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�� 0DULQH� =RRORJ\�� 1DWXUDOLV� %LRGLYHUVLW\� &HQWHU�� /HLGHQ�� 7KH� 1HWKHUODQGV�� �� ,QVWLWXWH� IRU� %LRGLYHUVLW\� DQG� (FRV\VWHP� '\QDPLFV�� 8QLYHUVLW\� RI� $PVWHUGDP�
$PVWHUGDP�� 7KH�1HWKHUODQGV���� 'HSDUWDPHQWR� GH�%LRORJLD��&(6$0��&HQWUR� GH�(VWXGRV� GR�$PELHQWH� H� GR�0DU��8QLYHUVLGDGH� GH�$YHLUR�� $YHLUR�� 3RUWXJDO�
��<HUVHNH�0DULQH�0LFURELRORJ\��5R\DO�1HWKHUODQGV�,QVWLWXWH�IRU�6HD�5HVHDUFK��<HUVHNH��7KH�1HWKHUODQGV����'HSDUWPHQW�RI�(DUWK�DQG�(QYLURQPHQWDO�6FLHQFHV�
3DODHRQWRORJ\�	�*HRELRORJ\�� /XGZLJ��0D[LPLOLDQV�8QLYHUVLWlW�0�QFKHQ��0�QFKHQ��*HUPDQ\����*HR%LR�&HQWHU/08�� /XGZLJ�0D[LPLOLDQV�8QLYHUVLWlW�0�QFKHQ�
0�QFKHQ��*HUPDQ\����%D\HULVFKH�6WDDWVVDPPOXQJ�I�U�3DOlRQWRORJLH�XQG�*HRORJLH��0�QFKHQ��*HUPDQ\

$EVWUDFW

7KH� JLDQW� EDUUHO� VSRQJH�;HVWRVSRQJLD� WHVWXGLQDULD� LV� DQ� HFRORJLFDOO\� LPSRUWDQW� VSHFLHV� WKDW� LV� ZLGHO\� GLVWULEXWHG
DFURVV� WKH� ,QGR�3DFLILF�� /LWWOH� LV� NQRZQ�� KRZHYHU�� DERXW� WKH� SUHFLVH� ELRJHRJUDSKLF� GLVWULEXWLRQ� DQG� WKH� DPRXQW� RI
PRUSKRORJLFDO�DQG�JHQHWLF�YDULDWLRQ�LQ�WKLV�VSHFLHV��+HUH�ZH�SURYLGH�WKH�ILUVW�GHWDLOHG��ILQH�VFDOHG�������NP���VWXG\�RI
WKH�PRUSKRORJLFDO�DQG�JHQHWLF�FRPSRVLWLRQ�RI�;�� WHVWXGLQDULD�DURXQG�/HPEHK�,VODQG�� ,QGRQHVLD��7ZR�PLWRFKRQGULDO
�&2�� DQG� $73�� JHQHV�� DQG� RQH� QXFOHDU� �$73� V\QWKDVH� ȕ� LQWURQ�� '1$� PDUNHUV� ZHUH� XVHG� WR� DVVHVV� JHQHWLF
YDULDWLRQ��:H�LGHQWLILHG�IRXU�GLVWLQFW�PRUSKRW\SHV�RI�;��WHVWXGLQDULD�DURXQG�/HPEHK�,VODQG��7KHVH�PRUSKRW\SHV�ZHUH
JHQHWLFDOO\�GLIIHUHQWLDWHG�ZLWK�ERWK�PLWRFKRQGULDO�DQG�QXFOHDU�PDUNHUV��2XU�UHVXOWV�LQGLFDWH�WKDW�JLDQW�EDUUHO�VSRQJHV
DURXQG�/HPEHK�,VODQG��ZKLFK�ZHUH�DOO�PRUSKRORJLFDOO\� LGHQWLILHG�DV�;�� WHVWXGLQDULD��FRQVLVW�RI�DW� OHDVW� WZR�GLIIHUHQW
OLQHDJHV� WKDW� DSSHDU� WR� EH� UHSURGXFWLYHO\� LVRODWHG�� 7KH� ILUVW� OLQHDJH� LV� UHSUHVHQWHG� E\� LQGLYLGXDOV� ZLWK� D� GLJLWDWH
VXUIDFH�DUHD��&2��KDSORW\SH�&���DQG�LV�PRVW�DEXQGDQW�DURXQG�WKH�KDUERU�DUHD�RI�%LWXQJ�FLW\��7KH�VHFRQG�OLQHDJH�LV
UHSUHVHQWHG� E\� LQGLYLGXDOV� ZLWK� D� SUHGRPLQDQWO\� VPRRWK� VXUIDFH� DUHD�� &2�� KDSORW\SH� &�� DQG� FDQ� EH� IRXQG� DOO
DURXQG� /HPEHK� ,VODQG�� WKRXJK� WR� D� OHVVHU� H[WHQW� DURXQG� WKH� KDUERU� RI� %LWXQJ� FLW\��2XU� ILQGLQJV� RI� WZR� DGGLWLRQDO
XQLTXH�JHQHWLF�OLQHDJHV�VXJJHVWV�WKH�SUHVHQFH�RI�DQ�HYHQ�EURDGHU�VSHFLHV�FRPSOH[�SRVVLEO\�FRQWDLQLQJ�PRUH�WKDQ
WZR�UHSURGXFWLYHO\�LVRODWHG�VSHFLHV��7KH�H[LVWHQFH�RI�;��WHVWXGLQDULD�DV�D�VSHFLHV�FRPSOH[�LV�D�VXUSULVLQJ�UHVXOW�JLYHQ
WKH�VL]H��DEXQGDQFH�DQG�FRQVSLFXRXVQHVV�RI�WKH�VSRQJH�

&LWDWLRQ��6ZLHUWV�7��3HLMQHQEXUJ�.7&$��GH�/HHXZ�&��&OHDU\�')5��+|UQOHLQ�&��HW�DO���������/RFN��6WRFN�DQG�7ZR�'LIIHUHQW�%DUUHOV��&RPSDULQJ�WKH�*HQHWLF
&RPSRVLWLRQ�RI�0RUSKRW\SHV�RI�WKH�,QGR�3DFLILF�6SRQJH�;HVWRVSRQJLD�WHVWXGLQDULD��3/R6�21(�������H�������GRL���������MRXUQDO�SRQH��������

(GLWRU��&KULVWLDQ�5�9RROVWUD��.LQJ�$EGXOODK�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��6DXGL�$UDELD
5HFHLYHG�)HEUXDU\����������$FFHSWHG�-XO\�����������3XEOLVKHG�6HSWHPEHU���������
&RS\ULJKW���������6ZLHUWV�HW�DO��7KLV�LV�DQ�RSHQ�DFFHVV�DUWLFOH�GLVWULEXWHG�XQGHU�WKH�WHUPV�RI�WKH�&UHDWLYH�&RPPRQV�$WWULEXWLRQ�/LFHQVH��ZKLFK�SHUPLWV
XQUHVWULFWHG�XVH��GLVWULEXWLRQ��DQG�UHSURGXFWLRQ�LQ�DQ\�PHGLXP��SURYLGHG�WKH�RULJLQDO�DXWKRU�DQG�VRXUFH�DUH�FUHGLWHG�

)XQGLQJ��7KH�SURMHFW�ZDV�VXSSRUWHG�E\�WKH�3HUF\�6ODGHQ�0HPRULDO�)XQG�RI�WKH�/LQQHDQ�6RFLHW\�RI�/RQGRQ�DQG�WKH�7UHXE�0DDWVFKDSSLM�)XQG��7KH�IXQGHUV
KDG�QR�UROH�LQ�VWXG\�GHVLJQ��GDWD�FROOHFWLRQ�DQG�DQDO\VLV��GHFLVLRQ�WR�SXEOLVK��RU�SUHSDUDWLRQ�RI�WKH�PDQXVFULSW�

&RPSHWLQJ�LQWHUHVWV��7KH�DXWKRUV�KDYH�GHFODUHG�WKDW�QR�FRPSHWLQJ�LQWHUHVWV�H[LVW�

�(�PDLO��QLFROH�GHYRRJG#QDWXUDOLV�QO

,QWURGXFWLRQ

0DULQH� VSRQJHV� DUH� GLYHUVH� DQG� VWUXFWXUDOO\� LPSRUWDQW
FRPSRQHQWV�RI�FRUDO�UHHIV�>�����@��7KH\�SURYLGH�D�VXEVWUDWH�IRU
QXPHURXV�RUJDQLVPV��DUH�LQYROYHG�LQ�PDULQH�QXWULHQW�G\QDPLFV�
DQG�DUH�D�NH\�VRXUFH�RI�SKDUPDFHXWLFDO�FRPSRXQGV� >�������@�
0DQ\� DVSHFWV� RI� WKHLU� ELRORJ\�� ELRJHRJUDSK\� DQG� JHQHWLF
VWUXFWXULQJ�DFURVV�VSDFH�DQG� WLPH��KRZHYHU�� UHPDLQ�XQNQRZQ
>������@��7KLV�LV�LQ�ODUJH�SDUW�GXH�WR�D�SDXFLW\�RI�YDULDEOH�VLQJOH�
FRS\�PDUNHUV�ZLWK�VXIILFLHQW�UHVROXWLRQ�WR�GLIIHUHQWLDWH�EHWZHHQ
VSRQJH� WD[D� DQG� SRSXODWLRQV� FRPSDUHG� WR� RWKHU� PDULQH
RUJDQLVPDO�JURXSV�>����@�

7KH�EURDG�GLVWULEXWLRQ�RI�PDQ\�PDULQH�RUJDQLVPV�� LQFOXGLQJ
VSRQJHV��KDV�EHHQ�DWWULEXWHG�WR�WKH�OXPSLQJ�RI�PRUSKRORJLFDOO\
VLPLODU� EXW� RIWHQ� HYROXWLRQDULO\� GLVWLQFW� OLQHDJHV� LQWR� VLQJOH
VSHFLHV�>�����@��0ROHFXODU�VWXGLHV�KDYH�LQGLFDWHG�WKH�SUHVHQFH
RI� PXOWLSOH� JHQHWLFDOO\� GLIIHUHQWLDWHG� OLQHDJHV� ZLWKLQ
PRUSKRORJLFDOO\� LGHQWLFDO� VDPSOHV�� L�H�� FU\SWLF� VSHFLHV
>�����������@�� 0ROHFXODU� VWXGLHV� RI� VSRQJHV� IURP� WKH� ,QGR�
3DFLILF�DUH�VFDUFH�>��������@��SDUWLFXODUO\�LQ�WKH�&RUDO��7ULDQJOH�
7KH� &RUDO� �7ULDQJOH� LV� NQRZQ� WR� EH� UHJLRQ� RI� KLJKHVW� PDULQH
ELRGLYHUVLW\� DQG� FRQVHTXHQWO\� UHSUHVHQWV� DQ� LPSRUWDQW� UHJLRQ
IRU�FRQVHUYDWLRQ�DQG�HFRQRPLF�PDQDJHPHQW�>�����@�
*LDQW� EDUUHO� VSRQJHV� ;HVWRVSRQJLD� WHVWXGLQDULD� �/DPDUFN�

������ DQG� ;HVWRVSRQJLD� EHUJTXLVWLD� �)URPRQW�� ������ LQ� WKH
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,QGR�3DFLILF� DQG� ;HVWRVSRQJLD� PXWD� �6FKPLGW�� ������ LQ� WKH
&DULEEHDQ�� DUH� DPRQJ� WKH� ODUJHVW� NQRZQ� VSRQJHV
�'HPRVSRQJLDH��+DSORVFOHULGD���PHDVXULQJ�XS�WR�����PHWHUV�LQ
KHLJKW� DQG� ZLGWK�� 7KHVH� LFRQLF� DQLPDOV� KDYH� D� ODUJH�� HUHFW�
EDUUHO�VKDSHG�DSSHDUDQFH�DQG� LQGLYLGXDOV� YDU\� LQ� VL]H�� VKDSH
�)LJXUH� ��� DQG� ELRFKHPLFDO� FRPSRVLWLRQ�� 7KH� H[WHUQDO
PRUSKRORJ\� RI� JLDQW� EDUUHO� VSRQJHV� FDQ� YDU\� IURP� VPRRWK� WR
KLJKO\�GLJLWDWH�RU� ODPHOODWH�VXUIDFHV� >��@��7KH\�KDYH�YHU\� ORQJ
OLIH�VSDQV��SRVVLEO\�LQ�H[FHVV�RI������\HDUV���;��PXWD�KDV�EHHQ
FDOOHG� WKH� 
UHGZRRG� RI� WKH� UHHI
� GXH� WR� LWV� VL]H�� ORQJHYLW\� DQG
HFRORJLFDO�LPSRUWDQFH�>��@��6R�IDU��;��EHUJTXLVWLD�LV�RQO\�NQRZQ
IURP�WKH�QRUWKHUQ�*UHDW�%DUULHU�5HHI�ZKHUH�LW�LV�V\PSDWULF�ZLWK
;�� WHVWXGLQDULD�� ,Q� FRQWUDVW�� WKH� NQRZQ� ELRJHRJUDSKLFDO
GLVWULEXWLRQ� RI�;�� WHVWXGLQDULD� H[WHQGV� IURP� WKH� 5HG� 6HD� DQG
(DVW� $IULFD� WR� WKH� *UHDW� %DUULHU� 5HHI� LQ� $XVWUDOLD� DQG� 7RQJD
>����@��,WV�DOPRVW�XELTXLWRXV�SUHVHQFH�LQ�FRUDO�UHHIV�PDNHV�LW�D

JRRG� PRGHO� VSHFLHV� WR� VWXG\� GHWDLOHG� VSDWLDO� SDWWHUQV� RI
PRUSKRORJLFDO�DQG�JHQHWLF�YDULDWLRQ�LQ�VSRQJHV�
7KH� VSRQJHV� ;�� WHVWXGLQDULD� DQG� ;�� PXWD� VKDUH� PDQ\

FKDUDFWHULVWLFV�� 6LPLODU� PRUSKRORJLHV� �VPRRWK�� GLJLWDWH�
ODPHOODWH��KDYH�EHHQ�GHVFULEHG�IRU�ERWK�VSHFLHV�>��������@�DQG
WKHLU� PLWRFKRQGULDO� &\WRFKURPH� 2[LGDVH� �� �&2��� VHTXHQFHV
UHYHDOHG� OLWWOH� GLYHUJHQFH� EHWZHHQ� ERWK� WD[D� ��������
LGHQWLFDO���)XUWKHUPRUH��ERWK�VSHFLHV�GLVSOD\HG�VLPLODU�EDFWHULDO
FRPPXQLW\� FRPSRVLWLRQV� >��@�� 7KH� DERYH� PHQWLRQHG
UHVHPEODQFHV� SUHYDLO� GHVSLWH� WKH� IDFW� WKDW� WKHVH� WD[D� PXVW
KDYH�EHHQ�VHSDUDWHG�IRU�DW�OHDVW�WKUHH�PLOOLRQ�\HDUV��VLQFH�WKH
FORVLQJ� RI� WKH� ,VWKPXV� RI� 3DQDPD� >��@�� +HQFH�� LW� KDV� EHHQ
SURSRVHG� WKDW� WKH� PRVW� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ� ;�
WHVWXGLQDULD�DQG�;��PXWD�LV�WKH�JHRJUDSKLF�UHJLRQ�LQ�ZKLFK�WKH\
RFFXU�>��@�
6WURQJ� VSDWLDO� JHQHWLF� VWUXFWXULQJ� EDVHG� RQ� &2�� VHTXHQFH

GDWD�ZDV�IRXQG�IRU�VDPSOHV�RI�;��PXWD�LQ�&DULEEHDQ�UHHIV��7KLV

)LJXUH�����3LFWXUHV�RI�LGHQWLILHG�PRUSKRW\SHV�RI�;HVWRVSRQJLD�WHVWXGLQDULD�DURXQG�/HPEHK�,VODQG���D��'LJLWDWH��E��6PRRWK��F�
/DPHOODWH��G��,QWHUPHGLDWH��H��'LJLWDWH�FORVH�XS��I��6PRRWK�FORVH�XS��J��/DPHOODWH�FORVH�XS��K��,QWHUPHGLDWH�FORVH�XS�
GRL����������MRXUQDO�SRQH���������J���

*HQHWLF�&RPSRVLWLRQ�RI�;HVWRVSRQJLD�WHVWXGLQDULD
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VWUXFWXULQJ� ZDV� VXJJHVWHG� WR� EH� UHODWHG� WR� SDWWHUQV� RI� RFHDQ
FXUUHQWV�>��@��:KLOH�WKH�&DULEEHDQ�;��PXWD� LV�FXUUHQWO\�DPRQJ
WKH� PRVW� LQWHQVLYHO\� VWXGLHG� VSRQJH� VSHFLHV� LQ� WKH� ZRUOG�
FRPSDUDWLYH� VWXGLHV� RI� WKH� ,QGR�3DFLILF� ;�� WHVWXGLQDULD� DUH
ODFNLQJ�� 7KLV� KDPSHUV� RXU� XQGHUVWDQGLQJ� RI� WKH� HYROXWLRQDU\
KLVWRU\�RI�JLDQW�EDUUHO�VSRQJHV�DQG�VSHFLILFDOO\��WKH�UHODWLRQVKLS
EHWZHHQ� ;�� WHVWXGLQDULD� DQG� ;�� PXWD�� 0RUHRYHU�� WKH� OLQN
EHWZHHQ�H[WHUQDO�PRUSKRW\SH�DQG�JHQHDORJ\�UHPDLQV�XQFOHDU�
DV�VXJJHVWHG�HOVHZKHUH�>�����@�
+HUH�� ZH� SURYLGH� WKH� ILUVW� GHWDLOHG�� ILQH�VFDOHG� ������ NP��

VWXG\� RI� WKH� PRUSKRORJLFDO� DQG� JHQHWLF� GLYHUVLW\� RI� ;�
WHVWXGLQDULD�� 2XU� VWXG\� WRRN� SODFH� LQ� WKH� UHHIV� VXUURXQGLQJ
/HPEHK�,VODQG��QRUWKHDVW�6XODZHVL��,QGRQHVLD���2XU�PDLQ�JRDO
ZDV� WR� WHVW� IRU� GLIIHUHQFHV� LQ� JHQHWLF� FRPSRVLWLRQ� DPRQJ� WKH
PRUSKRW\SHV�RI�;��WHVWXGLQDULD��:H�ZHUH�SDUWLFXODUO\�LQWHUHVWHG
WR�DVVHVV�ZKHWKHU�WKLV�FRQVSLFXRXV�VSRQJH�WD[RQ�UHSUHVHQWV�D
VSHFLHV�FRPSOH[��DV�RSSRVHG�WR�D�ZLGHVSUHDG�VLQJOH�VSHFLHV�
7R� DFKLHYH� RXU� JRDO�� LQGLYLGXDOV� RI� ;�� WHVWXGLQDULD� ZHUH
VDPSOHG�DURXQG�/HPEHK� ,VODQG�� LGHQWLILHG� WR�PRUSKRW\SH�DQG
VHTXHQFHG� DW� WKH� ,��0��� SDUWLWLRQ� RI� WKH� PLWRFKRQGULDO� &2�
JHQH� >�����@�� ,Q� DGGLWLRQ� WR� WKLV�� ZH� VHTXHQFHG� WKH
PLWRFKRQGULDO� DGHQRVLQH� WULSKRVSKDWH� V\QWKDVH� VXEXQLW� �
�$73��� JHQH� >��@� DQG� WKH� QXFOHDU� DGHQRVLQH� WULSKRVSKDWH
V\QWKDVH�ȕ� �$736ȕ�� LQWURQ� IRU�D�VXEVHW�RI� LQGLYLGXDOV� >�����@�
1XFOHDU� JHQHWLF� PDUNHUV� HYROYH� LQGHSHQGHQWO\� IURP
PLWRFKRQGULDO� PDUNHUV�� +HQFH�� FRQJUXHQW� SDWWHUQV� DFURVV
PDUNHU�W\SHV��LQFOXGLQJ�PRUSKRORJ\��PLWRFKRQGULDO��DQG�QXFOHDU
JHQHWLF� PDUNHUV�� ZRXOG� FRUURERUDWH� WKH� H[LVWHQFH� RI
UHSURGXFWLYHO\�LVRODWHG�XQLWV��L�H��GLVWLQFW�ELRORJLFDO�VSHFLHV��H�J�
>��������@�

0DWHULDOV�DQG�0HWKRGV

6DPSOLQJ
6DPSOHV�RI�;�� WHVWXGLQDULD�ZHUH�FROOHFWHG�E\�6&8%$�GLYLQJ

IURP����GLIIHUHQW�VLWHV�DURXQG�/HPEHK�,VODQG��RII�WKH�QRUWKHDVW
FRDVW�RI�6XODZHVL��,QGRQHVLD�IURP�-DQXDU\���WK�WR�)HEUXDU\���WK

����� �7DEOH� ���� $OO� FROOHFWLRQV� ZHUH� GRQH� GXULQJ� WKH
,QWHUQDWLRQDO� 6HPLQDU� RQ�&RQVHUYDWLRQ� RI�0DULQH�%LRGLYHUVLW\�
8165$7� �8QLYHUVLW\� 6DP� 5DWXODQJL�� 0DQDGR�� DV� SDUW� RI� WKH
0DULQH�%LRGLYHUVLW\�ZRUNVKRS�EDVHG�DW� WKH� ILHOG� VWDWLRQ�RI� WKH
5HVHDUFK�&HQWUH�IRU�2FHDQRJUDSK\�RI�WKH�,QGRQHVLDQ�,QVWLWXWH
RI� 6FLHQFHV� �LQ� ,QGRQHVLDQ�� /HPEDJD� ,OPX� 3HQJHWDKXDQ
,QGRQHVLD��RU�/,3,��LQ�%LWXQJ��7KH�ZRUNVKRS�ZDV�KRVWHG�E\�WKH
6DP� 5DWXODQJL� 8QLYHUVLW\� LQ� FRRSHUDWLRQ� ZLWK� /,3,�� :H� ZHUH
DOORZHG� WR� FROOHFW� VDPSOHV� IRU� RXU� UHVHDUFK� EDVHG� RQ� D
0HPRUDQGXP� RI� 8QGHUVWDQGLQJ� EHWZHHQ� /,3,� DQG� WKH
1HWKHUODQGV� &HQWUH� IRU� %LRGLYHUVLW\� 1DWXUDOLV� LQ� /HLGHQ�� 7KH
1HWKHUODQGV��/,3,�LV�WKH�JRYHUQPHQWDO�DXWKRULW\�IRU�VFLHQFH�DQG
UHVHDUFK�LQ�,QGRQHVLD��,W�FRQVLVWV�RI����UHVHDUFK�FHQWHUV�LQ�WKH
ILHOGV� UDQJLQJ� IURP� VRFLDO� WR� QDWXUDO� VFLHQFHV�� /,3,� LV� WKH
DXWKRULW\�WR�FROOHFW�DQG�H[SRUW�VDPSOHV��:H�RSHUDWHG�IURP�RXW
RI�WKHLU�5HVHDUFK�6WDWLRQ�LQ�%LWXQJ�LQ�FRRSHUDWLRQ�ZLWK�WKH�6DP
5DWXODQJL� 8QLYHUVLW\�� 7KLV� XQLYHUVLW\� LV� DOVR� DXWKRUL]HG� WR
FROOHFW�E\�/,3,�
$�ORQJ��QDUURZ�DQG�VKHOWHUHG�FKDQQHO�ZLWK�D�PD[LPXP�GHSWK

RI� DURXQG� ��P� LQ� WKH� VRXWKHUQ� SDUW� DQG� ��P� LQ� WKH� QRUWKHUQ
SDUW� UXQV� EHWZHHQ� /HPEHK� ,VODQG� DQG� WKH� PDLQ� LVODQG� RI

