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2VWHRDUWKULWLV� �2$�� LV� D� GLVHDVH� DIIHFWLQJ� WKH� MRLQWV��
FDUWLODJH�� ERQH�� DQG� PXVFOHV�� +XPDQ� DUWLFXODU�
FKRQGURF\WHV� KDYH� 9LWDPLQ� '� UHFHSWRUV� DQG� ��� ���
GLK\GUR[\�YLWDPLQ�'����7KH\�UHJXODWH�WKH�H[SUHVVLRQ�RI�
PDWUL[� PHWDOORSURWHLQDVH� DQG� SURVWDJODQGLQ� (���,W� LV�
EHOLHYHG�WKDW� 
9LWDQLQ� '� HQKDQFHV� WKH� PHWDEROLVP� RI�
PXVFXORVNHOHWDO� V\VWHP� WKURXJK� LWV� HIIHFWV� RQ� ERQH�
DQG�FDUWLODJH��,W�VWUHQJWKHQV�WKH�PXVFOHV�DQG�LPSURYH�
PXVFOHV�IXQFWLRQ�DQG�VWUHQJWKHQLQJ�E\�FHOOXODU�JURZWK�
DQG� � SURWHLQ� V\QWKHVLV� 7KLV� LV� KRZ� YLWDPLQ�'� DIIHFWV�
WKH� GLVHDVH� SURJUHVVLRQ� DQG� RYHUDOO� FRWUROV� WKH�
PHWDEROLVP���� 
9LWDPLQ� '� LV� DQ� LPSRUWDQW� IDW-VROXEOH� YLWDPLQ� ZKLFK�
PDLQO\� UHJXODWHV� FDOFLXP�PHWDEROLVP��&HUWDLQ� IDFWRUV�
LQIOXHQFH� VHUXP� OHYHOV� RI� YLWDPLQ� '� OLNH� VXQOLJKW�
H[SRVXUH�� GLHWDU\� LQWDNH�� DQG� FHUWDLQ� V\VWHPLF�
GLVRUGHUV����� 7KH� ULVN� RI� PDQ\� FKURQLF� LOOQHVVHV� LV�
GHFUHDVHG�ZKHQ� WKHUH� LV� D� VXIILFLHQW� OHYHO� RI�9LWDPLQ�
'�� 2Q� WKH� RWKHU� KDQG�� LWV� LQDGHTXDF\� FDXVHV� PDQ\�
SDWKRORJLFDO� FRQGLWLRQV� LQFOXGLQJ� 2VWHRPDODFLD� DQG�
RVWHRDUWKULWLV�����9LWDPLQ�'�GHILFLHQF\�FDXVHV�FDUWLODJH�
ORVV� LQ� NQHH� MRLQWV�7KH�SUHYDOHQFH�RI� RVWHRDUWKULWLV� LV�

WZR�WLPHV�KLJKHU�LQ�WKRVH�ZKR�DUH�YLWDPLQ�'�GHILFLHQW�
WKDQ�WKRVH�ZKR�KDYH�VXIILFLHQW�YLWDPLQ�'�� 
'XULQJ� WKH� RQVHW� DQG� SURJUHVVLRQ� RI� FDUWLODJH�
GHVWUXFWLRQ�� PDVVLYH� FKDQJHV� DOVR� WDNH� SODFH�
VLPXOWDQHRXVO\� LQ�VXEFKRQGUDO�ERQH��ZKLFK� LV�HYLGHQW�
E\�WKH�IDFW�WKDW�PDUNHUV�RI�ERQH�WXUQRYHU�DUH�KLJK�DQG�
WKRVH� RI� ERQH� IRUPDWLRQ� DUH� ORZ��� $V� WKH� GLVHDVH�
SURJUHVVHV�� ERQH� WXUQRYHU� DQG� PHWDEROLVP� LQFUHDVH�
DFFRUGLQJO\�ZKLFK�FDQ�EH�GHFUHDVHG�E\�UDLVLQJ�VHUXP�
YLWDPLQ� '� OHYHOVLQ� WKH� IRUP� RI� VXSSOHPHQWDO� YLWDPLQ�
'��������� 'HFUHDVHG� OHYHOV� RI� YLWDPLQ� '� LQ� SDWLHQWV� RI�
2$� LQGLFDWH� WKDW� WKH� UDWH� RI� GLVHDVH� SURJUHVVLRQ� LV�
KLJKHU�� 7KHUHIRUH�� LW� LV� WKH� QHHG� RI� WKH� KRXU� WKDW� WKLV�
ULVN� IDFWRU� VKRXOG� EH� LGHQWLILHG� DQG� WUHDWHG� WLPHO\� VR�
WKDW�GLVHDVH�SURJUHVVLRQ�FRXOG�EH�VWRSSHG������ 
9HU\� IHZ� VWXGLHV� KDYH� EHHQ� GRQH� XS� XQWLO� QRZ�
UHJDUGLQJ� WKLV� HPHUJLQJ� LVVXH��6R�� WKLV� VWXG\�PD\� ILOO�
WKH� JDSV� LQ� WKH� OLWHUDWXUH� DQG� ZLOO� KLJKOLJKW� WKH�
DVVRFLDWLRQ�RI�YLWDPLQ�'�ZLWK�WKH�HDUO\�RQVHW�RI�2$� 
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EDVHG� VWXG\�� FRQGXFWHG� DW� 'RZ� 8QLYHUVLW\� +RVSLWDO��
.DUDFKL� IURP� 'HFHPEHU� ����� WR� 0DUFK� ������ DIWHU�
HWKLFDO�DSSURYDO�IURP�WKH�,QVWLWXWLRQDO�UHYLHZ�ERDUG��%\�
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XVLQJ�RSHQ�(3,�6RIWZDUH� IRU�VDPSOH�VL]H�FDOFXODWLRQ��
WDNLQJ� WKH� PHDQ� RI� LQFUHDVH� LQ� PHGLDO� WLELDO� SODWHDX�
ERQH�DUHD�DV������������ WKH�VDPSOH�VL]H�FDPH�RXW�
WR� EH� ����� WDNLQJ� FRQILGHQFH� LQWHUYDO� DV� ���� DQG�
SRZHU�RI�WHVW�DV������ 
7R� EH� FRQVLGHUHG� KDYLQJ� 2$�� D� SDWLHQW� KDG� WR�PHHW�
WKH� $PHULFDQ� &ROOHJH� RI� 5KHXPDWRORJ\� FULWHULD� IRU�
NQHH� RVWHRDUWKULWLV� L�H�� NQHH� SDLQ� DQG� RVWHRSK\WH� RQ�
UDGLRJUDSKV� DQG� RQH� RI� WKH� IROORZLQJ� �D�� FUHSLWXV� RQ�
NQHH� UDQJH� RI� PRWLRQ� �E�� 0RUQLQJ� VWLIIQHVV� RI� VKRUW�
GXUDWLRQ�RI����PLQXWHV��3DWLHQWV�XS�WR����\HDUV�RI�DJH�
KDYLQJ� NQHH� SDLQ� IRU� VL[�PRQWKVZHUH� UHJLVWHUHG�� 2$�
ZDV� FODVVLILHG� DFFRUGLQJ� WR� WKH� .HOOJUHQ� /DZUHQFH�
VFDOH�WHQGHUQHVV� RQ� PHGLDO� MRLQW� OLQH� ZLWK� FUHSLWXV��
DQG�GHFUHDVHG�UDQJH�RI�PRWLRQ��$OO�SDWLHQWV�KDG�%0,�
���� 
3DWLHQWV� ZHUH� UDQGRPL]HG� LQWR� WZR� JURXSV�� DOO� ZHUH�
ZRUNHG� XS� IRU� YLWDPLQ� '� OHYHO�� 2QH� JURXS� ZDV� ZLWK�
QRUPDO�YLWDPLQ�'�OHYHO������PJ�GO��ZKHUHDV�WKH�RWKHU�
JURXS� KDG� ORZ� OHYHOV� RI� YLWDPLQ� '����� PJ�GO�� ;-UD\�
NQHH� MRLQW�$QWHURSRVWHULRU� DQG� ODWHUDO��ZHLJKW�EHDULQJ�
YLHZ�IURP�'RZ�5DGLRORJ\�FHQWU�ZLWK�VWDQGDUG�GLVWDQFH�
DQG� UDGLDWLRQV�� YLHZ�GRQH� LQ�ERWK� JURXSV��7KH� JURXS�
ZLWK� QRUPDO� YLWDPLQ� '� ZDV� FRPSDUHG� ZLWK� DQRWKHU�
JURXS�ZLWK�D�ORZ�YLWDPLQ�'�JURXS�LQ�DFFRUGDQFH�ZLWK�;
-UD\�ILQGLQJV�WR�ILQG�WKH�LQFLGHQFH�RI�YLWDPLQ�'�OHYHO�LQ�
ERWK�JURXSV��([FOXVLRQ�FULWHULD�ZHUH�DJH�PRUH�WKDQ����
\HDUV�� VHFRQGDU\� RVWHRDUWKULWLV� GXH� WR� DQ\� RWKHU�
FDXVH��SDWLHQWV�KDYLQJ�D�FKURQLF�GLVHDVH�OLNH�DVWKPD��
FKURQLF� REVWUXFWLYH� SXOPRQDU\� GLVHDVH�� FKURQLF� UHQDO�
IDLOXUH��DQG�PDOLJQDQF\� 
3DWLHQWV� ZHUH� VHOHFWHG� E\SUH-GHILQHG� FULWHULD�� $IWHU�
WDNLQJ� LQIRUPHG� FRQVHQW� IURP� WKH� SDUWLFLSDQWV�� D�
TXHVWLRQQDLUH� FRPSULVLQJ� RI� ��� TXHVWLRQV�� ZDV� ILOOHG�
E\� WKH� UHVHDUFK� WHDP� PHPEHUV�� 6HUXP� 9LWDPLQ� '�
OHYHOV� RI� WKH� SDWLHQWV� IXOILOOLQJ� LQFOXVLRQ� FULWHULD� ZHUH�
VHQW�� %DVHG� RQ� KLVWRU\� DQG� FOLQLFDO� H[DPLQDWLRQ�� ;-
UD\V� ZHUH� GRQH�� 7KH� UHVXOWV� ZHUH� HQWHUHG� LQWR� WKH�
SURIRUPD� IRU� DOO� YDULDEOHV�� $IWHU� FRPSOHWLRQ� RI� GDWD�

HQWU\��UHVXOWV�ZHUH�FRPSLOHG�XVLQJ�6366�YHUVLRQ�������� 
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,Q� RXU� VWXG\�� WKH� PHDQ� DJH� RI� WKH� SDUWLFLSDQWV� ZDV�
������ \HDUV�� ���������� ZHUH�PDOHV� DQG� �����������
ZHUH�IHPDOHV��7KHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�
SK\VLFDO� DFWLYLW\� VFRUHV�� VPRNLQJ�� DOFRKRO�
FRQVXPSWLRQ�� YLWDPLQ� '� LQWDNH�� UDFH�� RU� HWKQLFLW\��
6HUXP�FDOFLXP�OHYHO�ZDV�IRXQG�QRUPDO�LQ������������
DQG� ORZ� LQ� ����������� 5DGLRORJLFDO� FODVVLILFDWLRQ�
DFFRUGLQJ�WR�.HOOJUHQ�/DZUHQFH�FODVVLILFDWLRQ� LV�JLYHQ�
LQ� 7DEOH� ,�� 2XW� RI� ���� SDWLHQWV�� ���� ZHUH� KDYLQJ�

$VVRFLDWLRQ�RI�9LWDPLQ�'�'HILFLHQF\ 
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RVWHRDUWKULWLV�GLDJQRVHG�RQ�D�UDGLRORJLFDO�EDVLV�� 
2XW� RI� WKH� ���������� KDG� 5LJKW-VLGHG� NQHH�
LQYROYHPHQW�� ���������� KDG� /HIW� VLGH� DIIHFWHG�� ��
��������KDG�ELODWHUDO�LQYROYHPHQW������������KDG�%0,�
���������������KDG�%0,�EHWZHHQ�UDQJH�RI���-���DQG�
���������KDG�%0,�!����7DEOH�,,�� 
$V�VKRZQ�LQ�7DEOH�,,,�� LQ� WKH�JURXS�RI�SDWLHQWV�KDYLQJ�
ORZ� OHYHOV� RI� VHUXP� YLWDPLQ� '�� �������� KDG� 5LJKW�
NQHH� DIIHFWHG�� ���������� KDG� /HIW� NQHH� DIIHFWHG�� ��
������KDG�ELODWHUDO�NQHH� LQYROYHPHQW�ZKHUHDV���KDG�
QRUPDO� NQHH� MRLQWV�� 2Q� WKH� RWKHU� KDQG�� WKRVH� ZLWK�
DGHTXDWH� VHUXP� YLWDPLQ� '� OHYHOV�� ���������� KDG�
5LJKW� .QHH� DIIHFWHG�� ��������� KDG� /HIW-VLGHG�
LQYROYHPHQW�� �������� KDG� ERWK� NQHHV� LQYROYHG�� ���
��������KDG�QR�NQHH�LQYROYHPHQW� 
7KH� &KL-VTXDUH� WHVW� VKRZHG� D� SRVLWLYH� UHODWLRQVKLS�
EHWZHHQ�ORZ�OHYHOV�RI�YLWDPLQ�'�DQG�RVWHRDUWKULWLV� 
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2XU�VWXG\�VKRZV�JUHDWHU�IUHTXHQF\�RI�RVWHRDUWKULWLV�LQ�
WKRVH� SDWLHQWV� ZKR� ZHUH� YLWDPLQ�'� GHILFLHQW��2$� QRW�
RQO\� DIIHFWV� WKH� KHDOWK� RI� LQGLYLGXDOV� EXW� DOVR� KDV� D�
VWURQJ� LPSDFW� RQ� ZRUNLQJ� DELOLW\���� $� UHFHQW� DQDO\VLV�
GRQH� LQ� &DQDGD� VKRZV� ������ RI� QRQ-HPSOR\PHQW�
ZDV�GXH�WR�GLVDELOLW\�FDXVHG�E\�2$����/LWHUDWXUH�VKRZV�
D� SRVLWLYH� UHODWLRQVKLS� EHWZHHQ� WKH� GHILFLHQF\� RI�
YLWDPLQ�'�DQG�WKH�GHYHORSPHQW�RI�2$��� 
$� VWXG\� FRQGXFWHG� E\� 6DQJKL� '� HW� DO��� VKRZV� DQ�
DVVRFLDWLRQ�EHWZHHQ�VHUXP���-2+�'�DQG�NQHH�2$��,W�
VKRZV�D�VLJQLILFDQW�GHFUHDVH� LQ�NQHH�SDLQ�HYLGHQW�RQ�
PHDQ� 9LVXDO� $QDORJXH� 6FRUH� WKDW� ZDV� ������ DQG�
������ RQ� WKH� :20$&� LQGH[� �:HVWHUQ� 2QWDULR� DQG�
0F0DVWHU� 8QLYHUVLWLHV� $UWKULWLV� ,QGH[�� LQ� SDUWLFLSDQWV�
ZKR�ZHUH�JLYHQ�9LWDPLQ�'�DV�FRPSDUHG�WR�WKRVH�JLYHQ�
3ODFHER�UHVSHFWLYHO\� 

