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)LJXUH�$�����%R[�SORW�RI�38����GDWD������������������������������������������������������������������������ ��

)LJXUH�$�����%R[�SORW�RI�38����GDWD������������������������������������������������������������������������ ��

)LJXUH�$�����%R[�SORW�RI�3/���GDWD �������������������������������������������������������������������������� ��

)LJXUH�$����%R[�SORW�RI�3/���GDWD ��������������������������������������������������������������������������� ��

)LJXUH�$�����%R[�SORW�RI�3/���GDWD ������������������������������������������������������������������������ ���
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���� *HQHUDO�

7URQD�LV�RQH�RI�WKH�HYDSRUDWH�PLQHUDO��)LJXUH�����,W�LV�FDOOHG�DV� WULVRGLXP�K\GURJHQ�

GLFDUERQDWH� GLK\GUDWH RU VRGLXP� VHVTXLFDUERQDWH GHK\GUDWH�� &KHPLFDO� IRUPXOD� RI�

WURQD�LV�1D�&2� � 1D+&2� ���+�2��,WV�GHQVLW\�LV������J�FP��DQG�WKLV�PLQHUDO�LV�HDVLO\�

VROXEOH�LQ�ZDWHU��QRQ�IODPPDEOH�DQG�QRQ�KDUPIXO�

)LJXUH��� 7URQD��KWWS���ZZZ�JUHDWPLQLQJ�FRP�PLQLQJBLPDJHV�WURQD��SQJ�

7URQD� LV� H[WUDFWHG� IURP� XQGHUJURXQG� DV� EULQH� FRQWDLQLQJ� VRGLXP� FDUERQDWH� DQG�

VRGLXP� ELFDUERQDWH� LQ� %H\SD]DUÕ� 7URQD� )LHOG�� 6RGD� DVK� DQG� VRGLXP� ELFDUERQDWH�

�EDNLQJ� VRGD�� DUH� SURGXFWV� RI� EULQH� LQ� WKLV� DUHD�� %ULQH� LV� XVHG� WR� PDNH� VRGD� DVK�

�1D�&2���E\�KHDWLQJ�LW�WR�KLJK�WHPSHUDWXUH���������ႏ��DQG�LW�DOVR�XVHG�WR�PDNH�WR�

VRGLXP�ELFDUERQDWH�E\�FRROLQJ�EULQH�ZLWK�FDUERQ�GLR[LGH�

7KHUH�DUH� WKUHH�SURGXFWLRQ�PHWKRGV�RI�VRGD�DVK��7KH\�DUH�SURGXFWLRQ�IURP�QDWXUDO�

VRGD�UHVHUYHV��ODNHV�DQG�SURGXFWLRQ�V\QWKHWLFDOO\�E\�6ROYD\�SURFHVV��gUJ�O���������,Q�
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%H\SD]DUÕ� VWXG\� ILHOG�� VRGD� DVK� LV SURGXFHG�E\� RQO\� QDWXUDO� VRGD� UHVHUYHV�ZLWKRXW�

XVLQJ�URFN�VDOW��VRGLXP�FKORULGH��DQG�OLPHVWRQH��VRGLXP�FDUERQDWH��DV�UDZ�PDWHULDO��

6RGD�DVK�LV�XVHG�E\ WKH LQGXVWULHV�VXFK DV�JODVV�PDQXIDFWXULQJ��FHPHQW�SURGXFWLRQ��

FKHPLFDO��SXOS�DQG�SDSHU��VRDS�DQG�GHWHUJHQW�LQGXVWU\��7URQD�HIIHFWLYHO\�UHPRYHV�DFLG�

JDVHV� VXFK� DV� R[LGHV� RI� VXOIXU� �62� DQG� 62���� K\GURFKORULF� DFLG� �+&O��� DQG�

K\GURIOXRULF�DFLG��+)��IURP�IOXH�JDV�HPLVVLRQV��*UHDW�0LQLQJ��Q�G���

6RGLXP�ELFDUERQDWH�LV�SURGXFHG�LQ�WKUHH�����W\SHV�LQ�WKH�VWXG\�DUHD��IRRG��IHHG�DQG�

WHFKQLFDO��)RRG�W\SH�VRGLXP�ELFDUERQDWH�LV�XVHG�DW�EDNLQJ�SRZGHUV��FDNH�DQG�FRRNLH�

DGGLWLYHV��EHYHUDJHV�DQG�GHQWLIULFHV��)HHG�W\SH�VRGLXP�ELFDUERQDWH�LV�XVHG�IRU�GDLU\��

SRXOWU\�DQG�SLJ�IDUPLQJ��0RUHRYHU��WHFKQLFDO�W\SH�LV�XVHG�DW�SRZGHU�ILUH�H[WLQJXLVKHU��

IOXH�JDV�GHVXOSKXUL]DWLRQ��FOHDQLQJ�DJHQWV��DQG�OHDWKHU�DQG�WH[WLOH�LQGXVWU\���

7KH�ODUJHVW� WURQD�GHSRVLW� LQ� WKH�ZRUOG�LV� ORFDWHG�LQ�*UHHQ�5LYHU��:\RPLQJ��8QLWHG�

6WDWHV��,W�ZDV�GHSRVLWHG�LQ�D�ODNH�GXULQJ�WKH 3DOHRJHQH 3HULRG��,W�KDV����ELOOLRQ�WRQV�RI�

LGHQWLILHG�VRGD�DVK�UHVRXUFHV�ZKLFK�DUH�LQ�EHGV�PRUH�WKDQ�����PHWHUV¶�WKLFNQHVV��7KH�

PLQLQJ� PHWKRG� RI�:\RPLQJ� WURQD� GHSRVLW� LV� URRP� DQG� SLOODU ZLWK� ��� �� PLQLQJ�

UHFRYHU\��(YHU\�\HDU�DOPRVW����PLOOLRQ�WRQ�WURQD�LV�H[WUDFWHG�IURP�*UHHQ�5LYHU�%DVLQ��

:\RPLQJ� DQG� LW� PHDQV� \HDUO\� VRGD� DVK� SURGXFWLRQ� LV� ���� PLOOLRQ� RI� VRGD� DVK��

)XUWKHUPRUH��WURQD�LV�PLQHG�/DNH�0DJDGL LQ�WKH .HQ\DQ�5LIW�9DOOH\ IRU�QHDUO\�����

\HDUV��%ROHQ����������

0RUHRYHU��7KH�:XFKHQJ�EDVLQ�WURQD�PLQH�ORFDWHG�DW +HQDQ�3URYLQFH LQ &KLQD KDV����

WURQD�EHGV�����±��� P�GHHS���WKH�ORZHU����EHGV�DUH����±��� P�WKLFN��WKLFNHVW����� P��

WKH�XSSHU����EHGV�DUH��±� P�WKLFN��ZLWK�D�PD[LPXP�RI����� P�KRVWHG�DQG�XQGHUODLQ�

E\ GRORPLWLF RLO� VKDOHV�� $OVR� WURQD� LV� IRXQG� DW� 2ZHQV� /DNH DQG 6HDUOHV�

/DNH� &DOLIRUQLD�

$FFRUGLQJ�WR� WKH�UHSRUW�SXEOLVKHG�E\�8�6��*HRORJLFDO�6XUYH\��0LQHUDO�&RPPRGLW\�

6XPPDULHV��LQ����������PLOOLRQ�WRQV�RI�VRGD�DVK�ZDV�SURGXFHG�DOO�RYHU�WKH�ZRUOG�LQ�

������7DEOH����
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7DEOH��� :RUOG�WURQD�SURGXFWLRQ �0LQHUDO�&RPPRGLW\�6XPPDULHV������������

1DWXUDO�6RGD�$VK
0LQH�3URGXFWLRQ��W�

5HVHUYHV��W�
���� ����

8QLWHG�6WDWHV ���������� ���������� ��������������
%RWVZDQD ������� ������� �����������
.HQ\D ������� ���������
7XUNH\ ��������� ��������� �����������

2WKHU�FRXQWULHV � ���������� �����������
:RUOG�WRWDO�QDWXUDO�SURGXFWLRQ ���������� ���������� ����������

:RUOG�WRWDO�V\QWKHWLF�
SURGXFWLRQ

���������� ���������� �

:RUOG�WRWDO�SURGXFWLRQ ���������� ���������� �

,Q�7XUNH\��%H\SD]DUL DQG�.D]DQ�UHJLRQ�LQ�WKH $QNDUD�3URYLQFH RI 7XUNH\ KDYH�����

PLOOLRQ�DQG������ PLOOLRQ�WRQV�RI�WURQD�UHVHUYH��UHVSHFWLYHO\��6RGD�DVK�SURGXFWLRQ�LQ�

7XUNH\�KDV�LQFUHDVHG�WR�����PLOOLRQ�WRQV�SHU�\HDU�DQG�RYHU�WKH�QH[W�IHZ�\HDUV�LW�ZLOO�

EH�LQFUHDVHG�WR�����PLOOLRQ�WRQV�SHU�\HDU����

,Q�������WURQD�ZDV�LGHQWLILHG�LQ�%H\SD]DUÕ�E\�07$�GXULQJ�FRDO�H[SORUDWLRQ��$IWHU�WKDW�

07$� DQG� RWKHU� JRYHUQPHQWDO� DJHQFLHV� EHJDQ� H[SORUDWLRQ� ZRUN� WDUJHWLQJ� DQG�

FKDUDFWHUL]LQJ�WKH�WURQD�GHSRVLW��2QDUJDQ�	�+HOYDFÕ���������([SORUDWLRQ�ZRUNV�ZHUH�

FRQWLQXHG� XQWLO� ����� DQG� DIWHU� WKLV� \HDU�� SURGXFWLRQ� KDV� VWDUWHG�ZLWK� FRQYHQWLRQDO�

PLQLQJ�PHWKRG�LQ�WKH�ILHOG�

$FFRUGLQJ� WR�JHRORJLFDO�DQG�K\GURORJLFDO� FRQGLWLRQV�� DQG�FRVW� LVVXHV�� WKHVH�SDUWLHV�

DJUHHG�WKDW�ORQJ�ZDOO�XQGHUJURXQG�PLQLQJ�PHWKRG�LV�QRW�VXLWDEOH�IRU�H[WUDFWLQJ�WURQD�

LQ�WKLV�DUHD��6ROXWLRQ�PLQLQJ�ZDV�FKRVHQ�DV�PLQLQJ�PHWKRG�LQVWHDG�RI�FRQYHQWLRQDO�

PLQLQJ�PHWKRG�DQG�WURQD�KDV�EHHQ�H[WUDFWHG�ZLWK�WKLV�PHWKRG�VLQFH�������

6ROXWLRQ�PLQLQJ� LV�GRQH�E\�FRQVWUXFWLQJ�SURGXFWLRQ�XQLWV�RU�FDYHUQV�DQG�RSHUDWLQJ�

WKHVH� XQLWV�� 3URGXFWLRQ� XQLW� FRQVLVWV� RI� WZR� YHUWLFDO� DQG� RQH� GLUHFWLRQDOO\� GULOOHG�

�QDPHG�DV�KRUL]RQWDO��ZHOOV��7KHVH�ZHOO�SDLUV�DUH�FRQQHFWHG�XQGHUJURXQG YLD�GULOOLQJ��

6ROYHQW�LV�LQMHFWHG�IURP�KRUL]RQWDO�ZHOO�WKHQ��EULQH�LV�FROOHFWHG�IURP�YHUWLFDO�ZHOOV��
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&ROOHFWHG�EULQH�LV�IHG�WR�SURFHVV�SODQW�ZLWK�SLSHOLQHV�WR�SURGXFH�VRGLXP�FDUERQDWH�DQG�

VRGLXP�ELFDUERQDWH�

+RW� ZDWHU� RU� VROYHQW� ZLWK� FRQWDLQLQJ� ���� �� HTXLYDOHQW� 1D�&2�� FRQWHQW �RU� 7RWDO�

$ONDOLQLW\��DQG�ZLWK�������R&�WHPSHUDWXUH�LV�LQMHFWHG�IURP�WKH�KRUL]RQWDO�ZHOO��7KLV�

VROYHQW�GLVVROYHV�WURQD�PLQHUDO�LQ�WDUJHW�WURQD�VHDP�DQG�EULQH�LV�WDNHQ�IURP�WKH�YHUWLFDO�

ZHOOV�ZLWK� ��������7RWDO�$ONDOLQLW\� �7$��ZLWK� D� WHPSHUDWXUH� RI� ������ R&��:KHQ�

SURGXFWLRQ�VWDUWV�IURP�RQH�XQLW��WRWDO�DONDOLQLW\ �7$��RU�VRGLXP�FDUERQDWH�FRQWHQW�RI�

UHFRYHU\�LV�PRVWO\�XQGHU�GHVLJQ�SDUDPHWHUV��:KHQ�WKH EULQH�TXDOLW\�RI�SURGXFWLRQ�XQLW�

UHDFKHV���������7$��SURGXFWLRQ�XQLW�LV�DVVXPHG�DV�PDWXUH�XQLW RU�FDYHUQ��5HDFKLQJ�

PDWXULW\�OHYHO�WDNHV VRPH WLPH�DQG�DOVR�WKHUH�DUH�VRPH�IDFWRUV�DIIHFWLQJ�PDWXULW\�RI�

SURGXFWLRQ� XQLW� LQ WKH GULOOLQJ� DQG� WKH� RSHUDWLRQ� SDUW� ,QMHFWLRQ� WHPSHUDWXUH� DQG�

LQMHFWLRQ�IORZ�UDWH�DUH�REVHUYHG�DV�RSHUDWLRQDO�IDFWRU�WR�VHH�HIIHFW�RQ�PDWXULW\�OHYHO�RI�

SURGXFWLRQ�XQLWV���

,Q�WKLV�WKHVLV��RQH�SDUW�RI�PLQH�VLWH�FRQVLVWLQJ�RI�QLQHWHHQ������XQLWV�ZDV�VHOHFWHG��'DLO\�

ODERUDWRU\� DQDO\VLV� IURP� ODERUDWRU\� RI� FRPSDQ\� ZDV� FROOHFWHG� DQG� DOVR� GDLO\�

SURGXFWLRQ�GDWD�REWDLQHG�E\�GLVWULEXWHG�FRQWURO�V\VWHP�RI�WKHVH�XQLWV�ZDV�DFFXPXODWHG��

7LPH�GHSHQGHQW�UHJUHVVLRQ�DQDO\VLV�RI�LQMHFWLRQ�WHPSHUDWXUH�DQG�IORZ�UDWH�ZDV�FDUULHG�

RXW� IRU� DOO� XQLWV¶�RSHUDWLRQ�DQG� ODERUDWRU\�GDWD��7KHQ��RSHUDWLRQDO� IDFWRUV� DIIHFWLQJ�

PDWXULW\�RI�XQLWV�LV�WULHG�WR�H[SODLQ�E\�XVLQJ�UHJUHVVLRQ�DQDO\VLV�ILUVW�DOO�SURGXFWLRQ�

XQLWV� VHSDUDWHO\�� 0RUHRYHU� 8��� PRVW� FRPPRQ� WURQD� VHDP� DW� WKH� VWXG\� DUHD�� LV�

REVHUYHG�IRU�KHOSLQJ�SURGXFWLRQ�VFKHGXOLQJ�RI�PLQH�

���� 3UREOHP�6WDWHPHQW

,Q�WKH�VWXG\ DUHD��WZR�YHUWLFDO�ZHOOV�DQG�RQH�GLUHFWLRQDOO\�GULOOHG��KRUL]RQWDO��ZHOO�DUH�

GULOOHG�DW� ILUVW��7KUHH�ZHOO�FRPELQDWLRQV� LQFOXGLQJ�YHUWLFDO� DQG�KRUL]RQWDO�ZHOOV�DUH�

QDPHG� DV� SURGXFWLRQ� XQLW� RU� FDYHUQ�� 7KHVH� WKUHH� ZHOOV� DUH� FRQQHFWHG� IURP�

XQGHUJURXQG� ZLWK� GLUHFWLRQDO� GULOOLQJ�� 'ULOOLQJ� SDWK� LV� PDGH� XS� EHWZHHQ� ZHOOV� WR�
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H[WUDFW�WURQD�IURP�XQGHUJURXQG�DV�D�VROXWLRQ��EULQH���,QMHFWLRQ�VWDUWV�IURP�KRUL]RQWDO�

ZHOO�DQG�EULQH�LV�WDNHQ�IURP�YHUWLFDO�ZHOOV�DIWHU�WKH�FRPSOHWLRQ�RI�GULOOLQJ�DQG�VXUIDFH�

IDFLOLWLHV��$OO�ZHOOV� DUH� XVHG� ERWK LQMHFWLRQ� DQG UHFRYHU\�ZHOO� IRU� SURYLGLQJ� HTXDO�

GLVVROXWLRQ�RI�FDYHUQ�

$W�WKH�VWXG\�DUHD��LW�LV�QRW�NQRZQ�WKDW�ZKHQ�SURGXFWLRQ�XQLWV�PD\�UHDFK�PDWXULW\�OHYHO�

DQG�KRZ�LQMHFWLRQ�WHPSHUDWXUH�DQG�IORZ�UDWH�DIIHFWV�LQFUHDVLQJ�FRQFHQWUDWLRQ�RI�EULQH��

7KLV�SUREOHP�FRXOG�DIIHFW�WKH�PLQH�SODQQLQJ�DQG�WKHUHIRUH�SODQW�SURGXFWLRQ�WR�VRPH�

H[WHQW�� )RU� WKLV� UHDVRQ�� UHJUHVVLRQ� DQDO\VLV�ZDV� GRQH� WR� VHOHFWHG� SURGXFWLRQ� XQLWV��

(IIHFW� RQ� LQMHFWLRQ� WHPSHUDWXUH� DQG� IORZ� UDWH� RQ�PDWXULW\� OHYHO�ZDV� H[SORUHG� DQG�

PDWXULW\�WLPH�RI�XQLWV�GULOOHG�LQ�8��WURQD�VHDP�DUH�WULHG�WR�HVWLPDWH�

���� 2EMHFWLYHV�RI�6WXG\�

$W�WKH�VWXG\�DUHD��\HDUO\�SURGXFWLRQ�LV�����0W�VRGD�DVK�DQG�����W�VRGLXP�ELFDUERQDWH��

3URGXFWLRQ� VKRXOG� EH� VXVWDLQDEOH� EHFDXVH� RI� FRPLQJ� XS� WR� OHYHO� RI� PD[LPXP�

SURGXFWLRQ��)RU�SURGXFWLRQ�RI�VRGD�DVK�DQG�VRGLXP�ELFDUERQDWH�DSSUR[LPDWHO\�������

P��K�EULQH�LV�IHG�SURFHVV�SODQW�IURP�PLQLQJ VLWH�FRQWLQXRXVO\��%ULQH�IHG�WR�SURFHVV�

SODQW� VKRXOG� EH� ��������7$� LQ� FRQFHQWUDWLRQ� WR� DYRLG� LQFUHDVLQJ� FRQVXPSWLRQ� RI�

HOHFWULFLW\�� FRDO� DQG� FDXVWLF� VRGD� HWF�� 3URGXFWLRQ� VFKHGXOLQJ� RI� PLQLQJ� KDV� DQ�

LPSRUWDQW� UROH� LQ� RUGHU� QRW� WR� FXW� SURGXFWLRQ�� ��� RI� SURGXFWLRQ� FDYHUQ� VKRXOG� EH�

RSHUDWHG�DW�WKH�VDPH�WLPH�DQG�DW�OHDVW���XQLWV�VKRXOG�EH�UHPDLQHG�DW�VWDQG�E\�SRVLWLRQ��

7KHUHIRUH�� LW LV� QHFHVVDU\� WR� NQRZ�ZKHQ� SURGXFWLRQ� FDYHUQV� UHDFK� SURFHVV� GHVLJQ�

SDUDPHWHUV��������7$����DQG�KRZ�GDLO\�RSHUDWLRQ�FKDQJHV�DIIHFW�PDWXULW\�RI�XQLWV�WR�

GR�\HDUO\�RU�ORQJ�WHUP�PLQH�DQG�SURGXFWLRQ�SODQQLQJ��

,Q� WKLV� PDQQHU�� RQH� SDUW� RI� PLQH� VLWH�� FRQWDLQLQJ� ��� XQLWV� KDV� FKRVHQ� IRU� KRZ�

RSHUDWLRQDO� IDFWRUV� DIIHFW� PDWXULW\� RI� SURGXFWLRQ� XQLWV��:LWK� WKH� NQRZOHGJH� WKHVH�

IDFWRUV��LW�LV�HDVLHU�WR�HVWLPDWH�ZKHQ�XQLWV�DUH�VXLWDEOH�IRU�SURGXFWLRQ�RI�SURFHVV�SODQW�

ZLWK�DQ�RSWLPXP�FRQGLWLRQ�
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���� 5HVHDUFK�0HWKRGRORJ\

7KH�PHWKRGRORJ\�EHORZ ZDV�IROORZHG�GXULQJ�WKH�UHVHDUFK��

�� 1LQHWHHQ������XQLWV�ZHUH�FKRVHQ�WR�REVHUYH�RSHUDWLRQDO�IDFWRUV�DIIHFWLQJ�WKHLU�

PDWXULW\�

�� $OO�GDLO\�SURGXFWLRQ�LQIRUPDWLRQ�IURP�GLVWULEXWHG�FRQWURO�V\VWHP RI�FRPSDQ\�

ZDV�FROOHFWHG�

�� /DERUDWRU\� DQDO\VLV� GDWD� RI� HDFK� XQLW� ZHUH� FROOHFWHG� IURP� ODERUDWRU\� RI�

FRPSDQ\�

�� 8VLQJ�ODERUDWRU\�DQDO\VLV�GDWD�VKHHW��WRWDO�DONDOLQLW\�RI�HDFK�XQLW�LQ�GDLO\ EDVLV�

LV�FDOFXODWHG�XVLQJ�1D�&2� DQG�1D+&2� FRQFHQWUDWLRQ�RI�EULQH��DQG�GHQVLW\�

RI�EULQH��

�� ������ GDWD�ZHUH�FROOHFWHG�LQ�DOPRVW�WZR�\HDUV�

�� 7KHQ�� SURGXFWLRQ� GDWD� VKHHWV� ZHUH� UHDUUDQJHG� LQFOXGLQJ� VROYHQW� IORZ� UDWH��

VROYHQW�WHPSHUDWXUH�DQG�EULQH�FRQFHQWUDWLRQ��7$�����

�� %R[�SORWV�ZHUH�GUDZQ�IRU�LQMHFWLRQ�WHPSHUDWXUH��7���IORZ�UDWH��4��DQG�EULQH�

FRQFHQWUDWLRQ��7$��� RI�HDFK�XQLW��

�� 5HJUHVVLRQ�DQDO\VLV�ZDV�GRQH�E\�XVLQJ�ILUVW����DQG���PRQWK�SURGXFWLRQ�DQG�

ODERUDWRU\�GDWD�DQG�WKHLU�UHJUHVVLRQ�HTXDWLRQV�ZHUH�JLYHQ IRU�HDFK�SURGXFWLRQ�

XQLWV��VHSDUDWHO\�

�� )RU�8�� WURQD� VHDP�� UHJUHVVLRQ� DQDO\VLV�ZDV� GRQH� E\� XVLQJ� ILUVW� ���PRQWK�

SURGXFWLRQ�DQG�ODERUDWRU\�GDWD�DQG�LWV�UHJUHVVLRQ�HTXDWLRQV�ZDV�JLYHQ�

��� )RU�8��WURQD�VHDP��PDWXULW\�WLPH�ZDV�HVWLPDWHG��
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)RU� WKLV� WRSLF�� VROXWLRQ�PLQLQJ�PHWKRG�DQG� OLWHUDWXUH�UHODWHG� WR�GLVVROXWLRQ�RI� WURQD�

