
��E � (VWUDGLRO�DQG�WHVWRVWHURQH�OHYHO�LQ�SRVW�±�UDFLQJ�SODVPD�RI�PDWXUH�IHPDOH�DQG�PDOH�UDFLQJ�FDPHOV��
�$��$��$EGHO�+DGL
 DQG�,��$��:DVIL��&DPHO�5DFLQJ�)RUHQVLF�/DERUDWRU\��)RUHQVLF�6FLHQFH�/DERUDWRU\��3�2��%R[�����$EX�'KDEL��8QLWHG�$UDE�(PLUDWHV���

$EVWUDFW�� 7KH� WUXH� RYDULDQ� KRUPRQH� LQ� IHPDOHV�� ��E�HVWUDGLRO�� DQG� WKH� SULQFLSOH� DQGURJHQ�WHVWRVWHURQH� LQ�PDOHV��ZHUH�PHDVXUHG� LQ� SODVPD� RI� ���PDWXUH� IHPDOH� DQG� ���PDOH� UDFLQJ� FDPHOV�
UHVSHFWLYHO\�� 3ODVPD� VDPSOHV�ZHUH� VXEMHFWHG� WR� OLTXLG� H[WUDFWLRQ�� DQG� WKH� OHYHOV�RI���E� HVWUDGLRO�DQG� WHVWRVWHURQH� ZHUH� PHDVXUHG� E\� (/,6$� �(Q]\PH� /LQNHG� ,PPXQRVRUEHQW� $VVD\��� 7KH� GDWD�
REWDLQHG� VKRZHG�QRUPDO�GLVWULEXWLRQ� IRU�ERWK���E�HVWUDGLRO� DQG� WHVWRVWHURQH�� �7KH�PHDQ�r 6' RI�
��E � HVWUDGLRO�ZDV�������r ������SJ�PO�DQG�IRU�WHVWRVWHURQH��WKH�YDOXHV�ZHUH�����r ���SJ�PO���
.H\�ZRUGV����E � HVWUDGLRO��WHVWRVWHURQH��SODVPD��UDFLQJ��FDPHO��
�
 &RUUHVSRQGLQJ�$XWKRU��

,QWURGXFWLRQ��'HWHUPLQDWLRQ� RI� WKH� EORRG� FLUFXODWLQJ�OHYHOV� RI� GLIIHUHQW� UHSURGXFWLYH� KRUPRQHV�KDV� DOORZHG� JRRG� FKDQFHV� LQ� WKH�FKDUDFWHUL]DWLRQ�RI�UHSURGXFWLYH�SKHQRPHQD�DQG� GLDJQRVLV� RI� SK\VLRORJLFDO� VWDWXV� DQG�SDWKRORJLFDO� FRQGLWLRQV� LQ� DQLPDOV��$FFXUDF\� RI� KRUPRQDO� DVVD\� KDV� LQFUHDVHG�ZLWK� WKH� GHYHORSPHQW� RI� QHZ� VHQVLWLYH�WHFKQLTXHV� �H�J�� (/,6$��� 7KH� PDLQ�
UHSURGXFWLYH� KRUPRQHV� ��E�HVWUDGLRO� DQG�WHVWRVWHURQH� KDYH� EHHQ� UHFHQWO\�FKDUDFWHUL]HG��DQG�YHU\�VHQVLWLYH�DVVD\�ZHUH�VHW� XS� IRU� WKLV� PHDVXUHPHQW� WKDW� FRXOG� EH�YHU\� KHOSIXO� LQ� WKH� VWXG\� RI� UHSURGXFWLYH�SURFHVV�DQG�GLDJQRVLV�RI�SDWKRORJLFDO�FDVHV���&RPEDUQRXV� DQG� $QRXDVVL�� ������ &RPLQ�
HW DO��� ������ ��E � HVWUDGLRO� LV� FRQVLGHUHG�WKH� WUXH� RYDULDQ� KRUPRQH� LQ� IHPDOHV�� ,W� LV�WKH�PRVW�SRWHQW�RHVWURJHQ��LQGXFLQJ�HVWURQH�
DQG� VWULRO�� ��E� HVWUDGLRO� LV� UHVSRQVLEOH� IRU�WKH� UHSURGXFWLYH�HSLWKHOLD��EUHDVW�JURZWK�DQG�PDWXUDWLRQ�RI�ORQJ�ERQHV�DQG�GHYHORSPHQW�RI�
VHFRQGDU\�IHPDOH�VH[�FKDUDFWHULVWLFV��7KH���E� HVWUDGLRO�OHYHO�LQ�SODVPD�LV�XVHG�LQ�DVVD\LQJ�IRU� IHUWLOLW\�� DPHQRUUKRHD� DQG� SUHPDWXUH�GHYHORSPHQW� RI� VRPDWLF� SXEHUW\� FKDQJHV� LQ�\RXQJ� IHPDOHV�� 7HVWRVWHURQH� LV� WKH� PDLQ�QDWXUDO�DQGURJHQ�VHFUHWHG�E\�WKH�LQWHUVWLWLDO�FHOOV� RI� WKH� WHVWHV� XQGHU� LQIOXHQFH� RI� WKH�

OXWHQL]LQJ� KRUPRQH� �/+��� ,W� LV� UHVSRQVLEOH�IRU� WKH� SXEHUWDO� JURZWK�� GHYHORSPHQW� DQG�PDLQWHQDQFH� RI� WKH� PDOH� VHFRQGDU\�FKDUDFWHULVWLFV�� VH[� RUJDQV� DQG� IRU� QRUPDO�VSHUPDWRJHQHVLV�� ,W� LV� DOVR� H[HUWV� JURZWK�SURPRWLQJ� HIIHFW� DQG� LPSRUWDQW� SURWHLQ�DQDEROLF� UHVSRQVH� WR� H[HUFLVH�� 7KHVH� ODWHU�HIIHFWV�KDYH�EHHQ�XWLOL]HG�DV�GRSLQJ� DJHQW��7KHUHIRUH� GXH� WR� WKH� HQGRJHQRXV� SUHVHQFH�RI� WHVWRVWHURQH� LQ� FDPHO¶V� SODVPD�� WKH�GHWHFWLRQ� RI� WKH� HTXLYDOHQW� H[RJHQRXV�DGPLQLVWUDWLRQ� RI� WKH� FURVV�UHDFWLYH�V\QWKHWLF� DQDEROLF� KRUPRQHV� ZLWK�WHVWRVWHURQH�UHTXLUHV�WKH�GHWHUPLQDWLRQ�RI�WKH�WKUHVKROG�YDOXH��7HVWRVWHURQH�LV�DOVR�VHFUHWHG�E\�WKH�DGUHQDO�FRUWH[�RI�ERWK�VH[HV�DQG�IURP�WKH� RYDULHV� LQ� WKH� IHPDOH�� 7KH� SODVPD�WHVWRVWHURQH� OHYHOV� DUH� XVHIXO� LQ� WKH�LQYHVWLJDWLQJ� K\SRJRQDGLVP� DQG� KRUPRQH�UHSODFHPHQW�WKHUDS\�LQ�PDOHV��,W�LV�DOVR�XVHIXO�DV�D�PDUNHU�LQ�K\SHU�DQGURJHQLVP�LQ�IHPDOHV����0DWHULDOV�DQG�0HWKRGV�� 7KH� VDPSOHV� IRU� WKLV� VWXG\� ZHUH�FROOHFWHG� GXULQJ� WKH� ILQDO� UDFH� LQ� 0DUFK������ ZLWK� GDLO\� PD[LPXP� DQG� PLQLPXP�WHPSHUDWXUH� RI� ��� DQG� �� q&� UHVSHFWLYHO\��7KH�GDLO\� UHODWLYH�KXPLGLW\�YDULHG�EHWZHHQ����DQG��������E�HVWUDGLRO�DQG�WHVWRVWHURQH�WHVW� NLWV� IRU� WKH� TXDQWLWDWLYH� DQDO\VLV� LQ�ELRORJLFDO�IOXLG�ZHUH�FRPPHUFLDOO\�DYDLODEOH�
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IURP�1HRJHQ� &RUSRUDWLRQ� RI� /H[LQJWRQ�� .<��86$�� (DFK� NLW� FRQWDLQHG� (,$� EXIIHU�� ZDVK�EXIIHU�� H[WUDFWLRQ� EXIIHU� DQG� .� ±� EOXH�VXEVWUDWH�� LQ� DGGLWLRQ� WR� WKH� VSHFLILF� HQ]\PH�FRQMXJDWH�� VWDQGDUG� DQG� DQWLERG\� FRDWHG� SODWH�RI����ZHOOV�IRU�HDFK�KRUPRQH��� (;78%(�� D� IDPLO\� RI� GLVSRVDEOH�H[WUDFWLRQ� FROXPQV� GHVLJQHG� IRU� UDSLG�VDPSOH� SUHSDUDWLRQ� E\� D� KLJKO\� HIILFLHQW�OLTXLG�OLTXLG�H[WUDFWLRQ�UHVLQV�ZHUH�REWDLQHG�IURP�9DULDQ��86$��%UDQG� QHZ� JODVV� WXEHV�����[����PLQ��ZHUH�XVHG��'LHWK\O�HWKHU�ZDV�RI� DQDO\WLFDO� JUDGH��:DWHU� ZDV� SXULILHG� E\�UHYHUVH�RVPRVLV�DQG�ILOWHUHG�RYHU�DQ�(OJDVWD�8+48,,� ZDWHU� SXULILFDWLRQ� V\VWHP��-HQFRQV�� (QJODQG�� EHIRUH� XVH�� 5HIHUHQFH���E�HVWUDGLRO� DQG� WHVWRVWHURQH� ZHUH�SURYLGHG�ZLWK� WKH�NLWV��.LWV�ZHUH�NHSW�DW���q& XQWLO�XVHV��
�6DPSOH�SUHSDUDWLRQ��7KH� VDPSOHV� ZHUH� H[WUDFWHG� E\� OLTXLG�OLTXLG� H[WUDFWLRQ� LQ� &KHP� (OXWH� FROXPQV��(;78%(�SDUW�1R�������±������ZLWK���PO��PD[LPXP� VDPSOH� FDSDFLW\� DQG� �� PO��HOXWLRQ� VROYHQW��� 2QH� PLOOLOLWUH� RI� FDPHO�SODVPD�ZDV� DGGHG� WR� WKH� GU\� FROXPQ�� 7KH�SODVPD� VDPSOHV� ZHUH� DOORZHG� WR� SHUFRODWH�IRU� �� PLQ� WR� EH� DGVRUEHG� DQG� GLVWULEXWHG�LQWR� D� WKLQ� ILOP� RYHU� WKH� K\GURSKLOLF�SDFNLQJ�PDWHULDO�� 7KH� VWHURLGV�ZHUH� HOXWHG�E\� �u�PO�� GLHWK\OHWKHU� LQWR� JODVV� WHVW� WXEH�XQGHU� JUDYLW\�� 7KH� H[WUDFWV� ZHUH� WKHQ�FRPELQHG� DQG� ZHUH� HYDSRUDWHG� XQGHU� D�

VWUHDP� RI� QLWURJHQ� XQGHU� UHGXFH� SUHVVXUH��=\PDUN�� DW� ��� q&� 7KH� UHVLGXH� ZDV�UHFRQVWLWXWHG�LQWR���PO��RI�H[WUDFWLRQ�EXIIHU�GLOXWHG� �� IROG� ZLWK� GHLRQLVHG� ZDWHU�� 7KH�GLVVROYHG� UHVLGXH� ZDV� WKHQ� YRUWH[� DQG� ���PO�� ZDV� GLUHFWO\� XVHG� IRU� (/,6$� DV�GHVFULEHG� E\� WKH� PDQXIDFWXUHU�� (DFK�VDPSOH�ZDV�DQDO\VHG�LQ�GXSOLFDWH����5HVXOWV�� $FFXUDF\�DQG�SUHFLVLRQ�RI�WKH�(/,6$�±LQWUD�DVVD\� FRHIILFLHQW� RI� YDULDWLRQ� �&9���ZDV� DVVD\HG� IRU� SRROHG� SODVPD� RI� PDWXUH�IHPDOH� DQG� PDOH� UDFLQJ� FDPHO� IRU� ��E�HVWUDGLRO� DQG� WHVWRVWHURQH� UHVSHFWLYHO\��7KH�VDPSOHV� ZHUH� WUHDWHG� DV� PHQWLRQHG� LQ� WKH�VDPSOH� SUHSDUDWLRQ�� WKHQ� SLSHWWHG� LQ�GXSOLFDWH� �Q�  � ��� RQWR� D� VLQJOH� VSHFLILHG�SODWH� IRU� HDFK� KRUPRQH�� 7KH� PHDQ� LQ�FRQFHQWUDWLRQ� ZDV� ��r����SJ�PO� �&9�  ������ IRU� ��E�HVWUDGLRO� DQG� ���r��SJ�PO��&9�  � ����� IRU� WHVWRVWHURQH�� ,QWHU�DVVD\�FRHIILFLHQW� RI� YDULDWLRQ� DQG� UHFRYHU\� IRU���E�HVWUDGLRO� ZHUH� GHWHUPLQHG� LQ� D� \RXQJ�PDOH� FDPHO� �OHVV� WKDQ� WRZ� \HDUV�� SODVPD�VSLNHG� DW� �� GLIIHUHQW� FRQFHQWUDWLRQV� ������������� ����� ����� �DQG� �� QJ�PO��� (DFK�FRQFHQWUDWLRQ�ZDV�H[WUDFWHG� IRXU� WLPHV�DQG�DQDO\VHG�LQ�GXSOLFDWH��7KH�FDOLEUDWLRQ�FXUYH�������±���QJ�PO��ZDV�SUHSDUHG�LQ�(,$�EXIIHU�WR� GHWHUPLQH� WKH� UHFRYHU\� RI� DGGHG���E�HVWUDGLRO�� 7KH� PHDQ� YDOXHV� REWDLQHG�IURP� GLIIHUHQW� DVVD\� DUH� VXPPDULVHG� LQ�7DEOH�����
�
7DEOH����,QWHU��DVVD\�FRHIILFLHQW�RI�YDULDWLRQ��UHFRYHU\�DQG�OLQHDULW\�IRU���E� HVWUDGLRO�

�&RQFHQWUDWLRQVQJ�PO� ,QWHU�DVVD\�FRHIILFLHQW�RI�YDULDWLRQ����� 5HFRYHU\���� /LQHDULW\�5�645�
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7DEOH����,QWHU��DVVD\�&RHIILFLHQW�RI�9DULDWLRQ��UHFRYHU\�DQG�OLQHDULW\�IRU�WHVWRVWHURQH��
&RQFHQWUDWLRQV�QJ�PO�

,QWHU�DVVD\�FRHIILFLHQW�RI�YDULDWLRQ�����
5HFRYHU\���� /LQHDULW\�5�645�
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7KH� YDOLGDWHG� DQDO\WLFDO� PHWKRG� ZDV� XVHG�
WR GHWHUPLQH� WKH���E�HVWUDGLRO�OHYHOV�LQ�WKH�SODVPD�RI� SRVW� UDFLQJ�RI����PDWXUH� IHPDOH�FDPHOV�� 7KH� GDWD� VKRZHG� WKDW� WKH� OHYHO� RI�
��E�HVWUDGLRO� LQ� WKH� SRVW� UDFLQJ� SODVPD� RI�PDWXUH� IHPDOH� FDPHOV� ZDV� QRUPDOO\�
GLVWULEXWHG� ZLWK� D� PHDQ� r 6'� RI�
�����r�����SJ�PO�� )RU� WHVWRVWHURQH�� WKH�LQWHU�DVVD\� FRHIILFLHQW� RI� YDULDWLRQ� DQG�UHFRYHU\� ZHUH� DVVD\HG� LQ� D� \RXQJ� IHPDOH�FDPHOV� SODVPD� �RQH� \HDU� ROG�� VSLNHG� ZLWK�WHVWRVWHURQH� DW� �� GLIIHUHQW� OHYHOV� RI�FRQFHQWUDWLRQ��������������������������������DQG� ���� QJ�PO��� (DFK� FRQFHQWUDWLRQ� ZDV�
H[WUDFWHG�IRXU�WLPH¶V��Q ���DQG�DQDO\VHG�LQ�GXSOLFDWH� RQ� WR� D� VLQJOH� SODWH�� 7KH�FDOLEUDWLRQ�FXUYHV��������±�����QJ�PO��ZHUH�SUHSDUHG� LQ� (,$� EXIIHU� WR� GHWHUPLQH� WKH�UHFRYHU\� RI� DGGHG� WHVWRVWHURQH�� � 7KH�PHDQ�YDOXHV� REWDLQHG� IURP� GLIIHUHQW� DVVD\V� DUH�VXPPDULVHG� LQ� 7DEOH� ��� 7KH� YDOLGDWHG�DQDO\WLFDO� PHWKRG� ZDV� XVHG� WR� GHWHUPLQH�WKH� QDWXUDO� YDOXHV� RI� WHVWRVWHURQH� IURP� ���SRVW�UDFLQJ�PDWXUH�PDOH�FDPHO�SODVPD��7KH�GDWD� ZHUH� QRUPDOO\� GLVWULEXWHG�� 7KHUHIRUH�
���� r ��� SJ�PO� ZHUH� WKH� SURSRVHG� ZKLFK�VDIHO\� FRYHU� WKH� QRUPDO� OHYHOV� RI�WHVWRVWHURQH�LQ�SRVW�UDFLQJ�SODVPD�RI�PDWXUH�PDOH�FDPHOV��

'LVFXVVLRQ��7KH� SUHVHQW� VWXG\� VKRZV� WKDW� WKH�
GHWHUPLQDWLRQ� RI� ��E�HVWUDGLRO� DQG�WHVWRVWHURQH�LQ�WKH�SODVPD�RI�PDWXUH�IHPDOH�DQG� PDOH� UDFLQJ� FDPHOV� UHVSHFWLYHO\� LV�UDSLG�� DFFXUDWH� DQG� ZLWK� DFFHSWDEOH�SUHFLVLRQ�� 7KH� SURSRVHG� YDOXHV� ZKLFK�
VDIHO\� FRYHU� WKH� QRUPDO� OHYHOV� RI� ��E�
HVWUDGLRO�������r�����SJ�PO���LQ�SRVW�UDFLQJ�SODVPD� RI� PDWXUH� IHPDOH� FDPHOV� LQ� WKLV�VWXG\��ZHUH�VLPLODU�WR�WKRVH�REVHUYHG�GXULQJ�
RHVWUXV� �����r ���� SJ�PO� �(OLDV� DQG�<DJLO��������� ,Q�8QLWHG�$UDE�(PLUDWH��7LEDU\�DQG�$QRXDVVL�� ������� REVHUYHG� WKDW� ZHOO� ±� IHG�DQG� ZDWHUHG� GURPHGDU\� IHPDOHV� VKRZ�RYDULDQ�DFWLYLW\�WKURXJK�RXW�WKH�\HDU�DQG�WKH�GHWHUPLQDQW�IDFWRUV�IRU�REVHUYHG�VHDVRQDOLW\�LQ FRQFHSWLRQ�GDWH��1RYHPEHU�WR�$SULO��DUH�GXH� WR� GHFUHDVH� LQ�PDOH� OLSRGR� LQ� VXPPHU�PRQWKV�� 'XULQJ� WKH� SHULRG� RI� LQFUHDVH�DFWLYLW\�� WKH� RHVWURJHQ� SODVPD� OHYHO� LV�FORVHO\� IROORZHG� WKH� RYDULDQ� IROOLFXODU�JURZWK� DQG� DFWLYLW\�� �$JDUZDO� DQG� .KDQQ�������� &ULVWRIRUL� DQG� 4XDUDQWDO�� ������&ULVWRIRUL� HW� DO��� ������ ����� (OLVD� DQG�<DJLO��������+RPHLGD�HW�DO���������=DJKORXO�DQG� 6KDKWD� ������ 7KH� RHVWURJHQ� OHYHO�LQFUHDVH� IURP����SJ�PO�ZKHQ�QR� IROOLFOH� LV�SDOSDEOH� WR� PRUH� WKDQ� ��� SJ�PO� GXULQJ�RHVWUXV���+RPHLGD�HW�DO����������
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7KH� KLJK� OHYHOV� RI� ���E�HVWUDGLRO� �������r������SJ�PO��UHSRUWHG�LQ�WKLV�VWXG\�FRXOG�EH�H[SODLQHG�E\�WKH�IDFW�WKDW��LQ�WKH�DEVHQFH�RI�
PDWLQJ�� WKH�FRQFHQWUDWLRQ�RI���E� HVWUDGLRO�UHPDLQV� KLJK� GXULQJ� WKH� HQWLUH� EUHHGLQJ�VHDVRQ� �(OLDV� DQG� <DJLO�� ������� 7KLV�SKHQRPHQD� LV� EDVHG� RQ� WKH� IDFW� WKDW�� WKH�GURPHGDU\�GRHV�QRW�KDYH�D�OXWHDO�SKDVH�DQG�LWV RYDULHV�DUH�FRQVLVWHQWO\�SURGXFLQJ�DFWLYH�IROOLFOHV� �-RVKL� HW� DO��� ������� ,Q� QRQ�
EUHHGLQJ�VHDVRQ�WKH�OHYHOV�RI���E �HVWUDGLRO�UHPDLQ� ORZ� RU� VKRZ� LUUHJXODU� VOLJKW�LQFUHDVH�GXH�WR�LQFRPSOHWH�IROOLFXODU�ZDYHV���(OLDV� DQG� <DJLO� ������� 7KH� SRVW� UDFLQJ�SODVPD�WHVWRVWHURQH�FRQFHQWUDWLRQ�LQ�PDWXUH�PDOH�FDPHOV�� �2OGHU� WKDQ���\HDUV�� UHSRUWHG�
LQ WKLV� VWXG\� ZDV� ���� r ��� SJ�PO�� 7LEDU\�DQG� $QRXDVVL� ������� UHSRUWHG� WKDW��WHVWRVWHURQH� OHYHO� LQ� QRQ�UXWWLQJ� DQLPDOV�ZHUH� VLPLODU� WR� WKRVH� REVHUYHG� LQ�
SUHSXEHUWDO�PDOHV��DGXOWV�����r ����SJ�PO��
SUHSXEHUWDO�����r ����SJ�PO��ZKLOH�WKDW�RI�PDWXUH� VWXGV� GXULQJ� EUHHGLQJ� VHDVRQ� ZHUH�
����� r ���� SJ�PO�� � $JH� DW� SXEHUW\� LV�JHQHUDOO\� GLIILFXOW� WR� GHWHUPLQH� ZLWK�SUHFLVLRQ� EHFDXVH� RI� WKH� ZLGH� YDULHW\� RI�GHILQLWLRQV� JLYHQ� WR� WKH� WHUP� DQG� WKH�SURJUHVVLYH�QDWXUH�RI� WKLV�HYHQW�� �$OWKRXJK�GLVSOD\� RI� JHQHUDO� EHKDYLRXU� LQ� PDOH�GURPHGDU\� KDV� EHHQ� UHSRUWHG� DV� HDUO\� DV� ��\HDUV�RI�DJH��/HHV��������6KDUPD�DQG�9D\V��������ILHOG�REVHUYDWLRQ�VXJJHVW�WKDW�SXEHUW\�DQG� IHUWLOLW\� DELOLW\� DUH� UHDFK� XQWLO� �� WR� ��\HDUV� �.KDQ�� ������.KDQ� DQG�.RKOL� ������.KDQQD� HW� DO��� ����� 6KDUPD� DQG� 9D\V���������2WKHU� DXWKRU� UHSRUWHG� WKDW� WKH�PDOH�GURPHGDU\�LV�QRW�IXOO\�IXQFWLRQ�DV�VWXG�XQWLO�WKH� DJH� RI� �� \HDUV� �*RPEH� DQG� 2GXRU�2NHOR�� ������ 0DWKDUX�� ������� 7KH�YDULDELOLW\�RI�RQVHW�RI�SXEHUW\�FRXOG�EH�GXH�WR GLIIHUHQW� W\SH� RI� FDPHOV� DQG� WKHLU�PDQDJHPHQW�HVSHFLDOO\�WKH�QXWULWLRQ���6HDVRQDO� FKDQJHV� LQ� WKH� SODVPD�WHVWRVWHURQH� FRQFHQWUDWLRQ� KDYH� DOVR� EHHQ�UHSRUWHG�� KLJKHU� WHVWRVWHURQH� LQ� WKH�EUHHGLQJ� VHDVRQ� PD\� EH� GXH� WR� LQFUHDVH�V\QWKHVHV�DQG�UHOHDVH�RI�WHVWRVWHURQH�HLWKHU�E\�DQ� LQFUHDVH�VHQVLWLYLW\�RI�OH\GLJ�FHOOV�WR�/+�DQG�RU�DQ�HQKDQFH�VHFUHWLRQ�RI�/+�IURP�WKH� SLWXLWDU\� JODQG�� �$JDUZDO� HW� DO��� ������

����E�� $]RX]� HW� DO��� ������� 'LIIHUHQFH� LQ�HQGRFULRQRORJLFDO� UHVSRQVH� WR� WKH�EUHHGLQJ�VHDVRQV�DPRQJVW�EUHHG�RI�GURPHGDULHV�ZDV�UHSRUWHG� IURP� GLIIHUHQW� JHRJUDSKLFDO�ORFDWLRQV���'L[LW�HW�DO�����������7KH� VDPSOHV� IRU� WKLV� VWXG\� ZHUH�FROOHFWHG� GXULQJ� WKH� UDFLQJ� VHDVRQ��1RYHPEHU� WR� $SULO��� $OWKRXJK� WKH� VDLG�SHULRG� LV� FRLQFLGHV� ZLWK� ORZ� WHPSHUDWXUH��ORZ� KXPLGLW\� DQG� LQFUHDVH� UDLQ� IDOO� ZKLFK�DUH� IDYRXUDEOH� FRQGLWLRQ� IRU� UXWWLQJ� �%RQR�HW DO��� ������ ������ *RPEH� DQG� 2GXRU�2NHOR�� ������ <DJLO� DQG� (W]LRQ� ������� WKH�WHVWRVWHURQH�OHYHO�UHSRUWHG�LQ�WKLV�VWXG\�ZDV�ORZ� FRPSDUHG� WR� ZKDW� ZDV� UHSRUWHG� HOVH�ZKHUH�� 'L[LW� HW� DO��� ������� UHSRUWHG� WKDW�WHVWRVWHURQH� SDWWHUQ� LQ� UXWWLQJ� DQLPDO� LV� DW�LQYHUVH� UHODWLRQVKLS� WR� WKDW� RI� FRUWLVRO�� � ,W�ZDV�SURSRVHG� WKDW�SK\VLFDO� H[KDXVWLRQ�GXH�WR H[FLWDWLRQ� DQG� PDWLQJ� VWUHVV� LV� D�FDXVDWLYH� IDFWRU� RI� LQFUHDVH� FRUWLVRO� OHYHO�DIWHU� PDWLQJ� �$JDUZDO� HW� DO��� ����D��� 7KH�ORZ� OHYHOV� RI� WHVWRVWHURQH� REVHUYHG� LQ� WKLV�VWXG\�PLJKW�KDYH�UHVXOWHG�IURP�WKH�SK\VLFDO�H[KDXVWLRQ� RI� UDFLQJ� VHFRQGDU\� WR� KLJK�FRUWLVRO�OHYHOV�GXH�WR�UDFLQJ�VWUHVV��%DVHG� RQ� WKH� YDOXHV� REWDLQHG� LQ� WKLV�VWXG\� DQG� GXH� WR� WKH� KLJK� YDULDWLRQ� RI� WKLV�GDWD�ZH�UHFRPPHQG�WKDW�PXFK�PRUH�VDPSOH�WR EH� DQDO\VHG� VR� DV� WR� QDUURZ� GRZQ� WKH�VFDWWHU�RI�WKH�GDWD�DQG�WKXV�EH�DEOH�WR�VXJJHVW�UHDOLVWLF�WKUHVKROG�YDOXHV�IRU�WHVWRVWHURQH�����5HIHUHQFHV���$JDUZDO�� 6�� 3��� DQG� 0�� '�� .KDQQ�� ������HQGRFULQH� SURILOHV� RI� WKH� ,QGLDQ� FDPHO�XQGHU�GLIIHUHQW�SKDVHV�RI� UHSURGXFWLRQ��3URFHHGLQJ� RI� WKH� ZRUNVKRS� ³,V� LW�SRVVLEOH� WR� LPSURYH� WKH� UHSURGXFWLYH�SHUIRUPDQFH�RI� WKH� FDPHO"� �3DULV����±������$JDUZDO��6��3���$��.��5DL�DQG�1��'��.KDQQ������D��&RUWLVRO�UHVSRQVH�RI�PDOH�FDPHO��FDPHOXV� GURPHGDULXV�� XQGHU� GLIIHUHQW�W\SH� RI�ZRUNORDG�� � -RXUQDO� RI�1XFOHXV�$JULFXOWXUH� DQG� %LRORJ\�� ���� ���� ±�������
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$JDUZDO��6��3���$��.�5DL��DQG�1�'��.KDQQ������E�� (IIHFW� RI� PDWLQJ� RQ� KRUPRQH�OHYHOV� LQ� PDOH� FDPHOV� �FDPHOXV�GURPHGDULXV��� ,QGLDQ� 9HWHULQDU\�-RXUQDO�����������������$]RX]��$���0��=�$WHLD��+�� 6KDZN\��$��'��=DNDULD� DQG� $�� $�� )DUDKDW�� ������+RUPRQDO� FKDQJH� GXULQJ� UXWWLQJ� DQG�WKH� QRQ�EUHHGLQJ� VHDVRQ� LQ� PDOH�GURPHGDU\� FDPHOV�� � ,Q� SURFHHGLQJ� RI�WKH�ILUVW�LQWHUQDWLRQDO�FDPHO�FRQIHUHQFH��1HZPDUNHW�� 6XWIRON�� 8.�� 5� DQG� :�3XEOLFDWLRQ�����±�������%RQR��*���$��0��'DKLU��$��&RPLQ� DQG�0��$��-XPDOH��������3ODVPD�/+��&RUWLFRLO�DQG� 6H[� 6WHURLG� YDULDWLRQV� LQ� FDPHOV��FDPHOXV� GURPHGDULXV�� LQ� UHODWLRQ� WR�VHDVRQDO� FOLPDWLF� FKDQJHV�� $QLPDO�UHSURGXFWLRQ�VFLHQFH����������±�������%RQR��*���'��$��0RDOOLP��$��&RPLQ�DQG�-��0�� $KPHG�� ������ 6HDVRQDO� HIIHFWV� RQ�WKH� HQGRFULQH� UHSURGXFWLYH� DFWLYLW\� RI�WKH� GURPHGDU\� FDPHOV�� � 3URFHHGLQJ� RI�WKH�ZRUNVKRS�³,V�LW�SRVVLEOH�WR�LPSURYH�WKH� UHSURGXFWLYH� SHUIRUPDQFH� RI� WKH�FDPHO"�3DULV������±�������&RPEDUQRXV�� <��� DQG� $�� $QRXDVVL�� ������5DGLRLPPXQR� DVVD\� DQG� HQ]\PH�OLQNHG� LPPXQRVRUEHQW� DVVD\�WHFKQLTXHV� DV� DLGV� VWXG\LQJ� SLWXLWDU\�KRUPRQHV� DQG� LPSURYLQJ� UHSURGXFWLYH�PDQDJHPHQW� RI� WKH� RQH�KXPPHG�FDPHO�� -RXUQDO� RI� $ULG� HQYLURQPHQWV����������±������&RPLQ�� $��� 0�� &DPLFL�� $�� 3UDQGL�� 0��0HVVLQD��$��-��0RKDPHG�*��*DELD�DQG�� *��%RQR��������,VRODWLRQ�RI�OXWHLQ]LQJ�KRUPRQH��DQWLVHUXP�SURGXFWLRQ�DQG�WKH�GHYHORSPHQW� RI� UDGLRLPPXQRDVVD\� IRU�FDPHOV�� � -RXUQDO�RI�$ULG�HQYLURQPHQWV��������±������&ULVWRIRUL�� )�� *�� �� /�� $ULD�� 9LQFHQWL�� 6��&DOOHJDUL�� $�� 6�� $DGHU�� DQG� $�� 0��6KHGGL�� ������ 0DWLQJ� GHSHQGHQW�

HQGRFULQRORJLFDO� YDULDWLRQV� LQ� IHPDOH�FDPHOXV� GURPHGDULXV�� $QLPDO�UHSURGXFWLRQ�VFLHQFH���������±������&ULVWRIRUL�� )��� DQG� *�� 4XDUDQOD�� ������6WHURLGV� 6HUXP� OHYHOV� GXULQJ� VH[XDO�F\FOH� DQG�SUHJQDQF\� LQ� WKH� IHPDOH�RQH�KXQGUHG� FDPHO�� � 3URFHHGLQJV� RI� WKH�ZRUNVKRS�³,V�LW�SRVVLEOH�WR�LPSURYH�WKH�UHSURGXFWLYH�SHUIRUPDQFH�RI�WKH�FDPHO��3DULV����±������&ULVWRIRUL��3���*��$ULD��(��6HYHQ��*��%RQR��6� $KPHG� DQG� +�� 0�� 1XU�� ������(QGRFURQRORJLFDO� DVSHFWV� RI�UHSURGXFWLRQ�LQ�WKH�IHPDOH�FDPHO���5HY��0RUG���=RRWHFK���������±������'L[LW�� 9�� 3��� 9�� .�� $JDUZDO�� DQG� 2�� 3��1DUJLD�� ������ SODVPD� SURWHLQ� ERXQG�LRGLQH� OHYHOV� LQ� WKH� FDPHO�� � -��(QGRFULQRORJ\���������±�������(OLDV�� (�(�� %HUGUDN� DQG� 5�� <DJLO�� ������(VWUDGLRO�FRQFHQWUDWLRQ�LQ�WKH�VHUXP�RI�WKH� RQH� +XPPHG� FDPHO� �&DPHOXV�GURPHGDULXV�� GXULQJ� WKH� YDULRXV�UHSURGXFWLYH� VWDJHV�� *HQHUDO� DQG�FRPSDUDWLYH� HQGRFULQRORJ\�� ���� ���� ±��������*RPEH��6���'��2GXRU�±�2NHOR��������(IIHFW�RI�WHPSHUDWXUH�DQG�UHODWLYH�KXPLGLW\�RQ�SODVPD� DQG� JRQDGDO� WHVWRVWHURQH�FRQFHQWUDWLRQV� LQ� FDPHO� �FDPHOXV�GURPHGDULHV��-��5HSURG��)HUW����������±�������+RPHLGD��0���0��*��5��.KDOLO�DQG�$��$��0��7DKD�� ������ 3ODVPD� FRQFHQWUDWLRQV� RI�SURJHVWHURQH�� RHVWURJHQ�� WHVWRVWHURQH�DQG� /+� ±� OLNH� DFWLYLW\� GXULQJ� WKH�RHVWUXV� F\FOH� RI� WKH� FDPHO� �FDPHOXV�GURPHGDULXV��� -�5UHSRG��)HUW�� � ���� ����± ������-RVKL��&�.���.��.��9D\V� DQG�3��.��3DUHHN�������� VWXGLHV� RQ� RHVWUXV� F\FOH� LQ�%LNDQHUL� VKH±FDPHO� �&DPHOXV�

(PLU��-��$JULF��6FL���������������������KWWS���ZZZ�FIV�XDHX�DF�DH�UHVHDUFK�HMDV�KWPO�

��



GURPHGDULXV�� ,QGLDQ� -�� RI� $QLPDO�6FLHQFH����������±�������.KDQ��$�$�� ������ 6H[XDO� EHKDYLRXU� RI� WKH�PDOH�FDPHO��FDPHOXV�GURPHGDULXV��DQG�VRPH� VWXGLHV� RQ� VHPHQ�� 0�6�� WKHVHV��%LNDQHU�8QLYHUVLW\�RI�8GDLSXU��,QGLD����.KDQ��$��.�� DQG� ,��6��.RKOL��������$�QRWH�RQ� ELRPHWULFV� RI� WKH� FDPHO�VSHUPDWR]RD� �FDPHOXV� GURPHGDULXV���,QGLDQ� -�� �2I�DQLPDO� VFLHQFH���������±�������.KDQQD�� 1�'��� $�� .�� 5DL�� 6�� 1�� 7RQGRQ��DQG� +�� .�� -LQGDO�� ������ &DPHO�UHSURGXFWLRQ�� $� UHYLHZ�� $QQDOV� $ULG�]RQH����������±�������/HHV�� $�6�� ������ $� WUHDWLVH� RQ� WKH� RQH�KXPPHG� FDPHO� LQ� KHDOWK� DQG� GLVHDVH���+D\HUV� DQG� VRQ� 0DLGHQ� /DQH��6WDPIRUG��/LQ�&H�,Q�6KLUH����0DWKDUX��%��6��������$QLPDO�PDQDJHPHQW��FDPHO�FDUH��,QGLDQ�)HUPLQJ�������±�����

6KDODVK�� 0�5�� ������ 6RPH� UHSURGXFWLYH�DVSHFWV� LQ� WKH� IHPDOH� FDPHO�� � :RUOG�5HY��$QLPDO�3URGXFWLRQ��������±�������6KDUPD��6��6���.��.��9\DV��������6WXGLHV�RQ�VH[XDO� SK\VLRORJ\� RI� VWXG� FDPHO���,QGLDQ��9HW��-����������±�������7LEDU\�� $�� DQG� $�� $QRXDVVL� ������7KHULRJHQRORJ\� LQ�FDPHOLGDH���VW��HGQ��SS������±�������0LQLVWU\�RI�FXOWXUH�DQG�LQIRUPDWLRQ�8QLWHG�$UDE�(PLUDWHV����<DJLO�� 5�� DQG� =�� (W]LRQ�� ������ +RUPRQDO�DQG� EHKDYLRXUDO� SDWWHUQV� LQ� WKH� PDOH�FDPHO� �FDPHOXV� GURPHGDULXV��� � 5HSRUW�)HUW���������±������=DJKORXO��$��+��� DQG� 6��+�� 6KHKDWD�� ������(VWUDGLRO�DQG�SURJHVWHURQH�OHYHO��LQ�WKH�VHUXP� RI� VKH� ±� FDPHO� DV� UHODWHG� WR�GLIIHUHQW� RYDULDQ� VWUXFWXUHV�� $VVLVW�9HWHULQDU\�0HGLFDO� -RXUQDO�� ���� ���� ±�������
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