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�� 0LGD]RODP�SUHPHGLFDWLRQ�LQ�NHWDPLQH�DQDHVWKHVLD�LQ�GRJV���

$EVWUDFW
7KH�DQDHVWKHWLF�VWXG\�ZDV�FRQGXFWHG

LQ� ��� IHPDOH� GRJV� RI� GLIIHUHQW� EUHHGV�
VXEMHFWHG� WR� HOHFWLYH� VXUJLFDO� SURFHGXUHV
�RRSKRUHFWRPLHV��� � 7KH\� ZHUH� UDQGRPO\
GLYLGHG�LQWR�WZR�JURXSV�HDFK�FRQVLVWLQJ�RI�VL[
DQLPDOV�DQG�ZHUH�QXPEHUHG�VHULDOO\�IURP���WR
���$QLPDOV� RI� JURXS� ,�ZHUH�SUHPHGLFDWHG�E\
LQWUDPXVFXODU�DGPLQLVWUDWLRQ�RI�JO\FRS\UURODWH
������PJ�NJ�ERG\�ZHLJKW��IROORZHG�E\�[\OD]LQH
�����PJ�NJ�ERG\�ZHLJKW��DW����PLQXWHV�LQWHUYDO�
,Q� DQLPDOV� RI� *URXS� ,,�� WHQ� PLQXWHV� ODWHU
PLGD]RODP�������PJ�NJ�ERG\�ZHLJKW��ZDV�DOVR
DGPLQLVWHUHG� LQWUDYHQRXVO\�� )LIWHHQ�PLQXWHV�
DIWHU� SUHPHGLFDWLRQ� LQ� ERWK� WKH� JURXSV
NHWDPLQH� K\GURFKORULGH� ���� PJ�NJ� ERG\
ZHLJKW��ZDV�DGPLQLVWHUHG� LQWUDPXVFXODUO\� IRU
WKH� LQGXFWLRQ� DQG�PDLQWHQDQFH� RI� JHQHUDO
DQDHVWKHVLD�� ,Q� DQLPDOV� SUHPHGLFDWHG�ZLWK
PLGD]RODP��HQGRWUDFKHDO�LQWXEDWLRQ�ZDV�HDV\
DQG� WKH� GHJUHH� RI�PXVFOH� UHOD[DWLRQ� GXULQJ
DQDHVWKHVLD� ZDV� JRRG�7KH� GHSWK� RI
DQDHVWKHVLD� DFKLHYHG� ZLWKRXW� PLGD]RODP
SUHPHGLFDWLRQ�ZDV� IRXQG�QRW�VDWLVIDFWRU\� IRU
PDMRU�VXUJLFDO�SURFHGXUHV�OLNH�ODSDURWRP\��%XW
LW�ZDV�VDWLVIDFWRU\�LQ�PLGD]RODP�SUHPHGLFDWHG
DQLPDOV��$OO�WKH�DQLPDOV�RI�ERWK�JURXSV�KDG�DQ
XQHYHQWIXO�UHFRYHU\��WKRXJK�WKH�GRJV�VKRZHG
YDU\LQJ�GHJUHHV�RI�GXOOQHVV��ZKLFK�ODVWHG�IRU
WZR�WR�VL[�KRXUV�
.H\ZRUGV�� 0LGD]RODP�� *O\FRS\UURODWH�
;[\OD]LQH��.HWDPLQH��$QDHVWKHVLD��GRJV

0,'$=2/$0�:,7+�*/<&23<552/$7(�
;</$=,1(�&20%,1$7,21�)25
35(0(',&$7,21�,1�.(7$0,1(
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0�.�1DUD\DQDQ���.��5DMDQNXWW\��
7��6DUDGD�$PPD���.�9��6\DP����DQG
&�%��'HYDQDQG�
'HSDUWPHQW�RI�9HWHULQDU\�6XUJHU\�DQG�5DGLRORJ\
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\���������7KULVVXU��.HUDOD

,Q� YHWHULQDU\� SUDFWLFH�� LQMHFWDEOH
DQDHVWKHWLF� WHFKQLTXHV� DUH� SUHIHUUHG� GXH� WR
WKH� LQKHUHQW� SHFXOLDULWLHV� RI� DQLPDO� SDWLHQWV�
DQG� WKH� HDVH� RI� DGPLQLVWUDWLRQ� RI� GUXJV�
&RPPRQO\�� GUXJ� FRPELQDWLRQV� DUH� EHLQJ
SUHIHUUHG�WR�LQGLYLGXDO�GUXJV��VLQFH�LW�UHGXFHV
WKH�GRVH�UHTXLUHPHQW�DQG�VLGH�HIIHFWV��$PRQJ
WKHVH��[\OD]LQH�� � DJRQLVW��DQG�NHWDPLQH��D
GLVVRFLDWLYH� DQDHVWKHWLF�� � DUH� YHU\� SRSXODU
DQDHVWKHWLF� FRPELQDWLRQ� IRU� VKRUW� GXUDWLRQ
VXUJLFDO� SURFHGXUHV��%XW� XQWRZDUG� UHDFWLRQV
OLNH�FORQLF�KHDG�DQG�OLPE�PRYHPHQWV�IROORZHG
E\�YRFDOL]DWLRQ�DIWHU�SDLQIXO�VWLPXOL�KDG�EHHQ
UHSRUWHG�GXULQJ�UHFRYHU\�SHULRG��&ODUN�HW�DO��
������� ,QWUDYHQRXV� DGPLQLVWUDWLRQ� RI
PLGD]RODP�� ZLWK� [\OD]LQH� DQG� NHWDPLQH
LQGXFHG� D� SURIRXQG� OHYHO� RI� FHQWUDO� QHUYRXV
V\VWHP� GHSUHVVLRQ� DQG� HDV\� WUDQVLWLRQ� WR
XQFRQVFLRXVQHVV� ZLWK� QR� VWUXJJOLQJ�
YRFDOL]DWLRQ� RU� SHGGOLQJ� �7UDQTXLOO\� HW� DO��
������� ,Q� WKH� SUHVHQW� VWXG\�� HYDOXDWLRQ� RI
PLGD]RODP� ZDV� FDUULHG� RXW� ZLWK
JO\FRS\UURODWH�[\OD]LQH� FRPELQDWLRQ� IRU
SUHPHGLFDWLRQ�LQ�NHWDPLQH�DQDHVWKHVLD�LQ�GRJV�
0DWHULDOV�DQG�0HWKRGV

7KH�VWXG\�ZDV�FRQGXFWHG�LQ����IHPDOH
GRJV�RI�GLIIHUHQW�EUHHGV�VXEMHFWHG�WR�HOHFWLYH
VXUJLFDO� SURFHGXUHV� �RRSKHUHFWRPLHV�� DW� WKH
'HSDUWPHQW� RI� 9HWHULQDU\� 6XUJHU\� DQG
5DGLRORJ\�RI�&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO
6FLHQFHV�� 0DQQXWK\� DQG� WKH� 8QLYHUVLW\

��$VVLVWDQW�3URIHVVRU
��3URIHVVRU�	�+HDG��&9$6��3RRNRGH���:D\DQDG
��3URIHVVRU���5HWG��
��$VVRFLDWH�3URIHVVRU��DQG�+HDG
���$VVRFLDWH�3URIHVVRU�DQG�+HDG��8QLYHUVLW\�9HWHULQDU\�+RVSLWDO��0DQQXWK\

5HFHLYHG�����������
$FFHSWHG�����������
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0�.�1DUD\DQDQ�HW�DO�

9HWHULQDU\�+RVSLWDO��.RNNDODL�DQG�ZHUH�GLYLGHG
LQWR�WZR�JURXSV�YL]��*URXS�,�DQG�*URXS�,,��HDFK
FRQVLVWLQJ�RI�VL[�DQLPDOV�

$OO�WKH�GRJV�ZHUH�FOLQLFDOO\�H[DPLQHG
DQG� ZHUH� IRXQG� DSSDUHQWO\� KHDOWK\�
3UHRSHUDWLYHO\��ZDWHU�DQG�IRRG�ZHUH�ZLWKKHOG
IRU����DQG����KRXUV� UHVSHFWLYHO\��$QLPDOV�RI
*URXS�,�ZHUH�SUHPHGLFDWHG�E\� LQWUDPXVFXODU
DGPLQLVWUDWLRQ� RI� JO\FRS\UURODWH� ������PJ�NJ
ERG\�ZHLJKW��IROORZHG�E\�[\OD]LQH������PJ�NJ
ERG\�ZHLJKW��DW����PLQXWHV�LQWHUYDO��,Q�DQLPDOV
RI�*URXS�,,�����PLQXWHV�ODWHU���PLGD]RODP������
PJ�NJ� ERG\�ZHLJKW�� ZDV� DOVR� DGPLQLVWHUHG
LQWUDYHQRXVO\� DV� D� SDUW� RI� SUHDQDHVWKHWLF
PHGLFDWLRQ�� )LIWHHQ� PLQXWHV� DIWHU
SUHPHGLFDWLRQ�� LQ� ERWK� WKH� JURXSV� NHWDPLQH
K\GURFKORULGH� ����PJ�NJ� ERG\�ZHLJKW�� ZDV
DGPLQLVWHUHG�LQWUDPXVFXODUO\�IRU�WKH�LQGXFWLRQ
DQG�PDLQWHQDQFH� RI� JHQHUDO� DQDHVWKHVLD�
(QGRWUDFKHDO� LQWXEDWLRQ� ZDV� FDUULHG� RXW� WR
NHHS� WKH�DLU�ZD\�SDWHQW� 'XULQJ� VXUJHU\� ILYH
SHUFHQW� GH[WURVH� VDOLQH� ZDV� DGPLQLVWHUHG
LQWUDYHQRXVO\�WR�DOO�WKH�GRJV�

7KH�VDOLHQW�FOLQLFDO�VLJQV�H[KLELWHG�E\
WKH�GRJV� IROORZLQJ� WKH�SUHPHGLFDWLRQ��GXULQJ
LQGXFWLRQ�� PDLQWHQDQFH� DQG� UHFRYHU\� RI
DQDHVWKHVLD�ZHUH�UHFRUGHG���7KH�SK\VLRORJLFDO
REVHUYDWLRQV� YL]��� UHFWDO� WHPSHUDWXUH�� SXOVH
UDWH�� UDWH� RI� UHVSLUDWLRQ�� FRORXU� RI� YLVLEOH
PXFRXV�PHPEUDQH��R[\JHQ�VDWXUDWLRQ��6S2���FDSLOODU\�UHILOO�WLPH�DQG�EORRG�FRDJXODWLRQ�WLPH
ZHUH�UHFRUGHG�EHIRUH�WKH�DGPLQLVWUDWLRQ�RI�SUH
DQDHVWKHWLF�FRPELQDWLRQV��LPPHGLDWHO\�EHIRUH�
DQG� DW� ��� DQG� ���PLQXWHV� DQG� DW� ��� KRXUV
DIWHU� WKH�DGPLQLVWUDWLRQ�RI�NHWDPLQH�

7KH�LQGXFWLRQ�WLPH�RI�DQDHVWKHVLD�ZDV
FDOFXODWHG� DV� WKH� WLPH� IURP� WKH� LQMHFWLRQ� RI
NHWDPLQH� WR� WKH� GLVDSSHDUDQFH� RI� WKH� SHGDO
UHIOH[�DQG�WKH�GXUDWLRQ�RI�VXUJLFDO�DQDHVWKHVLD
DV� WKH� WLPH� LQWHUYDO� EHWZHHQ� WKH� WLPH� RI
GLVDSSHDUDQFH�RI�SHGDO�UHIOH[�DQG�WKH�WLPH�RI
UHWXUQ�RI�SHGDO�UHIOH[��0XVFOH�UHOD[DWLRQ�WLPH
ZDV� FDOFXODWHG� DV� WKH� WLPH� LQWHUYDO� EHWZHHQ
WKH�GLVDSSHDUDQFH�DQG�WKH�UHWXUQ�RI�WKH�WRQH
RI�PXVFOHV�RI�ORZHU�MDZ� �'HSWK�RI�DQDHVWKHVLD
ZDV�HYDOXDWHG�GXULQJ�VXUJHU\�E\�DVVHVVLQJ�WKH
H[WHQW� RI� DQDOJHVLD�� GHJUHH� RI� PXVFOH
UHOD[DWLRQ�DQG�XQFRQVFLRXVQHVV��DQG�JUDGHG
DV� XQVDWLVIDFWRU\�� VDWLVIDFWRU\�� JRRG� RU� YHU\
JRRG� 7KH� GHJUHH� RI�PXVFOH� UHOD[DWLRQ ZDV
UDWHG� DV� H[FHOOHQW� �������� JRRG� ������
PRGHUDWH������DQG�SRRU������GHSHQGLQJ�XS�RQ
WKH� UHVLVWDQFH� LQ� RSHQLQJ� WKH� MDZV�PDQXDOO\
DQG� E\� WKH� DVVHVVPHQW� RI� UHOD[DWLRQ� RI� WKH
PXVFOHV� RI� WKH� DEGRPHQ� GXULQJ� VXUJHU\�

5HFRYHU\� WLPH ZDV� FDOFXODWHG� DV� WKH� WLPH
LQWHUYDO�EHWZHHQ�WKH�UHWXUQ�RI�SHGDO�UHIOH[�DQG
WKH�WLPH�ZKHQ�WKH�DQLPDO�FRXOG�VWDQG�XS�DQG
ZDON�XQDVVLVWHG���$OO�WKH�GDWD�ZHUH�VWDWLVWLFDOO\
DQDO\VHG�
5HVXOWV�DQG�'LVFXVVLRQ

