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(IIHFW�RI�WHPSHUDWXUH�RQ�UKHRORJLFDO�FKDUDFWHULVWLFV�RI�JLQJHU�SDVWH�
�-��$KPHG��'HSDUWPHQW�RI�)RRG�6FLHQFHV��&ROOHJH�RI�)RRG�6\VWHPV��8QLWHG�$UDE�(PLUDWHV�8QLYHUVLW\��$O�$LQ��3�2��%R[��������8QLWHG�$UDE�(PLUDWHV��(�PDLO��MDKPHG#XDHX�DF�DH��

$EVWUDFW�� 7KH� LQIOXHQFHV� RI� WHPSHUDWXUH� ���� ���q&�� RQ� WKH� UKHRORJLFDO� FKDUDFWHULVWLFV� RI� JLQJHU�SDVWH�ZHUH�VWXGLHG�XVLQJ�D�UKHRPHWHU��6KHDU�VWUHVV��VKHDU�UDWH�DQG�DSSDUHQW�YLVFRVLW\�RI�SDVWH�ZHUH�PHDVXUHG� EHWZHHQ� ��� DQG����� V����*LQJHU�SDVWH� VKRZHG�SVHXGRSODVWLFLW\�ZLWK� \LHOG� VWUHVV��6KHDU�VWUHVV�VKHDU�UDWH�GDWD�ZDV�ZHOO�GHVFULEHG�E\�WKH�+HUVFKHO�%XONOH\�PRGHO��7KH�\LHOG�VWUHVV�GHFUHDVHG�H[SRQHQWLDOO\�ZLWK�SURFHVV�WHPSHUDWXUH�DQG�UDQJHG�EHWZHHQ������DQG�������3D��7KH�IORZ�EHKDYLRU�LQGH[��Q��YDULHG�EHWZHHQ������DQG������WKURXJK�WKH�HQWLUH�WHPSHUDWXUH�UDQJH��%RWK�FRQVLVWHQF\�LQGH[�
�.��DQG�DSSDUHQW�YLVFRVLW\��K� GHFUHDVHG�ZLWK�WKH�LQFUHDVH�LQ�WHPSHUDWXUH�DQG�WKH�SURFHVV�DFWLYDWLRQ�HQHUJLHV�RI�IORZ�ZHUH�IRXQG�WR�EH�LQ�WKH�UDQJH�RI������DQG������N-�PRO����
.H\�:RUGV��JLQJHU��\LHOG�VWUHVV��FRQVLVWHQF\�FRHIILFLHQW��IORZ�EHKDYLRU�LQGH[��DFWLYDWLRQ�HQHUJ\��� ¾

�
�����±����������� � +HUVFKHO�%XONOH\�������± �������Q������������ �.���P��������± ������

��
,QWURGXFWLRQ��6SLFHV�� WKH� DURPDWLF� YHJHWDEOH�PDWHULDOV�� DUH� XVHG� WR� IODYRU� DQG� VHDVRQ�IRRGV��7KHVH�DUH�YDOXHG�QRW�RQO\�DV�SLTXDQW�
IODYRULQJ� DJHQWV� EXW� DOVR� DV� DSSHWLWH�VWLPXODQWV��6RPH�VSLFHV�SRVVHVV�DQWLR[LGDQW�
SURSHUWLHV��ZKLOH�RWKHUV�DUH�XVHG�DV�QDWXUDO�IRRG� SUHVHUYDWLYHV�� 0DQ\� RI� WKHVH� VSLFHV�SRVVHVV� PHGLFLQDO� SURSHUWLHV� DQG� KDYH�
SURIRXQG� HIIHFWV� RQ� KXPDQ� KHDOWK�� 5HFHQW�KHDOWK�� QXWULWLRQDO� DQG� HFRORJLFDO�
FRQVLGHUDWLRQV� KDYH� UHVXOWHG� LQ� DQ�LQFUHDVLQJ� DZDUHQHVV� IRU� µQDWXUDO¶� IRRGV��6SLFHV�� EHLQJ�PDWHULDOV� RI� SODQW� RULJLQ�� DUH�
PRUH� DSSHDOLQJ� WR� WKH� FRQVXPHU� WKDQ�V\QWKHWLF� IRRG� DGGLWLYHV�� *LQJHU� �=LQJLEHU�RIILFLQDOH� LV� RQH� RI� WKH� LPSRUWDQW� VSLFHV��
7KH�UKL]RPH�RI�JLQJHU�LQ�LWV�IUHVK�DV�ZHOO�DV�

GULHG� IRUP�KDV�EHHQ�XVHG�ERWK� LQ�PHGLFLQH�DQG� DV� D� VSLFH� IRU� VHYHUDO� FHQWXULHV�� 7KH�VSLFH� LV� H[WHQVLYHO\� JURZQ� LQ� WKH� WURSLFV��
DQG� WKH�PDLQ�H[SRUWLQJ�FRXQWULHV�DUH�,QGLD��1LJHULD�� $XVWUDOLD�� &KLQD� DQG� -DPDLFD��
)UHVK�VSLFHV�DUH�SHULVKDEOH�LQ�QDWXUH�DQG�WKH�FDXVHV� RI� VSRLODJH� DUH� LPSURSHU� KDQGOLQJ��JURZWK� RI� VSRLODJH� PLFURRUJDQLVPV��
UHDFWLRQ�RI�QDWXUDOO\�RFFXUULQJ�HQ]\PHV�DQG�FKHPLFDOV�� DQG� VWUXFWXUDO� FKDQJHV� GXULQJ�
VWRUDJH�� 7KH� SRVW�KDUYHVW� ORVVHV� RI� WKHVH�VSLFHV� DUH� KLJK� EXW� FRXOG� EH� FRQVLGHUDEO\�UHGXFHG� LI� SURFHVVHG� LPPHGLDWHO\� DIWHU� WKH�
KDUYHVW�� 'U\LQJ� LV� RQH� RI� WKH� ROGHVW� DQG�PRVW� ZLGHO\� SUDFWLFHG� PHWKRGV� RI�SUHVHUYDWLRQ��+RZHYHU� WKH� VFRSH� RI� GU\LQJ�
LV� OLPLWHG� EHFDXVH� WKH� YRODWLOH� RLOV� DQG�FKHPLFDO� FRPSRXQGV� UHVSRQVLEOH� IRU�
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SXQJHQW� IODYRUV�� HVSHFLDOO\� JLQJHUROV� DQG�SLJPHQWV� DUH� KLJKO\� KHDW� VHQVLWLYH�
�%DUDQRZVNL�� ������3H]]XWWL� DQG�&UDSLVWH��������� /RVV� RI� YRODWLOH� RLOV� IURP�GHK\GUDWHG�JLQJHU�FDQ�EH�VXEVWDQWLDO�DQG�LW�
KDV� EHHQ� UHSRUWHG� WKDW� JURXQG� JLQJHU� FDQ�ORVH� XS� WR� ���� RI� LWV� YRODWLOH� RLOV� GXULQJ�VWRUDJH� GHSHQGLQJ� XSRQ� SDFNDJLQJ�
PDWHULDO� XVHG� �5LFKDUGVRQ�� ������*RYLQGDUDMDQ���������7KHUHIRUH��WKHUH�LV�DQ�
XUJHQW� QHHG� WR� H[SORUH� DOWHUQDWH� SURFHVVHV�IRU� SUHVHUYDWLRQ� RI� JLQJHU� DQG� WR� GHYHORS�SURGXFWV� EDVHG� RQ� WKHVH�� *LQJHU� SDVWH� LV�
RQH� VXFK� DOWHUQDWH� SURGXFW�� ZKLFK� FDQ� EH�VWRUHG� IRU� ORQJHU� SHULRGV� ZLWKRXW� PXFK�
DOWHUDWLRQ� IURP� WKH� IUHVK�PDWHULDO� DQG� FDQ�EH�FRQVLGHUHG�DV�PLQLPDOO\�SURFHVVHG�IRRG��%DUDQRZVNL�� ������$KPHG� DQG� 6KLYKDUH��
����D�� E�� $KPHG� HW� DO�� � ����D�� ����E���5HFHQWO\� WKH� PDUNHW� RI� VSLFH� SDVWH� KDV�LQFUHDVHG�PDQLIROG�ZLWK�WKH�VXFFHVV�RI�IDVW�
IRRG�LQGXVWULHV���.QRZOHGJH�RI�UKHRORJLFDO�SURSHUWLHV�LV�
LPSRUWDQW� WR� IRRG� VFLHQWLVWV� IRU� YDULRXV�UHDVRQV�� 5KHRORJ\� SURYLGHV� JXLGHOLQHV� LQ�GHILQLQJ�D�VHW�RI�SDUDPHWHUV��ZKLFK�FDQ�EH�
XVHG� WR�FRUUHODWH�ZLWK�TXDOLW\�DWWULEXWHV�RI�IRRG�SURGXFWV��7ROHGR���������,QIRUPDWLRQ�
DERXW� WKH� UKHRORJLFDO� FKDUDFWHULVWLFV� RI�IRRG�SURGXFWV�LV�XVHG�E\�IRRG�HQJLQHHUV�WR�GHVLJQ� SURFHVVLQJ� SDUDPHWHUV� DQG� IORZ�
FKDUDFWHULVWLFV� RI� WKH� IOXLG� IRRGV��5KHRORJLFDO�FKDUDFWHULVWLFV�RI�SDVWH�GHSHQG�
RQ� YDULRXV� IDFWRUV� OLNH� WHPSHUDWXUH��FRPSRVLWLRQ�� WRWDO� VROXEOH� VROLGV�� DQG�SDUWLFOH� VL]H�� DQG�PD\� DOVR� GHSHQG� RQ� WKH�
UDWH�RI�VKHDU�RU�VKHDU�VWUHVV��WKH�GXUDWLRQ�RI�VKHDU� DV� ZHOO� DV� SUHYLRXV� VKHDU� KLVWRU\���&RUUHFW� IORZ� FKDUDFWHUL]DWLRQ� RI� JLQJHU�
SDVWH�FRXOG�KHOS�SURFHVVRUV�WR�GHYHORS�QHZ�SURGXFWV�DQG�IRUPXODWLRQV��

6WXGLHV�RQ�UKHRORJ\�RI�JLQJHU�SDVWH�DUH�OLPLWHG� �%DUDQRZVNL� ������ $KPHG� �������7KHUHIRUH�� WKH� SUHVHQW� VWXG\� ZDV�
XQGHUWDNHQ� WR� LQYHVWLJDWH� WKH� HIIHFW� RI�WHPSHUDWXUH� RQ� UKHRORJLFDO� FKDUDFWHULVWLFV�
RI�JLQJHU�SDVWH���

0DWHULDOV�DQG�0HWKRGV��3UHSDUDWLRQ�RI�SXUHH�� 0DWXUH�JLQJHU� UKL]RPHV�ZHUH�SURFXUHG�
ORFDOO\� DQG� VWRUHG� DW� ��r�R& XQWLO�SURFHVVLQJ�� 7KH� VWRUDJH� SHULRG� ZDV� RQO\�RQH� ZHHN�� *LQJHU� UKL]RPHV� ZHUH� SHHOHG��FXW� DQG� SURFHVVHG� LQWR� SXUHH� XVLQJ� D�ODERUDWRU\� VL]H� JULQGHU�� 7KH� SXUHH� ZDV�SDVVHG� WKURXJK� D� ��PP� VLHYH� WR� REWDLQ� D�XQLIRUP�FRQVLVWHQF\���3UHSDUDWLRQ�RI�SDVWH�� 3DVWH�ZDV� FKDUDFWHUL]HG� DV� WKH� SURGXFW�REWDLQHG� DIWHU� DGGLQJ� FRPPRQ� VDOW� DQG�RUJDQLF� DFLG� WR� SXUHH�� 7KH� SDVWH� ZDV�SUHSDUHG� E\� DGGLQJ� FRPPRQ� VDOW� RI� ����Z�Z�� WR� JLQJHU� SXUHH� WR� LQFUHDVH� LWV� WRWDO�VROXEOH�VROLGV��766���7KH�IUHVK�JLQJHU�SXUHH�KDG� D� S+� RI� ����� DQG� ZDV� DGMXVWHG� WR�DSSUR[LPDWHO\� ���� E\� DGGLQJ� ���� FLWULF�DFLG�VROXWLRQ��Z�Y���,W�LV�HVWDEOLVKHG�WKDW�DQ�DFLGLILHG� IRRG� �S+� ����� UHTXLUHV� RQO\�SDVWHXUL]DWLRQ� �*DUFLD� HW� DO��� ������ DQG�FRXOG� UHWDLQ� IUHVK� VSLFH� RGRU� �%DUDQRZVNL��������� 7KH� SDVWH� ZDV� WKHUHIRUH�� WKHUPDOO\�SURFHVVHG�DW���R& IRU����PLQ�DQG�SDFNDJHG�LPPHGLDWHO\�LQ�JODVV�FRQWDLQHUV���5KHRORJLFDO�PHDVXUHPHQW� �� 5KHRORJLFDO� FKDUDFWHULVWLFV� �VKHDU�VWUHVV��VKHDU�UDWH��DQG�DSSDUHQW�YLVFRVLW\��RI�JLQJHU�SDVWH�ZHUH�PHDVXUHG�GLUHFWO\�ZLWK�D�%URRNILHOG� 59'9�,,,� UKHRPHWHU��%URRNILHOG�(QJ��/DE��,QF���6WRXJKWRQ��0$��86$�� LQ� WKH� WHPSHUDWXUH� UDQJH� RI� ��� WR����R&�� $� VDPSOH� YROXPH� RI� DSSUR[LPDWHO\���� P/� ZDV� SODFHG� LQ� WKH� VDPSOH�FRPSDUWPHQW��7KH�6&5������5�VSLQGOH�ZDV�VHOHFWHG� IRU� WKH�PHDVXUHPHQW��6KHDU� VWUHVV��VKHDU� UDWH� DQG� DSSDUHQW� YLVFRVLW\� RI� SDVWH�ZHUH� UHFRUGHG� EHWZHHQ� ��� DQG� ���� V���7KHUPRVWDWLF�ZDWHU�EDWK��7&������SURYLGHG�ZLWK�WKH�LQVWUXPHQW�ZDV�XVHG�WR�UHJXODWH�WKH�VDPSOH�WHPSHUDWXUH���
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�
�)ORZ�PRGHOV�XVHG�� 9DULRXV� UKHRORJLFDO� PRGHOV��1HZWRQLDQ�� 3RZHU� /DZ�� &DVVRQ� DQG�+HUVFKHO�%XONOH\�� KDYH� EHHQ� WHVWHG� WR� ILW�WKH� H[SHULPHQWDO� VKHDU� VWUHVV�VKHDU� UDWH�GDWD�� 7KH� +HUVFKHO�%XONOH\� PRGHO� KDV�JHQHUDOO\� EHHQ� XVHG� WR� SUHGLFW� WKH� IORZ�FKDUDFWHULVWLFV� RI� QRQ�1HZWRQLDQ� IRRGV�LQYROYLQJ� VKHDU� VWUHVV� DQG� VKHDU� UDWH�� 7KH�PRGHO� LV� YHU\� FRQYHQLHQW� DV� 1HZWRQLDQ��SRZHU� ODZ�� RU� %LQJKDP� SODVWLF� EHKDYLRU�PD\� EH� FRQVLGHUHG� DV� VSHFLDO� FDVHV� �6WHIIH��������7KH�PRGHO�LV�UHSUHVHQWHG�DV��

� � �  .�J�Q� � � � ����
�7KH� \LHOG� VWUHVV� KDV� EHHQ� FDOFXODWHG� E\�&DVVRQ�PRGHO�DQG�WKH�\LHOG�GHSHQGV�RQ�WKH�GDWD� UDQJH� XVHG� LQ� WKH� DQDO\VLV� �6WHIIH��������&DVVRQ�PRGHO�LV�H[SUHVVHG�DV���
�
���� �.� � .�J����� ����

�7KH� WHPSHUDWXUH� GHSHQGHQFH� RI� DSSDUHQW�YLVFRVLW\� �K� DW� FRQVWDQW� VKHDU� UDWH� DQG�FRQVLVWHQF\� FRHIILFLHQW� �.�� FDQ� EH�GHVFULEHG�E\�WKH�$UUKHQLXV�PRGHO��
�K  $K H[S��(K�57D� ����
�.  �$. H[S��(.�57D� ����
�

(DFK�H[SHULPHQW�ZDV�UHSOLFDWHG�WZLFH�DQG�WKH�DYHUDJH�YDOXHV�ZHUH�WDNHQ�IRU�GDWD�DQDO\VLV���3K\VLFR�FKHPLFDO�SURSHUWLHV�� 7RWDO� VROXEOH� VROLGV� �R%UL[�� DQG� S+�ZHUH� GHWHUPLQHG� XVLQJ� D� UHIUDFWURPHWHU��$WDJR�� -DSDQ�� DQG� D� S+�PHWHU� ZLWK� JODVV�HOHFWURGH� �6\VWURQLFV�� ,QGLD�� DW� ��q&��UHVSHFWLYHO\����6WDWLVWLFDO�DQDO\VLV��6WDWLVWLFDO� DQDO\VLV� ZDV� FDUULHG� RXW�XVLQJ� DV� SHU� PHWKRG� GHVFULEHG� E\� *DFXOD�DQG� 6LQJK� �������� 7UHQGV�ZHUH� FRQVLGHUHG�VLJQLILFDQW� ZKLOH� PHDQV� RI� FRPSDUHG� VHWV�GLIIHUHG�DW�3����������5HVXOWV�DQG�'LVFXVVLRQ��5KHRORJLFDO�EHKDYLRU�RI�JLQJHU�SDVWH�� 7KH�\LHOG�VWUHVV�ZDV�FDOFXODWHG�IURP�WKH�LQWHUFHSW� RI� &DVVRQ� PRGHO� �WR  .R
�� E\�OLQHDU�UHJUHVVLRQ�RI�WKH�VTXDUH�URRWV�RI�VKHDU�UDWH� DQG� VKHDU� VWUHVV� �5�!������� 7KH� \LHOG�VWUHVV�YDOXHV�YDULHG�EHWZHHQ������DQG�������3D� IRU� WKH� WHPSHUDWXUH� UDQJH� RI� ��� WR� ��R&)LJXUH� ��� 7KH� \LHOG� YDOXHV� GHFUHDVHG� ZLWK�SURFHVV� WHPSHUDWXUH�� $Q� DWWHPSW� ZDV� PDGH�WR�PRGHO�\LHOG�VWUHVV�ZLWK�WHPSHUDWXUH�DQG�

)LJXUH���9DULDWLRQ�RI�\LHOG�VWUHVV�ZLWK�WHPSHUDWXUH�RI�JLQJHU�SDVWH
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7DEOH����)LWWLQJ�RI�YDULRXV�PRGHOV�DW�����&��
0RGHO� &RHIILFLHQW�RI�GHWHUPLQDWLRQ��5��� 6WDQGDUG�HUURU�1HZWRQLDQ� ������ ������3RZHU�ODZ� ������ ������&DVVRQ� ������ ������+HUVFKHO�%XONOH\� ������ ������

7DEOH����+HUFKHO�%XONOH\�PRGHO�FRHIILFLHQWV�IRU�JLQJHU�SDVWH��
7HPSHUDWXUH��R&��

&RQVLVWHQF\�FRHIILFLHQW��3D�VQ�
)ORZ�EHKDYLRXU�LQGH[��'LPHQVLRQOHVV�� 5� 6WDQGDUG�HUURU�

��� ������� ������ ������ ��������� ������� ������ ������ �������� ������� ������ ������ ��������� ������ ������ ������ ��������� ������ ������ ������ ������
LW�ZDV�IRXQG�WKDW�H[SRQHQWLDO�PRGHO��(T�����ILWWHG� ZHOO� �5�! ����� DQG� VWDQGDUG� HUURU� ��������FRPSDUHG�WR�OLQHDU�RQH��5�! �����DQG�VWDQGDUG�HUURU����������

�

R  N� H[S��N�7��� � � ����
�7KH� FRHIILFLHQWV� RI� WKH� (TXDWLRQ� ���� ZHUH������ DQG� ±������ UHVSHFWLYHO\�� )LJXUH� ��SUHVHQWV� WKH� H[SRQHQWLDO� EHKDYLRU� RI� \LHOG�VWUHVV�ZLWK�SURFHVV�WHPSHUDWXUH���$PRQJ�YDULRXV�PRGHOV��WKH�EHVW�ILW�ZDV�VHOHFWHG� RQ� WKH� EDVLV� RI� WKH� FRHIILFLHQW� RI�GHWHUPLQDWLRQ� �5�� DQG� VWDQGDUG� HUURU�� 7KH�PDJQLWXGHV� RI� 5� DQG� VWDQGDUG� HUURUV� RI�YDULRXV� PRGHOV� DW� ��R& DUH� VKRZQ� LQ��7DEOH� ��� <LHOG� YDOXHV� RI� VHOHFWHG�WHPSHUDWXUH�ZHUH� LQFRUSRUDWHG� LQ� WKH� VKHDU�VWUHVV� YDOXH� DQG� WKH� VKHDU� VWUHVV�VKHDU� UDWH�GDWD� WKH�+HUVFKHO�%XONOH\�PRGHO��(TXDWLRQ���� DGHTXDWHO\� IRU� WKH� HQWLUH� WHPSHUDWXUH�UDQJH�� 7KH� UHJUHVVLRQ� FRHIILFLHQWV� RI� WKH�+HUVFKHO�%XONOH\� PRGHO� DUH� UHSRUWHG� LQ�7DEOH� ��� ,Q� DOO� FDVHV�� 5� ZDV� JUHDWHU� WKDQ������DQG�VWDQGDUG�HUURU�ZDV� OHVV� WKDQ�������7\SLFDO� IORZ� FXUYH� IRU� JLQJHU� SDVWH� LV�VKRZQ� LQ� )LJXUH� ��� 7KH� IORZ� EHKDYLRU�LQGH[��Q��RI�SDVWH�UDQJHG�EHWZHHQ������DQG�

����� DQG� EHKDYHG� DV� D� SVHXGRSODVWLF� IOXLG��7KHUH�ZDV�QR�WUHQG�IRXQG�IRU�IORZ�EHKDYLRU�LQGH[�RI�JLQJHU�SDVWH��6LPLODU�REVHUYDWLRQV�IRU� YDULRXV� SXUHH�SDVWH� ZHUH� UHSRUWHG� E\�YDULRXV� UHVHDUFKHUV� �+DUSHU�DQG�(O�6DKULJL��������6DUDYDFRV��������'XUDQ� DQG�&RVWHOO�������� ,EDU]� HW� DO��� ������ $KPHG� HW� DO������������(IIHFW�RI�WHPSHUDWXUH�RQ�FRQVLVWHQF\�LQGH[�DQG�DSSDUHQW�YLVFRVLW\��
$SSDUHQW�YLVFRVLW\� �K� DQG�FRQVLVWHQF\�

FRHIILFLHQW� �.�� GHFUHDVHG� VLJQLILFDQWO\��
�3� �� ������ZLWK� LQFUHDVH� LQ� WHPSHUDWXUH� RI�
SDVWH�� ,W� LV� VHHQ� WKDW� IRU� JLQJHU� SDVWH� .�
GHFUHDVHG� IURP� D� YDOXH� RI� ������ WR� �����
3D�VQ ZKLOH� WKH� FRUUHVSRQGLQJ� YDOXHV� RI� K
UDQJHG� EHWZHHQ� ������ DQG� ������3D�V��7KH�
$UUKHQLXV� PRGHO� �(TXDWLRQV� �� DQG� ���
GHVFULEHG�ZHOO� WKH� GHSHQGHQFH� RI� DSSDUHQW�
YLVFRVLW\� DW� D� VKHDU� UDWH�RI������V��� DQG� WKH�
FRQVLVWHQF\� LQGH[� RI� WKH� +HUVFKHO�%XONOH\�
PRGHO�RQ�WHPSHUDWXUH��)LJXUH������

�

-��$KPHG
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)LJXUH����5KHRJUDP�RI�JLQJHU�SDVWH�DW�VHOHFWHG�WHPSHUDWXUHV�
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)LJXUH����7HPSHUDXUH�GHSHQGHQFH�RI�FRQVLVWHQF\�FRHIILFLHQW�DQG�DSSDUHQW�
YLVFRVLW\�RI�JLQJHU�SDVWH�
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. REVHUYHG(WD�REVHUYHGPRGHO

)LJXUH���5HKHRJUDP�RI�JLQJHU�SDVWH�DW�VHOHFWHG�WHPSHUDWXUH�

)LJXUH����7HPSHUDWXUH�GHSHQGHQFH�RI�FRQVLVWHQF\�FRHIILFLHQW�DQG�DSSDUHQW�YLVFRVLW\�RI�JLQJHU�SDVWH�
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7KH� FRHIILFLHQWV� RI� (TXDWLRQ� ���� DQG� ����
ZHUH� FRPSXWHG� XVLQJ� WKH� OHDVW� VTXDUH�
WHFKQLTXH��5�! �������7KH�FRPSXWHG�YDOXHV�
RI�$K DQG�(K ZHUH�����u�����3D�V�DQG������N-�PRO�� UHVSHFWLYHO\��ZKLOH�$N DQG�(N ZHUH�
����u�����DQG������N-�PRO��UHVSHFWLYHO\��7KH�
DFWLYDWLRQ�HQHUJ\�YDOXHV�DUH�FRQVLVWHQW�ZLWK�
HDUOLHU� UHSRUWV� LQ� WKH� OLWHUDWXUH� IRU� SXUHHG�
IRRGV��9LWDOL�DQG�5DR�������0DQRKDU�HW�DO���
������� 7KH� VXEVWDQWLDO� YDULDWLRQ� LQ� WKH�
PDJQLWXGH�RI�.�DQG�K EHWZHHQ����DQG���R&
ZHUH� XVHIXO� LQ� FKDUDFWHUL]LQJ� WKH� IORZ�
EHKDYLRU�GXH�WR�WHPSHUDWXUH�DQG�PXVW�EH�DQ�
LPSRUWDQW� FRQVLGHUDWLRQ� LQ� WKH� GHVLJQ� RI�
KDQGOLQJ�V\VWHPV��
�&RQFOXVLRQ�� )UHVK� JLQJHU� ZDV� FRQYHUWHG� WR� SDVWH�ZLWK�WKH�DGGLWLRQ�RI�FRPPRQ�VDOW�DQG�FLWULF�DFLG DQG�WKHUPDOO\�SURFHVVHG�DW���R& IRU����PLQ�� 7KH� SDVWH� H[KLELWHG� SVHXGRSODVWLFLW\�ZLWK� \LHOG� VWUHVV� DQG� WKH� UKHRORJLFDO�EHKDYLRXU�ZDV� DGHTXDWHO\� GHVFULEHG�E\� WKH�+HUVFKHO�%XONOH\� PRGHO�� 7KH� \LHOG� VWUHVV�GHFUHDVHG� H[SRQHQWLDOO\� ZLWK� SURFHVV�WHPSHUDWXUH�� 7KH� IORZ� DFWLYDWLRQ� HQHUJLHV�RI� WKH� SDVWH� UDQJHG�EHWZHHQ������ DQG� �����N-�PRO����5HIHUHQFHV��$KPHG��-��������5KHRORJLFDO�EHKDYLRXU�DQG�FRORU� FKDQJHV� RI� JLQJHU� SDVWH� GXULQJ�VWRUDJH��,QWO��-��)RRG�6FL�	�7HFKQRO��,Q�3UHVV���$KPHG�� -��� +�� *DQJRSDGKD\D� DQG� 8�� 6��6KLYKDUH�� ������ (IIHFW� RI� WHPSHUDWXUH�RQ� UKHRORJLFDO� FKDUDFWHUVLWLFV� RI� JUHHQ�FKLOOL� SXUHH�� -�� )RRG� 6FL�� 7HFKQRO�� ��������������$KPHG�� -�� DQG� 8�� 6�� 6KLYKDUH�� ����D��7KHUPDO� NLQHWLFV� RI� FRORU� FKDQJH��UKHRORJ\� DQG� VWRUDJH� FKDUDFWHULVWLFV� RI�

JDUOLF� SXUHH�SDVWH�� � -�� )RRG� 6FL�� ��������������$KPHG�� -�� DQG� 8�� 6�� 6KLYKDUH�� ����E��7KHUPDO� NLQHWLFV� RI� FRORU� GHJUDGDWLRQ�DQG� VWRUDJH� &KDUDFWHULVWLFV� RI� RQLRQ�SDVWH�� /HEHQVP�:LVVW� X�7HFKQRO�� ��������������$KPHG��-���8��6��6KLYKDUH�DQG�6��'HEQDWK������D��&RORU�GHJUDGDWLRQ�DQG�UKHRORJ\�RI� JUHHQ� FKLOOL� SXUHH� GXULQJ� WKHUPDO�SURFHVVLQJ�� ,QWHU�� -�� )RRG� 6FL�7HFKQRO��������������$KPHG�� -��� 8�� 6�� 6KLYKDUH� DQG� +�� 6��5DPDVZDP\�� ����E�� $� )UDFWLRQ�&RQYHUVLRQ�.LQHWLF�0RGHO�IRU�7KHUPDO�'HJUDGDWLRQ� RI� &RORU� LQ� 5HG� &KLOOL�3XUHH� DQG� 3DVWH�� /HEHQVP�:LVV�X�7HFKQRO���������������%DUDQRZVNL��-��'��������6WRUDJH�VWDELOLW\�RI�D SURFHVVHG� JLQJHU� SDVWH�� -�� )RRG� 6FL���������������'XUDQ�� /�� DQG� (�� &RVWHOO�� ������ 5KHRORJ\�RI� DSULFRW� SXUHH�� FKDUDFWHUL]DWLRQ� RI�IORZ��-��7H[��6WXGLHV��������������*DFXOD�� 0�� &�� DQG� -�� 6LQJK�� ������6WDWLVWLFDO� 0HWKRGV� LQ� )RRG� DQG�&RQVXPHU� 5HVHDUFK�� $FDGHPLF� 3UHVV��/RQGRQ���*DUFLD�� 3��� 0�� %UHQHV�� &�� 5RPHUR� DQG� $��*DUULGR�� ������ &RORU� DQG� WH[WXUH� RI�DFLGLILHG�ULSH�ROLYHV�LQ�SRXFKHV��-��)RRG�6FL�����������������*RYLQGDUDMDQ�� 9�� 6�� ������ *LQJHU�FKHPLVWU\�� WHFKQRORJ\� DQG� TXDOLW\�HYDOXDWLRQ�� 3DUW� ��� &5&� &ULW�� 5HYLHZ�LQ�)RRG�6FL��	�1XWU���������������+DUSHU�� � -�� &�� DQG� $�� )�� (O�6DKULJL�� ������9LVFRPHWULF� EHKDYLRXU� RI� WRPDWR�

-��$KPHG



��

FRQFHQWUDWHV�� )RRG� 7HFKQRO�� ���� �����������,EDU]��$���-��*LQHU��-��3DJDQ��9��*LPHQR�DQG��6��*DU]D��������5KHRORJLFDO�EHKDYLRXU�RI�NLZL� IUXLW� MXLFH� FRQFHQWUDWHV�� -�� 7H[��6WXGLHV����� ����������0DQRKDU�� %��� 3�� 5DPDNULVKQD� DQG� � .��8GD\DVDQNDU�� ������ 6RPH� SK\VLFDO�SURSHUWLHV� RI� WDPDULQG� �7DPDULQGXV�LQGLFD� /��� MXLFH� FRQFHQWUDWHV�� -�� )RRG�(QJ����������������3H]]XWWL�� $�� DQG� *�� +�� &UDSLVWH�� ������6RUSWLRQDO� HTXLOLEULXP� DQG� GU\LQJ�FKDUDFWHULVWLFV� RI� JDUOLF�� -�� )RRG� (QJ������ ����������

5LFKDUGVRQ��.��&��������7KH�SDFNDJLQJ�DQG�VWRUDJH�RI�GULHG�JLQJHU��)RRG�7HFKQRO��$XVWUDOLD����������������6DUDYDFRV�� � *�� '�� ������ (IIHFW� RI�WHPSHUDWXUH�RQ�YLVFRVLW\�RI� IUXLW� MXLFHV�DQG�SXUHHV��-��)RRG�6FL����� ����������6WHIIH�� -�� )�� ������5KHRORJLFDO�0HWKRGV� LQ�)RRG� 3URFHVV� (QJLQHHULQJ�� )UHHPDQ�3UHVV��0LFKLJDQ��86$���7ROHGR��5��7���������)XQGDPHQWDOV�RI�)RRG�3URFHVV�(QJLQHHULQJ��&%6�3XEOLFDWLRQ��1HZ 'HOKL���9LWDOL�� �$��$��DQG�0��$��5DR�������� �)ORZ�EHKDYLRU� RI� JXDYD� SXUHH� DV� D� IXQFWLRQ�RI� WHPSHUDWXUH� DQG� FRQFHQWUDWLRQ�� � -��7H[��6WXGLHV����������������
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