PLQHUDO�ZHUH�UHYLHZHG�LQ�GHWDLO�DQG�WKH\ DUH�JLYHQ�LQ WKLV�FKDSWHU�

���� 6ROXWLRQ�0LQLQJ�

7KHUH�DUH�WZR�ZD\V�RI�OHDFKLQJ�LQ�VROXWLRQ�PLQLQJ�PHWKRG�LQ�VWXG\�DUHD��)LUVW�ZD\ LV�

OHDFKLQJ�YLD�YHUWLFDO�ZHOO�RQO\�DQG�VHFRQG�RQH�LV�OHDFKLQJ�ZLWK�YHUWLFDO�DQG�KRUL]RQWDO�

ZHOO�FRPELQDWLRQV�

������ /HDFKLQJ�ZLWK�YHUWLFDO�ZHOO�RQO\�

/HDFKLQJ�ZLWK�YHUWLFDO�ZHOOV�KDV�WZR�PDLQ�SXUSRVHV�ZKLFK�DUH�SURGXFWLRQ�DQG�FDYLW\�

FUHDWLRQ��6RPH�RI�PLQH�VLWHV ZKLFK�DUH�VHOHFWLQJ�VROXWLRQ�PLQLQJ�DV�D�PLQLQJ�PHWKRG�

DUH�SHUIRUPLQJ�SURGXFWLRQ�ZLWK�D�VLQJOH�ZHOO��7KH\�PD\�XVH�YHUWLFDO�RU�VLQJOH�ZHOO�

OHDFKLQJ�RQO\�IRU�SURGXFWLRQ�

$W�VWXG\�DUHD��YHUWLFDO�ZHOO�OHDFKLQJ�LV�XVHG�IRU�RQO\�FDYLW\�FUHDWLRQ��/HDFKLQJ�IRU�

FDYLW\�FUHDWLRQ�ZLWK�YHUWLFDO�ZHOOV�LV�LQWHQGHG�WR�H[SDQG�WKH�WDUJHW�DUHD�VR�WKDW�LW�LV�

HDV\�IRU� WKH�KRUL]RQWDO�ZHOOV� WR� LQWHUVHFW� ILUVW� WDUJHW�YHUWLFDO�ZHOO��:KLOH�GULOOLQJ�RI�

YHUWLFDO�ZHOO�PD\�FRPSOHWH��VRPHWLPHV�IRU�FDYLW\�FUHDWLRQ��KRW�ZDWHU�LV�LQMHFWHG LQWR�

ZHOO��,W�KHOSV�WR�LQFUHDVH�HPSW\�VSDFH�XQGHUJURXQG�DW�WKH�ERWWRP�RI�YHUWLFDO�ZHOO�DQG�

DOVR�ZKHQ�KRUL]RQWDO�ZHOOV�FRQQHFWLQJ�WR�YHUWLFDO�ZHOOV��EHFDXVH�RI�VSDFH�XQGHUJURXQG��

LW� SUHYHQWV� SDVVLQJ� SDWK�� $FFRUGLQJ� WR� SURFHVV� SODQW� EHKDYLRU� �LW� PHDQV� SODQW FDQ�

RYHUFRPH� ORZ� VRGLXP� FDUERQDWH� FRQFHQWUDWLRQ��� DIWHU� YHUWLFDO� ZHOO� LV� FRPSOHWHG��

OHDFKLQJ�FDQ�VWDUW�ZLWK�WKH�YHUWLFDO�ZHOO�DORQH��



�

&DYLW\�FUHDWLRQ�PHWKRG�FDQ�EH�GRQH�DV�

x )LUVW�VROYHQW�RU�KRW�ZDWHU�DW�D�WHPSHUDWXUH�RI���±���&�LV�SUHSDUHG�DW�VROYHQW�

WDQNV�DQG�SXPSHG�WR�ZHOOKHDG�ZLWK�WKH�KHOS�RI�PDLQ�DQG�DX[LOLDU\�SLSHOLQHV�

x 6HFRQGO\��VROYHQW�RU�KRW�ZDWHU�LV�LQMHFWHG�LQWR�XQGHUJURXQG�WKURXJK�WKH�WXELQJ�

LQWR�WKH�RUH�EHG�ZKHUH�LW�GLVVROYHV�WURQD��

x 7KHQ�� WKH� VRGD� �EULQH�� VROXWLRQ� ZLWK� SDUWLDOO\� VDWXUDWHG� VRGLXP� FDUERQDWH�

�1D�&2��� DQG� VRGLXP� ELFDUERQDWH� �1D+&2��� UHWXUQV� EHWZHHQ� SURGXFWLRQ�

FDVLQJ�DQG�WXELQJ��L�H�DQQXOXV��WR�WKH�ZHOOKHDG��

x )LQDOO\��EULQH�FRPLQJ�IURP�WKH�DQQXOXV�LV�IHG�WR�SLSHOLQH��)LJXUH�����7KLV�VWHS�

LV�FRQWLQXHG�XQWLO�D�VPDOO� WDUJHW�FDYLW\�LV� IRUPHG�DW� WKH�EDVH�RI�WKH�YHUWLFDO�

ZHOO�V��

)LJXUH��� /HDFKLQJ�ZLWK�YHUWLFDO�ZHOO



�

������ /HDFKLQJ�ZLWK�YHUWLFDO�DQG�KRUL]RQWDO�ZHOO�FRPELQDWLRQ�

$W�(WL�6RGD�PLQH� VROXWLRQ�PLQLQJ�PHWKRG�LV�D�UXEEOL]HG�FDYHUQ�OHDFK�PHWKRG�XVLQJ�

PXOWLSOH�YHUWLFDO�ZHOOV�ZLWK�D�KRUL]RQWDO�ZHOO�WR�FRQQHFW�WKH�YHUWLFDO�ZHOOV��

,W� LV� SODQQHG� WKDW� WKH� KRUL]RQWDO� ERUHKROH� WUDQVLWLRQV� IURP� D� ERUHKROH� WR� D� ]RQH� RI�

SHUPHDELOLW\�DV�LW�VOLJKWO\�HQODUJHV��,W�LV�DOVR�HQYLVDJHG�WKDW�WKLV�]RQH�RI�SHUPHDELOLW\�

LV�ODUJHVW�LPPHGLDWHO\�DGMDFHQW�WR�WKH�YHUWLFDO�ZHOOV�DQG�LV�VPDOOHVW�DW�WKH�PLG�SRLQW�

EHWZHHQ� WKH� WZR�ZHOOV �8QLWHG� 6WDWHV� 3DWHQW�1R��86������������$��� ������� 7KH�

GULOOLQJ�DQG�FDYHUQ�GHYHORSPHQW�VHTXHQFH�LV�DV�IROORZV�IRU�OHDFKLQJ�ZLWK�YHUWLFDO�DQG�

KRUL]RQWDO�ZHOO�FRPELQDWLRQ�

x 0XOWLSOH�YHUWLFDO�ZHOOV�DUH�GULOOHG�DQG�FRPSOHWHG�DW�WKH�EDVH�RI�HLWKHU�WKH�XSSHU�

RU�ORZHU�WURQD�RUH�]RQHV��7KHVH�ZHOOV�DUH�VWUDWHJLFDOO\�ORFDWHG�³RQ�VWULNH´�DW�

WKH�ERWWRP�RI�WKH�XSSHU�RU�ORZHU�WURQD�RUH�]RQHV�

x 6XUIDFH�SLSHOLQHV�DQG�LQVWUXPHQWDWLRQ�DUH�LQVWDOOHG��

x $�KRUL]RQWDO�ZHOO�LV�VWUDWHJLFDOO\�ORFDWHG�WR�IDFLOLWDWH�FRQQHFWLQJ�WKH�VLQJOH�RU�

PXOWLSOH�VPDOO�³WDUJHW�FDYHUQV´�RQ�VWULNH�

x 8SRQ� VXFFHVVIXOO\� FRQQHFWLQJ� WKH� WDUJHW� FDYHUQ�V�� ZLWK� WKH� KRUL]RQWDO�

ERUHKROH�� WZR�YHUWLFDO�ZHOOV� DUH XWLOL]HG� DV� DQ� LQMHFWLRQ�ZHOO� DQG� HLWKHU� WKH�

KRUL]RQWDO� ZHOO� RU� WKH� RWKHU� YHUWLFDO� ZHOO� LV� XVHG� DV� D� SURGXFWLRQ� ZHOO� DV�

VROXWLRQ�PLQLQJ�LV�LQLWLDWHG��7KH�UHVXOWLQJ�SURGXFWLRQ�IOXLG�LV�DERXW����ZHLJKW�

SHUFHQW��ZW����7$�DV�1D�&2���)LJXUH����

x 7KH�ZHOO�PRGHV�DUH�UHYHUVHG��WKH�LQMHFWLRQ�ZHOO�LV�FKDQJHG�WR�D�SURGXFWLRQ�ZHOO�

DQG�WKH�SURGXFWLRQ�ZHOO�LV�FKDQJHG�WR�DQ�LQMHFWLRQ�ZHOO��DV�QHHGHG�WR�HQVXUH�

WKH�V\PPHWU\�RI�WKH�FDYHUQV�

x (DFK�LQGLYLGXDO�FDYHUQ�ZLOO�JURZ�YHUWLFDOO\�XQWLO�LW�HQFRXQWHUV�D�OD\HU�RI�VKDOH��

ZKLFK� UHVWULFWV� WKH�YHUWLFDO� FDYHUQ�JURZWK��DQG� WKH�FDYHUQ�EHJLQV� WR�H[SDQG�

KRUL]RQWDOO\�

x 7KH� FDYHUQ� FRQWLQXHV� WR� H[SDQG� KRUL]RQWDOO\� XQWLO� WKH� VKDOH� OD\HU� EHFRPHV�

XQVWDEOH��XOWLPDWHO\�FROODSVLQJ�DQG�EHFRPLQJ�SDUWLDOO\�UXEEOL]HG�
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x $IWHU WKH� VKDOH� OD\HU� FROODSVHV�� WKH� FDYHUQ� DJDLQ� JURZV� YHUWLFDOO\� XQWLO� LW�

HQFRXQWHUV�WKH�QH[W�VKDOH�OD\HU�

x 7KLV�SURFHVV�FRQWLQXHV�XQWLO�WKH�ILQDO�VKDOH�OD\HU�FROODSVHV�DQG�WKH�FDYHUQ�ORVH�

LWV�LQWHJULW\��(WL�6RGD�5HVHUYH�5HSRUW��

,GHDO� FDVH� IRU� VROXWLRQ� PLQLQJ IRU� VWXG\� DUHD� GHWHUPLQHG� E\� ODERUDWRU\� WHVWV�

SUHSDUDWLRQ�VWDJH�RI�PLQH�DQG�SODQW�FRQVWUXFWLRQ�LV�LQMHFWLQJ�������ႏ�VROYHQW�ZLWK���

����7$��WRWDO�DONDOLQLW\��IURP�KRUL]RQWDO�ZHOO�DQG����P��K�DYHUDJH�IORZ�UDWH��$QG�

FROOHFWLQJ�EULQH�DOPRVW����P��K�ILUVW�WDUJHW�YHUWLFDO�ZHOO��$��DQG����P��K�VHFRQG�WDUJHW�

YHUWLFDO�ZHOO��%���

)LJXUH����6ROXWLRQ�PLQLQJ�ZLWK�D�XQLW�



��

���� 'LVVROXWLRQ�RI�7URQD�

0HFKDQLVP�RI�WKH�GLVVROXWLRQ�RI�7XUNLVK�WURQD�ZDV�REVHUYHG�DQG�GLVVROXWLRQ�UDWH�RI�

WURQD� DV� D� IXQFWLRQ� RI� EULQH� FRQFHQWUDWLRQ� VWXGLHG� DQG� UHVXOWV�ZHUH� FRPSDUHG�ZLWK�

WKHRUHWLFDO�PRGHO��6D\JÕOÕ�	�2NXWDQ��������� ,PSRUWDQFH�RI�WKDW�VWXG\� LV�HYDOXDWLQJ�

WURQD�PLQHUDO�IURP�WHFKQLFDO��HFRQRPLF�DQG�HQYLURQPHQWDO�SHUVSHFWLYHV��,Q�WKLV�SDSHU��

LW� LV� VWDWHG� WKDW�GLVVROXWLRQ� UDWH� LV� IXQFWLRQ�RI� WLPH�� WHPSHUDWXUH�� FRQFHQWUDWLRQ�DQG�

VXUIDFH�DUHD�H[SRVHG�IRU�GLVVROXWLRQ��$OVR�LW�LV�JLYHQ�WKDW�XQVDWXUDWHG�H[LW�EULQHV�QHHG�

H[WUD�SURFHVVLQJ�DQG�LW�LQFUHDVHV�FRVW��

$FFRUGLQJ� WR� 6D\JÕOÕ� DQG� 2NXWDQ� �������� GLVVROXWLRQ� UDWH� DIIHFWV� EULQH� VDWXUDWLRQ��

QXPEHU�RI�UHTXLUHG�XQLW�ZHOOV�DQG�OLIH�RI�XQLW��)LQDOO\��LQ�WKLV�SDSHU��LW�LV�JLYHQ�WKDW�D�

KLJKHU�IORZ�UDWH��LQFUHDVHV�SURGXFWLYLW\�DQG�UHGXFHV�WKH�QXPEHU�RI�ZHOOV�UHTXLUHG�IRU�

D�JLYHQ�SURGXFWLRQ�UDWH��

)XUWKHUPRUH��HIIHFW�RI�WHPSHUDWXUH�RQ�GLVVROXWLRQ�RI�7XUNLVK�WURQD�ZDV�REVHUYHG��WURQD�

VDPSOHV�DUH�SUHSDUHG�WR�PHDVXUH�WKH�UDWH�RI�GLVVROXWLRQ�DV�D�IXQFWLRQ�RI�FRQFHQWUDWLRQ�

DQG�WHPSHUDWXUH��6D\JÕOÕ���������7KH�H[SHULPHQWV�ZHUH�GRQH�DW�GLIIHUHQW�WHPSHUDWXUH�

DQG� FRQFHQWUDWLRQV�� $FFRUGLQJ� WR� H[SHULPHQWV� WKH\� PDGH�� )LJXUH� �� DQG� �� ZHUH�

REWDLQHG�� )LJXUH� � VKRZV� WKDW� DV� WHPSHUDWXUH� LQFUHDVHV�� WKH� UDWH� RI� GLVVROXWLRQ�

LQFUHDVHV�IRU�DOO�VROXWLRQ�FRQFHQWUDWLRQV��$OVR��WKH�UDWH�RI�GLVVROXWLRQ�GHFUHDVHV�DV�WKH�

FRQFHQWUDWLRQ� LQFUHDVHV�ZLWK� FRQVWDQW� WHPSHUDWXUH� �)LJXUH� ���� ,W� LV� SRLQWHG RXW WKDW�

WHPSHUDWXUH� LV� PRUH� LPSRUWDQW� IDFWRU� DW� ORZ� FRQFHQWUDWLRQ� VROXWLRQV� WKDQ� KLJK�

FRQFHQWUDWLRQ� DQG� 6D\JÕOÕ� FRQFOXGHG� WKDW� SUREOHP� LV� FRPSOH[� DQG� WR� ILQG� GHILQLWH�

DQVZHUV�ODUJH�VFDOH�REVHUYDWLRQV�VKRXOG�EH�GRQH�

/LWHUDWXUH�FRXOG�EH�VXUYH\HG�RQO\�LQ�WKH�SRLQW�RI�WURQD�GLVVROXWLRQ�UDWH��6WDUWLQJ�IURP�

WKLV�SRLQW�RI�YLHZ��RSHUDWLRQDO� IDFWRUV� DIIHFWLQJ�PDWXULW\�RI�XQLWV�ZDV REVHUYHG�E\�

XVLQJ�UHHO�SURGXFWLRQ�DQG�ODERUDWRU\�GDWD��
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)LJXUH����7HPSHUDWXUH�GHSHQGHQFH�RI�WURQD�GLVVROXWLRQ�UDWH��6D\JÕOÕ�������

)LJXUH� �� 6ROXWLRQ� FRQFHQWUDWLRQ� GHSHQGHQFH� RI� WURQD� GLVVROXWLRQ� UDWH� IRU� YDULRXV�
WHPSHUDWXUHV��6D\JÕOÕ�������



��

&+$37(5��

�� *(1(5$/�,1)250$7,21�$%287�678'<�$5($

���� /RFDWLRQ�$FFHVV�RI�6WXG\�$UHD�

%H\SD]DUÕ� 7URQD� )LHOG� LV� ORFDWHG� QHDU� WKH� WRZQ� RI�%H\SD]DUÕ��$QNDUD�� 'LVWULFW�� LQ�

&HQWUDO�$QDWROLD��QRUWKZHVW�RI�WKH�FDSLWDO�FLW\�RI�$QNDUD��7XUNH\��)LJXUH�����7KLV�DUHD�

LV� DFFHVVHG� E\� DSSUR[LPDWHO\� ���� NLORPHWHUV� �NP�� RI� SDYHG� DVSKDOW� $QNDUD� �

%H\SD]DUÕ�VWDWH�URDG�'�����

)LJXUH����/RFDWLRQ�RI�VWXG\�DUHD�



��

���� ,QIUDVWUXFWXUH��/RFDO�5HVRXUFHV�DQG�&OLPDWH�RI�6WXG\�$UHD

$FWLYH�PLQLQJ�DUHD�LV�DERXW���VTXDUH�NLORPHWHUV��NP����DSSUR[LPDWHO\�����KHFWDUHV�

�KD��OLPLWHG�E\�%Dú|UHQ��%D÷|]��DQG�dDNÕORED�YLOODJHV��7KLV�WURQD�ILHOG�LV�ODUJHO\�DQ�

DJULFXOWXUDO� DUHD� ZLWK� ORZ� PRXQWDLQ� WHUUDLQ� EHWZHHQ� ���� DQG� ����� P� HOHYDWLRQ�

GRPLQDWHG� E\� EDUUHQ� KXPPRFN\� WHUUDLQ� ZLWK� OLWWOH� YHJHWDWLRQ�� )RU� DJULFXOWXUDO�

SXUSRVHV��SODLQ�W\SH�ODQGV�DUH�XVHG��$JULFXOWXUH�LV�RQ�WKH�VFRUH�RI�LUULJDWLRQ��JURZLQJ�

FDUURW��WRPDWR��SHSSHU��RQLRQ��FDEEDJH�DQG�RWKHU�JUHHQ�YHJHWDEOHV�DQG�YLQH\DUGV��

$UHD�LV�LQ�PLG�$QDWROLDQ�FOLPDWH�UHJLRQ��VXPPHU�PRQWKV�DUH�GU\�DQG�KRW�DQG�GXULQJ�

WKH�ZLQWHU�PRQWKV��WKH�ZHDWKHU�LV�FROG�DQG�UDLQ\��'HFHPEHU��-DQXDU\��$SULO�DQG�0D\�

DUH� WKH� UDLQ\� VHDVRQV�� 7KH� PHDQ� DQQXDO� PD[LPXP WHPSHUDWXUH� LV� ����� �& DQG�

PLQLPXP�LV������&��7KH�PHDQ�UHODWLYH�KXPLGLW\�LV�������PHDQ�DQQXDO�HYDSRUDWLRQ�LV�

��������PLOOLPHWHUV��PP���WKH�PHDQ�DQQXDO�SUHFLSLWDWLRQ�LV�������PP��DYHUDJH�ZLQG�

VSHHG�LV�����PHWHUV�SHU�VHFRQG��P�V��DQG�PD[LPXP�LV������P�V��

7KH�ORFDWLRQ�LV�VHUYLFHG�E\�����DQG������NLORYROW��N9��SRZHU�OLQHV�DQG�SDYHG�URDGV�

���� *HRORJ\�RI�6WXG\�$UHD�

7KH�%H\SD]DUÕ�GLVWULFW�OLHV�EHWZHHQ�WKH�FRDO�PLQLQJ�WRZQ�RI�6DUÕ\DU�DQG�%H\SD]DUÕ��,W�

LV�LQ�DQ�DUHD�RI�DERXW����NP�LQ�OHQJWK�LQ�D�������NP� DUHD��6HGLPHQWDU\�DQG�YROFDQLF�

VHGLPHQWDU\�OLWKRORJLFDO�XQLWV��GHSRVLWHG�LQ�ODFXVWULQH�DQG�DOOXYLDO�HQYLURQPHQWV��DUH�

DERXW�������P�WR�������P�WKLFN�DQG�XQFRPIRUPDEO\�RYHUO\�D�3DOHR]RLF�EDVHPHQW�RI�

JUDQLWH�� JUDQRGLRULWH�� DQG� PHWDPRUSKLF� URFNV� �&G),�� 0'3$�� 6RIUHPLQHV�� 	�

7HNQRPDG���������7KH�%DVLQ�IRUPHG�LQLWLDOO\�LQ�WKH�0HVR]RLF�ZLWK�PDMRU�GHSRVLWLRQ�

LQ�WKH�7HUWLDU\�0LRFHQH�DQG�DGGLWLRQDO�ILOOLQJ�LQ�WKH�3OLRFHQH��

7KH�%DVLQ�LV�ERXQG�WR�WKH�QRUWK�E\�D�V\VWHP�RI�DQWLFOLQHV�DQG�V\QFOLQHV��ERXQG�WR�WKH�

VRXWK�E\�WKH�=DYL\H�)DXOW��DQG�ELVHFWHG�E\�WKH�.DQOÕFHYL]�)DXOW�IURP�QRUWK�WR�VRXWK��

GHILQLQJ�WKH�(OPDEHOL�DQG�$ULVHNL�VHFWRUV�
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7KHUH� DUH���� WURQD�EHGV�� ���RI�ZKLFK�DUH� FRQVLGHUHG� WR�EH�RI� HFRQRPLF�JUDGH� DQG�

WKLFNQHVV��7KH\�RFFXU�LQ�WKH�0LRFHQH�+ÕUND�JURXS�ZLWKLQ�EHGV�PDLQO\�RI�RLO�VKDOH��

FOD\VWRQH��WXII��DQG�GRORPLWLF�OLPHVWRQH�

������ 6WUDWLJUDSK\�

7KH�3OLRFHQH�DQG�0LRFHQH�)RUPDWLRQV�FKDUDFWHUL]H�WKH�%DVLQ��7KH�JHQHUDO�IHDWXUHV�RI�

WKH�IRUPDWLRQV�IURP�WKH�ROGHVW�WR�WKH�\RXQJHVW�DUH�WDNHQ�IURP�DUH�VXPPDUL]HG�LQ�WKLV�

SDUW��$� JHQHUDOL]HG� VWUDWLJUDSKLF� VHTXHQFH� RI� WKH�%DVLQ�ZLWK� GHWDLOV� RI� XQGHUO\LQJ�

1HRJHQH�DQG�ROGHU�EDVHPHQW�URFNV�LV�LOOXVWUDWHG�EHORZ�LQ�)LJXUH���

%R\DOL�)RUPDWLRQV��7E���7KH�IRUPDWLRQ�FURSV�RXW�LQ�D�YHU\�OLPLWHG�DUHD�LQ�WKH�ZHVWHUQ�

SDUW�RI�WKH�WURQD�ILHOG�DQG�LV�FRPSRVHG�RI�FRQJORPHUDWH�DQG�VDQGVWRQH�ZLWK�FOD\VWRQH�

LQWHUEHGV��7KH�XSSHU�SDUW�KDV�WZR�OLJQLWH�VHDPV�DQG�FRQJORPHUDWHV�LQFOXGLQJ�YROFDQLF�

IUDJPHQWV��7KH�WKLFNQHVV�RI�WKH�IRUPDWLRQ�LV�DERXW�����WR�����P�

+ÕUND�)RUPDWLRQ��7K���7KH�WURQD�EHDULQJ�IRUPDWLRQ�FRQVLVWV�RI�ELWXPLQRXV�VKDOHV��

FOD\VWRQHV��DQG�VLOWVWRQHV�EHORZ�WKH�WURQD�]RQH�DQG�DOWHUQDWLQJ�FOD\VWRQH��ELWXPLQRXV�

VKDOH��DQG�WXIILWH�DERYH��%UHFFLDWHG�WXIILWHV�EHORZ�WKH�XSSHU�WURQD�]RQH�DUH�W\SLFDO��

7KH RLO�VKDOHV�PD\�EH�WKLQO\�ODPLQDWHG�RU�EUHFFLIRUP��7KH�IRUPDWLRQ�WKLFNQHVV�LV�XS�

WR�����P��7KHUH�DUH����PDMRU�WURQD�EHGV����XSSHU�DQG���ORZHU�EHGV�VHSDUDWHG�E\����P�

RI�LQWHUEXUGHQ�RI�FOD\VWRQH��EHGGHG�WXII��DQG�RLO�VKDOH��)LJXUH����

.DUDGRUXN�)RUPDWLRQ��7ND�� 7KLV�IRUPDWLRQ�LV�PDGH�XS�RI�GDUN�JUD\�OLPHVWRQHV�

ZLWK�FKHUW�OD\HUV�DQG�KRVWV�DQ�DTXLIHU��,W�LV�FRQIRUPDEOH�ZLWK�WKH�+LUND�DQG�6DUÕD÷ÕO�

)RUPDWLRQV�DW�LWV�ORZHU�DQG�XSSHU�FRQWDFWV��UHVSHFWLYHO\��7KH�WKLFNQHVV�LQ�JHQHUDO�LV�

DERXW����WR����P��DQG�XS�WR�D�PD[LPXP�

6DULD÷LO�)RUPDWLRQ��7V�� 7KLV�IRUPDWLRQ�FURSV�RXW�LQ�WKH�YLFLQLW\ RI�6DUÕD÷ÕO�YLOODJH�

LQ�WKH�QRUWKHUQ�SDUW�RI�WKH�%DVLQ�DQG�FRQVLVWV�RI�JUHHQLVK�JUD\�FOD\VWRQH�DQG�WXIILWH�

ZLWK�VRPH�PHGLXP�EHGGHG�OLPHVWRQH��,WV�WKLFNQHVV�UDQJHV�EHWZHHQ����DQG����P�

dDNÕORED�)RUPDWLRQ��7o�� 7KLV�IRUPDWLRQ�LV�FRPSRVHG�RI�OLPHVWRQHV�ZLWK�FKHUW��DQG�

DOWHUQDWLQJ� EHGV� RI� WXIILWH�� FOD\VWRQH�� DQG� PDUO� DW� WKH� XSSHU� DQG� ORZHU� OHYHOV��



��

UHVSHFWLYHO\��,W�KRVWV�WKH�VHFRQG�DTXLIHU�DERYH�WKH�WURQD�]RQH��7KH�URFN�XQLWV�LQ�WKH�

IRUPDWLRQ� KDYH� D� IUDFWXUHG� VWUXFWXUH� DQG� VROXWLRQ� IHDWXUHV�� 7KH� WKLFNQHVV� RI� WKH�

IRUPDWLRQ�WKURXJK�WKH�%DVLQ�UDQJHV�EHWZHHQ����DQG����P�

=DYL\H�)RUPDWLRQ��7]�� 7KLV�IRUPDWLRQ�ODUJHO\�FURSV�RXW�LQ�D�ODUJH�SDUW�RI�WKH�$UÕVHNL�

VHFWRU� DQG� LQ� WKH� VRXWKHUQ� SDUW� RI� WKH� %DVLQ�� 7KH� IRUPDWLRQ� PDLQO\� FRQVLVWV� RI�

DOWHUQDWLQJ�OD\HUV�RI�PDUO��FOD\VWRQH��DQG�WXIILWH�ZLWK�PLQRU�OD\HUV�RI�OLPHVWRQH�LQ�WKH�

XSSHU�SDUW��,WV�WKLFNQHVV�UHDFKHV�XS�WR�����P�VRXWK�RI�WKH�=DYL\H�)DXOW�DQG�EHFRPHV�

WKLQQHU�WRZDUGV�WKH�QRUWKHUQ�SDUW�RI�WKH�%DVLQ��7KH�IRUPDWLRQ�LV�XQFRQIRUPDEOH�RYHU�

WKH�dDNÕORED�)RUPDWLRQ�
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)LJXUH����6WUDWLJUDSKLF�VHFWLRQ�RI�WKH�%H\SD]DUÕ�WURQD�EDVLQ��g]J�P��*|NPHQR÷OX��

	�(UGXUDQ�������
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)LJXUH����%H\SD]DUÕ�VWUDWLJUDSK\�RI�XSSHU�DQG�ORZHU�WURQD�EHGV��øQFHHIH�	�

dDNPDNoÕ�������



��

������ 5HJLRQDO�DQG�3URSHUW\�6WUXFWXUH

7KH�%DVLQ�GHYHORSHG�GXULQJ�WKH�3RQWLGH�RURJHQLF�HYHQW�IURP�WKH�-XUDVVLF�SHULRG�WR�

0LRFHQH�HSRFK���,W�LV�FKDUDFWHUL]HG�E\�DFFUHWLRQDU\�GHIRUPDWLRQ�IURP�WKH�0HVR]RLF�

WKURXJK�7HUWLDU\�WLPHV�DW�LWV�DFWLYH�PDUJLQV�ZLWK�SHULRGV�RI�VKRUWHQLQJ�DQG�H[WHQVLRQ��

PRVW�ZHUH�UHODWHG�WR�WKH�G\QDPLFV�RI�WKH�QRUWKZDUG�VXEGXFWLRQ�RI�WKH�7HWK\DQ�RFHDQLF�

HYHQW��2ND\��������

7KH� 3RQWLGH� RURJHQ\� FRQVLVWHG� RI� WKUHH� SODWHV� RU� WHUUDLQHV� �6DNDU\D�� ,VWDQEXO�� DQG�

6WUDQGMD��ZLWK�LQGHSHQGHQW�KLVWRULHV�SULRU�WR�WKH�(DUO\�&UHWDFHRXV�SHULRG���7KH�%DVLQ�

LV� LQIOXHQFHG� ODUJHO\� ZLWKLQ� WKH� 6DNDU\D� WHUUDLQ�� ZLWK� VHGLPHQWDU\� VHTXHQFHV�

GHYHORSLQJ�IURP�WKH�/RZHU�-XUDVVLF��2ND\��*HRORJ\�RI�7XUNH\��$�6\QRSVLV�������

SHULRG���

7KH�0LRFHQH� FROOLVLRQ� EHWZHHQ� WKH�$UDELDQ� DQG�$QDWROLDQ� SODWHV� UHVXOWHG� LQ� ODUJH�

ODNHV�LQ�WKH�ZHVWHUQ�DQG�FHQWUDO�$QDWROLD�UHJLRQ�VXSSOLHG�E\�VHGLPHQWV�IURP�XSOLIWHG�

UDQJHV� RI� ROGHU� VHGLPHQWDU\� DQG� PHWDPRUSKLF� URFNV� DQG� QHDUE\� FDOF�DONDOLQH�

YROFDQLFV���7KH�1HRJHQH�%DVLQ�LV�ERXQGHG�WR�WKH�QRUWK�E\�WKH�:HVW�3RQWLGH�PRXQWDLQ�

EHOW�DQG�WR�WKH�VRXWK�E\�WKH�0LGGOH�6DNDU\D�LJQHRXV�DQG�PHWDPRUSKLF�PDVVLI�DQG�LV�

FKDUDFWHUL]HG�E\�H[WHQVLRQ�DQG�VWULNH�VOLS�IDXOWLQJ��)LJXUH����

7KH�%DVLQ�LV�GHILQHG�E\�D�QXPEHU�RI�VWUXFWXUHV�

x =DYL\H��.DQOÕFHYL]��DQG�(OPDEHOL�)DXOWV

x dDNÕORED�)ROG�6\VWHP�RI�DQWLFOLQHV�DQG�V\QFOLQHV

x 6HFRQGDU\� IDXOWV� GHYHORSHG� SDUDOOHO� WR� DQG�RU� LQWHUVHFWLQJ� WKH� PDMRU� IDXOW�

V\VWHPV

x %HGGLQJ�SODQHV�JHQHUDOO\�GLSSLQJ�WRZDUGV�WKH�VRXWKHDVW

7KH�=DYL\H�)DXOW VWULNHV�1���(��GLSV ��±�����LV�YLVLEOH�RQ�WKH�VXUIDFH�DORQJ���NP��

DQG�LV�WKH�VRXWKHUQ�ERXQGDU\�RI�WKH�%DVLQ���1R�WURQD�]RQHV�ZHUH�UHSRUWHG�WR�KDYH�EHHQ�

SHQHWUDWHG�GXULQJ�GULOOLQJ�LQ�WKH�VRXWKHUQ�SDUW�RI�WKLV�IDXOW���,W�LV�FRQVLGHUHG�D�ZUHQFK�



��

IDXOW�WR�WKH�ZHVW�DQG�D�VWULNH�VOLS�IDXOW�WR�WKH�HDVW���7KH�dDNÕORED�)ROG�DQG�)DXOW�6\VWHP�

VWULNHV�1��2(�ERXQGLQJ�WKH�%DVLQ�WR�WKH�QRUWK���6RPH�LVRODWHG�RFFXUUHQFHV�RI�WURQD�

EHGV�RFFXU�WR�WKH�QRUWKZHVW�RI�WKH�]RQH�

7KH�.DQOÕFHYL]�)DXOW VHSDUDWHV� WKH�%DVLQ�LQWR�WKH�$ULVHNL��(DVWHUQ��VHFWRU DQG�WKH�

(OPDEHOL� �:HVWHUQ�� VHFWRU�� VWULNLQJ�1���:� DQG� GLSSLQJ� ��±���VRXWKZHVW�� � ,W� LV� D�

WKUXVW�IDXOW�DQG�FXWV�ERWK�WKH�=DYL\H�)DXOW�DQG�WKH�dDNÕORED�)ROG��

)LJXUH����)DXOWV�DQG�IROGV�RI�VWXG\�DUHD

7KH�(OPDEHOL�)DXOW LV�D�WKUXVW�IDXOW�RQ�WKH�VRXWKZHVWHUQ�HQG�RI�WKH�%DVLQ�DQG�VWULNHV�

DSSUR[LPDWHO\�HDVW�ZHVW�

7KH�dDNÕORED�)ROG LV�D�V\VWHP�RI�DQWLFOLQHV�DQG�V\QFOLQHV�VWULNLQJ�1���(�ZLWK�D�����

NP�VXUIDFH�H[SUHVVLRQ�LQ�WKH�QRUWKHUQ�SDUW�RI�WKH�%DVLQ���,W�LV�VWURQJO\�PRQRFOLQDO�ZLWK�

GLSV�LQ�WKH�VRXWKHUQ�IODQN�DW�DERXW��±�� VRXWKZHVW�DQG���±��� LQ�WKH�QRUWKHUQ�IODQN�

�)LJXUH������



��

)LJXUH�����)ROGLQJ�V\VWHP�DW�VWXG\�DUHD�

������ +\GURORJ\

7ZR�PDMRU�DTXLIHUV�DUH�SUHVHQW�DW�WKH�VWXG\�DUHD��ERWK�DUH�DERYH�WKH�WURQD�EHG�LQ�WKH�

%DVLQ��

7KH�.DUDGRUXN�)RUPDWLRQ��7N���DERXW�����P�DERYH�WKH�WURQD�EHGV��LV�FRPSRVHG�RI�

FKHUW\�OLPHVWRQH��FKHUW� WXII��FOD\VWRQH��DQG�PXGVWRQH� :KHUH�IUDFWXUHG��WKH�OLPHVWRQH�

DQG�FKHUW�DUH�ZDWHU�EHDULQJ�DERYH�WKH�FRQILQLQJ�OD\HU���

7KH�dDNÕORED�)RUPDWLRQ��7o� LV�IUDFWXUHG�OLPHVWRQH�ZLWK�FKHUW�DQG�H[KLELWV�NDUVW�

ZLWK�EHGGHG�WXII��ORZHU�LQWHUEHGV�RI�FOD\VWRQH��DQG�PXGVWRQH���7KH�XSSHU�DQG�ORZHU�

EHGGHG�WXII��FOD\VWRQH��DQG�PXGVWRQH�OD\HU�DUH�LPSHUPHDEOH�OLWKRORJLF�KRUL]RQV�

������ +ÕUND�)RUPDWLRQ��7URQD�%HDULQJ�)RUPDWLRQ�

,Q� WKH�VWXG\�DUHD��SULQFLSDO�PLQHUDOV�DUH� WURQD� �1D�&2�1D+&2���+�2��ZLWK�PLQRU�

QDKFROLWH� �1D+&2��� 7URQD�PLQHUDO� LV� VHHQ�ZKLWH� WR� JUD\�KRQH\�FRORU�� FU\VWDOOLQH��

SULVPDWLF�WR�PDVVLYH�LQ�EHGGHG�OD\HUV�LQ�+ÕUND�)RUPDWLRQ��7KLUWHHQ������PDMRU�WURQD�

EHGV� ��� XSSHU� DQG� �� ORZHU� OD\HUV�� DUH� GHWHUPLQHG� E\� GULOOLQJ� GDWD� RI� GULOO� KROHV�

FRPSOHWHG�IRU�H[SORUDWLRQ�DQG�SURGXFWLRQ�ZHOO� 7KH�H[SORUDWLRQ�DQG�SURGXFWLRQ�GULOO�

KROHV�DQG�VHFWLRQ�RI�WURQD�VHDPV�DUH�JLYHQ�LQ�)LJXUH��� DQG�)LJXUH ����



��

)LJXUH������'�YLHZ�RI�XSSHU�DQG�ORZHU�WURQD�DQG�GULOOKROHV�

)LJXUH�����6HFWLRQ�YLHZ�RI�WURQD�VHDPV

$YHUDJH�VHDP�WKLFNQHVV�LV�����PHWHUV�IRU�XSSHU�]RQH�DQG�����PHWHUV�IRU�ORZHU�WURQD�

]RQHV��2YHUDOO��WKH�DYHUDJH�WKLFNQHVV�LV�����P�DQG�8��LV�WKH�WKLFNHVW�EHG�DYHUDJLQJ�����

PHWHUV�WKLFNQHVV��

7KH�GHSRVLW�RYHUDOO�7$�LV��������WKH�XSSHU�WURQD�]RQH�LV�������DQG�WKH�ORZHU�]RQH�LV�

�������7KH�KLJKHVW�JUDGHV�DUH�LQ�8��DW�������7$�DQG�������VRGLXP�FDUERQDWH���7KH�

ORZHVW�VRGD�YDOXHV�DUH�LQ�8��DQG�/���7KH�KLJKHVW�ELFDUERQDWHV�DUH�LQ�8��DW�������



��

x 8SSHU�/D\HUV��

�8�� $YHUDJH� JUDGH� LV� �����7RWDO�$ONDOLQLW\� �7$�� �1D�&2� LV��������DQG�

1D+&2���������� DQG� WKLV� WURQD� OD\HU� KDV� KLJKHVW� ELFDUERQDWH� FRQWHQW�� ,WV� DYHUDJH�

WKLFNQHVV�LV�����PHWHUV�

�8�� ,WV�7$�LV��������ZKHUH�1D�&2��LV��������DQG�1D+&2��LV��������DQG�

DYHUDJH�WKLFNQHVV�LV�����PHWHUV�

�8���$YHUDJH� JUDGH� RI� WKLV� WURQD� OD\HU� LV� ������� 7$�ZLWK� ���� P� DYHUDJH�

WKLFNQHVV�

�8;��7KLV�EHG� LV�SUHVHQW�RYHU�PRVW�RI� WKH�%DVLQ�DQG� LWV�GLVWULEXWLRQ� LV� OLNH�

OHQVRLG�ZLWK�����P�DYHUDJH�WKLFNQHVV�DQG��������7$��1D�&2��FRQWHQW�LV��������DQG�

1D+&2��LV���������8;�EHG�KDV�KLJKHVW�LQVROXEOH�FRQWHQW�ZLWK��������

�8���7KLV�EHG� LV� WKH� WKLFNHVW�DQG� WKH�KLJKHVW�JUDGH�EHG�ZLWK�����P�DYHUDJH�

WKLFNQHVV�DQG��������7$��FRQWDLQLQJ��������1D�&2� DQG��������1D+&2���

�8�� ,WV�DYHUDJH�WKLFNQHVV�LV�����P�DQG�JUDGH�LV��������7$���������1D�&2�

DQG��������1D+&2���

�8������PHWHUV�LQ�DYHUDJH�WKLFNQHVV�DQG��������7$�LQ�DYHUDJH�JUDGH�

x /RZHU /D\HUV��

�/���6RGD�LV���������ELFDUERQDWH�LV��������DQG�LWV�DYHUDJH�WKLFNQHVV� LV�����

PHWHUV�

�/���$YHUDJH�JUDGH�LV��������7$�DQG�DYHUDJH�WKLFNQHVV�LV�����PHWHUV�

�/���,WV�JUDGH�LV��������7$��1D�&2� LV��������DQG�1D+&2��LV��������

�/�� 7KLV�EHG�KDV��������7$���������1D�&2� DQG��������1D+&2���ZLWK�����

P�DYHUDJH�WKLFNQHVV�

�/�� ����P�WKLFN�ZLWK�D�7$�RI���������

�/�������P�WKLFN�ZLWK�D�7$�RI���������

�/���,W�KDV�VPDOO�IRRWSULQW�RI�����P�WKLFNQHVV�DQG��������7$�



��



��

&+$37(5��

�� 352'8&7,21�81,76�,1�%(<3$=$5,�7521$�0,1(

���� 'ULOOLQJ�DQG�&RPSOHWLRQ�RI�8QLWV�

6ROXWLRQ�PLQLQJ� LV� XVHG� DV�PLQLQJ�PHWKRG� DW� VWXG\� DUHD��7KLV�PHWKRG� LV� GRQH� YLD�

SURGXFWLRQ�ZHOOV��'ULOOLQJ�VWHSV�RI�ZHOOV�DQG�FRPSOHWLRQ�RI�XQLWV�ZHUH�FODULILHG�LQ�WKLV�

FKDSWHU��

7ZR�����YHUWLFDO�ZHOOV�DQG�RQH�����GLUHFWLRQDOO\�GULOOHG RU KRUL]RQWDO�ZHOO�FRPSULVH�

RQH�SURGXFWLRQ�XQLW��,Q�)LJXUH�����VFKHPDWLF�YLHZ�RI�WKH�SURGXFWLRQ�XQLW�LV�JLYHQ� ,W�

VKRZV� WKDW� WRS�YLHZ�RI�KRUL]RQWDO�ZHOO�DQG� LWV� ODQGLQJ�SRLQW�DQG�YHUWLFDO�ZHOOV��7R�

FRQVWUXFW� RQH�SURGXFWLRQ�XQLW�� ILUVWO\� YHUWLFDO�%�ZHOO� LV� GULOOHG� DQG� WKHQ� GULOOLQJ�RI�

YHUWLFDO�$�ZHOO�LV�FRPSOHWHG��)LQDOO\� KRUL]RQWDO�ZHOO�VKDOO�EH�GULOOHG�DQG�WKLV�ZHOO�LV�

FRQQHFWHG�ZLWK�YHUWLFDO�$�DQG�%�ZHOOV�XQGHUJURXQG�YLD�GULOOLQJ��7KH�GLVWDQFH�EHWZHHQ�

ODQGLQJ�SRLQW��/3��RI�KRUL]RQWDO�ZHOO�DQG�YHUWLFDO�ZHOOV�DUH�DOPRVW����PHWHUV��LW�FDQ�

FKDQJH�DFFRUGLQJ�WR�JHRORJLFDO�FRQGLWLRQV��

$FFRUGLQJ�WR�WRS�YLHZ�RI�WKH�SURGXFWLRQ�XQLW��LQQHU�HOOLSWLFDO�VKDSH�VKRZV�SURGXFWLRQ�

DUHD�RI�XQLW��%RXQGDU\�RI�VHPLFLUFOH�ZLWK�D����PHWHUV¶�UDGLXV�RI�DQG�UHFWDQJOH�ZLWK�D�

���PHWHUV�ORQJ�HGJH�VKRZV�SURGXFWLRQ�DUHD�RI�XQLW��7URQD�UHVHUYH�RI�WKH�XQLW�FDQ�EH�

SURGXFHG�WKURXJKRXW�DOO�WURQD�VHDPV��3LOODUV�DUH�OHIW�EHWZHHQ�SURGXFWLRQ�XQLWV�WR�PDNH�

SURGXFWLRQ�VDIH�DQG�VDIHW\�]RQH�RI�SURGXFWLRQ�XQLWV�DW�OHDVW����PHWHUV��)LJXUH���������



��

)LJXUH�����6FKHPDWLF�YLHZ�RI�XQLW

%HIRUH�VWDUWLQJ�D�GULOOLQJ��ZHOO�SDG�LV�SUHSDUHG�IRU�GULOOLQJ�ULJ�DQG�LWV�IDFLOLWLHV��$QG�

WKHQ�ULJ�LV�PRELOL]HG�ZHOO�SDG�DQG�DIWHU�ULVLQJ�GHUULFN�GULOOLQJ�VKDOO�VWDUW��)LJXUH�������

)LJXUH�����3UHSDULQJ�GULOOLQJ



��

)LJXUH�����:KLOH�GULOOLQJ�D�YHUWLFDO�ZHOO�ZLWK�URWDU\�WDEOH�ULJ�

,Q�WKH�VWXG\�DUHD��WZR�GLIIHUHQW�W\SHV RI�GULOOLQJ�PDFKLQH�DUH XVHG�IRU�WKH�FRPSOHWLRQ�

RI�GULOOLQJ� QDPHG�URWDU\�WDEOH�ULJ�DQG�WUXFN�PRXQWHG�PDFKLQH��)LJXUH���	�����)RU�

YHUWLFDO�ZHOO�GULOOLQJ�ERWK�GULOOLQJ�PDFKLQH�LV�VXLWDEOH�EXW�EHFDXVH�RI�HQJLQH�FDSDFLW\�

DQG�GLUHFWLRQDO�GULOOLQJ�SDUW��KRUL]RQWDO�GULOOLQJ�FDQ�RQO\�EH�FRPSOHWHG�ZLWK�GULOOLQJ�

ULJ��

)LJXUH�����7UXFN�PRXQWHG�GULOOLQJ�PDFKLQH�



��

������ 'ULOOLQJ�DQG�FRPSOHWLRQ�RI�YHUWLFDO�ZHOOV�

$W�WKH�PLQH�VLWH��WKH�SUHVHQFH�RI�XQGHUJURXQG�ZDWHU��DTXLIHU�V\VWHPV��DQG�GHSWK�RI�

WURQD� VHDPV� DUH� WDNH� LQ� DFFRXQW��7KH� SURGXFWLRQ�ZHOOV� DUH� GHVLJQHG IRU� SURWHFWLQJ�

ZDWHU�V\VWHPV� ,W�PHDQV�WKDW SURGXFWLRQ�ZHOOV�FRQVLVW�RI�WZR�����GLIIHUHQW�FDVLQJ�SLSHV�

�FDOOHG�VXUIDFH�DQG�SURGXFWLRQ�FDVLQJ��DQG�RQH�����SURGXFWLRQ�SLSH��L�H�� WXELQJ��� ,Q�

RUGHU�WR�SUHYHQW�ZDWHU�SROOXWLRQ��WZR�WLPHV�FHPHQWDWLRQ�ZRUNV�VKDOO�EH�GRQH��'ULOOLQJ�

RI�YHUWLFDO ZHOO�VWHSV�JLYHQ�EHORZ �%HúLU�	�.DIDGDU��������

D� )LUVW�� FRQGXFWRU� KROH� GULOOLQJ� LV� FRPSOHWHG� IURP� �� WR� PD[LPXP� ���PHWHUV�

�PLQLPXP���PHWHUV��ZLWK����ò�LQFK��������PP��GLDPHWHU�GULOO�ELW� WR�PDNH�

ZHOO�PRUH�VWDEOH�DQG�FRQWLQXH�GULOOLQJ�ZLWKRXW�GHYLDWLRQ�DQG ���LQFK��������

PP��ZLWK�VSHFLILFDWLRQV�-�����SSI�±%7&�5��FRQGXFWRU�SLSH�LV�UXQ�LQ�WKH�KROH��

&RQGXFWRU� SLSH� OHQJWK� FDQ� EH� FKDQJHG� DFFRUGLQJ� WR� VXUIDFH� FRQGLWLRQ� �H[��

ILOOHG�ZHOO�SDG���$QG�WKHQ��KROH�LV�FHPHQWHG�ZLWK�FHPHQW�VOXUU\�ZLWK�D�VSHFLILF�

JUDYLW\��6*��RI�������)LJXUH�����

)LJXUH�����&RQGXFWRU�GULOOLQJ�RI�YHUWLFDO�ZHOO�



��

E� $IWHU�WZHOYH������KRXUV�ZDLW�IRU�FHPHQW��XQWLO�WKH�XQGHUJURXQG�ZDWHU�OHYHOV��

GULOOLQJ� VKDOO� EH� FRQWLQXHG� LQ� WKH� KROH �5,+�� ZLWK� ��ô�LQFK� �������PP��

GLDPHWHU�DERXW�����PHWHUV�DQG�DOPRVW����PHWHU�JDS�LV�OHIW�WR�SUHYHQW�PL[LQJ�

XQGHUJURXQG�ZDWHU�ZLWK� VROXWLRQ��:KHQ� GULOOLQJ� LV� FRPSOHWHG� WR� ���PHWHUV�

ERWWRP�RI�VHFRQG�DTXLIHU�ZKLFK�LV�FDOOHG�.DUDGRUXN�IRUPDWLRQ��VHFRQG�DTXLIHU�

�OLPHVWRQH�� FDQ� EH� FKHFNHG�ZLWK� HOHFWULFDO� ORJJLQJ� �JDPPD� UD\� SUREH�� DQG�

JHRORJLFDO� FXWWLQJV�� DQG� ��ô�LQFK� �������PP�� GLDPHWHU� �� ZLWK� D� WHFKQLFDO�

VSHFLILFDWLRQ�-���������SSI�%7&�5��5�� VXUIDFH�FDVLQJ�SLSHV�DUH�VHW�GRZQ�DW�

OHDVW����PHWHU�EHORZ�ERWWRP�RI�VHFRQG�DTXLIHU��$IWHU�ORZHULQJ�GRZQ�WKH�FDVLQJ�

SLSHV��WKHVH�SLSHV�DUH�FHPHQWHG�ZLWK�*�&ODVV�FHPHQW��7KLV�VWHS�FDOOHG�6SXG�,�

LV�FRPSOHWHG�ZLWK�WKLV�FHPHQWDWLRQ�SURFHVV��)LJXUH������

)LJXUH�����6SXG�,�GULOOLQJ�RI�YHUWLFDO�ZHOO�



��

F� $IWHU�WZR�����GD\V�RI�ZDLWLQJ�IRU�FHPHQW�FXULQJ��GULOOLQJ�VKDOO�EH�FRQWLQXHG�WR�

WDUJHW�WURQD�VHDP�DOPRVW���������PHWHUV�LQ�GHSWK�ZLWK��ò�LQFK��������PP��

GLDPHWHU� GULOO� ELW�� :KHQ� WKH� GULOOLQJ� UHDFKHV� WDUJHW� WURQD� VHDPV
� ERWWRP��

HOHFWULFDO� ORJJLQJ�FDQ�EH�SHUIRUPHG� WR�GHWHUPLQH� WKH� WKLFNQHVV�RI�VHDP�DQG�

VWDUWLQJ�DQG�HQGLQJ�GHSWK�RI�VHDPV��$FFRUGLQJ�WR�WKHVH�GDWD���

�GLDPHWHU�-���

��� OEV�IW����3��������OEV�IW���%7&�5��5� SURGXFWLRQ�FDVLQJ�SLSHV�DUH�SUHSDUHG�

DQG�VHQW� LQ� WR� WDUJHW� WURQD�VHDPV
� URRI�JLYHQ�)LJXUH�����$QG�WKHQ�FHPHQW� LV�

SXPSHG�WR�ZHOO�DQG�ZHOO�LV�ZDLWHG�WZR�����GD\V�IRU�FXULQJ��FDOOHG�6SXG�,,��

)LJXUH�����6SXG�,,�GULOOLQJ�RI�YHUWLFDO�ZHOO



��

G� )LQDOO\�� LQ� RUGHU� IRU� GRLQJ� LQLWLDO� OHDFKLQJ� DQG� SURGXFWLRQ�� ��LQFK�GLDPHWHU�

�������PP��WXELQJ�VWULQJ��-�� LQ�5�� WXELQJ�SLSHV�VKDOO�EH�UXQ�LQ�WR�KROH�WR�

WDUJHW�VHDPV
�IORRU��)LJXUH������

)LJXUH�����6FKHPDWLF�YLHZ�RI�YHUWLFDO�ZHOOV



��

$QG�WKHQ��VXUIDFH�IDFLOLWLHV�DUH�FRPSOHWHG�

x )LUVWO\��ZHOO�WUHH�LV�FRQQHFWHG�WR�FDVLQJ�DQG�WXELQJ�SLSHV�ZLWK�YDOYHV�DQG�RWKHU�

DX[LOLDU\�HTXLSPHQW�VXFK�DV�FKRNH��KDQJHU��)LJXUH�������

)LJXUH�����(OHPHQWV�RI�ZHOO�WUHH

x 7KHQ�� IORZ�PHWHU�� SUHVVXUH� WUDQVPLWWHU� DQG� FRQWURO� YDOYHV� DUH� FRQQHFWHG� WR�

EUDQFK� SLSHV� DQG� WKHVH� SLSHV� DUH� ZHOGHG� WR� PDLQ� SLSHOLQH�� $QG� HOHFWULFLW\�

FRQQHFWLRQ�RI�WKHVH�GHYLFHV�LV�FRPSOHWHG�

x )LQDOO\��ZHOO�LV�UHDG\�IRU�RSHUDWLQJ��)LJXUH��� DQG�����

,Q�ZHOOKHDG��WKHUH�DUH�WZR�SDUDOOHO�SLSHOLQHV��RQH�RI�WKHP�LV�VROYHQW�LQMHFWLRQ�OLQH��DW�

WKH�WRS��DQRWKHU�RQH�LV�EULQH�UHFRYHU\�OLQH��DW�WKH ERWWRP���)RXU�YDOYHV�LQ�WKH�ZHOO�WUHH�

DUH�XVHG�LQMHFWLRQ�RU�UHFRYHU\�LQVLGH�WXELQJ�RU�FDVLQJ�SLSHV��
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78%,1*�+($'

*$7(�9$/9(

$'$37(5�)/$1*(

&5266

*$7(�9$/9( *$7(�9$/9(

&+2.(

+$1*(5�
),;,1*�
%2/76
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,I�SURGXFWLRQ�ZHOO� LV�XVHG�IRU� LQMHFWLRQ�ZHOO�� VROYHQW� LV� LQMHFWHG� IURP�VROYHQW� WDQNV�

ORFDWHG�LQ�WKH�SODQW�DQG�FRPHV�WKURXJK�PDLQ�SLSHOLQH�WR�EUDQFK�OLQH��6ROYHQW�SDVVHV�

WKURXJK� IORZ�PHWHU�� DXWRPDWLF� FRQWURO� YDOYH� DQG� SUHVVXUH� WUDQVPLWWHU� DQG� JRHV� WR�

XQGHUJURXQG�

,I�SURGXFWLRQ�ZHOO�LV�XVHG�IRU�EULQH�UHFRYHU\�ZHOO��EULQH�FRPHV�IURP�XQGHUJURXQG�DQG�

SDVVHV�PDQRPHWHU�DQG�IORZ�PHWHU�DQG�LW�FRQQHFWV�EUDQFK�SLSHOLQH�WR�PDLQ�SLSHOLQH��

$QG�WKHQ�DOO�EULQH�FROOHFWV�LQ�WKH�SODQW�LQ�EULQH�WDQNV�

)LJXUH������6FKHPDWLF�YLHZ�RI�ZHOOKHDG�RI�SURGXFWLRQ�ZHOOV



��

)LJXUH�����:HOOKHDG�RI�SURGXFWLRQ�ZHOO�

������ 'ULOOLQJ�DQG�FRPSOHWLRQ�RI�KRUL]RQWDO�ZHOOV�

$V�H[SODLQHG�LQ�6HFWLRQ������FRQGXFWRU�DQG�VXUIDFH�WKH�FDVLQJ�GULOOLQJ��QDPHG�DV�6SXG�

,��DW�KRUL]RQWDO�RU�GLUHFWLRQDOO\�GULOOHG�ZHOO�LV�WKH�VDPH�DV�YHUWLFDO�ZHOO�GULOOLQJ��)RU�

YHUWLFDO�ZHOOV��GULOOLQJ�FDQ�EH�FRPSOHWHG�ZLWK�GULOOLQJ�ULJ DQG�LWV�URWDWLQJ�DOO�GULOOLQJ�

SLSHV�� :KLOH� GULOOLQJ� IRUPDWLRQ� DQG� DGGLQJ� QHZ� GULOOLQJ� SLSHV�� GULOOLQJ� FDQ� EH�

FRQWLQXHG�XQWLO�LQWHQGHG�GHSWK��

9HUWLFDO�ZHOO� GULOOLQJ� FRQVLVWV� RI� GULOOLQJ� ULJ�� GULOOLQJ� SLSHV�� ,Q� DGGLWLRQ� WR� YHUWLFDO�

GULOOLQJ��KRUL]RQWDO�GULOOLQJ�FRQVLVWV�RI�0:'��0HDVXULQJ�:KLOH�'ULOOLQJ��V\VWHP�DQG�

6WHHUDEOH�GRZQ�KROH�PRWRU�RU�3RVLWLYH�'LVSODFHPHQW�0RWRU��3'0���0:'�DQG�3'0

�)LJXUH���� DUH�FDOOHG�DV�%RWWRP�+ROH�$VVHPEO\��%+$��

,QVLGH�WKH�3'0��WKHUH�LV�D�URWRU�WKDW�DOORZV�GULOOLQJ�PXG�LQVLGH�WR�SDVV�WKURXJK�WKH�LQ�

KROH�DQG�WR�FKDQJH�PRYLQJ�WR�URWDWLRQDO�PRWLRQ��7KXV��RQO\�3'0�FDQ�URWDWH�LQVWHDG�

RI�URWDWLQJ�RI�ZKROH�GULOOLQJ�SLSHV��,Q�WKLV�ZD\��GULOOLQJ�FDQ�EH�GHYLDWHG�WR�LQWHQGHG�

GLUHFWLRQ�ZLWK�GHWHUPLQHG�GHYLDWLRQ�DQJOH��

0:'� �0HDVXULQJ�:KLOH�'ULOOLQJ�� V\VWHP� WDNHV� VRPH�GDWD�ZKLOH� GULOOLQJ��'ULOOLQJ�

ZRUNHU�VKDOO�EH�LQIRUPHG�ZLWK�WKHVH�GDWD�DERXW�ZKHUH�WKH�ELW�LV�JRLQJ��,QVLGH�WKH�0:'�



��

GHYLFH��WKHUH�DUH�VHQVRUV�ZKLFK�DUH�DFFHOHURPHWHU�DQG�PDJQHWRPHWHU�WR�IROORZ�GULOOLQJ�

SLSHV�LQFOLQDWLRQ�DQG�RULHQWDWLRQ��,QFOLQDWLRQ�VKDOO�EH�GHWHUPLQHG�ZLWK�DFFHOHURPHWHU�

�DV�DFFHSWHG�YHUWLFDO� LV��R��KRUL]RQWDO� LV���R��DQG�D]LPXWK�VKDOO�EH�GHWHUPLQHG�ZLWK�

PDJQHWRPHWHU��XVLQJ�ZRUOG�PDJQHWLF�DUHD���

'DWD�FROOHFWHG�E\�VHQVRUV�LV�WUDQVPLWWHG�WR�WKH�VXUIDFH�LQ�UDGLR�ZDYHV��(YHU\�SLHFH�RI�

GULOOLQJ�SLSH��0:'�VKDOO�WDNH�D�VHW�RI�GDWD�DQG�VDYH�LQ�WKH�FRPSXWHU�RQ�VXUIDFH��LW�

VKDOO�EH�FKDQJHG�WR�QXPHULFDO�FRRUGLQDWH�YDOXHV��$W�HYHU\�GULOOLQJ�SLSH�����PHWHUV��

WKH�ORFDWLRQ�RI�ZHOOERUH�FDQ�EH�FDOFXODWHG������

$IWHU�6SXG�,�GULOOLQJ��ERUHKROH�VWDUWV�WR�GHYLDWH�ZLWK�D�UDGLXV�DURXQG���������PHWHUV��

7KLV�SRLQW�LV�FDOOHG�DV�.LFN�RI�3RLQW��.23��DQG�GHYLDWHG�GULOOLQJ�FDQ�EH�GRQH�ZLWK�

VSHFLDO� HTXLSPHQW� DQG� GULOOLQJ� SLSHV� KDYLQJ� �����P� GHYLDWLRQ� DQG� PXG� PRWRUV�

H[SODLQHG�DERYH��

:LWK� �ò�LQFK �������PP��GLDPHWHU� GULOO� ELW� VHQG� LQWR� KROH� WRJHWKHU� ZLWK� 3RVLWLYH�

'LVSODFHPHQW�0RWRU��3'0��RI�����PP�RXWHU�GLDPHWHU��'ULOOLQJ�VKDOO�EH�FRQWLQXHG�

ZLWK�EXLOW�XS�WR�QRPLQDOO\�WKURXJK�WKH�URRI�RI�WKH�LQLWLDO�OHDFKLQJ�VHDP��$QG�WKHQ��ZLUH�

OLQH�ORJJLQJ�VKDOO�EH�SHUIRUPHG�WR�FKHFN�LI�GULOO�ELW�KLW�WDUJHW�VHDP�DSSURSULDWHO\�RU�

QRW��,I�WKH�SRLQW�UHDFKHG�LV�FRUUHFW��WKLV�SRLQW�LV�QDPHG�DV�/DQGLQJ�3RLQW��/3��



��

)LJXUH�����0HDVXUHPHQW�ZKLOH�GULOOLQJ�V\VWHP�DQG�GRZQ�KROH�WRRO��:LUHOHVV�

0HDVXUHPHQW�:KLOH�'ULOOLQJ��Q�G��

$IWHU�/DQGLQJ�3RLQW�LV�GHILQHG���

�GLDPHWHU�-�������OEV�IW����3��������OEV�IW���%7&�

5��5��SURGXFWLRQ�FDVLQJ�SLSHV�DUH�SUHSDUHG�WR�UXQ�LQ�WKH�KROH��$QG�FHPHQWDWLRQ�VKDOO�

EH�SHUIRUPHG�WR�VWDELOL]H�SURGXFWLRQ�FDVLQJV�



��

������ ,QWHUVHFWLRQ�RI�KRUL]RQWDO�ZHOO�ZLWK�YHUWLFDO�ZHOO

'ULOOLQJ�ZLWK�3'0�VKDOO�FRQWLQXH�XQWLO����PHWHUV�WR�YHUWLFDO�ZHOO�DQG�WDUJHW�KLWWLQJ�

SUREH�UXQ�LQWR�WKH�YHUWLFDO�ERUHKROH��$FFXUDF\��D]LPXWK��LQFOLQDWLRQ�DQG�GLVWDQFH�GDWD�

VKDOO�EH�FROOHFWHG�ZLWK�LW��$QG�WKHQ�KRUL]RQWDO�ZHOO�VKDOO�FRQQHFW�YHUWLFDO�ZHOO�XQGHU�

WKH�JXLGDQFH�RI�WDUJHW�KLWWLQJ�SUREH��

$IWHU�WKH�ZHOOV�DUH�FRQQHFWHG�XQGHUJURXQG����LQFK�GLDPHWHU�WXELQJ�SLSHV�DUH�VHWWOHG�

GRZQ�WR�KRUL]RQWDO�ERUH�KROH�DV�LW�ZLOO�EH�DOPRVW�RQH�PRUH�SLHFH�WKDQ�FDVLQJ�SLSHV��

���� 2SHUDWLRQDO�)DFWRUV�$IIHFWLQJ�0DWXULW\

7KH�PLQLQJ�VLWH� LV�GLYLGHG�WR� WZR�VHFWRUV�FDOOHG (OPDEHOL�DQG�$UÕVHNL� LQ�%H\SD]DUÕ�

WURQD�PLQH��([LVWLQJ�SURGXFWLRQ�DUHD�LV�LQ WKH $UÕVHNL�VHFWRU�JLYHQ�LQ )LJXUH�����)RU�

WKLV� WKHVLV��QLQHWHHQ� �����SURGXFWLRQ�XQLWV�FLUFOHG�ZLWK� UHG�FRORU LQ�)LJXUH��� ZHUH�

FKRVHQ�IURP�WKLV�VHFWRU�WR�REVHUYH�WKH�RSHUDWLRQ�IDFWRUV�DIIHFWLQJ WKH PDWXULW\�RI�XQLWV���



��

)LJXUH�����6FKHPDWLF�YLHZ�RI�SURGXFWLRQ�DUHD�RI�PLQH�VLWH

7KHVH�SURGXFWLRQ�XQLWV�ZHUH�GULOOHG�LQ�GLIIHUHQW�VHDPV�ZKLFK�DUH�8���8���/��DQG�/���

)LUVWO\��SURGXFWLRQ�GDWD�ZDV�REWDLQHG�IURP�FRPSDQ\�DQG�WKH\�ZHUH�WDEXODWHG LQ�GDLO\�

EDVLV�LQFOXGLQJ�LQMHFWLRQ�WHPSHUDWXUH�DQG�IORZ�UDWH�IRU�HDFK�XQLW��

6HFRQGO\�� ODERUDWRU\� DQDO\VLV� LQIRUPDWLRQ� ZDV� DFTXLUHG� IURP� FRPSDQ\�� 7KH�

LQIRUPDWLRQ� LQFOXGHV� WKH� GDWD� DERXW� FRQFHQWUDWLRQ� RI� 1D�&2� DQG� 1D+&2� DQG�

GHQVLW\�RI�EULQH��)URP�WKHVH�YDOXHV��WRWDO�DONDOLQLW\��7$��LQ�SHUFHQWDJH�ZDV�FDOFXODWHG�

IRU�DOO�SURGXFWLRQ�XQLWV��7DEOH�� LV�JLYHQ�DV�DQ�H[DPSOH�RI�ODERUDWRU\�DQDO\VLV�WDEOH��

7$���YDOXHV�ZHUH�DGGHG�WR�SURGXFWLRQ�GDWD�OLVW��



��

7DEOH����/DERUDWRU\�DQDO\VLV�RI�38���XQLW��ILUVW����GD\V�RI�SURGXFWLRQ�

7LPH��K� G��J�FP��
1D�&2�

�J�O�
1D+&2�

�J�O�
7$�
�J�O�

7$
���

�� ���� ����� ���� ����� ����
�� ���� ����� ���� ����� ����
�� ���� ����� ���� ����� ����
�� ���� ����� ���� ����� ����
��� ���� ���� ���� ����� ���
��� ���� ���� ���� ����� ����
��� ���� ���� ���� ����� ����
��� ���� ���� ���� ����� ���
��� ���� ���� ���� ����� ����
��� ���� ���� ���� ����� ����
��� ���� ���� ���� ����� ����
��� ���� ���� ���� ����� ����
��� ���� ���� ���� ����� ����
��� ���� ���� ���� ����� ����
��� ���� ���� ���� ����� ����

%ULQH�KDV�WZR�FRPSRQHQWV�ZKLFK�DUH�VRGLXP�FDUERQDWH�DQG�VRGLXP�ELFDUERQDWH��7RWDO�

VRGLXP�FDUERQDWH�RI�EULQH�LV�H[SUHVVHG�DV�7RWDO�$ONDOLQLW\��7$����RI�EULQH�DQG�DV�DQ�

H[DPSOH��FDOFXODWLRQ�RI�WRWDO�DONDOLQLW\�IRU�RQH�RI�XQLW�LV�H[SODLQHG�EHORZ�

x �1D+&2� 1D�&2� ��+�2���&2� >�@

0ROHFXODU�ZHLJKW�RI�1D+&2� LV����J�PRO

0ROHFXODU�ZHLJKW�RI�1D�&2� LV�����J�PRO

)URP�HTXDWLRQ�>�@�WR�FRQYHUW�VRGLXP�ELFDUERQDWH�LQWR�VRGLXP�FDUERQDWH��

�0ROHFXODU�ZHLJKW�RI�1D�&2������
�0ROHFXODU�ZHLJKW�RI�1D+&2��� ���������� �������

LV�XVHG�DV�FRHIILFLHQW�



��

)RU�H[DPSOH��VRGLXP�FDUERQDWH�FRQFHQWUDWLRQ�RI�XQLW�38���LV�������J�O�DQG�VRGLXP�

ELFDUERQDWH�LV������J�O�JLYHQ�ILUVW�OLQH�RI�7DEOH����$QG�WRWDO�DONDOLQLW\��J�O��LV�

7$��J�O�� ��������������
����� �������J�O

0RUHRYHU��WRWDO�DONDOLQLW\�LQ�SHUFHQWDJH�LV�FDOFXODWHG�DV�EHORZ�

'HQVLW\�RI�EULQH�ZDV�JLYHQ�DV������J�FP� �L�H� ������J�O�

7$��J�O�� ������
�'HQVLW\�RI�EULQH�
�7$��������������������������������>�@

)URP�HTXDWLRQ�>�@��7$��� ��������������
�������

7$��� ���������

$IWHU� FDOFXODWLQJ� SHUFHQWDJH� RI� WRWDO� DONDOLQLW\� IRU� DOO� XQLWV�� ������� RI� GDWD� ZHUH

FROOHFWHG�WR�GHWHUPLQH�WKH�HIIHFW�RI�LQMHFWLRQ�WHPSHUDWXUH�DQG IORZ�UDWH�RQ�7$���RI�

EULQH��7DEOH��	� DUH JLYHQ�DV�DQ�H[DPSOH�RI�ILUVW�� PRQWKV�RI�GDWD�IRU�XQLW�38������

7DEOH����3URGXFWLRQ�DQG�ODERUDWRU\�GDWD�RI�XQLW�38����ILUVW���PRQWK�

7LPH��K� 7$���� 7��R&� 4��W�K�
7LPH�
�K�

7$�
���

7�
�R&�

4�
�W�K�

�� ���� �� ��� ��� ���� �� ����
�� ���� �� ���� ��� ���� �� ����
�� ���� �� ���� ��� ���� �� ����
�� ���� �� ���� ��� ���� �� ����
��� ���� �� ���� ��� ���� �� ����
��� ��� �� ���� ��� ���� �� ����
��� ���� �� ���� ��� ���� �� ����
��� ���� �� ���� ��� ���� �� ����
��� ��� �� ���� ��� ���� �� ����
��� ���� �� ���� ��� ���� �� ����
��� ���� �� ���� ��� ���� �� ����
��� ���� �� ���� ����� ���� �� ����
��� ���� �� ���� ����� ���� �� ����
��� ���� �� ���� ����� ���� �� ����
��� ���� �� ���� ����� ���� �� ����
��� ���� �� ���� ����� ���� �� ����
��� ���� �� ���� ����� ���� �� ����
��� ���� �� ���� ����� ���� �� ����
��� ���� �� ���� ����� ���� �� ����
��� ���� �� ���� ����� ���� �� ����



��

7DEOH����3URGXFWLRQ�DQG�ODERUDWRU\�GDWD�RI�XQLW�38����ILUVW���PRQWK��FRQW¶G�

7LPH��K� 7$���� 7��R&� 4��W�K�
7LPH�
�K�

7$�
���

7�
�R&�

4�
�W�K�

��� ���� �� ���� ����� ���� �� ����
��� ���� �� ���� ����� ���� �� ����
��� ���� �� ���� ����� ���� �� ����
��� ���� �� ���� ����� ���� �� ����
��� ���� �� ���� ����� ���� �� ����
��� ���� �� ���� ����� ���� �� ����
��� ���� �� ���� ����� ���� �� ����
��� ���� �� ���� ����� ���� �� ����
��� ���� �� ���� ����� ���� �� ����
��� ���� �� ���� ����� ���� �� ����

7KH� VWXG\� DUHD� KDV� EHHQ� ZRUNLQJ� IRU� WHQ� \HDUV� DQG� SURGXFWLRQ� FRQWLQXHV� ZLWKRXW�

VWRSSLQJ��7KDW¶V�ZK\� GULOOLQJ�DQG�VWDUWLQJ�RSHUDWLRQ�RI�QHZ�XQLWV�DUH�FRQWLQXLQJ�WR�

VXSSRUW�SURFHVV�SODQW�ZLWKRXW�DQ\�LQWHUUXSWLRQ��%XW�SODQQHG�RU�XQSODQQHG�HYHQWV�PD\�

EH�RFFXUUHG�LQ�VRPH�SHULRGV�VXFK�DV SRZHU�FXW��FKDQJLQJ�HOHFWULFDO�GHYLFHV�VXFK�DV�

IORZ�PHWHU�DQG�SURGXFWLRQ�FXW�IRU�PDLQWHQDQFH��)RU�WKLV�UHDVRQ��WKHUH�ZHUH�PLVVLQJ�

GDWD�LQ�WKH�KLVWRULFDO�GDWD�DQG�VRPH�RI�DVVXPSWLRQV�ZHUH�PDGH LQ�WKLV�UHJDUG��7KHVH�

DVVXPSWLRQV�DUH DV�IROORZV�

x $OO�XQLWV�ZHUH�DVVXPHG�WR�VWDUW�WKH SURGXFWLRQ�DW�WKH�VDPH�WLPH��

x 7KH�PLVVLQJ�URZV�LQ�WKH�KLVWRULFDO�GDWDVHW�ZHUH�ILOOHG�ZLWK�D�UDQGRP�YDOXH�LQ�

FRPSOLDQFH�ZLWK�WKH�WUHQG�RI�WKH�SUH� DQG�SRVW�GDWD�IORZ��%\�WKLV�ZD\��SRWHQWLDO�

VWDWLVWLFDO�HUURUV�ZHUH�DYRLGHG���

x 2SHUDWLRQ�RI�VRPH�RI�XQLWV�PD\�EH�VWRSSHG�IRU�VRPH�UHDVRQV��DW�WKDW�WLPH�WKHVH�

RII�GD\V�DUH�QHJOHFWHG�DQG�SURGXFWLRQ�KRXUV�ZHUH�VKLIWHG�IRU�WKHVH�GD\V�

������ $QDO\VLV�RI�SURGXFWLRQ�XQLWV

7KH�SXUSRVH�RI�WKLV�WKHVLV�LV�WR�DQDO\]H�LQMHFWLRQ�WHPSHUDWXUH��7���LQMHFWLRQ�IORZ�UDWH�

�4��DQG�EULQH�FRQFHQWUDWLRQ��7$����RI����SURGXFWLRQ�XQLWV�DQG�YHULI\�ZKHWKHU� WKH�

UHJUHVVLRQ� DQDO\VLV� PHWKRGV� ZRXOG� H[SODLQ� RSHUDWLRQDO� IDFWRUV� DUH� DIIHFWLQJ� EULQH�



��

FRQFHQWUDWLRQ�LQFUHDVH�RU�QRW��)RU�WKLV�SURGXFWLRQ�GDWD��0XOWLSOH�5HJUHVVLRQ�$QDO\VLV�

0HWKRG ZDV� FKRVHQ� WR� H[DPLQH WKH FRQWULEXWLRQ� RI� WHPSHUDWXUH� DQG� IORZ� UDWH� RI�

VROYHQW�WR WKH LQFUHDVH�RI�7$����7KLV�PHWKRG�ZDV�DSSOLHG�E\�XVLQJ�0LQLWDE�3URJUDP��

D�JHQHUDO�SXUSRVH�VWDWLVWLFDO�VRIWZDUH�SDFNDJH��$�ILQDO�DQDO\VLV�UHODWHG�WR�DOO�XQLWV�LV�

JHQHUDWHG�WR�KHOS REVHUYLQJ DQG�SUHGLFWLQJ EHKDYLRU�RI�SURGXFWLRQ�XQLWV�WR EH�GULOOHG�

LQ�WKH�IXWXUH��7KH�PRGHO�DOVR�VKRZV�ZKLFK�YDULDEOHV�SOD\�WKH�PRVW�LPSRUWDQW�UROH LQ�

WKH�LQFUHDVLQJ�RI�EULQH�7$���

7R�EHWWHU�XQGHUVWDQG�WKH�PDWXULW\�RI�SURGXFWLRQ�XQLWV��RSHUDWLRQDO�IDFWRUV�ZKLFK�DUH�

WHPSHUDWXUH�DQG�IORZ�UDWH�RI�VROYHQW�ZHUH�REVHUYHG�GHSHQGLQJ�RQ�WLPH��7ZR�GLIIHUHQW�

WLPH� SHULRG� LV� FKRVHQ� WR� REVHUYH� WKHLU� HIIHFW� RQ� PDWXULW\� RI� FDYHUQ�� � ,QMHFWLRQ�

WHPSHUDWXUH� DQG� IORZ� UDWH� HIIHFW� RQ� UHDFKLQJ�PDWXULW\� LV� FRPSDUHG� DQG� HYDOXDWHG�

ZLWKLQ�ILUVW�WZHOYH�DQG�WKUHH�PRQWKV�RI�SURGXFWLRQ�SHULRG�

)RXU�XQLWV�GULOOHG�IURP�GLIIHUHQW�WDUJHW�WURQD�VHDPV�ZLOO�EH�JLYHQ�EHORZ�LQ�GHWDLO�DQG�

RWKHUV�DUH�JLYHQ�LQ�$SSHQGL[����

x 38��

)LUVW����PRQWK�SURGXFWLRQ�GDWD�RI�XQLW�38����GULOOHG�LQ�8��WURQD�VHDP��ZDV�DQDO\]HG��

)LUVWO\�� SURGXFWLRQ� GDWD� LQFOXGLQJ� LQMHFWLRQ� WHPSHUDWXUH� DQG� IORZ� UDWH� RI� XQLW� DQG�

ODERUDWRU\�GDWD�LQFOXGLQJ�7$���RI�EULQH�ZHUH�DQDO\]HG�E\�XVLQJ�ER[�SORW�JLYHQ�LQ�

)LJXUH������

%R[�DQG�ZKLVNHU�SORWV�SURYLGH�D�XVHIXO�WHFKQLTXH�IRU�GHVFULELQJ�GDWD�DQG�WKH\�DOVR�

SURYLGH�JUDSKLFDO�GLVSOD\�RI�GLVWULEXWLRQ�RI�GDWD�DURXQG�WKH PHGLDQ��7KH�ER[�VKRZV�

WKH�PLGGOH�KDOI�RI�GDWD�� ,Q�WKH�FDVH�WKDW�PHGLDQ�LV� ORFDWHG�LQ� WKH�FHQWHU�RI�ER[�DQG�

ZKLVNHUV�DUH�DERXW�WKH�VDPH�OHQJWK��GDWD�LV�GLVWULEXWHG�DURXQG�PHGLDQ�V\PPHWULFDOO\��

2WKHUZLVH��WKH�GDWD�LV�VNHZHG�WRZDUG�RWKHU�HQG�RI�ER[��%UDVH�	�%UDVH������������



��

)LJXUH�����%R[�SORW�RI�38���GDWD��0LQLWDE�

2XWOLHUV�DUH�HUUDWLF�GDWD�YDOXHV�FRPSDUHG�WR�EHKDYLRU�RI�UHPDLQLQJ�GDWDVHW�DQG�WKH\�

FDQ� EH� VHHQ� HDVLO\� IURP� RWKHU� GDWD� EHFDXVH� RI� WKHLU� H[WUHPH� KLJK� RU� ORZ� YDOXHV��

'HWHFWLRQ�DQG�HOLPLQDWLRQ�RI�RXWOLHUV�DUH�LPSRUWDQW�WR�SUHYHQW�GHYLDWLRQV�LQ�DQDO\VLV�

FRYHULQJ�XQIDYRUDEOH�UHVXOWV��*|OEDúÕ����������

,W� LV� VHHQ� WKDW� WRWDO� DONDOLQLW\� �7$���� DQG� LQMHFWLRQ� WHPSHUDWXUH� �7�� YDOXHV� KDYH�

RXWOLHUV��KRZHYHU��LQMHFWLRQ�IORZ�UDWH�GDWD�DUH�ZHOO�GLVWULEXWHG�DFFRUGLQJ�WR�ER[�DQG�

ZKLVNHU�SORW��

,QMHFWLRQ�VROYHQW�LV�PDGH�XS�DW�SURFHVV�SODQW�DQG�WKH�SODQW KDV�D�FRQWLQXRXV�V\VWHP��,W�

PHDQV�WKDW�VROYHQW�PD\�QRW�EH�SUHSDUHG�ZLWK�VDPH�WHPSHUDWXUH�IRU�HYHU\�KRXU�DQG�

VROYHQW�KDYLQJ�GLIIHUHQW�WHPSHUDWXUH�YDOXHV�FDQ�EH�IHG�WR�PLQLQJ�VLWH��2XWOLHUV��VWDU�

V\PEROV��RI�WHPSHUDWXUH�GDWD�FDQ�EH�H[SODLQHG�E\�RSHUDWLRQDO�GUDZEDFNV��2Q�WKH�RWKHU�

KDQG�� RXWOLHUV� RI� WRWDO� DONDOLQLW\� YDULDEOH� FDQ� EH� FODULILHG� E\�PLVPHDVXUHPHQWV� RI�

ODERUDWRU\�� 2XWOLHUV� RI� WHPSHUDWXUH� ZHUH� LQWHUSUHWHG� ZLWK� VXEMHFWLYHO\� JDLQHG�

H[SHULHQFH�IURP�RSHUDWLRQDO�SDUW�RI�SODQW��0RUHRYHU��DFFRUGLQJ�WR�JHQHUDO�EHKDYLRU�RI�

GDWD��7$���RXWOLHUV�ZHUH�H[SODLQHG�REMHFWLYHO\��$V�D�UHVXOW� PRVW�RI�WKHVH�GDWD�ZHUH

FRUUHFWHG�SUHYHQWLQJ�GLVWXUELQJ�GLVWULEXWLRQ�RI�GDWD�������

477$

��

��

��

��

��

��

��

�

'
DW
D

%R[SORW RI 7$� 7� 4



��

$IWHU� FRQWUROOLQJ� XWLOLW\� RI� RSHUDWLRQ� GDWD�� UHJUHVVLRQ�PRGHO�ZDV� FRQVWUXFWHG�XVLQJ�

7RWDO $ONDOLQLW\�RI�EULQH��7$�����LQMHFWLRQ�WHPSHUDWXUH��7��DQG�LQMHFWLRQ�IORZ�UDWH��4��

IRU����PRQWK�DQG���PRQWK�SURGXFWLRQ�GDWD��VHSDUDWHO\��

)LUVWO\�� ���PRQWK� GDWD� RI� XQLW� ZDV� DGGHG� WR� 0LQLWDE� VRIWZDUH� DQG� WLPH� �7,0(���

LQMHFWLRQ�WHPSHUDWXUH��7��DQG�LQMHFWLRQ�IORZ�UDWH��4��ZDV�FKRVHQ�DV�IUHH�SUHGLFWRUV�DQG�

UHVSRQVH� RI� HTXDWLRQ� ZDV� WRWDO� DONDOLQLW\� RI� EULQH� �7$��� $IWHU� FRQVWUXFWLRQ� RI�

UHJUHVVLRQ�VXEVHWV��)LJXUH������5�6TXDUHG�YDOXH��D�PHDVXUH�LQ�VWDWLVWLFV�RI�KRZ�FORVH�

WKH�GDWD�DUH�WR�WKH�ILWWHG�UHJUHVVLRQ�OLQH� WDEOH�ZDV�REWDLQHG�IURP�GDWD��

)LJXUH�����5HJUHVVLRQ�VXEVHWV�IRU�HDFK�XQLW��0LQLWDE�

$�GHFLVLRQ�RQ�ZKLFK�SDUDPHWHU�VKRXOG�EH�LQFOXGHG�LQ�D�UHJUHVVLRQ�HTXDWLRQ�VKRXOG�EH�

JLYHQ�E\�XVLQJ�5�6TXDUHG��DGM��YDOXHV�VLQFH�5�6TXDUHG��DGM��HOLPLQDWHV�WKH�HIIHFW�RI�

SDUDPHWHU�QXPEHU��DQG�UHPRYHV�WKH�ELDVHG�UHVXOWV��)RU�WKLV�PRGHO�YDULDEOHV�ZHUH�SXW�

LQWR�V\VWHP�LQ�ILUVW�RUGHU�DQG�DIWHU�WKDW�WR�VHH�ZKHWKHU�SRZHU�RI�YDULDEOHV�LV�FKDQJLQJ�

5�VTXDUHG�SHUFHQWDJH�RU�QRW��VTXDUH�RI�7�DQG�4�ZHUH�WULHG� $QG�UHVXOWV�VKRZ�WKDW�XVLQJ�



��

ILUVW�SRZHU�RI�YDULDEOHV�KDV�KLJKHU�5� YDOXH�WKDQ�VHFRQG�SRZHU�RI�WKHP��(TXDWLRQ����

DQG������)RU�WKLV�UHDVRQ��ILUVW�RUGHU�RI�YDULDEOHV�DUH�VWXGLHG��

7KHQ��UHJUHVVLRQ�SDUDPHWHUV�DGGHG�WR�V\VWHP�DJDLQ��)LJXUH�����DQG�UHJUHVVLRQ�PRGHO�

ZDV�REWDLQHG �7DEOH�����

7DEOH����5�6TXDUHG�YDOXHV�IRU�38���ZLWK�DGGHG�SDUDPHWHUV�����PRQWK�GDWD�

(TQ 9DUV 5�6T 5�6T��DGM� 7,0( 7 4 7� 4�

� � ���� ���� ;

� � ���� ���� ;

� � ���� ���� ;

� � ��� ��� ;

� � ��� ��� ;

� � ���� ���� ; ;

� � ���� ���� ; ;

� � ���� ���� ; ;

� � ���� ���� ; ;

�� � ���� ���� ; ;

�� � ���� ���� ; ; ;

�� � ���� ���� ; ; ;

�� � ���� ���� ; ; ;

�� � ���� ���� ; ; ;

�� � ���� ���� ; ; ;

�� � ���� ���� ; ; ; ;

�� � ���� ���� ; ; ; ;

�� � ���� ���� ; ; ; ;

�� � ���� ���� ; ; ; ;

�� � ���� ���� ; ; ; ;

�� � ���� ���� ; ; ; ; ;



��

$FFRUGLQJ�WR�7DEOH����GLIIHUHQW�YDULDWLRQV�ZHUH�WULHG�XVLQJ�SURGXFWLRQ�GDWD��

x (TXDWLRQ���VKRZV�WKDW�ZKHQ�7,0(�DQG�7�ZHUH�XVHG�WR�H[SODLQ�7$���LQFUHDVH��

5� VT��DGM��YDOXHV�ZDV���������

x (TXDWLRQ���VKRZV�WKDW�ZKHQ�7,0(�DQG�4�ZHUH�XVHG�WR�H[SODLQ�7$���LQFUHDVH��

5� VT��DGM��YDOXHV�ZDV��������

x 0RUHRYHU��HTXDWLRQ����JLYHV�5�VT��DGM��YDOHV�DV������XVLQJ�7,0(��7�DQG�4��,W�

ZDV�VDPH�ZLWK�HTXDWLRQ�����

x :KHQ�HTXDWLRQV������DQG����ZHUH�DQDO\]HG�XVLQJ�7� DQG�4� DV�DQ�H[SODQDWLRQ�

RI�7$���LQFUHDVH��5� VTXDUHG��DGM��YDOXHV�ZHUH�DV�VLPLODU�DV�ILUVW�SRZHU�RI�7�

DQG�4���

)LJXUH�����5HJUHVVLRQ�SDUDPHWHUV�RI�HDFK�XQLW��0LQLWDE�

:KHQ�WKUHH�FDVHV��7,0(��7��4�DQG�7,0(�7���4� DQG�7,0(��DQG�DOVR�7��4��7���4�

�(TXDWLRQV��������	�����RI�5� VTXDUHG��DGM��YDOXHV�ZHUH�H[DPLQHG�LW�ZDV�VHHQ�WKDW�

WKHUH�ZDV�QRW�ELJ�GLIIHUHQFH�EHWZHHQ�WKHP��7KDW¶V�ZK\��IRU�PRVW�RI�XQLWV��DQDO\]LQJ�

LQFUHDVH�RI�7$��LQMHFWLRQ�WHPSHUDWXUH��7��DQG�LQMHFWLRQ�IORZ�UDWH��4��ZHUH�XVHG�LQ�ILUVW�

RUGHU�



��

$GGLWLRQDOO\��S�YDOXH�LV�XVHG�WR�GHWHUPLQH�VWDWLVWLFDO�VLJQLILFDQFH�LQ�D�K\SRWKHVLV�WHVW�

DQG�D�PHDVXUH�RI�WKH�VWUHQJWK�RI�WKH�HYLGHQFH�LQ�FROOHFWHG�GDWD�DJDLQVW�QXOO�K\SRWKHVLV��

7KH�VPDOOHU�WKH�S�YDOXH�PHDQV�WKDW�WKH�VDPSOH�HYLGHQFH�LV�VWURQJHU�IRU�UHMHFWLQJ�QXOO�

K\SRWKHVLV��+����0RUH�VSHFLILFDOO\��WKH�S�YDOXH�LV�WKH�VPDOOHVW�YDOXH�RI�Į�WKDW�UHVXOW�LQ�

WKH�UHMHFWLRQ�RI�+���

x )RU�DQ\�YDOXH�RI�Į�!�S�YDOXH��LW�LV�IDLOHG�WR�UHMHFW�QXOO�K\SRWKHVLV��+����DQG�

x )RU�DQ\�YDOXH�RI�Į S�YDOXH��QXOO�K\SRWKHVLV�LV�UHMHFWHG��1DKP��������

$FFRUGLQJ�WR�S�YDOXHV�RI�GDWD�JLYHQ�LQ�7DEOH����S�YDOXH�RI�4�LV��������,W�LV�KLJKHU�WKDQ�

VLJQLILFDQFH�OHYHO�RI�Į� ������IRU������FRQILGHQFH�LQWHUYDO��WKHQ�LW�LV�IDLOHG�WR�UHMHFW�

QXOO�K\SRWKHVLV��$�KLJK�S YDOXH�VXJJHVWV�WKDW�VDPSOH�SURYLGHV�QRW�HQRXJK�HYLGHQFH�

WKDW�WKH�QXOO�K\SRWKHVLV�LV�UHMHFWHG�IRU�WKH�HQWLUH�SRSXODWLRQ�

&RQVHTXHQWO\�� UHJUHVVLRQ� HTXDWLRQ� GLG� QRW� FRQWDLQ� IORZ� UDWH� �4�� DV� D� IXQFWLRQ� RI�

LQFUHDVLQJ�7$���EHFDXVH�RI�KLJK�S�YDOXH��

7DEOH����3�YDOXHV�RI�38�������PRQWK�GDWD�

6RXUFH 3�9DOXH
5HJUHVVLRQ �����
7,0( �����
7 �����
4 �����

7DEOH��� 0RGHO�VXPPDU\�RI�38�������PRQWK�GDWD�

6 5�VT 5�VT��DGM� 5�VT��SUHG�

�������� ������ ������ ������

7KHQ��IORZ�UDWH��4��SDUDPHWHU�ZDV UHPRYHG�IURP�GDWDVHW�DQG S�YDOXH�ZDV�FDOFXODWHG�

DJDLQ��7DEOH�����7KHQ��7DEOH�� ZDV�FUHDWHG�XVLQJ�7,0(�DQG�7�GDWD�DQG�QHZ 5�VTXDUHG

�DGM� YDOXH�ZDV�JLYHQ�DV���������5HJUHVVLRQ�HTXDWLRQ�ZDV�FRQVWUXFWHG��



��

7$� �������� �������� 7,0(�� ������ 7

+RZHYHU�� LW� LV REYLRXV� WKDW� WR� FDUU\� RQ� VROXWLRQ�PLQLQJ� SURFHVV�� VRPH� DPRXQW� RI�

VROYHQW� VKRXOG� EH� LQMHFWHG� WR� XQGHUJURXQG� DQG� EULQH� VKRXOG� EH� DFFXPXODWHG� IURP�

XQGHUJURXQG��7KDW¶V�ZK\��GHVFULSWLYH� VWDWLVWLFV�GDWD�RI� LQMHFWLRQ� IORZ� UDWH� �4��ZDV�

JLYHQ�LQ�7DEOH��� ����RI�LQMHFWLRQ�IORZ�UDWH�GDWD�ZHUH�XVHG�WR�FRQVWUXFW�GHVFULSWLYH�

VWDWLVWLFV�WDEOH�DQG�DFFRUGLQJ�WR�WKLV��PLQLPXP�YDOXH�RI�4�LV�����DQG�PD[LPXP�YDOXH�

LV�������$OVR��PHDQ�RI�IORZ�UDWH��4� GDWD LV�������0RUHRYHU��4��DQG�4���ZKLFK�DUH�

WLPH�DVVRFLDWHG�ZLWK�WKH�ILUVW�VXUYLYDO�SUREDELOLW\�LQ�WKH�WDEOH�OHVV�WKDQ�RU�HTXDO�WR������

DQG�������UHVSHFWLYHO\�DUH�JLYHQ�LQ�7DEOH����$V�D�UHVXOW��IRU�38����XVLQJ����PRQWK�

SURGXFWLRQ�GDWD��IRXQG�UHJUHVVLRQ�HTXDWLRQ�DERYH�ZDV�YDOLG�RQO\�IRU�DYHUDJH�YDOXH�RI�

4����

7DEOH����'HVFULSWLYH�VWDWLVWLFV�RI�4�����PRQWK�GDWD�

9DULDEOH 1 0HDQ
6(�

0HDQ
6W��
'HY�

0LQ� 4� 0HGLDQ 4� 0D[�

4 ��� ���� ��� ��� ��� ���� ���� ���� ����

)XUWKHUPRUH��WR�VHH�WKH�EHKDYLRU�RI�YDULDEOHV�ILUVW�PRQWKV�RI�SURGXFWLRQ��ILUVW�� PRQWK�

RI�GDWD�ZDV�DQDO\]HG�IRU�XQLW�38����$FFRUGLQJ�WR�UHVXOWV��5�6TXDUHG��DGM��ZDV������

��ZLWK�XVLQJ�WLPH��WHPSHUDWXUH�DQG�IORZ�UDWH�DV�D�IXQFWLRQ�RI�HTXDWLRQ��7DEOH�����

7DEOH����5�6TXDUHG�YDOXHV�IRU�38������PRQWK�GDWD�

9DUV 5�6T
5�6T�
�DGM�

7,0( 7 4

� ���� ���� ;
� ���� ���� ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ; ;



��

:KHQ�S�YDOXHV�ZHUH�FKHFNHG��LW�ZDV�VHHQ�WKDW�S�YDOXH�RI�4�LV�KLJKHU�WKDQ������IRU����

��FRQILGHQFH�LQWHUYDO��7DEOH����� 4�GDWDVHW�ZDV�UHPRYHG�IURP�HTXDWLRQ� 'HVFULSWLYH�

VWDWLVWLFV�GDWD�RI�4�ZDV�JLYHQ�LQ�7DEOH��� DQG�LQ�WKHVH�LQWHUYDOV�RI�4�GDWD��UHJUHVVLRQ�

HTXDWLRQ�ZDV�JLYHQ�DV�EHORZ�IRU�XQLW�38����GULOOHG�LQ�8��WURQD�VHDP���ILUVW���PRQWK�

RI�SURGXFWLRQ�GDWD����

7$ ������� �������� 7,0(�� ������ 7

7DEOH�����3�YDOXHV�RI�38������PRQWK�GDWD�

7HUP 3�9DOXH

&RQVWDQW �����

7,0( �����

7 �����

4 �����

7DEOH�����'HVFULSWLYH�VWDWLVWLFV�RI�4����PRQWK�GDWD�

9DULDEOH 1 0HDQ
6(�

0HDQ
6W��
'HY�

0LQ� 4� 0HGLDQ 4� 0D[�

4 �� ���� ��� ��� ��� ���� ���� ���� ����

x 38��

7KLV�XQLW�ZDV�GULOOHG�LQ�8��WURQD�VHDP�DQG�8��LV�WKH�PRVW�FRPPRQ�WDUJHW�VHDP�DW�WKH�

PLQH�VLWH��)RU�WKLV�XQLW��

� )LUVWO\�� ER[�SORWV� ZHUH� GUDZQ� XVLQJ� LQMHFWLRQ� WHPSHUDWXUH�� IORZ� UDWH� DQG� EULQH�

FRQFHQWUDWLRQ��7$�����7RWDO�$ONDOLQLW\�DQG�WHPSHUDWXUH�YDOXHV�VKRZ WKDW�WKHUH�ZHUH�

VRPH�RXWOLHUV�LQ�WKH�SORW��)LJXUH������)RU�7$�YDOXHV��LW�ZDV�H[SODLQHG�DV�ODERUDWRU\�

PLVWDNHV�DQG�VWDUWLQJ�RU�VWRSSLQJ�RSHUDWLRQ�RI�XQLW��0RUHRYHU��EHFDXVH�RI�RSHUDWLRQDO�

FKDQJHV�PD\�EH�FDXVHG�E\�RXWOLHU�GDWD�RI�LQMHFWLRQ�WHPSHUDWXUH���



��

)LJXUH�����%R[�SORW�RI�38���GDWD

� 6HFRQGO\��S�YDOXHV�ZHUH�FKHFNHG�IRU������FRQILGHQFH�LQWHUYDO�DQG�LW�ZDV�VHHQ�WKDW�

S�YDOXH�RI�IORZ�UDWH��4��ZDV�ELJJHU�WKDQ�������7DEOH������)RU�WKLV�UHDVRQ��SDUDPHWHU�

RI�4�ZDV�UHPRYHG�IURP�HTXDWLRQ�DQG�S�YDOXHV�ZHUH�FKHFNHG�DJDLQ��7DEOH������

7DEOH�����3�YDOXHV�RI�38�������PRQWK�GDWD�

7HUP 3�9DOXH

&RQVWDQW �����

7,0( �����

7 �����

4 �����

7DEOH�����3�YDOXHV�RI�38���ZLWKRXW�IORZ�UDWH�SDUDPHWHU�����PRQWK�GDWD�

6RXUFH 3�9DOXH

5HJUHVVLRQ �����

7,0( �����

7 �����
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��

� 7KHQ�� 5�VTXDUHG� �DGM�� ZDV� FDOFXODWHG� DV� ����� � E\� XVLQJ� ILUVW� ���PRQWK� RI�

SURGXFWLRQ� GDWD� �LQMHFWLRQ� WHPSHUDWXUH� DQG� EULQH� FRQFHQWUDWLRQ�� ZLWK� WHPSHUDWXUH�

�7DEOH�����

7DEOH�����5�6TXDUHG�YDOXHV�IRU�38�������PRQWK�GDWD�

9DUV 5�6T 5�6T��DGM� 7,0( 7 4
� ���� ���� ;
� ���� ���� ;
� ���� ���� ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ; ;