7KH�REVHUYDWLRQV�DUH�SUHVHQWHG�LQ�WKH
WDEOH�7KH� FRPPRQ� FOLQLFDO� VLJQV� VXJJHVWLYH
RI� VHGDWLRQ�PDQLIHVWHG� E\� WKH� GRJV� RI� ERWK
WKH� JURXSV� IROORZLQJ� SUHPHGLFDWLRQ� ZLWK
DGPLQLVWUDWLRQ�RI�JO\FRS\UURODWH�DQG�[\OD]LQH
ZHUH�ZLQNLQJ�RI�H\HV��\DZQLQJ��LQFR�RUGLQDWLRQ
RI� PRYHPHQW� DQG� DVVXPSWLRQ� RI� VWHUQDO
UHFXPEHQF\�ZLWK�KHDG�GRZQ�SRVWXUH��$OO� WKH
GRJV� LQ�*URXS�,,�ZHUH�PDQXDOO\�FRQWUROOHG� LQ
ODWHUDO� UHFXPEHQF\� IRU� WKH� LQWUDYHQRXV
DGPLQLVWUDWLRQ� RI�PLGD]RODP� DQG� WKHUH� DIWHU
ODWHUDO�UHFXPEHQF\�ZDV�PDLQWDLQHG��7KH�RWKHU
V\PSWRPV� QRWLFHG� ZHUH� YRPLWLQJ�� OLFNLQJ�
XULQDWLRQ�DQG�GHIHFDWLRQ���7KHVH�V\PSWRPV�LQ
GRJV� IROORZLQJ� WKH�DGPLQLVWUDWLRQ�RI� [\OD]LQH
KDG�EHHQ�UHSRUWHG�E\�5DMDQNXWW\��������DQG
9DUJKHVH� �������� ;\OD]LQH� LQGXFHG� YRPLWLQJ
KDG�DOVR�EHHQ�UHSRUWHG�LQ�GRJV�E\�+DOO��������
7KH�SRVVLEOH� UHDVRQ� IRU� WKH�YRPLWLQJ�FDQ�EH
DWWULEXWHG�WR�WKH�HIIHFW�RI�[\OD]LQH���$FFRUGLQJ
WR� 0R\H� HW� DO�� �������� HPHWLF� DFWLRQ� ZDV
FRQVLGHUHG� DGYDQWDJHRXV� DV� LW� HPSWLHV� WKH
VWRPDFK�WKHUHE\�HOLPLQDWLQJ�WKH�SRVVLELOLW\�RI
DVSLUDWLRQ�GXULQJ�VXUJHU\�DQG�SRVWRSHUDWLYHO\�

,QGXFWLRQ�RI�DQDHVWKHVLD�ZDV�VPRRWK
LQ� ERWK� WKH� JURXSV�� 7KH� LQGXFWLRQ� WLPH� RI
DQDHVWKHVLD�ZDV�IRXQG�TXLFNHU�LQ�JURXS�,,�GRJV
�������������PLQ��WKDQ�LQ�JURXS�,�������������
PLQ�� GXH� WR� WKH� DGGHG� VHGDWLYH� HIIHFW� RI
PLGD]RODP�� � 6LPLODU� ILQGLQJV� ZHUH� DOVR
UHSRUWHG� E\� +HOO\HU� HW� DO�� ������� ZKHQ
PLGD]RODP�ZDV� FRPELQHG�ZLWK� NHWDPLQH�� ,Q
*URXS�,�DQLPDOV�HQGRWUDFKHDO�LQWXEDWLRQ�FRXOG
EH�SHUIRUPHG�RQO\�ZLWK�UHVLVWDQFH��EXW�LW�ZDV
HDV\� LQ� *URXS� ,,� LQ� ZKLFK�PLGD]RODP�ZDV
LQFOXGHG� IRU� SUHPHGLFDWLRQ�� +HOO\HU� HW� DO�
������� DOVR� UHSRUWHG� UDSLG� LQWXEDWLRQ� DV� DQ
DGGHG� DGYDQWDJH� RI� PLGD]RODP�NHWDPLQH
FRPELQDWLRQ� LQ� GRJV�� VLQFH� LW� DEROLVKHG� WKH
VZDOORZLQJ�UHIOH[�

7KH�PXVFOH�UHOD[DWLRQ�WLPH�ZDV�PRUH
LQ�*URXS�,,� ������������PLQ�� WKDQ� LQ�*URXS�,
������� ������PLQ��� � 7KH� GHJUHH� RI�PXVFOH
UHOD[DWLRQ� ZDV� SRRU� LQ� IRXU� DQLPDOV� DQG
PRGHUDWH�LQ�WZR�DQLPDOV�LQ�*URXS�,�DQG�JRRG
LQ�DOO�GRJV�RI��*URXS�,,��/XQD�HW�DO���������KDG
UHSRUWHG�H[FHOOHQW�PXVFOH�UHOD[DWLRQ�LQ�KRUVHV
IROORZLQJ� WKH� DGPLQLVWUDWLRQ� RI�PLGD]RODP�
[\OD]LQH� FRPELQDWLRQ�
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�� 0LGD]RODP�SUHPHGLFDWLRQ�LQ�NHWDPLQH�DQDHVWKHVLD�LQ�GRJV���

7KH� GHSWK� RI� DQDHVWKHVLD� ZDV
VDWLVIDFWRU\� LQ� *URXS� ,,�� EXW� ZDV� QRW
VDWLVIDFWRU\� LQ� DOO� WKH� DQLPDOV� RI� *URXS� ,�
+HQFH� WR� FRPSOHWH� WKH� VXUJLFDO� SURFHGXUH�
ORFDO�LQILOWUDWLRQ�DQDHVWKHVLD�DW�WKH�ODSDURWRP\
VLWH� XVLQJ� ��� OLJQRFDLQH� K\GURFKORULGH�ZDV
DOVR�UHVRUWHG�WR���)URP�WKH�VWXG\�� LW�FRXOG�EH
LQIHUUHG� WKDW� [\OD]LQH� DQG� NHWDPLQH
FRPELQDWLRQ�DW�WKH�GRVH�UDWH�RI���PJ�NJ�DQG
���PJ�NJ� UHVSHFWLYHO\�PD\� QRW� EH� DOZD\V
VDWLVIDFWRU\� IRU� VXUJLFDO� SURFHGXUHV� OLNH
ODSDURWRP\�� EXW� LW� FRXOG� EH� DFKLHYHG�PRUH
VDWLVIDFWRULO\� LQ� WKRVH� DQLPDOV� SUHPHGLFDWHG
ZLWK�PLGD]RODP�

7KH� GXUDWLRQ� RI� DQDHVWKHVLD� � � ZDV
SURORQJHG� LQ�*URXS� ,,� � � ������� �� �����PLQ�
WKDQ� LQ�*URXS� ,� ������� �� �����PLQ��� 'XULQJ

UHFRYHU\� LQ� D� IHZ� RI� *URXS� ,� DQLPDOV�
YRFDOL]DWLRQ�ZDV� QRWLFHG��7KH� UHFRYHU\� WLPH
ZDV�IRXQG�PRUH�LQ�*URXS�,,�ZHUH�PLGD]RODP
ZDV� LQFOXGHG� IRU� SUHPHGLFDWLRQ� �����������
PLQ�� WKDQ� LQ�*URXS� ,,� ������������PLQ��PD\
EH� GXH� WR� LWV� K\SQRWLF� DFWLRQ� �.DQWR�HW� DO��
������� �$OO� WKH� DQLPDOV� KDG� DQ� XQHYHQWIXO
UHFRYHU\�� WKRXJK� WKH� GRJV� VKRZHG� YDU\LQJ
GHJUHH�RI�GXOOQHVV��ZKLFK�ODVWHG�IRU�WZR�WR�VL[
KRXUV� DQG� KDG� QRUPDO� IRRG� LQWDNH� IURP� WKH
QH[W�GD\�RQZDUGV�

7KHUH�ZDV�PDUJLQDO�GHFUHDVH�LQ�UHFWDO
WHPSHUDWXUH� DIWHU� SUHPHGLFDWLRQ� DQG� GXULQJ
DQDHVWKHVLD� LQ�ERWK� WKH�JURXSV��'HFUHDVH� LQ
UHFWDO� WHPSHUDWXUH� GXULQJ� [\OD]LQH�NHWDPLQH
DQDHVWKHVLD� � � �6KDUPD�HW� DO��� ������0RKDQ�
������DQG����PLGD]RODP�[\OD]LQH�DQDHVWKHVLD

7DEOH����2EVHUYDWLRQV�RQ�SK\VLRORJLFDO�SDUDPHWHUV�EHIRUH�DQG�DIWHU�SUHPHGLFDWLRQ�GXULQJ
DQDHVWKHVLD�DQG�UHFRYHU\��DQG�DW���K���*URXS�,�DQG�,,���0HDQ���6(���Q �

�3�������6LJQLILFDQW�DW���SHU�FHQW�OHYHO�

�5RZ�PHDQV�FRPSDUHG�WR�WKH�PHDQ�YDOXH�EHIRUH�SUHPHGLFDWLRQ

�&ROXPQ�PHDQV�ZLWK�DOSKDEHWLF�VXSHUVFULSWV�LQ�FRPPRQ��D��E��F��G��LV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW�
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0�.�1DUD\DQDQ�HW�DO�

LQ�GRJV��.RF�HW�DO���������KDG�EHHQ�UHSRUWHG�
7KH� GHFUHDVH� LQ� ERG\� WHPSHUDWXUH� GXULQJ
DQDHVWKHVLD� FDQ� EH� DWWULEXWHG� WR� WKH
GHSUHVVDQW�HIIHFW�RI� WKH�GUXJV�RQ�WKH�FHQWUDO
QHUYRXV� V\VWHP�� � 3HULSKHUDO� YDVRGLODWDWLRQ
DOVR�PD\�EH�D�FRQWULEXWLQJ�IDFWRU�LQ�PLGD]RODP
SUHPHGLFDWLRQ���5DPDVZDP\�HW�DO���������.RF
HW�DO���������RSLQHG�WKDW�WKH�GHFUHDVH�LQ�ERG\
WHPSHUDWXUH� GXULQJ� [\OD]LQH�PLGD]RODP
DQDHVWKHVLD� FRXOG� EH� GXH� WR� SHULSKHUDO
YDVRGLODWDWLRQ�� GHFUHDVH� RI� EDVDO�PHWDEROLF
UDWH� DQG� PXVFOH� WRQH� DQG� GHSUHVVLRQ� RI
WKHUPRUHJXODWRU\�PHFKDQLVP�

7KHUH�ZDV�GHFUHDVH�LQ�SXOVH�UDWH�DIWHU
SUHPHGLFDWLRQ�� GXULQJ� DQDHVWKHVLD� DQG
UHFRYHU\�LQ�DOO�WKH�JURXSV�WKRXJK�WKHUH�ZDV�D
PLOG�LQFUHDVH�DIWHU�SUHPHGLFDWLRQ�LQ�*URXS�,�
%XW� LQ�*URXS� ,,�� VXFK� DQ� LQFUHDVH�ZDV� QRW
REVHUYHG�SUREDEO\�GXH�WR�WKH�VHGDWLYH�HIIHFW
RI�PLGD]RODP��$�GHFUHDVHG�KHDUW�UDWH�IROORZHG
E\�QRUPDO�YDOXH�GXULQJ� UHFRYHU\� LQ�[\OD]LQH�
PLGD]RODP�DQDHVWKHVLD��.RF�HW�DO���������KDG
EHHQ�UHSRUWHG�

7KHUH�ZDV�GHFUHDVH�LQ�UHVSLUDWLRQ�UDWH
IROORZLQJ� SUHPHGLFDWLRQ� LQ� ERWK� WKH� JURXSV�
'HFUHDVH� LQ� UHVSLUDWLRQ� UDWH� IROORZLQJ� WKH
DGPLQLVWUDWLRQ�RI�[\OD]LQH��3HVKLQ�HW�DO���������
PLGD]RODP� �%LVKQRL� DQG� 6DLQL�� ����D��
NHWDPLQH� �+DVNLQV� HW� DO��� ������� [\OD]LQH�
NHWDPLQH� �+DVNLQ�HW�DO��� ������DQG�[\OD]LQH�
PLGD]RODP� �.RF� HW� DO��� ������ KDG� EHHQ
UHSRUWHG�LQ�GRJV�

7KH� FRORXU� RI� WKH� YLVLEOH� PXFRXV
PHPEUDQH�ZDV�SDOH�URVHDWH�LQ�DOO�WKH�DQLPDOV
WKURXJKRXW�WKH�SHULRG�RI�REVHUYDWLRQ��LQGLFDWLQJ
WKH� VWDELOLW\� RI� SHULSKHUDO� FLUFXODWLRQ� � �7KHUH
ZDV�VLJQLILFDQW��3�������LQFUHDVH�LQ�632��OHYHODIWHU�SUHPHGLFDWLRQ�LQ�*URXS�,�DQG�,,�

7KH� FDSLOODU\� UHILOO� WLPH� ZDV� VHHQ
GHFUHDVHG� DIWHU� SUHPHGLFDWLRQ� LQ� *URXS� ,
������������DQG�*URXS�,,��������������'XULQJ
DQDHVWKHVLD� LW� ZDV� LQFUHDVHG� LQ� *URXS� ,,
������������ZKHUH�PLGD]RODP�ZDV� LQFOXGHG
IRU� SUHPHGLFDWLRQ�� �7KLV� LQFUHDVHG� FDSLOODU\
UHILOO�WLPH�QRWLFHG�PD\�EH�GXH�WR�WKH�SHULSKHUDO
YDVRGLODWDWLRQ� HIIHFW� DQG� WKH� ORVV� RI�PXVFOH
WRQH� SURGXFHG� E\� PLGD]RODP� �.RF� HW� DO��
�������7KHUH�ZDV�DQ�LQFUHDVH�LQ�FRDJXODWLRQ
WLPH� DIWHU� SUHPHGLFDWLRQ� DQG� GXULQJ
DQDHVWKHVLD�LQ�ERWK�WKH�JURXSV�

7KHUH� ZDV� VLJQLILFDQW� LQFUHDVH� LQ
V\VWROLF� EORRG� SUHVVXUH� LQ�*URXS� ,� ��������
������ � DQG� DIWHU� SUHPHGLFDWLRQ�� GXULQJ
DQDHVWKHVLD�DQG� UHFRYHU\�ZKHUHDV� LQ�*URXS

