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+\OWRQ�+D\QHV�

*UDGXDWH�VWXGHQW������&KHDWKDP�+DOO��9LUJLQLD�7HFK��%ODFNVEXUJ��9$�������
�

5LHQ�9LVVHU�
$VVLVWDQW�3URIHVVRU������&KHDWKDP�+DOO��9LUJLQLD�7HFK��%ODFNVEXUJ��9$�������

�
�

$%675$&7� �� 7KH� $SSDODFKLDQ� PRXQWDLQ� UHJLRQ� OHQGV� LWVHOI� LGHDOO\� WR� FDEOH� ORJJLQJ�
RSHUDWLRQV��+RZHYHU��YHU\�IHZ�QHZ�FDEOH�ORJJLQJ�FRQWUDFWRUV�WKDW�KDYH�VWDUWHG�RYHU�WKH�
ODVW� WZR� GHFDGHV� KDYH� EHHQ� VXFFHVVIXO� LQ� VXVWDLQLQJ� WKHLU� RSHUDWLRQ�� 7KH� DEVHQFH� RI�
DGYDQFHG�SODQQLQJ��FRQWUDFW�PDQDJHPHQW��ODFN�RI�VNLOOHG�ODERU�DQG�ODERU�WXUQRYHU�LVVXHV�
KDV�OHG�WR�LQHIILFLHQW�RSHUDWLRQV�WKDW�FDQQRW�VXUYLYH�ILQDQFLDOO\��

�
$� SURGXFWLYLW\� VWXG\� ZDV� FDUULHG� RXW� RQ� RQH� QHZ� 7KXQGHUELUG� 7<���� RSHUDWLRQ� WR�
GRFXPHQW� WKH� HIIHFW� RI� SURIHVVLRQDO� WUDLQLQJ� RQ� WKH� SURGXFWLRQ� HIILFLHQF\�� 7KH�
SURGXFWLYLW\�RI�WKH�RSHUDWLRQ�DIWHU�D�PRQWK�RI�VHOI�OHDUQLQJ�ZDV�HVWDEOLVKHG�DW������WRQV�
SHU� SURGXFWLYH� PDFKLQH� KRXU� DW� DQ� DYHUDJH� SLHFH� VL]H� RI� ����� WRQV� DQG� ���� PHWHU�
H[WUDFWLRQ�GLVWDQFH��7KH�FUHZ�WKHQ�UHFHLYHG�RQH�IXOO�ZHHN�RI�SURIHVVLRQDO� WUDLQLQJ�IURP�
WZR� H[SHULHQFHG� 3DFLILF� 1RUWKZHVW� ULJJHUV�� 7ZR� ZHHNV� DIWHU� WKH� WUDLQLQJ� WKH� DYHUDJH�
SURGXFWLYLW\�LQFUHDVHG�WR������WRQV�SHU�SURGXFWLYH�PDFKLQH�KRXU��7KH�PDLQ�IDFWRUV�ZHUH�
D� UHGXFWLRQ� LQ� FDUULDJH� RXW� DQG� LQ� WLPHV�� DV� ZHOO� DV� LQFUHDVHG� DYHUDJH� WXUQ� YROXPH��
&RQVLGHUDEOH� LPSURYHPHQWV� LQ� OLQH� VKLIWV�� ODQGLQJ� RUJDQL]DWLRQ� DQG� VDIHW\� ZHUH� DOVR�
REVHUYHG��)RU�WKLV�FDVH�VWXG\��WKH�H[SHQVH�RI�SURIHVVLRQDO�WUDLQLQJ�ZLOO�EH�SDLG�RII�LQ�IRXU�
ZRUNLQJ�ZHHNV��
�

�
,1752'8&7,21�

,Q�WKH�ODWH�����¶V�DQG�HDUO\�����¶V�D�ODUJH�
DPRXQW� RI� LQIRUPDWLRQ� ZDV� SXEOLVKHG�
UHJDUGLQJ� FDEOH� ORJJLQJ� LQ� WKH� VRXWKHUQ�
$SSDODFKLDQV��*RFKHQQRXU�HW�DO���������,II�
DQG� &R\�� ������ 5RVVLH�� ������ /HGRX[��
������ 6KHUDU� HW� DO��� ������� $� QXPEHU� RI�
WKHVH� V\VWHPV� ZHUH� VWXGLHV� WR� HVWDEOLVK�
W\SLFDO�SURGXFWLYLW\�OHYHOV��/H'RX[���������
(QYLURQPHQWDO� IDFWRUV� DQG� ORJLVWLFDO�
GLIILFXOW\�LQ�UHDFKLQJ�VHFRQG�JURZWK�WLPEHU�
RQ� VWHHS� WHUUDLQ� XVLQJ� JURXQG� EDVHG�
ORJJLQJ� PHWKRGV� ZDV� WKH� SULPDU\� GULYHU�
IRU�KHLJKWHQHG� LQWHUHVW��*RFKHQRXU�HW�DO���
�������
�
)LVKHU�HW�DO���������LGHQWLILHG�IRXU�UHDVRQV�
IRU� SURPRWLQJ� WKH� SRWHQWLDO� HIIHFWLYHQHVV�
RI� VPDOO� RU�PHGLXP� FDEOH� \DUGHUV� LQ� WKLV�
UHJLRQ��
• 6ORSHV� DUH� SUHGRPLQDWHO\� FRQYH[� DQG�

VPDOOHU� FDEOH� V\VWHPV�ZLWK�D� UHDFK�RI�
����� IHHW� RU� OHVV� ZRXOG�PLQLPL]H� WKH�

SUREOHPV� DVVRFLDWHG� ZLWK� FRQYH[�
VORSHV��

• 0RUH�WKDQ����SHUFHQW�RI�WKH�IRUHVWODQG�
LV� RZQHG� E\� SULYDWH� LQGLYLGXDOV� DQG�
KDV� D� OLPLWHG� WUDFW� VL]H�� 6PDOO� FDEOH�
V\VWHPV� DUH� KLJKO\� PRELOH� DQG� FDQ�
HDVLO\� EH� PRYHG� LQWR� VPDOO� WUDFWV�� ,Q�
DGGLWLRQ�� WKHVH� PDFKLQHV� FDQ� XVXDOO\�
EH� PRYHG� RQ� VWDWH� KLJKZD\V� ZLWKRXW�
VSHFLDO�SHUPLWV�IRU�KHLJKW��ZHLJKW��DQG�
ZLGWK��

• 6PDOOHU� FDEOH� V\VWHPV� KDYH� D� ORZHU�
LQLWLDO� FDSLWDO� FRVW� DQG� FDQ� EH� EHWWHU�
PDWFKHG�WR�VPDOO�DQG�ORZ�YDOXH�WLPEHU�
WKDQ�ELJJHU�PDFKLQHV��

• 7KH� WUDQVSRUWDWLRQ� RI� VPDOO� FDEOH�
V\VWHPV� GRHV� QRW� UHTXLUH� WKH� ZLGH�
URDGV� QHFHVVDU\� IRU� WKH� WUDQVSRUW� RI�
WKHLU�ODUJH�ZHVWHUQ�FRXQWHUSDUWV��5RDG�
EXLOGLQJ�DQG�PDLQWHQDQFH�FRVW�PD\�EH�
UHGXFHG� DQG� OHVV� IRUHVWODQG� UHPRYHG�
IURP�SURGXFWLRQ��

�
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7KHVH� UHDVRQV� VWLOO� KROG� WUXH� EXW� VLQFH�
WKHQ� WKHUH� KDV� EHHQ� FRQVLGHUDEO\� OHVV�
DFWLYLW\� LQ� WHUPV� RI� FDEOH� ORJJLQJ�
RSHUDWLRQV� LQ� WKH� UHJLRQ�� ,W� LV� HVWLPDWHG�
WKDW����PHGLXP�VL]HG�\DUGHUV�FRXOG�ZRUN�
RQ�D�VXVWDLQDEOH�EDVLV�WR�KDUYHVW�WKH�����
00%)�WKDW�ZRXOG�EH�DYDLODEOH�HDFK�\HDU�LQ�
WKH� $SSDODFKLDQ� UHJLRQ� �%DNHU� HW� DO���
������� &XUUHQWO\� RQO\� DERXW� ILYH� FUHZV�
ZRUN�� DQG� QRW� DOO� RI� WKRVH� RQ� D� IXOO� WLPH�
EDVLV��
�
*URXQG�EDVHG� VNLGGHU� RSHUDWLRQV� DUH� VWLOO�
WKH� PRVW� FRPPRQ� H[WUDFWLRQ� RSWLRQ�
EHFDXVH� RI� WKH� ORZHU� ORJJLQJ� SULFH� DQG�
VWHDG\� SURGXFWLRQ�� :KHUH� WLPEHU� YROXPH�
DQG�YDOXH�SHUPLWV��KHOLFRSWHUV�DUH�XVHG�RQ�
WKH�VWHHSHU�VORSHV��:KLOH�WKH�ORFDO�WLPEHU�
FRPSDQLHV� VWLOO� DFWLYHO\� PDQDJH� JURXQG�
EDVHG� RSHUDWLRQV�� WKH� KHOLFRSWHU�
RSHUDWLRQV� DUH� FRQVLGHUHG� D� µWXUQ�NH\¶�
VROXWLRQ�� 7KLV� PHDQV� WKH� KHOLFRSWHU� FUHZ�
FDUULHV� RXW� DOO� DVSHFWV� RI� WKH� RSHUDWLRQ�
IURP�SODQQLQJ�WR�IHOOLQJ�WR�H[WUDFWLRQ��2QO\�
WKH� ORDGLQJ� RXW� RI� WKH� WLPEHU� LV� XVXDOO\�
VXE�FRQWUDFWHG�WR�D�ORFDO�FUHZ��
�
,QFUHDVLQJ�KHOLFRSWHU�RSHUDWLRQ�FRVWV��GXH�
WR� KLJK� HQHUJ\� DQG� PDLQWHQDQFH�
H[SHQVHV��KDV� OHDG� WR� D�QHHG� WR�SURPRWH�
FDEOH�\DUGLQJ� RSHUDWLRQV� DV� D� SURILWDEOH�
DOWHUQDWLYH�� 7KH� QHHG� IRU� FRUUHFW�
PDQDJHPHQW� WR� ILQG�XWLOLW\� LQ� WKLV�V\VWHP�
RQ�D� ORQJ�WHUP�EDVLV� LQ� WKLV� UHJLRQ� LV�QRW�
RQO\�EHLQJ�GULYHQ�E\�HFRQRPLF�IDFWRUV��EXW�
E\� HQYLURQPHQWDO� FRQFHUQV� DV� ZHOO�� 3UH�
KDUYHVW�SODQQLQJ��KDUYHVW�OD\RXW�DQG�WUXFN�
VFKHGXOLQJ� SOD\� D� OHVV� FULWLFDO� UROH� LQ�
JURXQG�EDVHG� RSHUDWLRQV� YHUVXV� FDEOH�
ORJJLQJ� RSHUDWLRQV�� &RQWUDFW� ORJJLQJ� DQG�
RSHUDWLRQDO� PDQDJHPHQW� H[SHUWLVH� LQ�
FDEOH�\DUGLQJ� V\VWHPV� LQ� WKH� UHJLRQ� LV�
YHU\�SRRU�UHODWLYH�WR�WKH�3DFLILF�1RUWKZHVW����
�
7KH� QHHG� WR� TXDQWLI\� WKH� SURGXFWLYLW\�
LPSURYHPHQWV� WKDW� FDQ� EH�PDGH� WKURXJK�
WUDLQLQJ� RYHU� WLPH� LV� LPSRUWDQW�� $Q�
H[SHULHQFHG�RSHUDWRU�FDQ�DFFRXQW�IRU�D����
WR� ��� SHUFHQW� LQFUHDVH� LQ� SURGXFWLYLW\�
�6WDPSIHU�� ������ 3DUNHU� HW� DO��� ������
6WDPSIHU�HW�DO���LQ�SUHVV���
�
7KH� REMHFWLYH� RI� WKLV� FDVH� VWXG\� LV� WR�
GRFXPHQW� WKH� LPSURYHG� SURGXFWLYLW\�

UHVXOWLQJ� IURP� SURIHVVLRQDO� WUDLQLQJ� DQG�
HVWDEOLVK�D�SD\EDFN�SHULRG�IRU�WKH�WUDLQLQJ�
FRVWV�LQFXUUHG���
�
�
0(7+2'2/2*<�
 
<DUGLQJ�2SHUDWLRQ�
:HV� +RRG� /RJJLQJ�� RI� 1RUWRQ�� 9LUJLQLD��
SXUFKDVHG� D� 7KXQGHUELUG� 7<��� \DUGHU�
�)LJXUH� ��� DQG� FRPPHQFHG� RSHUDWLRQV� LQ�
-XO\� ������ 7KH� \DUGHU� V\VWHP� XVHV� DQ�
(DJOH�PRWRUL]HG�VODFN�SXOOLQJ�FDUULDJH�DQG�
D�VNLGGHU�WR�FOHDU�WKH�FKXWH��7KH�ORJV�DUH�
EXFNHG� DQG� ORDGHG� RXW� E\� D� %DUNR� ���$�
WUDLOHU�PRXQWHG�ORDGHU��
��
1R� LQLWLDO� ULJJLQJ� WUDLQLQJ� ZDV� SURYLGHG��
DOWKRXJK� WKH� FRQWUDFWRU� KDG� SUHYLRXVO\�
DWWHQGHG� D� WZR�GD\� LQWURGXFWRU\� FDEOH�
SODQQLQJ� FRXUVH� DW� 9LUJLQLD� 7HFK�� +H�
UHFHLYHG� VXSSRUW� IURP� WKH� FRPSDQ\�
UHFHLYLQJ� WKH� ORJV� DQG� IURP� +DQN� 6ORDQ��
)RUHVW� (QJLQHHU� IRU� WKH� 86'$� )RUHVW�
6HUYLFH��5RDQRNH��9LUJLQLD���
�
$Q� LQLWLDO� SURGXFWLYLW\� VWXG\� ZDV� FDUULHG�
RXW�RQ�WKH�RSHUDWLRQ�GXULQJ�WKH�ODVW�ZHHN�
RI� $XJXVW�� ������ 7ZR� PRQWKV� ODWH�� LQ�
2FWREHU� ������ WZR� H[SHULHQFHG� ULJJHUV�
FDPH�RXW�IURP�WKH�3DFLILF�1RUWKZHVW��5RVV�
+RMHP� RI� &KHKDOLV�� :DVKLQJWRQ�� ZDV� RXW�
IRU���GD\V�DQG�5REHUW�$UPVWURQJ�ZDV�RXW�
IRU� �� GD\V� WR� WUDLQ� WKH� FUHZ�� 7KH�
SURGXFWLYLW\� RI� WKH� V\VWHP� ZDV� FDSWXUHG�
DJDLQ� ZLWK� D� IROORZ�XS� VWXG\� LQ� WKH� WKLUG�
ZHHN�RI�2FWREHU��
�
�
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�
�
)LJXUH����:HV�+RRG�/RJJLQJ��7KXQGHUELUG�
7<���\DUGHU�ZLWK�%DUNR����$�ORDGHU���
�
7KH� RSHUDWLRQ� KDG� PRYHG� WR� D� GLIIHUHQW�
VLWH�IRU�WKH�SRVW�WUDLQLQJ�VWXG\��)LJXUH�����
7KH�VORSH��DPRXQW�RI�GHIOHFWLRQ��DQG�VWDQG�
FKDUDFWHULVWLFV� ZHUH� VLPLODU� EHWZHHQ� WKH�
SUH�WUDLQLQJ� DQG� SRVW�WUDLQLQJ� VLWHV��
DOWKRXJK�D� FKDQJH� LQ� DYHUDJH�SLHFHV�VL]H�
RI�����WR������WRQV�ZDV�QRWHG��
�

�
�

)LJXUH� ��� 3KRWR� VKRZLQJ� W\SLFDO� VRXWKHUQ�
$SSDODFKLDQ�VLWH�FRQGLWLRQV��
�

7KH�FUHZ�UHPDLQHG�WKH�VDPH�EHWZHHQ�WKH�
WZR� LQGLYLGXDO� VWXGLHV� ZLWK� WKH� H[FHSWLRQ�
RI�WKH�IDOOHUV��
�
3URGXFWLYLW\�
$�EDVLF� HOHPHQWDO� WLPH� VWXG\�ZDV� FDUULHG�
RXW� XVLQJ� +XVN\� )*�)6� KDQGKHOG�
FRPSXWHUV�UXQQLQJ�6LZRUN��VRIWZDUH��
�
7KH� IROORZLQJ� WLPH� HOHPHQWV� ZHUH�
UHFRUGHG�IRU�HDFK�\DUGHU�F\FOH��LQ����WK�RI�
D�PLQXWH���

• RXWKDXO� �� WKH� WLPH� UHTXLUHG� IRU� WKH�
HPSW\� FDUULDJH� WR� WUDYHO� IURP� WKH�
ODQGLQJ�WR�WKH�FKRNHU�VHWWHU�

• KRRN���WKH�WLPH�UHTXLUHG�IRU�WKH�VODFN�
WR� EH� SXOOHG� IURP� WKH� FDUULDJH�� WKH�
FKRNHU�VHWWHU� WR� KRRN� WKH� WXUQ� DQG�
WKH�WXUQ�WR�UHDFK�WKH�FDUULDJH�

• LQKDXO� �� WKH� WLPH� UHTXLUHG� IRU� WKH�
ORDGHG�FDUULDJH�WR�WUDYHO�EDFN�WR�WKH��
ODQGLQJ�

• XQKRRN� �� WKH� WLPH� WR� ORZHU� WKH� WXUQ�
RQ� WKH� ODQGLQJ�� UHOHDVH� WKH� FKRNHUV�
DQG�UHWXUQ�WKHP�XS�WR�WKH�FDUULDJH�

• GHOD\� �� DOO� WLPH� QRW� LQ� RQH� RI� WKH�
FDWHJRULHV�DERYH��

�
7KH� IROORZLQJ� SK\VLFDO� SDUDPHWHUV� ZHUH�
DOVR�UHFRUGHG��

• 'LVWDQFH���\DUGLQJ�GLVWDQFH��PHWHUV��
• $YH3LHFH9RO� ±�DYHUDJH�SLHFH�YROXPH�

EDVHG� RQ� ODUJH� HQG� GLDPHWHU� �/('��
DQG� OHQJWK�HVWLPDWH�RI�HDFK�VWHP� LQ�
WKH�WXUQ�

• 3LHFHQXP���QXPEHU�RI�WUHHV�SHU�WXUQ�
�
)LQDOO\�� D� EORFN� IDFWRU� ZDV� LQWURGXFHG� WR�
VHSDUDWH� WKH� SUH�� DQG� SRVW� WUDLQLQJ� GDWD�
VHWV��

• 7UDLQ�� HTXDO� WR� �� EHIRUH� WUDLQLQJ�
DQG���DIWHU�WUDLQLQJ��

�
7RWDO�F\FOH�WLPH�DQG�WRWDO�WXUQ�YROXPH�ZDV�
FRPELQHG� WR� FDOFXODWH� GHOD\� IUHH�
SURGXFWLYLW\�� 7KH� GHOD\� WLPH�� ZKLFK�
DFFRXQWHG�IRU�����RI�WKH�WRWDO�ZRUN�WLPH�
GXULQJ� WKH� VWXGLHV�� ZDV� QRW� XVHG� IRU� WKH�
HYDOXDWLRQ��
�
7KH� DFWXDO� VWHP� YROXPH� RI� DW� OHDVW� ���
WUHHV�ZDV�DOVR�PHDVXUHG�RQ�WKH�ODQGLQJ�DW�
HDFK� VWXG\� VLWH� WR� REWDLQ� D� UHJUHVVLRQ�
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EHWZHHQ� WKH� /('� DQG� OHQJWK� DQG� DFWXDO�
YROXPH�� 'XULQJ� WKH� DFWXDO� SURGXFWLYLW\�
VWXG\� WKH� /('� ZDV� PHDVXUHG� XVLQJ�
FDOLSHUV�DQG� WKH� OHQJWK�ZDV�HVWLPDWHG��RU�
PHDVXUHG�LI�LW�GLG�QRW�LPSHGH�SURGXFWLYLW\�
RU�FRPSURPLVH�VDIHW\��
�
�
352'8&7,9,7<�5(68/76�

�
$�WRWDO�RI����F\FOHV�ZHUH�FDSWXUHG�SULRU�WR�
WUDLQLQJ� DQG� ��� F\FOHV� DIWHU� WUDLQLQJ�� 7R�
LGHQWLI\� WKH� VSHFLILF� DUHD� LQ� ZKLFK�
LPSURYHPHQWV� ZHUH� PDGH�� WKH� WLPH�
HOHPHQWV�ZHUH�PRGHOHG�LQGLYLGXDOO\��
�
&DUULDJH�RXW�
&DUULDJH� RXW� WLPH� LV� H[SHFWHG� WR� EH�
VWURQJO\� FRUUHODWHG� WR�H[WUDFWLRQ�GLVWDQFH��
7KH�YDULDELOLW\�LQ�WKH�SUH�WUDLQLQJ�GDWD�VHW�
LV� GXH� WR� WKH� LQH[SHULHQFH� RI� WKH� \DUGHU�
RSHUDWRU�� $QDO\]HG� VHSDUDWHO\�� WKH� U�� RI�
WKH�SUH�WUDLQLQJ�GDWD�VHW�LV������ZKLOH�WKH�
DIWHU� WUDLQLQJ� GDWD� VHW� U��  � ������ 7KH�
RYHUDOO�PRGHO�IRU�WKH�FDUULDJH�RXW�SKDVH�RI�
WKH�RSHUDWLRQ�KDV�DQ�U�� ��������
&DUULDJH� RXW�  � ����� ������ 
� 'LVWDQFH� ±�
�����
�7UDLQ�
�
7KLV� LQGLFDWHV� WKDW� WKH� WUDLQLQJ� RI� WKH�
RSHUDWRU�VDYHG�RQ�DYHUDJH�MXVW�RYHU�KDOI�D�
PLQXWH�RII�HDFK�FDUULDJH�RXW�SKDVH�RI�WKH�
F\FOH�� 7KLV� LV� QRW� QHFHVVDULO\� MXVW� DQ�
LQFUHDVH�LQ�OLQH�VSHHG�EXW�DOVR�D�UHGXFWLRQ�
LQ� WKH� DPRXQW� RI� DGMXVWPHQW� ZKHQ� WKH�
FDUULDJH�UHDFKHV�WKH�WDUJHW�DUHD��
�
+RRN�XS�
1R�VLJQLILFDQW�GLIIHUHQFH�ZDV� IRXQG� LQ�WKH�
WLPH�WDNHQ�WR�KRRN�XS�WKH�WXUQ�EHIRUH�DQG�
DIWHU� WUDLQLQJ��+RZHYHU�� WKH� DYHUDJH� WXUQ�
YROXPH� LQFUHDVHG� VLJQLILFDQWO\� IURP� ����
WRQV� WR� ���� WRQV�� ZLWK� DQ� LQFUHDVH� LQ�
DYHUDJH� QXPEHU� RI� SLHFHV� RI� ���� WR� �����
7KLV� LQFUHDVH� LQ� DYHUDJH� WXUQ� YROXPH�
SOD\HG� D� VLJQLILFDQW� UROH� LQ� WKH� RYHUDOO�
LQFUHDVH�LQ�SURGXFWLYLW\��
�
&DUULDJH�LQ�
$V�ZLWK�WKH�FDUULDJH�RXW�SKDVH��WKH�RYHUDOO�
FDUULDJH� LQ� PRGHO� KDG� D� ORZ� U�� YDOXH� � �
������ GXH� WR� WKH� KLJKHU� YDULDELOLW\� LQ� WKH�

ILUVW� GDWD� VHW�� 7KH� IROORZLQJ� PRGHO� ZDV�
GHYHORSHG��
�
&DUULDJH�LQ� ������������
�GLVWDQFH������


� SLHFHQXP��� ���� 
� DYHSLHFHVL]H����
±�����
�7UDLQ�

�
7KH�PRGHO�LQGLFDWHV�WKDW�WKH�LQKDXO�SKDVH�
ZDV� UHGXFHG� E\� ����PLQXWHV� RQ� DYHUDJH��
DQG� WKDW� ERWK� DYHUDJH� SLHFH� VL]H� DQG�
QXPEHU� RI� SLHFHV� LQIOXHQFHG� WKH� RYHUDOO�
WLPH��
�
2YHUDOO�3URGXFWLYLW\�0RGHO�
7KH� IROORZLQJ� RYHUDOO� SURGXFWLYLW\� PRGHO�
ZDV�GHYHORSHG�IRU�WKH�WRWDO�GDWD�VHW���
�
3URGXFWLYLW\� �WRQV�30+��  � ���� �� ������ 
�

GLVWDQFH�������
�SLHFHQXP��������

�DYHSLHFHVL]H����������
�7UDLQ�

�
7KH� U�� IRU� WKH�PRGHO�  � ������ S�YDOXH� IRU�
7UDLQ�  � ������ ZKLOH� WKH� S�YDOXH� IRU� DOO�
RWKHU�YDULDEOHV���������
�
)LJXUH� �� VKRZV� WKH� SURGXFWLYLW\� IXQFWLRQ�
EDVHG� RQ� DYHUDJH� SLHFH� VL]H�� )RU� WKH�
DYHUDJH�FRQGLWLRQV� LQ� WKLV� VWXG\��GLVWDQFH�
 �����PHWHUV�DQG� WKH�DYHUDJH�SLHFH�VL]H�
 � ���� WRQV�� WKH� SURGXFWLYLW\� EHIRUH�
WUDLQLQJ�ZDV� ����� WRQV�30+�DQG� WKLV�ZDV�
LQFUHDVHG� WR� ����� WRQV� WKURXJK� WKH�
WUDLQLQJ� HIIHFW�� $� VLJQLILFDQW� LQFUHDVH� LQ�
DYHUDJH�QXPEHU�RI�SLHFHV�SHU� WXUQ�RI�����
WR�����ZDV�DOVR�QRWHG��
�
�
&267�5(&29(5<�2)�75$,1,1*�

8VLQJ� FRVW� HVWLPDWHV� LW� ZDV� SRVVLEOH� WR�
FDOFXODWH� WKH� SD\EDFN� SHULRG� IRU�
SURIHVVLRQDO� WUDLQLQJ�� 7KH� RYHUDOO� FRVW� IRU�
WKH� ZHHNORQJ� WUDLQLQJ� SHULRG� ZDV�
HVWLPDWHG�WR�EH���������
�
7KH� RYHUDOO� LPSURYHPHQW� LQ� SURGXFWLYLW\�
ZDV� FDOFXODWHG� WR� EH� ���� WRQV�30+��
$VVXPLQJ� DQ� DYHUDJH� RI� �� SURGXFWLYH�
\DUGHU�KRXUV�LQ�D�ZRUNGD\��WKH�FRQWUDFWRU�
FRXOG� LQFUHDVH� KLV� SURGXFWLRQ� E\� DW� OHDVW�
RQH� WUXFNORDG� D� GD\�� $W� W\SLFDO� ORJJLQJ�
UDWHV�� DQG� DV� DQ� LQGLFDWRU� RQO\�� LW� ZRXOG�
WDNH� MXVW� IRXU� ZRUNLQJ� ZHHNV� WR� UHFRYHU�
WKH�FRVW�RI�WUDLQLQJ��
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�
)LJXUH� ��� 3URGXFWLYLW\� PRGHO� EDVHG� RQ�
DYHUDJH� SLHFH� VL]H� IRU� DQ� H[WUDFWLRQ�
GLVWDQFH�RI�����PHWHUV�DQG�����SLHFHV�SHU�
WXUQ��
�
�
21�6,7(�2%6(59$7,216�
7KH� IROORZLQJ� OLVW� LV� LQWHQGHG� WR� SURYLGH�
WKH� UHDGHU� ZLWK� VRPH� RYHUYLHZ� RI�
DFWLYLWLHV� WKDW� ZHUH� REVHUYHG� WKDW� HLWKHU�
KLQGHUV�WKH�HIILFLHQF\�RU�SURIHVVLRQDOLVP�RI�
WKH� RSHUDWLRQ�� 7KHVH� LVVXHV� FDQ� EH�
FRQVLGHUHG� W\SLFDO� IRU� PDQ\� RI� WKH� QHZ�
RSHUDWLRQV�LQ�WKH�$SSDODFKLDQ�UHJLRQ��
�
3UH�WUDLQLQJ�2EVHUYDWLRQV�
 
• 3RRU� GLUHFWLRQDO� IHOOLQJ� UHVXOWLQJ� LQ�

H[FHVVLYH�EUHDNDJH�DQG�KRRN�XS�WLPH��
7KH� GLUHFWLYH� ZDV� JLYHQ� WR� IHOO� WKH�
WUHHV�DV�TXLFNO\�DV�SRVVLEOH��

• 1HHG� IRU� LQILHOG� PHUFKDQGL]LQJ�ORJ�
PDNLQJ� VNLOOV� WR� RSWLPL]H�SD\ORDG�DQG�
LPSURYH�YDOXH�UHFRYHU\���

• 7KH� ORDGHU� SRVLWLRQ� RQ� WKH� ORJ� GHFN�
VKRXOG� KDYH� EHHQ� SODFHG� RQ� WKH� VLGH�
ZKHUH� WKH� WUXFN� FRPHV� LQ�� 7KLV�
SUHYHQWHG� WKH� \DUGHU� IURP� ZRUNLQJ�
GXULQJ� WKH� WLPH� WKDW� WKH� WUXFN� ZDV�
EHLQJ�ORDGHG��)LJXUH�����

• ([FHVVLYH� ZDVWH� PDWHULDO� RQ� WKH�
ODQGLQJ�ZDV�FDXVLQJ�RSHUDWLRQDO�GHOD\V�
IRU� ERWK� WKH� \DUGHU� DQG� WKH� ZDLWLQJ�
WUXFN���

• &RQWURO� RI� WKH� KDXOEDFN� DQG� PDLQOLQH�
QHHGHG� LPSURYHPHQW� WR� DYRLG�
RYHUVKRRWLQJ� WKH� WDUJHW� DUHD� DQG�
G\QDPLF�ORDGLQJ�RI�WKH�PDLQOLQH���

• 7KH� H[WUDFWLRQ� FRUULGRU� QHHGHG� WR� EH�
FOHDUHG�RI�DOO�VPDOO��XQ�PHUFKDQWDEOH��
WUHHV�� 7UHHV� OHIW� LQ� WKH� FRUULGRU�
LPSHGHG�FDUULDJH�PRYHPHQW���

• 7KH� XVH� RI� D� WDLO� VSDU� ZRXOG� LPSURYH�
JURXQG� FOHDUDQFH� QHDU� WKH� HQG� RI� WKH�
VN\OLQH�WR�UHGXFH�VRLO�GLVWXUEDQFH��

• 8QKRRNLQJ� XQGHU� WKH� VN\OLQH� EHIRUH�
WKH�FDUULDJH�FRPHV�WR�D�FRPSOHWH�KDOW��
RU�ZRUNLQJ�XQGHU�WKH�VN\OLQH�ZKLOH�WKH�
FDUULDJH� LV� LQ� PRWLRQ�� LV� D� VDIHW\�
FRQFHUQ� DQG� FDXVHG� D� QHDU� PLVV�
LQFLGHQW��
�

�

�
�
)LJXUH� ��� 3RRU� ORFDWLRQ� RI� WKH� ORDGHU�
UHVXOWLQJ� LQ� RSHUDWLRQDO� GHOD\V� ZKHQ�
ORDGLQJ�RXW�WKH�WUXFN��
�
3RVW�WUDLQLQJ�2EVHUYDWLRQV�
• 'LUHFWLRQDO� IHOOLQJ� DQG� GHOLPELQJ� ZDV�

RI� D� KLJKHU� TXDOLW\� WKDW� OHG� WR� OHVV�
KRRN�XS� WLPH� DQG� OHVV� ZDVWH� RQ� WKH�
ODQGLQJ��

• ,PSURYHG�DELOLW\�WR�RSHUDWH�WKH�FRQWURO�
OHYHUV� LQ� WKH� \DUGHU� UHVXOWHG� LQ�
UHGXFHG�FDUULDJH�RXW�WLPH��

• $EOH� WR� LQFUHDVH� WKH� SD\ORDG� WKURXJK�
JUHDWHU� FRQILGHQFH� LQ� V\VWHP�
FDSDELOLWLHV��

• $ELOLW\�WR�PDQLSXODWH�WKH�KDXOEDFN�OLQH�
WR�LQFUHDVH�EUHDN�RXW�RSWLRQV��

• /DQGLQJ� ZDV� NHSW� FOHDU� RI� ZDVWH� DQG�
WKH� FKXWH� DUHD� ZDV� DOVR� LPSURYHG� VR�
WKDW� WKH� ORJV� FRXOG� EH� HDVLO\� XQ�
KRRNHG��

• 1HZ� WHFKQLTXHV� OHDUQHG� IRU� OLQH�VKLIWV�
JUHDWO\� UHGXFHG� WKH� RSHUDWLRQDO� GHOD\�
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WLPH��/LQH�VKLIWV�ZHUH�EHLQJ�FRPSOHWHG�
LQ����PLQXWHV���

• 3RRU� DGYDQFHG� SODQQLQJ� �ORJJHU� JLYHQ�
QHZ�WUDFW�OHVV�WKDQ�RQH�ZHHN�EHIRUH�KH�
ZDV� H[SHFWHG� WR� VWDUW�� PHDQW� WKH�
FRQWUDFWRU� KDG� WR� VSHQG� ��� EXOOGR]HU�
KRXUV� SXVKLQJ� URDGV� IRU� WKLV� SRRUO\�
DFFHVVLEOH�WUDFW�EHIRUH�KH�FRXOG�SXOO�KLV�
ILUVW�ORDG��
�
�

&21&/86,21�

7KH� SURPRWLRQ� RI� FDEOH� \DUGLQJ� LQ� WKH�
$SSDODFKLDQV� UHOLHV� RQ� WKH� DELOLW\� RI� QHZ�
ORJJLQJ�FRQWUDFWRUV�WR�EH�VXFFHVVIXO�RYHU�D�
ORQJHU� SHULRG� RI� WLPH�� 7KH� ODFN� RI�
RSHUDWLRQV�LQ�WKH�UHJLRQ�LQ�WKH�ODVW�GHFDGH�
PHDQV�WKDW�YHU\� IHZ�VNLOOHG�RSHUDWRUV�DUH�
DYDLODEOH�WR�HLWKHU�ZRUN�RU�WUDLQ�QHZ�FUHZ�
PHPEHUV�� 7KH� 3DFLILF� 1RUWKZHVW� KDV� D�
KLJKHU� FRQFHQWUDWLRQ� RI� VNLOOHG� WUDLQHUV�
DQG� ZKLOH� WKH� LQLWLDO� FRVW� DSSHDUV�
SURKLELWLYH�� WKLV� VWXG\� VKRZV� WKDW� WKH�
WUDLQLQJ� FRVWV� FDQ� EH� TXLFNO\� UHFRYHUHG�
WKURXJK�LQFUHDVHG�SURGXFWLYLW\��
�
�
$&.12:/('*(0(176�

7KH�DXWKRUV�ZRXOG�OLNH�WR�DFNQRZOHGJH�WKH�
VXSSRUW� RI� :HV� +RRG� DQG� KLV� FUHZ�� %LOO�
:RUUHOO� DQG� 7HUU\� 3RUWHU� RI� 0XOOLFDQ�
/XPEHU�DQG�+DQN�6ORDQ�RI� WKH�86�)RUHVW�
6HUYLFH��
�
�
5()(5(1&(6�
�
%DNHU�� 6�� +�� 6ORDQ� DQG� 5�� 9LVVHU�� ������

&DEOH� /RJJLQJ� LQ� $SSDODFKLD� DQG�
2SSRUWXQLWLHV� IRU� $XWRPDWHG� <DUGHU�
(TXLSPHQW�� &RXQFLO� RI� )RUHVW�
(QJLQHHULQJ� FRQIHUHQFH� SURFHHGLQJV��
6QRZ�6KRH��:HVW�9LUJLQLD��

)LVKHU�� (�/��� *LEVRQ�� +�*�� DQG� %LOOHU�� &�-���
������ 3URGXFWLRQ� DQG� FRVW� RI� D� OLYH�
VN\OLQH� FDEOH� \DUGHU� WHVWHG� LQ�

$SSDODFKLD�� 1RUWKHDVWHUQ� )RUHVW�
([SHULPHQW� 6WDWLRQ�� 86'$�� )�6��
5HVHDUFK�3DSHU�1(���������

*RFKHQRXU�� 'RQDOG� /�� -U��� (GZDUG� /��
)LVKHU�� DQG� &OHYHODQG� -�� %LOOHU�� ������
$Q�DQDO\WLFDO�DSSUDLVDO�RI�FDEOH�ORJJLQJ�
WHFKQLTXH� LQ� $SSDODFKLD�� )RUHVW�
,QGXVWULHV����������������

,II�� 5�+�� $QG� &R\�� 5�� ������ 'HYHORSPHQW�
RI� 0RGHUQ� &DEOH� /RJJLQJ� 6\VWHPV� LQ�
WKH� 6RXWK�� 6RXWKHUQ� /XPEHUPDQ�
������������������

/H'RX[��&KULV�%��������:KHQ�LV�KDUGZRRG�
FDEOH� ORJJLQJ� HFRQRPLFDO"� -RXUQDO� RI�
)RUHVWU\���������������

/H'RX[�� &KULV� %��� 'HQQLV� 0�� 0D\�� 7RQ\�
-RKQVRQ�� DQG� 5LFKDUG� +�� :LGPDQQ��
������ $VVHVVLQJ� WKH� IHDVLELOLW\� DQG�
SURILWDELOLW\� RI� FDEOH� ORJJLQJ� LQ�
VRXWKHUQ� XSODQG� KDUGZRRG� IRUHVWV��
6RXWKHUQ� -RXUQDO� RI� $SSOLHG� )RUHVWU\��
��������������

3DUNHU��5���.LUN��3��DQG�6XOOPDQ��0��������
/HDUQLQJ� &XUYHV� RI� 0HFKDQL]HG�
+DUYHVWHU� DQG� )RUZDUGHU� 2SHUDWRUV��
/RJJLQJ� ,QGXVWU\� 5HVHDUFK�
2UJDQLVDWLRQ��1HZ�=HDODQG������������
���

5RVVLH�� 0�.�� ������ $� &DVH� 6WXG\� RI� WKH�
.ROOHU� .���� <DUGHU� RQ� D� 1DWLRQDO�
)RUHVW�7LPEHU�6DOH� LQ� WKH�$SSDODFKLDQ�
5HJLRQ�� 0�6�� 7KHVLV�� 9LUJLQLD�
3RO\WHFKQLF� ,QVWLWXWH� DQG� 6WDWH�
8QLYHUVLW\�86$��

6KHUDU�� -DPHV� 5��� 'HQQLV� 7�� &XUWLQ�� DQG�
-HUU\� /�� .RJHU�� ������ $QDO\VLV� RI� WKH�
%HUJHU� ��<� VZLQJ� \DUGHU� LQ� ZHVWHUQ�
1RUWK� &DUROLQD�� 6RXWKHUQ� -RXUQDO� RI�
$SSOLHG�)RUHVWU\�����������������

6WDPSIHU��.��������/HUQNXUYHQ�HIIHNWH�EHL�
)RUVWPDVFKLQHQIXKUHUQ��
2VWHUUHLFKLVFKH�)RUVW]HLWXQJ��$UEHLW�LP�
:DOG���������������

6WDPSIHU�.���+��*ULGOLQJ�DQG�5��9LVVHU��,Q�
SUHVV�� $QDO\VHV� RI� SDUDPHWHUV�
DIIHFWLQJ� KHOLFRSWHU� WLPEHU� H[WUDFWLRQ��
-RXUQDO�RI�)RUHVW�(QJLQHHULQJ��

�


