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0DPPHQ�-��$EUDKDP��DQG
$��6XQGDUDUDM�
'HSDUWPHQW�RI�3DWKRORJ\
0DGUDV�9HWHULQDU\�&ROOHJH
9HSHU\��&KHQQDL�±���������

$EVWUDFW
7KH�REMHFW�RI�WKLV�VWXG\�ZDV�WR�DVVHVV

WKH� WXPRXU� SURPRWLQJ� SRWHQWLDO� RI
3KHQREDUELWDO� �3%�� DIWHU� LQLWLDWLRQ� ZLWK 1�
1LWURVRPHWK\OXUHD��108����,Q�WKH�108�JURXS�
KHSDWRF\WHV�VKRZHG�PLOG�WR[LF�FKDQJHV���7KH
NLGQH\�PDQLIHVWHG� GHJHQHUDWLYH� FKDQJHV�
7KHUH� ZHUH� VTXDPRXV� FHOO� K\SHUSODVWLF
FKDQJHV� LQ� WKH� VWRPDFK�� � ,Q� WKH�108���3%
JURXS�� WKH� OLYHU� VKRZHG� WR[LF� FKDQJHV� OLNH
YDFXRODWLRQ�� JUDQXODULW\� DQG� QHFURVLV� RI
KHSDWRF\WHV�DV�ZHOO�DV�SUHQHRSODVWLF�FKDQJHV
OLNH� FOHDU� FHOO� IRFL� DQG� IRFDO� KHSDWRFHOOXODU
G\VSODVLD���8OWUDVWUXFWXUDOO\�WKH�QXFOHL�RI�KHSDWLF
FHOOV� VKRZHG� DQ� LQFUHDVH� LQ� LQWHUFKURPDWLRQ
JUDQXOHV���%HVLGHV��QXPHURXV�YDFXROHV�ZHUH
DOVR�VHHQ�LQ�WKH�F\WRSODVP�ZKLFK�FRXOG�EH�GXH
WR�GLODWDWLRQ�DQG�YHVLFXODWLRQ�RI�5(5�DQG�6(5
GXH� WR� LQJUHVV�RI�ZDWHU�� �7KH�RWKHU�FKDQJHV
LQFOXGHG�K\SHUDHPLD�DQG�WXEXODU�GHJHQHUDWLRQ
LQ� WKH� NLGQH\�� SHULYDVFXODU� FROOHFWLRQ� RI
PRQRQXFOHDU�FHOOV�LQ�WKH�OXQJV��PLOG�JOLRVLV�ZLWK
IRFDO� SUROLIHUDWLRQ� RI�PHQLQJHDO� FHOOV� LQ� WKH
EUDLQ�� � ,Q� WKH� WHVWHV�� WKHUH�ZHUH� QHFURVLV� RI
VSHUPDWLGV�DQG�DFFXPXODWLRQ�RI�GHEULV�LQ�WKH
VHPLQLIHURXV�WXEXOHV���0DPPDU\�JODQG�VKRZHG
DGHQRPD� WRXV�K\SHUSODVLD�� � 7KH� FKDQJHV� LQ
WKH� XULQDU\� EODGGHU� PXFRVD� YDULHG� IURP
PDUNHG�HSLWKHOLDO�SUROLIHUDWLRQ�WR�SDSLOORPDWRXV
IROGLQJV�
.H\ZRUGV��3KHQREDUELWDO�� 1�1LWURVRPHWK\O
XUHD


3DUW�RI�3K�'��WKHVLV�VXEPLWWHG�E\�WKH�ILUVW�DXWKRU�WR�7$189$6��&KHQQDL���
�$VVRFLDWH�3URIHVVRU��&9$6��0DQQXWK\
�3URIHVVRU�DQG�+HDG��5HWG��

1�1LWURVRPHWK\OXUHD� �108�� ZKLFK
EHORQJV� WR� WKH�1�QLWURVR� JURXS� RI� FKHPLFDO
FRPSRXQGV�KDYH�EHHQ�IRXQG�LQ�ORZ�TXDQWLWLHV
LQ� WKH� KXPDQ�HQYLURQPHQW� DQG�PD\� DOVR� EH
IRUPHG�IURP�SUHFXUVRUV�LQ�WKH�KXPDQ�ERG\��,W
LV�D�YHU\�SRWHQW� UHVRUSWLYH�FDUFLQRJHQ�ZKLFK
FDQ�LQGXFH�WXPRXU�IRUPDWLRQ�LQ�VHYHUDO�RUJDQV
LQ�PDQ\� VSHFLHV� RI� DQLPDOV� �7DOFRWW�HW� DO��
������

3KHQREDUELWDO� LV� D� PLWRJHQ� DQG
SRWHQW� WXPRXU� SURPRWHU� ZKLFK� FRXOG� H[HUW
WXPRXU� SURPRWLRQ� HIIHFW� RQ� D� SUH�H[LVWLQJ
GRUPDQW� WXPRULJHQLF� OHVLRQ�� � �5ROI� 6FKXWOH�
+HUPDQQ��HW�DO�����������$Q�H[SHULPHQWDO�VWXG\
ZDV�XQGHUWDNHQ�ZLWK�WKH�REMHFWLYH�RI�DVVHVVLQJ
WKH�PRGLI\LQJ�HIIHFWV�RI�WKH�WXPRXU�SURPRWHU�
SKHQREDUELWDO� RQ� WKH� PXOWLRUJDQ� FDUFLQR
JHQHVLV�VXEVHTXHQW�WR�LQLWLDWLRQ�E\�108�
0DWHULDOV�DQG�0HWKRGV

7KUHH� JURXSV� RI� UDWV�� HDFK� JURXS
FRPSULVLQJ� ���PDOH� UDWV� DQG� ��� IHPDOH� UDWV
ZHUH� UDQGRPO\� VHOHFWHG�� �2QH� JURXS� RI� UDWV
ZHUH�PDLQWDLQHG�DV�XQWUHDWHG�FRQWURO�JURXS�
WKH�VHFRQG�JURXS�ZDV�DGPLQLVWHUHG�IRXU�GRVHV
RI�108�DW�D�GRVDJH� UDWH�RI����PJ��NJ�ERG\
ZHLJKW�LQWUDSHULWRQHDOO\�DW�������DQG����GD\V�
7KH�WKLUG�JURXS�ZDV�DGPLQLVWHUHG�IRXU�LQLWLDWLQJ
GRVHV�RI�108�DW�WKH�UDWH�RI����PJ��NJ��ERG\
ZHLJKW�LQWUDSHULWRQHDOO\�DW��������DQG����GD\V
IROORZHG� E\� GDLO\� DGPLQLVWUDWLRQ� RI
SKHQREDUELWDO�DW�WKH�OHYHO�RI�������LQ�WKH�EDVDO

5HFHLYHG�����������
$FFHSWHG�����������
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0DPPHQ�-��$EUDKDP�DQG�$��6XQGDUDUDM

GLHW���$OO�WKH�JURXSV�RI�H[SHULPHQWDO�UDWV�ZHUH
PDLQWDLQHG� IRU� D� SHULRG� RI� ���ZHHNV� DQG� DOO
WKH� VXUYLYLQJ� UDWV� ZHUH� VDFULI LFHG� DQG
VXEMHFWHG� WR� GHWDLOHG� JURVV� SDWKRORJ\�
KLVWRSDWKRORJ\�DQG�(0�6WXGLHV�
5HVXOWV�DQG�'LVFXVVLRQ

,Q� WKH�108�JURXS� WKH� OLYHU� VKRZHG
PLOG�WR[LF�FKDQJHV�ZKLFK�LQFOXGHG�JUDQXODULW\
RI�WKH�KHSDWRF\WHV��PLOG�SRUWDO�LQILOWUDWLRQ�DQG
RFFDVLRQDO�YHQRXV�VWDVLV���6LQFH�WKHVH�JURXSV
RI� DQLPDOV�ZHUH� VDFULILFHG� QHDUO\� ���ZHHNV
DIWHU� WKH� GLVFRQWLQXDWLRQ� RI� 108
DGPLQLVWUDWLRQ�� WKH� DERYH� REVHUYHG� FKDQJHV
FRXOG� EH� LQGLFDWLYH� RI� UHFRYHU\� IURP� WR[LF
HIIHFWV� RI�108�DV� REVHUYHG� E\� )UHL� �������
7KH� OXQJV� VKRZHG� IRFDO� FROOHFWLRQ� RI
PRQRQXFOHDU�FHOOV�ZKLOH�WKH�VWRPDFK�VKRZHG
VTXDPRXV� FHOO� K\SHUSODVLD�� �7KH�PXFRVD� RI
WKH� XULQDU\� EODGGHU� VKRZHG� HSLWKHOLDO
K\SHUSODVLD� WKDW� IRUPHG� SDSLOOLIHURXV� IROGV
�)LJ����� �1RUPDOO\� WKH� XULQDU\� EODGGHU� KDV� D
ORZ�PLWRWLF�LQGH[���,Q�WKLV�FDVH�WKH�SHUVLVWHQFH
RI� WKH� K\SHUSODVWLF� FKDQJHV� FRXOG� EH
VXJJHVWLYH�RI�D� WHQGHQF\� WRZDUGV�QHRSODVWLF

WUDQVIRUPDWLRQ��$�VLQJOH�F\WRWR[LF�GRVH�RI�108
����� PJ�� DGPLQLVWHUHG� LQWUDYHVLFXODUO\
SURGXFHG�UHYHUVLEOH�K\SHUSODVLD�RI�WKH�EODGGHU
HSLWKHOLXP��+LFNV�DQG�:DNHILHOG��������

7KH�NLGQH\V�VKRZHG�SULPDULO\�GLIIXVH
K\SHUDHPLD�DQG�GHJHQHUDWLYH�FKDQJHV�LQ�WKH
WXEXODU�HSLWKHOLDO�FHOOV���7KRXJK�108�KDV�EHHQ
VKRZQ� WR� SURGXFH� H[WHQVLYH�PHWK\ODWLRQ� RI
QXFOHL�DFLGV�LQ�WKH�NLGQH\V��6ZDQQ�DQG�0DJHH�
������ WKLV� KDG� QR� DVVRFLDWLRQ� ZLWK� DQ\
VLJQLILFDQW�WR[LF�FKDQJH�LQ�WKH�NLGQH\�

,Q�WKH�108���3%�JURXS�RI�WKLV�VWXG\�
WKH�OLYHU�VKRZHG�WR[LF�FKDQJHV�FKDUDFWHULVHG
E\�YDFXRODWLRQ�RI�WKH�KHSDWRF\WHV��JUDQXODULW\
DQG� QHFURVLV�� %HVLGHV�� WKHUH� ZHUH
SUHQHRSODVWLF� FKDQJHV� LQ� WKH� IRUP� RI� IRFDO
KHSDWRFHOOXODU� G\VSODVLD� FKDUDFWHULVHG� E\
LQGLYLGXDOLVDWLRQ� RI� KHSDWRF\WHV�� KHSDWR
F\WRPHJDO\� DQG� NDU\RPHJDO\� �)LJ����
8OWUDVWUXFWXUDOO\� WKHUH� ZDV� DQ� LQFUHDVH� RI
LQWHUFKURPDWLQ� JUDQXOHV� DQG� WKLV� DOWHUDWLRQ
FRXOG�UHSUHVHQW�DOWHUQDWH�VLWHV�IRU�WKH�V\QWKHVLV
RI� 51$� VLQFH� WKH� WR[LFLW\� RI� 108� DQG
SKHQREDUELWDO� FRXOG� LQKLELW� QXFOHRODU� 51$
V\QWKHVLV� �6YRERGD� DQG�+LJJLQVRQ�� ������
0RUHRYHU� F\WRFDYLWLHV� FRXOG� DOVR� EH� VHHQ
ZKLFK� FRXOG� EH� GXH� WR� WKH� GLODWDWLRQ� DQG
YHVLFXODWLRQ�RI�WKH�5(5�DV�ZHOO�DV�WKDW�RI�WKH
SUROLIHUDWHG�6(5��IROORZLQJ�WKH�LQJUHVV�RI�ZDWHU
�)LJ����7KH� YHVLFOHV� SURGXFHG� E\
IUDJPHQWDWLRQ� RI� 5(5� LQ� KHSDWRF\WHV� DUH
XVXDOO\� VSDUVHO\� SRSXODWHG� E\� ULERVRPHV
ZKLFK�FRXOG�EH�GXH�WR�GHJUDQXODWLRQ�RI�5(5
DQG� WKH� LQYROYHPHQW� RI� 6(5� DQG� *ROJL
FRPSOH[� LQ�YHVLFOH� IRUPDWLRQ�

7KH� RWKHU� SURPLQHQW� FKDQJHV
LQFOXGHG� K\SHUDHPLD� DQG� WXEXODU� FHOO
GHJHQHUDWLRQ�LQ�WKH�NLGQH\V��IRFDO�SUROLIHUDWLRQ
RI� HSHQG\PDO� FHOOV� LQ� WKH� EUDLQ�� IRFDO
VTXDPRXV�FHOO�K\SHUSODVLD�DQG�SDSLOORPDWRXV
JURZWKV�LQ�WKH�VWRPDFK�

)LJ��� 108�JURXS� ��0XFRVD�RI� WKH�XULQDU\
EODGGHU�VKRZLQJ�HSLWKHOLDO�K\SHUSODVLD�IRUPLQJ
SDSLOOLIHURXV� IROGV

)LJ�� ��� 108� �� 3%� JURXS� �� /LYHU� VHFWLRQ
VKRZLQJ� IRFDO� KHSDWRF\WHV� G\VSODVLD
FKDUDFWHULVHG� E\� LQGLYLGXDOLVDWLRQ�
KHSDWRF\WRPHJDO\�DQG�NDU\RPHJDO\

)LJ�������8OWUDVWUXFWXUH�RI�KHSDWRF\WHV�VKRZLQJ
F\WRFDYLWLHV�DQG�HOHFWURQ�GHQVH�F\WRVRO
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,Q� WKH� WHVWHV�� WKHUH�ZHUH�QHFURVLV�RI
VSHUPDWLGV�DQG�DFFXPXODWLRQ�RI�GHEULV�LQ�WKH
VHPLQLIHURXV� WXEXOHV�� � 0DPPDU\� JODQGV
VKRZHG� DGHQRPDWRXV� K\SHUSODVLD�� � 7KH
FKDQJHV�LQ�WKH�XULQDU\�EODGGHU�PXFRVD�YDULHG
IURP� PDUNHG� HSLWKHOLDO� SUROLIHUDWLRQ� WR
SDSLOORPDWRXV� IROGLQJV�

7KH� VWLPXODWRU\� HIIHFW� RI
SKHQREDUELWDO� RQ� WKH� R[LGL]HG� OLSLGV�
SUROLIHUDWLYH�DFWLYLW\��NLQHWLFV�RI�'1$�V\QWKHVLV
DQG�FHOO�F\FOH�WLPH�DOWHUDWLRQ�LQ�WKH�OLYHU�PD\
EH� WKH� PHFKDQLVPV� E\� ZKLFK� WKH� QRQ�
JHQRWR[LF�PLWRJHQ� LQGXFHV� LWV� FDUFLQRJHQLF
DFWLRQ� �(O�6RNNDU\�� ������3KHQREDUELWDO� LV� D
OLYHU�PLWRJHQ�ZKLFK� ZKHQ� DGPLQLVWHUHG� IRU
VHYHUDO� PRQWKV� WR� UDWV�� SUHWUHDWHG� ZLWK� D
FDUFLQRJHQ�ZDV�VKRZQ�WR�UHVXOW�LQ�DQ�LQFUHDVH
LQ�WKH�VL]H�DQG�QXPEHU�RI�SUHQHRSODVWLF�LVODQGV
LQ�WKH�OLYHU��3LWRW�HW�DO�����������7KH�DSSHDUDQFH
RI�OLYHU�WXPRXUV�LQ�WKH�PLWRJHQ�WUHDWHG�DQLPDOV
UHVXOWHG� IURP� SURPRWLRQ� RI� D� SUH�H[LVWLQJ
GRUPDQW� WXPRULJHQLF� OHVLRQ� RI� JHQHWLF� RU
HQYLURQPHQWDO� RULJLQ�� � $V� ZLWK� SDUWLDO
KHSDWHFWRP\�WKH�PDLQ�DFWLYLW\�RI�PLWRJHQ��OLNH
SKHQREDUELWDO�ZDV�WR�VWLPXODWH�'1$�V\QWKHVLV
�5ROI�6FKXOWH�±�+HUPDQQ�HW�DO���������
5HIHUHQFHV
(O�6RNNDU\��*�+�� ������$Q� DXWRUDGLRJUDSKLF

VWXG\� RI� FHOOXODU� SUROLIHUDWRQ�� '1$
V\QWKHVLV�DQG�FHOO�F\FOH�YDULDELOLW\� LQ
WKH�UDW�OLYHU�FDXVHG�E\�SKHQREDUELWDO�
LQGXFHG� R[LGDWLYH� VWUHVV�� WKH
SURWHFWLYH�UROH�RI�PHODWRQLQ��&HOO�0RO�
%LRO��/HWW����������������

)UHL��-��9���������7R[LFLW\��WLVVXH�FKDQJHV�DQG

WXPRU�LQGXFWLRQ�LQ�LQEUHG�VZLVV�PLFH
E\� PHWK\O� QLWURVDPLQH� DQG� DPLGH
FRPSRXQGV��&DQFHU�5HV�� ���������

+LFNV��5��0�� DQG��:DNHILHOG�� -�� 6� �-�� �����
5DSLG� LQGXFWLRQ�RI� EODGGHU� FDQFHU� LQ
UDWV� ZLWK� 1�0HWK\O�1�1LWURVRXUHD�
+LVWRORJ\��&KHP��%LRO��,QWHUDFW�� ������

3LWRW��+�&��� %DUQHVV�� /�� �*ROGZRUWK\�7�� � DQG
.LWDJDZD�� 7�� � ������ � %LRFKHPLFDO
FKDUDFWHUL]DWLRQ� RI� VWDJH� RI
KHSDWRFDUFLQRJHQHVLV� DIWHU� D� VLQJOH
GRVH�RI�GLHWK\O�QLWURVDPLQH���1DWXUH�
������������

5ROI�6FKXOWH�±�+HUPDQQ��*���2KGH��-���6FKXSSOHU
,�DQG7LPPHUPDQQ��7���������(QKDQFHG
SUROLIHUDWLRQ�RI� SXWDWLYH�SUHQHRSODVWLF
FHOOV�LQ�UDW�OLYHU�IROORZLQJ�WUHDWPHQW�ZLWK
WKH� WXPRXU� SURPRWHV�3KHQREDUELWDO�
KH[DFKORURF\FORKH[DQH�� VWHURLG
FRPSRXQGV� DQG� QDIHQRSLQ��&DQFHU
5HV�� �������������

6YRERGD�� 5�� DQG� +LJJLQVRQ�� -�� � �����
&RPSDULVRQ�RI�XOWUDVWUXFWXUDO�FKDQJHV
LQ�UDW�OLYHU�GXH�WR�FKHPLFDO�FDUFLQRJHQV�
&DQFHU�5HV�� �������������

6ZDQQ�� 3�� )�� DQG� 0DJHH�� 9�� �����
1LWURVDPLQH�LQGXFHG�FDUFLQRJHQHVLV�
7KH�DON\ODWLRQ�RI�QXFOHLF�DFLGV�RI�WKH
UDW� E\� 1�0HWK\O±1�1LWURVRXUHD�
GLPHWK\O� QLWURVDPLQH�� GLPHWK\O
VXOSKDWH� DQG� PHWK\O� PHWKDQH
VXOSKRQDWH���%LRFKHP��-�� ����������


