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(OHFWURPDJQHWLF�ILHOGV��(0)V��DUH�UHFHLYLQJ�
LQFUHDVLQJ�DWWHQWLRQ� LQ�EDVLF� UHVHDUFK�GXH�
WR�WKHLU�DELOLW\�WR�LQIOXHQFH�WKH�EHKDYLRU�RI�
FHOOV�DQG�WR�HYRNH�ELRORJLFDO�UHVSRQVHV�WKDW�
PD\�EH�LPSRUWDQW�IURP�D�FOLQLFDO�SRLQW�RI�
YLHZ��,Q�RXU�VWXG\�ZH�DQDO\]HG�WKH�HIIHFWV�
RI�H[SRVXUH�WR�ORZ�IUHTXHQF\�()0���P7��
��+]�� �� K�� RQ� D� QHXUREODVW� PRGHO� �6+�
6<�<�FHOOV���
7KHVH�FHOOV�DUH�D�ZHOO�FKDUDFWHUL]HG�PRGHO�
IRU�VWXG\LQJ�LQ�YLWUR�GLIIHUHQWLDWLRQ�WRZDUGV�
D� QHXURQDO�OLNH� SKHQRW\SH� LQGXFLEOH� E\�
YDULRXV� H[RJHQRXV� DJHQWV�� 9LDELOLW\� DQG�
SUROLIHUDWLRQ� ZDV� DVVHVVHG� LPPHGLDWHO\�
DIWHU� WKH� WUHDWPHQW� DV� ZHOO� � DV� DIWHU� ���
K��1R� VLJQLILFDQW� FKDQJHV�ZHUH� REVHUYHG�
LQ� YLDELOLW\� �!������ ZKLOH� SUROLIHUDWLRQ�
GHFUHDVHG� ������ DIWHU� ��� K�� &KDQJHV� LQ�
F\WRVNHOHWRQ� RUJDQL]DWLRQ� �DQDO\]HG� E\�
LPPXIOXRUHVFHQFH�WHFKQLTXH���LQ�SDUWLFXODU�
LQ�DFWLQ�PLFURILODPHQW��ZHUH�DOVR�REVHUYHG��
7KHVH� FKDQJHV� ZHUH� DFFRPSDQLHG� E\�
PRUSKRORJLFDO� PRGLILFDWLRQV� DQG� WKH�
IRUPDWLRQ� RI� FRQHV� DQG� F\WRSODVPLF�
H[WHQVLRQV�� RU� QHXULWHV� DQG� GHQGULWHV�
SURFHVVHV��

:H� ILQDOO\� PRQLWRUHG� DQ� LQFUHDVH� LQ�
H[SUHVVLRQ� RI�PDUNHUV� W\SLFDOO\� H[SUHVVHG�
LQ�QHXURQDO�GLIIHUHQWLDWLRQ��QHXURILODPHQWV�

DQG� 15)���� ,Q� FRQFOXVLRQ�� RXU� ILQGLQJV�
GHPRQVWUDWH�WKDW�(0)�H[SRVXUH�LQGXFHV�LQ�
6+6<�<�FHOOV�D�ELRORJLFDO�UHVSRQVH�FRQVLVWLQJ�
LQ� WKH� UHPRGHOOLQJ� DQG� UHRUJDQL]DWLRQ�
RI� WKH�F\WRVNHOHWRQ�DQG� LQ� WKH�EHJLQQLQJ�
RI� QHXURQDO� FHOO� GLIIHUHQWLDWLRQ�� $� GHHSHU�
NQRZOHGJH�RI�WKH�PHFKDQLVPV�XQGHUO\LQJ�
WKH�HIIHFWV�GHVFULEHG�DERYH�DQG�D�JUHDWHU�
XQGHUVWDQGLQJ� RI� UHODWLRQVKLS� EHWZHHQ�
ELRORJLFDO�UHVSRQVH�DQG�SDUDPHWHUV�YDULDWLRQ�
FRXOG� OHDG� WR� FRQFUHWH� LPSURYHPHQWV� LQ�
WUHDWPHQW�SURWRFROV�

6LQFH� PDQ\� \HDUV�� HOHFWURPDJQHWLF� ILHOGV�
DUH� ZLGHO\� XVHG� LQ� PHGLFLQH�� 7RGD\��
PDJQHWLF� WKHUDS\� LV� FRQVLGHUHG� RQH� RI�
WKH�PRVW� LPSRUWDQW� SK\VLFDO� WKHUDSLHV�� ,W�
LV� H[SHULHQFHG� LQ� PDQ\� DSSOLFDWLRQ� DQG�
DFFHSWHG� E\� SDWLHQWV� DV� D� QRQ� LQYDVLYH�
DQG�HDVLO\�WR�PDQDJH�WUHDWPHQW��7KH�PDLQ�
DSSOLFDWLRQ�LQ�FOLQLFV�DUH�PRVWO\��DGGUHVVHG�
WR�WKH�WUHDWPHQW�RI�UKHXPDWRORJLF�GLVHDVH�
>�@� DQG� GLVRUGHUV� FKDUDFWHUL]HG� E\� ERQH�
ORVV�� VXFK� DV� RVWHRSRURVLV�� DQG� DOVR� WR�
DFFHOHUDWH� WKH� KHDOLQJ� RI� IUDFWXUHV� >���@��
,Q�WKHVH�ILHOGV��ORZ�IUHTXHQF\�SXOVHG�(0)V�
KDYH�VKRZQ�WR�EH�WKH�PRVW�HIIHFWLYH