7DEOH� ��� 6SHFLILFDWLRQV� RI� VDPSOHG� GLYH� VLWHV� DURXQG
/HPEHK�,VODQG�

'LYH�6LWH
1XPEHU 'LYH�6LWH�1DPH 'DWH &RRUGLQDWHV &2� $73�$73Vȕ
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6XODZHVL� �VHH� )LJXUH� ���� 7KLV� FKDQQHO�� /HPEHK� 6WUDLW�
VWUHWFKHV� IRU�PRUH� WKDQ� WZHOYH� NLORPHWHUV� DQG� KDV� D�ZLGWK� RI
EHWZHHQ�RQH�DQG�IRXU�NLORPHWHUV��7KH�SRUW�RI�%LWXQJ�LV�ORFDWHG
RQ� WKH� PDLQ� LVODQG� RI� 6XODZHVL�� IDFLQJ� WKH� VRXWKHUQ� SDUW� RI
/HPEHK�,VODQG��7KLV�UHVXOWV�LQ�EXV\�VKLSSLQJ�WUDIILF�LQ�WKLV�SDUW
RI� WKH�VWUDLW��/HPEHK�,VODQG� OLHV�ZLWKLQ� WKH�FHQWHU�RI�PD[LPXP
PDULQH�ELRGLYHUVLW\��ORFDWHG�LQ�WKH�,QGR�0DOD\DQ�UHJLRQ�>�����@�
$OO� VSRQJHV� ZHUH� SKRWRJUDSKHG� ZLWK� D� GLJLWDO� FDPHUD� IURP

DERYH�DQG� LQ�SURILOH�ZLWK�D�XQLTXH� WDJ�QXPEHU��$� IUDJPHQW�RI
DERXW����JUDPV�RI�HDFK�VSRQJH�ZDV�FROOHFWHG�XVLQJ�DQ�DSSOH
FRUHU��)RU�HDFK�OLYLQJ�VSRQJH��ZH�UHFRUGHG�KDELWDW�DQG�GHSWK�LQ
DGGLWLRQ� WR� GHWDLOV� RI� RXWHU�PRUSKRORJ\� DQG� GLPHQVLRQV��$IWHU
HDFK� VDPSOLQJ� GLYH�� VSRQJH� WLVVXH� IRU� '1$� H[WUDFWLRQ� ZDV
LPPHGLDWHO\� VWRUHG� LQ� DEVROXWH� HWKDQRO� ������ LQ� D� FRRO� ER[�
$IWHU������KRXUV�� WKH�HWKDQRO�ZDV�FKDQJHG�DQG�VDPSOHV�ZHUH
VWRUHG�DW�����&�
7RS�YLHZ� DQG� SURILOH� SLFWXUHV� RI� DOO� VDPSOHG� JLDQW� EDUUHO

VSRQJHV� ZHUH� LQGHSHQGHQWO\� DQDO\]HG� E\� WZR� RI� XV� �76� DQG
1-9�� DQG� VRUWHG� LQWR� IRXU� GLIIHUHQW�PRUSKRW\SHV� �)LJXUH� �D�I�
DFFRUGLQJ� WR� WKH� PRUSKRW\SHV� GHVFULEHG� IRU�;�� PXWD� >�����@�
,QGLYLGXDOV�WKDW�ZHUH�WRR�VPDOO�WR�EH�DVVLJQHG�WR�D�PRUSKRW\SH
RU� IRU� ZKLFK� WKHUH� ZDV� QR� FRQVHQVXV� ZHUH� FODVVLILHG� DV
µ8QNQRZQ¶� �;��� 7KH� PDLQ� PRUSKRW\SHV� ZHUH� 
GLJLWDWH
� �'��

ODPHOODWH
� �/��� 
VPRRWK
� �6�� DQG� 
LQWHUPHGLDWH
� �,��� 'LJLWDWH
VSRQJHV� KDG� GLJLWDWH� RU� VSLN\� SURMHFWLRQV� FRYHULQJ� WKHLU� RXWHU
ERG\� VXUIDFH� �)LJXUH� �D�� �H��� /DPHOODWH� VSRQJHV� KDG� FORVHO\
VSDFHG�� SURQRXQFHG� DQG� VPRRWK� IODQJHV� H[WHQGLQJ� IURP� WKH
EDVH� WR� WKH� DSH[� RI� WKHLU� H[WHULRU� �)LJXUH� �F�� �I��� 6PRRWK
VSRQJHV�KDG�D�VPRRWK�VXUIDFH�DUHD�ZLWK�QR�VXUIDFH�SURMHFWLRQV
SUHVHQW� �)LJXUH��E���J��� ,QWHUPHGLDWH�VSRQJHV�KDG�D� URXJK�RU

7DEOH����FRQWLQXHG��

'LYH�6LWH
1XPEHU 'LYH�6LWH�1DPH 'DWH &RRUGLQDWHV &2� $73�$73Vȕ
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7RWDO � � � ��� �� ��
'LYH�VLWHV��VDPSOLQJ�GDWHV�DQG�FRRUGLQDWHV�IROORZHG�E\�WKH�QXPEHU�RI�VHTXHQFHV
FROOHFWHG� RI� ;HVWRVSRQJLD� WHVWXGLQDULD� SHU� JHQHWLF� PDUNHU�� 0LWRFKRQGULDO� '1$
PDUNHUV�� &\WRFKURPH� 2[LGDVH� �� �&2��� DQG� DGHQRVLQH� WULSKRVSKDWH� V\QWKDVH
VXEXQLW� �� �$73���� DQG� QXFOHDU� '1$� PDUNHU�� QXFOHDU� DGHQRVLQH� WULSKRVSKDWH
V\QWKDVH�ȕ�LQWURQ��$73Vȕ��
GRL����������MRXUQDO�SRQH���������W���

EXOJHG�VXUIDFH�DUHD�LQ�ZKLFK�QR�GLVWLQFW�SDWWHUQ�ZDV�GHWHFWDEOH
�)LJXUH��G���K��

0ROHFXODU�DQDO\VLV
'1$� ZDV� H[WUDFWHG� IURP� VSRQJH� WLVVXH� XVLQJ� WKH� '1HDV\

%ORRG� 	� 7LVVXH� NLW� �4LDJHQ�� IROORZLQJ� WKH� LQVWUXFWLRQV� RI� WKH
PDQXIDFWXUHU�� :H� VHTXHQFHG� ���� VDPSOHV� IURP� UHHIV
VXUURXQGLQJ� /HPEHK� ,VODQG� IRU� WKH� &2�� PLWRFKRQGULDO� JHQH
IROORZLQJ� >��@�� 7KH� SULPHUV� XVHG� ZHUH� &��-����
�*$$*777$7$7777$$7777$&&'**�� DQG� &��1SRU����
�7&7$**7$$7&&$*&7$$$&&���ZKLFK� DPSOLILHG� D� IUDJPHQW
RI�����EDVH�SDLUV��ESV���$PSOLILFDWLRQ�ZDV�SHUIRUPHG�LQ�D����O
WRWDO� UHDFWLRQ�YROXPH�ZLWK��������O�VWHULOH�ZDWHU����O�G173V���
P0�������O���[�EXIIHU������O�0J&O�������O�IRUZDUG�SULPHU������O
UHYHUVH� SULPHU�� �����O� 7DT� SRO\PHUDVH� DQG� ��O� '1$�� 3&5
SURILOHV�FRQVLVWHG�RI�DQ�LQLWLDO�GHQDWXULQJ�VWHS�����&�IRU���PLQ��
IROORZHG�E\����F\FOHV�RI�GHQDWXULQJ�����&�IRU����V���DQQHDOLQJ
����&�IRU����V��DQG�H[WHQVLRQ�����&�IRU������PLQ���DQG�D�ILQDO
H[WHQVLRQ� VWHS� ����&� IRU� ��� PLQ�� H[HFXWHG� LQ� D� %LRUDG
'1$HQJLQH� PRGHO� SWF����� 3&5� PDFKLQH�� )ROORZLQJ� 3&5�
DPSOLILFDWLRQ�VXFFHVV�ZDV�FKHFNHG�RQ�D������DJDURVH�JHO��$
VXEVHW� RI� ��� VDPSOHV� ZDV� VHTXHQFHG� IRU� WKH� $73�
PLWRFKRQGULDO� JHQH� IROORZLQJ� >��@�� XVLQJ� SULPHUV� $73�SRU)
�*7$*7&&$**$7$$777$**�� DQG� $73�SRU5
�*77$$7$*$&$$$$7$&$7$$*&&7*��� ZKLFK� DPSOLILHG� D
SURGXFW� RI� ���� ESV�� 9DULDWLRQ� LQ� WKH�PLWRFKRQGULDO� JHQRPH� LV
W\SLFDOO\�ORZ�IRU�VSRQJHV�>�������@�DQG�WKH�PRUH�YDULDEOH�$73�
JHQH� KDV� EHHQ� VKRZQ� WR� SURYLGH� YDOXDEOH� DGGLWLRQDO
LQIRUPDWLRQ� >��@�� ,Q� WKLV� VXEVHW� DOO� &2�� KDSORW\SHV� ZHUH
UHSUHVHQWHG� E\� DW� OHDVW� RQH� $73�� VHTXHQFH�� $PSOLILFDWLRQV
ZHUH�SHUIRUPHG�LQ�D����O�WRWDO�UHDFWLRQ�YROXPH�FRQWDLQLQJ�����O
VWHULOH� ZDWHU�� ��O� G173V� ��� P0��� ��O� �[� 3KLUH�� 5HDFWLRQ
%XIIHU������O�IRUZDUG�SULPHU������O�UHYHUVH�SULPHU������O�3KLUH�
+RWVWDUW�7DT�SRO\PHUDVH�'1$��7KHUPR�6FLHQWLILF��)LQQ]\PHV��
DQG�����O�'1$��3&5�SURILOHV�FRQVLVWHG�RI�DQ� LQLWLDO�GHQDWXULQJ
VWHS� ����&� IRU���PLQ������F\FOHV�RI�GHQDWXULQJ� ����&� IRU���V��
DQQHDOLQJ�����&�IRU���V��DQG�H[WHQVLRQ�����&�IRU����V���DQG�D
ILQDO� H[WHQVLRQ� VWHS� ����&� IRU� �� PLQ��� 6HTXHQFLQJ� ZDV
SHUIRUPHG�E\�0DFURJHQ�(XURSH�XVLQJ�WKH�3&5�SULPHUV�
6HTXHQFHV�ZHUH�FKHFNHG�XVLQJ�&RGRQ&RGH�$OLJQHU�YHUVLRQ

�������� �&RGRQ&RGH� &RUSRUDWLRQ��� SULPHU� VHTXHQFHV� ZHUH
WULPPHG�DQG�D�ILQDO�DOLJQPHQW�ZDV�REWDLQHG�XVLQJ�&/867$/:
LQ�0(*$������>��@��7RWDO�VHTXHQFH�OHQJWK�ZDV�����ESV�IRU�WKH
&2��DOLJQPHQW�DQG�����ESV�IRU�WKH�$73��DOLJQPHQW��7KH�EHVW
PDWFKHV�IURP�%/$67�VHDUFKHV�RI�*HQ%DQN�IRU�&2��DQG�$73�
VHTXHQFHV� ZHUH� ZLWK� VHTXHQFHV� IURP� ;�� PXWD�� �������
LGHQWLW\� �(8�������(8������� >��@�� DQG� ���� LGHQWLW\
(8�������>��@��UHVSHFWLYHO\��
7R� WHVW� IRU� FRQJUXHQW� SDWWHUQV� DW� DQ� LQGHSHQGHQW� JHQHWLF

ORFXV�� WKH�$736ȕ�QXFOHDU� LQWURQ�ZDV�DPSOLILHG� IRU�D�VXEVHW�RI
��� VDPSOHV� XVLQJ� SULPHUV� PRGLILHG� IURP� >��@�� 7KH� $736ȕ
LQWURQ� ZDV� FKRVHQ� EHFDXVH� LW� KDV� SURYHG� WR� EH� XVHIXO� DQG
LQIRUPDWLYH� LQ� SUHYLRXV� VWXGLHV� >�����@�� 'HWDLOHG� PHWKRGV� IRU
WKLV�QHZ�JHQHWLF�PDUNHU� IRU�VSRQJHV�DUH�GHVFULEHG� LQ� >�����@�
$OO� VHTXHQFHV� DUH� GHSRVLWHG� DW� 1&%,� *HQEDQN� XQGHU
DFFHVVLRQ� QXPEHUV� .&�������.&������� �&2���� .&�������
.&��������$73���DQG�.)�������.)��������$736ȕ��

*HQHWLF�&RPSRVLWLRQ�RI�;HVWRVSRQJLD�WHVWXGLQDULD
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'DWD�DQDO\VLV
0LWRFKRQGULDO� &2�� KDSORW\SHV� ZHUH� LGHQWLILHG� DQG� JHQHWLF

VXPPDU\� VWDWLVWLFV� ZHUH� FDOFXODWHG� LQ� $UOHTXLQ� YHUVLRQ� ����
>��@�� 6WDWLVWLFDO� SDUVLPRQ\� QHWZRUNV� GLVSOD\LQJ� HYROXWLRQDU\
UHODWLRQVKLSV� EHWZHHQ� KDSORW\SHV� ZHUH� REWDLQHG� ZLWK� 7&6� Y
�����>��@��:H�FRPELQHG�&2��KDSORW\SHV�RI�;��WHVWXGLQDULD�ZLWK
GDWD� IURP� ;�� PXWD� UHSRUWHG� LQ� >��@� �*HQEDQN� DFFHVVLRQ
QXPEHUV�(8�������(8��������
:H� WHVWHG� IRU� VLJQLILFDQW� GLIIHUHQFHV� LQ� &2�� KDSORW\SH

FRPSRVLWLRQ� DPRQJ� PRUSKRW\SHV� �Q ����� XVLQJ� WKH� DGRQLV
IXQFWLRQ� IURP� WKH� YHJDQ� OLEUDU\� >��@� LQ� 5� �KWWS���ZZZ�U�
SURMHFW�RUJ���� 7KH� DGRQLV� IXQFWLRQ� LV� DQ� DQDO\VLV� RI� YDULDQFH
ZLWK� GLVWDQFH� PDWULFHV� XVLQJ� SHUPXWDWLRQV� �DOVR� NQRZQ� DV� D
3(50$129$� >��@�� WKDW� SDUWLWLRQV� GLVWDQFH� PDWULFHV� DPRQJ
VRXUFHV� RI� YDULDWLRQ�� LQ� WKLV� FDVH� PRUSKRW\SH�� 3HUPXWDWLRQDO
$129$¶V� DQG� DGRQLV� DQDO\VHV� DUH� IUHTXHQWO\� XVHG� WR� WHVW
K\SRWKHVHV� UHODWHG� WR� VSHFLHV� FRPSRVLWLRQ� >�����������@�� EXW
WKH\� DUH� D� JHQHUDO� LPSOHPHQWDWLRQ� RI� DQ� $129$� IUDPHZRUN
XVLQJ� GLVWDQFHV�� ,Q� WKH� DGRQLV� DQDO\VLV�� D� GLVWDQFH� PDWUL[� RI
SDLUZLVH� JHQHWLF� GLVWDQFHV� IURP� '1$� VHTXHQFHV� ZDV� WKH
UHVSRQVH� YDULDEOH� ZLWK� PRUSKRW\SH� DV� LQGHSHQGHQW� YDULDEOH�
7KH� QXPEHU� RI� SHUPXWDWLRQV� ZDV� VHW� DW� ������ DOO� RWKHU
DUJXPHQWV� XVHG� WKH� GHIDXOW� YDOXHV� VHW� LQ� WKH� IXQFWLRQ�� 7KH
GLVWDQFH�PDWUL[� RI� SDLUZLVH�&2�� GLVWDQFHV�ZDV� JHQHUDWHG� E\
ILUVW� LPSRUWLQJ� D� IDVWD� ILOH� FRQWDLQLQJ� VHTXHQFHV� RI� DOO
LQGLYLGXDOV� LQWR� 5� XVLQJ� WKH� UHDG�� GQD� IXQFWLRQ� IURP� WKH� DSH
OLEUDU\� >��@�� 7KH� VHTXHQFHV� ZHUH� DOLJQHG� XVLQJ� WKH� PXVFOH
IXQFWLRQ�LQ�DSH��$GGLWLRQDO�DUJXPHQWV�IRU�WKH�PXVFOH�DOLJQPHQW
LQFOXGHG� �JDSRSHQ� �������� �JDSH[WHQG� ������ �VHTW\SH� GQD�� �
FOXVWHU�� QHLJKERUMRLQLQJ�� �FOXVWHU�� QHLJKERUMRLQLQJ�� )LQDOO\�� D
GLVWDQFH�PDWUL[�RI�SDLUZLVH�GLVWDQFHV�IURP�&2��VHTXHQFHV�ZDV
FRQVWUXFWHG� XVLQJ� WKH� GLVW�GQD� IXQFWLRQ� LQ� DSH�ZLWK� WKH�PRGHO
DUJXPHQW�VHW�WR�WKH�71���PRGHO�>��@�
,Q� RUGHU� WR� FRPSDUH� SK\ORJHQHWLF� UHODWLRQVKLSV� EHWZHHQ

VDPSOHV� EDVHG� RQ� PLWRFKRQGULDO� DQG� QXFOHDU� ORFL�� ZH
FRQVWUXFWHG�PD[LPXP�OLNHOLKRRG�SK\ORJHQHWLF�WUHHV�LQ�0(*$�Y
�����>��@��:H�XVHG�WZR�ILQDO�DOLJQPHQWV��WKH�ILUVW�FRQVLVWHG�RI�D
FRPELQHG�PLWRFKRQGULDO�GDWDVHW�RI�&2��DQG�$73��VHTXHQFHV
���� VDPSOHV�� ���� ESV�� DQG� WKH� VHFRQG� UHSUHVHQWHG� ��
VHTXHQFHV�RI�WKH�QXFOHDU�LQWURQ�$736ȕ����������ESV�LQ�D�WRWDO
DOLJQPHQW�RI�����ESV���*DSV� LQ� WKH�QXFOHDU�GDWD�ZHUH� WUHDWHG
DV�FRPSOHWH�GHOHWLRQ��7KH�EHVW�ILW�'1$�VXEVWLWXWLRQ�PRGHO�ZDV
VHOHFWHG� XVLQJ� WKH� $NDLNH� ,QIRUPDWLRQ� &ULWHULRQ� >��@�� ZKLFK
ZHUH� WKH�*75�,�PRGHO� >��@�DQG� WKH�+.<�,�PRGHO� >��@� IRU� WKH
PW'1$� DQG� QXFOHDU� '1$� �QU'1$�� GDWDVHW�� UHVSHFWLYHO\�
0D[LPXP� OLNHOLKRRG� WUHHV� ZHUH� URRWHG� XVLQJ� WKH� PLGSRLQW
URRWLQJ� PHWKRG� DV� D� VXLWDEOH� RXWJURXS� ZDV� QRW� DYDLODEOH
>�����@�� 0D[LPXP� OLNHOLKRRG� ERRWVWUDS� DQDO\VHV� �����
UHSOLFDWHV��ZHUH�FDUULHG�RXW�IRU�ERWK�GDWDVHWV�

5HVXOWV

0RUSKRW\SHV
7KH� PRVW� DEXQGDQW� PRUSKRW\SH� RI� ���� ;�� WHVWXGLQDULD

VSRQJHV�VDPSOHG�DURXQG�/HPEHK�,VODQG�GLVSOD\HG�WKH�GLJLWDWH
JURZWK� IRUP� �'�� Q ����� IROORZHG� E\� VPRRWK� �6�� Q ����
LQWHUPHGLDWH��,��Q ����DQG�ODPHOODWH��/��Q �����)LYH�LQGLYLGXDOV
FRXOG� QRW� EH� DVVLJQHG� WR� D�PRUSKRW\SH�ZLWK� FRQILGHQFH�� 7KH

IRXU�GLIIHUHQW�PRUSKRW\SHV�RFFXUUHG� LQ�FORVH�SUR[LPLW\� WR�HDFK
RWKHU�DQG�ZHUH�SUHVHQW�DW�PRVW�RI�WKH�VDPSOHG�VLWHV��)LJXUH����
7KH�GLJLWDWH�PRUSKRW\SH�ZDV�PRVW�DEXQGDQW�LQ�ZDWHUV�DGMDFHQW
WR�WKH�KDUERU�EXLOGLQJV�DQG�RWKHU�DUHDV�RI�KXPDQ�VHWWOHPHQW�RI
%LWXQJ� &LW\� �)LJXUH� �$��� 0RUSKRW\SHV� ,�� /� DQG� 6� ZHUH� DOVR
SUHVHQW�LQ�WKLV�DUHD��EXW�LQ�PXFK�ORZHU�DEXQGDQFHV��)LJXUH��%�
'���0RUSKRW\SH�6�ZDV�PRVW�DEXQGDQW�LQ�WKH�FHQWHU�RI�/HPEHK
6WUDLW�WR�WKH�QRUWK�RI�WKH�KDUERU�DUHD��ZKLOH�PRUSKRW\SH�/�KDG�D
UHODWLYHO\� KLJK� DEXQGDQFH� LQ� WKH� QRUWKHUQPRVW� SDUW� RI� WKH
FKDQQHO�� 1R� UHODWLRQ� ZDV� IRXQG� EHWZHHQ� PRUSKRW\SHV� DQG
GHSWK�

0LWRFKRQGULDO�YDULDWLRQ
*HQHWLF� FRPSRVLWLRQ� EDVHG� RQ� &2�� VHTXHQFHV� GLIIHUHG

VLJQLILFDQWO\� DPRQJ�PRUSKRW\SHV� �DGRQLV�� )��� ����  � ������� 3� �
������� 5��  � �������� $V� FDQ� EH� VHHQ� LQ� )LJXUH� ��� WKH� PDMRU
GLIIHUHQFH�LQ�FRPSRVLWLRQ�ZDV�EHWZHHQ�WKH�GLJLWDWH�PRUSKRW\SH
�)LJXUH��$��DQG�WKH�RWKHU�PRUSKRW\SHV��)LJXUH��%�'���,Q�WRWDO�
���� &2�� VHTXHQFHV� \LHOGHG� VL[� GLIIHUHQW� KDSORW\SHV� �QDPHG
&��&��� EDVHG�RQ�D� WRWDO� RI� IRXU� YDULDEOH� VLWHV� �7DEOH� ���� 7ZR
YDULDEOH� VLWHV� UHVXOWHG� LQ� QRQ�V\QRQ\PRXV� VXEVWLWXWLRQV�
+DSORW\SHV� &�� DQG� &�� ZHUH� WKH� PRVW� DEXQGDQW� KDSORW\SHV
�Q ���DQG�Q ����UHVSHFWLYHO\��DQG�ZHUH�IRXQG�DORQJ�WKH�HQWLUH
/HPEHK� 6WUDLW� DW� DOPRVW� HYHU\� VDPSOHG� VLWH� �)LJXUH� ���
+DSORW\SHV�&���&���&��DQG�&��ZHUH� IDU� OHVV�FRPPRQ��Q����
DQG�ZHUH�RQO\�IRXQG�LQ�WKH�VKHOWHUHG�FHQWHU�RI�/HPEHK�VWUDLW�WR
WKH� QRUWK� RI� WKH� KDUERU� DQG� FLW\� RI� %LWXQJ� �)LJXUH� ���� 7KUHH
PXWDWLRQDO� VWHSV�VHSDUDWH� WKH� WZR�PRVW�DEXQGDQW�KDSORW\SHV�
&�� DQG� &�� �VHH� $SSHQGL[� 6���� +DSORW\SHV� &�� DQG� &�
UHSUHVHQW� WZR� VPDOOHU� JURXSV� RI� VSRQJHV� �Q �� DQG� Q ��
UHVSHFWLYHO\���ZKLOH�RQO\�RQH�LQGLYLGXDO�ZDV�IRXQG�UHSUHVHQWLQJ
KDSORW\SHV�&��DQG�&��
'LJLWDWH� VSRQJHV� FRQVLVWHG� PDLQO\� RI� &2�� KDSORW\SH� &�

��������� ZKHUHDV� VPRRWK� VSRQJHV� PDLQO\� FRQVLVWHG� RI� &�
���������7DEOH�����0LWRFKRQGULDO�GLYHUVLW\�HVWLPDWHV�IRU�WKH�WRWDO
GDWDVHW��EDVHG�RQ�&2��VHTXHQFHV��Q �����ZHUH���������6�'�
 ���������KDSORW\SH�GLYHUVLW\��DQG�����������6�'�� ���������
�QXFOHRWLGH�GLYHUVLW\���0LWRFKRQGULDO�GLYHUVLW\�ZDV�PXFK�KLJKHU
IRU� LQWHUPHGLDWH� DQG� ODPHOODWH� PRUSKRW\SHV� �QXFOHRWLGH
GLYHUVLWLHV� RI� ������ DQG� ������� UHVSHFWLYHO\�� FRPSDUHG� WR
GLJLWDWH� DQG� VPRRWK� PRUSKRW\SHV� �QXFOHRWLGH� GLYHUVLWLHV� RI
�������DQG���������UHVSHFWLYHO\��
7KH� ��� $73�� PLWRFKRQGULDO� VHTXHQFHV� \LHOGHG� WKUHH

KDSORW\SHV��QDPHG�$��$���LGHQWLILHG�E\�D�WRWDO�RI�WKUHH�YDULDEOH
VLWHV��7DEOH�����1RQH�RI�WKHVH�YDULDEOH�VLWHV�UHVXOWHG�LQ�D�QRQ�
V\QRQ\PRXV� VXEVWLWXWLRQ�� 7KH� PRVW� FRPPRQ� KDSORW\SHV� IRU
$73��ZHUH�$���Q ����DQG�$���Q �����+DSORW\SH�$��ZDV�RQO\
IRXQG� LQ� D� VLQJOH� VSHFLPHQ� �WKH� VDPH� LQGLYLGXDO� LQ� ZKLFK�&�
ZDV� IRXQG���7KH�FRQFDWHQDWHG�PLWRFKRQGULDO�GDWD�VHW� UHVXOWHG
LQ�����EDVH�SDLUV��$OO�&2��KDSORW\SHV�ZHUH�UHSUHVHQWHG�E\�DW
OHDVW� RQH� $73�� VHTXHQFH� DQG� QHWZRUNV� EDVHG� RQ� ERWK
PDUNHUV�ZHUH�FRQJUXHQW��QRW�VKRZQ��EXW�VHH�7DEOH�����7DEOH��
DOVR�VKRZV�WKDW�$73��FRQWULEXWHG�DGGLWLRQDO�LQIRUPDWLRQ��XVHIXO
IRU�LQIHUULQJ�SK\ORJHQHWLF�SDWWHUQV��VHH�FRPELQHG�PLWRFKRQGULDO
KDSORW\SHV��&�$��&�$���IRU�;��WHVWXGLQDULD��
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1XFOHDU�YDULDWLRQ
$�VXEVHW�RI����VSHFLPHQV�UHSUHVHQWLQJ�DOO�PRUSKRW\SHV�ZDV

VHTXHQFHG� IRU� WKH� QXFOHDU� $736ȕ� LQWURQ� \LHOGLQJ� ��� GLIIHUHQW
DOOHOHV�ZLWK� D� WRWDO� RI� ��� YDULDEOH� VLWHV� LQ� D� WRWDO� DOLJQPHQW� RI
���� ESV�� 1LQH� LQGLYLGXDOV� ZHUH� KHWHUR]\JRWHV�� WKHLU� DOOHOLF
VHTXHQFHV�DUH�ODEHOHG�ZLWK��D��DQG��E���)LJXUH�����7KLV�QXFOHDU
'1$� �QU'1$�� GDWDVHW� UHYHDOHG� D� SDWWHUQ� WKDW� LV� ODUJHO\

FRQVLVWHQW� ZLWK� WKDW� RI� WKH� FRPELQHG� PLWRFKRQGULDO� '1$
�PW'1$�� GDWD� DQG� PRUSKRW\SH� DVVLJQPHQW� JLYHQ� WKDW
LQGLYLGXDOV�VKDULQJ�PW'1$�KDSORW\SHV�DUH�JURXSHG�WRJHWKHU�LQ
WKH�QU'1$�SK\ORJHQHWLF�WUHH�DV�ZHOO��)LJXUH����
*HQHUDOO\��WZR�PDMRU�FODGHV�DUH�YLVLEOH�LQ�WKH�PRUH�UHVROYHG

QU'1$� SK\ORJHQ\� ZLWK� ERRWVWUDS� VXSSRUW� RI� ���� DQG� ����
UHVSHFWLYHO\� �)LJXUH� ���� 7KH� ILUVW� FODGH� FRQVLVWV� RI� ��� QXFOHDU

)LJXUH� ��� �'LVWULEXWLRQ� RI�PLWRFKRQGULDO� KDSORW\SHV� SHU�PRUSKRW\SH� RI�;HVWRVSRQJLD� WHVWXGLQDULD�� � 6SDWLDO� GLVWULEXWLRQ� RI
PLWRFKRQGULDO� &\WRFKURPH� 2[LGDVH� �� �&2��� KDSORW\SHV� �&��&��� VHH� DOVR� 7DEOHV� �� 	� ��� SHU� PRUSKRW\SH� RI� ;HVWRVSRQJLD
WHVWXGLQDULD��VHH�)LJXUH�����&���UHG��DQG�&���EOXH��DUH�SUHVHQW�DW�DOO�VDPSOHG�VLWHV�RI�/HPEHK�,VODQG��&���RUDQJH���&���\HOORZ���&�
�JUHHQ��DQG�&���SXUSOH��DUH�RQO\�SUHVHQW�LQ�WKH�VKHOWHUHG�FHQWHU�RI�/HPEHK�VWUDLW�QRUWK�HDVW�RI�WKH�SRUW�RI�%LWXQJ�
GRL����������MRXUQDO�SRQH���������J���

*HQHWLF�&RPSRVLWLRQ�RI�;HVWRVSRQJLD�WHVWXGLQDULD
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DOOHOHV� ZLWK� PLWRFKRQGULDO� KDSORW\SHV� &�$�� �ILOOHG� EOXH� ER[��
&�$���RXWOLQHG�EOXH�ER[��DQG�&�$���SLQN�ER[���$OO�VDPSOHV� LQ
WKLV� FODGH� DUH� GLJLWDWH� DQG� DOO� EXW� RQH� LQGLYLGXDO� �;7����� DUH
KHWHUR]\JRXV�� 7KH� VHFRQG� PDMRU� FODGH� FRQVLVWV� SULPDULO\� RI
PLWRFKRQGULDO�KDSORW\SH�&�$���ILOOHG�UHG�ER[���KRZHYHU��&�$��
&�$�� DQG� &�$�� DUH� DOVR� UHSUHVHQWHG� E\� D� VLQJOH� LQGLYLGXDO
HDFK� LQ� WKLV�FODGH��$OO� VDPSOHV� LQ� WKLV�FODGH�DUH�KRPR]\JRWHV
IRU� D� VKDUHG� QXFOHDU� DOOHOH� DQG� WKH� FODGH� FRQVLVWV
SUHGRPLQDQWO\� RI� VDPSOHV� ZLWK� D� VPRRWK� RXWHU� PRUSKRORJ\�
DOWKRXJK� RWKHU� PRUSKRW\SHV� �'�� /�� ,�� DUH� UHSUHVHQWHG� LQ� WKLV
FODGH� DV� ZHOO�� 7ZR� VLQJOH� LQGLYLGXDOV� RI� XQLTXH�PLWRFKRQGULDO
KDSORW\SHV�&�$���\HOORZ�ER[��DQG�&�$���JUHHQ�ER[��UHSUHVHQW
XQLTXH�QXFOHDU�JHQHWLF�OLQHDJHV�DV�ZHOO��$OO�LQ�DOO��VDPSOHV�ZLWK
VLPLODU�PLWRFKRQGULDO�KDSORW\SHV�JURXS� WRJHWKHU� LQ� WKH�QXFOHDU
SK\ORJHQHWLF� WUHH� DV� ZHOO�� ZLWK� WKH� H[FHSWLRQ� RI� LQGLYLGXDOV
;7���� DQG� ;7����� ,Q� WKLV� UHVSHFW�� VDPSOH� ;7���� LV� QRWDEOH
EHFDXVH� LW� LV� WKH� RQO\� VDPSOH� ZLWK� PLWRFKRQGULDO� KDSORW\SH
&�$��WKDW�KDV�D�VPRRWK�PRUSKRW\SH��6DPSOH�;7����JURXSHG
WRJHWKHU� LQ� WKH� QXFOHDU� SK\ORJHQ\� ZLWK� WKH� RWKHU� VPRRWK

7DEOH� ��� 1XFOHRWLGH� GLIIHUHQFHV� IRU� PLWRFKRQGULDO� PDUNHUV
&2��DQG�$73��

PW'1$ &2� $73� PW'1$�FRPELQHG
&2���Q ���� $73���Q ��� �� �� ��� ��� ��� ��� ��� &2��$73���Q ���
&� $� $ 7 $ 7 7 7 7 &�$���Q ���
&� $� � � � � & � & &�$���Q ��
&� $� � � � & � � � &�$���Q ��
&� $� � $ � & � � � &�$���Q ��
&� $� � � * & & & � &�$���Q ��
&� $� � $ * & � � � &�$���Q ��
&� $� � $ * & & � & &�$���Q ���
&� $� * $ * & & � & &�$���Q ��

1XFOHRWLGH�GLIIHUHQFHV�LQ�PLWRFKRQGULDO�PDUNHUV�&\WRFKURPH�2[LGDVH�,��&2���DQG
DGHQRVLQH� WULSKRVSKDWH� V\QWKDVH� VXEXQLW� �� �$73���� 6L[� KDSORW\SHV� �&��&��� DUH
IRXQG�IRU�WKH�&2��IUDJPHQW��EDVHSDLUV��������Q �����ZLWK�D�WRWDO�RI�IRXU�YDULDEOH
VLWHV�� 7KUHH� KDSORW\SHV� �$��$��� DUH� IRXQG� IRU� WKH� $73�� IUDJPHQW� �EDVHSDLUV
���������Q ����ZLWK�D� WRWDO�RI� WKUHH�YDULDEOH�VLWHV��(LJKW�GLIIHUHQW�KDSORW\SHV�DUH
IRXQG�ZKHQ� WKH�&2��DQG�$73��PDUNHUV�FRPELQHG� �H�J��&�$���EDVHSDLUV�������
Q ����
GRL����������MRXUQDO�SRQH���������W���

VDPSOHV��ZKHUHDV�WKH�WZR�GLJLWDWH�PRUSKRW\SHV�ZLWK�KDSORW\SH
&�$��JURXSHG�ZLWK�WKH�RWKHU�GLJLWDWH�VDPSOHV��)LJXUH����

'LVFXVVLRQ

)RXU�GLVWLQFW�PRUSKRW\SHV�RI�;HVWRVSRQJLD�WHVWXGLQDULD�ZHUH
LGHQWLILHG� DURXQG� /HPEHK� ,VODQG�� ,QGRQHVLD�� 7KHUH� ZDV�
KRZHYHU�� D� QRWLFHDEOH� KLJKHU� RFFXUUHQFH� RI� VSRQJHV� ZLWK� D
GLJLWDWH� H[WHULRU� LQ� ZDWHUV� VXUURXQGLQJ� WKH� SRUW� RI� %LWXQJ� DQG
RWKHU� KXPDQ� VHWWOHPHQWV� FRPSDUHG� WR� VSRQJHV� ZLWK
LQWHUPHGLDWH�� ODPHOODWH� DQG� VPRRWK� PRUSKRW\SHV�� 6KLSSLQJ
WUDIILF� DQG� KXPDQ� DFWLYLWLHV� KDYH� EHHQ� OLQNHG� WR� PRUH� WXUELG
ZDWHUV�DQG�KLJKHU�QXWULHQW�YDOXHV�>��@��7KLV�PD\�IDYRU�GLJLWDWH
VSRQJHV� JLYHQ� WKDW� WKH\� KDYH� KLJKHU� VXUIDFH�YROXPH� UDWLRV
FRPSDUHG� WR� WKH� RWKHU� PRUSKRW\SHV�� WKH� GLJLWDWH� VXUIDFH
SURMHFWLRQV� PD\� DOVR� DLG� LQ� WKH� UHPRYDO� RI� KHDY\� VHGLPHQW
ORDGV�DV�KDV�EHHQ�GHPRQVWUDWHG� IRU� ODPHOODWH�VWUXFWXUHV� >��@�
7R� EHWWHU� XQGHUVWDQG� WKH� GLVWULEXWLRQ� RI� PRUSKRW\SHV�� DELRWLF
PHDVXUHPHQWV� VXFK� DV� ZDYH�DFWLRQ�� OLJKW� DWWHQXDWLRQ� DQG
VHGLPHQW�FRPSRVLWLRQ�QHHG� WR�EH� WDNHQ� LQWR�DFFRXQW� LQ� IXWXUH
VWXGLHV�� 7KH� GHJUHH� DQG� W\SH� RI� PRUSKRORJLFDO� YDULDWLRQ
REVHUYHG�ZHUH�VLPLODU� WR� WKRVH�GHVFULEHG� IRU�;��PXWD� >�����@�
'LIIHUHQW� IXQFWLRQDO� UROHV� KDYH� EHHQ� SURSRVHG� WR� H[SODLQ� WKH
PRUSKRORJLFDO� YDULDWLRQ�� H�J��� ODPHOODWH� VWUXFWXUHV� KDYH� EHHQ
OLQNHG� WR� WKH� UHPRYDO� RI� KHDY\� VHGLPHQW� ORDGV� >��@�
1HYHUWKHOHVV�� QR� FRUUHODWLRQ� ZDV� IRXQG� EHWZHHQ� PRUSKRORJ\
DQG� GHSWK�� PLFUR�KDELWDW� RU� JHRJUDSKLFDO� ORFDOLW\� IRU� ;�� PXWD
>��@�
:H� IRXQG� VLJQLILFDQW� GLIIHUHQFHV� LQ� JHQHWLF� FRPSRVLWLRQ

DPRQJ�WKH�PRUSKRW\SHV�RI�;��WHVWXGLQDULD��)LJXUHV�������ZKLFK
VXJJHVWV� WKDW� WKHVH�DUH�QRW�PHUH�HFRSKHQRW\SLF�YDULHWLHV��EXW
UDWKHU� UHSURGXFWLYHO\� LVRODWHG� XQLWV�� 2XU� WRWDO� GDWDVHW� RI� ���
&2�� VHTXHQFHV� VKRZHG� WKDW� KDSORW\SH� &�� ZDV� IDU� PRUH
DEXQGDQW� LQ� WKH� GLJLWDWH� PRUSKRW\SH�� ZKHUHDV� KDSORW\SH� &�
ZDV� PRUH� DEXQGDQW� LQ� LQWHUPHGLDWH�� ODPHOODWH� DQG� VPRRWK
PRUSKRW\SHV��7DEOH�����$73��SURYHG�WR�EH�D�JRRG�DGGLWLRQ�WR
WKH�&2�� JHQH� WR� VWXG\�PLWRFKRQGULDO� YDULDWLRQ� LQ� JLDQW� EDUUHO
VSRQJHV��7KLV� \LHOGHG�PRUH�PW'1$�YDULDWLRQ��EXW� WKH�QXPEHU
RI�YDULDEOH�VLWHV�ZDV�VWLOO�UHODWLYHO\�ORZ��KDPSHULQJ�SK\ORJHQHWLF
VXSSRUW� RI� WKH� FODGHV��7KLV� LV� LOOXVWUDWHG�E\� WKH� IDFW� WKDW�PRVW
FODGHV� LQ� WKH� PW'1$� WUHH� UHFHLYHG� UHODWLYHO\� ORZ� ERRWVWUDS
VXSSRUW� ��������)LJXUH����� ,W� LV�ZHOO�NQRZQ�WKDW�VSRQJHV��DQG
RWKHU� QRQ�ELODWHULDQ� DQLPDOV�� VKDUH� D� FRPSDUDWLYHO\� ORZHU

7DEOH� ��� *HQHWLF� FRPSRVLWLRQ� DQG� PLWRFKRQGULDO� GLYHUVLW\� �EDVHG� RQ� &2�� VHTXHQFH� GDWD�� Q ����� RI� ;HVWRVSRQJLD
WHVWXGLQDULD�SHU�PRUSKRW\SH�

0RUSKRW\SH 1 + ʌ &� &� &� &� &� &�
'LJLWDWH �� ��������������� ������������������� ����� � � ����� ����� �����
,QWHUPHGLDWH �� ��������������� ������������������� ����� ����� � � ����� �����
/DPHOODWH �� ��������������� ������������������� ����� � � � ����� �����
6PRRWK �� ��������������� ������������������� ����� ����� ����� � ����� �
8QGHWHUPLQHG � ��������������� ������������������� ����� � � � ����� �����
7RWDO ��� ��������������� ������������������� ����� ����� ����� ����� ����� �����

*HQHWLF� FRPSRVLWLRQ� DQG� PLWRFKRQGULDO� GLYHUVLW\� �EDVHG� RQ� &2�� VHTXHQFH� GDWD�� Q ����� RI� ;HVWRVSRQJLD� WHVWXGLQDULD� SHU� PRUSKRW\SH�� 1�  � QXPEHU� RI� VDPSOHV�� +�  
KDSORW\SH�GLYHUVLW\��ʌ� �QXFOHRWLGH�GLYHUVLW\��VWDQGDUG�GHYLDWLRQ�EHWZHHQ�EUDFNHWV���&����UHIHU�WR�VL[�&2��KDSORW\SHV�DV�LQ�)LJXUH���DQG�7DEOH���
GRL����������MRXUQDO�SRQH���������W���
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)LJXUH���� �3K\ORJHQHWLF�WUHHV�EDVHG�RQ�PLWRFKRQGULDO�DQG�QXFOHDU�'1$�RI�;HVWRVSRQJLD�WHVWXGLQDULD�� �8QURRWHG�PD[LPXP
OLNHOLKRRG�SK\ORJHQHWLF�WUHHV�RI�WKH�FRPELQHG�PLWRFKRQGULDO�'1$��&2��$73���Q ��������EDVH�SDLUV��OHIW��DQG�QXFOHDU�LQWURQ�$736ȕ
�Q ������������EDVH�SDLUV�� ULJKW��VHTXHQFHV�RI�;HVWRVSRQJLD� WHVWXGLQDULD��6\PEROV�GHQRWH� WKH�DVVLJQHG�PRUSKRW\SH�RI�GLIIHUHQW
LQGLYLGXDOV��ZLWK�WKH�QXPEHU�RI�V\PEROV� LQGLFDWLQJ�WKH�QXPEHU�RI�VDPSOHG�VSRQJHV�RI�D�JLYHQ�PRUSKRW\SH�ZLWK�WKDW�VSHFLILF�'1$
VHTXHQFH��VHH�OHJHQG���7KH�FRORUHG�ER[HV�RI�WKH�LQGLYLGXDO�VDPSOH�QXPEHUV�LQ�WKH�QXFOHDU�'1$�SK\ORJHQ\�FRUUHVSRQG�WR�WKH�VDPH
FRORUHG�ER[HV�RI�KDSORW\SHV� LQ� WKH�PLWRFKRQGULDO� WUHH��7KHVH�FRORUV�FRUUHVSRQG�ZLWK� WKH�&2��KDSORW\SHV� LQ�)LJXUH����+DSORW\SHV
ZLWK� DQ� RXWOLQHG� ER[� LQ� D� SDUWLFXODU� FRORU� VKDUH� WKH�&2�� VHTXHQFH� EXW� YDU\� LQ�$73�� VHTXHQFH�� UHVXOWLQJ� LQ� D� XQLTXH� FRPELQHG
KDSORW\SH��&2��$73����7KH�OHWWHUV��D��DQG��E��LQ�WKH�QXFOHDU�JHQH�WUHH�UHSUHVHQW�KHWHUR]\JRWH�DOOHOHV��%RRWVWUDS�YDOXHV�DUH�RQO\
VKRZQ�ZKHQ�!������6FDOH�EDUV�GHSLFW�VXEVWLWXWLRQV�SHU�VLWH�
GRL����������MRXUQDO�SRQH���������J���

*HQHWLF�&RPSRVLWLRQ�RI�;HVWRVSRQJLD�WHVWXGLQDULD
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GHJUHH�RI�PW'1$�YDULDWLRQ�FRPSDUHG�WR�%LODWHULD�>�������@��7KH
QXFOHDU� LQWURQ� VHTXHQFHG� KHUH� IURP�;�� WHVWXGLQDULD� FRQWDLQHG
PXFK�PRUH�JHQHWLF�YDULDELOLW\� WKDQ� WKH�PW'1$�IUDJPHQWV��DQG
\LHOGHG� FRQJUXHQW� SDWWHUQV� ZLWK� WKH� PW'1$� SK\ORJHQ\�
,QGLYLGXDOV� WKDW� VKDUHG� D� KDSORW\SH� IRU� WKH� FRPELQHG�PW'1$
�&2��$73��� GDWDVHW� JURXSHG� WRJHWKHU� LQ� WKH� QXFOHDU
SK\ORJHQHWLF� WUHH�� ,I� H[WHQVLYH� JHQHWLF� H[FKDQJH� LV� SUHVHQW
EHWZHHQ�WKH�GLIIHUHQW�PRUSKRW\SHV�LQ�;��WHVWXGLQDULD��ZH�ZRXOG
H[SHFW�D�UDQGRP�GLVWULEXWLRQ�RI�ERWK�PLWRFKRQGULDO�DQG�QXFOHDU
JHQHWLF�W\SHV�DFURVV�WKH�SK\ORJHQLHV��7KLV��KRZHYHU��LV�QRW�WKH
FDVH�LQ�;��WHVWXGLQDULD�DURXQG�/HPEHK�,VODQG��,Q�WKH�IXWXUH��ZH
KRSH� WR� VHTXHQFH� LQGLYLGXDOV� IURP� RWKHU� DUHDV� DQG� WR
VHTXHQFH�PRUH�LQGLYLGXDOV�IRU�WKH�QXFOHDU�JHQH�
7KH� PLWRFKRQGULDO� DQG� QXFOHDU� LQWURQ� GDWD� SUHVHQWHG� KHUH

SURYLGH�VWURQJ�VXSSRUW� IRU� WKH�H[LVWHQFH�RI�D�VSHFLHV�FRPSOH[
RI�;�� WHVWXGLQDULD� DURXQG� /HPEHK� ,VODQG�� $� VSHFLHV� FRPSOH[
ZDV�SUHYLRXVO\�SURSRVHG�IRU�WKH�FORVHO\�UHODWHG�;��PXWD�E\�.HUU
DQG�%DNHU�>��@�LQ�WKH�&DULEEHDQ�EDVHG�RQ�VWHURO�FKHPLVWU\��2XU
GDWD� VKRZ� WKDW� WKHUH� DUH� PXFK� ODUJHU� PRUSKRORJLFDO� DQG
JHQHWLF� GLIIHUHQFHV�ZLWKLQ�;�� WHVWXGLQDULD� IURP� /HPEHK� ,VODQG
WKDQ�EHWZHHQ�LQGLYLGXDOV�RI�;��WHVWXGLQDULD�DQG�;��PXWD�VKDULQJ
WKH�VDPH�KDSORW\SHV�DQG�PRUSKRW\SHV��)LJXUH����� ,Q� WRWDO��VL[
KDSORW\SHV�ZHUH� IRXQG� IRU� WKH�&2��PLWRFKRQGULDO� IUDJPHQW� LQ
JLDQW�EDUUHO�VSRQJHV�DURXQG�/HPEHK� ,VODQG��/ySH]�/HJHQWLO�	
3DZOLN�>��@�RQO\�IRXQG�IRXU�KDSORW\SHV�DW�WKLV�VDPH�ORFXV�IRU�;�
PXWD� VDPSOHG� WKURXJKRXW� WKH� &DULEEHDQ�� DQG� WKXV
HQFRPSDVVLQJ�D�PXFK�ODUJHU�DUHD��2XU�KDSORW\SHV�&��DQG�&�
DUH�LGHQWLFDO�WR�KDSORW\SHV�+��DQG�+��UHVSHFWLYHO\��IRXQG�LQ�;�
PXWD� >��@�� 7KH�PRVW� DEXQGDQW� KDSORW\SHV� LQ� RXU� GDWDVHW�� &�
DQG�&���RFFXUUHG�DW�DOO�VLWHV�DURXQG�WKH�LVODQG��7KH�IRXU�RWKHU
KDSORW\SHV��DOO�RI�ZKLFK�ZHUH�IRXQG�LQ�OHVV�WKDQ�WHQ�LQGLYLGXDOV�
RQO\� RFFXUUHG� DW� WKH� VKHOWHUHG� FHQWHU� RI� /HPEHK� 6WUDLW� DZD\
IURP� WKH� SRUW� DQG� FLW\� RI� %LWXQJ� �)LJXUH� ���� 7KLV� XQGLVWXUEHG
VKHOWHUHG�DUHD��ZKLFK�KDV�D� OHVV�RFHDQLF� SURILOH� FRPSDUHG� WR
VLWHV�RXWVLGH�RI�/HPEHK�6WUDLW��DSSHDUV�WR�EH�D�ORFDO�KRWVSRW�RI
JHQHWLF� GLYHUVLW\�� 7KH� H[DFW� UHDVRQ� IRU� WKLV� SDUWLFXODU
GLVWULEXWLRQ� LV� XQNQRZQ� >��@�� 7KH� IDFW� WKDW� IRXU� RI� WKH� VL[
KDSORW\SHV�DUH�RQO\� IRXQG� LQ�D�YHU\�VPDOO�SRUWLRQ�RI� WKH� UHHIV
VXUURXQGLQJ� /HPEHK� ,VODQG� LOOXVWUDWHV� WKH� LPSRUWDQFH� RI� ILQH�
VFDOHG�VDPSOLQJ�
$� WKLUG� JLDQW� EDUUHO� VSRQJH� VSHFLHV�� ;HVWRVSRQJLD

