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89�,QGXFHG�)OXRUHVFHQFH�RI�7ZR�3XHUWR�5LFDQ�(QGHPLF�
$UWKURSRGV��7KH�+DUYHVWPDQ��<XQTXHQXV�SRUWRULFDQXV DQG�WKH�

0LOOLSHGH��6SLUREROHOOXV�ULFKPRQGL��

(GGLH�1��/DER\�1LHYHV� DQG�-RUJH�$��6DQWLDJR�%OD\�

$EVWUDFW� 7ZR� HQGHPLF� DUWKURSRGV�� WKH� KDUYHVWPDQ�� <XQTXHQXV� SRUWRULFDQXV�� DQG� WKH� PLOOLSHGH��
6SLUREROHOOXV�ULFKPRQGL� IURP�D�KXPLG�PRQWDQH�IRUHVW�LQ�3XHUWR�5LFR��DUH�ILUVW�UHSRUWHG�WR�IOXRUHVFH�
ZKHQ�WKH\�DUH�LOOXPLQDWHG�ZLWK�XOWUDYLROHW�OLJKW������QP���%RWK�VSHFLHV�DUH�UHODWLYHO\�VPDOO��QRFWXUQDO�
GZHOOHUV�DQG�KDYH�D�GDUN�H[RVNHOHWRQ�� WKUHH�DWWULEXWHV�WKDW�PDNH�WKHP�DOPRVW� LPSHUFHSWLEOH�GXULQJ�
QLJKW�VXUYH\V�XVLQJ�ZKLWH�OLJKWV��7KH�XVH�RI�89�LOOXPLQDWLRQ�HQKDQFHV�WKH�GHWHFWLRQ�RI�WKHVH�DQLPDOV�
GXULQJ�ILHOG�VXUYH\V��

.H\� :RUGV� %LRIOXRUHVFHQFH�� ELRSKRVSKRUHVFHQVH�� ELROXPLQHVFHQVH�� XOWUDYLROHW� LOOXPLQDWLRQ��
<XQTXHQXV�SRUWRULFDQXV� 2SLOLRQHV��6SLUREROHOOXV�ULFKPRQGL��'LSORSRGD��6SLUREROLGD��&DULWH�)RUHVW��
3XHUWR�5LFR�

,QWURGXFWLRQ
/LJKW� SURGXFWLRQ� LV� XELTXLWRXV� LQ� OLIH�� ,Q� WKH� SUHVHQFH� RI� VRPH� VRXUFHV� RI�

HOHFWURPDJQHWLF� UDGLDWLRQ�� PDQ\� RUJDQLVPV� JORZ� HLWKHU� E\� IOXRUHVFHQFH� RU� E\�
SKRVSKRUHVFHQFH��)OXRUHVFHQFH LV�WKH�DEVRUSWLRQ�RI�OLJKW��H�J���XOWUDYLROHW��DQG�LWV�
UHHPLVVLRQ�LQ�DQRWKHU��XVXDOO\�ORQJHU��ZDYHOHQJWK��H�J���EOXH���:KHQ�WKH�VRXUFH�
RI� OLJKW� LV� HOLPLQDWHG�� WKH� IOXRUHVFHQFH� FHDVHV� �:DQQDV� HW� DO�� �������'LIIHUHQW�
ZDYHOHQJWKV� KDYH� EHHQ� IRXQG� WR� HOLFLW� GLVWLQFW� IOXRUHVFHQW� SDWWHUQV� XVHIXO� IRU�
TXDOLW\� LPDJLQJ��+DXJ HW�DO���������2Q� WKH�RWKHU�KDQG��SKRVSKRUHVFHQFH� LV� WKH�
HPLVVLRQ�RI�OLJKW��XVXDOO\�JUHHQ��SLQN��UHG�RUDQJH�RU�SXUSOH��GXULQJ�WKH�WLPH�WKH�
REMHFW�LV�EHLQJ�LOOXPLQDWHG�DQG�IRU�D�WLPH�DIWHU�WKH�VRXUFH�RI�LOOXPLQDWLRQ�KDV�EHHQ�
UHPRYHG� �:DQQDV HW� DO�� ������� ,Q� FRQWUDVW� WR� ERWK� IOXRUHVFHQFH� DQG�
SKRVSKRUHVFHQFH�� ELROXPLQHVFHQFH� LV� WKH� FHOOXODU� SURGXFWLRQ� RI� OLJKW� E\�
RUJDQLVPV� ZLWKRXW� DQ� H[WHUQDO� VRXUFH� RI� HOHFWURPDJQHWLF� LOOXPLQDWLRQ��
%LROXPLQHVFHQFH�� DV� LQ� WKH� OLJKW� WKDW� ILUHIOLHV� DQG� QXPHURXV� RWKHU� RUJDQLVPV�
SURGXFH�� LV� D�ELRFKHPLFDO� UHDFWLRQ� LQYROYLQJ�DQ�HQ]\PH��JHQHULFDOO\�NQRZQ�DV�
³OXFLIHUDVH´�� DQG� D� VXEVWUDWH�� EURDGO\� NQRZQ� DV� ³OXFLIHULQ´�� ZLWK� PLQLPDO�
SURGXFWLRQ�RI�KHDW��+DUYH\�������6KLPRPXUD��������%LROXPLQHVFHQFH�LV�EHLQJ�
XVHG� LQ� PDQ\� SUDFWLFDO� ELRORJLFDO� DSSOLFDWLRQV� �5LFK� DQG� 'RXLOOHW� ������ .LP�
�������

� 6XEPLWWHG�LQ�6HSWHPEHU�����������$FFHSWHG�LQ�2FWREHU�����������/DVW�UHYLVLRQV�UHFHLYHG�LQ�2FWREHU�
���������

� 3UHVLGHQWH�� )XQGDFLyQ� 9LGHRWHFD� )DXQD� GH� 3XHUWR� 5LFR�� &/5� �&RPSDxtD� GH� 5HVSRQVDELOLGDG�
/LPLWDGD���&DUUHWHUD�35�����NP������(O�5HVEDOyQ��&XOHEUDV�$OWR��&D\H\��3XHUWR�5LFR��������(�PDLO��
GUHGGLHODER\#JPDLO�FRP �

� 'HSDUWPHQW�RI�3DOHRELRORJ\��1DWLRQDO�0XVHXP�RI�1DWXUDO�+LVWRU\����WK DQG�&RQVWLWXWLRQ�$YHQXH��
:DVKLQJWRQ��'LVWULFW�&ROXPELD�������86$��(�PDLO��EOD\M#VL�HGX �

'2,����������/(%����/DER\���
(OHFWURQLFDOO\�DYDLODEOH�RQ�2FWREHU�����������0DLOHG�RQ�2FWREHU���������
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)OXRUHVFHQW�RUJDQLVPV�KDYH�D�ZLGH�DUUD\�RI�FKHPLFDOV�WKDW�PDNH�WKHP�JORZ�
LQ�WKH�GDUN�LQ�WKH�SUHVHQFH�RI�HOHFWURPDJQHWLF�UDGLDWLRQ��7KRVH�FRPSRXQGV�LQFOXGH�
IODYLQV�� UHGXFHG� 1$'+� DQG� 1$'3+�� OLSRIXVFLQV�� UHWLFXOLQ� ILEHUV�� FROODJHQ��
HODVWLQ��FKLWLQ��SWHULQV��DPRQJ�PDQ\�RWKHUV�WKDW�DUH�LQWHJUDWHG�LQ�WKHLU�LQWHJXPHQW�
RU� RWKHU� WLVVXHV� �/DZUHQFH�������0DLQ������ -HQJ ������:DQQDV HW� DO���������
%LRIOXRUHVFHQFH� KDV� EHHQ� GRFXPHQWHG� LQ� VFRUSLRQV�� LQ� ZKLFK WKH� XVH� RI� 89�
LOOXPLQDWLRQ LV�D�FRPPRQ�SUDFWLFH�WR�GHWHFW�WKHVH�JHQHUDOO\�QRFWXUQDO�RUJDQLVPV��
VSLGHUV��$QGUHZ�HW�DO���������PLOOLSHGHV��6LHUZDOG HW�DO���������LQFOXGLQJ�IRVVLO�
SRO\[HQLG�PLOOLSHGHV�>3KU\VVRQRWXV�EXUPLWLFXV��&RFNHUHOO���������6X�HW�DO������@��
DPRQJ�PDQ\�RWKHU�YHUWHEUDWHV�DQG�LQYHUWHEUDWHV�

,Q� DUDFKQLGV��$QGUHZV� HW� DO�� ������� UHSRUWHG� IOXRUHVFHQFH� LQ����JHQHUD�RI�
VSLGHUV��DQ�DWWULEXWH�WKDW�KDV�EHHQ�UHFHQWO\�H[WHQGHG�WR�RSLOLRQLGV�RU�KDUYHVWPHQ�
�5XELQ� HW� DO�� ������� VXFK� DV� <XQTXHQXV� SRUWRULFDQXV âLOKDYê�� �����
�$JRULVWHQLGDH���WKH�ODWWHU�KHUHLQ�DOVR�UHSRUWHG�IRU�WKH�ILUVW�WLPH�DV�IOXRUHVFHQW��

,Q�PLOOLSHGHV��QXPHURXV�H[WDQW�VSHFLHV�RXW�RI�WKH�RYHU��������GHVFULEHG�DUH�
NQRZQ�WR�IOXRUHVFH��6RPH�H[DPSOHV�RI�H[WDQW�VSHFLHV�LQFOXGH��0RW\[LD�VHTXRLDH
�/RRPLV�DQG�'DYHQSRUW���������.XVH�HW�DO��������DV�/XPLQRGHVPXV�VHTXRLDH���
3DUDIRQWDULD�ODPLQDWD �$WWHPV���������.XVH�HW�DO���������DQG�VHYHUDO�VSHFLHV�RI�
3VHXGRSRO\GHVPXV �6LHUZDOG�HW�DO�������� DOO�SODFHG�LQ�WKH�2UGHU�3RO\GHVPLGD��
+HUHLQ�� ZH� UHSRUW� 6SLUREROHOOXV� ULFKPRQGL� �&KDPEHUOLQ�� ������ 'LSORSRGD��
6SLUREROLGD��6SLUREROHOOLGDH�� D�PLOOLSHGH�HQGHPLF�WR�PRQWDQH�KDELWDWV�LQ 3XHUWR�
5LFR� �*DODQHV� DQG� 7KRPOLQVRQ� �������� VXFK� DV� WKH� &DULWH� 6WDWH� )RUHVW�� DV�
IOXRUHVFHQW�IRU�WKH�ILUVW�WLPH��

0HWKRGV
6LWH�'HVFULSWLRQ� 7KH�&DULWH�)RUHVW� �&D\H\� 3XHUWR�5LFR������
�������1������

�
�������:�� HOHYDWLRQ� a����P� DERYH� VHD� OHYHO� HFRV\VWHP� LV� FKDUDFWHUL]HG� E\�
KDYLQJ� KLJK� UDLQIDOO� �DQQXDO� PHDQ�  � ������ PP��� FRRO� WHPSHUDWXUHV� �DYHUDJH�
PLQLPD� DQG� PD[LPD�  � �����&� DQG� �����&�� UHVSHFWLYHO\�� &ROyQ�7RUUHV� �������
&DULWH� LV� D� VXEWURSLFDO� ZHW�PRQWDQH� IRUHVW� UHPDUNDEOH� IRU� LWV� OXVK� YHJHWDWLRQ��
(SLSK\WLF�IHUQV��EURPHOLDGV��DQG�RUFKLGV�DUH�FRPPRQ��FRH[LVWLQJ�ZLWK�PRUH�WKDQ�
����VSHFLHV�RI�WUHHV�WKDW�IRUPV�D�GDUN�DQG�FORVHG�FDQRS\�DW�DERXW����PHWHUV��0LOOHU�
DQG� /XJR� ������� 7KLV� IORUDO� WURSLFDO� MXQJOH� SURYLGHV� D� FRQWLQXRXV� LQFRPH� RI�
OLWWHUIDOO��ZKLFK�EHFRPHV�DYDLODEOH�IRU�VDSURSK\WLF�RUJDQLVPV��OLNH�PLOOLSHGHV����

(TXLSPHQW� DQG�3URFHGXUHV��)RXU� QRFWXUQDO� ������ ± ������ SP�� VXUYH\V� RI�
LQYHUWHEUDWHV�ZHUH�FRQGXFWHG�RQ�6HSWHPEHU������������DORQJ�D�����P�ORQJ�IRUHVW�
SDWFK�LQ�WKH &DULWH 6WDWH )RUHVW��$�3ROLFH�6HFXULW\�(OLWH�������/XPHQ�8OWUD�%ULJKW�
)ODVKOLJKW�DQG�DQ�+.�����/('�����QP�XOWUDYLROHW��89��%ODFNOLJKW�)ODVKOLJKW��
ZHUH�HPSOR\HG�WR�GHWHFW� WKH�SUHVHQFH�RI�VRLO�DQG�WUHH�WUXQN�GZHOOHUV�� �7KH�89�
ODPS� HDVHG� DXWKRU� (1/1� VSRW� WKH� JORZ� RI� IOXRUHVFHQW� DQG� SKRVSKRUHVFHQW�

� ,Q�3XHUWR�5LFR��PLOOLSHGHV�DUH�NQRZQ�E\�VHYHUDO�FRPPRQ�QDPHV��LQFOXGLQJ�³JRQJROt´��³JRQJROR´��
³JRQJROyQ´��³JXQJXOpQ´��³JRQJROD´��³JRQJROLPER´��³PLOLSLpV´��DQG�³PLOSDWDV´��GHSHQGLQJ�RQ�WKH�
VL]H�RI�WKH�PLOOLSHGH DQG�WKH�UHJLRQ�RI�WKH�LVODQG�ZKHUH�LW LV�VHHQ�
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DQLPDOV��%RWK�ODPSV�ZHUH�SRLQWHG�WR�DOO�SRVVLEOH�GLUHFWLRQV�ZLWKLQ�WKH�VDPSOLQJ�
DUHD��H�J���VRLO��URFNV��WUHH�WUXQNV�DQG�OHDYHV��VQDJV���1LJKW�VDPSOLQJ�GHWHFWHG�RQO\�
WZR� W\SHV� RI� DQLPDOV� H[KLELWLQJ� IOXRUHVFHQFH�� D� SDLU� RI� KDUYHVWPHQ RU� GDGG\
ORQJOHJV� �$UDFKQLGD�� 2SLOLRQHV�� DQG� KXQGUHGV� RI�PLOOLSHGHV� �'LSORSRGD�� 7KH�
IOXRUHVFLQJ� LQYHUWHEUDWHV� ZHUH� SKRWRJUDSKHG� DQG� GLJLWDOO\� YLGHR� UHFRUGHG LQ�
YLYR ZLWK�DQG�ZLWKRXW�89�OLJKW�XVLQJ�D�621<�$OSKD������ZLWK�D�621<��������
PP�0DFUR�OHQV��

2UJDQLVPV¶�SUHVHUYDWLRQ�DQG�LGHQWLILFDWLRQ��*LYHQ�RQO\�WZR�RSLOLRQLGV�ZHUH�
IRXQG� WR� JORZ�� WKH\� ZHUH� LPDJHG� DQG� UHOHDVHG�� 7KH� DUDFKQLG� ZDV� LGHQWLILHG�
FRPSDULQJ�SKRWRJUDSKV�DQG�DQDWRPLFDO�DWWULEXWHV�IROORZLQJ��âLOKDYê�������DQG
3LQWR�'D�5RFKD�DQG�5\RWDUD�+DUD� ��������6RPH�GLSORSRGV�ZHUH�FROOHFWHG�DQG�
SUHVHUYHG� LQ� ���� HWKDQRO� DQG� LGHQWLILHG� IROORZLQJ� 9pOH]� ������� DV�
0LFURVSLUREROXV�ULFKPRQGL���8SGDWHG�PLOOLSHGH�QRPHQFODWXUH�IROORZHG�+RIIPDQ�
������� DV�ZHOO� DV� 6LHUZDOG� DQG�6SHOGD� ��������9RXFKHU� VSHFLPHQV� RI DGXOW�6��
ULFKPRQGL �IRXU�PDOHV�DQG�IRXU�IHPDOHV��KDYH�EHHQ�GHSRVLWHG�LQ�WKH�0XVHXP�RI�
(QWRPRORJ\� DQG� 7URSLFDO� %LRGLYHUVLW\� RI� WKH� 8QLYHUVLW\� RI� 3XHUWR� 5LFR��
0D\DJ�H]�&DPSXV��7KH�0(%7�LV�ORFDWHG�DW�WKH�(VWDFLyQ�([SHULPHQWDO�$JUtFROD��
-DUGtQ�%RWiQLFR�6XU�LQ 6DQ�-XDQ��3XHUWR�5LFR�

5HVXOWV�DQG�'LVFXVVLRQ
7ZR� DUWKURSRGV� HQGHPLF� RI� 3XHUWR� 5LFR� ZHUH� IRXQG� WR� IOXRUHVFH� LQ� WKH�

VDPSOLQJ� DUHD� GXULQJ� WKH� IRXU� QLJKWV¶� VXUYH\�� WKH� KDUYHVWPDQ�� <XQTXHQXV�
SRUWRULFDQXV �6LOKDYê�� ������ $JRULVWHQLGDH��� DQG� WKH� PLOOLSHGH� 6SLUREROHOOXV�
ULFKPRQGL� �&KDPEHUOLQ��������'LSORSRGD��6SLUREROLGD�� $V�IDU�DV�ZH�NQRZ��WKLV�
LV�WKH�ILUVW�UHSRUW�RI�ELRIOXRUHVFHQFH�IRU�WKHVH�VSHFLHV��7KH�KDUYHVWPDQ�LV�QDWXUDOO\�
GDUN�EURZQ�DQG�JORZHG�EOXH�JUHHQ��)LJXUH�����D�ILQGLQJ�YHU\�VLPLODU�UHSRUWHG�IRU�
VSLGHUV� �$QGUHZ� HW� DO�� ������ DQG� RWKHU� 2SLOLRQHV� �5XELQ� HW� DO�� ������� 7KH�
IROORZLQJ� OLQN VKRZV� WKH� JORZ� RI� <XQTXHQXV� SRUWRULFDQXV��
KWWSV���\RXWX�EH�P+9�'1�8[���

)LJXUH����7KH�KDUYHVWPDQ�<XQTXHQXV�SRUWRULFDQXV��2SLOLRQHV��VKRZLQJ�LWV�QDWXUDO�GDUN�
�OHIW��DQG�LWV�89�LQGXFHG�IOXRUHVFHQW�FRORU��ULJKW���
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7KLUWHHQ�VSHFLHV�RI�KDUYHVWPHQ��PRVW�RI�WKHP�HQGHPLF��KDYH�EHHQ�UHSRUWHG�
IRU�3XHUWR�5LFR��$OHJUH�%DUURVR�DQG�GH�$UPDV�������.XU\��������+DUYHVWPHQ�
DUH�RPQLYRURXV�DQG�WKHLU�GLHW�LQFOXGHV�VPDOO��VRIW�VNLQQHG�DUWKURSRGV�DQG�RWKHU�
LQYHUWHEUDWHV��DV�ZHOO�DV�FDUULRQ��SODQWV�DQG�IXQJL��3LQWR�'D�5RFKD�HW�DO���������
7KH� REVHUYHG� KDUYHVWPHQ <XQTXHQXV� SRUWRULFDQXV� LV� D� VROLWDU\� DUDFKQLG� WKDW�
GZHOOV�LQ�WKH�KXPLG�JURXQG�RI�WKH�&DULWH�6WDWH�)RUHVW��,WV�ERG\�LV�a�����FP�ORQJ��
ZKLOH�WKH�OHQJWK�RI�WKH�SRVWHULRU�DQG�VSLQLHU�SDLU�RI�OHJV�LI�VL[IROG�WKDW��$FFRUGLQJ�
WR�âLOKDYê �������DQG 3LQWR�'D�5RFKD�DQG�5\RWDUD�+DUD���������<��SRUWRULFDQXV�
PRVW�SURPLQHQW�FKDUDFWHULVWLF�LV�LWV�UHODWLYHO\�VSLQ\�RSLVWKRVRPD��ZKLFK�LQFOXGHV�
WZR�QRWRULRXV�VSLQHV��)LJXUH�����%HVLGHV�LWV�WD[RQRP\��WKHUH�LV�QR�HFRORJLFDO�RU�
QDWXUDO�KLVWRU\�LQIRUPDWLRQ�DERXW�WKLV�VSHFLHV�

)LJXUH� ��� 7KH� KDUYHVWPDQ� <XQTXHQXV� SRUWRULFDQXV� �2SLOLRQHV�� SURPLQHQW� VSLQ\�
RSLVWKRVRPD��'RUVDO��OHIW�SDQHO���3RVWHULRU��ULJKW�SDQHO���3KRWRV�WDNHQ�E\�DXWKRU�(1/�

0LOOLSHGHV�DUH�ZHOO�FKDUDFWHUL]HG�LQ�3XHUWR�5LFR� ZKHUH�DERXW����VSHFLHV�DQG�
VXEVSHFLHV�KDYH�EHHQ�GHVFULEHG��H[KLELWLQJ�D�KLJK�GHJUHH�RI�HQGHPLVP��ZLWK����
GHVFULEHG�HQGHPLF�VSHFLHV�DQG�VXEVSHFLHV��9pOH]�������6DQWLDJR�%OD\�DQG�9pOH]�
������*DODQHV�DQG�7KRPOLQVRQ��������+XQGUHGV�RI 6SLUREROHOOXV�ULFKPRQGL ZHUH�
IRXQG� DFWLYHO\� IRUDJLQJ� RQ� WKH� VRLO�� ZLWKLQ� WKH� OLWWHUIDOO�� DQG� RQ� WUHH� WUXQNV��
SDUWLFXODUO\� RQ� WKH� :HVW� ,QGLDQ� WUHH� IHUQ� &\DWKHD� DUERUHD �/��� 6P��
�&\DWKHDFHDH���OHVV�WKDQ���P�DERYH�WKH�JURXQG��7KH\�ZHUH�HDVLO\�GHWHFWHG�E\�WKHLU�
EOXH�JORZLQJ��)LJXUH ����$OWKRXJK�WKHLU�UHODWLYH�DEXQGDQFH��WKH\�ZHUH�JHQHUDOO\�
IRXQG�DV�VLQJOHWRQV�RU�DV�PDWLQJ�SDLUV��QRW�DJJUHJDWHG��7KLV�VSHFLHV�RI�PLOOLSHGH�
LV�HQGHPLF�WR�3XHUWR�5LFR��9pOH]�������*DODQHV�DQG�7KRPOLQVRQ�������VHH�DOVR�
7RUUHV�DQG�*RQ]iOH]��������
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)LJXUH����*ORZLQJ�6SLUREROHOOXV�ULFKPRQGL GZHOOLQJ�RYHU�OLWWHUIDOO�

$FFRUGLQJ� WR�9pOH]���������DGXOW�6SLUREROHOOXV�ULFKPRQGL�DUH�GDUN�EURZQ��
PHGLXP� VL]HG� �DSSUR[LPDWHO\� ������ PP� ORQJ�� PLOOLSHGHV� ZLWK� D� VWURQJO\�
KDUGHQHG� LQWHJXPHQW�� DQG� RYHU� ��� DFDULQDWHG� GLSORVHJPHQWV�� 6SLUREROHOOXV�
ULFKPRQGL RIWHQ�KDYH�WZR�PLG�GRUVDO� OLQHV�FRQVLVWLQJ�RI�SDOH�EURZQ�VSRWV��7KH�
DQWHQQDH� DQG� OHJV� DUH�SDOH�\HOORZ� WR�QHDUO\�ZKLWH� DQG� WKH�H\HV�KDYH� DERXW� ���
RFHOOL��7KH�FROOXP�LV�QDUURZHG�ODWHUDOO\�DQG�GRHV�QRW�YHQWUDOO\�VXUSDVV�WKH�OHYHO�
RI� WKH� IROORZLQJ� GLSORVHJPHQWV�� 7KH� RSHQLQJV� RI� WKH� UHSXJQDWRULDO� JODQGV�� RU�
R]RSRUHV��ZKHQ�SUHVHQW�� DUH� ORFDWHG� LQ� WKH�SRVWHULRU�KDOI��RU�PHWD]RQLWH��RI� WKH�
GLSORVHJPHQWV �)LJXUH� ���� 7KH� DQDO� WHUJLWH� JHQHUDOO\� GRHV� QRW� VXUSDVV� WKH�
SDUDSURFWV��7KH�SRVWHULRU�PDUJLQ�RI�WKH�HSLSURFW�LV�FRQFDYH�DQG�SRVWHULRU�PDUJLQ�
RI�WKH�K\SRSURFW�LV�DQJXODU �)LJXUH���� &ROHRSRGV�DV�LQ�)LJXUH���

)LJXUH����0DOH�6��ULFKPRQGL��/DWHUDO�YLHZ�RI�KHDG��FROOXP �F���DQG�ILUVW�WHQ VHJPHQWV��OHIW�
SDQHO�� LQFOXGLQJ� DSH[� RI� FROHRSRGV�� J��� /DWHUDO� YLHZ� RI� SRVWHULRU VHJPHQWV�� LQFOXGLQJ�
HSLSURFW��H� DQG�SDUDSURFW��S��FHQWUDO�SDQHO���$QWHULRU�YLHZV�RI�FROHRSRGV��ULJKW�SDQHO��
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6SLUREROHOOXV�ULFKPRQGL� WHQGV�WR�RFFXS\�PRQWDQH�UHJLRQV�FKDUDFWHUL]HG�E\�
DQ�HOHYDWLRQ�QRW�H[FHHGLQJ�����PHWHUV�DERYH�VHD�OHYHO��JHQHUDOO\�HLJKW�NLORPHWHUV�
RU�PRUH�IURP�WKH�FRDVW��PRGHUDWHO\�KLJK�DQQXDO�SUHFLSLWDWLRQ����������PP��DQG�
FRROHU�WHPSHUDWXUHV�������&��*LYHQ�LWV�FRORUDWLRQ�DQG�WKH�W\SLFDO�GDUN�IRUDJLQJ�
KDELWDW��WKH�VSHFLHV�LV�DOPRVW�LPSHUFHSWLEOH�WR�WKH�XQDLGHG�H\HV� EXW�HIIRUWOHVVO\�
GHWHFWDEOH�ZLWK�XOWUDYLROHW� OLJKW�VRXUFHV��'XULQJ� WKH�GD\�� WKH�VSHFLHV�DVVXPHV�D�
FU\SWLF� EHKDYLRU� UHVWLQJ� LQ� WUHH� FUHYLFHV�� XQGHU� URFNV� RU� VQDJV�� RU� ZLWKLQ� WKH�
OLWWHUIDOO��$�YLGHR�FOLSV VKRZLQJ�6��ULFKPRQGL�JORZLQJ�LQ�WKH�IRUHVW�FDQ�EH�DFFHVVHG�
DW�KWWSV���\RXWX�EH�FX(19�Y��T$�

7KH�XVH�RI�89�OLJKW�VHHPV�WR�SURYLGH�DGYDQWDJHV�IRU�SRSXODWLRQ�VWXGLHV��89�
OLJKW� HQKDQFHG� WKH� GHWHFWLRQ� RI� <XQTXHQXV� SRUWRULFDQXV� DQG� 6SLUREROHOOXV
ULFKPRQGL DQG�WKH�XQLGHQWLILHG�RSLOLRQLG��WZR�GDUN�QRFWXUQDO�GZHOOHUV���)LJXUHV �
DQG�� GHSLFW WZR�VFHQDULRV�ZKHUH� WKH�XVH�RI�89�OLJKW�DOORZHG� WKH�GHWHFWLRQ�RI�
KLGGHQ� RU� FDPRXIODJHG� LQGLYLGXDOV� RI� 6� ULFKPRQGL�� 7KHVH� RUJDQLVPV� DUH�
UHODWLYHO\� VPDOO�� PRELOH�� GDUN�ERGLHG�� DQG� QRFWXUQDO� GZHOOHUV�� IRXU� DWWULEXWHV
ZKLFK�PDNH�WKHP�DOPRVW�LPSHUFHSWLEOH�ZLWK�ZKLWH�OLJKW��$OWKRXJK�WKHVH�UHVXOWV�
DUH� SUHOLPLQDU\�� WKHUH� LV� QR� GRXEW� WKH� DSSOLFDWLRQ� RI� 89� OLJKW� LPSURYHG� WKH�
GHWHFWLRQ� RI� WKH� DERYH� IOXRUHVFHQW� RUJDQLVPV� LQ� GDUN� DQG� KXPLG� FKDOOHQJLQJ�
HQYLURQPHQWV��D�ILQGLQJ�YHU\�VLPLODU�WR�WKDW�UHSRUWHG�E\�5LFH�HW�DO����������

)LJXUH����&RPSDULVRQ�RI�D�SDLU�RI�6SLUREROHOOXV�ULFKPRQGL PLOOLSHGHV�SKRWRJUDSKHG�ZLWK�
LQFLGHQW�ZKLWH�OLJKW��XSSHU�SKRWR��DQG�ZLWK�89�OLJKW��ORZHU�SKRWR���
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)LJXUH����6LPSOH�GHPRQVWUDWLRQ�RI�ILHOG�FRXQWLQJ�HQKDQFHPHQW�RI�PLOOLSHGHV�ZKHQ�XVLQJ�
ZKLWH�OLJKW��DERYH��YHUVXV�89�OLJKW��EHORZ���

)XWXUH�VWXGLHV�QHHG�WR�YDOLGDWH�ZDYHOHQJWK��GLVWDQFH�IURP�VXEMHFWV��FOLPDWLF�
FRQGLWLRQV�� DQG� W\SH� RI� KDELWDW� DPRQJ� RWKHU� IDFWRUV� WR� DVVHVV� WKH� SRWHQWLDO�
DSSOLFDWLRQ� RI 89� OLJKW� IRU� QRFWXUQDO� DQLPDO� VXUYH\V� 7KH� HYROXWLRQDU\�
VLJQLILFDQFH� RI� IOXRUHVFHQFH� LQ� PLOOLSHGHV� DV� ZHOO� DV� IRU� RWKHU� LQYHUWHEUDWHV��
UHPDLQV�HOXVLYH�
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$FNQRZOHGJPHQWV
'U��5LFDUGR�3LQWR�'D�5RFKD��=RRORJ\�'HSDUWPHQW�� ,QVWLWXWR�GH�%LRFLpQFLDV��8QLYHUVLGDGH�GH�

6DR�3DXOR��%UD]LO��IRU�FRQILUPLQJ�WKH�VSHFLHV�LGHQWLILFDWLRQ�RI�WKH�KDUYHVWPHQ���6WHSKDQLH�/��.UDIW�DQG�
&RULQQH $�� )DKV� �7KH� 3HQQV\OYDQLD� 6WDWH� 8QLYHUVLW\�� <RUN�� 3HQQV\OYDQLD�� 86$�� DVVLVWHG� LQ� WKH�
SUHSDUDWLRQ�RI�)LJXUH����7ZR FROOHDJXHV�UHYLHZHG�WKLV�SDSHU�DQG�RIIHUHG�YDOXDEOH�VXJJHVWLRQV��

/LWHUDWXUH�&LWHG
$OHJUH�%DUURVR��$��DQG�/��)��GH�$UPDV��������$�QHZ�VSHFLHV�RI�+HWHURODFXUEV �2SLOLRQHV��%LDQWLGDH��

6WHQRVW\JQLQDH�� IURP� 3XHUWR� 5LFR�� 7KH� -RXUQDO� RI� $UDFKQRORJ\ ������������
KWWSV���GRL�RUJ���������+D�������

$QGUHZV��.���6��0��5HHG��DQG�6��(��0DVWD��������6SLGHUV�IOXRUHVFH�YDULDEO\�DFURVV�PDQ\�WD[D��%LRORJ\�
/HWWHUV ��������±�����KWWSV���GRL�RUJ���������UVEO����������

$WWHPV��&��0��7��*UDI�YRQ��������'LH�0\ULRSRGHQ�GHU�9HJD�([SHGLWLRQ��$UNLY�I|U�=RRORJL��8SSVDOD��
6WRFNKROP�������������KWWS���ELRGLYHUVLW\OLEUDU\�RUJ�SDJH��������

&KDPEHUOLQ��5��9��������1RWHV�RQ�:HVW�,QGLDQ�PLOOLSHGV��3URFHHGLQJV�RI�WKH�8QLWHG�6WDWHV�1DWLRQDO�
0XVHXP �:DVKLQJWRQ�� 'LVWULFW� RI� &ROXPELD�� 86$�� ���������������
KWWSV���GRL�RUJ���������VL�������������������

&RFNHUHOO��7��'��$��������$UWKURSRGV� LQ�%XUPHVH�DPEHU��$PHULFDQ�-RXUQDO�RI�6FLHQFH �6HULHV� ���
����������� KWWSV���GRL�RUJ���������DMV�V������������

&ROyQ�7RUUHV�� -�$��������&OLPDWRORJtD�GH�3XHUWR�5LFR��(GLWRULDO�8QLYHUVLGDG�GH�3XHUWR�5LFR��5tR�
3LHGUDV��3XHUWR�5LFR������SS�

*DODQHV��,��DQG�-��7KRPOLQVRQ��������6RLO�PLOOLSHGH�GLYHUVLW\�LQ�WURSLFDO�IRUHVW�SDWFKHV�DQG�LWV�UHODWLRQ�
WR�ODQGVFDSH�VWUXFWXUH�LQ�QRUWKHDVWHUQ�3XHUWR�5LFR��%LRGLYHUVLW\�DQG�&RQVHUYDWLRQ ��������������
KWWSV���GRL�RUJ���������V����������������

+DUYH\��(��1��������%LROXPLQHVFHQFH��$FDGHPLF�3UHVV��1HZ�<RUN��1<��86$������SS�
+DXJ��-��7���&��+DXJ��9��.XWVFKHUD��*��0D\HU��$��0DDV��6��/LHEDX��&��&DVWHOODQL��8��:ROIUDP��(��1��

.�� &ODUNVRQ�� DQG� '�� :DORV]HN�� �����$XWRIOXRUHVFHQFH� LPDJLQJ�� DQ� H[FHOOHQW� WRRO� IRU�
FRPSDUDWLYH� PRUSKRORJ\�� -RXUQDO� RI� 0LFURVFRS\ ����������±������
KWWSV���GRL�RUJ���������M����������������������[

+RIIPDQ��5��/��������&KHFNOLVW�RI�WKH�0LOOLSHGHV�RI�1RUWK�DQG�0LGGOH�$PHULFD��9LUJLQLD�0XVHXP�RI�
1DWXUDO�+LVWRU\��0DUWLQVYLOOH��9LUJLQLD��86$���6SHFLDO�3XEOLFDWLRQ���������

-HQJ��0��/��������%LRIOXRUHVFHQFH�LQ�WHUUHVWULDO�DQLPDOV��ZLWK�HPSKDVLV�RI�ILUHIOLHV��D�UHYLHZ�DQG�ILHOG�
REVHUYDWLRQ��&KDSWHU����SS����������,Q��6X]XNL��+��%LROXPLQHVFHQFH�� $QDO\WLFDO�$SSOLFDWLRQV�
DQG�%DVLF�%LRORJ\��,QWHFK2SHQ��/RQGRQ��(QJODQG��8.�����SS��'2,����������LQWHFKRSHQ�������
KWWSV���GRL�RUJ���������LQWHFKRSHQ������

.LP��6��%���(GLWRU���������%LR�OXPLQHVFHQFH��0HWKRGV�DQG�3URWRFROV��7KLUG�(GLWLRQ�,Q��:DONHU��-��0��
�6HULHV� (GLWRU���0HWKRGV� LQ� 0ROHFXODU� %LRORJ\�� +XPDQD� 3UHVV�� 6SULQJHU� 6FLHQFH�%XVLQHVV�
0HGLD�� 1HZ� <RUN�� 1<�� 86$�� ���� SS�� KWWSV���OLQN�VSULQJHU�
FRP�H]DFFHVV�OLEUDULHV�SVX�HGX�FRQWHQW�SGI����������)������������������SGI

.XU\�$��%�������$QQRWDWHG�FDWDORJXH�RI� WKH�/DQLDWRUHV�RI� WKH�QHZ�ZRUOG� �$UDFKQLGD��2SLOLRQHV���
5HYLVWD�,EpULFD�GH�$UDFQRORJtD HVSHFLDO�PRQRJUiILFR���������

.XVH��0���$��.DQDNXER��6��6XZDQ��.��.RJD��0��,VREH��DQG�2��6KLPRPXUD������������'LK\GURSWHULQ�
��FDUER[\OLF�DFLG�DV�OLJKW�HPLWWHU�RI�OXPLQRXV�PLOOLSHGH��/XPLQRGHVPXV�VHTXRLD��%LRRUJDQLF�	�
0HGLFLQDO�&KHPLVWU\�/HWWHUV������������������KWWSV���GRL�RUJ���������6��������;�����������

.XVH��0���0��<DQDJL��(��7DQDND��1��7DQL��DQG�7��1LVKLNDZD�������� ,GHQWLILFDWLRQ�RI�D� IOXRUHVFHQW�
FRPSRXQG� LQ� WKH� FXWLFOH� RI� WKH� WUDLQ�PLOOLSHGH�3DUDIRQWDULD� ODPLQDWD� DUPLJHUD� %LRVFLHQFH��
%LRWHFKQRORJ\��DQG�%LRFKHPLVWU\������������������ KWWSV���GRL�RUJ���������EEE�������

/DZUHQFH� 5��)��������)OXRUHVFHQFH�LQ�$UWKURSRGD��-RXUQDO�RI�WKH�(QWRPRORJLFDO�6RFLHW\�RI�6RXWKHUQ�
$IULFD ���������������KWWSV���KGO�KDQGOH�QHW�������$-$��������B����

/RRPLV�� +�� )�� ������ $� OXPLQHVFHQW QHZ� [\VWRGHVPLG� PLOOLSHG� IURP� &DOLIRUQLD�� -RXUQDO� RI� WKH�
:DVKLQJWRQ�$FDGHP\�RI�6FLHQFHV �����������

0DLQ�� '�� ������ *ORZLQJ� PLOOLSHGHV� DFFLGHQWDOO\� IRXQG� RQ� $OFDWUD]�� /LYH� 6FLHQFH
KWWSV���ZZZ�OLYHVFLHQFH�FRP�������JORZLQJ�PLOOLSHGHV�RQ�DOFDWUD]�KWPO
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0LOOHU��*��/��DQG�$��(��/XJR��������*XLGH�WR�WKH�(FRORJLFDO�6\VWHPV�RI�3XHUWR�5LFR��*HQHUDO�7HFKQLFDO�
5HSRUWV� ,QWHUQDWLRQDO� ,QVWLWXWH� RI� 7URSLFDO� )RUHVWU\�*75����� 8QLWHG� 6WDWHV� 'HSDUWPHQW� RI�
$JULFXOWXUH��)RUHVW�6HUYLFH��,QWHUQDWLRQDO�,QVWLWXWH�RI�7URSLFDO�)RUHVWU\��6DQ�-XDQ��3XHUWR�5LFR��
����SS�

3LQWR�GD�5RFKD�� 5�� DQG� 0�� 5\RWDUR�+DUD�� ������ 1HZ� IDPLOLDO� DVVLJQPHQWV� IRU� WKUHH� VSHFLHV� RI�
1HRWURSLFDO�KDUYHVWPHQ�EDVHG�RQ�FODGLVWLF�DQDO\VLV��$UDFKQLGD��2SLOLRQHV��/DQLDWRUHV���=RRWD[D
����������� KWWSV���GRL�RUJ����������]RRWD[D���������

3LQWR�GD�5RFKD�� 5��� *�� 0DFKDGR�� DQG� *�� *LULEHUW� �(GLWRUV��� ������ +DUYHVWPHQ�� 7KH� %LRORJ\� RI�
2SLOLRQHV��+DUYDUG�8QLYHUVLW\�3UHVV��&DPEULGJH��0DVVDFKXVHWWV��86$������SS�

5LFK��3��%��DQG�&��'RXLOOHW��(GLWRUV���������%LROXPLQHVFHQFH��0HWKRGV�DQG�3URWRFROV��6HFRQG�(GLWLRQ��
6SULQJHU� 3URWRFROV�� 0HWKRGV� LQ� 0ROHFXODU� %LRORJ\ ����� +XPDQD� 3UHVV�� 6SULQJHU�%XVLQHVV�
0HGLD��//&���'RUGUHFKW��7KH�1HWKHUODQGV������SS��

5LFH��.��%���6�� -��)OHLVFKHU��&��0��'H�0RUDHV��0��&��0HVFKHU�� -��)��7RRNHU�� DQG�0��*LVK�� ������
+DQGKHOG�ODVHUV�DOORZ�HIILFLHQW�GHWHFWLRQ�RI�IOXRUHVFHQW�PDUNHG�RUJDQLVPV�LQ�WKH�ILHOG��3OR6�RQH
�������H���������GRL���������MRXUQDO�SRQH��������

5XELQ�� 0��� -�� &�� /DPVGHOO�� /�� 3UHQGLQL�� DQG�0�� -�� +RSNLQV�� ������ &XWLFXODU� IOXRUHVFHQFH� LQ� VHD�
VFRUSLRQV�� KRUVHVKRH� FUDEV� DQG� RWKHU FKHOLFHUDWHV�� -RXUQDO� RI� =RRORJ\ �������±����
KWWSV���GRL�RUJ���������M]R������

6DQWLDJR�%OD\�� -�� $�� DQG� 0�� -�� 9pOH]� -U�� ������ &KRQGURPRUSKD� [DQWKRWULFKD�� D� QHZ� UHFRUG� RI�
SRO\GHVPLG�PLOOLSHGH��'LSORSRGD��3DUDGR[RVRPDWLGDH��DQG�WKH�JHRJUDSKLFDO�GLVWULEXWLRQ�RI�WKH�
WKUHH�NQRZQ�SDUDGR[RVRPDWLGV�RI�3XHUWR�5LFR��&DULEEHDQ�-RXUQDO�RI�6FLHQFHV ������±����

6KLPRPXUD�� 2�� ������ %LROXPLQHVFHQFH�� &KHPLFDO� 3ULQFLSOHV� DQG� 0HWKRGV�� :RUOG� 6FLHQWLILF�
3XEOLVKLQJ� &R� 3WH� /WG�� 6LQJDSRUH�� ���� SS��
KWWSV���HERRNFHQWUDO�SURTXHVW�FRP�OLE�SHQVX�GHWDLO�DFWLRQ"GRF,' ������

âLOKDYê��9��������7ZR�QHZ�V\VWHPDWLF�JURXSV�RI�JRQ\OHSWRPRUSKLG�SKDODQJLGV�IURP�WKH�$QWLOOHDQ�
&DULEEHDQ� 5HJLRQ�� $JRULVWHQLGDH� )DP�� 1��� DQG� &DULEELDQWLQDH� 6XEIDP�� 1�� �$UDFKQ���
2SLOLRQLGHD��� >
ERKHPRVORYDFDH@�3UDKD��&]HFKRVORYDNLD�����������������

6LHUZDOG��3���'��$��+HQQHQ��;��-��=DKQOH��6��:DUH��DQG�3��(��0DUHN��������7D[RQRPLF�V\QWKHVLV�RI�
WKH� HDVWHUQ� 1RUWK� $PHULFDQ� PLOOLSHGH� JHQXV� 3VHXGRSRO\GHVPXV �'LSORSRGD�� 3RO\GHVPLGD��
3RO\GHVPLGDH���XWLOL]LQJ�KLJK�GHWDLO�XOWUDYLROHW�IOXRUHVFHQFH�LPDJLQJ��=RRORJLFDO�-RXUQDO�RI�WKH�
/LQQHDQ�6RFLHW\ ����������±�����KWWSV���GRL�RUJ���������]RROLQQHDQ�]O]���

6LHUZDOG�� 3�� DQG� -�� 6SHOGD�� ������ 0LOOL%DVH�� KWWS���ZZZ�PLOOLEDVH�RUJ� RQ� ������������
KWWS���ZZZ�PLOOLEDVH�RUJ�

6X��<���&��&DL��DQG�'��+XDQJ��������5HYLVLRQ�RI�3KU\VVRQRWXV�EXUPLWLFXV��'LSORSRGD��3RO\[HQLGD��
6\Q[HQLGDH�� LQ� PLG�&UHWDFHRXV� DPEHU� IURP� 0\DQPDU�� &UHWDFHRXV� 5HVHDUFK� ������������
KWWSV���GRL�RUJ���������M�FUHWUHV������������

7RUUHV�� -��$��DQG�*��*RQ]iOH]������� :RRG�GHFRPSRVLWLRQ�RI�&\ULOOD� UDFHPLIORUD� �&\ULOODFHDH�� LQ�
%LRWURSLFD ���������������

KWWSV���GRL�RUJ���������M����������������������[
9pOH]��0��-��-U��������7KH�7D[RQRP\��'LVWULEXWLRQ��DQG�&HUWDLQ�(FRORJLFDO�$VSHFWV�RI�WKH�'LSORSRGD�

RI�3XHUWR�5LFR��'RFWRUDO�'LVVHUWDWLRQ��8QLYHUVLW\�RI�0LFKLJDQ��$QQ�$UERU��0LFKLJDQ��86$������
SS�

:DQQDV�� )��$��5��$��*DIHO�� DQG�1��'�� -DIIHU� ��������$� OLWHUDWXUH� UHYLHZ� RQ� WKH� IOXRUHVFHQFH� DQG�
SKRVSKRUHVFHQW��$PHULFDQ� ,QWHUQDWLRQDO�-RXUQDO�RI�6FLHQFHV�DQG�(QJLQHHULQJ�5HVHDUFK �����
�������KWWS���ZZZ�DFVHXVD�RUJ�MRXUQDO�LQGH[�SKS�DLMVHU�DUWLFOH�YLHZ���


