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/DUJH� GHYLDWLRQV� IURP� WKH� LGHDO� JRE� VKDSH� DQG� WUDMHFWRU\� FDQ� KDYH� VHYHUH� FRQVHTXHQFHV� RQ� WKH�

SHQHWUDWLRQ�RI� WKH�JODVV� LQWR� WKH� WUDQVIHU�HTXLSPHQW�DQG�PROGV�� �$GGLWLRQDOO\�� DV\PPHWULF� ORDGLQJ�RI� WKH�

JRE�LQWR�WKH�EODQN�PROGV�FDQ�FDXVH�XQHYHQ�WHPSHUDWXUH�DQG�ZHDU�SDWWHUQV�RQ�WKH�PROG�LQWHULRUV���,Q�RUGHU�WR�

LQYHVWLJDWH�KRZ�YDULRXV�IHHGHU�GHVLJQ�DQG�RSHUDWLQJ�SDUDPHWHUV�DIIHFW�JRE�VKDSH�DQG�ZHLJKW��D�QXPHULFDO�

VWXG\� ZDV� SHUIRUPHG�� � 7KH� QXPHULFDO� VLPXODWLRQ� PRGHOHG� WKH� IRUPDWLRQ� RI� WKH� JRE� DW� WKH� IHHGHU�� � ,Q�
DGGLWLRQ�WR�µPHVK�WR�PHVK¶�LQWHUSRODWLRQ��PHVK�VXSHUSRVLWLRQ��DQG�UHPHVKLQJ�WHFKQLTXHV�ZHUH�XVHG�WR�DOORZ�

D�FRQWLQXDWLRQ�RI�WKH�FDOFXODWLRQV�LQ�VSLWH�RI�YHU\�VHYHUH�PHVK�GHIRUPDWLRQV���2I�SDUWLFXODU�LQWHUHVW�LQ�WKLV�

VWXG\�ZHUH�WKH�HIIHFWV�IHHGHU�SOXQJHU�PRWLRQ�DQG�VKDSH�RQ�JRE�SURSHUWLHV����

,QWURGXFWLRQ�

6LQFH�WKH�JODVV�JRE�UHSUHVHQWV�WKH�WUDQVLWLRQ�SRLQW�IURP�D�FRQWLQXRXV�PHOWLQJ�SURFHVV�WR�
WKH�GLVFUHWH�JODVV�IRUPLQJ�RSHUDWLRQ��LW�LV�LPSRUWDQW�WR�FRQWURO�YDULRXV�JRE�SDUDPHWHUV�VXFK�
DV� ZHLJKW�� JHRPHWU\�� YLVFRVLW\�� WHPSHUDWXUH�� DQG� IDOO� RULHQWDWLRQ�� � 7UDGLWLRQDOO\�� JRE� VKDSH�
FRQWURO� KDV� EHHQ� FRQGXFWHG� E\� WULDO� DQG� HUURU� EDVHG� RQ� SDVW� H[SHULHQFH� DQG� RSHUDWRU�
NQRZOHGJH�� �)HHGHU� SOXQJHU� VKDSH�� ORFDWLRQ�� DQG� VWURNH� DORQJ�ZLWK� IHHGHU� RULILFH� VL]H� DQG�
JODVV� WHPSHUDWXUH� DUH� XVXDOO\� YDULHG� XQWLO� WKH� GHVLUHG� JRE� VKDSH� DQG� ZHLJKW� KDYH� EHHQ�
DFKLHYHG���5HFHQW�DGYDQFHV�LQ�QXPHULFDO�WHFKQLTXHV�DQG�FRPSXWHU�FDSDELOLWLHV�KDYH�PDGH�WKH�
QXPHULFDO�PRGHOLQJ�RI�WKH�JRE�IRUPLQJ�SURFHVVHV�IHDVLEOH����

$�QXPHULFDO�LQYHVWLJDWLRQ�KDV�EHHQ�FDUULHG�RXW�RQ�WKH�IORZ�DQG�WKHUPDO�FRQGLWLRQV�RI�PROWHQ�
JODVV�GXULQJ�LWV�SDVVDJH�WKURXJK�D�GRXEOH�JRE�IHHGHU���2I�SDUWLFXODU�LQWHUHVW�ZHUH�WKH�LPSDFWV�
RI�SOXQJHU�VWURNH�SURILOH�DQG�VKDSH�RQ�JRE�IRUPDWLRQ���7KH�PRGHOV�ZHUH�GHYHORSHG�XWLOL]LQJ�
)/8(17�816�DQG�32/<)/2:�QXPHULFDO�FRGHV��

3UHYLRXV�:RUN�

:KLOH� D� VLJQLILFDQW� DPRXQW� RI� QXPHULFDO�ZRUN� KDV� EHHQ� SHUIRUPHG� LQ� WKH� DQDO\VLV� RI�
JODVV�IXUQDFHV�DQG�IRUHKHDUWKV��OLWWOH�KDV�EHHQ�WDUJHWHG�DW�WKH�IHHGHU���0RVW�RI�WKH�HDUO\�IHHGHU�
VWXGLHV�XVHG�SK\VLFDO�PRGHOLQJ� �GLPHQVLRQDO� DQDO\VLV�� WR� VWXG\� WKH�HIIHFWV�RI�JHRPHWU\�DQG�
WXEH�KHLJKW�YDULDWLRQV��������$WWHPSWV�DW�QXPHULFDO�VLPXODWLRQ�ZHUH�OLPLWHG�WR�H[WUHPHO\�FRDUVH�
PHVKHV�DQG�VXEMHFWHG�WR�XQUHDOLVWLF�DVVXPSWLRQV�� �$GYHFWLYH�WHUPV�ZHUH�RIWHQ�QHJOHFWHG� LQ�
ERWK� WKH� HQHUJ\� DQG� PRPHQWXP� HTXDWLRQV��� DQG� LQ� VRPH� FDVHV�� WKH� YHORFLW\� SURILOH� ZDV�
DVVXPHG�WR�IROORZ�WKDW�RI�WXEH�URWDWLRQ�LQ�DQ�LQILQLWH�IOXLG����2QO\�LQ�WKH�ODVW�IHZ�\HDUV�KDYH�
FRPSXWHUV�DQG�FRPSXWDWLRQDO�WHFKQLTXHV�DGYDQFHG�WR�WKH�SRLQW�ZKHUH�VXFK�OLPLWDWLRQV�FDQ�
EH�UHPRYHG���

*RYHUQLQJ�(TXDWLRQV�

$VVXPLQJ�JODVV�LV�LQFRPSUHVVLEOH��WKH�FRQVHUYDWLRQ�RI�PDVV�HTXDWLRQ�LV��
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Y�GHQRWHV�WKH�YHORFLW\�YHFWRU���&RQVHUYDWLRQ�RI�OLQHDU�PRPHQWXP�JLYHV��
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7KH� RSHUDWRU� '�'W� LV� WKH� PDWHULDO� WLPH� GHULYDWLYH�� � )LQDOO\� WKH� HQHUJ\� HTXDWLRQ� IRU� DQ�
LQFRPSUHVVLEOH�IOXLG�UHDGV��
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&�LV�WKH�KHDW�FDSDFLW\��U�LV�WKH�YROXPHWULF�KHDW�VRXUFH��DQG�T�LV�WKH�KHDW�IOX[���9LVFRXV�KHDWLQJ�
FDQ�HQWHU�WKURXJK�WKH�WHUP Y7 ∇� ���7KH�JODVV�ZDV�PRGHOHG�DV�D�JHQHUDOL]HG�1HZWRQLDQ�IOXLG���
7KH�H[WUD�VWUHVV�WHQVRU�LV�WKHQ��
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'� LV� WKH� UDWH� RI� GHIRUPDWLRQ� WHQVRU� DQG� η� LV� WKH� VKHDU� YLVFRVLW\� ZKLFK� YDULHV� ZLWK�
WHPSHUDWXUH� DQG� VKHDU� UDWH�� γ&�� � 7KH�:LOOLDPV�/DQGHO�)HUU\� �:/)�� HTXDWLRQ� ZDV� XVHG� WR�
GHVFULEH�WKH�YDULDWLRQ�RI�YLVFRVLW\�ZLWK�WHPSHUDWXUH����7KH�:/)�PRGHO�ILW�WKH�H[SHULPHQWDO�
YLVFRVLW\�GDWD�EHWWHU�WKDQ�DQ�$UUKHQLXV�ODZ�IRU�D�ZLGHU�UDQJH�RI�WHPSHUDWXUHV��

%RXQGDU\�&RQGLWLRQV�DQG�0DWHULDO�3URSHUWLHV�

7KH�ERXQGDU\�FRQGLWLRQV�IRU�IOXLG�G\QDPLFV�RQ�WKH�IORZ�GRPDLQ�ZHUH�VSHFLILHG�DV�HLWKHU�
YHORFLW\� FRPSRQHQWV� �DORQJ� IHHGHU�SOXQJHU� ZDOOV�� RU� VXUIDFH� WUDFWLRQ� FRPSRQHQWV� �JODVV�
VXUIDFHV�RULILFH� H[LWV��� � 7KH� SRVLWLRQ� RI� PRYLQJ� ERXQGDULHV� LV� GHWHUPLQHG� E\� VROYLQJ� D�
NLQHPDWLF�HTXDWLRQ��
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Q�LV�WKH�QRUPDO�WR�WKH�IUHH�VXUIDFH�GHVFULEHG�E\� ( )W��[$ ��DQG�Y�LV�WKH�YHORFLW\�ILHOG�HYDOXDWHG�

DW� WKH� IUHH� VXUIDFH�� � )RU� WKH� JRE� VXUIDFH�� WKH� G\QDPLF� FRQGLWLRQ� UHTXLUHV� WKDW� WKH� QRUPDO�
IRUFH� EH� SUHVFULEHG� DV� ]HUR�� � 6XUIDFH� WHQVLRQ� HQWHUV� WKH� V\VWHP� DV� D� IRUFH� ZKLFK� KDV� WKH�
GLUHFWLRQ�QRUPDO�WR�WKH�IUHH�VXUIDFH��
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γ� LV� WKH�VXUIDFH�WHQVLRQ�FRHIILFLHQW�DQG�5� LV� WKH�*DXVVLDQ�FXUYDWXUH�RI� WKH�VXUIDFH�� �7KLV� LV�
XVHG�DV�D�1HXPDQQ�ERXQGDU\�FRQGLWLRQ�LQ�WKH�PRPHQWXP�HTXDWLRQ��

,Q� DGGLWLRQ� WR� WKH� YLVFRVLW\� RI� JODVV�� WKH� JODVV� GHQVLW\�� VSHFLILF� KHDW�� DQG� VXUIDFH� WHQVLRQ�
SURSHUWLHV�ZHUH� VSHFLILHG�� � 7KH� JODVV� GHQVLW\�ZDV� DVVXPHG� WR� EH� FRQVWDQW�ZLWK� D� YDOXH� RI�
�����NJ�P��� �7KH� JODVV� VXUIDFH� WHQVLRQ�ZDV�GHWHUPLQHG� WKURXJK� VHVVLOH�GURS� WHVWLQJ�� �7KH�
H[SUHVVLRQ�RI�6KDUS�DQG�*LQWKHU�ZDV�XVHG�IRU�VSHFLILF�KHDW�����7KH�LQWHUQDO�UDGLDWLRQ�RI�WKH�
JODVV�ZDV�DSSUR[LPDWHG�XVLQJ�DQ�HIIHFWLYH�FRQGXFWLYLW\���

1XPHULFDO�6ROXWLRQ�

,Q� RUGHU� WR� GHWHUPLQH� WKH� WKHUPDO� FRQGLWLRQ� RI� WKH� JRE� DV� LW� HQWHUV� WKH� ,6�PDFKLQH��
QXPHULFDO�PRGHOV�RI�D�VWDQGDUG�GRXEOH�JRE�IHHGHU�ZHUH�GHYHORSHG���7KH�IHHGHU�RULILFH�H[LWV�



ZHUH�PRGHOHG� DV� IUHH� VXUIDFHV� VR� WKDW� WKH� VKDSH�� WHPSHUDWXUH�� DQG� YHORFLW\� SURILOHV� RI� WKH�
JREV�H[LWLQJ�WKH�IHHGHU�FRXOG�EH�DVFHUWDLQHG���,Q�RUGHU�WR�VKRUWHQ�WKH�FRPSXWDWLRQ�WLPH��WKH�
VWHDG\� VWDWH� UHVXOW� RI� WKH� IHHGHU��ZLWK� WKH� RULILFH� H[LWV�PRGHOHG� DV� RXWOHWV�� ZDV� XVHG� DV� DQ�
LQLWLDO�FRQGLWLRQ�IRU�D�WUDQVLHQW�VLPXODWLRQ�WKDW�LQFOXGHG�WKH�DFWXDO�IRUPDWLRQ�RI�WKH�JRE��

)LJXUH�����'RXEOH�*RE�)HHGHU�

�
0HVK�6XSHUSRVLWLRQ�

7KH� HIIHFWV� RI� WKH� UHFLSURFDWLQJ� SOXQJHUV� LQ� WKH� IHHGHU�ZHUH� WDNHQ� LQWR� DFFRXQW�XWLOL]LQJ� D�
PHVK�VXSHUSRVLWLRQ�WHFKQLTXH���7KH�SOXQJHU�JHRPHWULHV�DQG�PHVKHV�ZHUH�FUHDWHG�VHSDUDWHO\�
IURP�WKH�JODVV�GRPDLQ���7KH�SOXQJHU�PHVKHV�ZHUH�WKHQ�VXSHUSRVHG�RQWR�WKH�JODVV�GRPDLQ���
7KLV� WHFKQLTXH� UHVXOWV� LQ� D� PXFK� VLPSOHU� PHWKRGRORJ\� IRU� PHVK� JHQHUDWLRQ� VLQFH� QR�
FRPSOH[� LQWHUPHVKLQJ� UHJLRQ� QHHGV� WR� EH� JHQHUDWHG�� � $GGLWLRQDOO\�� WKLV� PHWKRG� GRHV� QRW�
UHTXLUH� UHPHVKLQJ� DOJRULWKPV� ZLWKLQ� WKH� VSRXW� ERZO�� � ,Q� JHQHUDO�� PHVK� VXSHUSRVLWLRQ�
WHFKQLTXHV�GR�QRW�UHVROYH�WKH�YHORFLW\�SURILOH�QHDU�WKH�PRYLQJ�SDUW�YHU\�ZHOO���+RZHYHU��WKH�
YHORFLW\�SURILOH�QHDU�WKH�SOXQJHUV�ZDV�QRW�RI�LQWHUHVW�LQ�WKLV�VWXG\���

:KHQ� LPSRVLQJ� WKH� SOXQJHU� PHVK� RYHU� WKH� JODVV� PHVK�� WKH�1DYLHU�6WRNHV� HTXDWLRQV�� WKH�
PDVV� FRQVHUYDWLRQ� HTXDWLRQ�� DQG� WKH� HQHUJ\� HTXDWLRQ� PXVW� EH� PRGLILHG�� � 7KH� PRGLILHG�
1DYLHU�6WRNHV�HTXDWLRQV�DUH���
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+�LV�D�VWHS�IXQFWLRQ�DQG� Y � LV� WKH� ORFDO�YHORFLW\�RI� WKH�PRYLQJ�SDUW�� �7KLV�HTXDWLRQ� LV� WKHQ�
GLVFUHWL]HG�IRU�HDFK�QRGH�RI�WKH�YHORFLW\�ILHOG���,I�QRGH�L��DW�ORFDWLRQ�[��LV�RXWVLGH�WKH�PRYLQJ�
SDUW��+�LV�VHW�HTXDO�WR���DQG�WKH�XVXDO�1DYLHU�6WRNHV�HTXDWLRQV�DUH�VROYHG���2WKHUZLVH��+�LV�

VHW�WR���DQG�WKH�1DYLHU�6WRNHV�HTXDWLRQV�GHJHQHUDWH�WR� YY = ��

7R�FDOFXODWH�D�SK\VLFDOO\�PHDQLQJIXO�SUHVVXUH�LQ�]RQHV�ZKHUH�JHRPHWULFDO�SHQHWUDWLRQ�RFFXUV��
WKH�PDVV�FRQVHUYDWLRQ�HTXDWLRQ�LV�PRGLILHG�WR��
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β�LV�D�UHODWLYH�FRPSUHVVLRQ�IDFWRU��DQG�η�LV�WKH�ORFDO�YLVFRVLW\���7R�SUHYHQW�SUHVVXUH�SHDNV�LQ�
UHJLRQV�ZLWK� ODUJH�QXPEHUV�RI�JHRPHWULFDO�FRQVWUDLQWV�� WKH�PDVV�FRQVHUYDWLRQ�HTXDWLRQ�KDV�



EHHQ�PRGLILHG�VR�WKDW�WKH�IOXLG�LV�VOLJKWO\�FRPSUHVVLEOH���7KH�ORVV�RU�JDLQ�RI�IOXLG�YROXPH�SHU�
XQLW�WLPH�LV�OLQNHG�WR�WKH�/DSODFLDQ�RI�WKH�SUHVVXUH�WKURXJK�WKH�UHODWLYH�FRPSUHVVLRQ�IDFWRU��

7KH�HQHUJ\�HTXDWLRQ�LV�PRGLILHG�LQ�D�PDQQHU�VLPLODU�WR�WKH�1DYLHU�6WRNHV�HTXDWLRQV��
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7KLV�HTXDWLRQ�LV�GLVFUHWL]HG�IRU�HDFK�QRGH�RI�WKH�WHPSHUDWXUH�ILHOG���,I�WKH�QRGH�LV�RXWVLGH�WKH�
PRYLQJ� SDUW�� WKH� VWHS� IXQFWLRQ�+� LV� HTXDO� WR� ]HUR� DQG� WKH� HQHUJ\� HTXDWLRQ�ZLWK� WKH� JODVV�
SURSHUWLHV� DUH�XVHG�� �2WKHUZLVH��+� LV� HTXDO� WR� �� DQG� WKH� HQHUJ\�HTXDWLRQ�ZLWK� WKH�SOXQJHU�
SURSHUWLHV� LV� XVHG�� � 7KH� LQWHUSRODQWV� IRU� WKH� HTXDWLRQV� DUH�� � PLQL�HOHPHQWV� IRU� YHORFLWLHV��
SUHVVXUH�LV�FRQVWDQW�SHU�HOHPHQW��DQG�WHPSHUDWXUHV�DUH�OLQHDU��

$GDSWLYH�5HPHVKLQJ�

,Q�RUGHU�WR�NHHS�JRRG�TXDOLW\�HOHPHQWV�DQG�DYRLG�XQDFFHSWDEO\�VNHZHG�PHVKHV�GXH�WR�
WKH�ODUJH�GHIRUPDWLRQV�RI�WKH�JRE�IUHH�VXUIDFH��DGDSWLYH�UHPHVKLQJ�ZDV�XVHG�RQ�WKH�RULILFH�
GRPDLQV�� �7KH� QHZO\� LQFRUSRUDWHG� DXWRPDWLF� UHPHVKLQJ� DOJRULWKPV� LQ�32/<)/2:�XVH� D�
WULDQJXODWLRQ� WHFKQLTXH� WKDW� JHQHUDWHV� D�QHZ�PHVK�RQ� WKH� VNLQ�RI� WKH�GHIRUPHG�PHVK� DQG�
SURSDJDWHV�WKH�PHVK�WKURXJKRXW�WKH�GRPDLQ�����7KH�HQWLUH�IHHGHU�ZDV�QRW�UHPHVKHG�²�RQO\�
WKH� YROXPHV� EHORZ� WKH� RULILFH� SDQ�ZHUH� VHOHFWHG� IRU� DXWRPDWLF� DGDSWLYH� UHPHVKLQJ�� � 7KH�
UHPHVKLQJ� FULWHULD� ZHUH� EDVHG� RQ� WKH� FXUYDWXUH� RI� WKH� JRE� DQG� WKH� GHIRUPDWLRQ� WHQVRU�
�HORQJDWLRQ� DQG� GLVWRUWLRQ��� � $W� HDFK� VWHS� ZKHUH� UHPHVKLQJ� ZDV� UHTXLUHG�� D� QHZ� ��QRGH�
WHWUDKHGUDO�PHVK�ZDV� JHQHUDWHG� DQG� WKH�SUHYLRXV� UHVXOW� ILHOGV�ZHUH� LQWHUSRODWHG�EDFN�RQWR�
WKH�QHZ�JULG���,Q�WKLV�PDQQHU��WKH�JRE�IUHH�VXUIDFH�DQG�KLVWRU\�GHSHQGHQW�YDULDEOHV�QDWXUDOO\�
FRQYHFW�ZLWK�WKH�JODVV��

5HVXOWV�

,Q�JHQHUDO��WKH�EHVW�JRE�VKDSH�LV�WKH�VKRUWHVW�RQH�WKDW�ZLOO�ORDG�FHQWUDOO\�DQG�FOHDQO\�LQWR�
WKH�PROG��ZLWKRXW�GUDJJLQJ�RQ�WKH�VLGHV�RI�WKH�PROG�RU�IXQQHO���$�JRE�XQQHFHVVDULO\�ORQJ�LV�
OLNHO\� WR� FDXVH� VXUIDFH� PDUNV� DQG� ORDG� DV\PPHWULFDOO\�� � $� F\OLQGULFDOO\� VKDSHG� JRE� ZLWK�
KHPLVSKHULFDO�HQGV�LV�XVXDOO\�UHFRPPHQGHG�IRU�WKH�,6�PDFKLQH��

7KH�IROORZLQJ�UHVXOWV�JLYH�DQ�H[DPSOH�RI�KRZ�WKH�PRGHO�FDQ�EH�XVHG�WR�HYDOXDWH�GLIIHUHQW�
IHHGHU�GHVLJQ�DQG�RSHUDWLRQ�SDUDPHWHUV����,W�LV�DVVXPHG�WKDW�ERWK�WKH�IHHGHU�WHPSHUDWXUH�DQG�
VSHHG�UHPDLQ�FRQVWDQW�� �2EYLRXVO\��KRWWHU�JODVV�ZLOO�LQFUHDVH�ERWK�WKH�ZHLJKW�DQG�OHQJWK�RI�
WKH�JRE���&RQYHUVHO\��FROGHU�JODVV�GHFUHDVHV�WKH�OHQJWK�DQG�ZHLJKW���$Q�LQFUHDVH�LQ�VSHHG�DOVR�
GHFUHDVHV�WKH�OHQJWK�DQG�WKH�ZHLJKW��WKH�FRQYHUVH�LV�DOVR�WUXH���

(IIHFW�RI�3OXQJHU�6WURNH�

)LJXUHV� �� DQG� �� VKRZ� WKH� HIIHFW� RI� D� FKDQJH� LQ� SOXQJHU� VWURNH� SURILOH�� � %RWK�)LJXUHV�
VKRZ� WKH� JRE� VKDSH� EHIRUH� WKH� XSZDUG� VWURNH� RI� WKH� SOXQJHUV�� � )LJXUH� �� UHSUHVHQWV� D�
VLQXVRLGDO�VWURNH�RYHU���VHFRQG��ZKLOH�)LJXUH���UHSUHVHQWV�D�FRQVWDQW�SOXQJHU�YHORFLW\�LQ�ERWK�
GLUHFWLRQV�� � 7KH� VLQXVRLGDO� SURILOH� UHVXOWHG� LQ� D� EHWWHU� VKDSHG� JRE� ZLWK� D� PRUH� XQLIRUP�
GLDPHWHU���7KH�FRQVWDQW�YHORFLW\�FDVH�UHVXOWHG�LQ�D�JRE�ZLWK�D�ODUJHU�GLDPHWHU�QHDU�WKH�WRS�RI�
WKH�JRE���7KLV�ZDV�GXH�WR�WKH�ODUJHU�GULYLQJ�SUHVVXUH�DQG�UHVXOWDQW�IORZ�UDWH�QHDU�WKH�HQG�RI�
WKH�VWURNH�ZKHQ�FRPSDUHG�ZLWK�WKH�EDVHOLQH�FDVH����7KH�JRE�YROXPH�IRU�WKH�VLQXVRLGDO�VWURNH�



ZDV�DERXW���SHUFHQW�ODUJHU�WKDQ�WKH�FRQVWDQW�VWURNH�JRE�YROXPH���7KH�GHYLDWLRQ�LQ�OHIW�DQG�
ULJKW� JRE� ZHLJKWV� ZDV� �� SHUFHQW� IRU� WKH� EDVHOLQH� FDVH� DQG� ���� SHUFHQW� IRU� WKH� FRQVWDQW�
YHORFLW\�FDVH�� �

� )LJXUH�����%DVHOLQH�0RGHO� )LJXUH�����&RQVWDQW�9HORFLW\� )LJXUH�����5DLVHG�3OXQJHU�

�

(IIHFW�RI�3OXQJHU�3RVLWLRQ�

)LJXUHV���DQG���VKRZ�WKH�HIIHFW�RI�D�FKDQJH�LQ�LQLWLDO�SOXQJHU�SRVLWLRQ�RQ�JRE�VKDSH�DQG�
ZHLJKW���,Q�)LJXUH����WKH�SOXQJHUV�KDYH�EHHQ�UDLVHG�E\�D�GLVWDQFH�RI������FP���7KH�FKDQJH�LQ�
JRE�ZHLJKW�LV�TXLWH�HYLGHQW���'XH�WR�WKH�VPDOOHU�GULYLQJ�SUHVVXUH�RI�WKH�UDLVHG�SOXQJHUV��WKH�
JREV�DUH�PRUH�WKDQ����SHUFHQW�OLJKWHU�WKDQ�WKH�EDVHOLQH�FDVH���7KH�SHDN�YHORFLWLHV�DW�WKH�JRE�
WLSV�DUH�DERXW����SHUFHQW�OHVV�WKDQ�WKH�EDVHOLQH�FDVH���&OHDUO\��WKH�LQLWLDO�SOXQJHU�SRVLWLRQV�DUH�
FULWLFDO�LQ�GHWHUPLQLQJ�ILQDO�JRE�ZHLJKW�� �

&RQFOXVLRQV�

%\� HYDOXDWLQJ� WKH� H[WHQW� DQG� PDQQHU� WR� ZKLFK� IHHGHU� RSHUDWLRQ� DQG� SOXQJHU� GHVLJQ�
DIIHFWV�JRE�VKDSH�DQG�ZHLJKW��D�V\VWHPDWLF�PHWKRGRORJ\�WR�FRQWURO�WKHVH�SDUDPHWHUV�FDQ�EH�
GHYHORSHG�� � ,QVLJKWV� JDLQHG� IURP� WKH� PRGHOV� FDQ� EH� XVHG� WR� GHYHORS� QHZ� JRE� IRUPLQJ�
HTXLSPHQW�ZKLFK�DOORZV�JUHDWHU�JRE�VKDSH�DQG�ZHLJKW�FRQWURO�� �6XFK�D�V\VWHP�ZRXOG�KHOS�
HOLPLQDWH� FRQWDLQHU�ZHLJKW� DQG� WKLFNQHVV� YDULDWLRQV�� DORQJ�ZLWK� GHIHFWV� FUHDWHG� GXULQJ� WKH�
FRQWDLQHU�IRUPLQJ�SURFHVV��
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