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6+257�&20081,&$7,21

+LVWRORJLFDO�2EVHUYDWLRQV�RQ�WKH�&DXGD����

(YHQ� WKRXJK� WKH� PRUSKRORJLFDO� IHD�
WXUHV� DQG� IXQFWLRQDO� SHFXOLDULWLHV� RI� WKH�
UHSURGXFWLYH� RUJDQV� LQ� PDQ\� VSHFLHV� KDYH�
DOUHDG\� EHHQ� UHSRUWHG�� WKHUH� DUH� VWLOO� PDQ\�
HPSW\� VSDFHV� PRVWO\� LQ� WKH� ZLOG� DQLPDOV�
HVSHFLDOO\� LQ� WKH� DUHDV� RI� PRUSKRPHWULF�
VWXGLHV��7KH�GHHU� VHUYHV�DV�D� XQLTXHO\�ZHOO�
FKDUDFWHUL]HG� UXPLQDQW� PRGHO� V\VWHP�� 7KH�
LQYHVWLJDWLRQV� RQ� WKH� VH[� RUJDQV� RI� WKH� GHHU�
DUH� IHZ�� 7KH� VWUXFWXUH� RI� WKH� HSLGLG\PLV� LQ�
SDUWLFXODU� KDV� UHFHLYHG� OLWWOH� DWWHQWLRQ�� 6LQFH��
WKH�GDWD�UHJDUGLQJ�WKH�GHWDLOHG�PRUSKRORJLFDO�
GHVFULSWLRQ�RI�FHOO�W\SHV�LQ�WKH�HSLGLG\PLV�DUH�
QRW�DYDLODEOH� LQ�GHHU��7KH�WDUJHW�RI� WKLV�VWXG\�
ZDV�WR�HOXFLGDWH�WKH�FHOOXODU�FRPSRVLWLRQ�RI�WKH�
FDXGD�HSLGLG\PLV�RI� WKH�VSHFLHV��ZLWK�D�YLHZ�
WR�SURYLGH�H[DFW�PRUSKRPHWULF�YDOXHV�VR�DV�WR�
IRUP�WKH�EDVH�OLQH�GDWD�RQ�WKH�VXEMHFW�DUHD�

7KH� FDXGD� HSLGLG\PLV� ZDV� FROOHFWHG�
GXULQJ�WKH�PRQWK�RI�2FWREHU�IURP�WHQ�6DPEDU�
GHHU� DJHG� VL[� \HDUV� GXULQJ� FDXGHFWRP\�
FRQGXFWHG� DW� :LOG� $QLPDO� 5HVFXH� &HQWUH��
QHXWUDO� EXIIHUHG� IRUPDOLQ� IRU� ��� KRXUV� DQG�
SURFHVVHG�E\�URXWLQH�KLVWRORJLFDO�SURFHGXUHV��
6HFWLRQV� RI� �� �P� WKLFNQHVV� ZHUH� FXW� DQG�
VWDLQHG� ZLWK� +DHPDWR[\OLQ� DQG� HRVLQ� DQG�
0DVVRQ¶V� WULFKURPH� IRU� KLVWRORJLFDO� VWXGLHV��
7KH� VOLGHV� ZHUH� H[DPLQHG� XQGHU� WKH� OLJKW�
PLFURVFRSH� DQG� WKH� IROORZLQJ�PHDVXUHPHQWV�
ZHUH� WDNHQ�� HSLGLG\PDO� WXEXODU� GLDPHWHU��
HSLGLG\PDO� OXPLQDO� GLDPHWHU� DQG� HSLGLG\PDO�
HSLWKHOLDO� KHLJKW�� )RU� HDFK� SDUDPHWHU�� WHQ�
PHDVXUHPHQWV�ZHUH�PDGH�SHU�VHFWLRQ�XVLQJ�D�
FDOLEUDWHG�RFXODU�PLFURPHWHU��

FROXPQDU� DQG� FRQVLVWHG� RI� SULQFLSDO� FHOOV��
WR�VHPLQLIHURXV�WXEXOHV�� WKH�HSLGLG\PDO�GXFWV�

KDG� VSDFHV� EHWZHHQ� WKH� WXEXOHV� DQG� ZHUH�

FRQIRUPLW\�ZLWK�HDUOLHU�UHSRUWV�RQ�WKH�KLVWRORJ\�

7KH� SULQFLSDO� FHOOV� ZHUH� WDOO� ZLWK�

EUDQFKHG�QRQPRWLOH�PLFURYLOOL� DQG� WKHVH�FHOOV�
KDG�ZHOO�GHYHORSHG�*ROJL�DSSDUDWXV��LQGLFDWLQJ�
DQ�LQFUHDVHG�VHFUHWRU\�DFWLYLW\�

6PDOO�EDVDO�UHVHUYH�FHOOV�ZLWK�VSKHULFDO�
QXFOHXV� DQG� FOHDU� F\WRSODVP� ZHUH� ORFDWHG�

HSLWKHOLXP�� 7KH� WKLQ� SURSULD�VXEPXFRVD� ZDV�
UHSUHVHQWHG� E\� WKH� WKLQ� OD\HU� RI� LQWHUVWLWLDO�
FRQQHFWLYH� WLVVXH� ZLWK� EORRG� YHVVHOV�� 7KHUH�
ZHUH� OD\HUV� RI� VPRRWK� PXVFOHV� RXWVLGH� WKH�
FLUFXODU�� REOLTXH� DQG� ORQJLWXGLQDO�� 6FK|Q� DQG
%ORWWQHU� �
OD\HUV� H[KLELWHG� SHULVWDOVLV� DQG� SURSHOOHG� WKH�
VSHUPV�DORQJ�WKH�HSLGLG\PLV��

7LVVXH� H[DPLQDWLRQ� UHYHDOHG� YLDEOH�
VSHUP� LQ� WKH� OXPHQ� RI� WKH� FDXGD� HSLGLG\PLV�
LQGLFDWLQJ� DFWLYH� VSHUPDWRJHQHVLV� GXULQJ� WKH�
PRQWK� RI�2FWREHU��'\FH�HW� DO
WKDW� PDWXUH� VSHUPDWR]RD� ZHUH� IRXQG� PRUH�
LQ� WKH� FDXGD� HSLGLG\PLV� WKDQ� LQ� WKH� FRUSXV�
HSLGLG\PLV�EXW�UDUHO\� LQ� WKH�FDSXW�HSLGLG\PLV��
0RUHRYHU��WKH�HSLGLG\PLV�LQ�SHULRGV�RI�JRQDGDO�
LQ� OXPLQDO� GLDPHWHU� DQG� HSLWKHOLDO� KHLJKW� LQ�
FDXGD�� ZKLOH� WKH� WKLFNQHVV� RI� WKH� ODPLQD�

7KH� RFFXUUHQFH� RI� YLDEOH� VSHUPV� LQ�
WKH�OXPHQ�LQGLFDWHG�WKDW�WKH�PRQWK�RI�2FWREHU�

+,672/2*,&$/�2%6(59$7,216�21�7+(�
&$8'$�(3,','<0,6�2)�6$0%$5�'((5�
�&HUYXV�XQLFRORU�
5HFHLYHG�������������
$FFHSWHG�������������
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6+257�&20081,&$7,21

