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%HFDXVH� RI� WKH� JURZLQJ� LQWHUHVW�LQ� FDUERQ�FDUERQ� FRPSRXQG� PDWHULDOV� DV� DQ� H[WUDFWLRQ
JULG� PDWHULDO� WKH� VSXWWHU� EHKDYLRXU� XQGHU� [HQRQ� ERPEDUGPHQW� ZDV� VWXGLHG� DQG� FRP�
SDUHG� ZLWK� WKDW� RI� FRQYHQWLRQDO� KLJK�GHQVLW\� JUDSKLWH�� 7KH� VSXWWHU� \LHOG� RI� FDUERQ�
FDUERQ�H[FHHGV�WKDW�RI�JUDSKLWH��ZKLFK� LV� DQ� HIIHFW�RI� WKH� SURQRXQFHG� PDFURVFRSLF� VXU�
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7KH� SK\VLFR�FKHPLFDO� EHKDYLRXU� RI� FDUERQ� FRPSRVLWH
PDWHULDOV�LV��DPRQJ�RWKHUV��RI�JUHDW�UHOHYDQFH�IRU�VSDFH�
FUDIW�DSSOLFDWLRQV�DV�D�WKHUPDO�VKLHOGLQJ�>�@�DQG�DV�DQ�LRQ
WKUXVWHUV�H[WUDFWLRQ�JULG�PDWHULDO�>�������@�
,Q� JULGGHG� LRQ� WKUXVWHUV�� JULG� HURGLQJ� SURFHVVHV� DOZD\V
WDNH�SODFH�OHDGLQJ�WR�D�JUDGXDOO\�GDPDJH�RI�WKH�JULGV�DQG
D�OLPLWHG�OLIHWLPH�RI�WKH�WKUXVWHU��,Q�DGGLWLRQ�WR� WKH� SUL�
PDU\�LRQV�QHXWUDOV�FDQ�HVFDSH�IURP�WKH�SODVPD�FKDPEHU�
SURYLGLQJ� D� QHXWUDO� GHQVLW\� ZLWKLQ� WKH� JULG� V\VWHP�� $G�
GLWLRQDOO\�� QHXWUDOV� IURP� WKH� UHVLGXDO� JDV� LQ� WKH� YDFXXP
FKDPEHU� PD\� DGG� WR� WKLV� QHXWUDO� GHQVLW\�� ,Q� D� FKDUJH�
H[FKDQJH� SURFHVV�� D� SULPDU\� LRQ� FROOLGHV� ZLWK� D� QHXWUDO�
FRQYHUWLQJ�WKH�LRQ�LQWR�D�QHXWUDO�DQG�WKH�IRUPHU�QHXWUDO
LQWR�DQ�VORZ�LRQ��,I�WKLV�LRQ�LV�ERUQ�ZLWKLQ�WKH�JULG�V\V�
WHP�RU�LQ�LWV�YHU\�YLFLQLW\��LW�PD\�EH�DFFHOHUDWHG�WRZDUGV
RQH� RI� WKH� JULGV�� %HFDXVH� RI� WKH� JDLQHG� HQHUJ\�� WKH� LRQ
LPSDFW� ZLOO� VSXWWHU� VRPH� PDWHULDO� IURP� WKH� JULG�� $� GH�
WDLOHG� LQYHVWLJDWLRQ� VKRZHG� WKDW� PRVW� RI� WKH� FKDUJH�
H[FKDQJH� LRQV� LPSLQJH� RQ� WKH� LQVLGH� RI� WKH� DFFHOHUDWRU
JULG�KROHV��ZLGHQLQJ�WKH�KROHV�GXULQJ�WKH�RSHUDWLRQ�>�@�

6LQFH�WKH�VSXWWHU�\LHOG�RI�WKH�JULG�PDWHULDO�GLUHFWO\�LQIOX�
HQFHV�WKH�HURVLRQ�UDWH�DQG��KHQFH��WKH�JULG�OLIHWLPH��LW�LV
LQGLVSHQVDEOH� WR� GHWHUPLQH� WKH� VSXWWHU� \LHOG� LQ� GHSHQG�
HQFH�RQ�WKH�HQHUJ\�DQG�DQJOH�RI�LQFLGHQFH�IRU�SURPLVLQJ
JULG�PDWHULDOV��7KH�REWDLQHG�VSXWWHU�FKDUDFWHULVWLFV�DOORZ
WR�DVVHVV�WKH�DSSOLFDELOLW\�RI�WKH�UHVSHFWLYH�JULG�PDWHULDO�
)XUWKHUPRUH��RQ�WKH�EDVLV�RI�WKHVH�GDWD��WKH�JULG�HURVLRQ
VLPXODWLRQ� FDQ� SUHGLFW� UHOLDEOH� HURVLRQ� UDWH� DQG� OLIHWLPH
YDOXHV�
7KH� VSXWWHU� \LHOG� FDQ� EH� VLPXODWHG� HPSOR\LQJ� WKH� ZHOO
NQRZQ� IRUPXODV� IURP� %RKGDQVN\� IRU� WKH� HQHUJ\� GH�
SHQGHQFH� DQG� WKH� <DPDPXUD� IRUPXOD� ZKLFK� GHVFULEHV
WKH� DQJXODU� GHSHQGHQFH� RI� WKH� VSXWWHU� \LHOG� �IRU� D� GH�
WDLOHG�GHVFULSWLRQ��VHH�>�@�DQG�UHIV��FLWHG�WKHUHLQ��
&RPPRQO\�� FDUERQ� DQG� PRO\EGHQXP� DUH� SUHIHUUHG� DV
JULG� PDWHULDO�� &DUERQ� LV� ZLGHO\� XVHG� EHFDXVH� RI� LWV� ORZ
VSXWWHU� \LHOG� DQG� ORZ� WKHUPDO� H[SDQVLRQ� FRHIILFLHQW�
%HFDXVH� RI� WKH� H[WUDRUGLQDU\� PHFKDQLFDO� DQG� WKHUPDO
SURSHUWLHV� WKH� FDUERQ�FDUERQ� FRPSRVLWH� PDWHULDO� �&&�
LQFUHDVLQJO\� EHFRPHV� LPSRUWDQW� IRU� LRQ� WKUXVWHU� JULG
V\VWHPV�� 8QIRUWXQDWHO\�� XS� WR� QRZ� RQO\� VSDUVH� VSXWWHU
GDWD�DUH�DYDLODEOH�IRU�[HQRQ�LQFLGHQW�RQ�FDUERQ��,Q�FDVH
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RI� &&� QR� DQ\� VSXWWHU� H[SHULHQFHV� KDYH� EHHQ� DFFXPX�
ODWHG�VR�IDU�
,Q�RUGHU�WR�PHHW�WKH�FRQGLWLRQV�RI�WKUXVWHU�DSSOLFDWLRQV�
WKH�SUHVHQW�SDSHU�UHSRUWV�RQ�VSXWWHU�\LHOGV�IRU�ORZ�HQHU�

JHWLF��£��NH9��[HQRQ�LRQ�LPSDFW�RQ�&&�DQG�KLJK�GHQVLW\
JUDSKLWH�� ZKLFK� LV� W\SLFDO� IRU� LRQ� WKUXVWHU� RSHUDWLRQ�
2ZLQJ� WR� LWV� UHOHYDQFH� WR� VSXWWHU� EHKDYLRXU�� WKH� HYROX�
WLRQ�RI�WKH�VXUIDFH�WRSRJUDSK\�ZDV�GHWHUPLQHG�E\�6(0
WHFKQLTXHV�

���([SHULPHQWDO�VHWXS

7KH� H[SHULPHQWV� ZHUH� SHUIRUPHG� ZLWKLQ� D� 8+9� FKDP�
EHU� ZKLFK� ZDV� HYDFXDWHG� E\� D� WXUER� SXPS� WR� D� EDFN�
JURXQG� SUHVVXUH� RI� OHVV� WKDQ� �� �

�

� PEDU�� $V� D� UHVXOW� RI
WKH� [HQRQ� JDV� IORZ� WKURXJK� WKH� VSXWWHU� LRQ� VRXUFH� WKH
SURFHVV� SUHVVXUH� LQFUHDVHG� XS� WR� ��� �

�

� PEDU�� %HIRUH
WKH� H[SHULPHQWV� WKH� FKDPEHU� ZDV� EDNHG� RXW� DQG� WKH
UHVLGXDO� JDV� FRPSRVLWLRQ� ZDV� SHUPDQHQWO\� FRQWUROOHG
ZLWK� WKH� DLG� RI� D� PDVV� VSHFWURPHWHU�� ’XULQJ� WKH� VSXW�
WHULQJ� SURFHVV� WKH� R[\JHQ� SDUWLDO� SUHVVXUH� ZDV� DERXW� �
RUGHUV� RI� PDJQLWXGH� ORZHU� WKDQ� WKDW� RI� WKH� LRQ� VRXUFH
ZRUNLQJ� JDV� [HQRQ�� 8QGHU� VXFK� FRQGLWLRQV� DGGLWLRQDO
FKHPLFDO�HWFKLQJ�GRHV�SUDFWLFDOO\�QRW�RFFXU�
7KH�[HQRQ�LRQ�EHDP�LV�SURGXFHG�E\�DQ�,64� ���5)� LRQ
VRXUFH� DV� GHYHORSHG� LQ� RXU� LQVWLWXWH� >�@�� $� ORZ� GLYHU�
JHQFH� IRFXVLQJ� WZR�JULG� H[WUDFWLRQ� V\VWHP� ���FP� EHDP
GLDPHWHU��ZDV�XVHG�LQ�RUGHU�WR�DSSO\�D�KLJK� LRQ� FXUUHQW
GHQVLW\�RQ�WKH�WDUJHW�
7KH�VSXWWHU�WDUJHWV� ZHUH� SODFHG� LQ� WKH� EHDP� FHQWUH� DW� D
GLVWDQFH�RI����FP�IURP�WKH�DFFHOHUDWRU�JULG��$Q�DSHUWXUH
LQ� IURQW� RI� WKH� WDUJHW� UHVWULFWHG� WKH� LUUDGLDWHG� DUHD� WR
��FP

�

�� 7KH� GXUDWLRQ� RI� WKH� VSXWWHU� H[SHULPHQWV� ZDV
EHWZHHQ� RQH� KDOI� DQG� �� KRXUV�� 7KH� WDUJHWV� FRXOG� EH
WLOWHG� DJDLQVW� WKH� EHDP� GLUHFWLRQ�� 7KH� VSXWWHU� \LHOG� ZDV
HVWLPDWHG� IURP� WKH� ZHLJKW� ORVV�� HPSOR\LQJ� D� KLJK�
SUHFLVLRQ�PLFUREDODQFH�ZLWK�D� SUHFLVLRQ� RI� ����J�� 7\SL�
FDOO\�� WKH� VSHFLILF� PDVV� ORVV� ZDV� ODUJHU� WKDQ� �����PJ�K
VR� WKDW� WKH� FKDQJH� LQ� WDUJHW� PDVV� FRXOG� EH� GHWHUPLQHG
ZLWK�VXIILFLHQW�DFFXUDF\�
7KH� URXJKQHVV� RI� WKH� JUDSKLWH� VDPSOHV� ZDV� GHWHUPLQHG
E\� DWRPLF� IRUFH� PLFURVFRS\� �$)0�� LQ� FRQWDFW� PRGH�
%HFDXVH� RI� LUUHJXODU� WH[WXUHV� WKH� $)0� PHDVXUHPHQWV
IDLOHG� WR� ZRUN� IRU� WKH� &&� VDPSOHV�� 7KHUHIRUH� WKH� VXU�
IDFH�WRSRJUDSK\�RI�&&�ZDV�VWXGLHG�E\�VFDQQLQJ�HOHFWURQ
PLFURVFRS\��6(0��

���6SXWWHU�0DWHULDOV

7KHUH� DUH� WZR� EDVLF� PRGLILFDWLRQV� RI� FDUERQ� >�@�� ’LD�
PRQG� �VS

�

� K\EULGLVDWLRQ�� KDV� D� WHWUDKHGUDO� DUUDQJHPHQW
RI�WKH�FDUERQ�DWRPV�DQG��WKHUHIRUH��IHDWXUHV�DQ�H[WUHPH

KDUGQHVV�� 7KH� JUDSKLWH� �VS
�

� K\EULGLVDWLRQ�� PRGLILFDWLRQ
FRQVLVWV� RI� OD\HUV� RI� KH[DJRQDO� SDFNHG� FDUERQ� DWRPV�
7KLV� PRGLILFDWLRQ� SRVVHVVHV� D� ORZ� WKHUPDO� H[SDQVLRQ�
JRRG� FRUURVLRQ� VWDELOLW\� DQG� D� ORZ� ZHOO�GHILQHG� PDVV
GHQVLW\�RI�����J�FP