� )LQDOO\��PRGHO�ZDV�VXPPDUL]HG�IRU�XQLW�38���DQG�7RWDO�$ONDOLQLW\�HTXDWLRQ�ZDV�

REWDLQHG�GHSHQGLQJ�RQ�WLPH�DQG�WHPSHUDWXUH�ZLWK�D�JLYHQ�UDQJH�RI�IORZ�UDWH��7DEOH�

�����

7DEOH�����'HVFULSWLYH�VWDWLVWLFV�RI�4�����PRQWK�GDWD�

9DULDEOH 1 0HDQ
6(�

0HDQ
6W��
'HY�

0LQ� 4� 0HGLDQ 4� 0D[

4 ��� ���� ��� ��� ��� ���� ����
���
�

����

7$� ��������� �������� 7,0(�� ������ 7

)RU�WKLV�XQLW��XVLQJ�ILUVW���PRQWK�RI�SURGXFWLRQ�GDWD��5�VTXDUHG�ZDV�FDOFXODWHG�EXW�LW�

ZDV�YHU\�FORVH�WR������,W�LV�NQRZQ�WKDW�KLJKHU�WKH�5�VTXDUHG��WKH�EHWWHU�WKH�PRGHO�ILWV�

WKH�GDWD��



��

x 3/��

8QLW�3/���ZDV�GULOOHG�LQ�/��WURQD�VHDP�DQG�ILUVW����PRQWK�RSHUDWLRQ�GDWD�ZHUH�JLYHQ�

WR�DQDO\]H�KRZ�RSHUDWLRQDO�IDFWRUV�DIIHFW�PDWXULW\�RI�SURGXFWLRQ�XQLWV��$FFRUGLQJ�WR�

���PRQWK�SURGXFWLRQ�GDWD��UHJUHVVLRQ�DQDO\VHV�ZHUH�WULHG�EXW�WKLV�PHWKRG�GLG�QRW�ZRUN�

IRU�WKLV�GDWD��7DEOH������5� �DGM��LV�IRXQG�DV������DQG�LW�LV�YHU\�ORZ�YDOXH��6R��LW�PHDQV�

WKDW����PRQWK�GDWD�LV�QRW�FORVH�WR�WKH�ILWWHG�UHJUHVVLRQ�PRGHO�DQG�PRGHO�LV�SRRU�IRU�

WKHVH�GDWD��

0RUHRYHU�� UHJUHVVLRQ� DQDO\VHV� ZDV� GRQH� IRU� ��PRQWK� GDWD� RI� XQLW� �7DEOH� ���� DQG�

DFFRUGLQJ�WR�KLJKHU�S�YDOXHV�RI�WLPH�DQG�IORZ�UDWH�JLYHQ�LQ�7DEOH�����WKH\�VKRXOG�EH�

UHPRYHG�IURP�UHJUHVVLRQ�HTXDWLRQ��5�VTXDUHG�YDOXH�ZDV�IRXQG�DV���������

7DEOH�����5�6TXDUHG�YDOXHV�IRU�3/�������PRQWK�GDWD�

9DUV 5�6T
5�6T
�DGM�

5�6T
�SUHG�

0DOORZV
&S

6 7,0( 7 4

� ���� ���� ���� ���� ������� ;

� ��� ��� ��� ���� ������ ;

� ��� ��� ��� ����� ������ ;

� ���� ���� ���� ���� ������� ; ;

� ���� ���� ���� ���� ������� ; ;

� ���� ���� ��� ���� ������ ; ;

� ���� ���� ���� ��� ������� ; ; ;

5HJUHVVLRQ�HTXDWLRQ�ZDV�REWDLQHG�ZLWK�RQO\�D�SDUDPHWHU�RI�WHPSHUDWXUH�LQ�WKH�IORZ�

UDWH�UDQJH�RI�UDQJH������DQG������WSK��7DEOH������

7$� �� ������ ������ 7



��

7DEOH�����5�6TXDUHG�YDOXHV�IRU�3/������PRQWK�GDWD�

9DUV 5�6T
5�6T
�DGM�

5�6T
�SUHG�

0DOORZV
&S

6 7,0( 7 4

� ���� ���� ���� ��� ������� ;

� ���� ���� ���� ����� ������ ;

� ���� ���� ��� ����� ������ ;

� ���� ���� ���� ��� ������� ; ;

� ���� ���� ���� ��� ������� ; ;

� ���� ���� ���� ����� ������ ; ;

� ���� ���� ���� ��� ������� ; ; ;

7DEOH�����3�YDOXHV�RI�3/������PRQWK�GDWD�

6RXUFH 3�9DOXH

5HJUHVVLRQ �����

7,0( �����

7 �����

4 �����

7DEOH�����'HVFULSWLYH�VWDWLVWLFV�RI�4����PRQWK�GDWD�

9DULDEOH 1 0HDQ
6(�

0HDQ
6W�
'HY

0LQ� 4� 0HGLDQ 4� 0D[�

4 �� ���� ��� ��� ���� ���� ���� ���� ����

x 3/��

7KLV�XQLW�ZDV�GULOOHG�LQ�/��WURQD�VHDP�DQG����DQG���PRQWKV�RI�SURGXFWLRQ�GDWD�DOVR�

DQDO\]HG�IRU�WKLV�XQLW��%R[�SORW�RI�GDWD�ZDV�JLYHQ�EHORZ�)LJXUH�����,W�VKRZV�WKDW�7$�

YDOXHV� ZHUH� ZHOO� GLVWULEXWHG�� DOWKRXJK� IORZ� UDWH� GDWD� KDG� VRPH� RXWOLHUV� DQG�



��

WHPSHUDWXUH�GDWD�ZDV�ORZHU�TXDUWLOH��6LQFH�WKH�LQMHFWLRQ�WHPSHUDWXUH�DQG�IORZ�UDWH�DUH�

RSHUDWLRQ�SDUDPHWHUV��LW�LV�QRUPDO�WR�KDYH�RXWOLHUV�DQG�QRQ�GLVWULEXWHG�YDOXHV��

)LJXUH�����%R[�SORW�RI�3/���GDWD

$IWHU�FKHFNLQJ�GLVWULEXWLRQ�RI�SURGXFWLRQ�GDWD��5�VTXDUHG��DGM��ZDV�FDOFXODWHG�DV������

���7DEOH���� DQG�DFFRUGLQJ�7DEOH��� JLYHQ�EHORZ�VKRZV�WKDW�S�YDOXHV�RI�WHPSHUDWXUH�

LV� ELJJHU� WKDQ� ������ )RU� WKLV� UHDVRQ�� WHPSHUDWXUH� SDUDPHWHU� ZDV� HPLWWHG� IURP�

UHJUHVVLRQ� HTXDWLRQ� DQG� PHDQ� RI� WHPSHUDWXUH� ZDV� JLYHQ� DV� ����� R&� LQ� ���PRQWK�

SURGXFWLRQ�SHULRG��7DEOH�����

7KHQ��PRGHO�ZDV�ILQDOL]HG�DQG�UHJUHVVLRQ�HTXDWLRQ�RI�3/���ZDV�REWDLQHG��

7$ ������� �������� 7,0(�± ������ 4��ZLWK�D������R& DYHUDJH�7�

747$

��

��

��

��

��

��

��

��

�

'
DW
D

%R[SORW RI 7$� 4� 7



��

7DEOH�����5�6TXDUHG�YDOXHV�IRU�3/�������PRQWK�GDWD�

9DUV 5�6T
5�6T�
�DGM�

7,0( 7 4

� ���� ���� ;
� ���� ���� ;
� ��� ��� ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ; ;

7DEOH�����3�YDOXHV�RI�3/�������PRQWK�GDWD��

6RXUFH
S�9DOXH�
�EHIRUH�

6RXUFH
S�9DOXH��DIWHU�
UHPDLQLQJ�7�

5HJUHVVLRQ ����� 5HJUHVVLRQ �����

7,0( ����� 7,0( �����

7 ����� 7 �

4 ����� 4 �����

7DEOH�����'HVFULSWLYH�VWDWLVWLFV�RI�7�����PRQWK�GDWD�

9DULDEOH 1 0HDQ
6(�

0HDQ
6W�
'HY

0LQ� 4� 0HGLDQ 4� 0D[�

7 ��� ���� ���� ��� ���� ���� ���� ���� ����

)RU WKLV�XQLW��UHJUHVVLRQ�DQDO\VLV�PHWKRG�ZDV�WULHG�DOVR�ILUVW���PRQWKV�RI�SURGXFWLRQ�

GDWD�EXW�LWV�UHVXOWV�DUH�QRW�DSSOLFDEOH�EHFDXVH�RI�ORZ�5� �DGM��YDOXH�

������ $QDO\VLV�RI�8��WURQD�VHDP�

0RVW�RI�SURGXFWLRQ�XQLWV�DUH�GULOOHG�LQ�8��WURQD�VHDP�DW�WKH�VWXG\�DUHD�����RXW�RI����

VHOHFWHG�XQLWV�ZHUH�DOVR�XQLWV�GULOOHG�LQ�WKLV�VHDP��,Q�DGGLWLRQ�WR�DQDO\]LQJ�SURGXFWLRQ�



��

XQLWV�VHSDUDWHO\��8��WURQD�VHDP�ZDV�DQDO\]HG�EHFDXVH�RI�LWV�FRPPRQ�GLVWULEXWLRQ�LQ�

WKH�PLQLQJ�VLWH��

7R�VHH�RSHUDWLRQDO�IDFWRUV�DIIHFWLQJ�PDWXULW\�RI�XQLWV�DQG�HVWLPDWLQJ�PDWXULW\�WLPH�RI�

8��WURQD�VHDP��UHJUHVVLRQ�DQDO\VLV�ZDV�FDUULHG�RXW�DQG�5� �DGM��YDOXHV�IRXQG�DV������

��XVLQJ���RI�SURGXFWLRQ�XQLWV¶����PRQWK�GDWD�GULOOHG�LQ�8��WURQD�VHDP��7DEOH���������

3�YDOXHV�RI�GDWD�DUH�ORZHU�WKDQ����� �7DEOH������)RU�WKLV�UHDVRQ��UHJUHVVLRQ�HTXDWLRQ�

FRQVLVWV�RI�SDUDPHWHUV�RI�7,0(��7$�DQG�4 ZLWK�D�JLYHQ�VWDWLVWLFDO�GDWD��7DEOH������

5HJUHVVLRQ�HTXDWLRQ�IRU�8��WURQD�VHDP�LV�JLYHQ�EHORZ�

7$� �������� �������� 7,0(�� ������� 7�± ������� 4�

7DEOH�����5�6TXDUHG�YDOXHV�IRU�8��VHDP�����PRQWK�GDWD�

9DUV 5�6T
5�6T
�DGM�

5�6T
�SUHG�

0DOORZV
&S

6 7,0( 7 4

� ���� ���� ���� ����� ������ ;

� ��� ��� ��� ����� ������ ;

� ���� ���� ���� ��� ������ ; ;

� ���� ���� ���� ����� ������ ; ;

� ���� ���� ���� ��� ������ ; ; ;

