
0DLQWHQDQFH�RI�VWDWLRQDU\�VWDJH�RI�916�-867�7�IRU�WUDQVPXWDWLRQ�RI
PLQRU�DFWLQLGHV

(�$��$]L]RY��9�1��'RNXND��5�5��.KD\UXWGLQRY
75,1,7,��7URLWVN��0RVFRZ�UHJLRQ��5XVVLD

&DUULHG�RXW�LQYHVWLJDWLRQV�DUH�GHYRWHG�PRUH�SUHFLVH�HODERUDWLRQ��RI�VRPH�DVSHFWV�RI�FRQFHSW
RI� FRPSDFW� WRNDPDN� -867�7� DV� D� YROXPHWULF� QHXWURQ� VRXUFH� �916�� IRU�PLQRU� DFWLQLGHV
WUDQVPXWDWLRQ��7KH�PDLQ�SUREOHP�RI�WRNDPDN�DV�916�LV�DQ�DFKLHYHPHQW�DQG�D�PDLQWHQDQFH
RI�IODW�WRS�VWDJH�RI�RSHUDWLRQ�SURYLGLQJ�UHTXLUHG�QHXWURQ�ORDGLQJ�RQ�LQQHU�ZDOO�RI�EODQNHW�
$V�VKRZQ�HDUOLHU�>�@�WKH�SURSRVDO�RI�XVH�RI�VSKHULFDO�WRNDPDN�ZLWK�PDMRU�UDGLXV�5 ��DQG
DVSHFW� UDWLR� $ �� DOORZV� WR� XVH� VRPH� DGYDQWDJHV� RI� DV� ERWK� VSKHULFDO� WRNDPDNV� �ODUJH
HORQJDWLRQ��LQFUHDVH�RI�VDIHW\�IDFWRU�T�� DQG�QRUPDOL]HG�EHWD�E1��DQG�PRGHUQ�ODUJH�GHYLFHV
�61� FRQILJXUDWLRQ� ZLWK� HORQJDWLRQ� N�� | ������ 8VH� RI� &6� VLWXDWHG� LQVLGH� RI� WKH� FHQWUDO
WRURLGDO�URG�DOORZV�WR�UDPS�SODVPD�FXUUHQW�XS�WR�WKH�OHYHO�RI�,S a�����0$��7KH�UHTXLUHG�IOX[
VWRUDJH�LQ�WKH�VROHQRLG��a���9V��FDQ�EH�SURYLGHG�E\�PHDQV�RI�WKH�VROHQRLG�GLVFKDUJH�IURP
PD[LPXP�FXUUHQW�WR�]HUR�RQH��7KH�VROHQRLG�ZLWK�]HUR�FXUUHQW�LV�HLWKHU�VZLWFKHG�RII�XQWLO�WKH
QH[W� GLVFKDUJH� RU� HYHQ� UHPRYHG� IURP� WKH� LUUDGLDWLRQ� ]RQH�� $Q� LGHD� RI� DSSOLFDWLRQ� RI
WDQJHQWLDO� QHXWUDO� EHDP� LQMHFWLRQ� EHFDPH� YHU\� IUXLWIXO� IRU� DWWDLQLQJ� WKH� VWDWHG� DLPV� RI
WRNDPDN�-867�7��1RQ�LQGXFWLYH� VWDJH� LQFOXGLQJ� VORZ�SODVPD�FXUUHQW� UDPS�XS� WR�GHVLUHG
YDOXH�LQ�VNLQ�WLPHV��WKRXVDQGV�VHFRQGV��FDQ�EH�DFKLHYHG�E\�XVLQJ�RI�WDQJHQWLDO�1%,��7KXV
1%�LV�VXJJHVWHG�WR�XVH�ERWK�IRU�SODVPD�KHDWLQJ�DQG�FXUUHQW�GULYH��)LUVW�RI�DOO�WKH�XVH�RI�1%,
SURYLGHV� IRU� IXUWKHU� UDPSLQJ�XS� WR� GHVLUHG� YDOXH� RI� � SODVPD� FXUUHQW�ZKLFK� LV� GHILQHG� E\
UHTXLUHG�OHYHO�RI�QHXWURQ�ORDGLQJ��)XUWKHU�RQ�IODW�WRS�VWDJH�RI�RSHUDWLRQ�WKH�REWDLQHG�SODVPD
FXUUHQW� LV� QRQ�LQGXFWLYHO\�PDLQWDLQHG�E\�ERRWVWUDS� FXUUHQW� DQG� FXUUHQW� GULYH� GXH� WR�1%,�
7KH�JRDO�RI�WKLV�H[SORUDWRU\�ZRUN�LV�WR�VWXG\�WKH�LQIOXHQFH�RI�HQHUJ\�(E�RI�LQMHFWHG�EHDP�RI
GHXWHULXP�RQ�REWDLQHG�SDUDPHWHUV�RI�SODVPD�RQ�VWHDG\�VWDJH��$Q�DQDO\VLV�RI�WKH�LQWHJUDWHG
V\VWHP� LV� QHFHVVDU\� WR� VLPXOWDQHRXVO\� ILQG� WKH� EHVW� EHDP� DQG� SODVPD� SDUDPHWHUV�� 7KH
LQYHUVHO\� SURSRUWLRQDO� GHSHQGHQFH� RI� WRWDO� FROOLVLRQ� FURVV�VHFWLRQ� �� E(V RI� EHDP�SDUWLFOH
HQHUJ\�(E HIIHFWV�RQ�VSDWLDO�SURILOH�EHDP�DEVRUSWLRQ�DQG�VRXUFH�RI�JHQHUDWLRQ�RI� IDVW� LRQV

