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7KH�HFRORJ\� DQG�KDELWDW�XWLOLVDWLRQ�RI�/X P KROW] ¶V�7UHH�

NDQJDURRV��' HQGURODJXV�OXP KROW] L��0 DUVXSLDOLD��

0 DFURSRGLGDH���RQ�WKH�$WKHUWRQ�7DEOHODQGV���

IDU�QRUWK�4 XHHQVODQG��

�

7KHVLV�VXEP LWWHG�E\ �

. DUHQ�( OL] DEHWK�&22 0 %(6�%6F��+RQV��1 7�

,Q�- DQXDU\� ���� �

�

IRU�WKH�GHJUHH�RI�' RFWRU�RI�3KLORVRSK\ �

LQ�=RRORJ\� DQG�7URSLFDO�( FRORJ\ �

ZLWKLQ�WKH�6FKRRO�RI�7URSLFDO�%LRORJ\ �

- DP HV�&RRN�8 QLYHUVLW\ �



�

L�

6WDWHP HQW�RI�$ FFHVV�

�

,��WKH�XQGHUVLJQHG��WKH�DXWKRU�RI�WKLV�WKHVLV��XQGHUVWDQG�WKDW�- DP HV�&RRN�

8 QLYHUVLW\� ZLOO�P DNH�LW�DYDLODEOH�IRU�XVH�ZLWKLQ�WKH�8 QLYHUVLW\� / LEUDU\� DQG��E\�

P LFURILOP� RU�RWKHU�P HDQV��DOORZ�DFFHVV�WR�XVHUV�LQ�RWKHU�DSSURYHG�OLEUDULHV���$OO�

XVHUV�FRQVXOWLQJ�WKLV�WKHVLV�ZLOO�KDYH�WR�VLJQ�WKH�IROORZLQJ�VWDWHP HQW��

�

,Q�FRQVXOWLQJ�WKLV�WKHVLV�,�DJUHH�QRW�WR�FRS\� RU�FORVHO\� SDUDSKUDVH�LW�LQ�

ZKROH�RU�LQ�SDUW�ZLWKRXW�WKH�ZULWWHQ�FRQVHQW�RI�WKH�DXWKRU��DQG�WR�P DNH�

SURSHU�SXEOLF�ZULWWHQ�DFNQRZOHGJP HQW�IRU�DQ\� DVVLVWDQFH��ZKLFK�,�KDYH�

REWDLQHG�IURP� LW��

�

%H\ RQG�WKLV��,�GR�QRW�ZLVK�WR�SODFH�DQ\� UHVWULFWLRQ�RQ�DFFHVV�WR�WKLV�WKHVLV��

�

�

�

�

�

««««««««««« �« �� � � � «««««««« ��

. DUHQ�&RRP EHV� � � � � � ' DWH�

�

�
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LL�

' HFODUDWLRQ�

�

�

,�GHFODUH�WKDW�WKLV�WKHVLV�LV�P \� RZQ�ZRUN�DQG�KDV�QRW�EHHQ�VXEP LWWHG�LQ�DQ\�

IRUP� IRU�DQRWKHU�GHJUHH�RU�GLSORP D�DW�DQ\� XQLYHUVLW\� RU�RWKHU�LQVWLWXWLRQ�RI�

WHUWLDU\� HGXFDWLRQ���,QIRUP DWLRQ�GHULYHG�IURP� WKH�SXEOLVKHG�RU�XQSXEOLVKHG�ZRUN�

RI�RWKHUV�KDV�EHHQ�DFNQRZOHGJHG�LQ�WKH�WH[ W�DQG�D�OLVW�RI�UHIHUHQFHV�LV�JLYHQ��

�

�

�

�

�

�

�

�

�

�

�

««««««««««« � � � � � «««««««« �

. DUHQ�&RRP EHV� � � � � � ' DWH�

�



�

LLL�

' HGLFDWLRQ�

�

,�ZRXOG�OLNH�GHGLFDWH�WKLV�WKHVLV�WR�IRXU�YHU\� VSHFLDO�SHRSOH�LQ�P \� OLIH�ZKLFK�ZHUH�

ORVW�WR�XV�GXULQJ�WKH�WLP H�RI�WKLV�VWXG\� DQG�,�ZLVK�FRXOG�KDYH�EHHQ�KHUH�IRU�LWV�

FRP SOHWLRQ��

�

7R�P \� EURWKHU�6WHYH��P \� IDWKHU�&HF��$XQW\� 1 DQF\ H��

DQG�JRRG�IULHQG�' RXJ�&ODJXH��

<RX�ZLOO�DOO�EH�P LVVHG�GHHSO\� DQG�,�KRSH�WR�P DNH�\ RX�DOO�SURXG��

�

�

�

�

�



�

LY�

$ FNQRZ OHGJP HQWV�

7KHUH�DUH�P DQ\� SHRSOH�ZKR�JDYH�YDOXDEOH�DVVLVWDQFH�WR�P H�GXULQJ�WKLV�VWXG\�

DQG�,�ZRXOG�OLNH�WR�WKDQN�WKHP� DOO�IRU�WKHLU�WLP H�DQG�VXSSRUW���1 RW�RQO\� GLG�WKHVH�

SHRSOH�KHOS�P H�XQVHOILVKO\� EXW�WKH\� DOVR�H[ WHQGHG�WKHLU�IULHQGVKLS���,�DP� SURXG�

WR�VD\� WKDW�,�KDYH�IRXQG�P DQ\� IULHQGV�DQG�DVVRFLDWHV�GXULQJ�WKLV�VWXG\� DQG�

KRSH�WKDW�WKHVH�ZLOO�FRQWLQXH�ZHOO�LQWR�WKH�IXWXUH��

,�ZRXOG�OLNH�WR�VWDUW�E\� H[ SUHVVLQJ�WKDQNV�WR�P \� VXSHUYLVRUV��' UV�$QGUHZ�

. URFNHQEHUJHU��&KULV�-RKQVRQ�DQG�/LVD�' DEHN��ZKR�ZHUH�DOO�YHU\� VXSSRUWLYH��

HQWKXVLDVWLF��HQFRXUDJLQJ�DQG�SDWLHQW���/ LVD�ILUVW�LQVSLUHG�DQG�HQFRXUDJHG�P H�WR�

FRPP HQFH�WKLV�LPP HQVH�DQG�GLIILFXOW�XQGHUWDNLQJ���,�ZRXOG�OLNH�WR�P DNH�D�

VSHFLDO�WKDQNV�WR�$QGUHZ�DV�KH�ZDV�YHU\� HQFRXUDJLQJ�DQG�EROG�WDNLQJ�P H�RQ�DV�

D�VWXGHQW�WR�WDNH�RQ�VXFK�D�GLIILFXOW�DQLP DO�WR�VWXG\ ��DOWKRXJK�,�DP� VXUH�KH�GLG�

KDYH�KLV�UHVHUYDWLRQV�DW�WLP HV���$QGUHZ�SURYLGHG�P H�ZLWK�P XFK�HQWKXVLDVP�

DQG�HQFRXUDJHP HQW�ZKHQ�,�QHHGHG�LW�P RVW���$QGUHZ��WKDQN\ RX�IRU�\ RXU�GU\� ZLW�

DQG�SHUIHFWLRQLVP ���

- DP HV�&RRN�8 QLYHUVLW\� 6FKRRO�RI�7URSLFDO�%LRORJ\� DQG�5 DLQIRUHVW�&5&� ZHUH�

ERWK�H[ WUHP HO\� VXSSRUWLYH�ERWK�SURIHVVLRQDOO\� DQG�ILQDQFLDOO\ ��ZLWKRXW�ZKLFK�WKLV�

VWXG\� ZRXOG�QRW�KDYH�EHHQ�SRVVLEOH���7KDQN\ RX�HVSHFLDOO\� WR�3DXO�* DGHN��

6WHYHQ�7XUWRQ��( YD�. LQJ�DQG�/HDQQH�9HUUDOO��WR�P HQWLRQ�MXVW�D�IHZ��

,�ZRXOG�OLNH�WR�H[ SUHVV�LPP HQVH�JUDWLWXGH�WR�ERWK�* UDHP H�1 HZHOO�DQG�5 RJHU�

0 DUWLQ��ZKR�ZHUH�HQFRXUDJLQJ��HQWKXVLDVWLF�DQG�ZLOOLQJ�WR�VKDUH�WKHLU�NQRZOHGJH�

DQG�H[ SHULHQFH�RI�WUHH�NDQJDURRV�ZLWK�P H��DORQJ�ZLWK�WKHLU�YDOXHG�IULHQGVKLSV��

$�VSHFLDO�WKDQNV�JRHV�WR�WKH�ODWH�' RXJ�&ODJXH��ZKR�VSHQW�FRXQWOHVV�KRXUV�LQ�

WKH�IRUHVW�ZLWK�P H�WU\ LQJ�WR�ILQG�WUHH�NDQJDURRV��WUDFNLQJ�WKHP� DQG�DWWHP SWLQJ�WR�

LQVWUXFW�P H�RQ�WKH�LGHQWLILFDWLRQ�RI�WKH�ORFDO�WUHH�VSHFLHV��� ' RXJ�ZDV�H[ WUHP HO\�

SDWLHQW�ZLWK�P H�ZLWK�WUHH�LGHQWLILFDWLRQ��KH�QHYHU�JDYH�XS�WU\ LQJ��DQG�QRWKLQJ�

ZDV�HYHU�WRR�P XFK�WURXEOH�IRU�KLP ��� ' RXJ�ZDV�D�JUHDW�IULHQG�DQG�KH�ZLOO�EH�

GHHSO\� P LVVHG��

,�ZRXOG�OLNH�WR�WKDQN�%HWK�6WLUQ�DQG�0 DUJLW�&LDQHOOL�IRU�LQWURGXFLQJ�P H�WR�WUHH�

NDQJDURRV�DQG�WR�/ LVD�' DEHN���7KH\� ZHUH�DOVR�KDSS\� WR�VKDUH�WKHLU�

H[ SHULHQFHV�ZLWK�P H�DQG�WKHLU�FRQWLQXHG�VXSSRUW�DQG�IULHQGVKLSV��



�

Y�

5 LJHO�- HQVHQ�DQG�7RQ\� ,UYLQH�ZHUH�ERWK�H[ FHSWLRQDO�LQ�WKHLU�ZRUN��LGHQWLI\ LQJ�

IORUD�DQG�LQ�WKH�FROOHFWLRQ�RI�YHJHWDWLRQ�VWUXFWXUDO�DQG�IORULVWLF�GDWD���7KDQNV�DOVR�

WR�3HWHU�' HOORZ�Z KR�DOVR�DVVLVWHG�LQ�IORUD�LGHQWLILFDWLRQ�DQG�WR�1 LJHO�7XFNHU�ZKR�

JDYH�XS�VRP H�RI�KLV�YDOXDEOH�WLP H�WR�FRP H�LQWR�WKH�ILHOG�DQG�GLVFXVV�YHJHWDWLRQ�

VDP SOLQJ�ZLWK�P H��

0 DQ\� SHRSOH�JDYH�XS�WKHLU�WLP H�WR�FRP H�LQWR�WKH�ILHOG�ZLWK�P H�WR�HLWKHU�DWWHP SW�

WR�ILQG�WUHH�NDQJDURRV�WR�FDWFK�IRU�UDGLR�FROODULQJ��WR�UDGLR�WUDFN�WKH�DQLP DOV�

DOUHDG\� FROODUHG�RU�WR�XQGHUWDNH�WKH�P DQ\� RWKHU�WKLQJV�WKDW�,�UHTXLUHG�RI�WKHP�

VXFK�DV�P HDVXULQJ�RXW�WUDQVHFWV���7KH\� KDG�WR�HQGXUH�P DQ\� KRXUV�RI�RQO\�

RFFDVLRQDOO\� VHHLQJ�WUHH�NDQJDURRV��EHLQJ�DWWDFNHG�E\� OHHFKHV�DQG�GRGJLQJ�

VWLQJLQJ�WUHHV��,�DP� YHU\� JUDWHIXO�WR�WKHP� DOO���7KDQN\ RX�: HQG\� DQG�: DUZLFN�

%HUJHQ��/DUU\� &URRN��6XH�0 DVVDP ��/HH�&XUWLV��' DYLG�&ROOLQV��&KULVWLQD�%DUKGW��

&KULVWLDQH�5 RHWJHUV��DQG�WR�DQ\ RQH�,�KDYH�LQDGYHUWHQWO\� P LVVHG��WKDQN\ RX��

7KDQNV�WR�. DUHQ�5 DELGHDX[ ��D�WUHH�NDQJDURR�] RRNHHSHU�IURP� 0 LOZDXNHH�

&RXQW\� =RRORJLFDO�3DUN�LQ�WKH�8 6��ZKR�VSHQW�WZR�YHU\� KHFWLF�ZHHNV�KHUH���

. DUHQ�SURYHG�WR�EH�D�OXFN\� FKDUP� DQG�ZH�FDSWXUHG�WZR�DQLP DOV�ZKLOH�VKH�ZDV�

KHUH��D�UHFRUG�QXP EHU�LQ�WKDW�WLP H��$OVR�WR�+HLGL�* URIIHQ��DQRWKHU�WUHH�

NDQJDURR�] RRNHHSHU�IURP� $GHODLGH�=RR��ZKR�DOVR�VSHQW�D�JUXHOOLQJ�WZR�ZHHNV�

ZLWK�P H�ZDONLQJ�DOO�RYHU�WKH�VWXG\� VLWH�IRU�P DQ\� KRXUV�RQ�HQG��GD\� DQG�QLJKW��

,�DOVR�KDG�SURIHVVLRQDO�DVVLVWDQFH�IURP� RWKHU�UHVHDUFKHUV�ZKR�VKDUHG�WKHLU�

NQRZOHGJH�DQG�H[ SHULHQFH�ZLWK�P H�JHQHURXVO\ ���( VSHFLDOO\� - LQ�/L�IURP� &6,5 2 ��

ZKR�ZDV�DQ�LQGLVSHQVDEOH�DLG�LQ�P XOWLYDULDWH�RUGLQDWLRQ�WHFKQLTXHV��3HWHU�/DWFK�

�(3$ ���$QGUHZ� ' HQQLV��&6,5 2 ���- RKQ�. DQRZVNL��* ULIILWK�8 QLYHUVLW\ �� - DP LH�

6H\ P RXU��- &8 ��DQG�: LOO�( GZDUGV��- &8 ��DOO�JDYH�P H�HQFRXUDJHP HQW�DQG�

WHFKQLFDO�VXSSRUW���. DUHQ�%DUQHV��6 \ GQH\� 8 QLYHUVLW\ ��VSHQW�D�ODUJH�DP RXQW�RI�

WLP H�ILQH�WXQLQJ�WKH�GHFDOFLILFDWLRQ�WHFKQLTXH�RI�WHHWK�IRU�VHFWLRQLQJ�DQG�

SURYLGLQJ�WKH�VOLGHV�IRU�P H���. DWLH�- RQHV��- &8 ��WDXJKW�P H�KRZ�WR�SUHSDUH�

FXWLFOH�VOLGHV�IRU�VFDW�DQDO\ VLV�DQG�LV�DOVR�D�JRRG�IULHQG��� �

,�ZRXOG�DOVR�OLNH�WR�WKDQN�RWKHU�SRVW�JUDGXDWH�VWXGHQWV�DQG�8 QLYHUVLW\� VWDII�ZKR�

ZHUH�D�VRXUFH�RI�HQFRXUDJHP HQW�DQG�SURYLGHG�P H�ZLWK�D�YDOXDEOH�VRXQGLQJ�

ERDUG�IRU�LGHDV��5 RP LQD�5 DGHU��1 LJHO�: HVWRQ��. DWLH�- RQHV��6DUDK�0 DFODJDQ�

DQG�6DQGUD�$EHOO��

�



�

YL�

,�ZRXOG�OLNH�WR�H[ SUHVV�P \� DSSUHFLDWLRQ�WR�&DLUQV�%XUHDX�RI�0 HWHRURORJ\� IRU�

UDLQIDOO�LQIRUP DWLRQ�IRU�0 DODQGD���7R�$GHOOD�( GZDUGV��7(6$ * ��- &8 �� IRU�

SURYLGLQJ�P H�ZLWK�D�P DS�RI�WKH�VWXG\� VLWH��) LJXUH�� �� ��DQG�WR�0 OLV�) O\ QQ�IURP�

WKH�: HW�7RSLFV�DOVR�IRU�WKH�P DS�RI�IUDJP HQWV�LQ�VWXG\� DUHD��) LJXUH�� �� � ��

,�ZRXOG�DOVR�OLNH�WR�WKDQN�/ LVD�' DEHN��6WDFLD�0 DUWLQ�IURP� 5 RJHU�: LOOLDP V�3DUN�

=RR�DQG�' U�/X LV�3DGLOOD�IURP� 6W�/RXLV�=RR��IRU�UHYLHZLQJ�WZR�RI�P \� FKDSWHUV�IRU�

P H�ZKLOH�WKH\� ZHUH�GRLQJ�ILHOG�ZRUN�RQ�WUHH�NDQJDURRV�LQ�WKH�UDLQIRUHVWV�RI�

3DSXD�1 HZ� * XLQHD���7KDQNV�DOVR�WR�/HH�&XUWLV��: HQG\� %HUJHQ�DQG�* ZHQ�

* ULIILQ�IRU�UHYLHZLQJ�FKDSWHUV�IRU�P H���$�VSHFLDO�WKDQNV�JRHV�WR�6DUDK�0 DFODJDQ�

DQG�. DWLH�- RQHV��ZKR�SDLQVWDNLQJO\� FKHFNHG�WKH�HQWLUH�WKHVLV�IRU�P H�SULRU�WR�

VXEP LVVLRQ��

6SHFLDO�DFNQRZOHGJP HQW�WR�: HQG\ ��D�JRRG�IULHQG��ZKR�SURYLGHG�HP RWLRQDO�

VXSSRUW�DV�ZHOO�DV�SURIHVVLRQDO�YHWHULQDU\� DGYLFH�DQG�ZKR�DOVR�SXW�XS�ZLWK�P \�

P DQ\� UDP EOLQJV��7KDQNV�DOVR�WR�- RKQ�0 F. HQ] LH�IRU�KLV�9HWHULQDU\� $GYLFH��

0 \� DSSUHFLDWLRQ�DOVR�JRHV�WR�- RKQ�<RXQJ��D�JRRG�IULHQG��IRU�ILOP LQJ�DQG�

LQFUHDVLQJ�SXEOLF�DZDUHQHVV�IRU�$XVWUDOLDQ�WUHH�NDQJDURRV��

,�ZRXOG�DOVR�OLNH�WR�WKDQN�P \� IULHQGV�DQG�IDP LO\� ZKR�DOO�EHOLHYHG�LQ�P H��

2 I�FRXUVH��LQGHEWHGQHVV�JRHV�WR�P \� KXVEDQG�1 HLO��ZKR�KDV�EHHQ�P \� JUHDWHVW�

DGYRFDWH�DQG�DVVLVWDQW��1 HLO�KDV�QRW�RQO\� EHHQ�DQ�RXWVWDQGLQJ�FRQWULEXWRU�EXW�

KDV�SXW�XS�ZLWK�VR�P XFK�IURP� WUHH�NDQJDURRV�WDNLQJ�RYHU�RXU�OLIH��IURP� KDYLQJ�D�

EDE\� WUHH�NDQJDURR�WR�VKDUH�RXU�OLIH�WR�UHVFXLQJ�WUHH�NDQJDURRV�DQG�FOLP ELQJ�

WUHHV�IRU�WUDQTXLOOLVHG�DQLP DOV���,�FRXOG�QRW�KDYH�GRQH�WKLV�ZLWKRXW�KLV�LQYDOXDEOH�

VXSSRUW���$QG�WR�³: LOOLDP ´��WKH�WUHH�NDQJDURR�ZH�KDQG�UDLVHG��ZKR�LV�DGRUDEOH�

DQG�FRQWLQXHV�WR�LQVSLUH�P H���,W�LV�VXFK�D�SULYLOHJH�WR�VKDUH�WLP H�ZLWK�VXFK�D�

XQLTXH�DQLP DO��

7KLV�VWXG\� ZDV�SHUIRUP HG�XQGHU�WKH�UHOHYDQW�SHUP LWV��4 XHHQVODQG�3DUNV�DQG�

: LOGOLIH�6HUYLFH�6FLHQWLILF�3XUSRVHV�3HUP LW�XQGHU�1 DWXUH�&RQVHUYDWLRQ�

5 HJXODWLRQ������ 1 R�: ,63 ���������DQG� - DP HV�&RRN�8 QLYHUVLW\� $QLP DO�( WKLFV�

$SSURYDO�1 R�$ ��� ��
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YLL�

7DEOH�RI�&RQWHQWV�

6WDWHP HQW�RI�$FFHVV�������������������������������������������������������������������������������� L�

' HFODUDWLRQ��������������������������������������������������������������������������������������������� LL�

' HGLFDWLRQ���������������������������������������������������������������������������������������������� LLL�

$FNQRZOHGJP HQWV���������������������������������������������������������������������������������� LY�

/ LVW�RI�7DEOHV���������������������������������������������������������������������������������������� [ LL�

/ LVW�RI�) LJXUHV�������������������������������������������������������������������������������������� [ LLL�

/ LVW�RI�) LJXUHV�������������������������������������������������������������������������������������� [ LLL�

$%675 $&7 ������������������������������������������������������������������������������������������������������ � �

&+ $37( 5� � � � ,1 75 2 '8& 7,2 1 ��������������������������������������������������������������������� � �

� �� � $ ,06�2)�7+(�678'< ������������������������������������������������������������������������������ � �

&+ $37( 5� � � � 75 (( �. $1 * $5 22� %,2 / 2* <�$1'� ( &2 / 2* <��/ ,7( 5 $785 (�
5 (9 ,( : � ��������������������������������������������������������������������������������� � �

� �� � $8675$/,$1�75(( � .$1*$5226 ������������������������������������������������������������� � �

� �� � * (1(5$/�%,2/2*<�2)�75(( � .$1*$5226 ����������������������������������������������� � �

� �� �� � 5 HSURGXFWLYH�ELRORJ\ ���������������������������������������������������������������� �� �

� �� �� � 6RFLDO�EHKDYLRXU����������������������������������������������������������������������� �� �

� �� �� � $FWLYLW\� SDWWHUQV������������������������������������������������������������������������� �� �

� �� � 63$7,$/�25*$1,6$7,21� � �+20(�5$1*(�25�7(55,725,(6 ����������������������� �� �

� �� �� � 5 HVRXUFHV�DQG�KRP H�UDQJHV���������������������������������������������������� �� �

� �� �� �� � 7UHH�NDQJDURRV�DQG�KRP H�UDQJHV���������������������������������������� �� �

� �� �� � +RP H�UDQJH�DQG�ERG\�VL] H������������������������������������������������������� �� �
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�� �� � &+$37(5� � �������������������������������������������������������������������������������������� ��� �

�� �� � &+$37(5� � �������������������������������������������������������������������������������������� ��� �

�� �� � &+$37(5� � �������������������������������������������������������������������������������������� ��� �
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/ LVW�RI�7DEOHV�

7DEOH�� �� ���+RP H�UDQJH��KD��RI�' ��OXP KROW] L�LQ��E�IRUHVW�ZLWK�FRP SDULVRQ�WR�
1 HZHOO¶V������E �� �E�DQLP DOV�XVLQJ��� � ���� �� DQG����� KDUP RQLF�P HDQV�
�+0 ��DQG�0 LQLP XP� &RQYH[� 3RO\ JRQV��0 &3�������������������������������������������� �� �

7DEOH�� �� ��&RP SDULVRQ�RI�WKH�KRP H�UDQJH�VL] HV�RI�/X P KROW] ¶V�WUHH�NDQJDURRV�
DQG�RWKHU�DUERUHDO�IROLYRUHV�� ������������������������������������������������������������������� �� �

7DEOH�� �� ��7ZHQW\ �VL[� GRP LQDQW�WUHH�VSHFLHV�IURP� DOO�YHJHWDWLRQ�VDP SOHG� ���� �� �

7DEOH�� �� ��8 VH�RI�WUHH�DQG�YLQH�VSHFLHV�E\� ' ��OXP KROW] L�LQ��E�UDLQIRUHVW� ���������� �

7DEOH�� �� ��/ LVW�RI�WUHH�VSHFLHV�XVHG�E\� ' ��OXP KROW] L�DQG�FRP SDUHG�WR�WKRVH�
DYDLODEOH�WR�DOO���DQLP DOV���$OVR�WUHH�VSHFLHV�XVHG�E\� LQGLYLGXDOV�FRP SDUHG�
WR�WKRVH�DYDLODEOH�ZLWKLQ�WKHLU�LQGLYLGXDO�KRP H�UDQJHV� ���������������������������� �� �

7DEOH�� �� ��3URSRUWLRQ�RI�SODQW�VSHFLHV�IUDJP HQWV�IRXQG�LQ�VFDW�VDP SOHV� ������� �� �

7DEOH�� �� ���3URSRUWLRQ�RI�SHWLROHV�DQG�\ RXQJ�OHDYHV�IRXQG�LQ�VFDW�VDP SOHV���� �� �

7DEOH�� �� ��' LP HQVLRQV�RI�HDFK�UHJLRQ�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�RI�P DOH�DQG�
IHP DOH�' ��OXP KROW] L� �������������������������������������������������������������������������������� ��� �

7DEOH�� �� ���&DSDFLWLHV�RI�UHJLRQV�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�RI�P DOH�DQG�IHP DOH�
' ��OXP KROW] L��������������������������������������������������������������������������������������������� ��� �

7DEOH�� �� ��&RP SDULVRQ�RI�WKH�UHODWLYH�FDSDFLWLHV�DQG�GLP HQVLRQV�RI�UHJLRQV�RI�
WKH�JDVWURLQWHVWLQDO�WUDFW�RI�' ��OXP KROW] L��DQG�7K\ ORJDOH�WKHWLV��0 DFURSXV�
HXJHQLL�DQG�0 DFURSXV�JLJDQWHXV��' HOORZ�DQG�+XP H����� � ������������������� ��� �

7DEOH�� �� ��� $�FRP SDULVRQ�RI�WKH�UHODWLYH�FDSDFLWLHV�DQG�GLP HQVLRQV�RI�UHJLRQV�
RI�WKH�JDVWURLQWHVWLQDO�WUDFW�RI�' ��OXP KROW] L��RWKHU�NDQJDURR�VSHFLHV��
UXP LQDQWV�DQG�DUERUHDO�IROLYRUHV��� ��������������������������������������������������������� ��� �

7DEOH�� �� ��. H\� WR��� WRRWK�ZHDU�FODVVHV�LQ�' ��OXP KROW] L��) LJXUHV�� ���DQG���� � ���� �

7DEOH�� �� ��� $JH�HVWLP DWLRQ�XVLQJ�KHDG�DQG�SHV�OHQJWKV�XVLQJ�- RKQVRQ�DQG�
' HOHDQ¶V������ ��³SRO\ QRP LDO�JURZWK�HTXDWLRQ́�IRU�DQLP DOV�LQ�WKLV�VWXG\ ��3(�
SUHGLFWRU�HUURU�LQ�GD\ V� ��������������������������������������������������������������������������� ��� �

�
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/ LVW�RI�) LJXUHV�

) LJXUH�� ��� 0 DS�RI�WKH�$WKHUWRQ�7DEOHODQGV�VKRZLQJ�WKH�ORFDWLRQ�RI�WKH�VWXG\�
VLWH�DW�- DJJDQ�QHDU�0 DODQGD����0 DS�FRXUWHV\� RI�$ ��( GZDUGV��- DP HV�&RRN�
8 QLYHUVLW\ � ������������������������������������������������������������������������������������������������ �� �

) LJXUH�� �� ��$UHD�RI�WKH�$WKHUWRQ�7DEOHODQGV�LQ�WKH�UHJLRQ�RI�WKH�VWXG\� VLWH��
VKRZLQJ�IUDJP HQWDWLRQ�RI�UDLQIRUHVWV�UHP DLQLQJ�LQ�WKH�DUHD���0 DS�FRXUWHV\�
RI�: HW�7URSLFV������������������������������������������������������������������������������������������ �� �

) LJXUH�� ���� $HULDO�SKRWR�RI�VWXG\� VLWH�DQG�QHLJKERXULQJ�IUDJP HQW��VHSDUDWHG�E\�
WKH�,WKLFD�5 LYHU���6WXG\� DUHD�P DUNHG�RXW�LQ�ZKLWH���$OVR�VKRZQ�DUH�WKH�
DUHDV�RI�UHJURZWK��P DWXUH�IRUHVW��SLQH�IRUHVW�DQG�VSULQJV�ZLWKLQ�WKH�VWXG\�
VLWH�DQG�DUHD�RI�UHJURZWK�WR�ULJKW�RI�VWXG\� VLWH����3KRWR���4 XHHQVODQG�
' HSDUWP HQW�RI�1 DWXUDO�5 HVRXUFHV������������������������������������������������������������ �� �

) LJXUH�� �� ���7KH�IRXU�GLIIHUHQW�KDELWDWV�LQ�VWXG\� VLWH��D��ULSDULDQ�YHJHWDWLRQ�
VXUURXQGLQJ�RQH�RI�WKH�VSULQJV��E��SLQH�IRUHVW��F��UHJURZWK��G��P DWXUH�
IRUHVW� ������������������������������������������������������������������������������������������������������� �� �

) LJXUH�� �� ��D��6HGDWHG�' ��OXP KROW] L�EHLQJ�P HDVXUHG�DQG�UDGLR�FROODUHG�DIWHU�
FDSWXUH��E�� ' ��OXP KROW] L�LQ�KHVVLDQ�EDJ�EHLQJ�ZHLJKHG��F��$QLP DO�EHLQJ�
FKHFNHG�EHIRUH�UHOHDVH��G��7UDFNLQJ�DQLP DOV��H�� ' ��OXP KROW] L�ZLWK�UDGLR�
FROODU�EHLQJ�WUDFNHG��1 RWH�KRZ�GLIILFXOW�LW�LV�WR�VHH�WKH�VHFRQG�DQLP DO��WR�WKH�
OHIW�� ���������������������������������������������������������������������������������������������������������� �� �

) LJXUH�� �� ���&RUH�DUHDV�IRU�' ��OXP KROW] L�IURP� WKLV�VWXG\ ��P HDQ�rr �VH��ZHUH�
HVWLP DWHG�E\� DQDO\ VLQJ�WKH�SURSRUWLRQDO�LQFUHP HQWDO�LQFUHDVHV��ORJ�
GHFLP DO��LQ�KRP H�UDQJH�IRU��� � �� �� +0 ��������������������������������������������������� �� �

) LJXUH�� �� ���1 XP EHU�RI�VLJKWLQJV�UHTXLUHG�DW��� �� KDUP RQLF�P HDQ��P HDQ�rr �VH��
WR�DFFXUDWHO\� HVWLP DWH�RQH�P DOH¶V��&ROLQ��KRP H�UDQJH���) RU�WKLV�DQLP DO�DQ�
DV\ P SWRWH�ZDV�UHDFKHG�DW�DURXQG����VLJKWLQJV� �������������������������������������� �� �

) LJXUH�� �� ���6WXG\� VLWH�VKRZLQJ�KRP H�UDQJHV�RI�DOO���DQLP DOV�DW��� �� KDUP RQLF�
P HDQ� ������������������������������������������������������������������������������������������������������� �� �

) LJXUH�� �� ��0 DS�RI�VWXG\� IUDJP HQW�ZLWK��� P� SRLQW�WUDQVHFWV�DQG�DQ�RYHUOD\� RI�
�� �� +DUP RQLF�P HDQ�P HDVXUH�RI�HDFK�DQLP DO¶V�KRP H�UDQJH��$ [ HV�
UHSUHVHQW�8 QLYHUVDO�JULG�UHIHUHQFH��$* '� �� ��( DVW�DQG�1 RUWK�� ���������������� �� �

) LJXUH�� �� ���+DUP RQLF�P HDQ�FRQWRXUV�RYHU�TXDGUDW�JULG�IRU�WZR�P DOHV�XVLQJ�
5 DQJHV��� �. HQZDUG�HW�DO����� � ���� �� +DUP RQLF�P HDQ�LV�WKH�LQVLGH�FRQWRXU�
DQG�UHSUHVHQWV�KLJK�XVH���� �� LV�WKH�QH[ W�OLQH�RXW�UHSUHVHQWLQJ�P HGLXP�
XVH���� �� LV�WKH�QH[ W�UHSUHVHQWLQJ�ORZ�XVH�DQG����� LV�WKH�RXWVLGH�FRQWRXU�
UHSUHVHQWLQJ�YHU\� ORZ�XVH���$OO�TXDGUDWV�RU�SORWV�RXWVLGH�FRQWRXUV�ZHUH�
FODVVHG�DV�QR�NQRZQ�XVH��$ [ HV�UHSUHVHQW�8 QLYHUVDO�JULG�UHIHUHQFH��$* '�
�� ��( DVW�DQG�1 RUWK�� �������������������������������������������������������������������������������� �� �

) LJXUH�� �� ��1 RQP HWULF�0 XOWLGLP HQVLRQDO�6FDOLQJ��1 0 6��RI�WKH����� YDULDEOHV�
�VWUXFWXUDO�FKDUDFWHUV�DQG�WUHH�VSHFLHV�DEXQGDQFHV�� IRU�WKH���� TXDGUDWV�
DJDLQVW�LQWHQVLW\� RI�XVH��+0 � ��E\� ' ��OXP KROW] L���+ ��KLJK�XVH��0 ��P HGLXP�
XVH��/ ��ORZ�XVH��9 / ��YHU\� ORZ�XVH��1 ��QR�NQRZQ�XVH� ������������������������������ �� �

�
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) LJXUH�� �� ���3URSRUWLRQ�RI�WUHH�VSHFLHV�XVHG�DQG�WUHH�VSHFLHV�DYDLODEOH��7UHH�
VSHFLHV�DUH�LQ�RUGHU�RI�DEXQGDQFH���$OO�VSHFLHV�QRW�XVHG�RU�XVHG�OHVV�WKDQ�
� �� �� �H[ FHSW�VLJQLILFDQW��DUH�SODFHG�LQ�³RWKHU�́�6WDUV�UHSUHVHQW�VLJQLILFDQW�
XVH�! � ��� � ������������������������������������������������������������������������������������������������ �� �

) LJXUH�� �� �( ODHDJQXV�WULIORUD��D��UHIHUHQFH�VOLGH�VKRZLQJ�IORZHU�OLNH�WULFKRP HV�
E�� IUDJP HQW�IURP� VFDW�VDP SOH� ����������������������������������������������������������������� �� �

) LJXUH�� �� ��0 HDQ�SURSRUWLRQ�RI�IUDJP HQWV�LQ�VFDWV�IRU�HDFK�WUHH�VSHFLHV������ ��� �

) LJXUH�� �� ��3KRWRV�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�RI�DQ�DGXOW�' HQGURODJXV�OXP KROW] L�
�7. �� � � ��������������������������������������������������������������������������������������������������� ��� �

) LJXUH�� �� ��3KRWRV�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�RI�' ��OXP KROW] L�SRXFK�\ RXQJ� ��� �

) LJXUH�� ��� 7RWDO�ZHW�P DVV�RI�WKH�JXW�FRQWHQWV�DV�D�IXQFWLRQ�RI�ERG\� P DVV�IRU�' ��
OXP KROW] L� ������������������������������������������������������������������������������������������������ ��� �

) LJXUH�� ��� 7RWDO�ZHW�P DVV�RI�WKH�JXW�WLVVXH�DV�D�IXQFWLRQ�RI�ERG\� P DVV�IRU�' ��
OXP KROW] L� ������������������������������������������������������������������������������������������������ ��� �

) LJXUH�� ��� 7RWDO�ZHW�P DVV�RI�WKH�VWRP DFK�FRQWHQWV�DV�D�IXQFWLRQ�RI�ERG\� P DVV�
IRU�' ��OXP KROW] L� �������������������������������������������������������������������������������������� ��� �

) LJXUH�� �� �&RP SDULVRQ�RI�GLIIHUHQW�JDVWURLQWHVWLQDO�WUDFWV��D��&ROREXV�P RQNH\ ��
&ROREXV�DE\VVLQLFXV�E�� ( DVWHUQ�* UH\� NDQJDURR��0 DFURSXV�JLJDQWHXV�F��
VORWK��%UDG\ SXV�WULGDFW\ OXV�G�� /X P KROW] ¶V�WUHH�NDQJDURR��' ��OXP KROW] L��6FDOH�
�� FP� JULG��D±F���7DNHQ�IURP� 6WHYHQV�DQG�+XP H����� �������������������������� ��� �

) LJXUH�� �� ��3HUP DQHQW�SUHP RODU��3 � ��XQGHU�GHFLGXRXV�SUHP RODUV�LQ�\ RXQJ�MRH\ �
��������������������������������������������������������������������������������������������������������������� ��� �

) LJXUH�� �� ��&XWWLQJ�SODQH�RI�WKH�0 RODU��0 � ���������������������������������������������������� ��� �

) LJXUH�� �� ��3KRWRJUDSKV�RI�XSSHU�WRRWK�URZ�RI�' ��OXP KROW] L�VKRZLQJ�WRRWK�ZHDU�
FODVVHV���$QWHULRU�RI�WRRWK�URZ�WR�ULJKW���7RS�RI�SDJH�LV�FKHFN�VLGH��ERWWRP�
WRQJXH��OLQJXDO��VLGH�RI�P RXWK���7HHWK�ODEHOOHG�RQ�D��DQG�F�� ' 3 ��GHFLGXRXV�
SUHP RODUV��3 � ��SUHP RODU��0 ��± �0 � ��P RODUV� ������������������������������������������� ��� �

) LJXUH�� �� ���,OOXVWUDWLRQV�RI�HDFK�RI�WKH�HLJKW�WRRWK�ZHDU�FODVVHV��: KLWH�DUHDV�
VKRZ�HQDP HO�ZHDU��EODFN�DUHDV�DUH�SODTXH��JUH\� DUHDV�DUH�QRW�ZRUQ�H[ FHSW�
RQ�&ODVV�9,�ZKHUH�LW�VKRZV�EDVLQ�IRUP LQJ�³&DYLW\ ´��D�E��GHFLGXRXV�
SUHP RODUV��F�I��3 ��S UHP RODUV��J�K��3 ��DQG�0 � � �������������������������������������� ��� �

) LJXUH�� �� ���7RRWK�ZHDU�FODVVHV�LQ�UHODWLRQ�WR�WKH�QXP EHU�RI�FHP HQWXP� DQQXOL�
��������������������������������������������������������������������������������������������������������������� ��� �

) LJXUH�� �� ��� 3KRWRJUDSKV�RI�FHP HQWXP� DQQXOL�IRU�HDFK�FODVV���,QFUHP HQWDO�
OLQHV�DUH�QXP EHUHG�RQ�HDFK�SKRWRJUDSK��&ODVV�9,,,�ZDV�RI�NQRZQ�DJH�RI�
��� \ HDUV�ROG��' ��GHQWLQH��'& ��GHQWLQH�FHP HQWXP� MXQFWLRQ��&��FHP HQWXP �
� ��� �

) LJXUH�� �� ���7RRWK�ZHDU�FODVVHV�DV�D�IXQFWLRQ�RI�ERG\� ZHLJKW��NJV�� IRU�' ��
OXP KROW] L� ������������������������������������������������������������������������������������������������ ��� �
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$EVWUDFW�

/X P KROW] ¶V�WUHH�NDQJDURR��' HQGURODJXV�OXP KROW] L���RQH�RI�$XVWUDOLD¶V�ODUJHVW�

IROLYRUHV�DQG�RQH�RI�RQO\� WZR�WUHH�NDQJDURR�VSHFLHV�HQGHP LF�WR�$XVWUDOLD�DQG�

IDU�QRUWK�4 XHHQVODQG¶V�: HW�7URSLFV��� ' ��OXP KROW] L�DUH�P RVW�FRPP RQO\� IRXQG�LQ�

WKH�IUDJP HQWHG�UDLQIRUHVWV�WKDW�UHP DLQ�ZLWKLQ�DQ�DJULFXOWXUDO�P DWUL[� LQ�D�

UHODWLYHO\� VP DOO�DUHD�RQ�WKH�$WKHUWRQ�7DEOHODQGV���8 QIRUWXQDWHO\� WKH�P DMRULW\� RI�

WKHVH�IUDJP HQWV�DUH�RQ�SULYDWHO\� RZQHG�ODQG�DQG�DUH�QRW�WRWDOO\� SURWHFWHG�IURP�

FOHDULQJ��WKHUHIRUH�WKHLU�ORQJ�WHUP� SHUVLVWHQFH�LV�WKUHDWHQHG�E\� ODQG�FOHDULQJ��

IXUWKHU�KDELWDW�IUDJP HQWDWLRQ�DQG�P RUWDOLW\� IURP� GRJV�DQG�FDUV���

$OWKRXJK�WKHUH�KDYH�EHHQ�D�IHZ�VWXGLHV�RQ�WKH�HFRORJ\� DQG�KDELWDW�XVH�RI�' ��

OXP KROW] L��RXU�FXUUHQW�NQRZOHGJH�LV�OLP LWHG���$�P RUH�FRP SUHKHQVLYH�

XQGHUVWDQGLQJ�RI�VSDWLDO�DQG�IORULVWLF�KDELWDW�XVH�LV�HVVHQWLDO�IRU�WKH�

FRQVHUYDWLRQ�DQG�P DQDJHP HQW�RI�' ��OXP KROW] L��

7KLV�VWXG\� H[ DP LQHG�WKH�VSDWLDO�RUJDQLVDWLRQ�DQG�KDELWDW�XWLOLVDWLRQ�RI�

/X P KROW] ¶V�WUHH�NDQJDURRV�LQ�D�7\ SH��E�UDLQIRUHVW�IUDJP HQW�RQ�WKH�$WKHUWRQ�

7DEOHODQGV�DQG�FRP SDUHG�WKLV�WR�HDUOLHU�VWXGLHV��3URFWHU�* UD\� ���� ��1 HZHOO�

���� � ���7KH�WZR�SUHYLRXV�VWXGLHV�ZHUH�ERWK�XQGHUWDNHQ�RQ�WKH�VDP H�VSDWLDOO\�

UHVWULFWHG�UDLQIRUHVW�W\ SH��7\ SH��E��RQO\� D�FRXSOH�RI�KXQGUHG�P HWUHV�DSDUW��VR�

WKLV�VWXG\� KDV�SURYLGHG�DQ�LP SRUWDQW�H[ SDQVLRQ�RI�RXU�XQGHUVWDQGLQJ�RI�' ��

OXP KROW] L�HFRORJ\� DFURVV�VSDFH�DQG�UDLQIRUHVW�W\ SHV��� �

7KHUH�ZHUH�QR�VLJQLILFDQW�HIIHFWV�RI�UDLQIRUHVW�W\ SH�RQ�WKH�KRP H�UDQJH�VL] HV�RI�

' ��OXP KROW] L��3URFWHU�* UD\� ���� ��1 HZHOO����� ��7KLV�VWXG\ ����0 DOH�' ��OXP KROW] L�LQ�

WKLV�VWXG\� KHOG�KRP H�UDQJHV�RI�� ��� r �� ���KD���� �� +0 ��RYHUODSSLQJ�WKDW�RI�

VHYHUDO�IHP DOHV�EXW�QRW�RWKHU�P DOHV��DQG�IHP DOHV�KDG�H[ FOXVLYH�KRP H�UDQJHV�

RI�� ��� r �� ���KD���� �� +0 ��RI�D�VLP LODU�VL] H�WR�P DOHV���+RZHYHU��WKHUH�ZDV�D�

ODUJH�DP RXQW�RI�YDULDWLRQ�LQ�IHP DOH�KRP H�UDQJH�VL] HV��� ���± �� ���KD����%RG\�

ZHLJKW�GLG�QRW�H[ SODLQ�WKLV�YDULDWLRQ�LQ�KRP H�UDQJH�VL] HV��

7KLV�VWXG\� DOVR�H[ DP LQHG�VWUXFWXUDO�DQG�IORULVWLF�FKDUDFWHULVWLFV�RI�WKH�KDELWDW�

DQG�LQYHVWLJDWHG�LI�WKHVH�FRXOG�EH�XVHG�WR�P RGHO�' ��OXP KROW] L�KDELWDW�XVDJH���

7KH�VWUXFWXUDO�DQG�IORULVWLF�FKDUDFWHUV�P HDVXUHG�LQ�WKLV�VWXG\� FRXOG�QRW�EH�XVHG�
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WR�GHWHUP LQH�WKH�IRFXV�RI�KDELWDW�XVDJH���7KLV�VWXG\� KDV�VKRZQ�WKDW�WKHUH�LV�D�

P RUH�FRP SOH[� DVVRFLDWLRQ�EHWZHHQ�' ��OXP KROW] L�DQG�LWV�XVH�RI�KDELWDW�RWKHU�

WKDQ�WKH�VWUXFWXUDO�FKDUDFWHUV�RI�WKH�KDELWDW���' ��OXP KROW] L�GR�VHOHFW�VSHFLILF�WUHH�

VSHFLHV��EXW�WKHUH�DUH�VWURQJO\� H[ SUHVVHG�LQGLYLGXDO�SUHIHUHQFHV��VLP LODU�WR�

RWKHU�DUERUHDO�IROLYRUHV���7KH�UHDVRQV�IRU�WKHVH�VSHFLILF�FKRLFHV�DUH�FXUUHQWO\�

XQFOHDU�EXW�' ��OXP KROW] L�DUH�OLNHO\� WR�FKRRVH�WUHHV�IRU�IROLDJH�FKDUDFWHUV��VXFK�

DV�WKH�OHYHOV�RI�QXWULHQWV�RU�SODQW�GHIHQFHV��UDWKHU�WKDQ�IRU�WKH�VSHFLHV�DW�D�

WD[ RQRP LF�OHYHO���7KLV�LV�DOVR�FRQVLVWHQW�ZLWK�RWKHU�DUERUHDO�IROLYRUHV�VXFK�DV�

NRDODV�DQG�OHDI�HDWLQJ�P RQNH\ V���7KH�GHWHUP LQDWLRQ�RI�ZKLFK�IROLDU�FKDUDFWHUV�

DUH�GULYLQJ�WUHH�VSHFLHV�RU�LQGLYLGXDO�WUHH�FKRLFH�ZLOO�UHTXLUH�IXUWKHU�UHVHDUFK���� �

7KLV�VWXG\� WHVWHG�DQG�UHMHFWHG�D�QXP EHU�RI�SUHYLRXV�K\ SRWKHVHV�UHJDUGLQJ�WKH�

FKDUDFWHULVWLFV�GHWHUP LQLQJ�' ��OXP KROW] L�KDELWDW�XVH���7KH\� DUH�QRW�HGJH�

VSHFLDOLVWV��GR�QRW�SUHIHU�UHJURZWK�RU�DUHDV�ZLWK�D�ODUJH�YDULDWLRQ�LQ�FDQRS\�

KHLJKW��RU�DUHDV�ZLWK�KLJK�VSHFLHV�GLYHUVLW\� RU�GHQVLW\ ��� �

7KH�JDVWURLQWHVWLQDO�P RUSKRORJ\� RI�' ��OXP KROW] L�VKDUHV�D�QXP EHU�RI�IHDWXUHV�

ZLWK�RWKHU�IRUHJXW�IHUP HQWLQJ�IROLYRUHV���&RP SDUHG�WR�RWKHU�P DFURSRGLGV��' ��

OXP KROW] L�KDV�D�ODUJH�VDFFLIRUP� IRUHVWRP DFK�DQG�D�ODUJH�RYHUDOO�VWRP DFK�

FDSDFLW\ ��DQG�P RUH�VLP LODU�LQ�VL] H�DQG�P RUSKRORJ\� WR�WKDW�RI�RWKHU�DUERUHDO�

IRUHJXW�IHUP HQWLQJ�IROLYRUHV��VXFK�DV�FRORELQH�P RQNH\ V���,W�LV�OLNHO\� WKDW�WKHVH�

FKDUDFWHULVWLFV�DUH�DGDSWLYH�IRU�LWV�GLHW�RI�UDLQIRUHVW�OHDYHV��� �

/X P KROW] ¶V�WUHH�NDQJDURRV�FDQ�EH�VLP SO\� DJHG�XVLQJ�D�WRRWK�ZHDU�LQGH[�

GHYHORSHG�GXULQJ�WKLV�VWXG\ ���$JLQJ�LV�HVVHQWLDO�IRU�HVWDEOLVKLQJ�GHP RJUDSKLFV��

VXFK�DV�DJH�VSHFLILF�P RUWDOLW\� DQG�IHFXQGLW\� RI�SRSXODWLRQV��FXUUHQWO\� XQNQRZQ�

LQ�' ��OXP KROW] L���: LWKRXW�WKH�DELOLW\� WR�DJH�SRSXODWLRQV�ZH�FDQQRW�UHOLDEO\�

XQGHUWDNH�YDOXDEOH�HVWLP DWLRQV�VXFK�DV�SRSXODWLRQ�YLDELOLW\� DQDO\ VLV��ZKLFK�

UHTXLUH�WKHVH�SDUDP HWHUV��

$GGLWLRQDOO\ ��WKLV�VWXG\� KDV�KLJKOLJKWHG�WKDW�QRW�RQO\� RQH�UDLQIRUHVW�W\ SH�LV�

LP SRUWDQW�WR�' ��OXP KROW] L�DQG�WKDW�P RUH�HP SKDVLV�VKRXOG�EH�P DGH�RQ�WKH�

SUHVHUYDWLRQ�DQG�UHVWRUDWLRQ�RI�DOO�UDLQIRUHVW�W\ SHV���) XUWKHUP RUH��LW�LV�YLWDO�WKDW�

DOO�UDLQIRUHVW�IUDJP HQWV�LQFOXGLQJ�ULSDULDQ�] RQHV��UHJURZWK�DQG�FRUULGRUV�DQG�

VWHSSLQJ�VWRQHV��VKRXOG�EH�FRQVHUYHG��UHKDELOLWDWHG�DQG�DUHDV�UHSODQWHG�DV�' ��

OXP KROW] L�KDELWDW��DV�WKH\� DUH�FUXFLDO�WR�WKH�VSHFLHV�ORQJ�WHUP� VXUYLYDO��� �
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&KDSWHU�� � � ,QWURGXFWLRQ�

7UHH�NDQJDURRV�DUH�D�VSHFLDOLVHG�VXEJURXS�RI�P DUVXSLDOV�EHORQJLQJ�WR�WKH�

IDP LO\� 0 DFURSRGLGDH��IRXQG�RQO\� LQ�WKH�UDLQIRUHVWV�RI�3DSXD�1 HZ� * XLQHD�DQG�

QRUWKHUQ�$XVWUDOLD��) ODQQHU\� HW�DO����� ��1 HZHOO����� � ��7KH\� DUH�XQLTXH�LQ�WKH�

NDQJDURR�IDP LO\� LQ�WKDW�WKH\� DUH�DUERUHDO�DQG�DUH�EHOLHYHG�WR�KDYH�UHWXUQHG�WR�

WKH�WUHHV�LQ�UHODWLYHO\� UHFHQW�HYROXWLRQDU\� WLP HV��* URYHV����� ��) ODQQHU\� HW�DO�

���� ��1 HZHOO�����D ���( LJKW�RI�WKH�WHQ�NQRZQ�VSHFLHV�DUH�IRXQG�LQ�WKH�

UDLQIRUHVWV�RI�1 HZ� * XLQHD��) ODQQHU\� ���� ��) ODQQHU\� HW�DO����� ��1 HZHOO�����D ���

ZKLOH�WZR�DUH�XQLTXH�WR�$XVWUDOLD¶V�: HW�7URSLFV��) ODQQHU\� HW�DO����� ��1 HZHOO�

����D ����

$OO�WHQ�VSHFLHV��HVSHFLDOO\� WKRVH�LQ�3DSXD�1 HZ� * XLQHD��ZDUUDQW�VHULRXV�

FRQVHUYDWLRQ�FRQFHUQ��%HW]� ���� � ��ZLWK�P DQ\� RI�WKHP� WKUHDWHQHG�ZLWK�

H[ WLQFWLRQ���<HW��RXU�XQGHUVWDQGLQJ�RI�WKH�HFRORJ\� DQG�EDVLF�ELRORJ\� RI�DQ\� RI�

WKH�WUHH�NDQJDURR�VSHFLHV�LV�VWLOO�UXGLP HQWDU\ ��� �

,Q�IDFW��P DQ\� $XVWUDOLDQV�GLG�QRW�HYHQ�NQRZ�RI�WKH�H[ LVWHQFH�RI�WUHH�NDQJDURRV�

ZKHQ�VXUYH\ HG�LQ����� ��ZLWK�RQO\� �� �� RI�%ULVEDQH�UHVLGHQWV�NQRZLQJ�RI�WKHLU�

H[ LVWHQFH�DQG����� QRW�NQRZLQJ�KRZ�P DQ\� VSHFLHV�RI�WUHH�NDQJDURR�RFFXU�LQ�

$XVWUDOLD��7LVGHOO�DQG�: LOVRQ����� � ��' HVSLWH�WKLV�LJQRUDQFH��WUHH�NDQJDURRV�DUH�

D�GLYHUVH��XQLTXH�DQG�IDVFLQDWLQJ�JURXS�RI�DQLP DOV��� �

7KHUH�LV�SUHVHQWO\� LQVXIILFLHQW�LQIRUP DWLRQ�RQ�WKHLU�HFRORJ\� WR�DVVHVV�WKH�

FRQVHUYDWLRQ�VWDWXV�RI�WKH�$XVWUDOLDQ�VSHFLHV��' HQGURODJXV�OXP KROW] L���7KLV�

VSHFLHV�LV�FXUUHQWO\� FODVVLILHG�DV�UDUH��4 XHHQVODQG¶V�1 DWXUH�&RQVHUYDWLRQ�

�: LOGOLIH��5 HJXODWLRQ����� ��DQG�LV�SULP DULO\� IRXQG�LQ�SULYDWHO\� RZQHG�UDLQIRUHVW�

IUDJP HQWV�RQ�WKH�$WKHUWRQ�DQG�( YHO\ Q�7DEOHODQGV��ZKLFK�DUH�QRW�FXUUHQWO\�

SURWHFWHG�IURP� FOHDULQJ���7KHUHIRUH��WKH�ORQJ�WHUP� SHUVLVWHQFH�RI�' ��OXP KROW] L�LV�

WKUHDWHQHG�E\� ODQG�FOHDULQJ��IXUWKHU�KDELWDW�IUDJP HQWDWLRQ�DQG�P RUWDOLW\� IURP�

GRJV�DQG�FDUV�HVSHFLDOO\� ZKHQ�WUDYHOOLQJ�EHWZHHQ�IUDJP HQWV��1 HZHOO�����E ����

2 QO\� WZR�RWKHU�VWXGLHV�RI�HFRORJ\� KDYH�EHHQ�XQGHUWDNHQ�RQ�WKLV�VSHFLHV�DQG�

WKHVH�ZHUH�ERWK�SHUIRUP HG�RQ�WKH�VDP H�VSDWLDOO\� UHVWULFWHG�UDLQIRUHVW�W\ SH�DQG�

RQH�WKDW�LV�VSDWLDOO\� UHVWULFWHG�GXH�WR�FOHDULQJ���: LWKRXW�IXUWKHU�LQIRUP DWLRQ�RQ�

WKHLU�SRSXODWLRQV�DQG�KRZ�WKH\� XWLOLVH�WKHLU�KDELWDW��HVSHFLDOO\� LQ�IUDJP HQWV��WKHLU�

FRQVHUYDWLRQ�VWDWXV�FDQQRW�EH�UHYLHZHG�ZLWK�DFFXUDF\ ��



� � �

2 XU�FXUUHQW�NQRZOHGJH�RI�WKHLU�ELRORJ\� LV�GHILFLHQW�LQ�DUHDV�VXFK�DV�WKHLU�

ORQJHYLW\ ��DJH�VSHFLILF�P RUWDOLW\� DQG�IHFXQGLW\ ��DQG�XVH�RI�KDELWDW��HVSHFLDOO\� RI�

GLIIHULQJ�W\ SHV���,W�LV�FUXFLDO�WR�WKH�FRQVHUYDWLRQ�RI�WUHH�NDQJDURRV�WKDW�ZH�

HVWDEOLVK�WKHVH�IXQGDP HQWDO�IDFWV�EHIRUH�SRSXODWLRQ�YLDELOLW\� DQDO\ VLV�FDQ�EH�

FRQGXFWHG�ZLWK�DQ\� DFFXUDF\ ����

3RSXODWLRQ�YLDELOLW\� DQDO\ VLV��39$ ��LV�D�WRRO�WKDW�HQDEOHV�XV�WR�P RGHO�DQG�SUHGLFW�

IXWXUH�WUHQGV�IRU�' ��OXP KROW] L�SRSXODWLRQV��/DF\� ���� � ���+RZHYHU��39$ ¶V�FDQ�

RQO\� EH�DFFXUDWH�DW�SUHGLFWLQJ�H[ WLQFWLRQ�SUREDELOLWLHV�RI�D�VSHFLHV�LI�WKH�GDWD�

WKH\� DUH�EDVHG�RQ�LV�H[ WHQVLYH�DQG�UHOLDEOH��&RXOVRQ�HW�DO����� � ���39$�

P RGHOOLQJ�FDQ�RQO\� EH�DV�JRRG�DV�WKH�GDWD�DQG�WKH�DVVXP SWLRQV�LQSXW�WR�WKH�

P RGHO��/ LQGHQP D\ HU�HW�DO����� � ���7KH�EHVW�GDWD�VHWV�DUH�IURP� ORQJ�WHUP�

HFRORJLFDO�VWXGLHV�RI�DW�OHDVW���� \ HDUV��ZKHUH�ODUJH�DP RXQWV�RI�LQIRUP DWLRQ�DUH�

NQRZQ�DERXW�WKH�ELRORJ\� RI�WKH�VSHFLHV��%URRN�HW�DO����� � ���7KH�: RUOG�

&RQVHUYDWLRQ�8 QLRQ��,8&1 ��QRZ�XVHV�39$� WR�HVWDEOLVK�D�TXDQWLWDWLYH�

FODVVLILFDWLRQ�RI�HQGDQJHUHG�VSHFLHV��,8&1� ���� � ��VR�LW�LV�HVVHQWLDO�WKDW�39$�

VXSSOLHV�DFFXUDWH��UHOLDEOH�TXDQWLWDWLYH�SUHGLFWLRQV�RI�H[ WLQFWLRQ�ULVN��%URRN�HW�DO�

���� � ��

7KH�GDWD�UHTXLUHG�DV�LQSXW�IRU�D�39$� P RGHO�DUH��SRSXODWLRQ�GHQVLWLHV�LQ�

GLIIHUHQW�IUDJP HQWV�DQG�FRQWLQXRXV�IRUHVW��H[ SHFWHG�OLIHVSDQ��DJH�VSHFLILF�

P RUWDOLW\� DQG�IHFXQGLW\ ��DJH�DW�P DWXULW\� DQG�UHSURGXFWLYH�UDWHV��GHP RJUDSKLF�

VWRFKDVWLFLW\� �UDQGRP� IOXFWXDWLRQV�LQ�ELUWK�UDWH��GHDWK�UDWH�DQG�VH[� UDWLR�RI�D�

SRSXODWLRQ���P RYHP HQW�RU�GLVSHUVDO�EHWZHHQ�IUDJP HQWV�RU�SRSXODWLRQV��JHQHWLF�

SURFHVVHV��DQG�WKH�HIIHFWV�RI�HQYLURQP HQWDO�VWRFKDVWLFLW\� �/DF\� ���� � ��

: LWKRXW�DFFXUDWH�GDWD�DV�LQSXW��WKH�UHVXOWV�IURP� D�39$� FDQ�EH�HLWKHU�RYHU�

RSWLP LVWLF�RU�XQGHU�HVWLP DWH�WKH�H[ WLQFWLRQ�SUREDELOLW\� RI�D�SRSXODWLRQ�RU�VXE�

SRSXODWLRQV��%URRN����� � ���, I�GDWD�IURP� VP DOO�SRSXODWLRQV�RU�IURP� D�IHZ�VXE�

SRSXODWLRQV�DUH�XVHG��WKHQ�WKLV�FDQ�DOVR�OHDG�WR�LQFRUUHFW�UHVXOWV��/XGZLJ����� � ���

7KLV�LV�EHFDXVH�WKHVH�VP DOO�SRSXODWLRQV�P D\� KDYH�FKDUDFWHULVWLFV�WKDW�HQDEOH�

WKHP� WR�VXUYLYH�ZKHQ�RWKHU�VXE�SRSXODWLRQV�FDQQRW��/XGZLJ����� � ���7KHUHIRUH��

LW�LV�HVVHQWLDO�WKDW�DV�P XFK�LQIRUP DWLRQ�DV�SRVVLEOH�DERXW�KRZ�GLIIHUHQW�VXE�

SRSXODWLRQV�DUH�RSHUDWLQJ��HVSHFLDOO\� IURP� GLIIHULQJ�KDELWDW�W\ SHV�DQG�GLIIHULQJ�

VL] HG�IUDJP HQWV��EHIRUH�D�39$� LV�XQGHUWDNHQ�ZLWK�FRQILGHQFH��
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7KHUH�DUH�WZR�P DLQ�W\ SHV�RI�GDWD�WKDW�LV�QRW�SRVVLEOH�WR�FROOHFW�GXULQJ�D�3K'�

GXH�WR�WLP H�OLP LWDWLRQV��� ��GLVSHUVDO�UDWHV�EHWZHHQ�IUDJP HQWV�DQG����WKH�HIIHFWV�

RI�HQYLURQP HQWDO�VWRFKDVWLFLW\ ���7KH�ODWHU�LV�P LVVLQJ�IURP� DOP RVW�DOO�39$ ¶V�DQG�

WKH�UHVXOWV�DUH�OLP LWHG�DQG�SRVVLEO\� P LVOHDGLQJ�ZLWKRXW�WKLV�GDWD���/DVWO\� ZH�

QHHG�P RUH�LQIRUP DWLRQ�DERXW�WKH�VSDWLDO�XVH�E\� ' ��OXP KROW] L�LQ�RWKHU�UDLQIRUHVW�

W\ SHV�DV�ZHOO�DV�FRQWLQXRXV�IRUHVW��DV�WKLV�P D\�YDU\� DQG�DIIHFW�WKH�SRSXODWLRQ�

VL] H�RU�FDUU\ LQJ�FDSDFLW\� RI�LQGLYLGXDO�IUDJP HQWV��

$OWKRXJK�WKLV�VWXG\� ZDV�GHVLJQHG�WR�HQKDQFH�RXU�NQRZOHGJH�RI�WKH�HFRORJ\� DQG�

FRQVHUYDWLRQ�VWDWXV�RI�' HQGURODJXV�OXP KROW] L�LQ�RUGHU�WR�DLG�LQ�WKH�IXWXUH�XVH�RI�

D�SRSXODWLRQ�YLDELOLW\� DQDO\ VLV�DQG�WKH�UHTXLUHP HQW�IRU�VSHFLILF�LQIRUP DWLRQ�

GLUHFWV�WKH�IRFXV�RI�WKLV�VWXG\ ��LW�VWRSV�VKRUW�RI�DFWXDOO\� SHUIRUP LQJ�D�39$� RU�

FRQVWUXFWLQJ�D�OLIH�WDEOH�IRU�' ��OXP KROW] L�DW�WKLV�VWDJH���: LWKRXW�GDWD�RQ�WKH�

HIIHFWV�RI�HQYLURQP HQWDO�VWRFKDVWLFLW\� RQ�' ��OXP KROW] L��D�39$� FRXOG�EH�

P LVOHDGLQJ��� �

� �� � $ ,0 6�2 )�7 +(�6 78' < �

7KH�RYHUDOO�DLP� RI�WKLV�VWXG\� ZDV�WR�GHWHUP LQH�WKH�VSDWLDO�DQG�KDELWDW�XVH�E\�

' HQGURODJXV�OXP KROW] L�DQG�DOORZ�JHQHUDOLVDWLRQ�IURP� WKH�OLP LWHG�VFRSH�RI�

SUHYLRXV�ZRUN��DORQJ�ZLWK�HVWDEOLVKLQJ�DQ�DJLQJ�WHFKQLTXH��WR�LQFUHDVH�RXU�

LQIRUP DWLRQ�EDVH�WR�DVVHVV�WKH�FRQVHUYDWLRQ�VWDWXV�DQG�SRSXODWLRQ�YLDELOLW\� RI�' ��

OXP KROW] L�LQ�WKH�IXWXUH���) XUWKHUP RUH��GLHW�DQG�WKH�JDVWURLQWHVWLQDO�FDSDFLWLHV�

ZHUH�H[ DP LQHG�WR�ORRN�DW�WKH�UHODWLRQVKLS�RI�HFRORJ\� ZLWK�KDELWDW���

7KH�DLP V�RI�WKLV�VWXG\� ZHUH�WR��

x� ( [ DP LQH�WKH�VSDWLDO�RUJDQLVDWLRQ�RI�' ��OXP KROW] L�LQ�D�IUDJP HQWHG�

ODQGVFDSH��&KDSWHU�� ���

x� ,QYHVWLJDWH�VWUXFWXUDO�RU�IORULVWLF�GHWHUP LQDQWV�RI�VSDWLDO�XVH�E\� ' ��OXP KROW] L�

�&KDSWHU�� ���

x� ' HWHUP LQH�GLHW�LQ�' ��OXP KROW] L�XVLQJ�P LFURVFRSLF�VFDW�DQDO\ VLV��&KDSWHU�� ����

x� ( [ DP LQH�JDVWURLQWHVWLQDO�P RUSKRORJ\� RI�' ��OXP KROW] L��&KDSWHU�� ����

x� ' HYHORS�D�SUDFWLFDO�DJHLQJ�WHFKQLTXH�IRU�' ��OXP KROW] L��&KDSWHU�� ��
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&KDSWHU�� � � 7UHH�NDQJDURR�ELRORJ\� DQG�HFRORJ\ ��
/ LWHUDWXUH�UHYLHZ ��

� �� � $8 675 $/ ,$1� 75 (( �.$ 1 * $5 22 6 �

7KH�WZR�VSHFLHV�RI�WUHH�NDQJDURRV�IRXQG�LQ�$XVWUDOLD�DUH�WKH�/XP KROW] ¶V�WUHH�

NDQJDURR��' HQGURODJXV�OXP KROW] L�&ROOHW����� ��DQG�WKH�%HQQHWW¶V�WUHH�NDQJDURR�

�' ��EHQQHWWLDQXV�' H�9LV����� � ���%RWK�DUH�FRQVLGHUHG�UDUH��4 XHHQVODQG¶V�1 DWXUH�

&RQVHUYDWLRQ��: LOGOLIH��5 HJXODWLRQ����� ��DQG�DUH�WKH�ODUJHVW�RI�WKH�FRQWLQHQW¶V�

DUERUHDO�P DPP DOV��1 HZHOO����� F���

%RWK�VSHFLHV�DUH�UHVWULFWHG�WR�WKH�WURSLFDO�UDLQIRUHVWV�DQG�DGMDFHQW�IRUHVWV�RI�IDU�

QRUWK�4 XHHQVODQG��1 HZHOO�����D ��1 HZHOO�����E ����%HQQHWW¶V�WUHH�NDQJDURRV�DUH�

IRXQG�QRUWK�RI�WKH�' DLQWUHH�5 LYHU��ZKLOH�/XP KROW] ¶V�WUHH�NDQJDURRV�DUH�IRXQG�

VRXWK�RI�' DLQWUHH�WR�WKH�&DUGZHOO�5 DQJH��1 HZHOO����� � ���6HYHUDO�UHFRUGV�RI�

VLJKWLQJV�RI�' ��OXP KROW] L�IURP �WKH�%ODFN�0 RXQWDLQ�FRUULGRU�LQGLFDWH�WKDW�WKLV�

VSHFLHV�KDV�D�FRQWLQXRXV�GLVWULEXWLRQ�DFURVV�WKH�$WKHUWRQ�DQG�0 W�&DUELQH�

7DEOHODQGV��7UHH�. DQJDURR�DQG�0 DPP DO�* URXS����� ��. DQRZVNL�HW�DO�����D ����

' ��OXP KROW] L�DUH�SUHGRP LQDQWO\� IRXQG�DW�KLJKHU�DOWLWXGHV��a� ��� � ���� P ��� 1 HZHOO�

����D ������ F��. DQRZVNL�HW�DO�����E ���ZKLOH�' ��EHQQHWWLDQXV�DUH�DOVR�IRXQG�LQ�

WKH�ORZODQGV��0 DUWLQ����� � ���,W�LV��KRZHYHU��SRVVLEOH�WKDW�WKH�WZR�VSHFLHV�GR�

RFFXU�V\ P SDWULFDOO\� LQ�WKH�0 W�&DUELQH�7DEOHODQG�DQG�' DLQWUHH�DUHDV��1 HZHOO�

����D ����7KHUH�KDYH��LQ�IDFW��EHHQ�VHYHUDO�FODLP V�WKDW�%HQQHWW¶V�WUHH�NDQJDURRV�

KDYH�EHHQ�VHHQ�RQ�WKH�$WKHUWRQ�7DEOHODQGV��7UHH�. DQJDURR�DQG�0 DPP DO�

* URXS����� � ���,W�LV�EHOLHYHG�KRZHYHU��WKDW�GXH�WR�VLP LODULWLHV�EHWZHHQ�WKH�WZR�

VSHFLHV�DQG�WKH�YDULDWLRQ�LQ�FRORXUV�RI�' ��OXP KROW] L��WKHVH�DUH�FDVHV�RI�P LVWDNHQ�

LGHQWLW\� �7UHH�. DQJDURR�DQG�0 DPP DO�* URXS����� � ��

( YHQ�WKRXJK�%HQQHWW¶V�WUHH�NDQJDURRV�DUH�IRXQG�ZLWKLQ�D�UHODWLYHO\� VP DOO�DUHD�

�a� ����� NP � ��) ODQQHU\� HW�DO����� ��RI�WKH�: HW�7URSLFV��WKH�P DMRULW\� RI�WKLV�DUHD�LV�

ZLWKLQ�D�SURWHFWHG�µ: RUOG�+HULWDJH�$UHD¶��: +$ ����7KHUHIRUH��WKH�FRQVHUYDWLRQ�

VWDWXV�RI�WKLV�VSHFLHV�LV�FRQVLGHUHG�P RGHUDWHO\� VDIH��GHVSLWH�LWV�UDULW\� �1 HZHOO�

����D ����,W�LV�DOVR�EHOLHYHG�WKDW�WKHLU�FXUUHQW�GLVWULEXWLRQ�P D\� EH�H[ SDQGLQJ�WR�

ORZHU�DOWLWXGHV�GXH�WR�D�GHFUHDVH�LQ�KXQWLQJ�E\� LQGLJHQRXV�$XVWUDOLDQV�LQ�WKH�

ODVW��� ���� \ HDUV��0 DUWLQ����� � ���



� � �

7KH�JHRJUDSKLFDO�UDQJH�RI�/X P KROW] ¶V�WUHH�NDQJDURR�FRYHUV�D�ODUJHU�DUHD��a�

����� NP � ��) ODQQHU\� HW�DO����� ��WKDQ�LWV�FRQJHQHU��VRP H�RI�ZKLFK�LV�ZLWKLQ�

SURWHFWHG�DUHDV���. DQRZVNL�HW�DO������E ��VXJJHVW�WKDW�) ODQQHU\� HW�DO¶V������ ��

HVWLP DWLRQ�RI�WKH�GLVWULEXWLRQ�RI�' ��OXP KROW] L��a ����� NP ��LV�DQ�RYHUHVWLP DWH��DV�LW�

LV�EDVHG�RQ�WKH�DUHD�RI�UDLQIRUHVW�HQFRP SDVVLQJ�DOO�UHFRUGV�RI�WKH�VSHFLHV��

ZKLFK�LQFOXGHV�LVRODWHG�UHFRUGV�ZKLFK�P D\� LQ�IDFW�EH�GLVSHUVLQJ�LQGLYLGXDOV���

0 RUH�UHFHQW�VXUYH\� UHVXOWV��7UHH�. DQJDURR�DQG�0 DPP DO�* URXS����� ��

. DQRZVNL�HW�DO�����D ��VXJJHVW�WKDW�DEXQGDQW�SRSXODWLRQV�RI�/X P KROW] ¶V�WUHH�

NDQJDURRV�DUH�UHVWULFWHG�WR�HOHYDWLRQV�DERYH���� � ��� P� RQ�WKH�$WKHUWRQ�

7DEOHODQGV���. DQRZVNL�HW�DO������E ��SURSRVH�WKDW�LI�WKH�VRXUFH�SRSXODWLRQV�RI�' ��

OXP KROW] L�DUH�UHVWULFWHG�WR�KLJK�HOHYDWLRQ�UDLQIRUHVWV��WKHQ�WKH�HIIHFWLYH�UDQJH�RI�

WKH�VSHFLHV��L�H���WKH�DUHD�HQFRP SDVVLQJ�WKH�VRXUFH�SRSXODWLRQ��&DXJKOH\� HW�DO�

���� ��LV�OLNHO\� WR�EH�P XFK�VP DOOHU�WKDQ�HDUOLHU�HVWLP DWHV��SHUKDSV�LQ�WKH�RUGHU�RI�

����� NP � �LQFOXGLQJ�ERWK�WKH�$WKHUWRQ�DQG�0 W�&DUELQH�7DEOHODQGV��

+RZHYHU��WKH\� DSSHDU�WR�P DLQWDLQ�WKHLU�KLJKHVW�GHQVLWLHV�LQ�IRUHVW�RXWVLGH�WKH�

SURWHFWHG�DUHDV��EHLQJ�P RUH�FRPP RQO\� IRXQG�LQ�IUDJP HQWHG�IRUHVWV�ZLWKLQ�DQ�

DJULFXOWXUDO�P DWUL[� LQ�D�UHODWLYHO\� VP DOO�DUHD�RQ�WKH�$WKHUWRQ�DQG�( YHO\ Q�

7DEOHODQGV��1 HZHOO�����D ��. DQRZVNL�HW�DO�����D ����8 QIRUWXQDWHO\� WKH�P DMRULW\� RI�

WKHVH�IUDJP HQWV�DUH�RQ�SULYDWHO\� RZQHG�ODQG�DQG�DUH�QRW�SUHVHQWO\� SURWHFWHG�

IURP� FOHDULQJ��1 HZHOO����� ������D ��E��F����

' HVSLWH�WKH�OHYHO�RI�FOHDULQJ�DQG�ORQJ�KLVWRU\� RI�IUDJP HQWDWLRQ�RQ�WKH�$WKHUWRQ�

DQG�( YHO\ Q�7DEOHODQGV��' ��OXP KROW] L�FDQ�VWLOO�EH�IRXQG�LQ�LVRODWHG�SDWFKHV�RI�

UDLQIRUHVW�LQ�WKH�DUHD��1 HZHOO�����E ���� : KHUH�IUDJP HQWDWLRQ�RI�UDLQIRUHVW�KDV�

RFFXUUHG�RYHU�ODUJH�DUHDV�RQ�WKH�7DEOHODQGV��WKH�UHP DLQLQJ�SDWFKHV�DUH�YHU\�

LP SRUWDQW��: LQWHU����� � ���7KH\� P DLQWDLQ�ELRGLYHUVLW\� LQ�WKH�DUHD�DQG�SURYLGH�

³VWHSSLQJ�VWRQHV́ �IRU�UDLQIRUHVW�IDXQDO�P RYHP HQWV�EHWZHHQ�ODUJHU�DUHDV�RI�

IRUHVW��3DKO�HW�DO����� ��/DXUDQFH�����D ��: LQWHU����� ��DQG�VRXUFH�SRSXODWLRQV�

IRU�QHDUE\� IUDJP HQWV��$QJHOVWDP� DQG�$UQROG����� � ��

7KHUH�KDYH�EHHQ�UHFRUGHG�VLJKWLQJV�RI�/X P KROW] ¶V�WUHH�NDQJDURRV�LQ�WKH�

FRDVWDO�DUHDV�RI�&DLUQV�DORQJ�WKH�HDVWHUQ�VLGH�RI�WKH�P RXQWDLQ�UDQJH��7UHH�

. DQJDURR�DQG�0 DPP DO�* URXS����� ��EXW�WKHVH�VLJKWLQJV�DUH�UDUH�FRP SDUHG�WR�

WKH�XSODQGV���. DQRZVNL�HW�DO������D ��VXJJHVW�WKDW�WKH�IHZ�UHFRUGV�RI�' ��



� � �

OXP KROW] L�IURP� WKH�FRDVWDO�ORZODQGV�P D\� DFWXDOO\� UHSUHVHQW�GLVSHUVLQJ�

LQGLYLGXDOV���+RZHYHU��LW�LV�QRW�FOHDU�ZK\� ' ��OXP KROW] L��DORQJ�ZLWK�RWKHU�IROLYRURXV�

P DUVXSLDOV�LQ�WKH�: HW�7URSLFV��DUH�UDUH�RU�DEVHQW�LQ�WKH�ORZODQGV��. DQRZVNL�HW�

DO�����E ����

7KH�SUHGRP LQDQWO\� XSODQG�GLVWULEXWLRQ�RI�/X P KROW] ¶V�WUHH�NDQJDURR�FRUUHODWHV�

ZLWK�VHYHUDO�RWKHU�UDLQIRUHVW�HQGHP LF�DUERUHDO�P DPP DOV�VSHFLHV��VXFK�DV�WKH�

/HP XURLG�5 LQJWDLO�SRVVXP� �+HP LEHOLGHXV�OHP XURLGHV���* UHHQ�5 LQJWDLO�SRVVXP�

�3VHXGRFKLURSV�DUFKHUL���' DLQWUHH�5 LYHU�5 LQJWDLO�SRVVXP� �3VHXGRFKLURSV�

FLQHUHXV��DQG�+HUEHUW�5 LYHU�5 LQJWDLO�SRVVXP� �3VHXGRFKLURSV�KHUEHUWHQVLV��

�: LQWHU����� � ���7KLV�GLVWULEXWLRQ�KDV�OHG�UHVHDUFKHUV�WR�VSHFXODWH�WKDW�

/X P KROW] ¶V�WUHH�NDQJDURRV�DQG�SRVVLEO\� WKHVH�RWKHU�VSHFLHV�DUH�SK\ VLRORJLFDOO\�

DGDSWHG�WR�ORZHU�WHP SHUDWXUHV�DQG�WKHUHIRUH�XSODQG�KDELWDWV��/DXUDQFH�����E ��

: LQWHU����� � ���7KH�OLP LWHG�GDWD�RQ�WKH�HQHUJHWLFV�DQG�WKHUP DO�HFRORJ\� RI�WUHH�

NDQJDURRV�QHLWKHU�VXSSRUWV�QRU�UHIXWHV�WKLV�SURSRVDO��0 F1 DE����� � ���2 WKHU�

FXUUHQW�K\ SRWKHVHV�WR�H[ SODLQ�WKLV�XSODQG�GLVWULEXWLRQ�LQFOXGH�SDVW�KXQWLQJ�RI�' ��

OXP KROW] L�E\� $ERULJLQDOV�LQ�WKH�ORZODQGV��) ODQQHU\� HW�DO����� ��1 HZHOO�����D ���

KDELWDW�GHVWUXFWLRQ�LQ�WKH�ORZODQGV��- RKQVRQ����� ��DQG�WKH�IORULVWLF�FRP SRVLWLRQ�

RI�ORZODQG�IRUHVWV��/DXUDQFH�����E ���

' HVSLWH�WKHLU�VL] H�DQG�DSSHDO��ERWK�' ��OXP KROW] L�DQG�' ��EHQQHWWLDQXV�KDYH�EHHQ�

UHODWLYHO\� SRRUO\� VWXGLHG�FRP SDUHG�WR�RWKHU�P DPP DOLDQ�VSHFLHV�LQ�$XVWUDOLD�

�1 HZHOO�����E ����7KLV�FRXOG�EH�EHFDXVH�RI�WKHLU�UDUH�VWDWXV��DQG�WKHLU�FU\ SWLF�

DQG�VHFUHWLYH�EHKDYLRXU�ZLWKLQ�WKHLU�WURSLFDO�UDLQIRUHVW�KDELWDW��1 HZHOO�����D ��

����E ���ZKLFK�P DNHV�WKHP� YHU\� GLIILFXOW�WR�VWXG\ ��� �

7KHUH�KDYH�EHHQ�RQO\� WKUHH�VWXGLHV�RI�WKH�HFRORJ\� RI�WKH�$XVWUDOLDQ�WUHH�

NDQJDURRV�WR�GDWH��3URFWHU�* UD\� ���� ��0 DUWLQ����� ��1 HZHOO�����D ������E ��

���� F����0 DUWLQ������ ��VWXGLHG�WKH�HFRORJ\� RI�WKH�%HQQHWW¶V�WUHH�NDQJDURR�LQ�

6KLSWRQ¶V�) ODW��a� �� NP� VRXWK�RI�&RRNWRZQ��LQ�&DSH�<RUN��3URFWHU�* UD\� ����� ��

���� ��LQYHVWLJDWHG�DVSHFWV�RI�WKH�EHKDYLRXU�DQG�HFRORJ\� RI�/X P KROW] ¶V�WUHH�

NDQJDURRV�DW�<XQJDEXUUD�RQ�WKH�$WKHUWRQ�7DEOHODQGV��DQG�1 HZHOO������D ��E��F��

UHVHDUFKHG�WKH�KRP H�UDQJH�DQG�KDELWDW�XVH��DQG�HIIHFWV�RI�KDELWDW�ORVV�RQ�

/X P KROW] ¶V�WUHH�NDQJDURRV�DW�<XQJDEXUUD���+RZHYHU��DOO�RI�WKHVH�VWXGLHV�KDYH�

EHHQ�XQGHUWDNHQ�RQ�7\ SH��E�FRP SOH[� QRWRSK\ OO�YLQH�IRUHVW��7UDFH\� ���� � ��



� � �

ZKLFK�LV�D�VSDWLDOO\� UHVWULFWHG�UDLQIRUHVW�W\ SH�ZLWK�RQO\� � ����KD� �� �� � ��

UHP DLQLQJ��6DWWOHU�DQG�: LOOLDP V���� � ���) XUWKHUP RUH��WKH�VWXG\� VLWHV�IRU�ERWK�

VWXGLHV�RQ�' ��OXP KROW] L��3URFWHU�* UD\� ���� ��1 HZHOO�����E ��DW�<XQJDEXUUD�

ZKHUH�RQO\� D�IHZ�KXQGUHG�P HWUHV�DSDUW���7KH�VLP LODU�ORFDOLWLHV�XVHG�VR�IDU�IRU�

VWXGLHV�RQ�' ��OXP KROW] L�P D\� JLYH�D�SDUWLFXODU�RU�LGLRV\ QFUDWLF�YLHZ�RI�WKHLU�

HFRORJ\� DQG�KDELWDW�XVH�DFURVV�LWV�UDQJH�EHFDXVH�WKLV�UDLQIRUHVW�W\ SH�LV�QR�

ORQJHU�UHSUHVHQWDWLYH�RI�WKH�UDLQIRUHVW�IUDJP HQWV�UHP DLQLQJ�LQ�WKH�UHJLRQ���

7KHUHIRUH��IRU�D�JUHDWHU�XQGHUVWDQGLQJ�RI�WKH�VSDWLDO�DQG�KDELWDW�XVH�E\� ' ��

OXP KROW] L��LW�LV�FUXFLDO�WKDW�RWKHU�UDLQIRUHVW�W\ SHV�DUH�LQYHVWLJDWHG���

� �� � * ( 1 ( 5 $/� %,2 / 2* <�2 )�7 5 (( �.$ 1 * $5 22 6 �

' ��OXP KROW] L�LV�WKH�VP DOOHVW�RI�WKH�WUHH�NDQJDURRV��) ODQQHU\� HW�DO����� � ��ZLWK�' ��

EHQQHWWLDQXV�WKH�VHFRQG�VP DOOHVW���,W�LV�EHOLHYHG�WKDW�WKHVH�WZR�VSHFLHV�DUH�

P RUH�SULP LWLYH�LQ�WKHLU�ELRORJ\� WKDQ�WKH�3DSXD�1 HZ� * XLQHDQ�VSHFLHV��ZLWK�WKH�

WUHH�NDQJDURRV�HYROYLQJ�LQ�$XVWUDOLD�DQG�UDGLDWLQJ�QRUWK�WR�3DSXD�1 HZ� * XLQHD���

' ��OXP KROW] L�DQG�' ��EHQQHWWLDQXV�EHORQJ�WR�WKH�³ORQJ�IRRWHǴ�JURXS�RI�WUHH�

NDQJDURRV��) ODQQHU\� HW�DO����� � ��

0 HP EHUV�RI�WKLV�JURXS�DUH�VH[ XDOO\� VL] H�GLP RUSKLF��) ODQQHU\� HW�DO����� � ���

+RZHYHU��' ��OXP KROW] L�LV�WKH�OHDVW�VR��) ODQQHU\� HW�DO����� � ��0 DOH�' ��OXP KROW] L�

DUH�ODUJHU�WKDQ�IHP DOHV��- RKQVRQ����� � ��ZLWK�DGXOW�P DOHV�' ��OXP KROW] L�

DYHUDJLQJ�D�ERG\� ZHLJKW�RI�� ���� NJ��� ���� � �� ���� NJ���ZKLOH�DGXOW�IHP DOHV�DUH�

VP DOOHU�DQG�DYHUDJH�� ���� NJ��� ���� � � ���� NJ��� 1 HZHOO�����E ����%HQQHWW¶V�WUHH�

NDQJDURRV�DUH�ODUJHU�WKDQ�/XP KROW] ¶V�ZLWK�P DOHV�ZHLJKLQJ��� ��� � ��� ��� NJ�DQG�

IHP DOHV��� � ��� ��� NJ��0 DUWLQ�DQG�- RKQVRQ����� � ��� �

%HQQHWW¶V�DQG�/XP KROW] ¶V�WUHH�NDQJDURRV�DUH�$XVWUDOLD¶V�ELJJHVW�DUERUHDO�

IROLYRUHV��VSHQGLQJ�P RVW�RI�WKHLU�WLP H�LQ�WKH�WUHHV��3URFWHU�* UD\� ���� ��0 DUWLQ�

���� ��) ODQQHU\� HW�DO����� � ���+RZHYHU��WKH\� ZLOO�UHDGLO\� FRP H�GRZQ�WR�WKH�JURXQG�

WR�WUDYHO�EHWZHHQ�LQGLYLGXDO�WUHHV�RU�IRUHVW�IUDJP HQWV��ZKLFK�P DNHV�WKHP�

YXOQHUDEOH�WR�DWWDFN�E\� GRJV�RU�GLQJRHV�DQG�DW�ULVN�RI�EHLQJ�KLW�E\�YHKLFOHV��

HVSHFLDOO\� ' ��OXP KROW] L��1 HZHOO�����E ���� /X P KROW] ¶V�WUHH�NDQJDURRV�KDYH�EHHQ�

UHFRUGHG�WUDYHOOLQJ�ORQJ�GLVWDQFHV�EHWZHHQ�IRUHVW�IUDJP HQWV��SDUWLFXODUO\� VXE�

DGXOWV�GLVSHUVLQJ�LQWR�QHZ�WHUULWRULHV��1 HZHOO�����E ��. DQRZVNL�HW�DO�����D ����



� �� �

7KH�WRWDO�QXP EHU�RI�/X P KROW] ¶V�WUHH�NDQJDURRV�LV�XQNQRZQ���+RZHYHU��WKHUH�

KDV�EHHQ�DQ�HVWLP DWH�RI�WHQ�WR�WZHQW\� WKRXVDQG�' ��OXP KROW] L�LQ�FRQWLQXRXV�

IRUHVW��. DQRZVNL����� ��DQG�DGGLWLRQDO�WKRXVDQGV�LQ�UDLQIRUHVW�IUDJP HQWV�RQ�

SULYDWH�ODQG�RQ�WKH�EDVLV�RI�SRSXODWLRQ�GHQVLWLHV�UHSRUWHG�IRU�IRUHVW�IUDJP HQWV�LQ�

JRRG�KDELWDW�DUHDV��7UHH�. DQJDURR�DQG�0 DPP DO�* URXS����� � ���7KLV�P D\� EH�DQ�

RYHU�HVWLP DWLRQ�RI�' ��OXP KROW] L�DEXQGDQFHV�DV�LW�LV�SUHVHQWO\� XQFOHDU�ZKDW�

UHSUHVHQWV�JRRG�KDELWDW�IRU�' ��OXP KROW] L���) XUWKHUP RUH��WKHVH�DEXQGDQFHV�KDYH�

EHHQ�HVWLP DWHG�XVLQJ�LQIRUP DWLRQ�IURP� D�VSDWLDOO\� UHVWULFWHG�UDLQIRUHVW�W\ SH���,W�LV�

DOVR�SRVVLEOH�WKDW�QRW�DOO�KDELWDWV�VXSSRUW�VXFK�KLJK�GHQVLWLHV�DQG�WKHUH�P D\� EH�

YDFDQW�DUHDV��+DQVNL����� � ���7KHUH�LV�SUHVHQWO\� LQVXIILFLHQW�GDWD�RQ�WKH�

YDULDWLRQ�RI�VSDWLDO�XVH�E\� ' ��OXP KROW] L�LQ�GLIIHUHQW�UDLQIRUHVW�W\ SHV�WR�DFFXUDWHO\�

HVWLP DWH�WKHLU�DEXQGDQFHV�DFURVV�WKHLU�UDQJH��� �

� �� �� � 5 HSURGXFWLYH�ELRORJ\ �

7UHH�NDQJDURRV�KDYH�WKH�ORQJHVW�JHVWDWLRQ�SHULRG�DQG�ORQJHVW�SHULRG�RI�

P DWHUQDO�FDUH�RI�DQ\� P DUVXSLDO��' DEHN����� ��) ODQQHU\� HW�DO����� � ���,W�KDV�EHHQ�

VXJJHVWHG�WKDW�WKH�WUHH�NDQJDURR¶V�ORQJ�UHSURGXFWLYH�F\ FOH�VHHP V�WR�EH�P RUH�

UHIOHFWLYH�RI�WKH�JURXS¶V�ORZ�P HWDEROLF�UDWH��0 F1 DE����� ��DQG�P D\� DOVR�EH�

UHIOHFWLYH�RI�DQ�DUERUHDO�OLIHVW\ OH��5 XVVHOO����� ��3URFWHU�* UD\� ���� ��' DEHN�

���� ��- RKQVRQ�DQG�' HOHDQ����� � ���$�ORQJ�UHSURGXFWLYH�SHULRG�DQG�RWKHU�

DVSHFWV�RI�UHSURGXFWLRQ�KDYH�DOVR�EHHQ�UHODWHG�WR�WKH�OLP LWHG�HQHUJ\� DYDLODEOH�

IURP� D�SRRU�UHVRXUFH�EDVH��VXFK�DV�D�GLHW�RI�( XFDO\ SWXV�IROLDJH�LQ�NRDODV�

�. URFNHQEHUJHU����� ��. URFNHQEHUJHU�HW�DO����� ��. URFNHQEHUJHU����� � ���$Q�

H[ WHQGHG�SRXFK�OLIH�DQG�P RWKHU�\ RXQJ�ERQG�LQ�WUHH�NDQJDURRV�P D\� DOVR�EH�

UHODWHG�WR�EHWWHU�SUHSDUDWLRQ�RI�\ RXQJ�IRU�VDIH�P RYHP HQW�LQ�WUHHV��2 OGV�DQG�

&ROOLQV����� ��DQG�IRU�JXLGDQFH�WR�ZKDW�IROLDJH�WR�HDW�E\� WKH�P RWKHU�DV�LQ�VORWKV�

�0 RQWJRP HU\� DQG�6XQTXLVW����� � ���%HKDYLRXUDO�REVHUYDWLRQV�RI�FDSWLYH�' ��

OXP KROW] L�VXJJHVW�IHP DOHV�LQYHVW�VLJQLILFDQWO\� LQ�WKH�HGXFDWLRQ�RI�WKHLU�\ RXQJ�WR�

FRSH�ZLWK�WKHLU�FRP SOH[� DUERUHDO�OLIHVW\ OH��- RKQVRQ�DQG�' HOHDQ����� � ���7KLV�

ORQJ�RHVWUXV�DQG�JHVWDWLRQ�SHULRG��DORQJ�ZLWK�WKH�H[ WHQGHG�P DWHUQDO�FDUH�DQG�

KHQFH�ORQJ�LQWHUELUWK�SHULRG�LQ�WUHH�NDQJDURRV��VXSSRUWV�WKH�FRQFOXVLRQ�WKDW�

WKH\� KDYH�DQ�RYHUDOO�ORZ�UHSURGXFWLYH�SRWHQWLDO��- RKQVRQ�DQG�' HOHDQ����� � ��DV�

IRXQG�LQ�P RVW�DUERUHDO�IROLYRUHV��( LVHQEHUJ����� � ��



� �� �

8 QOLNH�P RVW�P DFURSRGV��WUHH�NDQJDURRV�GR�QRW�H[ KLELW�HP EU\ RQLF�GLDSDXVH�RU�

SRVW�SDUWXP� RHVWUXV��3URFWHU�* UD\� ���� ��+HDWK�HW�DO����� ��- RKQVRQ�DQG�

' HOHDQ����� � ���,W�LV�EHOLHYHG�WKDW�RHVWUXV�LV�P RUH�OLNHO\� WR�RFFXU�DIWHU�WKH�

SUHYLRXV�\ RXQJ�OHDYHV�WKH�SRXFK��3URFWHU�* UD\� ���� � ���

7KH�RHVWUXV�F\ FOH�LV�LQ�' ��OXP KROW] L�LW�LV��� � ���GD \ V��- RKQVRQ�DQG�' HOHDQ����� ��

ZKHUHDV�LW�LV�DSSUR[ LP DWHO\� ���GD \ V���� ��� “ �� �� ��LQ�UHG�NDQJDURRV��0 DFURSXV�

UXIXV��� ' DZVRQ����� � ���0 RVW�NDQJDURRV�KDYH�D�JHVWDWLRQ�SHULRG�RI�D�OLWWOH�RYHU�D�

P RQWK��IRU�H[ DP SOH��� ��� “ �� ���GD\ V�LQ�UHG�NDQJDURRV��0 ��UXIXV��� ' DZVRQ����� � ���

7KH�JHVWDWLRQ�SHULRG�LQ�' ��OXP KROW] L�LV��� � ���GD \ V��- RKQVRQ�DQG�' HOHDQ����� � ���

3RVW�SDUWXP�P DWLQJ�KDV�QRW�EHHQ�REVHUYHG�LQ�' ��OXP KROW] L�EXW�RQH�IHP DOH�GLG�

P DWH�DJDLQ����GD\ V�DIWHU�WKH�GHDWK�RI�KHU�MRH\� �- RKQVRQ�DQG�' HOHDQ����� � ���

$QRWKHU�IHP DOH�UHWXUQHG�WR�RHVWUXV����GD \ V�DIWHU�WKH�SHUP DQHQW�HP HUJHQFH�RI�

KHU�SRXFK�\ RXQJ��- RKQVRQ�DQG�' HOHDQ����� � ��

7KHUH�DSSHDUV�WR�EH�QR�GHILQHG�EUHHGLQJ�VHDVRQ�IRU�/X P KROW] ¶V�WUHH�NDQJDURRV�

�3URFWHU�* UD\� ���� ��- RKQVRQ����� � ���3URFWHU�* UD\� ����� �� IRXQG�IHP DOHV�WR�

KDYH�\ RXQJ�DW�YDULRXV�DJHV�DW�GLIIHUHQW�WLP HV�RI�WKH�\ HDU��� ' ��OXP KROW] L�VWXGLHG�

LQ�FDSWLYLW\� DOVR�JDYH�ELUWK�DW�DOO�WLP HV�RI�WKH�\ HDU��- RKQVRQ�DQG�' HOHDQ����� � ���

7UHH�NDQJDURRV�DUH�EHOLHYHG�WR�EH�SRO\ JDP RXV�ZLWK�P DOH�KRP H�UDQJHV�

RYHUODSSLQJ�ZLWK�WKDW�RI�P RUH�WKDQ�RQH�IHP DOH��3URFWHU�* UD\� ���� ��0 DUWLQ�DQG�

- RKQVRQ����� ��1 HZHOO�����E ���

0 DWLQJ�EHKDYLRXU�LV�WKH�VDP H�DV�LQ�RWKHU�P DFURSRGV��ZLWK�WKH�P DOH�P RXQWLQJ�

IURP� EHKLQG��EXW�RFFXUV�HLWKHU�RQ�WKH�JURXQG��- RKQVRQ�DQG�' HOHDQ����� ��RU�LQ�

D�WUHH��SHUV��REV�����+RZHYHU��D�FRSXODWRU\� SOXJ�ZDV�SUHVHQW�DIWHU�REVHUYHG�

P DWLQJV�LQ�FDSWLYLW\� �- RKQVRQ�DQG�' HOHDQ����� � ��

,Q�FDSWLYH�' ��OXP KROW] L�MXYHQLOHV�UHP DLQ�LQ�WKH�SRXFK�IRU���� ��� “ �� ���GD\ V����� �

��� ��- RKQVRQ�DQG�' HOHDQ����� � ��ZLWK�HP HUJHG�SRXFK�\ RXQJ�VXFNOLQJ�IRU�D�

IXUWKHU��� � �����GD \ V��- RKQVRQ�DQG�' HOHDQ����� � ���+RZHYHU��LW�KDV�EHHQ�

UHSRUWHG�IURP� REVHUYDWLRQV�RI�' ��OXP KROW] L�LQ�WKH�ZLOG��WKDW�SRXFK�OLIH�LV���� � ����

GD\ V�SRVW�SDUWXP� �3URFWHU�* UD\� ���� � ���7UHH�NDQJDURR�MRH\ V�FDQ�UHP DLQ�ZLWK�

WKH�P RWKHU�IRU��� WR��� \ HDUV��3URFWHU�* UD\� ���� ��) ODQQHU\� HW�DO����� ��1 HZHOO�

���� � ��ZLWK�IHP DOH�MRH\ V�WHQGLQJ�WR�UHP DLQ�ZLWK�WKHLU�P RWKHU�IRU�ORQJHU�SHULRGV�



� �� �

RI�WLP H��' DEHN����� � ���%LUWKV�DUH�VSDFHG���� WR���� P RQWKV�DSDUW��ZLWK�WKH�

VKRUWHVW�SHULRG�EHWZHHQ�SHUP DQHQW�SRXFK�HP HUJHQFH�DQG�D�IROORZLQJ�ELUWK�IRU�

RQH�IHP DOH�' ��OXP KROW] L�LQ�FDSWLYLW\� RI�����GD \ V��- RKQVRQ�DQG�' HOHDQ����� � ���

) HP DOH�0 DWVFKLHV�WUHH�NDQJDURRV�UHDFK�VH[ XDO�P DWXULW\� DW�WKUHH�\ HDUV�RI�DJH��

P DOHV�DW�DSSUR[ LP DWHO\� WZR�\ HDUV��' DEHN����� ��) ODQQHU\� HW�DO����� � ���) HP DOH�

' ��OXP KROW] L�LQ�FDSWLYLW\� UHDFK�P DWXULW\� DW�� ��� \ HDUV�DQG�D�VLQJOH�P DOH�P DWXUHG�

ODWHU�DW�� ��� \ HDUV��- RKQVRQ�DQG�' HOHDQ����� � ���7KLV�ODWH�P DWXULW\� LQ�WKH�FDSWLYH�

P DOH�' ��OXP KROW] L�FRXOG�EH�GXH�WR�EHKDYLRXUDO�GLIIHUHQFHV�LQ�FDSWLYLW\ ���0 DOH�' ��

EHQQHWWLDQXV�DSSHDU�WR�WDNH�DW�OHDVW��� \ HDUV�WR�UHDFK�VH[ XDO�P DWXULW\� DQG�

IHP DOHV��� \ HDUV��0 DUWLQ����� � ���

� �� �� � 6RFLDO�EHKDYLRXU�

%RWK�$XVWUDOLDQ�VSHFLHV�RI�WUHH�NDQJDURRV�DUH�ODUJHO\� VROLWDU\� DQG�WHUULWRULDO�

�3URFWHU�* UD\� ���� ��0 DUWLQ����� ��) ODQQHU\� HW�DO����� ��1 HZHOO�����E ����6RFLDO�

LQWHUDFWLRQV�DUH�OLP LWHG�WR�WKH�UHODWLRQVKLS�EHWZHHQ�D�IHP DOH�DQG�KHU�\ RXQJ��

EULHI�LQWHUDFWLRQV�EHWZHHQ�P DOHV�DQG�IHP DOHV�GXULQJ�P DWLQJ��DQG�RFFDVLRQDO�

ILJKWV�EHWZHHQ�P DOHV��3URFWHU�* UD\� ���� ��7UHH�. DQJDURR�DQG�0 DPP DO�* URXS�

���� � ���0 DOH�WUHH�NDQJDURRV�RI�VHYHUDO�VSHFLHV��LQFOXGLQJ�' ��OXP KROW] L��1 HZHOO�

����E ��- RKQVRQ�DQG�' HOHDQ����� ��DQG�' ��EHQQHWWLDQXV��0 DUWLQ����� � ��DUH�

NQRZQ�WR�EH�YHU\� DJJUHVVLYH�WR�HDFK�RWKHU�DQG�FDQ�LQGXFH�IDWDO�ZRXQGV�ZLWK�

WKHLU�SRZHUIXO�IRUHDUP V�DQG�VKDUS�FODZV��SUHVXP DEO\� ILJKWLQJ�RYHU�DFFHVV�WR�

IHP DOHV��0 DUWLQ����� ��) ODQQHU\� HW�DO����� ��1 HZHOO����� � ���

7KHUH�LV�OLWWOH�REVHUYDWLRQDO�GDWD�RQ�WUHH�NDQJDURR�VRFLDO�EHKDYLRXU�LQ�ZLOG�1 HZ�

* XLQHD�SRSXODWLRQV��EXW�WKH�UHODWLYHO\� ORZ�OHYHO�RI�VRFLDO�EHKDYLRXU�VHHQ�LQ�

$XVWUDOLDQ�WUHH�NDQJDURRV�KDV�EHHQ�REVHUYHG�LQ�FDSWLYH�VWXGLHV�RI�WZR�1 HZ�

* XLQHD�VSHFLHV��' ��P DWVFKLHL��+XWFKLQV�HW�DO����� ��DQG�' ��LQXVWXV��6P LWK�

���� � ���,Q�IDFW��DJRQLVWLF�LQWHUDFWLRQV�KDYH�OHDG�WR�WKH�GHDWK�RI�WUHH�NDQJDURR�

SRXFK�\ RXQJ�LQ�FDSWLYLW\� �&ROOLQV����� ��+XWFKLQV�HW�DO����� � ���+RZHYHU��WKHUH�LV�

RWKHU�HYLGHQFH�WKDW�VRP H�RI�WKH�1 HZ� * XLQHD�WUHH�NDQJDURRV�P D\ EH�P RUH�

VRFLDO�WKDQ�$XVWUDOLDQ�VSHFLHV�DQG�WKDW�VRFLDELOLW\� P D\�YDU\� EHWZHHQ�VSHFLHV�

�) ODQQHU\� HW�DO����� � ���
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� �� �� � $ FWLYLW\� SDWWHUQV�

7UHH�NDQJDURRV�DUH�EHOLHYHG�WR�EH�OHVV�DFWLYH�WKDQ�RWKHU�NDQJDURRV��0 F1 DE�

���� � ���$OWKRXJK�/XP KROW] ¶V�WUHH�NDQJDURRV�DUH�WKRXJKW�WR�EH�P RVWO\� QRFWXUQDO��

WKH\� DUH�DFWLYH�GXULQJ�WKH�GD\ ��HVSHFLDOO\� DURXQG�GDZQ�DQG�GXVN��3URFWHU�* UD\�

���� ��1 HZHOO�����E ����7KH\� DUH�XVXDOO\� IRXQG�KLJK�LQ�WKH�FDQRS\� GXULQJ�WKH�

GD\ ��RIWHQ�LQ�WKH�VXQ���7KH\� DUH�JHQHUDOO\� ORZHU�LQ�WKH�FDQRS\� DW�QLJKW��IHHGLQJ�

LQ�WKH�P LG�DQG�XQGHUVWRUH\� �1 HZHOO����� � ���7KH\� ZLOO�WUDYHO�GXULQJ�WKH�GD\� IURP�

RQH�WUHH�WR�DQRWKHU�RU�FURVV�RSHQ�VSDFHV�VXFK�DV�URDGV�RU�SDGGRFNV��7UHH�

. DQJDURR�DQG�0 DPP DO�* URXS����� � ��

' ��EHQQHWWLDQXV�LV�EHOLHYHG�WR�EH�QRFWXUQDO��FRPP HQFLQJ�LWV�IHHGLQJ�URXQGV�

URXJKO\� WZR�KRXUV�DIWHU�VXQVHW��0 DUWLQ����� � ���+RZHYHU��LW�KDV�EHHQ�KDV�

VXJJHVWHG�WKDW�EHFDXVH�WUHH�NDQJDURR�H\ H�VKLQH�LV�QRW�DV�EULJKW�DV�SRVVXP V�

�3URFWHU�* UD\� ���� � ��WKH\� P D\� ODFN�WKH�WDSHWXP� OXFLGXP �FHOO�OD\ HU�LQ�LWV�UHWLQDV��

ZKLFK�QRFWXUQDO�P DPP DOV�XVH�WR�LP SURYH�QLJKW�YLVLRQ��) ODQQHU\� HW�DO����� � ��

,Q�FRQWUDVW��P RVW�1 HZ� * XLQHD�VSHFLHV�DUH�FUHSXVFXODU�RU�GLXUQDO��) LVFKHU�DQG�

$XVWDG����� ��) ODQQHU\� HW�DO����� � ���,W�KDV�EHHQ�VXJJHVWHG�WKDW�QRFWXUQDO�

DFWLYLW\� LQ�WUHH�NDQJDURRV�FRXOG�EH�D�UHVSRQVH�WR�KXQWLQJ�SUHVVXUH��DV�' ��

JRRGIHOORZL�EXHUJHUVL�DQG�' ��P DWVFKLHL�KDYH�EHHQ�IRXQG�WR�EH�QRFWXUQDO�QHDU�

KXP DQ�SRSXODWLRQV��) ODQQHU\� HW�DO����� ��%HW]� HW�DO�XQSXEOLVKHG�GDWD�D����

3URFWHU�* UD\� DQG�* DQVORVVHU������ �� IRXQG�WKDW�' ��OXP KROW] L�VSHQG����� RI�WKHLU�

WLP H�DVOHHS�UHVWLQJ��DQG�HYHQ�ZKHQ�DZDNH�ZHUH�DFWLYH��IHHGLQJ��P RYLQJ��

JURRP LQJ��LQWHUDFWLQJ�VRFLDOO\ ��RQO\� �� �� RI�WKH�WLP H���7KLV�ODFN�RI�DFWLYLW\� LV�

SRVVLEO\� GXH�WR�WKH�JUHDWHU�GLJHVWLYH�GHP DQGV�RI�D�IROLYRURXV�GLHW��L�H��ORZ�

QXWULWLRQDO�YDOXH��KLJK�OHYHOV�RI�SODQW�GHIHQFHV��HWF��� 0 F1 DE����� ������ � ���7KH�

VDP H�SDWWHUQ�RI�H[ WHQGHG�LQDFWLYLW\ ��RI�XS�WR��� �� RI�WKH�WLP H��WR�DOORZ�GLJHVWLRQ�

LV�VHHQ�LQ�VRP H�RWKHU�DUERUHDO�IROLYRUHV�VXFK�DV�NRDODV��6P LWK����� ��0 LWFKHOO�

���� � ��+RZOHU�P RQNH\ V��$ORXWWD�VSS���� &URFNHWW�DQG�( LVHQEHUJ����� ��DQG�WKH�

VORWK��0 RQWJRP HU\� DQG�6XQTXLVW����� � ��� ' ��OXP KROW] L�KDYH�VKRUW�IHHGLQJ�ERXWV�

�� � �� P LQV��VSDFHG�ZLWK�ORQJ�SHULRGV�RI�LQDFWLYLW\� �� ���± ���KRXUV��WKURXJKRXW�WKH�

GD\� �3URFWHU�* UD\� ���� � ��VLP LODU�WR�WKDW�VHHQ�LQ�NRDODV��6P LWK����� � ���

1 HZ� * XLQHDQ�WUHH�NDQJDURRV�DUH�OHVV�DFWLYH�GXULQJ�UDLQ\� SHULRGV��) ODQQHU\� DQG�
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6HUL����� ��) LVFKHU�DQG�$XVWDG����� � ��KRZHYHU�DFWLYLW\� LQ�' ��OXP KROW] L�VHHP V�

OHVV�DIIHFWHG�E\� SUHFLSLWDWLRQ��/DXUDQFH�����E ���� �

� �� � 63$7,$/� 2 5 * $1 ,6$7,2 1� ��KRP H�UDQJH�RU�WHUULWRULHV�

7KH�VSDWLDO�SDWWHUQV�LQ�ZKLFK�LQGLYLGXDO�DQLP DOV�GLVWULEXWH�WKHLU�DFWLYLWLHV�KDYH�

EHHQ�H[ WHQVLYHO\� VWXGLHG�RQ�WKH�DVVXP SWLRQ�WKDW�WKH\� UHYHDO�LP SRUWDQW�DVSHFWV�

RI�EHKDYLRXU�DQG�HFRORJ\� �) RUG����� � ���7KHVH�VSDWLDO�SDWWHUQV�DUH�YDULRXVO\�

WHUP HG�KRP H�UDQJHV��WHUULWRULHV�RU�VSDFH�XVH�SDWWHUQV��%XUW����� ��) RUG����� � ���

+RZHYHU��%XUW������ ��GLVWLQJXLVKHV�EHWZHHQ�KRP H�UDQJH�DQG�WHUULWRU\ ��VWDWLQJ�

WKDW�D�WHUULWRU\� LV�D�GHIHQGHG�DUHD�DQG�DQ�DQLP DO�P D\� QRW�GHIHQG�LWV�HQWLUH�

KRP H�UDQJH�DOO�RI�WKH�WLP H���,Q�VRP H�VSHFLHV�WKLV�GHIHQFH�LQYROYHV�ILHUFH�

ILJKWLQJ�EHWZHHQ�FRP SHWLWRUV��ZKLOH�LQ�RWKHUV�WKHUH�LV�D�P RUH�VXEWOH�UHFRJQLWLRQ�

E\� FRP SHWLWRUV�RI�RQH�DQRWKHU¶V�³NHHS�RXẂ�VLJQDOV��HJ��VFHQW��� %HJRQ�HW�DO�

���� � ���,W�LV�SRVVLEOH�WKDW�IHP DOH�WUHH�NDQJDURRV�DYRLG�HDFK�RWKHU�LQ�WKH�ZLOG�E\�

VFHQW�P DUNLQJ�RU�E\� XVLQJ�DQRWKHU�³NHHS�RXẂ�VLJQDO��DV�WKH\� KDYH�EHHQ�

REVHUYHG�WR�EH�DJJUHVVLYH�WRZDUGV�HDFK�RWKHU�RQO\� LQ�FDSWLYLW\� �6P LWK����� ��

+XWFKLQV�HW�DO����� ��- RKQVRQ�DQG�' HOHDQ����� � ���6RP H�WUHH�NDQJDURR�VSHFLHV�

KDYH�EHHQ�REVHUYHG�WR�VFHQW�P DUN�XVLQJ�SDUDFORDFDO�JODQGV��DQG�ERWK�P DOH�

DQG�IHP DOH�' ��OXP KROW] L�SRVVHVV�WKHVH�JODQGV��SHUV��REV���DQG�P D\� XVH�WKHP� WR�

VFHQW�P DUN��1 HZHOO�����E ����

$�SRSXODU�GHILQLWLRQ�RI�KRP H�UDQJH�LV�WKH�RQH�SXW�IRUZDUG�E\� %XUW������ ��DV�

³WKDW�DUHD�WUDYHUVHG�E\� WKH�LQGLYLGXDO�LQ�LWV�QRUP DO�DFWLYLWLHV�RI�IRRG�JDWKHULQJ��

P DWLQJ�DQG�FDULQJ�IRU�\ RXQJ���2 FFDVLRQDO�VDOOLHV�RXWVLGH�WKH�DUHD��SHUKDSV�

H[ SORUDWRU\� LQ�QDWXUH��VKRXOG�QRW�EH�FRQVLGHUHG�DV�LQ�SDUW�RI�WKH�KRP H�UDQJH́ ��

&RQVLGHUDEOH�HIIRUW�KDV�EHHQ�VSHQW�LQ�GHYHORSLQJ�WHFKQLTXHV�IRU�FKDUDFWHULVLQJ�

WKH�VL] H�DQG�VKDSH�RI�WKHVH�DUHDV��+DUHVWDG�DQG�%XQQHOO����� ��$QGHUVRQ�

���� ��) RUG����� � ���7KH�P RVW�EDVLF�P HWKRG�LV�WKH�FRQVWUXFWLRQ�RI�D�FRP SOH[�

SRO\ JRQ�HQFORVLQJ�DOO�ORFDWLRQ�SRLQWV�DQG�GHILQLQJ�WKH�ERXQGHG�DUHD�DV�WKH�³VL] H�

RI�WKH�KRP H�UDQJH́ ��6WLFNHO����� ��) RUG����� � ���7KHVH�VR�FDOOHG�P LQLP XP�

FRQYH[� SRO\ JRQV��KRZHYHU��DUH�KHDYLO\� LQIOXHQFHG�E\� RXWO\ LQJ�ORFDWLRQV���7KLV�

FDQ�LQFOXGH�DUHDV�WKDW�DUH�QRW�EHLQJ�XVHG�DW�DOO�E\� WKH�DQLP DO��+DUULV�HW�DO�

���� � ���
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0 RUH�UHFHQWO\ ��WHFKQLTXHV�KDYH�EHHQ�GHYHORSHG�ZKLFK�WDNH�LQWR�DFFRXQW�WKH�

IDFW�WKDW�GLIIHUHQW�UHJLRQV�ZLWKLQ�D�KRP H�UDQJH�DUH�XVHG�ZLWK�GLIIHUHQW�OHYHOV�RI�

LQWHQVLW\� � ' L[ RQ�DQG�&KDSP DQ����� ��) RUG����� � ���7KH�KDUP RQLF�P HDQ�P HWKRG�

JLYHV�D�SUREDELOLW\� RI�XVH�IURP� WKH�QXP EHU�RI�ORFDWLRQV�DQG�SUHVHQWV�FRQWRXUV�RI�

GLIIHUHQW�OHYHOV�RI�XVH�DURXQG�WKH�DUHDV�RI�KLJKHVW�XVH��+DUULV�HW�DO����� � ���

7KHUHIRUH��LW�SUHVHQWV�LQIRUP DWLRQ�RQ�KRZ�DQ�DQLP DO�LV�XVLQJ�LWV�KRP H�UDQJH��

VXFK�DV�FHQWUHV�RI�DFWLYLW\ ��QRW�MXVW�WKH�RYHUDOO�VL] H��+DUULV�HW�DO����� � ���7KH�

FHQWUH�RI�DFWLYLW\ ��RU�FRUH�DUHD��LV�WKH�WHUP� JLYHQ�WR�WKH�DUHD�RU�SRLQW�RI�JUHDWHVW�

DFWLYLW\� � ' L[ RQ�DQG�&KDSP DQ����� � ���

,W�LV�HVVHQWLDO�ZKHQ�FRP SDULQJ�KRP H�UDQJH�VL] H�IURP� GLIIHUHQW�VWXGLHV�WKDW�WKH�

VDP H�WHFKQLTXH�LV�XVHG�IRU�WKH�DQDO\ VLV�DV�GLIIHUHQW�WHFKQLTXHV��&URIW����� ��

7UR\� DQG�&RXOVRQ����� ��DQG�GLIIHUHQW�VRIWZDUH�SDFNDJHV�ZLOO�VKRZ�YDU\ LQJ�

UHVXOWV�IRU�WKH�VDP H�GDWD��* DOOHUDQL�/DZVRQ�	� 5 RGJHUV����� � ��DV�WKH\� XVH�

GLIIHUHQW�DOJRULWKP V�IRU�WKH�FDOFXODWLRQV��+DUULV�HW�DO����� � ���$GGLWLRQDOO\ ��P DQ\�

VWXGLHV�IDLO�WR�FRQVLGHU�WKH�LQGHSHQGHQFH�RI�FRQVHFXWLYH�IL[ HV�RU�WR�WHVW�IRU�

DV\ P SWRWLF�UHVSRQVH�LQ�FXP XODWLYH�DUHD�HVWLP DWHV��7UR\� DQG�&RXOVRQ����� � ��

ZKLFK�LV�HVVHQWLDO�IRU�GHWHUP LQLQJ�LI�HQRXJK�IL[ HV�KDYH�EHHQ�P DGH�WR�DFFXUDWHO\�

FKDUDFWHULVH�WKH�KRP H�UDQJH��� �

� �� �� � 5 HVRXUFHV�DQG�KRP H�UDQJHV�

7KHUH�DUH�D�QXP EHU�RI�IDFWRUV�WKDW�P D\� LQIOXHQFH�DQ�DQLP DO¶V�XVH�RI�LWV�KRP H�

UDQJH�DUHD���7KHVH�LQFOXGH�VRFLDO�RUJDQLVDWLRQ��&URIW����� � ��WKH�DP RXQW�RI�

DYDLODEOH�UHVRXUFHV�VXFK�DV�IRRG�DQG�VKHOWHU��%XUW����� ��RU�WKH�QXP EHU�RI�

DYDLODEOH�IHP DOHV��/ LQGVWHGW�HW�DO����� � ��SRSXODWLRQ�GHQVLWLHV��2 VWILHOG�DQG�

&DQKDP� ���� ��9LQFHQW�HW�DO����� � ��GLIIHULQJ�KDELWDW�W\ SHV��0 LWFKHOO����� ��DQG�

KDELWDW�TXDOLW\� �0 HO] HU����� � ��

7KHUHIRUH��D�IXOO�XQGHUVWDQGLQJ�RI�KRP H�UDQJH�XVH�UHTXLUHV�LQIRUP DWLRQ�DERXW�

WKH�HFRORJ\� DQG�VRFLDO�RUJDQLVDWLRQ�RI�WKH�VSHFLHV��DQG�WKH�SURGXFWLYLW\� RI�WKH�

KDELWDW�LQ�ZKLFK�LW�OLYHV��&URIW����� � ���7KH�UDQJH�RI�DQ�DQLP DO�P D\� EH�VHW�E\� WKH�

DYDLODELOLW\� RI�VXLWDEOH�KDELWDW�RU�WKH�ODFN�RI�GLVSHUVDO�WR�VXLWDEOH�DUHDV�RXWVLGH�

WKLV�UDQJH��3RSOH����� � ���) RU�H[ DP SOH��VXE�DGXOWV�P D\� EH�IRUFHG�WR�OLYH�LQ�

VXERSWLP DO�KDELWDW�EHFDXVH�P RUH�GRP LQDQW�LQGLYLGXDOV�H[ FOXGH�WKHP� IURP�

SUHIHUUHG�DUHDV��/ LQGVWHGW�HW�DO����� � ���) XUWKHUP RUH��VXE�DGXOWV�P D\� QHHG�P RUH�



� �� �

QXWULHQWV�IRU�JURZWK��DQG�WKHUHIRUH�ZRXOG�UHTXLUH�ODUJHU�KRP H�UDQJHV�RU�DUHDV�

RI�EHWWHU�KDELWDW�TXDOLW\ ���7KXV��EHKDYLRXU�DQG�VRFLDO�RUJDQLVDWLRQ�SOD\� DQ�

LP SRUWDQW�UROH�LQ�GHWHUP LQLQJ�KRP H�UDQJH�VL] HV�ZLWKLQ�D�VSHFLHV��/ LQGVWHGW�HW�DO�

���� � ���

$P RQJ�WHUULWRULDO�DQLP DOV�WKH�VL] H�RI�WKH�KRP H�UDQJH�LV�WKRXJKW�WR�UHIOHFW�WKH�

DP RXQW�RI�UHVRXUFHV��VXFK�DV�IRRG��ZDWHU�DQG�VKHOWHU�WKDW�WKH�WHUULWRU\� KROGHU�

QHHGV��%XUW����� ��0 DUWLQ����� � ���,Q�IDFW��WKH�DYDLODELOLW\� RI�UHVRXUFHV�KDV�EHHQ�

DWWULEXWHG�WR�WKH�YDULDWLRQ�LQ�VSDWLDO�XVH�IRU�P DQ\� DQLP DOV��0 F1 DE����� ��0 LOWRQ�

DQG�0 D\� ���� ��) LVKHU����� ��3DODFLRV�DQG�5 RGULJXH]� ���� � ��� �

7KH�YDULDWLRQ�LQ�KRP H�UDQJH�DUHDV�RI�ERWK�NRDODV�DQG�VHYHUDO�VSHFLHV�RI�

SRVVXP V�P D\� EH�DWWULEXWHG�WR�WKH�QXP EHU�RI�DYDLODEOH�LQGLYLGXDOV�ZLWKLQ�

SUHIHUUHG�WUHH�VSHFLHV�RU�QXP EHU�RI�GHQ�VLWHV��HWF��+RZ� ���� ��+LQGHOO�DQG�/HH�

���� ������ ������ ��0 LWFKHOO����� ��0 HO] HU����� � ��� �

3URFWHU�* UD\� ����� ��VXJJHVWV�WKDW�WKH�VL] H�RI�WKH�IHP DOH�WUHH�NDQJDURR¶V�KRP H�

UDQJH�P D\� EH�GHWHUP LQHG�E\ �WKH�DP RXQW�RI�IRRG�QHHGHG�E\� WKH�IHP DOH�DQG�KHU�

GHSHQGHQW���$� IHP DOH¶V�KRP H�UDQJH�VL] H�P XVW�P HHW�KHU�KLJKHU�HQHUJ\�

UHTXLUHP HQWV��HVSHFLDOO\� LI�VKH�KDV�D�GHSHQGDQW�\ RXQJ�GXULQJ�DQG�DIWHU�

ODFWDWLRQ��/ LQGVWHGW�HW�DO����� � ��7KHUHIRUH��FRQVLGHULQJ�HQHUJHWLFV�DORQH��

IHP DOHV�VKRXOG�KDYH�ODUJHU�KRP H�UDQJHV�WKDQ�P DOHV��/ LQGVWHGW�HW�DO����� � ���

7KH�VL] H�RI�D�P DOH¶V�KRP H�UDQJH�P D\� EH�GHWHUP LQHG��QRW�E\� IRRG�UHTXLUHP HQWV��

EXW�E\� WKH�DGYDQWDJH�RI�P DLQWDLQLQJ�FRQWDFW�ZLWK�VHYHUDO�IHP DOHV�LQ�RUGHU�WR�

P DWH�ZKHQ�WKH\� FRP H�LQWR�RHVWUXV��3URFWHU�* UD\� ���� ��/ LQGVWHGW�HW�DO����� ��

0 DUWLQ����� ��WKHUHIRUH�KDYLQJ�WR�UDQJH�IDUWKHU��/ LQGVWHGW�HW�DO����� � ���7KLV�LV�

FRQVLVWHQW�ZLWK�P DQ\� RWKHU�VWXGLHV�RI�VRFLDO�RUJDQLVDWLRQ�LQ�P DPP DOV�ZKHUH�WKH�

FRQVHQVXV�KDV�EHHQ�WKDW�WKH�EHKDYLRXU�RI�P DOHV�LV�DGDSWHG�WR�WKDW�RI�IHP DOHV�

DQG�UHODWHG�WR�P DWLQJ�DFWLYLW\� �&OXWWRQ�%URFN����� ��0 LWFKHOO����� ��. RP HUV�DQG�

%URWKHUWRQ����� � ���7KDW�LV��IHP DOHV�XVXDOO\� VHW�WKH�DJHQGD�DQG�P DOHV�GR�

ZKDWHYHU�LV�QHFHVVDU\� WR�JDLQ�DFFHVV�WR�WKHP� �&OXWWRQ�%URFN����� ��0 DUWLQ�

���� ��. RP HUV�DQG�%URWKHUWRQ����� � ��

) XUWKHUP RUH��DQ�LQYHUVH�UHODWLRQVKLS�EHWZHHQ�KRP H�UDQJH�VL] H�DQG�SRSXODWLRQ�

GHQVLW\� RFFXUV�LQ�VRP H�VSHFLHV��HVSHFLDOO\� WKRVH�ZLWK�H[ FOXVLYH�KRP H�UDQJHV��



� �� �

GXH�WR�FRP SHWLWLRQ�IRU�UHVRXUFHV�RU�GXH�WR�VRFLDO�LQWHUDFWLRQV��2 VWILHOG�DQG�

&DQKDP� ���� ��9LQFHQW�HW�DO����� � ���,W�LV�SRVVLEOH�WKDW�' ��OXP KROW] L�KRP H�UDQJH�

VL] HV�P D\� EH�LQIOXHQFHG�E\� WKH�SRSXODWLRQ�VL] H�ZLWKLQ�WKH�IUDJP HQW��L�H��WKH\� DUH�

GHQVLW\� GHSHQGHQW����,W�KDV�EHHQ�IRXQG�WKDW�NRDODV�ZLOO�XVH�VP DOOHU�DUHDV�LQ�KLJK�

SRSXODWLRQ�GHQVLWLHV��0 LWFKHOO����� ��0 HO] HU����� � ��DV�ZLOO�FROREXV�P RQNH\ V�DQG�

KRZOHU�P RQNH\ V��0 LOWRQ�DQG�0 D\� ���� � ���%XW�ZKHWKHU�WKHVH�KRP H�UDQJH�VL] HV�

DUH�VP DOO�GXH�WR�KLJK�SRSXODWLRQV�GHQVLWLHV��RU�ZKHWKHU�SRSXODWLRQ�GHQVLW\� LV�

KLJK�GXH�WR�VP DOO�KRP H�UDQJH�VL] HV�LV�XQFOHDU��

7KHUH�DUH�P DQ\� H[ DP SOHV�RI�YDULDWLRQ�LQ�KRP H�UDQJH�VL] H�DQG�GHQVLWLHV�LQ�

NRDODV��3KDVFRODUFWRV�FLQHUHXV�� IURP� GLIIHULQJ�KDELWDWV��( EHUKDUG����� ��* DOO�

���� ��0 DUWLQ����� ��+LQGHOO����� ��: KLWH�DQG�. XQVW����� ��: KLWH����� ��( OOLV�HW�DO�

���� � ���6WXGLHV�VKRZ�WKDW�DW�IDYRXUDEOH�VLWHV�LQ�VFOHURSK\ OO�IRUHVW�WKHLU�KRP H�

UDQJH�LV�� ���� r �� ���KD�IRU�IHP DOHV�DQG������ r �� ���KD�IRU�P DOHV��0 LWFKHOO����� � ���

,Q�FRP SDULVRQ��LQ�SDUWV�RI�WKH�%ULJDORZ�FRXQWU\� LQ�FHQWUDO�4 XHHQVODQG��ZKLFK�LV�

FRQVLGHUHG�SRRUHU�RU�P RUH�P DUJLQDO�KDELWDW�IRU�WKH�VSHFLHV��LQGLYLGXDO�KRP H�

UDQJHV�IRU�IHP DOHV�FDQ�UHDFK�����KD� �P HDQ������KD��DQG�P DOHV�FDQ�H[ FHHG�

����KD� �P HDQ������KD��� 0 HO] HU����� � ���

� �� �� �� � 7UHH�NDQJDURRV�DQG�KRP H�UDQJHV�

7UHH�NDQJDURRV�DUH�RQH�RI�WKH�IHZ�P DFURSRGV�WKDW�GHIHQG�RU�KROG�H[ FOXVLYH�

KRP H�UDQJHV�RU�WHUULWRULHV�DQG�WKH�VL] HV�RI�WKHVH�YDU\� EHWZHHQ�VSHFLHV�DQG�

EHWZHHQ�LQGLYLGXDOV��3URFWHU�* UD\� ���� ��0 DUWLQ����� ��1 HZHOO�����E ���DQG�DUH�

WKRXJKW�WR�EH�GXH�WR�GLIIHUHQFHV�LQ�WKH�KDELWDW�W\ SH�DQG�TXDOLW\� �1 HZHOO�����E ����

0 DUWLQ������ ��EHOLHYHV�WKDW�LW�P D\� UHIOHFW�WKH�YLJRXU�DQG�VWDWXV�RI�WKH�RFFXSDQWV�

DV�WZR�RI�KLV�VWXG\� P DOHV�RI�VLP LODU�ERG\� P DVV�KDG�TXLWH�GLIIHUHQW�KRP H�UDQJH�

DUHDV���+H�VXJJHVWV�WKDW�WKH�P DOH�ZLWK�WKH�ODUJHU�DUHD�ZDV�IDU�P RUH�YLJRURXV�RU�

GRP LQDQW�WKDQ�WKH�RWKHU��0 DUWLQ����� � ���

' ��OXP KROW] L�DUH�QRW�RQO\� WHUULWRULDO�EXW�WKH\� DOVR�DSSHDU�WR�EH�VWURQJO\� DWWDFKHG�

WR�WKHLU�KRP H�UDQJHV��,QGLYLGXDO�WUHH�NDQJDURRV�UHP DLQHG�ZLWKLQ�WKHLU�KRP H�

UDQJHV�HYHQ�DIWHU�WKHLU�IRUHVWHG�KDELWDW�KDG�EHHQ�FOHDU�IHOOHG��HYHQWXDOO\�

VXFFXP ELQJ�WR�VWDUYDWLRQ��DQG�SUHGDWLRQ�E\� GRJV�RU�GLVHDVH��1 HZHOO����� F���



� �� �

8 VLQJ�WKH�P LQLP XP� FRQYH[� SRO\ JRQ�P HWKRG��3URFWHU�* UD\� ����� �� IRXQG�WKDW�

DGXOW�IHP DOH�' ��OXP KROW] L�HVWDEOLVKHG�QRQ�RYHUODSSLQJ�KRP H�UDQJHV�WKDW�

DYHUDJHG����� r �� ���KD��� ��� � �� ���KD��Q� � � � ���,Q�FRQWUDVW��D�P DOH�KRP H�UDQJH��� ���

KD��Q� � � � ��LQFOXGHG�ODUJH�RYHUODSV�ZLWK�WKDW�RI�VHYHUDO�IHP DOHV�ZKLOH�QRW�

RYHUODSSLQJ�ZLWK�RWKHU�P DOHV��3URFWHU�* UD\� ���� � ��� �

1 HZHOO¶V�DQLP DOV������E ��VKRZHG�WKH�VDP H�VSDWLDO�DUUDQJHP HQW�LQ�KLV�VWXG\�

VLWH��ZKLFK�ZDV�RQO\� D�IHZ�KXQGUHG�P HWUHV�IURP� 3URFWHU�* UD\ ¶V�VLWH������ � ��ZLWK�

IHP DOH�KRP H�UDQJH�RI�� �����KD� ��� �� KDUP RQLF�P HDQ��Q� � � ��� � �� � � ���KD���

P LQLP XP� FRQYH[� SRO\ JRQ��DQG�P DOHV�DW�� �����KD� �Q� � � �� � �� � � ���KD���P LQLP XP�

FRQYH[� SRO\ JRQ����7KHVH�FRP SDUH�ZHOO�ZLWK�WKRVH�RI�3URFWHU�* UD\ ¶V�VWXG\�

����� � ��GHVSLWH�GLIIHUHQFHV�LQ�VWUXFWXUDO�FRP SRVLWLRQ�RI�WKH�YHJHWDWLRQ�DW�WKH�WZR�

VLWHV��WKH�ROGHU�DJH�FODVV�DW�3URFWHU�* UD\ ¶V�VLWH��DQG�WKH�VL] H�RI�WKH�WRWDO�IRUHVW�

EORFN��a����KD� YV�����KD ����1 HZHOO������E ��HVWLP DWHG�D�GHQVLW\� RI�� �� �� �� ���DGXOW�

/X P KROW] ¶V�WUHH�NDQJDURRV�SHU�KHFWDUH��H[ FOXGLQJ�SRXFK�\ RXQJ�DQG�MXYHQLOHV�

DW�KHHO�ZLWK�WKHLU�P RWKHU���7KLV�HTXDWHV�WR�D�ELRP DVV�RI�/X P KROW] ¶V�WUHH�

NDQJDURRV�RI�DSSUR[ LP DWHO\� �� ���� NJ�KD��� �1 HZHOO�����E ���1 HZHOO������E ��

VXJJHVWV�WKDW�WKLV�LV�D�VXEVWDQWLDO�ELRP DVV�FRQVLGHULQJ�WKH�\ RXQJ�VXFFHVVLRQDO�

DJH�FODVV�RI�WKH�IRUHVW�VWXGLHG��

%HQQHWW¶V�WUHH�NDQJDURRV�DOVR�VKRZ�D�VLP LODU�VSDWLDO�DUUDQJHP HQW��ZLWK�P DOHV�

DFWLYHO\� GHIHQGLQJ�WKHLU�UDQJH��0 DUWLQ����� ��RI��� ��� WR��� ���KD��Q� � � � ���$GXOW�

IHP DOHV�DOVR�RFFXS\� GLVFUHWH�UDQJHV�RI�� ��� WR�� ���KD��Q� � � ��� 0 DUWLQ����� � ���

2 YHUDOO�GHQVLW\� KDV�EHHQ�HVWLP DWHG�WR�EH�DSSUR[ LP DWHO\� � ���DQLP DOV�KD��0 DUWLQ�

���� � ���7KHVH�KRP H�UDQJHV�DUH�P XFK�ODUJHU�WKDQ�WKRVH�HVWLP DWHG�IRU�

/X P KROW] ¶V�WUHH�NDQJDURRV��3URFWHU�* UD\� ���� ��1 HZHOO�����E ��HYHQ�WKRXJK�

0 DUWLQ¶V�VWXG\� ����� ��ZDV�FRQGXFWHG�RQ�WKH�VDP H�IRUHVW�W\ SH��7\ SH��E��7UDFH\�

���� �� ���� NP� QRUWK�RI�WKH�$WKHUWRQ�7DEOHODQGV���+RZHYHU��WKHVH�VLWHV�GLIIHUHG�

LQ�WKH�KHLJKW��VWUXFWXUDO�FKDUDFWHULVWLFV�DQG�IORULVWLFV�RI�WKH�FDQRS\� VSHFLHV��ZLWK�

0 DUWLQ¶V������ ��VLWH�KDYLQJ�ODUJHU�WUHHV�WKDW�ZHUH�P RUH�ZLGHO\� VSDFHG�ZLWK�D�

P RUH�RSHQ�XQGHUVWRUH\� WKDQ�WKDW�RI�1 HZHOO¶V������E ��DQG�3URFWHU�* UD\ ¶V������ ��

VLWHV��

$WWHP SWV�WR�GHWHUP LQH�KRP H�UDQJHV�RI�1 HZ� * XLQHDQ�VSHFLHV�KDYH�P HW�ZLWK�

OLWWOH�VXFFHVV�ZLWK�WKH�H[ FHSWLRQ�RI�D�VLQJOH�P HDVXUHP HQW�RI�DSSUR[ LP DWHO\� ���



� �� �

KD�IRU�D�' ��P DWVFKLHL�RI�XQUHFRUGHG�VH[� �) ODQQHU\� HW�DO����� ��3URFWHU�* UD\�

���� � ��

0 RUH�UHFHQW�VWXGLHV��XVLQJ�GLVWDQFH�VDP SOLQJ�ZLWK�VFDW�SHOOHW�FRXQWV��%HW]� HW�DO�

�XQSXEOLVKHG�GDWD�E�� IRXQG�DYHUDJH�GHQVLWLHV�RI�0 DWVFKLH¶V�WUHH�NDQJDURRV�

�' HQGURODJXV�P DWVFKLHL��RI�DSSUR[ LP DWHO\� RQH�DQLP DO�SHU�KHFWDUH��� �� � � ���

DQLP DO�KD����%HW]� HW�DO��XQSXEOLVKHG�GDWD�E��VXJJHVW�WKDW�WKLV�GHQVLW\� LV�VLP LODU�

WR�WKDW�IRXQG�ZLWK�WKH�$XVWUDOLDQ�WUHH�NDQJDURR�VSHFLHV��KRZHYHU�LW�LV�EHWZHHQ�

%HQQHWW¶V�WUHH�NDQJDURRV��� �� �KD��0 DUWLQ����� ��DQG�/XP KROW] ¶V�WUHH�NDQJDURRV�

�� �� �KD��1 HZHOO�����E ����7KH�P HWKRG�WKDW�WKH\� XVHG�WR�HVWLP DWH�DEXQGDQFH�ZDV�

D�SRLQW�WUDQVHFW�P HWKRG�FDOOHG�' ,67$1& (� VDP SOLQJ��XVLQJ�VFDW�FRXQWV���

8 QIRUWXQDWHO\� WKLV�P HWKRG�KDV�LWV�IODZV��DV�LW�LV�GHSHQGDQW�XSRQ�WKH�NQRZOHGJH�

RI�WKH�QXP EHU�RI�VFDWV�SURGXFHG�SHU�DQLP DO�SHU�GD\� LQ�WKH�ZLOG��DQG�WKLV�FRXOG�

EH�LQDFFXUDWH�ZKHQ�HVWLP DWHG�IURP� DQLP DOV�LQ�FDSWLYLW\ ��DV�ZDV�GRQH�E\� %HW]� HW�

DO��XQSXEOLVKHG�GDWD�E����$QLP DOV�LQ�ZLOG�P D\� GHIDHFDWH�XS�WR�WZR�WLP HV�DV�

P XFK�DV�LQ�FDSWLYLW\� GXH�WR�GLHWDU\� GLIIHUHQFHV�DQG�DFWLYLW\� OHYHOV��- RKQVRQ�HW�DO�

���� ��+XP H����� � ���) RU�H[ DP SOH��FDSWLYH�NRDODV��&RUN�HW�DO����� ��FRQVXP HG�

DSSUR[ LP DWHO\� KDOI�WKH�DP RXQW�RI�OHDYHV�DV�WKDW�RI�IUHH�UDQJLQJ�NRDODV�

�. URFNHQEHUJHU����� � ���7KHUHIRUH��WKH�GHQVLW\� HVWLP DWH�RI�%HW]� HW�DO�

�XQSXEOLVKHG�GDWD�E�� IRU�' ��P DWVFKLHL�P D\� EH�KLJKO\� RYHUHVWLP DWHG���

DSSUR[ LP DWHO\� WZRIROG����

8 VLQJ�WKH�VLQJOH�UHDGLQJ�DERYH�RI���KD� �) ODQQHU\� HW�DO����� ��3URFWRU�* UD\�

���� ��VXJJHVWV�WKDW�' ��P DWVFKLHL�P D\� KDYH�KRP H�UDQJHV�VLP LODU�WR�WKRVH�RI�' ��

EHQQHWWLDQXV���

7KH�KRP H�UDQJH�VL] HV�RI�' ��OXP KROW] L�DUH�QRW�RQO\� VP DOO�FRP SDUHG�WR�RWKHU�

WUHH�NDQJDURRV��3URFWHU�* UD\� ���� ��) ODQQHU\� HW�DO����� ��1 HZHOO�����E ��EXW�DUH�

VP DOO�FRP SDUHG�WR�VRP H�RWKHU�P DFURSRGV�DQG�RWKHU�DUERUHDO�IROLYRUHV�RI�

FRP SDUDEOH�ERG\� VL] H���) RU�H[ DP SOH�%ULGOHG�QDLOWDLO�ZDOODELHV��� � � NJ��

�2 QFKRJDOHD�IUDHQDWD��KRP H�UDQJH�VL] HV�DUH�P XFK�ODUJHU�WKDQ�' ��OXP KROW] L��DW�

�� ��� r ��� ���KD�IRU�P DOHV�DQG������ r �� ���KD�IRU�IHP DOHV��) LVKHU����� � ��6LP LODUO\�

IRU�7K\ ORJDOH�WKHWLV��ZLWK�P DOHV��� NJ��DW��� ���KD��DQG�IHP DOHV��� �� NJ��DW�� ���KD�

�- RKQVRQ�����D ����$OVR��LQ�WKH�URFN�ZDOODELHV��WKH�FORVHVW�UHODWLYHV�WR�WUHH�

NDQJDURRV��KRP H�UDQJH�VL] HV�DUH��� ��KD��LQ�ERWK�IHP DOHV��� �� NJ�DQG�P DOHV��



� �� �

� �� NJ��LQ�3HWURJDOH�DVVLP LOLV��+RUVXS����� ��DQG�IURP� �� ��KD��IHP DOHV��� �� NJ��WR�

�� ��KD��P DOHV��� �� NJ��LQ�3 ��SHQLFLOODWD��6FKROW]� ���� ��6KRUW����� � ���+RZHYHU��

UDLQIRUHVW�SDGHP HORQV�7K\ ORJDOH�VWLJP DWLFD��KDYH�FRP SDUDEOH�KRP H�UDQJHV�WR�

' ��OXP KROW] L��ZLWK�P DOHV�� ���KD��� �� NJ��DQG�IHP DOHV�� ���KD��� ��� NJ��� 9HUQHV�HW�

DO����� � ���$OVR�6ORWKV��� ��� � �� �� NJ��� &KLDUHOOR����� ��0 RQWJRP HU\� DQG�6XQTXLVW�

���� ��KDYH�VLP LODU�KRP H�UDQJH�VL] HV�WR�' ��OXP KROW] L��� ��� � �� ��KD���DOWKRXJK�

WKHUH�LV�FRQVLGHUDEOH�YDULDWLRQ���) XUWKHUP RUH��KRP H�UDQJH�VL] HV�LQ�NRDODV�YDU\�

EHWZHHQ���� ����KD�GHSHQGLQJ�RQ�WKH�KDELWDW��0 LWFKHOO����� ��0 HO] HU����� � ��

7KLV�VSDWLDO�DUUDQJHP HQW�LV�SUREDEO\� W\ SLFDO�RI�/X P KROW] ¶V�WUHH�NDQJDURRV�

WKURXJKRXW�LWV�UDQJH���+RZHYHU��WKH�VL] H�RI�WKH�KRP H�UDQJH�UHTXLUHG�E\�

/X P KROW] ¶V�WUHH�NDQJDURRV�P D\�YDU\� FRQVLGHUDEO\� EHWZHHQ�GLIIHUHQW�KDELWDWV�

�7UHH�. DQJDURR�DQG�0 DPP DO�* URXS����� ��. DQRZVNL�HW�DO�����D ��DV�LW�GRHV�LQ�

NRDODV��0 LWFKHOO����� ��0 HO] HU����� ��DQG�RWKHU�DUERUHDO�IROLYRUHV��0 LOWRQ�DQG�

0 D\� ���� ��+RZ� ���� ��. HUOH����� ��) LVKHU����� ��3DODFLRV�DQG�5 RGULJXH]� ���� � ���

,Q�IDFW��WKH�IRUHVW�IUDJP HQWV�QHDU�<XQJDEXUUD�ZKHUH�WKHVH�VWXGLHV�RFFXUUHG�

DSSHDU�WR�VXSSRUW�KLJK�GHQVLWLHV�RI�WUHH�NDQJDURRV��1 HZHOO�����D ������E ���

1 HZHOO������E ��VXJJHVWV�WKDW�ZKLOH�WKH�KLJK�ELRP DVV�DQG�VP DOO�KRP H�DUHDV�

P D\� EH�FRUUHODWHG�ZLWK�HDFK�RWKHU��ZKHWKHU�WKH\� DUH�ERWK�UHODWHG�WR�WKH�TXDOLW\�

RI�WKH�KDELWDW�DW�WKH�VLWH�UHTXLUHV�IXUWKHU�LQYHVWLJDWLRQ���,W�KDV�EHHQ�VXJJHVWHG�

WKDW�LQGLYLGXDO�WUHH�NDQJDURRV�DUH�OLNHO\� WR�UHTXLUH�P XFK�ODUJHU�KRP H�UDQJHV�

HOVHZKHUH��HVSHFLDOO\� LQ�IUDJP HQWV�RQ�OHVV�IHUWLOH�VRLOV�RU�LQ�FRQWLQXRXV�IRUHVW�

�. DQRZVNL�HW�DO�����D ����7KH�ODUJHU�KRP H�UDQJHV�IRXQG�LQ�' ��EHQQHWWLDQXV�

�0 DUWLQ����� ��DQG�' ��P DWVFKLHL��) ODQQHU\� HW�DO����� ��%HW]� HW�DO�XQSXEOLVKHG�

GDWD�E��ZHUH�DOO�IURP� FRQWLQXRXV�IRUHVW��QRW�LQ�IUDJP HQWV�DV�ZHUH�WKH�VWXGLHV�RQ�

' ��OXP KROW] L���

,Q�FRQFOXVLRQ��LW�LV�SUHVHQWO\� XQFOHDU�ZKHWKHU�' ��OXP KROW] L�KRP H�UDQJH�VL] HV�

YDU\� RQ�GLIIHUHQW�KDELWDW�W\ SHV��RQ�GLIIHULQJ�VRLO�W\ SHV��LQ�GLIIHUHQW�VL] HG�

IUDJP HQWV�RU�LQ�FRQWLQXRXV�IRUHVW�GXH�WR�GHQVLWLHV�RU�LI�WKHUH�LV�VRP H�RWKHU�

IDFWRU�LQIOXHQFLQJ�KRP H�UDQJH�VL] H��

� �� �� � +RP H�UDQJH�DQG�ERG\�V L] H�

+RP H�UDQJH�VL] H�FRUUHODWHV�SRVLWLYHO\� ZLWK�ERG\� VL] H�LQ�P DPP DOV��0 LOWRQ�DQG�

0 D\� ���� ��+DUHVWDG�DQG�%XQQHOO����� ��/ LQGVWHGW�HW�DO����� ��7UR\� DQG�&RXOVRQ�



� �� �

���� ��DOWKRXJK�ERG\� VL] H�GRHV�QRW�IXOO\� H[ SODLQ�WKH�YDULDWLRQ�REVHUYHG��&URIW�

���� � ���2 WKHU�IDFWRUV�VXFK�DV�KDELWDW��VRFLDO�RUJDQLVDWLRQ�DQG�HFRORJ\� P D\�

LQWHUDFW�WR�GHWHUP LQH�KRP H�UDQJH�DUHD��&URIW����� ��7UR\� DQG�&RXOVRQ����� � ���

) RU�H[ DP SOH��YDULDWLRQ�LQ�KRP H�UDQJH�EHWZHHQ�WKUHH�P DFURSRG�VSHFLHV�RI�

VLP LODU�VL] H��: DOODELD�ELFRORU��0 DFURSXV�UXIRJULVHXV�DQG�0 DFURSXV�SDUU\ L��FRXOG�

QRW�EH�H[ SODLQHG�E\� ERG\� VL] H��7UR\� DQG�&RXOVRQ����� ��DQG�WKHVH�VSHFLHV�

RFFXS\� GLIIHUHQW�QLFKHV���7KLV�LV�VXSSRUWHG�E\� WKH�IDFW�WKDW�LQ�P DQ\� VWXGLHV�RI�

KRP H�UDQJH�XVH�LQ�DUERUHDO�IROLYRUHV��WKHUH�LV�D�JUHDW�GHDO�RI�YDULDWLRQ�LQ�KRP H�

UDQJH�VL] HV�ZLWKLQ�VSHFLHV�DV�ZHOO�DV�EHWZHHQ�VSHFLHV��6HH�7DEOH�� �� � ���

) XUWKHUP RUH��WKHUH�LV�YDULDWLRQ�LQ�KRP H�UDQJH�VL] HV�HYHQ�ZLWKLQ�D�VSHFLHV�ZLWKLQ�

D�VWXG\� VLWH��VXFK�DV�LQ�P DOH�NRDODV�IURP� FHQWUDO�4 XHHQVODQG�ZKRVH�KRP H�

UDQJH�VL] HV�YDULHG�IURP� � ��KD�WR���� ��KD��( OOLV�HW�DO����� � ��

%HQQHWW¶V�WUHH�NDQJDURRV�DUH�DSSUR[ LP DWHO\� � ��� WLP HV�WKH�VL] H�RI�/X P KROW] ¶V�

WUHH�NDQJDURRV���� NJV�YV����� NJV��DQG�LQ�JHQHUDO�WKHLU�KDELWV�DSSHDU�TXLWH�

VLP LODU��KRZHYHU�WKH\� KDYH�D�P XFK�ODUJHU�KRP H�UDQJH�WKDQ�/XP KROW] ¶V�WUHH�

NDQJDURRV��0 DUWLQ����� ��1 HZHOO�����E ����0 DUWLQ������ ��VXJJHVWV�WKDW�WKHUH�ZDV�

D�OLQHDU�UHODWLRQVKLS�EHWZHHQ�ERG\� VL] H�DQG�WKH�VL] H�RI�WKH�WHUULWRU\� RFFXSLHG�E\�

DGXOW�P DOH�%HQQHWW¶V�WUHH�NDQJDURRV�DQG�WKDW�WKLV�ZDV�UHODWHG�WR�WKHLU�UHODWLYH�

YLJRXU���+RZHYHU��WKHUH�ZDV�D�VP DOO�VDP SOH�VL] H�RI�RQO\� �� P DOHV�LQ�WKH�VWXG\�

�0 DUWLQ����� � ���) XUWKHUP RUH��IHP DOH�UDQJH�VL] HV�GR�QRW�VHHP� WR�EH�GHWHUP LQHG�

E\� ERG\� VL] H�LQ�' ��EHQQHWWLDQXV��0 DUWLQ����� � ���

$OWHUQDWLYHO\ ��VSDUVHO\� GLVWULEXWHG�UHVRXUFHV�P D\� QRW�EH�WKH�IDFWRU�LQIOXHQFLQJ�

WKHLU�XVH�RI�VSDFH��EXW�SUHGDWRU�RU�KXQWLQJ�SUHVVXUH�P D\� IRUFH�IHP DOHV�WR�VSDFH�

WKHP VHOYHV�RXW�WKURXJK�WKH�IRUHVW��0 DUWLQ����� � ��� �

1 HZHOO������E ��VXJJHVWHG�WKDW�D�VWXG\� EH�XQGHUWDNHQ�LQ�GLIIHUHQW�KDELWDW�W\ SHV�

WR�DQVZHU�WKH�TXHVWLRQ�RI�ZKHWKHU�KRP H�UDQJH�VL] HV�DQG�GHQVLWLHV�UHFRUGHG�E\�

1 HZHOO������E ��DQG�E\� 3URFWHU�* UD\� ����� � ��DUH�UHSUHVHQWDWLYH�RI�/X P KROW] ¶V�

WUHH�NDQJDURRV�WKURXJKRXW�WKHLU�UDQJH���

�

�
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� �� �� � +DELWDW�VHOHFWLRQ�

,W�LV�RIWHQ�DVVXP HG�WKDW�D�VSHFLHV�ZLOO�VHOHFW�UHVRXUFHV�WKDW�DUH�EHVW�DEOH�WR�

P HHW�LWV�OLIH�UHTXLUHP HQWV��DQG�WKDW�KLJK�TXDOLW\� UHVRXUFHV�ZLOO�EH�VHOHFWHG�P RUH�

IUHTXHQWO\� WKDQ�ORZ�TXDOLW\� RQHV��0 DQO\� HW�DO����� � ���7KHUHIRUH��UHVRXUFHV�XVHG�

VKRXOG�EH�FRP SDUHG�WR�WKRVH�DYDLODEOH�LQ�RUGHU�WR�UHDFK�YDOLG�FRQFOXVLRQV�

FRQFHUQLQJ�UHVRXUFH�VHOHFWLRQ��0 DQO\� HW�DO����� � ��� : KHQ�UHVRXUFHV�DUH�XVHG�

GLVSURSRUWLRQDWHO\� WR�WKHLU�DYDLODELOLW\ ��XVH�LV�VDLG�WR�EH�VHOHFWLYH��0 DQO\� HW�DO�

���� � ��

5 HVRXUFH�VHOHFWLRQ�RFFXUV�LQ�D�KLHUDUFKLFDO�IDVKLRQ�IURP� WKH�JHRJUDSKLF�UDQJH�

RI�D�VSHFLHV��WR�LQGLYLGXDO�KRP H�UDQJH�ZLWKLQ�DQ�DUHD��VHFRQG�RUGHU�VHOHFWLRQ���

WR�XVH�RI�JHQHUDO�IHDWXUHV�ZLWKLQ�WKH�KRP H�UDQJH��WKLUG�RUGHU�VHOHFWLRQ���WR�WKH�

VHOHFWLRQ�RI�IRRG�LWHP V�RU�SDUWLFXODU�HOHP HQWV�ZLWKLQ�WKH�JHQHUDO�IHDWXUHV�

�IRXUWK�RUGHU�VHOHFWLRQ��� - RKQVRQ�����E ��0 DQO\� HW�DO����� � ���7KHUH�LV�QR�VLQJOH�

FRUUHFW�OHYHO�WR�VWXG\� DQG�P XOWLVFDOH�VWXGLHV�RI�UHVRXUFH�VHOHFWLRQ�KDYH�EHFRP H�

LQFUHDVLQJO\� FRPP RQ��0 DQO\� HW�DO����� � ��

+DELWDW�VHOHFWLRQ�LV�XQGHUWDNHQ�LQLWLDOO\� ZKHQ�DQ�DQLP DO�VHOHFWV�D�µKRP H�UDQJH¶���

7KLV�P D\� RI�FRXUVH�EH�LQ�HLWKHU�RSWLP DO��VXE�RSWLP DO�RU�P DUJLQDO�KDELWDW�DQG�

P D\� EH�LQIOXHQFHG�E\� WKH�ERG\� VL] H��VH[ ��DJH�RU�YLJRXU�RI�WKH�LQGLYLGXDO��0 DUWLQ�

���� � ���7HUULWRULDOLW\� P D\� DOVR�LQIOXHQFH�WKH�SRVLWLRQ�RI�DQ�DQLP DO¶V�KRP H�UDQJH�

ZLWK�UHVSHFW�WR�WKH�RYHUDOO�VWXG\� DUHD��EXW�VKRXOG�QRW�LQYDOLGDWH�D�ZLWKLQ�KRP H�

UDQJH�FRP SDULVRQ�RI�XWLOLVHG�ZLWK�DYDLODEOH�KDELWDW��$HELVFKHU�HW�DO����� � ���

� �� �� � +DELWDW�TXDOLW\ �

+DELWDW�SDWFKHV�P D\� GLIIHU�IURP� HDFK�RWKHU�ZLWK�UHVSHFW�WR�WKHLU�VXLWDELOLW\� IRU�D�

JLYHQ�VSHFLHV��WKHLU�GXUDELOLW\� �RU�SHUVLVWHQFH��DQG�UHVLOLHQFH�RYHU�WLP H�

�. R] DNLHZLF]� ���� � ���,I�DOO�OLIH�UHTXLUHP HQWV�RI�WKH�VSHFLHV�DUH�IXOO\� LGHQWLILHG��

KDELWDW�W\ SHV�ZLWKLQ�D�P RVDLF�FRXOG�EH�FODVVLILHG�DV�RSWLP DO��VXERSWLP DO��

P DUJLQDO�RU�QRQ�LQKDELWDEOH��. R] DNLHZLF]� ���� � ���+RZHYHU��HYHQ�VXERSWLP DO�

KDELWDWV�P D\� SURYLGH�DUHDV�RI�XVHDEOH�KDELWDW�WR�HQDEOH�WKH�QRUP DO�VRFLDO�

EHKDYLRXU�RI�SRSXODWLRQV�DQG�WR�SUHYHQW�RYHUFURZGLQJ�RI�RSWLP DO�DUHDV��0 XQNV�

HW�DO����� � ���



� �� �

' HILQLQJ�D�P HDVXUH�RI�VXLWDELOLW\� RI�KDELWDWV�LV�YHU\� LP SRUWDQW��8 VXDOO\ ��

UHSURGXFWLYH�VXFFHVV�RI�WKH�VSHFLHV�LV�FRQVLGHUHG�WR�EH�D�JRRG�P HDVXUH�RI�

KDELWDW�VXLWDELOLW\�� �. UHEV����� � ���+DELWDW�VXLWDELOLW\� FDQ�EH�DIIHFWHG�E\� P DQ\�

IDFWRUV��VXFK�DV�IRRG�DQG�ZDWHU�VXSSO\ ��VKHOWHU��P DWHV��QHVWLQJ�VLWHV�DQG�

SUHGDWRUV��3RSOH����� ��. R] DNLHZLF]� ���� � ���,W�P LJKW�EH�H[ SHFWHG�WKDW�KDELWDW�

VXLWDELOLW\� VKRXOG�EH�UHIOHFWHG�E\� SRSXODWLRQ�GHQVLW\ ���+RZHYHU��P DQ\� DXWKRUV�

KDYH�DUJXHG�VWURQJO\� WKDW�KDELWDW�TXDOLW\� FDQQRW�EH�DVVHVVHG�WKURXJK�

SRSXODWLRQ�GHQVLW\� DORQH��H�J��9DQ�+RUQH����� � ��SDUWLFXODUO\� LQ�KHWHURJHQHRXV�

ODQGVFDSHV��. R] DNLHZLF]� ���� � ���

+RP H�UDQJH�VL] H�LV�RQH�LQGLFDWRU�RI�KDELWDW�TXDOLW\� �7XIWR�HW�DO����� � ���0 LQLP XP�

KRP H�UDQJH�VL] H�LV�D�IXQFWLRQ�RI�KDELWDW�SURGXFWLYLW\� DQG�UHVRXUFH�GLVWULEXWLRQ�DV�

ZHOO�DV�LQGLYLGXDO�HQHUJ\� UHTXLUHP HQWV��+DUHVWDG�DQG�%XQQHOO����� ��) LVKHU�

���� � ���,Q�P DQ\� P DPP DOLDQ�KHUELYRUHV��KRP H�UDQJH�VL] H�GHFUHDVHV�ZLWK�

LQFUHDVLQJ�IRRG�DYDLODELOLW\� �+XOEHUW�HW�DO����� � ��DQG�KHUELYRUHV�P D\� P RYH�WKHLU�

DFWLYLW\� FHQWUH�WRZDUGV�IRRG�VRXUFHV�RSSRUWXQLVWLFDOO\� �- RKQVRQ����� � ���3RSOH�

����� ��VXJJHVWV�WKDW�LQ�P DFURSRGV��VRP H�LQGLYLGXDOV�ZLWKLQ�D�SRSXODWLRQ�P D\�

XVH�GLIIHUHQW�KDELWDWV�LQ�GLIIHUHQW�VHDVRQV�DQG�HYHQ�DW�GLIIHUHQW�WLP HV�RI�WKH�

GD\ ���2 WKHU�P HP EHUV�RI�WKH�VDP H�SRSXODWLRQ�P D\� RU�P D\� QRW�VKRZ�WKH�VDP H�

KDELWDW�DVVRFLDWLRQV��NQRZQ�DV�KDELWDW�VHJUHJDWLRQ�DV�VHHQ�LQ�UHG�QHFNHG�

ZDOODELHV��0 DFURSXV�UXIRJULVHXV��� - RKQVRQ����� � ��DQG�UHG�GHHU��&HUYXV�

HODSKXV��� &RQUDGW�HW�DO����� ������ � ��ZKHUH�P DOHV�DQG�IHP DOHV�GLIIHU�LQ�WKHLU�

KDELWDW�XVH���$GGLWLRQDOO\ ��WKH�P DMRULW\� RI�P DFURSRG�VSHFLHV�KDYH�GLVWLQFW�

IHHGLQJ�DQG�UHVWLQJ�DUHDV��3RSOH����� ��9HUQHV�HW�DO����� � ��

$OWKRXJK�WKHUH�KDYH�EHHQ�D�IHZ�VWXGLHV�RQ�WKHLU�KRP H�UDQJH�DQG�KDELWDW�XVH��

WKHUH�LV�RQO\� OLP LWHG�LQIRUP DWLRQ�DYDLODEOH�RQ�WKH�KDELWDW�UHTXLUHP HQWV�IRU�'�

OXP KROW] L��3URFWHU�* UD\� ���� ��1 HZHOO�����E ����7KLV�LV�SDUWLDOO\� GXH�WR�WKH�IDFW�

WKDW�DOO�WKUHH�VWXGLHV�RQ�WUHH�NDQJDURRV�LQ�$XVWUDOLD�KDYH�EHHQ�XQGHUWDNHQ�RQ�D�

VLQJOH�KDELWDW�W\ SH��7\ SH��E�FRP SOH[� QRWRSK\ OO�YLQH�IRUHVW��7UDFH\� ���� � ���

0 RUHRYHU��WKLV�KDELWDW�W\ SH�LV�H[ WUDRUGLQDULO\� UHVWULFWHG�LQ�H[ WHQW�GXH�WR�SDVW�

FOHDULQJ��ZLWK�OHVV�WKDQ���� �� RI�WKH�RULJLQDO�DUHD�UHP DLQLQJ��6DWWOHU�DQG�

: LOOLDP V����� � ���7KHUH�ZHUH�KRZHYHU�YDULDWLRQV�LQ�KDELWDW�EHWZHHQ�WKH�VWXGLHV���

1 HZHOO¶V�VWXG\� VLWH������E ��ZDV�RI�D�\ RXQJHU�VXFFHVVLRQDO�DJH�FODVV�WKDQ�



� �� �

3URFWHU�* UD\ ¶V������ � ���( YHQ�ZLWKLQ�WKH�VDP H�IRUHVW�W\ SH�%HQQHWW¶V�WUHH�

NDQJDURRV�KDYH�D�P XFK�ODUJHU�KRP H�UDQJH�WKDQ�/XP KROW] ¶V�WUHH�NDQJDURRV�

�3URFWHU�* UD\� ���� ��0 DUWLQ����� ��1 HZHOO�����E ���DOWKRXJK�WKHVH�VLWHV�DOVR�

YDULHG�LQ�WKHLU�VWUXFWXUDO�DQG�IORULVWLF�FKDUDFWHULVWLFV��DQG�WKLV�P D\� JR�VRP H�RI�

WKH�ZD\� WR�H[ SODLQ�WKHVH�GLIIHUHQFHV���

1 HZHOO������E ��VXJJHVWHG�WKDW�KDELWDW�TXDOLW\� P LJKW�KDYH�DQ�HIIHFW�RQ�' ��

OXP KROW] L�GHQVLWLHV�DQG�KRP H�UDQJH�VL] HV���7KH�LQIOXHQFH�RI�KDELWDW�TXDOLW\� RQ�

KDELWDW�XVH�QHHGV�WR�EH�H[ SORUHG�RQ�D�ZLWKLQ�VLWH�VFDOH��DV�ZHOO�DV�FRP SDULQJ�

KDELWDW�XVH�EHWZHHQ�VLWHV�DFURVV�D�UHJLRQ��1 HZHOO�����E ���� : H�QHHG�WR�H[ SORUH�

LI�KDELWDW�GLIIHUHQFHV��VXFK�DV�VWUXFWXUDO�RU�IORULVWLF�FKDUDFWHUV��LQIOXHQFH�

YDULDWLRQ�LQ�KRP H�UDQJH�VL] HV�DQG�LQWHQVLW\� RI�XVH�ZLWKLQ�WKHLU�KRP H�UDQJHV��

HVSHFLDOO\� ZLWKLQ�D�VLWH�ZLWK�YDU\ LQJ�KDELWDWV�DYDLODEOH�WR�' ��OXP KROW] L��

) URP� WKH�OLWWOH�WKDW�LV�NQRZQ�DERXW�WKHLU�GLVWULEXWLRQ��LW�KDV�EHHQ�VXJJHVWHG�WKDW�

/X P KROW] ¶V�WUHH�NDQJDURRV�DUH�SUHVHQW�LQ�KLJKHU�GHQVLWLHV�LQ�UDLQIRUHVWV�RQ�

IHUWLOH�VRLOV��VXFK�DV�7\ SH��E���DV�IRXQG�LQ�RWKHU�DUERUHDO�IROLYRUHV��%UDLWKZDLWH�

HW�DO����� ��/XQQH\� ���� ��%UDLWKZDLWH����� � ��UDWKHU�WKDQ�WKH�IRUHVW�W\ SHV�

DVVRFLDWHG�ZLWK�ORZHU�QXWULHQW�JUDQLWH�RU�UK\ ROLWH�VRLOV��1 HZHOO����� ������D ��

. DQRZVNL����� � ��. DQRZVNL������ ��DQG�. DQRZVNL�HW�DO������E ��DGG�WKDW�WKH�

UHODWLYH�DEXQGDQFH�RI�' ��OXP KROW] L�RQ�IHUWLOH�VRLOV�DSSHDUV�WR�EH�D�UHVSRQVH�WR�

WKH�QXWULWLRQDO�TXDOLW\� RI�WKH�IROLDJH���6RLO�IHUWLOLW\� P D\� KDYH�D�VWURQJ�VXEVHTXHQW�

LQIOXHQFH�XSRQ�ERWK�OHDI�QXWULWLRQ�DQG�SDODWDELOLW\� RI�OHDI�P DWHULDO��DQG�LV�DOVR�

OLNHO\� WR�UHODWH�WR�WKH�GHJUHH�RI�VFOHURSK\ OO\� DQG�SUHVHQFH�RI�DOOHORFKHP LFDOV�

�&ROH\� ���� ��1 HZHOO�����E ����%UDLWKZDLWH�HW�DO������ �� IRXQG�WKDW�VRLO�IHUWLOLW\� ZDV�

OLQNHG�WR�DUERUHDO�P DUVXSLDO�GHQVLW\� WKURXJK�IRUHVW�IORULVWLFV�DQG�OHDI�FKHP LVWU\ ���

,Q�DGGLWLRQ�DUERUHDO�P DUVXSLDO�DEXQGDQFH�WHQGV�WR�LQFUHDVH�ZLWK�LQFUHDVLQJ�

DOWLWXGH��. DQRZVNL����� ��. DQRZVNL�HW�DO�����E ���� �

$OWHUQDWLYHO\ ��1 HZHOO������ ��VXJJHVWV�WKDW�' ��OXP KROW] L�GHQVLW\� P D\� UHODWH�WR�WKH�

IORULVWLFV�RU�WR�WKH�DJH�RI�WKH�IRUHVW�VLQFH�FOHDULQJ���/X P KROW] ¶V�WUHH�NDQJDURRV�

P D\� VKRZ�D�SUHIHUHQFH�IRU�UHJURZWK�DV�RSSRVHG�WR�P DWXUH�IRUHVWV��/DXUDQFH�

DQG�/DXUDQFH����� ��1 HZHOO�����D ���DQG�P D\� EH�DEOH�WR�P DLQWDLQ�VP DOOHU�KRP H�

UDQJHV�ZLWKLQ�UHJURZWK�IRUHVWV�ZLWK�D�UHODWLYHO\� QXWULWLRXV�RU�SDODWDEOH�IRRG�

UHVRXUFH�FRP SDUHG�ZLWK�RWKHU�UDLQIRUHVW�FRPP XQLWLHV��1 HZHOO�����E ����,W�KDV�



� �� �

EHHQ�VXJJHVWHG�WKDW�' HQGURODJXV�P DWVFKLHL��D�1 HZ� * XLQHD�WUHH�NDQJDURR��

VKRZV�D�SUHIHUHQFH�IRU�QHZ�JURZWK�RU�HDUO\� VXFFHVVLRQDO�WUHH�VSHFLHV��' DEHN�

SHUV�FRPP �����) ROLDJH�IURP� UHJURZWK�IRUHVW�P D\� KDYH�D�KLJKHU�QXWULHQW�TXDOLW\�

�&DWHV�DQG�2 ULRQV����� ��&ROH\� ���� ��* DQ] KRUQ����� � ��RU�ORZHU�OHYHOV�RI�

GHIHQFHV�DJDLQVW�KHUELYRU\� �- DQ] HQ����� ��&RUN�DQG�) ROH\� ���� � ���( DUO\�

VXFFHVVLRQDO�SODQW�VSHFLHV�DUH�VLJQLILFDQWO\� P RUH�SDODWDEOH�WR�D�JHQHUDOLVW�

KHUELYRUH�WKDQ�ODWHU�VXFFHVVLRQDO�DQG�FOLP D[� SODQWV��SRVVLEO\� GXH�WR�WKH�VP DOOHU�

LQYHVWP HQW�LQ�GHIHQVLYH�VXEVWDQFHV�RI�WKH�IRUP HU��&DWHV�DQG�2 ULRQV����� � ���

3URFWHU�* UD\� ����� �� IRXQG�' ��OXP KROW] L�SUHIHUUHG�SULP DU\� IRUHVW�SODQW�VSHFLHV���

+RZHYHU��LW�VKRXOG�EH�QRWHG�WKDW�SULP DU\� UDLQIRUHVW�VSHFLHV�ZHUH�WKH�GRP LQDQW�

VSHFLHV�RQ�KHU�VWXG\� VLWH��

) UDJP HQWDWLRQ�P D\� DOVR�HQKDQFH�KDELWDW�TXDOLW\� E\� LQFUHDVLQJ�WKH�QXP EHU�RI�

QXWULWLRXV�SLRQHHU�SODQW�VSHFLHV��' RROH\� DQG�%RZHUV����� � ���, I�LW�LV�WUXH�WKDW�

/X P KROW] ¶V�WUHH�NDQJDURRV�SUHIHU�UHJURZWK�RU�VXFFHVVLRQDO�SODQW�VSHFLHV�WKHQ�

WKLV�P D\� H[ SODLQ�KLJK�GHQVLWLHV�LQ�VP DOO�UHJURZWK�IUDJP HQWV�VXFK�DV�WKRVH�

UHSRUWHG�E\� 1 HZHOO������E ��DQG�3URFWHU�* UD\� ����� � ��

,Q�VXSSRUW��/DXUDQFH�DQG�/DXUDQFH������ ��DOVR�VXJJHVWHG�WKDW�/X P KROW] ¶V�WUHH�

NDQJDURRV�P LJKW�EH�H[ SHFWHG�WR�LQFUHDVH�LQ�QXP EHUV�LQ�P RGHUDWHO\� GLVWXUEHG�

IRUHVW�GXH�WR�WKH�GLHWDU\� XVH�RI�ERWK�SULP DU\� DQG�VHFRQGDU\� UDLQIRUHVW�SODQWV���

7KLV�LV�VXSSRUWHG�WR�VRP H�GHJUHH�E\� VWXGLHV�RI�RWKHU�WURSLFDO�DUERUHDO�IROLYRUHV��

ZLWK�LQFUHDVHG�REVHUYDWLRQV�RI�VRP H�VSHFLHV�RI�OHP XUV�LQ�VWDQGLQJ�IRUHVW�

IROORZLQJ�ORZ�OHYHO�ORJJLQJ�GLVWXUEDQFH�RI�D�0 DODJDV\� WURSLFDO�GU\� GHFLGXRXV�

IRUHVW��* DQ] KRUQ����� � ���* DQ] KRUQ¶V�VWXG\� ����� ��SURYLGHG�HYLGHQFH�WKDW�DQ�

LQFUHDVH�LQ�VLJKWLQJ�IUHTXHQF\� P D\� EH�UHODWHG�WR�LQFUHDVHV�LQ�OHDI�TXDOLW\� DQG�

IUXLW�SURGXFWLRQ�DV�D�UHVXOW�RI�LQFUHDVHG�VXQOLJKW�WR�RWKHU�SDUWV�RI�WKH�FDQRS\ ���

$Q�LP SURYHP HQW�LQ�IRRG�TXDOLW\ ��DORQJ�ZLWK�WKH�ORVV�RI�KDELWDW�ZDV�OLNHO\� WR�KDYH�

DOWHUHG�WKH�VSHFLHV¶�KRP H�UDQJH�XWLOLVDWLRQ�WR�DFFRPP RGDWH�D�JUHDWHU�GHQVLW\� RI�

DQLP DOV�LQ�WKH�VWDQGLQJ�IRUHVW�LQ�WKH�VKRUW�WHUP ���7KH�DEXQGDQFHV�RI�DUERUHDO�

IROLYRUHV�LQ�VRXWK�,QGLD��FRQVLGHUHG�µJHQHUDOLVWV¶�ZLWK�UHODWLYHO\� VP DOO�KRP H�

UDQJHV���WKH�ODUJH�EURZQ�IO\ LQJ�VTXLUUHO��3HWDXULVWD�SHWDXULVWD��DQG�WKH�

7UDYDQFRUH�IO\ LQJ�VTXLUUHO��3HWLQRP \V�IXVFRFDSLOOXV���DOVR�LQFUHDVHG�ZLWK�

GHFUHDVLQJ�DUHD�DQG�LQFUHDVLQJ�GLVWXUEDQFH�OHYHO��8 P DSDWK\� DQG�. XP DU����� � ��



� �� �

7KHUH�LV��KRZHYHU��WKH�TXHVWLRQ�RI�ZKHWKHU�/X P KROW] ¶V�WUHH�NDQJDURRV�DUH�

VLP SO\� HDVLHU�WR�REVHUYH�LQ�GLVWXUEHG�IRUHVW�DV�RSSRVHG�WR�P DWXUH�IRUHVW�DQG�

KHQFH�JLYH�DQ�LP SUHVVLRQ�RI�KLJKHU�GHQVLWLHV���/DXUDQFH�DQG�/DXUDQFH������ ��

REVHUYHG�/XP KROW] ¶V�WUHH�NDQJDURRV�ZLWK�VSRWOLJKWV�P DLQO\� RQ�WKH�HGJH�RU�DORQJ�

WUDFNV���7KH\� DUH�H[ WUHP HO\� GLIILFXOW�WR�GHWHFW�LQ�WKLFN�P DWXUH�UDLQIRUHVW���

: KHWKHU�/X P KROW] ¶V�WUHH�NDQJDURRV�DUH�VLP SO\� HDVLHU�WR�VSRW�DORQJ�WKH�HGJHV�

RI�IUDJP HQWV�RU�ZKHWKHU�WKH\� DFWXDOO\� P DLQWDLQ�KLJKHU�DEXQGDQFHV�LQ�

IUDJP HQWHG�IRUHVWV��RU�DUH�DQ�µHGJH¶�VSHFLHV�LV�QRW�FOHDU��1 HZHOO�����D ���� �

( GJHV�P LJKW�DOVR�SURYLGH�KLJK�TXDOLW\� KDELWDW�EHFDXVH�RI�GLP LQLVKHG�FRVWV�RI�

WHUULWRULDOLW\� �%RZHUV�HW�DO����� ��UHVXOWLQJ�IURP� IHZHU�ERUGHUV�WR�GHIHQG��6WDP SV�

HW�DO����� ��DV�ZHOO�DV�SRVVLEO\� VXSSO\ LQJ�SUR[ LP LW\� WR�QXWULWLRXV�QHZ�SODQW�

JURZWK���1 HZHOO������D ������E �� IRXQG�WKDW�ZKHQ�UDGLR�WUDFNLQJ�' ��OXP KROW] L�ZLWK�

KRP H�UDQJHV�DEXWWLQJ�IRUHVW�HGJHV��WKH\� ZHUH�RQO\�YLVLEOH�E\� VSRWOLJKWLQJ�RQ�WKH�

HGJH�OHVV�WKDQ��� �� RI�WKH�WLP H��WKH�UHP DLQLQJ�WLP H�ZDV�VSHQW�DZD\� IURP� WKH�

HGJH�DQG�WKHUHIRUH�XVXDOO\� XQGHWHFWDEOH���1 RW�VXUSULVLQJO\ ��1 HZHOO������D ��

IRXQG�WKDW�DQLP DOV�ZLWK�KRP H�UDQJHV�DZD\� IURP� WKH�HGJH�ZHUH�UDUHO\� VHHQ��

7UHH�GHQVLW\� ZDV�IRXQG�WR�EH�WKH�EHVW�SUHGLFWRU�RI�WKH�RFFXUUHQFH�RI�IROLYRURXV�

SULP DWHV�VXFK�DV�WKH�1 LOJLUL�ODQJXU�LQ�IRUHVW�IUDJP HQWV��8 P DSDWK\� DQG�. XP DU�

���� � ���,W�LV�WKH�DYDLODELOLW\� RI�D�YDULHW\� RI�SODQW�VSHFLHV�WKDW�LV�LP SRUWDQW�WR�WKH�

1 LOJLUL�ODQJXU�WR�DYRLG�WKH�EXLOG�XS�RI�GLIIHUHQW�VHFRQGDU\� FRP SRXQGV�EH\ RQG�

WKHLU�WROHUDQFH�OHYHOV��8 P DSDWK\� DQG�. XP DU����� � ��� �

� �� �� � +DELWDW�IUDJP HQWDWLRQ��

3DKO�HW�DO������ ��VXJJHVW�WKDW�VSHFLHV�ZKLFK�WHQG�WR�VXUYLYH�LQ�VP DOO�SDWFKHV�RI�

KDELWDW�DSSHDU�WR�KDYH�JRRG�GLVSHUVDO�DELOLW\ ��VP DOO�KRP H�UDQJHV��JHQHUDOLVHG�

KDELWDW�UHTXLUHP HQWV��DQG�GHSHQG�RQ�IRRG�UHVRXUFHV�ZKLFK�DUH�QRW�WHP SRUDOO\�

RU�VSDWLDOO\� GLVWULEXWHG���7KH\� DGG�WKDW�/X P KROW] ¶V�WUHH�NDQJDURRV�P D\� KDYH�GLHW�

DQG�GLVSHUVDO�DELOLWLHV�WKDW�HQDEOH�WKHP� WR�SHUVLVW�LQ�IUDJP HQWHG�DQG�GLVWXUEHG�

IRUHVWV����

/X P KROW] ¶V�WUHH�NDQJDURRV�KDYH�EHHQ�UHSRUWHG�WR�EH�LQ�VLJQLILFDQWO\� ORZHU�

DEXQGDQFHV�LQ�VP DOO�UDLQIRUHVW�IUDJP HQWV�DQG�FRUULGRUV�DQG�DEVHQW�LQ�

IUDJP HQWV�� ���KD� �/DXUDQFH����� ������D ����+RZHYHU��RWKHU�VWXGLHV�FRQVLGHUHG�
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WKH�VSHFLHV�WR�EH�LQ�ORZ�DEXQGDQFHV�LUUHVSHFWLYH�RI�IRUHVW�DUHD��IRUHVW�W\ SH�

�/DXUDQFH����� ��3DKO�HW�DO����� � ��RU�WKH�GHJUHH�RI�LVRODWLRQ�RI�WKH�UDLQIRUHVW�

IUDJP HQW��/DXUDQFH����� � ��DOWKRXJK�UHVXOWV�IURP� D�P XOWLSOH�UHJUHVVLRQ�P RGHO�

GLG�VXJJHVW�WKDW�WKH�VSHFLHV�P D\� SUHIHU�LVRODWHG�IUDJP HQWV�ZLWK�D�ODUJH�

YDULDWLRQ�LQ�FDQRS\� KHLJKW��/DXUDQFH����� � ���$GGLWLRQDOO\ ��WKH�UHODWLYH�

IUHTXHQFLHV�RI�REVHUYDWLRQV�RI�/X P KROW] ¶V�WUHH�NDQJDURRV�DW�VLWHV�VHYHQ�\ HDUV�

DIWHU�VHOHFWLYH�ORJJLQJ�DFWLYLWLHV�RFFXUUHG�ZHUH�GLIIHUHQW�DW�WKHLU�UHIHUHQFH�VLWHV�

�/DXUDQFH�DQG�/DXUDQFH����� � ���7KHVH�FRQIOLFWLQJ�UHVXOWV�VXJJHVW�WKDW�P RUH�

UHVHDUFK�LV�UHTXLUHG�WR�FOHDUO\� HVWDEOLVK�WKH�HIIHFWV�RI�GLVWXUEDQFH�DQG�

IUDJP HQWDWLRQ�RI�KDELWDW�RQ�SRSXODWLRQV�RI�/X P KROW] ¶V�WUHH�NDQJDURRV��

� �� � ) (( ' ,1 *� ( &2 / 2* <� �

/X P KROW] ¶V�WUHH�NDQJDURRV�DUH�EHOLHYHG�WR�EH�JHQHUDOLVW�IROLYRUHV�WKDW�IHHG�RQ�D�

ZLGH�YDULHW\� RI�UDLQIRUHVW�OHDYHV��3URFWHU�* UD\� ���� ������ ��1 HZHOO�����D ����

+RZHYHU��LQ�DUHDV�ERUGHULQJ�UDLQIRUHVWV�DQLP DOV�ZLOO�RIWHQ�HQWHU�SDGGRFNV��

RUFKDUGV�DQG�JDUGHQV�WR�IHHG�RQ�FXOWLYDWHG�FURSV�VXFK�DV�P DL] H��SXP SNLQV��

P DQGDULQV�DQG�DYRFDGRV��1 HZHOO����� ��7UHH�. DQJDURR�DQG�0 DPP DO�* URXS�

���� � ���,Q�WKHLU�VXUYH\� . DQRZVNL�HW�DO������D ��DOVR�REWDLQHG�QXP HURXV�UHFRUGV�

RI�' ��OXP KROW] L�IURP� HXFDO\ SW�IRUHVW��DV�IDU�DV��� NP� IURP� WKH�QHDUHVW�ODUJH�

UDLQIRUHVW�SDWFK���+RZHYHU��WKH\� VXJJHVW�WKDW�WKHVH�UHFRUGV�DOP RVW�FHUWDLQO\�

UHSUHVHQW�GLVSHUVLQJ�DQLP DOV��DV�' ��OXP KROW] L�LV�EHOLHYHG�WR�EH�XQDEOH�WR�VXUYLYH�

RQ�HXFDO\ SW�IROLDJH���7KHVH�UHFRUGV�FRXOG�DOVR�UHSUHVHQW�P LVLGHQWLILFDWLRQ�RI�' ��

OXP KROW] L��RU�LQDFFXUDFLHV�RI�UHSRUWHG�ORFDOLWLHV���

' HQGURODJXV�OXP KROW] L�KDYH�EHHQ�REVHUYHG�XWLOLVLQJ�DW�OHDVW����� VSHFLHV�RI�

SODQWV�IURP� ��� IDP LOLHV��3URFWHU�* UD\� ���� ��1 HZHOO�����E �7. 0 *� XQSXEOLVKHG�

GDWD����8 QIRUWXQDWHO\� QRW�DOO�RI�WKHVH�DUH�IHHGLQJ�REVHUYDWLRQV��DV�' ��OXP KROW] L�

DUH�VK\� DQG�FU\ SWLF�DQG�IHHGLQJ�REVHUYDWLRQV�DUH�GLIILFXOW��1 HZHOO����� ������E ���

3URFWHU�* UD\� ����� ��UHFRUGHG����REVHUYDWLRQV�RI�' ��OXP KROW] L�IHHGLQJ�P RVW�RI�

ZKLFK�ZHUH�RQ�P DWXUH�OHDYHV�RI���� VSHFLHV�ZLWK�RQO\� � �� �� RQ�QRQ�OHDI�SDUWV���

( XURVFKLQXV�IDOFDWD��( ODHDJQXV�WULIORUD�DQG�0 DFOXUD�FRFKLQFKLQHQVLV�OHDYHV�

P DGH�XS����� RI�WKH�GLHW��3URFWHU�* UD\� ���� � ��
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1 HZHOO������ ������E �� IRXQG�' ��OXP KROW] L�XWLOLVHG���� VSHFLHV�RI�WUHHV�DQG�YLQHV���

2 I�WKHVH�IRXU�RI�WKH�GRP LQDQW�WUHH�VSHFLHV�LQ�KLV�VWXG\� VLWH�P DGH�XS����� RI�KLV�

REVHUYDWLRQV��%ODFNEHDQ�RU�0 RUWRQ�%D\� &KHVWQXW��&DVWDQRVSHUP XP �DXVWUDOH���

&DQGOHQXW��$OHXULWHV�P ROXFFDQD���* UH\� %ROO\ ZRRG��1 HROLWVHD�GHDOEDWD��DQG�

0 DOORWXV�SKLOLSSHQVLV��ZKLFK�ZHUH�DOO�GRP LQDQW�DFURVV�WKH�VWXG\� VLWH���+H�IRXQG�

WKDW�' ��OXP KROW] L�XVHG�D�VP DOO�QXP EHU�RI�WUHHV�IUHTXHQWO\� DQG�D�ODUJHU�VXLWH�RI�

WUHHV�P XFK�OHVV�UHJXODUO\� �1 HZHOO�����E ��DV�GR�RWKHU�DUERUHDO�IROLYRUHV��VXFK�

DV�ULQJWDLO�SRVVXP V��3VHXGRFKHLUXV�SHUHJULQXV��� /DZOHU�HW�DO����� ��DQG�NRDODV�

�3KDVFRODUFWRV�FLQHUHXV��� +LQGHOO�DQG�/HH����� ������ ������ ��0 RRUH�DQG�) ROH\�

���� � ���1 HZHOO������E ��DOVR�IRXQG�WKDW�LQGLYLGXDO�' ��OXP KROW] L�KDG�IDYRXULWH�

LQGLYLGXDO�WUHHV�ZLWKLQ�WKHLU�KRP H�UDQJHV�WKDW�WKH\� XVHG�UHSHDWHGO\ ���7KLV�ZDV�

DOVR�IRXQG�LQ�VRP H�1 HZ� * XLQHD�WUHH�NDQJDURR�VSHFLHV��%HW]� HW�DO�XQSXEOLVKHG�

GDWD�D���DQG�LQ�' ��EHQQHWWLDQXV��ZKHUH�WKH\� KDG�IDYRXULWH�GD\ WLP H�URRVW�WUHHV�

�0 DUWLQ����� � ���

0 DQ\� RI�WKH�SODQW�VSHFLHV�WKDW�/X P KROW] ¶V�WUHH�NDQJDURRV�ZHUH�DVVRFLDWHG�ZLWK�

ZHUH�WKH�VDP H�DW�ERWK�VWXG\� VLWHV��3URFWHU�* UD\� ���� ������ ��1 HZHOO�����E ���

DQG�VLP LODU�LQ�P DQ\� UHVSHFWV�WR�WKRVH�UHFRUGHG�IRU�%HQQHWW¶V�WUHH�NDQJDURRV�

�0 DUWLQ����� � ���7KLV�LV�QRW�VXUSULVLQJ�DV�WKH\� ZHUH�DOO�RQ�WKH�VDP H�UDLQIRUHVW�

W\ SH��ZLWK�1 HZHOO¶V������E ��DQG�3URFWHU�* UD\ ¶V������ ��VLWHV�RQO\� D�IHZ�KXQGUHG�

P HWUHV�DSDUW���+RZHYHU��' ��OXP KROW] L�DW�1 HZHOO¶V������E ��VLWH�GLG�QRW�XVH�VRP H�

VSHFLHV�WKDW�ZHUH�XVHG�UHJXODUO\� DW�3URFWHU�* UD\ ¶V������ ��VLWH��VXFK�DV�

( XURVFKLQXV�IDOFDWD��DOWKRXJK�WKH�VSHFLHV�LV�SUHVHQW�DW�ERWK�VLWHV��

7KH�P DUNHG�YDULDWLRQ�EHWZHHQ�' ��OXP KROW] L�LQGLYLGXDOV�LQ�WKH�WUHH�VSHFLHV�WKDW�

WKH\� XVHG�VXJJHVWV�WKDW��DW�OHDVW�WR�VRP H�GHJUHH��/X P KROW] ¶V�WUHH�NDQJDURRV�

DUH�ERWK�FDWKROLF�DQG�RSSRUWXQLVWLF�LQ�WKH�WUHH�VSHFLHV�WKDW�WKH\� XWLOLVH��1 HZHOO�

����E ����%HQQHWW¶V�WUHH�NDQJDURRV��) ODQQHU\� HW�DO����� ��0 DUWLQ����� � ��NRDODV�

�+LQGHOO�DQG�/HH����� ������ ������ ��0 RRUH�DQG�) ROH\� ���� ��DQG�WKH�WKUHH�WRHG�

VORWK��%UDG\ SXV�YDULHJDWXV��� 0 RQWJRP HU\� DQG�6XQTXLVW����� � ��DQRWKHU�WURSLFDO�

DUERUHDO�IROLYRUH��DOVR�GLVSOD\ HG�LQGLYLGXDO�YDULDWLRQ�LQ�WKH�WUHH�VSHFLHV�XWLOLVHG��

,Q�P DQ\� LQVWDQFHV��/X P KROW] ¶V�WUHH�NDQJDURRV�ZHUH�DOVR�DVVRFLDWHG�ZLWK�YLQH�

VSHFLHV���2 QH�SDUWLFXODU�VSHFLHV��0 DFOXUD�FRFKLQFKLQHQVLV��ZDV�FRPP RQO\�
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DVVRFLDWHG�ZLWK�VLJKWLQJV�RI�WUHH�NDQJDURRV��DQG�ZDV�D�UHJXODU�IRRG�LWHP� DW�

ERWK�3URFWHU�* UD\ ¶V������ ��DQG�1 HZHOO¶V������E ��VWXG\� VLWHV��

' HQGURODJXV�EHQQHWWLDQXV�DSSHDUV�WR�IDYRXU�VLP LODU�VSHFLHV�DV�' ��OXP KROW] L��

EXW�LWV�GLHW�DSSHDUV�WR�LQFOXGH�P RUH�IUXLW��ZLWK�WKH�IUXLWV�RI�$XVWUDOLDQ�ROLYH��2 OHD�

SDQLFXODWD��DQG�YDULRXV�ILJ�VSHFLHV��0 RUDFHDH��EHLQJ�IDYRXUHG��0 DUWLQ����� ��

) ODQQHU\� HW�DO����� � ��

$OWKRXJK�WKH�NQRZOHGJH�RI�WKH�IHHGLQJ�HFRORJ\� RI�WKH�1 HZ� * XLQHD�WUHH�

NDQJDURRV�LV�SRRU��VRP H�VSHFLHV�VHHP� WR�EH�P RUH�IUXJLYRURXV�WKDQ�' ��

OXP KROW] L��) ODQQHU\� HW�DO����� ��%HW]� HW�DO�XQSXEOLVKHG�GDWD�D���DOVR�IDYRXULQJ�

ILJV��' ��P EDLVR�KRZHYHU��DSSHDUV�WR�EH�D�QHDU�REOLJDWH�IROLYRUH��

6RP H�WUHH�NDQJDURR�VSHFLHV��LQFOXGLQJ�' ��P DWVFKLHL��' ��JRRGIHOORZL��' ��LQXVWXV�

ILQVFKL�DQG�' ��OXP KROW] L��KDYH�EHHQ�REVHUYHG�WR�EH�VRP HZKDW�FDUQLYRURXV�LQ�

FDSWLYLW\ ��HDWLQJ�HJJV��FKLFNHQ�P HDW�DQG�WKH�RFFDVLRQDO�DQLP DO�RU�ELUG�WKDW�

ZDQGHUV�LQWR�WKH�HQFORVXUH��) ODQQHU\� HW�DO����� ��- RKQVRQ�HW�DO����� � ���

+RZHYHU��WKLV�EHKDYLRXU�KDV�QRW�EHHQ�REVHUYHG�LQ�WKH�ZLOG��%HW]� ���� � ���

- RKQVRQ�HW�DO������ ��KDV�VXJJHVWHG�WKDW�WKLV�EHKDYLRXU�P D\� EH�GXH�WR�

QXWULWLRQDO�GHILFLHQFLHV�RU�ERUHGRP� LQ�FDSWLYLW\ ��� �

$GGLWLRQDOO\ ��' ��OXP KROW] L�KDYH�EHHQ�REVHUYHG�HDWLQJ�SODQWV�NQRZQ�WR�EH�WR[ LF�RU�

DW�OHDVW�XQSDODWDEOH�WR�LQWURGXFHG�VWRFN��1 HZHOO����� ��VXFK�DV�ODQWDQD�

�/DQWDQD�FDP DUD��RU�ZLOG�WREDFFR��6RODQXP�P DXULWLDQXP ��� 3URFWHU�* UD\� ���� ��

1 HZHOO�����E ��7. 0 *� XQSXEOLVKHG�GDWD��SHUV��REV����

: KHWKHU�' ��OXP KROW] L�RQO\� HDW�VRP H�VSHFLHV�VSDULQJO\ ��RU�XVH�GLIIHUHQW�WUHH�RU�

YLQH�VSHFLHV�LQ�FHUWDLQ�VHTXHQFHV�WR�DYRLG�RU�FRXQWHUDFW�VRP H�RI�WKH�WR[ LF�

HIIHFWV�RI�WKH�FKHP LFDOV�LV�VWLOO�XQFOHDU��1 HZHOO����� � ���0 DWXUH�WURSLFDO�IRUHVW�

OHDYHV�DUH�KLJK�LQ�VHFRQGDU\� GHIHQVLYH�FRP SRXQGV��&ROH\� ���� � ���3ODQW�

GHIHQFHV�FDQ�DOVR�YDU\� ERWK�EHWZHHQ�VSHFLHV�DV�ZHOO�DV�ZLWKLQ�D�VSHFLHV��&RUN�

DQG�) ROH\� ���� ������ ��/DZOHU�HW�DO����� � ���,Q�RUGHU�WR�GLVWULEXWH�WKH�WR[ LQ�ORDG��

/X P KROW] ¶V�WUHH�NDQJDURR�P LJKW�EH�H[ SHFWHG�WR�IROORZ�WKH�GLHWDU\� VWUDWHJLHV�RI�

RWKHU�DUERUHDO�IROLYRUHV�VXFK�DV�+RZOHU�P RQNH\ V��$ORXWWD�VSS���� * ODQGHU����� ��

���� ��0 LOWRQ����� � ��DQG�WKH�1 LOJLUL�ODQJXU��8 P DSDWK\� DQG�. XP DU����� � ��HDWLQJ�

VP DOO�SRUWLRQV�IURP� D�ZLGH�YDULHW\� RI�IRRG�SODQWV���7UHH�NDQJDURRV�LQ�1 HZ�
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* XLQHD�KDYH�DOVR�EHHQ�UHSRUWHG�WR�H[ KLELW�WKLV�EHKDYLRXU��QRW�RQO\� HDWLQJ�D�ZLGH�

YDULHW\� RI�IRRG�SODQWV�EXW�DOVR�DYRLGLQJ�FRQVXP LQJ�ODUJH�DP RXQWV�RI�DQ\ �RQH�

VSHFLHV��%HW]� HW�DO�XQSXEOLVKHG�GDWD�D����( XFDO\ SW�IROLYRUHV��VXFK�DV�ULQJWDLO�

SRVVXP V�DQG�NRDODV�DOVR�HDW�D�YDULHW\� RI�GLIIHUHQW�VSHFLHV��/DZOHU�HW�DO����� ��

0 RRUH�DQG�) ROH\� ���� ��DQG�GLVFULP LQDWH�EHWZHHQ�LQGLYLGXDO�WUHHV�ZLWKLQ�D�

WD[ RQRP LF�VSHFLHV��+LQGHOO�DQG�/HH����� ������ ������ ��3DKO����� ��/DZOHU�HW�DO�

���� � ���,W�LV�EHOLHYHG�WKDW�WKHVH�FKRLFHV�DUH�GULYHQ�E\� WKH�YDULDWLRQ�LQ�QXWULHQWV�

DQG�SODQW�FKHP LFDOV�EHWZHHQ�IROLDJH�RI�GLIIHUHQW�WUHHV�DQG�EHWZHHQ�GLIIHUHQW�

OHDI�FODVVHV��0 RRUH�DQG�) ROH\� ���� � ���7KH�YDULDWLRQV�LQ�WKH�GLHW�RI�WKH�KRZOHU�

P RQNH\ V�KDYH�EHHQ�UHODWHG�WR�WKH�SURWHLQ�DQG�VROXEOH�VXJDUV�DYDLODEOH�LQ�WKH�

GLIIHUHQW�IRRG�VSHFLHV��+ODGLN����� ��DQG�ERWK�KRZOHU�P RQNH\ V��* ODQGHU����� ��

0 LOWRQ����� ��DQG�UHG�VSLGHU�P RQNH\ V��+ODGLN����� ��HDW�P RUH�\ RXQJ�OHDYHV�IRU�

WKHLU�KLJK�SURWHLQ�FRQWHQW�DQG�SHWLROHV�IRU�WKHLU�KLJK�P LQHUDO�FRQWHQW���' ��

OXP KROW] L�KDYH�DOVR�EHHQ�REVHUYHG�HDWLQJ�QHZ�OHDYHV�DQG�WKH�SHWLROHV�RI�VRP H�

VSHFLHV��SHUV��REV�����

/HDI�HDWLQJ�P RQNH\ V�KDYH�DOVR�EHHQ�REVHUYHG�HDWLQJ�VRLO�ULFK�LQ�FOD\� �+ODGLN�

���� � ��DQG�LW�LV�EHOLHYHG�WKDW�WKLV�P D\� DFW�DV�DQ�DEVRUEHQW�IRU�WKH�WDQQLQV�

SUHVHQW�LQ�VRP H�UDLQIRUHVW�OHDYHV��+ODGLN����� � ���&DSWLYH�DQG�KDQG�UDLVHG�' ��

OXP KROW] L�KDYH�EHHQ�REVHUYHG�HDWLQJ�EDVDOW�VRLO�ZKLFK�LV�DOVR�ULFK�LQ�FOD\�

�- RKQVRQ�DQG�' HOHDQ����� ��SHUV��REV���EXW�ZKHWKHU�WKH\� GR�VR�LQ�WKH�ZLOG�LV�

XQNQRZQ��

,Q�VXPP DU\ ��' ��OXP KROW] L�KDYH�EHHQ�IRXQG�WR�XWLOLVH�D�ZLGH�YDULHW\� RI�IORUDO�

VSHFLHV�DQG�VKRZ�LQGLYLGXDO�SUHIHUHQFHV�IRU�WUHH�VSHFLHV��EHKDYLRXU�VLP LODU�WR�

RWKHU�IROLYRUHV�VXFK�DV�NRDODV��+LQGHOO�DQG�/HH����� ������ ������ ��DQG�OHDI�

HDWLQJ�P RQNH\ V��* ODQGHU����� ������ ��+ODGLN����� ��0 LOWRQ����� ��8 P DSDWK\� DQG�

. XP DU����� � ���7KH�UHDVRQV�IRU�LQGLYLGXDO�FKRLFHV�DUH�XQFOHDU���,W�LV�SRVVLEOH�

WKDW�WKH\� DUH�FKRRVLQJ�SDUWLFXODU�VSHFLHV�IRU�IROLDJH�FKDUDFWHUV�VXFK�DV�SODQW�

GHIHQFHV�DV�GR�NRDODV��0 RRUH�DQG�) ROH\� ���� ��RU�IRU�RWKHU�IROLDJH�FKDUDFWHUV���

7KH�GHWHUP LQDWLRQ�RI�IROLDJH�FKDUDFWHUV�DIIHFWLQJ�WUHH�FKRLFH�LV�EH\ RQG�WKH�

VFRSH�RI�WKLV�VWXG\ ��EXW�FHUWDLQO\� UHTXLUHV�IXUWKHU�LQYHVWLJDWLRQ��

�
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7KH�GLJHVWLRQ�RI�SODQWV�LV�D�FKDOOHQJH�WR�KHUELYRURXV�DQLP DOV�DV�P DWHULDOV�

FRQWDLQHG�ZLWKLQ�WKH�FHOO�ZDOOV�RI�SODQWV��ZKHUH�D�ODUJH�SURSRUWLRQ�RI�WKH�HQHUJ\�

FRQWDLQHG�LQ�SODQW�WLVVXHV��DUH�GLIILFXOW�WR�GLJHVW��%DXFKRS����� ��( LVHQEHUJ�

���� � ���7KH�SURWHLQV�DQG�FDUERK\ GUDWHV�RI�SODQW�FHOOXODU�FRQWHQWV�DUH�DYDLODEOH�

WR�DOO�DQLP DOV��ZKLOH�WKH�FHOOXORVH�DQG�KHP LFHOOXORVH�FDUERK\ GUDWHV�RI�WKH�FHOO�

ZDOO�DUH�DYDLODEOH�RQO\� WR�WKRVH�DQLP DOV�WKDW�SRVVHVV�WKH�VSHFLILF�

P LFURRUJDQLVP V�WKDW�FDQ�GHJUDGH�WKHVH�VXEVWDQFHV�LQ�WKHLU�GLJHVWLYH�WUDFW�

�%DXFKRS����� ��( LVHQEHUJ����� ��9DQ�6RHVW����� � ���7KHUHIRUH��WKH�DELOLW\� RI�

DQLP DOV�WR�XWLOLVH�FHOOXORVH��KHP LFHOOXORVH�DQG�SHFWLQ�DV�IRRG�GHSHQGV�RQ�WKH�

FDSDFLW\� RI�WKH�JDVWURLQWHVWLQDO�RUJDQLVP V�WR�GHJUDGH�WKHP� DQG�WKH�DELOLW\� RI�WKH�

KHUELYRUH�KRVW�WR�XWLOLVH�WKHVH�P LFURRUJDQLVP V�DQG�WKHLU�SURGXFWV��%DXFKRS�

���� ��( LVHQEHUJ����� ��9DQ�6RHVW����� � ���+HQFH��WKH�XWLOLVDWLRQ�RI�OHDYHV�DQG�

VWHP V�DV�D�UHODWLYHO\� FRP SOHWH�VRXUFH�RI�HQHUJ\� UHTXLUHV�FRQVLGHUDEOH�

P RUSKRORJLFDO�VSHFLDOLVDWLRQ�LQ�GHQWLWLRQ�DQG�JXW�P RUSKRORJ\� �( LVHQEHUJ����� � ��

� �� �� � 7HHWK�

0 DVWLFDWLRQ�LV�WKH�ILUVW�P DMRU�SURFHVV�LQ�GLJHVWLRQ���7KLV�SUHSDUDWLRQ�RI�IRRG�E\�

WHHWK�DIIHFWV�WKH�FDSDELOLW\� RI�WKH�JXW�IRU�P LFURELDO�RU�HQ]\ P DWLF�GLJHVWLRQ��DQG�

KHQFH�GLJHVWLELOLW\� �6DQVRQ����� � ��

7KH�WUHH�NDQJDURR¶V�IROLYRURXV��EURZVLQJ�GLHW�KDV�OHG�WR�P RGLILFDWLRQV�LQ�WKHLU�

WRRWK�P RUSKRORJ\� �6DQVRQ����� ������ � ���7UHH�NDQJDURR�GHQWLWLRQ�LV�VLP LODU�WR�

WKDW�RI�NRDODV���7KH\� KDYH�D�IODW�WRRWK�URZ��ZKHUH�DOO�RI�WKH�P RODUV�RFFOXGH�DW�

RQFH�DQG�FRP SULVLQJ�RI�RQH�ODUJH�SUHP RODU�DQG�IRXU�P RODUV��6DQVRQ����� � ��RI�

ZKLFK�WKH�P RODUV�KDYH�FRP SOHWHO\� HUXSWHG�E\� WKH�WLP H�WKH�DQLP DO�KDV�UHDFK�

DSSUR[ LP DWHO\� ��� P RQWKV�WR��� \ HDUV�RI�DJH��VLP LODU�WR�NRDODV��0 DUWLQ����� ��

0 DUWLQ�HW�DO����� � ���7KH�SUHP RODUV�DUH�HQODUJHG��VKDUS��IRU�VKHDULQJ�WKLFN�

VWHP V���DQG�P RUH�FRP SOH[� WKDQ�RWKHU�P DFURSRGV��KDYLQJ�P RUH�FXVSV�DQG�

FXWWLQJ�HGJHV��DQG�WKXV�DOVR�VXLWHG�IRU�SXQFWXULQJ�DQG�VKUHGGLQJ�OHDYHV�

�6DQVRQ����� � ���7KH�IRUHVW�GZHOOLQJ�ZDOODELHV�DQG�WUHH�NDQJDURRV�KDYH�VLP SOHU�

P RODUV�WKDQ�WKHLU�JUD] LQJ�UHODWLYHV��6DQVRQ����� ������ � ���7KH�P RODUV�RI�WUHH�
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NDQJDURRV�DUH�ORZ�FURZQHG�DQG�KDYH�VKDUS�ULGJHV�VXLWDEOH�IRU�IXUWKHU�

GLVVHFWLQJ�OHDYHV��) ODQQHU\� HW�DO����� ��6DQVRQ����� � ��� �

5 LGH������ ��UHFRJQLVHG�D�UHODWLRQVKLS�EHWZHHQ�WKH�UHGXFWLRQ�LQ�VL] H�RI�WKH�

SUHP RODU�DQG�LQFUHDVHG�VSHFLDOLVDWLRQ�IRU�JUD] LQJ���7KLV�UHGXFWLRQ�LQ�SUHP RODU�

VL] H�LV�EHOLHYHG�WR�DOVR�DOORZ�P RODU�SURJUHVVLRQ�LQ�WKH�JUD] LQJ�P DFURSRGV�

�6DQVRQ����� � ��D�SURFHVV�WKDW�GRHV�QRW�RFFXU�LQ�WUHH�NDQJDURRV��6DQVRQ����� ��

) ODQQHU\� HW�DO����� � ���0 RODU�SURJUHVVLRQ�LV�DQ�DGDSWDWLRQ�WR�FRP SHQVDWH�IRU�

WRRWK�ZHDU�DV�JUDVV�FRQWDLQV�DEUDVLYH�VLOLFD�WKDW�LV�JHQHUDOO\� DEVHQW�IURP�

IROLDJH�RI�WUHHV��6DQVRQ����� � ���7UHH�NDQJDURRV�DQG�RWKHU�EURZVLQJ�VSHFLHV�

KDYH�ODUJHU�SUHP RODUV�WKDQ�WKH�JUD] LQJ�P DFURSRGV��6DQVRQ����� ������ � ���

/DUJH�SUHP RODUV�DUH�EHOLHYHG�WR�DFW�DV�D�EXWWUHVV�SUHYHQWLQJ�WKH�IRUZDUG�GULIW�RI�

P RODUV��6DQVRQ����� ��+XP H����� � ����� �

/ LNH�RWKHU�P DFURSRGV��WUHH�NDQJDURRV�GR�KDYH�D�OLP LWHG�QXP EHU�RI�GHFLGXRXV�

WHHWK��) ODQQHU\� HW�DO����� ��DQG�D�SHFXOLDU�IRUP� RI�WRRWK�UHSODFHP HQW���$V�DQ�

DQLP DO�P DWXUHV��WKH�SHUP DQHQW�VHFWRULDO�SUHP RODU��3 � ��HMHFWV�ERWK�D�GHFLGXRXV�

EODGH�OLNH�SUHP RODU��3 � ��DQG�D�P RODU�VKDSHG�WRRWK��3 � ��� ) ODQQHU\� HW�DO����� � ��� �

$V�LQ�NRDODV��SODQW�P DWHULDO�LV�VKHDUHG�UDWKHU�WKDQ�FUXVKHG�EHWZHHQ�WKH�VKDUS�

FXVSV�RI�WKH�XSSHU�DQG�ORZHU�WHHWK�GXULQJ�P DVWLFDWLRQ��&RUN�DQG�6DQVRQ����� � ���

7KLV�LV�IRXQG�LQ�RWKHU�KHUELYRUHV�IDFHG�ZLWK�KLJK�ILEUH�GLHWV��ZKHUH�WKH\� HP SOR\�

P RUH�FXWWLQJ�WKDQ�FUXVKLQJ�LQ�P DVWLFDWLRQ��&RUN�DQG�6DQVRQ����� � ���7KLV�W\ SH�

RI�P DVWLFDWLRQ�UXSWXUHV�WKH�FHOOV�DQG�UHOHDVHV�WKH�FHOO�FRQWHQWV���$GGLWLRQDOO\� WKH�

FHOO�ZDOOV�DUH�UHGXFHG�WR�P DQ\� IUDJP HQWV�SURGXFLQJ�KLJK�VXUIDFH�DUHDV�IRU�

P RUH�HIIHFWLYH�IHUP HQWDWLRQ�E\� WKH�P LFUREHV�LQ�WKH�JXW��&RUN�DQG�6DQVRQ�

���� � ��

� �� �� � * DVWURLQWHVWLQDO�P RUSKRORJ\ �

7KH�GLJHVWLYH�SK\ VLRORJ\� RI�IROLYRUHV�LQIOXHQFHV�WKH�UDQJH�RI�IRRGV�DYDLODEOH�WR�

WKHP� �+XP H����� ������ � ���+HUELYRURXV�P DPP DOV�KDYH�P RGLILHG�GLJHVWLYH�

WUDFWV�ZLWK�HLWKHU�D�IRUHJXW�RU�KLQGJXW�DGDSWHG�WR�WKH�GLJHVWLRQ�RI�WKH�VWUXFWXUDO�

FDUERK\ GUDWHV�RI�SODQWV��5 LFKDUGVRQ����� � ���,Q�WKH�P DUVXSLDOV��WKH�9RP EDWLGDH�

�ZRP EDW���3KDVFRODUFWLGDH��NRDOD��DQG�WKH�3KODQJHULGDH��SRVVXP V��DUH�DOO�

KLQGJXW�IHUP HQWHUV�ZLWK�D�P RGLILHG�FDHFXP� DQG�ODUJH�LQWHVWLQH�IRU�P LFURELDO�
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IHUP HQWDWLRQ��ZKHUHDV�WKH�0 DFURSRGLQDH��NDQJDURRV�DQG�ZDOODELHV��DQG�

3RWRURLQDH��UDW�NDQJDURRV��DUH�DOO�IRUHJXW�IHUP HQWHUV�ZLWK�P RGLILHG�VWRP DFKV�

IRU�IHUP HQWDWLRQ�RI�SODQW�P DWHULDO��5 LFKDUGVRQ����� � ��� �

( DUO\� ZRUNHUV�FODVVHG�P DFURSRGV�DV�HLWKHU�UXP LQDQWV�RU�UXP LQDQW�OLNH�DQLP DOV�

�5 LFKDUGVRQ����� ��EHFDXVH�RI�WKHLU�P RGLILHG�VWRP DFKV���+RZHYHU��IRUHJXW�

IHUP HQWDWLRQ�KDV�HYROYHG�LQGHSHQGHQWO\� LQ�VHYHUDO�P DPP DO�JURXSV�LQFOXGLQJ�

UXP LQDQWV��VORWKV��OHDI�HDWLQJ�FRORELG�P RQNH\ V�DQG�P DFURSRG�P DUVXSLDOV�

�%DXFKRS����� � ��� �

,W�LV�EHOLHYHG�WKDW�P DFURSRGV�HYROYHG�IURP� DQFHVWRUV�WKDW�OLYHG�LQ�WKH�IRUHVW�

FDQRS\� XS�XQWLO�WKH�P LG�0 LRFHQH��) ODQQHU\� ���� � ���7KHVH�HDUO\� P DFURSRG�

DQFHVWRUV�WKHQ�HYROYHG�WR�LQKDELW�WKH�IORRU�RI�WKH�WHP SHUDWH�IRUHVW��ZKLFK�

FRYHUHG�$XVWUDOLD�DW�WKH�WLP H��' DZVRQ����� � ��0 DFURSRG�DQFHVWRUV�DUH�EHOLHYHG�

WR�KDYH�KDG�VLP SOH�GHQWLWLRQ�DQG�JXW�P RUSKRORJ\� �) UHXGHQEHUJHU�HW�DO����� � ���

7KH�VP DOO�RP QLYRURXV�0 XVN\� 5 DW�NDQJDURR��+ \ SVLSU\ P QRGRQ�P RVFKDWXV��LV�

FRQVLGHUHG�D�P RGHUQ�H[ DP SOH�RI�WKLV�ERG\� IRUP� DQG�OLIH�VW\ OH��' DZVRQ����� ��

) UHXGHQEHUJHU�HW�DO����� � ���7KH�0 XVN\� 5 DW�NDQJDURR�KDV�D�VLP SOH�VWRP DFK�

WKDW�LV�SDUWO\� FRP SDUWP HQWDOLVHG��+XP H����� ������ � ��DQG�LV�LQWHUP HGLDWH�

EHWZHHQ�WKH�VLP SOH�VWRP DFKV�RI�WKH�SRVVXP V�DQG�WKH�FRP SOH[� IRUP V�RI�WKH�

NDQJDURRV�DQG�ZDOODELHV��' DZVRQ����� � ��� / LP LWHG�IHUP HQWDWLRQ�P D\� KDYH�

RFFXUUHG�LQ�WKH�KLQGJXW��SDUWLFXODUO\� WKH�FDHFXP ��DV�LW�VWLOO�GRHV�LQ�P RVW�IRUHJXW�

IHUP HQWHUV��) UHXGHQEHUJHU�HW�DO����� � ��� �

,W�LV�EHOLHYHG�WKDW�WKH�FRP SOH[� IRUHJXW�RI�RWKHU�P DFURSRGLGV�GHYHORSHG�DW�D�

ODWHU�VWDJH�DORQJ�ZLWK�D�V\ P ELRWLF�UHODWLRQVKLS�ZLWK�P LFUREHV�WKDW�DOORZHG�WKH�

GLJHVWLRQ�RI�SODQW�FHOO�ZDOOV��) UHXGHQEHUJHU�HW�DO����� � ���7KLV�GHYHORSP HQW�

DOORZHG�P DFURSRGV�WR�H[ SORLW�WKH�P DQ\� GLIIHUHQW�QXWULWLRQDO�QLFKHV�WKDW�

DSSHDUHG�DV�FRQWLQHQWDO�$XVWUDOLD�EHFDP H�LQFUHDVLQJO\� DULG�LQ�WKH�ODWH�0 LRFHQH�

DQG�HDUO\� 3OLRFHQH��UHVXOWLQJ�LQ�D�GLYHUJHQFH�RI�WKH�P RUSKRORJLFDO�DQG�

SK\ VLRORJLFDO�DGDSWDWLRQV�LQ�P DFURSRGV��) UHXGHQEHUJHU�HW�DO����� � ���7KLV�

GLYHUVLW\� UDQJHV�IURP� WKH�VP DOO�3RWRURLGV��� ��� � �� NJ��ZKLFK�VHHN�GLHWV�ULFK�LQ�

QXWULHQWV�VXFK�DV�SODQW�URRWV��IXQJL�DQG�LQYHUWHEUDWHV��WR�WKH�ODUJH�JUD] LQJ�

NDQJDURRV��XS�WR��� NJ��ZKLFK�H[ SORLW�SRRU�TXDOLW\� EXW�DEXQGDQW�JUDVVODQGV�

�) UHXGHQEHUJHU�HW�DO����� � ���7KH�GLYHUVLW\� RI�GLHW�DQG�TXDOLW\� RI�IRRG�VRXUFHV�
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DUH�UHIOHFWHG�LQ�JXW�P RUSKRORJ\ ��3RWRURLGV�KDYH�D�ODUJH�VDFFLIRUP� IRUHVWRP DFK��

ZKHUHDV�WKH�ODUJH�JUD] LQJ�0 DFURSRGLGV�WHQG�WR�KDYH�WKH�P RVW�UHGXFHG�

VDFFLIRUP� EXW�P RVW�H[ SDQGHG�WXELIRUP� IRUHVWRP DFK��+XP H����� ��

) UHXGHQEHUJHU�HW�DO����� ��ZLWK�D�WUHQG�WRZDUG�LQFUHDVLQJ�UHODWLYH�VL] H�RI�WKH�

WXELIRUP� IRUHVWRP DFK�ZLWK�LQFUHDVLQJ�ERG\� VL] H��) UHXGHQEHUJHU�HW�DO����� ��DQG�

JUD] LQJ���,W�KDV�EHHQ�VXJJHVWHG�WKDW�D�WXEXODU�IRUHVWRP DFK��DORQJ�ZLWK�WKH�ORZ�

HQHUJ\� UHTXLUHP HQWV�RI�P DUVXSLDOV��DOORZ�P DFURSRGV�WR�VXEVLVW�RQ�SRRUHU�

TXDOLW\� IRUDJH�WKDQ�UXP LQDQWV�RI�VLP LODU�VL] H��+XP H����� � ��

) RU�P DPP DOV�WR�VXUYLYH�DV�DUERUHDO�IROLYRUHV��OLYLQJ�LQ�WKH�IRUHVW�FDQRS\� ZLWK�

DFFHVV�WR�WKH�IXOO�UDQJH�RI�IROLDJH��IUXLWV�DQG�VHHGV��LW�LV�VXJJHVWHG�WKDW�WKH\�

P XVW�ZHLJK�OHVV�WKDQ���NJ��* UDQG����� ��( LVHQEHUJ������ ��&RUN����� � ���

+RZHYHU��DQLP DOV�ZLWK�VP DOOHU�ERG\� VL] HV�DUH�OLNHO\� WR�HQFRXQWHU�GLIILFXOWLHV�LQ�

P HHWLQJ�WKHLU�QXWULWLRQDO�UHTXLUHP HQWV�IURP� OHDYHV�DORQH��0 F1 DE����� ��) ROH\�

DQG�&RUN����� ��&RUN����� � ���6P DOO�P DPP DOV�QHHG�WR�DFTXLUH�P RUH�HQHUJ\�

HDFK�GD\� UHODWLYH�WR�WKHLU�ERG\� ZHLJKW�WKDQ�GR�ODUJHU�P DPP DOV�EHFDXVH�DV�D�

P DPP DO¶V�ERG\� VL] H�GHFUHDVHV��LWV�HQHUJ\� UHTXLUHP HQWV�SHU�XQLW�ERG\� P DVV�

LQFUHDVH�ZLWKRXW�D�FRP SDUDEOH�LQFUHDVH�LQ�JXW�FDSDFLW\� �3DUUD����� ��' HPP HQW�

DQG�9DQ�6RHVW����� ��) ROH\� DQG�&RUN����� � ���) RU�P DPP DOV�HDWLQJ�KLJK�ILEUH�

GLHWV��OLNH�OHDYHV��HQHUJ\� UHTXLUHP HQWV�FDQ�EH�P HW�E\� RQH�RI�WZR�VWUDWHJLHV��D�

³UHWHQWLRQ�P D[ LP LVLQJ´�VWUDWHJ\� RI�GHOD\ LQJ�SDVVDJH�RI�IRRG�WKURXJK�WKH�JXW�WR�

P D[ LP LVH�GLJHVWLRQ�E\� IDFLOLWDWLQJ�P LFURELDO�IHUP HQWDWLRQ�RI�SODQW�FHOO�ZDOOV��RU��

DQ�³LQWDNH�P D[ LP LVLQJ´�VWUDWHJ\� RI�SDVVLQJ�IRRG�WKURXJK�WKH�JXW�DV�UDSLGO\� DV�

SRVVLEOH�WR�P D[ LP LVH�WKH�TXDQWLW\� RI�IRRG�SURFHVVHG��&RUN����� � ���7KH�UDWH�RI�

\ LHOG�RI�HQHUJ\� IRUP� WKH�UHWHQWLRQ�P D[ LP LVLQJ�VWUDWHJ\� LV�HVVHQWLDOO\� WKH�SURGXFW�

RI�WKH�DYHUDJH�GDLO\� IHUP HQWDWLRQ�UDWH��GHWHUP LQHG�E\� WKH�FRP SRVLWLRQ�RI�WKH�

GLHW�DQG�LV�LQGHSHQGHQW�RI�ERG\� VL] H��DQG�FDSDFLW\� RI�WKH�GLJHVWLYH�V\ VWHP�

�ZKLFK�VFDOHV�ZLWK�ERG\� VL] H��3DUUD����� ��' HPP HQW�DQG�9DQ�6RHVW����� ��&RUN�

���� � ����

,Q�DGGLWLRQ�WR�DOORZLQJ�WKH�XWLOLVDWLRQ�RI�VWUXFWXUDO�SODQW�P DWHULDOV��D�P LFURELDO�

IHUP HQWLQJ�JXW�SUHVHQWV�D�QXP EHU�RI�DGYDQWDJHV�ZKLFK�KDYH�EHHQ�ZHOO�

UHFRJQLVHG�LQ�WKH�UXP LQDQWV���,Q�DGGLWLRQ�WR�EDFWHULDO�FHOOV��WKH�IHUP HQWDWLRQ�

SURGXFWV�LQFOXGH�VKRUW�FKDLQ�YRODWLOH�IDWW\� DFLGV��9) $¶V���FDQ�ERWK�EH�XWLOLVHG�E\�
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WKH�DQLP DO���) XUWKHUP RUH��JXW�P LFUREHV�DUH�FDSDEOH�RI�XWLOLVLQJ�QRQ�SURWHLQ�

QLWURJHQ�IRU�JURZWK��FRQYHUWLQJ�LW�WR�KLJK�TXDOLW\� SURWHLQ�WKH�DQLP DO�FDQ�XVH�

�%DXFKRS����� � ���7KDW�LV��WKHUH�LV�HYLGHQFH�WKDW�XUHD�FDQ�EH�UHF\ FOHG�YLD�WKH�

ODUJH�JXW��7KRUQWRQ�HW�DO����� ��DQG�WKDW�WKLV�XUHD�FDQ�EH�FRQYHUWHG��YLD�

DPP RQLD��WR�P LFURELDO�SURWHLQ���7KLV�KLJK�TXDOLW\� SURWHLQ�FDQ�EH�D�YDOXDEOH�

VXSSOHP HQW�WR�ORZ�SURWHLQ�GLHWV��%DXFKRS����� � ���� �

0 RUHRYHU��WURSLFDO�EURZVH�FRQWDLQV�D�ZLGH�UDQJH�RI�SRWHQWLDOO\� WR[ LF�SODQW�

DOOHORFKHP LFDOV��- DQ] HQ����� ��&ROH\� ���� ��: DWHUP DQ�HW�DO����� � ��ZKLFK�FDQ�

DOVR�DIIHFW�WKH�XWLOLVDWLRQ�RI�ERWK�FHOO�ZDOOV�DQG�FHOO�FRQWHQWV��+XP H����� � ���

6RP H�JXW�P LFUREHV�DUH�FDSDEOH�RI�P HWDEROLVLQJ�WR[ LF�SODQW�FRP SRXQGV��%DUU\�

DQG�%ODQH\� ���� ��DQG�WKHUH�LV�HYLGHQFH�WKDW�WDQQLQ�SURWHLQ�FRP SOH[ HV�FDQ�EH�

EURNHQ�GRZQ�E\� P LFURELDO�DFWLRQ��0 LOWRQ����� ��) ROH\� DQG�+XP H����� � ���

$GGLWLRQDOO\ ��UXP LQDQWV�WKDW�IHHG�RQ�EURZVH�KDYH�EHHQ�VKRZQ�WR�SURGXFH�

VDOLYDU\� SURWHLQV�ULFK�LQ�SUROLQH��ZKLFK�FRP SOH[ HV�ZLWK�WDQQLQV�SURWHFWLQJ�RWKHU�

SURWHLQV�IURP� WKHVH�SODQW�DOOHORFKHP LFDOV��OHDYLQJ�WKHP� DYDLODEOH�IRU�GLJHVWLRQ�

�5 REELQV�HW�DO����� ��+XP H����� � ���,W�KDV�EHHQ�SURSRVHG�WKDW�D�V\ P ELRVLV�ZLWK�

GHWR[ LI\ LQJ�P LFURELDO�SRSXODWLRQV�P D\� KDYH�EHHQ�D�FULWLFDO�DGDSWDWLRQ�IRU�WKH�

H[ SORLWDWLRQ�RI�EURZVH��) UHXGHQEHUJHU�HW�DO����� � ��

' DVLOYD������ ��SRVWXODWHG�WKDW�IRUHVWRP DFK�IHUP HQWDWLRQ�DOORZV�FRORELQH�

P RQNH\ V�WR�GHWR[ LI\� IUXLWV��OHDYHV�DQG�VHHGV�FRQWDLQLQJ�D�UDQJH�RI�SRWHQWLDOO\�

WR[ LF�LQJUHGLHQWV��LQFOXGLQJ�F\ DQLGH�DQG�VWU\ FKQLQH��EHIRUH�WKH�WR[ LQV�DUH�

DEVRUEHG����

� �� �� �� � 7KH�JDVWURLQWHVWLQDO�P RUSKRORJ\� RI�WUHH�NDQJDURRV�

7UHH�NDQJDURRV�UHWXUQHG�WR�WKH�WUHHV�ZKHQ�RWKHU�P HP EHUV�RI�WKH�IDP LO\� ZHUH�

P RYLQJ�RXW�WR�WKH�JUDVVODQGV��) ODQQHU\� HW�DO����� � ��7KH\� KDYH�D�JXW�

P RUSKRORJ\� WKDW�DSSHDUV�WR�ILW�LQWHUP HGLDWHO\� EHWZHHQ�WKH�3RWRURLGV�DQG�ODUJHU�

0 DFURSRGLGV��ZLWK�D�ODUJH�VDFFLIRUP� IRUHVWRP DFK�DQG�D�UHODWLYHO\� VP DOOHU�

WXELIRUP� IRUHVWRP DFK��+XP H����� ������ � ���7KLV�LV�VLP LODU�WR�RWKHU�EURZVLQJ�

VSHFLHV�RI�WKH�IRUHVW��VXFK�DV�SDGHP HORQV��7K\ ORJDOH�VSS����DQG�RWKHU�IRUHJXW�

IHUP HQWLQJ�DUERUHDO�IROLYRUHV�VXFK�DV�WKH�FRORELQH�P RQNH\ V�DQG�VORWKV��2 KZDNL�

HW�DO����� ��0 RQWJRP HU\� DQG�6XQTXLVW����� ��%DXFKRS����� ��6WHYHQV�DQG�+XP H�

���� � ���
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7KLV�VDFFLIRUP�P RUSKRORJ\� P D[ LP LVHV�UHWHQWLRQ�RI�GLJHVWD�IRU�IHUP HQWDWLRQ�

�) UHXGHQEHUJHU�HW�DO����� � ���2 Q�WKH�RWKHU�KDQG��D�P RUH�WXELIRUP�P RUSKRORJ\ ��

VXFK�DV�LQ�WKH�ODUJH�JUD] LQJ�NDQJDURRV��OHDGV�WR�D�OHVV�WKDQ�P D[ LP DO�UHWHQWLRQ�

RI�GLJHVWD�IRU�IHUP HQWDWLRQ��+XP H����� ��ZLWK�D�JUHDWHU�IORZ�UDWH��DOORZLQJ�D�

JUHDWHU�DP RXQW�RI�SODQW�P DWHULDO�WR�EH�SURFHVVHG�IDVWHU��

2 QH�ZD\� WR�FRP SHQVDWH�IRU�OLP LWDWLRQV�LP SRVHG�E\� VP DOO�ERG\� VL] H�LV�WR�UHGXFH�

P HWDEROLF�UDWH��DQG�WUHH�NDQJDURRV�DUH�UHSRUWHG�WR�KDYH�ORZHU�P HWDEROLF�UDWHV�

WKDQ�P RVW�RWKHU�P DUVXSLDOV��0 F1 DE����� � ��� ' ��P DWVFKLHL¶V�P HWDEROLF�UDWH�LV�

VLJQLILFDQWO\� ORZHU���� � � ��WKDQ�WKH�YDOXH�H[ SHFWHG�IRU�OLNH�VL] HG�P DUVXSLDOV��DQG�

RQO\� �� �� RI�WKH�YDOXH�IRU�D�OLNH�VL] HG�SODFHQWDO�P DPP DO��0 F1 DE����� ��

) ODQQHU\� HW�DO����� � ���,Q�FRQWUDVW�WR�P RVW�P DPP DOV��' ��P DWVFKLHL�FDQ�P DLQWDLQ�

D�FRQVWDQW�FRUH�WHP SHUDWXUH�ZKLOH�ORZHULQJ�LWV�P HWDEROLF�UDWH�DV�DP ELHQW�

WHP SHUDWXUHV�GURS��$�QXP EHU�RI�RWKHU�DUERUHDO�IROLYRUHV��VXFK�DV�WKH�UHG�SDQGD�

�$LOXUXV�IXOJHQV���VKRZ�D�VLP LODU�P HWDEROLF�SDWWHUQ��0 F1 DE����� � ���

,W�LV�QRW�NQRZQ�LI�WUHH�NDQJDURR�EDVDO�P HWDEROLVP� YDULHV�IURP� VSHFLHV�WR�

VSHFLHV��EXW�LW�KDV�EHHQ�VXJJHVWHG�WKDW�ORZODQG�VSHFLHV�ZRXOG�QRW�IDFH�YHU\�

ORZ�WHP SHUDWXUHV�DQG�KHQFH�ZRXOG�QRW�QHHG�WR�FRQVHUYH�HQHUJ\� WKURXJK�D�

UHGXFHG�P HWDEROLF�UDWH�WR�WKH�VDP H�GHJUHH�DV�P RQWDQH�VSHFLHV�VXFK�DV�' ��

P DWVFKLHL��0 F1 DE����� ��) ODQQHU\� HW�DO����� � ���

$OWKRXJK�WKHUH�KDYH�EHHQ�P DQ\� VWXGLHV�LQ�WKH�JXW�P RUSKRORJ\ ��FDSDFLW\ ��

SK\ VLRORJ\� DQG�GLJHVWD�IORZ�LQ�P DFURSRGV��/DQJHU����� ��/DQJHU�HW�DO����� ��

5 LFKDUGVRQ����� ��' HOORZ�DQG�+XP H����� ��) UHXGHQEHUJHU�HW�DO����� ��

) UHXGHQEHUJHU����� ��/HQWOH�HW�DO�����D ������D ��DQG�D�IHZ�HDUO\� GHVFULSWLRQV�RI�

' ��OXP KROW] L�JDVWURLQWHVWLQDO�P RUSKRORJ\� �2 ZHQ����� ��+XP H����� ������ � ��OLWWOH�

TXDQWLWDWLYH�ZRUN�KDV�EHHQ�GRQH�RQ�WUHH�NDQJDURRV��� �

7UHH�NDQJDURRV�DUH�IRUHJXW�IHUP HQWLQJ�DUERUHDO�IROLYRUHV�DQG�DUH�EHOLHYHG�WR�

KDYH�VLP LODU�JXW�P RUSKRORJ\� WR�RWKHU�EURZVLQJ�NDQJDURRV�DQG�WR�RWKHU�DUERUHDO�

IRUHJXW�IHUP HQWLQJ�IROLYRUHV��+RZHYHU��ZH�GR�QRW�SUHVHQWO\� NQRZ�KRZ�

VSHFLDOLVHG�WKHLU�JDVWURLQWHVWLQDO�P RUSKRORJ\� LV�UHODWHG�WR�WKHLU�DUERUHDO�OLIHVW\ OH�

DQG�KLJK�ILEUH�IROLDJH�GLHW���: H�ZRXOG�H[ SHFW�WKDW�WKH\� ZRXOG�KDYH�ODUJHU�

VWRP DFK�FDSDFLWLHV�WKDQ�JUD] LQJ�P DFURSRGV�IRU�P D[ LP LVHG�UHWHQWLRQ�RI�GLJHVWD��
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7KH�DELOLW\� WR�GHWHUP LQH�DJH�RI�LQGLYLGXDOV�LV�DQ�HVVHQWLDO�SDUW�RI�DQ\� VWXG\ �RI�

WKH�SRSXODWLRQ�G\ QDP LFV�RI�D�VSHFLHV��&DXJKOH\� ���� ��,QQV����� � ���7KLV�

LQIRUP DWLRQ�FDQ�WKHQ�EH�XVHG�WR�FRQVWUXFW�OLIH�WDEOHV�IRU�WKH�HVWLP DWLRQ�RI�DJH�

VSHFLILF�P RUWDOLW\� �,QQV����� ��DQG�P D\� DOVR�EH�LP SRUWDQW�LQ�H[ SODLQLQJ�WKH�

GLVWULEXWLRQ�RI�LQGLYLGXDOV�RI�GLIIHULQJ�DJH�LQ�KDELWDW�RI�YDU\ LQJ�TXDOLW\� �0 DUWLQ�

���� � ��� �

0 DPP DOV�FDQ�EH�DJHG�E\� D�YDULHW\� RI�WHFKQLTXHV��RQH�DW�OHDVW�RI�ZKLFK�LV�

XVXDOO\� DSSOLFDEOH�WR�DQ\� VSHFLHV�EHLQJ�VWXGLHG��&DXJKOH\� ���� ��,QQV����� � ���

&OXHV�WR�DJH�DUH�SURYLGHG�E\� WRRWK�HUXSWLRQ�VHTXHQFHV��6KDUP DQ�HW�DO����� ��

' ULHVVHQ�DQG�+RFNLQJ����� � ��WRRWK�ZHDU��: LQWHU����� ��0 DUWLQ����� ��%ODQVKDUG�

���� ��* RUGRQ����� ��0 DUWLQ�HW�DO����� ��/RJDQ�DQG�6DQVRQ����� ��/HQWOH�HW�DO�

����E ������D ������ F���P RODU�SURJUHVVLRQ��. LUNSDWULFN����� ��' DZVRQ����� ��

/HQWOH�HW�DO�����E ������ F���VL] H�IUHTXHQF\� FODVVHV��ERG\� VL] H��3RROH�HW�DO����� ��

* RUGRQ����� ��- RKQVRQ�DQG�' HOHDQ����� � ��GHJUHH�RI�HSLSK\ VHDO�IXVLRQ��OHQV�

ZHLJKW��DQQXDO�JURZWK�ULQJV�RQ�FODZV�RU�KRUQV�DQG�LQ�WHHWK�DQG�ERQHV��/DZV�

���� ��. LQJVP LOO����� ��. OHYH] DO�DQG�. OHLQHQEHUJ����� ��3HNHOKDULQJ����� ��

* DVDZD\� HW�DO����� ��0 F&XOORXJK�DQG�%HLHU����� ��&RRO�HW�DO����� ��$ ] RULW�HW�DO�

����D ������E ���DQG�WKH�QXP EHU�RI�SODFHQWDO�RU�RYDULDQ�VFDUV�FDUULHG�E\� IHP DOHV�

�&DXJKOH\� ���� � ��

,Q�P DFURSRGLGV��DJHV�RI�SRXFK�\ RXQJ�KDYH�JHQHUDOO\� EHHQ�HVWLP DWHG�IURP�

ERG\� P HDVXUHP HQWV��6KLHOG�DQG�: RROOH\� ���� ��6DGOLHU����� ��6KDUP DQ�HW�DO�

���� ��0 XUSK\� DQG�6P LWK����� ��0 D\ QHV����� ��3RROH�HW�DO����� ��3RROH�HW�DO�

���� ��,QQV����� ��%ODQVKDUG����� ��- RKQVRQ�DQG�9HUQHV����� ��- RKQVRQ�DQG�

' HOHDQ����� � ���,Q�ROGHU�DQLP DOV�HLWKHU�WKH�VHTXHQWLDO�HUXSWLRQ�RI�WKH�P RODUV�

�6KDUP DQ�HW�DO����� ��( DOH\� ���� ��0 D\ QHV����� ��' ULHVVHQ�DQG�+RFNLQJ����� ��

RU�WKH�IRUZDUG�SURJUHVVLRQ�RI�WKH�P RODU�URZ�DORQJ�WKH�MDZ�KDV�EHHQ�XVHG�

�. LUNSDWULFN����� ������ ��+XJKHV����� ��6KDUP DQ�HW�DO����� ��' XE] LQVNL�HW�DO�

���� ��' DZVRQ����� ��/HQWOH�HW�DO����� F���� �

,Q�DGGLWLRQ��WRRWK�HUXSWLRQ�DQG�WKH�ZHDU�RI�WKH�ILUVW�DQG�VHFRQG�XSSHU�P RODUV�
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KDYH�EHHQ�XVHG�VXFFHVVIXOO\� DV�DQ�DJH�LQGLFDWRU�LQ�WKH�ULQJWDLO�SRVVXP�

3VHXGRFKLUXV�SHUHJULQXV�ODQLJLQRVXV��* RXOG��� 7KRP SVRQ�DQG�2 ZHQ����� ��DQG�

LQ�WKH�EUXVK�WDLOHG�SRVVXP ��7ULFKRVXUXV�YXOSHFXOD��. HUU���: LQWHU����� � ���� �

+RZHYHU��P DQ\� RI�WKHVH�WHFKQLTXHV�KDYH�WKHLU�OLP LWDWLRQV��%RG\� P HDVXUHP HQWV��

IRU�H[ DP SOH��DUH�QR�ORQJHU�XVHIXO�IRU�DJLQJ�P DFURSRGV�RQFH�WKH\� DUH�RYHU���

\ HDU�ROG��,QQV����� ��- RKQVRQ�DQG�' HOHDQ����� � ���) XUWKHUP RUH��LW�LV�RQO\�

SRVVLEOH�WR�HVWDEOLVK�DJHV�RI�P DFURSRGV�LQ�WKH�ILHOG�XVLQJ�P RODU�HUXSWLRQ�

VHTXHQFH�XS�WR�WKH�HUXSWLRQ�RI�WKH�IRXUWK�P RODU��ZKLFK�RFFXUV�EHWZHHQ���DQG���

\ HDUV�RI�DJH��,QQV����� � ���$ IWHU�WKLV�DJH�DQ�DQLP DO�FDQQRW�EH�DJHG�XVLQJ�WKLV�

WHFKQLTXH��� ' HVSLWH�WKLV��6KDUP DQ�HW�DO������ � ��( DOH\� ����� � ��6KLHOG������ ��DQG�

,QQV������ ��FRQFOXGHG�WKDW�WKH�VHTXHQFH�RI�P RODU�HUXSWLRQ�SURYLGHV�D�XVHIXO�

P HDQV�RI�GHWHUP LQLQJ�WKH�DJHV�RI�P DFURSRGV�LQ�WKH�ILHOG���9DULDWLRQV�LQ�WKH�

WLP LQJ�RI�WRRWK�HUXSWLRQ�VWDJHV�KDYH�DOVR�EHHQ�REVHUYHG�LQ�P XOH�GHHU��

2 GRFRLOHXV�KHP LRQXV��5 RELQHWWH�HW�DO����� ��DQG�+LP DOD\ DQ�WKDU��+HP LWUDJXV�

MHP ODKLFXV��&DXJKOH\� ���� � ��� �

$Q�DOWHUQDWLYH�WR�WRRWK�HUXSWLRQ�DQG�UHSODFHP HQW�IRU�DJHLQJ�LV�WR�H[ DP LQH�WRRWK�

ZHDU���7KLV�WHFKQLTXH�KDV�EHHQ�ZLGHO\� DQG�VXFFHVVIXOO\� XVHG�DV�DQ�DJH�

LQGLFDWRU�LQ�NRDODV��0 DUWLQ����� ��* RUGRQ����� ��/RJDQ�DQG�6DQVRQ����� � ���

8 QOLNH�P DFURSRGV��NRDODV�GR�QRW�KDYH�D�GHFLGXRXV�GHQWLWLRQ��QRU�GR�WKH\� VKRZ�

P RODU�SURJUHVVLRQ��0 DUWLQ����� ��/DQ\ RQ�DQG�6DQVRQ�����D ��* RUGRQ����� � ���

7KH�FKHHN�WHHWK�RI�WKH�NRDOD��FRP SULVLQJ�RI�D�SUHP RODU�DQG�IRXU�P RODUV�

�/DQ\ RQ�DQG�6DQVRQ�����D ���KDYH�FRP SOHWHO\� HUXSWHG�E\� WKH�WLP H�WKH�DQLP DO�

UHDFKHV���� P RQWKV�RI�DJH��0 DUWLQ����� ��0 DUWLQ�HW�DO����� ��DQG�LV�VLP LODU�WR�WKDW�

IRXQG�LQ�WUHH�NDQJDURRV��* URYHV������ ��) ODQQHU\� HW�DO����� � ���$ IWHU�WKLV�DJH�

WKHUH�DUH�QR�QHZ�WHHWK��MXVW�FRQWLQXDO�ZHDU�RI�WKH�ELWLQJ�DQG�JULQGLQJ�VXUIDFHV�

�WKH�RFFOXVDO��RI�WKH�H[ LVWLQJ�WHHWK��* RUGRQ����� ��/DQ\ RQ�DQG�6DQVRQ�����D ��

����E ��0 DUWLQ�HW�DO����� � ���7KLV�ZHDU�FRQWLQXHV�XQWLO�WKH�HQDP HO�RI�WKH�FXWWLQJ�

ULGJHV�DQG�S\ UDP LGDO�FXVSV�LV�ZRUQ�DZD\� FRP SOHWHO\� �0 DUWLQ�HW�DO����� � ���7KH�

XQGHUO\ LQJ�GHQWLQH�LV�WKHQ�H[ SRVHG�DQG�WKH�FKDUDFWHULVWLF�ZHDU�SDWWHUQV�WKDW�

DSSHDU�FDQ�EH�XVHG�WR�DVVLJQ�DJH�FODVVHV�RU�LQGLFHV�RI�DJH�WR�DQLP DOV��0 DUWLQ�

���� ��* RUGRQ����� ��/DQ\ RQ�DQG�6DQVRQ�����E ��0 DUWLQ�HW�DO����� ��/RJDQ�DQG�

6DQVRQ����� � ��
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,W�KDV�EHHQ�VXJJHVWHG��KRZHYHU��WKDW�WRRWK�ZHDU�DV�DQ�DJH�LQGLFDWRU�KDV�WZR�

P DLQ�VRXUFHV�RI�HUURU��RQH�EHLQJ�WKH�YDULDWLRQ�RI�ZHDU�EHWZHHQ�LQGLYLGXDOV�ERWK�

ZLWKLQ�DQG�EHWZHHQ�SRSXODWLRQV�GXH�WR�GLHW��WKH�RWKHU�LV�P LVUHDGLQJ�RI�WRRWK�

ZHDU�FODVVHV�E\� WKH�REVHUYHU��: LQWHU����� � ���7KH�ILUVW�ZRXOG�EH�GHSHQGDQW�

XSRQ�WKH�VL] H�RI�WKH�VWXG\� DUHD�DQG�WKH�YDULDWLRQ�RI�WKH�GLHW�RI�WKH�LQGLYLGXDOV�

�: LQWHU����� ��* RUGRQ����� � ���7KH�VHFRQG�HUURU�ZRXOG�EH�UHGXFHG�E\� KDYLQJ�

RQH�REVHUYHU�WDNLQJ�DOO�RI�WKH�UHDGLQJV��: LQWHU����� � ��

( VWLP DWLRQV�RI�DJH�DUH�VXEMHFW�WR�HUURU��&DXJKOH\� ���� � ��ZLWK�VRP H�EHLQJ�ZRUVH�

WKDQ�RWKHUV���,QGLFHV�WKDW�FKDQJH�E\� DQQXDO�TXDQWD�JLYH�WKH�P RVW�DFFXUDWH�

HVWLP DWHV��SDUWLFXODUO\� IRU�DGXOW�DQLP DOV��EXW�WKH\� DUH�QRW�IRROSURRI��&DXJKOH\�

���� � ���0 RUSKRORJLFDO�FKDUDFWHUV�WKDW�FKDQJH�FRQWLQXRXVO\� ZLWK�DJH�KDYH�D�

YDULDELOLW\� WKDW�DXWRP DWLFDOO\� UHVXOWV�LQ�VRP H�DJLQJ�HUURUV���7RRWK�HUXSWLRQ�LV�D�

JRRG�H[ DP SOH�EHFDXVH�LW�LV�IUHTXHQWO\� XVHG�WR�DJH�P DPP DOV��� �

� �� �� � 7RRWK�FHP HQWXP� DQQXOL�

6LQFH�WKH�HDUO\� ���� ¶V��WKH�OLQHV�REVHUYHG�LQ�JURZLQJ�WLVVXHV�KDYH�EHHQ�XVHG�WR�

HVWLP DWH�WKH�DJH�RI�YHUWHEUDWHV��$ ] RULW�HW�DO�����E ���� . OHYH] DO�DQG�. OHLQHQEHUJ�

����� ��JLYH�D�FRP SUHKHQVLYH�UHYLHZ�RI�WKH�DJH�UHODWHG�VWUDWLILFDWLRQ�LQ�WLVVXHV�

RI�WHHWK�DQG�ERQHV���

7KH�WRRWK�DQQXODWLRQ�P HWKRG��XVLQJ�HLWKHU�GHQWLQH�RU�FHP HQWXP� DQQXOL��LV�WKH�

P RVW�DFFXUDWH�P HDQV�RI�DJH�GHWHUP LQDWLRQ�IRU�P DPP DO�VSHFLHV��7KRP DV�

���� ��DQG�KDV�EHHQ�XVHG�WR�DJH�P DQ\� GLIIHUHQW�VSHFLHV��/DZV����� ��. OHYH] DO�

DQG�. OHLQHQEHUJ����� ��* DVDZD\� HW�DO����� ��) DQF\� ���� ��0 F&XOORXJK�DQG�

%HLHU����� ��&RRO�HW�DO����� ��$ ] RULW�HW�DO�����D ������E ���LQFOXGLQJ�P DUVXSLDOV�

�3HNHOKDULQJ����� ��&ORXW����� � ���,Q�IDFW��WRRWK�FHP HQWXP� DQQXOL�DUH�FXUUHQWO\�

WKH�P RVW�ZLGHO\� XVHG�P HWKRG�IRU�P DPP DO�DJLQJ��) DQF\� ���� ��$ ] RULW�HW�DO�

����D ��DQG�KDV�EHHQ�FRUUHODWHG�VXFFHVVIXOO\� ZLWK�NQRZQ�DJH��/DZV����� � ��

$OWKRXJK�HDUO\� DWWHP SWV�ZLWK�P DUVXSLDOV�ZHUH�XQVXFFHVVIXO��. LQJVP LOO����� ��

&DWW����� ��,QQV����� � ��UHFHQW�LP SURYHP HQWV�WR�WKH�SUHSDUDWLRQ�DQG�VWDLQLQJ�

P HWKRGV�KDYH�UHVXOWHG�LQ�DQ�DFFXUDWH�DQG�IUHTXHQWO\� XVHG�WHFKQLTXH�WR�DJH�RU�

WR�GHYHORS�DQ�DJH�LQGH[� IRU�P DQ\� P DUVXSLDO�VSHFLHV��) DQF\� ���� ��$ ] RULW�HW�DO�

����D ����
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( DUOLHU�VWXGLHV��SDUWLFXODUO\� WKRVH�RI�P DULQH�P DPP DOV��XVHG�JURZWK�OD\ HUV�LQ�

GHQWLQH��) DQF\� ���� � ���+RZHYHU��GHQWLQH�LV�GHSRVLWHG�ZLWKLQ�WKH�WRRWK�DQG�LV�

VSDWLDOO\� OLP LWHG�LQ�LWV�JURZWK���) XUWKHUP RUH��LW�FHDVHV�LQ�P RVW�P DPP DOV�VRRQ�

DIWHU�WKH�DQLP DO�UHDFKHV�P DWXULW\� �) DQF\� ���� � ���,Q�P DPP DOV�WKDW�KDYH�OLP LWHG�

JURZWK�RI�WKHLU�WHHWK�GHQWLQH�GRHV�QRW�VKRZ�FOHDU�DQQXDO�OLQHV��. OHYH] DO�DQG�

. OHLQHQEHUJ����� � ��� �

&HP HQWXP� OD\ HUV��KRZHYHU��DUH�P RUH�FRPP RQO\� XVHG�ZLWK�WHUUHVWULDO�P DPP DOV�

�) DQF\� ���� � ���7KH�URRW�RI�WKH�WRRWK�LV�FRYHUHG�ZLWK�FHP HQW��WKH�WKLFNQHVV�RI�

ZKLFK�LQFUHDVHV�ZLWK�WLP H��. OHYH] DO�DQG�. OHLQHQEHUJ����� � ���7KH�FHP HQW�LV�D�

P LQHUDOLVHG�ILEURXV�RUJDQLF�VXEVWDQFH��ZKLFK�XQOLNH�GHQWLQ�FRQWDLQV�FHOOXODU�

HOHP HQWV��WKH�FHP HQWRF\ WHV��RU�ERQH�FRUSXVFOHV����7KH�WKLFNHQLQJ�RI�WKH�

FHP HQW�UHVXOWV�IURP� WKH�IRUP DWLRQ�RI�QHZ�OD\ HUV�E\� WKH�SHULRGRQWLXP�

VXUURXQGLQJ�WKH�URRW�RI�WKH�WRRWK�LQ�VXFK�D�P DQQHU�WKDW�WKH�FHP HQW�OD\ HUV�

IRUP HG�HDUOLHU�DUH�VLWXDWHG�FORVHU�WR�WKH�ERXQGDU\� EHWZHHQ�WKH�GHQWLQ�DQG�

FHP HQW��DQG�WKH�OD\ HUV�IRUP HG�ODWHU�DUH�FORVHU�WR�WKH�RXWHU�VXUIDFH�RI�WKH�

FHP HQW��. OHYH] DO�DQG�. OHLQHQEHUJ����� � ��

,Q�YDULRXV�VSHFLHV��WKH�WRWDO�WKLFNQHVV�RI�FHP HQW�DQG�WKH�EUHDGWK�RI�WKH�DQQXDO�

OD\ HUV�YDU\� FRQVLGHUDEO\� DV�D�UHVXOW�RI�GLIIHUHQFHV�LQ�WKH�VL] H�DQG�FKDUDFWHU�RI�

WKH�P HFKDQLFDO�ORDG�H[ HUWHG�RQ�WKH�WHHWK���2 QH�LQGLFDWRU�RI�WKLV�ORDG�LV�WKH�UDWH�

RI�ZHDU�RQ�WKH�WHHWK���,Q�P DQ\� VSHFLHV��WKH�LQWHQVLYH�ZHDU�RI�WKH�FURZQ�RI�WKH�

WRRWK�LV�DFFRP SDQLHG�E\� WKH�IRUP DWLRQ�RI�EURDG�OD\ HUV�RI�FHP HQW�RQ�WKH�URRW�

�. OHYH] DO�DQG�. OHLQHQEHUJ����� � ��

7KHUH�DUH�D�ZLGH�YDULHW\� RI�P HWKRGV�IRU�WKH�SUHSDUDWLRQ�RI�WHHWK�IRU�

LQYHVWLJDWLRQ�RI�FHP HQWXP� DQQXOL�LQ�GLIIHUHQW�VSHFLHV��$ ] RULW�HW�DO�����D ������E ��

DQG�WKHVH�KDYH�EHHQ�UHYLHZHG�E\� ) DQF\� ����� � ���,W�LV�LP SRUWDQW�WR�ILUVW�

GHWHUP LQH�WKH�EHVW�WRRWK�WR�XVH��DQG�ZKLFK�P HWKRG�IRU�GHFDOFLILFDWLRQ�DQG�

VWDLQLQJ�ZLOO�JLYH�WKH�EHVW�UHVXOWV�IRU�HDFK�VSHFLHV�EHLQJ�VWXGLHG��) DQF\� ���� ��

$ ] RULW�HW�DO�����D ����' HFDOFLILFDWLRQ�WLP HV�DOVR�YDU\� ZLWKLQ�D�VSHFLHV��ZLWK�ROG�

DQG�YHU\�\ RXQJ�WHHWK�WDNLQJ�OHVV�WLP H�WR�GHFDOFLI\ ��SRVVLEO\� GXH�WR�OHVV�FDOFLXP�

�) DQF\� ���� ��$ ] RULW�HW�DO�����E ����
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� �� �� � $ JHLQJ�LQ�WUHH�NDQJDURRV�

7UHH�NDQJDURRV�GR�QRW�KDYH�P RODU�SURJUHVVLRQ��DQG�WRRWK�HUXSWLRQ�DQG�ERG\�

P HDVXUHP HQWV�DUH�RQO\� VXLWDEOH�IRU�\ RXQJ�DQLP DOV��WKHUHIRUH��WKHVH�WHFKQLTXHV�

DUH�OLP LWHG�LQ�WKHLU�XVH�IRU�DJHLQJ�' ��OXP KROW] L���7RRWK�ZHDU�DQG�WRRWK�FHP HQWXP�

DQQXOL�DUH�SURSRVHG�DV�WHFKQLTXHV�IRU�DJH�GHWHUP LQDWLRQ�LQ�' ��OXP KROW] L���7KH�

UHVXOWLQJ�WRRWK�ZHDU�LQGH[� FRXOG�WKHQ�EH�XVHG�WR�DJH�RWKHU�WUHH�NDQJDURR�

VSHFLHV��VXFK�DV�WKH�P RUH�WKUHDWHQHG�VSHFLHV�RI�1 HZ� * XLQHD���) XUWKHUP RUH��

WKH�DELOLW\� WR�DJH�WUHH�NDQJDURRV�LV�HVVHQWLDO�LI�ZH�DUH�WR�SHUIRUP� SRSXODWLRQ�

DQDO\ VHV�VXFK�DV�SRSXODWLRQ�YLDELOLW\� DQDO\ VLV��ZKLFK�ZRXOG�DOORZ�XV�WR�UHYLHZ�

WKHLU�FRQVHUYDWLRQ�VWDWXV�DQG�GHWHUP LQH�IXWXUH�P DQDJHP HQW�JXLGHOLQHV���� �

� �� � 68 00 $5< �

6HYHQ�RI�WKH�WHQ�VSHFLHV�RI�WUHH�NDQJDURRV�IURP� 3DSXD�1 HZ� * XLQHD�DQG�

$XVWUDOLD�DUH�OLVWHG�DV�WKUHDWHQHG�RU�QHDU�WKUHDWHQHG�ZLWK�H[ WLQFWLRQ��ZLWK�WKH�

UHP DLQLQJ�WKUHH�VSHFLHV��LQ�3DSXD�QHZ� * XLQHD��OLVWHG�DV�KDYLQJ�LQVXIILFLHQW�

GDWD�IRU�ULVN�DVVHVVP HQW��,8&1� ���� � ���<HW��RXU�XQGHUVWDQGLQJ�RI�WKH�HFRORJ\�

DQG�EDVLF�ELRORJ\� RI�DQ\� RI�WKH�WUHH�NDQJDURR�VSHFLHV�LV�VWLOO�UXGLP HQWDU\ ��� �

2 XU�FXUUHQW�NQRZOHGJH�RQ�WKH�HFRORJ\� RI�' ��OXP KROW] L�LV�EDVHG�XSRQ�RQO\� D�IHZ�

SUHYLRXV�VWXGLHV�RI�WKHLU�KRP H�UDQJH��KDELWDW�XVH�DQG�EHKDYLRXU���8 QIRUWXQDWHO\�

WKHVH�VWXGLHV��DOWKRXJK�YDOXDEOH��ZHUH�ERWK�SHUIRUP HG�RQ�WKH�VDP H�VSDWLDOO\�

UHVWULFWHG�UDLQIRUHVW�W\ SH��3URFWHU�* UD\� ���� ��1 HZHOO�����E ����&RQVHTXHQWO\ ��ZH�

FXUUHQWO\� KDYH�DQ�LQFRP SOHWH�XQGHUVWDQGLQJ�RI�VSDWLDO�DQG�KDELWDW�XVH�E\� ' ��

OXP KROW] L�LQ�GLIIHUHQW�KDELWDWV��

%HIRUH�ZH�FDQ�HYDOXDWH�WKH�FRQVHUYDWLRQ�VWDWXV�DQG�SRSXODWLRQ�YLDELOLW\� RI�' ��

OXP KROW] L��RU�DQ\� RI�WKH�WUHH�NDQJDURR�VSHFLHV�ZLWK�DQ\� DFFXUDF\ ��LW�LV�HVVHQWLDO�

WKDW�ZH�DFTXLUH�P RUH�H[ WHQVLYH�GDWD�RQ�WKHLU�ELRORJ\� DQG�HFRORJ\ ���7KH�W\ SH�RI�

LQIRUP DWLRQ�WKDW�LV�QHFHVVDU\� IRU�DQ\� SRSXODWLRQ�DQDO\ VHV�DUH��SRSXODWLRQ�

GHQVLWLHV�LQ�GLIIHUHQW�IUDJP HQWV�DQG�FRQWLQXRXV�IRUHVW��H[ SHFWHG�OLIHVSDQ��DJH�

VSHFLILF�P RUWDOLW\� DQG�IHFXQGLW\ ��DJH�DW�P DWXULW\� DQG�UHSURGXFWLYH�UDWHV��

GHP RJUDSKLF�VWRFKDVWLFLW\� �UDQGRP� IOXFWXDWLRQV�LQ�ELUWK�UDWH��GHDWK�UDWH�DQG�VH[�

UDWLR�RI�D�SRSXODWLRQ���P RYHP HQW�RU�GLVSHUVDO�EHWZHHQ�IUDJP HQWV�RU�

SRSXODWLRQV��JHQHWLF�SURFHVVHV��DQG�WKH�HIIHFWV�RI�HQYLURQP HQWDO�VWRFKDVWLFLW\�

�/DF\� ���� � ���: H�SUHVHQWO\� KDYH�OLWWOH�RI�WKLV�LQIRUP DWLRQ�DQG�KHQFH�FDQQRW�

FRQGXFW�WKHVH�DQDO\ VHV�ZLWKRXW�WKH�SRVVLELOLW\� RI�P LVOHDGLQJ�UHVXOWV��



� �� �

' ��OXP KROW] L�DUH�SULP DULO\� IRXQG�LQ�SULYDWHO\� RZQHG�UDLQIRUHVW�IUDJP HQWV�RQ�WKH�

$WKHUWRQ�DQG�( YHO\ Q�7DEOHODQGV��ZKLFK�DUH�QRW�FXUUHQWO\� SURWHFWHG�IURP�

FOHDULQJ���7KHVH�SDWFKHV�RI�UDLQIRUHVW�DUH�KLJKO\� IUDJP HQWHG�VXUURXQGHG�E\� D�

P DWUL[� RI�DJULFXOWXUDO�ODQG���7KHUHIRUH��KDELWDW�ORVV�DQG�IUDJP HQWDWLRQ��GRJV�DQG�

FDUV�WKUHDWHQ�WKH�ORQJ�WHUP� VXUYLYDO�RI�' ��OXP KROW] L��

) URP� WKH�HDUOLHU�VWXGLHV�ZH�NQRZ�WKDW�' HQGURODJXV�OXP KROW] L�DUH�VROLWDU\ ��

WHUULWRULDO�ZLWK�GHVFUHWH�KRP H�UDQJHV�DQG�KDYH�VWURQJ�VLWH�ILGHOLW\� �3URFWHU�* UD\�

���� ��1 HZHOO�����E ����,W�LV�FXUUHQWO\� XQFOHDU�LI�KDELWDW�W\ SH�RU�TXDOLW\ ��IORULVWLF�

VSHFLHV�FRP SRVLWLRQ��VRLO�W\ SH��SRSXODWLRQ�GHQVLWLHV�RU�FDUU\ LQJ�FDSDFLWLHV�RI�

IUDJP HQWV�LQIOXHQFH�WKHLU�KRP H�UDQJH�VL] HV��ZKHWKHU�KRP H�UDQJH�VL] H�LV�

FRUUHODWHG�ZLWK�ERG\� ZHLJKW��DQG�ZKHWKHU�KRP H�UDQJH�VL] HV�ZRXOG�YDU\� LQ�

FRQWLQXRXV�IRUHVW�DV�RSSRVHG�WR�IUDJP HQWV���7KHUH�KDYH�EHHQ�P DQ\ �SURSRVDOV�

SXW�IRUZDUG�DERXW�KRZ�WKH\� XWLOLVH�WKHLU�KDELWDW�VXFK�DV�WKDW�WKH\� SUHIHU�UHJURZWK�

RU�VXFFHVVLRQDO�KDELWDW��SUHIHU�D�YDULDWLRQ�LQ�FDQRS\� KHLJKW��DQG�WKDW�WKH\� SUHIHU�

WKH�HGJH�RI�WKH�IRUHVW��WR�P HQWLRQ�D�IHZ��

' HQGURODJXV�OXP KROW] L�DUH�IRUHJXW�IHUP HQWLQJ�DUERUHDO�IROLYRUHV�WKDW�FRQVXP H�D�

ZLGH�YDULHW\� RI�UDLQIRUHVW�VSHFLHV�DQG�DUH�EHOLHYHG�WR�EH�EURDG�JHQHUDOLVWV���

$OWKRXJK�WKHUH�KDYH�EHHQ�D�IHZ�HDUO\� GHVFULSWLRQV�RI�' ��OXP KROW] L�GLHW��3URFWHU�

* UD\� ���� ������ ��1 HZHOO�����E ��DQG�JDVWURLQWHVWLQDO�P RUSKRORJ\� �2 ZHQ����� ��

+XP H����� ������ � ��OLWWOH�TXDQWLWDWLYH�ZRUN�RU�FRP SDULVRQV�WR�RWKHU�NDQJDURRV�

DQG�DUERUHDO�IROLYRUHV�KDV�EHHQ�GRQH���$Q�XQGHUVWDQGLQJ�RI�WKHLU�

JDVWURLQWHVWLQDO�P RUSKRORJ\� DQG�FDSDFLWLHV�ZLOO�DVVLVW�LQ�RXU�XQGHUVWDQGLQJ�RI�

KRZ�WKH\� GHDO�ZLWK�WKHLU�KLJKO\� IROLYRURXV�GLHW���) XUWKHUP RUH��D�P RUH�

FRP SUHKHQVLYH�NQRZOHGJH�RI�WKHLU�GLHW�ZLOO�HQKDQFH�RXU�XQGHUVWDQGLQJ�RI�KRZ�

WKH\� XWLOL] H�WKHLU�KDELWDW��

$W�SUHVHQW�ZH�FDQQRW�DFFXUDWHO\� DJH�WUHH�NDQJDURRV�DQG�WKH�DELOLW\� WR�DJH�WKHP�

XVLQJ�WRRWK�ZHDU�ZLOO�JUHDWHU�LP SURYH�RXU�DELOLW\� WR�FRQVWUXFW�OLIH�WDEOHV�DQG�

SHUIRUP� SRSXODWLRQ�YLDELOLW\� DQDO\ VLV���7KLV�LQIRUP DWLRQ�FDQ�DOVR�EH�XWLOLVHG�E\�

RWKHU�UHVHDUFKHUV�VWXG\ LQJ�WKH�P RUH�HQGDQJHUHG�VSHFLHV�RI�WUHH�NDQJDURRV�LQ�

3DSXD�1 HZ� * XLQHD���,Q�IDFW��DQ\� LQIRUP DWLRQ�DFTXLUHG�RQ�WKH�HFRORJ\� RI�WKH�

$XVWUDOLDQ�VSHFLHV�ZLOO�DVVLVW�LQ�WKH�VWXGLHV�RI�WKH�3DSXD�1 HZ� * XLQHD�VSHFLHV��

ZKLFK�DUH�P XFK�P RUH�GLIILFXOW�WR�VWXG\� GXH�WR�WKH�UHP RWHQHVV�DQG�GLIILFXOW�

WHUUDLQ�LQ�ZKLFK�WKH\� OLYH�
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&KDSWHU�� � � 6WXG\� 6LWH�

� �� � 678' <�6,7( �

7KLV�VWXG\� ZDV�XQGHUWDNHQ�RQ�D���KD�UDLQIRUHVW�IUDJP HQW�DW�- DJJDQ��a��� P�

DERYH�VHD�OHYHO���� q�� ¶�� ´6� ��� q�� ¶�� ´( ���� NP� IURP� 0 DODQGD�RQ�WKH�$WKHUWRQ�

7DEOHODQGV�LQ�IDU�QRUWK�4 XHHQVODQG��) LJXUH�� �� � ���7KLV�DUHD�LV�SDUW�RI�WKH�: HW�

7URSLFV�ELRUHJLRQ��6DWWOHU�DQG�: LOOLDP V���� ��LQ�ZKLFK�VRP H�UDLQ�IDOOV�LQ�P RVW�

P RQWKV�RI�WKH�\ HDU��EXW�LV�KLJKHVW�EHWZHHQ�' HFHP EHU�DQG�0 D\� �- DQXDU\�

DYHUDJH����� �� PP ���DQG�DYHUDJHV����� PP� SHU�DQQXP� �0 DODQGD�3RVW�2 IILFH��

&DLUQV�2 IILFH�RI�WKH�%XUHDX�RI�0 HWHRURORJ\ ��� QG�2 FWREHU����� � ����7KH�P HDQ�

P D[ LP XP� GDLO\� WHP SHUDWXUH�IRU�WKH�DUHD�LV��� ƒ�&�DQG�WKH�P HDQ�P LQLP XP� GDLO\�

WHP SHUDWXUH�LV��� �� ƒ�&��ZLWK�WKH�KRWWHVW�SHULRG�EHWZHHQ�2 FWREHU�DQG�$SULO�DQG�

WKH�FROGHVW�EHWZHHQ�- XQH�DQG�6HSWHP EHU��

�

�

)LJXUH����� 0DS�RI�WKH�$WKHUWRQ�7DEOHODQGV�VKRZLQJ�WKH�ORFDWLRQ�RI�WKH�VWXG\�VLWH�DW�-DJJDQ�QHDU�
0DODQGD����0DS�FRXUWHV\�RI�$��(GZDUGV��-DPHV�&RRN�8QLYHUVLW\��
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3ULRU�WR�( XURSHDQ�VHWWOHP HQW��UDLQIRUHVW��SDUWLFXODUO\� W\ SHV��D ���E�DQG��E���

7UDFH\� ���� ��FRYHUHG�P XFK�RI�WKH�7DEOHODQGV��: LQWHU�HW�DO����� ��1 HZHOO�

����D ����7\ SH��E�UDLQIRUHVW�LV�D�SDUWLFXODU�FRPP XQLW\� WKDW�VXSSRUWHG�ODUJH�

VWDQGV�RI�4 XHHQVODQG�5 HG�&HGDU��7RRQD�FLOLDWD���ZKLFK�ZDV�D�SUL] HG�WLP EHU�

�1 HZHOO����� ������D ����7KLV�DWWUDFWHG�WKH�µFHGDU�JHWWHUV¶�WR�WKH�WDEOHODQGV�LQ�WKH�

���� ¶V��ILUVW�OHDGLQJ�WR�VHOHFWLYH�ORJJLQJ��WKHQ�WR�DOP RVW�FRP SOHWH�FOHDUDQFH�IRU�

DJULFXOWXUH�E\� WKH����� ¶V��) UDZOH\� ���� ��: LQWHU�HW�DO����� ��* UDKDP� HW�DO����� � ���

%\� �����R YHU��� �����KD�R I�UDLQIRUHVW�KDG�EHHQ�UHP RYHG��: LQWHU�HW�DO����� � ��

OHDYLQJ�RQO\� VP DOO�VFDWWHUHG�IUDJP HQWV�RI�UHP QDQW�DQG�UHJURZWK�UDLQIRUHVW�

UDQJLQJ�IURP� �� WR�����KD� �HJ��) LJXUH�� �� ��� /DXUDQFH����� ��1 HZHOO����� � ���7KHUH�

LV�OHVV�WKDQ���� �� �� �����KD ��RI�7\ SH��E��FRP SOH[� QRWRSK\ OO�YLQH�IRUHVW��7UDFH\�

���� ��UDLQIRUHVW�UHP DLQLQJ�WRGD\� �6DWWOHU�DQG�: LOOLDP V���� � ���$OO�SUHYLRXV�

VWXGLHV�RQ�WUHH�NDQJDURRV�LQ�$XVWUDOLD�KDYH�EHHQ�SHUIRUP HG�LQ�7\ SH��E�

UDLQIRUHVW��3URFWHU�* UD\� ���� ��0 DUWLQ����� ��1 HZHOO�����E ����7\ SH��E��&RP SOH[�

P HVRSK\ OO�YLQH�IRUHVW��7UDFH\� ���� ��LV�DOVR�DQ�HQGDQJHUHG�FRPP XQLW\� ZLWK�OHVV�

WKDQ��� �� RI�LWV�RULJLQDO�DUHD�UHP DLQLQJ��KRZHYHU�LW�LV�QRZ�P RUH�ZLGHVSUHDG�

WKDQ��E�UDLQIRUHVW����

7KH�ULFK�EDVDOW�VRLO�ZKHUH�WKH�P DMRULW\� RI�WKH�UDLQIRUHVWV�ZHUH�JURZLQJ�LV�VWLOO�

VRXJKW�DIWHU�WRGD\� DQG�FOHDULQJ�FRQWLQXHV�IRU�FURSSLQJ�DQG�JUD] LQJ�ODQG��DV�ZHOO�

DV�WLP EHU���7KHUHIRUH��' ��OXP KROW] L�DUH�VWLOO�FRQVLGHUHG�WKUHDWHQHG�ZLWK�KDELWDW�

FOHDULQJ�DQG�IUDJP HQWDWLRQ���

7KH�VWXG\� VLWH�LV�D���KD�SURSHUW\� FRP SULVLQJ�DSSUR[ LP DWHO\� ��KD�R I�7\ SH��E�

UDLQIRUHVW��7UDFH\� ���� ��W\ SH�5 ( � �� ��� 6DWWOHU�DQG�: LOOLDP V����� �� IUDJP HQW�RI�

FRP SOH[� P HVRSK\ OO�YLQH�IRUHVW�RQ�EDVDOW�VRLO��VHW�LQ�D�P RVDLF�RI�DJULFXOWXUDO�ODQG�

�) LJXUHV�� ���DQG���� � ���,W�LV�VHSDUDWHG�IURP� WKH�QHLJKERXULQJ�IUDJP HQW��a� ��KD ��

RQO\� E\� WKH�QDUURZ� ,WKLFD�5 LYHU��ZLWK�FRQWLQXRXV�FDQRS\� LQ�VRP H�DUHDV���7KHUH�

LV�DOVR�D�ODUJH�DUHD�RI�UHJURZWK�LQ�WKH�QHLJKERXULQJ�SURSHUW\ ��� �

�
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�
)LJXUH������ $UHD�RI�WKH�$WKHUWRQ�7DEOHODQGV�LQ�WKH�UHJLRQ�RI�WKH�VWXG\�VLWH��VKRZLQJ�
IUDJPHQWDWLRQ�RI�UDLQIRUHVWV�UHPDLQLQJ�LQ�WKH�DUHD���0DS�FRXUWHV\�RI�:HW�7URSLFV���

�

�
)LJXUH������ $HULDO�SKRWR�RI�VWXG\�VLWH�DQG�QHLJKERXULQJ�IUDJPHQW��VHSDUDWHG�E\�WKH�,WKLFD�5LYHU���
6WXG\�DUHD�PDUNHG�RXW�LQ�ZKLWH���$OVR�VKRZQ�DUH�WKH�DUHDV�RI�UHJURZWK��PDWXUH�IRUHVW��SLQH�
IRUHVW�DQG�VSULQJV�ZLWKLQ�WKH�VWXG\�VLWH�DQG�DUHD�RI�UHJURZWK�WR�ULJKW�RI�VWXG\�VLWH����3KRWR���
4XHHQVODQG�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV����
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7KH�IUDJP HQW�LWVHOI�LV�D�FRP SOH[� P L[� RI�IRUHVW���,W�FRQWDLQV�D�ODUJH�SURSRUWLRQ�RI�

P DWXUH�IRUHVW��VHFWLRQV�RI�UHJURZWK�DW�WKH�HGJH�DQG�DOVR�DUHDV�RI�ULSDULDQ�

YHJHWDWLRQ�DORQJ�WKH�VSULQJV�LQ�WKH�JXOOLHV��) LJXUH�� �� � ���,W�DOVR�FRQWDLQV�D�

VHFWLRQ�RI�SLQH�WUHHV��ZLWK�DQ�XQGHUVWRUH\� RI�SLRQHHU�UDLQIRUHVW�VSHFLHV��) LJXUH�

� �� � ���7KLV�VLWH�SURYHG�WR�EH�VXLWDEOH�IRU�LQYHVWLJDWLQJ�KDELWDW�XWLOLVDWLRQ�E\� ' ��

OXP KROW] L�DV�LW�LV�D�FRP SOH[� P L[� RI�GLIIHUHQW�KDELWDWV��DOO�RI�ZKLFK�DUH�EHLQJ�

XWLOLVHG�E\ �' ��OXP KROW] L��

x� 0 DWXUH�IRUHVW�

$�ODUJH�SURSRUWLRQ�RI�WKH�VWXG\� VLWH�LV�P DWXUH�7\ SH��E�UDLQIRUHVW�WKDW�ZDV�RQO\�

VHOHFWLYHO\� ORJJHG�DQG�KDV�QRW�EHHQ�GLVWXUEHG�IRU�DSSUR[ LP DWHO\� ��� \ HDUV���

0 DQ\� RI�WKH�FDQRS\� WUHHV�LQ�WKLV�VLWH�DUH�DW�OHDVW���� � ��� P� WDOO���7KHUH�LV�YHU\�

OLWWOH�XQGHUVWRUH\ ��H[ FHSW�IRU�VRP H�VHHGOLQJV�DQG�/DZ\ HU�FDQH�RU�: DLW�D�ZKLOH�

YLQH�WKDW�ZLQGV�XS�LQWR�WKH�FDQRS\ ��

x� 5 HJURZ WK�

7KHUH�DUH�WKUHH�P DLQ�DUHDV�RI�UHJURZWK��WRWDOOLQJ�a���KD ��JURZLQJ�QH[ W�WR�WKH�

P DWXUH�IRUHVW��) LJXUH�� �� � ���7KHVH�DUHDV�KDYH�EHHQ�DOORZHG�WR�JURZ�EDFN�DIWHU�

FOHDULQJ�DQG�DUH�WKRXJKW�WR�EH�DSSUR[ LP DWHO\� ��� \ HDUV�RI�DJH���7KH�FDQRS\�

KHLJKW�LQ�WKH�UHJURZWK�YDULHV�IURP� ��� � ��� P ��EXW�FDQ�EH�XS�WR��� P� SDUWLFXODUO\� LQ�

WKH�JXOOLHV�ZKHUH�WKHUH�DUH�FUHHNV�RU�VSULQJV���7KHUH�LV�D�ODUJH�GHJUHH�RI�

XQGHUVWRUH\� RI�VHHGOLQJV�DQG�YLQHV��DQG�LQ�VRP H�DUHDV�ZKHUH�WKHUH�LV�ORZHU�

FDQRS\� DQG�P RUH�OLJKW�UHDFKLQJ�WKH�IORRU��WKH�ZHHG�/DQWDQD�FDP DUD���7KH�

GRP LQDQW�VSHFLHV�LQ�WKH�UHJURZWK�DUH�ODWH�VXFFHVVLRQDO�VSHFLHV��VXFK�DV�* XLRD�

ODVLRQHXUD�DQG�$OSKLWRQLD�SHWULHL���7KHUH�DUH�DOVR�D�ODUJH�QXP EHU�RI�P DWXUH�

/ LWVHD�OHHIHDQD��ZKLFK�DUH�VHFRQGDU\� UDLQIRUHVW�VSHFLHV���6RP H�RI�WKH�RWKHU�

ODWH�VXFFHVVLRQDO�VSHFLHV�LQ�WKHVH�DUHDV�DUH��) OLQGHUVLD�EUD\ OH\ DQD��* ORFKLGLRQ�

K\ ODQGLL�DQG�1 HROLWVHD�GHDOEDWD��

x� 5 LSDULDQ�KDELWDW�VXUURXQGLQJ�WKH�VSULQJV�

7KHUH�DUH�VHYHUDO�VSULQJV�LQ�WKH�JXOOLHV�ZLWKLQ�WKH�SURSHUW\� DQG�QHLJKERXULQJ�

SURSHUW\ ��ZKLFK�P DLQWDLQ�UXQQLQJ�ZDWHU�DOO�\ HDU�URXQG���7KHVH�VSULQJV�FRQWDLQ�

ULSDULDQ�KDELWDW�GRP LQDWHG�E\� HDUO\� VHFRQGDU\� VSHFLHV�VXFK�DV�$OSKLWRQLD�SHWULHL�

DQG�* XLRD�ODVLRQHXUD��DQG�DOVR�FRQWDLQV�D�ODUJH�DP RXQW�RI�ZHHGV�VXFK�DV�
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/DQWDQD�FDP DUD���7KH\� GR��KRZHYHU��FRQWDLQ�WKH�RFFDVLRQDO�ODUJH�P DWXUH�

UDLQIRUHVW�FDQRS\� VSHFLHV�VXFK�DV�) LFXV�FUDVVLSHV��) OLQGHUVLD�VSS�DQG�

&DOGFOXYLD�DXVWUDOLHQVLV�XS�WR��� P� LQ�KHLJKW���7KHUH�DUH�DOVR�D�QXP EHU�RI�WUHH�

IHUQV��&\ DWKHD�FRRSHUL����2 YHUDOO�WKH�FDQRS\� LV�GLVFRQWLQXRXV�ZLWK�DUHDV�RI�RQO\�

ZHHG�FRYHU�EHWZHHQ�FOXP SV�RI�WUHHV�DQG�YLQHV���7KHUH�LV�VRP H�FRQQHFWLYLW\�

EHWZHHQ�WKH�ULSDULDQ�KDELWDW�DQG�WKH�P DWXUH�IRUHVW��) LJXUH�� �� � ��

x� 3LQH�IRUHVW�

7KH�SLQH�IRUHVW�SODQWDWLRQ��3LQXV�FDULEDHD��ZDV�SODQWHG�DSSUR[ LP DWHO\� ��� \ HDUV�

DJR���,W�QRZ�FRQVLVWV�RI�D�ODUJH�QXP EHU�RI�SLRQHHU�UDLQIRUHVW�VSHFLHV�LQ�WKH�

XQGHUVWRUH\ ��DV�ZHOO�DV�VRP H�HP HUJHQW�VSHFLHV�VXFK�DV�$OSKLWRQLD�SHWULHL�

DP RQJVW�WKH�SLQH�WUHHV��UHDFKLQJ�DSSUR[ LP DWHO\� ��� � ��� P� LQ�KHLJKW���7KHUH�DUH�

DOVR�D�ODUJH�QXP EHU�RI�6WLQJLQJ�WUHHV�' HQGURFQLGH�FRUGLIROLD�DQG�/DQWDQD�

FDP DUD�LQ�WKH�XQGHUVWRUH\ ��
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)LJXUH������� 7KH�IRXU�GLIIHUHQW�KDELWDWV�LQ�VWXG\�VLWH��D��ULSDULDQ�YHJHWDWLRQ�VXUURXQGLQJ�RQH�RI�WKH�VSULQJV��E��SLQH�IRUHVW��F��UHJURZWK��G��PDWXUH�IRUHVW�
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&KDSWHU�� �� 6SDWLDO�RUJDQLVDWLRQ�RI�/X P KROW] ¶V�WUHH�
NDQJDURR�LQ�D�UDLQIRUHVW�IUDJP HQW�RQ�WKH�
$WKHUWRQ�7DEOHODQGV��

� �� � ,1 75 2 '8& 7,2 1 �

8 QGHUVWDQGLQJ�WKH�XVH�RI�VSDFH��DQG�KRZ�WKLV�UHODWHV�WR�KDELWDW�LV�LP SRUWDQW�WR�

WKH�FRQVHUYDWLRQ�DQG�P DQDJHP HQW�RI�UDUH�VSHFLHV���

: KLOH�QRW�FXUUHQWO\� FRQVLGHUHG�HQGDQJHUHG��/X P KROW] ¶V�WUHH�NDQJDURRV�DUH�

FODVVLILHG�DV�UDUH�XQGHU�4 XHHQVODQG¶V�1 DWXUH�&RQVHUYDWLRQ��: LOGOLIH��

5 HJXODWLRQ������ � ���$OWKRXJK�WKH�GLVWULEXWLRQ�RI�' ��OXP KROW] L�LV�EHOLHYHG�WR�EH�

IURP� 0 W�&DUELQH�7DEOHODQG�WR�WKH�&DUGZHOO�5 DQJH��) ODQQHU\� HW�DO����� ��1 HZHOO�

����E ���WKH\� DUH�P RVW�FRPP RQO\� IRXQG�LQ�IUDJP HQWHG�UDLQIRUHVWV�WKDW�IHDWXUH�

IHUWLOH�VRLOV�RQ�WKH�$WKHUWRQ�DQG�( YHO\ Q�7DEOHODQGV��ZKHUH�WKHLU�ORQJ�WHUP�

SHUVLVWHQFH�LV�WKUHDWHQHG�E\� ODQG�FOHDULQJ�DQG�P RUWDOLW\� IURP� GRJV�DQG�YHKLFOHV�

�1 HZHOO�����E ������ F����7KH�LQFUHDVLQJ�IUDJP HQWDWLRQ�DQG�ORVV�RI�VXLWDEOH�

KDELWDW�LV�OLNHO\� WR�OHDG�WR�D�IXUWKHU�VLJQLILFDQW�GHFOLQH�LQ�WKHLU�QXP EHUV��IRUFLQJ�D�

UHFODVVLILFDWLRQ�RI�WKH�VSHFLHV�DP LG�LQFUHDVLQJ�FRQFHUQ�IRU�LWV�IXWXUH��1 HZHOO�

����D ����7KHUHIRUH��WR�HQVXUH�WKH�FRQVHUYDWLRQ�DQG�P DQDJHP HQW�RI�UHP QDQW�

SRSXODWLRQV�RI�' ��OXP KROW] L��LW�LV�LP SRUWDQW�WR�XQGHUVWDQG�WKHLU�VSDWLDO�XVH�RI�

KDELWDW��

/X P KROW] ¶V�WUHH�NDQJDURRV�FDQ�EH�TXLWH�DEXQGDQW�LQ�UHJURZWK�DQG�IUDJP HQWHG�

UDLQIRUHVW��HVSHFLDOO\� WKRVH�RQ�IHUWLOH�VRLO�W\ SHV��DOWKRXJK�ZH�GR�QRW�\ HW�

XQGHUVWDQG�ZK\� �1 HZHOO����� ������D ������E ��. DQRZVNL�HW�DO�����D ���� : KHWKHU�

WKLV�LV�GXH�WR�KLJK�KDELWDW�TXDOLW\ ��D�SUHIHUHQFH�IRU�HDUO\� VXFFHVVLRQDO�VSHFLHV��

RU�D�WHQGHQF\� WR�EXLOG�XS�XQQDWXUDOO\� KLJK�QXP EHUV�LQ�WKHVH�IUDJP HQWV�GXH�WR�

VXUURXQGLQJ�GLVWXUEDQFH�HYHQWV�LV�QRW�WRWDOO\� XQGHUVWRRG����

0 RUHRYHU��WKHUH�LV�QR�LQIRUP DWLRQ�ZLWK�ZKLFK�WR�DVVHVV�WKH�ORQJ�WHUP� YLDELOLW\� RI�

VP DOO�SRSXODWLRQV�LQ�IUDJP HQWV��RU�ZKHWKHU�WKH\� UHJXODUO\� UDQJH�EHWZHHQ�

IUDJP HQWV���&RQVHTXHQWO\ ��LW�LV�FUXFLDO�WKDW�UHVHDUFK�EH�FRQGXFWHG�WR�ILQG�RXW�

P RUH�DERXW�WKH�KDELWDW�UHTXLUHP HQWV�RI�' ��OXP KROW] L�LQ�RUGHU�WR�HQVXUH�LWV�ORQJ�

WHUP� FRQVHUYDWLRQ��1 HZHOO����� � ��
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$OWKRXJK�WKHUH�KDYH�EHHQ�VRP H�VWXGLHV�RQ�WKH�KRP H�UDQJHV�DQG�KDELWDW�

XWLOLVDWLRQ�RI�/X P KROW] ¶V�WUHH�NDQJDURRV��3URFWHU�* UD\� ���� ������ ��1 HZHOO�

����D ������E ��DV�ZHOO�DV�WKHLU�UHVSRQVHV�WR�KDELWDW�ORVV��1 HZHOO����� F��DQG�

IUDJP HQWDWLRQ��3DKO�HW�DO����� ��/DXUDQFH����� ������ ������ ������ ��/DXUDQFH�

DQG�/DXUDQFH����� ������ � ��RXU�XQGHUVWDQGLQJ�RI�WKHLU�SRSXODWLRQ�G\ QDP LFV��

HFRORJ\� DQG�EDVLF�ELRORJ\� LV�VWLOO�UXGLP HQWDU\� �1 HZHOO�����D ����

%RWK�%HQQHWW¶V�WUHH�NDQJDURRV�DQG�/XP KROW] ¶V�WUHH�NDQJDURRV�DUH�ODUJHO\�

VROLWDU\� DQG�WHUULWRULDO��3URFWHU�* UD\� ���� ��0 DUWLQ����� ��1 HZHOO�����E ���6RFLDO�

LQWHUDFWLRQV�DUH�OLP LWHG�WR�WKH�UHODWLRQVKLS�EHWZHHQ�D�IHP DOH�DQG�KHU�\ RXQJ��

EULHI�LQWHUDFWLRQV�EHWZHHQ�P DOHV�DQG�IHP DOHV�IRU�P DWLQJ�SXUSRVHV��DQG�

RFFDVLRQDO�WHUULWRULDO�GLVSXWHV�EHWZHHQ�P DOHV��3URFWHU�* UD\� ���� ��1 HZHOO�

����E ����7UHH�NDQJDURRV�DUH�RQH�RI�WKH�IHZ�P DFURSRGV�WKDW�GHIHQG�D�KRP H�

UDQJH�RU�WHUULWRU\ ��WKH�VL] HV�RI�ZKLFK�YDU\� EHWZHHQ�VSHFLHV�DQG�LQGLYLGXDOV�

�3URFWHU�* UD\� ���� ��0 DUWLQ����� ��1 HZHOO�����E ����+RP H�UDQJH�VL] H�KDV�EHHQ�

VXJJHVWHG�WR�UHIOHFW�WKH�YLJRXU�DQG�VWDWXV�RI�WKH�RFFXSDQWV��0 DUWLQ����� ������ ��

DQG�SRVVLEO\� WKH�KDELWDW�W\ SH�DQG�TXDOLW\� �1 HZHOO�����E ���EXW�WKH�UHODWLRQVKLS�LV�

QRW�\ HW�WRWDOO\� XQGHUVWRRG���%RG\� ZHLJKW�KDV�DOVR�EHHQ�VKRZQ�WR�KDYH�D�SRVLWLYH�

UHODWLRQVKLS�ZLWK�KRP H�UDQJH�VL] HV�LQ�P DQ\� DQLP DOV��0 F1 DE����� ��0 LOWRQ�DQG�

0 D\� ���� � ��

7KH�IHZ�SUHYLRXV�VWXGLHV�GRQH�RQ�WKLV�VSHFLHV�GHWHUP LQHG�KRP H�UDQJH�LQ�DQ�

H[ WUHP HO\� VSDWLDOO\� UHVWULFWHG�UDLQIRUHVW�W\ SH��&RP SOH[� 1 RWRSK\ OO�9LQH�) RUHVW��

&1 9)� RQ�EDVDOW�VXEVWUDWH��7\ SH��E��7UDFH\� ���� ��3URFWHU�* UD\� ���� ��1 HZHOO�

����E ���,QWHUHVWLQJO\ ��UDQJLQJ�EHKDYLRXU�RI�%HQQHWW¶V�WUHH�NDQJDURRV�LV�DOVR�

RQO\� NQRZQ�IURP� WKLV�UDLQIRUHVW�W\ SH��0 DUWLQ����� � ���&1 9)� SUHYLRXVO\� FRYHUHG�

WKH�$WKHUWRQ�7DEOHODQG�QRUWK�DQG�ZHVW�RI�WKH�WRZQVKLS�RI�0 DODQGD���+RZHYHU��

WKHUH�DUH�QRZ�RQO\� D�IHZ� IUDJP HQWV�UHP DLQLQJ��FRP SULVLQJ��� ���� �KD�LQ�WRWDO�

H[ WHQW��WKXV�&1 9)� LV�FRQVLGHUHG�DQ�HQGDQJHUHG�FRPP XQLW\� �6DWWOHU�DQG�

: LOOLDP V����� � ���&RQVHTXHQWO\ ��LW�LV�XQOLNHO\� WR�SURYLGH�D�JRRG�UHSUHVHQWDWLRQ�RI�

WKH�XVH�RI�VSDFH�E\� ' ��OXP KROW] L�DFURVV�LWV�UDQJH���

,Q�DGGLWLRQ��ERWK�VWXGLHV�RI�' ��OXP KROW] L�RQ�WKH�$WKHUWRQ�WDEOHODQGV�ZHUH�

XQGHUWDNHQ�RQO\� D�IHZ�KXQGUHG�P HWUHV�DSDUW��3URFWRU�* UD\� ���� ��1 HZHOO�

����E ����7KHVH�VWXGLHV�IRXQG�WKDW�LQGLYLGXDO�/X P KROW] ¶V�WUHH�NDQJDURRV�XVHG�
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VP DOO�KRP H�UDQJH�DUHDV�ZLWKLQ�WKHLU�IUDJP HQWHG�UDLQIRUHVW�KDELWDW���0 DOH�KRP H�

UDQJH�VL] HV�ZHUH�VLJQLILFDQWO\� ODUJHU�WKDQ�WKRVH�RI�IHP DOHV��GLG�QRW�RYHUODS�ZLWK�

RWKHU�P DOHV��EXW�GLG�RYHUODS�ZLWK�VHYHUDO�IHP DOHV���) HP DOH�KRP H�UDQJHV�GLG�QRW�

RYHUODS�ZLWK�RWKHU�IHP DOHV���

7KLV�SUHVHQW�VWXG\� RI�UDQJLQJ�EHKDYLRXU�LV�WKH�ILUVW�SHUIRUP HG�LQ�D�GLIIHUHQW�DQG�

P RUH�ZLGHVSUHDG�UDLQIRUHVW�W\ SH��&RP SOH[� 0 HVRSK\ OO�9LQH�) RUHVW�RQ�EDVDOW��

7\ SH��E��7UDFH\� ���� � ��DOORZLQJ�FRQVLGHUDWLRQ�RI�KDELWDW�UHODWHG�YDULDELOLW\� LQ�

P RYHP HQWV�DQG�VSDWLDO�UHTXLUHP HQWV�RI�' ��OXP KROW] L��DQG�SURYLGLQJ�LQIRUP DWLRQ�

WKDW�LV�UHOHYDQW�WR�D�P XFK�JUHDWHU�DUHD�RI�' ��OXP KROW] L¶V�UDQJH���

� �� � 0 ( 7+2 ' 6 �

� �� �� � $ QLP DO�FDSWXUH�DQG�ORFDWLRQ�

( LJKW�DQLP DOV���� P DOHV�DQG���IHP DOHV��ZHUH�FDSWXUHG�EHWZHHQ�- DQXDU\� �����

DQG�1 RYHP EHU������X VLQJ�D�WUDQTXLOLVHU�GDUW�JXQ��%ODFN�: ROI��7UDQTXLODUP V��

DQG���� P O�P LQL�GDUWV�FRQWDLQLQJ�D�WUDQTXLOLVHU��=ROD] HSDP� DQG�7LOHWDP LQH�

�� ��� ���� P J�SHU�LQGLYLGXDO�LQ�� ��� P O��=ROHWLO���� ��9LUEDF��$XVWUDOLD��3W\� / WG�����

7UHH�NDQJDURRV�SURYHG�GLIILFXOW�DQLP DOV�WR�ILQG�DQG�FROODUV�ZHUH�WKHUHIRUH�ILWWHG�

RSSRUWXQLVWLFDOO\ ���$GGLWLRQDOO\ ��DQLP DOV�ZHUH�RQO\� GDUWHG�LI�WKH\� ZHUH�ORZHU�WKDQ�

�� P� KLJK�LQ�WKH�FDQRS\� IRU�WKH�VDIHW\� RI�WKH�DQLP DO���) LYH�WR�WHQ�P LQXWHV�DIWHU�

VXFFHVVIXO�GDUWLQJ�WUHH�NDQJDURRV�ORVW�WKHLU�KROG�RQ�WKH�EUDQFK�DQG�IHOO�LQWR�D�

ODUJH�QHW�VHW�GLUHFWO\� EHORZ�WKHP ���1 R�DQLP DOV�ZHUH�LQMXUHG�GXULQJ�FDSWXUH��

$ IWHU�FDSWXUH�WKH�DQLP DOV�ZHUH�UHVWUDLQHG�LQ�D�KHVVLDQ�EDJ�DQG�JLYHQ�DQ�LQWUD�

P XVFXODU�LQMHFWLRQ�RI�GLD] HSDP� �3DP OLQ��3DUQHOO�/DERUDWRULHV��$XVW��3W\� / WG��

� P J�NJ��WR�SURYLGH�D�VP RRWKHU�UHFRYHU\� IURP� WKH�WUDQTXLOLVHU���( DFK�DQLP DO�ZDV�

ZHLJKHG��VH[ HG��P HDVXUHG�DQG�UDGLR�FROODUHG�XVLQJ�D�WZR�VWDJH�WUDQVP LWWHU�

ZLWK���� P RQWK�EDWWHU\� OLIH�FRQWDLQHG�LQ�D�GRXEOH�HQGHG�DOXP LQLXP� KRXVLQJ�DQG�

DWWDFKHG�WR�D�IRRG�JUDGH�IOH[ LEOH�SODVWLF�FROODU��) LJXUH�� �� ��0 LFUROLWH�� �VWDJH�

WUDQVP LWWHU�ZHLJKLQJ��� JP ��7LWOH\� ( OHFWURQLFV�3W\� / WG�����&ROODUV�ZHUH�VHZQ�

FORVHG�DW�WKH�DSSURSULDWH�VL] H�ZLWK�ZD[ HG�FRWWRQ�WR�DOORZ�HYHQWXDO�EUHDNDJH���

0 HDVXUHP HQWV�UHFRUGHG�ZHUH�ERG\� OHQJWK��PP ��� IURP� FUHVW�RI�KHDG�WR�EDVH�RI�

WDLO���KHDG�OHQJWK��PP ���KHDG�ZLGWK��PP ���WDLO�OHQJWK��PP ���KLQG�IRRW�OHQJWK�

�PP ���KLQG�IRRW�ZLGWK��PP ���IRUHDUP� OHQJWK��PP ��� IURP� HOERZ�WR�ZULVW���KLQG�OHJ�
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OHQJWK��PP ��� IURP� NQHH�WR�DQNOH���WHVWLV�OHQJWK�DQG�ZLGWK��PP ��DQG�HDU�OHQJWK�

DQG�ZLGWK��PP ���

( DFK�DQLP DO�DOVR�KDG�D�3,7��3DVVLYH�,QGXFHG�7UDQVSRQGHU��' HVWURQ�) HDULQJ�

&RUSRUDWLRQ������ � �/ LIH�&KLS�$QLP DO�( OHFWURQLFV�,�' ��6 \ VWHP V��1 6: ��WDJ�

LP SODQWHG�VXEFXWDQHRXVO\� DQG�VXSUDVFDSXODUO\� DQG�HDU�WDJJHG�WR�DOORZ�

LGHQWLILFDWLRQ�LI�WKH�FROODU�ZDV�ORVW���7UDQVP LWWHUV�ZHUH�P DUNHG�ZLWK�LQGLYLGXDOO\�

FRORXU�FRGHG�UHIOHFWLYH�WDSH�WR�DLG�LQ�LGHQWLILFDWLRQ�DW�QLJKW���$QLP DOV�ZHUH�NHSW�

IRU�WKUHH�KRXUV�IRU�UHFRYHU\� EHIRUH�EHLQJ�UHOHDVHG�DW�WKH�FDSWXUH�VLWH��

( DFK�DQLP DO�ZDV�ORFDWHG�XVLQJ�D�5 HJDO������ 7HOHP HWU\� UHFHLYHU�DQG�D�<DJL�

DQWHQQD��7LWOH\� ( OHFWURQLFV�3W\� / WG����� /RFDWLRQ�DWWHP SWV�ZHUH�P DGH�WZLFH�D�GD\�

IRU�WKH�ILUVW�IHZ�GD\ V�DIWHU�FDSWXUH�DQG�WKHQ�DW�YDU\ LQJ�WLP HV�RI�GD\� RU�QLJKW��RQ�

D�GDLO\� EDVLV�XQWLO�VHYHUDO�DQLP DOV�ZHUH�EHLQJ�WUDFNHG�DW�RQH�WLP H��WKHQ�HYHU\�

WZR�GD\ V�RU�ZHHNO\� XQWLO�WKH�FROODU�FDP H�RII���, I�WKH�IRFDO�DQLP DO�P RYHG�EHIRUH�

VLJKWLQJ�WKH�IL[� ZDV�QRW�XVHG�LQ�WKH�DQDO\ VLV���7KH�SRVLWLRQ�ZDV�GHWHUP LQHG�E\�

* 36� �* DUP LQ��� &; ��* DUP LQ�&RUSRUDWLRQ��ZLWK�DFFXUDF\� EHWWHU�WKDQ�“ �� P ��

* HQHUDOO\ ��RQO\� ORFDWLRQV�ZKHUH�DQLP DOV�ZHUH�YLVXDOO\� FRQILUP HG�ZHUH�UHFRUGHG���

/RFDWLRQV�ZHUH�YLVXDOO\� FRQILUP HG�LQ�! �� �� RI�FDVHV���,Q�WKH�UHP DLQGHU�WKH�

ORFDWLRQ�ZDV�GHWHUP LQHG�E\� WULDQJXODWLRQ�WR�ZLWKLQ��� P ���$ IWHU�ORFDWLRQ�ZDV�

GHWHUP LQHG��GDWH��WLP H��KHLJKW�LQ�FDQRS\ ��WUHH�VSHFLHV��DQG�SUHVHQFH�RI�RWKHU�

WUHH�NDQJDURRV�ZHUH�UHFRUGHG��
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)LJXUH������ D��6HGDWHG�'��OXPKROW]L�EHLQJ�PHDVXUHG�DQG�UDGLR�FROODUHG�DIWHU�FDSWXUH��E��'��OXPKROW]L�LQ�
KHVVLDQ�EDJ�EHLQJ�ZHLJKHG��F��$QLPDO�EHLQJ�FKHFNHG�EHIRUH�UHOHDVH��G��7UDFNLQJ�DQLPDOV��H��'��OXPKROW]L�
ZLWK�UDGLR�FROODU�EHLQJ�WUDFNHG��1RWH�KRZ�GLIILFXOW�LW�LV�WR�VHH�WKH�VHFRQG�DQLPDO��WR�WKH�OHIW���



� �� �

� �� �� � $ QDO\V LV�RI�KRP H�UDQJH�

,W�LV�GLIILFXOW�WR�FRP SDUH�KRP H�UDQJH�VL] HV�IURP� GLIIHUHQW�VWXGLHV�EHFDXVH�

GLIIHUHQW�WHFKQLTXHV�DUH�RIWHQ�XVHG�WR�DQDO\ VH�KRP H�UDQJH�DUHDV��VHH�&URIW�

���� ��7UR\� DQG�&RXOVRQ����� ��DQG�GLIIHUHQW�VRIWZDUH�SDFNDJHV�KDYH�EHHQ�

VKRZQ�WR�JLYH�YDU\ LQJ�UHVXOWV�IRU�WKH�VDP H�GDWD��* DOOHUDQL�/DZVRQ�	� 5 RGJHUV�

���� � ���) RU�WKLV�SUHVHQW�VWXG\ ��KRP H�UDQJHV�ZHUH�FDOFXODWHG�ZLWK�WKH�+DUP RQLF�

P HDQ�P HWKRG��' L[ RQ�DQG�&KDSP DQ����� ��DQG�0 LQLP XP� &RQYH[� 3RO\ JRQV�

XVLQJ�WKH�FRP SXWHU�VRIWZDUH�5 DQJHV�9� �. HQZDUG�DQG�+RGGHU����� ��WR�DOORZ�

FRP SDULVRQV�ZLWK�WKH�VWXGLHV�RI�3URFWHU�* UD\� ����� ��DQG�1 HZHOO������E ���

&DOFXODWLQJ�KRP H�UDQJH�VL] HV�IURP� �� � �� �� KDUP RQLF�P HDQ��DQG�HVWLP DWLQJ�WKH�

SURSRUWLRQDO�FKDQJH�IRU�HDFK�� �� LQFUHP HQW�DOORZHG�GHWHUP LQDWLRQ�RI�WKH�FRUH�

UDQJH�RU�FHQWUH�RI�DFWLYLW\� IRU�WKH�DQLP DOV���&RUH�UDQJH�ZDV�GHILQHG�DV�WKH�

LVRSOHWK�ZKHUH�WKH�SURSRUWLRQDO�LQFUHDVH�LQ�UDQJH�VL] H�ZDV�P LQLP LVHG��- RKQVRQ�

���� ��ZKHQ�ORFDWLRQV�DUH�LQFUHP HQWDOO\� DGGHG��) LJXUH�� �� � ���,Q�DGGLWLRQ���� ��

ZDV�FDOFXODWHG�DV�D�FRP SDULVRQ�WR�1 HZHOO¶V������E ��VWXG\ ��0 LQLP XP� FRQYH[�

SRO\ JRQV�ZHUH�DOVR�FDOFXODWHG�IRU�HDFK�DQLP DO�DV�3URFWRU�* UD\� ����� ��KDG�

XVHG�WKLV�WHFKQLTXH��

) RU�DFFXUDWH�HVWLP DWLRQ�RI�KRP H�UDQJH�VL] H�WKHUH�P XVW�EH�D�VXIILFLHQW�QXP EHU�

RI�ORFDWLRQV�LQ�WKH�DUHD�XVHG�E\� DQ�DQLP DO�VXFK�WKDW�QHZ�ORFDWLRQV�GR�QRW�

LQFUHDVH�WKH�UDQJH�VL] H��+DUULV�HW�DO����� � ���+DUULV�HW�DO������ ��VXJJHVWHG�WKDW�

���R U���� ORFDWLRQV�ZRXOG�EH�DGHTXDWH�LQ�P RVW�FDVHV��� �

7R�GHWHUP LQH�WKH�QXP EHU�RI�REVHUYDWLRQV�UHTXLUHG�WR�GHILQH�KRP H�UDQJH�VL] HV��

WKH�FXP XODWLYH�KRP H�UDQJH�DUHD�ZDV�FDOFXODWHG�IRU�UDQGRP O\� VHOHFWHG�VXEVHWV�

RI�ORFDWLRQV�IURP� HDFK�DQLP DO�DQG�SORWWHG�DJDLQVW�WKH�QXP EHU�RI�ORFDWLRQV��

DFFRUGLQJ�WR�WKH�SURFHGXUH�RI�+DUULV�HW�DO������ � ���7KHVH�ZHUH�LQVSHFWHG�

YLVXDOO\� WR�HVWLP DWH�WKH�P LQLP XP� QXP EHU�RI�VLJKWLQJV�UHTXLUHG�WR�GHWHUP LQH�

KRP H�UDQJH�VL] HV��) LJXUH�� �� � ���,Q�WKLV�VWXG\� WKHUH�ZDV�YDULDWLRQ�LQ�WKH�QXP EHU�

RI�IL[ HV�REWDLQHG�IRU�HDFK�DQLP DO�EHFDXVH�VRP H�DQLP DOV�SURYHG�GLIILFXOW�WR�

ORFDWH�DQG�LW�ZDV�DOVR�GLIILFXOW�WR�NHHS�FROODUV�RQ�VRP H�DQLP DOV��

2 QH�IHP DOH�WUHH�NDQJDURR��6LP RQH��ZDV�UHVFXHG�DIWHU�EHLQJ�KLW�E\� D�FDU��UDGLR�

FROODUHG�DQG�UHORFDWHG�WR�WKH�VWXG\� VLWH��GXULQJ�WKLV�VWXG\� DQG�VKH�ZDV�LQFOXGHG�



� �� �

LQ�WKH�LQYHVWLJDWLRQ�RI�KRP H�UDQJH�XVH��+RZHYHU��DV�VKH�ZDV�LQLWLDOO\� VHWWOLQJ�

LQWR�WKH�QHZ�ORFDOH��KHU�ILUVW�WHQ�ORFDWLRQV����GD\ V��DIWHU�UHOHDVH�ZHUH�QRW�

LQFOXGHG�LQ�WKH�DQDO\ VLV���$ IWHU�WKLV�WLP H��6LP RQH�UHP DLQHG�LQ�D�FHUWDLQ�DUHD�RI�

WKH�IRUHVW�DQG�GLG�QRW�P DNH�ODUJH�P RYHP HQWV�DV�VKH�KDG�GXULQJ�WKH�ILUVW�ILYH�

GD\ V��

6WDWLVWLFDO�DQDO\ VHV�ZHUH�SHUIRUP HG�XVLQJ�6WDWLVWLFD��6RIWVWDWV�,QFRUSRUDWHG�

���� � ���7KH�GLIIHUHQFHV�EHWZHHQ�P DOH�DQG�IHP DOH�KRP H�UDQJHV�IURP� WKLV�VWXG\�

DQG�1 HZHOO¶V�VWXG\� �����E ��ZHUH�WHVWHG�XVLQJ�6WXGHQW¶V�W�WHVWV���+RP RJHQHLW\�

RI�YDULDQFH�ZDV�WHVWHG�XVLQJ�) �WHVWV���7KH�UHODWLRQVKLSV�EHWZHHQ�ERG\� VL] H�DQG�

KRP H�UDQJH�VL] H�IURP� WKLV�DQG�1 HZHOO¶V������E ��VWXG\� ZHUH�LQYHVWLJDWHG�ZLWK�

3HDUVRQ¶V�SURGXFW�P RP HQW�FRUUHODWLRQ�DQDO\ VLV��

� �� �� � $ FWLYLW\�D QG�GDLO\� P RYHP HQWV�

2 EVHUYDWLRQV�ZHUH�P DGH�RQ�WKH�DFWLYLW\� RI�' ��OXP KROW] L�GXULQJ�UDGLR�WUDFNLQJ��

VXFK�DV�ZKHWKHU�WKH�DQLP DO�ZDV�HDWLQJ�RU�VOHHSLQJ���,Q�DGGLWLRQ��LI�ORFDWLRQV�

ZHUH�P DGH�P RUH�WKDQ�RQFH�D�GD\ ��P RYHP HQWV�GXULQJ�WKLV�WLP H�ZHUH�UHFRUGHG�

DQG�WKH�GLVWDQFH�WUDYHOOHG�FDOFXODWHG�XVLQJ�5 DQJHV�9� �. HQZDUG�DQG�+RGGHU�

���� � ��

� �� � 5 (6 8 / 76 �

� �� �� � &RUH�DUHDV�DQG�QXP EHU�RI�VLJKWLQJV�

7KH�DQLP DOV�LQ�WKLV�VWXG\� KDG�WZR�FRUH�DUHDV�RI�DFWLYLW\� ZLWKLQ�WKHLU�KRP H�UDQJH��

DW�WKH��� �� KDUP RQLF�P HDQ�DQG�DW�WKH��� �� KDUP RQLF�P HDQ�OHYHOV��) LJXUH�� �� � ���

7KHVH�OHYHOV���� �� DQG���� ��ZHUH�XVHG��DORQJ�ZLWK��� �� +0 ��WR�FDOFXODWH�KRP H�

UDQJH�VL] HV��

7KH�P LQLP XP� QXP EHU�RI�VLJKWLQJV�UHTXLUHG�DOORZLQJ�DFFXUDWH�KRP H�UDQJH�VL] HV�

DYHUDJHG���� “� � ��� �VH����7KH�KRP H�UDQJH�DUHD�RI�HDFK�DQLP DO�UHDFKHG�D�

SODWHDX�DW�RU�EHIRUH�WKH�QXP EHU�RI�ORFDWLRQV�FROOHFWHG��HJ�) LJXUH�� �� � ��
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)LJXUH������� &RUH�DUHDV�IRU�'��OXPKROW]L�IURP�WKLV�VWXG\��PHDQ�r �VH��ZHUH�HVWLPDWHG�E\�DQDO\VLQJ�WKH�
SURSRUWLRQDO�LQFUHPHQWDO�LQFUHDVHV��ORJ�GHFLPDO��LQ�KRPH�UDQJH�IRU��������+0��
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�
)LJXUH������� 1XPEHU�RI�VLJKWLQJV�UHTXLUHG�DW�����KDUPRQLF�PHDQ��PHDQ�r �VH��WR�DFFXUDWHO\�HVWLPDWH�RQH�
PDOH¶V��&ROLQ��KRPH�UDQJH���)RU�WKLV�DQLPDO�DQ�DV\PSWRWH�ZDV�UHDFKHG�DW�DURXQG����VLJKWLQJV��



� �� �

� �� �� � +RP H�UDQJH�VL] HV�

,Q�WKLV�VWXG\� WKH�DYHUDJH�KRP H�UDQJH�VL] H�IRU�P DOH�' ��OXP KROW] L�LQ��E�UDLQIRUHVW�

ZDV�� ���� “ �� ���KD� ��� �� +0 ��UDQJH�� ����± �� ���KD ��Q� � � ��) LJXUH�� �� � ���) HP DOH�

' ��OXP KROW] L�KDG�DQ�DYHUDJH�KRP H�UDQJH���� �� KDUP RQLF�P HDQ��RI�� ���� “ �

� ��KD��ZLWK�D�ODUJH�DP RXQW�RI�YDULDWLRQ��UDQJH�� ����± �� ���KD ��Q � ���

7KHUH�ZHUH�QR�VSDWLDO�RYHUODSV�LQ�UDQJH�EHWZHHQ�DGXOW�IHP DOHV��RU�DGXOW�P DOHV�

LQ�WKLV�VWXG\� �) LJXUH�� �� � ��EXW�WKH���P DOHV�GLG�RYHUODS�ZLWK�IHP DOHV��

7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�VL] H�RI�P DOH�KRP H�UDQJHV�LQ�

WKLV�VWXG\� DQG�WKRVH�IRXQG�LQ��E�IRUHVW��1 HZHOO�����E ��W� � � ��� ��GI� � � ��3 � � � ��� ��

7DEOH�� �� � ��1 HLWKHU�ZHUH�WKHUH�VWDWLVWLFDOO\ �VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�WKH�

KRP H�UDQJHV�RI�IHP DOHV�LQ�WKLV�VWXG\� �� ���KD ��DQG�1 HZHOO¶V������E ��� ��KD��� W� �

� ��� ��GI� � � ��3 � � � ��� ��7�WHVW�ZLWK�XQHTXDO�YDULDQFHV��7DEOH�� �� � �HYHQ�WKRXJK�

WKH�DYHUDJH�YDOXH�IRU�IHP DOH�KRP H�UDQJH�VL] H��� ���KD ��ZDV�ODUJHU�WKDQ�

1 HZHOO¶V�IHP DOHV������E ��� ��KD����7KLV�ZDV�GXH�WR�WKH�JUHDWHU�YDULDQFH�LQ�

IHP DOH�KRP H�UDQJHV�LQ�WKLV�VWXG\� �I� � �� ��� ��GI� � � ��3  � � ���� � ���

8 QOLNH�1 HZHOO¶V������E ��UHVXOWV��WKH�IHP DOH�DQG�P DOH�KRP H�UDQJHV���� ��

KDUP RQLF�P HDQ��LQ�WKLV�VWXG\� ZHUH�QRW�VLJQLILFDQWO\� GLIIHUHQW��W� �� � ��� ��GI� � � ��3 �

 � � ��� ��7DEOH�� �� � ��

1 HZHOO������E �� IRXQG�WKDW�WKH�KRP H�UDQJH�VL] HV�XVLQJ�P LQLP XP� FRQYH[�

SRO\ JRQV��IHP DOHV��� ���� � �� ���KD ��P DOHV��� ���� � �� ���KD ��ZHUH�VLP LODU�WR�WKRVH�RI�

3URFWHU�* UD\ ¶V������ ��DQLP DOV��IHP DOHV��� ��� � �� ��KD��P DOH��� ��KD����7KH�P DOH�

KRP H�UDQJHV�LQ�WKLV�VWXG\� ZHUH�DOVR�VLP LODU�ZLWK�QR�VLJQLILFDQW�GLIIHUHQFH�WR�

1 HZHOO¶V������E ��W� �� � ��� ��GI� � � ��3 � � � �� ��WDEOH�� ����+RZHYHU��XVLQJ�WKLV�

P HDVXUH�RI�UDQJH�DOVR��IHP DOHV�LQ�WKLV�VWXG\� ZHUH�P RUH�YDULDEOH�WKDQ�LQ�

1 HZHOO¶V������E ��VWXG\� �� ���± ��� ��KD��WKLV�VWXG\�YV��� ���± �� ��KD��1 HZHOO�����E ��

I� � ��� �� ��GI� � � ��3 � �� � ���� � ���



� �� �

7DEOH�������+RPH�UDQJH��KD��RI�'��OXPKROW]L�LQ��E�IRUHVW�ZLWK�FRPSDULVRQ�WR�1HZHOO¶V������E���E�DQLPDOV�
XVLQJ����������DQG�����KDUPRQLF�PHDQV��+0��DQG�0LQLPXP�&RQYH[�3RO\JRQV��0&3����9DOXHV� �0HDQ�
r �6(�� Q� �QXPEHU�RI�DQLPDOV���9DOXHV�IRU�����DQG�����+0�IRU��E�DUH�QRW�NQRZQ��

�
����+0��

$UHD��KD��

����+0��

$UHD��KD��

����+0�

$UHD��KD��

0&3�

�E�0DOH�UDQJH��Q� ���� ������������ ������������ ������������ ������������

�E�0DOH�PHDQ�r �6(� ����� r ������ ����� r ������ ����� r ������ ����� r ������

�E�PDOHV���UDQJH��Q� ���� � � ������������ ������������

�E�PDOHV���PHDQ�r �6(� � � ����� r ������ ����� r ������

�E�)HPDOH�UDQJH��Q� ���� ������������ ������������ ����� ±������ �������������

�E�)HPDOH�PHDQ�r �6(� ����� r ������ ����� r ������ ����� r ������ ����� r ������

�E�IHPDOHV���UDQJH��Q� ���� � � ������������ ������������

�E�IHPDOHV���PHDQ�r �6(� � � ����� r ������ ����� r ������

�

�

)LJXUH������� 6WXG\�VLWH�VKRZLQJ�KRPH�UDQJHV�RI�DOO���DQLPDOV�DW�����KDUPRQLF�PHDQ��



� �� �

� �� �� � %RG\� Z HLJKW�DQG�KRP H�UDQJH�VL] H�

7KHUH�ZDV�QR�GLIIHUHQFH�EHWZHHQ�WKH�P DVVHV�RI�UDGLR�WUDFNHG�DGXOW�P DOH�DQG�

IHP DOH�' ��OXP KROW] L�LQ�WKLV�VWXG\� �W� � � ��� ��GI� � � ��3 � � � ��� ��ZLWK�P DOH�DYHUDJLQJ�

� ��� “ �� ��� NJ��� ���± �� ��� NJ��Q� � � ��DQG�IHP DOHV�� ���� “ �� ��� NJ��� ����± �� ��� NJ��Q�

 � � � ��

7KHUH�ZHUH�QR�VLJQLILFDQW�FRUUHODWLRQV�EHWZHHQ�ERG\� ZHLJKW�DQG�KRP H�UDQJH�

VL] H�LQ�HLWKHU�P DOHV�RU�IHP DOHV�LQ�WKLV�VWXG\ ��

) XUWKHUP RUH��WKHUH�ZDV�VWLOO�QR�UHODWLRQVKLS�ZKHQ�P DOHV�IURP� ERWK��E�DQG��E�

IRUHVW�ZHUH�FRP ELQHG�IRU�WKH�DQDO\ VHV��U� � � ��� ��3 � � � ��� ��Q� � � ��1 HZHOO�����E ��

WKLV�VWXG\ ��RU�ZKHQ�ERWK�P DOHV�DQG�IHP DOHV�IURP� ERWK�VWXGLHV�ZHUH�FRP ELQHG��U�

 �� � ���� ��3 � � � ��� ��Q� � �� � ��

7KH�IHP DOHV�RI�ERWK�' ��OXP KROW] L�DQG�' ��EHQQHWWLDQXV�VKRZHG�QR�VLJQLILFDQW�

FRUUHODWLRQV�EHWZHHQ�KRP H�UDQJH�VL] H�DQG�ERG\� ZHLJKW�ZKHQ�GDWD�IURP� DOO�

WKUHH�VWXGLHV�ZHUH�FRP ELQHG��0 DUWLQ������ Q� � ��1 HZHOO�����E� Q� � � ��WKLV�VWXG\ �

Q� � � � ��

� �� �� � $ FWLYLW\�D QG�GDLO\� P RYHP HQWV�

8 QOLNH�HDUOLHU�REVHUYDWLRQV��3URFWRU�* UD\� ���� ��1 HZHOO�����D�����E ��ZKHUH�

DQLP DOV�KDYH�EHHQ�UHSRUWHG�WR�EH�P RVWO\� QRFWXUQDO��WKH�DQLP DOV�LQ�WKLV�VWXG\�

ZHUH�REVHUYHG�WR�EH�DFWLYH��HDWLQJ�DQG�P RYLQJ�ZLWKLQ�WKHLU�KRP H�UDQJH�GXULQJ�

WKH�GD\ ���

' DLO\� P RYHP HQWV�ZHUH�YDULDEOH���2 QH�P DOH��&ROLQ��ZDV�UHFRUGHG�P RYLQJ�ZKHQ�

UDGLR�WUDFNHG�WZLFH�LQ�RQH�GD\� �P RUQLQJ�DQG�DIWHUQRRQ��RQ�ILYH�RFFDVLRQV��

DYHUDJLQJ���� �� P� “ ���� �VH���ZLWK�RQH�P RYHP HQW�RI���� P� LQ�RQH�KRXU���$QRWKHU�

P DOH��( UURO��ZDV�UHFRUGHG�P RYLQJ�GXULQJ�WKH�GD\� RQ�WKUHH�RFFDVLRQV��DYHUDJLQJ�

�� �� P� “ ��� ��� �VH���LQFOXGLQJ�D�P RYHP HQW�RI���� P� LQ�D�IRXU�KRXU�SHULRG�RQ�RQH�

RFFDVLRQ���

) HP DOHV�ZHUH�QRW�REVHUYHG�P RYLQJ�JUHDW�GLVWDQFHV�OLNH�P DOHV�GXULQJ�WKH�GD\ ��

H[ FHSW�IRU�IRUDJLQJ�LQ�HDUO\� P RUQLQJ�DQG�ODWHU�DIWHUQRRQ���2 QH�IHP DOH��/ LVD��DQG�

KHU�RIIVSULQJ��LQKDELWLQJ�WKH�ULSDULDQ�KDELWDW�VXUURXQGLQJ�WKH�VSULQJ��P RYHG�



� �� �

UHJXODUO\� HDFK�P RUQLQJ�DQG�DIWHUQRRQ�IURP� RQH�VLGH�RI�WKH�KRP H�UDQJH�WR�WKH�

RWKHU��RQ�RQH�RFFDVLRQ�P RYLQJ��� P� ZLWKLQ���KRXUV��

� �� � ' ,6&8 66 ,2 1 �

� �� �� � &RP SDULVRQ�RI�KRP H�UDQJH�VL] HV�DQG�GHQVLWLHV�

,W�KDV�EHHQ�VXJJHVWHG�WKDW�&RP SOH[� 1 RWRSK\ OO�9LQH�) RUHVW��7\ SH��E��7UDFH\�

���� �� IUDJP HQWV�DSSHDU�WR�VXSSRUW�XQXVXDOO\� KLJK�GHQVLWLHV�RI�WUHH�NDQJDURRV�

�1 HZHOO�����D ������E ���ZKLOH�LQGLYLGXDO�WUHH�NDQJDURRV�DUH�OLNHO\� WR�UHTXLUH�

P XFK�ODUJHU�KRP H�UDQJHV�HOVHZKHUH��HVSHFLDOO\� LQ�UDLQIRUHVW�IUDJP HQWV�ZLWK�

OHVV�IHUWLOH�VRLOV��. DQRZVNL�HW�DO�����D ������E ����

7KLV�VWXG\� KDV�VKRZQ�WKDW�WKH�KRP H�UDQJHV�RI�' ��OXP KROW] L�DUH�VLP LODU�LQ�ERWK�

UDLQIRUHVW�W\ SHV��7\ SH��E��&1 9) ��1 HZHOO�����E�DQG� 7\ SH��E�&0 9) ��WKLV�VWXG\ ���

ERWK�RQ�EDVDOW�VXEVWUDWHV���+RZHYHU��P DOH�DQG�IHP DOH�KRP H�UDQJHV�ZHUH�QRW�

VLJQLILFDQWO\� GLIIHUHQW�LQ�WKLV�VWXG\ ��DV�WKH\� ZHUH�LQ��E�UDLQIRUHVW�W\ SH��1 HZHOO�

����E ����7KHUH�ZDV��KRZHYHU��D�ODUJH�GHJUHH�RI�YDULDWLRQ�LQ�WKH�IHP DOH�' ��

OXP KROW] L�KRP H�UDQJH�DUHD�LQ�7\ SH��E�UDLQIRUHVW��ZKLFK�P DNHV�LW�GLIILFXOW�WR�

FRP SDUH�VWDWLVWLFDOO\ ���

7KLV�YDULDWLRQ�LQ�IHP DOH�KRP H�UDQJH�DUHD�LV�DQ�LP SRUWDQW�ILQGLQJ��$V�' ��

OXP KROW] L�IHP DOHV�KDYH�H[ FOXVLYH�KRP H�UDQJHV��WKHLU�KRP H�UDQJH�VL] HV�DQG�

GHQVLW\� DUH�LQYHUVHO\� SURSRUWLRQDO��� ' ��OXP KROW] L�DUH�EHOLHYHG�WR�EH�SRO\ JDP RXV�

�) ODQQHU\� HW�DO����� � ��WKHUHIRUH�WKH�UHSURGXFWLYH�SRWHQWLDO�IRU�WKH�SRSXODWLRQ�ZLOO�

EH�VHW�E\� WKH�GHQVLW\� RI�IHP DOHV��%HJRQ�HW�DO����� � ��� �

7KH�KRP H�UDQJH�VL] HV�RI�' ��EHQQHWWLDQXV�DUH�P XFK�ODUJHU�WKDQ�WKDW�IRXQG�LQ�WKH�

VSDWLDO�VWXGLHV�RI�' ��OXP KROW] L��1 HZHOO�����E ��3URFWRU�* UD\� ���� � ��LQ�WKH�VDP H�

UDLQIRUHVW�W\ SH�DQG�VXEVWUDWH���) XUWKHUP RUH��WKHUH�ZDV�D�JUHDW�GHDO�RI�YDULDWLRQ�

IRXQG�LQ�WKH�UDQJLQJ�EHKDYLRXU�RI�' ��EHQQHWWLDQXV��HVSHFLDOO\� LQ�P DOHV��0 DUWLQ�

���� ��7DEOH�� �� � ���

0 DUWLQ������ ��KDV�VXJJHVWHG�WKDW�WKLV�LV�OLNHO\� GXH�WR�WKH�IDFW�WKDW�WKH�VWXG\� VLWH�

IRU�' ��EHQQHWWLDQXV�ZDV�FRQQHFWHG�WR�FRQWLQXRXV�ORZODQG�UDLQIRUHVW�DQG�QRW�DQ�

LVRODWHG�IUDJP HQW�DV�ZLWK�WKH�' ��OXP KROW] L�VWXGLHV�RQ��E�IRUHVW��3URFWRU�* UD\ �

���� ��1 HZHOO�����E ���KHQFH�WKH�DQLP DOV�FDQ�VSUHDG�RXW���+H�KDV�DOVR�
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VXJJHVWHG�WKH�ODUJHU�KRP H�UDQJH�VL] HV�IRU�' ��EHQQHWWLDQXV�P D\� EH�GXH�WR�

KXQWLQJ�SUHVVXUH�LQ�WKH�SDVW��0 DUWLQ����� ��ZLWK�DQLP DOV�VSUHDGLQJ�WKHP VHOYHV�

RXW�WR�DYRLG�SUHGDWRUV�RU�KXQWHUV���

7KHUH�KDYH�EHHQ�QR�SXEOLVKHG�VWXGLHV�RQ�VSDWLDO�XVH�E\� WUHH�NDQJDURRV�LQ�1 HZ�

* XLQHD��ZLWK�WKH�H[ FHSWLRQ�RI�DQ�REVHUYDWLRQ�RI���KD� IRU�D�VLQJOH�' ��P DWVFKLHL�

RI�XQNQRZQ�VH[� �) ODQQHU\� HW�DO����� � ���+RZHYHU��%HW]� ����� ��HVWLP DWHG�WKH�

GHQVLW\� RI�' ��P DWVFKLHL�XVLQJ�' ,67$1& (� VDP SOLQJ�DQDO\ VLV�RI�VFDWV�DQG�IRXQG�

WKH�VSHFLHV�WR�KDYH�GHQVLWLHV�RI�� ���± �� ���DQLP DOV�KD��%HW]� ����� ��VXJJHVWV�WKDW�

WKHVH�GHQVLWLHV�DUH�VLP LODU�WR�WKH�GHQVLWLHV�IRXQG�LQ�WKH�$XVWUDOLDQ�WUHH�

NDQJDURRV��� ' ��P DWVFKLHL�GHQVLWLHV�IDOO�EHWZHHQ�WKH�GHQVLWLHV�RI�WKH�WZR�

$XVWUDOLDQ�WUHH�NDQJDURR�VSHFLHV��� �� �KD�IRU�' ��EHQQHWWLDQXV��0 DUWLQ����� ��

� �� �KD�IRU�' ��OXP KROW] L��1 HZHOO�����E �����7KLV�VKRZV�WKDW�WKHUH�LV�QRW�RQO\�

YDULDWLRQ�LQ�KRP H�UDQJH�VL] HV��RU�GHQVLWLHV�LI�KRP H�UDQJHV�DUH�H[ FOXVLYH��ZLWKLQ�

VSHFLHV��DV�VHHQ�LQ�WKLV�VWXG\ ��EXW�WKHUH�LV�DOVR�YDULDWLRQ�EHWZHHQ�WUHH�NDQJDURR�

VSHFLHV��

7KLV�YDULDWLRQ�KDV�DOVR�EHHQ�IRXQG�LQ�RWKHU�DUERUHDO�IROLYRUHV��7DEOH�� �� � ��VXFK�

DV�NRDODV��SRVVXP V��OHDI�HDWLQJ�P RQNH\ V��&ROREXV��DQG�3UHVE\ WLV���KRZOHU�

P RQNH\ V��$ORXDWWD�VSS��� 0 LOWRQ�DQG�0 D\� ���� ��( VWUDGD����� ��DQG�WUHH�VORWKV�

�%UDG\ SXV�VS��� 0 RQWJRP HU\� DQG�6XQTXLVW����� � ��ZKLFK�DOVR�VKRZ�D�JUHDW�GHDO�

RI�YDULDWLRQ�LQ�GHQVLWLHV�DQG�KRP H�UDQJH�VL] HV�ERWK�ZLWKLQ�DQG�EHWZHHQ�VSHFLHV���

6RP H�VSHFLHV�DUH�DEOH�WR�UHDFK�YHU\� KLJK�GHQVLWLHV��7DEOH�� �� � ��GXH�WR�WKH�IDFW�

WKDW�DUERUHDO�IROLYRUHV�KDYH�DEXQGDQW�DQG�FRQFHQWUDWHG�UHVRXUFHV�DYDLODEOH�WR�

WKHP ��DORQJ�ZLWK�WKHLU�UHODWLYHO\� ORZ�P HWDEROLVP� DQG�VHGHQWDU\� OLIHVW\ OH��0 F1 DE�

���� ��%HW]� HW�DO�XQSXEOLVKHG�GDWD�D����) RU�H[ DP SOH�KRZOHU�P RQNH\ V��$ORXDWWD�

VSS���FDQ�UHDFK�GHQVLWLHV�RI�! ��DQLP DO��KD��0 LOWRQ�DQG�0 D\� ���� ��( VWUDGD�

���� � ��UHG�FROREXV�P RQNH\ V��3LOLRFROXEXV�VSS���FDQ�RFFXU�LQ�GHQVLWLHV�DV�KLJK�

DV���DQLP DOV�KD��&KDSP DQ�HW�DO����� � ��DQG�VP DOOHU�P RUH�VROLWDU\� IROLYRUHV�OLNH�

WKUHH�WRHG�VORWKV��%UDG\ SXV�VSS���FDQ�UHDFK�GHQVLWLHV�RI�XS�WR���DQLP DOV�KD�

�0 RQWJRP HU\� DQG�6XQTXLVW����� ��&KLDUHOOR����� � ��
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� �� �� � %RG\�V L] H�DQG�KRP H�UDQJH�DUHD�

$WWHP SWV�WR�GHVFULEH�WKH�YDULDWLRQ�LQ�KRP H�UDQJH�VL] HV�LQ�DQLP DOV�KDV�OHG�WR�WKH�

DUJXP HQW�WKDW�KRP H�UDQJH�VL] H�VKRXOG�LQFUHDVH�OLQHDUO\� ZLWK�ERG\� VL] H�

�+DUHVWDG�DQG�%XQQHOO����� ��DQG�WKLV�LV�FHUWDLQO\� WUXH�IRU�P DQ\� P DPP DOV�

�0 F1 DE����� ��0 LOWRQ�DQG�0 D\� ���� ��+DUHVWDG�DQG�%XQQHOO����� ��/ LQGVWHGW�HW�

DO����� ��7UR\� DQG�&RXOVRQ����� ��LQFOXGLQJ�P DFURSRGV��) LVKHU�DQG�2 ZHQV�

���� � ���&URIW������ ��VXJJHVWV�WKDW�FRP SDUDEOH�KRP H�UDQJH�DUHDV�FRXOG�EH�

H[ SHFWHG�IRU�VSHFLHV�RI�VLP LODU�VL] H��VRFLDO�VWUXFWXUH�DQG�HFRORJLFDO�QLFKH���

+RZHYHU��WKH�KLJKO\� � �GLP HQVLRQDO�ZRUOG�RI�WKH�WUHH�NDQJDURR��DV�ZLWK�DOO�

DUERUHDO�IROLYRUHV��P DNHV�LW�GLIILFXOW�WR�FRP SDUH�ZLWK�WKH�WUDGLWLRQDO�ERG\�

VL] H�KRP H�UDQJH�VL] H�UHODWLRQVKLSV���) XUWKHUP RUH��WHUULWRULDOLW\� LQ�WUHH�NDQJDURRV�

ZRXOG�P HDQ�WKDW�D�VP DOOHU�KRP H�UDQJH�LV�HDVLHU�WR�GHIHQG�WKDQ�D�ODUJHU�RQH��VR�

WKHUH�FRXOG�EH�VRP H�HQHUJ\� WUDGH�RIIV�EHWZHHQ�WKH�WZR��

' ��EHQQHWWLDQXV�DUH�DSSUR[ LP DWHO\� � ��� WLP HV�WKH�VL] H�RI�' ��OXP KROW] L��� NJV�YV��

�� NJV��DQG�LQ�JHQHUDO�WKHLU�HFRORJ\� DSSHDUV�TXLWH�VLP LODU��KRZHYHU�WKH\� KDYH�D�

P XFK�ODUJHU�KRP H�UDQJH�WKDQ�' ��OXP KROW] L�LQ�WKH�VDP H�UDLQIRUHVW�W\ SH��0 DUWLQ�

���� ��1 HZHOO�����E ��7DEOH�� �� � ����0 DUWLQ������ ��VXJJHVWV�WKDW�WKHUH�ZDV�D�

OLQHDU�UHODWLRQVKLS�EHWZHHQ�ERG\� VL] H�DQG�WKH�VL] H�RI�WKH�WHUULWRU\� RFFXSLHG�E\�

DGXOW�P DOH�' ��EHQQHWWLDQXV�DQG�WKDW�WKH�GLIIHUHQFH�ZDV�GXH�WR�WKH�UHODWLYH�

YLJRXU�RI�LQGLYLGXDOV��+RZHYHU��LW�VKRXOG�EH�QRWHG�WKDW�VDP SOHV�ZHUH�UHODWLYHO\�

VP DOO��0 DUWLQ����� ��Q� � � � ��� �

,Q�FRQWUDVW��P DOH�' ��OXP KROW] L�GLG�QRW�VKRZ�DQ\� UHODWLRQVKLS�EHWZHHQ�ERG\� P DVV�

DQG�UDQJH�VL] H��1 HZHOO�����E ��WKLV�VWXG\ ���� �

0 DOHV�LQ�1 HZHOO¶V������E ��VWXG\� ZHUH�ODUJHU�WKDQ�IHP DOHV���7KLV�ZDV�QRW�WKH�

FDVH�LQ�WKLV�VWXG\ ��ZLWK�P DOHV�DQG�IHP DOHV�VKRZLQJ�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�

ERG\� ZHLJKW���7KH�UHVXOWV�RI�WKLV�VWXG\� VXJJHVW�WKDW�WKLV�VSHFLHV�P D\� QRW�EH�

VH[ XDOO\� GLP RUSKLF��VHH�$SSHQGL[� � � ��

7KHUH�ZDV�QR�UHODWLRQVKLS�EHWZHHQ�KRP H�UDQJH�VL] H�DQG�ERG\� P DVV�LQ�IHP DOH�

' ��OXP KROW] L�HLWKHU���7KHUHIRUH��ERG\� P DVV�FDQQRW�H[ SODLQ�WKH�YDULDWLRQ�LQ�KRP H�

UDQJH�VL] H�IRXQG�LQ�IHP DOH�' ��OXP KROW] L�LQ�WKLV�VWXG\ ��

7UR\� DQG�&RXOVRQ������ �� IRXQG�WKDW�YDULDWLRQ�LQ�KRP H�UDQJH�VL] H�EHWZHHQ�WKUHH�



� �� �

P DFURSRG�VSHFLHV�RI�VLP LODU�VL] H���: DOODELD�ELFRORU��0 DFURSXV�UXIRJULVHXV�DQG�

0 DFURSXV�SDUU\ L���LV�QRW�H[ SODLQHG�E\� ERG\� VL] H���7KH�GLIIHUHQW�QLFKHV�RFFXSLHG�

E\� WKHVH�VSHFLHV�VXSSRUWV�WKH�YLHZ�WKDW�IDFWRUV�VXFK�DV�KDELWDW��VRFLDO�

RUJDQLVDWLRQ�DQG�GLHW�P D\� DOVR�LQIOXHQFH�KRP H�UDQJH�DUHD��0 LOWRQ�DQG�0 D\�

���� ��7UR\� DQG�&RXOVRQ����� � ��

� �� �� � +DELWDW�TXDOLW\ �

,QWHU�VSHFLILF�DQG�LQWUD�VSHFLILF�YDULDWLRQ�LQ�KRP H�UDQJH�VL] HV�LQ�P DFURSRGV�KDV�

XVXDOO\� EHHQ�DWWULEXWHG�WR�ERG\� VL] H��GLHW�DQG�KDELWDW�TXDOLW\� RU�W\ SH��- DUP DQ�HW�

DO����� ��) LVKHU�DQG�2 ZHQV����� � ��

7KH�FRQFHSW�RI�KDELWDW�TXDOLW\� H[ SODLQLQJ�YDULDWLRQ�LQ�GHQVLWLHV�RU�KRP H�UDQJH�

VL] H�LQ�DQLP DOV�LV�RQH�IDYRXUHG�E\� P DQ\� UHVHDUFKHUV��0 LOWRQ�DQG�0 D\� ���� ��

1 HZHOO�����E ����,W�KDV�EHHQ�VXJJHVWHG�WKDW�KRP H�UDQJH�VL] H�LV�D�IXQFWLRQ�RI�WKH�

LQWHUDFWLRQ�EHWZHHQ�KDELWDW�SURGXFWLYLW\� DQG�UHVRXUFH�GLVWULEXWLRQ�DQG�LQGLYLGXDO�

HQHUJ\� UHTXLUHP HQWV��+DUHVWDG�DQG�%XQQHOO����� ��) LVKHU����� � ��

9DULDWLRQ�LQ�KRP H�UDQJH�VL] H�LQ�SRVVXP V�KDV�EHHQ�UHSRUWHG�WR�EH�UHODWHG�WR�

KDELWDW��VSHFLILFDOO\� WR�WKH�QXP EHU�RI�KRP H�WUHHV�DYDLODEOH��+RZ� ���� ��+RZ�DQG�

+LOOFR[� ���� � ���6LP LODUO\ ��YDULDWLRQ�LQ�+RZOHU�P RQNH\ V��$ORXDWWD�VSS��KDV�EHHQ�

UHODWHG�WR�KDELWDW�YDULDEOHV�DQG�IORUDO�VSHFLHV�SUHVHQW��3DODFLRV�DQG�5 RGULJXH]�

���� � ���7KHUH�KDYH�DOVR�EHHQ�VLJQLILFDQW�UHODWLRQVKLSV�IRXQG�EHWZHHQ�WKH�

GLVWULEXWLRQ�RI�NRDODV�DQG�WKH�VWUXFWXUDO�DQG�IORULVWLF�FKDUDFWHULVWLFV�RI�WKH�

YHJHWDWLRQ��+LQGHOO�DQG�/HH����� � ��

. RDODV�KDYH�EHHQ�IRXQG�WR�KDYH�YHU\� GLIIHUHQW�KRP H�UDQJH�VL] HV�LQ�GLIIHUHQW�

KDELWDWV��UDQJLQJ�IURP� � ���KD�LQ�VFOHURSK\ OO�IRUHVW�WR�����KD� LQ�EULJDORZ�FRXQWU\ ��

ZKLFK�LV�FRQVLGHUHG�SRRUHU�RU�P RUH�P DUJLQDO�KDELWDW�IRU�WKH�VSHFLHV��0 LWFKHOO�

���� ��0 HO] HU����� � ���7KLV�P D\� DOVR�EH�WKH�FDVH�LQ�WUHH�NDQJDURRV�EXW�

LQIRUP DWLRQ�RQ�RWKHU�KDELWDW�W\ SHV�RU�GLIIHUHQW�VRLO�W\ SHV�LV�QRW�\ HW�DYDLODEOH��� �

1 HZHOO������E ��EHOLHYHV�WKDW�KDELWDW�TXDOLW\� KDV�DQ�HIIHFW�RQ�WUHH�NDQJDURR�

GHQVLWLHV�DQG�KRP H�UDQJH�VL] HV���7KLV�LV�VXSSRUWHG�E\� . DQRZVNL������ ��DQG�

. DQRZVNL�HW�DO������E ���ZKR�EHOLHYH�WKDW�WKH�UHODWLYH�DEXQGDQFH�RI�' ��OXP KROW] L�

RQ�IHUWLOH�VRLOV�DSSHDUV�WR�EH�D�UHVSRQVH�WR�WKH�KLJKHU�QXWULWLRQDO�TXDOLW\� RI�WKH�

IROLDJH��
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7DEOH������&RPSDULVRQ�RI�WKH�KRPH�UDQJH�VL]HV�RI�/XPKROW]¶V�WUHH�NDQJDURRV�DQG�RWKHU�DUERUHDO�
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3URFWHU�* UD\� ����� ��VXJJHVWV�WKDW�WKH�VL] H�RI�WKH�KRP H�UDQJH�RI�IHP DOH�' ��

OXP KROW] L�P D\� EH�GHWHUP LQHG�E\� WKH�DP RXQW�RI�IRRG�QHHGHG�E\� IHP DOHV�DQG�

WKHLU�GHSHQGHQWV���,Q�HXWKHULDQ�P DPP DOV��WKH�XOWLP DWH�UHDVRQ�IRU�IHP DOH�VSDWLDO�

SDWWHUQV��DQG�WKXV�P DWLQJ�V\ VWHP V��LV�RIWHQ�YDULDWLRQ�LQ�IRRG�SDWFKLQHVV�RU�

TXDOLW\� �&OXWWRQ�%URFN����� ��) LVKHU�DQG�2 ZHQV����� � ���7KLV�KDV�DOVR�EHHQ�

VXJJHVWHG�IRU�VSDWLDO�UHTXLUHP HQWV�LQ�IHP DOH�NRDODV��ZKHUH�IRRG�WUHHV�DUH�OLNHO\�

WR�EH�WKH�OLP LWLQJ�UHVRXUFH�IRU�VXUYLYDO�DQG�VXFFHVVIXO�UHDULQJ�RI�\ RXQJ��+LQGHOO�

DQG�/HH����� � ���) HP DOH�NRDODV�LQ�+LQGHOO�DQG�/HH¶V������ ��VWXG\� DOVR�VKRZHG�

FRQVLGHUDEOH�YDULDWLRQ�LQ�KRP H�UDQJH�VL] H���7KLV�FRXOG�DOVR�H[ SODLQ�YDULDWLRQ�

REVHUYHG�LQ�IHP DOH�' ��OXP KROW] L��

� �� �� � +XQWLQJ�RU�SUHGDWRU�SUHVVXUH�

,Q�FRQWUDVW��0 DUWLQ������ ��SRVWXODWHG�WKDW�VSDUVHO\� GLVWULEXWHG�UHVRXUFHV�P D\�

QRW�EH�WKH�IDFWRU�LQIOXHQFLQJ�WKH�XVH�RI�VSDFH�LQ�IHP DOH�' ��EHQQHWWLDQXV��EXW�LQ�

IDFW��WKDW�LW�P D\� EH�WKH�OHJDF\� RI�SUHGDWRU�RU�SDVW�KXQWLQJ�SUHVVXUH�WKDW�LV�

IRUFLQJ�WKHP� WR�VSDFH�WKHP VHOYHV�RXW�WKURXJK�WKH�IRUHVW���7KLV�KDV�DOVR�EHHQ�

SRVWXODWHG�IRU�KLJK�GHQVLWLHV�DQG�LQFUHDVHG�VRFLDO�EHKDYLRXU�LQ�1 HZ� * XLQHD�

WUHH�NDQJDURRV��ZKHUH�WKHUH�DUH�P RUH�DQLP DOV�LQ�DUHDV�ZKHUH�WKHUH�LV�OLWWOH�RU�

QR�KXQWLQJ�SUHVVXUH��) ODQQHU\� HW�DO����� ��%HW]� HW�DO�XQSXEOLVKHG�GDWD�E����7KHUH�

LV�QR�HYLGHQFH�WKDW�KXQWLQJ�SUHVVXUH�KDV�LQIOXHQFHG�WKH�GLVWULEXWLRQ�DQG�

DEXQGDQFH�RI�' ��OXP KROW] L��

� �� �� � ) HP DOHV�DV�UHVRXUFHV�DQG�WHUULWRULDOLW\ �

,W�KDV�EHHQ�SRVWXODWHG�IRU�HXWKHULDQ�P DPP DOV�WKDW�H[ FOXVLYH�WHUULWRULHV�LQ�

FRQMXQFWLRQ�ZLWK�VP DOO�KRP H�UDQJH�VL] HV�LQ�IHP DOHV�DOORZV�P DOHV�WR�P RQRSROLVH�

IHP DOH�WHUULWRULHV��SURP RWLQJ�WKH�HYROXWLRQ�RI�P RQRJDP \� �. RP HUV�DQG�

%URWKHUWRQ����� ��) LVKHU�DQG�2 ZHQV����� � ��RU�SRO\ J\ Q\� ZKHQ�D�VLQJOH�P DOH�LV�

DEOH�WR�FRQWURO�D�VP DOO�JURXS�RI�WHUULWRULDO�IHP DOHV��+L[ RQ����� ��) LVKHU�DQG�

2 ZHQV����� � ���) HP DOH�P DPP DOV�DUH�H[ SHFWHG�WR�P LQLP LVH�WKHLU�KRP H�UDQJHV��

HVSHFLDOO\� LQ�D�KHWHURJHQHRXV�KDELWDW��WR�HQDEOH�WKHP� WR�IRUDJH�ZLGHO\� HQRXJK�

IRU�VXIILFLHQW�IRRG�EXW�VXIIHU�P LQLP XP� SUHGDWRU\� ULVN�RU�HQHUJ\� H[ SHQGLWXUH�

�) LVKHU�DQG�2 ZHQV����� � ��� �



� �� �

7KLV�LV�VXSSRUWHG�ZLWK�WKH�LGHD�WKDW�P DOH�WUHH�NDQJDURR�KRP H�UDQJH�VL] HV�

DSSHDU�WR�EH�UHODWHG�WR�WKHLU�DJH�DQG�YLJRXU��DQG�UHIOHFWLQJ�WKHLU�VWDWXV�DQG�WKH�

QXP EHU�RI�IHP DOHV�ZLWK�ZKLFK�WKH\� DUH�DEOH�WR�P DLQWDLQ�FRQWDFW��3URFWHU�* UD\�

���� ��0 DUWLQ����� � ���7KLV�LV�DOVR�FRQVLVWHQW�ZLWK�P DQ\� RWKHU�VWXGLHV�RI�VRFLDO�

RUJDQLVDWLRQ�LQ�P DPP DOV�ZKHUH�WKH�FRQVHQVXV�KDV�EHHQ�WKDW�WKH�VSDWLDO�

RUJDQLVDWLRQ�RI�P DOHV�LV�DIIHFWHG�E\� IHP DOH�VSDFH�XVH��DV�D�P DOH¶V�UHSURGXFWLYH�

VXFFHVV�LV�GHSHQGHQW�RQ�WKH�QXP EHU�RI�P DWHV�KH�FDQ�ILQG�DQG�GHIHQG��&OXWWRQ�

%URFN����� ��. RP HUV�DQG�%URWKHUWRQ����� ��) LVKHU�DQG�2 ZHQV����� � ���7KDW�LV��

IHP DOHV�XVXDOO\� VHW�WKH�DJHQGD�DQG�P DOHV�GR�ZKDWHYHU�LV�QHFHVVDU\� WR�JDLQ�

DFFHVV�WR�WKHP� �0 DUWLQ����� � ���7KLV�KDV�EHHQ�DOVR�IRXQG�LQ�NRDODV��ZKHUH�WKH�

FRP SOH[� VKDSHV�RI�P DOH�KRP H�UDQJHV�P D\� EH�D�UHIOHFWLRQ�RI�WKH�P DOHV¶�

DWWHP SWV�WR�RYHUODS�WKH�KRP H�UDQJHV�RI�VHYHUDO�IHP DOHV��+LQGHOO�DQG�/HH�

���� � ��

+RZHYHU��P DOHV�VHDUFKLQJ�FRP SHWLWLYHO\� IRU�UHFHSWLYH�IHP DOHV�VKRXOG�QRW�

QHFHVVDULO\� EH�ODUJHU�LQ�ERG\� VL] H�WKDQ�IHP DOHV��EXW�WKH\� VKRXOG�KDYH�ODUJHU�

KRP H�UDQJH�VL] HV��) LVKHU�DQG�2 ZHQV����� � ���7KLV�LV�SDUWLDOO\� FRQVLVWHQW�ZLWK�

WKH�ILQGLQJV�RI�WKLV�VWXG\ ��ZKHUH�WKHUH�LV�QR�VLJQLILFDQW�GLIIHUHQFH�LQ�ERG\� P DVV�

RI�' ��OXP KROW] L�P DOHV�DQG�IHP DOHV��$SSHQGL[� � � ��+RZHYHU��WKHUH�ZDV�DOVR�QR�

VLJQLILFDQW�GLIIHUHQFH�LQ�DYHUDJH�KRP H�UDQJH�VL] HV�RI�P DOHV�DQG�IHP DOHV�LQ�WKLV�

VWXG\ ��� �

� �� �� � 3RSXODWLRQ�GHQVLW\ �

,W�LV�EHOLHYHG�WKDW�WKH�DEXQGDQFH�DQG�HYHQO\� GLVSHUVHG�QDWXUH�RI�DQ�DUERUHDO�

IROLYRUH¶V�GLHW��FRP ELQHG�ZLWK�WKHLU�W\ SLFDOO\� ORZ�P HWDEROLF�UDWH�DQG�UHODWLYHO\�

VHGHQWDU\� QDWXUH�FDQ�OHDG�WR�KLJK�SRSXODWLRQ�GHQVLWLHV��0 LOWRQ�DQG�0 D\� ���� ��

0 RQWJRP HU\� DQG�6XQTXLVW����� ��0 F1 DE����� ��&KLDUHOOR����� � ��

3RSXODWLRQ�GHQVLW\� FDQ�DOVR�LQIOXHQFH�KRP H�UDQJH�VL] H�LQ�P DPP DOV��HVSHFLDOO\�

IRU�VSHFLHV�WKDW�DUH�WHUULWRULDO��) LVKHU�DQG�2 ZHQV����� ��DQG�ZKHUH�IHP DOHV�KROG�

H[ FOXVLYH�KRP H�UDQJH�DUHDV���7KLV�LV�FHUWDLQO\� WUXH�LQ�NRDODV��ZKHUH�SRSXODWLRQ�

GHQVLWLHV�FDQ�UHDFK�YHU\� KLJK�QXP EHUV�DQG�WKH�KRP H�UDQJHV�RI�LQGLYLGXDOV�

GHFUHDVH�ZLWK�LQFUHDVLQJ�GHQVLWLHV��0 LWFKHOO����� � ���+RZOHU�P RQNH\ V��$ORXDWWD�

VSS���DOVR�DUERUHDO�IROLYRUHV��DOVR�VKRZ�DQ�LQYHUVH�UHODWLRQVKLS�EHWZHHQ�KRP H�

UDQJH�DUHDV�DQG�DQLP DO�GHQVLWLHV��%UDYR�DQG�6DOOHQDYH����� � ��



� �� �

,W�LV�SRVVLEOH�WKDW�KLJKHU�SRSXODWLRQ�GHQVLW\� ZDV�FDXVLQJ�WKH�VP DOOHU�KRP H�

UDQJHV�RI�IHP DOHV�LQ�1 HZHOO¶V�VWXG\� �����E ���DV�WKHVH�DQLP DOV�ZHUH�XQDEOH�WR�

GLVSHUVH�DQG�KHQFH�IRUFHG�WR�XVH�VP DOOHU�DUHDV���

� �� �� � $ FWLYLW\�D QG�0 RYHP HQWV�

/X P KROW] ¶V�WUHH�NDQJDURRV�KDYH�DOZD\ V�EHHQ�UHSRUWHG�DV�EHLQJ�ODUJHO\�

QRFWXUQDO��3URFWRU�* UD\� ���� ��1 HZHOO�����E ����+RZHYHU��GXULQJ�WKLV�VWXG\ ��

DQLP DOV�ZHUH�REVHUYHG�WR�EH�TXLWH�DFWLYH�GXULQJ�WKH�GD\� DV�ZHOO�DV�DW�QLJKW��

HVSHFLDOO\� RQ�FRROHU�GD\ V�RU�GXULQJ�WKH�FRROHU�WLP HV�RI�WKH�GD\� �P RUQLQJ�DQG�

DIWHUQRRQ��L�H��FUHSXVFXODU����3URFWRU�* UD\� ����� ��DOVR�REVHUYHG�WKLV�EHKDYLRXU��

DOWKRXJK�VKH�FODLP HG�WKDW�WKH\� ZHUH�P RVWO\� QRFWXUQDO����

3RSOH������ ��VWDWHV�WKDW�P DQ\� VSHFLHV�RI�P DFURSRGV�VKRZ�YDU\ LQJ�GHJUHHV�RI�

DFWLYLW\� WKURXJK�WKH�GD\ ��DOWKRXJK�WKH\� DUH�ODUJHO\� QRFWXUQDO��ZLWK�SHDNV�RI�

DFWLYLW\� DURXQG�VXQULVH�DQG�VXQVHW���1 HYHUWKHOHVV��VRP H�UDLQIRUHVW�P DFURSRGV�

DUH�P RVWO\� GLXUQDO��VXFK�DV�+ \ SVLSU\ P QRGRQ�P RVFKDWXV��' HQQLV����� ��DQG�

VRP H�DUH�TXLWH�DFWLYH�GXULQJ�WKH�GD\� DV�ZHOO�DV�WKH�QLJKW��VXFK�DV�7K\ ORJDOH�

WKHWLV��- RKQVRQ����� ��DQG�7��VWLJP DWLFD��9HUQHV�HW�DO����� � ��

' LXUQDO�RU�FUHSXVFXODU�EHKDYLRXU�KDV�DOVR�EHHQ�UHSRUWHG�IRU�P RVW�WUHH�

NDQJDURR�VSHFLHV�LQ�1 HZ� * XLQHD��) LVFKHU�DQG�$XVWDG����� ��) ODQQHU\� HW�DO�

���� ��%HW]� ���� ��%HW]� HW�DO�XQSXEOLVKHG�GDWD�E����%HW]� ����� ��VXJJHVWV�WKDW�

WUHH�NDQJDURRV�DUH�QRW�IXOO\� DGDSWHG�IRU�QRFWXUQDOLVP� EHFDXVH�WKH\� ODFN�WKH�

WDSHWXP� OXFLGXP �FHOO�OD\ HU�LQ�WKHLU�UHWLQDV��) ODQQHU\� HW�DO����� � ��ZKLFK�QRFWXUQDO�

P DPP DOV�XVH�WR�LP SURYH�QLJKW�YLVLRQ���+H�DGGV�WKDW�QRFWXUQDO�EHKDYLRXU�P D\�

EH�D�GHIHQVLYH�UHDFWLRQ�WR�KXQWLQJ�SUHVVXUH��%HW]� ���� � ���7KUHH�WRHG�6ORWKV�

�%UDG\ SXV�WRUTXDWXV��ZHUH�DOVR�IRXQG�WR�KDYH�D�SUHGRP LQDQWO\� GLXUQDO�SHULRG�RI�

DFWLYLW\� ZLWK�WKHP� UDQJLQJ�P RUH�GXULQJ�WKH�GD\� WKDQ�DW�QLJKW��&KLDUHOOR����� � ���,Q�

FRQWUDVW��' ��EHQQHWWLDQXV�ZHUH�IRXQG�WR�EH�WRWDOO\� QRFWXUQDO��VOHHSLQJ�LQ�

IDYRXUHG�³URRVẂ�WUHHV�GXULQJ�WKH�GD\� �0 DUWLQ����� � ���

,Q�WKLV�VWXG\ ��' ��OXP KROW] L�UDUHO\� XVHG�WKH�VDP H�WUHH�DQG�GLG�QRW�³URRVẂ�GXULQJ�

WKH�GD\� LQ�WKLV�VWXG\ ���7KH\� ZHUH�REVHUYHG�EURZVLQJ�DQG�P RYLQJ�DFURVV�

EUDQFKHV�SHULRGLFDOO\� GXULQJ�WKH�GD\ ���7KH\� UHVWHG�RU�VOHSW�IRU�VKRUW�SHULRGV�RI�

DERXW���� P LQXWHV�RU�VR��WKHQ�FRQWLQXHG�IHHGLQJ�DJDLQ���7KLV�EHKDYLRXU�LV�W\ SLFDO�



� �� �

RI�DUERUHDO�IROLYRUHV��0 RQWJRP HU\� DQG�6XQTXLVW����� ��6P LWK����� ��&URFNHWW�

DQG�( LVHQEHUJ����� ��0 LWFKHOO����� ��DQG�P D\� EH�DQ�DGDSWDWLRQ�WR�WKHLU�KLJKO\�

IROLYRURXV�GLHW��ZLWK�VP DOO�DQG�IUHTXHQW�IHHGLQJ�ERXWV�EHVW�VXLWHG�IRU�HDV\�

GLJHVWLRQ��VHH�6HFWLRQ������

0 DOH�' ��OXP KROW] L�ZHUH�REVHUYHG�P RYLQJ�P RUH�RIWHQ�DQG�IXUWKHU�WKDQ�IHP DOHV�

GXULQJ�WKH�GD\ ��RQ�VRP H�RFFDVLRQV�P RYLQJ�HYHQ�DV�IDU�DV�WKH�RWKHU�VLGH�RI�WKHLU�

KRP H�UDQJH���,W�LV�SRVVLEOH�WKDW�WKLV�FRXOG�EH�DVVRFLDWHG�ZLWK�WHUULWRU\�

P DLQWHQDQFH��DV�ZDV�IRXQG�ZLWK�' ��EHQQHWWLDQXV��0 DUWLQ����� � ��0 DOH�NRDODV�

DOVR�P RYH�P RUH�RIWHQ�WKDQ�IHP DOHV��DOWKRXJK�XVXDOO\� DW�QLJKW��0 LWFKHOO����� � ���

7KLV�ZDV�DOVR�DWWULEXWHG�WR�WHUULWRU\� P DLQWHQDQFH�DQG�IHP DOH�YLVLWDWLRQ��0 LWFKHOO�

���� � ��

� �� � &2 1& / 8 6,2 1 6 �

7KLV�VWXG\� ZDV�WKH�ILUVW�WR�XQGHUWDNH�KRP H�UDQJH�DQDO\ VHV�IRU�' ��OXP KROW] L�RQ�D�

UDLQIRUHVW�W\ SH�RWKHU�WKDQ�&RP SOH[� 1 RWRSK\ OO�9LQH�) RUHVW���,W�VKRZV�WKDW�WKH�

KRP H�UDQJHV�RI�' ��OXP KROW] L�GR�QRW�GLIIHU�VLJQLILFDQWO\� EHWZHHQ�WKH�WZR�

UDLQIRUHVW�W\ SHV��EXW�VXJJHVWV�WKDW�YDULDWLRQ�LQ�IHP DOH�VSDWLDO�XVH�LV�JUHDWHU�LQ�

WKH�&RP SOH[� 0 HVRSK\ OO�9LQH�) RUHVW����

3RSXODWLRQ�GHQVLW\� P D\� EH�LQIOXHQFLQJ�KRP H�UDQJH�VL] HV�LQ�' ��OXP KROW] L��

HVSHFLDOO\� WKRVH�RI�IHP DOHV��ZLWK�D�WHQGHQF\� IRU�GHFUHDVHG�KRP H�UDQJH�DUHD�

ZLWK�DQ�LQFUHDVH�LQ�SRSXODWLRQ�VL] H���$OWKRXJK�' ��OXP KROW] L�DUH�WHUULWRULDO��LW�LV�

SODXVLEOH�WKDW�IHP DOHV�ZRXOG�UHOLQTXLVK�SDUW�RI�WKHLU�KRP H�UDQJH�WR�WKHLU�IHP DOH�

RIIVSULQJ�LI�RWKHU�VXLWDEOH�KDELWDW�ZHUH�XQDYDLODEOH���7KLV�FRXOG�EH�RQH�

H[ SODQDWLRQ�IRU�WKH�KLJK�QXP EHUV�RI�DQLP DOV�LQ�1 HZHOO¶V������E ��VWXG\� VLWH��

,I�IHP DOH�' ��OXP KROW] L�GHQVLW\� RU�KRP H�UDQJH�VL] H�LV�DIIHFWLQJ�WKH�KRP H�UDQJH�

VL] HV�RI�P DOHV��WKHQ�XQGHUVWDQGLQJ�WKH�YDULDWLRQ�LQ�IHP DOH�VSDWLDO�XVH�LV�P RVW�

LP SRUWDQW��DV�IHP DOH�ZLOO�GHWHUP LQH�FDUU\ LQJ�FDSDFLW\� DQG�UHSURGXFWLYH�RXWSXW�RI�

D�SRSXODWLRQ��%HJRQ�HW�DO����� � ��� �

7KH�YDULDWLRQ�LQ�IHP DOH�VSDWLDO�XVH�FDQQRW�EH�H[ SODLQHG�E\� GLIIHUHQFHV�LQ�ERG\�

ZHLJKW���,Q�IDFW��WKHUH�LV�QR�VH[ XDO�GLP RUSKLVP� IRXQG�LQ�ERG\� P DVV�LQ�WKH�



� �� �

DQLP DOV�LQ�WKLV�VWXG\ ��+RZHYHU��UHVRXUFHV�VXFK�DV�KDELWDW�TXDOLW\� RU�W\ SHV�RI�

WUHHV�DYDLODEOH�P D\� LQIOXHQFH�WKLV�YDULDWLRQ��DQG�WKLV�LV�WKH�IRFXV�RI�&KDSWHU�� ��

� �� � 0 $1 $* ( 0 ( 1 7�,0 3/ ,&$7, 2 1 6�$ 1'� ) 8 5 7+( 5� 678' <�

$OWKRXJK�UHSODQWLQJ�DQG�UHVWRUDWLRQ�RI�P RVW�UDLQIRUHVW�W\ SHV�LV�QRZ�RFFXUULQJ�RQ�

WKH�$WKHUWRQ�DQG�( YHO\ Q�7DEOHODQGV��HP SKDVLV�KDV�EHHQ�GLUHFWHG�WRZDUGV�WKH�

FRQVHUYDWLRQ�DQG�UHVWRUDWLRQ�RI��E� UDLQIRUHVW�IUDJP HQWV���7KLV�ZDV�ODUJHO\�

LQIOXHQFHG�E\� UHSRUWV�WKDW�' ��OXP KROW] L�ZDV�IRXQG�LQ�KLJK�GHQVLWLHV�LQ�WKLV�IRUHVW�

W\ SH��DORQJ�ZLWK�RWKHU�UDUH�VSHFLHV��WRJHWKHU�ZLWK�WKH�IDFW�WKDW�OHVV�WKDQ���� �� RI�

�E� UHP DLQV��� �

7KH�UHVXOWV�RI�WKLV�VWXG\� VXJJHVW�WKDW��E� UDLQIRUHVW�IUDJP HQWV�DUH�DV�LP SRUWDQW�

DV��E� WR�' ��OXP KROW] L�DQG�WKDW�WKH�FRQVHUYDWLRQ�DQG�UHVWRUDWLRQ�RI��E� LV�DV�

FUXFLDO��ZLWK�OHVV�WKDQ��� �� RI�WKLV�UDLQIRUHVW�W\ SH�QRZ�UHP DLQLQJ���,Q�IDFW��DV�

WKHUH�LV�P RUH��E�UDLQIRUHVW�WKDQ��E��WKLV�ZRXOG�VXJJHVW�WKDW��E� LV�P RUH�

LP SRUWDQW�WR�' ��OXP KROW] L��

+RZHYHU��WKH�FRQVHUYDWLRQ�DQG�UHVWRUDWLRQ�RI�DOO�UDLQIRUHVW�IUDJP HQWV�RQ�WKH�

7DEOHODQGV�LV�FUXFLDO��DV�ZH�VWLOO�GR�QRW�NQRZ�LI�' ��OXP KROW] L�QXP EHUV�GLIIHU�LQ�

RWKHU�UDLQIRUHVW�W\ SHV�RU�LQ�FRQWLQXRXV�UDLQIRUHVW�RQ�WKH�$WKHUWRQ�DQG�( YHO\ Q�

7DEOHODQGV���$GGLWLRQDOO\ ��VP DOO�IUDJP HQWV�RU�VWHSSLQJ�VWRQHV�RI�FOXP SV�RI�WUHHV�

DUH�DOVR�YLWDO�WR�DVVLVW�LQ�VDIH�GLVSHUVDO�RI�LQGLYLGXDOV�DFURVV�WKH�DJULFXOWXUDO�

ODQGVFDSH��

7KHUHIRUH��IXUWKHU�VWXGLHV�QHHG�WR�EH�XQGHUWDNHQ�LQWR�WKH�VSDWLDO�XVH�RI�' ��

OXP KROW] L�LQ�RWKHU�UDLQIRUHVW�W\ SHV�LQFOXGLQJ�FRQWLQXRXV�IRUHVW�



� �� �

&KDSWHU�� �� +DELWDW�UHTXLUHP HQWV�RI�/X P KROW] ¶V�WUHH�
NDQJDURRV��' HQGURODJXV�OXP KROW] L�LQ�D�
UDLQIRUHVW�IUDJP HQW��

� �� � ,1 75 2 '8& 7,2 1 �

,W�LV�ZHOO�DFFHSWHG�WKDW�DQ�DQLP DO¶V�XVDJH�RI�LWV�HQYLURQP HQW��HVSHFLDOO\� WKH�NLQG�

RI�IRRG�LW�FRQVXP HV��WKH�YDULHWLHV�RI�KDELWDWV�LW�RFFXSLHV�DQG�KRZ�LW�XVHV�LWV�

KRP H�UDQJH�DUHD�RU�WHUULWRU\ ��LV�FHQWUDO�WR�WKH�VWXG\� RI�LWV�HFRORJ\� �- RKQVRQ�

���� ��0 DQO\� HW�DO����� � ���7RJHWKHU�WKLV�LV�KDELWDW�³VHOHFWLRQ́���7KHUH�LV�D�

KLHUDUFKLFDO�RUGHULQJ�RI�VHOHFWLRQ�SURFHVVHV��- RKQVRQ����� ��$HELVFKHU�HW�DO�

���� � ��ZKLFK�LV�UHFRJQLVHG�DV�³WKH�FRQFHSW�RI�VHOHFWLRQ�RUGHU´��2 ZHQ����� ��

- RKQVRQ����� ��0 DQO\ �HW�DO����� � ��� �

7KH�KLJKHVW�OHYHO��ILUVW�RUGHU�VHOHFWLRQ�LV�WKH�JHRJUDSKLF�RU�SK\ VLFDO�UDQJH�RI�D�

VSHFLHV��: LWKLQ�WKDW�UDQJH��WKH�VHFRQG�RUGHU�VHOHFWLRQ��GHWHUP LQHV�WKH�KRP H�

UDQJH�RI�DQ�LQGLYLGXDO�RU�VRFLDO�JURXS���7KLUG�RUGHU�VHOHFWLRQ�SHUWDLQV�WR�WKH�

XVDJH�P DGH�RI�YDULRXV�KDELWDW�FRP SRQHQWV�ZLWKLQ�WKH�KRP H�UDQJH��) LQDOO\ ��LI�

WKLUG�RUGHU�GHWHUP LQHV�WKH�IHHGLQJ�VLWH�WKHQ�WKH�DFWXDO�SURFXUHP HQW�RI�IRRG�

LWHP V�IURP� WKRVH�DYDLODEOH�DW�WKDW�VLWH�FDQ�EH�WHUP HG�IRXUWK�RUGHU�VHOHFWLRQ�

�- RKQVRQ����� ��0 DQO\� HW�DO����� � ���+RZHYHU��WKH�YHU\� IDFW�WKDW�DQ�DQLP DO�KDV�

LWV�KRP H�UDQJH�ZKHUH�LW�GRHV��RU�WKDW�LW�RFFXUV�LQ�WKH�VWXG\� DUHD��LV�LWVHOI�

LQGLFDWLYH�WKDW�WKH�DQLP DO�KDV�DOUHDG\� P DGH�D�VHOHFWLRQ��- RKQVRQ����� � ��

) RU�H[ DP SOH��: LHQV������ � �UHFRJQLVHG�GLIIHUHQW�OHYHOV�RI�GLVWULEXWLRQDO�SDWWHUQV�

DP RQJ�ELUGV��DQG�LGHQWLILHG�JHRJUDSKLF�UDQJH��ILUVW�RUGHU���ORFDO�VLWH�DQG�SORW�

SDWWHUQV�LQ�WHUULWRULHV��VHFRQG�RUGHU���DQG�SDWWHUQV�RI�XWLOLVDWLRQ��WKLUG�RUGHU���

0 DQ\� VWXGLHV�RI�KDELWDW�VHOHFWLRQ�XWLOLVH�UDGLR�WUDFNLQJ�DV�D�VRXUFH�RI�GDWD�

�$HELVFKHU�HW�DO����� � ���&RPP RQ�DLP V�DUH�WR�GHWHUP LQH�ZKHWKHU�D�VSHFLHV�

XVHV�WKH�KDELWDWV�DYDLODEOH�WR�LW�DW�UDQGRP ��WR�UDQN�KDELWDWV�LQ�RUGHU�RI�UHODWLYH�

XVH��WR�FRP SDUH�XVH�E\� GLIIHUHQW�JURXSV�RI�DQLP DOV��HJ��P DOHV�DQG�IHP DOHV���WR�

UHODWH�XVH�RI�YDULDEOHV�VXFK�DV�IRRG�DEXQGDQFH��RU�WR�H[ DP LQH�WKH�HIIHFWV�RI�

KDELWDW�RQ�P RYHP HQW�DQG�KRP H�UDQJH�VL] H��$HELVFKHU�HW�DO����� � ��� �
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7KH�DEXQGDQFH�RI�D�FRP SRQHQW�LV�WKH�TXDQWLW\ �RI�WKDW�FRP SRQHQW�LQ�WKH�

HQYLURQP HQW���7KH�DYDLODELOLW\ �RI�WKDW�FRP SRQHQW�LV�LWV�DFFHVVLELOLW\� WR�WKH�

DQLP DO���7KH�VHOHFWLRQ�RI�D�FRP SRQHQW�LV�WKH�SURFHVV�LQ�ZKLFK�WKH�DQLP DO�

DFWXDOO\� FKRVHV�WKDW�FRP SRQHQW��- RKQVRQ����� ��0 DQO\� HW�DO����� � ��� �

$QRWKHU�FRQVLGHUDWLRQ�LV�WKDW�SUHIHUHQFH�LV�UHIOHFWHG�LQ�VHOHFWLRQ��ZKLFK�FDQ�RQO\�

RFFXU�ZKHQ�WKH�FRP SRQHQW�LV�UHODWLYHO\� VFDUFH���$�FRP SRQHQW�YLWDO�WR�WKH�

FRQVXP HU�P D\� EH�VR�DEXQGDQW�WKDW�WKH�FRQVXP HU�QHHGV�RQO\� XVH�VP DOO�

DP RXQWV�RI�LW�WR�VDWLVI\� LWV�UHTXLUHP HQWV��- RKQVRQ����� � ���7KXV��WKH�XVDJH�LV�

OHVV�WKDQ�DYDLODELOLW\ ��EXW�D�FRQFOXVLRQ�WKDW�WKLV�FRP SRQHQW�LV�QRW�LP SRUWDQW�P D\�

EH�IDOVH�DQG�P LVOHDGLQJ��- RKQVRQ����� � ���

2 QO\� OLP LWHG�LQIRUP DWLRQ�LV�FXUUHQWO\� DYDLODEOH�RQ�WKH�KDELWDW�UHTXLUHP HQWV�IRU�' ��

OXP KROW] L��3URFWHU�* UD\� ���� ������ ��1 HZHOO�����E ���DOWKRXJK�WKHUH�KDYH�EHHQ�

VRP H�VWXGLHV�RQ�WKH�KRP H�UDQJHV�DQG�KDELWDW�XWLOLVDWLRQ�RI�/X P KROW] ¶V�WUHH�

NDQJDURRV��3URFWHU�* UD\� ���� ������ ��1 HZHOO�����D ������E ��DV�ZHOO�DV�RQ�WKHLU�

UHVSRQVHV�WR�KDELWDW�ORVV��1 HZHOO����� F���WKH�HIIHFW�RI�IUDJP HQWDWLRQ�RQ�

DUERUHDO�IROLYRUHV��3DKO�HW�DO����� ��/DXUDQFH����� ������ ������ ������ ��/DXUDQFH�

DQG�/DXUDQFH����� ������ ��DQG�WKH�HIIHFW�RI�DOWLWXGH�DQG�JHRORJ\� RQ�DUERUHDO�

IROLYRUHV��. DQRZVNL�HW�DO�����E ����) URP� WKHVH�VWXGLHV�WKHUH�KDYH�EHHQ�VHYHUDO�

H[ SODQDWLRQV�RI�REVHUYHG�GLVWULEXWLRQV�RI�' ��OXP KROW] L�WKDW�UHODWH�WR�WKLUG�RUGHU�

KDELWDW�VHOHFWLRQ��VXFK�DV��WKH\� DUH�HGJH�VSHFLDOLVWV��/DXUDQFH�DQG�/DXUDQFH�

���� ��. DQRZVNL�HW�DO�����D ���SUHIHU�UHJURZWK�RU�VXFFHVVLRQDO�YHJHWDWLRQ�

�/DXUDQFH�DQG�/DXUDQFH����� ��1 HZHOO�����D ��. DQRZVNL����� � ��SUHIHU�D�ODUJH�

YDULDWLRQ�LQ�FDQRS\� KHLJKW��/DXUDQFH����� ��DQG�RU�WKH\� XVH�VRP H�VSHFLHV�RI�

WUHHV�P RUH�WKDQ�RWKHUV��1 HZHOO�����E ����, I�LW�LV�WUXH�WKDW�/X P KROW] ¶V�WUHH�

NDQJDURRV�SUHIHU�UHJURZWK�RU�VXFFHVVLRQDO�SODQW�VSHFLHV�WKHQ�WKLV�P D\� H[ SODLQ�

KLJK�GHQVLWLHV�LQ�VP DOO�UHJURZWK�IUDJP HQWV�VXFK�DV�WKRVH�UHSRUWHG�E\� 1 HZHOO�

�����E ��DQG�3URFWHU�* UD\� ����� � ��

9DULDWLRQ�LQ�WKH�LQGLYLGXDO�KRP H�UDQJH�DUHDV�DQG�GLIIHUHQFHV�LQ�LQWHQVLW\� RI�XVH�

RI�DUHDV�ZLWKLQ�KRP H�UDQJHV�RI�D�QXP EHU�RI�VSHFLHV��LQFOXGLQJ�RWKHU�IROLYRUHV�

VXFK�DV�NRDODV��+LQGHOO�DQG�/HH����� ��0 LWFKHOO����� ��0 HO] HU����� � ��SRVVXP V�

�+RZ� ���� ��+RZ�DQG�+LOOFR[� ���� � ��KRZOHU�P RQNH\ V��3DODFLRV�DQG�5 RGULJXH]�

���� ��KDYH�EHHQ�UHODWHG�WR�YDULDWLRQ�LQ�KDELWDW���,W�KDV�EHHQ�SRVWXODWHG�WKDW�
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UDQJH�VL] H�DQG�WKH�LQWHQVLW\� RI�XVH�ZLWKLQ�D�UDQJH�LQ�' ��OXP KROW] L�P D\� DOVR�EH�

DVVRFLDWHG�ZLWK�VWUXFWXUDO�RU�IORULVWLF�IHDWXUHV�RI�WKH�KDELWDW��1 HZHOO�����E ��

. DQRZVNL�HW�DO�����D ���

7KLV�VWXG\� LQYHVWLJDWHV�WKHVH�VXJJHVWLRQV�DQG�RWKHUV��E\� H[ DP LQLQJ�WKH�XVH�RI�

KDELWDW�RI�' ��OXP KROW] L�ZLWKLQ�D�IUDJP HQW�ZLWK�P DWXUH��UHJURZWK�DQG�ULSDULDQ�

KDELWDW��XVLQJ�UDGLR�WUDFNLQJ�GDWD���

7KH�P DLQ�DLP� RI�WKH�UHVHDUFK�ZDV�WR�LQYHVWLJDWH�WKH�SDWWHUQV�RI�XVH�E\� ' ��

OXP KROW] L�ZLWKLQ�D�UDLQIRUHVW�IUDJP HQW�XVLQJ�WKH�OHYHOV�RI�XVH�LQ�WKH�KRP H�UDQJH�

DUHDV�RI�' ��OXP KROW] L�DQG�GHWHUP LQLQJ�ZKHWKHU�WKHVH�FKDUDFWHUV�FRXOG�EH�XVHG�

WR�SUHGLFW�XVH�LQ�RWKHU�SDUWV�RI�WKH�ODQGVFDSH���) XUWKHUP RUH��WR�GHWHUP LQH�

ZKHWKHU�' ��OXP KROW] L�SUHIHUV�SDUWLFXODU�WUHH�VSHFLHV�DQG�LI�LQGLYLGXDOV�KDYH�

GLIIHUHQW�SUHIHUHQFHV���

7KH�VSHFLILF�TXHVWLRQV�LQYHVWLJDWHG�ZHUH��

� �� &DQ�ODUJH�VFDOH�VWUXFWXUDO�DQG�IORULVWLF�GLIIHUHQFHV�LQ�YHJHWDWLRQ�H[ SODLQ�

GLIIHUHQFHV�LQ�WUHH�NDQJDURR�KDELWDW�XVDJH"��

� �� ' R�' ��OXP KROW] L�SUHIHU�UHJURZWK�RU�VXFFHVVLRQDO�YHJHWDWLRQ�WR�P DWXUH�IRUHVW"� �

� �� ' R�' ��OXP KROW] L�XVH�WKH�HGJH�RI�WKH�IRUHVW�P RUH�WKDQ�H[ SHFWHG"�

� �� ' R�' ��OXP KROW] L�SUHIHU�DUHDV�ZLWK�KLJK�WUHH�VSHFLHV�GLYHUVLW\� RU�KLJK�WUHH�

VSHFLHV�GHQVLW\ "� �

� �� ' R�' ��OXP KROW] L�SUHIHU�DUHDV�ZLWK�D�ODUJH�YDULDWLRQ�LQ�FDQRS\� KHLJKW" �

� �� ' R�' ��OXP KROW] L�SUHIHU�DUHDV�ZLWK�KLJK�YLQH�VSHFLHV�DEXQGDQFH"�

� �� ,V�WKHUH�D�SRVLWLYH�UHODWLRQVKLS�ZLWK�' ��OXP KROW] L�LQWHQVLW\� RI�XVH�DQG�

GRP LQDQW�WUHH�VSHFLHV" �

� �� ' R�' ��OXP KROW] L�VKRZ�D�SUHIHUHQFH�IRU�FHUWDLQ�WUHH�VSHFLHV�WKDW�DUH�DYDLODEOH�

WR�WKHP� ZLWKLQ�WKH�IRUHVW" �

� �� ' R�LQGLYLGXDO�' ��OXP KROW] L�KDYH�GLIIHUHQW�SUHIHUHQFHV�DQG�DUH�WKHVH�GXH�WR�

WUHH�VSHFLHV�SUHVHQW�LQ�WKHLU�KRP H�UDQJH"�
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� �� � 0 ( 7+2 ' 6 �

� �� �� � 6DP SOLQJ�YHJHWDWLRQ�

,Q�- DQXDU\� DQG�) HEUXDU\� ���� ��D��� P� JULG�ZDV�VXSHULP SRVHG�RYHU�WKH�VWXG\�

VLWH�ZLWKRXW�UHIHUHQFH�WR�KDELWDW�RU�WRSRJUDSKLFDO�IHDWXUHV���7KLV�UHVXOWHG�LQ����

JLUG�LQWHUVHFWLRQV�ZLWKLQ�WKH�IRUHVW�IUDJP HQW�DQG�QHLJKERXULQJ�VSULQJV�DFURVV�

WKH�SUHYLRXVO\� GHWHUP LQHG�KRP H�UDQJHV��6HFWLRQ���� �� ��� ) LJXUH�� �� � ��� �

0 HDVXUHP HQWV�RI�WKH�YHJHWDWLRQ�VWUXFWXUH�DQG�VSHFLHV�FRP SRVLWLRQ�ZHUH�WDNHQ�

ZLWKLQ�D�� P� UDGLXV�IURP� HDFK�LQWHUVHFWLRQ�SRLQW���1 LQHWHHQ�KDELWDW�YDULDEOHV�

ZHUH�P HDVXUHG�DW�HDFK�RI�WKH���� TXDGUDWV��$SSHQGL[� � � ���$VSHFW��1 ��6 ��( ��: � ��

VORSH��GHJ��RI�WKH�VXEVWUDWH��FDQRS\� KHLJKW��P ���WKH�DEXQGDQFH�RI�HSLSK\ WHV��

WRWDO�QXP EHU�RI�VSHFLHV�SUHVHQW�LQ�XQGHUVWRUH\� �JURXQG���P LG�FDQRS\ ��DQG�

FDQRS\ ��WRWDO�QXP EHU�RI�IDP LOLHV�SUHVHQW�LQ�XQGHUVWRUH\� �JURXQG���P LG�FDQRS\�

DQG�FDQRS\ ��ZHUH�UHFRUGHG�IRU�HDFK�TXDGUDW���1 XP EHUV�RI�LQGLYLGXDOV�RI�SODQW�

VSHFLHV�ZHUH�QRW�FRXQWHG�LQ�XQGHUVWRUH\� DQG�P LG�FDQRS\ ��SUHVHQFH�RU�DEVHQFH�

RQO\� ZDV�UHFRUGHG���&DQRS\� GHSWK��P ��ZDV�XVHG�DV�D�P HDVXUH�RI�YDULDWLRQ�LQ�

FDQRS\� KHLJKW�DQG�ZDV�FDOFXODWHG�E\� WKH�GLIIHUHQFH�EHWZHHQ�WKH�WRS�RI�WKH�

FDQRS\� GRZQ�WR�ZKHUH�WKH�FDQRS\� ZDV�GLVFRQWLQXHG���7KDW�LV��LI�EUDQFKHV�FDP H�

DOO�WKH�ZD\� WR�WKH�JURXQG�WKHQ�WKH�FDQRS\� GHSWK�ZRXOG�EH�IURP� WKH�WRS�RI�

FDQRS\� WR�WKH�JURXQG��HJ����� � �� P�  � �� P ���LI�EUDQFKHV�KDOWHG�DW��� P� WKHQ�

FDQRS\� GHSWK�ZDV�IURP� WRS�RI�FDQRS\� GRZQ�WR��� P� �HJ�����± ��� P�  � �� P ����7KH�

RFFXUUHQFH�RI�IORUDO�WD[ D�LQ�JURXQG�FRYHU��P LG�FDQRS\� FRYHU�DQG�WKH�QXP EHU�RI�

YLQHV�ZHUH�HVWLP DWHG�YLVXDOO\� RQ�DQ�RUGLQDO�VFDOH�RI�� � �� � � ��QRQH��� ��SUHVHQW�LQ�

ORZ�DEXQGDQFH��� ��DEXQGDQW��� ��KLJKO\� DEXQGDQW����0 RYHP HQW��RU�HDVH�RI�

WUDYHUVLQJ�WKURXJK�D�TXDGUDW�RU�WKH�WKLFNQHVV�RI�YHJHWDWLRQ��ZDV�DOVR�YLVXDOO\�

HVWLP DWHG�RQ�DQ�RUGLQDO�VFDOH�RI�� � �� � ��  � HDVLO\� WUDYHUVHG�WR���  � KDUG�WR�

WUDYHUVH���

$OO�VSHFLHV�ZLWK�D�' %+� ! � �� FP� ZHUH�P HDVXUHG��LGHQWLILHG�RQ�VLWH�E\� H[ SHUWV��$ ��

,UYLQH�DQG�5 ��- HQVHQ��DQG�WKH�KHLJKW��P ��ZDV�HVWLP DWHG��LQFOXGLQJ�YLQHV�WKDW�

KDG�WKHLU�VWHP V�ZLWKLQ�WKH��P� TXDGUDW���7KLV�ZDV�XVHG�WR�HVWLP DWH�WKH�EDVDO�

DUHD��WRWDO�QXP EHU�RI�VSHFLHV�P HDVXUHG��GLYHUVLW\ ��DQG�WRWDO�QXP EHU�RI�WUHHV�

P HDVXUHG��GHQVLW\ �� IRU�HDFK�TXDGUDW���$GGLWLRQDOO\ ��WKH�DEXQGDQFH�RI�LQGLYLGXDO�

WUHH�VSHFLHV������ VSHFLHV��ZDV�LQFOXGHG�LQ�WKH�DQDO\ VLV���
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)LJXUH������ 0DS�RI�VWXG\�IUDJPHQW�ZLWK���P�SRLQW�WUDQVHFWV�DQG�DQ�RYHUOD\�RI�����+DUPRQLF�PHDQ�
PHDVXUH�RI�HDFK�DQLPDO¶V�KRPH�UDQJH��$[HV�UHSUHVHQW�8QLYHUVDO�JULG�UHIHUHQFH��$*'�����(DVW�DQG�
1RUWK���

� �� �� � ,QWHQVLW\� RI�XVH�

7ZR�GLIIHUHQW�P HDVXUHV�RI�LQWHQVLW\� RI�XVH�E\� ' ��OXP KROW] L�ZHUH�XVHG�GXULQJ�WKLV�

VWXG\� WR�LQYHVWLJDWH�SDWWHUQV�RI�XVDJH�LQ�DVVRFLDWLRQ�ZLWK�YHJHWDWLRQ�VWUXFWXUH�

DQG�FRP SRVLWLRQ��KDUP RQLF�P HDQ�IURP� KRP H�UDQJH�DQDO\ VLV�DQG�IDHFDO�FRXQWV���

+DUP RQLF�P HDQ�ZDV�XVHG�DV�D�P HDVXUH�IRU�WKH�LQWHQVLW\� RI�XVH�RI�UDGLR�WUDFNHG�

DQLP DOV�ZLWKLQ�WKHLU�KRP H�UDQJH�DUHDV�DQG�IDHFDO�FRXQWV�ZHUH�XVHG�WR�LQFOXGH�

DUHDV�RI�DFWLYLW\� IRU�DOO�DQLP DOV�LQ�WKH�VWXG\� VLWH��

�������� : LWKLQ�+RP H�UDQJHV�

7KH�SHUFHQWDJH�RI�KDUP RQLF�P HDQ�IURP� KRP H�UDQJH�DQDO\ VLV�HVWLP DWHG�LQ�

SUHYLRXVO\� �VHH���� �� ��ZDV�XVHG�DV�DQ�LQGH[� RI�WKH�LQWHQVLW\� RI�XVDJH�E\ �' ��

OXP KROW] L���&RQWRXUV�RI�GLIIHUHQW�KDUP RQLF�P HDQV���� � ���� � ���� �� DQG���� �� ��

LQWHUYDOV�IRU�HDFK�DQLP DO�ZHUH�JHQHUDWHG�XVLQJ�WKH�3URJUDP� 5 DQJHV���

�. HQZDUG�HW�DO����� ��DQG�SRVLWLRQHG�RYHU�WKH�YHJHWDWLRQ�JULG��) LJXUH�� ��� VKRZV�

+0� FRQWRXUV�RYHU�WKH�JULG����7KH�YHJHWDWLRQ�VDP SOLQJ�TXDGUDWV�ZHUH�WKHQ�
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FDWHJRUL] HG�DFFRUGLQJ�WR�WKH�KDUP RQLF�P HDQ��+0 � ��FRQWRXU�WKH\� IHOO�ZLWKLQ�

IURP� KLJK�XVH���� �� +0 ���P HGLXP� XVH���� �� +0 ���ORZ�XVH���� �� +0 ���YHU\� ORZ�

XVH���� �� +0 ��WR�QR�XVH��RXWVLGH��� �� +0 ���

� � �� � ��

� � �� � ��

� � �� � ��

� � �� � ��

� � �� � ��

� � �� � ��

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

*ULG

� � ��� + �

� � ���0�

� � ��� / �

� � ���9 / �

�
)LJXUH������� +DUPRQLF�PHDQ�FRQWRXUV�RYHU�TXDGUDW�JULG�IRU�WZR�PDOHV�XVLQJ�5DQJHV����.HQZDUG�HW�DO�
�����������+DUPRQLF�PHDQ�LV�WKH�LQVLGH�FRQWRXU�DQG�UHSUHVHQWV�KLJK�XVH������LV�WKH�QH[W�OLQH�RXW�
UHSUHVHQWLQJ�PHGLXP�XVH������LV�WKH�QH[W�UHSUHVHQWLQJ�ORZ�XVH�DQG�����LV�WKH�RXWVLGH�FRQWRXU�
UHSUHVHQWLQJ�YHU\�ORZ�XVH���$OO�TXDGUDWV�RU�SORWV�RXWVLGH�FRQWRXUV�ZHUH�FODVVHG�DV�QR�NQRZQ�XVH��$[HV�
UHSUHVHQW�8QLYHUVDO�JULG�UHIHUHQFH��$*'�����(DVW�DQG�1RUWK���

�������� ) DHFDO�FRXQWV�

6FDWV�ZHUH�FROOHFWHG�LQ��� [� � P � �TXDGUDWV��� P� QRUWK��VRXWK��HDVW�DQG�ZHVW�RI�WKH�

FHQWUHV�RI�HDFK�RI�WKH���� YHJHWDWLRQ�VDP SOLQJ�TXDGUDWV���7KH�TXDGUDWV�ZHUH�

FOHDUHG�RI�WUHH�NDQJDURR�IDHFDO�SHOOHWV�LQ�$XJXVW������DQG� WKHQ�WKH�

DFFXP XODWHG�WUHH�NDQJDURR�IDHFDO�SHOOHWV�ZHUH�FROOHFWHG�RQH�P RQWK�ODWHU���6L[�

YHJHWDWLRQ�VDP SOLQJ�TXDGUDWV�ZHUH�QRW�VDP SOHG�IRU�VFDWV���7KHVH�ZHUH�ZLWKLQ�

ULSDULDQ�] RQHV�DQG�LQDFFHVVLEOH�GXH�WR�GHQVH�YHJHWDWLRQ���

7KH�UDWH�RI�WUHH�NDQJDURR�VFDW�GHFRP SRVLWLRQ�ZDV�GHWHUP LQHG�RYHU�WKH�VDP H�

WLP H�SHULRG�DV�WKH�IDHFDO�SHOOHW�FROOHFWLRQ���) UHVKO\� IUR] HQ��WKHQ�GHIURVWHG�

SHOOHWV�FROOHFWHG�IURP� FDSWLYH�WUHH�NDQJDURRV��IHG�D�GLHW�RI�ORFDO�UDLQIRUHVW�
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IROLDJH��ZHUH�SODFHG�LQ�HDFK�RI�WKH�P DLQ�KDELWDW�W\ SHV�ZLWKLQ�WKH�VWXG\� VLWH�

�6HFWLRQ���� ��) LJXUH�� �� � ��WKH�SLQH�IRUHVW��P DWXUH�IRUHVW�DQG�UHJURZWK��7ZR�VHWV�

RI����SH OOHWV�HDFK�ZHUH�SODFHG�ZLWKLQ�P DUNHG��P � �DUHDV�LQ�HDFK�KDELWDW�W\ SH��

� �� �� � $ QDO\V LV�RI� ' ��OXP KROW] L�XVDJH�

$VVRFLDWLRQV�EHWZHHQ�WKH�GLIIHUHQW�P HDVXUHV�RI�LQWHQVLW\� RI�XVH��+0 �� DQG�WKH�

QXP EHU�RI�VFDWV�FROOHFWHG�ZHUH�WHVWHG�XVLQJ�6SHDUP DQ¶V�UDQN�FRUUHODWLRQV�

�6366�9� �� �� ��� IRU�: LQGRZV���

� �� �� � $ QDO\V LV�RI�YHJHWDWLRQ�GDWD�

$�UREXVW�RUGLQDWLRQ�P HWKRG��QRQP HWULF�P XOWLGLP HQVLRQDO�VFDOLQJ��1 0 6��XVLQJ�

WKH�SURJUDP� 3&�2 5'� �ZLWK�WKH�6RUHQVHQ�GLVVLP LODULW\� LQGH[� DQG�DOO�GHIDXOW�

RSWLRQV�LQ�WKH�$XWRP DWLF�P RGH��� 0 F&XQH�DQG�0 HIIRUG����� ��ZDV�XVHG�WR�

GHWHUP LQH�IORULVWLF�DQG�VWUXFWXUDO�FRUUHODWHV�RI�LQWHQVLW\� RI�XVH�E\� WUHH�

NDQJDURRV���$OO�RI�WKH�YHJHWDWLRQ�IORULVWLF�DQG�VWUXFWXUDO�GDWD������D WWULEXWHV�� IRU�

WKH����S ORWV�ZHUH�XVHG�LQ�WKLV�DQDO\ VLV�DJDLQVW�WKH�LQWHQVLW\� RI�XVH��KRP H�UDQJH�

+DUP RQLF�0 HDQ��� RI�XVH���+ ��0 ��/ ��9 /�DQG�1 ��WR�LQYHVWLJDWH�SDWWHUQV�RI�XVH�IRU�

GLIIHUHQW�SORWV���0 XOWL�5 HVSRQVH�3HUP XWDWLRQ�3URFHGXUH��0 5 33 ��XVLQJ�3&�2 5'�

�0 F&XQH�DQG�0 HIIRUG����� ��ZDV�XVHG�WR�GHWHFW�GLIIHUHQFHV�EHWZHHQ�FOXVWHUV�RI�

TXDGUDWV�RI�VLP LODU�LQWHQVLW\� RI�XVH�XVLQJ�6RUHQVHQ��%UD\ �&XUWLV��P HWKRG�

�0 F&XQH�DQG�0 HIIRUG����� � ���$�FOXVWHU�GHQGURJUDP� ZDV�DOVR�JHQHUDWHG�ZLWK�

3&�2 5'� �0 F&XQH�DQG�0 HIIRUG����� ��DV�DQ�DOWHUQDWLYH�WR�1 0 6�WR�GHWHUP LQH�

IORULVWLF�DQG�VWUXFWXUDO�FRUUHODWHV�RI�LQWHQVLW\� RI�XVH�E\� WUHH�NDQJDURRV��

6SHDUP DQ¶V�UDQN�FRUUHODWLRQV�ZHUH�XVHG�WR�ORRN�DW�UHODWLRQVKLSV�EHWZHHQ�

LQWHQVLW\� RI�XVH�IRU�+0 �� �FDWHJRULFDO��DQG�VWUXFWXUDO�RU�IORULVWLF�FKDUDFWHUV��DQG�

3HDUVRQ¶V�FRUUHODWLRQ�FRHIILFLHQW�ZDV�XVHG�IRU�LQYHVWLJDWLQJ�WKH�UHODWLRQVKLSV�

EHWZHHQ�WKH�QXP EHU�RI�VFDWV�FROOHFWHG��QXP HULFDO��DQG�VWUXFWXUDO�RU�IORULVWLF�

FKDUDFWHUV�XVLQJ�6366 ���6SHDUP DQ¶V�UDQN�FRUUHODWLRQV�ZHUH�DOVR�XVHG�ZKHQ�

FRP SDULQJ�WKH�QXP EHU�RI�VFDWV�DQG�DQ\� FDWHJRULFDO�YDULDEOH���%RQIHUURQL�

FRUUHFWLRQV�ZHUH�SHUIRUP HG�RQ�WKH�DQDO\ VHV�DQG�WKH�QHZ�DOSKD�OHYHO�XVHG�ZDV�

� ���� ��



� �� �

&URVVWDEXODWLRQ�IUHTXHQFLHV�DQG�FRUUHODWLRQV��6366 ��ZHUH�XVHG�WR�LQYHVWLJDWH�

WKH�UHODWLRQVKLSV�EHWZHHQ�WZR�FDWHJRULFDO�YDULDEOHV��HJ��YLQH�VSHFLHV�SUHVHQW�

DQG�LQWHQVLW\� RI�XVH���

� �� �� � 7\ SH�RI�I RUHVW�

4 XDGUDWV�ZHUH�FDWHJRULVHG�LQWR�GLIIHUHQW�W\ SHV�RI�IRUHVW��P DWXUH��UHJURZWK��

VSULQJV�LQ�UHJURZWK��VSULQJV�DQG�SLQH�IRUHVW��GHWHUP LQHG�E\� ZKLFK�W\ SH�HDFK�

TXDGUDW�ZDV�VLWXDWHG���7KHVH�FDWHJRULHV�ZHUH�XVHG�WR�ORRN�DW�UHODWLRQVKLSV�

EHWZHHQ�WKH�LQWHQVLW\� RI�XVH��+0 �� RU�WKH�QXP EHU�RI�VFDWV��LQ�HDFK�DUHD�DQG�

W\ SHV�RI�IRUHVW��XVLQJ�FURVVWDEXODWLRQV�DQG�6SHDUP DQ¶V�UDQN�FRUUHODWLRQ�

�6366 ���

� �� �� � ( GJH�YHUVXV�QRW�HGJH�

7R�LQYHVWLJDWH�ZKHWKHU�' ��OXP KROW] L�SUHIHU�HGJH�WR�P DWXUH�IRUHVW��WKH�TXDGUDWV�

OHVV�WKDQ���P� IURP� WKH�HGJH�RI�WKH�YHJHWDWLRQ�ZHUH�FODVVHG�DV�³HGJH́ �DQG�

WKRVH�QRW�DV�³LQWHULRU�́��) RU�WKH�SXUSRVHV�RI�WKLV�VWXG\� WKH�GHILQLWLRQ�RI�³HGJH́ �LV�

QRW�WKH�FODVVLFDO�GHILQLWLRQ�RI�³WUXH�HGJH́ ��XVXDOO\� GHILQHG�DV�IDU�DV���� P� LQWR�

WKH�UDLQIRUHVW���EXW�IXUWKHU�LQ�WKDQ�DQ�REVHUYHU�FRXOG�VHH�WR�WHVW�WKH�SURSRVLWLRQ�

DERXW�REVHUYDELOLW\� RI�' ��OXP KROW] L�DW�WKH�HGJH�RI�WKH�IRUHVW��

&URVVWDEXODWLRQV�DQG�6SHDUP DQ¶V�UDQN�FRUUHODWLRQ��6366 ��ZHUH�XVHG�WR�LGHQWLI\�

ZKHWKHU�³HGJH́ �SORWV�ZHUH�XVHG�P RUH�WKDQ�³LQWHULRU�́�DQG�3HDUVRQ¶V�&KL�VTXDUH�

�6366 ��ZDV�XVHG�WR�WHVW�LI�³HGJH́ �ZDV�XVHG�P RUH�WKDQ�H[ SHFWHG��

� �� �� � 7UHH�DYDLODELOLW\�D QG�VHOHFWLRQ�DQDO\V LV�

5 DQGRP LVDWLRQ�WHVWV�ZHUH�XVHG�WR�FRP SDUH�WKH�DEXQGDQFHV�RI�WUHH�VSHFLHV�

! � FP� ' %+� IRU�DOO�SORWV�WR�DOO�WKH�WUHH�VSHFLHV�XWLOLVHG�E\� DOO�HLJKW�' ��OXP KROW] L�LQ�

WKH�UDGLR�WUDFNLQJ�VWXG\ ��WR�WHVW�ZKHWKHU�' ��OXP KROW] L�SUHIHUUHG�RU�DYRLGHG�

VSHFLILF�WUHH�VSHFLHV���

7KHUH�ZHUH�����RE VHUYDWLRQV�RI�WUHH�XVH�P DGH�GXULQJ�UDGLRORFDWLRQ�RI�DOO�WKH�

WUHH�NDQJDURRV���7R�JHQHUDWH�DQ�H[ SHFWHG�GLVWULEXWLRQ�RI�REVHUYDWLRQV�LI�' ��

OXP KROW] L�ZHUH�XVLQJ�WUHHV�UDQGRP O\ ������ UHFRUGV�ZHUH�UDQGRP O\� VHOHFWHG�IURP�

DOO�WKH�LQGLYLGXDO�WUHHV�UHFRUGHG�LQ�YHJHWDWLRQ�VDP SOLQJ�DQG�WKH�IUHTXHQF\� RI�

RFFXUUHQFH�RI�HDFK�VSHFLHV�UHFRUGHG���7KLV�ZDV�UHSHDWHG��� ����� WLP HV���



� �� �

2 EVHUYHG�IUHTXHQF\� RI�WUHH�XVH�ZDV�FRP SDUHG�GLUHFWO\� ZLWK�WKH�UDQGRP LVHG�

GLVWULEXWLRQ�DQG�FRQVLGHUHG�QRQ�UDQGRP� �HLWKHU�SUHIHUUHG�RU�DYRLGHG��LI�WKH\� OD\�

RXWVLGH�WKH�FHQWUDO��� �� RI�WKH�GLVWULEXWLRQ��

7KLV�SURFHGXUH�ZDV�UHSHDWHG�IRU�HDFK�LQGLYLGXDO�DQLP DO�XVLQJ�RQO\� WKH�

REVHUYDWLRQV�RI�WKDW�LQGLYLGXDO�DQG�JHQHUDWLQJ�WKH�H[ SHFWHG�GLVWULEXWLRQ�IURP� WKH�

YHJHWDWLRQ�VDP SOLQJ�RQO\ �ZLWKLQ�WKH�KRP H�UDQJH�RI�WKDW�DQLP DO��

� �� � 5 (6 8 / 76 �

$�WRWDO�RI������ LQGLYLGXDO�WUHH�DQG�YLQH�VSHFLHV�ZHUH�P HDVXUHG�DQG�LGHQWLILHG�

����� VSHFLHV����� IDP LOLHV��LQ�WKH����S ORWV����� WUHH�VSHFLHV�ZHUH�GRP LQDQW��! ���

LQGLYLGXDOV��� 7DEOH�� �� � ��

� �� �� � 6FDW�YHUVXV�KDUP RQLF�P HDQ�DV�D�P HDVXUH�RI� ' ��OXP KROW] L�
XVDJH��

7KHUH�ZDV�QR�UDLQ�GXULQJ�WKH�VFDW�GHFRP SRVLWLRQ�WULDOV�DQG�VDP SOLQJ�LQ�$XJXVW�

DQG�6HSWHP EHU������DQG� VFDWV�WRRN�XS�WR�WZR�P RQWKV�WR�GHFD\ ��

7KHUH�ZDV�QR�FRUUHODWLRQ�EHWZHHQ�WKH�QXP EHU�RI�VFDWV�DQG�WKH�LQWHQVLW\� RI�

KRP H�UDQJH�XVH��+0 ��� 3�  � � ��� ��UV� �� � ��� � ���� �

� �� �� � 3DWWHUQV�LQ�VWUXFWXUDO�DQG�IORULVWLFV�YHUVXV�WUHH�NDQJDURR�
XVDJH��

$OWKRXJK�WKHUH�LV�YDULDWLRQ�DFURVV�WKH�VLWH�LQ�IORULVWLF�DQG�VWUXFWXUDO�DWWULEXWHV�RI�

WKH�YHJHWDWLRQ��6WUHVV�D[ LV���DQG���3�  � � ��� ��ILQDO�VWUHVV���GLP HQVLRQV� � � ��� ��

ILQDO�VWDELOLW\�  �� � ���� � ��WKLV�YDULDWLRQ�LV�QRW�DVVRFLDWHG�ZLWK�WKH�SDWWHUQ�RI�XVH�

E\� ' ��OXP KROW] L���) LJXUH�� �� � ��' ��OXP KROW] L�LV�XVLQJ�WKH�HQWLUH�UDQJH�RI�YDULDWLRQ�LQ�

YHJHWDWLRQ�WR�DSSUR[ LP DWHO\� HTXLYDOHQW�H[ WHQWV���

�0 5 33� UHVXOWV�JURXSHG�E\� +0� 3�  � � ����  � 3UREDELOLW\� RI�D�VP DOOHU�RU�HTXDO�

GHOWD��7� � � �� ��$�  �� � �����  � P RUH�KHWHURJHQHLW\� ZLWKLQ�JURXSV�WKDQ�H[ SHFWHG�E\�

FKDQFH���� �

7KH�FODVVLILFDWLRQ��FOXVWHU�GHQGURJUDP ��6366� DOVR�VKRZV�WKDW�WKHUH�LV�QR�

SDWWHUQ�WR�WKH�OHYHOV�RI�LQWHQVLW\� RI�XVH�E\� ' ��OXP KROW] L��$SSHQGL[� � � ���



� �� �

7KHUH�ZHUH�QR�VLJQLILFDQW�FRUUHODWLRQV�EHWZHHQ�KRP H�UDQJH�XVH��+0 � ��DQG�

DQ\� RI�WKH�VWUXFWXUDO�FKDUDFWHUV�RI�WKH�YHJHWDWLRQ��$SSHQGL[� � � ���7KHUH�ZDV��

KRZHYHU��SRVLWLYH�UHODWLRQVKLSV�EHWZHHQ�+0 �� DQG�WKH�DEXQGDQFH�RI�VRP H�

IORUDO�VSHFLHV��$FURQ\FKLD�DFLGXOD��3�  � � ��� ��UV� � � �� � ��6 \ QLP D�P DFURSK\ OOD��3�  �

� ��� ��UV� � � �� � ��DQG�QHJDWLYH�UHODWLRQVKLSV�ZLWK�&LVVXV�SHQQLQHUYLV��3�  � � ��� ��UV�

 �� � �� � ��&\ DWKHD�FRRSHUL��3�  � � ��� ��UV� �� � �� � �DQG�6DUFRWHFKLD�ODQFHRODWD��3�  �

� ��� ��UV� �� � �� � ��

7KHUH�ZHUH�DOVR�SRVLWLYH�FRUUHODWLRQV�EHWZHHQ�WKH�QXP EHU�RI�VFDWV�FROOHFWHG�

DQG�VRP H�VSHFLHV��) LFXV�FUDVVLSHV��3�  � � ����� U� �� �� � ��) OLQGHUVLD�EUD\ OH\ DQD��3�

 � � ����� U� �� �� � ��1 HROLWVHD�GHDOEDWD��3�  � � ���� U� �� ��� ��DQG�=DQWKR[\ OXP �

YHQLILFXP� �3�  � � ����� U� �� �� � ��

�

$� �

$� �

$� �

$� �

%� �

%� �

%� �

%� �

%� �
%� �

%� �

%� �
%� �

&� �
&� �

&� �

&� �

&� �
&� �

&� �&� �

&� � �
'� �
'� �

'� � '� �

'� �
' � � �

( � �
( � �
( � �

( � �

( � � �
) � �

) � �
) � �

) � �

) � �
) � � �

* � �

* � �

* � �
* � �

+ � �
+ � � + � � + � �

+ � �
+ � �

,� �

,� �
,� �

,� �

- � �

- � �

- � � - � �

- � �

- � �
- � �

. � �

. � �

. � �
. � �

. � � . � �

/ � �

/ � �

/ � �
/ � �

/ � � / � �
/ � �

0 � �

0 � �

0 � �

0 � �
1 � �

1 � �
2 � �2 � �

2 � �

6$� �

6$� �

6$� �

6$� �

6%� � 6%� �
6&� �

6&� �

6&� �

6' � �

6' � �6' � �

6( � �

6( � �

6( � � 6( � �

� �

� �

� � � � � �

� � �

� � �

$[ LV�� �

$[ LV�� �

86( �

1 �

+ �
0 �
/ �

9/ �

�

)LJXUH����� �1RQPHWULF�0XOWLGLPHQVLRQDO�6FDOLQJ��106��RI�WKH�����YDULDEOHV��VWUXFWXUDO�FKDUDFWHUV�DQG�WUHH�
VSHFLHV�DEXQGDQFHV��IRU�WKH����TXDGUDWV�DJDLQVW�LQWHQVLW\�RI�XVH��+0���E\�'��OXPKROW]L���+��KLJK�XVH��0��
PHGLXP�XVH��/��ORZ�XVH��9/��YHU\�ORZ�XVH��1��QR�NQRZQ�XVH��
�



� �� �

� �� �� � ' R�' ��OXP KROW] L�SUHIHU�VXFFHVVLRQDO�RU�UHJURZ WK�WR�P DWXUH�
IRUHVW" �

7KH�UHVXOWV�VKRZ�WKDW�WKHUH�LV�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�LQWHQVLW\� RI�XVH�

�+0 � ��DQG�WKH�W\ SH�RI�KDELWDW��UHJURZWK�RU�P DWXUH�IRUHVW��3�  � � ���� UV� �� � ��� � ��� �

+RZHYHU��WKHUH�LV�D�VLJQLILFDQW�UHODWLRQVKLS�EHWZHHQ�WKH�W\ SH�RI�IRUHVW�DQG�WKH�

QXP EHU�RI�VFDWV��3�  � � ���� ��U� �� �� � ��ZLWK�P RUH�VFDWV�LQ�WKH�VSULQJV��Q� � �� ��

LQFOXGLQJ�UHJURZWK�VSULQJV��Q� � � ��WKDQ�WKH�P DWXUH�IRUHVW��Q� � �� � ��UHJURZWK�

DUHDV��Q� � �� ��DQG�RQO\� �� VFDW�IURP� WKH�SLQH�IRUHVW���7KHUH�ZHUH�YHU\� KLJK�

QXP EHUV�RI�VFDWV��Q� � �� ��FROOHFWHG�LQ�RQH�VSULQJ�LQ�ZKLFK�D�IHP DOH��/ LVD��DQG�

KHU�RIIVSULQJ�LQKDELW�D�YHU\� VP DOO�KRP H�UDQJH��� ��KD���

� �� �� � ' ��OXP KROW] L�SUHIHU�³ HGJH́ " �

' ��OXP KROW] L�ZDV�QRW�IRXQG�WR�EH�XVLQJ�WKH�³HGJH́ �P RUH�WKDQ�³LQWHULRU´�LQ�WKLV�

VWXG\� �3�  � � ���� UV� �� � ��� � ��ZLWK�RQO\� �� �� �� RI�WKH�WRWDO�XVDJH�EHLQJ�LQ�WKH�HGJH�

TXDGUDWV���,Q�IDFW��RQO\� ��RXW�RI�WKH����HGJH�TXDGUDWV���� �� � ��ZHUH�LQ�KLJK�XVH�

DUHDV�DQG����� �� ZHUH�YHU\� ORZ�RU�QR�XVH���) XUWKHUP RUH��WZR�RI�WKH�IHP DOHV�

�³0 DU\� - Ŕ �DQG�³6LP RQH́��GLG�QRW�XVH�WKH�HGJH�DW�DOO���( GJH�TXDGUDWV�ZHUH�QRW�

XVHG�P RUH�WKDQ�H[ SHFWHG��3HDUVRQ¶V�F� � � � ��� ��GI� � � ��3�  � � ��� � ��

7KLV�ZDV�FRQILUP HG�ZLWK�WKH�UHVXOWV�IURP� WKH�QXP EHU�RI�VFDWV�DW�HDFK�SORW��3�  �

� ���� UV� �� � ��� ��Q� � �� � ��ZLWK��� �� �� LQ�HGJH�SORWV�DQG����� �� LQ�QRQ�HGJH��

�3HDUVRQ¶V�F� � � �� ��� ��GI� � � ��3�  � � ��� � ��

� �� �� � ' ��OXP KROW] L�SUHIHU�DUHDV�Z LWK�KLJKHU�VSHFLHV�GLYHUVLW\� RU�
KLJKHU�WUHH�GHQVLW\ " �

7KHUH�ZHUH�QR�VLJQLILFDQW�UHODWLRQVKLSV�EHWZHHQ�LQWHQVLW\� RI�XVH�DQG�WUHH�

VSHFLHV�GLYHUVLW\� �3  � � ���� UV� �� � ��� ��RU�WUHH�GHQVLW\� �3�  � � ���� UV� �� � ��� � ���

7KHUH�ZDV�DOVR�QR�VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�LQWHQVLW\� RI�XVH�DQG�QXP EHU�

RI�IORULVWLF�IDP LOLHV��3�  � � ���� UV� �� � ��� � ���) XUWKHUP RUH��WKHUH�ZHUH�QR�VLJQLILFDQW�

FRUUHODWLRQV�EHWZHHQ�WKH�QXP EHU�RI�VFDWV�FROOHFWHG�DQG�WKH�QXP EHU�RI�WUHH�

VSHFLHV��3�  � � ���� U� ��� ��� ��� GLYHUVLW\ ��RU�WKH�WRWDO�QXP EHU�RI�WUHHV��GHQVLW\ ��� 3�  �

� ���� U� �� ��� � ��



� �� �

� �� �� � ' ��OXP KROW] L�SUHIHU�D�IRUHVW�Z LWK�D�ODUJH�YDULDWLRQ�LQ�FDQRS\�
KHLJKW" �

7KH�UHVXOWV�VKRZ�WKDW�WKHUH�ZDV�QR�VLJQLILFDQW�SUHIHUHQFH�IRU�DUHDV�ZLWK�D�ODUJH�

YDULDWLRQ�LQ�FDQRS\� KHLJKW��LQWHQVLW\� RI�XVH�3�  � � ��� ��UV� �� � ��� ��VFDWV�3�  � � ��� ��

UV� �� � ��� � ��� �

7KHUH�ZDV�DOVR�QR�VLJQLILFDQW�UHODWLRQVKLS�EHWZHHQ�FDQRS\� KHLJKW��P ��DQG�

LQWHQVLW\� RI�XVH��3�  � � ��� ��UV� �� � ��� ��RU�ZLWK�WKH�QXP EHU�RI�VFDWV��3�  � � ��� ��U� ��

� ��� � ��

� �� �� � 9LQH�VSHFLHV�SUHVHQW�

$OWKRXJK�WKHUH�ZHUH�D�KLJK�QXP EHU�RI�YLQHV�LQ�ERWK�WKH�KLJK�DQG�P HGLXP�

LQWHQVLW\� LI�XVH�DUHDV���� � � ��WKHUH�ZDV�QR�VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�' ��

OXP KROW] L�OHYHOV�RI�XVH�DQG�WKH�QXP EHU�RI�YLQH�VSHFLHV�SUHVHQW��LQWHQVLW\� RI�XVH��

3�  � � ��� ��UV� �� � ��� ��VFDWV��3�  � � ��� ��UV� � � ��� � ���

� �� �� � ' RP LQDQW�WUHH�VSHFLHV�

7ZHQW\ �VL[� WUHH�VSHFLHV�GRP LQDWHG�WKH�YHJHWDWLRQ�VDP SOHG��ZLWK�JUHDWHU�WKDQ�

��� LQGLYLGXDOV�UHFRUGHG��7DEOH�� �� � ��+RZHYHU��WKHUH�ZDV�D�VLJQLILFDQW�

UHODWLRQVKLS�EHWZHHQ�RQO\� ��R I�WKHVH�GRP LQDQW�VSHFLHV�DQG�LQWHQVLW\� RI�XVH�

�+0 � ��� $SSHQGL[� � � ��7KHVH�ZHUH�$FURQ\FKLD�DFLGXOD�ZLWK�D�SRVLWLYH�FRUUHODWLRQ�

�3�  � � ���� ��UV� � � �� ��DQG�&\ DWKHD�FRRSHUL�ZLWK�D�QHJDWLYH�FRUUHODWLRQ��3�  � � ��� ��

UV� �� � �� � ���

7KHUH�ZHUH�VLJQLILFDQW�FRUUHODWLRQV��� � ��� ��EHWZHHQ�WKH�QXP EHU�RI�IDHFDO�

SHOOHWV�FROOHFWHG�DQG�RQO\� WZR�RI�WKHVH�GRP LQDQW�VSHFLHV��) OLQGHULVD�EUD\ OH\ DQD�

�3�  � � ��� ��U� �� �� � ��DQG�1 HROLWVHD�GHDOEDWD��3�  � � ��� ��U� �� �� � ��



� �� �

7DEOH������7ZHQW\�VL[�GRPLQDQW�WUHH�VSHFLHV�IURP�DOO�YHJHWDWLRQ�VDPSOHG��

6SHFLHV� $EXQGDQFH��Q��6SHFLHV� $EXQGDQFH��Q��

$FURQ\FKLD�DEHUUDQV� ��� )OLQGHUVLD�EUD\OH\DQD�� ���

$FURQ\FKLD�DFLGXOD� ��� )UDQFLVFRGHQGURQ�ODXULIROLXP� ����

$OSKLWRQLD�SHWULHL� ��� *ORFKLGLRQ�K\ODQGLL�� ���

%HLOVFKPLHGLD�WRRUDP� ��� *XLRD�ODVLRQHXUD�� ����

&DOGFOXYLD�DXVWUDOLHQVLV� ��� +HOLFLD�QRUWRQLDQD� ���

&HUDWRSHWDOXP�VXFFLUXEUXP� ��� /LWVHD�OHHIHDQD� ���

&U\SWRFDU\D�OLYLGXOD� ��� /RPDWLD�IUD[LQLIROLD�� ���

&U\SWRFDU\D�PHODQRFDUSD�� ��� 0HOLFRSH�MRQHVLL�� ���

&\DWKHD�FRRSHUL�� ��� 1HROLWVHD�GHDOEDWD�� ����

'LQRVSHUPD�VWLSLWDWD�� ��� 3LQXV�FDULEDHD� ���

(QGLDQGUD�OHSWRGHQGURQ� ��� 3VLGLXP�FDWWOHLDQXP�� ���

(QGLDQGUD�ZROIHL�� ��� 5KRGDPQLD�VHVVLOLIORUD� ���

)OLQGHUVLD�ERXUMRUWLDQD� ��� 5KRGRP\UWXV�SHUYDJDWD� ����

�

� �� �� � 7UHH�XVH��

7KHUH�ZHUH�D�WRWDO�RI�����RE VHUYDWLRQV�RI�WUHH�XVDJH�LQ���� VSHFLHV��ZKLOVW�UDGLR�

WUDFNLQJ�' ��OXP KROW] L�GXULQJ�WKLV�VWXG\� �7DEOH�� �� � ���2 QO\� ��� VSHFLHV��� �� � ��ZHUH�

REVHUYHG�EHLQJ�HDWHQ���

� �� ��� � ' ��OXP KROW] L�XVH�RI�WUHH�VSHFLHV�DYDLODEOH�LQ�� E�IRUHVW��

7KHUH�ZHUH�D�WRWDO�RI������ WUHHV�IURP� ���� VSHFLHV�LQ�WKH�YHJHWDWLRQ�VDP SOLQJ�

TXDGUDWV��! � FP� ' %+ ��DYDLODEOH�ZLWKLQ�WKH�DUHDV�RI�DOO�RI�WKH�UDGLR�WUDFNHG�

DQLP DOV��

7KHUH�ZHUH���� WUHH�VSHFLHV�XVHG�P RUH�WKDQ�H[ SHFWHG��3�  �� � ��� ��RXW�RI�WKH����

VSHFLHV�XVHG�E\� DOO�RI�WKH�DQLP DOV�FRP ELQHG��$OSKLWRQLD�SHWULHL��%HLOVFKP LHGLD�

EDQFURIWL��%HLOVFKP LHGLD�UHFXUYD��&U\ SWRFDU\ D�DQJXODWD��) LFXV�FUDVVLSHV��

) OLQGHUVLD�SLP HQWHOLDQD��* ORFKLGLRQ�K\ ODQGLL��/ LWVHD�OHHIHDQD��6RODQXP�

P DXULWLDQXP ��6 \ ] \ JLXP� JXVWDYLRLGHV��6 \ ] \ JLXP� MRKQVWRQLL���7DEOH�� �� ��) LJXUH�

� �� � ���

6L[� VSHFLHV�ZHUH�XVHG�E\� DQLP DOV�EXW�GLG�QRW�RFFXU�LQ�WKH�TXDGUDWV��

&LQQDP RP XP� FDP SKRUD��&LQQDP RP XP� ODXEDWLL��&LWURQHOOD�DURP DWLFD��* LOOEDHD�

DGHQRSHWDOD��* P HOLQD�IDVFLFXOLIORUD��3HUDSHQWDGHQLD�P HDUVLL���,W�LV�DVVXP HG�

WKDW�WKHVH�WUHH�VSHFLHV�ZHUH�LQ�ORZ�QXP EHUV��EXW�EHFDXVH�WKHLU�RFFXUUHQFH�ZDV�



� �� �

QRW�P HDVXUHG��' ��OXP KROW] L�SUHIHUHQFH�IRU�WKHVH�VSHFLHV�FRXOG�QRW�EH�WHVWHG���

7KHUH�ZHUH�DOVR�VRP H�VSHFLHV�WKDW�ZHUH�REVHUYHG�EHLQJ�XVHG�E\� VRP H�

LQGLYLGXDOV�WKDW�ZHUH�QRW�SUHVHQW�LQ�WKH�TXDGUDWV�LQ�WKDW�SDUWLFXODU�DQLP DO¶V�

KRP H�UDQJH��7DEOH�� �� � ��

� �� ��� � ,QGLYLGXDO�' ��OXP KROW] L�XVH�YHUVXV�WUHH�VSHFLHV�DYDLODEOH�

0 RVW�DQLP DOV�VKRZHG�D�SUHIHUHQFH�IRU�ERWK�$OSKLWRQLD�SHWULHL���� �� RU���RXW�RI���

RI�WKH�DQLP DOV�P RUH�WKDQ�H[ SHFWHG�DQG���RXW�RI���R U��� �� �� DV�H[ SHFWHG���� �� ��

XVHG�EXW�QRW�SUHVHQW�LQ�TXDGUDWV��DQG�/ LWVHD�OHHIHDQD���� �� RU���RXW�RI���R I�WKH�

DQLP DOV�P RUH�WKDQ�H[ SHFWHG�DQG���RXW�RI���R U��� �� �� DV�H[ SHFWHG����RXW�RI���

XVHG�EXW�QRW�SUHVHQW�LQ�TXDGUDWV��� 7DEOH�� �� � ��

) OLQGHUVLD�SLP HQWHOLDQD�ZDV�DOVR�VHOHFWHG�P RUH�WKDQ�H[ SHFWHG�E\� ��DQLP DOV���

* XLRD�ODVLRQHXUD�DQG�) OLQGHUVLD�EUD\ OH\ DQD�ZHUH�XVHG�E\� DOO�RI�WKH�DQLP DOV�DV�

H[ SHFWHG��

' ��OXP KROW] L�KDV�EHHQ�REVHUYHG�XVLQJ�* XLRD�ODVLRQHXUD��D�VXFFHVVLRQDO�WR�P LG�

FOLP D[� VSHFLHV��IUHTXHQWO\ ���$OO�DQLP DOV�XWLOLVHG�WKLV�VSHFLHV�LQ�WKLV�VWXG\ ��EXW�DV�

LW�ZDV�YHU\� FRPP RQ�WKURXJKRXW�WKH�VWXG\� DUHD������ WUHHV�RI�WKLV�VSHFLHV�RXW�RI�

��� YHJHWDWLRQ�TXDGUDWV��LW�ZDV�QRW�VHOHFWHG�P RUH�WKDQ�H[ SHFWHG��

2 QO\� RQH�IHP DOH��/ LVD��XVHG�) LFXV�FUDVVLSHV�P RUH�WKDQ�H[ SHFWHG��,Q�WKLV�FDVH�LW�

KDG�D�YLQH�VSHFLHV��&LVVXV�K\ SRJODXFD��WKURXJKRXW�LWV�FDQRS\ ���7KLV�YLQH�

VSHFLHV�LV�D�IRRG�VSHFLHV�IRU�' ��OXP KROW] L��SHUVRQDO�REVHUYDWLRQV��DQG�ZDV�

IRXQG�LQ�WKH�IDHFHV�RI�WKLV�DQLP DO��VHH�6HFWLRQ���� � ��

7KHUH�ZDV�FRQVLGHUDEOH�YDULDWLRQ�EHWZHHQ�LQGLYLGXDOV�IRU�VSHFLHV�SUHIHUHQFHV�

�7DEOH�� �� � ���7KDW�LV����RXW�RI���DQLP DOV�SUHIHUUHG�$OSKLWRQLD�SHWULHL��ZKHUHDV���

RI���X VHG�WKLV�VSHFLHV�DV�H[ SHFWHG���( QGLDQGUD�ZROIHL�ZDV�SUHIHUUHG�E\� ��R I���

DQLP DOV��XVHG�DV�H[ SHFWHG�E\� ��R I�� ��DYRLGHG�E\� ��R I�� ��DQG���RI���GLG�QRW�KDYH�

DFFHVV�WR�LW�DQG���RI���X VHG�WKLV�VSHFLHV�EXW�ZDV�QRW�SUHVHQW�LQ�TXDGUDWV��

,QGLYLGXDO�' ��OXP KROW] L�XVHG�DQ�DYHUDJH�RI���� r �� ��� �� RI�WUHH�VSHFLHV�RI�WKH�

VSHFLHV�DYDLODEOH�WR�WKHP� ZLWKLQ�WKHLU�KRP H�UDQJH�DUHDV��
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7UHH�VSHFLHV�LQ�TXDGUDWV

7UHH�VSHFLHV�XVHG

�
)LJXUH����� ��3URSRUWLRQ�RI�WUHH�VSHFLHV�XVHG�DQG�WUHH�VSHFLHV�DYDLODEOH��7UHH�VSHFLHV�DUH�LQ�RUGHU�RI�

DEXQGDQFH���$OO�VSHFLHV�QRW�XVHG�RU�XVHG�OHVV�WKDQ�������H[FHSW�VLJQLILFDQW��DUH�SODFHG�LQ�³RWKHU´��
6WDUV�UHSUHVHQW�VLJQLILFDQW�XVH�!������

��

�
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7DEOH������8VH�RI�WUHH�DQG�YLQH�VSHFLHV�E\�'��OXPKROW]L�LQ��E�UDLQIRUHVW����
1XPEHU�RI�VLJKWLQJV�LQGLFDWHV�VLJKWLQJV�RI�DQLPDOV�LQ�WUHHV��9DOXHV�DUH�SURSRUWLRQV�RI�WKHVH�UHFRUGV��
3URSRUWLRQV�DUH�FDOFXODWHG�VHSDUDWHO\�IRU�WUHHV�DQG�YLQHV�����,QGLFDWHV�IHHGLQJ�UHFRUG��
�,QGLFDWHV�D�ZHHG�
VSHFLHV��%ROG�LQGLFDWHV�VSHFLHV�XWLOLVHG�LQ��E��3URFWHU�*UD\�������������1HZHOO�����E���
7UHH�6SHFLHV� &ROLQ� (UURO� $OH[� (YH� / LVD� &DUOLD� 0DU\- R� 6LP RQH�

1R�RI�VLJKWLQJV� ��� ��� ��� ��� ���� ��� ��� ���
$FURQ\FKLD�DFLGXOD� ����� ����� � ����� � � � �����
$OSKLWRQLD�SHWULHL��� ����� ����� ����� ����� ����� ����� ����� �����
$OSKLWRQLD�ZKLWHL� � � ����� � � � � �����
$U\WHUD�SDXFLIORUD��� ����� � � � � � � �
%HLOVFKPLHGLD�EDQFURIWL� � ����� � � � � � �����
%HLOVFKPLHGLD�FROOLQD��� � � � ����� � � � �����
%HLOVFKPLHGLD�UHFXUYD� � ����� � � � � � �����
&DOGFOXYLD�DXVWUDOLHQVLV� � � � � � ����� ����� �
&HUDWRSHWDOXP�VXFFLUXEUXP� � ����� � � � � � �

 &LQQDPRPXP�FDPSKRUD��� ����� � � � � � � �
&LQQDPRPXP�ODXEDWLL� � ����� � � � � � �
&LWURQHOOD�DURPDWLFD� � � � � � � � �����
&U\SWRFDU\D�DQJXODWD� � ����� � � � � � �
&U\SWRFDU\D�PXUUD\L� � � � ����� � � � �
&\DWKHD�FRRSHUL��� � � � � ����� � � �
'RU\SKRUD�DURPDWLFD� � ����� � � � � � �����
(ODHRFDUSXV�ODUJLIORUHQV� � � � � � � � �����
(ODHRFDUSXV�UXPLQDWXV� ����� � � � � � � �
(QGLDQGUD�ZROIHL��� ����� � � ����� � � ����� �����
(U\WKULQD�LQGLFD� ����� � � � � � � �
)LFXV�FUDVVLSHV� � � � � ����� � � �
)OLQGHUVLD�ERXUMRWLDQD� � ����� � � � � ����� �����
)OLQGHUVLD�EUD\OH\DQD� � ����� � ����� ����� � ����� �
)OLQGHUVLD�SLPHQWHOLDQD� � ����� ����� � � � � �����
)UDFLVFRGHQGURQ�ODXULIROLXP� � ����� � � � � � �
*LOOEDHD�DGHQRSHWDOD� � ����� � � � � � �
*ORFKLGLRQ�K\ODQGLL��� ����� � ����� � � � ����� �
*PHOLQD�IDVFLFXOLIORUD� � ����� � � � � � �
*RQRWKDODPXV�DXVWUDOLV� � ����� � � � � � �
*XRLD�ODVLRQHXUD��� ����� ����� ����� ����� ����� ����� ����� �����
+HOLFLD�QRUWRQLDQD����IUXLW�� ����� � � � � � � �
/LWVHD�FRQQHUVLL� � ����� � � � � � �
/LWVHD�OHHIHDQD��� ����� ����� ����� ����� ����� ����� ����� �����
/RPDWLD�IUD[LQRIROLD� � � � � � ����� � �
0HOLFRSH�MRKQVWRQLL� ����� � � � � � � �
2SLVWKHROHSLV�KHWHURSK\OOD� � ����� � � � � � �����
3HUDSHQWDGHQLD�PHDUVLL� � ����� � � � � � �
3RO\FLDV�PXUUD\L� � � � � � � ����� �
3XOOHD�VWXW]HUL� � � � � � � � �����
6ORDQHD�DXVWUDOLV�VVS�SDUYLIORUD�� � � � � � � �����
6ORDQHD�ODQJLL� � ����� � � � ����� � �����

6RODQXP�PDXULWLDQXP��� � � � ����� ����� � � �
6\PSORFRV�FRFKLQFKLQHQVLV�VVS�JLWWLQVLL�� � � � � � � �����
6\]\JLXP�JXVWDYLRLGHV��� � ����� � � � � � �����
6\]\JLXP�MRKQVWRQLL� ����� � � ����� � � � �
;DQWKRSK\OOXP�RFWDQGUD� � ����� � � � � � �
9LQH�VSHFLHV�1R�RI�VLJKWLQJV� ��� �� �� �� ��� �� �� ���
$XVWURVWHHQLVLD�VWLSXODULV��� � ����� � � � � ���� �����
&LVVXV�K\SRJODXFD��� ���� ����� � ����� ����� � � �����
(ODHDJQXV�WULIORUD��� ����� � � ����� ����� ���� � �

/DQWDQD�FDPDUD��� ����� � � � ����� � � �
0DHVD�GHSHQGHQV��� � � � � � � � �����
8QLGHQWLILHG�YLQH�VSHFLHV� � � � � � � ���� �����
%LUGV�QHVW�IHUQV�	�EDVNHW�IHUQV� � � � � � � � �����

�
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7DEOH������/LVW�RI�WUHH�VSHFLHV�XVHG�E\�'��OXPKROW]L�DQG�FRPSDUHG�WR�WKRVH�DYDLODEOH�WR�DOO���DQLPDOV���$OVR�WUHH�VSHFLHV�
XVHG�E\�LQGLYLGXDOV�FRPSDUHG�WR�WKRVH�DYDLODEOH�ZLWKLQ�WKHLU�LQGLYLGXDO�KRPH�UDQJHV��(� �XWLOLVHG�DV�H[SHFWHG��

� ������
PRUH�WKDQ�H[SHFWHG��
� ������PRUH�WKDQ�H[SHFWHG��/� �/HVV�WKDQ�H[SHFWHG��%/$1.�&(//6� �QRW�DYDLODEOH��7UHH�
VSHFLHV�GLYHUVLW\�LV�QXPEHU�RI�WUHH�VSHFLHV�LQ�SORWV�LQ�DQLPDO¶V�KRPH�UDQJH�DUHD��7UHH�VSHFLHV�GHQVLW\�LV�QXPEHU�RI�
WUHHV�LQ�SORWV�LQ�DQLPDO¶V�KRPH�UDQJH�DUHD��6SHFLHV�LQ�EROG�DUH�VLJQLILFDQW�WR�DOO�DQLPDOV�FRPELQHG�!������1XPEHUV�RI�
WUHHV�LQ�SDUHQWKHVLV��81� �XVHG�EXW�QRW�LQ�TXDGUDWV��

7UHH�VSHFLHV��QR�� $//� &ROLQ� $OH[� (UURO� (YH� &DUOLD� / LVD� 0DU\�- R� 6LP RQH�

7UHH�VSHFLHV�GHQVLW\�� ����� �� � ���� ���� ��� ���� ��� ���� ����

7UHH�VSHFLHV�GLYHUVLW\�� ���� ��� ��� ��� ��� ��� ��� ��� ���

$FURQ\FKLD�DFLGXOD������ (� (� /� 
� (� /� � /� 
�

$OSKLWRQLD�SHWULHL������� 

� 

� 

� (� 
� 

� 

� 

� 

�

$OSKLWRQLD�ZKLWLHL������ (� /� 81� /� � /� � /� (�

$U\WHUD�SDXFLOIRUD����� (� (� � � � � � � �

%HLOVFKPLHGLD�EDQFURIWL����� 

� � � 81� � � � � 

�

%HLOVFKPLHGLD�FROOLQL������ (� � � /� 81� � � � 

�

%HLOVFKPLHGLD�UHFXUYD����� 

� � � 81� � � � � (�

&DOGFOXYLD�DXVWUDOLHQVLV������ (� � /� � � 
� � (� /�

&HUDWDSHWDOXP�VXFFLUXEUXP������ (� � /� (� � /� � � /�

&U\SWRFDU\D�DQJXODWD����� 

� � � 

� � � � � �

&U\SWRFDU\D�PXUUD\L����� (� � /� � 81� � � � �

&\DWKHD�FRRSHUL������ (� � /� � � /� (� /� �

'RU\SKRUD�DURPDWLFD����� (� � � (� � /� � � 

�

(ODHRFDUSXV�ODUJLIORUHQV������ (� � � � � � � � 
�

(ODHRFDUSXV�UXPLQDWXV����� (� 81� /� � � � � � �

(QGLDQGUD�ZROIHL������ (� 81� /� /� 81� /� � 
� (�

(U\WKULQD�LQGLFD������ (� (� � � � � � � �

)LFXV�FUDVVLSHV����� 

� � � � � � 

� � /�

)OLQGHUVLD�ERXUMRWLDQD������ (� � � (� � /� � 

� (�

)OLQGHUVLD�EUD\OH\DQD������ (� /� /� (� (� /� (� (� /�

)OLQGHUVLD�SLPHQWHOLDQD������ 

� � 81� 

� � /� � � 

�

)UDQFLVFRGHQGURQ�ODXULIROLXP������� /� � /� (� � /� � � /�

*ORFKLGLRQ�K\ODQGLL������ 
� (� 

� /� � /� /� 
� /�

*RQLRWKDODPXV�DXVWUDOLV����� (� � � (� � � � � �

*XLRD�ODVLRQHXUD������ � /� (� (� (� (� (� (� (� (�

+HOLFLD�QRUWRQLDQD������ (� (� /� /� � /� � /� /�

/LWVHD�FRQQHUVLL����� (� � � (� � /� � � /�

/LWVHD�OHHIHDQD������ 

� (� 

� 

� 

� (� 81� 

� (�

/RPDWLD�IUD[LQLIROLD������ (� � � /� � 

� � � /�

0HOLFRSH�MRQHVLL������ (� (� /� /� � /� � /� /�

2SLVWKLROHSLV�KHWHURSK\OOD����� (� � /� (� � � � � 81�

3RO\VFLDV�PXUUD\L����� (� � /� /� � � � 

� �

3XOOHD�VWXW]HUL������ (� � � /� � � � � (�

6ORDQHD�DXVWUDOLV������ (� � /� /� � � � /� 
�

6ORDQHD�ODQJLL������ (� � /� (� � (� � /� 81�

6RODQXP�PDXULWLDQXP������ 

� � � � 

� � 81� � �
6\PSORFXV�FRFKLQFKLQHQVLV�YDU�JLWWLQVLL�
����

(� � � � � /� � � 

�

6\]\JLXP�JXVWDYLRLGHV����� 

� � � 

� � � � � 

�

6\]\JLXP�MRKQVWRQLL����� 

� 81� � /� 81� � � � /�

;DQWKRSK\OOXP�RFWDQGUXP������ (� � � (� � � � � /�

1RW�LQ�4XDGUDWV� � � � � � � � � �
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� �� �� � +RP H�UDQJH�XVDJH�

$V�LW�GLG�QRW�UDLQ�GXULQJ�WKH�SHULRG�RI�VFDW�GHFRP SRVLWLRQ�WULDOV�DQG�VDP SOLQJ��LW�

ZDV�DVVXP HG�WKDW�UH�VDP SOLQJ�DIWHU�RQH�P RQWK�ZRXOG�HQVXUH�WKDW�DOO�VFDWV�LQ�

WKH�TXDGUDWV�ZHUH�D�P D[ LP XP� RI�RQH�P RQWK�ROG�DQG�WKDW�QRQH�ZRXOG�KDYH�

GHFD\ HG�LQ�WKLV�WLP H��

,W�ZDV�EHOLHYHG��KRZHYHU��WKDW�WKH�KDUP RQLF�P HDQ�LV�D�P RUH�UREXVW�P HWKRG�RI�

P HDVXULQJ�XVDJH�LI�DYDLODEOH�DV�WKLV�JLYHV�DOO�SRVVLEOH�DUHDV�ZLWKLQ�DQ�DQLP DOV�

KRP H�UDQJH�QRW�MXVW�WKH�DUHDV�ZKHUH�VFDWV�ZHUH�YLVLEOH��� �

0 DFURSRGV�DUH�NQRZQ�WR�GHIDHFDWH�P RVWO\� ZKLOH�IHHGLQJ��WKHUHIRUH�DUHDV�XVHG�

IRU�IHHGLQJ�KDYH�KLJK�QXP EHUV�RI�VFDWV�DQG�WKRVH�XVHG�IRU�UHVWLQJ�KDYH�

UHODWLYHO\� IHZ� �- RKQVRQ�HW�DO����� � ���, I�WKLV�KROGV�WUXH�IRU�' ��OXP KROW] L�WKHQ�WKHUH�

ZLOO�EH�DUHDV�RI�XVDJH�ZKHUH�QR�VFDWV�ZLOO�EH�IRXQG��� ' XULQJ�UDGLR�WUDFNLQJ�

�6HFWLRQ���� �� ��WKHUH�ZHUH�P DQ\ �LQVWDQFHV�ZKHUH�WKHUH�ZHUH�QR�VFDWV�EHQHDWK�

WKH�DQLP DO��VR�WKH�DEVHQFH�RI�VFDWV�FDQQRW�EH�ORJLFDOO\� XVHG�WR�LQIHU�WKH�

DEVHQFH�RI�DQLP DOV���,Q�DGGLWLRQ��VFDWV�DUH�YHU\� GLIILFXOW�WR�ILQG�ZLWKLQ�WKH�OHDI�

OLWWHU�RI�WKH�IRUHVW�IORRU��P DNLQJ�WKH�SUHFLVLRQ�RI�WKLV�WHFKQLTXH�GXELRXV��

� �� �� � 6WUXFWXUDO�DQG�IORULVWLF�FKDUDFWHUV�RI�KDELWDW�YHUVXV�WUHH�
NDQJDURR�XVDJH�

7KLV�VWXG\� VKRZV�WKDW�ZH�FDQ�QRW�XVH�VWUXFWXUDO�FKDUDFWHUV�RI�WKH�KDELWDW�WR�

P RGHO�' ��OXP KROW] L�KDELWDW�XVH�DV�WKHUH�ZDV�QR�DVVRFLDWLRQ�ZLWK�OHYHOV�RI�XVH�

DQG�WKHVH�FKDUDFWHUV���,Q�VXSSRUW�RI�WKLV��LQ�DQ�RUGLQDWLRQ�RI�VWUXFWXUDO�DQG�

IORULVWLF�FKDUDFWHUV�RI�IUDJP HQWV�RI�GLIIHUHQW�KDELWDW�W\ SHV��/DXUDQFH�DQG�

/DXUDQFH������ ��DOVR�IRXQG�WKDW�DEXQGDQFH�RI�' ��OXP KROW] L�ZDV�QRW�VLJQLILFDQWO\�

LQIOXHQFHG�E\� IRUHVW�W\ SH���

+RZHYHU��/DXUDQFH�DQG�/DXUDQFH������ �� IRXQG�WKDW�/X P KROW] ¶V�WUHH�NDQJDURRV�

ZHUH�OHVV�DEXQGDQW�LQ�SULP DU\� IRUHVW�WKDQ�UHJURZWK�IRUHVW���,Q�WKLV�VWXG\� ' ��

OXP KROW] L�XVHG�ERWK�UHJURZWK�DQG�P DWXUH�IRUHVW�DQG�GLG�QRW�VKRZ�DQ\�

SUHIHUHQFH�IRU�UHJURZWK�RYHU�P DWXUH�IRUHVW���+RZHYHU��IURP� SHUVRQDO�

REVHUYDWLRQV�RI�WKH�WLP H�LW�WDNHV�WR�GHWHFW�' ��OXP KROW] L�LQ�WDOO�YHUVXV�VKRUWHU�
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IRUHVW��LW�LV�FOHDU�WKDW�' ��OXP KROW] L�DUH�P XFK�P RUH�GLIILFXOW�WR�GHWHFW�LQ�WDOO�IRUHVW��

WKHUHIRUH�/DXUDQFH�DQG�/DXUDQFH¶V������ ��UHVXOW�P D\� VLP SO\� LQGLFDWH�D�

GLIIHUHQWLDO�LQ�YLVLELOLW\� RI�' ��OXP KROW] L�EHWZHHQ�IRUHVW�W\ SHV���

7KH�UHVXOWV�RI�WKLV�VWXG\� GLG�ILQG��KRZHYHU��WKDW�WKHUH�ZHUH�P RUH�VFDWV�LQ�WKH�

VSULQJV�LQFOXGLQJ�WKH�VSULQJV�LQ�WKH�UHJURZWK���7KLV�VXJJHVWV�WKDW�DQLP DO�DFWLYLW\�

LV�KLJKHU�LQ�WKH�VSULQJV�DQG�SRVVLEO\� EHFDXVH�RI�WKH�DFFHVV�WR�ZDWHU�RU�WKH�IDFW�

WKDW�WKH�WUHHV�KDYH�P RUH�DFFHVV�WR�ZDWHU���,W�KDV�EHHQ�VXJJHVWHG�WKDW�WUHHV�

JURZLQJ�LQ�ULSDULDQ�] RQHV�P D\� EH�IDYRXUHG�E\� DUERUHDO�IROLYRUHV�EHFDXVH�RI�WKH�

DYDLODELOLW\� RI�IROLDU�P RLVWXUH�DQG�SRVVLEOH�KLJKHU�QXWULWLRQDO�TXDOLW\� RI�WKH�IROLDJH�

�0 XQNV�HW�DO����� � ���+RZHYHU��WKH�KLJK�QXP EHU�RI�VFDWV�LQ�RQH�RI�WKH�VSULQJV��Q�

 � �� ��FRXOG�P HUHO\� UHIOHFW�WKH�VP DOO�DUHD�RI�WKH�ULSDULDQ�IUDJP HQW�LQ�ZKLFK�WKH�

DQLP DOV�DUH�OLYLQJ��³/ LVD́ �DQG�RIIVSULQJ�LQ�� ��KD�KRP H�UDQJH��DQG�KHQFH�D�KLJK�

FRQFHQWUDWLRQ�RI�VFDWV�LQ�RQH�DUHD��� �

,W�KDV�DOVR�EHHQ�VXJJHVWHG�WKDW�' ��OXP KROW] L�GHFOLQH�LQ�VP DOOHU�����KD�

IUDJP HQWV��/DXUDQFH�DQG�/DXUDQFH����� � ���7KH�IHP DOH�LQ�WKH�VSULQJ�LQ�WKLV�

VWXG\� �/ LVD���� ��KD�KRP H�UDQJH��VKRZV�WKDW�WKLV�LV�QRW�DOZD\ V�WKH�FDVH���7KLV�LV�

DOVR�VXSSRUWHG�E\� VHYHUDO�REVHUYDWLRQV�RI�WUHH�NDQJDURRV�LQ�VP DOO�IUDJP HQWV��

ZLWK�XS�WR��� IHP DOHV�LQ�D��KD�IUDJP HQW�LQ�RQH�H[ DP SOH��7UHH�. DQJDURR�DQG�

0 DPP DO�* URXS����� � ��

7KLV�VWXG\� KDV�IRXQG�WKDW�' ��OXP KROW] L�VSHQW�OHVV�WKDQ��� �� RI�WKH�WLP H�DW�WKH�

HGJH�RI�WKH�IRUHVW���7KLV�LV�QR�P RUH�WKDQ�H[ SHFWHG���) XUWKHUP RUH��HYHQ�WKRXJK�

DOO�RI�WKH�DQLP DOV�GLG�KDYH�DFFHVV�WR�WKH�HGJH��WZR�RI�WKH�DQLP DOV�GLG�QRW�XVH�

WKH�HGJH�DW�DOO���7KLV�VXSSRUWV�1 HZHOO¶V������E �� ILQGLQJV�ZKHUH�KH�RQO\� IRXQG�

KLV�DQLP DOV�YLVLEOH�E\� VSRWOLJKWLQJ�DW�WKH�HGJH��� �� RI�WKH�WLP H���0 DQ\� VWXGLHV�

DUH�SHUIRUP HG�DORQJ�WKH�HGJH�RU�WUDFNV�RI�IRUHVW�IUDJP HQWV��/DXUDQFH����� ��

���� ������ ������ ��/DXUDQFH�DQG�/DXUDQFH����� ������ ��3DKO�HW�DO����� � ���

7KHUHIRUH��WKH�VXJJHVWLRQ�RI�' ��OXP KROW] L�EHLQJ�DQ�HGJH�VSHFLHV�P D\� EH�SXUHO\�

DQ�DUWHIDFW�RI�WKHP� EHLQJ�HDVLHU�WR�REVHUYH�DW�WKH�HGJH�DQG�KXP DQV�WHQGLQJ�WR�

EH�DQ�³HGJH�VSHFLHV́ ��VDP SOLQJ�IURP� WKH�HGJH�RU�D�WUDFN�WKURXJK�WKH�IRUHVW���

) XUWKHUP RUH��' ��OXP KROW] L�DUH�YHU\� GLIILFXOW�WR�VLJKW�HYHQ�ZKHQ�UDGLR�WUDFNLQJ�

FROODUHG�LQGLYLGXDOV�LQ�HLWKHU�UHJURZWK�RU�P DWXUH�IRUHVW��HVSHFLDOO\� DZD\� IURP� WKH�

HGJH���,Q�DGGLWLRQ��VSRWOLJKWLQJ�LV�QRW�DQ�DFFXUDWH�WHFKQLTXH�IRU�GHWHFWLQJ�WUHH�
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NDQJDURRV�DV�WKHLU�H\ H�VKLQH�LV�QRW�DV�EULJKW�DV�RWKHU�IROLYRUHV��3URFWHU�* UD\�

���� ��DQG�WKH\� DOVR�WHQG�WR�ORRN�DZD\� IURP� WKH�OLJKW��) ODQQHU\� HW�DO����� ��SHUV��

REV����ZKLFK�P DNHV�LW�GLIILFXOW�ZKHQ�UHO\ LQJ�RQ�H\ H�VKLQH�WR�VSRW�WKHVH�DQLP DOV�

DW�QLJKW��,Q�IDFW��LW�ZDV�HDVLHU��DOWKRXJK�VWLOO�TXLWH�GLIILFXOW��WR�VSRW�WUHH�NDQJDURRV�

GXULQJ�WKH�GD\ ��

,W�KDV�EHHQ�VXJJHVWHG�WKDW�' ��OXP KROW] L�P LJKW�SUHIHU�IUDJP HQWV�ZLWK�D�ODUJH�

YDULDWLRQ�LQ�FDQRS\� KHLJKW��/DXUDQFH����� ��DQG�WKDW�WKH�KHLJKW�RI�WKH�FDQRS\�

P D\� DOVR�KDYH�DQ�HIIHFW�RQ�WKH�VL] H�RI�WKH�KRP H�UDQJH�RI�IROLYRUHV��0 LOWRQ�DQG�

0 D\� ���� � ���+RZHYHU��' ��OXP KROW] L�GLG�QRW�VHOHFW�DUHDV�ZLWK�D�ODUJH�YDULDWLRQ�LQ�

FDQRS\� KHLJKW�QRU�GR�WKH\� VKRZ�DQ\� UHODWLRQVKLS�ZLWK�LQWHQVLW\� RI�XVH�DQG�

FDQRS\� KHLJKW���<HW�DJDLQ��WKH�UHODWLRQVKLS�/DXUDQFH������ �� IRXQG�ZLWK�YDULDWLRQ�

LQ�FDQRS\� KHLJKW�P D\� DOVR�EH�DQ�DUWHIDFW�RI�VDP SOLQJ�IURP� WKH�HGJH�RU�LQ�DUHDV�

RI�UHJURZWK�ZLWK�D�ODUJH�YDULDWLRQ�LQ�FDQRS\� KHLJKW��KHQFH�P DNLQJ�REVHUYDWLRQV�

RI�' ��OXP KROW] L�HDVLHU���

7KHUH�ZDV�QR�UHODWLRQVKLS�EHWZHHQ�' ��OXP KROW] L�LQWHQVLW\� RI�XVH�DQG�WUHH�

VSHFLHV�GLYHUVLW\� DQG�GHQVLW\� DV�ZDV�IRXQG�LQ�1 LOJLUL�ODQJXU�P RQNH\ V��8 P DSDWK\�

DQG�. XP DU����� ��DQG�DV�P LJKW�EH�H[ SHFWHG�IURP� D�JHQHUDOLVW�IROLYRUH��1 HZHOO�

����E ��&KLDUHOOR����� � ���7KH�DQLP DOV�UHVLGHQW�DW�WKH�VSULQJ�KDYH�D�VP DOOHU�

KRP H�UDQJH�VL] H�WR�RWKHUV�DQG�WKH\� KDYH�IHZHU�VSHFLHV�RU�WUHH�GHQVLWLHV�LQ�WKHLU�

DUHD�WKDQ�WKH�RWKHU�DQLP DOV���, I�WUHH�GHQVLW\� RU�GLYHUVLW\� ZHUH�D�FRQWULEXWLQJ�

IDFWRU�WR�WKHLU�KRP H�UDQJH�VL] H��RQH�ZRXOG�H[ SHFW�WKHVH�DQLP DOV�WR�KDYH�D�

ODUJHU�KRP H�UDQJH��H[ WHQGLQJ�WKHLU�DUHD�WR�FRYHU�FRQQHFWLQJ�VSULQJV��

,Q�P DQ\� LQVWDQFHV��' ��OXP KROW] L�KDYH�EHHQ�DVVRFLDWHG�ZLWK�YLQH�VSHFLHV�ZKHQ�

VHHQ�LQ�D�WUHH��3URFWHU�* UD\� ���� ������ ��1 HZHOO�����E ��DQG�WKH\� KDYH�EHHQ�

REVHUYHG�IUHTXHQWO\� FRQVXP LQJ�D�YDULHW\� RI�YLQH�VSHFLHV��7DEOH�� �� ��6HFWLRQ�

� �� ��7UHH�. DQJDURR�DQG�0 DPP DO�* URXS�XQSXEOLVKHG�GDWD����+RZHYHU��WKHUH�

ZDV�QR�FRUUHODWLRQ�EHWZHHQ�YLQH�VSHFLHV�DQG�WKHLU�OHYHO�RI�XVDJH�LQ�WKLV�VWXG\ ���

,I�LW�ZDV�SRVVLEOH�WR�FRXQW�YLQH�DEXQGDQFH�VLP LODUO\� WR�WUHH�DEXQGDQFH��WKH�YLQH�

DYDLODELOLW\� FRXOG�KDYH�EHHQ�WHVWHG�IRU�LQGLYLGXDOV�DV�LW�ZDV�IRU�WUHH�VSHFLHV���

7KLV�P D\� KDYH�WKHQ�JLYHQ�XV�D�IUHTXHQF\� RI�XVH�WKDW�ZH�FRXOG�KDYH�WHVWHG�IRU�

SUHIHUHQFH���8 QIRUWXQDWHO\ ��YLQH�DEXQGDQFH�ZDV�RQO\� P HDVXUHG�ZKHQ�WKH�VWHP�

RI�WKH�YLQH�ZDV�LQ�WKH�TXDGUDW����
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� �� �� � 7UHH�VSHFLHV�SUHIHUHQFHV�E\� ' ��OXP KROW] L��

' ��OXP KROW] L�DUH�FRQVLGHUHG�WR�EH�JHQHUDOLVW�DQG�WDXWRORJLFDO�FDWKROLF�IROLYRUHV�

�1 HZHOO�����E ������ F��FRQVXP LQJ�D�YDULHW\� RI�WUHH�VSHFLHV��3URFWHU�* UD\� ���� ��

���� ��1 HZHOO�����E ����0 DQ\� RI�WKH�SODQW�VSHFLHV�WKDW�/X P KROW] ¶V�WUHH�

NDQJDURRV�ZHUH�DVVRFLDWHG�ZLWK�ZHUH�WKH�VDP H�LQ�ERWK�VWXGLHV��3URFWHU�* UD\�

���� ������ ��1 HZHOO�����E ��DQG�VLP LODU�LQ�P DQ\� UHVSHFWV�WR�WKRVH�UHFRUGHG�IRU�

%HQQHWW¶V�WUHH�NDQJDURRV��0 DUWLQ����� � ���+RZHYHU��WKHUH�ZHUH�VRP H�VSHFLHV�

WKDW�' ��OXP KROW] L�XWLOLVHG�DW�RQH�VLWH�DQG�QRW�WKH�RWKHU��VXFK�DV�( XURVFKLQXV�

IDOFDWD��3URFWHU�* UD\� ���� ������ ��1 HZHOO�����E ���DOWKRXJK�SUHVHQW��

' ��OXP KROW] L�XVHG�ILYH�VSHFLHV�FRPP RQ�WR�WKH�VWXG\� VLWH�DQG��E�UDLQIRUHVW��

&LQQDP RP XP� FDP SKRUD��ZHHG���) OLQGHUVLD�EUD\ OH\ DQD��/ LWVHD�OHHIHDQD��

( ODHDJQXV�WULIORUD��YLQH��DQG�/DQWDQD�FDP DUD��ZHHG��� 3URFWHU�* UD\� ���� ������ ��

1 HZHOO�����E ����2 EYLRXVO\ ��DV�WKH�IRUHVW�W\ SHV�DUH�GLIIHUHQW�WKH\� GR�FRQWDLQ�

GLIIHUHQW�VSHFLHV�LQ�HDFK���+RZHYHU��LW�LV�LQWHUHVWLQJ�WKDW�' ��OXP KROW] L�XVH�WKRVH�

ILYH�WKDW�DUH�FRPP RQ�WR�ERWK�IRUHVWV�ZKHQ�DYDLODEOH�WR�WKH�DQLP DOV���0 RUHRYHU��

WKH\� SUHIHU�/ LWVHD�OHHIHDQD�LQ�ERWK�IRUHVWV��) OLQGHUVLD�EUD\ OH\ DQD�LV�DOVR�XVHG�

E\� DOO�RI�WKH�DQLP DOV�LQ�ERWK�IRUHVWV���) XUWKHUP RUH��( ODHDJQXV�WULIORUD�DQG�

/DQWDQD�FDP DUD�DUH�ERWK�HDWHQ�UHJXODUO\� E\� ' ��OXP KROW] L��3URFWHU�* UD\� ���� ��

1 HZHOO�����E ��SHUV��REV���7. 0 *� XQSXEOLVKHG�GDWD����

( YHQ�WKRXJK�' ��OXP KROW] L�DUH�VHOHFWLQJ�D�YDULHW\� RI�VSHFLHV��WKH\� DUH�QRW�EURDG�

JHQHUDOLVWV�DV�VXFK��DV�VXJJHVWHG��1 HZHOO�����E ��EXW�DUH�RQO\� XVLQJ��� �� RI�WKH�

WUHHV�DYDLODEOH�WR�WKHP� ZLWK�WKHLU�KRP H�UDQJH�DUHDV���7KLV�LV�VLP LODU�WR�WKDW�RI�

VORWKV��ZKLFK�DOVR�VHOHFW�OHVV�WKDQ��� �� RI�WKH�WUHH�VSHFLHV�DYDLODEOH�WR�WKHP�

�&KLDUHOOR����� � ��� . RDODV�DOVR�VHOHFW�D�VP DOO�QXP EHU�RI�WUHH�VSHFLHV�DYDLODEOH�WR�

WKHP� �+LQGHOO�HW�DO����� ��+LQGHOO�DQG�/HH����� ������ ��( OOLV�HW�DO����� � ���

&KLDUHOOR������ ��VXJJHVWV�WKDW�GLHW�VHOHFWLYLW\� LQ�DUERUHDO�IROLYRUHV�LV�SUREDEO\� DQ�

DGDSWDWLRQ�WR�D�SDUWLFXODU�JURXS�RI�SODQWV�LQ�RUGHU�WR�FRSH�ZLWK�D�VP DOOHU�UDQJH�

RI�IHHGLQJ�GHWHUUHQWV�LQ�WKH�SODQWV��

: KHQ�FRQVLGHUHG�RQ�D�ZKROH�' ��OXP KROW] L�GR�DSSHDU�WR�FRQFHQWUDWH�WKHLU�XVH�

RQ�SDUWLFXODU�WUHH�VSHFLHV�ZLWKLQ�WKH�IRUHVW���+RZHYHU��WKLV�DVVXP HV�WKDW�DOO�RI�

WKH�DQLP DOV�KDYH�IUHH�DQG�HTXDO�DFFHVV�WR�DOO�RI�WKHVH�VSHFLHV�ZLWKLQ�WKHLU�

KRP H�UDQJH�DUHDV���,Q�D�WHUULWRULDO�VSHFLHV�VXFK�DV�' ��OXP KROW] L��UHVRXUFHV�LQ�
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DQRWKHU�DQLP DO¶V�WHUULWRU\� DUH�QRW�DYDLODEOH���&RQVHTXHQWO\ ��FRQVLGHULQJ�DOO�

LQGLYLGXDOV�WRJHWKHU�ZRXOG�JLYH�LQIRUP DWLRQ�RQ�WKLUG�RUGHU�VHOHFWLRQ��LI�SDWWHUQV�

ZHUH�UHODWLYHO\� XQLIRUP� DFURVV�LQGLYLGXDOV���+RZHYHU��DV�LQGLYLGXDOV�VKRZ�

FRQVLGHUDEOH�GLIIHUHQFHV�LQ�WKHLU�SUHIHUHQFHV�LW�ZDV�QHFHVVDU\� WR�LQYHVWLJDWH�

WKHP� VHSDUDWHO\� WR�H[ SORUH�IRXUWK�RUGHU�VHOHFWLRQ�IRU�WUHHV�ZLWKLQ�WKHLU�LQGLYLGXDO�

KRP H�UDQJHV���

1 HZHOO������E ��DOVR�IRXQG�WKDW�WKHUH�ZDV�P DUNHG�YDULDWLRQ�EHWZHHQ�' ��

OXP KROW] L�LQGLYLGXDOV�LQ�WKH�WUHH�VSHFLHV�WKDW�WKH\� XVHG���7KLV�VWXG\� KDV�

VXEVWDQWLDWHG�1 HZHOO¶V������E �� ILQGLQJV�WKDW�' ��OXP KROW] L�VKRZ�LQGLYLGXDO�

SUHIHUHQFHV�IRU�WUHH�VSHFLHV��HYHQ�ZKHQ�VRP H�VSHFLHV�DUH�DYDLODEOH�WR�DOO�

DQLP DOV���%HQQHWW¶V�WUHH�NDQJDURRV��) ODQQHU\� HW�DO����� ��0 DUWLQ����� � ��NRDODV�

�+LQGHOO�HW�DO����� ��+LQGHOO�DQG�/HH����� ������ ��( OOLV�HW�DO����� � ��ULQJWDLO�

SRVVXP V��/DZOHU�HW�DO����� � ��&ROREXV�P RQNH\ V��+ODGLN����� ��0 F. H\� ���� � ��

KRZOHU�P RQNH\ V��* ODQGHU����� � ��WKH�WUHH�WRHG�VORWK��%UDG\ SXV�YDULHJDWXV��

�0 RQWJRP HU\� DQG�6XQTXLVW����� ��DQG�WKH�P DQHG�VORWK��%UDG\ SXV�WRUTXDWXV��

�&KLDUHOOR����� ��KDYH�DOVR�GLVSOD\ HG�LQGLYLGXDO�YDULDWLRQ�LQ�WKH�WUHH�VSHFLHV�

FKRLFH�DQG�SUHIHUHQFH�IRU�FHUWDLQ�WUHHV�ZLWKLQ�D�VSHFLHV��

1 HZHOO������E ��DOVR�IRXQG�WKDW�LQGLYLGXDO�DQLP DOV�KDG�D�QXP EHU�RI�IDYRXULWH�

WUHHV�ZLWKLQ�WKHLU�KRP H�UDQJHV���+RZHYHU��LQ�WKLV�VWXG\� VRP H�LQGLYLGXDO�' ��

OXP KROW] L�XVHG�D�SDUWLFXODU�WUHH�P RUH�WKDQ�RQFH��EXW�QRW�RQ�D�UHJXODU�EDVLV�DQG�

KHQFH�FRXOG�QRW�EH�UHIHUUHG�WR�DV�³IDYRXULWH́ �WUHHV�DV�IRXQG�E\� 1 HZHOO������E ����

) XUWKHUP RUH��' ��OXP KROW] L�GR�QRW�XVH�WKH�VDP H�WUHH�WR�URRVW�GXULQJ�WKH�GD\ ��DV�

GR�' ��EHQQHWWLDQXV��0 DUWLQ����� ��DQG�1 HZ� * XLQHD�WUHH�NDQJDURRV��%HW]� ���� ��

%HW]� HW�DO�XQSXEOLVKHG�GDWD��DQG�VRP H�NRDODV��( EHUKDUG����� � ���,Q�IDFW��' ��

OXP KROW] L�GLG�QRW�³URRVẂ�DV�VXFK�LQ�WKLV�VWXG\� DQG�ZHUH�TXLWH�DFWLYHO\� IHHGLQJ�DW�

YDULHV�WLP HV�RI�WKH�GD\� HVSHFLDOO\� DW�FRROHU�WLP HV���7KLV�SUHGRP LQDQFH�RI�XVLQJ�

WUHHV�RQO\� RQFH�LV�FRQVLVWHQW�ZLWK�P DQ\� RWKHU�DUERUHDO�IROLYRUHV��VXFK�DV�+RZOHU�

P RQNH\ V��* ODQGHU����� ��DQG�P DQ\� NRDOD�SRSXODWLRQV��0 LWFKHOO����� ��( OOLV�HW�DO�

���� � ���( OOLV�HW�DO������ ��VXJJHVWV�WKDW�UHSHDWHG�WUHH�XVH�P LJKW�EH�DQ�DUWHIDFW�RI�

WKH�QXP EHU�RI�WUHHV�DYDLODEOH���7KH�RQO\� DQLP DO�LQ�WKLV�VWXG\� WKDW�GLG�XVH�WUHHV�

UHSHDWHGO\� LQKDELWHG�D�VP DOO�IUDJP HQW�RI�ULSDULDQ�KDELWDW�ZLWK�IHZ�WUHHV�

DYDLODEOH����



� �� �

&OHDUO\� D�UDQJH�RI�VSHFLHV�LV�FKRVHQ�E\� ' ��OXP KROW] L�DQG�DQLP DOV�KDYH�

LQGLYLGXDO�SUHIHUHQFHV�EXW�WKH�UHDVRQ�IRU�WKRVH�VSHFLILF�FKRLFHV�DUH�FXUUHQWO\�

XQFOHDU�DQG�SUREDEO\� P XOWLIDFWRULDO��� �

,W�LV�SRVVLEOH�WKDW�WUHH�NDQJDURRV�P D\� QRW�EH�VHOHFWLQJ�WUHHV�DW�D�WD[ RQRP LF�

OHYHO��ZKLFK�LV�WKH�OHYHO�FRQVLGHUHG�LQ�WKLV�VWXG\ ��EXW�IRU�IROLDJH�FKDUDFWHUV���7KDW�

LV��FKRRVLQJ�WKH�WUHHV�RQ�WKH�EDVLV�RI�SDODWDELOLW\ ��OHYHOV�RI�QXWULHQWV��WKH�DP RXQW�

RI�SODQW�GHIHQFHV�RU�VRP H�RWKHU�FKDUDFWHU�RI�WKH�IROLDJH��VLP LODU�WR�WKH�SDWWHUQ�

VHHQ�LQ�NRDODV�DQG�RWKHU�DUERUHDO�IROLYRUHV�VXFK�DV�IROLYRURXV�P RQNH\ V�

�* ODQGHU����� ��0 RRUH�DQG�) ROH\� ���� ��8 P DSDWK\� DQG�. XP DU����� � ��

: H�DOUHDG\� NQRZ�WKDW�NRDODV�DQG�RWKHU�HXFDO\ SW�IROLYRUHV�VHOHFW�IRU�SDUWLFXODU�

SODQW�GHIHQFHV�WKDW�YDU\� ZLWKLQ�D�VSHFLHV�DV�P XFK�DV�WKH\� GR�EHWZHHQ�VSHFLHV�

�&RUN�DQG�) ROH\� ���� ������ ��/DZOHU�HW�DO����� ��0 RRUH�DQG�) ROH\� ���� � ���

1 XWULHQW�OHYHOV�DOVR�YDU\� EHWZHHQ�GLIIHUHQW�WUHHV�DQG�EHWZHHQ�GLIIHUHQW�OHDI�

FODVVHV��0 RRUH�DQG�) ROH\� ���� � ��

' ��OXP KROW] L�ZHUH�REVHUYHG�HDWLQJ�SHWLROHV�RI�DW�OHDVW�WZR�VSHFLHV�LQ�WKLV�VWXG\�

DQG�WKH�\ RXQJ�OHDYHV�RI�P DQ\� VSHFLHV�ZKHQ�DYDLODEOH��SHUV��REV�����+RZOHU�

P RQNH\ V�DUH�UHSRUWHG�WR�HDW�P RUH�\ RXQJ�OHDYHV�DQG�SHWLROHV�WKDQ�ROGHU�OHDYHV�

RI�VRP H�VSHFLHV�EHFDXVH�WKHVH�SODQW�SDUWV�FRQWDLQ�OHVV�VHFRQGDU\� FRP SRXQGV�

DQG�DUH�P RUH�HDVLO\� GLJHVWHG��* ODQGHU����� � ��� �

� �� � &2 1& / 8 6,2 1 6�

7KLV�VWXG\� KDV�VKRZQ�WKDW�ZH�FDQQRW�XVH�KDELWDW�VWUXFWXUDO�FKDUDFWHUV�WR�P RGHO�

' ��OXP KROW] L�KDELWDW�XVDJH�RU�WR�GHWHUP LQH�GLIIHUHQFHV�LQ�KRP H�UDQJH�VL] HV���,W�

KDV�UHYHDOHG�WKDW�WKH\� P D\� EH�VHOHFWLQJ�DUHDV�IRU�WHUULWRULDO�RU�VRFLDO�UHDVRQV�RU�

DUHDV�WKDW�DUH�QRW�RFFXSLHG��WKLUG�OHYHO�VHOHFWLRQ��UDWKHU�WKDQ�VHOHFWLQJ�DUHDV�IRU�

SDUWLFXODU�KDELWDW�FKDUDFWHUV���7KH\� DUH�WKHQ�VHOHFWLQJ�SDUWLFXODU�VSHFLHV�

DYDLODEOH�WR�WKHP� ZLWKLQ�WKHVH�DUHDV��IRXUWK�OHYHO�VHOHFWLRQ����7KHUHIRUH��LW�P D\�

QRW�EH�KDELWDW�W\ SH�WKDW�LV�WKH�SULP DU\� GHWHUP LQDQW�RI�XVDJH�RU�KRP H�UDQJH�VL] H���

) XUWKHUP RUH��GXH�WR�WKH�YDULDWLRQ�LQ�LQGLYLGXDO�WUHH�SUHIHUHQFHV��WUHH�VSHFLHV�

XVH�RU�GLHW�FDQQRW�EH�XVHG�WR�H[ SODLQ�YDULDWLRQ�LQ�KRP H�UDQJH�VL] HV�LQ�WKLV�

VWXG\ ��� �



� �� �

7KLV�VWXG\� KDV�DOVR�FOHDUHG�XS�D�ORW�RI�DVVXP SWLRQV�P DGH�DERXW�' ��OXP KROW] L�

KDELWDW�XVH��LQ�WKDW�WKH\� DUH�QRW�HGJH�VSHFLDOLVWV��GR�QRW�VKRZ�D�SUHIHUHQFH�IRU�

UHJURZWK�WR�P DWXUH�IRUHVW��DUH�QRW�VHOHFWLQJ�DUHDV�ZLWK�KLJK�VSHFLHV�GLYHUVLW\� RU�

GHQVLW\ ��DUH�QRW�XVLQJ�DUHDV�ZLWK�D�ODUJH�QXP EHU�RI�YLQHV�P RUH��DQG�GR�QRW�

SUHIHU�DUHDV�ZLWK�D�ODUJH�YDULDWLRQ�LQ�FDQRS\� KHLJKW��

,Q�DGGLWLRQ��LW�KDV�VKRZQ�WKDW�WKH\� DUH�DOVR�QRW�³EURDǴ�JHQHUDOLVW�IROLYRUHV�DV�

VXFK��DV�EHOLHYHG��1 HZHOO�����E ��DQG�DUH�RQO\� VHOHFWLQJ�OHVV�WKDQ�D�TXDUWHU�RI�

WKH�VSHFLHV�DYDLODEOH�WR�WKHP ��

+RZHYHU��' ��OXP KROW] L�DUH�VHOHFWLQJ�SDUWLFXODU�VSHFLHV�ZLWKLQ�WKHLU�KRP H�UDQJH�

DQG�WKHUH�LV�D�ORW�RI�LQGLYLGXDO�YDULDWLRQ�LQ�WKLV�FKRLFH���7KLV�LQGLYLGXDO�SUHIHUHQFH�

FRXOG�EH�H[ SODLQHG�E\� WUHH�FKRLFH�EHLQJ��QRW�IRU�WUHH�VSHFLHV�EXW�IRU�IROLDJH�

FKDUDFWHUV�VXFK�DV�SODQW�GHIHQFHV�RU�QXWULHQW�FRQWHQW��ZKLFK�YDU\� ZLWKLQ�VSHFLHV�

DV�P XFK�DV�EHWZHHQ�VSHFLHV��� �

,W�LV�FOHDU�WKDW�IXUWKHU�VWXGLHV�WR�LQYHVWLJDWH�IROLDJH�FKDUDFWHUV�RI�WUHHV�FKRVHQ�

E\� ' ��OXP KROW] L�DUH�UHTXLUHG��

: LWK�WKHVH�FRQFOXVLRQV�LQ�P LQG��P RVW�RI�WKH�UDLQIRUHVW�IUDJP HQWV�UHP DLQLQJ�RQ�

WKH�$WKHUWRQ�7DEOHODQGV�DUH�SRWHQWLDO�KDELWDW�IRU�' ��OXP KROW] L���7KHUHIRUH��

FRQVHUYDWLRQ��UHVWRUDWLRQ�DQG�UHSODQWLQJ�RI�DUHDV�RI�GLIIHUHQW�UDLQIRUHVW�W\ SHV�

DUH�HVVHQWLDO�IRU�WKH�ORQJ�WHUP� FRQVHUYDWLRQ�RI�' ��OXP KROW] L���) XUWKHUP RUH��

FRUULGRUV�DQG�VP DOO�IUDJP HQWV�DV�VWHSSLQJ�VWRQHV�IRU�GLVSHUVLQJ�LQGLYLGXDOV�DUH�

DOVR�YLWDO���0 RUHRYHU��WKH�WUHH�VSHFLHV�WKDW�WKH\� VKRZHG�D�SUHIHUHQFH�IRU�LQ�WKLV�

VWXG\ ��HVSHFLDOO\� WKRVH�WKDW�' ��OXP KROW] L�XWLOLVHG�LQ�ERWK�UDLQIRUHVW�W\ SHV��ZLOO�

SURYLGH�D�IRXQGDWLRQ�IRU�SODQWLQJ�OLVWV�IRU�UHYHJHWDWLRQ��DOWKRXJK�D�ODUJH�YDULHW\�

RI�VSHFLHV�ZRXOG�EH�SUHIHUDEOH�WR�DFFRXQW�IRU�LQGLYLGXDO�SUHIHUHQFHV��



� �� �

&KDSWHU�� �� ,GHQWLILFDWLRQ�RI�OHDI�FXWLFOHV�LQ�VFDWV�WR�
HVWDEOLVK�GLHW�RI� ' HQGURODJXV�OXP KROW] L��

� �� � ,1 75 2 '8& 7,2 1 �

) HZ�UHVHDUFKHUV�ZRXOG�GLVSXWH�WKDW�IHHGLQJ�DQG�IRRG�VHOHFWLRQ�DUH�NH\�

HFRORJLFDO�SURFHVVHV��6WHSKHQV�DQG�. UHEV����� ��+DUW�HW�DO����� ��DQG�WKDW�

NQRZOHGJH�RI�DQ�DQLP DO¶V�IRRG�FKRLFH�LV�LP SRUWDQW���+RZHYHU��WKHUH�KDV�EHHQ�

JUHDW�GHEDWH�RYHU�ZKLFK�WHFKQLTXH�LV�RSWLP DO�IRU�GHVFULELQJ�RU�TXDQWLI\ LQJ�

DQLP DO�GLHWV��+DUW�HW�DO����� � ���( VWLP DWHV�RI�GLHWDU\� LQWDNH�FDQ�EH�P DGH�XVLQJ�

HLWKHU�YLVXDO�REVHUYDWLRQV�RI�IHHGLQJ�RU�WKURXJK�RWKHU�WHFKQLTXHV�LQYHVWLJDWLQJ�

WKH�LQJHVWHG�P DWHULDO���8 QIRUWXQDWHO\� DFFXUDWH�IHHGLQJ�REVHUYDWLRQV�DUH�RIWHQ�

GLIILFXOW�ZLWK�DUERUHDO�IROLYRUHV��� �

7KHUH�KDYH�EHHQ�VHYHUDO�VWXGLHV�RQ�WKH�LGHQWLILFDWLRQ�RI�GLJHVWHG�IRRG�LWHP V�RI�

P DPP DOV�DQG�ELUGV�IURP �SRVW�P RUWHP� VWRP DFK�FRQWHQWV��5 HFFKLD�DQG�5 HDG�

���� ��0 DUWLQ�HW�DO����� � ��IURP� LQGXFHG�YRP LWLQJ��5 DGNH�DQG�) \ GHQGDOO����� ��

3U\ V�- RQHV�HW�DO����� ��* DOHV�DQG�%XUWRQ����� ��RU�E\� VWRP DFK�SXP SLQJ�RU�

IOXVKLQJ��5 DQGDOO�DQG�' DYLVRQ����� ��* DOHV����� � ���8 QIRUWXQDWHO\� DOO�RI�WKHVH�

WHFKQLTXHV�DUH�LQYDVLYH�DQG�DUH�VWUHVVIXO�IRU�DQLP DOV�LQ�WKH�ZLOG��HVSHFLDOO\�

WKRVH�WKDW�DUH�GLIILFXOW�WR�FDWFK��� �

$Q�DOWHUQDWH�WHFKQLTXH��LGHQWLI\ LQJ�LQFRP SOHWHO\� GLJHVWHG�IRRG�SDUWLFOHV�LQ�WKH�

GURSSLQJV�RU�VFDWV��LV�P XFK�OHVV�LQYDVLYH�DQG�D�SODXVLEOH�WHFKQLTXH�IRU�XVH�LQ�

KHUELYRUHV���7KLV�WHFKQLTXH�KDV�EHHQ�XVHG�VXFFHVVIXOO\� IRU�P DQ\� GLIIHUHQW�

P DPP DO�VSHFLHV��7XOOLV�HW�DO����� ��' LFNP DQ����� � ���,Q�KHUELYRUHV�LW�LV�SRVVLEOH�

WR�LGHQWLI\� OHDI�DQG�VWHP� HSLGHUP LV�RU�FXWLFOH�LQ�VFDWV�RI�DOO�SODQW�VSHFLHV�HDWHQ��

DV�WKHVH�SODQW�SDUWV�DUH�QRW�HDVLO\� GLJHVWHG��6WRUU����� � ���( DFK�SODQW�VSHFLHV�

KDV�D�XQLTXH�FXWLFXODU�SDWWHUQ�DQG�FDQ�EH�LGHQWLILHG�WR�VSHFLHV�E\� FKDUDFWHUV�

VXFK�DV�VL] H��VKDSH�DQG�DOLJQP HQW�RI�FHOOV��VWRP DWHV�DQG�WULFKRP HV��6WRUU�

���� ��&KULVWRSKHO�DQG�5 RZHWW����� � ��

7KRXJK��WKLV�WHFKQLTXH�SURYLGHV�SURRI�RI�LQFOXVLRQ�LQ�WKH�GLHW��LW�LV�QRW�IXOO\�

TXDQWLWDWLYH�DV�VRP H�IRRG�SDUWLFOHV�FDQ�EH�GLJHVWHG�P RUH�TXLFNO\� WKDQ�RWKHUV�

�+DUW�HW�DO����� � ���7KH�XVH�RI�P LFURVFRSLF�DQDO\ VLV�RI�IDHFDO�P DWHULDO�IRU�GLHW�
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GHWHUP LQDWLRQ�DVVXP HV�WKDW�DOO�SODQW�FXWLFOH�IUDJP HQWV�UHP DLQLQJ�LQ�WKH�IDHFHV�

KDYH�WKH�VDP H�SUREDELOLW\� RI�EHLQJ�GHWHFWHG���) XUWKHU��LW�LV�DVVXP HG�WKDW�WKH�

SURSRUWLRQV�RI�DOO�SODQW�P DWHULDO�FRQVXP HG�ZLOO�EH�DFFXUDWHO\� UHSUHVHQWHG�LQ�WKH�

IDHFDO�SHOOHWV��( OOLV�HW�DO����� � ���- RQHV������ ��LQYHVWLJDWHG�WKH�XVH�RI�WKLV�

WHFKQLTXH�ZLWK�FDSWLYH�0 DWVFKLHV�WUHH�NDQJDURR�V�� ' ��P DWVFKLHL��DQG�GLG�ILQG�

WKDW�DOO�RI�WKH�VSHFLHV�NQRZQ�WR�EH�HDWHQ�E\� LQGLYLGXDOV�ZHUH�IRXQG�LQ�WKH�

IDHFHV��� �

6WRUU������ ������ �� ILUVW�XVHG�WKLV�WHFKQLTXH�RQ�4 XRNNDV��6HWRQL[� EUDK\ XUXV��LQ�

$XVWUDOLD��,W�ZDV�IRXQG�LW�WR�EH�ERWK�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�DV�WKHUH�ZDV�

OLWWOH�RU�QR�GLJHVWLRQ�RI�WKH�OHDI�DQG�VWHP� HSLGHUP LV��6WRUU����� � ���6LQFH�WKHQ��

WKLV�WHFKQLTXH�KDV�EHHQ�P RUH�ZLGHO\� XVHG�ZLWK�P DUVXSLDOV��VXFK�DV�NRDODV�

�( OOLV�HW�DO����� ��6XOOLYDQ�HW�DO����� � ��\ HOORZ�IRRWHG�URFN�ZDOODELHV��&RSOH\� DQG�

5 RELQVRQ����� ��/DSLGJH����� � ��1 RUWKHUQ�1 DLOWDLO�ZDOODELHV��,QJOHE\� HW�DO����� � ��

JUH\� NDQJDURRV��1 RUEXU\� ���� � ��EUXVKWDLO�SRVVXP V��+RZ�DQG�+LOOFR[� ���� � ��DQG�

DV�D�GLHWDU\� FRP SDULVRQ�EHWZHHQ�ZRP EDWV�DQG�JUH\� NDQJDURRV��: RROQRXJK�

DQG�- RKQVRQ����� � ��

/ LWWOH�LV�NQRZQ�DERXW�WKH�GLHW�RI�/X P KROW] ¶V�WUHH�NDQJDURRV�H[ FHSW�IRU�

REVHUYDWLRQV�IURP� SUHYLRXV�VWXGLHV��3URFWRU�* UH\� ���� ��1 HZHOO������ ��WKLV�

VWXG\� VHH�FKDSWHU�� ��DQG�IURP� ORFDOV�DQG�UHVHDUFKHUV�IURP� WKH�$WKHUWRQ�

7DEOHODQGV��7. 0 *� XQSXEOLVKHG�GDWD����

' HQGURODJXV�OXP KROW] L�LV�FRQVLGHUHG�D�JHQHUDOLVW�IROLYRUH��ZLWK�WKHLU�GLHW�

FRQVLVWLQJ�SULP DULO\� RI�UDLQIRUHVW�OHDYHV��ZLWK�D�VP DOO�SHUFHQWDJH�RI�IUXLW�DQG�

IORZHUV��3URFWHU�* UD\� ���� ��) ODQQHU\� HW�DO����� ��1 HZHOO����� � ���+RZHYHU��WKLV�

VWXG\� VXJJHVWV�WKDW�' ��OXP KROW] L�LV�QRW�VLP SO\� D�JHQHUDOLVW��DV�LW�VHOHFWV�

SDUWLFXODU�UDLQIRUHVW�VSHFLHV�P RUH�WKDQ�H[ SHFWHG��6HFWLRQ���� ��� � ����

2 EVHUYDWLRQV�RI�IHHGLQJ�DUH�GLIILFXOW�ZLWK�WUHH�NDQJDURRV�DV�WKH\� WHQG�WR�FHDVH�

IHHGLQJ�ZKHQ�EHLQJ�REVHUYHG�RU�WKH\� P D\� EH�HDWLQJ�VRP HWKLQJ�RWKHU�WKDQ�WKH�

WUHH�VSHFLHV�WKH\� DUH�LQ�DW�WKH�WLP H��VXFK�DV�D�YLQH�LQ�WKH�FDQRS\� RI�WKDW�WUHH���

) HHGLQJ�REVHUYDWLRQV�FDQ�DOVR�EH�GLIILFXOW�GXH�WR�WKH�IDFW�WKDW�/X P KROW] ¶V�WUHH�

NDQJDURRV�DUH�RIWHQ�YHU\� KLJK�LQ�WKH�FDQRS\ ��XS�WR��� � �� P ���0 RUHRYHU��WKH�WKLFN�

UDLQIRUHVW�YHJHWDWLRQ�DQG�WKH�GHFUHDVHG�YLVLELOLW\� ZKLOVW�XVLQJ�VSRWOLJKWV�KDP SHU�
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QLJKW�REVHUYDWLRQV���$GGLWLRQDOO\ ��P LVLGHQWLILFDWLRQ�RI�WKH�WUHH�VSHFLHV�IURP�

VLJKWLQJV�FRXOG�DOVR�RFFXU��� �

8 VLQJ�P LFURVFRSLF�IDHFDO�DQDO\ VLV�WR�LGHQWLI\� WKH�FXWLFOH�IHDWXUHV�RI�OHDI�VSHFLHV�

HDWHQ�LV�RQH�ZD\� WR�UHVROYH�WKHVH�SUREOHP V���7KLV�WHFKQLTXH�FDQ�EH�XVHG�WR�

FRQILUP� WUHH�VSHFLHV�FKRLFH�E\� ' ��OXP KROW] L��DV�ZHOO�DV�EHLQJ�TXDQWLILHG�DQG�

XVHG�WR�FRP SDUH�XVH�DQG�DYDLODELOLW\� RI�GLHWDU\� VSHFLHV��� �

7KLV�VWXG\� ZDV�XQGHUWDNHQ�WR�FRQILUP� WKH�GLHW�RI�' ��OXP KROW] L�E\� WKH�XVH�RI�OHDI�

FXWLFOHV�LQ�IDHFDO�P DWHULDO�DQG�WR�HVWDEOLVK�WKH�SUHIHUHQFH�RI�LQGLYLGXDO�DQLP DOV�

IRU�FHUWDLQ�VSHFLHV�DQG�FRP SDUH�WKLV�WR�WKH�DYDLODELOLW\� RI�WKHVH�WUHH�VSHFLHV�

ZLWKLQ�WKHLU�KRP H�UDQJH�DUHD��

� �� � 0 ( 7+2 ' 6 �

� �� �� � &ROOHFWLRQ�RI�VFDWV�

6FDWV�ZHUH�FROOHFWHG�IURP� �� LQGLYLGXDO�' ��OXP KROW] L�GXULQJ�FDSWXUH�IRU�UDGLR�

WUDFNLQJ�IRU�KRP H�UDQJH�DQDO\ VLV��6HFWLRQ���� � ���2 QO\� RQH�VFDW�SHU�DQLP DO�ZDV�

XVHG�IRU�FXWLFOH�DQDO\ VLV��

� �� �� � 5 HIHUHQFH�VOLGHV�

$�UHIHUHQFH�FROOHFWLRQ�RI����� ORFDO�UDLQIRUHVW�IORUDO�VSHFLHV�RI�OHDI�FXWLFOHV��

HVWDEOLVKHG�E\� - RQHV������ ��ZDV�XVHG�WR�LGHQWLI\� WKH�IUDJP HQWV�WR�VSHFLHV�

OHYHO���7KLV�UHIHUHQFH�FROOHFWLRQ�ZDV�H[ SDQGHG�GXULQJ�WKLV�VWXG\� WR�LQFOXGH�DQ�

DGGLWLRQDO���� WUHH��YLQH�DQG�ZHHG�VSHFLHV�IURP� REVHUYDWLRQV�RI�XVH�E\� ' ��

OXP KROW] L�GXULQJ�WKH�KRP H�UDQJH�VWXG\� �6HFWLRQ���� ��DQG�IURP� REVHUYDWLRQV�RI�

RWKHUV��3URFWRU�* UD\� ���� ��1 HZHOO����� ��7. 0 *� XQSXEOLVKHG�GDWD���QRZ�

FRQVLVWLQJ�RI����� VSHFLHV�LQ�WRWDO��WR�HQVXUH�DOO�SRVVLEOH�VSHFLHV�ZHUH�LQFOXGHG���

' ��OXP KROW] L�LV�NQRZQ�WR�HDW�RQO\� WKH�SHWLROH�RI�/ LWVHD�OHHIHDQD�DW�WLP HV��SHUV��

REV���DQG�KDV�EHHQ�REVHUYHG�HDWLQJ�VRP H�IUXLW��7. 0 *� XQSXEOLVKHG�GDWD��VR�

DGGLWLRQDO�UHIHUHQFH�VOLGHV�RI�SHWLROHV��IUXLW�DQG�IORZHUV�RI�VRP H�VSHFLHV�ZHUH�

DOVR�SUHSDUHG���7KH�³/HDI�DQG�&XWLFOH�DWODV�RI�$XVWUDOLDQ�OHDI\� /DXUDFHDH́�

�&KULVWRSKHO�DQG�5 RZHWW����� ��ZDV�DOVR�UHIHUUHG�WR�IRU�LGHQWLILFDWLRQ�RI�WKLV�

JURXS�DQG�IRU�WKH�GHVFULSWLRQ�RI�FXWLFXODU�FKDUDFWHUV���/RFDO�ERWDQLVWV�LGHQWLILHG�

WKH�SODQW�VSHFLHV�IRU�WKH�UHIHUHQFH�FROOHFWLRQ��5 ��- HQVHQ��7��,UYLQH�DQG�3��

' HOORZ���



� �� �

5 HIHUHQFH�VOLGHV�ZHUH�SUHSDUHG�E\� WKH�WHFKQLTXH�XVHG�E\� &KULVWRSKHO�DQG�

5 RZHWW������ ��DQG�- RQHV������ � ��XVLQJ�D�� FP � �SLHFH�FXW�IURP� WKH�HGJH�RI�WKH�

LGHQWLILHG�OHDI�DQG�ERLOHG�LQ��� �� K\ GURJHQ�SHUR[ LGH��+ � 2 � ��XQWLO�WKH�XSSHU�

�DGD[ LDO��DQG�ORZHU�HSLGHUP LV��DED[ LDO��OD\ HUV�VHSDUDWH�WR�H[ SRVH�WKH�FXWLFOH�

�DSSUR[ LP DWHO\� � ����KRX UV����7KH�OD\ HUV�ZHUH�WKHQ�ODLG�IODW��FOHDQHG�RI�GHEULV�

ZLWK�D�ILQH�FDP HO�KDLU�EUXVK�LQ�ZDWHU��VWDLQHG�ZLWK�JHQWLDQ�YLROHW�DQG�P RXQWHG�

RQ�D�VOLGH�ZLWK�SKHQRO�JO\ FHULQ�MHOO\ ��� : KHQ�WKH�MHOO\� KDV�VHW�DQG�H[ FHVV�KDV�

EHHQ�UHP RYHG�ZLWK�D�VFDOSHO�DQG�ZDUP� ZDWHU��WKH�HGJH�RI�WKH�FRYHUVOLS�ZDV�

ULQJHG�ZLWK�FOHDU�QDLO�SROLVK�WR�UHWDUG�GHK\ GUDWLRQ�RI�WKH�SUHSDUDWLRQ��

3HWLROHV�ZHUH�SUHSDUHG�E\� FXWWLQJ�WKHP� LQWR�OHQJWKV�RI�DSSUR[ LP DWHO\� � FP� DQG�

VSOLWWLQJ�ORQJLWXGLQDOO\ ���) UXLW�DQG�IORZHUV�RI�VRP H�VSHFLHV��WKRVH�REVHUYHG�

EHLQJ�FRQVXP HG�E\� ' ��OXP KROW] L��ZHUH�DOVR�SUHSDUHG�WR�H[ DP LQH�ZKHWKHU�WKH\�

ZRXOG�EH�LGHQWLILDEOH�E\� FXWLFOH�IHDWXUHV���<RXQJ�OHDYHV�ZHUH�DOVR�SUHSDUHG�WR�

FRP SDUH�ZLWK�ROGHU�OHDYHV�RI�WKH�VDP H�VSHFLHV��

,I�WKH�OHDYHV�GLVVROYHG�FRP SOHWHO\� GXULQJ�WKLV�SUHSDUDWLRQ�LW�ZDV�DVVXP HG�WKDW�

WKH\� ZRXOG�DOVR�EH�GLJHVWHG�IXOO\� DQG�WKHUHIRUH�QRW�SUHVHQW�LQ�WKH�IDHFHV��

� �� �� � 3UHSDUDWLRQ�RI�VOLGHV�IURP� IDHFDO�P DWHULDO�

2 QH�VFDW�SHU�DQLP DO�ZDV�SUHSDUHG�IRU�P LFURVFRSLF�DQDO\ VLV�E\� WKH�WHFKQLTXH�

XVHG�E\� - RQHV������ � ���( DFK�VFDW�ZDV�SODFHG�LQGLYLGXDOO\� LQWR��� P O�EHDNHUV�

ZLWK��� �� K\ GURJHQ�SHUR[ LGH�DQG�ERLOHG�XQWLO�WKH�FKORURSK\ OO�ZDV�GLVVROYHG�DQG�

WKH�IUDJP HQWV�DSSHDUHG�FOHDU��XVXDOO\� DERXW���KRXUV���

( DFK�VDP SOH�ZDV�WKHQ�ULQVHG�WKURXJK�D�ILQH�VLHYH����� � P� SODQNWRQ�P HVK��ZLWK�

GLVWLOOHG�ZDWHU�DQG�WKHQ�VWDLQHG�ZLWK�JHQWLDQ�YLROHW�IRU���� P LQV���7KH�VWDLQ�ZDV�

WKHQ�ULQVHG�RXW�WKURXJK�UHSHDWHG�ZDVKLQJ�WKURXJK�WKH�VLHYH�ZLWK�GLVWLOOHG�ZDWHU��

7KH�VDP SOHV�ZHUH�WKHQ�P RXQWHG�RQ�D���PP� [� �� PP� VOLGH�ZLWK�JO\ FHULQH���) RXU�

VOLGHV�ZHUH�SUHSDUHG�IRU�HDFK�DQLP DO��VFDW���

7KH�VOLGHV�ZHUH�H[ DP LQHG�XQGHU�D�P LFURVFRSH�DW��� [� P DJQLILFDWLRQ���7ZHQW\ �

ILYH�IUDJP HQWV�IURP� HDFK�VOLGH��D�WRWDO�RI����� IRU�HDFK�DQLP DO��ZHUH�UDQGRP O\�

VHOHFWHG�XVLQJ�UDQGRP� QXP EHUV�DQG�WKH�P HDVXULQJ�LQFUHP HQWV�RQ�WKH�

P LFURVFRSH�VWDJH���( DFK�IUDJP HQW�ZDV�SKRWRJUDSKHG�XVLQJ�D�. RGDN�' ; �����



� �� �

GLJLWDO�FDP HUD�WKURXJK�WKH�P LFURVFRSH�H\ HSLHFH��FURVV�UHIHUHQFHG�ZLWK�WKH�

UHIHUHQFH�VOLGHV�DQG�SKRWRJUDSKV��DQG�LGHQWLILHG�WR�VSHFLHV�XVLQJ�FXWLFXODU�

IHDWXUHV���7KH�IUHTXHQF\� RI�HDFK�VSHFLHV�ZDV�UHFRUGHG�IRU�HDFK�DQLP DO��� �

8 QLGHQWLILDEOH�IUDJP HQWV�RU�RWKHU�XQLGHQWLILDEOH�SODQW�SDUWV�ZHUH�UHFRUGHG�DQG�

SKRWRJUDSKHG���) UDJP HQWV�ZHUH�GHHP HG�WR�XQLGHQWLILDEOH�LI�WKH\� ZHUH�REVFXUHG�

E\� RWKHU�IUDJP HQWV��WRR�VP DOO��RU�GLG�QRW�KDYH�DQ\� VWRP DWD�SUHVHQW���,Q�

GLFRW\ OHGRQV�WKH�VWRP DWD�DUH�XVXDOO\� RQO\� SUHVHQW�RQ�WKH�DED[ LDO�VLGH��XQGHU�

VLGH��RI�WKH�OHDI���) UDJP HQWV�DUH�GLIILFXOW�WR�GLVWLQJXLVK�WR�VSHFLHV�ZLWKRXW�

VWRP DWD�FKDUDFWHUV�WR�LGHQWLI\� WKHP ��EXW�LI�WKHUH�ZHUH�VXIILFLHQW�DED[ LDO��ORZHU��

SLHFHV�RQ�D�VOLGH�WR�LGHQWLI\� D�VSHFLHV�ZHUH�SUHVHQW�DQG�WKH�DGD[ LDO�ZDV�

GLVWLQJXLVKDEOH�IURP� RWKHU�VSHFLHV�WKHQ�WKHVH�ZHUH�DOVR�LQFOXGHG���$GD[ LDO�

IUDJP HQWV�ZHUH�GHHP HG�XQLGHQWLILDEOH�LI�QR�FOHDUO\� DVVRFLDWHG�DED[ LDO�SLHFHV�RI�

WKLV�VSHFLHV�ZHUH�SUHVHQW��8 QLGHQWLILDEOH�IUDJP HQWV�ZHUH�QRW�UHSODFHG��

� �
D�� E��

)LJXUH����� (ODHDJQXV�WULIORUD��D��UHIHUHQFH�VOLGH�VKRZLQJ�IORZHU�OLNH�WULFKRPHV�E��IUDJPHQW�IURP�VFDW�
VDPSOH��

�

� �� � 5 (6 8 / 76�

6L[ WHHQ�VSHFLHV�ZHUH�UHSUHVHQWHG�ZLWKLQ�WKH�VFDW�VDP SOHV��7DEOH�� �� � ���7KH�

DYHUDJH�QXP EHU�RI�VSHFLHV�SHU�VFDW�ZDV�� ��� r �� ��� �6( ���UDQJH���± �� � ���

$OSKLWRQLD�SHWULHL�ZDV�WKH�RQO\� VSHFLHV�IRXQG�LQ�DOO�VDP SOHV��7DEOH�� �� � ���7KH�

DYHUDJH�QXP EHU�RI�XQLGHQWLILDEOH�IUDJP HQWV�ZDV���� r �� ��� �� �6( ���UDQJH���±

�� � � ��� �



� �� �

) LJXUH�� ��� VKRZV�WKH�P HDQ�SURSRUWLRQ��r �6( ��RI�HDFK�IORUDO�VSHFLHV�IRU�DOO�RI�WKH�

VFDW�VDP SOHV���/ LWVHD�OHHIHDQD��* XLRD�ODVLRQHXUD�DQG�WKH�ZHHG�VSHFLHV�

/DQWDQD�FDP DUD�ZHUH�IRXQG�LQ��� �� � ��RXW�RI�� ��RI�WKH�VDP SOHV���

7KHUH�ZHUH�WKUHH�YLQHV�VSHFLHV�IRXQG�LQ�WKH�VFDW�VDP SOHV��&LVVXV�K\ SRJODXFD��

( ODHDJQXV�WULIORUD�DQG�5 LSRJRQXP� DOEXP ��

7DEOH������3URSRUWLRQ�RI�SODQW�VSHFLHV�IUDJPHQWV�IRXQG�LQ�VFDW�VDPSOHV��

7UHH�VSHFLHV� &ROLQ� $OH[� (UURO� (YH� /LVD� 0-� &DUOLD�6LPRQH� 0HDQ� 6(�

$OSKLWRQLD�SHWULHL������ ����� ����� ����� ����� ����� ����� ����� ����� �����

&DUGZHOOLD�VXEOLPLV��� �� �� �� �� ����� �� ����� ����� �����

&LVVXV�K\SRJODXFD� �� �� �� �� ����� �� �� �� ����� �����

(ODHDJQXV�WULIORUD������ �� �� ����� �� �� ����� ����� ����� �����

)OLQGHUVLD�ERXUMRWLDQD��� �� ����� �� �� �� �� �� ����� �����

)OLQGHUVLD�EUD\OH\DQD��� �� �� �� �� �� �� ����� ����� �����

)OLQGHUVLD�SLPHQWHOLDQD��� �� �� ����� �� �� ����� �� ����� �����

*ORFKLGLRQ�K\ODQGLL������ �� �� �� �� ����� �� �� ����� �����

*XLRD�ODVLRQHXUD� ����� ����� �� ����� ����� �� ����� �� ����� �����

/DQWDQD�FDPDUD� ����� ����� ����� ����� ����� �� ����� �� ����� �����

/LWVHD�OHHIHDQD� ����� ����� ����� ����� �� �� ����� ����� ����� �����

1HROLWVHD�GHDOEDWD��� �� ����� �� �� ����� ����� �� ����� �����

3RO\FLDV�HOHJDQV� �� ����� ����� �� �� �� ����� �� ����� �����

5LSRJRQXP�DOEXP� �� ����� �� �� �� �� �� ����� ����� �����

6ORDQHD�DXVWUDOLV��� �� ����� �� �� �� �� �� ����� �����

;DQWKRVWHPRQ�ZKLWHL��� �� �� ����� �� �� �� �� ����� �����

8QNQRZQ� ����� ����� ����� ����� ����� ����� ����� ����� ����� �����

�

$OWKRXJK�LQ�VP DOO�QXP EHUV��SHWLROHV�RI�ILYH�VSHFLHV�DQG�WKH�\ RXQJ�OHDYHV�RI�

/ LWVHD�OHHIHDQD�ZHUH�IRXQG�LQ�WKH�VFDW�VDP SOHV��7DEOH�� �� � ��

7DEOH�������3URSRUWLRQ�RI�SHWLROHV�DQG�\RXQJ�OHDYHV�IRXQG�LQ�VFDW�VDPSOHV��

3HWLROHV�QHZ�OHDYHV�&ROLQ�$OH[� (UURO�(YH� /LVD� 0-� &DUOLD�6LPRQH�0HDQ� 6(�

$OSKLWRQLD�SHWULHL� �� �� �� �� ����� �� ����� ����� ������ ������

&LVVXV�K\SRJODXFD� �� �� �� �� ����� �� �� �� ������ ������

/LWVHD�OHHIHDQD�SHWLROHV� �� ����� ����� ����� �� �� ����� ����� ������ ������

/LWVHD�OHHIHDQD�QHZ�OHDYHV������ �� �� �� �� �� �� �� ������ ������

1HROLWVHD�GHDOEDWD� �� �� ����� �� �� �� �� �� ������ ������

3RO\FLDV�HOHJDQV� �� �� ����� �� �� �� �� �� ������ ������

�
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)LJXUH������ 0HDQ�SURSRUWLRQ�RI�IUDJPHQWV�LQ�VFDWV�IRU�HDFK�WUHH�VSHFLHV��

�

� �� � ' ,6&8 66 ,2 1 �

$OO�RI�WKH�VSHFLHV�IRXQG�LQ�WKH�VFDW�VDP SOHV�ZHUH�UHFRUGHG�DV�XVHG�E\� ' ��

OXP KROW] L�LQ�WKH�UDGLR�WUDFNLQJ�VWXG\� �6HFWLRQ���� ��� ��H[ FHSW�IRU�ILYH�VSHFLHV��

1 HROLWVHD�GHDOEDWD��3RO\VFLDV�HOHJDQV��5 LSRJRQXP� DOEXP ��; DQWKRVWHP RQ�

ZKLWHL�DQG�&DUGZHOOLD�VXEOLP LV���+RZHYHU��XVH�RI�&DUGZHOOLD�VXEOLP LV��1 HROLWVHD�

GHDOEDWD��3RO\VFLDV�HOHJDQV�DQG�5 LSRJRQXP� DOEXP �E\ �' ��OXP KROW] L�KDV�EHHQ�

SUHYLRXVO\� UHFRUGHG��SHUV��REV���7. 0 *� XQSXEOLVKHG�GDWD����7KLV�LV�WKH�ILUVW�

UHFRUG�IRU�; DQWKRVWHP RQ�ZKLWHL�DOWKRXJK�WKH�FRQJHQHU�; DQWKRVWHP RQ�

FKU\VDQWKXV�KDV�EHHQ�UHFRUGHG�SUHYLRXVO\� �7. 0 *� XQSXEOLVKHG�GDWD����

; DQWKRVWHP RQ�ZKLWHL�ZDV�RQO\� IRXQG�LQ�RQH�VDP SOH�DOWKRXJK�LW�ZDV�LQ�KLJK�

QXP EHUV���� �� RI�WKH�IUDJP HQWV�LQ�WKH�VFDW�����

$OSKLWRQLD�SHWULHL�ZDV�WKH�P RVW�FRQVLVWHQWO\� UHFRUGHG�VSHFLHV�LQ�WKH�VFDWV���7KLV�

VXSSRUWV�WKH�FRQFOXVLRQV�IURP� WKH�YHJHWDWLRQ�DQDO\ VLV��6HFWLRQ���� ��� ��WKDW�

$OSKLWRQLD�SHWULHL�LV�DQ�LP SRUWDQW�UHVRXUFH�IRU�' ��OXP KROW] L���6LP LODUO\ ��/ LWVHD�
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OHHIHDQD��) OLQGHUVLD�EUD\ OH\ DQD�DQG�* XLRD�ODVLRQHXUD�ZHUH�DP RQJ�WKH�P RVW�

FRPP RQO\� XWLOLVHG�WUHH�VSHFLHV�LQ�GLUHFW�REVHUYDWLRQV��6HFWLRQ���� ��� � ��HYHQ�

WKRXJK�* XLRD�ODVLRQHXUD�ZDV�QRW�XWLOLVHG�LQ�JUHDWHU�SURSRUWLRQ�WKDQ�LWV�

RFFXUUHQFH�LQ�WKH�IRUHVW���) LQGLQJ�* XLRD�ODVLRQHXUD�ZHOO�UHSUHVHQWHG�LQ�WKH�

VFDWV�LQGLFDWHV�WKDW�LW�LV�DQ�LP SRUWDQW�UHVRXUFH�IRU�' ��OXP KROW] L���7KLV�LV�DQ�

H[ DP SOH�RI�ZKHUH�D�VSHFLHV�LV�VR�DEXQGDQW�DQG�XVDJH�LV�OHVV�WKDQ�DYDLODEOH�

�6HFWLRQ���� ��� � ��WKDW�WKH�FRQFOXVLRQ�WKDW�* XLRD�ODVLRQHXUD�LV�QRW�LP SRUWDQW�DV�D�

UHVRXUFH�LV�P LVOHDGLQJ��VHH�6HFWLRQ���� ��- RKQVRQ����� � ���) XUWKHUP RUH��VRP H�

VSHFLHV�ZHUH�IRXQG�LQ�WKH�VFDWV�IRU�LQGLYLGXDO�DQLP DOV��ZKLFK�ZHUH�QRW�XWLOLVHG�

GXULQJ�IHHGLQJ�REVHUYDWLRQV��7DEOH�� ���DQG�7DEOH�� �� � ���) RU�H[ DP SOH�³6LP RQH́�

ZDV�QRW�REVHUYHG�XWLOLVLQJ�) OLQGHUVLD�EUD\ OH\ DQD��7DEOH�� �� � ��EXW�WKHUH�ZHUH�

FXWLFOHV�RI�WKLV�VSHFLHV�LQ�KHU�VFDWV��7DEOH�� �� � ���7KLV�VKRZV�WKDW�WKH�WHFKQLTXH�

LV�YHU\� XVHIXO�LQ�FRQILUP LQJ�GLHW�IRU�DQLP DOV�LQ�DGGLWLRQ�WR�REVHUYDWLRQV��

) LYH�VSHFLHV�IRXQG�LQ�WKH�VFDWV�ZHUH�VSHFLHV�WKDW�ZHUH�DOVR�XVHG�E\� ' ��

OXP KROW] L�LQ��E�UDLQIRUHVW��) OLQGHUVLD�EUD\ OH\ DQD��/ LWVHD�OHHIHDQD��1 HROLWVHD�

GHDOEDWD��( ODHDJQXV�WULIORUD��YLQH��DQG�/DQWDQD�FDP DUD��ZHHG��� 3URFWHU�* UD\�

���� ������ ��1 HZHOO�����E �����

/DQWDQD�FDP DUD�LV�D�ZHHG�VSHFLHV�WKDW�' ��OXP KROW] L�KDV�EHHQ�REVHUYHG�HDWLQJ�

RQ�YDULRXV�RFFDVLRQV��7. 0 *� XQSXEOLVKHG�GDWD��SHUV��REV����LQFOXGLQJ�WKH�HDUOLHU�

VWXGLHV�E\� 3URFWHU�* UD\� ����� ������ ��DQG�1 HZHOO������ ��DQG�WKLV�VSHFLHV�ZDV�

IRXQG�LQ��� �� RI�WKH�VDP SOHV��FRQILUP LQJ�WKDW�' ��OXP KROW] L�GR�IHHG�RQ�WKLV�

VSHFLHV�LQ�WKLV�VWXG\� VLWH�DOVR��DOWKRXJK�WKH\� ZHUH�QRW�UHFRUGHG�DV�XVLQJ�LW�LQ�WKH�

UDGLR�WUDFNLQJ�VWXG\ ���

7KHUH�ZHUH�WKUHH�YLQHV�VSHFLHV�IRXQG�LQ�WKH�VFDW�VDP SOHV��&LVVXV�K\ SRJODXFD��

( ODHDJQXV�WULIORUD�DQG�5 LSRJRQXP� DOEXP ��DQG�WKHVH�DUH�DOO�YLQHV�VSHFLHV�WKDW�

KDYH�EHHQ�REVHUYHG�EHLQJ�XVHG�E\� ' ��OXP KROW] L��3URFWHU�* UD\� ���� ������ ��

1 HZHOO����� ��7. 0 *� XQSXEOLVKHG�GDWD��FRQILUP LQJ�WKDW�YLQHV�DUH�DOVR�LP SRUWDQW�

WR�' ��OXP KROW] L���&LVVXV�K\ SRJODXFD�DFFRXQWHG�IRU��� �� RI�WKH�VFDW�VDP SOH�IRU�

RQH�IHP DOH��/ LVD��ZKR�LQKDELWDW�WKH�ULSDULDQ�] RQH�RQ�D�VSULQJ�LQ�WKH�VWXG\� VLWH���

7KLV�DQLP DO�ZDV�REVHUYHG�LQ�) LFXV�FUDVVLSHV�RQ�D�UHJXODU�EDVLV�DQG�ZDV�IRXQG�

WR�EH�VHOHFWLQJ�LW�P RUH�WKDQ�H[ SHFWHG��6HFWLRQ���� ��� � ���7KLV�LQGLYLGXDO�WUHH�KDG�

D�ODUJH�DP RXQW�RI�&LVVXV�K\ SRJODXFD�LQ�LWV�FDQRS\� DQG�LW�ZDV�SURSRVHG�WKDW�WKH�
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SUHVHQFH�RI�WKLV�YLQH�ZDV�WKH�UHDVRQ�IRU�WKH�SUHIHUUHG�FKRLFH�RI�WKLV�WUHH�DV�WKH�

FXWLFOHV�RI�WKH�ILJ�ZHUH�QRW�DSSDUHQW�LQ�WKH�VFDW�VDP SOHV��

) URP� REVHUYDWLRQV�LQ�WKH�ZLOG�DQG�LQ�FDSWLYLW\ ��' ��OXP KROW] L�DSSHDU�WR�IDYRXU�WKH�

\ RXQJ�OHDYHV�RI�VRP H�VSHFLHV��SHUV��REV���DQG�DOVR�WKH�SHWLROHV�RI�DW�OHDVW�WZR�

WUHH�VSHFLHV��/ LWVHD�OHHIHDQD�DQG�0 LVFKRFDUSXV�ODFKQRFDUSXV��SHUV��REV�����7KH�

SUHVHQFH�RI�IUDJP HQWV�RI�SHWLROHV�DQG�VRP H�\ RXQJ�OHDYHV�LQ�' ��OXP KROW] L�VFDWV�

VDP SOHV�FRQILUP� WKDW�WKH\� GR��DOWKRXJK�QRW�LQ�KLJK�DEXQGDQFHV���+RZHYHU��

WKHVH�SODQW�SDUWV�P D\� EH�P RUH�UHDGLO\� GLJHVWHG�DQG�KHQFH�QRW�DOZD\ V�EH�

SUHVHQW�LQ�WKH�VFDWV���2 WKHU�DUERUHDO�IROLYRUHV�VXFK�DV�OHDI�HDWLQJ�P RQNH\ V�

�+ODGLN����� ��0 F. H\� ���� ��* ODQGHU����� ��FRQVXP H�ODUJH�QXP EHUV�RI�\ RXQJ�

OHDYHV�DQG�SHWLROHV�DQG�LV�EHOLHYHG�WR�EH�EHFDXVH�WKH�\ RXQJ�OHDYHV�DQG�

SHWLROHV�FRQWDLQ�P RUH�QXWULHQWV�DQG�P LQHUDOV��+ODGLN����� � ���� �

,W�KDV�EHHQ�VXJJHVWHG�WKDW�' HQGURODJXV�VSS�RFFDVLRQDOO\� HDW�DQLP DO�SURWHLQ�LQ�

WKH�IRUP� RI�HJJV�RU�ELUGV��%HW]� ���� ��- RKQVRQ�HW�DO����� � ���7KHUH�ZDV�QR�

HYLGHQFH�RI�DQLP DO�SURWHLQ��IHDWKHUV��LQVHFW�H[ RVNHOHWRQ�RU�HJJVKHOO�LQ�DQ\� RI�

WKH�IDHFDO�VDP SOHV�IURP� WKLV�VWXG\ ��

6RP H�LP SRUWDQW�SRLQWV�WR�FRQVLGHU�ZKHQ�XVLQJ�WKLV�WHFKQLTXH�WR�VDP SOH�GLHW��LV�

WKDW�RQH�SHOOHW�LV�RQO\� D�VQDSVKRW�RI�WKHLU�GLHW��LW�ZRXOG�EH�SUHIHUDEOH�WR�WDNH�

VDP SOHV�RI�WKH�VDP H�DQLP DOV�RYHU�D�SHULRG�RI�WLP H�HVSHFLDOO\� IRU�VHDVRQDO�

GLIIHUHQFHV�LQ�GLHW���) XUWKHUP RUH��GXH�WR�SRVVLEO\� ORQJ�UHWHQWLRQ�WLP HV�LQ�

IROLYRUHV��WKH�VFDWV�IRXQG�XQGHU�D�WUHH�ZRXOG�QRW�QHFHVVDULO\� KDYH�FXWLFOHV�

UHSUHVHQWLQJ�WKDW�SDUWLFXODU�WUHH�VSHFLHV���7KH�VSHFLHV�SUHVHQW�ZRXOG�P RUH�

OLNHO\� EH�IURP� EHWZHHQ�D�IHZ�GD\ V�WR�SRVVLEO\� D�ZHHN�HDUOLHU��- RQHV����� � ���

- RQHV�IRXQG�LQ�FDSWLYH�' ��P DWVFKLHL�WKDW�UHWHQWLRQ�WLP HV�YDULHG�RQ�DYHUDJH�IURP�

� ���± �� ���GD\ V�UDQJH��� � ���GD \ V����0 RUHRYHU��QRW�DOO�FXWLFOHV�ZRXOG�VXUYLYH�

GLJHVWLRQ�DQG�WKHUHIRUH�ZRXOG�QRW�EH�SUHVHQW�LQ�WKH�IDHFHV��HVSHFLDOO\� WKH�OHVV�

UREXVW�OHDYHV��6WRUU����� � ���7KHVH�VSHFLHV�ZRXOG�WKHQ�EH�XQGHU�UHSUHVHQWHG�LQ�

WKH�VDP SOHV�LI�IRXQG�DW�DOO���

�
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7KLV�VWXG\� KDV�VKRZQ�WKDW�WKH�XVH�RI�P LFURVFRSLF�IDHFDO�DQDO\ VLV�XVLQJ�SODQW�

FXWLFOHV�LV�D�SUDFWLFDO�ZD\� WR�FRQILUP� WKH�GLHW�RI�WUHH�NDQJDURRV�LQ�WKH�ZLOG�DV�LW�

KDV�EHHQ�IRXQG�LQ�RWKHU�P DUVXSLDO�VSHFLHV��&RSOH\� DQG�5 RELQVRQ����� ��

1 RUEXU\� ���� ��,QJOHE\� HW�DO����� ��( OOLV�HW�DO����� ��+RZ�DQG�+LOOFR[� ���� ��

/DSLGJH����� ��0 RRUH�DQG�) ROH\� ���� ��: RROQRXJK�DQG�- RKQVRQ����� ��6XOOLYDQ�

HW�DO����� ��DQG�FDQ�FRQILUP� WKH�XVH�RI�WUHH�VSHFLHV�RWKHUZLVH�IRXQG�WR�EH�QRW�

SUHIHUUHG�IURP� KDELWDW�VHOHFWLRQ�VWXGLHV��VXFK�DV�* XLRD�ODVLRQHXUD���

) XUWKHUP RUH��WKH�LQJHVWLRQ�RI�YLQH�VSHFLHV��ZKLFK�LV�GLIILFXOW�WR�REVHUYH�LQ�WKH�

ZLOG��FDQ�EH�FRQILUP HG�XVLQJ�WKLV�WHFKQLTXH��� �

7KLV�WHFKQLTXH�KDV�EHHQ�IRXQG�WR�EH�D�SUDFWLFDO�ZD\� WR�DFFHVV�DQG�FRQILUP� WKH�

GLHW�RI�' ��OXP KROW] L�DQG�ZLOO�DOVR�SURYH�LQYDOXDEOH�IRU�GLHWDU\� DQDO\ VLV�LQ�DUHDV�

ZKHUH�WUHH�NDQJDURRV�DUH�VHOGRP� VHHQ�LQ�WKH�ZLOG���) XUWKHUP RUH��LW�JLYHV�

VXSSOHP HQWDU\� LQIRUP DWLRQ�RQ�SUHIHUUHG�IORUDO�VSHFLHV��HVSHFLDOO\� ZKHQ�WKDW�

VSHFLHV�LV�LQ�KLJK�DEXQGDQFHV�VXFK�DV�* XLRD�ODVLRQHXUD��DV�SUHIHUHQFH�LV�

UHIOHFWHG�LQ�VHOHFWLRQ��ZKLFK�FDQ�RQO\� RFFXU�ZKHQ�D�FRP SRQHQW�LV�UHODWLYHO\�

VFDUFH��- RKQVRQ����� ��0 DQO\� HW�DO����� � ���0 RUHRYHU��LW�SURYLGHV�DGGLWLRQDO�

LQIRUP DWLRQ�RQ�GLHW�IRU�LQGLYLGXDO�DQLP DOV�RI�IORUDO�VSHFLHV�WKDW�ZHUH�QRW�

REVHUYHG�EHLQJ�XWLOLVHG���

%HFDXVH�WKH�VFDW�DQDO\ VLV�UHSUHVHQWV�D�VSHFLILF�DQG�VKRUW�WHUP� VDP SOH�RI�' ��

OXP KROW] L�GLHW�LW�FDQ�DOVR�EH�XVHG�WR�LQFUHDVH�RXU�XQGHUVWDQGLQJ�RI�VHDVRQDO�

FKDQJH�LQ�IRRG�UHVRXUFHV�E\� VDP SOLQJ�RYHU�GLIIHUHQW�VHDVRQV���7KH�LQFUHDVHG�

NQRZOHGJH�RI�SUHIHUUHG�VSHFLHV�XVLQJ�WKLV�WHFKQLTXH�ZLOO�DVVLVW�LQ�WKH�

P DQDJHP HQW�DQG�WKH�UHVWRUDWLRQ�RI�WUHH�NDQJDURR�KDELWDW�LQ�WKH�IXWXUH���
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2 SWLP DO�IRUDJLQJ�WKHRU\� SUHGLFWV�WKDW�WKH�IRUDJLQJ�EHKDYLRXU�RI�DQ�DQLP DO�

�LQFOXGLQJ�P DWLQJ��WHUULWRU\� P DLQWHQDQFH�DQG�SUHGDWRU�DYRLGDQFH�EHKDYLRXUV��

WKDW�SURYLGHV�LW�ZLWK�WKH�JUHDWHVW�ILWQHVV�LV�WKDW�ZKLFK�P D[ LP LVHV�WKH�QHW�UDWH�RI�

HQHUJ\� RU�QXWULHQW�LQWDNH��7RZQVHQG�DQG�+XJKHV����� ��+XP H����� � ���6LP LODUO\ ��

RSWLP DO�GLJHVWLRQ�WKHRU\� SUHGLFWV�WKDW�WKH�GLJHVWLYH�VWUDWHJ\� RI�DQ�DQLP DO�WKDW�

SURYLGHV�LW�ZLWK�WKH�JUHDWHVW�ILWQHVV�LV�WKDW�ZKLFK�P D[ LP LVHV�WKH�QHW�UDWH�RI�

HQHUJ\� RU�QXWULHQW�UHOHDVH�IURP� LQJHVWHG�IRRG��6LEO\� ���� ��6LEO\� DQG�&DOORZ�

���� ��+XP H����� � ���2 SWLP DO�GLJHVWLRQ�WLP H�ZLOO�YDU\� DP RQJ�IRRG�W\ SHV��EHLQJ�

ORQJHU�IRU�SRRU�TXDOLW\� �KLJK�ILEUH�� IRRGV�WKDQ�IRU�KLJK�TXDOLW\� �ORZ� ILEUH�� IRRG�

W\ SHV���7KHUHIRUH��DQLP DOV�WKDW�HDW�SRRUHU�TXDOLW\� IRRGV�VKRXOG�KDYH�ODUJHU�

GLJHVWLYH�WUDFWV�VR�WKDW�P RUH�IRRG�LV�EHLQJ�SURFHVVHG�DW�DQ\� RQH�WLP H��+XP H�

���� � ���) LQDOO\ ��IRU�DQ\� JLYHQ�UDWH�RI�IRRG�LQWDNH��DQ�DQLP DO�VKRXOG�P D[ LP LVH�

UHWHQWLRQ�RI�IRRG�WR�P D[ LP LVH�WKH�UDWH�RI�REWDLQLQJ�HQHUJ\� �6LEO\� ���� ��6LEO\� DQG�

&DOORZ� ���� ��+XP H����� � ����

+HUELYRURXV�DQLP DOV�KDYH�WKH�DGGLWLRQDO�FRP SOH[ LW\� RI�SURFHVVLQJ�WKH�WRXJK�

SODQW�P DWHULDO�LQ�WKHLU�GLHW��3ODQW�P DWHULDO�LV�EURDGO\� FRP SRVHG�RI�FHOO�FRQWHQWV��

FHOO�ZDOOV��SODQW�H[ XGDWHV�DQG�DQWL�KHUELYRUH�VHFRQGDU\� FRP SRXQGV��+XP H�

���� � ���7KHVH�FRP SRQHQWV�KDYH�YDU\ LQJ�GHJUHHV�RI�GLJHVWLELOLW\� DQG�KHUELYRUHV�

KDYH�D�YDULHW\� RI�GLJHVWLYH�WUDFW�P RGLILFDWLRQV�WR�GHDO�ZLWK�WKHVH���3RVVHVVLRQ�RI�

ODUJH�QXP EHUV�RI�V\ P ELRWLF�P LFURRUJDQLVP V�LV�D�FHQWUDO�IHDWXUH�LQ�WKH�GLJHVWLRQ�

RI�VWUXFWXUDO�FDUERK\ GUDWHV�RI�SODQWV�E\� KHUELYRUHV���,Q�DGGLWLRQ��WKHVH�

P LFURRUJDQLVP V�DOVR�V\ QWKHVLVH�DP LQR�DFLGV�DQG�YLWDP LQV�HVVHQWLDO�WR�WKH�KRVW�

DQLP DO��6WHYHQV�DQG�+XP H����� � ��

7R�DFKLHYH�WKLV�P LFURELDO�GHJUDGDWLRQ�KHUELYRURXV�P DUVXSLDOV��OLNH�HXWKHULDQV��

KDYH�P RGLILHG�GLJHVWLYH�WUDFWV�ZLWK�HLWKHU�DQ�H[ SDQGHG�IRUHJXW�RU�KLQGJXW�

IHUP HQWDWLRQ�FKDP EHU�KRXVLQJ�WKH�P LFURELDO�V\ P ELRQWV��%DXFKRS����� ��

5 LFKDUGVRQ����� � ��,Q�WKH�P DUVXSLDOV��WKH�9RP EDWRLGHD��ZRP EDW�DQG�NRDOD��DQG�
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WKH�3KODQJHURLGHD��SRVVXP V��DUH�KLQGJXW�IHUP HQWHUV�ZLWK�D�P RGLILHG�FDHFXP�

DQG�ODUJH�LQWHVWLQH�IRU�P LFURELDO�IHUP HQWDWLRQ��ZKHUHDV�WKH�0 DFURSRGRLGHD�

�NDQJDURRV��ZDOODELHV�DQG�UDW�NDQJDURRV��DUH�DOO�IRUHJXW�IHUP HQWHUV�ZLWK�

P RGLILHG�VWRP DFKV��5 LFKDUGVRQ����� � ���&RQVHTXHQWO\ ��WUHH�NDQJDURRV��WKH�RQO\�

DUERUHDO�IROLYRURXV�NDQJDURRV��DUH�IRUHJXW�IHUP HQWHUV��DV�RSSRVHG�WR�WKH�RWKHU�

KLQGJXW�IHUP HQWLQJ�P DUVXSLDO�DUERUHDO�IROLYRUHV���2 WKHU�IRUHJXW�IHUP HQWLQJ�

DUERUHDO�IROLYRUHV�DUH�IRXQG�DP RQJ�WKH�FRORELQH�SULP DWHV��OHDI�HDWLQJ�P RQNH\ V��

DQG�WKH�VORWKV��&RUN����� � ����

) RUHJXW�IHUP HQWDWLRQ��LQ�FRQWUDVW�WR�KLQGJXW�IHUP HQWDWLRQ��VXEMHFWV�IRRG�WR�

P LFURELDO�DWWDFN�EHIRUH�H[ SRVXUH�WR�LQWHVWLQDO�HQ]\ P H�RU�P LFURELDO�DFWLRQ��+XP H�

���� � ���7KHUHIRUH��WKH�P DLQ�DGYDQWDJH�RI�WKH�IRUHVWRP DFK�IHUP HQWDWLRQ�LV�WKDW�

DIWHU�OHDYLQJ�WKH�VWRP DFK��WKH�IHUP HQWDWLRQ�SURGXFWV��LQFOXGLQJ�EDFWHULD��FDQ�EH�

GLJHVWHG�DQG�DEVRUEHG�LQ�WKH�IXQFWLRQDO�VLWHV�RI�WKH�VP DOO�LQWHVWLQH��%DXFKRS�

���� � ���$QRWKHU�EHQHILW�LV�WKDW�WKH�GLJHVWD�FDQ�EH�GHOD\ HG�IRU�ORQJHU�SHULRGV�

WKDQ�LQ�FDHFXP� RU�FDHFXP �FRORQ�IHUP HQWDWLRQ�V\ VWHP V��JLYLQJ�P D[ LP XP� WLP H�

IRU�P LFURELDO�GLJHVWLRQ�RI�WKH�ILEUH��9DQ�6RHVW����� � ��

$OWKRXJK�IRUHJXW�IHUP HQWDWLRQ�LV�EHVW�GHYHORSHG�LQ�WKH�5 XP LQDQWLD��LW�KDV�

SUREDEO\� HYROYHG�LQGHSHQGHQWO\� LQ�WKH�VORWK��OHDI�HDWLQJ�FRORELQH�P RQNH\ V�DQG�

LQ�WKH�P DFURSRGRLG�P DUVXSLDOV��%DXFKRS����� � ��ZKHUH�WKH�IRUHVWRP DFK�

FRQVLVWV�JURVVO\� RI�RQH�RU�P RUH�GLYHUWLFXODH�RU�VDFV��+XP H����� � ���( DUO\�

ZRUNHUV�FODVVHG�WKHVH�DQLP DOV�DV�HLWKHU�UXP LQDQWV�RU�UXP LQDQW�OLNH�DQLP DOV�

�5 LFKDUGVRQ����� � ���+RZHYHU��LQ�P DFURSRGRLGV�WKH�P RGLILFDWLRQ�LV�SULP DULO\� DQ�

H[ SDQVLRQ�RI�WKH�IRUHVWRP DFK�RU�FDUGLDF�UHJLRQ�RI�WKH�VWRP DFK�DV�WKH�SULP DU\�

VLWH�IRU�P LFURELDO�IHUP HQWDWLRQ�RI�SODQW�WLVVXH��5 LFKDUGVRQ����� ��+XP H����� � ��

DV�RSSRVHG�WR�D�FRP SOH[� H[ SDQVLRQ�RI�WKH�RHVRSKDJXV�DQG�SRUWLRQV�RI�WKH�

VWRP DFK�LQ�WKH�WUXH�UXP LQDQWV��6WHYHQV�DQG�+XP H����� � ���) XUWKHUP RUH��

DOWKRXJK�P DFURSRGV�GR�UHJXUJLWDWH�WKHLU�IRRG�RFFDVLRQDOO\ ��D�SURFHVV�FDOOHG�

³P HU\ FLVP ´��WKH\� GR�QRW�UXP LQDWH��+XP H����� � ���

7KH�HDUOLHVW�DQFHVWUDO�IRUP� RI�P DFURSRGRLG�P DUVXSLDO��ZKLFK�VSOLW�IURP� DUERUHDO�

UDLQIRUHVW�GLSURWRGRQWLGV�E\� WKH�P LG�0 LRFHQH��) ODQQHU\� ���� � ��LV�EHOLHYHG�WR�

KDYH�KDG�VLP SOH�GHQWLWLRQ�DQG�JXW�P RUSKRORJ\� �) UHXGHQEHUJHU�HW�DO����� � ���7KH�

H[ WDQW�RP QLYRURXV�P XVN\� UDW�NDQJDURR��+ \ SVLSU\ P QRGRQ�P RVFKDWXV���D�
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3RWRURLG��ZKLFK�DOVR�KDV�VLP SOH�GHQWLWLRQ�DQG�JXW�P RUSKRORJ\� LV�EHOLHYHG�WR�EH�

VLP LODU�WR�WKLV�HDUO\� P DFURSRG��) ODQQHU\� ���� ��) UHXGHQEHUJHU�HW�DO����� � ���

$V�WKH�$XVWUDOLDQ�FOLP DWH�EHFDP H�LQFUHDVLQJO\� DULG��LQ�WKH�ODWH�0 LRFHQH�DQG�

HDUO\� 3OLRFHQH��QHZ�QXWULWLRQDO�QLFKHV�DSSHDUHG�DQG�D�GLYHUVLW\� RI�P RUSKRORJLFDO�

DQG�SK\ VLRORJLFDO�DGDSWDWLRQV�RFFXUUHG��) UHXGHQEHUJHU�HW�DO����� � ���7KLV�

GLYHUVLW\� UDQJHV�IURP� WKH�VP DOO�3RWRURLGV��� ��� � �� NJ��ZKLFK�VHHN�GLHWV�ULFK�LQ�

QXWULHQWV�VXFK�DV�SODQW�URRWV��IXQJL�DQG�LQYHUWHEUDWHV��WR�WKH�ODUJH�JUD] LQJ�

NDQJDURRV��! �� NJ��ZKLFK�H[ SORLW�SRRU�TXDOLW\� EXW�DEXQGDQW�JUDVVODQGV�

�) UHXGHQEHUJHU�HW�DO����� � ���7KHLU�GLHWDU\� GLYHUVLW\� LV�HYLGHQW�LQ�WKHLU�JXW�

P RUSKRORJ\ ���3RWRURLGV�KDYH�D�ODUJHO\� VDFFLIRUP� IRUHVWRP DFK��ZKHUHDV�WKH�

ODUJH�JUD] LQJ�0 DFURSRGLGV�WHQG�WR�KDYH�WKH�P RVW�UHGXFHG�VDFFLIRUP� EXW�P RVW�

H[ SDQGHG�WXELIRUP� IRUHVWRP DFK��+XP H����� ������ ��) UHXGHQEHUJHU�HW�DO����� � ��

ZLWK�D�WUHQG�WRZDUG�LQFUHDVLQJ�UHODWLYH�VL] H�RI�WKH�WXELIRUP� IRUHVWRP DFK�ZLWK�

LQFUHDVLQJ�ERG\� VL] H��) UHXGHQEHUJHU�HW�DO����� ��DQG�LQFUHDVLQJ�UHOLDQFH�RQ�

JUD] LQJ�UDWKHU�WKDQ�EURZVLQJ���,W�KDV�EHHQ�VXJJHVWHG�WKDW�DQ�H[ SDQGHG�WXEXODU�

IRUHVWRP DFK�DOORZV�P DFURSRGV�WR�HDW�P RUH�SRRU�TXDOLW\� IRUDJH�WKDQ�UXP LQDQWV�

RI�VLP LODU�VL] H��+XP H����� � ��

7UHH�NDQJDURRV�DUH�WKRXJKW�WR�KDYH�UHWXUQHG�WR�WKH�WUHHV�LQ�WKH�ODWH�0 LRFHQH�

ZKHQ�RWKHUV�P HP EHUV�RI�WKH�IDP LO\� ZHUH�P RYLQJ�RXW�WR�WKH�JUDVVODQGV�

�) ODQQHU\� ���� � ��DQG�DSSHDU�WR�ILW�LQWHUP HGLDWHO\� EHWZHHQ�WKHVH�WZR�FODVVHV�RI�

JXW�P RUSKRORJ\ ��ZLWK�ERWK�D�ODUJH�VDFFLIRUP� IRUHVWRP DFK�DQG�D�ORQJ�WXELIRUP�

IRUHVWRP DFK��) LJXUH�� �� � ���7KLV�LV�VLP LODU�WR�RWKHU�EURZVLQJ�VSHFLHV�RI�WKH�IRUHVW��

VXFK�DV�SDGHP HORQV��7K\ ORJDOH�VSS����ZKHUH�WKH�VDFFLIRUP� IRUHVWRP DFK�

FRQVWLWXWHV�DERXW��� �� RI�WKH�WRWDO�VWRP DFK�ZHLJKW��DQG�SUREDEO\� WUXH�IRU�WKH�

DQFHVWUDO�P DFURSRGLGV��) UHXGHQEHUJHU�HW�DO����� � ���7KH�IRUHJXW�IHUP HQWLQJ�

IROLYRURXV�P RQNH\ V��&RORELQHV��DOVR�WHQG�WR�KDYH�DQ�LQWHUP HGLDWH�JUDGH�RU�

EURZVHU�W\ SH�JXW�P RUSKRORJ\� �+XP H����� � ��

7KH�ODUJH�VDFFLIRUP�P RUSKRORJ\� RI�EURZVHUV�P D[ LP LVHV�UHWHQWLRQ�RI�GLJHVWD�IRU�

IHUP HQWDWLRQ�DQG�UHVXOWV�LQ�KLJK�GLJHVWLELOLWLHV�RI�SODQW�FHOO�ZDOOV��) UHXGHQEHUJHU�

HW�DO����� � ���) UHXGHQEHUJHU�HW�DO������ ��SURSRVH�WKDW�WKLV�LV�D�GHULYHG�IHDWXUH�WR�

IDFLOLWDWH�WKH�UDSLG�SDVVDJH�RI�OHVV�GLJHVWLEOH�SODQW�P DWHULDO���2 Q�WKH�RWKHU�KDQG��

D�P RUH�WXELIRUP�P RUSKRORJ\ ��VXFK�DV�LQ�WKH�ODUJH�JUD] LQJ�NDQJDURRV��OHDGV�WR�D�
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OHVV�WKDQ�P D[ LP DO�UHWHQWLRQ�RI�GLJHVWD�IRU�IHUP HQWDWLRQ��+XP H����� ��ZLWK�D�

JUHDWHU�IORZ�UDWH��DOORZLQJ�D�JUHDWHU�DP RXQW�RI�SODQW�P DWHULDO�WR�EH�SURFHVVHG�

IDVWHU��

) RUHJXW�IHUP HQWDWLRQ�HP SOR\ LQJ�D�VDFFLIRUP �WXELIRUP� IRUHVWRP DFK��DV�LQ�WUHH�

NDQJDURRV��WUHH�VORWKV�DQG�FROREXV�P RQNH\ V��LV�SRVWXODWHG�WR�EH�RSWLP DO�IRU�

P L[ LQJ�OHDI�IUXLW�DQG�OHDI�VHHG�GLHWV�WKDW�DUH�DYDLODEOH�LQ�P DQ\� WURSLFDO�IRUHVWV��

DVVXP LQJ�LW�DOORZV�KLJK�ILEUH�P HDOV�WR�EH�UHWDLQHG�IRU�P LFURELDO�IHUP HQWDWLRQ�

ZKLOH�SHUP LWWLQJ��ORZ�ILEUH�P HDOV�WR�SDVV�UDSLGO\� WR�WKH�KLQGVWRP DFK�IRU�

DFLG�HQ]\ P LF�GLJHVWLRQ��&RUN����� � ���

5 HODWLYHO\� OLWWOH�LV�NQRZQ�DERXW�WUHH�NDQJDURR�JXW�P RUSKRORJ\� DQG�SK\ VLRORJ\ ��

7KHUH�KDYH�EHHQ�VRP H�GHVFULSWLRQV�RQ�WKH�P RUSKRORJ\� RI�WKH�JDVWURLQWHVWLQDO�

WUDFW�LQ�D�IHZ�VSHFLHV�RI�WUHH�NDQJDURRV��2 ZHQ����� ��) ODQQHU\� HW�DO����� ��

+XP H����� � ���+RZHYHU��WKHUH�DUH�IHZ�TXDQWLWDWLYH�GDWD�RU�FRP SDULVRQV�WR�RWKHU�

NDQJDURR�VSHFLHV�LQ�UHODWLRQ�WR�VL] H�DQG�FDSDFLWLHV�RI�WKH�GLIIHUHQW�GLJHVWLYH�

UHJLRQV��

7KLV�FKDSWHU�GHVFULEHV�WKH�P RUSKRORJ\� DQG�FDSDFLW\� RI�WKH�JDVWURLQWHVWLQDO�WUDFW�

LQ�' HQGURODJXV�OXP KROW] L�DQG�FRP SDUHV�LW�WR�VWXGLHV�RQ�RWKHU�P DFURSRG�

VSHFLHV���7KH�GLIIHUHQFHV�EHWZHHQ�VSHFLHV�DQG�RWKHU�DUERUHDO�IROLYRUHV�DUH�

GLVFXVVHG����

� �� � 0 ( 7+2 ' 6 �

7KLV�VWXG\� ZDV�EDVHG�RQ����DGXOW�URDG�DQG�GRJ�NLOOHG�' ��OXP KROW] L�VSHFLP HQV��

DQG�DQ�DGGLWLRQDO�WZR�SRXFK�\ RXQJ���� J�DQG���� J�LQ�ERG\� ZHLJKW��FROOHFWHG�

RYHU�D�WZR�\ HDU�SHULRG�������± ����� ��RQ�WKH�$WKHUWRQ�7DEOHODQGV�LQ�) DU�1 RUWK�

4 XHHQVODQG���: KHQ�SRVVLEOH��VSHFLP HQV�ZHUH�GLVVHFWHG�IUHVK�EXW�P RVW�ZHUH�

IUR] HQ�IRU�SURFHVVLQJ�DW�D�ODWHU�GDWH���7ZR�VSHFLP HQV�ZHUH�FROOHFWHG�LQ�HDUOLHU�

\ HDUV�E\� RWKHU�UHVHDUFKHUV�DQG�KDG�EHHQ�VWRUHG�IUR] HQ�SULRU�WR�SURFHVVLQJ��

( DFK�FDUFDVV�ZDV�ZHLJKHG�DQG�P HDVXUHG��EHIRUH�WKH�HQWLUH�JDVWURLQWHVWLQDO�

WUDFW�IURP� WKH�VXE�GLDSKUDJP DWLF�RHVRSKDJXV�WR�UHFWXP� ZDV�UHP RYHG�YLD�D�

P LG�YHQWUDO�LQFLVLRQ��ZLWK�DV�OLWWOH�GLVWXUEDQFH�RI�JXW�FRQWHQW�DV�SRVVLEOH��DV�LQ�

/HQWOH�HW�DO����� � ���7KH�P HVHQWHULF�DWWDFKP HQWV�ZHUH�FXW�WR�DOORZ�XQFRLOLQJ�RI�



� ��� �

WKH�LQWHVWLQHV�DQG�WKH�HQWLUH�JXW�ZDV�ODLG�RXW�RQ�D�ERDUG�ZLWK�D��� FP� [� �� FP�

JULG��' HOORZ� ���� ��DQG�SKRWRJUDSKHG��) LJXUHV�� ���DQG���� � ���

7KH�JDVWURLQWHVWLQDO�FRP SDUWP HQWV�ZHUH�WLHG�RII�DQG�VHSDUDWHG�DV�IROORZV��WKH�

VWRP DFK��IURP� WKH�FRPP HQFHP HQW�RI�WKH�VXE�GLDSKUDJP DWLF�RHVRSKDJXV��WR�

WKH�VLWH�RI�DWWDFKP HQW�WR�WKH�VP DOO�LQWHVWLQH�DW�WKH�S\ ORUXV��WKH�VP DOO�LQWHVWLQH��

IURP� WKH�VLWH�RI�DWWDFKP HQW�WR�WKH�S\ ORUXV��WR�WKH�VLWH�RI�DWWDFKP HQW�ZLWK�WKH�

FDHFR�FRORQLF�MXQFWLRQ��WKH�FDHFXP ��IURP� WKH�VLWH�RI�DWWDFKP HQW�DW�WKH�MXQFWLRQ�

RI�WKH�FRORQ�DQG�WKH�VP DOO�LQWHVWLQH��WKH�FRORQ��IURP� WKH�VLWH�RI�DWWDFKP HQW�DW�WKH�

FDHFR�FRORQLF�MXQFWLRQ�WR�WKH�UHFWXP� �DV�LQ�/HQWOH�HW�DO����� ��) UHXGHQEHUJHU�

���� � ���7KH�GLIIHUHQW�UHJLRQV�RI�WKH�IRUHVWRP DFK��VDFFLIRUP� DQG�WXELIRUP ��ZHUH�

QRW�VHSDUDWHG�LQ�WKLV�VWXG\� IRU�P HDVXUHP HQWV�DV�WKH�YHQWUDO�IROG�WKDW�VHSDUDWHV�

WKH�UHJLRQV�ZDV�QRW�H[ WHUQDOO\�YLVLEOH�LQ�' ��OXP KROW] L�VSHFLP HQV�DQG�LW�ZDV�QRW�

SRVVLEOH�WR�SUHFLVHO\� GHWHUP LQH�WKHLU�MXQFWLRQ���+RZHYHU��IRU�WKH�SXUSRVH�RI�

P RUSKRORJLFDO�GHVFULSWLRQV��DSSUR[ LP DWH�VL] HV�RI�HDFK�UHJLRQ�FRXOG�EH�

P HDVXUHG�XVLQJ�WKH�JULG�ZKHQ�WKH�JXW�ZDV�ODLG�RXW��

7KH�OHQJWK�RI�HDFK�VHJP HQW�ZDV�P HDVXUHG��“� � �� PP ��ZLWK�D�SODVWLF�WDSH��7KH�

VWRP DFK�ZDV�P HDVXUHG�E\� SODFLQJ�WKH�WDSH�DURXQG�WKH�RXWVLGH�RU�ORQJHVW�URXWH�

URXQG�WKH�JDVWULF�ZDOO��JUHDWHU�FXUYDWXUH�� IURP� WKH�S\ ORUXV�WR�WKH�HQG�RI�WKH�

EOLQG�VDF�RI�WKH�VDFFLIRUP� VWRP DFK��DQG�DOVR�E\� P HDVXULQJ�DORQJ�WKH�LQVLGH�RU�

VKRUWHVW�URXWH�URXQG�WKH�JDVWULF�ZDOO��OHVVHU�FXUYDWXUH�� IURP� WKH�S\ ORUXV�WR�WKH�

EOLQG�VDF�RI�WKH�VDFFLIRUP� VWRP DFK�DORQJ�WKH�WDHQLD���7KH�OHQJWK�RI�WKH�LQWUD�

DEGRP LQDO�RHVRSKDJXV�ZDV�DOVR�P HDVXUHG�RQ�VL[� VSHFLP HQV��� �

( DFK�JXW�FRP SDUWP HQW�ZDV�ZHLJKHG��ZHW�ZHLJKW�“� � �� J��DQG�WKHQ�VDP SOHV�RI�

GLJHVWD�ZHUH�WDNHQ�DV�IROORZV��VDFFLIRUP� IRUHVWRP DFK�UHJLRQ��WXELIRUP�

IRUHVWRP DFK�UHJLRQ��KLQG�VWRP DFK�UHJLRQ��SUR[ LP DO�DQG�GLVWDO�VP DOO�LQWHVWLQH��

SUR[ LP DO�DQG�GLVWDO�FRORQ�DQG�FDHFXP ��� ' LJHVWD�ZDV�WKHQ�WKRURXJKO\� ZDVKHG�

RXW�RI�HDFK�VHJP HQW�XVLQJ�D�KRVH��H[ FHVV�ZDWHU�UHP RYHG�E\� VTXHH] LQJ�DQG�

EORWWHG�GU\� ZLWK�WLVVXH��DV�LQ�/HQWOH�HW�DO����� ��) UHXGHQEHUJHU����� � ���( DFK�

VHJP HQW�ZDV�WKHQ�UH�ZHLJKHG��“� � �� J��JLYLQJ�WRWDO�ZHW�ZHLJKW�RI�UHJLRQV�RI�WKH�

GLJHVWLYH�WUDFW�DQG�WRWDO�ZHW�ZHLJKW�RI�GLJHVWD�ZDV�HVWLP DWHG�IURP� WKH�GLIIHUHQFH�

�DV�LQ�/HQWOH�HW�DO����� ��) UHXGHQEHUJHU����� � ���&DHFXP� DQG�FRORQ��ODUJH�

LQWHVWLQH��ZHLJKWV�ZHUH�FRP ELQHG�WR�DOORZ�FRP SDULVRQV�WR�RWKHU�VWXGLHV��



� ��� �

$GGLWLRQDO�SKRWRJUDSKV�ZHUH�WDNHQ�RI�WKH�LQVLGH�RI�WKH�VWRP DFK�RI�VHYHUDO�

VSHFLP HQV�DIWHU�WKH�VWRP DFK�ZDV�LQYHUWHG�WR�VKRZ�JDVWULF�VXOFXV��) LJXUHV�� ���

DQG���� � ��

7KH�WHUP� ³FDSDFLW\ ´�UHIHUV�WR�WKH�WRWDO�ZHW�ZHLJKW�RI�GLJHVWD�FRQWDLQHG�LQ�D�

GHILQHG�UHJLRQ���* XW�FDSDFLW\� ZDV�GHILQHG�DV�WKH�ZHW�P DVV�RI�WRWDO�GLJHVWD�IURP�

WKH�HQWLUH�JDVWURLQWHVWLQDO�WUDFW�DV�D�SURSRUWLRQ�RI�ERG\� P DVV��

0 DOH�DQG�IHP DOH�P HDVXUHP HQWV�ZHUH�FRP SDUHG�XVLQJ�6WXGHQW¶V�7�WHVWV���7KH�

��� J�DQG���� J�P DOH�SRXFK�\ RXQJ�ZHUH�H[ FOXGHG�IURP� WKHVH�DQDO\ VHV�DQG�

UHVXOWLQJ�WDEOHV��DV�WKH�LQWHVWLQDO�WUDFW�LQ�WKHVH�DQLP DOV�ZHUH�QRW�IXOO\� GHYHORSHG���

&RUUHODWLRQV�EHWZHHQ�ERG\� ZHLJKW��NJV��DQG�ZHW�JXW�FRQWHQWV��J���DQG�ERG\�

ZHLJKW��NJV��DQG�JXW�WLVVXH�ZHLJKW��J��ZHUH�DOVR�LQYHVWLJDWHG�XVLQJ�6WDWLVWLFD�IRU�

: LQGRZV�9 � ��� �6RIWVWDW�,QF������ ���

� �� � 5 (6 8 / 76 �

� �� �� � 0 RUSKRORJ\ �

7KH�H[ WHUQDO�DQG�LQWHUQDO�IHDWXUHV�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�RI�ERWK�DGXOW�DQG�

SRXFK�\ RXQJ�' ��OXP KROW] L�DUH�VKRZQ�LQ�) LJXUHV�� ���DQG���� ��

7KH�P HDQ��“� 6( ��OHQJWK�RI�LQWUD�DEGRP LQDO�RHVRSKDJXV�LQ�' ��OXP KROW] L�LV�� ��� “�

� �� FP� �Q� � � ����7KH�RHVRSKDJXV�HQWHUV�WKH�VWRP DFK��DW�DQ�HQWU\� SRLQW�FDOOHG�

WKH�FDUGLD��DW�DSSUR[ LP DWHO\� RQH�WKLUG�RI�WKH�ZD\� DORQJ�WKH�OHVVHU�FXUYDWXUH�RI�

WKH�VWRP DFK��LQWR�WKH�VDFFLIRUP� IRUHVWRP DFK�QHDU�WKH�WXELIRUP �VDFFLIRUP�

MXQFWLRQ��) LJXUH�� �� � ���7KH�FDUGLD�RSHQV�GLUHFWO\� LQWR�WKH�JDVWULF�VXOFXV��

' ��OXP KROW] L�KDV�D�ZHOO�GHYHORSHG�JDVWULF�VXOFXV�RU�YHQWULFXODU�JURRYH��LQ�DGXOWV�

�) LJXUHV�� �� F��� ��G��� �� I��DQG�WKH�WZR�SRXFK�\ RXQJ�H[ DP LQHG��) LJXUH�� ��E ����

7KH�JDVWULF�VXOFXV�UXQV�IURP� WKH�FDUGLD�DORQJ�WKH�OHVVHU�FXUYDWXUH�RI�WKH�

VWRP DFK�DOP RVW�DOO�WKH�ZD\� WR�WKH�KLQGVWRP DFK���

' ��OXP KROW] L�KDV�D�UHODWLYHO\� ODUJH�VDFFXODWHG�IRUHVWRP DFK�FRP SDUHG�WR�RWKHU�

NDQJDURRV��) LJXUHV�� ��E ��� ��H ��� �� � ��D�ODUJH�WXELIRUP� IRUHVWRP DFK�DQG�D�VP DOOHU�

KLQGJXW���$OWKRXJK�WKH�GLIIHUHQW�UHJLRQV�RI�WKH�VWRP DFK�ZHUH�QRW�VHSDUDWHG�LQ�

WKLV�VWXG\ ��LW�FDQ�EH�VHHQ�LQ�WKH�ILJXUHV�WKDW�WKH�VDFFLIRUP� �a� �� FP ��DQG�

WXELIRUP� �



� ��� �

)LJXUH����� �3KRWRV�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�RI�DQ�DGXOW�'HQGURODJXV�OXPKROW]L��7.��� ��
D��'LVVHFWHG�ERG\�VKRZLQJ�SRVLWLRQ�RI�JXW�LQ�VLWX��E��6WRPDFK��F��LQWHUQDO�YLHZ�RI�VWRPDFK��G��FORVH�XS�RI�
JDVWULF�VXOFXV��H��HQWLUH�GLJHVWLYH�WUDFW�GLVVHFWHG�IUHH�IURP�PHVHQWHULF�DWWDFKPHQWV�DQG�XQFRLOHG�WR�VKRZ�
VHFWLRQV�FOHDUO\��I��LQWHUQDO�YLHZ�RI�JDVWULF�VXOFXV���
6FDOH����FP�[���FP�JULG�LQ�EDFNJURXQG��6FDOH�VKRZQ�ZKHUH�JULG�FDQQRW�EH�VHHQ��

�
D��� ��FP �
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)LJXUH����� �3KRWRV�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�RI�'��OXPKROW]L�SRXFK�\RXQJ���
D��'LVVHFWHG�ERG\�RI����J�MRH\�VKRZLQJ�SRVLWLRQ�RI�JXWV�LQ�VLWX���E��,QWHUQDO�YLHZ�RI�VWRPDFK�RI����J�MRH\�
VKRZLQJ�WKH�JDVWULF�VXOFXV���F��(QWLUH�GLJHVWLYH�WUDFW�RI����J�MRH\��GLVVHFWHG�IUHH�IURP�PHVHQWHULF�
DWWDFKPHQWV�DQG�XQFRLOHG�WR�VKRZ�VHFWLRQV�FOHDUO\��G��VWRPDFK�RI����J�PDOH�SRXFK�\RXQJ�H�����J�MRH\�
VWRPDFK��
6)��VDFFLIRUP�IRUHVWRPDFK��7)��WXELIRUP�IRUHVWRPDFK��+6��KLQGVWRPDFK��3��S\ORUXV��2��RHVRSKDJXV�
�FDUGLD���6��VSOHHQ�
1RWH�WKDW�WKH�KDXVWUDWLRQV�LQ�WKH�WXELIRUP�RU�VDFFLIRUP�IRUHVWRPDFK�UHJLRQV�DQG�WKH�WDHQLD�DUH�QRW�REYLRXV�
DW����J�DQG����J��WKH�JDVWULF�VXOFXV�LV�ZHOO�GHYHORSHG�DQG�WKH�MRH\�KDV�ORWV�RI�IDW�WLVVXH�LQ�WKH�DEGRPHQ�
�D���
6FDOH����FP�[���FP�JULG�LQ�EDFNJURXQG��6FDOH�LV�VKRZQ�ZKHUH�JULG�FDQQRW�EH�VHHQ��

�
F��
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�a� �� FP �� IRUHJXWV�DUH�DOP RVW�WKH�VDP H�VL] H��ZLWK�WKH�WXELIRUP� EHLQJ�RQO\� VOLJKWO\�

ORQJHU��) LJXUH�� ��E ����+RZHYHU��WKH�KLQGJXW�LV�VP DOOHU��a��� FP ��DV�LQ�RWKHU�

NDQJDURRV��/DQJHU�HW�DO����� � ���7KH�KLQGJXW�LV�ODUJH�LQ�WKH�SRXFK�\ RXQJ�

�) LJXUHV�� �� F�H���

$V�ZLWK�DOO�P DFURSRGV��WKH�P DMRU�H[ WHUQDO�IHDWXUHV�RI�WKH�IRUHVWRP DFK�DUH�WKH�

WDHQLDH�DQG�DVVRFLDWHG�KDXVWUDWLRQV��) LJXUH�� �� � ���7KH�KLQGVWRP DFK�GRHV�QRW�

SRVVHVV�WKHVH�DQG�LV�UHODWLYHO\� VP RRWK���7KH�P XVFXODWXUH�RI�WKH�IRUHVWRP DFK�

ZDOO�LV�GLIIHUHQWLDWHG�LQWR�VHYHUDO�EDQGV�RI�ORQJLWXGLQDO�P XVFOH��WKH�WDHQLDH��RQH�

RQ�HLWKHU�VLGH���6HP L�OXQDU�IROGV�H[ WHQG�EHWZHHQ�WKH�WDHQLDH��FUHDWLQJ�WKH�

KDXVWUDWLRQV��ZKLFK�JLYH�WKH�VWRP DFK�LWV�³FRORQ�OLNH́ �DSSHDUDQFH��2 ZHQ����� ��

+XP H����� ��) UHXGHQEHUJHU�HW�DO����� � ���7KHVH�WDHQLDH�DQG�KDXVWUDWLRQV�DUH�

QRW�ZHOO�GHYHORSHG�LQ�' ��OXP KROW] L�SRXFK�\ RXQJ�RI���� J�DQG���� J�ERG\� ZHLJKW�

�) LJXUH�� ��D �F�H���DUH�P RUH�GHYHORSHG�LQ�WKH���� J�SRXFK�\ RXQJ��) LJXUH�� ��G���

EXW�DUH�ZHOO�GHYHORSHG�E\� WKH�WLP H�WKH\� DUH�� NJ�LQ�ERG\� ZHLJKW��

7KH�VP DOO�LQWHVWLQH����� ��� “� � �� FP ��Q� � �� ��LV�ORQJHU�WKDQ�ODUJH�LQWHVWLQH����� ���

“� � �� FP ��Q� � �� ��� 7DEOH�� �� � ���7KH�ODUJH�LQWHVWLQH�LV�UHODWLYHO\� VKRUW�DQG�WKH�

FDHFXP� LV�VP DOO��� ��� “� � �� FP ��Q� � �� ��DQG�QRW�KDXVWUDWHG���7KH�P HDQ�YDOXHV�RI�

GLP HQVLRQV�IRU�WKH�GLIIHUHQW�UHJLRQV�RI�WKH�JXW�IRU�P DOHV�DQG�IHP DOHV�DUH�VKRZQ�

LQ�7DEOH�� �� ��

7DEOH������'LPHQVLRQV�RI�HDFK�UHJLRQ�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�RI�PDOH�DQG�IHPDOH�'��OXPKROW]L���
9DOXHV�DUH�WKH�PHDQV�r �VWDQGDUG�HUURUV�DQG�UDQJHV��Q�LQ�SDUHQWKHVHV�LV�WKH�QXPEHU�RI�VSHFLPHQV��

/HQJWKV��FP�� 0DOH�PHDQ�
�Q� ����

0DOH�UDQJH�
�Q� ����

)HPDOH�PHDQ�
�Q� ����

)HPDOH�UDQJH�
�Q� ����

)HPDOH�DQG�
PDOH�PHDQ�

�Q� �����

6WRPDFK�LQVLGH�
�/HVVHU�FXUYDWXUH������� r ����� ������������ ����� r ����� ������������ ����� r �����

6WRPDFK�RXWVLGH�
�JUHDWHU�FXUYDWXUH������� r ����� ������������� ����� r ������ ������������ ����� r �����

6PDOO�LQWHVWLQH������� r ������ �������������� ������ r ����� �������������� ������ r �����

/DUJH�LQWHVWLQH������� r ����� ������������� ������ r ������ ������������� ������ r �����

&DHFXP� ����� r ����� ����������� ���� r ����� ����������� ����� r �����

2HVRSKDJXV� ���� r ����� ���������� � � ���� r �����

�
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� �� �� � &DSDFLWLHV�

7KH�FDSDFLWLHV��WRWDO�ZHW�ZHLJKW�RI�GLJHVWD��RI�WKH�GLIIHUHQW�UHJLRQV�RI�WKH�JXW��

DORQJ�ZLWK�WKH�FDSDFLWLHV�DV�D�SHUFHQWDJH�RI�ERG\� ZHLJKW�DQG�WRWDO�ZHW�ZHLJKW�RI�

HDFK�UHJLRQ�IRU�P DOHV�DQG�IHP DOHV�DUH�VKRZQ�LQ�7DEOH�� �� ��

7KH�P HDQ�WRWDO�ZHW�WLVVXH�ZHLJKW�RI�WKH�JXW�ZDV���� ��� “� �� �� J��ZLWK���� ��� “�

�� �� J�IRU�P DOHV�DQG���� ��� “� �� �� J�LQ�IHP DOHV��7DEOH�� �� � ���7KHUH�ZDV�D�VWURQJ�

SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�ZHW�WLVVXH�ZHLJKWV�WR�ERG\� ZHLJKW��U� � � ��� ��3 � �

� � ���� ��) LJXUH�� ��� � ���

7RWDO�JXW�FRQWHQWV�DV�SHUFHQWDJH�RI�ERG\� ZHLJKW�ZDV��� ��� “� � �� �� IRU�P DOHV�

DQG������ “� � �� �� IRU�IHP DOHV��ZLWK�D�UDQJH�XS�WR��� �� � ���7KHUH�ZDV�D�VWURQJ�

SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�ERG\� ZHLJKW�DQG�ZHW�JXW�FRQWHQWV��WRWDO�GLJHVWD��� U�

 � � ��� ��3 � � � ����� ��) LJXUH�� �� � ��� �

7KH�FDSDFLW\� RI�WKH�VWRP DFK�DV�D�SHUFHQWDJH�RI�ERG\� ZHLJKW�ZDV��� ��� “� � �� ��

IRU�P DOHV�DQG������ “� � �� �� IRU�IHP DOHV��ZLWK�DQ�RYHUDOO�P HDQ�RI��� ��� “� � �� ��

�7DEOH�� �� � ���

7KH�VWRP DFK�ZDV�WKH�ODUJHVW�UHJLRQ�RI�WKH�JXW���� ��� r �� �� � ��DQG�VLJQLILFDQWO\�

ODUJHU�LQ�IHP DOHV�WKDQ�P DOHV���� �� IRU�P DOHV�DQG����� �� IRU�IHP DOHV��W� � � �� ��GI�

 � �� ��3 � � � ��� ��7DEOH�� �� � ���7KHUH�ZDV�D�VWURQJ�SRVLWLYH�FRUUHODWLRQ�EHWZHHQ�

ERG\� ZHLJKW�DQG�ZHW�VWRP DFK�FRQWHQWV��U� � � �� ��3 � � � ���� ��) LJXUH�� �� � ��

7KH�ODUJH�LQWHVWLQH�KDG�JUHDWHU�FDSDFLW\� WKDQ�WKH�VP DOO�LQWHVWLQH���� �� �� ODUJH�

DQG���� �� VP DOO��3 � ��� � ����� ��7DEOH�� �� ��DQG�WKH�ODUJH�LQWHVWLQH�DQG�FDHFXP ��

DV�D�SHUFHQWDJH�RI�WRWDO�JXW�FRQWHQWV��ZDV�ODUJHU�LQ�P DOHV�WKDQ�IHP DOHV���� ��

P DOHV���� �� �� IHP DOHV��W� �� � �� ��GI� � �� ��3 � � � ���� ��7DEOH�� �� � ���7KHUH�ZDV�QR�

VLJQLILFDQW�GLIIHUHQFH�ZLWK�WKH�VH[ HV�LQ�DQ\� RWKHU�P HDVXUHP HQW��
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7DEOH�������&DSDFLWLHV�RI�UHJLRQV�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�RI�PDOH�DQG�IHPDOH�'��OXPKROW]L���
$OO�ZHLJKWV�UHIHU�WR�WKH�ZHW�ZHLJKW�RI�GLJHVWD�FRQWHQWV��J��RU�ZHW�ZHLJKW�RI�WLVVXH��J����9DOXHV�DUH�WKH�
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� 0DOH�PHDQ�
�Q� �����

0DOH�UDQJH�
�Q� �����

)HPDOH�PHDQ�
�Q� ����

)HPDOH�UDQJH�
�Q� ����

0DOH�DQG�
IHPDOH�PHDQ�

�Q� �����

%RG\�ZHLJKW��NJV�� ���� r ����� ���������� ���� r ����� ���������� ����� r ������

6WRPDFK�FRQWHQWV��J�������� r ������ ��������������� ������ r ������� ������±�������� ������ r ������

6WRPDFK�FRQWHQWV��
���RI�ERG\�ZHLJKW�� ����� r ����� ����������� ����� r ����� ����������� ����� r �����

6PDOO�LQWHVWLQH�
FRQWHQWV��J�� ����� r ����� ������������� ����� r ������ ������������� ����� r �����

/DUJH�LQWHVWLQH�
FRQWHQWV��J�� ������ r ������ ������������� ����� r ������ ������������� ������ r ������

&DHFXP�FRQWHQWV��J�� ����� r ����� ������������ ����� r ����� ����������� ����� r �����

7RWDO�JXW�FRQWHQWV��J��������� r ������ ��������������� ������� r ������� ��������������� ������� r ������

7RWDO�JXW�FRQWHQWV����
RI�ERG\�ZHLJKW�� ����� r ����� ������������ ����� r ����� ������������ ����� r �����

5HODWLYH�FDSDFLWLHV����RI�WRWDO�JXW�FRQWHQWV�� � � �

6WRPDFK� ����� r ����� ������������ ����� r ����� ������������ ����� r �����

6PDOO�LQWHVWLQH� ���� r ����� ���������� ���� r ����� ����������� ����� r �����

/DUJH�LQWHVWLQH���
FDHFXP� ����� r ����� ������������ ����� r ����� ����������� ����� r �����

:HW�WLVVXH�ZHLJKW��J�� � � � � �

6WRPDFK� ������ r ������ ������������� ������ r ������ ������������� ������ r ������

6PDOO�LQWHVWLQH� ����� r ����� ������������� ����� r ����� ������������� ����� r �����

/DUJH�LQWHVWLQH� ����� r ����� ������������ ����� r ����� ������������ ����� r �����

&DHFXP� ���� r ����� ���������� ���� r ����� ���������� ���� r �����

7RWDO�:HW�7LVVXH�
ZHLJKW��J�� ������ r ������ ������±������� ������ r ������ ������±������� ������ r �������
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� �� �� � 0 RUSKRORJ\�D QG�FDSDFLWLHV�

/DQJHU�HW�DO������ ��DQG�+XP H������ ��KDYH�GHVFULEHG�WKH�JURVV�P RUSKRORJ\� RI�

P DFURSRG�VWRP DFKV���7KH\� FRQFOXGHG�WKDW��DOWKRXJK�WKH�JURVV�VWUXFWXUH�RI�WKH�

P DFURSRG�VWRP DFK�KDG�JHQHUDOO\� EHHQ�FRQVLGHUHG�VLP LODU�DP RQJ�VSHFLHV�WKDW�

WKHUH�DUH�P DUNHG�GLIIHUHQFHV�EHWZHHQ�WKH�VSHFLHV�WKDW�WKH\� H[ DP LQHG�UHODWHG�

WR�GLHW��/DQJHU�HW�DO����� ��+XP H����� � ���7KLV�VWXG\� KDV�VKRZQ�WKDW�WKLV�LV�DOVR�

WUXH�IRU�' ��OXP KROW] L���7KH�JURVV�P RUSKRORJ\� RI�WKH�JDVWURLQWHVWLQDO�WUDFW�RI�' ��

OXP KROW] L�LV�VLP LODU�WR�WKDW�RI�RWKHU�EURZVLQJ�P DFURSRGV�DQG�RWKHU�IRUHJXW�

IHUP HQWLQJ�IROLYRUHV�VXFK�DV�WKH�FRORELQH�P RQNH\ V�DQG�VORWKV��ZLWK�D�ODUJHU�

VDFFLIRUP� IRUHVWRP DFK�DQG�JUHDWHU�VWRP DFK�FDSDFLWLHV�WKDQ�JUD] LQJ�

P DFURSRGLGV��) LJXUH�� �� � ��

$V�ZLWK�RWKHU�P DPP DOV��WKH�RHVRSKDJXV�HQWHUV�WKH�VWRP DFK�RQ�WKH�OHVVHU�

FXUYDWXUH�DQG�WKLV�HQWU\� SRLQW�LV�FDOOHG�WKH�FDUGLD���7KH�FDUGLD�RSHQV�GLUHFWO\�

LQWR�WKH�JDVWULF�VXOFXV�LQ�' ��OXP KROW] L���7KLV�YHQWULFXODU�JURRYH�H[ WHQGV�IURP� WKH�

FDUGLD�WR�WKH�QRQ�VDFFXODWHG�UHJLRQ�DORQJ�WKH�OHVVHU�FXUYDWXUH��DQG�LWV�OHQJWK�

DQG�GHILQLWLRQ�YDU\ LQJ�ZLWK�GLIIHUHQW�P DFURSRG�VSHFLHV��%DXFKRS����� � ���,Q�WKH�

UXP LQDQW�IRUHVWRP DFK�D�UHWLFXODU�JURRYH��VLP LODU�WR�WKH�JDVWULF�VXOFXV�LQ�

P DFURSRGV��FRQQHFWV�WKH�FDUGLD�ZLWK�WKH�UHWLFXOR�RP DVDO�RULILFH���&RQWUDFWLRQ�RI�

LWV�P XVFXODU�ZDOOV�IRUP V�D�WXEH�ZKLFK�DOORZV�P LON�LQ�VXFNOHG�\ RXQJ�WR�E\ SDVV�

WKH�UHWLFXOXP� DQG�UXP HQ��ZKHUH�LW�ZRXOG�EH�IHUP HQWHG��DQG�WR�SDVV�GLUHFWO\� LQWR�

WKH�DERP DVXP� WR�DOORZ� IRU�HIILFLHQW�XWLOLVDWLRQ�RI�P LON��/DQJHU�HW�DO����� ��+XP H�

���� ��9DQ�6RHVW����� � ���7KH�VWLP XOXV�IRU�FORVXUH�RI�WKH�VXOFXV�LV�WKH�VXFNOLQJ�

UHIOH[ ��� �

7KH�JDVWULF�VXOFXV�LV�DEVHQW�LQ�WKH�UHG�QHFNHG�SDGHP HORQ�7K\ ORJDOH�WKHWLV�

�/DQJHU�HW�DO����� � ��UHG�OHJJHG�SDGHP HORQ�7��VWLJP DWLFD�DQG�WKH�OLWWOH�URFN�

ZDOODE\� 3HUDGRUFDV�FRQFLQQD��+XP H�DQG�' HOORZ� ���� � ���,W�LV�DOVR�UHGXFHG�LQ�

GXULQJ�RQWRJHQHWLF�GHYHORSP HQW�LQ�0 ��JLJDQWHXV��/DQJHU�HW�DO����� � ���+RZHYHU��

ERWK�DGXOW�DQG�SRXFK�\ RXQJ�' ��OXP KROW] L�H[ DP LQHG�LQ�WKLV�VWXG\� KDG�ZHOO�

GHYHORSHG�JDVWULF�VXOFL��7KH�JDVWULF�VXOFXV�LV�DOVR�SUHVHQW�LQ�RWKHU�DUERUHDO�

IROLYRUHV�VXFK�DV�FRORELQH�P RQNH\ V�DQG�VORWKV��&RUN����� � ��
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7KH�SUHVHQFH�RI�WKLV�JURRYH�LQ�P RVW�VSHFLHV�RI�0 DFURSRGRLGV�P D\� EH�DQ�

H[ DP SOH�RI�FRQYHUJHQW�HYROXWLRQ�EHWZHHQ�P DUVXSLDOV�DQG�HXWKHULDQV���: KHWKHU�

WKH�IXQFWLRQ�RI�WKH�JURRYH�LV�VLP LODU�LQ�WKH�WZR�JURXSV�UHP DLQV�WR�EH�GHWHUP LQHG�

�5 LFKDUGVRQ����� � ���+RZHYHU��LW�KDV�EHHQ�SRVWXODWHG�WKDW�WKLV�P D\� IXQFWLRQ��QRW�

RQO\� WR�E\ SDVV�P LON�ZKLOH�VXFNOLQJ��EXW�DOVR�WR�DVVLVW�WKH�FDXGDO�P RYHP HQW�RI�

OLTXLG�GLJHVWD��DQG�RWKHU�P DWHULDO�WKDW�QHHGV�QR�IHUP HQWDWLRQ�VXFK�DV�FHOO�

FRQWHQWV��WR�GLUHFWO\� WR�WKH�KLQG�VWRP DFK��+XP H����� ������ � ���7KLV�LV�VXSSRUWHG�

E\� WKH�EHOLHI�WKDW�D�ZHOO�GHILQHG�YHQWULFXODU�JURRYH�DOORZV�LQJHVWHG�OLTXLGV�WR�

SDVV�GLUHFWO\� IURP� WKH�RHVRSKDJXV�WR�WKH�P LGGOH�FRP SDUWP HQW�RI�WKH�VWRP DFK�LQ�

WKH�FRORELQH�P RQNH\ V��%DXFKRS����� � ���7KLV�LV�DOVR�VXSSRUWHG�E\� UDGLRJUDSKLF�

VWXGLHV�E\� /DQJHU�HW�DO������ � ��ZKHUH�WKH�JDVWULF�VXOFXV�KDV�EHHQ�UHSRUWHG�WR�

IDFLOLWDWH�WKH�P RYHP HQW�RI�P RUH�OLTXLG�GLJHVWD�FDXGDOO\� DORQJ�WKH�OHVVHU�

FXUYDWXUH�RI�WKH�WXELIRUP� IRUHVWRP DFK��GLUHFWLQJ�LW�LQWR�WKH�KLQGVWRP DFK���7KH�

SUHVHQFH�RI�D�ZHOO�GHYHORSHG�JDVWULF�VXOFXV�LQ�' ��OXP KROW] L�ZRXOG�EH�LP SRUWDQW�

IRU�VXFNOLQJ�\ RXQJ�DIWHU�WKH\� EHJLQ�WR�HDW�OHDYHV��� ' ��OXP KROW] L�\ RXQJ�DW�IRRW�

FRQWLQXH�VXFNOLQJ�IRU�XS�WR�����GD \ V�DIWHU�SHUP DQHQW�HP HUJHQFH�IURP� WKH�

SRXFK��- RKQVRQ�DQG�' HOHDQ����� � ���) XUWKHUP RUH��LQ�DGXOWV��D�ZHOO�GHYHORSHG�

JDVWULF�VXOFXV�ZRXOG�EH�EHQHILFLDO�E\� E\ SDVVLQJ�IHUP HQWDWLYH�GLJHVWLRQ�RI�OLTXLG�

GLJHVWD��GLUHFWLQJ�LW�WR�WKH�KLQGVWRP DFK�DOORZLQJ�UDSLG�GLJHVWLRQ�RI�FHOO�FRQWHQWV���

,W�LV�SODXVLEOH�WKDW�WKH�UHGXFWLRQ�LQ�WKH�JDVWULF�VXOFXV�LQ�0 ��JLJDQWHXV�DQG�RWKHU�

ODUJH�JUD] LQJ�P DFURSRGLGV�LV�GXH�WR�WKH�LQFUHDVHG�IORZ�RI�GLJHVWD�LQ�WKHLU�ODUJHU�

WXELIRUP� VWRP DFK�DQG�WKHUHIRUH�LW�ZRXOG�EH�XQQHFHVVDU\� WR�E\ SDVV�OLTXLG�

GLJHVWD���

,W�KDV�EHHQ�VXJJHVWHG�WKDW�LQ�P DQ\� VSHFLHV�RI�0 DFURSRGLGDH�WKDW�WKH�WZR�

UHJLRQV�RI�WKH�IRUHVWRP DFK��WKH�VDFFLIRUP� DQG�WXELIRUP ��DUH�VHSDUDWHG�E\� D�

SHUP DQHQW�YHQWUDO�IROG��/DQJHU�HW�DO����� � ���7KLV�YHQWUDO�IROG�ZDV�QRW�YLVLEOH�LQ�

' ��OXP KROW] L��WKHUHIRUH�DQ\� VHSDUDWLRQ�DQG�VXEVHTXHQW�P HDVXUHP HQW�RI�WKHVH�

VHFWLRQV�ZRXOG�KDYH�EHHQ�VRP HZKDW�VXEMHFWLYH���+XP H������ ��VXJJHVWHG�WKDW�

LW�FDQQRW�EH�VHHQ�LQ�HYLVFHUDWHG�VSHFLP HQV��ZKLFK�DUH�LQYDULDEO\� GLVVHFWHG�IUHH�

IURP�P HVHQWHULF�DWWDFKP HQW�DQG�SDUWLDOO\� XQFRLOHG�GXULQJ�SUHSDUDWLRQ���+H�DOVR�

VXJJHVWV�WKDW�LW�LV�SRVVLEOH�WKDW�WKH�YHQWUDO�IROG�GHVFULEHG�E\� /DQJHU�HW�DO������ ��

P D\� EH�DQ�DUWHIDFW�RI�WKH�SUHSDUDWLRQ�LQ�VLWX�FDXVHG�E\� FROODSVH�RI�SDUWV�RI�WKH�

VWRP DFK�ZDOO�QRW�KHOG�ILUP O\� E\� P HVHQWHU\� �+XP H����� � ��
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( YHQ�WKRXJK�WKH�WKUHH�UHJLRQV�ZHUH�QRW�VHSDUDWHG�LQ�WKLV�VWXG\ ��LW�FDQ�EH�VHHQ�

LQ�WKH�SKRWRJUDSKV��) LJXUHV�� ��E�DQG����H ��WKDW�WKH�VDFFLIRUP� DQG�WXELIRUP�

VWRP DFKV�FDQ�EH�URXJKO\� VHSDUDWHG�DW�WKH�UHJLRQ�FDXGDOO\� WR�WKH�SRVLWLRQ�RI�WKH�

RHVRSKDJXV��FDUGLD��DQG�DUH�DSSUR[ LP DWHO\� WKH�VDP H�VL] H���,Q�FRP SDULVRQ��

0 DFURSXV�UREXVWXV�UREXVWXV�KDV�D�VDFFLIRUP� VWRP DFK�WKDW�LV�UHODWLYHO\� ODUJHU�

WKDQ�0 ��JLJDQWHXV��' HOORZ� ���� ��DQG�LQ�7��WKHWLV�WKH�VDFFLIRUP� VWRP DFK�LV�P XFK�

ODUJHU�LQ�SURSRUWLRQ�WR�WKH�WRWDO�IRUHVWRP DFK��/DQJHU�HW�DO����� ��� VHH�) LJXUHV�� �

�� LQ�' HOORZ� ���� � ��� �

/DUJHU�JUD] LQJ�NDQJDURRV�KDYH�ODUJHU�WXELIRUP� IRUHVWRP DFKV��DQG�EURZVHUV��

VXFK�DV�SDGHP HORQV�DQG�WUHH�NDQJDURRV��KDYH�ODUJHU�VDFFLIRUP� IRUHVWRP DFKV�

�) UHXGHQEHUJHU�HW�DO����� � ���,W�KDV�EHHQ�VXJJHVWHG�WKDW�D�ODUJHU�WXELIRUP�

IRUHVWRP DFK�DOORZV�IRU�D�JUHDWHU�IORZ�UDWH�DQG�D�ODUJHU�TXDQWLW\� RI�ORZ�TXDOLW\ ��

KLJK�ILEUH�SODQW�P DWHULDO�WR�EH�SURFHVVHG��) UHXGHQEHUJHU�HW�DO����� � ��� : KHUHDV�

D�ODUJH�VDFFLIRUP� IRUHVWRP DFK�DOORZV�WKH�DFFXP XODWLRQ�RI�GLJHVWD�DQG�VORZ�UDWH�

RI�SDVVDJH�HVVHQWLDO�IRU�H[ WHQVLYH�IHUP HQWDWLRQ�RI�SODQW�P DWHULDOV��%DXFKRS�

���� � ���$QRWKHU�EHQHILW�RI�D�ODUJH�VDFFLIRUP� VWRP DFK�DQG�WKH�V\ P ELRWLF�EDFWHULD�

ZLWKLQ��DOORZV�IROLYRUHV�WR�GHWR[ LI\� IUXLWV��OHDYHV�DQG�VHHGV�FRQWDLQLQJ�D�UDQJH�RI�

SRWHQWLDOO\� WR[ LF�LQJUHGLHQWV��LQFOXGLQJ�F\ DQLGH�DQG�VWU\ FKQLQH��EHIRUH�WKH�WR[ LQV�

DUH�DEVRUEHG��- DQ] HQ����� ��&ROH\� ���� ��: DWHUP DQ�HW�DO����� ��' DVLOYD����� � ���

6RP H�JXW�P LFUREHV�DUH�FDSDEOH�RI�P HWDEROLVLQJ�WR[ LF�SODQW�FRP SRXQGV��%DUU\�

DQG�%ODQH\� ���� ��DQG�WKHUH�LV�HYLGHQFH�WKDW�WDQQLQ�SURWHLQ�FRP SOH[ HV�FDQ�EH�

EURNHQ�GRZQ�E\� P LFURELDO�DFWLRQ��0 LOWRQ����� ��) ROH\� DQG�+XP H����� � ���$�ODUJHU�

VDFFLIRUP� VWRP DFK�LQ�UHODWLRQ�WR�WKH�WXELIRUP� VWRP DFK�LV�DOVR�IRXQG�LQ�FRORELQH�

P RQNH\ V��+LOO����� ��%DXFKRS����� ��6WHYHQV�DQG�+XP H����� ��DQG�VORWKV�

�0 RQWJRP HU\� DQG�6XQTXLVW����� ��%DXFKRS����� ��� ) LJXUH�� �� � ��� �

$OWKRXJK�WKH�IRUHVWRP DFK�RI�VORWKV�UHVHP EOHV�WKDW�RI�UXP LQDQWV�LQ�EHLQJ�P DLQO\�

VDFFLIRUP ��WKRVH�RI�FRORELQH�SULP DWHV�DQG�WUHH�NDQJDURRV�DUH�GLIIHUHQW�IURP�

UXP LQDQWV�LQ�KDYLQJ�ERWK�WXELIRUP� DQG�VDFFLIRUP� FRP SRQHQWV�ZLWK�WKH�

VDFFLIRUP� FRP SRQHQW�EHLQJ�RIIVHW�IURP� WKH�P DLQ�IORZ�RI�GLJHVWD��&RUN����� � ���$�

VLP LODU�DUUDQJHP HQW�RI�VDFFLIRUP� DQG�WXELIRUP� VWRP DFK�FRP SRQHQWV�LQ�

SRWRURLQH�P DUVXSLDOV��UDW�NDQJDURRV��LV�SRVWXODWHG�WR�DOORZ�YDULDEOH�IORZ�RI�

GLHWDU\� ILEUH�DQG�WKH�RSSRUWXQLW\� IRU�P XFK�RI�WKH�GLJHVWD��HVSHFLDOO\� FRP SRQHQWV�
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VXFK�DV�FHOO�FRQWHQWV�GLVVROYHG�RU�VXVSHQGHG�LQ�WKH�IOXLG�IUDFWLRQ��WR�E\ SDVV�

IHUP HQWDWLYH�GLJHVWLRQ��&RUN����� ��+XP H�DQG�&DUOLVOH����� � ���7KLV�LV�HQKDQFHG�

E\� WKH�SUHVHQFH�RI�D�JDVWULF�VXOFXV�LQ�VORWKV��0 RQWJRP HU\� DQG�6XQTXLVW����� ��

%DXFKRS����� � ��FRORELQH�P RQNH\ V��+LOO����� ��%DXFKRS����� ��6WHYHQV�DQG�

+XP H����� ��DQG�WUHH�NDQJDURRV��ZKLFK�DOVR�DVVLVWV�LQ�WKH�E\ SDVV�RI�OLTXLG�

GLJHVWD��

7DEOH������&RPSDULVRQ�RI�WKH�UHODWLYH�FDSDFLWLHV�DQG�GLPHQVLRQV�RI�UHJLRQV�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�RI�
'��OXPKROW]L��DQG�7K\ORJDOH�WKHWLV��0DFURSXV�HXJHQLL�DQG�0DFURSXV�JLJDQWHXV��'HOORZ�DQG�+XPH��������
$OO�ZHLJKWV�UHIHU�WR�WKH�ZHW�ZHLJKW�RI�GLJHVWD�FRQWHQWV�RU�ZHW�ZHLJKW�RI�WLVVXH���9DOXHV�DUH�WKH�PHDQV�r �
VWDQGDUG�HUURUV�DQG�UDQJHV��Q�LQ�SDUHQWKHVHV�LV�WKH�QXPEHU�RI�VSHFLPHQV��

�
'�OXPKROW]L�

�Q� ���� �
7��WKHWLV�
%URZVHU�

0��HXJHQLL�
*UD]HU�

0��JLJDQWHXV�
*UD]HU�

%RG\�ZHLJKW��NJV�� ���� r ����� ���� r ����� ���� r ����� ����� r �����

7RWDO�VWRPDFK�FRQWHQWV��J�� ������ r ������ ������ r ������ ������ r ������ ������� r �������

7RWDO�VWRPDFK�FRQWHQWV����RI�ERG\�
ZHLJKW�� ����� r ����� ���� r ����� ���� r ����� ����� r �����

5HODWLYH�FDSDFLWLHV����RI�WRWDO�JXW�FRQWHQWV�� � �

6WRPDFK� ����� r ����� ����� r ����� ����� r ����� ����� r �����

6PDOO�LQWHVWLQH� ���� r ����� ���� r ����� ���� r ����� ���� r �����

/DUJH�LQWHVWLQH���FDHFXP� ����� r ����� ����� r ����� ����� r ����� ����� r �����

/HQJWKV��FP�� � � � �

6PDOO�LQWHVWLQH� ������ r ����� ������ r ������ ������ r ������ ������ r ������

/DUJH�LQWHVWLQH���FDHFXP� ������ r ����� ����� r ������ ������ r ����� ������ r ������

&DHFXP� ����� r ����� ����� r ����� ����� r ����� ����� r �����

�

' HQGURODJXV�OXP KROW] L�KDV�D�VLP LODU�DYHUDJH�ERG\� ZHLJKW�WR�ERWK�7K\ ORJDOH�

WKHWLV��D�UDLQIRUHVW�GZHOOLQJ�EURZVHU��DQG�0 DFURSXV�HXJHQLL��D�GU\� FRXQWU\�

JUD] HU��' HOORZ�DQG�+XP H����� ��7DEOH�� �� � ���+RZHYHU��WKH�WRWDO�VWRP DFK�

FRQWHQWV�LQ�' ��OXP KROW] L�ZHUH�P XFK�JUHDWHU�DW���� �� J�YV���� J�DQG���� J�

UHVSHFWLYHO\� �7DEOH�� �� � ���7KH�P XFK�ODUJHU�0 ��JLJDQWHXV�KDV�RYHU�GRXEOH�WKH�

DEVROXWH�VWRP DFK�FRQWHQWV������� “� ��� J��RI�' ��OXP KROW] L��EXW�VXEVWDQWLDOO\� OHVV�

DV�D�SURSRUWLRQ�RI�ERG\� ZHLJKW��7DEOH�� �� � ��� �

7KH�VWRP DFK�RI�' ��OXP KROW] L�LV�YHU\� ODUJH�DQG�ZKHQ�IXOO�FDQ�ZHLJK�XS�WR��� �� RI�

LWV�ERG\� ZHLJKW�DQG�WRWDO�JXW�FRQWHQWV�XS�WR��� �� RI�WKH�ERG\� ZHLJKW��D�

SURSRUWLRQ�VLP LODU�WR�UXP LQDQW���� � ��%DXFKRS����� ��7DEOH�� �� � ��DQG�RWKHU�



� ��� �

UXP LQDQW�OLNH�DQLP DOV��HVSHFLDOO\� RWKHU�DUERUHDO�IROLYRUHV�VXFK�DV�WKH�FRORELQH�

P RQNH\ V���� ��� � ��� �� �� RI�WKH�WRWDO�ERG\� ZHLJKW��2 KZDNL�HW�DO����� � ��WKH�ODQJXU�

P RQNH\� ��� �� RI�ERG\� ZHLJKW��%DXFKRS�DQG�0 DUWXFFL����� ��DQG�VORWKV�

�%UDG\ SXV�VS���� � �� �� RI�WKH�ERG\� ZHLJKW��0 RQWJRP HU\� DQG�6XQTXLVW����� ��

%DXFKRS����� � ���+RZHYHU��WKLV�LV�DSSUR[ LP DWHO\� WZLFH�WKH�VL] H�RI�RWKHU�VSHFLHV�

RI�NDQJDURRV�SUHYLRXVO\� VWXGLHG��HYHQ�RWKHU�ÉURZVHUV́ ��VXFK�DV�7��WKHWLV��ZKLFK�

KDG�P XFK�VP DOOHU�VWRP DFK�FDSDFLWLHV�RI�OHVV�WKDQ��� �� RI�WKHLU�WRWDO�ERG\�

ZHLJKW��/DQJHU�HW�DO����� ��' HOORZ�DQG�+XP H����� � ���7KHUHIRUH��' ��OXP KROW] L�

KDV�D�ODUJHU�VDFFLIRUP� IRUHVWRP DFK�DQG�JUHDWHU�WRWDO�VWRP DFK�FDSDFLW\� WKDQ�

RWKHU�P DFURSRGV��LQFOXGLQJ�RWKHU�EURZVHUV��DQG�LV�P RUH�VLP LODU�WR�WKDW�RI�RWKHU�

DUERUHDO�IRUHJXW�IHUP HQWLQJ�IROLYRUHV��

�
7DEOH������� $�FRPSDULVRQ�RI�WKH�UHODWLYH�FDSDFLWLHV�DQG�GLPHQVLRQV�RI�UHJLRQV�RI�WKH�JDVWURLQWHVWLQDO�
WUDFW�RI�'��OXPKROW]L��RWKHU�NDQJDURR�VSHFLHV��UXPLQDQWV�DQG�DUERUHDO�IROLYRUHV���$OO�ZHLJKWV�UHIHU�WR�WKH�ZHW�
ZHLJKW�RI�GLJHVWD�FRQWHQWV�RU�ZHW�ZHLJKW�RI�WLVVXH���9DOXHV�DUH�WKH�PHDQV�r �VWDQGDUG�HUURUV�DQG�UDQJHV��Q�
LQ�SDUHQWKHVHV�LV�WKH�QXPEHU�RI�VSHFLPHQV�����

� %RG\�ZHLJKW�
�NJV��

7RWDO�
VWRPDFK�

FRQWHQWV����
RI�ERG\�
ZHLJKW��

7RWDO�JXW�
FRQWHQWV����

RI�ERG\�
ZHLJKW��

5HIHUHQFHV�

'HQGURODJXV�OXPKROW]L��Q� ����� ����“����� �����“����� �����“����� 7KLV�VWXG\�

7K\ORJDOH�WKHWLV��Q� ����� ����“����� ����“����� � 'HOORZ�DQG�
+XPH������

0DFURSXV�HXJHQLL��Q� ���� ����“����� ����“����� � ³�

0 ��JLJDQWHXV��Q� ���� �����“����� �����“����� � ³�

0 ��UREXVWXV�UREXVWXV��Q� ����� �����“����� ����“����
� �����“����� ³�

&RORELQH�PRQNH\�� ��� ) � ������������ � %DXFKRS������

/DQJXU�PRQNH\�� ���� ����� � %DXFKRS�	�
0DUWXFFL������

6ORWK� ���� ����� � +DUWPDQ������

*RDW� �����“����� �����“��� �����“����� )UHXGHQEHUJHU�
�����

6KHHS� ����� ����� ����� 3DUUD������

&DWWOH� ������±������� ���������� ���������� 3DUUD������

�

%RWK�WKH�VDFFLIRUP� DQG�WXELIRUP� IRUHVWRP DFKV�KDYH�KDXVWUDWLRQV��ZKLFK�ZRXOG�
DVVLVW�ZLWK�WKH�P L[ LQJ�DQG�IHUP HQWDWLRQ�RI�WKH�JDVWULF�FRQWHQWV��5 LFKDUGVRQ�
���� � ���7KHVH�KDXVWUDWLRQV�ZHUH�QRW�ZHOO�GHYHORSHG�LQ�WKH�' ��OXP KROW] L�SRXFK�
\ RXQJ�H[ DP LQHG�LQ�WKLV�VWXG\ ��H[ FHSW�LQ�WKH���� J�MRH\� ZKHUH�WKH\� ZHUH�
EHJLQQLQJ�WR�IRUP ���7KLV�LV�WKH�DSSUR[ LP DWH�VL] H�WKDW�WUHH�NDQJDURR�SRXFK�
\ RXQJ�EHJLQ�WR�HDW�IROLDJH��' DEHN����� � �
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�
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)LJXUH����� &RPSDULVRQ�RI�GLIIHUHQW�JDVWURLQWHVWLQDO�WUDFWV��D��&ROREXV�PRQNH\��&ROREXV�DE\VVLQLFXV�E��
(DVWHUQ�*UH\�NDQJDURR��0DFURSXV�JLJDQWHXV�F��VORWK��%UDG\SXV�WULGDFW\OXV�G��/XPKROW]¶V�WUHH�NDQJDURR��
'��OXPKROW]L��6FDOH���FP�JULG��D±F���7DNHQ�IURP�6WHYHQV�DQG�+XPH�������
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7KH�KLQGVWRP DFK�RI�P DFURSRGV��DV�GHVFULEHG�E\� +XP H������ ��DQG�/DQJHU�HW�DO�

����� � ��FRQVLVWV�RI�WKH�JDVWULF�SRXFK��WKH�VLWH�RI�K\ GURFKORULF�DFLG�VHFUHWLRQ��

DQG�WKH�S\ ORULF�UHJLRQ���7KH�KLQGVWRP DFK�RI�' ��OXP KROW] L�LV�VP RRWK�ZLWK�QR�

KDXVWUDWLRQV��DV�LQ�RWKHU�NDQJDURRV��

7KH�VP DOO�DQG�ODUJH�LQWHVWLQHV�LQ�' ��OXP KROW] L�DUH�ERWK�VKRUWHU�WKDQ�WKRVH�RI�

UXP LQDQWV��+XP H����� ��DQG�WR�WKRVH�RI�ODUJHU�NDQJDURRV��7DEOH�� �� � ���,W�KDV�

EHHQ�VXJJHVWHG�WKDW�ZLWK�LQFUHDVLQJ�IHUP HQWDWLRQ�LQ�WKH�IRUHJXW��VXFK�DV�LQ�

WUHH�NDQJDURRV��KHUELYRUHV�ZLOO�P LQLP LVH�WKH�SURSRUWLRQ�RI�WKH�JXW��L�H��WKH�VP DOO�

LQWHVWLQH���ZKLFK�LV�XVHG�LQ�HQ]\ P DWLF�GLJHVWLRQ��3HQU\� DQG�- XP DUV����� � ���

/HQWOH�HW�DO������ ��VXJJHVWHG�WKDW�WKH�FRORQ�LV�JHQHUDOO\� ORQJHU�LQ�JUD] HUV�WKDQ�

EURZVHUV��VXFK�DV�WUHH�NDQJDURRV���7KH�FDHFXP� LQ�' ��OXP KROW] L�LV�UHODWLYHO\�

VP DOO�FRP SDUHG�ZLWK�WKDW�RI�RWKHU�P DFURSRGV��VLP SOH�DQG�WXEXODU�ZLWK�QR�

KDXVWUDWLRQV��' HOORZ� ���� � ���7KH�FDHFXP� KDV�DOVR�EHHQ�IRXQG�WR�EH�ORQJHU�LQ�

JUD] LQJ�P DFURSRGV��/HQWOH�HW�DO����� � ���7KH�LQFUHDVH�LQ�OHQJWK�RI�WKH�FRORQ�DQG�

FDHFXP� LQ�JUD] HUV��2 VDZD����� ��RU�P DFURSRGV�ZLWK�GLHWV�RI�ORZ�QXWULHQW�TXDOLW\�

�/HQWOH�HW�DO����� ��LV�EHOLHYHG�WR�SURYLGH�DGGLWLRQDO�FDSDFLW\� RI�WKH�KLQGJXW�IRU�

P LFURELDO�GLJHVWLRQ�RI�SODQW�FHOO�ZDOOV��) UHXGHQEHUJHU�HW�DO����� � ���7KLV�LQFUHDVH�

LQ�KLQGJXW�DFWLYLW\� ZRXOG�EH�EHQHILFLDO�IRU�JUD] LQJ�P DFURSRGV�ZLWK�WKHLU�ODUJHU�

WXELIRUP� IRUHVWRP DFK�ZLWK�LQFUHDVHG�SDVVDJH�RI�GLJHVWD�DQG�OHVV�WLP H�IRU�

IHUP HQWDWLRQ�LQ�WKLV�UHJLRQ���,Q�FRQWUDVW�WUHH�NDQJDURRV�ZLWK�D�ODUJHU�VDFFLIRUP�

VWRP DFK�IRU�LQFUHDVHG�VWRUDJH�RI�GLJHVWD�IRU�IHUP HQWDWLRQ��GR�QRW�UHTXLUH�DV�

ORQJ�D�FRORQ�DQG�FDHFXP� DV�WKH�JUD] HUV��DOWKRXJK�VRP H�P LFURELDO�GLJHVWLRQ�

ZRXOG�VWLOO�RFFXU�LQ�WKHVH�UHJLRQV���7KH�ODUJH�LQWHVWLQH�RI�WKH�VORWK�LV�DOVR�VKRUW�

DQG�WKH�FDHFXP� LV�DEVHQW��%DXFKRS����� � ��� �

7KHUH�ZDV�VRP H�VH[ XDO�YDULDWLRQ�LQ�UHODWLYH�FDSDFLWLHV�RI�JXW�UHJLRQV�LQ�' ��

OXP KROW] L��7DEOH�� �� ��) LJXUH�� �� � ���) HP DOH�' ��OXP KROW] L�KDG�ODUJHU�UHODWLYH�

FDSDFLWLHV�RI�WKH�VWRP DFK�WKDQ�GLG�P DOHV�DQG�P DOH�' ��OXP KROW] L�KDG�ODUJHU�

FRORQ�DQG�FDHFXP V�WKDQ�WKH�IHP DOHV���/HQWOH�HW�DO������ �� IRXQG�VLJQLILFDQW�

GLIIHUHQFHV�LQ�WKH�DOORP HWULF�VFDOLQJ�RI�WKH�FRORQ�WLVVXH�EHWZHHQ�WKH�VH[ HV�LQ�WKH�

7DPP DU�ZDOODE\� �0 ��HXJHQLL����0 RUHRYHU��WKH\� IRXQG�RWKHU�VH[ XDO�GLP RUSKLVP�

LQ�JXW�P RUSKRORJ\ ��ZLWK�IHP DOHV�KDYLQJ�UHODWLYHO\� KHDYLHU�ZDOOV�LQ�IRUHJXW�DQG�

KLQGJXW�DQG�UHODWLYHO\� ORQJHU�FRORQV���6LP LODU�VH[� GLIIHUHQFHV�LQ�FRORQ�OHQJWK�



� ��� �

KDYH�EHHQ�UHSRUWHG�LQ�UDEELWV�DQG�ZHUH�DWWULEXWHG�WR�DQ�LQFUHDVH�LQ�GLJHVWLYH�

FDSDFLW\� LQ�EUHHGLQJ�IHP DOHV�DW�WKLV�WLP H��6LEO\� HW�DO����� � ���$OWKRXJK�IHP DOH�' ��

OXP KROW] L�ZHUH�IRXQG�WR�KDYH�VKRUWHU�FRORQV�WKDQ�P DOHV�LQ�WKLV�VWXG\ ��IHP DOHV�

GLG�VKRZ�VLJQLILFDQWO\� ODUJHU�VWRP DFK�LQ�UHODWLRQ�WR�WKH�UHVW�RI�WKH�JXW��ZKLFK�

P D\� DOVR�EH�DWWULEXWHG�WR�DQ�LQFUHDVH�LQ�GLJHVWLYH�VWUDWHJ\� IRU�EUHHGLQJ��

� �� � &2 1& / 8 6,2 1 6 �

8 QGHUVWDQGLQJ�WKH�JDVWURLQWHVWLQDO�P RUSKRORJ\� RI�WUHH�NDQJDURRV�LV�LP SRUWDQW�LQ�

UHODWLRQ�WR�KRZ�WKH\� P HHW�WKH�RSWLP DO�GLJHVWLYH�VWUDWHJ\ ���2 SWLP DO�GLJHVWLYH�

VWUDWHJLHV�DQG�RSWLP DO�IRUDJLQJ�VWUDWHJLHV�DUH�OLQNHG��DQG�VKRXOG�EH�FRQVLGHUHG�

WRJHWKHU�ZKHQ�VWXG\ LQJ�DQ�DQLP DO¶V�HFRORJ\� �+XP H����� � ��

7KH�ODUJH�VWRP DFK�FDSDFLW\� DQG�ODUJHU�VDFFLIRUP� UHJLRQ�LQ�' HQGURODJXV�

OXP KROW] L�LV�P RUH�VLP LODU�WR�RWKHU�IRUHJXW�IHUP HQWLQJ�DUERUHDO�IROLYRUHV��H�J��WKH�

&RORELQH�P RQNH\ V�DQG�WKH�WKUHH�WRHG�VORWK��WKDQ�WR�RWKHU�P DFURSRG�VSHFLHV�

SUHYLRXVO\� VWXGLHG��HYHQ�RWKHU�EURZVLQJ�VSHFLHV����7KLV�LV�FRQVLVWHQW�ZLWK�WKH�

VXJJHVWLRQ�WKDW�D�ODUJH�VDFFLIRUP� IRUHVWRP DFK�LV�EHQHILFLDO�IRU�IRUHJXW�

IHUP HQWLQJ�DUERUHDO�IROLYRUHV�WR�HIILFLHQWO\� P HHW�WKHLU�RSWLP DO�GLJHVWLRQ�E\�

P D[ LP LVLQJ�UHWHQWLRQ�RI�WRXJK�SODQW�P DWHULDO��ZKLOH�VWLOO�DOORZLQJ�ORZ� ILEUH�RU�IOXLG�

FRQWHQWV�WR�SDVV�WKURXJK�WR�WKH�KLQGJXW�IRU�GLJHVWLRQ�YLD�WKH�JDVWULF�VXOFXV����� �

2 Q�WKH�RWKHU�KDQG��D�P RUH�WXELIRUP�P RUSKRORJ\ ��VXFK�DV�WKH�JUD] LQJ�

NDQJDURRV��OHDGV�WR�D�OHVV�WKDQ�P D[ LP DO�UHWHQWLRQ�RI�GLJHVWD�IRU�IHUP HQWDWLRQ�

ZLWK�D�JUHDWHU�IORZ�UDWH��DOORZLQJ�IRU�D�JUHDWHU�DP RXQW�RI�SODQW�P DWHULDO�WR�EH�

SURFHVVHG�IDVWHU���* UD] HUV�FDQ�HVVHQWLDOO\� HDW�D�ODUJH�DP RXQW�RI�JUDVV��DV�WKHUH�

LV�QRW�P DQ\� SODQW�GHIHQFHV�LQ�JUDVV���+RZHYHU��OHDI�HDWHUV�FDQQRW�HDW�ODUJH�

DP RXQWV�RI�OHDYHV�DV�WKH\� KDYH�D�ZKROH�YDULHG�VHW�RI�SUREOHP V�WR�GHDO�ZLWK��

VXFK�DV�WKH�SRWHQWLDOO\� KLJK�OHYHOV�RI�WR[ LQV�LQ�OHDYHV���,I�IROLYRUHV�ZHUH�WR�

FRQVXP H�DV�P XFK�DV�JUD] HUV��WKH\� UXQ�WKH�ULVN�RI�SRLVRQLQJ�WKHP VHOYHV���

7KHUHIRUH��WKH\� QHHG�WR�EH�DEOH�WR�GLJHVW�DV�P XFK�DV�SRVVLEOH�RI�WKH�OHDYHV�

WKH\� HDW��LQVWHDG�RI�FRQVXP LQJ�P RUH��WR�JHW�WKH�VDP H�QXWULWLRQ�IURP� WKHP ��

�



� ��� �

&KDSWHU�� �� $JHLQJ�/X P KROW] ¶V�WUHH�NDQJDURRV�
�' HQGURODJXV�OXP KROW] L���XVLQJ�SUHP RODU�
WRRWK�Z HDU�DQG�DQQXDO�ULQJV�LQ�WKH�
FHP HQWXP� RI�P RODUV��

� �� � ,1 75 2 '8& 7,2 1 �

$Q�DFFXUDWH�P HWKRG�IRU�DVVHVVLQJ�WKH�DJH�RI�DQ�LQGLYLGXDO�DQLP DO�SURYLGHV�D�

YDOXDEOH�LQVLJKW�LQWR�P DQ\� DVSHFWV�RI�D�VSHFLHV�ELRORJ\� �0 RUULV����� ��DQG�LV�DQ�

LP SRUWDQW�SDUW�RI�DQ\� VWXG\� RI�WKH�SRSXODWLRQ�G\ QDP LFV�RI�D�VSHFLHV��&DXJKOH\�

���� ��,QQV����� � ���$FFXUDWH�DJH�GDWD�DUH�YLWDO�LQ�HVWDEOLVKLQJ�VXFK�FKDUDFWHUV�

DV�WKH�UDWH�RI�JURZWK��RQVHW�RI�VH[ XDO�P DWXULW\ ��SHULRGLFLW\� RI�UHSURGXFWLRQ�RU�OLIH�

VSDQ�RI�D�VSHFLHV��. OHYH] DO�DQG�. OHLQHQEHUJ����� � ��SRSXODWLRQ�YLDELOLW\� DQDO\ VLV�

DQG�P DQ\� RWKHU�SDUDP HWHUV�HVVHQWLDO�WR�WKH�IRUP XODWLRQ�RI�ZLOGOLIH�P DQDJHP HQW�

SURJUDPP HV��0 RUULV����� � ���5 HOLDEOH�DJH�GDWD�FDQ�DOVR�EH�XVHG�WR�FRQVWUXFW�

OLIH�WDEOHV�IRU�WKH�HVWLP DWLRQ�RI�DJH�VSHFLILF�P RUWDOLW\� �,QQV����� � ���) XUWKHUP RUH��

WKLV�LQIRUP DWLRQ�P D\� EH�LP SRUWDQW�LQ�H[ SODLQLQJ�WKH�GLVWULEXWLRQ�RI�LQGLYLGXDOV�RI�

GLIIHULQJ�DJH�LQ�KDELWDW�RI�YDU\ LQJ�TXDOLW\� �0 DUWLQ����� � ��$JH�GHWHUP LQDWLRQ�LV�

DOVR�YHU\� LP SRUWDQW�IRU�DQ\� VWXG\� RQ�WKH�IOXFWXDWLRQV�RI�SRSXODWLRQV��. OHYH] DO�

DQG�. OHLQHQEHUJ����� � ��

$JH�GHWHUP LQDWLRQ�LV�DOVR�LQGLVSHQVDEOH�WR�P DQ\� VWXGLHV�RI�FRP SDUDWLYH�

DQDWRP \ ��P RUSKRORJ\� DQG�WD[ RQRP \ ��VLQFH�ZLWKRXW�WKLV�LQIRUP DWLRQ�ZH�FDQQRW�

GHWHUP LQH�WKH�XQLIRUP LW\� RI�FRP SDUDEOH�GDWD�RU�WKH�FKDUDFWHU�RI�YDULDELOLW\�

DVVRFLDWHG�ZLWK�DJH��. OHYH] DO�DQG�. OHLQHQEHUJ����� � ���

0 DPP DOV�FDQ�EH�DJHG�E\� D�YDULHW\� RI�WHFKQLTXHV��&DXJKOH\� ���� ��,QQV����� ��

VHH�6HFWLRQ���� � ���&RPP RQ�WHFKQLTXHV�IRU�DJLQJ�LQ�P DFURSRGV�XVH�D�YDULHW\� RI�

GLIIHUHQW�ERG\� P HDVXUHP HQWV��6DGOLHU����� ��6KLHOG����� ��6KDUP DQ�HW�DO����� ��

0 XUSK\� DQG�6P LWK����� ��0 D\ QHV����� ��3RROH�HW�DO����� ������ ��,QQV����� ��

%ODQVKDUG����� ��- RKQVRQ�DQG�9HUQHV����� ��- RKQVRQ�DQG�' HOHDQ����� � ��WRRWK�

HUXSWLRQ��&DXJKOH\� ���� ��6KDUP DQ�HW�DO����� ��( DOH\� ���� ��0 D\ QHV����� ��

' ULHVVHQ�DQG�+RFNLQJ����� � ��P RODU�SURJUHVVLRQ��. LUNSDWULFN����� ������ ��

+XJKHV������ 6KDUP DQ�HW�DO����� ��' XE] LQVNL�HW�DO����� ��' DZVRQ����� ��/HQWOH�
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HW�DO�����E ��DQG�WRRWK�ZHDU��/RJDQ�DQG�6DQVRQ����� ��/HQWOH�HW�DO����� ��

����D ������ F���� �

7UHH�NDQJDURR�GHQWLWLRQ�LV�VLP LODU�WR�NRDODV�LQ�WKDW�WKH\� KDYH�D�SUHP RODU�DQG�

IRXU�P RODUV�LQ�D�IODW�WRRWK�URZ�DQG�WKHLU�WHHWK�HUXSW�FRP SOHWHO\� HDUO\� LQ�WKH�

DQLP DO¶V�P DWXULW\� DQG�LQ�D�UHODWLYHO\� VKRUW�SHULRG�RI�WLP H��) ODQQHU\� HW�DO����� ��

0 DUWLQ����� � ���7UHH�NDQJDURRV�KDYH�QR�P RODU�SURJUHVVLRQ��DV�IRXQG�LQ�P DQ\�

RWKHU�P DFURSRGV��) ODQQHU\� HW�DO����� � ���7UHH�NDQJDURRV�GR��KRZHYHU�KDYH�WZR�

GHFLGXRXV�SUHP RODUV�WKDW�DUH�UHSODFHG�E\� D�ODUJH�VHFDWRU�SUHP RODU�RI�WKH�VDP H�

VL] H�E\� WKH�DSSUR[ LP DWH�DJH�RI���R U��� \ HDUV��) LJXUH�� �� � ���

7KHUHIRUH��DV�WUHH�NDQJDURRV�GR�QRW�KDYH�P RODU�SURJUHVVLRQ�DQG�ERG\�

P HDVXUHP HQWV�DQG�WRRWK�HUXSWLRQ�DUH�RQO\� UHOHYDQW�XS�WR�D�FHUWDLQ�DJH��,QQV�

���� � ��WKH�WHFKQLTXHV�IRU�DJLQJ�WUHH�NDQJDURRV�DUH�OLP LWHG��

7RRWK�ZHDU�LV�D�ZLGHO\� XVHG�DQG�VXFFHVVIXO�LQGLFDWLRQ�RI�DJH�LQ�NRDODV��0 DUWLQ�

���� ��/DQ\ RQ�DQG�6DQVRQ����� ��* RUGRQ����� ��/RJDQ�DQG�6DQVRQ����� � ���

&RQWLQXDO�ZHDU�RI�WKH�ELWLQJ�DQG�JULQGLQJ�VXUIDFHV�RI�WKH�WHHWK�RFFXUV��* RUGRQ�

���� ��0 DUWLQ�HW�DO����� ��DQG�FRQWLQXHV�XQWLO�WKH�HQDP HO�RI�WKH�FXWWLQJ�ULGJHV�

DQG�FXVSV�LV�ZRUQ�DZD\� FRP SOHWHO\� �0 DUWLQ�HW�DO����� � ���7KH�XQGHUO\ LQJ�GHQWLQH�

LV�WKHQ�H[ SRVHG�DQG�WKH�FKDUDFWHULVWLF�ZHDU�SDWWHUQV�WKDW�DSSHDU�FDQ�EH�XVHG�

WR�DVVLJQ�DJH�FODVVHV�RU�LQGLFHV�RI�DJH�WR�DQLP DOV��

8 QWLO�WKLV�VWXG\ ��WKHUH�KDYH�EHHQ�QR�SUHYLRXV�DWWHP SWV�WR�DJH�/XP KROW] ¶V�WUHH�

NDQJDURRV��' HQGURODJXV�OXP KROW] L��H[ FHSW�LQ�SRXFK�\ RXQJ�LQ�FDSWLYLW\� �- RKQVRQ�

DQG�' HOHDQ����� � ��

7KLV�VWXG\� H[ DP LQHG�WKH�VXLWDELOLW\� RI�GHYHORSLQJ�DQ�DJLQJ�LQGH[� IRU�' ��OXP KROW] L�

EDVHG�RQ�ERWK�WRRWK�HUXSWLRQ�DQG�UHSODFHP HQW�IRU�\ RXQJ�DQLP DOV�DQG�WRRWK�

ZHDU�RI�WKH�XSSHU�SUHP RODUV�VLP LODU�WR�WKDW�XVHG�WR�DJH�NRDODV��0 DUWLQ����� ��

* RUGRQ����� ��0 DUWLQ�HW�DO����� � ��

) RU�D�FRP SDULVRQ��DQG�WR�WHVW�LI�WRRWK�ZHDU�FRUUHVSRQGV�ZLWK�LQGHSHQGHQW�

P HDVXUHV�RI�DJH��WKH�WRRWK�ZHDU�LQGH[� ZDV�FRP SDUHG�ZLWK�DQDO\ VLV�RI�WRRWK�

FHP HQWXP� DQQXOL�IURP� GHDG�WUHH�NDQJDURRV��ODUJHO\� URDG�NLOOV���
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� �� �� � 7RRWK�FHP HQWXP� DQQXOL�

$QQXOL�LQ�FHP HQWXP� DQG�GHQWLQH�OD\ HUV�RI�WHHWK�KDYH�EHHQ�XVHG�WR�DJH�P DQ\�

GLIIHUHQW�P DPP DOV��/DZV����� ��. OHYH] DO�DQG�. OHLQHQEHUJ����� ��* DVDZD\� HW�DO�

���� ��) DQF\� ���� ��0 F&XOORXJK�DQG�%HLHU����� ��&RRO�HW�DO����� ��$ ] RULW�HW�DO�

����D ������E ���LQFOXGLQJ�P DUVXSLDOV��3HNHOKDULQJ����� ��&ORXW����� � ��2 YHU����

VSHFLHV�RI�P DPP DOV�KDYH�EHHQ�DJHG�E\� WKLV�P HWKRG�VLQFH�/DZV������ �� ILUVW�

VKRZHG�WKDW�LQWHUQDO�GHQWLQH�DQG�FHP HQWXP� DQQXODWLRQV�ZHUH�FRUUHODWHG�ZLWK�

DJH��

$OWKRXJK�HDUO\� DWWHP SWV�P DGH�ZLWK�P DUVXSLDOV�ZHUH�XQVXFFHVVIXO��. LQJVP LOO�

���� ��&DWW����� ��,QQV����� � ��UHFHQW�LP SURYHP HQWV�WR�WKH�SUHSDUDWLRQ�DQG�

VWDLQLQJ�P HWKRGV�KDV�UHVXOWHG�LQ�DQ�DFFXUDWH�DQG�IUHTXHQWO\� XVHG�WHFKQLTXH�WR�

DJH�RU�WR�GHYHORS�DQ�DJH�LQGH[� IRU�P DQ\� VSHFLHV��) DQF\� ���� ��$ ] RULW�HW�DO�

����D ���,Q�IDFW��WRRWK�FHP HQWXP� LV�FXUUHQWO\� WKH�P RVW�ZLGHO\� XVHG�WLVVXH�IRU�

P DPP DO�DJLQJ��) DQF\� ���� ��$ ] RULW�HW�DO�����D ����

7UHH�NDQJDURRV�KDYH�OLP LWHG�ORQJLWXGLQDO�JURZWK�RI�WKHLU�WHHWK��) ODQQHU\� HW�DO�

���� � ��DQG�GR�QRW�DSSHDU�WR�KDYH�DQ\� FOHDU�GHQWLQH�JURZWK�OLQHV��SHUV��REV����VR�

WKH�FHP HQWXP� OD\ HUV�DUH�WKH�P RVW�VXLWDEOH�WLVVXH�IRU�DJLQJ�LQ�' ��OXP KROW] L��

� �� �� � 7UHH�NDQJDURR�WRRWK�HUXSWLRQ�

/ LNH�RWKHU�P DFURSRGV��WUHH�NDQJDURRV�GR�KDYH�D�OLP LWHG�QXP EHU�RI�GHFLGXRXV�

WHHWK��) ODQQHU\� HW�DO����� ��DQG�D�SHFXOLDU�IRUP� RI�WRRWK�UHSODFHP HQW��$V�DQ�

DQLP DO�P DWXUHV��D�SHUP DQHQW�VHFWRULDO�SUHP RODU��3 � ��HMHFWV�ERWK�D�GHFLGXRXV�

EODGH�OLNH�SUHP RODU��3 � ��DQG�D�P RODU�VKDSHG�WRRWK��3 � ��� ) ODQQHU\� HW�DO����� � ���

7KLV�FKDUDFWHULVWLF��ZKHUH���RQH�SHUP DQHQW�WRRWK�UHSODFHV�WZR�GHFLGXRXV�RQHV���

LV�XQLTXH�WR�NDQJDURRV��) ODQQHU\� HW�DO����� � ���,W�LV�LQWHUHVWLQJ�WKDW�WKH�WZR�

GHFLGXRXV�WHHWK�IRUP� D�IXQFWLRQLQJ�XQLW�VLP LODU�LQ�VKDSH�DQG�VL] H�WR�WKH�

SUHP RODU�WKDW�UHSODFHV�WKHP� �) ODQQHU\� HW�DO����� � ���,Q�IDFW��WKH�SUHP RODU�

UHSODFLQJ�WKH�GHFLGXRXV�RQHV�VLWV�GLUHFWO\� EHQHDWK�WKH�WZR�GHFLGXRXV�RQHV��

ILWWLQJ�SUHFLVHO\� XQGHU�WKHLU�URRWV��) LJXUH�� �� � ��
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�
)LJXUH������ 3HUPDQHQW�SUHPRODU��3���XQGHU�GHFLGXRXV�SUHPRODUV�LQ�\RXQJ�MRH\��

7KH�HUXSWLRQ�RI�3 �� UHSODFLQJ�WKH�GHFLGXRXV�SUHP RODUV�WHQGV�WR�EH�GHOD\ HG�XQWLO�

WKH�WRRWK�URZ�LV�FRP SOHWH�LQ�WUHH�NDQJDURRV��ZKHUHDV�LQ�RWKHU�VSHFLHV�RI�

P DFURSRGV�WKLV�WDNHV�SODFH�EHIRUH�WKH�HUXSWLRQ�RI�0 �� �7DWH����� ��* URYHV�

���� � ���7KLV�SUHP RODU�UHSODFHP HQW�LV�EHOLHYHG�WR�RFFXU�E\� WKH�WLP H�WKH�DQLP DO�

UHDFKHV��� \ HDUV�RI�DJH�LQ�' ��OXP KROW] L��SHUV��REV���$ IWHU�WKLV�DJH�WKHUH�DUH�QR�

QHZ�WHHWK��MXVW�FRQWLQXLQJ�ZHDU�RI�WKH�ELWLQJ�DQG�JULQGLQJ�VXUIDFHV�RI�WKH�

H[ LVWLQJ�WHHWK��) ODQQHU\� HW�DO����� � ��� �

� �� � 0 ( 7+2 ' 6 �

� �� �� � 6SHFLP HQ�FROOHFWLRQ�DQG�SUHSDUDWLRQ�

��� VSHFLP HQV�RI�' HQGURODJXV�OXP KROW] L�ZHUH�FROOHFWHG��IURP� URDG�NLOOV�RU�GHDWK�

ZKLOVW�LQ�FDSWLYLW\ ��RYHU�D�SHULRG�RI�WZR�\ HDUV������ � ���� ��RQ�WKH�$WKHUWRQ�

7DEOHODQGV�LQ�IDU�QRUWK�4 XHHQVODQG���7KLV�LQFOXGHG�RQH�NQRZQ�DJH�LQGLYLGXDO�

WKDW�ZDV�ERUQ�LQ�FDSWLYLW\� DQG�GLHG�DW���� \ HDUV�RI�DJH��

%RG\� ZHLJKW�DQG�ERG\� P HDVXUHP HQWV�ZHUH�UHFRUGHG�IRU�HDFK�DQLP DO�DQG�WKH�

KHDG�UHP RYHG���( DFK�KHDG�ZDV�WKHQ�P DFHUDWHG�LQ�DQ�LQGLYLGXDO�SODVWLF�

FRQWDLQHU�ILOOHG�ZLWK�ZDWHU��7KH�VNXOOV�ZHUH�FOHDQHG�ZLWK�ZDWHU�DIWHU�D�SHULRG�RI�

RQH�P RQWK�WR�UHP RYH�DQ\� UHP DLQLQJ�WLVVXH�DQG�GULHG�LQ�WKH�VXQ��1 R�FKHP LFDOV�

ZHUH�XVHG�LQ�WKLV�SURFHVV��6NXOOV�ZHUH�WKHQ�NHSW�GU\� LQ�LQGLYLGXDO�DUFKLYDO�

ER[ HV���0 DQ\� LQFLVRU�WHHWK�EHFDP H�ORRVH�DQG�IHOO�RXW�RI�WKH�WRRWK�VRFNHW�GXULQJ�

WKH�P DFHUDWLRQ�SURFHVV���$OO�ORRVH�WHHWK�ZHUH�FROOHFWHG�DQG�SODFHG�LQ�WKH�

RULJLQDO�WRRWK�VRFNHW�LQ�VNXOO��DOWKRXJK�VRP H�RI�WKH�YHU\� VP DOO�FDQLQHV�ZHUH�ORVW��
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� �� �� � 7RRWK�Z HDU�

$OO�VNXOOV�ZHUH�SKRWRJUDSKHG�DQG�ULJKW�XSSHU�SUHP RODU�WRRWK�ZHDU�ZDV�

GHVFULEHG��$�VHULHV�RI�VNXOOV�UHSUHVHQWLQJ�WKH�IXOO�VSHFWUXP� RI�ZHDU�REVHUYHG�

ZHUH�DUUDQJHG�LQ�LQFUHDVLQJ�SUHP RODU�WRRWK�ZHDU���7KH\� ZHUH�WKHQ�GLYLGHG�LQWR�

HLJKW�GLVWLQJXLVKDEOH�FODVVHV�RQ�WKH�EDVLV�RI�WKLV�ZHDU��VLP LODU�WR�WKRVH�

GHVFULEHG�IRU�NRDODV��0 DUWLQ����� � ��� ' UDZLQJV�DQG�GHVFULSWLRQV�ZHUH�P DGH�RI�

HDFK�FODVV�IRU�XVH�FODVVLI\ LQJ�WRRWK�ZHDU�LQ�WKH�ILHOG��) LJXUH�� �� � ���7RRWK�ZHDU�

ZDV�GHVFULEHG�RQ�XSSHU�5+ 6�3 �� IRU�FRQVLVWHQF\� DQG�GXH�WR�LWV�DFFHVVLELOLW\� LQ�

OLYH�DQLP DOV��� �

7RRWK�ZHDU�ZDV�GHVFULEHG�EHIRUH�WHHWK�ZHUH�VHQW�DZD\� IRU�VHFWLRQLQJ�IRU�

FHP HQWXP� DQQXOL�DQDO\ VLV��

� �� �� � 7RRWK�FHP HQWXP� DQQXOL��

7KH�ULJKW�ORZHU�� VW�P RODU��0 � ��WRRWK�ZDV�UHP RYHG�IURP� HDFK�GU\� VNXOO�DQG�VHQW�

DZD\� IRU�VHFWLRQLQJ�DQG�VWDLQLQJ��0 �� ZDV�FKRVHQ��DV�LW�LV�WKH�ILUVW�P RODU�WR�

HP HUJH�DQG�ZDV�XVHG�VXFFHVVIXOO\� E\� &ORXW������ ��WR�DJH�SRVVXP V��&DQLQHV��

ZKLFK�DUH�XVHG�LQ�P DQ\� P DPP DOV��) DQF\� ���� ��&RRO�HW�DO����� ��$ ] RULW�HW�DO�

����D ���DUH�QRW�VXLWDEOH�IRU�XVH�ZLWK�WUHH�NDQJDURRV�GXH�WR�WKHLU�VP DOO�VL] H�DQG�

WKH�IDFW�WKDW�P RVW�DUH�ORVW�GXULQJ�SUHSDUDWLRQ�RI�VNXOO��

7KH�P RVW�VXLWDEOH�UHJLRQ�WR�REVHUYH�LQFUHP HQWDO�OLQHV�FOHDUO\� ZDV�EHOLHYHG�WR�

EH�WKH�ORQJLWXGLQDO�FXW�RI�WKH�LQWHUUDGLFXODU�SDG�XQGHU�WKH�FURZQ�RI�WKH�P RODU�

�&ORXW����� ��$ ] RULW�HW�DO�����D ����+RZHYHU��LW�LV�EHVW�WR�H[ DP LQH�DOO�DUHDV�DORQJ�

WKH�URRW�IRU�FRP SDULVRQ��

� �� �� � 7RRWK�SUHSDUDWLRQ�

' U\� WHHWK�ZHUH�SUHSDUHG�DQG�VHFWLRQHG�E\� WKH�+LVWRSDWKRORJ\� /DERUDWRU\� RI�WKH�

9HWHULQDU\� 3DWKRORJ\� ' LDJQRVWLF�6HUYLFHV��) DFXOW\� RI�6FLHQFH��DW�WKH�8 QLYHUVLW\�

RI�6 \ GQH\ ��( DFK�WRRWK�ZDV�SODFHG�LQWR�SURFHVVLQJ�FDVVHWWHV�DQG�VRDNHG�LQ�

�� �� EXIIHUHG�IRUP DOLQ�IRU���KRXUV�WKHQ�WUDQVIHUUHG�WR�D�GHFDOFLI\ LQJ�VROXWLRQ�

FRQVLVWLQJ�RI��� �� IRUP LF�DFLG�LQ��� �� EXIIHUHG�IRUP DOLQ����� P O�FRQFHQWUDWHG�

IRUP LF�DFLG�DQG����P O�RI��� �� EXIIHUHG�IRUP DOLQ���7HHWK�ZHUH�NHSW�RYHUQLJKW�LQ�

WKLV�VROXWLRQ��7HHWK�ZHUH�WKHQ�WUDQVIHUUHG�LQWR�5' 2� �UDSLG�GHFDOFLI\ LQJ�VROXWLRQ��

/RP E�6FLHQWLILF��DQG�OHIW�XQWLO�VXIILFLHQWO\� GHFDOFLILHG��EXW�RQO\� IRU�XS�WR���KRXUV���
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7KH�WHHWK�ZHUH�FXW�LQWR�WZR�ORQJLWXGLQDO�SLHFHV�EHWZHHQ�WKH�URRWV�JLYLQJ�RQH�

SHUIHFWO\� IODW�SLHFH�IURP� WLS�WR�URRW�DQG�D�VHFRQG�SLHFH�RI�WKH�DUHD�MXVW�EHWZHHQ�

WKH�URRWV��) LJXUH�� �� � ��

7HHWK�ZHUH�UHWXUQHG�WR�WKH�LQLWLDO�GHFDOFLI\ LQJ�VROXWLRQ�RYHUQLJKW�WR�FRP SOHWH�WKH�

GHFDOFLILFDWLRQ�RI�WKH�FXW�VXUIDFH��7KH�WHHWK�ZHUH�ZDVKHG�LQ�UXQQLQJ�ZDWHU�WR�

UHP RYH�VXUIDFH�FDOFLXP� DQG�ZHUH�WKHQ�SURFHVVHG�LQ�DQ�DXWRP DWLF�WLVVXH�

SURFHVVRU��6KDQGRQ�( [ FHOVLRU��RYHU�D�ORQJ�SHULRG�RI����KRX UV��QRUP DO�

SURFHVVLQJ�WLP H�LV����KRX UV���7HHWK�ZHUH�WKHQ�HP EHGGHG�LQ�3DUDSODVW�7LVVXH�

HP EHGGLQJ�ZD[ ��%ORFNV�ZHUH�WULPP HG�RI�H[ FHVV�ZD[� DQG�D�VHULHV�RI�DW�OHDVW�

WHQ�VHFWLRQV�ZHUH�FXW�IURP� HDFK�WRRWK�RQ�D�FRQYHQWLRQDO�P LFURWRP H�DW��� PP�

DQG�SODFHG�RQWR�6HOOH\ V�$TXDGKHUH�FRDWHG�VOLGHV��6OLGHV�ZHUH�GULHG�RYHUQLJKW�

DW��� ƒ&��

6OLGHV�ZHUH�GH�ZD[ HG�WKURXJK�FKDQJHV�RI�[\ ORO��DEVROXWH�HWKDQRO���� �� DQG�

�� �� HWKDQRO�DQG�WKHQ�ZDVKHG�LQ�ZDWHU��7KH\� ZHUH�WKHQ�VWDLQHG�LQ�: KLWORFN¶V�

KDHP DWR[\ OLQ�IRU���� P LQXWHV�DQG�WKHQ�ZDVKHG�LQ�UXQQLQJ�WDS�ZDWHU���7KH�VOLGHV�

ZHUH�SODFHG�LQ�6FRWW¶V�EOXHLQJ�VROXWLRQ�IRU��� P LQXWHV�DQG�ZDVKHG�LQ�UXQQLQJ�WDS�

ZDWHU�IRU�D�IROORZLQJ��� P LQXWHV��7KH\� ZHUH�WKHQ�GHK\ GUDWHG�WKURXJK��� FKDQJHV�

HDFK�RI��� � ���� �� DQG���� �� HWKDQRO���6OLGHV�ZHUH�SODFHG�LQ�D��� �� P L[ WXUH�RI�

DEVROXWH�HWKDQRO�DQG�[\ ORO��$�FRYHUVOLS�ZDV�WKHQ�SODFHG�RQ�HDFK�VOLGH�XVLQJ�

' 3 ;� V\ QWKHWLF�UHVLQ��

� �� �� � &RXQWLQJ�FHP HQWXP� DQQXOL�

7KH�VHULHV�RI�VHFWLRQV�IRU�HDFK�WRRWK�ZHUH�H[ DP LQHG�XQGHU�D�ELQRFXODU�

P LFURVFRSH�LQ�WUDQVP LWWHG�OLJKW�DW��� [� RU��� [� P DJQLILFDWLRQ��

,Q�DOO�WRRWK�VHFWLRQV�EURDG��OLJKWO\� VWDLQHG�EDQGV�FRQWDLQLQJ�FHP HQWRF\ WHV��

DOWHUQDWLQJ�ZLWK�QDUURZ��GDUNO\� VWDLQHG�EDQGV�FRXOG�EH�VHHQ�LQ�WKH�FHP HQWXP�

�) LJXUH�� �� ��XVLQJ�WUDQVP LWWHG�OLJKW��7KHVH�FRUUHVSRQG�WR�WKH�³2 SDTXH́�DQG�

³7UDQVOXFHQW�³�OD\ HUV�GHVFULEHG�E\� . OHYH] DO�DQG�. OHLQHQEHUJ������ ��DQG�

3HNHOKDULQJ������ � ���3HNHOKDULQJ������ ��FRXQWHG�WKH�EURDG�RSDTXH�OD\ HUV�ZKHQ�

DJLQJ�SRVVXP V��EXW�,�IROORZHG�WKH�VWDQGDUG�SURFHGXUH�GHVFULEHG�E\� . OHYHO] DO�

DQG�. OHLQHQEHUJ������ ��DQG�FRXQWHG�WKH�QDUURZ�GDUN�VWDLQHG�EDQGV��FRPP RQO\�

FDOOHG�LQFUHP HQWDO�OLQHV���,Q�VRP H�VHFWLRQV�³DFFHVVRU\� EDQGV́ �� . OHYHO] DO�DQG�
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. OHLQHQEHUJ����� ��ZHUH�DOVR�YLVLEOH���&RP SDULVRQ�RI�VHFWLRQV�IURP� WKH�VDP H�

WRRWK�ZDV�KHOSIXO�LQ�GLVWLQJXLVKLQJ�EHWZHHQ�WUXH�EDQGV�DQG�DFFHVVRU\� EDQGV��

ZKLFK�ZHUH�JHQHUDOO\� IDLQW�DQG�GLVFRQWLQXRXV��

$OO�DQLP DOV�ZHUH�LQFOXGHG�LQ�WKH�DQDO\ VLV�H[ FHSW�IRU�WKH���� J�SRXFK�\ RXQJ�DV�LW�

KDG�QR�SUHP RODUV�RU�P RODUV�HP HUJHG�DQG�WKHUHIRUH��WKH�WHHWK�ZRXOG�QRW�KDYH�

DQ\� FHP HQWXP� DW�WKLV�DJH��7KH�WZR���� JP� DQLP DOV�ZHUH�DOVR�VWXGLHG�IRU�DQQXOL�

WR�HVWDEOLVK�LI�DQ\� OLQHV�DUH�VHW�GRZQ�EHIRUH�WKH�DJH�RI��� \ HDU��

� �� �� � 9DOLGDWLRQ�DQG�DQDO\V LV�

2 QO\� RQH�DQLP DO�LQ�WKH�FROOHFWLRQ�ZDV�RI�NQRZQ�DJH���6KH�ZDV�ERUQ�LQ�FDSWLYLW\�

DW�4 XHHQVODQG�3DUNV�DQG�: LOGOLIH�6HUYLFH�3DOODUHQGD�5 HVHDUFK�6WDWLRQ�DQG�

GLHG�DW���� \ HDUV�RI�DJH���7KH�VHFWLRQV�IURP� WKLV�DQLP DO�IRUP� D�VLQJOH�SRLQW�RI�

YDOLGDWLRQ�RI�WKH�WHFKQLTXH�LQ�' ��OXP KROW] L���

7KHUH�ZHUH�DOVR�WZR���� J� ' ��OXP KROW] L�SRXFK�\ RXQJ�LQ�WKH�FROOHFWLRQ��$W�WKLV�

ERG\� VL] H�WKH\� DUH�HVWLP DWHG�WR�EH�DSSUR[ LP DWHO\� � ��� P RQWKV�RI�DJH��- RKQVRQ�

DQG�' HOHDQ����� � ���7KHVH�DQLP DOV��WKHUHIRUH��SURYLGH�D�FRQILUP DWLRQ�RI�

FHP HQWXP� DQQXOL�GHSRVLWLRQ�EHIRUH�RQH�\ HDU��

7RRWK�ZHDU�FODVVHV�ZHUH�FRP SDUHG�WR�WKH�QXP EHU�RI�FHP HQWXP� DQQXDO�ULQJV�

E\� ELYDULDWH�DQDO\ VLV��6SHDUP DQ¶V�5 DQN�FRHIILFLHQW��XVLQJ�6366 ��

� �/ 0 �

����PP�

)LJXUH������ &XWWLQJ�SODQH�RI�WKH�0RODU��0�����
/0�LV�WKH�ORQJLWXGLQDO�FXW�RI�WKH�LQWHU�UDGLFXODU�SDG�PDGH�SULRU�WR�HPEHGGLQJ�WRRWK�LQ�SDUDIILQ�ZD[�IRU�
VHFWLRQLQJ��$�VHULHV�RI�VHFWLRQV�ZHUH�WDNHQ�IURP�HLWKHU�VLGH�RI�FXW��
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� �� �� � 0 RUSKRORJLFDO�P HDVXUHP HQWV�

0 RUSKRORJLFDO�P HDVXUHP HQWV�VXFK�DV�ERG\� ZHLJKW��NJ���ERG\� OHQJWK��PP ���WDLO�

OHQJWK��PP ���KHDG�OHQJWK��PP ��DQG�ZLGWK��PP ���SHV��KLQG�IRRW��OHQJWK��PP ���

ZHUH�UHFRUGHG�IRU�DOO�DQLP DOV��

+HDG�DQG�KLQG�IRRW�OHQJWK��SHV�OHQJWK��� PP ��ZHUH�XVHG�WR�HVWLP DWH�DJH�IRU�WKH�

VP DOOHU��\ RXQJHU�DQLP DOV�XVLQJ�- RKQVRQ�DQG�' HOHDQ¶V������ ��SRO\ QRP LDO�

JURZWK�HTXDWLRQ���7KHUH�ZHUH�QLQH�DQLP DOV�WKDW�FRXOG�EH�XVHG�IRU�WKLV�DQDO\ VLV��

UDQJLQJ�IURP� � ���� J�WR�� ��� NJV��7DEOH�� �� � ��

7KLV�JURZWK�HTXDWLRQ�ZDV�XVHG�WR�FDOFXODWH�WRRWK�HUXSWLRQ�DJHV��DV�D�

FRP SDULVRQ�WR�WRRWK�ZHDU�DQG�WRRWK�FHP HQWXP� DQQXOL�LQ�WKHVH�\ RXQJHU�DQLP DOV��

EXW�ZDV�QRW�XVHG�IRU�DGXOWV�DV�WKH�SUHFLVLRQ�GLP LQLVKHV�ZLWK�DJH��- RKQVRQ�DQG�

' HOHDQ����� � ��7KH�RQO\� DGXOW�WKDW�ZDV�LQFOXGHG�ZDV�D�\ RXQJ�DGXOW�ZLWK�

GHFLGXRXV�SUHP RODU�WHHWK�EXW�� ��� NJ�ERG\� ZHLJKW�VR�WKDW�WKH�GHFLGXRXV�

SUHP RODU�UHSODFHP HQW�DJH�FRXOG�EH�HVWLP DWHG�DQG�FRP SDUHG�WR�WKH�QXP EHU�RI�

FHP HQWXP� DQQXOL��

� �� � 5 (6 8 / 76 �

� �� �� � 7RRWK�Z HDU�

: HDU�RI�WKH�SUHP RODUV�EHJLQV�DW�DQ�HDUO\� DJH�LQ�' ��OXP KROW] L��ZLWK�VRP H�ZHDU�

HYHQ�RQ�WKH�GHFLGXRXV�SUHP RODUV�EHIRUH�FRP SOHWH�HUXSWLRQ�RI�DOO�RI�WKH�P RODUV�

�) LJXUH�� ��D ����$OO�P RODUV�H[ DP LQHG�KDG�D�VOLJKW�DP RXQW�RI�ZHDU�RQ�WKH�WLSV�RI�

WKH�FXVSV���7KLV�FRQWLQXHG�LQ�WKH�3��D IWHU�WKH�HUXSWLRQ�RI�WKLV�WRRWK��&ODVV�,,,��

) LJXUH�� �� F���� �

7KHUH�ZDV�P RUH�ZHDU�RQ�WKH�SRVWHULRU�HQG�RI�WKH�3�� UHVXOWLQJ�LQ�URXQGLQJ�DQG�

SROLVKLQJ�RI�WKH�SRVWHULRU�SURP LQHQFH�DQG�D�VOLJKW�URXQGLQJ�DQG�SROLVKLQJ�RI�WKH�

DQWHULRU�SURP LQHQFH��&ODVV�,9 ��) LJXUH�� ��G���7KH�ZHDU�RI�WKH�HQDP HO�LQFUHDVHV�

XQWLO�WKH�HQWLUH�ORQJLWXGLQDO�FUHVW�ZDV�ZRUQ�UHVXOWLQJ�LQ�DQ�LVODQG�RI�ZRUQ�HQDP HO�

DQG�D�IODWWHQLQJ�RI�WKH�DQWHULRU�DQG�SRVWHULRU�SURP LQHQFHV�UHVXOWV��&ODVV�9 ��

) LJXUH�� ��H ����7KLV�FRQWLQXHV�ZLWK�FRP SOHWH�ZHDU�RI�WKH�HQDP HO�DQG�WKH�

IRUP DWLRQ�RI�D�FDYLW\� RU�EDVLQ�E\� &ODVV�9,��) LJXUH�� �� I� ���$W�WKLV�VWDJH�WKHUH�P D\�



� ��� �

EH�D�VKDUS�ULGJH�RQ�WKH�FKHFN��EXFFDO��VLGH��) LJXUH�� �� I� ���$ IWHU�WKLV�VWDJH�WKH�

WRRWK�ZDV�ZRUQ�IODW�ZLWK�OLWWOH�FXVSV�UHP DLQLQJ��&ODVV�9,,��) LJXUH�� �� J����$W�&ODVV�

9,,,��) LJXUH�� ��K ��WKHUH�ZDV�ZDVWLQJ�EHWZHHQ�WKH�DQWHULRU�DQG�SRVWHULRU�URRWV��$W�

WKLV�DJH�DOO�RI�WKH�P RODUV�KDG�FDYLWLHV�LQ�WKHP ��

7KH�ODVW��� FODVVHV�ZHUH�P RUH�GLIILFXOW�WR�GLVWLQJXLVK��KHQFH�WKH�ZHDU�RI�WKH��VW�

P RODU��0 � ��ZDV�DOVR�WDNHQ�LQWR�DFFRXQW��) LJXUHV�� �� J��� ��K ��� �� J��� ��K ����&ODVV�

9,�WKH��VW�P RODU��0 � ��KDV�VRP H�H[ SRVHG�GHQWLQH�EXW�WKHUH�ZHUH�VWLOO�FXVSV�

YLVLEOH���%\� &ODVV�9,,�0 �� ZDV�IODW�ZLWK�QR�FXVSV�UHP DLQLQJ�DQG�E\� &ODVV�9,,,�0 ��

ZDV�ZRUQ�WR�KDOI�LWV�RULJLQDO�KHLJKW��) LJXUH�� ��K ���

7KHUH�ZDV�P RUH�ZHDU�RQ�WKH�OLQJXDO��WRQJXH��VLGH�RI�WKH�3�� WKDQ�WKH�EXFFDO�

�FKHHN��VLGH��VKDUSHQLQJ�WKH�ORQJLWXGLQDO�FUHVW��HYHQWXDOO\� JULQGLQJ�GRZQ�WR�D�

EDVLQ�RQ�WKH�OLQJXDO�VLGH��) LJXUH�� ��K �L���7KH�P RODUV�EHJLQ�WR�ZHDU�GRZQ�WR�WKH�

GHQWLQH�E\� DJH�&ODVV�9�VWDUWLQJ�DW�0 ��DQG�WKHQ�WR�DOO�RWKHU�P RODUV�ZLWK�

LQFUHDVLQJ�DJH��) LJXUH�� ��H �L����



� ��� �

� �
D��&/$66�,�� E��&/$66�,,� �

� �
F��&/$66�,,,�� G��&/$66�,9�

� �
H��&/$66�9� I��&/$66�9,�

� �
J��&/$66�9,,� K��&/$66�9,,,�

)LJXUH������ 3KRWRJUDSKV�RI�XSSHU�WRRWK�URZ�RI�'��OXPKROW]L�VKRZLQJ�WRRWK�ZHDU�FODVVHV���$QWHULRU�RI�WRRWK�
URZ�WR�ULJKW���7RS�RI�SDJH�LV�FKHFN�VLGH��ERWWRP�WRQJXH��OLQJXDO��VLGH�RI�PRXWK���7HHWK�ODEHOOHG�RQ�D��DQG�F��
'3��GHFLGXRXV�SUHPRODUV��3���SUHPRODU��0��±�0���PRODUV��



� ��� �

7RRWK�ZHDU�ZDV�XQHYHQ�ZLWK�GLIIHUHQWLDO�ZHDU�RQ�HLWKHU�VLGH�RI�MDZ���7KHUH�

DSSHDUHG�WR�EH�P RUH�ZHDU�RQ�/+6�WKDQ�5+ 6���+RZHYHU��5+ 6�ZDV�XVHG�DV�IRU�

WRRWK�ZHDU�IRU�FRQVLVWHQF\� ZLWK�RWKHU�VWXGLHV��

&ODVVHV�,�DQG�,,�P D\� EH�GLIILFXOW�WR�WHOO�DSDUW�LQ�WKH�ILHOG�RQ�OLYH�DQLP DOV��DV�LW�LV�

DZNZDUG�WR�VHH�WKH�EDFN�P RODUV��+RZHYHU��WKHUH�ZDV�VRP H�ZHDU�RQ�WKH�

GHFLGXRXV�SUHP RODUV�DQG�DW�WKLV�DJH�ERG\� P HDVXUHP HQWV�FDQ�DOVR�EH�XVHG�WR�

FRQILUP� DJH��- RKQVRQ�DQG�' HOHDQ����� � ���+HDG�RU�SHV�OHQJWK�ZRXOG�EH�P RUH�

SUHFLVH�P HDVXUHP HQWV�IRU�DJH�DV�ERG\� P DVV�ZRXOG�YDU\� ZLWK�LQGLYLGXDOV�ZLWK�

EHWWHU�FRQGLWLRQV���) RU�H[ DP SOH��RQH�DQLP DO�LQ�WKLV�VWXG\� ZDV�� ��� NJ�EXW�VWLOO�

KDG�GHFLGXRXV�SUHP RODUV���+HQFH�KHDG�OHQJWK�ZRXOG�EH�P RUH�SUHFLVH�

P HDVXUHP HQW�WR�XVH�WKDQ�ERG\� P DVV�DV�WKLV�DQLP DO�ZDV�REYLRXVO\� LQ�SULP H�

FRQGLWLRQ��

7KH�GLIIHUHQWLDO�ZHDU�RI�WKH�XSSHU�SUHP RODU�DOORZHG�WKH�HVWDEOLVKP HQW�RI�WRRWK�

ZHDU�FODVVHV���( LJKW�WRRWK�ZHDU�FODVVHV�UHVXOWHG��ZKLFK�ZHUH�VLP LODU�WR�WKH�

VHYHQ�XVHG�RQ�NRDODV��0 DUWLQ����� � ��7KH���� VSHFLP HQV�ZHUH�WKHQ�SODFHG�LQ�

WKHVH�FODVVHV�EDVHG�RQ�WKHLU�WRRWK�ZHDU��7DEOHV�� ���DQG���� � ���



� ��� �

7DEOH������.H\�WR���WRRWK�ZHDU�FODVVHV�LQ�'��OXPKROW]L��)LJXUHV�����DQG�������

&ODVV� � ' HVFULSWLRQ�

,�� <RXQJ�DQLP DOV�
OHVV�WKDQ��� P RODUV��

2 QO\� VOLJKW�ZHDU�RI�GHFLGXRXV�3 ��DQG�3� ��
6OLJKW�ZHDU�RQ�P RODU�FUHVWV��) LJXUHV�� ��D�DQG�
� ��D ���

,,�� <RXQJ�DQLP DOV�
Z LWK��� GHFLGXRXV�
SUHP RODUV�DQG�DOO���
P RODUV�

6KRZLQJ�ZHDU�RQ�GHFLGXRXV�SUHP RODUV�DQG�
DOO�P RODUV��) LJXUHV�� ��E�DQG����E ���

,,,��� � <RXQJ�DQLP DOV�
Z LWK�3��H P HUJHG�
DQG�DOO�P RODUV�

: LWK�RQO\� VOLJKW�ZHDU�UHVWULFWHG�WR�IDFHWV�RQ�
WKH�FUHVWV�RI�3 �� Z LWK�SROLVKLQJ�RI�WLSV�
ZLWKRXW�EUHDFKLQJ�WKH�HQDP HO��) LJXUHV�� �� F�
DQG���� F���

,9 �� ³ ,�VKDSHG�Z HDÚ� RQ�
3 � ���

0 RGHUDWH�ZHDU�RQ�3�� FXVSV��1 RW�TXLWH�
IRUP LQJ�DQ�LVODQG��) LJXUHV�� ��G�DQG����G���
5 RXQGLQJ�RI�HLWKHU�SRVWHULRU�RU�ERWK�HQGV�RI�
3 � ��QRW�EUHDFKLQJ�WKH�HQDP HO��6OLJKW�ZHDU�RQ�
WLSV�RI�FXVSV�RI�DOO�P RODUV���

9 �� ³ &�VKDSHG�Z HDÚ�
RQ�3 � ��

( QDP HO�EUHDFKHG�FRQWLQXRXVO\� ZLWK�GHQWLQH�
H[SRVHG�RQ�3� �OHDYLQJ�DQ�LVODQG�RI�HQDP HO�
LQ�WKH�FHQWUH�RI�WKH�WRRWK�VXUIDFH��) LJXUHV�
� ��H�DQG����H ���0 ��HQWLUH�ORQJLWXGLQDO�ULGJH�
ZLWK�H[ SRVHG�GHQWLQH��' HQWLQH�H[ SRVHG�RQ�
P RVW�WHHWK�WR�VRP H�H[ WHQW��

9 ,���� ³ %DVLQ́ � RQ�3 � ��� ' HQWLQH�H[ SRVHG�RQ�HQWLUH�3�� ZLWK�DOO�HQDP HO�
ZRUQ�DZD\� IURP� RFFOXVDO�VXUIDFH�IRUP LQJ�D�
EDVLQ�RU�FDYLW\ ��) LJXUHV�� �� I�DQG���� I� ��6KDUS�
ULGJH�P D\� EH�UHP DLQLQJ�RQ�EXFFDO�VLGH�RI�3 � ���
' HQWLQH�H[ SRVHG�WR�VRP H�GHJUHH�RQ�DOO�
P RODUV��

9 ,,�� ³ ) ODW�WRRWK´� 3 ��D QG�
0 � �

3 �� ZRUQ�GRZQ�WR�DOP RVW�IODW�VXUIDFH��) LJXUHV�
� �� J�DQG���� J����) ODW�RFFOXVDO�VXUIDFH�RQ�0 � ��
EHJLQQLQJ�WR�IRUP� D�GLVK��

9 ,,,�� ( [ WUHP H�Z HDU�3��
DQG�0 � �

3 ��KDOI�ZRUQ�DZD\� ZLWK�ZDVWLQJ�EHWZHHQ�
DQWHULRU�DQG�SRVWHULRU�URRWV�DQG�0 �� ZRUQ�
GRZQ�WR�KDOI��) LJXUH�� ��K�DQG����K ���) URQW�
XSSHU�LQFLVRUV�DOVR�YHU\� ZRUQ��
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SRVWHULRU� � DQWHULRU��
EXFFDO�RU�ODELDO��FKHHN�VLGH��

���� � �
'3�� '3�� '3�� '3��

OLQJXDO��WRQJXH�VLGH��
�

� D��&ODVV�,� E��&ODVV�,,�

� � �
� F��&ODVV�,,,� 3� � G��&ODVV�,9� 3� �
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�
������J��&ODVV�9,,�
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)LJXUH����� ��,OOXVWUDWLRQV�RI�HDFK�RI�WKH�HLJKW�WRRWK�ZHDU�FODVVHV��:KLWH�DUHDV�VKRZ�HQDPHO�ZHDU��EODFN�
DUHDV�DUH�SODTXH��JUH\�DUHDV�DUH�QRW�ZRUQ�H[FHSW�RQ�&ODVV�9,�ZKHUH�LW�VKRZV�EDVLQ�IRUPLQJ�³&DYLW\´��D�E��
GHFLGXRXV�SUHPRODUV��F�I��3��SUHPRODUV��J�K��3��DQG�0���



� ��� �

� �� �� � 7RRWK�FHP HQWXP� DQQXOL�

2 Q�DOO�RI�WKH�VOLGHV��WKH�FHP HQWXP� OLQHV�ZHUH�FOHDU�DQG�UHODWLYHO\� HDV\� WR�FRXQW���

( DFK�OD\ HU�LV�ODLG�RQWR�WKH�RXWVLGH�RI�WKH�HDUOLHU�OD\ HU���+RZHYHU��LQ�DQLP DOV�ZLWK�

P DQ\� OLQHV��SUHVXP DEO\� ROGHU�DQLP DOV��LW�ZDV�GLIILFXOW�WR�FRXQW�OLQHV�DW�WKH�URRW�

FXVKLRQ�DQG�WKH�OLQHV�ZHUH�FORVHU�WRJHWKHU���&RQVHTXHQWO\ ��LW�ZDV�IRXQG�WKDW�LW�LV�

EHVW�WR�FKHFN�DORQJ�URRW�DV�ZHOO�IRU�FRP SDULVRQ��

,Q�WKH�SRXFK�\ RXQJ���� ��� J��WKDW�ZHUH�EHOLHYHG�WR�EH�OHVV�WKDQ�RQH�\ HDU�RI�DJH��

WKHUH�ZDV�D�OLQH�DOUHDG\� VHW�GRZQ�DQG�WKLV�LGHQWLILHG�DV�WKH�GHQWLQH�FHP HQWXP�

MXQFWLRQ��7KHUHIRUH�IRU�DOO�RWKHU�DQLP DOV�WKLV�OLQH�ZDV�QRW�FRXQWHG���

7KH��� �\ HDU�ROG�DQLP DO�KDG���� FHP HQWXP� OLQHV��) LJXUH�� ��K ����7KHUHIRUH��LW�

VHHP V�OLNHO\� WKDW�FHP HQWXP� DQQXOL�FRUUHVSRQG�ZLWK�DJH�LQ�\ HDUV�RI�WKH�NQRZQ�

DQLP DO�DQG�FRUUHVSRQG�ZLWK�WKH�WRRWK�ZHDU�LQGH[� �) LJXUH�� �� � ���7KDW�LV�&ODVV���

KDG���OLQH�DQG�&ODVV�,,�KDG���DQG�VR�RQ�XS�WR�&ODVV�9,�ZLWK�� ��� OLQHV��&ODVV�9,,�

ZLWK�� ����DQG�&ODVV�9,,,�ZLWK��� � ��� OLQHV��7DEOH�� �� ��) LJXUH�� �� � ���7KLV�LV�D�

VWURQJ�UHODWLRQVKLS��Q� � �� ��UV� � � ��� ��3�  �� � ��� ��WKHUHIRUH��WKHVH�OLQHV�SUREDEO\�

GR�UHSUHVHQW�\ HDUV���
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1 R�RI�FHPHQWXP�DQQXOL
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)LJXUH������� 7RRWK�ZHDU�FODVVHV�LQ�UHODWLRQ�WR�WKH�QXPEHU�RI�FHPHQWXP�DQQXOL����

�Q� �����U V� �������3� ��������
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D��&ODVV�,� E��&ODVV�,,��
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F��&ODVV�,,,�� G��&ODVV�,9�

� �

H��&ODVV�9� I��&ODVV�9,�

� �

J��&ODVV�9,,�� K��&ODVV�9,,,�

� ���PP �

)LJXUH������� 3KRWRJUDSKV�RI�FHPHQWXP�DQQXOL�IRU�HDFK�FODVV���,QFUHPHQWDO�OLQHV�DUH�QXPEHUHG�RQ�HDFK�
SKRWRJUDSK��&ODVV�9,,,�ZDV�RI�NQRZQ�DJH�RI����\HDUV�ROG��'��GHQWLQH��'&��GHQWLQH�FHPHQWXP�MXQFWLRQ��&��
FHPHQWXP���
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� �� �� � �%RG\� P HDVXUHP HQWV�

$V�LOOXVWUDWHG�LQ�WDEOH�� �� ��WKHUH�LV�D�ORW�RI�YDULDWLRQ�LQ�DJH�XVLQJ�KHDG�RU�SHV�

OHQJWKV�IRU�DQLP DOV�LQ�WKH�ZLOG��HVSHFLDOO\� DV�WKH�DQLP DOV�JHW�ELJJHU���,W�FDQ�EH�

VHHQ�WKDW�WKH�DJH�SUHGLFWRU�HUURU�LQFUHDVHV�ZLWK�ERG\� VL] H���

$OVR�WKH�UHVXOWV��7DEOH�� �� ��VXJJHVW�WKDW�D�� NJ�DQLP DO�LV�\ RXQJHU�WKDQ�D��NJ�

DQLP DO��,I�ZH�H[ DP LQH�WKH�WRRWK�HUXSWLRQ�LQ�WKHVH�WZR�DQLP DOV�WKH���NJ�DQLP DO�

KDG�0 ��H UXSWHG�DQG�WKH���NJ�DQLP DOV�KDG�WKHLU�0 ��H UXSWHG�EXW�QRW�0 � ���

7KHUHIRUH��WKLV�ZRXOG�VXJJHVW�WKDW�WKH���NJ�DQLP DO�LV�ROGHU��

%RG\� ZHLJKW�FDQ�QRW�EH�XVHG�WR�DJH�DQLP DOV�SUHFLVHO\� DV�WKHUH�LV�WRR�P XFK�

YDULDWLRQ��HVSHFLDOO\� RQFH�WKH�DQLP DOV�DUH�RYHU��� NJV�LQ�ERG\� P DVV��DOWKRXJK�

WKHUH�LV�D�VLJQLILFDQW�UHODWLRQVKLS�EHWZHHQ�ERG\� ZHLJKW�DQG�WRRWK�ZHDU�FODVVHV�

�3�  �� � ��� ��UV� � � ��� ��) LJXUH�� �� � ��
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%RG\� Z HLJKW��NJV�
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)LJXUH������� 7RRWK�ZHDU�FODVVHV�DV�D�IXQFWLRQ�RI�ERG\�ZHLJKW��NJV��IRU�'��OXPKROW]L���
� �Q� �����U V� �������3� ���������
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7DEOH������� $JH�HVWLPDWLRQ�XVLQJ�KHDG�DQG�SHV�OHQJWKV�XVLQJ�-RKQVRQ�DQG�'HOHDQ¶V��������³SRO\QRPLDO�
JURZWK�HTXDWLRQ´�IRU�DQLPDOV�LQ�WKLV�VWXG\��3(�SUHGLFWRU�HUURU�LQ�GD\V��

$QLPDO� 6H[�
7RRWK�
ZHDU�
FODVV�

:HLJKW�
�NJV��

+HDG�
OHQJWK�
�PP��

$JH�
�GD\V��
��+HDG�

3(�
�GD\V����

+HDG�

3HV�
OHQJWK�
�PP��

$JH�
�GD\V����

3HV�

3(�
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3HV�
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7.�� )� �� ����� ���� ������ ����� ���� ������ �����

7.��� 0� �� ����� ���� ������ ����� ������ ������ ������

7.�� 0� �� ����� ���� ������ ����� ���� ������ ������

�

� �� �� � 7RRWK�HUXSWLRQ�

7KH�GHFLGXRXV�SUHP RODUV�KDYH�HUXSWHG�E\� WKH�WLP H�' ��OXP KROW] L�LV���� JP� DQG�

ILUVW��� LQFLVRUV�DQG�0 � ��ZKLFK�LV�DSSUR[ LP DWHO\� � ��� P RQWKV�RI�DJH��- RKQVRQ�DQG�

' HOHDQ����� � ��

8 QIRUWXQDWHO\ ��WKHUH�ZHUH�QR�DQLP DOV�LQ�WKLV�VWXG\� ZLWK�0 ��H UXSWLQJ��EHWZHHQ�

��� J�DQG��NJV���

0 �� LV�HUXSWLQJ�E\� WKH�WLP H�' ��OXP KROW] L�UHDFKHV�� NJV�DQG�IXOO\� HUXSWHG�E\�

� �� NJV��RU�EHIRUH�WKH�DJH�RI���� P RQWKV���0 �� VWDUWV�WR�HUXSW�E\� � �� NJ��ZKLFK�

FRUUHVSRQGV�ZLWK�&ODVV�,�DW�DSSUR[ LP DWHO\� �� � �� P WKV�RI�DJH��

3 ��H UXSWV�DW�DQ�HVWLP DWHG�DJH�RI�� � �� \ HDUV�LQ�' ��OXP KROW] L��DIWHU�0 � ��

� �� � ' ,6&8 66 ,2 1 �

� �� �� � 7RRWK�Z HDU�

$OO�LQGLFHV�RI�DJH�DUH�VXEMHFW�WR�HUURU��&DXJKOH\� ���� � ���6RP H�DUH�ZRUVH�WKDQ�

RWKHUV���,QGLFHV�WKDW�FKDQJH�E\� DQQXDO�TXDQWD�JLYH�WKH�P RVW�DFFXUDWH�



� ��� �

HVWLP DWHV��SDUWLFXODUO\� IRU�DGXOW�DQLP DOV��EXW�WKH\� DUH�QRW�IRROSURRI��&DXJKOH\�

���� � ���

,W�KDV�EHHQ�VXJJHVWHG�WKDW�WRRWK�ZHDU�DV�DQ�DJH�LQGLFDWRU�KDV�WZR�P DLQ�

VRXUFHV�RI�HUURU��RQH�EHLQJ�WKH�YDULDWLRQ�RI�ZHDU�EHWZHHQ�LQGLYLGXDOV�RU�

SRSXODWLRQV��WKH�RWKHU�LV�P LVLQWHUSUHWDWLRQ�RI�WRRWK�ZHDU�FODVVHV�E\� WKH�REVHUYHU�

�: LQWHU����� � ���7KH�ILUVW�ZRXOG�EH�GHSHQGDQW�XSRQ�WKH�VL] H�RI�WKH�VWXG\� DUHD�

DQG�WKH�YDULDWLRQ�LQ�WKH�GLHW�RI�WKH�LQGLYLGXDOV��: LQWHU����� ��* RUGRQ����� � ��7KH�

VHFRQG�P D\� EH�P LQLP LVHG�E\� XVLQJ�D�VLQJOH�WUDLQHG�REVHUYHU��: LQWHU����� � ���

,Q�WKLV�VWXG\� WKH�ILUVW�HUURU�ZDV�UHGXFHG�E\� WKH�IDFW�WKDW�DOO�RI�WKH�DQLP DOV�XVHG�

IRU�WKH�GHWHUP LQDWLRQ�RI�WRRWK�ZHDU�ZHUH�IURP� DOO�RYHU�WKH�UHJLRQ�RI�WKH�$WKHUWRQ�

7DEOHODQGV�DV�WKH\� ZHUH�P RVWO\� URDG�NLOOV��SURYLGLQJ�XV�ZLWK�D�YDULHW\� RI�

LQGLYLGXDOV�WR�H[ DP LQH�IURP� GLIIHUHQW�SRSXODWLRQV��7KH�VHFRQG�HUURU�ZDV�

UHGXFHG�E\� RQH�UHVHDUFKHU��WKH�DXWKRU��SHUIRUP LQJ�WKH�UHDGLQJV��

$OWKRXJK�WRRWK�ZHDU�FDQ�YDU\� EHWZHHQ�DQLP DOV�DQG�SRSXODWLRQV�GHSHQGLQJ�RQ�

ZKDW�WKH�DQLP DOV�DUH�HDWLQJ�DQG�WKH�DQLP DO¶V�FRQGLWLRQ��LW�VWLOO�UHP DLQV�D�

UHDVRQDEOH��TXLFN�DQG�HDV\� ZD\� RI�FDWHJRULVLQJ�DQLP DOV�LQ�DJH�FODVVHV���7KH�

FODVVHV�SURSRVHG�KHUH�DUH�WKH�P RVW�GLIIHUHQWLDWHG�WR�WKH�H\ H�IRU�HDVH�RI�

LGHQWLILFDWLRQ�LQ�WKH�ILHOG�E\� DQ\� UHVHDUFKHU�RU�YHWHULQDULDQ���

� �� �� � 7RRWK�FHP HQWXP� DQQXOL�

6RP H�HDUOLHU�DWWHP SWV�RI�DJLQJ�P DUVXSLDOV�XVLQJ�FHP HQWXP� DQQXOL�ZHUH�

XQVXFFHVVIXO��. LQJVP LOO����� ��&DWW����� ��,QQV����� � ��+RZHYHU��WKH�UHFHQW�

LP SURYHP HQWV�LQ�WKH�SUHSDUDWLRQ�RI�WHHWK�DQG�VWDLQLQJ�P HWKRGV�KDYH�P DGH�WKLV�

WHFKQLTXH�YLDEOH�DQG�P RUH�UHOLDEOH�WKDQ�LQ�WKH�SDVW���,Q�WKLV�VWXG\ ��WKH�

LGHQWLILFDWLRQ�RI�FHP HQWXP� OD\ HUV�LQ�WKH�P RODUV�RI�' ��OXP KROW] L�ZDV�VXFFHVVIXO��

7KH�ORQJLWXGLQDO�VHFWLRQV�RI�WKH�LQWHUUDGLFXODU�SDG�EHWZHHQ�WKH�URRWV�RI�WKH�

P RODU�ZHUH�IRXQG�WR�EH�P RVW�VXLWDEOH�IRU�GLVWLQJXLVKLQJ�FHP HQWXP� LQFUHP HQWDO�

OLQHV�FOHDUO\� LQ�' ��OXP KROW] L��7KLV�ZDV�SUREDEO\� GXH�WR�WKH�VLJQLILFDQW�ZLGWK�RI�

JURZWK�OD\ HUV�DQG�WKH�VKDUSQHVV�RI�WKLQ�OLQHV�DQG�WKH�HDVLQHVV�WR�GLVWLQJXLVK�

DFFHVVRU\� OLQHV��$ ] RULW�HW�DO�����D ����+RZHYHU��WKLV�SURYHG�P RUH�GLIILFXOW�ZLWK�

ROGHU�DQLP DOV�DV�WKH�OLQHV�ZHUH�FORVHU�WRJHWKHU�DQG�VRP H�ZHUH�P RUH�IDLQW��7KLV�



� ��� �

LV�ZK\� LW�LV�LP SRUWDQW�WR�KDYH�D�VHULHV�RI�VHFWLRQV�FXW�IURP� WKH�VDP H�WRRWK�DQG�

VHFWLRQV�LQFOXGLQJ�WKH�URRW���7KLV�DOORZV�WKH�REVHUYHU�WR�FKHFN�RWKHU�DUHDV�DQG�

FRP SDUH�WKH�QXP EHU�RI�OLQHV�DQG�DVVLVWV�LQ�GHWHUP LQLQJ�DFFHVVDU\� OLQHV��,Q�WKLV�

VWXG\ ��LW�ZDV�IRXQG�WKDW�IRU�WKH�ROGHU�DQLP DOV�LW�ZDV�DFWXDOO\� HDVLHU�WR�FRXQW�OLQHV�

DW�WKH�URRW�] RQH��) LJXUH�� �� � ��

7KHUH�ZDV�D�JRRG�FRUUHVSRQGHQFH�EHWZHHQ�WKH�LQFUHP HQWDO�OLQHV�DQG�DJH�LQ�

\ HDUV�DV�VKRZQ�E\� WKH��� �\ HDU�ROG�DQLP DO�DQG�WKH�\ RXQJ�DQLP DOV�DJHG�IURP�

ERG\� P HDVXUHP HQWV���$OWKRXJK�WKHUH�ZDV�RQO\� RQH�ROG�DQLP DO�RI�NQRZQ�DJH��

FHP HQWXP� OLQHV�KDYH�EHHQ�VKRZQ�WR�FRUUHVSRQG�ZLWK�DJH�LQ�\ HDUV�LQ�P DQ\�

RWKHU�P DPP DOV��/DZV����� ��. OHYH] DO�DQG�. OHLQHQEHUJ����� ��3HNHOKDULQJ�

���� ��* DVDZD\� HW�DO����� ��) DQF\� ���� ��&ORXW����� ��0 F&XOORXJK�DQG�%HLHU�

���� ��&RRO�HW�DO����� ��$ ] RULW�HW�DO�����D ������E ����

7KH�WHFKQLTXH�RI�XVLQJ�FHP HQWXP� DQQXOL�WR�DJH�DQLP DOV�LV�LQYDVLYH��WKHUHIRUH�LW�

LV�QRW�VXLWDEOH�IRU�XVH�ZLWK�OLYH�DQLP DOV���$OWKRXJK�LW�LV�P RUH�DFFXUDWH�WKDQ�WRRWK�

ZHDU�LW�ZDV�RQO\� XVHG�KHUH�WR�HVWDEOLVK�DQ�DVVRFLDWLRQ�ZLWK�WKH�WRRWK�ZHDU�

FODVVHV���$V�WKHUH�LV�D�FORVH�UHODWLRQVKLS�EHWZHHQ�WKH�QXP EHUV�RI�WKHVH�OLQHV�

DQG�WKH�WRRWK�ZHDU�FODVVHV�SURSRVHG��LW�LV�FRQFOXGHG�WKDW�WKH�WRRWK�ZHDU�

FODVVHV�DUH�VXLWDEOH�IRU�XVH�IRU�HVWLP DWLRQ�RI�DEVROXWH�DJH�RI�' ��OXP KROW] L��ZLWKLQ�

D�IHZ� \ HDUV�HUURU��LQ�ERWK�WKH�ZLOG�DQG�LQ�FDSWLYLW\ ��� �

� �� �� � %RG\� P HDVXUHP HQWV�DQG�DJLQJ�

7KLV�VWXG\� KDV�VXSSRUWHG�WKH�YLHZ� �,QQV����� ��- RKQVRQ�DQG�' HOHDQV����� ��WKDW�

RQFH�DQ�DQLP DO�UHDFKHV�P DWXULW\ ��RU�D�FHUWDLQ�VL] H��ERG\� P HDVXUHP HQWV�FDQQRW�

EH�XVHG�VXFFHVVIXOO\� WR�DJH�DQLP DOV��LQFOXGLQJ�/X P KROW] ¶V�WUHH�NDQJDURRV���

%RG\� ZHLJKW�ZLOO�DOVR�YDU\� ZLWK�IDFWRUV�VXFK�DV�WKH�DQLP DO¶V�FRQGLWLRQ��DQG�

FRQVHTXHQWO\� FDQQRW�EH�XVHG�WR�HVWLP DWH�DJH�DFFXUDWHO\� HLWKHU��DV�LOOXVWUDWHG�E\�

WKH�DQLP DO�WKDW�ZDV�� ��� NJ�EXW�VWLOO�KDG�GHFLGXRXV�SUHP RODUV���

,Q�DGGLWLRQ��SRXFK�\ RXQJ�JURZWK�HVWLP DWLRQV�GHYHORSHG�RQ�FDSWLYH�DQLP DOV�

VKRXOG�EH�XVHG�FDXWLRXVO\� ZKHQ�VWXG\ LQJ�DQLP DOV�LQ�WKH�ILHOG��DV�WKHUH�FRXOG�EH�

GLIIHUHQFHV�LQ�JURZWK�UDWHV��,QQV����� � ���7KLV�FRXOG�RQO\� EH�FRQILUP HG�ZLWK�

JURZWK�UDWHV�P HDVXUHG�LQ�WKH�ILHOG��ZKLFK�FRXOG�SURYH�GLIILFXOW�ZLWK�' ��OXP KROW] L�



� ��� �

DV�WKH\� DUH�GLIILFXOW�WR�FDWFK�DQG�ZRXOG�KDYH�WR�EH�FDSWXUHG�RQ�D�UHJXODU�EDVLV�

IRU�UHSHDWHG�P HDVXUHP HQWV�RI�SRXFK�\ RXQJ��

� �� �� � 7RRWK�HUXSWLRQ�VWDJHV�

,W�DSSHDUV�WKDW�WRRWK�HUXSWLRQ�LQ�' ��OXP KROW] L�LV�P XFK�HDUOLHU�WKDQ�IRU�RWKHU�

NDQJDURRV���) RU�H[ DP SOH��LQ�0 DFURSXV�HXJHQLL�WKH�LQFLVRUV�DQG�0 ��KDYH�RQO\�

MXVW�HUXSWHG�DV�WKH�\ RXQJ�DUH�SHUP DQHQWO\� OHDYLQJ�WKH�SRXFK�DW���� � ����GD \ V�

�,QQV����� � ���,Q�WKLV�VWXG\� WKH�0 ��DQG�WKH�LQFLVRUV�RI�' ��OXP KROW] L�KDYH�HP HUJHG�

DW�WKH�DJH�ZKHQ�WKH\� DUH�EHJLQQLQJ�WR�YHQWXUH�IURP� WKH�SRXFK��DW�DSSUR[ LP DWHO\�

� ��� P RQWKV�RI�DJH���) XUWKHUP RUH��0 ��DQG�0 ��D UH�HP HUJLQJ�ZKHQ�' ��OXP KROW] L�

DUH�EHWZHHQ���� ��� P RQWKV�RI�DJH��VLP LODU�WR�NRDODV��0 DUWLQ����� ��0 DUWLQ�HW�DO�

���� � ���+RZHYHU��3 ��H UXSWV�DW�D�P HDQ�DJH�RI������GD \ V�IRU�0 ��HXJHQLL��,QQV�

���� � ��ZKLFK�FRUUHVSRQGV�ZLWK�WKH�HVWLP DWLRQV�IRU�' ��OXP KROW] L�KHUH�ZLWK�3��

HUXSWLQJ�EHIRUH�WKH�DJH�RI��� \ HDUV���

9DULDWLRQ�DOVR�RFFXUV�LQ�WRRWK�HUXSWLRQ�ZLWKLQ�SRSXODWLRQV�RI�D�VSHFLHV�DQG�

EHWZHHQ�FDSWLYH�DQLP DOV�DQG�WKRVH�LQ�WKH�ZLOG��,QQV����� � ���7KLV�DORQJ��ZLWK�WKH�

IDFW�WKDW�' ��OXP KROW] L�KDYH�FRP SOHWH�WRRWK�HUXSWLRQ�E\� WKH�DJH�RI��� \ HDUV�P DNHV�

WRRWK�HUXSWLRQ�DQ�XQVXLWDEOH�WHFKQLTXH�IRU�DJLQJ�WKLV�VSHFLHV��

� �� � &2 1& / 8 6,2 1 6 �

%HLQJ�DEOH�WR�SODFH�WUHH�NDQJDURRV�LQ�UHODWLYH�DJH�FODVVHV�ZLOO�HQDEOH�XV�WR�

LGHQWLI\� DJH�VSHFLILF�IHFXQGLW\� DQG�P RUWDOLW\� IRU�P RGHOOLQJ�SRSXODWLRQV��

HVSHFLDOO\� LVVXHV�VXFK�DV�WKH�UHODWLYH�DJH�RI�URDG�NLOO�DQG�GRJ�NLOO�DQLP DOV���,W�

ZDV�SUHYLRXVO\� EHOLHYHG�WKDW�P RVW�RI�WKH�/XP KROW] ¶V�WUHH�NDQJDURRV�WKDW�DUH�

NLOOHG�RQ�URDGV�DUH�\ RXQJ�P DOHV���,Q�IDFW��WKH�URDG�NLOO�VSHFLP HQV�FROOHFWHG�

GXULQJ�WKLV�VWXG\� ZHUH�IURP� D�YDULHW\� RI�DJH�FODVVHV��LQFOXGLQJ�IHP DOHV�ZLWK�

SRXFK�\ RXQJ�DQG�MRH\ V�DW�IRRW��

,Q�DGGLWLRQ��DVVHVVP HQW�RI�WKH�DJH�VWUXFWXUH�RI�D�SRSXODWLRQ�LV�DOVR�LP SRUWDQW�

IRU�P DQDJHP HQW�SXUSRVHV��SDUWLFXODUO\� IRU�XQGHUVWDQGLQJ�WKH�G\ QDP LFV�RI�D�

SRSXODWLRQ�DQG�XQGHUWDNLQJ�SRSXODWLRQ�YLDELOLW\� DQDO\ VLV��� �
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7KLV�WRRWK�ZHDU�LQGH[� ZLOO�DOVR�DVVLVW�YHWHULQDULDQV�RU�UHVFXHUV�RI�LQMXUHG�

DQLP DOV�WR�LGHQWLI\� ZKHWKHU�WKH�DQLP DO�LV�ROG�DQG�LI�LWV�FRQGLWLRQ�P D\� EH�DJH�

UHODWHG��,Q�YHWHULQDU\� P HGLFLQH�LW�LV�XVHIXO�WR�KDYH�VRP H�LGHD�RI�WKH�DQLP DO¶V�DJH�

LQ�ERWK�WKH�GLDJQRVLV�RI�DQ�LOOQHVV�DQG�WKH�SURJQRVLV�RI�DQ\� WUHDWP HQW���

7KLV�VWXG\� KDV�VKRZQ�WKDW�ZH�FDQ�QRW�XVH�ERG\� P HDVXUHP HQWV�RU�WRRWK�

HUXSWLRQ�WR�DJH�' ��OXP KROW] L�RQFH�DQ�DQLP DO�UHDFKHV�DSSUR[ LP DWHO\� ��� P RQWKV�

RI�DJH�DQG�WKDW�XVLQJ�WRRWK�ZHDU�FODVVHV�LV�WKH�HDVLHVW�DQG�P RVW�UHOLDEOH�

WHFKQLTXH�WR�DJH�WUHH�NDQJDURRV���) XUWKHUP RUH��DV�WRRWK�ZHDU�FODVVHV�

FRUUHVSRQG�VWURQJO\� ZLWK�FHP HQWXP� DQQXOL�DQG�FHP HQWXP� DQQXOL�FRUUHVSRQG�

ZLWK�\ HDUV��ZH�FDQ�VXJJHVW�DJH�LQ�\ HDUV�IRU�HDFK�WRRWK�ZHDU�FODVV�



���� �

&KDSWHU�� �� &RQFOXVLRQV�DQG�IXUWKHU�UHVHDUFK�

� �� � &2 1& / 8 6,2 1 6 �

2 XU�SUHYLRXV�NQRZOHGJH�RI�' ��OXP KROW] L�HFRORJ\� DQG�XVH�RI�KDELWDW�ZDV�OLP LWHG��

H[ FHSW�IRU�D�IHZ�HDUOLHU�VWXGLHV��3URFWHU�* UD\� ���� ��1 HZHOO����� � ��ZKLFK�ZHUH�

ERWK�XQGHUWDNHQ�RQ�WKH�VDP H�VSDWLDOO\� UHVWULFWHG�UDLQIRUHVW�W\ SH���: H�NQRZ�WKDW�

' ��OXP KROW] L�DUH�SULP DULO\� IRXQG�LQ�SULYDWHO\� RZQHG�UDLQIRUHVW�IUDJP HQWV�RQ�WKH�

$WKHUWRQ�DQG�( YHO\ Q�7DEOHODQGV��DQG�WKH\� DUH�WHUULWRULDO�ZLWK�UHODWLYHO\� VP DOO�

QRQ�RYHUODSSLQJ�KRP H�UDQJHV�DQG�KDYH�VWURQJ�VLWH�ILGHOLW\ ��� ' ��OXP KROW] L�DUH�

WKUHDWHQHG�E\� KDELWDW�IUDJP HQWDWLRQ��GRJ�DQG�URDG�NLOOV�ZKHQ�P RYLQJ�EHWZHHQ�

IUDJP HQWV���7KHVH�UDLQIRUHVW�IUDJP HQWV�DUH�QRW�WRWDOO\� SURWHFWHG�IURP� FOHDULQJ�

DQG�WKHLU�SUHVHUYDWLRQ�DQG�UHVWRUDWLRQ�DUH�FUXFLDO�WR�WKH�ORQJ�WHUP� FRQVHUYDWLRQ�

RI�' ��OXP KROW] L��� �

7KLV�VWXG\� ZDV�GHVLJQHG�WR�LQYHVWLJDWH�' ��OXP KROW] L�XVH�RI�KDELWDW�LQ�DQRWKHU�

P RUH�DEXQGDQW�UDLQIRUHVW�W\ SH��EXLOGLQJ�RQ�DQG�WHVWLQJ�UHVXOWV�IURP� SUHYLRXV�

VWXGLHV���,W�DOVR�DLP HG�WR�HQKDQFH�RXU�XQGHUVWDQGLQJ�RI�WKH�HFRORJ\� DQG�ELRORJ\�

RI�' ��OXP KROW] L�WR�HQDEOH�XV�WR�UHDVVHVV�WKH�FRQVHUYDWLRQ�VWDWXV�DQG�SRSXODWLRQ�

YLDELOLW\� RI�WKH�VSHFLHV�LQ�WKH�IXWXUH���7R�GR�WKLV�ZH�QHHG�WR�NQRZ�P RUH�

LQIRUP DWLRQ�DERXW�WKHLU�KDELWDW�XVH�LQ�GLIIHULQJ�KDELWDWV��WKHLU�GLHW�DQG�

JDVWURLQWHVWLQDO�P RUSKRORJ\� LQ�UHODWLRQ�WR�GLHW�DQG�KDELWDW��DORQJ�ZLWK�WKH�DELOLW\�

WR�DJH�WKHP� WR�HQDEOH�XV�WR�FRQVWUXFW�OLIH�WDEOHV�DQG�GHWHUP LQH�DJH�VSHFLILF�

P RUWDOLW\� DQG�IHFXQGLW\ ���7KLV�VWXG\� KDV�SURJUHVVHG�D�JUHDW�GHDO�RI�WKH�ZD\� WR�

HQDEOLQJ�XV�WR�GR�WKLV���+RZHYHU��D�SRSXODWLRQ�DQDO\ VLV�ZDV�QRW�SHUIRUP HG�

GXULQJ�WKLV�VWXG\ ��DV�ZH�VWLOO�UHTXLUH�P RUH�GDWD�RQ�GLVSHUVDO�UDWHV�EHWZHHQ�

IUDJP HQWV�DQG�HQYLURQP HQWDO�VWRFKDVWLFLW\ ��ZKLFK�ZHUH�EH\ RQG�WKH�VFRSH�RI�

WKLV�VWXG\ ��EHIRUH�DQ�DFFXUDWH�DQG�P HDQLQJIXO�SRSXODWLRQ�YLDELOLW\� DQDO\ VLV�FDQ�

EH�SHUIRUP HG��

3UHYLRXV�VWXGLHV�VXJJHVW�WKDW�' ��OXP KROW] L�DUH�JHQHUDOLVW�IROLYRUHV�EXW�WKDW�WKH\�

GR�VKRZ�LQGLYLGXDO�SUHIHUHQFHV�WR�WUHH�VSHFLHV���7KHUH�KDYH�DOVR�EHHQ�VHYHUDO�

H[ SODQDWLRQV�RI�WKH�REVHUYHG�GLVWULEXWLRQV�RI�' ��OXP KROW] L�WKDW�UHODWH�WR�KDELWDW�

VHOHFWLRQ��H�J��WKDW�WKH\� SUHIHU�UHJURZWK�IRUHVW�WR�P DWXUH�IRUHVW��



���� �

7KHUH�ZDV�QR�RYHUDOO�GLIIHUHQFH�LQ�VSDWLDO�RUJDQLVDWLRQ�RI�' ��OXP KROW] L�LQ�WKH�WZR�

GLIIHUHQW�UDLQIRUHVW�W\ SHV��6HFWLRQ���� �� � ��DSDUW�IURP� YDULDQFHV�LQ�IHP DOH�KRP H�

UDQJH�VL] HV�ZLWKLQ�RQH�UDLQIRUHVW�W\ SH���7KLV�YDULDWLRQ�LQ�KRP H�UDQJH�VL] HV�

FDQQRW�EH�H[ SODLQHG�E\� GLIIHUHQFHV�LQ�ERG\� ZHLJKW���8 QGHUVWDQGLQJ�WKH�EDVLV�RI�

YDULDWLRQ�LQ�UDQJH�VL] H�LV�LP SRUWDQW�LQ�XQGHUVWDQGLQJ�WKH�SRSXODWLRQ�G\ QDP LFV�RI�

WUHH�NDQJDURRV�DV�WKH�UHSURGXFWLYH�RXWSXW�RI�D�SRSXODWLRQ�LV�GHWHUP LQHG�E\�

IHP DOH�GHQVLW\� DQG�DEXQGDQFH���7KH�IRFXV�RI�DFWLYLW\� E\� ' ��OXP KROW] L�FDQ�QRW�

GHWHUP LQHG�E\� VLQJOH�RU�P XOWLSOH�VWUXFWXUDO�DQG�RU�IORULVWLF�FKDUDFWHULVWLFV�RI�WKH�

KDELWDW�WHVWHG�LQ�WKLV�VWXG\ ��HYHQ�WKRXJK�LQGLYLGXDO�DQLP DOV�HDFK�KDG�

SUHIHUHQFHV�IRU�VSHFLILF�VSHFLHV�ZLWKLQ�WKHLU�UDQJH���7KHUHIRUH��WKH�KDELWDW�

FKDUDFWHUV�XVHG�LQ�WKLV�VWXG\� FDQQRW�EH�XVHG�WR�P RGHO�' ��OXP KROW] L�YDULDWLRQ�LQ�

VSDWLDO�RU�KDELWDW�XVH��� �

$OWKRXJK�' ��OXP KROW] L�VHOHFW�D�YDULHW\� RI�VSHFLHV�WKH\� DUH�QRW�EURDG�JHQHUDOLVWV�

DV�VXFK��RQO\� XVLQJ��� �� RI�WKH�WUHH�VSHFLHV�DYDLODEOH�WR�WKHP ��ZLWK�FOHDU�

SUHIHUHQFHV�IRU�RQO\� D�IHZ�VSHFLHV���7KHUH�LV�DOVR�FRQVLGHUDEOH�LQGLYLGXDO�

YDULDWLRQ�LQ�WUHH�VSHFLHV�SUHIHUHQFH���7KH�UHDVRQV�IRU�WKHVH�VSHFLILF�FKRLFHV�DUH�

FXUUHQWO\� XQFOHDU�EXW�LW�LV�OLNHO\� WKDW�' ��OXP KROW] L�DUH�FKRRVLQJ�WUHHV�IRU�IROLDJH�

FKDUDFWHUV�VXFK�DV�QXWULWLRQDO�FRQWHQW�RU�ODFN�RI�SODQW�GHIHQFHV��QRW�IRU�WKH�

VSHFLHV�DW�D�WD[ RQRP LF�OHYHO���7KHVH�EHKDYLRXUV�ZRXOG�EH�FRQVLVWHQW�ZLWK�WUHH�

FKRLFH�LQ�RWKHU�DUERUHDO�IROLYRUHV��VXFK�DV�NRDODV��VORWKV�DQG�OHDI�HDWLQJ�

P RQNH\ V��* ODQGHU����� ������ ��+ODGLN����� ��0 LOWRQ����� ��0 RRUH�DQG�) ROH\�

���� ��8 P DSDWK\� DQG�. XP DU����� � ���%HFDXVH�LQWUD�VSHFLILF�YDULDWLRQ�LQ�

FKHP LFDO�FRP SRVLWLRQ��DQG�FRQVHTXHQW�SDODWDELOLW\� FDQ�EH�DV�JUHDW�DV�LQWHU�

VSHFLILF�YDULDWLRQ�LQ�WKHVH�FKDUDFWHULVWLFV��/DZOHU�HW�DO����� � ��WKH�KLJK�VSHFLHV�

GLYHUVLW\� DQG�ORZ�DEXQGDQFH�RI�LQGLYLGXDOV�ZLWKLQ�FDQRS\� VSHFLHV�IRXQG�LQ�WKH�

UDLQIRUHVW�KDELWDW�RI�' ��OXP KROW] L�FRXOG�OHDG�WR�DSSDUHQWO\� LGLRV\ QFUDWLF�

SUHIHUHQFHV�IRU�WUHH�VSHFLHV�HYHQ�LI�FKRLFHV�ZHUH�EHLQJ�P DGH�RQ�D�FRPP RQ�

DQG�P HFKDQLVWLF�EDVLV��

7KH�JDVWURLQWHVWLQDO�P RUSKRORJ\� RI�' ��OXP KROW] L�VKDUHV�D�QXP EHU�RI�IHDWXUHV�

ZLWK�RWKHU�IRUHJXW�IHUP HQWLQJ�IROLYRUHV���&RP SDUHG�WR�RWKHU�P DFURSRGLGV��' ��

OXP KROW] L�KDV�D�ODUJH�VDFFLIRUP� IRUHVWRP DFK�DQG�D�ODUJH�RYHUDOO�VWRP DFK�

FDSDFLW\ ��DQG�P RUH�VLP LODU�LQ�VL] H�DQG�P RUSKRORJ\� WR�WKDW�RI�RWKHU�DUERUHDO�



���� �

IRUHJXW�IHUP HQWLQJ�IROLYRUHV��VXFK�DV�FRORELQH�P RQNH\ V���,W�LV�OLNHO\� WKDW�WKHVH�

FKDUDFWHULVWLFV�DUH�DGDSWLYH�IRU�LWV�GLHW�RI�UDLQIRUHVW�OHDYHV��� �

/X P KROW] ¶V�WUHH�NDQJDURRV�FDQ�EH�VLP SO\� DJHG�XVLQJ�D�WRRWK�ZHDU�LQGH[�

GHYHORSHG�GXULQJ�WKLV�VWXG\ ���$JLQJ�LV�HVVHQWLDO�IRU�HVWDEOLVKLQJ�GHP RJUDSKLFV��

VXFK�DV�DJH�VSHFLILF�P RUWDOLW\� DQG�IHFXQGLW\� RI�SRSXODWLRQV��FXUUHQWO\� XQNQRZQ�

LQ�' ��OXP KROW] L���$JH�GDWD�LP SURYHV�SRSXODWLRQ�YLDELOLW\� DQDO\ VLV�DQG�RWKHU�

DQDO\ VHV��DQG�FRQWULEXWHV�WR�D�EHWWHU�XQGHUVWDQGLQJ�RI�SRSXODWLRQ�G\ QDP LFV�DQG�

VXEVHTXHQW�FRQVHUYDWLRQ�DQG�P DQDJHP HQW�RXWFRP HV��

7KLV�VWXG\� KDV�KLJKOLJKWHG�WKDW�QRW�RQO\� RQH�UDLQIRUHVW�W\ SH�LV�LP SRUWDQW�WR�' ��

OXP KROW] L�DQG�WKDW�P RUH�HP SKDVLV�VKRXOG�EH�P DGH�RQ�WKH�SUHVHUYDWLRQ�DQG�

UHVWRUDWLRQ�RI�DOO�UDLQIRUHVW�W\ SHV���) XUWKHUP RUH��LW�LV�YLWDO�WKDW�DOO�UDLQIRUHVW�

IUDJP HQWV�LQFOXGLQJ�ULSDULDQ�] RQHV��UHJURZWK�DQG�FRUULGRUV�DQG�VWHSSLQJ�VWRQHV��

VKRXOG�EH�FRQVHUYHG��UHKDELOLWDWHG�DQG�DUHDV�UHSODQWHG�DV�' ��OXP KROW] L�KDELWDW��

DV�WKH\� DUH�LP SRUWDQW�WR�WKH�VSHFLHV¶�ORQJ�WHUP� VXUYLYDO��� �

� �� � ) 8 785 (� ' ,5 ( &7,2 1 6 �

7KLV�VWXG\� KDV�VRXJKW�WR�XQGHUVWDQG�WKH�IDFWRUV�FRQWUROOLQJ�WKH�VSDWLDO�DQG�

KDELWDW�XVH�RI�' ��OXP KROW] L�LQ�D�UDLQIRUHVW�IUDJP HQW�RI�YDU\ LQJ�KDELWDW�W\ SHV���

$OWKRXJK�LW�KDV�UHMHFWHG�D�QXP EHU�RI�SUHYLRXV�VXJJHVWLRQV�RI�FKDUDFWHULVWLFV�

GHWHUP LQLQJ�WKHLU�KDELWDW�XVH��RXU�XQGHUVWDQGLQJ�RI�WKHLU�KDELWDW�DQG�RU�WUHH�

VSHFLHV�RU�LQGLYLGXDO�FKRLFHV�LV�VWLOO�XQFOHDU���) XUWKHUP RUH��RXU�NQRZOHGJH�RI�WKH�

SRSXODWLRQ�G\ QDP LFV�DQG�WKH�HIIHFWV�RI�IUDJP HQWDWLRQ�RQ�' ��OXP KROW] L�UHP DLQV�

LQFRP SOHWH���7KH�IROORZLQJ�SDUDJUDSKV�EULHIO\� RXWOLQH�VRP H�RI�DUHDV�RI�UHVHDUFK�

WKDW�ZRXOG�DVVLVW�LQ�RXU�XQGHUVWDQGLQJ�RI�WKHVH�TXHVWLRQV���

� �� �� � ' LHWDU\�HFRORJ\ �

$OWKRXJK�ZH�GR�KDYH�QXP HURXV�REVHUYDWLRQV�RI�WUHH�XVH�E\� ' ��OXP KROW] L�IURP�

GLIIHUHQW�DUHDV�RQ�WKH�$WKHUWRQ�7DEOHODQGV��7UHH�. DQJDURR�DQG�0 DPP DO�* URXS�

XQSXEOLVKHG�GDWD���IHZ�DUH�FRQILUP HG�IHHGLQJ�REVHUYDWLRQV���$�EHWWHU�

XQGHUVWDQGLQJ�RI�WKHLU�GLHWDU\� HFRORJ\� FRXOG�EH�HVWDEOLVKHG�E\� OHDI�FXWLFOH�

DQDO\ VLV�RI�VFDWV���&ROOHFWLQJ�P XOWLSOH�IDHFDO�VDP SOHV�IURP� VHYHUDO�DUHDV�ZLWKLQ�

D�IUDJP HQW�RU�IURP� GLIIHUHQW�IUDJP HQWV��RYHU�YDU\ LQJ�WLP HV�RI�WKH�\ HDU�DQG�XVLQJ�



���� �

FXWLFOH�DQDO\ VLV�ZRXOG�HQDEOH�XV�WR�GHWHUP LQH�VHDVRQDO�GLIIHUHQFHV�LQ�IORUDO�

VSHFLHV�VHOHFWLRQ��

� �� �� � &KHP LFDO�EDVLV�RI�GLHW�VHOHFWLRQ�

7KH�UHVXOWV�RI�WKLV�VWXG\� KDYH�VXJJHVWHG�WKDW�IROLDU�FKDUDFWHUV�VXFK�DV�SODQW�

GHIHQFHV�RU�OHYHOV�RI�QXWULHQWV�P D\� GULYH�LQGLYLGXDO�WUHH�FKRLFH�E\� ' ��OXP KROW] L��

DV�WKH\� GR�LQ�RWKHU�DUERUHDO�IROLYRUHV�VXFK�DV�NRDODV��&RUN�DQG�) ROH\� ���� ��

���� ��/DZOHU�HW�DO����� ��0 RRUH�DQG�) ROH\� ���� ��DQG�IROLYRURXV�P RQNH\ V�

�* ODQGHU����� ��8 P DSDWK\� DQG�. XP DU����� � ��� �

$Q�XQGHUVWDQGLQJ�RI�WKH�UROH�RI�IROLDU�FKHP LVWU\� LQ�WKH�HFRORJ\� RI�' ��OXP KROW] L�

UHTXLUHV�IXUWKHU�DQG�GLUHFWHG�H[ SHULP HQWDO�ZRUN�WR�GHWHUP LQH�ZKLFK�

FRP SRQHQWV�DFWXDOO\� GHWHUP LQH�LQWDNH�DQG�SUHIHUHQFH���6RP H�FDSWLYH�VWXGLHV�

P D\� EH�SRVVLEOH��DV�' ��OXP KROW] L�DUH�KHOG�LQ�FDSWLYLW\� LQ�IDU�QRUWK�4 XHHQVODQG���

+RZHYHU��WKLV�UHVHDUFK�ZRXOG�LGHDOO\� EH�GLUHFWHG�E\� UDGLR�WHOHP HWU\� VWXGLHV�RI�

WKH�LQWUD��DQG�LQWHU�VSHFLILF�IRRG�SUHIHUHQFHV��DQG�WKH�ZD\ V�WKHVH�DIIHFW�KDELWDW�

SUHIHUHQFHV�DQG�UDQJH�VL] HV�RI�' ��OXP KROW] L��� �

� �� �� � ( IIHFWV�RI�KDELWDW�IUDJP HQWDWLRQ�DQG�ODUJH�VFDOH�SDWWHUQV�RI�
KDELWDW�XVH�

2 XU�FXUUHQW�XQGHUVWDQGLQJ�RQ�WKH�HIIHFWV�RI�KDELWDW�IUDJP HQWDWLRQ�RQ�' ��

OXP KROW] L�LV�DOVR�OLP LWHG���7KHLU�KDELWDW�LV�KLJKO\� IUDJP HQWHG�DQG�WKLV�LV�JHQHUDOO\�

FRQVLGHUHG�WR�EH�DQ�LP SRUWDQW�WKUHDWHQLQJ�SURFHVV�WR�' ��OXP KROW] L���6XEVWDQWLDO�

QXP EHUV�RI�/X P KROW] ¶V�WUHH�NDQJDURRV�DUH�NLOOHG�RQ�WKH�URDGV�DQG�E\� GRJV�

HYHU\�\ HDU������ URDG�NLOOV�DQG����GRJ�NLOOV�UHFRUGHG�RYHU�WKH�ODVW�GHFDGH��7UHH�

. DQJDURR�DQG�0 DPP DO�JURXS����� ��ZKLOVW�P RYLQJ�EHWZHHQ�IUDJP HQWV���,W�ZDV�

SUHYLRXVO\� EHOLHYHG�WKDW�P RVW�RI�WKH�WUHH�NDQJDURRV�NLOOHG�RQ�WKH�URDGV�ZHUH�

\ RXQJ�P DOHV��7UHH�. DQJDURR�DQG�0 DPP DO�* URXS����� � ���+RZHYHU��WKLV�VWXG\�

KDV�IRXQG�WKDW�WKHUH�DUH�P DQ\� DGXOWV�DOVR�EHLQJ�NLOOHG��LQFOXGLQJ�IHP DOHV�ZLWK�

SRXFK�\ RXQJ���: H�FDQ�QRZ�DFFXUDWHO\� DJH�' ��OXP KROW] L�URDG�DQG�GRJ�NLOOV�

HQDEOLQJ�XV�WR�FRQWLQXH�WR�P RQLWRU�WKHVH�P RUWDOLWLHV�DQG�P RGHO�WKH�LP SDFWV�RI�

WKHVH�ORVVHV�XSRQ�' ��OXP KROW] L�SRSXODWLRQV��
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� �� �� � 3RSXODWLRQ�YLDELOLW\�D QG�FRQVHUYDWLRQ�VWDWXV�RI� ' HQGURODJXV�
OXP KROW] L�

7KH�DELOLW\� WR�DJH�WUHH�NDQJDURRV��XVLQJ�WKH�WRRWK�ZHDU�LQGH[� HVWDEOLVKHG�GXULQJ�

WKLV�VWXG\ ��ZLOO�DOORZ�XV�WR�FRQVWUXFW�OLIH�WDEOHV�DQG�SHUIRUP� DQDO\ VHV�RQ�WKH�

SRSXODWLRQV�VXFK�DV�SRSXODWLRQ�YLDELOLW\� DQDO\ VLV���) XUWKHUP RUH��WKLV�WHFKQLTXH�

FDQ�QRZ�EH�XWLOLVHG�E\� RWKHU�UHVHDUFKHUV�VWXG\ LQJ�WKH�P RUH�HQGDQJHUHG�

VSHFLHV�RI�WUHH�NDQJDURRV�LQ�3DSXD�1 HZ� * XLQHD��

,W�LV�LP SRUWDQW�WR�SRLQW�RXW�WKDW�DQ\� LQIRUP DWLRQ�DFTXLUHG�RQ�WKH�HFRORJ\� RI�WKH�

$XVWUDOLDQ�VSHFLHV�ZLOO�DVVLVW�LQ�WKH�VWXGLHV�RI�WKH�1 HZ� * XLQHD�VSHFLHV��ZKLFK�

DUH�P XFK�P RUH�GLIILFXOW�WR�VWXG\� GXH�WR�WKH�UHP RWHQHVV�DQG�GLIILFXOW�WHUUDLQ�LQ�

ZKLFK�WKH\� OLYH��

+RZHYHU��DV�DOUHDG\� P HQWLRQHG��WKHUH�DUH�VWLOO�VRP H�DUHDV�RI�WKH�GHP RJUDSKLFV�

RI�' ��OXP KROW] L�WKDW�ZH�QHHG�WR�UHVHDUFK�LQ�RUGHU�WR�SUHIRUP� DQ�UHOLDEOH�

SRSXODWLRQ�YLDELOLW\� DQDO\ VLV�RI�WKLV�VSHFLHV�RU�WR�DFFXUDWHO\� UHDVVHVV�WKHLU�

FRQVHUYDWLRQ�VWDWXV���7KHVH�LQFOXGH�WKH�GLVSHUVDO�UDWHV�EHWZHHQ�IUDJP HQWV��

WKHLU�SRSXODWLRQ�VL] HV�LQ�GLIIHULQJ�KDELWDWV�LQFOXGLQJ�FRQWLQXRXV�IRUHVW�DQG�

HQYLURQP HQWDO�VWRFKDVWLFLW\ ��

�
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&KDSWHU��� � �5 HIHUHQFHV�

�� �� � &+ $3 7( 5� � �

%HW] ��: ��� ���� ���0 DWVFKLH¶V�7UHH�NDQJDURR��0 DUVXSLDOLD��0 DFURSRGLGDH��

' HQGURODJXV�P DWVFKLHL��LQ�3DSXD�1 HZ� * XLQHD��HVWLP DWHV�RI�SRSXODWLRQ�

GHQVLW\� DQG�ODQGRZQHU�DFFRXQWV�RI�IRRG�SODQWV�DQG�QDWXUDO�KLVWRU\ ���

0 DVWHUV�7KHVLV��8 QLYHUVLW\� RI�6RXWKDP SWRQ��6RXWKDP SWRQ��

%URRN��%��: ��� ���� ���3HVVLP LVWLF�DQG�RSWLP LVWLF�ELDV�LQ�SRSXODWLRQ�YLDELOLW\�

DQDO\ VLV���&RQVHUYDWLRQ�%LRORJ\ ��� � � � ����� � ��� ��

%URRN��%��: ��� / ��/ LP ��5 ��+DUGHQ�DQG�5 ��) UDQNKDP ��� ���� ��� ' RHV�SRSXODWLRQ�

YLDELOLW\� DQDO\ VLV�VRIWZDUH�SUHGLFW�WKH�EHKDYLRXU�RI�UHDO�SRSXODWLRQV"�� $�

UHWURVSHFWLYH�VWXG\� RQ�WKH�/RUG�+RZH�,VODQG�ZRRGKHQ�7ULFKROLP QDV�

V\OYHVWULV��6FODWHU����%LRORJLFDO�&RQVHUYDWLRQ��� ����� � ��� ��

%URRN��%��: ���- ��- ��2 ¶* UDG\ ��$ ��3 ��&KDSP DQ��0 ��$ ��%XUJP DQ��+ ��5 HVLW�

$NoDND\ D�DQG�5 ��) UDQNKDP ������ ���3UHGLFWLYH�DFFXUDF\� RI�SRSXODWLRQ�

YLDELOLW\� DQDO\ VLV�LQ�FRQVHUYDWLRQ�ELRORJ\ ���1 DWXUH���� ����� � ��� ��

&RXOVRQ��7���* ��0 ��0 DFH��( ��+XGVRQ�DQG�+ ��3RVVLQJKDP ��� ���� ���7KH�XVH�DQG�

DEXVH�RI�SRSXODWLRQ�YLDELOLW\� DQDO\ VLV���7UHQGV�LQ�( FRORJ\� DQG�( YROXWLRQ�

�� � � � ����� � ��� ��

) ODQQHU\ ��7��) ��� ���� ���0 DPP DOV�RI�1 HZ� * XLQHD���5 HHG�%RRNV��$XVWUDOLD��

) ODQQHU\ ��7��) ���5 ��0 DUWLQ�DQG�$��6 ] DOD\ ���( GV���� ���� ���7UHH�NDQJDURRV��$�

&XULRXV�1 DWXUDO�+LVWRU\ ���5 HHG�%RRNV��0 HOERXUQH��

* URYHV��&��3 ��� ���� ���7KH�V\ VWHP DWLFV�RI�WUHH�NDQJDURRV��' HQGURODJXV��

0 DUVXSLDOLD��0 DFURSRGLGDH����$XVWUDOLDQ�0 DPP DORJ\ �� ����� � ��� ��

,8&1 ��� ���� ���,8&1�5 HG�OLVW�FDWHJRULHV���,8&1 ��* ODQG��

/DF\ ��5 ��&��� ���� ���92 5 7( ; ��D�FRP SXWHU�VLP XODWLRQ�P RGHO�IRU�SRSXODWLRQ�

YLDELOLW\� DQDO\ VLV���: LOGOLIH�5 HVHDUFK��� ���� � �� �
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/ LQGHQP D\ HU��' ��%���7��&ODUN��7��: ��/DF\� DQG�9��&��7KRP DV��� ���� ���3RSXODWLRQ�

YLDELOLW\� DQDO\ VLV�DV�D�WRRO�LQ�ZLOGOLIH�P DQDJHP HQW��D�UHYLHZ�Z LWK�

UHIHUHQFH�WR�$XVWUDOLD���( QYLURQP HQWDO�0 DQDJHP HQW��� �� � ����� � ��� ��

/XGZLJ��' ��� ���� ���,V�LW�P HDQLQJIXO�WR�HVWLP DWH�D�SUREDELOLW\� RI�H[ WLQFWLRQ"��

( FRORJ\ ��� � � � ����� � ��� ��

1 HZHOO��* ��5 ��� ���� ���/X P KROW] ¶V�WUHH�NDQJDURR���1 DWXUH�$XVWUDOLD��� ���� � �� ��

1 HZHOO��* ��5 ��� ����D ���$XVWUDOLD¶V�WUHH�NDQJDURRV��FXUUHQW�LVVXHV�LQ�WKHLU�

FRQVHUYDWLRQ���%LRORJLFDO�&RQVHUYDWLRQ��� ��� � �� ��

1 HZHOO��* ��5 ��� ����E ���+RP H�UDQJH�DQG�KDELWDW�XVH�E\� /X P KROW] ¶V�WUHH�

NDQJDURR��' HQGURODJXV�OXP KROW] L��ZLWKLQ�D�UDLQIRUHVW�IUDJP HQW�LQ�QRUWK�

4 XHHQVODQG���: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

7LVGHOO��&��DQG�&��: LOVRQ��� ���� ���7KH�SXEOLF¶V�NQRZOHGJH�RI�DQG�VXSSRUW�IRU�

FRQVHUYDWLRQ�RI�$XVWUDOLD¶V�WUHH�NDQJDURRV���: RUNLQJ�3DSHU��� ��: RUNLQJ�

3DSHUV�RQ�( FRQRP LFV��( FRORJ\� DQG�WKH�( QYLURQP HQW��8 QLYHUVLW\� RI�

4 XHHQVODQG��

�� �� � &+ $3 7( 5� � �

$HELVFKHU��1 ��- ���3 ��$ ��5 REHUWVRQ�DQG�5 ��( ��. HQZDUG������� ���&RP SRVLWLRQDO�

DQDO\ VLV�RI�KDELWDW�XVH�IURP� DQLP DO�UDGLR�WUDFNLQJ�GDWD���( FRORJ\� �� � � � ��

���� � ���� ��

$QGHUVRQ��' ��- ��� ���� ���7KH�KRP H�UDQJH��D�QHZ�QRQSDUDP HWULF�HVWLP DWLRQ�

WHFKQLTXH���( FRORJ\ ��� ����� � ��� ��

$QJHOVWDP ��3 ��DQG�* ��: ��$UQROG������� ���&RQWUDVWLQJ�UROHV�RI�UHP QDQWV�LQ�ROG�

DQG�QHZO\� LP SDFWHG�ODQGVFDSHV��OHVVRQV�IRU�HFRV\ VWHP� UHFRQVWUXFWLRQ���

3S���� � ��� ���,Q��1 DWXUH�&RQVHUYDWLRQ����UHFRQVWUXFWLRQ�RI�IUDJP HQWHG�

HFRV\VWHP V���( GV��6DXQGHUV��' �$ ���5 �- ��+REEV�DQG�3�5 ��( KUOLFK��6XUUH\�

%HDWW\� 	�6 RQV�3W\� / LP LWHG��$XVWUDOLD���
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$ ] RULW��&���0 ��$QDOOD��- ��+HUYDV��5 ��&DUUDVFR�DQG�- ��0 XxR] �&RER��� ����D ���

* URZWK�P DUNV�REVHUYDWLRQ��SUHIHUHQWLDO�WHFKQLTXHV�DQG�WHHWK�IRU�DJLQJ�RI�

6SDQLVK�5 HG�' HHU��&HUYXV�HODSKXV�KLVSDQLFXV����$QDWRP \ ��+LVWRORJ\�

DQG�( P EU\ RORJ\� �� ����� � ��� ��

$ ] RULW��&���- ��+HUYDV��0 ��$QDOOD��5 ��&DUUDVFR�DQG�- ��0 XxR] �&RER��� ����E ���

+LVWRORJLFDO�WKLQ�VHFWLRQV��D�P HWKRG�IRU�WKH�P LFURVFRSLF�VWXG\� RI�WHHWK�LQ�

6SDQLVK�5 HG�' HHU��&HUYXV�HODSKXV�KLVSDQLFXV����$QDWRP \ ��+LVWRORJ\�

DQG�( P EU\ RORJ\� �� ����� � ��� ��

%DUU\ ��7��1 ��DQG�%��- ��%ODQH\ ��� ���� ���6HFRQGDU\� FRP SRXQGV�RI�IRUDJHV���3S��

�� � ��� ���,Q��7KH�QXWULWLRQ�RI�KHUELYRUHV���( GV�-��%��+DFNHU�DQG�- ��$ ��

7HUQRXWK��$FDGHP LF�3UHVV��6 \ GQH\ ��

%DXFKRS��7��� ���� ��� ' LJHVWLRQ�RI�OHDYHV�LQ�YHUWHEUDWH�DUERUHDO�IROLYRUHV���3S��

��� � ��� ���,Q��7KH�( FRORJ\� RI�$UERUHDO�) ROLYRUHV���( G��* �* ��0 RQWJRP HU\ ���

6P LWKVRQLDQ�,QVWLWXWH�3UHVV��: DVKLQJWRQ�'& ��

%HJRQ��0 ���- ��/ ��+DUSHU�DQG�&��5 ��7RZQVHQG������� ���( FRORJ\ ��LQGLYLGXDOV��

SRSXODWLRQV�DQG�FRPP XQLWLHV���%ODFNZHOO�6FLHQWLILF�3XEOLFDWLRQV��/RQGRQ��

%HW] ��: ��� ���� ���0 DWVFKLH¶V�7UHH�NDQJDURR��0 DUVXSLDOLD��0 DFURSRGLGDH��

' HQGURODJXV�P DWVFKLHL��LQ�3DSXD�1 HZ� * XLQHD��HVWLP DWHV�RI�SRSXODWLRQ�

GHQVLW\� DQG�ODQGRZQHU�DFFRXQWV�RI�IRRG�SODQWV�DQG�QDWXUDO�KLVWRU\ ���

0 DVWHUV�7KHVLV��8 QLYHUVLW\� RI�6RXWKDP SWRQ��6RXWKDP SWRQ��

%HW] ��: ��� / ��' DEHN�DQG�. ��( YHL���8 QSXEOLVKHG�GDWD�D���8 VH�RI�ODQGRZQHU�

LQWHUYLHZV�WR�GRFXP HQW�LQGLJHQRXV�NQRZOHGJH�RI�QDWXUDO�KLVWRU\ ��FXOWXUDO�

VLJQLILFDQFH��DQG�FRQVHUYDWLRQ�VWDWXV�RI�0 DWVFKLH¶V�WUHH�NDQJDURR�

�' HQGURODJXV�P DWVFKLHL��LQ�3DSXD�1 HZ� * XLQHD��

%HW] ��: ��� / ��' DEHN�DQG�. ��( YHL���8 QSXEOLVKHG�GDWD�E���/RFDO�SRSXODWLRQ�

GHQVLWLHV�RI�0 DWVFKLH¶V�WUHH�NDQJDURRV��' HQGURODJXV�P DWVFKLHL��LQ�

3DSXD�1 HZ� * XLQHD�DQG�LP SOLFDWLRQV�IRU�FRQVHUYDWLRQ����
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%ODQVKDUG��: ��+ ��� ���� ���* URZWK�DQG�GHYHORSP HQW�RI�WKH�NRDOD�IURP� ELUWK�WR�

ZHDQLQJ���3S���� � ��� ���,Q��%LRORJ\� RI�WKH�. RDOD���( GV��/HH��$ ��. ��� . ��$ ��

+DQGDV\ GH�DQG�* ��' ��6DQVRQ���6XUUH\� %HDWW\� 	�6 RQV��6 \ GQH\ ���

%RZHUV��0 ��$ ���6 ��) ��0 DWWHU��- ��/ ��' RROH\� - U���- ��/ ��' DXWHQ�DQG�- ��$ ��6LP SNLQV���

���� ���&RQWUROOHG�H[ SHULP HQWV�RI�KDELWDW�IUDJP HQWDWLRQ��D�VLP SOH�

FRP SXWHU�VLP XODWLRQ�DQG�D�WHVW�XVLQJ�VP DOO�DQLP DOV���2 HFRORJLD���� ��

��� � ��� ��

%UDLWKZDLWH��/ ��: ��� ���� ���6L[ WK�,QWHUQDWLRQDO�7KHULRORJLFDO�&RQJUHVV���

&RQVHUYDWLRQ�RI�DUERUHDO�KHUELYRUHV��WKH�$XVWUDOLDQ�VFHQH���$XVWUDOLDQ�

- RXUQDO�RI�( FRORJ\� �� ���� � �� ��

%UDLWKZDLWH��/ ��: ��0 ��/ ��' XE] LQVNL�DQG�- ��7XUQHU������� ���6WXGLHV�RQ�WKH�

DUERUHDO�P DUVXSLDO�IDXQD�RI�HXFDO\ SW�IRUHVWV�EHLQJ�KDUYHVWHG�IRU�

ZRRGSXOS�DW�( GHQ��1 �6 �: ��,,��5 HODWLRQVKLS�EHWZHHQ�WKH�IDXQD�GHQVLW\ ��

ULFKQHVV�DQG�GLYHUVLW\ ��DQG�P HDVXUHG�YDULDEOHV�RI�WKH�KDELWDW���$XVWUDOLDQ�

: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

%XUW��: ��+ ��� ���� ���7HUULWRULDOLW\� DQG�KRP H�UDQJH�FRQFHSWV�DV�DSSOLHG�WR�

P DPP DOV���- RXUQDO�RI�0 DPP DORJ\ ��� ����� � ��� ��

&DWHV��5 ��* ��DQG�* ��+ ��2 ULRQV��� ���� ���6XFFHVVLRQDO�VWDWXV�DQG�WKH�SDODWDELOLW\�

RI�SODQWV�WR�JHQHUDOL] HG�KHUELYRUHV���( FRORJ\ ��� ����� � ��� ��

&DWW��' ��&��� ���� ���$JH�GHWHUP LQDWLRQ�LQ�%HQQHWW¶V�ZDOODE\ ��0 DFURSXV�

UXIRJULVHXV�IUXWLFXV��0 DUVXSLODLD���LQ�6RXWK�&DQWHUEXU\ ��1 HZ�=HDODQG���

$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK�� ���� � �� ��

&DXJKOH\ ��* ������� ���+RUQ�ULQJV�DQG�WRRWK�HUXSWLRQ�DV�FULWHULD�RI�DJH�LQ�WKH�

+LP DOD\ DQ�WKDU��+HP LWDJXV�MHP ODKLFXV���1 HZ�=HDODQG�- RXUQDO�RI�6FLHQFH�

� ����� � ��� ��

&DXJKOH\ ��* ��� ���� ���$QDO\VLV�RI�9HUWHEUDWH�3RSXODWLRQV���- RKQ�: LOH\� 	�6 RQV��

/RQGRQ��
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&DXJKOH\ ��* ��� ' ��* ULFH��5 ��%DNHU�DQG�%��%URZQ������� ���7KH�HGJH�RI�WKH�UDQJH���

- RXUQDO�RI�$QLP DO�( FRORJ\� �� ����� � ��� ��

&KLDUHOOR��$ ��* ��� ���� ��� ' LHW�RI�WKH�$WODQWLF�IRUHVW�P DQHG�VORWK�%UDG\ SXV�

WRUTXDWXV��; HQDUWKUD��%UDG\ SRGLGDH����- RXUQDO�RI�=RRORJ\ ��/RQGRQ���� ��

�� � �� ��

&ORXW��0 ��1 ��� ���� ��� ' HWHUP LQDWLRQ�RI�DJH�LQ�WKH�EUXVKWDLO�SRVVXP� XVLQJ�

VHFWLRQV�IURP� GHFDOFLILHG�P RODU�WHHWK���1 HZ�=HDODQG�- RXUQDO�RI�=RRORJ\ �

� ����� � ��� ��

&OXWWRQ�%URFN��7��+ ��� ���� ���0 DPP DOLDQ�P DWLQJ�V\ VWHP V���3URFHHGLQJV�RI�WKH�

5 R\ DO�6RFLHW\� RI�/RQGRQ��6HULHV�%���� ����� � ��� ��

&ROH\ ��3 ��' ��� ���� ���+HUELYRU\� DQG�GHIHQVLYH�FKDUDFWHULVWLFV�RI�WUHH�VSHFLHV�LQ�D�

ORZODQG�WURSLFDO�IRUHVW���( FRORJLFDO�0 RQRJUDSKV��� � � � ����� � ��� ��

&ROOLQV��/ ��5 ��� ���� ���%LJIRRW�RI�WKH�EUDQFKHV���=RRJRHU��� � � � ���� � �� ��

&RQUDGW��/ ���7��+ ��&OXWWRQ�%URFN�DQG�' ��7KRP VRQ������� ���+DELWDW�VHJUHJDWLRQ�

LQ�XQJXODWHV��DUH�P DOHV�IRUFHG�LQWR�VXERSWLP DO�IRUDJLQJ�KDELWDWV�WKURXJK�

LQGLUHFW�FRP SHWLWLRQ�E\� IHP DOHV"�� 2 HFRORJLD���� ����� � ��� ��

&RQUDGW��/ ���,�� - ��* RUGRQ��7��+ ��&OXWWRQ�%URFN��' ��7KRP VRQ�DQG�) ��( ��* XLQQHVV���

���� ���&RXOG�LQGLUHFW�FRP SHWLWLRQ�K\ SRWKHVLV�H[ SODLQ�LQWHU�VH[ XDO�VLWH�

VHJUHJDWLRQ�LQ�UHG�GHHU��&HUYXV�HODSKXV�/ ��"�� - RXUQDO�RI�=RRORJ\ ��

/RQGRQ���� ����� � ��� ��

&RRO��6 ��0 ���0 ��%��%HQQHWW�DQG�. ��5 RP DQLXN��� ���� ���$JH�HVWLP DWLRQ�RI�

3WHURSRGLG�EDWV��0 HJDFKLURSWHUD�� IURP� KDUG�WLVVXH�SDUDP HWHUV���: LOGOLIH�

5 HVHDUFK��� ����� � ��� ��

&RUN��6 ��- ��� ���� ���2 SWLP DO�GLJHVWLYH�VWUDWHJLHV�IRU�DUERUHDO�KHUELYRURXV�

P DPP DOV�LQ�FRQWUDVWLQJ�IRUHVW�W\ SHV��: K\� NRDODV�DQG�FRORELQHV�DUH�

GLIIHUHQW���$XVWUDOLDQ�- RXUQDO�RI�( FRORJ\ ��� ���� � �� ��
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&RUN��6 ��- ��DQG�: ��- ��) ROH\ ��� ���� ��� ' LJHVWLYH�DQG�P HWDEROLF�VWUDWHJLHV�RI�

DUERUHDO�IROLYRUHV�LQ�UHODWLRQ�WR�FKHP LFDO�GHIHQVHV�LQ�WHP SHUDWH�DQG�

WURSLFDO�IRUHVWV���3S����� � ��� ���,Q��3ODQW�GHIHQVHV�DJDLQVW�P DPP DOLDQ�

KHUELYRU\ ���( GV���5 ��7��3DOR�DQG�&��7��5 REELQV���&5&� 3UHVV��%RFD�5 DWRQ��

&RUN��6 ��- ��DQG�: ��- ��) ROH\ ��� ���� ��� ' LJHVWLYH�DQG�P HWDEROLF�DGDSWDWLRQV�RI�

DUERUHDO�P DUVXSLDOV�IRU�GHDOLQJ�ZLWK�SODQW�DQWLQXWULHQWV�DQG�WR[ LQV���3S��

��� � ��� ���,Q��0 DUVXSLDO�%LRORJ\ ��UHFHQW�UHVHDUFK��QHZ�SHUVSHFWLYHV���

( GV��6DXQGHUV��1 ��DQG�/��+LQGV��8 QLYHUVLW\� RI�1 HZ�6RXWK�: DOHV�3UHVV��

6 \ GQH\ ��

&RUN��6 ��- ��DQG�* ��' ��6DQVRQ������� ��� ' LJHVWLRQ�DQG�QXWULWLRQ�LQ�WKH�NRDOD��D�

UHYLHZ���3S����� � ��� ���,Q��%LRORJ\� RI�WKH�. RDOD���( GV��/HH��$ ��. ��� . ��$ ��

+DQGDV\ GH�DQG�* ��' ��6DQVRQ���6XUUH\� %HDWW\� 	�6 RQV��6 \ GQH\ ��

&RUN��6 ��- ���,�� ' ��+XP H�DQG�7��- ��' DZVRQ������� ��� ' LJHVWLRQ�DQG�P HWDEROLVP� RI�

D�QDWXUDO�IROLDU�GLHW��( XFDO\ SWXV�SXQFWDWD��E\� DQ�DUERUHDO�P DUVXSLDO��WKH�

NRDOD��3KDVFRODUFWRV�FLQHUHXV����- RXUQDO�RI�&RP SDUDWLYH�3K\VLRORJ\� %�

��� ����� � ��� ��

&URFNHWW��&��0 ��DQG�- ��) ��( LVHQEHUJ��� ���� ���+RZOHUV��YDULDWLRQV�LQ�JURXS�VL] H�

DQG�GHP RJUDSKLFV��,Q�%��%��6P XWV��' ��/ ��&KHQH\ ��5 ��: ��: UDQJKDP� DQG�7��

7��6WUXWKVDNHU��HGV����3ULP DWH�6RFLHWLHV��7KH�8 QLYHUVLW\� RI�&KLFDJR�3UHVV��

&KLFDJR��

&URIW��' ��%������� ���6RFLDO�RUJDQL] DWLRQ�RI�WKH�0 DFURSRGRLGHD���3S����� � ��� ���,Q��

. DQJDURRV��ZDOODELHV�DQG�UDW�NDQJDURRV���( GV��* ��* ULJJ��3 ��- DUP DQ�DQG�

,�+XP H��6XUUH\� %HDWW\� 	�6 RQV��1 HZ�6RXWK�: DOHV���

' DEHN��/ ��� ���� ���0 RWKHU�\ RXQJ�UHODWLRQV�DQG�EHKDYLRUDO�GHYHORSP HQW�RI�WKH�

\ RXQJ�LQ�FDSWLYH�0 DWVFKLH¶V�WUHH�NDQJDURRV��' HQGURODJXV�P DWVFKLHL����

0 6F��7KHVLV��8 QLYHUVLW\� RI�: DVKLQJWRQ��6HDWWOH��

' DEHN��/ ��� ���� ���5 HSURGXFWLYH�ELRORJ\� DQG�EHKDYLRU�RI�FDSWLYH�IHP DOH�

0 DWVFKLH
V�WUHH�NDQJDURRV��' HQGURODJXV�P DWVFKLHL���3K�' ��' LVVHUWDWLRQ�

7KHVLV��8 QLYHUVLW\� RI�: DVKLQJWRQ��6HDWWOH���
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' DVLOYD��* ��/ ��� ���� ���7KH�ZHVWHUQ�EODFN�DQG�ZKLWH�FROREXV�DV�D�ORZ�HQHUJ\�

VWUDWHJLVW�±�$FWLYLW\� EXGJHWV��HQHUJ\� H[ SHQGLWXUH�DQG�HQHUJ\� LQWDNH���

- RXUQDO�RI�$QLP DO�( FRORJ\ ��� ���� � �� ��

' DZVRQ��7��- ��� ���� ��� ' LHWV�RI�P DFURSRGRLG�P DUVXSLDOV��JHQHUDO�SDWWHUQV�DQG�

HQYLURQP HQWDO�LQIOXHQFHV���3S����� � ��� ���,Q��. DQJDURRV��ZDOODELHV�DQG�

UDW�NDQJDURRV���( GV��* ��* ULJJ��3 ��- DUP DQ�DQG�,�+XP H��6XUUH\� %HDWW\� 	�

6RQV��1 HZ�6RXWK�: DOHV��

' DZVRQ��7��- ��� ���� ��� . DQJDURRV��ELRORJ\� RI�WKH�ODUJHVW�P DUVXSLDOV��8 QLYHUVLW\�

RI�1 HZ�6RXWK�: DOHV�3UHVV��6 \ GQH\ ��

' HOORZ��' ��: ��DQG�,��' ��+XP H��� ���� ���6WXGLHV�RQ�WKH�QXWULWLRQ�RI�0 DFURSRGLQH�

P DUVXSLDOV�,9 ��' LJHVWLRQ�LQ�WKH�VWRP DFK�DQG�WKH�LQWHVWLQH�RI�0 DFURSXV�

JLJDQWHXV��7K\ ORJDOH�WKHWLV�DQG�0 DFURSXV�HXJHQLL���$XVWUDOLDQ�- RXUQDO�RI�

=RRORJ\ ��� ����� � ��� ��

' HPP HQW��0 ��:� DQG�3��- ��YDQ�6RHVW������� ���$�QXWULWLRQDO�H[ SODQDWLRQ�IRU�ERG\ �

VL] H�SDWWHUQV�RI�UXP LQDQW�DQG�QRQUXP LQDQW�KHUELYRUHV���$P HULFDQ�

1 DWXUDOLVW���� ����� � ��� ��

' L[ RQ��. ��5 ��DQG�- ��$ ��&KDSP DQ������� ���+DUP RQLF�P HDQ�P HDVXUH�RI�DQLP DO�

DFWLYLW\� DUHDV���( FRORJ\ ���� � � � ������ � ���� ��

' RROH\ ��- ��/ ��- U��DQG�0 ��$ ��%RZHUV��� ���� ��� ' HP RJUDSKLF�UHVSRQVHV�WR�KDELWDW�

IUDJP HQWDWLRQ��H[ SHULP HQWDO�WHVWV�DW�WKH�ODQGVFDSH�DQG�SDWFK�VFDOH���

( FRORJ\ ��� � � � ����� � ��� ��

' ULHVVHQ��0 ��0 ��DQG�* ��- ��+RFNLQJ��� ���� ���$JH�HVWLP DWLRQ�RI�WKH�7DVP DQLDQ�

SDGHP HORQ��7K\ ORJDOH�ELOODUGLHULL��E\� P RODU�HUXSWLRQ���$XVWUDOLDQ�

0 DPP DORJ\ ��� ����� � ��� ��

' XE] LQVNL��0 ��/ ���$ ��( ��1 HZVRP H��$ ��( ��0 HUFKDQW�DQG�%��/ ��%ROWRQ������� ���

&RP SDULQJ�WKH�WZR�XVXDO�P HWKRGV�IRU�DJLQJ�0 DFURSRGLGDH�RQ�WRRWK�

FODVVHV�LQ�WKH�DJLOH�ZDOODE\ ���$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK�� ����� � ��� ��
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( DOH\ ��( ��+ ��0 ��� ���� ���( FRORJ\� RI�WKH�HXUR��0 DFURSXV�UREXVWXV��* RXOG���LQ�

QRUWK�ZHVWHUQ�$XVWUDOLD��,9 ��$JH�DQG�JURZWK���: LOGOLIH�5 HVHDUFK��� ���� �

�� ��

( EHUKDUG��,��+ ��� ���� ���( FRORJ\� RI�WKH�. RDOD��3KDVFRODUFWRV�FLQHUHXV�

�* ROGIXVV���RQ�) OLQGHUV�&KDVH��. DQJDURR�,VODQG��3K'� 7KHVLV��8 QLYHUVLW\�

RI�$GHODLGH��$GHODLGH���

( LVHQEHUJ��- ��) ��� ���� ���7KH�HYROXWLRQ�RI�DUERUHDO�IROLYRUHV�LQ�WKH�&ODVV�

0 DPP DOLD���3S����� � ��� ���,Q��7KH�( FRORJ\� RI�$UERUHDO�) ROLYRUHV���( G��* ��

* ��0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�3UHVV��: DVKLQJWRQ��'& ��

( OOLV��: ��$ ��+ ���$ ��0 HO] HU��) ��1 ��&DUULFN�DQG�0 ��+DVHJDZD��� ���� ���7UHH�XVH��

GLHW�DQG�KRP H�UDQJH�RI�WKH�NRDOD��3KDVFRODUFWRV�FLQHUHXV��DW�%ODLU�$WKRO��

FHQWUDO�4 XHHQVODQG���: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

) DQF\ ��6 ��* ��� ���� ���3UHSDUDWLRQ�RI�P DPP DOLDQ�WHHWK�IUR�DJH�GHWHUP LQDWLRQ�E\�

FHP HQWXP� OD\ HUV��D�UHYLHZ���: LOGOLIH�6RFLHW\� %XOOHWLQ�� ����� � ��� ��

) LVFKHU��. ��( ���DQG�6 ��1 ��$XVWDG������� ���$�SUHOLP LQDU\� UHSRUW�RQ�WKH�HFRORJ\� RI�

DUERUHDO�P DUVXSLDOV�RQ�0 RXQW�6WROOH��6DQGDXQ�3URYLQFH���1 HZ� * XLQHD�

%LRORJLFDO�6RFLHW\� 0 HHWLQJ��0 DQRNZDUL��,ULDQ�- D\ D��,QGRQHVLD��

) LVKHU��' ��2 ��� ���� ���( IIHFWV�RI�YHJHWDWLRQ�VWUXFWXUH��IRRG�DQG�VKHOWHU�RQ�WKH�

KRP H�UDQJH�DQG�KDELWDW�XVH�RI�DQ�HQGDQJHUHG�ZDOODE\ ���- RXUQDO�RI�

$SSOLHG�( FRORJ\� �� ����� � ��� ��

) ODQQHU\ ��7��) ��� ���� ���3K\ ORJHQ\� RI�WKH�P DFURSRGRLGHD��D�VWXG\� LQ�

FRQYHUJHQFH���3S��� � �� ���,Q��. DQJDURRV��: DOODELHV�DQG�5 DW�NDQJDURRV���

( GV��* ��* ULJJ��3 ��- DUP DQ�DQG�,��+XP H���6XUUH\� %HDWW\� 	�6 RQV�3W\�

/ LP LWHG��1 HZ�6RXWK�: DOHV��$XVWUDOLD��

) ODQQHU\ ��7��) ���5 ��0 DUWLQ�DQG�$��6 ] DOD\ ���( GV���� ���� ���7UHH�NDQJDURRV��$�

&XULRXV�1 DWXUDO�+LVWRU\ ���5 HHG�%RRNV��0 HOERXUQH��
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) ODQQHU\ ��7��) ��DQG�/��6HUL��� ���� ��� ' HQGURODJXV�VFRWWDH�Q�VS���0 DUVXSLDOLD��

0 DFURSRGLGDH���D�QHZ�WUHH�NDQJDURR�IURP� 3DSXD�1 HZ� * XLQHD���5 HFRUGV�RI�

WKH�$XVWUDOLDQ�0 XVHXP ��� ����� � ��� ��

) ROH\ ��: ��- ��DQG�6 ��- ��&RUN��� ���� ���8 VH�RI�ILEURXV�GLHWV�E\� VP DOO�KHUELYRUHV��

KRZ� IDU�FDQ�WKH�UXOHV�EH�µEHQW¶"�� 75 (( �� � � � ����� � ��� ��

) ROH\ ��: ��-� DQG�,��' ��+XP H��� ���� ���1 LWURJHQ�UHTXLUHP HQWV�DQG�XUHD�

P HWDEROLVP� LQ�WZR�DUERUHDO�P DUVXSLDOV��WKH�JUHDWHU�JOLGHU��3HWDXURLGHV�

YRODQV��DQG�WKH�EUXVKWDLO�SRVVXP� �7ULFKRVXUXV�YXOSHFXOD�� IHG�( XFDO\ SWXV�

IROLDJH���3K\VLRORJLFDO�=RRORJ\ ��� ����� � ��� ��

) RUG��5 ��* ��� ���� ���+RP H�UDQJH�LQ�D�SDWFK\� HQYLURQP HQW��RSWLP DO�IRUDJLQJ�

SUHGLFWLRQV���$P HULFDQ�=RRORJLVW��� ����� � ��� ��

) UHXGHQEHUJHU��' ��2 ��� ���� ���* XW�FDSDFLW\ ��IXQFWLRQDO�DOORFDWLRQ�RI�JXW�YROXP H�

DQG�VL] H�GLVWULEXWLRQV�RI�GLJHVWD�SDUWLFOHV�LQ�WZR�0 DFURSRGLG�P DUVXSLDOV�

�0 DFURSXV�UREXVWXV�UREXVWXV�DQG�0 ��U��HUXEHVFHQV��DQG�WKH�IHUDO�JRDW�

�&DSUD�KLUFXV����$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ����� � ��� ��

) UHXGHQEHUJHU��' ��2 ���,�� 5 ��: DOOLV�DQG�,��' ��+XP H��� ���� ��� ' LJHVWLYH�

DGDSWDWLRQV�RI�NDQJDURRV��ZDOODELHV�DQG�UDW�NDQJDURRV���3S����� � ��� ���

,Q��. DQJDURRV��: DOODELHV�DQG�5 DW�NDQJDURRV���( GV��* ��* ULJJ��3 ��- DUP DQ�

DQG�,��+XP H���6XUUH\� %HDWW\� 	�6 RQV�3W\� / LP LWHG��1 HZ�6RXWK�: DOHV��

$XVWUDOLD��

* DOO��%��&��� ���� ���$VSHFWV�RI�WKH�HFRORJ\� RI�WKH�NRDOD��3KDVFRODUFWRV�FLQHUHXV�

�* ROGIXVV���LQ�7XFNL�7XFNL�1 DWXUH�5 HVHUYH��1 HZ�6RXWK�: DOHV��$XVWUDOLDQ�

: LOGOLIH�5 HVHDUFK�� ����� � ��� ��

* DOOHUDQL�/DZVRQ��( ��-� DQG�$��5 ��5 RGJHUV��� ���� ��� ' LIIHUHQFHV�LQ�KRP H�UDQJH�

VL] H�FRP SXWHG�LQ�FRPP RQO\� XVHG�VRIWZDUH�SURJUDP V���: LOGOLIH�6RFLHW\�

%XOOHWLQ��� � � � ����� � ��� ��

* DQ] KRUQ��- ��. ��� ���� ��� /RZ�OHYHO�IRUHVW�GLVWXUEDQFH�HIIHFWV�RQ�SULP DU\�

SURGXFWLRQ��OHDI�FKHP LVWU\� DQG�OHP XU�SRSXODWLRQV���( FRORJ\ ��� ������ �

���� ��
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* DVDZD\ ��: ��&��� ' ��%��+DUNQHVV�DQG�5 ��$ ��5 DXVFK��� ���� ���$FFXUDF\� RI�P RRVH�

DJH�GHWHUP LQDWLRQV�IURP� LQFLVRU�FHP HQWXP� OD\ HUV���- RXUQDO�RI�: LOGOLIH�

0 DQDJHP HQW��� �� � ����� � ��� ��

* ODQGHU��. ��( ��� ���� ���3RLVRQ�LQ�D�P RQNH\ ¶V�* DUGHQ�RI�( GHQ���1 DWXUDO�+LVWRU\ �

�� ���� � �� ��

* ODQGHU��. ��( ��� ���� ���+RZOLQJ�P RQNH\� IHHGLQJ�EHKDYLRU�DQG�SODQW�VHFRQGDU\�

FRP SRXQGV��D�VWXG\� RI�VWUDWHJLHV���3S����� � ��� ���,Q��7KH�( FRORJ\� RI�

$UERUHDO�) ROLYRUHV���( G��* ��* ��0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�

3UHVV��: DVKLQJWRQ��'& ��

* RUGRQ��* ��� ���� ���( VWLP DWLRQ�RI�WKH�DJH�RI�WKH�NRDOD��3KDVFRODUFWRV�FLQHUHXV�

�0 DUVXSLDOLD��3KDVFRODUFWLGDH�� IURP� WRRWK�ZHDU�DQG�JURZWK���$XVWUDOLDQ�

0 DPP DORJ\ ��� ��� � �� �

* UDQG��7��,��� ���� ���$GDSWDWLRQV�RI�WLVVXH�DQG�OLP E�VHJP HQWV�WR�IDFLOLWDWH�P RYLQJ�

DQG�IHHGLQJ�LQ�DUERUHDO�IROLYRUHV���3S����� � ��� ���,Q��7KH�( FRORJ\� RI�

$UERUHDO�) ROLYRUHV���( G��0 RQWJRP HU\ ��* ��* ��6P LWKVRQLDQ�,QVWLWXWLRQ�

3UHVV��: DVKLQJWRQ��'& ��

* URYHV��&��3 ��� ���� ���7KH�V\ VWHP DWLFV�RI�WUHH�NDQJDURRV��' HQGURODJXV��

0 DUVXSLDOLD��0 DFURSRGLGDH����$XVWUDOLDQ�0 DPP DORJ\ �� ����� � ��� ��

+DQVNL��,��� ���� ���3DWFK�RFFXSDQF\� G\ QDP LFV�LQ�IUDJP HQWHG�ODQGVFDSHV��

7UHQGV�LQ�( FRORJ\� DQG�( YROXWLRQ�� �� � ����� � ��� ��

+DUHVWDG��$ ��6� DQG�) ��/ ��%XQQHOO������� ���+RP H�UDQJH�DQG�ERG\� ZHLJKW���D�

UHHYDOXDWLRQ���( FRORJ\ ��� ����� � ��� ��

+DUULV��6 ��� : ��- ��&UHVVZHOO��3 ��* ��) RUGH��: ��- ��7UHZKHOOD��7��: RROODUG�DQG�6 ��

: UD\ ��� ���� ���+RP H�UDQJH�DQDO\ VLV�XVLQJ�UDGLR�WUDFNLQJ�GDWD���D�UHYLHZ�

RI�SUREOHP V�DQG�WHFKQLTXHV�SDUWLFXODUO\� DV�DSSOLHG�WR�WKH�VWXG\� RI�

P DPP DOV���0 DPP DOLDQ�5 HYLHZ��� ���� � ��� ��

+HDWK��$ ��� . ��6 ��%HQQHU�DQG�- ��%��: DWVRQ�- RQHV��� ���� ���+XVEDQGU\� DQG�

P DQDJHP HQW�RI�0 DWVFKLH¶V�WUHH�NDQJDURR��D�FDVH�VWXG\ ��3URFHHGLQJV�RI�
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WKH�$$ =3$� 1 RUWKHDVWHUQ�5 HJLRQDO�&RQIHUHQFH��: DVKLQJWRQ�' �&��� ��� �

��� ��

+LQGHOO��0 ��$ ��� ���� ���7KH�IHHGLQJ�HFRORJ\� RI�WKH�NRDOD��3KDVFRODUFWRV�FLQHUHXV�

LQ�D�P L[ HG�( XFDO\ SWXV�IRUHVW���0 6F��7KHVLV��0 RQDVK�8 QLYHUVLW\ ��

0 HOERXUQH��

+LQGHOO��0 ��$ ��DQG�$��. ��/HH��� ���� ���+DELWDW�XVH�DQG�WUHH�SUHIHUHQFHV�RI�. RDODV�

LQ�D�P L[ HG�HXFDO\ SW�IRUHVW���$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

+LQGHOO��0 ��$ ��DQG�$��. ��/HH��� ���� ���7UHH�XVH�E\� LQGLYLGXDO�NRDODV�LQ�D�QDWXUDO�

IRUHVW���$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK��� ��� � � ��

+LQGHOO��0 ��$ ��DQG�$��. ��/HH��� ���� ���7UHH�SUHIHUHQFHV�RI�WKH�NRDOD���3S����� �

��� ���,Q��%LRORJ\� RI�WKH�. RDOD���( GV��$ ��. ��/HH��. ��$ ��+DQGDV\ GH�DQG�* ��

' ��6DQVRQ��6XUUH\� %HDWW\� DQG�6RQV��6 \ GQH\ ��

+ODGLN��&��0 ��� ���� ���$GDSWLYH�VWUDWHJLHV�RI�SULP DWHV�LQ�UHODWLRQ�WR�OHDI�HDWLQJ���

3S����� � ��� ���,Q��7KH�( FRORJ\� RI�$UERUHDO�) ROLYRUHV���( G��* ��* ��

0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�3UHVV��: DVKLQJWRQ��'& ��

+RUVXS��$ ��� ���� ���+RP H�UDQJH�RI�WKH�DOOLHG�URFN�ZDOODE\ ��3HWURJDOH�DVVLP LOLV���

: LOGOLIH�5 HVHDUFK��� ���� � �� ��

+RZ��5 ��$ ��� ���� ���3RSXODWLRQ�VWUDWHJLHV�RI�IRXU�VSHFLHV�RI�$XVWUDOLDQ�

³SRVVXP V́ ���3S����� � ��� ���,Q��7KH�( FRORJ\� RI�$UERUHDO�) ROLYRUHV���( G��* ��

* ��0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�3UHVV��: DVKLQJWRQ��'& ���

+XJKHV��5 ��' ��� ���� ���2 Q�WKH�DJH�FRP SRVLWLRQ�RI�D�VP DOO�VDP SOH�RI�LQGLYLGXDOV�

IURP� D�SRSXODWLRQ�RI�WKH�EDQGHG�KDUH�ZDOODE\ ��/DJRVWURSKXV�IDVFLDWXV�

�3HURQ�	� /HVXHXU����$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ���� � �� ��

+XOEHUW��,��$ ��5 ���* ��5 ��,DVRQ��' ��$ ��( OVWRQ�DQG�3��$ ��5 DFH\ ��� ���� ���+RP H�UDQJH�

VL] HV�LQ�D�VWUDWLILHG�XSODQG�ODQGVFDSH�RI�WZR�ODJRP RUSKV�ZLWK�GLIIHUHQW�

IHHGLQJ�VWUDWHJLHV���- RXUQDO�RI�$SSOLHG�( FRORJ\ ��� ������ � ���� ��

+XP H��,�� ' ��� ���� ��� ' LJHVWLYH�SK\VLRORJ\� DQG�QXWULWLRQ�RI�P DUVXSLDOV���

&DP EULGJH�8 QLYHUVLW\� 3UHVV��&DP EULGJH��
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+XP H��,�� ' ������ ���3ULQFLSDO�IHDWXUHV�RI�GLJHVWLRQ�LQ�NDQJDURRV���3URFHHGLQJV�RI�

WKH�1 XWULWLRQDO�6RFLHW\� RI�$XVWUDOLD�� ���� � �� ��

+XP H��,�� ' ������ ���2 SWLP DO�GLJHVWLYH�VWUDWHJLHV�LQ�P DPP DOLDQ�KHUELYRUHV���

3K\VLRORJLFDO�=RRORJ\ ��� � � � ������ � ���� ��

+XP H��,�� ' ������ ��0 DUVXSLDO�1 XWULWLRQ��&DP EULGJH�8 QLYHUVLW\� 3UHVV��&DP EULGJH��

+XWFKLQV��0 ���* ��0 DQQ�6P LWK��' ��&��0 HDG��6 ���( OELQ�DQG�- ��6WHHQEHUJ��� ���� ���

6RFLDO�EHKDYLRU�RI�0 DWVFKLH
V�WUHH�NDQJDURRV��' HQGURODJXV�P DWVFKLHL��DQG�

LWV�LP SOLFDWLRQV�IRU�FDSWLYH�P DQDJHP HQW���=RR�%LRORJ\ ��� ���� � ��� ��

,QQV��5 ��: ��� ���� ���$JH�GHWHUP LQDWLRQ�LQ�WKH�. DQJDURR�,VODQG�ZDOODE\ ��

0 DFURSXV�HXJHQLL�� ' HVP DUHVW����$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK�� ����� � ��� ��

,8&1 ��� ���� �������� ,8&1�5 HG�OLVW�RI�WKUHDWHQHG�VSHFLHV��ZZZ �UHGOLVW�RUJ���

- DQ] HQ��' ��+ ��� ���� ���&RP SOLFDWLRQV�LQ�LQWHUSUHWLQJ�WKH�FKHP LFDO�GHIHQVHV�RI�

WUHHV�DJDLQVW�WURSLFDO�DUERUHDO�SODQW�HDWLQJ�YHUWHEUDWHV���3S���� � �� ���,Q��7KH�

( FRORJ\� RI�$UERUHDO�) ROLYRUHV���( G��0 RQWJRP HU\ ��* ��* ��6P LWKVRQLDQ�

,QVWLWXWLRQ�3UHVV��: DVKLQJWRQ��'& ���

- RKQVRQ��. ��$ ��� ����D ���6SDWLDO�DQG�WHP SRUDO�XVH�RI�KDELWDW�E\� WKH�UHG�QHFNHG�

SDGHP HORQ��7K\ ORJDOH�WKHWLV��0 DUVXSLDOLD��0 DFURSRGLGDH����$XVWUDOLDQ�

: LOGOLIH�5 HVHDUFK�� ����� � ��� ��

- RKQVRQ��' ��+ ��� ����E ���7KH�FRP SDULVRQ�RI�XVDJH�DQG�DYDLODELOLW\�

P HDVXUHP HQWV�IRU�HYDOXDWLQJ�UHVRXUFH�SUHIHUHQFH���( FRORJ\ ��� � � � ���� �

�� ��

- RKQVRQ��&��1 ��� ���� ���0 DFURSRG�VWXGLHV�DW�: DOODE\� &UHHN��,9 ��+RP H�UDQJH�

DQG�P RYHP HQWV�RI�WKH�UHG�QHFNHG�ZDOODE\ ���$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK�

�� ����� � ��� ��

- RKQVRQ��3 ��0 ������ ��� /X P KROW] ¶V�WUHH�NDQJDURR��' HQGURODJXV�OXP KROW] L����3S��

��� � ��� ���,Q��7KH�0 DPP DOV�RI�$XVWUDOLD���( G��5 ��6WUDKDQ��$XVWUDOLDQ�

0 XVHXP� DQG�5 HHG�%RRNV��$XVWUDOLD���
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- RKQVRQ��3 ��0 ��DQG�6 ��' HOHDQ������� ����5 HSURGXFWLRQ�RI�WKH�/XP KROW]� WUHH�

NDQJDURR��' HQGURODJXV�OXP KROW] L��0 DUVXSLDOLD��0 DFURSRGLGDH���LQ�

FDSWLYLW\ ��ZLWK�DJH�HVWLP DWLRQ�DQG�GHYHORSP HQW�RI�WKH�SRXFK�\ RXQJ���

: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

- RKQVRQ��3 ��0 ��DQG�. ��9HUQHV��� ���� ���5 HSURGXFWLRQ�LQ�WKH�UHG�OHJJHG�

SDGHP HORQ��7K\ ORJDOH�VWLJP DWLFD�* RXOG��0 DUVXSLDOLD��0 DFURSRGLGDH���

DQG�DJH�HVWLP DWLRQ�DQG�GHYHORSP HQW�RI�SRXFK�\ RXQJ���: LOGOLIH�5 HVHDUFK�

�� ����� � ��� ��

- RKQVRQ��&��1 ���3 ��- ��- DUP DQ�DQG�&��- ��6RXWKZHOO������� ���0 DFURSRG�VWXGLHV�DW�

: DOODE\� &UHHN�9��3DWWHUQV�RI�GHIDHFDWLRQ�E\� HDVWHUQ�JUH\ �NDQJDURRV�

DQG�UHG�QHFNHG�ZDOODELHV���$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

- RKQVRQ��3 ��0 ���0 ��+DNHV�DQG�6 ��6XOOLYDQ������� ���3UHGDWLRQ�E\� /X P KROW] ¶V�WUHH�

NDQJDURRV��' HQGURODJXV�OXP KROW] L�LQ�FDSWLYLW\ ���7K\ ODFLQXV��� � � � ��� � � ��

. DQRZVNL��- ��- ��� ���� ���( FRORJLFDO�GHWHUP LQDQWV�RI�WKH�GLVWULEXWLRQ�DQG�

DEXQGDQFH�RI�WKH�IROLYRURXV�P DUVXSLDOV�HQGHP LF�WR�WKH�UDLQIRUHVWV�RI�WKH�

$WKHUWRQ�8 SODQGV��QRUWK�4 XHHQVODQG���3K�' ��7KHVLV��- DP HV�&RRN�

8 QLYHUVLW\ ��7RZQVYLOOH��

. DQRZVNL��- ��- ��� / ��) HOGHUKRI��* ��1 HZHOO��&��6FKP LGW��%��6WLUQ��5 ��: LOVRQ�DQG�- ��

: ��: LQWHU�������D ���&RPP XQLW\� VXUYH\� RI�WKH�GLVWULEXWLRQ�RI�/X P KROW] ¶V�

WUHH�NDQJDURR�RQ�WKH�$WKHUWRQ�7DEOHODQGV��QRUWK�HDVW�4 XHHQVODQG���

3DFLILF�&RQVHUYDWLRQ�%LRORJ\ �� � � � ���� � �� ��

. DQRZVNL��- ���0 �6 ��+RSNLQV��+ ��0 DUVK�DQG�- ��: ��: LQWHU�������E ���( FRORJLFDO�

FRUUHODWHV�RI�IROLYRUH�DEXQGDQFH�LQ�QRUWK�4 XHHQVODQG�UDLQIRUHVWV���

: LOGOLIH�5 HVHDUFK��� ��� � �� ��

. HUOH��- ��$ ��� ���� ���7KH�SRSXODWLRQ�G\ QDP LFV�RI�D�WURSLFDO�SRVVXP ��7ULFKRVXUXV�

YXOSHFXOD�DUQKHP HQVLV�&ROOHWW���: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

. LQJVP LOO��( ��� ���� ���$Q�LQYHVWLJDWLRQ�RI�FULWHULD�IRU�HVWLP DWLQJ�DJH�LQ�WKH�

P DUVXSLDOV�7ULFKRVXUXV�YXOSHFXOD�. HUU�DQG�3HUDP HOHV�QDVXWD�* HRIIUR\ ���

$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ����� � ��� ��
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. LUNSDWULFN��7�+ ��� ���� ���0 RODU�SURJUHVVLRQ�DQG�P DFURSRG�DJH���4 XHHQVODQG�

- RXUQDO�RI�$JULFXOWXUDO�DQG�$QLP DO�6FLHQFH��� ����� � ��� ��

. LUNSDWULFN��7��+ ��� ���� ���6WXGLHV�RI�0 DFURSRGLGDH�LQ�4 XHHQVODQG��� ��$JH�

HVWLP DWLRQ�LQ�WKH�JUH\� NDQJDURR��WKH�UHG�NDQJDURR��WKH�HDVWHUQ�ZDOODURR�

DQG�WKH�UHG�QHFNHG�ZDOODE\ ��ZLWK�QRWHV�RQ�GHQWDO�DEQRUP DOLWLHV���

4 XHHQVODQG�- RXUQDO�RI�$JULFXOWXUDO�DQG�$QLP DO�6FLHQFH��� ����� � ��� ��

. OHYH] DO��* ��$ ��DQG�6 ��( ��. OHLQHQEHUJ��� ���� ���$JH�GHWHUP LQDWLRQ�RI�P DPP DOV�

IURP� DQQXDO�OD\ HUV�LQ�WHHWK�DQG�ERQHV���0 RVFRZ��7UDQVODWHG�IURP�

5 XVVLDQ�E\� - ��6DONLQG��5 HSULQWHG�E\� ,36 7�3UHVV��- HUXVDOHP� IRU�7KH�8 6�

' HSDUWP HQW�RI�WKH�,QWHULRU�DQG�WKH�1 DWLRQDO�6FLHQFH�) RXQGDWLRQ��

: DVKLQJWRQ�'& ���3S��� � ��� ��

. RP HUV��3 ��( ��DQG�3��1 ��0 ��%URWKHUWRQ������� ���) HP DOH�VSDFH�XVH�LV�WKH�EHVW�

SUHGLFWRU�RI�P RQRJDP \� LQ�P DPP DOV���3URFHHGLQJV�RI�WKH�5 R\ DO�6RFLHW\�

RI�/RQGRQ��6HULHV�%���� ������ � ���� ��

. R] DNLHZLF] ��0 ������� ���5 HVRXUFH�WUDFNLQJ�LQ�VSDFH�DQG�WLP H���3S���� � ��� ���,Q��

0 RVDLF�/DQGVFDSHV�DQG�( FRORJLFDO�3URFHVVHV���( GV��+DQVVRQ��/ ��� / ��

) DKULJ�DQG�* ��0 HUULDP ��&KDSP DQ�	� +DOO��/RQGRQ��

. UHEV��&��- ��� ���� ���( FRORJ\ ��WKH�H[ SHULP HQWDO�DQDO\VLV�RI�GLVWULEXWLRQ�DQG�

DEXQGDQFH���+DUSHU�	� 5 RZ��1 HZ�<RUN��

. URFNHQEHUJHU��$ ��. ��� ���� ���&RP SRVLWLRQ�RI�WKH�P LON�RI�WKH�NRDOD��

3KDVFRODUFWRV�FLQHUHXV��DQ�DUERUHDO�IROLYRUH���3K\VLRORJLFDO�=RRORJ\ �

�� � � � ����� � ��� ��

. URFNHQEHUJHU��$ ��. ���,�� ' ��+XP H�DQG�6 ��- ��&RUN��� ���� ���3URGXFWLRQ�RI�P LON�DQG�

QXWULWLRQ�RI�WKH�GHSHQGHQW�\ RXQJ�RI�IUHH�UDQJLQJ�NRDODV��3KDVFRODUFWRV�

FLQHUHXV����3K\VLRORJLFDO�=RRORJ\ ��� � � � ���� � �� ��

. URFNHQEHUJHU��$ ��� ���� ���0 HHWLQJ�WKH�HQHUJ\� GHP DQGV�RI�WKH�UHSURGXFWLRQ�LQ�

IHP DOH�NRDODV��3KDVFRODUFWRV�FLQHUHXV��HYLGHQFH�IRU�HQHUJHWLF�

FRP SHQVDWLRQ���- RXUQDO�RI�&RP SDUDWLYH�3K\VLRORJ\� %���� ����� � ��� ��
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/DF\ ��5 ��&��� ���� ���92 5 7( ; ��D�FRP SXWHU�VLP XODWLRQ�P RGHO�IRU�SRSXODWLRQ�

YLDELOLW\� DQDO\ VLV���: LOGOLIH�5 HVHDUFK��� ���� � �� ��

/DQJHU��3 ��� ���� ���$QDWRP \ �RI�WKH�VWRP DFK�LQ�WKUHH�VSHFLHV�RI�3RWRURLQDH�

�0 DUVXSLDOLD��0 DFURSRGLGDH����$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ���� � �� ��

/DQJHU��3 ��� ' HOORZ��' ��: ��DQG�+XP H��,�� ' ��� ���� ���6WRP DFK�VWUXFWXUH�DQG�

IXQFWLRQ�LQ�WKUHH�VSHFLHV�RI�0 DFURSRGLQH�0 DUVXSLDOV���$XVWUDOLDQ�- RXUQDO�

RI�=RRORJ\ ��� ��� � �� ��

/DQ\ RQ��- ��0 ��DQG�* ��' ��6DQVRQ�������D ��� . RDOD��3KDVFRODUFWRV�FLQHUHXV��

GHQWLWLRQ�DQG�QXWULWLRQ���,�� 0 RUSKRORJ\� DQG�RFFOXVLRQ�RI�FKHHNWHHWK���

- RXUQDO�RI�=RRORJ\ ��/RQGRQ���� ����� � ��� ��

/DQ\ RQ��- ��0 ��DQG�* ��' ��6DQVRQ�������E ��� . RDOD��3KDVFRODUFWRV�FLQHUHXV��

GHQWLWLRQ�DQG�QXWULWLRQ���,,��,P SOLFDWLRQV�RI�WRRWK�ZHDU�LQ�QXWULWLRQ���- RXUQDO�

RI�=RRORJ\ ��/RQGRQ���� ����� � ��� ��

/DXUDQFH��6 ��* ��� ���� ���8 WLOLVDWLRQ�RI�OLQHDU�UDLQIRUHVW�UHP QDQWV�E\� DUERUHDO�

P DUVXSLDOV�LQ�QRUWK�4 XHHQVODQG���0 �6F��7KHVLV��8 QLYHUVLW\� RI�1 HZ�

( QJODQG��$UP LGDOH��1 6 : ��

/DXUDQFH��: ��) ��� ���� ���( FRORJLFDO�LP SDFWV�RI�WURSLFDO�IRUHVW�IUDJP HQWDWLRQ�RQ�

QRQ�IO\ LQJ�P DPP DOV�DQG�WKHLU�KDELWDWV���3K�' ��7KHVLV��=RRORJ\�

' HSDUWP HQW��8 QLYHUVLW\� RI�&DOLIRUQLD��%HUNHOH\ ��&$��

/DXUDQFH��: ��) ��� ����D ���&RP SDUDWLYH�UHVSRQVHV�RI�ILYH�DUERUHDO�P DUVXSLDOV�WR�

WURSLFDO�IRUHVW�IUDJP HQWDWLRQ���- RXUQDO�RI�0 DPP DORJ\ ��� � � � ����� � ��� ���

/DXUDQFH��: ��) ��� ����E ���( IIHFWV�RI�ZHDWKHU�RQ�P DUVXSLDO�IROLYRUH�DFWLYLW\� LQ�D�

QRUWK�4 XHHQVODQG�XSODQG�WURSLFDO�UDLQIRUHVW���$XVWUDOLDQ�0 DPP DORJ\ ��� ��

�� � �� ��

/DXUDQFH��: ��) ���DQG�/DXUDQFH��6 ��* ��� ���� ���5 HVSRQVHV�RI�ILYH�DUERUHDO�

P DUVXSLDOV�WR�UHFHQW�VHOHFWLYH�ORJJLQJ�LQ�WURSLFDO�$XVWUDOLD���%LRWURSLFD��� ��

��� � ��� ���
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/DZOHU��,��5 ��� : ��- ��) ROH\ ��%��0 ��( VFKOHU��' ��0 ��3DVV�DQG�. ��+DQGDV\ GH��� ���� ���

,QWUDVSHFLILF�YDULDWLRQ�LQ�( XFDO\ SWXV�VHFRQGDU\� P HWDEROLWHV�GHWHUP LQHV�

IRRG�LQWDNH�E\� IROLYRURXV�P DUVXSLDOV���2 HFRORJLD���� ����� � ��� ��

/DZV��5 ��0 ��� ���� ���$�QHZ�P HWKRG�IRU�DJH�GHWHUP LQDWLRQ�IRU�P DPP DOV���1 DWXUH�

��� ����� � ��� ��

/HQWOH��5 ��* ��� . ��- ��6WDIIRUG��0 ��$ ��3RWWHU��%��3 ��6SULQJHWW�DQG�6 ��+DVOHWW�������D ���

) DFWRUV�DIIHFWLQJ�WKH�YROXP H�DQG�P DFURVWUXFWXUH�RI�JDVWURLQWHVWLQDO�

FRP SDUWP HQWV�LQ�WKH�WDPP DU�ZDOODE\� �0 DFURSXV�HXJHQLL�' HVP DUHVW����

$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ����� � ��� ��

/HQWOH��5 �* ��� . ��- ��6WDIIRUG��0 ��$ ��3RWWHU��%��3 ��6SULQJHWW�DQG�6 ��+DVOHWW�������E ���

,QFLVRU�DQG�P RODU�ZHDU�LQ�WKH�WDPP DU�ZDOODE\� �0 DFURSXV�HXJHQLL�

' HVP DUHVW����$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ����� � ��� ��

/HQWOH��5 ��* ���,�� ' ��+XP H��. ��- ��6WDIIRUG��0 ��. HQQHG\ ��%��3 ��6SULQJHWW�DQG�6 ��

+DVOHWW�������D ���2 EVHUYDWLRQV�RQ�IUHVK�IRUDJH�LQWDNH��LQJHVWD�SDUWLFOH�

VL] H�DQG�QXWULHQW�GLJHVWLELOLW\� LQ�IRXU�VSHFLHV�RI�P DFURSRG���$XVWUDOLDQ�

- RXUQDO�RI�=RRORJ\ ��� ����� � ��� ���

/HQWOH��5 �* ���,�� ' ��+XP H��. ��- ��6WDIIRUG��0 ��. HQQHG\ ��6 ��+DVOHWW�DQG�%��3 ��

6SULQJHWW�������E ���&RP SDULVRQ�RI�WRRWK�P RUSKRORJ\� DQG�ZHDU�SDWWHUQV�LQ�

IRXU�VSHFLHV�RI�ZDOODELHV���$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ���� � �� ��

/HQWOH��5 ��* ���,�� ' ��+XP H��. ��- ��6WDIIRUG��0 ��. HQQHG\ ��6 ��+DVOHWW�DQG�%��3 ��

6SULQJHWW������� F���0 RODU�SURJUHVVLRQ�DQG�WRRWK�ZHDU�LQ�WDPP DU�

�0 DFURSXV�HXJHQLL��DQG�SDUP D��0 DFURSXV�SDUP D��ZDOODELHV���$XVWUDOLDQ�

- RXUQDO�RI�=RRORJ\ ��� ����� � ��� ��

/ LQGVWHGW��6 ��/ ���%��- ��0 LOOHU�DQG�6 ��: ��%XVNLUN��� ���� ���+RP H�UDQJH��WLP H�DQG�

ERG\� VL] H�LQ�P DPP DOV���( FRORJ\ ��� ����� � ��� ��

/RJDQ��0 ��DQG�* ��' ��6DQVRQ������� ���7KH�HIIHFW�RI�WRRWK�ZHDU�RQ�WKH�IHHGLQJ�

EHKDYLRXU�RI�IUHH�UDQJLQJ�NRDODV��3KDVFRODUFWRV�FLQHUHXV��* ROGIXVV����

- RXUQDO�RI�=RRORJ\ ��/RQGRQ���� ���� � �� ��
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/XQQH\ ��' ��� ���� ���( IIHFWV�RI�ORJJLQJ��ILUH�DQG�GURXJKW�RQ�SRVVXP V�DQG�JOLGHUV�

LQ�WKH�FRDVWDO�IRUHVWV�QHDU�%HJD��1 6 : ���$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK��� ��

��� � ��� ��

0 DQO\ ��%��) ��- ��� / ��/ ��0 F' RQDOG��' ��/ ��7KRP DV��7��/ ��0 F' RQDOG�DQG�: ��3 ��

( ULFNVRQ������� ���5 HVRXUFH�6HOHFWLRQ�E\� DQLP DOV��� QG�( GLWLRQ���. OXZHU�

$FDGHP LF�3XEOLVKHUV��7KH�1 HWKHUODQGV��

0 DUWLQ��5 ��: ��� ���� ���$JH�VSHFLILF�IHUWLOLW\� LQ�WKUHH�SRSXODWLRQV�RI�WKH�NRDOD��

3KDVFRODUFWXV�FLQHUHXV�* ROGIXVV��LQ�9LFWRULD���$XVWUDOLDQ�: LOGOLIH�

5 HVHDUFK�� ����� � ��� ��

0 DUWLQ��5 ��: ��� ���� ���2 YHUEURZVLQJ��DQG�GHFOLQH�RI�D�SRSXODWLRQ�RI�WKH�NRDOD��

3KDVFRODUFWRV�FLQHUXHV��LQ�9LFWRULD���,,,�� 3RSXODWLRQ�G\ QDP LFV���$XVWUDOLDQ�

: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

0 DUWLQ��5 ��: ��� ���� ���$Q�HFRORJLFDO�VWXG\� RI�%HQQHWW¶V�WUHH�NDQJDURR�

�' HQGURODJXV�EHQQHWWLDQXV���5 HSRUW�QXP EHU���� ��: RUOG�: LGH�) XQG�IRU�

1 DWXUH�3XEOLFDWLRQ��6 \ GQH\ ��$XVWUDOLD��

0 DUWLQ��5 ��: ��� ���� ���7FKDULEHHQD��ILHOG�VWXGLHV�RI�%HQQHWW¶V�WUHH�NDQJDURR���

3S���� � �� ���,Q��7UHH�NDQJDURRV��$�&XULRXV�1 DWXUDO�+LVWRU\ ���( GV��

) ODQQHU\ ��7��) ���5 ��0 DUWLQ�DQG�$��6 ] DOD\ ��5 HHG�%RRNV��0 HOERXUQH���

0 DUWLQ��5 ��: ��� . ��+DQGDV\ GH�DQG�6 ��6LP SVRQ������� ���7KH�. RDOD��QDWXUDO�

KLVWRU\ ��FRQVHUYDWLRQ�DQG�P DQDJHP HQW��$XVWUDOLDQ�1 DWXUDO�+LVWRU\�

6HULHV��8 QLYHUVLW\� RI�1 HZ�6RXWK�: DOHV�3UHVV��6 \ GQH\ ��

0 DUWLQ��5 ��: ��DQG�3��0 ��- RKQVRQ������� ���%HQQHWW¶V�WUHH�NDQJDURR�

�' HQGURODJXV�EHQQHWWLDQXV����3S����� � ��� ���,Q��7KH�0 DPP DOV�RI�

$XVWUDOLD���( G��5 ��6WUDKDQ��$XVWUDOLDQ�0 XVHXP� DQG�5 HHG�%RRNV��

$XVWUDOLD���

0 D\ QHV��* ��0 ��� ���� ���$JH�HVWLP DWLRQ�LQ�WKH�SDUP D�ZDOODE\ ��0 DFURSXV�SDUP D�

: DWHUKRXVH���$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ����� � ��� ��
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0 F&XOORXJK��' ��5 ��DQG�3��%HLHU������� ���8 SSHU�YV��ORZHU�P RODUV�IRU�FHP HQWXP�

DQQXOL�DJH�GHWHUP LQDWLRQ�RI�GHHU���- RXUQDO�RI�: LOGOLIH�0 DQDJHP HQW��� �� � ��

��� � ��� ��

0 F1 DE��%��. ��� ���� ���%LRHQHUJHWLFV�DQG�WKH�GHWHUP LQDWLRQ�RI�KRP H�UDQJH�VL] H���

$P HULFDQ�1 DWXUDOLVW��� ����� � ��� ��

0 F1 DE��%��. ��� ���� ���( QHUJHWLFV�RI�DUERUHDO�IROLYRUHV��SK\ VLRORJLFDO�SUREOHP V�

DQG�HFRORJLFDO�FRQVHTXHQFHV�RI�IHHGLQJ�RQ�DQ�XELTXLWRXV�IRRG�VXSSO\ ���

3S����� � ��� ���,Q��7KH�( FRORJ\� RI�$UERUHDO�) ROLYRUHV���( G��* ��* ��

0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�3UHVV��: DVKLQJWRQ��'& ��

0 F1 DE��%��. ��� ���� ���( QHUJ\� FRQVHUYDWLRQ�LQ�D�WUHH�NDQJDURR��' HQGURODJXV�

P DWVFKLHL��DQG�WKH�UHG�SDQGD��$LOXUXV�IXOJHQV����3K\VLRORJLFDO�=RRORJ\�

�� � � � ����� � ��� ��

0 HO] HU��$ ��� ���� ���$VSHFWV�RI�WKH�HFRORJ\� RI�WKH�. RDOD��3KDVFRODUFWXV�FLQHUHXV��

* ROGIXVV����� ��LQ�VXE�KXP LG�ZRRGODQG�RI�FHQWUDO�4 XHHQVODQG���3K�' ��

7KHVLV��8 QLYHUVLW\� RI�4 XHHQVODQG��

0 LOWRQ��. ��� ���� ���%HKDYLRUDO�DGDSWDWLRQV�WR�OHDI�HDWLQJ�E\� WKH�0 DQWOHG�+RZOHU�

P RQNH\� �$ORXDWWD�SDOOLDWD����3S����� � ��� ���,Q��7KH�( FRORJ\� RI�$UERUHDO�

) ROLYRUHV���( G��* ��* ��0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�3UHVV��

: DVKLQJWRQ��'& ��

0 LOWRQ��. ��DQG�0 ��/ ��0 D\ ��� ���� ���%RG\� ZHLJKW��GLHW�DQG�KRP H�UDQJH�DUHD�LQ�

SULP DWHV���1 DWXUH���� ����� � ��� ���

0 LWFKHOO��3 ��� ���� ���7KH�KRP H�UDQJHV�DQG�VRFLDO�DFWLYLW\� RI�NRDODV���TXDQWLWDWLYH�

DQDO\ VLV���3S����� � ��� ���,Q��%LRORJ\� RI�WKH�. RDOD���( GV��$ ��. ��/HH��. ��$ ��

+DQGDV\ GH�DQG�* ��' ��6DQVRQ��6XUUH\� %HDWW\� DQG�6RQV��6 \ GQH\ ���

0 RQWJRP HU\ ��* ��* ��DQG�0 ��( ��6XQTXLVW������� ���+DELWDW�VHOHFWLRQ�DQG�XVH�E\�

WZR�WRHG�DQG�WKUHH�WRHG�VORWKV���3S����� � ��� ���,Q��7KH�( FRORJ\� RI�

$UERUHDO�) ROLYRUHV���( G��* ��* ��0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�

3UHVV��: DVKLQJWRQ��'& ��
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0 RRUH��%��' ��DQG�: ��- ��) ROH\ ��� ���� ���$�UHYLHZ�RI�IHHGLQJ�DQG�GLHW�VHOHFWLRQ�LQ�

NRDODV��3KDVFRODUFWRV�FLQHUHXV����$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ����� �

��� ��

0 XQNV��6 ��$ ���5 ��&RUNUH\ �DQG�: ��- ��) ROH\ ��� ���� ���&KDUDFWHULVWLFV�RI�DUERUHDO�

P DUVXSLDO�KDELWDW�LQ�WKH�VHP L�DULG�ZRRGODQGV�RI�QRUWK�4 XHHQVODQG���

: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

0 XUSK\ ��&��5 ��DQG�- ��5 ��6P LWK��� ���� ���$JH�GHWHUP LQDWLRQ�RI�SRXFK�\ RXQJ�DQG�

MXYHQLOH�. DQJDURR�LVODQG�ZDOODELHV���7UDQVFULSWV�RI�WKH�5 R\ DO�6RFLHW\� RI�

6FLHQFH�$XVWUDOLD��� ���� � �� ��

1 HZHOO��* ��5 ��� ���� ���/X P KROW] ¶V�WUHH�NDQJDURR���1 DWXUH�$XVWUDOLD��� ���� � �� ��

1 HZHOO��* ��5 ��� ����D ���$XVWUDOLD¶V�WUHH�NDQJDURRV��FXUUHQW�LVVXHV�LQ�WKHLU�

FRQVHUYDWLRQ���%LRORJLFDO�&RQVHUYDWLRQ��� ��� � �� ��

1 HZHOO��* ��5 ��� ����E ���+RP H�UDQJH�DQG�KDELWDW�XVH�E\� /X P KROW] ¶V�WUHH�

NDQJDURR��' HQGURODJXV�OXP KROW] L��ZLWKLQ�D�UDLQIRUHVW�IUDJP HQW�LQ�QRUWK�

4 XHHQVODQG���: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

1 HZHOO��* ��5 ��� ���� F���5 HVSRQVHV�RI�/X P KROW] ¶V�WUHH�NDQJDURR��' HQGURODJXV�

OXP KROW] L��WR�ORVV�RI�KDELWDW�ZLWKLQ�D�WURSLFDO�UDLQIRUHVW�IUDJP HQW���

%LRORJLFDO�&RQVHUYDWLRQ��� ����� � ��� ��

2 KZDNL��. ���5 ��( ��+XQJDWH��/ ��/RWWHU��5 ��5 ��+RIP DQQ�DQG�* ��0 DORL\ ��� ���� ���

6WRP DFK�IHUP HQWDWLRQ�LQ�( DVW�$IULFDQ�FROREXV�P RQNH\ V�LQ�WKHLU�QDWXUDO�

VWDWH���$SSOLHG�0 LFURELRORJ\ ��� ����� � ��� ��

2 OGV��7��- ��DQG�/��5 ��&ROOLQV��� ���� ���%UHHGLQJ�0 DWVFKLH¶V�WUHH�NDQJDURR��

' HQGURODJXV�P DWVFKLHL��LQ�FDSWLYLW\ ���,QWHUQDWLRQDO�=RR�<HDUERRN��� ����� �

��� ��

2 VWILHOG��5 ��6 ��DQG�&��' ��&DQKDP ��� ���� ��� ' HQVLW\ �GHSHQGHQW�SURFHVVHV�LQ�

P HDGRZ�YROHV��DQ�H[ SHULP HQWDO�DSSURDFK���( FRORJ\ ��� ����� � ��� ��
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2 ZHQ��5 ��� ���� ���1 RWHV�RQ�WKH�DQDWRP \� RI�WKH�WUHH�NDQJDURR��' HQGURODJXV�

LQXVWXV��* RXOG����3URFHHGLQJV�RI�WKH�=RRORJLFDO�6RFLHW\� RI�/RQGRQ����� ��

��� � ��� ��

3DKO��/ ��,��� ���� ���) HHGLQJ�EHKDYLRXU�DQG�GLHW�RI�WKH�FRPP RQ�ULQJWDLO�SRVVXP ��

3VHXGRFKHLUXV�SHUHJULQXV��LQ�( XFDO\ SWXV�ZRRGODQGV�DQG�/HSWRVSHUP XP �

WKLFNHWV�LQ�VRXWKHUQ�9LFWRULD���$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ����� � ��� ��

3DKO��/ ��,��� : LQWHU��- ��: ��DQG�+HLQVRKQ��* ��� ���� ���9DULDWLRQ�LQ�UHVSRQVHV�RI�

DUERUHDO�IROLYRUHV�WR�IUDJP HQWDWLRQ�RI�WURSLFDO�UDLQIRUHVW�LQ�1 RUWK�( DVWHUQ�

$XVWUDOLD���%LRORJLFDO�&RQVHUYDWLRQ��� ���� � �� ��

3DODFLRV��( ��DQG�$��5 RGULJXH] ��� ���� ���5 DQJLQJ�SDWWHUQ�DQG�XVH�RI�VSDFH�LQ�D�

JURXS�RI�5 HG�+RZOHU�P RQNH\ V��$ORXDWWD�VHQLFXOXV��LQ�D�VRXWKHDVWHUQ�

&RORP ELDQ�UDLQIRUHVW���$P HULFDQ�- RXUQDO�RI�3ULP DWRORJ\ ��� ����� � ��� ��

3DUUD��5 ��� ���� ���&RP SDULVRQ�RI�IRUHJXW�DQG�KLQGJXW�IHUP HQWDWLRQ�LQ�KHUELYRUHV���

3S����� � ��� ���,Q��7KH�( FRORJ\� RI�$UERUHDO�) ROLYRUHV���( G��* ��* ��

0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�3UHVV��: DVKLQJWRQ��'& ���

3HNHOKDULQJ��&��- ��� ���� ���&HP HQWXP� GHSRVLWLRQ�DV�DQ�DJH�LQGLFDWRU�LQ�WKH�

EUXVK�WDLOHG�SRVVXP ��7ULFKRVXUXV�YXOSHFXOD�. HUU��0 DUVXSLDOLD����

$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ���� � �� ��

3RROH��: ��( ���6 ��0 ��&DUSHQWHU�DQG�- ��7��: RRG��� ���� ���* URZWK�RI�* UH\�

NDQJDURRV�DQG�WKH�UHOLDELOLW\� RI�DJH�GHWHUP LQDWLRQ�IURP� ERG\�

P HDVXUHP HQWV�,,��7KH�: HVWHUQ�* UH\� NDQJDURRV��0 DFURSXV�IXOLJLQRVXV��

0 ��I��P HODQRSV�DQG�0 ��I��RF\GURP XV���$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK�� ��

��� � ��� ��

3RROH��: ��( ��- ��&��0 HUFKDQW��6 ��0 ��&DUSHQWHU�DQG�- ��+ ��&DODE\ ��� ���� ���

5 HSURGXFWLRQ��JURZWK�DQG�DJH�GHWHUP LQDWLRQ�LQ�WKH�<HOORZ�IRRWHG�5 RFN�

ZDOODE\� 3HWURJDOH�[ DQWKRSXV�* UD\ ��LQ�FDSWLYLW\ ���$XVWUDOLDQ�: LOGOLIH�

5 HVHDUFK��� ����� � ��� ��

3RSOH��$ ������ ���+DELWDW�DVVRFLDWLRQV�RI�$XVWUDOLDQ�0 DFURSRGRLGHD���3S���� �

��� ���,Q��. DQJDURRV��: DOODELHV�DQG�5 DW�NDQJDURRV��9ROXP H�� ���( GV��
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* ULJJ��* ���3 ��- DUP DQ�DQG�,��+XP H��6XUUH\� %HDWW\� 	�6 RQV�3W\� / LP LWHG��

$XVWUDOLD���

3URFWHU�* UD\ ��( ��� ���� ��� ' LHWDU\� HFRORJ\� RI�WKH�FRSSHU\� EUXVKWDLO�SRVVXP ��JUHHQ�

ULQJWDLO�SRVVXP� DQG�/XP KROW] ¶V�WUHH�NDQJDURR�LQ�QRUWK�4 XHHQVODQG���3S��

��� � ��� ���,Q��3RVVXP V�DQG�* OLGHUV���( GV��$ ��3 ��6P LWK�DQG�,��' ��+XP H��

$XVWUDOLDQ�0 DPP DO�6RFLHW\ ��6 \ GQH\ ���

3URFWHU�* UD\ ��( ��� ���� ���7KH�EHKDYLRXU�DQG�HFRORJ\� RI�/X P KROW] ¶V�WUHH�

NDQJDURR��' HQGURODJXV�OXP KROW] L��0 DUVXSLDOLD��0 DFURSRGLGDH���3K�' ��

7KHVLV��+DUYDUG�8 QLYHUVLW\ ��

3URFWHU�* UD\ ��( ��� ���� ��� . DQJDURRV�XS�D�WUHH���1 DWXUDO�+LVWRU\ ��� ���� � �� ��

3URFWHU�* UD\ ��( ���DQG�8 ��* DQVORVVHU��� ���� ���7KH�LQGLYLGXDO�EHKDYLRXUV�RI�

/X P KROW] 
V�WUHH�NDQJDURR��UHSHUWRLUH�DQG�WD[ RQRP LF�LP SOLFDWLRQV���

- RXUQDO�RI�0 DPP DORJ\ ��� ����� � ��� ��

5 LFKDUGVRQ��. ��&��� ���� ���7KH�VWUXFWXUH�DQG�UDGLRJUDSKLF�DQDWRP \� RI�WKH�

DOLP HQWDU\� WUDFW�RI�WKH�7DPP DU�ZDOODE\ ��0 DFURSXV�HXJHQLL��0 DUVXSLDOLD��

,��7KH�VWRP DFK���$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ������ � ��� ��

5 LGH��: ��' ��/ ��� ���� ���$Q�KLVWRULFDO�LQWURGXFWLRQ�WR�VWXGLHV�RQ�WKH�HYROXWLRQ�DQG�

SK\ ORJHQ\� RI�WKH�0 DFURSRGLGDH���$XVWUDOLDQ�0 DPP DORJ\ �� ��� � �� ��

5 RELQHWWH��: ��/ ��� ' ��$ ��- RQHV��' ��$ ��5 RJHUV�DQG�- ��6 ��* DVKZLOHU��� ���� ���1 RWHV�

RQ�WRRWK�GHYHORSP HQW�DQG�ZHDU�IRU�5 RFN\� 0 RXQWDLQ�P XOH�GHHU���- RXUQDO�

RI�: LOGOLIH�0 DQDJHP HQW��� ����� � ��� ��

5 REELQV��&��7���6 ��0 ROH��$ ��( ��+DJHUP DQ�DQG�7��$ ��+DQOH\ ��� ���� ���5 ROH�RI�

WDQQLQV�LQ�GHIHQGLQJ�SODQWV�DJDLQVW�UXP LQDQWV��UHGXFWLRQ�LQ�GU\� P DWWHU�

GLJHVWLRQ"��( FRORJ\ ��� ������ � ���� ��

5 XVVHOO��( ��0 ��� ���� ���3DWWHUQV�RI�SDUHQWDO�FDUH�DQG�SDUHQWDO�LQYHVWP HQW�LQ�

P DUVXSLDOV���%LRORJLFDO�5 HYLHZ�� ����� � ��� ��
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6DGOLHU��5 ��0 ��) ��6 ��� ���� ���$JH�HVWLP DWLRQ�E\� P HDVXUHP HQWV�RI�MRH\ V�RI�WKH�

HXUR�0 DFURSXV�UREXVWXV�* RXOG�LQ�: HVWHUQ�$XVWUDOLD���$XVWUDOLDQ�- RXUQDO�

RI�=RRORJ\� �� ����� � ��� ��

6DQVRQ��* ��' ��� ���� ���7KH�HYROXWLRQ�DQG�VLJQLILFDQFH�RI�P DVWLFDWLRQ�LQ�WKH�

0 DFURSRGLGDH���$XVWUDOLDQ�0 DPP DORJ\� � ���� � �� ��

6DQVRQ��* ��' ��� ���� ���7KH�P RUSKRORJ\ �DQG�RFFOXVLRQ�RI�WKH�P RODULIRUP� FKHHN�

WHHWK�LQ�VRP H�0 DFURSRGLQDH��0 DUVXSLDOLD��0 DFURSRGLGDH����$XVWUDOLDQ�

- RXUQDO�RI�=RRORJ\� �� ����� � ��� ��

6DQVRQ��* ��' ��� ���� ���0 RUSKRORJLFDO�DGDSWDWLRQV�RI�WHHWK�WR�GLHWV�DQG�IHHGLQJ�LQ�

WKH�0 DFURSRGRLGHD���3S����� � ��� ���,Q��. DQJDURRV��: DOODELHV�DQG�5 DW�

NDQJDURRV��9ROXP H�� ��( GV��* ULJJ��* ���3 ��- DUP DQ�DQG�,��+XP H��6XUUH\�

%HDWW\� 	�6 RQV�3W\� / LP LWHG��$XVWUDOLD���

6DWWOHU��3 ��DQG�5 ��: LOOLDP V��� ���� ���7KH�FRQVHUYDWLRQ�VWDWXV�RI�4 XHHQVODQG¶V�

ELRUHJLRQDO�HFRV\VWHP V���4 XHHQVODQG�* RYHUQP HQW�( QYLURQP HQWDO�

3URWHFWLRQ�$JHQF\ ��

6FKROW] ��%��� ���� ���7KH�EHKDYLRXU�RI�WKH�EUXVK�WDLOHG�URFN�ZDOODE\ ���3HWURJDOH�

SHQLFLOODWD��LQ�VRXWK�HDVW�4 XHHQVODQG��8 QSXEOLVKHG�UHSRUW��4 XHHQVODQG�

,QVWLWXWH�RI�7HFKQRORJ\ ��%ULVEDQH��

6KDUP DQ��* ��%���+ ��- ��) ULWK�DQG�- ��+ ��&DODE\ ��� ���� ���* URZWK�RI�WKH�SRXFK�

\ RXQJ��WRRWK�HUXSWLRQ�DQG�DJH�GHWHUP LQDWLRQ�LQ�WKH�UHG�NDQJDURR��

0 HJDOHLD�UXID���: LOGOLIH�5 HVHDUFK�� ���� � �� ��

6KLHOG��- ��: ��DQG�3��: RROOH\ ��� ���� ���$JH�HVWLP DWLRQ�E\� P HDVXUHP HQW�RI�SRXFK�

\ RXQJ�RI�WKH�TXRNND��6HWRQL[� EUDFK\ XUXV����$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ �

� ���� � �� ��

6KRUW��- ��&��� ���� ���( FRORJ\� RI�WKH�EUXVK�WDLOHG�URFN�ZDOODE\ ��3HWURJDOH�

SHQLFLOODWD���0 6F�7KHVLV��8 QLYHUVLW\� RI�6 \ GQH\ ��6 \ GQH\ ��
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6P LWK��0 ��� ���� ���%HKDYLRXU�RI�WKH�NRDOD��3KDVFRODUFWRV�FLQHUHXV�* ROGIXVV��LQ�

FDSWLYLW\� ,��1 RQ�VRFLDO�EHKDYLRXU���$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK�� ����� �

��� ��

6P LWK��5 ��� ���� ���7UHH�NDQJDURRV��YXOQHUDEOH�LQ�WKH�ZLOG��WKUHDWHQHG�LQ�FDSWLYLW\ ���

,Q���3URFHHGLQJV�RI�WKH�ILIWK�: RUOG�&RQIHUHQFH�RQ�EUHHGLQJ�HQGDQJHUHG�

VSHFLHV�LQ�FDSWLYLW\ ��( GV��%��/ ��' UHVVHU��5 ��: ��5 HHVH�DQG�( ��- ��0 DUXVND��

&LQFLQQDWL��2 + ��&LQFLQQDWL�=RR��

6WDP SV��- ��$ ���0 ��%XHFKQHU�DQG�9��9 ��. ULVKQDQ������� ���7KH�HIIHFWV�RI�KDELWDW�

JHRP HWU\� RQ�WHUULWRULDO�GHIHQVH�FRVWV��LQWUXGHU�SUHVVXUH�LQ�ERXQGHG�

KDELWDWV���$P HULFDQ�=RRORJLVW��� ����� � ��� ��

6WHYHQV��&��( ��DQG�,��' ��+XP H��� ���� ���&RP SDUDWLYH�SK\VLRORJ\� RI�WKH�

YHUWHEUDWH�GLJHVWLYH�V\VWHP ��6HFRQG�( GLWLRQ���&DP EULGJH�8 QLYHUVLW\�

3UHVV��&DP EULGJH��

6WLFNHO��/ ��) ��� ���� ���$�FRP SDULVRQ�RI�FHUWDLQ�P HWKRGV�RI�P HDVXULQJ�UDQJHV�RI�

VP DOO�P DPP DOV���- RXUQDO�RI�0 DPP DORJ\ ��� ��� � �� ��

7KRP DV��' ��&��� ���� ���0 HWDFKURP DWLF�VWDLQLQJ�RI�GHQWDO�FHP HQWXP� IRU�

P DPP DOLDQ�DJH�GHWHUP LQDWLRQ���- RXUQDO�RI�: LOGOLIH�0 DQDJHP HQW��� ����� �

��� ��

7KRP SVRQ��- ��$ ��DQG�: ��+ ��2 ZHQ��� ���� ���$� ILHOG�VWXG\� RI�WKH�$XVWUDOLDQ�ULQJWDLO�

SRVVXP� 3VHXGRFKHLUXV�SHUHJULQXV��0 DUVXSLDOLD��3KDODQJHULGDH����

( FRORJLFDO�0 RQRJUDSKV��� ���� � �� ��

7KRUQWRQ��5 ��) ���3 ��5 ��%LUG��0 ��6RP HUV�DQG�5 ��- ��0 RLU��� ���� ���8 UHD�H[ FUHWLRQ�LQ�

UXP LQDQWV��,,,��� 7KH�UROH�RI�WKH�KLQG�JXW��FDHFXP� DQG�FRORQ����$XVWUDOLDQ�

- RXUQDO�RI�$JULFXOWXUDO�5 HVHDUFK��� ����� � ��� ��

7UDFH\ ��* ��- ��� ���� ���7KH�YHJHWDWLRQ�RI�WKH�KXP LG�WURSLFDO�UHJLRQ�RI�QRUWK�

4 XHHQVODQG���&6 ,5 2 ��0 HOERXUQH��

7UHH�. DQJDURR�DQG�0 DPP DO�* URXS��� ���� ���&RPP XQLW\�VXUYH\� RI�WKH�

GLVWULEXWLRQ�RI�/X P KROW] ¶V�7UHH�NDQJDURR���1 DWXUDO�+HULWDJH�7UXVW��
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7UR\ ��6 ��DQG�* ��&RXOVRQ������� ���+RP H�UDQJH�RI�WKH�VZDP S�ZDOODE\ ��: DOODELD�

ELFRORU���: LOGOLIH�5 HVHDUFK��� ����� � ��� ���

7XIWR��- ���5 ��$QGHUVHQ�DQG�- ��/ LQQHOO������� ���+DELWDW�XVH�DQG�HFRORJLFDO�

FRUUHODWHV�RI�KRP H�UDQJH�VL] H�LQ�D�VP DOO�FHUYLG��WKH�URH�GHHU���- RXUQDO�RI�

$QLP DO�( FRORJ\ ��� ����� � ��� ��

8 P DSDWK\ ��* ��DQG�$��. XP DU��� ���� ���7KH�RFFXUUHQFH�RI�DUERUHDO�P DPP DOV�LQ�

WKH�UDLQ�IRUHVW�IUDJP HQWV�LQ�WKH�$QDP DODL�+LOOV��VRXWK�,QGLD���%LRORJLFDO�

&RQVHUYDWLRQ��� ����� � ��� ��

9DQ�+RUQH��%��� ���� ��� ' HQVLW\� DV�D�P LVOHDGLQJ�LQGLFDWRU�RI�KDELWDW�TXDOLW\ ��

- RXUQDO�RI�: LOGOLIH�0 DQDJHP HQW��� ����� � ��� ��

9DQ�6RHVW��3 ��- ��� ���� ���1 XWULWLRQDO�HFRORJ\� RI�WKH�UXP LQDQW���2� DQG�%�%RRNV��

&RUYDOOLV��8 6 ��

9HUQHV��. ���+ ��0 DUVK�DQG�- ��: LQWHU������� ���+RP H�UDQJH�DQG�P RYHP HQW�

SDWWHUQV�RI�WKH�UHG�OHJJHG�SDGHP HORQ��7K\ ORJDOH�VWLJP DWLFD��LQ�D�

IUDJP HQWHG�WURSLFDO�UDLQIRUHVW���: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

9LQFHQW��- ��3 ���( ��%LGHDX��$ ��- ��0 ��+HZLVRQ�DQG�- ��0 ��$QJLEDXOW������� ���7KH�

LQIOXHQFH�RI�LQFUHDVLQJ�GHQVLW\� RQ�ERG\� ZHLJKW��NLG�SURGXFWLRQ��KRP H�

UDQJH�DQG�ZLQWHU�JURXSLQJ�LQ�URH�GHHU��&DSUHROXV�FDSUHROXV����- RXUQDO�RI�

=RRORJ\ ��/RQGRQ���� ����� � ��� ��

: DWHUP DQ��3 ��* ���- ��$ ��5 RVV��( ��/ ��%HQQHWW�DQG�$��* ��' DYLHV��� ���� ���$�

FRP SDULVRQ�RI�WKH�IORULVWLFV�DQG�OHDI�FKHP LVWU\� RI�WKH�WUHH�IORUD�LQ�WZR�

0 DOD\ VLDQ�UDLQIRUHVW�DQG�WKH�LQIOXHQFHV�RI�OHDI�FKHP LVWU\� RQ�SRSXODWLRQV�

RI�FRORELQH�P RQNH\ V�LQ�WKH�2 OG�: RUOG���%LRORJLFDO�- RXUQDO�RI�WKH�/LQQHDQ�

6RFLHW\ ��� ��� � �� ��

: KLWH��1 ��$ ��� ���� ���( FRORJ\� RI�WKH�NRDOD��3KDVFRODUFWRV�FLQHUHXV��LQ�UXUDO�

VRXWK�HDVW�4 XHHQVODQG��$XVWUDOLD���: LOGOLIH�5 HVHDUFK��� ����� � ��� �

: KLWH��1 ��$ ��DQG�1 ��' ��. XQVW������� ���$VSHFWV�RI�WKH�HFRORJ\� RI�WKH�NRDOD�LQ�

VRXWKHDVWHUQ�4 XHHQVODQG���3S����� � ��� ���,Q��%LRORJ\� RI�WKH�. RDOD���( GV��
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$ ��. ��/HH��. ��$ ��+DQGDV\ GH�DQG�* ��' ��6DQVRQ���6XUUH\� %HDWW\� 	�6 RQV��

6 \ GQH\ ��

: LQWHU��- ��: ��� ���� ���7RRWK�ZHDU�DV�DQ�DJH�LQGH[� LQ�D�SRSXODWLRQ�RI�WKH�EUXVK�

WDLOHG�SRVVXP ��7ULFKRVXUXV�YXOSHFXOD��. HUU����$XVWUDOLDQ�: LOGOLIH�

5 HVHDUFK�� ����� � ��� ��

: LQWHU��- ��: ��� ���� ���1 RUWKHDVWHUQ�4 XHHQVODQG��VRP H�FRQVHUYDWLRQ�LVVXHV�

KLJKOLJKWHG�E\� IRUHVW�P DPP DOV���3S����� � ��� ���,Q��&RQVHUYDWLRQ�RI�

$XVWUDOLD
V�) RUHVW�) DXQD���( G��' ��/XQQH\ ��5 R\ DO�=RRORJLFDO�6RFLHW\� RI�

1 6 : ��0 RVP DQ���

: LQWHU��- ��: ��� ���� ���5 HVSRQVHV�RI�QRQ�YRODQW�P DPP DOV�WR�ODWH�4 XDWHUQDU\�

FOLP DWLF�FKDQJHV�LQ�WKH�ZHW�WURSLFV�UHJLRQ�RI�1 RUWK�HDVWHUQ�$XVWUDOLD���

: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

�� �� � &+ $3 7( 5� � �

) UDZOH\ ��. ��- ��� ���� ���$�KLVWRU\� RI�IRUHVW�DQG�ODQG�P DQDJHP HQW�LQ�4 XHHQVODQG��

ZLWK�SDUWLFXODU�UHIHUHQFH�WR�WKH�QRUWK�4 XHHQVODQG�UDLQIRUHVW��5 HSRUW�WR�

WKH�5 DLQIRUHVW�&RQVHUYDWLRQ�6RFLHW\� RI�4 XHHQVODQG��%ULVEDQH��

* UDKDP ��$ ��: ���0 ��6 ��+RSNLQV�DQG�- ��0 DJJV��� ���� ���6XFFHVVLRQ�DQG�

GLVWXUEDQFH�LQ�WKH�UHP QDQW�UDLQIRUHVW�W\ SH�&RP SOH[� 1 RWRSK\ OO�9LQH�IRUHVW�

RQ�EDVDOW��7\ SH��E���,��9HJHWDWLRQ�P DS�DQG�H[ SODQDWRU\� QRWHV���5 HSRUW�WR�

: HW�7URSLFV�0 DQDJHP HQW�$XWKRULW\ ���&6 ,5 2 ��$WKHUWRQ��

/DXUDQFH��: ��) ��� ���� ���( FRORJLFDO�FRUUHODWHV�RI�H[ WLQFWLRQ�SURQHQHVV�LQ�

$XVWUDOLDQ�WURSLFDO�UDLQ�IRUHVW�P DPP DOV���&RQVHUYDWLRQ�%LRORJ\ �� ���� � �� ��

0 DUWLQ��5 ��: ��� ���� ���$Q�HFRORJLFDO�VWXG\� RI�%HQQHWW¶V�WUHH�NDQJDURR�

�' HQGURODJXV�EHQQHWWLDQXV���5 HSRUW�QXP EHU���� ��: RUOG�: LGH�) XQG�IRU�

1 DWXUH�3XEOLFDWLRQ��6 \ GQH\ ��$XVWUDOLD��

1 HZHOO��* ��5 ��� ���� ���/X P KROW] ¶V�WUHH�NDQJDURR���1 DWXUH�$XVWUDOLD��� ���� � �� ��

1 HZHOO��* ��5 ��� ����D ���$XVWUDOLD¶V�WUHH�NDQJDURRV��FXUUHQW�LVVXHV�LQ�WKHLU�

FRQVHUYDWLRQ���%LRORJLFDO�&RQVHUYDWLRQ��� ��� � �� ��
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1 HZHOO��* ��5 ��� ����E ���+RP H�UDQJH�DQG�KDELWDW�XVH�E\� /X P KROW] ¶V�WUHH�

NDQJDURR��' HQGURODJXV�OXP KROW] L��ZLWKLQ�D�UDLQIRUHVW�IUDJP HQW�LQ�QRUWK�

4 XHHQVODQG���: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

3URFWHU�* UD\ ��( ��� ���� ���7KH�EHKDYLRXU�DQG�HFRORJ\� RI�/X P KROW] ¶V�WUHH�

NDQJDURR��' HQGURODJXV�OXP KROW] L��0 DUVXSLDOLD��0 DFURSRGLGDH���3K�' ��

7KHVLV��+DUYDUG�8 QLYHUVLW\ ��

6DWWOHU��3 ��DQG�5 ��: LOOLDP V��� ���� ���7KH�FRQVHUYDWLRQ�VWDWXV�RI�4 XHHQVODQG¶V�

ELRUHJLRQDO�HFRV\VWHP V���4 XHHQVODQG�* RYHUQP HQW�( QYLURQP HQWDO�

3URWHFWLRQ�$JHQF\ ��

7UDFH\ ��* ��- ��� ���� ���7KH�YHJHWDWLRQ�RI�WKH�KXP LG�WURSLFDO�UHJLRQ�RI�QRUWK�

4 XHHQVODQG���&6 ,5 2 ��0 HOERXUQH��

: LQWHU��- ��: ���) ��&��%HOO��/ ��,��3DKO�DQG�5 ��* ��$WKHUWRQ������� ���5 DLQIRUHVW�

FOHDUIHOOLQJ�LQ�1 RUWKHDVWHUQ�$XVWUDOLD���3URFHHGLQJV�RI�WKH�5 R\ DO�6RFLHW\�

RI�4 XHHQVODQG��� ���� � �� ��

�� �� � &+ $3 7( 5� � �

%HJRQ��0 ���- ��/ ��+DUSHU�DQG�&��5 ��7RZQVHQG������� ���( FRORJ\ ��LQGLYLGXDOV��

SRSXODWLRQV�DQG�FRPP XQLWLHV���%ODFNZHOO�6FLHQWLILF�3XEOLFDWLRQV��/RQGRQ��

%HW] ��: ��� ���� ���0 DWVFKLH¶V�7UHH�NDQJDURR��0 DUVXSLDOLD��0 DFURSRGLGDH��

' HQGURODJXV�P DWVFKLHL��LQ�3DSXD�1 HZ� * XLQHD��HVWLP DWHV�RI�SRSXODWLRQ�

GHQVLW\� DQG�ODQGRZQHU�DFFRXQWV�RI�IRRG�SODQWV�DQG�QDWXUDO�KLVWRU\ ���

0 DVWHUV�7KHVLV��8 QLYHUVLW\� RI�6RXWKDP SWRQ��6RXWKDP SWRQ��

%HW] ��: ��� / ��' DEHN�DQG�. ��( YHL���8 QSXEOLVKHG�GDWD�D���/RFDO�SRSXODWLRQ�

GHQVLWLHV�RI�0 DWVFKLH¶V�WUHH�NDQJDURRV��' HQGURODJXV�P DWVFKLHL��LQ�

3DSXD�1 HZ� * XLQHD�DQG�LP SOLFDWLRQV�IRU�FRQVHUYDWLRQ����

%HW] ��: ��� / ��' DEHN�DQG�. ��( YHL���8 QSXEOLVKHG�GDWD�E���8 VH�RI�ODQGRZQHU�

LQWHUYLHZV�WR�GRFXP HQW�LQGLJHQRXV�NQRZOHGJH�RI�QDWXUDO�KLVWRU\ ��FXOWXUDO�

VLJQLILFDQFH��DQG�FRQVHUYDWLRQ�VWDWXV�RI�0 DWVFKLH¶V�WUHH�NDQJDURR�

�' HQGURODJXV�P DWVFKLHL��LQ�3DSXD�1 HZ� * XLQHD��
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%UDYR��6 ��3 ��DQG�$��6DOOHQDYH��� ���� ���) RUDJLQJ�EHKDYLRU�DQG�DFWLYLW\� SDWWHUQV�

RI�$ORXDWWD�FDUD\ D�LQ�WKH�QRUWKHDVWHUQ�$UJHQWLQHDQ�IORRGHG�IRUHVW���

,QWHUQDWLRQDO�- RXUQDO�RI�3ULP DWRORJ\ ��� � � � ����� � ��� ��

&KDSP DQ��&��$ ���$ ��* DXWLHU�+LRQ��- ��) ��2 DWHV�DQG�' ��$ ��2 QGHUGRQN������� ���

$ IULFDQ�SULP DWH�FRPP XQLWLHV��GHWHUP LQDQWV�RI�VWUXFWXUH�DQG�WKUHDWV�WR�

VXUYLYDO��3S��� � �� ���,Q��3ULP DWH�&RPP XQLWLHV��( GV��- ��* ��) OHDJOH��&��+ ��

- DQVRQ�DQG�. ��( ��5 HHG��&DP EULGJH�8 QLYHUVLW\� 3UHVV��&DP EULGJH��

&KLDUHOOR��$ ��* ��� ���� ���$FWLYLW\� EXGJHWV�DQG�UDQJLQJ�SDWWHUQV�RI�WKH�$WODQWLF�

IRUHVW�P DQHG�VORWK�%UDG\ SXV�WRUTXDWXV��; HQDUWKUD��%UDG\ SRGLGDH����

- RXUQDO�RI�=RRORJ\ ��/RQGRQ���� ��� � �� ��

&OXWWRQ�%URFN��7��+ ��� ���� ���0 DPP DOLDQ�P DWLQJ�V\ VWHP V���3URFHHGLQJV�RI�WKH�

5 R\ DO�6RFLHW\� RI�/RQGRQ��6HULHV�%���� ����� � ��� ��

&UDZOH\ ��0 ��&��� ���� ���$�OLYH�WUDSSLQJ�VWXG\� RI�$XVWUDOLDQ�EUXVK�WDLO�SRVVXP V�

7ULFKRVXUXV�YXOSHFXOD��. HUU���LQ�WKH�2 URQJRURQJR�9DOOH\ ��: HOOLQJWRQ��

1 HZ�=HDODQG���$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ���� � �� ��

&URFNHWW��&��0 ��DQG�- ��) ��( LVHQEHUJ��� ���� ���+RZOHUV��YDULDWLRQV�LQ�JURXS�VL] H�

DQG�GHP RJUDSKLFV��,Q�%��%��6P XWV��' ��/ ��&KHQH\ ��5 ��: ��: UDQJKDP� DQG�7��

7��6WUXWKVDNHU��HGV����3ULP DWH�6RFLHWLHV��7KH�8 QLYHUVLW\� RI�&KLFDJR�3UHVV��

&KLFDJR��

&URIW��' ��%��� ���� ���6RFLDO�RUJDQL] DWLRQ�RI�WKH�0 DFURSRGRLGHD���3S����� � ��� ���,Q��

. DQJDURRV��ZDOODELHV�DQG�UDW�NDQJDURRV���( GV��* ��* ULJJ��3 ��- DUP DQ�DQG�

,�+XP H��6XUUH\� %HDWW\� 	�6 RQV��1 HZ�6RXWK�: DOHV���

' HQQLV��$ ��� ���� ���0 XVN\�UDW�NDQJDURRV��+ \ SVLSU\ P QRGRQ�P RVFKDWXV��FXUVRULDO�

IUXJLYRUHV�LQ�$XVWUDOLD¶V�ZHW�WURSLFDO�UDLQIRUHVWV���3K' ��7KHVLV��- DP HV�

&RRN�8 QLYHUVLW\ ��&DLUQV�4 XHHQVODQG��

' L[ RQ��. ��5 ��DQG�- ��$ ��&KDSP DQ������� ���+DUP RQLF�P HDQ�P HDVXUH�RI�DQLP DO�

DFWLYLW\� DUHDV���( FRORJ\ ���� � � � ������ � ���� ��
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' XQQHW��* ��0 ��� ���� ���$� ILHOG�VWXG\� RI�ORFDO�SRSXODWLRQV�RI�WKH�EUXVK�WDLOHG�

SRVVXP� 7ULFKRVXUXV�YXOSHFXOD�LQ�HDVWHUQ�$XVWUDOLD���3URFHHGLQJV�RI�WKH�

=RRORJLFDO�6RFLHW\� RI�/RQGRQ���� ����� � ��� ��

( EHUKDUG��,��+ ��� ���� ���( FRORJ\� RI�WKH�. RDOD��3KDVFRODUFWRV�FLQHUHXV�

�* ROGIXVV���RQ�) OLQGHUV�&KDVH��. DQJDURR�,VODQG��3K'� 7KHVLV��8 QLYHUVLW\�

RI�$GHODLGH��$GHODLGH���

( EHUKDUG��,��+ ��� ���� ���( FRORJ\� RI�WKH�. RDOD��3KDVFRODUFWRV�FLQHUHXV��* ROGIXVV��

0 DUVXSLDOLD��3KDVFRODUFWLGDH��LQ�$XVWUDOLD���3S����� � ��� ���,Q��7KH�

( FRORJ\� RI�$UERUHDO�) ROLYRUHV���( G��* ��* ��0 RQWJRP HU\ ��6P LWKVRQLDQ�

,QVWLWXWLRQ�3UHVV��: DVKLQJWRQ��'& ���

( OOLV��: ��$ ��+ ���$ ��0 HO] HU��) ��1 ��&DUULFN�DQG�0 ��+DVHJDZD��� ���� ���7UHH�XVH��

GLHW�DQG�KRP H�UDQJH�RI�WKH�NRDOD��3KDVFRODUFWRV�FLQHUHXV��DW�%ODLU�$WKRO��

FHQWUDO�4 XHHQVODQG���: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

( VWUDGD��$ ��� ���� ���5 HVRXUFH�XVH�E\� KRZOHU�P RQNH\ V��$ORXDWWD�SDOOLDWD��LQ�WKH�

UDLQ�IRUHVW�RI�/RV�7X[ WODV��9HUDFUX] ��0 H[ LFR���,QWHUQDWLRQDO�- RXUQDO�RI�

3ULP DWRORJ\ �� ����� � ��� ��

) LVFKHU��. ��( ���DQG�6 ��1 ��$XVWDG������� ���$�SUHOLP LQDU\� UHSRUW�RQ�WKH�HFRORJ\� RI�

DUERUHDO�P DUVXSLDOV�RQ�0 RXQW�6WROOH��6DQGDXQ�3URYLQFH���1 HZ� * XLQHD�

%LRORJLFDO�6RFLHW\� 0 HHWLQJ��0 DQRNZDUL��,ULDQ�- D\ D��,QGRQHVLD��

) LVKHU��' ��2 ��� ���� ���( IIHFWV�RI�YHJHWDWLRQ�VWUXFWXUH��IRRG�DQG�VKHOWHU�RQ�WKH�

KRP H�UDQJH�DQG�KDELWDW�XVH�RI�DQ�HQGDQJHUHG�ZDOODE\ ���- RXUQDO�RI�

$SSOLHG�( FRORJ\� �� ����� � ��� ��

) LVKHU��' ��2 ��DQG�,��3 ��) ��2 ZHQV��� ���� ���) HP DOH�KRP H�UDQJH�VL] H�DQG�WKH�

HYROXWLRQ�RI�VRFLDO�RUJDQLVDWLRQ�LQ�P DFURSRG�P DUVXSLDOV���- RXUQDO�RI�

$QLP DO�( FRORJ\ ��� ������ � ���� ��

) ODQQHU\ ��7��) ���5 ��0 DUWLQ�DQG�$��6 ] DOD\ ���( GV���� ���� ���7UHH�NDQJDURRV��$�

&XULRXV�1 DWXUDO�+LVWRU\ ���5 HHG�%RRNV��0 HOERXUQH��
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* DOOHUDQL�/DZVRQ��( ��-� DQG�$��5 ��5 RGJHUV��� ���� ��� ' LIIHUHQFHV�LQ�KRP H�UDQJH�

VL] H�FRP SXWHG�LQ�FRPP RQO\� XVHG�VRIWZDUH�SURJUDP V���: LOGOLIH�6RFLHW\�

%XOOHWLQ��� � � � ����� � ��� ��

+DUHVWDG��$ ��6� DQG�) ��/ ��%OXQQHOO������� ���+RP H�UDQJH�DQG�ERG\� ZHLJKW���D�

UHHYDOXDWLRQ���( FRORJ\ ��� ����� � ��� ��

+DUULV��6 ��� : ��- ��&UHVVZHOO��3 ��* ��) RUGH��: ��- ��7UHZKHOOD��7��: RROODUG�DQG�6 ��

: UD\ ��� ���� ���+RP H�UDQJH�DQDO\ VLV�XVLQJ�UDGLR�WUDFNLQJ�GDWD���D�UHYLHZ�

RI�SUREOHP V�DQG�WHFKQLTXHV�SDUWLFXODUO\� DV�DSSOLHG�WR�WKH�VWXG\� RI�

P DPP DOV���0 DPP DOLDQ�5 HYLHZ��� ���� � ��� ��

+LQGHOO��0 ��$ ��DQG�$��. ��/HH��� ���� ���+DELWDW�XVH�DQG�WUHH�SUHIHUHQFHV�RI�. RDODV�

LQ�D�P L[ HG�HXFDO\ SW�IRUHVW���$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

+LQGHOO��0 ��$ ��DQG�$��. ��/HH��� ���� ���7UHH�XVH�E\� LQGLYLGXDO�NRDODV�LQ�D�QDWXUDO�

IRUHVW���$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK��� ��� � � ��

+L[ RQ��0 ��$ ��� ���� ���7HUULWRU\� DUHD�DV�D�GHWHUP LQDQW�RI�P DWLQJ�V\ VWHP V���

$P HULFDQ�=RRORJLVW��� ����� � ��� ��

+RZ��5 ��$ ��� ���� ���7KH�HFRORJ\� DQG�P DQDJHP HQW�RI�7ULFKRVXUXV�VSHFLHV�

�0 DUVXSLDOLD��LQ�1 HZ�6RXWK�: DOHV��3K�' ��7KHVLV��8 QLYHUVLW\� RI�1 HZ�

( QJODQG��$UP LIGDOH��

+RZ��5 ��$ ��� ���� ���3RSXODWLRQ�VWUDWHJLHV�RI�IRXU�VSHFLHV�RI�$XVWUDOLDQ�

³SRVVXP V́ ���3S����� � ��� ���,Q��7KH�( FRORJ\� RI�$UERUHDO�) ROLYRUHV���( G��* ��

* ��0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�3UHVV��: DVKLQJWRQ��'& ���

+RZ��5 ��$ ��� ���� ���3RSXODWLRQ�SDUDP HWHUV�RI�WZR�FRQJHQHULF�SRVVXP V��

7ULFKRVXUXV�VSS���LQ�QRUWK�HDVWHUQ�1 HZ�6RXWK�: DOHV���$XVWUDOLDQ�- RXUQDO�

RI�=RRORJ\ ��� ����� � ���� ��

+RZ��5 ��$ ��DQG�6 ��- ��+LOOFR[ ��� ���� ���%UXVKWDLO�SRVVXP ��7ULFKRVXUXV�YXOSHFXOD��

SRSXODWLRQV�LQ�VRXWK�ZHVWHUQ�$XVWUDOLD��GHP RJUDSK\ ��GLHW�DQG�

FRQVHUYDWLRQV�VWDWXV���: LOGOLIH�5 HVHDUFK��� ���� � �� ��
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+XOEHUW��,��$ ��5 ���* ��5 ��,DVRQ��' ��$ ��( OVWRQ�DQG�3��$ ��5 DFH\ ��� ���� ���+RP H�UDQJH�

VL] HV�LQ�D�VWUDWLILHG�XSODQG�ODQGVFDSH�RI�WZR�ODJRP RUSKV�ZLWK�GLIIHUHQW�

IHHGLQJ�VWUDWHJLHV���- RXUQDO�RI�$SSOLHG�( FRORJ\ ��� ������ � ���� ��

- DUP DQ��3 ��- ���&��0 ��3KLOOLSV�DQG�- ��- ��5 DEELGJH��� ���� ��� ' LHWV�RI�EODFN�VWULSHG�

ZDOODELHV�LQ�1 HZ�6RXWK�: DOHV���: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

- RKQVRQ��. ��$ ��� ���� ���6SDWLDO�DQG�WHP SRUDO�XVH�RI�KDELWDW�E\� WKH�UHG�QHFNHG�

SDGHP HORQ��7K\ ORJDOH�WKHWLV��0 DUVXSLDOLD��0 DFURSRGLGDH����$XVWUDOLDQ�

: LOGOLIH�5 HVHDUFK�� ����� � ��� ��

- RKQVRQ��&��1 ��� ���� ���8 WLOVLDWLRQ�RI�KDELWDW�E\� WKH�QRUWKHUQ�KDLU\ �QRVHG�ZRP EDW�

/DVLRUKLQXV�NUHIIWLL���- RXUQDO�RI�=RRORJLFDO�6RFLHW\ ��/RQGRQ���� ����� � ��� ��

. DQRZVNL��- ��- ��� ���� ���( FRORJLFDO�GHWHUP LQDQWV�RI�WKH�GLVWULEXWLRQ�DQG�

DEXQGDQFH�RI�WKH�IROLYRURXV�P DUVXSLDOV�HQGHP LF�WR�WKH�UDLQIRUHVWV�RI�WKH�

$WKHUWRQ�8 SODQGV��QRUWK�4 XHHQVODQG���3K�' ��7KHVLV��- DP HV�&RRN�

8 QLYHUVLW\ ��7RZQVYLOOH��

. DQRZVNL��- ��- ��� / ��) HOGHUKRI��* ��1 HZHOO��&��6FKP LGW��%��6WLUQ��5 ��: LOVRQ�DQG�- ��

: ��: LQWHU�������D ���&RPP XQLW\� VXUYH\� RI�WKH�GLVWULEXWLRQ�RI�/X P KROW] ¶V�

WUHH�NDQJDURR�RQ�WKH�$WKHUWRQ�7DEOHODQGV��QRUWK�HDVW�4 XHHQVODQG���

3DFLILF�&RQVHUYDWLRQ�%LRORJ\ �� � � � ���� � �� ��

. DQRZVNL��- ���0 ��6 ��+RSNLQV��+ ��0 DUVK�DQG�- ��: ��: LQWHU�������E ���( FRORJLFDO�

FRUUHODWHV�RI�IROLYRUH�DEXQGDQFH�LQ�QRUWK�4 XHHQVODQG�UDLQIRUHVWV���

: LOGOLIH�5 HVHDUFK��� ��� � �� ��

. HQZDUG��5 ��( ��DQG�. ��+ ��+RGGHU������� ���5 DQJHV�9 ��$Q�DQDO\VLV�V\VWHP� IRU�

ELRORJLFDO�GDWD���,QVWLWXWH�IRU�7HUUHVWULDO�( FRORJ\ ��' RUVHW��8 . ��

. HUOH��- ��$ ��� ���� ���7KH�SRSXODWLRQ�G\ QDP LFV�RI�D�WURSLFDO�SRVVXP ��7ULFKRVXUXV�

YXOSHFXOD�DUQKHP HQVLV�&ROOHWW���: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

. RP HUV��3 ��( ��DQG�3��1 ��0 ��%URWKHUWRQ������� ���) HP DOH�VSDFH�XVH�LV�WKH�EHVW�

SUHGLFWRU�RI�P RQRJDP \� LQ�P DPP DOV���3URFHHGLQJV�RI�WKH�5 R\ DO�6RFLHW\�

RI�/RQGRQ��6HULHV�%���� ������ � ���� ��
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/DXUDQFH��: ��) ��� ���� ���( FRORJLFDO�LP SDFWV�RI�WURSLFDO�IRUHVW�IUDJP HQWDWLRQ�RQ�

QRQ�IO\ LQJ�P DPP DOV�DQG�WKHLU�KDELWDWV���3K�' ��7KHVLV��=RRORJ\�

' HSDUWP HQW��8 QLYHUVLW\� RI�&DOLIRUQLD��%HUNHOH\ ��&$��

/DXUDQFH��: ��) ��� ���� ���&RP SDUDWLYH�UHVSRQVHV�RI�ILYH�DUERUHDO�P DUVXSLDOV�WR�

WURSLFDO�IRUHVW�IUDJP HQWDWLRQ���- RXUQDO�RI�0 DPP DORJ\ ��� � � � ����� � ��� ��

/DXUDQFH��6 ��* ��� ���� ���8 WLOLVDWLRQ�RI�OLQHDU�UDLQIRUHVW�UHP QDQWV�E\� DUERUHDO�

P DUVXSLDOV�LQ�QRUWK�4 XHHQVODQG���0 �6F��7KHVLV��8 QLYHUVLW\� RI�1 HZ�

( QJODQG��$UP LGDOH��1 6 : ��

/DXUDQFH��: ��) ��� ���� ���5 HVSRQVHV�RI�P DPP DOV�WR�UDLQIRUHVW�) UDJP HQWDWLRQ�LQ�

7URSLFDO�4 XHHQVODQG��D�UHYLHZ�DQG�V\ QWKHVLV���: LOGOLIH�5 HVHDUFK��� ��

��� � ��� ��

/DXUDQFH��: ��) ���DQG�/DXUDQFH��6 ��* ��� ���� ���5 HVSRQVHV�RI�ILYH�DUERUHDO�

P DUVXSLDOV�WR�UHFHQW�VHOHFWLYH�ORJJLQJ�LQ�WURSLFDO�$XVWUDOLD���%LRWURSLFD��� ��

��� � ��� ��

/DXUDQFH��6 ��* ���DQG�/DXUDQFH��: ��) ��� ���� ���7URSLFDO�ZLOGOLIH�FRUULGRUV��XVH�RI�

OLQHDU�UDLQIRUHVW�UHP QDQWV�E\� DUERUHDO�P DPP DOV���%LRORJLFDO�

&RQVHUYDWLRQ��� ����� � ��� ��

/ LQGVWHGW��6 ��/ ���%��- ��0 LOOHU�DQG�6 ��: ��%XVNLUN��� ���� ���+RP H�UDQJH��WLP H�DQG�

ERG\� VL] H�LQ�P DPP DOV���( FRORJ\ ��� ����� � ��� ��

0 DUWLQ��5 ��: ��� ���� ���$Q�HFRORJLFDO�VWXG\� RI�%HQQHWW¶V�WUHH�NDQJDURR�

�' HQGURODJXV�EHQQHWWLDQXV����5 HSRUW�QXP EHU���� ��: RUOG�: LGH�) XQG�IRU�

1 DWXUH�3XEOLFDWLRQ��6 \ GQH\ ��$XVWUDOLD��

0 DUWLQ��5 ��: ��� ���� ���7FKDULEHHQD��ILHOG�VWXGLHV�RI�%HQQHWW¶V�WUHH�NDQJDURR���

3S���� � �� ���,Q��7UHH�NDQJDURRV��$�&XULRXV�1 DWXUDO�+LVWRU\ ���( GV��

) ODQQHU\ ��7��) ���5 ��0 DUWLQ�DQG�$��6 ] DOD\ ��5 HHG�%RRNV��0 HOERXUQH���

0 F. H\ ��' ��� ���� ���6RLOV��YHJHWDWLRQ��DQG�VHHG�HDWLQJ�E\� EODFN�&ROREXV�

P RQNH\ V���3S����� � ��� ���,Q��7KH�( FRORJ\� RI�$UERUHDO�) ROLYRUHV���( G��* ��

* ��0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�3UHVV��: DVKLQJWRQ��'& ��
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0 F1 DE��%��. ��� ���� ���%LRHQHUJHWLFV�DQG�WKH�GHWHUP LQDWLRQ�RI�KRP H�UDQJH�VL] H���

$P HULFDQ�1 DWXUDOLVW��� ����� � ��� ��

0 F1 DE��%��. ��� ���� ���( QHUJ\� FRQVHUYDWLRQ�LQ�D�WUHH�NDQJDURR��' HQGURODJXV�

P DWVFKLHL��DQG�WKH�UHG�SDQGD��$LOXUXV�IXOJHQV����3K\VLRORJLFDO�=RRORJ\�

�� � � � ����� � ��� ��

0 HO] HU��$ ��� ���� ���$VSHFWV�RI�WKH�HFRORJ\� RI�WKH�. RDOD��3KDVFRODUFWXV�FLQHUHXV��

* ROGIXVV����� ��LQ�VXE�KXP LG�ZRRGODQG�RI�FHQWUDO�4 XHHQVODQG���3K�' ��

7KHVLV��8 QLYHUVLW\� RI�4 XHHQVODQG��

0 LOWRQ��. ��DQG�0 ��/ ��0 D\ ��� ���� ���%RG\� ZHLJKW��GLHW�DQG�KRP H�UDQJH�DUHD�LQ�

SULP DWHV���1 DWXUH���� ����� � ��� ��

0 LWFKHOO��3 ��� ���� ���7KH�KRP H�UDQJHV�DQG�VRFLDO�DFWLYLW\� RI�NRDODV���D�

TXDQWLWDWLYH�DQDO\ VLV��3S����� � ��� ���,Q��%LRORJ\� RI�WKH�. RDOD���( GV��$ ��. ��

/HH��. ��$ ��+DQGDV\ GH�DQG�* ��' ��6DQVRQ���6XUUH\� %HDWW\� 	�6 RQV��

6 \ GQH\ ��

0 RQWJRP HU\ ��* ��* ��DQG�0 ��( ��6XQTXLVW������� ���+DELWDW�VHOHFWLRQ�DQG�XVH�E\�

WZR�WRHG�DQG�WKUHH�WRHG�VORWKV���3S����� � ��� ���,Q��7KH�( FRORJ\� RI�

$UERUHDO�) ROLYRUHV���( G��* ��* ��0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�

3UHVV��: DVKLQJWRQ��'& ���

1 HZHOO��* ��5 ��� ���� ��� /X P KROW] ¶V�WUHH�NDQJDURR���1 DWXUH�$XVWUDOLD��� ���� � �� ��

1 HZHOO��* ��5 ��� ����D ���$XVWUDOLD¶V�WUHH�NDQJDURRV��FXUUHQW�LVVXHV�LQ�WKHLU�

FRQVHUYDWLRQ���%LRORJLFDO�&RQVHUYDWLRQ��� ��� � �� ��

1 HZHOO��* ��5 ��� ����E ���+RP H�UDQJH�DQG�KDELWDW�XVH�E\� /X P KROW] ¶V�WUHH�

NDQJDURR��' HQGURODJXV�OXP KROW] L��ZLWKLQ�D�UDLQIRUHVW�IUDJP HQW�LQ�QRUWK�

4 XHHQVODQG���: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

1 HZHOO��* ��5 ��� ���� F���5 HVSRQVHV�RI�/X P KROW] ¶V�WUHH�NDQJDURR��' HQGURODJXV�

OXP KROW] L��WR�ORVV�RI�KDELWDW�ZLWKLQ�D�WURSLFDO�UDLQIRUHVW�IUDJP HQW���

%LRORJLFDO�&RQVHUYDWLRQ��� ����� � ��� ��
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3DKO��/ ��,��� : LQWHU��- ��: ��DQG�+HLQVRKQ��* ��� ���� ���9DULDWLRQ�LQ�UHVSRQVHV�RI�

DUERUHDO�IROLYRUHV�WR�IUDJP HQWDWLRQ�RI�WURSLFDO�UDLQIRUHVW�LQ�1 RUWK�( DVWHUQ�

$XVWUDOLD���%LRORJLFDO�&RQVHUYDWLRQ��� ���� � �� ��

3DODFLRV��( ��DQG�$��5 RGULJXH] ��� ���� ���5 DQJLQJ�SDWWHUQ�DQG�XVH�RI�VSDFH�LQ�D�

JURXS�RI�5 HG�+RZOHU�P RQNH\ V��$ORXDWWD�VHQLFXOXV��LQ�D�VRXWKHDVWHUQ�

&RORP ELDQ�UDLQIRUHVW���$P HULFDQ�- RXUQDO�RI�3ULP DWRORJ\ ��� ����� � ��� ��

3RSOH��$ ������ ���+DELWDW�DVVRFLDWLRQV�RI�$XVWUDOLDQ�0 DFURSRGRLGHD���3S���� �

��� ���,Q��. DQJDURRV��: DOODELHV�DQG�5 DW�NDQJDURRV��9ROXP H�� ���( GV��

* ULJJ��* ���3 ��- DUP DQ�DQG�,��+XP H��6XUUH\� %HDWW\� 	�6 RQV�3W\� / LP LWHG��

$XVWUDOLD���

3URFWHU�* UD\ ��( ��� ���� ��� ' LHWDU\� HFRORJ\� RI�WKH�&RSSHU\� %UXVKWDLO�SRVVXP ��

* UHHQ�5 LQJWDLO�SRVVXP� DQG�/XP KROW] ¶V�WUHH�NDQJDURR�LQ�QRUWK�

4 XHHQVODQG���3S����� � ��� ���,Q��3RVVXP V�DQG�* OLGHUV���( GV��$ ��3 ��6P LWK�

DQG�,��' ��+XP H���$XVWUDOLDQ�0 DPP DO�6RFLHW\ ��6 \ GQH\ ���

3URFWHU�* UD\ ��( ��� ���� ���7KH�EHKDYLRXU�DQG�HFRORJ\� RI�/X P KROW] ¶V�WUHH�

NDQJDURR��' HQGURODJXV�OXP KROW] L��0 DUVXSLDOLD��0 DFURSRGLGDH����3K�' ��

7KHVLV��+DUYDUG�8 QLYHUVLW\ ��

6DP SVRQ��- ��&��� ���� ���7KH�ELRORJ\� RI�%HWWRQJLD�SHQLQFLOODWD�* UD\ ������ ���3K�' ��

7KHVLV��8 QLYHUVLW\� RI�: HVWHUQ�$XVWUDOLD��3HUWK��

6DWWOHU���3 ��DQG�5 ��: LOOLDP V��� ���� ���7KH�&RQVHUYDWLRQ�6WDWXV�RI�4 XHHQVODQG¶V�

%LRUHJLRQDO�( FRV\VWHP V���4 XHHQVODQG�* RYHUQP HQW��( QYLURQP HQWDO�

3URWHFWLRQ�$JHQF\ ��%ULVEDQH�

6FULYHQHU��1 ��� ���� ���7HVWLQJ�WKH�UROH�RI�SODQW�VHFRQGDU\� P HWDEROLWHV�RQ�GLHW�

GVHOHFWLRQ�DQG�IRUDJLQJ�VWUDWHJ\� RI�WKH�FRPP RQ�EUXVKWDLO�SRVVXP�

�7ULFKRVXUXV�YXOSHFXOD����+RQRXUV�7KHVLV��- DP HV�&RRN�8 QLYHUVLW\ ��

&DLUQV��

6P LWK��0 ��� ���� ���%HKDYLRXU�RI�WKH�NRDOD��3KDVFRODUFWRV�FLQHUHXV�* ROGIXVV��LQ�

FDSWLYLW\� ,��1 RQ�VRFLDO�EHKDYLRXU���$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK�� ����� �

��� ��
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7UDFH\ ��* ��- ��� ���� ���7KH�YHJHWDWLRQ�RI�WKH�KXP LG�WURSLFDO�UHJLRQ�RI�QRUWK�

4 XHHQVODQG���&6 ,5 2 ��0 HOERXUQH��

7UR\ ��6 ��DQG�* ��&RXOVRQ������� ���+RP H�UDQJH�RI�WKH�VZDP S�ZDOODE\ ��: DOODELD�

ELFRORU���: LOGOLIH�5 HVHDUFK��� ����� � ��� ���

9HUQHV��. ���+ ��0 DUVK�DQG�- ��: LQWHU������� ���+RP H�UDQJH�DQG�P RYHP HQW�

SDWWHUQV�RI�WKH�UHG�OHJJHG�SDGHP HORQ��7K\ ORJDOH�VWLJP DWLFD��LQ�D�

IUDJP HQWHG�WURSLFDO�UDLQIRUHVW���: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

: DUG��* ��' ��� ���� ���+DELWDW�XVH�DQG�KRP H�UDQJH�RI�UDGLR�WDJJHG�2 SRVVXP V�

7ULFKRVXUXV�YXOSHFXOD��. HUU��LQ�1 HZ�=HDODQG�ORZODQG�IRUHVW���3S����� �

��� ���,Q���7KH�( FRORJ\� RI�$UERUHDO�) ROLYRUHV���( G��* ��* ��0 RQWJRP HU\ ��

6P LWKVRQLDQ�,QVWLWXWLRQ�3UHVV��: DVKLQJWRQ��'& ��

: KLWH��1 ��$ ��� ���� ���( FRORJ\� RI�WKH�NRDOD��3KDVFRODUFWRV�FLQHUHXV��LQ�UXUDO�

VRXWK�HDVW�4 XHHQVODQG��$XVWUDOLD���: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

: LOVRQ��5 ��� ���� ���7KH�LP SDFW�RI�DQWKURSRJHQLF�GLVWXUEDQFH�RQ�IRXU�VSHFLHV�RI�

UDLQIRUHVW�SRVVXP V�LQ�QRUWK�HDVWHUQ�4 XHHQVODQG���3K' ��7KHVLV��- DP HV�

&RRN�8 QLYHUVLW\ ��&DLUQV��

�� �� � &+ $3 7( 5� � �

$HELVFKHU��1 ��- ���3 ��$ ��5 REHUWVRQ�DQG�5 ��( ��. HQZDUG������� ���&RP SRVLWLRQDO�

DQDO\ VLV�RI�KDELWDW�XVH�IURP� DQLP DO�UDGLR�WUDFNLQJ�GDWD��( FRORJ\�

�� � � � ����� � ���� ��

%HW] ��: ��� ���� ���0 DWVFKLH¶V�7UHH�NDQJDURR��0 DUVXSLDOLD��0 DFURSRGLGDH��

' HQGURODJXV�P DWVFKLHL��LQ�3DSXD�1 HZ� * XLQHD��HVWLP DWHV�RI�SRSXODWLRQ�

GHQVLW\� DQG�ODQGRZQHU�DFFRXQWV�RI�IRRG�SODQWV�DQG�QDWXUDO�KLVWRU\ ���

0 DVWHUV�7KHVLV��8 QLYHUVLW\� RI�6RXWKDP SWRQ��6RXWKDP SWRQ��

%HW] ��: ��� / ��' DEHN�DQG�. ��( YHL���8 QSXEOLVKHG�GDWD���8 VH�RI�ODQGRZQHU�

LQWHUYLHZV�WR�GRFXP HQW�LQGLJHQRXV�NQRZOHGJH�RI�QDWXUDO�KLVWRU\ ��FXOWXUDO�

VLJQLILFDQFH��DQG�FRQVHUYDWLRQ�VWDWXV�RI�0 DWVFKLH¶V�WUHH�NDQJDURR�

�' HQGURODJXV�P DWVFKLHL��LQ�3DSXD�1 HZ� * XLQHD��
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&KLDUHOOR��$ ��* ��� ���� ��� ' LHW�RI�WKH�$WODQWLF�IRUHVW�P DQHG�VORWK�%UDG\ SXV�

WRUTXDWXV��; HQDUWKUD��%UDG\ SRGLGDH����- RXUQDO�RI�=RRORJ\ ��/RQGRQ���� ��

�� � �� ��

&RUN��6 ��- ��DQG�: ��- ��) ROH\ ��� ���� ��� ' LJHVWLYH�DQG�P HWDEROLF�VWUDWHJLHV�RI�

DUERUHDO�IROLYRUHV�LQ�UHODWLRQ�WR�FKHP LFDO�GHIHQVHV�LQ�WHP SHUDWH�DQG�

WURSLFDO�IRUHVWV���3S����� � ��� ���,Q��3ODQW�GHIHQVHV�DJDLQVW�P DPP DOLDQ�

KHUELYRU\ ���( GV���5 ��7��3DOR�DQG�&��7��5 REELQV���&5&� 3UHVV��%RFD�5 DWRQ��

&RUN��6 ��- ��DQG�: ��- ��) ROH\ ��� ���� ��� ' LJHVWLYH�DQG�P HWDEROLF�DGDSWDWLRQV�RI�

DUERUHDO�P DUVXSLDOV�IRU�GHDOLQJ�ZLWK�SODQW�DQWLQXWULHQWV�DQG�WR[ LQV���3S��

��� � ��� ���,Q��0 DUVXSLDO�%LRORJ\ ��UHFHQW�UHVHDUFK��QHZ�SHUVSHFWLYHV���

( GV��6DXQGHUV��1 ��DQG�/��+LQGV���8 QLYHUVLW\� RI�1 HZ�6RXWK�: DOHV�3UHVV��

6 \ GQH\ ���

( EHUKDUG��,��+ ��� ���� ���( FRORJ\� RI�WKH�. RDOD��3KDVFRODUFWRV�FLQHUHXV��* ROGIXVV��

0 DUVXSLDOLD��3KDVFRODUFWLGDH��LQ�$XVWUDOLD���3S����� � ��� ���,Q��7KH�

( FRORJ\� RI�$UERUHDO�) ROLYRUHV���( G��* ��* ��0 RQWJRP HU\ ��6P LWKVRQLDQ�

,QVWLWXWLRQ�3UHVV��: DVKLQJWRQ��'& ���

( OOLV��: ��$ ��+ ���$ ��0 HO] HU��) ��1 ��&DUULFN�DQG�0 ��+DVHJDZD��� ���� ���7UHH�XVH��

GLHW�DQG�KRP H�UDQJH�RI�WKH�NRDOD��3KDVFRODUFWRV�FLQHUHXV��DW�%ODLU�$WKRO��

FHQWUDO�4 XHHQVODQG���: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

) ODQQHU\ ��7��) ���5 ��0 DUWLQ�DQG�$��6 ] DOD\ ���( GV���� ���� ���7UHH�NDQJDURRV��$�

&XULRXV�1 DWXUDO�+LVWRU\ ���5 HHG�%RRNV��0 HOERXUQH��

* ODQGHU��. ��( ��� ���� ���+RZOLQJ�P RQNH\� IHHGLQJ�EHKDYLRU�DQG�SODQW�VHFRQGDU\�

FRP SRXQGV��D�VWXG\� RI�VWUDWHJLHV���3S����� � ��� ���,Q��7KH�( FRORJ\� RI�

$UERUHDO�) ROLYRUHV���( G��* ��* ��0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�

3UHVV��: DVKLQJWRQ��'& ��

+LQGHOO��0 ��$ ��DQG�$��. ��/HH��� ���� ���+DELWDW�XVH�DQG�WUHH�SUHIHUHQFHV�RI�. RDODV�

LQ�D�P L[ HG�HXFDO\ SW�IRUHVW���$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

+LQGHOO��0 ��$ ��DQG�$��. ��/HH��� ���� ���7UHH�XVH�E\� LQGLYLGXDO�NRDODV�LQ�D�QDWXUDO�

IRUHVW���$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK��� ��� � � ��
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+LQGHOO��0 ��$ ��� . ��$ ��+DQGDV\ GH�DQG�$��. ��/HH��� ���� ���7UHH�VHOHFWLRQ�E\� IUHH�

UDQJLQJ�NRDOD�SRSXODWLRQV�LQ�9LFWRULD���$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK��� ��

��� � ��� ���

+ODGLN��&��0 ��� ���� ���$GDSWLYH�VWUDWHJLHV�RI�SULP DWHV�LQ�UHODWLRQ�WR�OHDI�HDWLQJ���

3S����� � ��� ���,Q��7KH�( FRORJ\� RI�$UERUHDO�) ROLYRUHV���( G��* ��* ��

0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�3UHVV��: DVKLQJWRQ��'& ��

+RZ��5 ��$ ��� ���� ���3RSXODWLRQ�VWUDWHJLHV�RI�IRXU�VSHFLHV�RI�$XVWUDOLDQ�

³SRVVXP V́ ���3S����� � ��� ���,Q��7KH�( FRORJ\� RI�$UERUHDO�) ROLYRUHV���( G��* ��

* ��0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�3UHVV��: DVKLQJWRQ��'& ���

+RZ��5 ��$ ��DQG�6 ��- ��+LOOFR[ ��� ���� ���%UXVKWDLO�SRVVXP ��7ULFKRVXUXV�YXOSHFXOD��

SRSXODWLRQV�LQ�VRXWK�ZHVWHUQ�$XVWUDOLD��GHP RJUDSK\ ��GLHW�DQG�

FRQVHUYDWLRQV�VWDWXV���: LOGOLIH�5 HVHDUFK��� ���� � �� ��

- RKQVRQ��' ��+ ��� ���� ���7KH�FRP SDULVRQ�RI�XVDJH�DQG�DYDLODELOLW\� P HDVXUHP HQWV�

IRU�HYDOXDWLQJ�UHVRXUFH�SUHIHUHQFH���( FRORJ\ ��� � � � ���� � �� ��

- RKQVRQ��&��1 ���3 ��- ��- DUP DQ�DQG�&��- ��6RXWKZHOO������� ���0 DFURSRG�VWXGLHV�DW�

: DOODE\� &UHHN�9��3DWWHUQV�RI�GHIDHFDWLRQ�E\� HDVWHUQ�JUH\ �NDQJDURRV�

DQG�UHG�QHFNHG�ZDOODELHV���$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

. DQRZVNL��- ��- ��� ���� ���( FRORJLFDO�GHWHUP LQDQWV�RI�WKH�GLVWULEXWLRQ�DQG�

DEXQGDQFH�RI�WKH�IROLYRURXV�P DUVXSLDOV�HQGHP LF�WR�WKH�UDLQIRUHVWV�RI�WKH�

$WKHUWRQ�8 SODQGV��QRUWK�4 XHHQVODQG���3K�' ��7KHVLV��- DP HV�&RRN�

8 QLYHUVLW\ ��7RZQVYLOOH��

. DQRZVNL��- ��- ��� / ��) HOGHUKRI��* ��1 HZHOO��&��6FKP LGW��%��6WLUQ��5 ��: LOVRQ�DQG�- ��

: ��: LQWHU�������D ���&RPP XQLW\� VXUYH\� RI�WKH�GLVWULEXWLRQ�RI�/X P KROW] ¶V�

WUHH�NDQJDURR�RQ�WKH�$WKHUWRQ�7DEOHODQGV��QRUWK�HDVW�4 XHHQVODQG���

3DFLILF�&RQVHUYDWLRQ�%LRORJ\ �� � � � ���� � �� ��

. DQRZVNL��- ��- ���0 ��6 ��+RSNLQV��+ ��0 DUVK�DQG�- ��: ��: LQWHU�������E ���( FRORJLFDO�

FRUUHODWHV�RI�IROLYRUH�DEXQGDQFH�LQ�QRUWK�4 XHHQVODQG��: LOGOLIH�5 HVHDUFK�

�� ��� � � ��



5 HIHUHQFHV��&KDSWHU�� � ��� �

. HQZDUG��5 ��( ���$ ��%��6RXWK�DQG�6 ��6 ��: DOOV��� ���� ���5 DQJHV��� Y� �� ��) RU�

WKH�DQDO\VLV�RI�WUDFNLQJ�DQG�ORFDWLRQ�GDWD���$QDWUDFN�/ WG���: DUHKDP ��8 . ��

/DXUDQFH��: ��) ��� ���� ���( FRORJLFDO�LP SDFWV�RI�WURSLFDO�IRUHVW�IUDJP HQWDWLRQ�RQ�

QRQ�IO\ LQJ�P DPP DOV�DQG�WKHLU�KDELWDWV���3K�' ��7KHVLV��=RRORJ\�

' HSDUWP HQW��8 QLYHUVLW\� RI�&DOLIRUQLD��%HUNHOH\ ��&$��

/DXUDQFH��: ��) ��� ���� ���&RP SDUDWLYH�UHVSRQVHV�RI�ILYH�DUERUHDO�P DUVXSLDOV�WR�

WURSLFDO�IRUHVW�IUDJP HQWDWLRQ���- RXUQDO�RI�0 DPP DORJ\ ��� � � � ����� � ��� ��

/DXUDQFH��6 ��* ��� ���� ���8 WLOLVDWLRQ�RI�OLQHDU�UDLQIRUHVW�UHP QDQWV�E\� DUERUHDO�

P DUVXSLDOV�LQ�QRUWK�4 XHHQVODQG���0 �6F��7KHVLV��8 QLYHUVLW\� RI�1 HZ�

( QJODQG��$UP LGDOH��1 6 : ��

/DXUDQFH��: ��) ��� ���� ���5 HVSRQVHV�RI�P DPP DOV�WR�UDLQIRUHVW�) UDJP HQWDWLRQ�LQ�

7URSLFDO�4 XHHQVODQG��D�UHYLHZ�DQG�V\ QWKHVLV���: LOGOLIH�5 HVHDUFK��� ��

��� � ��� ��

/DXUDQFH��: ��) ���DQG�/DXUDQFH��6 ��* ��� ���� ���5 HVSRQVHV�RI�ILYH�DUERUHDO�

P DUVXSLDOV�WR�UHFHQW�VHOHFWLYH�ORJJLQJ�LQ�WURSLFDO�$XVWUDOLD���%LRWURSLFD��� ��

��� � ��� ��

/DXUDQFH��6 �* ���DQG�/DXUDQFH��: �) ������ ���7URSLFDO�ZLOGOLIH�FRUULGRUV��XVH�RI�

OLQHDU�UDLQIRUHVW�UHP QDQWV�E\� DUERUHDO�P DPP DOV��%LRORJLFDO�&RQVHUYDWLRQ�

�� ����� � ��� ��

/DZOHU��,��5 ��� : ��- ��) ROH\ ��%��0 ��( VFKOHU��' ��0 ��3DVV�DQG�. ��+DQGDV\ GH��� ���� ���

,QWUDVSHFLILF�YDULDWLRQ�LQ�( XFDO\ SWXV�VHFRQGDU\� P HWDEROLWHV�GHWHUP LQHV�

IRRG�LQWDNH�E\� IROLYRURXV�P DUVXSLDOV���2 HFRORJLD���� ����� � ��� ��

/DZOHU��,��5 ��� : ��- ��) ROH\� DQG�%��0 ��( VFKOHU������� ���) ROLDU�FRQFHQWUDWLRQ�RI�D�

VLQJOH�WR[ LQ�FUHDWHV�KDELWDW�SDWFKLQHVV�IRU�D�P DUVXSLDO�IROLYRUH���( FRORJ\ �

�� ������ � ���� ��

0 DQO\ ��%��) ��- ��� / ��/ ��0 F' RQDOG��' ��/ ��7KRP DV��7��/ ��0 F' RQDOG�DQG�: ��3 ��

( ULFNVRQ������� ���5 HVRXUFH�6HOHFWLRQ�E\� DQLP DOV��� QG�( GLWLRQ���. OXZHU�

$FDGHP LF�3XEOLVKHUV��7KH�1 HWKHUODQGV��
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0 DUWLQ��5 ��: ��� ���� ���$Q�HFRORJLFDO�VWXG\� RI�%HQQHWW¶V�WUHH�NDQJDURR�

�' HQGURODJXV�EHQQHWWLDQXV���5 HSRUW�QXP EHU���� ��: RUOG�: LGH�) XQG�IRU�

1 DWXUH�3XEOLFDWLRQ��6 \ GQH\ ��$XVWUDOLD��

0 HO] HU��$ ��� ���� ���$VSHFWV�RI�WKH�HFRORJ\� RI�WKH�. RDOD��3KDVFRODUFWXV�FLQHUHXV��

* ROGIXVV����� ��LQ�VXE�KXP LG�ZRRGODQG�RI�FHQWUDO�4 XHHQVODQG���3K�' ��

7KHVLV��8 QLYHUVLW\� RI�4 XHHQVODQG��

0 F&XQH��%��DQG�0 ��- ��0 HIIRUG��� ���� ���3&�2 5' ��0 XOWLYDULDWH�$QDO\VLV�RI�

HFRORJLFDO�GDWD��9HUVLRQ�����0 M0� 6RIWZDUH�' HVLJQ��* OHQHGHQ�%HDFK��

2 UHJRQ��8 6$ ��

0 F. H\ ��' ��� ���� ���6RLOV��YHJHWDWLRQ��DQG�VHHG�HDWLQJ�E\� EODFN�&ROREXV�

P RQNH\ V���3S����� � ��� ���,Q��7KH�( FRORJ\� RI�$UERUHDO�) ROLYRUHV���( G��* ��

* ��0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�3UHVV��: DVKLQJWRQ��'& ��

0 LOWRQ��. ��DQG�0 ��/ ��0 D\ ��� ���� ���%RG\� ZHLJKW��GLHW�DQG�KRP H�UDQJH�DUHD�LQ�

SULP DWHV���1 DWXUH���� ����� � ��� ���

0 LWFKHOO��3 ��� ���� ���7KH�KRP H�UDQJHV�DQG�VRFLDO�DFWLYLW\� RI�NRDODV���TXDQWLWDWLYH�

DQDO\ VLV���3S����� � ��� ���,Q��%LRORJ\� RI�WKH�. RDOD���( GV��$ ��. ��/HH��. ��$ ��

+DQGDV\ GH�DQG�* ��' ��6DQVRQ��6XUUH\� %HDWW\� DQG�6RQV��6 \ GQH\ ���

0 RQWJRP HU\ ��* ��* ��DQG�0 ��( ��6XQTXLVW������� ���+DELWDW�VHOHFWLRQ�DQG�XVH�E\�

WZR�WRHG�DQG�WKUHH�WRHG�VORWKV���3S����� � ��� ���,Q��7KH�( FRORJ\� RI�

$UERUHDO�) ROLYRUHV���( G��* ��* ��0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�

3UHVV��: DVKLQJWRQ��'& ���

0 RRUH��%��' ��DQG�: ��- ��) ROH\ ��� ���� ���$�UHYLHZ�RI�IHHGLQJ�DQG�GLHW�VHOHFWLRQ�LQ�

NRDODV��3KDVFRODUFWRV�FLQHUHXV����$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ����� �

��� ��

0 XQNV��6 ��$ ���5 ��&RUNUH\ �DQG�: ��- ��) ROH\ ��� ���� ���&KDUDFWHULVWLFV�RI�DUERUHDO�

P DUVXSLDO�KDELWDW�LQ�WKH�VHP L�DULG�ZRRGODQGV�RI�QRUWK�4 XHHQVODQG���

: LOGOLIH�5 HVHDUFK��� ����� � ��� ��
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1 HZHOO��* ��5 ��� ����D ���$XVWUDOLD¶V�WUHH�NDQJDURRV��FXUUHQW�LVVXHV�LQ�WKHLU�

FRQVHUYDWLRQ���%LRORJLFDO�&RQVHUYDWLRQ��� ��� � �� ��

1 HZHOO��* ��5 ��� ����E ���+RP H�UDQJH�DQG�KDELWDW�XVH�E\� /X P KROW] ¶V�WUHH�

NDQJDURR��' HQGURODJXV�OXP KROW] L��ZLWKLQ�D�UDLQIRUHVW�IUDJP HQW�LQ�QRUWK�

4 XHHQVODQG���: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

1 HZHOO��* ��5 ��� ���� F���5 HVSRQVHV�RI�/X P KROW] ¶V�WUHH�NDQJDURR��' HQGURODJXV�

OXP KROW] L��WR�ORVV�RI�KDELWDW�ZLWKLQ�D�WURSLFDO�UDLQIRUHVW�IUDJP HQW���

%LRORJLFDO�&RQVHUYDWLRQ��� ����� � ��� ��

2 ZHQ��0 ��� ���� ���6RP H�IDFWRUV�DIIHFWLQJ�IRRG�LQWDNH�DQG�VHOHFWLRQ�LQ�ZKLWH�

IURQWHG�JHHVH���- RXUQDO�RI�$QLP DO�( FRORJ\� �� ���� � �� ��

3DKO��/ ��,��� : LQWHU��- ��: ��DQG�+HLQVRKQ��* ��� ���� ���9DULDWLRQ�LQ�UHVSRQVHV�RI�

DUERUHDO�IROLYRUHV�WR�IUDJP HQWDWLRQ�RI�WURSLFDO�UDLQIRUHVW�LQ�1 RUWK�( DVWHUQ�

$XVWUDOLD���%LRORJLFDO�&RQVHUYDWLRQ��� ���� � �� ��

3DODFLRV��( ��DQG�$��5 RGULJXH] ��� ���� ���5 DQJLQJ�SDWWHUQ�DQG�XVH�RI�VSDFH�LQ�D�

JURXS�RI�5 HG�+RZOHU�P RQNH\ V��$ORXDWWD�VHQLFXOXV��LQ�D�VRXWKHDVWHUQ�

&RORP ELDQ�UDLQIRUHVW���$P HULFDQ�- RXUQDO�RI�3ULP DWRORJ\ ��� ����� � ��� ��

3URFWHU�* UD\ ��( ��� ���� ��� ' LHWDU\� HFRORJ\� RI�WKH�&RSSHU\� %UXVKWDLO�SRVVXP ��

* UHHQ�5 LQJWDLO�SRVVXP� DQG�/XP KROW] ¶V�WUHH�NDQJDURR�LQ�QRUWK�

4 XHHQVODQG���3S����� � ��� ���,Q��3RVVXP V�DQG�* OLGHUV���( GV��$ ��3 ��6P LWK�

DQG�,��' ��+XP H��$XVWUDOLDQ�0 DPP DO�6RFLHW\ ��6 \ GQH\ ���

3URFWHU�* UD\ ��( ��� ���� ���7KH�EHKDYLRXU�DQG�HFRORJ\� RI�/X P KROW] ¶V�WUHH�

NDQJDURR��' HQGURODJXV�OXP KROW] L��0 DUVXSLDOLD��0 DFURSRGLGDH���3K�' ��

7KHVLV��+DUYDUG�8 QLYHUVLW\ �

3URFWHU�* UD\ ��( ��� ���� ��� . DQJDURRV�XS�D�WUHH���1 DWXUDO�+LVWRU\ ��� ���� � �� ��

7UHH�. DQJDURR�DQG�0 DPP DO�* URXS��� ���� ���&RPP XQLW\�VXUYH\� RI�WKH�

GLVWULEXWLRQ�RI�/X P KROW] ¶V�7UHH�NDQJDURR���1 DWXUDO�+HULWDJH�7UXVW��
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8 P DSDWK\ ��* ��DQG�$��. XP DU��� ���� ���7KH�RFFXUUHQFH�RI�DUERUHDO�P DPP DOV�LQ�

WKH�UDLQ�IRUHVW�IUDJP HQWV�LQ�WKH�$QDP DODL�+LOOV��VRXWK�,QGLD���%LRORJLFDO�

&RQVHUYDWLRQ��� ����� � ��� ��

: LHQV��- ��$ ��� ���� ���3DWWHUQ�DQG�SURFHVV�LQ�JUDVVODQG�ELUG�FRPP XQLWLHV���

( FRORJLFDO�0 RQRJUDSKV��� ����� � ��� ��

�� �� � &+ $3 7( 5� � �

%HW] ��: ��� ���� ���0 DWVFKLH¶V�7UHH�NDQJDURR��0 DUVXSLDOLD��0 DFURSRGLGDH��

' HQGURODJXV�P DWVFKLHL��LQ�3DSXD�1 HZ� * XLQHD��HVWLP DWHV�RI�SRSXODWLRQ�

GHQVLW\� DQG�ODQGRZQHU�DFFRXQWV�RI�IRRG�SODQWV�DQG�QDWXUDO�KLVWRU\ ���

0 DVWHUV�7KHVLV��8 QLYHUVLW\� RI�6RXWKDP SWRQ��6RXWKDP SWRQ��

&KULVWRSKHO��' ��&��DQG�$��5 RZHWW������� ���/HDI�DQG�FXWLFOH�DWODV�RI�$XVWUDOLDQ�

OHDI\� /DXUDFHDH���) ORUD�RI�$XVWUDOLD�6XSSOHP HQWDU\� 6HULHV�1 XP EHU�� ��

$XVWUDOLDQ�%LRORJLFDO�5 HVRXUFHV�6WXG\ ��&DQEHUUD��

&RSOH\ ��3 ��%��DQG�$��&��5 RELQVRQ������� ���6WXGLHV�RQ�WKH�\ HOORZ�IRRWHG�URFN�

ZDOODE\ ��3HWURJDOH�[ DQWKRSXV�* UD\� �0 DUVXSLDOLD��0 DFURSRGLGDH���,,�� ' LHW���

$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK��� ���� � �� ��

' LFNP DQ��&��5 ������ ��� ' LHWV�DQG�KDELWDW�SUHIHUHQFHV�RI�WKUHH�VSHFLHV�RI�

FURFLGXULQH�VKUHZV�LQ�DULG�VRXWKHUQ�$IULFD���- RXUQDO�RI�=RRORJ\ ��/RQGRQ�

��� ����� � ��� ��� �

( OOLV��: ���) ��&DUULFN��3 ��/XQGJUHQ��$ ��9HDU\� DQG�%��&RKHQ������ ���7KH�XVH�RI�

IDHFDO�FXWLFOH�H[ DP LQDWLRQ�WR�GHWHUP LQH�WKH�GLHWDU\� FRP SRVLWLRQ�RI�

NRDODV���$XVWUDOLDQ�=RRORJLVW��� �� � ����� � ��� ��

) ODQQHU\ ��7��) ���5 ��0 DUWLQ�DQG�$��6 ] DOD\ ���( GV���� ���� ���7UHH�NDQJDURRV��$�

&XULRXV�1 DWXUDO�+LVWRU\ ���5 HHG�%RRNV��0 HOERXUQH��

* DOHV��5 ��3 ������ ���9DOLGDWLRQ�RI�WKH�VWRP DFK�IOXVKLQJ�WHFKQLTXH�IRU�REWDLQLQJ�

VWRP DFK�FRQWHQWV�RI�SHQJXLQV���,ELV���� ����� � ��� ���

* DOHV��1 ��-� DQG�+ ��5 ��%XUWRQ������ ���8 VH�RI�HP HWLFV�DQG�DQDHVWKHVLD�IRU�GLHWDU\�

DVVHVVP HQW�RI�: HGGHOO�VHDOV���$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK��� ����� � ��� ���
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* ODQGHU��. ��( ��� ���� ���+RZOLQJ�P RQNH\� IHHGLQJ�EHKDYLRU�DQG�SODQW�VHFRQGDU\�

FRP SRXQGV��D�VWXG\� RI�VWUDWHJLHV���3S����� � ��� ���,Q��7KH�( FRORJ\� RI�

$UERUHDO�) ROLYRUHV���( G��* ��* ��0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�

3UHVV��: DVKLQJWRQ��'& ��

+DUW��5 ��. ���0 ��&��&DOYHU�DQG�&��5 ��' LFNP DQ������ ���7KH�LQGH[� RI�UHODWLYH�

LP SRUWDQFH��DQ�DOWHUQDWLYH�DSSURDFK�WR�UHGXFLQJ�ELDV�LQ�GHVFULSWLYH�

VWXGLHV�RI�DQLP DO�GLHWV���: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

+ODGLN��&��0 ��� ���� ���$GDSWLYH�VWUDWHJLHV�RI�SULP DWHV�LQ�UHODWLRQ�WR�OHDI�HDWLQJ���

3S����� � ��� ���,Q��7KH�( FRORJ\� RI�$UERUHDO�) ROLYRUHV���( G��* ��* ��

0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�3UHVV��: DVKLQJWRQ��'& ��

+RZ��5 ��$ ��DQG�6 ��- ��+LOOFR[ ��� ���� ���%UXVKWDLO�SRVVXP ��7ULFKRVXUXV�YXOSHFXOD��

SRSXODWLRQV�LQ�VRXWK�ZHVWHUQ�$XVWUDOLD��GHP RJUDSK\ ��GLHW�DQG�

FRQVHUYDWLRQ�VWDWXV���: LOGOLIH�5 HVHDUFK��� ���� � �� ��

,QJOHE\ ��6 ���0 ��: HVWRE\� DQG�3��. ��/DW] ��� ���� ���+DELWDW�UHTXLUHP HQWV�RI�WKH�

1 RUWKHUQ�1 DLOWDLO�ZDOODE\� 2 Q\FKRJDOHD�XQJXLIHUD��0 DUXVSLDOLD��

0 DFURSRGLGDH��LQ�WKH�1 RUWKHUQ�7HUULWRU\� DQG�: HVWHUQ�$XVWUDOLD���3S��

��� � ��� ���,Q��. DQJDURRV��: DOODELHV�DQG�5 DW�NDQJDURRV��9ROXP H�� ���( GV��

* ULJJ��* ���3 ��- DUP DQ�DQG�,��+XP H��6XUUH\� %HDW\� 	�6 RQV�3W\� / LP LWHG��

$XVWUDOLD��

- RKQVRQ��' ��+ ��� ���� ���7KH�FRP SDULVRQ�RI�XVDJH�DQG�DYDLODELOLW\� P HDVXUHP HQWV�

IRU�HYDOXDWLQJ�UHVRXUFH�SUHIHUHQFH���( FRORJ\ ��� � � � ���� � �� ��

- RKQVRQ��3 ��0 ���0 ��+DNHV�DQG�6 ��6XOOLYDQ������� ���3UHGDWLRQ�E\� /X P KROW] ¶V�WUHH�

NDQJDURRV��' HQGURODJXV�OXP KROW] L�LQ�FDSWLYLW\ ���7K\ ODFLQXV��� � � � ��� � � ��

- RQHV��. ��0 ��: ��� ���� ���7UHH�NDQJDURR��' HQGURODJXV�VSS���GLHW��) DHFDO�

DQDO\VLV�DV�D�WHFKQLTXH�WR�GHWHUP LQH�IRRG�SODQWV�DQG�IHHGLQJ�SDWWHUQV���

+RQRXUV�7KHVLV��8 QLYHUVLW\� RI�$GHODLGH��6RXWK�$XVWUDOLD��

/DSLGJH��6 ��- ������� ��� ' LHWDU\� DGDSWDWLRQ�RI�UHLQWURGXFHG�\ HOORZ�IRRWHG�URFN�

ZDOODELHV��3HWURJDOH�[ DQWKRSXV�[DQWKRSXV��0 DUVXSLDOLD��0 DFURSRGLGDH���
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LQ�WKH�QRUWKHUQ�) OLQGHUV�UDQJHV��6RXWK�$XVWUDOLD���: LOGOLIH�5 HVHDUFK��� ��

��� � ��� ��

0 DQO\ ��%��) ��- ��� / ��/ ��0 F' RQDOG��' ��/ ��7KRP DV��7��/ ��0 F' RQDOG�DQG�: ��3 ��

( ULFNVRQ������� ���5 HVRXUFH�6HOHFWLRQ�E\� DQLP DOV��� QG�( GLWLRQ���. OXZHU�

$FDGHP LF�3XEOLVKHUV��7KH�1 HWKHUODQGV��

0 DUWLQ��* ��5 ��� / ��( ��7ZLJJ�DQG�' ��- ��5 RELQVRQ������� ���&RP SDULVRQ�RI�WKH�GLHW�RI�

IHUDO�FDWV�IURP� UXUDO�DQG�SDVWRUDO�: HVWHUQ�$XVWUDOLD���: LOGOLIH�5 HVHDUFK�

�� ����� � ��� ���

0 F. H\ ��' ��� ���� ���6RLOV��YHJHWDWLRQ��DQG�VHHG�HDWLQJ�E\� EODFN�&ROREXV�

P RQNH\ V���3S����� � ��� ���,Q��7KH�( FRORJ\� RI�$UERUHDO�) ROLYRUHV���( G��* ��

* ��0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�3UHVV��: DVKLQJWRQ��'& ��

0 RRUH��%��' ��DQG�: ��- ��) ROH\ ��� ���� ���$�UHYLHZ�RI�IHHGLQJ�DQG�GLHW�VHOHFWLRQ�LQ�

NRDODV��3KDVFRODUFWRV�FLQHUHXV����$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ����� �

��� ��

1 HZHOO��* ��5 ��� ���� ���+RP H�UDQJH�DQG�KDELWDW�XVH�E\� /X P KROW] ¶V�WUHH�NDQJDURR�

�' HQGURODJXV�OXP KROW] L��ZLWKLQ�D�UDLQIRUHVW�IUDJP HQW�LQ�QRUWK�

4 XHHQVODQG���: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

1 RUEXU\ ��* ��/ ��� ���� ���$�FRP SDULVRQ�RI�VWRP DFK�DQG�IDHFDO�VDP SOHV�IRU�GLHW�

DQDO\ VLV�RI�JUH\� NDQJDURRV���$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

3URFWHU�* UD\ ��( ��� ���� ��� ' LHWDU\� HFRORJ\� RI�WKH�&RSSHU\� %UXVKWDLO�SRVVXP ��

* UHHQ�5 LQJWDLO�SRVVXP� DQG�/XP KROW] ¶V�WUHH�NDQJDURR�LQ�QRUWK�

4 XHHQVODQG���3S����� � ��� ���,Q��3RVVXP V�DQG�* OLGHUV���( GV��$ �3 ��6P LWK�

DQG�,�' ��+XP H��$XVWUDOLDQ�0 DPP DO�6RFLHW\ ��6 \ GQH\ ���

3URFWHU�* UD\ ��( ��� ���� ���7KH�EHKDYLRXU�DQG�HFRORJ\� RI�/X P KROW] ¶V�WUHH�

NDQJDURR��' HQGURODJXV�OXP KROW] L��0 DUVXSLDOLD��0 DFURSRGLGDH���3K�' ��

7KHVLV��+DUYDUG�8 QLYHUVLW\ ��

3U\ V�- RQHV��5 ��3 ��� / ��6FKLIIHUOL�DQG�' ��: ��0 DF' RQDOG������� ���7KH�XVH�RI�DQ�

HP HWLF�LQ�REWDLQLQJ�IRRG�VDP SOHV�IURP� SDVVHULVHV���,ELV���� ���� � �� ��
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5 DGNH��: ��- ��DQG�0 ��- ��) \ GHQGDOO������� ���$�VXUYH\� RI�HP HWLFV�IRU�XVH�LQ�

VWRP DFK�FRQWHQWV�UHFRYHU\� RI�WKH�KRXVH�VSDUURZ���$P HULFDQ�0 LGODQGV�

1 DWXUDOLVW��� ����� � ��� ��

5 DQGDOO��5 ��0 ��DQG�,��6 ��' DYLVRQ������� ��� ' HYLFH�IRU�REWDLQLQJ�IRRG�VDP SOHV�

IURP� VWRP DFKV�RI�MDFNDVV�SHQJXLQV���6RXWK�$IULFDQ�- RXUQDO�RI�: LOGOLIH�

5 HVHDUFK��� ����� � ��� ���

5 HFFKLD��&��$ ���DQG�$��- ��5 HDG��� ���� ���6WRP DFK�FRQWHQWV�RI�KDUERXU�SRUSRLVHV��

3KRFRHQD�SKRFRHQD��/ ���IURP� WKH�%D\� RI�) XQG\ ���&DQDGLDQ�- RXUQDO�RI�

=RRORJ\ ��� ������ � ���� ��

6WHSKHQV��' ��: ��DQG�- ��5 ��. UHEV��� ���� ���) RUDJLQJ�7KHRU\ ���3ULQFHWRQ�

8 QLYHUVLW\� 3UHVV��3ULQFHWRQ��1 - ��

6WRUU��* ��0 ��� ���� ���0 LFURVFRSLF�DQDO\ VLV�RI�IDHFHV��D�WHFKQLTXH�IRU�DVFHUWDLQLQJ�

WKH�GLHW�RI�KHUELYRURXV�P DPP DOV���$XVWUDOLDQ�- RXUQDO�RI�%LRORJLFDO�

6FLHQFHV��� ����� � ��� �

6WRUU��* ��0 ��� ���� ���6WXGLHV�RQ�P DUVXSLDO�QXWULWLRQ��,9 ��' LHW�RI�WKH�4 XRNND��

6HWRQL[� EUDFK\ XUXV��4 XR\� 	� * DLP DUG���RQ�5 RWWQHVW�,VODQG��: HVWHUQ�

$XVWUDOLD���$XVWUDOLDQ�- RXUQDO�RI�%LRORJLFDO�6FLHQFH��� ����� � ��� ��

6XOOLYDQ��%��- ��� : ��0 ��1 RUULV�DQG�* ��6 ��%D[ WHU������� ��� /RZ�GHQVLW\� NRDOD�

�3KDVFRODUFWRV�FLQHUHXV��SRSXODWLRQV�LQ�WKH�P XOJDODQGV�RI�VRXWK�ZHVW�

4 XHHQVODQG���,,��� ' LVWULEXWLRQ�DQG�GLHW���: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

7XOOLV��. ��- ���0 ��&��&DOYHU�DQG�5 ��' ��: RROOHU������� ���7KH�LQYHUWHEUDWH�GLHW�RI�

VP DOO�ELUGV�LQ�%DQNVLD�ZRRGODQG�QHDU�3HUWK��: HVWHUQ�$XVWUDOLD��GXULQJ�

ZLQWHU���$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK�� ����� � ��� ���

: RROQRXJK��$ ��3 ��DQG�&��1 ��- RKQVRQ������ ���$VVHVVP HQW�RI�WKH�SRWHQWLDO�IRU�

FRP SHWLWLRQ�EHWZHHQ�WZR�V\ P SDWULF�KHUELYRUHV�±�WKH�QRUWKHUQ�KDLU\ �

QRVHG�ZRP EDW��/DVLRUKLQXV�NUHIIWLL��DQG�WKH�HDVWHUQ�JUH\� NDQJDURR��

0 DFURSXV�JLJDQWHXV���: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

�
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%DUU\ ��7��1 ��DQG�%��- ��%ODQH\ ��� ���� ���6HFRQGDU\� FRP SRXQGV�RI�IRUDJHV���3S��

�� � ��� ���,Q��7KH�QXWULWLRQ�RI�KHUELYRUHV���( GV�-��%��+DFNHU�DQG�- ��$ ��

7HUQRXWK��$FDGHP LF�3UHVV��6 \ GQH\ ��

%DXFKRS��7��� ���� ��� ' LJHVWLRQ�RI�OHDYHV�LQ�YHUWHEUDWH�DUERUHDO�IROLYRUHV���3S��

��� � ��� ���,Q��7KH�( FRORJ\� RI�$UERUHDO�) ROLYRUHV���( G��* ��* ��0 RQWJRP HU\ ���

6P LWKVRQLDQ�,QVWLWXWH�3UHVV��: DVKLQJWRQ�'& ��

%DXFKRS��7�DQG�5 ��: ��0 DUWXFFL��� ���� ���5 XP LQDQW�OLNH�GLJHVWLRQ�RI�WKH�ODQJXU�

P RQNH\ ���6FLHQFH���� ����� � ��� ��

&ROH\ ��3 ��' ��� ���� ���+HUELYRU\� DQG�GHIHQVLYH�FKDUDFWHULVWLFV�RI�WUHH�VSHFLHV�LQ�D�

ORZODQG�WURSLFDO�IRUHVW���( FRORJLFDO�0 RQRJUDSKV��� � � � ����� � ��� ��

&RUN��6 ��- ��� ���� ���2 SWLP DO�GLJHVWLYH�VWUDWHJLHV�IRU�DUERUHDO�KHUELYRURXV�

P DPP DOV�LQ�FRQWUDVWLQJ�IRUHVW�W\ SHV��: K\� NRDODV�DQG�FRORELQHV�DUH�

GLIIHUHQW���$XVWUDOLDQ�- RXUQDO�RI�( FRORJ\ ��� ���� � �� ��

' DEHN��/ ��� ���� ���0 RWKHU�\ RXQJ�UHODWLRQV�DQG�EHKDYLRUDO�GHYHORSP HQW�RI�WKH�

\ RXQJ�LQ�FDSWLYH�0 DWVFKLH¶V�WUHH�NDQJDURRV��' HQGURODJXV�P DWVFKLHL����

0 DVWHU�RI�6FLHQFH��8 QLYHUVLW\� RI�: DVKLQJWRQ��

' DVLOYD��* ��/ ��� ���� ���7KH�ZHVWHUQ�EODFN�DQG�ZKLWH�FROREXV�DV�D�ORZ�HQHUJ\�

VWUDWHJLVW�±�$FWLYLW\� EXGJHWV��HQHUJ\� H[ SHQGLWXUH�DQG�HQHUJ\� LQWDNH���

- RXUQDO�RI�$QLP DO�( FRORJ\ ��� ���� � �� ��

' HOORZ��' ��: ��� ���� ���6WXGLHV�RQ�WKH�QXWULWLRQ�RI�0 DFURSRGLQH�P DUVXSLDOV�,,,��

7KH�IORZ�RI�GLJHVWD�WKURXJK�WKH�VWRP DFK�DQG�LQWHVWLQH�RI�0 DFURSRGLQHV�

DQG�VKHHS���$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ����� � ��� ��

' HOORZ��' ��: ��DQG�,��' ��+XP H��� ���� ���6WXGLHV�RQ�WKH�QXWULWLRQ�RI�0 DFURSRGLQH�

P DUVXSLDOV�,9 ��' LJHVWLRQ�LQ�WKH�VWRP DFK�DQG�WKH�LQWHVWLQH�RI�0 DFURSXV�

JLJDQWHXV��7K\ ORJDOH�WKHWLV�DQG�0 DFURSXV�HXJHQLL���$XVWUDOLDQ�- RXUQDO�RI�

=RRORJ\ ��� ����� � ��� ��
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) ODQQHU\ ��7��) ��� ���� ���3K\ ORJHQ\� RI�WKH�0 DFURSRGRLGHD��D�VWXG\� LQ�

FRQYHUJHQFH���3S�� ��� ���,Q��. DQJDURRV��: DOODELHV�DQG�5 DW�NDQJDURRV���

( GV��* ��* ULJJ��3 ��- DUP DQ�DQG�,��+XP H���6XUUH\� %HDWW\� 	�6 RQV�3W\�

/ LP LWHG��1 HZ�6RXWK�: DOHV��$XVWUDOLD��

) ODQQHU\ ��7��) ���5 ��0 DUWLQ�DQG�$��6 ] DOD\ ��� ���� ���7UHH�NDQJDURRV��D�FXULRXV�

QDWXUDO�KLVWRU\ ���5 HHG�%RRNV��$XVWUDOLD��

) ROH\ ��: ��-� DQG�,��' ��+XP H��� ���� ���1 LWURJHQ�UHTXLUHP HQWV�DQG�XUHD�

P HWDEROLVP� LQ�WZR�DUERUHDO�P DUVXSLDOV��WKH�JUHDWHU�JOLGHU��3HWDXURLGHV�

YRODQV��DQG�WKH�EUXVKWDLO�SRVVXP� �7ULFKRVXUXV�YXOSHFXOD�� IHG�( XFDO\ SWXV�

IROLDJH���3K\VLRORJLFDO�=RRORJ\ ��� ����� � ��� ��

) UHXGHQEHUJHU��' ��2 ��� ���� ���* XW�FDSDFLW\ ��IXQFWLRQDO�DOORFDWLRQ�RI�JXW�YROXP H�

DQG�VL] H�GLVWULEXWLRQV�RI�GLJHVWD�SDUWLFOHV�LQ�WZR�0 DFURSRGLG�P DUVXSLDOV�

�0 DFURSXV�UREXVWXV�UREXVWXV�DQG�0 ��U��HUXEHVFHQV��DQG�WKH�IHUDO�JRDW�

�&DSUD�KLUFXV����$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ����� � ��� ��

) UHXGHQEHUJHU��' ��2 ���,�� 5 ��: DOOLV�DQG�,��' ��+XP H��� ���� ��� ' LJHVWLYH�

DGDSWDWLRQV�RI�NDQJDURRV��ZDOODELHV�DQG�UDW�NDQJDURRV���3S����� � ��� ���

,Q��. DQJDURRV��: DOODELHV�DQG�5 DW�NDQJDURRV���( GV��* ��* ULJJ��3 ��- DUP DQ�

DQG�,��+XP H���6XUUH\� %HDWW\� 	�6 RQV�3W\� / LP LWHG��1 HZ�6RXWK�: DOHV��

$XVWUDOLD��

+DUWP DQ��) ��$ ��� ���� ���1 RWHV�RQ�WKH�DGUHQDO�RI�WKH�VORWK���$QDWRP LFDO�5 HFRUG�

��� ����� � ��� ��

+LOO��: ��&��2 ��� ���� ���7KH�H[ WHUQDO�DQG�YLVFHUDO�DQDWRP \� RI�WKH�ROLYH�FROREXV�

P RQNH\� �3URFROREXV�YHUXV����3URFHHGLQJV�RI�WKH�=RRORJLFDO�6RFLHW\ ��

/RQGRQ���� ����� � ��� ��

+XP H��,�� ' ��� ���� ���( YROXWLRQ�RI�WKH�0 DFURSRGLGDH�GLJHVWLYH�V\ VWHP ���$XVWUDOLDQ�

0 DPP DORJ\ �� ���� � �� ��

+XP H��,�� ' ��� ���� ��� ' LJHVWLYH�SK\VLRORJ\� DQG�QXWULWLRQ�RI�P DUVXSLDOV���

&DP EULGJH�8 QLYHUVLW\� 3UHVV��&DP EULGJH��
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+XP H��,�� ' ������ ���3ULQFLSDO�IHDWXUHV�RI�GLJHVWLRQ�LQ�NDQJDURRV���3URFHHGLQJV�RI�

WKH�1 XWULWLRQDO�6RFLHW\� RI�$XVWUDOLD�� ���� � �� ��

+XP H��,�� ' ��� ���� ���2 SWLP DO�GLJHVWLYH�VWUDWHJLHV�LQ�P DPP DOLDQ�KHUELYRUHV���

3K\VLRORJLFDO�=RRORJ\ ��� � � � ������ � ���� ��

+XP H��,�� ' ��� ���� ���0 DUVXSLDO�1 XWULWLRQ���&DP EULGJH�8 QLYHUVLW\� 3UHVV��

&DP EULGJH��

+XP H��,�� ' ��DQG�&DUOLVOH��&��+ ��� ���� ���5 DGLRJUDSKLF�VWXGLHV�RQ�WKH�VWUXFWXUH�

DQG�IXQFWLRQ�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�RI�WZR�VSHFLHV�RI�SRWRURLQH�

P DUVXSLDOV���$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ����� � ��� ��

+XP H��,�� ' ��DQG�' ��: ��' HOORZ��� ���� ���) RUP� DQG�IXQFWLRQ�RI�WKH�P DFURSRG�

P DUVXSLDO�GLJHVWLYH�WUDFW���3S���� � �� ���,Q��&RP SDUDWLYH�SK\VLRORJ\ ��

SULP LWLYH�P DPP DOV���( GV��. ��6FKP LGW�1 LHOVHQ��/ ��%ROLV�DQG�&��5 ��7D\ ORU��

&DP EULGJH�8 QLYHUVLW\� 3UHVV��&DP EULGJH��

- DQ] HQ��' ��+ ��� ���� ���&RP SOLFDWLRQV�LQ�LQWHUSUHWLQJ�WKH�FKHP LFDO�GHIHQVHV�RI�

WUHHV�DJDLQVW�WURSLFDO�DUERUHDO�SODQW�HDWLQJ�YHUWHEUDWHV���3S���� � �� ���,Q��7KH�

( FRORJ\� RI�$UERUHDO�) ROLYRUHV���( G��0 RQWJRP HU\ ��* ��* ��6P LWKVRQLDQ�

,QVWLWXWLRQ�3UHVV��: DVKLQJWRQ��'& ���

- RKQVRQ��3 ��0 ��DQG�6 ��' HOHDQ������� ����5 HSURGXFWLRQ�RI�WKH�/XP KROW]� WUHH�

NDQJDURR��' HQGURODJXV�OXP KROW] L��0 DUVXSLDOLD��0 DFURSRGLGDH���LQ�

FDSWLYLW\ ��ZLWK�DJH�HVWLP DWLRQ�DQG�GHYHORSP HQW�RI�WKH�SRXFK�\ RXQJ���

: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

/DQJHU��3 ��� ' HOORZ��' ��: ��DQG�+XP H��,�� ' ��� ���� ���6WRP DFK�VWUXFWXUH�DQG�

IXQFWLRQ�LQ�WKUHH�VSHFLHV�RI�0 DFURSRGLQH�0 DUVXSLDOV���$XVWUDOLDQ�- RXUQDO�

RI�=RRORJ\ ��� ��� � �� ��

/HQWOH��5 ��* ��� . ��- ��6WDIIRUG��0 ��$ ��3RWWHU��%��3 ��6SULQJHWW�DQG�6 ��+DVOHWW������� ���

) DFWRUV�DIIHFWLQJ�WKH�YROXP H�DQG�P DFURVWUXFWXUH�RI�JDVWURLQWHVWLQDO�

FRP SDUWP HQWV�LQ�WKH�WDPP DU�ZDOODE\� �0 DFURSXV�HXJHQLL�' HVP DUHVW����

$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ����� � ��� ��
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0 LOWRQ��. ��� ���� ���%HKDYLRUDO�DGDSWDWLRQV�WR�OHDI�HDWLQJ�E\� WKH�0 DQWOHG�+RZOHU�

P RQNH\� �$ORXDWWD�SDOOLDWD����3S����� � ��� ���,Q��7KH�( FRORJ\� RI�$UERUHDO�

) ROLYRUHV���( G��* ��* ��0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�3UHVV��

: DVKLQJWRQ��'& ��

0 RQWJRP HU\ ��* ��* ��DQG�0 ��( ��6XQTXLVW������� ���+DELWDW�VHOHFWLRQ�DQG�XVH�E\�

WZR�WRHG�DQG�WKUHH�WRHG�VORWKV���3S����� � ��� ���,Q��7KH�( FRORJ\� RI�

$UERUHDO�) ROLYRUHV���( G��* ��* ��0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�

3UHVV��: DVKLQJWRQ��'& ��

2 KZDNL��. ���5 ��( ��+XQJDWH��/ ��/RWWHU��5 ��5 ��+RIP DQQ�DQG�* ��0 DORL\ ��� ���� ���

6WRP DFK�IHUP HQWDWLRQ�LQ�( DVW�$IULFDQ�FROREXV�P RQNH\ V�LQ�WKHLU�QDWXUDO�

VWDWH���$SSOLHG�0 LFURELRORJ\ ��� ����� � ��� ��

2 VDZD��5 ��� ���� ���$VSHFWV�RI�GLJHVWLYH�VWUDWHJLHV�LQ�WKH�0 DFURSRGLGDH���3K�' ��

7KHVLV��8 QLYHUVLW\� RI�4 XHHQVODQG��%ULVEDQH��

2 ZHQ��5 ��� ���� ���1 RWHV�RQ�WKH�DQDWRP \� RI�WKH�WUHH�NDQJDURR��' HQGURODJXV�

LQXVWXV��* RXOG����3URFHHGLQJV�RI�WKH�=RRORJLFDO�6RFLHW\� RI�/RQGRQ����� ��

��� � ��� ��

2 ZHQ��5 ��� ���� ���2 Q�WKH�$QDWRP \� RI�9HUWHEUDWHV��9RO��,,,��0 DPP DOV���3S����� �

��� ��/RQJP DQV��* UHHQ�	� &R��/RQGRQ��

3DUUD��5 ��� ���� ���&RP SDULVRQ�RI�IRUHJXW�DQG�KLQGJXW�IHUP HQWDWLRQ�LQ�KHUELYRUHV���

3S����� � ��� ���,Q��7KH�( FRORJ\� RI�$UERUHDO�) ROLYRUHV���( G��* ��* ��

0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�3UHVV��: DVKLQJWRQ��'& ���

3HQU\ ��' ��/ ��DQG�3��$ ��- XP DUV��� ���� ���0 RGHOLQJ�DQLP DO�JXWV�DV�FKHP LFDO�

UHDFWRUV���$P HULFDQ�1 DWXUDOLVW���� ���� � �� ��

5 LFKDUGVRQ��. ��&��� ���� ���7KH�VWUXFWXUH�DQG�UDGLRJUDSKLF�DQDWRP \� RI�WKH�

DOLP HQWDU\� WUDFW�RI�WKH�7DPP DU�ZDOODE\ ��0 DFURSXV�HXJHQLL��0 DUVXSLDOLD��

,��7KH�VWRP DFK���$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ������ � ��� ��
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6LEO\ ��5 ��0 ��� ���� ���6WUDWHJLHV�RI�GLJHVWLRQ�DQG�GHIHFDWLRQ���3S����� � ��� ���,Q��

3K\VLRORJLFDO�HFRORJ\ ��DQ�HYROXWLRQDU\� DSSURDFK�WR�UHVRXUFH�XVH���( GV��

&�5 ��7RZQVHQG�DQG�3��&DOORZ���6LQDXHU��6XQGHUODQG��0 DVV��

6LEO\ ��5 ��0 ��DQG�3��&DOORZ��� ���� ���3K\VLRORJLFDO�HFRORJ\ ��DQ�HYROXWLRQDU\�

DSSURDFK���%ODFNZHOO�6FLHQWLILF�3XEOLFDWLRQV��2 [ IRUG��/RQGRQ��

6LEO\ ��5 ��0 ��� . ��$ ��0 RQN��,�� . ��- RKQVRQ�DQG�5 ��&��7URXW������� ���6HDVRQDO�

YDULDWLRQ�LQ�JXW�P RUSKRORJ\� LQ�ZLOG�UDEELWV���- RXUQDO�RI�WKH�=RRORJLFDO�

6RFLHW\� RI�/RQGRQ���� ����� � ��� �

6WHYHQV��&��( ��DQG�,��' ��+XP H��� ���� ���&RP SDUDWLYH�SK\VLRORJ\� RI�WKH�

YHUWHEUDWH�GLJHVWLYH�V\VWHP ��6HFRQG�( GLWLRQ���&DP EULGJH�8 QLYHUVLW\�

3UHVV��&DP EULGJH��

7RZQVHQG��&�5 ��DQG�5 �+ ��+XJKHV��� ���� ���0 D[ LP LVLQJ�QHW�HQHUJ\� UHWXUQV�IURP�

IRUDJLQJ���3S���� � ��� ���,Q��3K\VLRORJLFDO�HFRORJ\ ��DQ�HYROXWLRQDU\�

DSSURDFK�WR�UHVRXUFH�XVH���( GV��&�5 ��7RZQVHQG�DQG�3��&DOORZ���

6LQDXHU��6XQGHUODQG��0 DVV��

9DQ�6RHVW��3 ��- ��� ���� ���1 XWULWLRQDO�HFRORJ\� RI�WKH�UXP LQDQW���2� DQG�%�%RRNV��

&RUYDOOLV��8 6 ��

: DWHUP DQ��3 ��* ���- ��$ ��5 RVV��( ��/ ��%HQQHWW�DQG�$��* ��' DYLHV��� ���� ���$�

FRP SDULVRQ�RI�WKH�IORULVWLFV�DQG�OHDI�FKHP LVWU\� RI�WKH�WUHH�IORUD�LQ�WZR�

0 DOD\ VLDQ�UDLQIRUHVW�DQG�WKH�LQIOXHQFHV�RI�OHDI�FKHP LVWU\� RQ�SRSXODWLRQV�

RI�FRORELQH�P RQNH\ V�LQ�WKH�2 OG�: RUOG���%LRORJLFDO�- RXUQDO�RI�WKH�/LQQHDQ�

6RFLHW\ ��� ��� � �� ��

�� �� � &+ $3 7( 5� � �

$] RULW��&���0 ��$QDOOD��- ��+HUYDV��5 ��&DUUDVFR�DQG�- ��0 XxR] �&RER��� ����D ���

* URZWK�P DUNV�REVHUYDWLRQ��SUHIHUHQWLDO�WHFKQLTXHV�DQG�WHHWK�IRU�DJLQJ�RI�

6SDQLVK�5 HG�' HHU��&HUYXV�HODSKXV�KLVSDQLFXV����$QDWRP \ ��+LVWRORJ\�

DQG�( P EU\ RORJ\� �� ����� � ��� ��
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$ ] RULW��&���- ��+HUYDV��0 ��$QDOOD��5 ��&DUUDVFR�DQG�- ��0 XxR] �&RER��� ����E ���

+LVWRORJLFDO�WKLQ�VHFWLRQV��D�P HWKRG�IRU�WKH�P LFURVFRSLF�VWXG\� RI�WHHWK�LQ�

6SDQLVK�5 HG�' HHU��&HUYXV�HODSKXV�KLVSDQLFXV����$QDWRP \ ��+LVWRORJ\�

DQG�( P EU\ RORJ\� �� ����� � ��� ��

%ODQVKDUG��: ��+ ��� ���� ���* URZWK�DQG�GHYHORSP HQW�RI�WKH�NRDOD�IURP� ELUWK�WR�

ZHDQLQJ���3S���� � ��� ���,Q��%LRORJ\� RI�WKH�. RDOD���( GV��/HH��$ ��. ��� . ��$ ��

+DQGDV\ GH�DQG�* ��' ��6DQVRQ���6XUUH\� %HDWW\� 	�6 RQV��6 \ GQH\ ��

&DWW��' ��&��� ���� ���$JH�GHWHUP LQDWLRQ�LQ�%HQQHWW¶V�ZDOODE\ ��0 DFURSXV�

UXIRJULVHXV�IUXWLFXV��0 DUVXSLODLD���LQ�6RXWK�&DQWHUEXU\ ��1 HZ�=HDODQG���

$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK�� ���� � �� ��

&DXJKOH\ ��* ��� ���� ���+RUQ�ULQJV�DQG�WRRWK�HUXSWLRQ�DV�FULWHULD�RI�DJH�LQ�WKH�

+LP DOD\ DQ�WKDU��+HP LWDJXV�MHP ODKLFXV���1 HZ�=HDODQG�- RXUQDO�RI�6FLHQFH�

� ����� � ��� ��

&DXJKOH\ ��* ��� ���� ���$QDO\VLV�RI�9HUWHEUDWH�3RSXODWLRQV���- RKQ�: LOH\� 	�6 RQV��

/RQGRQ��

&ORXW��0 ��1 ��� ���� ��� ' HWHUP LQDWLRQ�RI�DJH�LQ�WKH�EUXVKWDLO�SRVVXP� XVLQJ�

VHFWLRQV�IURP� GHFDOFLILHG�P RODU�WHHWK���1 HZ�=HDODQG�- RXUQDO�RI�=RRORJ\ �

� ����� � ��� ��

&RRO��6 ��0 ���0 ��%��%HQQHWW�DQG�. ��5 RP DQLXN��� ���� ���$JH�HVWLP DWLRQ�RI�

3WHURSRGLG�EDWV��0 HJDFKLURSWHUD�� IURP� KDUG�WLVVXH�SDUDP HWHUV���: LOGOLIH�

5 HVHDUFK��� ����� � ��� ��

' DZVRQ��7��- ��� ���� ���. DQJDURRV��ELRORJ\� RI�WKH�ODUJHVW�P DUVXSLDOV��8 QLYHUVLW\�

RI�1 HZ�6RXWK�: DOHV�3UHVV��6 \ GQH\ ��

' ULHVVHQ��0 ��0 ��DQG�* ��- ��+RFNLQJ��� ���� ���$JH�HVWLP DWLRQ�RI�WKH�7DVP DQLDQ�

SDGHP HORQ��7K\ ORJDOH�ELOODUGLHULL��E\� P RODU�HUXSWLRQ���$XVWUDOLDQ�

0 DPP DORJ\ ��� ����� � ��� ��
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' XE] LQVNL��0 ��/ ���$ ��( ��1 HZVRP H��$ ��( ��0 HUFKDQW�DQG�%��/ ��%ROWRQ������� ���

&RP SDULQJ�WKH�WZR�XVXDO�P HWKRGV�IRU�DJLQJ�0 DFURSRGLGDH�RQ�WRRWK�

FODVVHV�LQ�WKH�DJLOH�ZDOODE\ ���$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK�� ����� � ��� ��

( DOH\ ��( ��+ ��0 ��� ���� ���( FRORJ\� RI�WKH�HXUR��0 DFURSXV�UREXVWXV��* RXOG���LQ�

QRUWK�ZHVWHUQ�$XVWUDOLD��,9 ��$JH�DQG�JURZWK���: LOGOLIH�5 HVHDUFK��� ���� �

�� ��

) DQF\ ��6 ��* ��� ���� ���3UHSDUDWLRQ�RI�P DPP DOLDQ�WHHWK�IUR�DJH�GHWHUP LQDWLRQ�E\�

FHP HQWXP� OD\ HUV��D�UHYLHZ���: LOGOLIH�6RFLHW\� %XOOHWLQ�� ����� � ��� ��

) ODQQHU\ ��7��) ���5 ��0 DUWLQ�DQG�$��6 ] DOD\ ���( GV��� ���� ��7UHH�NDQJDURRV��$�

&XULRXV�1 DWXUDO�+LVWRU\ ��5 HHG�%RRNV��0 HOERXUQH��

* DVDZD\ ��: ��&��� ' ��%��+DUNQHVV�DQG�5 ��$ ��5 DXVFK��� ���� ���$FFXUDF\� RI�P RRVH�

DJH�GHWHUP LQDWLRQV�IURP� LQFLVRU�FHP HQWXP� OD\ HUV���- RXUQDO�RI�: LOGOLIH�

0 DQDJHP HQW��� �� � ����� � ��� ��

* RUGRQ��* ��� ���� ���( VWLP DWLRQ�RI�WKH�DJH�RI�WKH�NRDOD��3KDVFRODUFWRV�FLQHUHXV�

�0 DUVXSLDOLD��3KDVFRODUFWLGDH�� IURP� WRRWK�ZHDU�DQG�JURZWK���$XVWUDOLDQ�

0 DPP DORJ\ ��� ��� � �� ��

* URYHV��&��3 ������ ���7KH�V\ VWHP DWLFV�RI�WUHH�NDQJDURRV��' HQGURODJXV��

0 DUVXSLDOLD��0 DFURSRGLGDH���$XVWUDOLDQ�0 DPP DORJ\� � ����� � ��� ��

+XJKHV��5 ��' ��� ���� ���2 Q�WKH�DJH�FRP SRVLWLRQ�RI�D�VP DOO�VDP SOH�RI�LQGLYLGXDOV�

IURP� D�SRSXODWLRQ�RI�WKH�EDQGHG�KDUH�ZDOODE\ ��/DJRVWURSKXV�IDVFLDWXV�

�3HURQ�	� /HVXHXU����$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ���� � �� ��

,QQV��5 ��: ������ ���$JH�GHWHUP LQDWLRQ�LQ�WKH�. DQJDURR�,VODQG�ZDOODE\ ��0 DFURSXV�

HXJHQLL�� ' HVP DUHVW���$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK�� ����� � ��� ��

- RKQVRQ��3 ��0 ��DQG�6 ��' HOHDQ������� ����5 HSURGXFWLRQ�RI�WKH�/XP KROW]� WUHH�

NDQJDURR��' HQGURODJXV�OXP KROW] L��0 DUVXSLDOLD��0 DFURSRGLGDH���LQ�

FDSWLYLW\ ��ZLWK�DJH�HVWLP DWLRQ�DQG�GHYHORSP HQW�RI�WKH�SRXFK�\ RXQJ���

: LOGOLIH�5 HVHDUFK��� ����� � ��� ��
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- RKQVRQ��3 ��0 ��DQG�. ��9HUQHV��� ���� ���5 HSURGXFWLRQ�LQ�WKH�UHG�OHJJHG�

SDGHP HORQ��7K\ ORJDOH�VWLJP DWLFD�* RXOG��0 DUVXSLDOLD��0 DFURSRGLGDH���

DQG�DJH�HVWLP DWLRQ�DQG�GHYHORSP HQW�RI�SRXFK�\ RXQJ���: LOGOLIH�5 HVHDUFK�

�� ����� � ��� ��

. LQJVP LOO��( ��� ���� ���$Q�LQYHVWLJDWLRQ�RI�FULWHULD�IRU�HVWLP DWLQJ�DJH�LQ�WKH�

P DUVXSLDOV�7ULFKRVXUXV�YXOSHFXOD�. HUU�DQG�3HUDP HOHV�QDVXWD�* HRIIUR\ ���

$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ����� � ��� ��

. LUNSDWULFN��7��+ ��� ���� ���0 RODU�SURJUHVVLRQ�DQG�P DFURSRG�DJH���4 XHHQVODQG�

- RXUQDO�RI�$JULFXOWXUDO�DQG�$QLP DO�6FLHQFH��� ����� � ��� ��

. LUNSDWULFN��7��+ ��� ���� ���6WXGLHV�RI�0 DFURSRGLGDH�LQ�4 XHHQVODQG��� ��$JH�

HVWLP DWLRQ�LQ�WKH�JUH\� NDQJDURR��WKH�UHG�NDQJDURR��WKH�HDVWHUQ�ZDOODURR�

DQG�WKH�UHG�QHFNHG�ZDOODE\ ��ZLWK�QRWHV�RQ�GHQWDO�DEQRUP DOLWLHV���

4 XHHQVODQG�- RXUQDO�RI�$JULFXOWXUDO�DQG�$QLP DO�6FLHQFH��� ����� � ��� ���

. OHYH] DO��* ��$ ��DQG�6 ��( ��. OHLQHQEHUJ��� ���� ���$JH�GHWHUP LQDWLRQ�RI�P DPP DOV�

IURP� DQQXDO�OD\ HUV�LQ�WHHWK�DQG�ERQHV���0 RVFRZ��7UDQVODWHG�IURP�

5 XVVLDQ�E\� - ��6DONLQG��5 HSULQWHG�E\� ,36 7�3UHVV��- HUXVDOHP� IRU�7KH�8 6�

' HSDUWP HQW�RI�WKH�,QWHULRU�DQG�WKH�1 DWLRQDO�6FLHQFH�) RXQGDWLRQ��

: DVKLQJWRQ�'& ���3S��� � ��� ��

/DQ\ RQ��- ��0 ��DQG�* ��' ��6DQVRQ������� ��� . RDOD��3KDVFRODUFWRV�FLQHUHXV��

GHQWLWLRQ�DQG�QXWULWLRQ���,,��,P SOLFDWLRQV�RI�WRRWK�ZHDU�LQ�QXWULWLRQ���- RXUQDO�

RI�=RRORJ\ ��/RQGRQ���� ����� � ��� ��

/DZV��5 ��0 ��� ���� ���$�QHZ�P HWKRG�IRU�DJH�GHWHUP LQDWLRQ�IRU�P DPP DOV���1 DWXUH�

��� ����� � ��� ��

/HQWOH��5 �* ��� . ��- ��6WDIIRUG��0 ��$ ��3RWWHU��%��3 ��6SULQJHWW�DQG�6 ��+DVOHWW������� ���

,QFLVRU�DQG�P RODU�ZHDU�LQ�WKH�WDPP DU�ZDOODE\� �0 DFURSXV�HXJHQLL�

' HVP DUHVW����$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ����� � ��� ��

/HQWOH��5 �* ���,�� ' ��+XP H��. ��- ��6WDIIRUG��0 ��. HQQHG\ ��6 ��+DVOHWW�DQG�%��3 ��

6SULQJHWW�������D ���&RP SDULVRQ�RI�WRRWK�P RUSKRORJ\� DQG�ZHDU�SDWWHUQV�LQ�

IRXU�VSHFLHV�RI�ZDOODELHV���$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ���� � �� ��
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/HQWOH��5 ��* ���,�� ' ��+XP H��. ��- ��6WDIIRUG��0 ��. HQQHG\ ��6 ��+DVOHWW�DQG�%��3 ��

6SULQJHWW�������E ���0 RODU�SURJUHVVLRQ�DQG�WRRWK�ZHDU�LQ�WDPP DU�

�0 DFURSXV�HXJHQLL��DQG�SDUP D��0 DFURSXV�SDUP D��ZDOODELHV���$XVWUDOLDQ�

- RXUQDO�RI�=RRORJ\ ��� ����� � ��� ��

/HQWOH��5 ��* ���,�� ' ��+XP H��. ��- ��6WDIIRUG��0 ��. HQQHG\ ��6 ��+DVOHWW�DQG�%��3 ��

6SULQJHWW������� F���0 RODU�SURJUHVVLRQ�DQG�WRRWK�ZHDU�LQ�WDPP DU�

�0 DFURSXV�HXJHQLL��DQG�SDUP D��0 DFURSXV�SDUP D��ZDOODELHV���$XVWUDOLDQ�

- RXUQDO�RI�=RRORJ\ ��� ����� � ��� ��

/RJDQ��0 ��DQG�* ��' ��6DQVRQ������� ���7KH�HIIHFW�RI�WRRWK�ZHDU�RQ�WKH�IHHGLQJ�

EHKDYLRXU�RI�IUHH�UDQJLQJ�NRDODV��3KDVFRODUFWRV�FLQHUHXV��* ROGIXVV����

- RXUQDO�RI�=RRORJ\ ��/RQGRQ���� ���� � �� ��

0 DUWLQ��5 ��: ������ ���$JH�VSHFLILF�IHUWLOLW\� LQ�WKUHH�SRSXODWLRQV�RI�WKH�NRDOD��

3KDVFRODUFWRV�FLQHUHXV�* ROGIXVV��LQ�9LFWRULD��$XVWUDOLDQ�: LOGOLIH�

5 HVHDUFK�� ����� � ��� ��

0 DUWLQ��5 ��: ��� ���� ���7FKDULEHHQD��ILHOG�VWXGLHV�RI�%HQQHWW¶V�WUHH�NDQJDURR���

3S���� � �� ���,Q��7UHH�NDQJDURRV��$�&XULRXV�1 DWXUDO�+LVWRU\ ���( GV��

) ODQQHU\ ��7��) ���5 ��0 DUWLQ�DQG�$��6 ] DOD\ ��5 HHG�%RRNV��0 HOERXUQH���

0 DUWLQ��5 ��: ��� . ��+DQGDV\ GH�DQG�6 ��6LP SVRQ������� ���7KH�. RDOD��QDWXUDO�

KLVWRU\ ��FRQVHUYDWLRQ�DQG�P DQDJHP HQW���$XVWUDOLDQ�1 DWXUDO�+LVWRU\�

6HULHV��8 QLYHUVLW\� RI�1 HZ�6RXWK�: DOHV�3UHVV��6 \ GQH\ ��

0 D\ QHV��* ��0 ��� ���� ���$JH�HVWLP DWLRQ�LQ�WKH�SDUP D�ZDOODE\ ��0 DFURSXV�SDUP D�

: DWHUKRXVH���$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ����� � ��� ��

0 F&XOORXJK��' ��5 ��DQG�3��%HLHU��� ���� ���8 SSHU�YV��ORZHU�P RODUV�IRU�FHP HQWXP�

DQQXOL�DJH�GHWHUP LQDWLRQ�RI�GHHU���- RXUQDO�RI�: LOGOLIH�0 DQDJHP HQW��� �� � ��

��� � ��� ��

0 RUULV��3 ��� ���� ���7KH�XVH�RI�WHHWK�IRU�HVWLP DWLQJ�WKH�DJH�RI�ZLOG�P DPP DOV���3S��

��� � ��� ���,Q��' HYHORSP HQW��) XQFWLRQ�DQG�( YROXWLRQ�RI�7HHWK���( GV��3 ��0 ��

%XWOHU�DQG�. ��$ ��- R\ VH\ ���$FDGHP LF�3UHVV��/RQGRQ��
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0 XUSK\ ��&��5 ��DQG�- ��5 ��6P LWK��� ���� ���$JH�GHWHUP LQDWLRQ�RI�SRXFK�\ RXQJ�DQG�

MXYHQLOH�. DQJDURR�LVODQG�ZDOODELHV���7UDQVFULSWV�RI�WKH�5 R\ DO�6RFLHW\� RI�

6FLHQFH�$XVWUDOLD��� ���� � �� ��

3HNHOKDULQJ��&��- ��� ���� ���&HP HQWXP� GHSRVLWLRQ�DV�DQ�DJH�LQGLFDWRU�LQ�WKH�

EUXVK�WDLOHG�SRVVXP ��7ULFKRVXUXV�YXOSHFXOD�. HUU��0 DUVXSLDOLD����

$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ���� � �� �

3RROH��: ��( ���6 ��0 ��&DUSHQWHU�DQG�- ��7��: RRG��� ���� ���* URZWK�RI�* UH\�

NDQJDURRV�DQG�WKH�UHOLDELOLW\� RI�DJH�GHWHUP LQDWLRQ�IURP� ERG\�

P HDVXUHP HQWV�,,��7KH�: HVWHUQ�* UH\� NDQJDURRV��0 DFURSXV�IXOLJLQRVXV��

0 ��I��P HODQRSV�DQG�0 ��I��RF\GURP XV���$XVWUDOLDQ�: LOGOLIH�5 HVHDUFK�� ��

��� � ��� ��

3RROH��: ��( ��- ��&��0 HUFKDQW��6 ��0 ��&DUSHQWHU�DQG�- ��+ ��&DODE\ ��� ���� ���

5 HSURGXFWLRQ��JURZWK�DQG�DJH�GHWHUP LQDWLRQ�LQ�WKH�<HOORZ�IRRWHG�5 RFN�

ZDOODE\� 3HWURJDOH�[ DQWKRSXV�* UD\ ��LQ�FDSWLYLW\ ���$XVWUDOLDQ�: LOGOLIH�

5 HVHDUFK��� ����� � ��� ��

6DGOLHU��5 ��0 ��) ��6 ��� ���� ���$JH�HVWLP DWLRQ�E\� P HDVXUHP HQWV�RI�MRH\ V�RI�WKH�

HXUR�0 DFURSXV�UREXVWXV�* RXOG�LQ�: HVWHUQ�$XVWUDOLD���$XVWUDOLDQ�- RXUQDO�

RI�=RRORJ\� �� ����� � ��� ��

6KDUP DQ��* ��%���+ ��- ��) ULWK�DQG�- ��+ ��&DODE\ ��� ���� ���* URZWK�RI�WKH�SRXFK�

\ RXQJ��WRRWK�HUXSWLRQ�DQG�DJH�GHWHUP LQDWLRQ�LQ�WKH�UHG�NDQJDURR��

0 HJDOHLD�UXID���: LOGOLIH�5 HVHDUFK�� ���� � �� ��

6KLHOG��- ��: ��� ���� ���5 HSURGXFWLRQ�RI�WKH�TXRNND��6HWRQL[� EUDFK\ XUXV��LQ�

FDSWLYLW\ ���- RXUQDO�RI�=RRORJ\ ��/RQGRQ���� ����� � ��� ��

7DWH��* ��+ ��+ ��� ���� ���5 HVXOWV�RI�WKH�$UFKEROG�( [ SHGLWLRQV��1 R���� ���6WXGLHV�RQ�

WKH�DQDWRP \� DQG�SK\ ORJHQ\� RI�WKH�0 DFURSRGLGDH��0 DUVXSLDOLD����%XOOHWLQ�

RI�WKH�$P HULFDQ�0 XVHXP� RI�1 DWXUDO�+LVWRU\ ��� ����� � ��� ��

: LQWHU��- ��: ������ ��7RRWK�ZHDU�DV�DQ�DJH�LQGH[� LQ�D�SRSXODWLRQ�RI�WKH�EUXVK�

WDLOHG�SRVVXP ��7ULFKRVXUXV�YXOSHFXOD��. HUU���$XVWUDOLDQ�: LOGOLIH�

5 HVHDUFK�� ����� � ��� �
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�� �� � &+ $3 7( 5� � ��

&RUN��6 ��- ��DQG�: ��- ��) ROH\ ��� ���� ��� ' LJHVWLYH�DQG�P HWDEROLF�VWUDWHJLHV�RI�

DUERUHDO�IROLYRUHV�LQ�UHODWLRQ�WR�FKHP LFDO�GHIHQVHV�LQ�WHP SHUDWH�DQG�

WURSLFDO�IRUHVWV���3S����� � ��� ���,Q��3ODQW�GHIHQVHV�DJDLQVW�P DPP DOLDQ�

KHUELYRU\ ���( GV���5 ��7��3DOR�DQG�&��7��5 REELQV���&5&� 3UHVV��%RFD�5 DWRQ��

&RUN��6 ��- ��DQG�: ��- ��) ROH\ ��� ���� ��� ' LJHVWLYH�DQG�P HWDEROLF�DGDSWDWLRQV�RI�

DUERUHDO�P DUVXSLDOV�IRU�GHDOLQJ�ZLWK�SODQW�DQWLQXWULHQWV�DQG�WR[ LQV���3S��

��� � ��� ���,Q��0 DUVXSLDO�%LRORJ\ ��UHFHQW�UHVHDUFK��QHZ�SHUVSHFWLYHV���

( GV��6DXQGHUV��1 ��DQG�/��+LQGV��8 QLYHUVLW\� RI�1 HZ�6RXWK�: DOHV�3UHVV��

6 \ GQH\ ��

* ODQGHU��. ��( ��� ���� ���3RLVRQ�LQ�D�P RQNH\ ¶V�* DUGHQ�RI�( GHQ���1 DWXUDO�+LVWRU\ �

�� ���� � �� ��

* ODQGHU��. ��( ��� ���� ���+RZOLQJ�P RQNH\� IHHGLQJ�EHKDYLRU�DQG�SODQW�VHFRQGDU\�

FRP SRXQGV��D�VWXG\� RI�VWUDWHJLHV���3S����� � ��� ���,Q��7KH�( FRORJ\� RI�

$UERUHDO�) ROLYRUHV���( G��* ��* ��0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�

3UHVV��: DVKLQJWRQ��'& ��

+ODGLN��&��0 ��� ���� ���$GDSWLYH�VWUDWHJLHV�RI�SULP DWHV�LQ�UHODWLRQ�WR�OHDI�HDWLQJ���

3S����� � ��� ���,Q��7KH�( FRORJ\� RI�$UERUHDO�) ROLYRUHV���( G��* ��* ��

0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�3UHVV��: DVKLQJWRQ��'& ��

/DZOHU��,��5 ��� : ��- ��) ROH\ ��%��0 ��( VFKOHU��' ��0 ��3DVV�DQG�. ��+DQGDV\ GH��� ���� ���

,QWUDVSHFLILF�YDULDWLRQ�LQ�( XFDO\ SWXV�VHFRQGDU\� P HWDEROLWHV�GHWHUP LQHV�

IRRG�LQWDNH�E\� IROLYRURXV�P DUVXSLDOV���2 HFRORJLD���� ����� � ��� ��

0 LOWRQ��. ��� ���� ���%HKDYLRUDO�DGDSWDWLRQV�WR�OHDI�HDWLQJ�E\� WKH�0 DQWOHG�+RZOHU�

P RQNH\� �$ORXDWWD�SDOOLDWD����3S����� � ��� ���,Q��7KH�( FRORJ\� RI�$UERUHDO�

) ROLYRUHV���( G��* ��* ��0 RQWJRP HU\ ��6P LWKVRQLDQ�,QVWLWXWLRQ�3UHVV��

: DVKLQJWRQ��'& ��

0 RRUH��%��' ��DQG�: ��- ��) ROH\ ��� ���� ���$�UHYLHZ�RI�IHHGLQJ�DQG�GLHW�VHOHFWLRQ�LQ�

NRDODV��3KDVFRODUFWRV�FLQHUHXV����$XVWUDOLDQ�- RXUQDO�RI�=RRORJ\ ��� ����� �

��� ��
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1 HZHOO��* ��5 ��� ���� ���+RP H�UDQJH�DQG�KDELWDW�XVH�E\� /X P KROW] ¶V�WUHH�NDQJDURR�

�' HQGURODJXV�OXP KROW] L��ZLWKLQ�D�UDLQIRUHVW�IUDJP HQW�LQ�QRUWK�

4 XHHQVODQG���: LOGOLIH�5 HVHDUFK��� ����� � ��� ��

3URFWHU�* UD\ ��( ��� ���� ���7KH�EHKDYLRXU�DQG�HFRORJ\� RI�/X P KROW] ¶V�WUHH�

NDQJDURR��' HQGURODJXV�OXP KROW] L��0 DUVXSLDOLD��0 DFURSRGLGDH���3K�' ��

7KHVLV��+DUYDUG�8 QLYHUVLW\ ��

7UHH�. DQJDURR�DQG�0 DPP DO�* URXS��� ���� ���&RPP XQLW\�VXUYH\� RI�WKH�

GLVWULEXWLRQ�RI�/X P KROW] ¶V�7UHH�NDQJDURR���1 DWXUDO�+HULWDJH�7UXVW��

8 P DSDWK\ ��* ��DQG�$��. XP DU��� ���� ���7KH�RFFXUUHQFH�RI�DUERUHDO�P DPP DOV�LQ�

WKH�UDLQ�IRUHVW�IUDJP HQWV�LQ�WKH�$QDP DODL�+LOOV��VRXWK�,QGLD���%LRORJLFDO�

&RQVHUYDWLRQ��� ����� � ��� ��



�

��� �

&KDSWHU��� � �$SSHQGLFHV�

�� �� � $33( 1' ,;� �� 0 2 5 3+2 / 2* ,&$/� 0 ($6 85 ( 0 ( 1 76� 2 ) �' ��
/ 8 0 +2 / 7=,�

7DEOH�������0RUSKRORJLFDO�PHDVXUHPHQWV�RI�'��OXPKROW]L���

$QLPDO�
ZHLJKW�
�NJV��

VH[�

%RG\�
OHQJWK�
�PP��

DORQJ�EDFN�

WDLO�OHQJWK�
�PP��

KHDG�
OHQJWK�
�PP��

KHDG�
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�PP��
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