6��0D\D�HW�DO�

UHSRUWHG�WKDW�LQ�ZLOG�PDOH�(]RVLND�GHHU��&HUYXV�
QLSSRQ\HVRHQVLV
2FWREHU�RI�WKH�VHFRQG�UXWWLQJ�VHDVRQ�DIWHU�ELUWK��
UHSHDWHG�VHDVRQDO�FKDQJHV�LQ�WKH�UHSURGXFWLYH�
RUJDQV� DQG� DFFHVVRU\� UHSURGXFWLYH� RUJDQV��
)URP�0D\�WR�2FWREHU��WKH�ZHLJKW�RI�WKH�WHVWLV�
DQG�VHPLQDOYHVLFOHV�LQFOXGLQJ�WKH�GLDPHWHU�RI�
WKH�VHPLQLIHURXV�WXEXOHV�DQG�GXFWXV�GHIHUHQV�
LQFUHDVHG�� /LNHZLVH�� WKHUH� ZDV� DQ� LQFUHDVH�
LQ� WKH� QXPEHU� RI� SULPDU\� VSHUPDWRF\WHV� DQG�
WKH� KHLJKW� RI� WKH� JODQGXODU� HSLWKHOLXP�� ,Q� WKH�

LQLWLDWHG�ZLWK�DQ�LQFUHDVH�LQ�WKH�FRQFHQWUDWLRQ�
RI� VHPLQDO� IUXFWRVH�� )URP� WKH� HVWLPDWHG� DJH�
DQG�VHPLQDOYHVLFOHV��GLDPHWHU�RI�VHPLQLIHURXV�
WXEXOHV�� DQG� WKH� FRQFHQWUDWLRQ� RI� VHPLQDO�
IUXFWRVH� GHFOLQHG� WR� D� ORZ� OHYHO� LQ� 0D\��
6SHUPDWRJHQHVLV� ZDV� DUUHVWHG� DQG� QRQ�
PRWLOH�VSHUPV�ZHUH�FROOHFWHG� IURP�WKH�FDXGD�
HSLGLG\PLV�LQ�0D\��6SHUPDWRJHQHVLV�LQFUHDVHG�
DJDLQ� IURP�-XO\�RU�$XJXVW�DQG� UHDFKHG�SHDN�

GHYHORSPHQW� LQ� WKH� 2FWREHU� UXWWLQJ� VHDVRQ��
6SHUPDWR]RD�IURP�WKH�FDXGD�HSLGLG\PLV�DOVR�
VKRZHG�KLJK�PRWLOLW\�LQ�WKLV�VHDVRQ�

7KH� PHDQ� OXPLQDO� GLDPHWHU� DQG�

WKH�SDWWHUQ�RI�WKH�GLPHQVLRQV�RI�WKH�HSLWKHOLDO�
KHLJKW� DFURVV� WKH� WKUHH� VHJPHQWV�YL]�� FDSXW��
FRUSXV� DQG� FDXGD� RI� WKH� HSLGLG\PLV� ZHUH�
GLIIHUHQW� IURP� WKRVH� RI� WKH� GXFWDO� DQG� OXPHQ�
GLDPHWHUV��$FFRUGLQJ�WR�2OXNROH�DQG�2ED\HPL�

EHWZHHQ� WKH� GLDPHWHU� RI� WKH� WXEXOH� RI� WKH�
HSLGLG\PLV�DQG� LWV�HSLWKHOLDO�KHLJKW�� LQGLFDWLQJ�
WKDW� ZLWK� DQ� LQFUHDVH� LQ� HSLWKHOLDO� KHLJKW�
WKH� UHODWLYH� LQFUHDVH� LQ� WXEXODU� GLDPHWHU� LV�
ORZ�� 7KHUH� ZDV� D� KLJK� QHJDWLYH� FRUUHODWLRQ�
GLDPHWHU�PHDQLQJ�WKDW�ZLWK�D�GHFUHDVH�LQ�WKH�
KHLJKW�RI� WKH�HSLWKHOLXP�� WKH� OXPHQ�LQFUHDVHG�
DWWULEXWHG� WR� IXQFWLRQ� UDWKHU� WKDQ�VWUXFWXUH�DV�
WKH� FDXGD� HSLGLG\PLV� KDV� WKH� ZLGHVW� OXPHQ�
VLQFH�LW�VWRUHV�VSHUPDWR]RD��7KLV�H[SODLQV�ZK\�
PRUH� VSHUPDWR]RD� PDVV� ZHUH� IRXQG� LQ� WKH�
FDXGD�WKDQ�LQ�WKH�FRUSXV�HSLGLG\PLV��

7KH�PHDQ�GXFWDO�GLDPHWHU�RI�WKH�FDXGD�
UHSRUWV�� WKH� GXFWDO� GLDPHWHU� RI� WKH� FDXGD�
HSLGLG\PLV�RI�WKH�$IULFDQ�JLDQW�UDW�ZDV�UHSRUWHG�

6FK|Q� DQG %ORWWQHU� �
DOVR� IRXQG� WKDW� WKH� GXFW� ZLWK� LWV� VXUURXQGLQJ�
WLVVXH� H[SDQGHG� WRZDUGV� UXWWLQJ� VHDVRQ�� ,Q�
WKH� FDSXW� WKLV� HQODUJHPHQW� RI� WKH� GXFW� ZDV�
SULPDULO\�FDXVHG�E\�WKH�JURZWK�RI�WKH�HSLWKHOLDO�
FRPSDUWPHQW�� ZKHUHDV� LQ� WKH� FDXGD� LW� ZDV�
SUHGRPLQDQWO\�DWWULEXWHG�WR�WKH�GLODWDWLRQ�RI�WKH�
DQG�VSHUPDWR]RD� WRZDUGV� WKH� UXW��7KLV� OHDGV�
WR� GLVWLQFW� FKDQJHV� LQ� WKH� WLVVXH� FRPSRVLWLRQ�
RI�VDPSOHV�WDNHQ�IURP�WKH�WKUHH�PDLQ�UHJLRQV�
RI�WKH�HSLGLG\PLV�DW�GLIIHUHQW�WLPHV�RI�WKH�\HDU�
6XPPDU\

+LVWRPRUSKRORJ\� RI� WKH� HSLGLG\PLV� LQ�
GHHU� ZDV� VWXGLHG� XVLQJ� VSHFLPHQV� FROOHFWHG�
IURP�WHQ�DGXOW�GHHU�KDYLQJ�DQ�DYHUDJH�DJH�RI�

)LJ����&�6��RI�WKH�FDXGD�HSLGLG\PLV�RI�6DPEDU�GHHU�VKRZLQJ�

PXVFOH�����&RQQHFWLYH�WLVVXH

)LJ�����&�6��RI�WKH�FDXGD�HSLGLG\PLV�RI�6DPEDU�GHHU�VKRZLQJ�

PXVFOH� OD\HU� � ��� 2EOLTXH� PXVFOH� OD\HU� � ��� /RQJLWXGLQDO�PXVFOH�OD\HU�����6SHUPV�LQ�WKH�OXPHQ
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+LVWRORJLFDO�2EVHUYDWLRQV�RQ�WKH�&DXGD����

FROXPQDU� DQG� FRQVLVWHG� RI� SULQFLSDO� FHOOV��
EDVDO�FHOOV�DQG�JREOHW�FHOOV��7KH�SULQFLSDO�FHOOV�
ZHUH�WDOO�ZLWK�VWHUHRFLOLD��6PDOO�EDVDO�UHVHUYH�
FHOOV�ZHUH� VLWWLQJ� RQ� WKH� EDVDO� ODPLQD��7KHUH�
ZHUH� OD\HUV� RI� VPRRWK� PXVFOHV� RXWVLGH� WKH�
HSLWKHOLXP� DUUDQJHG� LQ� WKUHH� OD\HUV�� FLUFXODU��
REOLTXH�DQG� ORQJLWXGLQDO��9LDEOH� VSHUPV�ZHUH�
REVHUYHG�LQ�WKH�OXPHQ�RI�WKH�FDXGD�HSLGLG\PLV�
LQGLFDWLQJ�DFWLYH�VSHUPDWRJHQHVLV�
5HIHUHQFHV
%ORP�� (�� ������ 0DOH� 5HSURGXFWLYH� 2UJDQV��

,Q��5HSURGXFWLRQ� LQ� )DUP�$QLPDOV��
�+DIH]�� (�� 6�� (G���� /HD�	�)HELJHU��
3KLODGHOSKLD��SS���������

'\FH��.�0���6DFN��:�2��DQG�:HQVLQJ��&�-�*��
������ 7H[WERRN� RI� 9HWHULQDU\�
$QDWRP\�� ��QG�(G��� :�%�� 6DXQGHUV�
&RPSDQ\��3KLODGHOSKLD������S�

(XUHOO�� -�$�� DQG� )UDSSLHU�� %�/�� ������
'HOOPDQQ¶V�7H[W�ERRN�RI�9HWHULQDU\�
+LVWRORJ\����WK�(G���:LOH\�%ODFNZHOO��
3KLODGHOSKLD��S�������

0DQHHO\��5�%�������(SLGLG\PDO�VWUXFWXUH�DQG�
IXQFWLRQ�� D� KLVWRULFDO� DQG� FULWLFDO�

UHYLHZ��$FWD�=RRO��;/�������
0DVXGD��<�� ������ +LVWRORJLFDO� REVHUYDWLRQ� RI�

WHVWLV��HSLGLG\PLV��VHPLQDO�YHVLFOHV�
DQG� DPSXOOD� LQ� (]R� 6LND� GHHU�
�&HUYXV�1LSSRQ�\HVRHQVLV���-SQ��-��
9HW��5HV�� ��������

2NH�� %�� 2�� ������ 6RPH� VWXGLHV� RQ� WKH�
UHSURGXFWLYH� RUJDQV� RI� WKH�$IULFDQ�
JLDQW� UDW� �&ULFHWRP\V� JDPELDQXV��
:DWHUKRXVH�� GXULQJ� WKH� FOLPDWLF�
VHDVRQV� DW� ,EDGDQ�� 0�6F�� WKHVLV��
'HSDUWPHQW�RI�9HWHULQDU\�$QDWRP\��
8QLYHUVLW\�RI�,EDGDQ��1LJHULD�����S�

2OXNROH�� 6�� *�� DQG� 2ED\HPL�� 7�� (�� �����
+LVWRPRUSKRPHWU\� RI� WKH� WHVWHV�
DQG�HSLGLG\PLV�LQ�WKH�GRPHVWLFDWHG�
DGXOW� $IULFDQ� JUHDW� FDQH� UDW�
�7KU\RQRP\VV�ZLQGHULDQXV��� ,QW�� -��
0RUSKRO����������������

6FK|Q� -�� DQG� %ORWWQHU� 6�� ������ 6HDVRQDO�
YDULDWLRQV� LQ� WKH� HSLGLG\PLV� RI� WKH�
URH� GHHU� �&DSUHROX� VFDSUHROXV���
$QLP��5HSURG��6FL��������������

6��0D\D���6\DP�.��9HQXJRSDO���
9��6XQLO�.XPDU���9�5��,QGX���
$�5��6UHHUDQMLQL���-�-��&KXQJDWK��DQG�
1��$VKRN�
'HSDUWPHQW�RI�9HWHULQDU\�$QDWRP\�DQG�+LVWRORJ\�&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV��0DQQXWK\��.HUDOD�±���������

��� 3URIHVVRU�	�+HDG��&9$6��3RRNRGH�
��� 3URIHVVRU�	�+HDG��'HSW��RI�6XUJHU\�	�5DGLRORJ\��&9$6��3RRNRGH
��	���$VVLVWDQW�3URIHVVRUV
��� 5HWG��3URIHVVRU�	�+HDG
��� 3URIHVVRU�	�+HDG


