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LPSRUWDQW�IRU�DSSOLFDWLRQ�RI�3:2�DV�D�VFLQWLOODWRU�LQ�KLJK�HQHUJ\�SK\VLFV�H[SHULPHQWV�DQG
SURYLGHV�D�EDVH�IRU�SXUSRVHIXO�RSWLPL]DWLRQ�RI�JURZWK�DQG�DQQHDOLQJ�SURFHVVHV�WR�DFKLHYH
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'HYHORSPHQW� RI� LQGXVWULDO� SURGXFWLRQ� RI
OHDG� WXQJVWDWH� �3:2�� VLQJOH� FU\VWDOV� IRU
KLJK�HQHUJ\�SK\VLFV�H[SHULPHQWV�LV�LPSRVVL�
EOH� ZLWKRXW� FOHDU� XQGHUVWDQGLQJ� RI� PHFKD�
QLVPV�UHVSRQVLEOH�IRU�RSWLFDO�SURSHUWLHV�DQG
UDGLDWLRQ� KDUGQHVV� RI� 3:2�� 7KH� DSSURDFK
WR�WKHVH�SUREOHPV�KDV�WR�EH�DLPHG�QRW�RQO\
DW� LQWHUSUHWDWLRQ� RI� DOO� H[SHULPHQWDO� GDWD

DYDLODEOH�� EXW� DOVR�� DQG� SUHGRPLQDQWO\�� DW
SUDFWLFDO�DSSOLFDWLRQ�RI�WKLV�EDVLF�NQRZOHGJH
WR�SURGXFH�FU\VWDOV�ZLWK�SURSHUWLHV�SXUSRVH�
IXOO\� GHVLJQHG� E\� VHOHFWLRQ� RI� QHFHVVDU\
WHFKQRORJLFDO�FRQGLWLRQV�IRU�JURZWK�DQG�DQ�
QHDOLQJ� RI� 3:2�� ,QWHQVH� VWXG\� RI� IXQGD�
PHQWDO�SURFHVVHV�UHVSRQVLEOH�IRU�RSWLFDO�DQG
VFLQWLOODWLRQ� SURSHUWLHV� DQG� UDGLDWLRQ� KDUG�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV
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QHVV�KDV�EHHQ�VWLPXODWHG� LQ������E\�FKRLFH
RI�3:2�DV�D�VFLQWLOODWLRQ�PDWHULDO�IRU�&06
DQG�$/,&(�SURMHFWV�DW�&(51�

1RZ� LW� LV� JHQHUDOO\� DFFHSWHG� WKDW� LRQL]�
LQJ� UDGLDWLRQ� GRHV� QRW� DIIHFW� WKH� HPLVVLRQ
VSHFWUXP� RI� 3:2�� 7KH� UHFRPELQDWLRQ
PHFKDQLVPV� LQ�3:2� DUH� QRW� LQIOXHQFHG� E\
LUUDGLDWLRQ�� DQG� WKH� GHFUHDVHG� TXDQWXP
\LHOG�LQ�LUUDGLDWHG�FU\VWDOV�LV�FDXVHG�PDLQO\
E\� LUUDGLDWLRQ�LQGXFHG� DEVRUSWLRQ� LQ� WKH
VSHFWUDO� UHJLRQ� RI� 3:2� HPLVVLRQ� >����@�� ,Q
FHUWDLQ� FLUFXPVWDQFHV�� H[SRVXUH� WR� LRQL]LQJ
UDGLDWLRQ� PD\� DOVR� UHVXOW� LQ� EOHDFKLQJ� RI
WKH� FU\VWDO� >�@�� )DVW� VFLQWLOODWLRQV� DUH� RE�
VHUYHG�RQO\�LQ�WKH�FU\VWDOV�ZLWK�HPLVVLRQ�LQ
WKH� EOXH� UHJLRQ� ����Ü���� QP��� 7KH� GHFD\
WLPH� RI� WKH� JUHHQ� OXPLQHVFHQFH� FRPSRQHQW
LV�FRQVLGHUDEO\�ORQJHU�WKDQ�WKDW�RI�WKH�EOXH
FRPSRQHQW�� DQG� DSSOLFDWLRQ� RI� WKH� FU\VWDOV
ZLWK�WKH�JUHHQ�FRPSRQHQW�LQ�HPLVVLRQ�VSHF�
WUXP�LV�UDWKHU�OLPLWHG�>�@�

$�UHODWLRQVKLS�EHWZHHQ�DEVRUSWLRQ�RI�DV�
JURZQ� 3:2� LQ� QHDU� 89� UHJLRQ� �a���� QP�
DQG� YDOXH� RI� RSWLFDO� DEVRUSWLRQ� FKDQJH� LQ�
GXFHG� E\� LUUDGLDWLRQ� KDV� EHHQ� HVWDEOLVKHG�
DQG� WKH�DEVRUSWLRQ�QHDU�����QP� LV�QRZ�DF�
FHSWHG� DW� &(51� DV� D� ILJXUH� RI� PHULW� IRU
UDGLDWLRQ�KDUGQHVV�>�@�

5HFHQW� VWXGLHV� KDYH� XQH[SHFWHGO\� UH�
YHDOHG� WKDW� DOO� QRPLQDOO\� SXUH� 3:2� FU\V�
WDOV�� LUUHVSHFWLYH� RI� JURZWK� DQG� DQQHDOLQJ
WHFKQRORJLHV� XVHG�� FRQWDLQ� LQWHUQDO� GHIHFWV�
7KH� GHIHFWV� UHVXOW� LQ� LQFUHDVHG�89� DEVRUS�
WLRQ� DQG� WUHQG� WR� FRORUDWLRQ� XQGHU� LQWHQVH
LUUDGLDWLRQ�� 'RSLQJ� ZLWK� WULYDOHQW� ODQWKD�
QLGHV� ZDV� IRXQG� WR� LQFUHDVH� WKH� FU\VWDO
WUDQVSDUHQF\� DQG� WR� LPSURYH� UDGLDWLRQ
KDUGQHVV� RI� 3:2� >�@�� 7KXV�� WKH� GRSLQJ
VHHPV� WR� LQKLELW� IRUPDWLRQ� RI� WKH� GHIHFWV
GHWHULRUDWLQJ� WKH�3:2� RSWLFDO� TXDOLW\�� 'H�
IHFWV� FRQWDLQLQJ� 3E��� LRQV� DQG� 2±� FHQWHUV
KDYH�EHHQ�SXW�IRUZDUG�DV�WKH�PDLQ�FDXVH�RI
SRRU�UDGLDWLRQ�KDUGQHVV�DQG� LQFUHDVHG�RSWL�
FDO� DEVRUSWLRQ� LQ� WKH� ���Ü���� QP� DQG
���� QP� UHJLRQV�� UHVSHFWLYHO\� >�@�� ,PSURYH�
PHQW� RI� RSWLFDO� SURSHUWLHV� DQG� UDGLDWLRQ
KDUGQHVV� LQ� WKH�GRSHG� FU\VWDOV� LV� H[SODLQHG
E\� DQ� H[FHVVLYH� SRVLWLYH� FKDUJH� LQWURGXFHG
LQWR� WKH� OHDG� VXEODWWLFH� GXH� WR� GRSLQJ� DQG
LQKLELWLQJ�IRUPDWLRQ�RI�3E���DQG�2±�GHIHFWV�
ZKLFK� DUH�PRUH� IDYRUDEOH� LQ� XQGRSHG� FU\V�
WDOV� WR� FRPSHQVDWH� WKH� FKDUJH� RI� QDWXUDO
OHDG�YDFDQFLHV�>�@��,W�LV�ZHOO�HVWDEOLVKHG�QRZ
WKDW� GHIHFW� IRUPDWLRQ� LQ� 3:2� GHSHQGV
VWURQJO\�RQ� WKH�DPRXQW�DQG�FRPSRVLWLRQ�RI
LPSXULWLHV� FRQWDLQHG� LQ� WKH� PHOW�� 7KH� UH�
TXLUHPHQWV� IRU� RSWLPDO� PHOW� DUH� HODERUDWHG
LQ�>�@��DQG�WKH� LQIOXHQFH�RI�WKH�LPSXULWLHV�RQ

WKH�3:2�SURSHUWLHV�DUH�H[WHQVLYHO\�VWXGLHG�LQ
>����Ü��@�

+RZHYHU�� DQDO\VLV� RI� SXEOLVKHG� UHVXOWV
VKRZV�WKDW�WKH�FRQFHSW�RI�3E���DQG�2±�FHQ�
WHUV� IDLOV� WR� LQWHUSUHW� WKH�ZKROH� YDULHW\� RI
H[SHULPHQWDO�GDWD�RQ�3:2�>��@��5HFHQWO\��D
QHZ�DSSURDFK�FDSDEOH�RI�H[SODQDWLRQ�RI�WKH
H[SHULPHQWDO� UHVXOWV� TXLWH� ZHOO� KDV� EHHQ
SURSRVHG�>��Ü��@��7KH�DSSURDFK�LV�EDVHG�RQ
DVVXPSWLRQ� WKDW� WKH� RSWLFDO� SURSHUWLHV� DQG
UDGLDWLRQ� KDUGQHVV� RI�3:2� DUH� GXH�PDLQO\
WR� LQFOXVLRQV� RI� WXQJVWHQ� R[LGHV� ZLWK� YDUL�
DEOH� YDOHQFH� :2�±[�� 7KHVH� LQFOXVLRQV� DUHIRUPHG�E\�DWRPV�LQKHUHQW�LQ�WKH�3:2�FU\V�
WDO�DQG�HQWHU�WKH�FU\VWDO�GXULQJ�LWV�JURZWK�
7KH�FRQFHSW�KDV�EHHQ�GHYHORSHG�LQ�>������@�
ZKHUH� WKH� LQIOXHQFH� RI� WKH� GHIHFWV� RQ� WKH
3:2�FU\VWDO�SURSHUWLHV�DQG�WKH�UHODWLRQ�EH�
WZHHQ� WKH�GHIHFW�IRUPDWLRQ�DQG�WKH�WHFKQR�
ORJLFDO� FRQGLWLRQV� RI� JURZWK� DQG� DQQHDOLQJ
KDV�EHHQ�UHYHDOHG�

,Q�WKLV�ZRUN��ZH�JHQHUDOL]H�WKH�QHZ�FRQ�
FHSW�RI�GHIHFW�IRUPDWLRQ�LQ�3:2��2ULJLQV�RI
RSWLFDO�DEVRUSWLRQ�DQG�UDGLDWLRQ�KDUGQHVV�RI
3:2� DV� ZHOO� DV� WKH� UHODWLRQ� EHWZHHQ� WKH
SURSHUWLHV� DQG� WKH� WHFKQRORJLFDO� PHDVXUHV
WR�RSWLPL]H�WKH�JURZWK�DQG�DQQHDOLQJ�SURF�
HVVHV�DUH�HVSHFLDOO\� DGGUHVVHG��7KH�SUREOHP
LV� WUHDWHG� IURP�WKH�YLHZSRLQW�RI� LPSOHPHQ�
WDWLRQ� RI� WKH� QHZ� DSSURDFK� LQWR� LQGXVWULDO
SURGXFWLRQ� RI� 3:2� VLQJOH� FU\VWDOV� XVHG� DV
VFLQWLOODWRU�PDWHULDO� IRU� UDGLDWLRQ�GHWHFWRUV
LQ�KLJK�HQHUJ\�SK\VLFV�H[SHULPHQWV�

7KH�PRVW�LPSRUWDQW�H[SHULPHQWDO�UHVXOWV
UHOHYDQW�WR�GHIHFW�IRUPDWLRQ�FDQ�EH�VXPPD�
UL]HG� DV� IROORZV�� $Q� LGHDO� 3:2� FU\VWDO� LV
FRORUOHVV� DQG� GRHV� QRW� R[LGL]H� RU� UHGXFH
XQGHU� KHDW� WUHDWPHQW� RU� LUUDGLDWLRQ�� ([SR�
VXUH�WR�LRQL]LQJ�UDGLDWLRQ�UHVXOWV�QHLWKHU�LQ
FRORUDWLRQ�QRU�LQ�LQFUHDVHG�DEVRUSWLRQ�LQ�WKH
QHDU� 89� UHJLRQ�� 0RGLILFDWLRQ� RI� RSWLFDO
SURSHUWLHV� RI� QRPLQDOO\� SXUH� 3:2� VLQJOH
FU\VWDOV� XQGHU� H[WHUQDO� LQIOXHQFH� LV� FDXVHG
E\�VWUXFWXUDO�GHIHFWV��ZKLFK�DUH��WKH�ZHDN�
HVW� OLQN�� LQ�DSSOLFDWLRQV�RI� WKH� VLQJOH� FU\V�
WDOV�� 0RGLILFDWLRQ� RI� WKH� GHIHFWV� LQ� 3:2
XQGHU� LUUDGLDWLRQ�FDQ�EH�WUHDWHG�DV�D� VROLG�
SKDVH� UHDFWLRQ� UHVXOWLQJ� LQ� IRUPDWLRQ� RI
QHZ�FKHPLFDO�FRPSRXQGV�

:H� KDYH� WHVWHG� VHWV� RI� XQGRSHG� DQG
GRSHG� VDPSOHV� JURZQ� DQG� DQQHDOHG� LQ� GLI�
IHUHQW� FRQGLWLRQV�� ,W� ZDV� UHYHDOHG� WKDW� WKH
PHOW� JHWV� HQULFKHG� LQ� WXQJVWHQ� GXULQJ� WKH
JURZWK� SURFHVV�� 7KLV� LV� H[SODLQHG� E\� SUH�
GRPLQDQW�HYDSRUDWLRQ�RI�OHDG�LQ�WKH�IRUP�RI
3E�:2���7KH�H[FHVV�WXQJVWHQ�LV�IDYRUDEOH�IRUIRUPDWLRQ�RI�WXQJVWHQ�R[LGHV�:2�±[�HQWHULQJWKH�3E:2��FU\VWDO�GXULQJ�WKH�JURZWK�>��@�

6�%XUDFKDV�HW�DO����3K\VLFDO�SULQFLSOHV�RI����
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7KH� FU\VWDO� FRORU� LV� GHILQHG� PDLQO\� E\
OLJKW�DEVRUSWLRQ� LQ�WKHVH� LQFOXVLRQV�DQG�GH�
SHQGV� WKH� [� YDOXH� LQ� WKH� IRUPXOD�:2�±[�7KH� FRORU� FKDQJH� RI� D� 3:2� FU\VWDO� XQGHU
KHDW� WUHDWPHQW� LV� FRQVLVWHQW�ZLWK� WKH� FRORU
FKDQJH� RI�:2�±[� XQGHU� WKH� FRUUHVSRQGLQJWUHDWPHQW�� 7KH� FRORU� RI� :2�� LV� \HOORZ�:2������ JUHHQ��:2���±������ EOXH��:2���±�����YLROHW�� DQG� :2��� EURZQ�� 8QGHU� UHGXFWLYHDQQHDOLQJ�� WKH� FRORU� RI� D� 3:2� FU\VWDO
FKDQJHV�JUDGXDOO\�LQ�WKH�VHTXHQFH�IURP�\HO�
ORZ�WR�JUHHQ�WR�FRORUOHVV�WR�EOXH�WR�YLROHW�WR
EURZQ�� 8QGHU� DQQHDOLQJ� RI� WKH� FU\VWDO� LQ
R[LGL]LQJ� FRQGLWLRQV� �ZKHQ� SDUWLDO� R[\JHQ
SUHVVXUH� LQ� WKH� HQYLURQPHQW� H[FHHGV� WKH
HTXLOLEULXP�YDOXH��� WKH� WUDQVIRUPDWLRQ�SUR�
FHHGV� LQ� WKH� RSSRVLWH� GLUHFWLRQ�� $� VLPLODU
FRORU� WUDQVIRUPDWLRQ� RI� 3:2� WDNHV� SODFH
XQGHU� LRQL]LQJ� LUUDGLDWLRQ� >��@�� 8QGHU� H[�
WHQGHG� UHGXFWLYH�DQQHDOLQJ�RU�KLJK� LUUDGLD�
WLRQ� GRVH�� WKH� XQGRSHG� FU\VWDO� WXUQV� EODFN
ZKLOH�WKH� ODQWKDQLGH�GRSHG�FU\VWDO�DFTXLUHV
D�YLROHW�VKDGH� >������@��)LQDOO\�� LW�KDV�EHHQ
GHPRQVWUDWHG� WKDW� WKH� JUHHQ� FRPSRQHQW� LQ
UDGLROXPLQHVFHQFH� VSHFWUXP� RI� 3:2� LV
HPLWWHG�RQO\�IURP�WKH�FU\VWDO�VXUIDFH�OD\HUV
>������@�

$QDO\VLV� RI� WKH� H[SHULPHQWDO� GDWD� RQ
3:2� RSWLFDO� SURSHUWLHV� DQG� WKHLU�PRGLILFD�
WLRQV� XQGHU� DQQHDOLQJ� DQG� LUUDGLDWLRQ� HQ�
DEOHG�XV�WR�EULQJ�WRJHWKHU�WKH�H[SHULPHQWDO
HYLGHQFHV� DQG� H[SHULHQFH� LQ� WHFKQRORJ\� GH�
YHORSPHQW� DQG� WR� IRUPXODWH� WKH� PDLQ� IHD�
WXUHV� RI� GHIHFWV� UHVSRQVLEOH� IRU�3:2� SURS�
HUWLHV�XQGHU�FRQVLGHUDWLRQ� LQ�YLHZ�RI�DSSOL�
FDWLRQ� RI� 3:2� FU\VWDOV� DV� VFLQWLOODWRUV� LQ
KLJK�HQHUJ\�SK\VLFV�H[SHULPHQWV��7KXV��WKH
FRORU� DQG� LWV� PRGLILFDWLRQV� XQGHU� H[WHUQDO
LQIOXHQFHV�DUH�GHILQHG�PDLQO\�E\� LQFOXVLRQV
RI� :2�±[� �����[������� WKH� FRPSRVLWLRQ� �[�WKHUHRI� GHSHQGLQJ� RQ� FRQGLWLRQV� RI� JURZWK
DQG� DQQHDOLQJ��:2�±[� LQFOXVLRQV� DUH� LQKHU�HQW� GHIHFWV� LQ� 3:2�� 7KHVH� LQFOXVLRQV� DUH
UHVSRQVLEOH�IRU�WKH�FU\VWDO�FRORU�DQG�DEVRUS�
WLRQ�LQ�WKH�QHDU�89�UHJLRQ��7XQJVWHQ�YDOHQFH
LQ� WKH� FOXVWHUV� FKDQJHV� GXULQJ� WKH� FU\VWDO
JURZWK�� XQGHU� DQQHDOLQJ� DQG� LUUDGLDWLRQ�
WKXV� FDXVLQJ� FKDQJHV� LQ� WKH� FU\VWDO� FRORU�
8QGHU�UHGXFWLYH�DQQHDOLQJ��WUDQVIRUPDWLRQ�RI
WKH� LQFOXVLRQV� SURFHHGV� LQ� WKH� VHTXHQFH�
:2�±:2����±:2���±����±:2���±����±:2�� DV
WKH� WXQJVWHQ� YDOHQFH� LQ� WKH� :2�±[� LQFOX�VLRQV�FKDQJHV�IURP���WR����7KLV�SURFHVV�UH�
VXOWV� LQ� WKH� FRORU� FKDQJH� LQ� WKH� VHTXHQFH�
\HOORZ�WUDQVSDUHQW�EOXH�YLROHW�EODFN��$W�[� ���
WKH� FU\VWDO� KDV� DEVRUSWLRQ� LQ� WKH� UDQJH� RI
����WR�����QP�DQG�LV�\HOORZ��,QFUHDVH�LQ�[
UHVXOWV�LQ�LQFUHDVLQJ�DEVRUSWLRQ�DW�WKH�ORQJ�
ZDYHOHQJWK�VLGH� IURP�WKLV�DEVRUSWLRQ�EDQG�

$W�[� ������ WKH� FU\VWDO� DFTXLUHV� DQ� LQWHQVH
YLROHW�FRORUDWLRQ��,Q�WKLV�UDQJH�RI�[�YDOXHV�
DQ� RSWLPDO� YDOXH� [RSW� FRUUHVSRQGLQJ� WR� DWUDQVSDUHQW�FU\VWDO�LV�WR�EH�DWWDLQHG�WR�SUR�
YLGH� JRRG� FU\VWDO� TXDOLW\�� 7KH� TXDQWXP
\LHOG�RI�VXFK�FU\VWDOV�DOVR�DWWDLQV�WKH�PD[L�
PXP�YDOXH�

'RSLQJ� RI� 3:2� PHOW� E\� R[LGHV� /�2��/� �<�� /D��*G� HWF��� SUHYHQWV� IRUPDWLRQ� RI
LQFOXVLRQV� :2�±[�� ,QVWHDG�� FOXVWHUV
:�±\/\2�±[� �����[�������� HQWHU� WKH� 3:2FU\VWDO��,QIOXHQFH�RI�WKHVH�FOXVWHUV�RQ�3:2
RSWLFDO� SURSHUWLHV� LV� ZHDNHU� WKDQ� WKDW
FDXVHG�E\�:2�±[��0RUHRYHU��ELQGLQJ�RI�R[\�JHQ� LQ�:�±\/\2�±[� LV� VWURQJHU� WKDQ� WKDW� LQ:2�±[�� &RQVHTXHQWO\�� WXQJVWHQ� YDOHQFH� LQWKH�GRSHG�3:2�FU\VWDOV�LV�OHVV�YXOQHUDEOH�WR
H[WHUQDO� LQIOXHQFH�� $PRXQW� RI� WKH� GRSLQJ
R[LGH� /�2�� VKRXOG� EH� VXIILFLHQW� WR� VXEVWL�WXWH�WKH�XQGHVLUDEOH�FOXVWHUV�:2�±[�E\�PRUHIDYRUDEOH� LQFOXVLRQV� :�±\/\2�±[�� 2Q� WKHRWKHU� KDQG�� H[FHVVLYH� LQFOXVLRQ� RI
:�±\/\2�±[� LQWR� WKH� FU\VWDO� GHWHULRUDWHV� LWVRSWLFDO� WUDQVSDUHQF\�� 7KH� RSWLPDO� GRSLQJ
OHYHO� DOVR� UHVXOWV� LQ�PLQLPDO� DEVRUSWLRQ� LQ
WKH�QHDU�89�UHJLRQ�

5DGLDWLRQ� KDUGQHVV� RI� XQGRSHG� 3:2� LV
GHILQHG� PDLQO\� E\� :2�±[� LQFOXVLRQV�� LQGRSHG�3:2�� E\�:�±\/\2�±[� RQHV�� ,QIOXHQFHRI� LRQL]LQJ� UDGLDWLRQ� LV� VLPLODU� WR� WKDW� RI
R[LGL]LQJ�UHGXFLQJ�DQQHDOLQJ��,Q�ERWK�FDVHV�
WXQJVWHQ� R[LGDWLRQ� OHYHO� LQ� WKH� FOXVWHUV� LV
FKDQJHG�� $V� D� UHVXOW�� WKH� FU\VWDO� FRORU
FKDQJHV�� ,UUDGLDWLRQ� RI� 3:2� FU\VWDO� FRQ�
WDLQLQJ� :2�±[� �:�±\/\2�±[�� LQFOXVLRQV� ZLWKR[\JHQ�FRQWHQW� ORZHU�WKDQ�RSWLPDO� �[���[RSW�\HOORZ� FRORU�� UHVXOWV� LQ� EOHDFKLQJ� RI� WKH
FU\VWDO�� ,Q� ODQWKDQLGH�GRSHG�3:2� FU\VWDOV�
WKH� :2�±[� LQFOXVLRQV� DUH� VXEVWLWXWHG� E\:�±\/\2�±[� RQHV�� ZKLFK� DUH� PRUH� UHVLVWLYHWR� FKDQJH� WKH� WXQJVWHQ� YDOHQFH� XQGHU� LUUD�
GLDWLRQ�

7KH� JUHHQ� HPLVVLRQ� FRPSRQHQW� IURP� WKH
EXON�RI�WKH�FU\VWDO�LV�REVHUYHG�RQO\�LQ�3:2
JURZQ�IURP�PHOW�FRQWDLQLQJ�0R2�DQG�VRPH
RWKHU�R[LGHV�UHVXOWLQJ�LQ�IRUPDWLRQ�RI�FOXV�
WHUV� 3E0R2��� HWF�� 7KH� JUHHQ� FRPSRQHQW� LVDEVHQW� LQ� WKH� OXPLQHVFHQFH� VSHFWUXP� RI
QRPLQDOO\�SXUH�3:2�FU\VWDO��7KH�JUHHQ� OX�
PLQHVFHQFH� PD\� EH� HPLWWHG� RQO\� IURP� WKH
FU\VWDO� VXUIDFH� FRQWDLQLQJ� UHOHYDQW� VWUXF�
WXUDO�GHIHFWV�

7KXV�� WKH� IHDWXUHV� GLVFXVVHG� DERYH� FDQ
EH� VXPPDUL]HG� LQWR� D� JHQHUDO� FRQFOXVLRQ
WKDW�FKDQJHV�LQ�SK\VLFDO�SURSHUWLHV�RI�3:2
DUH� GXH� WR� FKHPLFDO� RU� VWUXFWXUDO� WUDQVIRU�
PDWLRQV� LQ� WKH� FU\VWDO��2Q� WKH� RWKHU� KDQG�
LI�H[WHUQDO�IDFWRUV�DIIHFW�WKH�FU\VWDO�FKHPL�
FDO� FRPSRVLWLRQ� RU� VWUXFWXUH�� WKLV� LV� UH�
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IOHFWHG� LQ� LWV� SK\VLFDO� SURSHUWLHV�� 7KLV� DS�
SURDFK�ZDV� LPSOHPHQWHG� LQ� GHYHORSPHQW� RI
3:2� JURZWK� DQG� DQQHDOLQJ� WHFKQRORJ\� RQ
LQGXVWULDO� VFDOH� DW� �1RUWK� &U\VWDOV�� &RP�
SDQ\�� $SDWLW\�� 7KH� 3:2� FU\VWDOV� PHHWLQJ
VSHFLILFDWLRQV� RI� WKH� &(51� SURMHFW� $/,&(
DUH� EHLQJ� SURGXFHG� ZLWK� DERXW� ���� �� UH�
SURGXFLELOLW\� DW� WKH� UDWH� RI� ���� WR� ���
SLHFHV� SHU� \HDU� IRU� HDFK� JURZWK� IDFLOLW\�
0RUH� WKDQ� ������ FU\VWDOV� IRU� WKH� $/,&(
SURMHFW�DUH�DOUHDG\�SURGXFHG��3URGXFWLRQ�RI
VFLQWLOODWLRQ� EORFNV� IRU� WKH� &(51� SURMHFW
&06�LV�VWDUWHG�WKLV�\HDU�
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� ���(�$XIIUD\�� 3�/HFRT�� $�$QQHQNRY�� 0�1LNO� HW

DO��� &06� 127(� ������� -XO\� ��� ������ &06
&(51��&+�������*HQHYD�����6ZLW]HUODQG�

� ���5HQ�<XDQ�=KX��,(((�7UDQV�1XFO��6F����������
�������

� ���6�%DFFDUR�� 3�%RKDFHN�� %�%RUJLD� HW� DO��� 3K\V�
6WDW��6ROLG���D��������5���������

� ���*�7DPXODLWLV�� 6�%XUDFKDV�� 9�3�0DUWLQRY� HW
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� ���$�$QQHQNRY�� 0�9�.RU]KLN�� 3�/HFRT�� 1XFO�
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����0�1LNO��3K\V��6WDW�6ROLG����D�������������������
����6�%XUDFKDV��$�$SDQDVHQNR��%�*ULQ\RY� HW�DO��

,QWU��-��,QRUJ��0DWHU������������������
����6�%XUDFKDV�� 6�%HORJORYVNL�� ,�0DNRY� HW� DO��

1XFO��,QVWU��0HWK�3K\V�5HV���$���������������
����6�%XUDFKDV�� 6�%HORJORYVNL�� ,�0DNRY� HW� DO���-�

&U\VW��*URZWK������������������
����6�%XUDFKDV�� 6�%HORJORYVNL�� ,�0DNRY� HW� DO��

1XFO��,QVWU��0HWK�3K\V�5HV���$����������������
����6�%XUDFKDV�� 6�%HORJORYVN\��'�(OL]DURY� HW� DO��

5DGLDW��0HDV������������������
����6�%XUDFKDV�� 6�%HORJORYVN\�� '�(OL]DURY� HW� DO�
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