IQ� DULVLQJ�GXH�WR�SURFHVVHV�RI�FKDUJH�H[FKDQJH��HOHFWURQ�LPSDFW�LRQL]DWLRQ�DQG�LRQ�LPSDFW
�LQFOXGLQJ� LPSXULWLHV�� LRQL]DWLRQ�� 7KH� EHDP� GHSRVLWLRQ� SURILOH� ��U+ SOD\V� DQ� LPSRUWDQW
UROH� LQ� GHWHUPLQLQJ� WKH� FXUUHQW� SURILOH� DQG� WKH� EHDP�GULYHQ� FXUUHQW� HIILFLHQF\� K&'�� 7KH
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HIILFLHQF\�RI�&'�LQFUHDVHV�ZLWK�WKH�JURZWK�RI�SDUWLFOH�HQHUJ\�(1% DQG�HOHFWURQ�WHPSHUDWXUH
7H��7KH�GHSHQGHQFH�RI�K&'�RQ�SDUWLFOH�HQHUJ\�LV�VKRZQ�LQ�)LJ���

)LJ�����7KH�HIILFLHQF\�K&'�RQ�SDUWLFOH�HQHUJ\�(1%

7KH� UHVXOWV� ZHUH� REWDLQHG� IRU� VSDWLDO
XQLIRUP� SODVPD� ZLWK� GLIIHUHQW
WHPSHUDWXUHV�� 7KH� IXUWKHU� DQDO\VLV� ZHUH
SHUIRUPHG� RQ� WKH� EDVH� RI� WKH� UHVXOWV� RI
QXPHULFDO� VLPXODWLRQV� REWDLQHG� E\� XVH
RI� FRGH� ',1$� >�@� IRU� QRQ�LQGXFWLYH
VWDJH� RI� SODVPD� FXUUHQW� UDPS� XS� ZLWK
DFKLHYHPHQW�RI�VWHDG\�VWDWH�RI�RSHUDWLRQ�
7KH�PRGHOOLQJ ZDV�FDUULHG�RXW�IRU�D�IODW
GHQVLW\�SURILOH��QE�Q��a����

0RQR� HQHUJHWLF� QHXWUDO� EHDPV� � ZLWK� HQHUJ\� LQ� LQWHUYDO� ����y���� NH9�� ZHUH� DSSOLHG� LQ
VFHQDULRV��,�,9���7KH�SURFHVVHG�GDWD�DUH�SUHVHQWHG�LQ�7DEOH�

, ,, ,,, ,9 9 9,
3ODVPD�FXUUHQW�,S��0$ ����� ����� ����� ����� ����� �����
3RORLGDO�EHWD�ES ����� ����� ����� ����� ����� �����
0LQRU�UDGLXV�D��FP ������ ������ ������ ������ ������ ������
0DMRU�UDGLXV�5��FP ������ ������ ������ ������ ������ ������
(QHUJ\�FRQILQHPHQW�WLPHW(��PV ������ ������ ������ ������ ������ ������
$YHUDJH�GHQVLW\��CQH����P�� ������ ������ ����� ����� ����� �����
(ORQJDWLRQ��N ��� ��� ��� ��� ��� ���
(OHFWURQ�WHPSHUDWXUH�RQ�D[LV�7H�����NH9 ������ ������ ������ ����� ������ ������
,RQ�WHPSHUDWXUH�RQ�D[LV�7L�����NH9 ������ ������ ������ ������ ������ ������
$YHUDJH�HOHFWURQ�WHPSHUDWXUH�C7H��NH9 ����� ����� ����� ����� ����� �����
$YHUDJH�LRQ�WHPSHUDWXUH�C7L��NH9 ����� ����� ����� ����� ����� �����
6DIHW\�IDFWRU�RQ�D[LV��T� ����� ����� ����� ����� ����� �����
CQH�Q*: ����� ����� ����� ����� ����� �����
,QWHUQDO�LQGXFWDQFH��OL ����� ����� ����� ����� ����� �����
7KHUPDO�SODVPD�HQHUJ\�:S��0- ������ ������ ������ ������ ������ ������
IIDVW��� ������ ������ ������ ������ ������ ������
1HXWURQ�ORDGLQJ�*Q��0:�P� ����� ����� ����� ����� ����� �����
)XVLRQ�JDLQ�IDFWRU�4 ����� ����� ����� ����� ����� �����
1RUPDOL]HG�EHWD�E1 ����� ����� ����� ����� ����� �����
%HDP�WDUJHW�LQWHUDFWLRQ�3%�7,��0: ������ ������ ������ ������ ������ ������
3D��0: ����� ����� ����� ����� ����� �����
1HXWURQ�3RZHU�3Q��0: ������ ������ ������ ������ ������ ������
%RRWVWUDS�FXUUHQW�IUDFWLRQ�IEV ������ ������ ������ ������ ������ ������
%HDP�GULYHQ�FXUUHQW�HIILFLHQF\�J1%�$�: ������ ������ ������ ������ ������ ������
7RURLGDO�PDJQHWLF�ILHOG�%W�5����7 ��� ��� ��� ��� ��� ���
+�PRGH�HQKDQFHPHQW�IDFWRU�+,3%���\��� ��� ��� ��� ��� ��� ���
1HXWUDO�EHDP�SRZHU�31%�0: ��� ��� ��� ��� ����� �����
1HXWUDO�EHDP�HQHUJ\�(1%��NH9 ���� ���� ���� ���� ������� �������
7KH�PRVW�LQWHUHVWLQJ�IRU�-867�7�FRQFHSW�UHVXOWV�ZHUH�SUHVHQWHG�LQ�)LJV����DQG��� ,QFUHDVLQJ
SDUWLFOH�HQHUJ\�OHDGV�WR�LQFUHDVLQJ�SODVPD�FXUUHQW�DQG�HVSHFLDOO\�&'��PRUH�WKDQ�WZR�WLPHV
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LQ�FRQVLGHUHG�LQWHUYDO�RI�HQHUJ\��� ,W�PLJKW�EH�H[SODLQHG�E\�ERWK�WKH�HIILFLHQF\� LQFUHDVH�RI
FXUUHQW� GULYH� IURP� SDUWLFOH� HQHUJ\� DQG� WKH� JURZWK� RI� SODVPD� WHPSHUDWXUH� GXH� WR
GLVSODFHPHQW�RI�SURILOH�RI�DEVRUSWLRQ�IRU�PRUH�HQHUJHWLF�DWRPV� LQ� WKH�GLUHFWLRQ�RI�SODVPD
FHQWUH��7KH�GLVSODFHPHQW�RI�QHXWUDO�EHDP�GHSRVLWLRQ� ��U+ OHDGV� WR� LQFUHDVLQJ�RI� WKHUPDO
HQHUJ\�FRQILQHPHQW�WLPH�

)LJ�����7KH�GHSHQGHQFH�RI�SODVPD�FXUUHQW�,S��FXUUHQW�GULYH
,1%��HIILFLHQF\�K&'��SRUWLRQ�RI�ERRWVWUDS�FXUUHQW�IEV RQ
HQHUJ\�(1% RI�SDUWLFOHV�LQMHFWHG�LQ�SODVPD

:KHQ�HQHUJ\�RI�SDUWLFOH�(1% JURZV� WKH
ERRWVWUDS�FXUUHQW�SRUWLRQ�IEV WHQGV� WR�EH
ORZHUHG�� 7KLV� IDFW� OLNHO\� RFFXUV� GXH� WR
WKH� PRUH� SHDNHG� SODVPD� WHPSHUDWXUH
SURILOH�� $OWKRXJK� PD[LPLVLQJ� K1% LV
GHVLUDEOH�� WKHUH� DUH� RWKHU� LPSRUWDQW
HIIHFWV� WR� EH� FRQVLGHUHG�� )RU� LQVWDQFH�
KLJK�EHWD� PDJQHWR� K\GUR� G\QDPLF
�0+'�� VWDELOLW\� HYLGHQWO\� UHTXLUHV� D
EURDG�FXUUHQW�SURILOH��7KLV�FDQ�EH�HDVLO\
DFKLHYHG� E\� IODWWHQLQJ� GHSRVLWLRQ
SURILOH ��U+ DOEHLW�DW�WKH�FRVW�RI�K1%�

7KH�PRUH�SHDNHG�SURILOHV�RI�WHPSHUDWXUH�ZHUH�REWDLQHG�ZLWK�JURZWK�RI�HQHUJ\��7KH�EHDP�
WDUJHW� LQWHUDFWLRQV� 3%�7, FRQWULEXWHV� WR� WKH� WRWDO� IXVLRQ� SRZHU� DV� ZHOO� WR� WKH� QHXWURQ
SURGXFWLRQ��,WV�FRQWULEXWLRQ�LV�D�KDOI�RI�WKH�WRWDO�QHXWURQ�ORDG�*Q�

)LJ�����7KH�GHSHQGHQFH�RI�VDIHW\�IDFWRU�T���LQWHUQDO
LQGXFWDQFH�OL��QRUPDOL]HG�EHWD�E1 DQG�SRUWLRQ�RI�IDVW�LRQ
IIDVW RQ�HQHUJ\�(1% RI�SDUWLFOHV�LQMHFWHG�LQ�SODVPD

7KH� LQFUHDVH� RI� SUHVVXUH� RI� IDVW� LRQ� LV
REWDLQHG� ZLWK� WKH� JURZWK� RI� SDUWLFOH
HQHUJ\��7KH�QRQ�WKHUPDO�GLVWULEXWLRQ�RI
LQMHFWHG� IDVW� LRQV� QI PD\� GULYH� PLFUR
LQVWDELOLWLHV� LQ� WRNDPDN� SODVPD�� ,W� LV
SRVVLEOH� WKDW� WKH� IDVW� LRQV� QI FRXOG� EH
YHU\� UDSLGO\� VORZHG� ,W� UHVXOWV� LQ
IRUPDWLRQ� RI� KROORZ� UDGLDO� FXUUHQW
SURILOH� REVHUYHG� LQ� � >�@� ZLWK� QRQ�
PRQRWRQLF� VDIHW\� IDFWRU� SURILOH� )RU
SDUWLFOH� HQHUJ\�(1%t����NH9� WKH� T� RQ
PDJQHWLF�D[LV�EHFRPHV�VPDOOHU�WKDQ�T �
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DQG� WKH� VDZWRRWK� RVFLOODWLRQV� LV� RFFXUUHG� )RU� SDUWLFOH� HQHUJ\� (1%t���� NH9� WKH� T� RQ
PDJQHWLF� D[LV� EHFRPHV� VPDOOHU� WKDQ� T �� DQG� WKH� VDZWRRWK� RVFLOODWLRQV� LV� RFFXUUHG�� 7KH
-876�7�FRQFHSW�LV�VXSSRVHG�WR�DYRLG�WKH�VWHDG\�VWDWHV�ZLWK�WKH�UHYHUVHG�VDIHW\�SURILOH�DQG
ZLWK� SODVPD� VDZWRRWK� SKHQRPHQRQ� 7R� SURYLGH� WKH� IXOILOOPHQW� RI� WKHVH� UHTXLUHPHQWV�ZH
QHHG� WR� DSSO\� ERWK�QHXWUDO� EHDPV�ZLWK� HQHUJLHV�����NH9�DQG� ����NH9 �VHH�9� DQG�9,� LQ
7DEOH�� 7KLV�ZRXOG�JUHDWO\�UHGXFH�WKH�EHDP�GULYHQ�FXUUHQW�HIILFLHQF\����:H�LQFOXGH�RQO\�WKH
WKHUPDO�LRQ�DQG�HOHFWURQ�SUHVVXUHV�LQ�EHWD� :H�DVVXPH�WKDW�WKH�VXSHU�WKHUPDO�LRQV�KDYH�QR
HIIHFW�RQ�WKH�EHWD� OLPLW�IRU� WKH�WKHUPDO�SODVPD��$�SRZHU�RI� OHVV�HQHUJHWLF�QHXWUDO�EHDP�LV
JUHDWO\� EHFRPH� ZHDN� ZKHQ� LW� SHQHWUDWHV� LQWR� SODVPD�� 7KH� REWDLQHG� UDGLDO� SURILOHV� RI
ERRWVWUDS�FXUUHQW�MEV��FXUUHQW�GULYH�M&' DQG�WKH�SODVPD�FXUUHQW�MS DUH�VKRZQ�LQ�)LJ����

)LJ�����7KH�GHQVLW\�SURILOHV�RI�ERRWVWUDS�FXUUHQW��DQG�&'

/HVV� HQHUJHWLF� 1%� LV� DEVRUEHG� DQG
JHQHUDWHV� &'� PRVWO\� DW� WKH� SHULSKHUDO
SODVPD��0RUH�HQHUJHWLF�EHDP�SHQHWUDWHV
SODVPD� FHQWHU� WR� VXSSO\� UHTXLUHG� &'
DQG� PRQRWRQLF� FXUUHQW� SURILOH� WKHUH�
7KH� SRUWLRQ� RI� ERRWVWUDS� FXUUHQW� IEV LV
DERXW������7KH�HIILFLHQF\�RI�&'�LV�J&'�a
�����$�:��7KH� FDUULHG� RXW� FDOFXODWLRQV
KDYH� VKRZQ� SRVVLELOLW\� RI� WDQJHQWLDO
1%,�WR�SURYLGH�IXOO\�QRQ�LQGXFWLYH

FXUUHQW�GULYH�LQ�VWHDG\�VWDWH�WRNDPDN�ZLWK�IEV ��I&' |��� 7KH�REWDLQHG�E1 LV�FORVH�WR�VFDOLQJ
��OL ZKLFK� LV� WKH� XSSHU� 0+'� OLPLW� IRU� QR� ZDOO� 5:0� H[FLWHPHQW�� 7KH� DYHUDJH� SODVPD
GHQVLW\�QH a ������ FP���LV�IDU�IURP�WKH�*UHHQZDOG�OLPLW�
�� (�$��$]L]RY��9�1�'RNXND��5�5��.KD\UXWGLQRY���$FKLHYHPHQW�DQG�0DLQWHQDQFH�RI

6WDWLRQDU\�6WDJH�RI�916�-867�7�IRU�7UDQVPXWDWLRQ�RI�0LQRU�$FWLQLGHV������WK (36
&RQIHUHQFH�RQ�&RQWUROOHG�)XVLRQ�DQG�3ODVPD�3K\VLFV��3��������6W�3HWHUVEXUJ��5XVVLD�
-XO\�����������

�� 5�5��.KD\UXWGLQRY��9�(��/XNDVK�³6WXGLHV�RI�3ODVPD�(TXLOLEULXP�DQG�7UDQVSRUW�LQ�D
7RNDPDN�)XVLRQ�'HYLFH�ZLWK�WKH�,QYHUVH�9DULDEOH�7HFKQLTXH´��-RXUQDO�&RPS��3K\VLFV�
Y�����������������

�� )XMLWD�HW�DO����)RUPDWLRQ�DQG�VXVWDLQPHQW�RI�WRNDPDN�HTXLOLEULXP�ZLWK�D�FXUUHQW�KROH�LQ
-7���8���3K\V��5HY��/HWW��������������������
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