�

�
&DUERQ�EODFN�PD\�EH�IRUPHG�E\�LQFRPSOHWH�EXUQLQJ�RI
FDUERQ�FRQWDLQLQJ� VXEVWDQFHV�� ,W� LV� SRO\FU\VWDOOLQH� ZLWK
YHU\�LUUHJXODU�VXEVWUXFWXUHV�
2XWVWDQGLQJ� SURSHUWLHV� RI� PDWHULDOV� OLNH� KLJK� VWLIIQHVV
DQG� IOH[LELOLW\� RYHU� ODUJH� DUHDV� ZLWK� ORZ� VSHFLILF� ZHLJKW
DQG� KLJK� WKHUPDO� VWDELOLW\� FDQQRW� EH� UHDFKHG� � E\� D� KR�
PRJHQHRXV� PDWHULDO�� ,QVWHDG�� WKLV� PD\� EH� DWWDLQHG� LQ
FRPSRVLWH� PDWHULDOV� ZKHUH� VPDOO� SDUWLFOHV� RI� D� KDUG
PDWHULDO� DUH� HPEHGGHG� ZLWKLQ� D� PDWUL[� ZKLFK� GR� QRW
UHDFW�WR�RQH�KRPRJHQHRXV�SKDVH�
7KH� PHFKDQLFDO� SURSHUWLHV� DUH� GHWHUPLQHG� IURP� ERWK
FRPSRQHQWV�� 7KH� VPDOO� SDUWLFOHV� PDLQO\� GHILQH� WKH� VR�
OLGLW\�DQG�VWLIIQHVV�RI�WKH�FRPSRXQG�PDWHULDO��WKH�PDWUL[
JLYHV� LWV� HODVWLFLW\� DQG� WKH� WKHUPDO� DQG� HOHFWULF� FRQGXF�
WLYLW\�� )XUWKHUPRUH�� WKH� PDWUL[� SURWHFWV� WKH� IUDPHZRUN
DJDLQVW�GDPDJH�
:KLOH�JUDSKLWH�GXH�WR�LWV�ORZ�VSXWWHU�\LHOG�LV�QRZ�D�ZHOO�
DSSURYHG� PDWHULDO� IRU� LRQ� H[WUDFWLRQ� JULGV�� WKH� LQWHUHVW
LQ� &&� FRPSRVLWHV� LV� FRQWLQXRXVO\� JURZLQJ� LQ� UHFHQW

)LJXUH����6XUIDFH� WRSRJUDSK\� RI�WKH� &DUERQ�&DUERQ
VDPSOHV�
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\HDUV��7KDW�LV�ZK\�ERWK�PDWHULDOV�ZHUH�FRQVLGHUHG�LQ�WKLV
VWXG\�
7KH� JUDSKLWH� VSXWWHU� WDUJHWV� ZHUH� SUHSDUHG� IURP� KLJK�
GHQVLW\� JUDSKLWH� 37� ����� �&DUERQH� /RUUDLQH�� ZLWK� D
SXULW\�EHWWHU�WKDQ���SSP�
,Q�WKH�&&�PDWHULDO��6FKXQN�.RKOHQVWRIIWHFKQLN�*PE+�
ZKLFK� ZDV� XVHG� LQ� WKLV� VWXG\�� FDUERQ� ILEUHV� EDVHG� RQ
3$1� �SRO\DFU\OQLWULOH�� DUH� HPEHGGHG� LQ� D� UHLQIRUFHG
DPRUSKRXV�FDUERQ�PDWUL[��7KH�WH[WLOH�FDUERQ�VWUXFWXUHV�
FRQVLVWLQJ� RI� DERXW� ����� ILODPHQWV�� DUH� ELD[LDO� ZRYHQ
�6DWLQ������ �VHH� ILJXUH� ���� 7KHUHIRUH�� WKH� &&� VXUIDFH
VKRZV� D� UHJXODU� VWUXFWXUH� RI� SDUDOOHO� ILEUH� EXQGOHV�� 7KH
FDUERQ� PDWHULDO� XQGHUJRHV� D� ILQDO� KLJK�WHPSHUDWXUH
WUHDWPHQW� DERYH� �����&�� 7KH� SXULW\� LV� EHWWHU� WKDQ
��SSP��7KH�&&�VDPSOHV�ZHUH�XVHG�DV�UHFHLYHG�IURP�WKH
IDEULFDWLRQ�ZLWKRXW�DQ\�IXUWKHU�SURFHVVLQJ�

���5HVXOWV

����1RUPDO�LQFLGHQFH

)LJXUH� �� GHSLFWV� WKH� HQHUJ\� GHSHQGHQW� VSXWWHU� \LHOG� DW
QRUPDO� LRQ� LQFLGHQFH� LQ� FRPSDULVRQ� ZLWK� DYDLODEOH� H[�
SHULPHQWDO� >��� �@� DQG� WKHRUHWLFDO� GDWD� >�@�� :KLOH� WKH
VSXWWHU� \LHOG� RI� JUDSKLWH� LV� LQ� D� UDWKHU� JRRG� DJUHHPHQW
ZLWK� WKH� UHIHUHQFH� GDWD�� WKH� VSXWWHU� \LHOG� RI� &&� DOZD\V
H[FHHGV�WKDW�RI�JUDSKLWH�E\�D�IDFWRU�XS�WR����7KLV�GLIIHU�
HQFH�LV�KLJKHU�DW�ORZHU�LRQ�HQHUJ\�
7KLV�GLIIHUHQFH�FDQ�EH�WUDFHG�EDFN�WR�WKH�UHJXODU�PDFUR�
VFRSLF�VWUXFWXUH�RI�WKH�&&�VDPSOHV��$SSUR[LPDWHO\�� WKH
VXUIDFH�FRQVLVWV�RI�QXPHURXV�SDUDOOHO�F\OLQGHUV��)LJXUH��
VKRZV�WKH�DFWXDO�GLVWULEXWLRQ�RI�WKH�DQJOH�RI�LQFLGHQFH�DW
QRUPDO�LRQ�LPSDFW��ZLWK�WKH�PHDQ�DQJOH�DPRXQWLQJ�����
%\�LQWHJUDWLQJ�WKH�DQJXODU�GLVWULEXWLRQ�ZLWK�WKH�WKHRUHWL�

FDO�DQJXODU�GHSHQGHQFH�RI�WKH�VSXWWHU�\LHOG��VHH�>�@���WKH
UHVXOWLQJ�VSXWWHU�\LHOG�RI�WKH�·F\OLQGULFDOµ�VXUIDFH�VKRXOG
EH�JUHDWHU�WKDQ�WKDW�RI�D�SODQH�VXUIDFH�E\�D�IDFWRU�RI����
DW� ����H9�� 7KLV� IDFWRU� GHFUHDVHV� ZLWK� JURZLQJ� LRQ� HQ�
HUJ\�XS�WR�����DW������H9�LQ�D�JRRG�DJUHHPHQW�ZLWK�WKH
PHDVXUHG� GDWD�� 7KH� REVHUYHG� GLIIHUHQFH� EHWZHHQ� WKH
WZR�VDPSOHV�LV�VPDOOHU�PDLQO\�IRU�WKUHH�UHDVRQV���L��7KH
XVHG� JUDSKLWH� VXUIDFH� LV� QRW� LGHDOO\� SROLVKHG�� EXW� KDV� D
VXUIDFH�URXJKQHVV�RI�DERXW����QP��IRU�DQ�UHSUHVHQWDWLYH
DUHD� RI� �[���P

�

�� ZKLFK� LV� TXLWH� VLPLODU� WR� WKH� PLFUR�
URXJKQHVV� RI� WKH� &&� VDPSOHV�� +RZHYHU�� WKH� JUDSKLWH
VXUIDFH� GRHV� QRW� SRVVHVV� VXFK� D� SURQRXQFHG� PDFUR�
VWUXFWXUH�DV�&&���LL��7KH� &&� VXUIDFH� GRHV�QRW�UHSUHVHQW
DQ� LGHDO� F\OLQGHU� VWUXFWXUH� EXW� VKRZV� IODW� UHJLRQV� EH�
WZHHQ�VRPH�RI�WKH� ILEUHV��6HYHUDO� ILEUHV� DUH� GHHSHU� HP�
EHGGHG� LQ� WKH� PDWUL[� WKDQ� RWKHUV�� �LLL�� 7KH� VXUIDFH
VWUXFWXUH�FKDQJHV�LWV�VKDSH�GXULQJ�VSXWWHULQJ�DQG��WKHUH�
IRUH��WKH�VSXWWHU�\LHOG�ZLOO�GR�LW�LQ�WKH�VDPH�PDQQHU��7KH
ODWWHU�DVSHFW�ZLOO�EH�GLVFXVVHG�QRZ�LQ�PRUH�GHWDLO�
)LJXUH���GHPRQVWUDWHV�IRU�D�UHSUHVHQWDWLYH�VWUXFWXUH�WKH
HYROXWLRQ�RI�WZR�W\SLFDO�IHDWXUHV�ZLWK�WKH�VSXWWHU�WLPH�LQ
DFFRUGDQFH� ZLWK� WKH� H[SHULHQFHV� LQ� LRQ� EHDP� HWFKLQJ
>��@�� )LUVW�� WKH� F\OLQGULFDO� VWUXFWXUH� ZLWK� FLUFXODU� FURVV
VHFWLRQ�HYROYHV�LQWR�D�WULDQJXODU�FURVV�VHFWLRQ��SULVP�OLNH
VKDSH�� VHH� ZKLWH� DUURZV� DW� ERWWRP� RI� ILJXUH� ��� DV� KDV
EHHQ�VLPXODWHG�LQ�ILJXUH����%HWZHHQ�WKH�ILEUHV�D�FKDLQ�RI
VSLNHV� LV� JURZLQJ� ZLWK� D� ZLGWK� RI� ���P� �VHH� WKH� EODFN
DUURZ� DW� ERWWRP� RI� ILJXUH� ���� %HFDXVH� RI� WKH� YHU\
REOLTXH� LQFLGHQFH� LQ� WKLV� WUHQFK� WKH� VSXWWHU� \LHOG� WHQGV
WR� IDOO� EHORZ� LWV� PD[LPXP�� 7KH� GLUHFWLRQ� RI� WKH� VSXW�
WHUHG�SDUWLFOHV�DW�REOLTXH�LQFLGHQFH�LV�QRW�QRUPDO�WR�WKH
VXUIDFH� DW� WKLV� SRLQW� EXW� LV� WLOWHG� LQ� WKH� SODQH� RI� LQFL�
GHQFH� YHFWRU� DQG� VXUIDFH� QRUPDO� >��@�� 7KHUHIRUH�� WKH
VSXWWHUHG� SDUWLFOHV� FDQQRW� OHDYH� WKH� VDPSOH� ZKHQ� VSXW�
WHUHG� IURP� WKH� VORSH� RI� WKH� F\OLQGHU�� DQG� DUH� GHSRVLWHG
EHWZHHQ�WKH�ILEUHV��%RWK�HIIHFWV�WHQG�WR�VORZ� GRZQ� WKH
HURVLRQ�
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)LJXUH� �� GHSLFWV� LQ� WKH� ERWWRP� WKH� VXUIDFH� DIWHU� D� �
KRXUV�VSXWWHULQJ�� 7KH�UHVXOWLQJ� VXUIDFH� VWUXFWXUH� SURYHV
VWDEOH� XQWLO�WKH� WRS�ILEUH� OD\HU� LV� ODUJHO\� UHPRYHG� ZKLFK
GLG� QRW� RFFXU� RQ� WKH� WLPH� VFDOH� RI� WKH� SUHVHQW� VWXG\�
+RZHYHU��WKH�DQJXODU�GLVWULEXWLRQ�RI�QRUPDOO\�LQFLGHQFH
LRQV�ZLOO�UHWDLQ�RYHU�D�ORQJ�SHULRG��DQG�WKH�VSXWWHU�\LHOG
ZLOO�UHPDLQ�JUHDWHU�WKDQ�WKDW�RI�JUDSKLWH�

,Q� WKH� FRXUVH� RI� VWXG\LQJ� WKH� VXUIDFH� HYROXWLRQ� WKH
VSXWWHU� \LHOG� ZDV� DOVR� GHWHUPLQHG� DW� HYHU\� EUHDN� RI� WKH
VSXWWHU�H[SHULPHQWV��)LJXUH���VKRZV�WKH�VSXWWHU�\LHOG�RI
WKLV�VHULHV�RI�H[SHULPHQWV��L�H��WKH�VSXWWHU�\LHOG�REWDLQHG
IURP� EUHDN� WR� EUHDN�� UHVSHFWLYHO\�� LQ� FRPSDULVRQ� ZLWK
WKH�\LHOGV�DV�GHWHUPLQHG�IURP�FRQWLQXRV�VSXWWHU� H[SHUL�
PHQWV� ZLWKRXW� EUHDNV�� 7KH� UDWKHU� KLJK� VSXWWHU� \LHOG
ZLWKLQ�WKH�ILUVW�KRXU�LQGLFDWHV�D�SURQRXQFHG�LQIOXHQFH�RI
R[\JHQ� DQG� ZDWHU� ZKLFK� LV� GHSRVLWHG� RQ� WKH� VDPSOHV
GXULQJ� H[SRVXUH� WR� WKH� DWPRVSKHUH�� $OWKRXJK� WKH� OD\HU
RI� ZDWHU� RQ� FDUERQ� VKRXOG� EH� YHU\� WKLQ� DQG� UHPRYHG
ZLWKLQ� D� IHZ� PLQXWHV�� WKH� SRURXV� VWUXFWXUH� RI� WKH� &&
VDPSOHV� DOORZV� ZDWHU� DQG� R[\JHQ� WR� LQWUXGH� LQ� ORZHU
SDUWV�� ZKLFK� UHTXLUHV� PRUH� WLPH� WR� JHWV� UHPRYHG� E\
GHVRUSWLRQ��,Q�RUGHU�WR�LPSURYH�WKH�VSXWWHU� H[SHULPHQW
WKH� VDPSOHV� ZHUH� KHDWHG� XS� WR� ����&� IRU� D� KDOI� KRXU
EHIRUH�WKH�VSXWWHU�ERPEDUGPHQW�VWDUWHG��7KLV�OHDGV�WR�D
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)LJXUH���WRS��6LPXODWLRQ� RI�WKH� HYROXWLRQ� RI� D� F\OLQ�
GULFDO�VKDSHG�VXUIDFH�IROORZLQJ�WKH�·PHWKRG�RI�FKDU�
DFWHULVWLFVµ� DSSURDFK� E\� $UQROG� >��@�� %RWWRP�� 7KH
VWUXFWXUH� RI� D� &&�ILEHU� DIWHU� D� �� KRXUV� VSXWWHULQJ� DW
QRUPDO� LQFLGHQFH� ZLWK� ���� H9� [HQRQ� LRQ� HQHUJ\
�6(0�� VKRZLQJ� UHVXOWLQJ� SULVP�OLNH� VWUXFWXUH� DQG
VSLNHV�EHWZHHQ�ILEHUV�

)LJXUH� ��� (YROXWLRQ� RI� WKH� &&� VXUIDFH� VWXGLHG� E\
6(0�� 6SXWWHU� WLPH� IURP� WRS�� ����K�� ��K�� ����K�� ��K�
�����K�� 3DUDPHWHU�� [HQRQ� LRQ� HQHUJ\� ����H9�� QRUPDO
LQFLGHQFH�
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UHP R Y DO� R I � VX UI DF H� DQ G � Y R OX P H� F R Q WDP LQ DWLR Q � Z K LF K

