
IURP� VSULQJ� DQG� ZLQWHU� JURZWK� KDELW� DFFHVVLRQV� UHYHDOHG� KLJK� SRO\PRUSKLVP� OHYHOV�
WKURXJKRXW� ERWK� JHQHV�� LQFOXGLQJ� DW� WKH� DPLQR� DFLG� OHYHO�� ,Q� FRQWUDVW�� SRO\SHSWLGHV�
HQFRGHG� E\� RWKHU� JHQHV� LQYROYHG� LQ� ZLQWHUKDUGLQHVV� WUDLWV� �YHUQDOL]DWLRQ� UHVSRQVH²
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951�+���+Y957���� SKRWRSHULRG� SHUFHSWLRQ²SK\WRFKURPHV� DQG� FU\SWRFKURPHV�� FROG�
WROHUDQFH²&%)V��=)3���� ,&(��� VKRZ�PLQLPDO� DOOHOLF� YDULDWLRQ� �6NLQQHU� HW� DO�� ������
6] FV� HW� DO�� ������ YRQ� =LW]HZLW]� HW� DO�� ������� 7KH� KLJK� OHYHO� RI� DOOHOLF� YDULDWLRQ� DW�
=&&7�+� FRXOG� LQIOXHQFH� UHSUHVVRU� HIIHFWLYHQHVV� DQG� FRQWULEXWH� WRZDUGV� YDULDWLRQ� LQ�
IORZHULQJ�WLPH��(DFK�DOOHOH�HQFRGHV�D�IXOO�OHQJWK�=&&7�+�SRO\SHSWLGH�DQG�WKH�SXWDWLYH�
&�+��]LQF�ILQJHU��<DQ�HW�DO������E��LV� LQYDULDQW�ZKLOH�DQ�DODQLQH�YDOLQH�VXEVWLWXWLRQ�DW�
WKH� &&7� GRPDLQ� �*ULIILWKV� HW� DO�� ������ GLIIHUHQWLDWHV� WKH� =&&7�+D� YV� =&&7�+E�
SURWHLQV�� =LQF�ILQJHU� PRWLIV� FDQ� IXQFWLRQ� DV� ERWK� '1$�ELQGLQJ� DQG� SURWHLQ�SURWHLQ�
LQWHUDFWLRQ� GRPDLQV� �7DNDWVXML� ������ DQG� PDQ\� ]LQF�ILQJHU� SURWHLQV� DUH� LQYROYHG� LQ�
UHJXODWLRQ� RI� IORZHU� GHYHORSPHQW�� 7KH� &&7� GRPDLQ� RI� &2167$16�� D� NH\� JHQH�
PHGLDWLQJ�IORZHULQJ�WUDQVLWLRQ�LQ�$UDELGRSVLV��FRQWUROV�QXFOHDU�ORFDOL]DWLRQ��5REVRQ�HW�
DO�� ������ DQG� ELQGV� WR� WKH� &&$$7� ELQGLQJ� IDFWRU�� ZKLFK� FDQ� PHGLDWH� LQWHUDFWLRQV�
EHWZHHQ� &2167$16�OLNH� SURWHLQV� DQG�'1$� �%HQ�1DLP� HW� DO�� ������� ,Q� =&&7���� D�
PXWDWLRQ�RI�D�FRQVHUYHG�DUJLQLQH�WR�D�WU\SWRSKDQ�LV�FRUUHODWHG�ZLWK�VSULQJ�JURZWK�KDELW�
LQ� PXOWLSOH� 7�� PRQRFRFFXP� DFFHVVLRQV� �<DQ� HW� DO�� ����E�²DOO� WKH� EDUOH\� =&&7�+�
DOOHOHV�H[DPLQHG�LQ�WKLV�VWXG\�HQFRGH�DQ�DUJLQLQH�DW�WKDW�SRVLWLRQ���

7KH� KLJKO\� FRQVHUYHG� IXQFWLRQDO� GRPDLQV� RI� =&&7�+D� DQG� =&&7�+E� FRXOG�
LQGLFDWH� UHODWHG� RU� HYHQ� UHGXQGDQW� IXQFWLRQV�� 7KHUH� LV� FXUUHQWO\� FRQIOLFWLQJ� HYLGHQFH�
UHJDUGLQJ�ZKLFK�JHQH��RU�JHQHV��DUH�UHVSRQVLEOH�IRU�UHSUHVVLRQ�RI�YUQ�+��LQ�EDUOH\��:H�
IRXQG� WKDW� ZKLOH� YHUQDOL]DWLRQ�UHVSRQVLYH� ZLOG� EDUOH\� DFFHVVLRQ� &DHVDUHD� ��±���
FRQWDLQV�=&&7�+E�DQG�=&&7�+F��LW�ODFNV�=&&7�+D��VXJJHVWLQJ�WKDW�=&&7�+D�LV�QRW�D�
GHWHUPLQDQW�RI�WKH�DQFHVWUDO�ZLQWHU�JURZWK�KDELW��7KH�ODFN�RI�=&&7�+D�LV�QRW�D�JHQHUDO�
+��YXOJDUH�VXEVS��VSRQWDQHXP�DWWULEXWH��ZLQWHU�KDELW�ZLOG�EDUOH\�DFFHVVLRQ�.RFK��DOVR�
NQRZQ� DV� (UH]� ������ 268��� 3%,������������� FRQWDLQV� DOO� WKH� WKUHH� =&&7�+� JHQHV�
�GDWD� QRW� VKRZQ��'XEFRYVN\� HW� DO�� �������%DVHG� RQ� D� YUQ�+�YUQ�+�� VSULQJ� JHQRW\SH�
FRQWDLQLQJ� =&&7�+E� RQO\�� 'XEFRYVN\� HW� DO�� ������� VXJJHVWHG� =&&7�+E� GRHV� QRW�
HQFRGH� WKH�YUQ�+�� UHSUHVVRU�� DOWKRXJK�YHULILFDWLRQ�RI� D� IXOO�OHQJWK�=&&7�+E�ZDV�QRW�
UHSRUWHG�� 7UHYDVNLV� HW� DO�� ������� GHPRQVWUDWHG� WKDW� =&&7�+E� H[SUHVVLRQ� LV� GRZQ�
UHJXODWHG� E\� YHUQDOL]DWLRQ� XQGHU� ORQJ�GD\� SKRWRSHULRG��ZKLOH�=&&7�+D� H[SUHVVLRQ� LV�
XQDIIHFWHG��$OO�ZLQWHU�EDUOH\�DFFHVVLRQV�DQDO\]HG�WR�GDWH�KDYH�WKH�=&&7�+F�JHQH�EDVHG�
RQ� K\EULGL]DWLRQ� RU� DPSOLILFDWLRQ� RI� D� VPDOO� JHQH� IUDJPHQW� �'XEFRYVN\� HW� DO�� ������
.DUVDL�HW�DO��������<DQ�HW�DO������E���SURRI�RI�D�IXOO�OHQJWK�JHQH�VSHFLI\LQJ�D�SUHGLFWHG�
IXQFWLRQDO�SURWHLQ�KDV�QRW�EHHQ�REWDLQHG�WR�GDWH��7UHYDVNLV�HW�DO���������UHSRUWHG�=&&7�
+F�H[SUHVVLRQ�ZDV�XQGHWHFWDEOH�LQ�D�ZLQWHU�FXOWLYDU�XQGHU�ERWK�ORQJ�GD\�DQG�VKRUW�GD\�
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JURZWK� FRQGLWLRQV�� $GGLWLRQDO� H[SHULPHQWV� ZLOO� REYLRXVO\� EH� QHHGHG� WKRXJK� WR�
GHWHUPLQH� ZKLFK� RI� WKH� WKUHH� EDUOH\� =&&7�+� JHQHV� LV�DUH� UHVSRQVLEOH� IRU� YUQ�+��
UHSUHVVLRQ�XQGHU�ORQJ�GD\�FRQGLWLRQV���

%DVHG�RQ�VHTXHQFH�FRPSDULVRQ�RI�PXOWLSOH�EDUOH\�DFFHVVLRQV��YRQ�=LW]HZLW]�HW�DO��
�������FRQFOXGHG�WKDW�GLIIHUHQFHV�LQ�YHUQDOL]DWLRQ�UHVSRQVH�DUH�QRW�GXH�WR�GLIIHUHQFHV�LQ�
WKH� SRO\SHSWLGH�� EXW� UDWKHU� LQ� 951�+�� UHJXODWLRQ� DQG� WKDW� WKH� PDMRU� YHUQDOL]DWLRQ�
UHJXODWRU\�VLWH�LV�QRW�WKH�SURPRWHU�&$U*�ER[��EXW�LV�ORFDWHG�ZLWKLQ�WKH�ILUVW�LQWURQ��,Q�)X�
HW�DO����������ZH�QRWHG�WKDW�2:%�'�KDV�D�ODUJH�GHOHWLRQ�LQ�WKH�951�+��ILUVW�LQWURQ�DQG�
EDVHG�RQ�PRUH�H[WHQVLYH�VHTXHQFLQJ�LQ�WKH�FXUUHQW�VWXG\��GLVFRYHUHG�WKDW�2:%�'�DOVR�
KDV� D� YDULDQW� &$U*�ER[²WKH� RQO\� EDUOH\� YDULHW\� WR� GDWH� WR� GLVSOD\� YDULDWLRQ� DW� WKLV�
PRWLI��2:%�'� LV� RQH�RI� WKH� HDUOLHVW� IORZHULQJ� VSULQJ�EDUOH\�JHQRW\SHV�ZH�KDYH� HYHU�
VWXGLHG�� DQG� ZH� VSHFXODWH� WKDW� WKLV� FRXOG� EH� DWWULEXWDEOH� WR� WKH� ORVV� RI� YHUQDOL]DWLRQ�
UHJXODWRU\� UHJLRQV� LQ�ERWK� WKH�951�+��SURPRWHU�DQG� ILUVW� LQWURQ�� ,Q� WKH�)/&�0$'6�
ER[� JHQH²WKH� FHQWUDO� YHUQDOL]DWLRQ� SDWKZD\� UHSUHVVRU� LQ� $UDELGRSVLV� �0LFKDHOV� DQG�
$PDVLQR� �����²PXWDWLRQV� LQ� WKH� SURPRWHU� RU� ILUVW� LQWURQ� HDFK� DFFHOHUDWH� IORZHULQJ�
XQGHU� ORQJ�GD\�FRQGLWLRQV�� VXJJHVWLQJ�SRVVLEOH� LQWHUDFWLRQ�EHWZHHQ� WKH� WZR�UHJXODWRU\�
VLWHV��6KHOGRQ�HW�DO���������6LPLODUO\��PXWDWLRQV�LQ�WKH�UHJXODWRU\�UHJLRQV�ORFDWHG�LQ�WKH�
7��PRQRFRFFXP�951�$� P��� SURPRWHU� DQG� ILUVW� LQWURQ� FDQ� ERWK� OHDG� WR� VSULQJ� JURZWK�
KDELW��'XEFRYVN\�HW�DO��������)X�HW�DO��������<DQ�HW�DO������������D����

$� ����ES� VHJPHQW� RI� WKH� 951�+�� ILUVW� LQWURQ� KDV� EHHQ� SURSRVHG� WR� EH� WKH�
YHUQDOL]DWLRQ�FULWLFDO�UHJLRQ�EDVHG�RQ�VHTXHQFH�DOLJQPHQW�RI�PXOWLSOH�EDUOH\�DQG�ZKHDW�
JHQRW\SHV��)X�HW�DO��������YRQ�=LW]HZLW]�HW�DO���������,QWHUHVWLQJO\��ZH�IRXQG�WKDW�VSULQJ�
KDELW�&DOLFXFKLPD�VLE�DQG�ZLQWHU�KDELW�$OEDFHWH�DQG�3DQp�VKDUH�DQ�LGHQWLFDO���NE�LQWURQ�
�� GHOHWLRQ� LPPHGLDWHO\� GRZQVWUHDP� RI� WKH� LQWDFW� YHUQDOL]DWLRQ� FULWLFDO� UHJLRQ��:KLOH�
6SDQLVK�FXOWLYDUV�$OEDFHWH�DQG�3DQp�KDYH�EHHQ�GHVFULEHG�DV�KDYLQJ�ZLQWHU�JURZWK�KDELW�
EDVHG�RQ�WKHLU�DELOLW\�WR�EH�IDOO�VRZQ�DQG�VXUYLYH�WKH�PLOG�0HGLWHUUDQHDQ�ZLQWHUV��/DVD�
HW� DO�� ������� WKHVH� WZR� JHQRW\SHV²GRPLQDQW� IRU� 9UQ�+�²KDYH� VXEVHTXHQWO\� EHHQ�
GHWHUPLQHG� WR� GLVSOD\� RQO\� D� PRGHVW� YHUQDOL]DWLRQ� UHVSRQVH� �$�� &DVDV�� SHUVRQDO�
FRPPXQLFDWLRQ��� ,Q� D� YHUQDOL]DWLRQ� UHVSRQVH� VXUYH\�� &DOLFXFKLPD�VLE� ZDV� WKH� PRVW�
YHUQDOL]DWLRQ�UHVSRQVLYH�����GD\V��DPRQJ�WKH�VSULQJ�JURZWK�KDELW�EDUOH\�JHQRW\SHV��DV�
FRPSDUHG�WR������DQG�����GD\V�IRU�0RUH[��VSULQJ�KDELW���'LFNWRR��IDFXOWDWLYH�KDELW���DQG�
.RPSROWL�NRUDL��ZLQWHU�KDELW���UHVSHFWLYHO\��,��.DUVDL��XQSXEOLVKHG�GDWD����

9HUQDOL]DWLRQ�VHQVLWLYLW\�LQ�EDUOH\�LV�QRW�D�SUHVHQFH�DEVHQFH�DWWULEXWH��EXW�UDWKHU�D�
JUDGDWHG�FRQWLQXXP��7DNDKDVKL�DQG�<DVXGD��������FODVVLILHG�VL[�JURZWK�KDELW�FODVVHV��



�����

UDQNHG� IURP� VWURQJHVW� WR� ZHDNHVW� VSULQJ� KDELW� UHODWLYH� WR� IORZHULQJ� WLPH� XQGHU� ���K�
SKRWRSHULRG� GXULQJ� JUHHQKRXVH� JURZWK�� 7KH\� FRQFOXGHG� WKDW�PXOWLSOH� DOOHOLF� VHULHV� DW�
WKH� 9UQ�+�� ORFXV� DUH� UHVSRQVLEOH� IRU� WKH� JUDGH� RI� VSULQJ� KDELW�� :H� K\SRWKHVL]H� WKH�
GHJUHH� RI� IORZHULQJ� GHOD\� LQ� WKHVH� YDULRXV� FODVVHV� PD\� UHSUHVHQW� WKH� GHJUHH� RI�
UHSUHVVLRQ� WR� ZKLFK� 951�+�� LV� VXEMHFWHG� DQG� $OEDFHWH�� &DOLFXFKLPD�VLE� DQG� 3DQp�
ZRXOG� UHSUHVHQW� DQ� LQWHUPHGLDWH� JURZWK� KDELW� FODVV� RI�7DNDKDVKL� DQG�<DVXGD� ��������
7KH�GHOHWLRQ�RI�WKH�VHTXHQFH�IODQNLQJ�WKH�YHUQDOL]DWLRQ�FULWLFDO�UHJLRQ�PLJKW�DIIHFW�WKH�
HIILFLHQF\� ZLWK� ZKLFK� WKH� 951�+�� UHSUHVVRU� FDQ� UHSUHVV� WKH� YUQ�+�� DOOHOH� FULWLFDO�
UHJLRQ��SHUKDSV�E\�GHOHWLRQ�RI�LPSRUWDQW�VHJPHQWV�WKDW�LQIOXHQFH�951�+��ORFXV�'1$�RU�
FKURPDWLQ� VWUXFWXUH�� ,Q� $UDELGRSVLV�� DOWHUDWLRQ� LQ� FKURPDWLQ� VWUXFWXUH� LV� D� SULQFLSOH�
PHDQV�RI�DIIHFWLQJ�H[SUHVVLRQ�RI� WKH�0$'6�ER[�YHUQDOL]DWLRQ�UHSUHVVRU�)/&� �%DVWRZ�
HW� DO�� ������� ([SUHVVLRQ� RI� DQRWKHU� $UDELGRSVLV� KRPHRWLF�0$'6� ER[� JHQH�� 67.�� LV�
UHJXODWHG� E\� LQWURQ�ORFDOL]HG�*$�ULFK� VLWHV��ZKHUH� WKH�*$�ELQGLQJ� SURWHLQ�%3&��� WKH�
67.� UHSUHVVRU�� LQGXFHG� FRQIRUPDWLRQDO� FKDQJHV� ZKHQ� DOO� WKH� *$�ULFK� HOHPHQWV� DUH�
SUHVHQW²ZKHQ� RQO\� WKH� WZR� VWURQJHVW� ELQGLQJ� VLWHV� DUH� DYDLODEOH�� QR� FRQIRUPDWLRQDO�
FKDQJHV�ZHUH�REVHUYHG��.RRLNHU�HW�DO���������6XPPDUL]LQJ�QDWXUDO�DOOHOLF�YDULDWLRQ�IRU�
951�+�� �FXUUHQW� VWXG\�� )X� HW� DO�� ������ YRQ� =LW]HZLW]� HW� DO�� ������� GHOHWLRQ� RI� WKH�
YHUQDOL]DWLRQ�FULWLFDO�UHJLRQ�UHVXOWV�LQ�D�VWURQJ�VSULQJ�JURZWK�KDELW��GHOHWLRQ�RI�VHTXHQFH�
IODQNLQJ�WKH�FULWLFDO� UHJLRQ�\LHOGV�DQ� LQWHUPHGLDWH�VSULQJ�KDELW��ZKLOH�SUHVHQFH�RI�ERWK�
WKH�YHUQDOL]DWLRQ�FULWLFDO�DQG�IODQNLQJ�UHJLRQ�\LHOGV�D�IDFXOWDWLYH�RU�VWURQJ�ZLQWHU�KDELW�
EDVHG�RQ�D�UHFHVVLYH�RU�GRPLQDQW�951�+���UHVSHFWLYHO\��:KHWKHU�WKH�951�+��SURPRWHU�
LV� GLUHFWO\� LQYROYHG� LQ� YHUQDOL]DWLRQ�EDVHG� UHJXODWLRQ� �H�J��� DV� D� VLWH� RI� +Y957���
LQWHUDFWLRQ�GXULQJ�VKRUW�GD\V��VWLOO�UHPDLQV�WR�EH�UHVROYHG���

,Q�VXPPDU\��RXU�UHVXOWV��D��YDOLGDWH�WKH�PROHFXODU�PRGHO�SURSRVHG�WR�H[SODLQ�WKH�
HSLVWDWLF�LQWHUDFWLRQ�RI�951�+��DQG�951�+��XQGHU�ORQJ�GD\�FRQGLWLRQV���E��YHULI\�WKH�
³ZLQWHU´� YV� ³VSULQJ´� 951�+�� DQG� 951�+�� DOOHOH� SULPHU� VHWV� ZRUN� DV� SUHGLFWRUV� RI�
JURZWK� KDELW� FODVV�� DQG� �F�� GHPRQVWUDWH� WKDW� KLGGHQ� YHUQDOL]DWLRQ� VHQVLWLYLW\� FDQ� EH�
UHFRYHUHG� WKURXJK� DSSURSULDWH� FURVVHV�� $QDO\VLV� RI� QDWXUDO� DOOHOLF� YDULDWLRQ� DQG� LWV�
HIIHFWV� UHODWLYH� WR� JURZWK� KDELW� DW� 951�+�� DQG� 951�+�� UHYHDOHG� WKDW� �G�� VHTXHQFH�
IODQNLQJ�WKH�YHUQDOL]DWLRQ�FULWLFDO�UHJLRQ�RI�951�+��LQWURQ���OLNHO\�LQIOXHQFHV�GHJUHH�RI�
YHUQDOL]DWLRQ� VHQVLWLYLW\�� �H�� WKDW� WKH� =&&7�+� JHQHV� KDYH� KLJKHU� OHYHOV� RI� DOOHOLF�
SRO\PRUSKLVP� WKDQ� RWKHU� ZLQWHUKDUGLQHVV� UHJXODWRU\� JHQHV�� DQG� �I�� D� ZLQWHU� KDELW� LV�
UHWDLQHG�ZKHQ�=&&7�+D�KDV�EHHQ�GHOHWHG��7KHVH�UHVXOWV�SURYLGH�JURXQGV�IRU�GHYHORSLQJ�
DQG� WHVWLQJ�K\SRWKHVHV�RQ� WKH� UROH�� RU� UROHV�� RI� WKH�GXSOLFDWHG�=&&7�+� JHQHV� DQG� WKH�
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QXPEHU� DQG� VWUXFWXUH� RI� UHJXODWRU\� UHJLRQV� LQ� 951�+�� FRQWUROOLQJ� WKH� WLPLQJ� RI�
IORZHULQJ�DQG�VHQVLWLYLW\�WR�YHUQDOL]DWLRQ���

�
�

$FNQRZOHGJPHQWV�
�
��:H�ZLVK�WR�WKDQN�'RXJODV�/��+HFNDUW��-RKQ�/��+HOJHVVRQ��DQG�/DXUHQ�$��2VERUQ�

IRU� WKHLU� WHFKQLFDO� DVVLVWDQFH�� 7KLV� ZRUN� ZDV� VXSSRUWHG� E\� WKH� 1DWLRQDO� 6FLHQFH�
)RXQGDWLRQ� 3ODQW� *HQRPH� 5HVHDUFK� 3URJUDP� �'%,� ��������� DQG� WKH� 8QLWHG� 6WDWHV�
%DUOH\�*HQRPH�3URMHFW��

�
�

���� 5HIHUHQFHV�
�

%DVWRZ� 5�� 0\OQH� -6�� /LVWHU� &�� /LSSPDQ� =�� 0DUWLHQVVHQ� 5$�� 'HDQ� &� �������
9HUQDOL]DWLRQ�UHTXLUHV�HSLJHQHWLF�VLOHQFLQJ�RI�)/&�E\�KLVWRQH�PHWK\ODWLRQ��1DWXUH�
�������±����

%HQ�1DLP�2��(VKHG�5��3DUQLV�$��7HSHU�%DPQRONHU�3��6KDOLW�$��&RXSODQG�*��6DPDFK�
$�� /LIVFKLW]� (� ������� 7KH� &&$$7� ELQGLQJ� IDFWRU� FDQ� PHGLDWH� LQWHUDFWLRQV�
EHWZHHQ�&2167$16�OLNH�SURWHLQV�DQG�'1$��3ODQW�-�������±����

'DQ\OXN�-��.DQH�1'��%UHWRQ�*��/LPLQ�$(��)RZOHU�'%��6DUKDQ�)� �������7D957���� D�
SXWDWLYH� WUDQVFULSWLRQ� IDFWRU�DVVRFLDWHG�ZLWK�YHJHWDWLYH� WR� UHSURGXFWLYH� WUDQVLWLRQ�
LQ�FHUHDOV��3ODQW�3K\VLRO���������±�����

'XEFRYVN\�-��&KHQ�&��<DQ�/��������0ROHFXODU�FKDUDFWHUL]DWLRQ�RI�WKH�DOOHOLF�YDULDWLRQ�
DW�WKH�951�+��YHUQDOL]DWLRQ�ORFXV�LQ�EDUOH\��0RO�%UHHG�������±����

'XEFRYVN\� -�� /LMDYHW]N\� '�� $SSHQGLQR� /�� 7UDQTXLOOL� *� ������� &RPSDUDWLYH� 5)/3�
PDSSLQJ� RI� 7ULWLFXP�PRQRFRFFXP� JHQHV� FRQWUROOLQJ� YHUQDOL]DWLRQ� UHTXLUHPHQW��
7KHRU�$SSO�*HQHW�������±����

'XEFRYVN\� -�� /RXNRLDQRY�$�� )X�'�� 9DODULN�0�� 6DQFKH]�$�� <DQ� /� ������� (IIHFW� RI�
SKRWRSHULRG� RQ� WKH� UHJXODWLRQ� RI� ZKHDW� YHUQDOL]DWLRQ� JHQHV� 951�� DQG� 951���
3ODQW�0RO�%LRO�������±����

)X�'��6] FV�3��<DQ�/��+HOJXHUD�0��6NLQQHU�-6��YRQ�=LW]HZLW]�-��+D\HV�30��'XEFRYVN\�
-� ������� /DUJH� GHOHWLRQV� ZLWKLQ� WKH� ILUVW� LQWURQ� LQ� 951��� DUH� DVVRFLDWHG� ZLWK�
VSULQJ�JURZWK�KDELW�LQ�EDUOH\�DQG�ZKHDW��0RO�*HQHW�*HQRPLFV�������±���
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*ULIILWKV�6��'XQIRUG�53��&RXSODQG�*��/DXULH�'$��������7KH�HYROXWLRQ�RI�&2167$16�
OLNH�JHQH�IDPLOLHV�LQ�EDUOH\��ULFH��DQG�$UDELGRSVLV��3ODQW�3K\VLRO���������±�����

+D\HV� 30�� %ODNH� 7�� &KHQ� 7++�� 7UDJRRQUXQJ� 6�� &KHQ� )�� 3DQ� $�� /LX� %� �������
4XDQWLWDWLYH� WUDLW� ORFL� RQ� EDUOH\� �+RUGHXP� YXOJDUH�� FKURPRVRPH� �� DVVRFLDWHG�
ZLWK�FRPSRQHQWV�RI�ZLQWHUKDUGLQHVV��*HQRPH������±���

+D\HV� 30�� &RUH\� $(�� 'RYHO� 5�� .DURZ� 5�� 0XQGW� &�� 5KLQDUW� .�� 9LYDU� +� �������
5HJLVWUDWLRQ�RI�2UFD�EDUOH\��&URS�6FL��������

,ZDNL�.��+DUXQD�6��1LZD�7��.DWR�.��������$GDSWDWLRQ�DQG�HFRORJLFDO�GLIIHUHQWLDWLRQ�LQ�
ZKHDW�ZLWK� VSHFLDO� UHIHUHQFH� WR� JHRJUDSKLFDO� YDULDWLRQ� RI� JURZWK� KDELW� DQG�9UQ�
JHQRW\SH��3ODQW�%UHHG��������±����

.DQH�1$��'DQ\OXN�-��7DUGLI�*��2XHOOHW�)��/DOLEHUWp�-��/LPLQ�$(��)RZOHU�'%��6DUKDQ�)�
�������7D957���� D�PHPEHU�RI� WKH�6W0$'6����FODGH�RI� IORZHULQJ� UHSUHVVRUV�� LV�
UHJXODWHG� E\� YHUQDOL]DWLRQ� DQG� SKRWRSHULRG� LQ� ZKHDW�� 3ODQW� 3K\VLRO� ��������±
�����

.DUO� %1�� +XJK� %1� ������� *HQH'RF�� D� WRRO� IRU� HGLWLQJ� DQG� DQQRWDWLQJ� PXOWLSOH�
VHTXHQFH�DOLJQPHQWV���'LVWULEXWHG�E\�WKH�DXWKRU��

.DUVDL�,��+D\HV�30��.OLQJ�-��0DWXV�,$��0pV]iURV�.��/iQJ�/��%HG �=��6DWR�.��������
*HQHWLF� YDULDWLRQ� LQ� FRPSRQHQW� WUDLWV� RI� IORZHULQJ� WLPH� LQ� +RUGHXP� YXOJDUH�
VXEVS��VSRQWDQHXP�DFFHVVLRQV�FKDUDFWHUL]HG�LQ�FRQWUROOHG�HQYLURQPHQWV��&URS�6FL�
�������±������

.DUVDL�,��0pV]iURV�.��/iQJ�/��+D\HV�30��%HG �=��������0XOWLYDULDWH�DQDO\VLV�RI�WUDLWV�
GHWHUPLQLQJ�DGDSWDWLRQ�LQ�FXOWLYDWHG�EDUOH\��3ODQW�%UHHG��������±����

.DUVDL� ,��0pV]iURV�.��6] FV�3��+D\HV�30��/iQJ�/��%HG �=� �������7KH� LQIOXHQFH� RI�
SKRWRSHULRG� RQ� WKH� 9UQ�+�� ORFXV� ��+�� ZKLFK� LV� D� PDMRU� GHWHUPLQDQW� RI� SODQW�
GHYHORSPHQW� DQG� UHSURGXFWLYH� ILWQHVV� WUDLWV� LQ� D� IDFXOWDWLYH�î�ZLQWHU� EDUOH\�
�+RUGHXP�YXOJDUH�/���PDSSLQJ�SRSXODWLRQ��3ODQW�%UHHG��������±����

.DUVDL�,��6] FV�3��0pV]iURV�.��)LOLFKNLQD�7��+D\HV�30��6NLQQHU�-6��/iQJ�/��%HG �=�
������� 7KH� 9UQ�+�� ORFXV� LV� D� PDMRU� GHWHUPLQDQW� RI� IORZHULQJ� WLPH� LQ� D�
IDFXOWDWLYH�î�ZLQWHU� JURZWK� KDELW� EDUOH\� �+RUGHXP� YXOJDUH� /��� PDSSLQJ�
SRSXODWLRQ��7KHRU�$SSO�*HQHW���������±�����

.RRLNHU�0��$LUROGL�&$��/RVD�$��0DQ]RWWL�36��)LQ]L�/��.DWHU�00��&RORPER�/��������
%$6,&�3(17$&<67(,1(���D�*$�ELQGLQJ�SURWHLQ� WKDW� LQGXFHV�FRQIRUPDWLRQDO�
FKDQJHV�LQ�WKH�UHJXODWRU\�UHJLRQ�RI�WKH�KRPHRWLF�$UDELGRSVLV�JHQH�6(('67,&.��
3ODQW�&HOO�������±����



�����

.yWL�.��.DUVDL�,��6] FV�3��+RUYiWK�&��0pV]iURV�.��.LVV�*%��%HG �=��+D\HV�30��������
9DOLGDWLRQ� RI� WKH� WZR�JHQH� HSLVWDWLF� PRGHO� IRU� YHUQDOL]DWLRQ� UHVSRQVH� LQ� D�
ZLQWHU�î�VSULQJ�EDUOH\�FURVV��(XSK\WLFD�������±���

.XPDU� 6�� 7DPXUD� .�� 1HL� 0� ������� 0(*$��� LQWHJUDWHG� VRIWZDUH� IRU� PROHFXODU�
HYROXWLRQDU\� JHQHWLFV� DQDO\VLV� DQG� VHTXHQFH� DOLJQPHQW�� %ULHI�%LRLQIRUP� �����±
����

/DVD� -0�� ,JDUWXD� (�� &LXGDG� )-�� &RGHVDO� 3�� *DUFLD� (9�� *UDFLD� 03�� 0HGLQD� %��
5RPDJRVD� ,�� 0ROLQD�&DQR� -/�� 0RQWR\D� -/� ������� 0RUSKRORJLFDO� DQG�
DJURQRPLFDO� GLYHUVLW\� SDWWHUQV� LQ� WKH� 6SDQLVK� EDUOH\� FRUH� FROOHFWLRQ�� +HUHGLWDV�
�������±����

/DXULH� '$�� 3UDWFKHWW� 1�� %H]DQW� -+�� 6QDSH� -:� ������� 5)/3�PDSSLQJ� RI� ILYH� PDMRU�
JHQHV� DQG� HLJKW� TXDQWLWDWLYH� WUDLW� ORFL� FRQWUROOLQJ� IORZHULQJ� WLPH� LQ� D� ZLQWHU� ��
VSULQJ�EDUOH\��+RUGHXP�YXOJDUH�/���FURVV��*HQRPH�������±����

/RXNRLDQRY�$��<DQ�/��%OHFKO�$��6DQFKH]�$��'XEFRYVN\�-��������5HJXODWLRQ�RI�951���
YHUQDOL]DWLRQ� JHQHV� LQ� QRUPDO� DQG� WUDQVJHQLF� SRO\SORLG� ZKHDW�� 3ODQW� 3K\VLRO�
��������±�����

0LFKDHOV�6'��$PDVLQR�50��������)ORZHULQJ�ORFXV�&�HQFRGHV�D�QRYHO�0$'6�GRPDLQ�
SURWHLQ�WKDW�DFWV�DV�D�UHSUHVVRU�RI�IORZHULQJ��3ODQW�&HOO�������±����

0XUDL� .�� 0L\DPDH� 0�� .DWR� +�� 7DNXPL� 6�� 2JLKDUD� <� ������� :$3��� D� ZKHDW�
$3(7$/$��KRPRORJ��SOD\V�D�FHQWUDO�UROH�LQ�WKH�SKDVH�WUDQVLWLRQ�IURP�YHJHWDWLYH�
WR�UHSURGXFWLYH�JURZWK��3ODQW�&HOO�3K\VLRO��������±�����

5HLQKHLPHU� -/��%DUU�$5��(JOLQWRQ� -.� �������47/�PDSSLQJ� RI� FKURPRVRPDO� UHJLRQV�
FRQIHUULQJ� UHSURGXFWLYH� IURVW� WROHUDQFH� LQ� EDUOH\� �+RUGHXP� YXOJDUH� /���� 7KHRU�
$SSO�*HQHW���������±�����

5REVRQ� )�� &RVWD� 005�� +HSZRUWK� 65�� 9L]LU� ,�� 3LQHLUR� 0�� 5HHYHV� 3+�� 3XWWHULOO� -��
&RXSODQG�*��������)XQFWLRQDO�LPSRUWDQFH�RI�FRQVHUYHG�GRPDLQV�LQ�WKH�IORZHULQJ�
WLPH�JHQH�&2167$16�GHPRQVWUDWHG�E\�DQDO\VLV�RI�PXWDQW�DOOHOHV�DQG�WUDQVJHQLF�
SODQWV��3ODQW�-�������±����

6FKPLW]� -��)UDQ]HQ�5��1J\XHQ�7+��*DUFLD�0DURWR�)��3R]]L�&��6DODPLQL�)��5RKGH�:�
������� &ORQLQJ�� PDSSLQJ� DQG� H[SUHVVLRQ� DQDO\VLV� RI� EDUOH\�0$'6�ER[� JHQHV��
3ODQW�0RO�%LRO�������±����

6KHOGRQ�&&��&RQQ�$%��'HQQLV�(6��3HDFRFN�:-��������'LIIHUHQW�UHJXODWRU\�UHJLRQV�DUH�
UHTXLUHG�IRU�WKH�YHUQDOL]DWLRQ�LQGXFHG�UHSUHVVLRQ�RI�)/2:(5,1*�/2&86�&�DQG�
IRU�WKH�HSLJHQHWLF�PDLQWHQDQFH�RI�UHSUHVVLRQ��3ODQW�&HOO��������±�����



�����

6NLQQHU� -6��6] FV�3��YRQ�=LW]HZLW]�-��0DUTXH]�&HGLOOR�/��)LOLFKNLQ�7��6WRFNLQJHU�(-��
7KRPDVKRZ�0)��&KHQ�7++��+D\HV�30��������0DSSLQJ�RI�EDUOH\�KRPRORJV�WR�
JHQHV� WKDW� UHJXODWH� ORZ�WHPSHUDWXUH� WROHUDQFH� LQ�$UDELGRSVLV��7KHRU�$SSO�*HQHW�
�������±����

6] FV� 3�� .DUVDL� ,�� YRQ� =LW]HZLW]� -��0pV]iURV� .�� &RRSHU� //'�� *X� <4�� &KHQ� 7++��
+D\HV� 30�� 6NLQQHU� -6� ������� 3RVLWLRQDO� UHODWLRQVKLSV� EHWZHHQ� SKRWRSHULRG�
UHVSRQVH�47/� DQG�SKRWRUHFHSWRU� DQG� YHUQDOL]DWLRQ� JHQHV� LQ� EDUOH\��7KHRU�$SSO�
*HQHW���������±�����

7DNDKDVKL� 5�� <DVXGD� 6� ������� *HQHWLFV� RI� HDUOLQHVV� DQG� JURZWK� KDELW� LQ� EDUOH\�� ,Q��
1LODQ�5$��HG��%DUOH\�JHQHWLFV�,,��3URFHHGLQJV�RI� WKH�VHFRQG�LQWHUQDWLRQDO�EDUOH\�
JHQHWLFV�V\PSRVLXP��:DVKLQJWRQ�6WDWH�8QLYHUVLW\�3UHVV��3XOOPDQ��SS����±�����

7DNDWVXML�+��������=LQF�ILQJHU�WUDQVFULSWLRQ�IDFWRUV�LQ�SODQWV��&HOO�0RO�/LIH�6FL�������±
����

7RWWPDQ�'5��0DNHSHDFH�5-��������$Q�H[SODQDWLRQ�RI�WKH�GHFLPDO�FRGH�IRU�WKH�JURZWK�
VWDJHV�RI�FHUHDOV��ZLWK�LOOXVWUDWLRQV��$QQ�$SSO�%LRO�������±�����

7UDQTXLOOL�*(��'XEFRYVN\�-� �������(SLVWDWLF� LQWHUDFWLRQV�EHWZHHQ�YHUQDOL]DWLRQ�JHQHV�
9UQ�$�P���DQG�9UQ�$�P���LQ�GLSORLG�ZKHDW��-�+HUHG�������±����

7UHYDVNLV�%��%DJQDOO�'-��(OOLV�0+��3HDFRFFN�:-��'HQQLV�(6��������0$'6�ER[�JHQHV�
FRQWURO� YHUQDOL]DWLRQ�LQGXFHG� IORZHULQJ� LQ� FHUHDOV�� 3URF� 1DWO� $FDG� 6FL� 86$�
���������±������

7UHYDVNLV� %�� +HPPLQJ� 01�� 3HDFRFN� :-�� 'HQQLV� (6� ������� +Y951�� UHVSRQGV� WR�
GD\OHQJWK�� ZKHUHDV� +Y951�� LV� UHJXODWHG� E\� YHUQDOL]DWLRQ� DQG� GHYHORSPHQWDO�
VWDWXV��3ODQW�3K\VLRO���������±�����

YRQ�=LW]HZLW]�-��6] FV�3��'XEFRYVN\�-��<DQ�/��3HFFKLRQL�1��)UDQFLD�(��&DVDV�$��&KHQ�
7++��+D\HV�30��6NLQQHU�-6��������0ROHFXODU�DQG�VWUXFWXUDO�FKDUDFWHUL]DWLRQ�RI�
EDUOH\�YHUQDOL]DWLRQ�JHQHV��3ODQW�0RO�%LRO�������±����

:ROIH� 5,�� )UDQFNRZLDN� -'� ������� 0XOWLSOH� GRPLQDQW� DQG� UHFHVVLYH� JHQHWLF� PDUNHU�
VWRFNV�LQ�VSULQJ�EDUOH\��%DUOH\�*HQHW�1HZVO�������±�����

<DQ� /��+HOJXHUD�0��.DWR�.�� )XNX\DPD� 6�� 6KHUPDQ� -��'XEFRYVN\� -� �����D��$OOHOLF�
YDULDWLRQ� DW� WKH�951��� SURPRWHU� UHJLRQ� LQ� SRO\SORLG� ZKHDW�� 7KHRU� $SSO� *HQHW�
��������±�����

<DQ� /�� /RXNRLDQRY� $�� %OHFKO� $�� 7UDQTXLOOL� *�� 5DPDNULVKQD� :�� 6DQ0LJXHO� 3��
%HQQHW]HQ� -/�� (FKHQLTXH� 9�� 'XEFRYVN\� -� �����E�� 7KH� ZKHDW�951�� JHQH� LV� D�
IORZHULQJ�UHSUHVVRU�GRZQ�UHJXODWHG�E\�YHUQDOL]DWLRQ��6FLHQFH���������±�����



�����

<DQ� /�� /RXNRLDQRY� $�� 7UDQTXLOOL� *�� +HOJXHUD� 0�� )DKLPD� 7�� 'XEFRYVN\� -� �������
3RVLWLRQDO� FORQLQJ� RI� WKH� ZKHDW� YHUQDOL]DWLRQ� JHQH� 951��� 3URF� 1DWO� $FDG� 6FL�
86$���������±�����
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&DStWXOR���
�

5HODWLRQVKLS�EHWZHHQ�KHDGLQJ�GDWH��
KHDGLQJ�GDWH�47/��DQG�\LHOG�LQ�EDUOH\�
JURZQ�XQGHU�0HGLWHUUDQHDQ�FRQGLWLRQV��
�
�



�



�����

&DStWXOR����5HODWLRQVKLS�EHWZHHQ�KHDGLQJ�GDWH��KHDGLQJ�GDWH�47/��DQG�
\LHOG�LQ�EDUOH\�JURZQ�XQGHU�0HGLWHUUDQHDQ�FRQGLWLRQV�

� $OIRQVR�&XHVWD�0DUFRV���$QD�0��&DVDV���0��3LODU�*UDFLD���-RVp�/�0ROLQD�
&DQR���)UDQFLVFR�&LXGDG���3ULPLWLYD�&RGHVDO���-RVp�0�/DVD���(UQHVWR�,JDUWXD��

�
��'HSDUWPHQW�RI�*HQHWLFV�DQG�3ODQW�3URGXFWLRQ��$XOD�'HL�([SHULPHQWDO�6WDWLRQ��&6,&��
3�2��%R[������(�������=DUDJR]D��6SDLQ�
��)LHOG�&URSV��&HQWUH�8G/�,57$��$Y��5RYLUD�5RXUH������(�������/OHLGD��6SDLQ�
�� ,7$�� ,QVWLWXWR� GH� 7HFQRORJtD� $JUDULD�� -XQWD� GH� &DVWLOOD� \� /HyQ�� 3�2�� %R[� ����� (�
�������9DOODGROLG��6SDLQ�
�
�
�
�



�����

���� $EVWUDFW�
�
*UDLQ�\LHOG�LV�RQH�RI� WKH�NH\�WDUJHW� WUDLWV�IRU�FHUHDO�EUHHGHUV��7KH�NQRZOHGJH�RQ�

47/�KDV�OHG�WR�D�QRWLFHDEOH�DGYDQFHPHQW�LQ�EUHHGLQJ�IRU�D�YDULHW\�RI�WUDLWV��EXW�QRW�IRU�
\LHOG��*UDLQ�\LHOG�47/�KDYH�QRW� EHHQ� IRXQG� FRQVLVWHQWO\� DFURVV�PDSSLQJ�SRSXODWLRQV�
DQG� HQYLURQPHQWV�� PDLQO\� EHFDXVH� LW� LV� WKH� ILQDO� RXWFRPH� RI� D� ODUJH� QXPEHU� RI�
GHYHORSPHQWDO�SURFHVVHV��PRVW�RI�WKHP�KLJKO\�LQIOXHQFHG�E\�JHQRW\SH�E\�HQYLURQPHQW�
LQWHUDFWLRQV�� 8QGHU� ZDWHU� OLPLWLQJ� FRQGLWLRQV�� SKHQRORJLFDO� DGMXVWPHQW� SOD\V� D� PDMRU�
UROH�RQ�DGDSWDWLRQ�DQG�\LHOG��7KH�RSWLPXP�KHDGLQJ�GDWH�IRU�D�JLYHQ�DUHD�ZLOO�RSWLPL]H�
ILQDO�JUDLQ�\LHOG��DV�WKH�FURS�FDQ�PDNH�WKH�PRVW�RI�PRLVWXUH�DYDLODEOH��HVSHFLDOO\�GXULQJ�
WKH�FULWLFDO�JUDLQ�ILOOLQJ�VWDJH��,Q�WKLV�VWXG\�ZH�DLPHG�DW�LGHQWLI\LQJ�\LHOG�47/�LQ�D�VHULHV�
RI�H[SHULPHQWV�FDUULHG�RXW�XQGHU�0HGLWHUUDQHDQ�FRQGLWLRQV�RI�1RUWKHUQ�6SDLQ��XVLQJ�WKH�
EDUOH\�GRXEOHG�KDSORLG�SRSXODWLRQ�%HND�[�0RJDGRU��D�VSULQJ�E\�ZLQWHU�FURVV��:H�IRXQG�
WKDW� WKH� UHODWLRQVKLS� EHWZHHQ� KHDGLQJ� GDWH� DQG� \LHOG� FKDQJHV� GHSHQGLQJ� RQ� WKH�
HQYLURQPHQW��:H�DOVR�VWXGLHG� WKH�HIIHFW�RI�KHDGLQJ�GDWH�47/�RQ�\LHOG�DQG�IRXQG�WKDW�
VRPH�RI� WKHP�KDYH�D�GLUHFW�HIIHFW��ZKHUHDV�WKH�WZR�PDLQ�KHDGLQJ�GDWH�47/�VKRZHG�D�
VWURQJ�47/�E\�HQYLURQPHQW�LQWHUDFWLRQ�IRU�\LHOG��$OOHOLF�FRPELQDWLRQV�FDXVLQJ�HDUO\�RU�
ODWH�KHDGLQJ�GDWHV�XVXDOO\�GLG�QRW�IDYRXU�KLJK�\LHOG��ZKHUHDV�LQWHUPHGLDWH�KHDGLQJ�GDWHV�
ZHUH� DVVRFLDWHG�ZLWK�KLJKHU� YDULDELOLW\� DQG�\LHOG�SRWHQWLDO�� EHLQJ� WKH�PRVW� LQWHUHVWLQJ�
IURP� WKH� DJURQRPLFDO� SRLQW� RI� YLHZ�� 7KH� SRSXODWLRQ� ZDV� VSOLW� LQWR� WKUHH� GLVWLQFW�
IORZHULQJ�FODVVHV��LQ�DQ�DWWHPSW�WR�LGHQWLI\�\LHOG�47/�ZLWK�OHVV�GHSHQGHQFH�RI�KHDGLQJ�
WLPH��:LWKLQ�WKH�LQWHUPHGLDWH�KHDGLQJ�GDWH�SODQWV��DQG�GHVSLWH�WKH�UHGXFHG�VDPSOH�VL]H��
ZH�IRXQG�WKDW�WKH�DELOLW\�WR�GHWHFW�\LHOG�47/�ZDV�KLJKHU�WKDQ�IRU�WKH�HQWLUH�SRSXODWLRQ��
:LWKLQ� WKLV� FODVV�� WZR� KHDGLQJ� GDWH�47/�SUHVHQWHG� DOVR� D� UHPDUNDEOH� HIIHFW� RQ� JUDLQ�
\LHOG���

�
�

.H\ZRUGV��%DUOH\��\LHOG��KHDGLQJ�GDWH��47/��YHUQDOL]DWLRQ�
�



����

���� ,QWURGXFWLRQ�
�
7KH� ILQDO� \LHOG� RI� D� FURS� LV� WKH� SURGXFW� RI� VHYHUDO� JURZWK� DQG� GHYHORSPHQWDO�

SURFHVVHV�RFFXUULQJ�WKURXJKRXW�WKH�OLIH�F\FOH�RI�D�FURS��ZLWK�PRVW�JHQHV�LQIOXHQFLQJ�WKH�
ILQDO�RXWFRPH�GLUHFWO\�RU�LQGLUHFWO\��6ODIHU����������

<LHOG�47/�KDYH�EHHQ�UHSRUWHG�LQ�VHYHUDO�EDUOH\�SRSXODWLRQV��7KRPDV���������EXW�
WKHLU�LPSDFW�LQ�EUHHGLQJ�SURJUDPPHV�KDV�EHHQ�QHJOLJLEOH�VR�IDU��$PRQJ�WKH�FDXVHV�DUH�
WKH�SUREOHPV�RI�WUDQVIHUDELOLW\�RI�47/�WR�GLIIHUHQW�JHQHWLF�EDFNJURXQGV��WKH�VKULQNDJH�
RU�HYHQ�GLVDSSHDUDQFH�RI�47/�HIIHFWV�GXH�WR�WKH�SUHVHQFH�RI�JHQRW\SH�E\�HQYLURQPHQW�
�*[(��LQWHUDFWLRQ��ERWK��FDVHV�RI�DVFHUWDLQPHQW�ELDV���DQG�WKH�VPDOO�VL]H�RI�WKH�HIIHFWV�RI�
\LHOG� 47/� �9ROWDV� HW� DO��� ������ 6ODIHU�� ������� *[(� LQWHUDFWLRQV� DUH� RQH� RI� WKH� PDLQ�
REVWDFOHV� IRU� DGYDQFHPHQW� LQ� EUHHGLQJ� SURJUDPPHV� �)R[� HW� DO��� ������� 7KHUHIRUH� DQ�
DFFXUDWH� LGHQWLILFDWLRQ�RI� WKH�SURFHVVHV�GHWHUPLQLQJ�\LHOG�*[(�ZRXOG�EH�RI�JUHDW�KHOS�
IRU�EUHHGHUV���

3KHQRORJLFDO� DGMXVWPHQW� LV� RQH� RI� WKH� NH\� IDFWRUV� IRU� DGDSWDWLRQ� XQGHU� ZDWHU�
OLPLWLQJ� FRQGLWLRQV�� $FWXDOO\�� DGMXVWPHQW� RI� IORZHULQJ� WLPH� WR� WKH� UHVRXUFHV� DQG�
FRQVWUDLQW�RI� WKH�HQYLURQPHQW�GHWHUPLQHV� WKH�ILQDO�\LHOG�IRU�EDUOH\��YDQ�2RVWHURP�DQG�
$FHYHGR������E���

7KH� PDLQ� IDFWRUV� LQIOXHQFLQJ� SKHQRORJLFDO� UHVSRQVHV� RI� EDUOH\� DUH� SKRWRSHULRG�
VHQVLWLYLW\� DQG� YHUQDOL]DWLRQ� UHTXLUHPHQW�� %RWK� KDYH� D� GLUHFW� LQIOXHQFH� RQ� FURS�
DGDSWDWLRQ� WR� GLIIHUHQW� JHRJUDSKLFDO� DUHDV� �%R\G�� ������� )ORZHULQJ� WLPH� JHQHV�
GHWHUPLQH� WKH�GXUDWLRQ�RI� WKH�GHYHORSPHQWDO�VWDJHV� LQ�ZKLFK� WKH�FURS�F\FOH� LV�GLYLGHG�
DQG��LQGLUHFWO\��WKH�SURGXFWLRQ�RI�GU\�PDWWHU��WKH�QXPEHU�RI�VWUXFWXUHV�WKDW�FRQWULEXWH�WR�
WKH� ILQDO� \LHOG� �WLOOHUV�� VSLNHV� DQG� JUDLQV�� DQG� DOVR� WKH� ZD\� LQ� ZKLFK� GU\� PDWWHU� LV�
DOORFDWHG�DPRQJ�WKHP��%R\G���������.DUVDL�HW�DO���������VKRZHG�WKDW�3SG�+��DQG�9UQ�
+��� WKH� WZR�PDMRU� GHWHUPLQDQWV� RI� IORZHULQJ� WLPH� LQ� WKH� 'LFNWRR� [�0RUH[�PDSSLQJ�
SRSXODWLRQ�� KDG� DOVR� D� VLJQLILFDQW� HIIHFW� RQ� VHYHUDO� DJURQRPLF� WUDLWV�� LQFOXGLQJ� \LHOG�
FRPSRQHQWV��7KLV�HIIHFW�LV�QRW�UHGXFHG�RQO\�WR�WKH�YHJHWDWLYH�SKDVH��EXW�DOVR�LW�KDV�EHHQ�
VXJJHVWHG�WKH�HIIHFW�RI�SKRWRSHULRG�RQ�WKH�VWHP�HORQJDWLRQ�SKDVH�DV�D�GHWHUPLQDQW�RI�WKH�
QXPEHU�RI�IHUWLOH�IORUHWV�LQ�EDUOH\�DQG�ZKHDW��0LUDOOHV�HW�DO����������

2Q� WKH�RWKHU�KDQG��SKRWRSHULRG� VHQVLWLYLW\�DQG�YHUQDOL]DWLRQ� UHTXLUHPHQW�GR�QRW�
VHHP�WR�KDYH�D�GLUHFW�LQWULQVLF�HIIHFW�RQ�EDUOH\�JUDLQ�\LHOG��5HDFKLQJ�KLJK�\LHOG�SRWHQWLDO�
LV�IHDVLEOH�IRU�DQ\�FRPELQDWLRQ�RI�JHQHV�LQYROYHG�LQ�WKH�FRQWURO�RI�WKHVH�SURFHVVHV��7KLV�
LV�HPSLULFDOO\�HYLGHQW�ORRNLQJ�DW�KLJK�\LHOGLQJ�FXOWLYDUV��ZKLFK�FDQ�VKRZ�D�ZLGH�UDQJH�



�����

RI� SDWWHUQV� RI� SKHQRORJLFDO� GHYHORSPHQW�� .LUE\� DQG� $SSOH\DUG� ������� IRXQG� WKDW�
SKRWRSHULRG� VHQVLWLYLW\� LV� QRW� DVVRFLDWHG� ZLWK� GLIIHUHQFHV� LQ� \LHOG�� VWXG\LQJ� VSULQJ�
FXOWLYDUV�XQGHU�GLIIHUHQW�SKRWRSHULRG�FRQGLWLRQV�LQ�WKH�JUHHQKRXVH���

6HYHUDO� VWXGLHV�� FDUULHG� RXW� PDLQO\� E\� ,&$5'$� UHVHDUFKHUV�� IRFXVHG� LQ� WKH�
UHODWLRQVKLSV� EHWZHHQ� VHYHUDO� DJURQRPLF� WUDLWV� �LQFOXGLQJ� SKHQRORJLFDO� GHYHORSPHQW��
DQG� JUDLQ� \LHOG� LQ� WKH� 0HGLWHUUDQHDQ� UHJLRQ�� ,Q� JHQHUDO�� WKH\� REVHUYHG� WKDW� JHQHWLF�
GLIIHUHQFHV�LQ�\LHOG�DQG�\LHOG�VWDELOLW\�DUH�DVVRFLDWHG�ZLWK�WUDLWV�DV�JURZWK�KDELW��YLJRXU��
FROG� WROHUDQFH� DQG� KHDGLQJ� GDWH� �&HFFDUHOOL� HW� DO��� ������� 2WKHU� VWXGLHV� VKRZHG� WKDW�
KHDGLQJ� GDWH� PXVW� EH� HDUO\� HQRXJK� WR� DOORZ� DQ� DSSURSULDWH� JUDLQ� ILOOLQJ� DQG� DYRLG�
GURXJKW�VWUHVV�DW�WKH�HQG�RI�WKH�F\FOH��EXW�ODWH�HQRXJK�WR�DYRLG�FROG�GDPDJH��HVSHFLDOO\�
ODWH� IURVWV� �YDQ� 2RVWHURP� DQG� $FHYHGR�� ����E��� 3ODQW� LGHRW\SHV� SURSRVHG� E\� WKHVH�
DXWKRUV�DUH�VSULQJ�W\SHV�DQG�HDUO\�KHDGLQJ�RU�ZLQWHU�W\SHV�DQG�PRGHUDWHO\�HDUO\�KHDGLQJ�
�YDQ�2RVWHURP�DQG�$FHYHGR������D���7KHLU� ILQGLQJV�FDQQRW�EH�GLUHFWO\�DSSOLHG� WR� WKH�
1RUWKHUQ� 6SDQLVK� GU\ODQG� EDUOH\� JURZLQJ� DUHDV�� KRZHYHU�� DV� WKH� HQYLURQPHQWV� DUH�
GLIIHUHQW��8QOLNH�6\ULDQ�0HGLWHUUDQHDQ�FRQGLWLRQV� LQ�ZKLFK� WKHVH� VWXGLHV�ZHUH�FDUULHG�
RXW��LQ�6SDLQ�WRR�HDUO\�FXOWLYDUV�FDQQRW�WDNH�DGYDQWDJH�RI�D�VHFRQG�VSULQJ�UDLQIDOO�SHDN�
�PDLQO\�LQ�0D\��RWKHU�WKDQ�WKH�DXWXPQ�RQH��

7KH�DLP�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�GLVFRYHU�JUDLQ�\LHOG�47/�LQ�D�SRSXODWLRQ�RI�
EDUOH\�GRXEOHG�KDSORLG�OLQHV��ZHOO�DGDSWHG�DJURQRPLFDOO\�WR�1RUWKHUQ�6SDLQ��$OVR��ZH�
VWXGLHG� WKH� UHODWLRQVKLS� EHWZHHQ� KHDGLQJ� GDWH� DQG� \LHOG� LQ� WKLV� SRSXODWLRQ�� DQG� WKH�
LPSOLFDWLRQ�RI�KHDGLQJ�GDWH�RQ�WKH�JHQRW\SH�E\�HQYLURQPHQW� LQWHUDFWLRQ�RI�JUDLQ�\LHOG�
DQG�LWV�47/��
�
�
���� 0DWHULDOV�DQG�0HWKRGV�

�
3ODQW�0DWHULDO�
7KH�SRSXODWLRQ�XQGHU� VWXG\�ZDV�D� VHW�RI�����GRXEOHG�KDSORLG� �'+�� OLQHV�RI� WKH�

VSULQJ� [� ZLQWHU� FURVV� EHWZHHQ� WKH� )UHQFK� WZR�URZ� FXOWLYDUV� %HND� �%HWKJH� ;,,,� [�
.QHLIHO�� DQG� 0RJDGRU� �$OSKD� [� 6RQMD��� 7KLV� SRSXODWLRQ� ZDV� GHYHORSHG� LQ� WKH�
IUDPHZRUN�RI�WKH�6SDQLVK�%DUOH\�%UHHGLQJ�3URJUDPPH��,W�SUHVHQWV�SRO\PRUSKLVPV�IRU�
PRVW�RI� WKH�PDLQ� ORFL�FRQWUROOLQJ�KHDGLQJ�WLPH��DFFHSWDEOH�\LHOG��DQG�JRRG�DJURQRPLF�
FKDUDFWHULVWLFV� IRU� WKH� UHJLRQ�� 7KH� OLQHV� ZHUH� VHOHFWHG� IURP� D� ODUJHU� SRSXODWLRQ�� DV� D�



����

UHSUHVHQWDWLYH� VDPSOH� RI� KHDGLQJ� WLPH� YDULDWLRQ� LQ� WKH� FURVV� �SURFHGXUH� GHVFULEHG� LQ�
&KDSWHU�����

�
)LHOG�7ULDOV�
:H�FDUULHG�RXW� ILYH� DXWXPQ� VRZQ� ILHOG� WULDOV�� DW� IRXU� ORFDWLRQV� UHSUHVHQWDWLYH�RI�

WKH�PDLQ�EDUOH\�JURZLQJ�DUHDV�RI�1RUWKHUQ�6SDLQ��7DEOH�����*UDLQ�\LHOG�ZDV�UHFRUGHG�DW�
DOO� ILYH� WULDOV�� ZKHUHDV� KHDGLQJ� GDWHV� ZHUH� UHFRUGHG� RQO\� DW� IRXU� RI� WKHP�� 7KH�
H[SHULPHQWV�ZHUH�FRGHG�ZLWK�WZR�OHWWHUV�LQGLFDWLQJ�WKH�SURYLQFH��L�H��+8���+XHVFD��/(���
/OHLGD�� 9$� �� 9DOODGROLG�� =$� �� =DUDJR]D�� DQG� WKH� ODVW� WZR� GLJLWV� RI� WKH� KDUYHVW� \HDU�
��������������������7KUHH�RI� WKH�H[SHULPHQWV� �=$����9$���DQG�+8����ZHUH�DOUHDG\�
GHVFULEHG� LQ�&KDSWHU��� �DV�$8=$����$89$���DQG�$8+8�����$GGLWLRQDO� WULDOV�ZHUH�
FDUULHG�RXW�LQ�/OHLGD�LQ�������LQ�ZKLFK�KHDGLQJ�GDWHV�ZHUH�UHFRUGHG�RQO\�LQ�RQH�RI�WKH�
WKUHH� UHSOLFDWHV�� DQG� LQ� ������ IRU� ZKLFK� QR� KHDGLQJ� WLPHV� ZHUH� UHFRUGHG�� 'D\V� WR�
KHDGLQJ�ZHUH�FDOFXODWHG�DV� WKH�QXPEHU�RI�GD\V�EHWZHHQ�-DQXDU\��VW�DQG� WKH�GD\�ZKHQ�
DSSUR[LPDWHO\���FP�RI�DZQV�ZHUH�YLVLEOH�LQ�����RI�VWHPV��([SHULPHQWDO�GHVLJQ�DW�HDFK�
WULDO� ZDV� DQ� DOSKD� ODWWLFH� ZLWK� WKUHH� UHSOLFDWHV�� <LHOG� LQ� NLORJUDPV� SHU� KHFWDUH� ZDV�
HVWLPDWHG�H[WUDSRODWLQJ�WKH�GDWD�RI�WKH�ZHLJKW�RI�WKH�JUDLQ�KDUYHVWHG�LQ�WKH�����P��SORWV��

�
7DEOH����'D\V�WR�KHDGLQJ�DQG�\LHOG�RI�����%HND�[�0RJDGRU�'+�OLQHV�LQ�DXWXPQ�VRZLQJV��

�
*HQRW\SLQJ�DQG�OLQNDJH�PDS��
7KH� OLQNDJH�PDS� RI� WKH� %HND� [�0RJDGRU� SRSXODWLRQ�ZDV� FRQVWUXFWHG�ZLWK� ����

PDUNHUV�DQG�����LQGLYLGXDOV��*HQRW\SLQJ�DQG�OLQNDJH�PDS�FRQVWUXFWLRQ�DUH�GHVFULEHG�LQ�
&KDSWHU�����

�
�
�

7ULDO� 6RZLQJ�GDWH� <LHOG��NJ�KD���� �
� 'D\V�WR�KHDGLQJ��IURP�-DQXDU\��VW��

� � 3DUHQWV� � 2IIVSULQJ��'+�OLQHV�� � 3DUHQWV� � 2IIVSULQJ��'+�OLQHV��
� � %(.� 02*� � 0HDQ� � 0LQ�� 0D[�� � %(.� 02*� �0HDQ� � 0LQ�� 0D[��

/(��� ��������� ����� ����� � ����� ������ ����� ����� � ������ ������ � ������ ����� ����� ������
=$��� ��������� ����� ����� � ����� ������ ����� ����� � ����� ������ � ����� ����� ����� ������
/(��� ��������� ����� ����� � ����� ������ ����� ����� � �� �� � �� �� �� ��
9$��� ��������� ����� ����� � ����� ������ ����� ����� � ������ ������ � ������ ����� ������ ������
+8��� ��������� ����� ����� � ����� ������ ����� ����� � ������ ������ � ������ ����� ����� ������
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47/�DQDO\VLV�
47/�PDLQ�HIIHFWV�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ� WKH�FRPSRVLWH� LQWHUYDO�PDSSLQJ�

�&,0��SURFHGXUH��=HQJ���������LPSOHPHQWHG�LQ�:LQGRZV�47/�&DUWRJUDSKHU������:DQJ�
HW� DO��� �������:H� FKRVH� XS� WR� ��� FRIDFWRUV� IRU� HDFK� &,0� DQDO\VLV�� XVLQJ� D� VWHSZLVH�
UHJUHVVLRQ�SURFHGXUH�ZLWK�D�VLJQLILFDQFH�WKUHVKROG�RI�������:DON�VSHHG�ZDV�VHW�WR���F0��
DQG� WKH� VFDQ� ZLQGRZ� WR� ��� F0� EH\RQG� WKH� PDUNHUV� IODQNLQJ� WKH� LQWHUYDO� WHVWHG��
([SHULPHQW�ZLVH� VLJQLILFDQFH� �α ������ OLNHOLKRRG� UDWLR� WHVW� �/5�� WKUHVKROGV� IRU� 47/�
LGHQWLILFDWLRQ�ZHUH�GHWHUPLQHG�ZLWK������SHUPXWDWLRQV��DQG�H[SUHVVHG�DV�/2'��/2'� �
������ /5��� (SLVWDWLF� LQWHUDFWLRQV� EHWZHHQ� 47/� ZHUH� HYDOXDWHG� ZLWK� WKH� 0XOWLSOH�
,QWHUYDO� 0DSSLQJ� �0,0�� .DR� HW� DO��� ������ WRRO� LPSOHPHQWHG� LQ� :LQGRZV� 47/�
&DUWRJUDSKHU�XVLQJ�%D\HVLDQ�,QIRUPDWLRQ�&ULWHULRQ��%,&�0�����

$W� HDFK� WULDO�� \LHOG� IRU� HDFK� OLQH� ZDV� FDOFXODWHG� DFFRUGLQJ� WR� WKH� H[SHULPHQWDO�
GHVLJQ��$YHUDJH� \LHOG� YDOXHV� DFURVV� WULDOV�� XVHG� IRU�47/�PDLQ� HIIHFW� GHWHFWLRQ��ZHUH�
REWDLQHG�DYHUDJLQJ�OLQH�PHDQV�DFURVV�WKH�ILYH�ILHOG�WULDOV��

7KH�SURSRUWLRQ�RI�WKH�WRWDO�YDULDQFH�RI�DYHUDJH�JUDLQ�\LHOG�H[SODLQHG�E\�WKH�47/�
ZDV�FDOFXODWHG�DV�WKH�FRHIILFLHQW�RI�GHWHUPLQDWLRQ�RI�WKH�PXOWLORFXV�PRGHO�WKDW�LQFOXGHG�
WKH�VLJQLILFDQW�47/�DQG�WKH�VLJQLILFDQW�LQWHUDFWLRQV�DPRQJ�WKHP��XVLQJ�0,0��

$QDO\VHV� RI� YDULDQFH� DQG� UHJUHVVLRQ� DQDO\VHV� ZHUH� SHUIRUPHG� XVLQJ� WKH� */0�
SURFHGXUH�RI�6$6�Y���6$6�,QVWLWXWH�,QF���&DU\��1&��86$���*HQRW\SHV�ZHUH�FRQVLGHUHG�
DV�UDQGRP�IDFWRUV��UHSUHVHQWDWLYH�RI�WKH�SRSXODWLRQ�RI�SRVVLEOH�OLQHV�IURP�WKLV�FURVV��DQG�
HQYLURQPHQWV�ZHUH� FRQVLGHUHG� DV� IL[HG� IDFWRUV� �GXH� WR� D� VPDOO� QXPEHU� RI� GHJUHHV� RI�
IUHHGRP� WR� FRQVLGHU� LW� DV� D� UDQGRP� IDFWRU��� 7KH� HUURU� IRU� WKH� FRPELQHG� DQDO\VLV� RI�
YDULDQFH�RI�WKH�JHQRW\SH�PDLQ�HIIHFWV��LQFOXGLQJ�47/�PDUNHUV��ZDV�WKH�*HQRW\SH�E\�
(QYLURQPHQW� �*;(�� WHUP��7HVWV� IRU�47/�E\�HQYLURQPHQW� LQWHUDFWLRQV� �47/[(��ZHUH�
SHUIRUPHG�XVLQJ� WKH�*[(�RSWLRQ�RI� WKH�PXOWLWUDLW�PDSSLQJ�PHWKRG�RI� -LDQJ�DQG�=HQJ�
�������WKDW�LV�LPSOHPHQWHG�LQ�:LQGRZV�47/�&DUWRJUDSKHU������&,0�DQG�,0��,QWHUYDO�
0DSSLQJ��/DQGHU�DQG�%RWVWHLQ��������DSSURDFKHV�ZHUH�XVHG�IRU�WKLV�DQDO\VLV��&RIDFWRUV�
ZHUH� VHOHFWHG�PDQXDOO\�� DQG�FORVHVW�PDUNHUV� WR� WKH�\LHOG�DQG�KHDGLQJ�GDWH�47/�ZHUH�
LQFOXGHG�� 6LJQLILFDQFH� WKUHVKROG�ZDV� VHW� WKURXJK� ����� SHUPXWDWLRQV� �α ������ RQO\� WR�
WKH�,0�/2'�VFRUHV��(QYLURQPHQWV�ZHUH�WUHDWHG�DV�IL[HG�IDFWRUV��-LDQJ�DQG�=HQJ���������
7KH� MRLQW� HUURU� IRU� WKH� FRPELQHG� DQDO\VLV� RI� YDULDQFH� RI� WKH� *[(� DQG� 47/[(�
LQWHUDFWLRQV�ZDV�WKH�SRROHG�PHDQ�RI�WKH�HUURUV�RI�WKH�VLQJOH�WULDOV��

�
�



����

���� 5HVXOWV��
�
<LHOG�DQG�KHDGLQJ�GDWH�
7KH� UDQJH�RI�YDULDWLRQ� IRU�JUDLQ�\LHOG� DQG�GD\V� WR�KHDGLQJ�RI� WKH�'+� OLQHV�ZDV�

ZLGHU�WKDQ�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�SDUHQWDO�OLQHV�%HND�DQG�0RJDGRU��WKXV�VKRZLQJ�
WUDQVJUHVVLYH� VHJUHJDWLRQ� DW� DOO� WKH� H[SHULPHQWV� �7DEOH� ����'LVWULEXWLRQ� IUHTXHQFLHV� RI�
KHDGLQJ�GDWHV� �&KDSWHU���� DQG�\LHOG� �GDWD�QRW� VKRZQ��RI� WKH�RIIVSULQJ� OLQHV� VKRZHG�D�
TXDQWLWDWLYH�GLVWULEXWLRQ�RI� WKH�WUDLWV��'HVFULSWLRQ�RI�KHDGLQJ�GDWH�UHVXOWV�LV�UHSRUWHG�LQ�
&KDSWHU� ��� 5HJDUGLQJ� RYHUDOO� \LHOG� OHYHO�� /(���� /(��� DQG� 9$��� VKRZHG� VLPLODU�
DYHUDJH�YDOXHV�DQG�DPSOLWXGH�RI�WKH�UDQJH�RI�YDULDWLRQ��ZKHUHDV�=$���DQG�/(���ZHUH�
VLJQLILFDQWO\�ORZHU�DQG�KLJKHU�\LHOGLQJ��UHVSHFWLYHO\��7DEOH�����

�)LJXUH����6FDWWHU�SORWV�RI�WKH�KHDGLQJ�GDWHV�IURP�-DQXDU\��VW��;�D[LV��DQG�\LHOG�LQ�NJ�KD����<�D[LV��LQ�IRXU�
ILHOG� WULDOV�� 7KH� ���� '+� OLQHV� DUH� LQGLFDWHG� E\� GRWV�� /LQHV� VKRZ� WKH� OLQHDU� WUHQG� EHWZHHQ� WKH� WZR�
YDULDEOHV��5��RI�WKH�OLQHDU�UHJUHVVLRQV�DUH�DOVR�VKRZQ��)�YDOXH�RI�WKH�OLQHDU�UHJUHVVLRQ�VLJQLILFDQW�DW�
3���������


3���������


3�����������

�
7KH�UHODWLRQVKLS�EHWZHHQ�KHDGLQJ�GDWH�DQG�\LHOG�SUHVHQWHG�GLIIHUHQW�WUHQGV�DW�WKH�

IRXU� H[SHULPHQWV� LQ� ZKLFK� ERWK� YDULDEOHV� ZHUH� UHFRUGHG� �)LJ�� ���� $W� /(���� \LHOG�
GHFUHDVHG�ZLWK� ODWHQHVV�� DQG� WKH� RSSRVLWH�ZDV� WUXH� DW� 9$����$W� WKH� RWKHU� WZR� WULDOV��
WKRXJK�WKH�VORSH�ZDV�QHJDWLYH��WKH�UHODWLRQVKLS�ZDV�QRQ�VLJQLILFDQW��2YHUDOO��WKH�SORW�RI�
WKH�DYHUDJHV�RI� WKH�����OLQHV�IRU�\LHOG�DQG�KHDGLQJ�GDWH�SUHVHQWHG�D�VOLJKWO\�TXDGUDWLF�
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SDWWHUQ��)LJ������PHDQLQJ�WKDW�\LHOG�DQG�KHDGLQJ�GDWH�SUHVHQWHG�RSSRVLWH�UHODWLRQVKLSV�DW�
ERWK�HQGV�RI�WKH�KHDGLQJ�GDWH�GLVWULEXWLRQ��SRVLWLYH�IRU�HDUO\�OLQHV��DQG�QHJDWLYH�IRU�ODWH�
OLQHV��7KH�KLJKHVW�\LHOGLQJ�OLQHV�DQG�DOVR�WKH�KLJKHVW�YDULDELOLW\�LQ�WKH�\LHOG�RFFXUUHG�DW�
LQWHUPHGLDWH�KHDGLQJ�GDWHV��)LJ������

�
)LJXUH����5HODWLRQVKLS�EHWZHHQ�KHDGLQJ�GDWH�DQG�\LHOG�IRU� WKH�DYHUDJHV�RI�����'+�OLQHV�RI� WKH�%HND�[�
0RJDGRU�VLQJOH�FURVV�SRSXODWLRQ�LQ�IRXU��KHDGLQJ�GDWH��RU�ILYH��\LHOG��HQYLURQPHQWV��5��RI�WKH�TXDGUDWLF�
UHJUHVVLRQ� LV� DOVR� VKRZQ�� 6\PEROV� VWDQG� IRU� KDSORW\SHV� DW� WKH� WZR� PDLQ� KHDGLQJ� GDWH� ORFL� IRU� WKLV�
SRSXODWLRQ��UHSUHVHQWHG�E\�PDUNHUV�%PDJ����DQG�%PDF�����&KDSWHU������

�
47/�PDLQ�HIIHFWV�DQG�LQWHUDFWLRQV�
)LYH�47/�IRU�JUDLQ�\LHOG�ZHUH�IRXQG�ZKHQ�DQDO\]LQJ�WKH�DYHUDJH�\LHOG�RI�WKH�����

'+�OLQHV�DFURVV�WKH�ILYH�ILHOG�WULDOV��7KUHH�RI�WKHP�ZHUH�RQ�WKH�ORQJ�DUP�RI�FKURPRVRPH�
�+��)LJ������7KHVH�47/��FRGHG�DV�<��<���H[SODLQHG�����RI�WKH�SKHQRW\SLF�YDULDWLRQ�IRU�
WKH� WUDLW� �7DEOH�����)RU� IRXU�RI� WKHVH�47/��KLJKHU�JUDLQ�\LHOG�ZDV�DVVRFLDWHG�ZLWK� WKH�
0RJDGRU�DOOHOH��7KH�H[FHSWLRQ�ZDV�<���ORFDWHG�RQ�ELQV��±���RI�FKURPRVRPH��+��ZKLFK�
VKRZHG�DQ�RSSRVLWH�HIIHFW�WR�WKH�RWKHU�WZR�IODQNLQJ�47/���

�

5� �����

�����
�����
�����
�����
�����
�����
�����
�����
�����

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

<LHOG��NJ�KD��

'D\V�WR�KHDGLQJ�IURP��VW�-DQ�
�

(DUO\�JHQRW\SHV��%0�
,QWHUPHGLDWH�(DUO\�JHQRW\SHV��00�

,QWHUPHGLDWH�/DWH�JHQRW\SHV��%%�
/DWH�JHQRW\SHV��0%�
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)LJXUH����6FDQV�IRU�D��JUDLQ�\LHOG�PDLQ�HIIHFW��&,0�DQDO\VLV�ZLWK�D�����/2'�WKUHVKROG��E��JHQRW\SH�E\�
HQYLURQPHQW�LQWHUDFWLRQ��&,0�VFDQ��IXOO�OLQH��DQG�,0�VFDQ��GRWWHG�OLQH��DQDO\VLV�IRU�47/��/2'�WKUHVKROG�
������FRUUHVSRQGV�RQO\�WR�,0��

�
:KHQ� WHVWLQJ� WKH� LQWHUDFWLRQV� DPRQJ� WKH� JUDLQ� \LHOG� 47/� GHWHFWHG� LQ� WKH� &,0�

DQDO\VLV�� ZH� IRXQG� D� VLJQLILFDQW� LQWHUDFWLRQ� EHWZHHQ� <�� DQG� <��� UHVSRQVLEOH� IRU� DQ�
DGGLWLRQDO����RI�WKH�SKHQRW\SLF�YDULDWLRQ��7DEOH������

�
7DEOH����*UDLQ�<LHOG�47/�GHWHFWHG� IRU�DYHUDJH�\LHOG�RI�����'+� OLQHV� LQ���HQYLURQPHQWV��/2'�VFRUHV�
FRUUHVSRQG�WR�WKH�&,0�DQDO\VLV��0XOWLSOH�,QWHUYDO�0DSSLQJ�ZDV�XVHG�WR�FDOFXODWH�HIIHFWV�DQG�5���
�
47/�
&RGH�

�
&KURP��

3HDN�
SRVLWLRQ�

�
&ORVHVW�PDUNHU�

�
%LQ�

��/2'�FRQILGHQFH�
LQWHUYDO�

�
/2'�

$GGLWLYH�
HIIHFW�

�
5��

<�� �+� �������� %PDJ����� ��� ������������ ������ ����� �����
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�
7KH� DQDO\VLV� RI� JHQRW\SH�E\�HQYLURQPHQW� LQWHUDFWLRQ� �*[(�� UHYHDOHG� WKDW� RQO\�

RQH� RI� WKH� JUDLQ� \LHOG� 47/� �<��� FKURPRVRPH� �+�� VKRZHG� D� VLJQLILFDQW� 47/[(�
LQWHUDFWLRQ��$QRWKHU�WZR�UHJLRQV�ZLWK�D�VWURQJ�47/[(�LQWHUDFWLRQ�ZHUH�GHWHFWHG�RQ�WKH�
ORQJ�DUP�RI�FKURPRVRPH��+��DQG�LQ�WKH�FHQWURPHULF�UHJLRQ�RI�FKURPRVRPH��+��)LJ������
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7KHVH�UHJLRQV�FRLQFLGH�ZLWK�WKH�SRVLWLRQV�RI�WKH�WZR�PDMRU�47/�IRU�KHDGLQJ�GDWH�XQGHU�
DXWXPQ�VRZLQJ�FRQGLWLRQV�GHWHFWHG�LQ�WKLV�SRSXODWLRQ��PDUNHUV�%PDJ����DQG�%PDF�����
LQ�WKH�YLFLQLW\�RI�3SG�+��DQG�(DP���UHVSHFWLYHO\��&KDSWHU�����7R�IXUWKHU�DQDO\]H�WKHVH�
LQWHUDFWLRQV��ZH�VWXGLHG�WKH�HIIHFW�RI�WKHVH�ORFL�DW�HDFK�WULDO��)LJ������(DUO\�DOOHOHV��%HND�
IRU�%PDF�����0RJDGRU�IRU�(DP���ZHUH�VLJQLILFDQWO\�EHWWHU�DW�/(����WKH�WULDO�LQ�ZKLFK�
HDUOLHU�OLQHV�VKRZHG�D�\LHOG�DGYDQWDJH��7KH�RSSRVLWH�ZDV�WUXH�IRU�9$����LQ�ZKLFK�ODWH�
OLQHV�SUHVHQWHG�KLJKHU�\LHOGV���

�
)LJXUH����$GGLWLYH�HIIHFW�RI�%PDJ�����PDUNHU�IRU�3SG+���DQG�%PDF�����PDUNHU�IRU�(DP���DW�WKH�ILYH�
ILHOG�WULDOV��3RVLWLYH�YDOXHV�LQGLFDWH�KLJKHU�\LHOG�RI�OLQHV�FDUU\LQJ�WKH�0RJDGRU�DOOHOH��

�
$V� WKH� WZR�PDMRU�47/� IRU� KHDGLQJ�GDWH� LQ� WKLV�SRSXODWLRQ� �3SG�+�� DQG�(DP���

DOVR�KDG�D�SULPDU\�UROH�RQ�\LHOG�*[(��ZH�GHFLGHG�WR�H[DPLQH�WKH�HIIHFW�RI�JUDLQ�\LHOG�
47/�LQ�HDFK�IORZHULQJ�WLPH�FODVV�GHILQHG�E\�WKH�GLIIHUHQW�DOOHOLF�FRPELQDWLRQV�DW�ERWK�
UHJLRQV��7DEOH�����7KH�PDMRU�HIIHFW�RI�WKH�47/�LQ�WKH�UHJLRQV�RI�3SG�+��DQG�(DP��RQ�
KHDGLQJ� GDWH�ZDV� XVHG� WR� GLYLGH� WKH� SRSXODWLRQ� LQWR� IRXU� KHDGLQJ� WLPH�JURXSV��HDUO\��
LQWHUPHGLDWH�HDUO\��LQWHUPHGLDWH�ODWH�DQG�ODWH��GHSHQGLQJ�RQ�WKH�KDSORW\SHV�FRQVWLWXWHG�
E\�WKH�DOOHOHV�SUHVHQW�DW�%PDJ�����%HND�HDUO\�DQG�0RJDGRU� ODWH��DQG�%PDF�����%HND�
ODWH� DQG�0RJDGRU� HDUO\��� 7KHVH� IRXU� JURXSV� SUHVHQWHG� VLJQLILFDQWO\� GLIIHUHQW� KHDGLQJ�
GDWHV��ZLWK� WKH� WZR�H[WUHPH�FODVVHV� IDUWKHU�DSDUW�� DQG� WKH� WZR� LQWHUPHGLDWH�RQHV�PRUH�
JURXSHG� WRJHWKHU� �7DEOH� ���� 5HJDUGLQJ� \LHOG�� ERWK� LQWHUPHGLDWH� FODVVHV� VKRZHG� WKH�
KLJKHVW�YDOXHV��WKRXJK�RQO\�WKH�ODWH�OLQHV�GLIIHUHG�VLJQLILFDQWO\�IURP�WKH�UHVW���

:H�WKHQ�UXQ�47/�DQDO\VHV��XVLQJ�&,0�ZLWKLQ�HDFK�FODVV��QRW�VKRZQ���,Q�WKLV�47/�
DQDO\VLV� IRU� HDFK� KHDGLQJ� WLPH� FODVV�� WKH� WZR� FORVHVW� FODVVHV�� ,QWHUPHGLDWH�HDUO\� DQG�
,QWHUPHGLDWH�ODWH��ZHUH�FRQVLGHUHG�DV�D�VLQJOH�FODVV��,QWHUPHGLDWH���WR�NHHS�VDPSOH�VL]HV�
DV�ODUJH�DV�SRVVLEOH��,Q�WKLV�ZD\�ZH�FRXOG�HVWLPDWH�PRUH�DFFXUDWHO\�WKH�HIIHFW�RI�WKHVH�
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UHJLRQV� RQ� JUDLQ� \LHOG� LQGHSHQGHQWO\� RI� LWV� UHODWLRQVKLS� ZLWK� KHDGLQJ� WLPH� �)LJ�� ��������
)LJ������

�
7DEOH� ��� $YHUDJH� \LHOG� DQG� KHDGLQJ� GDWH� RI� WKH� WKUHH� KHDGLQJ� WLPH� FODVVHV� GHILQHG� E\� WKH� DOOHOLF�
FRPELQDWLRQ�DW�%PDJ�����3SG�+��UHJLRQ��DQG�%PDF�����(DP��UHJLRQ�����

� %PDJ����
�3SG�+���

%PDF����
�(DP���

QR��
OLQHV�

<LHOG�
�NJ�KD���
�

'D\V�WR�KHDGLQJ�
�IURP�-DQXDU\��VW��

(DUO\� %� 0� ��� ����� $� ������ $�
,QWHUPHGLDWH�HDUO\� 0� 0� ��� ����� $� ������ %�
,QWHUPHGLDWH�ODWH� %� %� ��� ����� $� ������ &�
/DWH� 0� %� ��� ����� %� ������ '�

0HDQV�VHSDUDWLRQ�/6'��α ������%��%HND�DOOHOH��0��0RJDGRU�DOOHOH�

�
7KRXJK�VDPSOH�VL]HV�ZHUH�WRR�VPDOO�WR�JHW�UHOLDEOH�WKUHVKROGV��ZH�XVHG�&,0�SHDNV�

DV�LQGLFDWRUV�RI�SUHVHQFH�RI�IXUWKHU�SRWHQWLDO�47/��7KH�HIIHFW�RI�WKHVH�DGGLWLRQDO�UHJLRQV�
ZDV� HYDOXDWHG� E\� PHDQV� RI� $129$�� LQFOXGLQJ� LQ� WKH� PRGHO� WKH� FORVHVW� PDUNHUV� WR�
SHDNV� IRXQG� LQ� WKH� &,0� DQDO\VLV�� DQG� PDUNHUV� IRU� \LHOG� 47/�<�� WR�<�� �7DEOH� ��� LQ�
ZKLFK�WKH�DQDO\VLV�RI�WKH�HQWLUH�SRSXODWLRQ�LV�DOVR�VKRZQ�WR�SURYLGH�FRQWUDVW����
�
7DEOH����$QDO\VLV�RI�YDULDQFH�RI�WKH�\LHOG�47/�DQG�WKHLU�VLJQLILFDQW�LQWHUDFWLRQV��IRU�WKH�ZKROH�VHW�RI�OLQHV�
DQG�DOVR�IRU�WKUHH�VXEVHWV�RI�OLQHV�DFFRUGLQJ�WR�KHDGLQJ�WLPH�FODVVHV�GHILQHG�E\�WKH�DOOHOLF�FRPELQDWLRQV�DW�
%PDJ����DQG�%PDF�����2WKHU�47/�GHWHFWHG�RQO\�LQ�WKH�&,0�DQDO\VLV�RI�WKH�LQWHUPHGLDWH�FODVV�DUH�DOVR�
LQFOXGHG� �LQ� LWDOLFV��� &ORVHVW� PDUNHUV� WR� WKH�47/� SHDNV� GHWHFWHG� LQ� WKH� &,0� DQDO\VLV� DUH� XVHG��0HDQ�
VTXDUHV�RI�\LHOG�YDOXHV��GHULYHG�IURP�7\SH�,,,�VXPV�RI�VTXDUHV��H[SUHVVHG�LQ�T�KD���
�

� :KROH�VHW�RI�OLQHV�
������

(DUO\�OLQHV�
�����

,QWHUPHGLDWH�OLQHV�
�����

/DWH�OLQHV�
�����

6RXUFH�RI�YDULDWLRQ� ')� 06� � ')� 06� � ')� 06� � ')� 06� �
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:H� IRXQG� WKDW� WKH�HIIHFW�RI� WKH�47/�GHWHFWHG� LQ� WKH�ZKROH� VHW� RI� OLQHV�ZDV�QRW�
FRQVLVWHQW�DFURVV�KHDGLQJ�WLPH�FODVVHV��1HLWKHU�WKH�PDLQ�HIIHFW�47/��QRU�WKH�LQWHUDFWLRQ�
EHWZHHQ� <�� DQG� <�� VKRZHG� D� VLJQLILFDQW� HIIHFW� DW� DOO� WKH� WKUHH� FODVVHV� �7DEOH� ����
$FFRUGLQJ�WR�WKH�UHVXOWV��PRVW�RI�WKH�PDLQ�HIIHFW�47/�KDG�DQ�LPSRUWDQW�HIIHFW�RQO\�LQ�
WKH�,QWHUPHGLDWH�DQG�/DWH�FODVVHV��ZKHUHDV� WKHLU�HIIHFW�ZDV�UHGXFHG�RU�QRQ�VLJQLILFDQW�
IRU�WKH�(DUO\�FODVV��7DEOH����7DEOH�����

1HZ�SRVVLEOH�SHDNV��GLIIHUHQW�IURP�<��<���ZHUH�HYLGHQW�RQO\�DW�WKH�,QWHUPHGLDWH�
FODVV��7KH�FORVHVW�PDUNHUV�WR�WKH�47/�SHDNV�IRXQG�LQ�WKLV�FODVV�ZHUH�+Y0����+Y=&&7�
DQG�(��0��BG��+Y0���LV�ORFDWHG�LQ�WKH�VKRUW�DUP�RI�FKURPRVRPH��+��ELQ�����DQG�LWV�
/2'� ZDV� VOLJKWO\� XQGHU� WKH� VLJQLILFDQFH� WKUHVKROG� LQ� WKH� &,0� DQDO\VLV� �)LJ�� �D���
+Y=&&7��LQ�WKH�ORQJ�DUP�RI�FKURPRVRPH��+��ELQ�����LV�WKH�DOOHOH�VSHFLILF�PDUNHU�IRU�
WKH�YHUQDOL]DWLRQ�JHQH�9UQ�+���DQG�LW�ZDV�QRW�GHWHFWHG�LQ�WKH�&,0�DQDO\VLV�HLWKHU�DV�D�
PDLQ� HIIHFW� 47/� RU� LQ� WKH� *[(� DQDO\VLV� IRU� JUDLQ� \LHOG�� (��0��BG� LQ� ELQ� �� RI�
FKURPRVRPH��+�ZDV�QRW�GHWHFWHG�LQ�WKH�&,0�DQDO\VLV�RI�WKH�ZKROH�VHW�RI�OLQHV�HLWKHU��

%HVLGHV� RI� EHLQJ� LQ� WKH� VDPH� KHDGLQJ� WLPH� FODVV�� LQ� DOPRVW� DOO� WKH� FDVHV�� \LHOG�
YDULDWLRQV�FDXVHG�E\�WKH�47/�GHWHFWHG�LQ�WKLV�VWXG\�VHHPHG�QRW�UHODWHG�WR�GLIIHUHQFHV�LQ�
KHDGLQJ�GDWH��DV�WKHLU�HIIHFW�RQ�WKLV�WUDLW�ZDV�YHU\�ORZ��7DEOH�����

�
7DEOH����$GGLWLYH�HIIHFW�RI�PDLQ�HIIHFW�47/�LQ�WKH�GLIIHUHQW�KHDGLQJ�WLPH�FODVVHV��
�

�

� (DUO\� � ,QWHUPHGLDWH� � /DWH�
�

1XPEHU�
RI�OLQHV�

$GGLWLYH��
HIIHFW�

�1XPEHU�
RI�OLQHV�

$GGLWLYH��
HIIHFW�

�1XPEHU�
RI�OLQHV�

$GGLWLYH��
HIIHFW�

0DUNHU� %����0����<LHOG���+HDGLQJ��� � %����0����<LHOG����+HDGLQJ��� �%����0����<LHOG���+HDGLQJ���
%PDJ�����<��� ��� ��� ��� ���� � ��� ��� ��

� ���� � ��� ��� ��� �����
%PDJ�����<��� ��� ��� ��� ���� � ��� ��� ��

� ���� � ��� ��� ���

� �����
(��0��BF��<��� ��� ��� �� ���� � ��� ��� ���� ���� � �� ��� ���� ����
(��0��BK��<��� ��� ��� ��� ���� � ��� ��� ���
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(��0��BG� ��� ��� ��� ���� � � ��� ��� ���
� ����
� ���� ��� ���� �����
����1XPEHU�RI�OLQHV�ZLWK�WKH�%HND�DOOHOH�
����1XPEHU�RI�OLQHV�ZLWK�WKH�0RJDGRU�DOOHOH�
���<LHOG�DGGLWLYH�HIIHFW��NJ�KD����
����'D\V�WR�KHDGLQJ�DGGLWLYH�HIIHFW�
6LJQLILFDQW�HIIHFW�DW�
3���������
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���� 'LVFXVVLRQ�
�
)LYH�47/� IRU�JUDLQ�\LHOG�PDLQ�HIIHFW�ZHUH� IRXQG� LQ� WKH�SUHVHQW� VWXG\�DQG� WKUHH�

DGGLWLRQDO� RQHV� ZHUH� IRXQG� IRU� WKH� *[(� LQWHUDFWLRQ� �7DEOHV� �� DQG� ��� )LJ�� ���� ZKHQ�
FRQVLGHULQJ� WKH� HQWLUH� SRSXODWLRQ�� 7KH� UHVXOWV� DOVR� UHYHDOHG� WKH� LPSRUWDQW� UROH� WKDW�
KHDGLQJ�GDWH�DQG�VHYHUDO�KHDGLQJ�GDWH�47/�SOD\�RQ�\LHOG�DQG�LWV�*[(�LQWHUDFWLRQ���

7KH�\LHOG�PDLQ�HIIHFW�47/�ZHUH�ORFDWHG�LQ�WKH�IROORZLQJ�UHJLRQV��
-� <��� RQ� WKH� ORQJ� DUP� RI� FKURPRVRPH� �+� �ELQ� ����� EHLQJ� %PDJ���� WKH� FORVHVW�

PDUNHU� WR� WKH�SHDN��6HYHUDO�VWXGLHV� LGHQWLILHG�47/�IRU�JUDLQ�\LHOG� LQ� WKLV� UHJLRQ�
�+D\HV�HW�DO���������7KRPDV�HW�DO���������%H]DQW�HW�DO���������3RZHOO�HW�DO���������
<LQ� HW� DO��� ������ 0DUTXH]�&HGLOOR� HW� DO��� ������� 47/� ZHUH� DOVR� IRXQG� LQ� WKLV�
UHJLRQ�IRU�HDU�JUDLQ�ZHLJKW�DQG�WKRXVDQG�JUDLQ�ZHLJKW��%H]DQW�HW�DO����������7KLV�
LV� DOVR� WKH� UHJLRQ� RI� WKH� VHPL� GZDUILQJ� JHQH�GHQVR� �/DXULH� HW� DO��� �������ZKLFK�
FRQIHUV�UHGXFHG�SODQW�KHLJKW�DQG�KDV�EHHQ�DVVRFLDWHG�ZLWK�ODWH�KHDGLQJ��%DUXD�HW�
DO���������ORZ�VHHG�ZHLJKW��KLJK�VFUHHQLQJV��DQG�KLJK� �JOXFDQ�FRQWHQW��3RZHOO�HW�
DO���������7KRPDV�HW�DO����������WKRXJK�LW�LV�XQOLNHO\�WKDW�DQ\�RI�WKH�SDUHQWV�FDUU\�
GHQVR���

-� :H� IRXQG� WKUHH�47/�RQ� WKH� ORQJ� DUP�RI� FKURPRVRPH� �+� �<��� <��� <���� GLVWDQW�
HQRXJK�DPRQJ�WKHP�WR�EH�FRQVLGHUHG�DV�LQGHSHQGHQW��2Q�ELQ����ZH�IRXQG�D�47/�
QHDU� WKH�665�PDUNHU�%PDJ���� �<���� ,Q� WKLV� UHJLRQ��3LOOHQ�HW� DO�� ������� IRXQG�D�
47/� IRU� NHUQHO� ZHLJKW� LQ� D� FURVV� EHWZHHQ� D� VSULQJ� FXOWLYDU� DQG� +RUGHXP�
VSRQWDQHXP��+HDGLQJ�GDWH�47/�KDYH�EHHQ�UHSRUWHG�LQ�WKH�VDPH�UHJLRQ��ZLWKLQ�D���
/2'�FRQILGHQFH� LQWHUYDO� �3DQ� HW� DO��� ������7KRPDV� HW� DO��� �������$QRWKHU�47/�
ZDV� LQ�ELQV������ �<����DQG�ZDV� WKH�RQO\�RQH� LQ�ZKLFK� WKH�%HND�DOOHOH�FRQIHUUHG�
KLJKHU�\LHOG��$�JUDLQ�\LHOG�47/�ZDV�DOVR�IRXQG�LQ�D�VLPLODU�SRVLWLRQ��%DUXD�HW�DO���
������7KRPDV�HW�DO���������3RZHOO�HW�DO����������7KH�ODVW�47/�ZDV�LQ�ELQV�������
�<���� FR�ORFDWLQJ� ZLWK� D� JUDLQ� \LHOG� 47/� UHSRUWHG� E\� 0DUTXH]�&HGLOOR� HW� DO��
�������� D� KHDGLQJ� GDWH� 47/� �3DQ� HW� DO��� ������� DQG� D� ORGJLQJ� UHVLVWDQFH� 47/�
�%DFNHV�HW�DO����������

-� )LQDOO\��DQRWKHU�47/�ZDV� ORFDWHG�DW� WKH�FHQWURPHULF� UHJLRQ�RI�FKURPRVRPH��+��
ELQ����<����,Q�WKH�VDPH�UHJLRQ��+D\HV�HW�DO���������IRXQG�D�47/�IRU�JUDLQ�\LHOG��
DQG�/DXULH�HW�DO�� �������DQRWKHU�RQH�IRU�KHDGLQJ�GDWH��47/�IRU�RWKHU� WUDLWV�KDYH�
EHHQ� UHSRUWHG� LQ� WKLV� UHJLRQ��DQG�VRPH�RI� WKHP�FRXOG�KDYH�DQ� LQGLUHFW�HIIHFW�RQ�
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\LHOG��SODQW�KHLJKW��GH�OD�3HQD�HW�DO���������0DUTXH]�&HGLOOR�HW�DO���������DQG�DOVR�
URRW�OHQJWK��-HIIHULHV�HW�DO����������
%HVLGHV�� D� VLJQLILFDQW� LQWHUDFWLRQ� EHWZHHQ� <�� DQG� <�� ZDV� IRXQG�� H[SODLQLQJ� DQ�

LPSRUWDQW�SDUW�RI�WKH�SKHQRW\SLF�YDULDWLRQ��7KRXJK�ERWK�47/�DUH�RQ�FKURPRVRPH��+��
WKH\�DUH�GLVWDQW� HQRXJK� WR�EH� LQGHSHQGHQW��+RZHYHU�� WKH�SUHVHQFH�RI� DQRWKHU�47/� LQ�
UHSXOVLRQ�EHWZHHQ�WKHP��<���PD\�DIIHFW�WKH�SRZHU�RI�WHVWV�LQ�WKLV�UHJLRQ��

6HYHUDO�UHJLRQV�DOVR�VKRZHG�DQ�LPSRUWDQW�47/[(�LQWHUDFWLRQ��
-� 7KH�FHQWURPHULF�UHJLRQ�RI�FKURPRVRPH��+��ELQ�����FRLQFLGHQW�ZLWK�WKH�HDUOLQHVV�

SHU�VH�ORFXV�HSV�6��/DXULH�HW�DO����������ZKRVH�HIIHFW�LV�HYLGHQW�XQGHU�VSULQJ�DQG�
DXWXPQ� VRZLQJ� FRQGLWLRQV�� ,W� LV� DOVR� FRLQFLGHQW� ZLWK� WKH� HDUO\� PDWXULW\� ORFXV�
(DP��� ZKLFK� FRQIHUV� HDUO\� KHDGLQJ� XQGHU� ERWK� ORQJ�� DQG� VKRUW�GD\� FRQGLWLRQV�
�)UDQFNRZLDN� DQG� .RQLVKL�� ������ +RUVOH\� HW� DO��� ������� 7KLV� ZDV� WKH� PRVW�
LPSRUWDQW� ORFXV� IRU� KHDGLQJ� WLPH� XQGHU� DXWXPQ� VRZLQJ� FRQGLWLRQV� LQ� WKLV�
SRSXODWLRQ� �&KDSWHU� ���� LQ� WKH� SRSXODWLRQ�%HND�[�/RJDQ� �0RUDOHMR� HW� DO��� ������
DQG��LW�LV�DOVR�RQH�RI�WKH�PDLQ�GHWHUPLQDQWV�RI�KHDGLQJ�GDWH�XQGHU�DXWXPQ�VRZLQJ�
FRQGLWLRQV� LQ� D� VHW� RI� VPDOO� SRSXODWLRQV� ZKRVH� SDUHQWV� DUH� EDUOH\� FXOWLYDUV�
FRPPRQO\�XVHG�LQ�WKH�6SDQLVK�%DUOH\�%UHHGLQJ�3URJUDPPH��&KDSWHU�����

-� 0DUNHU�%PDJ����� RQ� WKH� ORQJ� DUP� RI� FKURPRVRPH� �+� �ELQV� ������� FRLQFLGLQJ�
ZLWK� WKH� SRVLWLRQ� RI� WKH� SKRWRSHULRG� UHVSRQVH� JHQH� 3SG�+��� ZKLFK� FDXVHV�
GLIIHUHQFHV�LQ�KHDGLQJ�GDWH�XQGHU�VKRUW�SKRWRSHULRG�FRQGLWLRQV��3DQ�HW�DO���������
/DXULH� HW� DO��� ������ %R\G� HW� DO��� ������ )UDQFLD� HW� DO��� ������� /LQHV� ZLWK� WKH�
0RJDGRU� DOOHOH� KDYH� D� ODWHU� KHDGLQJ� GDWH� �&KDSWHU� ���� 7KLV� 47/� LV� D� PDMRU�
GHWHUPLQDQW�RI�KHDGLQJ�GDWH�XQGHU�DXWXPQ�VRZLQJ�FRQGLWLRQV�LQ�6SDLQ��&KDSWHUV���
DQG� ���� ,W� LV� DOVR� WKH�PDLQ� KHDGLQJ� GDWH�47/�XQGHU�$XVWUDOLDQ� ILHOG� FRQGLWLRQV��
ZKHUH�FXOWLYDUV�DUH�DOVR�H[SRVHG�WR�VKRUW�SKRWRSHULRGV�GXULQJ�PRVW�RI�WKH�JURZLQJ�
VHDVRQ��%R\G�HW�DO�����������

-� 7KH� WKLUG� UHJLRQ�ZLWK�47/[(� LQWHUDFWLRQ�ZDV�GHWHFWHG� DW� WKH�<�� SHDN� �7DEOH����
)LJ������7KRPDV�HW�DO���������DQG�3DQ�HW�DO���������DOVR�IRXQG�KHDGLQJ�GDWH�47/�LQ�
WKLV�UHJLRQ��
7KH� FKDQJLQJ� UHODWLRQVKLS� RI� \LHOG�ZLWK� KHDGLQJ� GDWH�� DQG� WKH� HIIHFW� RI� KHDGLQJ�

GDWH�47/�RQ�\LHOG�UHYHDOV�WKH�FRPSOH[�DVVRFLDWLRQ�RI�WKHVH�WZR�YDULDEOHV��)LJ�����)LJ������
7KH� KHDGLQJ� GDWH� 47/� LQ� WKH� UHJLRQV� RI� 3SG�+�� DQG� (DP�� DIIHFWHG� \LHOG� LQ�

GLIIHUHQW� PDQQHU�� DFFRUGLQJ� WR� WKH� UHODWLRQVKLS� RI� \LHOG� ZLWK� KHDGLQJ� GDWH� �)LJ�� ����
ZKLFK�YDULHG� IURP�QHJDWLYH� �/(����� WR� LQH[LVWHQW� �=$����+8����� WR� SRVLWLYH� �9$�����
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3UHVXPDEO\�� WKHVH� HQYLURQPHQWDO� GLIIHUHQFHV� UHIOHFW� GLIIHUHQW� FRQGLWLRQV� RI� ZDWHU�
DYDLODELOLW\� GXULQJ� JUDLQ� ILOOLQJ�� 7KH� VDPH� DOOHOLF� FRPELQDWLRQV� DW�3SG�+�� DQG�(DP��
PD\�SURGXFH�VLJQLILFDQW�GLIIHUHQFHV�LQ�WKH�\LHOG�GHSHQGLQJ�RQ�WKH�HQYLURQPHQW��)LJ������
XQOLNH�KHDGLQJ�WLPH��ZKRVH�YDULDWLRQV�FDXVHG�E\�WKH�DOOHOLF�FRPELQDWLRQV�DW�3SG�+��DQG�
(DP��ZHUH�VLPLODU�LQGHSHQGHQWO\�RI�WKH�HQYLURQPHQW��&KDSWHU�����

7KLV� SRSXODWLRQ� GLVSOD\HG� D� ZLGH� UDQJH� RI� KHDGLQJ� GDWHV�� RI� DERXW� ��� GD\V� RQ�
DYHUDJH�� 7KH� VFDWWHUSORW� VKRZQ� LQ� )LJ�� �� UHYHDOV� WKDW� WKLV� UDQJH� LV� ZLGH� HQRXJK� WR�
HQFRPSDVV� WKH� RSWLPXP� KHDGLQJ� GDWH� WR� RSWLPL]H� \LHOG� IRU� WKLV� SRSXODWLRQ� LQ� WKHVH�
HQYLURQPHQWV��ZLWK�KLJKHU�\LHOG�SRWHQWLDO�DQG�YDULDELOLW\�FRUUHVSRQGLQJ�WR�LQWHUPHGLDWH�
KHDGLQJ�GDWHV��3RVVLEO\��WRR�HDUO\�OLQHV�RU��JHQHUDOL]LQJ��WRR�HDUO\�FXOWLYDUV��FDQQRW�PDNH�
WKH�PRVW� RI� VSULQJ� UDLQV�� WKRXJK� WKH\�PD\�EH� D� VDIH� EHW� IURP� WKH� DJURQRPLF�SRLQW� RI�
YLHZ��/DWH�OLQHV�RU�FXOWLYDUV��RQ�WKH�RWKHU�KDQG��FDQ�H[WHQG�WKHLU�YHJHWDWLYH�SKDVH��WKXV�
WDNLQJ�DGYDQWDJH�RI�VSULQJ�UDLQIDOO��DQG�DFFXPXODWLQJ�PRUH�ELRPDVV� WR�DFKLHYH�KLJKHU�
\LHOG�SRWHQWLDO��%XW�WKHLU�\LHOG�FDQ�EH�UHGXFHG�WR�D�JUHDW�H[WHQW�EHFDXVH�RI�WKH�FRPPRQO\�
RFFXUULQJ�GURXJKW�VWUHVV�DW�WKH�HQG�RI�WKH�F\FOH��8QGHU�WKLV�VFHQDULR��XVXDOO\�WKHUH�LV�D�
QDUURZ� IORZHULQJ� WLPH� ZLQGRZ� WR� JHW� RSWLPXP� \LHOG�� 7KH� UDQJH� RI� KHDGLQJ� GDWHV�
YDULDWLRQ�RI� WKLV�SRSXODWLRQ�LV�UHSUHVHQWDWLYH�RI� WKRVH�IRXQG�DW� WKH�WULDOV�FDUULHG�RXW�E\�
WKH� 6SDQLVK� %DUOH\� %UHHGLQJ� 3URJUDPPH� LQ� WKH� VDPH� ORFDWLRQV�� ,Q� WKHVH� WULDOV�� WZR�
FXOWLYDUV� DUH�XVHG� UHJXODUO\�DV� HDUO\�DQG� ODWH�FKHFNV�� WR�GHILQH� WKH�DFFHSWDEOH�KHDGLQJ�
GDWH�ZLQGRZ�IRU�WKH�PDWHULDOV�LQ�WKH�SURJUDP��7KH�IORZHULQJ�GDWH�RI�WKHVH�FKHFNV�ZDV�
YHU\�VLPLODU�WR�WKH�H[WUHPH�OLQHV�RI�WKH�%HND�[�0RJDGRU�SRSXODWLRQ��7KXV��WKH�ILQGLQJV�
LQ�WKLV�VWXG\�PD\�KDYH�D�PRUH�JHQHUDO�UHOHYDQFH�IRU�6SDQLVK�FRQGLWLRQV��

:H� UXQ� IXUWKHU� DQDO\VHV� DLPLQJ� WR� HVWLPDWH� WKH� HIIHFW� RI� WKH� 47/� GHWHFWHG� IRU�
\LHOG�� LQGHSHQGHQWO\� RI� SRVVLEOH� FRQIRXQGLQJ� HIIHFWV� RI� KHDGLQJ� GDWH�� DQG� RI� KHDGLQJ�
GDWH� 47/�� 7KH� GLYLVLRQ� RI� WKH� SRSXODWLRQ� EDVHG� RQ� WKH� KDSORW\SHV� DW� 3SG�+��
�%PDJ�����DQG�(DP���%PDF�����FOHDUO\�SURGXFHG�IRXU�KHDGLQJ�WLPH�FODVVHV��7DEOH����
LQ�ZKLFK� \LHOG�47/� FRXOG� EH� HVWLPDWHG� LQGHSHQGHQWO\��$V� KLJKHU� \LHOG� SRWHQWLDO�ZDV�
DFKLHYHG� LQ� WKH� LQWHUPHGLDWH� KHDGLQJ� GDWHV�� DQG� WKH� WZR� LQWHUPHGLDWH� KHDGLQJ� WLPH�
FODVVHV� VKRZHG� VLPLODU� YDULDELOLW\� DQG� DYHUDJH�\LHOG�� ERWK�ZHUH�JURXSHG� LQWR� D� VLQJOH�
FODVV�� %HVLGHV�� ZH� JRW� D� KLJKHU� QXPEHU� RI� OLQHV� DQG� KHQFH�� KLJKHU� UHOLDELOLW\� RI� WKH�
UHVXOWV��IRU�WKH�FODVV�LQ�ZKLFK�WKH�KLJKHU�\LHOGV�DQG�YDULDELOLW\�DUH�DFKLHYHG��<LHOG�47/�
VKRZHG�WKHLU�VWURQJHVW�HIIHFW�LQ�WKH�LQWHUPHGLDWH�DQG�ODWH�KHDGLQJ�GDWHV�DQG�WKHLU�HIIHFW�
ZDV�UHGXFHG�WR�D�PLQLPXP�LQ�WKH�HDUO\�KHDGLQJ�GDWHV��7DEOH����7DEOH�����7KH�HIIHFW�RI�
WKH� ILYH�\LHOG�47/�IRXQG� IRU� WKH�HQWLUH�SRSXODWLRQ�ZDV�QRW�HTXDOO\�GLVWULEXWHG�DPRQJ�
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WKH�WKUHH�KHDGLQJ�GDWH�FODVVHV��7DEOH�����<��ZDV�RQO\�HYLGHQW�DW�WKH�,QWHUPHGLDWH�FODVV��
<��DQG�<��DW�WKH�,QWHUPHGLDWH�DQG�/DWH�FODVVHV��DQG�<��DW�WKH�(DUO\�DQG�/DWH�FODVVHV��<��
ZDV�QRW�GHWHFWHG�DW�DQ\�RI�WKH�WKUHH�VXESRSXODWLRQV��ZKLFK�FRXOG�EH�FDXVHG�E\�HLWKHU�WKH�
ORVV� RI� SRZHU� LQKHUHQW� WR� WKH� XVH� RI� VPDOOHU� VDPSOH� VL]HV�� RU� WR� WKH� IDFW� WKDW� WKH� WUXH�
GLIIHUHQFHV� EHWZHHQ� OLQHV� IRU� WKLV�47/� OLH� RQO\� DPRQJ� KHDGLQJ� GDWH� FODVVHV�� DQG� QRW�
ZLWKLQ�WKHP��

%HVLGHV�<��<���WKUHH�RWKHU�47/�ZHUH�GHWHFWHG�RQO\�LQ�WKH�,QWHUPHGLDWH�FODVV��7ZR�
RI�WKHVH�DGGLWLRQDO�47/�DUH�DOVR�KHDGLQJ�GDWH�47/�WKDW�VWLOO�VKRZHG�VRPH�DVVRFLDWLRQ�
ZLWK� JUDLQ� \LHOG� �+Y0��� DQG� +Y=&&7�� VHH� &KDSWHU� ���� +Y0��� ZDV� GHWHFWHG� DV� D�
KHDGLQJ� WLPH�47/� LQ� RQH� RI� WKH� DXWXPQ� VRZLQJ� H[SHULPHQWV� �=$����&KDSWHU� ��� DQG�
+Y=&&7� LV� WKH� DOOHOH� VSHFLILF� PDUNHU� IRU� WKH� YHUQDOL]DWLRQ� JHQH� 9UQ�+��� 7KHVH�
DVVRFLDWLRQV�ZHUH� QRW� GHWHFWHG�ZLWK�&,0� DQDO\VLV� RI� WKH�ZKROH� VHW� RI� OLQHV�� HLWKHU� DV�
PDLQ� HIIHFW� 47/� RU� LQ� WKH� *[(� DQDO\VLV�� SUREDEO\� EHFDXVH� VLJQLILFDQFH� OHYHOV� DQG�
FRIDFWRUV�RI� WKH� WZR�DQDO\VHV�ZHUH�GLIIHUHQW�� ,Q� WKH� FDVH�RI�+Y0���� LQ� WKH�&,0�VFDQ�
�)LJ�� �D��� WKHUH�ZDV� D� SHDN� MXVW� EHORZ� WKH� WKUHVKROGV� IRU� WKLV� ORFXV�� $W� WKH�$129$�
VKRZQ�LQ�7DEOH����KRZHYHU��+Y0���SUHVHQWHG�WKH�ODUJHVW�PHDQ�VTXDUH�RI�DOO�\LHOG�47/��

7KH�ZLQWHU�DOOHOH�RI�WKH�9UQ�+��JHQH�DFWV�DV�D�UHSUHVVRU�RI�WKH�WUDQVLWLRQ�IURP�WKH�
YHJHWDWLYH� WR� WKH� UHSURGXFWLYH�SKDVH� UHJXODWHG�E\�9UQ�+�� �YRQ�=LW]HZLW]�HW�DO���������
XQGHU� ORQJ�SKRWRSHULRG� FRQGLWLRQV� �.DUVDL� HW� DO��� �������7KH� H[SUHVVLRQ�RI�9UQ�+�� LV�
GRZQ�UHJXODWHG� E\� FROG� WHPSHUDWXUHV� �7UDYDVNLV� HW� DO��� ������� ,W� LV� RQO\� SRVVLEOH� WR�
VSHFXODWH� DW� WKLV� SRLQW� DV� WR� KRZ� WKH� HIIHFW� RI� WKH� 9UQ�+�� JHQH� PLJKW� DIIHFW� \LHOG��
LQGHSHQGHQWO\� RI� WKH� HIIHFW� RQ�9UQ�+���7KH� H[SODQDWLRQ�PLJKW� EH� LQ� VRPH� HIIHFW� RQ�
SODQW� DUFKLWHFWXUH�� YHUQDOL]DWLRQ� JHQHV�PD\� DIIHFW� QRW� RQO\� KHDGLQJ� WLPH�� EXW� DOVR� WKH�
UHODWLYH� GXUDWLRQ� RI� SKDVHV� RI� SODQW� GHYHORSPHQW�� 7KXV�� GLIIHUHQW� FRPELQDWLRQV� RI�
YHUQDOL]DWLRQ�DOOHOHV�PLJKW�SURGXFH�GLIIHUHQW�EDODQFH�RI�ELRPDVV��QXPEHU�RI�WLOOHUV��DQG�
VSLNH�VL]H��HYHQ�IRU�WKH�VDPH�KHDGLQJ�WLPH��DV�KDV�EHHQ�LQGLFDWHG�E\�.DUVDL�HW�DO����������
7KHVH� GLIIHUHQFHV� LQ� SODQW� DUFKLWHFWXUH� FRXOG� UHVXOW� LQ� GLIIHUHQFHV� LQ� JUDLQ� \LHOG��7KLV�
HIIHFW�ZRXOG�EH�ORZHU�LQ�HDUO\�KHDGLQJV�EHFDXVH�RI�ODFN�RI�WLPH�WR�H[SUHVV�WKH�SRWHQWLDO�
IRU� WKH� EHVW� DOOHOLF� FRPELQDWLRQV�� DQG� LQ� ODWH� KHDGLQJV� EHFDXVH� RI� WKH� VWURQJ� WHUPLQDO�
GURXJKW� VWUHVV�� 7KHVH� K\SRWKHVHV� QHHG� YDOLGDWLRQ� LQ� RWKHU�PDWHULDOV� DQG� H[SHULPHQWDO�
FRQILUPDWLRQ�WKURXJK�WKH�VWXG\�RI�\LHOG�FRPSRQHQWV���

5HJDUGLQJ� +Y0���� QR� \LHOG� 47/� KDV� SUHYLRXVO\� EHHQ� UHSRUWHG� LQ� WKLV� UHJLRQ��
+RZHYHU��DV�\LHOG�LV�WKH�RXWFRPH�RI�D�FRPSOH[�VHW�RI�IDFWRUV�KLJKO\�LQIOXHQFHG�E\�WKH�
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HQYLURQPHQWDO�FRQGLWLRQV��WKLV�UHJLRQ�FRXOG�KDYH�DQ�LPSRUWDQW�HIIHFW�RQ�RWKHU�WUDLWV�ZLWK�
D�UHOHYDQW�UROH�RQ�\LHOG�GHWHUPLQDWLRQ�XQGHU�WKH�0HGLWHUUDQHDQ�FRQGLWLRQV�RI�1RUWKHUQ�
6SDLQ��%HVLGHV�WKH�HIIHFW�RQ�KHDGLQJ�GDWH�GHWHFWHG�LQ�WKLV�SRSXODWLRQ��&KDSWHU�����RWKHU�
VWXGLHV�KDYH�IRXQG�KHDGLQJ�GDWH�47/�LQ�WKLV�UHJLRQ��+D\HV�HW�DO����������,W�KDV�DOVR�EHHQ�
UHSRUWHG�WKH�HIIHFW�RI�WKLV�UHJLRQ�RQ�SODQW�KHLJKW��=KX�HW�DO���������0DUTXH]�&HGLOOR�HW�
DO��� ������� ZKLFK� LV� D� WUDLW� XVXDOO\� DVVRFLDWHG� ZLWK� \LHOG� XQGHU� GURXJKW� FRQGLWLRQV�
�&HFFDUHOOL�HW�DO��������7HXODW�HW�DO�����������

�
�

$FNQRZOHGJHPHQWV�
�
7KLV� ZRUN� ZDV� VXSSRUWHG� E\� WKH� 6SDQLVK� 0LQLVWU\� RI� (GXFDWLRQ� DQG� 5HVHDUFK�

�3URMHFWV� $*/����������� LQFOXGLQJ� D� VFKRODUVKLS� JUDQWHG� WR� 0U�� $OIRQVR� &XHVWD�
0DUFRV��DQG�$*/������������DQG�E\�WKH�(XURSHDQ�5HJLRQDO�'HYHORSPHQW�)XQG��

�
�

���� 5HIHUHQFHV�
�

%DFNHV� *�� *UDQHU� $�� )RURXJKL�:HKU� %�� )LVFKEHFN� *�� :HQ]HO� *�� -DKRRU� $� �������
/RFDOL]DWLRQ� RI� TXDQWLWDWLYH� WUDLW� ORFL� �47/�� IRU� DJURQRPLF� LPSRUWDQW� FKDUDFWHUV�
E\�WKH�XVH�RI�D�5)/3�PDS�LQ�EDUOH\��+RUGHXP�YXOJDUH�/����7KHRU�$SSO�*HQHW�����
��������

%DUXD� 80�� &KDOPHUV� .-�� 7KRPDV� :7%�� +DFNHWW� &$�� /HD� 9�� -DFN� 3�� )RUVWHU� %3��
:DXJK�5��3RZHOO�:��������0ROHFXODU�PDSSLQJ�RI�JHQHV�GHWHUPLQLQJ�KHLJKW��WLPH�
WR�KHDGLQJ�� DQG�JURZWK�KDELW� LQ�EDUOH\� �+RUGHXP�YXOJDUH� ���*HQRPH���������±
�����

%H]DQW� -�� /DXULH� '�� 3UDWFKHWW� 1�� &KRMHFNL� -�� .HDUVH\� 0� ������� 0DSSLQJ� 47/�
FRQWUROOLQJ� \LHOG� DQG� \LHOG� FRPSRQHQWV� LQ� VSULQJ� EDUOH\� �+RUGHXP� YXOJDUH� /���
FURVV��+HUHGLW\�����������

%R\G�:-5��/L�&'��*ULPH�&5��&DNLU�0��3RWLSLERRO�6��.DYHHWD�/��0HQ�6��.DPDOL�05-��
%DUU� $5�� 0RRG\� '%�� /DQFH� 5&0�� /RJXH� 6-�� 5DPDQ� +�� 5HD� %-� �������
&RQYHQWLRQDO�DQG�PROHFXODU�JHQHWLF�DQDO\VLV�RI�IDFWRUV�FRQWULEXWLQJ�WR�YDULDWLRQ�LQ�
WKH� WLPLQJ� RI� KHDGLQJ� DPRQJ� VSULQJ� EDUOH\� �+RUGHXP� YXOJDUH� /��� JHQRW\SHV�
JURZQ�RYHU�D�PLOG�ZLQWHU�JURZLQJ�VHDVRQ��$XVW�-�$JULF�5HV���������������

%R\G� :-5� ������� 'HYHORSPHQWDO� YDULDWLRQ�� DGDSWDWLRQ� DQG� \LHOG� GHWHUPLQDWLRQ� LQ�
VSULQJ� EDUOH\�� 3URFHHGLQJV�� RI� 9� ,QWHUQDWLRQDO� 2DW� &RQJUHVV� DQG� 9,,� %DUOH\�
*HQHWLFV�6\PSRVLXP��S����������

&HFFDUHOOL�6��*UDQGR�6��������(IILFLHQF\�RI�HPSLULFDO�VHOHFWLRQ�XQGHU�VWUHVV�FRQGLWLRQV�
LQ�EDUOH\��-�*HQHW�	�%UHHG�����������
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&HFFDUHOOL�6��$FHYHGR�(��*UDQGR�6��������%UHHGLQJ�IRU�\LHOG�VWDELOLW\�LQ�XQSUHGLFWDEOH�
HQYLURQPHQWV�� 6LQJOH� WUDLWV�� LQWHUDFWLRQ� EHWZHHQ� WUDLWV�� DQG� DUFKLWHFWXUH� RI�
JHQRW\SHV��(XSK\WLFD�������������

GH�OD�3HQD�5&��6PLWK�.3��&DSHWWLQL�)��0XHKOEDXHU�*-��*DOOR�0HDJKHU�0��'LOO�0DFN\�
5�� 6RPHUV� '$�� 5DVPXVVRQ� '&� ������� 4XDQWLWDWLYH� WUDLW� ORFL� DVVRFLDWHG� ZLWK�
UHVLVWDQFH�WR�)XVDULXP�KHDG�EOLJKW�DQG�NHUQHO�GLVFRORUDWLRQ�LQ�EDUOH\��7KHRU�$SSO�
*HQHW�������������

)R[� 31�� &URVVD� -�� 5RPDJRVD� ,� ������� 0XOWL�HQYLURQPHQW� WHVWLQJ� DQG� JHQRW\SH� [�
HQYLURQPHQW� LQWHUDFWLRQ�� S�� ���±����� (Q� 5$� .HPSWRQ� DQG� 31� )R[� �HG���
6WDWLVWLFDO�PHWKRGV�IRU�SODQW�YDULHW\�HYDOXDWLRQ��&KDSPDQ�	�+DOO��/RQGRQ���

)UDQFLD�(��5L]]D�)��&DWWLYHOOL�/��6WDQFD�$0��*DOLED�*��7yWK�%��+D\HV�30��6NLQQHU�-6��
3HFFKLRQL� 1� ������� 7ZR� ORFL� RQ� FKURPRVRPH� �+� GHWHUPLQH� ORZ�WHPSHUDWXUH�
WROHUDQFH�LQ�D�µ1XUH¶��ZLQWHU��[�µ7UHPRLV¶��VSULQJ��EDUOH\�PDS��7KHRU�$SSO�*HQHW�
�������������

)UDQFNRZLDN�-'��.RQLVKL�7��������(DUO\�PDWXULW\����(DP���%DUOH\�*HQHW�1HZVO�������
���

)X�'�� 6]XFV� 3��<DQ�/��+HOJXHUD�0�� 6NLQQHU� -��+D\HV� 3��'XEFRYVN\� -� ������� /DUJH�
GHOHWLRQV� LQ� WKH� ILUVW� LQWURQ�RI� WKH�951���YHUQDOL]DWLRQ�JHQH�DUH�DVVRFLDWHG�ZLWK�
VSULQJ�JURZWK�KDELW�LQ�EDUOH\�DQG�SRO\SORLG�ZKHDW��0RO�*HQ�*HQRPLFV��������±
���

+D\HV� 30�� /LX� %+�� .QDSS� 6-� HW� DO� ������� 4XDQWLWDWLYH� WUDLW� ORFXV� HIIHFWV� DQG�
HQYLURQPHQWDO� LQWHUDFWLRQ� LQ� D� VDPSOH� RI� 1RUWK� $PHULFDQ� EDUOH\� JHUP� SODVP��
7KHRU�$SSO�*HQHW�������������

+RUVOH\�5'��6FKPLHUHU�'��0DLHU�&�HW�DO��������,GHQWLILFDWLRQ�RI�47/V�DVVRFLDWHG�ZLWK�
)XVDULXP�KHDG�EOLJKW�UHVLVWDQFH�LQ�EDUOH\�DFFHVVLRQ�&,KR�������&URS�6FL��������
����

-HIIHULHV�63��%DUU�$5��.DUDNRXVLV�$��.UHWVFKPHU�-0��0DQQLQJ�6��&KDOPHUV�.-��1HOVRQ�
-&�� ,VODP� $.05�� /DQJULGJH� 3� ������� 0DSSLQJ� RI� FKURPRVRPH� UHJLRQV�
FRQIHUULQJ�ERURQ� WR[LFLW\� WROHUDQFH� LQ�EDUOH\� �+RUGHXP�YXOJDUH�/����7KHRU�$SSO�
*HQHW����������������

-LDQJ�&-�� =HQJ�=%� �������0XOWLSOH�WUDLW� DQDO\VLV� RI� JHQHWLF�PDSSLQJ� IRU� TXDQWLWDWLYH�
WUDLW�ORFL��*HQHWLFV����������������

.DR�&+��=HQJ�=%��7HDVGDOH�5'��������0XOWLSOH�LQWHUYDO�PDSSLQJ�IRU�TXDQWLWDWLYH�WUDLW�
ORFL��*HQHWLFV����������±�����

.DUVDL� ,�� 0pV]iURV� .�� 6]�FV� 3�� +D\HV� 30�� /iQJ� /�� %HG|� =� ������� (IIHFWV� RI� ORFL�
GHWHUPLQLQJ�SKRWRSHULRG�VHQVLWLYLW\��3KG�+���DQG�YHUQDOL]DWLRQ�UHVSRQVH��6K���RQ�
DJURQRPLF� WUDLWV� LQ� WKH� µ'LFNWRR¶� î� µ0RUH[¶� EDUOH\� PDSSLQJ� SRSXODWLRQ�� 3ODQW�
%UHHG��������������

.DUVDL�,��6] FV�3��0pV]iURV�.��)LOLFKNLQD�7��+D\HV�30��6NLQQHU�-6��/iQJ�/��%HG �=�
�������7KH�9UQ�+��ORFXV�LV�D�PDMRU�GHWHUPLQDQW�RI�IORZHULQJ�WLPH�LQ�D�IDFXOWDWLYH�
î�ZLQWHU� JURZWK� KDELW� EDUOH\� �+RUGHXP� YXOJDUH� /��PDSSLQJ� SRSXODWLRQ�� 7KHRU�
$SSO�*HQHW���������±�����

.DUVDL� ,��0pV]iURV�.��6] FV�3��+D\HV�30��/iQJ�/��%HG �=� �������7KH� LQIOXHQFH� RI�
SKRWRSHULRG� RQ� WKH� 9UQ�+�� ORFXV� ��+�� ZKLFK� LV� D� PDMRU� GHWHUPLQDQW� RI� SODQW�



����

GHYHORSPHQW� DQG� UHSURGXFWLYH� ILWQHVV� WUDLWV� LQ� D� IDFXOWDWLYH � î �ZLQWHU� EDUOH\�
�+RUGHXP�YXOJDUH�/���PDSSLQJ�SRSXODWLRQ��3ODQW�%UHHG��������������

.LUE\� (-0�� $SSOH\DUG� 0� ������� (IIHFWV� RI� SKRWRSHULRG� RQ� WKH� UHODWLRQ� EHWZHHQ�
GHYHORSPHQW� DQG� \LHOG� SHU� SODQW� RI� D� UDQJH� RI� VSULQJ� EDUOH\� YDULHWLHV�� =� IXU�
3IODQ]HQ]�FKW�������������

/DQGHU�(��%RWVWHLQ�'��������0DSSLQJ�PHQGHOLDQ�IDFWRUV�XQGHUO\LQJ�TXDQWLWDWLYH� WUDLWV�
XVLQJ�5)/3�OLQNDJH�PDSV��*HQHWLFV��������������

/DXULH�'$��3UDWFKHWW�1��5RPHUR�&��6LPSVRQ�(��6QDSH� -:� �������$VVLJQPHQW�RI� WKH�
GHQVR�GZDUILQJ�JHQH� WR� WKH� ORQJ�DUP�RI�FKURPRVRPH����+��RI�EDUOH\�E\�XVH�RI�
5)/3�PDUNHUV��3ODQW�%UHHG��������������

/DXULH� '$�� 1� 3UDWFKHWW�� -+� %H]DQW�� -:� 6QDSH� ������� 5)/3�PDSSLQJ� RI� ILYH� PDMRU�
JHQHV� DQG� HLJKW� TXDQWLWDWLYH� WUDLW� ORFL� FRQWUROOLQJ� IORZHULQJ� WLPH� LQ� D� ZLQWHU� [�
VSULQJ�EDUOH\��+RUGHXP�YXOJDUH�/���FURVV��*HQRPH�������������

0DUTXH]�&HGLOOR� /$�� +D\HV� 30�� .OHLQKRIV� $�� /HJJH� :*�� 5RVVQDJHO� %*�� 6DWR� .��
8OOULFK� 6(��:HVHQEHUJ�'0� �������47/� DQDO\VLV� RI� DJURQRPLF� WUDLWV� LQ� EDUOH\�
EDVHG� RQ� WKH� GRXEOHG� KDSORLG� SURJHQ\� RI� WZR� HOLWH� 1RUWK� $PHULFDQ� YDULHWLHV�
UHSUHVHQWLQJ�GLIIHUHQW�JHUPSODVP�JURXSV��7KHRU�$SSO�*HQHW��������������

0LUDOOHV�'-�� 5LFKDUGV� 5$�� 6ODIHU�*$� �������'XUDWLRQ� RI� WKH� VWHP� HORQJDWLRQ� SHULRG�
LQIOXHQFHV�WKH�QXPEHU�RI�IHUWLOH�IORUHWV�LQ�ZKHDW�DQG�EDUOH\��$XVW�-�3ODQW�3K\VLRO�
������������

0RUDOHMR�0��6ZDQVWRQ�-6��0XxR]�3��3UDGD�'��(OLD�0��5XVVHOO�-5��5DPVD\�/��&LVWXH�/��
&RGHVDO� 3��&DVDV�$0��5RPDJRVD� ,�� 3RZHOO�:��0ROLQD�&DQR� -/� �������8VH� RI�
QHZ� (67� PDUNHUV� WR� HOXFLGDWH� WKH� JHQHWLF� GLIIHUHQFHV� LQ� JUDLQ� SURWHLQ� FRQWHQW�
EHWZHHQ�(XURSHDQ�DQG�1RUWK�$PHULFDQ� WZR�URZHG�PDOWLQJ�EDUOH\V��7KHRU�$SSO�
*HQHW�������������

3DQ�$��+D\HV�30��&KHQ�)��&KHQ�7++��%ODNH�7��:ULJKW�6��.DUVDL� ,��%HG|�=� �������
*HQHWLF� DQDO\VLV� RI� WKH� FRPSRQHQWV� RI� ZLQWHUKDUGLQHVV� LQ� EDUOH\� �+RUGHXP�
YXOJDUH�/���7KHRU�$SSO�*HQHW�������������

3LOOHQ� .�� =DFKDULDV� $�� /pRQ� -� ������� $GYDQFHG� EDFNFURVV� 47/� DQDO\VLV� LQ� EDUOH\�
�+RUGHXP�YXOJDUH�/���7KHRU�$SSO�*HQHW��������������

3RZHOO�:��&DOLJDUL�3'6��7KRPDV�:7%��-LQNV�-/��������7KH�HIIHFWV�RI�PDMRU�JHQHV�RQ�
TXDQWLWDWLYHO\�YDU\LQJ�FKDUDFWHUV� LQ�EDUOH\�����7KH�GHQVR�DQG�GD\OHQJWK�UHVSRQVH�
ORFL��+HUHGLW\��������±����

3RZHOO�:��7KRPDV�:7%��%DLUG�(��/DZUHQFH�3��%RRWK�$��+DUURZHU�%��0F1LFRO�-:��
:DXJK�5��������$QDO\VLV�RI�TXDQWLWDWLYH�WUDLWV�LQ�EDUOH\�E\�WKH�XVH�RI�DPSOLILHG�
IUDJPHQW�OHQJWK�SRO\PRUSKLVPV��+HUHGLW\�����������

6ODIHU� *$� ������� *HQHWLF� EDVLV� RI� \LHOG� DV� YLHZHG� IURP� D� FURS� SK\VLRORJLVW¶V�
SHUVSHFWLYH��$QQ�$SSO�%LRO��������������

6]�FV�3��6NLQQHU�-6��.DUVDL�,��&XHVWD�0DUFRV�$��+DJJDUG�.*��&RUH\�$(��&KHQ�7++��
+D\HV� 30� �������9DOLGDWLRQ� RI� WKH�951�+��951�+�� HSLVWDWLF�PRGHO� LQ� EDUOH\�
UHYHDOV� WKDW� LQWURQ� OHQJWK�YDULDWLRQ� LQ�951�+��PD\� DFFRXQW� IRU� D� FRQWLQXXP�RI�
YHUQDOL]DWLRQ�VHQVLWLYLW\��0RO�*HQHW�*HQRP����������V�����������������



�����

7HXODW� %�� 0HUDK� 2�� 6RX\ULV� ,�� 7KLV� '� ������� 47/V� IRU� DJURQRPLF� WUDLWV� IURP� D�
0HGLWHUUDQHDQ�EDUOH\�SURJHQ\�JURZQ�LQ�VHYHUDO�HQYLURQPHQWV��7KHRU�$SSO�*HQHW�
�������������

7KRPDV�:7%��������3URVSHFWV�IRU�PROHFXODU�EUHHGLQJ�RI�EDUOH\��$QQ�$SSO�%LRO������
�����

7KRPDV�:7%��3RZHOO�:��:DXJK�5��&KDOPHUV�.-��%DUXD�80��-DFN�3��/HD�9��)RUVWHU�
%3�� 6ZDQVWRQ� -6�� (OOLV� 53�� +DQVRQ� 35�� /DQFH� 5&0� ������� 'HWHFWLRQ� RI�
TXDQWLWDWLYH�WUDLW�ORFL�IRU�DJURQRPLF��\LHOG��JUDLQ�DQG�GLVHDVH�FKDUDFWHUV�LQ�VSULQJ�
EDUOH\��+RUGHXP�YXOJDUH�/����7KHRU�$SSO�*HQHW���������������

7UHYDVNLV� %�� +HPPLQJ� 01�� 3HDFRFN� :-�� 'HQQLV� (6� �������+Y951�� 5HVSRQGV� WR�
GD\OHQJWK�� ZKHUHDV� +Y951�� LV� UHJXODWHG� E\� YHUQDOL]DWLRQ� DQG� GHYHORSPHQWDO�
VWDWXV��3ODQW�3K\VLRO����������������

YDQ�2RVWHURP�(-��$FHYHGR�(� �����D��$GDSWDWLRQ�RI� EDUOH\� �+RUGHXP�YXOJDUH�/� �� WR�
KDUVK�0HGLWHUUDQHDQ�HQYLURQPHQWV��,��0RUSKRORJLFDO�WUDLWV��(XSK\WLFD����������

YDQ�2RVWHURP�(-��$FHYHGR�(� �����E��$GDSWDWLRQ�RI� EDUOH\� �+RUGHXP�YXOJDUH�/� �� WR�
KDUVK�0HGLWHUUDQHDQ�HQYLURQPHQWV��,,,��3ODQW�LGHRW\SH�DQG�JUDLQ�\LHOG��(XSK\WLFD�
����������

YDQ� 2RVWHURP� (-�� &HFFDUHOOL� 6� ������� ,QGLUHFW� VHOHFWLRQ� IRU� JUDLQ� \LHOG� RI� EDUOH\� LQ�
KDUVK�0HGLWHUUDQHDQ�HQYLURQPHQWV���&URS�6FLHQFH���������������

YDQ�2RVWHURP�(-��.OHLMQ�'��&HFFDUHOOL�6��1DFKLW�00��������*HQRW\SH�E\�HQYLURQPHQW��
LQWHUDFWLRQV�RI�EDUOH\�LQ�WKH�0HGLWHUUUDQHDQ�UHJLRQ��&URS�6FL�������������

9ROWDV�-��YDQ�(HXZLMN�)��,JDUWXD�(��*DUFtD�GHO�0RUDO�/��0ROLQD�&DQR�-/��5RPDJRVD�,�
�������*HQRW\SH� E\� HQYLURQPHQW� LQWHUDFWLRQ� DQG� DGDSWDWLRQ� LQ� EDUOH\� EUHHGLQJ��
EDVLF�FRQFHSWV�DQG�PHWKRGV�RI�DQDO\VLV��,Q�%DUOH\�6FLHQFH��5HFHQW�$GYDQFHV�IURP�
0ROHFXODU�%LRORJ\� WR�$JURQRP\�RI�<LHOG�DQG�4XDOLW\��SS�����±�����(GV�6ODIHU�
*$��0ROLQD�&DQR�-/��6DYLQ�5��$UDXV�-/��5RPDJRVD�,��1HZ�<RUN��)RRG�3URGXFW�
3UHVV��

YRQ�=LW]HZLW]�-��6] FV�3��'XEFRYVN\�-��<DQ�/��3HFFKLRQL�1��)UDQFLD�(��&DVDV�$��&KHQ�
7++��+D\HV�30��6NLQQHU�-6��������0ROHFXODU�DQG�VWUXFWXUDO�FKDUDFWHUL]DWLRQ�RI�
EDUOH\�YHUQDOL]DWLRQ�JHQHV��3ODQW�0RO�%LRO��������±����

:DQJ�6��%DVWHQ�&-��=HQJ�=%��������:LQGRZV�47/�&DUWRJUDSKHU������1RUWK�&DUROLQD�
6WDWH� 8QLYHUVLW\�� 5DOHLJK�� 1&�
�KWWS���ZZZ�VWDWJHQ�QFVX�HGX�TWOFDUW�:47/&DUW�KWP��

<LQ�;��6WDP�3�� -RKDQ�'RXUOHLMQ�&��.URSII�0-� �������$)/3�PDSSLQJ�RI� TXDQWLWDWLYH�
WUDLW� ORFL� IRU� \LHOG�GHWHUPLQLQJ� SK\VLRORJLFDO� FKDUDFWHUV� LQ� VSULQJ� EDUOH\�� 7KHRU�
$SSO�*HQHW��������±�����

=HQJ�=%��������3UHFLVLRQ�PDSSLQJ�RI�TXDQWLWDWLYH�WUDLW�ORFL��*HQHWLFV����������������
=KX�+��*LOFKULVW� /��+D\HV� 3��.OHLQKRIV�$��.XGUQD�'�� /LX�=�� 3URP�/�� 6WHIIHQVRQ�%��

7RRMLQGD� 7�� 9LYDU� +� ������� 'RHV� IXQFWLRQ� IROORZ� IRUP"� 3ULQFLSDO� 47/V� IRU�
)XVDULXP�KHDG�EOLJKW��)+%��UHVLVWDQFH�DUH�FRLQFLGHQW�ZLWK�47/V�IRU�LQIORUHVFHQFH�
WUDLWV� DQG� SODQW� KHLJKW� LQ� D� GRXEOHG� KDSORLG� SRSXODWLRQ� RI� EDUOH\�� 7KHRU� $SSO�
*HQHW��������±�����

�
�



�

�
�
�
�
�
�

&DStWXOR���
�

'LVFXVLyQ�*HQHUDO�
�

�
�
�



�



�����

&DStWXOR����'LVFXVLyQ�*HQHUDO�
�

���� ,GHQWLILFDFLyQ�GH�ORV�SULQFLSDOHV�ORFL�GHWHUPLQDQWHV�GH�OD�IHFKD�GH�HVSLJDGR�HQ�
OD�FHEDGD�
/RV� GLIHUHQWHV� HQVD\RV� \� DQiOLVLV� UHDOL]DGRV� HQ� OD� SUHVHQWH� WHVLV� GRFWRUDO� WLHQHQ�

FRPR� EDVH� FRP~Q� OD� LGHQWLILFDFLyQ� GH� ODV� UHJLRQHV� GHO� JHQRPD� GH� OD� FHEDGD� TXH�
GHWHUPLQDQ�OD�IHFKD�GH�HVSLJDGR�HQ�ODV�FRQGLFLRQHV�GH�VHFDQR�GHO�QRUWH�GH�(VSDxD��\�VX�
HIHFWR�VREUH�HO�UHQGLPLHQWR��(Q�XQD�SULPHUD�HWDSD�VH�LGHQWLILFDURQ�ORV�SULQFLSDOHV�47/�
HQ� XQD� SREODFLyQ� GH�PDSHR� �FDStWXOR� ��� \� WDPELpQ� HQ� OD� OLWHUDWXUD�� 3RVWHULRUPHQWH� VH�
SURFHGLy� D� OD� YDOLGDFLyQ� GH� ORV� PLVPRV�� SRU� XQ� ODGR� FRQ� XQ� FRQMXQWR� GH� SHTXHxDV�
SREODFLRQHV� LQWHUFRQHFWDGDV� GH� KDSORLGHV� GXSOLFDGRV� �FDStWXOR� ��� \�� HVSHFtILFDPHQWH�
SDUD� ORV� JHQHV� GH� YHUQDOL]DFLyQ�� HQ� XQD� VHULH� GH� FUX]DPLHQWRV� TXH� SHUPLWLHUDQ� XQ�
HVWXGLR�GH�FRPSOHPHQWDULHGDG�HQ�OD�GHVFHQGHQFLD��FDStWXOR��������)LQDOPHQWH�VH�HYDOXy�
OD�LQIOXHQFLD�GH�HVRV�47/�GH�HVSLJDGR�VREUH�HO�UHQGLPLHQWR��VREUH�OD�GHWHFFLyQ�GH�47/�
SDUD� UHQGLPLHQWR�� \� VREUH� OD� LQWHUDFFLyQ� JHQRWLSR� SRU� DPELHQWH� GHO� UHQGLPLHQWR�
�FDStWXOR�����

6H� HPSOHDURQ� GLYHUVRV� VLVWHPDV� GH� PDUFDGRUHV� HQ� HVWH� WUDEDMR� �$)/3�� 5)/3��
665��676��5$3'���GH�ORV�TXH�FDEH�GHVWDFDU�ORV�PDUFDGRUHV�+Y%0���+Y=&&7�\�+Y7�
613���� TXH� FRUUHVSRQGHQ� D� ORV� JHQHV� FDQGLGDWR� SURSXHVWRV� SDUD� 9UQ�+��� 9UQ�+�� \�
3SG�+�� �7XUQHU� HW� DO��� ������ YRQ� =LW]HZLW]� HW� DO��� ������� (VWRV� JHQHV� IXHURQ�
LGHQWLILFDGRV�GXUDQWH�HO�GHVDUUROOR�GHO�WUDEDMR��\�IXHURQ�LQFRUSRUDGRV�SDXODWLQDPHQWH�DO�
HVWXGLR�� 6X� HPSOHR�� WDQWR� HQ� XQD� SREODFLyQ� GH� PDSHR� FRPR� HQ� XQ� FRQMXQWR� GH�
JHUPRSODVPD� GH� DPSOLD� EDVH� JHQpWLFD�� KD� SHUPLWLGR� FRQILUPDU� OD� FRUUHODFLyQ� GH� OD�
GLYHUVLGDG�DOpOLFD�D�QLYHO�PROHFXODU�FRQ�ODV�UHVSXHVWDV�IHQRWtSLFDV�REVHUYDGDV��

3UHYLDPHQWH�D�ORV�DQiOLVLV�SDUD�OD�LGHQWLILFDFLyQ�GH�47/��VH�UHDOL]DURQ�GRV�PDSDV�
GH� OLJDPLHQWR� HQ� OD� SUHVHQWH� WHVLV� GRFWRUDO�� 7DQWR� HO� PDSD� GH� OD� SREODFLyQ� %HND� [�
0RJDGRU��FDStWXOR����FRPR�HO�PDSD�FRQVHQVR�GH�ODV����SREODFLRQHV�GH�'+��FDStWXOR����
HVWiQ�GH�DFXHUGR�HQWUH�Vt�\�FRQ�RWURV�PDSDV�GH�FHEDGD�SUHYLDPHQWH�SXEOLFDGRV��3LOOHQ�HW�
DO��� ������5DPVD\� HW� DO��� ������0RUDOHMR� HW� DO��� ������ YRQ�.RUII� HW� DO��� ������&XHVWD�
0DUFRV�� ������5RVWRNV� HW� DO��� ������9DUVKQH\� HW� DO��� ������� (O�PDSD� GH� OD� SREODFLyQ�
%HND�[�0RJDGRU�WLHQH�XQD�GHQVLGDG�\�Q~PHUR�GH�LQGLYLGXRV�VXILFLHQWHPHQWH�HOHYDGRV�
FRPR�SDUD�SHUPLWLU�XQD�FRUUHFWD�LGHQWLILFDFLyQ�GH�ODV�SULQFLSDOHV�UHJLRQHV�TXH�SUHVHQWDQ�
47/�GH�HVSLJDGR�\�GH�UHQGLPLHQWR��(O�PDSD�FRQVHQVR��FX\D�ILQDOLGDG�HUD�OD�YDOLGDFLyQ��



�����

QR� SUHVHQWDED� XQD� GHQVLGDG� WDQ� HOHYDGD� GH�PDUFDGRUHV�� SHUR� HO� Q~PHUR� HV� VXILFLHQWH�
FRPR� SDUD� VHU� XQD� KHUUDPLHQWD� ~WLO� HQ� HO� SURFHVR� GH� YDOLGDFLyQ� GH� 47/�� 3DUD� OD�
YDOLGDFLyQ�HVSHFtILFD�GHO�PRGHOR�GH�OD�UHODFLyQ�HSLVWiWLFD�GH�ORV�JHQHV�GH�YHUQDOL]DFLyQ��
VH�VLJXLy�OD�HVWUDWHJLD�GH�UHFXSHUDU�OtQHDV�LQYHUQDOHV�HQWUH�OD�GHVFHQGHQFLD�GH�XQD�VHULH�
GH� FUX]DPLHQWRV� HQWUH� OtQHDV� GH� KiELWR� GH� FUHFLPLHQWR� SULPDYHUDO�� TXH� IXHURQ�
FDUDFWHUL]DGDV� VRODPHQWH� HQ� ODV� GRV� UHJLRQHV� GH� ORV� JHQHV� GH� YHUQDOL]DFLyQ�9UQ�+�� \�
9UQ�+��\�XQD�WHUFHUD�UHJLyQ�+Y957���FX\R�SDSHO�HQ�OD�LQWHUDFFLyQ�HQWUH�HVRV�GRV�JHQHV�
KD�VLGR�VXJHULGR�HQ�HVWXGLRV�SUHYLRV��.DQH�HW�DO����������

&RPSDUDQGR�ORV�UHVXOWDGRV�GHVFULWRV�HQ�OD�OLWHUDWXUD�\�ORV�REWHQLGRV�HQ�HO�FDStWXOR�
��FRQ�ORV�REWHQLGRV�PHGLDQWH�HO�HPSOHR�GH�OD�SREODFLyQ�%HND�[�0RJDGRU��FDStWXOR�����
SRGHPRV�FRQFOXLU�TXH�HQ�HVWD�~OWLPD�VH�SXGLHURQ�GHWHFWDU�OD�PD\RUtD�GH�ORV�SULQFLSDOHV�
ORFL� TXH� FRQWURODQ� OD� IHFKD� GH� HVSLJDGR� EDMR� GLIHUHQWHV� FRQGLFLRQHV� DPELHQWDOHV� HQ�
FDPSR�H�LQYHUQDGHUR��H[SOLFDQGR�HQ�FDGD�FDVR�XQ�SRUFHQWDMH�QRWDEOH�GH�OD�YDULDQ]D�GHO�
FDUiFWHU� �7DEOD� VXSOHPHQWDULD� ��� FDStWXOR� ���� $Vt�� SXGLPRV� HVWDEOHFHU� FXiOHV� HUDQ� ORV�
PDUFDGRUHV�PiV�FHUFDQRV�D�HVWRV�ORFL��TXH�IXHURQ�HPSOHDGRV�HQ�HO�FDStWXOR����'H�KHFKR��
OD� VHOHFFLyQ� GH� ORV� SDUHQWDOHV� GH� HVWH� FUX]DPLHQWR� \D� VH� UHDOL]y� HQ� EDVH� D� TXH�
SUHVHQWDEDQ� SROLPRUILVPR� HQ� ODV� SULQFLSDOHV� UHJLRQHV� TXH�� VHJ~Q� OD� OLWHUDWXUD�� KDFtDQ�
VXSRQHU�TXH�WXYLHUDQ�XQ�FODUR�HIHFWR�VREUH�OD�IHFKD�GH�HVSLJDGR�HQ�ODV�FRQGLFLRQHV�GH�
VHFDQR� GHO� QRUWH� GH� (VSDxD� �,JDUWXD� HW� DO��� ������� 7DPELpQ� IXH� SRVLEOH� HVWLPDU� ORV�
HIHFWRV� GH� ORV� GLIHUHQWHV� DOHORV� \� VXV� LQWHUDFFLRQHV�� 6LQ� HPEDUJR�� H[LVWHQ� DOJXQDV�
UHJLRQHV� LPSOLFDGDV� HQ� OD� GHWHUPLQDFLyQ� GH� OD� IHFKD� GH� HVSLJDGR� TXH� QR� VRQ�
SROLPyUILFDV�HQ�HVWH�FUX]DPLHQWR��HVSHFLDOPHQWH�OD�]RQD�GHO�JHQ�3SG�+���GRQGH�DPERV�
SDUHQWDOHV� OOHYDQ� HO� DOHOR� TXH� QR� UHVSRQGH� D� IRWRSHULRGR� ODUJR�� &RPR� VH� SXVR� GH�
PDQLILHVWR�HQ�HO�FDStWXOR����HV�HYLGHQWH�TXH�HO�HIHFWR�GH�HVWH�ORFXV�HV�LPSRUWDQWH�HQ�HO�
FRQMXQWR�GH�PDWHULDOHV�HPSOHDGRV�HQ�HO�SURJUDPD�HVSDxRO�GH�PHMRUD��

3DUD� VXSHUDU� HVWDV� OLPLWDFLRQHV�� VH� UHDOL]y� XQ� HVWXGLR� GH� YDOLGDFLyQ� GH� ORV�
SULQFLSDOHV�47/�GH�IHFKD�GH�HVSLJDGR�HQ�XQ�FRQMXQWR�GH�JHUPRSODVPD�GH�DPSOLD�EDVH�
JHQpWLFD��FRPSXHVWR�GH����SHTXHxDV�SREODFLRQHV�GH�KDSORLGHV�GXSOLFDGRV�GH�FHEDGD�HQ�
ODV� TXH� LQWHUYHQtDQ� FRPR� SDUHQWDOHV�� QRUPDOPHQWH� HQ�PiV� GH� XQD� SREODFLyQ�� FDWRUFH�
YDULHGDGHV�FRP~QPHQWH�XWLOL]DGDV�HQ�HO�SURJUDPD�HVSDxRO�GH�PHMRUD�GH�OD�FHEDGD��8Q�
HVWXGLR� GH� HVWH� WLSR� VHUtD� GLILFLO� VLQ� HO� WUDEDMR� SUHYLR� GH� ORFDOL]DFLyQ� GH� PDUFDGRUHV�
HVWUHFKDPHQWH�OLJDGRV�D�ORV�SULQFLSDOHV�JHQHV�TXH�UHJXODQ�OD�IHFKD�GH�IORUDFLyQ�EDMR�ODV�
PLVPDV�FRQGLFLRQHV�DPELHQWDOHV��$O� H[LVWLU�YDULRV�SDUHQWDOHV��QRV�HQFRQWUDPRV�FRQ� OD�
SUHVHQFLD� GH� YDULRV� DOHORV� SRU� ORFXV�� HQ� XQDV� IUHFXHQFLDV� PX\� YDULDEOHV�� 'DGD� OD�
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FRPSOHMLGDG�GHO�DQiOLVLV��VH�GHVFDUWy�OD�SRVLELOLGDG�GH�UHDOL]DU�PDSHR�SRU�LQWHUYDORV��\�
VH�RSWy�SRU�UHDOL]DU�ORV�WHVWV�GH�DVRFLDFLyQ�FRQ�ORV�FDUDFWHUHV�VyOR�SDUD�ODV�SRVLFLRQHV�GH�
ORV� PDUFDGRUHV�� 3RU� RWUD� SDUWH�� HV� QHFHVDULR� FRQVLGHUDU� TXH� HO� KHFKR� GH� HQFRQWUDU�
DVRFLDFLRQHV�HQWUH�PDUFDGRUHV�\�HO�FDUiFWHU�IHQRWtSLFR��HQ�HVWH�WLSR�GH�HVWXGLRV�EDVDGRV�
HQ�HO�HPSOHR�GH�PDUFDGRUHV�PROHFXODUHV�GLVWULEXLGRV�SRU�HO�JHQRPD��KDFH�TXH�VHD�PiV�
SURSLR�KDEODU�GH�UHJLRQHV�GH�SUHVHQFLD�GH�47/�TXH�GH�ORFL�SURSLDPHQWH�GLFKRV��

'H�HVWH�PRGR��HV�SRVLEOH�HQFRQWUDU�DVRFLDFLRQHV�VLJQLILFDWLYDV�HQ�UHJLRQHV�HQ�ODV�
TXH� H[LVWHQ� PDUFDGRUHV�� SHUR� QR� HV� SRVLEOH� OD� ORFDOL]DFLyQ� GH� JHQHV� VLWXDGRV� HQWUH�
PDUFDGRUHV�H�LQFOXVR�VL�HVD�VLJQLILFDFLyQ�HV�GHELGD�D�XQR�R�PiV�JHQHV��(VWD�OLPLWDFLyQ�
HVWi�DWHQXDGD�HQ�HO�FDVR�GH�ORV�PDUFDGRUHV�GLDJQyVWLFR�GH�ORV�JHQHV�FDQGLGDWR��DO�HVWDU�
ORV�PDUFDGRUHV� VLWXDGRV� GHQWUR� GHO� SURSLR� JHQ��(VWH� HV� HO� FDVR� GH�3SG�+���9UQ�+�� \�
9UQ�+���6LQ�HPEDUJR��QR�VLHPSUH�HVWi�FODUR�FXiO�HV�OD�PXWDFLyQ�HVSHFtILFD�TXH�SURYRFD�
ORV� FDPELRV� IHQRWtSLFRV��+DVWD� HO�PRPHQWR��SDUHFH� H[LVWLU� DFXHUGR�HQWUH� OD�GLYHUVLGDG�
PROHFXODU� \� IHQRWtSLFD� HQ� HVWRV� JHQHV�� OR� FXDO� VH� KD� FRQILUPDGR� HQ� HVWH� WUDEDMR�� VLQ�
HPEDUJR� HV� LPSRVLEOH� SUHGHFLU� VL� HVWD� VLWXDFLyQ� VH� PDQWHQGUi� SDUD� DOHORV� QR�
FRQWHPSODGRV�HQ�ORV�HVWXGLRV�UHDOL]DGRV�KDVWD�DKRUD��3RU�HVWH�PRWLYR��HQ�PXFKRV�FDVRV�
HV� FRQYHQLHQWH� HO� HPSOHR� GH� PDUFDGRUHV� IODQTXHDQWHV� TXH� SHUPLWDQ� VHOHFFLRQDU� XQD�
UHJLyQ�PiV�DPSOLD�HQ�ODV�LQPHGLDFLRQHV�GHO�JHQ�GH�HVWXGLR���

(O� PpWRGR� GH� DQiOLVLV� FRQMXQWR� GH� 47/� HQ� YDULDV� SREODFLRQHV� KDFH� TXH� VHD�
SUiFWLFDPHQWH� LPSRVLEOH� OD� LGHQWLILFDFLyQ�GH� LQWHUDFFLRQHV�HQ� ODV�TXH� LQWHUYHQJD�DOJ~Q�
ORFL�FX\R�HIHFWR�SULQFLSDO�QR�KD\D�VLGR�LGHQWLILFDGR��$GHPiV��OD�HVWUXFWXUD�JHQpWLFD�GH�
ORV� LQGLYLGXRV� LPSOLFDGRV� HQ� HO� HVWXGLR� KDFH� GLItFLO� OD� YDOLGDFLyQ� GH� LQWHUDFFLRQHV�
GHWHFWDGDV�HQ�SREODFLRQHV�GH�PDSHR��D�QR�VHU�TXH�WHQJDQ�XQ�HIHFWR�PX\�JUDQGH��FRPR�
HV�HO�FDVR�GH�ORV�JHQHV�GH�YHUQDOL]DFLyQ���

(Q�XQD�YLVLyQ�JHQHUDO�GH� ORV� GRV�PpWRGRV� HPSOHDGRV� HQ� ORV� FDStWXORV� �� \� ��� VH�
FRQFOX\H� TXH� DPERV� VRQ� FRPSOHPHQWDULRV�� SXHV� FDGD� XQR� GH� HOORV� VXSOH� ORV� SXQWRV�
GpELOHV�GHO�RWUR��$GHPiV��ORV�SULQFLSDOHV�47/�\�ORV�HIHFWRV�GH�ORV�DOHORV�FRPXQHV�HVWiQ�
SOHQDPHQWH�GH�DFXHUGR�HQWUH�DPERV�HVWXGLRV��7RGR�HOOR�QRV�KD� OOHYDGR�D�SURSRQHU�XQ�
FRQMXQWR� GH� PDUFDGRUHV� PROHFXODUHV� GH� IiFLO� XVR� �WRGRV� HOORV� EDVDGRV� HQ� OD� WpFQLFD�
3&5�� TXH� RIUH]FD� D� ORV�PHMRUDGRUHV� GH� FHEDGD� OD� SRVLELOLGDG� GH� FRQWURODU� HO� FDUiFWHU�
IHFKD�GH�HVSLJDGR�VHJ~Q�VXV�QHFHVLGDGHV��7DEOD����FDStWXOR����7DEOD����FDStWXOR�����6X�
HPSOHR� VHUtD� SRVLEOH� SUHIHUHQWHPHQWH� HQ� OD� HOHFFLyQ� GH� ORV� SDUHQWDOHV� GH� ORV�
FUX]DPLHQWRV�� SHUR� WDPELpQ� HQ� OD� VHOHFFLyQ� HQ� ODV� VXFHVLYDV� JHQHUDFLRQHV� GH�
DXWRIHFXQGDFLyQ���
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8Q� SXQWR� FODYH� GH� OD� SUHVHQWH� WHVLV� GRFWRUDO� IXH� OD� FRQVWDWDFLyQ� GH� OD� IHFKD� GH�
HVSLJDGR� FRPR� XQR� GH� ORV� SULQFLSDOHV� FDXVDQWHV� GH� OD� LQWHUDFFLyQ� *HQRWLSR� SRU�
$PELHQWH��*[(��GHO�UHQGLPLHQWR��9ROWDV�HW�DO����������(Q�ODV�FRQGLFLRQHV�HQ�ODV�TXH�VH�
KD� UHDOL]DGR� HO� SUHVHQWH� HVWXGLR�� ODV� UHJLRQHV� GH�(DP�� \�3SG�+�� VRQ� ODV� SULQFLSDOHV�
GHWHUPLQDQWHV�GH�OD�IHFKD�GH�HVSLJDGR�HQ�VLHPEUDV�RWRxDOHV��FDStWXORV���\����\�D�OD�YH]�
SUHVHQWDQ� OD� VLJQLILFDFLyQ� PiV� DOWD� HQ� HO� DQiOLVLV� *[(� GHO� UHQGLPLHQWR� �)LJXUD� ���
FDStWXOR�����$XQTXH� VH�KD�GHVFULWR�TXH� OD� WHPSHUDWXUD�\� ODV�SUHFLSLWDFLRQHV� MXHJDQ�XQ�
SDSHO�LPSRUWDQWH�HQ�OD�DSDULFLyQ�GHO�*[(�HQ�HO�UHQGLPLHQWR��9ROWDV�HW�DO����������VH�KDQ�
SXEOLFDGR� KDVWD� OD� IHFKD� SRFRV� HVWXGLRV� FRPR� HO� SUHVHQWH�� HQ� ORV� TXH� VH� SRQJD� GH�
PDQLILHVWR�XQD�FODUD�DVRFLDFLyQ�HQWUH�OD�LQWHUDFFLyQ�*[(�HQ�HVWH�FDUiFWHU�\�ORV�SDWURQHV�
GH�UHQGLPLHQWR��

7DPELpQ�VH�KDQ�GHWHFWDGR�HQ�HO�SUHVHQWH�HVWXGLR�XQD�VHULH�GH�47/�FRQ�LQFLGHQFLD�
GLUHFWD�VREUH�HO� UHQGLPLHQWR��DXQTXH�FRQ�XQ�HIHFWR�PHQRU�\�DOJXQR�GH�HOORV��D�VX�YH]��
FRQ� XQD� LQWHUDFFLyQ� VLJQLILFDWLYD�47/� [� DPELHQWH� �)LJXUD� ��� 7DEOD� ��� FDStWXOR� ���� (O�
HVWXGLR� GH� ORV� SURFHVRV� ILVLROyJLFRV� HQ� ORV� TXH� HVWiQ� LPSOLFDGRV� HVWRV� 47/�� ORV�
FRPSRQHQWHV� GHO� UHQGLPLHQWR� VREUH� ORV� TXH� DFW~DQ� HVSHFtILFDPHQWH�� DVt� FRPR� XQD�
YDOLGDFLyQ�GH�ORV�PLVPRV�GH�PDQHUD�VLPLODU�D�OD�UHDOL]DGD�SDUD�OD�IHFKD�GH�HVSLJDGR��VRQ�
LQWHUHVDQWHV�SURSXHVWDV�SDUD�WUDEDMRV�IXWXURV�D�SDUWLU�GH�ORV�UHVXOWDGRV�REWHQLGRV�HQ�HVWD�
WHVLV�GRFWRUDO��

�
���� 47/�GH�IHFKD�GH�HVSLJDGR�HQFRQWUDGRV�HQ�HVWH�WUDEDMR�

(Q�FXDQWR�D� ORV�JHQHV�GH� UHVSXHVWD�DO� IRWRSHULRGR�� WDQWR�HQ� OD�SREODFLyQ�%HND�[�
0RJDGRU� FRPR� HQ� HO� FRQMXQWR� GH� SHTXHxDV� SREODFLRQHV� GH� '+V�� OD� UHJLyQ� GHO� JHQ����
3SG�+�� IXH� XQD� GH� ORV� SULQFLSDOHV� GHWHUPLQDQWHV� GH� OD� IHFKD� GH� HVSLJDGR�� (Q� DPERV�
FDVRV�� DTXHOODV� SODQWDV� TXH� SUHVHQWDURQ� HQ� HVWD� UHJLyQ� ORV� DOHORV� SUHVHQWHV� HQ� ORV�
FXOWLYDUHV� GH� LQYLHUQR� IXHURQ� ODV�PiV� UHWUDVDGDV��(Q� HO� SUHVHQWH� HVWXGLR� VH� HPSOHDURQ�
GRV�PDUFDGRUHV�DSDUHQWHPHQWH�IODQTXHDQWHV�GH�HVWD�UHJLyQ��HO�PLFURVDWpOLWH�%PDJ����\�
HO�676�D0:*�����GHULYDGR�GHO�5)/3�0:*�����(VWD� UHJLyQ� UHVXOWy� VLJQLILFDWLYD�HQ�
WRGRV� ORV�HQVD\RV�GH�VLHPEUD�RWRxDO�SHUR��PLHQWUDV�HQ�HO�FDVR�GH� OD�SREODFLyQ�%HND�[�
0RJDGRU�HO�SLFR�GH�VLJQLILFDFLyQ�HVWDED�ORFDOL]DGR�PiV�SUy[LPR�D�%PDJ�����HQ�HO�FDVR�
GH�ODV�SHTXHxDV�SREODFLRQHV�GH�'+V��HO�PDUFDGRU�D0:*����SUHVHQWy�XQD�VLJQLILFDFLyQ�
PiV�DOWD��(VWD�UHJLyQ�HV�DGHPiV�UHVSRQVDEOH�GH�XQD�FRQVLGHUDEOH�SDUWH�GH�OD�LQWHUDFFLyQ�
JHQRWLSR�SRU�DPELHQWH�GHO�UHQGLPLHQWR�HQ�OD�SREODFLyQ�%HND�[�0RJDGRU���
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8Q� DVSHFWR� LQWHUHVDQWH� GH� HVWD� UHJLyQ� IXH� HO� KHFKR� GH� TXH� IXH� GHWHFWDGD� HQ� ORV�
HQVD\R�GH�LQYHUQDGHUR�FRQ�SODQWDV�YHUQDOL]DGDV�\�IRWRSHULRGR�ODUJR�FRQVWDQWH��7DEOD����
FDStWXOR����7DEOD����FDStWXOR�����/D�SUHVHQFLD�GH�XQ�HIHFWR�VLJQLILFDWLYR�GH�3SG�+��HQ�
FRQGLFLRQHV� GH� IRWRSHULRGR� ODUJR� QR� KD� VLGR� GHVFULWD� SUHYLDPHQWH� HQ� OD� OLWHUDWXUD�� (O�
KHFKR� GH� TXH� KD\D� VLGR� GHWHFWDGR� HQ� GRV� FRQMXQWRV� GH� HQVD\RV� WRWDOPHQWH�
LQGHSHQGLHQWHV� �OD� SREODFLyQ�%HND� [�0RJDGRU� \� HO� FRQMXQWR� GH� SREODFLRQHV� GH�'+V��
KDFH� SHQVDU� TXH� QR� VH� WUDWD� GH� XQ�PHUR� DUWLILFLR� HVWDGtVWLFR��(VWH� UHVXOWDGR� VXJLHUH� OD�
QHFHVLGDG� GH� UHSODQWHDUVH� HO� HIHFWR� GHVFULWR� SDUD� HVWH� JHQ� �KDVWD� DKRUD� VyOR� HQ�
IRWRSHULRGRV�FRUWRV���WDPELpQ�HQ�FRQGLFLRQHV�GH�IRWRSHULRGRV�ODUJRV��TXL]i�PHGLDQWH�VX�
LQWHJUDFLyQ�HQ�XQ�PRGHOR�GH�LQWHUDFFLyQ�FRQ�HO�JHQ�GH�UHVSXHVWD�DO�IRWRSHULRGR�ODUJR�\�
ORV�JHQHV�GH�YHUQDOL]DFLyQ��

8QD�HVWUDWHJLD�FRUUHFWD�SDUD� OD�XWLOL]DFLyQ�GH�HVWH�47/�HQ�SURJUDPDV�GH�PHMRUD�
VHUtD�OD�LQWURJUHVLyQ�GH�OD�UHJLyQ�HQWHUD�PHGLDQWH�OD�VHOHFFLyQ�GH�ORV�DOHORV�GHVHDGRV�HQ�
ORV�GRV�PDUFDGRUHV�IODQTXHDQWHV�GHO�JHQ�SURSXHVWRV��/D�UHFLHQWH�LGHQWLILFDFLyQ�GHO�JHQ�
+Y)7��FRPR�SRVLEOH�FDQGLGDWR�GH�3SG�+���)DXUH�HW�DO����������IDFLOLWDUi�XQ�HVWXGLR�PiV�
GHWDOODGR� GH� VX� HIHFWR� HQ� GLVWLQWDV� FRQGLFLRQHV� DPELHQWDOHV� \� FRQ� GLIHUHQWHV� IRQGRV�
JHQpWLFRV��

5HVSHFWR�DO�JHQ�3SG�+���DO�QR�VHU�SROLPyUILFR�HQ�OD�SREODFLyQ�%HND�[�0RJDGRU��
VX� LQFOXVLyQ� HQ� HO� HQVD\R� GH� YDOLGDFLyQ� HQ� ODV� SREODFLRQHV� GH� '+V� VH� GHELy� D� VX�
LPSRUWDQFLD� GHVFULWD� HQ� RWURV� HVWXGLRV� �/DXULH� HW� DO�� ������ ������7XUQHU� HW� DO��� �������
(VWH�JHQ� UHVXOWy� VHU�HO�PiV�GHWHUPLQDQWH�SDUD� OD� IHFKD�GH�HVSLJDGR�HQ�FRQGLFLRQHV�GH�
VLHPEUD� LQYHUQDO�� 6LQ� HPEDUJR�� HQ� ODV� FRQGLFLRQHV� GH� VLHPEUD� RWRxDO�� TXH� VRQ� ODV�
PD\RULWDULDV� HQ� ORV� VHFDQRV� GHO� QRUWH� GH� (VSDxD�� HVWH� JHQ� SDUHFH� QR� WHQHU� XQ� HIHFWR�
GHVWDFDEOH��8QD�SRVLEOH�H[SOLFDFLyQ�YHQGUtD�GDGD�SRU�HO�KHFKR�GH�TXH�OD�PD\RU�SDUWH�GHO�
GHVDUUROOR�YHJHWDWLYR�GHO�FXOWLYR�VH�SURGXFH�EDMR�IRWRSHULRGRV�LQIHULRUHV�D�ORV�TXH�HVWH�
JHQ�QHFHVLWD�SDUD�TXH�FRPLHQFH�D�H[SUHVDUVH�VX�HIHFWR��TXH�VRQ�DOUHGHGRU�GH����KRUDV�
�7XUQHU�HW�DO���������(Q�FDVR�GH�VLHPEUDV� LQYHUQDOHV�\�SULPDYHUDOHV��pVWH�VHULD�XQR�GH�
ORV� JHQHV� SULQFLSDOHV� D� WHQHU� HQ� FXHQWD�� $GHPiV� GH� WHQHU� XQ� PDUFDGRU� GLDJQyVWLFR�
GHQWUR�GHO�SURSLR�JHQ�� WDPELpQ�H[LVWHQ�XQD� VHULH�GH�PDUFDGRUHV� HQ� VXV� LQPHGLDFLRQHV�
TXH� SRGUtDQ� VHU� GH� JUDQ� D\XGD� HQ� XQD� HVWUDWHJLD� GH� VHOHFFLyQ� EDVDGD� HQ� PDUFDGRUHV�
IODQTXHDQWHV��

(O�KHFKR�GH�TXH�3SG�+��QR�IXHUD�SROLPyUILFR�HQ�%HND�[�0RJDGRU��SHUPLWLy�VLQ�
HPEDUJR� XQD� PHMRU� FDUDFWHUL]DFLyQ� \� HVWLPDFLyQ� GH� HIHFWRV� DVRFLDGRV� D� OD� ]RQD�
FHQWURPpULFD�GHO�FURPRVRPD��+��SUy[LPD�D�HVWH�JHQ��\�HQ�OD�TXH�VHJ~Q�OD�OLWHUDWXUD�HVWi�
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ORFDOL]DGR� HO� JHQ� GH� SUHFRFLGDG� LQWUtQVHFD�(DP��� 1R� H[LVWH� XQ� FODUR� FRQVHQVR� HQ� OD�
OLWHUDWXUD�VREUH� ORV�IDFWRUHV�TXH�SRGUtDQ�DIHFWDU�D� OD�H[SUHVLyQ�GH�HVWH�JHQ��QL�VREUH�HO�
WDPDxR� GH� VX� HIHFWR�� (VWR� VH� SXHGH� GHEHU�� DO� PHQRV� SDUFLDOPHQWH�� D� TXH� HQ�PXFKRV�
HVWXGLRV� VX� HIHFWR� SXHGH� HVWDU� HQPDVFDUDGR� SRU� HO� JUDQ� HIHFWR� GH� 3SG�+�� HQ� VX�
SUR[LPLGDG�� (Q� HO� HVWXGLR� GH� %HND� [� 0RJDGRU�� VH� SXVR� GH� PDQLILHVWR� HO� SDSHO�
SUHSRQGHUDQWH� GH� (DP�� HQ� OD� GHWHUPLQDFLyQ� GH� OD� IHFKD� GH� HVSLJDGR� HQ� HQVD\RV� GH�
FDPSR�VHPEUDGRV�HQ�GLVWLQWDV�IHFKDV��\�WDPELpQ�EDMR�ODV�GLIHUHQWHV�FRQGLFLRQHV�GH�ORV�
HQVD\RV�GH� LQYHUQDGHUR��)LJXUD����7DEOD����FDStWXOR�����(VWH�HIHFWR�IXH�FRQILUPDGR�HQ�
ODV�SREODFLRQHV�GH�'+V��)LJXUD����7DEOD����FDStWXOR�����(O�HIHFWR�HQ�HVWDV�SREODFLRQHV�
IXH�VLPLODU�DO�GHWHFWDGR�HQ�%HND�[�0RJDGRU�\�VH�GHPRVWUy�VX�LQGHSHQGHQFLD�GH�3SG�+���
HQ�SDUWH�SRUTXH�HO�GHVHTXLOLEULR�GH�OLJDPLHQWR�TXH�SXHGH�LPSHGLU�OD�LQGLYLGXDOL]DFLyQ�GH�
ORV� HIHFWRV� FDXVDGRV� SRU� 47/� TXH� HVWiQ� SUy[LPRV� HQ� SREODFLRQHV� GH� FUX]DPLHQWRV�
VLPSOHV��VH�GHVKDFH�GHVSXpV�GH�XQRV�SRFRV�FHQWLPRUJDQ�HQ�HO�DQiOLVLV�FRQMXQWR�GH� ODV�
SHTXHxDV�SREODFLRQHV�GH�'+V��5HFLHQWHPHQWH�VH�KD�LGHQWLILFDGR�HO�JHQ�+Y)7��HQ�HVWD�
UHJLyQ� GHO� FURPRVRPD� �+� �)DXUH� HW� DO��� ������� D� SDUWLU� GHO�PLVPR� VH� SRGUiQ� UHDOL]DU�
RWURV�HVWXGLRV�HQ�HO�IXWXUR��

(Q�HO�FDVR�GH�OD�UHJLyQ�GH�(DP���HQ�HO�FURPRVRPD��+��HO�PLFURVDWpOLWH�%PDJ����
DSDUHFLy�FRQVLVWHQWHPHQWH�HQ�WRGRV�ORV�HQVD\RV�UHDOL]DGRV�FRQ�ODV�SREODFLRQHV�GH�'+V�
�7DEOD� ��� FDSLWXOR�����/DV�SODQWDV� SRUWDGRUDV� GHO� DOHOR�GH�����SE� IXHURQ� VLHPSUH�PiV�
WHPSUDQDV� TXH� ODV� TXH� SUHVHQWDEDQ� HO� DOHOR� GH� ���� SE�� (O� UHVWR� GH� DOHORV� GHWHFWDGRV�
SUHVHQWDEDQ�FRPSRUWDPLHQWRV�LQWHUPHGLRV��(QWUH�HOORV��HO�DOHOR�GH�����SE��VH�VLWXDED�HQ�
XQD� SRVLFLyQ� LQWHUPHGLD� IUHQWH� D� ORV� RWURV� GRV�� (VWRV� UHVXOWDGRV� FRQFXHUGDQ� FRQ� ORV�
REWHQLGRV�HQ�OD�SREODFLyQ�%HND�[�0RJDGRU��%HND�SUHVHQWD�HO�DOHOR�GH�����SE�\�0RJDGRU�
HO�GH�����SE��/D�GLIHUHQFLD�HQWUH�HOORV�IXH�VLJQLILFDWLYD�VyOR�HQ�XQR�GH� ORV�HQVD\RV�GH�
VLHPEUD� RWRxDO�� 7DPELpQ� HVWD� UHJLyQ� IXH� VLJQLILFDWLYD� HQ� HO� HQVD\R� GH� SODQWDV�
YHUQDOL]DGDV�\� IRWRSHULRGR�FRUWR��HO�PiV�SDUHFLGR�D� ORV�HQVD\RV�GH�FDPSR�GH�VLHPEUD�
RWRxDO��&RPSDUDQGR� DPERV� DOHORV� HQ� HO� FRQMXQWR� GH� SREODFLRQHV� GH�'+V�� WDPELpQ� VH�
REVHUYD�TXH�HVWD�GLIHUHQFLD�IXH�VLJQLILFDWLYD�VyOR�HQ�DOJXQRV�HQVD\RV��

5HVSHFWR� D� ORV�47/�GH� HIHFWR�PHQRU�� R� GHWHFWDGRV� VyOR� HQ� XQR�GH� ORV� HQVD\RV��
H[LVWHQ�DOJXQRV�FRPXQHV�HQWUH�ORV�WUDEDMRV�FRQ�%HND�[�0RJDGRU�\�FRQ�ODV�SREODFLRQHV�
GH�'+V��SHUR�RWURV�VRQ�GLIHUHQWHV��)LJXUD����FDStWXOR����)LJXUD����FDStWXOR�����

/RV�JHQHV�GH�YHUQDOL]DFLyQ�MXHJDQ�XQ�SDSHO�SUHSRQGHUDQWH�HQ�OD�GHWHUPLQDFLyQ�GH�
OD� IHFKD� GH� IORUDFLyQ� HQ� ORV� FDVRV� HQ� TXH� OD� H[SRVLFLyQ� D� ODV� EDMDV� WHPSHUDWXUDV� VHD�
LQIHULRU�D� OD�TXH�QHFHVLWD� OD�SODQWD��(Q�DTXHOORV�JHQRWLSRV�TXH�QHFHVLWDQ�YHUQDOL]DFLyQ�
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SDUD� TXH� FRPLHQFH� VX� IDVH� UHSURGXFWLYD�� HVWD� VLWXDFLyQ� SXHGH� SURGXFLUVH� FXDQGR� HO�
LQYLHUQR�HV�VXDYH�SDUD�SODQWDV�VHPEUDGDV�HQ�RWRxR��R�FXDQGR�ODV�SODQWDV�VRQ�VHPEUDGDV�
GHPDVLDGR�WDUGH���

(O�HVWXGLR�GH� ORV�JHQHV�GH�YHUQDOL]DFLyQ�KD�VLGR�XQR�GH� ORV�DVSHFWRV�TXH�VH�KDQ�
WUDWDGR� PiV� HQ� SURIXQGLGDG� HQ� HVWH� WUDEDMR�� 6X� HVWXGLR� VH� KD� HQIRFDGR� GHVGH� WUHV�
SHUVSHFWLYDV� GLIHUHQWHV�� (Q� OD� SREODFLyQ� %HND� [� 0RJDGRU�� SHUPLWLy� H[SORUDU� GH� XQD�
IRUPD�SUHFLVD�VXV�HIHFWRV�H�LQWHUDFFLRQHV��HQWUH�Vt�\�FRQ�RWURV�JHQHV�GHWHUPLQDQWHV�GH�OD�
IHFKD� GH� IORUDFLyQ� HQ� XQD� GHVFHQGHQFLD� GH� XQ� FUX]DPLHQWR� �FDStWXOR� ���� 6H� FRQILUPy�
WDPELpQ� HO� PRGHOR� VREUH� VX� LQWHUDFFLyQ� HSLVWiWLFD� �)LJXUD� ��� FDStWXOR� ���� \D� GHVFULWR�
DQWHULRUPHQWH� �7DNDKDVKL�\�<DVXGD�������<DQ�HW�DO���������\�FRPSOHWDGR�\�DPSOLDGR�
SRU�'XEFRYVN\�HW�DO���������\�7UHYDVNLV�HW�DO����������<D�VH�FRQRFtD�HPStULFDPHQWH�TXH�
OD�UHVSXHVWD�D�OD�YHUQDOL]DFLyQ�QR�VH�WUDWD�GH�XQ�IHQyPHQR�GH�PHUD�SUHVHQFLD�R�DXVHQFLD��
7DNDKDVKL� \�<DVXGD� ������� \D� KDEtDQ� SURSXHVWR� OD� FODVLILFDFLyQ� GH� OD� UHVSXHVWD� D� OD�
YHUQDOL]DFLyQ� HQ� VHLV� WLSRV� GLIHUHQWHV�� 'H� HVWD� PDQHUD�� WDQWR� ORV� UHVXOWDGRV� GH� OD�
SREODFLyQ�%HND�[�0RJDGRU��FDStWXOR�����FRPR�ORV�REWHQLGRV�HQ�HVWXGLRV�UHDOL]DGRV�FRQ�
SREODFLRQHV�GH�FUX]DPLHQWRV�VLPSOHV�HQWUH�SDUHQWDOHV�GH�SULPDYHUD�H�LQYLHUQR��/DXULH�HW�
DO��� ������.DUVDL� HW� DO��� ������.yWL� HW� DO��� ������ QR� SHUPLWHQ� XQ� HVWXGLR� FRPSOHWR� GHO�
IHQyPHQR���

(Q�OD�SUHVHQWH�WHVLV�GRFWRUDO�VH�H[SRQHQ�RWUDV�GRV�DSUR[LPDFLRQHV�D�HVWH�HVWXGLR��
3RU�XQ�ODGR��VH�EXVFy�OD�YDOLGDFLyQ�GHO�PRGHOR�HQ�OD�GHVFHQGHQFLD�)��GH�FUX]DPLHQWRV�
HQWUH�YDULHGDGHV�QR�VHQVLEOHV�D�OD�YHUQDOL]DFLyQ��FDStWXOR�����FRPSUREDQGR�TXH�DTXHOORV�
JHQRWLSRV� TXH� KHUHGDQ� XQD� FRSLD� GH� 9UQ�+�� �9UQ�+��B�� \� GRV� FRSLDV� GHO� DOHOR�
UHSULPLEOH� GH�9UQ�+�� �YUQ�+��YUQ�+��� SUHVHQWDEDQ� UHVSXHVWD� D� OD� YHUQDOL]DFLyQ�� D~Q�
FXDQGR�HVWRV�DOHORV�SURYLQLHUDQ�GH�JHQRWLSRV�LQVHQVLEOHV�D�OD�YHUQDOL]DFLyQ��7DPELpQ�VH�
YLHURQ�GLIHUHQFLDV�HQ�OD�GXUDFLyQ�GHO�SHULRGR�D�HVSLJDGR�VHJ~Q�VH�WUDWDUD�GH�LQGLYLGXRV�
KRPRFLJRWRV� R� KHWHURFLJRWRV� SDUD� ORV� GRV� JHQHV� LPSOLFDGRV� �)LJXUD� ��� FDStWXOR� ���� OR�
FXDO�QR�VH�SXHGH�FRPSUREDU�HQ�ORV�HVWXGLRV�FOiVLFRV�FRQ�SREODFLRQHV�GH�PDSHR�HQ�ODV�
TXH� ORV� LQGLYLGXRV�VXHOHQ�VHU�KRPRFLJRWRV��3RU�RWUR� ODGR��VH�DQDOL]y�XQD�VHFXHQFLD�GH�
QXFOHyWLGRV� GHQWUR� GHO� SULPHU� LQWUyQ� GHO� JHQ�9UQ�+��� GyQGH� VH� VXSRQH� TXH� KD\� XQD�
UHJLyQ� FODYH� HQ� OD� UHJXODFLyQ� GH� HVWH� JHQ� SRU� SDUWH� GH�9UQ�+�� �YRQ� =LW]HZLW]� HW� DO���
�������(VWH�HVWXGLR�SXVR�GH�PDQLILHVWR�TXH�HQWUH�YDULHGDGHV��KD\�GLIHUHQFLDV�HQ�OD�]RQD�
IODQTXHDQWH�D� OD� UHJLyQ�SURSXHVWD�FRPR�FUtWLFD� �)LJXUD����FDSLWXOR�����\�HO� WDPDxR�GHO�
LQWUyQ�SDUHFH�HVWDU�UHODFLRQDGR�FRQ�XQ�GLIHUHQWH�JUDGR�GH�VHQVLELOLGDG�D�OD�YHUQDOL]DFLyQ��
(VWH� IHQyPHQR� SXGR� YHULILFDUVH� WDPELpQ� HQ� HO� H[SHULPHQWR� GH� ODV� ��� SREODFLRQHV� GH�
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'+V��(Q�HOODV�VH�FRQVWDWy�TXH�OtQHDV�FRQ�GLIHUHQWHV�ORQJLWXGHV�GHO�SULPHU�LQWUyQ�GH�9UQ�
+�� SUHVHQWDEDQ�GLIHUHQFLDV�HQ� OD� VHQVLELOLGDG�D� OD�YHUQDOL]DFLyQ� �7DEOD���� FDStWXOR�����
7DPELpQ� VH� REVHUYy� TXH� OtQHDV� TXH� SUHVHQWDEDQ� OD� UHJLyQ� FUtWLFD�PRVWUDEDQ� GLIHUHQWH�
VHQVLELOLGDG� D� OD� YHUQDOL]DFLyQ�� DSR\DQGR� OD� KLSyWHVLV� GH� TXH� RWUDV� UHJLRQHV� GHO� JHQ�
SRGUtDQ� HVWDU� LPSOLFDGDV� HQ� VX� UHJXODFLyQ�� $GHPiV�� JUDFLDV� D� OD� SUHVHQFLD� GH� YDULRV�
DOHORV� HQ� 9UQ�+��� VH� SXGLHURQ� FRPSDUDU� ORV� HIHFWRV� FDXVDGRV� SRU� GLYHUVDV�
FRPELQDFLRQHV�DOpOLFDV�HQ�ORV�GRV�ORFL��/D�LQWHUDFFLyQ�HSLVWiWLFD�HQWUH�9UQ�+��\�9UQ�+��
H[SOLFy� SUiFWLFDPHQWH� WRGD� OD� YDULDQ]D� IHQRWtSLFD� HQ� FRQGLFLRQHV� GH� DXVHQFLD� GH�
YHUQDOL]DFLyQ�\�IRWRSHULRGR�ODUJR���

�
���� ,QIOXHQFLD�GH�ORV�SULQFLSDOHV�47/�GH�IHFKD�GH�HVSLJDGR�VREUH�HO�UHQGLPLHQWR�

$GHPiV� GH� HVWH� HVWXGLR� HQ� SURIXQGLGDG� GH� ORV� JHQHV� GH� YHUQDOL]DFLyQ� \� VX�
LQIOXHQFLD�VREUH�OD�IHFKD�GH�HVSLJDGR��WDPELpQ�VH�SXVR�GH�PDQLILHVWR�TXH�GHWHUPLQDGDV�
FRPELQDFLRQHV�DOpOLFDV�SRGUtDQ�WDPELpQ�HVWDU�DVRFLDGDV�D�GLIHUHQFLDV�VLJQLILFDWLYDV�HQ�HO�
UHQGLPLHQWR��HQ�GHWHUPLQDGRV�UDQJRV�GH�IHFKD�GH�HVSLJDGR��)LJXUD����7DEOD����FDStWXOR�
����

9DULRV�47/�IXHURQ�GHWHFWDGRV�HQ�OD�SREODFLyQ�%HND�[�0RJDGRU�FRPR�FDXVDQWHV�
GH� GLIHUHQFLDV� HQ� UHQGLPLHQWR� HQ� ODV� FRQGLFLRQHV� GH� VHFDQR� GHO� QRUWH� GH� (VSDxD������
�7DEOD� ��� )LJXUD� ��� FDSLWXOR� ���� (O� HIHFWR� GH� HVWRV�47/� QR� HV�PX\� JUDQGH� \� DGHPiV�
H[LVWH�XQD�FLHUWD�LQWHUDFFLyQ�47/�SRU�DPELHQWH��3RU�RWUD�SDUWH��ORV�SULQFLSDOHV�47/�GH�
IHFKD� GH� HVSLJDGR� IXHURQ� ORV� FDXVDQWHV� GH� TXH� H[LVWD� XQD� LQWHUDFFLyQ� JHQRWLSR� SRU�
DPELHQWH� GHO� UHQGLPLHQWR�� HQ� ODV� PLVPDV� FRQGLFLRQHV� \� DSDUHQWHPHQWH� GH� PD\RU�
LPSRUWDQFLD�TXH� ORV�SURSLRV�HIHFWRV�SULQFLSDOHV��)LJXUD����FDSLWXOR�����$�SHVDU�GH�HVWD�
IXHUWH� LQWHUDFFLyQ�� ORV� UHVXOWDGRV�GHO� FDStWXOR��� LQGLFDQ�TXH� ORV�PD\RUHV� UHQGLPLHQWRV�
HVWXYLHURQ�DVRFLDGRV�FRQ�IHFKDV�GH�HVSLJDGR�LQWHUPHGLDV��)LJXUD����FDStWXOR�����SRU� OR�
TXH� SRGUtD� H[LVWLU� XQD� YHQWDQD� ySWLPD� GH� GtDV� D� HVSLJDGR� TXH� PD[LPL]DUD� HO�
UHQGLPLHQWR��/D� LQYHVWLJDFLyQ� VREUH� OD�PHMRUD�GH� OD� FHEDGD�SDUD�QXHVWUDV� FRQGLFLRQHV�
GHEHUtD� DERUGDU� FRPR� IXWXUR� REMHWLYR� OD� DFRWDFLyQ� GH� HVD� YHQWDQD� �R� YHQWDQDV�� VL� OD�
LQWHUDFFLyQ�JHQRWLSR�SRU�DPELHQWH�WLHQH�XQ�FRPSRQHQWH�JHRJUiILFR�LPSRUWDQWH����

/D�FRQVHFXHQFLD�GH�WRGR�HOOR�HV�TXH�XQD�PHMRUD�HQ�HO�UHQGLPLHQWR�GHEHUtD�VHJXLU�
XQD�HVWUDWHJLD�TXH�FRPELQDUD�OD�HOHFFLyQ�GH�DGHFXDGDV�FRPELQDFLRQHV�DOpOLFDV��WDQWR�HQ�
ORV�47/�GH�UHQGLPLHQWR�FRPR�HQ�ORV�GH�HVSLJDGR��DXQTXH�SDUHFH�QHFHVDULD�WDPELpQ�XQD�
YDOLGDFLyQ�GH�ORV�47/�GH�UHQGLPLHQWR�HQ�XQ�FRQMXQWR�GH�JHUPRSODVPD�GH�PD\RU�EDVH�
JHQpWLFD��
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���� 5HIHUHQFLDV�
�

&XHVWD�0DUFRV� $� ������� 2UHJRQ�:ROIH� %DUOH\� /LQNDJH�0DS�� YHUVLRQ� QRY�� ��� ������
3XEOLVKHG�RQOLQH�KWWS���ZZZ�EDUOH\ZRUOG�RUJ�RUHJRQZROIHEDUOH\V�PDSV�SKS��

'XEFRYVN\� -�� /RXNRLDQRY�$�� )X�'�� 9DODULN�0�� 6DQFKH]�$�� <DQ� /� ������� (IIHFW� RI�
SKRWRSHULRG� RQ� WKH� UHJXODWLRQ� RI� ZKHDW� YHUQDOL]DWLRQ� JHQHV� 951�� DQG� 951���
3ODQW�0RO�%LRO�������������

)DXUH�6��+LJJLQV�-��7XUQHU�$��/DXULH�'$��������7KH�)/2:(5,1*�/2&86�7�OLNH�JHQH�
IDPLO\�LQ�EDUOH\��+RUGHXP�YXOJDUH���*HQHWLFV����������JHQHWLFV������������

,JDUWXD� (�� &DVDV� $0�� &LXGDG� )�� 0RQWR\D� -/�� 5RPDJRVD� ,� ������� 5)/3� PDUNHUV�
DVVRFLDWHG�ZLWK�PDMRU�JHQHV�FRQWUROOLQJ�KHDGLQJ�GDWH�HYDOXDWHG�LQ�D�EDUOH\�JHUP�
SODVP�SRRO��+HUHGLW\�������������

.DQH�1$��'DQ\OXN�-��7DUGLI�*��2XHOOHW�)��/DOLEHUWH�-)��/LPLQ�$(��)RZOHU�'%��6DUKDQ�
)��������7D957����D�PHPEHU�RI�WKH�6W0$'6����FODGH�RI�IORZHULQJ�UHSUHVVRUV��LV�
UHJXODWHG� E\� YHUQDOL]DWLRQ� DQG� SKRWRSHULRG� LQ�ZKHDW�� 3ODQW� 3K\VLRO� ����� ����±
������

.DUVDL�,��6] FV�3��0pV]iURV�.��)LOLFKNLQD�7��+D\HV�30��6NLQQHU�-6��/iQJ�/��%HG �=�
�������7KH�9UQ�+��ORFXV�LV�D�PDMRU�GHWHUPLQDQW�RI�IORZHULQJ�WLPH�LQ�D�IDFXOWDWLYH�
î�ZLQWHU� JURZWK� KDELW� EDUOH\� �+RUGHXP� YXOJDUH� /��PDSSLQJ� SRSXODWLRQ�� 7KHRU�
$SSO�*HQHW����������������

.yWL� .�� .DUVDL� ,�� 6]�FV� 3�� +RUYiWK� &V�� 0pV]iURV� .�� .LVV� *%�� %HG|� =�� +D\HV� 30�
�������9DOLGDWLRQ�RI�WKH�WZR�JHQH�HSLVWDWLF�PRGHO�IRU�YHUQDOL]DWLRQ�UHVSRQVH�LQ�D�
ZLQWHU�[�VSULQJ�EDUOH\�FURVV��(XSK\WLFD������������

/DXULH�'$��3UDWFKHWW�1��%H]DQW�-+��6QDSH�-:��������*HQHWLF�DQDO\VLV�RI�D�SKRWRSHULRG�
UHVSRQVH� JHQH� RQ� WKH� VKRUW� DUP� RI� FKURPRVRPH� �� ��+�� RI� +RUGHXP� YXOJDUH��
+HUHGLW\�������������

/DXULH� '$�� 1� 3UDWFKHWW�� -+� %H]DQW�� -:� 6QDSH� ������� 5)/3�PDSSLQJ� RI� ILYH� PDMRU�
JHQHV� DQG� HLJKW� TXDQWLWDWLYH� WUDLW� ORFL� FRQWUROOLQJ� IORZHULQJ� WLPH� LQ� D� ZLQWHU� [�
VSULQJ�EDUOH\��+RUGHXP�YXOJDUH�/��FURVV��*HQRPH�������������

0RUDOHMR�0��6ZDQVWRQ�-6��0XxR]�3��3UDGD�'��(OLD�0��5XVVHOO�-5��5DPVD\�/��&LVWXH�/��
&RGHVDO� 3��&DVDV�$0��5RPDJRVD� ,�� 3RZHOO�:��0ROLQD�&DQR� -/� �������8VH� RI�
QHZ� (67� PDUNHUV� WR� HOXFLGDWH� WKH� JHQHWLF� GLIIHUHQFHV� LQ� JUDLQ� SURWHLQ� FRQWHQW�
EHWZHHQ�(XURSHDQ�DQG�1RUWK�$PHULFDQ� WZR�URZHG�PDOWLQJ�EDUOH\V��7KHRU�$SSO�
*HQHW�������������

3LOOHQ� .�� %LQGHU� $�� .UHX]NDP� %�� 5DPVD\� /�� :DXJK� 5�� -� )|UVWHU�� /pRQ� -� �������
0DSSLQJ� QHZ� (0%/�GHULYHG� EDUOH\� PLFURVDWHOOLWHV� DQG� WKHLU� XVH� LQ�
GLIIHUHQWLDWLQJ�*HUPDQ�EDUOH\�FXOWLYDUV��7KHRU�$SSO�*HQHW��������������

5DPVD\�/��0DFDXOD\�0��GHJOL�,YDQLVVHYLFK�6��0DF/HDQ�.��&DUGOH�/��)XOOHU�-��(GZDUGV�
.-�� 7XYHVVRQ� 6�� 0RUJDQWH�0��0DVVDUL� $��0DHVWUL� (�� 0DUPLUROL� 1�� 6MDNVWH� 7��
*DQDO�0�� 3RZHOO�:��:DXJK�5� �������$� VLPSOH� VHTXHQFH� UHSHDW�EDVHG� OLQNDJH�
PDS�RI�EDUOH\��*HQHWLFV����������������

5RVWRNV� 1�� 0XGLH� 6�� &DUGOH� /�� 5XVVHOO� -�� 5DPVD\� /�� %RRWK� $�� 6YHQVVRQ� -7��
:DQDPDNHU�6,��:DOLD�+��5RGULJXH]�(0��+HGOH\�3(��/LX�+��0RUULV�-��&ORVH�7-��
0DUVKDOO�')��:DXJK�5��������*HQRPH�ZLGH�613�GLVFRYHU\�DQG�OLQNDJH�DQDO\VLV�
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LQ� EDUOH\� EDVHG� RQ� JHQHV� UHVSRQVLYH� WR� DELRWLF� VWUHVV��0RO�*HQ�*HQRPLFV� �����
��������

7DNDKDVKL�5��<DVXGD� 6� �������*HQHWLFV� RI� HDUOLQHVV� DQG� JURZWK� KDELW� LQ� EDUOH\�� (Q��
1LODQ�5$��HG��%DUOH\�*HQHWLFV�,,��:DVKLQJWRQ�6WDWH�8QLYHUVLW\�3UHVV��SS���������

7UHYDVNLV� %�� +HPPLQJ� 01�� 3HDFRFN� :-�� 'HQQLV� (6� �������+Y951�� 5HVSRQGV� WR�
GD\OHQJWK�� ZKHUHDV� +Y951�� LV� UHJXODWHG� E\� YHUQDOL]DWLRQ� DQG� GHYHORSPHQWDO�
VWDWXV��3ODQW�3K\VLRO����������������

7XUQHU� $�� %HDOHV� -�� )DXUH� 6�� 'XQIRUG� 53�� /DXULH� '$� ������� 7KH� SVHXGR�UHVSRQVH�
UHJXODWRU� 3SG�+�� SURYLGHV� DGDSWDWLRQ� WR� SKRWRSHULRG� LQ� EDUOH\�� 6FLHQFH� �����
����±�����

9DUVKQH\� 5.�� 0DUFHO� 7&�� 5DPVD\� /�� 5XVVHOO� -�� 5|GHU� 06�� 6WHLQ� 1�� :DXJK� 5��
/DQJULGJH� 3�� 1LNV� 5(�� *UDQHU� $� ������� $� KLJK� GHQVLW\� EDUOH\� PLFURVDWHOOLWH�
FRQVHQVXV�PDS�ZLWK�����665�ORFL��7KHRU�$SSO�*HQHW�'2,���������V����������
�������

9ROWDV�-��YDQ�(HXZLMN�)��,JDUWXD�(��*DUFtD�GHO�0RUDO�/��0ROLQD�&DQR�-/��5RPDJRVD�,�
�������*HQRW\SH� E\� HQYLURQPHQW� LQWHUDFWLRQ� DQG� DGDSWDWLRQ� LQ� EDUOH\� EUHHGLQJ��
EDVLF�FRQFHSWV�DQG�PHWKRGV�RI�DQDO\VLV��,Q�%DUOH\�6FLHQFH��5HFHQW�$GYDQFHV�IURP�
0ROHFXODU�%LRORJ\� WR�$JURQRP\�RI�<LHOG�DQG�4XDOLW\��SS�����±�����(GV�6ODIHU�
*$��0ROLQD�&DQR�-/��6DYLQ�5��$UDXV�-/��5RPDJRVD�,��1HZ�<RUN��)RRG�3URGXFW�
3UHVV��

YRQ�.RUII�0��3O�PSH�-��0LFKDOHN�:��/pRQ�-��3LOOHQ�.��������,QVHUWLRQ�RI����QHZ�665�
PDUNHUV�LQWR�WKH�2UHJRQ�:ROIH�%DUOH\�PDS��%DUOH\�*HQHWLFV�1HZVOHWWHU���������

YRQ�=LW]HZLW]�-��6] FV�3��'XEFRYVN\�-��<DQ�/��3HFFKLRQL�1��)UDQFLD�(��&DVDV�$��&KHQ�
7++��+D\HV�30��6NLQQHU�-6��������0ROHFXODU�DQG�VWUXFWXUDO�FKDUDFWHUL]DWLRQ�RI�
EDUOH\�YHUQDOL]DWLRQ�JHQHV��3ODQW�0RO�%LRO��������±����

<DQ� /�� /RXNRLDQRY� $�� %OHFKO� $�� 7UDQTXLOOL� *�� 5DPDNULVKQD� :�� 6DQ0LJXHO� 3��
%HQQHW]HQ� -/�� (FKHQLTXH� 9�� 'XEFRYVN\� -� ������� 7KH� ZKHDW� 951�� JHQH� LV� D�
IORZHULQJ�UHSUHVVRU�GRZQ�UHJXODWHG�E\�YHUQDOL]DWLRQ��6FLHQFH����������������
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&RQFOXVLRQHV�
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&DStWXOR����&RQFOXVLRQHV�
�

��� 6H� KD� LGHQWLILFDGR� XQ� FRQMXQWR� GH� 47/� TXH� H[SOLFDQ� OD� PD\RU� SDUWH� GH� OD�
YDULDFLyQ�HQ�OD�IHFKD�GH�HVSLJDGR�GH�OD�FHEDGD��HQ�VLHPEUDV�RWRxDOHV�H�LQYHUQDOHV�
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Abstract The epistatic interaction of alleles at the
VRN-H1 and VRN-H2 loci determines vernalization
sensitivity in barley. To validate the current molecular
model for the two-locus epistasis, we crossed homozy-
gous vernalization-insensitive plants harboring a pre-
dicted “winter type” allele at either VRN-H1
(Dicktoo) or VRN-H2 (Oregon Wolfe Barley Domi-
nant), or at both VRN-H (Calicuchima-sib) loci and
measured the Xowering time of unvernalized F2 prog-
eny under long-day photoperiod. We assessed whether
the spring growth habit of Calicuchima-sib is an excep-
tion to the two-locus epistatic model or contains novel
“spring” alleles at VRN-H1 (HvBM5A) and/or VRN-
H2 (ZCCT-H) by determining allele sequence variants
at these loci and their eVects relative to growth habit.

We found that (a) progeny with predicted “winter
type” alleles at both VRN-H1 and VRN-H2 alleles
exhibited an extremely delayed Xowering (i.e. vernali-
zation-sensitive) phenotype in two out of the three F2
populations, (b) sequence Xanking the vernalization
critical region of HvBM5A intron 1 likely inXuences
degree of vernalization sensitivity, (c) a winter habit is
retained when ZCCT-Ha has been deleted, and (d) the
ZCCT-H genes have higher levels of allelic polymor-
phism than other winterhardiness regulatory genes.
Our results validate the model explaining the epistatic
interaction of VRN-H2 and VRN-H1 under long-day
conditions, demonstrate recovery of vernalization-sen-
sitive progeny from crosses of vernalization-insensitive
genotypes, show that intron length variation in VRN-
H1 may account for a continuum of vernalization sensi-
tivity, and provide molecular markers that are accurate
predictors of “winter vs spring type” alleles at the
VRN-H loci.

Keywords BM5 · Cereal · Hordeum vulgare · 
HvVRT-2 · Triticeae · VRN1 · VRN-1 · VRN2 · VRN-2

Introduction

The capacity of temperate grasses to survive the winter
(i.e. winterhardiness) is associated with an extended
exposure to low temperature (i.e. vernalization) in
order to properly regulate the transition from vegeta-
tive to reproductive growth. Understanding the genet-
ics of vernalization is a prerequisite to improving
winterhardiness, and improved winterhardiness will
allow for more sustainable and productive cereal crop
production.
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Based on winterhardiness traits, the growth habits of
barley (Hordeum vulgare subsp. vulgare)—the second
most important temperate cereal crop in the world—
are classiWed as winter, facultative, or spring. The term
“vernalization requirement” is misleading, as even
winter growth habit barley genotypes do not “require”
vernalization per se as they eventually will Xower
under continual warm temperatures and favorable
growth conditions. Flowering of winter habit geno-
types, while so delayed in the absence of vernalization
as to be agronomically unacceptable, is signiWcantly
accelerated by vernalization. We utilize the terms “ver-
nalization sensitivity” to indicate the delay in Xowering
time attributable to a lack of vernalization under long-
day conditions and “vernalization response” to indi-
cate the diVerence in Xowering time between unvernal-
ized and vernalized growth conditions.

The genetic basis of vernalization sensitivity in bar-
ley was Wrst described as a three-locus epistatic model
based on phenotypic data (Takahashi and Yasuda
1971). Using current nomenclature and chromosome
designations, the loci are VRN-H1 (5H), VRN-H2 (4H)
and VRN-H3 (1H). Winter genotypes have the allelic
architecture Vrn-H2_/vrn-H1vrn-H1/vrn-H3vrn-H3
and all other allelic conWgurations lead to a lack of sig-
niWcant vernalization response (i.e. spring or faculta-
tive growth habits). There is no allelic variation at
VRN-H3 in most cultivated barley genotypes, reducing
the genetic model to a two-locus epistatic model.

HvBM5A, a MADS-box Xoral meristem identity
gene and member of the AP1 transcription factor fam-
ily (Schmitz et al. 2000), is considered the determinant
of the VRN-H1 locus. For nomenclatural simplicity, we
use the VRN-H1 designation to refer to both the locus
and its eVecter gene. The expression of VRN-H1 and
its wheat orthologs correlates with vernalization
response, where increased expression promotes Xower-
ing (Danyluk et al. 2003; Dubcovsky et al. 2006; Lou-
koianov et al. 2005; Murai et al. 2003; Trevaskis et al.
2003, 2006; von Zitzewitz et al. 2005; Yan et al. 2003).
In wheat and barley, allelic variation at VRN-1 is asso-
ciated with mutations in the promoter and/or Wrst
intron. While promoter mutations in a CArG-like
motif were initially reported to account for diVerences
in growth habit of wheat (Yan et al. 2003), this CArG-
like motif was found to be invariant in barley geno-
types diVering in growth habit (von Zitzewitz et al.
2005). Subsequently, T. monococcum spring habit
genotypes were identiWed that lack CArG motif muta-
tions like barley (Yan et al. 2004a). Large (»2.8 kb)
deletions within the Wrst intron in VRN-1 were identiWed
as more likely determinants of spring growth habit in
both barley and wheat and the proposed key regulatory

region has been narrowed down to a highly conserved
0.44 kb “vernalization critical region” (Fu et al. 2005;
von Zitzewitz et al. 2005).

A zinc Wnger-CCT (CONSTANS, CONSTANS-like,
and TOC) domain transcription factor (ZCCT), encod-
ing a Xowering repressor down-regulated by vernaliza-
tion, is the determinant of the wheat and barley VRN-2
locus (Yan et al. 2004b). Allelic variation at this locus
is ascribed to loss-of-function mutations or complete
deletion, leading to recessive inheritance of spring
growth habit (Dubcovsky et al. 2005; Karsai et al. 2005;
von Zitzewitz et al. 2005; Yan et al. 2004b). There are
three tightly linked ZCCT genes in barley (ZCCT-Ha,
ZCCT-Hb and ZCCT-Hc) and two in diploid wheat
(ZCCT-1 and ZCCT-2) at this locus (Dubcovsky et al.
2005; Karsai et al. 2005; Yan et al. 2004b). ZCCT-1 and
ZCCT-Ha in wheat and barley, respectively, have been
reported to be the most likely candidates for VRN-2
(Dubcovsky et al. 2005; Yan et al. 2004b).

The two-locus epistatic VRN gene interaction has
been supported by extensive phenotypic data in wheat
and barley populations derived from crosses of vernali-
zation-sensitive (i.e. winter) by vernalization-insensi-
tive (i.e. facultative or spring) growth habits
(Dubcovsky et al. 1998, 2005, 2006; Fu et al. 2005; Kar-
sai et al. 2005; Kóti et al. 2006; Laurie et al. 1995;
Takahashi and Yasuda 1971; Tranquilli and Dubcov-
sky 2000; Yan et al. 2003, 2004a, b). Yan et al. (2003,
2004a, b) proposed a molecular model to explain the
VRN-2/VRN-1 epistatic interaction in cereals where
Vrn-2 encodes a dominant repressor—down-regulated
by vernalization—that inhibits the expression of vrn-1
alleles. In this model, no vernalization sensitivity is pre-
dicted in genotypes with recessive vrn-2 alleles (loss-of-
function mutations or complete deletions of ZCCT),
regardless of allelic state at VRN-1. Likewise, geno-
types with both dominant Vrn-2 and Vrn-1 alleles
(lacking a repressor binding site in the promoter and/or
in the intron 1) are also predicted to show minimal ver-
nalization sensitivity.

There is evidence that the photoperiod and vernali-
zation pathways of Xowering are interconnected. High
levels of barley and wheat ZCCT expression were
detected only when photoperiod-responsive plants
were grown under long-day photoperiod (Dubcovsky
et al. 2006; Trevaskis et al. 2006), providing a molecu-
lar basis for explaining quantitative trait locus (QTL)
associations between VRN-H2 and photoperiod (Kar-
sai et al. 2005, 2006; Laurie et al. 1995; Sz:cs et al.
2006). ZCCT expression is repressed in photoperiod-
responsive wheat and barley plants grown under short-
day conditions (at both cold and warm temperatures),
yet no increase in VRN-1 expression is observed for
123
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several weeks, suggesting the existence of at least one
other VRN-1 repressor (Dubcovsky et al. 2006; Trevas-
kis et al. 2006). A candidate gene is VRT-2, a putative
Xowering repressor MADS-box gene regulated by both
vernalization and day-length that shows higher expres-
sion under short-day vs long-day in a photoperiod-sen-
sitive barley (Kane et al. 2005). HvVRT-2, on the short
arm of chromosome 7H, is associated with photoperiod
sensitivity QTL in barley (Sz:cs et al. 2006).

Our objective in this study was to genetically vali-
date the VRN-H2/VRN-H1 epistatic model under long-
day photoperiod, using genotypic and phenotypic data
from three F2 populations. We examined allelic varia-
tion at the dominant Vrn-H2 and Vrn-H1 loci to deWne
the role, or roles, of the duplicated ZCCT-H genes and
the number and structure of regulatory sites in VRN-
H1 and how these relate to the timing of Xowering and
sensitivity to vernalization.

Materials and methods

Plant materials and phenotype evaluation

Dicktoo (Dt) (Hayes et al. 1993), the Oregon Wolfe
Barley Dominant genetic stock (hereafter referred to
as OWB-D or Od) (Wolfe and Franckowiak 1991), and
Calicuchima-sib (Cb) (Hayes et al. 2000) are vernaliza-
tion-insensitive barley genotypes. Dicktoo has a winter
(i.e. recessive) vrn-H1 allele and a spring (i.e. reces-
sive) vrn-H2 allele due to deletion of all three ZCCT-H
genes (Fu et al. 2005; Karsai et al. 2005; von Zitzewitz
et al. 2005)—this allele conWguration (vrn-H2vrn-H2/
vrn-H1vrn-H1) deWnes the facultative growth habit.
OWB-D has a spring (i.e. dominant) Vrn-H1 allele due
to a large deletion of the intron 1 vernalization critical
region (Fu et al. 2005) and a winter (i.e. dominant)
Vrn-H2 allele containing all three ZCCT-H genes (see
Results). The spring growth habit Calicuchima-sib,
while containing the ZCCT-H genes and VRN-H1
intron 1 vernalization critical region, is deleted for
sequence Xanking the critical region (see Results).

The three genotypes were crossed to produce three
segregating populations (Dicktoo £ OWB-D (Dt £
Od), Dicktoo £ Calicuchima-sib (Dt £ Cb), and Calic-
uchima-sib £ OWB-D (Cb £ Od)) and test for vernali-
zation sensitivity and determine whether the
Calicuchima-sib spring habit is an exception to the two-
locus epistatic model or contains novel “spring” alleles
at VRN-H1 and/or VRN-H2. F1 plants derived from
each of the three parental crosses were self-fertilized to
produce three F2 populations of 93 plants each. For
comparison of Xowering time and/or allelic variation at

the VRN-H loci, three accessions of known winter
growth habit were used: Kompolti korai—described by
Karsai et al. (2001), Hoody—released in 1994 by the
Oregon Agricultural Experiment Station, and the Hord-
eum vulgare subsp. spontaneum accession Caesarea
26–24 (also known as OSU11)—described by Karsai
et al. (2004).

Vernalization sensitivity was measured based on the
method of Takahashi and Yasuda (1971). All plants
were grown under greenhouse conditions with supple-
mental light on a 16 h light/24 h photoperiod and a con-
stant 18 § 1.5°C day and night temperature, without
any vernalization. The number of days from seedling
emergence to Xowering—Zadock’s scale developmen-
tal phase 9 and 49, respectively (Tottman and Make-
peace 1979)—were scored for each plant. The
experiment was terminated 170 days after planting,
and plants that had not Xowered were assigned a days
to Xowering value of 170.

Allele sequencing and genotyping

The following primer set was designed to clone and
sequence full-length ZCCT-Ha and ZCCT-Hb genes:
ZCCTH.12F (5�-tcaaatattctagcagtggccttg-3�) to a con-
served segment of the 5� UTRs of published barley
partial ZCCT-H gene sequences AY485977 and AY48
5978 and ZCCT2.08R (5�-tggcggtcgtgatggtttactc-3�) to
a conserved 3� UTR region of the Triticum monococ-
cum full-length ZCCT-1 and ZCCT-2 gene sequences
(AY485644). Primers ZCCT.HcF (5�-caccatcgcatgatgc
ac-3�) and ZCCT.HcR (5�-tcatatggcgaagctggag-3�) were
used to amplify a 194-bp long fragment of the ZCCT-
Hc gene (AY687931). Previously reported primer pairs
HvBM5.27F (5�-aggcctattcgtttgcaatgc-3�); HvBM5.06R
(5�-atctcgtgcgccttcttgag-3�), and HvBM5.55F (5�-atgca
tagaataattggctccagc-3�); HvBM5.56R (5�-cagtaagcacta
cgatgatgataaac-3�) were used to clone the promoter
region and partial intron 1 of VRN-H1, respectively (von
Zitzewitz et al. 2005). For each allele isolated via PCR,
cloned amplicons from at least two independent PCRs
were sequenced to conWrm PCR-based nucleotide sub-
stitutions were not present. Sequences of the non-primer
portion of each consensus amplicon were deposited with
GenBank and accession numbers are given in Table 1.

Table 2 shows the gene-speciWc primers used to
assign allele types in individuals of the F2 segregating
populations. The VRN-H1 locus was genotyped using
a co-dominant promoter SSR marker and intron
1-speciWc dominant markers. The intron 1 primer pairs
were designed to be diagnostic for the allele type at
the vernalization critical region (see Fig. 5). To
develop co-dominant markers for the intron 1 region
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we combined dominant markers in a single PCR. Tri-
plexing primers HvBM5.68F, HvBM5.87F, and
HvBM5.86R distinguished the two parental types and
identiWed heterozygotes for the Cb £ Od population.
Triplexing primers HvBM5.87F, HvBM5.86R, and
HvBM5.89R for Dt £ Od, and HvBM5.60F, HvBM5.
56R, and HvBM5.89R for Dt £ Cb ampliWed only the
shorter parental fragment in the case of heterozygotes.
To genotype the VRN-H2 locus, we used both ZCCT-
H-speciWc (dominant) and tightly linked HvSNF2-
speciWc (co-dominant) markers (Karsai et al. 2005).
The HvVRT-2 gene was genotyped with a co-domi-
nant CAPS marker (Sz:cs et al. 2006). All genotyping

PCRs were replicated at least twice to validate allele
scores.

Statistical analyses

Goodness of Wt test (�2) was used to compare observed
and predicted allele segregation patterns at the diVer-
ent loci. Analysis of variance was performed using the
general linear model (GLM) procedure of The SAS
System for Windows, Release 8.2 (SAS Institute 2001).
Sequence analyses were conducted using GeneDoc
version 2.6 (Karl and Hugh 1997) and MEGA version
3.1 (Kumar et al. 2004).

Table 1 Accession numbers 
for ZCCT-H and VRN-H1 
(HvBM5A) sequences

Gene Allele Accession Determined 
region

Size 
(bp)

ZCCT-Ha Calicuchima-sib DQ492695 Full gene 2,361
ZCCT-Hb Calicuchima-sib DQ492696 Full gene 2,353
ZCCT-Ha OWB-D DQ492697 Full gene 2,356
ZCCT-Hb OWB-D DQ492698 Full gene 2,357
ZCCT-Ha Kompolti korai DQ492699 Full gene 2,365
ZCCT-Hb Kompolti korai DQ492700 Full gene 2,336
ZCCT-Hb Caesarea 26-24/OSU11 DQ492701 Full gene 2,357
VRN-H1 (HvBM5A) Calicuchima-sib DQ492702 Promoter 2,192
VRN-H1 (HvBM5A) OWB-D DQ492703 Promoter 2,174
VRN-H1 (HvBM5A) Dicktoo AY785817 Promoter 2,207
VRN-H1 (HvBM5A) Kompolti korai AY785824 Promoter 2,187
VRN-H1 (HvBM5A) Caesarea 26-24/OSU11 AY785820 Promoter 2,210
VRN-H1 (HvBM5A) Calicuchima-sib DQ492704 Partial intron 1 1,177
VRN-H1 (HvBM5A) OWB-D AY750996 Full intron 1 4,364
VRN-H1 (HvBM5A) Dicktoo AY750994 Full intron 1 10,789
VRN-H1 (HvBM5A) Kompolti korai AY866487 Partial intron 1 2,625
VRN-H1 (HvBM5A) Caesarea 26-24/OSU11 AY866492 Partial intron 1 2,588

Table 2 Primers used for genotyping VRN-H1 (HvBM5A), ZCCT-H, HvSNF2, and HvVRT-2 in F2 populations

a  Cb Calicuchima-sib, Dt Dicktoo, Od OWB-D; fragment size (bp) and utilized restriction endonuclease indicated
b  Dt £ Od Dicktoo £ OWB-D; Dt £ Cb Dicktoo £ Calicuchima-sib, Cb £ Od Calicuchima-sib £ OWB-D

Gene/region Primer F (5�!3�) Primer R (5�!3�) AmpliWed allelea F2 populationb

VRN-H1 
promoter

HvBM5.82 
(atatctactccagcctagggtac)

HvBM5.83
(cgcgaatctcccccatattgc)

Cb 173,
Dt 189, Od 155

Dt £ Od, Dt £
Cb, Cb £ Od

VRN-H1
intron 1

HvBM5.87
(gaaaggacgtgtatgttgaggtg)

HvBM5.89 
(gtctgagtcggttatatgcagg)

Dt 749 Dt £ Od

VRN-H1
intron 1

HvBM5.87 
(gaaaggacgtgtatgttgaggtg)

HvBM5.86
(tcccccattctcgtcaaaaagc)

Od 531 Dt £ Od, Cb £ Od

VRN-H1 
intron 1

HvBM5.60 
(gctttattttcttctctgccgttcc)

HvBM5.89 
(gtctgagtcggttatatgcagg)

Dt 305 Dt £ Cb

VRN-H1
intron 1

HvBM5.60 
(gctttattttcttctctgccgttcc)

HvBM5.56 
(cagtaagcactacgatgatgataaac)

Cb 369 Dt £ Cb

VRN-H1
intron 1

HvBM5.68 
(gtgaggggagctgcaatggtg)

HvBM5.86 
(tcccccattctcgtcaaaaagc)

Cb 642 Cb £ Od

ZCCT-Ha/b ZCCTH.06 
(cctagttaaaacatatatccatagagc)

ZCCTH.07 
(gatcgttgcgttgctaatagtg)

Od and
Cb 307/273

Dt £ Od, Dt £ Cb

HvSNF2 HvSNF2.02 
(cctggccacaaaaacaatcagc)

HvSNF2.04
(gctgcattatagagaaacaacaacg)

Cb 214, 
Dt 382, Od 270

Dt £ Od, Dt £
Cb, Cb £ Od

HvVRT-2 HvVRT-2.01
(gagttgcagcagatgg)

HvVRT-2.06
(caggtcactaatttgttgcatga)

Cb, Dt and Od 
204 (MspI)

Dt £ Cb, Cb £ Od
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Results

Vernalization-sensitive progeny are recovered 
from vernalization-insensitive parental crosses

Based on the VRN-H2/VRN-H1 epistatic model, we
expected that F2 progeny with Vrn-H2_/vrn-H1vrn-H1
alleles derived from crosses between vernalization-
insensitive (i.e. early Xowering) genotypes harboring
Vrn-H2Vrn-H2/Vrn-H1Vrn-H1 and vrn-H2vrn-H2/
vrn-H1vrn-H1 alleles should exhibit a vernalization-
sensitive (i.e. late Xowering) phenotype. Unvernalized
winter habit controls (Hoody and Kompolti korai)
Xowered signiWcantly later than facultative (Dicktoo)
and spring (Calicuchima-sib and OWB-D) parents
under long-day photoperiod (Table 3). There was also
variation for Xowering time among the parents, and on
average, Calicuchima-sib Xowered six days later than
Dicktoo and 39 days later than OWB-D. The F1 of
each of the three crosses Xowered signiWcantly earlier
than any of the winter habit controls and Xowering
times were between those of the respective parents.

Transgressive segregation for Xowering time was
observed in the Dt £ Od and Dt £ Cb, but not in the
Cb £ Od, F2 populations (Fig. 1). Seventy two
Dt £ Od plants Xowered in 29–64 days, within the
range of the vernalization-insensitive OWB-D and
Dicktoo parents. Twenty one late Xowering transgres-
sive segregants Xowered in 105–148 days, values which
are as high as or higher than the Xowering time of the
winter controls, indicating a vernalization-sensitive
phenotype. Likewise, in the Dt £ Cb F2 population,
there were early and late transgressive segregants. Sev-
enty seven plants Xowered in 36–89 days, most of them
as early, or earlier, than the parents. Twelve plants
Xowered in 113–153 days and four plants died after
158–169 days without Xowering. The 93 Cb £ Od F2
plants all Xowered after 31–68 days, values within the
range of the parents.

Segregation of VRN-H1, VRN-H2, and HvVRT2 loci

We determined the allelic architecture at the two VRN-
H and the HvVRT-2 loci for the three parental geno-
types—sequence accessions are shown in Table 1. All
three ZCCT-H genes are deleted in Dicktoo and pres-
ent in Calicuchima-sib and OWB-D. The three parents
have diVerent allele sizes at the ZCCT-H proximal
HvSNF2 gene (Table 2), which was useful in corrobo-
rating the dominant marker data for VRN-H2. The
three parents diVered at VRN-H1 in the length of a pro-
moter TA-repeat, and the intron 1 vernalization critical
region (Fig. 5). We determined »1 kb of HvVRT-2
genomic sequence: Dicktoo and OWB-D were 100%
identical, but diVered from Calicuchima-sib in six single
nucleotide polymorphisms (SNPs) (data not shown).

Ninety-three F2 plants from each of the three popu-
lations were genotyped for the VRN-H2 and VRN-H1
loci using allele-speciWc primer sets (Table 2). At the
VRN-H2 locus, the co-dominant HvSNF2 marker
conWrmed the results obtained with the dominant
ZCCT-H marker with one exception, indicating a
recombination event occurred between these two tightly
linked genes. One intragenic recombinant between the
VRN-H1 promoter SSR and the intron 1 vernalization
critical region was observed in the Dt £ Od population.
Due to lack of polymorphism between the Dicktoo and
OWB-D HvVRT-2 alleles, the segregation of alleles at
this locus was determined only for the Dt £ Cb and
Cb £ Od populations. There was an excellent Wt of
observed to expected segregation ratios for alleles at the
VRN-H1, VRN-H2, and HvVRT2 loci in all tested F2
populations (P = 0.08–0.86 for the �2 tests).