7KH� PROHFXODU� DQG� FHOOXODU� PHFKDQLVPV�
XQGHUO\LQJ�WKH�V\VWHPLF�HIIHFWV�RI�(0VI�DUH�

QRW� FRPSOHWHO\� XQGHUVWRRG�� EXW� UHFHQWO\�
PDQ\� DGYDQFHPHQWV� KDYH� EHHQ� PDGH��
LW� KDV� EHHQ� GHPRQVWUDWHG� WKDW� (0)V�
DIIHFW� WKH� SHUPHDELOLW\� RI� WKH� SODVPD�
PHPEUDQH�>�@�E\�LRQ�FKDQQHO�RU�UHFHSWRU�
UHGLVWULEXWLRQ�� FKDQJHV� LQ� DFWLYDWLRQ�
NLQHWLFV� RI� LRQ� FKDQQHOV�� UHRULHQWDWLRQ�
RI� PHPEUDQH� SKRVSKROLSLGV�� 0RUHRYHU��
(0)V�PD\�PRGXODWH�ELQGLQJ�NLQHWLFV�DQG�
LRQ�ERXQG�RU�UHOHDVH�IURP�SURWHLQV�>�@�
,Q� OLYLQJ� WLVVXHV� HQGRJHQRXV� (0)V� DUH�
JHQHUDWHG� E\� SK\VLRORJLFDO� DFWLYLWLHV� VXFK�
DV�WKH�PRYHPHQWV�RI�WKH�PXVFXORVNHOHWDO�
V\VWHP� VWUXFWXUHV�� 9LEUDWLRQV� DQG�
FRQWUDFWLRQV�RI�KXPDQ�PXVFOHV� LQGXFH� LQ�
WKH�XQGHUO\LQJ�ERQH�WLVVXH� ORZ�IUHTXHQF\�
(0)V� ZKLFK� KDYH� DQ� LPSRUWDQW� UROH� LQ�
PDLQWDLQLQJ� ERQH� PDVV�� %RQH� FHOOV� DUH�
VHOHFWLYHO\� VHQVLWLYH� WR� ORZ� IUHTXHQFLHV��
LQ� WKH� UDQJH� ������ +]�� ILHOGV� DV� ORZ� DV�
����P9�FP� PD\� DIIHFW� WKH� UHPRGHOLQJ�
DFWLYLW\�>�@��

'LIIHUHQW�DXWKRUV�KDYH�VKRZQ�WKDW�SXOVHG�
(0)V� DIIHFW� SUROLIHUDWLRQ�� GLIIHUHQWLDWLRQ�
DQG�DFWLYLW\�RI�RVWHREODVWV��ZLWK�VWLPXODWLQJ�
RU� LQKLELWRU\� HIIHFWV� GHSHQGLQJ� RQ� ILHOG�
W\SH� DQG� H[SRVXUH� >���@� H[SUHVVLRQ� RI�
ERQH� PRUSKRJHQHWLF� SURWHLQV� >�����@��
SURGXFWLRQ�RI�H[WUDFHOOXODU�PDWUL[�>��@��
&OLQLFDOO\��PDJQHWLF�WKHUDS\�KDV�EHHQ�DOVR�
XVHG� WR� WUHDW� VNLQ� GLVHDVHV� >��@�� FKURQLF�
ZRXQGV� LQ� FDQFHU� SDWLHQWV� XQGHUJRLQJ�
UDGLDWLRQ� WKHUDS\� >��@�� LQIODPPDWLRQ� DQG�
HGHPD� >��@�� WKH� RVWHRDUWKULWLV� RI� WKH�
NQHH� >�����@�� 0RUHRYHU�� LW� KDV� DQDOJHVLF�
HIIHFW� LQ� ILEURP\DOJLD� >��@� DQG� ORFDOL]HG�
PXVFXORVNHOHWDO�SDLQ�>��@�

7KH�QHZ�PHGLFDO�IURQWLHUV�DUH�LQFUHDVLQJO\�
RULHQWHG�WRZDUG�FRPSOH[�DQG�FXVWRPL]HG�
WKHUDSHXWLF� SURWRFROV� �� LQ� ZKLFK� SK\VLFDO�
PHGLFLQH�DQG�ELRWHFKQRORJ\�KDYH�D�UHOHYDQW�
UROH��ZKHWKHU�XVHG�DORQH�RU�FRPELQHG�ZLWK�
´WUDGLWLRQDO�GUXJ�WKHUDSLHVµ��
5HFHQWO\��WKH�HIIHFWLYHQHVV�RI�(0)V�LQ�WKH�
WUHDWPHQW�RI�LQFRQWLQHQFH�DQG�UHKDELOLWDWLRQ�
RI� EODGGHU� DQG� VH[XDO� IXQFWLRQ� LQ� UDGLFDO�
SURVWDWHFWRP\�>��@�KDV�EHHQ�SURYHG�DQG�
QHZ�DSSOLFDWLRQV�RI�(0)V�WR�WUHDW�GLVHDVHV�
WKDW� LQYROYH� PXVFOH� DQG� QHUYRXV� WLVVXH�
KDYH�EHHQ�SURSRVHG�
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7KH� UHVXOWV� RI� SUHOLPLQDU\� VWXGLHV� FDUULHG�
RXW� LQ� RXU� ODERUDWRU\� VXJJHVWHG� WKDW�
SXOVHG� ORZ� IUHTXHQF\� � (0)V�� ZLWKRXW�
DOWHULQJ� FHOO� YLDELOLW\�� FDQ� LQIOXHQFH�
WKH� SUROLIHUDWLRQ�� GLIIHUHQWLDWLRQ� DQG�
PRUSKRORJLFDO�FKDUDFWHULVWLFV�RI�P\REODVWV�
DQG�QHXUREODVWV�>��@�
7KH�SUHVHQW�VWXG\�ZDV�GHVLJQHG�ZLWK�WKH�
DLP�WR�FRQILUP�RXU�SUHOLPLQDU\�ILQGLQJV�RQ�
WKH�HIIHFWV�RI�SXOVHG��ORZ�IUHTXHQF\�(0)V�
RQ�QHXUREODVWV�DQG�WR�DQDO\]H�KRZ�(0)V�
FDQ�LQWHUIHUH�ZLWK�WKH�DELOLW\�RI�QHXUREODVWV�
WR�GLIIHUHQWLDWH�

7KH� KXPDQ� QHXUREODVWRPD� FHOO� OLQH� 6+�
6<�<� �$PHULFDQ�7\SH�&XOWXUH�&ROOHFWLRQ��
0DQDVVDV��9$��86$��ZDV�FXOWXUHG�LQ�530,�
PHGLXP�VXSSOHPHQWHG�ZLWK�����)%6��IHWDO�
ERYLQH� VHUXP��� �� P0� /�JOXWDPLQH�� ����
8�PO� SHQLFLOOLQ�� ���� �J�PO� VWUHSWRP\FLQ�
DQG�PDLQWDLQHG�DW�����&�LQ�D�KXPLGLILHG�
DWPRVSKHUH� ���� &2������ DLU��� $OO� WKH�
UHDJHQWV�IRU�FHOO�FXOWXUHV�ZHUH�IURP�6LJPD�
&KHPLFDO� &R�� �6W�� /RXLV�� 02�� 86$���
7LVVXH�SODVWLF�ZDUH�ZDV�IURP�%LEE\�6WHULOLQ�
�6WDIIRUGVKLUH�� 8.��� )RU� WKH� H[SRVXUH� WR�
(0)V��FHOOV�ZHUH�VHHGHG�LQ����ZHOO�SODWHV�

&HOO� YLDELOLW\�DIWHU�H[SRVXUH� WR�(0)V�ZDV�
GHWHUPLQHG� E\� D� 7U\SDQ� %OXH� DVVD\�� 7KH�
G\H� LV� FDSDEOH� RI� VHOHFWLYHO\� SHQHWUDWH�
LQWR� GHDG� FHOOV�� $IWHU� WUHDWPHQW�� FHOOV�
ZHUH�ZDVKHG�DQG�GHWDFKHG�ZLWK�WU\SVLQ��
('7$�IRU�D� IHZ�PLQXWHV��7KHQ�FHOOV�ZHUH�
FHQWULIXJHG�DQG�UHVXVSHQGHG�LQ�D�VROXWLRQ�
RI� SKRVSKDWH� EXIIHUHG� VDOLQH� �3%6�� DQG�
7U\SDQ� %OXH� �GLOXWLRQ� IDFWRU�� ��� DQG�
FRXQWHG��DIWHU���PLQ�RI�LQFXEDWLRQ��XVLQJ�
1HXEDXHU�KHPRF\WRPHWHU�

$W�WKH�HQG�RI�WKH�H[SHULPHQWV��FHOOV�ZHUH�
IL[HG�IRU���PLQ�LQ�FROG�DFHWRQH��WKHQ�ZDVKHG�
LQ� 3%6�� $IWHU� EORFNLQJ� XQVSHFLILF� ELQGLQJ�
ZLWK� 3%6� FRQWDLQLQJ� ��� ERYLQH� VHUXP�
DOEXPLQ�� FHOOV� ZHUH� LQFXEDWHG� RYHUQLJKW�
DW���&�ZLWK� WKH� VSHFLILF� DQWLERGLHV�� DQWL�
DFWLQ��DQWL�WXEXOLQ��DQWL�YLPHQWLQ��DQWL� � ��

LQWHJULQ��DQWL�1UI���DQG�DQWL�QHXURILODPHQW�
DQWLERGLHV�� &HOOV� ZHUH� WKHQ� LQFXEDWHG�
ZLWK�WKH�),7&��IOXRUHVFHLQ� LVRWKLRF\DQDWH��
FRQMXJDWHG� VSHFLILF� VHFRQGDU\� DQWLERGLHV�
�VSHFLILFDOO\�� DQWL�PRXVH� ,J*� IRU� DQWL�
WXEXOLQ�� DQWL� � ��� DQWL�QHXURILODPHQW��
DQWL�UDEELW� ,J*� IRU�DQWL�15)����DQWL�PRXVH�
,J0� IRU� DQWL�YLPHQWLQ��� &HOOV� LQFXEDWHG�
ZLWK� DQWL� � DFWLQ� DQWLERG\� GLG� QRW� QHHG�
LQFXEDWLRQ� ZLWK� WKH� VHFRQGDU\� DQWLERG\�
VLQFH�D�PRXVH�DQWL�DFWLQ�$OH[D�)OXRU������
FRQMXJDWHG�ZDV�XVHG��$OO�DQWLERGLHV�ZHUH�
SXUFKDVHG�IURP�&KHPLFRQ�,QW���7HPHFXOD��
&$���1HJDWLYH�FRQWUROV�ZHUH�REWDLQHG�E\�
RPLWWLQJ� WKH�SULPDU\�DQWLERGLHV��6DPSOHV�
ZHUH� HYDOXDWHG� E\� DQ� HSLIOXRUHVFHQFH�
PLFURVFRSH� �1LNRQ�� )ORUHQFH�� ,WDO\�� DW�
���;� PDJQLILFDWLRQ� DQG� LPDJHG� E\� D�
+L5HV� ,9�GLJLWDO�&&'�FDPHUD� �'7$��3LVD��
,WDO\��� ,PDJH� DQDO\VLV� ZDV� SHUIRUPHG� E\�
H[WUDFWLQJ��IRU�HDFK�FHOO�LPDJH��WKH�UHJLRQ�
RI� LQWHUHVW� �52,��E\�DSSURSULDWH� VRIWZDUH�
�,PDJH� 3UR� 3OXV�� 0HGLDF\EHUQHWLFV�� ,QF���
6LOYHU�6SULQJV�0DU\ODQG���7KHQ��WKH�PHDQ�
SL[HO�YDOXH�����ELW��JUD\�OHYHO��UHODWHG�WR�WKH�
PHDQ�IOXRUHVFHQFH�LQWHQVLW\�DQG�WKHUHIRUH�
WR� WKH� VSHFLILF� HSLWRSH� GHWHFWLRQ� ZDV�
FDOFXODWHG�

([SHULPHQWV�ZHUH�FDUULHG�RXW�LQ�WULSOLFDWH��
)RU� LPPXQRIOXRUHVFHQFH�DQDO\VLV��DW� OHDVW�
���FHOOV�SHU�VOLGH�ZHUH�VFRUHG�LQ����UDQGRP�
ILHOGV�VOLGH�� DQG� WKH�GDWD�ZHUH�H[SUHVVHG�
DV�PHDQ���6'��6WDWLVWLFDO�VLJQLILFDQFH�ZDV�
GHWHUPLQHG� XVLQJ� D� 6WXGHQW·V� W� WHVW�� $� S�
YDOXH� ORZHU� WKDQ� ����� ZDV� FRQVLGHUHG�
VWDWLVWLFDOO\�VLJQLILFDQW�

&HOOV�ZHUH�H[SRVHG�WR�DQ�(0)V�SURGXFHG�
E\� D� SDLU� RI� FRLOV� LQ� WKH� FRQILJXUDWLRQ�RI�
+HOPKROW]�FRLOV��7KH�LQWHQVLW\�LQ�WKH�FHQWUDO�
UHJLRQ�RI�WKH�V\VWHP�ZDV�FRQVWDQW�ZLWKLQ�
DERXW����RI�LWV�PD[LPXP�YDOXH�� ,Q�RUGHU�
WR� SHUIRUP� WKH� H[SHULPHQWV� GHVFULEHG� LQ�
WKLV� SDSHU�� WKH� SRZHU� SDUDPHWHUV� RI� WKH�
FRLOV�ZHUH�VHW�VXFK�DV�WR�H[SRVH�WKH�FHOOV�WR�
LQWHQVLW\�RI���P7�DQG�IUHTXHQF\�RI���+]��
7KH� H[SHULPHQW� ZDV� FDUULHG� RXW� ZLWK� D�
KHDWLQJ���KRW�DLU�FLUFXODWLRQ�WR�HQVXUH�WKDW�

WKH� WHPSHUDWXUH� DURXQG� WKH� PXOWLZHOO�
FRQWDLQLQJ� FHOOV� ZDV� VWDEOH� DW� DERXW� ���
�&�� 7KH� FRQWURO� FHOOV� DUH� SODFHG� RQ� WKH�
EHQFK�RXWVLGH�WKH�FRLOV��LQ�DQ�DUHD�ZKHUH�
WKH�ILHOG�LQWHQVLW\�SURGXFHG�E\�WKH�FRLOV�LV�
QHJOLJLEOH�

7RWDO� 51$� WR� EH� VXEMHFWHG� WR� 57� ZDV�
H[WUDFWHG�IURP�6+6<�<�FHOOV��H[SRVHG�DQG�
QRW�H[SRVHG�WR�(0)��1RQ�H[SRVHG�FHOOV�ZHUH�
WDNHQ�DV�FRQWURO��7RWDO�51$�LVRODWLRQ�DQG�
F'1$�V\QWKHVLV�ZHUH�REWDLQHG�DV�UHSRUWHG�
SUHYLRXVO\�>��@��3ULPHUV�DQG�SUREHV�ZHUH�
7DT0DQ� JHQH� H[SUHVVLRQ� $VVD\V� ,'� 7DX��
+V��������BP��� 6<3�� +V��������B
P��� 0$3��� +V��������BP�� �$SSOLHG�
%LRV\VWHPV�� )RVWHU� &LW\�� &$�� 86$��� 7KH�
3&5�PL[WXUH�����/�ILQDO�YROXPH��FRQVLVWHG�
RI�D���;�ILQDO�FRQFHQWUDWLRQ�RI�$VVD\�2Q�
'HPDQG� PL[�� �� ;� ILQDO� FRQFHQWUDWLRQ�
RI� 8QLYHUVDO� 3&5� PDVWHU� PL[� �$SSOLHG�
%LRV\VWHPV�� DQG� ��� QJ� F'1$�� (DFK�
PHDVXUHPHQW�ZDV�FDUULHG�RXW�LQ�WULSOLFDWH��
7KH� P51$� TXDQWLILFDWLRQ� ZDV� EDVHG� RQ�
D� FRPSDUDWLYH� &W� PHWKRG� DFFRUGLQJ� WR�
WKH�PDQXIDFWXUHU·� V� LQVWUXFWLRQV� �$SSOLHG�
%LRV\VWHPV��DQG�GDWD�ZHUH�QRUPDOL]HG�WR�
ULERVRPDO� ��6� 51$� H[SUHVVLRQ� �DVVD\� ,'�
+V��������BV��� $SSOLHG� %LRV\VWHPV���
5HVXOWV�ZHUH�H[SUHVVHG�DV�WKH�IROG�LQFUHDVH�
LQ�P51$�XQWUHDWHG�FHOOV�

,Q� RUGHU� WR� YHULI\� WKH� HIIHFW� RI� WKH� (0)�
H[SRVXUH�RQ�FHOO�YLDELOLW\�DQG�SUROLIHUDWLRQ��
7U\SDQ�EOXH�DVVD\V�ZHUH�FDUULHG�RXW�DW���K�
DQG����K�DIWHU��K�H[SRVXUH�WR�WKH�(0)�
$V� VKRZQ� LQ� )LJ�� ��� LQ� ERWK� FDVHV�� QR�
VLJQLILFDQW� GLIIHUHQFHV� ZHUH� REVHUYHG�
EHWZHHQ� WUHDWHG� VDPSOHV�DQG�FRQWUROV� DV�
UHJDUGV�FHOO�YLDELOLW\��ZKLFK�UHVXOWHG�KLJKHU�
WKDQ�����LQ�DOO�WKH�VDPSOHV�
,PPHGLDWO\� DIWHU� (0)� H[SRVXUH�� FHOO�
SUROLIHUDWLRQ� GLG� QRW� FKDQJH� VLJQLILFDQWO\��
EXW� LW� VKRZHG� D� GHFUHDVH� RI� WKH� ����
DIWHU���K��)LJ�����
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(IIHFWV�RI�ORZ�IUHTXHQF\�HOHFWURPDJQHWLF�ILHOGV�RQ�6+6<�<�FHOOV���D�QHXUREODVW�PRGHO�

&\WRVNHOHWRQ�LV�DQ�LPSRUWDQW�VWUXFWXUH�IRU�
WKH�FHOO�VLQFH�LW�DOORZV�ERWK�PRYHPHQW�DQG�
VKDSH�PRGLILFDWLRQV�DQG�KDV�DQ�LPSRUWDQW�
UROH�LQ�LQWUDFHOOXODU�WUDQVSRUW�DQG�VLJQDOOLQJ��
&\WRVNHOHWRQ� LV� PDLQO\� FRPSRVHG� RI�
WKUHH� HOHPHQWV�� DFWLQ� PLFURILODPHQWV��
PLFURWXEXOHV� DQG� LQWHUPHGLDWH� ILODPHQWV�
PDGH�RI�WXEXOLQ�DQG�YLPHQWLQ��UHVSHFWLYHO\��
7KH� GLVWULEXWLRQ� RI� DFWLQ�� WXEXOLQ� DQG�
YLPHQWLQ� LQ� 6+6<�<� H[SRVHG� WR� (0)�
ZDV� VWXGLHG� E\� LPPXQRIOXRUHVFHQFH�
PLFURVFRS\�DQG�LPDJH�SURFHVVLQJ�
7KH� UHVXOWV� RI� WKH� DQDO\VLV� VKRZHG� D�
UHRUJDQL]DWLRQ� RI� DOO� WKUHH� FRPSRQHQWV�
RI�WKH�F\WRVNHOHWRQ�IROORZLQJ�H[SRVXUH�WR�
(0)��,Q�FRQWUROV��DFWLQ�PLFURILODPHQWV�ZHUH�
GLVWULEXWHG� DV� H[SHFWHG�� PRUH� WKLFNHQHG�

MXVW�EHORZ� WKH�SODVPD�PHPEUDQH�DQG� LQ�
WKH� SHULQXFOHDU� DUHD�� VWUHVV� ILEHUV� ZHUH�
DUUDQJHG� LQ� SDUDOOHO� �)LJ��$��� ,Q� FHOOV�
H[SRVHG�WR�(0)�WKH�FRQFHQWUDWLRQ�RI�DFWLQ�
LQFUHDVHG�� LQ� SDUWLFXODU� LQ� WKH� SHULSKHUDO�
UHJLRQ��
6WUHVV�ILEHUV�ZHUH�RUJDQL]HG�WR�IRUP�FRQHV��
VWUXFWXUHV� WKDW� SUHFHGH� WKH� IRUPDWLRQ� RI�
QHXULWLV�DQG�GHQGULWHV��)LJ��%��
,Q� VDPSOHV� DQDO\]HG� ��K� DIWHU� (0)�
H[SRVXUH��FHOOV�VKRZHG�EUDQFKHG�H[WHQVLRQV�
WKDW�DOORZHG�FRQQHFWLRQV�ZLWK�QHLJKERULQJ�
FHOOV��SURGXFLQJ�D�QHWZRUN��)LJ���&��

6SHFLILF� VWDLQLQJ� IRU� WXEXOLQ� UHYHDOHG� WKDW�
WKH� H[SRVXUH� WR� (0)� GLG� QRW� FKDQJH�
VLJQLILFDQWO\�WKH�H[SUHVVLRQ�RI�WKH�SURWHLQ��
UDWKHU�WKH�GLVWULEXWLRQ�RI�WKH�PLFURWXEXOHV��
ZKLFK� DUH� IRUPHG� E\� VHOI�DVVHPEOLQJ� RI�
WXEXOLQ�PRQRPHUV��,Q�FRQWUROV��DV�H[SHFWHG��
PLFURWXEXOHV� EUDQFKHG� UDGLDOO\� IURP� WKH�
´RUJDQL]LQJ�FHQWHUµ�QHDU�WKH�QXFOHXV��ZKLOH�
LQ�WUHDWHG�VDPSOHV�WKH�PLFURWXEXOHV�ZHUH�
RUJDQL]HG� LQWR� EXQGOHV� WKDW�ZRXOG� JR� LQ�
WKH� GHQGULWHV�QHXULWHV� WKDW�ZHUH� IRUPLQJ�
�)LJ��$��)LJ��%���

9LPHQWLQ� LV� WKH�PDMRU� FRQVWLWXHQW� RI� WKH�
LQWHUPHGLDWH� ILODPHQWV�� ,Q� FRQWUROV�� WKH\�
IRUPHG� EXQGOHV� PDLQO\� GLVWULEXWHG� LQ�
WKH� SHULQXFOHDU� DUHD� �)LJ�� �$��� ,Q� WUHDWHG�
VDPSOHV� WKH� H[SUHVVLRQ� RI� WKH� SURWHLQ�
LQFUHDVHG�DQG�ZH�REVHUYHG�WKH�IRUPDWLRQ�
RI� D� GHQVH� ULQJ� DURXQG� WKH� QXFOHXV�� DV�
VKRZQ�LQ�)LJ���%�
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WR�(0)V��'DWD�ZHUH�REWDLQHG�E\�7U\SDQ�%OXH�DVVD\��

)LJ�� �� $FWLQ� H[SUHVVLRQ� DVVHVVHG� E\� LPPXQRIOXRUHVFHQFH�
PLFURVFRS\��&RQWURO��$���K�DIWHU�H[SRVXUH�WR�(0)V��%��DQG�
���KRXUV�DIWHU�H[SRVXUH�WR�(0)��&��

)LJ����7XEXOLQ�H[SUHVVLRQ�DVVHVVHG�E\�LPPXQRIOXRUHVFHQFH�
PLFURVFRS\��&RQWURO� �$�� DQG���K�DIWHU� H[SRVXUH� WR� (0)V�
�%��
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,QWHJULQV� DUH� WUDQVPHPEUDQH� SURWHLQV�
FRPSRVHG�RI�WZR�VXEXQLWV� �DQG� ��WKHUH�
DUH� ��� GLIIHUHQW� LQWHJULQV� ZLWK� GLIIHUHQW�
FRPELQDWLRQV� RI� � DQG ��� 7KH\� ELQG� WR�
VKRUW� VHTXHQFHV� RI� DPLQRDFLGV� IRXQG� LQ�
PDQ\� H[WUDFHOOXODU� PDWUL[� FRPSRQHQWV��
LQFOXGLQJ�FROODJHQ��ILEURQHFWLQ�DQG�ODPLQLQ�
DQG�DOVR�VHUYH�WR�DQFKRU�VRPH�FRPSRQHQWV�
RI� WKH� F\WRVNHOHWRQ�� ,Q� DOO� WKH� VDPSOHV�
WKH� � �� LQWHJULQ�ZDV� H[SUHVVHG�DW� YHU\�
ORZ� OHYHOV�� LQ� DJUHHPHQW� ZLWK� OLWHUDWXUH�
>��@��ZKLFK� UHSRUWV�D�GRZQ�UHJXODWLRQ�RI�
WKLV� SURWHLQ� GXULQJ� WKH� GLIIHUHQWLDWLRQ� RI�
HDUO\�QHXURQDO�SUHFXUVRUV��7KHUH�ZHUH�QR�
VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� FRQWURO�
�)LJ���$��DQG�WUHDWHG��)LJ���%��

(YDOXDWLRQ�RI�WKH�H[SUHVVLRQ�RI�VRPH�JHQHV�
LQYROYHG�LQ�QHXURJHQHVLV�DQG�GHYHORSPHQW�
RI� V\QDSVHV� LQ� QHUYH� FHOOV� ZDV� DVVHVVHG�

E\� WKH�SUHVHQFH�RI� WUDQVFULEHG�P51$�RI�
0$3���7$8�DQG�V\QDSWRSK\VLQ�

7KH� YDOXHV� VKRZQ� LQ� WKH� JUDSKV� ZHUH�
FDOFXODWHG� IURP� WKH� UDWLR� EHWZHHQ� WKH�
DPRXQW�RI�P51$�SUHVHQW� LQ� WUHDWHG�DQG�
FRQWURO� VDPSOHV�� )LJXUH� �� VKRZV� �0$3��
H[SUHVVLRQ� DW� �K� DQG� ��K� DIWHU� (0)�
H[SRVXUH�� 0$3�� JHQH� HQFRGHV� IRU� D�
PLFURWXEXOH�DVVRFLDWHG� SURWHLQ� �0$3����
7KH� SURWHLQV� RI� WKLV� IDPLO\� DUH� LQYROYHG�
LQ� WKH� FRQVWUXFWLRQ� RI� PLFURWXEXOHV��
LPSRUWDQW� SURFHVV� LQ� QHXURJHQHVLV�� ,Q�
VDPSOHV� DQDO\]HG� LPPHGLDWHO\� DIWHU�
WUHDWPHQW�� WKHUH� ZDV� D�PDUNHG� GHFUHDVH�
LQ� WKH� 0$3�� WUDQVFULSW� �DSSUR[LPDWHO\�
�����FRPSDUHG�WR�WKH�FRQWURO��$IWHU���K��
WKH� DPRXQW� RI�P51$� LQ� WUHDWHG� VDPSOH�
LQFUHDVHG��UHWXUQLQJ�WR�YDOXHV�FRPSDUDEOH�
WR�WKH�FRQWURO�� ,Q�FRQWUROV� WKH�DPRXQW�RI�
WUDQVFULSW�GLG�QRW�FKDQJH�DW���K�IURP�WKH�
WUHDWPHQW���

,Q�FRQWUROV�WKH�DPRXQW�RI�WUDQVFULSW�GRHV�
QRW�YDU\��ERWK�LPPHGLDWHO\�DIWHU�WUHDWPHQW�
DQG� DIWHU� ��� KRXUV�� 7KLV� FRQILUPV� WKDW�
WKH�FHOOV�GLG�QRW�XQGHUJR�DQ\�VWLPXOL�WKDW�
LQGXFH� FKDQJHV� LQ� WKH� SURGXFWLRQ� RI� WKH�
WUDQVFULSW�

)LJXUH� �� VKRZV� WKH� DPRXQW� RI� 7$8�
WUDQVFULSW�LPPHGLDWHO\�DIWHU�WKH�WUHDWPHQW�
DQG�PHDVXUHG�DIWHU����K��7KH�SURGXFW�RI�
7$8� LV� D� SURWHLQ� �7$8�� ZKLFK� SURPRWHV�
WKH�HORQJDWLRQ�RI�PLFURWXEXOHV�E\�ELQGLQJ�
WR�WKH�VXUIDFH�RI�QHXULWHV�RI�SURWRILODPHQWV�
>��@�
,Q� VDPSOHV� DQDO\]HG� DW� �K� DIWHU� (0)�
H[SRVXUH�WKHUH�LV�D����IROG�JUHDWHU�DPRXQW�
RI�WUDQVFULSW�FRPSDUHG�ZLWK�FRQWURO��$IWHU�
���K�WKH�DPRXQW�RI�7$8�WUDQVFULSW�UHWXUQ�
DW�FRQWURO�YDOXHV��

(IIHFWV�RI�ORZ�IUHTXHQF\�HOHFWURPDJQHWLF�ILHOGV�RQ�6+6<�<�FHOOV���D�QHXUREODVW�PRGHO� (QHUJ\�IRU�+HDOWK�

)LJ����9LPHQWLQ�H[SUHVVLRQ�DVVHVVHG�E\� LPPXQRIOXRUHVFHQFH�
PLFURVFRS\��&RQWURO��$��DQG���K�DIWHU�H[SRVXUH�WR�(0)V��%��

)LJ�� �� ,QWHJULQ� H[SUHVVLRQ� DVVHVVHG� E\� LPPXQRIOXRUHVFHQFH�
PLFURVFRS\��&RQWURO��$��DQG���K�DIWHU�H[SRVXUH�WR�(0)V��%��
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)LJ�� ��$PRXQW� RI� 7$8� JHQH� H[SUHVVLRQ� LQ� 6+6<�<� FHOOV��
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(IIHFWV�RI�ORZ�IUHTXHQF\�HOHFWURPDJQHWLF�ILHOGV�RQ�6+6<�<�FHOOV���D�QHXUREODVW�PRGHO�

,Q� )LJ�� �� LV� UHSRUWHG� WKH� H[SUHVVLRQ� RI�
6<3� DQDO\]HG� DW��K� DQG���K� DIWHU� (0)V�
H[SRVXUH�� �6\QDSWRSK\VLQ�� WKH�SURGXFW�RI�
WKH�JHQH�6<3��LV�D�PHPEUDQH�JO\FRSURWHLQ�
SUHVHQW�LQ�V\QDSWLF�YHVLFOHV�LQ�QHXURQV��7KH�
SURWHLQ�SDUWLFLSDWHV� LQ� WKH� IRUPDWLRQ�RI�D�
FKDQQHO�EHWZHHQ�WKH�V\QDSWLF�YHVLFOH�DQG�
SUHV\QDSWLF�PHPEUDQH�WKURXJK�ZKLFK�IORZ�
WKH�QHXURWUDQVPLWWHUV�>��@�
,PPHGLDWHO\� DIWHU� WKH� WUHDWPHQW�� 6<3�
LQFUHDVHG� RI� DERXW� ���� WLPHV� FRPSDUHG�
WR� FRQWURO� VDPSOHV�� $IWHU� ��K� IURP� WKH�
WUHDWPHQW�� WKH� H[SUHVVLRQ� LQ� WUHDWHG�
VDPSOHV�UHWXUQHG�VLPLODU�WR�WKH�FRQWURO��DV�
KDSSHQHG�IRU�7$8��7KHUHIRUH�ZH�REVHUYHG�
DQ�LQFUHDVH�LQ�WUDQVFULSWLRQ�RI�7$8�DQG�6<3�
LPPHGLDWHO\� DIWHU� (0)� H[SRVXUH�� ZKLOH�
WUDQVFULSWLRQ�RI�0$3��ZDV�LQKLELWHG��$IWHU�
��K�IURP�(0)�H[SRVXUH�WKH�WUDQVFULSWLRQ�
RI�WKH�JHQHV�UHWXUQHG�DW�EDVDO�YDOXHV��

6LQFH�LQ�RXU�H[SHULPHQWV�ZH�REVHUYHG�WKDW�
WKH�H[SRVXUH�WR�(0)�LQGXFHG�LQ�6+6<�<�
FHOOV�PRUSKRORJLFDO� FKDQJHV� DQG� LQFUHDVH�
LQ�H[SUHVVLRQ�RI�JHQHV�LQYROYHG�LQ�QHXULWH�
JURZWK��ZH�GHFLGHG�WR�GHHSHU�LQYHVWLJDWH�
RQ� SRVVLEOH� UROH� RI� (0)� H[SRVXUH� LQ�
GLIIHUHQWLDWLRQ� SURFHVV�� � 7KHUHIRUH�
ZH� DVVD\HG�� E\� LPPXQRIOXRUHVFHQFH�
PLFURVFRS\� DQG� LPDJH� DQDO\VLV�� WKH�
H[SUHVVLRQ�RI�WZR�PDUNHUV�RI�QHXURJHQHVLV��
1UI���DQG�QHXURILODPHQWV�
15)��� LV� D� WUDQVFULSWLRQ� IDFWRU� DVVRFLDWHG�

ZLWK�WKH�UHJXODWLRQ�RI�QHXULWH�RXWJURZWK��
WKXV�LW�LV�FRQVLGHUHG�D�PDUNHU�RI�QHXURQDO�
GLIIHUHQWLDWLRQ�
:H�IRXQG�WKDW��1UI���LQFUHDVHG�VLJQLILFDQWO\��
LQ��QHXUREODVWV�H[SRVHG�WR�(0)�FRPSDUHG�
ZLWK�FRQWUROV�DQG�WKH�SURWHLQ�GLVWULEXWLRQ�
DSSHDUHG�PRUH�SXQFWLIRUP��)LJ����$�DQG�
��%��

$OVR� WKH� H[SUHVVLRQ�RI� QHXURILODPHQWV�� LQ�
SDUWLFXODU�PHGLXP�QHXURILODPHQW� �1)�0���
VLJQLILFDQWO\� LQFUHDVHG� LQ� FHOOV� H[SRVHG�
WR� (0)�� )LJV�� ��%� VKRZ� WKDW� WKH� SURWHLQ�
DFFXPXODWHG�LQ�WKH�SHULQXFOHDU�DUHD��1)�0�
LV�D�PHPEHU�RI�WKH�LQWHUPHGLDWH�ILODPHQW�
IDPLO\� DQG� DQ� LPSRUWDQW� FRPSRQHQW� RI�
QHXURQDO� F\WRVNHOHWRQ�� 7KHUHIRUH� LW� LV�
FRQVLGHUHG� D� PDMRU� PDUNHU� RI� QHXURQDO�
GLIIHUHQWLDWLRQ��

7KH� ORQJ�WHUP� JRDO� RI� RXU� VWXGLHV� LV� WR�
SURSRVH� QHZ� FOLQLFDO� DSSOLFDWLRQV� RI�
PDJQHWLF� WKHUDS\� IRU� WKH� WUHDWPHQW� RI�
GLVRUGHUV�LQYROYLQJ�PXVFOH�DQG�QHUYH�WLVVXH���
7KH�DLP�RI�WKH�H[SHULPHQWV�UHSRUWHG�LQ�WKLV�
SDSHU�ZDV��LQ�SDUWLFXODU��WR�LQYHVWLJDWH�WKH�
HIIHFW�RI�(0)�RQ�QHUYH�FHOOV�DQG�QHXURQDO�
GLIIHUHQWLDWLRQ��2XU�H[SHULPHQWDO�

PRGHO�ZDV�WKH�FHOO�OLQH�6+�6<�<��D�KXPDQ�
QHXURQDO� PRGHO� ZLGHO\� XVHG� IRU� VWXGLHV�
RQ� QHXURJHQHVLV�� ,Q� IDFW� 6+�6<�<� FHOOV�
FDQ�GLIIHUHQWLDWH�LQWR�QHXURQDO�GLUHFWLRQ�LQ�
UHVSRQVH� WR� DSSURSULDWH� VWLPXODWLRQ�� 7KH�
GLIIHUHQWLDWLRQ�SURFHVV� LV� FKDUDFWHUL]HG�E\�
PRUSKRORJLFDO� FKDQJHV� DQG� LQFUHDVH� LQ�
H[SUHVVLRQ�RI�VSHFLILF�PDUNHUV�RI�QHXURQDO�
GLIIHUHQWLDWLRQ�� &HOOV� IRUP� JURZWK� FRQHV��
DQG�WKHQ�ORQJ�QHXULWLF�SURFHVVHV��WKURXJK�
F\WRVNHOHWRQ�UHDUUDQJHPHQW��

(QHUJ\�IRU�+HDOWK�
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)LJ�� �� $PRXQW� RI� 6<3� JHQH� H[SUHVVLRQ� LQ� 6+6<�<� FHOOV��
�S�����

)LJ�����15)���H[SUHVVLRQ�DVVHVVHG�E\�LPPXQRIOXRUHVFHQFH�
PLFURVFRS\��&RQWURO��$��DQG�DIWHU�H[SRVXUH�WR�(0)V��%�� )LJ����1HXURILODPHQW� SURWHLQ� �1)�0�� H[SUHVVLRQ� DVVHVVHG�

E\�LPPXQRIOXRUHVFHQFH�PLFURVFRS\�&RQWURO��$��DQG�DIWHU�
H[SRVXUH�WR�(0)V��%��



��

7KH�UHVXOWV�RI�RXU�H[SHULPHQWV�VKRZHG�WKDW�
WKH�(0)�WUHDWPHQW�GLG�QRW�SURGXFH�FKDQJHV�
LQ�FHOO�YLDELOLW\��HYDOXDWHG�LPPHGLDWHO\�DIWHU�
H[SRVXUH�DQG�DIWHU���K��&HOO�SUROLIHUDWLRQ�
GLG� QRW� FKDQJH� LPPHGLDWHO\� DIWHU� WKH�
WUHDWPHQW��ZKLOH�ZH�REVHUYHG�D�PRGHUDWH�
EXW� VLJQLILFDQW� GHFUHDVH� DIWHU� ��K�� $�
GHFUHDVH� LQ� FHOO� SUROLIHUDWLRQ� DVVRFLDWHG�
ZLWK� XQFKDQJHG� YLDELOLW\� VXJJHVWHG� WKH�
K\SRWKHVLV� WKDW� WKH� H[SRVXUH� WR� (0)�
LQGXFHG�QHXUREODVW�GLIIHUHQWLDWLRQ�
6LQFH� LW� ZDV� VKRZQ� WKDW� H[WUHPHO\�
ORZ� IUHTXHQF\� (0)� LQGXFHV� FKDQJHV�
LQ� FHOO� PRUSKRORJ\� >��@� DQG� QRUPDOO\�
PRUSKRORJLFDO� FKDQJHV� RFFXU� DOVR� GXULQJ�
GLIIHUHQWLDWLRQ�� ZH� VWXGLHG� WKH� HIIHFW�
RI� (0)� RQ� F\WRVNHOHWRQ� RUJDQL]DWLRQ��
'DWD�� REWDLQHG� E\� LPPXQRIOXRUHVFHQFH�
PLFURVFRS\�� UHYHDOHG� WKDW� (0)� H[SRVXUH�
LQGXFHG�D� VLJQLILFDQW� UHDUUDQJHPHQW�ERWK�
LQ� PLFURWXEOHV� DQG� LQ� WKH� QHWZRUN� RI�
DFWLQ� PLFURILODPHQWV�� ,Q� FRQWURO� VDPSOHV��
DV� H[SHFWHG�� � DFWLQ� PLFURILODPHQWV� ZHUH�
FRQFHQWUDWHG�XQGHU�WKH�SODVPD�PHPEUDQH�
DQG�LQ�WKH�SHULQXFOHDU�DUHD��ZKLOH�DIWHU���
K�DQG�HYHQ�PRUH�DIWHU���K�IURP�H[SRVXUH�
WR� (0)�ZH�REVHUYHG�D� UHRUJDQL]DWLRQ�RI�
DFWLQ� PLFURILODPHQWV� ZLWK� VWUHVV� ILEHUV�
ZKLFK�IRUPHG�FRQHV�DQG�WKHQ�F\WRSODVPLF�
H[WHQVLRQV��7KHVH� UHVXOWV�DJUHHG�ZLWK� WKH�
UHSRUWV� SUHVHQWHG� E\� RWKHU� DXWKRUV� >��@��
$OVR� WKH� PLFURWXEXOH� QHWZRUN� FKDQJHG�
DIWHU�H[SRVXUH�WR�(0)��,Q�WUHDWHG�VDPSOHV�
WKHUH�ZDV�D�VLJQLILFDQW� LQFUHDVH�LQ�WXEXOLQ�
H[SUHVVLRQ�� HVSHFLDOO\� LQ� WKH� F\WRSODVPLF�
H[WHQVLRQV�� 7KLV� ILQGLQJV� DUH� HYHQ� PRUH�
VLJQLILFDQW� EHFDXVH� WKH\� DUH� DVVRFLDWHG�
ZLWK� WKH� LQFUHDVH� LQ� 7DX� H[SUHVVLRQ�� ,W� LV�
ZHOO� NQRZQ� WKDW�� GXULQJ� HDUO\� SKDVHV� RI�
QHXURQDO�GLIIHUHQWLDWLRQ��7DX�LV�FRQFHQWUDWHG�
LQ� WKH� QDVFHQW� D[RQ� DQG� DQ� LQWUDFHOOXODU��
UHGLVWULEXWLRQ�RI�WXEXOLQ�RFFXUV�>��@�
7KH� K\SRWKHVLV� WKDW� WKH� H[SRVXUH� WR�
(0)� FRXOG� SURPRWH�� LQ� RXU� FHOO� PRGHO��
D� GLIIHUHQWLDWLRQ� SURFHVV� ZDV� IXUWKHU�
FRQILUPHG� E\� WKH� LQFUHDVH� LQ� H[SUHVVLRQ�
RI� 1UI�� DQG� 1)�0�� DVVHVVHG� E\�
LPPXQRIOXRUHVFHQFH�DQDO\VLV��$V�H[SODLQHG�
DERYH��WKHVH�SURWHLQV�DUH�FRQVLGHUHG�PDMRU�
PDUNHUV�RI�QHXUREODVWV�GLIIHUHQWLDWLRQ�DQG�
KDYH�D�NH\�UROH�LQ�WKH�SURFHVV�RI�QHXURQDO�
PDWXUDWLRQ�

(IIHFWV�RI�ORZ�IUHTXHQF\�HOHFWURPDJQHWLF�ILHOGV�RQ�6+6<�<�FHOOV���D�QHXUREODVW�PRGHO� (QHUJ\�IRU�+HDOWK�

$OVR�WKH�UHVXOWV�RI�UHDO�WLPH�3&5�VXSSRUWHG�
WKH�K\SRWKHVLV�WKDW�FHOOV�H[SRVHG�WR�(0)�
EHJDQ�D�GLIIHUHQWLDWLRQ�SURFHVV�WRZDUG�WKH�
QHXURQDO�OLQH��,Q�IDFW���DIWHU�WKH�WUHDWPHQW��
ZH� IRXQG� GRZQUHJXODWLRQ� RI� 0$3���
RYHUH[SUHVVLRQ�RI�V\QDSWRSK\VLQ�DQG�7$8��
0$3���IXQFWLRQ�LV�QRW�UHTXLUHG�ZKHQ�FHOO�
GLVDVVHPEOHV�PLFURWXEXOHV�LQ�WKH�FHOO�ERG\�
WR�JLYH� ULVH� WR� WKH� IRUPDWLRQ�RI� QHXULWHV��
ZKLOH�7$8�LV�UHTXLUHG�WR�DGG�QHZ�VXEXQLWV�
WR�PLFURWXEXOHV�ZKLFK�DUH�IRUPLQJ� LQ�WKH�
QHXULWLV�>��@��6\QDSWRSK\VLQ��DV�PHQWLRQHG�
DERYH�� LV� LQYROYHG� LQ� V\QDSVH� IRUPDWLRQ�
DQG�UHOHDVH�RI�QHXURWUDVPLWWHU��>��@�
,Q�VXPPDU\��UHDUUDQJHPHQW�RI�PLFURWXEXOHV�
DQG�DFWLQ�PLFURILODPHQWV��ZLWK�IRUPDWLRQ�RI�
FRQHV�DQG�F\WRSODVPDWLF�H[WHQVLRQ��MRLQHG�
ZLWK� LQFUHDVH� LQ� H[SUHVVLRQ� RI� QHXURQDO�
PDUNHUV� DQG� FKDQJHV� LQ� H[SUHVVLRQ� RI�
JHQHV�LQYROYHG�LQ�F\WRVNHOHWRQ�RUJDQL]DWLRQ�
DQG�QHXULWH�IRUPDWLRQ�VWURQJO\�DJUHH�ZLWK�
WKH�K\SRWKHVLV�WKDW�H[SRVXUH�WR�(0)�PD\�
LQGXFH�QHXURJHQLF�GLIIHUHQWLDWLRQ��
��K� DIWHU� H[SRVXUH�� WKH� H[SUHVVLRQ� RI�
V\QDSWRSK\VLQ�� 7$8� DQG�0$3�� UHWXUQHG�
WR� FRQWURO� YDOXH� EXW� WKH� IRUPDWLRQ� RI�
FHOOXODU� SURFHVVHV� FRQWLQXHG� WR� SURJUHVV��
ZLWK� WKH� DSSHDUDQFH� RI� EUDQFKHG�
F\WRSODVPLF� H[WHQVLRQV�� 7KLV� PHDQV� WKDW�
WKH�PRGXODWLRQ�RI�SURWHLQ�H[SUHVVLRQ�DQG�
WKH�PRUSKRORJLFDO� FKDQJHV� DUH� SDUW� RI� D�
FRPSOH[� ELRORJLFDO� UHVSRQVH� WKDW�� RQFH�
WULJJHUHG� E\� H[SRVXUH� WR� (0)�� SURFHHGV�
HYHQ�DIWHU�WKH�FHVVDWLRQ�RI�WKH�VWLPXOXV�
,Q� FRQFOXVLRQ�� WKH� GDWD� SUHVHQWHG� KHUH�
LQGLFDWH�WKDW�WKH�H[SRVXUH�WR�D����+]�DQG�
��P7�(0)�PD\�VLJQLILFDQWO\�DIIHFW�QHXURQDO�
GLIIHUHQWLDWLRQ�RI�6+6<�<��E\�XSUHJXODWLQJ�
WKH�H[SUHVVLRQ�RI�JHQHV�LQYROYHG�LQ�QHXULWH�
IRUPDWLRQ� DQG� LQGXFLQJ� F\WRVNHOHWRQ�
UHDUUDQJHPHQW��
7KH�SURJUHVV�RI�WKH�GLIIHUHQWLDWLRQ�SURFHVV�
LV� XQHTXLYRFDOO\� SURYHQ� E\� WKH� LQFUHDVH�
LQ� H[SUHVVLRQ� RI� VSHFLILF� PDUNHUV� RI�
QHXURJHQHVLV��VXFK�DV�1)�0�DQG�1UI���DQG�
WKH�JUDGXDO�JURZWK�RI�QHXULWHV�
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