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Abstract.� >3XUSRVH@�,Q�WKLV�VWXG\��ZH�DLPHG�WR�LQYHVWLJDWH�WKH�H൵HFWV�RI�QHFN�PRYHPHQW�UHVWULFWLRQ�RQ�VRPDWRWRS-
LF�PDSSLQJ�RI�WKH�PRWRU�FRUWH[��:H�UHVWULFWHG�FHUYLFDO�H[WHQVLRQ�IRU�WZR�ZHHNV�DQG�LQYHVWLJDWHG�WKH�H൵HFWV�RQ�PRWRU�
FRUWH[�VRPDWLF�UHSUHVHQWDWLRQ�LQ�UDWV��>6XEMHFWV�DQG�0HWKRGV@�:H�SODFHG�VL[�:LVWDU�UDWV�LQWR�HDFK�RI�WKUHH�JURXSV���L��
WKH�H[SHULPHQWDO�JURXS��LQ�ZKLFK�FHUYLFDO�H[WHQVLRQ�ZDV�UHVWULFWHG���LL��WKH�VKDP�JURXS��LQ�ZKLFK�FHUYLFDO�PRYHPHQW�
ZDV�QRW�UHVWULFWHG��EXW�D�VSOLQW�ZDV�SODFHG�LQ�WKH�VKRXOGHU�JLUGOH��DQG��LLL��WKH�FRQWURO�JURXS��$IWHU�FHUYLFDO�LPPREL-
OL]DWLRQ�IRU�WZR�ZHHNV��ZH�HYDOXDWHG�WKH�PRWRU�FRUWH[�VRPDWLF�UHSUHVHQWDWLRQ�XVLQJ�LQWUD�FRUWLFDO�PLFUR�VWLPXODWLRQ��
>5HVXOWV@�,Q�WKH�H[SHULPHQWDO�JURXS��WKH�DUHDV�RI�WKH�FHUYLFDO�DQG�YLEULVVDO�GRPDLQV�RI�WKH�PRWRU�FRUWH[�GHFUHDVHG�
E\�DSSUR[LPDWHO\������DQG�WKH�IRUHOLPE�GRPDLQ�VKRZHG�VOLJKW�UHGXFWLRQ��,Q�DGGLWLRQ��D�WUXQN�GRPDLQ�IRUPHG�DW�WKH�
ORFXV�RI�WKH�YLEULVVDO�DUHD��7KHUH�ZHUH�QR�GL൵HUHQFHV�EHWZHHQ�WKH�VKDP�DQG�FRQWURO�JURXSV��>&RQFOXVLRQ@�5HVWULFWLRQ�
RI�FHUYLFDO�H[WHQVLRQ�IRU�WZR�ZHHNV�UHVXOWHG�LQ�FKDQJHV�LQ�PRWRU�FRUWH[�VRPDWLF�UHSUHVHQWDWLRQ��5HYHUVLEOH�FKDQJHV�
RFFXUUHG�LQ�FRUWLFDO�DUHDV�WKDW�FRQWUROOHG�WKH�QHFN�DQG�SDUWV�RI�WKH�ERG\�LQYROYHG�LQ�FHUYLFDO�PRYHPHQW�
Key words:�0RWRU�FRUWH[��5HSUHVHQWDWLRQ��1HFN�UHVWULFWLRQ

(This article was submitted May 7, 2019, and was accepted Jul. 4, 2019)