VRN-H loci are major determinants of Xowering time 
under long-day photoperiod

Based on the genotype data, VRN-H1, VRN-H2, and
HvVRT-2 alleles were assigned to each F2 plant and an

Table 3 Days to Xowering, growth habit, and VRN-H allele combination for control, parental, and F1 genotypes

Plants were grown under long-day conditions without vernalization
a  Standard deviation is shown
b  V2: Vrn-H2, v2: vrn-H2, V1: Vrn-H1, v1: vrn-H1

Genotype Days to Xoweringa Growth habit VRN-H2/VRN-H1b Germplasm

Hoody 114.5 § 6.4 Winter V2V2/v1v1 Control
Kompolti korai 110.7 § 6.1 Winter V2V2/v1v1 Control
Dicktoo 65.6 § 10.3 Facultative v2v2/v1v1 Parent
OWB-D 33.2 § 2.1 Spring V2V2/V1V1 Parent
Calicuchima-sib 72.0 § 2.7 Spring V2V2/V1V1 Parent
Dicktoo £ OWB-D 53.7 § 2.1 Spring V2v2/V1v1 F1
Dicktoo £ Calicuchima-sib 66.5 § 3.7 Spring V2v2/V1v1 F1
Calicuchima-sib £ OWB-D 39.5 § 2.6 Spring V2V2/V1V1 F1
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analysis of variance was performed using the days to
Xowering data as an indicator of vernalization sensitiv-
ity (Table 4). This analysis revealed that the allele type
at VRN-H1 signiWcantly (P < 0.0001) inXuenced days

to Xowering in all three populations. The eVects of
alleles at the VRN-H2 locus, and the interaction
between the VRN-H1 and VRN-H2 loci, were also
signiWcant (P < 0.0001) for the Dt £ Od and Dt £ Cb

Fig. 1 Frequency distribution 
of days to Xowering in a 
Dicktoo £ OWB-D, b 
Dicktoo £ Calicuchima-sib, 
and c Calicuchima-
sib £ OWB-D F2 populations 
under long-day photoperiod 
without vernalization. Plants 
that had not Xowered were as-
signed a days to Xowering val-
ue of 170. Days to Xowering 
values of Calicuchima-sib 
(Cb), Dicktoo (Dt), and 
OWB-D parents are indicated 
by arrows

(a)

(b)

0

5

10

15

20

25

30

35

40

45

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170

Days to flowering

N
u

m
b

er
 o

f 
lin

es

OWB-D  Dt

(c)

0

5

10

15

20

25

30

35

40

45

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170

Days to flowering

N
u

m
b

er
 o

f 
lin

es

Dt Cb

0

5

10

15

20

25

30

35

40

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170

Days to flowering

N
u

m
b

er
 o

f 
lin

es

OWB-D Cb
123



Mol Genet Genomics 
populations. The two VRN-H loci, and their interac-
tion, accounted for 97% and 91% of the phenotypic
variance in Xowering time in the Dt £ Od and Dt £ Cb
populations, respectively. Both Calicuchima-sib and
OWB-D have dominant Vrn-H1 and Vrn-H2 loci, and
as expected, the analysis of variance revealed no sig-
niWcant eVect of Vrn-H2 for the Cb £ Od populations.
Interestingly, Vrn-H1 signiWcantly inXuenced the Xow-
ering time—the mean numbers of days to Xowering
were 40 and 44 for plants harboring a homozygous vs
heterozygous OWB-D allele, respectively, and 58 days
for those having a homozygous Calicuchima-sib allele.
Allelic variation at the HvVRT-2 locus and its two-way
or three-way interactions with the VRN-H loci had no
signiWcant eVect on Xowering time under long-day
growth conditions (Table 4).

The observed plant numbers in the nine allele clas-
ses at the two VRN-H loci showed excellent Wt to
expected ratios: P = 0.54 and P = 0.60 for the �2 tests of
the Dt £ Od and Dt £ Cb populations, respectively.
The mean number of days to Xowering in each geno-

type class was higher for the Dt £ Cb population than
for the Dt £ Od population, and in both populations,
there were signiWcant diVerences in Xowering time
between certain allele classes (Fig. 2). All plants with
winter alleles at both VRN-H loci (Vrn-H2_/vrn-
H1vrn-H1) Xowered signiWcantly later than plants in
any other allele class. Similarly, all late transgressive
segregant plants had the winter allele combinations at
the two VRN-H loci. There were also some signiWcant
diVerences between the seven early Xowering allele
classes. For example, Vrn-H2Vrn-H2/Vrn-H1vrn-H1
plants Xowered signiWcantly later than any plant with
homozygous dominant Vrn-H1 alleles in the Dt £ Od
population, while vrn-H2vrn-H2/Vrn-H1Vrn-H1 plants
Xowered signiWcantly earlier than any other F2 class in
the Dt £ Cb population (Fig. 2).

Allelic variation at the VRN-H loci

Winter habit controls Hoody and Kompolti korai con-
tain all three ZCCT-H genes, while Caesarea 26–24 has

Table 4 EVects of VRN-H1, VRN-H2, HvVRT-2, and their interactions, on days to Xowering in F2 populations

Plants were grown under long-day conditions without vernalization; Dt £ Od, Dt £ Cb, Cb £ Od: see Table 2
a  Due to lack of a polymorphism, HvVRT-2 was not genotyped in the Dt £ Od population
b  SigniWcance at the 5, 1, 0.1 and 0.01% levels are indicated by *, **, *** and ****, respectively

Source of variationa Degrees of freedom Type III mean squareb

Dt £ Od Dt £ Cb Cb £ Od Dt £ Od Dt £ Cb Cb £ Od

VRN-H1 2 2 2 23,403**** 20,817**** 935****
VRN-H2 2 2 2 8,787**** 6,235**** 21
VRN-H1 £ VRN-H2 4 4 4 4,923**** 2,702**** 68
HvVRT-2 – 2 2 – 85 3
VRN-H1 £ HvVRT-2 – 4 4 – 20 22
VRN-H2 £ HvVRT-2 – 4 4 – 107 14
VRN-H1 £ VRN-H2 £ HvVRT-2 – 6 3 – 130 29
Error 84 68 71 49 94 49

Fig. 2 Mean numbers of days 
to Xowering of the nine diVer-
ent VRN-H2/VRN-H1 allele 
classes in the F2 progeny of 
the Dicktoo £ OWB-D 
(Dt £ Od), and 
Dicktoo £ Calicuchima-sib 
(Dt £ Cb) crosses under long-
day photoperiod without ver-
nalization. Plants that had not 
Xowered were assigned a days 
to Xowering value of 170. Er-
ror bars show standard 
deviation

0

20

40

60

80

100

120

140

160

180

V2V2/V1V1 V2V2/V1v1 V2V2/v1v1 V2v2/V1V1 V2v2/V1v1 V2v2/v1v1 v2v2/V1V1 v2v2/V1v1 v2v2/v1v1

D
ay

s 
to

 f
lo

w
er

in
g

Dt×Od Dt×Cb

V2: Vrn-H2, v2: vrn-H2, V1: Vrn-H1, v1: vrn-H1
123



Mol Genet Genomics
only ZCCT-Hb and ZCCT-Hc. Multiple primer pairs
speciWc to various regions of ZCCT-Ha failed to
amplify a product from Caesarea 26–24, suggesting this
gene is absent in this winter habit wild barley accession
(data not shown). To investigate the allelic variation at
the dominant Vrn-H2 locus found in diVerent spring
and winter habit genotypes, full-length ZCCT-Ha and
ZCCT-Hb gene sequences were determined for Calic-
uchima-sib, OWB-D, and Kompolti korai, and ZCCT-
Hb of Caesarea 26–24 (Table 1). Comparison of the
three ZCCT-Ha alleles showed 35 SNPs and three
small (3–6 bp) insertions/deletions (INDELs), while

ZCCT-Hb alleles displayed even greater allelic diver-
sity with 96 SNPs and eight INDELs (2–18 bp)—the
polymorphisms occurred throughout all regions
(UTRs, introns and exons) of the genes. All ZCCT-H
alleles encode full-length polypeptides and the poly-
morphisms lead to a number of amino acid substitu-
tions and INDELs (Fig. 3). ZCCT-Ha and ZCCT-Hb
are more similar to wheat ZCCT-2 than to ZCCT-1
based on a Neighbor-Joining tree of the full-length
polypeptides (Fig. 4); analogous tree topologies were
also obtained using the Minimum Evolution and
UPGMA clustering methodologies (data not shown).

Fig. 3 Sequence alignment of barley and wheat ZCCT family
members. Similarity is shown to four levels and regions of puta-
tive C2H2 zinc Wnger (#) and CCT domain (*) are indicated. H.
vulgare sequences shown are from Caesarea 26–24 (Cr;
DQ492701), Calicuchima-sib (Cb; DQ492695 and DQ492696),

Dairokkaku (Du; AY485977 and AY485978), Hayakiso (Ho;
AY687931), Kompolti korai (Kk; DQ492699 and DQ492700),
and OWB-D (Od; DQ492697 and DQ492698). Representative
wheat sequences shown are from T. monococcum (Tm;
AY485644) and T. turgidum (Tt; AY485979 and AY485980)

           region for putative C2H2 zinc finger 
               #  #               #####  # (Hx3H position is uncertain) 

Od ZCCT-Hb  MSMACGLCGASNCPYHMMSPVLLHHHHHQEHRQREYQFFAQGHHHHHH-GAAADYPPPQPPPANCHHRRSWATLFHETAA
Kk ZCCT-Hb  MSMACGLCGASNCPYHMMSPVLLHHHHHQEHRQREYQFFAQGHHHHHH-GAAADYPPPQPPPANCHHRRSWATLFHETAA
Du ZCCT-Hb  MSMACGLCGASNCPYHMMSPVLLHHHHHQEHRQREYQFFAQGHHHHHH-GAAADYPPPQPPPANCHHRRSWATLFHETAA
Cb ZCCT-Hb  MPMACGLCGASNCPYHMMSPVLLHHHHHQEHRQREYQFFAQGHHHHHH-GAAADYPPPQPPPANCHHRRSWATLCHETAA
Cr ZCCT-Hb  MSMACGLCGASNCPYHMMSPVLLHHHHHQEHRQREYQFFAQGHHHHHH-GAAADYPPPQPPPANCHHRRSWATLFHETAA
Kk ZCCT-Ha  MSMSCGLCGASNCAYHMMSPVLLHHHHHQEHPLHEYQFFAQGHHHHHH-SAAADYPPPPPPPDNFHHHRSWTTPFHETAA
Du ZCCT-Ha  MSMSCGLCGASNCAYHMMSPVLLHHHHHQEHPLHEYQFFAQGHHHHH--SAAADYPPPPPPPDNCHHHRSWTTPFHETAA
Cb ZCCT-Ha  MSMSCGLCGASNCAYHMMSPVLLHHHHHQEHPLHEYQFFAQGHHHHHHHSTAADYPPPPPPPDNCHHHRSWTTPFHETAA
Od ZCCT-Ha  MSMSCGLCGASNCAYHMMSPVLLHHHHHQEHPLHEYQFFAQGHHHHH--SAAADYPPPPPPPDNCHHHRSWTTPFHETAA
Tm ZCCT-2   MSMSCGLCGASDCPHHMISPVL---QHQEQHWLREYQFFTQGHHHHHH-GAAADYPPPPPPSANCHHCRSWTTPFHETAA
Tt ZCCT-2   MPMSCGLCGASDCPHHMISPVL---QHQEQHRLREYQFFTQGHHHHHH-DAAADYPPPPPPSANCHHCRSWTTPFHETAA
Tm ZCCT-1   MSMSCGLCGANNCPRLMVSPIHHHHHHHQEHQLCEYQFFAHGNHHHHHHGSAADYPVPPPP-DNFDHRRTWTRPFHETAA
Tt ZCCT-1   MSMSCGLCGANNCPRLMVSPIHHRHHHHQEHQLRQHQFFAQGNHHHHH-------PVPLPP-ANFDHSRTWTTPFHETAA
Ho ZCCT-Hc 

                                                                                        CCT 
                                                                               ************ 

Od ZCCT-Hb  PVNSTRLTQEVDAGGQQMAHLLQPPAPPRATIVPFRGSAFTNTISNATIMTIDTEMMAGTAYSPTMQEREAKVMRYREKR
Kk ZCCT-Hb  PVNSTRLTQEVDAGGQQMAHLLQPPAPPRATIVPFRGSAFTNTISNATIMTIDTEMMAGTAYSPTMQEREAKVMRYREKR
Du ZCCT-Hb  PVNSTRLTQEVDAGGQQMAHLLQPPAPPRATIVPFRRSAFTNTISNATIMTIDTEMMAGTAYSPTMQEREAKVMRYREKR
Cb ZCCT-Hb  PVNSTRLTQEVDAGGQQMAHLLQPPVPPRATIVPFRGSAFTNTISNATIMTIDTEMMVGTAYSPTMQEREAKVMRYREKR
Cr ZCCT-Hb  SVNSTRLTQEVDAGGQQMAHLLQPPAPPRATIVPFSGSAFTSTISNATIMTIDTEMMVGTAYSPTMQEREAKVMRYREKR
Kk ZCCT-Ha  PENNTRLTREVDAGGQHMAHLLQPPAPPRATIVPFCESAFTSTISNATIMTIDTEMMVGPAYNPTMQEREAKVMRYREKR
Du ZCCT-Ha  PENSTRLTREVDAGGQHMAHLLQPPAPPRATIVPFCESAFASTISNATIMTIDTEMMVGPAYNPTMQEREAKVMRYREKR
Cb ZCCT-Ha  PENSTRLTREVDAGGQHMAHLLQPPAPPRATIVPFCESAFTSTISNATIMTIDTEMMVGPAYNPTMQEREAKVMRYREKR
Od ZCCT-Ha  PENSTRLTREVDAGGQHMAHLLQPPAPPRATIVPFCESAFTSTISNATIMTIDTEMMVGPAYNPTMQEREAKVMRYREKR
Tm ZCCT-2   AGNSSRLTLEVDAGGQNMAHLLQPPARPRTTIVPFCGAAFTSTISNATIMTIDTEMMVGAAHNLTMQEREAKVMRYREKR
Tt ZCCT-2   AGNSSRLTLEVDAGGQNMAHLLQPPARPRTTIVPFCGAAFTSTISNATIMTIDTEMMVGAAHNLTMQEREAKVMRYREKR
Tm ZCCT-1   AGNSSRLTLEVGAGGQHMAHLVQPPA--RAHIVPFHGGAFTNTISNEAIMTIDTEMMVGPAHYPTMQERAAKVMRYREKR
Tt ZCCT-1   AGNSSRLTLEVGAGGRPMAHLVQPPA--RAHIVPFYGGAFTNTISNEAIMTIDTEMMVGPAHYPTMQERAAKVMRYREKR
Ho ZCCT-Hc                                                 AIMTIDTETMIAAAHHRMMHEREANVMMYREKR

           domain 
           ******************************* 

Od ZCCT-Hb  KKRRYDKQIRYESRKAYAELRPRVNGRFVKVPEAAASPSPPASPHDPSELHLGWFR
Kk ZCCT-Hb  KKRRYDKQIRYESRKAYAELRPRVNGRFVKVPEAAASPSPPASPHDPSELHLGWFR
Du ZCCT-Hb  KKRRYDKQIRYESRKAYAELRPRVNGRFVKVPEAAASPSPPASPHDPSELHLGWF 
Cb ZCCT-Hb  KKRRYDKQIRYESRKAYAELRPRVNGRFVKVPEAAASPSPPATPHDPSELHLGWFR
Cr ZCCT-Hb  KKRRYDKQIRYESRKAYAELRPRVNGRFVKVPEAAASPSPPASAHDPSELHLGWFR
Kk ZCCT-Ha  KRRRYDKQIRYESRKAYAELRPRVNGRFAKVPEAVVSPSPPTSPHDPSKLHLGWFR
Du ZCCT-Ha  KRRRYDKQIRYESRKAYAELRPRVNGRFAKVPEAVVSPSPPTSPHDPSKLHLGWF 
Cb ZCCT-Ha  KRRRYDKQIRYESRKAYAELRPRVNGRFAKVPEAVVSPSPPTSPHDPSKLHLGWFR
Od ZCCT-Ha  KRRRYDKQIRYESRKAYAELRPRVNGRFAKVPEAVVSPSPPTSPHDPSKLHLGWFR
Tm ZCCT-2   KRRCYDKQIRYESRKAYAELRPRVNGCFVKVPEAAASSSPPASPYDPSKLHLGWFQ
Tt ZCCT-2   KRRCYDKQIRYESRKAYAELRPRVNGRFVKVPEAAASSSPPASPYDPSKLHLGWFR
Tm ZCCT-1   KRRRYDKQIRYESRKAYAELRPWVNGRFVKVPEAMASPSSPASPYDPSKLHLGWFR
Tt ZCCT-1   KRRRYDKQIRYESRKAYAELRPRVNGCFVKVPEAMASPSSPASPYDPSKLHLGWFR
Ho ZCCT-Hc  KRRRYDKQIRYEARKAYAELRPRVNGRFVKIPEVTAPPSPPASPYDPSKLHLGWF 
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We sequenced »2.2 kb of the VRN-H1 promoter
from Calicuchima-sib and OWB-D and aligned these
sequences with the eleven previously reported acces-
sions (including Dicktoo, Kompolti korai and Caesarea
26–24) from von Zitzewitz et al. (2005). Calicuchima-
sib and OWB-D share the three polymorphisms com-
mon to all spring genotypes relative to winter and
facultative genotypes, conWrming the promoters are of
spring habit origin. With the exception of a TA repeat
length, the promoter region sequences of Calicuchima-
sib and the spring genotypes Harrington and Morex
are identical. OWB-D was found to contain a unique
SNP (actcatttgg vs cctcatttgg) in the CArG box relative
to all other barley genotypes reported to date—this
CArG-box was identiWed as a determinant of spring
growth habit in wheat (Yan et al. 2003).

We previously reported that the spring habit OWB-
D genotype has a »6.4 kb deletion in the VRN-H1
intron 1 compared to the intron 1 present in Caesarea
26–24, Dicktoo and Kompolti korai (Fu et al. 2005; von
Zitzewitz et al. 2005). Cloning and sequencing a partial
VRN-H1 intron 1 fragment in the spring habit Calicuc-
hima-sib revealed the 436 bp vernalization critical

region was intact but the remainder of the 2.8 kb bar-
ley-wheat conserved region was deleted—the deletion
begins 13 bp downstream from the 3� end of the vernal-
ization critical region (Fig. 5).

Discussion

We tested and veriWed the two-locus epistatic model
(Takahashi and Yasuda 1971; Yan et al. 2004b) by
selecting vernalization-insensitive parents genotyped
to harbor a predicted “winter type” allele at either
VRN-H1 or VRN-H2, and recovered early and late
Xowering progeny in the expected ratios in two F2 pop-
ulations. We used Xowering time under long-day con-
ditions in the absence of vernalization (Takahashi and
Yasuda 1971) as a diagnostic indicator of vernalization
sensitivity and growth habit. In an F2 population, it is
not possible to have vernalized and unvernalized treat-
ments of the same genotype, since each plant is a
unique individual. Proof of vernalization response
requires comparison of Xowering time in the unvernal-
ized vs vernalized F3 progeny of Vrn-H2Vrn-H2/vrn-
H1vrn-H1 F2 homozygotes—this experiment is cur-
rently being initiated. It is also important to reiterate
that these experiments were conducted under long-day
photoperiod conditions as recent evidence suggests
that the Yan et al. (2004b) molecular model is not
applicable under short-day conditions (Dubcovsky
et al. 2006; Trevaskis et al. 2006).

Our current results validated a novel dimension of
the two-locus epistatic model that was not assessable in
F2 populations derived from crosses of homozygous
winter (Vrn-H2/vrn-H1) by homozygous spring (vrn-
H2/Vrn-H1) growth habit barley genotypes (Dubcov-
sky et al. 2005; Kóti et al. 2006; Takahashi and Yasuda
1971; Yan et al. 2004b). We show that genotypes inher-
iting ZCCT-H (Vrn-H2_) and two repressible VRN-
H1 copies (vrn-H1vrn-H1) from vernalization-insen-
sitive backgrounds manifest signiWcant sensitivity to

Fig. 4 Neighbor-Joining phylogenetic cluster analyses of barley
and wheat ZCCT amino acid sequences. ConWdence values on
the branches are based on 1,000 bootstraps. See Fig. 3 legend for
sequence accessions
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Fig. 5 Schematic representation of the VRN-H1 intron 1 from
four barley genotypes representing dominant and recessive alle-
les (denoted). Edges of exons 1 and 2 are indicated by Xanking
black boxes. Gaps represent deletions relative to the full-length
Dicktoo allele (AY750994). The 2.8 kb barley-wheat conserved

region (dashed line) and the 436 bp vernalization critical region
(dotted box) are indicated. Positions and orientations of HvBM5
primers used to characterize the diVerent alleles (Table 2) are
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vernalization. Using VRN-H-speciWc markers our
results also conWrmed the observation of Reinheimer
et al. (2004) where a double haploid population
derived from a cross between homozygous vernaliza-
tion-insensitive parents segregated for growth habit.
The use of F2 segregating progeny in the current study
provided an opportunity to assess the degree of domi-
nance at each of the loci and we observed VRN-H
allele dosage eVects. Based on the allele class means,
Vrn-H1Vrn-H1 plants Xowered earlier than the Vrn-
H1vrn-H1 plants with the same VRN-H2 allele conWg-
uration, showing incomplete dominance of the Vrn-H1
allele. This is likely due to expression diVerences where
the vrn-H1 allele is still susceptible to repression and
only the Vrn-H1 allele is active. The partial dominance
of alleles at VRN-1 has been reported for both barley
and wheat (Iwaki et al. 2001; Kóti et al. 2006; Loukoia-
nov et al. 2005). The Vrn-H2 allele also showed incom-
plete dominance: Vrn-H2Vrn-H2 plants Xowered later
than the Vrn-H2vrn-H2 plants (given a homozygous
recessive or heterozygous allele conWguration at VRN-
H1), suggesting level of available repressor as the basis.
Using three F2 populations we were also able to com-
pare the eVects of two diVerent dominant Vrn-H1 alle-
les. Flowering time was more delayed for every
genotype class for crosses containing a Calicuchima-sib
allele relative to an OWB-D allele. This is likely due to
the OWB-D allele being a very strong, whereas Calic-
uchima-sib is a weak, Vrn-H1 allele.

Under long-day photoperiod conditions, VRN-H1
played a more signiWcant role in inXuencing Xowering
time than VRN-H2, corroborating prior reports (Dub-
covsky et al. 2005; Kóti et al. 2006) and supporting
VRN-H1’s function as a central control point for the
transition from a vegetative to reproductive meristem.
In support of the two locus model, inclusion of the
interaction with VRN-H2 explained nearly all the phe-
notypic variance in Xowering time. While the putative
Xowering repressor HvVRT-2 is expressed under both
day-lengths in barley (Kane et al. 2005), the HvVRT-2
locus or its interaction with the VRN-H loci had no
signiWcant eVect on Xowering time under long-day
conditions.

To better understand the phenotypic variation of
vernalization sensitivity, we also explored the allelic
variation of the VRN-H2 and VRN-H1 genes in the rel-
evant accessions. Comparison of the full-length ZCCT-
Ha and ZCCT-Hb genomic sequences from spring and
winter growth habit accessions revealed high polymor-
phism levels throughout both genes, including at the
amino acid level. In contrast, polypeptides encoded by
other genes involved in winterhardiness traits (vernali-
zation response—VRN-H1, HvVRT-2; photoperiod

perception—phytochromes and cryptochromes; cold
tolerance—CBFs, ZFP16, ICE2) show minimal allelic
variation (Skinner et al. 2006; Sz:cs et al. 2006; von
Zitzewitz et al. 2005). The high level of allelic variation
at ZCCT-H could inXuence repressor eVectiveness and
contribute towards variation in Xowering time. Each
allele encodes a full-length ZCCT-H polypeptide and
the putative C2H2 zinc Wnger (Yan et al. 2004b) is
invariant while an alanine/valine substitution at the
CCT domain (GriYths et al. 2003) diVerentiates the
ZCCT-Ha vs ZCCT-Hb proteins. Zinc-Wnger motifs
can function as both DNA-binding and protein-protein
interaction domains (Takatsuji 1998) and many zinc-
Wnger proteins are involved in regulation of Xower
development. The CCT domain of CONSTANS, a key
gene mediating Xowering transition in Arabidopsis,
controls nuclear localization (Robson et al. 2001) and
binds to the CCAAT binding factor, which can medi-
ate interactions between CONSTANS-like proteins
and DNA (Ben-Naim et al. 2006). In ZCCT-1, a muta-
tion of a conserved arginine to a tryptophan is corre-
lated with spring growth habit in multiple T.
monococcum accessions (Yan et al. 2004b)—all the
barley ZCCT-H alleles examined in this study encode
an arginine at that position.

The highly conserved functional domains of ZCCT-
Ha and ZCCT-Hb could indicate related or even
redundant functions. There is currently conXicting evi-
dence regarding which gene, or genes, are responsible
for repression of vrn-H1 in barley. We found that while
vernalization-responsive wild barley accession Caes-
area 26–24 contains ZCCT-Hb and ZCCT-Hc, it lacks
ZCCT-Ha, suggesting that ZCCT-Ha is not a determi-
nant of the ancestral winter growth habit. The lack of
ZCCT-Ha is not a general H. vulgare subsp. sponta-
neum attribute, winter habit wild barley accession
Koch (also known as Erez 8321; OSU6; PBI004-7-0-
015) contains all the three ZCCT-H genes (data not
shown; Dubcovsky et al. 2005). Based on a vrn-H1vrn-
H1 spring genotype containing ZCCT-Hb only, Dub-
covsky et al. (2005) suggested ZCCT-Hb does not
encode the vrn-H1 repressor; although veriWcation of a
full-length ZCCT-Hb was not reported. Trevaskis et al.
(2006) demonstrated that ZCCT-Hb expression is
down-regulated by vernalization under long-day pho-
toperiod, while ZCCT-Ha expression is unaVected. All
winter barley accessions analyzed to date have the
ZCCT-Hc gene based on hybridization or ampliWca-
tion of a small gene fragment (Dubcovsky et al. 2005;
Karsai et al. 2005; Yan et al. 2004b); proof of a full-
length gene specifying a predicted functional protein
has not been obtained to date. Trevaskis et al. (2006)
reported ZCCT-Hc expression was undetectable in a
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winter cultivar under both long-day and short-day
growth conditions. Additional experiments will obvi-
ously be needed though to determine which of the
three barley ZCCT-H genes is/are responsible for vrn-
H1 repression under long-day conditions.

Based on sequence comparison of multiple barley
accessions, von Zitzewitz et al. (2005) concluded that
diVerences in vernalization response are not due to
diVerences in the polypeptide, but rather in VRN-H1
regulation and that the major vernalization regulatory
site is not the promoter CArG-box, but is located within
the Wrst intron. In Fu et al. (2005), we noted that OWB-
D has a large deletion in the VRN-H1 Wrst intron and
based on more extensive sequencing in the current
study, discovered that OWB-D also has a variant CArG-
box—the only barley variety to date to display variation
at this motif. OWB-D is one of the earliest Xowering
spring barley genotypes we have ever studied, and we
speculate that this could be attributable to the loss of
vernalization regulatory regions in both the VRN-H1
promoter and Wrst intron. In the FLC MADS-box
gene—the central vernalization pathway repressor in
Arabidopsis (Michaels and Amasino 1999)—mutations
in the promoter or Wrst intron each accelerate Xowering
under long-day conditions, suggesting possible interac-
tion between the two regulatory sites (Sheldon et al.
2002). Similarly, mutations in the regulatory regions
located in the T. monococcum VRN-Am1 promoter and
Wrst intron can both lead to spring growth habit (Dub-
covsky et al. 2006; Fu et al. 2005; Yan et al. 2003, 2004a).

A 436 bp segment of the VRN-H1 Wrst intron has
been proposed to be the vernalization critical region
based on sequence alignment of multiple barley and
wheat genotypes (Fu et al. 2005; von Zitzewitz et al.
2005). Interestingly, we found that spring habit Calic-
uchima-sib and winter habit Albacete and Pané share
an identical 4 kb intron 1 deletion immediately down-
stream of the intact vernalization critical region. While
Spanish cultivars Albacete and Pané have been
described as having winter growth habit based on their
ability to be fall-sown and survive the mild Mediterra-
nean winters (Lasa et al. 2001), these two genotypes—
dominant for Vrn-H2—have subsequently been deter-
mined to display only a modest vernalization response
(A. Casas, personal communication). In a vernalization
response survey, Calicuchima-sib was the most vernali-
zation-responsive (16 days) among the spring growth
habit barley genotypes, as compared to 0, 4 and
141 days for Morex (spring habit), Dicktoo (facultative
habit), and Kompolti korai (winter habit), respectively
(I. Karsai, unpublished data).

Vernalization sensitivity in barley is not a presence/
absence attribute, but rather a gradated continuum.

Takahashi and Yasuda (1971) classiWed six growth
habit classes, ranked from strongest to weakest spring
habit relative to Xowering time under 24 h photoperiod
during greenhouse growth. They concluded that multi-
ple allelic series at the Vrn-H1 locus are responsible for
the grade of spring habit. We hypothesize the degree of
Xowering delay in these various classes may represent
the degree of repression to which VRN-H1 is subjected
and Albacete, Calicuchima-sib and Pané would repre-
sent an intermediate growth habit class of Takahashi
and Yasuda (1971). The deletion of the sequence Xank-
ing the vernalization critical region might aVect the
eYciency with which the VRN-H2 repressor can
repress the vrn-H1 allele critical region, perhaps by
deletion of important segments that inXuence VRN-H1
locus DNA or chromatin structure. In Arabidopsis,
alteration in chromatin structure is a principle means
of aVecting expression of the MADS-box vernalization
repressor FLC (Bastow et al. 2004). Expression of
another Arabidopsis homeotic MADS box gene, STK,
is regulated by intron-localized GA-rich sites, where
the GA-binding protein BPC1, the STK repressor,
induced conformational changes when all the GA-rich
elements are present—when only the two strongest
binding sites are available, no conformational changes
were observed (Kooiker et al. 2005). Summarizing nat-
ural allelic variation for VRN-H1 (current study; Fu
et al. 2005; von Zitzewitz et al. 2005), deletion of the
vernalization critical region results in a strong spring
growth habit, deletion of sequence Xanking the critical
region yields an intermediate spring habit, while pres-
ence of both the vernalization critical and Xanking
region yields a facultative or strong winter habit based
on a recessive or dominant VRN-H2, respectively.
Whether the VRN-H1 promoter is directly involved in
vernalization-based regulation (e.g., as a site of
HvVRT-2 interaction during short days) still remains
to be resolved.

In summary, our results (a) validate the molecular
model proposed to explain the epistatic interaction of
VRN-H2 and VRN-H1 under long-day conditions, (b)
verify the “winter” vs “spring” VRN-H2 and VRN-H1
allele primer sets work as predictors of growth habit
class, and (c) demonstrate that hidden vernalization
sensitivity can be recovered through appropriate
crosses. Analysis of natural allelic variation and its
eVects relative to growth habit at VRN-H1 and VRN-
H2 revealed that (d) sequence Xanking the vernaliza-
tion critical region of VRN-H1 intron 1 likely inXu-
ences degree of vernalization sensitivity, (e) that the
ZCCT-H genes have higher levels of allelic polymor-
phism than other winterhardiness regulatory genes,
and (f) a winter habit is retained when ZCCT-Ha has
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been deleted. These results provide grounds for devel-
oping and testing hypotheses on the role, or roles, of
the duplicated ZCCT-H genes and the number and
structure of regulatory regions in VRN-H1 controlling
the timing of Xowering and sensitivity to vernalization.
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Abstract We used a well-characterized barley

mapping population (BCD 47 · Baronesse) to

determine if barley stripe rust (BSR) resistance

quantitative trait loci (QTL) mapped in Mexico

and the USA were effective against a reported new

race in Peru. Essentially the same resistance QTL

were detected using data from each of the three

environments, indicating that these resistance al-

leles are effective against the spectrum of naturally

occurring races at these sites. In addition to the

mapping population, we evaluated a germplasm

array consisting of lines with different numbers of

mapped BSR resistance alleles. A higher BSR

disease severity on CI10587, which has a single

qualitative resistance gene, in Peru versus Mexico

suggests there are differences in pathogen viru-

lence between the two locations. Confirmation of a

new race in Peru will require characterization using

a standard set of differentials, an experiment that is

underway. The highest levels of resistance in Peru

were observed when the qualitative resistance gene

was pyramided with quantitative resistance alleles.

We also used the mapping population to locate

QTL conferring resistance to barley leaf rust and

barley powdery mildew. For mildew, we identified

resistance QTL under field conditions in Peru that
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are distinct from the Mla resistance that we map-

ped using specific isolates under controlled condi-

tions. These results demonstrate the long-term

utility of a reference mapping population and a

well-characterized germplasm array for locating

and validating genes conferring quantitative and

qualitative resistance to multiple pathogens.

Keywords Hordeum vulgare subsp. vulgare Æ
Puccinia striiformis f. sp. hordei Æ Puccinia hordei Æ
Blumeria graminis f. sp. hordei Æ Quantitative

resistance Æ Qualitative resistance

Introduction

One of the principal challenges faced by plant

breeders is achieving durable disease resistance.

Qualitative resistance has been widely used

because it shows Mendelian inheritance and can be

easily managed in a breeding program. Unfortu-

nately, it is usually not durable and its effective use

requires constant monitoring of pathogen viru-

lence and the identification and introgression of

new host resistance genes (Vanderplank 1968).

There are examples of qualitative (single gene)

durability, such as the stem rust resistance in barley

conferred by Rpg1 gene (Ji et al. 1994). However,

quantitative resistance is generally thought to have

a higher probability of durability than qualitative

resistance.

We have mapped genes conferring quantitative

and qualitative resistance to barley stripe rust

(BSR; incited by Puccinia striiformis f. sp. hordei)

in multiple germplasm combinations (Chen et al.

1994; Hayes et al. 1996; Toojinda et al. 2000;

Castro et al. 2003a). We have introgressed these

genes singly, and in combination, into susceptible

backgrounds and demonstrated that they confer

acceptable levels of resistance (Toojinda et al.

1998; Castro et al. 2003a, b; Vales et al. 2005).

Similar progress has been made in other crop:

pathogen systems, e.g. rice (Hittalmani et al.

2000; Narayanan et al. 2004; Yi et al. 2004) and

soybean (Walker et al. 2004).

In 2000, there were reports of a new BSR race in

the Andean region (H. Vivar, ICARDA/

CIMMYT, personal communication). The same

year, we received data from the USDA Barley

Stripe Rust Screening Nursery [coordinated by

Dr. R. Brown and grown at Huancayo, Peru (HP)]

that included some dramatic changes in resistance

phenotype for some entries. For example, the BSR

severity for CI10587 at HP was 60%, while in

repeated tests in the Toluca Valley of Mexico

(TVM), CI10587 had shown no disease or very low

levels of disease (typically < 1%). We have map-

ped the CI10587 resistance, using phenotype data

from TVM, as a single gene on chromosome 7H

(Castro et al. 2002).

In this study, we used a well-characterized

mapping population to test the effectiveness of

BSR resistance quantitative trait locus (QTL)

alleles at HP. These QTL were mapped based on

disease severity data from TVM and Washington

State, USA (WUSA) (Vales et al. 2005). We

hypothesized that if we detected the same QTL in

Peru that we had mapped using TVM and WUSA

data, this would mean that (1) there was no new

race, or (2) there is a new race but the same QTL

resistance alleles are effective. If the population

was uniformly susceptible, this would confirm the

presence of a new race and it would demonstrate

race-specificity of the QTL. If different resistance

QTL were detected in Peru than in Mexico and

the USA, this would suggest a shift in virulence,

as well as race-specificity of QTL. In addition to

the mapping population, we included a set of

germplasm of known BSR resistance gene archi-

tecture and disease reaction, including CI10587.

During the course of the field experiment at HP,

the mapping population showed a range of phe-

notypic responses to natural infection by powdery

mildew (caused by Blumeria graminis f. sp. hor-

dei) and leaf rust (caused by Puccinia hordei). We

therefore used these data to map QTL conferring

resistance to these diseases, and in the case of

mildew, we compared the QTL results with those

obtained using defined isolates under controlled

environment conditions.

Materials and methods

Plant material

This research used two types of germplasm

resources: a mapping population and a germplasm

356 Mol Breeding (2006) 18:355–366
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array. The ORO doubled haploid (DH) mapping

population (Vales et al. 2005) was derived from the

F1 of the cross of BCD47 and Baronesse. This

population consists of 409 lines; 94 were used in the

current study. BCD47 is a two-rowed, spring

growth habit DH line, developed via marker-

assisted selection (MAS) for BSR resistance alleles

at QTL on chromosomes 4H and 5H (Castro et al.

2003a). Baronesse is a two-rowed, spring growth

habit developed by Nordsaat Saatzucht GmbH and

introduced by Westbred, LLC to the Pacific

Northwest of the USA, where the variety is widely

grown. The germplasm array (Table 1) consisted of

23 varieties and genetic stocks of known BSR

resistance gene architecture Castro et al. (2003a, b).

Disease assessments under field conditions

Ninety-four ORO maplines, the two parents, and

the germplasm array were evaluated for disease

resistance phenotypes at the Universidad Nacional

Agraria La Molina research farm at HP in 2005 and

2006 using separate two-replicate Randomized

Complete Block Designs. Each plot consisted of

two 1-m rows. The HP facility is located at an ele-

vation of 3,320 m, with latitude 11�49¢ South and

longitude of 75�23¢ West. The following diseases

occurred in response to natural infection without

supplemental inoculation: stripe rust, leaf rust, and

powdery mildew. Stripe rust is an endemic disease

in this area and susceptible check lines produce the

inoculum necessary for infection. All three dis-

eases were scored for disease severity on a plot

basis using visual assessment of the percentage of

crop canopy infected. Ratings were made when the

majority of the test genotypes were at growth stage

55 on the Zadocks scale. For the purposes of

comparing resistance QTL number, location, and

effect, we used the BSR severity data reported by

Vales et al. (2005) for the same 94 lines from the

TVM, and Pullman and Mt. Vernon, WUSA.

Disease assessments under controlled conditions

Blumeria graminis f. sp. hordei (Bgh) isolates

5874 (Torp et al. 1978; Wei et al. 1999; AvrMla1,

AvrMla6, AvrMla12) and A27 (Giese et al. 1981;

Table 1 Barley stripe rust disease severity (%) for 23 barley accessions evaluated at Toluca Valley, Mexico in 2000, and at
HP in 2000 and 2004

Accession Stripe rust resistance alleles Mexico 2000 Peru 2000 Peru 2004

Harrington None 77 86 40
Galena None 73 95 50
Baronesse 2H, 5H, 7H 76 84 70
Calicuchima-sib 4H, 5H, 6H, 7H 20 60 20
Shyri 1H, 2H, 3H, 6H 0 0 0
CI10587 7H 0 60 20
D1-72 1H 15 20 8
D3-6 7H Trace NA 8
Orca 4H, 5H 17 72 19
BCD47 3H, 4H, 5H, 6H 19 43 20
BCD12 1H 30 60 25
D3-6/B-23 7H 8 30 15
D3-6/B-61 7H 4 70 15
OPS 19 1H, 7H Trace 0 5
OPS 66 1H, 7H Trace 0.1 10
OPS 78 1H, 7H Trace 0 10
AJO 44 4H, 5H, 7H 8 20 25
AJO 59 4H, 5H, 7H 2 0 8
BU 16 4H, 5H, 7H 3 10 13
BU 27 4H, 5H, 7H Trace 0 8
BU 37 4H, 5H, 7H Trace 0.1 0
BU 38 4H, 5H, 7H 0 0 3
BU 45 4H, 5H, 7H 0 0.1 5

Stripe rust resistance QTL alleles are numbered according to their chromosomal locations (1–5)

Largest-effect QTL are shown in bold font. 7H denotes a major gene
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AvrMla1, AvrMla7, AvrMla10, AvrMla13) were

propagated at Iowa State University on H. vulgare

cv. Manchuria (C.I. 2330) in separate growth

chambers at 18�C (16 h light/8 h darkness). The

same 94 DH lines that were characterized in Peru

were grown in three, 36-cell flats. Groups of three

seedlings per DH line were sown per cell in each

flat. The Baronesse and BCD47 parents, C.I. 16137

(Mla1), C.I. 16151 (Mla6), C.I. 16149 (Mla10),

Sultan5 (Mla12), C.I. 16155 (Mla13), in addition to

the fully susceptible Manchuria (C.I. 2330), were

used as checks (Moseman 1972). Seedlings were

grown to the second leaf stage with the first leaf

unfolded, and inoculation was performed at

16:00 h. US Central Standard Time by tipping the

flats at 45� angle and dusting the plants with a high

density of fresh conidiospores (84 ± 19 spores/

mm2). This conidial density per unit leaf area

routinely results in greater than 50% of epidermal

cells that are successfully infected (Bushnell 2002;

Collinge et al. 2002). Groups of flats were placed

at 18�C (16 h light, 8 h darkness) in separate

controlled growth chambers corresponding to

the two Bgh isolates (5874 and A27). Infection

types were scored at 7 and 9 days post-inoculation

as described in Wei et al. (1999). The infection

types 0, 1, or 2 are considered resistant reactions

while the infection types 3 or 4 are considered

susceptible.

Genotyping, map construction, and QTL analysis

Markers reported by Vales et al. (2005) that

co-segregated or that had ‡10 missing data points

were eliminated. Twenty additional markers were

added to the ORO data set. The new markers are

shown in bold in Fig. 1. Markers k04435, k03512,

k08433, k08302, k06257, k04261, k03878, k00688,

k04489, k07339, k00088, k02892, k03352, and

k07229 are expressed sequence tag (EST)-based

marker loci of known location on the barley tran-

script map (Sato et al. 2004). Markers MWG2180

and ABG54 were developed by the North Amer-

ican Barley Genome Project and were originally

scored as Restriction Fragment Length Polymor-

phisms (RFLPs) (Kleinhofs et al. 1993). They were

converted to the Sequence Tagged Site (STS)

markers based on the sequences available at the

GrainGenes website (http://wheat.pw.usda.gov/

GG2/index.shtml). Primers for the kbaal29j18

marker were designed based on unpublished RIB

EST sequence of clone rbaal29j18. The EST-

derived SSR-markers GBM1071 and GBM1015

were developed by Thiel et al. (2003). The HvSnf2

locus was mapped using the primers and proce-

dures reported by Yan et al. (2002). TC493a locus

sequence was obtained from the tentative contig

TC112493 sequence in The Institute for Genome

Research (TIGR) web page (http://www.tigr.org).

The Mla locus was mapped using primers based on

the sequence for Mla12 (GenBank Accession

AY196347). Primer sequences for unpublished

markers are shown in Table 2.

JoinMap� (van Ooijen and Voorrips 2001) was

used for linkage map construction, using the Kos-

ambi mapping function (Kosambi 1944). Linkage

groups and locus orders were compared with Vales

et al. (2005). The two-replicate means for BSR,

barley leaf rust, and barley powdery mildew dis-

ease severity and BSR infection from HP and the

data for Bgh isolates 5874 and A27 (Iowa State

University) were used for QTL analysis, as were

the datasets from TVM and WUSA for the same 94

lines in this study that were used previously by

Vales et al. (2005). QTL analyses were performed

using the composite interval mapping (CIM) pro-

cedure (Zeng 1994) implemented in Windows

QTL Cartographer 2.5 (Wang et al. 2005). A for-

ward-selection backward-elimination stepwise

regression procedure was used to identify co-fac-

tors for CIM for each trait; the LOD threshold

values to declare a QTL significant were obtained

based on 1,000 permutations, a 10 cM scan window

and a type I error of 5%. Tests for epistasis between

QTLs were evaluated using the multiple interval

mapping (MIM ) method of QTL Cartographer.

With MIM, the proportion of the phenotypic var-

iance explained for each trait was calculated by

fitting a model using all detected QTL and their

significant interactions.

Results

Mapping population

The ORO population linkage map (Fig. 1) has 71

markers comprising 11 linkage groups at a LOD
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Fig. 1 Linkage map of the ORO (BCD47 · Baronesse)
doubled haploid population (n = 94). Dashed lines indicate
monomorphic regions. Distances are in Kosambi cM. The
bars to the left of each linkage group indicate 1-LOD
intervals for QTL abbreviated as follows: BSR-P, BSR-M,
BSR-U (barley stripe rust resistance in Peru, Mexico, and

USA, respectively); BLR-P (barley leaf rust resistance in
Peru); PM-P (powdery mildew resistance in Peru); and
PM-I (powdery mildew infection type in response to
inoculation with Bgh isolates 5874 and A27 at Iowa State
University)

Table 2 Primer sequences used for mapping new marker loci in the ORO (BCD47/Baronesse) population, listed in linkage
map order by chromosome (Chr)

Locus Ch6 Forward primer Reverse primer

K04435 1H TTTCCGGGATAAGAGTGTGC CGACTCGGTTGTTTGCTACA
K03512 1H CATCCCGACAGAAGCAAAAT TACCTACCAGTGACCCCTGC
K08433 1H TACTGGTCTTGGATGCGACA GCGCCAAATCTGATAGCACT
K08302 1H GAACGACAAAGATGATGGCA CATTGATTGACACCACCAGC
K06257 1H GGCACACATTTACCAAGTGC CATCCATCAACGTCCTCCTC
K04261 1H GGGAATTTTCTCCGTTTGGT AGGTGCTAGACGGTTTCCCT
K03878 1H AACATGCATGGTGACAAGGA AAGGGCTTCGTCAATGTTTG
K00688 3H TAGCCTGGCAGCTTTCTGTT CTACTTCCCCCGTTTCGAC
K04489 3H GTGGGCATGAAGAACGCTAC CGAAGTGGTTCCATGGAGTT
K07339 3H AGGCACAGGCTCTTTTGCTA GAGCCTTGCTACTGAATGGG
K00088 3H ACACGGTCCATGGAAGAAAC CATAGATGGGCCCTTGAAGA
K02892 4H AACGTAACAACCGAACGCAT ATCACGACTGCTCCAATTCC
K03352 4H CTTTGCATGGCTGATGAAGA CAATCTGATGGGGAGCACTT
baal29j18 4H TGTTGATGAATCGCTCTTGC CACAACAACCACTACGACGG
ABG54 4H GTGCTTGGCGGTCGACCAGT GATGTCCAACGGTGGCTTGA
K07229 4H AGGCACACAAGCAACAACAG GTTGTGAGCCATCGTGAAGA
TC493a 7H TTTCGGTTTCTTGGAAATGG AGCTGCTGGAAGGTGAACTC
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threshold grouping value of 4.0. All linkage

groups were assigned to barley chromosomes per

Vales et al. (2005), with more than one linkage

group for chromosomes 2H, 5H, and 7H. The

map covers 611.8 cM, corresponding to an aver-

age density of 8.7 cM per marker. Segregation

distortion (p < 0.05) in favor of Baronesse was

observed in chromosome 3H (k00688, k04489,

k07339, and k00088) and chromosome 4H

(Bmac310 and GBM1015); and in favor of

BCD47 in chromosome 1H (Bmag770, HVM20,

and Bmag504).

The phenotypic frequency distributions for

stripe rust, leaf rust, and powdery mildew at HP

in each of two years (Fig. 2a–c) reflect quantita-

tive inheritance and for all three diseases even the

most resistant lines showed some level of disease.

The frequency distribution for leaf rust may

indicate the presence of a qualitative gene (or

‘‘major’’ QTL) and one or more minor QTLs.

The frequency distributions for reaction type to

mildew after inoculation with the two isolates

under controlled conditions were discrete and

bimodal (Fig. 2d). Infection types for each

mapline were nearly identical for both isolates,

except for few cases in which one of the isolates

gave variable reaction types in a specific mapline.

In these cases, the average of the variable reac-

tions always gave an infection type equal to that

observed with the other isolate. As a conse-

quence, the classification of resistant (infection

types 0–2) and susceptible infection types (3 and

4) was identical for both isolates. These qualita-

tive data showed excellent fit to a 1:1 ratio

(v2 = 0.67; p = 0.41).

In order to properly compare the BSR resis-

tance QTL results from Peru with QTL detected

in Mexico and the USA, we re-analyzed all BSR

data sets using the new linkage map. In Peru, the

LOD threshold for BSR disease severity was 2.5.

BSR resistance QTL with the resistance allele

tracing to BCD47 were found on chromosomes

3H, 4H, and 6H, and with the resistance allele

tracing to Baronesse on chromosome 7H (linkage

groups a and b) (Table 3; Fig. 1). The largest

effect QTL was on chromosome 4H, and it

accounted for 15% of the phenotypic variance,

with an additive effect of 10 (percent disease

severity). The five QTL explained 70.8% of the

phenotypic variance. The reanalysis of the Mex-

ico and USA BSR data with the new linkage map

revealed the same total number of QTL as

reported by Vales et al. (2005) for a population

size of 100. The LOD thresholds were 2.6 and 2.3

for Peru, TVM, and WUSA, respectively.

The BSR resistance QTL on chromosomes 4H

and 6H were detected in all three environments.

Of the QTL that were significant in Peru, three

were also significant in Mexico and four were

significant in the USA. Considering all three

environments and the population size, more BSR
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Fig. 2 Phenotypic frequency distributions a barley stripe
rust, b barley leaf rust, and c powdery mildew disease
severity in BCD47, Baronesse and 94 doubled haploid
(DH) progeny at Huancayo, Peru in 2004. Panel D shows
the phenotypic frequency distribution for mildew infection
in response to inoculation with Bgh isolates 5874 and A27

360 Mol Breeding (2006) 18:355–366

123



resistance QTL were detected in Peru. There

were no significant epistatic interactions in any

data set.

For barley leaf rust and powdery mildew resis-

tance, the LOD thresholds were 2.6 and 2.5,

respectively. Each of the parents contributed a

resistance allele at one of two leaf rust resistance

QTL (Table 4, Fig. 1). The 7H QTL had the

largest effect, accounting for 31% of the pheno-

typic variance. Considering both QTL and the

significant epistatic interaction between them,

they accounted for 79% of the phenotypic vari-

ance. There were two QTL for powdery mildew

resistance (Table 4, Fig. 1); each parent contrib-

uted a resistance allele. There was no epistatic

interaction between the QTL; the total percentage

of phenotypic variance explained was 22%. The

results of the segregation based on phenotype data

for mildew infection type in response to inocula-

tion with the two isolates and the genotype data

based on amplification of the Mla sequence were

identical and therefore co-segregate. The linkage

map position on chromosome 1H (Fig. 1) is

indicated as Mla.

Germplasm array

In order to look for changes in disease severity

that could be diagnostic of a new race, or race

shift, we compared data from TVM-2000 (the

most recent season when the full germplasm array

was grown at this location) with HP-2000 and

HP-2004 data. The correlations between TVM-

2000 and HP-2000 and HP-2004 data were 0.79

and 0.90, respectively, indicating that most lines

showed consistent levels of disease severity. As

shown in Table 1, the susceptible checks (Har-

rington, Galena, and Baronesse) always had the

highest disease severity values. The quantitative

resistance donor parents showed a range of dis-

ease severities: Calicuchima had 20% disease

severity in TNV-2000 and HP-2004 but was rated

60% in 2000. Shyri allowed no disease develop-

ment. CI10587 showed a 60% increase in disease

severity in 2000 but only a 20% increase in

HP-2004. Lines derived from CI10587 and not

known to carry any other resistance genes besides

7H (e.g. D3-6, D3-6/B-23, and D-3-6/B-61)

showed smaller increases in disease severity at HP

Table 3 Barley stripe rust disease severity resistance QTL detected in the ORO (BCD47/Baronesse) population at
Huancayo, Peru (HP) in 2004; the Toluca Valley, Mexico (TVM) in 2001, 2002, and Pullman and Mt. Vernon WUSA in 2002

Location Chromos QTL peak position and 1-LOD interval (cM) LODb R2 (%)c Additive effectd

TVM 2H(b)a 0.0 (0.0–7.5) 5.4 8.3 7.43
TVM 3H 56.7 (51.6–67.0) 7.7 13.4 –9.70
HP 54.7 (52.0–62.4) 5.9 9.6 –8.03
TVM 4H 103.8 (99.9–104.4) 11.8 24.6 –13.4
HP 108.1 (107.3–111.6) 8.3 15.2 –10.37
WSU 101.8 (95.8–104.2) 4.9 13.0 –3.95
TVM 6H 0.0 (0.0–10.0) 3.0 4.4 –5.78
HP 2.0 (0.0–10.0) 5.0 8.3 –7.30
WSU 0.0 (0.0–6.2) 4.0 9.3 –3.41
HP 7H(a)a 18.0 (0.0–19.1) 3.6 5.7 6.07
WSU 0.0 (0.0–11.9) 4.3 9.9 3.29
HP 7H(b)a 16.2 (14.8–24.9) 7.1 11.9 8.79
WSU 16.2 (11.6–25.4) 4.9 11.5 3.56
Total (%)e TVM 65.4

HP 70.9
WSU 52.3

a The letter in parentheses indicates cases where there is more than one linkage group per chromosome (see Fig. 1)
b LOD is the log-likelihood at the QTL peak position. The LOD threshold, based on 1,000 permutations and a type I error
of 5% was 2.5, 2.6, and 2.3 for Peru, TVM, and WSU, respectively
c R2 is the percentage of phenotypic variation explained by the QTL
d Negative and positive values indicate that BCD47 and Baronesse, respectively, contributed the resistance QTL allele
e Proportion of the total variance explained by the QTL
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in 2004 than in 2000. All lines with multiple resis-

tance alleles tracing to Calicuchima-sib, Shyri, and/

or CI10587 (OPS, AJO, and BU) had low and

consistent disease severities in all three tests.

Discussion

The coincidence of stripe rust severity QTL

detected with the phenotypic data from HP,

TVM, and WUSA confirms that the quantitative

resistance genes present in the ORO population

are effective against the spectrum of virulence

encountered in each of the three environments.

We had hypothesized that if we detected the same

QTL in Peru that we had mapped using TVM and

WUSA data, this would mean that (1) there is no

new race in Peru, or (2) there is a new race but

the same QTL resistance alleles are effective. The

changes in disease severity for some genotypes in

the germplasm array would lend support to the

latter possibility. Additional experiments,

including assessment of differentials at HP, are

currently underway. Longer term, it would be

desirable to develop a more saturated map. More

broadly, the effectiveness of these resistance QTL

alleles across environments indicates that their

introgression into susceptible, but adapted,

germplasm may be justifiable. These genes may

have a reasonable expectation of durability: they

have proven effective over the past 18 years in

repeated tests in Mexico and North America.

Strictly defined, quantitative resistance is non-

race specific (Vanderplank 1963, 1968) but it not

possible to state definitely that the resistance

QTL alleles do not show race specificity. The five

resistance QTL that were significant with the HP

data were detected with either the TVM or

WUSA data, but not all five were significant in all

environments. Furthermore, the QTL had differ-

ent magnitudes of effect in the different envi-

ronments. In some cases, there were ‘‘minor QTL

peaks’’ (e.g., that did not reach the significance

threshold); in others there were no trends what-

soever. Interpretation of QTL trends is very

subjective, and higher precision may be achieved

in the future by re-analysis of the same data sets

using more sophisticated analysis tools, by more

rigorous phentoyping, and/or by larger population

sizes. In the interest of brevity, we present only

significant QTL in this report. For finer analyses,

the full phenotype and phenotype data sets are

Table 4 Barley leaf rust (A) and powdery mildew (B) disease severity resistance QTL detected in the ORO (BCD47/
Baronesse) population of 94 DH lines at HP in 2004

QTL peak position and
1-LOD interval (cM)

LODb R2 (%)c Additive effectd

A
Chromosome
3H 42.7 (31.6–49.0) 6.2 21.6 9.48
7H(b)a 68.6 (67.4–76.3) 9.4 47.1 –13.96
3H · 7H(b) 5.6 10.4 8.42
Total (%)e 79.1
B
Linkage group
2H(b)a 0.0 (0.0–2.2) 4.2 12.4 5.36
7H(b)a 101.6 (93.5–103.6) 3.6 11.6 –5.11
Total (%)e 21.8

Data for leaf rust are based on the multiple interval mapping procedure of QTL Cartographer, due to the presence of
significant QTL · QTL interaction
a The letter in parentheses indicates cases where there is more than one linkage group per chromosome (see Fig. 3)
b LOD is the log-likelihood at the QTL peak position. The LOD thresholds, based on 1,000 permutations and a type I error
of 5% was 2
c R2 is the percentage of phenotypic variation explained by the QTL
d Negative and positive values indicate that BCD47 and Baronesse, respectively, contributed the resistance QTL allele
e Proportion of the total variance explained by the QTL
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available from the corresponding author. The

difference in number and location of significant

QTL could be due to a number of causes. Evi-

dence for some race-specificity, and a degree of

race specificity has been reported for some leaf

rust resistance QTL (Qi et al. 1998, 1999; Lindh-

out 2002). It is also true that changes in race

specificity can show quantitative rather than

qualitative effects (Qi et al. 1998, 1999). Alter-

natively, differences in environmental effects

(e.g., temperature, photoperiod, and nutritional

status of the crop) could influence the onset of

initial infection. Although purely speculative, it is

also possible that qualitative resistance against a

specific isolate might appear to be quantitative

resistance, either by induced resistance or due to

a dilution effect. The most prosaic explanation is

that the difference in the number of QTL

detected, and the differences in estimates of QTL

effect, are biases due to small population size.

The BSR QTL are located in resistance gene-

rich regions of the genome (Toojinda et al. 2000;

Hayes et al. 2003). There is ample evidence for

the existence of resistance gene clusters in plants

(Chelkowski et al. 2003; Williams 2003), and for

the occurrence of quantitative and qualitative

resistance genes within such clusters (Wisser et al.

2005). Of particular interest is the presence of

BSR resistance QTL detected in the same regions

as the powdery mildew resistance loci: the Mla

locus on 1H (Toojinda et al. 2000) and the mlo

locus on 4H (this study).

This linkage map proximity of BSR resistance

QTL and qualitative mildew resistance genes,

together with mildew resistance QTL mapped

with the Peru phenotype data, prompted us to

determine if either Mla or mlo resistance alleles

were present in BCD47 and/or Baronesse.

BCD47 had not been characterized for its

response to specific isolates of mildew. Baronesse

is reported to carry Mla3 resistance (Hovmøller

et al. 2000; Dreiseitl 2003), and analysis of its

pedigree (Mentor/Minerva// mutant Vada ////

Carlsberg/ Union///Opvasky/Salle//Ricardo/////

Oriol/6153P40) reveals that the Mentor, Carls-

berg, Oriol, and Ricardo parents are reported to

carry Mla12, Mla8, Mla7, and Mla3 alleles,

respectively (www.scri.sari.ac.uk/cprad). The

mildew infection type data cosegregate with the

results of the genotyping based on Mla12-derived

primers. These results clearly confirm the report

that Baronesse carries Mla resistance, although

the exact allele cannot be determined from these

data. None of the mildew resistance QTL are

coincident with Mla. There are no reports of

mildew resistance, either qualitative or quantita-

tive, at the position of the 2H(b) QTL. Based on

visual alignment of linkage maps, the QTL on

chromosome 7H(b) is in the same region as Mlf

(Schönfeld et al. 1996) and a powdery mildew

resistance QTL in H. vulgare spp. spontaneum

(Backes et al. 2003). The two leaf rust resistance

QTL alleles, either of which was sufficient to

confer resistance, were also found in regions of

the barley genome where other resistance genes

are reported. The 3H QTL is in the same region

as Rph10 (Feurestein et al. 1990) and the QTL on

7H(b) is located in the same region as the RphX

gene mapped in Cali-sib and Shyri (Hayes et al.

1996; Toojinda et al. 2000). Also mapping to this

region are RphQ9, a QTL with race specificity

(Qi et al. 1999; Lindhout 2002), and Rph3 (Park

and Karakousis 2002).

Our rationale for assessing both the mapping

population and a germplasm array was that one or

more of the genetic stocks could be diagnostic of

a new race, or a shift in race frequency. CI10587

showed the most dramatic change in phenotype,

with a 60% disease severity rating in HP2000 vs.

0% in TVM2000 (Castro et al. 2003a). However,

the disease severity of CI10587 was only 20% in

HP2004. This discrepancy merits further study,

since the 0–60% difference in disease severity

suggests ‘‘defeat’’ of a major gene by a new race

whereas a 20% increase in disease is more indic-

ative of a resistance gene behaving as a major

gene in response to one race and as a QTL to

another race, a phenomenon reported in rice with

bacterial blight (Li et al. 1999). Alternatively,

CI10587 may possess minor genes for resistance

to BSR that have heretofore been undetected.

There was a tendency toward increasing levels

of resistance when more resistance QTL alleles

were pyramided per line, as reported by Castro

et al. (2003a), although the differences were not

significant. Of particular interest are the lines with

7H qualitative resistance gene from CI10587. This

gene did not confer an acceptable level of
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resistance in 2000 and more disease was observed

in 2004 than expected based on prior ratings in

Mexico. However, when deployed in combination

with quantitative resistance alleles at 1H or

4H + 5H lines with this gene had some of the

lowest levels of disease severity.

Baronesse, of European origin and moderately

susceptible to BSR, contributed resistance alleles

effective in the Andean environment. Of two

parents, it was also the most resistant to leaf rust

and mildew. The presence of positive and nega-

tive transgressive segregants is reported in many

disease QTL studies and thus the contribution of

positive alleles from ‘‘susceptible’’ parents is not

entirely unexpected (Hayes et al. 2003). The

availability of genotype and phenotype informa-

tion on the ORO population could be useful in

introgressing the resistance genes in both Baro-

nesse and BCD47. As shown in Fig. 3, ORO DH

line 19 has resistance to all three diseases under

field conditions in Peru, and the Baronesse resis-

tance Mla allele. This mapline has the expected

stripe rust resistance phenotype and allelic con-

figuration at all marker loci bracketing BSR

resistance QTL. It is lacking the resistance allele

at the small-effect QTL at the 7H(b); this could

be remedied by additional crossing. There was a

crossover between the markers flanking the 3H

QTL, which will assist in future efforts for finer

mapping of this locus. This line carries the con-

trasting target alleles at the two barley leaf rust

QTL and the predicted favorable allele at the

barley powdery mildew QTL on 7H(b). It is

lacking the mildew resistance allele at the 2H(b)

QTL; this could be remedied in a subsequent

cycle of crossing.

In conclusion, this research was useful in con-

firming the value of quantitative stripe rust resis-

tance genes that we have mapped and introgressed,

via MAS, into North American germplasm. These

resistance genes were discovered through collabo-

rative efforts with the ICARDA/CIMMYT pro-

gram and National Program scientists in the

Andean region. Calicuchima sib and Shyri, were

identified as BSR resistant and released in the

Andean region. It is thus fitting that these genes are

returned to the Andean National Programs, with

value added via marker information that will allow

for their efficient introgression. Optimistically, this

will lead to high levels of durable resistance.

However, vigilance and continued gene discovery

and introgression are essential, because what

appears to be a non-race specific QTL today may, in

the face of new virulence, become a ‘‘defeated’’

major gene, or vice versa.

Acknowledgments We offer special thanks to Ann
Corey, Tanya Filichkina, and Kelly Richardson for their
technical support in the lab and in the preparation of Peru
nurseries.

References

Backes G, Madsen LH, Jaiser H, Stougaard J, Herz M,
Mohler V, Jahoor A (2003) Localisation of genes for
resistance against Blumeri graminis f.sp. hordei and
Puccinia graminis in a cross between a barley cultivar

  BCD47

  Baronesse

Severity 15% Severity 2.5% Severity 15% IT 0

1H

QTL MlaQTL
Barley leaf rust

3H 7Hb 2Hb 7Hb

Powdery mildew

7Hb3H

Barley stripe rust
QTL

4H 6H 7Ha

Fig. 3 The graphical genotype of ORO-019 at the Mla
locus and at barley stripe rust, barley leaf rust and powdery
mildew QTL based on field phenotype data from

Huancayo, Peru 2004. The split panel for 3H indicates
contrasting alleles at the loci flanking the QTL peak

364 Mol Breeding (2006) 18:355–366

123



and a wild barley (Hordeum vulgare ssp. spontaneum)
line. Theor Appl Genet 106:353–362

Bushnell WR (2002) The role of powdery mildew research
in understanding host-parasite interaction: past,
present and future. In: Bélanger RR, Bushnell WR,
Dik AJ, Carver TLW (eds) The powdery mildews: a
comprehensive treatise. APS Press, St. Paul, MN, pp
1–12

Castro AJ, Hayes PM, Fillichkin T, Rossi C (2002) Update
of barley stripe rust resistance in the Calicuchima-sib
x Bowman mapping population. Barley Genet Newsl
32:1–12

Castro AJ, Capettini F, Corey AE, Fillichkin T, Hayes PM,
Kleinhofs A, Kudrna D, Richardson K, Sandoval-Islas
S, Rossi C, Vivar H (2003a) Mapping and pyramiding
of qualitative and quantitative resistance to stripe rust
in barley. Theor Appl Genet 107:922–930

Castro AJ, Chen XM, Hayes PM, Johnston M (2003b)
Pyramiding quantitative trait locus (QTL) alleles
determining resistance to barley stripe rust: effects on
resistance at seedling stage. Crop Sci 43:651–659

Chelkowski J, Tyraka M, Sobkiewicz A (2003) Resistance
genes in barley (Horedum vulgare) and their identi-
fication with molecular markers. J App Genet 44:291–
309

Chen F, Prehn D, Hayes PM, Mulrooney D, Corey A,
Vivar H (1994) Mapping genes for resistance to barley
stripe rust (Puccinia striiformis f. sp. hordei). Theor
Appl Genet 88:215–219

Collinge DB, Gregersen PL, Thordal-Christensen H
(2002) The nature and role of defense response genes
in cereals. In: Bélanger RR, Bushnell WR, Dik AJ,
Carver TLW (eds) The powdery mildews: a compre-
hensive treatise. APS Press, St. Paul, MN, pp 146–160

Dreiseitl A (2003) Adapation of Blumeria graminis f.sp.
hordei to barley resistance genes in the Czech
Republic in 1971–2000. Plant Soil Environ 49:241–248

Feurestein U, Brown AHD, Burdon JJ (1990) Linkage of
rust resistance genes from wild Barley (Hordeum
spontaneum) with isozyme markers. Plant Breed
104:318–324

Giese H, Jørgensen JH, Jensen HP, Jensen J (1981)
Linkage relationships of ten powdery mildew resis-
tance genes on barley chromosome 5. Hereditas
95:43–50

Hayes P, Prehn D, Vivar H, Blake T, Comeau A, Henry I,
Johnston M, Jones B, Steffenson B, St. Pierre CA,
Chen F (1996) Multiple disease resistance loci and
their relationship to agronomic and quality loci in a
spring barley population. http://probe.nal-
usda.gov:8000/otherdocs/jqtl/jqtl1996-02/jqtl22.html

Hayes PM, Castro A, Marquez-Cedillo L, Corey A, Hen-
son C, Jones BL, Kling J, Mather D, Matus I, Rossi C,
Sato K (2003) Genetic diversity for quantitative
inherited agronomic and malting quality traits. In: von
Bothmer R et al (eds) Diversity in barley (Hordeum
vulgare). Elsevier Science Publishers, Amsterdam

Hittalmani S, Parco A, Mew TV, Zeigler RS, Huang N
(2000) Fine mapping and DNA marker-assisted pyr-
amiding of the three major genes for blast resistance
in rice. Theor Appl Genet 100:1121–1128

Hovmøller MS, Caffier V, Jalli M, Andersen O, Bes-
enhofer G, Czembor JH, Dreiseitl A, Felsenstein F,
Fleck A, Heinrics F, Jonsson R, Limpert E, Mercer P,
Plesnik S, Rashal I, Skinnes H, Slater S, Vronska O
(2000) The European barley powdery mildew viru-
lence survey and disease nursery 1993–1999. Agron-
omie 20:729–743

Ji Y, Steffenson BJ, Fetch TG, Jr (1994) Sources of
resistance to pathotype QCC of Puccinia graminis f.
sp. tritici in barley. Crop Sci 34:285–288

Kleinhofs A, Kilian A, Saghai Maroof MA, Biyashev RM,
Hayes P, Chen FQ, Lapitan N, Fenwich A, Blake TK,
Kanazin V, Ananiev E, Dahleen L, Kudrna D, Bol-
linger J, Knapp SJ, Liu B, Sorrells M, Heun M,
Franckowiak JD, Hoffman D, Skadsen R, Steffenson
BJ (1993) A molecular, isozyme and morphological
map of the barley (Hordeum vulgare) genome. Theor
Appl Genet 86:705–712

Kosambi DD (1944) The estimation of map distance from
recombination values. Ann Eugen 12:172–175

Li ZK, Luo LJ, Mei HW, Paterson AH, Zhao XH, Zhong
DB, Wang YP, Yu XQ, Zhu L, Tabien R, Stansel JW,
Ying CS (1999) A defeated rice resistance gene acts as
a QTL against a virulent strain of Xanthomonas ory-
zae pv. oryzae. Mol Gen Genet 261:58–63

Lindhout P (2002) The perspectives of polygenic resistance
in breeding for durable disease resistance. Euphytica
124:217–226

Moseman JG (1972) Isogenic barley lines for reaction to
Erysiphe graminis f. sp. hordei. Crop Sci 12:681–682

Narayanan NN, Baisakh N, Oliva NP, Vera Cruz CM,
Gnanamanickam SS, Datta K, Datta SK (2004)
Molecular breeding: marker assisted selection com-
bined with biolistic transformation for blast and bac-
terial blight resistance in Indica rice (cv. CO39). Mol
Breed 14:61–71

Park RF, Karakousis A (2002) Characterization and
mapping of gene Rph19 conferring resistance to
Puccinia hordei in the cultivar Reka 1 and several
Australian barleys. Plant Breed 121:232–236

Qi X, Nicks EE, Stam P, Lindhourt P (1998) Identification
of QTLs for partial resistance to leaf rust (Puccinia
hordei) in barley. Theor Appl Genet 96:1205–1215

Qi X, Jiang G, Chen W, Nicks RE, Stam P, Lindhourt P
(1999) Isolate-specific QTLs for partial resistance to
Puccinia hordei in barley. Theor Appl Genet 99:877–
884

Sato K, Nankaku N, Motoi Y, Takeda K (2004) Large
scale mapping of ESTs on barley genome. In: Spunar
J, Janikova J (eds) Proceedings of the 9th Interna-
tional Barley Genetics Symposium, vol 1. Brno, Czech
Republic, pp 79–85

Schonfeld M, Ragni A, Fischbeck G, Jahoor A (1996)
RFLP mapping of three new loci for resistance genes
to powdery mildew (Erysiphe graminis f. sp. hordei) in
barley. Theor Appl Genet 93:48–56

Thiel T, Michalek W, Varshney RK, Graner A (2003)
Exploiting EST database for the development and
characterization of gene-derived SSR-markers in
barley (Hordeum vulgare L.). Theor Appl Genet
106:411–422

Mol Breeding (2006) 18:355–366 365

123



Toojinda T, Baird E, Booth A, Broers L, Hayes P, Powell
W, Thomas W, Vivar H, Young G (1998) Introgression
of quantitative trait loci (QTLs) determining stripe rust
resistance in barley: an example of marker-assisted line
development. Theor Appl Genet 96:123–131

Toojinda T, Baird E, Broers L, Chen XM, Hayes PM,
Kleinhofs A, Korte J, Kudrna D, Leung H, Line RF,
Powell W, Vivar H (2000) Mapping quantitative and
qualitative disease resistance genes in a doubled
haploid population of barley. Theor Appl Genet
101:580–589

Torp J, Jensen HP, Jørgensen JH (1978) Powdery mildew
resistance genes in 106 Northwest European spring
barley varieties. Royal Veterinary and Agricultural
University Yearbook, Copenhagen, pp 75–102

Vales MI, Schön CC, Capettini F, Chen XM, Corey AE,
Mather DE, Mundt CC, Richardson KL, Sandoval-Is-
las JS, Utz HF, Hayes PM (2005) Effect of population
size on the estimation of QTL: a test using resistance to
barley stripe rust. Theor Appl Genet 111:1260–1270

Vanderplank JE (1963) Plant diseases: epidemics and
control. Academic Press, New York London, pp 349

Vanderplank JE (1968) Disease resistance in plants.
Academic Press, New York London, pp 206

van Ooijen JW, Voorrips RE (2001) JoinMap 3.0 software
for the calculation of genetic linkage maps. Biometris,
Wageningen University, Plant Res. Int., The Nether-
lands

Wang S, Basten CJ, Zeng Z-B (2005) Windows QTL
cartographer 2.5. Department of Statistics, North
Carolina State University, Raleigh, NC (http://stat-
gen.ncsu.edu/qtlcart/WQTLCart.htm)

Walker DR, Narvel JM, Boerma HR, All JN, Parrott WA
(2004) A QTL that enhance and broadens Bt insect
resistance in soybean. Theor Appl Genet 109:1051–
1057

Wei F, Gobelman-Werner K, Morroll S, Long J, Mao L,
Wing R, Leister D, Schulze-Lefert P, Wise R (1999)
The Mla (powdery mildew) resistance cluster is
associated with three NBS-LRR gene families and
suppressed recombination within a 240-kb DNA
interval on chromosome 5S (1HS) of barley. Genetics
153:1929–1948

Williams KJ (2003) The molecular genetics of disease
resistance in barley. Aust J Agric Res 54:1065–1079

Wisser RJ, Sun Q, Hulbert SH, Kresovich S, Nelson RJ
(2005) Identification and characterization of regions
of the rice genome associated with broad-spectrum,
quantitative disease resistance. Genome 169:2277–
2293

Yan L, Echenique V, Busso C, SanMiguel P, Ramakrishna
W, Bennetzen JL, Harrington S, Dubcovsky J (2002)
Cereal genes similar to Snf2 define a new subfamily
that includes human and mouse genes. Mol Gen
Genet 268:488–499

Yi G, Lee SK, Hong YK, Cho YC, Nam MH, Kim SC,
Han SS, Wang GL, Hahn TR, Ronald PC, Jeon JS
(2004) Use of Pi5(t) markers in marker-assisted
selection to screen for cultivars with resistance to
Magnaporthe grisea. Theor Appl Genet 109:978–985

Zeng ZB (1994) Precision mapping of quantitative trait
loci. Genetics 136:1457–1468

366 Mol Breeding (2006) 18:355–366

123


	Szucs et al  2007.pdf
	Validation of the VRN-H2/VRN-H1 epistatic model in barley reveals that intron length variation in VRN-H1 may account for a continuum of vernalization sensitivity
	Abstract
	Introduction
	Materials and methods
	Plant materials and phenotype evaluation
	Allele sequencing and genotyping
	Statistical analyses

	Results
	Vernalization-sensitive progeny are recovered from vernalization-insensitive parental crosses
	Segregation of VRN-H1, VRN-H2, and HvVRT2 loci
	VRN-H loci are major determinants of Xowering time under long-day photoperiod
	Allelic variation at the VRN-H loci

	Discussion
	References



	Rossi et aql.pdf
	Mapping multiple disease resistance genes using a barley mapping population evaluated in Peru, Mexico, �and the USA
	Abstract
	Introduction
	Materials and methods
	Plant material
	Disease assessments under field conditions
	Disease assessments under controlled conditions
	Tab1
	Genotyping, map construction, and QTL analysis
	Results
	Mapping population
	Fig1
	Tab2
	Fig2
	Germplasm array
	Tab3
	Discussion
	Tab4
	Acknowledgments
	References
	Fig3