7DEOH�����3�YDOXHV�RI�8��VHDP�����PRQWK�GDWD�

6RXUFH 3�9DOXH

5HJUHVVLRQ �����

7,0( �����

7 �����

4 �����



��

7DEOH���� 'HVFULSWLYH�VWDWLVWLFV�RI�8��VHDP�����PRQWK�GDWD�

9DULDEOH 1 0HDQ
6(�

0HDQ
6W�
'HY

0LQ 4�
0HGL
DQ

4� 0D[

7$ ���� ���� ���� ��� ��� ���� ���� ���� ����

7 ���� ���� ���� ��� ���� ���� ���� ���� ����

4 ���� ���� ���� ��� ��� ���� ���� ���� ����

������ 5HVXOWV�DQG�HYDOXDWLRQ�RI�SURGXFWLRQ�XQLWV�

$W� WKH� VWXG\�DUHD����� SURGXFWLRQ�XQLWV�ZHUH� VHOHFWHG� IURP�RQH�SDUW�RI�PLQLQJ� VLWH��

7KHVH�SURGXFWLRQ�XQLWV�ZHUH�GULOOHG�IRXU�GLIIHUHQW�WURQD�VHDPV�ZKLFK�DUH�8���8���/��

DQG�/���3URGXFWLRQ�GDWD�RI�WKHVH�XQLWV�ZHUH�DFFXPXODWHG�DQG�LQMHFWLRQ�WHPSHUDWXUH�

DQG�LQMHFWLRQ�IORZ�UDWH�ZHUH�GHWHUPLQHG�DV�RSHUDWLRQDO�IDFWRUV�

0XOWLSOH�UHJUHVVLRQ�DQDO\VLV�ZDV�GRQH�XVLQJ�SURGXFWLRQ�GDWD�RI����XQLWV�VHSDUDWHO\�WR�

VHH�ZKHWKHU�LQMHFWLRQ�WHPSHUDWXUH��IORZ�UDWH�DQG�WLPH�DIIHFWV�EULQH�FRQFHQWUDWLRQ��7$�

���RU�QRW��$FFRUGLQJ�WR�GDWD�DQG�UHVXOWV�REWDLQHG�E\�0LQLWDE�VRIWZDUH��7DEOH�����

x 2XW� RI� ��� XQLWV�� UHODWLRQ� EHWZHHQ� LQMHFWLRQ� WHPSHUDWXUH� DQG� IORZ� UDWH�ZLWK�

LQFUHDVH�LQ�EULQH�FRQFHQWUDWLRQ�ZRXOG�EH�H[SODLQHG�E\����XQLWV�XVLQJ����PRQWK�

SURGXFWLRQ�GDWD��2WKHU���XQLWV�IDLOHG�WR�EH�H[SODLQHG�E\�D�UHJUHVVLRQ�HTXDWLRQ�

ZLWK�D�VXIILFLHQW�5� YDOXH��7KH�UHDVRQV�IRU�ORZ�5� YDOXH�ZLOO�EH�GLVFXVVHG�ODWHU�

RQ���

x 2XW� RI� ��� XQLWV�� UHODWLRQ� EHWZHHQ� LQMHFWLRQ� WHPSHUDWXUH� DQG� IORZ� UDWH�ZLWK�

LQFUHDVH�LQ�EULQH�FRQFHQWUDWLRQ�ZRXOG�EH�H[SODLQHG�E\����XQLWV�XVLQJ���PRQWK�

SURGXFWLRQ�GDWD�



��

7DEOH�����6XPPDU\�RI�WKH�UHJUHVVLRQ�HTXDWLRQV�IRU�WKH�XQLWV�



��

x $YHUDJH�RI�5�6TXDUHG��DGM��IRU����PRQWK�SURGXFWLRQ�GDWD�ZDV��������DQG�IRU�

��PRQWK�ZDV���������7KH���PRQWK�GDWD�ZDV�REVHUYHG�ZKHWKHU�WKHUH�ZDV�DQ\�

GLIIHUHQFH�EHWZHHQ�ILUVW�PRQWKV�DQG�RWKHU�SDUW�RI�SURGXFWLRQ�SHULRG��+RZHYHU��

LW�ZDV�VHHQ�WKDW�WKHLU�UHVXOWV�ZHUH�YHU\�FORVH�WR�HDFK�RWKHU��

x ,Q�DGGLWLRQ�WR�FKHFNLQJ�WKH�FRUUHODWLRQV�IRU�WKH�XQLWV�LQGLYLGXDOO\��WKH�GDWD�ZDV�

DOVR�HYDOXDWHG�IRU�GLIIHUHQW�WURQD�VHDPV�ZKHUH�PXOWLSOH�RU�VLQJOH�XQLW�PD\�EH�

RSHUDWHG��

8��7URQD�6HDP� 7ZR�XQLWV��38���DQG�38����ZHUH�FKRVHQ�IURP�8��WURQD�VHDP��%RWK�

RI�5�6TXDUHG��DGM��YDOXH�RI�WKHVH�XQLWV�ZDV�DFFHSWDEOH�IRU���PRQWK�GDWD�EXW�RQH�RI�

WKHP� FRXOG� EH� H[SODLQHG� IRU� ���PRQWK� GDWD�ZLWK� VWDWLVWLFDOO\� LPSRUWDQW� 5�VTXDUHG�

YDOXHV���

8�� 7URQD� 6HDP� 7ZHOYH� XQLWV� �38���� 38���� 38���� 38���� 38���� 38���� 38����

38����38����38�����38����DQG�38�����ZHUH�FKRVHQ�IURP�8��WURQD�VHDP�����RI�

WKHP�IRU�XVLQJ���PRQWK�GDWD�DQG���RI�WKHP�XVLQJ����PRQWK�GDWD�ZDV�H[SODLQHG�E\

LQMHFWLRQ�WHPSHUDWXUH�DQG�IORZ�UDWH�DIIHFWV�EULQH�FRQFHQWUDWLRQ��

6LQFH�WKHUH�DUH�PDQ\�XQFHUWDLQW\�FRPLQJ�IURP�JHRORJ\�RI�PLQH��GHVLJQ�RI�PLQH�DQG�

GULOOLQJ�RSHUDWLRQV����RXW�RI����XQLWV�LQ�8��WURQD�VHDP�ZHUH�VHOHFWHG�WR�EH�HYDOXDWHG�

LQ�UHJUHVVLRQ�DQDO\VLV GXH�WR�WKHLU�VXIILFLHQW�DQG�FOHDUO\�XQGHUVWDQGLQJ�GDWDVHWV�ZKHUH�

WKH� XQFHUWDLQWLHV� DUH� UHODWLYHO\� ORZ� FRPSDUHG� WR� WKH� UHPDLQLQJ� XQLWV�� %ULHIO\��

RSHUDWLRQV�ZHUH�REVHUYHG�WR�EH�SHUIRUPHG�LQ�PRUH�FRQYHQLHQW�ZRUNLQJ�FRQGLWLRQV�LQ�

WKHVH���XQLWV�

%ULQH�FRQFHQWUDWLRQ��LQMHFWLRQ�WHPSHUDWXUH�DQG�IORZ�UDWH�RI���XQLWV¶�GDWD�LV�JLYHQ�LQ�

)LJXUH��������DQG�����$FFRUGLQJ�WR�)LJXUH�����LW�LV�VHHQ�WKDW�7$���LQFUHDVHV�VXGGHQO\�

DQG� ZKHQ� FDYHUQ� UHDFKHV� PDWXULW\� OHYHO�� 7$� �� YDOXHV� FRQWLQXHV� DOPRVW� VWDEOH��

$FFRUGLQJ�WR�WKLV�ILJXUH��SURGXFWLRQ�XQLWV�GULOOHG�LQ�8��WURQD�VHDP�PD\�UHDFK�PDWXULW\�

OHYHO� LQ�PLQLPXP�������KRXUV� DQG�PD[LPXP�������KRXUV��%DVHG� RQ� WKLV�PDWXULW\�

GXUDWLRQ��LW�PD\�EH�FRQVLGHUHG�DV�D�SURGXFWLRQ�XQLW�ZLOO�EH�DFFHSWDEOH�IRU�SURFHVVLQJ�

SODQW�������������KRXUV�DIWHU�VWDUWLQJ�SURGXFWLRQ�



��

$W� WKH� VWXG\� DUHD�� VRGD� DVK� DQG� VRGLXP�ELFDUERQDWH�SURGXFWLRQ�PXVW�EH� FRQWLQXHG�

ZLWKRXW�DQ\�LQWHUUXSWLRQ��'ULOOLQJ�VFKHGXOH�IRU�SURGXFWLRQ�XQLWV�VKRXOG�EH�SUHSDUHG�

HDUO\�VLQFH�UHDFKLQJ�PDWXULW\�OHYHO�WDNHV�WLPH�IRU�XQLWV��2QH�RI�WKH DLP�RI�WKLV�WKHVLV�

LV�HVWLPDWLQJ�PDWXULW\�WLPH�RI�XQLW��,W�ZLOO�EH�KHOSIXO�IRU�FRPSDQ\�WR�SURJUDP�GULOOLQJ�

RI� XQLWV� DQG� WKH\� PD\� EH� VFKHGXOHG� FRQVLGHULQJ� PDWXULW\� SHULRG� IRU� ORQJ� WLPH�

SURGXFWLRQ�SODQQLQJ�

0RUHRYHU��EULQH�FRQFHQWUDWLRQ�LQFUHDVH�GHSHQGV�RQ�WHPSHUDWXUH�UDWKHU�WKDQ�LQMHFWLRQ�

IORZ�UDWH�DFFRUGLQJ�WR�)LJXUH����DQG����

)LJXUH�����8��WURQD�VHDP�7$���YV��WLPH

/��7URQD�6HDP� 2QH�XQLW��3/����ZDV�FKRVHQ�IURP�/��WURQD�VHDP��7KLV�XQLW�KDG����

��5�VTXDUHG��DGM��YDOXH�IRU���PRQWK GDWD�

/��7URQD�6HDP� )RXU�XQLWV� �3/����3/����3/���DQG�3/����ZHUH�FKRVHQ� IURP�/��

WURQD�VHDP����RI�XQLWV�KDG�KLJK�5�VTXDUHG�YDOXH�IRU����PRQWK�GDWD�DQG�RQO\�RQH�RI�

WKHP�KDG�ELJJHU�WKDQ������5�VTXDUHG�YDOXH�ZLWK���PRQWK�SURGXFWLRQ�GDWD������



��

)LJXUH�����8��WURQD�VHDP�7HPSHUDWXUH�YV��WLPH

)LJXUH�����8��WURQD�VHDP�)ORZ�UDWH�YV��WLPH

,Q� WKLV� VWXG\�� LW� ZDV� REVHUYHG� WKDW� KRZ� RSHUDWLRQDO� TXDQWDWLYH� IDFWRUV� �LQMHFWLRQ�

WHPSHUDWXUH�DQG�IORZ�UDWH���ZKLFK�DUH�FRXQWDEOH�IDFWRUV��DIIHFWV�WKH�PDWXULW\�OHYHO�RI�

WKH�XQLWV�DQG�WKH�SRVVLELOLW\�RI�HVWLPDWLQJ�PDWXULW\�WLPH�E\�XVLQJ�SDVW�SURGXFWLRQ�GDWD��

6LQFH�HDFK�SURGXFWLRQ�XQLW�KDG�D�GLIIHUHQW�FKDUDFWHULVWLF��DQDO\]LQJ�IDFWRUV�ZHUH�QRW�

HDV\�IRU�VXFK�D�FRPSOH[�DQG�FRPSOLFDWHG PLQLQJ�DUHD��7KHUH�ZHUH�D�ORW�RI�H[WHUQDO�

IDFWRUV� UHODWHG� WR�JHRORJ\�RI�PLQH��GHVLJQ�DQG�GULOOLQJ�SDUW�DIIHFWLQJ�PDWXULW\� WLPH�

OHYHO�RI�XQLW��3RWHQWLDO�HIIHFWV�RI�WKHVH�IDFWRUV�ZHUH�H[SODLQHG�DV�IROORZV�

*HRORJ\�RI�PLQH� 7KHUH�DUH����HFRQRPLFDOO\�H[WUDFWDEOH�WURQD�VHDPV�DW�WKH�PLQH�VLWH��

+RZHYHU��GLVFRQWLQXLW\�RI�WKHVH�VHDPV�PD\�EH�VHHQ�DW�WKH�ERXQGDU\�SDUWV�RI�VLWH��7KHQ��



��

WKLV�GLVFRQWLQXLW\�PD\�DIIHFW�GULOOLQJ��,Q�WKH�FDVH�WKDW�GULOOLQJ�GRHV�QRW�IROORZ�WURQD�

VHDP��PDWXULW\�WLPH�RI�XQLW�PD\�VKRZ�D�YDULDWLRQ��

)XUWKHUPRUH��EULQH�FRQFHQWUDWLRQ�LQFUHDVH�LV�LQIOXHQFHG�E\�VHDP�WKLFNQHVV��JUDGH�DQG�

LQFOLQDWLRQ�RI�VHDP��7DUJHW�WURQD�VHDPV�DUH�FRPPRQO\�8���8���/��DQG�/��DW�VWXG\�

DUHD�� 7KHLU� WKLFNQHVV� DQG� JUDGH� LV� YDULHG� LQ� VRPH� SDUWV� RI� PLQH�� $QG� DOVR�� WURQD�

VROXELOLW\� UDWH� LV� GLIIHUHQW� LQ� KRUL]RQWDO� DQG� YHUWLFDO� GLUHFWLRQ�� $FFRUGLQJ� WR� WHVWV�

FRQGXFWHG�WR�ILQG�VROXELOLW\�UDWH�RI�WURQD��LW�ZDV�VHHQ�WKDW�YHUWLFDO�OHDFKLQJ�RI�WURQD�

ZDV������������DQG������PP�K�DW�WKH�WHPSHUDWXUH��������DQG����R&��UHVSHFWLYHO\��$W�

WKH�VDPH�WHPSHUDWXUHV��KRUL]RQWDO�OHDFKLQJ�ZDV������������DQG����� �6D\JXQ���������

7KDW¶V�ZK\��PDWXULW\�OHYHO�RI�XQLW�PD\�EH�DIIHFWHG�IURP�WKLFNQHVV�RI�VHDP��,I�VHDP�LV�

WKLQ��WURQD�GLVVROYHV�HDVLO\�LQ�KRUL]RQWDO�GLUHFWLRQ�DQG�LW�PHHWV�ZLWK�QRQ�WURQD�]RQH�

DQG�LQFUHDVH�LQ�7$���PD\�EH�YHU\�VORZ��

0RUHRYHU��WKHUH�DUH�IROG�DQG�IDXOW�V\VWHPV�LQ�WKH�PLQLQJ�VLWH��7KHVH�IUDFWXUH�DQG�FUDFNV�

PD\�DIIHFW�GULOOLQJ�SHUIRUPDQFH�RI�XQLWV�DQG�FDYHUQ�GHYHORSPHQW�GLUHFWO\�LV�DIIHFWHG�

IURP�WKHVH�JHRORJLFDO�IRUPDWLRQV���

'HVLJQ�RI�PLQH� $V�LW�ZHUH�H[SODLQHG�SUHYLRXV�FKDSWHUV��SURGXFWLRQ�XQLWV�FRQVLVW�RI�

RQH�GLUHFWLRQDO�GULOOHG�DQG�WZR�YHUWLFDO�ZHOOV��$W�WKH�VRPH�SDUW�RI�PLQH��GHVLJQ�RI�XQLW�

FDQ�EH�FKDQJHG�IRU�VRPH�UHDVRQV��6RPH�RI�WKH�XQLWV�FRQVWUXFWHG�ZLWK�WKUHH�YHUWLFDO�

ZHOOV�DQG�RQH�KRUL]RQWDO�ZHOO�RU�VRPH�RI�WKH�XQLWV�PD\�EH�GULOOHG�DV�RQH�YHUWLFDO�DQG�

RQH�KRUL]RQWDO�ZHOO�EHFDXVH�RI� OLPLWHG�RZQHG� ODQG�E\�FRPSDQ\��'LVWDQFH�EHWZHHQ�

ZHOO� LV� UHODWHG� WR� UHWHQWLRQ� WLPH� RI� VROYHQW� VWD\LQJ� XQGHUJURXQG�� ,QFUHDVLQJ� EULQH�

FRQFHQWUDWLRQ�LV�REYLRXVO\�UHODWHG�WR�UHWHQWLRQ�WLPH�

'ULOLQJ�RI�XQLWV� 'LUHFWLRQDO�GULOOLQJ�LV�RQH�RI�WKH�VSHFLDO�WHFKQLTXHV�XVHG�LQ�PLQLQJ�

DUHD��([SHULHQFH�ZDV� JDLQHG� DERXW� GLUHFWLRQDO� GULOOLQJ� LQ� VWXG\� DUHD�ZLWK� WULDO� DQG�

HUURU��)RU�WKLV�UHDVRQ��WKHUH�DUH�VWLOO�D�QXPEHU�RI�PLVWDNHV�DUH�PDGH��)ROORZLQJ�WURQD�

VHDPV�DOPRVW���������P�ZKLOH�GULOOLQJ�LV�QRW�DQ HDV\�ZRUN�DQG�VRPH�RI�GULOOLQJ�LQVLGH�

WURQD�VHDP�SHUIRUPDQFH� LV� ORZ�EHFDXVH�RI�GLVFRQWLQXLW\�RI� WURQD�VHDP�DQG�GULOOLQJ�

PLVWDNHV� �ZURQJ� FDOFXODWLRQ�� WDUJHWLQJ�ZURQJ� SRLQW� HWF���� $QRWKHU� SUREOHP� DULVLQJ�



��

IURP�GULOOLQJ�SDUW�LV�SDVVLQJ�RQH�YHUWLFDO�ZHOO��:KLOH�LQWHUVHFWLQJ�KRUL]RQWDO�ZHOO�WR�

ILUVW� YHUWLFDO� ZHOO�� GULOOLQJ� SDWK� FDQ� EH� GHYLDWHG� DQG� VHFRQG� YHUWLFDO� ZHOO� FDQ� EH�

WDUJHWHG�� ,Q� VXFK�FDVHV�� LW� LV� H[SHFWHG� WKDW� ILUVW� YHUWLFDO� WDUJHW�ZHOO� LV� FRQQHFWHG� WR�

GULOOLQJ� SDWK� RU� FDYHUQ� E\� LWVHOI�� 7KLV� SURFHGXUH� PD\� WDNH� VRPH� WLPH� DQG� EULQH�

FRQFHQWUDWLRQ�LQFUHDVH�PD\�DIIHFW�IURP�WKLV�FDVH������
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&+$37(5��

�� &21&/86,21�$1'�5(&200(1'$7,216�

6ROXWLRQ�PLQLQJ�PHWKRG� LV� XVHG� IRU� H[WUDFWLQJ� WURQD� RUH� IURP� XQGHUJURXQG� DW� WKH�

%H\SD]DUÕ�WURQD�PLQH� 7ZR�YHUWLFDO�DQG�RQH�GLUHFWLRQDOO\�GULOOHG�ZHOO�DUH�FRPELQHG�LQ�

D�WDUJHW�WURQD�VHDP�DV�D�SURGXFWLRQ�XQLW IRU�VROXWLRQ�PLQLQJ��6ROYHQW�FRQWDLQLQJ�������

7RWDO�$ONDOLQLW\ �7$� DW� D� WHPSHUDWXUH� EHWZHHQ� ������ R&� LV SUHSDUHG� DV� LQMHFWLRQ�

VROYHQW�DQG�LW�LV�LQMHFWHG IURP�KRUL]RQWDO�ZHOO�DQG�EULQH�LV�WDNHQ�IURP�YHUWLFDO�ZHOOV

ZLWK���������7$ ZLWK�D�WHPSHUDWXUH�RI�������R&�

,W� LV� NQRZQ� WKDW� UHDFKLQJ� SURGXFWLRQ� XQLWV� WR� ������ �� 7RWDO� $ONDOLQLW\ EULQH�

FRQFHQWUDWLRQ� OHYHO� WDNHV� WLPH�� :KHQ� XQLWV� UHDFK� WKLV� EULQH� GHVLJQ� SDUDPHWHUV��

SURGXFWLRQ�XQLW�LV�FDOOHG�DV�PDWXUH�XQLW� 7KHUH�DUH�D�ORW�RI�XQLWV�DW�WKH�VWXG\�DUHD�DQG�

HDFK�RI�WKHP�KDV�WKHLU�RZQ�FKDUDFWHULVWLFV�ZKLOH�UHDFKLQJ�PDWXULW\�OHYHO����

7KHUH� DUH� VRPH� RSHUDWLRQDO� IDFWRUV� DIIHFWLQJ�PDWXULW\� RI� SURGXFWLRQ� XQLWV�� ,Q� WKLV�

WKHVLV��LQMHFWLRQ�WHPSHUDWXUH�DQG�LQMHFWLRQ�IORZ�UDWH�LV�REVHUYHG�DV�RSHUDWLRQDO�IDFWRUV�

RI�SURGXFWLRQ�XQLWV�GHSHQGLQJ�RQ�WLPH� 1LQHWHHQ����� XQLWV�ZHUH�FKRVHQ�IURP�PLQLQJ�

DUHD�GULOOHG�LQ�GLIIHUHQW�WURQD�VHDPV��8���8���/��DQG�/���WR�VHH�KRZ�RSHUDWLRQDO�IDFWRUV�

DIIHFW�LQFUHDVLQJ�EULQH�FRQFHQWUDWLRQ DQG�ZKHWKHU�LW�LV�SRVVLEOH�WR�HVWLPDWH�PDWXULW\�

WLPH�IRU�8��WURQD�VHDP�RU�QRW� 8VLQJ�VWDWLVWLFDO�VRIWZDUH�0LQLWDE SURJUDP��UHJUHVVLRQ�

DQDO\VLV� LV� GRQH� IRU� XQLWV�� VHSDUDWHO\� DQG� DOVR� FRPELQLQJ� XQLWV� GULOOHG� LQ�8�� WURQD�

VHDP�

$FFRUGLQJ� WR�PXOWLSOH� DQDO\VLV� UHVXOWV�� ��� RI� ��� XQLWV� ZDV� H[SODLQHG� E\� HIIHFW RI�

LQMHFWLRQ�WHPSHUDWXUH�DQG�IORZ�UDWH�RQ�LQFUHDVLQJ�EULQH�FRQFHQWUDWLRQ�GHSHQGLQJ�RQ�

WLPH�ZLWK�5� LV���������$QG�DOVR�����RI����XQLWV�KDYH�DQ�DYHUDJH�5� LV���������,W�ZDV�

VHHQ�WKDW�LQMHFWLRQ�WHPSHUDWXUH�DQG�IORZ�UDWH�DIIHFWV�EULQH�FRQFHQWUDWLRQ�EXW�UHJUHVVLRQ�

HTXDWLRQV�ZHUH� H[DPLQHG� LQ� GHWDLO� LW�ZDV� VHHQ� WKDW� VRPH� RI� WKH� HTXDWLRQV� GLG� QRW�



��

FRQWDLQ�DOO�SDUDPHWHUV�DW� WKH�VDPH�WLPH��0RUHRYHU��ZKHQ���PRQWK�5�VTXDUHG�YDOXH�

DQG����PRQWK�ZDV� FRPSDUHG�� WKHUH�ZDV�QR�ELJ�GLIIHUHQFH�EHWZHHQ� ILUVW�PRQWKV�RI�

EULQH�SURGXFWLRQ�DQG�ORQJ�SHULRG�RI�EULQH�SURGXFWLRQ��

)XUWKHUPRUH��ZKHQ�UHVXOWV�ZHUH�REVHUYHG�LQ�WKH�EDVLV�RI�WURQD�VHDPV����XQLWV�GULOOHG�

LQ�8��WURQD�VHDP�DQG�RXW�RI���XQLWV��IRU����PRQWK�SURGXFWLRQ�WKHLU�DYHUDJH�5� YDOXH�

LV�����������XQLW�GULOOHG�LQ�/��WURQD�VHDP�KDV�5� YDOXH�LV���������7KHQ����XQLWV�ZHUH�

FKRVHQ�IURP�/��WURQD�VHDP����RI���XQLWV�ZHUH�H[SODLQHG�E\��������5� YDOXH������

7KH�PRVW�FRPPRQ�WURQD�VHDP�LV�8��LQ�WKH�VWXG\�DUHD��)RU�WKLV�UHDVRQ��LW�LV�LPSRUWDQW�

WKDW�WR�VHH�KRZ�RSHUDWLRQ�IDFWRUV�DIIHFW�PDWXULW\�OHYHO�RI�XQLWV�LQ�WKLV�WURQD�VHDP����RI�

WKH� XQLWV� GULOOHG� LQ� 8�� VHDP� ZHUH� FRPELQHG� DQG� UHJUHVVLRQ� DQDO\VLV� ZDV� GRQH��

$FFRUGLQJ�WR�UHVXOWV�RI�8��VHDP��LQMHFWLRQ�WHPSHUDWXUH�DQG�IORZ�UDWH�HIIHFW RQ�EULQH�

FRQFHQWUDWLRQ�GHSHQGLQJ�RQ�WLPH�ZDV�H[SODLQHG��������ZLWK�DQG�HTXDWLRQ�RI�7$� �

������ � �������� 7,0(� � ������� 7� ± ������� 4�� :LWK� WKLV� HTXDWLRQ� XVLQJ�

RSHUDWLRQDO�IDFWRUV��WLPH�ZKHQ�XQLW�UHDFKHV�PDWXULW\�OHYHO�PD\�EH�HVWLPDWHG�LQ�DOPRVW�

�����5� �DGM��YDOXH�

,Q� WKLV� VWXG\�� LW� ZDV� REVHUYHG� WKDW� KRZ� RSHUDWLRQDO� TXDQWDWLYH� IDFWRUV� �LQMHFWLRQ�

WHPSHUDWXUH�DQG�IORZ�UDWH���ZKLFK�DUH�FRXQWDEOH�IDFWRUV��DIIHFWV�WKH�PDWXULW\�OHYHO�RI�

WKH�XQLWV�DQG�WKH�SRVVLELOLW\�RI�HVWLPDWLQJ�PDWXULW\�WLPH�E\�XVLQJ�SDVW�SURGXFWLRQ�GDWD��

6LQFH�HDFK�SURGXFWLRQ�XQLW�KDG�D�GLIIHUHQW�FKDUDFWHULVWLF��DQDO\]LQJ�IDFWRUV�ZHUH�QRW�

HDV\�IRU�VXFK�D�FRPSOH[�DQG�FRPSOLFDWHG�PLQLQJ�DUHD��

7KHUH�ZHUH�D�ORW�RI�H[WHUQDO�IDFWRUV�UHODWHG�WR�JHRORJ\�RI�PLQH��GHVLJQ�DQG�GULOOLQJ�SDUW�

DIIHFWLQJ�PDWXULW\�WLPH�OHYHO�RI�XQLW��*HRORJ\�RI�PLQH�PD\�FKDQJH�DW�WKH�ERXQGDU\�

SDUW�RI�PLQH�DQG GLVFRQWLQXLWLHV�RI�WURQD�VHDP�PD\�EH�VHHQ�DQG�WKH�GULOOLQJ�SLSHV�PD\�

QRW�EH�IROORZ�WURQD�VHDP�DQG�LW�DIIHFWV�PDWXULW\�WLPH�RI�XQLWV��6HDP�WKLFNQHVV��JUDGH�

DQG�LQFOLQDWLRQ�RI�VHDP�PD\�DIIHFW�EULQH�FRQFHQWUDWLRQ�RI�SURGXFWLRQ�XQLWV��)ROGLQJ�

DQG�IDXOWV�V\VWHPV�DOVR�PD\�DIIHFW�SURGXFWLRQ�SHULRG�RI�XQLWV���



��

0RUHRYHU��FKDQJLQJ�GHVLJQ�RI�XQLW��FKDQJLQJ�QXPEHU�RI�YHUWLFDO�ZHOOV�LQ�SURGXFWLRQ�

XQLW� EHFDXVH� RI� VXUIDFH� VHWWOHPHQWV� DQG� GLVWDQFH� EHWZHHQ� YHUWLFDO� ZHOOV� DIIHFWV�

UHDFKLQJ�PDWXULW\�OHYHO�RI�SURGXFWLRQ�XQLWV�

)XUWKHUPRUH�� ODVW� H[WHUQDO� IDFWRU� LV� GULOOLQJ� SHUIRUPDQFH� RI� KRUL]RQWDO� ZHOOV�� ,W� LV�

NQRZQ�WKDW�LW�ZDV�QRW�HDV\�WR�FRQQHFW�ZHOO�XQGHUJURXQG��6RPH�RI�WLPH��EHFDXVH�RI�

GLVFRQWLQXLW\�RI�WURQD�DQG�ZURQJ�FDOFXODWLRQ��KRUL]RQWDO�ZHOO�FDQ�SDVV�YHUWLFDO�ZHOOV�

RU LWV� WDUJHW�SRLQW� LQ� WKH� WURQD� LV�ZURQJ�� ,Q� WKLV�FDVH�� UHDFKLQJ�PDWXULW\� WDNHV�VRPH�

WLPH����

,QMHFWLRQ�WHPSHUDWXUH�DQG�IORZ�UDWH�DIIHFWV�LQFUHDVLQJ�EULQH�FRQFHQWUDWLRQ�DV�RSHUDWLRQ�

IDFWRUV�GHSHQGLQJ�RQ�WLPH��%\�WKH�KHOS�RI�H[WHUQDO�IDFWRUV��UHVXOWV�DUH�VXSSRUWHG�DQG�

LPSURYHG��,W�LV�VXJJHVWHG�WKDW�GHFUHDVLQJ�SDUDPHWHUV�RI�H[WHUQDO�IDFWRUV��LW�LV�HDVLHU�WR�

XQGHUVWDQG�DQG�VHH�KRZ�RSHUDWLRQDO�IDFWRUV�DIIHFWLQJ�PDWXULW\�RI�SURGXFWLRQ�XQLWV�DQG�

HVWLPDWLRQ�RI�QHZ�GULOOHG�XQLWV�PDWXULW\�WLPH��

$OWKRXJK�WKHUH�DUH�D�ORW�RI�H[WHUQDO�IDFWRUV�ZKLOH�FRPSOHWLRQ�RI�SURGXFWLRQ�XQLWV��WKH�

FRPSDQ\�VKRXOG�UHDFK�SURGXFWLRQ�JRDOV�ZLWK�\HDUO\�SODQQHG�XQLWV��$SSUR[LPDWHO\����

XQLWV�DUH�RSHUDWLQJ�DW�WKH�VDPH�WLPH�DQG�DW�OHDVW������XQLWV�DUH�UHPDLQHG�DV�VWDQG�E\�

SRVLWLRQ�DQG�WKHVH�XQLWV�VKRXOG�EH�PDWXUH�WR�IHHG�SURFHVV�SODQW��7KH�DLP�RI�WKLV�WKHVLV�

LV�WR�ILQG�KRZ�RSHUDWLRQDO�IDFWRUV�DIIHFWLQJ�UHDFKLQJ�PDWXULW\�OHYHO�DQG�WR�HVWLPDWH�WKH�

PDWXULW\�OHYHO�RI�SURGXFWLRQ�XQLWV�GULOOHG�LQ�GLIIHUHQW�VHDPV�EXW�HVSHFLDOO\�GULOOHG�LQ�

8��VHDP��FRPPRQ�VHDP�DW�WKH�VWXG\�DUHD���+HUHZLWK��WKH�VWDWLVWLFDO�UHVXOWV�RI�8��VHDP�

ZLOO�EH�KHOSIXO�IRU�SUHSDULQJ�GDLO\�RSHUDWLRQ��VKRUW�WHUP�RU�ORQJ�WHUP�PLQH�SODQ��:LWK�

WKH�OLJKW�RI�WKH�VWDWLVWLFDO�GDWD�REWDLQHG�E\�VHDP�8���SURGXFWLRQ�XQLWV�GULOOHG�LQ�8��

WURQD� VHDP� PD\� UHDFK� PDWXULW\� OHYHO� ������������ KRXUV� DIWHU� VWDUWHG� SURGXFWLRQ��

'ULOOLQJ�VFKHGXOH�IRU�PLQH�SODQ�FDQ�EH�PDGH�XS�DFFRUGLQJ�WR�WKLV�UHVXOWV�

2WKHU�RSHUDWLRQDO� IDFWRUV�VXFK�DV� LQMHFWLRQ�SUHVVXUH�PD\�EH�VHDUFKHG�DQG�REVHUYHG�

QXPEHU� RI� SURGXFWLRQ� XQLWV�PD\�EH� LQFUHDVHG� WR� JHW�PRUH� SUHFLVH� UHVXOW� UHODWHG� WR�

UHDFKLQJ�PDWXULW\�OHYHO��$FFRUGLQJ�WR�WKHVH�UHVXOWV��GDWD�PD\�EH�H[DPLQHG�LQ�GHWDLO�



��
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5()(5(1&(6

%HúLU��7���	�.DIDGDU��6��0����������'HYHORSPHQWV�LQ�3ODQQLQJ�DQG�3URGXFWLRQ�6WHSV�

RI� 6ROXWLRQ� 0LQLQJ� LQ� %H\SD]DUÕ� 7URQD� )LHOG�� ,QWHUQDWLRQDO� 0LQHUDO�

3URFHVVLQJ�6\PSRVLXP� $QWDO\D�

%ROHQ�� :�� 3�� �������� 0LQHUDO� &RPPRGLW\� 6XPPDULHV� 8QLWHG� 6WDWHV� *HRORJLFDO�

6XUYH\�

%UDVH��&��+���	�%UDVH��&��3����������$YHUDJHV�DQG�9DULDWLRQ��8QGHUVWDQGLQJ�%DVLF�

6WDWLVWLFV �S��������

&G),�� 0'3$�� 6RIUHPLQHV�� 	� 7HNQRPDG�� �������� (WLEDQN� %H\SD]DUÕ� 7URQD�

8QGHUJURXQG�0LQLQJ�3URMHFW��'HSRVLW�(YDOXDWLRQ�5HSRUW� $QNDUD�

*|OEDúÕ�� 2�� ������� 6HSWHPEHU��� 5HOLDELOLW\�%DVHG� 0DLQWHQDQFH� 2SWLPL]DWLRQ� RI�

:DONLQJ�'UDJOLQHV������$QNDUD��0LGGOH�(DVW�7HFKQLFDO�8QLYHUVLW\��$QNDUD��

0LGGOH�(DVW�7HFKQLFDO�8QLYHUVLW\�

øQFHHIH��g���	�dDNPDNoÕ��*����������EH\SD]DUÕ�7URQD�3URMHVL�)L]LELOLWH�5DSRUX���&LOW�

�� -HRORMLN� YH� -HRPRUIRORMLN�� -HRNLP\DVDO�� -HRWHNQLN� YH� -HRLVWDWLVWLNVHO�

dDOÕúPDODU��%H\SD]DUÕ��3DUN�7HNQLN�$�ù��

0LQHUDO�&RPPRGLW\�6XPPDULHV�����������������������

1DKP��)��6���������6HSWHPEHU�������:KDW�WKH�3�YDOXHV�UHDOO\�WHOO�XV��.RUHDQ�-RXUQDO�

RI�3DLQ�� ��������

2ND\��$��,����������*HRORJ\�RI�7XUNH\��$�6\QRSVLV��$QVFKQLWW��� �V����������LoLQGH

2ND\��$��,����������7DYúDQOÕ�=RQH��7KH�1RUWKHUQ�6XEGXFWHG�0DUJLQ�RI�WKH�$QDWROLGH�

7DXULGH�%ORFN��%XOOHWLQ�RI�0LQHUDO�5HDVHUFK�DQG�([SORUDWLRQ�����������



��

2QDUJDQ��7���	�+HOYDFÕ��&����������$QNDUD�%H\SD]DUÕ�'R÷DO�6RGD��7URQD��6DKDVÕQÕQ�

gQHPL�YH�øúOHWPH�3DUDPHWUHOHULQLQ�øUGHOHQPHVL�����(QG�VWUL\HO�+DPPDGHOHU�

6HPSR]\XPX�� ø]PLU�

gUJ�O�� 6�� ������� $XJXVW��� (YDOXDWLRQ� RI� 6RGD� $VK� 3URGXFWLRQ� 3DUDPHWHUV� IURP�

%H\SD]DUÕ�7URQD�2UH� $QNDUD��0LGGOH�(DVW�7HFKQLFDO�8QLYHUVLW\�

g]J�P��&���*|NPHQR÷OX��2���	�(UGXUDQ��%����������$QNDUD�%H\SD]DUÕ�'R÷DO�6RGD�

�7URQD��6DKDVÕ�ø]RWRS�+LGURORMLVL�dDOÕúPDODUÕ��-HRORML�0�KHQGLVOHUL�'HUJLVL�

5RJHU�/��'D\��-��$��������� 8QLWHG�6WDWHV�3DWHQW�1R��86������������$��

6D\JÕOÕ��*��1����������(IIHFW�RI�WHPSHUDWXUH�RQ�GLVVROXWLRQ�RI�7XUNLVK�WURQD�

6D\JÕOÕ��*��1���	�2NXWDQ��+����������$SSOLFDWLRQ�RI�WKH�VROXWLRQ�PLQLQJ�SURFHVV�WR�WKH�

7XUNLVK�WURQD�GHSRVLW�

6D\JÕOÕ��*��1���	�2NXWDQ��+����������0HFKDQLVP�RI�WKH�GLVVROXWLRQ�RI�7XUNLVK�WURQD�

6D\JXQ��ø��7���������0DUFK���&RPSXWHU�0RGHOLQJ�RI�7KH�,QÕWLDO�&DYHUQ�)RU�&DYHUQ�

)RU�%H\SD]DUÕ�7URQD�2UH�2Q�7KH�%DVLV�RI�/HDFKLQJ�5DWHV��,QVROXEOH�&RQWHQWV�

DQG�7KLFNQHVV�RI�7URQD�/D\HU�0LGGOH�(DVW�7HFKQLFDO�8QLYHUVLW\��

�Q�G���� 5HWULHYHG� 6HSWHPEHU� ��� ����� IURP� 7URQD��

KWWSV���ZZZ�JUHDWPLQLQJ�FRP�WURQD�KWPO

�Q�G���� 5HWULHYHG� )HEUXDU\� ���� ����� IURP�

KWWS���ZZZ�JUHDWPLQLQJ�FRP�PLQLQJBLPDJHV�WURQD��SQJ�

�Q�G����:LUHOHVV� 0HDVXUHPHQW� :KLOH� 'ULOOLQJ�� 5HWULHYHG� )HEUXDU\� ���� ����� IURP�

+XDQGLQJ� (QHUJ\� 6HUYLFHV��

KWWS���ZZZ�KXDQGLQJ�FRP�HQ�3URGXFWVB0HV�DVS["W\SH �	,G ��
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$33(1',&(6

$� 5HJUHVVLRQ�$QDO\VHV�RI�3URGXFWLRQ�8QLWV

x 38��

)LJXUH�$����%R[�SORW�RI�38���GDWD

7DEOH�$ ���5�6TXDUHG�YDOXHV�IRU�38������PRQWK�GDWD�

9DUV 5�6T
5�6T�
�DGM�

7,0( 7 4

� ���� ���� ;
� ��� ��� ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ; ;
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D

%R[SORW RI 7$� 7� 4
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7DEOH�$����5�6TXDUHG�YDOXHV�IRU�38�������PRQWK�GDWD�

9DUV 5�6T 5�6T��DGM� 7,0( 7 4 7� 4�

� ��� ��� ;
� ��� ��� ;
� ��� ��� ;
� ��� ��� ;
� ��� ��� ;
� ��� ��� ; ;
� ��� ��� ; ;
� ��� ��� ; ;
� ��� ��� ; ;
� ��� ��� ; ;
� ��� ��� ; ; ;
� ��� ��� ; ; ;
� ��� ��� ; ; ;
� ��� ��� ; ; ;
� ��� ��� ; ; ;
� ��� ��� ; ; ; ;
� ��� ��� ; ; ; ;
� ��� ��� ; ; ; ;
� ��� ��� ; ; ; ;
� ��� ��� ; ; ; ;
� ��� ��� ; ; ; ; ;


7KHUH�LV�QR�UHJUHVVLRQ�HTXDWLRQ�IRU�38���IRU����PRQWK�GDWD

7DEOH�$����3�YDOXHV�RI�38������PRQWK�GDWD�

6RXUFH 3�9DOXH 6RXUFH 3�9DOXH
5HJUHVVLRQ ����� 5HJUHVVLRQ �����
7,0( ����� 7,0( �����
7 ����� 7 �����
4 ����� 4 �

7DEOH�$����0RGHO�VXPPDU\�RI�38������PRQWK�GDWD�

6 5�VT 5�VT�DGM� 5�VT��SUHG�

�������� ������ ������ ������
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7DEOH�$����'HVFULSWLYH�VWDWLVWLFV�RI�38������PRQWK�GDWD�

9DULDEOH 1 0HDQ
6(�

0HDQ
6W�
'HY

0LQ 4� 0HGLDQ 4� 0D[

4 �� ���� ��� ��� ��� ���� ���� ���� ����

5HJUHVVLRQ�(TQ�RI�38������PRQWKV�GDWD���7$ ������� �������� 7,0(�� ������ 7

x 38��

)LJXUH�$����%R[�SORW�RI�38���GDWD

7DEOH�$����0RGHO�6XPPDU\�RI�38������PRQWK�GDWD�

6 5�VT 5�VT�DGM� 5�VT�SUHG�
�������� ������ ������ ������


7KHUH�LV�QR�UHJUHVVLRQ�HTXDWLRQ�IRU�38���IRU���PRQWK�GDWD���
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7DEOH�$ ���5�6TXDUHG�YDOXHV�IRU�38������PRQWK�GDWD�

9DUV 5�6T 5�6T��DGM� 7,0( 7 4 7� 4�

� ���� ���� ;
� ��� ��� ;
� ��� ��� ;
� ��� ��� ;
� ��� ��� ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ;
� ��� ��� ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ; ;
� ���� ���� ; ; ; ;
� ���� ���� ; ; ; ;
� ���� ���� ; ; ; ;
� ��� ��� ; ; ; ;
� ���� ���� ; ; ; ; ;

7DEOH�$ ���0RGHO�6XPPDU\�RI�38������PRQWK�GDWD�

6 5�VT 5�VT�DGM� 5�VT�SUHG�

�������� ������ ������ ������
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7DEOH�$ ���5�6TXDUHG�YDOXHV�IRU�38������PRQWK�GDWD�

9DUV 5�6T
5�6T
�DGM�

5�6T
�SUHG�

0DOORZV
&S

6 7,0( 7 4

� ���� ���� ���� ���� ������� ;
� ���� ���� ���� ���� ������� ;
� ��� ��� ��� ����� ������� ;
� ���� ���� ���� ��� ������� ; ;
� ���� ���� ���� ���� ������� ; ;
� ���� ���� ���� ���� ������� ; ;
� ���� ���� ���� ��� ������� ; ; ;

7DEOH�$�����3�YDOXHV�RI�38������PRQWK�GDWD�

6RXUFH 3�9DOXH 6RXUFH 3�9DOXH

5HJUHVVLRQ ����� 5HJUHVVLRQ �����

7,0( ����� 7,0( �����

7 ����� 7 �����

4 ����� 4 �

5HJUHVVLRQ�(TQ�RI�38������PRQWKV�GDWD�� 7$ �������� �������� 7,0(�

� ������ 4

7DEOH�$�����'HVFULSWLYH�VWDWLVWLFV�RI�7����PRQWK�GDWD�

9DULDEOH 1 0HDQ
6(�

0HDQ
6W�
'HY

0LQ 4� 0HGLDQ 4� 0D[

7 �� ���� ��� ��� ���� ���� ���� ���� ����
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x 38��

)LJXUH�$ ���%R[�SORW�RI�38���GDWD

7DEOH�$ ����5�6TXDUHG�YDOXHV�IRU�38������PRQWK�GDWD�

9DUV 5�6T
5�6T
�DGM�

5�6T
�SUHG�

0DOORZV
&S

6 7,0( 7 4

� ���� ���� ���� ���� ������� ;
� ���� ���� ���� ����� ������ ;
� ���� ���� ���� ����� ������ ;
� ���� ���� ���� ��� ������� ; ;
� ���� ���� ���� ���� ������� ; ;
� ���� ���� ���� ����� ������ ; ;
� ���� ���� ���� ��� ������� ; ; ;

7DEOH�$���� 0RGHO�6XPPDU\�RI�38������PRQWK�GDWD�

6 5�VT 5�VT�DGM� 5�VT�SUHG�
�������� ������ ������ ������
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7DEOH�$�����3�YDOXHV�RI�38������PRQWK�GDWD�

6RXUFH 3�9DOXH
5HJUHVVLRQ �����
7,0( �����
4 �����

5HJUHVVLRQ�(TQ�RI�38������PRQWKV�GDWD���7$ �������� �������� 7,0(�

± ������� 4

7DEOH�$�����5�6TXDUHG�YDOXHV�IRU�38������PRQWK�GDWD�

9DUV 5�6T
5�6T�
�DGM�

7,0( 7 4

� ���� ���� ;
� ��� ��� ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ; ;

7DEOH�$�����0RGHO�6XPPDU\�RI�38������PRQWK�GDWD�

6 5�VT 5�VT�DGM� 5�VT�SUHG�

������� ������ ������ ������

7DEOH�$�����3�YDOXHV�RI�38������PRQWK�GDWD�

6RXUFH 3�9DOXH
5HJUHVVLRQ �����
7,0( �����
4 �����

5HJUHVVLRQ�(TQ�RI�38������PRQWKV�GDWD���7$� ��������� �������� 7,0(�

� ������ 4
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x 38���

)LJXUH�$ ���%R[�SORW�RI�38���GDWD

7DEOH�$ ��� 5�6TXDUHG�YDOXHV�IRU�38�������PRQWK�GDWD�

9DUV 5�6T
5�6T�
�DGM�

7,0( 7 4

� ���� ���� ;
� ��� ��� ;
� ��� ��� ;
� ���� ���� ; ;
� ���� ���� ; ;
� ��� ��� ; ;
� ���� ���� ; ; ;

7DEOH�$���� 0RGHO�6XPPDU\�RI�38�������PRQWK�GDWD�

6 5�VT 5�VT�DGM� 5�VT�SUHG�
������� ������ ������ ������
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7DEOH�$ ����3�YDOXHV�RI�38�������PRQWK�GDWD�

6RXUFH 3�9DOXH

5HJUHVVLRQ �����

7,0( �����

7 �����

4 �����

7DEOH�$ ����'HVFULSWLYH�VWDWLVWLFV�RI�7$��7�DQG�4�����PRQWK�GDWD�

9DULDEOH 1 0HDQ
6(

0HDQ
6W�
'HY

0LQ 4� 0HGLDQ 4� 0D[

7$ ��� ���� ��� ��� ��� ���� ���� ���� ����

7 ��� ���� ��� ��� ���� ���� ���� ���� ����

4 ��� ���� ��� ��� ��� ���� ���� ���� ����

5HJUHVVLRQ�(TQ�RI�38�������PRQWKV�GDWD���7$ ������� �������� 7,0(�

� ������ 7�� ������ 4

7DEOH�$�����5�6TXDUHG�YDOXHV�IRU�38������PRQWK�GDWD�

9DUV 5�6T
5�6T�
�DGM�

7,0( 7 4

� ���� ���� ;
� ��� ��� ;
� ��� ��� ;
� ���� ���� ; ;
� ���� ���� ; ;
� ��� ��� ; ;
� ���� ���� ; ; ;
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7DEOH�$�����0RGHO�6XPPDU\�RI�38������PRQWK�GDWD�

6 5�VT 5�VT�DGM� 5�VT�SUHG�
������� ������ ������ ������

7DEOH�$�����3�YDOXHV�RI�38������PRQWKV�GDWD�

6RXUFH 3�9DOXH
5HJUHVVLRQ �����
7,0( �����
7 �����
4 �����

7DEOH�$�����'HVFULSWLYH�VWDWLVWLFV�RI�7$��7�DQG�4����PRQWK�GDWD�

9DULDEOH 1 0HDQ
6(�

0HDQ
6W�
'HY

0LQ 4� 0HG� 4� 0D[

7$ �� ��� ��� ��� ��� ��� ��� ��� ����

7 �� ���� ��� ��� ���� ���� ���� ���� ����

4 �� ���� ��� ��� ���� ���� ���� ���� ����

5HJUHVVLRQ�(TQ�RI�38������PRQWKV�GDWD���7$� �������� �������� 7,0(

x 38��
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7DEOH�$�����5�6TXDUHG�YDOXHV�IRU�38�������PRQWK�GDWD�

9DUV 5�6T 5�6T��DGM� 7,0( 7 4 7� 4�

� ���� ���� ;
� ��� ��� ;
� ��� ��� ;
� ��� ��� ;
� ��� ��� ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ; ;
� ���� ���� ; ; ; ;
� ���� ���� ; ; ; ;
� ���� ���� ; ; ; ;
� ���� ���� ; ; ; ;
� ���� ���� ; ; ; ; ;


)LUVW����PRQWKV�GDWD�KDG�YHU\�ORZ�5�VTXDUHG�YDOXH
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7DEOH�$�����5�6TXDUHG�YDOXHV�IRU�38������PRQWK�GDWD�

9DUV 5�6T 5�6T��DGM� 7,0( 7 4 7� 4�

� ���� ���� ;
� ���� ���� ;
� ���� ���� ;
� ���� ��� ;
� ��� ��� ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ; ;
� ���� ���� ; ; ; ;
� ���� ���� ; ; ; ;
� ���� ���� ; ; ; ;
� ���� ���� ; ; ; ;
� ���� ���� ; ; ; ; ;

7DEOH�$ ����3�YDOXHV�RI�38������PRQWK�GDWD�

6RXUFH 3�9DOXH

5HJUHVVLRQ �����

7,0( �����

7 �����

4 �����

7DEOH�$ ����0RGHO�6XPPDU\�RI�38������PRQWK�GDWD�

6 5�VT 5�VT�DGM� 5�VT�SUHG�
�������� ������ ������ ������
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7DEOH�$�����'HVFULSWLYH�VWDWLVWLFV�RI�7$��7�DQG�4 ���PRQWK�GDWD�

9DULDEOH 1 0HDQ
6(�

0HDQ
6W�
'HY

0LQ� 4� 0HGLDQ 4� 0D[�

7$ �� ���� ��� ��� ��� ���� ���� ���� ����
7 �� ���� ��� ��� ���� ���� ���� ���� ����
4 �� ���� ��� ��� ���� ���� ���� ���� ����

5HJUHVVLRQ�(TQ�RI�38������PRQWKV�GDWD���7$ ������� �������� 7,0(�

± ������ 7�� ������ 4

x 38��

)LJXUH�$����%R[�SORW�RI�38���GDWD
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7DEOH�$�����5�6TXDUHG�YDOXHV�IRU�38������PRQWK�GDWD�

9DUV 5�6T
5�6T�
�DGM�

7,0( 7 4

� ���� ���� ;
� ���� ���� ;
� ��� ��� ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ; ;

7DEOH�$�����3�YDOXHV�RI�38������PRQWK�GDWD�

7HUP 3�9DOXH

&RQVWDQW �����

7,0( �����

7 �����

4 �����

7DEOH�$�����'HVFULSWLYH�VWDWLVWLFV�RI�7$��7�DQG�4 ���PRQWK�GDWD�

9DULDEOH 1 0HDQ
6(�

0HDQ
6W
'HY

0LQ� 4� 0HGLDQ 4� 0D[�

7$ �� ���� ��� ��� ��� ���� ���� ���� ����

7 �� ���� ��� ��� ���� ���� ���� ���� ����

4 �� ���� ��� ��� ���� ���� ���� ���� ����

5HJUHVVLRQ�(TQ�RI�38������PRQWKV�GDWD���7$� ��������� �������� 7,0(



��

x 38��

)LJXUH�$����%R[�SORW�RI�38���GDWD

7DEOH�$���� 5�6TXDUHG�YDOXHV�IRU�38�������PRQWK�GDWD�

9DUV 5�6T 5�6T��DGM� 7,0( 7 4 7� 4�

� ��� ��� ;
� ��� ��� ;
� ��� ��� ;
� ��� ��� ;
� ��� ��� ;
� ���� ���� ; ;
� ��� ��� ; ;
� ��� ��� ; ;
� ��� ��� ; ;
� ��� ��� ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ; ;
� ���� ���� ; ; ; ;
� ���� ���� ; ; ; ;
� ���� ���� ; ; ; ;
� ���� ���� ; ; ; ;
� ���� ���� ; ; ; ; ;
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)LUVW����PRQWKV�GDWD�KDG�YHU\�ORZ�5�VTXDUHG�YDOXH

7DEOH�$�����5�6TXDUHG�YDOXHV�IRU�38������PRQWKV�GDWD�

9DUV 5�6T
5�6T�
�DGM�

7,0( 7 4

� ���� ���� ;
� ���� ���� ;
� ��� ��� ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ; ;

7DEOH�$�����3�YDOXHV�RI�38������PRQWK�GDWD�

6RXUFH 3�9DOXH

5HJUHVVLRQ �����

7,0( �����

7 �����

4 �����

7DEOH�$�����'HVFULSWLYH�VWDWLVWLFV�RI�7$��7�DQG�4����PRQWK�GDWD�

9DULDEOH 1 0HDQ
6(�

0HDQ
6W�
'HY

0LQ� 4� 0HGLDQ 4� 0D[�

7$ �� ���� ��� ��� ��� ���� ���� ���� ����

7 �� ���� ��� ��� ���� ���� ���� ���� ����

4 �� ���� ��� ��� ���� ���� ���� ���� ����

5HJUHVVLRQ�(TQ�RI�38������PRQWK�GDWD���7$� �������� �������� 7,0(�

± ������ 7
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x 38��

)LJXUH�$����%R[�SORW�RI�38���GDWD

7DEOH�$�����5�6TXDUHG�YDOXHV�IRU�38�������PRQWK�GDWD�

9DUV 5�6T
5�6T
�DGM�

5�6T
�SUHG�

0DOORZV
&S

6 7,0( 7 4

� ���� ���� ���� ���� ������ ;

� ���� ���� ���� ���� ������ ;

� ��� ��� ��� ����� ������ ;

� ���� ���� ���� ���� ������ ; ;

� ���� ���� ���� ���� ������ ; ;

� ���� ���� ���� ���� ������ ; ;

� ���� ���� ���� ��� ������ ; ; ;

7DEOH�$ ����3�YDOXHV�RI�38�������PRQWK�GDWD�

6RXUFH 3�9DOXH

5HJUHVVLRQ �����

7,0( �����

7 �����

4 �����
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7DEOH�$�����0RGHO�VXPPDU\�RI�38�������PRQWK�GDWD�

6 5�VT 5�VT�DGM� 5�VT�SUHG�

������� ������ ������ ������

7DEOH�$�����'HVFULSWLYH�VWDWLVWLFV�RI�7$��7�DQG�4�����PRQWK�GDWD�

9DULDEOH 1 0HDQ
6(�

0HDQ
6W�
'HY

0LQ� 4� 0HGLDQ 4� 0D[�

7$ ��� ���� ��� ��� ��� ���� ���� ���� ����

7 ��� ���� ��� ��� ���� ���� ���� ���� ����

4 ��� ���� ��� ��� ��� ���� ���� ���� ����

5HJUHVVLRQ�(TQ�RI�38�������PRQWKV�GDWD���7$� ������� �������� 7,0(�

� ������ 7�� ������ 4

7DEOH�$ ����5�6TXDUHG�YDOXHV�IRU 38������PRQWK�GDWD�

9DUV 5�6T
5�6T�
�DGM�

7,0( 7 4

� ���� ���� ;
� ���� ���� ;
� ��� ��� ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ; ;

7DEOH�$ ����0RGHO�6XPPDU\�RI�38������PRQWK�GDWD�

6 5�VT 5�VT�DGM� 5�VT�SUHG�

������� ������ ������ ������

5HJUHVVLRQ�(TQ�RI�38��� ���PRQWKV�GDWD���7$ ������ �������� 7,0(�� ����� 7�

± ������ 4
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x 38��

)LJXUH�$ ���%R[�SORW�RI�38���GDWD

7DEOH�$ ��� 5�6TXDUHG�YDOXHV�IRU�38�������PRQWK�GDWD�

9DUV 5�6T 5�6T��DGM� 7,0( 7 4 7� 4�

� ���� ���� ;
� ��� ��� ;
� ��� ��� ;
� ��� ��� ;
� ��� ��� ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ;
� ��� ��� ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ;
� ���� ���� ; ; ; ;
� ���� ���� ; ; ; ;
� ���� ���� ; ; ; ;
� ���� ���� ; ; ; ;
� ��� ��� ; ; ; ;
� ���� ���� ; ; ; ; ;
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)LUVW����PRQWKV�GDWD�KDG�YHU\�ORZ�5�VTXDUHG�YDOXH

7DEOH�$ ����5�6TXDUHG�YDOXHV�IRU�38������PRQWK�GDWD�

9DUV 5�6T
5�6T�
�DGM�

7,0( 7 4

� ���� ���� ;
� ���� ���� ;
� ��� ��� ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ; ;

7DEOH�$�����0RGHO�6XPPDU\�RI�38������PRQWK�GDWD�

6 5�VT 5�VT�DGM� 5�VT�SUHG�

������� ������ ������ ������

7DEOH�$�����3�YDOXHV�RI�38������PRQWK�GDWD�

6RXUFH 3�9DOXH

5HJUHVVLRQ �����

7,0( �����

7 �����

4 �����

7DEOH�$�����'HVFULSWLYH�VWDWLVWLFV�RI�7$��7�DQG�4����PRQWK�GDWD�

9DULDEOH 1 0HDQ
6(�

0HDQ
6W
'HY

0LQ� 4� 0HGLDQ 4� 0D[�

7$ �� ���� ��� ��� ��� ��� ���� ���� ����

7 �� ���� ��� ��� ���� ���� ���� ���� ����

4 �� ���� ��� ��� ���� ���� ���� ���� ����
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5HJUHVVLRQ�(TQ�RI�38������PRQWKV�GDWD���7$ ������ �������� 7,0(�± ����� 7�

� ������ 4

x 38���

)LJXUH�$�����%R[�SORW�RI�38����GDWD

7DEOH�$�����5�6TXDUHG�YDOXHV�IRU�38��������PRQWK�GDWD�

9DUV 5�6T
5�6T�
�DGM�

7,0( 7 4

� ���� ���� ;
� ���� ���� ;
� ��� ��� ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ;
� ���� ���� ; ; ;
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7DEOH�$�����3�YDOXHV�RI�38��������PRQWK�GDWD�

6RXUFH 3�9DOXH

5HJUHVVLRQ �����

7,0( �����

7 �����

4 �����

7DEOH�$�����'HVFULSWLYH�VWDWLVWLFV�RI�7$��7�DQG�4�����PRQWK�GDWD�

9DULDEOH 1 0HDQ 6(�
0HDQ

6W�
'HY

0LQ� 4� 0HGLDQ 4� 0D[�

7$ ��� ���� ��� ��� ��� ���� ���� ���� ����

7 ��� ���� ��� ���� ���� ���� ���� ���� ����

4 ��� ���� ��� ��� ��� ���� ���� ���� ����

5HJUHVVLRQ�(TQ�RI�38��������PRQWKV�GDWD����7$� ��������� �������� 7,0(�

� ������ 7

7DEOH�$�����5�6TXDUHG�YDOXHV�IRU�38�������PRQWK�GDWD�

9DUV 5�6T
5�6T�
�DGM�

7,0( 7 4

� ���� ���� ;
� ���� ���� ;
� ��� ��� ;
� ���� ���� ; ;
� ���� ���� ; ;
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