$� VWXG\� GRQH� E\� =KDQJ� ))� ������� VKRZV� WKH�
SDUWLFLSDQWV� ZLWK� ORZ� YLWDPLQ� '� OHYHOV� KDG� D� ULVN� RI�
SURJUHVVLRQ�WR�NQHH�2$���IROGV�PRUH�WKDQ�WKRVH�ZKR�
KDG�JUHDWHU�YLWDPLQ�'� OHYHO��$�V\VWHPDWLF� UHYLHZ�DQG�
PHWD-DQDO\VLV��GRQH�LQ�������ZKLFK�LQFOXGHG�D�VDPSOH�
VL]H� RI� ����� VKRZHG� D� VLJQLILFDQW� UHGXFWLRQ� LQ�
:20$&� SDLQ� DQG� IXQFWLRQ� DIWHU� YLWDPLQ� '�
VXSSOHPHQWDWLRQ�� DOWKRXJK� QR� FKDQJH� ZDV� REVHUYHG�
LQ�:20$&����$�VWXG\�FRQGXFWHG�E\�%HUJLQN�$3�HW�DO���
VKRZV� WKDW� LQGLYLGXDOV�KDYLQJ�D� ORZ�VHUXP�YLWDPLQ�'�
KDG�WKUHH�IROGV�LQFUHDVHG�ULVN�RI�NQHH�2$� 
&RQWUDU\� WR� RXU� VWXG\�� WKH� )UDPLQJKDP� 2IIVSULQJ�
FRKRUW� VKRZV� QR� DVVRFLDWLRQ� EHWZHHQ� YLWDPLQ�'� DQG�
2$�SURJUHVV��� 
2XU� VWXG\� KDG� FHUWDLQ� OLPLWDWLRQV�� ZLWK� QR�
FRQVLGHUDWLRQ� RI� WKH� FRQIRXQGLQJ� IDFWRUV� OLNH� VXQOLJKW�
H[SRVXUH�� GLHWDU\� KDELWV�� DQG� GHUPDO� YLWDPLQ� '�
SURGXFWLRQ� ZKLFK� DOUHDG\� KDYH� DQ� LQGLYLGXDO�
DVVRFLDWLRQ�ZLWK�YLWDPLQ�'� 
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7KH� VWXG\� VKRZV� VWDWLVWLFDOO\� VLJQLILFDQW� DVVRFLDWLRQ�
EHWZHHQ� YLWDPLQ� � '� GHILFLHQF\� DQG� HDUO\� RQVHW� RI�

RVWHRDUWKULWLV�� &DUWLODJH� ORVV� DQG� UDGLRJUDSKLF�
SURJUHVVLRQ� RI� WKH� GLVHDVH� DUH� LPSRUWDQW� IDFWRUV� WR�
XQGHUVWDQG�WKH�GLVHDVH�SDWKRJLHQHVLV��7KHUDSHXWLF�RU�
SUHYHQWLYH� UROH� RI� YLWDPLQ� '� LQ� RVWHRDUWKULWLV� PD\� EH�
HVWDEOLVKHG�EXW�IRU�WKDW�ORQJ�WHUP�VWXGLHV�DUH�QHHGHG�� 

(WKLFDO� SHUPLVVLRQ�� 'RZ� 8QLYHUVLW\� RI� +HDOWK�
6FLHQFHV�� .DUDFKL� /HWWHU� 1R�� ,5%-������ '8+6�
$SSURYDO�������'DWHG���-��-����� 

&RQIOLFW�RI� LQWHUHVW��7KHUH�LV�QR�FRQIOLFW�RI�LQWHUHVW�
LQ�DXWKRUV� 

)XQGLQJ��7KHUH�ZDV�QR�IXQGLQJ�IURP�DQ\�DJHQF\� 

$87+25�&2175,%87,216� 

5DVKHHG�1�� /LWHUDWXUH� VHDUFK�� 'DWD� DQDO\VLV��
FLWDWLRQ 
0DNKGRRP�$� /LWHUDWXUH�UHYLHZ 
.KDQ�06�� 'DWD�HQWU\ 
5DVKHHG�1� /LWHUDWXUH�UHYLHZ 
.KDQ�0+� 5HIHUHQFH�VHDUFK 