INTRODUCTION

7KH�QHFN�KDV�PDQ\�IXQFWLRQV��LQFOXGLQJ�VXSSRUWLQJ�WKH�KHDG��PDLQWHQDQFH�RI�EDODQFH��DQG�FRQWUROOLQJ�PRYHPHQWV�WKDW�
DLG�LQ�GLUHFWLQJ�H\HVLJKW��7KHUHIRUH��QHFN�LQMXULHV�FDQ�KDYH�H൵HFWV�RQ�PRYHPHQWV�RI�WKH�ZKROH�ERG\��DV�UHSUHVHQWHG�E\�WKH�
LQYROYHPHQW�RI� WKH�QHFN�LQ�FRQWUROOLQJ�EDODQFH1–3)��$V�VXFK�� WKH�QHFN�LV�RQH�RI� WKH�PRVW� LPSRUWDQW� MRLQWV�ZLWK�UHJDUGV� WR�
LQYHVWLJDWLQJ�WKHUDSHXWLF�VWUDWHJLHV�E\�SK\VLRWKHUDSLVWV��+RZHYHU��UHVHDUFK�RQ�IXQFWLRQDO�DEQRUPDOLWLHV�RI�WKH�QHFN�KDV�RQO\�
EHHQ�FDUULHG�RXW�IURP�D�ELRPHFKDQLFDO�SHUVSHFWLYH�DQG�WKHUH�KDV�EHHQ�QR�SUHYLRXV�UHVHDUFK�UHODWLQJ�WR�WKH�H൵HFWV�RI�QHFN�
LQMXU\�RQ�WKH�FHQWUDO�QHUYRXV�V\VWHP4, 5)��,Q�SDUWLFXODU��LW�LV�NQRZQ�WKDW��DV�WKH�RULJLQ�RI�WKH�FRUWLFRVSLQDO�WUDFW��WKH�PRWRU�FRUWH[�
QRW�RQO\�FRQWUROV�YROXQWDU\�PRYHPHQW��EXW�DOVR�KDV�KLJK�QHXURSODVWLFLW\��HQDEOLQJ�UDSLG�UHRUJDQL]DWLRQ�DIWHU�LQMXU\��7KH�PRWRU�
FRUWH[�LV�WKRXJKW�WR�XQGHUJR�FKDQJHV�DIWHU�QHFN�LQMXULHV��EXW�WKH�QDWXUH�RI�WKHVH�FKDQJHV�LV�FRPSOHWHO\�XQNQRZQ6, 7)�

,Q�WKH�SUHVHQW�VWXG\��WKH�QHFNV�RI�UDWV�ZHUH�LPPRELOL]HG�IRU���ZHHNV�DQG�WKH�H൵HFWV�RQ�PRWRU�FRUWH[�VRPDWLF�UHSUHVHQWDWLRQ�
ZHUH�LQYHVWLJDWHG�
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SUBJECTS AND METHODS

7KH�VWXG\�ZDV�FDUULHG�RXW�ZLWK����ZHHN�ROG�PDOH�:LVWDU� UDWV�ZLWK�ZHLJKWV� UDQJLQJ� IURP����� WR�����J��7KHUH�ZHUH���
UDWV�DOORFDWHG�WR�HDFK�RI�WKH�H[SHULPHQWDO��VKDP��DQG�FRQWURO�JURXSV��,Q�WKH�H[SHULPHQWDO�JURXS��WKH�VKRXOGHU�JLUGOHV�ZHUH�
LPPRELOL]HG�XVLQJ�RUWKRSHGLF�FDVWV��VXFK�WKDW�RQO\�FHUYLFDO�H[WHQVLRQ�ZDV�UHVWULFWHG��)LJ���$���,Q�WKH�VKDP�JURXS��VSOLQWV�
ZHUH�¿[HG�WR�WKH�VKRXOGHU�JLUGOHV��EXW�FHUYLFDO�PRYHPHQW�ZDV�QRW�UHVWULFWHG��)LJ���%���,Q�WKH�FRQWURO�JURXS��QR�VSOLQWV�ZHUH�
DSSOLHG��)LJ���&��

$IWHU���ZHHNV��PDSSLQJ�RI�WKH�PRWRU�FRUWH[�RI�UDWV�LQ�HDFK�JURXS�ZDV�FDUULHG�RXW�E\�LQWUD�FRUWLFDO�PLFUR�VWLPXODWLRQ�XVLQJ�
D�SUHYLRXVO\�HVWDEOLVKHG�PHWKRG����)��)LUVW�� DQHVWKHVLD�ZDV�PDLQWDLQHG�XVLQJ�D�FRPELQDWLRQ�RI����PJ�NJ�NHWDPLQH�K\GUR-
FKORULGH�DQG���PJ�NJ�[\OD]LQH��DGPLQLVWHUHG�LQWUDSHULWRQHDOO\��,I�QHFHVVDU\��DQ�DGGLWLRQDO����PJ�NJ�NHWDPLQH�DQG������PJ�
NJ�DFHSURPD]LQH�ZDV�DGPLQLVWHUHG� LQWUDSHULWRQHDOO\��1H[W�� WKH�QHFN�RI�HDFK�UDW�ZDV� LPPRELOL]HG�XVLQJ�D�¿[DWLRQ�GHYLFH�
DQG�ERG\�WHPSHUDWXUH�ZDV�PDLQWDLQHG�DW�����&��$IWHU�PDNLQJ�DQ�LQFLVLRQ�WKURXJK�WKH�VFDOS��WKH�ULJKW�SDUW�RI�WKH�VNXOO�ZDV�
UHPRYHG��H[SRVLQJ�WKH�ULJKW�VHQVRU\�PRWRU�FRUWH[��7KHQ�����Nȍ�WXQJVWHQ�PLFURHOHFWURGHV��8QLTXH�0HGLFDO��7RN\R��-DSDQ��
ZHUH�LQVHUWHG�DW�����ȝP�LQWHUYDOV��H[WHQGLQJ�IURP�WKH�FHUHEUDO�VXUIDFH�WR�D�GHSWK�RI�������ȝP��ZKLFK�FRUUHVSRQGV�WR�OD\HUV�
,9�9�RI�WKH�FRUWH[��6WLPXODWLRQ�ZDV�GHOLYHUHG�IRU����PV�ZLWK�D�VTXDUH�ZDYH�DW�D�IUHTXHQF\�RI�����+]�DQG�D�GXUDWLRQ�RI�����ȝV�
XVLQJ�DQ�6(1������VWLPXODWRU��1LKRQ�.RKGHQ��7RN\R��-DSDQ��DQG�DQ�66����-�LVRODWRU��1LKRQ�.KRGHQ���7KH�HOHFWULF�FXUUHQW�
ZDV�WKHQ�JUDGXDOO\�LQFUHDVHG�XQWLO�ERGLO\�PRYHPHQW�FRXOG�EH�LGHQWL¿HG��7KH�PLQLPXP�FXUUHQW�VWUHQJWK�DW�ZKLFK�PRYHPHQW�
RI�D�ERG\�SDUW�ZDV�LQGXFHG�ZDV�UHFRUGHG�DV�WKH�WKUHVKROG�YDOXH��1R�ERGLO\�PRYHPHQW�ZDV�REVHUYHG�ZLWK�FXUUHQWV�XS�WR����
ȝ$��$V�VXFK���±���ȝ$�ZDV�GH¿QHG�DV�WKH�QR�UHVSRQVH�UDQJH��0DSSLQJ�ZDV�FDUULHG�RXW�LQ����ORFL�RQ�WKH�ULJKW�VLGH�RI�WKH�
EUHJPD��7KH�UHVSRQVLYH�UHJLRQ�KDG�DQ�DUHD�RI������PP2�DQG�WKH�GLVWULEXWLRQ�RI�FRUWLFDO�GRPDLQV�IRU�GL൵HUHQW�SDUWV�RI�WKH�ERG\�
DQG�WKH�DUHDV�RI�HDFK�ZHUH�REWDLQHG�

7KLV�VWXG\�ZDV�DSSURYHG�E\�+HDOWK�6FLHQFH�8QLYHUVLW\¶V�([SHULPHQWDO�$QLPDO�&RPPLWWHH��DSSURYDO�QR���������
'DWD�DUH�SUHVHQWHG�DV�PHDQ���VWDQGDUG�GHYLDWLRQ��7KH�YDOXHV�LQ�HDFK�JURXS�ZHUH�FRPSDUHG�E\�RQH�ZD\�DQDO\VLV�RI�YDUL-

