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7HUPLWHV�DUH�RQH�RI�WKH�PRVW�LPSRUWDQW�GHFRPSRVHUV�LQ�WURSLFDO�IRUHVW��$V�PDQ\�
RWKHU� LQVHFWV�� WKH\� DUH� VHQVLWLYH� WR� DYDLODEOH� ZDWHU�� VR� GU\� FRQGLWLRQV� DIIHFW� WKHLU�
DFWLYLW\�>�@��6RXWKHUQ�9LHWQDP�FOLPDWH�LV�WURSLFDO�PRQVRRQ�ZLWK�WZR�GLVWLQFW�VHDVRQV��
QDPHO\� UDLQ\� DQG� GU\� VHDVRQ�� 'XULQJ� WKH� UDLQ\� VHDVRQ� IRUHVW� DSSHDUV� WR� EH�
RYHUZDWHUHG��ZKLOH� LQ� WKH�GU\�VHDVRQ�ZDWHU�EHFRPHV�H[WUHPHO\� OLPLWHG� UHVRXUFH�>�@��
,QVHFW�FRPPXQLW\�LV�GHSHQGHQW�RQ�WKLV�FOLPDWLF�F\FOH�DQG�KDV�YHU\�VHDVRQDO�SDWWHUQV�RI�
DEXQGDQFH�� 7HUPLWHV� HYROYHG� VRFLDO� VWUXFWXUH� DQG� FRQVWUXFW� FRPSOLFDWHG� VKHOWHUV�
SURWHFWLQJ� DQLPDOV� IURP� DELRWLF� FRQGLWLRQV�� VR� WKHLU� DFWLYLW\� LV� OHVV� UHVWULFWHG� E\�
XQIDYRXUDEOH�DELRWLF�FRQGLWLRQV�

'HVSLWH� FUXFLDO� LPSRUWDQFH� RI� WHUPLWHV� LQ� WURSLFDO� HFRV\VWHPV�� WKHLU� IRUDJLQJ�
DFWLYLW\�LV�TXLWH�SRRUO\�VWXGLHG�GXH�WR�WHFKQLFDO�GLIILFXOWLHV��0DQ\�RI�WHUPLWH�VSHFLHV�
IRUDJH�KLGGHQ�LQ�ZRRG��LQ�VRLO��RU�XQGHU�OHDI�OLWWHU��DQLPDOV�DUH�DSSURDFKLQJ�IRUDJLQJ�
VLWHV� E\� XQGHUJURXQG� SDVVDJHV� >��� �@��1HVWV� E\� LWVHOI� DUH� YHU\� GLIILFXOW� WR� VSRW� IRU�
VRPH�VSHFLHV�DV�WKH\�DUH�SODFHG�LQ�VRLO�DQG�KDYH�QR�YLVLEOH�PDUNV�RQ�VXUIDFH�

6HDVRQDO� DFWLYLW\� RI� WHUPLWHV� LQ� 6RXWK�(DVW�$VLD� IRUHVW� HFRV\VWHPV� LV� SRRUO\�
VWXGLHG�� ,Q�WKLV�ZRUN�ZH�DLPHG�WR�VWXG\�WKH�VHDVRQDO�SDWWHUQV�RI� WHUPLWH�DFWLYLW\�LQ�
WKH�IRUHVW�RI�&DW�7LHQ�1DWLRQDO�3DUN�LQ�6RXWKHUQ�9LHWQDP�

���0$7(5,$/�$1'�0(7+2'6

6WXG\�DUHD� 0DWHULDO�ZDV� FROOHFWHG� IURP�1RYHPEHU������ WR�$XJXVW� ����� LQ�
WKH�&DW�7LHQ�1DWLRQDO�3DUN�������µ1��������µ(��DERXW�����P�D�V�O����7KH�WHUULWRU\�LV�
FRYHUHG� E\� PRQVRRQ� ORZODQG� IRUHVW� ZLWK� /DJHUVWURHPLD� FDO\FXODWD�� 7HWUDPHOHV�
QXGLIORUD��$I]HOLD� [\ORFDUSD�� DQG�'LSWHURFDUSDFHDH� VSHFLHV� EHLQJ� GRPLQDQW� LQ� WKH�
XSSHU� FDQRS\� >�@��7KH� IRUHVW� LV� ULFK� LQ� HSLSK\WHV�� OLDQDV�� DQG� VXVSHQGHG� VRLOV�� DQG�
IRUPV�VHYHUDO�FDQRS\�OD\HUV��/HDI�OLWWHU�RQ�WKH�VRLO�VXUIDFH�LV�SUHVHQW�VHDVRQDOO\�IRU�
DERXW� KDOI� RI� WKH� \HDU�� 7KH� OLWWHU� OD\HU� LV� TXLWH� GLYHUVH� DQG� FRQVLVWV� RI� OHDYHV� RI�
GLIIHUHQW� VSHFLHV�� EUDQFKHV� DQG� WZLJV�� EDUN� IUDJPHQWV�� DQG� DOVR� QXPHURXV� ORJV� RI�
GLIIHUHQW� VL]H� DQG� VWDJHV� RI� GHFD\�� 7UHH� WUXQNV� DUH� W\SLFDOO\� FRYHUHG� E\� FUXVWRVH�
OLFKHQV�RU�DOJDH�ILOP��DQG�RFFDVLRQDOO\�E\�PRVV��6RLO�LQ�VDPSOLQJ�DUHDV�LV�FODVVLILHG�
DV� WKLQ� FOD\H\� EURZQ� WURSLFDO� VRLO�� RU� '\VWULF� 6NHOHWLF� 5KRGLF� &DPELVRO� �&OD\LF��
DFFRUGLQJ�WR�WKH�:5%�V\VWHP�>�@�

7KHUH� LV� D�PRQVRRQ�FOLPDWH� LQ�&DW�7LHQ�1DWLRQDO�3DUN�ZLWK� VWURQJO\�PDUNHG�
GU\�DQG UDLQ\�VHDVRQV��D�PHDQ�DQQXDO�DLU�WHPSHUDWXUH�RI�����&��DQ�DQQXDO�UDLQIDOO�RI�
������PP��5DLQ�PRVWO\�RFFXUV�LQ�0D\�6HSWHPEHU�>�@��,Q�WKH�VHFRQG�KDOI�RI�WKH�UDLQ\�
VHDVRQ��ODUJH�DUHDV�LQ�WKH�IRUHVW�DUH�IORRGHG�IRU�D�SHULRG�RI�XS�WR�VHYHUDO�PRQWKV��'U\�
VHDVRQ� ODVWV� IURP�'HFHPEHU� WR�0DUFK�ZKLOH� LW� FRXOG� EH� QR� SUHFLSLWDWLRQ� DW� DOO� IRU�
VRPH�PRQWKV�
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0DWHULDO� FROOHFWLRQ� 0DWHULDO� ZDV� FROOHFWHG� RQ� WKH� IRUHVW� URXWHV� LQ� GLIIHUHQW�
IRUHVW� W\SHV� �7DEOH� ���� 5RXWHV� H[DPLQDWLRQ�ZDV� SHUIRUPHG� DW� WKH� GD\� WLPH� DQG� DW�
QLJKW�WLPH HYHU\�PRQWK��'XULQJ�WKH�0D\������DQG�$XJXVW�������ILHOG�GDWD�ZHUH�QRW�
FROOHFWHG� GXH� WR� H[SHGLWLRQV� WR� RWKHU� DUHDV��0RQWKO\� H[DPLQDWLRQ� RI�PRGHO� URXWHV�
LQFOXGHG�YLVXDO�REVHUYDWLRQ�RI�IRUHVW�IORRU�DQG�RWKHU�RSHQ�KDELWDWV��ORJ�VXUIDFH��WUHH�
WUXQNV�� VWRQH� VXUIDFH�� DQG� OHDI� OLWWHU� H[DPLQDWLRQ�� DQG� DOVR� WKH� VSDFH� XQGHU� ORJV��
&KRVHQ�PRGHO� URXWHV� DQG� IUHTXHQF\�RI� REVHUYDWLRQV� UHSUHVHQW� URXJKO\� WKH� UHODWLYH�
DPRXQW� RI� GLIIHUHQW� IRUHVW� W\SHV� LQ� WKH�3DUN��5RXWH� FRXQWLQJ�ZDV� SHUIRUPHG� LQ� QR�
UDLQ\� KRXUV� DV� DFWLYLW\� RI� PRVW� DQLPDOV� DUH� FHDVHG� GXULQJ� WKH� UDLQ� DQG� DOVR� UDLQ�
GHFUHDVHV�WKH�YLVLELOLW\�VLJQLILFDQWO\�VR�LW�PD\�DOWHU�WKH�UHVXOWV�>�@��'XULQJ�WKH�URXWH�
FRXQWLQJ� DOO� YLVLEOH� WHUPLWH� DFWLYLW\�ZDV� UHFRUGHG��PRVWO\� LW�ZDV� IRUDJLQJ� DFWLYLW\��
EXW� IRU� +RVSLWDOLWHUPHV� ELFRORU� LW� ZDV� DOVR� PLJUDWLRQ� �)LJ�� ���� $JJUHJDWLRQV� RI�
IRUDJLQJ�WHUPLWHV�ZHUH�FRQVLGHUHG�DV�LQGHSHQGHQW�RQHV�LI�WKH\�ZHUH�PRUH�WKDW�WKUHH�
PHWHUV�DZD\�IURP�HDFK�RWKHU�

:HDWKHU�GDWD��SUHFLSLWDWLRQ�DQG�WHPSHUDWXUH��DUH�NLQGO\�SURYLGHG�E\�WKH�WHDP�
RI�:HDWKHU�DQG�&OLPDWLF�REVHUYDWLRQDO�7RZHU�SODFHG�LQ�&DW�7LHQ�1DWLRQDO�3DUN�

7DEOH��� &KDUDFWHULVWLFV�RI�PRGHO�URXWHV

5RXWH�QDPH &RRUGLQDWHV

([DPLQDWLRQV�
SHU�PRQWK�

�GD\WLPH�QLJK
WWLPH�

$SSUR[��
GXUDWLRQ�RI�

RQH�
H[DPLQDWLRQ��

KRXUV

)RUHVW�W\SH

&LUFOH�WUDLO
1����������
�
(�����������


��� ���

/DJHUVWURHPLD��
7HWUDPHOHV��$I]HOLD��
2FKURFDUSXV�JHQXVHV�
GRPLQDWHG�IRUHVW

%DX�6DX�WUDLO
1����������
�
(�����������


��� ���
3RO\GRPLQDWHG�
IRUHVW�RQ�WXII�URFNV

$I]HOLD�WUDLO
1����������
�
(�����������


��� �

3RO\GRPLQDWHG�
IRUHVW�IORRGHG�IRU
VHYHUDO�PRQWK�HYHU\�
\HDU

*UDVVODQGV
1����������
�
(�����������


��� ���

2SHQ�JUDVV\�DUHDV�
ZLWK�VSDUVH�EDPERR�
DQG�'LSWHURFDUSXV�
VS��WUHHV

:DWHUIDOO�
WUDLO

1����������
�
(�����������


��� �
%DPERR�GRPLQDWHG�
DUHD�ZLWK�GLIIHUHQW�
WUHHV�LQFOXGHG

$OO�WUDLOV ��� ��



EŐŚŝġŶ�ĐӈƵ ŬŚŽĂ�ŚҸĐ�ĐƀŶŐ�ŶŐŚҵ

dҢƉ�ĐŚş�<ŚŽĂ�ŚҸĐ�ǀă��ƀŶŐ�ŶŐŚҵ ŶŚŝҵƚ�ĜӀŝ͕�^Һ ϯϮ͕�Ϭϵ Ͳ ϮϬϮϯ ϱ

)LYH�PRGHO� VSHFLHV� RI� WHUPLWHV�ZKHUH� FKRVHQ� IRU� REVHUYDWLRQ� EDVHG� RQ� WKHLU�
DEXQGDQFH� DQG� WKH� LPSDFW� RQ� OLWWHU� GHFRPSRVLWLRQ�� 0DFURWHUPHV� FDUERQDULXV
�+DJHQ���0�� JLOYXV �+DJHQ���0�� PDODFFHQVLV �+DYLODQG���+\SRWHUPHV� REVFXULFHSV
�:DVPDQQ��� +RVSLWDOLWHUPHV� ELFRORU �+DYLODQG��� $V� WZR� VHFRQG� VSHFLHV� RI�
0DFURWHUPHV DUH� QRW� SRVVLEOH� WR� VHSDUDWH� IURP� HDFK� RWKHU� LQ� WKH� ILHOG�� WKH\�ZHUH�
XQLWHG�DQG�IXUWKHU�DUH�UHIHUUHG�DV�³0��JLOYXV�PDODFFHQVLV´��$OO�RWKHU�WHUPLWH�VSHFLHV�
UHFRUGHG� GXULQJ� REVHUYDWLRQV� ZHUH� UHIHUUHG� DV� ³RWKHUV´�� ,GHQWLILFDWLRQ� RI� WHUPLWHV�
ZDV�EDVHG�RQ�FRPPXQLFDWLRQ�ZLWK�%HO\DHYD�1�9�

)LJXUH��� )RUDJLQJ�RI�0DFURWHUPHV�FDUERQDULXV LQ�OHDI�OLWWHU

���5(68/76�$1'�',6&866,21

7HUPLWHV�ZHUH�DFWLYHO\�IRUDJLQJ�DOO�URXQG�WKH�\HDU��EXW�ZLWK�GLIIHUHQW� LQWHQVLW\�
IURP�PRQWK�WR�PRQWK��)LJ������0D[LPXP�RI�DFWLYLW\�ZDV�UHFRUGHG�LQ�$SULO�������ZKHQ�
����IRUDJLQJ�VSRWV�RI�GLIIHUHQW�WHUPLWH�VSHFLHV�ZHUH�UHFRUGHG��,Q�$SULO�������WHUPLWHV¶�
DFWLYLW\�ZDV�PXFK�ORZHU��7KH�ORZHVW�DFWLYLW\�ZDV�UHFRUGHG�LQ�1RYHPEHU�DQG�-DQXDU\�
������$W�DQ\�PRQWK��DW�OHDVW����IRUDJLQJ�VSRWV�RI�GLIIHUHQW�VSHFLHV�ZHUH�UHFRUGHG�

)RU�PDQ\� LQVHFWV�DQG�VDSURWURSKLF� LQYHUWHEUDWHV�� WKH�GU\�VHDVRQ� LV� WKH�SHULRG�
ZLWK�WKH�ORZHVW�DFWLYLW\�LI�DQ\��EHFDXVH�ZDWHU�VXSSO\�LV�YHU\�OLPLWHG�DQG�LQVRODWLRQ�LV�
YHU\�KDUG�>�@��7HUPLWHV�KDYH�VXLWDEOH�FRQGLWLRQV�LQVLGH�OLYLQJ�QHVWV��VR�WKH\�DUH�DEOH�
WR�PDNH�UHODWLYHO\�VKRUW�IRUDJLQJ�H[SHGLWLRQV�RXWVLGH�GXULQJ�WKH�KDUG�WLPH�>��@��7KLV�
DELOLW\�JLYHV�WKHP�DFFHVV�WR�IUHVKO\�IDOOHQ�OHDI�OLWWHU�LQ�WKH�SHDN�RI�GU\�VHDVRQ��ZKLOH�
PRVW�RI�RWKHU�VDSURWURSKHV�DUH�XQDEOH�WR�XVH�LW��)RUDJLQJ�DFWLYLW\�RI�WHUPLWHV�VOLJKWO\�
LQFUHDVHG�LQ�WKH�VHFRQG�KDOI�RI�GU\�VHDVRQ�������EHLQJ�KLJK�HYHQ�EHIRUH�ILUVW�UDLQV�
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4XLWH�RSSRVLWH��IRUDJLQJ�DFWLYLW\�RI�WHUPLWHV�ZDV�UHODWLYHO\�ORZ�GXULQJ�WKH�UDLQ\�
VHDVRQ�� ,W� FRXOG�EH� H[SODLQHG�E\� OLWWOH� DPRXQW�RI� DYDLODEOH� IRRG� VRXUFH��PDLQO\� OHDI�
OLWWHU�DQG�VPDOO�WZLJV��RQ�WKH�JURXQG��DV�WKH�PDLQ�SDUW�RI�VXSSO\�ZDV�XVHG�LQ�WKH�ILUVW�
KDOI�RI�UDLQ\�VHDVRQ��/DUJH�DUHDV�RI�IRUHVW�DUH�IORRGHG�GXULQJ�WKH�UDLQ\�VHDVRQ�IRU�VKRUW�
RU�HYHQ�ORQJHU�WLPH��ZKDW�FRXOG�DOVR�QHJDWLYHO\�DIIHFW�VXUIDFH�WHUPLWH�DFWLYLW\�

7HUPLWH� FRPPXQLW\� GHPRQVWUDWHG� GUDVWLF� GLIIHUHQFHV� LQ� DEXQGDQFH� IURP�
PRQWK� WR� PRQWK� ZLWK� DEVHQFH� RI� FRUUHODWLRQ� ZLWK� SUHFLSLWDWLRQ� OHYHO� RU� VRLO�
WHPSHUDWXUH� �S� �ޒ ������ Q� � ����� 3UREDEO\� LW� UHIOHFWV�PRUH� FRPSOLFDWHG� SDWWHUQV� RI�
DFWLYLW\� DIIHFWHG� E\� VRPH� RWKHU� WKDW� SUHFLSLWDWLRQ� DQG� WHPSHUDWXUH� IDFWRUV�� $OVR�
VWRFKDVWLF� IOXFWXDWLRQ� LQ�DFWLYLW\�FRXOG� UHIOHFW� LQGLYLGXDO� IHDWXUHV�RI� ODUJH� WHUPLWHV¶�
QHVWV�DQG� LWV� LUUHJXODU�DFWLYLW\�DV� WKH\�GR� IRUDJH�QRW�HYHU\�GD\��2QH�ELJ�PRXQG�RI�
0DFURWHUPHV KDV� ZLGH� QHW� RI� XQGHUJURXQG� SDVVDJHV� VSUHDGLQJ� IRU� VHYHUDO� PHWHUV�
DURXQG�LW��ZKLFK�ZRUNHUV�XVH�IRU�IRUDJH�LQ�GLVWDQW�ODQGV�>����@��%LJ�SDWFKHV�RI�IRUHVW�
IORRU��WHQV�RI�VTXDUH�PHWHUV��DSSHDU�WR�EH�IRUDJLQJ�DUHD�RI�RQH�WHUPLWH�IDPLO\��VR�WKH�
GD\V� RQH� FRORQ\� KDV� OLWWOH� IRUDJLQJ� DFWLYLW\� KLJKO\� DIIHFWV� WKH� DPRXQW� RI� UHFRUGHG�
IRUDJLQJ��$OVR� WHUPLWHV�FKDQJH�GDLO\� WKHLU� IRUDJLQJ�DUHD�DURXQG� WKH�PRXQG��IRU�0��
FDUERQDULXV��>�@ IRU�DYRLGLQJ�SUHGDWRUV�� WKHUHIRUH��IRUDJLQJ�SDWFKHV�GLVWDQFHG�IURP�
WKH�FRXQWLQJ�URXWH�FRXOG�EH�QRW�UHFRUGHG�

)LJXUH��� 7KH�G\QDPLF�RI�WHUPLWH�DEXQGDQFH�DQG�SUHFLSLWDWLRQ

7KH�SDWWHUQ�RI�G\QDPLF�RI�WHUPLWH�DEXQGDQFH�GLIIHUHG�IURP�\HDU�WR�\HDU��,Q������
WKH�SHDN�RI�DEXQGDQFH�ZDV�UHFRUGHG�LQ�'HFHPEHU��ZKHQ�UDLQIDOO�VWDUWHG�WR�ORZHU��EXW�
LQ������PD[LPXP�RI�WHUPLWHV¶�DFWLYLW\�ZDV�UHFRUGHG�LQ�$SULO��DIWHU�WKH�ILUVW�UDLQV�

'LIIHUHQW� WHUPLWH� VSHFLHV� VKRZHG� GLIIHUHQW� G\QDPLF� RI� IRUDJLQJ� DFWLYLW\�� ,W� LV�
SRVVLEO\�FRUUHODWHV�ZLWK�WKH�TXDOLW\�RI�QHVW�SURWHFWLRQ��OLNH�VSHFLHV�ZLWK�PRGHUQ�QHVWV�
DUH�DEOH�WR�SHUIRUP�IRUDJLQJ�DFWLYLW\�LQ�KDUVKHU�FRQGLWLRQV�DV�WKH\�KDYH�PRUH�VXLWDEOH�
FRQGLWLRQV�LQVLGH�WKH�QHVW��6SHFLHV�ZLWK�VLPSOHU�QHVWV��OLNH�+��ELFRORU� KDYH�ORZHU�UDWHV�
RI�SURWHFWLRQ��VR�KDYH�OHVV�HQHUJ\�DQG�ZDWHU�VWRUDJH�IRU�SHUIRUPLQJ�DFWLYLW\�RXWVLGH�
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)LJXUH��� '\QDPLF�RI�RSHQ�DLU�DFWLYLW\�RI�0DFURWHUPHV VSHFLHV

0DFURWHUPHV VSHFLHV�GHPRQVWUDWHG�VLPLODU�SDWWHUQ�RI�VHDVRQDO�DFWLYLW\��)LJ������
0DFURWHUPHV VSHFLHV� ZHUH� NQRZQ� WR� IRUDJH� PDLQO\� DW� WKH� QLJKW� WLPH� DQG� FHDVH�
DOPRVW�DQ\�RSHQ�DLU�IRUDJLQJ�DFWLYLW\�LQ�WKH�UDLQ\�VHDVRQ�>�@��EXW�ZH�UHFRUGHG�RSHQ�
DLU� DFWLYLW\� LQ� WKH� UDLQ\� VHDVRQ� �-XQH� � 6HSWHPEHU��� (YHQ�PRUH�� RQO\� LQ� WKH� UDLQ\�
VHDVRQ�� WHUPLWHV� IRUDJHG� RSHQO\� LQ� WKH� GD\� WLPH�� 2SSRVLWH� WR� SUHYLRXV VWXGLHV��
WHUPLWHV¶�DFWLYLW\�GHFUHDVHG� LQ� UDLQ\�VHDVRQ��7KH�SHDNV�RI�0��FDUERQDULXV RSHQ�DLU�
IRUDJLQJ�DFWLYLW\�KDSSHQHG�LQ�WKH�EHWZHHQ�VHDVRQV��ZKLOH�SUHFLSLWDWLRQ�ZDV�PRGHUDWH�
LQ�FRPSDULVRQ�WR�H[WUHPHV�RI�GU\�DQG�UDLQ\�VHDVRQV�

%RWK�0��JLOYXV DQG�0��PDODFFHQVLV VKRZHG�JUHDW�RSHQ�DLU�IRUDJLQJ�DFWLYLW\�LQ�
GU\� VHDVRQ� �-DQXDU\� � 0DUFK��� ZKLOH�0�� FDUERQDULXV DFWLYLW\� GHFUHDVHG� LQ� WKHVH�
PRQWK��7KH� ODVW� VSHFLHV� LV�PRUH� WROHUDWH� WR� GU\� FRQGLWLRQV� DV� KDV� KLJKHU� DELOLW\� WR�
GHFUHDVH� WKH�ZDWHU� ORVV� >��@�� VR� LV� VXSSRVHG� WR�PDLQWDLQ� DFWLYLW\� IRU� ORQJHU� LQ� GU\�
VHDVRQ��3UREDEO\�0��JLOYXV DQG�0��PDODFFHQVLV KDYH�KLJKHU�VHQVLWLYLW\�WR�UDLQV�DQG�
WKH\� LQFUHDVH� WKHLU� IRUDJLQJ� DFWLYLW\� LQ� DQ\� RFFDVLRQ�� ZKLOH�0�� FDUERQDULXV VWDUWV�
RSHQ�DLU�IRUDJLQJ�RQO\�DIWHU�IXOO�VWDUW�RI�UDLQ\�VHDVRQ�
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)LJXUH��� '\QDPLF�RI�RSHQ�DLU�DFWLYLW\�RI�+��ELFRORU��7HPSHUDWXUH�
LV�JLYHQ�QRW�WR�WKH�VFDOH

+��ELFRORU LV� WKH�RQO\�RSHQ�DLU�SURFHVVLRQDO� WHUPLWH�VSHFLHV� LQ�VWXGLHG�IRUHVW��
ZLWK�QR�SHUPDQHQW�PRXQG��IHHGLQJ�PDLQO\�RQ�OLFKHQV�DQG�DOJDH�>�����@��7KLV�VSHFLHV�
GHPRQVWUDWHG� KLJK� OHYHO� RI� DFWLYLW\� DOO� URXQG� WKH� \HDU� �)LJ�� ���� +RVSLWDOLWHUPHV
VSHFLHV�ZHUH�NQRZQ�WR�SUHIHU�QLJKW�WLPH�IRU�IRUDJLQJ�>��@��EXW�LQ�WKH�UDLQ\�VHDVRQ�ZH�
UHFRUGHG� GD\WLPH� IRUDJLQJ� DFWLYLW\� DV� ZHOO� DV� WKH� QLJKW� WLPH�� 1LJKW� WLPH� DFWLYLW\�
GHFUHDVHG� LQ� WKH�PRQWKV�ZLWK� DOPRVW�QR�SUHFLSLWDWLRQ��EXW� LQFUHDVHG�DJDLQ� LQ������
EHIRUH� UDLQV� VWDUWHG��+RVSLWDOLWHUPHV VSHFLHV� DUH� NQRZQ� WR� EH� UHVLVWDQW� WR� OLPLWHG�
ZDWHU� VXSSO\� DQG� OLYH� LQ� TXLWH� DULG� VLWHV� >��@�� WKLV� DELOLW\� PD\� KHOS� WKHP� ZLWK�
IRUDJLQJ EHIRUH�UDLQ�VHDVRQ�

$V� IRU� RWKHU� PRGHO� VSHFLHV�� QR� FRUUHODWLRQ� RI� IRUDJLQJ� DFWLYLW\� DQG� WKH� VRLO�
WHPSHUDWXUH�ZDV�IRXQG��7HUPLWHV�DUH�PRUH�OLPLWHG�E\�PRLVWXUH�WKDQ�E\�WHPSHUDWXUH�
FRQGLWLRQV��+RVSLWDOLWHUPHV VSHFLHV�DUH�RQH�RI�WKH�PRVW�WROHUDWH�RQHV�WR�KDUVK�DELRWLF�
FRQGLWLRQV��IRU�$VLDQ�VSHFLHV��>��@��WKLV�FRXOG�EH�WKH�UHDVRQ�RI�VPDOO�IOXFWXDWLRQV�LQ�
IRUDJLQJ�DFWLYLW\�RI�+��ELFRORU DURXQG�WKH�\HDU�FRPSDUH�WR�DQRWKHU�VWXGLHG�VSHFLHV�

+��REVFXULFHSV KDG�WKH�ORZHVW�DPRXQW�RI�DFWLYLW\�UHFRUGV��7KLV�VSHFLHV�KDV�WKH�
VPDOOHVW�ERG\�VL]H�DPRQJVW�RWKHU�PRGHO�VSHFLHV��ZRUNHUV�XVXDOO\�IRUDJH�XQGHU�OHDI�
OLWWHU� DQG� QRW� DSSHDULQJ� RQ� WKH� VXUIDFH�� 3HDN� RI� IRUDJLQJ� DFWLYLW\� KDSSHQHG� LQ� WKH�
VWDUW�RI�UDLQ\�VHDVRQ�LQ������DQG�GHFUHDVHG�ZLWK�LQFUHDVLQJ�UDLQIDOOV��,Q������VLPLODU�
SDWWHUQV� WKRXJK�ZLWK� VPDOOHU� DPSOLWXGH�ZHUH� IRXQG��'XULQJ� WKH�PRQWKV�ZLWK� KLJK�
UDLQIDOO� QR� IRUDJHV� RI� +�� REVFXULFHSV ZHUH� UHFRUGHG�� +\SRWHUPHV VSHFLHV� DUH�
IRUDJLQJ� DW� ORZHU� GHSWK� LQ� VRLO� WKDQ�0DFURWHUPHV VSHFLHV� >��@�� WKLV� FRXOG� EH� WKH�
UHDVRQ� RI� LQDFWLYDWLRQ� +\SRWHUPHV GXULQJ� WHPSRUDO� IORRGLQJ� LQ� UDLQ\� PRQWKV�
FRPSDUHG�WR�0DFURWHUPHV VSHFLHV��DQG�FRPSDUHG�WR�+RVSLWDOLWHUPHV VSHFLHV�ZKLFK�
DUH�QHVWLQJ�RIWHQ�DERYH�JURXQG�OHYHO�

+RVSLWDOLWHUPHV�ELFRORU
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)LJXUH����'\QDPLF�RI�IRUDJLQJ�DFWLYLW\�RI�+\SRWHUPHV�REVFXULFHSV��7HPSHUDWXUH�LV�
JLYHQ�QRW�WR�WKH�VFDOH

���&21&/86,21

:H� IRXQG� WKDW� FRH[LVWLQJ� WHUPLWH� VSHFLHV� GLIIHUHQW� LQ� HFRORJLFDO� SUHIHUHQFHV��
OLIH� KLVWRU\� DQG� WKH� QHVWLQJ� W\SH�� GLIIHUHG� LQ� WKHLU� VHDVRQDO� SDWWHUQV� RI� DFWLYLW\��
7HUPLWH� FRPPXQLW\� ZDV� IRUDJLQJ� DOO� URXQG� WKH� \HDU�� )RUDJLQJ� DFWLYLW\� GHVSLWH� WKH�
RULJLQDO� K\SRWKHVLV� GLG� QRW� FRUUHODWH� VLJQLILFDQWO\� ZLWK� SUHFLSLWDWLRQ� OHYHO� RU� VRLO�
WHPSHUDWXUH��0RVW�RI�VSHFLHV�LQFUHDVHG�IRUDJLQJ�DFWLYLW\�LQ�GU\�PRQWKV��EXW�GHFUHDVHG�
LW�LQ�PRQWKV�ZLWK�KHDY\�UDLQV��,Q�UDLQ\�VHDVRQ�PRVW�RI�VSHFLHV GHPRQVWUDWHG�QRW�RQO\�
QLJKW�WLPH�IRUDJLQJ�DFWLYLW\�W\SLFDO�IRU�$VLDQ�WHUPLWHV��EXW�DOVR�ZHUH�DFWLYHO\�IRUDJLQJ�
GXULQJ� WKH� GD\WLPH��7HUPLWH� VSHFLHV� VKRZHG� GLIIHUHQW� VWUDWHJLHV� DQG� DGDSWDWLRQV� WR�
DELRWLF�FRQGLWLRQV��ZKLFK�DOORZ�WKH�FRPPXQLW\�WR�PDLQWDLQ�GHFRPSRVLQJ�DFWLYLW\�DOO�
URXQG�WKH�\HDU��)XUWKHU�VWXGLHV�RI�VHDVRQDO�DVSHFW�RI�WHUPLWH�FRPPXQLW\�DFWLYLW\�DUH�
QHHGHG� IRU�EHWWHU�XQGHUVWDQGLQJ�RI� WKH� UROH�RI�GLIIHUHQW� VSHFLHV� LQ� WKH�GHFRPSRVLQJ�
SURFHVV�LQ�ORZODQG�PRQVRRQ�IRUHVW�LQ�6RXWKHUQ�9LHWQDP�

5()(5(1&(6
�� .ULVKQD�.��DQG�:HHVQHU�)��0��� �(GV����%LRORJ\�RI� WHUPLWHV��$FDGHPLF�SUHVV��

,QF��1HZ�<RUN�DQG�/RQGRQ�������
�� 7KLQK� 1�� 9� DQG� $QLFKNLQ� $�� (��� 7KH� &DW� 7LHQ� 1DWLRQDO� 3DUN�� JHQHUDO�

LQIRUPDWLRQ�� ,Q� ERRN�� 6WUXFWXUH� DQG� IXQFWLRQV� RI� VRLO� FRPPXQLWLHV� RI� D�
PRQVRRQ� WURSLFDO� IRUHVW� �&DW� 7LHQ� 1DWLRQDO� 3DUN�� VRXWKHUQ� 9LHWQDP��� $�9��
7LXQRY��(GLWRU���0���.0.�6FLHQWLILF�3UHVV�������������ɪ�

�� 6XJLR� .�� ᵹቮᒨਨ��� 7UXQN� WUDLO� IRUDJLQJ� RI� WKH� IXQJXV�JURZLQJ� WHUPLWH�
0DFURWHUPHV� FDUERQDULXV� �+DJHQ�� LQ� VRXWKHDVWHUQ� 7KDLODQG�� 7URSLFV�� ������
��������������� '2,���������3/��������

+\SRWHUPHV�REVFXULFHSV
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�� 'DUOLQJWRQ�-��3���7KH�XQGHUJURXQG�SDVVDJHV�DQG�VWRUDJH�SLWV�XVHG�LQ�IRUDJLQJ�
E\�D�QHVW�RI�WKH�WHUPLWH�0DFURWHUPHV�PLFKDHOVHQL�LQ�.DMLDGR��.HQ\D��-RXUQDO�
RI�=RRORJ\����������������������� '2,����������M����������������WE������[

�� %ODQF� /�� DQG� *�� 0DXU\�/HFKRQ� HW� DO��� 6WUXFWXUH�� )ORULVWLF� FRPSRVLWLRQ� DQG�
QDWXUDO� UHJHQHUDWLRQ� LQ� WKH� )RUHVWV� RI� &DW� 7LHQ� 1DWLRQDO� 3DUN�� 9LHWQDP�� $Q�
DQDO\VLV�RI�WKH�VXFFHVVLRQDO�WUHQGV��-RXUQDO�RI�%LRJHRJUDSK\������������������
'2,���������M����������������������[

�� .KRNKORYD� 2�� 6��� 0\DNVKLQD� 7�� 1��� .X]QHWVRY� $�� 1��� *XELQ� 6�� 9���
0RUSKRJHQHWLF� IHDWXUHV� RI� VRLOV� LQ� WKH� &DW� 7LHQ� 1DWLRQDO� 3DUN�� 6RXWKHUQ�
9LHWQDP��(XUDVLDQ�6RLO�6FLHQFH����������������������

�� 'HVKFKHUHYVND\D�2��$���$YLORY�9��.���'LQK�%��'���7UDQ�&��+���.XUEDWRYD�-��
$��� 0RGHUQ� FOLPDWH� RI� WKH� &DW� 7LHQ� 1DWLRQDO� 3DUN� �6RXWKHUQ� 9LHWQDP���
&OLPDWRORJLFDO�GDWD�IRU�HFRORJLFDO�VWXGLHV��,]YHVWL\D�$WPRVSKHULF�DQG�2FHDQLF�
3K\VLFV������������������� '2,���������6����������������

�� -RQHV�'��7���*DWKRUQH�+DUG\�)���)RUDJLQJ�DFWLYLW\�RI�WKH�SURFHVVLRQDO�WHUPLWH�
+RVSLWDOLWHUPHV�KRVSLWDOLV��7HUPLWLGDH��1DVXWLWHUPLWLQDH��LQ�WKH�UDLQ�IRUHVW�RI�
%UXQHL��QRUWK�ZHVW�%RUQHR��,QVHFWHV�6RFLDX[����������������������

�� $QLFKNLQ� $��� 6RLO� PDFURIDXQD�� VWUXFWXUH� DQG� VHDVRQDO� G\QDPLFV�� ,Q� ERRN��
6WUXFWXUH�DQG�IXQFWLRQV�RI�VRLO�FRPPXQLWLHV�RI�D�PRQVRRQ�WURSLFDO�IRUHVW��&DW�
7LHQ� 1DWLRQDO� 3DUN�� 6RXWKHUQ� 9LHWQDP��� $�� 9�� 7LXQRY� �(GLWRU��� 0��� .0.�
6FLHQWLILF�3UHVV�������������ɪ�

��� %HO\DHYD�1���)DXQD�DQG�ELRORJ\�RI�WHUPLWHV��,VRSWHUD���,Q�ERRN��6WUXFWXUH�DQG�
IXQFWLRQV RI�VRLO�FRPPXQLWLHV�RI�D�PRQVRRQ�WURSLFDO�IRUHVW��&DW�7LHQ�1DWLRQDO�
3DUN��6RXWKHUQ�9LHWQDP�� $��9��7LXQRY��(GLWRU���0���.0.�6FLHQWLILF�3UHVV���
����������ɪ�

��� +X� -��� 1HRK�.�� %��� $SSHO�$��*��� /HH�&��<��� 6XEWHUUDQHDQ� WHUPLWH� RSHQ�DLU�
IRUDJLQJ� DQG� WROHUDQFH� WR� GHVLFFDWLRQ�� FRPSDUDWLYH� ZDWHU� UHODWLRQ� RI� WZR�
V\PSDWULF� 0DFURWHUPHV� VSS�� �%ODWWRGHD�� 7HUPLWLGDH��� &RPSDUDWLYH�
%LRFKHPLVWU\� DQG� 3K\VLRORJ\� 3DUW� $�� 0ROHFXODU� 	� ,QWHJUDWLYH� 3K\VLRORJ\��
���������������������

��� 0LXUD�7���0DWVXPRWR�7���)RUDJLQJ�RUJDQL]DWLRQ�RI�WKH�RSHQ�DLU�SURFHVVLRQDO�
OLFKHQIHHGLQJ� WHUPLWH� +RVSLWDOLWHUPHV� �,VRSWHUD�� 7HUPLWLGDH�� LQ� %RUQHR�
,QVHFWHV�6RFLDX[��������������������

��� 3RRYROL� $��� .HORWK� 5��� &KHQWKDPDUDNVKDQ� %��� )RUDJLQJ� DFWLYLW\� RI�
+RVSLWDOLWHUPHV�PRQRFHURV��.|QLJ�� �7HUPLWLGDH��,VRSWHUD��LQ�:HVWHUQ�*KDWV��
,QGLD� -��(QWRPRO��=RRO��6WXG���������������������

��� :RRQ� -�� 6���%R\OH�0�� -��:��� (ZHUV�5��0���&KXQJ�$��� (JJOHWRQ� 3��� 7HUPLWH�
HQYLURQPHQWDO� WROHUDQFHV�DUH�PRUH� OLQNHG� WR�GHVLFFDWLRQ� WKDQ� WHPSHUDWXUH� LQ�
PRGLILHG�WURSLFDO�IRUHVWV� ,QVHFWHV�6RFLDX[��������������������

��� 6RUQQXZDW�<���9RQJNDOXDQJ�&���	�&KXWLEKDSDNRUQ�6���)RUDJLQJ� SDWWHUQV� RI�
WHUPLWH�VSHFLHV�LQ�WKH�OLYLQJ�FRPSOH[�RI�%DQJNDQRRQ�IRUHVW�SODQWDWLRQ��3KXNHW�
3URYLQFH�� 6RXWKHUQ� 7KDLODQG� 7KH� ,QWHUQDWLRQDO� 5HVHDUFK� *URXS� RQ� :RRG�
3UHVHUYDWLRQ��'RFXPHQW�,5*�:3�����������������
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6800$5<

)RUDJLQJ� DFWLYLW\� RI� ILYH� WHUPLWH� VSHFLHV�� QDPHO\ 0DFURWHUPHV� FDUERQDULXV
�+DJHQ���0�� JLOYXV �+DJHQ���0�� PDODFFHQVLV �+DYLODQG���+\SRWHUPHV� REVFXULFHSV
�:DVPDQQ���+RVSLWDOLWHUPHV�ELFRORU �+DYLODQG���ZDV� VWXGLHG� LQ &DW�7LHQ�1DWLRQDO�
3DUN�IRU�WZR�\HDUV�ZLWK�PRQWKO\�SHUIRUPHG�URXWH�FRXQWLQJ�RI�RSHQ�IRUDJHV��&KRVHQ�
PRGHO� VSHFLHV�GLIIHUHG� LQ� HFRORJLFDO� SUHIHUHQFHV�� OLIH�KLVWRU\� DQG� WKH�QHVWLQJ� W\SH��
7HUPLWHV�FRPPXQLW\�VKRZHG�IRUDJLQJ�DFWLYLW\�DOO�URXQG�WKH�\HDU��)RUDJLQJ�DFWLYLW\�
GHVSLWH�WKH�RULJLQDO�K\SRWKHVLV�GLG�QRW�FRUUHODWH�VLJQLILFDQWO\�ZLWK�SUHFLSLWDWLRQ�OHYHO�
DQG�VRLO�WHPSHUDWXUH�PHDVXUHG�PRQWKO\��0RVW�RI�VSHFLHV�LQFUHDVHG�IRUDJLQJ�DFWLYLW\�
LQ�GU\�PRQWKV��EXW�GHFUHDVHG�LW�LQ�PRQWKV�ZLWK�KHDY\�UDLQV��,Q�UDLQ\�VHDVRQ��PRVW�RI�
VSHFLHV�GHPRQVWUDWHG�QRW�RQO\�QLJKW�WLPH�IRUDJLQJ�DFWLYLW\�W\SLFDO�IRU�$VLDQ�WHUPLWHV��
EXW�DOVR�ZHUH�DFWLYHO\�IRUDJLQJ�GXULQJ�WKH�GD\WLPH��'XULQJ�WKH�GU\�VHDVRQ��IRUDJLQJ�
DFWLYLW\�KDSSHQHG�RQO\�LQ�QLJKW�WLPH��7HUPLWH�VSHFLHV�VKRZHG�GLIIHUHQW�VWUDWHJLHV�DQG�
DGDSWDWLRQV� WR� DELRWLF� FRQGLWLRQV�� ZKLFK� DOORZ� WKH� FRPPXQLW\� WR� PDLQWDLQ�
GHFRPSRVLQJ�DFWLYLW\�DOO�URXQG�WKH�\HDU�

.H\ZRUGV� 7HUPLWH�� VHDVRQDO� DFWLYLW\�� IRUDJLQJ� DFWLYLW\�� 6RXWK� (DVW� $VLD��
9LHWQDP��HFRORJ\��P͙L��KR̩W�ÿ͡QJ�WKHR�P�D��KR̩W�ÿ͡QJ�WuP�NL͇P�WKͱF�ăQ��Ĉ{QJ�1DP�
È��9L͏W�1DP��VLQK�WKiL�

1K̵Q�EjL�QJj\����WKiQJ����QăP�����

3K̫Q�EL͏Q�[RQJ�QJj\����WKiQJ����QăP�����

+RjQ�WKL͏Q�QJj\����WKiQJ���QăP�����

��� -RLQW� 5XVVLDQ�9LHWQDPHVH� 7URSLFDO� 5HVHDUFK� DQG� 7HFKQRORJLFDO� &HQWUH��
6RXWK�%UDQFK�����6WUHHW���������'LVWULFW��+R�&KL�0LQK�&LW\��9LHWQDP

���� ��� 6HYHUWVRY� ,QVWLWXWH�RI�(FRORJ\�DQG�(YROXWLRQ�RI� WKH�5XVVLDQ�$FDGHP\�RI�
6FLHQFHV������/HQLQVN\�SURVSHFW��0RVFRZ���������5XVVLD

/LrQ�K͏� 6HPHQ\XN�,ULQD
-RLQW�5XVVLDQ�9LHWQDPHVH�7URSLFDO�5HVHDUFK�DQG�7HFKQRORJLFDO�&HQWUH��
6RXWK�%UDQFK�����6WUHHW���������'LVWULFW��+R�&KL�0LQK�&LW\��9LHWQDP
3KRQH���������������(PDLO��IUHH�FDW#EN�UX


