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Greenland were mapped and analysed. For this purpose a new technique based on digital 
camera images was developed. The technical development has also included a pilot study 
on the use of multispectral camera data, performed in Ny-Ålesund (79°N), Svalbard. The 
mapped results for Zackenberg were used for local studies as well as for analysing 
relations between snow precipitation and climatic variability at larger scale. At local scale, 
the study demonstrates that snow cover is one of the most important mechanisms 
affecting the living conditions for the High Arctic flora and fauna. Analyses at larger scale 
show that over a 45-year period (1958–2003) snow-precipitation at Zackenberg was 
correlated to the North Atlantic Oscillation (NAO) in one third of the time. During 1982–
2000, where this correlation was insignificant, there was a clearly significant (negative) 
correlation between Zackenberg snow-precipitation and annual variations in sea-ice 
conditions within the Greenland Sea. This indicates that sea-ice conditions might be 
crucial for the status of terrestrial High Arctic ecosystems in a future warmer climate. 
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3UHIDFH�
�

KH�UHVHDUFK�SUHVHQWHG�LQ�WKLV�WKHVLV�ZDV�FDUULHG�RXW�ZLWKLQ�WKH�IUDPHZRUN�
RI� WKH� &RSHQKDJHQ� *OREDO� &KDQJH� ,QLWLDWLYH� �&2*&,��� ZKLFK� LV� D� FR�

RSHUDWLRQ�DPRQJ�WKH�)DFXOW\�RI�6FLHQFH�DW�WKH�8QLYHUVLW\�RI�&RSHQKDJHQ�DQG�
WKUHH� 'DQLVK� JRYHUQPHQWDO� UHVHDUFK� LQVWLWXWLRQV�� 'DQLVK� 0HWHRURORJLFDO�
,QVWLWXWH� �'0,���*HRORJLFDO� 6XUYH\� RI�'HQPDUN� DQG�*UHHQODQG� �*(86��� DQG�
1DWLRQDO� (QYLURQPHQWDO� 5HVHDUFK� ,QVWLWXWH� �1(5,��� 7KH� WZR� RUJDQL]DWLRQV�
LQYROYHG� LQ� WKLV� ZRUN� DUH� WKH� ,QVWLWXWH� RI� *HRJUDSK\� DW� WKH� 8QLYHUVLW\� RI�
&RSHQKDJHQ�DQG�1(5,��'HSDUWPHQW�RI�$UFWLF�(QYLURQPHQW��7KH�PDMRU�SRUWLRQ�
RI� ILHOGZRUN� ZDV� FDUULHG� RXW� DW� =DFNHQEHUJ� LQ� +LJK� $UFWLF� 1RUWKHDVW�
*UHHQODQG�� DQG� LV� WKHUHIRUH� D� FRQWULEXWLRQ� WR� WKH� =DFNHQEHUJ� (FRORJLFDO�
5HVHDUFK�2SHUDWLRQV��=(52���IXUWKHU�LQIRUPDWLRQ�RQ�=(52�LV�DYDLODEOH�IURP�
ZZZ�]DFNHQEHUJ�GN���$GGLWLRQDO�ILHOGZRUN�ZDV�GRQH�LQ�FROODERUDWLRQ�ZLWK�WKH�
1RUZHJLDQ�3RODU�,QVWLWXWH��13,��DW�1\�cOHVXQG��6YDOEDUG��DQG�ZDV�IXQGHG�E\�
WKH�(XURSHDQ�&RPPLVVLRQ�,+3�SURJUDPPH��1\�cOHVXQG��/DUJH�6FDOH�)DFLOLW\��
FRQWUDFW�+35,�&7��������������

'XULQJ�P\�3K�'��ZRUN�,�KDYH�SDUWLFLSDWHG�LQ�D�QXPEHU�RI�FRQIHUHQFHV�DQG�
PHHWLQJV�� DQG� FRQWULEXWHG�ZLWK� RUDO� SUHVHQWDWLRQV�� H[WHQGHG� DEVWUDFWV� DQG� D�
SURFHHGLQJ� SDSHU� �$SSHQGL[� ���� )LQDOO\�� ,� DOVR� KDG� WKH� SOHDVXUH� WR� YLVLW� WKH�
$WPRVSKHULF� 6FLHQFH� 'HSDUWPHQW� DW� WKH� &RORUDGR� 6WDWH� 8QLYHUVLW\� LQ� )RUW�
&ROOLQV��&2��86$���
�
$FNQRZOHGJHPHQWV�
7KURXJKRXW�WKH�ZRUN�ZLWK�WKH�SUHVHQW�WKHVLV��,�KDYH�HQMR\HG�WKH�VXSSRUW�DQG�
KHOS�RI�PDQ\�SHRSOH�ZKRP�,�ZLVK�WR�WKDQN��)LUVW�DQG�IRUHPRVW��,�ZDQW�WR�WKDQN�
P\� WZR� VXSHUYLVRUV� DQG� FR�DXWKRUV� %LUJHU� 8OI� +DQVHQ� DQG� 0LNNHO� 3HWHU�
7DPVWRUI� IRU� WKHLU� VXSSRUW�� FRPSDQLRQVKLS� DQG� KHOS� ERWK� GXULQJ� ILHOGZRUN�
DQG�IRU�IUXLWIXO�GLVFXVVLRQV�WKURXJKRXW�DOO�VWDJHV�RI�WKLV�ZRUN��,�JLYH�P\�VSHFLDO�
WKDQNV�WR�6WHHQ�%��3HGHUVHQ�IRU�KLV�VLJQLILFDQW�FRQWULEXWLRQ�LQ�OD\LQJ�WKH�VHHGV�
IRU� WKLV� GLVVHUWDWLRQ� WKURXJK� RXU� MRLQW� ZRUN� ZLWK� RXU� PDVWHU� WKHVLV�� $OVR�
VLQFHUH� WKDQNV� WR� +DQV� 0HOWRIWH� IRU� KLV� JUHDW� LQWHUHVW�� SRVLWLYH� VSLULW� DQG�
VXSSRUW� DQG� HVSHFLDOO\� IRU�KLV� LQGLVSHQVDEOH� KHOS� UHJDUGLQJ� VQRZ±HFRV\VWHP�
UHODWLRQV�� ,�ZLVK� WR� WKDQN�-RQ�%¡UUH��UE N�DW� WKH�1RUZHJLDQ�3RODU� ,QVWLWXWH�
IRU� LQWURGXFLQJ� PH� WR� 1\�cOHVXQG�� 6YDOEDUG�� FRRSHUDWLRQ� LQ� ILHOGZRUN��

7



�

GLVFXVVLRQV�DQG�FRPPHQWV��DQG�IRU�JUHDW�QDWXUH�H[SHULHQFHV�RQ�VQRZ�PRELOH��
0RUWHQ� 5DVFK� KDV� KHOSHG� ZLWK� ILHOGZRUN� DV� ZHOO� DV� FRPPHQWV� DQG� LGHDV�� ,�
WKDQN�KLP�IRU�WKLV�DQG�DOVR�IRU�KLV�SOHDVDQW�FRPSDQ\�DW�=DFNHQEHUJ���
� ,�DOVR�ZLVK�WR�WKDQN�*OHQ�(��/LVWRQ��'HSDUWPHQW�RI�$WPRVSKHULF�6FLHQFH��
&RORUDGR�6WDWH�8QLYHUVLW\��IRU�LQWURGXFLQJ�PH�WR�KLV�ZRUN�WKDW�KDV�LQVSLUHG�PH�
JUHDWO\�LQ�UHODWLRQ�WR�VQRZ�DQG�VQRZ�PRGHOLQJ���
� ,�KDYH�DOVR�DWWDLQHG�KHOS�IURP�SHRSOH�ZRUNLQJ�DW�WKH�7HFKQLFDO�8QLYHUVLW\�
RI�'HQPDUN��7KDQNV�DUH�JLYHQ�WR�.LP�+DYH�IRU�GHYHORSLQJ�VRIWZDUH�WR�SHUIRUP�
RUWKRJUDSKLFDO� UHFWLILFDWLRQ�� (ULN� 3RXOVHQ�� 2OH� 0 UVN� 0¡OOHU� DQG� .HOG�
'XHKROP� IRU� WHFKQLFDO� VXSSRUW� LQ� UHODWLRQ� WR�SKRWRJUDPPHWU\�� DQG� ILQDOO\� WR�
/HLI�7RXGDO�IRU�IUXLWIXO�GLVFXVVLRQV�UHJDUGLQJ�VHD�LFH�LQ�WKH�*UHHQODQG�6HD��
� -HQV� +HVVHOEMHUJ� DQG� 0DUWLQ� 6WHQGHO� IURP� WKH� 'DQLVK� 0HWHRURORJLFDO�
,QVWLWXWH�DUH�WKDQNHG�IRU�SURYLGLQJ�IXWXUH�VFHQDULRV�RI�WKH�FOLPDWH�LQ�WKH�(DVW�
*UHHQODQG� 5HJLRQ�� ,� WKDQN� 6XVDQQH� 0�� .|QLJ� IRU� SURYLGLQJ� ERWDQLFDO� GDWD�
IURP� =DFNHQEHUJ�� $UH� %DFNOXQG� IURP� WKH� 1RUZHJLDQ� 3RODU� ,QVWLWXWH� DUH�
WKDQNHG�IRU�KHOSLQJ�ZLWK�VSHFWURUDGLRPHWHU�PHDVXUHPHQWV��

7KH�VWDII�DW�=DFNHQEHUJ�5HVHDUFK�6WDWLRQ�LV�WKDQNHG�IRU�KHOS�DQG�ORJLVWLF�
VXSSRUW� DQG� DOVR� WKH� VWDII� DW� 6YHUGUXS� 6WDWLRQ� LQ� 1\�cOHVXQG�� 6YDOEDUG�� LV�
DFNQRZOHGJHG��

, WKDQN� FROOHDJXHV� DW� ,QVWLWXWH� RI� *HRJUDSK\��8QLYHUVLW\� RI� &RSHQKDJHQ�
DQG�D�VSHFLDO�WKDQN�WR�8OI�3��7KRPDV�IRU�KLV�WUHPHQGRXV�ZRUN�LQ�GHYHORSLQJ�D�
VROXWLRQ�WKDW�PDGH�LW�SRVVLEOH�WR�REWDLQ�GLJLWDO�LPDJHV�DXWRPDWLFDOO\�LQ�UHPRWH�
DUFWLF�DUHDV²PDNLQJ�WKLV�VWXG\�SRVVLEOH��7KDQNV�WR�&KDUORWWH�6LJVJDDUG�IRU�DOO�
KHU� KDUGVKLSV� FOLPELQJ� XS� WKH� =DFNHQEHUJ�0RXQWDLQ� QXPHURXV� WLPHV�� ERWK�
FDUU\LQJ�ILHOG�HTXLSPHQW�DQG�IRU�FDPHUD�LQVSHFWLRQV��$OVR�WKDQNV�WR�&KDUORWWH�
IRU�FRPPHQWV�DQG�JRRG�VSLULW��0DQ\�WKDQNV�DUH�GHGLFDWHG�WR�FROOHDJXHV�DW�WKH�
1DWLRQDO� (QYLURQPHQWDO� 5HVHDUFK� ,QVWLWXWH� IRU� WKHLU� FRPSDQ\�� DQG� D� QLFH�
ZRUNLQJ�HQYLURQPHQW��
� :DUP�WKDQNV�JR�WR�P\�IDPLO\�DQG�IULHQGV�IRU�VXSSRUW�DQG�SDWLHQFH��,�ORRN�
IRUZDUG� WR� VSHQG� WLPH�ZLWK� WKHP�DJDLQ��)LQDOO\�P\�GHHSHVW� WKDQNV�JR� WR�P\�
ZLIH� &RUQD� IRU� KHU� SDWLHQFH�� WROHUDQFH�� DQG� ZRUN�HIIRUW²QR� RQH� FRXOG� KDYH�
JLYHQ�PH�EHWWHU�VXSSRUW��
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�6\QRSVLV������������������������������������������������������������������� ��

���,QWURGXFWLRQ �����������������������������������������������������������������������
����&OLPDWH�FKDQJH�SHUVSHFWLYHV ����������������������������������������������������������������� ��
����$LP�DQG�FRQWHQWV�RI�WKH�WKHVLV������������������������������������������������������������ ���
����7KHVLV�VWUXFWXUH�DQG�SUHVHQWDWLRQ�RI�PDQXVFULSWV����������������������������� ���

���*HRJUDSKLFDO�VHWWLQJV�DQG�FOLPDWH �������������������������������������
����,QWURGXFWLRQ�WR�VWXG\�DUHDV���������������������������������������������������������������������
����=DFNHQEHUJ�5HVHDUFK�$UHD ����������������������������������������������������������������� ���
������6QRZ��������������������������������������������������������������������������������������������� ���

����1$2�$2 ��������������������������������������������������������������������������������������������� ���
����2FHDQ�&XUUHQWV ����������������������������������������������������������������������������������� ���
����6HD�LFH�LQ�WKH�*UHHQODQG�6HD �������������������������������������������������������������� ���

�
���6QRZ±HFRV\VWHP�UHODWLRQV�	�IXWXUH�SHUVSHFWLYHV���������� ���
����6QRZ�FRYHU��IORUD��DQG�IDXQD��������������������������������������������������������������� ���
����)XWXUH�SHUVSHFWLYHV��������������������������������������������������������������������������������

���&RQFOXGLQJ�UHPDUNV����������������������������������������������������������
����6QRZ�FRYHU�PDSV�IURP�GLJLWDO�FDPHUD�LPDJHV���������������������������������������
����0XOWLVSHFWUDO�GLJLWDO�FDPHUD�LPDJHV��6YDOEDUG �������������������������������������
����0RQLWRULQJ�DQG�PRGHOLQJ�VQRZ±YHJHWDWLRQ�UHODWLRQV ���������������������������
����&OLPDWH��VHD�LFH��VQRZ��DQG�HIIHFWV�RQ�WKH�HFRV\VWHP������������������������� ���
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&KDSWHU��� �
�
,QWURGXFWLRQ�
�

UFWLF� HFRV\VWHPV� DUH� SDUWLFXODUO\� VHQVLWLYH� WR� GLVWXUEDQFHV�� DQG� DUH�
WKHUHIRUH� FRQVLGHUHG� WR� UHVSRQG� UDSLGO\� WR� FOLPDWLF� FKDQJHV� �5H\QROGV�

DQG� 7HQKXQHQ�� ������� )RU� WKHVH� HFRV\VWHPV�� RQH� RI� WKH� PRVW� LPSRUWDQW�
YDULDEOHV�LV�VQRZ�FRYHU��-RQHV�HW�DO��������3KRHQL[�DQG�/HH����������

7KH� SUHVHQW� ZRUN� LV� SDUW� RI� WKH� =DFNHQEHUJ� (FRORJLFDO� 5HVHDUFK�
2SHUDWLRQV�� �=(52��SURJUDP��ZKLFK�KDV� WKH�REMHFWLYH� WR�SURYLGH� NQRZOHGJH�
DERXW�WKH�UHVSRQVH�RI�D�SULVWLQH�+LJK�$UFWLF�HFRV\VWHP�WR�FOLPDWLF�YDULDELOLW\��
WKURXJK�PRQLWRULQJ�DQG�UHVHDUFK��'3&���������7KXV�� WKH�RYHUDOO�REMHFWLYH�RI�
WKLV�VWXG\�LV�WR�SHUIRUP�DQDO\VHV�RI�VQRZ�FRYHU�VQRZ�SUHFLSLWDWLRQ²LQ�UHODWLRQ�
WR�SUHVHQW�DQG�SRVVLEOH�IXWXUH�LPSDFWV�RQ�D�+LJK�$UFWLF�HFRV\VWHP��DQG�WR�WKH�
ZD\� VQRZ±HFRV\VWHP� G\QDPLFV� ZLOO� UHVSRQG� WR� YDULDWLRQV� DQG� FKDQJHV� LQ�
ODUJHU�VFDOH�FRPSRQHQWV�RI�WKH�FOLPDWH�V\VWHP��

7KH� VHHGV� RI� WKLV� ZRUN� ZHUH� ODLG� DOUHDG\� LQ� $XJXVW� ����� ZLWK� WKH�
HVWDEOLVKPHQW� RI� DQ� DXWRPDWHG� GLJLWDO� FDPHUD� DW� WKH� HDVWHUQ� VORSH� RI� WKH�
=DFNHQEHUJ�0RXQWDLQ� DW� �����1� LQ�1RUWKHDVW�*UHHQODQG�� 7KLV� UDWKHU� VLPSOH�
V\VWHP�� ZKLFK� FRQVLVWV� RI� D� VWDQGDUG� GLJLWDO� FDPHUD� LQ� D� ZHDWKHUSURRI� ER[��
HTXLSSHG�ZLWK�DQ�HOHFWURQLF�WLPHU�DQG�D�PHFKDQLFDO�WULJJHU��KDV�SURYLGHG�GDLO\�
LPDJHV�RI�WKH�=DFNHQEHUJ�9DOOH\�VLQFH�WKHQ��,Q�-XQH�������DGGLWLRQDO�FDPHUDV�
ZLWK�PXOWLVSHFWUDO� FDSDELOLW\� ZHUH� VHW� XS� DW� WKH� VDPH� VSRW� RQ� WKH�PRXQWDLQ�
VLGH��VHH�EDFN�FRYHU�IRU�DQ�LPDJH�RI�WKH�FXUUHQW�VHWXS���7KLV�V\VWHP�RI�GLJLWDO�
FDPHUDV�KDV�QRZ�WXUQHG�RXW�WR�EH�DQ�LQWHJUDWHG�SDUW�RI�=(52��DQG�KDV�DFWHG�
DV�DQ�LQGLVSHQVDEOH�VRXUFH�RI�GDWD�IRU�WKLV�ZRUN���
�
����&OLPDWH�FKDQJH�SHUVSHFWLYHV�
$FFRUGLQJ� WR� WKH� ODWHVW� DVVHVVPHQW� UHSRUW� IURP� WKH� ,QWHUJRYHUQPHQWDO� 3DQHO�
RQ� &OLPDWH� &KDQJH� �,3&&��� JOREDO�PHDQ� ZDUPLQJ� IURP� ����� WR� ����� LV�
H[SHFWHG�WR�EH�ZLWKLQ�D�UDQJH�RI�����&�WR�����&�LQ�WKH�FDVH�WKDW�QR�PHDVXUHV�
DUH� WDNHQ� WR� OLPLW� JUHHQKRXVH� JDV� HPLVVLRQV� �,3&&�� ������� 5HFHQW� UHVHDUFK�
GHPRQVWUDWHV� WKDW� FOLPDWH� VHQVLWLYLW\�RI�GLIIHUHQW�*HQHUDO�&LUFXODWLRQ�0RGHOV�
�*&0V��UDQJHV�DV�PXFK�DV�EHWZHHQ�����&�DQG������&��DQG� WKDW�PRVW�PRGHOV�
LQGLFDWH� D� VHQVLWLYLW\� DURXQG� ����&� �6WDLQIRUWK� HW� DO��� ������� $OWKRXJK� WKH�

$
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���

VFDWWHU� DPRQJ� WKH� LQGLYLGXDO� FLUFXODWLRQ� PRGHOV� LV� FRQVLGHUDEOH�� WKHUH� LV�
FRQVHQVXV�WKDW�$UFWLF�UHJLRQV�ZLOO�XQGHUJR�WKH�JUHDWHVW�ZDUPLQJ��SDUWLFXODUO\�
LQ� ZLQWHU�� DQG� WKDW� WKLV� PD\� EH� DFFRPSDQLHG� E\� LQFUHDVLQJ� SUHFLSLWDWLRQ�
�$&,$����������

$ ZDUPLQJ�$UFWLF�LV�H[SHFWHG�WR�DOWHU�FOLPDWH�V\VWHP�G\QDPLFV�LQFOXGLQJ�
SUHFLSLWDWLRQ� SDWWHUQV� �VQRZ� FRYHU� GLVWULEXWLRQ��� VQRZ�PHOW�� DQG� PHOWLQJ� RI�
VHD�LFH� �-RKDQQHVVHQ� HW� DO��� �����:HOW]LQ� HW� DO��� ������� 6QRZ� FRYHU� LV� DQ�
LPSRUWDQW� FRPSRQHQW� RI� WKH� FOLPDWH� V\VWHP�� DQG� LW� LQWHUDFWV� ZLWK� RWKHU�
FRPSRQHQWV� RI� WKH� FOLPDWH� V\VWHP� RQ� KHPLVSKHULF��� UHJLRQDO��� ORFDO��� DQG�
PLFUR�VFDOHV��-RQHV�HW�DO����������

7KH� PRVW� VLJQLILFDQW� SURSHUW\� RI� VQRZ� FRYHU� LV� WKH� KLJK� DOEHGR�� 7KLV�
PDNHV� LWV� SUHVHQFH�DEVHQFH� LPSRUWDQW� IRU� WKH� VXUIDFH� HQHUJ\� EXGJHW��
HVSHFLDOO\�DW�KLJK�ODWLWXGHV��ZKHUH�VQRZ�PDNHV�XS�D�PDMRU�SDUW�RI�WKH�DQQXDO�
SUHFLSLWDWLRQ�� 7KXV�� WKH� SRVLWLYH� VQRZ�LFH�DOEHGR�WHPSHUDWXUH� IHHGEDFN�
PHFKDQLVP�LV�RQH�RI�WKH�PDLQ�UHDVRQV�ZK\�IXWXUH�ZDUPLQJ�LV�DPSOLILHG�DW�KLJK�
ODWLWXGHV�LQ�*&0�VLPXODWLRQV��$&,$����������
� )LJ������GHSLFWV�WKH�VXUIDFH�HQHUJ\�EDODQFH�IRU�WKUHH�W\SLFDO�$UFWLF�VXUIDFH�
�

)LJ������(QHUJ\�EDODQFH�GLDJUDP²GLIIHUHQW�$UFWLF�VXUIDFH�W\SHV��6RXUFH��0RGLILHG�IURP�+DUGLQJ�
HW�DO���������
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W\SHV��ERJ��VQRZ�FRYHUHG��DQG�GU\�WXQGUD��7KH�ILJXUH�VWURQJO\�HPSKDVL]HV�WKH�
HIIHFW� RI� VQRZ� FRYHU� LQ�$UFWLF� HQYLURQPHQWV��'XH� WR� WKH� KLJK� DOEHGR� WKH� QHW�
UDGLDWLRQ�LQ�WKH�VQRZ�FRYHUHG�DUHDV�LV�PXFK�ORZHU�WKDQ�LQ�DUHDV�ZLWK�QR�VQRZ�
FRYHU�� DQG� DV� ORQJ� DV� WKH� VQRZ� FRYHU� LV� SUHVHQW� GXULQJ� VXPPHU� �ZKHUH� WKH�
VXUIDFH� DLU� WHPSHUDWXUH� JHQHUDOO\� H[FHHGV���&�� E\� IDU� WKH� ODUJHVW� SDUW� RI� WKH�
HQHUJ\� DW� WKH� VXUIDFH� JRHV� WR� VQRZ�PHOW�� ,Q� WKH� VQRZ�IUHH� DUHDV�� RQ� WKH�
FRQWUDU\�� WKH� HYDSRWUDQVSLUDWLRQ� DQG� VHQVLEOH� KHDW� IOX[HV� DUH�PXFK� ODUJHU� LQ�
TXDQWLW\��7KLV��WRJHWKHU�ZLWK�LWV�LQVXODWLYH�SURSHUWLHV�DQG�DELOLW\�WR�VKLHOG�RXW�
VRODU� UDGLDWLRQ� PDNHV� VQRZ� FRYHU� D� NH\� IDFWRU� LQ� $UFWLF� HFRV\VWHPV�� DQG�
HVSHFLDOO\� LQ� WKH�+LJK� $UFWLF� UHJLRQV��ZKHUH� WKH� H[WUHPH� FOLPDWLF� FRQGLWLRQV�
OHDYH�RQO\�D�VPDOO�WLPH�ZLQGRZ�IRU�SULPDU\�SURGXFWLRQ�DQG�DYDLODELOLW\�RI�IRRG�
IRU� KHUELYRUHV�� WKH� UROH� RI� WKH� VQRZ� FRYHU� LV� FULWLFDO� �0HOWRIWH�� ������� 7KXV��
EHFDXVH� WKHVH� HFRV\VWHPV� DUH� SDUWLFXODUO\� VHQVLWLYH� WR� GLVWXUEDQFHV� WKH\� DUH�
FRQVLGHUHG�LPSRUWDQW�DV�LQGLFDWRUV�RI�FOLPDWH�FKDQJH�DQG�DUH�WRSLFV�RI�JURZLQJ�
FRQFHUQ�DQG�VFLHQWLILF�LQWHUHVW��

�

)LJ�� ����� 6HDVRQDO� FKDUDFWHULVWLFV� RI� D�+LJK� $UFWLF� HFRV\VWHP� EDVHG� RQ� FOLPDWH� GDWD� ������
VHDVRQ�� IURP� =DFNHQEHUJ� 5HVHDUFK� 6WDWLRQ� ������1�� LQ� 1RUWKHDVW� *UHHQODQG²1RUPDOL]HG�
'LIIHUHQFH�9HJHWDWLRQ�,QGH[�ZDV�LQIHUUHG�IURP�$9+55�VDWHOOLWH�GDWD�SURYLGHG�E\�WKH�1DWLRQDO�
6QRZ�DQG�,FH�'DWD�&HQWHU��%RXOGHU��&RORUDGR��86$��

)LJ������LV�D�VLPSOH�VNHWFK�RI�WKH�DQQXDO�ELR�FOLPDWLF�YDULDWLRQ�LQ�D�W\SLFDO�
+LJK�$UFWLF�HFRV\VWHP��DQG�HPSKDVL]HV�WKH�SDUWLFXODU�LPSRUWDQFH�RI�WKH�VKRUW�
VQRZ�IUHH�VXPPHU�SHULRG�IRU�WKH�IORUD�DQG�IDXQD��H�J��YHJHWDWLYH�DFWLYLW\�DQG�
EUHHGLQJ� FRQGLWLRQV� IRU� VKRUHELUGV���+RZHYHU��ZKDW� D� IXWXUH� VFHQDULR�RI� WKLV�
YDULDWLRQ�ZLOO� EH� LV� SUHVHQWO\� XQFHUWDLQ�� %HFDXVH�ZDUPLQJ� LV� SUHGLFWHG� WR� EH�
DFFRPSDQLHG�E\� DQ� HQKDQFHG� K\GURORJLFDO� F\FOH�� WKHUH�ZLOO� EH� D� WHQGHQF\� RI�
³FRPSHWLWLRQ´� EHWZHHQ� HDUOLHU� VQRZ�PHOW� LQ� VSULQJ� DQG� LQFUHDVHG� VQRZ�
SUHFLSLWDWLRQ� LQ� ZLQWHU� �-RQHV� HW� DO��� ������� 7KXV� IDU�� HDUOLHU� VQRZ�PHOW� LQ�
VSULQJ� VHHPV� WR� KDYH� EHHQ� WKH� PRUH� HIILFLHQW� RI� WKH� WZR�� DW� OHDVW� IURP� D�
FLUFXPSRODU� SRLQW� RI� YLHZ�� 6WXGLHV� EDVHG� RQ� VDWHOOLWH� GDWD� �0\QHQL� HW� DO���
�����7XFNHU� HW� DO��� �����=KRX� HW� DO��� ������ KDYH� VKRZQ� WKDW� LQ� PDQ\� ODUJH�
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UHJLRQV�� EHWZHHQ� ���1� DQG� ���1�� SKRWRV\QWKHWLF� DFWLYLW\� RI� WHUUHVWULDO�
YHJHWDWLRQ�LQIHUUHG�IURP�1RUPDOL]HG�'LIIHUHQFH�9HJHWDWLRQ�,QGH[��1'9,��KDV�
LQFUHDVHG�RYHU�WKH�ODVW�FRXSOH�RI�GHFDGHV��DQG�LQ�D�UHFHQW�UHYLHZ�RI�FDVH�VWXGLHV�
�6WRZ� HW� DO��� ������ RQ� YHJHWDWLRQ� DQG� ODQG�FRYHU� FKDQJH� LQ� $UFWLF� WXQGUD�
V\VWHPV��DQ�XSZDUG�WUHQG�LQ�SKRWRV\QWKHWLF�DFWLYLW\�KDV�EHHQ�GHWHFWHG�DOVR�DW�
ODWLWXGHV� DERYH� ���1� �)LJ�� ������ 7KHVH� UHVXOWV� DUH� K\SRWKHVL]HG� WR� EH� LQ�
DFFRUGDQFH� ZLWK� UHFHQW� &2��LQGXFHG� JOREDO� ZDUPLQJ� DQG� HDUOLHU� VQRZ�
FOHDUDQFH�LQ�VSULQJ��
�

+RZHYHU�� ZLWK� WKH� SURVSHFW� RI� LQFUHDVHG� WHPSHUDWXUHV� DQG� LQFUHDVHG�
ZLQWHU�VQRZIDOO�� LW� PD\� EH� UHDVRQDEOH� DOVR� WR� VXJJHVW� DQ� LQFUHDVH� LQ� WKH�
YDULDELOLW\� LQ� VQRZ� FRYHU� FRQGLWLRQV� ZLWK� JOREDO� ZDUPLQJ�� EHFDXVH�� ³LW� LV�
SRVVLEOH� WKDW� WZR� FRPSHWLQJ� IDFWRUV�� ;� DQG� <�� WKDW� HPHUJH� ZLWK� FOLPDWH�
FKDQJH� FDQ� FRQWULEXWH� WR� WKH� VQRZ� FRYHU� YDULDWLRQV� DQG� KDYH� D� PHDQ�
FRPELQHG�HIIHFW�WKDW�LV�FORVH�WR�]HUR�EXW��EHFDXVH�WKH\�DUH�LQGHSHQGHQW�RI�HDFK�
RWKHU�� LQGXFH� D� VLJQLILFDQW� YDULDQFH´� �-RQHV� HW� DO��� ������� 2QH� FRQVHTXHQFH�
PD\� EH� WKDW� IXWXUH� VFHQDULRV� RI� VQRZ±HFRV\VWHP� LQWHUDFWLRQV� �SURORQJHG� YV��
VKRUWHQHG� JURZLQJ� VHDVRQ�� PD\� GLIIHU� VLJQLILFDQWO\� ERWK� LQ� WLPH� DQG� VSDFH��
)LQDOO\�� DV� WKLV� VWXG\� ZLOO� VKRZ�� WKLV� SDWWHUQ� PD\� EH� IXUWKHU� FRPSOH[HG� E\�
FKDQJHV�LQ�RWKHU�FRPSRQHQWV�LQ�WKH�FOLPDWH�V\VWHP�VXFK�DV�WKH�1RUWK�$WODQWLF�
2VFLOODWLRQ��1$2��DQG�ODNH�HIIHFWV�GXH�WR�UHGXFWLRQV�LQ�VHD�LFH�FRYHUDJH��
�
����$LP�DQG�FRQWHQWV�RI�WKH�WKHVLV�
7KH�RYHUDOO�REMHFWLYH�RI�WKLV�ZRUN�KDV�EHHQ�EULHIO\� LQWURGXFHG�LQ�WKH�SUHYLRXV�
WH[W��%HORZ�LV�JLYHQ�DQ�H[SOLFLW�GHILQLWLRQ�RI�WKH�DLP�DQG�FRQWHQW�RI�WKH�WKHVLV��

�7KH�DLP�RI� WKH� WKHVLV� LV� WR� DQDO\]H� VQRZ±HFRV\VWHP� UHODWLRQV� LQ� D�+LJK�
$UFWLF�HFRV\VWHP�LQ�1RUWKHDVW�*UHHQODQG�WKURXJK�WKH�GHYHORSPHQW�DQG�XVH�RI�

)LJ������ 6SDWLDO�GLVWULEXWLRQ�RI�³JUHHQLQJ´�
WUHQG� �����±������ RYHU� WXQGUD� QRUWK� RI�
���1� GXULQJ� WKH� JURZLQJ� VHDVRQ� �-XQH±
6HSWHPEHU��� 7KH� PDS� LV� EDVHG� RQ�
1RUPDOL]HG� 'LIIHUHQFH� 9HJHWDWLRQ� ,QGH[�
LQIHUUHG� IURP� �� NP� UHVROXWLRQ� 12$$�
$9+55�VDWHOOLWH�GDWD��6RXUFH��6WRZ�HW�DO���
������
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QHZ�PRQLWRULQJ� WHFKQLTXHV� EDVHG� RQ� FRQYHQWLRQDO� DQG� PXOWLVSHFWUDO� GLJLWDO�
FDPHUDV�� )XUWKHUPRUH�� LW� LV� DQ� DLP� WR� XVH� WKH� UHVXOWV� LQ� ORFDO�� WR� ODUJH�VFDOH�
�L�H�� VHD�LFH�� DQG�DWPRVSKHULF�G\QDPLFV�� FOLPDWLF� DQDO\VLV�� DQG� ILQDOO\� WR� SXW�
WKH�UHVXOWV�LQ�FOLPDWH�FKDQJH�SHUVSHFWLYH��7KH�WKHVLV�LV�VWUXFWXUHG�DURXQG�IRXU�
PDLQ�WKHPHV��

�
� 7KH�GHYHORSPHQW�RI�D�PHWKRGRORJ\�WR�FUHDWH�WLPH�VHULHV�RI�VQRZ�FRYHU�

PDSV�IURP�RUWKRJUDSKLFDOO\�UHFWLILHG�GLJLWDO�FDPHUD�LPDJHV��
� 7KH�GHYHORSPHQW�RI�PHWKRGRORJLHV�WR�SHUIRUP�VXUIDFH�FODVVLILFDWLRQ�LQ�

D +LJK�$UFWLF�HQYLURQPHQW�EDVHG�RQ�PXOWLVSHFWUDO�GLJLWDO�RUWKRSKRWRV��
DQG� WKH� XVDJH� RI� WKHVH� LQ� DQ� DQDO\VLV� RI� VSDWLRWHPSRUDO� YDULDWLRQV� LQ�
VQRZ��DOEHGR�DQG�PHOW��

� 0RGHOLQJ�� DQG� DQDO\]LQJ� VQRZ±YHJHWDWLRQ� UHODWLRQV� LQ� D� +LJK� $UFWLF�
HFRV\VWHP�XVLQJ�FDPHUD�EDVHG�VQRZ�FRYHU��DQG�1'9,�GDWD��

� $QDO\]LQJ� WKH� UHODWLRQV� EHWZHHQ� VQRZ�SUHFLSLWDWLRQ� LQ� D� ORFDO�VFDOH�
+LJK�$UFWLF� HFRV\VWHP� DQG� ��� ODUJH� VFDOH� FOLPDWH� G\QDPLFV� �WKH�1$2�
DQG� VHD�LFH� YDULDWLRQV� LQ� WKH�*UHHQODQG�6HD�� DQG���� VQRZ±HFRV\VWHP�
HIIHFWV�UHODWHG�WR�FOLPDWLF�FKDQJH��

�
7KH� FRUH� SDUW� RI� WKLV� ZRUN� LV� GHVFULEHG� LQ� IRXU� UHVHDUFK� SDSHUV�� ZKLFK�

FRUUHVSRQG�WR�HDFK�RI� WKH�DERYH�WKHPHV� LQ�QXPHULFDO�RUGHU��7KLV�PHDQV�WKDW�
WKH� GLIIHUHQW� WKHPHV� KDYH� EHHQ� GHDOW� ZLWK�PDLQO\� LQ� WKH� SDSHU�PDQXVFULSWV�
DQG�SDUWO\�LQ�WKH�V\QRSVLV��)RU�HDV\�UHIHUHQFH��WKH�SDSHUV�DUH�QDPHG�3DSHU�������
���DQG����
�
����7KHVLV�VWUXFWXUH�DQG�SUHVHQWDWLRQ�RI�PDQXVFULSWV�
$V�GHVFULEHG�DERYH��WKH�WKHVLV�FRQVLVWV�RI�IRXU�UHVHDUFK�SDSHUV��DQG�D�V\QRSVLV��
7KH�V\QRSVLV�KDV� WKUHH�PDLQ�REMHFWLYHV����� WR�VHW� WKH�VFHQH� IRU� WKH�VWXG\� LQ�D�
JHRJUDSKLFDO�FOLPDWRORJLFDO� SHUVSHFWLYH�� ��� WR� DFW� DV� D� VXSSOHPHQW� SURYLGLQJ�
EDFNJURXQG�DQG�GHWDLOV��QRW�FRYHUHG�LQ�WKH�PDQXVFULSWV��DQG����WR�VXPPDUL]H�
WKH�VWXG\��DQG�LWV�PDLQ�UHVXOWV�DQG�FRQFOXVLRQV��3RLQW���DQG���DUH�GHDOW�ZLWK�LQ�
FKDSWHUV��±���DQG�SRLQW���LQ�FKDSWHU����7KH�SUHVHQW�ZRUN�UHSUHVHQWV�UHVHDUFK�
DW ERWK�ORFDO��DQG�ODUJH�VSDWLDO�VFDOHV��,Q�WKH�WKHVLV�,�PRYH�IURP�ORFDO��WR�ODUJH�
VFDOH�LQ�RUGHU�WR�DQDO\]H�VQRZ�FRYHU�YDULDWLRQ�DQG�LWV�LPSDFW�RQ�D�+LJK�$UFWLF�
HFRV\VWHP��DV�ZHOO�DV�FOLPDWLF�IDFWRUV�ZKLFK�PLJKW�DIIHFW�VQRZ�SUHFLSLWDWLRQ��

7KLV� VSDWLDO� YDULDELOLW\� LV� XWLOL]HG� LQ� WKH� FRQVWUXFWLRQ� RI� WKH� WKHVLV��
VWUXFWXUH�� 7KH� OHLWPRWLI� RI� WKH� WKHVLV� LV� LOOXVWUDWHG� LQ� )LJ�� ����� $OWKRXJK� WKH�
VWXG\�LQFOXGHV�DQDO\VLV�DW�GLIIHUHQW�VSDWLDO�VFDOHV��WKH�ORFDO�HFRV\VWHP�DFWV�DV�D�
UHIHUHQFH�SRLQW��$W� WKH� ORFDO�VFDOH�� LQWHU�DQQXDO�YDULDELOLW\�RI�VQRZ�FRYHU�DQG
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)LJ�� ����� 7KH� WKHVLV� LV�
VWUXFWXUHG�RYHU�VSDWLDO�VFDOH��

LWV� LPSDFW� RQ� WKH� HFRV\VWHP� LV� DQDO\]HG�� DQG� WKH� HPSLULFDO� LQIRUPDWLRQ�
JDWKHUHG�IURP�ORFDO�VFDOH�DQDO\VHV�LV�WKHQ�XVHG�WR�PRGHO�H[WHQGHG�WLPH�VHULHV�
RI�VQRZ�GDWD��3DSHU��±����7KLV�HQDEOHV�PH�WR�FRPSDUH�ORFDO�VQRZ�YDULDWLRQ�WR�
ODUJHU�VFDOH�FOLPDWLF�YDULDEOHV��VXFK�DV�WKH�1$2�RU�VHD�LFH�GXUDWLRQ��DQG�WKHQ�
XVH�OLQNDJHV��IRXQG�WKURXJK�FRPSDULVRQV��WR�GLVFXVV�LPSDFWV�IURP�ODUJH�VFDOH�
FOLPDWLF� FKDQJHV� RQ� WKH� ORFDO� VFDOH� HQYLURQPHQW� �3DSHU� ���� 7R� SUHVHUYH�
VWUXFWXUDO�FRQVLVWHQFH��WKH�RUGHU�RI�ERWK�WKH�PDQXVFULSWV�DQG�WKH�FKDSWHUV� LQ�
WKH�V\QRSVLV�IROORZV�WKLV�SDWK�RI�JRLQJ�IURP�ORFDO��WR�ODUJHU�VFDOH��DQG�EDFN��

7KH�FRQWHQWV�RI�WKH�IRXU�PDQXVFULSWV�LQFOXGHG�LQ�WKH�WKHVLV�DUH�GHVFULEHG�
EULHIO\�EHORZ��0RUH� FRPSUHKHQVLYH�GLVFXVVLRQV�RI� WKH� UHVXOWV� DUH�GHIHUUHG� WR�
WKH�LQGLYLGXDO�PDQXVFULSWV�DQG�WR�&KDSWHU����
�
3DSHU����7KH�ILUVW�PDQXVFULSW�GHDOV�ZLWK�WKH�GHYHORSPHQW�RI�PHWKRGV�WR�XVH�

REOLTXH� GLJLWDO� LPDJHV� WDNHQ� E\� DQ� DXWRPDWHG� GLJLWDO� FDPHUD� IRU� VQRZ�
FRYHU�PDSSLQJ�DQG�DQDO\VLV��,Q�FRQWUDVW�WR�VDWHOOLWH�GDWD�ZLWK�KLJK�VSDWLDO�
UHVROXWLRQ��WKH�GLJLWDO�FDPHUD�LPDJHV�RIIHU�ERWK�KLJK�WHPSRUDO��DQG�KLJK�
VSDWLDO� UHVROXWLRQ�� 7KH� LPDJHV� DUH� UHFWLILHG� RUWKRJUDSKLFDOO\�� DQG� D�
QRUPDOL]HG� VQRZ� LQGH[� XWLOL]LQJ� WKH� UHG�� JUHHQ� DQG�EOXH� FRPSRQHQWV� RI�
WKH�LPDJHV�LV�GHULYHG��7KH�PHWKRG�LV�DSSOLHG�RQ�LPDJHV�IURP�WZR�GLIIHUHQW�
PHOWLQJ�VHDVRQV�������DQG��������DQG�D�VPDOO�FDVH�VWXG\�RQ�VQRZ�FRYHU�
GHSOHWLRQ�LQ�WKH�=DFNHQEHUJ�9DOOH\�LV�SUHVHQWHG��

�
5HIHUHQFH��
+LQNOHU�-��6�%�3HGHUVHQ��0�5DVFK��%�8�+DQVHQ��������$XWRPDWLF�VQRZ�FRYHU�PRQLWRULQJ�
DW�KLJK�WHPSRUDO�DQG�VSDWLDO�UHVROXWLRQ��XVLQJ�LPDJHV�WDNHQ�E\�D�VWDQGDUG�GLJLWDO�FDPHUD��
,QWHUQDWLRQDO�-RXUQDO�RI�5HPRWH�6HQVLQJ��Y������S�������������
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3DSHU����7KH�VHFRQG�PDQXVFULSW�FRYHUV�D�SLORW�VWXG\�RQ�XVLQJ�PXOWLVSHFWUDO�
GLJLWDO�FDPHUD�LPDJHV�IRU�VXUIDFH�FODVVLILFDWLRQ�DQG�DOEHGR�PDSSLQJ��7KH�
VWXG\�ZDV� SHUIRUPHG� DW� 1\�nOHVXQG�� ���1�� 6YDOEDUG�� $V� LQ� 3DSHU� �� WKH�
LPDJHV� DUH� UHFWLILHG� RUWKRJUDSKLFDOO\�� ,W� LV� VKRZQ� WKDW� WKH� GLIIHUHQFH�
EHWZHHQ� YLVLEOH� DQG� QHDU�LQIUDUHG� UHIOHFWDQFH� �LQ� DGGLWLRQ� WR� YHJHWDWLRQ�
FODVVLILFDWLRQ��FDQ�EH�XVHG�WR�GLVWLQJXLVK�EHWZHHQ�GLIIHUHQW�W\SHV�RI�VQRZ��
%DVHG� RQ� VSHFWURUDGLRPHWHU�PHDVXUHPHQWV�� DOEHGR�YDOXHV� FKDUDFWHULVWLF�
IRU� GLIIHUHQW� VXUIDFH� W\SHV� DUH� HVWLPDWHG�� $� WLPH� VHULHV� RI� GDLO\� VXUIDFH�
DOEHGR�PDSV� DUH� FRQVWUXFWHG� DQG� XVHG� IRU� DQ� DQDO\VLV� RI� WKH� VSDWLDO�
GLVWULEXWLRQ�RI�VQRZ�PHOW�GXUDWLRQ�LQ�WKH�1\�cOHVXQG�DUHD��

�
5HIHUHQFH��

� +LQNOHU�-�� -� %� 2UEDHN�� %� 8�+DQVHQ�� ������ 'HWHFWLRQ� RI� VSDWLDO�� WHPSRUDO�� DQG� VSHFWUDO�
VXUIDFH� FKDQJHV� LQ� WKH� 1\�$OHVXQG� DUHD� ��� GHJUHHV� 1�� 6YDOEDUG�� XVLQJ� D� ORZ� FRVW�
PXOWLVSHFWUDO�FDPHUD�LQ�FRPELQDWLRQ�ZLWK�VSHFWURUDGLRPHWHU�PHDVXUHPHQWV��3K\VLFV�DQG�
&KHPLVWU\�RI�WKH�(DUWK��Y������S�������������

3DSHU� ��� 7KH� WKLUG� PDQXVFULSW� GHDOV� ZLWK� VQRZ� FRYHU� DQG� YHJHWDWLRQ�
LQWHUDFWLRQV� ZLWKLQ� WKH� UHVHDUFK� DUHD� DW� =DFNHQEHUJ� LQ� +LJK� $UFWLF�
1RUWKHDVW�*UHHQODQG��7KH�VWXG\�LV�EDVHG�RQ�WKH�FRPSUHKHQVLYH�DPRXQW�RI�
GDWD�� ZKLFK� DUH� FXUUHQWO\� DYDLODEOH� LQ� IRUP� RI� FRQYHQWLRQDO�� DQG�
PXOWLVSHFWUDO�LPDJHV�IURP�=DFNHQEHUJ��7R�UHFRQVWUXFW�VQRZ�FRYHU�H[WHQW��
VQRZ� DFFXPXODWLRQ�� DQG� 1'9,� EDFN� WR� ������ VHPL�HPSLULFDO� PRGHOV�
EDVHG� RQ�PHWHRURORJLFDO�� DQG� FDPHUD� GDWD� DUH� GHYHORSHG��$V� LQSXW�� WKH�
PRGHOV� XVH� WHPSHUDWXUH� GDWD� DQG� D� OLPLWHG� QXPEHU� RI� VDWHOOLWH� GDWD�
�6327� +59� DQG� /DQGVDW� 70��� 7KH� UHVXOWV� UHYHDO� WKDW�� VQRZ�FRYHU�
GHSOHWLRQ�DQG�WRWDO�DPRXQWV�RI�SKRWRV\QWKHWLF�DFWLYLW\�DURXQG�=DFNHQEHUJ�
VKRZ�FRQVLGHUDEOH� LQWHU�DQQXDO� YDULDELOLW\��$� FRPSDULVRQ�EHWZHHQ� VQRZ�
FRYHU� DQG� 1'9,� GLVWULEXWLRQ� UHYHDOV� WKDW� YHJHWDWLYH� YLJRU� LQ� WKH�
=DFNHQEHUJ�DUHD�SULPDULO\�LV�OLQNHG�WR�WKH�LQLWLDWLRQ�WLPH�RI�WKH�VQRZ�IUHH�
SHULRG�UDWKHU�WKDQ�WR�WHPSHUDWXUH��

�
5HIHUHQFH��
+LQNOHU�-�� %� 8� +DQVHQ�� 0� 3� 7DPVWRUI�� 6� %� 3HGHUVHQ�� ������ ,Q� SUHSDUDWLRQ�� 6QRZ±
YHJHWDWLRQ�UHODWLRQV�LQ�D�+LJK�$UFWLF�HFRV\VWHP��,QWHU�DQQXDO�YDULDELOLW\�LQIHUUHG�IURP�QHZ�
PRQLWRULQJ��DQG�PRGHOLQJ�FRQFHSWV��7R�EH�VXEPLWWHG�WR�5HPRWH�6HQVLQJ�RI�(QYLURQPHQW��

3DSHU����7KH� IRXUWK�SDSHU�GHDOV�ZLWK� ODUJH�VFDOH� FOLPDWLF�YDULDELOLW\� DQG� LWV�
LPSDFW�RQ�ORFDO�VQRZ±HFRV\VWHP�G\QDPLFV�LQ�=DFNHQEHUJ��(QG�RI�ZLQWHU�
VQRZ�GHSWKV�DUH�EDVHG�RQ�VRQLF�VQRZ�GHSWK�PHDVXUHPHQWV�EDFN�WR������
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DQG�IURP�����±�����WKH\�KDYH�EHHQ�PRGHOHG�DW�KLJK�DFFXUDF\�XVLQJ�WKH�
DSSURDFK� GHVFULEHG� LQ� 3DSHU� ��� 'XULQJ� ����±����� VQRZ� GHSWKV� ZHUH�
PHDVXUHG�PDQXDOO\�DW�'DQHERUJ�����NP�WR�WKH�VRXWKHDVW�RI�=DFNHQEHUJ���
(QG�RI�ZLQWHU�VQRZ�DFFXPXODWLRQ�DW�ODUJH�VFDOH�LV�EDVHG�RQ�SUHFLSLWDWLRQ�
UDWHV� DQG� VXUIDFH� DLU� WHPSHUDWXUHV� IURP� WKH� 1DWLRQDO� &HQWHUV� RI�
(QYLURQPHQWDO�3UHGLFWLRQ��1&(3��DVVXPLQJ�WKDW�WKH�SUHFLSLWDWLRQ�IDOOV�DV�
VQRZ�ZKHQ� WKH�DLU� WHPSHUDWXUH� LV�EHORZ���&�� ,W� LV� IRXQG� WKDW� WKH�1&(3�
EDVHG�VQRZ�DFFXPXODWLRQ�PDWFKHV�WKH�JURXQG�EDVHG�PHDVXUHPHQWV�IDLUO\�
ZHOO�� DQG� WKDW� VQRZ�SUHFLSLWDWLRQ� LQ� 1RUWKHDVW� *UHHQODQG� LV� FRUUHODWHG�
VLJQLILFDQWO\� WR� WKH� 1$2� LQ� RQH� WKLUG� RI� WKH� WLPH� GXULQJ� ����±������
'XULQJ�����±������ZKHUH�1$2�LV�GHFRXSOHG�IURP�VQRZ�SUHFLSLWDWLRQ�LQ�
1RUWKHDVW� *UHHQODQG�� VHD�LFH� GXUDWLRQ� ZLWKLQ� WKH� VRXWKHUQ� SDUW� RI� WKH�
*UHHQODQG� 6HD� LV� VLJQLILFDQWO\� DQG� QHJDWLYHO\� FRUUHODWHG� WR� VQRZ�
SUHFLSLWDWLRQ� DPRXQWV� DW� =DFNHQEHUJ�� )XUWKHUPRUH�� LW� LV� IRXQG� WKDW� D�
SURMHFWLRQ� RI� VQRZ�SUHFLSLWDWLRQ� RYHU� WKH� QH[W� KXQGUHG� \HDUV� GHULYHG�
IURP�SUR[\�EDVHG�VHD�LFH�GXUDWLRQ�LQ�WKH�6RXWKHUQ�SDUW�RI�WKH�*UHHQODQG�
6HD� LV� VLPLODU� WR�ZKDW� LV�SUHGLFWHG�E\� D�KLJK� UHVROXWLRQ� UHJLRQDO� FOLPDWH�
PRGHO��7KH�VQRZ�FRYHU�GHSOHWLRQ�PRGHO�GHVFULEHG� LQ�3DSHU��� LV�DSSOLHG�
XVLQJ� IXWXUH� VFHQDULRV�RI� WHPSHUDWXUH� DQG� VQRZ�SUHFLSLWDWLRQ��%DVHG�RQ�
WKH� PRGHOHG� UHVXOWV�� LW� LV� K\SRWKHVL]HG� WKDW�� EHFDXVH� UHGXFHG� VHD�LFH�
H[WHQW�DQG�LQFUHDVHG�VQRZIDOO�LQ�WKH�ZLQWHU�LV�H[SHFWHG�WR�EH�DFFRPSDQLHG�
E\� HDUOLHU� VQRZ� PHOW� LQ� VSULQJ� DQG� VOLJKWO\� LQFUHDVHG� VXPPHU�
WHPSHUDWXUHV�� DYHUDJH� VXPPHU� VQRZ� FRYHU� �DQG� WKHUHE\� DOVR� VXPPHU�
HFRV\VWHP�FRQGLWLRQV��DURXQG�=DFNHQEHUJ�ZLOO�VWD\�DW�D�QHDU�QHXWUDO�OHYHO�
GXULQJ� WKH� FXUUHQW� FHQWXU\��+RZHYHU�� WKH� HIIHFWV� RI� D�ZDUPHU� DQG�PRUH�
KXPLG� ZLQWHU� ZLWK� ODUJHU� DPRXQWV� RI� SUHFLSLWDWLRQ� PD\� EH� PRUH�
GUDPDWLF�� HVSHFLDOO\� IRU� KHUELYRUHV� WKDW� DUH� VXVFHSWLEOH� WR� FKDQJHG�
SK\VLFDO�SURSHUWLHV�RI�WKH�VQRZ�FRYHU��VXFK�DV�LFH�FUXVWV�LQ�WKH�VQRZ�SDFN�
HWF���

�
5HIHUHQFH��
+LQNOHU�-��%�8�+DQVHQ��0�3�7DPVWRUI��+�0HOWRIWH��������LQ�SUHSDUDWLRQ��$�SRVVLEOH�OLQNDJH�
EHWZHHQ�VHD�LFH�DQG�VQRZ�SUHFLSLWDWLRQ�PD\�EH�FUXFLDO�IRU�$UFWLF��HFRV\VWHPV�LQ�D�ZDUPHU�
FOLPDWH��7R�EH�VXEPLWWHG�WR�-RXUQDO�RI�&OLPDWH��



���

&KDSWHU���
�
*HRJUDSKLFDO�VHWWLQJV�DQG�FOLPDWH�
�

UHHQODQG�LV�WKH�ODUJHVW�LVODQG�LQ�WKH�:RUOG������PLOOLRQ�NP�� DQG�KRXVHV�
WKH�*UHHQODQG�,FH�6KHHW� ZKLFK�LV�WKH�:RUOG¶V�VHFRQG�ODUJHVW�LFH�FDS��QH[W�

WR� WKH�$QWDUFWLF��7KH�PD[LPXP�DOWLWXGH�RI� WKH� LFH�FDS� LV�PRUH� WKDQ������P��
DQG�LW�FRYHUV�DSSUR[LPDWHO\�����RI�WKH�FRXQWU\�OHDYLQJ�VRPH�����DURXQG�WKH�
FRDVW�IRU�WKH�IORUD�DQG�IDXQD��&DSSHOHQ�HW�DO����������$V�D�ZKROH�WKH�FOLPDWH�LQ�
*UHHQODQG� LV� $UFWLF��PHDQLQJ� WKDW� WKH� DYHUDJH� WHPSHUDWXUH� IRU� WKH� ZDUPHVW�
PRQWK� LV� EHORZ� ���&� HYHU\ZKHUH²H[FHSW� IRU� VRPH� GHHS� IMRUGV� LQ� WKH� VRXWK�
WKDW� IDOO� LQWR� WKH�6XEDUFWLF� ]RQH��ZKHUH� WKLV� WHPSHUDWXUH� OLPLW� LV� MXVW� FURVVHG�
�%RUQ�DQG�%|FKHU���������+RZHYHU�� WKH�GLIIHUHQFHV�EHWZHHQ�QRUWK�DQG�VRXWK�
DUH�HQRUPRXV��L�H��WKH�GLVWDQFH�IURP�WKH�VRXWKHUQ�WLS��&DSH�)DUHZHOO�����1��WR�
WKH�QRUWKHUQPRVW�SRLQW��&DSH�0RUULV�-HVXS�������1��LV�PRUH�WKDQ������NP��
,Q� WKH�QRUWKHUQ�SDUWV� RI� WKH� LFH� FDS��ZLQWHU� WHPSHUDWXUHV� FDQ�GURS� WR� EHORZ�������
����&�DQG�WHPSHUDWXUHV�DERYH����&�FDQ�RFFXU�GXULQJ�VXPPHU� LQ�WKH�FRDVWDO�
SDUWV�RI�6RXWK�*UHHQODQG��,Q�VRPH�\HDUV�LW�KDSSHQV�WKDW�WKH�VRXWKHUQ�SDUWV�RI�
*UHHQODQG� UHFHLYH� PRUH� WKDQ� ����� PP� RI� SUHFLSLWDWLRQ�� ZKLOH� GHVHUW�OLNH�
DUHDV� LQ� WKH�QRUWK�KDUGO\�UHFHLYH�DQ\�SUHFLSLWDWLRQ�DW�DOO��7KH�PDMRULW\�RI� WKH�
FRDVWDO� LFH�IUHH�DUHD� LV�PRXQWDLQRXV��ZLWK�QXPHURXV� IMRUGV� UHDFKLQJ� LQWR� WKH�
LQWHULRU��DQG�PDQ\�LVODQGV�VFDWWHUHG�GLUHFWO\�RII�WKH�FRDVW��7KXV��ORFDOO\�� ODUJH�
FRQWUDVWV� LQ� WKH�ZHDWKHU� FDQ�EH�REVHUYHG�GXH� WR� FRPSOH[� WRSRJUDSK\��ZKLFK�
PDNHV�WKH�FOLPDWH�YDU\�FRQVLGHUDEO\�HYHQ�RYHU�VKRUW�GLVWDQFHV��7KH�QRUWKHUO\�
ORFDWLRQ�RI�WKH�FRXQWU\��WKH�SUHVHQFH�RI�WKH�LFH�FDS��DQG�WKH�FROG�PRUH�RU�OHVV�
LFH�ILOOHG�VXUURXQGLQJ�VHD�DUH�WKH�PRVW�LPSRUWDQW�IDFWRUV�GHWHUPLQLQJ�WKH�FROG�
FOLPDWH�RI�*UHHQODQG��&DSSHOHQ�HW�DO����������

�
����,QWURGXFWLRQ�WR�VWXG\�DUHDV�
$Q�H[FHOOHQW�GHVFULSWLRQ�RI�WKH�JHQHUDO�FOLPDWH�RI�*UHHQODQG�LV�DYDLODEOH�IURP�
WKH�UHSRUW�E\�&DSSHOHQ�HW�DO����������DQG�WKXV�WKH�IROORZLQJ�ZLOO�RQO\�IRFXV�RQ�
DUHDV�RI�VSHFLILF�LQWHUHVW�WR�WKH�SUHVHQW�ZRUN��7KH�VWXG\�KDV�LWV�PDLQ�SRLQW�RI�
LQWHUHVW� IRFXVHG� DURXQG� �����1�� �����:� DW� =DFNHQEHUJ� LQ� 1RUWKHDVW�
*UHHQODQG��7KH�=DFNHQEHUJ�5HVHDUFK�$UHD��=5$�� LV� WKH�VLWH�ZKHUH�WKH�PDMRU�
SRUWLRQ�RI�WKH�ILHOGZRUN�ZDV�FDUULHG�RXW��DQG�WKH�DUHD�KDV�IXUWKHU�DFWHG�DV�DQ�
H[DPSOH�RI�D�+LJK�$UFWLF�HFRV\VWHP�WR�EH�FRPSDUHG�WR�ORFDO��DV�ZHOO�DV�ODUJHU�
VFDOH�FOLPDWLF�YDULDELOLW\��

*
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)LJ�� ����� 2YHUYLHZ� PDS� RI� WKH� UHJLRQ� DQG� WKH� VLWHV� RI� LQWHUHVW�� =DFNHQEHUJ� LV� WKH� PDLQ�
ILHOGZRUN�VLWH�DQG�LV�LQGLFDWHG�ZLWK�UHG��7KH�VKDGHG�UHJLRQ�������NP�UDGLXV�IURP�=DFNHQEHUJ��
LV�WKH�DUHD�FRQVLGHUHG�IRU�VHD�LFH�DQDO\VLV��6RXUFH��0RGLILHG�IURP�&$90�7HDP��������
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)LJ�� ���� VHWV� WKH� JHRJUDSKLFDO� VFHQH� IRU� WKH� VWXG\�� =DFNHQEHUJ� DQG�
'DQHERUJ�DUH�PDUNHG�ZLWK�UHG��ZKHUHDV�RWKHU�ORFDWLRQV��1\�cOHVXQG��DQG�WKH�
LVODQG� RI� -DQ�0D\HQ�� FRQWULEXWLQJ�ZLWK� GDWD� DW� ORFDO� VFDOH� DUH�PDUNHG�XVLQJ�
EODFN�W\SHV��%HFDXVH�LW�ZDV�XVHG�IRU�DQDO\VLV�RI�VHD�LFH�YDULDWLRQ�LQ�UHODWLRQ�WR�
VQRZ�SUHFLSLWDWLRQ�LQ�=5$��WKH�SDUW�RI�WKH�*UHHQODQG�6HD�FRQILQHG�E\�D�UDGLXV�
RI������NP�IURP�=DFNHQEHUJ�LV�KLJKOLJKWHG���

7R�JLYH�D�YLVXDO�LPSUHVVLRQ�RI�WKH�FOLPDWLF�GLYHUVLW\�LQ�WKH�WHUUHVWULDO�SDUWV�
RI�WKH�UHJLRQ��)LJ������DOVR�SURYLGHV�LQGLFDWLRQV�RI�GLIIHUHQW�ELR�FOLPDWLF�]RQHV�
ZLWK�SURSRVHG�QDPHV���$��$UFWLF�SRODU�GHVHUW�]RQH���%��1RUWKHUQ�DUFWLF�WXQGUD�
]RQH���&��0LGGOH�DUFWLF�WXQGUD�]RQH���'��6RXWKHUQ�DUFWLF�WXQGUD�]RQH��DQG��(��
$UFWLF�VKUXE�WXQGUD�]RQH��&$90�7HDP�������(OYHEDNN���������7KH�SRVLWLRQ�
RI�=DFNHQEHUJ�LQ�WKLV�VFKHPH�LV�GLVFXVVHG�LQ�VHFWLRQ�����DQG�LQ�3DSHU����

$W� 1\�cOHVXQG� ������1�� �����(�� 6YDOEDUG�� D� SLORW� VWXG\� GHDOLQJ� ZLWK�
PXOWLVSHFWUDO� FDPHUD�GDWD� IRU� VXUIDFH� FODVVLILFDWLRQ�DQG�DOEHGR�PDSSLQJ�ZDV�
FDUULHG� RXW�� ,Q� UHODWLRQ� WR� WKLV� WKHVLV�� WKLV� DUHD� LV� WKXV� LPSRUWDQW� IURP� D�
PHWKRGRORJLFDO��UDWKHU�WKDQ�IURP�D�FOLPDWRORJLFDO�SRLQW�RI�YLHZ��$�GLVFXVVLRQ�
RI� WKH�1\�cOHVXQG�DUHD� LV� WKHUHIRUH�GHIHUUHG� WR� WKH�EULHI�GHVFULSWLRQ�JLYHQ� LQ�
3DSHU����

)URP�WKH�JHRJUDSKLFDO�DQG�FOLPDWRORJLFDO�SHUVSHFWLYHV��WKH�UHJLRQ�DURXQG�
=DFNHQEHUJ��ORFDO�SHUVSHFWLYH��3DSHUV���DQG�����WKH�1RUWK�$WODQWLF�2VFLOODWLRQ�
DQG�VHD�LFH�YDULDWLRQV�LQ�WKH�*UHHQODQG�6HD��ODUJH�VFDOH�SHUVSHFWLYH��3DSHU����
DUH�WKH�PRVW�LPSRUWDQW�JHRJUDSKLFDO�FRPSRQHQWV�RI�WKLV�ZRUN��7KHUHIRUH��WKH�
QH[W� WZR� VHFWLRQV� ����� DQG� ����� ZLOO� GHDO� ZLWK� =5$�� WKH� 1RUWK� $WODQWLF�
2VFLOODWLRQ��DQG�VHD�LFH�FRQGLWLRQV�LQ�WKH�*UHHQODQG�6HD��
�
����=DFNHQEHUJ�5HVHDUFK�$UHD�
:LWKLQ� =5$�� WKH� =DFNHQEHUJ� 5HVHDUFK� 6WDWLRQ� IRUPV� WKH� SODWIRUP� IRU� WKH�
=DFNHQEHUJ�(FRORJLFDO�5HVHDUFK�2SHUDWLRQV��=(52���=(52�ZDV�LQLWLDWHG�ZLWK�
UHFRQQDLVVDQFH�LQ�WKH�HDUO\�����¶V�DQG�WKH�UHVHDUFK�VWDWLRQ�WRJHWKHU�ZLWK�WKH�
=(52�PRQLWRULQJ� SURJUDP�ZDV� HVWDEOLVKHG� LQ�-XO\� ������2EVHUYDWLRQDO�GDWD�
IURP�=5$¶V�$XWRPDWLF�:HDWKHU�6WDWLRQ��$:6��LV�WKXV�DYDLODEOH�IURP�VLQFH�WKDW�
WLPH�� ZKHUHDV� ORQJHU� WHUP�PHWHRURORJLFDO� UHFRUGV� �VLQFH� ������ DUH� DYDLODEOH�
IURP�WKH�$:6�UXQ�E\�WKH�'DQLVK�0HWHRURORJLFDO�,QVWLWXWH�DW�'DQHERUJ�����NP�
WR� WKH� VRXWKHDVW� RI� =DFNHQEHUJ�� ,Q� $XJXVW� ����� WKH� ILUVW� DXWRPDWLF� GLJLWDO�
FDPHUD�ZDV�VHW�XS�����P�DERYH�VHD�OHYHO�DW�WKH�HDVWHUQ�VLWH�RI�WKH�=DFNHQEHUJ�
0RXQWDLQ� �)LJ�� ����� WR� WDNH�GDLO\� LPDJHV�RI� WKH�=DFNHQEHUJ�9DOOH\� �3DSHU� ����
$GGLWLRQDOO\�LQ�������D�PXOWLVSHFWUDO�GLJLWDO�FDPHUD��3DSHU����ZDV�VHW�XS�DW�WKH�
VDPH� ORFDWLRQ�� DOVR� REWDLQLQJ� GDLO\� LPDJHV�� 7KH� DUHD� FRYHUHG
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)LJ�������=DFNHQEHUJ�5HVHDUFK�$UHD��7KH�DUHD�FRYHUHG�E\�GLJLWDO�FDPHUDV�WRWDOV����NP��

E\� WKH� FDPHUDV� WRWDOV� ��� NP�²LQ� )LJ�� ���� LW� LV� LQGLFDWHG� E\� D� UHG� SRO\JRQ�
�IXUWKHU� LQIRUPDWLRQ� RQ� FDPHUD� H[WHQW� DQG� UHVROXWLRQ� RI� RUWKRSKRWRV� LV�
DYDLODEOH�LQ�3DSHU���DQG�$SSHQGL[�������7KLV�DUHD�WKXV�IRUPV�WKH�EDVLV�IRU�PDLQ�
DQDO\VLV�DW�ORFDO�VFDOH�LQ�WKLV�VWXG\��

=5$� LV� D� KLJK� UHOLHI� PRXQWDLQRXV� ODQGVFDSH�� ZKLFK� FRQVLVWV� RI� QHDUO\�
KRUL]RQWDO� YDOOH\� IORRUV� EHORZ� DOWLWXGHV� RI� ����P�� VWHHS� VORSHV� EHWZHHQ� ����
DQG� ���� P� DQG� SODWHDXV� DERYH� ���� P�� 7KH� DUHD� LV� ORFDWHG� LQ� WKH� ]RQH� RI�
FRQWLQXRXV� SHUPDIURVW� DQG� KRVWV� D� ODUJH� GLYHUVLW\� RI� JODFLDO�� SHULJODFLDO� DQG�
FRDVWDO�ODQGVFDSH�IHDWXUHV�DQG�D�JUHDW�YDULHW\�RI�ELRWRSHV�OLNH�IHQV��KHDWKV��IHOO�
ILHOGV�� DQG� JUDVVODQGV�� 7KH� PHDQ� DQQXDO� DLU� WHPSHUDWXUH� �����±������ LV�
VOLJKWO\�DERYH�����&��DQG�IURP�HDUO\�-XQH�WR�HDUO\�6HSWHPEHU��WKH�PHDQ�GDLO\�
WHPSHUDWXUH� JHQHUDOO\� H[FHHGV���&��'XH� WR� WKH�KXJH�DPRXQWV�RI� VHD�LFH� WKDW�
DUH�WUDQVSRUWHG�LQ�WKH�(DVW�*UHHQODQG�&XUUHQW��WKH�GLVWDQFH�IURP�WKH� ODQG�WR�
WKH�RSHQ� VHD� LV� ODUJH�GXULQJ�ZLQWHU� LQ�1RUWKHDVW�*UHHQODQG� �&DSSHOHQ� HW� DO���
�������7KLV�FRPELQHG�ZLWK�FOHDU�ZHDWKHU�DQG�VWURQJ�UDGLDWLRQ�FRROLQJ�PDNHV�
ZLQWHUV�EHFRPH�UHODWLYHO\� FROG��7KXV�� DW�=5$� WKH� DYHUDJH� WHPSHUDWXUH�RI� WKH�
FROGHVW� PRQWKV� �'HFHPEHU±0DUFK�� LV� DURXQG� ����&� �7DEOH� ����� DQG� GXULQJ�
VKRUW� SHULRGV� LW� FDQ� GURS� GRZQ� FORVH� WR� ����&�� ,Q� (DVW� *UHHQODQG� WKH�
WUDQVLWLRQ� ]RQH� IURP� /RZ� WR� +LJK� $UFWLF� LV� ORFDWHG� WR� WKH� VRXWK� RI�
,WWRTTRUWRRUPLLW� �6FRUHVE\VXQG�� EHWZHHQ� ���1� DQG� ���1� �%OLVV� DQG�
0DWYH\HYD�� �������7KH� ODWLWXGH�RI�=5$�������1�� WKXV� LQGLFDWH�D�SRVLWLRQ�ZHOO�
LQWR� WKH�+LJK�$UFWLF�FOLPDWH�]RQH��GHILQLWLRQ�� WKH�DYHUDJH� WHPSHUDWXUH�RI� WKH�
ZDUPHVW�PRQWK����&���+RZHYHU��DV�=5$�LV�VLWXDWHG�LQ�D�FRDVWDO�GRPDLQ�LQVLGH�
WKH� <RXQJ� 6XQG� DQG� 7\UROHU� )MRUG� IMRUG�V\VWHPV�� WKH� ORFDO� FOLPDWH� LV� QRW�
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7DEOH������0RQWKO\�PHDQ�WHPSV��LQ�WKH�'DQHERUJ��'��=DFNHQEHUJ��=��UHJLRQ�����±������7KH�
SDUW�RI�WKH�VWXG\��ZKLFK�GHDOV�PDLQO\�ZLWK�=DFNHQEHUJ�DW�ORFDO�VFDOH�FRYHUV�WKLV�SHULRG�RI�WLPH��

)LJ�������9HJHWDWLRQ�PDS�RI�WKH�FHQWUDO�SDUW�RI�WKH�=DFNHQEHUJ�9DOOH\��6RXUFH��%D\��������
�
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VWULFWO\� +LJK� $UFWLF�� 6LQFH� ������ WKH� DYHUDJH� WHPSHUDWXUH� RI� WKH� ZDUPHVW�
PRQWK�KDV�YDULHG�EHWZHHQ�����&��������DQG�����&���������7KHUHIRUH��LI�D�PRUH�
VSHFLILF� FOLPDWLF� FODVVLILFDWLRQ� LV� FRQVLGHUHG� �&$90� 7HDP�� ������� WKH� LQWHU�
DQQXDO�YDULDWLRQ�LQ�=5$¶V�-XO\�WHPSHUDWXUHV�LV�ZLWKLQ�D�UDQJH�UHSUHVHQWLQJ��±
� GLIIHUHQW�ELR�FOLPDWH�]RQHV��)LJ�������UDQJLQJ�IURP�1RUWKHUQ�$UFWLF��WKURXJK�
0LGGOH�$UFWLF��WR�6RXWKHUQ�$UFWLF�WXQGUD�]RQHV��D�WKRURXJK�GLVFXVVLRQ�RQ�WKH�
GLYLVLRQ�RI� WKH�$UFWLF� LQWR�ELR�FOLPDWLF� VXE�]RQHV� LV� DYDLODEOH� IURP�(OYHEDNN��
�������=5$� WKXV�KRVWV�D� UHODWLYHO\� ODUJH�GLYHUVLW\�RI�SODQW� VSHFLHV²FXUUHQWO\�
���� GLIIHUHQW� VSHFLHV� RI� YDVFXODU� SODQWV� DUH� NQRZQ� WR� EH� SUHVHQW� LQ� WKH� DUHD�
�%D\�� �����0HOWRIWH�� ������� 7KH� YHJHWDWLRQ� LV� PDLQO\� IRXQG� LQ� WKH� YDOOH\�
ERWWRP� DQG� RQ� WKH� ORZHU� SDUW� RI� WKH� VORSHV�� ,W� LV� GRPLQDWHG� E\� IRXU�PDMRU�
YHJHWDWLRQ� W\SHV�� ��� )HQ�*UDVVODQG�� ZKLFK� LV� PRVWO\� IRXQG� RQ� RUJDQLF� VRLOV�
ZLWK�KLJK�ZDWHU�OHYHO������FP�EHORZ�VXUIDFH���DQG�LV�GRPLQDWHG�E\�VHGJHV�DQG�
JUDVVHV�� ���'ZDUI�VKUXE�KHDWK� LV� IRXQG�RQ�PLQHURJHQ� VRLOV�ZLWK� ORZ�RUJDQLF�
FDUERQ� FRQWHQW� DQG� ORZ� YHJHWDWLRQ� GHQVLW\�� 7KH� GRPLQDWLQJ� VSHFLHV� DUH�
&DVVLRSH�7HWUDJRQD�DQG�'U\DV�2FWRSHWDOD� ���6DOL[�6QRZEHG�LV�GRPLQDWHG�E\�
6DOL[� $UFWLFD� DQG� ORQJ� ODVWLQJ� VQRZ� SDWFKHV� ��� 6XUIDFHV� ZLWK� OLWWOH� RU� QR�
YHJHWDWLRQ� LQFOXGHV� DEUDVVLRQ� IODWV� DQG� DOOXYLDO� GHSRVLWV� DQG� IHOO�ILHOG�
YHJHWDWLRQ��%D\���������$�GHWDLOHG�YHJHWDWLRQ�PDS�RI�WKH�=DFNHQEHUJ�9DOOH\�LV�
JLYHQ�LQ�)LJ��������

7KH�WRWDO�DYHUDJH�DQQXDO�SUHFLSLWDWLRQ�DW�'DQHERUJ�LV�����PP��DQG�DERXW�
���� RI� WKLV� IDOOV� DV� VQRZ� �����±������ �2KPXUD� DQG� 5HHK�� ������� 6LPLODU�
YDOXHV� KDYH� EHHQ� IRXQG� DW� WKH� $:6� DW� =DFNHQEHUJ�� 7KH� HQG�RI�ZLQWHU� VQRZ�
GHSWK�PHDVXUHG� DW� WKH� =DFNHQEHUJ�$:6� RQ� -XQH� �� �����±������ KDV� YDULHG�
IURP������P��������WR������P����������
�
������6QRZ�
$ SXUH� VQRZ�FRYHU� UHIOHFWV� DV�PXFK�DV���±���SHUFHQW�RI� WKH� LQFRPLQJ� VRODU�
UDGLDWLRQ�� ZKHUHDV� D� VQRZ�IUHH� VXUIDFH� VXFK� DV� EDUH� VRLO� RU� YHJHWDWLRQ� PD\�
UHIOHFW�RQO\����WR����SHUFHQW��%HVLGHV�EHLQJ�D�VWURQJ�VKRUW�ZDYH��l  �����mP��
UHIOHFWRU��VQRZ�LV�D�VWURQJ�HPLWWHU�RI�ORQJ�ZDYH��l  ����mP��UDGLDWLRQ�WRR��'XH�
WR�WKHVH�UDGLDWLYH�SURSHUWLHV��DQG�GXH�WR�D�UHODWLYHO\�KLJK�ODWHQW�KHDW�RI�IXVLRQ�
�L�H���LW�WDNHV�����WLPHV�DV�PXFK�HQHUJ\�WR�WUDQVIRUP�RQH�XQLW�RI�LFH�WR�ZDWHU�DV�
LW� GRHV� WR� UDLVH� WKH� WHPSHUDWXUH� RI� WKH� VDPH� XQLW� RI� LFH� ��&�� VQRZ� FRYHU�
UHSUHVHQWV�D�KHDW�VLQN�GXULQJ�PHOW�SHULRGV��&RQVHTXHQWO\��VQRZ�JHQHUDOO\�DFWV�
DV� DQ� HIIHFWLYH� FRROHU�� 2Q� WKH� RWKHU� KDQG�� GXH� WR� LWV� SRRU� KHDW� WUDQVIHU�
FKDUDFWHULVWLFV��VQRZ�LV�D�JUHDW�LQVXODWRU��7KHUHIRUH��VRLO�VXUIDFH�WHPSHUDWXUH�LV�
KLJKO\�GHSHQGHQW�RQ�WKH�SUHVHQFH�RU�DEVHQFH�RI�VQRZ�FRYHU��*URLVPDQ�HW�DO���
�������
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8QGHU� W\SLFDO� ZLQWHU� FRQGLWLRQV�� GXULQJ� WKH� SRODU� QLJKW� LQ� 1RUWKHDVW�
*UHHQODQG��ERWK� WKH�HPLVVLYH�DQG� WKH� LQVXODWLQJ�SURSHUWLHV�RI� WKH� VQRZ�SDFN�
DUH�RI�SDUWLFXODU�LPSRUWDQFH��%HFDXVH�RI�WKH�KLJK�HPLVVLYLW\��WHPSHUDWXUHV�FDQ�
JHW� YHU\� ORZ� LQ� WKH� YLFLQLW\� RI� WKH� VQRZ�VXUIDFH�� HVSHFLDOO\� XQGHU� FDOP� DQG�
FORXG�IUHH�ZHDWKHU�FRQGLWLRQV��6XFK�VLWXDWLRQV�ZLOO�EH�FKDUDFWHUL]HG�E\�VWURQJ�
WHPSHUDWXUH�LQYHUVLRQ��&DSSHOHQ�HW�DO����������+RZHYHU��GXH�WR�WKH�LQVXODWLRQ��
WKH� VRLO� VXUIDFH� RUJDQLVPV� �H�J�� WKH� YHJHWDWLRQ�� LQYHUWHEUDWHV� DQG� VPDOO�
PDPPDOV�� EHQHDWK� WKH� VQRZ� SDFN� DUH� SURWHFWHG� DJDLQVW� H[WUHPHO\� ORZ�
WHPSHUDWXUHV�DQG�WKHUHE\�UHVXOWLQJ�IURVW�GDPDJH��

'XULQJ�PHOW�RII�LQ�WKH�VXPPHU��WKH�WHPSHUDWXUH�FRQGLWLRQV�DW�WKH�VXUIDFH�
DUH�FORVHO\�UHODWHG�WR�WKH�PHOW�HQHUJ\�EDODQFH�RI�WKH�VQRZ�SDFN��*UD\�DQG�0DOH��
������� 7KH� PHOW� HQHUJ\� EDODQFH� LV� IRUPXODWHG� DV� D� UHTXLUHPHQW� IRU�
FRQVHUYDWLRQ�RI�HQHUJ\��
�

�4VQ���4OQ���4K � 4H � 4J � 4S� ��4P  � ������
�
ZKHUH�
�
4VQ� �QHW�VKRUW�ZDYH�UDGLDWLRQ�IOX[�DEVRUEHG�E\�WKH�VQRZ�
4OQ� �QHW�ORQJ�ZDYH�UDGLDWLRQ�IOX[��4O�LQFRPLQJ� 4O�HPLWWHG� DW�WKH�VQRZ�DLU�LQWHUIDFH�
4K  FRQYHFWLYH�RU�VHQVLEOH�KHDW�IOX[�IURP�WKH�DLU�DW�WKH�VQRZ�DLU�LQWHUIDFH�
4H  IOX[� RI� WKH� ODWHQW� KHDW� �HYDSRUDWLRQ�� VXEOLPDWLRQ�� FRQGHQVDWLRQ�� DW� WKH�
VQRZ�DLU�LQWHUIDFH�
4J  IOX[�RI�KHDW�IURP�WKH�VQRZ�JURXQG�LQWHUIDFH�E\�FRQGXFWLRQ�
4S  IOX[�RI�KHDW�IURP�UDLQ�
4P  PHOW�HQHUJ\�
�

$V�ORQJ�DV�WKH�VQRZ�SDFN�LV�SUHVHQW��HTXDWLRQ�����ZLOO�SUHYDLO��4P EDODQFHV�
RXW�RWKHU� WHUPV� LQ� WKH�HTXDWLRQ���PHDQLQJ� WKDW�HQHUJ\�JHQHUDOO\�ZLOO�EH�XVHG�
IRU�PHOW� UDWKHU� WKDQ� IRU� UDLVLQJ� WKH� WHPSHUDWXUH� LQ� DUHDV� LQ�SUR[LPLW\� WR� WKH�
VQRZ�SDFN��WKH�KLJK�DOEHGR�IXUWKHU�FRQWULEXWHV�WR�PDNH�WKH�VQRZ�SDFN�DFW�DV�
DQ HIIHFWLYH�FRROLQJ�PHFKDQLVP��DOVR�LQ�WKH�VXPPHU�WLPH��

,Q� WKH� +LJK� $UFWLF�� H[WHQVLYH� VQRZ�PHOW� SULRU� WR� WKH� ³HQG�RI�ZLQWHU�
VLWXDWLRQ´� VHOGRPO\� RFFXUV� �H�J�� DW� =DFNHQEHUJ� WHPSHUDWXUHV� DUH� JHQHUDOO\�
EHOORZ���&�GXULQJ�6HSWHPEHU±0D\��DQG�DERYH���&�GXULQJ�-XQH±$XJXVW���7KLV�
PHDQV�WKDW�VQRZ�FRYHU�GHSOHWLRQ�YLUWXDOO\�WDNHV�SODFH�RQO\�GXULQJ�WKH�VXPPHU�
SHULRG��-XQH±$XJXVW���$W�=DFNHQEHUJ��KHDY\�VQRZIDOO� VHOGRPO\�RFFXUV� LQ� WKH�
VXPPHU��DQG�WKHUHIRUH��LQ�PRVW�FDVHV�VQRZ�PHOW�DQG�VQRZ�FRYHU�GHSOHWLRQ�FDQ�
EH� FDOFXODWHG� FRQVLGHULQJ� RQO\� WKH� PHOW� EDODQFH� DQG� QRW� �VXPPHU��
DFFXPXODWLRQ��3DSHU�����+RZHYHU��LQ�SUDFWLFH��LW�LV�UDUHO\�SRVVLEOH�WR�REWDLQ�WKH�
QHFHVVDU\�LQIRUPDWLRQ�WR�GHULYH�DOO�WHUPV�RI�HQHUJ\�LQSXW��4VQ� 4OQ� 4K� 4H� 4J�
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4S���7KHUHIRUH��PRGHOLQJ�VQRZ�PHOW�QRUPDOO\�UHTXLUHV�D�VLPSOLILFDWLRQ�RI� WKH�
HQHUJ\� EDODQFH�� 2QH� RI� WKH� PRVW� FRPPRQ� VLPSOLILFDWLRQV� LV� WKH� GHJUHH� GD\�
PRGHO�� ZKLFK� XVHV� WKH� VXP� RI� WHPSHUDWXUHV� DERYH� WKH� PHOWLQJ� SRLQW� �EDVH�
WHPSHUDWXUH��DV�D�³PHOWLQJ�SRWHQWLDO´��5DQJR�DQG�0DUWLQHF���������

)URP�WKH�HFRV\VWHP�SHUVSHFWLYH��WKH�DUHDO�GLVWULEXWLRQ�RI�WKH�VQRZ�FRYHU�
LV�RI�SDUWLFXODU�LPSRUWDQFH��-RQHV�HW�DO����������+RZHYHU��PRGHOLQJ�WKH�VSDWLDO�
GLVWULEXWLRQ� RI� WKH� VQRZ� FRYHU� GXULQJ� PHOW�RII� LV� FRPSOH[HG� E\� VSDWLDO�
YDULDWLRQV� LQ� VQRZ�DFFXPXODWLRQ� DPRXQWV� DQG� GHQVLW\�� 7KHVH� YDULDWLRQV� DUH�
JHQHUDOO\�FDXVHG�E\�ZLQG�GULIW��DQG�PHWDPRUSKRVLV�LQGXFHG�E\�VHWWOLQJ��ZLQG�
SUHVVXUH��PHOW�HWF���FRPSUHKHQVLYH�GHVFULSWLRQV�UHJDUGLQJ�IRUPDWLRQ��SK\VLFDO�
SURSHUWLHV��DQG�PHWDPRUSKRVLV�RI�VQRZ�FDQ�EH�IRXQG�LQ�*UD\�DQG�0DOH���������
&RQVHTXHQWO\�� FDOFXODWLQJ� VQRZ� FRYHU� H[WHQW� GXULQJ� PHOW�RII� UHTXLUHV�
NQRZOHGJH� DERXW� WKH� VSDWLDO� GLVWULEXWLRQ� RI� WKH� VQRZ� SDFN¶V� SK\VLFDO�
FKDUDFWHULVWLFV�� 7KHVH� FKDUDFWHULVWLFV� DUH� RIWHQ� UHODWHG� WR� WKH� SK\VLFDO�
SURSHUWLHV��PDLQO\�WKH�SUHYDLOLQJ�ZLQG�GLUHFWLRQ�DQG�WRSRJUDSK\��RI�WKH�DFWXDO�
DUHD� LQ� TXHVWLRQ� �+DOO� DQG�0DUWLQHF�� �����0HQRHV� DQG� %UXEDNHU�� ������� ,Q�
WKLV� VWXG\�� WKH� VSDWLDO� GLVWULEXWLRQ� RI� ³VQRZ� FKDUDFWHULVWLFV´� VSHFLILF� IRU�
=DFNHQEHUJ� LV� WDNHQ� LQWR� FRQVLGHUDWLRQ�XVLQJ� HPSLULFDOO\�GHULYHG� VQRZ�FRYHU�
GHSOHWLRQ�FXUYHV��3DSHU������

$W�=DFNHQEHUJ��WKH�VQRZ�FRYHU�PLJKW�VWDUW�WR�IRUP�DOUHDG\�LQ�6HSWHPEHU�
DQG�XVXDOO\�LW�ZLOO�VWDUW�WR�PHOW�E\�WKH�HQG�RI�0D\�DQG�ZLOO�QRUPDOO\�PHOW�DZD\�
EHIRUH�WKH�HQG�RI�$XJXVW��3DSHU�����,Q�1RUWKHDVW�*UHHQODQG��KLJK�ZLQG�VSHHGV�
DQG� SUHFLSLWDWLRQ� DUH� XVXDOO\� FRQQHFWHG� ZLWK� F\FORQLF� DFWLYLW\� RYHU� WKH�
*UHHQODQG� 6HD�� DQG� PD[LPXP� ZLQGV� W\SLFDOO\� RFFXU� LQ� WKH� FRDVWDO� DUHD��
DOWKRXJK� NDWDEDWLF� ZLQGV� IURP� WKH� LFH� FDS� DQG� WKH� PRXQWDLQ� VLGHV� DUH�
VRPHWLPHV� REVHUYHG� LQ� WKH� IMRUGV�� ZKHUH� WKH\� PD\� UDLVH� WKH� WHPSHUDWXUH�
VLJQLILFDQWO\��GXH�WR�WKH�)RHKQ�HIIHFW��&DSSHOHQ�HW�DO����������,Q�FRQVHTXHQFH�WR�
WKHVH� IDFWRUV�� SUHFLSLWDWLRQ� �VQRZ�� HYHQWV� DUH� XVXDOO\� FRQQHFWHG� ZLWK� ERWK�
LQFUHDVHG�DLU�WHPSHUDWXUHV�DQG�LQFUHDVHG�ZLQG�VSHHGV��)LJ�������$��VKRZV�WKDW�
WKLV� DOVR� DSSOLHV� WR� =5$��+HUH�� WKH� VWURQJHU� ZLQGV� DUH�PRVW� IUHTXHQW� LQ� WKH�
ZLQWHU�� DQG� DUH� RIWHQ� FRQQHFWHG� ZLWK� VQRZIDOO� DQG� LQFUHDVHG� WHPSHUDWXUHV��
)LJ�������%��VKRZV�WKDW�ZLQG�FRQGLWLRQV�LQ�=5$�GLIIHU�VLJQLILFDQWO\�IURP�ZLQWHU�
WR� VXPPHU�� ,Q� WKH� VXPPHU� �-XQH±$XJXVW��� WKH� SUHYDLOLQJ� ZLQG� GLUHFWLRQ� LV�
IURP� VRXWKHDVW�� ZKHUHDV� QRUWK� QRUWKZHVWHUO\� ZLQGV� �NDWDEDWLF� YDOOH\� ZLQGV��
SUHYDLO� LQ� WKH� ZLQWHU� �2FWREHU±$SULO��� 'XH� WR� WKH� GRPLQDQFH� RI� VWURQJ�
QRUWKZHVWHUO\� ZLQGV� GXULQJ� ZLQWHU�� WKH� VQRZ� FRYHU� ZLWKLQ� WKH� =DFNHQEHUJ�
9DOOH\� LV�GLVWULEXWHG�LQ�D�QRQ�XQLIRUP�PDQQHU�RYHU�WKH� ODQGVFDSH��ZLWK� ODUJH�
VQRZ�GULIWV�GHSRVLWHG�PDLQO\�RQ�VRXWK�IDFLQJ�VORSHV��DQG�EHFDXVH�WKHUH� LV�QR�
FRQVLGHUDEOH� LQWHU�DQQXDO� YDULDWLRQ� LQ� WKH� SUHYDLOLQJ� ZLQWHU�ZLQG�GLUHFWLRQ��
WKH� ORFDWLRQ�RI�WKH� ODUJHU�VQRZ�GULIWV� LV�VWDEOH�IURP�\HDU�WR�\HDU��6RHJDDUG�HW�
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DO��� ������� $� FRQVHTXHQFH� RI� WKLV� UDWKHU� VWDEOH� SDWWHUQ� RI� VQRZ� FRYHU�
GLVWULEXWLRQ� �LQ� ZLQWHU�� LV� WKDW� DOVR� WKH� VSDWLDO� FRXUVH� RI� VQRZ�PHOW� DW� =5$�
GXULQJ�VXPPHU�LV�UHODWLYHO\�VWDEOH�IURP�\HDU�WR�\HDU��

)LJ�� ���� �$�� $LU� WHPSHUDWXUH�� ZLQG� VSHHG� DQG� VQRZ� GHSWK� PHDVXUHG� DW� WKH� $XWRPDWLF�
:HDWKHU� 6WDWLRQ� DW� =DFNHQEHUJ� GXULQJ� 6HSWHPEHU� �VW� ����±-XQH� ��WK� ������ 0DMRU� VQRZ�
HYHQWV�DUH�XVXDOO\�FRQQHFWHG�ZLWK�LQFUHDVLQJ�WHPSHUDWXUHV�DQG�ZLQG�VSHHGV���%��)UHTXHQF\�RI�
ZLQG� GLUHFWLRQV� DW� WKH� $XWRPDWLF� :HDWKHU� 6WDWLRQ� DW� =DFNHQEHUJ� GXULQJ� VXPPHU� �-XQH±
$XJXVW�� ����±������ DQG�ZLQWHU� �2FWREHU±0D\�� ����±�������1RWH� WKDW� ILJXUHV� VLPLODU� WR�$�
DUH�VKRZQ�IRU�RWKHU�VHDVRQV��LQ�$SSHQGL[������
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)LJ������� �$��7HPSHUDWXUHV��7� DQG�7���� DW�=DFNHQEHUJ�5HVHDUFK�$UHD�PHDVXUHG�HYHU\�KDOI�
KRXU�QHDU�VHD�OHYHO�DQG�DW�����P�DOWLWXGH��UHVSHFWLYHO\��7KH�XSSHU�SDUW�RI�WKH�ILJXUH�VKRZV�WKH�
GLIIHUHQFH� EHWZHHQ� 7���� DQG� 7�� UHYHDOLQJ� ZKHWKHU� WKHUH� LV� WHPSHUDWXUH� LQYHUVLRQ�� �%��
0DJQLWXGH� DQG� RFFXUUHQFH� RI� WHPSHUDWXUH� LQYHUVLRQ�´QRUPDO� SHULRGV´�� 6HSWHPEHU� ����±
$XJXVW�������
�

6RPHWLPHV�GXULQJ�VXPPHU�WKH� IMRUG�DUHDV�DUH�DIIHFWHG�E\� IRJ�FRPLQJ� LQ�
IURP� WKH� LFH� ILOOHG� VHD�� 7KLV� OHDGV� WR� D� WHPSHUDWXUH� GURS�� DV� WKH� PHDQ�
WHPSHUDWXUH�RI�WKH�IRJ�LV�RQO\�VOLJKWO\�DERYH���&��&DSSHOHQ�HW�DO����������'XH�



&+$37(5�����*(2*5$3+,&$/�6(77,1*6�$1'�&/,0$7(�

��

WR� WKLV�DQG� WR� LFH�DQG�VQRZ�PHOWLQJ�GXULQJ�VXPPHU�DQG�UDGLDWLRQ�FRROLQJ� LQ�
ZLQWHU�� WHPSHUDWXUH� LQYHUVLRQV� RFFXU� IUHTXHQWO\� LQ� WKH� DUHD�� DQG� WKH�KLJKHVW�
WHPSHUDWXUHV� DUH� WKHUHIRUH� RIWHQ� UHJLVWHUHG� D� IHZ�KXQGUHG�PHWHUV� DERYH� VHD�
OHYHO�� ZKHUH� DOVR� WKH� HIIHFW� RI� VHD� EUHH]HV� DQG� IRJJ\� FRQGLWLRQV� DUH� DOPRVW�
DEVHQW��&DSSHOHQ�HW�DO����������7KH�VSDWLDO�SDWWHUQ�RI�VQRZ�PHOW�LQ�D�JLYHQ�DUHD�
GHSHQGV� RQ� WKH� LQLWLDO� GLVWULEXWLRQ� RI� VQRZ� FRYHU� DV� ZHOO� DV� WKH� VSDWLDO�
GLVWULEXWLRQ� RI� PHOW�HQHUJ\� �PDLQO\� VXUIDFH� DLU� WHPSHUDWXUH� DQG� LQFRPLQJ�
VRODU�UDGLDWLRQ���:LWKLQ�=5$�PHOW�HQHUJ\�GLVWULEXWLRQ�LV�IXUWKHU�FRPSOH[HG�E\�
WKH� KLJK� IUHTXHQF\� RI� WHPSHUDWXUH� LQYHUVLRQV� �)LJ�� ������ )LJ�� ���� VKRZV�
WHPSHUDWXUHV�PHDVXUHG�DW�D�UHFHQWO\��$XJXVW�������HVWDEOLVKHG�$:6�DW�����P�
DOWLWXGH�DQG�DW�WKH�$:6�QHDU�VHD�OHYHO��)XUWKHU��WKH�ILJXUH�GLVSOD\V�RFFXUUHQFH�
DQG�PDJQLWXGH� RI� WHPSHUDWXUH� LQYHUVLRQV�� ,W� LV� UHYHDOHG� WKDW� WKH� IUDFWLRQ� RI�
WLPH�ZLWK� LQYHUVLRQ� YDULHV� FRQVLGHUDEO\� RYHU� WKH� \HDU� IURP�DV� ORZ� DV� ���� LQ�
6HSWHPEHU�WR�����LQ�'HFHPEHU��DQG�WKDW�WKH�DEVROXWH�YDOXH�RI�WKH�ODSVH�UDWH�LV�
JHQHUDOO\� KLJKHU� ZKHQ� LQYHUVLRQ� RFFXUV� WKDQ� XQGHU� ³QRUPDO´� FRQGLWLRQV��
6RPHWLPHV�LQ�WKH�ZLQWHU��WKH�WHPSHUDWXUH�GLIIHUHQFH�EHWZHHQ�����P�DQG�VHD�
OHYHO� LV� UHPDUNDEO\� KLJK²LQ� D� IHZ� FDVHV� EHWZHHQ� ���&� DQG� ���&�� ,Q� WKH�
VXPPHU��LQYHUVLRQ�FDQ�VWLOO�EH�FRQVLGHUDEOH�LQ�PDJQLWXGH��RFFDVLRQDOO\�LQ�WKH�
QHLJKERUKRRG� RI� ���&��� EXW� DUH� KRZHYHU� JHQHUDOO\� PRUH�PRGHUDWH�� ,Q� -XQH�
DQG�-XO\��ZKHUH�PDMRU�VQRZ�PHOW�RFFXUV��LQYHUVLRQ�SUHYDLOV�LQ�PRUH�WKDQ�����
RI� WKH� WLPH�� ,Q� UHODWLRQ� WR� WKH�PRGHOLQJ�RI� VQRZ�FRYHU�GHSOHWLRQ� �3DSHU���� LW�
ZDV� WKHUHIRUH� GHFLGHG� QRW� WR� GHDO� ZLWK� WRSRJUDSKLF� FRUUHFWLRQ� �E\� LQFOXGLQJ�
VWDQGDUG� ODSVH� UDWHV�� LQ� WKH� FDOFXODWLRQ�RI� DFFXPXODWHG�PHOW�HQHUJ\� �GHJUHH�
GD\V����
�
����1$2�$2�
7KH�1RUWK�$WODQWLF�2VFLOODWLRQ��1$2��LV�WKH�QDPH�IRU�FKDQJHV�LQ�WKH�GLIIHUHQFH�
EHWZHHQ�WKH�VHPL�SHUPDQHQW�ORZ�SUHVVXUH�V\VWHP�FHQWHUHG�QHDU�,FHODQG�DQG�D�
VHPL�SHUPDQHQW�KLJK�SUHVVXUH�V\VWHP�FHQWHUHG�QHDU�$]RUHV�,VODQGV��,W�LV�PRVW�
SURPLQHQW�GXULQJ�ZLQWHU�DQG� IRUPV�D�PDMRU�VRXUFH�RI� LQWHUDQQXDO�YDULDELOLW\�
LQ� WKH� DWPRVSKHULF� FLUFXODWLRQ� ZKLFK� LV� DVVRFLDWHG� ZLWK� FKDQJHV� LQ� WKH�
ZHVWHUOLHV�DFURVV�WKH�1RUWK�$WODQWLF��+XUUHOO���������

:KHQ� QHJDWLYH� SUHVVXUH� DQRPDOLHV� RYHU� WKH� ,FHODQGLF�$UFWLF� UHJLRQ� DUH�
FRPELQHG�ZLWK�SRVLWLYH�SUHVVXUH�DQRPDOLHV�DFURVV�WKH�VXEWURSLFDO�$WODQWLF��WKH�
1$2� LV� VDLG� WR� EH� LQ� LWV� SRVLWLYH� SKDVH�� :KHQ� WKLV� LV� WKH� FDVH�� ZHVWHUOLHV�
VWURQJHU� WKDQ� DYHUDJH� DUH� SURGXFHG� DFURVV� PLGGOH� ODWLWXGHV�� 'XULQJ� ZLQWHU��
WKLV� OHDGV� WR� FROG� FRQGLWLRQV� RYHU� WKH� QRUWKZHVW� $WODQWLF� DQG� *UHHQODQG�
�IXUWKHU� GLVFXVVHG� EHORZ��� ZDUP� DQG� PRLVW� ZHDWKHU� RYHU� QRUWKZHVWHUQ�
(XURSH��DV�ZHOO� DV�ZHW�FRQGLWLRQV� IURP�,FHODQG� WKURXJK�6FDQGLQDYLD�DQG�GU\�
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FRQGLWLRQV�RYHU�VRXWKHUQ�(XURSH��'XULQJ�QHJDWLYH�1$2�ZLQWHUV��PHDQLQJ�OHVV�
FRQWUDVW�EHWZHHQ� WKH� ,FHODQGLF�/RZ� DQG� WKH�$]RUHV�+LJK��� URXJKO\� RSSRVLQJ�
FRQGLWLRQV�SUHYDLO��)LJ��������

7KHUH�LV�QR�VLQJOH�ZD\�WR�GHILQH�WKH�1$2��+RZHYHU��PRVW�PRGHUQ�LQGLFHV�
DUH�GHULYHG�HLWKHU�IURP�WKH�VLPSOH�GLIIHUHQFH�EHWZHHQ�VRXWKHUO\�DQG�QRUWKHUO\�
VHD� OHYHO� SUHVVXUH� DQRPDOLHV� LQ� WKH� 1RUWK� $WODQWLF�� RU� IURP� SULQFLSDO�
FRPSRQHQW� DQDO\VLV� RQ� WLPH� VHULHV� RI� JULGGHG� SUHVVXUH� GDWD� �+XUUHOO� HW� DO���
��������

7KH�PRVW�FRPPRQ�ZD\�WR�FDOFXODWH�WKH�1$2�LQGH[�LV��KRZHYHU��WR�XVH�WKH�
IRUPHU�DSSURDFK�RQ�D�PRQWKO\�EDVLV�DV�VWDWHG�EHORZ��
�

ÜÜÝ
ÛÌÌÍ

Ë --ÜÜÝ
ÛÌÌÍ

Ë -=
,FH

,FH,FH

$]

$]$] 6/36/36/36/3
dd1$2 � ������

�
ZKHUH�
�

$]6/3  0RQWKO\�PHDQ�VHD�OHYHO�SUHVVXUH�DW�WKH�$]RUHV�
,FH6/3  0RQWKO\�PHDQ�VHD�OHYHO�SUHVVXUH�DW�,FHODQG�
$]6/3  /RQJ� WHUP�PHDQ� VHD� OHYHO� SUHVVXUH� DW� WKH�$]RUHV� IRU� WKH�PRQWK� LQ�

TXHVWLRQ�
,FH6/3  /RQJ� WHUP� PHDQ� VHD� OHYHO� SUHVVXUH� DW� ,FHODQG� IRU� WKH� PRQWK� LQ�

TXHVWLRQ�
$]d  /RQJ�WHUP�VWDQGDUG�GHYLDWLRQ�RI�VHD�OHYHO�SUHVVXUH�DW�WKH�$]RUHV�IRU�WKH�

PRQWK�LQ�TXHVWLRQ�
,FHd  /RQJ� WHUP� VWDQGDUG� GHYLDWLRQ� RI� VHD� OHYHO� SUHVVXUH� DW� ,FHODQG� IRU� WKH�

PRQWK�LQ�TXHVWLRQ�
�

7KH� ILUVW� GRFXPHQWHG� REVHUYDWLRQ� RI� WKH� 1$2� ZDV� DFWXDOO\� GRQH� PRUH�
WKDQ�����\HDUV�DJR��,Q�WKH�ODWH�����
V�+DQV�(JHGH�6DDE\H��D�'DQLVK�&KULVWLDQ�
PLVVLRQDU\� VWDWLRQHG� LQ� *UHHQODQG�� PDGH� WKH� VHHPLQJO\� LQQRFXRXV��
REVHUYDWLRQ� LQ� KLV� GLDU\�� ³:KHQ� WKH� ZLQWHU� LQ� 'HQPDUN� ZDV� VHYHUH�� DV� ZH�
SHUFHLYH� LW�� WKH�ZLQWHU� LQ�*UHHQODQG� LQ� LWV�PDQQHU�ZDV�PLOG��DQG�FRQYHUVHO\´�
�6]DODL�� ������� 7KH� H[SODQDWLRQ� LV� LOOXVWUDWHG� LQ�)LJ�� �����:KHQ� WKH� ,FHODQGLF�
/RZ� LV� GHHSHU� WKDQ� QRUPDO� �SRVLWLYH� 1$2�� WKH� &DQDGLDQ� FROG� YRUWH[� LV�
GLVSODFHG�WR�WKH�HDVW�WRZDUGV�WKH�ZHVW�FRDVW�RI�*UHHQODQG��UHVXOWLQJ�LQ�D�VWURQJ�
VRXWKZHVWHUO\� IORZ�RI�PLOG� DLU� IURP� WKH�RFHDQ� DFURVV�(XURSH��*UHHQODQG�� RQ�
WKH� FRQWUDU\�� ZLOO� H[SHULHQFH� D� FROG� ZLQWHU� LVRODWHG� IURP� PDULWLPH� $WODQWLF�
ZHDWKHU�ZLWK�DQ�LQFUHDVHG�OLNHOLKRRG�RI�SRODU�ORZV�WR�GHYHORS��&DSSHOHQ�HW�DO���
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)LJ�������7KH�1RUWK�$WODQWLF�2VFLOODWLRQ�LV�GHILQHG�DV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�VWDQGDUGL]HG�
SUHVVXUH�DQRPDOLHV�RI�WKH�,FHODQGLF�/RZ�DQG�WKH�$]RUHV�+LJK��UHVSHFWLYHO\��6RXUFH��0RGLILHG�
IURP�ILJXUHV�E\�9LVEHFN���������
������� :KHQ� WKH� 1$2� LV� LQ� LWV� QHJDWLYH� SKDVH� WKH� ,FHODQGLF� DQG� &DQDGLDQ�
/RZV� DUH� ZHDNHU� DQG� GLVSODFHG� WR� WKH� ZHVW�� DQG� XQGHU� WKHVH� FLUFXPVWDQFHV�
$WODQWLF�F\FORQHV�ZLOO�IROORZ�D�QRUWKZDUG�WUDFN�WRZDUGV�*UHHQODQG�EULQJLQJ�LQ�
PRUH� FKDQJHDEOH�ZHDWKHU�ZLWK� IUHTXHQW� WHPSHUDWXUH� LQFUHDVHV�� 7KH� UHGXFHG�
,FHODQGLF�ORZ�DQG�WKH�UHODWLYHO\�KLJKHU�SUHVVXUH�LQ�WKH�QRUWKHDVWHUQ�SDUW�RI�WKH�
1RUWK� $WODQWLF� ZLOO� DOORZ� FROG� $UFWLF� DLU� WR� IORZ� LQWR� QRUWKZHVWHUQ� (XURSH�
�&DSSHOHQ�HW�DO����������$SSUR[LPDWHO\�����RI�DOO�ZLQWHUV�FDQ�EH�FKDUDFWHUL]HG�
DV HLWKHU�VWDWLVWLFDOO\�VLJQLILFDQW�SRVLWLYH�RU�QHJDWLYH�1$2�ZLQWHUV��&DSSHOHQ�HW�
DO����������7KH�WLPH�KLVWRU\�RI�RFFXUUHQFH�RI�WKH�1$2�ZLQWHUV�������RYHU�����±
�����LV�VKRZQ�LQ�)LJ�������

)LJ������ 7\SLFDO�SDWWHUQV�RI�DLUIORZ�LQ�WKH�1RUWK�$WODQWLF�XQGHU��$��KLJK�DQG��%��ORZ�ZLQWHU�
1RUWK�$WODQWLF�2VFLOODWLRQ��6RXUFH��0RGLILHG�IURP�&DSSHOHQ�HW�DO���������
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)LJ�������7KH�WLPH�KLVWRU\�RI�RFFXUUHQFH�RI�WKH�1RUWK�$WODQWLF�2VFLOODWLRQ�UHJLPHV�������RYHU�
����±������7KH�YHUWLFDO�EDUV�JLYH�WKH�QXPEHU�RI�PRQWKV� LQ�HDFK�ZLQWHU��'HFHPEHU±0DUFK��
VHDVRQ�WKDW�WKH�JLYHQ�UHJLPH�LV�SUHVHQW��7KH�LQGLFDWHG�\HDU�FRUUHVSRQGV�WR�WKH�-DQXDU\�RI�WKH�
ZLQWHU�VHDVRQ��H�J��������LV�WKH�ZLQWHU�RI�����±�������6RXUFH��+XUUHO��������

�
7KURXJKRXW� WKH� OLWHUDWXUH� WKH� RVFLOODWLQJ� PRGHV� RI� WKH� QRUWKHUQ�

KHPLVSKHUH�DWPRVSKHULF�FLUFXODWLRQ�DUH�VRPHWLPHV�GHVFULEHG�LQ�UHODWLRQ�WR�WKH�
1$2�DQG�VRPHWLPHV�LQ�UHODWLRQ�WR�WKH�$UFWLF�2VFLOODWLRQ��$2���)LJ�������7KXV��
WR� DYRLG� DQ\� FRQIXVLRQ� WKH� $2� LV� EULHIO\� GLVFXVVHG� EHORZ�� 7KRPSVRQ� DQG�
:DOODFH� ������²ZKR� ZHUH� WKH� ILUVW� WR� GHVFULEH� WKH� $2�� GHULYLQJ� LW� IURP�
SULQFLSDO�FRPSRQHQW�DQDO\VLV�RQ�VHD�OHYHO�SUHVVXUH�GDWD��UHJDUG�WKH�1$2�DV�D�
UHJLRQDO��$WODQWLF��H[SUHVVLRQ�RI�WKH�$2��$OWKRXJK�WKH�$2�DQG�WKH�1$2�VKDUH�
PDQ\� FRPPRQ� IHDWXUHV�� WKH� $2� KDV� D� QRUWKHUQ� FHQWHU� RI� DFWLRQ� WKDW� FRYHUV�
PRUH�RI�WKH�$UFWLF�DQG�DQ�DGGLWLRQDO�ZHDNHU�FHQWHU�LQ�WKH�1RUWK�3DFLILF��JLYLQJ�
LW� D� PRUH� ]RQDOO\� V\PPHWULF� DSSHDUDQFH� �7UHPEOD\�� ������� +RZHYHU��
DFFRUGLQJ� WR� :DOODFH� �������� WKH� 1$2� DQG� $2� FDQ� EH� YLHZHG� DV�
PDQLIHVWDWLRQV� RI� WKH� VDPH� EDVLF� SKHQRPHQRQ�� 7KH� WLPH�VHULHV� RI� WKH� 1$2�
DQG�$2�DUH�WKXV�DOVR�KLJKO\�FRUUHODWHG��7KH�5�VTXDUHG�RI�PRQWKO\�DQRPDOLHV�
RI� VHD� OHYHO�SUHVVXUH� WLPH� VHULHV�RI�1$2�DQG�$2� LV� DERXW�����ZKLOH� VHDVRQDO�
YDULDWLRQV�KDYH�HYHQ�KLJKHU�FRUUHODWLRQV���
�

)LJ�� ����� 7KH� VHPL�SHUPDQHQW� SUHVVXUH�
V\VWHPV�RI�WKH�$UFWLF�2VFLOODWLRQ�JLYHQ�DV�WKH�
ILUVW� 3ULQFLSDO� &RPSRQHQW� FRQWRXU� OLQHV� RI�
VHD� OHYHO� SUHVVXUH� DQRPDOLHV�� ����±�����
�UHG�� SRVLWLYH�� EOXH�� QHJDWLYH��� 7KH� $UFWLF�
2VFLOODWLRQ� KDV� D� QRUWKHUQ� FHQWHU� RI� DFWLRQ�
WKDW�FRYHUV�PRUH�RI�WKH�$UFWLF�WKDQ�WKH�1RUWK�
$WODQWLF�2VFLOODWLRQ�DQG� LW�KDV�DQ�DGGLWLRQDO�
ZHDNHU� FHQWHU� LQ� WKH� 1RUWK� 3DFLILF�� ZKLFK�
JLYHV� LW� D� PRUH� ]RQDOO\� V\PPHWULF�
DSSHDUDQFH��6RXUFH��'HVHU��������
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7KH� 1$2�$2�� DUH� WKH� PRVW� SURPLQHQW� PRGHV� RI� YDULDELOLW\� LQ� WKH�
1RUWKHUQ�+HPLVSKHUH�ZLQWHU�FOLPDWH��:DQQHU�HW�DO����������,W�LV��IRU�LQVWDQFH��
UHODWHG�WR�VXUIDFH�DLU�WHPSHUDWXUH��VHD�VXUIDFH�WHPSHUDWXUH��VWRUPV��IUHTXHQF\�
DQG� VWUHQJWK��� SUHFLSLWDWLRQ�� DQG� VHD�LFH� FRYHU�� 7KHUHIRUH�� D� PXOWLWXGH� RI�
VWXGLHV� KDYH� EHHQ� GRQH� LQ� WKH� $UFWLF� WR� FODULI\� WKH� 1$2�$2¶V� LQIOXHQFH� RQ�
YDULRXV�WRSLFV�WKDW�DUH�SDUW�RI��RU�UHODWHG�WR�FOLPDWLF�YDULDWLRQV��+XUUHOO�HW�DO���
�������
�
����2FHDQ�&XUUHQWV�
,Q�WKH�1RUWK�$WODQWLF�UHJLRQ��WKH�H[FKDQJH�RI�HQHUJ\�EHWZHHQ�WKH�1RUGLF�6HDV�
�*UHHQODQG��,FHODQG��DQG�1RUZHJLDQ��DQG�WKH�DGMDFHQW�RFHDQV��RFHDQ�FXUUHQWV�
DUH�PDMRU� SOD\HUV�� 7KHVH� FXUUHQWV� WKXV� DIIHFW� WKH� UHJLRQDO� FOLPDWH� DV�ZHOO� DV�
VHD�LFH�GLVWULEXWLRQ�VLJQLILFDQWO\��7KHUHIRUH��DQ�RYHUYLHZ�RI�RFHDQ�FXUUHQWV� LQ�
WKH�1RUWK�$WODQWLF�UHJLRQ�LV�JLYHQ�EHORZ��

�
)LJ�� ������ 2FHDQ� VXUIDFH�
FXUUHQWV� LQ� WKH� 1RUWK�
$WODQWLF� UHJLRQ�� 0RGLILHG�
IURP�%RUQ�DQG�%|FKHU��������

7KH�WZR�PDMRU²DQG�PRVW�LPSRUWDQW�RFHDQ�FXUUHQW�V\VWHPV�LQ�WKH�1RUGLF�
6HDV�DUH�WKH�³H[WHQVLRQV�RI�WKH�*XOI�6WUHDP´�DQG�WKH�(DVW�*UHHQODQG�&XUUHQW�
�)LJ� ������� 7KH� *XOI� 6WUHDP� RULJLQDWHV� LQ� WKH� &DULEEHDQ� DQG� HQGV� LQ� WKH�
QRUWKHUQ�1RUWK�$WODQWLF��DQG�SOD\V�D�FUXFLDO�UROH�IRU�WKH�FOLPDWH� LQ�WKH�HQWLUH�
1RUWK�$WODQWLF� UHJLRQ� �+<&20�&RQVRUWLXP�� ������� )RU� LQVWDQFH�� LQ�1RUZD\�
DQG� LWV� VXUURXQGLQJ� RFHDQ� DUHDV�� PHDQ� DQQXDO� VXUIDFH� DLU� DQG� VHD�
WHPSHUDWXUHV� DUH� �±���&� DERYH� DYHUDJH� IRU� FRPSDUDEOH� ODWLWXGHV� �'UDQJH��
������� 'XH� WR� WKH� &RULROLV� IRUFH�� WKH� *XOI� 6WUHDP� EUDQFKHV� HDVWZDUGV�� DQG�
IRUPV� WKH� 1RUWK� $WODQWLF�1RUWK� $WODQWLF� 'ULIW�1RUZHJLDQ�6SLWVEHUJHQ�
FXUUHQWV��7KH�1RUWK�$WODQWLF�&XUUHQW�UXQV�QRUWKZDUGV�IURP�WKH�*UDQG�%DQNV�
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LQWR�WKH�/DEUDGRU�6HD��ZKHUH�LW�FRQWLQXHV�DV�WKH�1RUWK�$WODQWLF�'ULIW�&XUUHQW�
UXQQLQJ� QRUWKHDVWZDUGV� EHWZHHQ� *UHDW� %ULWDLQ� DQG� ,FHODQG�� +HUH� LW� PRYHV�
IXUWKHU�LQWR�WKH�1RUGLF�6HDV�DORQJ�WKH�1RUZHJLDQ�ZHVW�FRDVW�DV�WKH�1RUZHJLDQ�
&XUUHQW��DQG�HQGV�E\�VSOLWWLQJ�XS�DV�WKH�ZHVWHUQ�HDVWHUQ�6SLWVEHUJHQ�&XUUHQWV�
SDVVLQJ�WKH�ZHVWHUQ�DQG�HDVWHUQ�VLGHV�RI�6YDOEDUG��UHVSHFWLYHO\��6SLWVEHUJHQ�LV�
WKH�ODUJHVW�LVODQG�RI�6YDOEDUG���6RXWK�RI�,FHODQG�DERYH�WKH�ZHVWHUQ�VORSH�RI�WKH�
5H\NMDQHV� RFHDQ� ULGJH�� D� EUDQFK� RI� WKH� 1RUWK� $WODQWLF� FXUUHQW� IRUPV� WKH�
,UPLQJHU�&XUUHQW��+<&20�&RQVRUWLXP����������

7KH�FROG�(DVW�*UHHQODQG�FXUUHQW�IORZV�VRXWKZDUG�DORQJ�WKH�HDVWHUQ�FRDVW�
RI�*UHHQODQG�IURP�WKH�)UDP�6WUDLW��EHWZHHQ�*UHHQODQG�DQG�6YDOEDUG��YLD�WKH�
*UHHQODQG�6HD�DQG�'HQPDUN�6WUDLW��,W�FRQWLQXHV�DURXQG�&DSH�)DUHZHOO�DQG�D�
ELW� XS� DORQJ� WKH� ZHVW� FRDVW�� ,W� LV� WKH� RQO\� PDMRU� VRXWKZDUG� IORZLQJ� VXUIDFH�
RFHDQ� FXUUHQW� LQ� WKH� 1RUGLF� 6HDV�� ,W� WUDQVSRUWV� UHFLUFXODWLQJ� $WODQWLF� ZDWHU��
$UFWLF� 2FHDQ� ZDWHU� PDVVHV�� DQG� KXJH� TXDQWLWLHV� RI� VHD�LFH� �VHH� VHFWLRQ� �����
IURP� WKH� $UFWLF� 2FHDQ��0RUH� WKDQ� ���� RI� WKH� LFH� H[SRUWHG� IURP� WKH� $UFWLF�
2FHDQ� �:RRGJDWH� HW� DO��� ������ IORZV� WKURXJK� WKH� )UDP� 6WUDLW�� 1H[W� WR� WKH�
$PD]RQV�� WKLV�WUDQVSRUW�UHSUHVHQWV� WKH�:RUOG¶V� ODUJHVW� IUHVKZDWHU� IOX[� WR� WKH�
2FHDQV� �9LQMH�� �����9LQMH� HW� DO��� ������� 7KH� OHVV� GHQVH� 3RODU� 6XUIDFH�:DWHU�
IROORZV�WKH�*UHHQODQG�FRQWLQHQWDO�VORSH�WRZDUG�WKH�,FHODQG�6HD�DQG�'HQPDUN�
6WUDLW��2QH�SDUW²WKH�-DQ�0D\HQ�&XUUHQW�LV��KRZHYHU��GHIOHFWHG�HDVWZDUG�DW�WKH�
-DQ� 0D\HQ� )UDFWXUH� =RQH�� EULQJLQJ� FROG� SRODU� ZDWHU� DQG� LFH� WRZDUGV� -DQ�
0D\HQ�DQG�WKH�HDVWHUQ�ULP�RI�WKH�*UHHQODQG�6HD��+RZHYHU��DV�WKH�$WODQWLF�PLG�
2FHDQ�5LGJH�FRQWLQXHV�IURP�,FHODQG�DFURVV�-DQ�0D\HQ�DQG�IXUWKHU�RQ�WR�WKH�
QRUWKHDVW��LW�SUHYHQWV�GHQVH�DQG�GHHSHU�ZDWHU�WR�FRQWLQXH�LQWR�WKH�,FHODQG�6HD��
7KHUHIRUH��WKH�GHHSHU�ZDWHU�FLUFXODWHV�DURXQG�WKH�*UHHQODQG�6HD�*\UH�� ZKHUH�
LW� LQWHUDFWV� ZLWK� WKH� *UHHQODQG� 6HD� ZDWHUV� �5XGHOV� HW� DO��� ������� $V� ZLOO� EH�
GHVFULEHG� LQ� VHFWLRQ� ���� WKLV� LQWHUDFWLRQ� EHWZHHQ� WKH� UHODWLYHO\� IUHVK� $UFWLF�
ZDWHU� DQG� WKH� ZDUPHU� PRUH� GHQVH� VDOLQH� $WODQWLF� ZDWHU� KDV� D� PDUNHG�
LQIOXHQFH�RQ�ERWK�GHHS�ZDWHU�DQG�VHD�LFH�IRUPDWLRQ�LQ�WKH�*UHHQODQG�6HD��
�
����6HD�LFH�LQ�WKH�*UHHQODQG�6HD�
5HJDUGLQJ� WKLV� GLVVHUWDWLRQ�� VHD�LFH� GLVWULEXWLRQ� ZLWKLQ� WKH� *UHHQODQG� 6HD�
SOD\V� D� FHQWUDO� UROH� EHFDXVH�� DV� LW� LV� VKRZQ� LQ� 3DSHU� ��� VHD�LFH�PLJKW� EH� DQ�
LPSRUWDQW�YDULDEOH�LQ�UHODWLRQ�WR�VQRZ�SUHFLSLWDWLRQ�LQ�1RUWKHDVW�*UHHQODQG���

���$FFRUGLQJ�WR�FXUUHQW�NQRZOHGJH��GHHS�ZDWHU�IRUPDWLRQ�LQ�WKH�QRUWKHUQ�1RUWK�$WODQWLF�RFFXUV�RQO\�LQ�WKH�*UHHQODQG�6HD��WKH�/DEUDGRU�6HD��DQG�VRPHWLPHV�LQ�WKH�,UPLQJHU�%DVLQ��3LFNDUW�HW�DO��������9LQMH�HW�DO����������7KHUHIRUH��WKH�ZDWHUV�RI�WKH�*UHHQODQG�6HD�*\UH�DUH�FRQVLGHUHG�WR�SOD\� D� FUXFLDO� UROH� LQ� WKH� JOREDO� WKHUPRKDOLQH� FLUFXODWLRQ� LQ� WKH� *UHDW� 2FHDQ� &RQYH\RU� %HOW��9LQMH�HW�DO����������
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7KH� EDVLF� GHILQLWLRQ� RI� VHD�LFH� LV�� DQ\� IRUP� RI� LFH� IRXQG� DW� VHD�� ZKLFK�
RULJLQDWHV�IURP�WKH�IUHH]LQJ�RI�VHD�ZDWHU��%URDGO\��LW�FDQ�EH�GHVFULEHG�DV�QHZ�
LFH��\RXQJ�LFH��ILUVW�\HDU�LFH��DQG�ROG�LFH��7KHVH�FDWHJRULHV�UHIOHFW�WKH�DJH�RI�WKH�
LFH� DQG� LQFOXGH� GLIIHUHQW� IRUPV� DQG� WKLFNQHVVHV� RI� LFH� DW� YDULRXV� VWDJHV� RI�
GHYHORSPHQW� �:RUOG� 0HWHRURORJLFDO� 2UJDQLVDWLRQ�� ������� 7R� REWDLQ� PRUH�
GHWDLO��HDFK�FDWHJRU\�LV�GLYLGHG�LQWR�D�QXPEHU�RI�VXEFDWHJRULHV��$SSHQGL[�������
,Q�*UHHQODQG�� VHD�LFH� LV� IXUWKHU�GHVFULEHG�E\� LWV�SODFH�RI� RULJLQ�� ,FH�ZKLFK� LV�
FUHDWHG� LQ� WKH� $UFWLF� 2FHDQ� LV� FDOOHG� 3RODU� ,FH�� DQG� LFH� IORZLQJ� LQ� WKH� (DVW�
*UHHQODQG�&XUUHQW�LV�FDOOHG�6WRULV��³ELJ�LFH´�LQ�'DQLVK���,FH�IRXQG�WR�WKH�ZHVW�
RI�*UHHQODQG�LQ�WKH�%DIILQ�%D\�DQG�WKH�QRUWKHUQ�SDUW�RI�'DYLV�6WUDLW� LV�FDOOHG�
:HVW�,FH��&DSSHOHQ�HW�DO����������

9LUWXDOO\�DOO�WUDQVSRUW�RI�VHD�LFH�LQWR�WKH�*UHHQODQG�6HD�JRHV�WKURXJK�WKH�
)UDP� 6WUDLW� EHWZHHQ� *UHHQODQG� DQG� 6YDOEDUG� �)LJ�� ����� �$��� IURP� ZKHUH� LW�
GULIWV� DORQJ� FRDVW� LQ� WKH� (DVW� *UHHQODQG� &XUUHQW� �&DSSHOHQ� HW� DO��� �������
7KHUHIRUH�� WKH� IRUPDWLRQ�RI�3RODU� ,FH� LQ� WKH�$UFWLF�2FHDQ�SOD\V�D� FUXFLDO� UROH�
IRU� WKH� QHW� EDODQFH� RI� WKH� VHD�LFH� FRQFHQWUDWLRQ� LQ� WKH� *UHHQODQG� 6HD�� 7KH�
PDMRU�SDUW�RI�WKH�$UFWLF�2FHDQ�LV�FRYHUHG�E\�VHD�LFH�WKURXJKRXW�WKH�\HDU��DQG�
WKH� WZR� PDLQ� LFH� FLUFXODWLRQ� V\VWHPV� KHUH� LV� WKH� %HDXIRUW� *\UH� DQG� WKH�
7UDQVSRODU� 'ULIW� �)LJ�� ����� �%���� $V� WKH� LFH� GULIWV� LQ� WKH� J\UH�� LW� IROORZV� D�
FORFNZLVH�FLUFXODWLRQ� IRUFHG�E\� WKH� VXUIDFH�ZLQGV�DQG�RFHDQ�FXUUHQWV�DURXQG�
WKH�FOLPDWRORJLFDO�%HDXIRUW�+LJK��9DYUXV�DQG�+DUULVRQ���������'DWD� LQIHUUHG�
IURP�GULIWLQJ�EXR\V������±������VKRZ�WKDW�3RODU�,FH�RIWHQ�FLUFXODWHV�IRU�PRUH�
WKDQ� ILYH� \HDUV� LQ� WKH� J\UH� EHIRUH� LW� LV� LQFRUSRUDWHG� LQ� WKH� 7UDQVSRODU� 'ULIW�
ZKHUH� LW� FRQWLQXHV� WRZDUGV� WKH� )UDP� 6WUDLW�� 7KH� LFH� IORZ� LQ� WKH� J\UH�
DFFHOHUDWHV��VR�WKDW�VHD�LFH�WHQGV�WR�EH�WKLFNHVW�DQG�PRVW�FRPSDFW�LQ�WKH�ZHVW�
DQG�WKLQQHU�DQG�OHVV�FRPSDFW�LQ�WKH�HDVW��7KH�QXPEHUV�RQ�WKH�EOXH�OLQHV�LQ�WKH�
ILJXUH�LQGLFDWH�WKH�WLPH��LQ�\HDUV��WKDW�LW�WDNHV�IRU�WKH�LFH�WR�IORZ�WR�WKH�)UDP�
6WUDLW� IURP�WKH� OLQH�SRVLWLRQV��PHDQLQJ�WKDW�YLUWXDOO\�DOO� LFH�H[SRUWHG�WKURXJK�
)UDP�6WUDLW�DUH�PXOWL�\HDU�LFH��

'XH� WR� WKH� LQIORZ� WKURXJK� WKH� )UDP� 6WUDLW�� VHD�LFH� GLVWULEXWLRQ� DQG�
IRUPDWLRQ�LQ�WKH�*UHHQODQG�6HD�LV�PXFK�PRUH�FRPSOH[�DQG�G\QDPLF�LQ�QDWXUH�
WKDQ�IRU�LQVWDQFH�WKH�:HVW�,FH��ZKLFK�LV�PDLQO\�IRUPHG�ORFDOO\��7KURXJKRXW�WKH�
\HDU��WKH�LFH�IOX[�WKURXJK�WKH�)UDP�6WUDLW�W\SLFDOO\�YDULHV�IURP�DSSUR[LPDWHO\�
����� WR� ����� 6Y� ��� 6Y�  � ���������� P��V�� IORZLQJ� LQ� D� EDQG� ZKLFK� PD\� EH�
VHYHUDO�KXQGUHG�NLORPHWHUV�ZLGH��0DUWLQ�DQG�:DGKDPV���������$�IHZ�KXQGUHG�
NLORPHWHUV� VRXWK� RI� WKH� )UDP� 6WUDLW� WKH� *UHHQODQG� 6HD� &XUUHQW� DFFHOHUDWHV��
FDXVLQJ� WKH� 6WRULV� LFH�GULIW� WR� VSUHDG� RXW� �)LJ�� ������� ,Q� ZLQWHU� QHZ� LFH� LV�
UDSLGO\�IRUPHG�EHWZHHQ�WKH�IORHV�RI�3RODU�,FH��FDXVLQJ�WKH�FRPSRVLWLRQ�RI�WKH�



&+$37(5�����*(2*5$3+,&$/�6(77,1*6�$1'�&/,0$7(�

���

)LJ�� ������ �$�� $SSUR[LPDWH� QHW� VHD�LFH� H[FKDQJH� EHWZHHQ� WKH� $UFWLF� 2FHDQ� DQG� WKH� 1RUGLF�
6HDV�� �%�� $QQXDO� PD[�PLQ� VHD�LFH� H[WHQWV� DQG� VHD�LFH� PRWLRQ�� 7KH� QXPEHUHG� EOXH� OLQHV�
LQGLFDWH� WKH� WLPH� LW� WDNHV� �LQ� \HDUV�� IRU� WKH� LFH� DW� WKH� OLQH�SRVLWLRQV� WR� H[LW� WKH� $UFWLF� %DVLQ�
WKURXJK�WKH�)UDP�6WUDLW���&��)UHVKZDWHU�ULYHU�GLVFKDUJH�IURP�WKH�PDMRU�$UFWLF�ULYHUV��6RXUFH��
$0$3��������
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)LJ��������&RPSRVLWH�RI�VHD�LFH�GULIW�GHULYHG�
IURP� 12$$� $9+55� LPDJHV�� 2FWREHU±
'HFHPEHU�������7KH�GULIW�YHORFLW\�YHFWRUV�DUH�
VKRZQ� RQ� D� EDFNJURXQG� RI� VHD�LFH�
FRQFHQWUDWLRQV�GHULYHG�IURP�660�,�GDWD��VHH�
$SSHQGL[�����6RXWK�RI�WKH�)UDP�6WUDLW�WKH�LFH�
GULIW� VSUHDGV� RXW� DV� WKH� *UHHQODQG� 6HD�
&XUUHQW� DFFHOHUDWHV�� 7KH� ULJKWPRVW� SDUW� RI�
WKH� ILJXUH� VKRZV� D� KLVWRJUDP� DQG� D�
QRUPDOL]HG� URVH� GLDJUDP� RI� WKH� GULIW�
YHORFLW\�� 6RXUFH�� 0DUWLQ� DQG� :DGKDPV��
������
�

LFH�WR�EH�D�PL[WXUH�RI�3RODU�,FH�DQG�)LUVW�<HDU�,FH��,QLWLDOO\��WKH�VL]H�RI�D�VLQJOH�
IORH� RI� 3RODU� ,FH�PD\� EH�PRUH� WKDQ� ����� NP� �DERXW� WKH� VL]H� RI� =HDODQG� LQ�
'HQPDUN�RU� ���� WLPHV� WKH� DUHD�RI�0DQKDWWDQ� ,VODQG���+RZHYHU�� DV� WKH� IORHV�
DUH�GULIWLQJ�VRXWKZDUGV�DORQJ�WKH�FRDVW�WKH\�DUH�EURNHQ�LQWR�VPDOOHU�SLHFHV�E\�
ZLQG��VHD�VZHOOV��DQG�FROOLVLRQ�ZLWK�RWKHU�IORHV��DQG�DURXQG����1 �WKH�ODWLWXGH�
RI�6FRUHVE\VXQG��RQO\�D�IHZ�IORHV�DUH�PRUH�WKDQ�D�KXQGUHG�PHWHUV�ZLGH��7R�WKH�
VRXWK� RI� WKLV� ODWLWXGH� WKHUH� DUH� PDMRU� VHDVRQDO� YDULDWLRQV�� EHFDXVH� RI� WKH�
VSUHDGLQJ�DQG�PHOWLQJ�RI�WKH� LFH��&DSSHOHQ�HW�DO����������7KLV�PHDQV�WKDW�WKH�
LFH�GULIW�LQ�WKH�(DVW�*UHHQODQG�&XUUHQW�IRUPV�D�PDMRU�SDUW�RI�WKH�QHW�EDODQFH�RI�
WKH� LFH�FRYHU� LQ� WKH� *UHHQODQG� 6HD�� EXW� LW� DOVR�PHDQV� WKDW� LW� FRQWULEXWHV� WR�
KLJKO\�LQFUHDVH�WKH�FRPSOH[LW\�RI�WKH�EDODQFH��HVSHFLDOO\�LQ�WKH�VRXWKHUQ�SDUW��

$V� IUHVKZDWHU� IUHH]HV� DOUHDG\� DW� ��& DQG� VHD�ZDWHU� �ZLWK� D� VDOLQLW\� RI�
��Å��IUHH]HV�DURXQG����&��WKH�IUHVKZDWHU�VDOLQLW\�EDODQFH�SOD\V�D�FUXFLDO�UROH�
IRU�WKH�IRUPDWLRQ�RI�VHD�LFH��7KH�SULPDU\�IUHVKZDWHU�VRXUFH�WR�WKH�*UHHQODQG�
6HD�LV�WKH�IOX[�RI�ORZ�VDOLQH�PXOWL�\HDU�VHD�LFH�DQG�OLTXLG�IUHVKZDWHU�IURP�WKH�
$UFWLF� 2FHDQ� JRLQJ� WKURXJK� WKH� )UDP� 6WUDLW� �0\VDN� HW� DO��� �����3HGHUVHQ��
������� %DVLFDOO\�� WKLV� VRXUFH� FDQ� EH� GLYLGHG� LQWR� WZR�PDLQ� VXE�VRXUFHV�� WKH�
H[WUDFWLRQ�RI� VDOW� WKURXJK� IUHH]LQJ� �6WHHOH� DQG�)ODWR�� ������ DQG� LQIORZ� IURP�
PDMRU�$UFWLF�ULYHUV��)LJ�������&��²WKH�<HQLVH\��/HQD��DQG�2E��IRU�LQVWDQFH��DUH�
WKH�WKUHH�ODUJHVW�$UFWLF�ULYHUV��DQG�UHSUHVHQW�QHDUO\�����RI�WKH�JOREDO�DQQXDOO\�
ULYHU�GLVFKDUJH��'ULVFROO�DQG�+DXJ����������
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)LJ�� ������ /RQJ� WHUP� DYHUDJH� �����±������
FRQGLWLRQV�RI�VLPXODWHG�$UFWLF� LFH�FRYHU��7KH�
FRORU� VKDGLQJ� VKRZV� QHW� IUHH]LQJ� UDWHV�
�JURZWK�GXH�WR�IUHH]LQJ�PLQXV�PHOW���DQG�WKH�
DUURZV� UHSUHVHQW� WKH� LFH� GULIW� YHFWRUV��
6RXUFH��+LOPHU�HW�DO���������

)LJ�������UHYHDOV�WKDW�RQ�DQ�DQQXDO�EDVLV�WKH�QHW�IUHH]LQJ�UDWH� LV�QHJDWLYH�
�DURXQG�PLQXV� IRXU� PHWHUV� SHU� \HDU� LQ� VRPH� SODFHV�� LQ� WKH� *UHHQODQG� 6HD��
7KXV�� LQ� VSLWH�RI� WKH� ODUJH�DQQXDO�H[SRUW�RI� LFH� WKURXJK� WKH�)UDP�6WUDLW�� LW� LV�
DOZD\V�PRUH�RU�OHVV�LFH�IUHH�E\�WKH�HQG�RI�VXPPHU��+RZHYHU��W\SLFDOO\�GXULQJ�
ZLQWHU� WKH� FHQWUDO� *UHHQODQG� 6HD� GHYHORSV� D� ORFDO� FRYHU� RI� SDQFDNH� LFH�
�$SSHQGL[� ������ ZKLFK� RFFXSLHV� D� WRQJXH�VKDSHG� UHJLRQ� FDOOHG� 2GGHQ�
�'DQLVK�1RUZHJLDQ� ZRUG� IRU� KHDGODQG�� VWUHWFKLQJ� QRUWKHDVW� IURP� WKH� (DVW�
*UHHQODQG�&XUUHQW� DW� DSSUR[LPDWHO\� ��±���1 �)LJ�� ������� 7KLV� SDUWLFXODU� LFH�
FRYHU�IRUPV�GXH�WR�LQIOXHQFH�IURP�WKH�FROG�-DQ�0D\HQ�&XUUHQW��ZKLFK�GLYHUWV�
HDVWZDUGV� IURP� WKH� (DVW� *UHHQODQG� &XUUHQW� DW� WKHVH� ODWLWXGHV� �:DGKDPV��
������� 7KLV� FXUUHQW� LV� DOVR� WKH� VRXWK� VLGH� RI� WKH� *UHHQODQG� 6HD� *\UH�� 7KH�
2GGHQ�LFH�WRQJXH�VKRZV�JUHDW�\HDU�WR�\HDU�YDULDWLRQV��,Q�D�VHYHUH�VHDVRQ��DW�WKH�
HQG� RI� 1RYHPEHU�� 2GGHQ� H[WHQGV� ZHOO� HDVW� RI� WKH� *UHHQZLFK� PHULGLDQ�
�1DWLRQDO� *HRVSDWLDO�,QWHOOLJHQFH� $JHQF\�� ������� DQG� LQ� ³PLOGHU´� VHDVRQV� LW�
PD\�KDUGO\�GHYHORS��

6LQFH�LFH�IRUPDWLRQ�LQYROYHV�DQ�LPPHGLDWH�VDOW�IOX[�LQWR�WKH�VXUIDFH�ZDWHU��
WKH� IRUPDWLRQ� RI� LFH� LQ� WKH� ³2GGHQ� DUHD´� LV� LPSRUWDQW� IRU� ERWK� WKH�
IUHVKZDWHU�VDOLQLW\�EDODQFH�LQ�WKH�*UHHQODQG�6HD�*\UH�DQG�WKH�UHJLRQ�ORFDWHG�
VRXWK� RI� WKH� LFH� WRQJXH� �:DGKDPV� HW� DO��� ������� &RQVLGHULQJ� WKLV�
IUHVKZDWHU�VDOLQLW\� EDODQFH�� WKH� JHQHUDO� SLFWXUH� LV� WKDW� VDOLQLILFDWLRQ� PDLQO\�
RFFXUV�LQ�WKH�QRUWKHUQ�SDUWV�RI�2GGHQ�WRZDUGV�WKH�FHQWHU�RI�WKH�*UHHQODQG�6HD�
*\UH��ZKHUH� WKH� SDQFDNH�LFH� LV� IRUPHG��ZKHUHDV�PHOWLQJ� �IUHVKHQLQJ�� RFFXUV�
PDLQO\�QHDU�WKH�VRXWKHDVWHUQ�HGJH�RI�WKH�LFH�WRQJXH��7KLV�LV�GXH�WR�WKH�IDFW�WKDW�
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)LJ��������$UFWLF� VHD�LFH�H[WHQW� LQ�)HEUXDU\�
������ LQIHUUHG� IURP� 660�,� VDWHOOLWH� SDVVLYH�
PLFURZDYH� EULJKWQHVV� WHPSHUDWXUHV�� 7KLV�
\HDU� WKH� 2GGHQ� LFH� WRQJXH� DSSHDUHG� YHU\�
FOHDUO\�� 7KH� WKLFN� EODFN� OLQH� LQGLFDWHV� WKH�
PHGLDQ�LFH�HGJH��DQG�WKH�UHG�FLUFXODU�DUURZ�
LQGLFDWHV� WKH� ORFDWLRQ� RI� WKH� *UHHQODQG� 6HD�
*\UH�� 6RXUFH�� 1DWLRQDO� 6QRZ� DQG� ,FH� 'DWD�
&HQWHU��%RXOGHU��&RORUDGR��86$��

�

WKH�SDQFDNHV�DUH�EORZQ�WR� WKH� VRXWKHDVW� �ZKHUH� WKH\�HQG�XS�PHOWLQJ��E\� WKH�
FROG� QRUWKZHVWHUO\�ZLQGV� WKDW� SUHYDLO� GXULQJ�ZLQWHU�� ,Q� DGGLWLRQ� WR� WKH� VDOW�
IOX[�IURP�2GGHQ��WKH�*UHHQODQG�6HD�*\UH�DOVR�UHFHLYHV�D�VXUSOXV�RI�VDOW�IURP�
WKH� ZDUP�:HVW� 6SLWVEHUJHQ� &XUUHQW� �H[WHQVLRQ� RI� WKH� *XOI� 6WUHDP��� ZKLFK�
PL[HV�XS�ZLWK�WKH�FROGHU�(DVW�*UHHQODQG�-DQ�0D\HQ�&XUUHQWV�LQ�WKLV�DUHD��

)LJ��������6HD�LFH�GLVWULEXWLRQ�)HEUXDU\��QG�
������ 7KH� ULJKWPRVW� SRO\JRQ� LQGLFDWHV�
PDSSLQJ�DUHD�RI� WKH�2GGHQ� LFH� WRQJXH��DQG�
WKH�PRUH�RU�OHVV�WULDQJXODU�SRO\JRQ�LQGLFDWHV�
WKH�DUHD�RI�VSHFLDO�LQWHUHVW��3DSHU����VRXWK�RI�
2GGHQ��

&RQFHUQLQJ�WKLV�GLVVHUWDWLRQ�WKH�VHD�LFH�GLVWULEXWLRQ��DQG�WKHUHE\�DOVR�WKH�
IUHVKZDWHU�EDODQFH�� ZKLFK� DOVR� DIIHFWV� ORFDO� LFH� IRUPDWLRQ�� LQ� WKH� *UHHQODQG�
6HD�VRXWK�RI�2GGHQ��)LJ��������LV�RI�SDUWLFXODU�LQWHUHVW��DV�LW�PLJKW�EH�OLQNHG�WR�
ZLQWHU�SUHFLSLWDWLRQ�DPRXQWV�LQ�1RUWKHDVW�*UHHQODQG��3DSHU�����+RZHYHU��WKH�
IDFW�WKDW�WKH�IUHVKZDWHU�EDODQFH�RI�WKLV�DUHD�LV�DIIHFWHG�ERWK�E\�WKH�³GLUHFW´�IOX[�
RI� PXOWL�\HDU� LFH� IURP� WKH� (DVW� *UHHQODQG� &XUUHQW� DQG� WKH� IUHH]H�PHOW�
SURFHVVHV� ZLWKLQ� WKH� 2GGHQ� DUHD�� FRPSOLFDWHV� WKH� ZD\� VHD�LFH� LV� GLVWULEXWHG�
KHUH��DQG�VKRXOG�WKHUHIRUH�EH�VXEMHFWLYH�IRU�IXUWKHU�VWXGLHV��

'XH� WR� WKH� ODUJH� PDJQLWXGH� RI� WKH� LFH�IOX[� WKURXJK� WKH� )UDP� 6WUDLW�� LW�
ZRXOG� EH� UHDVRQDEOH²DW� D� ILUVW� HVWLPDWH�� WR� H[SHFW� WKLV� LFH�IOX[� WR� KDYH�
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SURIRXQG� LQIOXHQFH� RQ� VHD�LFH� GLVWULEXWLRQ� LQ� YLUWXDOO\� DOO� SDUWV� RI� WKH�
*UHHQODQG� 6HD�� 7KLV� LV�� KRZHYHU�� QRW� WKH� FDVH�� DQG� LV� LOOXVWUDWHG� EHORZ�� )LJ��
����� �$�%��FRPSDUHV� DQQXDO� LFH�IOX[� WKURXJK� WKH�)UDP�6WUDLW� WR�GXUDWLRQV�RI�
WLPH�ZLWK�ODUJH�VHD�LFH�H[WHQWV�LQ�WKH�UHJLRQ�VRXWK�RI�2GGHQ��8QH[SHFWHGO\��WKH�
DPRXQWV�RI�VHD�LFH�UHJLVWHUHG�LQ�WKLV�DUHD�GR�QRW�UHIOHFW�WKH�DQQXDO�LFH�H[SRUW�
WKURXJK�)UDP�6WUDLW��7KH�WZR�SDUDPHWHUV�DUH�QRW�FRUUHODWHG�DW�DOO��5� ��������
DQG� QHLWKHU� DUH� WKH\� FRQQHFWHG� LQ� DFFRUGDQFH� ZLWK� DQ� HYHQWXDO� ODJJHG�
FRUUHODWLRQ�� 5HJDUGLQJ� WHOHFRQQHFWLRQ� SDWWHUQV� �1$2�$2�� RYHU� WKH� SHULRG�
����±������ WKHUH� GRHVQ¶W� VHHP� WR� EH� DQ\� FRUUHODWLRQ� EHWZHHQ� WKH�1$2�DQG�
WKH� LFH� GLVWULEXWLRQ� VRXWK� RI� 2GGHQ� HLWKHU� �5�  � ������� �)LJ�� ����� �&���� $V�
GLVFXVVHG�SUHYLRXVO\��WKH�SDQFDNH�LFH�IRUPHG�LQ�WKH�QRUWKHUQ�SDUWV�RI�2GGHQ�LV�
WUDQVSRUWHG�VRXWKZDUGV�E\�WKH�ZLQG�GXULQJ�ZLQWHU��$SSDUHQWO\��WKLV�WUDQVSRUW�
RI� LFH�IUHVKHU� ZDWHU� LV� D�PDMRU� FRQWUROOLQJ� IDFWRU� UHJDUGLQJ� VHD�LFH� DPRXQWV�
VRXWK� RI� 2GGHQ�� )LJ�� ����� �'�� VKRZV� WKDW� WKH� DYHUDJH� DQQXDO� H[WHQW� RI� WKH�
2GGHQ�LFH�WRQJXH�LV�KLJKO\�FRUUHODWHG�WR�WKH�VHD�LFH�DPRXQWV�UHJLVWHUHG�VRXWK�
RI�LW��5� ��������7KXV��WR�H[SODLQ�VHD�LFH�FRYHUDJH�LQ�WKLV�DUHD�WKH�YDULDELOLW\�RI�
2GGHQ��DQG�WKHUHE\�WKH�-DQ�0D\HQ�&XUUHQW��PXVW�EH�FRQVLGHUHG�UDWKHU�WKDQ�
H[WHUQDO�IDFWRUV�VXFK�DV�WHOHFRQQHFWLRQV�DQG�RU�H[WHUQDO�LFH�IOX[�LQWR�WKH�(DVW�
*UHHQODQG� &XUUHQW�� 7KH� UHODWLRQ� EHWZHHQ� WKH� H[WHQW� RI� 2GGHQ� DQG� WKH� ORFDO�
FRQGLWLRQV� LQ� WKH� -DQ� 0D\HQ� UHJLRQ� LV� IXUWKHU� HPSKDVL]HG� E\� ILQGLQJV� E\�
&RPLVR�HW�DO����������7KH\�VKRZHG�WKH�H[WHQW�RI�WKH�2GGHQ�LFH�WRQJXH�WR�KDYH�D�
VWURQJ�QHJDWLYH�FRUUHODWLRQ�ZLWK�PRQWKO\�VXUIDFH�DLU�WHPSHUDWXUHV�UHFRUGHG�DW�
-DQ�0D\HQ��ZKLFK�VXJJHVWV�WKDW�LW�LV�UHDVRQDEOH�WR�XVH�WKH�WHPSHUDWXUH�DW�-DQ�
0D\HQ�DV�D�SUR[\�IRU�WKH�H[WHQW�RI�2GGHQ��&RPLVR�HW�DO��������3DSHU�����

,W� LV�� KRZHYHU�� LPSRUWDQW� WR�PHQWLRQ� WKDW� WKH� VHD�LFH� GDWD� �$SSHQGL[� ���
GHDOW� ZLWK� KHUH� LV� OLPLWHG� WR� WKH� SHULRG� ����±������ 7KXV�� LW� LV� QRW� FOHDU�
ZKHWKHU� LFH� H[WHQWV� VRXWK� RI�2GGHQ� DUH� FRUUHODWHG� WR� H�J��1$2�GXULQJ� RWKHU�
SHULRGV� RI� WLPH� GXH� WR� H�J�� VRPH� GHFDGDO� RU� PXOWL�GHFDGDO� SHULRGLFLW\�� )RU�
LQVWDQFH��WKLV�VHHPV�WR�EH�WKH�FDVH�IRU�WKH�LFH�IOX[�WKURXJK�)UDP�6WUDLW��%DVHG�
RQ� KLVWRULFDO� REVHUYDWLRQV� RI� WKH� 6WRULV� �����±������ 6FKPLWK� DQG� +DQVHQ�
�������UHFRQVWUXFWHG�WKH�)UDP�6WUDLW�LFH�H[SRUW�DOPRVW�WZR�FHQWXULHV�EDFN�LQ�
WLPH��%DVHG�RQ�D�UXQQLQJ����\HDU�ZLQGRZ�WKH\�IRXQG�WKH�FRUUHODWLRQ�EHWZHHQ�
LFH�H[SRUW�DQG�1$2�WR�YDU\�LQ�D�QHDUO\�RVFLOODWLQJ�PDQQHU�RYHU�PXOWL�GHFDGDO�
SHULRGV� �)LJ�� ������� ,Q� DFFRUGDQFH� ZLWK� RWKHU� VWXGLHV� �0\VDN� HW� DO��� ������
6FKPLWK� DQG�+DQVHQ� QRWH� WKDW� VHD�LFH� DQRPDOLHV� FRLQFLGH�ZLWK� WHPSHUDWXUH�
DQG� VDOLQLW\� DQRPDOLHV�� DQG� WKDW� WKH� $UFWLF� 2FHDQ� �DQG� WKHUHE\� DOVR� UXQRII�
IURP�PDMRU� $UFWLF� ULYHUV�� LV� LQYROYHG� LQ� WKLV� PXOWL�GHFDGDO� YDULDELOLW\�� 7KH\�
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)LJ�������� �$��7LPH�GXUDWLRQ��GD\V�FRXQWHG�GXULQJ�'HFHPEHU±$XJXVW��ZLWK�PRUH�WKDQ�����
LFH� FRYHU� LQ� VHOHFWHG�DUHD�VRXWK�RI�2GGHQ� LFH� WRQJXH�YHUVXV�DQQXDO� LFH�H[SRUW� WKURXJK�)UDP�
6WUDLW�� �%�� 7LPH� SORW� ������������ RI� WKH� SDUDPHWHUV� VKRZQ� LQ� $�� �&�� 7LPH� GXUDWLRQ� ZLWK�
H[WHQVLYH�VHD�LFH��DV�GHVFULEHG�LQ�$��YHUVXV�1RUWK�$WODQWLF�2VFLOODWLRQ���'��7LPH�GXUDWLRQ�ZLWK�
H[WHQVLYH� VHD�LFH� �DV� GHVFULEHG� LQ� $�� YHUVXV� DYHUDJH� DQQXDO� H[WHQW� RI� 2GGHQ� LFH� WRQJXH��
6RXUFHV��'DLO\�LFH�H[WHQWV�VRXWK�RI�2GGHQ�ZHUH�GHULYHG�XVLQJ�VXUIDFH�PDVNV�EDVHG�RQ�VDWHOOLWH�
6605�	�660�,�SDVVLYH�PLFURZDYH�EULJKWQHVV� WHPSHUDWXUHV� �VHH�$SSHQGL[� �� RQ�GDWD� W\SHV���
$QQXDO� )UDP� 6WUDLW� LFH� H[SRUW� LV� IURP� 6FKPLWK� DQG� +DQVHQ�� ������ DQG� 1RUWK� $WODQWLF�
2VFLOODWLRQ�GDWD�DUH�IURP�12$$�&OLPDWH�3UHGLFWLRQ�&HQWHU��������
�

)LJ������� ,FH�H[SRUW� WKURXJK�)UDP�6WUDLW�DQG�WKH�1RUWK�$WODQWLF�2VFLOODWLRQ�� �$��&RUUHODWLRQ�
FRHIILFLHQW� EHWZHHQ� )UDP� 6WUDLW� LFH� H[SRUW� DQG�ZLQWHU� 1RUWK� $WODQWLF� 2VFLOODWLRQ�LQGH[� LQ� D�
UXQQLQJ����\HDU�ZLQGRZ��7KH�UHG�FURVV�LQGLFDWHV�WKH�FHQWHU�RI�WKH�����±�����ZLQGRZ��'RWWHG�
OLQHV� LQGLFDWH� WKH� �� VWG�� GHY�� XQFHUWDLQW\� UDQJH�� �%�� )UDP� VWUDLW� LFH� H[SRUW� DJDLQVW� 1RUWK�
$WODQWLF�2VFLOODWLRQ�GXULQJ�����±������ZKLFK� LV� WKH�SHULRG�FRYHUHG�E\�WKLV�GLVVHUWDWLRQ�ZLWK�
UHVSHFW�WR�VHD�LFH��6RXUFHV��12$$�&OLPDWH�3UHGLFWLRQ�&HQWHU�������DQG�6FKPLWK�DQG�+DQVHQ��
������
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�
IRXQG�WKDW�UDWKHU�GUDPDWLF�IUHVKHQLQJ�RI�WKH�1RUGLF�6HD�ZDWHUV²WKH�VR�FDOOHG�
*UHDW�6DOLQLW\�$QRPDOLHV��*6$¶V��JHQHUDOO\�RFFXU�ZKHQ�WKH�LFH�H[SRUW�WKURXJK�
)UDP�6WUDLW�LV�KLJK��7KH�ODWHVW�*6$¶V�RFFXUUHG�LQ�����±�����DQG�����±������
UHVSHFWLYHO\�� DQG� DUH� FODLPHG� WR� EH� WKH� PRVW� LPSRUWDQW� DQRPDORXV� FOLPDWLF�
YDULDELOLW\�LQ�WKH�1RUWK�$WODQWLF�UHODWHG�WR�VHD�LFH��6DQFKH]JRPH]�HW�DO�����������

7KHUHIRUH�� LQ� OLJKW� RI� WKH� DERYH�� LW� FDQ� EH� FRQFOXGHG� WKDW�� LI�ZH�ZDQW� WR�
EHWWHU� XQGHUVWDQG� KRZ� ODUJHU� VFDOH� SKHQRPHQD� VXFK� DV� 1$2�$2� RU� *6$¶V�
DIIHFW� WKH� VHD�LFH� GLVWULEXWLRQ� VRXWK� RI� 2GGHQ� LFH� WRQJXH�� WKHQ� D� ORQJHU�
KLVWRULFDO� UHFRUG� RI� VHD�LFH� REVHUYDWLRQV� IURP� WKLV� SDUWLFXODU� DUHD� PXVW� EH�
FRQVLGHUHG��

1RWH��WR�SURYLGH�DQ�RYHUYLHZ�RI�WKH�VHD�LFH�YDULDWLRQ�ZLWKLQ�WKH�*UHHQODQG�6HD��WKH�&'�520��
DWWDFKHG� WR� WKH� EDFN� FRYHU�� LQFOXGHV� D� YLGHR� DQLPDWLRQ� RI� WKH� GDLO\� VHD�LFH� H[WHQW� LQ� WKH�
*UHHQODQG�6HD�GXULQJ�����±������
�



���

&KDSWHU���
�
6QRZ±HFRV\VWHP�UHODWLRQV�	�IXWXUH�
SHUVSHFWLYHV�
�
Q WHUPV�RI�VSDWLDO�H[WHQW��)LJ��������VHDVRQDO�VQRZ�FRYHU�LV�WKH�ODUJHVW�VLQJOH�
FRPSRQHQW� RI� WKH� FU\RVSKHUH� �L�H�� WKH� IUR]HQ� SDUW� RI� WKH� (DUWK
V� VXUIDFH���

:LWK� D� PHDQ� ZLQWHU� PD[LPXP� H[WHQW� RI� ��� PLOOLRQ� VTXDUH� NLORPHWHUV� LW�
FRUUHVSRQGV�WR�DOPRVW�D�WKLUG�RI�WKH�(DUWK
V�WRWDO�ODQG�VXUIDFH��16,'&���������
7KXV��GXH� WR� LWV� LQIOXHQFH�RQ�HQHUJ\�DQG�PRLVWXUH�EXGJHWV��VQRZ�FRYHU� LV�DQ�

LPSRUWDQW� YDULDEOH� DW� DOPRVW� DQ\� VSDWLDO� VFDOH� LQ� UHODWLRQ� WR� ERWK� FOLPDWH�
FKDQJH�DQG� HFRV\VWHP�FRQGLWLRQV��(VSHFLDOO\� DW�KLJK� ODWLWXGHV�� LQ�%RUHDO� DQG�
$UFWLF�UHJLRQV��WKH�UROH�RI�VQRZ�FRYHU�LV�FUXFLDO�IRU�WKH�HFRV\VWHPV��:KDW�ZLOO�
EH�WKH�LPSDFW�RI�SRVVLEOH�IXWXUH�FOLPDWLF�FKDQJHV�RQ�VQRZ�FRYHU�DQG�LWV�HFRORJ\�
LV� SUHVHQWO\� VWLOO� XQFHUWDLQ� DV� LW� PD\� VKRZ� VLJQLILFDQW� YDULDELOLW\� EHWZHHQ�
GLIIHUHQW�UHJLRQV��-RQHV�HW�DO����������,Q�WKH�IROORZLQJ�VHFWLRQV��WKH�LPSRUWDQFH�
RI� VQRZ�FRYHU�DQG� LWV� LPSDFW�RQ�D�KLJK� ODWLWXGH�HFRV\VWHP�ZLOO�EH� LOOXVWUDWHG�
PDLQO\�E\�H[DPSOHV�IURP�=DFNHQEHUJ��1RUWKHDVW�*UHHQODQG��ZKHUH�LW�LV�D�PRVW�
FUXFLDO�YDULDEOH�IRU�ERWK�IORUD�DQG�IDXQD��0HOWRIWH���������)XUWKHUPRUH��VRPH�
IXWXUH�SHUVSHFWLYHV�IRU�=DFNHQEHUJ��LQIHUUHG�IURP�WKLV�ZRUN��ZLOO�EH�SUHVHQWHG��
�
����6QRZ�FRYHU��IORUD��DQG�IDXQD�
$V�LQGLFDWHG�LQ�&KDSWHU����WKH�ZD\�VQRZ�FRYHU�DIIHFWV�$UFWLF�HFRV\VWHPV�GLIIHUV�
IURP� VXPPHU� WR� ZLQWHU�� 6WXGLHV� RQ� $UFWLF� DQLPDOV� LQ� UHODWLRQ� WR� FOLPDWLF�

,
)LJ�� ���� :HHN� RI� PD[LPXP� VQRZ� H[WHQW�
������������ NP�� IRU� WKH� SHULRG� ����� WR�
����� �LPDJH� IURP� -DQXDU\� �±���� �������
6RXUFH��1DWLRQDO�6QRZ�DQG�,FH�'DWD�&HQWHU��
8QLYHUVLW\�RI�&RORUDGR��%RXOGHU��86$��
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IOXFWXDWLRQV�VKRZ�WKDW�HVSHFLDOO\� LQ� WKH�ZLQWHU�� WKH�VWDWH�RI� WKH�VQRZ�FRYHU� LV�
FUXFLDO� IRU�WKH� ODUJHU�KHUELYRUHV��VXFK�DV�PXVNR[HQ�DQG�FDULERX��9LEH���������
)RU� LQVWDQFH�� DURXQG� =DFNHQEHUJ� �DQG� LQ� FHQWUDO� 1RUWKHDVW� *UHHQODQG� LQ�
JHQHUDO���QXPHURXV�UHOLFV�IURP�FDULERX�LQ�WKH�IRUP�RI�DQWOHUV�FDQ�EH�IRXQG�LQ�
WKH� WHUUDLQ�� $W� SUHVHQW� WLPH�� KRZHYHU�� FDULERX� KDYH� EHFRPH� H[WLQFW� LQ�
1RUWKHDVW�*UHHQODQG��7KHLU�H[WLQFWLRQ�RFFXUUHG�DW�DURXQG�WKH�EHJLQQLQJ�RI�WKH�
��WK�FHQWXU\�DQG�ZDV�PRVW�OLNHO\�UHODWHG�WR�VQRZ�FRYHU�FRQGLWLRQV��%HFDXVH�RI�
WKH� UHODWLYHO\�KXPLG�ZLQWHUV� WKDW�SUHYDLOHG� LQ� WKH� UHJLRQ�DW� WKDW� WLPH� �WKH� VR�
FDOOHG�GULIW�LFH�SXOVDWLRQ�VWDJH������±�������LQFUHDVHG�VQRZ�SUHFLSLWDWLRQ�DQG�
LQFUHDVHG�IUHTXHQF\�DQG�LQWHQVLW\�RI�WKDZ�HYHQWV�GXULQJ�ZLQWHU�OHG�WR�LFH�FUXVW�
IRUPDWLRQ�LQ�WKH�VQRZ�SDFN��9LEH���������7KH�FRQVHTXHQFH�ZDV�GLIILFXOWLHV�IRU�
WKH�FDULERX�LQ�JHWWLQJ�DFFHVV�WR�WKH�VSDUVH�DPRXQWV�RI�IRRG�EHQHDWK�WKH�VQRZ�
FRYHU��

�
)LJ�� ����� 5HODWLRQ� EHWZHHQ�
WKH�DOWLWXGLQDO�WHUUDLQ�OHYHO�LQ�
=DFNHQEHUJ� 5HVHDUFK� $UHD�
H[SORLWHG� E\� PXVNR[HQ� IRU�
JUD]LQJ� DQG� VQRZ� FRYHU�
H[WHQW� RQ� -XQH� ���� 6RXUFH��
0HOWRIWH��������

$OWKRXJK�PXVNR[HQ� DUH� VWLOO� SUHVHQW� LQ�1RUWKHDVW� *UHHQODQG�� DOVR� WKHLU�
SRSXODWLRQ� G\QDPLFV� KDYH� EHHQ� VKRZQ� WR� EH� SDUWLFXODUO\� VHQVLWLYH� WR� WKH�
IRUPDWLRQ� RI� LFH� FUXVWV� �)RUFKKDPPHU� DQG� %RHUWPDQQ�� �����+DQVHQ� DQG�
0RVEHFK�� ������� )XUWKHUPRUH�� WKH� DUHD� ZKLFK� LV� XVHG� E\� PXVNR[HQ� LQ� WKH�
VXPPHU�LV�UHODWHG�WR�VQRZ�FRYHU�H[WHQW��)LJ������²H�J��WKH�DOWLWXGLQDO�WHUUDLQ�
OHYHO� LQ� =DFNHQEHUJ� 5HVHDUFK� $UHD� H[SORLWHG� E\� PXVNR[HQ� IRU� JUD]LQJ� LV�
LQYHUVHO\�SURSRUWLRQDO�WR�VQRZ�FRYHU�H[WHQW��7KLV�UHODWLRQ�LV�FDXVHG�E\�WKH�IDFW�
WKDW�VQRZ�DFFXPXODWLRQ�LQFUHDVHV�PRUH�DW�KLJKHU�DOWLWXGHV�LQ�VQRZ�ULFK�\HDUV�
�3DSHU� ���� 7KHUHIRUH� WKH� VQRZ�IUHH� �JURZLQJ�� VHDVRQ� ZLOO� VWDUW� HDUOLHU� LQ� WKH�
ORZODQG� LQ� VXFK� \HDUV�� ZKLFK� JLYHV� HDUOLHU� DFFHVV� WR� IRRG� IRU� KHUELYRUHV�
�0HOWRIWH���������

)URP�D�³ELUG¶V�SHUVSHFWLYH´��WKH�SUHVHQFH�DEVHQFH�RI�VQRZ�FRYHU�LV�FUXFLDO�
IRU�UHSURGXFWLRQ��H�J��$UFWLF�VKRUHELUGV�KDYH�WR�DFTXLUH�UHVRXUFHV�ERWK�IRU�HJJ�
OD\LQJ�DQG�LQFXEDWLRQ��DQG�VQRZ�IUHH�ODQG�LV�WKH�ILUVW�SUHFRQGLWLRQ�WR�JHW�WKLV�
QHHG�IXOILOOHG��0HOWRIWH�HW�DO����������7KLV�LV�LOOXVWUDWHG�LQ�)LJ�������ZKLFK�VKRZV�
WKDW� HJJ�OD\LQJ� VWDUWV� ODWHU� LQ� DUHDV� DQG� \HDUV� ZLWK� H[WHQVLYH� VQRZ� FRYHU� LQ�
HDUO\�VSULQJ���
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)LJ�������)LUVW� HJJ�GDWHV� IRU�
IRXU� VSHFLHV� RI� VKRUHELUGV� LQ�
UHODWLRQ�WR�VQRZ�FRYHUDJH�RQ�
-XQH� ��� LQ� +LJK� $UFWLF�
*UHHQODQG��$��5LQJHG�3ORYHU��
%�� 7XUQVWRQH�� &�� 'XQOLQ�� '��
6DQGHUOLQJ�� %ODFN� GRWV�
GHQRWH� LQLWLDO� FOXWFKHV�� DQG�
JUH\� GRWV� VXSSRVHG�
UHSODFHPHQW� FOXWFKHV��
&RUUHODWLRQV� IRU� DOO� VSHFLHV�
DUH� VWDWLVWLFDOO\� VLJQLILFDQW�
ZLWK� S�������� 6RXUFH��
0HOWRIWH��������

$V� RSSRVLWH� WR� WKH� ZLQWHU� VLWXDWLRQ�� ZKHUH� YHJHWDWHG� VXUIDFHV� WDNH�
DGYDQWDJH�RI�WKH�LQVXODWLQJ�SURSHUWLHV�RI�WKH�VQRZ�FRYHU��GHHS�VQRZ�FRYHU�LV�D�
GLVDGYDQWDJH� IRU� WKH� YHJHWDWLRQ� LQ� VXPPHU²H[FHSW� IRU� WKH� IDFW� WKDW�PHOWLQJ�
VQRZ�LV�D�VRXUFH�RI�ZDWHU��+HQFH��WKH�SODQW�FRPPXQLWLHV�DUH�ODUJHO\�GLVWULEXWHG�
DFFRUGLQJ�WR�WKH�VQRZ�FRYHU��%|FKHU���������7KLV�LV�LOOXVWUDWHG�LQ�)LJ������ZKLFK�
LV�DQ�LGHDOL]HG�VNHWFK�RI�D�PHVR�WRSRJUDSKLF�JUDGLHQW�VKRZLQJ�ILYH�PLFUR�VLWHV�
FRPPRQO\� IRXQG� LQ� DUFWLF� DUHDV�� )XUWKHU� LQIRUPDWLRQ� DERXW� WKH� SODQW�
FRPPXQLWLHV�W\SLFDOO\�IRXQG�LQ�WKHVH�PLFUR�VLWHV�LV�DYDLODEOH�IURP�WKH�PDS�E\�
&$90�7HDP��������DQG�IURP�:DONHU�HW�DO����������
�

)LJ�� ����� 7KH� FRPELQDWLRQ� RI� VQRZ� DQG� VPDOO�VFDOH� WRSRJUDSK\� GHWHUPLQHV� GLVWULEXWLRQ�
SDWWHUQV�RI�SODQW�FRPPXQLWLHV��6RXUFH��&$90�7HDP��������

3KRWRV\QWKHWLF�DFWLYLW\� LV�UHOLDQW�RQ�H[SRVXUH�WR�VXQOLJKW��DQG�WKXV�VQRZ�
FRYHU�LV�GHFLVLYH�IRU�WKH�OHQJWK�RI�WKH�JURZLQJ�VHDVRQ�DQG�WKHUHE\�DOVR�IRU�SODQW�
SURGXFWLYLW\� DQG� SKHQRORJ\� �3DSHU� ���� )LJ�� ���� VKRZV� WKH� HIIHFW� IURP� VQRZ�
FRYHU� RQ� IORZHULQJ� IRU� WZR� W\SLFDO� VSHFLHV� RI� $UFWLF� KHDWK� YHJHWDWLRQ� DW�
=DFNHQEHUJ� �&DVVLRSH� WHWUDJRQD� DQG� 'U\DV� VSS���� 6LQFH� IORZHU� EXGV� DUH�
SURGXFHG�WKH�SUHYLRXV�\HDU��%OLVV�DQG�*ROG�������6¡UHQVHQ���������WKH�QXPEHU�
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)LJ�� ����� 5HODWLRQV� EHWZHHQ�
IORZHULQJ� DQG� WKH� SUHYLRXV�
\HDU¶V� VQRZ� PHOW� IRU� WZR�
W\SLFDO� VSHFLHV� RI� $UFWLF�
KHDWK� YHJHWDWLRQ� �&DVVLRSH�
WHWUDJRQD�DQG�'U\DV�VSS����

RI� IORZHUV� FRXQWHG� RQH� \HDU� ZLOO� UHIOHFW� WKH� VQRZ� FRQGLWLRQV� LQ� WKH� SUHYLRXV�
JURZLQJ�VHDVRQ��L�H��WKH�ODWHU�WKH�VQRZ�PHOW�WKH�SUHYLRXV�\HDU��WKH�OHVV�IORZHUV�
WKH�IROORZLQJ�\HDU��

5HJDUGLQJ� SKRWRV\QWKHWLF� DFWLYLW\� DQG� UHVSLUDWLRQ� �PLFURELDO� GH�
FRPSRVLWLRQ� LQ� WKH�VRLO���)LJ������UHYHDOV� WKDW�JHQHUDOO\�ZKHQ�D�VQRZ�FRYHU� LV�
SUHVHQW�� WKH� UHVSLUDWLRQ� H[FHHGV� WKH� SKRWRV\QWKHVLV� �L�H�� SRVLWLYH� 1HW�
(FRV\VWHP�([KDQJH���DQG�WKH�KHDWK�LV� WKXV�D�VRXUFH�RI�&2�� +RZHYHU�GXULQJ�
WKH� VQRZ�IUHH� VHDVRQ� LW� LV� D� VLQN�� 7KLV� HPSKDVL]HV� WKH� LPSRUWDQFH� RI� WDNLQJ�
VQRZ�FRYHU�LQWR�FRQVLGHUDWLRQ��ZKHQ�GHDOLQJ�ZLWK�WKH�FDUERQ�EDODQFH��
�

)LJ�������7HPSRUDO�YDULDWLRQ�LQ�1HW�(FRV\VWHP�([FKDQJH�DQG�GDLO\�PHDQ�DLU�WHPSHUDWXUH�DW�
WKH�KHDWK�QHDU�=DFNHQEHUJ�FOLPDWH�VWDWLRQ�LQ�������6RXUFH��5DVFK�DQG�&DQLQJ��������

����)XWXUH�SHUVSHFWLYHV��
$ UHFDOO�RI�WKH�VNHWFK�RI�DQQXDO�ELR�FOLPDWLF�YDULDWLRQ�WKH�+LJK�$UFWLF��)LJ������
�$��� DQG� WKH� UHFHQWO\� REVHUYHG� FKDQJHV� LQ� WKH� GLVWULEXWLRQ� RI� FLUFXPSRODU�
1RUPDOL]HG�'LIIHUHQFH�9HJHWDWLRQ�,QGH[��1'9,���)LJ�������%���HPSKDVL]HV�WKH�
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)LJ��������$��6HDVRQDO�FKDUDFWHULVWLFV�RI�D�+LJK�$UFWLF�HFRV\VWHP���%��6SDWLDO�GLVWULEXWLRQ�RI�
³JUHHQLQJ´� WUHQG������±������RYHU� WXQGUD�QRUWK�RI����1�GXULQJ�WKH�JURZLQJ�VHDVRQ��-XQH±
6HSWHPEHU���6RXUFHV��6HH�)LJV������DQG������
�
LPSRUWDQFH�RI�WKH�VQRZ�IUHH�VHDVRQ�LQ�+LJK�$UFWLF�HFRV\VWHPV��(VSHFLDOO\� IRU�
YHJHWDWLYH�DFWLYLW\��WKH�LQLWLDWLRQ�WLPH�RI�WKLV�SHULRG�LV�LPSRUWDQW��3DSHU�����,Q�
WKH�OLJKW�RI�WKLV�DQG�WKH�DERYH�H[DPSOHV��RQH�LPSRUWDQW�TXHVWLRQ�UHJDUGLQJ�WKH�
LPSDFW� RI� SRVVLEOH� IXWXUH� FOLPDWLF� FKDQJH� RQ� VQRZ� FRYHU� DQG� WKH� HFRORJ\� RI�
+LJK� $UFWLF� 1RUWKHDVW� *UHHQODQG� LV�� +RZ�ZLOO� WKH� VQRZ�IUHH� VHDVRQ� DQG� LWV�
LQLWLDWLRQ�WLPH�EH�DIIHFWHG�E\�FOLPDWH�FKDQJH"�

)LJXUH� ���� VKRZV� $�� DQG� %�� �,3&&�� ������ VFHQDULRV� RI� PRQWKO\� PHDQ�
WHPSHUDWXUHV�IRU�WKH�=DFNHQEHUJ±'DQHERUJ�UHJLRQ�LQ�WKH�����±�����QRUPDO�
SHULRG� WRJHWKHU� ZLWK� WKH� REVHUYHG� YDOXHV� IRU� ����±����� �'HWKORII� HW� DO���
�����.LLOVKROP� HW� DO��� �����5\VJDDUG� HW� DO��� ������� 7KH� PRGHO� SURMHFWV�
WHPSHUDWXUH� LQFUHDVHV� EHWZHHQ� ����&� �$��� DQG� ����&� �%��� LQ� -DQXDU\� DQG�
����&� �$�� DQG� %��� LQ� -XO\�� %DVHG� RQ� SURMHFWLRQV� RI� IXWXUH� VHD�LFH� GXUDWLRQ��
HQG�RI�ZLQWHU� VQRZ�DFFXPXODWLRQ� DW� =DFNHQEHUJ� LV� FDOFXODWHG� WR� LQFUHDVH� E\�
DSSUR[LPDWHO\� ����GXULQJ� WKH� FXUUHQW� FHQWXU\� �3DSHU� ���� )LJ�� ���� LOOXVWUDWHV�
WKH�H[SHFWHG�HIIHFWV�RI�WKHVH�VFHQDULRV�RQ�WKH�VQRZ�IUHH�SHULRG�DW�=DFNHQEHUJ�
LQ� WHUPV� RI� VQRZ� FRYHU� GHSOHWLRQ� DQG� 1'9,�� PRGHOHG� RQ� WKH� EDVLV� RI� WKH�

)LJ�� ���� $�� DQG� %�� VFHQDULRV �DOVR
XVHG� LQ� SDSHU� ��� RI� PRQWKO\� PHDQ� DLU�
WHPSHUDWXUHV� LQ� WKH� =DFNHQEHUJ±
'DQHERUJ� UHJLRQ� IRU� WKH� SHULRG� ����±
����� WRJHWKHU� ZLWK� WKH� ����±�����
WHPSHUDWXUH�FOLPDWRORJ\��
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)LJ�������)XWXUH�VFHQDULRV�DQG�SUHVHQW�
VWDWH� RI� DYHUDJH� VQRZ� FRYHU� �DOVR�
VKRZQ� LQ� 3DSHU� ��� DQG� 1RUPDOL]HG�
'LIIHUHQFH� 9HJHWDWLRQ� ,QGH[� GXULQJ�
VXPPHU� DW� =DFNHQEHUJ�� 7KLQ� GDVKHG�
JUH\� OLQHV� VKRZ� WKH� REVHUYHG� LQWHU�
DQQXDO� YDULDELOLW\� GXULQJ� ����±�����
�6QRZ� FRYHU�� DQG� 1RUPDOL]HG�
'LIIHUHQFH�9HJHWDWLRQ�,QGH[�PRGHOLQJ�LV�
GHVFULEHG�LQ�3DSHU�����

PHWKRGV� SUHVHQWHG� LQ� 3DSHU� ��� 7HPSHUDWXUH�LQSXW� LV� EDVHG� RQ� $��� DQG� %��
VFHQDULRV�VKRZQ�LQ�)LJ�������SHULRGV�EHWZHHQ�SUHVHQW�WLPH�DQG�����±�����DUH�
EDVHG�RQ�LQWHUSRODWLRQ��VHH�3DSHU������

%HFDXVH�RI�LQFUHDVLQJ�VSULQJ�WHPSHUDWXUHV�GXULQJ�WKH���VW�FHQWXU\��VQRZ�
PHOW� ZLOO� JHQHUDOO\� VWDUW� HDUOLHU� DW� =DFNHQEHUJ� LQ� WKH� IXWXUH�� 7KLV� FRPELQHG�
ZLWK�VOLJKWO\�KLJKHU�VXPPHU� WHPSHUDWXUHV�PHDQV� WKDW� VSULQJ�VQRZ�FOHDUDQFH�
LQ�ODUJH�DUHDV�ZLWK�XQLIRUP�VQRZ�GLVWULEXWLRQ�ZLOO�QRW�EH�GHOD\HG��GHVSLWH�WKH�
SUHGLFWHG� LQFUHDVH� LQ� ZLQWHU� SUHFLSLWDWLRQ�� +RZHYHU�� QHLWKHU� ZLOO� LW� RFFXU�
HDUOLHU²PHDQLQJ� WKDW� WKH� FRPELQDWLRQ� RI� LQFUHDVHG�ZLQWHU�SUHFLSLWDWLRQ� DQG�
LQFUHDVHG�WHPSHUDWXUHV�ZLOO�KDYH�YLUWXDOO\�QR�QHW�HIIHFW�RQ�VQRZ�FRYHU�H[WHQW�
GXULQJ�WKH�HDUO\��DQG�IRU�WKH�JHQHUDO�IORUD�DQG�IDXQD�PRVW�FULWLFDO��SDUW�RI�WKH�
PHOWLQJ�VHDVRQ��+RZHYHU��ZKHQ�WKH�ODWHU�SDUW�RI�WKH�VHDVRQ�LV�FRQVLGHUHG��WKH�
VLWXDWLRQ�LV�GLIIHUHQW��GXH�WR�LQFUHDVHG�ZLQWHU�VQRZ��SUHFLSLWDWLRQ��ODUJHU�VQRZ�
GULIWV�ZLOO�EH�IRUPHG�LQ�DUHDV�FKDUDFWHUL]HG�E\�KHDY\�VQRZ�GHSRVLWLRQ��PDLQO\�
OHH�VLGHV�RI�ODUJHU�IHDWXUHV�LQ�WKH�ODQGVFDSH���DQG�WKHVH�DUHDV�ZLOO�WKXV�KDYH�D�
SURORQJHG�PHOWLQJ�VHDVRQ��3DSHU�����

'XH� WR� WKH� OLPLWHG� QHW� HIIHFW� RQ� VQRZ� FRYHU� LQ� WKH� VXPPHU�� YHJHWDWLYH�
DFWLYLW\� �1'9,�� DURXQG� =DFNHQEHUJ� GR� QRW� VHHP� WR� EH� GUDPDWLFDOO\� DOWHUHG�
RYHU� WKH� QH[W� ���� \HDUV� �)LJ�� ������ &RQVLGHULQJ� )LJ�� ���� �%�� DQG� WKH� UDWKHU�
OLPLWHG� LQFUHDVH� LQ�VXPPHU�WHPSHUDWXUHV�� WKLV�PD\� LQGLFDWH�� WKDW� LQ�WHUPV�RI�
1'9,�=DFNHQEHUJ�PD\� UHPDLQ� LQ� WKH� JUH\� FDWHJRU\� RQ� WKH� ILJXUH� GXULQJ� WKH�
QH[W�WHQ�GHFDGHV��,Q�WKH�ZLQWHU�KRZHYHU��VLJQLILFDQWO\�KLJKHU�WHPSHUDWXUHV�DQG�
LQFUHDVHG�SUHFLSLWDWLRQ�DPRXQWV�DUH�H[SHFWHG��$&,$���������,W�WKHUHIRUH�VHHPV�
UHDVRQDEOH�WR�DVVXPH�WKDW�IRU�+LJK�$UFWLF�HFRV\VWHPV�LQ�1RUWKHDVW�*UHHQODQG�
WKH�PRVW� GUDPDWLF� HIIHFWV� RI� IXWXUH� FOLPDWLF� FKDQJHV� VKRXOG� EH� DGGUHVVHG� WR�
FKDQJHV� LQ� WKH� ZLQWHU� FRQGLWLRQV� �L�H�� LQFUHDVHG� IUHTXHQF\� RI� WKDZ±IUHH]H�
HYHQWV� DQG� WKHUHE\� LQFUHDVHG� LFH� FUXVW� IRUPDWLRQ��� UDWKHU� WKDQ� WR� FKDQJHV� LQ�
WKH� VXPPHU� FRQGLWLRQV�� ,Q� WKLV� FRQWH[W�� RQH� TXHVWLRQ� RI� SDUWLFXODU� LQWHUHVW�
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PLJKW�EH��ZLOO�WKH�PXVNR[HQ�LQ�1RUWKHDVW�*UHHQODQG�VXIIHU�WKH�VDPH�IDLWK�RYHU�
WKH�QH[W�KXQGUHG�\HDUV�DV�GLG�WKH�FDULERX�D�KXQGUHG�\HDUV�DJR"��



���



���

&KDSWHU���
�
&RQFOXGLQJ�UHPDUNV�
�

KH�DLP�RI�WKLV�WKHVLV�ZDV�WR�DQDO\]H�VQRZ±HFRV\VWHP�UHODWLRQV� LQ�D�+LJK�
$UFWLF� HFRV\VWHP� LQ�1RUWKHDVW�*UHHQODQG� WKURXJK� WKH� GHYHORSPHQW� DQG�

XVH� RI� QHZ�PRQLWRULQJ� WHFKQLTXHV� EDVHG� RQ� FRQYHQWLRQDO�� DQG�PXOWLVSHFWUDO�
GLJLWDO�FDPHUDV��)XUWKHUPRUH��LW�ZDV�DQ�DLP�WR�XVH�WKH�UHVXOWV�LQ�ORFDO��WR�ODUJH�
VFDOH��L�H��VHD�LFH��DQG�DWPRVSKHULF�G\QDPLFV��FOLPDWLF�DQDO\VLV��DQG�ILQDOO\�WR�
SXW� WKH� UHVXOWV� LQ� FOLPDWH� FKDQJH�SHUVSHFWLYH��7KH� VWXG\�KDV�EHHQ� VWUXFWXUHG�
DURXQG�IRXU�PDLQ�WKHPHV��
�

� 7KH�GHYHORSPHQW�RI�D�PHWKRGRORJ\�WR�FUHDWH�WLPH�VHULHV�RI�VQRZ�FRYHU�
PDSV�IURP�RUWKRJUDSKLFDOO\�UHFWLILHG�GLJLWDO�FDPHUD�LPDJHV��

� 7KH�GHYHORSPHQW�RI�PHWKRGRORJLHV�WR�SHUIRUP�VXUIDFH�FODVVLILFDWLRQ�LQ�
D +LJK�$UFWLF�HQYLURQPHQW�EDVHG�RQ�PXOWLVSHFWUDO�GLJLWDO�RUWKRSKRWRV��
DQG� WKH� XVDJH� RI� WKHVH� LQ� DQ� DQDO\VLV� RI� VSDWLRWHPSRUDO� YDULDWLRQV� LQ�
VQRZ��DOEHGR�DQG�PHOW��

� 0RGHOLQJ�� DQG� DQDO\]LQJ� VQRZ±YHJHWDWLRQ� UHODWLRQV� LQ� D� +LJK� $UFWLF�
HFRV\VWHP�XVLQJ�FDPHUD�EDVHG�VQRZ�FRYHU��DQG�1RUPDOL]HG�'LIIHUHQFH�
9HJHWDWLRQ�,QGH[�GDWD��

� $QDO\]LQJ� WKH� UHODWLRQV� EHWZHHQ� VQRZ�SUHFLSLWDWLRQ� LQ� D� ORFDO�VFDOH�
+LJK�$UFWLF�HFRV\VWHP�DQG���� ODUJH�VFDOH�FOLPDWH�G\QDPLFV��WKH�1RUWK�
$WODQWLF�2VFLOODWLRQ��1$2��DQG�VHD�LFH�YDULDWLRQV�LQ�WKH�*UHHQODQG�6HD��
DQG����VQRZ±HFRV\VWHP�HIIHFWV�UHODWHG�WR�FOLPDWLF�FKDQJH��

�
7KHVH� IRXU� SRLQWV� KDYH� EHHQ� GHDOW� ZLWK� PDLQO\� LQ� WKH� PDQXVFULSWV� DQG�

SDUWO\� LQ� WKH� V\QRSVLV�� 7KH� ILUVW� WZR� SRLQWV� PRVWO\� IRFXV� RQ�PHWKRGRORJLFDO�
GHYHORSPHQW��ZKHUHDV�WKH�ODWWHU�WZR�DUH�SULPDULO\�UHVXOW�RULHQWHG��7R�SURYLGH�
DQ�RYHUYLHZ��WKH�PDLQ�UHVXOWV�DQG�FRQFOXVLRQV�DUH�VXPPDUL]HG�EHORZ��
�
����6QRZ�FRYHU�PDSV�IURP�GLJLWDO�FDPHUD�LPDJHV�
6LQFH������GLJLWDO�FDPHUD�LPDJHV�FRYHULQJ�DQ�DUHD�RI����NP� KDYH�EHHQ�WDNHQ�
DXWRPDWLFDOO\� RQ� D� GDLO\� EDVLV� IURP� WKH� HDVWHUQ� VORSH� RI� WKH� =DFNHQEHUJ�

7
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0RXQWDLQ�� 7KH� XVDJH� RI� WKHVH� LPDJHV� IRU� VQRZ� FRYHU�PDSSLQJ� UHTXLUHG� WKH�
GHYHORSPHQW� RI� PHWKRGV� WR� REWDLQ� DUHDO� FRQVLVWHQF\� LQ� WKH� LPDJHV�� DQG� WR�
GHWHFW� VQRZ�SL[HOV� LQ� LPDJHV� REWDLQHG� XQGHU� YDU\LQJ� FRQGLWLRQV� RI�
LOOXPLQDWLRQ�� 7R� VROYH� WKHVH� WDVNV� WKH� LPDJHV� ZHUH� ILUVWO\� WUDQVIRUPHG� LQWR�
GLJLWDO� RUWKRSKRWRV� DW� ��� P� VSDWLDO� UHVROXWLRQ�� DQG� VHFRQGO\�� D� QRUPDOL]HG�
LQGH[��5*%1'6,��LQVSLUHG�E\�WKH�1RUPDOL]HG�'LIIHUHQFH�6QRZ�,QGH[��1'6,��
ZDV�GHYHORSHG��7KLV�LQGH[�LV�EDVHG�RQ�WKH�5HG��*UHHQ��DQG�%OXH�FRPSRQHQWV�LQ�
WKH�GLJLWDO�LPDJHV��

%HFDXVH� WKH\� DUH� REWDLQHG� IURP�����P� DOWLWXGLQDO� OHYHO� DW� D� GLVWDQFH� RI�
OHVV� WKDQ� ��� NP�� DQG� EHFDXVH� WKH\� DUH� LQVHQVLWLYH� WR� FORXG� FRYHU� DERYH� WKH�
DOWLWXGH� RI� WKH� FDPHUD�� WKH� GLJLWDO� LPDJHV� RIIHU� ERWK� KLJK� VSDWLDO�� DQG� KLJK�
WHPSRUDO� UHVROXWLRQV�� 7KLV� LV� D� SURSHUW\�� ZKLFK� FDQQRW� EH� DFKLHYHG� ZLWK�
VDWHOOLWH� GDWD�� ZKLFK� VXIIHU� IURP� WKH� GLOHPPD� WKDW� WHPSRUDO�� DQG� VSDWLDO�
UHVROXWLRQ�JHQHUDOO\�LV�LQYHUVHO\�UHODWHG��
� 7KH�PHWKRG�KDV�FRQWULEXWHG�WR�JLYH�D�PRUH�GHWDLOHG�SLFWXUH�RI�VQRZ�FRYHU�
GHSOHWLRQ� LQ� WKH� =DFNHQEHUJ� 5HVHDUFK� $UHD� �=5$�� LQ� IRUP� RI� VQRZ� FRYHU�
GHSOHWLRQ�FXUYHV�EDVHG�RQ�IUHTXHQW�REVHUYDWLRQV�RI�WKH�VQRZ�FRYHU��7KH�VKDSH�
RI�WKHVH�FXUYHV�LV�PDLQO\�UHODWHG�WR�WKH�HQG�RI�ZLQWHU�VQRZ�DFFXPXODWLRQ�DQG�
WKH�WHPSHUDWXUH�YDULDWLRQ�GXULQJ�WKH�PHOWLQJ�VHDVRQ��
�
����0XOWLVSHFWUDO�GLJLWDO�FDPHUD�LPDJHV��6YDOEDUG�
,Q� WKH� VXPPHU� ������ D� SLORW� VWXG\� RQ� XVLQJ� D� 7HWUDFDP� LQF�� PXOWLVSHFWUDO�
GLJLWDO� FDPHUD� LQ� D� +LJK� $UFWLF� HQYLURQPHQW� ZDV� SHUIRUPHG� DW�1\�cOHVXQG��
6YDOEDUG�� 7KH� LQWURGXFWLRQ� RI� WKLV� W\SH� RI� FDPHUD� ZDV� DQ� LPSURYHPHQW�
�UHODWLYH� WR� FRQYHQWLRQDO� GLJLWDO� FDPHUDV�� LQ� UHODWLRQ� WR� DQDO\VLV� RI� PXOWLSOH�
VXUIDFH�W\SHV��7KH�VWXG\�VKRZHG�WKDW�WKH�QRUPDOL]HG�GLIIHUHQFH�EHWZHHQ�YLVLEOH�
DQG�QHDU�LQIUDUHG�UHIOHFWDQFH�FDQ�EH�XVHG�QRW�RQO\� WR�FODVVLI\�YHJHWDWLRQ��EXW�
DOVR�WR�GLVWLQJXLVK�EHWZHHQ�GLIIHUHQW�W\SHV�RI�VQRZ��IUHVK��ZDWHU�VDWXUDWHG��DQG�
UHIUR]HQ���&KDUDFWHULVWLF�DOEHGR�YDOXHV� IRU�GLIIHUHQW� VXUIDFH� W\SHV�ZHUH� IRXQG�
IURP� ILHOG� PHDVXUHPHQWV� ZLWK� VSHFWURUDGLRPHWHU�� &RPELQLQJ� WKHVH�
PHDVXUHPHQWV�ZLWK�PXOWLVSHFWUDO� RUWKRSKRWRV� HQDEOHG� WKH� GHYHORSPHQW� RI� D�
PHWKRGRORJ\� WR� FUHDWH�GDLO\� DOEHGR�PDSV� IRU� WKH�1\�cOHVXQG�DUHD��%DVHG�RQ�
WKH�WLPH�VHULHV�RI�DOEHGR�PDSV�WKH�GXUDWLRQ�RI�VQRZ�PHOW�ZDV�IRXQG�IRU�HDFK�
SL[HO�LQ�WKH�RUWKRSKRWRV��7KLV�GXUDWLRQ�ZDV�IRXQG�WR�YDU\�IURP�DURXQG����GD\V�
LQ�DUHDV�FORVH�WR�WKH�1\�cOHVXQG�VHWWOHPHQW�WR�PRUH�WKDQ�WZR�PRQWKV�LQ�DUHDV�
ZLWK� KHDY\� VQRZ� GHSRVLWLRQ� RU� LFLQJV�� )LQDOO\�� DV� WKH�PHWKRGRORJ\�PDNHV� LW�
SRVVLEOH�WR� LQFOXGH�WKH�VSDWLDO�GLVWULEXWLRQ�RI�ERWK�VQRZ�ZDWHU�HTXLYDOHQWV��LI�
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REVHUYDWLRQV� RI� VQRZ�GHQVLW\� DUH� LQFOXGHG�� DQG� DOEHGR�� LW� FRXOG� EH� XVHIXO� LQ�
IXWXUH�VWXGLHV�RI�K\GURORJ\�DQG�VXUIDFH�HQHUJ\�EDODQFH��
�
����0RQLWRULQJ�DQG�PRGHOLQJ�VQRZ±YHJHWDWLRQ�UHODWLRQV�
7KH� SUHYDLOLQJ� ZLQG�GLUHFWLRQ� LQ� =5$� ZDV� IRXQG� WR� EH� IDLUO\� FRQVWDQW� IURP�
ZLQWHU� WR�ZLQWHU�� DQG� WKXV� DOVR� VQRZ� FRYHU� GLVWULEXWLRQ� LQ�=5$� LV� VLPLODU� LQ�
GLIIHUHQW�\HDUV��7KHUHIRUH��ZKHQ�GHULYHG�DV�D�IXQFWLRQ�RI�PHOW�HQHUJ\��D�JLYHQ�
VQRZ� FRYHU� GHSOHWLRQ� FXUYH� IURP� =5$�ZLOO� FRUUHVSRQG� WR� RQH�� DQG� RQO\� RQH�
HQG�RI�ZLQWHU� VQRZ� DFFXPXODWLRQ�� 7KLV� PDGH� LW� SRVVLEOH� WR� XVH� GLJLWDO�
RUWKRSKRWRV� �REWDLQHG� LQ� VL[� GLIIHUHQW�PHOWLQJ� VHDVRQV�� WR� GHULYH� D� GDWD� VHW��
ZKLFK� UHIOHFWV� VSDWLDO� SDWWHUQV� RI� VQRZ� FRYHU� GHSOHWLRQ� FRUUHVSRQGLQJ� WR�
GLIIHUHQW� HQG�RI�ZLQWHU� VQRZ� DFFXPXODWLRQV�� 2Q� WKH� EDVLV� RI� WKLV� GDWD� VHW�� D�
VHPL�HPSLULFDO� PRGHOLQJ� DSSURDFK� ZDV� GHYHORSHG� WR� UHWURVSHFWLYHO\�
UHFRQVWUXFW� VQRZ� FRYHU� GHSOHWLRQ�� DQG� VQRZ� DFFXPXODWLRQ� IRU� WKH� SHULRG�
����±������ 7KH�PRGHO� ZDV� GHULYHG� DVVXPLQJ� WKDW� WKH� HQHUJ\� DYDLODEOH� IRU�
VQRZ�PHOW�FDQ�EH�H[SUHVVHG�DV� WKH�DFFXPXODWLRQ�RI�GDLO\�PHDQ�WHPSHUDWXUHV�
KLJKHU�WKDQ�D�EDVH�YDOXH��)URP�REVHUYDWLRQV�RI�DLU�WHPSHUDWXUH�DQG�VQRZ�PHOW��
WKLV� YDOXH� ZDV� GHWHUPLQHG� WR� ���&�� %HFDXVH� RI� WKH� KLJK� IUHTXHQF\� RI�
WHPSHUDWXUH� LQYHUVLRQV� LQ� =5$�� LW� ZDV� FRQFOXGHG� WKDW� �EDVHG� RQ� SUHVHQW�
NQRZOHGJH� RI� WKH� DUHD¶V� WHPSHUDWXUH� YDULDWLRQ�� PRGHO�DFFXUDF\� FDQQRW� EH�
LPSURYHG�E\�LQFOXGLQJ�WRSRJUDSKLF�FRUUHFWLRQ��XVLQJ�VWDQGDUG�ODSVH�UDWHV�� LQ�
WKH� FDOFXODWLRQ� RI� PHOW�HQHUJ\�� 7KH� PRGHOHG� UHVXOWV� UHYHDO� H[WHQVLYH� LQWHU�
DQQXDO� YDULDELOLW\� LQ� ERWK� VQRZ�SUHFLSLWDWLRQ� DPRXQWV� DQG� VQRZ� FRYHU�
H[WHQW²WKH� DFFXPXODWLRQ� KDV� YDULHG� IURP� OHVV� WKDQ� ��� FP� LQ� VRPH� \HDUV� WR�
PRUH�WKDQ�D�PHWHU�LQ�RWKHUV��DQG�WKH�GDWH�ZLWK�����VQRZ�FRYHUDJH�KDV�YDULHG�
DV�PXFK�DV�RQH�PRQWK���

,Q�WKH�$UFWLF��YHJHWDWLYH�DFWLYLW\�LV�KLJKO\�UHOLDQW�RQ�WKH�SUHVHQFH�DEVHQFH�
RI� VQRZ� FRYHU�� 7KH� HVWDEOLVKPHQW� RI� D� PXOWLVSHFWUDO� FDPHUD� DW� =DFNHQEHUJ�
JDYH� WKH� RSSRUWXQLW\� WR� DQDO\]H� WKH� UHODWLRQ� EHWZHHQ� VQRZ� FRYHU� H[WHQW� DQG�
YHJHWDWLYH�DFWLYLW\��1'9,��ZLWKLQ�=5$��7KH�UHVXOWV�LQGLFDWHG�WKDW�VQRZ�FRYHU�LV�
E\�IDU�WKH�PRVW�LPSRUWDQW�SDUDPHWHU�DIIHFWLQJ�YHJHWDWLYH�DFWLYLW\�LQ�=5$��ERWK�
ZLWK� UHVSHFW� WR� WLPLQJ� DQG� WRWDO� DPRXQW� RI� SKRWRV\QWKHWLF� DFWLYLW\�� 7KLV�
HQDEOHG� WKH� XVDJH� RI� VQRZ� FRYHU�� DQG� 1'9,� PDSV� WR� LQWHUSRODWH� D� VHPL�
HPSLULFDO� GDWD� VHW� GHVFULELQJ� 1'9,� GXULQJ� JUHHQ�XS�� DV� D� IXQFWLRQ� RI� VQRZ�
FRYHU�DQG�WLPH��2Q�WKH�EDVLV�RI�WKLV�GDWD�VHW�DQG�WKH�PRGHOHG�VQRZ�FRYHU��DOVR�
1'9,�FXUYHV�ZHUH�PRGHOHG�UHWURVSHFWLYHO\�EDFN�WR�������%HFDXVH�VQRZ�FRYHU�
YDULHV�H[WHQVLYHO\�ZLWKLQ�=5$��DOVR�YHJHWDWLYH�DFWLYLW\�YDULHV�FRQVLGHUDEO\�IURP�
\HDU� WR� \HDU�� 7KH� JURZLQJ� VHDVRQ� LQ� =5$� KDV� YDULHG� ZLWK� DERXW� IRXU� ZHHNV�
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�PLQLPXP�� ��� GD\V� LQ� ������ PD[LPXP�� ��� GD\V�� ������� DQG� WKH� WLPH� RI�
PD[LPXP�1'9,�KDV�YDULHG�ZLWK����GD\V��IURP�-XO\����LQ������WR�$XJXVW���LQ�
������ZKHUHDV� WKH�PHDQ�GDWH� LV� -XO\�����7KH� WRWDO� DPRXQW�RI�SKRWRV\QWKHWLF�
DFWLYLW\�RYHU� WKH�HQWLUH� WKH�JURZLQJ�VHDVRQ� LV�DERXW� WZLFH�DV�KLJK� LQ�JURZLQJ�
VHDVRQV�ZLWK�PLQLPXP�VQRZ�FRYHU�DV� LQ�WKH�VHDVRQV�ZLWK�WKH�PRVW�H[WHQVLYH�
VQRZ�FRYHU���

=5$�UHSUHVHQWV�D�UHODWLYHO\�KLJK�GLYHUVLW\�RI�SODQW�VSHFLHV��DQG�LQ�UHODWLRQ�
WR�VXPPHU�WHPSHUDWXUHV�LW�PD\�EH�FODVVLILHG�DV�UHSUHVHQWLQJ�WKUHH�ELR�FOLPDWLF�
VXE�]RQHV� �1RUWKHUQ� DUFWLF� WXQGUD� ]RQH�� 0LGGOH� DUFWLF� WXQGUD� ]RQH�� DQG�
6RXWKHUQ�DUFWLF� WXQGUD� ]RQH���7KLV�PDNHV� LW� UHDVRQDEOH� WR� DVVXPH� WKDW� VRPH�
VSHFLHV�PLJKW�EH�DGDSWHG�EHWWHU�WR�WKH�ORFDO�FOLPDWH�LQ�VRPH�\HDUV��ZKLOH�RWKHU�
VSHFLHV� PLJKW� EH� LQ� RWKHU� \HDUV�� +RZHYHU�� WKHUH� LV� QR� FRUUHODWLRQ� EHWZHHQ�
VXPPHU�WHPSHUDWXUHV�DQG�PDJQLWXGH�RI�PD[LPXP�1'9,�LQ�=5$��DQG�WKHUH�LV�
RQO\�D�UHODWLYHO\�OLPLWHG�LQIOXHQFH�IURP�WHPSHUDWXUH�RQ�WKH�WLPLQJ�RI�WKH�SHDN�
YHJHWDWLYH� DFWLYLW\�� ,W� ZDV� WKHUHIRUH� FRQFOXGHG� WKDW� WKH� EDODQFH� EHWZHHQ�
VXPPHU� WHPSHUDWXUHV� DQG� ZLQWHU� SUHFLSLWDWLRQ� �VQRZ� FRYHU� GHSOHWLRQ� UDWH��
PD\� EH� WKH� NH\� SDUDPHWHU� WR� SUHGLFW� IXWXUH� YHJHWDWLRQ� VWDWXV� LQ�+LJK�$UFWLF�
DUHDV�OLNH�=5$��
�
����&OLPDWH��VHD�LFH��VQRZ��DQG�HIIHFWV�RQ�WKH�HFRV\VWHP��
2YHU� WKH� PLGGOH� DQG� KLJK� ODWLWXGHV� RI� WKH� 1RUWKHUQ� +HPLVSKHUH� WKH� PRVW�
SURPLQHQW�DQG�UHFXUUHQW�SDWWHUQ�RI�DWPRVSKHULF�YDULDELOLW\�LV�WKH�1$2��,Q�WKH�
SUHVHQW�ZRUN� VQRZ�SUHFLSLWDWLRQ� RYHU� WKH�1RUWK� $WODQWLF� UHJLRQ�ZDV� GHULYHG�
XVLQJ� 1&(3� UHDQDO\VLV� SUHFLSLWDWLRQ� UDWHV� DQG� DLU� WHPSHUDWXUHV� LQ�
������î������� ODWLWXGH�ORQJLWXGH� JULG�FHOOV�� $� UXQQLQJ� FRUUHODWLRQ� DQDO\VLV�
EHWZHHQ� WKH� 1$2� DQG� PRGHOHG� VQRZ�SUHFLSLWDWLRQ�� XVLQJ� UXQQLQJ� ���\HDU�
SHULRGV�� VKRZHG� WKDW� HQG�RI�ZLQWHU� VQRZ� DFFXPXODWLRQ� LQ� WKH� =DFNHQEHUJ�
UHJLRQ�ZDV�FRUUHODWHG�VLJQLILFDQWO\�WR�WKH�1$2�LQ�RQH�WKLUG�RI�WKH�WLPH�GXULQJ�
����±������+RZHYHU�� IRU� WKH� SHULRG� ����±������ZKHUH� WKH� FRUUHODWLRQ�ZDV�
LQVLJQLILFDQW�� WKHUH� ZDV� D� VLJQLILFDQW� QHJDWLYH� FRUUHODWLRQ� EHWZHHQ� ��� VHD�LFH�
GXUDWLRQ� LQ� WKH� VRXWKHUQ� *UHHQODQG� 6HD� DQG� ��� VQRZ�SUHFLSLWDWLRQ� DURXQG�
=DFNHQEHUJ�� 7R� JHW� D� PRUH� GHWDLOHG� SLFWXUH�� FRUUHODWLRQV� EHWZHHQ� VHD�LFH�
GXUDWLRQ� LQ� GLIIHUHQW� VHFWRUV� RI� WKH� *UHHQODQG� 6HD� DQG� VQRZ�SUHFLSLWDWLRQ�
DURXQG�=DFNHQEHUJ�ZHUH�FDOFXODWHG��7KLV�OHG�WR�WKH�LGHQWLILFDWLRQ�RI�D�³FHQWHU�
RI�DFWLRQ´��WKH�DUHD�ZLWK�RSWLPXP�FRUUHODWLRQ�EHWZHHQ�VHD�LFH�YDULDELOLW\�DQG�
WHUUHVWULDO�VQRZ�SUHFLSLWDWLRQ���ZKLFK�LV�VLWXDWHG�DSSUR[LPDWHO\�����NP�QRUWK�
RI�,FHODQG�EHWZHHQ�*UHHQODQG�DQG�WKH�LVODQG�RI�-DQ�0D\HQ��6HD�LFH�G\QDPLFV�
DURXQG� WKH� ³FHQWHU� RI� DFWLRQ´� DUH� FRPSOH[�� DQG� DUH� SUHVHQWO\� QRW� IXOO\�
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XQGHUVWRRG��7KH� FRPSOH[LW\�RI� LFH�FRQGLWLRQV� LQ� WKLV� UHJLRQ� LV�GXH� WR� VHYHUDO�
IDFWRUV�� LQIORZ� IURP� H[WHUQDO� VRXUFHV� RI� LFH� �LFH� WUDQVSRUWHG� LQ� WKH� (DVW�
*UHHQODQG� &XUUHQW�� RULJLQDWLQJ� IURP� WKH� $UFWLF� 2FHDQ��� IUHVKZDWHU�VDOLQLW\�
EDODQFH��VXUIDFH�WHPSHUDWXUHV��DQG�RFHDQ�FXUUHQWV��'XH�WR�WKH�IUHH]LQJ�RI�WKH�
FROG�ZDWHU�LQ�WKH�-DQ�0D\HQ�&XUUHQW��D�EUDQFK�RI�WKH�(DVW�*UHHQODQG�&XUUHQW��
SDVVLQJ� DURXQG� WKH� VRXWKHUQ� HGJH�RI� WKH�*UHHQODQG�6HD�*\UH��� D�QRWHZRUWK\�
IHDWXUH�FDOOHG�2GGHQ�LFH�WRQJXH�GHYHORSV�PRUH�RU�OHVV�VLJQLILFDQWO\�LQ�GLIIHUHQW�
ZLQWHUV�� ,W� ZDV� VKRZQ� WKDW� WKH� YDULDELOLW\� LQ� WKH� H[WHQW� RI� 2GGHQ� LV� FORVHO\�
UHODWHG�WR�WKH�VHD�LFH�YDULDWLRQ�DURXQG�WKH�³FHQWHU�RI�DFWLRQ´��DQG�WKDW�WKH�VHD�
LFH�GXUDWLRQ� LQ� WKH� UHJLRQ� LV� ODUJHO\� UHIOHFWHG� LQ� WKH� VXUIDFH� DLU� WHPSHUDWXUHV�
UHFRUGHG� DW� WKH� LVODQG� RI� -DQ� 0D\HQ�� ,W� ZDV� WKHUHIRUH� DVVXPHG� WKDW� IXWXUH�
VFHQDULRV�RI�WKH�VXUIDFH�DLU�WHPSHUDWXUHV�DW�-DQ�0D\HQ�FDQ�EH�XVHG�DV�D�SUR[\�
IRU� WKH� DYHUDJH� VHD�LFH� GXUDWLRQ� LQ� WKH� UHJLRQ� LQ� WKH� IXWXUH�� )RU� WKH� SHULRG�
����±������WKH�DYHUDJH�HQG�RI�ZLQWHU�VQRZ�DFFXPXODWLRQ�DW�=DFNHQEHUJ�ZDV�
FDOFXODWHG� RQ� WKH� EDVLV� RI� WKH� UHODWLRQ� IRXQG� EHWZHHQ� VHD�LFH� GXUDWLRQ� DQG�
WHUUHVWULDO�VQRZ�SUHFLSLWDWLRQ��'XH�WR�GHFUHDVLQJ�DPRXQWV�RI�VHD�LFH��WKH�UHVXOW�
ZDV� DQ� LQFUHDVH� �UHODWLYH� WR� WKH� SUHVHQW� FRQGLWLRQV�� RI� ���� LQ�ZLQWHU� VQRZ�
SUHFLSLWDWLRQ� �IURP� ��� FP� WR� ���� FP��� 7KLV� FRUUHVSRQGV� ZHOO� WR� ZKDW� LV�
SUHGLFWHG� E\� D� KLJK� UHVROXWLRQ� ���� NP�� UHJLRQDO� FOLPDWH�PRGHO�� ,W� ZDV� WKXV�
FRQFOXGHG� WKDW� VHD�LFH�YDULDELOLW\�PLJKW�SOD\�DQ� LPSRUWDQW� UROH� LQ� UHODWLRQ� WR�
VQRZ�SUHFLSLWDWLRQ�DPRXQWV�LQ�1RUWKHDVW�*UHHQODQG��7KH�FRUUHODWLRQ�DQDO\VHV�
GR�QRW� LQ� WKHP� VHOYHV� VXSSRUW� D� FDXVDO� UHODWLRQ� UHODWLRQVKLS�EHWZHHQ� VHD�LFH�
GXUDWLRQ�DQG�VQRZ�SUHFLSLWDWLRQ��+RZHYHU��WKH�VWULNLQJO\�KLJK�FRUUHODWLRQV�DQG�
WKH�PDWFK�LQ�RUGHUV�RI�PDJQLWXGH�EHWZHHQ�VHD�LFH�EDVHG��DQG�FOLPDWH�PRGHOHG�
VQRZ�SUHFLSLWDWLRQ�FDOO�IRU�IXUWKHU�UHVHDUFK���

2YHU� WKH� ��VW� FHQWXU\�� DW� KLJK� ODWLWXGHV�� *&0V� SUHGLFW� WKH� WHQGHQF\� RI�
ZLQWHU�ZDUPLQJ� WR� EH� SDUWLFXODUO\� SURQRXQFHG�� $W� D� ILUVW� HVWLPDWH�� LW� VHHPV�
UHDVRQDEOH� WR� VXJJHVW� WKDW� KLJKHU� WHPSHUDWXUHV� JHQHUDOO\� ZRXOG� OHDG� WR� D�
ORQJHU� JURZLQJ� �VQRZ�IUHH�� VHDVRQ� LQ� WHUUHVWULDO� HFRV\VWHPV��+RZHYHU��EDVHG�
RQ�FOLPDWH�FKDQJH�VFHQDULRV��LQFOXGLQJ�VHD�LFH±VQRZ�SUHFLSLWDWLRQ�UHODWLRQV���
LW�ZDV�VKRZQ�WKDW�ERWK�WHPSHUDWXUHV�DQG�VQRZ�SUHFLSLWDWLRQ�FDQ�EH�H[SHFWHG�
WR� LQFUHDVH� RYHU� WKH� ��VW� FHQWXU\� DW� UDWHV�� ZKLFK�PDNHV� WKH� EDODQFH� EHWZHHQ�
PHOW�HQHUJ\�DQG�DYHUDJH�VXPPHU�VQRZ�FRYHU�H[WHQW�VWD\�DW�D�QHDUO\�FRQVWDQW�
OHYHO�LQ�1RUWKHDVW�*UHHQODQG��'XH�WR�LQFUHDVHG�VSULQJ�WHPSHUDWXUHV�WKH�VQRZ�
FRYHU�ZLOO�VWDUW�WR�GHSOHWH�HDUOLHU��DQG�WKH�UDWKHU�OLPLWHG�WHPSHUDWXUH�LQFUHDVH�
LQ�VXPPHU�WHPSHUDWXUHV�OHDYHV�RXW�QHDU�QHXWUDO�FRQGLWLRQV�IRU�IORUD�DQG�IDXQD�
LQ�WKH�VXPPHU�PRQWKV��-XQH±$XJXVW���+RZHYHU��LQ�VRPH�DUHDV�FKDUDFWHUL]HG�
E\�KHDY\�VQRZ�GHSRVLWLRQ��WKH�PHOWLQJ�VHDVRQ�ZLOO�EH�SURORQJHG��,Q�WKHVH�DUHDV�
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WKH� SODQW� VSHFLHV� FRPSRVLWLRQ�PD\� EH� FKDQJHG� LQ� WKH� GLUHFWLRQ� RI� VQRZ�EHG�
FRPPXQLWLHV���

7KXV��LW�ZDV�FRQFOXGHG�WKDW�WKH�PRVW�GUDPDWLF�FRQVHTXHQFHV�RI�D�ZDUPHU�
FOLPDWH�RQ�+LJK�$UFWLF� HFRV\VWHPV� LQ�1RUWKHDVW�*UHHQODQG�ZLOO� EH� UHODWHG� WR�
FKDQJHG� FRQGLWLRQV� LQ� WKH� ZLQWHU�� ZKHUH� WKH� PRVW� GUDPDWLF� WHPSHUDWXUH�
LQFUHDVHV� DUH� H[SHFWHG� WR� RFFXU�� 'XH� WR� LQFUHDVHG� IUHTXHQF\� RI� LFLQJV� DQG�
IUHH]H�WKDZ�HYHQWV��ZKLFK�OHDGV�WKH�IRUPDWLRQ�RI�LFH�FUXVWV�LQ�WKH�VQRZ�SDFN���
VLJQLILFDQWO\�ZDUPHU�DQG�PRUH�KXPLG�ZLQWHUV�PD\�EH�IDWDO�IRU�KHUELYRUHV�OLNH�
OHPPLQJV�DQG�PXVNR[HQ��
�



���

5HIHUHQFHV��

$&,$�� ,PSDFWV� RI� D� :DUPLQJ� $UFWLF�� $UFWLF� &OLPDWH� ,PSDFW� $VVHVVPHQWV��
+DVVRO��6��-����������������&DQDGD��&DPEULGJH�8QLYHUVLW\�3UHVV���
5HI�7\SH��5HSRUW�
$0$3��$0$3�$VVHVVPHQW�5HSRUW��$UFWLF�3ROOXWLRQ� ,VVXHV��$UFWLF�0RQLWRULQJ�
$VVHVVPHQW�3URJUDPPH��$0$3����[LL������������2VOR��1RUZD\���
5HI�7\SH��5HSRUW�
%D\�&��9HJHWDWLRQ�PDSSLQJ�RI�=DFNHQEHUJ�YDOOH\��1RUWKHDVW�*UHHQODQG�� �������
������ &RSHQKDJHQ�� 'DQLVK� 3RODU� &HQWHU� 	� %RWDQLFDO�0XVHXP��8QLYHUVLW\� RI�
&RSHQKDJHQ���
5HI�7\SH��5HSRUW�
%OLVV�/&�� :� *� *ROG�� ������ 9DVFXODU� SODQW� UHSURGXFWLRQ�� HVWDEOLVKPHQW�� DQG�
JURZWK�DQG�WKH�HIIHFWV�RI�FU\SWRJDPLF�FUXVWV�ZLWKLQ�D�SRODU�GHVHUW�HFRV\VWHP��
'HYRQ�,VODQG��1:7��&DQDGD��&DQDGLDQ�-RXUQDO�RI�%RWDQ\�5HYXH�&DQDGLHQQH�
GH�%RWDQLTXH��Y������S�����������
%OLVV�/&��1�9�0DWYH\HYD��������&LUFXPSRODU�$UFWLF�9HJHWDWLRQ�� LQ�)6�&KDSLQ��
5/� -HIIULHV�� -)� 5H\QROGV�� *5� 6KDYHU�� -� 6YRERGD�� DQG� (:� &KX� �HGV��� $UFWLF�
(FRV\VWHPV� LQ� D� &KDQJLQJ� &OLPDWH�� $QG� (FRSK\VLRORJLFDO� 3HUVSHFWLYH��� 1HZ�
<RUN��$FDGHPLF�3UHVV��S���������
%|FKHU�7:�� ������ 6WXGLHV� RQ� WKH� YHJHWDWLRQ� RI� WKH� HDVW� FRDVW� RI� *UHHQODQG��
0HGGHOHOVHU�RP�*U¡QODQG��&RSHQKDJHQ��$��5HLW]HOV�IRUODJ����S���������
%RUQ�(:��-�%|FKHU��������7KH�HFRORJ\�RI�*UHHQODQG��$WXDNNLRUILN�(GXFDWLRQ��
S���������
&DSSHOHQ�-�� %� 9� -¡UJHQVHQ�� (� 9� /DXUVHQ�� /� 6� 6WDQQLXV�� 5� -� 7KRPVHQ�� 7KH�
2EVHUYHG� &OLPDWH� RI� *UHHQODQG�� �������� �� ZLWK� &OLPDWRORJLFDO� 6WDQGDUG�
1RUPDOV���������������������������'DQLVK�0HWHRURORJLFDO�,QVWLWXWH��7HFKQLFDO�
5HSRUWV���
5HI�7\SH��5HSRUW�
&$90� 7HDP�� &LUFXPSRODU� $UFWLF� 9HJHWDWLRQ� 0DS�� 6FDOH� ������������� >�@��
������$QFKRUDJH��$ODVND��&RQVHUYDWLRQ�RI�$UFWLF�)ORUD�DQG�)DXQD��&$))���8�6��
)LVK�DQG�:LOGOLIH�6HUYLFH���
5HI�7\SH��0DS�
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&RPLVR�-&�� 3� :DGKDPV�� /� 7� 3HGHUVHQ�� 5� $� *HUVWHQ�� ������ 6HDVRQDO� DQG�
LQWHUDQQXDO�YDULDELOLW\�RI�WKH�2GGHQ�LFH�WRQJXH�DQG�D�VWXG\�RI�HQYLURQPHQWDO�
HIIHFWV��-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK�2FHDQV��Y�������S�������������
'HVHU�&��������2Q�WKH�WHOHFRQQHFWLYLW\�RI�WKH��$UFWLF�2VFLOODWLRQ���*HRSK\VLFDO�
5HVHDUFK�/HWWHUV��Y������S�����������
'HWKORII�.��0� 6FKZDJHU�� -� +� &KULVWHQVHQ�� 6� .LOVKROP�� $� 5LQNH��:� 'RUQ�� )�
-XQJ�5RWKHQKDXVOHU�� +� )LVFKHU�� 6� .LSIVWXKO�� +� 0LOOHU�� ������ 5HFHQW�
*UHHQODQG� DFFXPXODWLRQ� HVWLPDWHG� IURP� UHJLRQDO� FOLPDWH�PRGHO� VLPXODWLRQV�
DQG�LFH�FRUH�DQDO\VLV��-RXUQDO�RI�&OLPDWH��Y������S�������������
'3&��=(52�DQQXDO�UHSRUWV������������0HOWRIWH��+���7KLQJ��+���5DVFK��0���DQG�
&DQLQJ��.�� ������� �'DQLVK�3RODU�&HQWHU��0LQLVWU\�RI�6FLHQFH�7HFKQRORJ\�DQG�
,QQRYDWLRQ���
5HI�7\SH��5HSRUW�
'UDQJH�+��������*XOI�6WUHDP�XQOLNHO\�WR�VKXW�GRZQ��&LFHUR��S�������
'ULVFROO�1:��*�+�+DXJ�� ������$�VKRUW� FLUFXLW� LQ� WKHUPRKDOLQH� FLUFXODWLRQ��$�
FDXVH�IRU�QRUWKHUQ�KHPLVSKHUH�JODFLDWLRQ"��6FLHQFH��Y�������S�����������
(OYHEDNN�$�� %LRFOLPDWLF� GHOLPLWDWLRQ� DQG� 6XEGLYLVLRQ� RI� WKH� $UFWLF��
KWWS���ZZZ�WR\HQ�XLR�QR�SDQDUFWIORUD�SDSHUV�GHOLPLQ�GHOLPLWDWLRQ�KWP�'LV
F���������
5HI�7\SH��(OHFWURQLF�&LWDWLRQ�
)RUFKKDPPHU�0�� '� %RHUWPDQQ�� ������ 7KH� 0XVNR[HQ� 2YLERV� 0RVFKDWXV� LQ�
1RUWK� DQG� 1RUWKHDVW� *UHHQODQG� �� 3RSXODWLRQ� 7UHQGV� DQG� WKH� ,QIOXHQFH� RI�
$ELRWLF�3DUDPHWHUV�RQ�3RSXODWLRQ�'\QDPLFV��(FRJUDSK\��Y������S�����������
*UD\�'0��'�+�0DOH�� ������+DQGERRN� RI� 6QRZ��7RURQWR��2[IRUG��1HZ�<RUN��
6\GQH\��3DULV��)UDQNIXUW��3HUJDPRQ�3UHVV��
*URLVPDQ�3<��7�5�.DUO��5�:�.QLJKW��������2EVHUYHG�,PSDFW�RI�6QRZ�&RYHU�RQ�
WKH�+HDW�%DODQFH�DQG�WKH�5LVH�RI�&RQWLQHQWDO�6SULQJ�7HPSHUDWXUHV��6FLHQFH��Y��
�����S�����������
+DOO�'.�� -� 0DUWLQHF�� ������ 5HPRWH� 6HQVLQJ� RI� ,FH� DQG� 6QRZ�� &DPEULGJH��
&KDSPDQ�DQG�+DOO��
+DQVHQ�%8��$�0RVEHFK��������8VH�RI�1RDD�$YKUU�'DWD�WR�0RQLWRU�6QRZ�&RYHU�
DQG�6SULQJ�0HOWRII�LQ�WKH�:LOGOLIH�+DELWDWV�LQ�-DPHVRQ�/DQG��(DVW�*UHHQODQG��
3RODU�5HVHDUFK��Y������S�����������
+DUGLQJ�5-��5�&�-RKQVRQ��+�6RHJDDUG��������7KH�(QHUJ\�%DODQFH�RI�6QRZ�DQG�
3DUWLDOO\�6QRZ�&RYHUHG�$UHDV�LQ�:HVWHUQ�*UHHQODQG��,QWHUQDWLRQDO�-RXUQDO�RI�
&OLPDWRORJ\��Y������S�������������
�
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+LOPHU�5��0�+DUGHU��3�/HPNH��������6HD�LFH�WUDQVSRUW��D�KLJKO\�YDULDEOH�OLQN�
EHWZHHQ� $UFWLF� DQG� 1RUWK� $WODQWLF�� *HRSK\VLFDO� 5HVHDUFK� /HWWHUV�� Y�� ���� S��
�����������
+LQNOHU�-��6�%�3HGHUVHQ��0�5DVFK��%�8�+DQVHQ��������$XWRPDWLF�VQRZ�FRYHU�
PRQLWRULQJ� DW�KLJK� WHPSRUDO� DQG� VSDWLDO� UHVROXWLRQ��XVLQJ� LPDJHV� WDNHQ�E\� D�
VWDQGDUG� GLJLWDO� FDPHUD�� ,QWHUQDWLRQDO� -RXUQDO� RI� 5HPRWH� 6HQVLQJ�� Y�� ���� S��
�����������
+XUUHOO�-:��������'HFDGDO�7UHQGV�LQ�WKH�1RUWK�$WODQWLF�2VFLOODWLRQ���5HJLRQDO�
7HPSHUDWXUHV�DQG�3UHFLSLWDWLRQ��6FLHQFH��Y�������S�����������
+XUUHOO�-:�� <� .XVKQLU�� *� 2WWHUVHQ�� 0� 9LVEHFN�� ������ $Q� 2YHUYLHZ� RI� WKH�
1RUWK� $WODQWLF� 2VFLOODWLRQ�� LQ� -:� +XUUHOO�� <� .XVKQLU�� *� 2WWHUVHQ�� DQG� 0�
9LVEHFN� �HGV��� 7KH� 1RUWK� $WODQWLF� 2VFLOODWLRQ�� &OLPDWLF� 6LJQLILFDQFH� DQG�
(QYLURQPHQWDO� LPSDFW��:DVKLQJWRQ��'&�� $PHULFDQ�*HRSK\VLFDO�8QLRQ�� S�� ��
����
+<&20� &RQVRUWLXP�� 2FHDQ� 6XUIDFH� &XUUHQWV�� 6LWH� ,QGH[� �� 6LWH� 0DS��
KWWS���RFHDQFXUUHQWV�UVPDV�PLDPL�HGX�VLWH�PDS�KWPO����������
5HI�7\SH��(OHFWURQLF�&LWDWLRQ�
,3&&�� &OLPDWH� &KDQJH� ������ 7KH� 6FLHQWLILF� %DVLV�� &RQWULEXWLRQ� RI� :RUNLQJ�
*URXS� ,� WR� WKH� 7KLUG�$VVHVVPHQW�5HSRUW� RI� WKH� ,QWHUJRYHUQPHQWDO� 3DQHO� RQ�
&OLPDWH�&KDQJH��+RXJKWRQ��-��7���'LQJ��<���*ULJJV��'��-���1RJXHU��0���YDQ�GHU�
/LQGHQ��3��-���'DL��;���0DVNHOO��.���DQG�-RKQVRQ��&��$����������������&DPEULGJH��
8QLWHG�.LQJGRP�DQG�1HZ�<RUN��1<��86$��&DPEULGJH�8QLYHUVLW\�3UHVV���
5HI�7\SH��5HSRUW�
-RKDQQHVVHQ�20��/�%HQJWVVRQ��0�:�0LOHV��6� ,�.X]PLQD��9�$�6HPHQRY��*�9�
$OHNVHHY�� $� 3� 1DJXUQ\L�� 9� )� =DNKDURY�� /� 3� %RE\OHY�� /� +� 3HWWHUVVRQ�� .�
+DVVHOPDQQ��+�3�&DWWOH��������$UFWLF�FOLPDWH�FKDQJH��REVHUYHG�DQG�PRGHOHG�
WHPSHUDWXUH�DQG�VHD�LFH�YDULDELOLW\��7HOOXV�$��Y������S�����������
-RQHV�+*��-�*�3RPHUR\��'�$�:DONHU��'�0�+ROODQG��������6QRZ�(FRORJ\��$Q�
,QWHUGLVFLSOLQDU\� ([DPLQDWLRQ� RI� 6QRZ�FRYHUHG� (FRV\VWHPV�� &DPEULGJH�
8QLYHUVLW\�3UHVV��
.LLOVKROP�6��-�+�&KULVWHQVHQ��.�'HWKORII��$�5LQNH��������1HW�DFFXPXODWLRQ�RI�
WKH� *UHHQODQG� LFH� VKHHW�� +LJK� UHVROXWLRQ� PRGHOLQJ� RI� FOLPDWH� FKDQJHV��
*HRSK\VLFDO�5HVHDUFK�/HWWHUV��Y������
0DUWLQ�7��3�:DGKDPV��������6HD�LFH�IOX[�LQ�WKH�(DVW�*UHHQODQG�&XUUHQW��'HHS�
6HD�5HVHDUFK�3DUW�,L�7RSLFDO�6WXGLHV�LQ�2FHDQRJUDSK\��Y������S�������������
0HOWRIWH�+��������3RSXODWLRQV�DQG�EUHHGLQJ�VFKHGXOHV�RI�ZDGHUV��&KDUDGULL��LQ�
KLJK�DUFWLF�*UHHQODQG��0HGGHOHOVHU�RP�*U¡QODQG��%LRVFLHQFH��Y������S��������
0HOWRIWH�+��6QH��LV�RJ����JUDGHUV�NXOGH��+YDG�HU�HIIHNWHUQH�DI�NOLPD QGULQJHU�L�
1RUG¡VWJU¡QODQG"� 0HOWRIWH�� +�� ���� ������ ������ 'HQPDUN�� 0LQLVWU\� RI� WKH�
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(QYLURQPHQW�� 1DWLRQDO� (QYLURQPHQWDO� 5HVHDUFK� ,QVWLWXWH�� 7(0$�UDSSRUWHU�
IUD�'08���
5HI�7\SH��5HSRUW�
0HOWRIWH�+�� 7� 3LHUVPD�� +� %R\G�� %� 0F&DIIHU\�� %� *DQWHU�� 5� (� *LOO�� 9� 9�
*RORYQ\XN�� .� *UDKDP�� 5� ,� *�0RUULVRQ�� (� 1RO�� +�8� 5|VQHU�� '� 6FKDPHO�� +�
6FKHNNHUPDQ��0�<�6RORYLHY��3�6�7RPNRYLFK��'�7UDF\��,�7XOS��/�:HQQHUEHUJ��
$UFWLF� VKRUHELUGV� DQG� FOLPDWH�� D� FLUFXPSRODU� UHYLHZ� RI� EUHHGLQJ� FRQGLWLRQV��
$UFWLF����������
5HI�7\SH��,Q�3UHVV�
0HQRHV�0&��.�/�%UXEDNHU��+RZ�6LPLODU�$UH�6QRZ�'HSOHWLRQ�&XUYHV�IURP�<HDU�
WR� <HDU"� &DVH� 6WXG\� LQ� WKH� 8SSHU� 5LR� *UDQGH� :DWHUVKHG�� ��WK� ($67(51�
612:�&21)(5(1&(��2WWDZD��2QWDULR��&DQDGD����������
5HI�7\SH��$EVWUDFW�
0\QHQL�5%��&�'�.HHOLQJ��&�-�7XFNHU��*�$VUDU��5�5�1HPDQL�� ������ ,QFUHDVHG�
SODQW�JURZWK�LQ�WKH�QRUWKHUQ�KLJK�ODWLWXGHV�IURP������WR�������1DWXUH��Y�������
S�����������
0\VDN�/$��'�.�0DQDN��5�)�0DUVGHQ��������6HD�LFH�DQRPDOLHV�REVHUYHG�LQ�WKH�
*UHHQODQG� DQG� /DEUDGRU� VHDV� GXULQJ� ����±����� DQG� WKHLU� UHODWLRQV� WR� DQ�
LQWHUGHFDGDO�$UFWLF�FOLPDWH�F\FOH��&OLPDWH�'\QDPLFV��Y�����S�����������
1DWLRQDO�*HRVSDWLDO�,QWHOOLJHQFH�$JHQF\��6DLOLQJ�'LUHFWLRQV� �SODQQLQJ�JXLGH���
$UFWLF�2FHDQ�������������%HWKHVGD��0DU\ODQG��86$��86�1DWLRQDO� �*HRVSDWLDO�
,QWHOOLJHQFH�$JHQF\���
5HI�7\SH��5HSRUW�
12$$�&OLPDWH� 3UHGLFWLRQ� &HQWHU�� 1RUWK� $WODQWLF� 2VFLOODWLRQ� �1$2���
KWWS���ZZZ�FSF�QFHS�QRDD�JRY�GDWD�WHOHGRF�QDR�KWPO����������
5HI�7\SH��(OHFWURQLF�&LWDWLRQ�
16,'&�� 1RUWKHUQ� +HPLVSKHUH� 6QRZ� ([WHQW�� :KDW� VHQVRUV� RQ� VDWHOOLWHV� DUH�
WHOOLQJ�XV�DERXW�VQRZ�FRYHU��7KH�1DWLRQDO�6QRZ�DQG�,FH�'DWD�&HQWHU��16,'&���
8QLYHUVLW\�RI�&RORUDGR�%RXOGHU����������
5HI�7\SH��(OHFWURQLF�&LWDWLRQ�
2KPXUD�$�� 1� 5HHK�� ������ 1HZ� 3UHFLSLWDWLRQ� DQG� $FFXPXODWLRQ� 0DSV� IRU�
*UHHQODQG��-RXUQDO�RI�*ODFLRORJ\��Y������S�����������
3HGHUVHQ�/7��6HD�LFH�LQ�WKH�*UHHQODQG�6HD����������
5HI�7\SH��3HUVRQDO�&RPPXQLFDWLRQ�
3KRHQL[�*.��-�$�/HH��������3UHGLFWLQJ�LPSDFWV�RI�$UFWLF�FOLPDWH�FKDQJH��3DVW�
OHVVRQV�DQG�IXWXUH�FKDOOHQJHV��(FRORJLFDO�5HVHDUFK��Y������S���������
3LFNDUW�56��0�$�6SDOO��0�+�5LEHUJDDUG��*�:�.�0RRUH��5�)�0LOOLII��������'HHS�
FRQYHFWLRQ�LQ�WKH�,UPLQJHU�6HD�IRUFHG�E\�WKH�*UHHQODQG�WLS�MHW��1DWXUH��Y�������
S�����������
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5DQJR�$��-�0DUWLQHF�� ������5HYLVLWLQJ� WKH�'HJUHH�'D\�0HWKRG� IRU�6QRZPHOW�
&RPSXWDWLRQV��:DWHU�5HVRXUFHV�%XOOHWLQ��Y������S�����������
5DVFK�0��.�&DQLQJ��=DFNHQEHUJ�(FRORJLFDO�5HVHDUFK�2SHUDWLRQV�� �WK�$QQXDO�
5HSRUW�������� �������&RSHQKDJHQ��'DQLVK�3RODU�&HQWHU��0LQLVWU\�RI�6FLHQFH��
7HFKQRORJ\�DQG�LQQRYDWLRQ���������
5HI�7\SH��5HSRUW�
5H\QROGV�-)��-�'�7HQKXQHQ��������(FRV\VWHP�UHVSRQVH��UHVLVWDQFH��UHVLOLHQFH��
DQG� UHFRYHU\� LQ� $UFWLF� ODQGVFDSHV�� ,QWURGXFWLRQ�� LQ� -)� 5H\QROGV� DQG� -'�
7HQKXQHQ� �HGV��� /DQGVFDSH� IXQFWLRQ� DQG� GLVWXUEDQFH� LQ� $UFWLF� 7XQGUD��
+HLGHOEHUJ��6SULQJHU��S��������
5XGHOV�%��+�-�)ULHGULFK��'�4XDGIDVHO��������7KH�DUFWLF�FLUFXPSRODU�ERXQGDU\�
FXUUHQW��'HHS�6HD�5HVHDUFK�3DUW�,L�7RSLFDO�6WXGLHV�LQ�2FHDQRJUDSK\��Y������S��
�����������
5\VJDDUG�6�� 7� 9DQJ��0� 6WMHUQKROP�� %� 5DVPXVVHQ�� $�:LQGHOLQ�� 6� .LLOVKROP��
������3K\VLFDO�FRQGLWLRQV��FDUERQ�WUDQVSRUW��DQG�FOLPDWH�FKDQJH�LPSDFWV�LQ�D�
QRUWKHDVW�*UHHQODQG�IMRUG��$UFWLF�$QWDUFWLF�DQG�$OSLQH�5HVHDUFK��Y������S������
�����
6DQFKH]JRPH]�(�� :� &DERVQDUYDH]�� 0� -� 2UWL]EHYLD�� ������ 6HD� LFH�
FRQFHQWUDWLRQ�DQRPDOLHV�DV� ORQJ�UDQJH�SUHGLFWRUV�RI�DQRPDORXV�FRQGLWLRQV� LQ�
WKH� 1RUWK� $WODQWLF� EDVLQ�� 7HOOXV� 6HULHV� $�'\QDPLF� 0HWHRURORJ\� DQG�
2FHDQRJUDSK\��Y������S�����������
6FKPLWK�7��&�+DQVHQ��������)UDP�6WUDLW�LFH�H[SRUW�GXULQJ�WKH�QLQHWHHQWK�DQG�
WZHQWLHWK� FHQWXULHV� UHFRQVWUXFWHG� IURP� D� PXOWL\HDU� VHD� LFH� LQGH[� IURP�
VRXWKZHVWHUQ�*UHHQODQG��-RXUQDO�RI�&OLPDWH��Y������S�������������
6RHJDDUG�+��%�+DVKROW��7�)ULERUJ��&�1RUGVWURHP��������6XUIDFH�HQHUJ\��DQG�
ZDWHU�EDODQFH�LQ�D�KLJK�DUFWLF�HQYLURQPHQW�LQ�1(�*UHHQODQG��7KHRUHWLFDO�DQG�
$SSOLHG�&OLPDWRORJ\��Y������S���������
6¡UHQVHQ�7�� ������ 7HPSHUDWXUH� UHODWLRQV� DQG� SKHQRORJ\� RI� WKH� 1RUWKHDVW�
*UHHQODQG� IORZHULQJ� SODQWV�� 0HGGHOHOVHU� RP� *U¡QODQG�� &RSHQKDJHQ�� $��
5HLW]HOV�IRUODJ��
6WDLQIRUWK�'$�� 7� $LQD�� &� &KULVWHQVHQ�� 0� &ROOLQV�� 1� )DXOO�� '� -� )UDPH�� -� $�
.HWWOHERURXJK��6�.QLJKW��$�0DUWLQ��-�0�0XUSK\��&�3LDQL��'�6H[WRQ��/�$�6PLWK��
5 $�6SLFHU��$� -�7KRUSH��0�5�$OOHQ�� ������8QFHUWDLQW\� LQ� SUHGLFWLRQV� RI� WKH�
FOLPDWH�UHVSRQVH�WR�ULVLQJ� OHYHOV�RI�JUHHQKRXVH�JDVHV��1DWXUH��Y�������S������
�����
6WHHOH�0��*�0�)ODWR��������6HD�LFH�JURZWK��PHOW�DQG�PRGHOLQJ��D�VXUYH\��LQ�(/�
/HZLV�� (3� -RQHV�� DQG� 3� /HPNH� �HGV��� 7KH� )UHVKZDWHU� %XGJHW� RI� WKH� $UFWLF�
2FHDQ��.OXZHU�$FDGHPLF�3XE��S�����������
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6WRZ�'$��$�+RSH��'�0F*XLUH��'�9HUE\OD��-�*DPRQ��)�+XHPPULFK��6�+RXVWRQ��
& 5DFLQH��0�6WXUP��.�7DSH��/�+LQ]PDQ��.�<RVKLNDZD��&�7ZHHGLH��%�1R\OH��&�
6LODSDVZDQ��'�'RXJODV��%�*ULIILWK��*�-LD��+�(SVWHLQ��'�:DONHU��6�'DHVFKQHU��$�
3HWHUVHQ��/�0�=KRX��5�0\QHQL��������5HPRWH�VHQVLQJ�RI�YHJHWDWLRQ�DQG�ODQG�
FRYHU�FKDQJH� LQ�$UFWLF�7XQGUD�(FRV\VWHPV��5HPRWH�6HQVLQJ�RI�(QYLURQPHQW��
Y������S�����������
6]DODL�6�� 1RUWK� $WODQWLF� 2VFLOODWLRQ� �1$2���
KWWS���ZZZ�DWPRVSKHUH�PSJ�GH�HQLG���G�������G����������G�DIDF�DH�E�
��D������G�������KWPO����������
5HI�7\SH��(OHFWURQLF�&LWDWLRQ�
7KRPSVRQ�':-�� -�0�:DOODFH�� ������ 7KH� $UFWLF� 2VFLOODWLRQ� VLJQDWXUH� LQ� WKH�
ZLQWHUWLPH�JHRSRWHQWLDO�KHLJKW�DQG�WHPSHUDWXUH�ILHOGV��*HRSK\VLFDO�5HVHDUFK�
/HWWHUV��Y������S�������������
7UHPEOD\�/%��������&DQ�ZH�FRQVLGHU�WKH�$UFWLF�2VFLOODWLRQ�LQGHSHQGHQWO\�IURP�
WKH�%DUHQWV�2VFLOODWLRQ"��*HRSK\VLFDO�5HVHDUFK�/HWWHUV��Y������S�������������
7XFNHU�&-��'�$�6OD\EDFN��-�(�3LQ]RQ��6�2�/RV��5�%�0\QHQL��0�*�7D\ORU��������
+LJKHU�QRUWKHUQ�ODWLWXGH�QRUPDOL]HG�GLIIHUHQFH�YHJHWDWLRQ�LQGH[�DQG�JURZLQJ�
VHDVRQ�WUHQGV�IURP������WR�������,QWHUQDWLRQDO�-RXUQDO�RI�%LRPHWHRURORJ\��Y��
����S�����������
9DYUXV�6�� 6�3�+DUULVRQ��������7KH� LPSDFW� RI� VHD�LFH� G\QDPLFV�RQ� WKH�$UFWLF�
FOLPDWH�V\VWHP��&OLPDWH�'\QDPLFV��Y������S�����������
9LEH�&��$UFWLF�$QLPDOV�LQ�5HODWLRQ�WR�&OLPDWLF�)OXFWXDWLRQV�����������������7KH�
'DQLVK�=RRJHRJUDSKLFDO�,QYHVWLJDWLRQV�LQ�*UHHQODQG���
5HI�7\SH��7KHVLV�'LVVHUWDWLRQ�
9LQMH�7��������)UDP�VWUDLW�LFH�IOX[HV�DQG�DWPRVSKHULF�FLUFXODWLRQ�������������
-RXUQDO�RI�&OLPDWH��Y������S�������������
9LQMH�7��7�%�/R\QLQJ��,�3RO\DNRY��������(IIHFWV�RI�PHOWLQJ�DQG�IUHH]LQJ�LQ�WKH�
*UHHQODQG�VHD��*HRSK\VLFDO�5HVHDUFK�/HWWHUV��Y������
9LQMH�7�� $� 5XGEHUJ�� 6� �VWHUKXV�� ,FH� IOX[HV� WKURXJK� )UDP� 6WUDLW��
KWWS���ZZZ�JIL�XLE�QR�aVYHLQ�HVRS�WY�KWPO����������
5HI�7\SH��(OHFWURQLF�&LWDWLRQ�
9LVEHFN�0�� 1RUWK� $WODQWLF� 2VFLOODWLRQ��
KWWS���ZZZ�OGHR�FROXPELD�HGX�UHV�SL�1$2�����������
5HI�7\SH��(OHFWURQLF�&LWDWLRQ�
:DGKDPV�3�� ������ 7KH� 2GGHQ� LFH� WRQJXH� DQG� *UHHQODQG� 6HD� FRQYHFWLRQ��
:HDWKHU��Y������S���������
:DGKDPV�3�� 1� 5� 'DYLV�� 0� 'REOH�� 1� +XJKHV�� $� .DOHW]N\�� -� :LONLQVRQ�� <�
$NVHQRY��/�%ULJKDP��'�)ORFFR��5�+DOO�� ,�-RQVGRWWLU��(�+DUNHU��6�9DXJKDQ��'�
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%DUEHU�� 6� 6DNDL�� 635,� �����5HYLHZ� ������ 6HD� ,FH� DQG� 3RODU� 2FHDQRJUDSK\�
*URXS��6FRWW�3RODU�5HVHDUFK�,QVWLWXWH��8QLYHUVLW\�RI�&DPEULGJH����������
5HI�7\SH��(OHFWURQLF�&LWDWLRQ�
:DONHU�'$��:�$�*RXOG��+�$�0DLHU��0�.�5D\QROGV�� ������ 7KH� &LUFXPSRODU�
$UFWLF� 9HJHWDWLRQ�0DS��$9+55�GHULYHG� EDVH�PDSV�� HQYLURQPHQWDO� FRQWUROV��
DQG�LQWHJUDWHG�PDSSLQJ�SURFHGXUHV��,QWHUQDWLRQDO�-RXUQDO�RI�5HPRWH�6HQVLQJ��
Y������S�������������
:DOODFH�-0��������1RUWK�$WODQWLF�2VFLOODWLRQ�DQQXODU�PRGH��7ZR�SDUDGLJPV���
RQH� SKHQRPHQRQ�� 4XDUWHUO\� -RXUQDO� RI� WKH� 5R\DO�0HWHRURORJLFDO� 6RFLHW\�� Y��
�����S�����������
:DQQHU�+��6�%URQQLPDQQ��&�&DVW\��'�*\DOLVWUDV��-�/XWHUEDFKHU��&�6FKPXW]��'�
% 6WHSKHQVRQ�� (� ;RSODNL�� ������ 1RUWK� $WODQWLF� 2VFLOODWLRQ� �� &RQFHSWV� DQG�
VWXGLHV��6XUYH\V�LQ�*HRSK\VLFV��Y������S�����������
:HOW]LQ�-)��0�(�/RLN��6�6FKZLQQLQJ��'�*�:LOOLDPV��3�$�)D\��%�0�+DGGDG��-�
+DUWH�� 7� (�+X[PDQ�� $� .� .QDSS�� *�+� /LQ��:� 7� 3RFNPDQ��0� 5� 6KDZ�� (� (�
6PDOO�� 0� '� 6PLWK�� 6� '� 6PLWK�� '� 7� 7LVVXH�� -� &� =DN�� ������ $VVHVVLQJ� WKH�
UHVSRQVH� RI� WHUUHVWULDO� HFRV\VWHPV� WR� SRWHQWLDO� FKDQJHV� LQ� SUHFLSLWDWLRQ��
%LRVFLHQFH��Y������S�����������
:RRGJDWH�5$��(�)DKUEDFK��*�5RKDUGW��������6WUXFWXUH�DQG�WUDQVSRUWV�RI� WKH�
(DVW�*UHHQODQG�&XUUHQW�DW����GHJUHHV�1�IURP�PRRUHG�FXUUHQW�PHWHUV��-RXUQDO�
RI�*HRSK\VLFDO�5HVHDUFK�2FHDQV��Y�������S���������������
:RUOG�0HWHRURORJLFDO�2UJDQLVDWLRQ��:02�VHD�LFH�QRPHQFODWXUH��WHUPLQRORJ\��
FRGHV� DQG� LOOXVWUDWHG� JORVVDU\�� >���@�� ������ *HQHYD�� :RUOG� 0HWHRURORJLFDO�
2UJDQLVDWLRQ��:02�200�%02���
5HI�7\SH��6HULDO��%RRN�0RQRJUDSK��
=KRX�/0��&�-�7XFNHU��5�.�.DXIPDQQ��'�6OD\EDFN��1�9�6KDEDQRY��5�%�0\QHQL��
������9DULDWLRQV�LQ�QRUWKHUQ�YHJHWDWLRQ�DFWLYLW\�LQIHUUHG�IURP�VDWHOOLWH�GDWD�RI�
YHJHWDWLRQ� LQGH[� GXULQJ� ����� WR� ������ -RXUQDO� RI� *HRSK\VLFDO� 5HVHDUFK�
$WPRVSKHUHV��Y�������S���������������
�
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$SSHQGL[����'DWD�GHVFULSWLRQ�
�
/RFDWLRQ� 'DWD�W\SH� 'HVFULSWLRQ�

&RQYHQWLRQDO� 'LJLWDO�
&DPHUD�,PDJHV��&'&,V��

7KH� FRQYHQWLRQDO� GLJLWDO� FDPHUD� LV� D� .RGDN� '&���

�VLQJOH� &&'�� ZLWK� D� UHVROXWLRQ� RI� ���î���� SL[HOV��

7KH�&&'�LV�FRDWHG�ZLWK�D�FRORU�DUUD\��FKHFNHUERDUG�

VW\OH��RI� UHG�� JUHHQ�DQG�EOXH�SKRWRVLWHV��7KXV� HDFK�

SKRWRVLWH�RQ�WKH�&&'�LV�VHQVLWLYH�WR�RQO\�RQH�FRORU��

,QWHUSRODWLRQ�DOJRULWKPV�FUHDWLQJ� WKH�PLVVLQJ�5��*�

DQG�%� YDOXHV�DUH�DSSOLHG� EHIRUH�D� ELWPDS� LPDJH� LV�

FUHDWHG��

0XOWLVSHFWUDO� 'LJLWDO�
&DPHUD� ,PDJHV�
�0'&,V��

7KH�PXOWLVSHFWUDO�FDPHUD�LV�D�7HWUDFDP�LQF��VLQJOH�

&&'�FDPHUD�ZLWK�D�UHVROXWLRQ�RI�����î�����SL[HOV�

DQG�D�FRORU�ILOWHU�DUUD\��FKHFNHUERDUG�VW\OH��DSSOLHG�

WR� LW�� � $V� IRU� WKH� &'&,�FDPHUD�� HDFK� SL[HO� RQ� WKH�

&&'� LV� VHQVLWLYH� WR� RQO\� RQH� FRORU�� $IWHU� FRORU�

UHFRQVWUXFWLRQ� �GHPRVDLFLQJ� SURFHVVLQJ� XVLQJ� UDZ�

SL[HO�GDWD���WKH�JUHHQ��UHG��DQG�QHDU�LQIUDUHG��*��5��

1,5�� VSHFWUDO� EDQGV� DSSUR[LPDWHO\� FRYHU� WKH�

IROORZLQJ� ZDYHOHQJWK� LQWHUYDOV�� ���±���� QP� �*���

���±����QP��5���DQG����±����QP��1,5���

&RQYHQWLRQDO� 5HIOH[�
&DPHUD�,PDJHV�

,Q� ����� UHFRQQDLVVDQFH� IRU� FDPHUD�HVWDEOLVKPHQW�

RQ� WKH� HDVWHUQ� VORSH� RI� WKH� =DFNHQEHUJ� 0RXQWDLQ�

ZDV� SHUIRUPHG�� ,Q� UHODWLRQ� WR� WKLV�� WKUHH� LPDJHV�

ZHUH� WDNHQ� LQ� WKH� �����PHOWLQJ� VHDVRQ�DW� ��������

���� ������������ DQG� ������������$V� IRU� WKH�&'&,V�

VQRZ�PDSSLQJ�� IURP� WKHVH� LPDJHV��ZDV� SHUIRUPHG�

XVLQJ�RUWKRJUDSKLF�UHFWLILFDWLRQ�DQG�WKH�5*%1'6,�

DOJRULWKP��3DSHU�����

=DFNHQEHUJ�

6DWHOOLWH� GDWD� ZLWK� KLJK�
VSDWLDO�UHVROXWLRQ�

��� /DQGVDW� 7KHPDWLF� 0DSSHU� �70��(QKDQFHG�

7KHPDWLF� 0DSSHU� �(70��� DQG� ��� 6\VWqPH�

3UREDWRLUH� SRXU� O¶2EVHUYDWLRQ� GH� OD� 7HUUH� �6327��

+LJK�5HVROXWLRQ�9LVLEOH��+59���

/DQGVDW� 70�(70��� 7KH� 70�VHQVRUV� UHFRUG�

HQHUJ\� LQ� VHYHQ� VSHFWUDO� FKDQQHOV� LQ� WKH� YLVLEOH��

UHIOHFWLYH� �QHDU�� LQIUDUHG�� DQG� WKHUPDO�LQIUDUHG�

UHJLRQV� RI� WKH� VSHFWUXP�� :DYHOHQJWK�LQWHUYDOV� RI�

WKH�VSHFWUDO�FKDQQHOV�DUH��FK�������±����QP��FK����

���±���� QP�� FK���� ���±���� QP�� FK���� ���±����

QP�� FK���� �����±������QP�� FK���� �����±������QP��

FK����������±�������QP���

7KH� VSDWLDO� UHVROXWLRQ� LV� ��î��� P� IRU� WKH� VL[�

UHIOHFWLYH�EDQGV��DQG�IRU�WKH�WKHUPDO�EDQG��FK����LW�

LV����î����P��
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7KH� /DQGVDW� VDWHOOLWHV� RUELW� WKH� (DUWK� LQ� 6XQ�

V\QFKURQRXV�QHDU�SRODU�RUELWV�DW�DQ�DOWLWXGH�RI�����

NP� DOWLWXGH�� 7KH� WHPSRUDO� UHVROXWLRQ� �UHSHWLWLYH�

FRYHUDJH�� LV� ��� GD\V�� KRZHYHU�� GXH� WR� WKH� SRODU�

RUELW�� LW� LV� VOLJKWO\�EHWWHU� DW�KLJK� ODWLWXGHV��EHFDXVH�

RYHUODS�EHWZHHQ�VDWHOOLWH�VFDQQLQJ�WUDFNV�ZLOO�RFFXU�

LQ�DUHDV�FORVH�WR�WKH�SROHV��

6327� +59�� 7KH� +59� VHQVRUV� RSHUDWH� LQ� WKH�

YLVLEOH� DQG� QHDU� LQIUDUHG� SDUWV� RI� WKH� VSHFWUXP� LQ�

WKUHH�VSHFWUDO�EDQGV��FK�������±����QP��FK�������±

���� QP�� FK���� ���±���� QP�� /LNH� /DQGVDW�� WKH�

6327�VDWHOOLWHV�RUELW�WKH�(DUWK�LQ�6XQ�V\QFKURQRXV�

QHDU�SRODU� RUELWV²WKH� DOWLWXGH� LV� ���� NP�� DQG� WKH�

VSDWLDO� UHVROXWLRQ� LV� ��î��� P� DW� QDGLU� �ZKHQ� WKH�

VHQVRUV� DUH� YLHZLQJ� GLUHFWO\� EHORZ� WKH� VSDFHFUDIW���

LQ� SDQFKURPDWLF� PRGH� WKH� VSDWLDO� UHVROXWLRQ� LV�

��î���P��,I�WKH�+59�LQVWUXPHQWV�ZHUH�RQO\�FDSDEOH�

RI� QDGLU� YLHZLQJ� WKH� WHPSRUDO� UHVROXWLRQ�ZRXOG� EH�

��� GD\V�� +RZHYHU�� WKURXJK� FRPPDQGV� IURP� WKH�

JURXQG�VWDWLRQV��LW�LV�SRVVLEOH�WR�SRLQW�WKH�PLUURUV�WR�

RII�QDGLU� YLHZ� DQJOHV�� 7KLV� FDQ� LQFUHDVH� WKH�

WHPSRUDO� UHVROXWLRQ� WR� DV� JRRG� DV� DERXW� ILYH� GD\V��

EXW�RI�FRXUVH�ZLWK�GHFUHDVHG�VSDWLDO�UHVROXWLRQ��

$�PRUH� FRPSUHKHQVLYH� GHVFULSWLRQ� RI� WKH� 70� DQG�

6327�V\VWHPV�FDQ�EH�IRXQG�LQ��-HQVHQ���������

�$WPRVSKHULF�FRUUHFWLRQ��

,Q� FRQQHFWLRQ� ZLWK� WKLV� ZRUN�� 70� DQG� 6327� GDWD�

ZHUH� DWPRVSKHULFDOO\� FRUUHFWHG� ZLWK� WKH� $7&25��

DOJRULWKP��5LFKWHU�����������

6DWHOOLWH� GDWD� ZLWK�
FRDUVH� VSDWLDO� UHVROX�
WLRQ�

1RUPDOL]HG� 'LIIHUHQFH� 9HJHWDWLRQ� ,QGH[� 1'9,� LQ�

)LJ�� ���� LV� GHULYHG� IURP� EL�ZHHNO\� PD[LPXP�

FRPSRVLWHV�EDVHG�RQ�$9+55�3RODU�3DWKILQGHU�GDWD���

ZLWK� ����� NP� VSDWLDO� UHVROXWLRQ� �6FDPERV� HW� DO���

������� 7KH� 3DWKILQGHU� GDWD� DUH� SURYLGHG� E\� WKH�

1DWLRQDO� 6QRZ� DQG� ,FH� 'DWD� &HQWHU� �16,'&���

%RXOGHU�� &RORUDGR�� 86$�� DQG� DUH� GHULYHG� IURP�

$GYDQFHG� 9HU\� +LJK� 5HVROXWLRQ� 5DGLRPHWHU�

�$9+55�� VDWHOOLWH� GDWD� IURP� WKH�1DWLRQDO�2FHDQLF�

DQG� $WPRVSKHULF� $GPLQLVWUDWLRQ� �12$$��� 1'9,�

DUH� FDOFXODWHG� XVLQJ� $9+55� FK���� ���±���� QP�

�YLVLEOH�� DQG� FK���� ���±������ QP� �QHDU� LQIUDUHG���

�FK��±FK������FK��±FK����

7KH� ����� NP� SDWKILQGHU� GDWD� DUH� WKRURXJKO\�

GRFXPHQWHG� DW� KWWS���QVLGF�RUJ�GDWD�GRFV�GDDF��

QVLGF����BDYKUUB����NP�JG�KWPO�

$LU�WHPSHUDWXUHV� 6LQFH� -XO\� ������ DLU� WHPSHUDWXUHV� KDYH� EHHQ�

UHFRUGHG� KRXUO\� DW� WKH� PDLQ� $XWRPDWLF� :HDWKHU�

6WDWLRQ��$:6��DW�=DFNHQEHUJ��7KH�VHQVRU�LV�SODFHG���

P�DERYH�WKH�VXUIDFH��DQG�WKH�SRVLWLRQ�RI�WKH�$:6�LV�

DERXW� ��� P� DERYH� VHD�OHYHO�� ,Q� $XJXVW� ����� DQ�

DGGLWLRQDO�$:6�ZDV�HVWDEOLVKHG�DSSUR[LPDWHO\�����

P�DERYH�VHD�OHYHO��DOVR�PHDVXULQJ�DW���P�DERYH�WKH�
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WHUUDLQ��$� WHFKQLFDO� GHVFULSWLRQ� RI� WKH� WHPSHUDWXUH�

VHQVRUV�FDQ�EH�IRXQG�LQ��0LVLVVXHTTDDUQHULW���������

0HDVXUHG�VQRZ�GHSWKV� 6QRZ� GHSWKV� KDYH� EHHQ� PHDVXUHG� DXWRPDWLFDOO\�

ZLWK� D� VRQLF� UDQJH� VHQVRU� DW� WKH� PDLQ� $:6� VLQFH�

$XJXVW� ������:LWK� VRXQG� LW�PHDVXUHV� WKH� GLVWDQFH�

EHWZHHQ�WKH�VHQVRU�KHDG�DQG�WKH�VQRZ�VXUIDFH��7KH�

GHFUHDVLQJ�LQFUHDVLQJ�GLVWDQFH�EHWZHHQ�WKH�VXUIDFH�

DQG�WKH�VHQVRU�KHDG�GXULQJ�DFFXPXODWLRQ�PHOW�FDQ�

WKHQ�HDVLO\�EH�FRQYHUWHG�WR�VQRZ�GHSWKV���

:LQG� VSHHG� DQG� ZLQG�
GLUHFWLRQ��

:LQG� VSHHG� DQG� GLUHFWLRQ� KDYH� EHHQ� PHDVXUHG�

VLQFH�-XO\� �����DW���P�����P�DQG�����P�DERYH� WKH�

WHUUDLQ�� UHVSHFWLYHO\�� 7HFQLTDO� GHVFULSWLRQV� RI� WKH�

VHQVRUV�FDQ�EH�IRXQG�LQ��0LVLVVXHTTDDUQHULW���������

)LHOG� PHDVXUHPHQWV� RI�
1RUPDOL]HG� 'LIIHUHQFH�
9HJHWDWLRQ� ,QGH[�
�1'9,��

6LQFH������1'9,�KDV�EHHQ�PHDVXUHG�UHJXODUO\�LQ����

GLIIHUHQW�SORWV��ZKLFK�UHSUHVHQW�WKH���PDLQ�W\SHV�RI�

YHJHWDWLRQ� SUHVHQW� LQ� WKH� =DFNHQEHUJ� 9DOOH\�

�&DVVLRSH�� 'U\DV�� 6DOL[�� DQG� (ULRSKRUXP��� 7KH�

PHDVXUHPHQWV� ZHUH� SHUIRUPHG� XVLQJ� D� 6N\H� ����

LQVWUXPHQW�ZLWK�D����±����QP�VHQVRU��7KH�VHQVRU�

PHDVXUHV�59,�ZKLFK�LV�GHILQHG��QHDU�LQIUDUHG���UHG��

1'9,� LV� GHILQHG�� �QHDU� LQIUDUHG� ±� UHG�� �� �QHDU�

LQIUDUHG���UHG���

7KXV��1'9,� ����±�59,���������59,���

�)XUWKHU� LQIRUPDWLRQ� DERXW� WKH� 6N\H� VHQVRUV� DUH�

DYDLODEOH� DW�� KWWS���ZZZ�VN\HLQVWUXPHQWV�FRP��

�&KDQQHO�KWP��

$LU�WHPSHUDWXUHV� 'DLO\�PHDQ� DLU� WHPSHUDWXUHV� IRU� WKH� SHULRG� ����±

������ DQG� PRQWKO\� PHDQV� IRU� ����±����� ZHUH�

SURYLGHG� E\� WKH� 'DQLVK� 0HWHRURORJLFDO� ,QVWLWXWH��

7KH�ZHDWKHU�VWDWLRQ�LV�VLWXDWHG����P�DERYH�VHD�OHYHO��

7KH�PRQWKO\� GDWD� DUH� SDUW� RI� WKH� GDWD� VHW� XVHG� LQ�

&DSSHOHQ� HW� DO��� �������� DQG� LV� DYDLODEOH� IURP�

KWWS���ZZZ�GPL�GN�GPL�WU������GDWDBILOHV�]LS��

7KH� UHSRUW� LV� DYDLODEOH� IURP�

KWWS���ZZZ�GPL�GN�GPL�WU������SGI���

'DQHERUJ�

0HDVXUHG�VQRZ�GHSWKV� 6QRZ� GHSWKV� KDYH� EHHQ� PHDVXUHG� DW� 'DQHERUJ�

GXULQJ�����±������7KH�PRQWKO\�PHDQV�DQG�PD[LPD�

DUH� DYDLODEOH� IURP� &DSSHOHQ� HW� DO��� �������� VHH�

GHVFULSWLRQ�DERYH����

-DQ�0D\HQ� $LU�WHPSHUDWXUHV� $LU�WHPSHUDWXUHV�IURP�-DQ�0D\HQ�ZHUH�SURYLGHG�E\�

WKH� 1RUZHJLDQ� 0HWHRURORJLFDO� ,QVWLWXWH²'HW�

1RUVNH� 0HWHRURORJLVNH� ,QVWLWXW� �'10,���

2EVHUYDWLRQV� DUH� UHFRUGHG� �� P� DERYH� WKH� WHUUDLQ��

DQG� WKH�ZHDWKHU� VWDWLRQ� LV� ORFDWHG� ���P� DERYH� VHD�

OHYHO���

�

�
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0XOWLVSHFWUDO� 'LJLWDO�
&DPHUD� ,PDJHV�
�0'&,V��

3URSHUWLHV� RI� WKH� 5'&,V� REWDLQHG� DW� 1\�cOHVXQG��

6YDOEDUG�0D\���±$XJXVW����������DUH�HTXLYDOHQW�WR�

ZKDW� LV� GHVFULEHG� DERYH� IRU� 0'&,V� WDNHQ� DW�

=DFNHQEHUJ���

1\�cOHVXQG�

6SHFWUDO� VXUIDFH�
UHIOHFWDQFH�

6SHFWUDO� ILHOG� GDWD� ZHUH� FROOHFWHG� GXULQJ� 0D\±

$XJXVW��������0HDVXUHPHQWV�ZHUH�SHUIRUPHG�ZLWK�

D� )LHOGVSHF� )5� VSHFWURUDGLRPHWHU� �DQDO\WLFDO�

VSHFWUDO�GHYLFHV��PHDVXULQJ� IURP�����WR������QP��

,W�FRQVLVWV�RI�WKUHH�EXLOW�LQ�VHSDUDWH�VSHFWURPHWHUV��

7KH�ILUVW�RQH�PHDVXUHV�IURP�����WR������QP�XVLQJ�

D�����HOHPHQW�SKRWRGLRGH�DUUD\��DQG�KDV�D�VSHFWUDO�

UHVROXWLRQ�RI�DERXW���QP��7KH�VHFRQG�DQG�WKLUG�RQHV�

DUH� RI� VFDQQLQJ� W\SHV� DQG� PHDVXUH� IURP� ���� WR�

����� QP� DQG� ����� WR� ����� QP�� UHVSHFWLYHO\�

VDPSOLQJ� HYHU\� ��QP��ZLWK�D� VSHFWUDO� UHVROXWLRQ� RI�

DERXW��������QP��5HVXOWV�SUHVHQWHG�KHUH�SULPDULO\�

XVH� GDWD� IURP� WKH� ILUVW� VSHFWURPHWHU� FRYHULQJ� WKH�

YLVLEOH�QHDU�LQIUDUHG� �91,5�� ZDYHOHQJWK� UDQJH�

IURP����� WR� �����QP��7KH�RSWLFDO�GHWHFWRU� �ZKLFK�

VLPSO\� FRQVLVWV� RI� WKH� EDUH� RSWLFDO� ILEHU� ZLWK� DQ�

DGDSWHU�OLPLWLQJ�WKH�ILHOG�RI�YLHZ�WR�����ZDV�IDVWHQHG�

WR� D� VWDQGDUG� FDPHUD� WULSRG� WR� DYRLG� PRYHPHQWV�

GXULQJ�WKH�OHVV�WKDQ�RQH�VHFRQG�LQWHJUDWLRQ�WLPH�RI�

WKH� PHDVXUHPHQW�� DQG� PHDVXUHPHQWV� ZHUH�

DFTXLUHG� ��� FP� DERYH� WKH� VXUIDFH� RI� LQWHUHVW�� 7KH�

VSHFWUDO� DOEHGR� ZDV� GHWHUPLQHG� DV� WKH� UDWLR� RI�

LQFLGHQW� VRODU� UDGLDWLRQ� UHIOHFWHG� IURP� WKH� VXUIDFH�

WDUJHW� DQG� WKH� LQFLGHQW� UDGLDWLRQ� UHIOHFWHG� IURP� D�

FDOLEUDWHG� ZKLWH� UHIHUHQFH� 6SHFWUDORQ� SODWH� �DERXW�

��î��� FP��� %RWK� WKH� VSHFWURUDGLRPHWHU� DQG� WKH�

UHIHUHQFH� 6SHFWUDORQ�ZHUH� FDOLEUDWHG� DW� WKH� RSWLFDO�

FDOLEUDWLRQ� ODE� LQ� 1\�cOHVXQG� WR� ³1,67� WUDFHDEOH�

UHIHUHQFH�ODPSV�DQG�VSHFWUDORQV´��

*UHHQODQG�6HD� 6DWHOOLWH�EDVHG� VHD�LFH�
FRQFHQWUDWLRQV�

'DLO\� VHD�LFH� FRQFHQWUDWLRQV� �����±������ DUH�

H[WUDFWHG� IURP� WKH� VXUIDFH�PDSV� WKDW� FRPHV� DORQJ�

ZLWK� WKH� �� NP� $9+55� 3RODU� 3DWKILQGHU� GDWD�

�)RZOHU�HW�DO���������� WKDW�DUH�DYDLODEOH� WKH�16,'&�

DW� KWWS���QVLGF�RUJ�GDWD�QVLGF������KWPO�� 7KH� LFH�

FRQFHQWUDWLRQV� DUH� GHULYHG� IURP� WKH� ��� NP� VSDWLDO�

UHVROXWLRQ� 6FDQQLQJ� 0XOWLFKDQQHO� 0LFURZDYH�

5DGLRPHWHU� �6005�� �EHIRUH� ������ DQG� 6SHFLDO�

6HQVRU�0LFURZDYH�,PDJHU��660�,��������DQG�DIWHU��

XVLQJ� WKH�1$6$�7HDP�DOJRULWKP��&DYDOLHUL�� �������

7KLV� DOJRULWKP� LV� GHVLJQHG� WR� SURYLGH� D� FRQVLVWHQW�

WLPH�VHULHV�RI�VHD�LFH�FRQFHQWUDWLRQV��WKH�IUDFWLRQ�RI�

RFHDQ� DUHD� FRYHUHG� E\� VHD� LFH�� VSDQQLQJ� WKH�

FRYHUDJH�RI�VHYHUDO�SDVVLYH�PLFURZDYH�LQVWUXPHQWV���

0DLQ�VRXUFHV�RI�HUURU��

(UURUV� LQ� WKH� GHULYHG� VHD� LFH� FRQFHQWUDWLRQV� DULVH�

IURP�VHYHUDO�VRXUFHV��,Q�RUGHU�RI�LPSRUWDQFH��WKHVH�

DUH����WKH� LQDELOLW\�RI�WKH�DOJRULWKP�WR�GLVFULPLQDWH�

DPRQJ�PRUH�WKDQ�WZR�UDGLRPHWULFDOO\�GLIIHUHQW�VHD�

LFH� W\SHV�� ��� VHDVRQDO� YDULDWLRQV� LQ� VHD� LFH�
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HPLVVLYLW\�� ��� QRQ�VHDVRQDO� YDULDWLRQV� LQ� VHD� LFH�

HPLVVLYLW\��DQG����ZHDWKHU�HIIHFWV�DW�FRQFHQWUDWLRQV�

JUHDWHU� WKDQ� DERXW� ����� DQG� ��� UDQGRP� DQG�

V\VWHPDWLF�LQVWUXPHQW�HUURU���

$� FRPSUHKHQVLYH� GHVFULSWLRQ� RI� WKH� DOJRULWKP�DQG�

VRXUFHV� RI� HUURU� FDQ� EH� REWDLQHG� IURP� �&DYDOLHUL��

�������

1RUWK� $WODQWLF�
UHJLRQ��

1&(3� UHDQDO\VLV� GDWD��
VXUIDFH� DLU� WHPSHUD�
WXUHV� 	� SUHFLSLWDWLRQ�
UDWHV�

'DLO\� YDOXHV� �����±������ RI� VXUIDFH� OHYHO�

WHPSHUDWXUH� DQG� SUHFLSLWDWLRQ� UDWHV� PRGHOHG� LQ�

������î������� ODWLWXGH�ORQJLWXGH� JULG�FHOOV� ZHUH�

IURP�1&(3�UHDQDO\VLV�SURMHFW�DW� WKH�12$$�&,5(6�
&OLPDWH� 'LDJQRVWLFV� &HQWHU�� 7KH� GDWD� XVHG� LQ� WKLV�

VWXG\� LV� REWDLQHG� LQ� SXUH� $6&,,� IRUP� WKURXJK�

KWWS���ZZZ�FUX�XHD�DF�XN�FUX�GDWD�QFHS���

&RPSUHKHQVLYH� GHVFULSWLRQV� RI� WKH� 1&(3� UH�

DQDO\VLV� IRUHFDVWLQJ� PRGHOV� FDQ� EH� IRXQG� WKURXJK�

KWWS���ZZZ�FGF�QRDD�JRY�FGF�UHDQDO\VLV��

5HIHUHQFHV��
&DSSHOHQ�-�� %� 9� -¡UJHQVHQ�� (� 9� /DXUVHQ�� /� 6� 6WDQQLXV�� 5� -� 7KRPVHQ�� 7KH�2EVHUYHG� &OLPDWH� RI� *UHHQODQG�� �������� �� ZLWK� &OLPDWRORJLFDO� 6WDQGDUG�1RUPDOV���������������������������'DQLVK�0HWHRURORJLFDO�,QVWLWXWH��7HFKQLFDO�5HSRUWV���5HI�7\SH��5HSRUW�
&DYDOLHUL�'-��1$6$�7HDP�6HD�,FH�$OJRULWKP��KWWS���QVLGF�RUJ�GDWD�GRFV�GDDF�QDVDWHDP�� �� ������ � 1DWLRQDO� 6QRZ� DQG� ,FH�'DWD�&HQWHU��16,'&����5HI�7\SH��(OHFWURQLF�&LWDWLRQ�
)RZOHU�&�� -�0DVODQLN�� 7�+DUDQ�� 7� 6FDPERV�� -�.H\��:�(PHU\��$9+55�3RODU�3DWKILQGHU�WZLFH�GDLO\���NP�($6(�*ULG�FRPSRVLWHV���������%RXOGHU��&2��86$��1DWLRQDO�6QRZ�DQG�,FH�'DWD�&HQWHU���5HI�7\SH��'DWD�)LOH�
-HQVHQ�-5��������5HPRWH�6HQVLQJ�'DWD�$FTXLVLWLRQ�$OWHUQDWLYHV��LQ�-5�-HQVHQ��HG��� ,QWURGXFWRU\� 'LJLWDO� ,PDJH� 3URFHVVLQJ�� $� 5HPRWH� 6HQVLQJ� 3HUVSHFWLYH��8SSHU�6DGGOH�5LYHU��1-��86$��3UHQWLFH�+DOO��,QF���S���������
0LVLVVXHTTDDUQHULW�� .OLPDVWDWLRQ� =DFNHQEHUJ�� 7HNQLVN� EHVNULYHOVH�� $������������1XXN��*UHHQODQG��0LVLVVXHTTDDUQHULW���5HI�7\SH��5HSRUW�
5LFKWHU�5�� $� 6SDWLDOO\²$GDSWLYH� )DVW� $WPRVSHULF� &RUUHFWLRQ� $OJRULWKP²$WFRU��8VHU�0DQXDO���������:HVVOLQJ��*HUPDQ\��,QVWLWXWH�IRU�2SWRHOHFWURQLFV���5HI�7\SH��5HSRUW�
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6FDPERV�7�� 7�+DUDQ��&�)RZOHU�� -�0DVODQLN�� -�.H\��:�(PHU\��$9+55�3RODU�3DWKILQGHU� WZLFH�GDLO\� ����� NP� ($6(�*ULG� FRPSRVLWHV�� � ������ %RXOGHU��&RORUDGR��86$��1DWLRQDO�6QRZ�DQG�,FH�'DWD�&HQWHU��16,'&����5HI�7\SH��'DWD�)LOH�



���

$SSHQGL[����$GGLWLRQDO�ILJXUHV�	�WDEOHV�
$�����6QRZ�ZLQG�DQG�WHPSHUDWXUH�DW�=DFNHQEHUJ�����±������
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$�����&KDQJH�RI�VSDWLDO�UHVROXWLRQ�ZLWK�GLVWDQFH²FRQYHQWLRQDO�GLJLWDO�RUWKRSKRWRV�EDVHG�RQ�REOLTXH�LPDJHV�WDNHQ�ZLWK�D�.RGDN�'&���
�
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$�����6HD�LFH�W\SHV�
6XEW\SH� 'HVFULSWLRQ�
)UD]LO�LFH� )LQH�VSLFXOHV�RU�SODWHV�RI�LFH��VXVSHQGHG�LQ�ZDWHU��

*UHDVH�LFH� $� ODWHU� VWDJH� RI� IUHH]LQJ� WKDQ� IUD]LO� LFH� ZKHQ� WKH� FU\VWDOV� KDYH�

FRDJXODWHG�WR�IRUP�D�VRXS\�OD\HU�RQ�WKH�VXUIDFH��*UHDVH�LFH�UHIOHFWV�

OLWWOH�OLJKW��JLYLQJ�WKH�VXUIDFH�D�PDWW�DSSHDUDQFH��

6OXVK� 6QRZ� ZKLFK� LV� VDWXUDWHG� DQG� PL[HG� ZLWK� ZDWHU� RQ� ODQG� RU� LFH�

VXUIDFHV��RU�DV�D�YLVFRXV�IORDWLQJ�PDVV�LQ�ZDWHU�DIWHU�KHDY\�VQRZIDOO��

6KXJD� $Q�DFFXPXODWLRQ�RI�VSRQJ\�ZKLWH�OXPSV��D�IHZ�FHQWLPHWHUV�DFURVV��

WKH\� DUH� IRUPHG� IURP� JUHDVH� LFH� RU� VOXVK� DQG� VRPHWLPHV� IURP�

DQFKRU�LFH�ULVLQJ�WR�WKH�VXUIDFH��

1LODV� $� WKLQ� HODVWLF� FUXVW�RI� LFH�� HDVLO\� EHQGLQJ� RQ�ZDYHV�DQG� VZHOO� DQG�

XQGHU� SUHVVXUH�� WKUXVWLQJ� LQ� D� SDWWHUQ� RI� LQWHUORFNLQJ� ³ILQJHUV´�

�ILQJHU�UDIWLQJ���+DV�D�PDWW�VXUIDFH�DQG�LV�XS�WR����FP�LQ�WKLFNQHVV��

0D\�EH�VXEGLYLGHG�LQWR�GDUN�QLODV�DQG�OLJKW�QLODV��

1HZ� LFH�
�WKLFNQHVV�
� ���FP��

3DQFDNH�LFH� 3UHGRPLQDQWO\�FLUFXODU�SLHFHV�RI�LFH�IURP����FP±��P�LQ�GLDPHWHU��

DQG�XS�WR����FP�LQ�WKLFNQHVV��XQUDIWHG���ZLWK�UDLVHG�ULPV�GXH�WR�WKH�

SLHFHV� VWULNLQJ�DJDLQVW�RQH� DQRWKHU�� ,W�PD\� EH� IRUPHG� RQ�D� VOLJKW�

VZHOO�IURP�JUHDVH�LFH��VKXJD�RU�VOXVK�RU�DV�WKH�UHVXOW�RI�WKH�EUHDNLQJ�

RI� LFH� ULQG��QLODV�RU��XQGHU� VHYHUH� FRQGLWLRQV�RI� VZHOO�RU�ZDYHV�� RI�

JUH\�LFH��

*UH\�LFH� <RXQJ� LFH� ��±��� FP� WKLFN�� /HVV� HODVWLF� WKDQ� QLODV� DQG� EUHDNV� RQ�

VZHOO��8VXDOO\�UDIWV�XQGHU�SUHVVXUH��
<RXQJ� LFH�
���� FP� ��
WKLFNQHVV�
� ���FP�

*UH\�ZKLWH�LFH� <RXQJ�LFH���±���FP�WKLFN��8QGHU�SUHVVXUH�PRUH�OLNHO\�WR�ULGJH�WKDQ�

WR�UDIW��

7KLQ� ILUVW�\HDU� RU�
ZKLWH�LFH�

��±���FP�WKLFN�

0HGLXP� ILUVW�\HDU�
LFH�

��±����FP�WKLFN�

)LUVW�\HDU�
LFH�

7KLFN�ILUVW�\HDU�LFH� 0RUH�WKDQ�����FP�WKLFN�

6HFRQG�\HDU�LFH� 2OG� LFH�ZKLFK�KDV� VXUYLYHG�RQO\�RQH� VXPPHU
V�PHOW��%HFDXVH� LW� LV�

WKLFNHU�DQG�OHVV�GHQVH�WKDQ�ILUVW�\HDU�LFH��LW�VWDQGV�KLJKHU�RXW�RI�WKH�

ZDWHU�� ,Q� FRQWUDVW� WR� PXOWL�\HDU� LFH�� VXPPHU� PHOWLQJ� SURGXFHV� D�

UHJXODU� SDWWHUQ� RI� SXGGOHV�� %DUH� SDWFKHV� DQG� SXGGOHV� DUH� XVXDOO\�

JUHHQLVK�EOXH��

2OG�LFH�

0XOWL�\HDU�LFH� 2OG� LFH� XS� WR� ��P�RU�PRUH� WKLFN�ZKLFK� KDV� VXUYLYHG� DW� OHDVW� WZR�

VXPPHUV
�PHOW��+XPPRFNV��KLOORFNV�RI�EURNHQ� LFH�WKDW�KDYH�EHHQ�

IRUFHG�XS�E\�SUHVVXUH��HYHQ�VPRRWKHU�WKDQ�LQ�VHFRQG�\HDU�LFH��DQG�

WKH� LFH� LV�DOPRVW�VDOW�IUHH��&RORU��ZKHUH�EDUH�� LV�XVXDOO\�EOXH��0HOW�

SDWWHUQ� FRQVLVWV� RI� ODUJH� LQWHUFRQQHFWLQJ� LUUHJXODU� SXGGOHV� DQG� D�

ZHOO�GHYHORSHG�GUDLQDJH�V\VWHP��

)DVW�LFH� 9DULRXV� 6HD�LFH�ZKLFK� IRUPV�DQG� UHPDLQV� IDVW� DORQJ� WKH� FRDVW��ZKHUH� LW� LV�

DWWDFKHG�WR�WKH�VKRUH��WR�DQ�LFH�ZDOO��WR�DQ�LFH�IURQW��EHWZHHQ�VKRDOV�

RU�JURXQGHG�LFHEHUJV��9HUWLFDO�IOXFWXDWLRQV�PD\�EH�REVHUYHG�GXULQJ�

FKDQJHV�RI�VHD�OHYHO��)DVW�LFH�PD\�EH�IRUPHG�LQ�VLWX�IURP�VHD�ZDWHU�

RU�E\�IUHH]LQJ�RI�SDFN�LFH�RI�DQ\�DJH�WR�WKH�VKRUH��DQG�LW�PD\�H[WHQG�

D�IHZ�PHWHUV�RU�VHYHUDO�KXQGUHG�NLORPHWHUV�IURP�WKH�FRDVW��)DVW�LFH�

PD\�EH�PRUH�WKDQ�RQH�\HDU�ROG�DQG�PD\�WKHQ�EH�SUHIL[HG�ZLWK�WKH�

DSSURSULDWH�DJH�FDWHJRU\��ROG��VHFRQG�\HDU��RU�PXOWL�\HDU���

:RUOG�0HWHRURORJLFDO�2UJDQL]DWLRQ��:02�VHD�LFH�QRPHQFODWXUH��WHUPLQRORJ\��FRGHV�DQG�
LOOXVWUDWHG�JORVVDU\��>���@��������*HQHYD��:RUOG�PHWHRURORJLFDO�2UJDQL]DWLRQ��
:02�200�%02��5HI�7\SH��6HULDO��%RRN�0RQRJUDSK�
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$SSHQGL[���
�
&RQIHUHQFHV�DQG�PHHWLQJV�
�

� +LQNOHU�� -��� +DQVHQ�� %�� 8��� 7DPVWRUI�� 0�� 3��� 0HOWRIWH�� +��� /LQNDJH�
EHWZHHQ� VHD�LFH� GLVWULEXWLRQ� DQG� VQRZ�SUHFLSLWDWLRQ� PD\�
FRQVLGHUDEO\� DIIHFW� WHUUHVWULDO� HFRV\VWHPV� LQ� IXWXUH� +LJK� $UFWLF�
FOLPDWHV� 3UHVHQWHG� DW��7KH�$&,$� ,QWHUQDWLRQDO� 6FLHQWLILF� 6\PSRVLXP�
RQ�&OLPDWH�&KDQJH� LQ� WKH�$UFWLF��5H\NMDYLN�� ,FHODQG��1RYHPEHU� ������
������([WHQGHG�DEVWUDFW�DYDLODEOH�LQ�VHFWLRQ�$�������

�
� +LQNOHU��-���6QRZ�SUHFLSLWDWLRQ�DW�=DFNHQEHUJ�DQG�FOLPDWLF�UHODWLRQV²

ZLWK� VSHFLDO� HPSKDVLV� RQ� UHJLRQDO� VHD�LFH� YDULDWLRQV� 3UHVHQWHG� DW��
=DFNHQEHUJ� (FRORJLFDO� 5HVHDUFK� 2SHUDWLRQV¶� :RUNVKRS�� 5DDGYDG��
&RSHQKDJHQ��'HQPDUN��$SULO��������������

�
� +LQNOHU��-���6QRZ�FRYHU�PRQLWRULQJ�LQ�1RUWKHDVW�*UHHQODQG²EDVHG�RQ�

RUWKRSKRWRV�GHULYHG�IURP�VWDQGDUG�GLJLWDO�FDPHUD�LPDJHV� 3UHVHQWHG�
DW�� 7KH� 1RUWK� 3DUN� 6QRZ� :RUNVKRS�� 1&$5� 0HVD� /DE�� %RXOGHU�
&RORUDGR��86$��1RYHPEHU������������

�
� +LQNOHU�� -��� +DQVHQ�� %�� 8��� 7DPVWRUI�� 0�� 3��� 6HD� LFH� DQG� VQRZ�

DFFXPXODWLRQ� PRGHOOLQJ� LQ� +LJK� $UFWLF� *UHHQODQG� 3UHVHQWHG� DW��
1RUWKHUQ� UHVHDUFK� EDVLQV�� ��WK� ,QWHUQDWLRQDO� 6\PSRVLXP� DQG�
:RUNVKRS��.DQJHUOXVVXDT�6GU��6WU¡PIMRUG��*UHHQODQG��$XJXVW��������
������3URFHHGLQJ�SDSHU�DYDLODEOH�LQ�VHFWLRQ�$������$OVR�DYDLODEOH�IURP��
KWWS���ZZZ�JHRJU�NX�GN�SURMHFWV�QUE���DEVUDFWV�+LQNOHU-�GRF��

�
� +LQNOHU�� -���'LJLWDO� VQRZ� PRQLWRULQJ� LQ� D� KLJK� DUFWLF� HFRV\VWHP� LQ�

1RUWKHDVW�*UHHQODQG� 3UHVHQWHG�DW��7HPDGDJ�RP�*U¡QODQGV�NOLPD�DW�
'DQLVK�0HWHRURORJLFDO�,QVWLWXWH��&RSHQKDJHQ��'HQPDUN��'HFHPEHU�����
������ �

�
� +LQNOHU��-����UE N��-�%���+DQVHQ��%�8���'HWHFWLRQ�RI�VSDWLDO��WHPSRUDO��

DQG� VSHFWUDO� VXUIDFH� FKDQJHV� LQ� WKH� 1\�cOHVXQG� DUHD� ���� 1��
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6YDOEDUG²XVLQJ�D�ORZ�FRVW�PXOWLVSHFWUDO�FDPHUD�LQ�FRPELQDWLRQ�ZLWK�
VSHFWURUDGLRPHWHU� PHDVXUHPHQWV� 3UHVHQWHG� DW�� 6L[WK� 1\� cOHVXQG�
,QWHUQDWLRQDO�6FLHQWLILF�6HPLQDU��7URPV¡��1RUZD\��2FWREHU�������������
([WHQGHG�DEVWUDFW�DYDLODEOH�LQ�VHFWLRQ�$������

�
� +LQNOHU�� -��� 3HGHUVHQ�� 6�%��� +DQVHQ�� %�8��� 7DPVWRUI�� 0�3�� $

VSDWLRWHPSRUDO� DQDO\VLV� RI� WKH� VQRZ� FRYHU� LQ� D� +LJK� $UFWLF�
HQYLURQPHQW�� =DFNHQEHUJGDOHQ� 1RUWKHDVW� *UHHQODQG� 3UHVHQWHG� DW��
7KH� 6HYHQWK� &LUFXPSRODU� 6\PSRVLXP� RQ� 5HPRWH� 6HQVLQJ� RI� 3RODU�
(QYLURQPHQWV��/RQJ\HDUE\HQ��6YDOEDUG��1RUZD\��-XQH���������������

�
� +LQNOHU�� -���'LJLWDO� VQRZ� PRQLWRULQJ� LQ� D� KLJK� DUFWLF� HFRV\VWHP� LQ�

1RUWKHDVW�*UHHQODQG� 3UHVHQWHG�DW��$UNWLVN�%LRORJLVN�)RUVNHUP¡GH�,;��
cUKXV��'HQPDUN��0DUFK������������

�
� +LQNOHU�� -���6QRZ�PDSSLQJ� �� XVLQJ�5HPRWH�'LJLWDO� &DPHUDV� �5'&��

3UHVHQWHG� DW�� 6&$11(7¶V� ILUVW� DQQXDO� PHHWLQJ�� 7RUVKDYQ�� )DHURH�
,VODQGV��1RYHPEHU���������������

�
� +LQNOHU��-���3HGHUVHQ��6�%��$XWRPDWLF�VQRZ�FRYHU�PRQLWRULQJ�DW�KLJK�

WHPSRUDO�DQG�VSDWLDO� UHVROXWLRQ� ��XVLQJ� LPDJHV� WDNHQ�E\�D�VWDQGDUG�
GLJLWDO� FDPHUD� 3UHVHQWHG� DW�� 7KH� 6L[WK� &LUFXPSRODU� 6\PSRVLXP� RQ�
5HPRWH�6HQVLQJ�RI�3RODU�(QYLURQPHQWV��<HOORZNQLIH��&DQDGD��-XQH����
���� ������ 3DSHU� ��� SXEOLVKHG� LQ� ,QWHUQDWLRQDO� -RXUQDO� RI� 5HPRWH�
6HQVLQJ��YRO����������1RYHPEHU������������
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$�����([WHQGHG�DEVWUDFW²$&,$�6\PSRVLXP��5H\NMDYLN��,FHODQG�������
�



$33(1',;�����&21)(5(1&(6�$1'�0((7,1*6�

��



$33(1',;�����&21)(5(1&(6�$1'�0((7,1*6�

��



$33(1',;�����&21)(5(1&(6�$1'�0((7,1*6�

��



$33(1',;�����&21)(5(1&(6�$1'�0((7,1*6�

��

$����� 3URFHHGLQJ� SDSHU²1RUWKHUQ� 5HVHDUFK� %DVLQV�� .DQJHUOXVVXDT��
*UHHQODQG�������
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$����� ([WHQGHG� DEVWUDFW²6L[WK� 1\� cOHVXQG� ,QW�� 6FLHQWLILF� 6HPLQDU��
7URPV¡��1RUZD\�������
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1RWH��WR�SURYLGH�DQ�RYHUYLHZ�RI�WKH�DOEHGR�YDULDWLRQ�GXULQJ�PHOW�RII� WKH�&'�520��DWWDFKHG�WRWKH�EDFN�FRYHU��LQFOXGHV�D�YLGHR�DQLPDWLRQ�RI�VXUIDFH�DOEHGR�GXULQJ�WKH�PHOWLQJ�VHDVRQ�LQ�1\�cOHVXQG�������
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6QRZ±YHJHWDWLRQ� UHODWLRQV� LQ� D� +LJK� $UFWLF�
HFRV\VWHP�� ,QWHU�DQQXDO� YDULDELOLW\� LQIHUUHG� IURP�
QHZ�PRQLWRULQJ��DQG�PRGHOLQJ�FRQFHSWV�
�
-��+,1./(5��%��8��+$16(1��0��3��7$06725)��6��%��3('(56(1�
�
$EVWUDFW�� )RU�+LJK� $UFWLF� HFRV\VWHPV�� VQRZ� LV� RQH� RI� WKH�PRVW� LPSRUWDQW� FOLPDWLF� IDFWRUV²
DIIHFWLQJ� ERWK� OHQJWK� RI� WKH� JURZLQJ� VHDVRQ�� DQG� SULPDU\� SODQW� SURGXFWLRQ�� 7R� SHUIRUP� D�
UHWURVSHFWLYH� DQDO\VLV� RI� LQWHU�DQQXDO� YDULDELOLW\� LQ� VQRZ� GLVWULEXWLRQ�DPRXQW� DQG� YHJHWDWLYH�
DFWLYLW\�LQ�D�+LJK�$UFWLF�HFRV\VWHP��WKHVH�IDFWRUV�ZHUH�LQYHVWLJDWHG�IRU�WKH�=DFNHQEHUJ�YDOOH\�DW�
�����1 LQ�1RUWKHDVW�*UHHQODQG��7KH�DQDO\VLV�ZDV�EDVHG�RQ�UHFHQWO\�LQWURGXFHG�WHFKQLTXHV�WKDW�
XWLOL]H� FRQYHQWLRQDO� DQG� PXOWLVSHFWUDO� GLJLWDO� FDPHUD� LPDJHV� DFFRPSDQLHG� E\� /DQGVDW�
70�(70�� DQG� 6327� +59� VDWHOOLWH� GDWD�� 6LQFH� ����� �DQG� VLQFH� ����� PXOWLVSHFWUDO�� GLJLWDO�
FDPHUDV� KDYH� EHHQ� LQVWDOOHG� RQ� WKH� =DFNHQEHUJ�PRXQWDLQ� VLGH� ����P� DERYH� WKH� YDOOH\� IORRU�
WDNLQJ� GDLO\� LPDJHV� RI� WKH� YDOOH\� DXWRPDWLFDOO\�� 7KHVH� LPDJHV� ZHUH� WUDQVIRUPHG� LQWR� GLJLWDO�
RUWKRSKRWRV��ZKLFK�ZHUH� IXUWKHU�XVHG� WR�GHULYH� VXUIDFH�PDSV� IRU� VQRZ� FRYHU� DQG�1RUPDOL]HG�
'LIIHUHQFH� 9HJHWDWLRQ� ,QGH[� �1'9,�� DQDO\VLV�� 7KH� FRPSUHKHQVLYH� DPRXQW� RI� LQIRUPDWLRQ�
UHSUHVHQWHG�E\�WKH�VQRZ�FRYHU��DQG�1'9,�PDSV�ZDV�XVHG�WR�GHYHORS�VHPL�HPSLULFDO�PRGHOLQJ�
DSSURDFKHV� WR� FDOFXODWH� HQG�RI�ZLQWHU� VQRZ� DFFXPXODWLRQ�� VQRZ�FRYHU�GHSOHWLRQ�� DQG� QHW�
YHJHWDWLYH� DFWLYLW\� �VQRZ�IUHH�1'9,��GXULQJ�PHOW�RII��7KHVH� DSSURDFKHV� DUH� DSSOLFDEOH� LI� ��� DW�
OHDVW� RQH� VDWHOOLWH� LPDJH� �RU� DLU� SKRWR��ZLWK� KLJK� VSDWLDO� UHVROXWLRQ� DQG� ��� GDLO\� WHPSHUDWXUH�
PHDQV�GXULQJ�WKH�PHOWLQJ�VHDVRQ�DUH�DYDLODEOH��&XUUHQWO\��LW�KDV�EHHQ�SRVVLEOH�WR�SURFXUH�XVDEOH�
VDWHOOLWH� GDWD� EDFN� WR� ����� �H[FHSW� IRU� WKH� \HDU� ������� 'XH� WR� GLIIHUHQW� HQG�RI�ZLQWHU� VQRZ�
DFFXPXODWLRQV�� DQG� GLIIHUHQW� WHPSHUDWXUH� GLVWULEXWLRQV� GXULQJ�PHOW�RII�� VQRZ�FRYHU�GHSOHWLRQ�
DURXQG� =DFNHQEHUJ� VKRZV� FRQVLGHUDEOH� LQWHU�DQQXDO� YDULDELOLW\�� $� FRPSDULVRQ� EHWZHHQ� VQRZ�
FRYHU� DQG�1'9,�GLVWULEXWLRQ� UHYHDOV� WKDW� YHJHWDWLYH� YLJRU� LQ� WKH�=DFNHQEHUJ� DUHD�SULPDULO\� LV�
OLQNHG�WR�WKH�LQLWLDWLRQ�WLPH�RI�WKH�VQRZ�IUHH�SHULRG�UDWKHU�WKDQ�WHPSHUDWXUH��7KLV�LQGLFDWHV�WKDW�
LQ� VRPH� $UFWLF� UHJLRQV� LQFUHDVHV� LQ� ZLQWHU� �VQRZ��SUHFLSLWDWLRQ� PLJKW� EH� DV²RU� HYHQ� PRUH�
FUXFLDO� IRU�WKH�HFRV\VWHP��WKDQ�WKH�LQFUHDVHG�WHPSHUDWXUHV�SURMHFWHG�E\�WKH�PDMRULW\�RI�*OREDO�
&LUFXODWLRQ�0RGHOV��
�
���,QWURGXFWLRQ�
$UFWLF�HFRV\VWHPV�DUH�SDUWLFXODUO\�VHQVLWLYH�WR�GLVWXUEDQFHV��DQG�DUH�WKHUHIRUH�
FRQVLGHUHG� WR� UHVSRQG� UDSLGO\� WR� FOLPDWLF� FKDQJHV� �5H\QROGV� DQG�7HQKXQHQ��
������� &KDQJHV� LQ� YHJHWDWLYH� GLVWULEXWLRQ� DQG� DFWLYLW\� LQ� WKH� $UFWLF� DUH�
WKHUHIRUH�LPSRUWDQW�LQGLFDWRUV�RI�FKDQJHV�LQ�WKH�JOREDO�FOLPDWH���

6WXGLHV� EDVHG� RQ� VDWHOOLWH� GDWD� �0\QHQL� HW� DO��� �����7XFNHU� HW� DO���
�����=KRX�HW�DO���������KDYH�VKRZQ�WKDW�LQ�PDQ\�ODUJH�UHJLRQV��EHWZHHQ����1�
DQG� ���1�� SKRWRV\QWKHWLF� DFWLYLW\� RI� WHUUHVWULDO� YHJHWDWLRQ� LQIHUUHG� IURP�
1RUPDOL]HG�'LIIHUHQFH�9HJHWDWLRQ� ,QGH[� �1'9,��� KDV� LQFUHDVHG� RYHU� WKH� ODVW�
FRXSOH� RI� GHFDGHV�� 7KHVH� UHVXOWV� DUH� K\SRWKHVL]HG� WR� EH� LQ� DFFRUGDQFH� ZLWK�
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UHFHQW� &2��LQGXFHG� JOREDO� ZDUPLQJ�� LQGLFDWLQJ� WKDW� ELR�FOLPDWLF� ]RQHV�
JHQHUDOO\�KDYH�PRYHG�QRUWKZDUGV��7KH�UHJLRQV�H[KLELWLQJ�WKH�JUHDWHVW�LQFUHDVH�
OLH� DW� WKH� KLJKHU� ODWLWXGHV� ����1±���1��� ZKHUH� WKH� VQRZ� KDV� GLVDSSHDUHG�
HDUOLHU� LQ� VSULQJ� WLPH�� ,Q� D� UHFHQW� UHYLHZ� RI� FDVH� VWXGLHV� RQ� YHJHWDWLRQ� DQG�
ODQG�FRYHU� FKDQJH� LQ� $UFWLF� WXQGUD� V\VWHPV� �6WRZ� HW� DO��� ������� DQ� XSZDUG�
WUHQG� LQ� SKRWRV\QWKHWLF� DFWLYLW\� DOVR� DW� ODWLWXGHV� EH\RQG� ���1� LV� VLPLODUO\�
GHWHFWHG��+RZHYHU��DW�WKHVH�ODWLWXGHV�DQG�HVSHFLDOO\�LQ�WKH�+LJK�$UFWLF�FOLPDWH�
]RQH��DQDO\VHV�RI�1'9,��H�J��1'9,±WHPSHUDWXUH�UHODWLRQV��JHW�FRPSOLFDWHG�E\�
WKH�SUHVHQFH�RI�VQRZ�FRYHU��EHFDXVH�WKH�VQRZ�FRYHU�SUHYHQWV�WKH�LQLWLDWLRQ�RI�
WKH� JURZLQJ� VHDVRQ� XQWLO� LW� GLVDSSHDUV� IURP� YHJHWDWHG� DUHDV�� 7KXV�� WR� JHW� D�
EHWWHU� DQG� PRUH� GHWDLOHG� SLFWXUH� RI� WKH� LQIOXHQFH� IURP� VQRZ� FRYHU� RQ�
YHJHWDWLYH� DFWLYLW\� LQ� WKH� $UFWLF�� WKHUH� LV� D� FDOO� IRU� PRQLWRULQJ� VQRZ±1'9,�
UHODWLRQV�DW�GLIIHUHQW�VSDWLDO�VFDOHV���

0RVW�FRPPRQO\��1'9,�DQG�VQRZ�REVHUYDWLRQV�DW�VFDOHV�ODUJHU�WKDQ�SORW�
VFDOHV�DUH�LQIHUUHG�IURP�VDWHOOLWH�RU�IURP�DLUFUDIW��+RSH�HW�DO����������+RZHYHU��
WKHVH�PHWKRGV�VXIIHU�IURP�WKH�GLOHPPD�WKDW�WHPSRUDO��DQG�VSDWLDO�UHVROXWLRQ�
JHQHUDOO\�LV�LQYHUVHO\�UHODWHG��6DWHOOLWH�VHQVRUV�ZLWK�KLJK�VSDWLDO�UHVROXWLRQ�����
P RU� EHWWHU��� VXFK� DV� WKH� /DQGVDW� 7KHPDWLF� 0DSSHU� �70�� RU� 6\VWqPH�
3UREDWRLUH� SRXU� O¶2EVHUYDWLRQ� GH� OD� 7HUUH� �6327�� +LJK� 5HVROXWLRQ� 9LVLEOH�
�+59��KDYH�SRRU� WHPSRUDO� UHVROXWLRQV�RI� DERXW� WZR�ZHHNV� �VOLJKWO\�EHWWHU� DW�
KLJK� ODWLWXGHV� GXH� WR� WKHLU� SRODU� RUELWV��� DQG� WKH� LPDJHV� DUH� RIWHQ�
FRQWDPLQDWHG� E\� FORXG� FRYHU�� 2Q� WKH� FRQWUDU\�� KLJK�WHPSRUDO� UHVROXWLRQ�
V\VWHPV� ZLWK� GDLO\� FRYHUDJH�� VXFK� DV� WKH� $GYDQFHG� 9HU\� +LJK� 5HVROXWLRQ�
5DGLRPHWHU� �$9+55�� IURP� WKH� 1DWLRQDO� 2FHDQLF� DQG� $WPRVSKHULF�
$GPLQLVWUDWLRQ� �12$$��KDYH�SRRU� VSDWLDO� UHVROXWLRQV�� W\SLFDOO\� DW� NLORPHWHU�
VFDOHV�� DQG� PHDVXUHPHQWV� IURP� DLUFUDIW� DUH� VR� FRVWO\� WKDW� KLJK� WHPSRUDO�
UHVROXWLRQ�FDQQRW�EH�ILQDQFHG�WKURXJK�WKH�IXQGLQJ�DYDLODEOH�IRU�PRVW�UHVHDUFK�
SURMHFWV��$W�ORFDO�WR�LQWHUPHGLDWH�VFDOHV��1'9,�REVHUYDWLRQV�IURP�KLJK�ODWLWXGH�
ORFDWLRQV�FDQQRW�EH�JHQHUDOL]HG�IURP�VDWHOOLWH�GDWD�ZLWK�KLJK�WHPSRUDO�FRDUVH�
VSDWLDO�UHVROXWLRQ��EHFDXVH�HDFK�SL[HO�FRQWDLQ�VHYHUDO�VXUIDFH�W\SHV�� LQFOXGLQJ�
VQRZ��ZKLFK�KDV�QHJDWLYH�1'9,���6XFK�GDWD�PD\�WKHUHIRUH�JLYH�DQ�REIXVFDWHG�
SLFWXUH�RI�WKH�VWDWH�RI�WKH�YHJHWDWLRQ�ZLWKLQ�WKH�DUHD�LQ�TXHVWLRQ��ZKHUHDV�KLJK�
VSDWLDO�UHVROXWLRQ�GDWD� PD\� ODFN� WKH� LQIRUPDWLRQ� QHFHVVDU\� WR� GHVFULEH� WKH�
FRXUVH�RI�1'9,�FXUYHV�WKURXJK�WLPH���

7KH� REMHFWLYH� RI� WKLV� VWXG\� LV�� ��� WR� GHYHORS� D� ORFDO�VFDOH�� � ��� NP��
PHWKRG� IRU� DQDO\]LQJ� VQRZ� FRYHU� DQG� 1'9,� DW� =DFNHQEHUJ� LQ� KLJK� $UWLF�
1RUWKHDVW� *UHHQODQG�� ZKLFK� LV� EDVHG� RQ� &RQYHQWLRQDO�� DQG� 0XOWLVSHFWUDO�
'LJLWDO� &DPHUD� ,PDJHV� �&'&,V� 	� 0'&,V��� DQG� ZKLFK� ZRUNV� DW� ERWK� KLJK�
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VSDWLDO��DQG�KLJK�WHPSRUDO�UHVROXWLRQ�����WR�XVH�WKH�FRPSUHKHQVLYH�DPRXQW�RI�
GDWD� UHSUHVHQWHG�E\� WKH�&'&,V�DQG�0'&,V� WR�GHULYH�D� VHPL�HPSLULFDO�PRGHO�
IRU� FDOFXODWLRQ�RI� VQRZ�FRYHU� H[WHQW� DQG�1'9,� LQ� \HDUV�SULRU� WR� WKH� FDPHUD�
LQVWDOODWLRQ��DQG�WR�XVH�WKLV�PRGHO�IRU�DQ�LQWHU�DQQXDO�DQDO\VLV�RI�VQRZ�FRYHU±
1'9,�UHODWLRQV�LQ�WKH�=DFNHQEHUJ�5HVHDUFK�$UHD��=5$���UHWURVSHFWLYHO\²ZLWK�
GDLO\�WHPSHUDWXUHV�DQG�D�OLPLWHG�QXPEHU�RI�KLJK�UHVROXWLRQ�VDWHOOLWH�LPDJHV�DV�
WKH�RQO\�LQSXW�SDUDPHWHUV��
�
���6WXG\�DUHD�
=5$�LV�VLWXDWHG�DW������1�������:��)LJ�����LQ�1RUWKHDVW�*UHHQODQG��,W�LV�D�KLJK�
UHOLHI�PRXQWDLQRXV�ODQGVFDSH��ZKLFK�FRQVLVWV�RI�QHDUO\�KRUL]RQWDO�YDOOH\�IORRUV�
EHORZ�DOWLWXGHV�RI�����P��VWHHS�VORSHV�EHWZHHQ�����DQG�����P�DQG�SODWHDXV�
DERYH�����P��=5$�LV�ORFDWHG�LQ�WKH�]RQH�RI�FRQWLQXRXV�SHUPDIURVW�DQG�KRVWV�D�
ODUJH�GLYHUVLW\�RI�JODFLDO��SHULJODFLDO�DQG�FRDVWDO�ODQGVFDSH�IHDWXUHV�DQG�D�JUHDW�
YDULHW\� RI� ELRWRSHV� OLNH� IHQV�� KHDWKV�� IHOO� ILHOGV�� DQG� JUDVVODQGV�� &RQWLQXRXV�
PHWHRURORJLFDO� REVHUYDWLRQV� LQ� =5$� ZHUH� LQLWLDWHG� E\� WKH� =DFNHQEHUJ�
(FRORJLFDO� 5HVHDUFK� 2SHUDWLRQV� �=(52�� LQ� -XO\� ������ DQG� LQGLFDWH� D� PHDQ�
DQQXDO�DLU�WHPSHUDWXUH������±������VOLJKWO\�DERYH�����&��)URP�HDUO\�-XQH�WR�
HDUO\� 6HSWHPEHU�� WKH�PHDQ� GDLO\� WHPSHUDWXUH� JHQHUDOO\� H[FHHGV� ��&�� /RQJHU�
WHUP�PHWHRURORJLFDO� GDWD� DUH� DYDLODEOH� IURP� WKH� $XWRPDWLF�:HDWKHU� 6WDWLRQ�
�$:6��DW�'DQHERUJ�VLWXDWHG����NP�VRXWKHDVW�RI�=5$��$W�'DQHERUJ�WKH����\HDU�
PHDQ�DQQXDO�DLU� WHPSHUDWXUH������±������ LV� ������&��&DSSHOHQ�HW�DO����������
$FFRUGLQJ�WR�D�JHQHUDO�FOLPDWH�FODVVLILFDWLRQ��2UYLJ���������WKH�ORFDWLRQ�RI�=5$�
LV�ZHOO�LQWR�WKH�+LJK�$UFWLF�FOLPDWH�]RQH��GHILQLWLRQ��WKH�DYHUDJH�WHPSHUDWXUH�
RI�WKH�ZDUPHVW�PRQWK����&���+RZHYHU��DV�=5$�LV�VLWXDWHG�LQ�D�FRDVWDO�GRPDLQ�
LQVLGH�WKH�<RXQJ�6XQG�DQG�7\UROHU�)MRUG�IMRUG�V\VWHPV��WKH�ORFDO�FOLPDWH�LV�QRW�
VWULFWO\�+LJK�$UFWLF��6LQFH�������WKLV�VWXG\�GHDOV�ZLWK�WKH�SHULRG�����±�������
WKH� DYHUDJH� WHPSHUDWXUH� RI� WKH� ZDUPHVW� PRQWK� KDV� YDULHG� EHWZHHQ� ����&�
������� DQG� ����&� �������� 7KXV�� LI� D� PRUH� VSHFLILF� FOLPDWLF� FODVVLILFDWLRQ� LV�
FRQVLGHUHG� �&$90� 7HDP�� ������� WKH� LQWHU�DQQXDO� YDULDWLRQ� LQ� =5$¶V� -XO\�
WHPSHUDWXUHV�LV�ZLWKLQ�D�UDQJH�UHSUHVHQWLQJ��±��GLIIHUHQW�ELR�FOLPDWH�]RQHV²
1RUWKHUQ� DUFWLF� WXQGUD� ]RQH�� 0LGGOH� DUFWLF� WXQGUD� ]RQH�� 6RXWKHUQ� DUFWLF�
WXQGUD�]RQH��(OYHEDNN���������=5$�WKHUHIRUH�KRVWV�D�UHODWLYHO\�ODUJH�GLYHUVLW\�
RI� SODQW� FRPPXQLWLHV²FXUUHQWO\� ���� GLIIHUHQW� VSHFLHV� RI� YDVFXODU� SODQWV� DUH�
NQRZQ�WR�EH�SUHVHQW�LQ�WKH�DUHD��%D\�������0HOWRIWH���������
7KH�WRWDO�DYHUDJH�DQQXDO�SUHFLSLWDWLRQ�DW�'DQHERUJ�LV�����PP��DQG�DERXW�����
RI� WKLV� IDOOV� DV� VQRZ� �����±������ �2KPXUD� DQG� 5HHK�� ������� 6LPLODU� YDOXHV�
KDYH� EHHQ� IRXQG� DW� WKH� $:6� DW� =DFNHQEHUJ�� 7KH� HQG�RI�ZLQWHU� VQRZ� GHSWK
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)LJ�����7KH�=DFNHQEHUJ�5HVHDUFK�$UHD��
�
PHDVXUHG� DW� WKH� =DFNHQEHUJ� $:6� RQ� -XQH� �� �����±������ KDV� YDULHG� IURP�
�����P��������WR������P���������'XH�WR�WKH�GRPLQDQFH�RI�VWURQJ�ZLQGV�IURP�
WKH�1:±1(�GXULQJ�ZLQWHU�� WKH�VQRZ�FRYHU� LQ�=DFNHQEHUJGDOHQ�LV�GLVWULEXWHG�
XQHYHQO\�RYHU�WKH�ODQGVFDSH��ZLWK�ODUJH�VQRZ�GHSRVLWHG�PDLQO\�RQ�VRXWK�IDFLQJ�
VORSHV�� 7KH� ORFDWLRQ� RI� WKH� ODUJHU� VQRZ�GULIWV� LV� VWDEOH� IURP� \HDU� WR� \HDU�
�6RHJDDUG�HW�DO����������
�
���0DWHULDOV�DQG�PHWKRGV�
7KH� PRVW� FRPSUHKHQVLYH� DPRXQW� RI� GDWD� DYDLODEOH� IRU� VQRZ� FRYHU� DQG�
YHJHWDWLRQ� DQDO\VLV� LQ� =5$� LV� WKH�&'�� DQG�0'&,V��&'&,V� RI� WKH�=DFNHQEHUJ�
9DOOH\� KDYH� EHHQ� REWDLQHG� DXWRPDWLFDOO\� \HDU� URXQG� RQ� D� GDLO\� EDVLV� VLQFH�
$XJXVW�������DQG�0'&,V�KDYH�EHHQ�REWDLQHG�GXULQJ�-XQH±$XJXVW�VLQFH�-XQH�
�����WR�PRQLWRU�1'9,�GXULQJ�WKH�JURZLQJ�VHDVRQ��7KH�1'9,�LV�GHILQHG��

�
1'9,�  � 1,5 5('

1,5 5('
-
+ � ����

ZKHUH�
�
1,5� �UHIOHFWDQFH�LQ�WKH�QHDU�LQIUDUHG�SDUW�RI�WKH�VSHFWUXP�
5('� �UHIOHFWDQFH�LQ�WKH�UHG�SDUW�RI�WKH�VSHFWUXP�
�

'XH�WR�WKH�PXOWLVSHFWUDO�FDPHUD¶V�KLJKHU�SRZHU�FRQVXPSWLRQ��WKH�0'&,V�
DUH� RQO\� REWDLQHG� LQ� WKH� VXPPHU�SHULRG�� L�H�� ZKHQ� WKH� FDPHUDV� FDQ� EH�
LQVSHFWHG�UHJXODUO\��DQG�ZKHQ�SRZHULQJ�WKURXJK�VRODU�SDQHOV�LV�SRVVLEOH��
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7KH� ODUJH� QXPEHU� RI� &'&,V� RSHQV� WKH� SRVVLELOLW\� RI� GHULYLQJ� D� GHWDLOHG�
GHVFULSWLRQ�RI�VXPPHU�VQRZ�FRYHU�GHSOHWLRQ�LQ�=5$��DW�ERWK�KLJK�VSDWLDO�DQG�
WHPSRUDO� UHVROXWLRQ�� 7KLV� FRPELQHG� ZLWK� WHPSHUDWXUH� GDWD� DQG� PHDVXUHG�
VQRZ� GHSWKV� �GDLO\� WHPSHUDWXUH� PHDQV� DQG� HQG�RI�ZLQWHU� VQRZ� GHSWKV�
PHDVXUHG�DW�WKH�$:6�LQ�=5$��ZDV�XVHG�WR�GHULYH�D�VHPL�HPSLULFDO�PRGHO�IRU�
FDOFXODWLRQ� RI� VQRZ�FRYHU�GHSOHWLRQ� FXUYHV� LQ� \HDUV� SULRU� WR� FDPHUD�
LQVWDOODWLRQ��$�VQRZ�FRYHU�GHSOHWLRQ�FXUYH�FDQ�EH�FDOFXODWHG�LI�GDLO\�PHDQ�DLU�
WHPSHUDWXUHV� IURP� WKH�PHOWLQJ� VHDVRQ� DUH� DYDLODEOH� LQ� FRPELQDWLRQ� ZLWK� DW�
OHDVW�RQH�RI�WZR�RWKHU�SDUDPHWHUV�����VQRZ�FRYHUDJH�NQRZQ�IRU�DW�OHDVW�RQH�GD\�
LQ�WKH�VHDVRQ�RU����WKH�HQG�RI�ZLQWHU�VQRZ�DFFXPXODWLRQ��VQRZ�GHSWK�RQ�-XQH�
����/LNH�WKH�&'&,V�ZHUH�XVHG�WR�GHVFULEH�VQRZ�FRYHU�GHSOHWLRQ�ZLWKLQ�=5$��D�
GHWDLOHG� GHVFULSWLRQ� RI� YHJHWDWLYH� DFWLYLW\� �1'9,�� ZLWKLQ� =5$� ZDV� LQIHUUHG�
IURP�WKH�0'&,V�DQG�XVHG� IRU�GHULYDWLRQ�RI�DQRWKHU�VHPL�HPSLULFDO�DSSURDFK�
IRU� UHWURVSHFWLYH� 1'9,�PRGHOLQJ�� ,Q� WKLV� FDVH� WKH� LQSXW� SDUDPHWHUV� DUH�
GHULYHG� IURP� WKH�PRGHOHG� VQRZ� FRYHU� GDWD�� GD\� QXPEHU�� WHPSHUDWXUH� GDWD��
DQG�ILHOG�PHDVXUHPHQWV�RI�1'9,���
�
����'DWD�
,QSXW�� DV� ZHOO� DV� RXWSXW� GDWD� IRU� ERWK� WKH� VQRZ�FRYHU�GHSOHWLRQ�� DQG�1'9,�
PRGHOV�DUH�VXPPDUL]HG�LQ�7DEOH����
�
7DEOH����,Q��DQG�RXWSXW�GDWD�LQ�WKH�VWXG\��
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������'LJLWDO�FDPHUD�LPDJHV�
7KH� GLJLWDO� FDPHUDV� DUH� LQVWDOOHG� LQ� ZHDWKHUSURRI� ER[HV� DW� WKH� VLGH� RI�
=DFNHQEHUJ� 0RXQWDLQ� DW� DSSUR[LPDWHO\� ���� P� DERYH� VHD� OHYHO�� ZKLFK� LV�
DURXQG�����P�DERYH�WKH�DOWLWXGH�RI�WKH�$:6��)LJ������&'&,V�DUH�FDSWXUHG�RQFH�
D GD\�DW�VRODU�QRRQ��������87&���DQG�0'&,V�GDLO\�DW�WKH�VDPH�WLPH�RI�WKH�GD\�
LQ� ����� DQG� EL�GDLO\� ������� DQG� ������ 87&�� LQ� ����±������ 7R� EH� DEOH� WR�
TXDQWLI\�VQRZ�FRYHU�H[WHQWV�DQG�1'9,��WKH�REOLTXH�LPDJHV�ZHUH�WUDQVIRUPHG�
LQWR� GLJLWDO� RUWKRSKRWRV� �'XHKROP�� �����+DYH�� �����+LQNOHU� HW� DO��� ������
FRYHULQJ�DSSUR[LPDWHO\����NP� �)LJV����DQG�����
�

)LJ�� ��� &RQYHQWLRQDO�� DQG� 0XOWLVSHFWUDO� 'LJLWDO� &DPHUD� ,PDJHV� �&'&,V� DQG� 0'&,V�� DUH�
FRPELQHG� DQG� WUDQVIRUPHG� WR� IRUP� DQ� RUWKRJUDSKLFDO� VQRZ�1'9,�PDS�� 7KH� LPDJHV� LQ� WKH�
ILJXUH�ZHUH�FDSWXUHG�-XQH�����������

6QRZ� SL[HOV� ZHUH� LGHQWLILHG� IURP� WKH� &'&,�RUWKRSKRWRV� XVLQJ� DQ�
DOJRULWKP²5HG�*UHHQ�%OXH�1RUPDOL]HG�'LIIHUHQFH�6QRZ�,QGH[��5*%1'6,��E\�
+LQNOHU�HW�DO����������ZKLFK�XWLOL]HV�WKH�5��*��DQG�%�FRPSRQHQWV�RI�WKH�GLJLWDO�
LPDJHV�WR�FRPSHQVDWH�IRU�YDU\LQJ�LOOXPLQDWLRQ�FDXVHG�E\�VKDGRZ�HIIHFWV�IURP�
FORXGV� DQG� JHQHUDO� GD\� WR� GD\� GLIIHUHQFHV� LQ� LQFRPLQJ� VRODU� UDGLDWLRQ�� 7KH�
FRQFHSW�RI�WKH�5*%1'6,�LV�LQVSLUHG�E\�WKH�1RUPDOL]HG�'LIIHUHQFH�6QRZ�,QGH[�
�1'6,��GLVFXVVHG�LQ�VHFWLRQ�������RQ�VDWHOOLWH�GDWD��,Q�FRQWUDVW�WR�/DQGVDW�70�
GDWD�WKH�&'&,V�GR�QRW�FRQWDLQ�LQIRUPDWLRQ�IURP�WKH�PLG�LQIUDUHG���0,5��EXW�
RQO\� IURP� WKH� YLVLEOH� �9,6�� SDUW� RI� WKH� VSHFWUXP²LQ� WKH� 5*%1'6,�� 0,5�
UHIOHFWDQFH�LV�WKHUHIRUH�UHSODFHG�E\�DQ�DUWLILFLDO�FRPSRQHQW�GHULYHG�IURP�5*%�
YDOXHV��
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5*%1'6,�  � 9,6 0,5
9,6 0,5

UHSODFHPHQW

UHSODFHPHQW

-
+ ����

�
7KH�GHULYDWLRQ�RI�WKH�5*%1'6,�LV�GHVFULEHG�LQ�+LQNOHU�HW�DO����������

7KH� FRQYHQWLRQDO� GLJLWDO� FDPHUD� LV� D� .RGDN� '&��� ZLWK� D� UHVROXWLRQ� RI�
���î����SL[HOV��7KH�&KDUJH�&RXSOHG�'HYLFH��&&'��LV�FRDWHG�ZLWK�D�FRORU�DUUD\�
RI�UHG��JUHHQ�DQG�EOXH�SKRWRVLWHV��DQG�WKXV�HDFK�SKRWRVLWH�RQ�LW�LV�VHQVLWLYH�WR�
RQO\�RQH� FRORU��7KHUHIRUH� LQWHUSRODWLRQ�DOJRULWKPV� FUHDWLQJ� WKH�PLVVLQJ�5��*�
DQG�%�YDOXHV�DUH�DSSOLHG�EHIRUH�D�ELWPDS�LPDJH�LV�FUHDWHG��7KH�PXOWLVSHFWUDO�
FDPHUD�LV�D�7HWUDFDP�LQF��VLQJOH�&&'�FDPHUD��ZKLFK�ZDV�XVHG�SUHYLRXVO\�IRU�
VXUIDFH� DQG� DOEHGR�FODVVLILFDWLRQ� LQ� WKH� 1\�cOHVXQG� $UHD�� ���1�� 6YDOEDUG�
�+LQNOHU�HW�DO����������7KH�&&'�KDV�D�UHVROXWLRQ�RI�����î�����SL[HOV�DQG�KDV�D�
FRORU�ILOWHU�DUUD\�DSSOLHG�WR�LW��PHDQLQJ�WKDW�HDFK�SL[HO�RQ�WKH�&&'�LV�VHQVLWLYH�
WR� RQO\� RQH� FRORU�� $IWHU� FRORU� UHFRQVWUXFWLRQ� �GHPRVDLFLQJ� SURFHVVLQJ� XVLQJ�
UDZ�SL[HO�GDWD���WKH�*UHHQ��5HG�DQG�1HDU�,QIUDUHG��*��5��1,5��VSHFWUDO�EDQGV�
DSSUR[LPDWHO\� FRYHU�� ���±���� QP� �*��� ���±���� QP� �5��� DQG� ���±���� QP�
�1,5���VHH�DOVR�7DEOH�����1'9,�PDSV�ZHUH�GHULYHG�IURP�WKH�UDZ�SL[HO�YDOXHV�RI�
WKH�1,5�DQG�5�VSHFWUDO�EDQGV���
�
������0HWHRURORJLFDO�GDWD�
0HWHRURORJLFDO�GDWD��OLVWHG�LQ�FROXPQ���DQG���LQ�7DEOH����DUH�DLU�WHPSHUDWXUHV�
PHDVXUHG� ��P� DERYH� WKH� VXUIDFH� DW� WKH�$:6V� DW� =DFNHQEHUJ� DQG�'DQHERUJ��
UHVSHFWLYHO\�� DQG� VQRZ� GHSWKV�PHDVXUHG� DW� WKH� $:6� DW� =DFNHQEHUJ�� $V� WKH�
=DFNHQEHUJ�5HVHDUFK� 6WDWLRQ�ZDV� QRW� HVWDEOLVKHG� EHIRUH� WKH� HQG� RI� VXPPHU�
������ DLU� WHPSHUDWXUHV� FRYHULQJ� PHOWLQJ� VHDVRQV� SULRU� WR� ����� KDG� WR� EH�
VXEVWLWXWHG� E\� GDWD� IURP� 'DQHERUJ�� 7R� YHULI\� ZKHWKHU� WKLV� LV� UHDVRQDEOH�� D�

)LJ���� $FFXPXODWHG�GHJUHH�GD\V��=DFNHQEHUJ�YV��
'DQHERUJ��
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FRPSDULVRQ� EHWZHHQ� $FFXPXODWHG� 'HJUHH� 'D\V� �$''�� DW� WKH� WZR� ORFDWLRQV�
ZDV� GRQH�� 'XH� WR� WHFKQLFDO� SUREOHPV� ZLWK� WKH� $:6� DW� 'DQHERUJ� LQ� UHFHQW�
\HDUV� LW� ZDV� SRVVLEOH� WR� GR� WKH� FRPSDULVRQ� RQO\� IRU� WKH� ����±�����PHOWLQJ�
VHDVRQV��)LJ������+RZHYHU��DV�WKH�UHODWLRQ�EHWZHHQ�WKH�WZR�LV�FORVH�WR�D�����OLQH�
GXULQJ�WKH�PDMRU�SDUW�RI�WKH�PHOWLQJ�VHDVRQ��$''���������D�GLUHFW�VXEVWLWXWLRQ�
ZDV�DVVHVVHG�DV�PRVW�UHDVRQDEOH��
�
������6DWHOOLWH�GDWD�
&XUUHQWO\�� LW� KDV� EHHQ�SRVVLEOH� WR� SURFXUH� FORXG�IUHH� VDWHOOLWH� GDWD�ZLWK�KLJK�
VSDWLDO� UHVROXWLRQ� �/DQGVDW� 70�� DQG� 6327� +59�� IURP� WKH� PHOWLQJ� VHDVRQV�
EDFN�WR�������VHH�7DEOH���DQG�)LJ����IRU�QXPEHU�DQG�WHPSRUDO�FRYHUDJH���7KH�
70� GDWD� FRYHU� ERWK� WKH� YLVLEOH��1,5� DQG�PLG�LQIUDUHG� SDUW� RI� WKH� VSHFWUXP�
�VHH�7DEOH�����ZKHUHDV�WKH�+59�FRYHU�WKH�YLVLEOH�DQG�1,5�SDUWV��7KXV��IRU�VQRZ�
PDSSLQJ� EDVHG� RQ� 70�GDWD� WKH� 1RUPDOL]HG� 'LIIHUHQFH� 6QRZ� ,QGH[� �1'6,��
ZDV�DSSOLHG��'R]LHU���������7KH�LQGH[�LV�JLYHQ�DV��
�

1'6,�  � 70 70
70 70EDQG� EDQG�

EDQG� EDQG�

-
+ ����

�
$V� WKH�+59�GDWD�GR�QRW� FRYHU�PLG�LQIUDUHG�ZDYHOHQJWKV�� WKH�5*%1'6,�

E\� +LQNOHU� HW� DO�� ������� ZDV� DSSOLHG� IRU� VQRZ�PDSSLQJ� RQ� WKHVH� GDWD� ZLWK�
FKDQQHO����1,5���FKDQQHO����5���DQG�FKDQQHO����*���DQG�DV�VXEVWLWXWHV�IRU�5��*��
DQG�%��UHVSHFWLYHO\��)URP�D�FDUHIXO�YLVXDO�LQVSHFWLRQ�DQG�IURP�WKH�IDFW�WKDW�RQ�
FORXG�IUHH� LPDJHV�� VQRZ� LV� UHODWLYHO\� HDV\� WR� GLVWLQJXLVK� IURP� RWKHU� VXUIDFH�
W\SHV�LW�ZDV�FRQFOXGHG�WKDW�WKLV�PHWKRG�LV�RI�KLJK�DFFXUDF\��
�

7DEOH� ��� 6SHFWUDO� FKDQQHOV�
RI� PXOWLVSHFWUDO� FDPHUD� YV��
VDWHOOLWH�VHQVRUV��
�

������)LHOG�PHDVXUHPHQWV�RI�1'9,�
6LQFH� ����� 1'9,� KDV� EHHQ� PHDVXUHG� UHJXODUO\� LQ� ��� GLIIHUHQW� SORWV�� ZKLFK�
UHSUHVHQW� WKH� �� PDLQ� W\SHV� RI� YHJHWDWLRQ� SUHVHQW� LQ� =5$� �&DVVLRSH�� 'U\DV��
6DOL[��DQG�(ULRSKRUXP���7KH�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�XVLQJ�D�6N\H�����
LQVWUXPHQW�ZLWK�D����±����QP�VHQVRU��7KH�'D\�2I�WKH�<HDU��'2<��DW�ZKLFK�
1'9,�PD[LPXP�RFFXUV��'2<�0D[�1'9,��FDOFXODWHG�DV�WKH�DYHUDJH�SHDNLQJ�
WLPH�IRU�DOO�WKHVH�SORWV�FRUUHVSRQG�ZHOO�WR�WKH�'2<�0D[�1'9,�FDOFXODWHG�IURP�
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WKH�0'&,�GDWD�LQ�WKH�\HDUV�����±������ZKLFK�LV�FDOFXODWHG�DV�WKH�DYHUDJH�RI�
DOO� VQRZ�IUHH� SL[HOV�� ,W� ZDV� WKHUHIRUH� DVVXPHG� WKDW� WKH� ��� SORWV� UHIOHFW� WKH�
WHPSRUDO�1'9,�YDULDWLRQ�RI�WKH�HQWLUH�YHJHWDWLRQ�FRYHU�DW�=5$�IDLUO\�ZHOO���
�
����0RGHO�GHULYDWLRQ�
,GHDOO\��PRGHOLQJ�RI�DQ\�SK\VLFDO�RU�ELRSK\VLFDO�SDUDPHWHU�UHTXLUHV�NQRZOHGJH�
DERXW� DOO� IDFWRUV� DIIHFWLQJ� LW��+RZHYHU�� GXH� WR� WKH� FRPSOH[LW\� RI� QDWXUH�� WKLV�
ZLOO� UDUHO\� EH� SRVVLEOH�� :KHQ� FRQVLGHULQJ� VQRZ� FRYHU� DQG� YHJHWDWLRQ�� ORFDO�
IDFWRUV� VXFK� DV� WKH� VSHFLILF� FOLPDWLF� UHJLPH� �WHPSHUDWXUH�� H[SRVXUH� WR� VRODU�
UDGLDWLRQ�� ZLQG� HWF��� DQG� WKH� WHUUDLQ¶V� WRSRJUDSKLF� FKDUDFWHULVWLFV� DUH�
SDUWLFXODUO\� FRPSOH[� WR�GHDO�ZLWK�� ,Q� WKLV� VWXG\�� WKH� LPSDFW� IURP�=5$¶V� ORFDO�
FKDUDFWHULVWLFV� RQ� VQRZ� FRYHU� DQG� YHJHWDWLYH� DFWLYLW\� LV� ³PLUURUHG´� E\� D�
FRPSUHKHQVLYH� DPRXQW� RI� GLJLWDO� FDPHUD� GDWD� REWDLQHG� LQ� GLIIHUHQW�
PHOWLQJ�JURZLQJ�VHDVRQV��7KH�PDLQ�FRQFHSW�RI�ERWK�WKH�VQRZ�FRYHU�GHSOHWLRQ��
DQG� WKH�1'9,�PRGHOV� LV� WR� FRPSDUH� WKLV� LQIRUPDWLRQ� WR� WKH� SULPDU\� IDFWRUV�
�DPRXQW� RI� SUHFLSLWDWLRQ�� PHOW�HQHUJ\�WHPSHUDWXUH�� DFFHVV� WR� VXQOLJKW� HWF���
LQIOXHQFLQJ� WKH�PRGHO�RXWSXW� �VQRZ�FRYHUDJH� DQG�1'9,��� DQG� WKHQ�XVH� LW� WR�
GHULYH� JHQHUDO� GDWD� VHWV� WKDW� UHSUHVHQW� RXWSXW� YDOXHV� FRUUHVSRQGLQJ� WR� DQ\�
UHDO�ZRUOG�VLWXDWLRQ�LQ�=5$��7KH�FXUYDWXUHV�LQ�)LJ�����$��DQG�)LJ�����%²JUHHQ�
XS��LV�D�YLVXDOL]DWLRQ�RI�WKHVH�GDWD�VHWV��
�
������6QRZ�FRYHU�GHSOHWLRQ�PRGHO�
$ VQRZ�FRYHU�GHSOHWLRQ�FXUYH��6&'&��GHVFULEHV�WKH�VHDVRQDO�GHFOLQH� LQ�VQRZ�
FRYHUHG� IUDFWLRQ� DV� D� IXQFWLRQ� RI� WLPH� RU� FXPXODWLYH� PHOW� HQHUJ\� �0(��
�0HQRHV�DQG�%UXEDNHU���������ZKLFK� LV� H[SUHVVHG�DV�$''� LQ� WKLV�VWXG\��7KH�
REMHFWLYH�RI� WKH� VQRZ�FRYHU�GHSOHWLRQ�PRGHO� LV� WR�GHULYH� DQ�0(�EDVHG�6&'&�
IRU�WKH�PHOWLQJ�VHDVRQ��DQG�WKHQ�WUDQVIRUP�LW�WR�D�WLPH�EDVHG�6&'&��ZKLFK�FDQ�
EH� FRPSDUHG� GLUHFWO\� WR� H�J�� WLPH�EDVHG� 1'9,�FXUYHV�� 7KH� DGYDQWDJH� RI� WKH�
0(�EDVHG�6&'&� LV� WKDW�� LI� WKH� VSDWLDO� VQRZ�GLVWULEXWLRQ� �GXH� WR� D� SUHYDLOLQJ�
ZLQG�GLUHFWLRQ�GXULQJ�ZLQWHU�DQG�ORFDWLRQ�VSHFLILF�WRSRJUDSK\��LV�DVVXPHG�WR�
EH� FRQVWDQW� IURP� \HDU� WR� \HDU�� WKHQ� WKHUH� LV� RQH�� DQG� RQO\� RQH�� 0(�EDVHG�
6&'&�WKDW�FRUUHVSRQGV�WR�D�VSHFLILF�HQG�RI�ZLQWHU�VQRZ�DFFXPXODWLRQ��2Q�WKH�
RWKHU� KDQG�� IRU� DQ\� HQG�RI�ZLQWHU� VQRZ� DFFXPXODWLRQ� WKHUH� LV� DQ� LQILQLWH�
DPRXQW�RI�WLPH�EDVHG�6&'&V��EHFDXVH�WKHUH�LV�DQ�LQILQLWH�DPRXQW�RI�ZD\V�LQ�
ZKLFK�0(�FDQ�YDU\�ZLWK� WLPH���+RZHYHU�� WKH�RQH� WLPH�EDVHG�6&'&�ZKLFK� LV�
XQLTXH�IRU�D�SDUWLFXODU�PHOWLQJ�VHDVRQ�FDQ�EH�GHULYHG�IURP�D�NQRZQ�0(�EDVHG�
6&'&��SURYLGHG� WKDW� WKH�DFFXPXODWHG�0(� LV�NQRZQ�RQ�D� FRQWLQXRXV� �LQ� WKLV
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)LJ�����&RQFHSWXDO�GHVFULSWLRQ�RI��$��VQRZ�FRYHU��DQG��%��1'9,�PRGHOV��,Q�%��VQRZ�FRYHU
�LV�
GHILQHG�DV�WKH�DYHUDJH�VQRZ�FRYHU�SHUFHQWDJH��FDOFXODWHG�IURP�RXWSXW�RI�$��IRU�WKH�JUHHQ�XS�
SHULRG��/DWH� VQRZ�PHOW� UHSUHVHQWV�DQ�DUWLILFLDO� ³H[WUHPH��\HDU´�ZLWK� ³ORZ�1'9,�KLJK� VQRZ�
FRYHU´��

VWXG\��GDLO\��EDVLV�WKURXJK�WKH�PHOWLQJ�VHDVRQ��DQG�SURYLGHG�WKDW�QR�VQRZIDOO�
KDV�RFFXUUHG�ZLWKLQ�WKH�PHOWLQJ�VHDVRQ��

%HFDXVH� WKH� SUHYDLOLQJ� ZLQG�GLUHFWLRQ� �11:�� LQ� =5$� LV� IDLUO\� FRQVWDQW�
IURP�ZLQWHU� WR�ZLQWHU�� VQRZ� FRYHU� GLVWULEXWLRQ� LQ� WKH� DUHD� LV� DVVXPHG� WR� EH�
VLPLODU� LQ� GLIIHUHQW� \HDUV�� 7KH�EDVLF� FRQFHSW�RI� WKH�PRGHO� LV� WKXV� WR� ILQG� WKH�
0(�EDVHG� 6&'&� WKDW� FRUUHVSRQGV� WR� WKH� HQG�RI�ZLQWHU� VQRZ� GHSWK� IRU� WKH�
DFWXDO�\HDU�LQ�TXHVWLRQ��7R�EH�DEOH�WR�GR�WKLV��VQRZ�FRYHU�GDWD�UHSUHVHQWHG�E\�
WKH� &'&,V� ZHUH� XVHG� WR� LQWHUSRODWH� D� GDWD� VHW� FRQWDLQLQJ�0(�EDVHG� 6&'&V�
FRUUHVSRQGLQJ� WR� DQ\� HQG�RI�ZLQWHU� VQRZ� DFFXPXODWLRQ� DW� =5$� �)LJ�� �� �$����
7KH�GDWD� VHW� LV�EDVHG�RQ�&'&,�GDWD� UHFRUGHG�GXULQJ�����±�����DQG�����±
�����DQG�ZDV�LQWHUSRODWHG�ZLWK�WKH�.ULJLQJ�PHWKRG��6WHLQ���������7KH������
VHDVRQ� ZDV� RPLWWHG� GXH� WR� KHDY\� VQRZIDOO� ZLWKLQ� WKH� PHOWLQJ� VHDVRQ²DQ�
HYHQW�� ZKLFK� KDV� RQO\� EHHQ� REVHUYHG� RQFH� �-XQH� ��±���� ������ VLQFH� WKH�
=DFNHQEHUJ� 5HVHDUFK� 6WDWLRQ� ZDV� HVWDEOLVKHG� LQ� ������ ,I� WKH� HQG�RI� ZLQWHU�
VQRZ�DFFXPXODWLRQ� LV�NQRZQ� IRU�D�JLYHQ�VHDVRQ�� WKHQ� LWV� FRUUHVSRQGLQJ�0(�
EDVHG�6&'&�FDQ�EH�H[WUDFWHG�GLUHFWO\�IURP�WKH�GDWD�VHW��+RZHYHU��LI�LW�LV�QRW��LW�
KDV�WR�EH�IRXQG�LWHUDWLYHO\�XVLQJ�DW��OHDVW�RQH��VQRZ�FRYHU�REVHUYDWLRQ�V��IURP�
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WKH� VHDVRQ� LQ� TXHVWLRQ�� ,Q� SUDFWLFH� WKLV� PHDQV� WKDW� WKH� PRGHO� ZRUNV� E\�
VHOHFWLQJ�VQRZ�FRYHU�SHUFHQWDJHV�WKDW�PDWFK�FRPELQDWLRQV�RI�PHOW�HQHUJ\�DQG�
HQG�RI�ZLQWHU� VQRZ� DFFXPXODWLRQ�� 7KLV� LV� GRQH� IRU� HDFK� GD\� LQ� WKH�PHOWLQJ�
VHDVRQ�� 7KH� DGYDQWDJH� RI� WKH� PRGHO� LV� WKDW�� LI� WKH� HQG�RI�ZLQWHU� VQRZ�
DFFXPXODWLRQ�LV�QRW�NQRZQ��LQ�WKLV�VWXG\�WKLV�FRQFHUQV�\HDUV�SULRU�WR�������LW�
FDQ� EH� IRXQG� LWHUDWLYHO\� WRJHWKHU� ZLWK� LWV� FRUUHVSRQGLQJ� GHSOHWLRQ� FXUYH�
�SURYLGHG�WKDW�WKH�$''�DUH�DYDLODEOH�RQ�D�GDLO\�EDVLV��DQG�WKDW�VQRZ�FRYHUDJH�
�KHUH� LQWHUSUHWHG� IURP� VDWHOOLWH� GDWD�� LV� NQRZQ� IRU� DW� OHDVW� RQH� GD\� LQ� WKH�
PHOWLQJ�VHDVRQ����

$V�KLJK� VSDWLDO� UHVROXWLRQ� VDWHOOLWH� GDWD� �6327�+59�	�/DQGVDW�70�� DUH�
DYDLODEOH� EDFN� WR� ����� LW� ZDV� WKHUHIRUH� SRVVLEOH� DOVR� WR� GHULYH� VQRZ�FRYHU�
GHSOHWLRQ� FXUYHV� IRU� WKH� SHULRG� ����±������ ZKHUH� QR� FDPHUD�GDWD� ZHUH�
DYDLODEOH�� 7\SLFDOO\� RQH� RU� WZR� FORXG�IUHH� VDWHOOLWH� LPDJHV�ZHUH� DYDLODEOH� SHU�
PHOWLQJ�VHDVRQ��

)RU�FDOFXODWLRQ�RI�$''��D�EDVH�WHPSHUDWXUH�EHORZ���&�ZDV�DSSOLHG��7KLV�
LV� EHFDXVH� WKH� &'&,V� UHYHDO� VQRZ�PHOW� WR� RFFXU� ZLWKLQ� =5$� DOVR� ZKHQ� WKH�
GDLO\�PHDQ�WHPSHUDWXUH�LV�EHORZ�WKH�IUHH]LQJ�SRLQW��$Q�DQDO\VLV�EDVHG�RQ�VQRZ�
GHSWK�DQG�WHPSHUDWXUH�GDWD�REWDLQHG�DW�WKH�$:6�DW�=DFNHQEHUJ�VXJJHVWV����&�
DV�D�SODXVLEOH�YDOXH�IRU�WKH�EDVH�WHPSHUDWXUH��)LJ������
�

)LJ����VKRZV�WKDW�DERYH����&�WKHUH�LV�D�FOHDU�WUHQG�RI�LQFUHDVLQJ�VQRZ�PHOW�
ZLWK� LQFUHDVLQJ� WHPSHUDWXUHV�� DQG� WKDW� WKH� WUHQG�OLQH� LQWHUVHFWV� WKH� SRLQW��������
����&�� �� FP� ¼ GD\����� %HORZ� ���&� WKHUH� LV� QR� XS�� RU� GRZQZDUG� WUHQG�� 7KH�
PDMRULW\� RI� WKH� REVHUYDWLRQV� EHORZ� ���&� DUH� DW� WKH� ³�� FP� ¼ GD\���OLQH´��
LQGLFDWLQJ�WKDW�PRVW�RI�WKH�WLPH�WKHUH�LV�QR�VQRZIDOO��+RZHYHU��WKH�IDFW�WKDW�WKH�
WUHQG�OLQH� LV�EHORZ� WKH� ³�� FP� ¼ GD\���OLQH´�� LQGLFDWH� D�QHW� VQRZ�DFFXPXODWLRQ�

)LJ���� 6QRZ�PHOW��GD\�WR�GD\�GLIIHUHQFHV�LQ�
VQRZ� GHSWK�� YV�� GDLO\� PHDQ� WHPSHUDWXUHV�
PHDVXUHG�DW� WKH�$XWRPDWLF�:HDWKHU�6WDWLRQ�
�$:6��DW�=DFNHQEHUJ��
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GXULQJ�ZLQWHU��7KH�ILJXUH�LV�EDVHG�RQ�DOO�VQRZ��DQG�WHPSHUDWXUH�REVHUYDWLRQV�
UHFRUGHG�DW�WKH�$:6�ZLWKLQ�WKH�SHULRG�$XJXVW�����±$XJXVW�������ZKHUH�WKH�
GDLO\�PHDQ�DLU�WHPSHUDWXUH�ZDV�EHWZHHQ�����DQG����&���

'XH�WR�WKH�SUHVHQFH�RI�SHUPDIURVW�LQ�WKH�=DFNHQEHUJ�9DOOH\��ZKLFK�OHDGV�
WR� SRRU� GUDLQDJH� FRQGLWLRQV� DQG� D�ZDWHU� VDWXUDWHG� VQRZ� SDFN�� VQRZ� GHQVLW\�
GXULQJ�PHOW�RII�LV�JHQHUDOO\�KLJK��)LHOG�PHDVXUHPHQWV�LQGLFDWH�PHDQ�GHQVLWLHV�
DURXQG�����NJ� @ P��� �/DUVHQ�DQG�.DUOVHQ���������7KH�VORSH�RI� WKH� WUHQG�OLQH�
������ FP� @ �&��� @ GD\��� WKXV� LQGLFDWHV� DYHUDJH� VQRZ�PHOW� �GHJUHH�GD\� IDFWRU��
DURXQG�����PP�ZDWHU�HTXLYDOHQW�@ GD\��� $�ZLGH�UDQJH�RI�GHJUHH�GD\�IDFWRU�IRU�
VQRZ� PHOW� ����±���� PP� @ �&��� @ GD\��� KDV� EHHQ� UHSRUWHG� LQ� WKH� OLWHUDWXUH��
+RZHYHU�� WKH� PDMRULW\� RI� WKH� UHSRUWHG� YDOXHV� RI� GHJUHH�GD\� IDFWRU� UDQJH�
EHWZHHQ���DQG���PP�@ �&���@ GD\����/HKU�HW�DO����������7KLV�VXJJHVWV�WKDW�=5$�LV�
SODFHG�LQ�D�³QRUPDO�UHJLPH´�RI�VQRZ�PHOW���
�
������1'9,�PRGHO�
$V� RSSRVLWH� WR� WKH� VQRZ�FRYHU�GHSOHWLRQ�PRGHO�ZKLFK� LV� EDVHG� VROHO\� RQ� WKH�
DSSURDFK� RI� VHOHFWLQJ� RXWSXW�GDWD� IURP� DQ� HPSLULFDOO\� GHULYHG� GDWD� VHW�� WKH�
1'9,�PRGHO�LV�EDVHG�RQ�D�FRPELQDWLRQ�RI����WKLV�DSSURDFK��)LJ�����%�²JUHHQ�
XS��� DQG� ��� D� VLPSOH� FXUYH�ILWWLQJ� DSSURDFK� �)LJ�� �� �%�²JUHHQ�GRZQ��� $Q�
DGGLWLRQDO� LQSXW�SDUDPHWHU� UHTXLUHG� IRU� PRGHO� DSSOLFDWLRQ� LV� '2<�0D[�
1'9,²DW�WKLV�'2<��FDOFXODWLRQ�RI�1'9,�FKDQJHV�IURP�WKH�ILUVW�WR�WKH�VHFRQG�
DSSURDFK��

7KH�³JUHHQ�XS�SDUW´�RI�WKH�1'9,�PRGHO�LV�EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�
GXULQJ� ³JUHHQ�XS�WLPH´�� �1'9,�� LV� VXEVWDQWLDOO\� UHODWHG� WR� VQRZ�FRYHU�H[WHQW�
�EHFDXVH� YLUWXDOO\�� SKRWRV\QWKHWLF� DFWLYLW\� RFFXUV� RQO\� LQ� VQRZ�IUHH� DUHDV���
7KHUHIRUH��WKH�LQSXW�SDUDPHWHUV�IRU�WKLV�SDUW�RI�WKH�PRGHO�DUH�����WKH�DYHUDJH�
VQRZ�FRYHU�SHUFHQWDJH�IRU�WKH�JUHHQ�XS�SHULRG��GHULYHG�IURP�WKH�RXWSXW�RI�WKH�
VQRZ�FRYHU�GHSOHWLRQ�PRGHO���DQG����WLPH��H[SUHVVHG�DV�'2<���7KH�\HDU������
KDG� WKH� PRVW� H[WHQVLYH� VQRZ�SUHFLSLWDWLRQ� DPRXQW� HYHU� UHFRUGHG� LQ� =5$��
ZKLOH� WKH�\HDU������WRJHWKHU�ZLWK�WKH�WZR� ODWHVW�\HDUV� ������DQG�������KDG�
VRPH� RI� WKH� ORZHVW�� 5HJDUGLQJ� WKH� VQRZ�FRYHU�GHSOHWLRQ� PRGHO� WKLV� LV� DQ�
DGYDQWDJH�� DV� WKH� LQWHUSRODWHG� GDWD� VHW� WKHUHE\� FRYHUV� D� ZLGH� VSHFWUXP� RI�
GHSOHWLRQ�FXUYHV��:KHQ�FRQVLGHULQJ�WKH�1'9,�PRGHO�WKH�VLWXDWLRQ�LV�GLIIHUHQW��
8QIRUWXQDWHO\��0'&,V�ZHUH�QRW�REWDLQHG�EHIRUH�������7KHUHIRUH�DQ�DUWLILFLDO�
UHSUHVHQWDWLRQ�RI�1'9,� LQ�H[WUHPH�³VQRZ�\HDUV´�KDG� WR�EH�FRQVWUXFWHG��7KLV�
UHSUHVHQWDWLRQ�LV�GHQRWHG�ODWH�VQRZ�PHOW� LQ�)LJ�����%���DQG�LV�FDOFXODWHG�VROHO\�
RQ�WKH�EDVLV�RI�SL[HOV�������GDWD��ZLWK�'2<�0D[�1'9,�EHWZHHQ�����DQG�����
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�$XJXVW� �±$XJXVW� ��²DFFRUGLQJ� WR� ILHOG� REVHUYDWLRQV�� WKH� \HDU� ����� KDG�
PD[LPXP� 1'9,� DW� '2<� ����� 7KH� GLVDGYDQWDJH� RI� WKH� ODWH� VQRZ� PHOW��
DSSURDFK� LV� WKDW� 1'9,�YDOXHV� PLJKW� EH� ELDVHG� IURP� WKH� IDFW� WKDW� DUHDV�
FKDUDFWHUL]HG� E\� ODWH� VQRZ�PHOW� DUH� GRPLQDWHG� E\� VSHFLILF� YHJHWDWLRQ� W\SHV�
�H�J��6DOL[�$UFWLFD���%D\���������+RZHYHU��DV�WKHUH�LV�FXUUHQWO\�QR�RWKHU�RSWLRQV�
IRU� DQ� ³H[WUHPH�\HDU´�UHSUHVHQWDWLRQ�� WKH� ODWH� VQRZ� PHOW��DSSURDFK� LV�
FRQVLGHUHG�DV�WKH�EHVW�SRVVLEOH�DSSUR[LPDWLRQ���
�

$QDO\VHV�IURP�=5$��0HOWRIWH��������RQ�H�J��'U\DV� LQWHJULIROLD�VKRZ�WKDW�
'2<�0D[�1'9,�LV�KLJKO\�FRUUHODWHG�WR�WKH�'2<�DW�ZKLFK�WKH�PDMRU�SDUW�RI�WKH�
VQRZ�FRYHU�KDV�GLVDSSHDUHG��0DMRU�VQRZ�FRYHUDJH�LV�FRQVLGHUHG�WR�HQG�ZKHQ�
WKH�VQRZ�FRYHU�SHUFHQWDJH�JHWV�EHORZ����²WKLV�LV�EHFDXVH�ILHOG�PHDVXUHPHQWV�
IURP�=5$�VKRZV�WKDW�JUHHQ�XS�VWDUWV�DW�DQ�DSSUR[LPDWH�1'9,�YDOXH�RI�DERXW�
����²DQG� WKH� 1'9,�VQRZ� PDSV� IURP� WKH� ����±����� VHDVRQV� �VHH� )LJ�� ���
LQGLFDWH�WKDW�³����VQRZ�FRYHU´�DQG�³1'9,� �����´�RFFXU�DW�DURXQG�WKH�VDPH�
'2<�" D IHZ�GD\V��LQ�PRVW�FDVHV��*HQHUDOO\��ODWH�VQRZ�PHOW�GHOD\V�'2<�0D[�
1'9,��KRZHYHU�� WR� D� FHUWDLQ� GHJUHH� WKH� YHJHWDWLRQ� LV� DEOH� WR� FRPSHQVDWH� IRU�
ODWH� VQRZ� PHOW� E\� LQFUHDVHG� SODQW�SURGXFWLRQ�UDWH� �0HOWRIWH�� �������
)XUWKHUPRUH�� YHJHWDWLYH� JURZWK� LV� UHODWHG� WR� WHPSHUDWXUH�� WKHUHIRUH� LW� LV�
DVVXPHG�WKDW�'2<�0D[�1'9,�FDQ�EH�FDOFXODWHG�RQ�WKH�EDVLV�RI����WKH�GDWH�DW�
ZKLFK�WKH�SHULRG�ZLWK�PDMRU�VQRZ�FRYHU��!�����HQGV��(QG�'2<PDMRU���DQG����
WKH�DYHUDJH�DLU�WHPSHUDWXUH�ZLWKLQ�WKH�SHULRG�ZLWK�PLQRU��������VQRZ�FRYHU�
�$YJ�7HPSPLQRU���$�PXOWLSOH�UHJUHVVLRQ�ILW�ZLWK�'2<�0D[�1'9,�DFWLQJ�DV� WKH�
GHSHQGHQW� YDULDEOH�� LV� VKRZQ� LQ� )LJ�� ��� 7KH� DGMXVWHG� 5�VTXDUHG� RI�PXOWLSOH�
GHWHUPLQDWLRQ��5D

�� LV������ �S��������7KH�DYHUDJH�UHVLGXDO�YDOXH� LV������GD\V��
DQG� UHVLGXDOV� QHYHU� H[FHHG� �� GD\V�� %HWZHHQ� '2<�0D[�1'9,� DQG� (QG��

)LJ�� �� )LW� RI� PXOWLSOH�
UHJUHVVLRQ� EHWZHHQ� ���
7LPH� RI� 0D[�1'9,�� ���
'2<�ZKHUH�PDMRU� �!�����
VQRZ� FRYHUDJH� HQGV�� DQG�
��� WKH� DYHUDJH�
WHPSHUDWXUH� ZLWKLQ� WKH�
SHULRG�ZLWK�PLQRU� �������
VQRZ�FRYHU��
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'2<PDMRU� DQG� $YJ�7HPSPLQRU� WKH� 5�VTXDUHG� LV� ����� �S������� DQG� �����
������S�������� UHVSHFWLYHO\�� %HWZHHQ� WKH� WZR� LQGHSHQGHQWV� �(QG�'2<PDMRU�
DQG�$YJ�7HPSPLQRU��WKHUH�LV�QR�FRUUHODWLRQ��5�VTXDUHG� �������S!!�������7KLV�
OHDGV� WR� WKH� FRQFOXVLRQ� WKDW� VQRZ�FRYHUDJH� LV� WKH�PRVW� LPSRUWDQW�SDUDPHWHU�
DIIHFWLQJ� WKH� WLPH� RI� SHDN� YHJHWDWLYH� DFWLYLW\�� DQG� WKDW� WKH� LQIOXHQFH� IURP�
WHPSHUDWXUH� LV� OHVV� VLJQLILFDQW� EXW� LV� VWLOO� RI� VRPH� LPSRUWDQFH�� 7KH� ³JUHHQ�
GRZQ�SDUW´�RI�WKH�1'9,�PRGHO�DVVXPHV�WKDW�JUHHQ�GRZQ�LV�UHODWHG�SULPDULO\�
WR�GHFUHDVLQJ�VRODU�]HQLWK�DQJOH��ZKLFK�LV�UHODWHG�WR�'2<���)XUWKHUPRUH��LW� LV�
DVVXPHG�WKDW�YHJHWDWLYH�DFWLYLW\�VWRSV�ZKHQ�WKH� WHPSHUDWXUH�JHWV�EHORZ���&��
7KHUHIRUH��WKH�JUHHQ�GRZQ�FXUYH�LV�EDVLFDOO\�FDOFXODWHG�DV�WKH�HTXDWLRQ�VWDWHG�
LQ�)LJ�����%���EXW�LV�DGMXVWHG�LQ�DFFRUGDQFH�ZLWK�WKH�DERYH�DVVXPSWLRQV��)LUVWO\��
DQ RIIVHW� LV� LQWURGXFHG� VR� WKDW� WKH� FXUYH� ZLOO� WDNH� LWV� VWDUWLQJ� SRLQW� DW� WKH�
PD[LPXP�1'9,�YDOXH��ZKLFK�LV�FDOFXODWHG�WKURXJK�WKH�JUHHQ�XS�SURFHGXUH���
6HFRQGO\�� LI�PRUH�WKDQ���VXFFHVVLYH�GD\V�ZLWK� WHPSHUDWXUHV�EHORZ���&�RFFXU�
EHIRUH� WKH� 1'9,� JRHV� EHORZ� ����� �VHH� DERYH� VHFWLRQ��� WKH� WLPH� VFDOH� RI� WKH�
JUHHQ�GRZQ�SHULRG�ZLOO�EH�FKDQJHG��PHDQLQJ�WKDW�WKLV�SDUW�RI�WKH�1'9,�FXUYH�
LV� ³FRPSUHVVHG� LQ� WLPH´� DQG� ZLOO� LQWHUVHFW� ������ ZKHQ� FRQWLQXRXV� IURVW�
FRPPHQFHV��0RGHOHG�1'9,�FXUYHV�DUH�GLVSOD\HG�LQ�)LJ�����
�
���5HVXOWV�
�
����6QRZ�
)LJ�� �� VKRZV� WKDW� WKH� LQWHU�DQQXDO� VQRZ� FRYHU� �DQG�1'9,�� YDULDWLRQ� LQ�=5$�
GXULQJ� ����±����� LV� FRQVLGHUDEOH� ZLWK� DYHUDJH� VQRZ� FRYHU� H[WHQW� LQ� WKH�
JUHHQ�XS�SHULRG� UDQJLQJ� IURP����� LQ� ����� WR����� LQ� ������3UHYLRXV� VWXGLHV�
IURP� =5$� �0HOWRIWH�� ������ DQG� WKH� JHQHUDO� PRQLWRULQJ� SURJUDPV� DW�
=DFNHQEHUJ�KDYH�GHFLGHG� WR�XVH� WKH�GDWH�ZLWK�����VQRZ�FRYHU� DV� D�SRLQW� LQ�
WLPH��ZKLFK�LV�JHQHUDOO\�XVHG�IRU�LQWHU�DQQXDO�FRPSDULVRQV�RI�WKH�VQRZ�FRYHU�
DQG�IDFWRUV�UHODWHG�WR�LW��2QH�TXDQWLWDWLYH�H[DPSOH�RI�WKH�YDULDWLRQ�LV�WKDW�WKH�
GDWH�ZLWK�����VQRZ�FRYHU�YDULHV�ZLWK�PRUH� WKDQ�D�PRQWK²WKH�PHDQ�GDWH� LV�
-XQH�����'2<�������ZKHUHDV�PD[��DQG�PLQLPXP�KDV�RFFXUUHG�DW�-XO\����'2<�
����� ������ DQG�-XQH��� �'2<� ����� ������� UHVSHFWLYHO\��%DVHG� RQ� WKH� LWHUDWLYH�
PRGHOLQJ� DSSURDFK� �GHVFULEHG� LQ� VHFWLRQ� ������� HQG�RI�ZLQWHU� VQRZ� GHSWKV��
FRUUHVSRQGLQJ�WR�WKH�VQRZ�DFFXPXODWLRQV�DW�WKH�$:6��ZHUH�FDOFXODWHG��7DEOH�
����7KH�UHVXOWV�UHYHDO�WKDW�WKH�YDULDWLRQ�LQ�ZLQWHU�SUHFLSLWDWLRQ�LQ�=5$�FDQ�YDU\�
ZLWK�RUGHUV�RI�PDJQLWXGH��IURP�DOPRVW�QRQH�LQ������WLOO�PRUH�WKDQ�D�PHWHU�LQ�
WKH�\HDUV������DQG�������2YHU�WKH�ODVW����\HDUV��WKH�GDWD�LQGLFDWH�QR�VLJQLILFDQW�
WLPH�WUHQG�LQ�ZLQWHU�SUHFLSLWDWLRQ���
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)LJ�� ��� 0RGHOHG� VQRZ�FRYHU�GHSOHWLRQ�� DQG� 1'9,� FXUYHV� �����±������� GLVSOD\HG� WRJHWKHU�
ZLWK� FDPHUD�� DQG� VDWHOOLWH� REVHUYDWLRQV�� 7KH� WRQHG� GRZQ� FXUYHV� LOOXVWUDWHV� DOO� \HDUV�� RWKHU�
WKDQ�WKH�DFWXDO�\HDU�LQ�TXHVWLRQ��'XH�WR�KHDY\�VQRZIDOO�ZLWKLQ�WKH�PHOWLQJ�VHDVRQ�LQ�������WKH�
GHSOHWLRQ�FXUYH�VWDUWV�ODWHU�LQ�WKLV�\HDU��
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7DEOH����6QRZ�GHSWKV��LQ�FP��DW�-XQH���DW�WKH�=DFNHQEHUJ�$:6²PHDVXUHG������±������DQG�
PRGHOHG�LWHUDWLYHO\������±��������

6QRZ�FRYHU�GHSOHWLRQ�FXUYHV�DW�=5$�JHQHUDOO\�WHQG�WR�KDYH�D�UHYHUVHO\�6�
VKDSHG�IRUP��7KLV�LQGLFDWHV�DQ�XQHYHQ�VQRZ�GLVWULEXWLRQ��ZKLFK�LV�W\SLFDO�IRU�
PRXQWDLQRXV� DUHDV�� GXH� WR�ZLQG�GULIW� DQG� D�PDUNHG� WRSRJUDSKLF� UHOLHI� �+DOO�
DQG� 0DUWLQHF�� ������� 7KH� VWHHSHVW� SDUW� RI� WKH� GHSOHWLRQ� FXUYHV� UHSUHVHQWV�
VQRZ�GHSOHWLRQ� GXULQJ� WKH� WLPH� ZKHUH� H[WHQVLYH� DUHDV�� ZLWK� XQLIRUP� VQRZ�
GHSRVLWLRQ��EHFRPH�IUHH�RI�VQRZ��7KH�VORSH�RI�WKLV�SDUW�RI�WKH�FXUYH�UHIOHFWV�WKH�
WHPSHUDWXUH�HQHUJ\�LQSXW�IOX[� GXULQJ�PHOW�RII�� 7KLV�PHDQV� WKDW� ODUJH� VORSH�
YDULDWLRQV� PD\� LQGLFDWH� D� GLIIHUHQW� SUHYDLOLQJ� FOLPDWLF� UHJLPH� �0HQRHV� DQG�
%UXEDNHU���������6LJQLILFDQW�VORSH�GHYLDWLRQV�KDYH�RFFXUUHG�LQ�=5$�D�FRXSOH�RI�
WLPHV²H�J�� WKH�VORSHV�ZHUH�ZHDNHU�WKDQ�QRUPDO� LQ������DQG������� LQGLFDWLQJ�
WHPSHUDWXUHV�PDUNHGO\�ORZHU�WKDQ�QRUPDO��
�
����1'9,�
(YLGHQWO\��YHJHWDWLYH�DFWLYLW\�LV�OLQNHG�WR�WKH�SUHVHQFH�DEVHQFH�RI�VQRZ�FRYHU��
)LJ����JLYHV�D�YLVXDO�LPSUHVVLRQ�RI�WKLV�OLQNDJH��7KH�1'9,�FXUYHV�LQ�WKH�ILJXUH�
VKRZ�WKH�DYHUDJH�1'9,�RI�VQRZ�IUHH�DUHDV� LQ�=5$��UHSUHVHQWHG�DV�WKH�VQRZ�
IUHH� DUHD� FRYHUHG� E\� WKH� &'&,�� DQG� 0'&,V�� IRU� HDFK� GD\� LQ� WKH� JURZLQJ�
VHDVRQ��'XH� WR�D� VKRUWHQLQJ�RI� WKH�JURZLQJ�VHDVRQ� LQ�DUHDV�ZLWK� ORQJ� ODVWLQJ�
VQRZ�FRYHUDJH��ERWK�WKH�DYHUDJH�OHQJWK�RI�WKH�JURZLQJ�VHDVRQ�DQG�WKH�DYHUDJH�
1'9,�DUH�UHGXFHG� LQ�\HDUV�ZLWK�H[WHQVLYH�VQRZ�FRYHU��)XUWKHUPRUH��DV�VQRZ�
FRYHU� GHOD\V� WKH� LQLWLDWLRQ�WLPH� RI� WKH� JURZLQJ� VHDVRQ�� WKH� WLPH� RI� 1'9,�
RSWLPXP�LV�DOVR�GHOD\HG��LQ�WKH�FDVH�RI�D�ODUJH�VQRZ�FRYHU�H[WHQW²HYHQ�WKRXJK�
WKDW�VRPH�SODQW�VSHFLHV�DUH�DEOH�WR�SDUWO\�FRPSHQVDWH�IRU�WKLV��0HOWRIWH���������
7KH�LQWHU�DQQXDO�YDULDELOLW\�LQ�1'9,�DQG�OHQJWK�RI�JURZLQJ�VHDVRQ�LV�GHVFULEHG�
IRU�=5$�LQ�7DEOH����

7KH�WDEOH�VKRZV�WKDW�RQ�DYHUDJH�WKH�OHQJWK�RI�WKH�JURZLQJ�VHDVRQ�LQ�=5$�
LV� �����GD\V�� DQG� WKDW� LW� YDULHV�ZLWK� DSSUR[LPDWHO\�����ZHHNV� �PLQLPXP�����
GD\V�LQ�������PD[LPXP�����GD\V���������

'2<�0D[�1'9,�YDULHV�ZLWK����GD\V�� IURP������-XO\� ���� LQ������ WR�����
�$XJXVW� ��� LQ� ������ DQG� WKH� PHDQ� '2<� LV� ������ �§-XO\� ����� 7KH� VWDQGDUG�
GHYLDWLRQ� IRU�'2<�0D[�1'9,� LV� ���� GD\V��ZKHUHDV� IRU� WKH� LQLWLDWLRQ�WLPH� RI�
WKH�JURZLQJ�VHDVRQ� LW� LV����GD\V��7KLV� LQGLFDWHV� WKDW� WKH�YHJHWDWLRQ� LV�DEOH� WR�
SDUWO\�FRPSHQVDWH�IRU�ODWH�VQRZ�PHOW�E\�LQFUHDVHG�SODQW�SURGXFWLYLW\���
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7DEOH� ��� 1'9,� DQG� JURZLQJ� VHDVRQ� LQ� =5$�� ,6I1'9,²WKH� LQWHJUDWHG� VQRZ�IUHH� 1'9,�� LV�
GHILQHG� DV� WKH� GDLO\� DYHUDJH� RI� VQRZ�IUHH� SL[HOV�PXOWLSOLHG� E\� WKH� VQRZ�IUHH� IUDFWLRQ� RI� WKH�
DUHD�DFFXPXODWHG�RYHU�DQ�HQWLUH�JURZLQJ�VHDVRQ��

7KH� LQWHJUDWHG� VQRZ�IUHH� 1'9,� �UHIHUUHG� WR� LQ� 7DEOH� �� DV� ,6I1'9,�� LV�
GHILQHG� DV� WKH� GDLO\� DYHUDJH� RI� VQRZ�IUHH� SL[HOV�PXOWLSOLHG� E\� WKH� VQRZ�IUHH�
IUDFWLRQ� RI� WKH� DUHD� DFFXPXODWHG� RYHU� DQ� HQWLUH� JURZLQJ� VHDVRQ�� 7KXV�� LW�
UHIOHFWV� WKH� WRWDO� DPRXQW� RI� SKRWRV\QWKHWLF� DFWLYLW\� WKDW� KDV� EHHQ� JRLQJ� RQ�
GXULQJ�WKH�VHDVRQ��ZKLFK�LV�IXUWKHU�UHODWHG�WR�WKH�QHW�SULPDU\�SODQW�SURGXFWLRQ�
�6WRZ�HW�DO��������9RXUOLWLV�HW�DO����������7KH�,6I1'9,�YDULHV�IURP�EHORZ����LQ�
\HDUV�ZLWK�H[WHQVLYH�VQRZ�FRYHUDJH�WR�ZHOO�DERYH����LQ�\HDUV�ZLWK�OLPLWHG�VQRZ�
FRYHU��PLQLPXP�������LQ�������PD[LPXP���������������

0D[LPXP�1'9,�YDOXHV�UDQJHV�IURP�DV�ORZ�DV������WR������LQ�\HDUV�ZLWK�
H[WHQVLYH�� DQG�PLQRU� VQRZ�FRYHU�� UHVSHFWLYHO\��1RWH� WKDW� DV� WKHVH� YDOXHV� DUH�
FDOFXODWHG�DV� WKH�DYHUDJH�RI�DOO� VQRZ�IUHH�SL[HOV�� WKH\�GR�QRW�UHIOHFW� WKH�SHDN�
YHJHWDWLYH�YLJRU� WKDW� FDQ�EH� IRXQG� LQ� WKH�DUHD��EXW� UHIOHFWV� WKH� WRWDO�QHW�SHDN�
YHJHWDWLYH�DFWLYLW\�LQ�VQRZ�IUHH�DUHDV��

)URP�)LJ����LW�FDQ�EH�REVHUYHG�WKDW�RQ�DYHUDJH�WKH�JURZLQJ�VHDVRQ�LQ�=5$�
VWDUWHG�DSSUR[LPDWHO\�DW�'2<�����LQ�������+RZHYHU��WKH�DFWXDO�VLWXDWLRQ�LV��RI�
FRXUVH��PRUH� FRPSOH[� DV� VRPH� DUHDV� EHFRPH� VQRZ�IUHH� VRRQHU� WKDQ� RWKHUV��
7KLV�LV�LOOXVWUDWHG�E\�)LJ�����ZKLFK�VKRZV�WKH�YDULDWLRQ�RI���1'9,�VXEGLYLVLRQV�
WKURXJK�WKH�PHOWLQJ�JURZLQJ�VHDVRQ��,Q�WKH�HDUO\�SDUW�RI�WKH�JUHHQ�XS�SHULRG��
WKH�VQRZ�IUHH�DUHDV�DUH�D�PL[WXUH�RI�1'9,�FODVVHV��ZKHUHDV� LQ�WKH� ODWHU�SDUW��
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)LJ�����7KH�WHPSRUDO�YDULDWLRQ�RI���
GLIIHUHQW� 1'9,�FODVVHV� ZLWKLQ� WKH�
DUHD� FRYHUHG� E\� WKH� FDPHUDV²
H[SUHVVHG� DV� HDFK� FODVV¶V� UHODWLYH�
SURSRUWLRQ� RI� WKH� VQRZ�IUHH� DUHD�
GXULQJ� WKH� JURZLQJ� VHDVRQ� �\HDU�
�������

WKH� FODVV�RI�KLJK�1'9,�YDOXHV� ��������SUHGRPLQDWHV��$W� WKH� LQLWLDWLRQ�RI� WKH�
VHDVRQ��ODUJH�DUHDV�EHFRPH�IUHH�RI�VQRZ��DQG�WKXV��1'9,�YDOXHV�EHORQJLQJ�WR�
>�����1'9,�����@� DUH� WKH� PRVW� QXPHURXV�� EXW� DUH� UDSLGO\� GHFUHDVHG� LQ�
QXPEHU�DV�WKH\�DUH�WUDQVIRUPHG�LQWR�WKH�KLJKHU�FODVVHV��+RZHYHU��WKH�VLWXDWLRQ�
VWLOO�JHWV�FRPSOH[HG�E\�FRQWLQXRXV�PHOW�RII��FRQWLQXRXV�³VXSSO\´�RI�ORZ�1'9,�
YDOXHV��� 7KH� JUHHQ�GRZQ� SHULRG� LV� FKDUDFWHUL]HG� E\� WKH� WUDQVLWLRQ� RI� 1'9,�
YDOXHV�IURP�WKH�KLJKHU��WR�WKH�ORZHU�1'9,�FODVVHV��
�
���'LVFXVVLRQ�

����6QRZ�
:KHQ� PRGHOLQJ� GHSOHWLRQ� RI� VQRZ� FRYHU�� WKH� VSDWLDO� GLVWULEXWLRQ� RI� VQRZ�
GHSRVLWLRQ�� VQRZ� GHQVLW\�� DQG� PHOW�HQHUJ\� �EDVLFDOO\� WHPSHUDWXUH� DQG� QHW�
UDGLDWLRQ� EXGJHWV�� FDQ� EH� H[WUHPHO\� FRPSOH[�� 7KLV� VWXG\� GHDOV� ZLWK� WKHVH�
SDUDPHWHUV� E\� LQFOXGLQJ� ³DQ� HPSLULFDO� ILQJHUSULQW� RI� WKH� VSDWLDO� VQRZ�PHOW�
EHKDYLRU�LQ�=5$´�XVLQJ�GDLO\�GLJLWDO�LPDJHV��7KH�DFFXUDF\�RI�WKLV�PHWKRGRORJ\�
GHSHQGV�RQ��ILUVWO\��WKDW�WKH�³ILQJHUSULQW´�UHIOHFWV�YDULDWLRQV�LQ�UHDO�ZRUOG�VQRZ�
FRYHU� GLVWULEXWLRQ� VXIILFLHQWO\� ZHOO�� DQG� VHFRQGO\�� ZKHWKHU� WKH� LQSXW�
SDUDPHWHUV� DUH� UHSUHVHQWDWLYH� IRU� WKH� DUHD� LQ� TXHVWLRQ�� ,Q� PRVW� FDVHV� WKH�
PRGHOHG�VQRZ�FRYHUDJH�ILWV�YDOXHV�LQIHUUHG�IURP�VDWHOOLWH��DQG�FDPHUD�LPDJHV�
ZHOO� �)LJ�� ����� +RZHYHU�� LQ� D� IHZ� FDVHV� WKHUH� DUH� GHYLDWLRQV� RI� PRUH� WKDQ� D�
FRXSOH�RI�GD\V��H�J�������DQG��������,Q�WKLV�VWXG\�WKHUH�DUH�EDVLFDOO\�WZR�PDLQ�
VRXUFHV�RI�HUURU�����,Q�WKH�FDVH�RI�VQRZIDOO�ZLWKLQ�WKH�PHOWLQJ�SHULRG��DV�LQ�WKH�
\HDU�������� WKH�³ILQJHUSULQW�DSSURDFK´�EUHDNV�GRZQ��DQG���� LI� WKH�'DQHERUJ�
WHPSHUDWXUHV� GHYLDWHV� VLJQLILFDQWO\� IURP� =5$�WHPSHUDWXUHV��0RVW� OLNHO\� WKLV�
ZRXOG�RFFXU�LQ�\HDUV�ZKHUH�'DQHERUJ�LV�DIIHFWHG�PRUH�E\�IRJ�FRPLQJ�LQ�IURP�
WKH�VHD�WKDQ�=5$��)LQDOO\��D�WKLUG�VRXUFH�RI�HUURU�LV�WKDW�DLU�WHPSHUDWXUHV�PD\�
QRW� QHFHVVDULO\� UHIOHFW� WKH� PHOW�HQHUJ\� EXGJHW� LQ� D� VLPLODU� ZD\� LQ� GLIIHUHQW�



3$3(5���

���

\HDUV��H�J��WKH�QHW�UDGLDWLYH�EXGJHW�DW�WKH�VXUIDFH�PD\�GLIIHU�EHWZHHQ�GD\V�ZLWK�
HTXDO�WHPSHUDWXUHV�GXH�WR�GLIIHUHQW�FORXG�FRYHU�HWF��
�
����1'9,�
�
������1'9,�FKDUDFWHULVWLFV�DV�VSHFLILF�IRU�WKLV�VWXG\�
1XPHURXV�VRXUFHV�RI�VDWHOOLWH�GDWD�DUH�DYDLODEOH�IRU�DQDO\VHV�RI�LQWUD�VHDVRQDO�
HFRORJLFDO� YDULDEOHV� LQ� UHPRWH� DUHDV�� 'XH� WR� WKHLU� KLJK� WHPSRUDO� UHVROXWLRQ�
�GDLO\�LPDJHV���WKH�12$$�$9+55�LV�DPRQJ�WKH�PRVW�ZLGHO\�XVHG�V\VWHPV�IRU�
DQDO\VHV�ZKHUH�VKRUW�LQWHUYDO�WLPH�VHULHV�DUH�UHTXLUHG��,Q�FRQWUDVW�WR�$9+55�
GDWD�� WKH�&'&,�0'&,�PHWKRG�KDV� WKH� DGYDQWDJH� WKDW� LW� FRPELQHV�ERWK�KLJK�
VSDWLDO�� DQG� KLJK� WHPSRUDO� UHVROXWLRQ�� 7KLV� JLYHV� WKH� RSSRUWXQLW\� WR� GR�
DQDO\VHV�DW�KLJK�WHPSRUDO�UHVROXWLRQ�ZLWK�KLJK�SUHFLVLRQ�DOVR�ZLWKLQ�WKH�VSDWLDO�
GRPDLQ�� DQG� WR� JLYH� DQ� DV� SUHFLVH� DV� SRVVLEOH� UHIOHFWLRQ� RI� WKH� DPRXQW� RI�
SK\WRPDVV�SUHVHQW�ZLWKLQ�WKH�VWXG\�DUHD�E\�PDVNLQJ�RXW�VQRZ�SL[HOV��7KXV��LW�
LV�LPSRUWDQW�WR�EH�DZDUH�WKDW�WKLV�VWXG\¶V�RXWSXW�1'9,�FXUYHV��)LJ�����DUH�QRW�
GLUHFWO\� FRPSDUDEOH� WR� 1'9,�FXUYHV� EDVHG� RQ� GDWD� ZLWK� FRDUVH� VSDWLDO�
UHVROXWLRQ�OLNH�H�J��WKH�$9+55��

1'9,�DQDO\VHV� EDVHG� RQ� $9+55�GDWD� REWDLQHG� RYHU� DUFWLF� WXQGUD� H�J��
�+RSH�HW�DO��������-LD�HW�DO��������2HFKHO�HW�DO���������JHQHUDOO\�VKRZV�1'9,�
FXUYHV� WR� EH� PRUH� RU� OHVV� V\PPHWULF� �EHOO�VKDSHG��� ZKHUHDV� WKH� FXUYHV�
SUHVHQWHG� KHUH� WHQG� WR� EH� VWHHSHVW� GXULQJ� JUHHQ�XS�� 7KLV� GLIIHUHQFH� LV�PRVW�
OLNHO\� UHODWHG� WR� WKH� IDFW� WKDW��ZKHQ�RQO\� VQRZ�IUHH� DUHDV� DUH� FRQVLGHUHG�� WKH�
GDPSHQLQJ� HIIHFW� IURP� DQ� HYHQWXDO� VQRZ� FRYHU� �QHJDWLYH� 1'9,�YDOXHV�� LV�
UHPRYHG�� L�H�� LQ� $9+55�GDWD� HDFK� SL[HO� PD\� FRQWDLQ� YDULRXV� VXUIDFH� W\SHV��
LQFOXGLQJ� VQRZ�� +RZHYHU�� LW� LV� LPSRUWDQW� WR� VWUHVV� WKDW� GXULQJ� WKH� JURZLQJ�
VHDVRQ��QHZ�SL[HOV�PHOWV�IUHH�RI�VQRZ�FRQWLQXRXVO\�DV�ORQJ�DV�D�VQRZ�FRYHU�LV�
SUHVHQW��PHDQLQJ�WKDW�GD\�WR�GD\�GLIIHUHQFHV�LQ�DYHUDJH�1'9,�GR�QRW�UHIHU�WR�
WKH�VDPH�DUHD��7KHUHIRUH��ZKHQ�³DYHUDJH�VQRZ�IUHH�1'9,´�LV�UHIHUUHG�WR�LQ�WKLV�
VWXG\��LW�VKRXOG�QRW�EH�PLVWDNHQ�DV�WKH�1'9,�RI�DUHDV�WKDW�KDV�EHHQ�VQRZ�IUHH�
GXULQJ� WKH� HQWLUH� JURZLQJ� VHDVRQ²EXW� DV� D� PHDVXUH� RI� WKH� VWDJH� RI� WRWDO�
JUHHQQHVV�SUHVHQW�ZLWKLQ�VQRZ�IUHH�DUHDV�DW�WKH�DFWXDO�GD\�LQ�TXHVWLRQ��

������&OLPDWLF�DVSHFWV�
6QRZ� FRYHU� LV� IRXQG� WR� EH� D� GRPLQDWLQJ� FOLPDWLF� SDUDPHWHU� DIIHFWLQJ�1'9,��
ERWK�ZLWK�UHVSHFW�WR�WLPLQJ�DQG�RYHUDOO�PDJQLWXGH��7KLV�LV�QRW�VXUSULVLQJ��VLQFH�
WKH� VQRZ� FRYHU� YLUWXDOO\� EORFNV� LQFRPLQJ� 3KRWRV\QWKHWLF� $FWLYH� 5DGLDWLRQ�
�3$5���%HO]LOH�HW�DO����������0RUH�VXUSULVLQJ�LV�LW�WKDW�QR�FRUUHODWLRQ�ZDV�IRXQG�
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EHWZHHQ� WKH�PDJQLWXGH� RI� PD[LPXP� 1'9,� PHDVXUHG� LQ� WKH� ILHOG� DQG� DLU�
WHPSHUDWXUHV�PHDVXUHG�DW�WKH�$:6��QHLWKHU�EHWZHHQ�WKH�FXUUHQW�QRU�EHWZHHQ�
WKH� SUHYLRXV� \HDU¶V� WHPSHUDWXUHV���+RZHYHU��ZKHQ� LW� FRPHV� WR� WKH� WLPLQJ� RI�
PD[LPXP�1'9,� WKH� LQIOXHQFH� IURP� DLU� WHPSHUDWXUH� LV� RI� VRPH� VLJQLILFDQFH�
�VHH�VHFWLRQ���������,Q�FRQVHTXHQFH�WR�WKLV��WKH�1'9,�PRGHO�GRHV�QRW�FRQVLGHU�
WHPSHUDWXUH� �H[FHSW� IRU� WKH� LQIRUPDWLRQ� WKDW� FRPHV� LQGLUHFWO\� IURP� WKH�
PRGHOHG� VQRZ� FRYHU�� IRU� GHULYDWLRQ� RI� DEVROXWH� 1'9,�YDOXHV�� EXW� FRQVLGHU�
WKHP�RQO\�LQ�FDOFXODWLQJ�WKH�WLPLQJ�RI�WKH�SHDN�YDOXH��,Q�WKH�OLJKW�RI�WKLV��VRPH�
JHQHUDO� FRQVLGHUDWLRQV� DERXW� 1'9,±WHPSHUDWXUH� UHODWLRQV�� ERWK� ZLWKLQ� DQG�
RXWVLGH�=5$��UHTXLUHV�IXUWKHU�GLVFXVVLRQ��

6WXGLHV� RI� 1'9,±ELRPDVV� UHODWLRQVKLSV� ZLWKLQ� VLQJOH� DUFWLF� YHJHWDWLRQ�
W\SHV� �+RSH� HW� DO��� �����-DFREVHQ� DQG� +DQVHQ�� ������ KDYH� FRQFOXGHG� WKDW�
ELRPDVV�LV�RQO\�RQH�RI�VHYHUDO�IDFWRUV��/HDI�$UHD�,QGH[��VRLO�ZDWHU�FRQWHQW�HWF���
LQIOXHQFLQJ� WKH� 1'9,�� +RZHYHU�� :DONHU� HW� DO�� ������� SRLQW� RXW� WKDW� ZKHQ�
YLHZHG� RYHU� EURDG� UHJLRQV� DQG� DFURVV�PDMRU� FKDQJHV� LQ� YHJHWDWLRQ� ELRPDVV��
WKHUH� LV� D� FOHDU� UHODWLRQVKLS� EHWZHHQ� WHPSHUDWXUH�� ELRPDVV�� DQG� 1'9,� RQ�
PHVLF� ]RQDO� VLWHV�� 'XH� WR� LWV� OLPLWHG� VL]H� �DERXW� ��� NP���� WKH� SDUW� RI� =5$�
FRYHUHG� E\� WKH� FDPHUDV� PD\� KDUGO\� UHSUHVHQW� VXFK� D� ³EURDG� UHJLRQ´�� EXW�
EHFDXVH�RI� WKH� ODUJH�GLYHUVLW\� LQ�SODQW�VSHFLHV��DQG�EHFDXVH� WKH�DUHD� LV�DW� WKH�
ERXQGDU\� EHWZHHQ� FOLPDWLF� UHJLPHV�� LW� PLJKW� EH� UHDVRQDEOH� WR� VXJJHVW� WKDW�
VRPH�VSHFLHV�DUH�EHWWHU�DGDSWHG�WR�WKH�ORFDO�FOLPDWH�LQ�VRPH�\HDUV��ZKLOH�RWKHU�
VSHFLHV�DUH�LQ�RWKHUV��'HVSLWH�WKLV��ILHOG�PHDVXUHPHQWV�RI�1'9,��DYHUDJH�1'9,�
RI� ��� SORWV�� GR� QRW� UHYHDO� DQ\� FRUUHODWLRQ� EHWZHHQ� DYHUDJH� VXPPHU�
WHPSHUDWXUHV��PHDVXUHG���P�DERYH�JURXQG�DW�WKH�$:6�GXULQJ�WKH�SHULRG�ZLWK�
PLQRU�VQRZ�FRYHU��DQG�PD[LPXP�1'9,�YDOXHV��

7KH�H[SODQDWLRQ�PD\�EH� WKDW� VLQFH�JHUPLQDWLRQ��DQG�JURZWK�FDSDELOLWLHV�
IRU� DUFWLF� VSHFLHV� DUH� RIWHQ� UHODWHG� WR� WKH� FOLPDWLF� FRQGLWLRQV� LQ� WKH� SUHYLRXV�
\HDU� �%OLVV� DQG�*ROG�� �������ERWK� VQRZ� FRYHU� DQG� WHPSHUDWXUH� FRQGLWLRQV� LQ�
WKH� SUHYLRXV� JURZLQJ� VHDVRQ� �WRJHWKHU� ZLWK� WKH� FRQGLWLRQV� LQ� WKH� FXUUHQW�
JURZLQJ�VHDVRQ��PD\�LQIOXHQFH�WKH�PDJQLWXGH�RI�1'9,��

$ VHFRQG�H[SODQDWLRQ�PLJKW�EH�LQIHUUHG�IURP�WKH�6XPPHU�:DUPWK�,QGH[�
�6:,��XVHG�H�J��E\�:DONHU�HW�DO����������ZKLFK�LV�GHILQHG�DV�WKH�VXP�RI�PHDQ�
PRQWKO\� WHPSHUDWXUHV� JUHDWHU� WKDQ� ��&�� %DVHG� RQ� WHPSHUDWXUH�� DQG� 1'9,�
PHDVXUHPHQWV� IURP� ��� GLIIHUHQW� ORFDWLRQV� ZLWK� DQ� 6:,� UDQJLQJ� DV�PXFK� DV�
���&����&±���&���:DONHU�HW�DO�� VKRZHG�WKDW�PD[LPXP�1'9,� LV�VLJQLILFDQWO\�
FRUUHODWHG�WR�WKH�6:,��,Q�=5$��WKH�DYHUDJH�6:,�������������LV����&�ZLWK�PLQ��
DQG� PD[LPXP� YDOXHV� RI� ��&� DQG� ���&�� UHVSHFWLYHO\�� +RZHYHU�� WKH� UHODWLRQ�
IRXQG�E\�:DONHU� HW� DO��� VKRZV� WKDW� WKH� 6:,�UDQJH� IRU� =5$� FRUUHVSRQGV� WR� D�
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YDULDWLRQ�LQ�PD[LPXP�1'9,�YDOXHV�UDQJLQJ�IURP�����±������ZKLFK�LV�WR�VPDOO�
D UDQJH� WR� EH� GHWHFWHG� ZLWK� VLJQLILFDQW� DFFXUDF\� E\� WKH� VSHFWUDO� VHQVRU� �WKH�
LQVWUXPHQW�XVHG�LQ�WKLV�VWXG\�LV�D�KDQGKHOG�6N\H���������±����QP�VHQVRU����
�
����&OLPDWH�FKDQJH�SHUVSHFWLYHV�
)LQGLQJV� IURP�WKLV�VWXG\�VXJJHVW� WKDW��XQGHU� WKH�SUHVHQW� FOLPDWLF�FRQGLWLRQV��
,6I1'9,�GLIIHUV�E\�DV�PXFK�DV�D� IDFWRU�RI�WZR�EHWZHHQ�JURZLQJ�VHDVRQV�ZLWK�
H[WHQVLYH�DQG� OLPLWHG�VQRZ�FRYHU�� UHVSHFWLYHO\�� ,W� LV� WKHUHIRUH�FRQFOXGHG�WKDW�
IRU�+LJK�$UFWLF�HFRV\VWHPV�OLNH�=5$��VQRZ�FRYHU�LV�E\�IDU�WKH�PRVW�LPSRUWDQW�
FOLPDWLF� SDUDPHWHU� DIIHFWLQJ� YHJHWDWLYH� DFWLYLW\�� 7KH� PDMRULW\� RI� *HQHUDO�
&LUFXODWLRQ�0RGHOV��*&0V��SUHGLFW�FOLPDWLF�HIIHFWV�RI�JOREDO�FKDQJH�WR�EH�PRVW�
SURQRXQFHG�LQ�WKH�$UFWLF��DQG�WKDW�LQFUHDVHV�LQ�WHPSHUDWXUH�DQG�SUHFLSLWDWLRQ�
ZLOO�EH�SDUWLFXODUO\�SURQRXQFHG�GXULQJ�ZLQWHU� LQ�WKHVH�UHJLRQV��$&,$���������
$V� WKH� WLPLQJ� RI� WKH� VQRZ�IUHH� SHULRG� L�H�� WKH� JURZLQJ� VHDVRQ� LV� EDVLFDOO\�
GHWHUPLQHG�E\�WKH�EDODQFH�EHWZHHQ�HQG�RI�ZLQWHU�VQRZ�DFFXPXODWLRQ�DQG�WKH�
PHOW� HQHUJ\� DYDLODEOH� IRU� VQRZ� PHOW� �L�H�� VXPPHU� WHPSHUDWXUHV��� IXWXUH�
VFHQDULRV� IRU� YHJHWDWLYH� DFWLYLW\� LQ� SUHVHQW� +LJK� $UFWLF� UHJLRQV� PD\� GLIIHU�
VLJQLILFDQWO\��

,I� VXPPHU� WHPSHUDWXUHV�� DV� SUHGLFWHG�� GR� QRW� LQFUHDVH� QRWHZRUWK\�� WKH�
KHDYLHU� VQRZ� SDFN� PD\� �DV� RSSRVLWH� WR� WKH� SUHGLFWHG� SURORQJDWLRQ� RI� WKH�
JURZLQJ�VHDVRQ�LQ�PRVW�RI�WKH�$UFWLF��SUHYHQW�VSULQJ�VQRZ�FOHDUDQFH�LQ�VRPH�
+LJK�$UFWLF�UHJLRQV�WR�RFFXU�HDUOLHU��+LQNOHU�HW�DO����������,I�RQ�WKH�FRQWUDU\��
VXPPHU� WHPSHUDWXUHV� GR� LQFUHDVH� VLJQLILFDQWO\�� WKH� +LJK� $UFWLF� WXQGUD� DQG�
GHVHUW�PD\�WUDQVIRUP�LQWR�/RZ�$UFWLF�WXQGUD�� OHDYLQJ�WKH�+LJK�$UFWLF�KDELWDW�
RQO\�DV�DQ�DOSLQH�]RQH�LQ�PRXQWDLQRXV�DUHDV��0HOWRIWH�HW�DO����������
�
���&RQFOXVLRQV�
7KH� QHZ� PHWKRGRORJ\� �EDVHG� RQ� GLJLWDO� FDPHUD� LPDJHV�� SUHVHQWHG� LQ� WKLV�
VWXG\� HQDEOH� XV� WR� DQDO\]H� VQRZ±1'9,� ELRPDVV� UHODWLRQV� DW� KLJK�
VSDWLRWHPSRUDO�DFFXUDF\��DQG�WR�PDVN�RXW�VQRZ�FRYHU�IURP�1'9,�GDWD��

0HDVXUHG� DQG� PRGHOHG� VQRZ� FRYHU�� DQG� 1'9,� GDWD� GHPRQVWUDWH� WKDW�
VQRZ� FRYHU� XQGHU� SUHVHQW� FOLPDWLF� FRQGLWLRQV� LV� E\� IDU� WKH� PRVW� LPSRUWDQW�
SDUDPHWHU�DIIHFWLQJ�YHJHWDWLYH�DFWLYLW\�LQ�=5$��ERWK�ZLWK�UHVSHFW�WR�WLPLQJ�DQG�
WRWDO�DPRXQW�RI�SKRWRV\QWKHWLF�DFWLYLW\��,6I1'9,���

,Q�VSLWH�RI�WKH�IDFW�WKDW�=5$�UHSUHVHQWV�D�UHODWLYHO\�KLJK�GLYHUVLW\�RI�SODQW�
VSHFLHV� �PHDQLQJ� WKDW� VRPH� VSHFLHV� PLJKW� EH� DGDSWHG� EHWWHU� WR� WKH� ORFDO�
FOLPDWH�LQ�VRPH�\HDUV��ZKLOH�RWKHU�VSHFLHV�PLJKW�EH�LQ�RWKHU�\HDUV��WKHUH�LV�QR�
FRUUHODWLRQ�EHWZHHQ�VXPPHU�WHPSHUDWXUHV�DQG�PDJQLWXGH�RI�PD[LPXP�1'9,�
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LQ�=5$��2Q�WKH�FRQWUDU\��WKHUH�DUH�VRPH�FRUUHODWLRQ�EHWZHHQ�WHPSHUDWXUH�DQG�
WKH� WLPLQJ� RI� PD[LPXP�1'9,�� ZKHQ� FRQVLGHUHG� LQ� FRPELQDWLRQ� ZLWK� VQRZ�
FRYHU���

7KH� ODFN� RI� FRUUHODWLRQ� EHWZHHQ� 1'9,�PDJQLWXGH� DQG� VXPPHU�
WHPSHUDWXUHV�LQ�=5$�PD\�EH�GXH�WR�WKH�IDFW�WKDW�WKH�LQWHU�DQQXDO�YDULDELOLW\�LQ�
6:,� LV� QRW� VXIILFLHQWO\� KLJK� WR� FDXVH� GHWHFWDEOH� \HDU� WR� \HDU� GLIIHUHQFHV²
GLIIHUHQFHV� PD\� UDWKHU� EH� GXH� WR� RWKHU� IDFWRUV²SULPDULO\� VQRZ� FRYHU�
YDULDWLRQV� DQG� PD\EH� RWKHU� IDFWRUV� �OLPLWHG� DFFXUDF\� RI� WKH� VSHFWUDO�
PHDVXUHPHQWV� RU� UHODWLRQV� EHWZHHQ� FXUUHQW�� DQG� SUHYLRXV� \HDU¶V�
WHPSHUDWXUHV���

$V�VQRZ�FRYHU�LV�WKH�PDMRU�IDFWRU�DIIHFWLQJ�1'9,�LQ�=5$��LW�PD\�EH�D�PRUH�
LPSRUWDQW�SDUDPHWHU�WR�WDNH�LQWR�DFFRXQW�ZKHQ�SUHGLFWLQJ�IXWXUH�VFHQDULRV�RI�
YHJHWDWLRQ� VWDWXV� LQ�+LJK�$UFWLF� DUHDV� WKDQ� WHPSHUDWXUH²H�J�� LQ�$UFWLF� DUHDV�
PRVW�*&0V�SUHGLFW�LQFUHDVHG�ZLQWHU�SUHFLSLWDWLRQ�DQG�RQO\�D�OLPLWHG�LQFUHDVH�
LQ� VXPPHU� WHPSHUDWXUHV�� DQG� WKHUHIRUH�� LQFUHDVHG� WHPSHUDWXUHV� PD\� QRW�
QHFHVVDULO\�OHDG�WR�UHGXFHG�VQRZ�FRYHU��

&RQVHTXHQWO\� WKH� EDODQFH� EHWZHHQ� VXPPHU� WHPSHUDWXUHV� DQG� ZLQWHU�
SUHFLSLWDWLRQ��VQRZ�FRYHU�GHSOHWLRQ�UDWH��PD\�EH�WKH�NH\�SDUDPHWHU�WR�SUHGLFW�
IXWXUH�YHJHWDWLRQ�VWDWXV�LQ�+LJK�$UFWLF�DUHDV���
�
$FNQRZOHGJHPHQWV� 7KH� 'DQLVK� 3RODU� &HQWHU� LV� WKDQNHG� IRU� SURYLGLQJ�
DFFHVV� WR�HFRV\VWHP�PRQLWRULQJ��GDWD��DQG� ORJLVWLFV�DW� WKH� UHVHDUFK�VWDWLRQ�DW�
=DFNHQEHUJ��:H� DOVR� WKDQN�8OI� 3LHUUH�7KRPDV�� WHFKQLFLDQ� DW� WKH� ,QVWLWXWH� RI�
*HRJUDSK\²8QLYHUVLW\� RI� &RSHQKDJHQ�� IRU� LQGLVSHQVDEOH� WHFKQLFDO� VXSSRUW��
:H� WKDQN� .LP� +DYH�� 7HFKQLFDO� 8QLYHUVLW\� RI� 'HQPDUN�� IRU� VRIWZDUH�
GHYHORSPHQW�� )LQDOO\� &KDUORWWH� 6LJVJDDUG� LV� WKDQNHG� IRU� YDOXDEOH� DVVLVWDQFH�
DQG�HIIRUWV����
�
5HIHUHQFHV��
$&,$�� ,PSDFWV� RI� D� :DUPLQJ� $UFWLF�� $UFWLF� &OLPDWH� ,PSDFW� $VVHVVPHQWV��
+DVVRO��6��-����������������&DQDGD��&DPEULGJH�8QLYHUVLW\�3UHVV���
5HI�7\SH��5HSRUW�
%D\�&��9HJHWDWLRQ�PDSSLQJ�RI�=DFNHQEHUJ�YDOOH\��1RUWKHDVW�*UHHQODQG�� �������
������ &RSHQKDJHQ�� 'DQLVK� 3RODU� &HQWHU� 	� %RWDQLFDO�0XVHXP��8QLYHUVLW\� RI�
&RSHQKDJHQ���
5HI�7\SH��5HSRUW�
%HO]LOH�&�� :� )� 9LQFHQW�� -� $� (� *LEVRQ�� 3� 9DQ� +RYH�� ������ %LR�RSWLFDO�
FKDUDFWHULVWLFV�RI�WKH�VQRZ��LFH��DQG�ZDWHU�FROXPQ�RI�D�SHUHQQLDOO\�LFH�FRYHUHG�
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ODNH�LQ�WKH�+LJK�$UFWLF��&DQDGLDQ�-RXUQDO�RI�)LVKHULHV�DQG�$TXDWLF�6FLHQFHV��Y��
����S�������������
%OLVV�/&�� :� *� *ROG�� ������ 9DVFXODU� SODQW� UHSURGXFWLRQ�� HVWDEOLVKPHQW�� DQG�
JURZWK�DQG�WKH�HIIHFWV�RI�FU\SWRJDPLF�FUXVWV�ZLWKLQ�D�SRODU�GHVHUW�HFRV\VWHP��
'HYRQ�,VODQG��1:7��&DQDGD��&DQDGLDQ�-RXUQDO�RI�%RWDQ\�5HYXH�&DQDGLHQQH�
GH�%RWDQLTXH��Y������S�����������
&DSSHOHQ�-�� %� 9� -¡UJHQVHQ�� (� 9� /DXUVHQ�� /� 6� 6WDQQLXV�� 5� -� 7KRPVHQ�� 7KH�
2EVHUYHG� &OLPDWH� RI� *UHHQODQG�� �������� �� ZLWK� &OLPDWRORJLFDO� 6WDQGDUG�
1RUPDOV���������������������������'DQLVK�0HWHRURORJLFDO�,QVWLWXWH��7HFKQLFDO�
5HSRUWV���
5HI�7\SH��5HSRUW�
&$90� 7HDP�� &LUFXPSRODU� $UFWLF� 9HJHWDWLRQ� 0DS�� 6FDOH� ������������� >�@��
������$QFKRUDJH��$ODVND��&RQVHUYDWLRQ�RI�$UFWLF�)ORUD�DQG�)DXQD��&$))���8�6��
)LVK�DQG�:LOGOLIH�6HUYLFH���
5HI�7\SH��0DS�
'R]LHU�-�� ������ 6SHFWUDO� 6LJQDWXUH� RI� $OSLQH� 6QRZ� &RYHU� IURP� WKH� /DQGVDW�
7KHPDWLF�0DSSHU��5HPRWH�6HQVLQJ�RI�(QYLURQPHQW��Y������S����	��
'XHKROP�.6�� 7KH� JHQHULF� EXQGOH� DMXVWPHQW�� � �������� ������ � 86� *HRORJLFDO�
6XUYH\��2SHQ�)LOH�5HSRUW���
5HI�7\SH��5HSRUW�
(OYHEDNN�$�� %LRFOLPDWLF� GHOLPLWDWLRQ� DQG� 6XEGLYLVLRQ� RI� WKH� $UFWLF��
KWWS���ZZZ�WR\HQ�XLR�QR�SDQDUFWIORUD�SDSHUV�GHOLPLQ�GHOLPLWDWLRQ�KWP�'LV
F ���������
5HI�7\SH��(OHFWURQLF�&LWDWLRQ�
+DOO�'.�� -� 0DUWLQHF�� ������ 5HPRWH� 6HQVLQJ� RI� ,FH� DQG� 6QRZ�� &DPEULGJH��
&KDSPDQ�DQG�+DOO��
+DYH�.�� 3KRWRJUDPPHWULF� LPDJH� DQDO\VLV� IRU� FOLPDWH� VWXGLHV�� � ������� �������
7HFKQLFDO�8QLYHUVLW\�RI�'HQPDUN���
5HI�7\SH��7KHVLV�'LVVHUWDWLRQ�
+LQNOHU�-�� %� 8� +DQVHQ�� 0� 7DPVWRUI�� +� 0HOWRIWH�� /LQNDJH� EHWZHHQ� VHD�LFH�
GLVWULEXWLRQ� DQG� VQRZ�SUHFLSLWDWLRQ� PLJKW� SUHYHQW� WKH� H[WLQFWLRQ� RI� +LJK�
$UFWLF�HFRV\VWHPV�LQ�D�IXWXUH�ZDUPHU�FOLPDWH����������
5HI�7\SH��8QSXEOLVKHG�:RUN�
+LQNOHU�-��-�%�2UEDHN��%�8�+DQVHQ��������'HWHFWLRQ�RI�VSDWLDO��WHPSRUDO��DQG�
VSHFWUDO�VXUIDFH�FKDQJHV�LQ�WKH�1\�$OHVXQG�DUHD����GHJUHHV�1��6YDOEDUG��XVLQJ�
D ORZ� FRVW� PXOWLVSHFWUDO� FDPHUD� LQ� FRPELQDWLRQ� ZLWK� VSHFWURUDGLRPHWHU�
PHDVXUHPHQWV��3K\VLFV�DQG�&KHPLVWU\�RI�WKH�(DUWK��Y������S�������������
+LQNOHU�-��6�%�3HGHUVHQ��0�5DVFK��%�8�+DQVHQ��������$XWRPDWLF�VQRZ�FRYHU�
PRQLWRULQJ� DW�KLJK� WHPSRUDO� DQG� VSDWLDO� UHVROXWLRQ��XVLQJ� LPDJHV� WDNHQ�E\� D�
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VWDQGDUG� GLJLWDO� FDPHUD�� ,QWHUQDWLRQDO� -RXUQDO� RI� 5HPRWH� 6HQVLQJ�� Y�� ���� S��
�����������
+RSH�$6��:�/� %R\QWRQ�� '� $� 6WRZ�� '� &�'RXJODV�� ������ ,QWHUDQQXDO� JURZWK�
G\QDPLFV�RI�YHJHWDWLRQ�LQ�WKH�.XSDUXN�5LYHU�ZDWHUVKHG��$ODVND�EDVHG�RQ�WKH�
1RUPDOL]HG� 'LIIHUHQFH� 9HJHWDWLRQ� ,QGH[�� ,QWHUQDWLRQDO� -RXUQDO� RI� 5HPRWH�
6HQVLQJ��Y������S�������������
+RSH�$6�� -� 6� .LPEDOO�� '� $� 6WRZ�� ������ 7KH� 5HODWLRQVKLS� %HWZHHQ� 7XVVRFN�
7XQGUD� 6SHFWUDO� 5HIOHFWDQFH� 3URSHUWLHV� DQG� %LRPDVV� DQG� 9HJHWDWLRQ�
&RPSRVLWLRQ��,QWHUQDWLRQDO�-RXUQDO�RI�5HPRWH�6HQVLQJ��Y������S�������������
+RSH�$6�� .� 5� 3HQFH�� '� $� 6WRZ�� ������1'9,� IURP� ORZ� DOWLWXGH� DLUFUDIW� DQG�
FRPSRVLWHG� 12$$� $9+55� GDWD� IRU� VFDOLQJ� $UFWLF� HFRV\VWHP� IOX[HV��
,QWHUQDWLRQDO�-RXUQDO�RI�5HPRWH�6HQVLQJ��Y������S�������������
-DFREVHQ�$��%�8�+DQVHQ��������(VWLPDWLRQ�RI� WKH�VRLO�KHDW� IOX[�QHW�UDGLDWLRQ�
UDWLR� EDVHG� RQ� VSHFWUDO� YHJHWDWLRQ� LQGH[HV� LQ� KLJK�ODWLWXGH� $UFWLF� DUHDV��
,QWHUQDWLRQDO�-RXUQDO�RI�5HPRWH�6HQVLQJ��Y������S�����������
-LD�*-��+�(�(SVWHLQ��'�$�:DONHU��������&RQWUROV�RYHU�LQWUD�VHDVRQDO�G\QDPLFV�
RI� $9+55� 1'9,� IRU� WKH� $UFWLF� WXQGUD� LQ� QRUWKHUQ� $ODVND�� ,QWHUQDWLRQDO�
-RXUQDO�RI�5HPRWH�6HQVLQJ��Y������S�������������
/DUVHQ�-1�� +� *� .DUOVHQ�� =DFNHQEHUJ� (FRORJLFDO� UHVHDUFK� 2SHUDWLRQV�� �WK�
$QQXDO�5HSRUW�� ������5DVFK��0�� DQG�&DQLQJ�� .�� � ������� ������ &RSHQKDJHQ��
'DQLVK�3RODU�&HQWHU��0LQLVWU\�RI�6FLHQFH��7HFKQRORJ\�DQG�,QQRYDWLRQ���
5HI�7\SH��5HSRUW�
/HKU�-+��-�.HHOH\��-�/HKU��7KH�(QF\FORSHGLD�RI�:DWHU��/HKU��-��+���.HHOH\��-���
DQG�/HKU�� -��KWWS���ZZZ�ZLOH\ZDWHU�FRP�&RQWULEXWRU�6DPSOHB��KWP� �� �������
-RKQ�:LOH\�DQG�6RQV�3XEOLVKLQJ���
5HI�7\SH��(OHFWURQLF�&LWDWLRQ�
0HOWRIWH�+��6QH��LV�RJ����JUDGHUV�NXOGH��+YDG�HU�HIIHNWHUQH�DI�NOLPD QGULQJHU�L�
1RUG¡VWJU¡QODQG"� 0HOWRIWH�� +�� ���� ������ ������ 'HQPDUN�� 0LQLVWU\� RI� WKH�
(QYLURQPHQW�� 1DWLRQDO� (QYLURQPHQWDO� 5HVHDUFK� ,QVWLWXWH�� 7(0$�UDSSRUWHU�
IUD�'08���
5HI�7\SH��5HSRUW�
0HOWRIWH�+�� 6� 5\VJDDUG�� 6� $� 3HGHUVHQ�� ������ &OLPDWH� FKDQJH� LQ� *UHHQODQG��
'HQPDUN�V� WKLUG� QDWLRQDO� FRPPXQLFDWLRQ� RQ� FOLPDWH� FKDQJH�� 8QGHU� WKH�
8QLWHG�1DWLRQV�)UDPHZRUN�&RQYHFWLRQ�RQ�FOLPDWH�FKDQJH��'DQLVK�PLQLVWU\�RI�
WKH�(QYLURQPHQW��S�����������
0HQRHV�0&��.�/�%UXEDNHU��+RZ�6LPLODU�$UH�6QRZ�'HSOHWLRQ�&XUYHV�IURP�<HDU�
WR� <HDU"� &DVH� 6WXG\� LQ� WKH� 8SSHU� 5LR� *UDQGH� :DWHUVKHG�� ��WK� ($67(51�
612:�&21)(5(1&(��2WWDZD��2QWDULR��&DQDGD����������
5HI�7\SH��$EVWUDFW�
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0\QHQL�5%��&�'�.HHOLQJ��&�-�7XFNHU��*�$VUDU��5�5�1HPDQL�� ������ ,QFUHDVHG�
SODQW�JURZWK�LQ�WKH�QRUWKHUQ�KLJK�ODWLWXGHV�IURP������WR�������1DWXUH��Y�������
S�����������
2HFKHO�:&�� *� /� 9RXUOLWLV�� -� 9HUIDLOOLH�� 7� &UDZIRUG�� 6� %URRNV�� (� 'XPDV�� $�
+RSH��'�6WRZ��%�%R\QWRQ��9�1RVRY��5�=XOXHWD��������$�VFDOLQJ�DSSURDFK�IRU�
TXDQWLI\LQJ� WKH� QHW� &2�� IOX[� RI� WKH� .XSDUXN� 5LYHU� %DVLQ�� $ODVND�� *OREDO�
&KDQJH�%LRORJ\��Y�����S�����������
2KPXUD�$�� 1� 5HHK�� ������ 1HZ� 3UHFLSLWDWLRQ� DQG� $FFXPXODWLRQ� 0DSV� IRU�
*UHHQODQG��-RXUQDO�RI�*ODFLRORJ\��Y������S�����������
2UYLJ�6��������&OLPDWHV�RI�WKH�3RODU�5HJLRQV��$PVWHUGDP��/RQGRQ��1HZ�<RUN��
(OVHYLHU�3XEOLVKLQJ�&RPSDQ\��S���������
5H\QROGV�-)��-�'�7HQKXQHQ��������(FRV\VWHP�UHVSRQVH��UHVLVWDQFH��UHVLOLHQFH��
DQG� UHFRYHU\� LQ� $UFWLF� ODQGVFDSHV�� ,QWURGXFWLRQ�� LQ� -)� 5H\QROGV� DQG� -'�
7HQKXQHQ� �HGV��� /DQGVFDSH� IXQFWLRQ� DQG� GLVWXUEDQFH� LQ� $UFWLF� 7XQGUD��
+HLGHOEHUJ��6SULQJHU��S��������
6RHJDDUG�+��%�+DVKROW��7�)ULERUJ��&�1RUGVWURHP��������6XUIDFH�HQHUJ\��DQG�
ZDWHU�EDODQFH�LQ�D�KLJK�DUFWLF�HQYLURQPHQW�LQ�1(�*UHHQODQG��7KHRUHWLFDO�DQG�
$SSOLHG�&OLPDWRORJ\��Y������S���������
6WHLQ�0/�� ������ ,QWHUSRODWLRQ� RI� 6SDWLDO� 'DWD� 6RPH� 7KHRU\� IRU� .ULJLQJ��
6SULQJHU�9HUODJ��
6WRZ�'$��$�+RSH��'�0F*XLUH��'�9HUE\OD��-�*DPRQ��)�+XHPPULFK��6�+RXVWRQ��
& 5DFLQH��0�6WXUP��.�7DSH��/�+LQ]PDQ��.�<RVKLNDZD��&�7ZHHGLH��%�1R\OH��&�
6LODSDVZDQ��'�'RXJODV��%�*ULIILWK��*�-LD��+�(SVWHLQ��'�:DONHU��6�'DHVFKQHU��$�
3HWHUVHQ��/�0�=KRX��5�0\QHQL��������5HPRWH�VHQVLQJ�RI�YHJHWDWLRQ�DQG�ODQG�
FRYHU�FKDQJH� LQ�$UFWLF�7XQGUD�(FRV\VWHPV��5HPRWH�6HQVLQJ�RI�(QYLURQPHQW��
Y������S�����������
7XFNHU�&-��'�$�6OD\EDFN��-�(�3LQ]RQ��6�2�/RV��5�%�0\QHQL��0�*�7D\ORU��������
+LJKHU�QRUWKHUQ�ODWLWXGH�QRUPDOL]HG�GLIIHUHQFH�YHJHWDWLRQ�LQGH[�DQG�JURZLQJ�
VHDVRQ�WUHQGV�IURP������WR�������,QWHUQDWLRQDO�-RXUQDO�RI�%LRPHWHRURORJ\��Y��
����S�����������
9RXUOLWLV�*/��:�&�2HFKHO��$�+RSH��'�6WRZ��%�%R\QWRQ��-�9HUIDLOOLH��5�=XOXHWD��
6 -� +DVWLQJV�� ������ 3K\VLRORJLFDO� PRGHOV� IRU� VFDOLQJ� SORW� PHDVXUHPHQWV� RI�
&2��IOX[�DFURVV�DQ�DUFWLF� WXQGUD� ODQGVFDSH��(FRORJLFDO�$SSOLFDWLRQV��Y�� ����S��
�������
:DONHU�'$��+�(�(SVWHLQ��*�-�-LD��$�%DOVHU��&�&RSDVV��(�-�(GZDUGV��:�$�*RXOG��
- +ROOLQJVZRUWK�� -� .QXGVRQ�� +� $� 0DLHU�� $� 0RRG\�� 0� .� 5D\QROGV�� ������
3K\WRPDVV�� /$,�� DQG� 1'9,� LQ� QRUWKHUQ� $ODVND�� 5HODWLRQVKLSV� WR� VXPPHU�
ZDUPWK��VRLO�S+��SODQW�IXQFWLRQDO�W\SHV��DQG�H[WUDSRODWLRQ�WR�WKH�FLUFXPSRODU�
$UFWLF��-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK�$WPRVSKHUHV��Y�������
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=KRX�/0��&�-�7XFNHU��5�.�.DXIPDQQ��'�6OD\EDFN��1�9�6KDEDQRY��5�%�0\QHQL��
������9DULDWLRQV�LQ�QRUWKHUQ�YHJHWDWLRQ�DFWLYLW\�LQIHUUHG�IURP�VDWHOOLWH�GDWD�RI�
YHJHWDWLRQ� LQGH[� GXULQJ� ����� WR� ������ -RXUQDO� RI� *HRSK\VLFDO� 5HVHDUFK�
$WPRVSKHUHV��Y�������S���������������
�
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$ SRVVLEOH� OLQNDJH� EHWZHHQ� VHD�LFH� FRQFHQWUDWLRQV� DQG�
VQRZ�SUHFLSLWDWLRQ�PD\�EH�FUXFLDO� IRU�$UFWLF�HFRV\VWHPV�
LQ�D�ZDUPHU�FOLPDWH�
�
-¡UJHQ�+LQNOHU��%LUJHU�8��+DQVHQ��0LNNHO�3��7DPVWRUI�	�+DQV�0HOWRIWH��
�
$EVWUDFW��6QRZ�FRYHU�DQG�VHD�LFH�DUH�PDMRU�SOD\HUV�LQ�WKH�FOLPDWH�V\VWHP��%HFDXVH�RI�WKH�KLJK�
DOEHGR�WKH�VXUIDFH�HQHUJ\�EDODQFH�LV�GUDPDWLFDOO\�DIIHFWHG�E\�WKH�SUHVHQFH�DEVHQFH�RI�VQRZ�DQG�
LFH��DQG�GXH� WR� LWV� LQVXODWLYH�SURSHUWLHV�DQG�DELOLW\� WR�VKLHOG�RXW�VRODU�UDGLDWLRQ��VQRZ�FRYHU� LV�
FUXFLDO� IRU� WHUUHVWULDO�HFRV\VWHPV²HVSHFLDOO\� LQ� WKH�+LJK�$UFWLF��ZKHUH� WKH�VQRZ�IUHH�VHDVRQ� LV�
VKRUW�� $V� WKH� JOREDO� WHPSHUDWXUHV� LQFUHDVH�� VHD�LFH� FRYHU� LV� H[SHFWHG� WR� GHFUHDVH�
FRUUHVSRQGLQJO\��ZKLFK��GXH�WR�H[SDQGHG�DUHDV�RI�RSHQ�ZDWHU��PD\�DIIHFW�ERWK�WKH�HQHUJ\�EXGJHW�
DQG� WKH� K\GURORJLFDO� F\FOH� �LQFOXGLQJ� VQRZ�SUHFLSLWDWLRQ��� 7KH� SUHVHQW� VWXG\� FRPSDUHV� VQRZ�
SUHFLSLWDWLRQ� RYHU�1RUWKHDVW�*UHHQODQG� WR� LQWHU�DQQXDO� YDULDWLRQV� LQ�� ODUJH� VFDOH� DWPRVSKHULF�
FLUFXODWLRQ��1RUWK�$WODQWLF�2VFLOODWLRQ��1$2���DQG�VHD�LFH�FRQFHQWUDWLRQV�ZLWKLQ�WKH�*UHHQODQG�
6HD��'XULQJ� ����±������ WKH� VQRZ�SUHFLSLWDWLRQ�ZDV�FRUUHODWHG�ZLWK� WKH�1$2�RQH� WKLUG�RI� WKH�
WLPH�� DFFRUGLQJ� WR� D� ���\HDU� UXQQLQJ� FRUUHODWLRQ� DQDO\VLV�� 'XULQJ� ����±������ ZKHUH� WKLV�
FRUUHODWLRQ�ZDV�LQVLJQLILFDQW�� WKH�³VQRZ�SUHFLSLWDWLRQ�YV��VHD�LFH�FRUUHODWLRQ´�ZDV�VLJQLILFDQW�DW�
��� OHYHO�� DQG� WKH� ³FHQWHU� RI� DFWLRQ´� �WKH� DUHD� ZLWK� RSWLPXP� FRUUHODWLRQ�� ZDV� ORFDWHG�
DSSUR[LPDWHO\�����NP�QRUWK�RI�,FHODQG��3UR[\�EDVHG�IXWXUH�VHD�LFH�FRQGLWLRQV�FRPELQHG�ZLWK�D�
VLPSOH�OLQHDU�UHODWLRQ�EHWZHHQ�VHD�LFH�GXUDWLRQ�DQG�VQRZ�SUHFLSLWDWLRQ�VKRZ�LQFUHDVHV�LQ�VQRZ�
SUHFLSLWDWLRQ�VLPLODU� WR�ZKDW� LV� FDOFXODWHG� LQ�D�KLJK� UHVROXWLRQ�FOLPDWH�PRGHO��7KHVH� LQFUHDVHV�
PLJKW�SUHYHQW�SURORQJDWLRQ�RI�WKH�VQRZ�IUHH�VHDVRQ��ZKLFK��XQH[SHFWHGO\�LQ�D�ZDUPHU�FOLPDWH��
ZLOO�OHDYH�WKH�HFRV\VWHP�FORVH�WR�SUHVHQW�DYHUDJH�FRQGLWLRQV�GXULQJ�PHOW�RII��7KH�UHVXOWV�RI�WKH�
SUHVHQW� VWXG\�DUH�QRW� VXIILFLHQW� WR� VXSSRUW�D� FDXVDO� UHODWLRQVKLS�EHWZHHQ� VHD�LFH�GXUDWLRQ�DQG�
VQRZ�SUHFLSLWDWLRQ�� +RZHYHU�� WKH� VWULNLQJO\� KLJK� FRUUHODWLRQV� DQG� WKH� PDWFK� LQ� RUGHUV� RI�
PDJQLWXGH� EHWZHHQ� VHD�LFH� EDVHG�� DQG� FOLPDWH� PRGHOHG� VQRZ�SUHFLSLWDWLRQ� FDOO� IRU� IXUWKHU�
UHVHDUFK��

���,QWURGXFWLRQ�
7KH� ,QWHUJRYHUQPHQWDO�3DQHO� RQ�&OLPDWH�&KDQJH� �,3&&�¶V�7KLUG�$VVHVVPHQW�
5HSRUW��������JLYHV�SURMHFWLRQV�IRU�JOREDO�PHDQ�ZDUPLQJ�IURP������WR������
ZLWKLQ�D�UDQJH�RI�����.�WR�����.��LI�QR�PHDVXUHV�DUH�WDNHQ�WR�OLPLW�JUHHQKRXVH�
JDV� HPLVVLRQV�� 5HFHQW� UHVHDUFK� �6WDLQIRUWK� HW� DO��� ������ GHPRQVWUDWHV� WKDW�
FOLPDWH� VHQVLWLYLW\�RI�GLIIHUHQW�*HQHUDO�&LUFXODWLRQ�0RGHOV� �*&0V��UDQJHV�DV�
PXFK� DV� EHWZHHQ� ���� .� DQG� ����� .�� +RZHYHU�� WKH� YDVW� PDMRULW\� RI� *&0V�
LQGLFDWH� D� VHQVLWLYLW\� DURXQG� ���� .� DQG� SUHGLFW� JOREDO� ZDUPLQJ� WR� EH� PRVW�
SURQRXQFHG� DW� KLJK� ODWLWXGHV�� HVSHFLDOO\� GXULQJ� ZLQWHU�� 7KXV�� LQ� WKH� $UFWLF�
LQFUHDVHV�RI�DURXQG���.�FDQ�EH�H[SHFWHG�E\�WKH�HQG�RI�WKH���VW�FHQWXU\��$&,$��
�����,3&&���������ZKLFK� LV�DOPRVW� WZLFH� WKH�����.�JOREDO�DYHUDJH��SUHGLFWHG�
E\�PRVW�*&0V��
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*OREDO� ZDUPLQJ� ZLOO� OHDG� WR� LQFUHDVHG� HYDSRUDWLRQ� DQG� LQ� WXUQ� WR�
LQFUHDVHG� SUHFLSLWDWLRQ�� ZKLFK�PD\� KDYH�PDMRU� LPSOLFDWLRQV� IRU� VQRZ� FRYHU�
GLVWULEXWLRQ�DW�KLJK�ODWLWXGHV��ZKHUH�VQRZ�PDNHV�XS�D�PDMRU�SDUW�RI�WKH�DQQXDO�
SUHFLSLWDWLRQ� EXGJHW� �$&,$�� �����-RQHV� HW� DO��� ������� ,Q� WHUPV� RI� VSDWLDO�
H[WHQW�VHDVRQDO�VQRZ�FRYHU�LV�WKH�ODUJHVW�VLQJOH�FRPSRQHQW�RI�WKH�FU\RVSKHUH��
DQG�ZLWK� D�PHDQ�ZLQWHU�PD[LPXP�H[WHQW� RI� ���PLOOLRQ� VTXDUH� NLORPHWHUV� LW�
FRUUHVSRQGV�WR�DOPRVW�D�WKLUG�RI�WKH�(DUWK
V�WRWDO�ODQG�VXUIDFH��16,'&���������
7KXV��RQH�RI� WKH�PRVW� LPSRUWDQW� IHHGEDFN�PHFKDQLVPV� LQ�FOLPDWH�FKDQJH��DW�
YLUWXDOO\�DQ\�VSDWLDO�VFDOH��LV�WKH�VQRZ�FRYHU�DOEHGR�WHPSHUDWXUH�IHHGEDFN��H�J��
*URLVPDQ�HW�DO��������+DUGLQJ�HW�DO����������ZKLFK�OHDGV�WR�HQKDQFHG�ZDUPLQJ��
GXH�WR�GHFUHDVHG�VQRZ�FRYHU��ORZHU�VXUIDFH�DOEHGR���)XUWKHUPRUH²�EHFDXVH�RI�
LWV� LQVXODWLYH�SURSHUWLHV��H�J��SURWHFWLQJ�YHJHWDWLRQ�GXULQJ�ZLQWHU��DQG�DELOLW\�
WR� SUHYHQW� VRODU� UDGLDWLRQ� IURP� UHDFKLQJ� WKH� VXUIDFH� �H�J�� UHGXFLQJ�
SKRWRV\QWKHWLF�DFWLYLW\�LQ�WKH�VXPPHU���WKH�SUHVHQFH�DEVHQFH�RI�VQRZ�FRYHU�LV�
FUXFLDO�� HVSHFLDOO\� IRU� WHUUHVWULDO� HFRV\VWHPV� LQ� $UFWLF� DUHDV� �-RQHV� HW� DO���
�����3KRHQL[� DQG� /HH�� �����6WRQH� HW� DO��� �����:HOOHU�� ������� 7KHVH�
HFRV\VWHPV�DUH�WKHUHIRUH�FRQVLGHUHG�LPSRUWDQW�DV�LQGLFDWRUV�RI�FOLPDWH�FKDQJH�
DQG�DUH� WRSLFV�RI�JUHDW�VFLHQWLILF� LQWHUHVW��,Q� WKH�+LJK�$UFWLF�� WKH�UHVSRQVH�RI�
WHUUHVWULDO� HFRV\VWHPV� WR� FOLPDWH� FKDQJH� LV� H[SHFWHG� WR� EH� SDUWLFXODUO\�
SURQRXQFHG�� EHFDXVH� RQO\� GXULQJ� D� VKRUW� SHULRG� RI� WKH� \HDU�� PRVW� SODQWV��
LQYHUWHEUDWHV��ELUGV��DQG�PDPPDOV�DUH�DEOH�WR�UHSURGXFH��

'XH� WR� WKH�SURQRXQFHG�ZDUPLQJ�DW�KLJK� ODWLWXGHV�� WKH�GXUDWLRQ�RI� VQRZ�
FRYHU�LV�JHQHUDOO\�H[SHFWHG�WR�GHFUHDVH�RYHU�WKH�FRXUVH�RI�WKLV�FHQWXU\��,3&&��
������� +RZHYHU�� WKH� OHQJWK� RI� WKH� VQRZ�IUHH� SHULRG� UHOLHV� RQ� WKH� EDODQFH�
EHWZHHQ�SUHFLSLWDWLRQ�DPRXQWV� DQG�PHOW� UDWH�� ,I� VQRZ�SUHFLSLWDWLRQ�SDWWHUQV�
DQG� DPRXQWV� FKDQJH�� WKH� VSDWLDO� GLVWULEXWLRQ� DQG� GHSWK� RI� VQRZ� FRYHU� ZLOO�
FKDQJH� FRUUHVSRQGLQJO\�� &RQVHTXHQWO\�� WKH� UDWH� RI� GHFUHDVH� LQ� H[WHQW� ZLOO�
GLIIHU�IURP�ORFDWLRQ�WR�ORFDWLRQ��DQG�LQ�VRPH�SDUWV�RI�WKH�$UFWLF�WKH�H[WHQW�DQG�
GXUDWLRQ�PD\�HYHQ�LQFUHDVH��)UHL�HW�DO����������

$ FKDQJH� LQ� JHQHUDO� VQRZ�SUHFLSLWDWLRQ� UDWHV�� DQG� GLVWULEXWLRQ� SDWWHUQV�
QDWXUDOO\� UHTXLUHV� FKDQJHV� LQ� WKH� DWPRVSKHULF� FLUFXODWLRQ� DW� V\QRSWLF� VFDOHV��
VXFK�DV�WKH�1RUWK�$WODQWLF�2VFLOODWLRQ��1$2��DQG�RU�LQ�WKH�K\GURORJLFDO�F\FOH��
)URP�PLGGOH�WR�KLJK�ODWLWXGHV�LQ�WKH�QRUWKHUQ�KHPLVSKHUH��WKH�1$2��+XUUHOO��
������ LV� WKH�PRVW� SURPLQHQW� ZHDWKHU� SDWWHUQ� DQG� H[SODLQV� WKH�PDMRU� LQWHU�
DQQXDO�YDULDELOLW\�RI�WKH�DWPRVSKHULF�FLUFXODWLRQ�LQ�WKH�1RUWK�$WODQWLF�UHJLRQ�
�%URPZLFK�HW�DO����������,W�LV�PRVW�SURQRXQFHG�GXULQJ�ZLQWHU�DQG�LV�UHODWHG�WR�
FKDQJHV� LQ� ERWK� WHPSHUDWXUH�� VWRUPLQHVV�� VHD�LFH� GLVWULEXWLRQ�� DQG�
SUHFLSLWDWLRQ�SDWWHUQV��+XUUHOO�HW�DO��������-RKDQQHVVHQ�HW�DO����������
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7KH� FRQQHFWLRQ� EHWZHHQ� 1$2� DQG� SUHFLSLWDWLRQ� RYHU� WKH� ZHVWHUQ� DQG�
VRXWKZHVWHUQ�SDUWV� RI�*UHHQODQG� LV� WKRURXJKO\�GRFXPHQWHG� LQ� WKH� OLWHUDWXUH�
�H�J��$SSHQ]HOOHU�HW�DO��������%URPZLFK�HW�DO��������+XUUHOO���������ZKHUHDV�IRU�
+LJK� $UFWLF� 1RUWKHDVW� *UHHQODQG� �ZKHUH� WKLV� VWXG\� KDV� LWV� PDLQ� IRFXV���
LQIRUPDWLRQ�RQ�WKLV�WRSLF�LV�OLPLWHG��

2QH� IDFWRU�ZKLFK�PD\� VLJQLILFDQWO\� LPSDFW� WKH� K\GURORJLFDO� F\FOH� LQ� WKH�
$UFWLF�ZRXOG�EH� UHGXFWLRQV� LQ� VHD�LFH� FRYHUDJH��ZKLFK�DUH�SUHGLFWHG� WR�RFFXU�
GXULQJ� WKH� FXUUHQW� FHQWXU\� �$&,$�� ������� ([SDQGHG� LFH�IUHH� DUHDV� LQ� WKH�
1RUGLF� 6HDV� ZRXOG� DOORZ� JUHDWHU� HYDSRUDWLRQ� IURP� WKH� RFHDQ� VXUIDFH�� DQG�
UHVXOW� LQ� ODUJHU�PRLVWXUH� WUDQVSRUW� RQWR� FRDVWDO� DUHDV� DQG� ODUJHU� DPRXQWV�RI�
SUHFLSLWDWLRQ��

7KH� GLUHFW� FRQWULEXWLRQ� RI� REVHUYHG� VHD�LFH� YDULDELOLW\� WR� SUHFLSLWDWLRQ�
RYHU�*UHHQODQG�KDV�QRW�\HW�EHHQ�VXEMHFW� IRU� LQYHVWLJDWLRQ��+RZHYHU��SUHYLRXV�
VWXGLHV� �:HDWKHUO\�� ������ EDVHG� RQ� *&0�UXQV�� XVLQJ� REVHUYHG� VHD�LFH�
FRQFHQWUDWLRQV�� GHULYHG� IURP�SDVVLYH�PLFURZDYH� VDWHOOLWH� LPDJHU\�� DV� VXUIDFH�
ERXQGDU\�FRQGLWLRQV�� UHYHDOV� WKDW� LQFUHDVHG�SUHFLSLWDWLRQ�DORQJ� WKH�$QWDUFWLF�
FRDVWDO�DUHDV�PD\�EH�DVVRFLDWHG�ZLWK�UHGXFHG�LFH�FRQFHQWUDWLRQV��2WKHU�VWXGLHV�
�%URPZLFK� HW� DO��� �����:X� HW� DO��� ������ EDVHG� RQ� SUHVHQW� GD\� FOLPDWLF�
FRQGLWLRQV� LQ� *&0V� DOVR� LQGLFDWH� VLJQLILFDQW� SUHFLSLWDWLRQ�LQFUHDVHV� RYHU�
FRDVWDO�$QWDUFWLFD�LQ�WKH�FDVH�RI�UHGXFHG�VHD�LFH�FRYHUDJH����

7KH� SUHVHQW� VWXG\� KDV� LWV� PDLQ� SRLQW� RI� LQWHUHVW� IRFXVHG� DURXQG�
=DFNHQEHUJ� 5HVHDUFK� 6WDWLRQ� �=56�� DW� �����1�� �����:� LQ� +LJK� $UFWLF�
1RUWKHDVW�*UHHQODQG��)LJ�����&����=56�IRUPV�WKH�SODWIRUP�IRU�WKH�=DFNHQEHUJ�
(FRORJLFDO� 5HVHDUFK� 2SHUDWLRQV� �=(52��� DQG� ZDV� HVWDEOLVKHG� LQ� -XO\� ������
=(52�DLPV�WR�SURYLGH�NQRZOHGJH�RQ�D�SULVWLQH�+LJK�$UFWLF�HFRV\VWHP�DQG�LWV�
UHVSRQVH� WR� FOLPDWLF� YDULDWLRQV�� DQG� WKXV� LQFOXGHV� FRQWLQXRXV�PRQLWRULQJ� RI�
ELR��DV�ZHOO�DV�FOLPDWRORJLFDO�SDUDPHWHUV��$W�=56�VQRZ�FRYHU�DQG�VQRZ�GHSWKV�
�)LJ�� ��%��� KDYH� EHHQ�PHDVXUHG� FRQWLQXRXVO\� VLQFH�$XJXVW� ������ DQG� RQ� WKH�
EDVLV�RI�KLJK�VSDWLDO� UHVROXWLRQ�GLJLWDO� LPDJHU\��+LQNOHU�HW�DO���������HQG�RI�
ZLQWHU� VQRZ� DFFXPXODWLRQ�ZDV� UHFRQVWUXFWHG� EDFN� WR� ����� DW� KLJK� DFFXUDF\�
�VHFWLRQ����������

7R�SXW�WKH�REVHUYHG��DQG�WKH�KLJK�DFFXUDF\�PRGHOHG��VQRZ�GDWD�IURP�=56�
LQWR�D�PRUH�JHQHUDOL]HG�FOLPDWRORJLFDO� IUDPHZRUN�� WKLV�VWXG\�DLPV�WR�DQDO\]H�
VQRZ�SUHFLSLWDWLRQ�YDULDELOLW\�LQ�+LJK�$UFWLF�1RUWKHDVW�*UHHQODQG��LWV�UHODWLRQ�
WR�WKH�1$2�DQG�WR�YDULDWLRQV� LQ�VHD�LFH�FRQFHQWUDWLRQV� LQ�WKH�*UHHQODQG�6HD��
DQG� ILQDOO\� WR� EULHIO\� GLVFXVV� VRPH� SRVVLEOH� LPSOLFDWLRQV� IRU� +LJK� $UFWLF�
HFRV\VWHPV� LQ� D� IXWXUH� ZDUPHU� FOLPDWH� ZLWK� KLJKHU� SUHFLSLWDWLRQ�� DQG� PHOW�
UDWHV��
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���0DWHULDOV�DQG�PHWKRGV�
�
����'DWD�
7KH�VWXG\�LQFOXGHV�GDWD�DW�YDULRXV�VSDWLDO�VFDOHV�DQG�UHVROXWLRQV��UDQJLQJ�IURP�
SRLQW� PHDVXUHPHQWV� RI� VQRZ� GHSWKV� DQG� GDLO\� PHDQ� WHPSHUDWXUHV� DW� =56�
������1���'DQHERUJ� ������1��� DQG� WKH� LVODQG�RI�-DQ�0D\HQ� ������1�� WKURXJK�
RUWKR�UHFWLILHG� GLJLWDO� FDPHUD� LPDJHV� RI� WKH� ORFDO� VQRZ� FRYHU� H[WHQW� LQ� WKH�
=DFNHQEHUJ� YDOOH\� �+LQNOHU� HW� DO��� ������� VDWHOOLWH� GDWD� ZLWK� KLJK� VSDWLDO�
UHVROXWLRQ� �/DQGVDW� 7KHPDWLF� 0DSSHU� �70�� DQG� 6\VWqPH� 3UREDWRLUH� SRXU�
O¶2EVHUYDWLRQ� GH� OD� 7HUUH� +LJK� 5HVROXWLRQ� 9LVLEOH� �6327� +59���� VHD�LFH�
FRQFHQWUDWLRQV� IURP�6FDQQLQJ�0XOWLFKDQQHO�0LFURZDYH�5DGLRPHWHU� �6005��
DQG� 6SHFLDO� 6HQVRU� 0LFURZDYH�,PDJHU� �660�,�� SDVVLYH�PLFURZDYH� VDWHOOLWH�
LPDJHU\�� SUHFLSLWDWLRQ� UDWHV� DQG� DLU� WHPSHUDWXUHV� IURP� WKH�1DWLRQDO� &HQWHUV�
IRU�(QYLURQPHQWDO�3UHGLFWLRQ��1&(3��UHDQDO\VLV�SURMHFW�WR�PRQWKO\�LQGLFHV�RI�
WKH� 1$2�� DQG� ILQDOO\�� FOLPDWH� FKDQJH�VFHQDULRV� RI� IXWXUH� PRQWKO\� PHDQ� DLU�
WHPSHUDWXUH� DQG� SUHFLSLWDWLRQ� LQ� WKH� (DVW� *UHHQODQG� UHJLRQ�� $OO� GDWD� DUH�
VXPPDUL]HG�LQ�7DEOH�������

�
����(QG�RI�ZLQWHU�VQRZ�DFFXPXODWLRQ��
�
������/RFDOO\�DW�=56�'DQHERUJ�
6LQFH�$XJXVW�������VQRZ�GHSWKV�KDYH�EHHQ�PHDVXUHG�DXWRPDWLFDOO\�HYHU\�WKLUG�
KRXU��DYHUDJHG�WR�GDLO\�PHDQV�LQ�WKLV�VWXG\���XVLQJ�D�VRQLF�VQRZ�GHSWK�VHQVRU��
$GGLWLRQDOO\��DOVR�VLQFH��������DQ�DXWRPDWHG�GLJLWDO�FDPHUD�KDV�EHHQ�LQVWDOOHG�
DW� WKH� =DFNHQEHUJ�PRXQWDLQ� WR� WDNH� GDLO\� SLFWXUHV� RI� WKH� VQRZ� FRYHU� LQ� WKH�
=DFNHQEHUJ�YDOOH\��7KH�LPDJHV�ZHUH�WUDQVIRUPHG�LQWR�GLJLWDO�RUWKRSKRWRV�DQG�
ZHUH�WKHQ�XVHG�IRU�VQRZ�FRYHU�PDSSLQJ��+LQNOHU�HW�DO����������

%DVHG� RQ� D� VHPL�HPSLULFDO� PRGHOLQJ� DSSURDFK� �+LQNOHU� HW� DO��� ������
3DSHU� ���� HQG�RI�ZLQWHU� VQRZ� DFFXPXODWLRQ� DQG� VXPPHU�VQRZ�FRYHU�
GHSOHWLRQ� LQ�WKH�\HDUV�����±�����ZHUH�UHFRQVWUXFWHG��7KH�PRGHO�XWLOL]HG� IRU�
UHFRQVWUXFWLRQ� ZDV� GHULYHG� DVVXPLQJ� WKDW�� IRU� DQ\� HQG�RI�ZLQWHU� VQRZ�
DFFXPXODWLRQ� WKHUH� H[LVWV� D�XQLTXH� UHODWLRQ²EHWZHHQ� WKH� VSDWLDO�SURJUHVV�RI�
VQRZ�FRYHU�GHSOHWLRQ�DQG�PHOW�HQHUJ\�DFFXPXODWHG�RYHU�WKH�PHOWLQJ�VHDVRQ²
ZKLFK� LV� VSHFLILF� IRU� WKH� VWXG\� DUHD� �LW� LV� WKXV� DVVXPHG� WKDW� DQ\� SDUWLFXODU�
VWXG\�DUHD�KDV�LWV�RZQ�XQLTXH�SK\VLFDO�FKDUDFWHULVWLFV���7KH�GDLO\�VQRZ�FRYHU�
PDSV�ZHUH�XVHG�WR�FRQVWUXFW�VQRZ�FRYHU�GHSOHWLRQ�FXUYHV� IRU�VHYHQ�GLIIHUHQW�
PHOWLQJ� VHDVRQV� �����±������� 7KHVH� GDWD� ZHUH� WKHQ� FRPELQHG� ZLWK�
WHPSHUDWXUH�GDWD�DQG�PHDVXUHG�VQRZ�GHSWKV�WR�GHULYH�D�GDWD�VHW�IURP�ZKLFK
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)LJ�� ��� �$�� 7RWDO� HQG�RI�ZLQWHU�DFFXPXODWHG� VQRZ�ZDWHU� HTXLYDOHQWV� �����±������2FWREHU±
0D\��FDOFXODWHG�EDVHG�RQ�1&(3�SUHFLSLWDWLRQ�UDWHV�LQ�������î�������ODW��ORQJ��JULG�FHOOV�RYHU�
WKH� 1RUWK� $WODQWLF� UHJLRQ�� 7KH� JULG�FHOO� FRQWDLQLQJ� =DFNHQEHUJ� 5HVHDUFK� 6WDWLRQ� �=56�� LV�
PDUNHG� ZLWK� ZKLWH�� �%�� 'DLO\� DFFXPXODWHG� 1&(3� VQRZ� ZDWHU� HTXLYDOHQWV��
�>���������@±>���������@� ZLQWHU� VHDVRQV�� WRJHWKHU� ZLWK� FRUUHVSRQGLQJ� VQRZ� GHSWKV�
PHDVXUHG� DW� =56�� �&�� /RFDWLRQ� RI� WKH� =DFNHQEHUJ�'DQHERUJ�DUHD� �UHG� HOOLSVH��� 7KH�
UHFWDQJXODU� DUHD� LQGLFDWHG� E\�ZKLWH� OLQHV� FRUUHVSRQGV� WR� WKH�1&(3� ������î������� ODW��ORQJ��
JULG�FHOO� ��������NP����ZKLFK� LQFOXGHV�=56�DQG�'DQHERUJ�� �'��0HDVXUHG�UHFRQVWUXFWHG�HQG�
RI�ZLQWHU�VQRZ�GHSWKV�DW�=DFNHQEHUJ�'DQHERUJ�YHUVXV�WKH�1&(3�HQG�RI�ZLQWHU�DFFXPXODWHG�
VQRZ�ZDWHU�HTXLYDOHQWV�IURP�WKH�JULG�FHOO�VKRZQ�LQ�&���(��7LPH�VHULHV������±������RI�1&(3�
HQG�RI�ZLQWHU��0D\���VW� DFFXPXODWHG�VQRZ�ZDWHU�HTXLYDOHQWV�LQ�WKH�JULG�FHOO�FRQWDLQLQJ�=56�
WRJHWKHU�ZLWK�PHDVXUHG�UHFRQVWUXFWHG�PD[LPXP�VQRZ�GHSWKV�DW�'DQHERUJ������±������DQG�
=DFNHQEHUJ� �����±������� UHVSHFWLYHO\�� 7KH� GDVKHG� OLQH� LQGLFDWH� WKH� WUHQG� LQ� 1&(3� EDVHG�
VQRZ�SUHFLSLWDWLRQ�RYHU�����±�������
�
HQG�RI�ZLQWHU� VQRZ� DFFXPXODWLRQ� DQG� VXPPHU�VQRZ�FRYHU� GHSOHWLRQ� FDQ� EH�
IRXQG� LWHUDWLYHO\� IRU� DQ\�PHOWLQJ� VHDVRQ� LI�� ��� WKH� VQRZ� FRYHU� H[WHQW� LQ� WKH�
VWXG\�DUHD�LV�NQRZQ�IRU��DW�OHDVW��RQH�GD\�LQ�WKH�PHOWLQJ�VHDVRQ�DQG�LI����GDLO\�
WHPSHUDWXUH�GDWD�DUH�DYDLODEOH��7KXV��WKH�PHWKRG�LV�DSSOLFDEOH�LI�RQH�VDWHOOLWH��
RU�DHULDO�SKRWR�ZLWK�KLJK�VSDWLDO� UHVROXWLRQ�DQG�GDLO\� WHPSHUDWXUHV� IURP�WKH�
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PHOWLQJ� VHDVRQ� DUH� DYDLODEOH� �LI� WKH� HQG�RI�ZLQWHU� VQRZ� DFFXPXODWLRQ� LV�
NQRZQ�� RQO\� WKH� GDLO\�PHDQ� DLU� WHPSHUDWXUHV� DUH� UHTXLUHG� WR� GHULYH� D� VQRZ�
FRYHU� GHSOHWLRQ� FXUYH��� &XUUHQWO\�� LW� KDV� EHHQ� SRVVLEOH� WR� SURFXUH� XVDEOH�
VDWHOOLWH� GDWD� �/DQGVDW� 70� DQG� 6327� +59�� EDFN� WR� ������ ZKHUHDV� DLU�
WHPSHUDWXUHV�IURP�EHIRUH�������ZKHQ�=56�ZDV�HVWDEOLVKHG��DUH�DYDLODEOH�IURP�
WKH� 'DQLVK� 0HWHRURORJLFDO� ,QVWLWXWH¶V� �'0,�� DXWRPDWLF� ZHDWKHU� VWDWLRQ� DW�
'DQHERUJ����NP�VRXWKHDVW�RI�=DFNHQEHUJ��

$W� 'DQHERUJ� PHDVXUHPHQWV� RI� VQRZ� GHSWK� ZHUH� LQLWLDWHG� LQ� ������ EXW�
ZHUH� VWRSSHG� LQ� ����� �&DSSHOHQ� HW� DO��� ������� 7KHVH� GDWD� DV� ZHOO� DV�
PHDVXUHG�UHFRQVWUXFWHG� HQG�RI�ZLQWHU� VQRZ� GHSWKV� IURP�=56� DUH� GLVSOD\HG�
LQ�)LJ����(�������
�
������5HJLRQDO�WR�ODUJH�VFDOH�LQ�WKH�1RUWK�$WODQWLF�UHJLRQ�
(QG�RI�ZLQWHU�VQRZ�DFFXPXODWLRQ�DW�ODUJHU�VFDOH�ZDV�LQIHUUHG�IURP�WKH�1&(3�
UHDQDO\VLV� GDWD� �&'&�� ������ LQ� ������î������� ODW��ORQJ�� JULG�FHOOV�� FRYHULQJ�
ODWLWXGHV����±����DQG�ORQJLWXGHV������±�����)LJ����$����7KH�1&(3�GDWD�XWLOL]HG�
DUH�GDLO\�SUHFLSLWDWLRQ�UDWHV�DQG�GDLO\�PHDQ�DLU�WHPSHUDWXUHV�IURP�WKH�SHULRG�
����±����� �+DUULV���������)RU�HDFK�\HDU� �2FWREHUSUHY�� \HDU±0D\\HDU� LQ� TXHVW�� WKH�
WRWDO� DFFXPXODWHG� DPRXQW� RI� SUHFLSLWDWLRQ� IDOOLQJ� RQ� GD\V� ZLWK� PHDQ� DLU�
WHPSHUDWXUH� EHORZ� IUHH]LQJ� UHSUHVHQWV� WKH� HQG�RI�ZLQWHU� VQRZ� DFFXPXODWLRQ�
LQ�6QRZ�:DWHU�(TXLYDOHQWV��6:(���$W�WKH�KLJKHVW�ODWLWXGHV��ZKHUH�YLUWXDOO\�QR�
VQRZ�PHOW�RFFXUV�GXULQJ�ZLQWHU�� WKH�HQG�RI�ZLQWHU�6:(�ZLOO�EH�SURSRUWLRQDO�
WR� WKH� HQG�RI�ZLQWHU� VQRZ�GHSWK� (QG�RI�ZLQWHU�6:(�GXULQJ� ����±����� IRU�
WKH�JULG�FHOO�FRQWDLQLQJ�=56�'DQHERUJ�LV�GLVSOD\HG�LQ�)LJ����(����
�
����1$2�YV��VQRZ�SUHFLSLWDWLRQ�
1$2� GDWD� ZHUH� REWDLQHG� IURP� WKH� 12$$� &OLPDWH� 3UHGLFWLRQ� &HQWHU� �&3&��
������� 7R� LQYHVWLJDWH� KRZ� LQWHU�DQQXDO� YDULDWLRQV� LQ� VQRZ�SUHFLSLWDWLRQ� DQG�
1$2�DUH�FRUUHODWHG�LQ�WKH�1RUWK�$WODQWLF�UHJLRQ��VSDWLDOO\�DV�ZHOO�DV�RYHU�WLPH��
WKH� FRUUHODWLRQ� EHWZHHQ� DFFXPXODWHG� VQRZ�SUHFLSLWDWLRQ� DQG� ZLQWHU�
�'HFHPEHU�-DQXDU\�)HEUXDU\�� 1$2�LQGH[� ZDV� FDOFXODWHG� RYHU� WKH� SHULRG�
����±����� �ZKHUH� H�J�� ����� UHIHUV� WR� WKH� ����±����� ZLQWHU� VHDVRQ��� � 7KH�
FDOFXODWLRQ�ZDV�GRQH�IRU�HDFK�1&(3�������î�������ODW��ORQJ��JULG�FHOO��DQG�WKH�
WLPH�VHULHV�ZHUH�VSOLW�LQWR����VXE�SHULRGV²RU����\HDU�UXQQLQJ�ZLQGRZV������±
������ ����±������ ���� ����±������� 7R� JLYH� D� EHWWHU� VSDWLDO� LPSUHVVLRQ�� WKH�
UHVXOWV�ZHUH�DIWHUZDUGV� LQWHUSRODWHG�DQG�SURMHFWHG� LQWR�D]LPXWKDO� HTXDO�DUHD�
PDSV��5HVXOWLQJ�FRUUHODWLRQ�PDSV�IRU�HDFK����\HDU�ZLQGRZ�DUH�VKRZQ�LQ�)LJ�����
,Q� RUGHU� WR� SXW� =56�1RUWKHDVW� *UHHQODQG� LQWR� WKLV� IUDPHZRUN�� WKH� UXQQLQJ
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)LJ�� ��� 5XQQLQJ� FRUUHODWLRQ� �����±������ EHWZHHQ� DFFXPXODWHG� VQRZ�SUHFLSLWDWLRQ� DQG� WKH�
1RUWK�$WODQWLF�2VFLOODWLRQ��1$2���VSDWLDOO\�YLVXDOL]HG�IRU�WKH�1RUWK�$WODQWLF�UHJLRQ�LQ����\HDU�
ZLQGRZV�� 'HQVHO\� VKDGHG� DUHDV� UHSUHVHQW� VLJQLILFDQW� FRUUHODWLRQ� EHWZHHQ� 1$2� DQG� VQRZ�
SUHFLSLWDWLRQ��7KH�\HDUV�JLYHQ�ZLWK�VPDOOHU�W\SHV�RQ�WKH�LQGLYLGXDO�FRUUHODWLRQ�PDSV�LQGLFDWH�
WKH�³FHQWHU�\HDU´�LQ�HDFK����\HDU�ZLQGRZ��7KH�JUDSK�LQ�WKH�ORZHU�OHIW�SDUW�RI�WKH�ILJXUH�VKRZV�
WKH� UXQQLQJ� FRUUHODWLRQ� EHWZHHQ� 1&(3� EDVHG� HQG�RI�ZLQWHU� VQRZ�ZDWHU� HTXLYDOHQWV� LQ� WKH�
=DFNHQEHUJ�'DQHERUJ� UHJLRQ� DQG� WKH� ZLQWHU� 1$2�LQGH[�� 7KH� FRUUHODWLRQ� PDS� ULJKW� WR� WKH�
JUDSK�VKRZV�WKH�FRUUHODWLRQ�RYHU�DOO����VHDVRQV��
�
FRUUHODWLRQ�YDOXHV�IRU�WKH�JULG�FHOO�FRQWDLQLQJ�=56�DUH�SORWWHG�LQ�WKH�ORZHU�OHIW�
SDUW�RI�WKH�ILJXUH�����
�
����6HD�LFH�YV��VQRZ�SUHFLSLWDWLRQ�
6HD�LFH�PDSSLQJ�LV�EDVHG�RQ�D����\HDU�WLPH�VHULHV�������������RI�JULGGHG�VHD�
LFH� FRQFHQWUDWLRQV� �FRYHULQJ� ��� ZLQWHU� VHDVRQV��� ,FH� FRQFHQWUDWLRQV� ZHUH�
GHULYHG�IURP����NP�UHVROXWLRQ�6005�DQG�WKH�660�,�EULJKWQHVV�WHPSHUDWXUH�
VDWHOOLWH� LPDJHU\��7KH�GDWD�ZHUH�SURYLGHG�E\�WKH�1DWLRQDO�6QRZ�DQG�,FH�'DWD�
&HQWHU��16,'&���%RXOGHU��&2��86$��DQG�ZDV��LQ�WKLV�VWXG\��REWDLQHG�DV�SDUW�RI�
WKH���NP�($6(�*ULG�FRPSRVLWH�GDWD�VHW��)RZOHU�HW�DO����������,Q�WKLV�YHUVLRQ��
WKH� UHVXOWLQJ� ��NP�GDWD� LV� RYHU�VDPSOHG� IURP� WKH� ���NP�6005� DQG� 660�,
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)LJ����� 6SDWLDO� GLVWULEXWLRQ� RI� WKH� FRUUHODWLRQ�EHWZHHQ� ���� HQG�RI�ZLQWHU� VQRZ�DFFXPXODWLRQ�
ZLWKLQ� WKH� =DFNHQEHUJ� UHJLRQ� �1&(3� ������î������� ODW��ORQJ�� JULG�FHOO� FRYHULQJ� ������� NP�

�VHH�)LJ������DQG�����VHD�LFH�GXUDWLRQ��WKH�QXPEHU�RI�GD\V�GXULQJ�6HSWHPEHU±$XJXVW�ZLWK�VHD�
LFH� FRQFHQWUDWLRQ�DERYH�D� FULWLFDO� WKUHVKROG���7KH�*UHHQODQG�6HD� LV�GLYLGHG� LQWR� IRXU� VHFWRUV�
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EDVHG�RQ�GLUHFWLRQ�IURP�WKH�=DFNHQEHUJ�5HVHDUFK�6WDWLRQ��=56���11(��1(��6(��66(��DQG�HDFK�
VHFWRU�LV�VXEGLYLGHG�LQWR�ILYH�VXE�VHFWRUV�EDVHG�RQ�GLVWDQFH�IURP�=56���±����NP���±����NP��
�±����NP���±����NP��DQG��±�����NP��QRWH�WKDW�D�VPDOOHU�VXE�VHFWRU�LV�DOZD\V�LQFOXGHG�LQ�D�
ODUJHU� VXE�VHFWRU��� 7KH� WDEOHV� WR� WKH� OHIW� GLVSOD\�5��FRHIILFLHQWV� RI� OHDVW� VTXDUHV� ILWV� EHWZHHQ�
HQG�RI�ZLQWHU�VQRZ�DFFXPXODWLRQ������±�����DQG�VHD�LFH�GXUDWLRQ�ZLWKLQ�WKH�LQGLYLGXDO�VXE�
UHJLRQV��7KH�JUDSKV�LQ�WKH�ULJKWPRVW�SDUW�RI�WKH�ILJXUH�ERWK�FRQFHUQ�WKH�����NP�66(�VXE�VHFWRU�
ZKLFK� LV� WKH� VXE�VHFWRU� WKDW� VKRZV� WKH�PD[LPXP� FRUUHODWLRQ� EHWZHHQ� VHD�LFH� GXUDWLRQ� DQG�
VQRZ�SUHFLSLWDWLRQ��7KH�XSSHU�JUDSK�VKRZV�D� OHDVW�VTXDUHV� ILW�EHWZHHQ�VHD�LFH�GXUDWLRQ�DQG�
WKH�=DFNHQEHUJ��1&(3�JULG�FHOO��VQRZ�DFFXPXODWLRQ��LI������LV�LQFOXGHG�5� �������7KH�ORZHU�
JUDSK� GHPRQVWUDWHV� WKDW� ������ LV� WKH� FRQFHQWUDWLRQ�WKUHVKROG� WKDW� JLYHV� WKH� EHVW� OLQHDU�
FRUUHODWLRQ�IRU�WKLV�SDUWLFXODU�UHJLRQ��
GDWD�� %HFDXVH� FRDVWDO� DUHDV� KDYH� D� MDJJHG� DSSHDUDQFH�� D� �� NP� ODQG�PDVN� LV�
DSSOLHG��DQG�WKH�QHDUHVW�DSSURSULDWH�VHD�LFH�FRQFHQWUDWLRQ�LV�XVHG��

7R� FRPSDUH� LQWHU�DQQXDO� YDULDWLRQV� LQ� VHD�LFH� FRQFHQWUDWLRQ� ZLWKLQ� WKH�
*UHHQODQG� 6HD� WR� WKH� HQG�RI�ZLQWHU� VQRZ� DFFXPXODWLRQ� LQ� WKH� =DFNHQEHUJ�
UHJLRQ�� WKH� *UHHQODQG� 6HD� ZDV� GLYLGHG� LQWR� IRXU� PDLQ� VHFWRUV� EDVHG� RQ�
GLUHFWLRQ��DQG����VXE�VHFWRUV��ILYH�LQ�HDFK�PDLQ�VHFWRU��EDVHG�RQ�GLVWDQFH�IURP�
=56��UHVSHFWLYHO\��)LJ������7KH�FRUUHODWLRQ������±������EHWZHHQ�\HDUO\�VHD�LFH�
GXUDWLRQ� DQG� =DFNHQEHUJ� HQG�RI�ZLQWHU� VQRZ� DFFXPXODWLRQ� ZDV� WKHQ�
FDOFXODWHG� IRU� HDFK� VXE�VHFWRU�� 6HD�LFH� GXUDWLRQ� LV� GHILQHG� DV� WKH� QXPEHU� RI�
GD\V�GXULQJ�'HFHPEHUSUHY��\HDU±$XJXVW\HDU�LQ�TXHVW��ZLWK�VHD�LFH�SHUFHQWDJH�DERYH�D�
FHUWDLQ�WKUHVKROG��7KLV�WKUHVKROG�LV�GHILQHG�DV�WKH�VHD�LFH�SHUFHQWDJH�JLYLQJ�WKH�
PD[LPXP� FRUUHODWLRQ� EHWZHHQ� VHD�LFH� GXUDWLRQ� DQG� HQG�RI�ZLQWHU� VQRZ�
DFFXPXODWLRQ��DQG�ZDV�IRXQG�LWHUDWLYHO\�E\�WHVWLQJ�WKUHVKROGV�IURP��±�����LQ�
VWHSV�E\������)LJ������
�
����&OLPDWH�FKDQJH�VFHQDULRV�YV��VHD�LFH�DQG�VQRZ�FRYHU�
0RGHOHG� PRQWKO\� PHDQ� WHPSHUDWXUHV� DQG� SUHFLSLWDWLRQ� IRU� WZR� QRUPDO�
SHULRGV�����±������FRQWURO�VFHQDULR��DQG�����±������$���DQG�%��VFHQDULRV��
DFFRUGLQJ� WR� WKH�,3&&��ZHUH�SURYLGHG�E\� WKH�'DQLVK�0HWHRURORJLFDO� ,QVWLWXWH�
�'0,���7KH�PRGHO��'HWKORII�HW�DO��������.LLOVKROP�HW�DO��������5\VJDDUG�HW�DO���
������LV�D�UHJLRQDO�FOLPDWH�PRGHO�FRYHULQJ�(DVW�*UHHQODQG�DQG�WKH�*UHHQODQG�
6HD�DQG�KDV�D�VSDWLDO�UHVROXWLRQ�RI����NP��

7\SLFDOO\�GXULQJ�ZLQWHU��WKH�FHQWUDO�*UHHQODQG�6HD�GHYHORSV�D�ORFDO�FRYHU�
RI�SDQFDNH� LFH� �:RUOG�0HWHRURORJLFDO�2UJDQLVDWLRQ�� �������ZKLFK� RFFXSLHV� D�
WRQJXH�VKDSHG� UHJLRQ� FDOOHG� 2GGHQ� �)LJ�� ��$���� 'XULQJ� ZLQWHU�� ZKHUH�
QRUWKZHVWHUO\� ZLQGV� SUHYDLO� LQ� WKLV� UHJLRQ�� WKH� SDQFDNHV� DUH� EORZQ� WR� WKH�
VRXWKHDVW� �:DGKDPV���������ZKLFK�PDNHV� LW� UHDVRQDEOH� WR�DVVXPH�WKDW�VRPH�
LQWHU�DQQXDO� FR�YDULDWLRQ� PD\� H[LVW� EHWZHHQ� WKH� H[WHQW� RI� WKH� 2GGHQ� LFH
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)LJ������$��6HD�LFH�GLVWULEXWLRQ�DURXQG�*UHHQODQG�DW�)HEUXDU\��QG� �����ZLWK�LQGLFDWLRQV��UHG�
SRO\JRQV��RI�WKH�2GGHQ�LFH�WRQJXH�PDSSLQJ�DUHD�DQG�WKH�UHJLRQ������NP�66(���ZKLFK�VKRZV�
PD[LPXP� FRUUHODWLRQ� EHWZHHQ� VHD�LFH� GXUDWLRQ� DQG� VQRZ�SUHFLSLWDWLRQ� DW� =DFNHQEHUJ�� �%��
6HD�LFH� GXUDWLRQ� LQ� ���� NP� 66(�UHJLRQ� YV�� DFFXPXODWHG� PRQWKO\� PHDQ� VXUIDFH� DLU�
WHPSHUDWXUHV� DW� WKH� ,VODQG� RI� -DQ� 0D\HQ� ZLWKLQ� WKH� IUHH]LQJ�SHULRG�� �&�� &RQFHSWXDO�
GHVFULSWLRQ�RI�� DQG� UHVXOWV� IURP� WKH� VHD�LFH�EDVHG�PHWKRG�XVHG� WR� GHULYH� IXWXUH� VFHQDULRV� RI�
VXPPHU�VQRZ�FRYHU�GHSOHWLRQ�LQ�WKH�=DFNHQEHUJ�DUHD��
�7KH�IUHH]LQJ�SHULRG�LV�GHILQHG�DV�WKH�
SHULRG��ZKLFK�LQFOXGHV�WKH�ILUVW��DQG�WKH�ODVW�PRQWK�ZLWK�DYHUDJH�WHPSHUDWXUH�EHORZ���&��DQG�
DOO�PRQWKV�LQ�EHWZHHQ��
WRQJXH�DQG�WKH� LFH�H[WHQW� LQ� WKH�UHJLRQ�WR� WKH�VRXWK�RI� LW� �66(�UHJLRQ�)LJV����
DQG���$����)XUWKHUPRUH��&RPLVR�HW�DO���������VKRZHG�WKH�H[WHQW�RI�WKH�2GGHQ�
LFH� WRQJXH� WR� KDYH� D� VWURQJ� QHJDWLYH� FRUUHODWLRQ� �5�  � ������� ZLWK� PRQWKO\
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)LJ�����7LPH�VHULHV������±������RI��DFFXPXODWHG�DLU�WHPSHUDWXUHV�DW�-DQ�0D\HQ�ZLWKLQ�WKH�
IUHH]LQJ� SHULRG
�� VHD�LFH� GXUDWLRQ� LQ� WKH� ���� NP� 66(�UHJLRQ� �VHH� DOVR� )LJV�� �� DQG� ���� DQG�
DYHUDJH�DQQXDO�H[WHQW�RI�WKH�2GGHQ�LFH�WRQJXH��1RWH�WKDW�LQ�RUGHU�WR�GLVSOD\�WKH�FR�YDULDWLRQ�
PRUH�FOHDUO\��VHD�LFH�GDWD�DUH�PXOWLSOLHG�E\�����
7KH�IUHH]LQJ�SHULRG�LV�GHILQHG�DV�WKH�SHULRG��
ZKLFK� LQFOXGHV� WKH� ILUVW�� DQG� WKH� ODVW� PRQWK� ZLWK� DYHUDJH� WHPSHUDWXUH� EHORZ� ��&�� DQG� DOO�
PRQWKV�LQ�EHWZHHQ��
VXUIDFH� DLU� WHPSHUDWXUHV� UHFRUGHG� DW� WKH� ,VODQG� RI� -DQ� 0D\HQ� �)LJ�� ��&����
ZKLFK� IXUWKHU�PDNHV� LW� UHDVRQDEOH� WR�DVVXPH� WKDW�ZLQWHU�DLU� WHPSHUDWXUHV�DW�
-DQ�0D\HQ�FDQ�EH�XVHG�DV�D�SUR[\�IRU�WKH�H[WHQWV�RI�WKH�2GGHQ�LFH�WRQJXH�DQG�
VLPLODUO\� IRU� WKH� QHLJKERULQJ� 66(�UHJLRQ�� )LJ�� �� VKRZV� WKH� LQWHU�DQQXDO�
YDULDWLRQ� RYHU� ���ZLQWHUV� �ZKHUH� H�J�� ����� UHSUHVHQWV� WKH� ����±�����ZLQWHU�
VHDVRQ��RI�ZLQWHU�VXUIDFH�DLU�WHPSHUDWXUHV�DW�-DQ�0D\HQ��DQQXDO�H[WHQW�RI�WKH�
2GGHQ� LFH� WRQJXH��DQG�VHD�LFH�GXUDWLRQ� LQ�WKH�66(�UHJLRQ��7KH� ILJXUH�UHYHDOV�
WKDW�WKH�WKUHH�SDUDPHWHUV��DV�H[SHFWHG��YDU\�LQ�D�UHODWLYHO\�VLPLODU�PDQQHU��WKH�
FRUUHODWLRQ�EHWZHHQ� DQQXDO� H[WHQW� RI�2GGHQ� DQG� VHD�LFH� GXUDWLRQ� LQ� WKH� ����
NP�66(�UHJLRQ�LV������DQG�EHWZHHQ�WKH�����NP�66(�VHD�LFH�GXUDWLRQ�DQG�WKH�
-DQ�0D\HQ�DLU�WHPSHUDWXUHV�LW�LV����������

7KXV��LQ�WKH�SUHVHQW�VWXG\��SUR[\�YDOXHV�RI�IXWXUH�VHD�LFH�GXUDWLRQ�LQ�WKH�
���� NP� 66(� UHJLRQ� �ZKLFK� VKRZV� PD[LPXP� FRUUHODWLRQ� EHWZHHQ� VHD�LFH�
GXUDWLRQ� DQG� VQRZ�SUHFLSLWDLRQ�� LV� EDVHG� RQ� IXWXUH� VFHQDULRV� RI� DLU�
WHPSHUDWXUHV�DW�-DQ�0D\HQ��)LJ����%����)XUWKHUPRUH��EDVHG�RQ�WKH�DVVXPSWLRQ�
WKDW� VHD�LFH� GXUDWLRQ� LQ� WKH� ���� NP� 66(� UHJLRQ� UHIOHFWV� HQG�RI�ZLQWHU� VQRZ�
DFFXPXODWLRQ�LQ�WKH�=DFNHQEHUJ�'DQHERUJ�UHJLRQ��WKH�OLQHDU�UHODWLRQ�VKRZQ�LQ�
)LJ�� ��� ZHUH� XVHG� WR� GHULYH� IXWXUH� VFHQDULRV� RI� WKH� HQG�RI�ZLQWHU� VQRZ�
DFFXPXODWLRQ�DW�=56��

%RWK�(DVW�*UHHQODQG� DQG� WKH� ,VODQG� RI� -DQ�0D\HQ� DUH� FKDUDFWHUL]HG� E\�
VWURQJO\�YDU\LQJ�WRSRJUDSK\��7KH�VSDWLDO�UHVROXWLRQ�����NP��RI�WKH�WRSRJUDSK\�
LQFOXGHG� LQ� WKH� FOLPDWH�PRGHO� LV� QRW� VXIILFLHQWO\� GHWDLOHG� WR� UHIOHFW� WKH� ORFDO�
WRSRJUDSKLF� YDULDWLRQ�� 7KHUHIRUH� REVHUYHG� WHPSHUDWXUHV� PD\� GLIIHU�
VLJQLILFDQWO\�IURP�WKH�FRQWURO�VFHQDULR��7R�DGMXVW�WKH�VFHQDULRV�WR�WKH�REVHUYHG�
WHPSHUDWXUHV�� PRQWKO\� FRUUHFWLRQ� FRHIILFLHQWV� ZHUH� GHULYHG� IRU�
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=DFNHQEHUJ�'DQHERUJ� DQG� -DQ� 0D\HQ�� 7KH� FRUUHFWLRQ� FRHIILFLHQWV� ZHUH�
FDOFXODWHG� DV� WKH� REVHUYHG� PRQWKO\� PHDQV� GLYLGHG� E\� WKH� FRUUHVSRQGLQJ�
PRQWKO\�PHDQV�IURP�WKH�FRQWURO�VFHQDULR��XVLQJ�DEVROXWH�WHPSHUDWXUHV�LQ�.���
6LQFH� =56� ZDV� QRW� HVWDEOLVKHG� EHIRUH� ������ WKH� REVHUYHG� WHPSHUDWXUHV�
UHSUHVHQWLQJ�=DFNHQEHUJ�GXULQJ�����±�����DUH�IURP�'DQHERUJ��

7KH� VQRZ� FRYHU� GHSOHWLRQ� PRGHO� IRU� =DFNHQEHUJ� UHTXLUHV� GDLO\�
WHPSHUDWXUH� LQSXW� �DV� DFFXPXODWHG� GHJUHH� GD\V��� 7KXV�� WR� GHULYH� IXWXUH�
VFHQDULRV� RI� GDLO\� WHPSHUDWXUHV� DW� =56�� GDLO\� DQRPDOLHV� ZHUH� FDOFXODWHG� E\�
VXEWUDFWLQJ� DYHUDJH� REVHUYHG� GDLO\� PHDQV� �����±������
=DFNHQEHUJ�'DQHERUJ�� IURP� WKH� PHDQ� PRQWKO\� WHPSHUDWXUHV� �����±�����
QRUPDO��'DQHERUJ���7KHVH�DQRPDOLHV�ZHUH� WKHQ�DGGHG�WR� WKH�PRQWKO\�PHDQV�
IURP�WKH�$��DQG�%��VFHQDULRV� �����±�������0HDQ�PRQWKO\� WHPSHUDWXUHV� IRU�
WKH�����±�����DQG�����±�����QRUPDO�SHULRGV�ZHUH�IRXQG�XVLQJ�VLPSOH�OLQHDU�
LQWHUSRODWLRQ�EHWZHHQ�WKH�����±�����DQG�����±�����QRUPDO�SHULRGV��DQG�WKH�
DYHUDJH� GDLO\� YDOXHV� IRU� WKHVH� SHULRGV� ZHUH� GHULYHG� DV� GHVFULEHG� IRU� ����±
������

)LQDOO\�� IXWXUH� VXPPHU� VQRZ�FRYHU� GHSOHWLRQ� DW� =DFNHQEHUJ� ZDV�
FDOFXODWHG�XVLQJ� WKH� VQRZ�FRYHU�GHSOHWLRQ�PRGHO� �GLVFXVVHG� LQ� VHFWLRQ� �������
LQ�FRQMXQFWLRQ�ZLWK�GDLO\�WHPSHUDWXUHV�LQIHUUHG�IURP�WKH�$��DQG�%��VFHQDULR�
GDWD��WKH�UHVXOWLQJ�VQRZ�FRYHU�GHSOHWLRQ�FXUYHV�DUH�VKRZQ�LQ�)LJ����&����
�
���5HVXOWV�DQG�GLVFXVVLRQ�
�
����(QG�RI�ZLQWHU�VQRZ�DFFXPXODWLRQ�
6QRZ�SUHFLSLWDWLRQ� LQ� WKH� =DFNHQEHUJ�'DQHERUJ� UHJLRQ� VKRZV� KLJK� LQWHU�
DQQXDO�YDULDELOLW\��$FFRUGLQJ�WR�1&(3�GDWD��)LJ����(���WKH�HQG�RI�ZLQWHU�6:(�
KDV�YDULHG�DV�PXFK�DV� IURP�EHORZ�����PP�WR�DOPRVW�����PP��LQ������DQG�
������� VLQFH� ������ DQG�YLHZHG�RYHU� WKH� HQWLUH�SHULRG� �����±������ WKHUH�KDV�
EHHQ�D�VLJQLILFDQW��S��������DFFRUGLQJ�WR�D�0DQQ�.HQGDOO�WUHQG�WHVW��SRVLWLYH�
WUHQG� LQ� VQRZ�SUHFLSLWDWLRQ� RI� DSSUR[LPDWHO\� ���PP� 6:(� SHU� GHFDGH� �)LJ��
��(����

*HQHUDOO\�� WKH� YDULDELOLW\� LQ� 1&(3� EDVHG� 6:(� FRUUHVSRQGV� ZHOO� ZLWK�
JURXQG�EDVHG�VQRZ�GHSWK�GDWD�IURP�=56�DQG�'DQHERUJ��5�  �����DQG�������
UHVSHFWLYHO\�� VHH� )LJ�� ��'±(���� 7KH� DPRXQW� RI� VFDWWHU�� ZKLFK� KRZHYHU� LV�
UHYHDOHG�E\� WKH� OHDVW�VTXDUHV�ILWV��PD\�EH� FDXVHG�E\� VHYHUDO�GLIIHUHQW� IDFWRUV�
VXFK�DV�XQFHUWDLQWLHV� LQ�WKH�1&(3�DQDO\VLV�IRUHFDVW�V\VWHP��VQRZ�GULIW�PHOW��
FRPSOH[LW\� LQ� ORFDO� ZLQG� SDWWHUQV� DQG� SUHFLSLWDWLRQ� GLVWULEXWLRQ� �ZKLFK� LV�
OLNHO\��EHFDXVH�WKH�UHJLRQ�LV�FKDUDFWHUL]HG�E\�VWURQJ�WRSRJUDSK\���DQG�WKH�IDFW�
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WKDW�D��������NP� JULG�FHOO�PD\�UHSUHVHQW�VHYHUDO�GLIIHUHQW�FOLPDWLF�FRQGLWLRQV�
�H�J�� 'DQHERUJ� LV� H[SRVHG� DOPRVW� GLUHFWO\� WR� WKH� *UHHQODQG� 6HD�� ZKHUHDV�
=DFNHQEHUJ� LV� VLWXDWHG� LQVLGH� WKH� IMRUG� V\VWHP�� ZKLFK�PD\� DOVR� H[SODLQ� WKH�
GLIIHUHQFH� LQ� WKH�VORSHV�RI� WKH� OLQHDU� ILWV� LQ�)LJ����'����)LQDOO\�� WKH� IL[HG���&�
WKUHVKROG� DSSOLHG� LQ� WKH� SUHVHQW� VWXG\�PD\�EH� WRR� VLPSOH� IRU� GLVWLQJXLVKLQJ�
EHWZHHQ� OLTXLG� DQG� VROLG� SUHFLSLWDWLRQ� �H�J� )¡UODQG� DQG� +DQVVHQ�%DXHU��
�������

3DUWLFXODUO\� VWULNLQJ� IRU� WKH� 1&(3� EDVHG� HQG�RI�ZLQWHU� 6:(� LV� WKH�
H[FHSWLRQDOO\� KLJK� YDOXHV� LQ� WKH� \HDUV� ����� DQG� ������ 8QIRUWXQDWHO\�� QR�
FRPSDULVRQ� WR� JURXQG� WUXWK� ZDV� SRVVLEOH� IRU� ������ VLQFH� QR� JURXQG� EDVHG�
PHDVXUHPHQWV� DUH� DYDLODEOH� IRU� WKDW� \HDU�� +RZHYHU�� WKH� �����REVHUYDWLRQV�
IURP�'DQHERUJ��)LJ����(���PD\�VXJJHVW�WKDW�HYHQ�WKRXJK�WKLV�\HDU�KDG�VRPH�RI�
WKH�KLJKHVW�DPRXQWV�RI�VQRZ�SUHFLSLWDWLRQ�HYHU�UHFRUGHG��WKH�1&(3�UHDQDO\VLV�
PLJKW�RYHU�HVWLPDWH�SUHFLSLWDWLRQ�UDWHV�LQ�H[WUHPH�VLWXDWLRQV��VXFK�DV�LQ������
DQG��������)XUWKHUPRUH��WKH�IDFW�WKDW�WKH�QXPEHU�RI�JURXQG�VWDWLRQV�LV�OLPLWHG�
LQ� WKH� UHJLRQ�PLJKW� DOVR� LQFUHDVH� XQFHUWDLQW\� LQ� WKH� UHDQDO\VLV� GDWD�� )LQDOO\��
FRQFHUQLQJ� 1&(3� SUHFLSLWDWLRQ� LQ� JHQHUDO�� 5HLG� HW� DO�� ������� VKRZHG� WKDW�
�RYHU� (XURSH�� 1&(3� EDVHG� SUHFLSLWDWLRQ� LV� OHVV� UHOLDEOH� WKDQ� H�J�� DLU�
WHPSHUDWXUH�� ZKHQ� FRPSDUHG� WR� VWDWLRQ� EDVHG� GDWD�� $QQXDOO\�� WKH�
SUHFLSLWDWLRQ�FRUUHODWLRQV�RQ�D�GDLO\�EDVLV�YDULHG�FRQVLGHUDEO\������±�����DQG�
����±����� IRU�&HQWUDO� DQG�(DVWHUQ�(QJODQG�DQG�����±����� IRU� ,WDO\��)RU� WKH�
DLU�WHPSHUDWXUH�WKH�FRUUHODWLRQ�FRHIILFLHQWV�ZHUH�ZLWKLQ�WKH�UDQJH������±��������
�
����1$2�YV��VQRZ�SUHFLSLWDWLRQ�
)LJ����GHSLFWV� WKH� UHVXOWV�RI� WKH� UXQQLQJ�FRUUHODWLRQ�DQDO\VLV��7KH�FRUUHODWLRQ�
PDSV� LQGLFDWH� WKDW� LQ� WKH� QRUWKHUQ� 1RUWK� $WODQWLF�� WKH� FRUUHODWLRQ� EHWZHHQ�
1$2� DQG� VQRZ�SUHFLSLWDWLRQ� YDULHV� FRQVLGHUDEO\� LQ� WLPH� DQG� VSDFH�� ,Q�
QRUWKZHVWHUQ� (XURSH� DQG� WR� WKH� VRXWK� DQG� VRXWKZHVW� RI� *UHHQODQG� WKH�
FRUUHODWLRQ� UHPDLQV� VLJQLILFDQW� DW� DOO� WLPHV� GXULQJ� WKH� HQWLUH� SHULRG� �����±
������� EXW� LQ� WKH� QRUWKHUQPRVW� SDUW� RI� WKH� UHJLRQ� �WKH� DUHDV� ZLWKLQ� DQG�
DURXQG� WKH� $UFWLF� 2FHDQ�� WKH� *UHHQODQG�� %DUHQWV�� DQG� .DUD� 6HDV�� VQRZ�
SUHFLSLWDWLRQ� YDULDELOLW\� VHHPV� WR� JHW� GHFRXSOHG� IURP� WKH�1$2� IURP� WLPH� WR�
WLPH��2II� WKH�(DVW�*UHHQODQG� FRDVW�� VQRZ�SUHFLSLWDWLRQ� LQ�PDMRU� SDUWV� RI� WKH�
*UHHQODQG�6HD�DQG�RYHU�,FHODQG�LV�VWHDGLO\�FRUUHODWHG�WR�WKH�1$2��ZKHUHDV�WKH�
FRDVWDO� DUHDV�� LQFOXGLQJ� =DFNHQEHUJ�'DQHERUJ�� DUH� GHFRXSOHG� LQ� DERXW� WZR�
WKLUGV� RI� WKH� WLPH�� 7KLV� PD\� VXJJHVW� WKDW�� GXULQJ� WKHVH� SHULRGV�� VQRZ�
SUHFLSLWDWLRQ� RYHU� WKH� FRDVWDO� DUHDV� PD\� EH� JRYHUQHG� E\� VRPHWKLQJ� HOVH� RU�
VLPSO\� RFFXU� VWRFKDVWLFDOO\�� +RZHYHU�� QLQH� RXW� RI� ��� WLPH�ZLQGRZV� �³FHQWHU�
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\HDUV´�����±������VHH�JUDSK�VSHFLILFDOO\� IRU�=DFNHQEHUJ�'DQHERUJ� LQ�)LJ������
VKRZV�VLJQLILFDQW�FRUUHODWLRQ��DOVR� LQ� WKH�FRDVWDO�DUHDV��7KH� UHDVRQ� IRU� WKLV� LV�
SUHVHQWO\� QRW� NQRZQ�� DQG� VKRXOG� EH� VXEMHFW� IRU� IXUWKHU� LQYHVWLJDWLRQ��
+\SRWKHWLFDOO\� LW�PD\� EH� DGGUHVVHG� WR� VKLIWV� EHWZHHQ� SKDVHV�ZKHUH�PRUH� RU�
OHVV�FRQWLQHQWDO�FRDVWDO�FOLPDWLF�UHJLPHV�SUHGRPLQDWH��7KHVH�VKLIWV�FRXOG�WKHQ�
EH� IXUWKHU� DGGUHVVHG� WR� PXOWL�GHFDGDO� RVFLOODWLRQV� LQ� WKH� ODUJH� VFDOH�
DWPRVSKHULF� FLUFXODWLRQ�� 0XOWL�GHFDGDO� RVFLOODWLRQV� LQ� FOLPDWH� GDWD�� UDQJLQJ�
IURP�JOREDO�WHPSHUDWXUH�WR�VHD�LFH�GLVWULEXWLRQ�DQG�LWV�FRQQHFWLRQ�WR�ZHDWKHU�
SDWWHUQV� DW� V\QRSWLF� VFDOH� VXFK� DV� WKH� 1$2� KDV� EHHQ� UHSRUWHG� E\� VHYHUDO�
DXWKRUV�� H�J��� 2VFLOODWLRQV� LQ� JOREDO� WHPSHUDWXUH� SUR[\� UHFRUGV� RYHU� ILYH�
FHQWXULHV��0DQQ�HW�DO����������JOREDO�WHPSHUDWXUH�DQRPDO\�GDWD� LQ�UHODWLRQ�WR�
ERWK� WKH�1$2�DQG� WKH�(O�1LxR�6RXWKHUQ�2VFLOODWLRQ� �0DQQ�DQG�3DUN�� �������
DLU�VHD�LQWHUDFWLRQV�LQ�WKH�1RUWK�3DFLILF��/DWLI�DQG�%DUQHWW���������DQG�VHD�LFH�
H[SRUW�WKURXJK�WKH�)UDP�6WUDLW�YV��WKH�1$2��-XQJ�DQG�+LOPHU�������6FKPLWK�
DQG�+DQVHQ�����������
�
����6HD�LFH�YV��VQRZ�SUHFLSLWDWLRQ�
7KH� DQDO\VLV� LQFOXGHV� VHD�LFH� GDWD� FRYHULQJ� WKH� SHULRG� ����±������ LQ�ZKLFK�
VQRZ�SUHFLSLWDWLRQ�DW�=DFNHQEHUJ�'DQHERUJ�ZDV�QRW�FRUUHODWHG�VLJQLILFDQWO\�WR�
WKH�1$2��2YHU� WKLV� SHULRG� RI� WLPH�� D� VLJQLILFDQW� FRUUHODWLRQ� EHWZHHQ� VHD�LFH�
GXUDWLRQ�LQ�FHUWDLQ�UHJLRQV�RI�WKH�*UHHQODQG�6HD�DQG�VQRZ�SUHFLSLWDWLRQ�LQ�WKH�
=DFNHQEHUJ�'DQHERUJ� UHJLRQ� ZDV� IRXQG�� ,Q� )LJ�� �� WKH� 5��FRHIILFLHQWV� DUH�
YLVXDOL]HG� VSDWLDOO\�� DQG� DOVR� VKRZQ� LQ� WDEXODU� IRUPDW�� 2EVHUYDWLRQV� IURP�
'DQHERUJ�� ����� �ZKLFK� KDG� SUHFLSLWDWLRQ� VLPLODU� WR� ������ LQGLFDWH� WKDW� WKH�
1&(3�UHDQDO\VLV�PLJKW�RYHU�HVWLPDWH�SUHFLSLWDWLRQ�UDWHV�LQ�H[WUHPH�VLWXDWLRQV�
�VHH� VHFWLRQ� ������ 7KXV�� LQ� WKH� FDOFXODWLRQ� RI� WKH� FRUUHODWLRQ� FRHIILFLHQWV�
YLVXDOL]HG� LQ� WKH� PDS� �XSSHU� WDEOH� LQ� )LJ�� ��� WKH� \HDU� ����� ZDV� OHIW� RXW��
+RZHYHU�� LW� VKRXOG� EH� QRWHG� WKDW� WKH� KLJKHVW� 5��FRHIILFLHQWV� DSSHDU� LQ� WKH�
VDPH�VXE�VHFWRUV��ZKHWKHU�WKH�\HDU������LV�LQFOXGHG�RU�QRW��

$OO�RI� WKH�UHJLRQV�VKRZ�DQ� LQYHUVH�UHODWLRQVKLS�EHWZHHQ�VHD�LFH�GXUDWLRQ�
DQG� VQRZ� DFFXPXODWLRQ� �WKH�PRUH� VHD�LFH� WKH� OHVVHU� VQRZ� DFFXPXODWLRQ� DQG�
YLFH� YHUVD��� 7KH� IXUWKHU� RQH� JRHV� WR� WKH� VRXWK� DQG� VRXWKHDVW� WKH� KLJKHU� WKH�
FRUUHODWLRQ��0RVW�OLNHO\�WKLV�LV�EHFDXVH�SUHFLSLWDWLRQ�RYHU�1RUWKHDVW�*UHHQODQG�
LV�XVXDOO\�FRQQHFWHG�ZLWK�F\FORQLF�DFWLYLW\�RYHU�WKH�*UHHQODQG�6HD��&DSSHOHQ�HW�
DO����������DQG�WKH�ZDUPHVW�DQG�PRVW�KXPLG�DLU�PDVVHV�DUH�FRPLQJ�IURP�WKH�
VRXWK��7KH�KLJKHVW� �DQG�FOHDUO\� VLJQLILFDQW��S������� FRUUHODWLRQV�DUH� IRXQG� WR�
WKH�VRXWKHDVW�RI�=56��DQG�UHDFK�PD[LPXP�LQ�WKH�66(�UHJLRQ��ZKHQ�LFH�GDWD�XS�
WLOO�D�GLVWDQFH�RI�����NP�IURP�=56�DUH�LQFOXGHG��7KLV�PD\�LQGLFDWH�D�³FHQWHU�RI�
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DFWLRQ´� WR� EH� FHQWHUHG� ZLWKLQ� WKLV� UHJLRQ� DURXQG� ���� NP� QRUWK� RI� ,FHODQG�
EHWZHHQ�*UHHQODQG�DQG�WKH�LVODQG�RI�-DQ�0D\HQ��

3URGXFWLRQ� DQG� GLVWULEXWLRQ� RI� VHD�LFH� LQ� WKH� $UFWLF� UHJLRQ� LV� JHQHUDOO\�
FRPSOH[�DQG�GLIILFXOW�WR�XQGHUVWDQG��EHFDXVH�LW�LV�OLQNHG�WR�VHYHUDO�IDFWRUV�VXFK�
DV� WHPSHUDWXUH�� IUHVKZDWHU� EDODQFH� �VDOLQLW\��� DQG� DWPRVSKHULF�� DQG� RFHDQLF�
FLUFXODWLRQ�G\QDPLFV��$V� WKH� ODWWHU� IDFWRU� �H�J��VHD�LFH� IORZ�WKURXJK�WKH�)UDP�
6WUDLW�� SOD\V� D� GRPLQDWLQJ� UROH� ZLWKLQ� WKH� *UHHQODQG� 6HD�� WKLV� DUHD� LV� LQ�
SDUWLFXODU� FRPSOH[� �0DUWLQ� DQG� :DGKDPV�� �����:DGKDPV�� �����:DGKDPV�
DQG� &RPLVR�� ������� :KHWKHU� YDULDELOLW\� LQ� VHD�LFH� GLVWULEXWLRQ� ZLWKLQ� WKH�
UHJLRQV�RI�KLJK�FRUUHODWLRQ�FDQ�EH�DGGUHVVHG�WR�ODUJHU�VFDOH�FOLPDWH�G\QDPLFV��
LV�VWLOO�XQFOHDU��7KH�1$2�GR�QRW�VHHP�WR�H[SODLQ�LFH�FRYHU�YDULDWLRQV�LQ�WKHVH�
UHJLRQV� YHU\�ZHOO� RYHU� ORQJHU� WLPH� VSDQV�� DQG� QHLWKHU� GRHV�PRGHOHG� VHD�LFH�
IOX[HV�LQWR�WKH�*UHHQODQG�6HD�WKURXJK�WKH�)UDP�6WUDLW��6FKPLWK�DQG�+DQVHQ��
������� 7KHUHIRUH�� LW� PD\� EH� UHDVRQDEOH� WR� VXJJHVW� WKDW� DV� WKH� VHD�LFH�
GLVWULEXWLRQ�LQ�WKH�*UHHQODQG�6HD�LV�LQIOXHQFHG�E\�ERWK�ORFDO�LFH�IRUPDWLRQ�DQG�
D ODUJH� LFH�IOX[� IURP� WKH� $UFWLF� 2FHDQ� LQWR� WKH� (DVW� *UHHQODQG� &XUUHQW�� LW�
FDQQRW�EH�JHQHUDOL]HG�DW�D�ODUJHU�VFDOH��&RQWUDULO\��LW�PLJKW�EH�PRUH�UHDVRQDEOH�
WR� VXJJHVW� WKDW� VHD�LFH� YDULDELOLW\� LQ� WKH� VRXWKHUQ� *UHHQODQG� 6HD� PD\� EH�
VWURQJHU� UHODWHG� WR� RWKHU� �PRUH� ORFDO�� IDFWRUV� VXFK� DV� VXUIDFH� DLU�
WHPSHUDWXUHV�YDULDELOLW\�RI�WKH�2GGHQ�LFH�WRQJXH��VHH�DOVR�VHFWLRQ��������

%HFDXVH�WKH�VHD�LFH�GXUDWLRQ�LV�FRUUHODWHG�WR�DLU�WHPSHUDWXUH��WKH�SUHVHQW�
VWXG\� GRHV� QRW� VXSSRUW� D� FDXVDO� UHODWLRQVKLS� EHWZHHQ� VHD�LFH� GXUDWLRQ� DQG�
VQRZ�SUHFLSLWDWLRQ��,W�PD\�EH�SRVVLEOH�WKDW�WKH�DLU�WHPSHUDWXUH�FRQWUROV�ERWK�
VHD�LFH� GXUDWLRQ� DQG� SUHFLSLWDWLRQ� DPRXQWV�� IXUWKHUPRUH�� IRU� WKH� 1RUWK�
$WODQWLF�DV�D�ZKROH��DSSUR[LPDWHO\�����RI�DOO�ZLQWHUV�FDQ�EH�FKDUDFWHUL]HG�DV�
HLWKHU� VWDWLVWLFDOO\� VLJQLILFDQW� SRVLWLYH� RU� QHJDWLYH�1$2�ZLQWHUV� �&DSSHOHQ� HW�
DO��� ������� 7KLV�PHDQV� WKDW� LQ� VLWXDWLRQV� ZKHUH� YDULDELOLW\� LQ� WKH� ODUJH�VFDOH�
DWPRVSKHULF� FLUFXODWLRQ� FDQQRW� EH� H[SODLQHG� E\� WKH� 1$2�� SUHFLSLWDWLRQ�
�WHPSHUDWXUH� DQG� KXPLGLW\�� PLJKW� EH� H[SODLQHG� E\� RWKHU� ODUJH� VFDOH�
DWPRVSKHULF�FLUFXODWLRQ�SKHQRPHQD��

+RZHYHU��WKH�ODFN�RI�FRUUHODWLRQ��LQ�����±������EHWZHHQ�1$2�DQG�VQRZ�
SUHFLSLWDWLRQ�� WKH� KLJK� FRUUHODWLRQ� EHWZHHQ� VHD�LFH� GXUDWLRQ� DQG� VQRZ�
SUHFLSLWDWLRQ�ZLWKLQ� WKH�VDPH�SHULRG�� WKH� IDFW� WKDW� WKH�1$2�JHQHUDOO\�SOD\V�D�
GRPLQDWLQJ� UROH� LQ� WKH� 1RUWK� $WODQWLF� UHJLRQ�� WKH� IDFW� WKDW� PRUH� H[WHQVLYH�
DUHDV�RI� RSHQ�ZDWHU�GXULQJ�ZLQWHU� LV� OLNHO\� WR� LQFUHDVH� DWPRVSKHULF�PRLVWXUH�
FRQWHQW�� DQG� ILQDOO\� SUHYLRXV� VWXGLHV� �H�J�� :HDWKHUO\�� ������ RQ� VHD�LFH� YV��
$QWDUFWLF�SUHFLSLWDWLRQ�DOO�WRJHWKHU�PDNHV�LW�UHDVRQDEOH�WR�DVVXPH�WKDW�VHD�LFH�
GXUDWLRQ�SOD\V�D�NH\�UROH�IRU�WKH�VQRZ�SUHFLSLWDWLRQ�EXGJHW�LQ�(DVW�*UHHQODQG��
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����&OLPDWH�FKDQJH�SHUVSHFWLYHV�
)LJ����JLYHV�D�FRQFHSWXDO�GHVFULSWLRQ�RI�KRZ�ILQGLQJV�RI�WKH�SUHVHQW�VWXG\�ZHUH�
XVHG� WR� GHULYH� SURMHFWLRQV� RI� IXWXUH� HQG�RI�ZLQWHU� VQRZ� DFFXPXODWLRQ� DQG�
VXPPHU�VQRZ�FRYHU�GHSOHWLRQ�DW�=DFNHQEHUJ��VHH�VHFWLRQ�����²WKH�UHVXOWV�DUH�
VWDWHG�LQ�7DEOH���DQG�LQ�IRUP�RI�VQRZ�FRYHU�GHSOHWLRQ�FXUYHV�LQ�)LJ������
�

:KHWKHU� LW� LV� UHDVRQDEOH� WR� XVH� VHD�LFH� GXUDWLRQ� LQ� WKH� ���� NP� 66(�
UHJLRQ�ZLQWHU� DLU� WHPSHUDWXUH� DW� -DQ� 0D\HQ� DV� SUR[\� IRU� IXWXUH� VQRZ�
SUHFLSLWDWLRQ� DPRXQWV� DW� =56� LV� SUHVHQWO\� VWLOO� D� TXHVWLRQ�ZLWK� QR� GHILQLWLYH�
DQVZHU�� +RZHYHU�� WR� JLYH� VRPH� YHULILFDWLRQ�� IXWXUH� HQG�RI�ZLQWHU� VQRZ�
DFFXPXODWLRQ�EDVHG�RQ�VHD�LFH�GXUDWLRQ�ZDV�FRPSDUHG�WR�ZLQWHU�SUHFLSLWDWLRQ�
GDWD�IURP�WKH�PRGHOHG�$���DQG�%��VFHQDULRV�SURYLGHG�E\�'0,��%RWK�WKH�VHD�
LFH�EDVHG�DSSURDFK�DQG�WKH�$���DQG�%��SUHFLSLWDWLRQ�VFHQDULRV�UHYHDO�VLPLODU�
LQFUHDVHV� LQ�VQRZ�SUHFLSLWDWLRQ�RYHU� WKH���VW� FHQWXU\�DW�=56��)RU�����±������
WKH� $��� DQG� %�� SUHFLSLWDWLRQ�VFHQDULRV� VKRZ� DQ� LQFUHDVH� RI� ���� DQG� �����
UHVSHFWLYHO\� �DVVXPLQJ� WKDW�SUHFLSLWDWLRQ� IDOOV� DV� VQRZ� LQ�PRQWKV�ZLWK�PHDQ�
DLU� WHPSHUDWXUH� EHOORZ� ��&��� 7KLV� FRUUHVSRQGV� WR� HQG�RI�ZLQWHU� VQRZ�
DFFXPXODWLRQV� DW� =56� RI� ���� FP� �$��� DQG� ���� FP� �%���� UHVSHFWLYHO\�� DV�
FRPSDUHG�WR����FP�DW�SUHVHQW��8QGHU�ERWK�$���DQG�%��FRQGLWLRQV��WKH�VHD�LFH�
EDVHG� DSSURDFK� VXJJHVWV� ���� FP� �7DEOH� ���� ,W� FDQQRW� EH� H[FOXGHG�� KRZHYHU��
WKDW� WKLV� PDWFK� LQ� RUGHUV� RI� PDJQLWXGH� LV� FRLQFLGHQWDO�� ,W� LV� �QHYHUWKHOHVV��
FRQFOXGHG�WKDW� WKH�UHVXOW� LV�VR�VWULNLQJ� WKDW� IXUWKHU�UHVHDUFK�VKRXOG�EH�GRQH��
H�J�� E\� WHVWLQJ� WKH� GLUHFW� FRQWULEXWLRQ� RI� VHD�LFH� YDULDELOLW\� WR� $UFWLF�
SUHFLSLWDWLRQ�LQ�FOLPDWH�PRGHOV����

,Q� )LJ�� ��&�� IXWXUH� VXPPHU�VQRZ�FRYHU�GHSOHWLRQ� FXUYHV� IRU� WKH�
=DFNHQEHUJ�DUHD�DUH�VKRZQ�IRU�ERWK�WKH�$���DQG�%��VFHQDULRV��DQG�UHSUHVHQW�
WKH� DYHUDJH� FRQGLWLRQV� LQ� IRXU� GLIIHUHQW� SHULRGV�� SUHVHQW� WLPH�� DQG� WKUHH�
PRGHOHG� IXWXUH� VFHQDULRV� �����±������ ����±������ ����±������� 7R� JLYH� DQ�
LPSUHVVLRQ�RI� WKH� FXUUHQW� LQWHU�DQQXDO� VQRZ�FRYHU� YDULDELOLW\� DW�=DFNHQEHUJ��
)LJ�� ��&�� DOVR� GLVSOD\V� REVHUYHG� VQRZ�FRYHU� GHSOHWLRQ� FXUYHV� IRU� WKH� \HDUV�
����� DQG� ������ UHVSHFWLYHO\�� 7KHVH� \HDUV� DUH� UHSUHVHQWDWLYH� IRU� WKH� PRVW�
H[WUHPH� VQRZ� FRYHU� FRQGLWLRQV� REVHUYHG� LQ� WKH� DUHD�� VLQFH� =56� ZDV�
HVWDEOLVKHG��

7DEOH� �� 0RGHOHG� HQG�RI�
ZLQWHU� VQRZ� DFFXPXODWLRQV�
DW� =56� DQG� GDWHV� ZKLFK� DUH�
LPSRUWDQW�DQG�GHVFULSWLYH�IRU�
VQRZ�FRYHU�GHSOHWLRQ��
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%RWK� VFHQDULRV� �$�� DQG� %��� VKRZ� WKDW� EHFDXVH� RI� LQFUHDVLQJ� VSULQJ�
WHPSHUDWXUHV�GXULQJ�WKH���VW�FHQWXU\��VQRZ�PHOW�LV�H[SHFWHG�WR�VWDUW�HDUOLHU�LQ�
WKH�IXWXUH��7DEOH�����7KLV�FRPELQHG�ZLWK�VOLJKWO\�KLJKHU�VXPPHU�WHPSHUDWXUHV�
PHDQV� WKDW� VSULQJ� VQRZ� FOHDUDQFH� LQ� ODUJH� DUHDV� ZLWK� XQLIRUP� VQRZ�
GLVWULEXWLRQ�ZLOO�QRW�EH�GHOD\HG�RQ�DYHUDJH��GHVSLWH� WKH�SUHGLFWHG�LQFUHDVH� LQ�
ZLQWHU� SUHFLSLWDWLRQ�� 1HLWKHU� ZLOO� LW� RFFXU� HDUOLHU²PHDQLQJ� WKDW� WKH�
FRPELQDWLRQ� RI� LQFUHDVHG� ZLQWHU�SUHFLSLWDWLRQ� DQG� LQFUHDVHG� WHPSHUDWXUHV�
ZLOO�KDYH�YLUWXDOO\�QR�QHW�HIIHFW�RQ�VQRZ�FRYHU�H[WHQW�GXULQJ�WKH�HDUO\��DQG�IRU�
WKH�JHQHUDO�IORUD�DQG�IDXQD�PRVW�FULWLFDO��SDUW�RI�WKH�PHOWLQJ�VHDVRQ��+RZHYHU��
ZKHQ�WKH�ODWHU�SDUW�RI�WKH�VHDVRQ�LV�FRQVLGHUHG��WKH�VLWXDWLRQ�LV�GLIIHUHQW��GXH�
WR�LQFUHDVHG�ZLQWHU��VQRZ��SUHFLSLWDWLRQ��ODUJHU�VQRZ�GULIWV�ZLOO�EH�IRUPHG�LQ�
DUHDV� FKDUDFWHUL]HG� E\� KHDY\� VQRZ� GHSRVLWLRQ� �PDLQO\� OHH� VLGHV� RI� ODUJHU�
IHDWXUHV�LQ�WKH�ODQGVFDSH���DQG�WKHVH�DUHDV�ZLOO�WKXV�KDYH�D�SURORQJHG�PHOWLQJ�
VHDVRQ�RI�DERXW��±��ZHHNV��)XUWKHUPRUH��ZLWK�WKH�SURVSHFW�RI�LQFUHDVHG�LQWHU�
DQQXDO� YDULDELOLW\� LQ� SUHFLSLWDWLRQ� �-RQHV� HW� DO��� ������ LW� LV� OLNHO\� WKDW� WKH�
IUHTXHQF\� RI� YHU\� ODWH� VHDVRQV��ZLWK� UHGXFHG� RU� QR� UHSURGXFWLRQ� LQ�GLIIHUHQW�
SODQWV�DQG�DQLPDOV��PD\�DOVR�LQFUHDVH���

)RU�$UFWLF� HFRV\VWHPV�� VQRZ� FRYHU� SOD\V� DOPRVW� DV� DQ� LPSRUWDQW� UROH� DV�
WHPSHUDWXUH� LQ� VKDSLQJ� OLIH� FRQGLWLRQV� IRU� IORUD� DQG� IDXQD� �&DOODJKDQ� HW� DO���
�������7KLV�LV�SDUWLFXODUO\�VR�IRU�+LJK�$UFWLF�*UHHQODQG��ZKLFK�KDV�D�UHODWLYHO\�
FRQWLQHQWDO�FOLPDWH�GXH�WR�WKH�GHQVH�SRODU�GULIW�LFH�LQ�WKH�*UHHQODQG�6HD��7KH�
LQFUHDVLQJ�VQRZ�SUHFLSLWDWLRQ�LV�OLNHO\�WR�DOWHU�OLYLQJ�FRQGLWLRQV�LQ�WKH�GLUHFWLRQ�
RI�SUHVHQW�GD\�ORZ�$UFWLF�6RXWKHDVW�*UHHQODQG��0HOWRIWH�HW�DO��������5\VJDDUG�
HW� DO��� ������� ,Q� VRPH� UHJLRQV� WKLV� PHDQV� XS� WR� D� GRXEOLQJ� RI� VQRZ�
SUHFLSLWDWLRQ�� LQFUHDVHG�IUHTXHQF\�DQG�LQWHQVLW\�RI�WKDZ�HYHQWV�GXULQJ�ZLQWHU�
DQG�PRUH�KXPLG�DQG�F\FORQLF�VXPPHU�ZHDWKHU�WRR��)RU�IORUD�DQG�IDXQD��WKLV�
ZRXOG�PHDQ�LQFUHDVHG�YHJHWDWLRQ�FRYHU�RQ�SUHVHQWO\�EDUUHQ�ORZODQGV��EXW�DOVR�
GLIILFXOWLHV� IRU� KHUELYRUHV� IURP� OHPPLQJV� WR�PXVNR[HQ� GXH� WR�PHOWLQJ� VQRZ�
DQG� UDLQ� LQ� ZLQWHU� UHVXOWLQJ� LQ� LFH� FUXVW� IRUPDWLRQ� �)RUFKKDPPHU� DQG�
%RHUWPDQQ�� �����+DQVHQ� DQG� 0RVEHFK�� ������� 2SSRVLWH� WR� WKH� SUHGLFWHG�
SURORQJDWLRQ� RI� WKH� JURZLQJ� VHDVRQ� LQ� PRVW� RI� WKH� $UFWLF� �&DOODJKDQ� HW� DO���
������� D� ]HUR� QHW� FKDQJH� LQ� HDUO\� VQRZ�PHOW� ZLOO� QRW� DOWHU� WKH� RQVHW� RI� H�J��
JURZWK� DQG� UHSURGXFWLRQ� LQ� SODQWV� LQ� WKHVH� DUHDV� �0HOWRIWH�� ������� EXW� WKH�
LQFUHDVHG�ZDWHU�VXSSO\�IURP�PHOWLQJ�VQRZ�DQG�VXPPHU�SUHFLSLWDWLRQ�LV�OLNHO\�
WR�LQFUHDVH�SODQW�JURZWK�RQ�SUHVHQWO\�PHVLF�DQG�GU\�WXQGUD��+RZHYHU��LQ�VQRZ�
DFFXPXODWLRQ�DUHDV��ZKHUH� VQRZ�PHOW�ZLOO�EH� ODWHU� �)LJ����&��� LQ�PRVW� \HDUV��
WKH� UHSURGXFWLYH�SKHQRORJ\�DQG�WKHUHE\� WKH�VXFFHVV�RI�PDQ\�VSHFLHV�UDQJLQJ�
IURP�SODQWV�WR�VKRUHELUGV�PD\�EH�GHOD\HG�RU�HYHQ�H[FOXGHG��&DOODJKDQ�HW�DO���



3$3(5���

���

�����0HOWRIWH�� ������� )XUWKHUPRUH�� LQ� WKHVH� DUHDV� WKH� SURGXFWLYLW\� RI� WKH�
YHJHWDWLRQ� ZLOO� EH� UHGXFHG�� DQG� WKH� SODQW� VSHFLHV� FRPSRVLWLRQ� LV� OLNHO\� WR�
FKDQJH�LQ�WKH�GLUHFWLRQ�RI�VQRZ�EHG�FRPPXQLWLHV��
�
���&RQFOXVLRQV�VXPPDU\�
2YHU� WKH� ODVW� IRXU� GHFDGHV� WKH� HQG�RI�ZLQWHU� VQRZ� DFFXPXODWLRQ� LQ� WKH�
=DFNHQEHUJ�'DQHERUJ� UHJLRQ� KDV� YDULHG� FRQVLGHUDEO\�� IURP� EHORZ� ���� PP�
6:(� WR� DOPRVW� ���� PP�� DFFRUGLQJ� WR� 1&(3�GDWD�� +RZHYHU�� JURXQG� EDVHG�
PHDVXUHPHQWV� RI� VQRZ�GHSWK� LQGLFDWH� WKDW� WKH�1&(3�UHDQDO\VLV�PLJKW�RYHU�
HVWLPDWH� VQRZ�SUHFLSLWDWLRQ�UDWHV� LQ� H[WUHPH� VLWXDWLRQV�� 7KH� SUHFLSLWDWLRQ�
GDWD��ZKLFK�FRYHU�PRUH�WKDQ����\HDUV��VKRZ�D�VLJQLILFDQW�WUHQG�����PP�6:(�
SHU� GHFDGH�� WRZDUGV� LQFUHDVHG� VQRZ�SUHFLSLWDWLRQ�� 7KLV� PLJKW� LQGLFDWH� WKDW�
JHQHUDO�LQFUHDVHV�LQ�ZLQWHU�SUHFLSLWDWLRQ��ZKLFK�LV�SUHGLFWHG�LQ�FOLPDWH�PRGHOV��
RYHU�1RUWKHDVW�*UHHQODQG�PLJKW�DOUHDG\�KDYH�VWDUWHG�WR�RFFXU��

7KH� LQIOXHQFH� IURP� WKH� 1$2� RQ� VQRZ�SUHFLSLWDWLRQ� ZLWKLQ� WKH�
=DFNHQEHUJ�'DQHERUJ� UHJLRQ� VHHPV� WR� YDU\� RYHU� WLPH�� ,Q� FRQWUDVW� WR� H�J��
:HVWHUQ� (XURSH� DQG� FHUWDLQ� DUHDV� LQ� :HVW� *UHHQODQG� �ZKHUH� VQRZ�
SUHFLSLWDWLRQ� LV� FORVHO\� FRUUHODWHG� WR� WKH� 1$2��� VQRZ�SUHFLSLWDWLRQ� RYHU� WKH�
FRDVWDO� DUHDV� RI� 1RUWKHDVW� *UHHQODQG� VHHPV� WR� EH� VLJQLILFDQWO\� FRUUHODWHG� WR�
WKH�1$2�LQ�VRPH�SHULRGV��DQG�LQ�VRPH�SHULRGV�QRW��'XULQJ�WKH�SHULRG�FRYHUHG�
E\� WKH� SUHVHQW� VWXG\� ���� UXQQLQJ� ���\HDU� SHULRGV�ZLWK� ³FHQWHU� \HDUV´� ����±
������� WKH� =DFNHQEHUJ�'DQHERUJ� VQRZ�SUHFLSLWDWLRQ� ZDV� FRUUHODWHG�
VLJQLILFDQWO\� WR� WKH�1$2� LQ� D� WKLUG� RI� WKH� WLPH� �³FHQWHU�\HDU´� SHULRGV� ����±
������� ,Q�DFFRUGDQFH�ZLWK�SUHYLRXV�FOLPDWH�VWXGLHV�� WKLV�FRXSOLQJ�GHFRXSOLQJ�
WR�WKH�1$2�LV�K\SRWKHVL]HG�WR�EH�GXH�WR�GHFDGDO�PXOWL�GHFDGDO�RVFLOODWLRQV�LQ�
WKH�FOLPDWH�V\VWHP��

6QRZ�SUHFLSLWDWLRQ�DW�=DFNHQEHUJ�'DQHERUJ�ZDV�IRXQG�WR�EH�VLJQLILFDQWO\�
FRUUHODWHG� WR�VHD�LFH�GXUDWLRQ� LQ� WKH�VRXWKHUQ�*UHHQODQG�6HD��6(�DQG�66(�WR�
=DFNHQEHUJ�� GXULQJ� ����±������ $OWKRXJK� WKLV� SHULRG� RI� WLPH� UHSUHVHQWV�
LQVLJQLILFDQW� FRUUHODWLRQ� EHWZHHQ� VQRZ�SUHFLSLWDWLRQ� DQG� WKH� 1$2�� WKH� KLJK�
FRUUHODWLRQ�EHWZHHQ�VQRZ�SUHFLSLWDWLRQ�DQG�VHD�LFH�GXUDWLRQ�GRHV�QRW�LQ�LWVHOI�
VXSSRUW�WKH� LGHD�RI�D�FDXVDO�UHODWLRQVKLS�EHWZHHQ�VHD�LFH�GXUDWLRQ�DQG�VQRZ�
SUHFLSLWDWLRQ��%HFDXVH�VHD�LFH�GXUDWLRQ�LV�FRUUHODWHG�WR�VXUIDFH�DLU�WHPSHUDWXUH�
LQ� WKH� UHJLRQ� LW� FDQQRW�EH� GLVUHJDUGHG� DV� DQ�RSWLRQ� WKDW� WKH� DLU� WHPSHUDWXUH�
�ZKLFK�PD\� EH� FRQWUROOHG� E\� VRPH� RWKHU� ODUJH� VFDOH� DWPRVSKHULF� FLUFXODWLRQ�
SKHQRPHQD� WKDQ� WKH� 1$2�� PD\� FRQWURO� ERWK� VHD�LFH� GXUDWLRQ� DQG�
SUHFLSLWDWLRQ�� +RZHYHU�� WKH� IDFW� WKDW� PRUH� H[WHQVLYH� DUHDV� RI� RSHQ� ZDWHU�
VKRXOG� QDWXUDOO\� EH� H[SHFWHG� WR� LQFUHDVH� DWPRVSKHULF� PRLVWXUH� FRQWHQW�� WKH�
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UHVXOWV� IURP� WKLV� VWXG\� DQG� SUHYLRXV� VWXGLHV� RQ� VHD�LFH� YDULDWLRQ� DQG� LWV�
FRQWULEXWLRQ�WR�$QWDUFWLF�SUHFLSLWDWLRQ�PDNHV�LW�UHDVRQDEOH�WR�VXJJHVW�WKDW�VHD�
LFH� GXUDWLRQ� PD\� SOD\� D� NH\� UROH� IRU� WKH� VQRZ�SUHFLSLWDWLRQ� EXGJHW� LQ�
1RUWKHDVW�*UHHQODQG��

,Q� WKH� SUHVHQW� VWXG\� LW� LV� WKXV� K\SRWKHVL]HG� WKDW� VQRZ�SUHFLSLWDWLRQ� DW�
=DFNHQEHUJ�PD\�EH�OLQNHG�WR�VHD�LFH�YDULDWLRQV�LQ�WKH�VRXWKHUQ�*UHHQODQG�6HD��
,W� ZDV� FRQFOXGHG� WKDW� DLU� WHPSHUDWXUHV� DW� WKH� LVODQG� RI� -DQ� 0D\HQ� LV� D�
UHDVRQDEOH�SUR[\� IRU� VHD�LFH�GXUDWLRQ� LQ� WKLV� UHJLRQ��7KHUHIRUH�� WR� JLYH� VRPH�
YHULILFDWLRQ�RI�D�SRVVLEOH�VHD�LFH±VQRZ�SUHFLSLWDWLRQ�OLQNDJH��SURMHFWLRQV�RI�WKH�
-DQ�0D\HQ�ZLQWHU� WHPSHUDWXUHV� GXULQJ� WKH� ��VW� FHQWXU\�ZHUH� XVHG� WR� GHULYH�
VFHQDULRV� RI� IXWXUH� VHD�LFH� GXUDWLRQ� LQ� WKH� VRXWKHUQ� *UHHQODQG� 6HD�HQG�RI�
ZLQWHU�VQRZ�DFFXPXODWLRQ�DW�=DFNHQEHUJ��%HFDXVH�VHD�LFH�EDVHG�HQG�RI�ZLQWHU�
VQRZ� DFFXPXODWLRQ� WXUQHG� RXW� WR� FRUUHVSRQG� VWULNLQJO\� ZHOO� ZLWK� VQRZ�
SUHFLSLWDWLRQ�DPRXQWV�FDOFXODWHG�LQ�D�UHJLRQDO�FOLPDWH�PRGHO��IXUWKHU�UHVHDUFK�
RQ� WKH� WRSLF� LV� VWURQJO\� UHFRPPHQGHG�� 2Q� DYHUDJH�� HQG�RI�ZLQWHU� VQRZ�
DFFXPXODWLRQV�DW�=DFNHQEHUJ�DUH�SURMHFWHG�WR�LQFUHDVH�IURP����FP�DW�SUHVHQW�
WR�����FP�E\�WKH�HQG�RI�WKH�FXUUHQW�FHQWXU\��:KHQ�WHVWHG�LQ�D�ORFDO�VQRZ�FRYHU�
GHSOHWLRQ� PRGHO�� WKH� FRPELQDWLRQ� RI� LQFUHDVHG� WHPSHUDWXUH�PHOW� UDWH� DQG�
LQFUHDVHG� VQRZ�SUHFLSLWDWLRQ� VHHPV� WR� OHDYH� VXPPHU�VQRZ� FRYHU� GHSOHWLRQ�
FORVH� WR� VWDWXV� TXR�� KRZHYHU� �±�� ZHHNV� GHOD\HG� LQ� DUHDV� ZLWK� SURQRXQFHG�
VQRZ�DFFXPXODWLRQ��)URP�WKH�HFRV\VWHP�SHUVSHFWLYH�D�]HUR�QHW�FKDQJH�LQ�HDUO\�
VQRZPHOW� PD\� KDUGO\� DIIHFW� WKH� RQVHW� RI� H�J�� YHJHWDWLYH� JURZWK� DQG�
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