5()(5(1&(6 

�� 7HWORZ� /&��:RROOH\�'(�� ([SUHVVLRQ� RI� YLWDPLQ�'�
UHFHSWRUV� DQG� PDWUL[� PHWDOORSURWHLQDVHV� LQ�
RVWHRDUWKULWLF� FDUWLODJH� DQG� KXPDQ� DUWLFXODU�
FKRQGURF\WHV� LQ� YLWUR�� 2VWHRDUWKULWLV� &DUWLODJH��
������������-�����GRL���������MRFD���������� 

�� 0F$OLQGRQ� 7(�� 1XWUDFHXWLFDOV�� GR� WKH\� ZRUN� DQG�
ZKHQ�VKRXOG�ZH�XVH� WKHP"��%HVW�3UDFW�5HV�&OLQ�
5KHXPDWRO�� ������ ���� ��-�����GRL���������M�EHUK��
����������� 

�� +ROLFN� 0)�� +LJK� SUHYDOHQFH� RI� YLWDPLQ� '�
LQDGHTXDF\�DQG�LPSOLFDWLRQV�IRU�KHDOWK��0D\R�&OLQ�
3URF���������������-�����GRL����������������� 

�� %LVFKRII-IHUUDUL� +$�� *LRYDQQXFFL� (�� :LOOHWW� :&��
'LHWULFK� 7�� 'DZVRQ-+XJKHV� %�� (VWLPDWLRQ� RI�
RSWLPDO� VHUXP� FRQFHQWUDWLRQV� RI� ��-
K\GUR[\YLWDPLQ� '� IRU� PXOWLSOH� KHDOWK� RXWFRPHV��
$P� -� &OLQ� 1XWU�� ������ ���� ��-���� GRL���������
DMFQ�������� 

�� /HH� 3�� (LVPDQ� -$�� &HQWHU� -5�� 9LWDPLQ� '�
GHILFLHQF\� LQ� FULWLFDOO\� LOO� SDWLHQWV�� �1�(QJO� -�0HG��
���������������-�� 

�� 0lNLQHQ� 7-�� $OP� --�� /DLQH�+�� 6YHGVWU|P�(�� $UR�
+76YHGVWU|P�(��7KH�LQFLGHQFH�RI�RVWHRSHQLD�DQG�
RVWHRSRURVLV� LQ� ZRPHQ� ZLWK� KLS� RVWHRDUWKULWLV�
VFKHGXOHG� IRU� FHPHQWOHVV� WRWDO� MRLQW� UHSODFHPHQW��
%RQH����������������-�� 

�� +HLGDUL� %�� 6KLUYDQL� -6�� )LURX]MDKL� $�� +HLGDUL� 3��
+DMLDQ7LODNL� .�� $VVRFLDWLRQ� EHWZHHQ� QRQVSHFLILF�
VNHOHWDO� SDLQ� DQG� YLWDPLQ� '� GHILFLHQF\�� ,QW� -�
5KHXPDWRO���������������-�� 

�� 3pUH]-/ySH]� )5�� 9LWDPLQ� '� DQG� LWV� LPSOLFDWLRQV�
IRU�PXVFXORVNHOHWDO� KHDOWK� LQ� ZRPHQ�� DQ� XSGDWH��
0DWXULWDV���������������-������ 

�� &KDJDQWL� 5.�� 3DULPL� 1�� &DZWKRQ� 3�� 'DP� 7/��
1HYLWW� 0&�� /DQH� 1(�� � $VVRFLDWLRQ� RI� ��-
K\GUR[\YLWDPLQ� '� ZLWK� SUHYDOHQW� RVWHRDUWKULWLV� RI�

1XVUDW�5DVKHHG��$VDGXOODK�0DNKGRRP��0XKDPPDG�6KDILT�.KDQ��1DVHHP�5DVKHHG��0XKDPPDG�+DVVDQ�.KDQ 

��� 



 

-�/LDTXDW�8QL�0HG�+HDOWK�6FL�2&72%(5�-�'(&(0%(5�������9RO�����1R���� 

WKH� KLS� LQ� HOGHUO\�PHQ�� WKH� RVWHRSRURWLF� IUDFWXUHV�
LQ�PHQ�VWXG\��$UWKULWLV�5KHXP���������������-�� 

��� %HWWLFD�3��&OLQH�*��+DUW�'-��0H\HU�-��6SHFWRU�7'��
(YLGHQFH�IRU�LQFUHDVHG�ERQH�UHVRUSWLRQ�LQ�SDWLHQWV�
ZLWK� SURJUHVVLYH� NQHH� RVWHRDUWKULWLV�� ORQJLWXGLQDO�
UHVXOWV�IURP�WKH�&KLQJIRUG�VWXG\��$UWKULWLV�5KHXP��
��������������-����� 

��� 9RQ�+XUVW�35��6WRQHKRXVH�:��.UXJHU�0&��&RDG�
-�� 9LWDPLQ� '� VXSSOHPHQWDWLRQ� VXSSUHVVHV� DJH-
LQGXFHG� ERQH� WXUQRYHU� LQ� ROGHU� ZRPHQ� ZKR� DUH�
YLWDPLQ� '� GHILFLHQW�� -� 6WHURLG� %LRFKHP�0RO� %LRO��
��������������-���� 

��� $GDPV� -6�� +HZLVRQ� 0�� 8SGDWH� LQ� YLWDPLQ� '�� -�
&OLQ�(QGRFULQRO�0HWDE���������������-���� 

��� %LVFKRII-)HUUDUL�+$��=KDQJ�<��.LHO�'3��)HOVRQ�'7��
3RVLWLYH� DVVRFLDWLRQ� EHWZHHQ� VHUXP� ��-
K\GUR[\YLWDPLQ� '� OHYHO� DQG� ERQH� GHQVLW\� LQ�
RVWHRDUWKULWLV��$UWKULWLV�5KHXP���������������-��� 

��� &URVV�0�� 6PLWK� (�� +R\� '�� 7KH� JOREDO� EXUGHQ� RI�
KLS� DQG� NQHH� RVWHRDUWKULWLV�� HVWLPDWHV� IURP� WKH�
*OREDO� %XUGHQ� RI� 'LVHDVH� ����� VWXG\�� $QQ�
5KHXP�'LV����������������-����� 

��� +XEHUWVVRQ� -�� 7XUNLHZLF]� $�� 3HWHUVVRQ� ,)��
(QJOXQG�0��8QGHUVWDQGLQJ�RFFXSDWLRQ��VLFN�OHDYH��
DQG� GLVDELOLW\� SHQVLRQ� GXH� WR� NQHH� DQG� KLS�
RVWHRDUWKULWLV� IURP� D� VH[� SHUVSHFWLYH�� $UWKULWLV�
&DUH�5HV��+RERNHQ����������������-���� 

��� %RUWROX]]L�$��)XULQL�)��6FLUH�&$��2VWHRDUWKULWLV�DQG�
LWV�PDQDJHPHQW-(SLGHPLRORJ\��QXWULWLRQDO�DVSHFWV�
DQG� HQYRLUPHQWDO� IDFWRUV�� $XWRLPPXQLW\� UHYLHZV��
��������������-����� 

��� 6DQJKL�'��0LVKUD�$��6KDUPD�$&��6LQJK�$��1DQGX�
6�0��$JDUZDO�6��'RHV�YLWDPLQ�'�LPSURYH�NQHH��$�
UDQGRPL]HG�FRWUROOHG�SLORW�WULDO��&OLQ�2UWKRS��������
���������-����� 

��� =KDQJ� ))�� 'ULEDQ� -%�� /R� *+�� 9LWDPLQ� '�
GHILFLHQF\� LV�DVVRFLDWHG�ZLWK�SURJUHVVLRQ�RI�NQHH�
RVWHRDUWKULWLV�� -� 1XWU�� ������ ��������� ����-���
GRL�������������-����� 

��� 'LDR� 1�� <DQJ� %�� <X� )�� (IIHFW� RI� YLWDPLQ� '�
VXSSOHPHQWDWLRQ� RQ� NQHH� RVWHRDUWKULWLV�� D�
V\VWHPDWLF� UHYLHZ� DQG� PHWD-DQDO\VLV� RI�
UDQGRPL]HG�FOLQLFDO�WULDOV��&OLQ�%LRFKHP������������
����-��� 

ϮϬ͘ %HUJLQN� $3�� 8LWWHUOLQGHQ� $*�� 9DQ� /HHXZHQ� -3��
%XXUPDQ� &-�� +RIPDQ� $�� 9HUKDDU� -$�� HW� DO��
9LWDPLQ� '� VWDWXV�� ERQH� PLQHUDO� GHQVLW\�� DQG� WKH�
GHYHORSPHQW� RI� UDGLRJUDSKLF� RVWHRDUWKULWLV� RI� WKH�
NQHH�� WKH� 5RWWHUGDP� 6WXG\�� -� &OLQ� 5KHXPDWRO��
�������������-�� 

Ϯϭ͘ )HOVRQ�'7��1LX�-��&ODQF\�0��/RZ�OHYHOV�RI�YLWDPLQ�
'�DQG�ZRUVHQLQJ�RI�NQHH�RVWHRDUWKULWLV�� UHVXOWV�RI�
WZR� ORQJLWXGLQDO� VWXGLHV�� $UWKULWLV� 5KHXP�� ������
�������-���� 

$VVRFLDWLRQ�RI�9LWDPLQ�'�'HILFLHQF\ 

��� 
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'U��1XVUDW�5DVKHHG��&RUUHVSRQGLQJ�$XWKRU� 
$VVRFLDWH�3URIHVVRU��'HSDUWPHQW�RI�2UWKRSHGLF�6XUJHU\ 
'RZ�,QWHUQDWLRQDO�0HGLFDO�&ROOHJH��'RZ�8QLYHUVLW\�RI�
+HDOWK�6FLHQFHV 
.DUDFKL��6LQGK-3DNLVWDQ� 
(PDLO��GU�QXVUDWBDPLU#KRWPDLO�FRP 
 
'U��$VDGXOODK�0DNKGRRP 
$VVRFLDWH�3URIHVVRU��'HSDUWPHQW�RI�2UWKRSHGLF�6XUJHU\ 
/LDTXDW�8QLYHUVLW\�RI�0HGLFDO�	�+HDOWK�6FLHQFHV 
-DPVKRUR��6LQGK-3DNLVWDQ� 
 
'U��0XKDPPDG�6KDILT�.KDQ� 
$VVLVWDQW�3URIHVVRU��'HSDUWPHQW�RI�2UWKRSHGLF 
'+4�7HDFKLQJ�+RVSLWDO�'�,�.KDQ��3DNLVWDQ� 
(-PDLO��GUVKDILTRUWKRVXUJ#JPDLO�FRP 
 
'U��1DVHHP�5DVKHHG 
$VVRFLDWH�3URIHVVRU 
'HSDUWPHQW�RI�2EV�DQG�*\QDH� 
%DTDL�0HGLFDO�8QLYHUVLW\��.DUDFKL��6LQGK-3DNLVWDQ� 
 
'U��0XKDPPDG�+DVVDQ�.KDQ 
5HVLGHQW��'HSDUWPHQW�RI�2UWKRSHGLF 
'RZ�8QLYHUVLW\�+RVSLWDO��.DUDFKL��6LQGK-3DNLVWDQ� 