DQFH�DQG�PXOWLSOH�FRPSDULVRQV�ZHUH�FDUULHG�RXW�E\�WKH�%RQIHUURQL�PHWKRG�IRU�WKH�WHVW�RI�WKH�ORZHU�SRVLWLRQ�

RESULTS

:LWKLQ�VHYHUDO�KRXUV�DIWHU�¿WWLQJ�WKH�VSOLQWV��UDWV�LQ�WKH�H[SHULPHQWDO�DQG�VKDP�JURXSV�KDG�DFFOLPDWL]HG�WR�DWWDFKPHQW�
RI�WKH�IRUHLJQ�LWHP�DQG�ZHUH�FDOP�DQG�TXLHW�LQ�WKHLU�FDJHV��7KH�UDWV�LQ�WKH�H[SHULPHQWDO�JURXS�LQLWLDOO\�FRPSHQVDWHG�IRU�WKH�
UHVWULFWHG�FHUYLFDO�H[WHQVLRQ�E\�HLWKHU�URWDWLQJ�WKH�QHFN�RU�H[WHQGLQJ�WKH�WUXQN��EXW�E\���RU���GD\V�DIWHU�DWWDFKPHQW�RI�WKH�
VSOLQW��DOO�UDWV�FRPSHQVDWHG�IRU�WKH�UHVWULFWLRQ�E\�H[WHQGLQJ�WKH�WUXQN��1R�FKDQJHV�LQ�IRRG�RU�ZDWHU�LQWDNH�ZHUH�IRXQG�GXULQJ�
WKH�LPPRELOL]DWLRQ�SHULRG�DQG�QR�GL൵HUHQFHV�LQ�ERG\�ZHLJKW�ZHUH�REVHUYHG�DIWHU���ZHHNV��7DEOH����

0DMRU�FKDQJHV�ZHUH�IRXQG�LQ�WKH�VRPDWRWRS\�RI�WKH�PRWRU�FRUWH[�DIWHU�FHUYLFDO�LPPRELOL]DWLRQ��,Q�WKH�H[SHULPHQWDO�JURXS��
WKH�DUHDV��PP2��RI�WKH�FHUYLFDO�DQG�YLEULVVDO�GRPDLQV�RI�WKH�PRWRU�FRUWH[�GHFUHDVHG�E\�DSSUR[LPDWHO\������7DEOH��, )LJ�����
S��������FRPSDUHG�WR�WKH�FRQWURO�DQG�VKDP�JURXSV��DQG�WKH�IRUHOLPE�GRPDLQ�VKRZHG�D�VOLJKW�ORVV�RI�DUHD��7DEOH��, )LJ�����
S�������FRPSDUHG�WR�WKH�FRQWURO�JURXS��,Q�DGGLWLRQ��D�WUXQN�GRPDLQ�WKDW�ZDV�QRW�SUHVHQW�LQ�WKH�RWKHU�WZR�JURXSV�KDG�IRUPHG�
RQ�WKH�PHGLDO�VLGH�RI�WKH�PRWRU�FRUWH[�LQ�H[SHULPHQWDO�JURXS�UDWV��)LJ���&���)XUWKHUPRUH��WKH�FKDQJHV�ZHUH�QRW�RQO\�LQ�DUHD��
DV� WKH�IRUHOLPE�DQG�WUXQN�GRPDLQV�HQFURDFKHG�XSRQ�DQG�UHSODFHG�WKH�FHUYLFDO�DQG�YLEULVVDO�GRPDLQV� LQ� WKH�H[SHULPHQWDO�

Fig. 1.� �&HUYLFDO�LPPRELOL]DWLRQ�XVLQJ�D�VSOLQW�
$��([SHULPHQWDO�JURXS��$�VSOLQW�DSSUR[LPDWHO\����PP�ORQJ�H[WHQGLQJ�IURP�DQ�+�VKDSHG�VSOLQW�ZLWK�D�ZLGWK�RI����PP�ZDV�LPPRELOL]HG�
ZLWK�RUWKRSHGLF�SODVWHU��WR�SUHYHQW�FHUYLFDO�H[WHQVLRQ�
%��6KDP�JURXS��2QO\�WKH�+�VKDSHG�VSOLQW�ZDV�LPPRELOL]HG�LQ�WKH�DUHD�VXUURXQGLQJ�WKH�VKRXOGHU�JLUGOH��&HUYLFDO�PRYHPHQW�ZDV�QRW�
UHVWULFWHG�
&��&RQWURO�JURXS��5DWV�ZHUH�QRW�¿WWHG�ZLWK�D�VSOLQW�
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JURXS�� ,Q� WKHVH� GRPDLQV��ZKHQ� VWLPXODWLRQ�ZDV� DSSOLHG� DERYH� WKH� WKUHVKROG� YDOXHV� �KLJKHU� WKDQ� ���ȝ$��� WKH�PRYHPHQW�
HVVHQWLDO�WR�WKH�RULJLQDO�GRPDLQ�ZDV�REVHUYHG��ZKHUHDV�ZKHQ�WKH�VWLPXODWLRQ�VWUHQJWK�ZDV�UHGXFHG�EHORZ�WKLV�WKUHVKROG�RQO\�
PRYHPHQWV�DVVRFLDWHG�ZLWK�WKH�QHZ�GRPDLQ�RFFXUUHG��)RU�H[DPSOH��ZKHQ�WKH�PHGLDO�VLGH�RI�WKH�PRWRU�FRUWH[�ZDV�VWLPXODWHG�
ZLWK�D�FXUUHQW�KLJKHU�WKDQ�WKH�WKUHVKROG�YDOXH�ZLWKLQ�FHUWDLQ�GRPDLQV��PRYHPHQW�RFFXUUHG�LQ�WKH�YLEULVVDH�DQG�WUXQN��ZKHUHDV�
ZKHQ�WKH�FXUUHQW�VWUHQJWK�ZDV�UHGXFHG�EHORZ�WKH�WKUHVKROG��RQO\�WUXQN�PRYHPHQW�RFFXUUHG��,Q�FRQWUDVW��QR�FKDQJHV�ZHUH�
IRXQG�LQ�WKH�DUHD�RI�WKH�MDZ�GRPDLQ�RU�LQ�WKH�WKUHVKROG�YDOXHV�IRU�DQ\�GRPDLQV��7DEOH����

DISCUSSION

7KLV�VWXG\�VKRZHG�WKDW�UHVWULFWLQJ�FHUYLFDO�H[WHQVLRQ�LQ�UDWV�UHVXOWHG�LQ�D�PDUNHG�GHFUHDVH�LQ�WKH�DUHDV�RI�WKH�FHUYLFDO�DQG�
YLEULVVDO�GRPDLQV�RI�WKH�PRWRU�FRUWH[�DQG�VOLJKW�GHFUHDVH�LQ�WKH�DUHD�RI�WKH�IRUHOLPE�GRPDLQ��,Q�DGGLWLRQ��UDWV�ZLWK�DQ�LPPR-
ELOL]HG�QHFN�H[KLELWHG�D�QHZ�WUXQN�GRPDLQ�WKDW�IRUPHG�URVWUDO�WR�WKH�EUHJPD��ZKHUHDV�WKH�WUXQN�GRPDLQ�LV�GLVWULEXWHG�HQWLUHO\�
WR�WKH�FDXGDO�VLGH�RI�WKH�EUHJPD�LQ�QRUPDO�UDWV�)��7DNLQJ�LQWR�FRQVLGHUDWLRQ�RXU�REVHUYDWLRQ�WKDW�FKDQJHV�LQ�PRWRU�FRUWH[�
VRPDWRWRS\�LQ�WKH�H[SHULPHQWDO�JURXS�ZHUH�GL൵HUHQW�IURP�FKDQJHV�LQ�PRWRU�FRUWH[�VRPDWRWRS\�WKDW�KDYH�EHHQ�VKRZQ�WR�EH�
GHSHQGHQW�RQ�GHSWK�RI�DQHVWKHVLD��)��DQG�WKDW�QR�VLPLODU�SKHQRPHQRQ�ZDV�IRXQG�LQ�WKH�PRWRU�FRUWH[�LQ�WKH�VKDP�JURXS��LW�LV�
UHDVRQDEOH�WR�FRQFOXGH�WKDW�WKH�FKDQJHV�LQ�PRWRU�FRUWH[�VRPDWLF�UHSUHVHQWDWLRQ�REVHUYHG�LQ�WKLV�VWXG\�ZHUH�GXH�WR�UHVWULFWLRQ�
RI�FHUYLFDO�H[WHQVLRQ��,W�LV�DOVR�SRVVLEOH�WKDW�WKHVH�PRWRU�DUHD�VL]H�DOWHUDWLRQV�UHVXOWHG�IURP�UHGXFHG�PRWRU�DFWLYLW\�RU�DQRUH[LD�
FDXVHG�E\�VWUHVV�RI�UHVWULFWLRQ�UDWKHU�WKDQ�GLUHFW�UHVWULFWLRQ��+RZHYHU��WKLV�LV�XQOLNHO\�EHFDXVH�WKHUH�LV�QR�VLJQL¿FDQW�GL൵HUHQFH�
RI�ERG\�ZHLJKW�JDLQ�DPRQJ�WKH���JURXSV�DIWHU���ZHHNV�LQ�WKH�W\SH���GLDEHWLF�PRGHO��7KLV�PRGHO�VKRZHG�VHYHUH�UHGXFHG�
PRWRU�DFWLYLW\��EXW�GLG�QRW�VKRZ�DOWHUDWLRQ�RI�WKH�FHUYLFDO��IRUHOLPE��RU�YLEULVVDO�PRWRU�DUHD8)��3UHYLRXV�VWXGLHV�KDYH�VKRZQ�
WKDW�PRWRU�FRUWH[�VRPDWLF�UHSUHVHQWDWLRQ�FKDQJHV�LQ�DQ�DFWLYLW\�GHSHQGHQW�PDQQHU7, 11)��7KHUHIRUH�ZH�FRQFOXGHG�WKDW�LW�ZDV�
FHUYLFDO�PRYHPHQW�UHVWULFWLRQ�DQG�FRPSHQVDWRU\�WUXQN�PRYHPHQW�WKDW�UHVXOWHG�LQ�UHGXFWLRQ�DQG�H[SDQVLRQ�RI�WKH�GRPDLQV�
UHVSRQVLEOH�IRU�FHUYLFDO�DQG�WUXQN�PRYHPHQW��UHVSHFWLYHO\��,Q�DGGLWLRQ��LW�LV�SRVVLEOH�WKDW�UHGXFWLRQ�RI�WKH�YLEULVVDO�GRPDLQ�
ZDV�GXH�WR�GHFUHDVHG�H[SORUDWRU\�EHKDYLRU�XVLQJ�WKH�YLEULVVDH�DQG�WKDW�WKLV�IXQFWLRQDO�UHVWULFWLRQ�FDXVHG�E\�WKH�QHFN�EHLQJ�
LPPRELOL]DWLRQ�ZDV�FRPSHQVDWHG�IRU�E\�IRUHOLPE�PRYHPHQW��UHVXOWLQJ�LQ�LQFUHDVHG�IRUHOLPE�DFWLYLW\��DQG�WKXV�HQFURDFKPHQW�
RQ�WKH�YLEULVVDO�GRPDLQ�E\�WKH�IRUHOLPE�GRPDLQ��+RZHYHU��ZH�GLG�QRW�PHDVXUH�WKH�OHYHO�RI�PRYHPHQW�LQ�WKLV�VWXG\��VR�WKLV�
WKRXJKW�FDQQRW�EH�FODUL¿HG�

$V�H[SODLQHG�DERYH��WKH�PHFKDQLVPV�PHGLDWLQJ�FKDQJHV�LQ�WKH�PRWRU�FRUWH[�DIWHU�FHUYLFDO�LPPRELOL]DWLRQ�DUH�XQNQRZQ��
EXW�RXU�¿QGLQJ� WKDW�FHUYLFDO� LPPRELOL]DWLRQ� IRU�DV� VKRUW� DV���ZHHNV�FKDQJHG�VRPDWLF� UHSUHVHQWDWLRQ� LQ� WKH�PRWRU�FRUWH[�
VXSSRUWV�WKH�FOLQLFDO�REVHUYDWLRQ�WKDW�FHUYLFDO�G\VIXQFWLRQ�H൵HFWV�WKH�HQWLUH�ERG\1–3)��,Q�DGGLWLRQ��WKHUH�KDYH�EHHQ�UHSRUWV�RI�
FKDQJHV�LQ�PRWRU�FRUWH[�VRPDWLF�UHSUHVHQWDWLRQ�DV�VRRQ�DV���KRXU�DIWHU�SHULSKHUDO�QHUYH�WUDQVHFWLRQ��7KHUHIRUH��LW�LV�SRVVLEOH�
WKDW�WKH�FKDQJHV�LQ�PRWRU�FRUWH[�VRPDWLF�UHSUHVHQWDWLRQ�WKDW�ZH�REVHUYHG�FRXOG�KDYH�RFFXUUHG�PXFK�HDUOLHU�WKDQ���ZHHNV12)��

Table 1.��0HDQ�ERG\�ZHLJKWV��PRWRU�FRUWH[�DUHDV��DQG�WKUHVKROG�YDOXHV�LQ�WKH�FRQWURO��VKDP�DQG�H[SHULPHQWDO�
groups

&RQWURO��Q �� 6KDP��Q �� ([SHULPHQWDO��Q ��
%RG\�ZHLJKW��J�
���ZHHNV�ROG��SUH�UHVWULFWLRQ� ����������� ������������ ������������
���ZHHNV�ROG��SRVW�UHVWULFWLRQ� ����������� ����������� �����������

1HFN�GRPDLQ
$UHD��PP2) ��������� ��������� ���������***†††

7KUHVKROG��ȝ$� ���������� ���������� ����������
)RUHOLPE�GRPDLQ
$UHD��PP2) ��������� ��������� ���������

7KUHVKROG��ȝ$� ���������� ���������� ����������

9LEULVVDO�GRPDLQ
$UHD��PP2) ��������� ��������� ���������***†††

7KUHVKROG��ȝ$� ���������� ���������� ����������
7UXQN�GRPDLQ
$UHD��PP2) � � ���������**††

7KUHVKROG��ȝ$� - - ����������
-DZ�GRPDLQ
$UHD��PP2) ��������� ��������� ���������
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7KLV�LV�WKH�¿UVW�VWXG\�WR�FOHDUO\�FRUUHODWH�FKDQJHV�LQ�WKH�QHUYRXV�V\VWHP�ZLWK�FKDQJHV�LQ�ZKROH�ERG\�PRYHPHQW�DIWHU�FHUYLFDO�
LPPRELOL]DWLRQ��7KH�FKDQJHV� LQ�PRWRU�FRUWH[� VRPDWLF� UHSUHVHQWDWLRQ� IRXQG�R൵HU� WKH�SRWHQWLDO� IRU�QHZ� LQWHUSUHWDWLRQV�RQ�
WKH�SDWKRORJ\�RI�SDWLHQWV�ZLWK�FHUYLFDO�PRWRU�GLVRUGHUV�ZLWK�UHJDUGV�WR�FRQWULEXWLRQV�RI�WKH�PRWRU�FRUWH[��,W�LV�KRSHG�WKDW�
SURJUHVV�RQ�TXDQWLWDWLYH�DQDO\VLV�RI�FKDQJHV�LQ�PRYHPHQW�DIWHU�FHUYLFDO�LPPRELOL]DWLRQ�DQG�WKH�H൵HFWV�RI�WKHVH�FKDQJHV�RQ�
PRWRU�FRUWH[�VRPDWLF�UHSUHVHQWDWLRQ�ZLOO�EH�PDGH�LQ�WKH�IXWXUH��DQG�WKDW�WKH�UHODWLRQVKLSV�ZLWK�FOLQLFDO�V\PSWRPV�ZLOO�EH�PRUH�
WKRURXJKO\�LQYHVWLJDWHG�

)XQGLQJ�DQG�&RQÀLFW�RI�LQWHUHVW
7KH�DXWKRUV�KDYH�QR�FRQÀLFWV�RI�LQWHUHVW�WR�GHFODUH�
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