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7KH� HFR�HSLGHPLRORJ\� RI� ERYLQH� WXEHUFXORVLV� �7E�� LQ�ZLOG� GHHU� �PDLQO\� UHG� GHHU�&HUYXV�
HODSKXV��LQ�1HZ�=HDODQG�ZDV�LQYHVWLJDWHG��%RYLQH�7E�LV�FDXVHG�E\�0\FREDFWHULXP�ERYLV��
6SHFLILF� DLPV�ZHUH� WR� FODULI\� WKH� OLNHO\� URXWHV� RI� LQIHFWLRQ� LQ� GHHU�� DQG� WR� GHWHUPLQH� WKH�
VWDWXV� RI� GHHU� DV� KRVWV� RI� 7E�� WKH� OLNHO\� UDWHV� DQG� URXWHV� RI� LQWHU�� DQG� LQWUD�VSHFLHV�
WUDQVPLVVLRQ�EHWZHHQ�GHHU�DQG�RWKHU�ZLOGOLIH�KRVWV�� WKH� UROH�RI�GHHU� LQ�VSUHDGLQJ�7E��DQG�
WKH�OLNHO\�XWLOLW\�RI�GHHU�DV�VHQWLQHOV�RI�7E�SUHVHQFH�LQ�ZLOGOLIH��$V�WKH�SRVVXP��7ULFKRVXUXV�
YXOSHFXOD��LV�WKH�PDLQ�ZLOGOLIH�KRVW�RI�7E��WKH�UHVHDUFK�DOVR�LQFOXGHG�VRPH�LQYHVWLJDWLRQ�RI�
WUDQVPLVVLRQ�URXWHV�LQ�SRVVXPV��
3DWWHUQV� RI� LQIHFWLRQ� ZHUH� PHDVXUHG� LQ� ���� GHHU� NLOOHG� EHWZHHQ� ����� DQG� ������ 7E�
SUHYDOHQFH�YDULHG�EHWZHHQ�DUHDV��UDQJH��±������)HZ�GHHU�KDG�JHQHUDOLVHG�LQIHFWLRQ��ZLWK�
��±���� RI� LQIHFWHG� GHHU� KDYLQJ� QR� YLVLEOH� OHVLRQV�� GHSHQGLQJ� RQ� WKH� DUHD�� 7KH�
UHWURSKDU\QJHDO� O\PSK� QRGHV� DQG� RURSKDU\QJHDO� WRQVLOV� ZHUH� FRPPRQO\� LQIHFWHG�� 1R�
GHSHQGHQW�IDZQV�������\�ZHUH�LQIHFWHG��LQGLFDWLQJ�LQWUD�VSHFLHV�WUDQVPLVVLRQ�LV�UDUH�LQ�ZLOG�
GHHU��:KHUH�SRVVXPV�ZHUH�QRW�FRQWUROOHG��WKH�QHW��FXPXODWLYH��IRUFH�RI�LQIHFWLRQ�LQ�\RXQJ�
��±��\��GHHU�ZDV�����±�����\��� LQ�PDOHV�DQG�����±�����\��� LQ�IHPDOHV��EXW�PXFK�ORZHU�LQ�
ROGHU� GHHU� ������� \����� 3RVVXP� FRQWURO� UHGXFHG� WKH� QHW� IRUFH� RI� LQIHFWLRQ� TXLFNO\�� DQG�
HYHQWXDOO\�WR�]HUR��+RZHYHU��7E�SHUVLVWHG�LQ�SRVVXP�FRQWUROOHG�DUHDV�WKURXJK�LPPLJUDWLRQ�
RI� LQIHFWHG� GHHU� DQG�� IRU� DOPRVW� D� GHFDGH�� WKURXJK� WKH� VXUYLYDO� RI� UHVLGHQW� GHHU� LQIHFWHG�
EHIRUH�SRVVXP�FRQWURO��7E�ZDV� ORVW� IURP� LQIHFWHG�GHHU�DW�DQ�H[SRQHQWLDO� UDWH�RI������\����
PRVWO\�DV�D�UHVXOW�RI�GHHU�UHFRYHULQJ�IURP�LQIHFWLRQ�UDWKHU�WKDQ�G\LQJ�IURP�LW��:LOG�GHHU�GR�
GLH�RI�7E��EXW�WKHUH�ZDV�QR�GLVFHUQLEOH�HIIHFW�RQ�DJH�VWUXFWXUH��7KH�RFFXUUHQFH�RI�LQIHFWLRQ�
LQ�GHHU�ZDV�QRW� OLQNHG� WR� WKH� ORFDO�GHHU�RU�SRVVXP�GHQVLW\� DW� WKHLU� NLOO� VLWHV� �L�H�� LQ� WKHLU�
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KRPH� UDQJH��� EXW� WKH� DUHD�ZLGH�SUHYDOHQFH�RI�7E� LQ� GHHU�ZDV� FORVHO\� FRUUHODWHG�ZLWK�7E�
OHYHOV� LQ� SRVVXPV�� ZKLFK� ZHUH� LQ� WXUQ� FRUUHODWHG� ZLWK� DUHD�ZLGH� PHDVXUHV� RI� SRVVXP�
GHQVLW\�� )RU� ZLOG� GHHU� LQ� 1HZ� =HDODQG�� 7E� LV� D� SHUVLVWHQW� EXW� XVXDOO\� LQFRQVHTXHQWLDO�
GLVHDVH�RI�WKH�O\PSKDWLF�V\VWHP��,W�LV�DFTXLUHG�PDLQO\�E\�\RXQJ�LQGHSHQGHQW�GHHU��XVXDOO\�
RUDOO\�YLD�WKH�WRQVLOV��DQG�SUREDEO\�DV�D�UHVXOW�RI�OLFNLQJ�LQIHFWHG�SRVVXPV��
0DQ\�VSHFLHV�IHG�RQ�GHHU�FDUULRQ��LQFOXGLQJ�SRVVXPV��0RVW�SRVVXPV�HQFRXQWHULQJ�FDUULRQ�
GLG�QRW�IHHG�RQ�LW��EXW�D�IHZ�IHG�IRU� ORQJ�SHULRGV��2WKHU�VFDYHQJHUV�VXFK�IHUUHWV��0XVWHOD�
IXUR��� KDZNV� �&LUFXV� DSSUR[LPDQV��� DQG� ZHND� �D� KHQ�VL]HG� IOLJKWOHVV� QDWLYH� ELUG��
*DOOLUDOOXV� DXVWUDOLV�� IHG� LQ� D� ZD\� WKDW� SUREDEO\� LQFUHDVHG� WKH� LQIHFWLYLW\� RI� FDUULRQ� WR�
SRVVXPV��&RPPHUFLDO�GHHU�KXQWLQJ�PD\�KDYH�IDFLOLWDWHG�WKH�KLVWRULFDO�HVWDEOLVKPHQW�RI�7E�
LQ� SRVVXPV�� 6FDYHQJLQJ� �LQFOXGLQJ� FDQQLEDOLVP�� DQG� LQWHUDFWLRQV� ZLWK� GHDG� DQG� G\LQJ�
SRVVXPV�DUH�LGHQWLILHG�IRU�WKH�ILUVW�WLPH�DV�SRWHQWLDOO\�LPSRUWDQW�URXWHV�IRU�WUDQVPLVVLRQ�RI�
7E� WR� SRVVXPV�� DQG� ,� GHYHORS� QHZ� K\SRWKHVHV� LQYROYLQJ� SHUL�� DQG� SRVW�PRUWHP�
WUDQVPLVVLRQ� LQ� SRVVXPV� WKDW� H[SODLQ� PDQ\� RI� WKH� HSLGHPLRORJLFDO� SDWWHUQV� WKDW� DUH�
FKDUDFWHULVWLF�RI�WKH�GLVHDVH�LQ�SRVVXP���
,Q� FRQWLQXRXV� QDWLYH� IRUHVW�� GHHU� KRPH� UDQJH� VL]H� DYHUDJHG� ���� KHFWDUHV� IRU� VL[� \RXQJ�
IHPDOHV�� DQG� RYHU� WZLFH� WKDW� IRU� WZR�PDOHV��2YHU� ����RI� LQIHFWHG� GHHU� DUH� OLNHO\� WR� GLH�
ZLWKLQ� �� NP� �IHPDOHV�� RU� �� NP� �PDOHV�� RI� ZKHUH� WKH\� DFTXLUHG� 7E�� EXW� GHHU� FRXOG�
RFFDVLRQDOO\�FDUU\�7E�XS�WR����NP��'HHU�ZLOO�EH�XVHIXO�DV�VHQWLQHOV��EXW�RQO\�ZKHUH�RWKHU�
VHQWLQHOV�DUH�UDUH��EHFDXVH�WKH�IRUFH�RI�LQIHFWLRQ�IRU�D�GHHU�ZLWK�D�VLQJOH�LQIHFWHG�SRVVXP�LQ�
LWV�KRPH�UDQJH�LV�RQO\�������\����FRPSDUHG�ZLWK�!����\���IRU�GHOLEHUDWHO\�UHOHDVHG�SLJV��'HHU�
DUH�RFFDVLRQDOO\�FDSDEOH�RI�LQLWLDWLQJ�QHZ�F\FOHV�RI�LQIHFWLRQ�LQ�ZLOGOLIH��EXW�GHHU�FRQWURO�LV�
QRW�HVVHQWLDO�WR�HUDGLFDWH�7E�IURP�ZLOGOLIH��
.H\�ZRUGV��(SLGHPLRORJ\��ERYLQH� WXEHUFXORVLV��0\FREDFWHULXP�ERYLV��ZLOG�GHHU��&HUYXV�
HODSKXV�� 1HZ� =HDODQG�� 7E�� SDWKRJHQHVLV�� EUXVKWDLO� SRVVXP�� 7ULFKRVXUXV� YXOSHFXOD��
SUHYDOHQFH�� LQWUD�VSHFLHV� WUDQVPLVVLRQ�� LQWHU�VSHFLHV� WUDQVPLVVLRQ�� UHVROXWLRQ� RI� LQIHFWLRQ��
VFDYHQJLQJ��FDQQLEDOLVP��VHQWLQHO���
��
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/LVW�RI�7DEOHV� YLLL�
/LVW�RI�)LJXUHV� [�
)URQWLVSLHFH� [LL�
&KDSWHU����'HHU�DQG�ERYLQH�WXEHUFXORVLV��7KH�SUREOHP��������������������������������������������������� ��

����,QWURGXFWLRQ� ��
����5HVHDUFK�DSSURDFK�DQG�WKHVLV�VWUXFWXUH� ��

������5HVHDUFK�KLVWRU\�DQG�DSSURDFK� ��
������7KHVLV�VWUXFWXUH� ��

����%DFNJURXQG�DQG�OLWHUDWXUH�UHYLHZ� ��
������0DPPDOLDQ�WXEHUFXORVLV� ��
������%RYLQH�WXEHUFXORVLV�DQG�WKH�1HZ�=HDODQG�SUREOHP� ��
������:LOGOLIH�KRVWV�LQ�1HZ�=HDODQG� ���
������'HHU�DV�KRVWV�RI�7E� ���
������5HVHDUFK�DQG�PDQDJHPHQW�TXHVWLRQV� ���

&KDSWHU����3DWKRJHQHVLV�DQG�URXWHV�RI�LQIHFWLRQ��DQG�LQFLGHQFH��PRUWDOLW\��DQG�
UHVROXWLRQ�UDWHV�LQ�7E�LQIHFWHG�ZLOG�GHHU ������������������������������������������������������������������������� ���

����,QWURGXFWLRQ� ���
����0HWKRGV� ���

������6WXG\�DUHDV� ���
������7KH�VXUYH\V� ���
������$QDO\VHV� ���

����5HVXOWV� ���
������7KH�GHHU�VDPSOH� ���
������3DWWHUQV�RI�LQIHFWLRQ� ���
������'LDJQRVWLFV� ���
������'LVWULEXWLRQ�RI�LQIHFWLRQ�VLWHV�ZLWKLQ�GHHU� ���
������$JH�VSHFLILF�SUHYDOHQFH�DQG�LQFLGHQFH� ���
������/RVV�RI�LQIHFWLRQ�DQG�LPSDFW�RI�7E�RQ�GHHU�VXUYLYDO� ���
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����'LVFXVVLRQ� ���
������3UHYDOHQFH� ���
������3DWKRJHQHVLV� ���
������5RXWHV�RI�LQIHFWLRQ� ���
������,PSDFW�RI�7E�RQ�GHHU� ���
������'LDJQRVWLFV� ���

&KDSWHU����$�WHVW�RI�WKH�VWDWXV�RI�ZLOG�GHHU�LQ�1HZ�=HDODQG�DV�KRVWV�RI�ERYLQH�
WXEHUFXORVLV ������������������������������������������������������������������������������������������������������������������������� ���

����,QWURGXFWLRQ� ���
����0HWKRGV� ���

������6WXG\�DUHDV� ���
������7KH�DQQXDO�VXUYH\V� ���
������%URDG�VFDOH�DQLPDO�GHQVLW\�GDWD� ���
������.LOO�VLWH�VXUYH\V� ���
������$QDO\VLV� ���

����5HVXOWV� ���
������([SHULPHQWDO�WUHDWPHQWV� ���
������2YHUDOO�7E�SUHYDOHQFH�DQG�HIIHFW�RI�SRVVXP�FRQWURO� ���
������&DXVHV�RI�7E�SHUVLVWHQFH�LQ�GHHU� ���
������(IIHFW�RI�ORFDO�SRVVXP�DQG�GHHU�GHQVLW\�RQ�7E�SUHYDOHQFH� ���
������2XWO\LQJ�LQIHFWLRQ�LQ�GHHU�DQG�7E�SUHVHQFH�LQ�SRVVXPV� ���

����'LVFXVVLRQ� ���
������(IIHFW�RI�SRVVXP�FRQWURO�RQ�7E�LQ�GHHU� ���
������,QWUD�VSHFLHV�WUDQVPLVVLRQ� ���
������(IIHFWLYHQHVV�RI�SRVVXP�FRQWURO�LQ�HOLPLQDWLQJ�7E�IURP�SRVVXPV� ���
������'HHU�DV�VHQWLQHOV� ���

&KDSWHU����3RVW�PRUWHP�WUDQVPLVVLRQ�RI�7E�IURP�GHHU��DQG�RWKHU�VSHFLHV� ���������������� ���
����,QWURGXFWLRQ� ���
����0HWKRGV� ���

������,QWHUDFWLRQV�ZLWK�GHHU�FDUULRQ� ���
������,QWHUDFWLRQV�ZLWK�SLJ�FDUULRQ� ���
������&DUQLYRU\��FDQQLEDOLVP��DQG�FRQWDFW�E\�SRVVXPV� ���
������3HUVLVWHQFH�RI�YLDEOH�7E�LQ�SLJ�FDUULRQ� ���
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����5HVXOWV� ���
������,QWHUDFWLRQV�ZLWK�GHHU�FDUULRQ� ���
������,QWHUDFWLRQV�ZLWK�SLJ�FDUULRQ� ���
������&DUQLYRU\��FDQQLEDOLVP��DQG�FRQWDFW�EHWZHHQ�SRVVXPV� ���
������6XUYLYDO�RI�YLDEOH�0��ERYLV�LQ�FDUULRQ�LQ�WKH�ILHOG� ����

����'LVFXVVLRQ� ����
������3RVW�PRUWHP�WUDQVPLVVLRQ�RI�7E�IURP�LQIHFWHG�FDUULRQ� ����
������(VWDEOLVKPHQW�DQG�VSUHDG�RI�7E�E\�GHHU�� ����
������&RQWDFW�DQG�VFDYHQJLQJ�DV�URXWHV�RI�LQIHFWLRQ�WR�SRVVXPV� ����

&KDSWHU����:LOG�GHHU�DV�GLVSHUVLYH�YHFWRUV�DQG�VHQWLQHOV�RI�ERYLQH�WXEHUFXORVLV ������ ����
����,QWURGXFWLRQ� ����
����0HWKRGV� ����

������8SGDWHG�UHYLHZ�RI�GHHU�PRYHPHQW�SDWWHUQV� ����
������+RPH�UDQJH�VL]H�RI�IHPDOH�UHG�GHHU�LQ�QDWLYH�IRUHVW� ����
������9DOXH�RI�GHHU�DV�VHQWLQHOV�RI�7E� ����

����5HVXOWV� ����
������5HYLHZ�RI�GHHU�PRYHPHQW�SDWWHUQV� ����
������0RYHPHQWV�RI�IHPDOH�UHG�GHHU�LQ�+RFKVWHWWHU�)RUHVW� ����
������8WLOLW\�RI�GHHU�DV�VHQWLQHOV� ����

����'LVFXVVLRQ� ����
������6SUHDG�RI�7E�E\�GHHU� ����
������'HHU�DV�VHQWLQHOV�RI�7E� ����

&KDSWHU����6\QWKHVLV�DQG�&RQFOXVLRQV ��������������������������������������������������������������������������� ����
����+RVW�VWDWXV� ����
����6RXUFHV�DQG�URXWHV�RI�LQIHFWLRQ�LQ�GHHU� ����
����3DWKRJHQHVLV�DQG�HIIHFW�RI�7E�LQ�GHHU� ����

������3DWKRJHQHVLV� ����
������(IIHFW�RQ�GHHU� ����

����7UDQVPLVVLRQ�IURP�ZLOG�GHHU� ����
����'LVSHUVDO�DQG�GHWHFWLRQ�RI�7E�E\�GHHU� ����

������'HHU�DV�VSUHDGHUV�RI�7E� ����
������'HHU�DV�VHQWLQHOV�RI�7E� ����

����7KH�HSLGHPLRORJ\�RI�7E�LQ�SRVVXPV� ����
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����,PSOLFDWLRQV� ����
������0DQDJHPHQW� ����
������5HVHDUFK� ����
������7KHRU\� ����

$FNQRZOHGJHPHQWV� ����
5HIHUHQFHV� ����
$SSHQGL[����0DSV�RI�WKH�VWXG\�DUHDV��DQG�GHHU�NLOO�ORFDWLRQV�DQG�7E�VWDWXV�� ����
$SSHQGL[����$JH�GLVWULEXWLRQV�RI�QHFURSVLHG�GHHU��E\�VH[��PDOHV� �RSHQ�EDUV��IHPDOHV� �

ILOOHG�EDUV��� ����
$SSHQGL[����%DFNJURXQG�KLVWRULFDO�GDWD�RQ�GHHU�DQG�SRVVXP�GHQVLW\�DQG�WKH�SUHYDOHQFH�

RI�7E�LQ�SRVVXPV�IRU�HDFK�RI�WKH�IRXU�PDLQ�VWXG\�DUHDV�� ����
$SSHQGL[����$QHFGRWDO�UHSRUWV�RI�SRVVXP�FDUQLYRU\�DQG�WKHLU�LQWHUDFWLRQV�ZLWK�G\LQJ�

DQG�GHDG�SRVVXPV�� ����
$SSHQGL[����0RYHPHQW�SDWWHUQV�RI�UDGLR�FROODUHG�GHHU�LQ�+RFKVWHWWHU�)RUHVW�� ����
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/LVW�RI�7DEOHV�
7DEOH�����/HVLRQ�VHYHULW\�LQGH[��/6,���/HVLRQV������±���DQG�!���FP�ZHUH�FODVVHG�DV�VPDOO��

PRGHUDWH��DQG�ODUJH�UHVSHFWLYHO\��%RG\�µUHJLRQV¶�ZHUH�WKH�KHDG��WKRUD[��DEGRPHQ�RU�
ERG\�� ���

7DEOH�����2YHUDOO�SUHYDOHQFH�RI�7E�LQ�GHHU�GXULQJ�WKH�����±�����SHULRG��E\�DUHD�� ���
7DEOH�����3HUFHQWDJHV�RI�FXOWXUH�FRQILUPHG�0��ERYLV�SRVLWLYH�GHHU�LQ�HDFK�ILHOG�GLDJQRVLV�

FODVV��H[FOXGLQJ�GHHU�IRU�ZKLFK�QR�FXOWXULQJ�ZDV�GRQH��IRU�WKUHH�VWXG\�UHJLRQV�� ���
7DEOH�����3HUFHQWDJHV�RI�OHVLRQV�ZLWK�FXOWXUH�FRQILUPHG�0��ERYLV�SUHVHQFH��VHSDUDWHO\�IRU�

WKH�WRQVLOV�DQG�DOO�RWKHU�WLVVXHV�FRPELQHG��IRU�HDFK�RI�WZR�FODVVHV�RI�OHVLRQ�VL]H�� ���
7DEOH�����/HVLRQ�GLVWULEXWLRQ�LQ����FXOWXUH�SRVLWLYH�GHHU�LQ�ZKLFK�MXVW�D�VLQJOH�OHVLRQ�

�W\SLFDO�RU�HTXLYRFDO��ZDV�GHWHFWHG�� ���
7DEOH�����0HDQ�LQGLFHV�RI�SRVVXP�DQG�GHHU�DEXQGDQFH�DQG�SRVVXP�7E�SUHYDOHQFH��IURP����

NLOO�VLWH�VXUYH\V��DQG�D�WHPSRUDOO\�FRPSDUDEOH�PHDVXUH�RI�7E�SUHYDOHQFH�LQ�GHHU�� ���
7DEOH�����$QDO\VLV�RI�GHYLDQFH�WDEOH��VHTXHQWLDO��IURP�D�FRPSDULVRQ�RI�WKH�HIIHFWV�RI�

SRVVXP�SRLVRQLQJ��VXUYH\�\HDU��VH[��DJH�FODVV�DQG�DUHD�RQ�WKH�SUHYDOHQFH�RI�7E�LQ�GHHU��
7KHVH�DUH�WKH�UHVXOWV�IURP�D�OLQHDU�PL[HG�HIIHFWV�PRGHO�� ���

7DEOH�����&RPSDULVRQ�RI�7E�SUHYDOHQFH�DQG�QHW�IRUFH�RI�LQIHFWLRQ�LQ�GHHU�VKRW�EHWZHHQ�
�����DQG������LQ�(+5�DQG�:+5��VSOLW�DFFRUGLQJ�WR�ZKHWKHU�RU�QRW�WKH�GHHU�ZDV�ERUQ�
EHIRUH���RU�LQ�RU�DIWHU������� ���

7DEOH������0HDQ�LQGLFHV�RI�SRVVXP�DQG�GHHU�GHQVLW\��DYHUDJHG�DFURVV�DOO��GHHU�NLOOHG�ZLWKLQ�
����NP�RI�WKH�FHQWUH�SRLQW�RI�HDFK�VXUYH\��IRU�HDFK�VH[�DQG�IRU�\RXQJ�����\��DQG�ROG�GHHU�
�!��\��� ���

7DEOH�����1XPEHU�RI�SLJ�FDUULRQ�VLWHV�YLVLWHG�E\�HDFK�RI�VHYHQ�ZLOGOLIH�VSHFLHV��LQ�VXPPHU�
�Q�VLWHV� �����DQG�ZLQWHU��Q�VLWHV� ������VKRZLQJ�WKH�QXPEHU�DSSURDFKHG��VQLIIHG��DQG�IHG�
XSRQ�� ���

7DEOH�����1XPEHU�DQG�WRWDO�GXUDWLRQ��PLQXWHV��RI�WKUHH�EHKDYLRXU�W\SHV�DW�SLJ�FDUULRQ�VLWHV��
E\�VSHFLHV�DQG�VHDVRQ�� ���

7DEOH�����3UHVHQFH�����RU�DEVHQFH�����RI�0��ERYLV�RQ�VZDEV�WDNHQ�IURP�VXEPD[LOODU\�OQV�LQ�
SLJ�KHDGV�DW�VL[�VLWHV�RQ�0X]]OH�6WDWLRQ��LQ�VXPPHU�DQG�ZLQWHU�������%ODQN�FHOOV�
LQGLFDWH�QR�VDPSOH�ZDV�REWDLQDEOH��$OO�KHDGV�KDG�OHVLRQV�W\SLFDO�RI�7E�� ����

7DEOH�����+RPH�UDQJH�VL]HV��NP����DQG�PHDQ�DQG�PD[LPXP�UHFRYHU\�GLVWDQFHV��NP��RI�
ZLOG�GHHU�LQ�1HZ�=HDODQG��7KH�PHDQ�DQG�PD[LPXP�GLVWDQFHV�DUH�WKH�GLVWDQFHV�EHWZHHQ�
WKH�ILUVW�DQG�ILQDO�ORFDWLRQV�UHFRUGHG�IRU�HDFK�GHHU��H[FHSW�IRU�WKH�2WDJR�VWXG\��PDUNHG�
ZLWK�DQ�DVWHULVN��ZKHUH�WKH�PD[LPXP�GLVWDQFH�LV�WKH�JUHDWHVW�GLVWDQFH�EHWZHHQ�DQ\�WZR�
ORFDWLRQV�� ����

7DEOH�����6XPPDU\�RI�UHG�GHHU�PRYHPHQWV�LQ�+RFKVWHWWHU�)RUHVW�� ����
7DEOH�����0HDQ�GLVWDQFHV�HDVWZDUG�IURP�WKH�(+5±:+5�ERXQGDU\�WKDW�LQIHFWHG��7E���DQG�

XQLQIHFWHG��7E���GHHU�ZHUH�VKRW��2QO\�GHHU�ERUQ�DIWHU�SRVVXP�FRQWURO�DUH�LQFOXGHG�� ����
7DEOH����D�(VWLPDWLQJ�WKH�VHQVLWLYLW\�RI�GHHU�DQG�SLJV�DV�VHQWLQHOV�IRU�GHWHFWLQJ�7E�SUHVHQFH�

LQ�SRVVXPV��3DUW�D��$�OLVWLQJ�RI�UHOHYDQW�SDUDPHWHUV��ZLWK�SDUDPHWHU�YDOXHV�DQG�WKH�
VRXUFHV�RI�WKRVH�YDOXHV��IRU�GHHU�LQ�WKUHH�DUHDV��DQG�SLJV�LQ�RQH���6RPH�SDUDPHWHU�YDOXHV�
DUH�IURP�DFWXDO�PHDVXUHPHQW��EXW�RWKHUV�DUH�EHVW�JXHVVHV�EDVHG�RQ�OLPLWHG�ILHOG�GDWD��
+RFK� �+RFKVWHWWHU� ����

7DEOH����E�(VWLPDWLQJ�WKH�VHQVLWLYLW\�RI�GHHU�DQG�SLJV�DV�VHQWLQHOV�IRU�GHWHFWLQJ�7E�SUHVHQFH�
LQ�SRVVXPV��3DUW�E��&DOFXODWLRQ�RI�WKH�DQQXDO�IRUFH�RI�LQIHFWLRQ��)2,��LQ�GHHU�JLYHQ�
FRQWLQXRXV�H[SRVXUH�WR�D�VLQJOH�LQIHFWHG�SRVVXP�� ����
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/LVW�RI�)LJXUHV�
�

)LJXUH�����/RFDWLRQ�RI�VWXG\�DUHDV�LQ��D��WKH�1RUWK�,VODQG�DQG��E��:HVWODQG�VKRZLQJ�ZKLFK�
SRVVXP�SRSXODWLRQV�ZHUH�FRQWUROOHG�E\�SRLVRQLQJ�DQG�ZKLFK�ZHUH�QRW��7KH�++*���DUHD�
LQ��D��VKRZV�WKH�SDUW�RI�WKH�+DXKXQJDURD�5DQJH�SRLVRQHG�LQ������,W�LV�ODUJHO\�WKH�VDPH�
DV�WKH�6+5�DUHD�OLVWHG�LQ�7DEOH�����EXW�WKH�ODWWHU�LQFOXGHV�D�IHZ�GHHU�VKRW�IXUWKHU�VRXWK��
7KH�PDSV�DUH�WKH�VDPH�VFDOH�� ���

)LJXUH�����7UHQGV�LQ�PHDQ�OHVLRQ�VHYHULW\��/6,��ZLWK�DJH�IRU�LQIHFWHG�GHHU��'HHU�!���\�DUH�
LQFOXGHG�LQ�WKH���\�FODVV�� ���

)LJXUH�����3HUFHQWDJH�RI�7E�LQIHFWHG�FXOWXUH�SRVLWLYH�GHHU�ZLWK�YLVLEOH�OHVLRQV��E\�DJH��IRU�
DOO�XQSRLVRQHG�DUHDV��'DWD�DUH�SORWWHG�DV�D�PRYLQJ�DYHUDJH�EDVHG�RQ�D�VDPSOH�VL]H�RI����
� ���

)LJXUH�����0HDQ�DJH�RI�LQIHFWHG�GHHU�LQ�HDFK�OHVLRQ�VHYHULW\�LQGH[��/6,��FODVV�IRU��D��DOO�
LQIHFWHG�GHHU�DVVLJQHG�DQ�/6,��DQG��E��WKH�WZR�\RXQJHVW�GHHU�LQ�HDFK�/6,�FODVV�� ���

)LJXUH�����3DWWHUQV�RI�YDULDWLRQ�LQ�QHW�IRUFH�RI�LQIHFWLRQ�IRU�GHHU�LQ�WZR�DUHDV��ZLWK�
XQFRQWUROOHG�SRVVXP�SRSXODWLRQV��E\�VH[��LOOXVWUDWHG�E\�PRYLQJ�DYHUDJHV�IRU�JURXSV�RI���
�JUH\�OLQHV�������UHG���RU�����EODFN�GHHU���7KH�++*��+DXKXQJDURD�5DQJH��GDWD�FRPSULVH�
SUH�SRLVRQ�GHHU�FROOHFWHG�IURP�WKH�(+5�DQG�6+5�LQ����������DQG�IURP�:+5�GXULQJ�
WKH�ZKROH�����������SHULRG��7KH�UXQQLQJ�DYHUDJHV�EDVHG�RQ���DQG����GHHU�DUH�VKRZQ�
SULPDULO\�WR�KLJKOLJKW�ZKDW�DSSHDUV�WR�EH�FRQVLVWHQW�VSLNHV�LQ�SUHYDOHQFH�DW�DERXW�������
PRQWKV�RI�DJH�� ���

)LJXUH������1HW�IRUFH�RI�LQIHFWLRQ�E\�DJH�FODVV��E\�VH[�DQG�SRVVXP�FRQWURO�VWDWXV��SRROHG�
DFURVV�DUHDV��7KH�����\�DJH�FODVV�LQFOXGHV�RQO\�QRPLQDOO\�GHSHQGHQW�GHHU�XS�WR���PRQWKV�
RI�DJH��ZLWK�ROGHU�FODVVHV�EHLQJ�DQQXDO�FODVVHV�DERYH�WKDW��DQG�WKH�ROGHVW�DJH�FODVV�
LQFOXGLQJ�DOO�GHHU�!�����\�� ���

)LJXUH������2EVHUYHG�DQG�PRGHO�SUHGLFWHG�GHFOLQH�LQ�WKH�SUHYDOHQFH�RI�7E�LQ�SUH�SRVVXP�
FRQWURO�FRKRUWV�RI�IHPDOH�GHHU�NLOOHG�RYHU�WKH�����±�����SHULRG�LQ�WKH�(+5�DQG�85��
7KHUH�ZHUH�LQVXIILFLHQW�DGXOW�PDOHV�WR�XQGHUWDNH�WKH�VDPH�DQDO\VLV�IRU�WKDW�VH[�� ���

)LJXUH������&XPXODWLYH�DJH�GLVWULEXWLRQ�RI�DOO�GHHU�VXUYH\HG��E\�VH[�DQG�DUHD�� ���
)LJXUH�������7KH�QXPEHUV�RI��IHPDOH�GHHU�LQ�WKDW�FRPSRVLWH������������FRKRUW�IURP�WKH�

(+5�DQG�85�FRPELQHG�WKDW�ZHUH�VKRW��HDFK�\HDU��RYHU�WKH�����������SHULRG��EDUV���DQG�
WKH�SHUFHQWDJH�RI�WKRVH�WKDW�ZHUH�ERUQ�EHIRUH�������FLUFOHV���7KH�K\SRWKHVLV�EHLQJ�WHVWHG�
ZDV�WKDW��JLYHQ�D�YHU\�ORZ�LQFLGHQFH�RI�QHZ�LQIHFWLRQ�LQ�IHPDOH�GHHU�ERUQ�DIWHU�������
WKH�JUHDWHU�QXPEHU�RI�LQIHFWHG�GHHU�LQ�WKH�����±�����FRKRUW�ZRXOG�VXIIHU�KLJKHU�
PRUWDOLW\�WKDW�WKH�PRUH�OLJKWO\�LQIHFWHG�����±������FRKRUW��UHVXOWLQJ�LQ�D�QHJDWLYHO\�
VORSHG�WUHQGOLQH�� ���

)LJXUH�����1XPEHU�RI�GHHU�QHFURSVLHG��RSHQ�EDUV���QXPEHUV�LQIHFWHG�ZLWK�7E��ILOOHG�EDUV��
DQG�WKH�SUHYDOHQFH�RI�7E�LQ�GHHU��FLUFOHV��LQ�HDFK�VXUYH\�\HDU��E\�DUHD��VHH�7DEOH�����IRU�
DUHD�DFURQ\PV��DQG�H[SHULPHQWDO�WUHDWPHQW��7� �DHULDO�SRLVRQLQJ��17� �QR�SRVVXP�
FRQWURO��� ���

)LJXUH�����3UHGLFWHG�SUHYDOHQFHV�±�VH�IURP�WKH�PLQLPXP�DGHTXDWH�VWDWLVWLFDO�PRGHO�GHULYHG�
IURP�WKHLQLWLDO�OLQHDU�PL[HG�HIIHFWV�PRGHO�VXPPDULVHG�LQ�7DEOH������E\�DJH�FODVV�DQG�
VXUYH\�\HDU��IRU�HDFK�DUHD��VHH�7DEOH�����IRU�DUHD�DFURQ\PV��DQG�H[SHULPHQWDO�WUHDWPHQW�
�7� �DHULDO�SRLVRQLQJ��17� �QR�SRVVXP�FRQWURO��� ���
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)LJXUH������$JH�VSHFLILF�QXPEHUV�RI�GHHU��XQILOOHG�EDUV��DQG�QXPEHU�LQIHFWHG��ILOOHG�EDUV���
IRU��D��IHPDOHV��DQG��E��PDOHV�IURP�(+5�DQG�85�FRPELQHG������±������ ���

)LJXUH�����(DVW�ZHVW�JUDGLHQW�LQ�7E�SUHYDOHQFH�LQ�DGXOW��!�\��GHHU�NLOOHG�LQ�(+5�DQG�:+5�
EHWZHHQ�����±�����IRU�SUH��DQG�SRVW��FRQWURO�FRKRUWV�� ���

)LJXUH�����/HVLRQ�VHYHULW\�LQGLFHV�IRU�GHHU�LQ�UHODWLRQ�WR�WKH�GLVWDQFH�WKH\�ZHUH�NLOOHG�IURP�
WKH�(+5±:+5�ERXQGDU\�IRU�GHHU�NLOOHG�DIWHU�������7KH�YHUWLFDO�GDVKHG�OLQH�UHSUHVHQWV�
WKH�ERXQGDU\� ���

)LJXUH�����&XPXODWLYH�QXPEHUV�RI�PDOHV�DQG�IHPDOHV�E\�ZHLJKW��VKRZLQJ�WKH�ORZHVW�
ZHLJKW�DW�ZKLFK�LQIHFWLRQ�ZDV�UHFRUGHG�LQ�HDFK�VH[�� ���

)LJXUH�����$UHD�ZLGH�PHDQV�RI�LQGLFHV�RI��D��GHHU�DEXQGDQFH���E��SRVVXP�DEXQGDQFH��DQG�
RI�7E�LQIHFWLRQ�LQ�SRVVXPV��F�DQG�G��DFURVV�NLOO�VLWHV��DV�SUHGLFWRUV�RI�WKH�DUHD�ZLGH�
SUHYDOHQFH�RI�7E�LQ�SRVW������FRKRUWV�RI�GHHU�IURP�VL[�VDPSOH�JURXSLQJV��85��+25��
DQG���+DXKXQJDURD�VDPSOH�JURXSV�GHILQHG�E\�WKHLU�ORFDWLRQ�DORQJ�WKH�HDVW�ZHVW�JUDGLHQW�
LQ�SRVVXP�GHQVLW\���7KH�GDVKHG�OLQHV�UHSUHVHQW�WKH�����FRQILGHQFH�LQWHUYDOV�DURXQG�WKH�
UHJUHVVLRQ�OLQHV�� ���

)LJXUH������$UHD�ZLGH�PHDQV�RI�SRVVXP�GHQVLW\�LQGLFHV��7&,��DV�SUHGLFWRUV�RI�WKH�DUHD�
ZLGH�PHDQ�SUHYDOHQFH�RI�7E�LQ�SRVVXPV�IRU��D��DOO�VL[�NLOO�VLWH�VDPSOH�JURXSV��85��
+25��DQG���+DXKXQJDURD�VDPSOH�JURXSV�GHILQHG�E\�WKHLU�ORFDWLRQ�DORQJ�WKH�HDVW�ZHVW�
JUDGLHQW�LQ�SRVVXP�GHQVLW\����DQG��E��WKH�ILYH�FHQWUDO�1RUWK�,VODQG�VDPSOH�JURXSV��7KH�
GDVKHG�OLQHV�UHSUHVHQW�WKH�����FRQILGHQFH�LQWHUYDOV�DURXQG�WKH�UHJUHVVLRQ�OLQHV�� ���

)LJXUH������3RVVXP�GLVWULEXWLRQ�DW�WKH�NLOO�VLWH�IRU�GHHU��)2�����ODUJH�FLUFOH��VKRZLQJ�WKH�
ORFDWLRQ�RI�WUDSSHG��VTXDUHV��DQG�SRLVRQHG��VPDOO�FLUFOHV��SRVVXPV��LQFOXGLQJ�D�FXOWXUH�
FRQILUPHG�7E��SRVVXP��ILOOHG�GLDPRQG���*ULG�VL]H�LV�����KD���7KH�ILHOG�VWDII�
LQDGYHUWHQWO\�SRVLWLRQHG�WKH�JULG�FHQWUH�����P�QRUWK�RI��WKH�ORFDWLRQ�GHVLJQDWHG�� ���

)LJXUH�����/RFDWLRQ�RI�WKH�VWXG\�DUHDV�XVHG�LQ�WKH�GHHU�FDUULRQ�WULDO��ILYH�DUHDV��DQG�WKH�SLJ�
FDUULRQ�WULDO��0X]]OH�6WDWLRQ��� ���

)LJXUH������([DPSOHV�RI�YLVLWRUV�WR�GHHU��DQG�SLJ�FDUULRQ�VLWHV��7KH�SRVVXP�LV�VLWWLQJ���DQG�
IHHGLQJ��RQ�WKH�KLQGTXDUWHUV�RI�D�GHHU��7KH�FDW�DQG�IHUUHW�DUH�IHHGLQJ�RQ�D�SLJ¶V�
LQWHVWLQHV�DQG�KHDG�UHVSHFWLYHO\��IHUUHWV�XVXDOO\�GLVSODFHG�FDWV�IURP�WKLV�VLWH���7KH�SLJ�LV�
KROGLQJ�D�VWULS�RI�LQWHVWLQHV�ZLWK�LWV�KRRI�ZKLOH�SXOOLQJ�LW�DSDUW��7KH�FRZ�OLFNHG�WKH�SLJ�
FDUFDVV�DIWHU�WKH�KDZN�OHIW�� ���

)LJXUH�����6XPPDU\�RI�LQWHUDFWLRQV�DW����GHHU�FDUULRQ�VLWHV�IURP�ILYH�GLIIHUHQW�DUHDV��
VKRZLQJ��D��WRWDO�QXPEHU�RI�YLVLWV�E\�HDFK�VSHFLHV���E��WKH�WRWDO�GXUDWLRQ�RI�DOO�YLVLWV�E\�
HDFK�VSHFLHV��DQG��F��WKH�DYHUDJH�GXUDWLRQ�RI�LQGLYLGXDO�YLVLWV�E\�VSHFLHV�� ���

)LJXUH�����)UHTXHQF\�GLVWULEXWLRQV�RI�WKH�GXUDWLRQ�RI�LQWHUDFWLRQV�EHWZHHQ�SRVVXPV�DQG�
GHHU�FDUULRQ��IRU�SRVVXPV�WKDW��D��GLG�QRW�DSSURDFK���E��DSSURDFKHG�ZLWK�QR�FRQWDFW��DQG�
�F��PDGH�FRQWDFW�� ���

)LJXUH�����6HOHFWHG�YLGHR�PRQLWRULQJ�UHFRUGV�RI�SRVVXP�VFDYHQJLQJ�EHKDYLRXU�DW�RQH�3XKL�
3HDNV�GHHU�FDUULRQ�VLWH�� ���

)LJXUH�����)RRWDJH�RI�D�SRVVXP�IHHGLQJ�RQ�SLJ�FDUULRQ�GXULQJ�ZLQWHU��ZLWK�PHVHQWHULF�
WLVVXH�KHOG�LQ�LWV�IRUHSDZV�� ���

)LJXUH�����3RWHQWLDO�URXWHV�RI�SRVW�PRUWHP�WUDQVPLVVLRQ��/HIW�WR�ULJKW��IURP�WRS��,QIHFWHG�
GHHU�KHDG�ZLWK�ODUJH�UHWURSKDU\QJHDO�OQ�OHVLRQ��GRWWHG�OLQH��OHDNLQJ�FRQWHQWV�IURP�D�FXW�
�DUURZV��PDGH�ZKHQ�UHPRYLQJ�WKH�KHDG�DQG�DQ�LQIHFWHG�GHHU�VFDYHQJHG�QDWXUDOO\��ERWK�
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IURP�WKH�:+5�VXUYH\��$XJXVW��������6LQJOH�ODUJH�7E�OHVLRQ�LQ�WKH�PHVHQWHULF�OQ�RI�D�
DGXOW�PDOH�GHHU��LQWDFW�RQ�OHIW��GRWWHG�OLQH��DQG�VOLFHG�RSHQ�RQ�ULJKW�WR�VKRZ�VHPL�OLTXLG�
FRQWHQWV�85�VXUYH\��1RYHPEHU�������+HDYLO\�LQIHFWHG�PHVHQWHULF�FKDLQ��GRWWHG�OLQH��LQ�
:+5�SLJ��������3��6ZHHWDSSOH�SKRWR���'HHU�WKRUD[�VFDYHQJHG�E\�SRVVXPV��KDZNV��DQG�
FDWV��3XKL�3HDNV��-XO\�������&DQQLEDOLVHG�SRVVXP�SRXFK�\RXQJ�DQG�DGXOW��$J5HVHDUFK�
FDSWLYH�SRVVXP�FRORQ\��%��0F/HRG�SKRWRV��� ����

)LJXUH�����3URSRUWLRQ�RI�GHHU��E\�VH[��IRU�HDFK�ILUVW�WR�ILQDO�GLVWDQFH�FODVV�IRU�UHG��1HOVRQ�
/DNHV��$YRFD��DQG�.DLPDQDZD�DUHDV�FRPELQHG���IDOORZ�DQG�VLND�GHHU�� ����

)LJXUH�����6WDQGDUGLVHG�FXPXODWLYH�IUHTXHQF\�GLVWULEXWLRQV�RI�WKH�QRPLQDO�LQIHFWLRQ�WR�
QHFURSV\�GLVWDQFHV�IRU��D��HDFK�LQGLYLGXDO�IHPDOH���E��HDFK�LQGLYLGXDO�PDOH��DQG��F��
DYHUDJHV�E\�VH[��WKH�ILQH�OLQHV�DUH�����&,�IRU�IHPDOHV��� ����

)LJXUH�����6WDQGDUGLVHG�FXPXODWLYH�IUHTXHQF\�GLVWULEXWLRQV�RI�WKH�QRPLQDO�LQIHFWLRQ�WR�
QHFURSV\�GLVWDQFHV�IRU�UHG�GHHU�IURP�IRXU�VWXGLHV��E\�VH[��$�IHZ�GLVWDQFHV�!���NP�DUH�
QRW�VKRZQ�� ����

)LJXUH�����6WDQGDUGLVHG��LQYHUVH��FXPXODWLYH�IUHTXHQF\�GLVWULEXWLRQV�RI�WKH�GLVWDQFH�
HDVWZDUG�IURP�WKH�(+5±:+5�ERXQGDU\�WKDW�LQIHFWHG��7E���DQG�XQLQIHFWHG��7E���GHHU�
ZHUH�VKRW� ����

�
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��
)URQWLVSLHFH��&RPPHUFLDO�KDUYHVWLQJ�RI�D�7E�LQIHFWHG�UHG�GHHU�VWDJ�ZLWK�D�VLQJOH�ODUJH���
FP� OHVLRQ� LQ� LWV�PHVHQWHULF� O\PSK�QRGH� �8PXNDULNDUL�5DQJH��FHQWUDO�1RUWK� ,VODQG��������
DQG�D�SRVVXP�IHHGLQJ�RQ�GHHU�KLQGTXDUWHUV��/HHV�9DOOH\��&DQWHUEXU\���������

�
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&KDSWHU�����
'HHU�DQG�ERYLQH�WXEHUFXORVLV��7KH�SUREOHP�

����,QWURGXFWLRQ�
0\FREDFWHULXP� ERYLV� LV� WKH� FDXVDWLYH� DJHQW� RI� ERYLQH� WXEHUFXORVLV� �KHUHDIWHU� 7E��� D�
JOREDOO\�VLJQLILFDQW�GLVHDVH�RI�GRPHVWLF�FDWWOH��%RV�WDXUXV��DQG�KXPDQV�WKDW�DOVR�LQIHFWV�D�
ZLGH� UDQJH� RI� RWKHU� PDPPDOLDQ� KRVWV�� ,Q�:HVWHUQ� FRXQWULHV�� SDVWHXULVDWLRQ� RI� PLON� DQG�
HUDGLFDWLRQ�RI�ERYLQH�WXEHUFXORVLV�IURP�LQIHFWHG�FDWWOH�KHUGV�WKURXJK�WHVWLQJ�DQG�VODXJKWHU�
RI�LQIHFWHG�DQLPDOV�KDYH�ODUJHO\�HOLPLQDWHG�WKH�WKUHDW�WR�KXPDQV�IURP�0��ERYLV��2¶5HLOO\�	�
'DERUQ��������+RZHYHU��7E�UHPDLQV�SUHVHQW�LQ�PRVW�FRXQWULHV�LQ�ZKLFK�LW�KDV�HVWDEOLVKHG�
LQ� ZLOGOLIH�� PRVW� QRWDEO\� ZKLWH�WDLOHG� GHHU� �2GRFRLOHXV� YLUJLQLDQXV�� LQ�0LFKLJDQ�� 86$��
EDGJHUV��0HOHV�PHOHV��LQ�%ULWDLQ�DQG�,UHODQG��EXIIDOR��6\QFHUXV�FDIIHU��LQ�6RXWK�$IULFD��DQG�
LQWURGXFHG�EUXVKWDLO�SRVVXPV� �7ULFKRVXUXV�YXOSHFXOD�� LQ�1HZ�=HDODQG��7KLV� LQYROYHPHQW�
RI� ZLOGOLIH� KRVWV� KDV� VR� IDU� SUHYHQWHG� HUDGLFDWLRQ� RI� 7E� IURP� WKHVH� FRXQWULHV�� ZLWK�
SRWHQWLDOO\�PDMRU�LPSOLFDWLRQV�IRU�WUDGH�LQ�DJULFXOWXUDO�SURGXFWV��DQG��LQ�$IULFD�LQ�SDUWLFXODU��
LPSOLFDWLRQV� IRU� WKH� FRQVHUYDWLRQ� RI� PDPPDOLDQ� ZLOGOLIH�� ,Q� 1HZ� =HDODQG�� RYHU� 1=����
PLOOLRQ� SHU� DQQXP� LV� FXUUHQWO\� EHLQJ� VSHQW� E\� WKH� DJHQF\� PDQGDWHG� WR� FRQWURO� 7E�� WKH�
$QLPDO�+HDOWK�%RDUG��$+%���LQ�DQ�DWWHPSW�WR�DFKLHYH�7E�IUHHGRP�E\�������$QLPDO�+HDOWK�
%RDUG��������PDNLQJ�LW�E\�IDU�WKH�ODUJHVW�H[HUFLVH�LQ�SHVW�PDQDJHPHQW�LQ�1HZ�=HDODQG�DQG�
RQH�RI�WKH�ODUJHVW�JOREDOO\��
,Q� 1HZ� =HDODQG�� LQWURGXFHG� GHHU�� SDUWLFXODUO\� UHG� GHHU� �&HUYXV� HODSKXV� VFRWLFXV��� DUH�
LPSRUWDQW� VSHFLHV��7KH\�DUH�VLPXOWDQHRXVO\�D�KLJKO\�YDOXHG� UHFUHDWLRQDO�KXQWLQJ� UHVRXUFH�
�1XJHQW�������)UDVHU��������D�PDMRU�FRQVHUYDWLRQ�SHVW��'HSDUWPHQW�RI�&RQVHUYDWLRQ��������
DQG� WKH� WKLUG� PRVW� FRPPRQO\� IDUPHG� ODUJH� PDPPDO� �<HUH[� ������� 7KHUH� DUH� DERXW� D�
TXDUWHU�RI�D�PLOOLRQ�ZLOG�GHHU�DQG���PLOOLRQ�IDUPHG�GHHU�LQ�1HZ�=HDODQG��1XJHQW�	�)UDVHU�
������� 7KH� PDQDJHPHQW� RI� ZLOG� GHHU� KDV� DOZD\V� EHHQ� FRQWURYHUVLDO�� UHIOHFWLQJ� WKH�
IXQGDPHQWDO� LQFRPSDWLELOLW\� EHWZHHQ� WKH� YLHZV� RI� KXQWHUV�ZKR� YDOXH� WKHLU� SUHVHQFH� DQG�
WKRVH� SUHVHUYDWLRQLVWV� ZKR� ZRXOG� SUHIHU� WR� VHH� 1HZ� =HDODQG¶V� UHPDLQLQJ� LQGLJHQRXV�
HFRV\VWHPV�NHSW�IUHH�RI�GHHU�DQG�RWKHU�LQWURGXFHG�ZHHGV�DQG�SHVWV��1XJHQW�	�)UDVHU�������
&ROH��������'HHU�DUH�LQYROYHG�LQ�WKH�7E�SUREOHP�LQ�1HZ�=HDODQG�ERWK�GLUHFWO\�DV�KRVWV�DQG�
SRWHQWLDO� VSUHDGHUV� RI� WKH� GLVHDVH�� DQG� LQGLUHFWO\� EHFDXVH� ODUJH�QXPEHUV� RI�ZLOG� GHHU� DUH�
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VRPHWLPHV�NLOOHG�LQWHQWLRQDOO\�RU�LQFLGHQWDOO\�GXULQJ�HIIRUWV�WR�FRQWURO�RU�HUDGLFDWH�7E�IURP�
V\PSDWULF�SRVVXPV��1XJHQW�	�<RFNQH\�������DQG�VHH�VXPPDU\�LQ�1XJHQW�HW�DO���������
7XEHUFXORVLV�ZDV�ILUVW�UHFRUGHG�LQ�D�ZLOG�GHHU�LQ�1HZ�=HDODQG�LQ������RQ�WKH�:HVW�&RDVW�
�GH�/LVOH�HW�DO���������DQG�KDV�VLQFH�EHHQ�UHFRUGHG�LQ�PDQ\�RWKHU�DUHDV��GH�/LVOH�	�+DYLOO�
������/XJWRQ�HW�DO��������DQG�LQ�UHG��VLND��&HUYXV�QLSSRQ��DQG�IDOORZ��'DPD�GDPD��GHHU�
�&RRNH�HW�DO���������8QWLO�DERXW������7E�ZDV�QRW�FRQVLGHUHG�WR�EH�D�VLJQLILFDQW�GLVHDVH�LQ�
ZLOG� GHHU� �*ULIILQ� HW� DO�� ������� +RZHYHU�� WKH� ILUVW� VXUYH\V� RI� 7E� LQ� ZLOG� GHHU� LQ� 1HZ�
=HDODQG� ZHUH� FRQGXFWHG� LQ� WKH� HDUO\� ����V�� DQG� UHYHDOHG� D� PXFK� KLJKHU� SUHYDOHQFH� RI�
GLVHDVH��!�����1XJHQW�	�3URIILW�������1XJHQW�	�/XJWRQ�������/XJWRQ�HW�DO��������WKDQ�
WKH�W\SLFDOO\�ORZ�OHYHOV�������LQ�LQIHFWHG�ZLOG�GHHU�SRSXODWLRQV�RYHUVHDV��&OLIWRQ�+DGOH\�
	�:LOHVPLWK� ������� &RXSOHG� ZLWK� HYLGHQFH� WKDW� GHHU�WR�GHHU� WUDQVPLVVLRQ� RFFXUUHG� RQ�
IDUPV� �*ULIILQ� HW� DO�� ������ DQG� WKDW� WKH� GLVHDVH� FRXOG� SDVV� IURP� IDUPHG� GHHU� WR�ZLOGOLIH�
�0DFNHUHWK� ������� WKLV� VWURQJO\� LPSOLFDWHG� ZLOG� GHHU� DV� D� SRWHQWLDOO\� LPSRUWDQW� ZLOGOLIH�
UHVHUYRLU�RI�7E���
%\������GHHU�ZHUH�EHLQJ� WDUJHWHG� IRU� FRQWURO� LQ� VRPH�DUHDV�� DV� D�SUHFDXWLRQDU\�PHDVXUH�
�$QLPDO� +HDOWK� %RDUG� ������� 7KH� NH\� FRQFHUQ� ZDV� WKDW� ZLOG� GHHU� PLJKW� EH� DQRWKHU�
PDLQWHQDQFH�KRVW�RI� WKH�GLVHDVH��LQ�DGGLWLRQ� WR�SRVVXPV��QRZ�ORQJ�DFFHSWHG�DV� WKH�PDMRU�
ZLOGOLIH�UHVHUYRLU�RI�7E�LQ�1HZ�=HDODQG��0RUULV�	�3IHLIIHU�������&ROHPDQ�	�&DOH\��������
0DLQWHQDQFH�KRVWV�DUH� WKRVH� WKDW�FDQ�VXVWDLQ� WKH�GLVHDVH�ZLWKRXW� WUDQVPLVVLRQ� IURP�RWKHU�
VSHFLHV� �7KUXVIHOG� ������� 0RUULV� 	� 3IHLIIHU� ������� VWDWHG�� µ(YLGHQFH� LV� VWHDGLO\�
DFFXPXODWLQJ�WR�VXJJHVW�WKDW�>ZLOG@�GHHU�DOVR�IXOILO�WKH�UHTXLUHPHQWV�IRU�D�PDLQWHQDQFH�KRVW��
DOWKRXJK� WKH�GDWD�DUH�PXFK� OHVV�FRPSUHKHQVLYH�DQG�FOHDU�FXW� WKDQ� WKH\�DUH� IRU�SRVVXPV�¶�
6LQFH�WKHQ��QXPHURXV�DQG�VRPHWLPHV�H[SORVLYH�RXWEUHDNV�RI�7E�DPRQJ�IDUPHG�GHHU�LQ�1HZ�
=HDODQG��H�J��*ULIILQ�HW�DO���������DQG�WKH�VSUHDG�RI�7E�LQ�D�KLJK�GHQVLW\�ZLOG�ZKLWH�WDLOHG�
GHHU�SRSXODWLRQ�LQ�0LFKLJDQ��86$��6FKPLWW�HW�DO��������2¶%ULHQ�HW�DO���������LQGLFDWH�WKDW�
GHHU�FDQ�DFW�DV�PDLQWHQDQFH�KRVWV�ZKHQ�GHHU�WR�GHHU�FRQWDFW�UDWHV�DUH�KLJK��
7KH� FUXFLDO� TXHVWLRQ� LQ�1HZ�=HDODQG� LV�ZKHWKHU� WKH�GHQVLWLHV�RI�� DQG�RU� WKH�PRGH�RI�7E�
WUDQVPLVVLRQ�EHWZHHQ��ZLOG�GHHU�UHVXOWV�LQ�D�IRUFH�RI�LQIHFWLRQ�WKDW�LV�KLJK�HQRXJK�WR�VXVWDLQ�
LQIHFWLRQ� LQ� ZLOG� GHHU� SRSXODWLRQV� LQ� WKH� DEVHQFH� RI� 7E� LQ� RWKHU� VSHFLHV�� SDUWLFXODUO\�
SRVVXPV��,I�VR�� WKHQ�ZLOG�GHHU�PDQDJHPHQW��FXOOLQJ�RU�YDFFLQDWLRQ��ZRXOG�EH�HVVHQWLDO� LQ�
DQ\� DWWHPSW� WR� HUDGLFDWH� WKH� GLVHDVH�� 'HHU� FRQWURO� LV� FRVWO\�� ,W� DOVR� LQHYLWDEO\� HQJHQGHUV�
RSSRVLWLRQ� IURP� KXQWHUV� �1XJHQW�	� )UDVHU� ������&ROH� ������ )UDVHU� ������� VR� WKHUH� LV� D�
VWURQJ�LPSHWXV�WR�DGGUHVV�WKH�LVVXH�RI�GHHU�DV�PDLQWHQDQFH�KRVWV�RI�7E���
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/RZ�OHYHOV�RI�LQIHFWLRQ�ZHUH�UHFRUGHG�LQ�ZLOG�IDZQV�LQ�WKH�HDUO\�VXUYH\V�RI�7E�SUHYDOHQFH�
LQ�1HZ�=HDODQG��GHVSLWH�KLJK� OHYHOV� LQ� WKHLU�PRWKHUV��VXJJHVWLQJ� WKH�K\SRWKHVLV� WKDW�ZLOG�
GHHU�ZHUH�VSLOORYHU��QRW�PDLQWHQDQFH��KRVWV��1XJHQW�	�/XJWRQ�������/XJWRQ�HW�DO���������
6SLOORYHU� �RU� LQFLGHQWDO�� KRVWV� DUH� WKRVH� WKDW� EHFRPH� LQIHFWHG� PDLQO\� YLD� WUDQVPLVVLRQ�
EHWZHHQ��UDWKHU�WKDQ�ZLWKLQ��VSHFLHV��7KUXVIHOG��������7KH\�DUH�QRW�DEOH�WR�LQGHSHQGHQWO\�
VXVWDLQ�LQIHFWLRQ�E\�LQWUD�VSHFLHV�WUDQVPLVVLRQ��VR�GLVHDVH�FDQ�RQO\�SHUVLVW�LQ�VSLOORYHU�KRVWV�
LI� WKHUH� LV� VXVWDLQHG� WUDQVPLVVLRQ� IURP� RWKHU� VSHFLHV�� ,I� ZLOG� GHHU� LQ� 1HZ� =HDODQG� DUH�
VLPSO\� VSLOORYHU� KRVWV�� WKHQ� HOLPLQDWLQJ� WKH� GLVHDVH� IURP�RWKHU� VSHFLHV� VKRXOG� HYHQWXDOO\�
HOLPLQDWH�WKH�GLVHDVH�IURP�GHHU�ZLWKRXW�UHTXLULQJ�DFWLYH�PDQDJHPHQW�RI�7E�LQ�GHHU��
7KH�SULPDU\�GULYHU�IRU�WKH�UHVHDUFK�UHSRUWHG�LQ�WKLV�WKHVLV�ZDV�WKHUHIRUH�WKH�QHHG�WR�FODULI\�
WKH�UROH�RI�ZLOG�GHHU�DV�KRVWV�RI�7E�LQ�1HZ�=HDODQG��WR���

•� GHWHUPLQH� ZKHWKHU� �DQG� LI� VR� ZKHUH�� ZKHQ�� DQG� KRZ� LQWHQVLYHO\�� GHHU� VKRXOG� EH�
PDQDJHG�DV�SDUW�RI�WKH�1DWLRQDO�3HVW�0DQDJHPHQW�6WUDWHJ\�IRU�7E��1306��$QLPDO�
+HDOWK�%RDUG��������

•� GHWHUPLQH�ZKDW�WKH�OLNHO\�HIIHFW�RI�7E�RQ�GHHU�SRSXODWLRQV�PLJKW�EH��
•� GHWHUPLQH�ZKHWKHU�GDWD�IURP�ZLOG�GHHU�ZHUH�OLNHO\�WR�SURYLGH�XVHIXO�DQG�DIIRUGDEOH�

LQVLJKWV�LQWR�WKH�OLNHO\�SUHVHQFH�RU�DEVHQFH�RI�7E�LQ�ZLOGOLIH���
7KH� VFLHQFH� UHTXLUHG� WR� DGGUHVV� WKHVH� SUDFWLFDO� LQIRUPDWLRQ� QHHGV� FHQWUHV� RQ� WKH�
FKDUDFWHULVDWLRQ� DQG� TXDQWLILFDWLRQ� RI� LQWHU�� DQG� LQWUD�VSHFLHV� WUDQVPLVVLRQ� RI� 7E� LQ� D�
PXOWLSOH�KRVW�FRQWH[W��0DQ\�GLVHDVH�V\VWHPV�LQYROYH�PXOWLSOH�ZLOGOLIH�KRVWV��DQG�PXFK�RI�
WKH�PDQDJHPHQW� DQG�PDQLSXODWLRQ� RI�ZLOGOLIH� JOREDOO\� LV� GULYHQ� E\� HIIRUWV� WR� FRQWURO� RU�
HOLPLQDWH� WUDQVPLVVLRQ� IURP�ZLOGOLIH� WR� KXPDQV� DQG�RU� WKH� GRPHVWLF� OLYHVWRFN� RQ� ZKLFK�
WKH\�GHSHQG� �&DOH\�	�+RQH��������2EYLRXVO\�ZLOGOLIH�DUH�VHHQ�DV�SDUWLFXODUO\� LPSRUWDQW�
ZKHQ�WKH�UDWH�RI�LQWUD�VSHFLHV�WUDQVPLVVLRQ�LV�KLJK�HQRXJK�WR�PDLQWDLQ�WKH�GLVHDVH�LQ�D�ZLOG�
DQLPDO� VSHFLHV� LQGHSHQGHQW� RI� WUDQVPLVVLRQ� IURP� RWKHU� VRXUFHV�� +RZHYHU�� LQWHU�VSHFLHV�
WUDQVPLVVLRQ�FDQ�DOVR�EH�LPSRUWDQW�LQ�VXVWDLQLQJ��DPSOLI\LQJ��DQG�VSUHDGLQJ�GLVHDVH��&DOH\�
DQG�+RQH��������7KH�GLIILFXOW\�LV�WKDW�WUDQVPLVVLRQ�PD\�RFFXU�E\�D�YDULHW\�RI�URXWHV�ZLWKLQ�
DQG�EHWZHHQ�VSHFLHV��DQG�WKH�UHODWLYH�LPSRUWDQFH�RI�HDFK�PRGH�RI� WUDQVPLVVLRQ�PD\�YDU\�
EHWZHHQ�VSHFLHV��ZLWK�KRVW�GHQVLWLHV��DQG�ZLWK�GLIIHUHQFHV�LQ�KRVW�JHQRW\SH�DQG�SKHQRW\SH��
0F&DOOXP�HW�DO���������ZU\O\�QRWH�WKDW�WKHUH�DUH�D�JUHDW�PDQ\�PRGHOV�RI�VLQJOH��DQG�PXOWL�
KRVW�WUDQVPLVVLRQ��EXW�D�SDXFLW\�RI�HPSLULFDO�GDWD�ZLWK�ZKLFK�WR�WHVW�WKRVH�PRGHOV��
�
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����5HVHDUFK�DSSURDFK�DQG�WKHVLV�VWUXFWXUH�

������5HVHDUFK�KLVWRU\�DQG�DSSURDFK�
7KH�IRFXV�RI�WKH�UHVHDUFK�ZLWKLQ�WKLV�WKHVLV�UHIOHFWV�P\�HQWKXVLDVP�DQG�SDVVLRQ�IRU�VFLHQFH�
WKDW� LV� RI� LPPHGLDWH� UHOHYDQFH� WR� WKRVH� ZKR� DWWHPSW� WR� PDQDJH� ZLOGOLIH� DQG� WKHLU�
HFRV\VWHPV��0\�ILUVW�H[SHULHQFHV�RI�7E�LQ�ZLOGOLIH�ZHUH�GXULQJ�WKH�����V��DV�D�FRPPHUFLDO�
GHHU� KXQWHU� LQ� WKH� HDVWHUQ� +DXKXQJDURD� 5DQJH�� FHQWUDO� 1RUWK� ,VODQG�� DQ� DUHD� WKDW� ODWHU�
EHFDPH�RQH�WKH�PDLQ�VWXG\�DUHDV�LQ�WKLV�UHVHDUFK��)LJ��������2QH�RI�DERXW�����GHHU�,�VKRW�
WKHUH�ZDV�FRQGHPQHG�DW�SRLQW�RI�VDOH�EHFDXVH�RI�JHQHUDOLVHG�7E��$�PXFK�KLJKHU�SURSRUWLRQ�
RI�GHHU�VKRW�RQ�WKH�ZHVWHUQ�VLGH�RI�WKH�+DXKXQJDURD�5DQJH�DW� WKDW�WLPH�ZHUH�FRQGHPQHG�
�&��*UHDWRUH[��SHUV��FRPP����
6XEVHTXHQWO\��IURP�������,�LQYHVWLJDWHG�SRVVXP�DQG�GHHU�GHQVLW\��GLHWDU\�HFRORJ\��DQG�WKHLU�
LPSDFWV� RQ� QDWLYH� IRUHVW� LQ� WKH� :DLKDKD� FDWFKPHQW�� VRXWKHDVWHUQ� +DXKXQJDURD� 5DQJH�
�1XJHQW� HW� DO�� ������ ������ DQG� E\� ����� KDG� NLOOHG� ��� GHHU�� RI� ZKLFK� ILYH� DSSHDUHG�
REYLRXVO\� LQIHFWHG�� HYHQ� WR�P\� WKHQ�XQWUDLQHG� H\H��ZLWK� RQH� KDYLQJ� DERXW� VHYHQ� ���FP�
GLDPHWHU� DEVFHVVHV� DURXQG� WKH� GLDSKUDJP�� ,Q� WRWDO�� VHYHQ� ������ RI� ��� GHHU� VKRW� E\� WKH�
UHVHDUFK� WHDP� XS� WR� ����� KDG� ODUJH� OHVLRQV� LQ� WKH� WKRUD[� RU� DEGRPHQ� WKDW� ZHUH� HDVLO\�
UHFRJQLVHG�HYHQ�E\�XQWUDLQHG�REVHUYHUV��7KH�SUHYDOHQFH�RI�7E�LQ�HDVWHUQ�+DXKXQJDURD�GHHU�
KDG�REYLRXVO\�LQFUHDVHG�JUHDWO\�RYHU�WKH�LQWHUYHQLQJ���±���\HDUV���
0\�LQYROYHPHQW�LQ�7E�UHODWHG�UHVHDUFK�EHJDQ�LQ������DV�EURDGO\�EDVHG�FRQFHUQV�HPHUJHG�
DERXW�WKH�UROH�RI�ZLOG�GHHU�LQ�WKH�7E�SUREOHP��7E�KDG�EHHQ�GHWHFWHG�LQ�IDUPHG�GHHU�LQ�������
DQG�ZDV�QRW�XQFRPPRQ� LQ�ZLOG�GHHU� FDUFDVVHV� VROG� IRU� H[SRUW� �GH�/LVOH�	�+DYLOO��������
ZKLOH�KXQWHUV¶�WDOHV�LQGLFDWHG�7E�ZDV�EHFRPLQJ�LQFUHDVLQJO\�ZLGHVSUHDG�LQ�GHHU���
,QLWLDO� FRQFHUQ� IRFXVHG� RQ� GHHU� DV� ORQJ�GLVWDQFH� VSUHDGHUV� RI�7E�� UHVXOWLQJ� LQ� D� GHVN�WRS�
UHYLHZ�RI�GHHU�PRYHPHQW�SDWWHUQV��1XJHQW�������WKDW�LV�UHYLVLWHG�DQG�XSGDWHG�LQ�&KDSWHU����
,�WKHQ�XQGHUWRRN�VRPH�RI�WKH�ILUVW�VXUYH\V�RI�7E�SUHYDOHQFH�LQ�ZLOG�GHHU��1XJHQW�	�3URIILW�
������ 1XJHQW� 	� /XJWRQ� ������ 1XJHQW� 	� 0DFNHUHWK� ������� 7ZR� VXUYH\V� ZHUH� RI� WKH�
ZHVWHUQ�8PXNDULNDUL�5DQJH�DQG�WKH�+DXKXQJDURD�5DQJH�LQ����������MXVW�EHIRUH�ODUJH�SDUWV�
RI� ERWK� DUHDV� ZHUH� DHULDOO\� SRLVRQHG� WR� UHGXFH� SRVVXP� GHQVLWLHV� LQ� ZLQWHU� ������ 7KHVH�
VHUHQGLSLWRXVO\�SURYLGHG�DQ�LQLWLDO�EDVHOLQH�IRU�WKH�ODUJH�VFDOH�ORQJ�WHUP�H[SHULPHQWDO�WHVW�
RI�WKH�µVSLOORYHU�KRVW¶�K\SRWKHVLV�WKDW�HPHUJHG�IURP�WKRVH�HDUO\�VXUYH\V��1XJHQW�	�/XJWRQ�
�������7KH�VHSDUDWH�VXUYH\V�ZHUH�IRUPDOO\�DVVHPEOHG�LQWR�D�VLQJOH�H[SHULPHQW�LQ������WKDW�
WKHQ�UDQ�XQWLO�������7KH�SHULRG�RI�VWXG\�IRU�WKLV�WKHVLV�VSDQV�WKH�SHULRG������WR�������DQG�LW�
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SUHVHQWV�WKH�RXWFRPHV�RI�WKDW�H[SHULPHQW�DORQJ�ZLWK�UHVXOWV�IURP�RWKHU�VWXGLHV�RI�GHHU�DQG�
RI�7E�WKDW�ZHUH�XQGHUWDNHQ�EHWZHHQ������DQG�������
7KH�UHVHDUFK�ZDV�XQGHUWDNHQ�ZKLOH�,�ZDV�HPSOR\HG�IXOO� WLPH�DV�DQ�HFRORJLVW�DW�/DQGFDUH�
5HVHDUFK�� /LQFROQ�� 7KH� DQQXDOO\� UHSHDWHG� VXUYH\V� RI� GHHU� UHTXLUHG� VXEVWDQWLDO� H[WHUQDO�
�QRQ�XQLYHUVLW\�� IXQGLQJ�� ZKLFK� KDG� WR� EH� ELG� IRU� ZLWKLQ� 1HZ� =HDODQG¶V� FRPSHWLWLYH�
VFLHQFH�IXQGLQJ�V\VWHPV��7KLV�UHDOLW\�UHVXOWHG�LQ�WKH�UHVHDUFK�SURJUDPPH�EHLQJ�DVVHPEOHG��
DOPRVW� RQ� D� \HDU�E\�\HDU� EDVLV�� IURP� D� VHULHV� RI� GLVFUHWH� SURMHFWV�� HDFK� RI� ZKLFK� ZDV�
VXEPLWWHG� WR� D� YDULHW\� RI� IXQGLQJ� DJHQFLHV� �PRVWO\� WKH� 1HZ� =HDODQG� )RXQGDWLRQ� IRU�
5HVHDUFK�� 6FLHQFH� DQG�7HFKQRORJ\� �)567��� DQG� WKH�$+%�� EXW� DOVR� /DQGFDUH� 5HVHDUFK���
7KH�PDLQ�FRQVHTXHQFH�IRU�WKH�UHVHDUFK�LV�WKDW�GHFLVLRQV�DERXW�WKH�IXQGLQJ�RI�VXE�SURMHFWV�
ZLWKLQ�WKH�RYHUDOO�SURJUDPPH�ZHUH�RIWHQ�PDGH�E\�IXQGLQJ�DJHQFLHV�UDWKHU�WKDQ�E\�PH��7KH�
RWKHU� FRQVHTXHQFH� LV� WKDW� WKH� REMHFWLYHV� RI� WKH� UHVHDUFK� HYROYHG� DV� LQVLJKW� DQG� QHZ�
NQRZOHGJH�ZDV�JDLQHG��DQG��LQ�WXUQ��LQIOXHQFHG�WKH�SHUFHSWLRQV�DQG�SULRULWLHV�RI�WKH�IXQGLQJ�
DJHQFLHV���
0XFK� RI� WKH� UHVHDUFK� LV� XQDVKDPHGO\� TXDOLWDWLYH�� UHIOHFWLQJ� P\� EHOLHI� WKDW� HFRORJ\� �WKH�
LQWHUDFWLRQV�EHWZHHQ�RUJDQLVPV�DQG�RWKHU�RUJDQLVPV�DQG� WKHLU�SK\VLFDO� HQYLURQPHQW�� DQG�
HSLGHPLRORJ\��WKH�VXEVHW�RI�HFRORJ\�WKDW�LQYROYHV�WKH�LQWHUDFWLRQV�EHWZHHQ�SDWKRJHQV�DQG�
WKHLU�KRVW�V��DQG�HQYLURQPHQW��DUH� WRR�FRPSOH[�DQG�PXOWLIDFWRULDO� IRU� VFLHQFH� WR�SURJUHVV�
TXLFNO\� YLD� ULJLGO\� UHGXFWLRQLVW� H[SHULPHQWDWLRQ� IRFXVHG� RQ� VLQJOH�� RU� WZR�IDFWRU� HIIHFWV��
:KLOH� UHSOLFDWHG� ODUJH�VDPSOH�VL]H� H[SHULPHQWDWLRQ� LV� XOWLPDWHO\� UHTXLUHG� IRU� VWURQJ�
LQIHUHQFH�ZKHQ�GHDOLQJ�ZLWK�PXOWLIDFHWHG�DQG�VWRFKDVWLF�HFRORJLFDO�SURFHVVHV�� WKH�FRVW�RI�
WKDW�LV�RIWHQ�SURKLELWLYH��,�FRQVLGHU�WKH�EHVW�FRPSURPLVH�LV�WR�UHVWULFW�VXFK�H[SHULPHQWDWLRQ�
WR�WKH�LQYHVWLJDWLRQ�RI�PDMRU�K\SRWKHVHV�EXLOW�RQ�D�VROLG�IRXQGDWLRQ�RI�µQDWXUDO�KLVWRU\¶��6R�
FDOOHG� QDWXUDO� KLVWRULDQV� KDYH� FRPH� WR� EH� UHJDUGHG� DV� ROG�IDVKLRQHG� DQG� VRPHKRZ� OHVV�
VFLHQWLILF�� \HW� WKHUH� LV� RIWHQ� QR� RWKHU� ZD\� WR� DSSURDFK� FRPSOH[� HFR�HSLGHPLRORJLFDO�
SUREOHPV�LQYROYLQJ�PXOWLSOH�ZLOGOLIH�KRVWV��PXOWLSOH�WUDQVPLVVLRQ�PHFKDQLVPV��DQG�YDU\LQJ�
VWRFKDVWLFDOO\�DQG�GHWHUPLQLVWLFDOO\�ZLWK�KRVW�GHQVLW\��KDELWDW�� VHDVRQ��DQG�D�KRVW�RI�RWKHU�
LQIOXHQFHV�� 6LQJOH�IDFWRU� VROXWLRQV� WR� VXFK� GLVHDVH� SUREOHPV� DUH� UDUH�� VR� ZH� LJQRUH�
FRPSOH[LW\� DW� RXU� SHULO�� ,W� LV� XQIRUWXQDWHO\� IDU� HDVLHU� WR� FRQVWUXFW� FRQFHSWXDOO\� HOHJDQW�
VWDWLVWLFDO� DQG� FRQFHSWXDO�PRGHOV� WKDQ� LW� LV� WR� JDWKHU� WKH� HPSLULFDO� GDWD� DQG� REVHUYDWLRQV�
QHHGHG�WR�YDOLGDWH�WKHP��,W�LV�VDOXWDU\�WR�QRWH�WKDW�WKH�SOHWKRUD�RI�PRGHOV�RI�7E�LQ�SRVVXPV�
�&DOH\�LQ�SUHVV��DOO�FHQWUH�RQ�DQ�DVVXPHG�WUDQVPLVVLRQ�UDWH� WKDW�KDV�QHYHU�EHHQ�PHDVXUHG�
HPSLULFDOO\���
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������7KHVLV�VWUXFWXUH�
�
7KH�WKHVLV�LV�VWUXFWXUHG�DV�VL[�PRUH�RU�OHVV�LQGHSHQGHQW�FKDSWHUV��
7KH�ILUVW�FKDSWHU�VHWV�RXW�WKH�RYHUDOO�FRQWH[W�DQG�EURDG�DLPV�RI�WKH�UHVHDUFK��,W�LQFOXGHV�D�
UHYLHZ�RI�WKH�VFLHQWLILF�DQG�PDQDJHPHQW�OLWHUDWXUH�UHODWHG�WR�WKH�GHHU�7E�SUREOHP���
7KH� VHFRQG� FKDSWHU� GHVFULEHV� SDWWHUQV� RI� 7E� LQIHFWLRQ� REVHUYHG� LQ� IRXU� ZLOG� GHHU�
SRSXODWLRQV�RU�VXE�SRSXODWLRQV��PRVWO\�UHG�GHHU��LQ�1HZ�=HDODQG��,W�IRFXVHV�RQ�WKH�HIIHFWV�
RI� DJH� DQG� VH[� RQ� RYHUDOO� SUHYDOHQFH� DQG� SDWKRJHQHVLV�� DQG� ZKHWKHU� WKH� LPSRUWDQFH� RI�
WKRVH� IDFWRUV� YDULHV� EHWZHHQ� DUHDV�� DQG� LQ� UHODWLRQ� WR� SRVVXP� DQG� GHHU� GHQVLW\�� 7KLV�
REVHUYDWLRQDO� VWXG\� SURYLGHG� FLUFXPVWDQWLDO� HYLGHQFH� WKDW� ,� XVHG� WR� IXUWKHU� GHYHORS�
K\SRWKHVHV�DERXW�WUDQVPLVVLRQ�URXWHV�DQG�WKH�UROH�RI�ZLOG�GHHU��DQG�SRVVXPV��DV�KRVWV���
7KH�WKLUG�FKDSWHU�GHVFULEHV�D�ILHOG�WHVW�RI�WKH�
VSLOORYHU�KRVW
�K\SRWKHVLV��QDPHO\�WKDW�PRVW�
RI�WKH�LQIHFWLRQ�REVHUYHG�LQ�ZLOG�GHHU�LQ�1HZ�=HDODQG�LV�DFTXLUHG�IURP�V\PSDWULF�SRVVXPV��
$Q� LQFLGHQWDO� RXWFRPH�RI� WKLV� H[SHULPHQW�ZDV� HYLGHQFH�RI� D� VWURQJ� UHODWLRQVKLS�EHWZHHQ�
WKH�SUHYDOHQFH�RI�7E� LQ�SRVVXPV�DQG�SRVVXP�GHQVLW\�ZKHQ� WKHVH�ZHUH�PHDVXUHG�DW� ODUJH�
VSDWLDO�VFDOHV��
7KH� IRXUWK� FKDSWHU� H[SORUHV� WKH� SRWHQWLDO� IRU� SRVW�PRUWHP� WUDQVPLVVLRQ� RI� 7E�� PDLQO\�
IRFXVLQJ�RQ�VFDYHQJLQJ�RI�7E�LQIHFWHG�FDUULRQ�DQG��LQ�SDUWLFXODU��RQ�SRVVXPV�DV�VFDYHQJHUV���
7KH�ILIWK�FKDSWHU�LQYHVWLJDWHV�WKH�VSDWLDO�VFDOH�RI�WKH�ULVN�SRVHG�E\�WKH�UHVHUYRLU�RI�LQIHFWLRQ�
LQ�ZLOG�GHHU��DQG��FRQYHUVHO\��WKHLU�VXLWDELOLW\�DV�VHQWLQHOV�IRU�GHWHFWLQJ�7E�SUHVHQFH��
�7KH�ILQDO�FKDSWHU�SUHVHQWV�RYHUDOO�FRQFOXVLRQV�RQ�FXUUHQW�K\SRWKHVHV�DERXW�WKH�QDWXUH�DQG�
LPSRUWDQFH� RI� WKH� 7E� ULVNV� SRVHG� E\� GHHU�� DQG� WKH� WKUHDW� WKH\� SRVH� WR� WKH�$+%¶V� JRDO�
�RIILFLDO�IUHHGRP�IURP�7E�E\��������,�WKHQ�GHYHORS�QHZ�K\SRWKHVHV�IRU�WKH�GLIIHULQJ�VWDWXV�
RI� GHHU� DV� 7E� KRVWV� EHWZHHQ� FRXQWULHV� DQG� FRQWH[WV�� DQG� IRU� WKH� UROH� RI� SRVW�PRUWHP�
WUDQVPLVVLRQ� LQ� WKH� PXOWL�KRVW� HSLGHPLRORJ\� RI� 7E� LQ� 1HZ� =HDODQG� ZLOGOLIH�� )LQDOO\�� ,�
H[SORUH� WKH� PDQDJHPHQW�� UHVHDUFK�� DQG� WKHRUHWLFDO� LPSOLFDWLRQV� RI� WKHVH� UHVXOWV� DQG�
K\SRWKHVHV��
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����%DFNJURXQG�DQG�OLWHUDWXUH�UHYLHZ�

������0DPPDOLDQ�WXEHUFXORVLV�
7XEHUFXORVLV� LQ� PDPPDOV� LV� W\SLFDOO\� D� FKURQLF� ZDVWLQJ� GLVHDVH� FDXVHG� E\� D� JURXS� RI�
FORVHO\� UHODWHG� P\FREDFWHULXP�� SULQFLSDOO\� WKH� µKXPDQ¶� DQG� µERYLQH¶� VSHFLHV�
�0\FREDFWHULXP� WXEHUFXORVLV� DQG� 0�� ERYLV� UHVSHFWLYHO\��� $V� LW� KDV� IRU� FHQWXULHV��
WXEHUFXORVLV� UHPDLQV� WKH� OHDGLQJ� FDXVH� RI� GHDWK� IURP� LQIHFWLRXV� GLVHDVH� LQ� SHRSOH� �/HH�
�������,W�FDXVHG�WKH�µ:KLWH�3ODJXH¶�RI�WKH���WK�DQG���WK�FHQWXULHV�LQ�(XURSH��ZKHQ�PRVW�RI�
WKH� (XURSHDQ� SRSXODWLRQ� ZDV� LQIHFWHG� DQG� D� TXDUWHU� RI� DOO� DGXOW� GHDWKV� ZHUH� WXEHUFXODU��
3DVWHXULVDWLRQ�RI�PLON�DQG�WKH�GHYHORSPHQW�RI�DQWLELRWLFV�GXULQJ�WKH�HDUO\�DQG�PLG�����V�
GUDPDWLFDOO\� UHGXFHG� LQIHFWLRQ� OHYHOV� LQ� GHYHORSHG� FRXQWULHV�� EXW� E\� VRPH� HVWLPDWHV� WZR�
ELOOLRQ�SHRSOH�UHPDLQ�LQIHFWHG��ZLWK�F����PLOOLRQ�GHDWKV�DQQXDOO\�DWWULEXWHG�WR�WXEHUFXORVLV�
�&RVLYL� HW� DO�� ������� 7KH� GHYHORSPHQW� RI� DQWLELRWLF� UHVLVWDQFH� DQG� WKH� VSUHDG� RI�
LPPXQRVXSSUHVVLYH�GLVHDVHV�VXFK�DV�$,'6�KDYH�OHG�WR�D�UHVXUJHQFH�RI�WXEHUFXORVLV�HYHQ�LQ�
GHYHORSHG�FRXQWULHV��
7KH�IROORZLQJ�SDUDJUDSK�LV�D�EULHI�V\QWKHVLV�RI�WKH�GLVHDVH�SURFHVVHV��PDLQO\�DV�GHVFULEHG�
E\�WKH�QXPHURXV�DXWKRUV�LQ�%ORRP���������7KH�GLVHDVH�WDNHV�YDULRXV�IRUPV��GHSHQGLQJ�RQ�
P\FREDFWHULDO� VSHFLHV� DQG� VWUDLQ�� WKH� KRVW� VSHFLHV� DQG� WKHLU� UHVSHFWLYH� JHQRW\SH� DQG�
SKHQRW\SHV�� DQG� WKH� URXWH� DQG� IRUFH� RI� LQIHFWLRQ�� 7KH� EDFWHULXP� LV� W\SLFDOO\� LQKDOHG� RU�
LQJHVWHG��RU�PD\�LQYDGH�WKRXJK�GLVUXSWHG�VNLQ��,W�PD\�NLOO�LWV�KRVW�ZLWKLQ�D�IHZ�PRQWKV�RU�
KDYH�OLWWOH�RU�QR�HIIHFW��$V�REOLJDWH�LQWUDFHOOXODU�PDPPDOLDQ�SDUDVLWHV�ERWK�0��WXEHUFXORVLV�
DQG�0�� ERYLV� UHO\� RQ� EHLQJ� UHFRJQLVHG� E\� KRVW� LPPXQH� V\VWHPV�� EXW� RXW�PDQRHXYULQJ�
WKHP��XSRQ�HQWU\��WKH�EDFLOOL�DUH�LQJHVWHG�E\�GHIHQVLYH�PDFURSKDJHV�WKDW�DUH�µXQDFWLYDWHG¶�
LQLWLDOO\� �ODFN� WKH� DELOLW\� WR� NLOO� WKH� LQJHVWHG� EDFLOOL��� ,QVWHDG� WKH� EDFLOOL�� SURWHFWHG� E\� WKH�
PDFURSKDJH� IURP� DQ\� H[WUD� FHOOXODU� GHIHQVLYH� LPPXQH� UHVSRQVH� PRXQWHG� E\� WKH� KRVW��
PXOWLSO\�VORZO\�DQG�HYHQWXDOO\�NLOO�WKH�KRVW�FHOO�VLPSO\�E\�ILOOLQJ�LW�WR�WKH�SRLQW�RI�EXUVWLQJ��
/\PSKRF\WHV� WKHQ� UHFRJQLVH� WXEHUFXODU� DQWLJHQV� OHDGLQJ� WR� WKH� UHOHDVH� RI� F\WRNLQHV� WKDW�
µDFWLYDWH¶�PDFURSKDJHV��JLYLQJ�VRPH�RI�WKHP�WKH�DELOLW\�WR�NLOO�LQJHVWHG�EDFLOOL��7KH�GHEULV�
RI� NLOOHG� FHOOV� FUHDWHV� D� IRFXV� RI� QHFURWLF� WLVVXH� RU� SXV� VXUURXQGHG� E\� DFWLYDWHG�
PDFURSKDJHV� WKDW� WRJHWKHU� IRUP� WKH� OXPS� RU� WXEHUFOH� DIWHU� ZKLFK� WKH� GLVHDVH� LV� QDPHG��
'HSHQGLQJ�RQ� WKH�QDWXUH�DQG�VWUHQJWK�RI� WKH� LPPXQH� UHVSRQVH�� WKH� WXEHUFOH� �OHVLRQ��PD\�
HLWKHU� JURZ� DQG� UHOHDVH� EDFLOOL� WR� VSUHDG� WR� RWKHU� SDUWV� RI� WKH� ERG\�� RU� EH� WLJKWO\�
HQFDSVXODWHG� DQG� ZDOOHG� RII� ZLWKLQ� D� KDUG� VKHOO� RI� GHIHQVLYH� PDFURSKDJHV� WR� IRUP�
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JUDQXORPDV��:LWKLQ�HQFDSVXODWHG�OHVLRQV�WKH�EDFLOOL�DUH�VKLHOGHG�IURP�WKH�LPPXQH�V\VWHP�
E\� WKH� ORZ� S+� DQG� DQR[LF� QHFURWLF�PDWHULDO� EXW� DUH� XQDEOH� WR�PXOWLSO\� DQG�PD\� UHPDLQ�
GRUPDQW�ZLWKLQ�LW��ODWHQW�LQIHFWLRQ���RU�HYHQ�EH�HOLPLQDWHG�OHDYLQJ�OLWWOH�RU�QR�YLVLEOH�WUDFH�
RI� WKH� LQIHFWLRQ� �OHVLRQ� UHVROXWLRQ��� 7KXV�� D� FHOOXODU� LPPXQH� UHVSRQVH� LV� HVVHQWLDO� LQ�
RYHUFRPLQJ� LQIHFWLRQ�� EXW� LV� DOVR� UHVSRQVLEOH� IRU� PXFK� RI� WKH� GDPDJLQJ� SDWKRORJ\�
DVVRFLDWHG�ZLWK� LW��7E�NLOOV�KRVW� FHOOV� VLPSO\�E\� µSDVVLYHO\¶�RFFXS\LQJ� VSDFH��ERWK�ZLWKLQ�
PDFURSKDJHV�DQG�DV�D�JURZLQJ�DFFXPXODWLRQ�RI�QHFURWLF�GHEULV�ZLWKLQ�WXEHUFOHV��7KH�OXQJV�
RI�DSSDUHQWO\�KHDOWK\�GHHU��IRU�H[DPSOH��FDQ�EH�VR�KHDYLO\�OHVLRQHG�WKDW�WKHUH�LV�DOPRVW�QR�
IXQFWLRQDO�OXQJ�WLVVXH�OHIW��%HDWVRQ��������
,Q�GHHU��DV�LQ�KXPDQV�DQG�PDQ\�RWKHU�VSHFLHV������RI�LQIHFWHG�LQGLYLGXDOV�GHYHORS�DFWLYH�
�JURZLQJ�DQG�VSUHDGLQJ��GLVHDVH�XSRQ�LQLWLDO�LQIHFWLRQ��%XFKDQ�	�*ULIILQ�������*ULIILQ�	�
0DFNLQWRVK� ������� DQG� VRPH� GHHU� DUH� JHQHWLFDOO\� PXFK� PRUH� UHVLVWDQW� WKDQ� RWKHUV�
�0DFNLQWRVK�HW�DO���������5HVLVWDQFH�FDQ�EH�HLWKHU�LQQDWH�RU�DFTXLUHG��DQG�PD\�EH�UHVLVWDQFH�
WR�EHFRPLQJ� LQIHFWHG��L�H�� UHGXFHG� LQJHVWLRQ�E\�PDFURSKDJHV�RU�VXUYLYDO�RI�EDFLOOL�ZLWKLQ�
WKHP��RU�UHVLVWDQFH�WR�VXEVHTXHQW�GLVHDVH�SURJUHVVLRQ�WKURXJK�VWURQJHU�LPPXQH�UHVSRQVHV�±�
WKH� WZR� DUH� QRW� WKH� VDPH�� DV� UHVLVWDQW� VWUDLQV� RI� UDEELWV� �2U\FWRODJXV� FXQLFXOXV��� IRU�
H[DPSOH�� PRUH� UHDGLO\� WDNH� XS� EDFLOOL� �EHFRPH� LQIHFWHG�� WKDQ� GR� OHVV� UHVLVWDQW� VWUDLQV�
�'DQQHQEHUJ� ������� 6RPH� VWUDLQV� RI� 7E� DUH� OHVV� YLUXOHQW� WKDQ� RWKHUV�� WKH� PRVW� VWULNLQJ�
H[DPSOH� EHLQJ� WKH� %&*� �%DFLOOH�&DOPHWWH�*XpULQ�� VWUDLQ� RI� DWWHQXDWHG�0�� ERYLV� WKDW� LV�
ZLGHO\�XVHG�DV�D�OLYH�YDFFLQH�WR�LQFUHDVH�UHVLVWDQFH�WR�WXEHUFXORVLV�LQIHFWLRQ���
,QIHFWLRQ� FDQ� RFFXU� LQ� DOPRVW� DQ\� WLVVXH� EXW� WKH� EDFWHULXP� LV� SULPDULO\� D� IDFXOWDWLYH�
LQWUDFHOOXODU�SDUDVLWH��XVXDOO\�RI�O\PSKDWLF�PDFURSKDJHV��$V�DQ�REOLJDWH�DHUREH��LW�IDYRXUV�
ZHOO�R[\JHQDWHG�VLWHV� VXFK�DV� WKH� OXQJ�� ,W�KDV�D�VORZ�JHQHUDWLRQ� WLPH� ���±���KRXUV���7KH�
DSSHDUDQFH� RI� OHVLRQV� YDULHV�� EXW� LV� FKDUDFWHULVHG� FODVVLFDOO\� E\� µFDVHDWLRQ� QHFURVLV¶��
PHDQLQJ� SXV� RI� D� VHPL�VROLG� RU� µFKHHV\¶� FRQVLVWHQF\�� $W� RQH� H[WUHPH�� µVRIW¶� ZHDNO\�
GHIHQGHG� DQG� HQODUJLQJ� WXEHUFOHV� ZLWK� DFWLYHO\� PXOWLSO\LQJ� EDFWHULD� FRQWDLQ� OLTXLG� SXV��
ZKLOH� DW� WKH� RWKHU�� WKH� OHVLRQ�PD\� EH� µKDUG¶� DQG� ODUJH� EXW� FRQWDLQ� YHU\� OLWWOH� SXV�� RU� WKH�
QHFURWLF�PDWHULDO�PD\�EH�KLJKO\�FDOFLILHG�DQG�HYHQ�ERQH�OLNH���
:KHUH� WKH� FHOO�PHGLDWHG� LPPXQH� UHVSRQVH� LV� LQDGHTXDWH�� OHVLRQV� JURZ�� EUHDNLQJ� GRZQ�
VXUURXQGLQJ�WLVVXHV�DQG�VSLOOLQJ�OHVLRQ�FRQWHQWV�LQWR�DLUZD\V��WKH�FLUFXODWRU\�DQG�DOLPHQWDU\�
V\VWHPV��RU�H[WHUQDOO\� WKURXJK�GUDLQLQJ�VLQXVHV�� ,QWHUQDOO\��EDFLOOL�FDUULHG�E\� WKH�EORRG�RU�
O\PSK��KDHPDWRJHQRXV�VSUHDG��PD\�HVWDEOLVK�DW�PDQ\�QHZ�VLWHV��RIWHQ�OHDGLQJ�WR�PLOLDU\�
LQIHFWLRQ�� VR� FDOOHG� EHFDXVH� WKH� PXOWLSOH� OHVLRQV� WKDW� UHVXOW� DSSHDU� OLNH� PLOOHW� VHHGV���
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([WHUQDOO\��EDFLOOL� FDQ�EH�H[FUHWHG�YLD� IDHFHV��PLON��XULQH�� VDOLYD�� VSXWXP��GLUHFW�GUDLQDJH�
WKURXJK� WKH� VNLQ�� DQG� E\� IRUPDWLRQ� RI� DHURVRO� GURSOHWV� �HVSHFLDOO\� ZKHQ� VQHH]LQJ� RU�
FRXJKLQJ� H[SORVLYHO\��� 2I� SDUWLFXODU� QRWH� IRU� WKH� FRQWH[W� RI� WKLV� GHHU�7E� WKHVLV�� /XJWRQ�
�������������KLJKOLJKWV�WKH�UROH�RI�WKH�WRQVLOV�DV�µLPPXQRORJLFDOO\�SULYLOHJHG¶�SDUWV�RI�WKH�
LPPXQH� V\VWHP� WKDW� VHOGRP�GHYHORS� IORULG� LPPXQH� UHVSRQVH�EXW�ZKLFK�FDQ� VWLOO� DFW� DV� D�
ERWK�SRUWDO�RI�HQWU\�IRU�EDFLOOL��DQG�DOVR��HVSHFLDOO\�LQ�GHHU��DV�D�VLWH�RI�H[FUHWLRQ�RI�EDFLOOL��
2QH�SHFXOLDULW\�RI�WKH�WRQVLOV�LV�WKDW�PDFURSKDJHV�LQIHFWHG�ZLWK�EDFLOOL�FDQ�IORDW�IUHH�LQ�WKH�
OXPHQ�RI�WRQVLOODU�FU\SWV��L�H��H[RJHQRXVO\��DQG��IRU�WKH�RURSKDU\QJHDO�WRQVLOV�DW�WKH�EDFN�RI�
WKH�RUDO�FDYLW\��PD\�EH�SXPSHG�LQ�DQG�RXW�RI�WKH�FU\SWV�GXULQJ�PDVWLFDWLRQ��/XJWRQ��������
7KURXJKRXW� WKLV� WKHVLV�� XVH� RI� WKH� WHUP� WRQVLOV� UHIHUV� VSHFLILFDOO\� WR� WKH� RURSKDU\QJHDO�
WRQVLOV��XQOHVV�VWDWHG�RWKHUZLVH��
0��ERYLV�LV�EHVW�NQRZQ�DV�D�GLVHDVH�RI�FDWWOH�EXW�LQ�IDFW�KDV�RQH�RI�WKH�EURDGHVW�KRVW�UDQJHV�
RI�DOO�NQRZQ�SDWKRJHQV��)UDQFLV�������2¶5HLOO\�	�'DERUQ��������$OO�RI�WKH�F�������JHQHV�
LQ�0�� ERYLV� DOVR� RFFXU� LQ�0�� WXEHUFXORVLV�� WR� ZKLFK� LW� LV� ������� VLPLODU� �*DUQLHU� HW� DO��
�������+RZHYHU��0��WXEHUFXORVLV�DOVR�KDV�D�IHZ�DGGLWLRQDO�XQLTXH�JHQHV��LQGLFDWLQJ�WKDW�WKH�
ERYLQH�GLVHDVH�LV�OLNHO\�WR�KDYH�HYROYHG�IURP�DQ�DQFHVWUDO�KXPDQ�RU�SULPDWH�GLVHDVH��UDWKHU�
WKDQ�WKH�UHYHUVH��ZLWK�KRVW�WURSLVPV��VSHFLILFLW\��VRPHKRZ�GHYHORSLQJ�WKURXJK�JHQH�ORVV��

�������%RYLQH�WXEHUFXORVLV�DQG�WKH�1HZ�=HDODQG�SUREOHP�
%RYLQH� 7E� ZDV� RQFH� D� FRPPRQ� FDXVH� RI� WXEHUFXORVLV� LQ� KXPDQV� �PDLQO\� WKURXJK�
FRQVXPSWLRQ�RI�LQIHFWHG�PLON���DQG�VWLOO�LV�LQ�SRRUHU�SDUWV�RI�WKH�ZRUOG��&RVLYL�HW�DO���������
7KLV�VSLOORYHU�IURP�OLYHVWRFN�LV�ZKDW�GURYH�LQLWLDO�HIIRUWV�WR�HUDGLFDWH�7E�IURP�OLYHVWRFN�LQ�
GHYHORSHG�FRXQWULHV��DQG�OHG�WR�WKH�µWHVW�DQG�FXOO¶�SURJUDPPHV�WKDW�UHOLHG�RQ�DQ�LQWUDGHUPDO�
WXEHUFXOLQ�VNLQ�WHVW�WR�LGHQWLI\�OLYHVWRFN�ZLWK�DFTXLUHG�UHVLVWDQFH��UHDFWRUV��WKDW�ZHUH�WKHQ�
VODXJKWHUHG� WR� UHPRYH� LQIHFWLRQ� IURP� WKH� KHUG�� 7KHVH� SURJUDPPHV�� LQ� FRQMXQFWLRQ� ZLWK�
SDVWHXULVDWLRQ�RI�PLON��TXLFNO\�UHGXFHG�WKH�ULVN�WR�KXPDQV�LQ�PDQ\�FRXQWULHV�DQG�UHVXOWHG�
LQ�VXFFHVVIXO�HUDGLFDWLRQ� LQ�D�IHZ��H�J��$XVWUDOLD��&RXVLQV�HW�DO���������,Q�1HZ�=HDODQG�D�
YROXQWDU\�WHVW�DQG�FXOO�SURJUDPPH�EHJDQ�LQ�������7E�WHVWLQJ�EHFDPH�FRPSXOVRU\�IRU�FDWWOH�
E\�������+HQQHVVH\�������DQG�IRU�IDUPHG�GHHU�E\�������$V�LQ�WKH�86$��(QJODQG��,UHODQG�
DQG�6RXWK�$IULFD��KRZHYHU��SHUVLVWHQFH�RI�7E�LQ�ZLOGOLIH�KDV�WKXV�IDU�SUHYHQWHG�HUDGLFDWLRQ�
IURP�OLYHVWRFN��GH�/LVOH�HW�DO���������1RZDGD\V�LW�LV�QRW�VR�PXFK�WKH�GLUHFW�ULVN�RI�]RRQRWLF�
LQIHFWLRQ� WKDW�PRWLYDWHV� WKH� GULYH� WR� DFKLHYH�7E� IUHHGRP� EXW� WKH� SRWHQWLDO� LPSRVLWLRQ� RI�
WUDGH�VDQFWLRQV�E\�7E�IUHH�FRXQWULHV��$QLPDO�+HDOWK�%RDUG��������
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7KH�1HZ�=HDODQG�7E�FRQWURO�VFKHPH�LQLWLDOO\�PDGH�JRRG�SURJUHVV��UHGXFLQJ�UHDFWRU�UDWHV�
LQ�GDLU\�FDWWOH� IURP������ZKHQ�KHUGV�ZHUH� ILUVW� WHVWHG� WR�������E\�����±����+HQQHVVH\�
�������7KH�UHGXFWLRQ�LQ�EHHI�FDWWOH�ZDV�PXFK�VPDOOHU��IURP������LQLWLDOO\�WR������E\�����±
����+RZHYHU��LQ�VRPH�DUHDV��7E�FRQWLQXDOO\�UHFXUUHG�LQ�FDWWOH�GHVSLWH�IUHTXHQW�WHVWLQJ�DQG�
UHPRYDO�RI�LQIHFWHG�DQLPDOV��DQG��E\�������SRVVXPV�ZHUH�VWURQJO\�LPSOLFDWHG��&ROHPDQ�	�
&DOH\� ������� ,PSOHPHQWDWLRQ� RI� SRVVXP� FRQWURO� QHDU� &DSH� )RXOZLQG� LQ� ����� VDZ� WKH�
SHUFHQWDJH� RI� UHDFWRUV� WKHUH� IDOO� IURP� ������ LQ� ����� WR� ]HUR� E\� ODWH� ����� �+HQQHVVH\�
������� 7KH� FDXVDO� UHODWLRQVKLS� EHWZHHQ� WKH� SUHVHQFH� RI� LQIHFWLRQ� LQ� SRVVXPV� DQG� LWV�
VSLOORYHU� LQWR� FDWWOH� KDV� VLQFH� EHHQ� GHPRQVWUDWHG� H[SHULPHQWDOO\� �&DOH\� HW� DO�� �������
%HWZHHQ� ����� DQG� ����� DERXW�1=���PLOOLRQ� S�D�� �FXUUHQW� GROODUV��ZDV� VSHQW� RQ� SRVVXP�
FRQWURO��DQG�UHDFWRU�UDWHV�LQ�FDWWOH�KHUGV�UHVXPHG�WKHLU�SUHYLRXV�GRZQZDUG�WUHQG��&ROHPDQ�
	� /LYLQJVWRQH� ������� 8QIRUWXQDWHO\� VXFFHVV� ZDV� GHFODUHG� WRR� HDUO\�� DQG� IXQGLQJ� IRU�
SRVVXP�FRQWURO�ZDV�FXW�WR��1=����P�S�D��IRU�WKH�HQVXLQJ���\HDUV��7KH�GRZQZDUG�WUHQG�LQ�
UHDFWRU�UDWHV�FRQWLQXHG�EULHIO\�XQWLO������EXW�WKHQ�LQFUHDVHG�VWHDGLO\�XQWLO�������E\�ZKLFK�
WLPH� RYHU� 1=���� PLOOLRQ� S�D�� ZDV� EHLQJ� VSHQW� WR� FRQWURO� ZLOGOLIH� KRVWV� �&ROHPDQ� 	�
/LYLQJVWRQH��������7KH� ILUVW�1306� IRU� ERYLQH�7E�ZDV�GHYHORSHG� LQ� WKH�PLG�����V�� DQG�
DLPHG� SULPDULO\� WR� UHGXFH� GLVHDVH� OHYHOV� LQ� OLYHVWRFN�� +RZHYHU�� D� VHFRQG� 1306� ZDV�
LQLWLDWHG�LQ������DQG�PXFK�PRUH�DPELWLRXVO\�DLPV�WR�UHGXFH�UHDFWRU�UDWHV�WR�������SHULRG�
SUHYDOHQFH�S�D��E\������E\�SUHYHQWLQJ�IXUWKHU�VSUHDG�LQ�ZLOGOLIH�DQG�ORFDOO\�HOLPLQDWLQJ�WKH�
GLVHDVH�IURP�PDQ\�DUHDV��$QLPDO�+HDOWK�%RDUG��������,W�FXUUHQWO\�SODQV�WR�VSHQG�1=����
PLOOLRQ� S�D�� RQ� ZLOGOLIH� PDQDJHPHQW� WR� DFKLHYH� WKDW��0RVW� RI� H[SHQGLWXUH� LV� GLUHFWHG� DW�
SRVVXPV��EXW�LQ�VRPH�SODFHV�IHUUHWV��0XVWHOD�IXUR��DUH�FRQWUROOHG�DQG�SLJV��6XV�VFURID��DQG�
GHHU�DUH�NLOOHG�DV�SDUW�RI�VXUYHLOODQFH�WR�GHWHFW�7E�SUHVHQFH��7KH�SRVVXP�FRQWURO�VWUDWHJ\�LV�
WR� UHGXFH�SRVVXP�GHQVLW\� WR�EHORZ�WKH� OHYHO�DW�ZKLFK�7E� LV�DEOH� WR�SHUVLVW� LQGHSHQGHQWO\�
ZLWKLQ�WKDW�VSHFLHV��WKH�7E�PDLQWHQDQFH�WKUHVKROG���DQG�WKHQ�KROG�LW�WKHUH�ORQJ�HQRXJK�IRU�
DOO�UHVLGXDO�LQIHFWLRQ�WR�GLH�RXW��EHIRUH�FHDVLQJ�FRQWURO��
7KH� 7E�PDLQWHQDQFH� WKUHVKROG� IRU� SRVVXPV� ZDV� EDVHG� LQLWLDOO\� RQ� SUHGLFWLRQV� IURP� D�
FODVVLFDO� GHWHUPLQLVWLF� KRVW�SDWKRJHQ� PRGHO� �%DUORZ� ����D�E��� ZLWK� WKH� PRVW� UHFHQW�
IRUPXODWLRQ�EHLQJ� WKDW�RI�%DUORZ���������1RZDGD\V��KRZHYHU�� WKH�RSHUDWLRQDO� WDUJHWV� IRU�
SRVVXP�FRQWURO�DUH�QRW�VHW�DW� WKH� WKHRUHWLFDO�DQG�XQSURYHQ�WKUHVKROG�V��SUHGLFWHG�E\�VXFK�
PRGHOV��EXW�DUH�SUDJPDWLFDOO\� VHW� DW� WKH� OLPLWV�RI�DIIRUGDEOH�DFKLHYHPHQW��7KHVH�SRVVXP�
FRQWURO� WDUJHWV� DUH� URXWLQHO\� H[SUHVVHG� DV� D� 7UDS� &DWFK� ,QGH[� �7&,�� WKH� SHUFHQWDJH� RI�
SRVVXPV� FDXJKW� SHU� WUDS� QLJKW� XVLQJ� OHJ�KROG� WUDSV� VHW� DFFRUGLQJ� WR� D� QDWLRQDOO\�
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VWDQGDUGLVHG�SURWRFRO��13&$��������DQG� W\SLFDO� WDUJHWV�DUH�����IRU� LQLWLDO� µNQRFN�GRZQ¶�
UHGXFWLRQV�DQG�����IRU�DOUHDG\�UHGXFHG�SRSXODWLRQV�ZKHUH�µPDLQWHQDQFH¶�FRQWURO�LV�DSSOLHG�
DSSUR[LPDWHO\�DQQXDOO\��7KH�RIWHQ�UDSLG�UHGXFWLRQ�LQ�UHDFWRU�UDWHV�LQ�V\PSDWULF�FDWWOH�ZKHQ�
SRVVXP� SRSXODWLRQV� DUH� UHGXFHG� WR� WKHVH� OHYHOV� �H�J�� &ROHPDQ� HW� DO�� ������ LQGLFDWHV�
HPSLULFDOO\� WKDW� WKHVH� OHYHOV� DUH� XVXDOO\� PRUH� WKDQ� VXIILFLHQW� WR� HOLPLQDWH� GLVHDVH� IURP�
FDWWOH�� GHVSLWH�PDMRU� VKRUWFRPLQJV� LQ� ERWK� WKH� RULJLQDO�PRGHO� DQG� LQ� WKUHH� RWKHU�PRGHOV�
GHYHORSHG� VLQFH� �&DOH\� LQ� SUHVV��� 7KH� SRRU� SUHGLFWLYH� DELOLW\� RI� DOO� PRGHOV� UHIOHFWV� DQ�
RQJRLQJ� ODFN�RI� HSLGHPLRORJLFDO�XQGHUVWDQGLQJ�DERXW�7E� WUDQVPLVVLRQ� LQ�SRVVXPV�DQG�RI�
TXDQWLWDWLYH�HPSLULFDO�HVWLPDWHV�RI�EDVLF�HSLGHPLRORJLFDO�UDWHV���
,Q� DGGLWLRQ� WR� SRVVXPV�� VHYHUDO� RWKHU� ZLOGOLIH� VSHFLHV� DUH� FRPPRQO\� LQIHFWHG� LQ� 1HZ�
=HDODQG�� EXW� WKH� FRPSOH[� SDWWHUQV� RI� WUDQVPLVVLRQ� EHWZHHQ� VSHFLHV� DUH� QRW� \HW� ZHOO�
XQGHUVWRRG�� 0RVW� DWWHQWLRQ� KDV� IRFXVHG� RQ� ZKHWKHU� WKHVH� µVHFRQGDU\¶� KRVWV� DUH� DEOH� WR�
LQGHSHQGHQWO\�PDLQWDLQ�GLVHDVH�RU�DW� OHDVW�FRQWULEXWH�VLJQLILFDQWO\� WR� LWV� ORFDO�SHUVLVWHQFH��
HVSHFLDOO\� IHUUHWV� �&DOH\� ������ DQG� GHHU� �/XJWRQ� HW� DO�� ������ WKLV� VWXG\��� +RZHYHU�� WKH�
VWHDG\�DQG�HQFRXUDJLQJ�GHFOLQH�LQ�UHDFWRU�UDWHV�VLQFH�������&ROHPDQ�	�/LYLQJVWRQH�������
$QLPDO�+HDOWK�%RDUG� XQSXEOLVKHG� GDWD�� DQG� ]HUR� RU� ORZ� UHDFWRU� UDWHV� LQ�PDQ\� IRUPHUO\�
LQIHFWHG� DUHDV� KDV� VKLIWHG� PDQDJHPHQW� DWWHQWLRQ� WR� WKH� UROH� RI� WKH� VHFRQGDU\� VSHFLHV� LQ�
VSUHDGLQJ�7E�DQG�WKHLU�SRWHQWLDO�XVH�DV�VHQWLQHOV�IRU�GHWHFWLQJ�7E�SUHVHQFH��$QLPDO�+HDOWK�
%RDUG� ������� 7KH� WKHRU\� DQG� FRQFHSWV� EHKLQG� WKH� ODWWHU� LGHD� DUH� SUHVHQWHG� LQ� &K�� ���
SULPDULO\�LQ�UHODWLRQ�WR�GHHU��

������:LOGOLIH�KRVWV�LQ�1HZ�=HDODQG��
��������2YHUYLHZ�

7KH� OLVW� RI� ZLOG� DQLPDO� VSHFLHV� WKDW� FDQ� EHFRPH� LQIHFWHG� ZLWK� 7E� LQ� 1HZ� =HDODQG�� WKH�
QDWXUH�RI�WKH�GLVHDVH�LQ�WKHP��DQG�WKHLU�VWDWXV�DV�7E�KRVWV�KDV�EHHQ�VXPPDULVHG�PDQ\�WLPHV�
SUHYLRXVO\� �QRWDEO\� 3IHLIIHU� ������ 0RUULV� HW� DO�� ������ 0RUULV� 	� 3IHLIIHU� ������ /XJWRQ�
������ &RRNH� HW� DO�� ������ &ROHPDQ�	�&DOH\� ������ &ROHPDQ�	�&RRNH� ������ DQG� LV� QRW�
UHSHDWHG� LQ� GHWDLO� KHUH�� )RXU�PDLQ� VSHFLHV� VWDQG� RXW�� LQ� GHFUHDVLQJ� RUGHU� RI� LPSRUWDQFH��
SRVVXPV�� IHUUHWV�� GHHU�� DQG� SLJV�� 2WKHU� VSHFLHV� DUH� WRR� VHOGRP� LQIHFWHG�� WRR� UDUH�� RU� WRR�
SDWFKLO\� GLVWULEXWHG� WR� SOD\� D� QDWLRQDO� UROH� LQ� 7E� SHUVLVWHQFH� LQ� ZLOGOLIH�� 7KH� EULHI�
VXPPDULHV�WKDW�IROORZ�IRFXV�RQ�FKDUDFWHULVLQJ�HDFK�RI�WKH�IRXU�PDLQ�KRVWV�LQ�WHUPV�RI�WKHLU�
FRUH� HFR�HSLGHPLRORJLFDO� SDUDPHWHUV�� W\SLFDO� GHQVLWLHV� �G��� DQQXDO� UDWHV� RI� LQFUHDVH�ZKHQ�
QRW�OLPLWHG�E\�DQ\�HQYLURQPHQWDO�IDFWRUV��U���VXUYLYDO�UDWHV��V��DQG�ORQJHYLW\�LQ�WKH�DEVHQFH�
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RI�7E��KRPH�UDQJH�VL]H��+��DQG�GLVSHUVDO�GLVWDQFH��'��DQG�IUHTXHQF\��7E�SUHYDOHQFH��WKH�
SHUFHQWDJH�RI� DQLPDOV� LQIHFWHG��� IRUFH� RI� LQIHFWLRQ� � �� WKH� H[SRQHQWLDO� UDWH� DW�ZKLFK� QHZ�
LQIHFWLRQ� LV� DFTXLUHG�� $QGHUVRQ� 	� 0D\� ������� UDWHV� RI� 7E�LQGXFHG� PRUWDOLW\� � �� DQG�
UHFRYHU\� IURP� LQIHFWLRQ� �WKURXJK� OHVLRQ� UHVROXWLRQ��� DQG� NQRZQ� RU� LQIHUUHG� URXWHV� RI�
LQIHFWLRQ�WR��EHWZHHQ��DQG�IURP�HDFK�VSHFLHV���

��������3RVVXPV�
3RVVXPV�DUH�QRZ�DOPRVW�XELTXLWRXV�LQ�1HZ�=HDODQG��ZLWK�WKH�QDWLRQDO�SRSXODWLRQ�EHOLHYHG�
WR�EH�DERXW����PLOOLRQ��D�QDWLRQDO�DYHUDJH�RI�F������NP����7KH\�FDQ�EH�H[WUHPHO\�DEXQGDQW��
ZLWK� GHQVLWLHV� XVXDOO\� KLJKHVW� LQ� QDWLYH� IRUHVW�� DOWKRXJK� HYHQ� WKHUH� GHQVLWLHV� YDU\�ZLGHO\�
IURP������NP�������KD����7&,�������LQ�VLPSOH�EHHFK��1RWKRIDJXV�VSS���IRUHVW�XS�WR������
NP��� LQ�PRUH�GLYHUVH�PL[HG�EURDGOHDI� IRUHVW�DQG�DW� IRUHVW�SDVWXUH�PDUJLQV� �(IIRUG��������
)HPDOHV�XVXDOO\�SURGXFH�D�VLQJOH�\RXQJ�LQ�DXWXPQ�IURP��±��\�RI�DJH�RQZDUG��DQG�ZKHUH�
IRRG� LV� SOHQWLIXO� PD\� DOVR� SURGXFH� \RXQJ� LQ� VSULQJ��<RXQJ� DUH� GHSHQGHQW� IRU� DW� OHDVW� ��
PRQWKV� DQG� PD\� DVVRFLDWH� ZLWK� WKHLU� PRWKHUV� IRU� XS� WR� �� PRQWKV� �)OHWFKHU� 	� 6HOZRRG�
�������7KH�H[SRQHQWLDO�UDWH�RI� LQFUHDVH�YDULHV�ZLGHO\��EXW�ZLWK�D�PLG�SRLQW�HVWLPDWH�RI�F��
�����\��� �+LFNOLQJ�	�3HNHOKDULQJ��������)HPDOHV� OLYH� ORQJHU� WKDQ�PDOHV��DQG�FDQ�VXUYLYH�
IRU����\�RU�PRUH��6XUYLYDO�UDWHV�YDU\�ZLGHO\�EHWZHHQ�\HDUV��EXW�DUH�W\SLFDOO\���±����S�D��
LQ�\HDUOLQJV��DERXW�����S�D��IRU��±��\�IHPDOHV�DQG�����S�D��IRU�VLPLODUO\�DJHG�PDOHV��EXW�
UHGXFLQJ�WR�EHORZ�����S�D��LQ�!���\�SRVVXPV��(IIRUG���������
+RPH� UDQJHV� RYHUODS� EHWZHHQ� WKH� VH[HV� DQG� DOVR� YDU\� ZLGHO\� LQ� VL]H�� W\SLFDOO\� O\LQJ�
EHWZHHQ�������DQG�������NP��LQ�IRUHVW��EXW�RFFDVLRQDOO\�XS�WR�������NP��LQ�SDWFK\�KDELWDW�
RU�ZKHUH�SRVVXPV�PRYH�ORQJ�GLVWDQFHV�WR�IHHG��&RZDQ�	�&ORXW��������$ERXW���±����RI�
MXYHQLOHV� GLVSHUVH� ����� RI� WKHP� PDOHV��� PRVWO\� VRRQ� DIWHU� UHDFKLQJ� LQGHSHQGHQFH�� DQG�
XVXDOO\�VKLIW�DERXW���NP��PD[LPXP����NP��&RZDQ�	�&ORXW��������
7E�ZDV�ILUVW�UHFRUGHG�LQ�D�ZLOG�SRVVXP�LQ�������(NGDKO�HW�DO���������DQG�KDV�VSUHDG�UDSLGO\�
VLQFH��$OPRVW�����RI�1HZ�=HDODQG����������NP���LV�QRZ�GHVLJQDWHG�DV�9HFWRU�5LVN�$UHDV�
�95$V��$QLPDO�+HDOWK�%RDUG�������WKRXJKW�WR�FRQWDLQ�LQIHFWHG�ZLOGOLIH��PRVW�FRPPRQO\�
SRVVXPV��� 3RVVXPV� DUH� FRQVLGHUHG� WR� EH� RQO\� ZHDNO\� UHVLVWDQW� WR� 7E� SURJUHVVLRQ� RQFH�
LQIHFWHG��ZLWK�WKLQO\�ZDOOHG�OHVLRQV�FRQWDLQLQJ�KLJK�QXPEHUV�RI�EDFLOOL��-DFNVRQ�HW�DO������D�
DQG� PDQ\� RWKHUV��� ([SHULPHQWDO� LQRFXODWLRQ� LQYDULDEO\� UHVXOWV� LQ� D� JHQHUDOLVHG�� UDSLGO\�
SURJUHVVLYH�LQIHFWLRQ�WKDW�LV�IDWDO�ZLWKLQ�D�IHZ�PRQWKV��%ROOLJHU�	�%ROOLJHU�������%XGGOH�HW�
DO��������DOWKRXJK� WKH�GLVHDVH�SURJUHVVHV�PRUH�VORZO\�ZKHQ� LQIHFWLRQ�URXWHV� OHVV�GLUHFWO\�
WDUJHW�WKH�OXQJV��RU�ZKHQ�ORZHU�GRVHV�DQG�OHVV�YLUXOHQW�EDFLOOL�DUH�XVHG��%XGGOH�HW�DO��������
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&RRNH�HW�DO��������&RUQHU�HW�DO������D���/HVLRQV�LQ�ZLOG�SRVVXPV�DUH�VHOGRP�ILEURWLF�DQG�
DUH� PRVW� FRPPRQ� LQ� WKH� OXQJV� DQG� WKH� VXSHUILFLDO� D[LOODU\� DQG� LQJXLQDO� O\PSK� QRGHV�
�-DFNVRQ�HW�DO������D����
7KH�DUHD�ZLGH�SRLQW�SUHYDOHQFH�RI�7E�LQ�SRVVXPV��L�H�� WKH�SHUFHQWDJH�RI� LQIHFWHG�DQLPDOV�
IRXQG� LQ� FURVV�VHFWLRQDO� VXUYH\V�� LV� RIWHQ� DERXW� ��� �UDQJH� �±����� EXW� FDQ� H[FHHG� ����
�&ROHPDQ�HW�DO��������&ROHPDQ�	�&DOH\��������3UHYDOHQFHV�DUH�XVXDOO\�PXFK�KLJKHU�ZLWKLQ�
WKH� ORFDO� FOXVWHUV� RI� LQIHFWLRQ� �VR� FDOOHG� µKRW� VSRWV¶�� WKDW� FKDUDFWHULVH� WKH� LQIHFWLRQ� LQ�
SRVVXPV���±�����+LFNOLQJ��������3UHYDOHQFH�LV�RIWHQ��EXW�QRW�DOZD\V�KLJKHU��LQ�PDOHV�WKDQ�
LQ� IHPDOHV�� DQG� LV� XVXDOO\� KLJKHU� LQ� DGXOWV� WKDQ� LQ� MXYHQLOHV�� ,QIHFWHG�ZLOG� SRVVXPV�ZLWK�
SDOSDEOH�VXSHUILFLDO�OHVLRQV�VXUYLYHG�IRU�DQ�DYHUDJH�RI�����PRQWKV��DQG�D�PD[LPXP�RI����
PRQWKV�DIWHU�FOLQLFDO�GLDJQRVLV��VXJJHVWLQJ�D�KLJK�UDWH�RI�7E�LQGXFHG�PRUWDOLW\�� � ������\�
���5DPVH\�	�&RZDQ�������EXW�WKLV�LV�OLNHO\�WR�XQGHUHVWLPDWH�WKH�WUXH�UDWH�DV�WKH�VDPSOH�ZDV�
KHDYLO\�ELDVHG�DJDLQVW� DQLPDOV� LQIHFWHG� VROHO\� LQ� WKH� OXQJV��ZKLFK�GLH�TXLFNO\�� DW� OHDVW� LQ�
FDSWLYLW\� �%XGGOH�HW� DO���������$VVXPLQJ� � �����\���� WKH� W\SLFDO�DUHD�ZLGH�SUHYDOHQFH�RI�
���VXJJHVWV�D�ILQLWH�DQQXDO�LQFLGHQFH�UDWH�RI�QHZ�FDVHV�RI�LQIHFWLRQ�RI����S�D���HTXLYDOHQW�
WR�DQ�LQVWDQWDQHRXV�H[SRQHQWLDO�UDWH�� ��RI�������\����7KH�KLJKHU�SUHYDOHQFH�ZLWKLQ�FOXVWHUV�
RI�LQIHFWLRQ��+LFNOLQJ�������LQGLFDWHV�WKH�IRUFH�RI�LQIHFWLRQ�LV�PXFK�KLJKHU�ZKHUH�SRVVXPV�
DUH�ORFDOO\�H[SRVHG�WR�RWKHU�UHVLGHQW�LQIHFWHG�SRVVXPV�� � ������±������\�����$W�&DVWOHSRLQW��
:DLUDUDSD��D�KHDYLO\�LQIHFWHG�SRVVXP�SRSXODWLRQ��PRQWKO\�SRLQW�SUHYDOHQFH�RI��±�����KDG�
D�PRQWKO\� LQFLGHQFH� RI� ������ �3IHLIIHU� ������ �  � ������ \�����7KH� OLNHOLKRRG� RI� UHFRYHU\�
IURP� LQIHFWLRQ� LV� ORZ��EXW� VRPH� LQIHFWHG�SRVVXPV�FDQ� DSSDUHQWO\� VXUYLYH� IRU�PDQ\�\HDUV�
�/XJWRQ�������DQG�WKHUH�LV�VRPH�HYLGHQFH�RI�OHVLRQ�UHVROXWLRQ�LQ�ZLOG�DQG�FDSWLYH�SRVVXPV�
�/XJWRQ� ������ &RUQHU� 	� 1RUWRQ� ������� HVSHFLDOO\� ZKHQ� WKH� 7E� VWUDLQ� LV� QRQ� YLUXOHQW�
�&RRNH�HW�DO����������
,QWUD�VSHFLHV� WUDQVPLVVLRQ� RI�7E� LQGLVSXWDEO\� RFFXUV� LQ�ZLOG� SRVVXPV� �0RUULV�	�3IHLIIHU�
������±�WKHUH�LV�QR�RWKHU�SODXVLEOH�H[SODQDWLRQ�IRU�LWV�SHUVLVWHQFH�DQG�VSUHDG�RYHU�WKH�ODVW�
���\HDUV��3IHLIIHU��������ZDV�WKH�ILUVW�WR�SURSRVH�WKDW�SVHXGRYHUWLFDO�WUDQVPLVVLRQ�EHWZHHQ�
PRWKHU� DQG� GHSHQGHQW� \RXQJ� DQG� KRUL]RQWDO� WUDQVPLVVLRQ� EHWZHHQ� LQWHUDFWLQJ� DGXOWV��
HVSHFLDOO\� GXULQJ� WKH� PDWLQJ� VHDVRQ�� ZHUH� WKH� WZR� PDLQ� PHFKDQLVPV� RI� LQWUD�VSHFLHV�
WUDQVPLVVLRQ��ZLWK� LQGLUHFW� WUDQVPLVVLRQ� WKURXJK�HQYLURQPHQWDO� FRQWDPLQDWLRQ�EHLQJ� UDUH��
7KLV� SURSRVLWLRQ� UHPDLQV�ZLGHO\� DFFHSWHG� �H�J��5\DQ� HW� DO�� LQ� SUHVV�� EXW� DSSHDUV� IODZHG��
1DWXUDO�WUDQVPLVVLRQ�EHWZHHQ�OLYH�DGXOWV�LV��LQ�IDFW��GLIILFXOW�WR�DFKLHYH�LQ�FDSWLYLW\�HYHQ�DW�
H[WUHPH� GHQVLWLHV� ����� ���� NP����&RUQHU� HW� DO�� ������ VHH�&K�� ����ZKLOH� WR� VXVWDLQ�7E� E\�
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SVHXGRYHUWLFDO� WUDQVPLVVLRQ� DORQH�� HDFK� IHPDOH� ZRXOG� QHHG� WR� SURGXFH� DQG� LQIHFW� RQH�
IHPDOH�RIIVSULQJ�ZKLOH�LW� LV� LQIHFWHG��7KDW�ZRXOG�UHTXLUH�WKDW�LQIHFWHG�IHPDOHV�RQ�DYHUDJH�
EUHHG�DW� OHDVW� WZLFH��EXW� LI� �����\����QHLWKHU� WKH�PRWKHU�QRU� LWV� LQIHFWHG� IHPDOH�RIIVSULQJ�
ZRXOG�VXUYLYH�ORQJ�HQRXJK��IUHTXHQWO\�HQRXJK�WR�GR�VR��7KHUH�LV�DOVR�D�GLVSDULW\�EHWZHHQ�
SDWKRJHQHVLV� LQ�FDSWLYH�DQG�ZLOG�SRVVXPV� WKDW�GRHV�QRW� ILW�ZHOO�ZLWK� WKH� µSVHXGRYHUWLFDO¶�
K\SRWKHVLV� �&K�� ���� EXW� WKH� K\SRWKHVLV� LV� IDYRXUHG� EHFDXVH� LW� H[SODLQV� WHPSRUDOO\� VWDEOH�
FOXVWHULQJ�RI�LQIHFWLRQ�ZLWKLQ�SRVVXPV���
,QWHU�VSHFLHV�WUDQVPLVVLRQ�LV�XQGRXEWHGO\�FRPPRQ��3RVW�PRUWHP�LQJHVWLRQ�RI�7E�E\�IHUUHWV�
RU�SLJV�LV�OLNHO\�IURP�LQIHFWHG�SRVVXPV�ZKHUHYHU�WKHVH�VFDYHQJHU�VSHFLHV�DUH�FRPPRQ��VHH�
EHORZ��� 'RPHVWLF� GHHU� DQG� FDWWOH� URXWLQHO\� EHFRPH� LQIHFWHG� LQ� WKH� SUHVHQFH� RI� LQIHFWHG�
SRVVXPV��3IHLIIHU�������/XJWRQ�HW�DO������D���DQG�LW�LV�SUHVXPHG�WKDW�WKLV�LV�EHFDXVH�ERWK�
VSHFLHV� UHDGLO\� LQYHVWLJDWH�� VQLII��PRXWK��DQG� OLFN� WHUPLQDOO\� LOO� LQIHFWLRXV�SRVVXPV�ZKLFK�
DUH� EHKDYLQJ� DEHUUDQWO\� �3DWHUVRQ� 	� 0RUULV� ������ 6DXWHU� 	� 0RUULV� ����D��� 'HHU�
VRPHWLPHV�ELWH��SLFN�XS��RU�VWDPS�RQ�VXFK�SRVVXPV��DV�GR�DOSDFD��/DPD�SDFRV���%ODFN�HW�
DO���������,W�LV�DOVR�SUHVXPHG�WKDW�ZLOG�GHHU�GR�WKH�VDPH��/XJWRQ�HW�DO���������3DWHUVRQ�	�
0RUULV� ������� UHSRUWHG� WKDW� VHYHUDO� FDWWOH� LQYHVWLJDWHG�� DQG� LQ� RQH� LQVWDQFH� PRXWKHG� RU�
OLFNHG�� IUHVK� SRVVXP� FDUFDVVHV� SODFHG� RQ� SDVWXUH�� +RZHYHU�� WKH\� GLVFRXQWHG� LW� DV� DQ�
LPSRUWDQW� URXWH� RI� WUDQVPLVVLRQ� WR� FDWWOH� RQ� WKH� EDVLV� WKDW� SRVVXP� FDUULRQ� ZDV� RQO\�
DYDLODEOH�EULHIO\�� WKH�GXUDWLRQ�RI�FRQWDFW�ZDV�ORZ��DQG�EHFDXVH�LW�ZDV�XQOLNHO\�WR�SURGXFH�
PRUH�WKDQ�RQH�LQIHFWHG�FRZ�DW�D�WLPH��DVVHUWLQJ�WKDW�WKH�W\SLFDO�SDWWHUQ�RI�SRVVXP�LQGXFHG�
KHUG�EUHDNGRZQV�ZDV�D�VPDOO�FOXVWHU�RI�VHYHUDO� LQIHFWHG�FDWWOH��1RZDGD\V��KRZHYHU��RYHU�
���� RI� QHZ� RXWEUHDNV� RI� 7E� LQ� OLYHVWRFN� LQYROYH� GHWHFWLRQ� RI� LQIHFWLRQ� LQ� MXVW� D� VLQJOH�
DQLPDO��7��5\DQ��SHUV��FRPP�����

��������)HUUHWV��
)HUUHWV� SUHIHU� SDVWXUH�� URXJK� JUDVVHV� DQG� VFUXEODQG�� DQG� DUH� UDUH� RU� DEVHQW� LQ� IRUHVW� DQG�
ZHWWHU� UHJLRQV� �&ODSSHUWRQ� ������� )HUUHW� GHQVLWLHV� XVXDOO\� UHIOHFW� WKH� DEXQGDQFH� RI� WKHLU�
SULPDU\� SUH\�� UDEELWV� �0LOOV� ������ 5DJJ�	�:DONHU� ������ 1RUEXU\� HW� DO�� ������� DQG� DUH�
KLJKHVW�RQ� WKH� UDEELW�SURQH�SDUWV�RI� WKH�FHQWUDO� DQG�HDVWHUQ�6RXWK� ,VODQG��ZKHUH�GHQVLWLHV�
UDQJH� IURP� ���� WR� ���� NP����0HDQ� OLIH� H[SHFWDQF\� RI� MXYHQLOH� IHUUHWV� LV� DERXW� �±�� \HDUV�
�5DJJ�������&DOH\�	�0RUULVV��������ZLWK�DERXW�����VXUYLYDO�LQ�WKHLU�ILUVW�\HDU�DQG�����
S�D��WKHUHDIWHU�UHSRUWHG�LQ�RQH�VWXG\��&DOH\�HW�DO���������2WKHU�VWXGLHV�UHSRUW�VXUYLYDO�UDWHV�
RI���±����S�D���1RUEXU\�	�+H\ZDUG�������0RUOH\���������
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+RPH�UDQJH�VL]H�YDULHV�ZLWK�KDELWDW��EXW� LV� W\SLFDOO\�DURXQG�����NP�� IRU�IHPDOHV��DQG�����
NP��IRU�PDOHV��ZLWK�RYHUODS�EHWZHHQ�WKH�VH[HV��5DJJ�������1RUEXU\�HW�DO��������0ROOHU�	�
$OWHULR��������%RWK�VH[HV�GLVSHUVH�DV�MXYHQLOHV��ZLWK�PHDQ�GLVSHUVDO�GLVWDQFHV�RI�����NP�LQ�
1RUWK�&DQWHUEXU\�IDUPODQG��&DOH\�	�0RUULVV�������EXW�IXUWKHU�LQ�WKH�EUDLGHG�ULYHUEHGV�RI�
WKH�0DFNHQ]LH�%DVLQ��FHQWUDO�6RXWK�,VODQG��IHPDOHV������NP��PDOHV�����NP��%\URP��������
7E�ZDV�ILUVW�UHSRUWHG�LQ�D�ZLOG�IHUUHW�LQ�1HZ�=HDODQG�DW�7DXPDUXQXL��FHQWUDO�1RUWK�,VODQG��
LQ�������GH�/LVOH�HW�DO���������EXW�QRZ�LQIHFWHG�IHUUHWV�DUH�IRXQG�URXWLQHO\�ZKHUHYHU�IHUUHWV�
DUH�V\PSDWULF�ZLWK�RWKHU� LQIHFWHG�DQLPDOV� �:DONHU�HW�DO��������5DJJ�HW�DO��������5DJJ�	�
:DONHU� ������ &DOH\� ������� 7E� OHVLRQV� RFFXU� PRVW� FRPPRQO\� LQ� ZLOG� IHUUHWV� LQ� WKH�
PHVHQWHULF�O\PSK�QRGH���������EXW�UDUHO\�LQ�WKH�OXQJV��������5DJJ�HW�DO��������/XJWRQ�HW�
DO�� ����E���)HUUHW� OHVLRQV� DSSHDU� WR� FRQWDLQ� KLJKHU� QXPEHUV� RI� EDFLOOL� WKDQ� WKRVH�RI� GHHU��
SLJV��RU�FDWWOH��0RQWJRPHU\�������&RRNH�HW�DO��������GH�/LVOH�HW�DO������D�E���
3UHYDOHQFH�UDQJHV�IURP���WR������VXPPDULVHG�E\�1XJHQW�HW�DO������E���$W�HLJKW�GLIIHUHQW�
VLWHV��WKH�IRUFH�RI�LQIHFWLRQ�LQ�IHUUHWV�YDULHG�EHWZHHQ�����DQG�����\����&DOH\�	�+RQH��������
DQG�ZDV�����WLPHV�KLJKHU� LQ�PDOHV� WKDQ�LQ�IHPDOHV��3UHYDOHQFH�LV�ORZ�RU�]HUR�LQ�QHZERUQ�
NLWV�� EXW� LQFUHDVHV� VKDUSO\� IURP� ����� PRQWKV� RI� DJH�� ZKHQ� IHUUHWV� EHJLQ� WR� IHQG� IRU�
WKHPVHOYHV� �&DOH\� 	� +RQH� ������� DQG� DV� D� UHVXOW� LV� XVXDOO\� KLJKHU� LQ� DGXOWV� WKDQ� LQ�
MXYHQLOHV� �/XJWRQ� HW� DO�� ����E�� &DOH\� ������� 7KH� UDWH� RI� 7E�LQGXFHG� PRUWDOLW\� UHPDLQV�
XQFOHDU��&DOH\�	�+RQH���������
,QIHFWHG� IHUUHWV� IUHTXHQWO\�H[FUHWH�7E� �/XJWRQ�HW�DO������E���PRVW�FRPPRQO\�YLD� WKH�RUDO�
FDYLW\� ����� RI� RUDO� VZDEV� IURP� LQIHFWHG� IHUUHWV� EHLQJ� SRVLWLYH� IRU� 0�� ERYLV�� EXW� DOVR�
RFFDVLRQDOO\�IURP�WKH�OXQJV��DQG�YLD�IDHFHV��XULQH�DQG�WKH�PDPPDU\�JODQGV��,QWUD�VSHFLHV�
WUDQVPLVVLRQ� RFFXUV� UHDGLO\� LQ� FDSWLYH� IHUUHWV�� SUHVXPDEO\� WKURXJK� GHQ� VKDULQJ�� FORVH�
FRQWDFW��FDQQLEDOLVP��RU�DJJUHVVLYH�EUHHGLQJ�EHKDYLRXU��4XHUHVKL�HW�DO���������&DQQLEDOLVP�
KDV�EHHQ�REVHUYHG�LQ�WKH�ZLOG��5DJJ�HW�DO��������0F$XOLIIH�������%\URP���������
7E�SUHYDOHQFH�LQ�ZLOG�IHUUHWV�LV�FRUUHODWHG�ZLWK�SRVVXP�DEXQGDQFH�DW�VLWHV�ZKHUH�SRVVXPV�
DUH� LQIHFWHG��&DOH\�������&DOH\�HW�DO��������� LQGLFDWLQJ�WKDW�PRVW�IHUUHWV�DFTXLUH�7E�IURP�
SRVVXPV��+RZHYHU��UHGXFLQJ�IHUUHW��EXW�QRW�SRVVXP��QXPEHUV�UHGXFHG�WKH�IRUFH�RI�LQIHFWLRQ�
LQ�IHUUHWV��LQGLFDWLQJ�WKDW�LQWUD�VSHFLHV�WUDQVPLVVLRQ�RFFXUV�DV�ZHOO��&DOH\�	�+RQH��������$�
PRGHO� RI� WKH� SURFHVV� SUHGLFWV� D� \HDU�URXQG� GHQVLW\� RI� �� ���� IHUUHWV� NP��� LV� UHTXLUHG� IRU�
LQGHSHQGHQW�PDLQWHQDQFH�RI�7E�LQ�IHUUHWV��EXW�WKLV�HVWLPDWH�KDV�ZLGH�FRQILGHQFH�OLPLWV�WKDW�
HQFRPSDVV�WKH�IXOO�UDQJH�RI�REVHUYHG�IHUUHW�GHQVLWLHV��VR�WKH�KRVW�VWDWXV�RI�IHUUHWV�UHPDLQV�
XQFOHDU���
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5HGXFLQJ�IHUUHW�EXW�QRW�SRVVXP�QXPEHUV�UHGXFHG�WKH�LQFLGHQFH�RI�7E�LQ�OLYHVWRFN��&DOH\�HW�
DO������D��� LQGLFDWLQJ� WKDW� LQWHU�VSHFLHV� WUDQVPLVVLRQ�IURP�IHUUHWV� WR� OLYHVWRFN�DOVR�RFFXUV��
+RZHYHU��GRPHVWLF�FDWWOH�DQG�GHHU�DUH�IDU�OHVV�LQFOLQHG�WR�LQYHVWLJDWH�VHGDWHG�IHUUHWV��ZKLFK�
DUH� DVVXPHG� WR�EHKDYH� LQ� WKH� VDPH�DEHUUDQW�ZD\� WKDW� WHUPLQDOO\� LOO� DQG�KLJKO\� LQIHFWLRXV�
SRVVXPV� GR�� WKDQ� VHGDWHG� SRVVXPV� �6DXWHU� 	� 0RUULV� ����D��� VR� WKH� UDWH� RI� IHUUHW�WR�
OLYHVWRFN�WUDQVPLVVLRQ�LV�OLNHO\�WR�EH�ORZHU�WKDQ�LQ�SRVVXPV��)HUUHWV�PD\�DOVR�WUDQVPLW�7E�
WR�ZLOGOLIH�DV�SRVVXPV��KHGJHKRJV��(ULQDFHXV�HXURSDHXV���DQG�IHUDO�FDWV��)HOLV�GRPHVWLFXV��
RFFDVLRQDOO\� IHHG� RQ� IHUUHW� FDUULRQ� �5DJJ� HW� DO�� ������ 0F$XOLIIH� ������ %\URP� ������
ZKHUHDV�SLJV�GR�QRW��%\URP��������
)HUUHWV� DUH� JHQHUDOO\� UDQNHG� DV� VHFRQG� LQ� LPSRUWDQFH� DIWHU� SRVVXPV� DV� ZLOGOLIH� KRVWV� LQ�
1HZ� =HDODQG��:KHUH� WKHLU� GHQVLWLHV� DUH� EHORZ� WKH� HVWLPDWHG� 7E�PDLQWHQDQFH� WKUHVKROG��
LQWUD�VSHFLHV�DQG�LQWHU�VSHFLHV�WUDQVPLVVLRQ�DV�D�UHVXOW�RI�VFDYHQJLQJ�LQIHFWHG�FDUULRQ�VHHP�
FHUWDLQ� WR� FRQWULEXWH� WR� DPSOLILFDWLRQ� RI� WKH� QXPEHUV� RI� LQIHFWHG� ZLOGOLIH� �<RFNQH\� 	�
1XJHQW�������%\URP��������)HUUHWV�DUH�DOVR�FDSDEOH�RI�VSUHDGLQJ�7E�ORQJ�GLVWDQFHV��7KHVH�
ULVNV�DUH�RIIVHW�VRPHZKDW�E\�WKHLU�VKRUW�OLIH�VSDQ�±�ZLWKRXW�DQ�H[WHUQDO�VRXUFH�RI�LQIHFWLRQ��
7E� DSSHDUV� XQOLNHO\� WR� SHUVLVW� LQ� ORZ�GHQVLW\� IHUUHW� SRSXODWLRQV� IRU�PRUH� WKDQ� �±�� \HDUV�
WKURXJK�VXUYLYDO�RI�DOUHDG\�LQIHFWHG�DQLPDOV��7KH\�PD\��KRZHYHU��IXQFWLRQ�DV�OLQN�KRVWV�LQ�
PXOWL�KRVW�FKDLQV�RI�LQWHU�VSHFLHV�WUDQVPLVVLRQ�RFFDVLRQDOO\�WUDQVIHUULQJ�7E�IURP�SRVVXPV�
WR�GLVWDQW�OLYHVWRFN�RU�ZLOGOLIH��1XJHQW�HW�DO������D��%\URP�HW�DO���������

��������'HHU�
,� KDYH� UHYLHZHG�HOVHZKHUH� UHFHQW� UHVHDUFK�RQ�GHHU� LQ�1HZ�=HDODQG� �1XJHQW� HW� DO�� ������
DQG� PRUH� UHFHQWO\� WKH� HFRORJ\�� HVWDEOLVKPHQW�� FXUUHQW� VWDWXV� DQG� GHPRJUDSKLFV�� DQG�
PDQDJHPHQW�RI�UHG�GHHU��1XJHQW�	�)UDVHU��������DQG�GR�QRW�UHSHDW�WKHVH�LQ�GHWDLO�KHUH���
%ULHIO\�� WKHUH� DUH� VHYHQ� WD[D� RI�ZLOG� GHHU� LQ�1HZ�=HDODQG� EXW� RQO\� WKUHH� �UHG�� VLND�� DQG�
IDOORZ�GHHU��DUH�LPSRUWDQW�LQ�WKH�7E�FRQWH[W��1XJHQW�HW�DO���������+\EULG�IRUPV�RI�UHG�GHHU�
DQG�ZDSLWL�RU�1RUWK�$PHULFDQ�HON��&HUYXV�HODSKXV�QHOVRQL��DUH�FRPPRQ�RQ�IDUPV�EXW�QRW�
LQ�WKH�ZLOG�H[FHSW�LQ�DQ�XQIDUPHG�DUHD�ZLWKLQ�)LRUGODQG�1DWLRQDO�SRSXODWLRQ�ZKHUH�ZDSLWL�
ZHUH�OLEHUDWHG�LQ�������0RVW�ZLOG�GHHU�SRSXODWLRQV�DUH�PXFK�UHGXFHG�E\�KHOLFRSWHU�EDVHG�
FRPPHUFLDO�KXQWLQJ� �&KDOOLHV�������DQG�DUH�QRZ� ODUJHO\� UHVWULFWHG� WR�D� IRUHVWHG� UDQJH�RI�
DERXW� ������� NP��� ,Q�IRUHVW� GHQVLWLHV� DYHUDJH� �±�� NP��� QDWLRQDOO\�� 'HQVLWLHV� DUH� KLJKHVW�
�W\SLFDOO\� �±��� NP���� ZKHUH� FRYHU� LV� PRVW� FRQWLQXRXV�� DQG� FDQ� EH� KLJKHU� VWLOO� ZKHUH�
FRPPHUFLDO�KXQWLQJ�LV�EDQQHG�RU�QRW�YLDEOH��XS�WR����NP����1XJHQW�	�<RFNQH\��������$V�D�
FRQVHTXHQFH�RI� WKHLU�FRQILQHPHQW� WR� WDOO� IRUHVW�ZLWK� IHZ�FDQRS\�RSHQLQJV��ZLOG�GHHU� UHO\�
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ODUJHO\�RQ�WKLQO\�VFDWWHUHG�SDODWDEOH�VKUXEV�DQG�IDOOHQ�OHDYHV�DV�WKHLU�SULPDU\�IRRG�VXSSO\�
�1XJHQW�	�&KDOOLHV�������1XJHQW�������1XJHQW�	�)UDVHU��������7KH�VSDUVHQHVV�RI� WKHLU�
IRRG�VXSSO\�FRPSDUHG�WR�FRQWLQXRXV�JUDVVODQG��WKHLU�ORZ�GHQVLWLHV��DQG�\HDU�URXQG�KXQWLQJ�
SUHVVXUH�UHVXOWV�LQ�KLJKO\�GLVSHUVHG�GHHU�SRSXODWLRQV�LQ�ZKLFK�PRVW�LQGLYLGXDOV�DUH�VROLWDU\�
RU� RFFXU� LQ� VPDOO� JURXSV� RI� �±�� GHHU�� PRVW� RIWHQ� D� PDWULDUFKDO� IDPLO\� JURXS�� /DUJHU�
DJJUHJDWLRQV�DUH�UDUH�HYHQ�GXULQJ�WKH�UXW�DQG�GHHU�UDQJH�ZLGHO\�HDFK�GD\�LQ�VHDUFK�RI�IRRG�
�SHUVRQDO� REVHUYDWLRQV��� 7KH� RSSRUWXQLWLHV� IRU� FRQWDFW� EHWZHHQ� GHHU� RWKHU� WKDQ� ZLWKLQ�
IDPLO\�JURXSV�DUH�WKHUHIRUH�ORZ���
$V�DQQXDO�EUHHGHUV�SURGXFLQJ�D�VLQJOH�IDZQ��WKH�VXVWDLQDEOH�KDUYHVW�UDWH��K��DQG�SRWHQWLDO�
UDWH�RI�LQFUHDVH�LQ�ORZ�GHQVLW\�KXQWHG�SRSXODWLRQV�DUH�PRGHUDWH��H�J��K� �U� ������\���LQ�WKH�
0XUFKLVRQ�0RXQWDLQV��)LRUGODQG��)UDVHU�	�1XJHQW��������0RVW�IHPDOHV�ILUVW�FDOYH�DW��±��
\��DQG�FDQ�VXUYLYH� IRU�XS� WR����\��ZKLOH�PDOHV�GR�QRW� UHDFK�IXOO�PDWXULW\�XQWLO��±��\�EXW�
UDUHO\� OLYH�PXFK�PRUH� WKDQ����\� �&OXWWRQ�%URFN�	�$OERQ��������0RYHPHQW�SDWWHUQV� DUH�
UHYLHZHG�LQ�&K������
7KH� UROH� RI� GHHU� DV� 7E� KRVWV� LV� UHYLHZHG� LQ� 6HFWLRQ� ������� 8QOLNH� WKH� WKUHH� RWKHU� PDLQ�
ZLOGOLIH�KRVWV��GHHU�DUH�DOVR�LQYROYHG�DV�OLYHVWRFN��7KH�IDUPHG�GHHU�LQGXVWU\�JUHZ�RXW�RI�WKH�
FRPPHUFLDO�KDUYHVWLQJ�RI�ZLOG�GHHU�LQ�WKH�ODWH�����V��<HUH[��������0DQ\�RI�WKH�IRXQGLQJ�
VWRFN�IRU� IDUPV�ZHUH�FDSWXUHG�IURP�WKH�ZLOG�GXULQJ� WKH�����V�� LQFOXGLQJ�GHHU� IURP�DUHDV�
ZLWK� 7E�LQIHFWHG� ZLOGOLIH�� 7KHUH� LV� QR� GRXEW� WKDW� WKLV� ZDV� UHVSRQVLEOH� IRU� VRPH� RI� WKH�
VSUHDG�RI�7E�WR�QHZ�DUHDV��GH�/LVOH�HW�DO��������0RUULV�	�3IHLIIHU��������DQG�PRYHPHQW�RI�
LQIHFWHG� IDUPHG� GHHU� EHWZHHQ� IDUPV� KDV� GRQH� WKH� VDPH� �0DFNHUHWK� ������� LQFOXGLQJ�
EHWZHHQ�FRXQWULHV��H�J��6WXDUW�HW�DO���������

��������3LJV�
)HUDO� SLJV� DUH� ZLGHO\� EXW� SDWFKLO\� GLVWULEXWHG� RYHU� ���� RI� 1HZ� =HDODQG� �������� NP���
)UDVHU�HW�DO���������'HQVLWLHV�FDQ�UHDFK����NP���LQ�XQKXQWHG�DUHDV��0F,OUR\�������0F,OUR\�
������EXW�KXQWLQJ�SUHVVXUH�KROGV�WKH�QDWLRQDO�SRSXODWLRQ��DQG�DQQXDO�KDUYHVW��DW�DERXW�����
�����1XJHQW�HW�DO������D���HTXLYDOHQW�WR�F����SLJ�NP���RI�FXUUHQW�UDQJH��5HSURGXFWLYH�UDWHV�
DUH�YDULDEOH��EXW�FDQ�EH�KLJK�UHIOHFWLQJ�PDWXUDWLRQ�ZLWKLQ�RQH�\HDU�DQG�SURGXFWLRQ�RI�OLWWHUV�
RI�XS�WR����RU�PRUH�\RXQJ��,Q�KHDYLO\�KXQWHG�SRSXODWLRQV�WKH�PHDQ�DJH�DW�KDUYHVW�FDQ�EH�
OHVV� WKDQ���\��']LHFLRORZVNL�	�&ODUNH��������DOWKRXJK�SLJV�FDQ� OLYH�IDU� ORQJHU� WKDQ� WKDW��
+RPH�UDQJH�VL]HV� LQ�IRUHVWHG�DUHDV�DUH�YDULDEOH������±�����NP���1XJHQW�HW�DO������D��EXW�
DUH�PXFK� ODUJHU� LQ� XQIRUHVWHG� DUHDV� �.QRZOHV� ������� )RU� ��� RI� ��� IHUDO� SLJV� UHOHDVHG� LQ�
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:HVW�&RDVW� IRUHVW�� D� ��NP� UDGLXV� HQFRPSDVVHG�����RI� DOO� NQRZQ� ORFDWLRQV�� EXW� RQH�7E�
LQIHFWHG�VRZ�VKLIWHG����NP��1XJHQW�HW�DO����������
7XEHUFXORVLV�ZDV� ILUVW� LGHQWLILHG� LQ� D� IHUDO� SLJ� LQ�1HZ�=HDODQG� LQ� ����� �$OOHQ� ������� ��
\HDUV�EHIRUH�LW�ZDV�GHWHFWHG�LQ�D�SRVVXP��DQG�QRZ�RFFXUV�ZKHUHYHU�7E�LV�SUHVHQW�LQ�RWKHU�
ZLOGOLIH� �GH�/LVOH��������3LJV� DUH�KLJKO\� VXVFHSWLEOH� WR� LQIHFWLRQ�ZLWK�7E� �)UDQFLV��������
EXW� DUH� JRRG� DW� WKHQ� FRQWUROOLQJ� WKH� GLVHDVH�� UDUHO\� VKRZLQJ� H[WHUQDO� VLJQV� RI� FOLQLFDO�
LQIHFWLRQ��XQSXEOLVKHG�GDWD���7KH�UDWH�RI�7E�LQGXFHG�PRUWDOLW\�LQ�ZLOG�SLJV�LV�XQNQRZQ�EXW�
LV� OLNHO\� WR�EH� ORZ��<RXQJ�SLJV� UDSLGO\�GHYHORS� VHYHUH� OHVLRQV� LQ� WKH� WRQVLOV��KHDG� O\PSK�
QRGHV�� OXQJV� DQG� DEGRPLQDO� RUJDQV� EXW� ZLWK� WLPH� SURJUHVVLYH� ILEURVLV� DQG� FDOFLILFDWLRQ�
RFFXUV��/XJWRQ��������DQG�OHVLRQV�PD\�HYHQ�UHJUHVV�DQG�UHVROYH�LQWR�ILEURXV�WLVVXH��5D\�HW�
DO�� ������ %ROOR� HW� DO�� ������� 1XPEHUV� RI� EDFLOOL� LQ� OHVLRQV� LQ� SLJV� DUH� ORZ�� HVSHFLDOO\�
FRPSDUHG�WR�WKRVH�LQ�SRVVXPV�DQG�IHUUHWV��&RRNH�HW�DO���������,W�LV�QRW�DOZD\V�SRVVLEOH�WR�
FXOWXUH�0�� ERYLV� IURP� ODUJH� ILEURWLF� VXEPD[LOODU\� O\PSK� QRGH� OHVLRQV� LQ� ROGHU� SLJV� WKDW�
VHHP�FHUWDLQ�WR�EH�WXEHUFXODU�LQ�RULJLQ��XQSXEOLVKHG�GDWD���,�K\SRWKHVLVH�WKDW�LQ�WKH�DEVHQFH�
RI�UHSHDWHG�QHZ�FKDOOHQJH��WKH�UDWH�RI�UHFRYHU\��DOWKRXJK�XQNQRZQ��LV�OLNHO\�WR�EH�KLJK��
0RVW�7E�LQ�SLJV�LV�EHOLHYHG�WR�UHVXOW�IURP�VFDYHQJLQJ�RI�SRVVXP�DQG�GHHU�FDUULRQ��1XWWDO�
������GH�/LVOH�������/XJWRQ��������7KH�VXEPD[LOODU\�O\PSK�QRGHV�RI�WKH�KHDG�DUH�DOPRVW�
LQYDULDEO\�LQYROYHG�DQG�/XJWRQ��������FRQVLGHUHG�WKH�WRQVLOV�WR�EH�WKH�SULPDU\�HQWU\�VLWH��
3RVVXPV� DUH� WKH� REYLRXV�PDLQ� VRXUFH�RI�7E� IRU� SLJV��7KH\� DUH� DEXQGDQW� DQG� DUH� UHDGLO\�
VFDYHQJHG� E\� SLJV� �7KRPVRQ� 	� &KDOOLHV� ������� DERXW� ���� RI� LQIHFWHG� SRVVXPV� GLH� LQ�
SODFHV�DFFHVVLEOH�WR�SLJV��5DPVH\�HW�DO��������DQG�SLJV�ILQG�PRVW�RI�WKH�DFFHVVLEOH�SRVVXP�
FDUFDVVHV�ZLWKLQ�WKHLU�UDQJHV��%DUEHU�������1XJHQW�HW�DO���������
7KH� SUHYDOHQFH� RI� 7E� LQ� SLJV� FDQ� UHDFK� ����� LQ� DGXOWV� ZKHUH� LQIHFWLRQ� LQ� SRVVXPV� LV�
FRPPRQ��1XJHQW�HW�DO������D���$OO�RI����SLJV�UHFRYHUHG�DIWHU�WKH\�KDG�EHHQ�UHOHDVHG�LQWR�
DQ� DUHD� LQ� ZKLFK� WXEHUFXORXV� SRVVXPV� ZHUH� ZLGHVSUHDG� KDG� EHFRPH� LQIHFWHG�� SUREDEO\�
ZLWKLQ� ��PRQWKV� �1XJHQW� HW� DO�� ������ � !!� ���� \�����$OWKRXJK� LQWUD�VSHFLHV� WUDQVPLVVLRQ�
RFFXUV�LQ�FDSWLYLW\��5D\�HW�DO���������WUDQVPLVVLRQ�EHWZHHQ�IHUDO�SLJV�PXVW�EH�UDUH�DV�WKHUH�
DUH�IHZ�SODFHV�LQ�WKH�ZRUOG�ZKHUH�7E�KDV�SHUVLVWHG�LQ�IHUDO�SLJV�LQ�WKH�DEVHQFH�RI�LQIHFWLRQ�
LQ�RWKHU�VSHFLHV��7KH�FOHDUHVW�HYLGHQFH�IRU�WKDW�µHQG�KRVW¶�VWDWXV�LV�WKH�GLVDSSHDUDQFH�RI�7E�
IURP� IHUDO� SLJV� IROORZLQJ� WKH� UHPRYDO� RI� LQIHFWHG� FDWWOH� DQG� $VLDQ� EXIIDOR� �%XEDOXV�
EXEDOLV��LQ�WKH�1RUWKHUQ�7HUULWRU\�RI�$XVWUDOLD��0F,QHUQH\�HW�DO���������+RZHYHU��3DUUD�HW�
DO�� ������� UHSRUW� ORQJ�WHUP� SHUVLVWHQFH� RI� 7E� LQ� ZLOG� ERDU� LQ� 6SDLQ� LQ� WKH� DEVHQFH� RI�
LQIHFWHG� OLYHVWRFN�� VR� WKH\� PD\� QRW� DOZD\V� EH� HQG� KRVWV�� )HUDO� SLJV� PD\� DOVR� EHFRPH�
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LQIHFWHG�YLD�HQYLURQPHQWDO�FRQWDPLQDWLRQ��$OELVWRQ�	�3XOODU�������FLWHG�LQ�.QRZOHV��������
EXW� QHDU�]HUR� LQIHFWLRQ� UDWHV� LQ�PRGHUDWHO\� VXVFHSWLEOH� DQG� FRPPRQO\� V\PSDWULF� VSHFLHV�
VXFK� DV� VKHHS� �2YLV�DHULHV��$OOHQ������� DQG� UDEELWV� �*LOO�	� -DFNVRQ������� VXJJHVW� VXFK�
FRQWDPLQDWLRQ� LV� UDUH��/XJWRQ��������8QOLNH�IHUUHWV�� LQWUD�VSHFLHV� WUDQVPLVVLRQ�RI�7E�DV�D�
UHVXOW� RI� FDQQLEDOLVP� LV� OLNHO\� WR�EH� UDUH� LQ�SLJV� �<RFNQH\�	�1XJHQW������� DOWKRXJK�P\�
RZQ� REVHUYDWLRQV� DQG� WKRVH� RI� FR�UHVHDUFKHUV�� KXQWHUV�� DQG� IDUPHUV� LQGLFDWH� FDQQLEDOLVP�
GRHV�RFFDVLRQDOO\�RFFXU���
,QWHU�VSHFLHV�WUDQVPLVVLRQ�IURP�OLYH�SLJV�LV�XQOLNHO\��$OWKRXJK�WKHUH�DUH�RFFDVLRQDO�UHSRUWV�
RI�GUDLQLQJ�DEVFHVVHV��KHDY\�H[FUHWLRQ�RI�EDFLOOL� LV� UDUH� �/XJWRQ��������9HU\� ORZ�UDWHV�RI�
LQIHFWLRQ�LQ�OLYHVWRFN�V\PSDWULF�ZLWK�KHDYLO\�LQIHFWHG�SLJV��!����SUHYDOHQFH��XQSXEOLVKHG�
GDWD��LQGLFDWH�WKDW�SLJ�WR�OLYHVWRFN�WUDQVPLVVLRQ�UDWHV�PXVW�EH�ORZ��&RQWDPLQDWLRQ�RI�VKDUHG�
µGHQ¶�VLWHV�E\�SLJV�ZLWK�GUDLQLQJ�OHVLRQV�LV�FRQFHLYDEO\�D�PHFKDQLVP�IRU�RFFDVLRQDO�WUDQVIHU�
WR�SRVVXPV��DV�LV�VFDYHQJLQJ�RI�LQIHFWHG�SLJ�FDUULRQ��<RFNQH\�	�1XJHQW��������7UDQVIHU�WR�
IHUUHWV�E\�WKH�ODWWHU�URXWH�LV�PXFK�PRUH�OLNHO\��DV�WKH\�UHDGLO\�IHHG�RQ�SLJ�FDUULRQ��<RFNQH\�
	�1XJHQW��������
2YHUDOO�� SLJV� DUH� QRW� VHHQ� DV� PDLQWHQDQFH� KRVWV�� EXW� SUREDEO\� FRQWULEXWH� WR� WKH�
DPSOLILFDWLRQ�RI�LQIHFWLRQ�LQ�ZLOGOLIH��HVSHFLDOO\�ZKHUH�IHUUHWV�DUH�FRPPRQ��3HUVLVWHQFH�RI�
7E� LQ� SLJV� LV� XQOLNHO\�� DV� D� UHVXOW� RI� WKH� KLJK� SRSXODWLRQ� WXUQRYHU� GXH� WR� KXQWLQJ�
�']LHFLRORZVNL�	�&ODUNH� ������ DQG� WKH� �±�� \HDUV� ERRP�EXVW� F\FOH� W\SLFDO� RI�PDQ\� SLJ�
SRSXODWLRQV��7KRPVRQ�	�&KDOOLHV��������$V�ZLGH�UDQJLQJ�KRVWV�SLJV�URXWLQHO\�FDUU\�7E�XS�
WR� �� NP� IURP� DQ� LQIHFWLRQ� VRXUFH�� DQG� VRPHWLPHV� PXFK� IXUWKHU� �1XJHQW� HW� DO�� �������
+XQWHUV�PD\� DOVR� H[DFHUEDWH� VSUHDG�� EHFDXVH� WKH\� RIWHQ� WUDQVSRUW� SLJ� FDUFDVVHV�ZLWK� WKH�
KHDG�RQ�DQG�WKHQ�GLVSRVH�RI�WKH�KHDG�LQ�SODFHV�DFFHVVLEOH�WR�SRVVXPV�DQG�IHUUHWV��1XJHQW�HW�
DO������D���

������'HHU�DV�KRVWV�RI�7E�
��������3UHYDOHQFH�DQG�KRVW�VWDWXV�

2YHUVHDV��7E� KDV� ORQJ� RFFXUUHG� VSRUDGLFDOO\� DQG� DW� ORZ�SUHYDOHQFH� ������ LQ�PDQ\�GHHU�
VSHFLHV� LQ� PDQ\� FRXQWULHV� �&OLIWRQ�+DGOH\� 	� :LOHVPLWK� ������ GH� /LVOH� HW� DO�� �������
LQFOXGLQJ�&DQDGD��7HVVDUR��������*UHDW�%ULWDLQ��5RVH��������+XQJDU\��=RPERUV]N\�HW�DO��
������� ,UHODQG� �'RGG� ������� 86$� �/HYLQH� ������ DQG� 6ZLW]HUODQG� �%RXYLHU� �������
&RQVLGHULQJ�WKH�KLVWRULFDOO\�KLJK�OHYHOV��!�����RI�LQIHFWLRQ�LQ�FDWWOH�LQ�PDQ\�FRXQWULHV�LW�LV�
SHUKDSV� VXUSULVLQJ� WKDW� VSLOORYHU� LQWR� ZLOG� GHHU� KDV� EHHQ� UHODWLYHO\� UDUH� �*ULIILQ� 	�
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0DFNLQWRVK��������$V�QRWHG�LQ�6HFWLRQ������WKH�RFFXUUHQFH�RI�7E�LQ�!����RI�DGXOWV�LQ�VRPH�
1HZ�=HDODQG�GHHU�SRSXODWLRQV� LQ� WKH�HDUO\�����V�ZDV�FOHDUO\�XQXVXDO��DOWKRXJK�VWLOO�ZHOO�
EHORZ� WKH� QHDU� WRWDO� LQIHFWLRQ� VRPHWLPHV� UHFRUGHG� RQ� KLJK�GHQVLW\� GHHU� IDUPV� �H�J��
5RELQVRQ�HW�DO��������*ULIILQ�HW�DO���������'HODKD\�HW�DO���������UHFRUGHG�D�KLJK�SUHYDOHQFH�
RI�������LQ����SUREDEOH�µSDUNODQG¶��L�H��DOVR�KLJK�GHQVLW\��IDOORZ�GHHU�LQ�%ULWDLQ���
&RQFHUQ� WKDW� WKHVH� KLJK� SUHYDOHQFHV� PLJKW� PHDQ� ZLOG� GHHU� LQ� 1HZ� =HDODQG� ZHUH�
PDLQWHQDQFH� KRVWV� UHVXOWHG� LQ� WKHLU� EHLQJ� WDUJHWHG� IRU� SUHFDXWLRQDU\� FRQWURO� E\� �����
�$QLPDO�+HDOWK�%RDUG��������7KH�FUXFLDO�TXHVWLRQ�ZDV�ZKHWKHU�GHHU� FRXOG� VXVWDLQ�7E� LQ�
WKH�DEVHQFH�RI�SRVVXPV��7KH�ORZ�OHYHOV�RI�LQIHFWLRQ�LQ�ZLOG�IDZQV�VXJJHVWHG�WKH\�FRXOG�QRW�
�1XJHQW�	�/XJWRQ�������/XJWRQ�HW�DO���������7HVWLQJ�RI� WKLV�K\SRWKHVLV�ZDV� WKH�SULPDU\�
IRFXV�RI�WKLV�VWXG\��
7KH�SUHYDOHQFH�RI�7E�OHVLRQV�LQ�\HDUOLQJ�GHHU�LQ�WKH�+DXKXQJDURD�5DQJHV�LQ���������ZDV�
DERXW������1XJHQW�	�/XJWRQ��������$VVXPLQJ�QR�7E�LQGXFHG�PRUWDOLW\�RU�UHVROXWLRQ��DQG�
DQ�DYHUDJH�H[SRVXUH�RI�����\HDUV�� WKLV�VXJJHVWV�DQ�DYHUDJH��OLIHWLPH��IRUFH�RI�LQIHFWLRQ�RI�
������\���IRU�WKHVH�GHHU��

��������6RXUFHV�DQG�URXWHV�RI�LQIHFWLRQ��
:LOG�GHHU�VKRZ�D�VWURQJ�HDUO\�LQYROYHPHQW�RI�WKH�O\PSKRUHWLFXODU�WLVVXHV�RI�WKH�KHDG��L�H��
WRQVLOV� DQG� O\PSK� QRGHV�� EXW� RQO\�PRGHUDWH� IUHTXHQFLHV� RI� LQIHFWLRQ� DVVRFLDWHG�ZLWK� WKH�
OXQJV�DQG�DOLPHQWDU\�WUDFW��/XJWRQ�HW�DO��������2¶%ULHQ�HW�DO���������������/XJWRQ��������
LGHQWLILHG��IRU�WKH�ILUVW�WLPH��WKH�OLNHOLKRRG�WKDW�LQIHFWLRQ�LQ�ZLOG�GHHU�UHVXOWHG�PDLQO\�IURP�
XSWDNH�RI�7E�E\� WKH� WRQVLOV��*ULIILQ�	�0DFNLQWRVK��������DOVR�UHSRUW� URXWLQH�DQG�UHOLDEOH�
HVWDEOLVKPHQW�RI�LQIHFWLRQ�LQ�����RI�GHHU�ZLWK�WRQVLOODU�LQRFXODWLRQV�FRQWDLQLQJ�DV�IHZ�DV�
HLJKW�FRORQ\�IRUPLQJ�XQLWV��FIX��RI�0��ERYLV���
$�ZLGH�UDQJH�RI�LQIHFWLRQ�URXWHV�KDYH�EHHQ�GHPRQVWUDWHG�H[SHULPHQWDOO\�LQ�FDSWLYH�ZKLWH�
WDLOHG� GHHU�� LQFOXGLQJ� FRQWDPLQDWLRQ� RI� PLON�� VKDUHG� KRXVLQJ�� VKDUHG� IHHG�� DQG� YDULRXV�
H[SHULPHQWDO�LQRFXODWLRQV��3DOPHU�HW�DO������D������������D���������/RZ�GRVH�LQRFXODWLRQ�
YLD�WKH�WRQVLOV�UHVXOWHG�LQ�QDWXUDO��L�H��ZLOG�W\SH��OHVLRQ�GHYHORSPHQW��3DOPHU�HW�DO������E���
,QWUD�VSHFLHV�WUDQVPLVVLRQ�XQGRXEWHGO\�RFFXUV�RQ�IDUPV��*ULIILQ�	�0DFNLQWRVK�������DQG�
PXVW� DOVR� RFFXU� LQ�0LFKLJDQ�ZKHUH�7E� KDV� VSUHDG� LQ� GHHU� VLQFH� ����� GHVSLWH� WKH� LQLWLDO�
DEVHQFH�RI�LQIHFWLRQ�LQ�RWKHU�KRVWV��6FKPLWW�HW�DO��������2¶%ULHQ�HW�DO���������2XWEUHDNV�RQ�
IDUPV�FDQ�KDYH�GLIIHUHQW�µSDWKRJHQHWLF�VLJQDWXUHV¶��VXJJHVWLQJ�GLIIHUHQFHV�LQ�LQIHFWLRQ�URXWH�
�*ULIILQ�	�0DFNLQWRVK� �������7KH�PRVW� VHYHUH� RXWEUHDNV� RQ� IDUPV� RIWHQ� LQYROYH� KLJKO\�
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LQIHFWLRXV� LQLWLDWRUV� �VR�FDOOHG� µVXSHU� H[FUHWRUV¶�� ZLWK� VXSSXUDWLQJ� VLQXVHV� GUDLQLQJ� IURP�
OLTXHIDFWLYH� OHVLRQV� �/XJWRQ�HW� DO���������EXW� LQ� WKH�ZLOG� LQ�1HZ�=HDODQG�VXFK�GHHU�KDYH�
IHZ�RSSRUWXQLWLHV�IRU�LQWHUDFWLRQ�ZLWK�XQLQIHFWHG�GHHU���
:LOG� GHHU� VHOGRP� �LI� HYHU�� IHHG� RQ� FDUULRQ�� DQG� WKHUH� LV� OLPLWHG� DOLPHQWDU\� WUDFW�
LQYROYHPHQW�WKDW�PLJKW�EH�FRQVLGHUHG�LQGLFDWLYH�RI�FRQWDPLQDWLRQ�RI�IRRG�VRXUFHV�ZLWK�7E��
7KLV�OHG�/XJWRQ�HW�DO���������WR�LQIHU�WKDW�WKH�KLJK�IUHTXHQF\�RI�KHDG�LQIHFWLRQ�LQ�ZLOG�GHHU�
LQ�1HZ� =HDODQG�ZDV� D� FRQVHTXHQFH� RI� LQWHUDFWLRQV�ZLWK� WHUPLQDOO\� LOO� SRVVXPV� LQIHFWHG�
ZLWK�7E��DV�VXJJHVWHG�IRU�IDUPHG�GHHU��6DXWHU�	�0RUULV�����D���+RZHYHU��WKH�GLVWULEXWLRQ�
RI�OHVLRQV�LQ�ZLOG�ZKLWH�WDLOHG�GHHU�LQ�0LFKLJDQ��2¶%ULHQ�HW�DO��������PDWFKHV�WKDW�LQ�UHG�
GHHU� LQ�1HZ� =HDODQG�� GHVSLWH� WKH� DEVHQFH� RI� SRVVXPV� WKHUH��$� VHFRQG� NH\� IRFXV� RI�P\�
WKHVLV� LV� WR� IXUWKHU� HOXFLGDWH� WKH� VRPHZKDW� DW\SLFDO�� RU� DW� OHDVW� LQDGHTXDWHO\� H[SODLQHG��
SDWWHUQ�RI�LQIHFWLRQ�LQ�ZLOG�GHHU���

��������3DWKRJHQHVLV�DQG�HIIHFWV�RQ�GHHU��
0DFNLQWRVK� HW� DO�� ������� KDYH� GHPRQVWUDWHG� KHULWDEOH� YDULDWLRQ� LQ� VXVFHSWLELOLW\� WR� 7E�
LQIHFWLRQ� LQ� UHG� GHHU�� 2QO\� D� VPDOO� SHUFHQWDJH� RI� H[SHULPHQWDOO\� LQIHFWHG� GHHU� UDSLGO\�
GHYHORS�VHYHUH�GLVHDVH�XQOHVV� WKH�FKDOOHQJH�LV� ODUJH��*ULIILQ�	�0DFNLQWRVK��������,Q� OLQH�
ZLWK� WKLV�� PRVW� LQIHFWHG� ZLOG� GHHU� KDYH� IHZ� RU� QR� PDFURVFRSLF� OHVLRQV�� VXJJHVWLQJ� DQ�
H[WHQGHG�GXUDWLRQ�RI�LQIHFWLRQ��/XJWRQ�HW�DO���������DQG�LPSO\LQJ�ORZ�OHYHOV�RI�7E�LQGXFHG�
PRUWDOLW\��5HVROXWLRQ�DOVR�VHHPV�OLNHO\��EXW�QHLWKHU�KDV�SUHYLRXVO\�EHHQ�TXDQWLILHG���

��������7UDQVPLVVLRQ�IURP�GHHU�
,QIHFWHG�GHHU�KDYH�WKH�SRWHQWLDO�WR�µYHFWRU¶�RU�FDUU\�WKH�GLVHDVH�WKURXJK�WLPH�DQG�VSDFH��DQG�
WKHQ�WUDQVPLW�LW�WR�RWKHU�VSHFLHV��,Q�1HZ�=HDODQG�WKH�WHUP�µYHFWRU¶�LV�IUHTXHQWO\�XVHG�DV�D�
V\QRQ\P�IRU�µZLOGOLIH�KRVW¶��EXW�LQ�WKLV�WKHVLV�LW�LV�XVHG�PRUH�QDUURZO\�WR�UHIHU�WR�VSHFLHV�
WKDW�DFW�DV�D�OLQNLQJ�KRVW�LQ�D�F\FOH�RU�FKDLQ�RI�LQWHU�VSHFLHV�WUDQVPLVVLRQ��7KLV�PHDQLQJ�LV�
PRUH� DOLJQHG� WR� WKH� FODVVLFDO� XVH� RI� WKH� WHUP� �7KUXVIHOG� ������ WR� UHIHU� WR� KRVWV� �XVXDOO\�
DUWKURSRGV��WKDW�WUDQVPLW�GLVHDVH�SDVVLYHO\�EHWZHHQ�RWKHU�KRVWV�ZLWKRXW�SURSDJDWLQJ�LW���
7KHUH� LV� OLWWOH� VKHGGLQJ� RI� EDFLOOL� E\� LQIHFWHG� GHHU�� H[FHSW� E\� D� IHZ� RI� WKH�PRVW� KHDYLO\�
LQIHFWHG� LQGLYLGXDOV� �/XJWRQ� HW� DO�� ������� ,Q�GHHU�ZLWK�RQO\�PRGHUDWH� LQIHFWLRQ� �RQH�RU� D�
IHZ�VPDOO�OHVLRQV���H[FUHWLRQ�RI�EDFLOOL�ZDV�GHWHFWHG�PRVW�IUHTXHQWO\�IURP�WRQVLOODU�VZDEV��
$JDLQ�� DV� IRU� DOO� 1HZ� =HDODQG� KRVWV�� ORZ� LQIHFWLRQ� UDWHV� LQ� PRGHUDWHO\� VXVFHSWLEOH� DQG�
FRPPRQO\� V\PSDWULF� VSHFLHV� VXFK� DV� VKHHS� DQG� UDEELWV� VXJJHVW� WUDQVPLVVLRQ� E\�
HQYLURQPHQWDO�FRQWDPLQDWLRQ�PXVW�EH�UDUH��/XJWRQ��������7UDQVPLVVLRQ�DV�D�UHVXOW�RI�OLYH�
LQWHUDFWLRQV�ZLWK�RWKHU�VSHFLHV�VHHPV�XQOLNHO\�JLYHQ�WKDW� LW�DSSHDUV�WR�EH�UDUH�ZLWKLQ�GHHU�
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JURXSV� �6HFWLRQ� ���������� DOWKRXJK�/XJWRQ� ������� GRHV�PRRW� WKH� SRVVLELOLW\� WKDW� LQIHFWHG�
GHHU�FRXOG�LQIHFW�SRVVXPV�RU�IHUUHWV�WKURXJK�DJJUHVVLYH�LQWHUDFWLRQV�RI�WKH�W\SH�GRFXPHQWHG�
E\�6DXWHU�	�0RUULV������D�E���EXW�ZLWK�UROHV�UHYHUVHG��L�H��KHDOWK\�µQRUPDO¶�SRVVXPV�DQG�
LQIHFWLRXV�µXQKHDOWK\¶�GHHU����
,Q�FRQWUDVW��SRVW�PRUWHP�WUDQVPLVVLRQ�IURP�LQIHFWHG�GHHU�WR�VFDYHQJHUV�LV�KLJKO\�SUREDEOH��
$OWKRXJK� VHOGRP�SXEOLVKHG�� WKHUH� DUH� QXPHURXV� REVHUYDWLRQV� RI� D�ZLGH� UDQJH� RI� VSHFLHV�
IHHGLQJ� RQ� GHHU� FDUFDVVHV�� LQFOXGLQJ� IHUUHWV� �GH� /LVOH� ������� DQG� SLJV� �SHUVRQDO�
REVHUYDWLRQV���7KH� FDUFDVVHV� RI� OLYHVWRFN�ZHUH� IUHTXHQWO\� XVHG� WR� SRLVRQ� SLJV� GXULQJ� WKH�
����V� �0DFLQWRVK� ������� $OWKRXJK� SRVVXPV� DUH� SULPDULO\� KHUELYRURXV�� WKH\� DUH�
RSSRUWXQLVWLF� IHHGHUV� WKDW� HDW� LQVHFWV�� ELUG¶V� HJJV� DQG� QHVWOLQJV�� DQG� RFFDVLRQDOO\� GHDG�
DQLPDOV� �1XJHQW� HW� DO�� ������� LQFOXGLQJ� GHHU� FDUFDVVHV� �7KRPDV� HW� DO�� ������� ,Q� OLJKW� RI�
HYLGHQFH�WKDW�7E�LV�VRPHWLPHV�SDVVHG�IURP�GHHU�WR�SRVVXPV��0DFNHUHWK�������GH�/LVOH�HW�
DO��������DQG�WKH�K\SRWKHVLV�WKDW�WUDQVPLVVLRQ�IURP�GHHU�ZDV�UHVSRQVLEOH�IRU�WKH�KLVWRULFDO�
HVWDEOLVKPHQW� RI� 7E� LQ� SRVVXPV� �0RUULV� 	� 3IHLIIHU� ������� GHWHUPLQLQJ� WKH� QDWXUH� DQG�
IUHTXHQF\�RI�RFFXUUHQFH�RI�VXFK�VFDYHQJLQJ�EHKDYLRXU�E\�SRVVXPV�ZDV�DOVR�D�IRFXV�RI�P\�
UHVHDUFK���

������5HVHDUFK�DQG�PDQDJHPHQW�TXHVWLRQV�
7E�FDQQRW�EH�HUDGLFDWHG�IURP�1HZ�=HDODQG�E\�WHVWLQJ�DQG�FXOOLQJ�RI�FDWWOH�DORQH�EHFDXVH�
WKH� GLVHDVH� LV� ILUPO\� HVWDEOLVKHG� LQ� SRVVXPV�� ZKLFK� DUH� D� WUXH� PDLQWHQDQFH� KRVW�� DQG�
EHFDXVH� PDQ\� RWKHU� PDPPDOLDQ� VSHFLHV� DUH� DOVR� LQYROYHG� LQ� FRPSOH[� KRVW±GLVHDVH�
G\QDPLFV��$QLPDO�+HDOWK�%RDUG�������&ROHPDQ�	�&RRNH��������7KH�VDPH�DSSHDUV�WUXH�LQ�
%ULWDLQ��ZLWK�EDGJHUV�DV�WKH�PDLQWHQDQFH�KRVW�EXW�ZLWK�PDQ\�RWKHU�VSHFLHV�DOVR�DIIHFWHG�DQG�
ZKRVH�FRQWULEXWLRQ�WR�FDWWOH�KHUG�EUHDNGRZQV�LV�SRRUO\�XQGHUVWRRG��'HODKD\�HW�DO���������
$V� SDUW� RI� WKH�1HZ�=HDODQG�7E±ZLOGOLIH� FRPSOH[�� GHHU� SOD\� D� UROH� LQ� WKH� HVWDEOLVKPHQW��
SHUVLVWHQFH�DQG�VSUHDG�RI�WKH�GLVHDVH��7KH�PDQDJHPHQW�LPSRUWDQFH�RI�WKDW�UROH�GHSHQGV�RQ�
KRZ� GHHU� EHFRPH� LQIHFWHG�� KRZ� IUHTXHQWO\� WKDW� KDSSHQV�� KRZ� RIWHQ� LQIHFWHG� GHHU� LQIHFW�
RWKHU�GHHU�DQG�RU�RWKHU�KRVWV��DQG�WKH�WHPSRUDO�DQG�VSDWLDO�VFDOHV�RYHU�ZKLFK�WKH\�GR�WKDW��
,Q� WKLV� WKHVLV�� ,� DWWHPSW� WR� DGGUHVV� DOO� RI� WKHVH� TXHVWLRQV� WKURXJK� D� FRPELQDWLRQ� RI�
H[SHULPHQWDO�DQG�REVHUYDWLRQDO�ILHOGZRUN�DQG�GHVNWRS�V\QWKHVLV��0\�IRFXV�ZDV�DOZD\V�RQ�
WKH�PDQDJHPHQW�LPSOLFDWLRQV��ZKLFK�,�VDZ�DV���

•� 7KH�QHHG� WR�FRQILUP��ZLWK�JUHDWHU�FHUWDLQW\� WKDQ�ZDV�SRVVLEOH�IURP�FLUFXPVWDQWLDO�
HYLGHQFH�� WKDW� GHHU� ZHUH� PDLQO\� RU� H[FOXVLYHO\� VSLOORYHU� KRVWV�� :LWKRXW� WKDW�
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FRQILUPDWLRQ�� GLUHFW� FRQWURO� RI� 7E� LQ� ZLOG� GHHU� ZRXOG� EH� D� VHQVLEOH� SUHFDXWLRQ��
*LYHQ�WKH�PDVVLYH�LQYHVWPHQW�LQ�HUDGLFDWLQJ�WKH�GLVHDVH�IURP�SRVVXPV�DQG�IHUUHWV��
OHDYLQJ� GHHU� DV� DQ� XQFHUWDLQ� KRVW�ZRXOG� KDYH� EHHQ� XQZLVH��$Q� H[SHULPHQWDO� WHVW�
ZDV�UHTXLUHG��DQG�LW�QHHGHG�WR�EH�ERWK�ODUJH�VFDOH�DQG�ORQJ�WHUP�EHFDXVH�RI�WKH�ORZ�
GHQVLWLHV�RI�ZLOG�GHHU�DQG�WKHLU�ORQJ�OLYHG�DQG�ZLGH�UDQJLQJ�QDWXUH��

•� 5HJDUGOHVV� RI� WKHLU� KRVW� VWDWXV�� GHWHUPLQLQJ� ZKHWKHU� LQIHFWHG� GHHU� FRQWULEXWHG� WR�
SHUVLVWHQFH� DQG� VSUHDG�RI�7E� LQ�ZLOGOLIH� E\� FDUU\LQJ� LW� WKURXJK� WLPH� DQG� VSDFH� LQ�
ZD\V� WKDW� ZHUH� RI� PDQDJHPHQW� VLJQLILFDQFH�� ,I� VR�� WKH� NH\� TXHVWLRQV� ZHUH� WKH�
GXUDWLRQ�DQG�VSDWLDO�VFDOH�RI�WKRVH�HSLGHPLRORJLFDO�SURFHVVHV�DQG�WKH�PDQDJHPHQW�
DFWLRQV�QHHGHG�WR�PLWLJDWH�WKHP��5HVHDUFK�ZDV�QHHGHG�WR�FKDUDFWHULVH�WKH�ORQJHYLW\�
RI�LQIHFWLRQ�LQ�GHHU��WKH�VSDWLDO�VFDOH�RI�WKHLU�PRYHPHQW�SDWWHUQV��DQG�WKH�ZD\V�DQG�
UDWHV�ZLWK�ZKLFK�WKH\�SDVVHG�RQ�LQIHFWLRQ��HVSHFLDOO\�WR�SRVVXPV��

•� 7KH� SRWHQWLDO� XVH� RI� GHHU� DQG� RWKHU� VSLOORYHU� KRVWV� DV� SRWHQWLDO� LQGLFDWRUV� RU�
VHQWLQHOV� RI� 7E� SUHVHQFH� LQ� SRVVXPV�� ,Q� GHYHORSLQJ� WKH� VHQWLQHO� FRQFHSW� �H�J��
1XJHQW� HW� DO�� ������� ,� DVVXPHG� WKDW� �D�� SRVVXP� FRQWURO� ZRXOG� XOWLPDWHO\� EH�
VXFFHVVIXO���E��RQJRLQJ�VXUYHLOODQFH�RI�7E�LQ�OLYHVWRFN�ZRXOG�EH�QHHGHG�WR�FRQILUP�
7E� DEVHQFH� EHIRUH� SRVVXP� FRQWURO� FRXOG� VDIHO\� EH� VWRSSHG�� DQG� �F�� VXFK�
VXUYHLOODQFH�ZRXOG�DOVR�EH�QHHGHG�LQ�WKH�ODUJH�H[SDQVHV�RI�IRUHVW�ZKHUH�WKHUH�DUH�QR�
OLYHVWRFN� WR�DFW�DV� LQGLFDWRUV�RI�7E�SUHVHQFH��5HVHDUFK�ZDV�QHHGHG�WR�FKDUDFWHULVH�
WKH�VHQVLWLYLW\�DQG�XWLOLW\�RI�GHHU�DV�VHQWLQHOV�UHODWLYH�WR�RWKHU�SRWHQWLDO�KRVWV���

%ULHIO\��WKHQ��WKH�WKUHH�K\SRWKHVHV�XQGHUSLQQLQJ�P\�UHVHDUFK�ZHUH��L��WKDW�ZLOG�GHHU�LQ�1HZ�
=HDODQG�DUH�VSLOORYHU�KRVWV�� �LL�� WKDW� WKH\�FDQ�DFW�DV� LPSRUWDQW�YHFWRUV�RI�7E�LQ�VSDFH�DQG�
WLPH�� DQG� �LLL�� WKDW� WKH\� FDQ� EH� FRVW�HIIHFWLYHO\� XVHG� DV� VHQWLQHOV� WR� DVVHVV� WKH� OLNHO\�
SUHVHQFH�RI�7E�LQ�RWKHU�VSHFLHV��
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&KDSWHU�����
3DWKRJHQHVLV�DQG�URXWHV�RI�LQIHFWLRQ��DQG�

LQFLGHQFH��PRUWDOLW\��DQG�UHVROXWLRQ�UDWHV�LQ�7E�
LQIHFWHG�ZLOG�GHHU�

����,QWURGXFWLRQ�
8QGHUVWDQGLQJ� KRZ�� DQG� KRZ� RIWHQ�� D� VSHFLHV� EHFRPHV� LQIHFWHG�� DQG� WKH� VXEVHTXHQW�
SDWKRJHQHVLV� DQG� HIIHFWV� RI� WKH� GLVHDVH�� LV� FUXFLDO� LQ� GHVLJQLQJ� HIILFLHQW� GLVHDVH� FRQWURO�
SURJUDPPHV��7KH�SUREOHP�IDFLQJ�ZLOGOLIH�HSLGHPLRORJLVWV�LV�WKDW�WUDQVPLVVLRQ�DQG�GLVHDVH�
SURJUHVVLRQ� LQ� VHFUHWLYH� ZLOG� DQLPDOV� DUH� H[WUHPHO\� GLIILFXOW� WR� REVHUYH� DQG� PHDVXUH�
�0F&DOOXP� HW� DO�� ������� ,QIHFWLRQ� VRXUFHV� DQG� URXWHV� DUH� WKHUHIRUH� RIWHQ� LQIHUUHG� IURP�
FLUFXPVWDQWLDO�HYLGHQFH��VXFK�DV�WKH�SDWKRJHQHVLV�GXULQJ�WKH�HDUO\�VWDJHV�RI�LQIHFWLRQ��7KLV�
DVVXPHV�WKDW�WKH�VLWH�RI�ILUVW�LQIHFWLRQ�SURYLGHV�VRPH�LQGLFDWLRQ�RI�WKH�URXWH�RI�LQIHFWLRQ��$�
SUHGRPLQDQFH�RI�HDUO\�LQIHFWLRQ�LQ�WKH�OXQJV�DQG�WKRUD[��DV�LQ�KXPDQV��LQGLFDWHV�LQIHFWLRQ�
E\� LQKDODWLRQ�� ZKLOH� HDUO\� LQIHFWLRQ� LQ� WKH� DOLPHQWDU\� WUDFW� SRLQWV� WR� RUDO� LQIHFWLRQ� IURP�
HDWLQJ� FRQWDPLQDWHG� IRRG�� )HUUHWV� DQG� SLJV� DUH� JRRG� H[DPSOHV� RI� WKH� ODWWHU� �5DJJ� HW� DO��
������/XJWRQ�HW�DO������E��&RUQHU�HW�DO���������DV�WKH�RUDO�URXWH�PDNHV�VHQVH�JLYHQ�WKHVH�
VSHFLHV�IUHTXHQWO\�IHHG�RQ�LQIHFWHG�FDUULRQ���
7XEHUFXORVLV� LQ� KXPDQV� LV� JHQHUDOO\� UHJDUGHG� DV� D� UHVSLUDWRU\� GLVHDVH�� FRQWUDFWHG�PDLQO\�
WKURXJK� LQKDODWLRQ� RI� DLUERUQH� EDFLOOL� FRQWDLQHG� LQ� DHURVROV� �GURSOHW� QXFOHL��� 7KHUH� LV� D�
WHQGHQF\� WR�SUHVXPH� WKLV�PHFKDQLVP�DSSOLHV� WR�RWKHU�7E�KRVW� V\VWHPV�XQOHVV� LW� LV�FOHDUO\�
UHIXWHG� E\� HYLGHQFH� IDYRXULQJ� RWKHU� WUDQVPLVVLRQ� URXWHV��2¶5HLOO\�	�'DERUQ� �������� IRU�
H[DPSOH�� RSHQ� WKHLU� H[FHOOHQW� UHYLHZ� RI� 0�� ERYLV� LQ� DQLPDOV� DQG� PDQ� ZLWK� WKH�
JHQHUDOLVDWLRQ� WKDW� WXEHUFXORVLV� LV�SULPDULO\�D� UHVSLUDWRU\�GLVHDVH�DQG� WKDW� WUDQVPLVVLRQ�RI�
LQIHFWLRQ�ZLWKLQ�DQG�EHWZHHQ�VSHFLHV�LV�PDLQO\�E\�WKH�DLUERUQH�URXWH��+RZHYHU��&RUQHU�	�
3IHLIIHU� �������� LQ� UHODWLRQ� WR� WUDQVPLVVLRQ�RI� -RKQH¶V�GLVHDVH� �FDXVHG�E\�0\FREDFWHULXP�
SDUDWXEHUFXORVLV���FDXWLRQ�DJDLQVW�VXFK�JHQHUDOLVDWLRQV��QRWLQJ�WKDW�WKH�µPDLQO\�LQKDODWLRQ¶�
GRJPD�GHULYHV�ODUJHO\�IURP�LQIHUHQFHV�GUDZQ�IURP�WKH�HDVH�ZLWK�ZKLFK�OXQJ�LQIHFWLRQ�FDQ�
EH�HVWDEOLVKHG� UHODWLYH� WR� WKH� VL]H�RI� WKH� LQIHFWLYH�FKDOOHQJH�QHHGHG� WR� HVWDEOLVK� LQIHFWLRQ�
IURP�FRQWDPLQDWHG� IHHG�YLD� WKH�RUDO� URXWH�� ,Q�FDWWOH�� IRU�H[DPSOH�� WKH� UHVSLUDWRU\� URXWH� LV�
URXWLQHO\� DVVXPHG� DV� XQLYHUVDO� GHVSLWH� PDUNHGO\� JUHDWHU� �\HW� XQH[SODLQHG�� OHYHOV� RI�
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LQIHFWLRQ�LQ�WKH�O\PSK�QRGHV�RI�WKH�KHDG��µKHDG�LQYROYHPHQW¶��LQ�FDWWOH�JUD]HG�RXWGRRUV�DW�
PRGHUDWH�RU�ORZ�GHQVLW\�FRPSDUHG�WR�FDWWOH�WKDW�DUH�LQ�FORVH�GDLO\�FRQWDFW�ZLWK�HDFK�RWKHU�
�LQ�GDLU\�VKHGV�RU�RYHU�ZLQWHULQJ�EDUQV��LQ�ZKLFK�SXOPRQDU\�GLVHDVH�VWURQJO\�SUHGRPLQDWHV�
�2¶5HLOO\�	�'DERUQ���������
/LNH�µRXWGRRUV¶�FDWWOH��SDWWHUQV�RI�LQIHFWLRQ�LQ�ERWK�IDUPHG�DQG�ZLOG�GHHU�DUH�LQWHUPHGLDWH�
EHWZHHQ�FOHDUO\�RUDO�DQG�FOHDUO\�DLUERUQH�URXWHV��DV�GHHU�KDYH�VXEVWDQWLDO�KHDG�LQYROYHPHQW�
EXW�OHVVHU�WKRUDFLF�DQG�OLWWOH�HDUO\�DOLPHQWDU\�LQIHFWLRQ��*ULIILQ�	�0DFNLQWRVK��������DUJXH�
WKLV��FRXSOHG�ZLWK�WKH�VLPLODULWLHV�LQ�WKH�SDWWHUQV�RI�LQIHFWLRQ�LQ�QDWXUDOO\�LQIHFWHG�GHHU�DQG�
LQ�WKRVH�LQIHFWHG�H[SHULPHQWDOO\�YLD�WKH�WRQVLOV��LQGLFDWHV�WKDW�µRUR�QDVDO¶�WUDQVPLVVLRQ�LV�WKH�
SULPDU\�URXWH�EXW�GR�QRW�LQGLFDWH�KRZ�WKDW�PLJKW�DFWXDOO\�RFFXU��2QH�DLP�LQ�WKLV�FKDSWHU�LV�
WKHUHIRUH�WR�HOXFLGDWH�WKH�VRPHZKDW�DW\SLFDO��RU�DW�OHDVW�LQDGHTXDWHO\�H[SODLQHG��SDWWHUQ�RI�
LQIHFWLRQ� LQ�GHHU�DQG�� IURP�WKDW�� LQIHU� WKH� OLNHO\� URXWHV�RI� LQIHFWLRQ� LQ�GHHU�DQG� LQ�VLPLODU�
µRXWGRRUV¶�KHUELYRUHV�JHQHUDOO\���
7KH�VHFRQG�DQG�PDMRU�DLP�LV�WR�H[SDQG�RXU�XQGHUVWDQGLQJ�RI�WKH�HIIHFWV�RI�7E�RQ�GHHU��7KLV�
FRPSRQHQW�RI�WKH�UHVHDUFK�LV�ODUJHO\�REVHUYDWLRQDO�HSLGHPLRORJ\�DQG�SDUDPHWHU�HVWLPDWLRQ��
,W� IRFXVHV� RQ� WKH� FRUH� HSLGHPLRORJLFDO� UDWHV� RI� LQFLGHQFH� �QHZ� LQIHFWLRQ�� DQG� ORVV� �7E�
LQGXFHG� PRUWDOLW\� DQG�RU� UHVROXWLRQ��� ,� LQYHVWLJDWHG� WKH� HIIHFWV� RI� DJH�� VH[�� DUHD�� DQG�
SUREDEOH�OHYHO�RI�H[SRVXUH�WR�LQIHFWHG�SRVVXPV�RQ�WKH�SUHYDOHQFH�DQG�SDWKRJHQHVLV�RI�7E�LQ�
GHHU��EDVHG�RQ�DQDO\VLV�RI�7E�LQIHFWLRQ�SDWWHUQV�LQ�����GHHU�NLOOHG�RYHU�D����\HDU�SHULRG�LQ�D�
VHULHV� RI� FURVV�VHFWLRQDO� VXUYH\V� LQ� IRXU� PDLQ� DUHDV�� 7KHVH� VXUYH\V� LQYROYHG� GHWDLOHG�
QHFURSV\�RI�GHHU�FDUFDVVHV��EDFNHG�XS�E\�P\FREDFWHULDO�FXOWXUH��DQG�FODVVLILFDWLRQ�RI�GHHU�
E\�DJH�DQG�VH[��6SHFLILF�REMHFWLYHV�ZHUH���

•� 7R�DVVHVV�OLNHO\�URXWHV�RI�WUDQVPLVVLRQ�WR�GHHU�EDVHG�RQ�WKH�GLVWULEXWLRQ�RI�LQIHFWLRQ�
LQ�WKH�VXEVHW�RI�GHHU�WKRXJKW�WR�KDYH�EHHQ�RQO\�UHFHQWO\�LQIHFWHG��

•� 7R�GHWHUPLQH�DJH��DQG�VH[�VSHFLILF�SDWWHUQV�DQG�UDWHV�RI�GLVHDVH�DFTXLVLWLRQ��
•� 7R�DVVHVV�WKH�OLNHO\�LPSDFW�RI�7E�RQ�WKH�VXUYLYDO�RI�GHHU�DQG�WKH�OLNHO\�UDWH�RI�OHVLRQ�

UHVROXWLRQ�DQG�LQIHFWLRQ�ORVV��
•� 7R�GHWHUPLQH��LQFLGHQWDOO\��WKH�VHQVLWLYLW\�RI�JURVV�SDWKRORJ\�DV�D�GLDJQRVWLF�WRRO�IRU�

GHWHFWLQJ�7E�LQ�ZLOG�GHHU��
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����0HWKRGV�

������6WXG\�DUHDV�
7KH�IRXU�VWXG\�DUHDV��)LJ�������$SSHQGL[����ZHUH��
�L�� 0RVW�RI�WKH�HDVWHUQ�+DXKXQJDURD�5DQJH��(+5��)LJ�����D��F���������KD���
�LL�� 3DUW�RI� WKH�ZHVWHUQ� VORSHV�RI� WKH�+DXKXQJDURD�5DQJH� �:+5��)LJ�����D�� F���������

KD���ZKLFK�LV�FRQWLJXRXV�ZLWK�WKH�HDVWHUQ�+DXKXQJDURD�WUHDWPHQW�DUHD��
�LLL�� 7KH�ZHVWHUQ�8PXNDULNDUL�5DQJH��85��)LJ�����D��F���������KD���
�LY�� 7KH�+RFKVWHWWHU� DQG�2PRWR�5DQJHV�RQ� WKH�ZHVW� FRDVW�RI� WKH�6RXWK� ,VODQG� �+25��

)LJ�����E�� F��������� KD��� 7KH� +RFKVWHWWHU� DQG� 2PRWR� VXE�DUHDV� DUH� VHSDUDWHG� E\�
DERXW� ��NP��+RZHYHU� WKH\� DUH� WUHDWHG� DV� D� VLQJOH� VWXG\� DUHD�� EHFDXVH� GHHU�ZHUH�
PRUH�GLIILFXOW�DQG�H[SHQVLYH�WR�REWDLQ�WKDQ�LQ�WKH�1RUWK�,VODQG�VWXG\�DUHDV��ZKLFK�
PHDQW�QHLWKHU�DUHD�DORQH�ZDV� VXLWDEOH��$V�GHHU� UDQJH�ZLGHO\� �&K������ DQG� WKH� WZR�
DUHDV�DUH�OLQNHG�E\�FRUULGRUV�RI�GHHU�KDELWDW��WKH�WZR�VXE�SRSXODWLRQV�ZLOO�EH�FORVHO\�
UHODWHG��DQG�WKH�KDELWDW��ODQG�XVH��DQG�KLVWRULHV�RI�7E�SUHVHQFH�DQG�SRVVXP�FRQWURO�
DUH�VXIILFLHQWO\�VLPLODU�WR�WUHDW�WKLV�DV�D�VLQJOH�H[SHULPHQWDO�WUHDWPHQW��

$OO�IRXU�DUHDV�KDYH�D�ODUJHO\�FRQWLQXRXV�IRUHVW�FRYHU��6RPH�GHHU�ZHUH�DOVR�REWDLQHG�IURP�
WKH�VRXWK�ZHVWHUQ�SDUW��6+5��RI�WKH�+DXKXQJDURD�5DQJH�PXFK�RI�ZKLFK�ZDV�SRLVRQHG�LQ�
ZLQWHU�������)LJ�����D���$OO�IRXU�KDYH�KDG�7E�LQIHFWHG�ZLOGOLIH�SUHVHQW�IRU�DW�OHDVW�D�GHFDGH�
EHIRUH� WKH� VWXG\� EHJDQ� �+DXKXQJDURD�� 3IHLIIHU� HW� DO�� ������ 8PXNDULNDUL�� 3DQQHWW� 	�
0DFNHUHWK�������1XJHQW�	�3URIILWW�������+RFKVWHWWHU�2PRWR��&ROHPDQ�HW�DO����������
7ZR�RI� WKH�DUHDV��(+5�DQG�85��ZHUH�DHULDOO\�SRLVRQHG�IRU� WKH�ILUVW� WLPH�LQ�ZLQWHU�������
XVLQJ� �����ODGHQ� FDUURW� EDLWV�� DQG� WKH� SRLVRQLQJ� ZDV� UHSHDWHG� LQ� ZLQWHU� ������ 7KH�
RSHUDWLRQV� DLPHG� SULPDULO\� WR� UHGXFH� SRVVXP� GHQVLWLHV�� EXW� IDHFDO� SHOOHW� FRXQWV� LQ� (+5�
DIWHU� WKH� ����� SRLVRQLQJ� �)UDVHU� HW� DO�� ������ DQG� WKH� REVHUYDWLRQV� RI� ILHOG� VWDII� LQGLFDWH�
VRPH�GHHU�ZHUH� NLOOHG� LQ� DOO� IRXU� RSHUDWLRQV��7KH� SURSRUWLRQ� RI� GHHU� NLOOHG� E\� SRLVRQLQJ�
RSHUDWLRQV� LV� H[WUHPHO\� YDULDEOH� �)UDVHU� ������ 6ZHHWDSSOH� 	� )UDVHU� ������ )UDVHU� 	�
6ZHHWDSSOH�������1XJHQW� HW� DO�� ������1XJHQW�	�<RFNQH\�������� EXW� IROORZLQJ� WKH������
SRLVRQLQJ�LQ�WKH�(+5�GHHU�QXPEHUV�UHFRYHUHG�IURP�WKH�PHDVXUHG�����UHGXFWLRQ�ZLWKLQ��±
�� \HDUV� �&ROHPDQ� HW� DO�� ������� 1R� HTXLYDOHQW� GDWD� DUH� DYDLODEOH� WR� GHVFULEH� WUHQGV� LQ�
QXPEHUV�RI�GHHU� LQ�85�RYHU� WKH�VWXG\�SHULRG��EXW�REWDLQLQJ�GHVLUHG�VDPSOH�VL]HV� LQ�PRVW�
\HDUV�ZLWKRXW�ODUJH�LQFUHDVHV�LQ�HIIRUW�LQGLFDWHV�DQ\�UHGXFWLRQ�LQ�QXPEHUV�RI�GHHU�ZDV�VPDOO�
UHODWLYH�WR�WKH�!����UHGXFWLRQ�LQ�QXPEHUV�RI�SRVVXPV�W\SLFDOO\�DFKLHYHG�E\�SRLVRQLQJ��
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)LJXUH�����/RFDWLRQ�RI�VWXG\�DUHDV�LQ��D��WKH�1RUWK�,VODQG�DQG��E��:HVWODQG��VKRZLQJ�ZKLFK�SRVVXP�
SRSXODWLRQV�ZHUH�FRQWUROOHG�E\�SRLVRQLQJ�DQG�ZKLFK�ZHUH�QRW��7KH�++*���DUHD�LQ��D��VKRZV�WKH�
SDUW�RI�WKH�+DXKXQJDURD�5DQJH�SRLVRQHG�LQ������,W�LV�ODUJHO\�WKH�VDPH�DV�WKH�6+5�DUHD�OLVWHG�LQ�
7DEOH������EXW�WKH�ODWWHU�LQFOXGHV�D�IHZ�GHHU�VKRW�IXUWKHU�VRXWK��7KH�PDSV�DUH�WKH�VDPH�VFDOH��
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3RVVXP� GHQVLWLHV� ZLWKLQ� WKH� UHPDLQLQJ� WZR� DUHDV� KDYH� QHYHU� EHHQ� VXEMHFW� WR� µRIILFLDO¶�
FRQWURO��EXW�IRU�WKH�:+5�DOO�RI�WKH�IRUHVW�VXUURXQGLQJ�WKH�VWXG\�DUHD�ZDV�SRLVRQHG�LQ�HLWKHU�
����� RU� ����� �)UDVHU� HW� DO�� ������� DQG� LQ� WKH� +25� VRPH� RI� SHULSKHU\� RI� WKH� DUHD� KDV�
RFFDVLRQDOO\� UHFHLYHG� D� ORZ� LQWHQVLW\� RI� FRQWURO� �&ROHPDQ�	� )UDVHU� ������� 'HVSLWH� WKDW�
SRVVXP�GHQVLWLHV�ZHUH�ORZ�LQ�WKH�+25�DUHD��SRVVLEO\�EHFDXVH�WKH\�KDG�EHHQ�UHGXFHG�E\�D�
SDUWLFXODUO\�VHYHUH�HSLGHPLF�RI�ERYLQH�7E�LQ�WKH�HDUO\�����V��&ROHPDQ�HW�DO�����������

������7KH�VXUYH\V�
)URP���������WLOO������������XS�WR����GHHU�SHU�\HDU�ZHUH�QHFURSVLHG�IURP�HDFK�RI�WKH�IRXU�
PDLQ�DUHDV��7DEOH�������0RVW�RI�WKH�GHHU�ZHUH�UHG�GHHU��EXW�D�IHZ�IURP�WKH�85�ZHUH�VLND��
'HHU�ZHUH�REWDLQHG�LQ�D�QXPEHU�RI�GLIIHUHQW�ZD\V��&RQWUDFWHG�JURXQG��RU�KHOLFRSWHU�EDVHG�
KXQWHUV� VKRW� PDQ\�� $� IHZ� ZHUH� VKRW� E\� WKH� DXWKRU�� FROOHDJXHV� RU� 'HSDUWPHQW� RI�
&RQVHUYDWLRQ� VWDII� RU� FRQWUDFWRUV� LQYROYHG� LQ� RWKHU� ZRUN�� DQG� VRPH� SXUFKDVHG� IURP�
FRPPHUFLDO� KHOLFRSWHU� RSHUDWRUV�� )LQDOO\�� D� IHZ� ZHUH� IRXQG� GHDG� DIWHU� WKH� SRLVRQLQJ�
RSHUDWLRQV�LQ�(+5�DQG�85�LQ�������:KHUH�SUDFWLFDEOH�ZLWKRXW�MHRSDUGLVLQJ�WKH�TXDOLW\�RI�
QHFURSV\��VRPH�FDUFDVVHV�ZHUH�VROG�WR�GHIUD\�VRPH�RI�WKH�FRVW�RI�REWDLQLQJ�WKHP��1RQH�RI�
WKH� VXUYH\V�ZHUH� GHOLEHUDWHO\� VHOHFWLYH�ZLWK� UHVSHFW� WR� DJH� DQG� VH[�� EXW� WKH� VDPSOHV� DUH�
XQOLNHO\�WR�FORVHO\�UHSUHVHQW�WKH�WUXH�DJH�DQG�VH[�VWUXFWXUH�RI�WKH�SRSXODWLRQV��6H[�DQG�DJH�
ZHUH� WKHUHIRUH� DXWRPDWLFDOO\� LQFOXGHG� LQ� VWDWLVWLFDO� DQDO\VHV� WR� DFFRXQW� IRU� DQ\� SRWHQWLDO�
ELDV�WKDW�PLJKW�DULVH�IURP�XQUHSUHVHQWDWLYH�VDPSOLQJ����
7KH�GHHU�ZHUH�QHFURSVLHG�DW�D�YDULHW\�RI�ORFDWLRQV��DQG�E\�D�YDULHW\�RI�SHRSOH��UHVXOWLQJ�LQ�
LQHYLWDEOH� YDULDWLRQ� LQ� WKH� H[WHQW� DQG� VWDQGDUG� RI� LQVSHFWLRQ�� 0RVW� RI� WKH� YDULDELOLW\�
RFFXUUHG� LQ� WKH� HDUO\� SDUW� RI� WKH� VWXG\� SHULRG��ZKHQ� WKH� GDWD�ZHUH� EHLQJ� FROOHFWHG� E\� D�
QXPEHU� RI� GLIIHUHQW� SHRSOH� DV� SDUW� RI� D� VHULHV� RI� VHSDUDWH� VPDOO� SURMHFWV� RU� RSHUDWLRQDO�
VXUYH\V��:KHUH�SUDFWLFDO��1RUWK� ,VODQG�FDUFDVVHV�ZHUH� ILHOG�GUHVVHG�DQG� WDNHQ� WR�YHQLVRQ�
SURFHVVLQJ�SODQWV�DW�5RWRUXD�RU�0XUXSDUD��IRU�H[DPLQDWLRQ�E\�PHDW�LQVSHFWRUV��,Q������DQG�
������KRZHYHU��PRVW�RI�WKH�QHFURSVLHV�ZHUH�XQGHUWDNHQ�E\�'U�,DQ�/XJWRQ�HLWKHU�LQ�WKH�ILHOG�
RU�DW�0DVVH\�8QLYHUVLW\��IROORZLQJ�SURFHGXUHV�RXWOLQHG�E\�KLP��/XJWRQ��������)URP������
WR������� VRPH�GHHU�FDUFDVVHV�ZHUH� LQVSHFWHG�DW� WKH�$QLPDO�+HDOWK�/DERUDWRU\��+DPLOWRQ��
)URP� ����� RQZDUG��P\� DVVLVWDQW� RU� ,�� HLWKHU� LQ� WKH� ILHOG�� RU� DW� D� UHIULJHUDWLRQ� IDFLOLW\� DW�
7DXSR��FRPSOHWHG�PRVW�RI�WKH�LQVSHFWLRQV�LQ�WKH�1RUWK�,VODQG��,Q�WKH�6RXWK�,VODQG��,�UHOLHG�
WKURXJKRXW�RQ�PHDW�LQVSHFWRUV�DW�WKH�*DPH�3DFNLQJ�+RXVH�DW�+RNLWLND���



� ���

7DEOH�����1XPEHU�RI�GHHU�QHFURSVLHG�IURP�HDFK�VWXG\�DUHD��E\�DUHD��

$UHD� $UHD�
DFURQ\P�

6XUYH\�\HDUV� 3RVVXP�FRQWURO�
WUHDWPHQW�

1R��RI�GHHU�
VDPSOHG�

(DVWHUQ�+DXKXQJDURD� (+5� ����±����� 3RLVRQHG������ ����

:HVWHUQ�+DXKXQJDURD� :+5� ����±����� 8QSRLVRQHG� ����

8PXNDULNDUL�5DQJH� 85� ����±����� 3RLVRQHG������ ����

+RFKVWHWWHU�2PRWR� +25� ����±����� 8QSRLVRQHG� ����

6RXWKHUQ�+DXKXQJDURD�� 6+5� ����±����� 3RLVRQHG������ ���
�
,QVSHFWLRQV� LQYROYHG�YLVXDO� LQVSHFWLRQ�DQG� WKHQ� WKH� UHPRYDO�DQG�RU� WKLQ� VOLFLQJ�RI�DOO� WKH�
IROORZLQJ�JURXSV�RI����WLVVXHV�RU�O\PSK�QRGHV��OQV���
+HDG��PHGLDO�UHWURSKDU\QJHDO��KHUHDIWHU�UHWURSKDU\QJHDO���SDURWLG��PDQGLEXODU��DQG�DWODQWDO�

OQV�DQG�RURSKDU\QJHDO�WRQVLOV��
7KRUDFLF�FDYLW\��SOHXUD�DQG�OXQJV�SOXV�EURQFKLDO��DSLFDO��DQG�PHGLDVWLQDO�OQV���
$EGRPLQDO� FDYLW\�� WKH� OLYHU�� NLGQH\�� WKH� KHSDWLF� DQG� UHQDO� OQV�� WKH�PHVHQWHULF� �LOHRFDHFDO�

DQG�LOHRMHMXQDO��OQ�DVVRFLDWHG�ZLWK�WKH�LQWHVWLQHV��DQG�WKH�LQWHUQDO��VXE��LOLDF�OQ��
%RG\��WKH�LQJXLQDO��SRSOLWHDO��SUHFUXUDO��DQG�SUHVFDSXODU�OQV��
,Q� DGGLWLRQ�� WKH� LQWHUQDO� VXUIDFHV� RI� WKH� WKRUDFLF� DQG� DEGRPLQDO� FDYLWLHV� ZHUH� YLVXDOO\�
LQVSHFWHG�IRU�OHVLRQV��DV�ZDV�WKH�RXWVLGH�RI�WKH�DQLPDO��7KH�DQLPDOV�LQVSHFWHG�LQ�WKH�ILHOG�
ZHUH� QRW� VNLQQHG�� VR� H[WHULRU� OHVLRQV� DUH� XQOLNHO\� WR� KDYH� EHHQ� IRXQG� XQOHVV� WKH\� ZHUH�
ODUJH��EXW�VXFK�OHVLRQV�ZHUH�QHYHU�UHSRUWHG�IURP�DQ\�RI�WKH�VROG��DQG�VNLQQHG��DQLPDOV��
7KH�KHDGV�RI�VRPH�RI�WKH�GHHU�IURP�WKH�ILUVW�+DXKXQJDURD�VXUYH\�LQ�������+XWFKLQV�������
ZHUH� QRW� LQVSHFWHG�� VR� WKRVH� GHHU� DUH� H[FOXGHG� IURP� PRVW� DQDO\VHV�� +XQWHUV� ZHUH�
VRPHWLPHV�XQDEOH��RU�XQZLOOLQJ��WR�WUDQVSRUW�WKH�HQWLUH�FDUFDVV�WR�DQ�LQVSHFWLRQ�VLWH��VR�WKH�
LQWHVWLQHV�DQG�ERG\�QRGHV�ZHUH�QRW�DOZD\V�DYDLODEOH��,Q�DGGLWLRQ��WKH�DQWHULRU�PHGLDVWLQDO��
DSLFDO��UHQDO��DQG�DWODQWDO�QRGHV�ZHUH�IUHTXHQWO\�PLVVLQJ�IURP�GHHU�GUHVVHG�LQ�WKH�ILHOG�E\�
FRQWUDFW�KXQWHUV��$V�D�FRQVHTXHQFH��HVWLPDWHV�RI�RYHUDOO�OHVLRQ�SUHYDOHQFH�DQG�GLVWULEXWLRQ�
ZLOO�LQHYLWDEO\�EH�ELDVHG�GRZQZDUGV�DQG�LQ�IDYRXU�RI�WKH�KHDG�DQG�WKRUD[��7KH�VL]H�RI�WKLV�
ELDV�ZDV�HVWLPDWHG�E\�GHWHUPLQLQJ�WKH�OHVLRQ�UDWH��L�H��WKH�SHUFHQWDJH�RI�RFFDVLRQV�RQ�ZKLFK�
D�WLVVXH�ZDV�LQVSHFWHG�WKDW�OHVLRQV�ZHUH�GHWHFWHG��IRU�HDFK�WLVVXH�VHSDUDWHO\��DQG�XVLQJ�WKH�
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UHVXOWV� WR� FDOFXODWH� WKH� QXPEHU� RI� OHVLRQV� OLNHO\� WR� KDYH� EHHQ� PLVVHG� E\� LQFRPSOHWH�
LQVSHFWLRQ��VHH�6HFWLRQ����������
)RU� VRPH� RI� WKH� ��������8PXNDULNDUL� DQG�+DXKXQJDURD� VXUYH\V� �+XWFKLQV� ������ ������
GLDJQRVHV�ZHUH�EDVHG�VROHO\�RQ�WKH�SUHVHQFH�RI�PDFURVFRSLF�OHVLRQV��VR�DUH�ELDVHG�ORZ�E\�
XS� WR�RQH�TXDUWHU� �VHH�UHVXOWV���)URP������RQZDUG��KRZHYHU��DQ\� OHVLRQV��XVXDOO\�XS� WR�D�
PD[LPXP�RI�WZR�SHU�GHHU��WKDW�DSSHDUHG�W\SLFDOO\�RU�SRWHQWLDOO\�WXEHUFXORXV�ZHUH�VHQW�WR�
WKH�$J5HVHDUFK� ODERUDWRU\� LQ�:DOODFHYLOOH� IRU�P\FREDFWHULDO� FXOWXUH��7KH� URXWLQH� FXOWXUH�
SURFHGXUHV� XVHG� DUH� VXPPDULVHG� E\�%XGGOH� HW� DO�� �������� ,Q� DGGLWLRQ�� IRU� DOO� GHHU� NLOOHG�
DIWHU�������LQFOXGLQJ�WKRVH�ZLWK�QR�YLVLEOH�OHVLRQV��WKH�WRQVLOV�DQG�UHWURSKDU\QJHDO�OQV�ZHUH�
DOVR�VHQW�IRU�FXOWXUH��7KHVH�WZR�WLVVXHV�ZHUH�VHOHFWHG�DV�WKH�PRVW�OLNHO\�VLWHV�RI�QRQ�YLVLEOH�
LQIHFWLRQ� EHFDXVH� +DWKDZD\� HW� DO�� ������� LGHQWLILHG� WKH� UHWURSKDU\QJHDO� OQV� DV� WKH� PRVW�
IUHTXHQWO\�GHWHFWHG�OHVLRQ�VLWH�LQ�IDUPHG�GHHU�DQG��HDUO\�LQ�WKLV�VWXG\��WKH�KLJKHVW�IUHTXHQF\�
RI� FXOWXUH�SURYHQ� LQIHFWLRQ� ZDV� IRXQG� LQ� WKH� WRQVLOV� �/XJWRQ� HW� DO�� ������� /HVLRQHG� RU�
VXVSHFW�WLVVXHV�ZHUH�FXOWXUHG�VHSDUDWHO\�DV�ZHUH�WKH�WRQVLOV�DQG�UHWURSKDU\QJHDO�OQV�IRU�����
GHHU��EXW�IRU�WKH�UHPDLQGHU�WKHVH�WZR�WLVVXHV�ZHUH�SRROHG��57�SRRO��WR�UHGXFH�FRVWV��
)RU�HDFK�GHHU��WKH�GDWH�NLOOHG��VH[��VSHFLHV��VLND�RU�UHG���NLOO�VLWH�ORFDWLRQ��JULG�UHIHUHQFH���
DQG� µILHOG¶� DJH� FODVV� �IDZQV� �� �� \�� VXE�DGXOWV� �±�� \�� DQG� DGXOWV� !�� \�� ZDV� UHFRUGHG��$�
PDQGLEOH�ZDV�WDNHQ�DQG�WKH�QXPEHU�RI�SHUPDQHQW�WHHWK�DQG�RU�WKH�QXPEHU�RI�SDLUV�RI�OLJKW�
DQG�GDUN�OD\HUV�LQ�WKH�GHQWDO�FHPHQWXP�RI�WKH�VHFRQG�PRODU�ZDV�XVHG�WR�GHWHUPLQH�\HDUV�RI�
DJH��)UDVHU�	�6ZHHWDSSOH��������$�ELUWK�GDWH�RI���'HFHPEHU�ZDV�DUELWUDULO\�DVVXPHG�IRU�DOO�
GHHU��DQG�D�\HDU�DQG�PRQWK�DJHFODVV� WKHQ�DVVLJQHG�RQ�WKH�EDVLV�RI�NLOO�GDWH��7KH�SUREDEOH�
\HDU� RI� ELUWK� ZDV� GHWHUPLQHG� E\� VXEWUDFWLQJ� DJH� IURP� WKH� NLOO� GDWH��$OO� GHHU� ZHUH� WKHQ�
SODFHG� LQ� DQQXDO� µFRKRUWV¶� RQ� WKH�EDVLV�RI�ELUWK�\HDU�� UHJDUGOHVV�RI�ZKLFK�\HDU� WKH\�ZHUH�
NLOOHG� LQ� �H�J��� WKH� ����� FRKRUW� LQFOXGHV� IDZQV� VKRW� LQ� WKH� ������������ SHULRG�� VXEDGXOWV�
VKRW�LQ�WKH�������������SHULRG��DQG�VR�RQ��7KLV�SURYLGHG�GDWD�RQ�FRKRUWV�ERUQ�DV�HDUO\�DV�
������HYHQ�QRQH�RI�WKH�GHHU�LQ�WKRVH�FRKRUWV�ZDV�NLOOHG�DQG�QHFURSVLHG�XQWLO������RU�ODWHU��
'XULQJ�LQLWLDO�VXUYH\V��RQO\�OLPLWHG�GDWD�RQ�WKH�QXPEHU��QDWXUH��DQG�GLVWULEXWLRQ�RI�DQ\�7E�
OLNH� OHVLRQV� REVHUYHG� GXULQJ� LQVSHFWLRQV�ZHUH� UHFRUGHG�� EXW� IURP� ����� RQZDUG� XVH� RI� D�
VLQJOH� GDWD� IRUP� KHOSHG� VWDQGDUGLVH� WKH� LQIRUPDWLRQ� UHFRUGHG�� 'DWD� UHFRUGLQJ� E\� QRQ�
UHVHDUFK� VWDII�� LQ� SDUWLFXODU��ZDV� VRPHWLPHV� OHVV� GHWDLOHG� WKDQ� GHVLUHG�� EXW� IRU�PRVW� GHHU�
GHWDLOV�RI�WKH�WLVVXHV�LQVSHFWHG�ZHUH�UHFRUGHG��DV�ZHUH�WKH�QXPEHU��VL]H��DQG�QDWXUH�RI�DQ\�
OHVLRQV� RU� RWKHU� VLJQV� RI� LQIHFWLRQ�� 7KH� PDLQ� SUREOHPV� DIWHU� ����� ZHUH� PLQLPDO�
GHVFULSWLRQV�RI�WKH�OHVLRQV�LQ�KHDYLO\�LQIHFWHG�GHHU��ZKHQ�LQVSHFWRUV�ZHUH�RIWHQ�XQZLOOLQJ�WR�
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H[SRVH� WKHPVHOYHV� WR� XQQHFHVVDU\� ULVN� E\� VOLFLQJ� DQG� GRFXPHQWLQJ� OHVLRQV� ZKHQ� LW� ZDV�
DOUHDG\�FOHDU�WKDW�WKH�DQLPDO�ZDV�LQIHFWHG��7KH�VHYHULW\�RI�LQIHFWLRQ�LQ�HDFK�GHHU�ZDV�VFRUHG�
XVLQJ�WKH�LQGH[�SUHVFULEHG�LQ�7DEOH������DQ�DGDSWDWLRQ�RI�WKDW�GHYHORSHG�E\�0DFNLQWRVK�HW�
DO�� ��������7KLV� LV� DQ�RUGLQDO� LQGH[� UDWKHU� WKDQ�D� OLQHDU�RQH�� VR� WKH�GDWD� DUH�QRW� VXLWHG� WR�
VWDWLVWLFDO�WHFKQLTXHV�VXFK�DV�UHJUHVVLRQ��
7DEOH�����/HVLRQ�VHYHULW\�LQGH[��/6,���/HVLRQV������±���DQG�!���FP�ZHUH�FODVVHG�DV�VPDOO��
PRGHUDWH��DQG�ODUJH�UHVSHFWLYHO\��%RG\�µUHJLRQV¶�ZHUH�WKH�KHDG��WKRUD[��DEGRPHQ�RU�ERG\��
�� 1R�YLVLEOH�OHVLRQV��FXOWXUH�QHJDWLYH�
�� 1R�YLVLEOH�OHVLRQV��FXOWXUH�SRVLWLYH�
�� 6LQJOH�VPDOO�OHVLRQ�LQ�KHDG�
�� 6LQJOH�VPDOO�OHVLRQ�LQ�ERG\�
�� 0XOWLSOH�VPDOO�OHVLRQV�LQ�RQH�WLVVXH�RU�RQH�PRGHUDWH�OHVLRQ�
�� 6PDOO�DQG�RU�PRGHUDWH�OHVLRQV�LQ�WZR�WLVVXHV�RU�RQH�ODUJH�OHVLRQ�
�� 0XOWLSOH�OHVLRQV�LQ�WKUHH�WLVVXHV�DQG�RU�WZR�ERG\�UHJLRQV�
�� 0XOWLSOH�OHVLRQV�LQ�WKUHH�RU�IRXU�ERG\�UHJLRQV�
�

������$QDO\VHV�
7R� HVWLPDWH� UDWHV� RI� LQIHFWLRQ�� ,� ILUVW� FDOFXODWHG� VDPSOH� SUHYDOHQFHV� �WKH� SHUFHQWDJH� RU�
SURSRUWLRQ�RI�OHVLRQHG�RU�LQIHFWHG�GHHU�ZLWKLQ�D�SDUWLFXODU�VDPSOH���&RQILGHQFH�LQWHUYDOV�IRU�
SURSRUWLRQV� ZHUH� FDOFXODWHG� IROORZLQJ� &ROOLQJ� �������� 7KURXJKRXW� WKLV� WKHVLV�� VDPSOLQJ�
HUURU��ZKHUH�VKRZQ��LV�XVXDOO\�UHSUHVHQWHG�E\�RQH�VWDQGDUG�HUURU�DERXW�WKH�PHDQ��EXW�ZLWK�
���� FRQILGHQFH� LQWHUYDOV� ����&,V��� FRQWLQJHQF\� WDEOHV�� RU� )LVKHU¶V� H[DFW� WHVWV� XVHG� WR�
FRPSDUH�PHDQV�RU�SURSRUWLRQV�ZKHQ�UHTXLUHG��+RZHYHU��EHFDXVH�PRVW�QXOO�K\SRWKHVHV�DUH�
WULYLDO� DQG� FDQ� EH� UHMHFWHG� LQ� WKH� H[WUHPH� �-RKQVRQ� ������� VWDWLVWLFDO� FRPSDULVRQV� DUH�
UHVWULFWHG� WR� ZKHUH� WKH\� KHOS� ZLWK� ELRORJLFDOO\� PHDQLQJIXO� LQIHUHQFHV� DERXW� UHDO�ZRUOG�
SURFHVVHV�UDWKHU�WKDQ�VLPSOH�GHVFULELQJ�SDWWHUQV�RI�YDULDWLRQ�ZLWKLQ�WKH�VDPSOHG�DQLPDOV��,Q�
OLQH� ZLWK� WKDW�� HUURU� EDUV� IRU� VDPSOH� YDOXHV� DUH� QRW� XVXDOO\� SUHVHQWHG� RQ� JUDSKV�� SDUWO\�
EHFDXVH�WKH\�GHWUDFW�IURP�WKH�HDVH�ZLWK�ZKLFK�WUHQGV��XVXDOO\�WKH�PDLQ�SRLQW�RI�WKH�JUDSK��
FDQ�EH�VHHQ��7KLV�FOXWWHULQJ�LV�ZRUVW�IRU�JUDSKV�WKDW�RIWHQ�LQFOXGH�SUHYDOHQFH�HVWLPDWHV�IRU�
VRPH� JURXSV� WKDW� KDYH� YHU\� VPDOO� VDPSOH� VL]HV� DQG�� FRQVHTXHQWO\�� HUURU� EDUV� WKDW�
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PHDQLQJOHVVO\�VSDQ� WKH��������UDQJH��0RUH� LPSRUWDQWO\��HUURU�EDUV�DUH�VHOGRP�SUHVHQWHG�
EHFDXVH�WKH�GDWD�SRLQWV�IUHTXHQWO\�UHSUHVHQW�DPDOJDPV�RI�GDWD�IURP�GLIIHUHQW�DUHDV��VXUYH\V�
\HDUV��DQG�DJH�FODVVHV��DQG�DV�VXFK�GR�QRW� UHSUHVHQW�DQ\�VSHFLILF�ELRORJLFDOO\�PHDQLQJIXO�
SRSXODWLRQ�RU�HQWLW\��
)RU� WKH� FRUH� DQDO\VHV� �LQ� WKLV� FKDSWHU� DQG� LQ� &K�� ��� RI� WKH� YDULRXV� IDFWRUV� SRWHQWLDOO\�
DIIHFWLQJ� WKH� SUHYDOHQFH� RI� 7E� LQ� VDPSOHG� GHHU�� SUHYDOHQFH� ZDV� PRGHOOHG� DV� D� ELQDU\�
YDULDEOH� XVLQJ� WKH�*/0�SURFHGXUH� LQ� WKH� VWDWLVWLFDO� SDFNDJH� 6�SOXV� �9HQDEOHV�	�5LSOH\��
������� 6WXG\� DUHDV� ZHUH� XVHG� DV� EORFN� HIIHFWV�� ZKLOH� �GHSHQGLQJ� RQ� WKH� DQDO\VLV�� WKH�
YDULDEOHV�RI�LQWHUHVW�FRQVLGHUHG�ZHUH�VH[��DJH�FODVV��\HDU�RI�VXUYH\��ELUWK�\HDU��RU�FRKRUW���
H[WHQW�RI� H[SRVXUH� WR�XQFRQWUROOHG�SRVVXP�SRSXODWLRQV� �ZKLFK�ZDV�TXDQWLILHG�HLWKHU� DV�D�
\HV�QR�ELQDU\�YDULDEOH�RU�LQ�WHUPV�RI�WKH�QXPEHU�RI�\HDUV�RI�OLIH�EHIRUH�SRVVXP�SRLVRQLQJ��
DQG� WKH� GLVWDQFH� IURP� DQ� XQFRQWUROOHG� SRVVXP� SRSXODWLRQ�� ,QLWLDOO\� D� PRGHO� ZLWK� DOO�
H[SODQDWRU\�YDULDEOHV�ZDV�ILWWHG�DQG�QRQ�VLJQLILFDQW�WHUPV�ZHUH�VHTXHQWLDOO\�GURSSHG�XQWLO�D�
PLQLPXP�DGHTXDWH�PRGHO�UHPDLQHG�ZLWK�RQO\�VLJQLILFDQW�WHUPV��&UDZOH\����������
$QDO\VHV� RI� DJH�VSHFLILF� SDWWHUQV� IRFXVVHG� ILUVW� RQ� WKH� EURDG� µILHOG¶� DJH�FODVVHV� GHILQHG�
DERYH�� EXW� WKHQ� LQ�PRUH� GHWDLO� E\� \HDU�RI�DJH� FODVVHV��ZLWK� ROGHU� FODVVHV� JURXSHG�ZKHUH�
QHFHVVDU\� WR�REWDLQ�XVHIXO� VDPSOH�VL]HV��$V� LW�EHFDPH�FOHDU� WKDW�QR�GHHU�\RXQJHU� WKDQ����
PRQWKV��L�H��VWLOO�RIWHQ�GHSHQGHQW��LQ�WKH�VDPSOH�ZHUH�LQIHFWHG��VRPH�DQDO\VHV�ZHUH�EDVHG�
RQ�DQQXDO�DJH�FODVVHV� IURP������\�RI�DJH��ZLWK�QRPLQDOO\�GHSHQGHQW� IDZQV� LQ�D� VHSDUDWH�
FODVV���
6RPH� DQDO\VHV� LQFOXGHG� RQO\� WKRVH� GHHU� VXEMHFWHG� WR� SRVVXP� FRQWURO� RU� WKRVH� GHHU� IURP�
DQQXDO�FRKRUWV�ZLWK�DW�OHDVW�VRPH�H[SRVXUH�WR�XQFRQWUROOHG�SRVVXP�SRSXODWLRQV��7KH�ODWWHU�
LQFOXGHV�GHHU� WDNHQ� LQ� WKH���������VXUYH\V� IURP�DUHDV� VXEVHTXHQWO\� VXEMHFWHG� WR�SRVVXP�
FRQWURO��7KURXJKRXW�WKLV�WKHVLV�WKH�WHUP�FRKRUW�LV�XVHG�VSHFLILFDOO\�WR�PHDQ�D�JURXS�RI�GHHU�
ERUQ�LQ�WKH�VDPH�\HDU��
)RU�GLVHDVHV�VXFK�DV�7E�ZKHUH�LQIHFWHG�KRVWV�FDQ�UHPDLQ�DOLYH�DQG�LQIHFWHG�IRU�PDQ\�\HDUV��
WKH� UHODWLRQVKLS� EHWZHHQ� SRLQW� SUHYDOHQFH� �WKH� FXUUHQW� DFFXPXODWLRQ� RI� LQIHFWLRQ�� DQG�
LQFLGHQFH� �WKH� UDWH� RI� QHZ� LQIHFWLRQ� SHU� XQLW� WLPH�� LV� FRPSOH[� �7KUXVIHOG� �������$V� DQ�
LQLWLDO�DSSUR[LPDWLRQ�,�FDOFXODWHG�ILQLWH�DQQXDO�LQFLGHQFH�UDWHV�E\�H[SUHVVLQJ�WKH�REVHUYHG�
SUHYDOHQFH�ZLWKLQ�HDFK�DJH�FODVV�RU�JURXS�RI�GHHU�DV�D�SHUFHQWDJH�RI�WKH�FXPXODWLYH�\HDUV�
RI�H[SRVXUH��DJH���)RU�DOO�EXW�WKH�ILUVW�\HDU�RI�H[SRVXUH�WKHVH�ILQLWH�UDWHV�DUH�LQ�UHDOLW\�QHW�
GLVHDVH� DFFXPXODWLRQ� UDWHV� WKDW� XQGHUHVWLPDWH� WKH� WUXH� UDWH� EHFDXVH� WKH\� DXWRPDWLFDOO\�
VXEVXPH� WKH� UDWH� DW� ZKLFK� LQIHFWLRQ� LV� ORVW� IURP� WKH� KRVW� SRSXODWLRQ� WKURXJK� GHDWK� RU�
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UHFRYHU\��PRUWDOLW\�RU�UHVROXWLRQ���7KHVH�ILQLWH�UDWHV�DOVR�XQGHUVWDWH�LQIHFWLRQ�UDWHV�LQ�ROGHU�
DJH�FODVVHV�EHFDXVH�WKH�QXPEHU�RI�GHHU�DYDLODEOH�WR�EH�LQIHFWHG�LQ�WKRVH�FODVVHV�GLPLQLVKHV�
DV�WKH�QXPEHU�RI�GHHU�LQIHFWHG�LQ�SUHYLRXV�\HDUV�FOLPEV��7R�RYHUFRPH�WKH�ODWWHU��HTXLYDOHQW�
QHW� RU� FXPXODWLYH� H[SRQHQWLDO� UDWHV� �QHW� IRUFH� RI� LQIHFWLRQ�� ZHUH� FDOFXODWHG� � �  � �
ORJH�SUHYDOHQFH�RI�7E���PHDQ�\HDUV�RI�H[SRVXUH����EXW�WKLV�GRHV�QRW�HOLPLQDWH�WKH�GRZQZDUG�
ELDV� GXH� WR� ORVV� RI� LQIHFWLRQ� WKURXJK� UHVROXWLRQ� RU� GLIIHUHQWLDO� PRUWDOLW\� UDWHV� EHWZHHQ�
LQIHFWHG�DQG�XQLQIHFWHG�GHHU���
7R� HVWLPDWH� WKH� H[SRQHQWLDO� UDWH� RI� LQIHFWLRQ� ORVV�� ,� DQDO\VHG� WKH� SRVW������ WUHQG� LQ�
SUHYDOHQFH�LQ�FRKRUWV�RI�DGXOW�GHHU�IURP�WKH�WZR�DUHDV�ZKHUH�SRVVXP�FRQWURO�ZDV�DVVXPHG�
WR�KDYH�UHGXFHG�WKH�IRUFH�RI� LQIHFWLRQ� LQ�GHHU� WR�QHDU�]HUR��&K������DV�7E�SUHYDOHQFH�ZDV�
KLJK�LQ�VXFK�GHHU�HDUO\�LQ�WKH�VWXG\��,�WHVWHG�WKH�QXOO�K\SRWKHVLV�WKDW�LQ�WKH�OLNHO\�DEVHQFH�RI�
QHZ� LQIHFWLRQ�� SUHYDOHQFH�ZRXOG� UHPDLQ� FRQVWDQW�� 7KLV� ZDV� WHVWHG� E\� H[FOXGHG� DOO� SRVW�
����� 85� DQG� (+5� GHHU� WKDW� KDG� QRW� EHHQ� H[SRVHG� WR� KLJK� SRVVXP� GHQVLW\� IURP� WKH�
PLQLPXP� DGHTXDWH� VWDWLVWLFDO� PRGHO� DERYH�� DQG� GHWHUPLQLQJ� ZKHWKHU� WKHUH� ZDV� DQ\�
VLJQLILFDQW� FKDQJH� LQ� SUHYDOHQFH� WKURXJK� WLPH�� �$V� WKH� SUHYDOHQFH� LQ� GHFOLQHG�� ,� WHVWHG�
ZKHWKHU� WKH� UHODWLYH� QXPEHUV� RI� IHPDOH� GHHU� IURP� ����±����� FRKRUWV� �KLJK� LQLWLDO�
SUHYDOHQFH�� FRPSDUHG� WR� WKRVH� ����±����� FRKRUWV� �PXFK� ORZHU� LQLWLDO� SUHYDOHQFH��
UHPDLQHG� FRQVWDQW�ZLWK� WLPH� �OLQHDU� UHJUHVVLRQ��ZKHQ� WKHVH� IHPDOHV�ZHUH� VKRW� DV�PDWXUH�
DGXOWV� LQ� WKH�DQQXDO� VDPSOHV� FROOHFWHG�GXULQJ� WKH�����±�����SHULRG��7KH�K\SRWKHVLV�ZDV�
WKDW� 7E�LQGXFHG� PRUWDOLW\� ZRXOG� UHGXFH� WKH� UHODWLYH� DEXQGDQFH� RI� WKH� KLJK�SUHYDOHQFH�
FRKRUWV��0DOHV�ZHUH� H[FOXGHG� IURP� WKLV� DQDO\VLV� VLPSO\� EHFDXVH� WKH� VDPSOH� VL]H� IRU� WKH�
ROGHVW�RI�WKH�FRPSRVLWH�FRKRUWV�ZDV�WRR�ORZ�WR�EH�VWDWLVWLFDOO\�XVHIXO��

����5HVXOWV�

������7KH�GHHU�VDPSOH�
7KH�WRWDO�RI�����GHHU�H[DPLQHG�LQFOXGHG�����UHG�GHHU�DQG����GHHU�FODVVHG�E\�WKH�KXQWHUV�DV�
VLND�RU�VLND�UHG�K\EULGV��7DEOH�������7E�ZDV�GLDJQRVHG�LQ�������������RI�WKHP��7KHUH�ZDV�
ZHDN� HYLGHQFH� WKDW� WKH� VLND� DQG� K\EULG� GHHU� LQ� WKH� 8PXNDULNDUL� 5DQJHV� KDG� D� ORZHU�
SUHYDOHQFH��������WKDQ�WKH�UHG�GHHU�VKRW�LQ�WKH�VDPH�DUHD��������7DEOH������)LVKHUV�H[DFW�
WHVW��S� ���������,Q�WKH�UHG�GHHU��WKH�RYHUDOO�SUHYDOHQFH�RI�7E�UDQJHG�IURP�DERXW�����LQ�WKH�
85�WR�����LQ�WKH�:+5���
�
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7KH� VH[� RI� ���� GHHU�ZDV� UHFRUGHG�� DQG� WKH� RYHUDOO� SUHYDOHQFH� LQ� WKHVH� VDPSOHV�ZDV� WKH�
VDPH�LQ�PDOHV���������Q� ������DV�LQ�IHPDOHV���������Q� ��������3HDUVRQ� �� �������GI� ����
S� �������
%HLQJ� LQIHFWHG�ZLWK�7E� GLG� QRW� DSSHDU� WR� KDYH� D�PDMRU� HIIHFW� RQ� WKH� SK\VLFDO� FRQGLWLRQ�
DSSHDUDQFH�RI�GHHU�� DW� OHDVW� DV� DVVHVVHG� LQ� WKH� ILHOG�E\�KXQWHUV� DQG�RU� FDUFDVV� LQVSHFWRUV���
0RVW�GHHU�ZHUH�VXEMHFWLYHO\�FODVVHG�DV�EHLQJ�LQ�JRRG�FRQGLWLRQ��Q� ������������7E���RU�LQ�
DYHUDJH�FRQGLWLRQ��Q� ������������7E����2QO\����ZHUH�FODVVHG�DV�EHLQJ�LQ�SRRU�FRQGLWLRQ��
ZLWK������������RI�WKHVH�LQIHFWHG���$OPRVW�RQH�WKLUG�������RI�WKH����LQIHFWHG�GHHU�LQ�WKH�
SRRU�FRQGLWLRQ�JURXS�KDG�DW�OHDVW�VRPH�JHQHUDOLVDWLRQ�RI�7E��/6,�!�����VOLJKWO\�JUHDWHU�WKDQ�
WKH�����RI�WKH�����LQIHFWHG�GHHU�LQ�WKH�DYHUDJH��DQG�JRRG�FRQGLWLRQHG�FODVVHV���
�
�
7DEOH�����2YHUDOO�SUHYDOHQFH�RI�7E�LQ�GHHU�GXULQJ�WKH�����±�����SHULRG��E\�DUHD��

/RFDWLRQ� $UHD� 6SHFLHV� 1R�� RI� GHHU�
QHFURSVLHG�

1R��RI�GHHU�
7E��

�� 'HHU�
7E��

+DXKXQJDURD�� (+5� 5HG� ���� ��� ������
�� :+5� 5HG� ���� ��� ������
�� 6+5� 5HG� ��� ��� ������
+DXKXQJDURD�WRWDO� � � ���� ���� ������

8PXNDULNDUL� 85� 6LND� ��� �� �����
�� 85� 5HG� ���� ��� �����
8PXNDULNDUL�WRWDO� � ���� ��� �����

+RFKVWHWWHU�� 5HG� ���� ��� ������
:HVW�&RDVW��+25��

2PRWR�� 5HG� ��� ��� ������
:HVW�&RDVW��+25��WRWDO� � ���� ��� ������

$OO�DUHD�WRWDO� � ���� ���� ������
�
�
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������3DWWHUQV�RI�LQIHFWLRQ�
7KH�QXPEHU��QDWXUH��DQG�VHYHULW\�RI�OHVLRQV�YDULHG�ZLGHO\�EHWZHHQ�DUHDV��
&RPELQHG� (+5�:+5�6+5� VXUYH\� ��������� 7ZHQW\�IRXU� ������ RI� ��� SUH�FRQWURO� GHHU�

IURP� WKURXJKRXW� WKH� +DXKXQJDURD� 5DQJH� KDG� W\SLFDO� OHVLRQV�� DQG� D� IXUWKHU� WZR�
FODVVHG� DV� HTXLYRFDO� ZHUH� FRQILUPHG� E\� FXOWXUH�� 1R� GHVFULSWLRQV� RI� OHVLRQV� DUH�
DYDLODEOH�IURP�WKRVH�VXUYH\V��

(+5�����±������2I�����SRVW�SRLVRQ�GHHU������������ZHUH�FRQILUPHG�LQIHFWHG��������RI�
WKHP�ZLWK� OHVLRQV� ���� W\SLFDO����HTXLYRFDO���2I� WKRVH� LQIHFWHG�����KDG�KHDG�RQO\�
LQIHFWLRQ� ���� ZLWK� OHVLRQV� ���±���� FP� LQ� GLDPHWHU� �DOO� OHVLRQ� PHDVXUHPHQWV�
SUHVHQWHG�KHUHDIWHU�DUH�HVWLPDWHG�DYHUDJH�GLDPHWHUV��LQ�WKH�UHWURSKDU\QJHDO�OQV��RQH�
ZLWK�D� OHVLRQ� �����FP�� LQ� WKH�PDQGLEXODU� OQ��RQH�ZLWK�D� WRQVLOODU�FU\SW� OHVLRQ��DQG�
QLQH�19/���2QH�UHWURSKDU\QJHDO� OQ� LQFOXGHG�IRXU�VHSDUDWH� OHVLRQV�XS� WR�����FP�LQ�
GLDPHWHU� EXW� WKH� UHPDLQGHU� DOO� KDG� RQO\� VLQJOH� OHVLRQV�� 7KH� VHYHQ� GHHU� ZLWK�
LQIHFWLRQ�VLWHV�RXWVLGH�WKH�KHDG�LQFOXGHG�IRXU�ZLWK�VLQJOH�OHVLRQV��PHGLDVWLQDO�OQ������
PHVHQWHULF�OQ�����RU�LQJXLQDO�OQ�������7KH�RWKHU�WKUHH�KDG�PRUH�JHQHUDOLVHG�LQIHFWLRQ��
RQH�KDYLQJ�PXOWLSOH� ODUJH� ����±����FP�� OHVLRQV� LQ� WKH� OLYHU� DQG� LQ� WKH�PHVHQWHULF��
KHSDWLF�� DQG� SRSOLWHDO� OQV�� RQH�ZLWK� ODUJH� OHVLRQV� LQ� WKH� KHDG� DQG� SOHXUD�� DQG� WKH�
WKLUG� ZLWK� LQIHFWLRQ� LQ� VHYHUDO� KHDG� OQV�� ERWK� OXQJ� OQV� DQG� ERWK� SUHVFDSXODU� OQV��
&RPSDUHG� WR�85� GHHU� �WKH� RWKHU� SRVW�FRQWURO� VDPSOH�� VHH� EHORZ�� WKHUH�ZDV� OLWWOH�
WKRUDFLF�LQIHFWLRQ�HYLGHQW��
0HDQ� /6,� ZDV� ���� DQG� FKDQJHG� OLWWOH� ZLWK� DJH� �)LJ�������� DOWKRXJK� WKH� RQO\�
JHQHUDOLVHG�FDVHV�RI�7E�LQ�IHPDOHV�ZHUH�LQ�ROGHU�DQLPDOV��,QIHFWLRQ�DSSHDUHG�WR�EH�
PRUH�VHYHUH�LQ�LQIHFWHG�PDOHV��/6,� ������WKDQ�LQ�IHPDOHV��/6,� �������

:+5�����±������2I�����SRVW�FRQWURO�GHHU�������������ZHUH�FRQILUPHG�LQIHFWHG��RQO\�����
RI� WKHP� 19/�� DQG� ZLWK� KDOI� ������ KDYLQJ� KHDG�RQO\� LQIHFWLRQ�� *HQHUDOLVHG�
LQIHFWLRQ�ZLWK�PXOWLSOH� DQG�RU� ODUJH� OHVLRQV�RFFXUUHG� LQ������2QH�GHHU�KDG� D�GU\�
VXSSXUDWLQJ�VLQXV�GUDLQLQJ�D� ILEURWLF� OHVLRQ� LQ� WKH�SRSOLWHDO� OQ�� WKH�RQO\�H[WHUQDOO\�
GUDLQLQJ�OHVLRQ�,�UHFRUGHG�LQ�DQ\�RI�WKH�SRVW�FRQWURO�VXUYH\V��0HDQ�/6,�ZDV�KLJKHU�
WKDQ� LQ� GHHU� IURP�RWKHU� DUHDV� ������ DQG�ZDV� KLJK� IRU� DOO� DJHV� �)LJ�� ����� DQG� ERWK�
VH[HV������IHPDOHV�DQG�����PDOHV����
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, (+5

:+5
+25
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��
)LJXUH�����7UHQGV�LQ�PHDQ�OHVLRQ�VHYHULW\��/6,��ZLWK�DJH�IRU�LQIHFWHG�GHHU��'HHU�!���\�DUH�LQFOXGHG�
LQ�WKH���\�FODVV��
�
85����������7HQ� �������� RI� ��� GHHU� LQ� WKH� HDUO\� ���������� SUH�SRVVXP�FRQWURO� VXUYH\V�

KDG�OHVLRQV��%ULHI�GHVFULSWLRQV�DUH�DYDLODEOH�IRU�RQO\�WKUHH�RI�WKRVH��WZR�KDG�W\SLFDO�
VPDOO�OHVLRQV�LQ�WKH�UHWURSKDU\QJHDO�OQV��RQH�KDG�µPXOWLSOH�ODUJH�DEVFHVVHV�>OHVLRQV@�
LQWHUQDOO\¶��DQG�WKH�IRXUWK�KDG�DQ�HTXLYRFDO�µVPDOO�FDOFLILHG�DFWLQR�W\SH�OHVLRQ¶�WKDW�
ZDV�FXOWXUH��SRVLWLYH��

85�����±������)LIWHHQ��������RI�WKH�����SRVW�FRQWURO�GHHU�ZHUH�FRQILUPHG�LQIHFWHG��ZLWK�
IRXU�FODVVHG�DV�19/��2QO\�����KDG�KHDG�RQO\�LQIHFWLRQ��2QH����\�ROG�GHHU�VKRW�LQ�
�����WKDW�ZDV�FODVVHG�DV�HTXLYRFDO�KDG�D�SXV�ILOOHG�XWHUXV�WKDW�ZDV�FXOWXUH�SRVLWLYH��
DV� ZHOO� DV� DQ� 19/�EXW�FXOWXUH�SRVLWLYH� 57� SRRO�� 2QO\� RQH� RI� WKH� WHQ� GHHU� ZLWK�
W\SLFDO�OHVLRQV�KDG�KHDG�RQO\�LQIHFWLRQ��DQG�RQH�RWKHU�GHHU�KDG�VLQJOH�����FP�OHVLRQ�
LQ� WKH� PHVHQWHULF� OQV�� 7KH� UHPDLQLQJ� HLJKW� DOO� KDG� WKRUDFLF� LQIHFWLRQ�� WKUHH� ZLWK�
VPDOO� FDOFLILHG������FP� OHVLRQV� LQ� WKH�PHGLDVWLQDO� OQ��RQH�ZLWK� IRXU�KDUG�NQREEO\�
����±�����FP�OHVLRQV�RQ�WKH�ULEFDJH�ZDOO��DQG�IRXU�ZLWK�PXOWLSOH�����±�����FP�OHVLRQV�
LQ� WKH� OXQJV�DQG�DVVRFLDWHG� OQV��DQG� LQ� WZR�FDVHV� LQ�RWKHU�QRGHV�DV�ZHOO��� ,Q� WRWDO��
����RI�LQIHFWHG�GHHU�KDG�PXOWLSOH�OHVLRQV��EXW�LQ�RQO\�WKUHH�RI�WKRVH�GLG�WKH�GLVHDVH�
DSSHDU� WR� EH� DFWLYHO\� SURJUHVVLYH� �DV� RSSRVHG� WR� EHLQJ� ZHOO�FRQWDLQHG� LQ� KDUG�
OHVLRQV���
7KH�PHDQ� /6,�ZDV� ����� 7KHUH�ZHUH� WRR� IHZ� GDWD� WR� XVHIXOO\� SORW� OHVLRQ� VHYHULW\�
DJDLQVW� DJH�� EXW� �LQ� VWDUN� FRQWUDVW� WR� WKH� +25�� VHH� EHORZ�� WKH� VHYHQ� OHVLRQHG�
IHPDOHV�ZHUH�DOO�������\�ROG��DQG�WKH�ILYH�PRVWO\�VHYHUHO\�LQIHFWHG�ZHUH�DOO����±�����
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\�ROG��2QO\�ILYH��������RI�����PDOHV�ZHUH�LQIHFWHG��RQH�D���±\�ROG�UHG�GHHU�PDOH�
FODVVHG� DV�19/��ZKLOH� D� ���\�ROG� VLND�PDOH� KDG� D� VLQJOH���PP�KHDYLO\� FDOFLILHG�
OHVLRQ�LQ�WKH�PHGLDVWLQDO�OQ��7KHVH�ZHUH�WKH�ROGHVW�LQIHFWHG�PDOHV�LQ�WKH�WRWDO�VDPSOH�
RI�����GHHU��LQ�ZKLFK�WKHUH�RQO\�IRXU�PDOHV�ROGHU�WKDQ����\��DOO�IRXU�IURP�WKH�85���

+25�����±������7KH�PHDQ�/6,�RI� LQIHFWHG�GHHU�ZDV� ORZ�������)LJ��������2I� WKH����GHHU�
FRQILUPHG� DV� LQIHFWHG�� RQO\� WHQ� ������KDG� W\SLFDO� OHVLRQV� DQG� D� IXUWKHU� WKUHH� KDG�
HTXLYRFDO�RU�QRQ�W\SLFDO�OHVLRQV��RQH�ZLWK�DQ�HQODUJHG�SRSOLWHDO�OQ��RQH�ZLWK�D�����
FP�GLDPHWHU� OHVLRQ� LQ� WKH� SUHVFDSXODU� OQ�� DQG� D� WKLUG� ZLWK� D� OHVLRQ� LQ� D� WRQVLOODU�
FU\SW����
2I� WKH� ��� FODVVHG� DV� 19/��PDQ\� KDG� OHVLRQV� LQ� WKH� WRQVLOODU� FU\SWV�� 7KHVH� ZHUH�
W\SLFDOO\��±��PP�LQ�GLDPHWHU�DQG�ZHUH�VRPHWLPHV�PXOWLIRFDO��+RZHYHU��WKH\�ZHUH�
QRW� XVXDOO\� FODVVLILHG� DV� W\SLFDO� EHFDXVH� H[SHULHQFH� VKRZHG� PRVW� ZHUH� FXOWXUH�
QHJDWLYH���
2I�WKH����OHVLRQHG�GHHU�����KDG�VLQJOH�OHVLRQV��HLJKW�LQ�WKH�KHDG��ILYH�RI�WKHP�ZLWK�
���±���� FP� OHVLRQV� LQ� WKH� UHWURSKDU\QJHDO� OQ��� RQH� ZLWK� D� ���� FP� OHVLRQ� LQ� WKH�
EURQFKLDO�OQ�DQG�RQH�ZLWK�D�����FP�OHVLRQ�LQ�WKH�PHVHQWHULF�OQ��DV�ZHOO�DV�WKH�WZR�RI�
WKH�WKUHH�GHHU�ZLWK�HTXLYRFDO�OHVLRQV�PHQWLRQHG�DERYH�WKDW�KDG�OHVLRQV�LQ�HLWKHU�WKH�
SUHVFDSXODU� RU� SRSOLWHDO� OQV�� 2QO\� D� VLQJOH� GHHU�� D� VXE�DGXOW� IHPDOH�� KDG� VRPH�
JHQHUDOLVDWLRQ� RI� LQIHFWLRQ� ZLWK� VHYHUDO� VPDOO� OHVLRQV� LQ� WKH� SOHXUD�� DQG� LQ� WKH�
SUHVFDSXODU� DQG�SRSOLWHDO� OQV��1RQH�RI� WKH�GHHU� FRXOG�KDYH�EHHQ� FRQVLGHUHG� WR�EH�
WHUPLQDOO\�LOO��
&RQILUPHG�LQIHFWLRQ�ZDV�WKHUHIRUH�UHVWULFWHG�WR�KHDG�DORQH�LQ�����RI�LQIHFWHG�GHHU��
ZLWK� PRGHUDWHO\� VHYHUH� LQIHFWLRQ� RFFXUULQJ� LQ� MXVW� WZR�� 7KH� SUHGRPLQDQFH� RI�
LQIHFWLRQ�RI�WKH�KHDG�PD\�EH�H[DJJHUDWHG�EHFDXVH�RQO\�WLVVXHV�IURP�WKH�KHDG�ZHUH�
URXWLQHO\� FXOWXUHG� IRU�19/�GHHU��7KHUH� LV�ZHDN�HYLGHQFH� WKDW� LQIHFWLRQ�ZDV�PRUH�
VHYHUH�LQ�PDOHV������OHVLRQHG��WKDQ�LQ�IHPDOHV������OHVLRQHG�� �� �������GI� ����S� �
�������DQG�WKDW�VXE�DGXOW�GHHU��LQFOXGLQJ�D�IDZQ��ZHUH�PRUH�RIWHQ�OHVLRQHG�������
WKDQ�ROGHU�GHHU������� �� �������GI� ����S� ����������

2YHUDOO�� IRU� WKH� SRVW�FRQWURO� VDPSOHV�� 7E� VHOGRP� DSSHDUHG� WR� EH� DQ� DJJUHVVLYH� UDSLGO\�
SURJUHVVLQJ�GLVHDVH� OLNHO\� WR�DIIHFW�GHHU�VXUYLYDO��7KHUH� LV� LQHYLWDEOH�XQGHU� UHSUHVHQWDWLRQ�
RI�GHHU�ZLWK�UDSLGO\�SURJUHVVLYH�GLVHDVH��EHFDXVH�WKH\�DUH�RQO\�µDYDLODEOH¶�IRU�IHZ�PRQWKV���
EXW�HYHQ�DOORZLQJ�IRU�WKDW�ZRXOG�QRW�FKDQJH�WKLV�UHVXOW�PDWHULDOO\��
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7KH�:+5�DVLGH��PRVW�LQIHFWHG�GHHU�HLWKHU�KDG�QR�OHVLRQV�DW�DOO��RU�MXVW�D�VLQJOH�OHVLRQ�����
FP�LQ�GLDPHWHU��)RU� WKRVH�ZLWK� ODUJHU� OHVLRQV�� WKH� OHVLRQV�ZHUH�XVXDOO\�ZHOO�HQFDSVXODWHG��
,QIHFWLRQV�ZHUH�IDU�OHVV�VHYHUH�LQ�WKH�+25�WKDQ�LQ�WKH�1RUWK�,VODQG�DUHDV��DQG�DOPRVW�DOO�RI�
WKH�OHVLRQV�LQ�GHHU�IURP�WKH�+25�ZHUH�FRQILQHG�WR�\RXQJ�DQLPDOV����\�ROG��,QIHFWLRQ�LQ�WKH�
85�GHHU�DOVR�VHOGRP�DSSHDUHG� OLIH� WKUHDWHQLQJ��DQG� WKH� UHODWLYHO\�KLJK�/6,V�PLVOHDGLQJO\�
UHIOHFW�WKH�ZLGHVSUHDG�LQIHFWLRQ�LQYROYLQJ�PXOWLSOH�WLVVXHV�EXW�QRW�WKH�KLJK�GHJUHH�RI�OHVLRQ�
FRQWDLQPHQW�DQG�FDOFLILFDWLRQ�RI�OHVLRQV��VRPHWLPHV�WR�WKH�SRLQW�RI�EHLQJ�ERQH�OLNH��LQ�PRVW�
RI� WKH� LQIHFWHG�85�GHHU��7KH� LQIHFWHG�(+5�GHHU� KDG�� LQ� FRPSDULVRQ�ZLWK�85�DQG�:+5�
GHHU�� OHVV� JHQHUDOLVHG� LQIHFWLRQ� DQG� XVXDOO\� RQO\� VPDOO� RU� QR� OHVLRQV�� SDUWLFXODUO\� WKH�
IHPDOHV��,Q�LQIHFWHG�:+5�GHHU�WKH�OHVLRQV�ZHUH�PRUH�FDVHRXV�DQG�OHVV�FDOFLILHG��DQG�ODUJH�
OHVLRQV�DQG�RU�PXOWLSOH�LQIHFWLRQ�VLWHV�ZHUH�REVHUYHG�IDU�PRUH�IUHTXHQWO\�WKDQ�LQ�GHHU�IURP�
WKH�RWKHU�DUHDV��

������'LDJQRVWLFV�
2I� WKH� ���� GHHU� H[DPLQHG�� ���� �������� KDG� QR� YLVLEOH� OHVLRQV�� ���� �������� KDG� W\SLFDO�
OHVLRQV�� DQG� ���� �������� ZHUH� FODVVHG� DV� HTXLYRFDO�� )RU� ���� RI� WKH� GHHU�� PRVWO\� WKRVH�
QHFURSVLHG� LQ� ��������� ILQDO� GLDJQRVLV�ZDV� EDVHG� VROHO\� RQ� WKH� SUHVHQFH� RI�PDFURVFRSLF�
OHVLRQV�W\SLFDO�RI�7E��)RU�WKH�UHPDLQLQJ�����GHHU��ILHOG�GLDJQRVHV�ZHUH�FKHFNHG�E\�FXOWXUH���
2I�WKH�����19/�GHHU��WRQVLOV�DQG�RU�UHWURSKDU\QJHDO�OQV�ZHUH�FXOWXUHG�IRU������EXW�RQO\�
�����ZHUH�FXOWXUH�SRVLWLYH��7KLV�FRPSDUHV�ZLWK�������RI����GHHU�ZLWK�W\SLFDO�OHVLRQV�DQG�
������RI�����FODVVHG�DV�HTXLYRFDO��7KLV�VKRZV�WKDW�GLDJQRVLV�EDVHG�RQ�WKH�SUHVHQFH�RI�
W\SLFDO�OHVLRQV�LV�UHOLDEOH��+RZHYHU��WKH�DEVHQFH�RI�W\SLFDO�OHVLRQV�LV�D�OHVV�UHOLDEOH�LQGLFDWRU�
RI�WKH�DEVHQFH�RI�LQIHFWLRQ��2YHUDOO��������RI�WKH�����FXOWXUH�SRVLWLYH�GHHU�LQ�WKLV�VDPSOH�
RI�����µFXOWXUHG¶�GHHU�ZHUH�FODVVHG�DV�HLWKHU�HTXLYRFDO��������RU�19/����������7DEOH��������
,Q�JHQHUDO��VPDOO�OHVLRQV�������FP�LQ�GLDPHWHU�ZHUH�QRW�UHOLDEOH�LQGLFDWRUV�RI�7E�LQIHFWLRQ���
,Q�WKH�WRQVLOV�LQ�SDUWLFXODU��\HOORZLVK�FDVHRXV��±��PP�OHVLRQV�LQ�WRQVLOODU�FU\SWV�ZHUH�RIWHQ�
YHU\� VLPLODU� LQ� DSSHDUDQFH� WR� WKH� PLOLDU\� OHVLRQV� VHHQ� LQ� RWKHU� WLVVXHV�� 7KHVH� ZHUH�
IUHTXHQWO\� WKHUHIRUH� FODVVHG� DV� W\SLFDO� RU� HTXLYRFDO�� EXW� RQO\�����RI� WKHVH�ZHUH� FXOWXUH�
SRVLWLYH��7DEOH�������+RZHYHU��WKH�����RI�DW\SLFDO�VPDOO�OHVLRQV�ZDV�VWLOO�WKUHH�WLPHV�KLJKHU�
WKDQ�WKH����RI� WKH�����19/�GHHU� WKDW�KDG�FXOWXUH�SRVLWLYH�WRQVLOV�DQG�RU�UHWURSKDU\QJHDO�
OQV��VR�OHVLRQV�LQ�WKH�FU\SWV�DQG�RWKHU�VPDOO�OHVLRQV�GLG�SURYLGH�µORZ�VSHFLILFLW\¶�LQGLFDWRUV�
RI�7E�SUHVHQFH��/DUJH�OHVLRQV�ZHUH�PXFK�PRUH�VSHFLILF���
�



� ���

7DEOH� ����3HUFHQWDJHV� RI� FXOWXUH�FRQILUPHG�0�� ERYLV� SRVLWLYH� GHHU� LQ� HDFK� ILHOG�GLDJQRVLV� FODVV��
H[FOXGLQJ�GHHU�IRU�ZKLFK�QR�FXOWXULQJ�ZDV�GRQH��IRU�WKUHH�VWXG\�UHJLRQV���

� 1R��RI�FXOWXUH�
SRVLWLYH�GHHU�

1R������ZLWK�QR�
YLVLEOH�OHVLRQV�

�µ19/¶��

1R������ZLWK�
DW\SLFDO�OHVLRQV�
�µ(TXLYRFDO¶��

1R������ZLWK�
W\SLFDO�OHVLRQV�
�µ7\SLFDO¶��

� � � � �

(+5�:+5� ��� ����������� ���������� �����������

85� ��� ���������� ���������� �����������

+25�� ��� ����������� ��������� ����������

$OO�DUHD�WRWDO� ���� ����������� ���������� �����������
�
7DEOH�����3HUFHQWDJHV�RI�OHVLRQV�ZLWK�FXOWXUH�FRQILUPHG�0��ERYLV�SUHVHQFH��VHSDUDWHO\�IRU�WKH�
WRQVLOV�DQG�DOO�RWKHU�WLVVXHV�FRPELQHG��IRU�HDFK�RI�WZR�FODVVHV�RI�OHVLRQ�VL]H���

7RQVLOV� 2WKHU�WLVVXHV� $OO�WLVVXHV�
� 1� �� 1� �� 1� ��
6PDOO��d��PP��HTXLYRFDO�OHVLRQV� ��� ���� ��� ���� ��� ����
/DUJH��!��PP��HTXLYRFDO�OHVLRQV� �� ��� �� ���� �� ����
6PDOO��d��PP��W\SLFDO�OHVLRQV� ��� ���� ��� ���� ��� ����
/DUJH��!��PP��W\SLFDO�OHVLRQV� �� ��� ��� ���� ��� ����
�
)RU� ����19/� GHHU�� WKH� UHWURSKDU\QJHDO� OQV� DQG� WRQVLOV�ZHUH� FXOWXUHG� VHSDUDWHO\�� DQG�0��
ERYLV�LVRODWHG�IURP�ILYH��7ZR�KDG�UHWURSKDU\QJHDO�OQ�LQIHFWLRQ��RQH�KDG�WRQVLOODU�LQIHFWLRQ��
DQG�WZR�KDG�ERWK�WLVVXHV�LQIHFWHG���
7KH�SHUFHQWDJH�RI�FXOWXUH�SRVLWLYH�GHHU�FODVVHG�DV�19/�ZDV�VXEVWDQWLDO�DQG�ZDV�KLJKHU�LQ�
:HVW� &RDVW� �+25�� GHHU� ������ WKDQ� LQ� WKRVH� IURP� WKH� FHQWUDO� 1RUWK� ,VODQG� �85�� (+5��
:+5�FRPELQHG���������7KLV�GLIIHUHQFH��7DEOH������LV�VWDWLVWLFDOO\�VLJQLILFDQW�� �� �������GI�
 ����S���������3UHYDOHQFH�HVWLPDWHV�EDVHG� VROHO\�RQ� WKH�SUHVHQFH�RI�PDFURVFRSLF� OHVLRQV�
WKHUHIRUH�XQGHUHVWLPDWH�WKH�WUXH�SUHYDOHQFH�VXEVWDQWLDOO\�LQ�DOO�IRXU�DUHDV��EXW�HVSHFLDOO\�VR�
LQ�WKH�+25��)RU�WKH�+DXKXQJDURD�DQG�8PXNDULNDUL�5DQJHV��VOLJKWO\�IHZHU�RI�WKH�FXOWXUH�
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SRVLWLYH�GHHU�IURP�DUHDV�ZLWK�UHGXFHG�SRVVXP�QXPEHUV�KDG�W\SLFDO�OHVLRQV�������Q� �����
WKDQ�WKRVH�IURP�WKH�DUHDV�RU�\HDUV�LQ�ZKLFK�SRVVXP�QXPEHUV�ZHUH�VWLOO�KLJK�������Q� ������
EXW�WKH�GLIIHUHQFH�ZDV�QRW�VLJQLILFDQW�� �� �������GI� ����3� ��������

������'LVWULEXWLRQ�RI�LQIHFWLRQ�VLWHV�ZLWKLQ�GHHU�
0DFURVFRSLF� OHVLRQV� RFFXUUHG�PRVW� FRPPRQO\� LQ� WKH� KHDG��ZKLFK� FRQWDLQHG� ����RI� WKH�
W\SLFDO�DQG�HTXLYRFDO�OHVLRQV�GHWHFWHG��7DEOH�������2WKHU�FRPPRQ�VLWHV�ZHUH�WKH�OXQJV�DQG�
DVVRFLDWHG� OQV��PHVHQWHULF� OQV�� DQG� WKH�SRSOLWHDO� DQG�SUHVFDSXODU� OQV��ZKLOH� WKH� UHPDLQLQJ�
OQV�ZHUH�UDUHO\�LQIHFWHG����
$�IHZ�OHVLRQV�ZHUH�XQGRXEWHGO\�PLVVHG�EHFDXVH�QRW�DOO�WLVVXHV�FRXOG�EH�LQVSHFWHG�IRU�HDFK�
GHHU��7KH�QXPEHU�PLVVHG�ZDV�HVWLPDWHG�E\�PXOWLSO\LQJ�WKH�QXPEHU�RI�GHHU�IRU�ZKLFK�HDFK�
WLVVXH�ZDV�QRW� LQVSHFWHG�E\� WKH� OHVLRQ�UDWH�IRU� WKDW� WLVVXH��7DEOH�������2YHUDOO��RQO\�DERXW�
���RI� OHVLRQV�ZHUH�PLVVHG��EXW�IRU� WKH�PHVHQWHULF� OQ�XS�WR�D�TXDUWHU�RI� OHVLRQV�PD\�KDYH�
EHHQ���,QIHFWLRQ�ZLOO�KDYH�EHHQ�GHWHFWHG�LQ�VRPH�RI�WKH�GHHU�LQ�ZKLFK�OHVLRQV�ZHUH�PLVVHG��
HLWKHU�YLD�WKH�GHWHFWLRQ�RI� OHVLRQV�HOVHZKHUH�LQ�WKH�FDUFDVV��RU�YLD�D�SRVLWLYH�FXOWXUH�RI�DQ�
XQOHVLRQHG�57�SRRO���
2YHUDOO��WKH�KHDG�ZDV�LQIHFWHG�LQ�����RI�GHHU��WKH�WKRUD[�LQ������WKH�DEGRPHQ�LQ�����DQG�
WKH�SHULSKHUDO� OQV�RI� WKH�ERG\��WKH�SUHVFDSXODU��SRSOLWHDO��DQG� LQJXLQDO� OQV�� LQ������7DEOH�
������,QIHFWLRQ�ZDV�FRQILQHG�WR�WKH�KHDG�DORQH�LQ�DOPRVW�WZR�WKLUGV�RI�GHHU��EXW�DJDLQ�WKLV�LV�
ELDVHG�XSZDUGV�EHFDXVH�19/�WLVVXHV�RXWVLGH�WKH�KHDG�ZHUH�QRW�URXWLQHO\�FXOWXUHG��)RU����
OHVLRQHG�GHHU��KDOI�KDG�LQIHFWLRQ�LQ�WKH�KHDG�DORQH��7DEOH�������
,Q�WKH����FXOWXUH�SRVLWLYH�GHHU�LQ�ZKLFK�RQO\�D�VLQJOH�PDFURVFRSLF�OHVLRQ�ZDV�IRXQG��RYHU�
KDOI�WKH�OHVLRQV�ZHUH�LQ�WKH�KHDG�WLVVXHV��SULPDULO\�WKH�UHWURSKDU\QJHDO�OQ��7DEOH�������2QH�
ILIWK�KDG�D�VLQJOH�OHVLRQ�LQ�WKH�WLVVXHV�RI�WKH�WKRUD[��EXW�MXVW�WZR�KDG�D�VLQJOH�OHVLRQ�LQ�WKH�
OXQJV�DORQH��$�TXDUWHU�RI�GHHU�KDG�VLQJOH�OHVLRQV�LQ�WKH�DEGRPLQDO�FDYLW\�RU�LQ�WKH�SHULSKHUDO�
OQV�RI�WKH�ERG\���
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7DEOH�����1XPEHU�DQG�IUHTXHQF\�RI�W\SLFDO�RU�HTXLYRFDO�OHVLRQV�IRU�HDFK�WLVVXH�LQ�����GHHU�ZLWK�IXOO�
UHFRUGLQJ� RI� WLVVXH� LQVSHFWLRQ� DQG� ZLWK� �� ��� WLVVXHV� ZHUH� LQVSHFWHG�� 7KH� SUHGLFWHG� QXPEHU� RI�
OHVLRQV�PLVVHG�LV�DQ�HVWLPDWH�RI�WKH�VL]H�RI�WKH�OLNHO\�ELDV�LQ�WLVVXH�VSHFLILF�OHVLRQ�UDWHV�DV�D�UHVXOW�RI�
WKH�IDLOXUH�WR�REWDLQ�FRPSOHWH�LQVSHFWLRQ�GDWD�IURP�DOO�RI�WKH�GHHU�LQVSHFWHG��VHH�6HFWLRQ����������

� 1R��RI�WLVVXHV�
LQVSHFWHG�

1R��RI�WLVVXHV�
OHVLRQHG�

��WLVVXHV�ZLWK�
OHVLRQV�

3UHGLFWHG�QXPEHU�
RI�OHVLRQV�PLVVHG�

+($'� � � � �

5HWURSKDU\QJHDO�OQ� ���� ��� ����� �����
3DURWLG�OQ� ���� �� ����� �����
0DQGLEXODU�OQ� ���� �� ����� �����
$WODQWDO�OQ� ���� �� ����� �����
7RQVLOV� ���� ��� ����� �����
7+25$;� � � � �
$SLFDO�OQ� ���� �� ����� �����
%URQFKLDO�OQ� ���� ��� ����� �����
0HGLDVWLQDO�OQ� ���� ��� ����� �����
3OHXUD� ���� �� ����� �����
/XQJ� ���� ��� ����� �����
$%'20(1� � � � �
+HSDWLF�OQ� ���� �� ����� �����
/LYHU� ���� �� ����� �����
.LGQH\� ���� �� ����� �����
0HVHQWHULF�OQ� ���� ��� ����� �����
%2'<� � � � �
3UHVFDSXODU�OQ� ���� ��� ����� �����
3UHFUXUDO�OQ� ���� �� ����� �����
,QWHUQDO�LOLDF�OQ� ���� �� ����� �����
,QJXLQDO�OQ� ���� �� ����� �����
3RSOLWHDO�OQ� ���� �� ����� �����
727$/� ������� ���� ����� ������
�



� ���

7DEOH�����'LVWULEXWLRQ�RI�LQIHFWLRQ�LQ�FXOWXUH�SRVLWLYH�GHHU��E\�PDMRU�WLVVXH�JURXS��7KH�ILUVW�
FROXPQ�OLVWV�WKH�IRXU�WLVVXHV�JURXSV��ZKLFK�DUH�GHILQHG�LQ�PRUH�GHWDLO�LQ�6HFWLRQ���������7KH�
VHFRQG�FROXPQ�VKRZV�WKH�QXPEHU�RI�GHHU�WKDW�ZHUH�FRQILUPHG�LQIHFWHG�LQ�HDFK�RI�WKH�PDMRU�
WLVVXH�JURXSV�� UHJDUGOHVV� RI�ZKHWKHU� LW�ZDV� DOVR� LQIHFWHG� HOVHZKHUH��7KH� WKLUG� DQG� IRXUWK�
FROXPQV�VKRZ�WKH�SHUFHQWDJHV�RI�GHHU�IRU�ZKLFK�LQIHFWLRQ�ZDV�GHWHFWHG�LQ�RQO\�RQH�PDMRU�
WLVVXH�JURXS����

�
1R������RI������GHHU�

����OHVLRQHG�DQG����19/�GHHU�� 1R������RI�����OHVLRQHG��GHHU�

�
6LQJOH��RU�PXOWL�JURXS�

LQIHFWLRQ�
6LQJOH�JURXS�LQIHFWLRQ�

DORQH�����������������
6LQJOH�JURXS�LQIHFWLRQ�

DORQH�
+HDG� ����������� ����������� �����������
7KRUD[� ����������� ����������� �����������
$EGRPHQ� ����������� ��������� ���������
%RG\� ���������� ��������� ���������
�
7DEOH�����/HVLRQ�GLVWULEXWLRQ�LQ����FXOWXUH�SRVLWLYH�GHHU�LQ�ZKLFK�MXVW�D�VLQJOH�OHVLRQ��W\SLFDO�RU�
HTXLYRFDO��ZDV�GHWHFWHG��
� 1R��RI�GHHU� �� � 1R��RI�GHHU� ��

+($'� ��� ���� $%'20(1� �� ����

5HWURSKDU\QJHDO�OQ� ��� ���� +HSDWLF�OQ� �� ���
3DURWLG�OQ� �� ��� /LYHU� �� ���
0DQGLEXODU�OQ� �� ��� .LGQH\� �� ���
$WODQWDO�OQ� �� ��� 0HVHQWHULF�OQ� �� ����
7RQVLOV� �� ��� 8WHUXV� �� ���
7+25$;� ��� ���� %2'<� �� ����

$SLFDO�OQ� �� ��� 3UHVFDSXODU�OQ� �� ���
%URQFKLDO�OQ� �� ��� 3UHFUXUDO�OQ� �� ���
0HGLDVWLQDO�OQ� �� ���� 6XELOLD�OQ� �� ���
3OHXUD� �� ��� ,QJXLQDO�OQ� �� ���
/XQJ� �� ��� 3RSOLWHDO�OQ� �� ���
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������$JH�VSHFLILF�SUHYDOHQFH�DQG�LQFLGHQFH��
1RQH�RI�WKH����GHSHQGHQW�IDZQV�����PRQWKV�ROG�ZHUH�LQIHFWHG��7KH�SHUFHQWDJH�RI�LQIHFWHG�
FXOWXUH�SRVLWLYH�GHHU�ZLWK�W\SLFDO�OHVLRQV�ZDV�KLJK�HYHQ�LQ�WKH�\RXQJHVW�GHHU�LQIHFWHG��)LJ��
������DQG� LQFUHDVHG� IXUWKHU� IURP�����LQ�VHYHQ�GHHU��±���PRQWKV�ROG� WR�����IRU����GHHU�
��±���PRQWKV�ROG��+RZHYHU��RQO\�����RI����GHHU���±���PRQWKV�ROG�KDG� W\SLFDO� OHVLRQV��
7KH�SHUFHQWDJH�RI� YLVLEO\� OHVLRQHG�GHHU� DSSHDUV� WR� GHFUHDVH� RYHU� WKH� ILUVW� �� \HDUV�RI� OLIH�
�L�H���LQIHFWLRQ�JURZV�OHVV�VHYHUH�ZLWK�DJH��RQ�DYHUDJH���ZLWK�F\FOLF�GLSV�LQ�VSULQJ�DQG�HDUO\�
VXPPHU�RI�WKH�ILUVW���\HDUV��)LJ���������

�
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����

� � � � � � � � � � �� �� ��
0HDQ�DJH�SHU����GHHU��\�

��
RI�
GH
HU�
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WK�
YLV

LEO
H�O
HVL

RQ
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�
)LJXUH� ���� 3HUFHQWDJH� RI� 7E�LQIHFWHG� FXOWXUH� SRVLWLYH� GHHU� ZLWK� YLVLEOH� OHVLRQV�� E\� DJH�� IRU� DOO�
XQSRLVRQHG�DUHDV��'DWD�DUH�SORWWHG�DV�D�PRYLQJ�DYHUDJH�EDVHG�RQ�D�VDPSOH�VL]H�RI�����
�
7KHUH�ZDV�QR�HYLGHQFH�OHVLRQ�VHYHULW\�ZDV�DVVRFLDWHG�ZLWK�DJH��DV�WKHUH�ZDV�QR�GLIIHUHQFH�
LQ�/6,�ZLWK�DJH��)LJ����D���$�SORW�RI�WKH�/6,V�IRU�WKH�WZR�\RXQJHVW�GHHU�LQ�HDFK�/6,�FODVV�
�)LJ����E��VKRZV�WKDW�QR�GHHU������PRQWKV�ROG�KDG�PXOWLSOH�WLVVXHV�LQIHFWHG�E\�PRGHUDWH�RU�
ODUJH� OHVLRQV�� DQG� WKDW� QR� GHHU� �� ���PRQWKV� RI� DJH� KDG� IXOO\� JHQHUDOLVHG� LQIHFWLRQ��7KLV�
VXJJHVWV�WKDW�LW�WDNHV�DW�OHDVW��±��PRQWKV�EHIRUH�HYHQ�WKH�OHDVW�UHVLVWDQW�ZLOG�GHHU�GHYHORS�
OLIH�WKUHDWHQLQJ�OHYHOV�RI�LQIHFWLRQ��
3UHYDOHQFH� LQFUHDVHG� ZLWK� DJH� LQ� DOO� DUHDV�� &ODVVLI\LQJ� GHHU� LQWR� DQQXDO� \HDUV�VLQFH�
LQGHSHQGHQFH�FODVVHV��L�H��IURP���PRQWKV�RI�DJH���SUHYDOHQFH�LQFUHDVHG�LQ�D�OLQHDU�IDVKLRQ�
XS�WR������\�LQ�ERWK�SRLVRQHG�DQG�XQSRLVRQHG�DUHDV�IRU�ERWK�VH[HV��)LJ��������7KH�LQFUHDVH�
LQ� SUHYDOHQFH� WKHQ� VORZHG�� DQG�� SDUWLFXODUO\� LQ� PDOHV�� SUHYDOHQFH� DSSHDUV� WR� GHFOLQH�
DOWKRXJK�WKHUH�DUH�WRR�IHZ�GDWD�IRU�ROGHU�DJH�FODVVHV�WR�VWDWLVWLFDOO\�FRQILUP�WKDW��
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�
)LJXUH�����0HDQ�DJH�RI�LQIHFWHG�GHHU�LQ�HDFK�OHVLRQ�VHYHULW\�LQGH[��/6,��FODVV�IRU��D��DOO� LQIHFWHG�
GHHU�DVVLJQHG�DQ�/6,��DQG��E��WKH�WZR�\RXQJHVW�GHHU�LQ�HDFK�/6,�FODVV��
�
�
,Q�WKH�WZR�VDPSOHV�RI�GHHU�H[SRVHG�WR�XQFRQWUROOHG�SRVVXP�SRSXODWLRQV��UXQQLQJ�DYHUDJHV�
RI� WKH�QHW�IRUFH�RI� LQIHFWLRQ�ZHUH�]HUR�LQ�GHSHQGHQW�IDZQV�IRU�ERWK�VH[HV��URVH�UDSLGO\�WR�
KLJK�OHYHOV�GXULQJ�WKH�ILUVW���PRQWKV�RI�LQGHSHQGHQFH��L�H���±���PRQWK�ROG�GHHU���HVSHFLDOO\�
LQ�WKH�+DXKXQJDURD�5DQJH��WKHQ�GHFOLQHG�WR�ORZHU�LQWHUPHGLDWH�OHYHOV��)LJ�������,Q�IHPDOHV��
WKH�QHW�IRUFH�RI�LQIHFWLRQ�ZDV�]HUR�IRU�GHSHQGHQW�IDZQV��PRUH�RU�OHVV�FRQVWDQW�DW�DERXW������
\���LQ�WKH�����±�����\�DJH�FODVVHV��DQG�WKHQ�ORZHU�LQ�ROGHU�IHPDOHV��)LJ��������,Q�PDOHV��WKH�
QHW�IRUFH�RI�LQIHFWLRQ�ZDV�DJDLQ�]HUR�IRU�GHSHQGHQW�IDZQV��DQG�DERXW������\���LQ�WKH�����±
�����\�DJH�FODVVHV�EXW��LQ�FRQWUDVW�WR�IHPDOHV��WKHQ�LQFUHDVHG�WR�DERXW������\���LQ�����±�����
\�ROG�PDOHV��EHIRUH�DOVR�GHFOLQLQJ��WR�DERXW������\����
�
�
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)LJXUH������$JH�VSHFLILF�SUHYDOHQFH��E\�VH[�DQG�H[SHULPHQWDO�WUHDWPHQW��7� �SRLVRQHG�DUHDV��17� �
QR�SRVVXP�FRQWURO���'DWD�DUH�WKH�QXPEHU�RI�GHHU�VXUYH\HG��RSHQ�EDUV���QXPEHU�LQIHFWHG��ILOOHG�
EDUV���DQG�7E�SUHYDOHQFH��FLUFOHV���7KH�HVWLPDWHV�IRU�WKH�\HDU�FODVVHV�!���\HDUV�DUH�LPSUHFLVH�
EHFDXVH�RI�WKH�YHU\�VPDOO�VDPSOH�VL]HV�LQ�ROGHU�DJH�FODVVHV�
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)LJXUH�����3DWWHUQV�RI�YDULDWLRQ�LQ�QHW�IRUFH�RI�LQIHFWLRQ�IRU�GHHU�LQ�WZR�DUHDV��ZLWK�XQFRQWUROOHG�
SRVVXP�SRSXODWLRQV��E\�VH[��LOOXVWUDWHG�E\�PRYLQJ�DYHUDJHV�IRU�JURXSV�RI����JUH\�OLQHV�������UHG���RU�
����EODFN��GHHU���7KH�++*��+DXKXQJDURD�5DQJH��GDWD�FRPSULVH�SUH�SRLVRQ�GHHU�FROOHFWHG�IURP�WKH�
(+5�DQG�6+5�LQ����������DQG�IURP�:+5�GXULQJ�WKH�ZKROH�����������SHULRG��7KH�UXQQLQJ�
DYHUDJHV�EDVHG�RQ���DQG����GHHU�DUH�VKRZQ�SULPDULO\�WR�KLJKOLJKW�ZKDW�DSSHDU�WR�EH�FRQVLVWHQW�
VSLNHV�LQ�SUHYDOHQFH�DW�DERXW�������PRQWKV�RI�DJH���
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)LJXUH� ���� �$JH�VSHFLILF� QHW� IRUFH� RI� LQIHFWLRQ�� E\� VH[� DQG� SRVVXP�FRQWURO� VWDWXV�� SRROHG� DFURVV�
DUHDV��7KH�����\�DJH�FODVV�LQFOXGHV�RQO\�QRPLQDOO\�GHSHQGHQW�GHHU�XS�WR���PRQWKV�RI�DJH��ZLWK�ROGHU�
FODVVHV�EHLQJ�DQQXDO�FODVVHV�DERYH�WKDW��DQG�WKH�ROGHVW�DJH�FODVV�LQFOXGLQJ�DOO�GHHU�!�����\��
�
%HFDXVH� WKH� QHW� IRUFH� RI� LQIHFWLRQ� LV�� DV� DQ� DSSUR[LPDWLRQ�� FDOFXODWHG� IURP� FXPXODWLYH�
H[SRVXUH�DQG�7E�SUHYDOHQFH��DFFXPXODWLRQ�RI�LQIHFWLRQ�IURP�SUHYLRXV�\HDUV�FDQ�UHVXOW�LQ�D�
SRVLWLYH� HVWLPDWH� HYHQ� ZKHQ� LI� WKHUH� LV� D� ]HUR� LQFLGHQFH� RI� QHZ� LQIHFWLRQ�� &RQYHUVHO\��
FRPSOHWH� UHWHQWLRQ� RI� DOO� SUHYLRXV� LQIHFWLRQ� ZRXOG� SHUPLW� RQO\� D� VORZ� GHFOLQH� LQ� WKH�
FDOFXODWHG�QHW�IRUFH�RI�LQIHFWLRQ�LQ�ROGHU�GHHU�HYHQ�LI�WKH�WUXH�LQFLGHQFH�IRU�WKHP�ZDV�]HUR��
VR�WKH�UDSLG�GHFOLQH�LQ�PDOHV�DIWHU������\�RI�DJH�LQGLFDWHV�VRPH�ORVV�RI�LQIHFWLRQ��
,Q� WKH� WZR� DUHDV� LQ� ZKLFK� SRVVXP� QXPEHUV� ZHUH� FRQWUROOHG�� WKH� REVHUYHG� QHW� IRUFH� RI�
LQIHFWLRQ�ZDV�VXEVWDQWLDOO\�ORZHU�WKDQ�LQ�WKH�XQFRQWUROOHG�DUHDV�IRU�ERWK�VH[HV��EXW�VKRZHG�
D� EURDGO\� VLPLODU� SDWWHUQ� RI� LQFUHDVH� RYHU� WKH� ����±����� \HDU� SHULRG�� DQG� D� VXEVHTXHQW�
GHFOLQH� RYHU� WKH� QH[W� WZR� \HDUV�� +RZHYHU�� DGXOW� GHHU� !�� \� KDG� D� KLJKHU� QHW� IRUFH� RI�
LQIHFWLRQ�� 7KLV� JURXS� FRQVLVWHG� PDLQO\� RI� GHHU� WKDW� KDG� KDG� H[SRVXUH� WR� XQFRQWUROOHG�
SRVVXP�SRSXODWLRQV��L�H��KDG�EHHQ�ERUQ�EHIRUH�SRVVXPV�ZHUH�FRQWUROOHG���
)RU�WKH�WZR�XQSRLVRQHG�DUHDV�ZLWK�DJH�FODVV�GDWD��+25�DQG�:+5��D�OLQHDU�PL[HG�HIIHFWV�
PRGHO�RI�WKH�HIIHFWV�RI�\HDU��DJH��VH[��DQG�DUHD�RQ�WKH�OLNHOLKRRG�RI�DQ�LQGLYLGXDO�GHHU�EHLQJ�
LQIHFWHG�VKRZHG�VLJQLILFDQW�GLIIHUHQFHV�LQ�SUHYDOHQFH�EHWZHHQ�DUHDV��S��������VHH�RYHUDOO�
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SUHYDOHQFHV� LQ�7DEOH� ����� DQG�ZLWK� DJH� �S�  � ������� VHH� )LJ�� ���EG��� EXW� QRW� EHWZHHQ� WKH�
VH[HV��S� �������DQG�GLG�QRW�YDU\�ZLWK�WLPH��S� ���������
)RU�WKH�WZR�SRLVRQHG�DUHDV��(+5�	�85���D�SDUDOOHO�DQDO\VLV�WKDW�DOVR�LQFOXGHG�WKH�HIIHFW�RI�
H[SRVXUH�WR�KLJK�SRVVXPV�GHQVLW\�EHIRUH������DV�D�ELQDU\�YDULDEOH�LQGLFDWHG�QR�VLJQLILFDQW�
GLIIHUHQFH� EHWZHHQ� WKH� WZR� DUHDV� �S�  � ������� WKH� VH[HV� �S�  � ������� RU� ZLWK� DJH� ��������
+RZHYHU��7E�ZDV�VLJQLILFDQWO\�KLJKHU�LQ�GHHU�WKDW�KDG�EHHQ�H[SRVHG�WR�KLJK�SRVVXP�GHQVLW\�
�S� ��������DQG�GHFOLQHG�VLJQLILFDQWO\�RYHU�WKH�VWXG\�SHULRG��S� ���������'HVSLWH�WKH�PDMRU�
HIIHFW�RI�H[SRVXUH� WR�KLJK�SRVVXP�GHQVLW\��D�VXEVHTXHQW�PRGHO� LQ�ZKLFK� WKH�µH[SRVXUH� WR�
KLJK� SRVVXP� GHQVLW\¶� YDULDEOH� ZDV� H[SUHVVHG� LQ� WHUPV� RI� WKH� QXPEHU� RI� \HDUV� RI� VXFK�
H[SRVXUH�GLG�QRW�VKRZ�D�FOHDU�H[SRVXUH�HIIHFW��L�H��RQH�\HDU�RI�H[SRVXUH�WR�SRVVXPV�KDG�DV�
PXFK�HIIHFW�DV�PDQ\���
$�VXEVHTXHQW�µPLQLPXP�DGHTXDWH¶�JHQHUDO�OLQHDU�PRGHO�ZLWK�DUHDV�FRPELQHG�FRQILUPHG�WKH�
VWURQJ�H[SRVXUH�WR�KLJK�GHQVLW\�SRVVXPV�HIIHFW��S����������DQG�D�PDUJLQDO�WLPH�HIIHFW��S� �
��������ZLWK�QR�LQWHUDFWLRQ�EHWZHHQ�WKHVH�WZR�HIIHFWV��S� ��������

������/RVV�RI�LQIHFWLRQ�DQG�LPSDFW�RI�7E�RQ�GHHU�VXUYLYDO�
7R�HVWLPDWH�WKH�RYHUDOO�UDWH�RI�ORVV�RI�LQIHFWLRQ�,�H[FOXGHG�DOO�SRVW������85�DQG�(+5�GHHU�
WKDW�KDG�QRW�EHHQ�H[SRVHG� WR�KLJK�SRVVXP�GHQVLW\�IURP�WKH�PLQLPXP�DGHTXDWH�VWDWLVWLFDO�
PRGHO�DERYH��7KH�WLPH�HIIHFW�UHPDLQHG�PDUJLQDOO\�VLJQLILFDQW��S� ���������DQG�WKH�PRGHO�
SUHGLFWHG� SUHYDOHQFH� LQ� WKLV� JURXS� GHFOLQHG� IURP� ���� LQ� ����� WR� ���� LQ� ����� �DQ�
H[SRQHQWLDO� UDWH� RI� ����� \���� )LJ�� ������ � 'HOHWLRQ� RI� WKH� ����� RXWOLHU� �ZKHQ� WKHUH� ZHUH�
GLDJQRVWLF�SUREOHPV��VHH�6HFWLRQ��������ZRXOG�UHVXOW�LQ�D�EHWWHU�ILW�DQG�D�VWHHSHU�VORSH��
7KHUH� ZDV� VRPH� HYLGHQFH� RI� FOHDUDQFH� RI� LQIHFWLRQ�� $PRQJ� WKH� GHHU� VKRW� LQ� WKH� WZR�
SRLVRQHG� DUHDV� �(+5�DQG�85��EHWZHHQ������ DQG������ WKH� DPRXQW� RI� KHDG� LQYROYHPHQW�
ZDV�ORZHU�LQ�ROGHU�GHHU�WKDQ�LQ�\RXQJHU�RQHV��2I�WKH����LQIHFWHG������RI�WKH�\RXQJHVW����
�WKRVH����\�ROG��KDG�LQIHFWLRQ�LQ�WKH�KHDG��ZKHUHDV�RQO\�����RI�WKH����ROGHU�GHHU�GLG�� �� �
����� GI� ���� S� ��������7KLV� LQGLFDWHV� WKDW�ZKHUH� WKHUH�ZHUH� IHZ�DGGLWLRQV� WR� WKH� SRRO� RI�
DOUHDG\�LQIHFWHG�DQLPDOV��&K������VRPH�FOHDUDQFH�RI�KHDG�LQIHFWLRQ��DW�OHDVW��RFFXUUHG���
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�
)LJXUH����� �2EVHUYHG�DQG�PRGHO�SUHGLFWHG�GHFOLQH� LQ� WKH�SUHYDOHQFH�RI�7E�LQ�SUH�SRVVXP�FRQWURO�
FRKRUWV� RI� IHPDOH� GHHU� NLOOHG� RYHU� WKH� ����±����� SHULRG� LQ� WKH� (+5� DQG� 85�� 7KHUH� ZHUH�
LQVXIILFLHQW�DGXOW�PDOHV�WR�XQGHUWDNH�WKH�VDPH�DQDO\VLV�IRU�WKDW�VH[��
�
7KHUH� ZDV� OLWWOH� HYLGHQFH� RI� D� PDMRU� HIIHFW� RI� 7E�LQGXFHG� PRUWDOLW\� RQ� DJH�FODVV�
GLVWULEXWLRQV�DPRQJVW�WKH�VDPSOHG�GHHU��7KH�GLVWULEXWLRQV�RI�GHHU�DJHV�ZKHQ�VDPSOHG�ZHUH�
VLPLODU�LQ�DUHDV�ZLWK�DQG�ZLWKRXW�SRVVXP�FRQWURO��$SSHQGL[�����0HDQ�DJH�DW�GHDWK�ZDV������
±�������VH��\��UDQJH�����±�����\���$V�LV�W\SLFDO�RI�VDPSOHV�RI�KXQWHU�NLOOHG�GHHU��PDOHV�ZHUH�
�RQ�DYHUDJH��NLOOHG�ZKHQ�DW� D�\RXQJHU� DJH� WKDQ� IHPDOHV� �PHDQ�DJH�RI������±� �����\�DQG�
����� ±� ����� \� UHVSHFWLYHO\��� 3ORWWLQJ� WKH� DJH� VWUXFWXUH� RI� WKH� VDPSOHV� DV� FXPXODWLYH�
SHUFHQWDJHV� LQGLFDWHV� FORVH� VLPLODULW\� LQ� DJH�FODVV� GLVWULEXWLRQ� SDWWHUQV� IRU� WKH�
FRPPHUFLDOO\�KXQWHG�DUHDV��(+5��:+5��DQG�85��DQG�WKH�JUHDWHU�DYHUDJH�DJH�RI�85�GHHU�
�)LJ��������7KH�GLIIHUHQFH�LQ�KXQWLQJ�UHJLPH�DSSHDUHG�WR�KDYH�D�IDU�JUHDWHU�LPSDFW�RQ�DJH�
FODVV� GLVWULEXWLRQ� WKDQ� WKH� 7E� SUHYDOHQFH� LQ� GHHU� LQ� HDFK� DUHD�� 7KHUH� LV� SHUKDSV� VRPH�
LQGLFDWLRQ�RI�EHWWHU�VXUYLYDO�RI�ROGHU�IHPDOHV�LQ�WKH�(+5�FRPSDUHG�WR�WKH�FRQWLJXRXV�:+5���
+RZHYHU� WKH� UDWLR� RI� WKH� QXPEHU� RI� IHPDOH� GHHU� IURP� ����±����� FRKRUWV� �KLJK� LQLWLDO�
SUHYDOHQFH�� WR� WKDW� RI� ����±����� FRKRUWV� �PXFK� ORZHU� LQLWLDO� SUHYDOHQFH�� UHPDLQHG�
FRQVWDQW� GXULQJ� ����±����� �)LJ�� ������� 7KHUH� LV� WKHUHIRUH� QR� HYLGHQFH� WKDW� 7E�LQGXFHG�
PRUWDOLW\� UHGXFHG� WKH� UHODWLYH� DEXQGDQFH� RI� KLJK�SUHYDOHQFH� FRKRUWV� DPRQJVW� PDWXUH�
IHPDOHV��
�
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)LJXUH�������7KH�QXPEHUV�RI��(+5�DQG�85�IHPDOH�GHHU�LQ�����±�����FRKRUWV�WKDW�ZHUH�VKRW��HDFK�
\HDU� �RYHU� WKH�����������SHULRG� �EDUV��� DQG� WKH�SHUFHQWDJHV�RI� WKRVH� WKDW�ZHUH�ERUQ�EHIRUH������
�FLUFOHV��� 7KH� K\SRWKHVLV� EHLQJ� WHVWHG� ZDV� WKDW� �JLYHQ� D� YHU\� ORZ� LQFLGHQFH� RI� QHZ� LQIHFWLRQ� LQ�
IHPDOH�GHHU�ERUQ�DIWHU������� WKH�JUHDWHU�QXPEHU�RI� LQIHFWHG�GHHU� LQ� WKH�����±�����FRKRUW�JURXS�
ZRXOG�VXIIHU�KLJKHU�PRUWDOLW\�WKDW�WKH�PRUH�OLJKWO\�LQIHFWHG�����������FRKRUW�JURXS��UHVXOWLQJ�LQ�D�
QHJDWLYHO\�VORSHG�WUHQGOLQH���
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����'LVFXVVLRQ�

������3UHYDOHQFH�
,Q�LQIHFWHG�DUHDV��WKH�RYHUDOO�SUHYDOHQFH�RI�7E�LQ�ZLOG�GHHU�ZDV�KLJKO\�YDULDEOH��UDQJH���±�
������$V�QRWHG�SUHYLRXVO\��WKLV�LV�ORZHU�WKDQ�VRPHWLPHV�RFFXUV�RQ�IDUPV��H�J��*ULIILQ�HW�DO��
������ EXW�PXFK� KLJKHU� WKDQ� LV� XVXDO� IRU�ZLOG� GHHU� �&OLIWRQ�:DGOH\�	�:LOHVPLWK� �������
7KLV��DQG�WKH�LPSRUWDQFH�RI�H[SRVXUH�WR�XQFRQWUROOHG�SRVVXPV�LQ�GHWHUPLQLQJ�WKH�LQFLGHQFH�
RI�7E�LQ� WKH�GHHU�NLOOHG�DIWHU�SRVVXP�SRLVRQLQJ� LQ� WKH�(+5�DQG�85�� LV�FOHDUO\�FRQVLVWHQW�
ZLWK�WKH�µVSLOO�RYHU�IURP�SRVVXPV¶�K\SRWKHVLV��1XJHQW�	�/XJWRQ��������$�KLJK�SUHYDOHQFH�
RI�7E�LQ�ZLOG�GHHU�LQ�1HZ�=HDODQG�KDV�QHYHU�EHHQ�UHFRUGHG�LQ�DQ\�DUHD�LQ�ZKLFK�WKH�GLVHDVH�
ZDV�QRW�DOVR�ZHOO�HVWDEOLVKHG�LQ�SRVVXPV���

������3DWKRJHQHVLV�
7KH�GLVWULEXWLRQ�RI�OHVLRQV�REVHUYHG�LV�JHQHUDOO\�FRQVLVWHQW�ZLWK�WKH�VXJJHVWLRQ�E\�/XJWRQ�
HW�DO���������K\SRWKHVLV�WKDW�LQIHFWLRQ�LV�DFTXLUHG�PDLQO\�XSWDNH�RI�EDFLOOL�YLD�WKH�WRQVLOV��$�
KLJK� LQFLGHQFH� RI� OHVLRQV� LQ� WKH� WRQVLOV� ZDV� UHFRUGHG� �7DEOH� ������ EXW� ���� RI� HTXLYRFDO�
VPDOO� WRQVLOODU� OHVLRQV� ZHUH� FXOWXUH�QHJDWLYH� �7DEOH� ������ VR� WKH� FRQILUPHG� WRQVLOODU�
LQYROYHPHQW�ZDV�ORZHU�WKDQ�WKDW�UHSRUWHG�E\�/XJWRQ�HW�DO����������7KLV�SDUWO\�UHIOHFWV�WKH�
SRROLQJ�RI�UHWURSKDU\QJHDO�OQV�DQG�WRQVLOV�WR�UHGXFH�WKH�FRVW�RI�FXOWXUH��EXW�RI�ILYH�FXOWXUH�
SRVLWLYH� 19/�GHHU� LGHQWLILHG� WKURXJK� VHSDUDWH� FXOWXUH� RI� WKHVH� WLVVXHV�� WKUHH� KDG�
UHWURSKDU\QJHDO�LQIHFWLRQ�VR�WKLV�WLVVXH�ZRXOG�VWLOO�KDYH�RXWZHLJKHG�WKH�WRQVLOV�DV�WKH�PRVW�
FRPPRQO\�LQIHFWHG�WLVVXH�LQ�GHHU���
7KH�GLIIHUHQFH�EHWZHHQ�WKH� WZR�VWXGLHV�SUREDEO\�SDUWO\�UHIOHFWV� WKH�VXEVWDQWLDO�SURSRUWLRQ�
RI�WHVW�UHDFWRU�IDUPHG�GHHU�LQ�WKH�/XJWRQ�HW�DO���������VWXG\���WKHVH�DUH�PXFK�PRUH�OLNHO\�WR�
KDYH� EHHQ�� RQ� DYHUDJH�� PRUH� UHFHQW� LQIHFWLRQV� WKDQ� LQ� WKH� ZLOG� GHHU� LQ� WKLV� VWXG\�� ,Q�
DGGLWLRQ��/XJWRQ� WRRN� SDUWLFXODU� FDUH� LQ� VHOHFWLQJ� WRQVLOODU� WLVVXH� IRU� FXOWXUH� WR�PD[LPLVH�
GLDJQRVWLF� VHQVLWLYLW\� �'U�� /XJWRQ�� SHUV�� FRPP���� ZKHUHDV� HDUO\� LQ� WKLV� VWXG\� WKH� PDQ\�
LQVSHFWRUV� LQYROYHG� DUH� XQOLNHO\� WR� KDYH� DOO� EHHQ� DV� ULJRURXVO\� VHOHFWLYH�� 7KH� JHQHUDO�
FRQFRUGDQFH� RI� OHVLRQ� GLVWULEXWLRQV� LQ� ZLOG� GHHU�� FDSWLYH� GHHU�� DQG� GHHU� H[SHULPHQWDOO\�
LQIHFWHG�E\�WKH�WRQVLOODU�URXWH�IRU�ERWK�UHG�DQG�ZKLWH�WDLOHG�GHHU��/XJWRQ�HW�DO��������3DOPHU�
HW� DO�� ������ ������ ����D�E��*ULIILQ�	�0DFNLQWRVK� ������2¶%ULHQ� HW� DO�� ������ WKLV� VWXG\��
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QRZ�OHDYHV�OLWWOH�GRXEW�WKDW�WKH�WRQVLOV�DUH�WKH�PDMRU�VLWH�RI�ILUVW�LQIHFWLRQ�LQ�GHHU�UHJDUGOHVV�
RI�VHWWLQJ���
7ZR�WKLUGV�RI�LQIHFWHG�GHHU�LQ�WKH�+25�ZHUH�FODVVHG�DV�19/��PRVW�RI�WKHP�ROG�IHPDOHV��$�
VLPLODUO\�KLJK�SURSRUWLRQ�RI�VNLQ�WHVW�SRVLWLYH�IDUPHG�GHHU��UHDFWRUV��LQ�1HZ�=HDODQG�KDYH�
QR� YLVLEOH� OHVLRQV� �+DWKDZD\� HW� DO�� ������� D� ILQGLQJ� XVXDOO\� DWWULEXWHG� WR� µQRQ�VSHFLILF�
UHDFWLYLW\¶��+RZHYHU��FXOWXUH�RI�WRQVLOV�DQG�WKH�UHWURSKDU\QJHDO�DQG�EURQFKLDO�O\PSK�QRGHV�
IURP����UHDFWRUV�UHYHDOHG����DV�FXOWXUH�SRVLWLYH�ZKHUHDV�RQO\���RI�WKHVH�LQIHFWHG�GHHU�KDG�
FXOWXUH�FRQILUPHG�OHVLRQV�LGHQWLILHG�DW�VODXJKWHU��GH�/LVOH�HW�DO������E���7KLV�VXJJHVWV�WKDW�
����RI�LQIHFWHG�IDUPHG�GHHU�KDYH�QR�YLVLEOH�OHVLRQV��5H�FXOWXULQJ�RI�EDFN�XS�KRPRJHQLVHG�
WLVVXH�IURP����FXOWXUH�SRVLWLYH�19/�ZLOG�GHHU��IURP�WKLV�VWXG\��LQGLFDWHV�WKDW�WKH�QXPEHUV�
RI�EDFLOOL� LQ�VXFK� WLVVXHV�ZDV�YHU\� ORZ���±��FRORQLHV�SHU�SODWH�� LQ�DOO�EXW�RQH�RI� WKH�GHHU�
�ZKLFK�KDG�!����FRORQLHV��GH�/LVOH�HW�DO������E���7KH�ORZ�QXPEHU�RI�FRORQ\�IRUPLQJ�XQLWV�
LQ�VDPSOHV�IURP�19/�DQLPDOV�VXJJHVWV�WKH�SRVVLELOLW\�RI�GRUPDQF\�RI� WKH�EDFLOOL�LQ�19/�
DQLPDOV��
)RU�+DXKXQJDURD�DQG�8PXNDULNDUL��WKH�����UDWLR�RI�OHVLRQHG��19/�GHHU�LV�FORVH�WR�WKH�����
UDWLR�UHFRUGHG�IRU�ZLOG�ZKLWH�WDLOHG�GHHU��2¶%ULHQ�HW�DO��������������DQG�PDWFKLQJ�WKDW�IRU�
EDGJHUV� �*DOODJKHU� HW� DO�� ������ DQG� ILHOG� VXUYH\V� RI� SRVVXPV� �+HQQHVVH\�� ������ /XJWRQ�
XQSXEO����2I����LQIHFWHG�ZKLWH�WDLOHG�GHHU�IURP�D�FDSWLYH�KHUG�3DOPHU�HW�DO�� �������IRXQG�
ILYH�ZLWK�19/�KHDG�LQIHFWLRQV��
%HFDXVH�GHHU�LQ�WKLV�VWXG\�ZHUH�VXUYH\HG�RYHU�D�QXPEHU�RI�\HDUV��DQG�D�QXPEHU�RI�VHDVRQV�
ZLWKLQ�\HDUV��WKH�UHVXOWV�VKRXOG�DSSUR[LPDWH�WKH�DYHUDJH�WLPH�FRXUVH�RI�µFXOWXUH�GHWHFWDEOH¶�
LQIHFWLRQ�DW�WKH�SRSXODWLRQ�OHYHO��VXJJHVWLQJ�WKDW�++*�DQG�85�GHHU�KDYH�QR�YLVLEOH�OHVLRQV�
IRU�DERXW�RQH�ILIWK�RI�WKH�WLPH�WKH\�DUH�LQIHFWHG��
7KH� GLIIHUHQFH� LQ� PHDQ� VHYHULW\� RI� LQIHFWLRQ� VFRUHV� DIWHU� ����� EHWZHHQ� (+5� ������ DQG�
:+5�������)LJ�������VXJJHVWV�PRUH�DJJUHVVLYH�GLVHDVH�SURJUHVVLRQ�LQ�GHHU�IURP�WKH�:+5��
$V�WKHUH�LV�RQO\�RQH�PDLQ�VWUDLQ�RI�7E�LQ�WKH�FHQWUDO�1RUWK�,VODQG��&ROOLQV�HW�DO���������WKLV�
LQ� WXUQ� VXJJHVWV� GLVHDVH� SURJUHVVLRQ� LV� OLQNHG� WR� HLWKHU� WKH� VHYHULW\� RU� IUHTXHQF\� RI�
LQIHFWLRXV�FKDOOHQJH��$VVXPLQJ�LQIHFWLRQ�LV�IURP�SRVVXPV��&K������WKH�VHYHULW\�RI�FKDOOHQJH�
GXULQJ�LQGLYLGXDO�LQWHUDFWLRQV�EHWZHHQ�GHHU�DQG�DQ�LQIHFWHG�SRVVXP�VHHPV�XQOLNHO\�WR�YDU\�
EHWZHHQ�DUHDV��VR�,� LQIHU�WKDW�WKH�GLIIHUHQFH�UHIOHFWV�PRUH�IUHTXHQW�LQIHFWLRXV�FKDOOHQJH�WR�
GHHU� LQ� WKH�:+5��7KDW� LPSOLHV� WKDW�VRPH�GHHU� LQWHUDFW� UHSHDWHGO\�ZLWK� LQIHFWHG�SRVVXPV��
ZKLFK� LQFUHDVHV� WKH�UDWH�RI�GLVHDVH�SURJUHVVLRQ��$OWHUQDWLYH�H[SODQDWLRQV�DUH� WKDW�PRUH�RI�
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WKH�VHYHUHO\�LQIHFWHG�GHHU�LQ�WKH�(+5�GLHG��RU�UHVROYHG�WKH�ZRUVW��EXW�QRW�WKH�OHDVW��RI�WKH�
LQIHFWLRQV��ERWK�RI�ZKLFK�DSSHDU�LPSODXVLEOH��
9HU\� OLWWOH� RI� WKH� LQIHFWLRQ� UHFRUGHG� LQ� WKLV� VWXG\� DSSHDUHG� WR� EH� LPPHGLDWHO\� OLIH�
WKUHDWHQLQJ� WR� WKH� GHHU�� 2YHU� WZR�WKLUGV� RI� LQIHFWHG� GHHU� KDG� QR� OHVLRQV� RU� MXVW� D� VLQJOH�
OHVLRQ�� <RXQJ� GHHU� GHYHORS� OHVLRQV� ZLWKLQ� �±�� PRQWKV� RI� EHFRPLQJ� LQIHFWHG�� DV� WKH�
SURSRUWLRQ�RI�LQIHFWHG�GHHU�ZLWK�QR�YLVLEOH�LQIHFWLRQ�ZDV�ORZ�IRU�GHHU�DJHG���±���PRQWKV��
+RZHYHU��QR� WHUPLQDOO\� LOO� GHHU� OHVV� WKDQ�DERXW�����\�RI� DJH�ZHUH� UHFRUGHG�� HYHQ� WKRXJK�
KXQWHUV� FRQVLGHU� WHUPLQDOO\� LOO� GHHU� DUH� SDUWLFXODUO\� YXOQHUDEOH� DQG� WKHUHIRUH� OLNHO\� WR� EH�
RYHUUHSUHVHQWHG�LQ�WKH�VDPSOHV��7KLV�VXJJHVWV�WKDW�IHZ�ZLOG�GHHU�DUH�OLNHO\�WR�GLH�ZLWKLQ�D�
\HDU� RI� EHFRPLQJ� LQIHFWHG��7KLV�PDWFKHV� HYLGHQFH� IURP� H[SHULPHQWDOO\� LQIHFWHG� GHHU�� LQ�
ZKLFK�DERXW�����RI�GHHU�LQIHFWHG�YLD�WKH�WRQVLOODU�URXWH�GHYHORS�DFWLYH�7E�DQG�GLH�ZLWKLQ�
DERXW��±���PRQWKV��0DFNLQWRVK�HW�DO���������EXW�PRVW�RI�WKH�UHPDLQGHU�GHYHORS�RQO\�D�IHZ�
VPDOO� OHVLRQV� RYHU� WKH� VDPH� SHULRG�� DQG� VRPH� GHYHORS� QR� OHVLRQV� DW� DOO�� 3DOPHU� HW� DO��
�����F��REVHUYHG�QR�PRUWDOLW\�LQ����GHHU�H[SHULPHQWDOO\�LQIHFWHG�YLD�WKH�WRQVLOV�ZLWK�D�ORZ�
GRVH������FIX��RI�0��ERYLV�DQG�QHFURSVLHG���±����GD\V�ODWHU��2I�WKH����GHHU�NLOOHG�DIWHU�����
RU� ���� GD\V� DOO� KDG� JURVV� OHVLRQV� LQ� WKH� UHWURSKDU\QJHDO� OQV� EXW� RQO\� IRXU� KDG� JURVV� RU�
PLFURVFRSLF�OHVLRQV�LQ�WKH�OXQJV��DQG�QRQH�KDG�JURVV�OHVLRQV�LQ�WKRUDFLF��DEGRPHQ�RU�ERG\�
OQV�� ,Q� VKDUS� FRQWUDVW�� LQ� D� VLPLODU� SUHYLRXV� VWXG\� �3DOPHU� HW� DO�� ������ XVLQJ� KLJKHU�
LQRFXODWLRQ� UDWHV� ������� FIX� RU� �������� FIX��� JHQHUDOLVHG� LQIHFWLRQ� RFFXUUHG� LQ� WKUHH� RI�
VHYHQ�GHHU�ZLWKLQ�WKUHH�PRQWKV��,QWHUPHGLDWH�GRVHV�GHOLYHUHG�DV�DHURVROV�UHVXOWHG�LQ�PXFK�
PRUH� GLVVHPLQDWHG� LQIHFWLRQ� WKDW� HYHQ� DW� WKH� ORZHVW� GRVHV� ZDV� PXFK� PRUH� VWURQJO\�
IRFXVVHG�LQ�SXOPRQDU\�VLWHV�WKDQ�LQ�ZLOG�GHHU��3DOPHU�HW�DO���������
2YHUDOO�� IRU� WKH� ZLOG� GHHU� LQ� WKLV� VWXG\�� 7E� ZDV� PRVWO\� QRW� D� UHVSLUDWRU\� GLVHDVH� EXW�
SULPDULO\�RQH�RI�WKH�O\PSKDWLF�V\VWHP��DQG�WKH�KHDG�O\PSK�QRGHV�LQ�SDUWLFXODU��&RPELQLQJ�
WKH� OHVLRQ� GLVWULEXWLRQ� GDWD� IURP� WKLV� VWXG\� ZLWK� WKH� RXWFRPHV� RI� WKH� H[WHQVLYH� VXLWH� RI�
H[SHULPHQWDO� LQIHFWLRQ� VWXGLHV�ZLWK�ZKLWH�WDLOHG� DQG� UHG�GHHU� VWURQJO\� VXJJHVWV� WKDW�PRVW�
LQIHFWLRQ�LQ�ZLOG�GHHU�UHVXOWV�IURP�LQIHFWLRQ�ZLWK�D�IHZ��RQH�WR�D�IHZ�KXQGUHG��EDFLOOL�YLD�
WKH� WRQVLOV�� 7RQVLOODU� OHVLRQV� ZHUH� RQFH� D� FRPPRQ� SULPDU\� VLWH� LQ� KXPDQV� EXW� WKH�
SUHYDOHQFH� RI� VXFK� OHVLRQV� GHFUHDVHG� GUDPDWLFDOO\� ZKHQ� SDVWHXULVDWLRQ� RI� PLON� EHFDPH�
FRPPRQ��EXW�WKLV�HQWU\�VLWH�DSSHDUV�WR�VWLOO�EH�LPSRUWDQW�LQ�UXPLQDQWV��/XJWRQ�������3DOPHU�
HW�DO������E���
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������5RXWHV�RI�LQIHFWLRQ�
6L[�URXWHV�RI�LQIHFWLRQ�VHHP�SODXVLEOH�IRU�ZLOG�GHHU��LQWUD�XWHULQH��YHUWLFDO��LQIHFWLRQ�YLD�WKH�
SODFHQWD�� SVHXGRYHUWLFDO� WUDQVPLVVLRQ� YLD� LQIHFWHG� PLON�� RUDO� LQJHVWLRQ� ZLWK� IRRG��
LQKDODWLRQ��SHUFXWDQHRXV�LQIHFWLRQ�WKURXJK�WKH�VNLQ��DQG�RUDO�LQJHVWLRQ�ZLWKRXW�IRRG��$OO�DUH�
OLNHO\�WR�RFFXU�DW�OHDVW�RFFDVLRQDOO\��
�7KH� WRWDO� DEVHQFH� RI� LQIHFWLRQ� LQ� ��� GHSHQGHQW� IDZQV� ����� PRQWKV� ROG�� LV� SDUWLFXODUO\�
LPSRUWDQW� LQ� GHILQLQJ�ZKLFK� RI� WKHVH� LV�PRVW� LPSRUWDQW��7KDW� UHVXOW� LV� KLJKO\� XQOLNHO\� WR�
KDYH�KDSSHQHG�E\�FKDQFH�DORQH��DV�WKH�DQQXDO�ILQLWH�LQFLGHQFH�UDWH�IRU�DOO�IDZQV�DQG�VXE�
DGXOWV�FRPELQHG�ZDV�������S�D������RXW�RI�����LQIHFWHG���$VVXPLQJ�WKLV�DV�D�KD]DUG�UDWH��
WKH� SUREDELOLW\� WKDW� E\� FKDQFH� DORQH� QRQH� RI� WKH� ��� IDZQV� ���� PRQWKV� ROG� �FROOHFWLYH�
H[SRVXUH�RI����\HDUV��EHFDPH�LQIHFWHG�LV���������
,QFLGHQFH� UDWHV� ZHUH� KLJKHVW� LQ� �±�� \� ROG� GHHU� �)LJ� ����� ����� LQGLFDWLQJ� WKDW� PRVW�
WUDQVPLVVLRQ� RFFXUV� VRRQ� DIWHU� \RXQJ� GHHU� UHDFK� LQGHSHQGHQFH�� 6XEWUDFWLQJ� D� ULVNOHVV�
SHULRG�RI������\HDUV�IURP�WKH�DJH�RI�WKH�����GHHU�NLOOHG�DV�\HDUOLQJV��WKH�DYHUDJH�µDGMXVWHG¶�
WUXH�H[SRVXUH�RI�WKHVH�GHHU�ZDV�MXVW������\HDUV��\HW�DFURVV�DOO�DUHDV����ZHUH�LQIHFWHG��L�H�� �
 ������\�����PDNLQJ�WKH�DEVHQFH�RI�LQIHFWLRQ�LQ�GHSHQGHQW�IDZQV�HYHQ�PRUH�VWULNLQJ���
7KH�DEVHQFH�RI�LQIHFWLRQ�LQ�IDZQV�GRHV�QRW�UHIOHFW�UHVLVWDQFH�WR�LQIHFWLRQ�DW�WKDW�DJH��3DOPHU�
HW� DO�� �����D�� LQGXFHG� VHYHUH� LQIHFWLRQ� LQ� \RXQJ� IDZQV� YLD� FRQWDPLQDWHG� PLON�� ,Q� RQH�
H[WUHPH�RXWEUHDN�LQ�IDUPHG�UHG�GHHU��RYHU�����RI���PR�ROG�IDZQV�ZHUH�LQIHFWHG��*ULIILQ�HW�
DO���������DQG�%HDWVRQ�HW�DO���������UHSRUW�LQIHFWHG�IDZQV�G\LQJ�EHIRUH����PRQWKV�RI�DJH��
7E�DOVR�VRPHWLPHV�RFFXUV� LQ�ZLOG�ZKLWH�WDLOHG�GHHU�IDZQV��6��6FKPLWW��SHUV��FRPP����7KH�
DEVHQFH�RI�LQIHFWLRQ�DOVR�FDQQRW�EH�D�FRQVHTXHQFH�RI�XQGHWHFWHG�LQIHFWLRQ�DV�WKH�PDMRULW\�
RI� GLDJQRVHV� ZHUH� EDVHG� RQ� FXOWXUH� RI� NH\� WLVVXHV�� ZKLFK�� LQ� H[SHULPHQWDOO\� LQIHFWHG�
DQLPDOV��GHWHFWV�LQIHFWLRQ�ZLWKLQ�D�IHZ�GD\V�RI�LQRFXODWLRQ��H�J��3DOPHU�HW�DO���������
7KH� DEVHQFH� RI� LQIHFWLRQ� LQ� IDZQV� HIIHFWLYHO\� UXOHV� RXW� YHUWLFDO� DQG� SVHXGRYHUWLFDO�
WUDQVPLVVLRQ�DV�LPSRUWDQW�URXWHV�RI�LQIHFWLRQ�IRU�ZLOG�GHHU�LQ�1HZ�=HDODQG��$V�IDZQV�RI��±
��PRQWKV�RI�DJH�HDW�RFFXS\�WKH�VDPH�KDELWDWV�DV�WKHLU�PRWKHUV�DQG�HDW�WKH�VDPH�IRRGV��WKH�
DEVHQFH�RI�LQIHFWLRQ�LQ�IDZQV�DOVR�UXOHV�RXW�LQGLUHFW�KRUL]RQWDO�WUDQVPLVVLRQ�EHWZHHQ�ZLOG�
GHHU� YLD� FRQWDPLQDWLRQ� RI� VKDUHG� IRRGV� RU� VKDUHG� HQYLURQPHQWV� LQ� JHQHUDO�� GHVSLWH� VXFK�
WUDQVPLVVLRQ�VRPHWLPHV�RFFXUULQJ�LQ�FDSWLYH�GHHU��3DOPHU�HW�DO��������*ULIILQ�HW�DO���������
7KH�PRGHUDWH�IUHTXHQF\�RI�VLQJOH�VLWH�LQIHFWLRQV�LQ�WKH�WKRUDFLF�FDYLW\�VXJJHVWV�RFFDVLRQDO�
LQIHFWLRQ�E\�LQKDODWLRQ�EXW�OHVV�IUHTXHQWO\�WKDQ�IRU�RWKHU�URXWHV��SDUWLFXODUO\�LQ�OLJKW�RI�WKH�
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RFFXUUHQFH� RI� VLQJOH�VLWH� OXQJ� LQIHFWLRQ� LQ� D� GHHU� NQRZQ� WR� EH� LQIHFWHG� YLD� WKH� WRQVLOV�
�3DOPHU� HW� DO�� ����E��� /LNHZLVH�� D� ORZ� IUHTXHQF\� RI� VLQJOH�VLWH� LQIHFWLRQV� LQYROYLQJ� WKH�
O\PSK� QRGHV� WKDW� GUDLQ� WKH� OHJV� DQG� KRRYHV� �SRSOLWHDO� DQG� SUHVFDSXODU�� VXJJHVW� VRPH�
LQIHFWLRQ� YLD� WKLV� URXWH��1RQH� RI� WKHVH� QRGHV�ZHUH� LQIHFWHG�ZKHQ�ZKLWH�WDLOHG� GHHU�ZHUH�
LQRFXODWHG�ZLWK�����FIX�RI�0��ERYLV��3DOPHU�HW�DO������F���LQGLFDWLQJ�WKDW�WRQVLOODU�LQIHFWLRQ�
LV�XQOLNHO\�WR�EH�WKH�VROH�URXWH�RI�LQIHFWLRQ�LQ�ZLOG�GHHU���
,Q� OLJKW� RI� WKHVH� H[SHULPHQWDO� VWXGLHV�� WKH� SUHGRPLQDQFH� RI� LQIHFWLRQ� LQ� WKH� WRQVLOV� DQG�
UHWURSKDU\QJHDO�OQV�VWURQJO\�LQGLFDWHV�WKH�LQIHFWLRQ�LV�RUDO��EXW�LW�FDQQRW�EH�LQ�IRRG�EHFDXVH�
IDZQV�DUH�QRW�DIIHFWHG��7KLV�VXJJHVWV��E\�GHIDXOW��WKDW�WKH�SULPDU\�URXWH�RI�LQIHFWLRQ�LQ�ZLOG�
GHHU�LV�PRVW�OLNHO\�LQJHVWLRQ�ZLWKRXW�IRRG�±�L�H��E\�PRXWKLQJ�DQG�OLFNLQJ�LQIHFWLRXV�DQLPDOV��
DV�SURSRVHG�E\�6DXWHU�	�0RUULV��������IRU�SRVVXP�WR�GHHU�WUDQVPLVVLRQ��7KLV�PD\�LQFOXGH�
LQYHVWLJDWLRQ�RI�ERWK�OLYH�DQG�GHDG�SRVVXPV��7KH�DEVHQFH�RI�GHWHFWDEOH�LQIHFWLRQ�LQ�IDZQV�
PD\�UHIOHFW�WKHP�EHLQJ�OHVV�DJJUHVVLYHO\�LQTXLVLWLYH�WKDQ�ROGHU�GHHU��

������,PSDFW�RI�7E�RQ�GHHU�
7KH� ZLGH� YDULDWLRQ� LQ� SDWWHUQV� RI� LQIHFWLRQ� EHWZHHQ� DUHDV� VXJJHVWV�� DV� RQH� SRVVLEOH�
H[SODQDWLRQ��WKDW�WKH�VXVFHSWLELOLW\�RI�WKH�GHHU�PD\�GLIIHU�EHWZHHQ�DUHDV��$OWHUQDWLYHO\��WKH�
GLVHDVH�FRXOG�EH�PRUH�YLUXOHQW�LQ�VRPH�DUHDV�WKDQ�LQ�RWKHUV��RU�RWKHU�H[WHUQDO�IDFWRUV�PLJKW�
DOWHU�WKH�ULVN�RI�LQIHFWLRQ��7KH�0��ERYLV�VWUDLQV�LQ�WKH�+25�DUH�YDULHG�DQG�GLIIHU�IURP�WKRVH�
LQ� WKH�FHQWUDO�1RUWK� ,VODQG�ZKHUH� WKHUH�DUH�RQO\� WZR�FORVHO\� UHODWHG�VWUDLQV� �&ROOLQV�HW�DO��
������� 7KH� ODFN� RI� VHYHUH� GLVHDVH� LQ� +25� GHHU�� SDUWLFXODUO\� WKH� FRPSOHWH� DEVHQFH� RI�
PDFURVFRSLF� OHVLRQV� LQ� ROGHU� GHHU�� VXJJHVWV� K\SRWKHVHV� RI� D� QRQ�YLUXOHQW� 7E� VWUDLQ� RU�
UHVLVWDQW�GHHU��7KHUH�LV�OLWWOH�WR�VXSSRUW�WKH�µODFN�RI�YLUXOHQFH¶�K\SRWKHVLV�IRU�+25�GHHU��DV�
H[WUHPH� SUHYDOHQFHV� RI� 7E� KDYH� VRPHWLPHV� VHHQ� WKHUH� ERWK� LQ� SRVVXPV� �&ROHPDQ� HW� DO��
������ DQG� LQ� SLJV� �1XJHQW� HW� DO�� ������� 7KHUH� LV� PRUH� HYLGHQFH� IDYRXULQJ� WKH� µJUHDWHU�
UHVLVWDQFH¶� SRVVLELOLW\� DV� 1HZ� =HDODQG� UHG� GHHU� GR� KDYH� KHULWDEOH� YDULDWLRQ� LQ� WKHLU�
VXVFHSWLELOLW\�WR�7E��0DFNLQWRVK�HW�DO��������DQG�*ULIILQ�HW�DO���������LQIHU�WKDW�WHVW�DQG�FXOO�
PDQDJHPHQW�RI�7E�LQ�DQ�DFXWH�RXWEUHDN�RQ�D�GHHU�IDUP�UHVXOWHG�LQ�VHOHFWLRQ��ZLWKLQ���\HDU��
IRU�PRUH�7E�UHVLVWDQW�DGXOW�GHHU��,I�+25�GHHU�DUH�UHVLVWDQW��WKDW�LV�OLNHO\�WR�UHIOHFW�WKH�ORQJ�
KLVWRU\�RI�7E�SUHVHQFH��SUREDEO\�RYHU����\HDUV��DQG�SHULRGLF�H[SRVXUH�WR�H[WUHPH�LQIHFWLYH�
FKDOOHQJH�DV�LQ������ZKHQ�!����RI�SRVVXPV�LQ�SDUW�RI�WKH�+25�VWXG\�DUHD�ZHUH�LQIHFWHG�
�&ROHPDQ� HW� DO�� ������� 'HYHORSPHQW� RI� VXFK� UHVLVWDQFH� ZRXOG� UHTXLUH� WKDW� WKHUH� ZDV�
VXEVWDQWLDO�7E�LQGXFHG�PRUWDOLW\�DW�VRPH�WLPH�LQ�WKH�HYROXWLRQ�RI�WKLV�GHHU�SRSXODWLRQ��
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'HHU� GR� GLH� RI�7E��'HDWK� UDWHV� DUH� VRPHWLPHV� KLJK� RQ� IDUPV� �H�J��� %HDWVRQ� HW� DO�� ������
%URRNV��������,Q�������,�VKRW�D�KHDYLO\�LQIHFWHG�DGXOW�PDOH�LQ�WKH�(+5�WKDW�ZDV�VR�FORVH�WR�
GHDWK�WKDW�LW�ZDV�XQDEOH�WR�ULVH�ZKHQ�DSSURDFKHG��DQG�FRPPHUFLDO�KHOLFRSWHU�EDVHG�KXQWHUV�
UHSRUW�VLPLODU�REVHUYDWLRQV��6��*DPEOH��5��/RULJDQ��6��/DZQ��SHUV��FRPP����7KH�TXHVWLRQ�LV�
QRW�ZKHWKHU�WKHUH�LV�7E�LQGXFHG�PRUWDOLW\�LQ�ZLOG�GHHU��EXW��UDWKHU��KRZ�PXFK�WKHUH�LV��7KLV�
VWXG\� LQGLFDWHV� DQ\� HIIHFW� LV� VPDOO�� DW� OHDVW� IRU� DGXOW� GHHU�� 7KH� DJH�GLVWULEXWLRQV� RI� WKH�
VXUYH\HG� GHHU� ZHUH� VLPLODU� LQ� WKH� WKUHH� FRPPHUFLDOO\� KXQWHG� DUHDV�� UHJDUGOHVV� RI� 7E�
SUHYDOHQFH��)RU�WKH�(+5�DQG�:+5��ZKHUH�WKH�KDELWDW�DQG�KXQWLQJ�UHJLPH�DUH�PRVW�VLPLODU��
WKHUH�LV�OLWWOH�HYLGHQFH�RI�JUHDWHU�PRUWDOLW\�LQ�\RXQJ�GHHU�LQ�WKH�:+5�DV�D�FRQVHTXHQFH�RI�
WKH�PXFK�KLJKHU�SUHYDOHQFH�WKHUH�GXULQJ�WKDW�WLPH��)LJ��������$�OLIH�WDEOH�DQDO\VLV�RI�����±
�����+DXKXQJDURD�5DQJH�GDWD�XVLQJ�WKH�QXPEHUV�LQ�HDFK�DJH�FODVV�DV�PHDVXUHV�RI�RYHUDOO�
PRUWDOLW\� SDWWHUQV� �DVVXPLQJ� WKDW� KXQWLQJ� LV� E\� IDU� WKH� PDLQ� FDXVH� RI� GHDWK� LQ� WKLV�
SRSXODWLRQ�� VXJJHVWHG� VLPLODU� PRUWDOLW\� UDWHV� LQ� WKH� �±��\� DJH� JURXS� EHWZHHQ� (+5� DQG�
:+5�� EXW� PDUNHGO\� KLJKHU� PRUWDOLW\� UDWHV� LQ� WKH� �±�� \� DJH� JURXS� LQ� WKH� :+5�� 7KLV�
PDWFKHV� WKH�GHFOLQHV� LQ�SUHYDOHQFH�IRU�ERWK�VH[HV� WKDW�RFFXUUHG� LQ�ERWK� WKH�SRLVRQHG�DQG�
XQSRLVRQHG� DUHDV� �)LJV�� ����� ������ 8QIRUWXQDWHO\� OLWWOH� ZHLJKW� FDQ� EH� SODFHG� RQ� WKHVH�
DQDO\VHV� DV� WKH\� DUH� YDOLG� RQO\� LI� WKH� SRSXODWLRQ� DJH� VWUXFWXUH� LV� VWDWLRQDU\� �&DXJKOH\�
�������7KDW� FDQQRW� EH� VR� EHFDXVH� ����� SRLVRQ� RSHUDWLRQ� UHGXFHG� GHHU� GHQVLWLHV� LQ� (+5�
�)UDVHU�HW�DO��������EXW�QRW�WKH�:+5��
&RXQWHULQJ� WKHVH� ZHDN� LQGLFDWLRQV� RI� 7E�LQGXFHG� PRUWDOLW\�� WKHUH� ZDV� QR� HYLGHQFH� WKDW�
KLJKO\� LQIHFWHG� FRKRUWV� RI� PDWXUH� IHPDOHV� VXIIHUHG� JUHDWHU� PRUWDOLW\� WKDQ� OHVV� KHDYLO\�
LQIHFWHG�FRKRUWV�\RXQJHU��)LJ���������,Q�DGGLWLRQ��WKH�SHUFHQWDJH�RI�GHHU�ZLWK�VHYHUH�µHQG�
VWDJH¶� LQIHFWLRQ�ZDV� ORZ��HVSHFLDOO\� LQ� WKH�+25�GHHU�DQG� LQ�\RXQJ�GHHU� ��RQO\����RI�DOO�
LQIHFWHG�\HDUOLQJV�KDG�/6,� ����DQG�QRQH�IURP�WKH�+25��7KH�ODWWHU�LV�FRQVLVWHQW�ZLWK�RQO\�
F�����RI�IDUPHG�UHG�GHHU�LQ�1HZ�=HDODQG�EHLQJ�KLJKO\�VXVFHSWLEOH�WR�0��ERYLV��*ULIILQ�	�
0DFNLQWRVK��������,I�7E�GRHV�KDYH�D�VLJQLILFDQW�HIIHFW�RQ�ZLOG�GHHU��LW�LV�OLNHO\�WR�EH�DV�D�
FRQVHTXHQFH�RI�WKHVH�IHZ�KLJKO\�VXVFHSWLEOH�GHHU�G\LQJ�DW�DERXW��±��\�RI�DJH��
(YHQ� VXVFHSWLEOH� VSHFLHV� VXFK� DV� UDEELWV� DQG� SRVVXPV� FDQ� UHVROYH� �KHDO�� LQIHFWLRQ�ZKHQ�
FKDOOHQJHG�E\�OHVV�YLUXOHQW�VWUDLQV�RI�7E��'DQQEHUJ�������&RRNH�HW�DO���������VR�LW�LV�OLNHO\�
WKDW�VRPH�GHHU�FDQ�DOVR�UHVROYH�PLQRU�7E�LQIHFWLRQV��7KH�FRPSDUDWLYHO\�ORZ�LQFLGHQFH�RI�
KHDG�LQIHFWLRQ�LQ�85�GHHU�VXJJHVWV�WKDW�DW�OHDVW�SDUWLDO�FOHDUDQFH�RI�LQIHFWLRQ�RFFXUUHG�WKHUH��
$V�LQIHFWLRQ�LQ�PRVW�GHHU�LV�FRQILQHG�WR�WKH�KHDG��WKLV�ZRXOG�RIWHQ�UHVXOW�LQ�FRPSOHWH�ORVV�RI�
LQIHFWLRQ��0RUH�FRQFOXVLYHO\��WKHUH�ZDV�D�VLJQLILFDQW�GHFOLQH�RI�7E�LQ�PDWXUH�IHPDOHV�DIWHU�
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�����LQ�WKH�(+5�DQG�85��)LJ�������WKDW�FDQQRW�KDYH�EHHQ�FDXVHG�E\�GLIIHUHQWLDO�PRUWDOLW\�
�)LJ��������LQGLFDWLQJ�WKDW�PRVW�ORVV�RI�LQIHFWLRQ�PXVW�EH�DWWULEXWHG�WR�UHVROXWLRQ��7KLV�KHOSV�
H[SODLQ� WKH� GHFOLQH� LQ� QHW� IRUFH� RI� LQIHFWLRQ� ZLWK� DJH�� DV� UHVROXWLRQ� SUREDEO\� QRW� RQO\�
UHGXFHV� WKH� QXPEHU� OLYH� GHHU� VWLOO� LQIHFWHG�� EXW� DOVR� WKH� SURSRUWLRQ� RI� WKHP� WKDW� DUH�
VXVFHSWLEOH�WR�EHFRPLQJ�UHLQIHFWHG���
,Q�DWWHPSWLQJ�WR�DVVHVV�WKH�UHODWLYH�HIIHFW�RI�UHVLVWDQFH��7E�LQGXFHG�PRUWDOLW\��DQG�UHVROXWLRQ�
RQ�WKH�DJH�VSHFLILF�SUHYDOHQFH�LQ�GHHU��,�XVHG�VLPSOH�PRGHOV�WR�VLPXODWH�WKH�HIIHFW�RI�HDFK�
RQ�DJH�VSHFLILF�SUHYDOHQFH�DVVXPLQJ�D�FRQVWDQW�DQQXDO�IRUFH�RI�LQIHFWLRQ��:KHUH�WKHUH�LV�QR�
ORVV�RI�LQIHFWLRQ��SUHYDOHQFH�FOLPEV�FRQWLQXRXVO\�WKURXJK�OLIH��EXW�LQFUHDVLQJO\�VORZO\�LI�D�
SURSRUWLRQ�RI�WKH�SRSXODWLRQ�LV�UHVLVWDQW�WR�7E��,QWURGXFLQJ�7E�LQGXFHG�PRUWDOLW\��α��UHVXOWV�
LQ� WKH� SUHYDOHQFH� UHDFKLQJ� DQ� DV\PSWRWH� ZKHUH� WKH� DGGLWLRQDO� PRUWDOLW\� EDODQFHV� WKH�
LQFLGHQFH�RI�QHZ�LQIHFWLRQ��8QGHU�FRQVWDQW�λ�DQG�α��RQO\�UHVROXWLRQ�FDQ�UHVXOW�LQ�D�GHFOLQH�
LQ�SUHYDOHQFH��DV�SUHYLRXVO\�LQIHFWHG�DQLPDOV�QRZ�LPPXQH�WR�LQIHFWLRQ�FRPH�WR�GRPLQDWH�
DPRQJVW� WKH� VXUYLYRUV��� 7KH� REVHUYHG� GHFOLQH� LQ� SUHYDOHQFH� ZLWK� DJH� �)LJ� ����� ZRXOG�
WKHUHIRUH�VHHP�WR�SURYLGH�VXSSRUW�IRU�UHVROXWLRQ��EXW�GHFOLQHV�FDQ�DOVR�RFFXU�LI�λ�GHFOLQHV�
ZLWK� DJH� ZKLOH� α� UHPDLQV� FRQVWDQW� RU� LQFUHDVHV�� :LWK� IRXU� FRPSHWLQJ� SURFHVVHV�
�VXVFHSWLELOLW\��IRUFH�RI�LQIHFWLRQ��7E�LQGXFHG�PRUWDOLW\��DQG�UHVROXWLRQ��PRGHOOLQJ�RI�DJH�
VSHFLILF� SUHYDOHQFH� ZLWK� GLIIHUHQW� D� SULRUL� PRGHOV� �DV� KDV� EHHQ� GRQH� IRU� IHUUHWV�� &DOH\�
������ZDV�QRW�DWWHPSWHG�EHFDXVH�WKH�NH\�GDWD�IRU�GLVWLQJXLVKLQJ�EHWZHHQ�WKHP��SUHYDOHQFH�
UDWHV� LQ� ROGHU� GHHU�� DUH� WRR� VSDUVH� WR� GLVWLQJXLVK� EHWZHHQ� WKH�PDQ\� FRPSHWLQJ� SRWHQWLDO�
PRGHOV���

������'LDJQRVWLFV��
7KH�SUHGRPLQDQFH�RI�QRQ�OHVLRQHG�EXW�LQIHFWHG�GHHU�LQ�WKH�+25��HVSHFLDOO\�DPRQJVW�ROGHU�
DQLPDOV�� LQGLFDWHV� WKDW� LQVSHFWLRQ� IRU� JURVV� OHVLRQV� KDV� ORZ� VHQVLWLYLW\� IRU� GHWHFWLQJ�
LQIHFWLRQ�LQ�WKLV�DUHD��(YHQ�LQ�WKH�RWKHU�DUHDV������RI�LQIHFWHG�GHHU�KDG�QR�YLVLEOH�OHVLRQV�
EXW�ZHUH�FXOWXUH�SRVLWLYH��&XOWXUH�RI�DQ�57�SRRO�FXUUHQWO\�FRVWV�DERXW������:KHUH�GHHU�DUH�
EHLQJ�VXUYH\HG� WR�GHWHFW�7E�� LW�ZLOO� WKHUHIRUH�EH�FRVW�HIIHFWLYH� WR� URXWLQHO\�FXOWXUH�DQ�57�
WLVVXH�SRRO�IURP�19/�GHHU�ZKHQHYHU�WKH�SURSRUWLRQDO�LQFUHDVH�LQ�VXUYH\�VHQVLWLYLW\�RIIVHWV�
WKH�FRVW�RI�REWDLQLQJ�DQG�QHFURSV\LQJ�DGGLWLRQDO�GHHU��7KHUH� LV� OLWWOH�SRLQW� LQ�QHFURSV\LQJ�
GHHU������PRQWKV�ROG��DV�WKH�VHQVLWLYLW\�RI�VXFK�IDZQV�DV�VHQWLQHOV�LV�OLNHO\�WR�EH�ORZ���
5RXWLQH�FXOWXULQJ�RI�DQ�57�SRRO�IRU�DOO�GHHU�LV�OLNHO\�WR�KDYH�JUHDWO\�UHGXFHG�YDULDELOLW\�LQ�
GLDJQRVWLF� VHQVLWLYLW\� UHVXOWLQJ� IURP� YDULDWLRQ� LQ� LQVSHFWRU� VNLOO�� 1RQHWKHOHVV�� LW� LV� OLNHO\�
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WKDW� WKHUH�ZDV� VRPH�\HDU�WR�\HDU�YDULDWLRQ� LQ� WKH�QXPEHUV�RI� OHVLRQV�GHWHFWHG�� DQG� LQ� WKH�
SHUFHQWDJH� RI� IDOVH� QHJDWLYH� GLDJQRVHV� LQ� WKH� VDPSOHV�� $V� WKH� H[SHULHQFH� RI� WKH� PDLQ�
LQVSHFWRUV� LQFUHDVHG�GXULQJ� WKH�VWXG\��DQG� WKH�LQVSHFWLRQ�SURWRFROV�EHFDPH�PRUH�ULJRURXV�
DQG�FRQVLVWHQW��GLDJQRVWLF�VHQVLWLYLW\�ZLOO�KDYH� WHQGHG� WR� LQFUHDVH� WKURXJK� WLPH��7KLV�ZLOO�
KDYH�PDGH�LW�PRUH�GLIILFXOW�WR�FRQILUP�VWDWLVWLFDOO\�WKH�SUHGLFWHG�GHFOLQHV�LQ�7E�SUHYDOHQFH�
LQ�GHHU�IROORZLQJ�SRVVXP�FRQWURO��
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&KDSWHU�����
$�WHVW�RI�WKH�VWDWXV�RI�ZLOG�GHHU�LQ�1HZ�=HDODQG�

DV�KRVWV�RI�ERYLQH�WXEHUFXORVLV�
����,QWURGXFWLRQ��

)RUPDO� H[SHULPHQWDO� WHVWV� RI� WKH� UROH� RI� XQFRQILQHG� ZLGH�UDQJLQJ� ZLOG� DQLPDOV� LQ� WKH�
PDLQWHQDQFH� DQG�RU� WUDQVPLVVLRQ� RI� GLVHDVH� DUH� UDUH�� SUHVXPDEO\� EHFDXVH� WKH� FRVW� RI�
DSSO\LQJ�H[SHULPHQWDO�WUHDWPHQWV�LV�XVXDOO\�SURKLELWLYH��%RYLQH�7E�LV�WKHUHIRUH�VRPHZKDW�
XQXVXDO�DV�WKHUH�KDYH�EHHQ��RU�DUH��VHYHUDO�VXFK�H[SHULPHQWDO�WHVWV��7KH�PRVW�KLJK�SURILOH�
H[DPSOH� LV� WKH� µ.UHEV� H[SHULPHQW¶� LQ� %ULWDLQ� �DQG� D� SDUDOOHO� H[SHULPHQW� LQ� ,UHODQG��
2¶0DLUWLQ� ������ DLPHG� DW� WHVWLQJ� WKH� LPSDFW� RI� EDGJHU� FXOOLQJ� RQ�7E� OHYHOV� LQ� GRPHVWLF�
FDWWOH��.UHEV��������&DOH\�HW�DO�� �������GHPRQVWUDWHG�D�FDXVDO� OLQN�EHWZHHQ�SRVVXPV�DQG�
FDWWOH�LQ�1HZ�=HDODQG��0F,QHUQH\�HW�DO���������XVHG�D�GH�IDFWR�H[SHULPHQW��WKH�FXOOLQJ�RI�
FDWWOH�DQG�ZLOG�$VLDQ�EXIIDOR��%XEDOXV�EXEDOLV��� WR�VKRZ�IHUDO�SLJV�ZHUH�QRW�PDLQWHQDQFH�
KRVWV� LQ� WKH� QRUWKHUQ� 7HUULWRU\� LQ�$XVWUDOLD�� &DOH\� ������� PRUH� IRUPDOO\� WHVWHG� WKH� KRVW�
VWDWXV�RI�IHUUHWV�DQG�VKRZHG�WKDW�ZKLOH�PRVW�LQIHFWLRQ�LQ�IHUUHWV�LV�DFTXLUHG�IURP�SRVVXPV��
LQWUD�VSHFLHV�WUDQVPLVVLRQV�ZDV�SRWHQWLDOO\�IUHTXHQW�HQRXJK�DW�KLJK�IHUUHW�GHQVLW\�IRU�IHUUHWV�
WR�EH�DEOH�PDLQWDLQ�WKH�GLVHDVH�LQGHSHQGHQWO\�RI�SRVVXPV��7KHVH�H[SHULPHQWV�DOO�LQYROYHG�
PHDVXUHPHQW�RI�GLVHDVH� UHVSRQVH� LQ�RQH�RU�PRUH� VSHFLHV� LQ� UHVSRQVH� WR� VRPH� ODUJH�VFDOH�
PDQDJHPHQW� DFWLRQ�� 6XFK� H[SHULPHQWV� DUH� PXFK� PRUH� FRQFOXVLYH� WKDQ� FLUFXPVWDQWLDO�
HYLGHQFH�RI�WKH�W\SH�SUHVHQWHG�LQ�&K�����RU��IRU�H[DPSOH��WKH�LQIHUHQFH�WKDW�WKH�ZLGHVSUHDG�
RFFXUUHQFH�RI�7E� LQ�ZLOG�ERDU� LQ�PDQ\�SDUWV�RI�FHQWUDO�(XURSH� LQGLFDWHV� WKDW� WKDW�VSHFLHV�
PXVW�EH�LPSRUWDQW�LQ�PDLQWDLQLQJ�7E�WKHUH��0DFKDFNRYD�HW�DO���������
7KLV� FKDSWHU� GHVFULEHV� DQ� H[SHULPHQWDO� WHVW� RI� KRVW� VWDWXV� LQ� ZLOG� GHHU�� 7KH� VWXG\� ZDV�
IRUPDOO\� LQLWLDWHG� LQ� ������ DIWHU� LQLWLDO� VXUYH\V� DQG� DQDO\VHV� RI� DJH�VSHFLILF� SUHYDOHQFH�
�1XJHQW�	�/XJWRQ� ������/XJWRQ� HW� DO�� ������ LQGLFDWHG� KLJK� SUHYDOHQFHV� RI�7E�ZHUH� QRW�
XQFRPPRQ� LQ�ZLOG�GHHU��EXW� WKDW� WKHUH�ZDV�VWURQJ�FLUFXPVWDQWLDO�HYLGHQFH�VXSSRUWLQJ� WKH�
K\SRWKHVLV�WKDW�PRVW�RI�WKDW�LQIHFWLRQ�LQ�ZLOG�GHHU�ZDV�VSLOORYHU�LQIHFWLRQ�IURP�SRVVXPV��7R�
WHVW� WKLV� K\SRWKHVLV�� ,� GHWHUPLQHG� WKH� HIIHFW� RI� SRVVXP�FRQWURO� RQ� WKH� LQFLGHQFH�RI�7E� LQ�
GHHU�E\�FRPSDULQJ�FKDQJHV�RYHU�WKH�����±�����SHULRG�LQ�WKH�DJH�VSHFLILF�SUHYDOHQFH�RI�7E�
LQ� WZR�DUHDV� LQ�ZKLFK�SRVVXP�QXPEHUV�ZHUH� VXEVWDQWLDOO\� UHGXFHG� LQ������ZLWK� WKRVH� LQ�
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WZR�DUHDV�LQ�ZKLFK�SRVVXP�QXPEHUV�ZHUH�QRW�UHGXFHG��,�DOVR�GHWHUPLQHG�WKH�HIIHFW�RI�WKH�
ORFDO��GHHU�KRPH�UDQJH�VFDOH��GHQVLW\�RI�SRVVXPV�RU�GHHU�RQ�WKH�OLNHOLKRRG�RI�DQ�LQGLYLGXDO�
GHHU�EHLQJ�LQIHFWHG��
%\�������WKHUH�ZDV�FOHDU�VXSSRUW�IRU�WKH�VSLOORYHU�K\SRWKHVLV��1XJHQW�	�:KLWIRUG��������
DQG� WKH� DLPV� RI� WKH� VWXG\� VKLIWHG� WRZDUG� GHWHUPLQLQJ� WKH� FDXVHV� RI� WKH� PHGLXP�WHUP�
SHUVLVWHQFH�RI�7E�LQ�GHHU�REVHUYHG�GXULQJ�WKH�����±�����SHULRG��7KLV���\HDU�ILQDO�SKDVH�RI�
WKH� VWXG\� �����±������ ZDV� IRFXVHG� RQ� WKH� WZR� DUHDV� LQ� ZKLFK� SRVVXP� QXPEHUV� ZHUH�
UHGXFHG��1XJHQW�	�:KLWIRUG���������

����0HWKRGV�

������6WXG\�DUHDV�
7KH�VWXG\�DUHDV�ZHUH�WKRVH�GHVFULEHG�LQ�&KDSWHU����$OWKRXJK�QRW�µDVVHPEOHG¶�LQWR�D�IRUPDO�
GHVLJQ� XQWLO� DIWHU� ������ WKH\� HIIHFWLYHO\� IRUP� D� WZLFH�UHSOLFDWHG� %HIRUH�$IWHU�&RQWURO�
,QWHUYHQWLRQ� H[SHULPHQWDO� GHVLJQ� �8QGHUZRRG� ������ ZLWK� WKH� LQWHUYHQWLRQ� EHLQJ� WKH�
FRQVHTXHQFHV� �IRU� ERWK� SRVVXPV� DQG� GHHU�� RI� DHULDO� ����� SRLVRQLQJ� LQ� ZLQWHU� ������
%HFDXVH������SRLVRQLQJ�RSHUDWLRQV�NLOO�VRPH�GHHU�DV�ZHOO�DV�WKH�SULPDU\�WDUJHW��SRVVXPV��
WKH�H[SHULPHQWDO�WUHDWPHQW�ZDV��VWULFWO\�VSHDNLQJ��QRW�D�µSXUH¶�UHGXFWLRQ�LQ�SRVVXP�GHQVLW\�
DORQH��EXW��UDWKHU��WKH�HIIHFW�RI�WKH�SRLVRQLQJ�RQ�DOO�KRVW�VSHFLHV�FRPELQHG���
)RU� WKH� WKUHH� 1RUWK� ,VODQG� DUHDV�� FURVV�VHFWLRQDO� VXUYH\V� RI� WKH� +DXKXQJDURD� DQG�
8PXNDULNDUL�5DQJHV� LQ� �������� SURYLGH� WKH� µEHIRUH¶� GDWD��ZKLOH� WKH� ����±����� VXUYH\V�
SURYLGHG�µDIWHU¶�GDWD��8QIRUWXQDWHO\�QR�HTXLYDOHQW�µEHIRUH¶�GDWD�DUH�DYDLODEOH�IRU�WKH�+25�
DUHD��PDNLQJ�WKH�GHVLJQ�LQFRPSOHWH���
7KH�WZR�µLQWHUYHQWLRQ¶�DUHDV��(+5�DQG�85��ZHUH�ERWK�SRLVRQHG�ZLWK������ODGHQ�FDUURW�EDLW�
VRZQ�E\�KHOLFRSWHU�LQ�$XJXVW�������7KH�WZR�QRQ�WUHDWPHQW�DUHDV�ZHUH�WKH�:+5�DQG�+25���

������7KH�DQQXDO�VXUYH\V�
7KH�DQQXDO� VXUYH\V��QHFURSV\�SURFHGXUHV�DQG�GDWD�JDWKHUHG�DUH�GHVFULEHG� LQ�6HFWLRQ������
)RU� +DXKXQJDURD� GHHU�� WKH� GLVWDQFH� IURP� WKH� NLOO� VLWH� WR� WKH� (+5±:+5� ERXQGDU\� ZDV�
PHDVXUHG� WR� DVVHVV� WKH� H[WHQW� RI� PRYHPHQW� RI� LQIHFWHG� GHHU� EHWZHHQ� WKH� WZR� GLIIHUHQW�
H[SHULPHQWDO� WUHDWPHQWV�� 'HHU� VKRW� LQ� WKH� ZHVWHUQ� +DXKXQJDURD� 5DQJH� DUH� DVVLJQHG� D�
QHJDWLYH� GLVWDQFH�� 2QO\� GHHU� VKRW� DIWHU� ����� DUH� LQFOXGHG�� ZLWK� WKH� VDPSOH� GLYLGHG� LQWR�
WKRVH�ERUQ�EHIRUH�VSULQJ������DQG�WKRVH�ERUQ�ODWHU���
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������%URDG�VFDOH�DQLPDO�GHQVLW\�GDWD�
1R�FRPSUHKHQVLYH�VXUYH\V�RI�GHHU��SLJ��DQG�SRVVXP�GHQVLWLHV�LQ�DOO�RI�WKH�VWXG\�DUHDV�ZHUH�
XQGHUWDNHQ�VSHFLILFDOO\�DV�SDUW�RI� WKLV�VWXG\��EXW�D�YDULHW\�RI�RWKHU�VWXGLHV�KDYH�PHDVXUHG�
SRVVXP� DQG� GHHU� DEXQGDQFH� LQ� SDUWV� RU� DOO� RI� PRVW� RI� P\� VWXG\� DUHDV�� 7KHVH� DUH�
VXPPDULVHG�LQ�$SSHQGL[����7KH�WUDS�FDWFK�DQG�IDHFDO�SHOOHW�VXUYH\�PHWKRGV�XVHG�LQ�WKHVH�
VWXGLHV� GLG� QRW� IROORZ� DQ\� VWDQGDUG� GHVLJQ�� ZLWK� ZLGH� YDULDWLRQ� LQ� WKH� VSDWLDO� OD\RXW� RI�
VDPSOLQJ� SORWV� RU� RI� WUDSV� DQG� WUDS� OLQHV�� GHSHQGLQJ� RQ� WKH� DLPV� RI� WKH� SDUWLFXODU� VWXG\��
2QO\� RQH� RI� WKH� SRVVXP� WUDS�FDWFK� VXUYH\V� IROORZHG� WKH� UHFHQW� QDWLRQDO� SURWRFRO� IRU�
SRVVXP�PRQLWRULQJ� �13&$� ������� 7KH� GDWD� DUH� WKHUHIRUH� XVHG� RQO\� DV� EURDG�EUXVK� DQG�
HVVHQWLDOO\�TXDOLWDWLYH�FRPSDULVRQV�RI� WKH� UHODWLYH�GHQVLWLHV�RI�SRVVXPV�DQG�GHHU�EHWZHHQ�
DUHDV�DQG�\HDUV���

�������.LOO�VLWH�VXUYH\V�
7R�GHWHUPLQH�WKH�UHODWLRQVKLSV�EHWZHHQ�ORFDO�SRVVXP�DQG�GHHU�GHQVLW\�DQG�WKH�SUHYDOHQFH�
RI�7E�LQ�GHHU�DW�WKH�VFDOH�RI�GHHU�KRPH�UDQJH�VL]H��LQGLFHV�RI�SRVVXP�DQG�GHHU�DEXQGDQFH�
ZHUH�PHDVXUHG�DW�WKH�NLOO�VLWHV�RI�VRPH�RI�WKH�GHHU�NLOOHG�GXULQJ�WKH�����±�����SHULRG��7KH�
µIRFDO¶�GHHU�VHOHFWHG�IRU�WKLV�SDUW�RI�WKH�VWXG\�ZHUH�VXE�DGXOW�DQG�DGXOW�IHPDOHV�OHVV�WKDQ���\�
ROG��7KLV� VXEVHW� RI� WKH�GHHU�SRSXODWLRQ�ZDV� FKRVHQ�EHFDXVH� WKH\�ZHUH� WKH�PRVW� OLNHO\� WR�
GHPRQVWUDWH�UHFHQW�����\HDUV�� WUDQVPLVVLRQ�QHDU� WKH�NLOO�VLWH��DV�IHPDOHV�KDYH�VPDOO�KRPH�
UDQJHV�����±����KD��DQG�VHOGRP�GLVSHUVH��1XJHQW�������&K������
$OO�SRWHQWLDO�FDQGLGDWH�GHHU�NLOOHG�LQ� WKH�IRXU�PDLQ�VWXG\�DUHDV�GXULQJ�WKH�SUHFHGLQJ�\HDU�
ZHUH� FODVVHG� DV� 7E�LQIHFWHG� RU� XQLQIHFWHG�� DQG� WKH� NLOO� VLWHV� RI� UDQGRPO\� VHOHFWHG� GHHU�
ZLWKLQ�HDFK�RI�WKHVH�WZR�FDWHJRULHV�ZHUH�WKHQ�VXUYH\HG��:KHUH�SRVVLEOH��WKH�VXUYH\V�ZHUH�
H[WHQGHG�RU�GXSOLFDWHG�WR�LQFOXGH�DQ\�RWKHU�FDQGLGDWH�GHHU�FORVH�E\�WKDW�FRXOG�EH�VXUYH\HG�
IURP�WKH�VDPH�ILHOG�FDPS��$�WRWDO�RI����VXUYH\V�ZHUH�FRPSOHWHG��FRYHULQJ����WDUJHW�GHHU��
EXW�ZLWK� WKH�NLOO� VLWHV�RI�����GHHU� LQ� WRWDO�EHLQJ� LQFOXGHG�ZLWKLQ� WKH�����P�UDGLXV�VXUYH\�
DUHDV�� 7KH� ����P� UDGLXV� ZDV� VHOHFWHG� WR� FRYHU� ���� KHFWDUHV� DURXQG� WKH� NLOO� VLWH� �L�H��
DSSUR[LPDWHO\�RQH�IHPDOH�GHHU�KRPH�UDQJH�VL]H���)LHOG�VWDII�UHWXUQHG�WR�HDFK�VHOHFWHG�NLOO�
VLWH� DQG�PHDVXUHG� IDHFDO� SHOOHW� GHQVLW\�� F\DQLGH� EDLW�WDNH�� DQG� WUDS� FDWFK� UDWH�� XVLQJ� WKH�
SURFHGXUHV�EHORZ��
3HOOHW� FRXQWV��3HOOHW� SORWV� RI� ����P� UDGLXV�ZHUH� HVWDEOLVKHG� DW� ���P� LQWHUYDOV� DORQJ� IRXU�
����P�WUDQVHFWV�UDGLDWLQJ�LQ�D�FUXFLIRUP�SDWWHUQ�DURXQG�WKH�NLOO�VLWH�RI�WKH�FDQGLGDWH�GHHU��
3ORWV�ZHUH�VHDUFKHG�IRU�WKH�SUHVHQFH�RI�IDHFDO�SHOOHWV��)RU�SRVVXPV��WKH�SUHVHQFH�RU�DEVHQFH�
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RI� SRVVXP� SHOOHWV� RQ� WKH� �����P� UDGLXV� ZDV� UHFRUGHG� �%DGGHOH\� ������� )RU� GHHU�� SHOOHW�
IUHTXHQFLHV�ZHUH�DOVR�UHFRUGHG��DV�ZDV�WKH�GLVWDQFH�IURP�WKH�SORW�FHQWUH�WR�DQ\�JURXSV�RI�
VL[�RU�PRUH�LQWDFW�SHOOHWV�IRXQG�ZLWKLQ�����P�RI�WKH�SORW�FHQWUH��7KH�ODWWHU�GDWD�ZHUH�XVHG�WR�
HVWLPDWH�SHOOHW�JURXS�GHQVLW\��3*'���DVVXPHG�WR�EH�DQ�LQGH[�RI�GHHU�DEXQGDQFH��
3RVVXP� WUDS� FDWFK� DQG� F\DQLGH� EDLW� WDNH�� ,Q� WKH� ILUVW� NLOO�VLWH� VXUYH\V� LQ� ��������� ���
F\DQLGH�EDLWV�ZHUH� ODLG� DW� WKH�SHOOHW� SORWV� DORQJ� HDFK� WUDQVHFW� DQG� FKHFNHG� WKH� IROORZLQJ�
GD\��)URP������RQZDUGV���DIWHU�VRPH�HYLGHQFH�RI�DSSDUHQW�F\DQLGH�VK\QHVV�LQ�SRVVXPV�DW�
VRPH�NLOO�VLWHV������F\DQLGH�EDLWV�ZHUH�DOWHUQDWHG�ZLWK����WUDSV�DORQJ�HDFK�WUDQVHFW�DQG�ZHUH�
OHIW�RXW�IRU���QLJKWV�EXW�FKHFNHG�GDLO\��$OO�WUDSSHG�SRVVXPV�ZHUH�NLOOHG��7KLV�UHPRYDO�RI�F��
�����SRVVXPV�RYHU���\HDUV�IURP�WKURXJKRXW�WKH�IRXU�VWXG\�DUHDV��WRWDO�DUHD�RI�F���������KD��
ZLOO�KDYH�KDG�QHJOLJLEOH�LPSDFW�RQ�WKH�DUHD�ZLGH�SRVVXP�GHQVLWLHV��
7KH�WUDS�FDWFK�DQG�EDLW�WDNH�IRU�ERWK�ILUVW�DQG�VHFRQG�QLJKWV�ZHUH�UHFRUGHG��0RVW�SRVVXPV�
ZHUH� QHFURSVLHG� LQ� WKH� ILHOG�� ZLWK� WKH� D[LOODU\� DQG� LQJXLQDO� DQG� PHVHQWHULF� OQV� DQG� WKH�
OXQJV��OLYHU��DQG�NLGQH\�EHLQJ�LQVSHFWHG�IRU�PDFURVFRSLF�OHVLRQV��7KH�OXQJV�ZHUH�SDOSDWHG��
6XVSLFLRXV�OHVLRQV�DQG�WKH�D[LOODU\�DQG�LQJXLQDO�OQV�ZHUH�UHPRYHG�IRU�FXOWXUH��EXW�VDPSOHV�
ZHUH�FXOWXUHG�IURP�RQO\�����SRVVXPV�EHFDXVH�WKH�UHPDLQGHU�ZHUH�ORVW�LQ�D�IUHH]HU�IDLOXUH��
$�FRPSRVLWH�LQGH[�RI�SRVVXP�GHQVLW\�ZDV�GHULYHG�IRU�HDFK�NLOO�VLWH�E\�UHJUHVVLQJ�WUDS�FDWFK�
VHSDUDWHO\� DJDLQVW� SHOOHW�FRXQW� DQG� F\DQLGH�EDLW�WDNH� GDWD�� WKHQ� DYHUDJLQJ� WKH� DFWXDO� DQG�
SUHGLFWHG� WUDS�FDWFK� UDWHV� IRU� HDFK� VLWH�� 7KLV� 7UDS� &DWFK� ,QGH[� �7&,�� LV� SUREDEO\�
FRQVHUYDWLYH�FRPSDUHG�WR�WKRVH�PHDVXUHG�XVLQJ�WKH�VWDQGDUG�13&$���������EHFDXVH�RI�WKH�
ORQJHU�WUDSOLQHV�XVHG��DQG�EHFDXVH�PXOWL�NLOO�F\DQLGH�EDLWV�ZHUH�SODFHG�EHWZHHQ�WUDSV��
$�PRUH�LQWHQVLYH�IROORZ�XS�VXUYH\�ZDV�FRQGXFWHG�IRU�RQH�XQXVXDO�GHHU��6HFWLRQ���������$���
î���NP�JULG�ZDV� HVWDEOLVKHG� DURXQG� WKH�NLOO� VLWH�� DQG� IRXU� WUDS� OLQHV�RI���� WUDSV� DW����P�
LQWHUYDOV� ZHUH� SODFHG� GLDJRQDOO\� �DQG� FHQWUDOO\�� LQ� HDFK� RI� WKH� ���� KHFWDUHV� TXDGUDQWV�
ZLWKLQ� WKDW� DUHD�� 3RVVXPV� ZHUH� WUDSSHG� IRU� �� QLJKWV�� LQGLYLGXDOO\� PDUNHG� ZLWK� YDULRXV�
FRPELQDWLRQV� RI� VWRFN� PDUNHU� FRORXUV�� DQG� UHOHDVHG�� 7KH� DUHD� ZDV� WKHQ� V\VWHPDWLFDOO\�
F\DQLGHG� ZLWK� F\DQLGH� EDLWV� SODFHG� HYHU\� �� P� DORQJ� WUDQVHFWV� ��� P� DSDUW�� DIWHU� WKHVH�
WUDQVHFWV�KDG�EHHQ�SUH�IHG�IRU���QLJKWV�ZLWK�QRQ�WR[LF�IORXU�DQG�LFLQJ�VXJDU�OXUH���

������$QDO\VLV�
7KH� VWDWLVWLFDO� DQDO\VHV� ZHUH� VLPLODU� WR� WKRVH� RXWOLQHG� LQ� &K�� ��� $129$� ZDV� XVHG� WR�
FRPSDUH�WKH�GLVWDQFHV�+DXKXQJDURD�GHHU�ZHUH�VKRW�DZD\�IURP�WKH�(+5�±�:+5�ERXQGDU\�
EHWZHHQ�VH[HV��DQG�EHWZHHQ�GHHU�ZLWK�DQG�ZLWKRXW�7E��WR�WHVW�WKH�SUHGLFWLRQ�WKDW�µVSLOORYHU¶�
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RI�LQIHFWLRQ�IURP�:+5�ZRXOG�EH�OLPLWHG�WR�WKH�W\SLFDO�KRPH�UDGLXV�RI�HDFK�VH[��7KDW�UHVXOW�
LV�SUHVHQWHG�ZLWK�GHHU�PRYHPHQW�GDWD� LQ�&K����EXW� WKH� WUHQG� LQ�SUHYDOHQFH� LV� UHSRUWHG� LQ�
WKLV�FKDSWHU���
7KH�RULJLQDOO\�SODQQHG�DQDO\VLV�RI�WKH�HIIHFW�RI�ORFDO�GHHU�DQG�SRVVXP�GHQVLW\�DW�GHHU�NLOO�
VLWHV� RQ� WKH� SUHYDOHQFH� RI� 7E� LQ� GHHU� ZDV� QRW� XQGHUWDNHQ� DIWHU� LQVSHFWLRQ� RI� WKH� PHDQV�
LQGLFDWHG�PLQLPDO�RU�QR� FRQVLVWHQW� HIIHFW�� ,QVWHDG�� ,� IRFXVHG�RQ� UHODWLRQVKLSV� DW� WKH� DUHD�
ZLGH� OHYHO�� XVLQJ� WKH� GDWD� IURP� NLOO�VLWH� VXUYH\V� DV� QRPLQDOO\� UDQGRP� �µFKRVHQ¶� E\� WKH�
NLOOHG�GHHU��SRLQW�HVWLPDWHV�RI�GHHU�DQG�SRVVXP�GHQVLW\�DQG�7E�SUHYDOHQFH�LQ�SRVVXPV���)RU�
WKHVH�FRPSDULVRQV��WKH�+DXKXQJDURD�5DQJH�NLOO�VLWHV�ZHUH�SODFHG�LQWR�RQH�RI�IRXU�VDPSOH�
JURXSV� EDVHG� RQ� WKHLU� SRVLWLRQ� DORQJ� WKH� HDVW�ZHVW� JUDGLHQW� LQ� SRVVXP� GHQVLW\� WKDW� ZDV�
JHQHUDWHG� E\� WKH� ����� SRLVRQLQJ�� 7KH� GLVWDQFH� RI� WKH� NLOO� VLWH� IURP� WKH� (+5±:+5�
ERXQGDU\� ZDV� XVHG� DV� DQ� REMHFWLYH� FODVVLILFDWLRQ� FULWHULRQ�� ZLWK� WKDW� REMHFWLYLW\�
FRPSOHPHQWHG�E\�SULRU�VSHFLILFDWLRQ�RI�WKH�FRQVWUDLQW�WKDW�WKHUH�EH�DQ�HTXDO�QXPEHU�RI�NLOO�
VLWHV� �VHYHQ�� DOORFDWHG� WR� HDFK� VDPSOH�JURXS��7KH�85�FRPSULVHG� DQRWKHU�NLOO�VLWH� VDPSOH�
JURXS��DQG�WKH�+25�SURYLGHG�D�VL[WK��

����5HVXOWV�

������([SHULPHQWDO�WUHDWPHQWV�
7KH� YDULHW\� RI� LQGLFHV� DQG� LQIRUPDWLRQ� VRXUFHV� XVHG� WR� DVVHVV� UHODWLYH� DEXQGDQFH� RI�
SRVVXPV�DQG�GHHU�DUH�VXPPDULVHG�LQ�$SSHQGL[���DQG�D�VXPPDU\�RI�UHOHYDQW�GDWD�IURP�WKH�
NLOO�VLWH�VXUYH\V�DUH�VKRZQ�LQ�7DEOH�������
7DEOH�����0HDQ�LQGLFHV�RI�SRVVXP�DQG�GHHU�DEXQGDQFH�DQG�SRVVXP�7E�SUHYDOHQFH��IURP����NLOO�VLWH�
VXUYH\V��DQG�D�WHPSRUDOO\�FRPSDUDEOH�PHDVXUH�RI�7E�SUHYDOHQFH�LQ�GHHU��

$UHD�� 1�NLOO�
VLWHV��

0HDQ�SRVVXP�
7&,��VH��

��VLWHV�ZLWK�
7E��SRVVXPV�

'HHU�SHOOHW�
JURXS�GHQVLW\�

KD����

$UHD�ZLGH�'HHU�
7E�SUHYDOHQFH�

�1��

(+5� ��� ������������ ���� ��� �����������
:+5� ��� ������������� ���� ���� �������������
85� �� ������������ ��� ���� �����������
+25� ��� ������������ ���� ��� �������������
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�
7KH� HVWLPDWH� RI�7E� SUHYDOHQFH� LQ� SRVVXPV� IURP�NLOO�VLWHV� VXUYH\V� LQ�(+5�RYHUVWDWHV� WKH�
WUXH�SUHYDOHQFH� WKHUH�� EHFDXVH� WKH�\RXQJ� LQIHFWHG�GHHU�ZKRVH�NLOO� VLWHV�ZHUH� VXUYH\HG� LQ�
WKDW�DUHD�ZHUH�PRVWO\�FORVH�WR�WKH�ERXQGDU\�ZLWK�:+5�ZKHUH�WKHUH�ZDV�D�JUHDWHU�SRWHQWLDO�
IRU�LPPLJUDWLRQ�RI�LQIHFWHG�SRVVXPV�IURP�WKH�:+5��DQG�VHH�6HFWLRQ����������
2YHUDOO�� WKHVH�GDWD�FRQILUP�WKDW� WKH�H[SHULPHQWDO� WUHDWPHQWV�KDG�EHHQ�LPSRVHG�DV�GHVLUHG�
�L�H��WKDW�SRVVXP�GHQVLWLHV�DQG�7E�SUHYDOHQFH�ZHUH�ORZ�LQ�WKH�WZR�SRLVRQHG�DUHDV���EXW�WKH\�
DOVR�LQGLFDWH�WKDW�SRVVXP�GHQVLWLHV�LQ�WKH�XQSRLVRQHG�+25�ZHUH�ORZ�GHVSLWH�WKH�DEVHQFH�RI�
SRVVXP� FRQWURO��'HHU� GHQVLWLHV� DOVR� YDULHG�ZLGHO\� EHWZHHQ� VLWHV�� DQG�ZHUH� ORZHVW� LQ� WKH�
+25�DQG�(+5��

������2YHUDOO�7E�SUHYDOHQFH�DQG�HIIHFW�RI�SRVVXP�FRQWURO�
7KHUH�ZDV�D�JUDGXDO�GRZQZDUG�WUHQG�LQ�7E�SUHYDOHQFH�LQ�GHHU�LQ�ERWK�SRLVRQHG�DUHDV��(+5�
DQG�85��DIWHU�������EXW�LQIHFWHG�GHHU�ZHUH�VWLOO�IRXQG�LQ�DOO�\HDUV�RWKHU�WKDQ������LQ�(+5�
DQG�RWKHU� WKDQ� LQ� ����� LQ�85�� ,Q� WKH� XQSRLVRQHG� DUHDV� �:+5�DQG�+25�� WKH� GRZQZDUG�
WUHQG�ZDV� HLWKHU� OHVV� FRQVLVWHQW� RU� DEVHQW� �)LJ�������� 7KH� ORZ� SUHYDOHQFHV� LQ� DOO� DUHDV� LQ�
�������� UHIOHFW� SRRU� GLDJQRVWLF� VHQVLWLYLW\� WKDW� \HDU�� DV� D� UHVXOW� RI� ORZ� VWDQGDUG� RI�
LQVSHFWLRQ� DW� RQH� JDPH� SDFNLQJ� KRXVH� WKDW� \HDU�� LQDGYHUWHQW� IUHTXHQW� WKDZLQJ� DQG� UH�
IUHH]LQJ�RI�PDQ\�RI�WKH�VDPSOHV�LQ�WUDQVLW��DQG�WKH�VXEPLWWDO�RI�H[FHVV�H[WUDQHRXV�WLVVXH�IRU�
FXOWXUH� WKDW� \HDU� EHFDXVH� WKH� WLVVXHV� FROOHFWHG� E\� PHDW� LQVSHFWRUV� RIWHQ� LQFOXGHG� ODUJH�
DPRXQWV� RI� QRQ�O\PSKDWLF� RU� WRQVLOODU� WLVVXH�� 7KLV� ZLOO� KDYH� UHGXFHG� WKH� FKDQFHV� RI�
LQFOXGLQJ�PLFURVFRSLF�OHVLRQV�LQ�WKH�VPDOO�YROXPH�RI�PDWHULDO�DFWXDOO\�FXOWXUHG��GH�/LVOH�HW�
DO������E���,Q�ODWHU�\HDUV��DOO�H[WUDQHRXV�WLVVXH�ZDV�WULPPHG�RII�EHIRUH�VXEPLWWDO���
7KH� SUREOHPV� ZLWK� GLDJQRVWLF� VHQVLWLYLW\� ZLOO� KDYH� DGGHG� WR� WKH� YDULDELOLW\� LQ� WKH�
SUHYDOHQFH� GDWD�� LQFUHDVLQJ� WKH� DPRXQW� RI� XQH[SODLQHG� YDULDWLRQ� LQ� WKH� VWDWLVWLFDO�PRGHOV�
GHYHORSHG�WR�UHSUHVHQW�WKLV�GDWD��RU�DGGLQJ�WR�WKH�EHWZHHQ�\HDU�YDULDELOLW\�WKDW�LV�DFFRXQWHG�
IRU�E\�WKH�VXUYH\�\HDU�YDULDEOH�LQ�WKRVH�PRGHOV��H�J���DV�LQ�7DEOH�������0RVW�RI�WKH�SUREOHPV�
RFFXUUHG�LQ�WKH�ILUVW�KDOI�RI�WKH�VWXG\��DQG�ZLOO�KDYH�ELDVHG�GRZQZDUG�VRPH�RI�HVWLPDWHV�RI�
SUHYDOHQFH� IRU� WKRVH� HDUO\� \HDUV�� ,PSRUWDQWO\�� KRZHYHU�� ,� ZDV� VWLOO� DEOH� WR� VKRZ� WKDW�
VWDWLVWLFDOO\�VLJQLILFDQW�GHFOLQHV�LQ�WKH�SUHYDOHQFH�RI�7E�LQ�GHHU�KDG�RFFXUUHG�DIWHU�SRVVXP�
FRQWURO� �7DEOH� ������ DV� SUHGLFWHG�� HYHQ� WKRXJK� WKH� HDUO\� GLDJQRVWLF� SUREOHPV� ZLOO� KDYH�
UHGXFHG�WKH�VWDWLVWLFDO�SRZHU�WR�GR�VR���
�
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6XUYH\�\HDU

��

���

���

���

�
)LJXUH�����1XPEHU�RI�GHHU�QHFURSVLHG��RSHQ�EDUV���QXPEHUV�LQIHFWHG�ZLWK�7E��ILOOHG�EDUV��DQG�WKH�
SUHYDOHQFH�RI�7E�LQ�GHHU��FLUFOHV��LQ�HDFK�VXUYH\�\HDU��E\�DUHD��VHH�7DEOH�����IRU�DUHD�DFURQ\PV��DQG�
H[SHULPHQWDO�WUHDWPHQW��7� �DHULDO�SRLVRQLQJ��17� �QR�SRVVXP�FRQWURO���
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�
7KH�SUHYDOHQFH�RI�7E�LQ�GHHU�YDULHG�EHWZHHQ�DUHDV��ZLWK�WZR�RI�WKH�VWURQJHVW�LQIOXHQFHV�RQ�
7E�SUHYDOHQFH�LQ�GHHU�EHLQJ�DJH�DQG�SRVVXP�FRQWURO��7DEOH�������7KH�VLJQLILFDQW�LQWHUDFWLRQ�
EHWZHHQ� WKHVH� WZR�YDULDEOHV� UHIOHFWV� D� UDSLG� UHGXFWLRQ� LQ� SUHYDOHQFH� LQ� VXE�DGXOWV�ZLWKLQ�
WZR� \HDUV� RI� SRVVXP� FRQWURO�� EXW� D�PXFK�PRUH� JUDGXDO� GHFOLQH� LQ� DGXOWV� �)LJ�� ������7KH�
UDSLG�GHFOLQH�WR�QHDU�]HUR�SUHYDOHQFH�LQ�\HDUOLQJV�DQG�IDZQV�LQ�85�DQG�(+5�LQGLFDWHV�WKDW�
SRVVXP�FRQWURO�KDG�DOPRVW�HOLPLQDWHG� WKH� ULVN�RI� LQIHFWLRQ� IRU� WKHVH�DJH�FODVVHV�ZLWKLQ���
\HDUV��7KH� VORZHU� GHFOLQH� IURP�KLJK� SUHYDOHQFH� LQ� DGXOWV� LQGLFDWHV� D� ODJ� LQ� WKH� HIIHFW� RI�
SRVVXP�GHQVLW\�RQ�7E�SUHYDOHQFH�LQ�DGXOWV���
�
7DEOH�����$QDO\VLV�RI�GHYLDQFH�WDEOH��VHTXHQWLDO��IURP�D�FRPSDULVRQ�RI�WKH�HIIHFWV�RI�SRVVXP�
SRLVRQLQJ��VXUYH\�\HDU��VH[��DJH�FODVV�DQG�DUHD�RQ�WKH�SUHYDOHQFH�RI�7E�LQ�GHHU��7KHVH�DUH�WKH�UHVXOWV�
IURP�D�OLQHDU�PL[HG�HIIHFWV�PRGHO��

� 5HVLGXDO�
GHYLDQFH� GI� �� 3�!� ��

,QWHUFHSW� ������ ���� � �

6XUYH\�\HDU� ������ �� ������� ��������

6H[� ������ �� ������� �������

$JH�FODVV� ������ �� ������� ��������

3RVVXP�SRLVRQLQJ� ������ �� ������� ��������

$UHD��3RVVXP�SRLVRQLQJ�� ������ �� ������� �������

6XUYH\�\HDU��3RVVXP�SRLVRQLQJ� ������ �� ������ �������

$JH�FODVV��3RVVXP�SRLVRQLQJ� ������ �� ������ �������

6H[��3RVVXP�SRLVRQLQJ� ������ �� ������ �������

$UHD��3RVVXP�SRLVRQLQJ���6XUYH\�\HDU� ������ �� ������ �������
�
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)DZQV
6XE�DGXOWV
$GXOWV

�
)LJXUH�����3UHGLFWHG�SUHYDOHQFHV�±�VH���E\�DJH�FODVV�DQG�VXUYH\�\HDU��IURP�WKH�PLQLPXP�DGHTXDWH�
VWDWLVWLFDO�PRGHO�GHULYHG�IURP�WKH�LQLWLDO�OLQHDU�PL[HG�HIIHFWV�PRGHO�VXPPDULVHG�LQ�7DEOH�����IRU�
HDFK�DUHD��VHH�7DEOH�����IRU�DUHD�DFURQ\PV��DQG�H[SHULPHQWDO�WUHDWPHQW��7� �DHULDO�SRLVRQLQJ��17� �
QR�SRVVXP�FRQWURO����
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,Q�XQSRLVRQHG�DUHDV��DGXOWV�KDG��RQ�DYHUDJH���������������VH��\HDUV�RI�H[SRVXUH��FRPSDUHG�
ZLWK������������\HDUV�IRU�VXE�DGXOWV��DQG�MXVW�������������\HDUV�IRU�IDZQV��7KH�SUHYDOHQFH�
RI�7E� LQ� DGXOWV�ZDV�PXFK�KLJKHU� WKDQ� LQ� IDZQV�� EXW�RQO\� DERXW�����KLJKHU� WKDQ� LQ� VXE�
DGXOWV��GHVSLWH�WKH�WKUHH�WLPHV�JUHDWHU�PHDQ�H[SRVXUH��7KLV�SURYLGHV�DQRWKHU�LQGLFDWLRQ�WKDW�
WKH�QHW�UDWH�RI�DFFXPXODWLRQ�RI�LQIHFWLRQ�GHFOLQHV�ZLWK�DJH��&K������

������&DXVHV�RI�7E�SHUVLVWHQFH�LQ�GHHU�
3ORWWLQJ� SUHYDOHQFH� DJDLQVW� \HDU� RI� ELUWK� �)LJ�� ����� VKRZV� WKDW� WUDQVPLVVLRQ� ZDV� VWLOO�
RFFXUULQJ�LQ�WKH�WZR�XQSRLVRQHG�DUHDV�WKURXJKRXW�WKH�VXUYH\�SHULRG��+RZHYHU�WKHUH�ZDV�D�
GHFOLQH� WRZDUG� WKH�HQG�RI� WKH�VWXG\�� LQ� WKH�+25�LQ�SDUWLFXODU�� WKDW� UHIOHFWHG� WKH�GHFOLQLQJ�
DYHUDJH�DJH�RI�HDFK�FRKRUW�±������FRKRUWV�FRXOG��DW�PRVW��EH�RQO\���\�ROG�ZKHQ�VDPSOHG�LQ�
������ WKH� ILQDO� \HDU� WKDW� DUHD� ZDV� VXUYH\HG�� ,Q� WKH� WZR� SRLVRQHG� DUHDV�� KRZHYHU�� WKH�
LQFLGHQFH�RI�QHZ�LQIHFWLRQ�IHOO�VRRQ�DIWHU�SRLVRQLQJ��)LJ��������
7KH�SDWWHUQ�LV�FOHDUHVW�IRU�WKH�85��ZKHUH�WKHUH�ZDV�QR�PDMRU�VRXUFH�RI�QHDUE\�LQIHFWLRQ�LQ�
ZLOGOLIH�� SRVVXP� DQG� GHHU� QXPEHUV� LQ� WKH� DUHD� WR� WKH� ZHVW� ZHUH� ORZ�� DQG� PDQDJHPHQW�
VXUYH\V�RI�GHHU�LQGLFDWHG�D�YHU\�ORZ�SUHYDOHQFH�RI�7E�LQ�GHHU�WR�WKH�QRUWK��HDVW��DQG�VRXWK�
RI�WKH�VXUYH\�DUHD��1XJHQW��������1R�85�GHHU�ERUQ�DIWHU�'HFHPEHU������EHFDPH�LQIHFWHG��
RU�DW�OHDVW�QRQH�WKDW�VXUYLYHG�XQWLO�VXUYH\HG��)LJ���������
2I� WKH�����85�GHHU�NLOOHG�EHWZHHQ������DQG�����������ZHUH� IURP�SRVW�FRQWURO� FRKRUWV��
DQG�KDG�EHHQ�H[SRVHG�IRU�����GHHU�\HDUV� LQ� WRWDO��2QO\�WKUHH�ZHUH�LQIHFWHG��D�FXPXODWLYH�
QHW�IRUFH�RI�LQIHFWLRQ�RI�������\����,Q�FRQWUDVW����GHHU�IURP�SUH������FRKRUWV�ZHUH�H[SRVHG�
IRU�����\HDUV��ZLWK����LQIHFWHG�� � �������\�����$VVXPLQJ�WKDW�WKH�IRUFH�RI�LQIHFWLRQ�DIWHU�
�����ZDV�QR�KLJKHU� IRU� WKLV�JURXS�RI����GHHU� WKDQ� IRU�SRVW�FRQWURO� FRKRUWV�� WKH� LQIHFWLRQ�
UDWH�IRU�WKH�����GHHU�\HDUV�RI�H[SRVXUH�SULRU�WR�SRLVRQLQJ�PXVW�KDYH�EHHQ�PXFK�KLJKHU�� �!�
������\�����HVSHFLDOO\�JLYHQ�WKH������\���UDWH�RI�LQIHFWLRQ�ORVV�HVWLPDWHG�LQ�&K������
7R�DVVHVV�KRZ�TXLFNO\�WKH�LQIHFWLRQ�UDWH�GHFOLQHG�DIWHU�SRVVXP�FRQWURO��,�HVWLPDWHG�WKH�QHW�
IRUFH� RI� LQIHFWLRQ� IRU� VXFFHVVLYH� FXPXODWLYH� FRKRUWV�� )RU� DOO� GHHU� ERUQ� DIWHU� ����� �WKUHH�
LQIHFWHG�GHHU������\HDUV�RI�H[SRVXUH�� �ZDV�FDOFXODWHG�DW������\����GURSSLQJ�WR�������\���IRU�
SRVW������ FRKRUWV� �WZR� LQIHFWHG� GHHU�� ���� \HDUV� RI� H[SRVXUH��� ������ \��� IRU� SRVW������
FRKRUWV��RQH�LQIHFWHG�GHHU������\HDUV�RI�H[SRVXUH���DQG�WKHQ�WR�]HUR�LQ�DOO�SRVW������FRKRUWV�
�QR�LQIHFWHG�GHHU������\HDUV�RI�H[SRVXUH���7R�VXPPDULVH��WKH�QHW�IRUFH�RI�LQIHFWLRQ�IHOO�IURP�
DW�OHDVW������LQ������WR�]HUR�ZLWKLQ���±���PRQWKV�RI�SRVVXP�FRQWURO���
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)LJXUH�����7KH�SUHYDOHQFH�RI�7E�LQ�HDFK�ELUWK�\HDU�FRKRUW�RI�GHHU�NLOOHG�LQ�WKH������±������SHULRG��
IRU�HDFK�DUHD��VHH�7DEOH�����IRU�DUHD�DFURQ\PV��DQG�H[SHULPHQWDO�WUHDWPHQW��7� �DHULDO�SRLVRQLQJ��
17� �QR�SRVVXP�FRQWURO���7KH�RSHQ�EDUV�LQGLFDWH�VDPSOH�VL]H��WKH�ILOOHG�EDUV�WKH�QXPEHU�LQIHFWHG��
DQG�WKH�ILOOHG�FLUFOHV�WKH�SUHYDOHQFH��
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)RU�(+5��WKH�SDWWHUQ�ZDV�EURDGO\�VLPLODU�EXW�OHVV�FOHDU�FXW��DV�LQIHFWHG�GHHU�ZHUH�VWLOO�EHLQJ�
IRXQG�DV�ODWH�DV�������)LJ��������)RU�SUH�FRQWURO�FRKRUWV�VKRW�DIWHU�������WKH�SUHYDOHQFH�DQG�
IRUFH� RI� LQIHFWLRQ� IRU� (+5�ZHUH� DERXW� WZR� WKLUGV� WKRVH� LQ�:+5� �7DEOH� ������ )RU� SRVW�
FRQWURO�FRKRUWV��WKH�OHYHOV�RI�LQIHFWLRQ�ZHUH�PXFK�ORZHU�WKDQ�LQ�:+5�GHHU��EXW�VWLOO�KLJKHU�
WKDQ�LQ�85��7KH�VLPLODULW\�EHWZHHQ�LQIHFWLRQ�UDWHV�LQ�(+5�GHHU�ERUQ�EHIRUH�RU�DIWHU�FRQWURO�
UHIOHFWV�WKH�DEVHQFH�RI�7E�LQ�WKH�VL[�ROGHVW�GHHU�LQ�WKH�(+5�VDPSOH��ZKLFK�WRJHWKHU�DFFRXQW�
IRU�DOPRVW�KDOI�RI�WKH�WRWDO�H[SRVXUH�RI�GHHU�ERUQ�EHIRUH��������
7DEOH�����&RPSDULVRQ�RI�7E�SUHYDOHQFH�DQG�QHW�IRUFH�RI�LQIHFWLRQ�LQ�GHHU�VKRW�EHWZHHQ������DQG�
�����LQ�(+5�DQG�:+5��VSOLW�DFFRUGLQJ�WR�ZKHWKHU�RU�QRW�WKH�GHHU�ZDV�ERUQ�EHIRUH���RU�LQ�RU�DIWHU�
������

� 1�GHHU� 7E�SUHYDOHQFH�
���� ����&,� 7RWDO� H[SRVXUH�

�\��
1HW� IRUFH� RI�
LQIHFWLRQ�� ���

(+5�%RUQ������� ��� ���� ���±����� ���� ������
:+5�%RUQ������� ��� ���� ���±����� ���� ������
(+5�%RUQ�≥����� ���� ��� ��±����� ���� ������
:+5�%RUQ�≥����� ���� ���� ���±����� ���� ������
�
,Q�WKH�PDLQ��KRZHYHU��WKH�FRQWLQXHG�LQFLGHQFH�RI�QHZ�LQIHFWLRQ�LQ�(+5�UHIOHFWHG�FRQWLQXHG�
WUDQVPLVVLRQ�RI�7E�WR�GHHU�QHDU�WKH�:+5��ZKHUH�7E�SUHYDOHQFH�LQ�SRVVXPV��DQG�GHHU��ZDV�
KLJK��DW�OHDVW�XQWLO�������7DEOH�������&RQVLVWHQW�ZLWK�WKLV��DOO�WKH�XQHTXLYRFDO�QHZ�FDVHV�RI�
LQIHFWLRQ��L�H�� WKRVH�WKDW�FDQQRW�KDYH�RFFXUUHG�EHIRUH������EHFDXVH�WKH�GHHU�KDG�QRW�EHHQ�
ERUQ�WKHQ��GHWHFWHG�LQ�WKH�ILQDO�SKDVH�RI�WKH�VWXG\������±������RFFXUUHG�LQ�PDOHV��)LJ������
ZKLFK�� RYHUDOO�� KDYH� D�JUHDWHU� SURSHQVLW\� WR� GLVSHUVH� WKDQ� IHPDOHV� �&K�� ����$IWHU� SRVVXP�
QXPEHUV�KDG�EHHQ�FRQWUROOHG�LQ�WKH�DUHD�ZHVW�RI�(+5�LQ�ZLQWHU�������WKH�LQFLGHQFH�RI�QHZ�
LQIHFWLRQ�GURSSHG�WR�]HUR��EXW�WKDW�VDPSOH�FRPSULVHV�RQO\�WKH����GHHU�ERUQ�LQ������RU��������
7KH�DEVHQFH�RI�LQIHFWLRQ�PD\�WKHUHIRUH�EH�D�VDPSOLQJ�HUURU��EXW�LV�FORVHO\�FRQVLVWHQW�ZLWK�
WKH�RYHUDUFKLQJ�VWDWLVWLFDO�PRGHO��7DEOH������DQG�WKH�SUHGLFWLRQV�IURP�LW��)LJ��������
$�SORW� RI�SUHYDOHQFH� LQ� UHODWLRQ� WR�GLVWDQFH� IURP� WKH�(+5±:+5�ERXQGDU\� VXSSRUWV� WKDW�
SUHGLFWLRQ�IRU�GHHU�ERUQ�DIWHU�VSULQJ�������EXW�QRW�IRU�WKRVH�ERUQ�EHIRUH��)LJ��������2I�WKH�
LQIHFWHG�SRVW�FRQWURO�IHPDOHV�VKRW�LQ�(+5��WKH�RQH�NLOOHG�IXUWKHVW������NP��IURP�WKH�(+5±
:+5�ERXQGDU\�ZDV�D���\�ROG��������WKDW�ZDV�VKRW�QHDU�D�ULSDULDQ�VWULS�DORQJ�WKH�:DLKRUD�
6WUHDP�WKDW�KDG�QRW�EHHQ�SRLVRQHG�LQ�������DQG�ZKHUH�SRVVXP�GHQVLWLHV�ZHUH�VWLOO�KLJK�DQG�
LQIHFWHG�SRVVXPV�ZHUH�SUHVHQW��6HFWLRQ����������
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)LJXUH������$JH�VSHFLILF�QXPEHUV�RI�GHHU��XQILOOHG�EDUV��DQG�QXPEHUV�LQIHFWHG��ILOOHG�EDUV���IRU��D��
IHPDOHV��DQG��E��PDOHV�IURP�(+5�DQG�85�FRPELQHG������±������
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'LVWDQFH�WR�(+5���:+5�ERXQGDU\��NP�
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%RUQ�DIWHU
LQFO������
%RUQ�EHIRUH
%RXQGDU\

%RXQGDU\

�
)LJXUH�����(DVW�ZHVW�JUDGLHQW�LQ�7E�SUHYDOHQFH�LQ�DGXOW��!�\��GHHU�NLOOHG�LQ�(+5�DQG�:+5�
EHWZHHQ�����±�����IRU�SUH��DQG�SRVW��FRQWURO�FRKRUWV���
�
7KHUH� DOVR� VRPH� LQGLFDWLRQ� RI� HDVWZDUG� GHFOLQH� LQ� WKH� VHYHULW\� RI� LQIHFWLRQ�� DW� OHDVW� LQ�
IHPDOHV��LQ�GHHU�VKRW�DIWHU�������)LJ���������
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)LJXUH�����/HVLRQ�VHYHULW\�LQGLFHV�IRU�GHHU�LQ�UHODWLRQ�WR�WKH�GLVWDQFH�WKH\�ZHUH�NLOOHG�IURP�WKH�
(+5±:+5�ERXQGDU\�IRU�GHHU�NLOOHG�DIWHU�������7KH�YHUWLFDO�GDVKHG�OLQH�UHSUHVHQWV�WKH�ERXQGDU\��
�
������(IIHFW�RI�ORFDO�SRVVXP�DQG�GHHU�GHQVLW\�RQ�7E�SUHYDOHQFH�
$� WRWDO� RI� ��� NLOO�VLWH� VXUYH\V� ZHUH� FRPSOHWHG�� DQG� D� WRWDO� RI� ����� SHOOHW� SORWV� ZHUH�
VHDUFKHG��7KHUH�ZDV�D�PHDQ�GHQVLW\�RI��������������VH��GHHU�SHOOHW�JURXSV�SHU����P�UDGLXV�
SORWDQG� ����� RI� WKH� �����P� UDGLXV�SORWV� KDG� SRVVXP� SHOOHWV� SUHVHQW�� $� WRWDO� RI� �����
F\DQLGH�EDLW�QLJKWV�DQG������WUDS�QLJKWV�UHVXOWHG�LQ�WKH�FDSWXUH�RI������SRVVXPV��2I�WKHVH��
�����ZHUH�QHFURSVLHG��DQG������������ZHUH�IRXQG�WR�KDYH�OHVLRQV�FODVVHG�DV�W\SLFDO�RI�7E��
ZLWK� ������ RI� HLJKW� RI� WKHVH� EHLQJ� FRQILUPHG� E\� FXOWXUH��$� IXUWKHU� ��� �������� RI� WKH�
QHFURSVLHG�SRVVXPV�ZHUH�FODVVHG�DV�KDYLQJ�DW\SLFDO�OHVLRQV�������RI����RI�WKHVH�FRQILUPHG�
E\�FXOWXUH���DQG�����KDG�QR�OHVLRQV��������RI����RI�WKHVH�EHLQJ�FXOWXUH�SRVLWLYH���7KH�KLJK�
SHUFHQWDJH�RI�FXOWXUH�SRVLWLYHV�LQ�WKH�19/�VDPSOH�LV�PLVOHDGLQJ�DV�DOO�IRXU�ZHUH�IURP����
19/� FXOWXUHV� IURP� D� VLQJOH� VLWH� ��)2����� LQ� WKH�:+5� WKDW� KDG� WKUHH� W\SLFDO� DQG� HLJKW�
VXVSHFW�SRVVXPV��DQG�DW�ZKLFK�HLJKW�������RI�WKH����SRVVXPV�ZHUH�HYHQWXDOO\�FRQILUPHG�
DV� FXOWXUH� SRVLWLYH�� $OO� RI� WKH� RWKHU� ��� 19/� SRVVXPV� IURP� QLQH� RWKHU� VLWHV� WKDW� ZHUH�
FXOWXUHG�ZHUH�QHJDWLYH��$OWKRXJK�,�LQLWLDOO\�SODQQHG�WR�FXOWXUH�D�PXFK�KLJKHU�SURSRUWLRQ�RI�
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WKH� WLVVXHV� VDPSOHV� IURP� WKHVH� ����� SRVVXPV�� PRVW� VDPSOHV� ZHUH� ORVW� DV� D� UHVXOW� RI� D�
IUHH]HU�PDOIXQFWLRQ��7KH�VDPSOHV�WKDW�ZHUH�FXOWXUHG�HDUO\�ZHUH�IURP�NLOO�VLWHV�RI�SDUWLFXODU�
LQWHUHVW� EDVHG� RQ� HLWKHU� DQ� XQH[SHFWHG� RFFXUUHQFH� RI� LQIHFWLRQ� LQ� GHHU�� RU� WR� FRQILUP�
LQIHFWLRQ�LQ�µHTXLYRFDO¶�SRVVXPV��
0RVW�RI�WKH�LQIHFWHG�SRVVXPV�FDPH�IURP�WKH�:+5������RU�ZLWKLQ�����NP�RI�LW��WKUHH���)LYH�
ZHUH�IURP�WKH�+25��1RQH�ZHUH�IRXQG�LQ�WKH�85��DQG�MXVW�RQH�LQ�WKH�HDVWHUQ�SDUWV�RI�(+5��
7KH�LQIHFWHG�HDVWHUQ�(+5�SRVVXP�ZDV�NLOOHG�����NP�IURP�WKH�ERXQGDU\��DQG�ZDV�D�����NJ�
LPPDWXUH�PDOH��TXLWH�SRVVLEO\�DQ�LPPLJUDQW��
�
)LIWHHQ�VLWHV�KDG�SRVVXPV�FODVVHG�DV�LQIHFWHG��WHQ�ZLWK�VLQJOH�7E��SRVVXPV��DQG�WKUHH�PRUH�
HDFK�KDYLQJ� WZR�7E��SRVVXPV� WKDW�ZHUH� VHSDUDWHG� IURP�HDFK�RWKHU�E\�!����P��2QH�VLWH�
KDG�WZR�7E��SRVVXPV�NLOOHG�DW�WKH�VDPH�EDLW�VLWH��DQG�WKH��)2����VLWH�LQ�WKH�:+5�KDG�WZR�
FOXVWHUV� RI� LQIHFWLRQ�� RQH�ZLWK� ILYH�7E�� SRVVXPV� NLOOHG�ZLWKLQ� ����P� RI� HDFK� RWKHU� DQG�
DQRWKHU�����P�DZD\�WKDW�KDG�WKUHH�7E��SRVVXPV��$OO�WKUHH�GHHU�RULJLQDOO\�VKRW�DW�WKLV�VLWH�
KDG�W\SLFDO�OHVLRQV��DOWKRXJK�RQO\�WZR�ZHUH�FXOWXUH�SRVLWLYH���2QO\�RQH�XQLQIHFWHG�SRVVXP�
ZDV� NLOOHG� ZLWKLQ� HDFK� RI� WKHVH� WZR� FOXVWHUV�� VXJJHVWLQJ� D� YHU\� KLJK� IRUFH� RI� LQIHFWLRQ�
ZLWKLQ�WKHVH�KRPH�UDQJH�VL]HG�FOXVWHUV�RI�LQIHFWHG�SRVVXPV��1R�RWKHU�SRVVXPV�ZHUH�NLOOHG�
DORQJ� ���� P� RI� WUDQVHFW� IXUWKHU� VRXWK� IURP� WKH� FOXVWHU� RI� WKUHH� �L�H�� WKH� 7E�� SRVVXPV�
DSSHDUHG�WR�EH�RQ�WKH�HGJH�RI�D�µKROH¶�LQ�SRVVXP�GHQVLW\���7KXV��RI����IRFL�RI�LQIHFWLRQ�LQ�
SRVVXPV������ZHUH�UHSUHVHQWHG�E\�D�VLQJOH�WUDSSHG�SRVVXP���
$VVXPLQJ� WKDW� SRVVXPV� ZLWK� KRPH� UDQJH� FHQWUHV� ZLWKLQ� ���� P� RI� HLWKHU� VLGH� RI� WKH�
WUDQVHFWV�ZHUH�SRWHQWLDOO\�WUDSSDEOH��WKH�VXUYH\V�FRYHUHG�DERXW����KHFWDUHV�SHU�VLWH��)XUWKHU�
DVVXPLQJ�DEVROXWH�SRVVXP�GHQVLWLHV��SRVVXPV�KD��DUH�DERXW�RQH�ILIWK� WKH�VWDQGDUG�7&,��D�
PRGHOOHG� FDOLEUDWLRQ� IURP� 5DPVH\� HW� DO�� ������� ,� FDOFXODWHG� WKDW� WKH� VLWHV� FRQWDLQHG� DQ�
DYHUDJH�RI�DERXW�����WUDSSDEOH�SRVVXPV�RI�ZKLFK�RQH�ILIWK�ZHUH�FDXJKW��7KLV�LQGLFDWHV�WKDW�
WKH�FKDUDFWHULVWLF�VL]H�RI�FOXVWHUV�RI�LQIHFWLRQ�LQ�SRVVXPV�ZDV�RI�WKH�RUGHU�RI�ILYH�SRVVXPV���
$V�LQ�WKH�+DXKXQJDURD�5DQJH�VXUYH\�LQ�����±����3IHLIIHU�HW�DO���������D�JUHDWHU�SHUFHQWDJH�
RI�PDOHV�ZHUH�FODVVHG�DV�LQIHFWHG��������RI�����FI��������RI�����IHPDOHV���5HSURGXFWLYH�
VWDWXV� ZDV� UHFRUGHG� IRU� ���� IHPDOHV�� ZLWK� QRQH� RI� WKH� ��� QRW� ODFWDWLQJ� KDYLQJ� W\SLFDO�
OHVLRQV��FRPSDUHG�ZLWK�������RI�����WKDW�ZHUH�ODFWDWLQJ��2I�WKH�����SRXFK�\RXQJ�SUHVHQW��
WKUHH��������DOO�PDOH��KDG�LQIHFWHG�PRWKHUV���
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2I�WKH����IHPDOHV�ZLWK�W\SLFDO�RU�VXVSHFW�OHVLRQV�IRU�ZKLFK�EULHI�OHVLRQ�GHVFULSWLRQV�ZHUH�
UHFRUGHG��HLJKW�ZHUH�LQIHFWHG�VROHO\�LQ�SHULSKHUDO�QRGHV��QLQH�KDG�OHVLRQV�LQ�WKH�OXQJ��DQG�
WZR�KDG�UHQDO�OHVLRQV��2I����W\SLFDO�RU�VXVSHFW�PDOHV�����KDG�OHVLRQV�RU�HQODUJHPHQW�RI�WKH�
SHULSKHUDO� O\PSK� QRGHV�� �� KDG� OXQJ� LQYROYHPHQW�� DQG� �� KDG� DEGRPLQDO� �PRVWO\� OLYHU��
OHVLRQV��:HLJKW�ZDV�UHFRUGHG�IRU�����SRVVXPV��1RQH�RI����PDOHV�OLJKWHU�WKDQ�����NJ�ZDV�
LQIHFWHG�DQG�QHLWKHU�ZHUH�DQ\�RI�WKH�����IHPDOHV�OLJKWHU�WKDQ�����NJ��)LJ��������+RZHYHU��
WKUHH�RI�WKH�XQZHLJKHG�LQIHFWHG�SRVVXPV�DW�VLWH��)2����ZHUH�FODVVHG�DV�LPPDWXUH���
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)LJXUH� ���� &XPXODWLYH� QXPEHUV� RI�PDOHV� DQG� IHPDOHV� E\�ZHLJKW�� VKRZLQJ� WKH� ORZHVW�ZHLJKW� DW�
ZKLFK�LQIHFWLRQ�ZDV�UHFRUGHG�LQ�HDFK�VH[�� �
,QVSHFWLRQ�RI�WKH�PHDQV�IRU�WKH�LQGLFHV�RI�SRVVXP�DQG�GHHU�DEXQGDQFH��7DEOH������LQGLFDWHG�
WKHUH�ZDV�QR�VXSSRUW�IRU�WKH�K\SRWKHVLV�WKDW�LQIHFWHG�GHHU�ZHUH�PRUH�OLNHO\�WR�OLYH�LQ�KRPH�
UDQJHV�ZLWK�KLJKHU�WKDQ�DYHUDJH�ORFDO�GHHU�DQG�RU�SRVVXP�GHQVLW\���
&ODVVLI\LQJ� NLOO� VLWHV� LQWR� VL[� VDPSOH� JURXSV� �85�� +25�� DQG� IRXU� +DXKXQJDURD� 5DQJH�
JURXSV� EDVHG� RQ� WKHLU� HDVW�ZHVW� ORFDWLRQ��� WKHUH� ZDV� D� PDUJLQDOO\� VLJQLILFDQW� SRVLWLYH�
UHODWLRQVKLS� EHWZHHQ� WKH� SUHYDOHQFH� RI� 7E� LQ� GHHU� ERUQ� DIWHU� ������ DQG� VKRW� GXULQJ� WKH�
����±�����SHULRG�DQG�3*'��5�� �������GI� ����S� ��������)LJ��������+RZHYHU��WKHUH�ZHUH�
LQFUHDVLQJO\�VWURQJHU�UHODWLRQVKLSV�EHWZHHQ�SUHYDOHQFH�LQ�GHHU�DQG��L��WKH�DUHD�ZLGH�LQGH[�
RI�SRVVXP�GHQVLW\��5�� �������S� ����������LL��WKH�SUHYDOHQFH�RI�W\SLFDO�OHVLRQV�LQ�SRVVXPV�
�5��  � �����S� ��������� DQG� �LLL�� WKH� SHUFHQWDJH�RI� NLOO� VLWHV�ZLWK� LQIHFWHG�SRVVXPV� �5��  �
������S������������
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)LJXUH�����$UHD�ZLGH�PHDQV�RI�LQGLFHV�RI��D��GHHU�DEXQGDQFH���E��SRVVXP�DEXQGDQFH��DQG�RI�
7E�LQIHFWLRQ�LQ�SRVVXPV��F�DQG�G��DFURVV�NLOO�VLWHV��DV�SUHGLFWRUV�RI�WKH�DUHD�ZLGH�SUHYDOHQFH�
RI�7E�LQ�SRVW������FRKRUWV�RI�GHHU�IURP�VL[�VDPSOH�JURXSLQJV��85��+25��DQG���+DXKXQJDURD�
VDPSOH�JURXSV�GHILQHG�E\�WKHLU�ORFDWLRQ�DORQJ�WKH�HDVW�ZHVW�JUDGLHQW�LQ�SRVVXP�GHQVLW\���7KH�
GDVKHG�OLQHV�UHSUHVHQW�WKH�����FRQILGHQFH�LQWHUYDOV�DURXQG�WKH�UHJUHVVLRQ�OLQHV���
�
$W� WKH� ORFDO� OHYHO� RI� LQGLYLGXDO� ��NP�� VLWHV�� WKHUH� ZDV� QR� HYLGHQFH� RI� D� VWURQJ�
UHODWLRQVKLS�EHWZHHQ�SRVVXP�GHQVLW\�DQG�WKH�SUHYDOHQFH�RI�W\SLFDO�OHVLRQV�LQ�SRVVXPV�
�5�� �������)LJ�����D���,Q�IDFW��IRU�WKRVH�VLWHV�DW�ZKLFK�7E�ZDV�GHWHFWHG��WKH�LQGLFDWLRQV�
ZHUH�RI�D�QHJDWLYH�UHODWLRQVKLS�EHWZHHQ�SUHYDOHQFH�DQG�GHQVLW\��
,Q�FRQWUDVW�� WKH�DYHUDJH�RI� WKH�NLOO�VLWH�VSHFLILF�SUHYDOHQFHV�RI�7E� IRU�HDFK�JURXS�RI�
NLOOV� VLWHV�ZDV� FORVHO\� FRUUHODWHG� WR� WKH�PHDQ� RI� WKH� NLOO�VLWH�VSHFLILF�7&,¶V� IRU� WKDW�
JURXS��5�� �������GI� ����S���������)LJ������D���DQG�HYHQ�PRUH�FORVHO\�FRUUHODWHG�IRU�
WKH�ILYH�1RUWK�,VODQG�DUHDV�DORQH�5�� �������GI� ����S���������)LJ������E����
�
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)LJXUH�����&RUUHODWLRQ�EHWZHHQ�7&,�DQG�WKH�SUHYDOHQFH�RI�7E�LQ�SRVVXPV�DW� �D��DOO����GHHU�
NLOO�VLWHV��DQG��E�����VLWHV�LQ�RU�ZLWKLQ�����NP�RI�WKH�:+5��7KH�GDWD�SRLQWV�LQ��D��IRU�NLOO�VLWHV�
ZLWK�QR�LQIHFWHG�SRVVXPV�DUH�VKRZQ�DV�ILOOHG�WULDQJOHV�7KH�VROLG�OLQH�LQ��D��LV�WKH�WUHQG�OLQH�IRU�
WKH�LQIHFWHG�VLWHV�RQO\��ZKLOH�GDVKHG�OLQHV�DUH�IRU�DOO�VLWHV��
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)LJXUH������$UHD�ZLGH�PHDQV�RI�SRVVXP�GHQVLW\�LQGLFHV��7&,��DV�SUHGLFWRUV�RI�WKH�DUHD�ZLGH�
PHDQ�SUHYDOHQFH�RI�7E�LQ�SRVVXPV�IRU��D��DOO�VL[�NLOO�VLWH�VDPSOH�JURXSV��85��+25��DQG���
+DXKXQJDURD�VDPSOH�JURXSV�GHILQHG�E\�WKHLU�ORFDWLRQ�DORQJ�WKH�HDVW�ZHVW�JUDGLHQW�LQ�SRVVXP�
GHQVLW\����DQG��E��WKH�ILYH�FHQWUDO�1RUWK�,VODQG�VDPSOH�JURXSV��7KH�GDVKHG�OLQHV�UHSUHVHQW�WKH�
����FRQILGHQFH�LQWHUYDOV�DURXQG�WKH�UHJUHVVLRQ�OLQHV��
�
7KH� OLQHDU� UHJUHVVLRQ�PRGHOV� LQ�)LJ�� �����SUHGLFW� ]HUR�SUHYDOHQFH� LQ�SRVVXPV�ZKHQ�
WKH�DUHD�ZLGH�NLOO�VLWH� DYHUDJH�RI� WKLV� FRQVHUYDWLYH�QRQ�VWDQGDUG�7&,�ZDV�DERXW����
IRU�DOO�VDPSOLQJ�JURXSV��DQG�DERXW����IRU�WKH�ILYH�FHQWUDO�1RUWK�,VODQG�JURXSV�DORQH�
�)LJ���������7KH�����FRQILGHQFH�LQWHUYDOV�DURXQG�WKRVH�SUHGLFWLRQV�LQFOXGH�]HUR��EXW�
WKH�WZR�JURXSV�ZLWK�]HUR�SUHYDOHQFH��HDVWHUQPRVW�(+5�DQG�85��KDG�7&,�PD[LPD�RI�
�����DQG��������L�H���7E�ZDV�QRW�GHWHFWHG�HYHQ�GHQVLWLHV�ZHUH�ORFDOO\�ZHOO�DERYH�WKH�
LQWHUFHSW�YDOXHV���,Q�FRQWUDVW��WKH�WKUHH�+25�VLWHV�ZKHUH�7E�ZDV�GHWHFWHG�LQ�SRVVXPV�



� ���

KDG�7&,V�RI�������������DQG�������7KH�RQH�VLWH�LQIHFWHG�LQ�ZHVWHUQ�(+5�KDG�D�7&,�
RI� ������� ,I� WKH� 7E�� ���� NJ� LPPDWXUH� PDOH� IRXQG� DW� WKLV� VLWH� ZDV� DQ� LQIHFWHG�
LPPLJUDQW��L�H���WKHUH�ZDV�]HUR�SUHYDOHQFH�LQ�UHVLGHQWV���WKH�UHJUHVVLRQ�LQWHUFHSW�ZRXOG�
KDYH�EHHQ�DERYH���7&,����

������2XWO\LQJ�LQIHFWLRQ�LQ�GHHU�DQG�7E�SUHVHQFH�LQ�SRVVXPV�
,Q�������DQ�LQIHFWHG���\�ROG�IHPDOH�GHHU�������ZDV�NLOOHG�����NP�HDVW�RI�(+5±:+5�
ERXQGDU\�� IXUWKHU� HDVW� WKDQ� H[SHFWHG� IRU� DQ� LQIHFWHG� SRVW�FRQWURO� IHPDOH� �&K�� ����
([DPLQDWLRQ� RI� WKH� IOLJKW� OLQHV� DORQJ� ZKLFK� SRLVRQHG� EDLW� KDG� EHHQ� VRZQ� LQ� �����
�$SSHQGL[� ��� UHYHDOHG� WKDW� D� VWULS� RI� DERXW� ���±����P� HLWKHU� VLGH� RI� WKH�:DLKRUD�
6WUHDP�KDG�QRW�EHHQ�SRLVRQHG�EHFDXVH�LW�ZDV�D�ZDWHU�VXSSO\�FDWFKPHQW���
2QH�RI�WKH�NLOO�VLWH�VXUYH\V�ZDV�FRQGXFWHG�DW�WKLV�ORFDWLRQ�DQG�UHYHDOHG�ERWK�PRGHUDWH�
SRVVXP�QXPEHUV�DQG��PRUH�LPSRUWDQWO\��WZR�7E�VXVSHFWV��RQH�RI�ZKLFK�ZDV�FXOWXUH�
SRVLWLYH��$Q�LQWHQVLYH�UHVXUYH\�VKRZHG�7UDS�&DWFK�UDWHV�ZHUH�PRGHUDWH��VWDQGDUG�7&,�
 � ������ UDQJH� ���±������� Q�  � ���� DQG� LW� LV� FOHDU� WKDW� WKHUH� ZDV� D� KLJK� GHQVLW\� RI�
SRVVXPV�SUHVHQW�LQ�D���±���KD�µSDWFK¶�MXVW�HDVW�RI�ZKHUH�WKH�GHHU�ZDV�VKRW��)LJ���������
�
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�
)LJXUH������3RVVXP�GLVWULEXWLRQ�DW�WKH�NLOO�VLWH�IRU�GHHU��)2�����ODUJH�FLUFOH��VKRZLQJ�WKH�
ORFDWLRQ�RI�WUDSSHG��VTXDUHV��DQG�SRLVRQHG��VPDOO�FLUFOHV��SRVVXPV��LQFOXGLQJ�D�FXOWXUH�
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FRQILUPHG�7E��SRVVXP��ILOOHG�GLDPRQG���*ULG�VL]H�LV�����KD���7KH�ILHOG�VWDII�LQDGYHUWHQWO\�
SRVLWLRQHG�WKH�JULG�FHQWUH�����P�QRUWK�RI�WKH�NLOO�VLWH���
$� VHFRQG� LQIHFWHG� GHHU� ERUQ� DIWHU� ������ �$���� ZDV� DOVR� VKRW�� LQ� ������ DQ�
XQH[SHFWHGO\�ORQJ�ZD\�IURP�WKH�:+5��7KLV�ZDV�D�\RXQJ�PDOH��DQG�DJDLQ�LQVSHFWLRQ�
RI� WKH� IOLJKW� OLQHV� IRU� WKH�SRLVRQLQJ�RSHUDWLRQV� LQ������DQG������ UHYHDOHG� DQ����KD�
DUHD�ZLWKLQ�����P�RI�WKH�GHHU¶V�NLOO�VLWH�KDG�EHHQ�LQDGYHUWHQWO\�PLVVHG��$SSHQGL[�����
$JDLQ��RXWO\LQJ�LQIHFWLRQ�LQ�GHHU�KDG�LGHQWLILHG�DQ�DUHD�RI�XQFRQWUROOHG�SRVVXPV�WKDW�
WKHUHIRUH� KDG� D� KLJK� OLNHOLKRRG� RI� LQIHFWHG� SRVVXPV� EHLQJ� SUHVHQW�� DV� DQ� LQIHFWHG�
SRVVXP�ZDV� NLOOHG�ZLWKLQ� ����P� RI� WKLV� DUHD� LQ�0DUFK� ����� �MXVW� EHIRUH� WKH� �����
SRLVRQ�RSHUDWLRQ���
7KHUH� ZDV� RQH� RWKHU� H[DPSOH�� IURP� WKH� 85�� RI� DSSDUHQWO\� DQRPDORXV� LQIHFWLRQ� LQ�
SRVW�SRLVRQ�GHHU��$Q�LQIHFWHG���\�ROG�IHPDOH�ZDV�VKRW�DW�WKH�VDPH�SODFH�DV�DQ�LQIHFWHG�
��\�ROG�PDOH�RQ� WKH� VDPH�GD\� LQ�������7KLV�PDOH�ZDV�RQH�RI� WKH� IHZ� LQIHFWHG�GHHU�
ZLWK�VLJQLILFDQW�µUHVSLUDWRU\¶�LQYROYHPHQW�LQ�WKH�IRUP�RI�PXOWLSOH�ODUJH�OHVLRQV�LQ�WKH�
OXQJV��7KH� IHPDOH� KDG� QR� YLVLEOH� OHVLRQV� EXW�ZDV� FXOWXUH� SRVLWLYH�� VXJJHVWLQJ�PRUH�
UHFHQW�LQIHFWLRQ�WKDQ�LQ�WKH�PDOH��$�NLOO�VLWH�VXUYH\�DW�WKLV�ORFDWLRQ�LQ������VKRZHG�D�
ORZ�GHQVLW\�RI�SRVVXPV��QRQ�VWDQGDUG�7&,� �����DQG�QR�LQIHFWHG�SRVVXPV��+RZHYHU��
GXULQJ� URXWLQH�SRVVXP�FRQWURO� RSHUDWLRQV� LQ� DQ� DGMDFHQW� DUHD� QRW� SRLVRQHG� LQ� ������
LQIHFWHG� SRVVXPV�ZHUH� LGHQWLILHG� DERXW� �� NP� QRUWKZHVW� RI� WKLV� NLOO� VLWH� LQ� ����� �,��
5REHUWV�� (SUR�� SHUV�� FRPP����7KLV� LV�ZHOO�ZLWKLQ� WKH� GLVSHUVDO� GLVWDQFH� RI� WKH�PDOH�
GHHU�EXW�XQOLNHO\�WR�KDYH�EHHQ�ZLWKLQ�WKH�IHPDOH¶V�UDQJH��&K������VR�,�VSHFXODWH� WKDW�
WKH�IHPDOH�UHSUHVHQWV�D�FDVH�RI�GHHU�WR�GHHU� WUDQVPLVVLRQ��DOWKRXJK��RI�FRXUVH��PDQ\�
RWKHU�VFHQDULRV�DUH�DV�SODXVLEOH���
,Q� VXPPDU\�� LQ� WZR� RI� WKUHH� LQVWDQFHV� RI� ZKDW� DSSHDUHG� WR� EH� DQRPDORXV� RXWO\LQJ�
LQIHFWLRQ�LQ�GHHU��IXUWKHU�LQYHVWLJDWLRQ�LQGLFDWHG�KLJK�ORFDO�SRVVXP�GHQVLWLHV���

����'LVFXVVLRQ�

������(IIHFW�RI�SRVVXP�FRQWURO�RQ�7E�LQ�GHHU�
$HULDO� SRLVRQLQJ� RI� SRVVXPV� UHGXFHG� WKH� RYHUDOO� SUHYDOHQFH� RI� 7E� LQ� GHHU� LQ� WKH�
SRLVRQHG�DUHDV� WR�QHDU�]HUR��DOEHLW�RQO\� VORZO\�RYHU�D���\HDU�SHULRG� LQ�DGXOWV� �)LJV��
����� �����7DEOH� ������7KH� VORZQHVV�RI� WKH� UHGXFWLRQ� FRXOG� UHSUHVHQW� HLWKHU� FRQWLQXHG�
WUDQVPLVVLRQ� WR� GHHU� �IURP� HLWKHU� GHHU� RU� RWKHU� VSHFLHV��� LPPLJUDWLRQ� RI� QHZO\�
LQIHFWHG� GHHU�� RU� VLPSO\� WKH� PHGLXP�WHUP� VXUYLYDO�� LQ� DQ� LQIHFWHG� VWDWH�� RI� GHHU�
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DOUHDG\�LQIHFWHG�DW�WKH�WLPH�RI�FRQWURO��7KH�ODFN�RI�HYLGHQFH�RI�QHZ�LQIHFWLRQ�LQ�DQ\�
GHHU�ERUQ�DIWHU�������LQ�WKH�85�LQ�SDUWLFXODU��VWURQJO\�VXSSRUWV�WKH�ODWWHU�H[SODQDWLRQ���
$W� WKH� VDPH� WLPH� WKH� QHJDWLYH� UHODWLRQVKLS� EHWZHHQ� GLVWDQFH� IURP� XQFRQWUROOHG�
SRVVXP� SRSXODWLRQV� DQG� 7E� SUHYDOHQFH� LQ� SRVW�SRLVRQ� GHHU� LQ� WKH� (+5� LQGLFDWHV�
LPPLJUDWLRQ�RI�LQIHFWHG�GHHU�WKHUH���
%HFDXVH�DHULDO�SRLVRQLQJ�RI�SRVVXPV�DOVR�NLOOV�GHHU��WKH�SRVVLELOLW\�WKDW�WKH�GHFOLQH�LQ�
7E� SUHYDOHQFH� ZDV� FDXVHG� E\� D� UHGXFWLRQ� LQ� GHHU� GHQVLW\� PXVW� EH� FRQVLGHUHG��
&ROHPDQ� HW� DO�� ����� VKRZ� WKH� UHGXFWLRQ� LQ� GHHU� GHQVLW\� LQ� WKH�(+5� FDXVHG� E\� WKH�
�����SRLVRQLQJ�ZDV�VKRUW�OLYHG��ZLWK�GHQVLWLHV�EDFN�WR�SUH�FRQWURO�OHYHOV�ZLWKLQ�WKUHH�
\HDUV�� 7KH� FRQWLQXHG� GHFOLQH� LQ� SUHYDOHQFH� DIWHU� WKDW� LQGLFDWHV� WKDW� HYHQ� DW� VXFK�
µUHFRYHUHG¶�GHQVLWLHV�LQWUD�VSHFLHV�WUDQVPLVVLRQ�IURP�DOO�VRXUFHV�ZDV�WRR�LQIUHTXHQW�WR�
VXVWDLQ�LQIHFWLRQ���
7KH� WULDO� WKHUHIRUH� SURYLGHV� H[SHULPHQWDO� FRQILUPDWLRQ� RI� WKH� 1XJHQW� 	� /XJWRQ�
�������DQG�/XJWRQ�HW�DO�¶V� �������K\SRWKHVLV� WKDW�ZLOG�GHHU� LQ�1HZ�=HDODQG�DUH�QRW�
PDLQWHQDQFH�KRVWV�IRU�7E��EXW�DUH�VSLOORYHU�KRVWV�WKDW�DUH�LQIHFWHG�E\�SRVVXPV��,W�DOVR�
VKRZV� WKDW� 7E� FDQ� SHUVLVW� LQ� GHHU� SRSXODWLRQV� DIWHU� WKH� IRUFH� RI� LQIHFWLRQ� IURP�
SRVVXPV�KDV�EHHQ�UHGXFHG�WR�]HUR�PDLQO\�EHFDXVH�RI�D�FRPELQDWLRQ�RI�LPPLJUDWLRQ�RI�
LQIHFWHG� GHHU� �RU� SRVVXPV�� DQG� WKH�PHGLXP�WHUP� VXUYLYDO� RI� DOUHDG\� LQIHFWHG� GHHU��
6SUHDG�RI�LQIHFWLRQ�LV�OLNHO\�WR�EH�PRUH�IUHTXHQW�DQG�IXUWKHU�LQ�PDOHV�WKDQ�LQ�IHPDOHV�
�&K������ZLWK�WKH�ULVN�RI�ORQJ�GLVWDQFH�VSUHDG��!���NP��SHUVLVWLQJ�IRU�XS�WR�DERXW��±��
\HDUV�DIWHU�SRVVXP�FRQWURO�KDV�UHGXFHG�WUDQVPLVVLRQ�WR�GHHU��)LJ�������&RQYHUVHO\��WKH�
ULVN�RI�SHUVLVWHQFH�WKURXJK�VXUYLYDO�LV�KLJKHU�LQ�IHPDOHV��)LJ�������7KH�REVHUYDWLRQ�RI�
LQIHFWLRQ�LQ�D����\�ROG�GHHU��FRXSOHG�ZLWK�HYLGHQFH�WKDW�PRVW�LQIHFWLRQ�RFFXUV�LQ�WKH�
ILUVW���\HDUV�RI�OLIH��&K�����VXJJHVWV�SRWHQWLDO�SHUVLVWHQFH�WLPHV�LQ�H[FHVV�RI�D�GHFDGH��
EXW�WKH�HPSLULFDO�WUHQG�OLQHV�IRU�(+5�DQG�85�VXJJHVW�WKDW�PRVW�LQIHFWLRQ�GLVDSSHDUHG�
IURP�GHHU�ZLWKLQ�D�GHFDGH�IROORZLQJ�SRVVXP�FRQWURO��)LJ���������
7KH�FORVH�FRUUHODWLRQ�EHWZHHQ�7E�SUHYDOHQFH� LQ�GHHU�DQG�DUHD�ZLGH�PHDVXUHV�RI� WKH�
OHYHOV�RI�7E�LQIHFWLRQ�LQ�SRVVXPV��)LJ�������SURYLGHV�IXUWKHU�VXSSRUW�IRU�LQIHFWLRQ�RI�
GHHU�E\�SRVVXPV���

������,QWUD�VSHFLHV�WUDQVPLVVLRQ�
,QWUD�VSHFLHV�WUDQVPLVVLRQ�VHHPV�FHUWDLQ�WR�RFFXU�RFFDVLRQDOO\�LQ�ZLOG�GHHU��DV�KHDYLO\�
LQIHFWHG� GHHU� FDQ� LQIHFW� RWKHUV�� %URRNV� ������� UHSRUWV� ��� GHHU� KHOG� ZLWK� RWKHU�
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H[SHULPHQWDOO\�LQIHFWHG�GHHU�EHFDPH�LQIHFWHG�RYHU�D����PRQWK�SHULRG��0DFNLQWRVK�HW�
DO�� �������DQG�3DOPHU�HW� DO�� �������DOVR� UHSRUW� WUDQVPLVVLRQ�EHWZHHQ�H[SHULPHQWDOO\�
LQIHFWHG� DQG� LQ�FRQWDFW� GHHU� LQ� FDSWLYLW\�� DQG�KLJK� WUDQVPLVVLRQ� UDWHV� DUH� VRPHWLPHV�
VHHQ�EHWZHHQ�IDUPHG�GHHU��*ULIILQ�HW�DO���������,W�LV�SRVVLEOH�WKDW�WKH�IHPDOH�PHPEHU�
RI�WKH�SDLU�RI�LQIHFWHG�85�GHHU�LQ�6HFWLRQ�������ZDV�LQIHFWHG�E\�WKH�PDOH��DV�WKHUH�ZDV�
QR�HYLGHQFH�RI�D�FRPPRQ�VRXUFH�RI�ORFDO�LQIHFWLRQ��DQG�WKH�OLNHOLKRRG�WKDW�ERWK�ZHUH�
LQGHSHQGHQWO\� LQIHFWHG� DW� GLIIHUHQW� WLPHV� RXWVLGH� WKH� WUHDWPHQW� DUHD� DQG� WKHQ�
LPPLJUDWHG�WR�WKH�VDPH�SODFH�VHHPV�ORZ���
3RROLQJ�WKH�85�GDWD�IRU�WKH�HQWLUH�����±�����SHULRG��DQG�VXEWUDFWLQJ���PRQWKV�IURP�
HDFK�GHHU¶V�DJH�� WKH�����SRVW�FRQWURO�GHHU�VKRW� LQ� WKLV�SHULRG�UHSUHVHQW�����\HDUV�RI�
H[SRVXUH��7KH�WZR�QHZ�LQIHFWLRQV�UHSUHVHQWHG�E\�WKLV�SDLU�RI�GHHU�WKHUHIRUH�HTXDWH�WR�
DQ� LQFLGHQFH� RI� LQIHFWLRQ� RI� ������ SHU� GHHU� SHU� \HDU�� DW� D� WLPH� ZKHQ� WKH� DYHUDJH�
SUHYDOHQFH� ZDV� ����� (YHQ� LI� GHHU�WR�GHHU� WUDQVPLVVLRQ� ZDV� UHVSRQVLEOH� IRU� ERWK�
LQIHFWLRQV�� WKDW� LQFLGHQFH� UDWH� FRXSOHG�ZLWK� DQ� DYHUDJH� H[SRVXUH� RI� DERXW� ���� \HDUV�
ZRXOG�UHVXOW�LQ�D�RYHUDOO�SUHYDOHQFH�RI�RQO\�DERXW����DW�EHVW�±�L�H��,�FDOFXODWH�WKDW�WKH�
UHSURGXFWLYH� UDWH� RI� WKH� GLVHDVH� ZRXOG� QRW� EH� VXIILFLHQW� WR� PDLQWDLQ� WKH� REVHUYHG�
SUHYDOHQFH�RI�����HYHQ�LI�DOO�WKH�QHZ�LQIHFWLRQ�REVHUYHG�UHVXOWHG�IURP�LQWUD�VSHFLHV�
WUDQVPLVVLRQ��
7KHUH� LV� WKHUHIRUH� OLWWOH� HYLGHQFH� IURP� WKLV� VWXG\� LQGLFDWLQJ� WKDW� GHHU�WR�GHHU�
WUDQVPLVVLRQ�SOD\V�D�VLJQLILFDQW�UROH�LQ�PDLQWDLQLQJ�7E�LQ�ZLOG�GHHU�LQ�1HZ�=HDODQG��
7KLV�VXSSRUWV�WKH�VXJJHVWLRQ��/XJWRQ�HW�DO��������WKDW�LQIHFWHG�GHHU�XVXDOO\�VKHG�IHZ�
EDFLOOL�XQWLO� WKH\� UHDFK� WKH� WHUPLQDO� VWDJHV�RI� LQIHFWLRQ��DQG� WKDW�ZKLOH� WKH� IHZ�VXFK�
KLJKO\�LQIHFWLRXV�µVXSHU�H[FUHWRU¶�GHHU�PLJKW�QRW�EH�DEOH�WR�DYRLG�FRQWDFW�ZLWK�RWKHU�
KHDOWK\�GHHU�ZKHQ�WKH\�DUH�FRQILQHG�DW�KLJK�GHQVLW\�RQ�IDUPV�� WKH�ORZ�GHQVLWLHV�DQG�
VSDUVH� IRRG� VXSSO\�RI�ZLOG� GHHU� FUHDWHV�PXFK�JUHDWHU� VFRSH� IRU� WKH� GHHU� WR� EHFRPH�
QDWXUDOO\�LVRODWHG�DV�D�FRQVHTXHQFH�RI�WKHLU�GHELOLWDWLRQ���

������(IIHFWLYHQHVV�RI�SRVVXP�FRQWURO�LQ�HOLPLQDWLQJ�7E�IURP�SRVVXPV�
$Q�LPSRUWDQW�FRUROODU\�RI�WKH�GHFOLQH�WR�]HUR�RI�7E�LQ�GHHU�LQ�85�DQG�(+5�LV�WKDW�7E�
SUHYDOHQFH�LQ�SRVVXPV�PXVW�DOVR�KDYH�GHFOLQHG�WR�]HUR�RU�DW�OHDVW�WR�YHU\�ORZ�OHYHOV�DV�
D� FRQVHTXHQFH� RI� D� VLQJOH� SRLVRQLQJ� RSHUDWLRQ�� 7KLV� LV� GHVSLWH� WZR� NQRZQ� JDSV� LQ�
SRLVRQLQJ�FRYHUDJH� �6HFWLRQ���������7KH�SUHYDOHQFH�RI�7E� LQ�FDWWOH�DGMDFHQW� WR�(+5�
GHFOLQHG�TXLFNO\�WR�]HUR�ZLWKLQ���\HDUV�RI�SRLVRQLQJ��&ROHPDQ�HW�DO���������EXW�WKHUH�
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ZDV�D�FRQWLQXHG�PRGHUDWH�SUHYDOHQFH�RI�SHUVLVWHQW�7E�LQ�GHHU�LQ�WKH�(+5��)LJ��������
LPPLJUDWLRQ�RI� LQIHFWHG�GHHU�IURP�:+5��)LJV������������DQG�D�KLJK�SUHYDOHQFH����±
����� RI� 7E� LQ� SLJV� �1XJHQW� HW� DO�� ����D��� SOXV� WKH� OLNHOLKRRG� RI� LPPLJUDWLRQ� E\�
LQIHFWHG�SRVVXPV��'HVSLWH�WKHVH�SRWHQWLDO�VRXUFHV�RI�7E��QR�XQHTXLYRFDO�FDVHV�RI�QHZ�
LQIHFWLRQ� RFFXUUHG� LQ� IHPDOH� GHHU� SUHVXPHG� WR� EH� SHUPDQHQWO\� UHVLGHQW� ZLWKLQ� WKH�
(+5� DIWHU� ������7KDW� VXJJHVWV� WKDW� HYHQ� WKRXJK� SRVVXP�GHQVLWLHV� KDG� LQFUHDVHG� WR�
DERXW��±����7&,�E\�������&ROHPDQ�HW�DO��������6ZHHWDSSOH�HW�DO���������7E�GLG�QRW�
DSSHDU�WR�SHUVLVW�RU�UH�HVWDEOLVK�LQ�SRVVXPV��7KLV�ILWV�ZLWK�RWKHU�HPSLULFDO�GDWD�IURP�
+RKRWDND� �&DOH\�HW�DO�� ������EXW�QRW�ZLWK� VRPH�DUHDV�RQ� WKH�:HVW�&RDVW� �)UDVHU�	�
&ROHPDQ�� ������ VXJJHVWLQJ� WKH� HSLGHPLRORJ\� RI� WKH� GLVHDVH� GLIIHUV�ZLGHO\� EHWZHHQ�
DUHDV���
7UDQVPLVVLRQ�RI�7E�EHWZHHQ�SRVVXPV�LV�JHQHUDOO\�DVVXPHG�WR�UHVXOW� IURP�LQKDODWLRQ�
RI� LQIHFWLRXV� DHURVROV�� �-DFNVRQ� HW� DO�� ����E�� EXW� VHH� &K�� ���� ZKLFK� UHTXLUHV� FORVH�
FRQWDFW��+RZHYHU��SRVVXPV�DUH�UDUHO\�LQWHUDFWLYH�RXWVLGH�WKH�EUHHGLQJ�VHDVRQ��'D\�HW�
DO�� ������� %HFDXVH� RQO\� KDOI� RI� PDOHV� DFKLHYH� PDWLQJ� VXFFHVV� �6DUUH� HW� DO�� ������
7D\ORU�HW�DO���������FRPSHWLWLRQ�EHWZHHQ�PDOHV�IRU� IHPDOHV� LV� ILHUFH�DQG�DJJUHVVLYH��
ZLWK�KHDYLHU�ROGHU�DQLPDOV�XVXDOO\�GRPLQDQW� �-ROO\�	�6SXUU�������'D\�HW�DO���������
0DWLQJ�GULYHQ�EHKDYLRXU��LQ�WKH�EURDGHVW�VHQVH��LQFOXGLQJ�SDWWHUQV�RI�UDQJH�XVH��SOD\V�
VRPH�UROH�LQ�7E�WUDQVPLVVLRQ��DV�QHXWHULQJ�SRVVXPV�UHGXFHV�WKH�ULVN�WR�PDOHV�E\�KDOI��
�'��5DPVH\�XQSXEO��GDWD���7KH�UDWH�RI�FRQWDFW�EHWZHHQ�PDOHV�DQG�IHPDOHV�GXULQJ�WKH�
PDWLQJ�VHDVRQ�GRHV�QRW�GHFUHDVH�OLQHDUO\�DQG�SURSRUWLRQDWHO\�ZLWK�GHQVLW\��5DPVH\�HW�
DO�� ������� SUHVXPDEO\� EHFDXVH�PDOHV� WU\� WR�PD[LPLVH�PDWLQJ� FRQWDFWV� UHJDUGOHVV� RI�
GHQVLW\� ±� LI� IHPDOHV� UHPDLQ� PRUH� RU� OHVV� VROLWDU\� �DW� OHDVW� ZLWK� UHVSHFW� WR� RWKHU�
IHPDOHV��DQG�PDOHV�FDQ�HDVLO\� ILQG� WKHP�EXW�RQO\�DVVRFLDWH�ZLWK�RQH�DW�D� WLPH�� WKHQ�
GHQVLW\�ZLOO�QRW�DIIHFW�WKH�IUHTXHQF\�RI�VXFK�HQFRXQWHUV���
6XFK� GHQVLW\� LQGHSHQGHQFH�� RIWHQ� WHUPHG� µIUHTXHQF\� GHSHQGHQFH¶� �0F&DOOXP� HW� DO��
������6PLWK�������%HJRQ�HW�DO���������ZRXOG�PDLQWDLQ�FORVH�WR�WKH�XVXDO�IUHTXHQF\�RI�
PDWLQJ�UHODWHG� WUDQVPLVVLRQ�DW�DOO�EXW� WKH� ORZHVW�GHQVLWLHV�ZKHUH�PDOHV�KDYH� WURXEOH�
ILQGLQJ� IHPDOHV�� ,Q� FRQWUDVW�� WUDQVPLVVLRQ� WKURXJK� VKDULQJ� RI� GHQV� LV� WKRXJKW� WR�
GHFUHDVH� GLVSURSRUWLRQDWHO\� TXLFNO\� ZKHQ� SRVVXP� GHQVLW\� LV� UHGXFHG� �&DOH\� HW� DO��
����E���7KH� QDWXUH� RI� GHQVLW\� GHSHQGHQFH� LQ� WUDQVPLVVLRQ� UDWHV� LV� WKHUHIRUH� FUXFLDO�
EHFDXVH�IUHTXHQF\�GHSHQGHQFH�PDNHV�WKH�GLVHDVH�PRUH�GLIILFXOW�WR�HOLPLQDWH��DOWKRXJK�
5REHUWV� �������� IURP� D� PRGHO� FULWLFLVHG� IRU� XQUHDOLVWLF� GHPRJUDSKLF� SDUDPHWHUV��
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VXJJHVWV� WKDW� IUHTXHQF\�GHSHQGHQFH�ZDV�RQO\� LPSRUWDQW�ZKHQ�H[WUHPH��7KH�%DUORZ�
PRGHOV� �H�J�� %DUORZ� ������ IXQFWLRQ� DW� ODUJH� VSDWLDO� VFDOHV�� EXW� DVVXPH� D�
KHWHURJHQHRXV� QRQ�OLQHDU� FRQWDFW� IXQFWLRQ��$Q� LPSRUWDQW� IHDWXUH� RI� WKHVH�PRGHOV� LV�
WKH\� DVVXPH� FRQWDFW� UDWH� LV� GHWHUPLQHG� E\� FORVHQHVV� WR� FDUU\LQJ� FDSDFLW\� �.�
GHSHQGHQFH��UDWKHU�WKDQ�GHQVLW\�SHU�VH�±�L�H��WKDW�SRVVXPV�DW�FDUU\LQJ�FDSDFLW\�LQ�SRRU�
KDELWDW� PDLQWDLQ� WKH� VDPH� FRQWDFW� UDWHV� DV� GR� SRVVXPV� DW� FDUU\LQJ� FDSDFLW\� �EXW� DW�
PXFK�KLJKHU�GHQVLWLHV��LQ�KLJK�TXDOLW\�KDELWDW���
,Q� WKLV� VWXG\�� WKH� SUHYDOHQFH� RI� 7E� LQ� SRVVXPV� ILWV� ZLWK� WKH� PDWLQJ�UHODWHG�
WUDQVPLVVLRQ� K\SRWKHVLV�� LQ� WKDW� IHZHU�� DQG� RQO\� DGXOW�� UHSURGXFWLYH�� IHPDOHV� ZHUH�
LQIHFWHG�DQG�PRVW�LQIHFWLRQ�LQ�PDOHV�ZDV�LQ�WKH�KHDYLHVW��SUHVXPDEO\�PRVW�DJJUHVVLYH��
PDOHV��$OVR��DV�IRXQG�E\�3IHLIIHU�HW�DO���������WKHUH�OLWWOH�HYLGHQFH�RI�D�VWURQJ�SRVLWLYH��
FRUUHODWLRQ�EHWZHHQ�ORFDO�GHQVLW\�DQG�7E�SUHYDOHQFH�LQ�SRVVXPV��ZLWK�)LJ�����D�EHLQJ�
YHU\�VLPLODU�WR�DQ�HTXLYDOHQW�SORW�RI�WKH�����±���+DXKXQJDURD�GDWD��)LJ����LQ�%DUORZ�
����D���,Q�WKH�:+5�WKH�UHODWLRQVKLS�DSSHDUHG�PRUH�OLNHO\�WR�EH�QHJDWLYH��)LJ�����E���
7KH� ODWWHU� LV� QRW� VXUSULVLQJ� JLYHQ� WKDW� 7E� GRHV� KDYH� D� VXEVWDQWLDO� ORFDO� HIIHFW� RQ�
SRVVXP� GHQVLW\� �$UWKXU� HW� DO�� ������� 6HYHQ� RI� WKH� LQIHFWHG� VLWHV� KDG� 7&,V� ������
ZKLFK�LV�WKRXJKW�WR�EH�HTXLYDOHQW�WR�GHQVLWLHV�RI�DERXW���SRVVXPV�KD����5DPVH\�HW�DO��
�������7KH�SUHVHQFH�RI�HYHQ�D�VLQJOH�LQIHFWHG�DQLPDO�WKHUHIRUH�DXWRPDWLFDOO\�UHVXOWV�LQ�
D� KLJK� SUHYDOHQFH� DW� WKH� KRPH�UDQJH� VFDOH� RI� SRVVXPV� �W\SLFDOO\� ��� KD�� &RZDQ�	�
&ORXW� ������� VLPSO\� EHFDXVH� WKHUH� DUH� IHZ� RWKHU� SRVVXPV� WR� IRUP� D� ODUJH�
GHQRPLQDWRU��
+RZHYHU��DW�WKH�ODQGVFDSH�OHYHO��WKH�FORVH�FRUUHODWLRQ�EHWZHHQ�WKH�DYHUDJH�DEXQGDQFH�
RI� SRVVXPV� DQG� WKH� SUHYDOHQFH� RI� 7E� LQ� SRVVXPV� �DQG� GHHU�� VXJJHVWV� GHQVLW\�
GHSHQGHQFH� DW� WKLV� VFDOH�� )RU� WKH� ILYH� FHQWUDO� 1RUWK� ,VODQG� DUHDV�� WKH� QHDU�SHUIHFW�
UHODWLRQVKLS�VXJJHVWHG�7E�KDG�QRW�EHHQ�DEOH�WR�SHUVLVW�LQ�SRVVXPV�LQ�WZR�RI�WKUHH�DUHDV�
ZKHUH� WKH� FRQVHUYDWLYH� QRQ� VWDQGDUG� 7&,� ZDV� VWLOO� EHORZ� ��� �±�� \HDUV� DIWHU�
SRLVRQLQJ��DQG�DW�WKH�WKLUG�WKH�VLQJOH�LQIHFWHG�SRVVXP�WUDSSHG�PD\�ZHOO�KDYH�EHHQ�DQ�
LPPLJUDQW�� 7KHVH� UHVXOWV� VXJJHVW� WKDW� HUDGLFDWLRQ� RI� 7E� IURP� SRVVXPV� LV� TXLFNO\�
DFKLHYDEOH� LQ� 1RUWK� ,VODQG� IRUHVW� SURYLGHG� QR� VXEVWDQWLDO� DUHDV� DUH� GHOLEHUDWHO\� RU�
LQDGYHUWHQWO\�RPLWWHG�IURP�WKH�FRQWURO��7E�DSSHDUV�WR�KDYH�GLVDSSHDUHG�IURP�WKH�85�
DQG�(+5�GHVSLWH�7&,V�LQ�VHYHUDO�RI�WKH���NP��VXUYH\��NLOO�VLWH��DUHDV�UHDFKLQJ��±���
E\�����±������
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,Q�)LJ������D��WKH�+25�VWDQGV�RXW�DV�DQ�RXWOLHU��7KLV�LV�FRQVLVWHQW�ZLWK�7E�SHUVLVWLQJ�
DIWHU�WKH�SRVVXP�SRSXODWLRQ�DW�)ODJVWDII�)ODW�RQ�WKH�QRUWK�HDVWHUQ�PDUJLQ�RI�WKH�DUHD�
ZKHQ�WKH�SRSXODWLRQ�GHFOLQHG�QDWXUDOO\��SUHVXPDEO\�DV�D�FRQVHTXHQFH�RI�7E�LQGXFHG�
PRUWDOLW\��WR�DERXW����7&,�LQ�������,W�LV�DOVR�FRQVLVWHQW�ZLWK�D�����SUHYDOHQFH�������
SRVVXPV��UHFRUGHG�LQ������LQ�DQ�XQFRQWUROOHG�����NP���SDUW�RI�P\�2PRWR�VWXG\�VLWH�
ZKHUH� WKH� VWDQGDUG� 7&,� � ZDV� YHU\� ORZ� ������� &ROHPDQ� 	� )UDVHU� ������� 7KLV�
GLIIHUHQFH�EHWZHHQ�WKH�+25�DQG�WKH�1RUWK�,VODQG�VLWHV�HSLWRPLVHV�WKH�MXVWLILFDWLRQ�IRU�
DVVXPLQJ� .�GHSHQGHQFH� LQ� SRVVXP�7E� PRGHOV� �%DUORZ� ����D�� EHFDXVH� 7E� KDV�
SHUVLVWHG� LQ� ERWK� RI� WKH� XQFRQWUROOHG� DUHDV� �+25� DQG� :+5�� GHVSLWH� WKH� KXJH�
GLIIHUHQFH�LQ�WKHLU�GHQVLWLHV��+RZHYHU��LW�LV�QRW�FOHDU�ZKHWKHU�WKDW�UHIOHFWV�WKH�VFDOLQJ�
RI� D� XQLYHUVDO� WUDQVPLVVLRQ� FRHIILFLHQW� ZLWK� FDUU\LQJ� FDSDFLW\� RU� EHWZHHQ�DUHD�
YDULDWLRQ� LQ� WKH� FRHIILFLHQW� LQGHSHQGHQW� RI� .�� 5HJDUGOHVV� RI� ZKLFK� RI� WKHVH� WZR�
H[SODQDWLRQV��RU�VRPH�RWKHU�DOWHUQDWLYH�� LV�FRUUHFW�� LW�DSSHDUV� WKDW�IDU�PRUH�LQWHQVLYH�
FRQWURO�LV�OLNHO\�WR�EH�UHTXLUHG�WR�HOLPLQDWH�7E�IURP�WKH�+25��DQG�SHUKDSV�WKH�:HVW�
&RDVW� JHQHUDOO\�� WKDQ� LW� LV� IURP� FHQWUDO� 1RUWK� ,VODQG� IRUHVWV�� 7KH� ODWWHU� VHHPV� WR�
UHTXLUH�FRQWURO�DW�DQ�DUHD�ZLGH�GHQVLW\�RI�EHORZ����7&,�IRU��±��\HDUV��SURYLGHG�WKHUH�
DUH�QR�PDMRU��!���KD��DUHDV�ZLWK�QR�FRQWURO�DW�DOO���

������'HHU�DV�VHQWLQHOV�
'HHU������DQG��$���ILUPO\�HVWDEOLVKHG�LQ�1HZ�=HDODQG�WKH�FRQFHSW�RI�XVLQJ�VSLOORYHU�
KRVWV� VXFK� DV� GHHU� DQG� SLJV� DV� VHQWLQHOV� IRU� GHWHFWLQJ� 7E� SUHVHQFH� LQ� SRVVXPV�� E\�
GHPRQVWUDWLQJ� HPSLULFDOO\� WKDW� RXWO\LQJ� LQIHFWLRQ� LQ� GHHU� FRXOG� SRLQW� WR� SDWFKHV� RI�
XQFRQWUROOHG� SRVVXPV�� $V� LW� KDSSHQV�� ERWK� SDWFKHV� ZHUH� UHDGLO\� LGHQWLILDEOH� IURP�
PDSV�RI�ZKHUH�SRVVXP�FRQWURO�KDG�EHHQ�DSSOLHG��EXW�WKH�LGHD�FRXOG�DSSO\�HTXDOO\�WR�
SDWFKHV�WKDW�ZHUH�QRW�DV�UHDGLO\�LGHQWLILDEOH���
7KH�FOHDU�LQGLFDWLRQ�IURP�WKH������NLOO�VLWH�VXUYH\�WKDW�7E�FRXOG�SHUVLVW�LQ�SRVVXPV�LQ�
VPDOO�DUHDV�GHOLEHUDWHO\�OHIW�RXW�RI�WKH�DUHD�FRQWUROOHG�DOVR�KHOSHG�GHYHORS�DZDUHQHVV�
WKDW�EURDG�VFDOH�SRVVXP�FRQWURO�QHHGHG�WR�EH�DSSOLHG�HYHQO\�LI�UDSLG�HUDGLFDWLRQ�RI�7E�
ZHUH� WR� EH� DFKLHYHG�� ([DPSOHV� VXFK� DV� WKLV� LQLWLDWHG� D� GULYH� WRZDUG� PXFK� PRUH�
VSDWLDOO\� FRPSUHKHQVLYH� PRQLWRULQJ� RI� SRVW�FRQWURO� SRVVXP� SRSXODWLRQV� �$QLPDO�
+HDOWK�%RDUG�������DQG�WRZDUG�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�UROH�RI�VXFK�SDWFKLQHVV�LQ�
7E�SHUVLVWHQFH�GHVSLWH�SRVVXP�FRQWURO��&ROHPDQ�	�)UDVHU��������
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&KDSWHU����3RVW�PRUWHP�WUDQVPLVVLRQ�RI�7E�
IURP�GHHU��DQG�RWKHU�VSHFLHV��

�
����,QWURGXFWLRQ��

0RVW� LQWHUHVW� DQG�GHEDWH�DURXQG� WKH� UROH�RI�ZLOG�GHHU� LQ� WKH�HSLGHPLRORJ\�RI�7E� LQ�
1HZ�=HDODQG�KDV�IRFXVHG�RQ�WKH�XQFHUWDLQW\�RYHU�WKHLU�VWDWXV�DV�7E�KRVWV��0RUULV�	�
3IHLIIHU� ������ /XJWRQ� HW� DO�� ������*ULIILQ�	�0DFNLQWRVK� ������� +RZHYHU�� LQIHFWHG�
GHHU�FDQ�SRWHQWLDOO\�µYHFWRU¶�WKH�GLVHDVH�WKURXJK�WLPH�DQG�VSDFH��DQG�WKHQ�WUDQVPLW�LW�
WR�RWKHU�VSHFLHV��7E�WUDQVPLVVLRQ�EHWZHHQ�ZLOG�GHHU�LV�UDUH��&K������7KDW�LPSOLHV�WKDW�
LQWHUVSHFLHV� WUDQVPLVVLRQ� IURP� GHHU� E\� DQ\� PHFKDQLVP� ZLOO� DOVR� EH� UDUH� XQOHVV� LW�
RFFXUV�E\�D�URXWH�WKDW�GRHV�QRW�RFFXU�LQ�GHHU���3RVW�PRUWHP�WUDQVPLVVLRQ�IURP�LQIHFWHG�
GHHU�FDUFDVVHV�LV�RQH�VXFK�SRWHQWLDO�URXWH���
0DQ\�VSHFLHV� IHHG�RQ�FDUULRQ��VRPHWLPHV� UHVXOWLQJ� LQ�H[WUHPH�SUHYDOHQFHV�RI�7E� �!�
�����LQ�VFDYHQJHU�VSHFLHV�VXFK�DV�IHUUHWV�DQG�SLJV��/XJWRQ�������1XJHQW�HW�DO���������
7KHVH�LQGLFDWH�WUDQVPLVVLRQ�YLD�LQJHVWLRQ�PXVW�RFFXU�UHDGLO\�GHVSLWH�WKH�ORZ�WROHUDQFH�
RI�0\FREDFWHULXP�VSS��WR�JDVWULF�DFLGV��*DXGLHU�	�*HUQH]�5LHX[�������6FKZDUWLQJ��
������� SUHVXPDEO\� UHIOHFWLQJ� D�PDVVLYH� LQIHFWLYH� FKDOOHQJH�ZKHQ�ZKROH� OHVLRQV� DUH�
FRQVXPHG���
7KH�ULVN�RI�WUDQVPLVVLRQ�IURP�GHHU�FDUULRQ�GHSHQGV�RQ�ZKLFK�VSHFLHV�DUH�VFDYHQJHUV��
KRZ� WKH\� LQWHUDFW�ZLWK� VXFK�FDUULRQ��DQG�KRZ�RIWHQ� WKH\�GR�VR��7KH�PRVW� LPSRUWDQW�
TXHVWLRQ� LV� ZKHWKHU� SRVVXPV� IUHTXHQWO\� IHHG� RQ� RU� LQWHUDFW� ZLWK� VXFK� FDUULRQ��
$OWKRXJK�SULPDULO\�KHUELYRURXV��WKH\�DOVR�IHHG�RQ�LQVHFWV��ELUGV¶�HJJV�DQG�QHVWOLQJV��
DQG�GHDG�DQLPDOV��1XJHQW�HW�DO���������7KLV�FKDSWHU�DVVHVVHV�WKH�ULVN�RI�SRVW�PRUWHP�
WUDQVPLVVLRQ� IURP� LQIHFWHG� FDUULRQ� WR� RWKHU� KRVWV�� DQG� DVVHVVHV� ZKDW� UROH� WKDW� PD\�
KDYH�SOD\HG��DQG�PD\�FRQWLQXH�WR�SOD\��LQ�WKH�HVWDEOLVKPHQW��SHUVLVWHQFH��DQG�VSUHDG�
RI�7E�LQIHFWLRQ�LQ�ZLOGOLIH��
7KH� FKDSWHU� KDV� IRXU� FRPSRQHQWV�� �L�� PRQLWRULQJ� WKH� IDWH� RI� GHHU� FDUULRQ� LQ� ILYH�
GLIIHUHQW�DUHDV���LL��PRQLWRULQJ�VHDVRQDO�YDULDWLRQ�LQ�WKH�IDWH�RI�SLJ�FDUULRQ�LQ�RQH�DUHD��
�LLL��DVVHVVPHQW�RI� WKH�GXUDWLRQ�RI�7E�LQIHFWLYLW\� LQ�FDUULRQ��DQG��LY�� LQYHVWLJDWLRQ�RI�
PHDW� HDWLQJ�� FDQQLEDOLVP�� DQG� RWKHU� LQWHUDFWLRQV� EHWZHHQ� OLYH� DQG� GHDG� RU� G\LQJ�
SRVVXPV�� ,QYHVWLJDWLRQ�RI� WKH� IDWH�RI�SLJ�FDUULRQ� LV� LQFOXGHG�KHUH�RQ� WKH�DVVXPSWLRQ�
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WKDW�PRVW� DQLPDO� VSHFLHV� DUH� OLNHO\� WR� LQWHUDFW�ZLWK� SLJ� FDUFDVVHV� LQ�PXFK� WKH� VDPH�
ZD\�WKDW�WKH\�ZRXOG�UHVSRQG�WR�D�GHHU�FDUFDVV��,W�LV�DOVR�LQFOXGHG�VLPSO\�EHFDXVH�WKH�
VWXG\�ZDV�FRPPLVVLRQHG�E\�WKH�$QLPDO�+HDOWK�%RDUG�SDUWO\�DV�D�UHVXOW�RI�WKH�LQVLJKW�
SURYLGHG� E\�P\� SUHFHGLQJ� LQYHVWLJDWLRQ� RI� GHHU� FDUULRQ�� DQG� WKH� GDWD� LQFUHDVHV� WKH�
UREXVWQHVV�DQG�JHQHUDOLW\�RI�WKH�NH\�ILQGLQJV�IURP�WKH�GHHU�VWXG\���
$OO�RI�WKLV�UHVHDUFK�ZDV�LQLWLDOO\�FRQFHLYHG��GHVLJQHG��LPSOHPHQWHG��DQG�RYHUVHHQ�E\�
P\VHOI��EXW�WKH�ILHOG�ZRUN�DQG�SUHOLPLQDU\�ZULWH�XS�RI�WKH�SLJ�WULDO�ZHUH�FRQGXFWHG�E\�
,YRU� <RFNQH\�� KHQFH� KLV� VHQLRU� DXWKRUVKLS� RI� WKH� UHVXOWDQW� PDQDJHPHQW� UHSRUW�
�<RFNQH\�	�1XJHQW���������

����0HWKRGV�

������,QWHUDFWLRQV�ZLWK�GHHU�FDUULRQ�
0RWLRQ�DFWLYDWHG� YLGHR� FDPHUDV� ZHUH� XVHG� WR� UHFRUG� WKH� LQWHUDFWLRQV� EHWZHHQ�
SRVVXPV�DQG�ZKROH�RU�SDUW�FDUFDVVHV�RI�GHHU�SODFHG�LQ�IRUHVWHG�SRVVXP�KDELWDW�LQ�ILYH�
GLIIHUHQW�DUHDV�LQ�WKH�6RXWK�,VODQG��)LJ��������
��� �3XKLSXKL� 3HDNV� 6WDWLRQ��.DLNRXUD��&DUULRQ�ZDV� SODFHG� DW� HLJKW� VLWHV� LQ� VKDGHG�

DUHDV� RI� IRUHVW� RU� VKUXE� ODQG�� EXW� WZR� DUH� H[FOXGHG� EHFDXVH� RI� SRRU� GDWD�
TXDOLW\��3RVVXP�GHQVLW\�ZDV�KLJK�DW�WKLV�VLWH��VHH�6HFWLRQ���������

��� /HHV�9DOOH\��&DQWHUEXU\��7KUHH�VLWHV�ZHUH�HVWDEOLVKHG� LQ� WDOO�EHHFK��1RWKRIDJXV�
VSS���IRUHVW�LQ�ZLQWHU�������3RVVXP�GHQVLWLHV�ZHUH�DVVHVVHG�DV�PRGHUDWH��

��� :KLWH� 5RFN�� &DQWHUEXU\�� )RXU� VLWHV� ZHUH� HVWDEOLVKHG� LQ� D� ORZODQG� SLQH� �3LQXV�
UDGLDWD��SODQWDWLRQ�LQ�ODWH�������3RVVXP�GHQVLWLHV�ZHUH�DVVHVVHG�DV�ORZ��

��� 0W�:KLWH�6WDWLRQ��&DQWHUEXU\��7KUHH� VLWHV�ZHUH�HVWDEOLVKHG� LQ� WDOO�EHHFK� IRUHVW��
3RVVXP�GHQVLWLHV�DW�WKH�VLWH�ZHUH�VXEMHFWLYHO\�DVVHVVHG�DV�PRGHUDWH��

��� )ODJVWDII�)ODW��:HVW�&RDVW��7KUHH�VLWHV�ZHUH�HVWDEOLVKHG�F������P�DSDUW�LQ�EHHFK�
IRUHVW�� LQ� ODWH� ������ 3RVVXP�GHQVLWLHV�ZHUH� ORZ�EHFDXVH� WKH� SRSXODWLRQ� KDG�
EHHQ�UHFHQWO\�WUDSSHG��ZKLFK�,�GLG�QRW�NQRZ�ZKHQ�WKH�WULDO�ZDV�HVWDEOLVKHG��

&DUULRQ� VLWHV�ZHUH�PRQLWRUHG� IRU� �±��ZHHNV�� 7\SLFDOO\�� WKH� FDUULRQ�ZDV� SODFHG� RQ�
DFFHVVLEOH� RSHQ� JURXQG� XQGHU� WDOO� WUHHV�� XVXDOO\� QHDU� D� IRUHVW� HGJH�� $� SDUWLDOO\�
VNLQQHG�SRVVXP�FDUFDVV�ZDV�DOVR�SODFHG�DW�WZR�RI�WKH�GHHU�FDUULRQ�VLWHV��
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�
)LJXUH�����/RFDWLRQ�RI�WKH�VWXG\�DUHDV�XVHG�LQ�WKH�GHHU�FDUULRQ�WULDO��ILYH�DUHDV��DQG�WKH�SLJ�
FDUULRQ�WULDO��0X]]OH�6WDWLRQ����
�
$�YLGHR�FDPHUD�XVLQJ�����PLQ��PP�9+6�WDSHV�ZDV�PRXQWHG�LQ�D�ZDWHUSURRI�KRXVLQJ�
RQ� D� WULSRG� RU� WUHH� �±�� P� DZD\�� ZLWK� D� EDWWHU\�RSHUDWHG� ��Y� ��:� UHG�ILOWHUHG�
VSRWOLJKW��$�7UDLOPDVWHU��LQIUDUHG�PRWLRQ�VHQVRU�DFWLYDWHG�WKH�V\VWHP��7KH�VSRWOLJKW�
ZDV� DFWLYDWHG�RQO\� DW� QLJKW�� DQG� VRPHWLPHV� WKH� FDPHUD�ZDV� DOVR�GHDFWLYDWHG�GXULQJ�
GD\OLJKW�KRXUV�WR�DYRLG�FRQWLQXRXV�WULJJHULQJ�E\�VZDUPV�RI�IOLHV��IOLFNHULQJ�VXQOLJKW��
RU� OHDI� PRYHPHQW�� %DWWHULHV� DQG� WDSHV� ZHUH� UHSODFHG� DSSUR[LPDWHO\� ZHHNO\�� 7KH�
UHFRUG�RI�LQWHUDFWLRQV�ZDV�W\SLFDOO\�IUDJPHQWDU\��ZLWK�JDSV�FDXVHG�E\�EDWWHU\��FDPHUD��
RU�VSRWOLJKW�IDLOXUH��RU�EHFDXVH�UHSHDWHG�WULJJHULQJ�E\�ZLQG��VXQ��IOLHV��RU�VFDYHQJHUV�
TXLFNO\�XVHG�DOO�RI�WKH�WDSH�DYDLODEOH���
7DSHV�ZHUH�UHYLHZHG�RQ�D�ODUJH�VFUHHQ�79��DQG�WKH�WLPH��GXUDWLRQ��DQG�QDWXUH��VSHFLHV�
DQG� EHKDYLRXU�� RI� LQWHUDFWLRQ� UHFRUGHG�� ,QWHUDFWLRQV� ZHUH� FODVVLILHG� DFFRUGLQJ� WR�
FORVHQHVV�RI�DSSURDFK� �WZR�FODVVHV��!��P�DQG���P���DQG�ZKHWKHU�RU�QRW� WKH�DQLPDO�
VQLIIHG��FRQWDFWHG��OLFNHG��RU�DFWLYHO\�IHG�RQ�WKH�FDUFDVV���

������,QWHUDFWLRQV�ZLWK�SLJ�FDUULRQ�
,QWHUDFWLRQV�ZLWK�SLJ�FDUULRQ�ZHUH�VLPLODUO\�GHWHUPLQHG�LQ�VXPPHU��-DQXDU\±0DUFK��
DQG� ZLQWHU� �-XO\±6HSWHPEHU�� ����� DW� 0X]]OH� 6WDWLRQ�� LQODQG� .DLNRXUD� �)LJ�� ������
DORQJ� F�� �� NP�RI� DFFHVVLEOH� ULYHU� IODW� DQG� WHUUDFHV��7KLV� ODUJHO\�XQIRUHVWHG� DUHD�KDV�
PRGHUDWH� GHQVLWLHV� RI� IHUUHWV� DQG� IHUDO� SLJV�� DQG� ORZ� GHQVLWLHV� RI� ZLOG� GHHU� DQG�
SRVVXPV�� &DUULRQ� VLWHV� FRQVLVWHG� RI� D� SLJ¶V� KHDG�� DQ� RIIDO� SLOH�� D� ZKROH� FDUFDVV� RU�
�W\SLFDOO\�� DOO� WKUHH�� 7KLUWHHQ� VXPPHU� DQG� WHQ� ZLQWHU� VLWHV� ZHUH� PRQLWRUHG�� ZLWK�
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VLPLODU�QXPEHUV�LQ�VXQ�DQG�VKDGH��6RPH�YLGHR�GDWD�IURP�RQH�VXPPHU�VLWH�ZHUH�ORVW��
9LGHRWDSHV�ZHUH�FKDQJHG�HYHU\��±��GD\V��DV�UHTXLUHG���

������&DUQLYRU\��FDQQLEDOLVP��DQG�FRQWDFW�E\�SRVVXPV�
7R� DVVHVV� VHDVRQDO� YDULDWLRQ� LQ� WKH� IUHTXHQF\�ZLWK�ZKLFK� SRVVXPV� VSHFLILFDOO\� DUH�
OLNHO\� WR� IHHG� RQ� GHDG� GHHU�� ��±��� µEDLWV¶�� FRQVLVWLQJ� RI� ��²���J� FKXQNV� RI� IUHVK�
YHQLVRQ�� ZHUH� SODFHG� LQ� EDLW� VWDWLRQV� LQ� HDFK� RI� WZR� SRVVXP� KDELWDWV� RQ� 3XKLSXKL�
3HDNV�6WDWLRQ��QRUWKHDVW�RI�.DLNRXUD��)LJ�������QHDU�RQH�RI�WKH�VLWHV�XVHG�LQ�WKH�GHHU�
FDUULRQ�PRQLWRULQJ� WULDO� DERYH�� 2QH� KDELWDW� FRQVLVWHG� RI� D� UHPQDQW� ���KD� SDWFK� RI�
VLPSOH� EHHFK� IRUHVW� �PDLQO\�1RWKRIDJXV� VRODQGUL�� VXUURXQGHG� E\� URXJK� JUDVVODQG��
ZKLOH�WKH�RWKHU��DSSUR[LPDWHO\���NP�DZD\��FRQVLVWHG�RI�VFDWWHUHG�VKUXE�ODQG��PDLQO\�
NDQXND��.XQ]HD�HULFRLGHV��LQWHUVSHUVHG�ZLWK�URXJK�JUDVVODQG��%DLWV�ZHUH�VSDFHG�����
P�DSDUW��LQVLGH��OLWUH�RSHQ�WRSSHG�VTXDUH�SODVWLF�FRQWDLQHUV�QDLOHG�WR�WKH�WRS�RI�D���±
���FP�ZRRGHQ�VWDNH��ZLWK�WKH�ULP�RI�WKH�FRQWDLQHU�FRDWHG�ZLWK�D�VWLFN\�µIXU�WUDS¶�JOXH�
WKDW�XVXDOO\�DOORZHG�LGHQWLILFDWLRQ�RI�ZKLFK�DQLPDO�VSHFLHV�KDG�WDNHQ�EDLW��9LFWRU��
1R���OHJ�KROG�WUDSV�ZHUH�VHW�KDOIZD\�EHWZHHQ�WKH�EDLWV�WR�LQGH[�SRVVXP�DEXQGDQFH��
ZLWK�ERWK�WUDSV�DQG�EDLWV�PRQLWRUHG�IRU�WZR�VXFFHVVLYH�QLJKWV�LQ�HDFK�RI�WKUHH�VHDVRQV�
�ZLQWHU�������VXPPHU�������ZLQWHU��������$�PHDVXUHPHQW�SODQQHG�IRU�VXPPHU������
KDV�SUHFOXGHG�E\�WKH�ODQGRZQHU¶V�UHIXVDO�WR�DOORZ�DFFHVV�DW�WKDW�WLPH��
��
,� DOVR� FROODWHG� DQHFGRWDO� UHSRUWV� RI� FDUQLYRU\� DQG� FDQQLEDOLVP� E\� SRVVXPV�� DQG�
LQIRUPDOO\�LQWHUYLHZHG�SRVVXP�WUDSSHUV�WR�DVVHVV�KRZ�IUHTXHQWO\�SRLVRQHG�SRVVXPV�
DSSHDUHG�WR�KDYH�EHHQ�DWWDFNHG�E\�RWKHU�SRVVXPV���
�

������3HUVLVWHQFH�RI�YLDEOH�7E�LQ�SLJ�FDUULRQ�
,Q� ERWK� VXPPHU� DQG�ZLQWHU� ������ VL[� JURVVO\� WXEHUFXORXV� SLJV¶� KHDGV�ZHUH� SXW� LQ�
VFDYHQJHU�SURRI� FDJHV�� ZLWK� HTXDO� QXPEHUV� LQ� GLUHFW� VXQOLJKW� DQG� LQ� VKDGH�� $IWHU�
WKUHH�GD\V��D���FP�LQFLVLRQ�ZDV�PDGH�WR�SURYLGH�DFFHVV� WR�WKH�VXEPD[LOODU\�OQ��DQG�
WKH�OHVLRQV�ZHUH�VZDEEHG��(XURWXER���%DUFHORQD��6SDLQ��RQ�GD\V�����������DQG������
1R�LQFLVLRQ�RU�VZDEELQJ�ZDV�PDGH�RQ�GD\����WR�PLQLPLVH�WKH�DFFHOHUDWLRQ�RI�GHFD\�
WKDW�RSHQLQJ�XS�RI�WKH�WLVVXH�ZDV�H[SHFWHG�WR�FDXVH��+RZHYHU��DOO�WKH�KHDGV�XVHG�KDG�
PRGHUDWH� RU� ODUJH� OHVLRQV� W\SLFDO� RI� 7E�� DQG� RYHU� ���� RI� VXFK� OHVLRQV� DUH� FXOWXUH�
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SRVLWLYH��XQSXEOLVKHG�GDWD���,�DP�WKHUHIRUH�FRQILGHQW�WKDW�DW� OHDVW�ILYH�RXW�RI�WKH�VL[�
KHDGV�LQ�HDFK�WULDO�ZHUH�LQIHFWHG���
0LGGD\� WHPSHUDWXUH�ZDV� UHFRUGHG�GDLO\�� ,Q� VXPPHU�� UDSLG�GHVLFFDWLRQ�FXUWDLOHG� WKH�
WULDO�DIWHU����GD\V��6ZDEV�ZHUH�IUR]HQ�����&��XQWLO�VHQW�IRU�FXOWXUH��$�KHDYLO\�LQIHFWHG�
GHHU� FDUFDVV� LQ� WKH� ZHVWHUQ� +DXKXQJDURD� 5DQJH� ZDV� RSSRUWXQLVWLFDOO\� VZDEEHG� ��
ZHHNV�DIWHU�LW�ZDV�NLOOHG�LQ�$XJXVW�������
�

����5HVXOWV�

������,QWHUDFWLRQV�ZLWK�GHHU�FDUULRQ�
7KH�YLGHR�V\VWHP�ZDV�ILUVW�ILHOG�WHVWHG�DW�3XKLSXKL�3HDNV��XVLQJ�F������NJ�RI�YHQLVRQ�
SODFHG�DERXW���P�DZD\�IURP�D�EDLW�VWDWLRQ�FRQWDLQLQJ�FHUHDO�SHOOHW�EDLWV��$W�KDOI�OLJKW�
RQ�WKH�ILUVW�HYHQLQJ��WKH�ILUVW�SRVVXP�ILOPHG�DSSURDFKHG��VQLIIHG�WKH�PHDW�EDLW��WRRN�
�±��ELWHV�RI�LW�WKHQ�OHIW�ZLWKRXW�LQYHVWLJDWLQJ�WKH�FHUHDO�EDLWV�DW�DOO���
$� WRWDO� RI� ��� FDUULRQ� VLWHV� ZHUH� VXFFHVVIXOO\� PRQLWRUHG�� ZLWK� ���� YLVLWV� E\� ���
PDPPDO�VSHFLHV��DQG� WZR� ODUJH�DQG�VHYHUDO�VPDOO�ELUG�VSHFLHV�EHLQJ�UHFRUGHG��)LJ��
�����������2Q�DYHUDJH������VSHFLHV��UDQJH��±���ZHUH�UHFRUGHG�RQ����RFFDVLRQV��UDQJH�
�±���� DW� HDFK� VLWH�� 7RWDO� YLVLW� WLPH� DYHUDJHG� ���� ±� ��� �VH�� PLQ�VLWH� �UDQJH� �±����
PLQXWHV���0DQ\�RI� WKH�VSHFLHV��������ZHUH�UHFRUGHG�DW� MXVW�RQH�RU� WZR�VLWHV�RQ��¤��
RFFDVLRQV�SHU�VLWH��)LJ��������7KH�WKUHH�ELUG�VSHFLHV�RU�VSHFLHV�JURXSV��KDUULHU�KDZNV�
�&LUFXV� DSSUR[LPDQV��� ZHND� �*DOOLUDOOXV� DXVWUDOLV��� DQG� VPDOO� ELUGV�� DQG� IRXU�
PDPPDO� VSHFLHV� �SRVVXPV�� FDWV�� UDWV�� DQG� VWRDWV�� WKDW� YLVLWHG� DW� OHDVW� WKUHH� VLWHV�
DFFRXQWHG�IRU�WKH�PDMRULW\�RI�YLVLWV���
7KH�VPDOO�ELUGV� UHFRUGHG� �PDLQO\�EODFNELUGV� �7XUGXV�PHUXOD�� DQG� WKUXVKHV� �7XUGXV�
WXUGXV��QHYHU�IHG�RQ�WKH�FDUULRQ�LWVHOI�EXW�IUHTXHQWO\�IHG�FORVH�WR��RQ��DQG��XQGHUQHDWK�
WKH� FDUULRQ�� XVXDOO\� ZKHQ� PDJJRWV� ZHUH� SUHVHQW�� 1RQH� RI� WKH� KHUELYRUHV� UHFRUGHG�
�ZLOG�GHHU��FDWWOH��VKHHS��KDUH��/HSXV�HXURSDHXV���DQG�UDEELW��IHG�RQ�WKH�FDUULRQ��DQG�
PRVW�VLPSO\�SDVVHG�E\��2QFH��D�UDEELW�DSSURDFKHG�RQH�FDUFDVV�WR�ZLWKLQ�����P��)LJ��
������ DV� GLG�RQH�RI� WZR�GHHU��2Q� WKH� WZR�RFFDVLRQV� FDWWOH�ZHUH� UHFRUGHG�� WKH� FDWWOH�
VQLIIHG� DW� WKH� FDUULRQ�� DQG� RQH� DSSHDUHG� WR� OLFN� WKH� KLQGTXDUWHUV� RI� D� ZKROH� GHHU�
FDUFDVV�VHYHUDO�WLPHV���
�
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)LJXUH������([DPSOHV�RI�YLVLWRUV�WR�GHHU��DQG�SLJ�FDUULRQ�VLWHV��7KH�SRVVXP�LV�VLWWLQJ��DQG�
IHHGLQJ��RQ�WKH�KLQGTXDUWHUV�RI�D�GHHU��7KH�FDW�DQG�IHUUHW�DUH�IHHGLQJ�RQ�D�SLJ¶V�LQWHVWLQHV�DQG�
KHDG�UHVSHFWLYHO\��IHUUHWV�XVXDOO\�GLVSODFHG�FDWV�IURP�WKLV�VLWH���7KH�SLJ�LV�KROGLQJ�D�VWULS�RI�
LQWHVWLQHV�ZLWK�LWV�KRRI�ZKLOH�SXOOLQJ�LW�DSDUW��7KH�FRZ�OLFNHG�WKH�SLJ�FDUFDVV�DIWHU�WKH�KDZN�
OHIW��
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�D��1�LQWHUDFWLRQV

� ��� ���
+DZN
3LJ
&DW

:HND
3RVVXP
6WRDW
5DEELW

6PDOO�ELUG
0RXVH
6KHHS

+HGJHKRJ
+DUH
5DW
'HHU
&RZ

)UHTXHQF\

�E��7RWDO�LQWHUDFWLRQ�
WLPH

� ��� ����
0LQXWHV

�F��$YHUDJH�
LQWHUDFWLRQ�WLPH

� �� ��
0LQXWHV ��

)LJXUH�����6XPPDU\�RI�LQWHUDFWLRQV�DW����GHHU�FDUULRQ�VLWHV�IURP�ILYH�GLIIHUHQW�DUHDV��VKRZLQJ�
�D��WRWDO�QXPEHU�RI�YLVLWV�E\�HDFK�VSHFLHV���E��WKH�WRWDO�GXUDWLRQ�RI�DOO�YLVLWV�E\�HDFK�VSHFLHV��
DQG��F��WKH�DYHUDJH�GXUDWLRQ�RI�LQGLYLGXDO�YLVLWV�E\�VSHFLHV��
�
)UHTXHQW� VFDYHQJHUV� �FDWV�� SLJ�� DQG� KDZNV�� RIWHQ� YLVLWHG� UHSHDWHGO\� WKH� VDPH� GD\��
7KH\�XVXDOO\�IHG�FRQWLQXRXVO\�IRU�ORQJ�SHULRGV��DW�OHDVW�ZKLOH�HGLEOH�FDUULRQ�UHPDLQHG��
:HND� IHG� IUHTXHQWO\�EXW�PRUH� LQWHUPLWWHQWO\��7KHVH� VSHFLHV�RIWHQ�TXLFNO\�FRQVXPHG�
DOO�RI�WKH�FDUULRQ�ZKHQ�RQO\�WKH�KHDG�DQG�RU�RIIDO�ZHUH�DYDLODEOH��$�SLJ�DWH�DQ�HQWLUH�
GHHU�JXW�LQ�RQH����PLQXWH�YLVLW��7KH�KDZNV�DQG�ZHND�IHG�µPHVVLO\¶�E\�WXJJLQJ�DW�WKH�
IOHVK��MHUNLQJ�WKHLU�KHDGV�DV�WKH\�GLG�VR��DQG�WKH\�DQG�RWKHU�VPDOO�PDPPDOV�DOVR�RIWHQ�
FODPEHUHG�DURXQG�RQ� WKH�FDUULRQ��%RWK�EHKDYLRXUV�VHHPHG� OLNHO\� WR�VSUHDG� LQIHFWLYH�
PDWHULDO�RYHU�WKH�FDUULRQ��DVVXPLQJ�VXFK�PDWHULDO�ZDV�SUHVHQW���
6WRDWV�� KHGJHKRJV�� UDWV� �5DWWXV� VS���� DQG�PLFH� �0XV�PXVFXOXV�� WHQGHG� WR� IHHG� RQO\�
EULHIO\�RU�QRW�DW�DOO��ZLWK�D�VWURQJ�LQGLFDWLRQ�WKDW�UDWV�LQ�SDUWLFXODU�ZHUH�UHSHOOHG�E\�WKH�
VSRWOLJKW��1RQH�RI�WKHVH�VSHFLHV�FRQVXPHG�PXFK�RI�WKH�FDUULRQ���
2Q�DYHUDJH��PRUH�WKDQ�RQH�FRPPRQ�KRVW�IRU�7E��SRVVXP��SLJ��FDW��VWRDW��RU�KHGJHKRJ��
YLVLWHG�HYHU\�VLWH��PHDQ�����±������VH����3RVVXPV�ZHUH�E\�IDU�WKH�PRVW�IUHTXHQW�YLVLWRU�
�����YLVLWV�WR��������������VLWHV���0RVWO\��WKH\�GLG�QRW�DSSURDFK������RI�YLVLWV��)LJ��
���D�� RU� DSSURDFKHG� EXW� GLG� QRW� PDNH� FRQWDFW� RU� IHHG� ����� RI� YLVLWV�� )LJ�� ���E���



� ���

&RQWDFW�RFFXUUHG�DW�RQO\�HLJKW�VLWHV������RI�DOO�YLVLWV��)LJ�����F���EXW�DW�IRXU�VLWHV�ZDV�
EULHI�����PLQ�YLVLW���+RZHYHU��SRVVXPV�IHG�D�WRWDO�RI����WLPHV�DW������������YLVLWHG�
VLWHV�� DOO� LQ�ZLQWHU�� DYHUDJLQJ� �����±� ���� �VH��PLQ�ERXW� �UDQJH� �±���PLQ���7KLV�ZDV�
VXEVWDQWLDOO\�VKRUWHU�WKDQ�IRU�WKH�µUHJXODU¶�VFDYHQJHU�VSHFLHV�������±�����PLQ��Q� �����
HYHQWV��)LJ����F���������
�
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�
)LJXUH�����)UHTXHQF\�GLVWULEXWLRQV�RI�WKH�GXUDWLRQ�RI�LQWHUDFWLRQV�EHWZHHQ�SRVVXPV�DQG�GHHU�
FDUULRQ��IRU�SRVVXPV�WKDW��D��GLG�QRW�DSSURDFK���E��DSSURDFKHG�ZLWK�QR�FRQWDFW��DQG��F��PDGH�
FRQWDFW��
3RVVXPV� VRPHWLPHV� H[WHQVLYHO\� OLFNHG� H[SRVHG� WLVVXH� UDWKHU� WKDQ� FKHZLQJ� RQ� LW��
SUHVXPDEO\�LQJHVWLQJ�VXUIDFH�IOXLGV�DQG�EORRG�UDWKHU�WKDQ�IOHVK��+RZHYHU��RWKHUV�IHG�
RQ� IOHVK� IRU� ORQJ� SHULRGV�� 2QH� IUHTXHQW� IHHGHU�� D� µVFUDJJO\¶� VXE�DGXOW�� ZDV� HDVLO\�
GLVSODFHG�IURP�WKH�FDUFDVV�E\�RWKHU�SRVVXPV��EXW�RIWHQ�UHWXUQHG�ODWHU�WKH�VDPH�QLJKW��
,W�IHG�EULHIO\�RQ�WKUHH�VHSDUDWH�RFFDVLRQV�GXULQJ�RQH�QLJKW�RI�FRQWLQXRXV�KHDY\�UDLQIDOO�
�VHH�)LJ��������
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)LJXUH�����6HOHFWHG�YLGHR�PRQLWRULQJ�UHFRUGV�RI�SRVVXP�VFDYHQJLQJ�EHKDYLRXU�DW�RQH�
3XKLSXKL�3HDNV�GHHU�FDUULRQ�VLWH��
3RVVXPV�QHYHU�IHG�RQ�FDUFDVVHV�WKDW�GLG�QRW�KDYH�H[SRVHG�IOHVK��EXW�HYHQ�ZLWK�LQWDFW�
FDUFDVVHV�VWLOO�HQJDJHG�LQ�ZKDW�DSSHDUHG�WR�EH�SRWHQWLDOO\�LQIHFWLRXV�EHKDYLRXUV��7KHVH�
LQFOXGHG�FOLPELQJ�RQWR�FDUFDVVHV��DQG�VQLIILQJ�WKH�KDLU��DV�ZHOO�DV�VQLIILQJ�DQG�PDNLQJ�
QRVH�DQG�RU�IRRW�FRQWDFW�ZLWK�WKH�H\HV��QRVH��HDUV�DQG�PRXWK�RI� WKH�GHHU��$OPRVW�DOO�
SRVVXP� YLVLWV� ZHUH� E\� VROLWDU\� SRVVXPV�� EXW� RQ� ILYH� RFFDVLRQV� WZR� SRVVXPV� ZHUH�
UHFRUGHG� DW� WKH� VDPH� WLPH�� DQG� RQ� WZR� RFFDVLRQV� IHG� WRJHWKHU� EULHIO\� �H�J�� WKH� ODVW�

$UHD 7\SH 'DWH 7LPH
(YHQW�
GXUDWLRQ

&ORVHVW�
DSSURDFK

&ORVHVW�
LQWHUDFWLRQ 'HFVULSWLRQ�RI�EHKDYLRXU

3XKL�3HDNV�� :KROH�FDUFDVV ���-XO ����� � !��P 0RYLQJ�VORZO\�SDVW�IURQW�RI�GHHU
3XKL�3HDNV�� :KROH�FDUFDVV ����� � ���P 6QLIILQJ &RPHV�XS�WR�GHHU�QRVH��VQLIIV�IRU���VHF��PRYHV�DZD\�LPPHGLDWHO\

3XKL�3HDNV�� :KROH�FDUFDVV ����� � &RQWDFW 6QLIILQJ

$SSURDFKHV�VKRXOGHU��VQLIIV��FOLPEV�RQ��VQLIIV�DOO�RYHU�VKRXOGHU��ZDONV�WR�UHDU�RI�
FDUFDVV��VLWV�WKHUH�IRU���PLQV��WKHQ�ZDONV�XS�ERG\��VQLIIV�DW�H[SRVHG�IOHVK�LQ�QHFN��
VLWV�WKHUH�IRU����PLQV��WKHQ�OHDYHV�

3XKL�3HDNV�� :KROH�FDUFDVV ����� � !��P 6LWWLQJ��VWLOO��P�DZD\��ORRNLQJ�DW�GHHU�IRU���PLQV�
3XKL�3HDNV�� :KROH�FDUFDVV ���-XO ���� � !��P 3DVVLQJ

3XKL�3HDNV�� :KROH�FDUFDVV ���� � &RQWDFW /LFNLQJ
6LWV�RQ�GHHU�IRU����VHFV��WKHQ�VQLII�DURXQG�FXW�DUHD��OLFNV�FXW�DQG�WXJV�DW�H[SRVHG�
PHDW���WLPHV

3XKL�3HDNV�� :KROH�FDUFDVV ���-XO ���� � !��P 3DVVLQJ
3XKL�3HDNV�� :KROH�FDUFDVV ���-XO ���� � !��P 3DVVLQJ
3XKL�3HDNV�� :KROH�FDUFDVV ���-XO ���� � &RQWDFW 6QLIILQJ $SSURDFKHV�GHHU�QRVH��VQLIIV��DQG�DSSHDUV�WR�UHFRLO��WKHQ�OHDYH�TXLFNO\

3XKL�3HDNV�� 5LE�FDJH ���-XO ����� � !��P 3DVVLQJ
3XKL�3HDNV�� 5LE�FDJH ����� � ���P /RRNLQJ�DW�GHHU
3XKL�3HDNV�� 5LE�FDJH ����� � !��P /RRNLQJ�DW�GHHU

3XKL�3HDNV�� 5LE�FDJH ����� �� &RQWDFW )HHGLQJ

�%HJLQV�IHHGLQJ�LPPHGLDWHO\���IRU����PLQV���KHDG�GRZQ��REVFXUHG��EXW�
FRQWLQXRXV�VPDOO�IHHGLQJ��"��PRYHPHQWV��7KHQ�PRYHV�DURXQG�EHKLQG�UXPHQ��
VQLIILQJ�DW�ULEFDJH��WKHQ�OLFNV�DQG�FKHZV�DW�PHDW�RQ�ULE�FDJH��(YHQWXDOO\�FOLPEV�
LQWR�ULEFDJH��FOHDUO\�OLFNLQJ�VNLQ�DQG�ULEFDJH�ZDOO��+HDG�IXOO\�LQVLGH�ULEFDJH�
ZKLOVW�VWDQGLQJ�RQ�WKH�UXPHQ

3XKL�3HDNV�� 5LE�FDJH ����� � !��P /RRNLQJ�DW�GHHU
3XKL�3HDNV�� 5LE�FDJH ����� � ���P /RRNLQJ�DW�GHHU
3XKL�3HDNV�� 5LE�FDJH ����� � &RQWDFW )HHGLQJ )HG�RQ�ULEFDJH�IRU���PLQV

3XKL�3HDNV�� 5LE�FDJH ����� �� &RQWDFW )HHGLQJ

6WXGLHV�FDUFDVV��WKHQ�VQLIIV�DW�UXPHQ�ZLWK�OLFNLQJ�PRYHPHQWV��WRQJXH�VHHQ��
0RYHV�DURXQG�FDUFDVV�DQG�IHHGV�LQWHUPLWWHQO\�IRU�VHYHUDO�PLQXWHV��ZLWK�YHU\�
REYLRXV�WXJJLQJ�PRYHPHQWV��2FFDVLRQDOO\�LQWHUXSWV�IHHGLQJ��DSSDUHQWO\�WR�ZDWFK�
VRPHWKLQJ��DQRWKHU�SRVVXP"��QHDUE\�

3XKL�3HDNV�� 5LE�FDJH ����� � !��P 3DVVLQJ
3XKL�3HDNV�� 5LE�FDJH ���-XO ���� � &RQWDFW )HHGLQJ %HJLQV�IHHGLQJ�LPPHGLDWHO\�IRU����VHFV��GRHV�VR�IRU���PLQV
3XKL�3HDNV�� 5LE�FDJH ���� � &RQWDFW )HHGLQJ )HHGV�LPPHGLDWHO\�IRU���PLQV�WKHQ�OHDYHV

3XKL�3HDNV�� 5LE�FDJH ����� �� &RQWDFW )HHGLQJ

%HJLQV�IHHGLQJ�LPPHGLDWHO\��KHDG�RXW�RI�VLJKW�EXW�PHDW�DQG�VNLQ�FOHDUO\�EHLQJ�
UHSHDWHGO\�WXJJHG�DW��WKHQ�OLFNLQJ�DQG�FKHZLQJ�ORRVH�SLHFH�RI�PHDW�RU�FORWWHG�
EORRG��XVLQJ�SDZV�WR�KROG�WLVVXH�IRU����VHFV��GRHV�VR�IRU���PLQV

3XKL�3HDNV�� 5LE�FDJH ����� � ���P /RRNLQJ�DW�GHHU
3XKL�3HDNV�� 5LE�FDJH ���-XO ���� � ���P /RRNLQJ�DW�GHHU
3XKL�3HDNV�� 5LE�FDJH ����� � &RQWDFW )HHGLQJ )HHGV�IRU�����PLQV�WKHQ�OHDYHV�DEUXSWO\

3XKL�3HDNV�� 5LE�FDJH ����� �� &RQWDFW )HHGLQJ

,PPHGLDWHO\�EHJLQV�WR�IHHG�RQ�QHFN�ZLWK�WXJJLQJ�PRYHPHQWV�YLVEOH��$QRWKHU�
SRVVXP�DSSURDFKHV�DIWHU���PLQV��DQG�WKH�ILUVW�RQH�VLWV�XS�ZLWK�D�SLHFH�RI�PHDW�LQ�
LWV�SDZV��FRQWLQXHV�FKHZLQJ��1HZ�DUULYDO�VQLIIV�UXPHQ��WKHQ�DW�ULEFDJH��3RVVXPV�
LQWHUDFW�DQG�QHZ�DUULYDO�OHDYHV�DW��������2ULJLQDO�IHHGV�FRQWLQXRXVO\�RQ�QHFN�
�����������

3XKL�3HDNV�� 5LE�FDJH ����� � &RQWDFW )HHGLQJ )HHGV�LPPHGLDWHO\�IURP�IURQW�RI�ULEFDJH�IRU���PLQV
3XKL�3HDNV�� 5LE�FDJH ���-XO ���� � ���P 6QLIILQJ 6QLIIV���VHFV

3XKL�3HDNV�� 5LE�FDJH ����� � &RQWDFW )HHGLQJ
5DLQLQJ��5HJXODU�YLVLWRU��Y��ZHW��EHJLQV�WR�IHHG�LPPHGLDWHO\��OHDYHV�VXGGHQO\�
ZLWK�D�SLHFH�RI�PHDW�LQ�LWV�PRXWK

3XKL�3HDNV�� 5LE�FDJH ���-XO ���� � &RQWDFW )HHGLQJ 6WLOO�UDLQLQJ��VDPH�SRVVXP���IHHGV�LPPHGLDWHO\��XUJHQWO\�IRU���PLQV��

3XKL�3HDNV�� 5LE�FDJH ���� � &RQWDFW )HHGLQJ
6DPH�DJDLQ��8S�IDVW�DQG�IHHGV�LPPHGLDWHO\��6WLOO�UDLQLQJ�KHDYLO\��*RPH�LQ���
PLQXWHV�

3XKL�3HDNV�� 5LE�FDJH ����� �� &RQWDFW )HHGLQJ

'DUN�SRVVXP�FRPHV�XS�WR�ORJ�EHKLQG��SLFNV�XS�D�SLHFH�RI�PHDW�DQG�VLWV�HDWLQJ��
WKHQ�VWDUW�IHHGLQJ�RQ�WKH�QHFN�DUHD��FOHDUO\�SXVKLQJ�XQGHU�WKH�VNLQ�DQG�KDLU�WR�JHW�
DW�PHDW��5HJXODU�GDUN�IHHGHU�DSSURDFKHV�IURP�IURQW�DQG�ERWK�IHHG�IRU���PLQV�WKHQ�
UHJXDOU�OHDYHV��RWKHU�FRQWLQXHV�WLOO�WDSH�VWRS� �

�
�
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UHFRUG�VKRZQ�LQ�)LJ��������+RZHYHU�SRVVXPV�WKDW�YLVLWHG�DW�WKH�VDPH�WLPH�DOZD\V�NHSW�
DSDUW�E\�DW� OHDVW�����P�� W\SLFDOO\�NHHSLQJ� WKH�EXON�RI� WKH�FDUFDVV�EHWZHHQ� WKHP��1R�
FORVH�VQLIILQJ�RU�SK\VLFDO�FRQWDFW�EHWZHHQ�OLYH�SRVVXPV�ZDV�REVHUYHG�GXULQJ�DQ\�RI�
WKHVH�GXDO�YLVLWV�� ,Q�FRQWUDVW�� WKH����YLVLWV�E\�SRVVXPV� WR� WKH� WZR�VLWHV�ZLWK�SRVVXP�
FDUFDVVHV�SODFHG�DORQJVLGH�WKH�GHHU�FDUULRQ�VLWHV�UHVXOWHG�LQ�FORVH�VQLIILQJ������P��RI�
WKH� SRVVXP� FDUFDVVHV� RQ� WZR� RFFDVLRQV�� DQG� VQLIILQJ� ZLWK� FRQWDFW� RQ� WZR� IXUWKHU�
RFFDVLRQV��7KH� VPDOO� VDPSOH� VL]HV�PDNHV�DQ\�FRPSDULVRQ�RI� WKH� IUHTXHQF\�RI� FORVH�
LQWHUDFWLRQ� EHWZHHQ� OLYH� SRVVXPV� ������ ZLWK� WKDW� EHWZHHQ� OLYH� DQG� GHDG� SRVVXPV�
�������YHU\�ZHDN��)LVKHUV�H[DFW�WHVW��S� ���������EXW��QRQHWKHOHVV��LW�LV�OLNHO\�WKDW�WKH�
GLIIHUHQFH�LV�UHDO��DV��HVSHFLDOO\�DW�3XKLSXKL�3HDNV�ZKHUH�SRVVXP�WUDS�FDWFK�ZDV������
VHH� EHORZ�� DV� SRVVXPV� DW� FDUFDVVHV� ZHUH� VRPHWLPHV� FOHDUO\� GLVSODFHG� E\� DQ�
DSSURDFKLQJ�GRPLQDQW� WKDW�ZDV�QRW�FDSWXUHG�RQ�YLGHR�WDSH�XQWLO�D� IHZ�PLQXWHV�DIWHU�
WKH�LQFXPEHQW�OHIW��8QIRUWXQDWHO\��WKHUH�ZDV�QR�ZD\�RI�EHLQJ�FHUWDLQ�WKDW�WKLV�LV�ZKDW�
KDG� RFFXUUHG�� :KDW� LV� FOHDU� LV� WKDW� QR� FORVH� FRQWDFW� ZDV� REVHUYHG� EHWZHHQ� OLYH�
SRVVXPV� GXULQJ� ���� PLQXWHV� RI� REVHUYDWLRQ� WLPH�� EXW� VXFK� FRQWDFW� FRPSULVHG�
DSSUR[LPDWHO\� KDOI� WKH� ���PLQXWHV� RI� REVHUYDWLRQ� WLPH� RI� LQWHUDFWLRQV� EHWZHHQ� OLYH�
DQG�GHDG�SRVVXPV���
'HHU�FDUULRQ�VLWHV�DW�3XKLSXKL�3HDNV�DQG�0W�:KLWH�ZHUH�RQO\�PRQLWRUHG�IRU���ZHHNV�
GXULQJ� ZLQWHU�� VR� SURYLGH� OLWWOH� LQGLFDWLRQ� RI� KRZ� ORQJ� FDUULRQ� UHPDLQV� HGLEOH� WR�
VFDYHQJHUV��+RZHYHU��WKH�ODWH�ZLQWHU������WULDO�DW�/HHV�9DOOH\�VSDQQHG���ZHHNV��ZLWK�
WKUHH�VLWHV�HVWDEOLVKHG�RQ���$XJXVW��DV�IROORZV��

��� $� VHW� RI� KLQGTXDUWHUV� ZLWK� QR� H[SRVHG� IOHVK� ZDV� GLVFRYHUHG� E\� VHYHUDO�
GLIIHUHQW�SRVVXPV�GXULQJ�WKH�ILUVW�ZHHN��EXW�QRQH�IHG��)OHVK�ZDV�GHOLEHUDWHO\�
H[SRVHG� DIWHU� �� GD\V�� DQG� D� SRVVXP� WKHQ� IHG� EULHIO\� ���� PLQ�� WKDW� QLJKW��
+DZNV�WKHQ�IHG�IRU�ORQJ�SHULRGV�RQ�HLJKW�RFFDVLRQV�RYHU�WKH�QH[W����GD\V��EXW�
QRW�DIWHU���ZHHNV��3RVVXPV�YLVLWHG�WKH�VLWH�WKURXJKRXW�WKH���ZHHN�SHULRG��EXW�
RQO\� WKUHH�DFWXDO� IHHGLQJ�ERXWV�RFFXUUHG�� WZR� ����DQG����PLQ��RQ�RQH�QLJKW�
DIWHU���ZHHNV�DQG�RQH�����PLQ��DIWHU���ZHHNV��

��� +DZNV�IHG�DW�WKH�VHFRQG�VLWH�RQ�D�GHHU�ULEFDJH�DQG�DOLPHQWDU\�WUDFW��IURP�WKH�
ILUVW�GD\��$OWKRXJK�RQO\�QLJKW�WLPH�LQWHUDFWLRQV�ZHUH�PRQLWRUHG�DIWHU�WKH�ILUVW�
ZHHN��D�KDZN�ZDV�UHFRUGHG�IHHGLQJ��DW������KRXUV��DIWHU���ZHHNV��3RVVXPV�
YLVLWHG�WKLV�VLWH�RQ����RFFDVLRQV��DQG�IHG�RQ�HLJKW�RFFDVLRQV�IRU�DQ�DYHUDJH�RI�
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����PLQ�GXULQJ� WKH� ILUVW� ����ZHHNV��7KH\�GLG�QRW� IHHG� DIWHU� WKDW�� EXW� VQLIIHG�
�ILYH�WLPHV��DQG�WRXFKHG��RQFH��GXULQJ����IXUWKHU�YLVLWV���

��� 7KH� WKLUG� VLWH�� D� KHDG��ZDV� DOVR� TXLFNO\� GLVFRYHUHG� E\� KDZNV� DQG�ZLWKLQ� ��
GD\V�ZDV�VWULSSHG�RI�DOO�WLVVXH�DFFHVVLEOH�WKURXJK�WKH�QHFN�FXW�VR�PRQLWRULQJ�
FHDVHG� DW� WKLV� VLWH� DIWHU� �� ZHHNV�� 1R� IHHGLQJ� RFFXUUHG� GXULQJ� ��� YLVLWV� E\�
SRVVXPV��

7KHVH� REVHUYDWLRQV� LQGLFDWH� WKDW� GHHU� FDUULRQ� UHPDLQHG� HGLEOH� WR� SRVVXPV� �DQG�
KDZNV��IRU�DERXW�D�PRQWK�LQ�ODWH�ZLQWHU�LQ�WKH�&DQWHUEXU\�IRRWKLOOV��$W�)ODJVWDII�)ODW��
VWRDWV�DQG�ZHND�FRQWLQXHG�WR�IHHG�EULHIO\��XS�WR���PLQ�YLVLW��IRU��±���GD\V�IURP����
'HFHPEHU� ������ $W� :KLWH� 5RFN�� VLWHV� ZHUH� PRQLWRUHG� IRU� ��� GD\V� IURP� ���
1RYHPEHU�������3RVVXPV�YLVLWHG�HLJKW� WLPHV� ��±��SHU� VLWH��� VL[� WLPHV� LQ� WKH� ILUVW���
GD\V�� EXW� QR� SRVVXPV� IHG�� 3RVVXPV� GLG� QRW� YLVLW� DQ\� VLWH� DIWHU� ��� GD\V�� EXW� D�
KHGJHKRJ�IHG�EULHIO\�RQFH�RQ�'D\�����ZKHQ� WKH�FDUULRQ�ZDV�DOUHDG\�EODFNHQHG�DQG�
GHVLFFDWHG��DV�LOOXVWUDWHG�E\�WKH�FDUFDVV�LQ�WKH�UDEELW�SKRWR�LQ�)LJ��������
%RWK�RI�WKH�SRVVXP�FDUFDVVHV�SODFHG�DORQJVLGH�GHHU�FDUULRQ�DW�WZR�VLWHV�ZHUH�VQLIIHG�
DQG�WRXFKHG�E\�OLYH�SRVVXPV��$W�D�GHHU�KHDG�VLWH�DW�3XKLSXKL�3HDNV��ERWK�RI�WKH�ILUVW�
WZR�SRVVXPV��FOHDUO\�GLIIHUHQW�DQLPDOV��UHDGLO\�DSSURDFKHG�WKH�SRVVXP�FDUFDVV�WR�WKH�
SRLQW� RI� FRQWDFW��$� FDW� WKHQ� YLVLWHG� VHYHUDO� WLPHV� DQG� IHG� IRU� ORQJ� SHULRGV� RQ� WKH�
SRVVXP�FDUFDVV��LQ�DSSDUHQW�SUHIHUHQFH�WR�WKH�GHHU�KHDG�����P�DZD\���/DWHU��WKH�VDPH�
RU�GLIIHUHQW�SRVVXPV�YLVLWHG�WZLFH��EXW�RQ�QHLWKHU�RFFDVLRQ�JRW�FORVHU�WKDQ�DERXW�����P�
EHIRUH�OHDYLQJ�DEUXSWO\��DSSDUHQWO\�DIWHU�VPHOOLQJ�WKH�FDW¶V�VFHQW��

������,QWHUDFWLRQV�ZLWK�SLJ�FDUULRQ�
7KH����VXPPHU�VLWHV�ZHUH�PRQLWRUHG�IRU�DERXW���GD\V�SHU�VLWH�RYHU���ZHHNV��DQG�WKH�
���ZLQWHU� VLWHV� IRU� DERXW� ��� GD\V� SHU� VLWH� RYHU� ��ZHHNV��7KH� GLIIHUHQFH� UHIOHFWV� WKH�
UDSLG�GHFD\�RI�FDUULRQ��KLJK�OHYHOV�RI�µQXLVDQFH¶�WULJJHULQJ�E\�IOLHV��DQG�PRUH�YLVLWV�E\�
IHUUHWV�LQ�VXPPHU��
�,Q�VXPPHU��DOO�RI� WKH����SLJV¶�KHDGV�DQG�RIIDO�SLOHV�DQG������ZKROH�FDUFDVVHV�ZHUH�
VFDYHQJHG��0RUH�WKDQ�KDOI�RI�WKH�KHDGV�DQG�RIIDO�ZHUH�FODVVHG�DV�µODUJHO\�FRQVXPHG¶�
�!���� RI� HGLEOH� PDWHULDO� VFDYHQJHG��� DV� ZHUH� ���� RI� WKH� ZKROH� FDUFDVVHV� �ZKLFK�
ZHUH�PRVWO\� VPDOO� SLJV��� ,Q�ZLQWHU�� DOO� ���KHDGV� DQG� DOO� ���RIIDO� SLOHV�ZHUH� IHG�RQ��
ZLWK�����DQG������UHVSHFWLYHO\��FRQVLGHUHG�WR�KDYH�EHHQ�ODUJHO\�VFDYHQJHG��1RQH�RI�
WKH����ZKROH�FDUFDVVHV�ZHUH�HDWHQ��
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�$�WRWDO�RI����YHUWHEUDWH�VSHFLHV�SOXV�D�YDULHW\�RI�VPDOO�ELUGV�ZHUH�UHFRUGHG�DW�WKH�SLJ�
FDUULRQ�VLWHV��EXW�WKH�VKHHS��UDEELWV��KDUHV�DQG�VPDOO�ELUGV�GLG�QRW�DSSURDFK�WKH�FDUULRQ��
+DZNV��IHUUHWV��FDWV��DQG�SRVVXPV�DFFRXQWHG�IRU�PRVW�YLVLWV��7DEOHV������������
)HUUHWV� YLVLWHG� DQG� IHG� DW� ��� ������ VXPPHU� VLWHV��ZLWK� �±���YLVLWV�VLWH��2QH� IDPLO\�
JURXS�RI�ILYH�IHG�UHSHDWHGO\�DW�WKH�VDPH�VLWH��RIWHQ�FODPEHULQJ�RYHU�HDFK�RWKHU�DQG�WKH�
FDUULRQ��)LJ��������)HUUHWV�IHG�RQ�����RI�YLVLWV��DYHUDJLQJ�����±�����PLQ��IHHGLQJ�ERXW��
DQG�����PLQ�YLVLWHG�VLWH��7KH�VKRUW�GXUDWLRQ�RI�IHHGLQJ�ERXWV�UHIOHFWV�QXPHURXV�EULHI�
µWRS�XS¶� YLVLWV�� )HUUHWV� ZHUH� WKH� RQO\� VSHFLHV� WKDW� RSHQHG� XS� ZKROH� FDUFDVVHV��
FRQVXPLQJ� QHDUO\� DOO� RI� IRXU� VPDOO�ZKROH� FDUFDVVHV��7KH� LQWDFW� VNLQ� RI� WKHVH� VPDOO�
FDUFDVVHV�ZDV�QR�LPSHGLPHQW�WR�IHUUHWV��ZKLFK�ZHUH�DEOH�WR�WHDU�WKURXJK�WKH�VRIW�VNLQ�
XQGHU�WKH�WKURDW��2Q�RQH�RFFDVLRQ��RQH�IHUUHW�HPHUJHG�WKURXJK�D�VPDOO�RSHQLQJ�LQ�WKH�
SLJ¶V�DEGRPHQ��KDYLQJ�DSSDUHQWO\�EHHQ�IHHGLQJ�ZKLOH�FRPSOHWHO\� LQVLGH� WKH�FDUFDVV��
7KH�DEVHQFH�RI�IHUUHWV�LQ�ZLQWHU�LV�SUHVXPHG�WR�UHIOHFW�D�WUDSSLQJ�LQGXFHG�UHGXFWLRQ�LQ�
WKHLU�GHQVLW\�DQG�SHUKDSV�UHGXFHG�DFWLYLW\��
+DZNV��WKH�PRVW�FRPPRQ�VFDYHQJHU��YLVLWHG�QLQH�������VXPPHU�VLWHV�DQG�����������
LQ� ZLQWHU�� 7KH� VLWHV� QRW� YLVLWHG� ZHUH� XQGHU� WUHHV�� +DZNV� IHG� GXULQJ� ���� RI� YLVLWV��
DYHUDJLQJ���PLQ�ERXW�LQ�VXPPHU�DQG����PLQ�ERXW�LQ�ZLQWHU��7DEOH�������$JDLQ��KDZNV�
W\SLFDOO\� KHOG� WKH� IOHVK� ZLWK� WKHLU� WDORQV� DQG� MHUNLO\� WRUH� RII� WLVVXH� E\� YLJRURXVO\�
WXJJLQJ� DW� LW�� VRPHWLPHV� ZLWK� D� VKDNH� RI� WKH� KHDG��:KHQ� IHHGLQJ� RQ� RIIDO�� KDZNV�
FRQFHQWUDWHG�RQ�PHVHQWHULF�WLVVXH���
&DWV�YLVLWHG�����RI�VXPPHU�VLWHV�DQG�����RI�ZLQWHU�VLWHV��DQG�IHG�DW�OHDVW�RQFH�DW�DOO�
VLWHV�YLVLWHG��+RZHYHU��FDWV�IHG�GXULQJ�RQO\�����RI�VXPPHU�DQG�����RI�ZLQWHU�YLVLWV��
2Q� WZR� RFFDVLRQV� LQGLYLGXDO� IHUUHWV� GLVSODFHG� D� IHHGLQJ� FDW�� 7KH� WRWDO� DPRXQW� RI�
IHHGLQJ�E\�FDWV�ZDV�JUHDWHU�LQ�ZLQWHU������PLQ��WKDQ�LQ�VXPPHU������PLQ���&DWV�ZHUH�
QRW�REVHUYHG�RSHQLQJ�XS�D�ZKROH�FDUFDVV�EXW�GLG�IHHG�RQ�WKRVH�WKDW�KDG�EHHQ�RSHQHG�
XS�E\�IHUUHWV��
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7DEOH�����1XPEHU�RI�SLJ�FDUULRQ�VLWHV�YLVLWHG�E\�HDFK�RI�VHYHQ�ZLOGOLIH�VSHFLHV��LQ�VXPPHU��Q�
VLWHV� �����DQG�ZLQWHU��Q�VLWHV� ������VKRZLQJ�WKH�QXPEHU�DSSURDFKHG��VQLIIHG��DQG�IHG�XSRQ���

�
3RVVXPV�ZHUH� WKH� IRXUWK�PRVW� IUHTXHQW�YLVLWRUV� ����YLVLWV�� WR�SLJ�FDUULRQ�VLWHV��ZLWK�
WKUHH� ������ VXPPHU� DQG� ILYH� ������ ZLQWHU� VLWHV� YLVLWHG� �7DEOH� ������ 7KH� ORZ�
YLVLWDWLRQ�UDWH��FRPSDUHG�WR�WKH�GHHU�WULDO��UHIOHFWV�ORZ�SRVVXP�GHQVLW\��3RVVXPV�RIWHQ�
SDVVHG� E\� ����� RI� YLVLWV��� EXW� RWKHUZLVH� DSSURDFKHG� WR� ��� P� ZLWKRXW� VQLIILQJ� RU�
IHHGLQJ� ������ RU� VQLIIHG� WKH� FDUFDVV� ������ WRWDO� µVQLIILQJ¶� WLPH� RI� ��� PLQ��� DQG�
RFFDVLRQDOO\� ����� IHG��$OO� WKUHH� IHHGLQJ� ERXWV�ZHUH� EULHI�� 7ZR� LQYROYHG� WKH� VDPH�
SRVVXP��,W�DWH�D�VPDOO�TXDQWLW\�RI�PHVHQWHULF�IDW�GXULQJ�D���PLQ�ERXW��DQG�WKHQ�D�OLWWOH�
PRUH�GXULQJ�D���PLQ�ERXW�WKH�IROORZLQJ�QLJKW��7KH�WLVVXH�ZDV�WRUQ�RII�LQ�ODUJH�VWULSV�
DQG�WKHQ�KHOG� LQ�LWV�SDZV�ZKLOH�VPDOOHU�SLHFHV�ZHUH�FKHZHG�RII��VHH�)LJ��������$W�D�
GLIIHUHQW�VLWH��D�SRVVXP�DSSHDUHG�WR�IHHG�IRU�����PLQ�RQ�RIIDO��EXW�KDG�LWV�EDFN�WR�WKH�
FDPHUD�VR�ZKDW�ZDV�HDWHQ�LV�QRW�NQRZQ��7KH�DYHUDJH�GXUDWLRQ�RI�IHHGLQJ�ERXWV�ZDV�
RQO\�����PLQ�ERXW��

2I�SLJ�FDUULRQ�VLWHV�YLVLWHG�
6SHFLHV� 6HDVRQ� 1R��VLWHV�

YLVLWHG� 1R��
DSSURDFKHG�
�WR����P�

1R��WRXFKHG�
RU�VQLIIHG�

1R�IHG�
XSRQ�

$XVWUDODVLDQ�
+DUULHU� 6XPPHU� �� �� �� ��
� :LQWHU� ��� ��� ��� ���
)HUUHW� 6XPPHU� ��� ��� ��� ���
� :LQWHU� �� ±� ±� ±�
&DW� 6XPPHU� �� �� �� ��
� :LQWHU� �� �� �� ��
3RVVXP� 6XPPHU� �� �� �� ��
� :LQWHU� �� �� �� ��
+HGJHKRJ� 6XPPHU� �� �� �� ��
� :LQWHU� �� ±� ±� ±�
&DWWOH� 6XPPHU� �� ±� ±� ±�
� :LQWHU� �� �� �� ��
3LJ� 6XPPHU� �� �� �� ��
� :LQWHU� �� �� �� ��
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&DWWOH�YLVLWHG�IRXU�ZLQWHU�VLWHV�D�WRWDO�RI����WLPHV��EXW�ZHUH�VLPSO\�SDVVLQJ�E\�LQ�����
RI� WKRVH� YLVLWV� �7DEOH� ������ 7KH\� DSSURDFKHG� ����� DQG� VQLIIHG� ����� RI� FDUFDVVHV��
XVXDOO\�WRXFKLQJ�WKH�FDUULRQ�ZLWK�WKHLU�QRVHV��)LJ�������ZLWK�D�WRWDO�µVQLIILQJ¶�WLPH�RI�
����PLQ���
+HGJHKRJV� YLVLWHG� WKUHH� ������ VXPPHU� VLWHV� �7DEOH� ������ DQG� IHG� DW� WZR��7KH� QLQH�
YLVLWV�LQFOXGHG���PLQ�RI�VFDYHQJLQJ�DQG�����PLQ�RI�VQLIILQJ���
7DEOH�����1XPEHU�DQG�WRWDO�GXUDWLRQ��PLQXWHV��RI�WKUHH�EHKDYLRXU�W\SHV�DW�SLJ�FDUULRQ�VLWHV��
E\�VSHFLHV�DQG�VHDVRQ���

� � 3DVVLQJ�
�!��P��

&ORVH�
DSSURDFK��
����P��

)HHGLQJ� 7RWDO�

6SHFLHV� 6HDVRQ� �
Q�

7LPH�
�PLQ��

�
Q�

7LPH�
�PLQ��

�
Q�

7LPH�
�PLQ��

�
Q�

7LPH�
�PLQ��

+DUULHU� 6XPPHU� ��� ��� � � ��� ���� ��� ����
� :LQWHU� ��� ��� �� ��� ��� ����� ���� �����
)HUUHW� 6XPPHU� ��� ��� ��� ��� ���� ����� ���� �����
� :LQWHU� � � � � � � �� �
&DW� 6XPPHU� ��� �� ��� ��� ��� ���� ��� ����
� :LQWHU� ��� ��� ��� �� ��� ���� ��� ����
3RVVXP� 6XPPHU� �� �� �� �� � � ��� ���
� :LQWHU� ��� ��� ��� ��� �� �� ��� ���
+HGJHKRJ� 6XPPHU� �� �� �� �� �� �� �� ���
� :LQWHU� � � � � � � �� �
&DWWOH� 6XPPHU� � � � � � � �� �
� :LQWHU� ��� ��� �� �� � � ��� ���
3LJ� 6XPPHU� � � �� �� �� �� �� ��
� :LQWHU� � � �� �� � � �� ��
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��
)LJXUH�����)RRWDJH�RI�D�SRVVXP�IHHGLQJ�RQ�SLJ�FDUULRQ�GXULQJ�ZLQWHU��ZLWK�PHVHQWHULF�WLVVXH�
KHOG�LQ�LWV�IRUHSDZV���
3LJV�DSSURDFKHG�RQH������VXPPHU�DQG�RQH�������ZLQWHU�VLWH��%RWK�YLVLWV�ZHUH�E\�WZR�
UDGLR�FROODUHG�GRPHVWLF�SLJV�UHOHDVHG�DV�VHQWLQHOV�IRU�7E�GHWHFWLRQ��7KH�VXPPHU�YLVLW�
E\� WKHVH� SLJV� ODVWHG� MXVW� ���� PLQ�� 7KH\� QRVHG� WKH� JXW� SLOH�� DQG� RQH� µWDVWHG¶� WKH�
FRQWHQWV��$�ZLOG�SLJ�SDVVHG�WKLV�VLWH��EXW�VKRZHG�QR�LQWHUHVW��,Q�ZLQWHU��WKH�VDPH�WZR�
SLJV�DSSURDFKHG�WR�DERXW���P�RI�WKH�FDUULRQ��WKHQ�OHIW��EXW�ODWHU�UHWXUQHG�DQG�VQLIIHG�
WKH�FDUULRQ�IRU�F�����PLQ��ZLWKRXW�IHHGLQJ��

������&DUQLYRU\��FDQQLEDOLVP��DQG�FRQWDFW�EHWZHHQ�SRVVXPV�
0HDW�EDLW� WDNH�� ,Q� WKH�EHHFK� IRUHVW��SRVVXPV�DSSHDUHG� WR� WDNH���±����RI� WKH�PHDW�
EDLWV��ZKLOH���±����RI�WUDSV�FDXJKW�SRVVXPV��7DEOH�������7KH�QXPEHU�RI�EDLWV�WDNHQ�
SHU�SRVVXP�WUDSSHG�ZDV� IDU� ORZHU� LQ� WKH�PRUH�GLYHUVH�VFUXE�SDVWXUH�KDELWDW� WKDQ� LQ�
WKH�VLPSOHU�EHHFK�IRUHVW��SDUWLFXODUO\�LQ�ZLQWHU��)RU�ERWK�KDELWDWV�FRPELQHG�������RI�
PHDW� EDLWV�ZHUH� WDNHQ��ZKLOVW� ����RI� WUDSV�ZHUH� HQFRXQWHUHG� DQG� FDXJKW� SRVVXPV��
7KDW� RYHUDOO� GLIIHUHQFH� EHWZHHQ� WKH� IUHTXHQF\� RI� EDLW� WDNH� DQG� WUDSSLQJ� VXFFHVV� LV�
VWDWLVWLFDOO\�VLJQLILFDQW�� �� �������GI� ����S���������LQGLFDWLQJ�WKDW�SRVVXPV�ZLOO�KDYH�
HQFRXQWHUHG� WKH�PHDW� EDLWV� DOPRVW� IRXU� WLPHV�PRUH� IUHTXHQWO\� WKDQ� WKH\� DWH� WKHP�
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7DEOH������3HUFHQWDJH�RI�PHDW�EDLWV�EHOLHYHG�WR�KDYH�EHHQ�HDWHQ�E\�SRVVXPV��DQG�WUDS�
FDWFK�LQ�WZR�KDELWDW�W\SHV��

�
&DQQLEDOLVP�� ,� REWDLQHG� ��� GLIIHUHQW� DQHFGRWHV� IURP� ��� LQGLYLGXDOV�� LQFOXGLQJ�
UHVHDUFKHUV�� UHJLRQDO� FRXQFLO� DQG�'HSDUWPHQW�RI�&RQVHUYDWLRQ� VWDII� DQG�SHVW� FRQWURO�
FRQWUDFWRUV�� 7KH\� UHSRUWHG� D� ZLGH� YDULHW\� RI� IHHGLQJ� EHKDYLRXUV� E\� SRVVXPV� WKDW�
LQFOXGHG�SRVVXPV�IHHGLQJ�QRW�RQO\�RQ�GHHU�PHDW��DV� LQ� WKLV�VWXG\��EXW�DOVR�RQ�ELUGV��
DQG�RQ�UDEELW��JRDW��DQG�SRVVXP�PHDW��$SSHQGL[������
1HLWKHU�,�QRU�5DJJ��������REVHUYHG�FDQQLEDOLVP�GXULQJ�D�FRPELQHG�WRWDO�RI����YLGHR�
WDSHG�SRVVXP�HQFRXQWHUV�ZLWK�SRVVXP�FDUULRQ��EXW�,�REWDLQHG�VHYHUDO�FUHGLEOH�UHSRUWV�
RI�FDQQLEDOLVP�E\�SRVVXPV��VRPH�E\�UHVHDUFK�VFLHQWLVWV��7KUHH�VWDQG�RXW����

���$W�6W�$UQDXG��1HOVRQ��&��&ODUNH��DQ�DQLPDO�HFRORJLVW��QRWHG�WKUHH�TXDUWHUV�
RI� D� SRVVXP� FDUFDVV� ZDV� HDWHQ� RYHU� �� QLJKWV� GXULQJ� ZLQWHU� ������� DQG�
HYHQWXDOO\�WUDSSHG�D�ODUJH�PDOH�SRVVXP�ZLWK�µVWRPDFK�IXOO�RI�PHDW�DQG�IXU¶�DW�
WKH�VLWH��
���$W�7UDLQV�+XW��:DQJDQXL��D�SRVVXP�ZLWK�PHDW�DQG� IXU� LQ� LWV�VWRPDFK�ZDV�
VKRW�ZKHQ� VLWWLQJ� DQG� IHHGLQJ� RQ� DQRWKHU� SRVVXP� VKRW� HDUOLHU� �$��'LMNJUDDI��
'HSDUWPHQW�RI�&RQVHUYDWLRQ��SHUV��FRPP�����
���$W�+DDVW��D�'HSDUWPHQW�RI�&RQVHUYDWLRQ�VWDII�PHPEHU�REVHUYHG�D�SRVVXP�
IHHGLQJ� RQ� D� SRVVXP� VKRW� HDUOLHU�� DQG� DOVR� DWWHPSWLQJ� WR� PDWH� ZLWK� LW��
GHVFULELQJ�WKH�HYHQW�DV�IROORZV��³>RQ�UHWXUQLQJ@�,�VDZ�WKH�\RXQJ�EXFN�RQ�WRS�RI�
WKH�IHPDOH�,�KDG�SUHYLRXVO\�VKRW�FKHZLQJ�RII�WKH�VWLOO�ZDUP�SLHFHV�RI�IOHVK�WKDW�
KDG�EHHQ�EORZQ�RSHQ�E\�WKH�VKRWJXQ�EODVW����EXW�ZDLW�WKHUH
V�PRUH����WKLV�\RXQJ�
EXFN� KDG� DOVR� WDNHQ� WKLV� RSSRUWXQLW\� WR� PDWH� ZLWK� WKH� IHPDOH� LQ� KHU�
YHU\�LQFDSDFLWDWHG� VWDWH�DW� WKH� VDPH� WLPH�� $IWHU� REVHUYLQJ� WKLV� GLVWXUELQJ�

6HDVRQ� 0RXQWDLQ�EHHFK� 6FUXE�SDVWXUH�
� %DLW�WDNH����Q�� 7UDS�FDWFK� %DLWV�WDNH� 7UDS�FDWFK�
:LQWHU������ ��������� ���� �������� ����
6XPPHU������ ��������� ���� ��������� ����
:LQWHU������ ��������� ���� �������� ����
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EHKDYLRXU�IRU�D�VKRUW�SHULRG�RI�WLPH��WKH�\RXQJ�EXFN��ZKR�ZDV�REOLYLRXV�WR�P\�
SUHVHQFH��JRW�ZKDW�ZDV�FRPLQJ�WR�KLP�DIWHU�EHLQJ�IRXQG�JXLOW\�RI�FDQQLEDOLVP��
QHFURSKLOLD�DQG�EHVWLDOLW\��DOWKRXJK�,�VXSSRVH�WHFKQLFDOO\�KH�ZRXOG�JHW�RII�WKH�
ODVW�FKDUJH�JLYHQ�KLV�VSHFLHV��´�

)XU�UDNLQJ��$OO�RI�WKH�UHJXODU�XVHUV�RI�F\DQLGH�SRLVRQ�KDG�VHHQ�HYLGHQFH�RI�DWWDFNV�RQ�
SRLVRQHG� SRVVXPV�� DQG� WKH� VXPPDU\� RI� UHSRUWV� LQ�$SSHQGL[� �� VXJJHVWV� WKDW� WKLV� LV�
PRVW� IUHTXHQW� GXULQJ� WKH� UXW� LQ� DXWXPQ�� DQG� WKDW� VXEGRPLQDQW� PDOHV� DUH� PDLQO\�
UHVSRQVLEOH��7\SLFDOO\�UHVSRQGHQWV�UHSRUWHG��±���RI�SRVVXPV�SRLVRQHG�ZLWK�F\DQLGH�
KDG� EHHQ� DWWDFNHG�� VRPHWLPHV� ZLWK� PRVW� RI� WKHLU� IXU� VFUDWFKHG� RII�� DQG� RIWHQ� ZLWK�
VFUDWFK�DQG�ELWH�PDUNV�HYLGHQW��%RWK�VXVWDLQHG�DQG�UHSHDWHG�DWWDFNV�ZHUH�UHSRUWHG��)XU�
UDNLQJ�ZDV� UHSRUWHG� DV�PRUH� IUHTXHQW� ZKHUH� SRVVXPV� KDG� EHHQ� DJJUHJDWHG� E\� QRQ�
WR[LF� SUH�IHHGLQJ� DW� EDLW� VWDWLRQV� �*�� 0RUULV�� SHUV�� FRPP���� ,Q� FDSWLYLW\�� SRVVXPV�
DWWHPSW� WR� DWWDFN� H[SHULPHQWDOO\� SRLVRQHG� SRVVXPV� ZKHQ� WKH\� EHJDQ� WR� EHKDYH�
DEHUUDQWO\� �*�� 0RUULV�� SHUV�� FRPP���� 3RVVXPV� FDXJKW� LQ� WUDSV� DUH� DOVR� VRPHWLPHV�
DWWDFNHG��SDUWLFXODUO\�PDOHV�FDXJKW�GXULQJ�WKH�PDWLQJ�VHDVRQ��

������6XUYLYDO�RI�YLDEOH�0��ERYLV�LQ�FDUULRQ�LQ�WKH�ILHOG�
3LJV¶�KHDGV�DW�0X]]OH�6WDWLRQ��,Q�VXPPHU��WKH�DYHUDJH�PLGGD\�WHPSHUDWXUH�ZDV����&�
�UDQJH���±���&���DQG�DOO� WKH�SLJ�KHDGV�ZHUH�HLWKHU�UDSLGO\�FRQVXPHG�E\�PDJJRWV�RU�
EHFDPH�FRPSOHWHO\�GHVLFFDWHG�DQG�KDUG��$V�D�FRQVHTXHQFH��QR�VZDE�ZDV�WDNHQ�DW�'D\�
��� IRU� WZR�SLJV�� DQG� QRQH� IRU� DQ\� RI� WKH� RWKHU� IRXU� DIWHU� ��� GD\V��2QO\� WZR�RI� VL[�
VZDEV�WDNHQ�DW�'D\���ZHUH�SRVLWLYH�IRU�0��ERYLV��DQG�QRQH�RI�WKH�IRXU�WDNHQ�DIWHU����
GD\V��7DEOH�������
,Q� ZLQWHU�� PLGGD\� WHPSHUDWXUHV� UDQJHG� IURP� ��&� WR� ���&�� ZLWK� QLJKW�WLPH�
WHPSHUDWXUHV� XVXDOO\� EHORZ� ]HUR�� ZKLFK� JUHDWO\� VORZHG� GHFRPSRVLWLRQ�� 7KH� OHVLRQ�
FRQWHQWV� �FDOFLILHG� QHFURWLF� PDWHULDO�� UHPDLQHG� HDVLO\� UHFRJQLVDEOH� DV� VXFK� IRU� ���
GD\V�� EXW� WKH� OHVLRQV� DQG� O\PSK� QRGHV� FRQWDLQLQJ� WKHP� VORZO\� EHFDPH� OHVV�
UHFRJQLVDEOH�DIWHU�WKDW��1R�0��ERYLV�ZHUH�FXOWXUHG�IURP�WKH���ZHHN�VZDEV��EXW�YLDEOH�
EDFLOOL�ZHUH� UHFRYHUHG� IURP� WZR�WKLUGV� RI� WKH� ��ZHHN� VZDEV� �7DEOH� ������ )DLOXUH� WR�
GHWHFW�7E�LQ�'D\���VDPSOHV�IURP�WKUHH�KHDGV�WKDW�VWLOO�KDG�YLDEOH�EDFLOOL�SUHVHQW�DIWHU�
���GD\V�LQGLFDWHV�RXU�DSSURDFK�KDG�ORZ�VHQVLWLYLW\��
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7DEOH�����3UHVHQFH�����RU�DEVHQFH�����RI�0��ERYLV�RQ�VZDEV�WDNHQ�IURP�VXEPD[LOODU\�OQV�LQ�SLJ�
KHDGV�DW�VL[�VLWHV�RQ�0X]]OH�6WDWLRQ��LQ�VXPPHU�DQG�ZLQWHU�������%ODQN�FHOOV�LQGLFDWH�QR�
VDPSOH�ZDV�REWDLQDEOH��$OO�KHDGV�KDG�OHVLRQV�W\SLFDO�RI�7E��

�
+DXKXQJDURD� GHHU�� 6ZDEV� WDNHQ� IURP� WKUHH� GLIIHUHQW� OHVLRQ� VLWHV� �SUHVFDSXODU� DQG�
UHWURSKDU\QJHDO�OQV�DQG�WKH�OXQJV����ZHHNV�DIWHU�GHDWK�ZHUH�DOO�FXOWXUH�SRVLWLYH�IRU�0��
ERYLV��7KH�FDUFDVV�ZDV�XQGHU� D� WDOO� IRUHVW� FDQRS\�� DQG�ZDV�FRQVXPHG� VRRQ�DIWHU�E\�
SLJV���

����'LVFXVVLRQ�

������3RVW�PRUWHP�WUDQVPLVVLRQ�RI�7E�IURP�LQIHFWHG�FDUULRQ�
7KLV� VWXG\�H[WHQGV� HDUOLHU� VWXGLHV� �5DJJ�HW� DO�� ������0F$XOLIIH������� VKRZLQJ� WKDW�
SLJ�DQG�GHHU�FDUULRQ�LV�PRUH�OLNHO\�WKDQ�QRW�WR�EH�VFDYHQJHG�E\�SRWHQWLDO�7E�KRVWV��,Q�
DGGLWLRQ�� %\URP� ������� UHFHQWO\� LQYHVWLJDWHG� WKH� IDWH� RI� IHUUHW� FDUFDVVHV� �LQ�
FRQMXQFWLRQ�ZLWK�WKH�SLJ�FDUULRQ�VWXG\��DQG�VKRZHG�FDQQLEDOLVP�E\�IHUUHWV��DV�ZHOO�DV�
VFDYHQJLQJ�RI�IHUUHWV�E\�KDZNV�DQG�FDWV��EXW�QRW�E\�SLJV���
7KH�ULVN�RI�SRVW�PRUWHP�WUDQVPLVVLRQ�RI�7E�DV�D�FRQVHTXHQFH�RI�VFDYHQJLQJ�GHSHQGV�
RQ�WKH�DPRXQW�RI�LQIHFWLYH�FDUULRQ�SUHVHQW��KRZ�ORQJ�LW�UHPDLQV�LQIHFWLYH��KRZ�PXFK�LV�
HDWHQ��KRZ�RIWHQ�WKDW�UHVXOWV�LQ�WUDQVPLVVLRQ�RI�7E��DQG�WKH�SURJUHVVLRQ�DQG�IDWH�RI�7E�
LQ�WKH�QHZ�KRVW��

$PRXQW� RI� LQIHFWLYH� PDWHULDO�� 2I� WKH� IRXU� PDLQ� 7E� KRVWV�� WKH� TXDQWLW\� RI�
LQIHFWLYH� OHVLRQ� FRQWHQWV� LQ�ZKROH� FDUFDVVHV�ZLOO� EH� ORZ� �UHODWLYH� WR� WKH� VL]H� RI� WKH�
FDUFDVV�� IRU� GHHU� DQG� SLJV�� KLJKHU� IRU� IHUUHWV�� DQG� KLJKHU� VWLOO� IRU� SRVVXPV� EHFDXVH�

� 6LWH� ��GD\V� ���GD\V� ���GD\V� ���GD\V�
6XPPHU� �� ±� ±� � �
� �� �� � � �
� �� ±� ±� � �
� �� ±� � � �
� �� ±� ±� � �
� �� �� ±� � �
:LQWHU� �� ±� �� �� ±�
� �� ±� ±� ±� ±�
� �� ±� ±� �� ±�
� �� �� �� �� ±�
� �� ±� ±� ±� ±�
� �� ±� �� �� ±�
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SRVVXPV�RIWHQ�GLH�RI�7E� �5DPVH\�	�&RZDQ�������ZKHUHDV�7E�LQGXFHG�PRUWDOLW\� LV�
KDUG�WR�GHWHFW�LQ�IHUUHWV��&DOH\��������7KLV�UHODWLYLW\�LV�PDJQLILHG�E\�WKH�FRQFHQWUDWLRQ�
RI�EDFLOOL�ZLWKLQ�OHVLRQV��SLJV���GHHU���IHUUHWV���SRVVXPV��0RQWJRPHU\�������&RRNH�
HW�DO��������GH�/LVOH�HW�DO�������D�E���+RZHYHU��UHPRYDO�RI�SLJ�DQG�GHHU�FDUFDVVHV��EXW�
QRW�WKHLU�KHDGV�DQG�RIIDO��E\�KXQWHUV�PD\�JUHDWO\�FRQFHQWUDWH�WKH�UHPDLQLQJ�WKUHDW���

'XUDWLRQ�RI�7E�LQIHFWLYLW\��,Q�WKLV�VWXG\��FDUULRQ�UHPDLQHG�HGLEOH�DQG�FDSDEOH�
RI� FRQWDLQLQJ� YLDEOH�0�� ERYLV� IRU� RQO\� D� IHZ� GD\V� LQ� VXPPHU� EXW� IRU� PRUH� WKDQ� D�
PRQWK�LQ�ZLQWHU��7KLV�LV�ORQJHU�WKDQ�RQ�FRWWRQ�VWULSV�SODFHG�LQ�WKH�ILHOG��-DFNVRQ�HW�DO��
����F��� EXW� PXFK� VKRUWHU� WKDQ� WKH� ���±���� GD\V� IRU�0�� ERYLV� PL[HG� ZLWK� IDHFHV��
EORRG��DQG�XULQH�UHSRUWHG�E\�*HQRY��������>FLWHG�E\�0RUULV�HW�DO��������@��,Q�FRQWUDVW��
2¶5HLOO\� 	� 'DERUQ� �������� FLWLQJ� DQ� XQSXEOLVKHG� %ULWLVK� VWXG\�� VWDWH� WKDW� FDUFDVV�
GHFRPSRVLWLRQ�GHVWUR\V�0��ERYLV�TXLFNO\�DV� LQIHFWLRQ� OHYHOV� LQ�EDGJHU�FDUFDVVHV� OHIW�
RQ� SDVWXUH� GURSSHG� VKDUSO\� DIWHU� WZR�ZHHNV�� DQG� QR� EDFLOOL� ZHUH� UHFRYHUHG� DIWHU� ��
ZHHNV��QRU�ZHUH�DQ\�UHFRYHUHG�IURP�WKUHH�EXULHG�FDUFDVVHV�DIWHU�WZR�ZHHNV���

3URSRUWLRQ�RI�WKH�LQIHFWLYH�PDWHULDO�FRQVXPHG��7KLV�ZLOO�LQFUHDVH�ZLWK�WKH�VL]H�
DQG�GHQVLW\�RI�WKH�VFDYHQJHU��EXW�DOVR�GHSHQG�RQ�WKHLU�IHHGLQJ�SUHIHUHQFHV��)HUUHWV�HDW�
IHUUHW� FDUULRQ� �5DJJ� ������ %\URP� ������� EXW� SUHIHU� SRVVXP� DQG� KHGJHKRJ� FDUULRQ�
�0F$XOLIIH� �������2Q�0X]]OH�6WDWLRQ�� IHUUHWV� IHG� RQ� IHUUHW� FDUULRQ� GXULQJ� ��� RI� ���
YLVLWV� �EXW� RQO\� WZLFH� IRU� PRUH� WKDQ� ��� V�� $�� %\URP�� XQSXEO�� GDWD��� IDU� OHVV�
VXEVWDQWLYHO\� WKDQ�ZKHQ� WKH\� IHG�RQ�SLJ�FDUULRQ� �7DEOH������������7KH\�DOVR� IHHG�RQ�
GHHU��GH�/LVOH�HW�DO���������)HUDO�SLJV�ZHUH�DSSDUHQWO\�QRW�DWWUDFWHG�WR�SLJ�DQG�IHUUHW�
FDUULRQ�� GHVSLWH� EHLQJ� SUHVHQW� QHDU� DOO� RI� WKH� VLWHV�� EXW� ,� KDYH� VHHQ� WKHP� IHHG� RQ�
SRVVXPV�DQG�GHHU�FDUULRQ�HOVHZKHUH��DQG�SRLVRQLQJ�RI�FDUFDVVHV�ZDV�D�FRPPRQ�SLJ�
FRQWURO�WRRO�LQ�WKH�����V��0DFNLQWRVK��������3RVVXPV�DSSHDU�WR�SUHIHU�GHHU�FDUULRQ�WR�
WKDW� RI� SLJV� RU� IHUUHWV�� WKH\� IHG� RQ� ��� ��������RI�ZLQWHU� YLVLWV� WR� GHHU� FDUULRQ� VLWHV�
������±�����PLQ�ERXW���EXW�RQO\�RQ�WKUHH��������RI����ZLQWHU�YLVLWV������PLQ�ERXW��WR�
SLJ�VLWHV��DQG�RQ�QRQH�RI����ZLQWHU�YLVLWV�WR�IHUUHW�FDUULRQ��%\URP��������5DJJ��������
UHSRUWV�D�SRVVXP�SRVVLEO\�IHHGLQJ�RQ�D�IHUUHW�IRU���PLQ��

7E�WUDQVPLVVLRQ�SHU�LQWHUDFWLRQ��6QLIILQJ��FRQWDFW��OLFNLQJ��DQG�IHHGLQJ�DUH�DOO�
SRWHQWLDOO\� ULVN\�� EXW� VQLIILQJ� DORQH� LV� XQOLNHO\� WR� DHURVROLVH� DGKHUHQW� EDFLOOL� DV�
2¶%ULHQ� HW� DO�� �XQGDWHG�� ZHUH� XQDEOH� WR� LVRODWH�0�� ERYLV� IURP� DLU� VXFNHG� RII� WKH�
VXUIDFH�RI�LQIHFWHG�GHHU�FDUFDVVHV��1DVDO�FRQWDFW�VHHPV�ULVNLHU��EXW�LV�LQYDULDEO\�EULHI��
/LFNLQJ� LV� DOVR� RIWHQ� RQO\� EULHI�� EXW� DW� WLPHV� ERWK� SRVVXPV� DQG� FDWWOH� SXUSRVHIXOO\�
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OLFNHG�WKH�H[SRVHG�IOHVK�RI�FDUFDVVHV�IRU�XS�WR�VHYHUDO�PLQXWHV��ZKLFK�ZRXOG�EH�KLJKO\�
LQIHFWLRXV� LI� OHVLRQ� FRQWHQWV� KDG� EHHQ� VSUHDG� RYHU� WKH� VXUIDFH� E\� RWKHU� VFDYHQJHUV��
6XVWDLQHG�IHHGLQJ�VHHPV�E\�IDU�WKH�PRVW�ULVN\�HYHQ�WKRXJK�RUDO�WUDQVPLVVLRQ�XVXDOO\�
UHTXLUHV� D� ODUJH� LQIHFWLYH�GRVH�� ,QJHVWLRQ�RI�ZKROH� OHVLRQV�ZRXOG�SUHVXPDEO\� HDVLO\�
H[FHHG�WKDW�GRVH���

�&RQVHTXHQFHV� RI� SRVW�PRUWHP� WUDQVPLVVLRQ�� 2QO\� QRQ�SURJUHVVLYH� 7E� �0��
ERYLV�� LQIHFWLRQ� KDV� EHHQ� H[SHULPHQWDOO\� DFKLHYHG� LQ� ELUGV� �%XWOHU� HW� DO�� ������� VR�
ZHND�DQG�KDZNV�DUH�XQOLNHO\�WR�FRQWULEXWH�WR�DQ�RQJRLQJ�F\FOH�RI�LQWHU�VSHFLHV�SRVW�
PRUWHP�WUDQVPLVVLRQ��7KH�VDPH�LV�WUXH�IRU�IHUUHWV�EHFDXVH�RWKHU�PDPPDOV�VHOGRP�HDW�
WKHP��+RZHYHU��DV�FDQQLEDOV�WKH\�PD\�DPSOLI\�WKH�GLVHDVH�LQWUD�VSHFLILFDOO\�DQG�SDVV�
LW�RQ� WR�GHHU�DQG�FDWWOH� �DQG�DOSDFD��ZKHQ� WHUPLQDOO\� LOO� �6DXWHU�	�0RUULV������D�E��
3DWHUVRQ�	�0RUULV�������%ODFN�HW�DO���������,Q�FRQWUDVW��WKHUH�LV�D�PXFK�KLJKHU�FKDQFH�
RI�IXUWKHU�SRVW�PRUWHP�WUDQVPLVVLRQ�IURP�SRVVXPV�WKDW�EHFRPH�LQIHFWHG�E\�WKLV�URXWH��
DQG�DOVR�IURP�SLJV�ZKHUH�IHUUHWV�DUH�FRPPRQ���
2YHUDOO��VFDYHQJLQJ�RI�LQIHFWHG�FDUULRQ�E\�7E�KRVWV�LV�IUHTXHQW�DQG�DSSHDUV�OLNHO\�WR�
DPSOLI\� WKH�QXPEHUV�RI�ZLOG�DQLPDOV�ZLWK�7E��DQG�FUHDWH�FRPSOH[�FKDLQV�DQG�ZHDN�
F\FOHV�RI�LQWHU�VSHFLHV�WUDQVPLVVLRQ��7KH�SRWHQWLDO�IRU�DPSOLILFDWLRQ�FDQ�EH�VSHFWDFXODU�
²�RQFH��LQ�+DZDLL��,�VDZ����SLJV�IHHGLQJ�RQ�D�FRZ�FDUFDVV�DW�WKH�VDPH�WLPH��DQG��LQ�
������,�VDZ�ILYH�\RXQJ�SLJV�IHHGLQJ�RQ�D�+DXKXQJDURD�GHHU�WKDW�,�VXVSHFW�PD\�KDYH�
GLHG� RI� 7E� �RU� DW� OHDVW� EHHQ� LQIHFWHG��� ,Q� WKLV� VWXG\�� XS� WR� ILYH� IHUUHWV� IHHG�
VLPXOWDQHRXVO\�RQ�RQH�SLJ¶V�KHDG��DQG�FRPPRQ�7E�KRVWV�YLVLWHG�WKH����GHHU�DQG�SLJ�
FDUULRQ�VLWHV�PRQLWRUHG�LQ�WKLV�VWXG\�DW�OHDVW�����WLPHV�������PLQ���

������(VWDEOLVKPHQW�DQG�VSUHDG�RI�7E�E\�GHHU��
3RVVXPV� KDYH� SUHYLRXVO\� EHHQ� UHSRUWHG� IHHGLQJ� RQ� GHHU� �7KRPDV� HW� DO�� ������ DQG�
HDWLQJ�PHDW�EDLWV��&DOH\��������D�EHKDYLRXU�WKDW�WKH�DQHFGRWDO�UHSRUWV�LQ�$SSHQGL[���
LQGLFDWH�LV�ZLGHVSUHDG��,Q�WKLV�VWXG\��KRZHYHU��WKH\�IHG�DW�RQO\�����RI�WKH�VLWHV�WKH\�
YLVLWHG�� DQG� FRQVXPHG� OLWWOH� RI� WKH� FDUULRQ�� VR� WKH� ULVN� RI� SRVW�PRUWHP�GHHU�SRVVXP�
WUDQVPLVVLRQ�RI�7E�ZLOO�EH�ORZ��1RQHWKHOHVV�,�DUJXH�WKDW�LW�PD\�KDYH�EHHQ�FUXFLDO�LQ�
WKH�1HZ�=HDODQG�7E�SUREOHP��0RUULV�DQG�3IHLIIHU��������QRWH�µD�JURZLQJ�OLVW�RI�FDVHV�
ZKHUH� GHHU� KDYH� LQIHFWHG� SUHYLRXVO\� QHJDWLYH� SRVVXP� SRSXODWLRQV� ZKHUHDV� WKH�
VSHFLILF�HYLGHQFH�IRU�FDWWOH�KDYLQJ�LQIHFWHG�SRVVXP�SRSXODWLRQ�LV�VXUSULVLQJO\�VSDUVH¶���
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�
)LJXUH�����3RWHQWLDO�URXWHV�RI�SRVW�PRUWHP�WUDQVPLVVLRQ��/HIW�WR�ULJKW��IURP�WRS��,QIHFWHG�GHHU�
KHDG�ZLWK�ODUJH�UHWURSKDU\QJHDO�OQ�OHVLRQ��GRWWHG�OLQH��OHDNLQJ�FRQWHQWV�IURP�D�FXW��DUURZV��
PDGH�ZKHQ�UHPRYLQJ�WKH�KHDG�DQG�DQ�LQIHFWHG�GHHU�VFDYHQJHG�QDWXUDOO\��ERWK�IURP�WKH�:+5�
VXUYH\��$XJXVW��������6LQJOH�ODUJH�7E�OHVLRQ�LQ�WKH�PHVHQWHULF�OQ�RI�D�DGXOW�PDOH�GHHU��LQWDFW�
RQ�OHIW��GRWWHG�OLQH��DQG�VOLFHG�RSHQ�RQ�ULJKW�WR�VKRZ�VHPL�OLTXLG�FRQWHQWV�85�VXUYH\��
1RYHPEHU�������+HDYLO\�LQIHFWHG�PHVHQWHULF�FKDLQ��GRWWHG�OLQH��LQ�:+5�SLJ��������3��
6ZHHWDSSOH�SKRWR���'HHU�WKRUD[�VFDYHQJHG�E\�SRVVXPV��KDZNV��DQG�FDWV��3XKL�3HDNV��-XO\�
������&DQQLEDOLVHG�SRVVXP�SRXFK�\RXQJ�DQG�DGXOW��$J5HVHDUFK�FDSWLYH�SRVVXP�FRORQ\��%��
0F/HRG�SKRWRV���
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)RU�H[DPSOH��7E�RI�DQ�2WDJR�0��ERYLV�VWUDLQ�HVWDEOLVKHG�LQ�SRVVXPV�LQ�+DZNHV�%D\�
DIWHU�WKH�LPSRUWDWLRQ�RI�2WDJR�GHHU��0DFNHUHWK��������DQG�D�YDULHW\�RI�:HVW�&RDVW�DQG�
2WDJR� VWUDLQV� HVWDEOLVKHG� LQ� SRVVXPV� LQ� WKH�0FNHQ]LH� %DVLQ� DIWHU� GHHU� IDUPV� WKHUH�
ZHUH�VWRFNHG�ZLWK�ZLOG�GHHU��GH�/LVOH�HW�DO���������0RUH�FLUFXPVWDQWLDOO\��,�IRXQG��LQ�
������DQ�LQIHFWHG�SRVVXP�ZLWK�D�VLQJOH�ODUJH�0��ERYLV�SRVLWLYH�OHVLRQ�LQ�LWV�PHVHQWHULF�
O\PSK� QRGH� WKDW� KDG� EHHQ� NLOOHG� DW� D� VLWH� ZKHUH� D� KHDYLO\� LQIHFWHG� GHHU� KDG� EHHQ�
QHFURSVLHG�DQG�OHIW�VRPH�PRQWKV�SUHYLRXVO\���
7KLV� VWXG\� VXJJHVWV� VFDYHQJLQJ� DV� WKH� PRVW� REYLRXV� URXWH� IRU� LQWHU�VSHFLHV�
WUDQVPLVVLRQ� WR� SRVVXPV�� EXW�� LI� VR��ZK\�GLG� WKDW� DSSDUHQWO\� QRW� KDSSHQ�XQWLO� DERXW�
�����LQ�1HZ�=HDODQG�DQG�QHYHU�LQ�$XVWUDOLD"�7KH�IDFW�WKDW�LW�GLG�QRW�VXJJHVWV�WKDW�WKH�
EDFLOOL�LQ�WXEHUFXORXV�FDWWOH�FDUFDVVHV�LQ�$XVWUDOLD�ZHUH�QRW�DV�DYDLODEOH�WR�SRVVXPV�DV�
WKRVH�LQ�GHHU�FDUFDVVHV� LQ�1HZ�=HDODQG��7KH�VDPH�PXVW�EH� WUXH�RI� WKH�EDFLOOL� LQ�SLJ�
FDUFDVVHV��ZKLFK�UHDGLO\�DFTXLUH�7E�IURP�FDWWOH��&RUQHU�HW�DO��������DQG�IHUUHWV��ZKLFK�
UHDGLO\�DFTXLUH�7E�IURP�SLJV��WKLV�VWXG\��LI�QRW�FDWWOH�DV�ZHOO����
+LVWRULFDOO\��ZLOG�GHHU�KDYH�QRW�EHHQ�DV�ZLGHVSUHDG�DV�IHUUHWV�DQG�SLJV��ZLWK�UHODWLYHO\�
OLWWOH� RYHUODS� EHWZHHQ� SRVVXP� DQG� GHHU� EHIRUH� DERXW� ����� �:RG]LFNL� �������
1RQHWKHOHVV��WKH\�ZHUH�V\PSDWULF�LQ�D�IHZ�SODFHV�ZHOO�EHIRUH�WKHQ��H�J��:DLUDUDSD��VR�
WKH� EXUJHRQLQJ� RI� LQIHFWLRQ� LQ� SRVVXPV� DIWHU� WKDW� QHHGV� D� IXUWKHU� K\SRWKHVLV�� $Q�
REYLRXV� VXVSHFW� LV� WKH� DGYHQW� RI� FRPPHUFLDO� GHHU� KXQWLQJ�� ,� VXJJHVW� WKDW�ZLOG� GHHU�
RFFDVLRQDOO\� EHFDPH� LQIHFWHG� IURP� FDWWOH�� SHUKDSV� YLD� VKDUHG� IRRGV� �3DOPHU� HW� DO��
������� %HIRUH� ������ GHHU�ZHUH� VHOGRP� EHKHDGHG�� EXW� OHIW� ZKROH�ZKHQ� VKRW�� VR� WKH�
W\SLFDOO\�YHU\�VPDOO�YROXPH�RI�ZHOO�FRQWDLQHG�LQIHFWLYH�PDWHULDO�LQ�GHHU��&K�����ZRXOG�
QRW�KDYH�EHHQ�D�WKUHDW�WR�SRVVXPV��%HWZHHQ������DQG�������KRZHYHU��LW�LV�OLNHO\�WKDW�
!���PLOOLRQ�GHHU�KHDGV�ZHUH�OHIW�LQ�WKH�ILHOG�E\�FRPPHUFLDO�KXQWHUV�ZKR�NLOOHG�XS�WR�
��������GHHU� DQQXDOO\�GXULQJ� WKDW� SHULRG� �&KDOOLHV�������1XJHQW� HW� DO�� ������<HUH[�
������� 7KLV� ZRXOG� KDYH� PDGH� WKH� PRVW� IUHTXHQWO\� LQIHFWHG� VLWH� LQ� GHHU� �WKH�
UHWURSKDU\QJHDO�OQV��&K�����PXFK�PRUH�DFFHVVLEOH�WR�SRVVXPV��VHH�WRS�OHIW��)LJ���������
6LQFH�������FRPPHUFLDOO\�KDUYHVWHG�GHHU�KDYH�EHHQ�UHFRYHUHG�ZLWK�WKH�KHDG�RQ��DQG�
FRPPHUFLDO� KXQWLQJ� KDV� DOO� EXW� FHDVHG� VLQFH� ����� �1XJHQW� 	� )UDVHU� ������� VR�
HVWDEOLVKPHQW� RI� 7E� LQ� QHZ� DUHDV� YLD� WKLV� FDWWOH�GHHU�SRVVXP� FKDLQ� VHHPV� QRZ� WR�
DJDLQ�EH�XQOLNHO\���
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������&RQWDFW�DQG�VFDYHQJLQJ�DV�URXWHV�RI�LQIHFWLRQ�WR�SRVVXPV�
3RVVXPV�VRPHWLPHV�IHHG�RQ�GHDG�SRVVXPV��DQG�WKHUH�LV�DQHFGRWDO�HYLGHQFH�RI�DWWDFNV�
E\�SRVVXPV�RQ�GHDG�RU�G\LQJ�SRVVXPV��6HFWLRQ��������DNLQ�WR�WKH�VRPHWLPHV�YLJRURXV�
DWWDFNV�E\�GHHU�DQG�DOSDFD�RQ�VHGDWHG�SRVVXPV��6DXWHU�	�0RUULV������D��%ODFN�HW�DO��
�������,�VSHFXODWH�WKDW�WKHVH�WZR�EHKDYLRXUV�XQGHUOLH�WZR�PHFKDQLVPV��SHUFXWDQHRXV�
DQG�RUDO�LQIHFWLRQ��WKDW�KDYH�EHHQ�ZLGHO\�GLVFRXQWHG�LQ�IDYRXU�RI�D�UHVSLUDWRU\�URXWH�
IRU�WUDQVPLVVLRQ�RI�7E�WR�SRVVXPV��,QKDODWLRQ�KDV��KLVWRULFDOO\��EHHQ�IDYRXUHG�EHFDXVH�
RQO\��±���EDFLOOL�FDQ�SURGXFH�LQIHFWLRQ�LQ�WKH�OXQJV��-DFNVRQ�HW�DO������E��0RUULV�	�
3IHLIIHU���������
7KLV�GRJPD�UHWDLQV�VZD\�GHVSLWH�WKUHH�FRQWUDGLFWRU\�SLHFHV�RI�HYLGHQFH��
�L�� 1RWZLWKVWDQGLQJ� WKH� PXFK�TXRWHG� WUDQVPLVVLRQ� RI� 7E� EHWZHHQ� FDSWLYH�

SRVVXPV�FDJHG�����P�DSDUW�LQGRRUV��2¶+DUD�HW�DO��������&RUQHU�	�3UHVLGHQWH�
������� WUDQVPLVVLRQ� EHWZHHQ� OLYH� DGXOWV� DSSHDUV� GLIILFXOW� WR� DFKLHYH��
SDUWLFXODUO\� RXWGRRUV�� 2QO\� ��� RI� XQLQIHFWHG� SRVVXPV� HDFK� KHOG� ZLWK� DQ�
H[SHULPHQWDOO\� LQIHFWHG� SRVVXP� LQ� D� VPDOO� FDJH� IRU� HLJKW� ZHHNV� EHFDPH�
LQIHFWHG�DQG�QRQH�RI�WKUHH�SRVVXPV�KHOG�IRU���ZHHNV�ZLWK����LQIHFWHG�SRVVXPV�
LQ�DQ�RXWGRRU�SHQ��&RUQHU�HW�DO���������7KH�SRVVXP�GHQVLWLHV�LQ�WKH�SHQV�ZHUH�
F�� ����� SRVVXPV�KD��7UDQVPLVVLRQ�ZDV� DFKLHYHG� LQ� WKHVH� RXWGRRU� SHQV� RQO\�
DIWHU�ZKHQ�VRFLDOO\�GRPLQDQW�LQIHFWHG�SRVVXPV�ZHUH�XVHG���

�LL�� 7KH� SHULSKHUDO� O\PSK� QRGHV� RI� H[SHULPHQWDOO\� LQIHFWHG� SRVVXPV� DUH� OHVV�
IUHTXHQWO\� LQIHFWHG� WKDQ� LQ�ZLOG� SRVVXPV� �%XGGOH� HW� DO�� ������ -DFNVRQ�HW� DO��
����D��&RUQHU�HW�DO���������0RVW�DSSDUHQWO\�HDUO\�VWDJH�LQIHFWLRQ�LQ�SRVVXPV�
LQ�����±���+DXKXQJDURD�VXUYH\�ZDV�SHULSKHUDO�RU�DEGRPLQDO� �3IHLIIHU�HW�DO��
�������7KH�SHULSKHUDO�LQIHFWLRQ�FRXOG�LQGLFDWH�SHUFXWDQHRXV�LQIHFWLRQ��EXW�WKDW�
SRVVLELOLW\� KDV� KLVWRULFDOO\� EHHQ� UHMHFWHG� EHFDXVH�� DOWKRXJK� VNLQ� OHVLRQV� GR�
RFFXU��,��/XJWRQ��XQSXEO��GDWD���WKH\�DUH�FRQVLGHUHG�WR�EH�WRR�UDUH�WR�UHSUHVHQW�
DQ�LPSRUWDQW�URXWH�RI�LQIHFWLRQ��-DFNVRQ�HW�DO������E��&RRNH�HW�DO����������

�LLL�� ([SHULPHQWDO�LQIHFWLRQ�E\�WKH�UHVSLUDWRU\�URXWH�LQYDULDEO\�OHDGV�WR�JHQHUDOLVHG�
LQIHFWLRQ�WKDW�LV�XVXDOO\�IDWDO�ZLWKLQ��±��PRQWKV��%XGGOH�HW�DO��������&RUQHU�HW�
DO��������ZKHUHDV�ZLOG�SRVVXPV�WKDW�KDYH�DOUHDG\�UHDFKHG�WKH�ZHOO�DGYDQFHG�
FOLQLFDOO\� LQIHFWHG� VWDJH� DUH� VWLOO� DEOH� VXUYLYH� IRU� DQ� DYHUDJH�RI� D� IXUWKHU�����
PRQWKV��5DPVH\�	�&RZDQ���������
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,W�VHHPV�FOHDU�WKDW�DW�OHDVW�RQH�QRQ�UHVSLUDWRU\�URXWH�PXVW�EH�FRPPRQO\�LQYROYHG�IRU�
SRVVXPV��&RRNH�HW�DO���������)URP�WKLV�VWXG\��,�VXJJHVW�WZR�PDLQ�SRVVLELOLWLHV���
�L�� SHUFXWDQHRXV�LQIHFWLRQ�YLD�VFUDWFKHV�DQG�FXWV�WKH�VNLQ�RI�WKH�SDZV��DV�D�UHVXOW�

RI� �L�� VWDQGLQJ� RQ� EDFLOOL� H[SRVHG� E\� RWKHU� µSDWK�PDNHU¶� VFDYHQJHUV�� �LL��
KROGLQJ�LQIHFWLYH�PDWHULDO�LQ�WKHP��RU��LLL��FRQWDFW�ZLWK�LQIHFWLRXV�H[XGDWH�IURP�
GUDLQLQJ�7E�OHVLRQV�GXULQJ�DWWDFNV�RQ�GHDG�RU�G\LQJ�SRVVXPV��

�LL�� RUDO�LQIHFWLRQ�DV�D�UHVXOW�RI�OLFNLQJ�DQG�VRPHWLPHV�IHHGLQJ�RQ�LQIHFWHG�FDUULRQ��
LQFOXGLQJ�WKDW�RI�FRQVSHFLILFV��

6XFK�URXWHV�RI� LQIHFWLRQ�ZRXOG� LQFUHDVH� WKH� IUHTXHQF\�RI�KRUL]RQWDO� WUDQVPLVVLRQ�E\�
DGGLQJ�WR�WKH�DFFHSWHG�PHFKDQLVPV��DQG�ZRXOG�UHVXOW�LQ�WKH�IUHTXHQW�LQYROYHPHQW�RI�
SHULSKHUDO� O\PSKRFHQWUHV� WKDW� LV� ZLGHO\� UHSRUWHG�� ,W� ZRXOG� DOVR� UHVXOW� LQ� ORQJHU�
VXUYLYDO�WLPHV�WKDQ�LQ�SRVVXPV�LQIHFWHG�E\�WKH�UHVSLUDWRU\�URXWH��
3RVVXPV� GR� EHFRPH� LQIHFWHG� E\� HDWLQJ� WXEHUFXORXV� PDWHULDO� �%ROOLJHU� 	� %ROOLJHU�
������ DQG� -DFNVRQ� HW� DO�� �����D�� UHSRUW� D� JUHDWHU� SUHGRPLQDQFH� RI� DEGRPLQDO�
LQIHFWLRQ� LQ� DGXOW� IHPDOHV� FRPSDUHG� ZLWK� DGXOW� PDOHV� �DOWKRXJK� WKH\� � UHMHFW� RUDO�
LQJHVWLRQ�LQ�IDYRXU�RI�VRPH�K\SRWKHWLFDO�VH[XDO�GLIIHUHQFH�LQ�SDWKRJHQLF�UHVSRQVH����
7KH�PDLQ�GLIILFXOW\�LQ�DUJXLQJ�IRU�SHUFXWDQHRXV�LQIHFWLRQ�LV�WKH�UDULW\�RI�VNLQ�OHVLRQV�
LQ�SRVVXPV��,Q�KXPDQV��LQIHFWLRQ�FDQ�RFFXU�WKURXJK�WKH�VNLQ�ZKHQ�WXEHUFXORXV�PHDW�LV�
KDQGOHG��DV�VKRZQ�E\�WKH�GHYHORSPHQW�RI�OHVLRQV�DW�WKH�HQWU\�VLWH��VR�FDOOHG�µEXWFKHUV¶�
ZDUWV��*UDQJH�	�<DWHV��������+RZHYHU�� OHVLRQV�GR�QRW� DOZD\V�GHYHORS� DW� WKH� HQWU\�
VLWH� LQ� KXPDQV� �&RRNH� HW� DO�� ������ DQG� &DOPHWWH� ������� �FLWHG� E\� /XJWRQ� ������
LQIHFWHG� FDWWOH�� UDEELWV�� DQG� JXLQHD� SLJV� WKURXJK� KHDOWK\� VNLQ� �EXW� ZKLFK� ZDV�
YLJRURXVO\�UXEEHG��HSLODWHG�RU�QHZO\�VKDYHQ��ZKLFK�PD\�KDYH�GLVUXSWHG�WKH�SURWHFWLYH�
HSLWKHOLDO� OD\HUV��EXW� IRXQG�QR�VLJQ�RI� WKH� LQIHFWLRQ�RQ� WKH� VNLQ� LWVHOI��)RU�SRVVXPV��
VNLQ�VLWHV�LQRFXODWHG�ZLWK�%&*�ZHUH�DEVHQW�RU�GLIILFXOW�WR�GHWHFW��&RRNH�HW�DO���������
%XGGOH�HW�DO���������FRQFOXGH�RQO\�D�IHZ�EDFLOOL�DUH�QHHGHG�WR�HVWDEOLVK�VNLQ�LQIHFWLRQ��
,�VSHFXODWH� WKDW�ZLOG�SRVVXPV�DUH�QRW� LQIUHTXHQWO\�LQIHFWHG�E\�HQWU\�RI�RQH�RU�D�IHZ�
EDFLOOL� YLD� WKH� EDUH� DQG� IUHTXHQWO\� UXEEHG� DQG� VFUDWFKHG� VNLQ� RI� WKH� SDZV�� ZLWKRXW�
SURGXFLQJ� DQ� HQWU\� OHVLRQ�� 7KH� ORZHU� SHUFHQWDJH� RI� SHULSKHUDO� QRGHV� LQIHFWHG� LQ�
QDWXUDOO\� LQIHFWHG� FDSWLYH� SRVVXPV� ������ WKDQ� LQ�ZLOG� SRVVXPV� ������&RUQHU� HW� DO�
������ PDNHV� LW� FRQFHLYDEOH� WKDW� SHUKDSV� D� TXDUWHU� RI� ZLOG� DQLPDOV� DUH� LQIHFWHG�
SHUFXWDQHRXVO\��
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&KDSWHU�����
:LOG�GHHU�DV�GLVSHUVLYH�YHFWRUV�DQG�VHQWLQHOV�

RI�ERYLQH�WXEHUFXORVLV�
����,QWURGXFWLRQ�

6FDYHQJLQJ� RI� GHHU� FDUFDVVHV� LV� OLNHO\� WR� RFFDVLRQDOO\� UHVXOW� LQ� WUDQVPLVVLRQ� RI� 7E�
EDFN��RU��IRU� WKH�ILUVW� WLPH�� WR�SRVVXPV��&K������7KDW� LV�RI�PLQRU�FRQVHTXHQFH�ZKHUH�
7E�LV�DOUHDG\�ZHOO�HVWDEOLVKHG�LQ�ZLOGOLIH��EXW�PXFK�PRUH�VWUDWHJLFDOO\�LPSRUWDQW�ZKHQ�
ORQJ�GLVWDQFH�PRYHPHQWV�E\�GHHU� VSUHDG� WKH�GLVHDVH� WR�SUHYLRXVO\�XQLQIHFWHG�DUHDV��
/RQJ�GLVWDQFH� LQIHFWLRXV� FRQWDFWV� FDQ� FRQWULEXWH� VLJQLILFDQWO\� WR� WKH� DGYDQFH� RI�
LQIHFWLRQ� HYHQ� ZKHQ� WKH� SUREDELOLW\� RI� VXFK� HYHQWV� LV� LQGLYLGXDOO\� ORZ� �0ROOLVRQ�
�������
,W� LV� DOVR� WDFWLFDOO\� LPSRUWDQW� LQ� WKH� PDQDJHPHQW� RI� 7E� LQ� DUHDV� ZLWK� LQVXIILFLHQW�
IXQGLQJ�WR�FRQWURO�SRVVXPV�HYHU\ZKHUH�DQG�ZKHUH�WKH�PDQDJHPHQW�VWUDWHJ\�KDV�EHHQ�
WR�UHGXFH�LQIHFWLRQ�UDWHV�LQ�OLYHVWRFN�E\�FRQWUROOLQJ�SRVVXPV�RQ�IDUPODQG��DQG�IRU�D�XS�
WR� D� IHZ� NLORPHWUHV� LQWR� WKH� DGMDFHQW� IRUHVW� �DV� RQ� WKH�:HVW� &RDVW��$QLPDO� +HDOWK�
%RDUG� ������� ,I� GHHU� KRPH� UDQJHV� DUH� ZLGHU� WKDQ� WKHVH� VR�FDOOHG� µSRVVXP�FRQWURO�
EXIIHUV¶��GHHU�FRXOG�IHUU\�7E�DFURVV�WKHP��2QFH�EXIIHUV�KDYH�EHHQ�LQ�SODFH�IRU�VHYHUDO�
\HDUV��OLYHVWRFN�LQIHFWLRQ�UDWHV�DUH�W\SLFDOO\�QHDU�]HUR��VR�WKH�RFFDVLRQDO�UHLQWURGXFWLRQ�
RI� 7E� IURP� EHKLQG� WKH� EXIIHU� DVVXPHV� PXFK� JUHDWHU� LPSRUWDQFH� LQ� WHUPV� RI� LWV�
SURSRUWLRQDO�FRQWULEXWLRQ�WR�WKH�RQJRLQJ�LQIHFWLRQ�LQ�OLYHVWRFN���
8QGHUVWDQGLQJ�WKH�VFDOH�RI�WKH�ULVN�RI�VSUHDG�E\�GHHU�UHTXLUHV�DQ�XQGHUVWDQGLQJ�RI�WKH�
QDWXUH�DQG�VFDOH�RI�GHHU�PRYHPHQW�SDWWHUQV��7KLV�LV�DOVR�LPSRUWDQW�LQ�WKH�VXUYHLOODQFH�
FRQWH[W��HVSHFLDOO\�ZKHQ�WKH�NH\�TXHVWLRQ�LV�ZKHWKHU�RU�QRW�7E�LV�DEVHQW�IURP�ZLOGOLIH��
7KH� $+%� KDV� UHFHQWO\� LQFUHDVHG� WKH� XVH� RI� ZLOGOLIH� VXUYH\V� WR� LPSURYH� 7E�
VXUYHLOODQFH� �H�J�� �1=�����PLOOLRQ� VSHQW� RQ�7E� VXUYHLOODQFH� LQ�ZLOGOLIH� LQ� ���������
$QLPDO�+HDOWK�%RDUG� ������� DQG�ZLOG� GHHU� �DQG� SLJV�� LQ� WKH� XQIDUPHG� DQG� KHDYLO\�
IRUHVWHG�VRXWKHUQ�8UHZHUD�5DQJHV��FHQWUDO�1RUWK�,VODQG�DUH�FXUUHQWO\�EHLQJ�VXUYH\HG�
WR�GHWHUPLQH�KRZ�IDU�7E�KDV�VSUHDG�IURP�LQIHFWHG�DUHDV�LQ�WKH�VRXWK��.H\�XQNQRZQV�
DERXW� WKH� XVH� RI� GHHU� DV� 7E� VHQWLQHOV� DUH� �L�� WKH� RYHUDOO� FRVW�HIIHFWLYHQHVV� RI� GHHU�
VXUYH\V�DV�D�VXUYHLOODQFH�WRRO�FRPSDUHG�WR�VXUYH\V�RI�SRVVXPV�WKHPVHOYHV�RU�RI�RWKHU�
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FRPPRQ�VSLOORYHU�KRVWV�� DQG� �LL�� WKH� VSDWLDO� LQWHUSUHWDWLRQ�RI� VXUYH\�RXWFRPHV��ERWK�
ZKHQ�7E�LV�GHWHFWHG�DQG�ZKHQ�LW�LV�QRW���
,Q�WKLV�FKDSWHU��,�EULHIO\�XSGDWH�DQ�HDUOLHU�UHYLHZ�RI�GHHU�PRYHPHQW�SDWWHUQV��1XJHQW�
������� DQG� UHSRUW� D� VPDOO� VWXG\� RI� IHPDOH�GHHU� PRYHPHQW� SDWWHUQV� LQ� FRQWLQXRXV�
QDWLYH� IRUHVW�� ,� WKHQ� XVH� WKLV� DQG� RWKHU� GDWD� WR� DVVHVV� WKH� OLNHO\� YDOXH� RI� GHHU� DV�
VHQWLQHOV�IRU�GHWHFWLQJ�7E��
�

����0HWKRGV�

������8SGDWHG�UHYLHZ�RI�GHHU�PRYHPHQW�SDWWHUQV�
7KH�XSGDWH�ZDV�XQGHUWDNHQ�E\�UH�UHYLHZLQJ�WKH�UHOHYDQW�SXEOLVKHG�VFLHQWLILF�OLWHUDWXUH�
DQG�E\�LQFRUSRUDWLQJ�DQ�DGGLWLRQDO�XQSXEOLVKHG�1HZ�=HDODQG�VWXG\��.QRZOHV���������

������+RPH�UDQJH�VL]H�RI�IHPDOH�UHG�GHHU�LQ�QDWLYH�IRUHVW�
7KH�UHYLHZ�UHYHDOHG�WKHUH�ZDV�OLWWOH�LQIRUPDWLRQ�DERXW�UHG�GHHU�PRYHPHQW�SDWWHUQV�LQ�
FRQWLQXRXV�QDWLYH�IRUHVW�LQ�1HZ�=HDODQG��7KLV�LV�ZKHUH�WKH\�DUH�PRVW�OLNHO\�WR�EH�XVHG�
DV�VHQWLQHOV��H�J��5DQJLWRWR�5DQJHV��.DLPDQDZD�5DQJHV��1XJHQW��������7DUDUXD�
5DQJHV��*��3DQQHWW��SHUV��FRPP����8UHZHUD�5DQJHV��*��&RUEHWW�SHUV��FRPP�����,�
RULJLQDOO\�FRQVLGHUHG�WKDW�\RXQJ�IHPDOH�GHHU�ZHUH�OLNHO\�WR�SURYLGH�WKH�PRVW�XVHIXO�
VHQWLQHOV�EHFDXVH�WKH\�ZHUH�OLNHO\�WR�JLYH�WKH�PRVW�SUHFLVH�VSDWLDO�DQG�WHPSRUDO�
LQGLFDWLRQ�RI�ZKHUH�DQG�ZKHQ�7E�ZDV�DFTXLUHG�VR�WKH�VWXG\�IRFXVHG�SULPDULO\�RQ�WKLV�
DJH�VH[�JURXS��,W�ZDV�XQGHUWDNHQ�LQ�+RFKVWHWWHU�)RUHVW��:HVWODQG��EHWZHHQ�2FWREHU�
�����DQG�-XQH�������
$�WRWDO�RI���GHHU�WUDSV�ZHUH�FRQVWUXFWHG�RQ�ODQG�WKHQ�DGPLQLVWHUHG�E\�7LPEHUODQGV�
1=��)RU�ILYH�WUDSV��WKLV�LQYROYHG�UHSDLULQJ�WUDSV�SUHYLRXVO\�XVHG�WR�FRPPHUFLDOO\�
FDSWXUH�OLYH�GHHU�DV�IDUP�OLYHVWRFN��7UDSV�ZHUH�DSSUR[LPDWHO\����P�LQ�FLUFXPIHUHQFH��
ZLWK���P�KLJK�ZLUH�QHWWLQJ�DWWDFKHG�WR�WUHHV�RU�SRVWV�DV�UHTXLUHG��7KH�µJDWHZD\¶�
FRQVLVWHG�RI�DQ�/�VKDSHG�EUDFNHW�SHUSHQGLFXODU�WR�WKH�IHQFH�SHULPHWHU�WKDW�ZDV�XVHG�WR�
UDLVH�RU�ORZHU�D�ODUJH�VHFWLRQ�RI�WKH�IHQFH��5DGLR�EHDFRQV�ZHUH�DFWLYDWHG�ZKHQ�WUDSV�
ZHUH�WULJJHUHG��7KH�WUDSV�ZHUH�PRQLWRUHG�E\�D�ORFDO�KHOLFRSWHU�RSHUDWRU�DQG�
FRPPHUFLDO�GHHU�KXQWHU��6��/DZQ��$KDXUD�+HOLFRSWHUV��$KDXUD���$�WRWDO�RI����VXLWDEOH�
GHHU�ZHUH�FDSWXUHG�DQG�ILWWHG�ZLWK�FOLFN�RQ�H[SDQGDEOH�����0+]�UDGLR�FROODUV�ZLWK�D�
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SURMHFWHG��±��\HDU�EDWWHU\�OLIH��6LUWUDFN��+DYHORFN�1RUWK��1HZ�=HDODQG���7KH�UDGLR�
FROODUHG�GHHU�ZHUH�WKHQ�UHOHDVHG�LPPHGLDWHO\�EDFN�LQWR�WKH�ZLOG��WKH�SURFHVV�XVXDOO\�
WDNLQJ�OHVV�WKDQ���PLQXWHV��7KH�FDSWXUH�DQG�KDQGOLQJ�SURFHGXUHV�ZHUH�DSSURYHG�E\�
/DQGFDUH�5HVHDUFK¶V�$QLPDO�(WKLFV�&RPPLWWHH��$SSURYDO�1R�����������7KH�UDGLR�
FROODUV�LQFOXGHG�D�PRUWDOLW\�VHQVRU�WKDW�FKDQJHG�WKH�SXOVH�UDWH�LI�WKH�DQLPDO�EHFDPH�
LQDFWLYH�IRU�!���KRXUV��5DGLR�FROODUHG�GHHU�ZHUH�WUDFNHG�IURP�D�OLJKWZHLJKW�5RELQVRQ�
5���KHOLFRSWHU��6��/DZQ��$KDXUD�+HOLFRSWHUV��XVLQJ�DQ�$76�VFDQQLQJ�UHFHLYHU�ZLUHG�
LQWR�WKH�KHOLFRSWHU�DYLRQLFV�DQG�D�WKUHH�HOHPHQW�GLUHFWLRQDO�\DJL�DQWHQQDH�IL[HG�WR�WKH�
KHOLFRSWHU��'HHU�ORFDWLRQV�ZHUH�GHWHUPLQHG�E\�FLUFOLQJ�WR�ILQG�WKH�VWURQJHVW�VLJQDO��
/RFDWLRQV�DUH�EHOLHYHG�WR�EH�DFFXUDWH�WR�ZLWKLQ�����P��DV�WKH�PHWKRG�LV�LGHQWLFDO�WR�
�EXW�HDVLHU�WKDQ��JURXQG�WUDFNLQJ��ZKHUH��ZLWK�SHUVLVWHQFH��D�UDGLR¶V�ORFDWLRQ�FDQ�EH�
SLQSRLQWHG�WR�ZLWKLQ�D�IHZ�PHWUHV��$V�GHHU�UDQJHV�DUH�XVXDOO\�DW�OHDVW���NP�ZLGH��DQG�
GHHU�FDQ�PRYH�VHYHUDO�KXQGUHG�PHWUHV�ZLWKLQ�PLQXWHV��WKLV�OHYHO�RI�DFFXUDF\�ZDV�
GHHPHG�VXIILFLHQW�IRU�WKH�SXUSRVHV�RI�WKLV�VWXG\��/RFDWLRQV�ZHUH�UHFRUGHG�XVLQJ�D�
*DUPLQ����;/6�*HRJUDSKLF�3RVLWLRQLQJ�6\VWHPV��*36���DQG�ZHUH�DOVR�PDUNHG�RQ�
����������VFDOH�WRSRJUDSKLF�PDSV��'HHU�ZHUH�UHORFDWHG�DW��±��ZHHNO\�LQWHUYDOV��
GHSHQGLQJ�RQ�KHOLFRSWHU�DYDLODELOLW\�DQG�ZHDWKHU��ZLWK�VRPH�RI�WKH�PRQLWRULQJ�GRQH�
LQ�FRQMXQFWLRQ�ZLWK�WKH�UDGLR�WUDFNLQJ�RI�VHQWLQHO�SLJV�GHOLEHUDWHO\�UHOHDVHG�LQWR�
+RFKVWHWWHU�)RUHVW��1XJHQW�HW�DO����������
$�*HRJUDSKLF�,QIRUPDWLRQ�6\VWHP��(65,��$UF0DS��YHU������ZDV�XVHG�WR�SORW�WKH�
GDWD�RQ�D�PDS��DQG�WR�FDOFXODWH�WKH�GLVWDQFHV�EHWZHHQ�VXFFHVVLYH�ORFDWLRQV�DQG�
EHWZHHQ�WKH�ILUVW�DQG�ILQDO�ORFDWLRQ�UHFRUGHG�IRU�HDFK�GHHU��DQG�WKH�0LQLPXP�&RQYH[�
3RO\JRQ��0&3��0RKU�������HVWLPDWRU�RI�KRPH�UDQJH�VL]H��7ZR�DOWHUQDWLYH�PHDVXUHV�
RI�KRPH�UDQJH��WKH�DUHDV�HQFRPSDVVHG�E\�����DQG�����LVRSOHWKV�UHVSHFWLYHO\��ZHUH�
FDOFXODWHG�XVLQJ�WZR�GLPHQVLRQDO�NHUQHO�GHQVLW\�HVWLPDWLRQ�ZLWK�IL[HG�*DXVVLDQ�
NHUQHO��:DQG�	�-RQHV���������%DQGZLGWK�ZDV�FKRVHQ�VHSDUDWHO\�LQ�WKH�[�DQG�\�
GLPHQVLRQ�XVLQJ�WKH�µGLUHFW�SOXJ�LQ¶�DSSURDFK��:DQG�	�-RQHV���������
)RU�HYHU\�SRVVLEOH�SDLU�RI�WKH�ORFDWLRQV�UHFRUGHG�IRU�HDFK�GHHU��WKH�ILUVW�UHFRUGHG�
ORFDWLRQ�ZDV�WUHDWHG�DV�WKH�VLWH�DW�ZKLFK�WKH�GHHU�QRPLQDOO\�DFTXLUHG�7E�DQG�WKH�ODWHU�
ORFDWLRQ�DV�WKH�SODFH�ZKHUH�LW�ZDV�QRPLQDOO\�NLOOHG�DQG�QHFURSVLHG�IRU�7E��WKH�GLVWDQFH�
EHWZHHQ�HDFK�ORFDWLRQ�DQG�HYHU\�VXEVHTXHQW�ORFDWLRQ�ZDV�FDOFXODWHG�IRU�HDFK�GHHU��
7KH�FXPXODWLYH�IUHTXHQF\�GLVWULEXWLRQV�RI�WKHVH�GLVWDQFHV�IRU�HDFK�GHHU�ZHUH�
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VWDQGDUGLVHG�E\�H[SUHVVLQJ�WKH�FXPXODWLYH�IUHTXHQFLHV�DV�D�SHUFHQWDJHV�RI�WKH�WRWDO�
QXPEHU�RI�QRPLQDO�µLQIHFWHG�WR�QHFURSVLHG¶�GLVWDQFHV�FDOFXODWHG�IRU�HDFK�GHHU���
7KH�GDWD�IURP�WKUHH�SUHYLRXV�1HZ�=HDODQG�LQYHVWLJDWLRQV�RI�UHG�GHHU�PRYHPHQW�
SDWWHUQV�ZHUH�DQDO\VHG�LQ�D�VLPLODU�ZD\��)RU�WKHVH�VWXGLHV��RQO\�WKH�ORFDWLRQV�DW�ZKLFK�
GHHU�ZHUH�PDUNHG�DQG�DW�ZKLFK�WKH\�ZHUH�NLOOHG�ZHUH�NQRZQ��VR��XQOLNH�WKH�
+RFKVWHWWHU�VWXG\��RQO\�D�VLQJOH�QRPLQDO�µLQIHFWHG�WR�QHFURSVLHG¶�GLVWDQFH�FRXOG�EH�
FDOFXODWHG�IRU�HDFK�GHHU���
)LQDOO\��D�GLUHFW�HVWLPDWH�RI�WKH�GLVWULEXWLRQ�RI�GLVWDQFHV�RYHU�ZKLFK�GHHU�VSUHDG�7E�
IURP�D�ORFDO�VRXUFH�RI�LQIHFWLRQ�ZDV�GHULYHG�IURP�WKH�HDVW�ZHVW�JUDGLHQW�RI�7E�
LQIHFWLRQ�LQ�GHHU�WKH�HDVWHUQ�+DXKXQJDURD�5DQJH��VHH�)LJ�������$IWHU������WKHUH�ZDV�
QR�HYLGHQFH�RI�QHZ�LQIHFWLRQ�LV�IHPDOHV��WKH�PRUH�VHGHQWDU\�VH[��VKRW�PRUH�WKDQ���NP�
IRU�DQ�XQFRQWUROOHG�SRVVXP�SRSXODWLRQ��VR�,�DVVXPHG�WKHUH�ZDV�OLWWOH�WUDQVPLVVLRQ�
IURP�SRVVXPV�WR�GHHU�ZLWKLQ�WKH�(+5��)RU�DOO�GHHU�ERUQ�DIWHU�SRVVXP�FRQWURO��,�XVHG�
DQ�$129$�WR�FRPSDUH�WKH�GLVWULEXWLRQ�RI�GLVWDQFHV�HDVWZDUG�IURP�WKH�NQRZQ�VRXUFH�
RI�LQIHFWLRQ�LQ�SRVVXPV�IRU�LQIHFWHG�GHHU�ZLWK�WKDW�IRU�XQLQIHFWHG�GHHU��VHSDUDWHO\�IRU�
HDFK�VH[��7KH�GLVWDQFH�HDVWZDUG�ZDV�XVHG�DV�WKH�UHVSRQVH�YDULDEOH��ZLWK�VH[��7E�
VWDWXV��DQG�WKH�LQWHUDFWLRQ�EHWZHHQ�WKHVH�WZR�WHUPV�DV�WKH�SUHGLFWRU�YDULDEOHV��
������9DOXH�RI�GHHU�DV�VHQWLQHOV�RI�7E�
'DWD� RQ� WKH� SUHYDOHQFH� RI� 7E� LQ� V\PSDWULF� SRVVXPV� LQ� GHHU� DQG� SLJV� LQ� WKH�
+DXKXQJDURD�5DQJHV�DQG�LQ�+RFKVWHWWHU�)RUHVW��DQG�RQ�WKHLU�GHQVLWLHV��ZHUH�FRPELQHG�
ZLWK� SXEOLVKHG� DQG� XQSXEOLVKHG� GDWD� WR� HVWLPDWH� WKH� OLNHO\� LQFLGHQFH� UDWHV� IRU� ERWK�
VSHFLHV��7KHVH�HVWLPDWHV�ZHUH�WKHQ�XVHG�WR�DVVHVV�WKH�OLNHO\�VHQVLWLYLW\�RI�GHHU�VXUYH\�
DV�D�WRRO�IRU�GHWHFWLQJ�7E�LQ�SRVVXPV���

����5HVXOWV�

������5HYLHZ�RI�GHHU�PRYHPHQW�SDWWHUQV��
2YHUYLHZ��'HHU�GR�QRW�KDYH�H[FOXVLYH�WHUULWRULHV��RWKHU�WKDQ�IRU�PDOHV�GXULQJ�WKH�UXW���
EXW�PDOHV�DQG�IHPDOHV�PD\�KDYH�GLIIHUHQW�UDQJHV�IRU�PXFK�RI�WKH�\HDU��&OXWWRQ�%URFN�
	�$OERQ��������+RPH�UDQJHV�RI�PDOHV�WHQG�WR�EH�VXEVWDQWLDOO\�ODUJHU�DQG�OHVV�VWDEOH�
WKDQ�WKRVH�RI�IHPDOHV��+RPH�UDQJH�VL]H�YDULHV�ZLGHO\�DFFRUGLQJ�WR�VSHFLHV��H[WHQW�RI�
IRUHVW� FRYHU�� OHYHO� RI� GLVWXUEDQFH�� DQG� VHDVRQDO� DYDLODELOLW\� RI� IRRG�� 2YHUVHDV� GDWD�
LQGLFDWH� WKDW� UHG� GHHU� ZLWK� DGHTXDWH� UHVRXUFHV� DQG� FRYHU� KDYH� KRPH� UDQJHV� RI�
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W\SLFDOO\����±����KHFWDUHV� IRU� IHPDOHV��DQG�DW� OHDVW��±�� WLPHV� ODUJHU� IRU�PDOHV��DQG�
WKDW� ERWK� PDOH� DQG� IHPDOH� UDQJHV� DUH� PXFK� ODUJHU� ZKHUH� FRYHU� RU� IRRG� LV� OLPLWHG��
VRPHWLPHV�HQFRPSDVVLQJ�VHYHUDO� WKRXVDQG�KHFWDUHV�ZKHUH� WKH�GHHU�PLJUDWH�EHWZHHQ�
VXPPHU�DQG�ZLQWHU�UDQJHV��1XJHQW��������'HHU�LQ�1HZ�=HDODQG�IRUHVWV�GR�QRW�DSSHDU�
WR�PLJUDWH�VHDVRQDOO\��H[FHSW�SHUKDSV� LQ� WKH�6RXWK� ,VODQG�KLJK�FRXQWU\�ZKHUH�KHDY\�
VQRZ�IRUFHV�WKHP�WR�ORZHU�DOWLWXGHV�LQ�ZLQWHU��5��+HQGHUVRQ��SHUV��FRPP����
)HPDOH�GHHU�RIWHQ�DGRSW�UDQJHV�WKDW�RYHUODS�ZLWK�WKRVH�RI�WKHLU�PRWKHUV��OHDGLQJ�WR�WKH�
IRUPDWLRQ� RI� PDWULDUFKDO� JURXSV�� EXW� PDOHV� DUH� PXFK� PRUH� GLVSHUVLYH� DQG� XVXDOO\�
OHDYH� WKH� QDWDO� UDQJH� FRPSOHWHO\� �&OXWWRQ�%URFN� 	�$OERQ� ������� 5HG� GHHU� IDZQV�
EHJLQ�WR�GLVSHUVH�IURP�WKH�PDWHUQDO�UDQJH�ZLWKLQ���PRQWKV�RI�ELUWK��DQG�FRQWLQXH�WR�GR�
VR�IRU�XS�WR���\HDUV��6WDLQHV��������,Q�QRQ�PLJUDWRU\�SRSXODWLRQV��IHZ�IHPDOH�UHG�GHHU�
DSSHDU�WR�GLVSHUVH�PRUH�WKDQ���NP�LQ�WKHLU�OLIHWLPHV��DQG�YHU\�IHZ�VKLIW�PRUH�WKDQ����
NP��0DOHV��SDUWLFXODUO\�VXE�DGXOWV�RU�\RXQJ�DGXOWV��GLVSHUVH�PRUH�ZLGHO\�WKDQ�IHPDOHV�
RQ�DYHUDJH��ZLWK�DERXW����PRYLQJ�PRUH�WKDQ����NP��
+RPH�UDQJH�VL]H�DQG�GLVSHUVDO�SDWWHUQV�YDU\�EHWZHHQ�VSHFLHV��7KLV�LV�ZHOO�LOOXVWUDWHG�
E\�WKH�GLIIHUHQFHV�LQ�WKH�UDWHV�DW�ZKLFK�GHHU�GLVSHUVHG�IURP�LQLWLDO�OLEHUDWLRQ�SRLQWV�LQ�
1HZ�=HDODQG��7KH�UDWHV�ZHUH�KLJKHVW�IRU�UHG�DQG�VLND�GHHU������NP�\U��DQG�ORZHU�IRU�
IDOORZ�� VDPEDU� �&HUYXV� XQLFRORU��� UXVD� �&HUYXV� WLPRUHQVLV�� DQG� ZDSLWL� �&DXJKOH\�
������� 2YHUVHDV�� IDOORZ� GHHU� VWXGLHV� �&KDSPDQ� 	� &KDSPDQ� ������ 6WDWKDP� 	�
6WDWKDP� ������ 'ROHY� HW� DO�� ������ KDYH� JHQHUDOO\� UHSRUWHG� KRPH� UDQJH� VL]HV� DQG�
GLVSHUVDO�GLVWDQFHV�VXEVWDQWLDOO\�VPDOOHU�WKDQ�WKRVH�UHSRUWHG�IRU�UHG�GHHU��ZKLOVW�WKRVH�
IRU� VLND�ZHUH� LQWHUPHGLDWH� EHWZHHQ� WKRVH� RI� IDOORZ� DQG� UHG� GHHU� �0DUX\DPD� HW� DO��
������ 'DYLGVRQ� ������ )HOGKDPHU� HW� DO�� ������ %RUNRZVNL� 	� )XUXED\DVKL� �������
6LPLODU� VXPPDULHV� IRU� ZLOG� VDPEDU�� UXVD�� ZKLWH�WDLOHG� GHHU� DQG� ZDSLWL� DUH� QRW�
LQFOXGHG�EHFDXVH�WKH\�DUH�QRW�JUHDWO\�LQYROYHG�LQ�WKH�7E�SUREOHP�LQ�1HZ�=HDODQG��
3UHYLRXV� 1HZ� =HDODQG� VWXGLHV�� 7KHUH� KDYH� EHHQ� ILYH� UHOHYDQW� VWXGLHV� RI� GHHU�
PRYHPHQWV�LQ�1HZ�=HDODQG��EXW�RQO\�WZR��'DYLGVRQ�������1XJHQW�������KDYH�EHHQ�
IRUPDOO\�SXEOLVKHG��2I�WKHVH��WKUHH�LQYROYHG�UHG�GHHU�DORQH��RQH�LQYROYHG�UHG�DQG�VLND�
GHHU��DQG�WKH�ILIWK�LQYROYHG�IDOORZ��7DEOH�����DQG�)LJ��������7KUHH�VWXGLHV��1HOVRQ�UHG�
GHHU��.DLPDQDZD�UHG�DQG�VLND�GHHU��DQG�$YRFD�UHG�GHHU��XVHG�D�VHOI�DWWDFKLQJ�VQDUH�
FROODU� DSSURDFK� WR� LGHQWLI\� ZKHUH� WKH� DQLPDO� ZDV� WDJJHG� DQG� ZKHUH� LW� ZDV�
VXEVHTXHQWO\�NLOOHG����



�
��
��

7D
EOH

���
��+

RP
H�U

DQ
JH
�VL]

HV�
�NP

� ���
DQ
G�P

HDQ
�DQ

G�P
D[
LP

XP
�UH

FR
YH
U\�

GLV
WDQ

FHV
��N

P�
�RI

�Z
LOG

�GH
HU�

LQ�
1H

Z�
=H

DOD
QG

��7
KH
�P

HDQ
�DQ

G�P
D[
LP

XP
�GL

VWD
QF
HV�

DUH
�WK

H�
GLV

WDQ
FHV

�EH
WZ

HHQ
�WK

H�I
LUV
W�D
QG

�ILQ
DO�
ORF

DWL
RQ

V�U
HFR

UGH
G�I

RU�
HDF

K�G
HHU

��H
[F
HS
W�IR

U�WK
H�2

WDJ
R�V

WXG
\��

PD
UNH

G�Z
LWK

�DQ
�DV

WHU
LVN

��Z
KH
UH�

WKH
�P

D[
LP

XP
�GL

VWD
QF
H�L
V�WK

H�
JUH

DWH
VW�G

LVW
DQ
FH�

EH
WZ
HHQ

�DQ
\�W

ZR
�OR

FDW
LRQ

V��

$U
HD
�

'H
HU�

VS
HFL

HV�
0
HD
Q�R

U�U
DQ

JH
�RI

�KR
PH

�UD
QJ

H�
VL]

HV�
�6D

PS
OH�
VL]

H��
0
HD
Q�G

LVW
DQ

FH�
�
0
D[

LP
XP

�
GLV

WDQ
FH�

+D
ELW

DW�
�

6WX
G\

�P
HWK

RG
�

$X
WKR

UV�

�
�

0
DOH

��
)H

PD
OH�
�

0
DOH

�
)H

PD
OH�

0
DOH

�
)H

PD
OH�

�
�

2W
DJ
R�

5H
G�

���
��±

��
���

���
��

�
���

±�
���

���
��

��
���

���
�

��
��

��
���

���
�

��
��

�
7X

VVR
FN
�

5D
GLR

�WH
OHP

HWU
\�

.Q
RZ

OHV
���

��
�

�

1H
OVR

Q�
5H

G�
��

��
���

�
���

�
��

���
���

�
%H

HFK
��WX

VVR
FN
��

6Q
DUH

�FR
OOD
UV�

*L
EE

�	
�)O

X[
���

��
��5

�7D
\OR

U�
	�

%�7
KR

PD
V���

XQ
SX

EO�
�GD

WD�
�

$Y
RF
D��

&D
QWH

UEX
U\�

5H
G�

���
���

�DG
XOW

��
���

���
�VX

E�D
GX

OW��
���

���
���

���
�

���
�

��
���

��
���

%H
HFK

�WX
VVR

FN
��

6Q
DUH

�FR
OOD
UV�

5�-
��+

HQ
GH
UVR

Q��
XQ

SX
EO�

�
GD
WD�

�
�

.D
LP

DQ
DZ

D�
5H

G�
��

��
���

�
���

�
���

�
���

�
%H

HFK
�JU

DVV
ODQ

G�V
FUX

E��
6Q

DUH
�FR

OOD
UV�

'D
YLG

VRQ
���

��
�

�

.D
LP

DQ
DZ

D�
6LN

D�
��

��
���

�
���

�
��

���
���

�
%H

HFK
�JU

DVV
ODQ

G�V
FUX

E��
6Q

DUH
�FR

OOD
UV�

'D
YLG

VRQ
���

��
�

�

%O
XH
�

0R
XQ

WDL
QV�

)D
OOR

Z�
���

���
���

���
���

���
���

�
���

�
���

�
���

�
0L

[H
G�I

RUH
VW�
�

5D
GLR

�WH
OHP

HWU
\�

�
1X

JH
QW�

��
��
�



� ����

�
)LJXUH�����3URSRUWLRQ�RI�GHHU��E\�VH[��IRU�HDFK�ILUVW�WR�ILQDO�GLVWDQFH�FODVV�IRU�UHG��1HOVRQ�/DNHV��
$YRFD��DQG�.DLPDQDZD�DUHDV�FRPELQHG���IDOORZ�DQG�VLND�GHHU��
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7KHVH�WZR�GDWD�SRLQWV�ZHUH�FRPSOHPHQWHG�LQ�WKH�$YRFD�VWXG\�E\�D�OLPLWHG�QXPEHU�RI�YLVXDO�
REVHUYDWLRQV� WKDW�ZHUH� XQOLNHO\� WR� DFFXUDWHO\� UHSUHVHQW� WKH� DUHD� RFFXSLHG� E\� WKH� GHHU��7KH�
ODWHU�VWXGLHV��%OXH�0RXQWDLQV�IDOORZ�DQG�2WDJR�UHG�GHHU��XVHG�UDGLR�WHOHPHWU\����
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VWXG\�RI�UHG�GHHU�PRYHPHQW�SDWWHUQV�LQ�1HZ�=HDODQG��.QRZOHV��������UHFRUGHG�KRPH�UDQJH�
VL]HV� LQ� ODUJHO\�XQIRUHVWHG� WXVVRFN� ODQG� LQ�2WDJR�RI����±����KHFWDUHV� IRU� IRXU� IHPDOHV��EXW�
WZR�RWKHU�IHPDOHV�PRYHG�XS�WR������NP�EHWZHHQ�VXFFHVVLYH�UH�ORFDWLRQV�DQG�ERWK�KDG�KRPH�
UDQJH�VL]HV�RI�RYHU������KHFWDUHV��7DEOH��������0D[LPXP�GLVWDQFHV�PRYHG�EHWZHHQ�ORFDWLRQV�
E\�WKH�WKUHH�PDOHV�VWXGLHG�UDQJHG�IURP�����WR������NP�DQG�KRPH�UDQJH�VL]HV�ZHUH�EHWZHHQ�
�����DQG��������KD��IDU�H[FHHGLQJ�WKH�SDWWHUQV�IURP�WKH�HDUOLHU�UHG�GHHU�VWXGLHV��7DEOH��������

������0RYHPHQWV�RI�IHPDOH�UHG�GHHU�LQ�+RFKVWHWWHU�)RUHVW�
2I�WKH����GHHU�UDGLR�FROODUHG��WKH�ODVW��DQ�DGXOW�IHPDOH��ZDV�FDSWXUHG�WRR�ODWH�LQ�WKH�VWXG\�WR�
SURGXFH�XVHIXO�KRPH�UDQJH�VL]H�GDWD��$QRWKHU�VXE�DGXOW�IHPDOH�PRYHG���NP�LQ�WKH����GD\V�
LPPHGLDWHO\�DIWHU�FDSWXUH��DQG�WKHQ�ZDV�QRW�IRXQG�DJDLQ��VXJJHVWLQJ�WKDW�FDSWXUH�KDG�LQGXFHG�
LWV�GLVSHUVDO��1XJHQW��������UHSRUWV�D�VLPLODU�DQRPDORXV�VKLIW�E\�DQ�DGXOW�IHPDOH�IDOORZ�GHHU�
DIWHU�PDMRU�GLVWXUEDQFH��)LJ�����F����
7KH�UHPDLQLQJ�HLJKW�GHHU�ZHUH�DOO�ZLWKLQ���NP�RI�WKHLU�UHVSHFWLYH�FDSWXUH�ORFDWLRQV�DW�WKH�HQG�
RI� WKH� VWXG\��ZLWK�DOO� VL[�RI� WKH� UHVLGHQW�\RXQJ�IHPDOHV� �L�H�� H[FOXGLQJ� WKH�GLVSHUVHU�DERYH��
ZLWKLQ� ���� NP� �$SSHQGL[� ���� 7KHVH� VL[� IHPDOHV� ZHUH� UHORFDWHG� RQ� ��±��� RFFDVLRQV�� RYHU�
VWXG\�SHULRGV�RI�����±�����GD\V��7KH�PD[LPXP�GLVWDQFH�EHWZHHQ�VXFFHVVLYH�ORFDWLRQV�YDULHG�
EHWZHHQ�GHHU��UDQJH����±����NP���7KH�PHDQ�GLVWDQFH�EHWZHHQ�VXFFHVVLYH�ORFDWLRQV�IRU�HDFK�
GHHU�DOVR�YDULHG��ZLWK�WKH�DYHUDJH�DFURVV�DOO�GHHU�RI�WKHVH�PHDQV�EHLQJ�����±������VH��NP��

+RPH�UDQJH�VL]H�ZDV�HTXDOO\�YDULDEOH�EHWZHHQ� WKH�\RXQJ�IHPDOHV� �UDQJH� LQ�0&3����±����
KD�� ���� ��±���� KD�� ���� ��±��� KD��7DEOH� ������7KH� DYHUDJH� KRPH� VL]HV� RI� WKHVH� IHPDOHV�
�0&3�����±����KD��VH�����������±����KD���������±���KD��ILWV�ZHOO�ZLWKLQ�WKH�UDQJH�RI�QRQ�
PLJUDWRU\�UHG�GHHU�IHPDOHV�RYHUVHDV��6HFWLRQ���������7KHVH�IHPDOH�GHHU�DSSHDU�WR�VSHQG�DERXW�
KDOI�WKHLU�WLPH�LQ�D�FRUH�DUHD�RI���±����KHFWDUHV��L�H���D����±����NP�UDGLXV�DURXQG�WKHLU�UDQJH�
FHQWUH���DQG�HYHQ�WKH�PRVW�ZLGH�UDQJLQJ�RI�WKHP�VHOGRP�PRYHG�PRUH�WKDQ�����NP�IURP�WKHLU�
UDQJH� FHQWUH��7KH�RQO\� WZR�PDOHV� LQ� WKLV� VWXG\� UDQJHG�PXFK�PRUH�ZLGHO\� �0&3� UDQJHV�RI�
�����KHFWDUHV�DQG������KD��WKDQ�WKH�IHPDOHV��EXW�ERWK�ZHUH�EDFN�ZLWKLQ���NP�RI�WKHLU�LQLWLDO�
FDSWXUH�ORFDWLRQ�E\�WKH�HQG�RI�WKH�VWXG\��7DEOH�������
�
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7KH�VWDQGDUGLVHG�FXPXODWLYH�IUHTXHQF\�GLVWULEXWLRQV�RI�WKH�GLVWDQFHV�EHWZHHQ�HDFK�UHFRUGHG�
ORFDWLRQ�DQG�DOO�VXEVHTXHQW�ORFDWLRQV�UHFRUGHG�IRU�WKDW�GHHU��)LJ������LQGLFDWH�WKDW�����RI�NLOO�
ORFDWLRQV�DUH�OLNHO\�WR�OLH�ZLWK�����NP�RI�DOO�SUHYLRXV�ORFDWLRQV�RI�\RXQJ�IHPDOHV��DQG�����NP�
IRU� WKH� WZR� \RXQJ�PDOHV�� ,I� WKHVH� GHHU� KDG� EHFRPH� LQIHFWHG� GXULQJ� WKH� VWXG\�� WKHVH� UDGLL�
ZRXOG�GHOLQHDWH�FLUFXODU�DUHDV�RI�DERXW������KHFWDUHV�DQG������KHFWDUHV�UHVSHFWLYHO\�WKDW�KDG��
����SUREDELOLW\�RI�FRQWDLQLQJ�WKH�RULJLQDO�VRXUFH�RI��LQIHFWLRQ��
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GLVWDQFHV�IRU��D��HDFK�LQGLYLGXDO�IHPDOH���E��HDFK�LQGLYLGXDO�PDOH��DQG��F��DYHUDJHV�E\�VH[��WKH�ILQH�
OLQHV�DUH�����&,�IRU�IHPDOHV���
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GLVWDQFHV�IRU�UHG�GHHU�IURP�IRXU�VWXGLHV��E\�VH[��$�IHZ�GLVWDQFHV�!���NP�DUH�QRW�VKRZQ��
�
&RPSDULVRQ� RI� WKH� GLVWDQFH� GDWD� IURP�+RFKVWHWWHU� )RUHVW�ZLWK� WKH� WKUHH� SUHYLRXV� UHG� GHHU�
VWXGLHV�LQ�1HZ�=HDODQG�LQGLFDWHV�WKDW�YHU\�IHZ�IHPDOHV��)LJ����D��DQG�RQO\��±����RI�PDOHV�
�)LJ����E��PRYHG�PRUH�WKDQ��NP�LQ�WKHVH�IRXU�VWXGLHV��7KH�IRXU�VWXGLHV�VSDQ�D�ZLGH�VSHFWUXP�
RI�IRUHVW�FRYHU��ZLWK�IRUHVW�FRYHU�EHLQJ�PRVW�FRPSOHWH�LQ�WKH�+RFKVWHWWHU�VWXG\��DQG�SUREDEO\�
OHDVW�LQ�WKH�$YRFD�DQG�.DLPDQDZD�VWXGLHV���
7KH�JUDGLHQW�LQ�7E�LQIHFWLRQ�LQ�QHZO\�UHFUXLWHG��L�H��SRVW�FRQWURO��IHPDOH�GHHU�LQ�WKH�HDVWHUQ�
+DXKXQJDURD�5DQJH��)LJ�������DOVR�SURYLGHV�UHOHYDQW�FRUURERUDWLRQ�RI�WKH�µGHWHFWLRQ�UDGLXV¶�
UHVXOWV��,QFOXGLQJ�GHHU�VKRW�XS�WR���NP�ZHVW�RI�WKH�(+5±:+5�ERXQGDU\��VHH�6HFWLRQ�������
IRU�GHWDLOV���7E�LQIHFWHG�GHHU�ZHUH��RQ�DYHUDJH��VKRW�PXFK�FORVHU�WR�WKH�XQFRQWUROOHG�VRXUFH�RI�
LQIHFWHG�SRVVXPV�WKDQ�XQLQIHFWHG�GHHU��$129$��)������ ��������S����������7DEOH�����DQG�)LJ��
������7KHUH�ZDV�QR�GLIIHUHQFH�LQ�WKLV�HIIHFW�EHWZHHQ�WKH�VH[HV�DV�WKH�LQWHUDFWLRQ�WHUP�ZDV�QRW�
VLJQLILFDQW��)������ �������S� ��������
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WKH�(+5±:+5�ERXQGDU\�WKDW�LQIHFWHG��7E���DQG�XQLQIHFWHG��7E���GHHU�ZHUH�VKRW�
�

������8WLOLW\�RI�GHHU�DV�VHQWLQHOV�

7R�HYDOXDWH�WKH�XWLOLW\�RI�GHHU�DV�VHQWLQHOV��VRPH�HVWLPDWH�RI�WKH�IUHTXHQF\�ZLWK�ZKLFK�GHHU�
EHFRPH�LQIHFWHG�ZKHQ�H[SRVHG�WR�LQIHFWHG�SRVVXPV�LV�UHTXLUHG��$V�WKHUH�DUH�QR�GLUHFW�
PHDVXUHPHQWV�RI�WKLV��WKH�ULVN�RU�KD]DUG�WR�HDFK�GHHU�SHU�LQIHFWHG�SRVVXP�ZDV�HVWLPDWHG�E\�
H[WUDSRODWLQJ�IURP�UHOHYDQW�ILHOG�GDWD��7DEOH����D��WR�GHWHUPLQH�KRZ�WKH�REVHUYHG�LQFLGHQFH�
LQ�GHHU�LQ�VRPH�RI�WKH�DUHDV�LQ�WKLV�VWXG\�UHODWHG�WR�WKH�HVWLPDWHG�QXPEHU�RI�7E�SRVVXPV�WKH\�
ZHUH�OLNHO\�WR�HQFRXQWHU���
,�WKHUHIRUH�HVWLPDWHG�ILUVWO\�WKH�DYHUDJH�QXPEHU�RI�7E��SRVVXPV�WKDW�HDFK�GHHU�ZDV�OLNHO\�WR�
EH�H[SRVHG�WR�DQQXDOO\��E\�H[WUDSRODWLQJ�IURP�REVHUYHG�LQGLFHV�RI�SRVVXP�DEXQGDQFH�DQG�
PHDVXUHV�RI�7E�SUHYDOHQFH��DQG�XVLQJ�D�SXEOLVKHG�HVWLPDWH�RI�WKH�PRUWDOLW\�UDWH�RI�LQIHFWHG�
SRVVXPV��5DPVH\�	�&RZDQ���������,�WKHQ�UHYHUVHG�WKH�IRUPXOD�IRU�HVWLPDWLQJ�WKH�DQQXDO�
LQFLGHQFH�RI�LQIHFWLRQ��,��ZKHQ�WKH�IRUFH�RI�LQIHFWLRQ�� ��LV�NQRZQ��,� �����H ��7KUXVIHOG�������
WR�HVWLPDWH�ZKDW� �PLJKW�UHVXOW�IURP�H[SRVXUH�WR�D�VLQJOH�LQIHFWHG�SRVVXP��7KLV�DVVXPHV�WKDW�
WKH�DQQXDO�IRUFH�RI�LQIHFWLRQ�GHHU�DUH�H[SRVHG�WR�UHVXOWV�IURP�WKH�DGGLWLYH�HIIHFWV�RI�WKH�IRUFH�
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RI�LQIHFWLRQ�SHU�LQGLYLGXDO�LQIHFWHG�SRVVXP��L�H��� 7RWDO� �� ,QGLYLGXDO�QXPEHU�RI�LQIHFWHG�SRVVXPV�SHU�\HDU���
,I�WKLV�LV�VR��WKHQ� �FDQ�EH�µEDFN�FDOFXODWHG¶�IURP�WKH�REVHUYHG�LQFLGHQFH�E\�XVLQJ�WKH�IRUPXOD�
�� ��ORJH���,����>�G�î��+�î��&��P@��ZKHUH�WKHUH�WHUP�>�G�î��+�î��&��P@�LV�WKH�HVWLPDWHG�QXPEHU�
RI�7E���SRVVXPV�SUHVHQW�DQQXDOO\�ZLWKLQ�D�GHHU¶V�KRPH�UDQJH���G� �SRVVXP�GHQVLW\��+� �GHHU�
KRPH�UDQJH�VL]H��&� �SUHYDOHQFH�RI�7E�LQ�SRVVXPV��DQG�P�LV�WKH�DQQXDOO\�PRUWDOLW\�UDWH�RI�
7E�LQIHFWHG�SRVVXPV���
7R� LOOXVWUDWH� WKH� SURFHVV�� IRU� HDVWHUQ� +DXKXQJDURD� ,� XVHG� D� GHHU� GHQVLW\� HVWLPDWH� LQ� WKH�
:DLKDKD�FDWFKPHQW�WR�FDOLEUDWH�DQ�LQGH[�RI�GHHU�DEXQGDQFH��SHOOHW�JURXS�GHQVLW\���1XJHQW�HW�
DO��������ZKLFK�ZDV�WKHQ�XVHG�WR�FRQYHUW�WKH�SHOOHW�JURXS�GHQVLW\�GDWD�IURP�P\�RZQ�NLOO�VLWH�
VXUYH\V��&K�����RU�IURP�RWKHU�VXUYH\V��)UDVHU�HW�DO��������&ROHPDQ�HW�DO��������WR�GHHU�GHQVLW\�
HVWLPDWHV�IRU�WKUHH�DUHDV��/LNHZLVH��SRVVXP�GHQVLW\�ZDV�HVWLPDWHG�IURP�HLWKHU�SXEOLVKHG�GDWD�
�1XJHQW�HW�DO���������RU�E\�FRQYHUWLQJ�VXFK�WUDS�FDWFK�GDWD�DV�ZDV�DYDLODEOH�IRU�WKH�DUHD�DQG�
WLPH� SHULRG� RI� LQWHUHVW� XVLQJ� D� PRGHOOHG� FDOLEUDWLRQ� EHWZHHQ� WUDS� FDWFK� UDWH� DQG� GHQVLW\�
�5DPVH\� HW� DO�� ������� ,� WKHQ� H[WUDFWHG� DUHD�DQG�WLPH�VSHFLILF� HVWLPDWHV� RI� WKH� DQQXDO�
LQFLGHQFH�RI�7E�LQ�GHHU�IURP�DJH�VSHFLILF�SUHYDOHQFH�GDWD��&K������UHVWULFWLQJ�WKH�DQDO\VLV�WR�
GHHU� OHVV� WKDQ� �� \HDUV� ROG� WR� UHPRYH� WKH� HIIHFW� RI� ORVV� RI� LQIHFWLRQ� GXH� WR� PRUWDOLW\� RU�
UHVROXWLRQ��7KH� VDPH�GDWD�ZHUH�XVHG� WR� HVWLPDWH� WKH� OHQJWK�RI� WLPH�GHHU�KDG�EHHQ�H[SRVHG�
�PHDQ�DJH�DW�GHDWK���DQG�,�DVVXPHG�WKDW�WKH�ILUVW���PRQWKV�ZHUH�ULVNOHVV��&K������,�DVVXPHG�DQ�
DYHUDJH�KRPH�UDQJH�IRU�IHPDOHV�RI�����NP���DQG�DQ�DQQXDO��FI��OLIHWLPH��KRPH�UDQJH�IRU�PDOHV�
RI���NP���DQG�WKHQ�DYHUDJHG�WKHVH�WZR�HVWLPDWHV���
7KH� WKUHH� HVWLPDWHV� RI� WKH� DYHUDJH� DQQXDO� ULVN� SHU� GHHU� ZLWK� D� VLQJOH� LQIHFWHG� SRVVXP�
FRQWLQXRXVO\� SUHVHQW� ZLWKLQ� LWV� UDQJH� UDQJHG� EHWZHHQ� ���� DQG� ����� �7DEOH� ���E��� 7KH�
HVWLPDWHG�OLNHOLKRRG�RI�D�GHHU�EHFRPLQJ�LQIHFWHG�GXULQJ�LWV�OLIHWLPH�ZDV�KLJKHU��UDQJH������
������ 7KLV� LQGLFDWHV� WKDW� GHHU� KDYH� ORZ� VHQVLWLYLW\� DV� VHQWLQHOV�� 7KLV� SRRU� VHQVLWLYLW\� LV�
KLJKOLJKWHG� E\� FRQWUDVW� ZLWK� D� JURXS� RI� ��� SLJV� UHOHDVHG� LQWR� WKH� +RFKVWHWWHU� 5DQJH� DQG�
UHFRYHUHG�����PRQWKV�ODWHU�RQ�DYHUDJH��1XJHQW�HW�DO���������$OO����SLJV�DUH�EHOLHYHG�WR�KDYH�
EHFRPH�LQIHFWHG�ZLWKLQ���PRQWKV�RI�UHOHDVH��1XJHQW�HW�DO���������VR�D�PRQWKO\�LQFLGHQFH�RI�
����LV�DVVXPHG��7DEOH����D���$V�WKH�ERWK�WKH�GHQVLW\�RI�SRVVXPV�DQG�WKH�DVVXPHG�SUHYDOHQFH�
RI�7E�LQ�WKHP�ZDV�UHODWLYHO\�ORZ��WKLV�KLJK�LQFLGHQFH�LQGLFDWHV�D�!����IROG�KLJKHU�VHQVLWLYLW\�
RI�SLJV�DV�VHQWLQHOV�FRPSDUHG�WR�GHHU��7DEOH�����E��
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7DEOH����E�(VWLPDWLQJ�WKH�VHQVLWLYLW\�RI�GHHU�DQG�SLJV�DV�VHQWLQHOV�IRU�GHWHFWLQJ�7E�SUHVHQFH�LQ�SRVVXPV��3DUW�E��
&DOFXODWLRQ�RI�WKH�DQQXDO�IRUFH�RI�LQIHFWLRQ��)2,��LQ�GHHU�JLYHQ�FRQWLQXRXV�H[SRVXUH�WR�D�VLQJOH�LQIHFWHG�
SRVVXP��

� 3LJV�� 'HHU� 'HHU� 'HHU�

� +RFK�
����±���

+RFK�
����±���

:+5�
����±���

(+5�
��������

1�7E��SRVVXPV�SHU�VHQWLQHO�KRPH�UDQJH�DW�DQ\�RQH�
WLPH�� �G�î��+�î��&� ��� �� ��� ���
1�7E��SRVVXPV�SHU�VHQWLQHO�KRPH�UDQJH�SHU�\HDU��
� ��G�î��+�î��&��P� ��� ��� ���� ���
0HDQ�H[SRVXUH�SHU�VHQWLQHO��P���PHDQ�DJH�DW�GHDWK���
JXDUDQWHH�WLPH��D�J��\HDUV�� ���� ���� ���� ����

'HHU��)2,��GHHU�7%��SRVVXP�\HDU� ��
� ��ORJH���,����>�G�î��+�î��&��P@�

� ������ ������ ������

3LJV��)2,��SLJ�7%��SRVVXP�PRQWK�� ��
� ��ORJH���,����>�G�î��+�î��&��P@�

������ � � �

/LIHWLPH�ULVN��/75��VHQWLQHO�ZLWK�DQ�DYHUDJH�RI�RQH�
LQIHFWHG�SRVVXP�FRQWLQXRXVO\�� ���>��� �A�D���J�@� ������ ������ ������ ������
�
+RZHYHU�� WKH� ORZ� VHQVLWLYLW\� RI� LQGLYLGXDO� GHHU� DV� VHQWLQHOV� LV� RIIVHW� E\� WKHLU� XVH� RI� ODUJH�
RYHUODSSLQJ�KRPH�UDQJHV��$W�KLJK�GHHU�GHQVLW\� �H�J����GHHU� �NP����HDFK�GHHU�KRPH�UDQJH� LV�
XVHG��RQ�DYHUDJH��E\�������GHHU��7KH�OLNHOLKRRG�WKDW�RQH�RI�ZRXOG�EHFRPH�LQIHFWHG�GXULQJ�LWV�
OLIHWLPH�LV�WKHUHIRUH�RI�WKH�RUGHU�RI�������
7KH�VHQWLQHO�VHQVLWLYLW\�HVWLPDWHV�FDOFXODWHG�KHUH�DSSO\�WR�WKH�ZRUVW�FDVH��L�H��PRVW�GLIILFXOW��
VFHQDULR� RI� GHWHFWLQJ� 7E� ZKHQ� RQO\� D� VLQJOH� LQIHFWHG� SRVVXP� LV� SUHVHQW� DW� DQ\� RQH� WLPH��
+RZHYHU��WKH�W\SLFDO�IRFXV�RI�LQIHFWLRQ�LQ�SRVVXPV�LQ�WKLV�VWXG\�DSSHDUHG�WR�FRQWDLQ�DERXW���
7E��SRVVXPV�DW� DQ\�RQH� WLPH� �VHH�6HFWLRQ���������6XFK� IRFL�ZRXOG� WKHUHIRUH�EH� DERXW� ILYH�
WLPHV�PRUH�HDVLO\�GHWHFWHG�WKDQ�RQH�ZLWK�D�VLQJOH�LQIHFWHG��7KH�FKDQFH�RI�HDFK�GHHU�EHFRPLQJ�
LQIHFWHG�GXULQJ�LWV�OLIHWLPH�JLYHQ�WKH�FRQWLQXRXV�SUHVHQFH�RI�D�SHUVLVWHQW�IRFXV�RI�DERXW�ILYH�
7E�� SRVVXPV� LV� DERXW� ������ DQG� LI� DERXW� ��� GHHU� KDYH� UDQJHV� RYHUODSSLQJ� WKLV� IRFXV�� WKH�
FKDQFH�RQH�RI�WKHP�ZLOO�EHFRPH�LQIHFWHG�LV�DERXW������
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����'LVFXVVLRQ�

������6SUHDG�RI�7E�E\�GHHU�
7KH�WKUHH�HDUOLHVW�UHG�GHHU�VWXGLHV�LQ�1HZ�=HDODQG�ZHUH�XQGHUWDNHQ�ZKHQ�GHHU�GHQVLWLHV�ZHUH�
JHQHUDOO\�KLJKHU��VR�GHHU�PD\�FXUUHQWO\�UDQJH�OHVV�ZLGHO\�LQ�VHDUFK�RI�IRRG��,Q�OLQH�ZLWK�WKDW��
D� KHDYLO\� KXQWHG� UHG� GHHU� SRSXODWLRQ� LQ� WKH� VWHHS� EXW� RQO\� SDUWLDOO\� IRUHVWHG� 0XUFKLVRQ�
0RXQWDLQV��)LRUGODQG��VKRZHG�QR�HYLGHQFH�RI�H[WHQVLYH�GLVSHUVDO�E\�HLWKHU�VH[��$PRQJ�VHYHQ�
PRWKHU�RIIVSULQJ�SDLUV�LGHQWLILHG�E\�'1$�ILQJHUSULQWLQJ��DOO�WKH�RIIVSULQJ��PDOH�DQG�IHPDOH��
ZHUH�VKRW�ZLWK�����NP�RI�ZKHUH�WKHLU�PRWKHUV�ZHUH�VKRW��1XJHQW�HW�DO������E����
&ROOHFWLYHO\��WKH�PRYHPHQW�VWXGLHV�LQGLFDWH�WKDW�VSUHDG�RI�7E�E\�IRUHVW�GZHOOLQJ�IHPDOH�GHHU�
ZLOO�RQO\�RFFDVLRQDOO\�H[FHHG���NP�IURP�D�7E�VRXUFH�LQ�SRVVXPV��DQG�DERXW���NP�LQ�PDOHV��
7KH� VWDQGDUGLVHG� IUHTXHQF\� GLVWULEXWLRQ� RI� WKH�GLVWDQFHV� HDVWZDUG� IURP� WKH� SRVVXP�FRQWURO�
ERXQGDU\�EHWZHHQ�WKH�(+5�DQG�:+5�LQ�WKH�+DXKXQJDURD�5DQJH��)LJ������FORVHO\�PDWFKHV�
WKH�SDWWHUQ�H[SHFWHG�IURP�WKH�+RFKVWHWWHU�VWXG\��)LJ��������SURYLGLQJ�HPSLULFDO�YDOLGDWLRQ�RI�
WKHVH�SUHGLFWLRQV���

������'HHU�DV�VHQWLQHOV�RI�7E�
7E� LV� FXUUHQWO\� VR� ZLGHVSUHDG� LQ� ZLOGOLIH� WKDW� WKH�$+%� ODFNV� WKH� UHVRXUFHV� WR� LPSOHPHQW�
FRQWURO� RYHU� DOO� WKH� DIIHFWHG� DUHD�� ,W� WKHUHIRUH� VHQVLEO\� DLPV� WR� VWRS� FRQWURO� LQ� FXUUHQWO\�
PDQDJHG�DUHDV�DV�VRRQ�DV�LW�LV�VDIH�WR�VR��VR�WKDW�WKRVH�UHVRXUFHV�FDQ�EH�GLYHUWHG�HOVHZKHUH��
6WRSSLQJ�FRQWURO�WRR�VRRQ�ULVNV�UH�HPHUJHQFH�RI�WKH�GLVHDVH��ZKHUHDV�VWRSSLQJ�WRR�ODWH�LQFXUV�
XQQHFHVVDU\�FRVW��7KH�DLP�RI�7E�VXUYHLOODQFH�LV�WKHUHIRUH�LQFUHDVLQJO\�WR�TXDQWLI\�WKH�GHJUHH�
RI�PDQDJHPHQW�FRQILGHQFH�WKDW�7E�LV�DEVHQW��)RU�DUHDV�RI�GHYHORSHG�IDUPODQG��UHJXODU�WHVWLQJ�
SUHYHQWV�WKH�PDLQWHQDQFH�RI�7E�E\�OLYHVWRFN��&ROHPDQ�	�&DOH\��������7KH�SUHVHQFH�RI�DQ�0��
ERYLV�SRVLWLYH�UHDFWRU� WKHUHIRUH� LQGLFDWHV� UHFHQW� WUDQVPLVVLRQ�IURP�ZLOGOLIH��+RZHYHU��PDQ\�
7E�LQIHFWHG�DUHDV�KDYH�IHZ�RU�QR�WHVWDEOH�OLYHVWRFN��VR�WKH�ZLOGOLIH�LV�VXUYH\HG�GLUHFWO\���
8QIRUWXQDWHO\��GHWHFWLQJ�7E�LQ�SRVVXPV�WKHPVHOYHV�LV�H[WUHPHO\�GLIILFXOW��EHFDXVH�WKH\�KDYH�
VPDOO� OLIHWLPH� KRPH� UDQJHV� �&RZDQ�	� &ORXW�� ������ DQG� WKH� SUHYDOHQFH� RI� 7E� LV� ORZ� DQG�
KLJKO\�DJJUHJDWHG��&ROHPDQ�	�&DOH\��������$OPRVW�DOO�RI�WKH�SRVVXPV�LQ�DQ�DUHD�ZRXOG�KDYH�
WR�EH� VXUYH\HG� WR�EH�����FRQILGHQW� WKDW�7E�ZDV�QRW�SUHVHQW��7KDW� OHYHO�RI� VDPSOLQJ� LV�QRW�
XVXDOO\�SUDFWLFDO��DQG��LI�LW�ZHUH��VXFK�µVXUYHLOODQFH¶�ZRXOG�SUREDEO\�HOLPLQDWH�WKH�SUREOHP���
$V� D� FRQVHTXHQFH�� SHUVLVWHQW� 7E� LQ� SRVVXPV� FDQ� JR� XQGHWHFWHG� IRU� \HDUV� GHVSLWH� UHJXODU�
VXUYHLOODQFH��H�J��&DOH\�HW�DO���������
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7KH� DOWHUQDWLYH� LV� WR� XVH� VSLOORYHU� KRVWV� VXFK� DV� IHUUHWV�� SLJV�� DQG� GHHU� DV� VHQWLQHOV�� 7KLV�
FRQFHSW�FHQWUHV�RQ�LQFUHDVLQJ�VXUYHLOODQFH�VHQVLWLYLW\�E\�FKDQJLQJ�WKH�µVSDWLDO�UHVROXWLRQ¶�RI�
WKH�VHDUFK� IRU� LQIHFWHG�SRVVXPV�E\�XVLQJ�VSHFLHV� WKDW�KDYH� ODUJHU�KRPH�UDQJHV�DQG�D�PXFK�
KLJKHU�SHU�FDSLWD�SUREDELOLW\�RI�GHYHORSLQJ�GHWHFWDEOH�LQIHFWLRQ�WKDQ�SRVVXPV��1XJHQW�HW�DO��
�������2YHUVHDV��ZLOG� DQLPDOV� KDYH� EHHQ� XVHG� DV� VHQWLQHOV� WR� LGHQWLI\�� IRU� H[DPSOH��ZKHUH�
ULQGHUSHVW� KDV� SHUVLVWHG� LQ� FDWWOH� IROORZLQJ� ZLGHVSUHDG� YDFFLQDWLRQ� SURJUDPPHV� �-DPHV�
��������
:KDW� PDNHV� D� JRRG� VHQWLQHO"� *XLGHOLQHV� LVVXHG� E\� WKH� &HQWUHV� IRU� 'LVHDVH� &RQWURO� DQG�
3UHYHQWLRQ��&'&�������VXJJHVWV�WKH�LGHDO�DYLDQ�VHQWLQHOV�IRU�:HVW�1LOH�YLUXV�LQ�WKH�8QLWHG�
6WDWHV�ZRXOG���L��KDYH�KLJK�VXVFHSWLELOLW\���LL��DOO�VXUYLYH�EXW�UHWDLQ�HDVLO\�GHWHFWDEOH�VLJQV�RI�
LQIHFWLRQ���LLL��SRVH�QR�ULVN�RI�LQIHFWLRQ�WR�KDQGOHUV��DQG��LY��QRW�EH�FDSDEOH�RI�UH�LQIHFWLQJ�WKH�
PDLQ�KRVW��'HHU�DSSHDU�WR�PHHW�PDQ\�RI�WKHVH�FULWHULD��+LJK�SUHYDOHQFHV�RI�7E�LQ�ZLOG�GHHU�
LQGLFDWH� VRPH� GHJUHH� RI� VXVFHSWLELOLW\�� DQG� WKH\� FDQ� UHWDLQ� VLJQV� RI� LQIHFWLRQ� IRU� XS� WR� ���
\HDUV��&K��������,QIHFWHG�GHHU�XVXDOO\�KDUERXU�UHODWLYHO\�IHZ�EDFLOOL��GH�/LVOH�HW�DO������E��VR�
WKH� ULVN� WR� QHFURSV\� VWDII� LV� ORZ�� DQG� GHHU� DUH� XQOLNHO\� WR� FRQWULEXWH� VXEVWDQWLDOO\� WR� 7E�
PDLQWHQDQFH��&K�������
'HVSLWH� PHHWLQJ� PRVW� RI� WKHVH� FULWHULD�� KRZHYHU�� GHHU� DUH� SRRU� VHQWLQHOV� UHODWLYH� WR� SLJV�
EHFDXVH� RI� WKHLU� ORZ� VXVFHSWLELOLW\� WR� LQIHFWLRQ� LQ� V\PSDWULF� SRVVXPV� �7DEOH� ������ZLWK� WKH�
KLJK� SUHYDOHQFHV� LQ� DUHDV� VXFK� DV�:+5� KLVWRULFDOO\� UHFRUGHG� LQ� GHHU� UHIOHFWLQJ� KLJK� DQG�
ZLGHVSUHDG�FKDOOHQJH��)LJ������UDWKHU�WKDQ�KLJK�VXVFHSWLELOLW\��7KH�PXFK�KLJKHU�VHQVLWLYLW\�RI�
SLJV�DV�VHQWLQHOV�LQGLFDWHV�WKDW�WKH\�ZLOO�XVXDOO\�EH�PRUH�FRVW�HIIHFWLYH�DV�VHQWLQHOV�WKDQ�GHHU�
XQOHVV� VXUYH\LQJ� WKH�SLJV� LV�!���� WLPHV�PRUH�FRVWO\�� ,Q� WKLV� VWXG\� WKH�FRVW�RI� VKRRWLQJ�DQG�
QHFURSV\LQJ� HDFK�ZLOG� GHHU� ZDV� DERXW� ����� SHU� GHHU��� VR� GHHU� DUH� OLNHO\� EH� FRVW�HIIHFWLYH�
VHQWLQHOV� RQO\� ZKHQ� SLJV� DUH� DEVHQW� RU� RQO\� D� VPDOO� SDUW� RI� DUHD� LV� RFFXSLHG� E\� WKHP�� DV�
FXUUHQWO\�LQ�WKH�VRXWKHUQ�8UHZHUD�5DQJHV��*��&RUEHWW��SHUV��FRPP�����
8OWLPDWHO\� VHQWLQHO� VXUYH\V� KDYH� RQO\� WZR� SRVVLEOH� RXWFRPHV�� :KHUH� LQIHFWLRQ� LV� IRXQG�
LQIHUHQFH�LV�XQHTXLYRFDO��7E�LV�SUHVHQW�LQ�ZLOGOLIH��RU��DW�OHDVW��ZDV�SUHVHQW�XQWLO�WKH�VHQWLQHO�
ZDV�NLOOHG���7KH�DJH�RI�WKH�VHQWLQHO�LGHQWLILHV�WKH�SHULRG�ZLWKLQ�ZKLFK�GLVHDVH�ZDV�DFTXLUHG��
DQG� WKH� VSHFLHV�DQG�VH[�GHOLQHDWHV� WKH�SRWHQWLDOO\� LQIHFWHG�DUHD��<RXQJ� IHPDOHV�SURYLGH� WKH�
PRVW�SUHFLVH�LQGLFDWLRQ�RI�ZKHUH�7E�ZDV�DFTXLUHG��
:KHUH�QR�LQIHFWLRQ�LV�IRXQG�LQ�D�VXUYH\�RI�VHQWLQHOV��LQWHUSUHWDWLRQ�LV�PRUH�GLIILFXOW��(LWKHU�7E�
LV�DEVHQW��RU�LW� LV�SUHVHQW�EXW�ZDV�QRW�GHWHFWHG��7KH�DQQXDO�SUREDELOLW\�RI�DQ�LQGLYLGXDO�GHHU�
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EHFRPLQJ� LQIHFWHG�ZKHQ� WKHUH� LV� D� VLQJOH� LQIHFWHG� SRVVXP�ZLWKLQ� LWV� KRPH� LV� UDQJH� LV� ORZ�
��������7DEOH�������VXJJHVWLQJ�GHHU�DUH�LQVHQVLWLYH�DV�VHQWLQHOV��+RZHYHU��LI�GHHU�GHQVLWLHV�DUH�
KLJK��!���GHHU�PD\�H[SRVHG� WR�HDFK� LQIHFWHG�SRVVXP��:KHUH�7E� LV�FRQWLQXRXVO\�SUHVHQW� LQ�
SRVVXPV��DV�LW�PXVW�EH�IRU�7E�WR�SHUVLVW���HDFK�GHHU�LV�DOVR��RQ�DYHUDJH��H[SRVHG�WR�SRWHQWLDO�
LQIHFWLRQ� IRU� �±�� \HDUV� EHIRUH� LW� LV� VKRW�� ,Q� DGGLWLRQ�� 7E� FDQQRW� SHUVLVW� LQ� D� VLQJOH� IRFXV�
SRVVXPV�DW� DQ�DYHUDJH�RI� MXVW�RQH� LQIHFWLRQ�SHU�\HDU��7KH�SUREDELOLW\�RI� DQ� LQGLYLGXDO�GHHU�
EHLQJ�LQIHFWHG�ZKHQ�7E�LV�SHUVLVWHQW�LQ�SRVVXPV�LV�PXFK�KLJKHU�WKDQ��������DQG�ZKHUH�ODUJH�
QXPEHUV�RI�GHHU�KDYH�KRPH�UDQJHV�WKDW�RYHUODS�D�IRFXV�RI�SRVVXP�LQIHFWLRQ��WKH�SUREDELOLW\�
RI�RQH�RI�WKHP�EHLQJ�LQIHFWHG�ZLOO�EH�PRGHUDWHO\�KLJK��!�������
2YHUDOO� VHQVLWLYLW\�DV� VHQWLQHOV� DOVR�GHSHQGV�RQ�GLDJQRVWLF� VHQVLWLYLW\�� WKH�SURSRUWLRQ�RI� WKH�
SRSXODWLRQ�VDPSOHG��DQG�WKH�FRPSOHWHQHVV�RI� WKH�µFRYHUDJH¶�RI� WKH�VXUYH\�DUHD�� �,Q�D�UHFHQW�
MRLQW�VWXG\��,�IRXQG�WKDW�JURVV�SRVW�PRUWHP�RI�GHHU�FRXSOHG�ZLWK�FXOWXUH�RI�SRROHG�WRQVLOV�DQG�
UHWURSKDU\QJHDO� OQV�GHWHFWHG�DERXW�����RI� WKH� LQIHFWLRQ�UHYHDOHG�E\�QHFURSV\�SOXV�VHSDUDWH�
FXOWXUH� RI� 19/� WRQVLOV�� UHWURSKDU\QJHDO� OQ�� DQG� EURQFKLDO� OQ� �GH� /LVOH� HW� DO�� ����E��� 7KH�
SURSRUWLRQ� RI� WKH� SRSXODWLRQ� VXUYH\HG� GHSHQGV� RQ� FRVW� DQG� WKH� DLPV� RI� WKH� VXUYH\� ±�
XOWLPDWHO\� PDQDJHUV� QHHG� WR� GHFLGH� ZKDW� OHYHO� RI� FRQILGHQFH� WKH\� UHTXLUH� LQ� PDNLQJ�
GHFLVLRQV��ZKLFK�WKHQ�GHWHUPLQHV�KRZ�PXFK�VXUYHLOODQFH�LV�QHHGHG��DQG��WKHUHIRUH��ZKHWKHU�
WKDW�FDQ�EH�DFKLHYHG�E\�VXUYH\LQJ�GHHU��
&RYHUDJH�FDQ�EH�DVVHVVHG�E\�DVVLJQLQJ��IRU�H[DPSOH��WKH�����GHWHFWLRQ�UDGLL�DV�LQ�)LJ�����F�
WR�HDFK�GHHU��DQG�GHWHUPLQLQJ�WKH�SURSRUWLRQ�RI�WKH�VXUYH\�DUHD�WKDW�IDOOV�ZLWKLQ�WKH�GHWHFWLRQ�
UDGLXV� RI� DW� OHDVW� RQH� VXUYH\HG� GHHU�� 0RUH� VRSKLVWLFDWHG� HVWLPDWLRQ� RI� FRYHUDJH� UHTXLUHV�
VSDWLDO� PRGHOOLQJ� �H�J�� %\URP� HW� DO�� ������� EXW� REWDLQLQJ� WKH� HPSLULFDO� GDWD� RQ� ORFDO� GHHU�
GHQVLW\� DQG� PRYHPHQW� SDWWHUQV� QHHGHG� WR� SDUDPHWHULVH� DQ\� PRGHO� IRU� DFFXUDWH� ORFDO�
SUHGLFWLRQ�ZLOO�XVXDOO\�EH�SURKLELWLYHO\�H[SHQVLYH���7KH�SRWHQWLDO�EHQHILW�RI�XVLQJ�GHHU�DV�7E�
VHQWLQHOV�GHSHQGV�XOWLPDWHO\�RQ�FRVW�HIIHFWLYHQHVV��0\�DQDO\VLV�LQGLFDWHV�WKDW�IRU�ODUJH�DUHDV��
WKHLU�PXFK�ODUJHU�KRPH�UDQJHV��DQG�WKH�ORQJHYLW\�RI�LQIHFWHG�GHHU�PDNHV�GHHU�EHWWHU�VHQWLQHOV�
WKDQ�SRVVXPV�WKHPVHOYHV��EXW�QRW�QHDUO\�DV�JRRG�DV�VFDYHQJHU�KRVWV�VXFK�DV�SLJV�DQG�IHUUHWV��
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&KDSWHU�����
6\QWKHVLV�DQG�&RQFOXVLRQV�

����+RVW�VWDWXV�
:LOG�GHHU�LQ�1HZ�=HDODQG�DUH�ORQJ�OLYHG�VSLOORYHU�KRVWV�RI�ERYLQH�WXEHUFXORVLV�WKDW�EHFRPH�
LQIHFWHG�DOPRVW� H[FOXVLYHO\� WKURXJK�VRPH� LQWHUDFWLRQ�ZLWK�SRVVXPV�� ,QIHFWLRQ� UDUHO\�RFFXUV�
EHIRUH�PRVW�IDZQV�UHDFK�IXOO�LQGHSHQGHQFH�DW�DERXW���PRQWKV�RI�DJH��\HW�WKH�ULVN�RI�LQIHFWLRQ�
LV�ODUJHO\�FRQILQHG�WR�WKH�ILUVW���RU���\HDUV�RI�OLIH��DQG�LV�KLJKHVW�GXULQJ�WKH�VHFRQG��VXE�DGXOW��
\HDU��2QFH�LQIHFWHG��ZLOG�GHHU�VKRZ�WKH�VDPH�VSHFWUXP�RI�UHVSRQVHV�GRFXPHQWHG�IRU�IDUPHG�
DQG�H[SHULPHQWDOO\�LQIHFWHG�GHHU��*ULIILQ�	�0DFNLQWRVK��������0RVW�DUH�ODUJHO\�XQDIIHFWHG��
ZLWK�LQIHFWLRQ�FRQILQHG�WR�D�IHZ�PLFURVFRSLF�RU�VPDOO�PDFURVFRSLF�OHVLRQV�WKDW�FRQWDLQ�IHZ�
EDFLOOL��$V�PRVW�ZLOG�GHHU�SRSXODWLRQV�DUH�UHJXODWHG�E\�KXQWLQJ��IHZ�GHHU�UHDFK�ROG�DJH��WKH�
DJH�ZKHQ�7E� LV�PRUH� OLNHO\� WR� UH�DFWLYDWH�DQG�SURJUHVV�DV� LQ�RWKHU� ORQJ�OLYHG�KRVWV�VXFK�DV�
KXPDQV���
(PSLULFDOO\��WKH�SUHYDOHQFH�RI�7E�LQ�GHHU�LV�SUHGLFWHG�PRVW�DFFXUDWHO\�E\�KRZ�ZLGHVSUHDG�7E�
LV� LQ� SRVVXPV� �)LJ�� ������ H[FHSW� WKDW� DQ\� FKDQJH� LQ� SUHYDOHQFH� LQ� GHHU� ZLOO� ODJ� QDWXUDO� RU�
FRQWURO�LQGXFHG� OHYHOV� RI� LQIHFWLRQ� LQ� SRVVXPV� E\� VHYHUDO� \HDUV�� %RWK� VH[HV� DUH� UHDGLO\�
LQIHFWHG� E\� SRVVXPV�� DQG� VKRZ� WKH� VDPH� JHQHUDO� SDWWHUQV� RI� SUHYDOHQFH�� EXW� ZLWK� VRPH�
HYLGHQFH�LQ�WKH�GDWD�WKDW�WKH�LQFLGHQFH�RI�LQIHFWLRQ�LQ�WKH�WKLUG��IRXUWK��DQG�ILIWK�\HDU�RI�OLIH�LV�
KLJKHU�LQ�PDOHV�WKDQ�LQ�IHPDOHV��)LJ��������LQ�ERWK�SRLVRQHG�DQG�XQSRLVRQHG�DUHDV��)LJ��������
/XJWRQ�HW�DO���������DQG�2¶%ULHQ�HW�DO���������ERWK�DOVR�QRWH�QRQ�VLJQLILFDQWO\�KLJKHU�VDPSOH�
SUHYDOHQFH� LQ� DGXOW� PDOHV�� ,� VXJJHVW� WKDW� WKLV� ODFN� RI� D� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFH�
EHWZHHQ�PDOHV�DQG�IHPDOHV�UHIOHFWV�D�EDODQFLQJ�RXW�RI�GLIIHUHQFHV�LQ�UDWHV�RI�7E�DFTXLVLWLRQ�
DQG� 7E� ORVV� WKURXJK� 7E�LQGXFHG� PRUWDOLW\�� GHDWK� IURP� RWKHU� FDXVHV�� DQG� FOHDUDQFH� RI�
LQIHFWLRQ��7KH�DSSDUHQWO\�D�KLJKHU�UDWH�RI�LQIHFWLRQ�LQ��±��\�ROG�PDOHV��ZKLFK�SUREDEO\�DULVHV�
EHFDXVH�WKH\�UDQJH�PRUH�ZLGHO\��PD\�EH�RIIVHW�E\�KLJKHU�UDWHV�RI�GLVHDVH�ORVV�LQ��±��\�ROG�
PDOHV�WKDW�DUH�REVFXUHG�E\�WKH�KLJK�GHDWK�UDWH�GXH�WR�KXQWLQJ��
5HJDUGOHVV� RI�ZKHWKHU� WKLV� LV� WUXH�� WKH� VH[HV� GR� GLIIHU� DV� KRVWV� EHFDXVH� IHPDOHV� OLYH�PXFK�
ORQJHU� �RQ� DYHUDJH�� WKDQ� GR� PDOHV� ZKLOH� PDOHV� UDQJH� PRUH� ZLGHO\� DQG� WHQG� WR� GLVSHUVH�
IXUWKHU��)HPDOHV� WKHUHIRUH�IXQFWLRQ�DV�D�PHGLXP�WHUP�UHVHUYRLU�RI�µUHVLGHQW¶� LQIHFWLRQ� WKDW�,�
KDYH� VKRZQ� HPSLULFDOO\� FDQ� SHUVLVW� IRU� DERXW� D� GHFDGH� DIWHU� SRVVXP� QXPEHUV� KDYH� EHHQ�
UHGXFHG� �)LJV�� ����� ������%HFDXVH� GHHU� XS� WR� ��� \� ROG�ZHUH� UHFRUGHG� LQ� WKLV� VWXG\�� WKHUH� LV�
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SRWHQWLDO�IRU�SHUVLVWHQFH�EH\RQG�D�GHFDGH��EXW�WKLV�ULVN�DSSHDUV�WR�EH�ODUJHO\�DWWHQXDWHG�E\�D�
VWHDG\�UDWH�RI�LQIHFWLRQ�ORVV�IURP�PDWXUH�IHPDOHV��������\����)LJ��������PDLQO\�WKURXJK�GLVHDVH�
UHVROXWLRQ��)LJ���������
7KH� SHUVLVWHQFH� RI� 7E� LQ� GHHU� FUHDWHV� D� VPDOO� ULVN� RI� WUDQVPLVVLRQ� EDFN� WR� SRVVXPV�� 7KLV�
FRQVWUDLQV�WKH�H[WHQW�WR�ZKLFK�WKH�GXUDWLRQ�RI�SRVVXP�FRQWURO�IRU�ORFDO�7E�HOLPLQDWLRQ�FDQ�EH�
UHGXFHG��(DUO\�FHVVDWLRQ�RI�FRQWURO�ZRXOG� ULVN� UHFRYHU\�RI� WKH�SRVVXP�SRSXODWLRQ� WR�DERYH�
WKH�7E�PDLQWHQDQFH�WKUHVKROG�EHIRUH�WKH�GLVHDVH�KDV�FRPSOHWHO\�JRQH�IURP�GHHU��2QH�SRVVLEOH�
H[DPSOH�RI�WKLV�ZDV�WKH�DSSDUHQW�SHUVLVWHQFH�RI�7E�DV�DQ�XQGHWHFWHG�VHOI�VXVWDLQLQJ�GLVHDVH�LQ�
D�KLJK�GHQVLW\�SRSXODWLRQ�RI�ZKLWH�WDLOHG�GHHU� LQ�0LFKLJDQ��86$��ZKLFK� HPHUJHG����\HDUV�
DIWHU� 7E�ZDV� HUDGLFDWHG� IURP� FDWWOH� �6FKPLWW� HW� DO�� ������2¶%ULHQ� HW� DO�� ������� ,Q� DQRWKHU�
SRVVLEOH�H[DPSOH��7E�UH�HPHUJHG�EULHIO\�RQ�WKH�LVODQG�RI�0RORNDL��+DZDLL�����\HDUV�DIWHU�DOO�
FDWWOH�ZHUH�UHPRYHG��86$+$��������7KH�OLIH�VSDQV�RI�WKH�RWKHU�WZR�SRWHQWLDO�EULGJLQJ�KRVWV�
�IHUDO� SLJV� DQG�PRQJRRVHV� �+HUSHV� DXURSXQFWDWXV�� DUH� VKRUW�� VR� ,� VSHFXODWH� WKDW� D[LV� GHHU�
�$[LV�D[LV��DUH�WKH�VSHFLHV�PRVW�OLNHO\�WR�KDYH�FDUULHG�WKH�GLVHDVH�XQGHWHFWHG�RYHU�WKH����\HDU�
JDS��
0DOHV� DUH� PXFK� PRUH� OLNHO\� WR� WUDQVSRUW� 7E� EHWZHHQ� DUHDV�� DQG� WR� IXQFWLRQ� DV� GLVSHUVLYH�
YHFWRUV�WKDW�HLWKHU�HVWDEOLVK�RU�UH�HVWDEOLVK�LQIHFWLRQ�LQ�7E�IUHH�DUHDV��$ERXW���±����RI�WKDW�
ULVN� LV� FRQILQHG� WR� ZLWKLQ� DERXW� �� NP� RI� WKH� VRXUFH� RI� LQIHFWLRQ� LQ� SRVVXPV� �)LJ�� ����� LQ�
IRUHVWHG� DUHDV�� EXW� VKLIWV� RI� XS� WR� ��� NP� KDYH� EHHQ� UHFRUGHG� LQ�1HZ�=HDODQG� �7DEOH� ������
0RVW�PDOHV�GLVSHUVH�ZHOO�EHIRUH� WKH\�EHFRPH� IXOO\�PDWXUH�DW�DERXW��±��\�RI�DJH� �&OXWWRQ�
%URFN�	�$OERQ�������DQG�IHZ�GHHU�LQ�KHDYLO\�KXQWHG�SRSXODWLRQV�VXUYLYH�PRUH�WKDQ���\HDUV�
DQ\ZD\��VR�WKH�ULVN�RI�ORQJ�GLVWDQFH�VSUHDG�E\�GHHU�LV�OLNHO\�IDOO�WR�QHDU�]HUR�ZLWKLQ���\HDUV�RI�
SRVVXP�FRQWURO�DW�WKH�7E�VRXUFH��HVSHFLDOO\�LI�VXFK�FRQWURO�DOVR�NLOOV�PRVW�\RXQJ�GHHU�SUHVHQW�
DW�WKH�WLPH��H�J��1XJHQW�	�<RFNQH\���������
,Q�VXPPDU\��WKLV�VWXG\�LQGLFDWHV�ZLOG�UHG�GHHU�LQ�1HZ�=HDODQG�DUH�QRW�PDLQWHQDQFH�KRVWV�IRU�
7E�DW�WKH�GHQVLWLHV�PRQLWRUHG��$OWKRXJK�WKRVH�GHQVLWLHV�ZHUH�QRW�PHDVXUHG�GLUHFWO\��1XJHQW�HW�
DO���������HVWLPDWH�GHHU�GHQVLWLHV�RI�����GHHU�NP���LQ�SDUW�RI�WKH�(+5�HTXDWHG�WR�SHOOHW�JURXS�
GHQVLWLHV� RI� DSSUR[LPDWHO\� ���� JURXSV� KD���� 8VLQJ� WKDW� DV� D� FDOLEUDWLRQ�� WKH� SHOOHW�JURXS�
GHQVLWLHV�UHFRUGHG�LQ�NLOO�VLWH�VXUYH\V�VXJJHVW�GHQVLWLHV�RI��±��GHHU�NP���IRU�+25��F����GHHU�
NP���IRU�85��F����GHHU�NP���IRU�(+5��DQG���GHHU�NP���IRU�:+5��*LYHQ�WKH�YHU\�ORZ�IRUFH�RI�
LQIHFWLRQ� REVHUYHG� LQ� SRVW�FRQWURO� GHHU� LQ� WKH� 85� DQG� (+5�� ,� LQIHU� WKDW� WKH� PDLQWHQDQFH�
WKUHVKROG�IRU�7E�PDLQWHQDQFH�LQ�ZLOG�UHG�GHHU�LQ�1HZ�=HDODQG�LV�ZHOO�DERYH�WKHVH�GHQVLWLHV��
,Q� OLQH�ZLWK� WKDW��ZH� GLG� QRW� GHWHFW�7E� LQ� D� VDPSOH� RI� IDOORZ�GHHU� LQ� WKH�%OXH�0RXQWDLQV��
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2WDJR��ZKHUH�GHQVLWLHV�H[FHHGHG����GHHU�NP����HYHQ�WKRXJK�7E�KDG�SUHYLRXVO\�EHHQ�UHSRUWHG�
IURP�GHHU�DQG�SRVVXPV�LQ�WKH�VDPH�DUHD��1XJHQW�	�<RFNQH\��������,Q�FRQWUDVW��D�WZR�IDFWRU�
UHJUHVVLRQ�PRGHO��+LFNOLQJ�������LQGLFDWHV�WKDW��LQ�WKH�DEVHQFH�RI�VXSSOHPHQWDO�IHHGLQJ��WKH�
7E�PDLQWHQDQFH�WKUHVKROG�IRU�ZLOG�ZKLWH�WDLOHG�GHHU�LQ�0LFKLJDQ�LV�DERXW����GHHU�NP����DQG�
HON� �ZDSLWL�� DUH� LPSOLFDWHG� DV� WKH� XQGHUO\LQJ� UHVHUYRLU� RI� LQIHFWLRQ� DW� 5LGLQJ� 0RXQWDLQ��
&DQDGD��GHVSLWH�EHLQJ�DW�YHU\�ORZ�GHQVLWLHV�����NP���� WKHUH��6��7HVVDUR��SHUV��FRPP����7KLV�
DSSDUHQW� GLIIHUHQFH� LQ� PDLQWHQDQFH� WKUHVKROG� EHWZHHQ� ZKDW� VKRXOG� EH� YHU\� VLPLODU� KRVWV�
VXJJHVWV�VRPH�IXQGDPHQWDO�GLIIHUHQFH�LQ�GHHU�WUDQVPLVVLRQ�UDWHV�UHODWHG�WR�ORFDO�HFRORJ\��

����6RXUFHV�DQG�URXWHV�RI�LQIHFWLRQ�LQ�GHHU�
7KH�SRWHQWLDO� VRXUFHV�RI� LQIHFWLRQ� IRU�ZLOG�GHHU� DUH� FDWWOH�� IHUUHWV�� SLJV�DQG�SRVVXPV��0RVW�
LQIHFWHG�GHHU�LQ�WKLV�VWXG\�ZHUH�NLOOHG�ZHOO�DZD\�IURP�IDUPODQG��7KH\�ZRXOG�WKHUHIRUH�KDYH�
KDG�OLWWOH�RU�QR�RSSRUWXQLW\�WR�LQWHUDFW�ZLWK�IHUUHWV�RU�OLYHVWRFN��HOLPLQDWLQJ�WKRVH�VSHFLHV�DV�
WKH� PDMRU� VRXUFH� RI� LQIHFWLRQ�� 0DLQWDLQLQJ� UHGXFHG� SRVVXP� GHQVLWLHV� LQ� WKH� (+5� ZLWKRXW�
JUHDWO\�UHGXFLQJ�GHHU�DQG�SLJ�GHQVLWLHV��&ROHPDQ�HW�DO��������HYHQWXDOO\�HOLPLQDWHG�LQIHFWLRQ�
LQ�GHHU��&K������LQGLFDWLQJ�WKDW�SRVVXPV��QRW�SLJV�RU�RWKHU�ZLOG�GHHU��DUH�WKH�PDLQ�VRXUFH�RI�
LQIHFWLRQ�IRU�GHHU��
7KH�SULPDU\�URXWH�RI�LQIHFWLRQ�LQ�ZLOG�1HZ�=HDODQG�UHG�GHHU�DSSHDUV�WR�EH�RUDO��XVXDOO\�YLD�
WKH� WRQVLOV� EXW� RFFDVLRQDOO\� E\� LQKDODWLRQ� RU� SRVVLEO\� SHUFXWDQHRXVO\� YLD� WKH� IHHW� �&K�� ����
,QKDODWLRQ� LV� WKRXJKW� WR� EH� RI� OHVVHU� LPSRUWDQFH�� EHFDXVH� WKRUDFLF� OHVLRQV� ZHUH� UHODWLYHO\�
XQFRPPRQ�LQ� WKLV�VWXG\��7DEOHV�����������������DQG�FDQ�DULVH�VHFRQGDULO\�IROORZLQJ�WRQVLOODU�
LQIHFWLRQ��
)ROORZLQJ�WKH�H[SHULPHQWDO��0DFNLQWRVK�HW�DO��������DQG�ILHOG�VWXGLHV��/XJWRQ�������WKDW�ILUVW�
IRFXVHG�DWWHQWLRQ�RQ� WKH� WRQVLOV�� VXEVHTXHQW� LQYHVWLJDWLRQV� OHDYH� OLWWOH�GRXEW� WKDW� WKH� WRQVLOV�
DUH� WKH� SULPDU\� SRUW� RI� HQWU\� LQ� ERWK� ZLOG� DQG� IDUPHG� GHHU�� (DUO\�VWDJH� LQIHFWLRQ� LV� PRVW�
IUHTXHQWO\� IRXQG� LQ� WKH� WRQVLOV�RU� LQ� WKH� UHWURSKDU\QJHDO� O\PSK�QRGHV� WKDW�GUDLQ� WKH� WRQVLOV�
�+DWKDZD\�HW�DO��������/XJWRQ�HW�DO��������3DOPHU�HW�DO������EF��WKLV�VWXG\��DQG�H[SHULPHQWDO�
LQRFXODWLRQ�RI�WKH�WRQVLOV�SURGXFHV�D�SDWWHUQ�RI�LQIHFWLRQ�LQGLVWLQJXLVKDEOH�IURP�WKDW�SURGXFHG�
E\�QDWXUDO� LQIHFWLRQ��0DFNLQWRVK�HW�DO��������3DOPHU�HW�DO������D���/XJWRQ��������GHVFULEHV�
WKH�WRQVLOV�DV�DQ�µLPPXQRORJLFDOO\�SULYLOHJHG¶�VLWH�DQG�VXJJHVW�WKDW�WKH\�FDSWXUH�DQG�SUHVHQW�
EDFLOOL� WR� WKH� LPPXQH� V\VWHP� ZLWKRXW� QHFHVVDULO\� LQLWLDWLQJ� WXEHUFOH� GHYHORSPHQW�� DQG� WKH�
FRQWHQWV� RI� EXUVW� OHVLRQV� DQG� HYHQ� LQIHFWHG� FHOOV�PD\� VRPHWLPHV�EH� UHOHDVHG� LQWR� WKH� FU\SW�
OXPHQ��WHPSRUDULO\�FUHDWLQJ�LQIHFWLRQ�WKDW�LV�HIIHFWLYHO\�H[RJHQRXV�EXW�ZLWKLQ�WKH�ERG\��7KH�
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UHJXODU� WUDQVIHU� RI� IOXLG� EHWZHHQ� WKH� RUDO� FDYLW\� DQG� WKH� OXPHQV� RI� WRQVLOODU� FU\SWV� GXULQJ�
PDVWLFDWLRQ�LV�WKXV�WKRXJKW�WR�SURYLGH�ERWK�DQ�LQIHFWLRQ�DQG�H[FUHWLRQ�URXWH���
7RQVLOODU� LQIHFWLRQ� PD\� RFFXU� ZKHQ� WKH� DQLPDO� LV� HDWLQJ�� GULQNLQJ�� OLFNLQJ�� PX]]OLQJ� RU�
JURRPLQJ��0DFNLQWRVK�HW�DO���������)RU�ZLOG�GHHU��LW�FDQQRW�EH�E\�HDWLQJ�RU�PXWXDO�JURRPLQJ��
EHFDXVH� IDZQV� DUH� QRW� DIIHFWHG�� DQG� LQIHFWLRQV� RI� WKH� SDURWLG� O\PSK� QRGHV� WKDW� GUDLQ� WKH�
PX]]OH� DUH� UDUH�� ,� FRQFOXGH� WKDW�� E\� GHIDXOW�� WKH� PDLQ� URXWH� PXVW� EH� OLFNLQJ� �&K�� ����
,QWXLWLYHO\�� HYHQ� D� IHZ� EDFLOOL� LQJHVWHG� WKURXJK� OLFNLQJ� ZRXOG� RFFXU� DW� PXFK� KLJKHU�
FRQFHQWUDWLRQ�WKDQ�LI�WKH\�ZHUH�LQJHVWHG�ZLWK�EXON�IRRG��SHUKDSV�VLPLODU�WR�WKH�FRQFHQWUDWLRQV�
RI� EDFLOOL� WKDW� RFFXUUHG� LQ� XQSDVWHXULVHG� PLON� ZKLFK� KLVWRULFDOO\� JDYH� ULVH� WR� ZLGHVSUHDG�
FHUYLFDO�LQIHFWLRQV�LQ�FKLOGUHQ��DQG�DOVR�LQ�GRPHVWLF�SLJV�IHG�VXFK�PLON��KHQFH�WKH�XVH�RI�WKH�
WHUP�VFURIXOD�WR�GHVFULEH�VXFK�OHVLRQV���3DWHUVRQ�	�0RUULV��������GHVFULEH�H[WHQVLYH�OLFNLQJ�
RI�VHGDWHG�SRVVXPV�E\�FDWWOH��DQG�6DXWHU�	�0RUULV������D��DQG�%ODFN�HW�DO���������GHVFULEH�
HYHQ� VWURQJHU� LQWHUDFWLRQ� EHWZHHQ� GHHU� DQG� DOSDFD�� UHVSHFWLYHO\�� DQG� VHGDWHG� SRVVXPV��
GHPRQVWUDWLQJ�ZKDW�VHHPV�WKH�PRVW�OLNHO\�URXWH�RI�LQIHFWLRQ�IURP�OLYH�SRVVXPV��
,Q�&K�����,�VKRZ�TXDOLWDWLYHO\�WKDW�VFDYHQJLQJ�RI�LQIHFWHG�FDUULRQ�E\�RWKHU�VSHFLHV��HVSHFLDOO\�
VPDOO�PDPPDOV� DQG� ELUGV�� LV� OLNHO\� WR� LQFUHDVH� WKH� DYDLODELOLW\� RI� LQIHFWLYH�PDWHULDO�ZLWKLQ�
VXFK� FDUFDVVHV� WR� UXPLQDQWV� �PDLQO\� FDWWOH� LQ� WKLV� VWXG\��)LJ�� ���� ��ZKHQ� WKH\�RFFDVLRQDOO\�
LQYHVWLJDWH��WRXFK��DQG�HYHQ�OLFN�VXFK�FDUULRQ��&DUULRQ�FDQ�FRQWDLQ�YLDEOH�0��ERYLV�IRU�PRUH�
WKDQ� D� PRQWK� LQ� ZLQWHU�� DQG�� LQ� FRQWUDVW� WR� 3DWHUVRQ� DQG� 0RUULV� �������� ,� FRQVLGHU� SRVW�
PRUWHP� WUDQVPLVVLRQ� IURP� SRVVXPV�PD\� EH� D� PRGHUDWHO\� LPSRUWDQW� URXWH� RI� LQIHFWLRQ� IRU�
ZLOG�GHHU�DQG�OLYHVWRFN��HVSHFLDOO\�ZKHQ�RWKHU�VPDOO�VFDYHQJHUV�KDYH�RSHQHG�XS�WKH�SRVVXP�
FDUFDVVHV�� )HUUHW�WR�GHHU� WUDQVPLVVLRQ� E\� HLWKHU�PHFKDQLVP� DSSHDUV� IDU� OHVV� OLNHO\� EHFDXVH�
GHHU�DUH� OHVV� LQFOLQHG� WR� LQYHVWLJDWH� IHUUHW�FDUFDVVHV� �6DXWHU�	�0RUULV�����D��DQG� ,� VXVSHFW�
WKDW�WKH\�ZRXOG�DOVR�EH�OHVV�LQFOLQHG�WR�LQYHVWLJDWH�SLJ�FDUFDVVHV���
7KH�JHQHUDO�VLPLODULW\�RI�OHVLRQ�GLVWULEXWLRQ�EHWZHHQ�ZLOG�GHHU�LQ�1HZ�=HDODQG�DQG�ZLOG�GHHU�
RYHUVHDV�VXJJHVWV�OLFNLQJ�LV�DOVR�WKH�PDLQ�PHFKDQLVP�LQ�GHHU�JHQHUDOO\��GHVSLWH�WKH�DEVHQFH�
RI� SRVVXPV��/XJWRQ� HW� DO�� ������� DQG�/XJWRQ� ������� VXJJHVWV� WKDW�� D� IHZ� µVXSHU� H[FUHWRUV¶�
DVLGH�� PRVW� VKHGGLQJ� E\� GHHU� LV� IURP� WKH� WRQVLOV�� ,I� VR�� WKHQ� OLFNLQJ� DOVR� SURYLGHV� D�
PHFKDQLVP�IRU�H[FUHWLRQ�RI�WRQVLOODU�EDFLOOL�IURP�GHHU��%ODFN�HW�DO���������GHVFULEH�D�VHGDWHG�
SRVVXP� EHLQJ� VRDNHG� DIWHU� H[WHQVLYH� OLFNLQJ� E\� DOSDFD�� ,� K\SRWKHVLVH� WKDW� PRXWKLQJ� DQG�
OLFNLQJ� RI� VKDUHG� IRRG� VRXUFHV� �SDUWLFXODUO\�ZKHQ� IRRG� LV� IUR]HQ�� LV� WKH� NH\�PHFKDQLVP�RI�
GLVHDVH� WUDQVIHU�� QRW� MXVW� IRU� ZLOG� GHHU� EXW� IRU� ORZ�GHQVLW\� RXWGRRU� UXPLQDQW� SRSXODWLRQV�
JHQHUDOO\��,Q�0LFKLJDQ��WKHUH�LV�VWURQJ�HYLGHQFH�WKDW�H[WHQVLYH�IHHGLQJ�RI�GHHU�ZLWK�ODUJH�SLOHV�
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RI�FRQFHQWUDWHV�VXFK�DV�EHHWV�LV�D�NH\�IDFWRU�LQ�7E�WUDQVPLVVLRQ�WKHUH��+LFNOLQJ�������0LOOHU�
HW� DO�� ������� ZKLOH� LQ� &DQDGD� WKH� ORZ� GHQVLW\� RI� LQIHFWHG� HON� WKHUH� FRPPRQO\� IHHG�
VHTXHQWLDOO\�RQ�ODUJH�VQRZ�FRYHUHG�EDOHV�RI�KD\�OHIW�LQ�WKH�ILHOGV�RYHU�ZLQWHU��E\�µEXUURZLQJ¶�
WKHLU�QRVHV�LQWR�WKH�EDOHV�DW�WKH�VDPH�SODFH�DV�WKH�SUHFHGLQJ�HON��6��7HVVDUR��SHUV��FRPP�����
,Q� DSSO\LQJ� WKLV� FRQFOXVLRQ� WR� UXPLQDQWV� JHQHUDOO\�� ,� K\SRWKHVLVH� WKDW� RUDO� WUDQVPLVVLRQ��
HVSHFLDOO\� E\� OLFNLQJ� DQG� PRXWKLQJ� RI� VKDUHG� IHHGV�� PD\� H[SODLQ� WKH� GLIIHUHQFH� LQ� OHVLRQ�
GLVWULEXWLRQ�EHWZHHQ�FDWWOH�KRXVHG� LQGRRUV�RU� LQ�FORVH�GDLO\�FRQWDFW�ZLWK�HDFK�RWKHU� �ZKLFK�
KDYH� D� SUHGRPLQDQFH� RI� WKRUDFLF� �UHVSLUDWRU\�� LQYROYHPHQW�� DQG� WKRVH� JUD]HG� PXFK� PRUH�
H[WHQVLYHO\�RXWGRRUV� �ZKLFK�KDYH�PXFK�PRUH�KHDG� LQYROYHPHQW��2¶5HLOO\�	�'DERUQ�������
*ULIILQ�	�0DFNLQWRVK���������,�DUJXH�WKDW�7E�LQ�ZLOGOLIH�DQG�H[WHQVLYHO\�JUD]HG�OLYHVWRFN�LV�
SULPDULO\�D�UHVXOW�RI�D�ORZ�UDWH�RI�RUDO�LQIHFWLRQ��ZLWK�WKH�UHVSLUDWRU\�URXWH�DGGLQJ�WR�WKLV�EXW�
GRPLQDWLQJ�RQO\�LQ�FRQILQHG�VSDFHV�RU�ZKHUH�FOXVWHULQJ�LQ�ODUJH�JURXSV��KHUGLQJ��LV�FRPPRQ���

����3DWKRJHQHVLV�DQG�HIIHFW�RI�7E�LQ�GHHU��

������3DWKRJHQHVLV�
2YHUDOO��IRU�WKH�ZLOG�GHHU�LQ�WKLV�VWXG\��7E�ZDV�PRVWO\�QRW�D�UHVSLUDWRU\�GLVHDVH�EXW�SULPDULO\�
RQH�RI�WKH�O\PSKDWLF�V\VWHP��DQG�WKH�KHDG�LQ�SDUWLFXODU��2QO\����RI����FXOWXUH�SRVLWLYH�GHHU�
ZLWK�VLQJOH�OHVLRQV�KDG�OXQJ�LQIHFWLRQ��7KLV�LV�OLNHO\�WR�EH�DQ�XQGHUHVWLPDWH�LI�OXQJ�LQIHFWLRQ�
UHVXOWV�LQ�PRUH�SURJUHVVLYH�DQG�UDSLGO\�IDWDO�GLVHDVH��EXW�HYHQ�WDNLQJ�WKDW�SRWHQWLDO�ELDV�LQWR�
DFFRXQW��KHDG�RQO\�LQIHFWLRQ�SUHGRPLQDWHV��7DEOH��������
7KHUH�ZDV�QR�FRQVLVWHQW�SDWWHUQ�RI�LQFUHDVLQJ�JHQHUDOLVDWLRQ�RI�GLVHDVH�ZLWK�DJH��DQG�LQ�+25��
WKH�VHYHULW\�RI�LQIHFWLRQ�GHFOLQHG�ZLWK�DJH��7KHUH�LV�D�VXJJHVWLRQ�LQ�WKH�GDWD�WKDW�GLVHDVH�ZDV�
PRUH� VHYHUH� LQ� WKH�:+5�ZKHUH� WKH� IRUFH� RI� LQIHFWLRQ� IURP� SRVVXPV�ZDV� KLJKHVW�� LPSOLHV�
GLVHDVH�SURJUHVVLRQ�ZDV�EHLQJ�KDVWHQHG�E\�PXOWLSOH�LQIHFWLRXV�LQWHUDFWLRQV�ZLWK�SRVVXPV���
,Q�VXVFHSWLEOH�GHHU��RU�WKRVH�IDFHG�ZLWK�D�KLJK�FKDOOHQJH���WKH�GLVHDVH�SURJUHVVHV�PRGHUDWHO\�
TXLFNO\��SRVVLEOH�RYHU�DERXW�D�\HDU��EXW�PRVWO\�WKH�GLVHDVH�DSSHDUV�WR�SURJUHVV�PRUH�VORZO\�
WKDQ� WKDW� RU� QRW� DW� DOO�� /HVV� VXVFHSWLEOH� GHHU� RU� WKRVH� IDFHG� ZLWK� RQO\� D� VPDOO� LQIHFWLRXV�
FKDOOHQJH�DSSHDU�DEOH�WR�VXUYLYH�IRU�PDQ\�\HDUV�ZLWK�QR�YLVLEOH�OHVLRQV��)RU�PRVW�GHHU��DV�LQ�
ODWHQWO\� LQIHFWHG� KXPDQV�� EHLQJ� LQIHFWHG� DSSHDUV� WR� KDYH� OLWWOH� VKRUW�� RU� PHGLXP�WHUP�
FRQVHTXHQFH��
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������(IIHFW�RQ�GHHU�
7E� HLWKHU� KDV� QR� HIIHFW� RQ� GHHU��PDNHV� WKHP� OHVV� VXVFHSWLEOH� WR� IXWXUH� FKDOOHQJHV�� RU� NLOOV�
WKHP�� ,Q�PDQ\� GHHU� WKH� GLVHDVH� KDV� OLWWOH� FKDQFH� WR� SURJUHVV� EHIRUH� WKH� GHHU� LV� NLOOHG�� )RU�
WKRVH�WKDW�GR�VXUYLYH�WKH�KXQWHUV��WKH�LQGLFDWLRQV�IURP�WKLV�VWXG\�LV�WKDW�GHHU�WKDW�GR�QRW�GLH�
ZLWKLQ�D�\HDU�RU�WZR�RI�EHFRPLQJ�LQIHFWHG�DUH�PRUH�OLNHO\�WR�RYHUFRPH�WKH�GLVHDVH�UDWKHU�WKDQ�
GLH�RI�LW��,�IRXQG�OLWWOH�HYLGHQFH�LQGLFDWLQJ�WKDW�7E�LQGXFHG�PRUWDOLW\�KDV�DQ\�ODUJH�HIIHFW��EXW�
PXFK�FOHDUHU�HYLGHQFH�VXSSRUWLQJ�UHVROXWLRQ�RI�LQIHFWLRQ���)LJV�������������,�VSHFXODWH�WKDW�7E�
LQGXFHG�PRUWDOLW\�PRVWO\�DIIHFWV�WKH��±����RI�GHHU�WKDW�DUH�KLJKO\�VXVFHSWLEOH�WR�7E��*ULIILQ�
	�0DFNLQWRVK�������DQG�WKDW�ZKHQ�WKHVH�EHFRPH�LQIHFWHG�GXULQJ�WKH�ILUVW��±��\HDUV�RI� OLIH�
WKH\� GLH� D� \HDU� RU� VR� ODWHU�� 7KH� FRQVLVWHQW� GLSV� LQ� SUHYDOHQFH� IRU� ERWK� VH[HV�� DQG� LQ� ERWK�
SRLVRQHG�DQG�XQSRLVRQHG�DUHDV��EHWZHHQ��±��\�RI�DJH��)LJ�������PD\�UHIOHFW�WKLV��
,�FRQFOXGH�WKDW�WKH�UDWH�RI�GLVHDVH�LQGXFHG�PRUWDOLW\�LQ�GHHU�LV�JUHDWHU�WKDQ�]HUR��EXW�SUREDEO\�
OHVV� WKDQ����S�D��� DQG� WKHUHIRUH�� E\� VXEWUDFWLRQ�� WKDW� WKH� UDWH�RI� UHFRYHU\� IURP� LQIHFWLRQ� LQ�
PDWXUH� IHPDOHV�� DW� OHDVW�� LV� RI� WKH� RUGHU� RI� ���� S�D�� 7KH� WUXH� �UDWKHU� WKDQ� QHW�� IRUFH� RI�
LQIHFWLRQ� FDQ�EH� HVWLPDWHG�E\� DGGLQJ� WKH�QHW� IRUFH�RI� LQIHFWLRQ� FDOFXODWHG� IURP�FXPXODWLYH�
DJH�VSHFLILF�SUHYDOHQFHV��)LJV�����������DQG�WKH�UDWH�RI�LQIHFWLRQ�ORVV��,W�YDULHV�IURP�QHDU�]HUR�
LQ� IDZQV� WR�����±�����\��� �GHSHQGLQJ�RQ�DUHD��GXULQJ� WKH�ILUVW� IHZ�PRQWKV�RI� LQGHSHQGHQFH�
�)LJ��������7KH�DQQXDO� ULVN�DIWHU� WKDW� LV�KDOI� WR� WZR�WKLUGV� ORZHU� IRU� WKH�QH[W��±��\HDUV��DQG�
WKHQ�DSSHDUV� WR�GHFOLQH�LQWR�ROG�DJH��PRUH�VORZO\� LQ�IHPDOHV��SUHVXPDEO\�SDUWO\�EHFDXVH�RI�
WKH� DFFXPXODWLRQ� RI� PRGHUDWHO\� LPPXQH� �UHFRYHUHG�� GHHU�� EXW� DOVR� SRVVLEO\� EHFDXVH� RI� D�
GHFUHDVLQJ�LQWHUHVW�LQ�VLFN��µDEHUUDQW�¶�SRVVXPV���
7KH� DSSDUHQW� UHVLVWDQFH� WR� GLVHDVH� SURJUHVVLRQ� VKRZHG� E\� +25� GHHU� �WZR�WKLUGV� 19/� FI��
RQH�ILIWK�RI�1RUWK�,VODQG�GHHU��7DEOH������LV�FLUFXPVWDQWLDO�HYLGHQFH�WKDW�VHOHFWLYH�PRUWDOLW\�RI�
GHHU�WKHUH�KDV�UHVXOWHG�LQ�D�7E�UHVLVWDQW�SRSXODWLRQ��SDUDOOHOLQJ�WKH�H[SHULPHQWDO�GHYHORSPHQW�
RI�UHVLVWDQW�GHHU��0DFNLQWRVK�HW�DO��������DQG�DV�D�UHVXOW�RI�LQWHQVLYH�FXOOLQJ�EDVHG�RQ�WHVWLQJ�
�*ULIILQ�HW�DO���������7KH�LPSOLFDWLRQ�LV�WKDW�KLVWRULFDOO\�WKH�IRUFH�RI�LQIHFWLRQ��DQG�WKHUHIRUH�
7E�LQGXFHG� PRUWDOLW\�� PXVW� KDYH� EHHQ� KLJK� DW� VRPH� VWDJH�� ZKLFK� ILWV� ZLWK� WKH� H[WUHPH�
SUHYDOHQFH�������UHSRUWHG�LQ�SRVVXPV�WKHUH�LQ�������&ROHPDQ�HW�DO���������,I�WKLV�LQIHUHQFH�
LV�FRUUHFW��WKLV�SRSXODWLRQ�SURYLGHV�DQ�DOUHDG\�H[WDQW�VWUDLQ�RI�UHVLVWDQW�GHHU��
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����7UDQVPLVVLRQ�IURP�ZLOG�GHHU��
)DUPHG�GHHU�KDYH�RFFDVLRQDOO\�LQIHFWHG�FDWWOH�LQ�1HZ�=HDODQG��+HQQHVVH\��������*HQHUDOO\��
KRZHYHU�� WUDQVPLVVLRQ� WR� SRVVXPV� DQG� RWKHU� KHUELYRUHV� �LQFOXGLQJ� OLYHVWRFN�� YLD� GLUHFW�
LQWHUDFWLRQ�� VKDUHG� IRRGVWXIIV�� RU� HQYLURQPHQWDO� FRQWDPLQDWLRQ� LV� OLNHO\� WR� EH� UDUH� EHFDXVH�
WUDQVPLVVLRQ� WR� RWKHU� GHHU� E\� WKHVH� PHFKDQLVPV� LV� UDUH� �&K�� ��� ���� ,Q� FRQWUDVW�� D� KLJK�
SHUFHQWDJH�RI�GHDG�GHHU� WKDW�DUH�QRW� UHPRYHG�E\�KXQWHUV�DUH� OLNHO\� WR�EH�VFDYHQJHG�E\�7E�
KRVW�VSHFLHV��&K������VR�SRVW�PRUWHP�WUDQVPLVVLRQ�DSSHDUV�OLNHO\�WR�EH�DQ�LPSRUWDQW�URXWH�RI�
LQWHU�VSHFLHV� WUDQVPLVVLRQ�IURP�LQIHFWHG�ZLOG�GHHU��0DQ\�GLIIHUHQW�7E�KRVW�VSHFLHV�FDQ�IHHG�
RQ�D�VLQJOH�FDUFDVV��DQG�SLJV�DQG�IHUUHWV�FDQ�IHHG�WRJHWKHU�LQ�ODUJH�IDPLO\�JURXSV��'HHU�WKDW�
GLH� RI� JHQHUDOLVHG� 7E� LQ� ZLQWHU� ZLOO� FRQWDLQ� D� ODUJH� DQG� ORQJ�ODVWLQJ� YROXPH� RI� LQIHFWLYH�
PDWHULDO� WKDW� LV� WKHUHIRUH� FDSDEOH� RI� LQIHFWLQJ�PDQ\� VXFK� VFDYHQJHUV��$PSOLILFDWLRQ� RI� WKH�
QXPEHU�RI�LQIHFWHG�ZLOGOLIH�KRVWV�LV�WKHUHIRUH�OLNHO\�ZKHUHYHU�VFDYHQJHUV�DUH�FRPPRQ�DQG�DW�
OHDVW�RQH�RI�WKH�VFDYHQJLQJ�VSHFLHV�LV�FDSDEOH�RI�RSHQLQJ�XS�WKH�GHHU�FDUFDVV�LI�WKDW�KDV�QRW�
DOUHDG\�EHHQ�GRQH�E\�KXQWHUV��7KH�ULVN�LV�JUHDWHVW�IRU�UHJXODU�VFDYHQJHUV��'HHU�WKHUHIRUH�DFW�
DV� OLQN� KRVWV� EHWZHHQ� SRVVXPV� DQG� VXFK� VFDYHQJHUV��7KLV� OLQN�KRVW� UROH�ZLWKLQ� D� FKDLQ� RI�
LQWHU�VSHFLHV�WUDQVPLVVLRQ�LV�� LQWXLWLYHO\��RI�PLQRU�FRQVHTXHQFH�ZKHUH�LW�FRPSOHPHQWV�GLUHFW�
SRVVXP�WR�VFDYHQJHU� WUDQVPLVVLRQ��EXW�ZLOO� EH� IDU�PRUH� HSLGHPLRORJLFDOO\� LPSRUWDQW�ZKHUH�
GHHU�FDUU\�WKH�GLVHDVH�WKURXJK�VSDFH�RU�WLPH�WR�7E�IUHH�DUHDV��6HFWLRQ�������
%\�FRQILUPLQJ�WKDW�SRVVXPV�DUH�VRPHWLPHV�µSDUW�WLPH¶�VFDYHQJHUV�DV�ZHOO�DV�KHUELYRUHV��WKLV�
VWXG\�GHPRQVWUDWHV� WKH�SODXVLELOLW\�RI�GHHU�WR�SRVVXP� WUDQVPLVVLRQ�E\� WKLV� URXWH��7KH�ZHDN�
HYLGHQFH�WKDW�SRVVXPV�SUHIHU�GHHU�FDUULRQ�FRPSDUHG�WR�WKDW�RI�SLJV�RU�IHUUHWV�OHQGV�ZHLJKW�WR�
WKH�VXJJHVWLRQ�WKDW�SRVVXPV�ZHUH�ILUVW�LQIHFWHG�E\�GHHU��0RUULV�	�3IHLIIHU��������&RQVLVWHQW�
ZLWK� WKLV�� DOPRVW� DOO� RI� WKH� ODUJHVW� DQG� HDUO\� DUHDV�ZLWK� LQIHFWLRQ� LQ�ZLOGOLIH�ZHUH� LQ� DUHDV�
RFFXSLHG�E\�GHHU��ZLWK�IHZ�LQ�DUHDV�RFFXSLHG�E\�SLJV�RU�IHUUHWV�DORQH��7KH�VWURQJ�FRLQFLGHQFH�
EHWZHHQ�WKH�VXGGHQ�ZLGHVSUHDG�HPHUJHQFH�RI�7E�LQ�SRVVXPV�ZLWKLQ�D�GHFDGH�RI�WKH�DGYHQW�RI�
FRPPHUFLDO�GHHU�KXQWLQJ�OHDGV�WR�WKH�K\SRWKHVLV�WKDW�1HZ�=HDODQG¶V�ZLOGOLIH�7E�SUREOHP�ZDV�
DQ�XQIRUWXQDWH�FRQVHTXHQFH�RI�WKH�QHZ�SUDFWLFH�LQ�WKH�����V�RI�GHFDSLWDWLQJ�GHHU�LQ�WKH�ILHOG�
EHIRUH�UHPRYLQJ�FDUFDVVHV� IRU�FRPPHUFLDO�VDOH��7KH�ULVN�RI�SRVW�PRUWHP�WUDQVPLVVLRQ�IURP�
GHHU�LV�QRZ�PXFK�DWWHQXDWHG��&K�������
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����'LVSHUVDO�DQG�GHWHFWLRQ�RI�7E�E\�GHHU�

������'HHU�DV�VSUHDGHUV�RI�7E�
0DOH�GHHU�DUH�OLNHO\�WR�FDUU\�7E�ZHOO�RXWVLGH�95$V�WKURXJK�QDWXUDO�GLVSHUVDO��7KDW�ULVN�PD\�
EH�JUHDWO\�DPSOLILHG�E\�WKH�WUDQVSRUW�RI�ZKROH�FDUFDVVHV�E\�KXQWHUV��3UREDELOLVWLF�PRGHOOLQJ�
RI� GLVSHUVDO� �1XJHQW� HW� DO�� ����E�� VXJJHVWHG� VRPH� WHQV� RI� LQIHFWHG� LQGLYLGXDOV� HDFK� \HDU�
ZRXOG�FDUU\�7E�PRUH�WKDQ����NP�IURP�WKH��������NP���95$�PRGHOOHG���
7KH�ULVN�WR�SRVVXPV�SRVHG�E\�LQIHFWHG�GLVSHUVHUV�LV�XQFOHDU��$OPRVW�D�TXDUWHU�RI�LQIHFWHG�GHHU�
FDUFDVVHV�ZHUH�HQFRXQWHUHG�DQG�VFDYHQJHG�E\�SRVVXPV�LQ�WKLV�VWXG\��&K������D�SURSRUWLRQ�WKDW�
LV� OLNHO\� WR� EH� IDU� KLJKHU� ZKHUH� SRVVXPV� DUH� XQFRQWUROOHG� DQG� DW� KLJK� GHQVLW\�� 7KH� NH\�
XQNQRZQ� LV� WKH� SURSRUWLRQ� RI� VFDYHQJLQJ� SRVVXPV� WKDW� EHFRPH� LQIHFWHG� SHU� LQIHFWHG� GHHU�
FDUFDVV��+RZHYHU��LI�RQO\�����RI�VXFK�LQWHUDFWLRQV�UHVXOWHG�LQ�SRVVXP�LQIHFWLRQ��1XJHQW�HW�DO��
�����E��FDOFXODWH�WKDW�WKLV�LV�OLNHO\�WR�WUDQVODWH�LQWR�RQH�QHZ�ORQJ�GLVWDQFH��!���NP��RXWEUHDN�
HYHU\���\HDUV�IRU�D�K\SRWKHWLFDO��������NP���95$�HQWLUHO\�VXUURXQGHG�E\�GHHU�KDELWDW��,W� LV�
XQFOHDU� ZKHWKHU� WKLV� KDV� EHHQ� DQ� LPSRUWDQW� DGGLWLRQ� WR� WKH� VSUHDG� RI� 7E� E\� GLVSHUVLQJ�
SRVVXPV�WKHPVHOYHV���
'HHU�FDQ�DOVR�WUDQVSRUW�7E�IURP�DQ�XQFRQWUROOHG�µGHHS�IRUHVW¶�VRXUFH�RI�LQIHFWHG�SRVVXPV�WR�
IDUPODQG�� HLWKHU� GLUHFWO\� WKURXJK� WKHLU� RZQ� GLVSHUVDO�� RU� DV� D� OLQN� ZLWKLQ� D� SRVVXP�GHHU�
SLJ�IHUUHW�IHUUHW�OLYHVWRFN�SRVVXP� VHULHV� RI� LQWHU�VSHFLHV� FKDLQV�� ,I� IHUUHWV� EHFRPH� LQIHFWHG�
IURP� GHHU� FDUULRQ� DQG� WKHQ� SDVV� 7E� RQ� WR� FDWWOH�� WKLV� FRXOG� H[SODLQ� VSRUDGLF� LVRODWHG�
EUHDNGRZQV� LQ� FDWWOH� DQG� GHHU� KHUGV�ZLWKLQ� ODUJH� DUHDV� RI� IDUPODQG�ZLWK� YHU\� ORZ�SRVVXP�
GHQVLWLHV���

������'HHU�DV�VHQWLQHOV�RI�7E�
'HHU�DUH�SRWHQWLDOO\�XVHIXO�DV�VHQWLQHOV�IRU�GHWHFWLQJ�YHU\�ORZ�OHYHOV�RI�7E�LQ�SRVVXPV�RYHU�
H[WUHPHO\�ODUJH�DUHDV��EHFDXVH�WKH����±�����WLPHV�JUHDWHU�VFDOH�RI�GHHU�PRYHPHQWV�LQFUHDVHV�
WKH�VSDWLDO�GHWHFWDELOLW\�RI�DQ\�IRFXV�RI�LQIHFWLRQ��+RZHYHU��WKH�VHQVLWLYLW\�RI�GHHU�DV�VHQWLQHOV�
LV�ORZ�EHFDXVH�WKHUH�LV�RQO\�DERXW�D����FKDQFH�RI�DQ�LQGLYLGXDO�GHHU�EHFRPLQJ�LQIHFWHG�ZKHQ�
LW�LV�FRQWLQXRXVO\�H[SRVHG�WR�D�VLQJOH�LQIHFWHG�SRVVXP�ZLWKLQ�LWV�KRPH�UDQJH��&K������3LJV�DQG�
IHUUHWV�DUH�DOPRVW�HTXDOO\�ZLGH�UDQJLQJ��LI�QRW�PRUH�VR��DQG�DV�VFDYHQJHUV�DUH�IDU�PRUH�OLNHO\�
WR� EHFRPH� LQIHFWHG� WKDQ� GHHU�� PDNLQJ� SLJV� XS� WR� ���� WLPHV� PRUH� VHQVLWLYH� DV� VHQWLQHOV��
)DUPHG�FDWWOH�DQG�GHHU�DUH� OLNHO\� WR�EH�PRUH� VLPLODU� WR�ZLOG�GHHU� WKDQ� WR�SLJV�RU� IHUUHWV�DV�
VHQWLQHOV��
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8OWLPDWHO\��WKH�ORFDO�XWLOLW\�RI�DQ\�VSHFLHV�DV�D�VHQWLQHO�ZLOO�GHSHQG�RQ�WKH�FRVW�RI�REWDLQLQJ�
HDFK� VHQWLQHO� DV�ZHOO� DV� LWV� GHWHFWLRQ� VHQVLWLYLW\�� )RU� VPDOO� IRUHVWHG� DUHDV�� GLUHFW� VXUYH\� RI�
SRVVXPV�ZLOO�XVXDOO\�EH�PRVW� FRVW� HIIHFWLYH��ZKLOH�RQ� IDUPODQG� WKH� ORZ�SHU� DQLPDO� FRVW�RI�
VNLQ�WHVWLQJ�ZLOO�IDYRXU�OLYHVWRFN��)RU�ODUJH�IRUHVW�DUHDV��SLJV�VKRXOG�EH�WKH�SUHIHUUHG�VHQWLQHOV�
XQOHVV�WKH\�DUH�UDUH�DQG�GHHU�DUH�DEXQGDQW��&K������

����7KH�HSLGHPLRORJ\�RI�7E�LQ�SRVVXPV�
7KLV� VWXG\� KDV� UDLVHG� VRPH� QHZ� SRVVLELOLWLHV� IRU� WUDQVPLVVLRQ� URXWHV� EHWZHHQ� SRVVXPV�� ,�
VXJJHVW� ILUVW� WKDW�� DV� LQ�ZLOG�GHHU�� DLUERUQH� WUDQVPLVVLRQ�EHWZHHQ� OLYH�DGXOW�SRVVXPV�RFFXUV�
RQO\� UDUHO\� RXWGRRUV�� ,W� VHOGRP� RFFXUUHG� LQ� VRPH� SHQ� WULDOV�ZLWK� FDSWLYH� SRVVXPV�� GHVSLWH�
H[WUHPH�GHQVLWLHV��&RUQHU�HW�DO���������DQG�ZLOG�SRVVXPV�DUH�HVVHQWLDOO\�VROLWDU\��:DUG�������
3DWHUVRQ�HW� DO�� ������'D\� HW� DO�� �������1R� FORVH� FRQWDFW� RI� DQ\� VRUW� RFFXUUHG�EHWZHHQ� OLYH�
SRVVXPV� LQ� WKLV� VWXG\� GXULQJ� WKH� ��� KRXUV�ZLOG� SRVVXPV�ZHUH� REVHUYHG� �&K�� ����$LUERUQH�
WUDQVPLVVLRQ�PD\�DFFRXQW�IRU�VRPH�SVHXGRYHUWLFDO�WUDQVPLVVLRQ��EXW�\RXQJ�SRVVXPV�LQIHFWHG�
WKLV�ZD\�VHHP�OLNHO\�WR�GLH�TXLFNO\��%XGGOH�HW�DO��������&RUQHU�HW�DO����������
,�K\SRWKHVLVH�WKDW��L��GHDG�SRVVXPV�DUH�IDU�PRUH�HIIHFWLYHO\�LQIHFWLRXV�WKDQ�OLYH�RQHV��DQG��LL��
WKDW� SRVW�PRUWHP� WUDQVPLVVLRQ� RI� 7E� WR� ERWK� MXYHQLOHV� DQG� DGXOWV� RI� ERWK� VH[HV� RFFXUV�
UHJXODUO\�� ,Q� &K�� ��� ,� FRQFOXGH� WKDW� WKHUH� PXVW� EH� VRPH� DV�\HW�XQGHWHFWHG� URXWH� RI�
SHUFXWDQHRXV� WUDQVPLVVLRQ� YLD� WKH� OLPEV� RU� SDZV� WR� DFFRXQW� IRU� WKH� KLJK� IUHTXHQF\� RI�
LQIHFWLRQ�LQ�SHULSKHUDO� O\PSK�QRGHV� LQ�ZLOG�SRVVXPV��3RVW�PRUWHP�WUDQVPLVVLRQ� LV� OLNHO\� WR�
EH�PRVW� IUHTXHQW� LQ�ZLQWHU�ZKHQ� FDUFDVVHV� ODVW� WKH� ORQJHVW� �&K�� ���� )HPDOHV� DQG� MXYHQLOHV�
VHHNLQJ� D� KLJK�HQHUJ\� DQG�RU� SURWHLQ� VRXUFH� IRU� ODFWDWLRQ� RU� JURZWK� GXULQJ�ZLQWHU�PD\� EH�
PRUH�DW�ULVN�LI�FDQQLEDOLVP�LV�DQ�LPSRUWDQW�URXWH�RI�WUDQVPLVVLRQ��3RVW�PRUWHP�WUDQVPLVVLRQ�
DV�D�UHVXOW�RI�FDQQLEDOLVP�LV�OLNH�WR�EH�GHQVLW\�GHSHQGHQW���
3RVW�PRUWHP� WUDQVPLVVLRQ� PD\� EH� PRUH� IUHTXHQW� ZKHUH� VPDOO�ERGLHG� µSDWK�PDNHU¶�
VFDYHQJHUV� VXFK� DV� KDZNV�� ZHND�� IHUUHWV�� FDWV�� DQG� VWRDWV� RSHQ� XS� WKH� FDUFDVV� DQG� VSUHDG�
LQIHFWLYH� PDWHULDO� RYHU� LWV� VXUIDFH�� 7KLV� PD\� EH� SDUWLFXODUO\� LPSRUWDQW� ZKHUH� WKH� GHDG�
SRVVXPV� DOUHDG\� KDYH� RSHQLQJV� LQ� WKH� VNLQ� LQ� WKH� IRUP� RI� VXSSXUDWLQJ� VLQXVHV� IURP� 7E�
OHVLRQV��+LJK�LQIHFWLRQ�UDWHV�LQ�SRVVXPV�DW�IRUHVW�HGJHV�PD\��IRU�H[DPSOH��UHIOHFW�HDV\�DFFHVV�
WR�FDUFDVVHV�IRU�KDZNV��DQG�WKH�LQYROYHPHQW�RI�ZHND�PD\�KHOS�H[SODLQ�WKH�SHUVLVWHQFH�RI�7E�
LQ�ORZ�GHQVLW\�SRVVXP�SRSXODWLRQV�RQ�WKH�:HVW�&RDVW��$OWHUQDWLYHO\��WKH�:HVW�&RDVW�SDWWHUQ�
PD\�UHIOHFW� ODUJHU�VFDOH�PRYHPHQWV�RI�SRVVXPV� WKHUH��&RZDQ�	�&ORXW������� UHVXOWLQJ� LQ�D�
JUHDWHU�QXPEHU�RI�SRVVXPV�EHLQJ�H[SRVHG�WR�HDFK�LQIHFWLYH�FDUFDVV��
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0DOHV�PD\�DOVR�EHFRPH�LQIHFWHG�LQ�WKH�PDWLQJ�VHDVRQ�DV�D�UHVXOW�RI�DWWDFNV�RQ�LQIHFWHG�PDOHV�
WKDW�DUH�VWLOO�VHHQ�DV�SRWHQWLDO�FRPSHWLWRUV�IRU�PDWHV�GHVSLWH� WKHLU�EHLQJ�GHDG�RU�G\LQJ��7KLV�
PD\�DOVR�H[WHQG�WR�LQFOXGH�SHUL��DQG�SRVW�PRUWHP�FRSXODWLRQ�ZLWK�GHELOLWDWHG�RU�GHDG�LQIHFWHG�
IHPDOHV��&K�����$SSHQGL[�����7KLV�PD\�H[SODLQ�WKH�KLJKHU�OHYHOV�RI�LQIHFWLRQ�LQ�DGXOW�PDOHV�
RIWHQ�REVHUYHG��&K�����&ROHPDQ�	�&DOH\��������1HXWHULQJ�PDOHV�UHGXFHV� LQIHFWLRQ�UDWHV� LQ�
WKDW� VH[� E\� DERXW� KDOI� �'�� 5DPVH\�� XQSXEOLVKHG� GDWD��� $OWKRXJK� PDWLQJ�UHODWHG�� VXFK�
EHKDYLRXU�VHHPV�XQOLNHO\�WR�EH�IUHTXHQF\�GHSHQGHQW��EHFDXVH�,�SUHVXPH�PDOHV�ZRXOG�QRW�EH�
GULYHQ� WR� VHHN� RXW� FRPSHWLWRUV� ZLWK� TXLWH� WKH� VDPH� HQWKXVLDVP� ZLWK� ZKLFK� WKH\� VHHN� RXW�
PDWHV���
2QH� FRQVHTXHQFH� RI� DQ� DXWXPQ�ZLQWHU� SHDN� LQ� WUDQVPLVVLRQ�ZRXOG� EH� D� ODWH�ZLQWHU� ±HDUO\�
VXPPHU� SHDN� LQ� WKH� DSSHDUDQFH� RI� PDFURVFRSLF� OHVLRQV�� DV� QRWHG� E\� /XJWRQ� ������� LQ� D�
ORQJLWXGLQDO�VWXG\�DW�&DVWOHSRLQW��:DLUDUDSD��%HFDXVH�WKH�HQHUJ\�DQG�QXWULHQW�UHTXLUHPHQWV�RI�
SRVVXPV�� PDWLQJ�GULYHQ� DJJUHVVLRQ� EHWZHHQ� SRVVXPV�� DQG� WKH� SHUVLVWHQFH� RI� LQIHFWLYH�
FDUFDVVHV� DUH� DOO� OLNHO\� WR� EH� ORZHU� LQ� VXPPHU�� WUDQVPLVVLRQ� IURP�SRVVXPV� WKDW� GLH� LQ� WKDW�
VHDVRQ� LV� K\SRWKHVLVHG� WR� EH�PXFK� ORZHU� WKDQ� LQ�ZLQWHU��$V� D� UHVXOW�� RQO\� D� SURSRUWLRQ� RI�
LQIHFWHG�SRVVXPV�HYHQWXDOO\�SDVV�RQ�7E��3HUVLVWHQFH�RI� WKH�GLVHDVH�ZRXOG� WKHUHIRUH� UHTXLUH�
WKRVH� WKDW� GR� WUDQVPLW� 7E� WR� LQIHFW� VHYHUDO� RWKHU� SRVVXPV� �L�H�� EHFRPH� µVXSHU� LQIHFWRUV¶���
UHVXOWLQJ�LQ�DQQXDO�RXWEUHDNV�RI�LQIHFWLRQ�LQ�KRPH�UDQJH�VL]HG�FOXVWHUV��H�J��WKH�ILYH�SRVVXP�
FOXVWHU�DW�WKH�NLOO�VLWH�RI�GHHU��)2����LQ�WKH�:+5��&K�������
,�K\SRWKHVLVH�WKDW�LQ�DUHDV�VXFK�DV�WKH�:+5��ZKHUH�WKH�KDELWDW�LV�UHODWLYHO\�XQLIRUP�DQG�WKH�
GHQVLW\� RI� SRVVXPV� LV� PRGHUDWH�� WKLV� FOXVWHULQJ� RI� LQIHFWLRQ� PD\� RIWHQ� OHDG� WR� WKH� ORFDO�
HOLPLQDWLRQ� RI� SRVVXPV�� 7KLV� SRVVLELOLW\� LV� VXJJHVWHG� E\� WKH� FRPSOHWH� DEVHQFH� RI� WUDSSHG�
SRVVXPV�DORQJ�����P�RI�WUDQVHFW�VRXWK�RI�D�FOXVWHU�RI�WKUHH�LQIHFWHG�SRVVXPV�DW�WKH�NLOO�VLWH�RI�
GHHU��)2����� ,I�VR�� WKH�GLVHDVH�FDQ�RQO\�SHUVLVW�E\�VSUHDGLQJ� WR�SRVVXPV� LQ�DGMDFHQW�KRPH�
UDQJHV��RU�E\�GLVSHUVDO�RI�LQIHFWHG�MXYHQLOHV��$OWHUQDWLYHO\��7E�PD\�SHUVLVW�DW�D�VLWH�LI�RQH�RI�
WKH�LQIHFWHG�SRVVXPV�LV�DEOH�WR�VXUYLYH�IRU�VHYHUDO�\HDUV�ZLWK�D�ORZ�OHYHO�RI�ODWHQW�RU�GRUPDQW�
LQIHFWLRQ��7KLV�ZRXOG�DOORZ�WLPH�IRU�WKH�QXPEHU�RI�XQLQIHFWHG�VXVFHSWLEOH�SRVVXPV�WR�UHEXLOG�
WKURXJK�LPPLJUDWLRQ�DQG�UHSURGXFWLRQ��ZLWK�7E�WUDQVPLVVLRQ�EHLQJ�UHQHZHG�ZKHQ�GLVHDVH�LQ�
WKH�LQIHFWHG�SRVVXP�LV�UHDFWLYDWHG�LQ�ROG�DJH�RU�E\�VWUHVV���
$OWHUQDWLYHO\��VRPH�FOXVWHUV�PD\�VLPSO\�IDGH�RXW� LI�DOO� WKH�SRVVXPV�GLH�RYHU�VXPPHU��6XFK�
IDGH�RXW� LV� OLNHO\� WR� EH� KLJKHU� ZKHUH� SLJV� DUH� FRPPRQ� DQG� TXLFNO\� UHPRYH� DQ\� LQIHFWHG�
FDUFDVVHV�HQWLUHO\��)DGH�RXW�ZRXOG�QRW�RFFXU�DV�UHDGLO\�LQ�DUHDV�WKDW�DWWUDFW�GLVSHUVHUV��ZKLFK�
ZRXOG� UHVWRFN� WKH� SRRO� RI� VXVFHSWLEOH� SRVVXPV�� JLYLQJ� ULVH� WR� WKH� µKRW�VSRW¶� SKHQRPHQRQ��
7KLV�PD\�H[SODLQ�WKH�SHUVLVWHQFH�RI�LQIHFWLRQ�DORQJ�D�IRUHVW�HGJH�RQ�WKH�:HVW�&RDVW��&ROHPDQ�
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HW�DO���������DV�SRVVXPV� WHQG� WR� UHFRORQLVH� WKHVH�KDELWDWV�TXLFNO\��*UHHQ�	�&ROHPDQ�������
�������7KH�WHPSRUDO�SHUVLVWHQFH�RI�VXFK�KRW�VSRWV�ZLOO�EH�IXUWKHU�HQKDQFHG�LI�WKH�LPPLJUDQWV�
EULQJ�7E�ZLWK�WKHP��H�J��&RUQHU�HW�DO������E����
,� VXJJHVW� WKLV� VSHFXODWLYH� V\QWKHVLV� HQFRPSDVVHV� PDQ\� RI� HSLGHPLRORJLFDO� SDWWHUQV� LQ� 7E�
LQIHFWHG�SRVVXP�SRSXODWLRQV�WKDW�KDYH�ORQJ�EHHQ�GLIILFXOW� WR�HQFDSVXODWH�LQ�PRGHOV��%DUORZ�
������&DOH\�LQ�SUHVV���

����,PSOLFDWLRQV�

������0DQDJHPHQW�
'HHU��$V�VSLOORYHU�KRVWV��ZLOG�GHHU�LQ�1HZ�=HDODQG�GR�QRW�QHHG�WR�EH�FRQWUROOHG�WR�HUDGLFDWH�
7E�IURP�ZLOGOLIH��SURYLGHG�SRVVXP�GHQVLWLHV�DUH�KHOG�EHORZ�WKH�7E�PDLQWHQDQFH�WKUHVKROG�IRU�
DW�OHDVW�D�GHFDGH��5HGXFLQJ�GHHU�GHQVLWLHV�ZRXOG�QRW�JUHDWO\�VKRUWHQ�WKH�GXUDWLRQ�RI�WKH�ULVN�RI�
SRWHQWLDO�UH�HVWDEOLVKPHQW�WKDW�GHHU�SRVH��XQOHVV�WKH�UHGXFWLRQ�LV�FORVH�WR�������EHFDXVH�WKHUH�
ZLOO�DOZD\V�EH�VRPH�FKDQFH�WKDW�DW�OHDVW�RQH�VXUYLYRU�ZRXOG�UHPDLQ�LQIHFWHG��8QOHVV�LW�FDQ�EH�
GRQH�FKHDSO\��GHHU�FRQWURO�DSSHDUV�XQOLNHO\�WR�EH�ZRUWKZKLOH�JLYHQ�WKDW�LW�LV�OLNHO\�WR�SURYRNH�
KXQWHU�RSSRVLWLRQ�WR�SRVVXP�FRQWURO��&ROH��������
7KH�FRQVWUDLQW�RQ�HDUO\�FHVVDWLRQ�RI�SRVVXP�FRQWURO�LV�SUREDEO\�PRUH�WKHRUHWLFDO�WKDQ�UHDO��DV�
IHZ� ODUJH� ORQJ�LQIHFWHG� DUHDV� VHHP� OLNHO\� WR� EH� GHFODUHG� 7E�IUHH� ZLWKLQ� ��� \HDUV� RI� WKH�
LQLWLDWLRQ�RI�SRVVXP�FRQWURO��,Q�DGGLWLRQ��WKH�SRVVXP�GHQVLWLHV�QRZ�URXWLQHO\�DFKLHYHG�DUH�VR�
ORZ������VWDQGDUG�7&,��DSSUR[LPDWHO\�����SRVVXPV�KD��WKDW�WKH�SRSXODWLRQ�ZRXOG�QRW�H[FHHG�
WKH� 7E�PDLQWHQDQFH� WKUHVKROG� IRU� VHYHUDO� \HDUV� DIWHU� FRQWURO� VWRSSHG�� ,I� DFKLHYLQJ� ����
FRQILGHQFH� WKDW� 7E� KDV� EHHQ� HUDGLFDWHG� IURP� FHQWUDO� 1RUWK� ,VODQG� IRUHVWV�� IRU� H[DPSOH��
UHTXLUHV�WKDW�SRVVXP�SRSXODWLRQV�EH�KHOG�EHORZ���7&,��)LJ��������IRU����\HDUV��KROGLQJ�WKH�
SRVVXP�SRSXODWLRQV�EHORZ����IRU���\HDUV�ZRXOG�NHHS�WKH�SRSXODWLRQ�EHORZ�WKLV�WKUHVKROG�IRU�
ZKROH�RI�WKH�UHTXLVLWH�GHFDGH��
�7KHUH�DUH�WZR�RSWLRQV�IRU�UHGXFLQJ�WKH�ULVN�RI�7E�VSUHDG�E\�GHHU���L��UHGXFLQJ�GHHU�GHQVLW\�
ZLWKLQ�95$V� RU� �LL�� UHGXFWLRQ� RI� WKH� SRVVXP� GHQVLW\� LPPHGLDWHO\� RXWVLGH� WKH�95$��0RVW�
GLVSHUVHUV�DUH�OLNHO\�WR�OHDYH�IURP�ZLWKLQ����NP�RI�WKH�95$�ERXQGDU\�VR�GHHU�FRQWURO�WKHUH�
ZRXOG� KDYH� WKH� JUHDWHVW� LPSDFW� RQ� WKLV� ULVN�� 7KH� ZLGWK� RI� SRVVXP�FRQWURO� EXIIHUV� QHHGHG�
DURXQG�95$V� WR� SUHYHQW�7E� VSUHDG� E\� GHHU� LV�� LQ� WKH� H[WUHPH�� DERXW� ��� NP�� EXW� WKH� MRLQW�
SUREDELOLW\�RI� D�GHHU�EHFRPLQJ� LQIHFWHG�� WKHQ�PRYLQJ����NP�GLUHFWO\�DZD\� IURP� WKH�95$��
WKHQ�LQIHFWLQJ�SRVVXPV��LV�QHJOLJLEOH��3UDJPDWLFDOO\��WKH�DFWXDO�JHRJUDSKLF�OLPLWV�RI�LQIHFWLRQ�
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LQ�SRVVXPV�DUH�QHYHU�NQRZQ�ZLWK�SUHFLVLRQ��DQG�PDQDJHUV�WHQG�WR�LPSRVH�EXIIHUV�RI�DERXW����
NP��ZKLFK�ZLOO�HQFRPSDVV�DOPRVW�DOO�GLVSHUVDO�E\�LQIHFWHG�GHHU�DQ\ZD\��HVSHFLDOO\�VLQFH�WKH�
SUHYDOHQFH�RI�7E�LQ�SRVVXPV�DQG�GHHU�DW�WKH�7E�IURQW�ZLOO�LQHYLWDEO\�EH�YHU\�ORZ��
,�FRQFOXGH�GHHU�FRQWURO�LV�QRW�URXWLQHO\�UHTXLUHG�WR�HUDGLFDWH�7E��,W�PD\�VRPHWLPHV�EH�RI�XVH�
LQ�TXLFNO\�UHGXFLQJ�VSRUDGLF�EUHDNGRZQV�LQ�OLYHVWRFN�RQ�DGMDFHQW�IDUPODQG��DQG��ZKHUH�GHHU�
DUH�DW�KLJK�GHQVLWLHV�QHDU�WKH�PDUJLQV�RI�LQIHFWHG�DUHDV��GHHU�FRQWURO�ZRXOG�UHGXFH�WKH�ULVN�RI�
VSUHDG�VRPHZKDW���
3RVVXPV��)LJ�������ZRXOG�DSSHDU�WR�EH�PRVWO\�JRRG�QHZV�IRU�WKH�PDQDJHUV�RI�7E��,W�VXJJHVWV�
WKDW�WKH�VLQJOH�SRLVRQLQJ�RSHUDWLRQV�LQ������ZHUH�VXIILFLHQW�WR�GULYH�GHWHFWDEOH�7E�RXW�RI�WKH�
WZR� µGHHS�IRUHVW¶� 1RUWK� LVODQG� SRSXODWLRQV� ZLWKLQ� �±�� \HDUV�� 7KLV� PDWFKHV� WKH� HPSLULFDO�
RXWFRPH� REVHUYHG� RQ� IDUPODQG� DW� +RKRWDND� WR� WKH� VRXWKZHVW� RI� WKH� +DXKXQJDURD� 5DQJH�
ZKHUH�DQQXDO�JURXQG�EDVHG�FRQWURO�ZDV�DSSOLHG�UDWKHU�WKDQ�SHULRGLF�DHULDO�SRLVRQLQJ��&DOH\�
HW�DO���������$V�LQ�WKDW�VWXG\��7E�SHUVLVWHG�ORQJHVW�LQ�(+5�SRVVXPV�ZKHUH�SDWFKHV�RI�KDELWDW�
ZHUH��HIIHFWLYHO\��QRW�WUHDWHG�DW�DOO��7KH�SRWHQWLDOO\�EDG�QHZV�LQ�)LJ�������LV�WKDW�HOLPLQDWLRQ�
RI� 7E� IURP� WKH� +RFKVWHWWHU� DQG� 2PRWR� IRUHVWV� DSSHDUV� OLNHO\� WR� EH� IDU� PRUH� FKDOOHQJLQJ��
HVSHFLDOO\�LQ�OLJKW�RI�WKH�ILQGLQJV�RI�D�����SUHYDOHQFH�DW�H[WUHPH�ORZ�GHQVLWLHV�RI�SRVVXPV�
�&ROHPDQ�	�)UDVHU���������

������5HVHDUFK�
'HHU�DQG�7E��7KHUH�UHPDLQ�VRPH�PDMRU�XQFHUWDLQWLHV�LQ�RXU�FXUUHQW�XQGHUVWDQGLQJ�RI�7E�LQ�
GHHU��
•� 7KH�LPSDFW�RI�WKH�GLVHDVH�RQ�QDWXUDOO\�LQIHFWHG�ZLOG�GHHU��7KLV�VWXG\�VXJJHVWV�7E�LQGXFHG�

PRUWDOLW\�UDWHV�DUH�ORZ��DW�OHDVW�LQ�PDWXUH�IHPDOHV��\HW�VXFK�PRUWDOLW\�FOHDUO\�RFFXUV�HYHQ�
LQ�\RXQJ�GHHU��$OWKRXJK�ERWK�UHVROXWLRQ�DQG�PRUWDOLW\�FRQWULEXWH�WR�WKH�ORVV�RI�LQIHFWLRQ�
IURP�GHHU��WKH�HSLGHPLRORJLFDO�FRQVHTXHQFHV�DUH�TXLWH�GLIIHUHQW�DV�WKH�IRUPHU�LV�OLNHO\�WR�
EXLOG�XS�D�SRRO�RI�UHVLVWDQW�VXUYLYRUV�WKDW�UHGXFHV�WKH�ULVN�RI�LQIHFWLRQ�DW�WKH�SRSXODWLRQ�
OHYHO��ZKHUHDV�PRUWDOLW\�GRHV�QRW��

•� 7KH�URXWH�RI�LQIHFWLRQ�LQ�ZLOG�GHHU�SRSXODWLRQV��DQG�LQ�ORZ�GHQVLW\�UXPLQDQW�SRSXODWLRQV�
JHQHUDOO\�� QHHGV� FODULI\LQJ�� &RQILUPDWLRQ� RI� D� URXWH� LQYROYLQJ� VKDULQJ� RI� IRRG�
FRQFHQWUDWHV�KDV� LPSOLFDWLRQV� IRU�7E�FRQWURO� LQ�0LFKLJDQ��&DQDGD��DQG�SUREDEO\�DOVR� LQ�
,UHODQG��,��2¶%R\OH��SHUV��FRPP����
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•� 7KH� UDWH� RI� SRVW�PRUWHP� WUDQVPLVVLRQ� RI�7E� IURP� GHHU� WR� SRVVXPV�� ,� KDYH� LGHQWLILHG� D�
SRWHQWLDO�PHFKDQLVP�RI� WUDQVPLVVLRQ�� DQG� GHILQHG� WKH� WHPSRUDO� DQG� VSDWLDO� VFDOH� RI� WKH�
UHVLGXDO� ULVN� SRVHG� E\� D� SRVW�SRVVXP�FRQWURO� UHVHUYRLU� RI� LQIHFWLRQ� LQ� GHHU�� EXW� WKH�
LPSRUWDQFH� RI� WKDW� WKHRUHWLFDO� ULVN� GHSHQGV� XOWLPDWHO\� RQ� WKH� XQNQRZQ� UDWH� DW� ZKLFK�
VFDYHQJLQJ�UHVXOWV�LQ�WUDQVPLVVLRQ�

7E� WUDQVPLVVLRQ� SDWKZD\V� LQ� D� ZLOGOLIH� FRPSOH[�� $OWKRXJK� VRPHZKDW� LQFLGHQWDO� WR� WKH�
RULJLQDO�DLPV�RI�WKLV�WKHVLV��WKH�UHVHDUFK�KDV�VXJJHVWHG�QHZ�IDFHWV�WR�WKH�7E�HSLGHPLRORJ\�LQ�
SRVVXPV� �6HFWLRQ� ����� WKDW� PD\� ZHOO� EH� LPSRUWDQW� LQ� GHWHUPLQLQJ� KRZ� HDVLO\� 7E� FDQ� EH�
HUDGLFDWHG�IURP�ZLOGOLIH��
7KH� SRVVLELOLW\� RI� LQWHU�VSHFLHV� FKDLQV� RI� WUDQVPLVVLRQ� LQYROYLQJ� WKUHH� RU� PRUH� VSHFLHV�
FRQWULEXWLQJ� WR� ORFDO� RU� ORQJ�GLVWDQFH� GLVHDVH� LV� SODXVLEOH�� EXW� QHHGV� TXDQWLILFDWLRQ� LI�
PDQDJHUV�DUH�WR�FRUUHFWO\�WDUJHW�WKHLU�UHVSRQVHV�DW�WKH�VRXUFH�RI�WKH�SUREOHP�UDWKHU�WKDQ�DW�LWV�
WUDQVLWRU\�ILQDO�RXWFRPH���
3RVVXPV��,Q�6HFWLRQ������,�HIIHFWLYHO\�H[SDQG�WKH�µWUDQVPLVVLRQ�DW�GHDWK¶�DUJXPHQW�EHOLHYHG�WR�
H[SODLQ� WUDQVPLVVLRQ�IURP�SRVVXPV� WR� OLYHVWRFN��3DWHUVRQ�	�0RUULV�������6DXWHU�	�0RUULV�
����D�� %ODFN� HW� DO�� ������ WR� LQFOXGH� SRVVXPV� WKHPVHOYHV�� 6RPH� NH\�� DQG� UHDGLO\� WHVWDEOH��
SUHGLFWLRQV�DUH� WKDW� �L��KHDOWK\�SRVVXPV� LQWHUDFW� H[WHQVLYHO\�ZLWK�GHDG�DQG�G\LQJ�SRVVXPV��
�LL��SHUFXWDQHRXV�LQIHFWLRQ�FDQ�RFFXU�ZKHQ�SRVVXPV�µKDQGOH¶�OHVLRQ�FRQWHQWV�ZLWK�WKHLU�SDZV��
�LLL��WUDQVPLVVLRQ�RFFXUV�PRUH�UHDGLO\�ZKHQ�RWKHU�VFDYHQJHUV�DUH�DOVR�LQYROYHG���
�
������7KHRU\�
7KHUH�DUH�QR�SXEOLVKHG�PXOWL�VSHFLHV�PRGHOV� IRU�7E� LQ�1HZ�=HDODQG�ZLOGOLIH��DQG�HYHQ� WKH�
H[LVWLQJ�SRVVXP�7E�PRGHOV�DUH�HLWKHU�SRRU�SUHGLFWRUV�RI�RXWFRPHV��RU�DUH� µULJKW�EXW�IRU� WKH�
ZURQJ�UHDVRQV¶��&DOH\�LQ�SUHVV���7KH�ZHDOWK�RI�PRGHOV�UHIOHFWV�WKH�UHODWLYH�HDVH�ZLWK�ZKLFK�
WKHRU\� DQG� VLPXODWLRQV� FDQ� EH� GHYHORSHG� FRPSDUHG� WR� WKH� GLIILFXOWLHV� RI� HPSLULFDOO\�
PHDVXULQJ� ODUJH�VFDOH� HSLGHPLRORJLFDO� SKHQRPHQD��$V� DQ� H[DPSOH�� WKH� SRVVXP�7E� PRGHO�
PRVW�ZLGHO\�UHIHUUHG�WR��%DUORZ�����D�E��������DVVXPHV�WKDW�FORVHQHVV�WR�FDUU\LQJ�FDSDFLW\��
UDWKHU�WKDQ�GHQVLW\�SHU�VH��GHWHUPLQHV�WUDQVPLVVLRQ�UDWHV�LQ�SRVVXPV��EDVHG�ODUJHO\�RQ�WKH�ODFN�
RI�HYLGHQFH�IRU�DQ\�UHODWLRQVKLS�EHWZHHQ�SUHYDOHQFH�DQG�ORFDO�SRVVXP�GHQVLW\�LQ�WKH�����±���
+DXKXQJDURD�5DQJH�VXUYH\�UHSRUWHG�E\�3IHLIIHU�HW�DO����������+RZHYHU��WKLV�VWXG\�LQGLFDWHV�
WKDW�GHVSLWH�GHPRQVWUDWLQJ�WKH�VDPH�ODFN�RI�D�UHODWLRQVKLS�DW�VPDOO�VSDWLDO�VFDOHV��WKHUH�ZDV�D�
VWURQJ�UHODWLRQVKLS�EHWZHHQ�SRVVXP�GHQVLW\�DQG�WKH�SUHYDOHQFH�RI�7E�LQ�SRVVXPV�ZKHQ�WKHVH�
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SDUDPHWHUV�ZHUH� HVWLPDWHG� DW� ODQGVFDSH� VFDOHV��1HZ�PRGHOV� DUH�QHHGHG� WR� DFFRXQW� IRU� WKLV�
GLIIHUHQFH��
,Q�DGGLWLRQ��LI�HOHPHQWV�RI�WKH�VSHFXODWLYH�V\QWKHVLV�RI�LGHDV�LQ�6HFWLRQ�����DUH�YDOLG��PRGHOV�
RI�7E�PD\�DOVR�QHHG�WR�DFFRXQW�IRU��
�L�� 6SDWLDO� DJJUHJDWLRQ� RI� GLVHDVH� WKURXJK� VSDWLDO� YDULDWLRQ� LQ� WKH� GLVHDVH� WUDQVPLVVLRQ�

FRHIILFLHQW��GHSHQGLQJ�RQ�WKH�SUHVHQFH�RI�SDWK�PDNHU�VFDYHQJHUV��WKH�VFDOH�DQG�UDWH�RI�
KRPH� UDQJH� XWLOLVDWLRQ� E\� SRVVXPV�� DQG� WKH� SDWWHUQV� RI� VHWWOHPHQW� E\� GLVSHUVLQJ�
MXYHQLOHV��DQG�RU�DV�D�UHVXOW�RI�PRVW�WUDQVPLVVLRQ�EHLQJ�E\�D�IHZ�µVXSHU�LQIHFWRUV¶��

�LL�� $UHD�ZLGH�VXSSUHVVLRQ�RI�WKH�SRVVXP�SRSXODWLRQ�ZKHUH�SDWK�PDNHU�GHQVLWLHV�DUH�KLJK��
�LLL�� /RZ� EXW� LQFUHDVLQJ� LQIHFWLRXVQHVV� LQ� LQIHFWHG� SRVVXPV� VSDQQLQJ� DERXW� D� \HDU�� WKDW�

LQFUHDVHV�GUDPDWLFDOO\�LQ�WKH�IHZ�GD\V�EHIRUH�GHDWK�DQG�WKHQ�GHFOLQHV�VORZO\�RYHU��±��
ZHHNV�DIWHU�GHDWK�LQ�ZLQWHU��EXW�YHU\�TXLFNO\�LQ�VXPPHU��

�LY�� )UHTXHQW�IDGH�RXW�RI�LQIHFWHG�FOXVWHUV��VRPHWLPHV�ZLWK�UH�HVWDEOLVKPHQW�IURP�ODWHQWO\�
LQIHFWHG�UHVLGHQWV��LPPLJUDQWV��RU��RFFDVLRQDOO\��IURP�GHHU��

7R�FRQFOXGH��WKH�ORQJ�HVWDEOLVKHG�EHOLHI�WKDW�ERYLQH�7E�LV�SULPDULO\�D�UHVSLUDWRU\�GLVHDVH��DQG�
WKDW�WUDQVPLVVLRQ�RI�LQIHFWLRQ�ZLWKLQ�DQG�EHWZHHQ�VSHFLHV�LV�PDLQO\�E\�WKH�DLUERUQH�URXWH��LV�
VWURQJ� �H�J��2¶5HLOO\�	�'DERUQ� ������� +RZHYHU�� WKLV� VWXG\� VWUHQJWKHQV� SUHYLRXV� HYLGHQFH�
SRLQWLQJ� WR� RUDO� WUDQVPLVVLRQ� EHLQJ� LPSRUWDQW� LQ� GHHU�� DQG�� ,� LQIHU�� SUREDEO\� LQ� RWKHU�
µRXWGRRUV¶�KHUELYRUHV�DV�ZHOO��,�DOVR�VXJJHVW�WKDW�SRVW�PRUWHP�WUDQVPLVVLRQ�LV�SRVVLEO\�D�IDU�
PRUH� LPSRUWDQW� URXWH�RI� LQIHFWLRQ� IRU�ZLOGOLIH� WKDQ� LV� FRPPRQO\�SHUFHLYHG��7KH� VWXG\�DOVR�
GHPRQVWUDWHV� WKH� QHHG� WR� FRPELQH� DQ� H[SHULPHQWDO� DSSURDFK� ZLWK� SDWLHQW� TXDQWLWDWLYH�
REVHUYDWLRQ� DQG� OHVV� ULJRURXV� µQDWXUDO� KLVWRU\¶� LQ� WKH� LQYHVWLJDWLRQ� RI� WKH� FRPSOH[�
HSLGHPLRORJ\�RI�PXOWL�KRVW�GLVHDVHV�VXFK�DV�7E��:LWKRXW�VXFK�D�PXOWLIDFHWHG�DSSURDFK��WKHUH�
LV� D� VXEVWDQWLDO� ULVN�RI�PDQDJHPHQW� IDLOXUH��7KLV� LV�JUHDWHVW�ZKHQ�PDQDJHPHQW� UHJLPHV�DUH�
EDVHG� RQ� WKH� SUHGLFWLRQV� RI� VRSKLVWLFDWHG� PRGHOV� WKDW� DUH�� LQ� WXUQ�� EDVHG� RQ� XQWHVWHG�
DVVXPSWLRQV�GHULYHG�PDLQO\�IURP�XQSURYHQ�GRJPD���
�
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�
$FNQRZOHGJHPHQWV��
�
7KLV� WKHVLV� LV� WKH� SURGXFW� RI� RYHU� D� GHFDGH� RI� LQYROYHPHQW� LQ� UHVHDUFK� UHODWHG� WR� ERYLQH�
WXEHUFXORVLV�ZKLOVW�HPSOR\HG�IXOO� WLPH�DV�D�PDPPDOLDQ�HFRORJLVW��7KDW�GHFDGH�KDV�EHHQ�DQ�
H[FLWLQJ� DQG� LQWULJXLQJ� MRXUQH\�ZLWK� D� JURZLQJ� DZDUHQHVV� DQG� DPD]HPHQW� DW� WKH� GLYHUVLW\��
LPPHQVH� VFDOH� DQG� LPSRUWDQFH� RI� P\FREDFWHULDO� LQIHFWLRQ� JHQHUDOO\�� DQG� WXEHUFXORVLV� LQ�
SDUWLFXODU�� DV� WKH� µZKLWH�SODJXH¶�RI�(XURSHDQ�KLVWRU\�� LQ� WKH�FRQWLQXHG�PDMRU� LPSDFWV� LQ� WKH�
WKLUG�ZRUOG�DQG�DPRQJ�$,'6�VXIIHUHUV��LQ�WKH�RQJRLQJ�WKUHDWV�WR�DJULFXOWXUH��DQG�LQ�WKH�WKUHDW�
WR�ZLOGOLIH�LQ�LFRQLF�EDVWLRQV�RI�GLYHUVLW\�VXFK�DV�.UXJHU�1DWLRQDO�3DUN��6RXWK�$IULFD��$�WUXO\�
VWULNLQJ�IHDWXUH�RI�WKH�UHVHDUFK�ILHOG�LV�WKH�VKHHU�IULHQGOLQHVV��DQG�WKH�RSHQQHVV�ZLWK�LGHDV�DQG�
LQIRUPDWLRQ��WKDW�FKDUDFWHULVHV�7E�UHVHDUFKHUV�DQG�PDQDJHUV�DURXQG�WKH�ZRUOG���
7KH�QXPEHU�RI�SHRSOH�WR�ZKRP�,�RZH�WKDQNV�LV�LQHYLWDEO\�YHU\�ORQJ��EXW�WZR�VWDQG�RXW�DERYH�
DOO�RWKHUV��)LUVW�DQG�IRUHPRVW�LV�P\�ZLIH�-LOO��ZLWKRXW�ZKRVH�WROHUDQFH�DQG�µKDQJLQJ�LQ�WKHUH¶�
DWWLWXGHP\�IUHTXHQW�DQG�RIWHQ�SURORQJHG�DEVHQFHV�ZRXOG�QRW�KDYH�EHHQ�SRVVLEOH��,�WKDQN�\RX�
IRU�SURYLGLQJ�WKH�FHQWUDO�URFN�LQ�P\�ZRUOG��
6HFRQGO\��WKH�PRVW�HVSHFLDO�WKDQNV�WR�-DFNLH�:KLWIRUG��,W�FDQ�EH�IDLUO\�VDLG��DQG�LQGHHG�KDV�
EHHQ�VDLG�E\�PDQ\��WKDW�VKH�GLG�PRVW�RI�WKH�UHDO�ZRUN�RQ�ZKLFK�WKLV�WKHVLV�LV�EDVHG��DQG�LW�KDV�
EHHQ� UHZDUGLQJ� WR� VHH� KHU� JURZ� IURP� D� µYHJ� VRUWLQ¶� ODE� WHFKQLFLDQ¶� WR� D� IXOO\� IOHGJHG� DQG�
HQWKXVLDVWLF�FR�UHVHDUFKHU���
7KH�OLVW�RI�RWKHU�/DQGFDUH�5HVHDUFK�KHOSHUV�LV�ORQJ��ZLWK�3HWHU�6ZHHWDSSOH�DQG�,YRU�<RFNQH\�
VWDQGLQJ� RXW� DV� H[FHSWLRQDOO\� FRPSHWHQW� WHFKQLFDO� DVVLVWDQWV� ZKR�ZLOOLQJO\� GHYHORSHG� QHZ�
µSDWKRORJLFDO¶�VNLOOV�DV�UHTXLUHG��$V�FR�UHVHDUFKHUV�LQ�UHODWHG�ILHOGV��-RKQ�3DUNHV��3HWHU�&DOH\��
'DYH� 5DPVH\�� $QGUHD� %\URP� DQG� -LP� &ROHPDQ� VWDQG� RXW� DV� LQIRUPDWLRQ� VRXUFHV��
SURYRFDWHXUV�� DQG� VRXQGLQJ� ERDUGV�� 3HWHU¶V� UHVHDUFK� RQ� IHUUHWV� LQ� SDUWLFXODU� VHWWLQJ� D�
GHPDQGLQJ� WDUJHW� LQ� WHUPV�RI� ULJRURXV� ODUJH�VFDOH� ILHOG�VFLHQFH�FRQGXFWHG�ZLWKLQ�D�VWURQJO\�
TXDQWLWDWLYH�DQG�WKHRUHWLFDO�VFLHQFH�IUDPHZRUN��7R�-RKQ��,�RZH�DQ�LPPHQVH�DPRXQW�WR�IRU�KLV�
XQVWLQWLQJ�SHUVRQDO�KHOS�DQG�KLV�DOZD\V�XVHIXO� LQVLJKWV� WKURXJK�FULWLFDO�DQG� WRWDOO\�VWUDWHJLF�
WKLQNLQJ�� ,� DOVR� WKDQN� /DQGFDUH� 5HVHDUFK� �HVSHFLDOO\� 3KLO� &RZDQ�� %UXFH� :DUEXUWRQ�� DQG�
2OLYHU�6XWKHUODQG��IRU�WKH�WLPH��VSDFH��DQG�IXQGLQJ�WR�XQGHUWDNH�DQG�FRPSOHWH�WKLV�WKHVLV���
2I�WKH�QXPHURXV�RWKHU�FRQWUDFWRUV�DQG�ILHOG�ZRUNHUV��&KULV�%UDXVFK��%LOO\�&XUQRZ��DQG�'DYH�
:LOVRQ�ZHUH�DEVROXWHO\�RXWVWDQGLQJ���WKHLU�XQIODSSDEOH�DQG�JRRG�KXPRXUHG�DELOLW\�WR�GHOLYHU�
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ODUJH�TXDQWLWLHV�RI�DFFXUDWH�GDWD�XQGHU�RIWHQ�DWURFLRXV�FRQGLWLRQV�KDV�EHHQ�DPD]LQJ��,� WKDQN�
WKHP�DQG�WKH�PDQ\�RWKHU�KXQWHUV�DQG�WUDSSHUV�IRU�WKHLU�KHOS��5RJHU�/RULJDQ��,DQ�5REHUWV��DQG�
WKH� (SUR� VWDII� DW� 7DXSR� ZHUH� XQIDLOLQJO\� KHOSIXO� LQ� REWDLQLQJ� DQLPDOV�� FRQGXFWLQJ� ILHOG�
VXUYH\V� DQG� SURYLGLQJ� QHFURSV\� IDFLOLWLHV� DV� ZHOO� DV� HQGOHVV� FXSV� RI� FRIIHH�� DQG� WKH�
RSHUDWLRQDO�LQIRUPDWLRQ�DQG�LQVLJKWIXO�DQHFGRWHV�WKDW�ZHUH�VRPHWLPHV�FUXFLDO�LQ�LQWHUSUHWLQJ�
ILHOG�GDWD��6LPRQ�/DZQ��6WHYH�*DPEOH��3HWHU�$YHU\�DQG�QXPHURXV�RWKHUV�ZHUH�DOO�LQFUHGLEO\�
VNLOIXO�DV� WKH�KHOLFRSWHU�SLORWV�ZKR� ORFDWHG�DQG�UHFRYHUHG�GHHU� �DQG�KXQWHUV�DQG� ILHOG�VWDII��
IURP�LQYDULDEO\�GLIILFXOW�DQG�GHPDQGLQJ�FRXQWU\���
,� WKDQN� DOO� WKRVH� ZKR� KHOSHG� ZLWK� WKH� PHVV\� DQG� VRPHWLPHV� VWRPDFK� WXUQLQJ� MRE� RI�
QHFURSV\LQJ� GHHU�� HVSHFLDOO\� WKRVH� DZIXO� FDUFDVVHV� PRUH� WKDQ� D� IHZ� GD\V� ROG�� ZLWK� %UXFH�
:LOVRQ�� 6XH� %DDVWLDQVHQ��$ODQ� -XOLDQ�� DQG� ,DQ� /XJWRQ� GHVHUYLQJ� VSHFLDO� PHQWLRQ�� ,DQ�� LQ�
SDUWLFXODU�� ,� WKDQN� DV� DQ� XQIDLOLQJO\� KHOSIXO� \HW� FULWLFDO� DQG� SURYRFDWLYH� HSLGHPLRORJLFDO�
PHQWRU�� DQG� ,� DGPLUHG� KLV� TXLHWO\� ODFRQLF� UHIXVDO� WR� DXWRPDWLFDOO\� DFFHSW� GRJPD� ZLWKRXW�
SURRI��*HRII�GH�/LVOH�DQG�*DU\�<DWHV�GLG�D�ZRQGHUIXO�MRE�RI�UHFRYHULQJ�0��ERYLV�IURP�WLVVXHV�
WKDW�ZH�KDG�GRQH�RXU�YHU\�EHVW�WR�GHVWUR\��$OVR��P\�WKDQNV�WR�DOO�P\�KHOSHUV�ZLWK�VWDWV��PDSV��
ILJXUHV�� SURRI� UHDGLQJ� DQG� IRUPDWWLQJ�� HVSHFLDOO\�*X\� )RUUHVWHU�� 6WHYH� )HUULV�� &KULV� %H]DU��
:HQG\�:HOOHU��DQG�5RELQ�:KLWIRUG��
,QWHUQDWLRQDOO\�� ,� WKDQN�6WHYH�6FKPLWW� DQG�'DQ�2¶%ULHQ� LQ�0LFKLJDQ�� DQG� ,DQ�2¶%R\OH� DQG�
'DQ�2¶%ULHQ�LQ�,UHODQG�IRU�WKHLU�DPD]LQJ�KRVSLWDOLW\�DQG�WKHLU�NHHQQHVV�WR�VKDUH�WKHLU�GHHU�7E�
SUREOHPV��
,� DFNQRZOHGJH� WKH� VXEVWDQWLDO� IXQGLQJ� VXSSRUW� SURYLGHG� E\� WKH� )RXQGDWLRQ� IRU� 5HVHDUFK�
6FLHQFH� DQG�7HFKQRORJ\�� DQG� WKDQN� WKH�$+%� �DQG�3DXO�/LYLQJVWRQH� LQ� SDUWLFXODU�� IRU� WKHLU�
ZLOOLQJQHVV�WR�SURYLGH�WKH�EXON�RI�WKH�IXQGLQJ�IRU�WKLV�PDMRU�ORQJ�WHUP�SURMHFW��,W�KDV�EHHQ�D�
UHDO� SOHDVXUH� WR�PH� DV� DQ� DSSOLHG� VFLHQWLVW� WR� SURYLGH� WKHP�ZLWK� UHVXOWV� WKDW� KDYH� UHVKDSHG�
YHFWRU�FRQWURO�SROLF\�DQG�SUDFWLFH��
)LQDOO\��RI�WKH�8QLYHUVLW\�VWDII��,�PXVW�WKDQN�P\�VXSHUYLVRU�*UDKDP�+LFNOLQJ��LQ�SDUWLFXODU��DV�
ZHOO�DV�6KDXQ�2JLOYLH��RU�WKHLU�VXSSRUW�DQG�WKHLU�WROHUDQFH�RI�WKH�UHSHDWHG�GHOD\V�LQ�JHWWLQJ�
WKLV�WKHVLV�ILQLVKHG��
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6\PSRVLXP�RQ�WXEHUFXORVLV��0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�1RUWK��9HWHULQDU\�
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$QLPDO�+HDOWK�%RDUG�������$QQXDO�UHSRUW�IRU�WKH�\HDU�HQGLQJ����-XQH�������$QLPDO�+HDOWK�
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$QLPDO�+HDOWK�%RDUG��������$QQXDO�UHSRUW�IRU�WKH�\HDU�HQGLQJ����-XQH�������$QLPDO�+HDOWK�
%RDUG��:HOOLQJWRQ��

$UWKXU��$���5DPVH\��'���(IIRUG��0��������,PSDFW�RI�ERYLQH�WXEHUFXORVLV�RQ�D�SRSXODWLRQ�RI�
EUXVKWDLO�SRVVXPV��7ULFKRVXUXV�YXOSHFXOD�.HUU��LQ�WKH�2URQJRURQJR�9DOOH\��1HZ�
=HDODQG��:LOGOLIH�5HVHDUFK��������±�����

%DGGHOH\��&��������$VVHVVPHQW�RI�ZLOG�DQLPDO�DEXQGDQFH��)RUHVW�5HVHDUFK�,QVWLWXWH�%XOOHWLQ�
��������S��

%DUEHU��.��6��������(FRORJLFDO�DVSHFWV�DIIHFWLQJ�WKH�XVH�RI�IHUDO�SLJV��6XV�VFURID��DV�VHQWLQHOV�
RI�7E��0\FREDFWHULXP�ERYLV��LQ�KLJK�FRXQWU\�IDUP�KDELWDW��06F�WKHVLV��/LQFROQ�
8QLYHUVLW\��&DQWHUEXU\���

%DUORZ��1��'������D��$�VSDWLDOO\�DJJUHJDWHG�GLVHDVH�KRVW�PRGHO�IRU�ERYLQH�7E�LQ�1HZ�
=HDODQG�SRVVXP�SRSXODWLRQV��-RXUQDO�RI�$SSOLHG�(FRORJ\��������±�����

%DUORZ��1��'������E��&RQWURO�RI�HQGHPLF�ERYLQH�7E�LQ�1HZ�=HDODQG�SRVVXP�SRSXODWLRQV��
UHVXOWV�IURP�D�VLPSOH�PRGHO��-RXUQDO�RI�$SSOLHG�(FRORJ\��������±�����

%DUORZ��1��'��������%RYLQH�WXEHUFXORVLV�LQ�1HZ�=HDODQG��(SLGHPLRORJ\�DQG�PRGHOV��7UHQGV�
LQ�0LFURELRORJ\���������±������

%DUORZ��1��'��������1RQ�OLQHDU�WUDQVPLVVLRQ�DQG�VLPSOH�PRGHOV�IRU�ERYLQH�WXEHUFXORVLV��
-RXUQDO�RI�$QLPDO�(FRORJ\��������±�����

%HDWVRQ��1��6��������7XEHUFXORVLV�LQ�UHG�GHHU�LQ�1HZ�=HDODQG��,Q��)HQQHVVH\��3��)���'UHZ��.��
5���HGV��%LRORJ\�RI�GHHU��5R\DO�6RFLHW\�RI�1HZ�=HDODQG��%XOOHWLQ��������±�����

%HDWVRQ��1��6���+XWWRQ��-��%���GH�/LVOH��*��:��������7XEHUFXORVLV�±�WHVW�DQG�VODXJKWHU��
3URFHHGLQJV�RI�D�GHHU�FRXUVH�IRU�YHWHULQDULDQV��1HZ�=HDODQG�9HWHULQDU\�$VVRFLDWLRQ�
'HHU�%UDQFK�&RXUVH�1R�����3S����±����

%HJRQ��0���%HQQHWW��0���%RZHUV��5��*���)UHQFK��1��3���+D]HO��6��0���7XUQHU��-��������$�
FODULILFDWLRQ�RI�WUDQVPLVVLRQ�WHUPV�LQ�KRVW�PLFURSDUDVLWH�PRGHOV��QXPEHUV��GHQVLWLHV�
DQG�DUHDV��(SLGHPLRORJ\�	�,QIHFWLRQ���������±�����

%ODFN��+���6LPSHU��-��0���%ORRP��'���%ORRP��.��������$�EHKDYLRXU�VWXG\�RQ�WKH�SRWHQWLDO�IRU�
GLUHFW�WUDQVPLVVLRQ�RI�WXEHUFXORVLV�IURP�SRVVXPV��7ULFKRVXUXV�YXOSHFXOD��WR�DOSDFDV�
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�/DPD�SDFRV���DQG�WKH�FRQYHUVH�IURP�DOSDFDV�WR�SRVVXPV��1HZ�=HDODQG�9HWHULQDU\�
-RXUQDO��������±�����

%ORRP��%��5��������7XEHUFXORVLV��3DWKRJHQHVLV��SURWHFWLRQ��DQG�FRQWURO��$60�3UHVV��
:DVKLQJWRQ���

%ROOLJHU��$���%ROOLJHU��:��������([SHULPHQWDO�WUDQVPLVVLRQ�RI�WXEHUFXORVLV�WR�7ULFKRVXUXV�
YXOSHFXOD��$XVWUDOLDQ�-RXUQDO�RI�6FLHQFH��������±�����

%ROOR�� (��� )HUURJOLR�� (���'LQL��9���0LJQRQH��:���%LRODWWL�� %��� 5RVVL�� /�� ������'HWHFWLRQ� RI�
0\FREDFWHULXP�WXEHUFXORVLV�FRPSOH[�LQ�O\PSK�QRGHV�RI�ZLOG�ERDU��6XV�VFURID��E\�D�
WDUJHW�DPSOLILHG�WHVW�V\VWHP��-RXUQDO�RI�9HWHULQDU\�0HGLFLQH�%��������±�����

%RUNRZVNL��-���)XUXED\DVKL��.��������+RPH�UDQJH�VL]H�DQG�KDELWDW�XVH�LQ�UDGLR�FROODUHG�
IHPDOH�VLND�GHHU�DW�KLJK�DOWLWXGHV�LQ�WKH�7DQ]DZD�0RXQWDLQV��-DSDQ��$QQDOHV�
=RRORJLFL�)HQQLFL��������±�����

%RXYLHU��*��������2EVHUYDWLRQV�VXU�OHV�PDODGLHV�GX�JLELHU��GHV�RLVHDX[�HW�GHV�SRLVVRQV�IDLWHV�
HQ������HW�������6FKZHL]�DUFK�7LHUKHLONG��������±����

%URRNV��+��9��������3DWKRORJ\�RI�WXEHUFXORVLV�LQ�UHG�GHHU��&HUYXV�HODSKXV���3URFHHGLQJV�RI�D�
GHHU�FRXUVH�IRU�YHWHULQDULDQV��1HZ�=HDODQG�9HWHULQDU\�$VVRFLDWLRQ�'HHU�%UDQFK�
&RXUVH�1R�����3S����±�����

%XFKDQ��*��6���*ULIILQ��-��)��������7XEHUFXORVLV�LQ�GRPHVWLFDWHG�GHHU��&HUYXV�HODSKXV���D�
ODUJH�DQLPDO�PRGHO�IRU�KXPDQ�WXEHUFXORVLV��-RXUQDO�RI�&RPSDUDWLYH�3DWKRORJ\������
��±����

%XGGOH��%��0���$OGZHOO��)���3IHIIHU��$���GH�/LVOH��*��������([SHULPHQWDO�0\FREDFWHULXP�
ERYLV�LQIHFWLRQ�LQ�WKH�EUXVKWDLO�SRVVXP��7ULFKRVXUXV�YXOSHFXOD���3DWKRORJ\��
KDHPDWRORJ\��DQG�O\PSKRF\WH�VWLPXODWLRQ�UHVSRQVH��9HWHULQDU\�0LFURELRORJ\�����
���±�����

%XWOHU��/��/���)LW]JHUDOG��6��'���%HUU\��'��(���&KXUFK��6��9���5HHG��:��0���.DQHHQH��-��%��
������([SHULPHQWDO�LQRFXODWLRQ�RI�(XURSHDQ�VWDUOLQJV��6WXUQXV�YXOJDULV��DQG�
$PHULFDQ�FURZV��&RUYXV�EUDFK\UK\QFRV��ZLWK�0\FREDFWHULXP�ERYLV��$YLDQ�'LVHDVHV�
�������±������

%\URP��$�(��������'LVSHUVDO�DQG�VXUYLYDO�RI�MXYHQLOH�IHUDO�IHUUHWV�0XVWHOD�IXUR�LQ�1HZ�
=HDODQG��-RXUQDO�RI�$SSOLHG�(FRORJ\�������±����

%\URP��$��(��������6SUHDG�RI�7E�E\�IHUUHWV�LQ�WKH�QRUWKHUQ�6RXWK�,VODQG�KLJK�FRXQWU\��
/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&����������XQSXEO�������S��

%\URP��$���1XJHQW��*���5DPVH\��'���<RFNQH\��,��������$�QHZ�7E�VXUYHLOODQFH�SDUDGLJP�DQG�
PRGHO�IRU�JDPH�HVWDWHV��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&����������XQSXEO����
���S��

%\URP��$���1XJHQW��*���<RFNQH\��,��������7KH�UROH�RI�IHUUHWV�LQ�ODQGVFDSH�VFDOH�VSUHDG�RI�
ERYLQH�7E�LQ�WKH�KLJK�FRXQWU\�RI�1HZ�=HDODQG¶V�6RXWK�,VODQG��3URFHHGLQJV�RI����WK�
$XVWUDODVLDQ�9HUWHEUDWH�3HVW�&RQIHUHQFH��7H�3DSD��:HOOLQJWRQ���±��0D\�������3S��
���±�����

&DOH\��3��������%URDG�VFDOH�SRVVXP�DQG�IHUUHW�FRUUHODWHV�RI�PDFURVFRSLF�0\FREDFWHULXP�
ERYLV�LQIHFWLRQ�LQ�IHUDO�IHUUHW�SRSXODWLRQV��1HZ�=HDODQG9HWHULQDU\�-RXUQDO��������±
�����
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&DOH\��3��������,QIHUHQFH�RQ�WKH�KRVW�VWDWXV�RI�IHUDO�IHUUHWV��0XVWHOD�IXUR��LQ�1HZ�=HDODQG�IRU�
0\FREDFWHULXP�ERYLV�LQIHFWLRQ��8QSXEOLVKHG�3K'�WKHVLV��7KH�8QLYHUVLW\�RI�&DQEHUUD��
$XVWUDOLD��

&DOH\��3���LQ�SUHVV��%RYLQH�WXEHUFXORVLV�LQ�EUXVKWDLO�SRVVXPV��PRGHOV�GRJPD�DQG�GDWD��1HZ�
=HDODQG�-RXUQDO�RI�(FRORJ\��

&DOH\��3���+RQH��-��������(VWLPDWLQJ�WKH�IRUFH�RI�LQIHFWLRQ��0\FREDFWHULXP�ERYLV�LQIHFWLRQ�LQ�
IHUDO�IHUUHWV�0XVWHOD�IXUR�LQ�1HZ�=HDODQG��-RXUQDO�RI�$QLPDO�(FRORJ\�������±�����

&DOH\��3���+RQH��-��������'LVHDVH�WUDQVPLVVLRQ�EHWZHHQ�DQG�ZLWKLQ�VSHFLHV��DQG�WKH�
LPSOLFDWLRQV�IRU�GLVHDVH�FRQWURO��-RXUQDO�RI�$SSOLHG�(FRORJ\�������±�����

&DOH\��3���0RUULVV��*��������6XPPHU�DXWXPQ�PRYHPHQWV��PRUWDOLW\�UDWHV�DQG�GHQVLW\�RI�IHUDO�
IHUUHWV��0XVWHOD�IXUR��RQ�D�IDUPODQG�VLWH�LQ�1RUWK�&DQWHUEXU\��1HZ�=HDODQG��1HZ�
=HDODQG�-RXUQDO�RI�(FRORJ\�������±����

&DOH\��3���0RUOH\��&���7KRPDV��0������D��(IIHFWV�RI�IHUUHW�FRQWURO�RQ�FDWWOH�UHDFWRU�LQFLGHQFH��
IHUUHW�7E�SUHYDOHQFH��DQG�UDEELW�QXPEHUV²7KH�1RUWK�&DQWHUEXU\�IHUUHW�FRQWURO�WULDOV��
/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&����������XQSXEO�������S��

&DOH\��3���6SHQFHU��1��-���&ROH��5��$���(IIRUG��0��*������E��7KH�HIIHFW�RI�PDQLSXODWLQJ�
SRSXODWLRQ�GHQVLW\�RQ�WKH�SUREDELOLW\�RI�GHQVKDULQJ�DPRQJ�FRPPRQ�EUXVKWDLO�
SRVVXPV��DQG�WKH�LPSOLFDWLRQV�IRU�WUDQVPLVVLRQ�RI�ERYLQH�WXEHUFXORVLV��:LOGOLIH�
5HVHDUFK��������±�����

&DOH\��3���+LFNOLQJ��*��-���&RZDQ��3��(���3IHLIIHU��'��8��������(IIHFWV�RI�VXVWDLQHG�FRQWURO�RI�
EUXVKWDLO�SRVVXPV�RQ�OHYHOV�RI�0\FREDFWHULXP�ERYLV�LQIHFWLRQ�LQ�FDWWOH�DQG�EUXVKWDLO�
SRVVXP�SRSXODWLRQV�IURP�+RKRWDND��1HZ�=HDODQG��1HZ�=HDODQG�9HWHULQDU\�-RXUQDO�
�������−�����

&DOH\��3���&ROHPDQ��-��'���+LFNOLQJ��*��-��������+DELWDW�UHODWHG�SUHYDOHQFH�RI�PDFURVFRSLF�
0\FREDFWHULXP�ERYLV�LQIHFWLRQ�LQ�EUXVKWDLO�SRVVXPV��7ULFKRVXUXV�YXOSHFXOD���+RKRQX�
5DQJH��:HVWODQG��1HZ�=HDODQG��1HZ�=HDODQG�9HWHULQDU\�-RXUQDO�������±����

&DOH\��3���0F(OUHD��/��0���+RQH��-��������0RUWDOLW\�UDWHV�RI�IHUDO�IHUUHWV��0XVWHOD�IXUR��LQ�
1HZ�=HDODQG��:LOGOLIH�5HVHDUFK��������±�����

&DOPHWWH��$��������7XEHUFOH�EDFLOOXV�LQIHFWLRQ�DQG�WXEHUFXORVLV�LQ�PDQ�DQG�DQLPDOV�±�
3URFHVVHV�RI�LQIHFWLRQ�DQG�UHVLVWDQFH��D�ELRORJLFDO�DQG�H[SHULPHQWDO�VWXG\��6RSHU��:��
%���6PLWK��*��+���7UDQVODWRUV���:LOOLDPV�DQG�:LONLQV��%DOWLPRUH��86$��

&DQRQ��5��0��������'HPRQVWUDWLQJ�GLVHDVH�IUHHGRP��3UHYHQWDWLYH�9HWHULQDU\�0HGLFLQH�����
���±�����

&DXJKOH\��*��������'LVSHUVDO�UDWHV�RI�VHYHUDO�XQJXODWHV�LQWURGXFHG�LQWR�1HZ�=HDODQG��1DWXUH�
��������±�����

&DXJKOH\��*��������$QDO\VLV�RI�YHUWHEUDWH�SRSXODWLRQV��-RKQ�:LOH\��/RQGRQ��
&'&�������(SLGHPLF�HSL]RRWLF�:HVW�1LOH�9LUXV�LQ�WKH�8QLWHG�6WDWHV��5HYLVHG�JXLGHOLQHV�IRU�

VXUYHLOODQFH��SUHYHQWLRQ��DQG�FRQWURO��&HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ��
)RUW�&ROOLQV��&RORUDGR��86$������S��>DOVR�DYDLODEOH�DW�
ZZ�FGF�JRY�QFLGRG�GYELG�ZHVWQLOH�UHVRXUFHV�ZQY�JXLGHOLQHV�DSU�����@�

&KDOOLHV��&��1��������(VWDEOLVKPHQW��FRQWURO��DQG�FRPPHUFLDO�H[SORLWDWLRQ�RI�ZLOG�GHHU�LQ�
1HZ�=HDODQG��,Q��)HQQHVVH\��3��)���'UHZ��.��5���HGV��%LRORJ\�RI�GHHU�SURGXFWLRQ��7KH�
5R\DO�6RFLHW\�RI�1HZ�=HDODQG��%XOOHWLQ�������±�����
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&KDSPDQ��'��,���&KDSPDQ��1��*��������)DOORZ�GHHU��7KHLU�KLVWRU\��GLVWULEXWLRQ�DQG�ELRORJ\��
&RFK�\�ERQGGX�%RRNV��0DFK\QOOHWK��:DOHV���

&ODSSHUWRQ��%��.��������$GYDQFHV�LQ�1HZ�=HDODQG�PDPPDORJ\�����±������)HUDO�IHUUHW��
-RXUQDO�RI�WKH�5R\DO�6RFLHW\�RI�1HZ�=HDODQG��������±�����

&OLIWRQ�+DGOH\��5��6���:LOHVPLWK��-��:��������7XEHUFXORVLV�LQ�GHHU��D�UHYLHZ��9HWHULQDU\�
5HFRUG�������±����

&OXWWRQ�%URFN��7��+���$OERQ��6��'��������5HG�GHHU�LQ�WKH�+LJKODQGV��%63�3URIHVVLRQDO�
%RRNV��2[IRUG��

&ROH��*�� ������ ,VVXHV� DQG� RSWLRQV� IRU�PDQDJLQJ� WKH� LPSDFWV� RI� GHHU� RQ� QDWLYH� IRUHVWV� DQG�
RWKHU� HFRV\VWHPV�� 6XPPDU\� DQG� DQDO\VLV� RI� VXEPLVVLRQV�� 'HSDUWPHQW� RI�
&RQVHUYDWLRQ��:HOOLQJWRQ��

&ROHPDQ�� -��'�� ������'LVWULEXWLRQ��SUHYDOHQFH�� DQG� HSLGHPLRORJ\�RI� ERYLQH� WXEHUFXORVLV� LQ�
EUXVKWDLO� SRVVXPV�� 7ULFKRVXUXV� YXOSHFXOD�� LQ� WKH� +RKRQX� 5DQJH�� 1HZ� =HDODQG��
$XVWUDOLDQ�:LOGOLIH�5HVHDUFK��������±�����

&ROHPDQ��-��'���&DOH\��3��������3RVVXPV�DV�UHVHUYRLUV�RI�ERYLQH�7E��,Q��7KH�EUXVKWDLO�
SRVVXP��%LRORJ\��LPSDFW��DQG�PDQDJHPHQW�RI�DQ�LQWURGXFHG�PDUVXSLDO��0RQWDJXH��7��
/���HG���0DQDDNL�:KHQXD�3UHVV��/LQFROQ��1=��3S����−�����

&ROHPDQ��-��'���&RRNH��0��0��������3UHYDOHQFH�DQG�VSDWLDO�GLVWULEXWLRQ�RI�ERYLQH�
WXEHUFXORVLV�LQ�D�SRVVXP�SRSXODWLRQ�DW�)ODJVWDII�)ODW��:HVWODQG��LQ�������/DQGFDUH�
5HVHDUFK�&RQWUDFW�5HSRUW�/&����������XQSXEO�������S��

&ROHPDQ��-��'���&RRNH��0��0��������0\FREDWHULXP�ERYLV�LQIHFWLRQ�LQ�ZLOGOLIH�LQ�1HZ�
=HDODQG��7XEHUFXORVLV��������±�����

&ROHPDQ��-���)UDVHU��:��������%RYLQH�7E�SHUVLVWHQFH�LQ�ORZ�GHQVLW\�SRVVXP�SRSXODWLRQV�±�WKH�
SDWFKLQHVV�SUREOHP��3URFHHGLQJV�RI�WKH���WK�$XVWUDODVLDQ�9HUWHEUDWH�3HVW�&RQIHUHQFH��
7H�3DSD��:HOOLQJWRQ���±��0D\�������3S����±����

&ROHPDQ��-��'���/LYLQJVWRQH��3��*��������)HZHU�SRVVXPV��OHVV�ERYLQH�7E��,Q��0RQWDJXH��7��/��
HG��7KH�EUXVKWDLO�SRVVXP��%LRORJ\��LPSDFW�DQG�PDQDJHPHQW�RI�DQ�LQWURGXFHG�
PDUVXSLDO��0DQDDNL�:KHQXD�3UHVV��/LQFROQ��1=��3S�����±�����

&ROHPDQ��-��'���&RRNH��0��0���-DFNVRQ��5���:HEVWHU��5��������7HPSRUDO�SDWWHUQV�LQ�ERYLQH�
WXEHUFXORVLV�LQ�D�EUXVKWDLO�SRVVXP�SRSXODWLRQ�FRQWLJXRXV�ZLWK�LQIHFWHG�FDWWOH�LQ�WKH�
$KDXUD�9DOOH\��:HVWODQG��1HZ�=HDODQG�9HWHULQDU\�-RXUQDO��������±�����

&ROHPDQ��-��'���)UDVHU��.��:���1XJHQW��*��������2SWLPDO�EXIIHU�ZLGWKV�IRU�FRQWURO�RI�
SRVVXPV�LQ�WKH�+DXKXQJDURD�5DQJH���������±���������3RSXODWLRQ�UHFRYHU\�RI�
SRVVXPV�DQG�ZLOG�GHHU�DQG�7E�SUHYDOHQFH�LQ�SRVVXPV��ZLOG�GHHU��DQG�FDWWOH��/DQGFDUH�
5HVHDUFK�&RQWUDFW�5HSRUW�/&���������XQSXEO�������S��

&ROHPDQ��-��'���)UDVHU��.��:���1XJHQW��*��������2SWLPDO�EXIIHU�ZLGWKV�IRU�FRQWUROOLQJ�ERYLQH�
7E�LQ�EUXVKWDLO�SRVVXPV��ZLOG�GHHU�DQG�FDWWOH�LQ�1HZ�=HDODQG��,Q��3HO]��+��-���&RZDQ��
'��3���)HDUH��&��-���HGV��$GYDQFHV�LQ�YHUWHEUDWH�SHVW�PDQDJHPHQW�,,��)LODQGHU�9HUODQJ��
)XUWK��3S�����±������

&ROOHW��'��������0RGHOOLQJ�ELQDU\�GDWD��&KDSPDQ�	�+DOO���&5&��)ORULGD��86$��
&ROOLQV��'��0���GH�/LVOH��*��:���*DEULF��'��0��������*HRJUDSKLF�GLVWULEXWLRQ�RI�UHVWULFWLRQ�

W\SHV�RI�0\FREDFWHULXP�ERYLV�LVRODWHV�IURP�EUXVK�WDLO�SRVVXPV��7ULFKRVXUXV�
YXOSHFXOD��LQ�1HZ�=HDODQG��-RXUQDO�RI�+\JLHQH��&DPEULGJH���������±�����



� ����

&RRNH��0��0���$OOH\��0��5���'XLJQDQ��3��-���0XUUD\��$��������7XEHUFXORVLV�LQ�ZLOG�DQG�IHUDO�
DQLPDOV�LQ�1HZ�=HDODQG��7KH�,QIHFWLRXV�'LVHDVH�5HYLHZ�������±�����

&RRNH��0��0���*HDU��$��-���1DLGRR��$���&ROOLQV��'��0��������$FFLGHQWDO�0\FREDFWHULXP�
ERYLV�LQIHFWLRQ�LQ�D�YHWHULQDULDQ��1HZ�=HDODQG�9HWHULQDU\�-RXUQDO�������±����

&RRNH��0��0���$OOH\��0��5���0DQNWHORZ��%��:��������([SHULPHQWDO�LQIHFWLRQ�ZLWK�%&*�DV�D�
PRGHO�RI�WXEHUFXORVLV�LQ�WKH�EUXVKWDLO�SRVVXP��7ULFKRVXUXV�YXOSHFXOD���1HZ�=HDODQG�
9HWHULQDU\�-RXUQDO��������±������

&RUQHU��/��$��/���1RUWRQ��6��������5HVROXWLRQ�RI�0\FREDFWHULXP�ERYLV�LQIHFWLRQ�LQ�ZLOG�
EUXVKWDLO�SRVVXPV��7ULFKRVXUXV�YXOSHFXOD���1HZ�=HDODQG�9HWHULQDU\�-RXUQDO�������±
����

&RUQHU��/��$��/���3IHLIIHU��'��8��������8QDQVZHUHG�TXHVWLRQV�DERXW�WKH�WUDQVPLVVLRQ�RI�
0\FREDFWHULXP�DYLXP�VXEVSHFLHV�SDUDWXEHUFXORVLV��7KH�9HWHULQDU\�-RXUQDO������
���±�����

&RUQHU��/��$��/���3UHVLGHQWH��3��-��$��������0\FREDFWHULXP�ERYLV�LQIHFWLRQ�LQ�WKH�EUXVK�WDLOHG�
SRVVXP��7ULFKRVXUXV�YXOSHFXOD���,,��&RPSDULVRQ�RI�H[SHULPHQWDO�LQIHFWLRQ�ZLWK�DQ�
$XVWUDOLDQ�FDWWOH�VWUDLQ�DQG�D�1HZ�=HDODQG�SRVVXP�VWUDLQ��9HWHULQDU\�0LFURELRORJ\����
���±������

&RUQHU��/��$���%DUUHWW��5��+���/HSSHU��$��:��'���/HZLV��9���3HDUVRQ��&��:��������$�VXUYH\�RI�
P\FREDFWHULRVLV�RI�IHUDO�SLJV�LQ�WKH�1RUWKHUQ�7HUULWRU\��$XVWUDOLDQ�9HWHULQDU\�-RXUQDO�
�������−�����

&RUQHU��/��$��/���3IHLIIHU��'��8���GH�/LVOH��*��:���0RUULV��5��6���%XGGOH��%��0��������1DWXUDO�
WUDQVPLVVLRQ�RI�0\FREDFWHULXP�ERYLV�LQ�FDSWLYH�EUXVKWDLO�SRVVXPV��7ULFKRVXUXV�
YXOSHFXOD���1HZ�=HDODQG�9HWHULQDU\�-RXUQDO��������±�����

&RUQHU��/��$��/���%XGGOH��%��0���0RUULV��5��6������D��([SHULPHQWDO�LQIHFWLRQ�RI�EUXVKWDLO�
SRVVXPV��7ULFKRVXUXV�YXOSHFXOD��ZLWK�0\FREDFWHULXP�ERYLV�E\�FRQMXQFWLYDO�
LQVWLOODWLRQ��9HWHULQDU\�-RXUQDO���������±�����

&RUQHU��/��$��/���6WHYHQVRQ��0��$���&ROOLQV��'��0���0RUULV��5��6������E�7KH�UH�HPHUJHQFH�RI�
LQIHFWLRQ�LQ�EUXVKWDLO�SRVVXPV��7ULFKRVXUXV�YXOSHFXOD��DIWHU�ORFDOLVHG�SRVVXP�
HUDGLFDWLRQ��1HZ�=HDODQG�9HWHULQDU\�-RXUQDO�������±�����

&RVLYL��2���*UDQJH��-��0���'DERUQ��&��-���5DYLJOLRQH��0��&���)XMLNDUD��7���&RXVLQV��'���
5RELQVRQ��5��$���+XFK]HUPH\HU��+��)��$��.���GH�.DQWRU��,���0HVOLQ��)��;��������
=RRQRWLF�WXEHUFXORVLV�GXH�WR�P\FREDFWHULXP�ERYLV�LQ�GHYHORSLQJ�FRXQWULHV��(PHUJLQJ�
,QIHFWLRXV�'LVHDVHV������±����

&RXVLQV��'��9���&RUQHU��/��$���7ROVRQ��-��:���-RQHV��6��/���:RRG��3��5��������(UDGLFDWLRQ�RI�
ERYLQH�WXEHUFXORVLV�IURP�$XVWUDOLD��NH\�PDQDJHPHQW�DQG�WHFKQLFDO�DVSHFWV��&6/��
$XVWUDOLD�����S���

&RZDQ��3��(���&ORXW��0��������3RVVXPV�RQ�WKH�PRYH��$FWLYLW\�SDWWHUQV��KRPH�UDQJHV��DQG�
GLVSHUVDO��,Q��7KH�EUXVKWDLO�SRVVXP�%LRORJ\��LPSDFW��DQG�PDQDJHPHQW�RI�DQ�
LQWURGXFHG�PDUVXSLDO��0RQWDJXH��7��/���HG���0DQDDNL�:KHQXD�3UHVV��/LQFROQ��1=��
3S����±����

&UDZOH\��0�-��������*/,0�IRU�(FRORJLVWV��%ODFNZHOO�6FLHQWLILF��2[IRUG��
'DQQHQEHUJ��$��0��������5DEELW�PRGHO�RI�WXEHUFXORVLV��,Q��%ORRP��%��5���HG���7XEHUFXORVLV��

3DWKRJHQHVLV��SURWHFWLRQ��DQG�FRQWURO��$60�3UHVV��:DVKLQJWRQ��3S�����±������
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'DYLGVRQ��0��0��������0RYHPHQW�RI�PDUNHG�VLND�GHHU��&HUYXV�QLSSRQ��DQG�UHG�GHHU��&HUYXV�
HODSKXV��LQ�FHQWUDO�1RUWK�,VODQG��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�)RUHVWU\�
6FLHQFH������±����

'D\��7���2¶&RQQRU��&���0DWKHZV��/��������3RVVXP�VRFLDO�EHKDYLRXU��,Q��0RQWDJXH��7��/��
�HG���7KH�EUXVKWDLO�SRVVXP��%LRORJ\��LPSDFW��DQG�PDQDJHPHQW�RI�DQ�LQWURGXFHG�
PDUVXSLDO��0DQDDNL�:KHQXD�3UHVV��/LQFROQ��1=��3S����±����

GH�/LVOH��*��:��������0\FREDFWHULDO�LQIHFWLRQV�LQ�SLJV��6XUYHLOODQFH����������±����
GH�/LVOH��*��:���+DYLOO��3��)��������0\FREDFWHULD�LVRODWHG�IURP�GHHU�LQ�1HZ�=HDODQG�IURP�

����±������1HZ�=HDODQG�9HWHULQDU\�-RXUQDO�������±������
GH� /LVOH�� *��:��� &UHZV�� .��� GH� =ZDUW�� -��� -DFNVRQ�� -��� .QRZOHV�� *�� -�� (��� 3DWHUVRQ�� .�� '���

0DF.HQ]LH��5��:���:DOGUXS��.��$���:DONHU��5��������0\FREDFWHULXP�ERYLV�LQIHFWLRQ�
LQ�ZLOG�IHUUHWV��1HZ�=HDODQG�9HWHULQDU\�-RXUQDO��������±�����

GH�/LVOH��*��:���<DWHV��*��)���&ROOLQV��'��0���0DF.HQ]LH��5��:���&UHZV��.��%���:DONHU��5��
������$�VWXG\�RI�ERYLQH�WXEHUFXORVLV�LQ�GRPHVWLF�DQLPDOV�DQG�ZLOGOLIH�LQ�WKH�
0DFNHQ]LH�%DVLQ�DQG�VXUURXQGLQJ�DUHDV��XVLQJ�'1$�ILQJHUSULQWLQJ��1HZ�=HDODQG�
9HWHULQDU\�-RXUQDO��������±�����

GH�/LVOH��*��:���0DFNLQWRVK��*��&���%HQJLV��5��*��������0\FREDFWHULXP�ERYLV�LQ�IUHH�OLYLQJ�
DQG�FDSWLYH�ZLOGOLIH��LQFOXGLQJ�IDUPHG�GHHU��5HYXH�6FLHQWLILTXH�HW�
7HFKQLTXH�2IILFH��,QWHUQDWLRQDO�GHV�eSL]RRWLHV�������±�����

GH�/LVOH�*��:��<DWHV��*��)���&DOH\��3���&RUER\��5������D��'HWHFWLRQ�RI�0\FREDFWHULXP�ERYLV�
LQ�ZLOGOLIH�SRSXODWLRQV�E\�WKH�FXOWXUH�RI�SRROHG�VDPSOHV�IURP�IHUUHWV��1HZ�=HDODQG�
9HWHULQDU\�-RXUQDO������±�����

GH�/LVOH��*��:���1XJHQW��*���:KLWIRUG��-������E��([DPLQDWLRQ�RI�QRQ�OHVLRQHG�GHHU�IRU�
0\FREDFWHULXP�ERYLV��$J5HVHDUFK�UHSRUW��XQSXEO����3URMHFW�1R�����������S��

'HODKD\��5��-���&KHHVHPDQ��&��/���&OLIWRQ�+DGOH\��5��6��������:LOGOLIH�GLVHDVH�UHVHUYRLUV��WKH�
HSLGHPLRORJ\�RI�0\FREDFWHULXP�ERYLV�LQIHFWLRQ�LQ�WKH�(XURSHDQ�EDGJHU��0HOHV�
PHOHV��DQG�RWKHU�%ULWLVK�PDPPDOV��7XEHUFXORVLV�������±�����

'HSDUWPHQW�RI�&RQVHUYDWLRQ�������3ROLF\�VWDWHPHQW�RQ�GHHU�FRQWURO��'HSDUWPHQW�RI�
&RQVHUYDWLRQ��:HOOLQJWRQ��

'RGG��.��������7XEHUFXORVLV�LQ�IUHH�OLYLQJ�GHHU��9HWHULQDU\�5HFRUG���������±�����
'ROHY��$���6DOW]��'���%DU�'DYLG��6���<RUDP��<��������,PSDFW�RI�UHSHDWHG�UHOHDVHV�RQ�VSDFH�

XVH�SDWWHUQV�RI�3HUVLDQ�IDOORZ�GHHU��-RXUQDO�RI�:LOGOLIH�0DQDJHPHQW��������±�����
']LHFLRORZVNL��5��0���&ODUNH��&��0��+��������$JH�VWUXFWXUH�DQG�VH[�UDWLR�LQ�D�SRSXODWLRQ�RI�

KDUYHVWHG�IHUDO�SLJV�LQ�1HZ�=HDODQG��$FWD�7KHULRORJLFD��������±�����
(IIRUG��0��������3RVVXP�GHQVLW\��SRSXODWLRQ�VWUXFWXUH��DQG�G\QDPLFV��,Q��0RQWDJXH��7��/��

�HG���7KH�EUXVKWDLO�SRVVXP��%LRORJ\��LPSDFW�DQG�PDQDJHPHQW�RI�DQ�LQWURGXFHG�
PDUVXSLDO��0DQDDNL�:KHQXD�3UHVV��/LQFROQ��1=��3S����±����

(NGDKO��0��2���6PLWK��%��/���0RQH\��'��)��/��������7XEHUFXORVLV�LQ�VRPH�ZLOG�DQG�IHUDO�
DQLPDOV�LQ�1HZ�=HDODQG��1HZ�=HDODQG�9HWHULQDU\�-RXUQDO�������±����

)HOGKDPHU��*��$���'L[RQ��.��5���&KDSPDQ��-��$��������+RPH�UDQJH�DQG�PRYHPHQW�RI�VLND�
GHHU��&HUYXV�QLSSRQ��LQ�0DU\ODQG��=HLWVFKULIW�I U�6D JHWLHUNXQGH��������±�����
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)OHWFKHU��7���6HOZRRG��/��������3RVVXP�UHSURGXFWLRQ�DQG�GHYHORSPHQW��,Q��0RQWDJXH��7��/��
�HG���7KH�EUXVKWDLO�SRVVXP��%LRORJ\��LPSDFW�DQG�PDQDJHPHQW�RI�DQ�LQWURGXFHG�
PDUVXSLDO��0DQDDNL�:KHQXD�3UHVV��/LQFROQ��1=��3S����±����

)UDQFLV��-��������7XEHUFXORVLV�LQ�DQLPDOV�DQG�PDQ��$�VWXG\�LQ�FRPSDUDWLYH�SDWKRORJ\��
&DVVHOO��/RQGRQ��

)UDVHU��.�:��������$VVHVVPHQW�RI�LQFLGHQWDO�PRUWDOLW\�RI�GHHU�GXULQJ�D�SRVVXP�FRQWURO�
RSHUDWLRQ�XVLQJ�DHULDO������SRLVRQLQJ��)RUHVW�5HVHDUFK�,QVWLWXWH�UHSRUW��XQSXEO�������
S��

)UDVHU��.��:��������,QWURGXFHG�ZLOGOLIH�LQ�1HZ�=HDODQG²D�VXUYH\�RI�JHQHUDO�SXEOLF�YLHZV��
/DQGFDUH�5HVHDUFK�6FLHQFH�6HULHV�1R������0DQDDNL�:KHQXD�3UHVV��/LQFROQ��1=�����S��

)UDVHU��.�:���1XJHQW��*��������'HHU�FRQWURO�RSHUDWLRQV�LQ�WKH�0XUFKLVRQ�0RXQWDLQV��
/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&����������XQSXEO�������S���

)UDVHU��.��:���6ZHHWDSSOH��3��-��������$VVHVVLQJ�WKH�DJH�DQG�FRQGLWLRQ�RI�GHHU�IURP�
MDZERQHV��0DQDDNL�:KHQXD�±�/DQGFDUH�5HVHDUFK��&KULVWFKXUFK��1=�����S��

)UDVHU��.��:���6ZHHWDSSOH��3��-��������$�FRPSDULVRQ�RI�WKH�HIIHFWLYHQHVV�RI�WZR�GLIIHUHQW�
WR[LF�ORDGLQJV��������DQG��������IRU�FRQWURO�RI�GHHU�GXULQJ�DHULDO������SRLVRQLQJ�
XVLQJ�FDUURW�EDLWV���/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&����������XQSXEO�������S���

)UDVHU��.���&ROHPDQ��-��'���1XJHQW��*��������2SWLPDO�EXIIHU�ZLGWKV�IRU�FRQWURO�RI�SRVVXPV�LQ�
WKH�+DXKXQJDURD�5DQJH�������±�LQLWLDO�SRSXODWLRQ�UHGXFWLRQV�DQG�7E�SUHYDOHQFH�LQ�
SRVVXPV��GHHU��DQG�SLJV��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&����������XQSXEO����
���S���

)UDVHU��.��:���&RQH��-��0���:KLWIRUG��(��-��������$�UHYLVLRQ�RI�WKH�HVWDEOLVKHG�UDQJHV�DQG�
QHZ�SRSXODWLRQV�RI����LQWURGXFHG�XQJXODWH�VSHFLHV�LQ�1HZ�=HDODQG��-RXUQDO�RI�WKH�
5R\DO�6RFLHW\�RI�1HZ�=HDODQG��������±�����

*DOODJKHU��-���0RQLHV��5���*DYLHU�:LGHQ��0���5XOH��%��������5ROH�RI�LQIHFWHG�QRQ�GLVHDVHG�
EDGJHUV�LQ�WKH�SDWKRJHQHVLV�RI�WXEHUFXORVLV�RQ�WKH�EDGJHU��9HWHULQDU\�5HFRUG������
���±�����

*DUQLHU��7���(LJOPHLHU��.���&DPXV��-���0HGLQD��1���0DQVRRU��+���3U\RU��0��'XWKR\��6���
*URQGLQ��6���/DFURL[��6���0RQVHPSH��&���6LPRQ��6���+DUULV��%���$WNLQ��5���'RJJHWW��-���
0D\HV��5���.HDWLQJ��/���:KHHOHU��3��5���3DUNKLOO��-���%DUUHOO��%��*���&ROH��6��7���
*RUGRQ��6��9���+HZLQVRQ��5��*��������7KH�FRPSOHWH�JHQRPH�VHTXHQFH�RI�
0\FREDFWHULXP�ERYLV��31$6����������±������

*DXGLHU��%���*HUQH]�5LHX[��&��������(WXGH�H[SpULPHQWDOH�GH�OD�YLWDOLWp�GX�%�&�*��DX�FRXUV�GH�
OD� WUDYHUVpH� JDVWUR�LQWHVWLQDOH� FKH]� GHV� HQIDQWV� QRQ� DOOHUJLTXHV� YDFFLQpV� SDU� YRLH�
GLJHVWLYH��$QQDOHV�GH�O¶,QVWLWXW�3DVWHXU�GH�/LOOH�������±����

*LEE��-��$���)OX[��-��(��&��������0DPPDOV��,Q��:LOOLDPV��*��5��HG���7KH�QDWXUDO�KLVWRU\�RI�
1HZ�=HDODQG��5HHG��:HOOLQJWRQ��1=��3S�����±�����

*LOO��-��:���-DFNVRQ��5��������7XEHUFXORVLV�LQ�D�UDEELW��D�FDVH�UHYLVLWHG��1HZ�=HDODQG�
9HWHULQDU\�-RXUQDO����������

*UDQJH��-��0���<DWHV��0��1��������=RRQRWLF�DVSHFWV�RI�0\FREDFWHULXP�ERYLV�LQIHFWLRQ��
9HWHULQDU\�0LFURELRORJ\��������±�����

*UHHQ��:��4���&ROHPDQ��-��'��������5HVSRQVH�RI�D�EUXVK�WDLOHG�SRVVXP�SRSXODWLRQ�WR�
LQWHQVLYH�WUDSSLQJ��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\��������±�����
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*UHHQ��:��4���&ROHPDQ��-��'��������0RYHPHQWV�RI�SRVVXPV��7ULFKRVXUXV�YXOSHFXOD��EHWZHHQ�
IRUHVW�DQG�SDVWXUH�LQ�:HVWODQG��1HZ�=HDODQG��LPSOLFDWLRQV�IRU�ERYLQH�WXEHUFXORVLV�
WUDQVPLVVLRQ��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\������±����

*ULIILQ��-��)��7���0DFNLQWRVK��&��*��������7XEHUFXORVLV�LQ�GHHU��3HUFHSWLRQV��SUREOHPV��DQG�
SURJUHVV��7KH�9HWHULQDU\�-RXUQDO���������±�����

*ULIILQ�� -��)��7���%XFKDQ��*��6���&URVV�� -��3���5RGJHUV��&��5��������'LDJQRVLV��PDQDJHPHQW�
DQG�HUDGLFDWLRQ�RI�7E�IURP�1HZ�=HDODQG�GHHU�KHUGV��3XEOLFDWLRQ�1R�������9HWHULQDU\�
&RQWLQXLQJ�(GXFDWLRQ��0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�1RUWK��1HZ�=HDODQG��3S�����±
�����

*ULIILQ��)���%LVVHWW��%���5RGJHUV��5���0F,QWRVK��&��������8QFRQWUROODEOH�VSUHDG�RI�7E�ZLWKLQ�D�
GHHU�KHUG��3URFHHGLQJV�RI�D�GHHU�FRXUVH�IRU�YHWHULQDULDQV��1HZ�=HDODQG�9HWHULQDU\�
$VVRFLDWLRQ�'HHU�%UDQFK�1R������3S�����±������

*ULIILQ��-��)��7���&KLQQ��'��1���5RGJHUV��&��5��������'LDJQRVWLF�VWUDWJHLFHV�DQG�RXWFRPHV�RQ�
WKUHH�1HZ�=HDODQG�GHHU�IDUPV�ZLWK�VHYHUH�RXWEUHDNV�RI�ERYLQH�WXEHUFXORVLV��
7XEHUFXORVLV��������±�����

+DWKDZD\��6��&���5\DQ��7��-���GH�/LVOH��*��:���-RKQVWRQH��$��&��������3RVW�PRUWHP�PHDW�
LQVSHFWLRQ�IRU�WXEHUFXORVLV�LQ�GHHU��ZLWK�VRPH�LPSOLFDWLRQV�IRU�DQLPDO�KHDOWK�
VXUYHLOODQFH��3URFHHGLQJV�RI�D�GHHU�FRXUVH�IRU�YHWHULQDULDQV��1HZ�=HDODQG�9HWHULQDU\�
$VVRFLDWLRQ�'HHU�%UDQFK�&RXUVH�1R������3S����±�����

+HQQHVVH\��6��������(SLGHPLRORJLFDO�VWXGLHV�RI�WXEHUFXORVLV�LQ�FDWWOH�DQG�SRVVXPV�±�6WXGLHV�
LQYROYLQJ�WKH�FHQWUDO�1RUWK�,VODQG�HQGHPLF�DUHD��6XUYHLOODQFH����������±�����

+LFNOLQJ��*��������&OXVWHULQJ�RI�WXEHUFXORVLV�LQIHFWLRQ�LQ�EUXVKWDLO�SRVVXP�SRSXODWLRQV��
LPSOLFDWLRQV�IRU�HSLGHPLRORJLFDO�VLPXODWLRQ�PRGHOV��,Q��*ULIILQ��)���GH�/LVOH��*���HGV��
7XEHUFXORVLV�LQ�ZLOGOLIH�DQG�GRPHVWLF�DQLPDOV��8QLYHUVLW\�RI�2WDJR�3UHVV��'XQHGLQ��
1=��3S�����±�����

+LFNOLQJ��*��-��������'\QDPLFV�RI�ERYLQH�WXEHUFXORVLV�LQ�ZLOG�ZKLWH�WDLOHG�GHHU�LQ�0LFKLJDQ��
:LOGOLIH�'LYLVLRQ�5HSRUW�������0LFKLJDQ�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV��/DQVLQJ��
0LFKLJDQ��86$��

+LFNOLQJ��*��-���3HNHOKDULQJ��&��-��������,QWULQVLF�UDWH�RI�LQFUHDVH�IRU�D�EUXVKWDLO�SRVVXP�
SRSXODWLRQ�LQ�UDWD�NDPDKL�IRUHVW��:HVWODQG��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\��������±
�����

+XWFKLQV��1��������6XUYH\�RI�IHUDO�GHHU�IRU�ERYLQH�WXEHUFXORVLV��+DXKXQJDURD�5DQJH��
(QYLURQPHQW�:DLNDWR�5HSRUW��XQSXEO�������S���

+XWFKLQV��1��������6XUYH\�RI�IHUDO�GHHU�IRU�ERYLQH�WXEHUFXORVLV��.DLPDQDZD�3ULVRQ�)DUPV��
7XUDQJL��(QYLURQPHQW�:DLNDWR�5HSRUW��XQSXEO������S��

-DFNVRQ��5���&RRNH��0��0���&ROHPDQ��-��'���0RUULV��5��6������D��1DWXUDOO\�RFFXUULQJ�
WXEHUFXORVLV�FDXVHG�E\�0\FREDFWHULXP�ERYLV�LQ�EUXVKWDLO�SRVVXP��7ULFKRVXUXV�
YXOSHFXOD���,��$Q�HSLGHPLRORJLFDO�DQDO\VLV�RI�OHVLRQ�GLVWULEXWLRQ��1HZ�=HDODQG�
9HWHULQDU\�-RXUQDO��������±�����

-DFNVRQ��5���&RRNH��0��0���&ROHPDQ��-��'���0RUULV��5��6���GH�/LVOLH��*��:���<DWHV��*��)��
����E��1DWXUDOO\�RFFXUULQJ�WXEHUFXORVLV�FDXVHG�E\�0\FREDFWHULXP�ERYLV�LQ�EUXVKWDLO�
SRVVXP��7ULFKRVXUXV�YXOSHFXOD���,,,��5RXWHV�RI�LQIHFWLRQ�DQG�H[FUHWLRQ��1HZ�=HDODQG�
9HWHULQDU\�-RXUQDO��������±�����
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-DFNVRQ��5���GH�/LVOH��*��:���0RUULV��5��6������F��$�VWXG\�RI�WKH�HQYLURQPHQWDO�VXUYLYDO�RI�
0\FREDFWHULXP�ERYLV�RQ�D�IDUP�LQ�1HZ�=HDODQG��1HZ�=HDODQG�9HWHULQDU\�-RXUQDO�����
���±�����

-DPHV��$��'��������*XLGH�WR�HSLGHPLRORJLFDO�VXUYHLOODQFH�IRU�ULQGHUSHVW��5HYXH�6FLHQWLILTXH�
HW�7HFKQLTXH��������±�����

-RKQVRQ��'��+��������7KH�LQVLJQLILFDQFH�RI�VWDWLVWLFDO�VLJQLILFDQFH�WHVWLQJ��-RXUQDO�RI�:LOGOLIH�
0DQDJHPHQW��������±�����

-ROO\��6��(���6SXUU��(��%��������(IIHFW�RI�RYDULHFWRP\�RQ�WKH�VRFLDO�VWDWXV�RI�EUXVKWDLO�SRVVXPV�
�7ULFKRVXUXV�YXOSHFXOD��LQ�FDSWLYLW\��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\�������±����

.QRZOHV��*��-��(��������8VH�RI�WKH�-XGDV�SLJ�PHWKRGRORJ\�IRU�FRQWUROOLQJ�WXEHUFXORVLV�LQ�
IHUDO�SLJV��6XV�VFURID���0$)�4XDOLW\�0DQDJHPHQW�&RQWUDFW�5HSRUW��������XQSXEO������
S��

.QRZOHV��*��-��(��������0RYHPHQW�SDWWHUQV�RI�UHG�GHHU��&HUYXV�HODSKXV��LQ�2WDJR��0$)�
4XDOLW\�0DQDJHPHQW�UHSRUW��3S���±����

.UHEV��-��5��������%RYLQH�WXEHUFXORVLV�LQ�FDWWOH�DQG�EDGJHUV��UHSRUW�WR�WKH5W�+RQ�'U�-DFN�
&XQQLQJKDP�03��0$))�3XEOLFDWLRQV��/RQGRQ������S��

/DYHUV��5��%���&ODSSHUWRQ��%��.��������)HUUHW��,Q��.LQJ��&��0���HG���7KH�KDQGERRN�RI�1HZ�
=HDODQG�PDPPDOV��2[IRUG�8QLYHUVLW\�3UHVV��$XFNODQG��1=��3S�����±�����

/HH��-��������7KH�ZKLWH�SODJXH��1HZ�6FLHQWLVW��,QVLGH�6FLHQFH�������±���
/HYLQH��3��3��������$�UHSRUW�RQ�WXEHUFXORVLV�LQ�ZLOG�GHHU��2GRFRLOHXV�YLUJLQLDQXV���

� &RUQHOO�9HWHULQDULDQ��������±�����
/XJWRQ��,��:��������7KH�FRQWULEXWLRQ�RI�ZLOG�PDPPDOV�WR�WKH�HSLGHPLRORJ\�RI�WXEHUFXORVLV�

�0\FREDFWHULXP�ERYLV��LQ�1HZ�=HDODQG��8QSXEOLVKHG�3K'�WKHVLV��0DVVH\�8QLYHUVLW\��
3DOPHUVWRQ�1RUWK��1=��

/XJWRQ��,��:��������0XFRVD�DVVRFLDWHG�O\PSKRLG�WLVVXHV�DV�VLWHV�IRU�XSWDNH��FDUULDJH�DQG�
H[FUHWLRQ�RI�WXEHUFOH�EDFLOOL�DQG�RWKHU�SDWKRJHQLF�P\FREDFWHULD��,PPXQRORJ\�DQG�&HOO�
%LRORJ\��������±�����

/XJWRQ��,��:���:LOVRQ��3��5���0RUULV��5��6���*ULIILQ��-��)��7���GH�/LVOH��*��:������D��1DWXUDO�
LQIHFWLRQ�RI�UHG�GHHU�ZLWK�ERYLQH�WXEHUFXORVLV��1HZ�=HDODQG�9HWHULQDU\�-RXUQDO�����
��±����

/XJWRQ��,��:���:REHVHU��*���0RUULV��5��6���&DOH\��3������E��(SLGHPLRORJ\�RI�0\FREDFWHULXP�
ERYLV�LQIHFWLRQ�LQ�IHUDO�IHUUHWV��0XVWHOD�IXUR��LQ�1HZ�=HDODQG��,,��5RXWHV�RI�LQIHFWLRQ�
DQG�H[FUHWLRQ��1HZ�=HDODQG�9HWHULQDU\�-RXUQDO��������±�����

/XJWRQ��,��:���:LOVRQ��3��5���0RUULV��5��6���1XJHQW��*��������(SLGHPLRORJ\�DQG�SDWKRJHQHVLV�
RI�0\FREDFWHULXP�ERYLV�LQIHFWLRQ�LQ�UHG�GHHU��&HUYXV�HODSKXV��LQ�1HZ�=HDODQG��1HZ�
=HDODQG�9HWHULQDU\�-RXUQDO��������±������

0DFKDFNRYD��0���0DWORYD��/���/DPND��-���6PROLN��-���0HOLFKDUHN��,���+DQ]OLNRYD��0���
'RFHNDO��-���&YHWQLF��=���1DJ\��*���/LSLHF��0���2FHSHN��0���3DYOLN��,��������:LOG�ERDU�
�6XV�VFURID��DV�D�SRVVLEOH�YHFWRU�RI�P\FREDFWHULDO�LQIHFWLRQV��UHYLHZ�RI�OLWHUDWXUH�DQG�
FULWLFDO�DQDO\VLV�RI�GDWD�IURP�&HQWUDO�(XURSH�EHWZHHQ������WR�������9HWHULQDUQL�
0HGLFLQD�������±����
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0DFNHUHWK��*��������7KH�:DLSDZD�HQGHPLF�DUHD��7KH�HSLGHPLRORJLFDO�SLFWXUH��3URFHHGLQJV�
RI�D�'HHU�&RXUVH�IRU�9HWHULQDULDQV��1HZ�=HDODQG�9HWHULQDU\�$VVRFLDWLRQ�'HHU�
%UDQFK�&RXUVH�1R������3S�����±�����

0DFNLQWRVK��&��*���:DOGUXS��.���/DEHV��5���*ULIILQ��)���%XFKDQ��*���&URVV��-���GH�/LVOH��*��
������([SHULPHQWDO�0\FREDFWHULXP�ERYLV�LQIHFWLRQ�LQ�UHG�GHHU�ZHDQHUV�±�SUHOLPLQDU\�
ILQGLQJV��3URFHHGLQJV�RI�D�GHHU�FRXUVH�IRU�YHWHULQDULDQV��1HZ�=HDODQG�9HWHULQDU\�
$VVRFLDWLRQ�'HHU�%UDQFK�&RXUVH�1R������3S�����±�����

0DFNLQWRVK��&��*���4XUHVKL��7���:DOGUXS��.���/DEHV��5��(���'RGGV��.��*���*ULIILQ��-��)��7��
������*HQHWLF�UHVLVWDQFH�WR�H[SHULPHQWDO�LQIHFWLRQ�ZLWK�0\FREDFWHULXP�ERYLV�LQ�UHG�
GHHU��&HUYXV�HODSKXV���,QIHFWLRQ�DQG�,PPXQLW\���������±�������

0DFNLQWRVK��*��5��������'HVWUXFWLRQ�RI�ZLOG�SLJ�E\�SRLVRQHG�EDLWV��1HZ�=HDODQG�-RXUQDO�RI�
$JULFXOWXUH��������±�����

0DUX\DPD��1���,WR��7���7DPXUD��0���0L\DNL��0��$EH��6��7DNDWVXNL��6���1DLWR��7��������
$SSOLFDWLRQ�RI�UDGLRWHOHPHWU\�WR�VLND�GHHU�RQ�.LQND]DQ�,VODQG��-RXUQDO�RI�
0DPPDORJLFDO�6RFLHW\�RI�-DSDQ�������±�����

0F$XOLIIH��5��-��������7KH�UROH�RI�VFDYHQJLQJ�LQ�WKH�VSUHDG�RI�ERYLQH�WXEHUFXORVLV�LQ�IUHH�
OLYLQJ�IHUUHW�SRSXODWLRQV�LQ�1HZ�=HDODQG��0��$SSO��6FL��WKHVLV��/LQFROQ�8QLYHUVLW\��
/LQFROQ��1=��

0F&DOOXP��+���%DUORZ��1���+RQH��-��������+RZ�VKRXOG�SDWKRJHQ�WUDQVPLVVLRQ�EH�PRGHOOHG"�
7UHQGV�LQ�(FRORJ\�DQG�(YROXWLRQ��������±������

0F,OUR\��-��&��������$VSHFWV�RI�WKH�HFRORJ\�RI�IHUDO�SLJV��6XV�VFURID��LQ�WKH�0XUFKLVRQ�DUHD��
1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\�������±����

0F,ORU\��-��������)HUDO�SLJV��,Q��.LQJ��&��0���HG���+DQGERRN�RI�1HZ�=HDODQG�PDPPDOV���QG�
HGLWLRQ���3S�����±�����2[IRUG�8QLYHUVLW\�3UHVV��0HOERXUQH��

0F,QHUQH\��-���6PDOO��.��-���&DOH\��3��������3UHYDOHQFH�RI�0\FREDFWHULXP�ERYLV�LQIHFWLRQ�LQ�
IHUDO�SLJV�LQ�WKH�1RUWKHUQ�7HUULWRU\��$XVWUDOLDQ�9HWHULQDU\�-RXUQDO��������±�����

0LOOHU��5���.DQHHQH��-��%���)LW]JHUDOG��6��'���6FKPLWW��6��0��������(YDOXDWLRQ�RI�WKH�LQIOXHQFH�
RI�VXSSOHPHQWDO�IHHGLQJ�RI�ZKLWH�WDLOHG�GHHU��2GRFRLOHXV�YLUJLQLDQXV��RQ�WKH�
SUHYDOHQFH�RI�ERYLQH�WXEHUFXORVLV�LQ�WKH�0LFKLJDQ�ZLOG�GHHU�SRSXODWLRQ��-RXUQDO�RI�
:LOGOLIH�'LVHDVHV�������±����

0LOOV��5��*��������5DEELW�SUHGDWRUV�LQ�WKH�VHPL�DULG�KLJK�FRXQWU\�RI�WKH�6RXWK�,VODQG�RI�1HZ�
=HDODQG��8QSXEOLVKHG�06F�WKHVLV��/LQFROQ�8QLYHUVLW\��/LQFROQ��1=��

0RKU��2��������7DEOH�RI�HTXLYDOHQW�SRSXODWLRQV�RI�1RUWK�$PHULFDQ�VPDOO�PDPPDOV��
$PHULFDQ�0LGODQG�1DWXUDOLVW��������±�����

0ROOHU��+���$OWHULR��1��������+RPH�UDQJH�DQG�VSDWLDO�RUJDQLVDWLRQ�RI�VWRDWV��0XVWHOD�
HUPLQHD���IHUUHWV��0XVWHOD�IXUR��DQG�IHUDO�KRXVH�FDWV��)HOLV�FDWXV��RQ�FRDVWDO�
JUDVVODQGV��2WDJR�3HQLQVXOD��1HZ�=HDODQG��LPSOLFDWLRQV�IRU�\HOORZ�H\HG�SHQJXLQ�
�0HJDG\SWHV�DQWLSRGHV��FRQVHUYDWLRQ��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\��������±�����

0ROOLVRQ��'��������3RSXODWLRQ�G\QDPLFV�RI�PDPPOLDQ�GLVHDVHV��6\PSRVLXP�RI�WKH�=RRORJLFDO�
6RFLHW\��/RQGRQ���������±������

0RQWJRPHU\��5��+��������6RPH�REVHUYDWLRQV�RQ�WKH�KLVWRORJLFDO�DSSHDUDQFH�RI�
0\FREDFWHULXP�ERYLV�LQIHFWLRQ�LQ�FDWWOH��GHHU��DQG�IHUDO�SLJV��,Q��*ULIILQ��)���GH�/LVOH��
*���HGV��7XEHUFXORVLV�LQ�ZLOGOLIH�DQG�GRPHVWLF�DQLPDOV��2WDJR�&RQIHUHQFH�6HULHV����
8QLYHUVLW\�RI�2WDJR�3UHVV��'XQHGLQ��1=��3S�����±�����
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0RUOH\��&��*��������)HUUHW��0XVWHOD�IXUR��DEXQGDQFH��VXUYLYDO��DQG�UHFUXLWPHQW�RQ�IDUPODQG�
LQ�1RUWK�&DQWHUEXU\��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\�������±����

0RUULV��5��6���3IHLIIHU��'��8��������'LUHFWLRQV�DQG�LVVXHV�LQ�ERYLQH�WXEHUFXORVLV�HSLGHPLRORJ\�
DQG�FRQWURO�LQ�1HZ�=HDODQG��1HZ�=HDODQG�9HWHULQDU\�-RXUQDO�������±����

0RUULV��5��6���3IHLIIHU��'��8���-DFNVRQ��5��������7KH�HSLGHPLRORJ\�RI�0\FREDFWHULXP�
LQIHFWLRQV��9HWHULQDU\�0LFURELRORJ\��������±�����

1RUEXU\��*���+H\ZDUG��5��������,PSDFW�RI�UDEELW�FRQWURO�RQ�SUHGDWRU�HFRORJ\��/DQGFDUH�
5HVHDUFK�&RQWUDFW�5HSRUW�/&����������XQSXEO�������S���

1RUEXU\��*��/���1RUEXU\��'��&���+H\ZDUG��5��3��������%HKDYLRUDO�UHVSRQVHV�RI�WZR�SUHGDWRU�
VSHFLHV�WR�VXGGHQ�GHFOLQHV�LQ�SULPDU\�SUH\��-RXUQDO�RI�:LOGOLIH�0DQDJHPHQW�������±
����

1RUEXU\��*���+H\ZDUG��5���3DUNHV��-��������6KRUW�WHUP�HFRORJLFDO�HIIHFWV�RI�UDEELW�
KDHPRUUKDJLF�GLVHDVH�LQ�WKH�VKRUW�WXVVRFN�JUDVVODQGV�RI�WKH�6RXWK�,VODQG��1HZ�
=HDODQG��:LOGOLIH�5HVHDUFK��������±�����

13&$� ������ 3URWRFRO� IRU� SRVVXP� SRSXODWLRQ� PRQLWRULQJ� XVLQJ� WKH� WUDS�FDWFK� PHWKRG��
1DWLRQDO�3RVVXP�&RQWURO�$JHQFLHV��:HOOLQJWRQ��1=�����S��

1XJHQW��*��������)RUDJH�DYDLODELOLW\�DQG�WKH�GLHW�RI�IDOORZ�GHHU��'DPD�GDPD��DQG�IRUDJH�
DYDLODELOLW\�LQ�WKH�%OXH�0RXQWDLQV��2WDJR��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\�������±
����

1XJHQW��*��������%LJ�JDPH��VPDOO�JDPH�DQG�JDPHELUG�KXQWLQJ�LQ�1HZ�=HDODQG��+XQWLQJ�
HIIRUW��KDUYHVW��DQG�H[SHQGLWXUH�LQ�������1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\������±����

1XJHQW��*��������'HHU�PRYHPHQW�SDWWHUQV�LQ�1HZ�=HDODQG�DQG�WKHLU�LPSOLFDWLRQV�IRU�WKH�
VSUHDG�RI�ERYLQH�WXEHUFXORVLV��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&������XQSXEO����
���S��

1XJHQW��*��������+RPH�UDQJH�VL]H�DQG�LWV�GHYHRSPHQW�IRU�IDOORZ�GHHU�LQ�WKH�%OXH�0RXQWDLQV��
1HZ�=HDODQG��$FWD�7KHULRORJLFD��������±�����

1XJHQW��*��������3UHYDOHQFH�RI�7E�LQ�ZLOG�GHHU��VXPPDU\�RI���������µRSHUDWLRQDO¶�VXUYH\V��
/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������XQSXEO�������S��

1XJHQW��*���$VKHU��*��������)DOORZ�GHHU��,Q��.LQJ��&��0���HG���+DQGERRN�RI�1HZ�=HDODQG�
PDPPDOV���QG�HGLWLRQ���3S�����±�����2[IRUG�8QLYHUVLW\�3UHVV��0HOERXUQH���

1XJHQW��*���&KDOOLHV��&��1��������'LHW�DQG�IRRG�SUHIHUHQFHV�RI�ZKLWH�WDLOHG�GHHU�LQ�
QRUWKHDVWHUQ�6WHZDUW�,VODQG��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\�������±����

1XJHQW��*���&ROHPDQ��-��'��������(IIHFW�RI�SRVVXP�FRQWURO�RQ�7E�SUHYDOHQFH�LQ�ZLOG�GHHU�LQ�
WKH�8PXNDULNDUL�5DQJH��7XUDQJL��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������
�XQSXEO�������S���

1XJHQW��*���)UDVHU��.��:��������3HVW�RU�YDOXHG�UHVRXUFH��FRQIOLFWV�LQ�JDPH�PDQDJHPHQW��1HZ�
=HDODQG�-RXUQDO�RI�=RRORJ\��������±�����

1XJHQW��*���)UDVHU��.��:��������5HG�GHHU��,Q��.LQJ��&��0���HG���7KH�+DQGERRN�RI�1HZ�=HDODQG�
0DPPDOV���QG�HGLWLRQ��3S����±�����2[IRUG�8QLYHUVLW\�3UHVV��0HOERXUQH���

�1XJHQW��*���/XJWRQ��,��:��������3UHYDOHQFH�RI�ERYLQH�WXEHUFXORVLV�LQ�ZLOG�GHHU�LQ�WKH�
+DXKXQJDURD�5DQJH��1RUWK�,VODQG��1HZ�=HDODQG��3URFHHGLQJV�RI�WKH�VHFRQG�
,QWHUQDWLRQDO�&RQIHUHQFH�RQ�0\FREDFWHULXP�ERYLV��3S�����±�����



� ����

1XJHQW��*���0DFNHUHWK��*��������7XEHUFXORVLV�SUHYDOHQFH�LQ�ZLOG�GHHU�DQG�SRVVXPV�RQ�
7LPDKDQJD�6WDWLRQ��5DQJLWLNHL��6XUYHLOODQFH�������±�����

1XJHQW��*���3URIILWW��)��������%RYLQH�WXEHUFXORVLV��7E��LQIHFWLRQ�LQ�ZLOG�GHHU�DQG�SLJV�LQ�WKH�
.DLPDQDZD�DQG�.DZHND�UDQJHV��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&��������
�XQSXEO�������S��

1XJHQW��*���:KLWIRUG��-��������(SLGHPLRORJ\�RI�ERYLQH�WXEHUFXORVLV�LQ�ZLOG�GHHU��/DQGFDUH�
5HVHDUFK�&RQWUDFW�5HSRUW�/&���������WR�WKH�$QLPDO�+HDOWK�%RDUG��5�
�������XQSXEO�������S��

1XJHQW��*���:KLWIRUG��-��������$UH�GHHU�LPSRUWDQW�ORQJ�WHUP�UHVHUYRLU�KRVWV�RI�7E"�/DQGFDUH�
5HVHDUFK� &RQWUDFW� 5HSRUW� /&��������� WR� WKH� $QLPDO� +HDOWK� %RDUG� �5�
�������XQSXEO�������S��

1XJHQW��*���<RFNQH\��,��������)DOORZ�GHHU�GHDWKV�GXULQJ�DHULDO������SRLVRQLQJ�RI�SRVVXPV�LQ�
WKH�%OXH�0RXQWDLQV��2WDJR��1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\��������±
�����

1XJHQW��*���)UDVHU��.��:���6ZHHWDSSOH��3��-��������&RPSDULVRQ�RI�UHG�GHHU�DQG�SRVVXP�GLHWV�
DQG�LPSDFWV�LQ�SRGRFDUS�KDUGZRRG�IRUHVW��:DLKDKD�&DWFKPHQW��3XUHRUD�&RQVHUYDWLRQ�
3DUN��6FLHQFH�IRU�&RQVHUYDWLRQ�����'HSDUWPHQW�RI�&RQVHUYDWLRQ��:HOOLQJWRQ��1=��3S��
�±�����

1XJHQW��*���6ZHHWDSSOH��3���&ROHPDQ��-���6XLVWHG��3��������3RVVXP�IHHGLQJ�SDWWHUQV��GLHWDU\�
WDFWLFV�RI�D�UHOXFWDQW�IROLYRUH��,Q��0RQWDJXH��7��/���HG���7KH�EUXVKWDLO�SRVVXP��
%LRORJ\��LPSDFW��DQG�PDQDJHPHQW�RI�DQ�LQWURGXFHG�PDUVXSLDO��0DQDDNL�:KHQXD�
3UHVV��/LQFROQ��1=��3S����±����

1XJHQW��*���)UDVHU��.��:���$VKHU��*��:���7XVWLQ��.��*��������$GYDQFHV�LQ�1HZ�=HDODQG�
PDPPDORJ\�����±������'HHU��-RXUQDO�RI�WKH�5R\DO�6RFLHW\�RI�1HZ�=HDODQG��������±
�����

1XJHQW��*���:KLWIRUG��-���<RXQJ��1��������8VH�RI�UHOHDVHG�SLJV�DV�VHQWLQHOV�IRU�
0\FREDFWHULXP�ERYLV��-RXUQDO�RI�:LOGOLIH�'LVHDVHV��������±������

1XJHQW��*���5HGGLH[��%���:KLWIRUG��-���<RFNQH\��,������D��3LJV�DV�KRVWV�RI�ERYLQH�
WXEHUFXORVLV�LQ�1HZ�=HDODQG�±�$�5HYLHZ��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�
/&���������WR�WKH�$QLPDO�+HDOWK�%RDUG��5��������XQSXEO�������S���

1XJHQW��*���%\URP��$���$UWKXU��7��:KLWIRUG��-���<RFNQH\��,������E��5LVN�RI�7E�SHUVLVWHQFH�
DQG�VSUHDG��WKH�UROH�RI�GHHU��SLJV��DQG�IHUUHWV��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�
/&���������WR�WKH�$QLPDO�+HDOWK�%RDUG��5���������XQSXEO�������S��

1XJHQW��*���<RFNQH\��,���/RULJDQ��5��������3LJV�DV�VHQWLQHOV�IRU�GHWHFWLRQ�RI�7E��3KDVH�,,��
/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&���������WR�WKH�$QLPDO�+HDOWK�%RDUG��5�
�������XQSXEO�������S��

1XJHQW��*���:KLWIRUG��-��<RFNQH\��,���%\URP��$���&ROHPDQ��-������D��'R�IHUDO�SLJV�SOD\�DQ�
LPSRUWDQW�UROH�LQ�1HZ�=HDODQG¶V�7E�SUREOHP"�3URFHHGLQJV�RI�WKH���WK�$XVWUDODVLDQ�
9HUWHEUDWH�3HVW�&RQIHUHQFH��:HOOLQJWRQ��0D\�������3S�����±�����

1XJHQW��*���:KLWIRUG��-���0F(ZDQ��0������E��'1$�EDVHG�PDUN�UHFDSWXUH�RI�ZLOG�GHHU��
8VLQJ�IDZQV�WR�FDSWXUH�WKHLU�PRWKHUV��3URFHHGLQJV�RI�WKH���WK�$XVWUDODVLDQ�9HUWHEUDWH�
3HVW�&RQIHUHQFH��:HOOLQJWRQ���0D\�������3S����±����

1XWWDOO��:��2��������7XEHUFXORVLV�RI�SLJV��6XUYHLOODQFH���������±���



� ����

2¶%ULHQ��'��-���5DWKV��0�����6FKPLWW��6��0���XQGDWHG���2FFXSDWLRQDO�VDIHW\�LVVXHV�UHODWHG�WR�
ERYLQH�WXEHUFXORVLV�VXUYHLOODQFH�LQ�ZLOGOLIH��0LFKLJDQ�'HSDUWPHQW�RI�1DWXUDO�
5HVRXUFHV�UHSRUW���XQSXEO�������S��

2
%ULHQ��'��-���)LW]JHUDOG��6��'���/\RQ��7��-���%XWOHU��.��/���)LHUNH��-��6���&ODUNH��.��5���
6FKPLWW��6��0���&RROH\��7��0���'HUU\��'��(��������7XEHUFXORXV�OHVLRQV�LQ�IUHH�UDQJLQJ�
ZKLWH�WDLOHG�GHHU�LQ�0LFKLJDQ��-RXUQDO�RI�:LOGOLIH�'LVHDVHV��������±�����

2¶%ULHQ��'��-���6FKPLWW��6��0���)LHUNH��-��6���+RJOH��6��$���:LQWHUVWHLQ��6��5���&RROH\��7��0���
0RULW]��:��(���'LHJHO��.��/���)LW]JHUDOG��6��'��%HUU\��'��(���.DQHHQH��-��%��������
(SLGHPLRORJ\�RI�0\FREDFWHULXP�ERYLV�LQ�IUHH�UDQJLQJ�ZKLWH�WDLOHG�GHHU��0LFKLJDQ��
86$������±������3UHYHQWLYH�9HWHULQDU\�0HGLFLQH�������±�����

2¶%ULHQ��'��-���6FKPLWW��6��0���%HUU\��'��(���)LW]JHUDOG��6��'���9DQQHVWH��-��5���/\RQ��7��-���
0DJVLJ��'���)LHUNH��-��6���&RROH\��7���=ZLFN��/��6���7RPVHQ��%��9��������(VWLPDWLQJ�
WKH�WUXH�SUHYDOHQFH�RI�0\FREDFWHULXP�ERYLV�LQ�KXQWHU�KDUYHVWHG�ZKLWH�WDLOHG�GHHU�LQ�
0LFKLJDQ��-RXUQDO�RI�:LOGOLIH�'LVHDVHV�������±�����

2¶+DUD��3��-���-XOLDQ��$��)���(NGDKO��0��2��������7XEHUFXORVLV�LQ�WKH�RSRVVXP��7ULFKRVXUXV�
YXOSHFXOD���$Q�H[SHULPHQWDO�VWXG\��,Q��3URFHHGLQJV�RI�D�VHPLQDU�RQ�WXEHUFXORVLV��
0LQLVWU\�RI�$JULFXOWXUH�DQG�)LVKHULHV��+DPLOWRQ���

2¶5HLOO\��/��0���'DERUQ��&��-��������7KH�HSLGHPLRORJ\�RI�0\FREDFWHULXP�ERYLV�LQIHFWLRQV�LQ�
DQLPDOV�DQG�PDQ��D�UHYLHZ��7XEHUFOH�DQG�/XQJ�'LVHDVH�����6XSSOHPHQW�����±����

2¶0DLUWLQ��'���:LOOLDPV��'��+���*ULIILQ��-��0���'RODQ��/��$���(YHV��-��$��������7KH�HIIHFW�RI�D�
EDGJHU�UHPRYDO�SURJUDPPH�RQ�WKH�LQFLGHQFH�RI�WXEHUFXORVLV�LQ�DQ�,ULVK�FDWWOH�
SRSXODWLRQ��3UHYHQWLYH�9HWHULQDU\�0HGLFLQH�������±����

3DOPHU��0��9���:KLSSOH��'��/���2OVHQ��6��&������D��'HYHORSPHQW�RI�D�PRGHO�RI�QDWXUDO�
LQIHFWLRQ�ZLWK�0\FREDFWHULXP�ERYLV�LQ�ZKLWH�WDLOHG�GHHU��-RXUQDO�RI�:LOGOLIH�'LVHDVHV�
�������±������

3DOPHU��0��9���:KLSSOH��'��/���5K\DQ��-��&���%ROLQ��&��$���6DDUL��'��$������E��*UDQXORPD�
GHYHORSPHQW�LQ�FDWWOH�DIWHU�LQWUDWRQVLOODU�LQRFXODWLRQ�ZLWK�0\FREDFWHULXP�ERYLV��
$PHULFDQ�-RXUQDO�RI�9HWHULQDU\�5HVHDUFK��������±�����

3DOPHU��0��9���:KLSSOH��'��/���3D\HXU��-��%���$OW��'��3���(VFK��.��-���%UXQLQJ�)DQQ��&��6���
.DQHHQH��-��%��������1DWXUDOO\�RFFXUULQJ�WXEHUFXORVLV�LQ�ZKLWH�WDLOHG�GHHU��-RXUQDOV�RI�
WKH�$PHULFDQ�9HWHULQDU\�0HGLFLQH�$VVRFLDWLRQ����������±������

3DOPHU��0��9���:KLSSOH��'��/���:DWHUV��:��5��������([SHULPHQWDO�GHHU�WR�GHHU�WUDQVPLVVLRQ�
RI�0\FREDFWHULXP�ERYLV��$PHULFDQ�-RXUQDO�RI�9HWHULQDU\�5HVHDUFK��������±�����

3DOPHU��0��9���:DWHUV��:��5���:KLSSOH��'��/������D��0LON�FRQWDLQLQJ�0\FREDFWHULXP�ERYLV�
DV�D�VRXUFH�RI�LQIHFWLRQ�IRU�ZKLWH�WDLOHG�GHHU�IDZQV��2GRFRLOHXV�YLUJLQLDQXV���
7XEHUFXORVLV��������±�����

3DOPHU��0��9���:KLSSOH��'��/��%XWOHU��.��/���)LW]JHUDOG��6��'��%UXQQLQJ�)DQQ��&��6���6FKPLWW��
6��0������E��7RQVLOODU�OHVLRQV�LQ�ZKLWH�WDLOHG�GHHU��2GRFRLOHXV�YLUJLQLDQXV��QDWXUDOO\�
LQIHFWHG�ZLWK�0\FREDFWHULXP�ERYLV��9HWHULQDU\�5HFRUG���������±�����

3DOPHU��0��9���:DWHUV��0��5���:KLSSOH��'��/������F��/HVLRQ�GHYHORSPHQW�LQ�ZKLWH�WDLOHG�
GHHU��2GRFRLOHXV�YLUJLQLDQXV��H[SHULPHQWDOO\�LQIHFWHG�ZLWK�0\FREDFWHULXP�ERYLV��
9HWHULQDU\�3DWKRORJ\��������±������

3DOPHU��0��9���:DWHUV��:��5���:KLSSOH��'��/��������6KDUHG�IHHG�DV�D�PHDQV�RI�GHHU�WR�GHHU�
WUDQVPLVVLRQ�RI�0\FREDFWHULXP�ERYLV��-RXUQDO�RI�:LOGOLIH�'LVHDVHV�������±����
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3DQQHWW��*���0DFNHUHWK��*��������$�UHSRUW�RQ�WXEHUFXORVLV�LQ�IHUDO�DQG�GRPHVWLF�DQLPDOV�
DVVRFLDWHG�ZLWK�WKH�.DZHND�5DQJHV��0$)�4XDOLW\�0DQDJHPHQW�UHSRUW��XQSXEO�������
S��

3DUUD�$���)HUQiQGH]�/ODULR��3���7DWRF��$���/DUUDVD��-���*DUFÕD��$���$ORQVR��-��0���+HUPRVR�GH�
0HQGR]D��0���+HUPRVR�GH�0HQGR]D�-��������(SLGHPLRORJ\�RI�0\FREDFWHULXP�ERYLV�
LQIHFWLRQV�RI�SLJV�DQG�ZLOG�ERDUV��XVLQJ�D�PROHFXODU�DSSURDFK��9HWHULQDU\�
0LFURELRORJ\��������±�����

3DWHUVRQ��%��0���0RUULV��5��6�������,QWHUDFWLRQV�EHWZHHQ�EHHI�FDWWOH�DQG�VLPXODWHG�
WXEHUFXORXV�SRVVXPV�RQ�SDVWXUH��1HZ�=HDODQG�-RXUQDO�RI�9HWHULQDU\�6FLHQFH��������±
�����

3DWHUVRQ��%��0���0RUULV��5��6���:HVWRQ��-���&RZDQ��3��(��������)RUDJLQJ�DQG�GHQQLQJ�SDWWHUQV�
RI�EUXVK�WDLO�SRVVXPV��DQG�WKHLU�SRVVLEOH�UHODWLRQVKLS�WR�FRQWDFW�ZLWK�FDWWOH�DQG�WKH�
WUDQVPLVVLRQ�RI�ERYLQH�WXEHUFXORVLV��1HZ�=HDODQG�-RXUQDO�RI�9HWHULQDU\�6FLHQFH�����
���±������

3IHLIIHU��'��8��������7KH�UROH�RI�D�ZLOGOLIH�UHVHUYRLU�LQ�WKH�HSLGHPLRORJ\�RI�ERYLQH�
WXEHUFXORVLV��8QSXEOLVKHG�3K'�WKHVLV��0DVVH\�8QLYHUVLW\��3DOPHUVWRQ�1RUWK��1=��

3IHLIIHU��'��8���+LFNOLQJ��*��-���0RUULV��5��6���3DWWHUVRQ��.��3���5\DQ��7�-���&UHZV��.��%��������
7KH�HSLGHPLRORJ\�RI�0\FREDFWHULXP�ERYLV�LQIHFWLRQ�LQ�EUXVKWDLO�SRVVXPV�
�7ULFKRVXUXV�YXOSHFXOD�.HUU��LQ�WKH�+DXKXQJDURD�5DQJHV��1HZ�=HDODQG��1HZ�
=HDODQG�-RXUQDO�RI�9HWHULQDU\�6FLHQFH��������±�����

4XUHVKL��7���/DEHV��5��(���/DPEHWK��0���0RQWJRPHU\��+���*ULIILQ��-��)��7���0DFNLQWRVK��&��*��
������7UDQVPLVVLRQ�RI�0\FREDFWHULXP�ERYLV�IURP�H[SHULPHQWDOO\�LQIHFWHG�IHUUHWV�WR�
QRQ�LQIHFWHG�IHUUHWV��0XVWHOD�IXUR���1HZ�=HDODQG�9HWHULQDU\�-RXUQDO�������±�����

5DJJ��-��5��������7XEHUFXORVLV��0\FREDFWHULXP�ERYLV��HSLGHPLRORJ\�DQG�WKH�HFRORJ\�RI�
IHUUHWV��0XVWHOD�IXUR��RQ�1HZ�=HDODQG�IDUPODQG��3K'�WKHVLV��2WDJR8QLYHUVLW\��
'XQGHLQ��1=��

5DJJ��-���:DONHU��5��������7KH�DVVRFLDWLRQ�RI�WXEHUFXORXV��0\FREDFWHULXP�ERYLV��IHUUHWV�
�0XVWHOD�IXUR��ZLWK�7E�LQIHFWHG�FDWWOH�DQG�GHHU�KHUGV�LQ�WKH�6RXWK�,VODQG��D�UHYLHZ�RI�
IRXU�SUHGDWRU�VXUYH\V�DQG�WKH�FDVH�VWXG\�RI�D�7E�SUREOHP�DUHD�LQ�(DVW�2WDJR��5R\DO�
6RFLHW\�RI�1HZ�=HDODQG��0LVFHOODQHRXV�6HULHV������±����

5DJJ��-��5���0ROOHU��+���:DOGUXS��.��$��������7KH�SUHYDOHQFH�RI�ERYLQH�WXEHUFXORVLV�
�0\FREDFWHULXP�ERYLV��LQHFWLRQV�LQ�IHUDO�SRSXODWLRQV�RI�FDWV��)HOLV�FDWXV���IHUUHWV�
�0XVWHOD�IXUR��DQG�VWRDWV��0XVWHOD�HUPLQHD��LQ�2WDJR�DQG�6RXWKODQG��1HZ�=HDODQG��
1HZ�=HDODQG�9HWHULQDU\�-RXUQDO��������±������

5DJJ��-��5���0DFNLQWRVK��&��*���0ROOHU��+��������7KH�VFDYHQJLQJ�EHKDYLRXU�RI�IHUUHWV�
�0XVWHOD�IXUR���IHUDO�FDWV��)HOLV�GRPHVWLFXV���SRVVXPV��7ULFKRVXUXV�YXOSHFXOD���
KHGJHKRJV��(ULQDFHXV�HXURSDHXV��DQG�KDUULHU�KDZNV��&LUFXV�DSSUR[LPDQV��RQ�
SDVWRUDO�IDUPODQG�LQ�1HZ�=HDODQG��,PSOLFDWLRQV�IRU�ERYLQH�WXEHUFXORVLV�WUDQVPLVVLRQ��
1HZ�=HDODQG�9HWHULQDU\�-RXUQDO��������±�����

5DPVH\��'���&RZDQ��3��������0RUWDOLW\�UDWH�DQG�PRYHPHQWV�RI�EUXVKWDLO�SRVVXPV�ZLWK�
FOLQLFDO�WXEHUFXORVLV��0\FREDFWHULXP�ERYLV�LQIHFWLRQ���1HZ�=HDODQG�9HWHULQDU\�
-RXUQDO��������±�����

5DPVH\�� '��� 1RUWRQ�� 6��� &RUQHU�� /��� &RZDQ�� 3�� ������ /RQJLWXGLQDO� VWXG\� RI� VXUYLYDO� RI�
WXEHUFXORXV�SRVVXPV��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�/&����������XQSXEO�������
S��
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5DPVH\��'���6SHQFHU��1���&DOH\��3���(IIRUG��0���+DQVHQ��.���/DP��0���&RRSHU��'��������7KH�
HIIHFWV�RI�UHGXFLQJ�SRSXODWLRQ�GHQVLW\�RQ�FRQWDFW�UDWHV�EHWZHHQ�EUXVKWDLO�SRVVXPV��
LPSOLFDWLRQV�IRU�WUDQVPLVVLRQ�RI�ERYLQH�WXEHUFXORVLV��-RXUQDO�RI�$SSOLHG�(FRORJ\�����
���±�����

5DPVH\��'���(IIRUG��0���%DOO��6���1XJHQW��*��������7KH�HYDOXDWLRQ�RI�LQGLFHV�RI�DQLPDO�
DEXQGDQFH�XVLQJ�VSDWLDO�VLPXODWLRQ�RI�DQLPDO�WUDSSLQJ��:LOGOLIH�5HVHDUFK��������±
�����

5D\��-��$���0DOOPDQQ��9��+���0DOOPDQQ��:��/���0RUULOO��&��&�������3DWKRORJLF�DQG�
EDFWHULRORJLF�IHDWXUHV�DQG�K\SHUVHQVLWLYLW\�RI�SLJV�JLYHQ�0\FREDFWHULXP�ERYLV��
0\FREDFWHULXP�DYLXP��RU�*URXS�,,,�P\FREDFWHULD��$PHULFDQ�-RXUQDO�RI�9HWHULQDU\�
5HVHDUFK���������±������

5REHUWV��0��*��������7KH�G\QDPLFV�RI�ERYLQH�WXEHUFXORVLV�LQ�SRVVXP�SRSXODWLRQV��DQG�LWV�
HUDGLFDWLRQ�RU�FRQWURO�E\�FXOOLQJ�RU�YDFFLQDWLRQ��-RXUQDO�RI�$QLPDO�(FRORJ\��������±
�����

5RELQVRQ��5��&���3KLOOLSV��3��+���6WHYHQV��*���6WRUP��3��$��������$Q�RXWEUHDN�RI�
0\FREDFWHULXP�ERYLV�LQ�IDOORZ�GHHU��'DPD�GDPD���$XVWUDOLDQ�9HWHULQDU\�-RXUQDO�����
���±�����

5RVH��%��������%RYLQH�WXEHUFXORVLV�LQ�GHHU��'HHU��������
5\DQ��7��-���/LYLQJVWRQH��3��*���5DPVH\��'��6��/���GH�/LVOH��*��:���1XJHQW��*���&ROOLQV��'��

0���%XGGOH��%��0���LQ�SUHVV���$GYDQFHV�LQ�XQGHUVWDQGLQJ�GLVHDVH�HSLGHPLRORJ\�DQG�
LPSOLFDWLRQV�IRU�FRQWURO�DQG�HUDGLFDWLRQ�RI�WXEHUFXORVLV�LQ�OLYHVWRFN��WKH�H[SHULHQFH�
IURP�1HZ�=HDODQG��9HWHULQDU\�0LFURELRORJ\��

6DUUH��6��'���$LWNHQ��1���&ORXW��0��1���-L��:���5RELQV��-���/DPEHUW��'��0��������0ROHFXODU�
HFRORJ\�DQG�ELRORJLFDO�FRQWURO��WKH�PDWLQJ�V\VWHP�RI�D�PDUVXSLDO�SHVW��0ROHFXODU�
(FRORJ\�������±�����

6DXWHU��&��0���0RUULV��5��6������E��%HKDYLRXUDO�VWXGLHV�RQ�WKH�SRWHQWLDO�IRU�GLUHFW�
WUDQVPLVVLRQ�RI�WXEHUFXORVLV�IURP�IHUDO�IHUUHWV��0XVWHOD�IXUR��DQG�SRVVXPV�
�7ULFKRVXUXV�YXOSHFXOD��WR�IDUPHG�OLYHVWRFN��1HZ�=HDODQG�9HWHULQDU\�-RXUQDO�����
���±����� �

6DXWHU��&��0���0RUULV��5��6������D��'RPLQDQFH�KLHUDUFKLHV�LQ�FDWWOH�DQG�UHG�GHHU��&HUYXV�
HODSKXV���WKHLU�SRVVLEOH�UHODWLRQVKLS�WR�WKH�WUDQVPLVVLRQ�RI�ERYLQH�WXEHUFXORVLV��1HZ�
=HDODQG�9HWHULQDU\�-RXUQDO��������±�����

6FKPLWW��6��0���)LW]JHUDOG��6��'���&RROH\��7��0���%UXQLQJ�)DQQ��&��6���6XOOLYDQ��/���%HUU\��'���
&DUOVRQ��7���0LQQLV��5��%���3D\HXU��-��%���6LNDUVNLH��-��������%RYLQH�WXEHUFXORVLV�LQ�
IUHH�UDQJLQJ�ZKLWH�WDLOHG�GHHU�IURP�0LFKLJDQ��-RXUQDO�RI�:LOGOLIH�'LVHDVHV��������±
�����

6FKZDUWLQJ��9��0��������7KH�DFWLRQ�RI�JDVWULF�FRQWHQWV�RQ�WXEHUFOH�EDFLOOL��$PHUFLDQ�5HYLHZ�
RI�7XEHUFXORVLV��������±�����

6PLWK��*��&��������0RGHOV�RI�0\FREDFWHULXP�ERYLV�LQ�ZLOGOLIH�DQG�FDWWOH��7XEHUFXORVLV�����
��±����

6WDLQHV��%��:��������$�UHYLHZ�RI�IDFWRUV�DIIHFWLQJ�GHHU�GLVSHUVLRQ�DQG�WKHLU�UHOHYDQFH�WR�
PDQDJHPHQW��0DPPDO�5HYLHZ������±����
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6WDWKDP��+��/���6WDWKDP��0��������0RYHPHQWV�RI�IDOORZ�GHHU��'DPD�GDPD��LQ�7DVPDQLD�DQG�
WKH�HIIHFWV�RI�SRSXODWLRQ�VDPSOLQJ�RQ�GLVSHUVDO��3URFHHGLQJV�RI�WKH���WK�$XVWUDODVLDQ�
9HUWHEUDWH�3HVW�&RQIHUHQFH����±���0D\��0HOERXUQH��

6WXDUW��)��$���0DQVHU��3��$���0F,QWRVK��)��*��������7XEHUFXORVLV�LQ�LPSRUWHG�UHG�GHHU��&HUYXV�
HODSKXV���9HWHULQDU\�5HFRUG��������±�����

6ZHHWDSSOH��3��-���)UDVHU��.��:��������$VVHVVPHQW�RI�UHG�GHHU�DQG�SRVVXP�NLOOV�GXULQJ�DQ�
DHULDO������FRQWURO�RSHUDWLRQ�LQ�WKH�5DQJLWRWR�5DQJH��/DQGFDUH�5HVHDUFK�&RQWUDFW�
5HSRUW�/&����������XQSXEO�������S��

6ZHHWDSSOH��3��-���1XJHQW��*���:KLWIRUG��-���.QLJKWEULGJH��3��������0LVWOHWRH��7XSHLD�
DQWDUFWLFD��UHFRYHU\�DQG�GHFOLQH�IROORZLQJ�SRVVXP�FRQWURO�LQ�D�1HZ�=HDODQG�IRUHVW��
1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\�������±����

7D\ORU��$��&���&RZDQ��3��(���)ULFNH��%��/���&RRSHU��6��'��������*HQHWLF�DQDO\VLV�RI�WKH�PDWLQJ�
V\VWHP�RI�WKH�FRPPRQ�EUXVKWDLO�SRVVXP��7ULFKRVXUXV�YXOSHFXOD��LQ�1HZ�=HDODQG�
IDUPODQG��0ROHFXODU�(FRORJ\�������±�����

7HVVDUR��6��9��������7KH�H[LVWHQFH�DQG�SRWHQWLDO�LPSRUWDQFH�RI�WXEHUFXORVLV�LQ�&DQDGLDQ�
ZLOGOLIH��D�UHYLHZ��&DQDGLDQ�9HWHULQDU\�-RXUQDO��������±�����

7KRPDV��0��'���+LFNOLQJ��*��-���&ROHPDQ��-��'���3UDF\��/��7��������/RQJ�WHUP�WUHQGV�LQ�
SRVVXP�QXPEHUV�DW�3DUDUDNL��(YLGHQFH�RI�DQ�LUUXSWLYH�IOXFWXDWLRQ��1HZ�=HDODQG�
-RXUQDO�RI�(FRORJ\�������±����

7KRPVRQ��&���&KDOOLHV��&��1��������'LHW�RI�IHUDO�SLJV�LQ�WKH�SRGRFDUS�WDZD�IRUHVWV�RI�WKH�
8UHZHUD�5DQJHV��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\�������±�����

7KUXVIHOG��0��������9HWHULQDU\�HSLGHPLRORJ\���QG�HGLWLRQ��%ODFNZHOO�6FLHQFH��2[IRUG������
S��

8QGHUZRRG��$��-��������7KH�PHFKDQLFV�RI�VSDWLDOO\�UHSOLFDWHG�VDPSOLQJ�SURJUDPPHV�WR�GHWHFW�
HQYLURQPHQWDO�LPSDFWV�LQ�D�YDULDEOH�ZRUOG��$XVWUDOLDQ�-RXUQDO�RI�(FRORJ\�������±�����

86$+$�������5HSRUW�RI�WKH�FRPPLWWHH�RQ�WXEHUFXORVLV��
ZZZ�XVDKD�RUJ�UHSRUWV���U��WE�KWPO��8QLWHG�6WDWHV�$QLPDO�+HDOWK�$VVRFLDWLRQ��

9HQDEOHV��:��1���5LSOH\��%��'��������0RGHUQ�DSSOLHG�VWDWLVWLFV�ZLWK�6���WK�HGLWLRQ���6SULQJHU�
9HUODJ��1HZ�<RUN��

:DONHU��5���5HLG��%���&UHZV��.��������%RYLQH�WXEHUFXORVLV�LQ�SUHGDWRUV�LQ�WKH�0DFNHQ]LH�
%DVLQ��6XUYHLOODQFH����������±����

:DQG��0��3���-RQHV��0��&��������.HUQHO�VPRRWKLQJ��&KDSPDQ�DQG�+DOO��/RQGRQ��
:DUG��*��'��������+DELWDW�XVH�DQG�KRPH�UDQJH�RI�UDGLR�WDJJHG�RSRVVXPV�7ULFKRVXUXV�

YXOSHFXOD��.HUU��LQ�1HZ�=HDODQG�ORZODQG�IRUHVW��,Q��0RQWJRPHU\��*��*���HG���7KH�
HFRORJ\�RI�DUERUHDO�IROLYRUHV��6PLWKVRQLDQ�,QVWLWXWLRQ�3UHVV��:DVKLQJWRQ�'�&��3S��
���±�����

:RG]LFNL��.��������,QWURGXFHG�PDPPDOV�RI�1HZ�=HDODQG��'6,5�%XOOHWLQ������
<HUH[��'��������'HHU��7KH�1HZ�=HDODQG�VWRU\��&DQWHUEXU\�8QLYHUVLW\�3UHVV��&KULVWFKXUFK��

1=������S���
<RFNQH\��,���1XJHQW��*��������6FDYHQJLQJ�RI�SRWHQWLDOO\�WXEHUFXORVLV�IHUDO�SLJ�FDUFDVVHV�LQ�

WKH�QRUWKHUQ�6RXWK�,VODQG�KLJK�FRXQWU\��/DQGFDUH�5HVHDUFK�&RQWUDFW�5HSRUW�
/&���������WR�WKH�$QLPDO�+HDOWK�%RDUG��XQSXEO�������S��
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=RPERUV]N\��=���.RUPHQG\��%���7XERO\��6���7LOO\��3���+RUQ��3��������7KH�YDOXH�RI�
LPPXQRGLDJQRVWLF�WHVWV�LQ�GHWHFWLQJ�WXEHUFXORVLV�LQ�DQ�LQIHFWHG�UHG�GHHU�KHUG�DQG�LQ�
HUDGLFDWLRQ�RI�WKH�GLVHDVH�E\�VHOHFWLRQ��$FWD�9HWHULQDULD�+XQJDULD��������±�����
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$SSHQGLFHV�
$SSHQGL[����0DSV�RI�WKH�VWXG\�DUHDV��DQG�GHHU�NLOO�ORFDWLRQV�DQG�7E�VWDWXV��
�D��+DXKXQJDURD�5DQJH��0DQ\�GHHU�DUH�REVFXUHG�E\�RWKHUV�VKRW�DW�WKH�VDPH�
ORFDWLRQ�

�
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�E�8PXNDULNDUL�5DQJHV��0DQ\�GHHU�DUH�REVFXUHG�E\�RWKHUV�VKRW�DW�WKH�VDPH�ORFDWLRQ��

�
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�F�� +RFKVWHWWHU� DQG� 2PRWR� 5DQJHV� 0DQ\� GHHU� DUH� REVFXUHG� E\� RWKHUV� VKRW� DW� WKH� VDPH�
ORFDWLRQ��
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�
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�
�
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$SSHQGL[� ���$JH� GLVWULEXWLRQV� RI� QHFURSVLHG� GHHU�� E\� VH[� �PDOHV�  � RSHQ� EDUV�� IHPDOHV�  �
ILOOHG�EDUV���
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$SSHQGL[����%DFNJURXQG�KLVWRULFDO�GDWD�RQ�GHHU�DQG�SRVVXP�GHQVLW\�DQG�WKH�SUHYDOHQFH�RI�
7E�LQ�SRVVXPV�IRU�HDFK�RI�WKH�IRXU�PDLQ�VWXG\�DUHDV���
(+5��7KH�$XJXVW������SRVVXP�FRQWURO�RSHUDWLRQ�UHGXFHG�SRVVXP�IDHFDO�SHOOHW�GHQVLWLHV�E\�
!���� �)UDVHU� HW� DO�� �������%\�2FWREHU� ������ SHOOHW� GHQVLWLHV� KDG� LQFUHDVHG� WR� ����RI� SUH�
FRQWURO� OHYHOV� �&ROHPDQ� HW� DO�� �������$W� WKH� VRXWKHUQ� HQG� RI� WKH�(+5�7&,V� GHFOLQHG� IURP�
����LQ�0DUFK������WR�]HUR�LQ�6HSWHPEHU�������EXW�WKHQ�LQFUHDVHG�WR��±����E\�����±�����
�6ZHHWDSSOH� HW� DO�� �������0DQDJHPHQW� VXUYH\V� RI� WKH� ZKROH� (+5� DUHD� LQ� ����� DQG� �����
UHFRUGHG�7&,V� RI� ��� DQG� ��� UHVSHFWLYHO\� �&ROHPDQ� HW� DO�� �������7KHVH� GDWD� LQGLFDWH� WKDW�
SRVVXP�GHQVLWLHV�ZHUH�UHGXFHG�WR�QHDU�]HUR�LQ�$XJXVW�������EXW�WKHQ�LQFUHDVHG�WR�DERXW�����
RI�SUH�FRQWURO�OHYHOV�E\�������
7KH�$XJXVW������SRVVXP�FRQWURO�RSHUDWLRQ� UHGXFHG�GHHU�3*'� LQ� WKH�(+5�E\�F������7KLV�
GHFOLQH� SRWHQWLDOO\� FRQIRXQGHG� WKH� H[SHULPHQWDO� GHVLJQ�� EXW� 3*'� KDG� UHWXUQHG� WR� WKH� SUH�
FRQWURO� OHYHO�E\������DQG�H[FHHGHG� LW� E\� WKH� IROORZLQJ�\HDU� �&ROHPDQ� HW� DO�� ������� VR� WKH�
FRQIRXQGLQJ�HIIHFW�DSSHDUV�QHJOLJLEOH��
,Q�����±����D�7E�SUHYDOHQFH�RI�������UHFRUGHG�LQ������SRVVXPV�NLOOHG�DURXQG�WKH�SHULPHWHU�
RI� WKH� +DXKXQJDURD� 5DQJH� �3IHLIIHU� HW� DO�� ������� &ROHPDQ� HW� DO�� ������� UHFRUGHG� ���
SUHYDOHQFH�DPRQJ����SRVVXPV�IURP�WKH�VRXWKHUQ�(+5�LQ�HDUO\�������2I�SRVVXPV�NLOOHG� LQ�
WKH�(+5�LQ�RWKHU�VWXGLHV��1XJHQW�HW�DO������������RI�WKH�����NLOOHG�LQ������DQG������ZHUH�
OHVLRQHG��EXW�MXVW�RQH��������RI�WKH�����NLOOHG�ODWHU��
�:+5��$� SRVVXP� SHOOHW� GHQVLW\� RI� ����KD� ZDV� UHFRUGHG� LQ� ����� DQG� VXEVHTXHQWO\� YDULHG�
EHWZHHQ����KD�DQG�����KD��ZLWK�QR�VLJQLILFDQW�WUHQG��ZLWK�WKH�GLIIHUHQFH�EHWZHHQ�WKH�SUH��DQG�
SRVW�FRQWURO� HVWLPDWHV� WKRXJKW� WR� UHIOHFW� WKH� GLIIHUHQW� VHDVRQV� LQ� ZKLFK� WKH� VXUYH\V� ZHUH�
XQGHUWDNHQ��:��)UDVHU��XQSXEO��GDWD���7KH�0DQDZDWX�	�:DQJDQXL�5HJLRQDO�&RXQFLO�UHFRUGHG�
VWDQGDUG�SRVVXP�7&,V�RI�������RQ�WUDS� OLQHV� LQ� WKH�ZHVWHUQ�:+5�LQ�������&ROHPDQ�HW�DO��
�������
$� GHHU� 3*'�RI� ���� JURXSV�KD�ZDV� UHFRUGHG� LQ� WKLV� DUHD� LQ�0D\� ����� �:�� )UDVHU�� XQSXEO��
GDWD��� VOLJKWO\� KLJKHU� WKDQ� LQ� WKH� HDVWHUQ� SDUW� RI� WKH� UDQJH�� 'XULQJ� WKH� VXEVHTXHQW� DQQXDO�
VXUYH\V��SHOOHW�GHQVLWLHV�YDULHG�EHWZHHQ����DQG�����JURXS�KD��ZLWK�QR�FOHDU�WUHQG��:��)UDVHU��
XQSXEO��GDWD����
1R�SUH�VWXG\�GDWD�RQ� WKH�SUHYDOHQFH�RI�7E� LQ�SRVVXPV�ZDV�DYDLODEOH� IRU� WKH�:+5��EXW� WKH�
NLOO�VLWHV� VXUYH\V� VKRZHG� 7E� ZDV� ZLGHVSUHDG� WKHUH� GXULQJ� WKLV� VWXG\�� DQG� KDV� VLQFH� EHHQ�
UHFRUGHG�WKHUH�LQ������DQG�������XQSXEO��GDWD���



� ����

�85��,Q������DQG������VWDQGDUG�SRVW�FRQWURO�7&,V�ZHUH�PHDVXUHG�RQ����WUDS�OLQHV�DORQJ�IRXU�
��NP�ORQJ� WUDQVHFWV� WKDW� EHJDQ� DW� WKH�ZHVWHUQ�PDUJLQ� RI� WKH� SRLVRQHG� DUHD�� ,Q� ������PHDQ�
7&,�ZDV�������DQG�ZDV�KLJKHVW�RQ�WKH�PRVW�QRUWKHUQ��������DQG�VRXWKHUQ��������WUDQVHFWV�
FORVH�WR�WKH�UHVSHFWLYH�ERXQGDULHV�RI�WKH�SRLVRQHG�DUHD��7&,�GHFOLQHG�IURP������������DW�����
NP�IURP�WKH�QDWLYH�SLQH�PDUJLQ�WR�MXVW����������������NP�LQWR�WKH�QDWLYH�IRUHVW��,Q�������WKH�
PHDQ�7&,�KDG� LQFUHDVHG� WR��������DQG�DJDLQ� WKH�7&,�GHFOLQHG�RQ� WUDQVHFWV� ORFDWHG� IXUWKHU�
LQWR�WKH�QDWLYH�IRUHVW���
'HHU�IDHFDO�SHOOHW�IUHTXHQFLHV�RI�������ZHUH�UHFRUGHG�RQ�WKH�IRXU�WUDQVHFWV�VXUYH\HG�LQ�������
DQG�ZHUH�������LQ�������7KHVH�FRPSDUH�UHDVRQDEO\�ZHOO�ZLWK�WKH�PHDQ�SHOOHW�IUHTXHQF\�RI�
�������DQG�3*'�RI�����JURXSV�KD��PHDVXUHG�GXULQJ�WKH�VHYHQ�NLOO�VLWH�VXUYH\V�FRQGXFWHG�LQ�
WKLV�DUHD�EHWZHHQ������DQG�������
6XUYH\V�RI� WKH�7XUDQJL�DUHD�EHWZHHQ������DQG������FRQILUPHG�WKH�SUHVHQFH�RI�7E�LQIHFWHG�
SRVVXPV� �3DQQHW� 	� 0DFNHUHWK� ������ 1XJHQW� 	� 3URIILW� ������� ,Q� ����±���� ����� RI� ����
SRVVXPV�WDNHQ�IURP�QDWLYH�IRUHVW�SDVWXUH�PDUJLQV�HDVW�RI�7XUDQJL�ZHUH�LQIHFWHG�ZLWK�7E��DV�
ZHUH����RI������SRVVXPV� LQVSHFWHG� LQ������� ,Q�DQ�DUHD�ERUGHULQJ�.DLPDQDZD�)RUHVW�3DUN��
WKH�SUHYDOHQFH�ZDV�����Q� �������1RQH�RI�WKH�SRVVXPV�NLOOHG�GXULQJ�WKH�������Q� �����DQG�
������Q� �����WUDS�FDWFK�VXUYH\V�ZHUH�LQIHFWHG��
+25��7KHUH�DUH�QR�DUHD�ZLGH�7&,�GDWD�IRU� WKH�2PRWR�5DQJH��EXW�D�YHU\� ORZ�VWDQGDUG�7&,�
������� ZDV� UHFRUGHG� LQ� ����� LQ� D� VPDOO� DUHD� LQ� ZKLFK� SRVVXPV� KDG� QRW� EHHQ� FRQWUROOHG�
�&ROHPDQ�	�)UDVHU��������,Q�WKH�+RFKVWHWWHU�)RUHVW��SRVVXP�GHQVLWLHV�KDYH�YDULHG�ZLGHO\�RQ�
WKH� HDVWHUQ� PDUJLQ� RI� WKH� DUHD�� EXW� WKH� NLOO�VLWH� VXUYH\V� DQG� GDWD� IURP� UHFHQW� LQWHQVLYH�
WUDSSLQJ� RI� ����� KHFWDUHV� ZLWKLQ� WKH� IRUHVW� �XQSXEO�� GDWD�� VXJJHVW� DQ� RYHUDOO� 7&,� RI� RQO\�
DERXW�����GHVSLWH�WKH�DEVHQFH�RI�FRQWURO��
$�PHDQ�GHHU�3*'�RI����JURXSV�KD�ZDV�UHFRUGHG�LQ�WKH����NLOO�VLWH�VXUYH\V�FRQGXFWHG�LQ�WKLV�
DUHD�EHWZHHQ������DQG������� LQGLFDWLQJ�D� ORZ�GHQVLW\��7KDW� LV�FRQVLVWHQW�ZLWK� WKH�\RXWKIXO�
DJH�VWUXFWXUH�RI�WKH�NLOOHG�GHHU�WKDW�LV�LQGLFDWLYH�RI�D�KLJK�KDUYHVW�UDWH���
'HVSLWH� WKH� ORZ� SRVVXP� GHQVLW\�� 7E� UHPDLQV� ZLGHVSUHDG� LQ� SRVVXPV� LQ� WKH� DUHD�� 7KH�
SUHYDOHQFH�RI�7E�LQ�SRVVXPV�RQ�RU�QHDU�)ODJVWDII�)ODW�GHFOLQHG�IURP�DQ�H[WUHPH�RI�����LQ�
�����WR�D�ORZ�RI����LQ������EHIRUH�LQFUHDVLQJ�WR����LQ�������&ROHPDQ�HW�DO���������,Q�WKH�
+RKRQX�5DQJHV�� RQ� WKH� VRXWKHDVW�PDUJLQ� RI� WKH�2PRWR� VWXG\� DUHD�� SUHYDOHQFH� LQ� SRVVXPV�
ZDV� ������ LQ� �������� DQG� ����� LQ� ����� ZLWK� WKH� KLJKHVW� LQIHFWLRQ� OHYHOV� DW� WKH� ORZHVW�
DOWLWXGHV��&DOH\�HW�DO���������
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�$SSHQGL[����*DSV�LQ�SRLVRQLQJ�FRYHUDJH�GXULQJ�WKH�SRLVRQLQJ�RI�WKH�(+5�LQ�ZLQWHU�������
�D��:DLKRUD�6WUHDP�JDS�LGHQWLILHG�E\�GHHU��)2������
7KH�EODFN� OLQHV�RYHUOD\LQJ� WKH� WRSRJUDSKLF�PDS� UHSUHVHQW� WKH� IOLJKW� OLQHV�XVHG� WR�GLVWULEXWH�
SRLVRQ�FDUURW�EDLWV��DQG�WKH�WZR�DUHDV�VKRZQ�DUH��D��D�GHOLEHUDWHO\�XQSRLVRQHG�ULSDULDQ�VWULS�
DORQJ�D�ZDWHU�VXSSO\�FDWFKPHQW��DQG��E��DQ����KD�SDWFK�LQDGYHUWHQWO\�RPLWWHG�WKURXJK�QRQ�
RYHUODS�RI�WKH������DQG������SRLVRQLQJ�RSHUDWLRQV��7KH�FLUFOHV�LQGLFDWH�ZKHUH�WKH�µVHQWLQHO¶�
GHHU�ZHUH�NLOOHG���

�
�E��(+5�±�6+5�JDS�LGHQWLILHG�E\�GHHU��$����7KH�PDS�RQ�WKH�OHIW�VKRZV�WKH������IOLJKW�OLQHV�
ZKLOH�WKH�RQH�RQ�WKH�ULJKW�VKRZV�WKRVH�IRU�������ZLWK�WKH�PLVVHG�DUHD�KLJKOLJKWHG�

�
�
�
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$SSHQGL[� ���$QHFGRWDO� UHSRUWV� RI� SRVVXP� FDUQLYRU\� DQG� WKHLU� LQWHUDFWLRQV�ZLWK� G\LQJ� DQG�
GHDG�SRVVXPV���
)XU�UDNLQJ�DQG�UHODWHG�EHKDYLRXUV��
��� ,Q� FDJHV� ZLWK� QR� VROLG� SDUWLWLRQ�� FDSWLYH� SRVVXPV� GR� LQWHUDFW� DJJUHVVLYHO\� WKURXJK� WKH�

ZLUH��VRPHWLPHV�YLFLRXVO\��SXOOLQJ�WDLOV�WKURXJK��DQG�ELWLQJ��
��� ,Q�D�FDSWLYH�SRVVXP�FRORQ\��SRVVXPV� LQ�RSHQ� UXQV�ZHUH�RIWHQ� IRXQG�GHQQLQJ�RQ� WRS�RI�

GHDG�DQLPDOV�GHVSLWH�WKH�DYDLODELOLW\�RI�YDFDQW�QHVW�ER[HV�QHDUE\���
��� $IWHU�D�ZHHN�RI�UDLQ� LQ�$XJXVW�������D�VRDNHG�DQG�QHDU�GHDG�DGXOW�PDOH� WKDW�KDG� WDNHQ�

VKHOWHU�LQVLGH�D�EXVK�KXW�KDG�EHHQ�DWWDFNHG��7KH�VDPH�ZHHN��D�\HDUOLQJ�SRVVXP�ZDV�IRXQG�
VLWWLQJ�RQ�WRS�RI�D�GHDG�DGXOW���

��� 'XULQJ� QLJKW� VKRRWLQJ�� SRVVXPV� ZHUH� VHHQ� LQYHVWLJDWLQJ� IUHVKO\� VKRW��
UDEELWV��DWWDFNLQJ�DQG�RU�PDWLQJ�ZLWK�IUHVKO\�VKRW�SRVVXPV��

��� 'XULQJ�WHVWLQJ�RI�WR[LQV�RQ�FDSWLYH�SRVVXP�LQ�RSHQ�SHQV��G\LQJ�SRVVXPV�ZHUH�DWWDFNHG�E\�
RWKHUV��ZLWK� ELWLQJ� DQG�ZLWK� IXU� SXOOHG� RXW�� WKH� DWWDFNHUV� SHUKDSV� DWWHPSWLQJ� WR� HOHYDWH�
WKHLU�VRFLDO�VWDWXV�DW�WKH�H[SHQVH�RI�D�KHOSOHVV�GRPLQDQW��

��� $�PDOH�ZDV�YLGHRWDSHG�UHSHDWHGO\�DWWDFNLQJ�D�IUHVKO\�F\DQLGHG�PDOH�XQWLO�WKH�GHDG�PDOH�
KDG�OLWWOH�IXU�UHPDLQLQJ��DQG��ODWHU��YLGHRWDSHG�FRSXODWLQJ�ZLWK�D�GHDG�IHPDOH��

��� &\DQLGH�NLOOHG�SRVVXPV�KDYH�VRPHWLPHV�KDG�WKHLU�IXU�UDNHG���
��� )XU� UDNLQJ� LV� REVHUYHG� UHJXODUO\� RQ� D� VPDOO� SHUFHQWDJH� RI� F\DQLGH� NLOOHG� SRVVXPV��

VRPHWLPHV� ZLWK� ELWH� PDUNV� DQG� H\HV� JRXJHG� RXW�� 7KH� SHUFHQWDJH� ZDV� KLJKHU� ZKHUH�
SRVVXPV�KDG�EHHQ�DJJUHJDWHG�E\�SUHYLRXV�SUH�IHHGLQJ�ZLWK�QRQ�WR[LF�EDLW�DW�EDLW�VWDWLRQV��
,Q�F\DQLGH�WULDOV�RQ�FDSWLYH�SRVVXPV�LQ�FDJHV��WKH�SRVVXP�LQ�WKH�DGMDFHQW�SHQ�ZLOO�WU\�WR�
DWWDFN�WKH�SRVVXP�LQ�LWV�G\LQJ�WKURHV��

��� )XU� UDNLQJ� ZDV� VHHQ� RQ� D� QXPEHU� RI� FDUFDVVHV� NLOOHG� ZLWK� F\DQLGH� LQ� WKH� QHDU�SHDN�
SRSXODWLRQ�RI� WKH�PLG�&RSODQG�9DOOH\��2Q�DW� OHDVW�RQH� LQVWDQFH� WKLV�RFFXUUHG�RQ�VHYHUDO�
SRVVXPV�NLOOHG�DW�WKH�VDPH�EDLW��8S�WR�����RI�IXU�ZDV�UHPRYHG���

����)XU�UDNLQJ� RI� F\DQLGHG� SRVVXPV� �UHVXOWLQJ� LQ� ODUJH� QXPEHUV� RI� VFUDWFK� PDUNV� RQ� WKHLU�
EDFNV�DQG�ELWH�PDUNV�RQ�WKH�EDFN�RI�WKH�KHDG��LV�QRW�D�FRPPRQ�HYHQW��EXW�KDSSHQV�D�IHZ�
WLPHV� RQ� PRVW� SRLVRQ� OLQHV� ZKHUH� GHQVLWLHV� DUH� KLJK�� /LYH� SRVVXPV� LQ� WUDSV� DUH� DOVR�
DWWDFNHG���

����'XULQJ� IXU� KDUYHVWLQJ�� IXU� UDNLQJ� ZDV� REVHUYHG� RQ� XS� WR� ��� SRVVXPV� DORQJ� D� VLQJOH�
F\DQLGH�OLQH�GXULQJ�WKH�PDWLQJ�VHDVRQ��



� ����

����/LYH� SRVVXPV� FDXJKW� LQ� WUDSV� PD\� EH� LQMXUHG� E\� RWKHU� SRVVXPV�� HVSHFLDOO\� ELJ� �ROG��
PDOHV�� DQG� HVSHFLDOO\� LQ� WKH�PDWLQJ� VHDVRQ� �SHUKDSV� OLNH� ILQGLQJ� D� VZRUQ� HQHP\� LQ� WKH�
JXWWHU�RQ�WKH�ZD\�KRPH����

����'XULQJ�WKH�PDWLQJ�VHDVRQ��EXFNV�IUHTXHQWO\�EHDW�XS�FRPSHWLWRUV�WKDW�FDQ
W�HVFDSH��'\LQJ�
SRVVXPV�DQG�GHDG�SRVVXPV�KXQJ�XS�IRU�ODWHU�VNLQQLQJ�DUH�DOVR�DWWDFNHG���

����:KHQ�XVLQJ�7LPPV�WUDSV��WKH�WUDSSHG�SRVVXP��PDOH�RU�IHPDOH��KDYH�RIWHQ�EHHQ�DWWDFNHG��
7\SLFDOO\��ZLWK����7LPPV�WUDSV�VHW����P�DSDUW��������SRVVXPV�DUH�FDXJKW��DQG�DW�OHDVW�RQH�
LV�DWWDFNHG��VRPHWLPHV�WZR��RIWHQ�WKH�QH[W�WUDS���

0HDW�HDWLQJ��
��� $�GRH�DQG�EDFNULGHU�YLVLWHG�D�FDPS�HDFK�QLJKW��.DLPDQDZD�)RUHVW�3DUN�-XO\��������DQG�

IHG�RQ�VDODPL��URDVW�ODPE��DQG�ZKROH�KHQV¶�HJJV��
��� &DSWLYH�SRVVXPV�NLOOHG�DQG�VRPHWLPHV�SDUWO\�GHYRXUHG�VSDUURZV�LQ�WKHLU�SHQV��1RWRUQLV�

������±�����7KH�VSDUURZV�DUH�VRPHWLPHV�NLOOHG��PRXWKHG�EXW�QRW�HDWHQ���
��� 3RVVXPV� UHJXODUO\� �PRVW�QLJKWV�� IHG�RQ�FKRRN�VFUDSV�DQG�DWH� WKH�PHDW�RII�PXWWRQ�URDVW�

ERQHV��
��� 3UHGDWLRQ� DQG� VFDYHQJLQJ� RI� VSDUURZV� E\� FDSWLYH� SRVVXPV�ZDV� VHHQ�� 3RVVXPV� DWH� DQ\�

PHDW�RU�WLQQHG�SHW�IRRG�RIIHUHG�WR�WKHP���
��� ,Q�WKH�HDUO\���
V��SRVVXPV�ZHUH�FDXJKW�LQ�FDJH�WUDSV�EDLWHG�ZLWK�UDEELW��8VXDOO\�DOO�RI�WKH�

UDEELW�PHDW�H[FHSW�WKH�ERQHV�ZDV�HDWHQ��
��� 3RVVXPV�DUH�UHDGLO\�FDXJKW�LQ�7LPPV�WUDSV�EDLWHG�ZLWK�PHDW��IRU�IHUUHWV����
��� :KHQ�WUDSSLQJ�SUHGDWRUV�XVLQJ�UDEELW�PHDW�DV�EDLW�DQG�ZLWK�WKH�EORRG�RI�NLOOHG�SUHGDWRUV�

EOHG�RQWR�WKH�WUDSV��D�ODUJH�SHUFHQWDJH�RI�SRVVXPV�ZHUH�FDXJKW��
��� $�ODUJH�PDOH�SRVVXP�DWH�D�TXDQWLW\�RI�PHDW�YHQLVRQ�RII�D�IDOORZ�EXFN�KDQJLQJ�LQ�D�WUHH�

EHVLGH�WKH�KXW��*UHHQVWRQH�9DOOH\�$XJXVW���������
��� $�SRVVXP�DWH�YHQLVRQ�LQ�D�PHDW�VDIH�LQ�WKH�7H�8UHZHUD�5DQJHV�LQ�ODWH�VSULQJ���
����'XULQJ�GHHU�KDUYHVWLQJ��SRVVXPV�ZHUH�VHHQ�HDWLQJ�GHHU�RIIDO��6KRW�GHHU�ZHUH�JXWWHG�WKHQ�

OHIW� IRU�SLFN�XS�D� IHZ�KRXUV� ODWHU��2Q�UHWXUQ��SRVVXPV�ZHUH�VRPHWLPHV�IRXQG�HDWLQJ� WKH�
KHDUW��OXQJV��RU�OLYHU��UHQGHULQJ�WKH�FDUFDVVHV�XQVDOHDEOH��

����'XULQJ� GHHU� KXQWLQJ� LQ� D�)LRUGODQG� DUHD�ZLWK� DQ� H[WUHPH�GHQVLW\� RI� SRVVXPV�� SRVVXPV�
ZHUH� VRPHWLPHV� IRXQG� LQVLGH� WKH� ULEFDJH� RI� JXWWHG� GHHU� VKRW� D� IHZ� KRXUV� SUHYLRXVO\��
VRPHWLPHV�LQ�SDLUV��DQG�VRPHWLPHV�HYHQ�GXULQJ�GD\OLJKW�KRXUV��
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����2OG�GHHU�FXOOHUV�WDON�RI�SRVVXPV�IUHTXHQWLQJ�JXW�KHDSV�DQG�FRQVXPLQJ�RUJDQV��
����3RVVXPV�DWH�IURP�GHHU�OHJV�KDQJLQJ�RXWVLGH�D�KXW�LQ�WKH�5LPXWDND�5DQJHV��
����7ZR�SRVVXPV�ZHUH�VHHQ�IHHGLQJ�RQ�D�JRDW�FDUFDVV�KDQJLQJ�LQ�D�WUHH�GXULQJ�ZLQWHU��
&DQQLEDOLVP�
��� $�7LPPV�WUDS�EDLWHG�ZLWK�SRVVXP�PHDW�FDXJKW�D�ODUJH�PDOH�SRVVXP��7RQJDULUR�1DWLRQDO�

3DUN�6HSWHPEHU�������
��� :KHQ�WHVWLQJ�EDLWV�IRU�FDW�FRQWURO�RQ�WKH�&KDWKDP�,VODQGV��ZH�FDXJKW�PRUH�SRVVXPV�WKDQ�

XVXDO�ZKHQ�SRVVXP�PHDW�ZDV�XVHG�DV�EDLW���
��� 'HDG�SRVVXPV�VHHP�DWWUDFWLYH�WR�RWKHU�SRVVXPV��ZKLFK�UHDGLO\�LQYHVWLJDWH�DQG�PHVV�DERXW�

ZLWK�UHFHQWO\�VKRW�RU�URDG�NLOOHG�SRVVXPV��
��� $�VWDUYLQJ�MRH\�ZDV�VHHQ�HDWLQJ�WKH�XGGHU�RXW�RI�LWV�GHDG�PRWKHU���
��� $�\RXQJ�SRVVXP�ZDV� VHHQ� VLWWLQJ�RQ� WKH� FDUFDVH�RI� LWV� SUREDEOH�PRWKHU�� VKRW��±��GD\V�

EHIRUH��,W�ZDV�IHHGLQJ�RQ�PDJJRWV�IURP�WKH�KHDG�RI�WKH�FDUFDVV��
��� $ERXW�����RI�D�SRVVXP�FDUFDVV�ZDV�HDWHQ�RYHU� IRXU�QLJKWV� LQ�ZLQWHU������DQG�D� ODUJH�

PDOH�SRVVXP�ZLWK�D�VWRPDFK�IXOO�RI�PHDW�ZDV�WKHQ�WUDSSHG�DW�WKH�VLWH��
��� &DQQLEDOLVP�E\�SRVVXPV�ZDV�VHHQ�DW�OHDVW�IRXU�WLPHV�ZKLOH�VSRWOLJKWLQJ�DURXQG�7H�.XLWL��

PRVW�QRWDEO\�RQ�D�URDG�VLGH�SRVVXP�LQ�$XJXVW���
��� $W� 7UDLQV� +XW��:DQJDQXL�� D� SRVVXP�ZLWK� PHDW� DQG� IXU� LQ� LWV� VWRPDFK� ZDV� VKRW� ZKHQ�

VLWWLQJ�DQG�IHHGLQJ�RQ�DQRWKHU�SRVVXP�VKRW�HDUOLHU�WKH�VDPH�HYHQLQJ��
��� 3RXFK� \RXQJ� WKDW� KDYH� MXVW� VWDUWHG� HPHUJLQJ� IURP� WKH� SRXFK� DQG� ROGHU� EDFNULGHUV� DUH�

VRPHWLPHV�IRXQG�NLOOHG�DQG�HDWHQ��)LJ�������LQ�D�FDSWLYH�SRVVXP�FRORQ\�ZLWK�JURXSV�RI��±
���SRVVXPV�NHSW�LQ���î����î����P�SHQV��,Q�WKH�FDQQLEDOLVHG�\RXQJ��DQG�DOVR�LQ�SRVVXP�
NLOOHG�ELUGV��IUHTXHQWO\�WKH�EUDLQ�DQG�OLWWOH�HOVH�LV�HDWHQ��7KH�SRVVXPV�KDYH�DG�OLE�DFFHVV�
WR�FHUHDO�SHOOHWV��EURZVH��DQG��SHULRGLFDOO\��D�UDQJH�RI� IUXLWV��3RVVXPV�JDLQ�ZHLJKW� IURP�
WKH�WLPH�RI�FDSWXUH�DQG�ORQJ�WHUP�UHVLGHQWV�IUHTXHQWO\�H[FHHG��NJ�OLYHZHLJKW��

����'XULQJ�VSRWOLJKWLQJ�RQ�DQ�2NXUX�9DOOH\�IDUP�LQ�HDUO\�VSULQJ�������D�IHPDOH�SRVVXP�ZDV�
VKRW�DW�FORVH�UDQJH�ZLWK�D�VKRW�JXQ�H[SRVLQJ�QHFN�IOHVK��/DWHU�D�\RXQJ�PDOH�ZDV�VHHQ�RQ�
WRS�RI� WKH� IHPDOH�FKHZLQJ�RII� VWLOO�ZDUP�IOHVK� IURP� WKH�QHFN��DQG�DOVR�PDWLQJ�ZLWK� WKH�
IHPDOH�ZKLOH�VKH�ZDV�PXFK�LQFDSDFLWDWHG���
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$SSHQGL[����0RYHPHQW�SDWWHUQV�RI�UDGLR�FROODUHG�GHHU�LQ�+RFKVWHWWHU�)RUHVW��
�
�D��6XFFHVVLYH�ORFDWLRQV�RI�VL[�VXE�DGXOW�IHPDOH�GHHU�
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