UHVX OWV� LQ � OR Z HU� VS X WWHU� \ LHOG � I R U� WK LV� S DUWLF X ODU� VK R UW�

WLP H� H[ S HULP HQ WV� � VHH� I LJ X UH� � � � � 7 K H� UHP DLQ LQ J � G HF UHDVH

R I � WK H� VS X WWHU� \ LHOG � G X ULQ J � WK H� I LUVW� K R X U� LV� WUDF HG � E DF N

WR � WK H� HY R OX WLR Q � R I � WK H� VX UI DF H� VWUX F WX UH� DV� G LVF X VVHG

DE R Y H�

$ V� D� F R Q VHT X HQ F H� I R U� WK H� G HWHUP LQ DWLR Q � R I � VS X WWHU� \ LHOG

D� VS X WWHU� WLP H� R I � P R UH� WK DQ � � � K R X UV� LV� UHT X LUHG � WR � VX S �

S UHVV� WK H� LQ I OX HQ F H� R I � WK H� UX Q � LQ � S K DVH� DQ G � G HVR US WLR Q �

$ I WHU� WK LV� WLP H� WK H� P HDVX UHG � VS X WWHU� \ LHOG � LV� F R Q VLG HUHG

DV� DQ � WLP H� DY HUDJ HG � Y DOX H�

� � � � 2 E OLT X H� LQFLGHQFH

) LJ X UHV� � � VK R Z V� WK H� G HS HQ G HQ F H� R I � WK H� VS X WWHU� \ LHOG � R I

& & � DQ G � J UDS K LWH� R Q � WK H� LR Q � E HDP � LQ F LG HQ F H� DQ J OH� � 1 HL�

WK HU� I R U� F DUE R Q � Q R U� I R U� & & � DQ J X ODU� G HS HQ G HQ W� VS X WWHU

G DWD� Z LWK � [ HQ R Q � LR Q V� LV� DY DLODE OH� VR � I DU� WR � Z K LF K � R Q H� F DQ

F R P S DUH� WK H� UHVX OWV�

, Q � F R Q WUDVW� WR � WK H� Q R UP DO� LQ F LG HQ F H� � LQ � F DVH� R I � & & � WK H

D] LP X WK DO� LQ F LG HQ F H� DQ J OH� K DV� Q R Z � WR � E H� WDN HQ � LQ WR

DF F R X Q W� � , Q � DOO� P HDVX UHP HQ WV� WK H� & & � VDP S OH� Z DV� DG �

MX VWHG � Z LWK � UHVS HF W� WR � WK H� E HDP � VR � � WK DW� WK H� S UR MHF WLR Q

R I � WK H� LR Q � LP S DF W� Y HF WR U� R Q � WK H� WDUJ HW� LV� HLWK HU� S DUDOOHO� WR

WK H� F \ OLQ G HU� D[ LV� R U� S HUS HQ G LF X ODU� WR � LW�

% HF DX VH� R I � WK H� P DF UR VF R S LF � VWUX F WX UH� R I � & & � WK H� R E �

VHUY HG � DQ J X ODU� VS X WWHU� \ LHOG � G HS HQ G HQ F H� LV� G LI I HUHQ W� WR

WK H� WK HR UHWLF DO� VS X WWHU� \ LHOG � DQ G � WK DW� R I � J UDS K LWH

� 3 7 � � � � � � DV� VK R Z Q � LQ � I LJ X UH� � � � : LWK � Y DU\ LQ J � LR Q � E HDP

LQ F LG HQ F H� DQ J OH� DOVR � WK H� G LVWULE X WLR Q � R I � WK H� WDUJ HW� VX UI DF H

LQ F LG HQ F H� DQ J OH� DQ G � WK H� F K DUDF WHULVWLF V� R I � UHG HS R VLWLR Q

DQ G � VHOI � VK DG R Z LQ J � F K DQ J H�

7 K H� VX UI DF H� HY R OX WLR Q � LV� VWUR Q J O\ � DI I HF WHG � E \ � WK H� LQ F L�

G HQ F H� DQ J OH� � VR � WK H� UHVX OWLQ J � VWDE OH� VX UI DF H� VWUX F WX UH

G HS HQ G V� R Q � WK H� VS X WWHU� F R Q G LWLR Q V� � ) LJ X UH� � � H [ HP S OLI LHV

WK H� UHVX OWLQ J � VK DS HV� R I � VLQ J OH� I LE UHV� I R U� Y DULR X V� LR Q � E HDP

LQ F LG HQ F H� DQ J OHV� LQ � WK H� F UR VV� VHF WLR Q � S ODQ H� � , I � WK H

R E OLT X H� LR Q � LP S LQ J HP HQ W� LV� G LUHF WHG � S DUDOOHO� WR � WK H� I LE UH

D[ LV� WK H� UHVX OWLQ J � VK DS HV� R I � WK H� I LE UHV� � VHH� I LJ X UH� � � � DUH

VLP LODU� WR � WK DW� DW� Q R UP DO� LQ F LG HQ F H� � VOLJ K WO\ � P R G LI LHG � E \

WK H� DG G LWLR Q � R I � WK H� D] LP X WK � DQ J OH�
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