EHUJTXLVWLD� ZDV� GHVFULEHG� IURP� WKH� 1RUWKHUQ� *UHDW� %DUULHU
5HHI��7KLV�VSRQJH�LV�V\PSDWULF�ZLWK�;��WHVWXGLQDULD�DQG�LV�YHU\
VLPLODU� LQ� RXWHU� PRUSKRORJ\� DQG� VSLFXOH� GLPHQVLRQV�� 7KH
GLIIHUHQFHV� EHWZHHQ� WKH� WZR� VSHFLHV� DUH� YHU\� VXEWOH�ZLWK� WKH
PDLQ� GLIIHUHQFH� EHLQJ� WKDW� ;�� WHVWXGLQDULD� KDV� VRPH� VSRQJH
ILEHU� GHYHORSPHQW� DURXQG� WKH� VSLFXOHV� DQG� WKHUHIRUH� KDV� D
PRUH�FRPSDFW�FRQVLVWHQF\�WKDQ�;��EHUJTXLVWLD�DQG�LW�ZDV�QRWHG
WKDW� WKH� OLYH� WH[WXUH� LV� WKH� EHVW� ILHOG� JXLGH� WR� VSHFLHV
LGHQWLILFDWLRQ� >��@�� ,Q� WKH� SUHVHQW� VWXG\�� ZH� QRWLFHG� D� ODUJH
YDULDWLRQ�LQ�FRQVLVWHQF\�DQG�WKXV�LQ�VSRQJH�ILEHU�GHYHORSPHQW�
EXW� DOO� RI� RXU� VSHFLPHQV� FRQWDLQHG� VSRQJLQ�� DQG� ZHUH� WKXV
DVVLJQHG�WR�;��WHVWXGLQDULD��7KHUHIRUH�WKH�SRVVLEOH�SUHVHQFH�RI
;�� EHUJTXLVWLD� FDQQRW� H[SODLQ� WKH� PRUSKRORJLFDO� DQG� JHQHWLF

YDULDWLRQ�LQ�WKH�JLDQW�EDUUHO�VSRQJH�SRSXODWLRQV�DURXQG�/HPEHK
,VODQG�DQG�ZH�FRQFOXGH�WKDW�DW� OHDVW�WZR�GLVWLQFW��DQG�SRVVLEO\
PRUH�� VSHFLHV�FRH[LVW� LQ� WKH�/HPEHK�6WUDLW�� ,Q�DGGLWLRQ� WR� WKH
GLVVLPLODULW\� LQ� VSRQJH� ILEHU� GHYHORSPHQW��;�� WHVWXGLQDULD� DQG
;�� EHUJTXLVWLD� VSDZQ� GXULQJ� GLIIHUHQW� WLPH� SHULRGV� >��@�� )RU
*UHDW� %DUULHU� 5HHI� VSRQJHV�� VSDZQLQJ� RQO\� RFFXUV� GXULQJ� D
VKRUW� SHULRG� EHWZHHQ� 2FWREHU�1RYHPEHU� >�����@�� 7KLV� KDV
EHHQ� OLQNHG� WR� DQQXDO� FKDQJHV� LQ� VHDZDWHU� WHPSHUDWXUH� >��@�
'XULQJ�ILHOGZRUN�HDUO\�LQ�������ZH�REVHUYHG�VHYHUDO�LQGLYLGXDOV
RI�;��WHVWXGLQDULD�VSDZQLQJ�GXULQJ�WKH�IXOO�PRRQ�OXQDU�F\FOH�DQG
LW�KDV�DOVR�EHHQ�REVHUYHG�LQ�$XJXVW�LQ�$PERQ�>��@��*LYHQ�WKDW
ZDWHUV� DURXQG� ,QGRQHVLD� VKRZ� OLWWOH� VHDVRQDO� YDULDWLRQ� LQ
WHPSHUDWXUH� >��@�� LW� LV� SRVVLEOH� WKDW� EDUUHO� VSRQJHV� LQ� WKHVH
ZDWHUV� VSDZQ� GXULQJ� WKH� ZKROH� \HDU�� 7KH� DV� \HW� XQLGHQWLILHG
GLIIHUHQFHV� LQ� WKH� WLPLQJ� RI� VSDZQLQJ� HYHQWV�� KRZHYHU�� PD\
H[SODLQ�WKH�SHUVLVWHQFH�RI�D�VSHFLHV�FRPSOH[�LQ�;��WHVWXGLQDULD�
7KH� IDFW� WKDW� &DULEEHDQ� DQG� ,QGR�3DFLILF� JLDQW� EDUUHO

VSRQJHV� VKDUH� &2�� KDSORW\SHV� LV� SHUKDSV� PRUH� VXUSULVLQJ
WKDQ� WKH� H[LVWHQFH� RI� D� VSHFLHV� FRPSOH[� DURXQG� /HPEHK
,VODQG�� $IWHU� PRUH� WKDQ� WKUHH�PLOOLRQ� \HDUV� RI� VHSDUDWLRQ� >��@
WKH�&2��PLWRFKRQGULDO�JHQHV�RI�JLDQW�EDUUHO�VSRQJHV�KDYH�VWLOO
QRW� DFFXPXODWHG� PXWDWLRQV� WR� GLIIHUHQWLDWH� WKHVH� WD[D� RU
DOWHUQDWLYHO\�� WKLV� PD\� EH� WKH� UHVXOW� RI� VHFRQGDU\� FRQWDFW
EHWZHHQ� WKH� WZR� VSHFLHV�� )LJXUH� �� VKRZV� D� FRPELQHG� &2�
KDSORW\SH� QHWZRUN� IURP� WKLV� VWXG\� ZLWK� UHVXOWV� IURP� /ySH]�
/HJHQWLO� DQG� 3DZOLN� >��@�� 7KLV� QHWZRUN� VKRZV� WKDW� WZR
LQGLYLGXDOV� IURP� GLIIHUHQW� UHJLRQV� �L�H��� &DULEEHDQ� DQG� ,QGR�
3DFLILF�� FDQ� EH� PRUH� FORVHO\� UHODWHG� WKDQ� WZR� LQGLYLGXDOV
RFFXUULQJ�LQ�V\PSDWU\��7KLV�VWURQJO\�VXJJHVWV�WKDW�WKHUH�DUH� LQ
IDFW� GLIIHUHQW� VSHFLHV� LQ� WKH� ,QGR�3DFLILF� DQG� SRVVLEO\� LQ� WKH
&DULEEHDQ� DV�ZHOO�� ,W� LV� XQOLNHO\� WKDW� EDUUHO� VSRQJHV� IURP� WKH
,QGR�3DFLILF� DQG� &DULEEHDQ� H[FKDQJH� JHQHV� QRZDGD\V�� EXW
WKLV�QHHGV�WR�EH�WHVWHG�ZLWK�PRUH�YDULDEOH�JHQHWLF�PDUNHUV�WKDQ
&2���VXFK�DV�WKH�QXFOHDU�$736ȕ�LQWURQ�WKDW�ZH�XVHG�
,Q� VXPPDU\�� JLDQW� EDUUHO� VSRQJHV� IRXQG� DURXQG� /HPEHK

,VODQG� WKDW� DUH� PRUSKRORJLFDOO\� LGHQWLILHG� DV� ;�� WHVWXGLQDULD
FRQVLVW�RI�DW�OHDVW�WZR�GLIIHUHQW�OLQHDJHV�WKDW�SUREDEO\�UHSUHVHQW
UHSURGXFWLYHO\�LVRODWHG�VSHFLHV��7KH�ILUVW�OLQHDJH�KDV�D�GLJLWDWH
VXUIDFH�DUHD�DQG�PLWRFKRQGULDO�&2��KDSORW\SH�&��RU�&���DQG
LV�PRVW� DEXQGDQW� DURXQG� WKH� KDUERU� DUHD� RI� %LWXQJ� FLW\�� 7KH
VHFRQG� OLQHDJH� LV� UHSUHVHQWHG�E\�&2��KDSORW\SHV�&��DQG�&�
DQG� XVXDOO\� KDV� D� VPRRWK� VXUIDFH� DUHD�� WKRXJK� RWKHU
PRUSKRW\SHV� KDYH� DOVR� EHHQ� IRXQG� WR� EHORQJ� WR� WKLV� OLQHDJH�
7KLV�OLQHDJH�FDQ�EH�IRXQG�DOO�DURXQG�/HPEHK�,VODQG�WKRXJK�WR
D�OHVVHU�H[WHQW�DURXQG�WKH�KDUERU�RI�%LWXQJ�FLW\��0RUH�VSHFLHV
PD\� EH� SUHVHQW� LQ� WKLV� VSHFLHV� FRPSOH[� DV� VRPH� XQLTXH
JHQHWLF� OLQHDJHV� IRU� ERWK� PLWRFKRQGULDO� DQG� QXFOHDU� PDUNHUV
ZHUH�IRXQG�LQ�WKH�VKHOWHUHG�DQG�UHODWLYHO\�XQGLVWXUEHG�FHQWHU�RI
/HPEHK� 6WUDLW�� ,Q� DGGLWLRQ� WR� GHWDLOHG� VSDWLDO� VDPSOLQJ� LQ� WKH
,QGR�3DFLILF�� DV� ZDV� GRQH� LQ� WKLV� VWXG\�� D� ZLGH� JOREDO�VFDOH
VDPSOLQJ�RI�JHQHWLF�DQG�PRUSKRORJLFDO�GLYHUVLW\� LQ�JLDQW�EDUUHO
VSRQJHV� LV� QHFHVVDU\� WR� HOXFLGDWH� IXUWKHU� ELRJHRJUDSKLF� DQG
HYROXWLRQDU\�UHODWLRQVKLSV�LQ�WKLV�WD[RQ�

*HQHWLF�&RPSRVLWLRQ�RI�;HVWRVSRQJLD�WHVWXGLQDULD
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)LJXUH�����&RPELQHG�KDSORW\SH�QHWZRUN�RI�;HVWRVSRQJLD�VS��IURP�WKH�&DULEEHDQ�DQG�/HPEHK�,VODQG���+DSORW\SH�QHWZRUN�RI
HLJKW�&\WRFKURPH�2[LGDVH����&2���PLWRFKRQGULDO�KDSORW\SHV�RI�JLDQW�EDUUHO�VSRQJHV�;HVWRVSRQJLD�WHVWXGLQDULD�DQG�;��PXWD��'RWWHG
OLQH�HQFLUFOHV�KDSORW\SHV� IRXQG� LQ�RXU� VWXG\�RI�����;�� WHVWXGLQDULD�DURXQG�/HPEHK� ,VODQG� �&������6ROLG� OLQHV�HQFLUFOH�KDSORW\SHV
IRXQG�LQ�����VDPSOHV�RI�;��PXWD�IURP�WKH�&DULEEHDQ��+�����>��@��(DFK�OLQH�FRQQHFWLQJ�WKH�KDSORW\SHV�UHSUHVHQWV�D�VLQJOH�QXFOHRWLGH
VXEVWLWXWLRQ�
GRL����������MRXUQDO�SRQH���������J���

*HQHWLF�&RPSRVLWLRQ�RI�;HVWRVSRQJLD�WHVWXGLQDULD
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6XSSRUWLQJ�,QIRUPDWLRQ

$SSHQGL[� 6��� � +DSORW\SH� QHWZRUN� EDVHG� RQ� PLWRFKRQGULDO
'1$�IRU�;HVWRVSRQJLD�WHVWXGLQDULD�DURXQG�/HPEHK�,VODQG�
�'2&�

$FNQRZOHGJHPHQWV

:H� WKDQN� WKH� 5HVHDUFK� &HQWUH� IRU� 2FHDQRJUDSK\� RI� WKH
,QGRQHVLDQ� ,QVWLWXWH�RI�6FLHQFHV� �5&2�/,3,�� IRU�DOORZLQJ�XV� WR
XVH�WKHLU�UHVHDUFK�IDFLOLWLHV�DQG�WKH�8QLYHUVLW\�RI�6DP�5DWXODQJL

�8165$7�� IRU� ORJLVWLF� VXSSRUW�� :H� WKDQN� /LQ� 'RQJ�� 3HWHU
.XSHUXV�DQG�%HWVLH�9RHWGLMN�IRU�DGYLFH�DQG�KHOS�ZLWK�PROHFXODU
ODE� WHFKQLTXHV�� +DQV� %UHHXZHU� SURYLGHG� YDOXDEOH� FRPPHQWV
RQ�WKH�RULJLQDO�PDQXVFULSW�

$XWKRU�&RQWULEXWLRQV

&RQFHLYHG� DQG� GHVLJQHG� WKH� H[SHULPHQWV�� 1G9� '&� .3�
3HUIRUPHG�WKH�H[SHULPHQWV��76�&/�&+�(6�1G9��$QDO\]HG�WKH
GDWD�� 76� &/� '&� .3� (6� '(�� &RQWULEXWHG� UHDJHQWV�PDWHULDOV�
DQDO\VLV� WRROV��76�.3�&/�'&�&+�(6�*:�'(�1G9��:URWH� WKH
PDQXVFULSW��76�.3�&/�'&�&+�(6�*:�'(�1G9�

5HIHUHQFHV

�� 6XFKDQHN�7+��&DUSHQWHU�5&��:LWPDQ�-'��+DUYHOO�&'��������6SRQJHV
DV� LPSRUWDQW� VSDFH� FRPSHWLWRUV� LQ� GHHS� &DULEEHDQ� FRUDO� UHHI
FRPPXQLWLHV�� ,Q�� 0/� 5HDND�� 7KH� HFRORJ\� RI� GHHS� DQG� VKDOORZ� FRUDO
UHHIV�� V\PSRVLD� VHULHV� IRU� XQGHUVHD� UHVHDUFK� ������ 12$$� �1853�
5RFNYLOOH��SS����±��

�� GH� 9RRJG� 1-�� &OHDU\� ')5�� +RHNVHPD� %:�� 1RRU� $�� YDQ� 6RHVW
5:0� ������� 6SRQJH� EHWD� GLYHUVLW\� LQ� WKH� 6SHUPRQGH� $UFKLSHODJR�
,QGRQHVLD��0DU�(FRO�3URJ�6HU���������������GRL���������PHSV�������

�� &OHDU\� ')5�� GH� 9RRJG� 1-� ������� (QYLURQPHQWDO� DVVRFLDWLRQV� RI
VSRQJHV� LQ� WKH� 6SHUPRQGH� $UFKLSHODJR�� ,QGRQHVLD�� -� 0DU
%LRO�$VVRF�8.���������������

�� 0XQUR� 0+*�� %OXQW� -:�� /DNH� 5-�� /LWDXGRQ� 0�� %DWWHUVKLOO� &1� HW� DO�
�������)URP�VHDEHG�WR�VLFNEHG��ZKDW�DUH�WKH�SURVSHFWV"�,Q��5:0�YDQ
6RHVW70*� YDQ� .HPSHQ-&� %UDHNPDQ�� 6SRQJHV� LQ� WLPH� DQG� VSDFH�
ELRORJ\��FKHPLVWU\��SDOHRQWRORJ\��5RWWHUGDP��%DONHPD��SS����������

�� 'LD]� 0&�� 5�W]OHU� .� ������� 6SRQJHV�� DQ� HVVHQWLDO� FRPSRQHQW� RI
&DULEEHDQ�FRUDO�UHHIV��%XOO�0DU�6FL�������������

�� )DXONQHU�'-� �������0DULQH�QDWXUDO�SURGXFWV��1DW�3URG�5HS������±���
GRL���������E������K��3XE0HG�����������

�� %HOO� --� ������� 7KH� IXQFWLRQDO� UROHV� RI� PDULQH� VSRQJHV�� (VWXDU� &RDVW
6KHOI�6FL��������������GRL���������M�HFVV�������������

�� :|UKHLGH� *�� 6ROp�&DYD� $0�� +RRSHU� -1$� ������� %LRGLYHUVLW\�
PROHFXODU� HFRORJ\� DQG� SK\ORJHRJUDSK\� RI� PDULQH� VSRQJHV�� SDWWHUQV�
LPSOLFDWLRQV� DQG� RXWORRNV�� ,QWHJU� &RPS� %LRO� ���� ��������� GRL�
��������LFE�����������3XE0HG�����������

�� YDQ� 6RHVW� 5:0� ������� 7KH� ,QGRQHVLDQ� 6SRQJH� )DXQD�� $� 6WDWXV
5HSRUW�� 1HWK� -� 6HD� 5HV� ���� ��������� GRL�
�����������������������������

��� YDQ�2SSHQ�0-+��:|UKHLGH�*��7DNDED\DVKL�0��������1XFOHDU�PDUNHUV
LQ� HYROXWLRQDU\� DQG� SRSXODWLRQ� JHQHWLF� VWXGLHV� RI� VFOHUDFWLQLDQ� FRUDOV
DQG�VSRQJHV��,Q�.0�0RRVD6�6RHPRGLKDUGMR$�6RHJLDUWR����3URF��WK�,QW
&RUDO�5HHI�6\PS�-DNDUWD�9RO��SS����������

��� 7KRUSH�-3��6ROp�&DYD�$0��������7KH�XVH�RI�DOOR]\PH�HOHFWURSKRUHVLV
LQ� LQYHUWHEUDWH� V\VWHPDWLFV�� =RRO� 6HU�� ���� ������ GRL���������M�
���������������WE������[�

��� .ODXWDX�0��5XVVR�&$�� /D]RVNL� &�� %RXU\�(VQDXOW� 1�� 7KRUSH� -3� HW� DO�
������� 'RHV� FRVPRSROLWDQLVP� UHVXOWV� IURP� RYHUFRQVHUYDWLYH
V\VWHPDWLFV"�$�FDVH�VWXG\�XVLQJ�WKH�PDULQH�VSRQJH�&KRQGULOOD�QXFXOD�
(YROXWLRQ����������������GRL�����������������

��� .QRZOWRQ�1��������0ROHFXODU�JHQHWLF�DQDO\VHV�RI�VSHFLHV�ERXQGDULHV�LQ
WKH�VHD��+\GURELRORJLD�������������GRL���������$���������������

��� 5HYHLOODXG�-��5HPHULH�7��YDQ�6RHVW�5��(USHQEHFN�'��&iUGHQDV�3�HW�DO�
������� 6SHFLHV� ERXQGDULHV� DQG� SK\ORJHQHWLF� UHODWLRQVKLSV� EHWZHHQ
$WODQWR�0HGLWHUUDQHDQ� VKDOORZ�ZDWHU� DQG� GHHS�VHD� FRUDO
DVVRFLDWHG�+H[DGHOOD� VSHFLHV� �3RULIHUD�� ,DQWKHOOLGDH���0RO� 3K\ORJHQHW
(YRO� ���� ���±����� GRL���������M�\PSHY�������������� 3XE0HG�
���������

��� ;DYLHU�-5��5DFKHOOR�'ROPHQ�3*��3DUUD�9HODQGLD�)��6FKRHQEHUJ�&+/�
%UHHXZHU�-$-�HW�DO���������0ROHFXODU�HYLGHQFH�RI�FU\SWLF�VSHFLDWLRQ�LQ
WKH� �FRVPRSROLWDQ�� H[FDYDWLQJ� VSRQJH� &OLRQD� FHODWD� �3RULIHUD�
&OLRQDLGDH��� 0RO� 3K\ORJHQHW� (YRO� ���� ������� GRL���������M�\PSHY�
�������������3XE0HG�����������

��� 7HVNH�35��5LXV�0��0F4XDLG�&'��6W\DQ�&$��3LJJRWW�03�HW�DO�� ������
³1HVWHG´�FU\SWLF�GLYHUVLW\�LQ�D�ZLGHVSUHDG�PDULQH�HFRV\VWHP�HQJLQHHU�
D�FKDOOHQJH� IRU�GHWHFWLQJ�ELRORJLFDO� LQYDVLRQV��%0&�(YRO�%LRO���������
GRL���������������������������3XE0HG�����������

��� :|UKHLGH�*��������/RZ�YDULDWLRQ�LQ�SDUWLDO�F\WRFKURPH�R[LGDVH�VXEXQLW
,� �&2��� PLWRFKRQGULDO� VHTXHQFHV� LQ� WKH� FRUDOOLQH

GHPRVSRQJH� $VWURVFOHUD� ZLOOH\DQD� DFURVV� WKH� ,QGR�3DFLILF�� 0DU� %LRO
��������������GRL���������V���������������\�

��� %HQWODJH� %�� :|UKHLGH� *� ������� /RZ� JHQHWLF� VWUXFWXULQJ� DPRQJ
3HULFKDUD[� KHWHURUDSKLV� �3RULIHUD� �� &DOFDUHD�� SRSXODWLRQV� IURP� WKH
*UHDW� %DUULHU� 5HHI� �$XVWUDOLD��� UHYHDOHG� E\� DQDO\VLV� RI� QU'1$� DQG
QXFOHDU� LQWURQ� VHTXHQFHV�� &RUDO� 5HHIV� ���� ��������� GRL���������
V�����������������

��� :|UKHLGH�*��(SS�/6��0DFLV�/��������'HHS�JHQHWLF�GLYHUJHQFHV�DPRQJ
,QGR�3DFLILF�SRSXODWLRQV�RI�WKH�FRUDO�UHHI�VSRQJH�/HXFHWWD�FKDJRVHQVLV
�/HXFHWWLGDH��� )RXQGHU� HIIHFWV�� YLFDULDQFH�� RU� ERWK"�%0&�(YRO�%LRO� ��
����GRL�������������������������3XE0HG�����������

��� +RHNVHPD� %:� ������� 'HOLQHDWLRQ� RI� WKH� ,QGR�0DOD\DQ� &HQWUH� RI
0D[LPXP� 0DULQH� %LRGLYHUVLW\�� 7KH� &RUDO� 7ULDQJOH�� ,Q�� :� 5HQHPD�
%LRJHRJUDSK\�� 7LPH� DQG� 3ODFH�� 'LVWULEXWLRQV�� %DUULHUV� DQG� ,VODQGV�
'RUGUHFKW��6SULQJHU�9HUODJ��SS����������

��� 5REHUW� &0�� 0F&OHDQ� &/�� 9HURQ� -(1�� +DZNLQV� -3�� $OOHQ� *5� HW� DO�
������� 0DULQH� %LRGLYHUVLW\� +RWVSRWV� DQG� &RQVHUYDWLRQ� 3ULRULWLHV� IRU
7URSLFDO� 5HHIV�� 6FLHQFH� ����� ����������� GRL���������VFLHQFH�
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