,,��ZKHUH�PLGD]RODP�ZDV�LQFOXGHG��WKHUH�ZDV
VLJQLILFDQW� LQFUHDVH� GXULQJ� DQDHVWKHVLD
���������������0HOYLQ�HW�DO���������DQG�6KHQR\
HW�DO���������DOVR�REVHUYHG�VLJQLILFDQW�GHFUHDVH
LQ� V\VWROLF� SUHVVXUH� IROORZLQJ� WKH
DGPLQLVWUDWLRQ� RI� PLGD]RODP�� 7KHUH� ZDV
LQFUHDVH� LQ� GLDVWROLF� SUHVVXUH� DIWHU
SUHPHGLFDWLRQ�LQ�*URXS�,����������������ZKLOH
LW�ZDV� �������������� LQ�*URXS� ,,�� EXW� GXULQJ
DQDHVWKHVLD� LW� VKRZHG�D� VLJQLILFDQW� LQFUHDVH
LQ� ERWK� WKH� JURXSV�� 7KHUH� ZDV� VLJQLILFDQW
LQFUHDVH� LQ� PHDQ� EORRG� SUHVVXUH� DIWHU
SUHPHGLFDWLRQ�DQG�GXULQJ�DQDHVWKHVLD�ZLWK�D
GHFUHDVLQJ� WUHQG� GXULQJ� UHFRYHU\� LQ� DOO� WKH
JURXSV�

)URP� WKH� SUHVHQW� VWXG\�� LW� FRXOG� EH
FRQFOXGHG� WKDW�� PLGD]RODP� ZLWK
JO\FRS\UURODWH�[\OD]LQH� FRPELQDWLRQ� DV
SUHDQDHVWKHWLF�PHGLFDWLRQ�SURGXFHG�DGHTXDWH
VHGDWLRQ� LQ� GRJV�� 7KLV� SUHDQDHVWKHWLF
FRPELQDWLRQ� LQ� NHWDPLQH� DQDHVWKHVLD
SHUPLWWHG� HDV\� HQGRWUDFKHDO� LQWXEDWLRQ�
UHVXOWHG� LQ� JRRG� PXVFOH� UHOD[DWLRQ� DQG
VDWLVIDFWRU\�GHSWK�DQG�GXUDWLRQ�RI�DQDHVWKHVLD
DQG�VPRRWK�UHFRYHU\��IRU�VXUJLFDO�SURFHGXUHV
RI�VKRUW�GXUDWLRQ�
$FNQRZOHGJHPHQW

$XWKRUV� DUH� WKDQNIXO� WR� WKH� 'HDQ�
&ROOHJH� RI� 9HWHULQDU\� DQG�$QLPDO� 6FLHQFHV�
0DQQXWK\�IRU�WKH�IDFLOLWLHV�SURYLGHG�
5HIHUHQFHV
%LVKQRL�� 3�� DQG� 6DLQL�� 1�6�� �����

&DUGLRUHVSLUDWRU\�HIIHFWV�RI�PLGD]RODP
LQ�FDOYHV��9HW��3UDFW����������

&ODUN��'�0���0DUWLQ��5�$�DQG�6KRUW��&�$�������
&DUGLRSXOPRQDU\� UHVSRQVHV� WR
[\OD]LQH�NHWDPLQH�DQDHVWKHVLD�LQ�WKH
GRJ��-��$P��$QLP��+RVS��$VVRF������
��������

+DOO�� /�:�� ������ 3UHPHGLFDWLRQ� LQ� FDQLQH
DQDHVWKHVLD��&DQLQH�3UDFW������������

+DVNLQV�� 6�&��� )DUYHU�� 7�%�� DQG� 3DW]�� -�'�
�������.HWDPLQH�LQ�GRJV��$P��-��9HW�
5HV����������������

+DVNLQV�� 6�&��� 3DW]�� -�'�� DQG� )DUYHU�� 7�%�
������ � ;\OD]LQH� DQG� [\OD]LQH�
NHWDPLQH� LQ� GRJV��$P�� -��9HW��5HV��
������������

+HOO\HU�� 3�:��� )UHHPDQ�� /�&�� DQG� +XEEHOO�
-�$�(��������,QGXFWLRQ�RI�DQDHVWKHVLD
ZLWK� GLD]HSDP�NHWDPLQH� DQG
PLGD]RODP�NHWDPLQH� LQ�*UH\KRXQGV�
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�� 0LGD]RODP�SUHPHGLFDWLRQ�LQ�NHWDPLQH�DQDHVWKHVLD�LQ�GRJV���

9HW��6XUJ��������������
.DQWR��-���6MRYDOO��6��DQG�9URVL��$���������(IIHFW

RI�GLIIHUHQW�NLQGV�RI�SUHPHGLFDWLRQ�RQ
WKH�LQGXFWLRQ�SURSHUWLHV�RI�0LGD]RODP�
%U��-��$QDHVWK��������������

.RF��<���$ONDQ��)��DQG�.XO��0���������(IIHFWV�RI
DQDHVWKHWLF� O LNH� FRPELQDWLRQ� RI
PLGD]RODP� DQG� [\OD]LQH� RQ� FHUWDLQ
FOLQLFDO� SDUDPHWHUV� LQ� GRJV�� � ,QGLDQ
9HW��-�� �������������

/XQD�� 6�3�/��� 0DVVRQH�� )��� &DVWUR�� *�%��
)DQWRQL�� '�7��� +XVVQL�� &�$�� DQG
$JXLDU��$�-�$�� � ������$� FRPELQDWLRQ
RI�PHWKRWULPHSDUD]LQH�� PLGD]RODP
DQG� JXDLSKHQHVLQ� ZLWK� DQG�ZLWKRXW
NHWDPLQH��LQ�DQ�DQDHVWKHWLF�SURFHGXUH
LQ�KRUVHV��9HW��5HF�������������

0HOYLQ��0�$���-RKQVRQ��%�+���4XDVKD��$�/��DQG
(JHU�� (�,�� ������ ,QGXFWLRQ� RI
DQDHVWKHVLD� ZLWK� PLGD]RODP
GHFUHDVHV�KDORWKDQH�0$&�LQ�KXPDQV�
$QDHVWKHVLRO��������������

0RKDQ��0�5�� ������&RPSDUDWLYH� HIILFDF\� RI
[\OD]LQH� DQG� [\OD]LQH�NHWDPLQH
SUHPHGLFDWLRQ� RQ� SURSRIRO
DQDHVWKHVLD�IRU�&DHVDUHDQ�VHFWLRQ�LQ
GRJV�� 0�9�6F�� 7KHVLV�� .HUDOD
$JULFXOWXUDO�8QLYHUVLW\��7KULVVXU�����S�

0R\H��5�-���3DLOHW��$��DQG�6PLWK��0�:�������
&OLQLFDO� XVH� RI� [\OD]LQH� LQ� GRJV� DQG
FDWV��9HW��0HG��������������

3HVKLQ�� 3�.��� .XPDU��$�� DQG�6LQJK��+������
&DUGLRYDVFXODU�UHVSLUDWRU\� DQG
KDHPDWRORJLF�DQG�VHGDWLYH�HIIHFWV�RI

[\OD]LQH�LQ�GRJV��,QGLDQ�-��9HW��6XUJ��
��������

�5DMDQNXWW\��.��������*HQHUDO�DQDHVWKHVLD�LQ
GRJV� ZLWK� WL OHWDPLQH�]ROD]HSDP�
3K�'�� 7KHVLV�� .HUDOD�$JULFXOWXUDO
8QLYHUVLW\��7KULVVXU������S�

5DPDVZDP\�� 9��� %DODVXEUDPDQLDQ�� 1�1�
*RSDO�� 0�6�� DQG� 'DYLG��$�� �����
6WXGLHV� RQ� HIILFDF\� RI� NHWDPLQH
K\GURFKORULGH� DV� D� JHQHUDO
DQDHVWKHWLF� LQ� FRPELQDWLRQ� ZLWK
[\OD]LQH��GLD]HSDP�DQG�SURPD]LQH�LQ
FDQLQHV��TXDQWLWDWLYH�FKDQJHV���,QGLDQ
9HW��-��������������

6KDUPD�6�.���.XPDU��$��DQG�6LQJK��+�3��������
(IIHFWV� RI� [\OD]LQH� RQ� WKLRSHQWRQH
VRGLXP�LQGXFHG�DQDHVWKHVLD�LQ�GRJV�
,QGLDQ�-��9HW��6XUJ�����������

6KHQR\�� 6��� .DXO�� +�� /�� DQG�0XUDOLGKDU�� 9�
������ ,QGXFWLRQ� FKDUDFWHULVWLFV� RI
PLGD]RODP� DQG� WKLRSHQWRQH�$
FRPSDULVRQ�� -�� $QDHVWK�� &OLQ�
3KDUPDFRO����������

7UDQTXLOOL��:�-���*URVV��0�(�� 7KXUPRQ�� -�&�
DQG�%HQVRQ��*�-��������(YDOXDWLRQ�RI
WKUHH�PLGD]RODP�[\OD]LQH�PL[WXUHV�
SUHOLPLQDU\�WULDOV�LQ�GRJV��9HW��6XUJ��
�����������

9DUJKHVH��3��������&OLQLFDO�HYDOXDWLRQ�RI� WKH
FRPSDUDWLYH�HIILFDF\�RI�[\OD]LQH�DQG
[\OD]LQH�NHWDPLQH� SUHPHGLFDWLRQ� LQ
WKLRSHQWRQH� DQDHVWKHVLD� LQ� GRJV�
0�9�6F�� 7KHVLV�� .HUDOD�$JULFXOWXUDO
8QLYHUVLW\��7KULVVXU�����S�


