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5��)DWKLPD���.��0��/XF\���
1��$VKRN��DQG�6��0D\D�
'HSDUWPHQW�RI�9HWHULQDU\�$QDWRP\�DQG�+LVWRORJ\
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFH
0DQQXWK\�����������7KULVVXU��.HUDOD5HFHLYHG�������������

$FFHSWHG�������������

3DUW�RI�096F�WKHVLV�VXEPLWWHG�WR�WKH�.HUDOD�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV�8QLYHUVLW\
��� 'LVWULFW�&R�RUGLQDWRU��3URJHQ\�7HVWLQJ�6FKHPH��1DWLRQDO�'DLU\�3ODQ��.R]KLNNRGH
�� 3URIHVVRU
��� 3URIHVVRU�	�+HDG��� 3URIHVVRU�DQG�+HDG��'HSDUWPHQW�RI�9HWHULQDU\�$QDWRP\�DQG�+LVWRORJ\��&9$6��3RRNRGH

$EVWUDFW
3RVW� KDWFK� GHYHORSPHQWDO� FKDQJHV�

RI� �FDSVXOH�DQG�VWURPD�RI� WKH� �DGUHQDO�JODQG��
LQ��.XWWDQDG��GXFNV��ZHUH��VWXGLHG��XVLQJ������
IHPDOH�ELUGV��IURP��GD\�ROG��WR������ZHHNV��RI��
DJH��7KH�PDWHULDO�ZDV�FROOHFWHG�IURP�VL[�IHPDOH�
ELUGV�LQ�HDFK�JURXS�DW�IRUWQLJKWO\�LQWHUYDOV���$IWHU�
UHFRUGLQJ�WKH�JURVV�IHDWXUHV��WKH�JODQGV�ZHUH�
GD\�ROG�GXFNOLQJV��WKH�JODQGV�ZHUH�HQVKHDWKHG�
E\� WKLQ� FRQQHFWLYH� WLVVXH� FDSVXOH�PDGH� XS�
1XPHURXV�EORRG�YHVVHOV��QRQ�P\HOLQDWHG�QHUYH�

EHWZHHQ�WKH�FRUGV�DQG�LVODQGV�RI�SDUHQFK\PDO�
FHOOV�� � /DUJH� QXPEHU� RI� YHQRXV� VLQXVHV�
H[WHQGHG� IURP� WKH�KLOXV�RI� WKH�JODQG� WRZDUGV�
WKH�FHQWUH�LQ�GD\�ROG�ELUGV��%\�WZR�ZHHNV��WKH�
FDSVXOH� EHFDPH� WKLFNHU� DQG� VKRZHG�+HUEVW�
FRUSXVFOHV� DQG� D� VPDOO� DPRXQW� RI� LQWHUUHQDO�
WLVVXH�� 6XEFDSVXODU� YHQRXV� VLQXVHV� DQG�
WKLV�DJH�JURXS��$W�IRXU�ZHHNV��VPRRWK�PXVFOH�
FHOOV� FRXOG� EH� LGHQWLILHG� LQ� WKH� FDSVXOH�� %\�
VL[�ZHHNV��VL]H�RI�WKH�YHQRXV�VLQXVHV�JUHDWO\�
UHGXFHG�ZLWK� SURSRUWLRQDWH� LQFUHDVH� LQ� WKH�

SDUHQFK\PDWRXV� WLVVXH�� 7KLFNQHVV� RI� WKH�
FDSVXOH�ZDV�DOPRVW�GRXEOHG�E\����ZHHNV��%\�
���ZHHNV�� WKH�SDUHQFK\PDWRXV�WLVVXH�JUHDWO\�
H[SDQGHG� DQG� VXEFDSVXODU� YHQRXV� VLQXVHV�
DOPRVW�GLVDSSHDUHG��7KLFNQHVV�RI�WKH�FDSVXOH�
ZLWK�DJH�DQG�ERG\�ZHLJKW�
.H\ZRUGV��3RVW�KDWFK�GHYHORSPHQW��FDSVXOH��
VWURPD��YHQRXV�VLQXVHV��.XWWDQDG�GXFNV

$GUHQDO�JODQG�LV�DQ�LPSRUWDQW�HQGRFULQH�
RUJDQ� SHUIRUPLQJ� WKH� YLWDO� IXQFWLRQV� RI� DQ�
RUJDQLVP��,W�SURGXFHV�PXOWLSOH�KRUPRQHV�DQG�
UHJXODWHV� VHYHUDO� SK\VLRORJLFDO� IXQFWLRQV��
%LUGV�DUH�XQLTXH�DPRQJ�YHUWHEUDWHV�LQ�KDYLQJ�
LQWHUPLQJOHG�FRUWLFDO�DQG�PHGXOODU\�WLVVXH�LQ�WKH�
DGUHQDO� JODQG��7KH�SDUHQFK\PD�RI� WKH�JODQG�
LV� VXSSRUWHG�E\� WKH� VWURPD�ZKLFK� DOVR� KROGV�
WKH� YHVVHOV�� QHUYHV�� UHFHSWRUV� DQG� O\PSKDWLF�
WLVVXH��$OWKRXJK�H[WHQVLYH�UHVHDUFK�KDV�EHHQ�
FRQGXFWHG�RQ�WKH�DGUHQDO�JODQG�RI�GRPHVWLF�IRZO�
DQG�-DSDQHVH�TXDLO��LQIRUPDWLRQ�UHJDUGLQJ�WKH�
QRUPDO�VWUXFWXUH�DQG�SRVW�KDWFK�GHYHORSPHQWDO�
SDWWHUQ�RI�WKH�DGUHQDO�JODQG�LQ�GXFN�LV�VFDQW\��
+HQFH�SUHVHQW�VWXG\�ZDV�XQGHUWDNHQ�WR�H[SORUH�
WKH� GHYHORSPHQWDO� SDWWHUQ� RI� WKH� FDSVXOH��
VWURPD�DQG�YHQRXV�VLQXVHV�RI�WKH�DGUHQDO�JODQG�
LQ�.XWWDQDG�GXFNV�
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�� 3RVW�KDWFK�GHYHORSPHQW�RI�FDSVXOH��VWURPD���

0DWHULDOV�DQG�0HWKRGV
3RVW�KDWFK�GHYHORSPHQW�RI�FDSVXOH�DQG�

VWURPD�RI�DGUHQDO�JODQG�LQ�.XWWDQDG�GXFNV�ZDV��
VWXGLHG��XVLQJ�����IHPDOH�ELUGV��IURP��GD\�ROG��WR��
����ZHHNV��RI��DJH��7KH��ELUGV��ZHUH��VHOHFWHG��
UDQGRPO\��IURP��D��VLQJOH��KDWFK��DQG��UHDUHG��DW��
WKH��8QLYHUVLW\��SRXOWU\�DQG�GXFN�IDUP��0DQQXWK\��
XQGHU� LGHQWLFDO� IHHGLQJ� DQG� HQYLURQPHQWDO�
FRQGLWLRQV�� %LUGV� ZHUH� GLYLGHG� LQWR� ��� DJH�
JURXSV���7KH�DGUHQDO�JODQG�ZDV�FROOHFWHG�IURP�
VL[�ELUGV�DW� IRUWQLJKWO\� LQWHUYDOV��%RG\�ZHLJKW��
PRUSKRORJLFDO� IHDWXUHV� DQG� SRVLWLRQ� RI� WKH�
DGUHQDO� JODQG� ZHUH� UHFRUGHG�� � 7KH� JODQGV�

RI���PP�WKLFNQHVV�ZHUH�WDNHQ�IRU�KLVWRORJLFDO�
VWXGLHV�DQG�VWDLQHG�XVLQJ�URXWLQH�DQG�VSHFLDO�
PHWKRGV�

7DEOH�����7KLFNQHVV�RI�DGUHQDO�FDSVXOH�DW�GLIIHUHQW�
DJHV�LQ�.XWWDQDG�GXFNV��0HDQ���6�(��

)LJ����
RQH�VWHS�WULFKURPH�;���
��

)LJ�����
���

���3DUHQFK\PD

)LJ�����&6�RI�DGUHQDO�JODQG�VKRZLQJ�SDWWHUQ�RI�YHQRXV�
GUDLQDJH��GD\�ROG��+�	�(�;���
��+LOXV����9HQRXV�VLQXV����&HQWUDOYHQRXV�VLQXV
���3DUHQFK\PD

)LJ�����&�6�RI�DGUHQDO�JODQG�VKRZLQJ�HORQJDWHG�+HUEVW�
FRUSXVFOH����ZHHNV��+�	�(�;���
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5HVXOWV�DQG�'LVFXVVLRQ
,Q� GD\�ROG� GXFNOLQJV�� WKH� JODQGV�ZHUH�

HQVKHDWKHG� E\� D� YHU\� WKLQ� FRQQHFWLYH� WLVVXH�
FDSVXOH���������������P���PDGH�XS�RI�FROODJHQ�

$OEHUWLQ���������%DFKD�DQG�%DFKD��������DQG�
+XPD\XQ�HW� DO�� ������� LQ� IRZO� DQG�%DVKD�HW�
DO�� ������� LQ� -DSDQHVH� TXDLO��0LFURPHWULFDO�
SDUDPHWHUV�RI�WKH�FDSVXOH�DUH�SUHVHQWHG�LQ�WDEOH�
���1XPHURXV�EORRG�YHVVHOV�LQFOXGLQJ�FDSLOODULHV�

)LJ����&�6�RI�DGUHQDO�JODQG�VKRZLQJ�VPRRWK�PXVFOH�
WULFKURPH�;���
���

)LJ�� ��� /� 6� RI� DGUHQDO� JODQG� VKRZLQJ� OREXODWLRQ�
���&RQQHFWLYH�WLVVXH�VHSWXP����$UWHULHV���9HQRXV�VLQXV�
���3DUHQFK\PD��*DQJOLRQ

)LJ�����&�6�RI�DGUHQDO�JODQG�VKRZLQJ�YHQRXV�VLQXV�LQ�
WKH�VXEFDSVXODU�DUHD����ZHHNV��+�	�(�;���
���&DSVXOH����9HQRXV�VLQXV�����3DUHQFK\PD

)LJ����&�6�RI�DGUHQDO�JODQG�VKRZLQJ�YHQRXV�VLQXV�
H[WHQGLQJ� DORQJ� WKH� HQWLUH�ZLGWK� RI� WKH� JODQG� ����
��� 3HULFDSVXODU� VKHDWK� ��&DSVXOH� ��� 9HQRXV� VLQXV�
��3DUHQFK\PD

)LJ� ��� /6� RI� DGUHQDO� JODQG� VKRZLQJ� EXQGOHV� RI�

LQ�VWURPD
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�� 3RVW�KDWFK�GHYHORSPHQW�RI�FDSVXOH��VWURPD���

DQG�VPDOO�YHLQV��QRQ�P\HOLQDWHG�QHUYH�EXQGOHV�
FDSVXOH�VKRZHG�YDULDEOH�WKLFNQHVV�DW�GLIIHUHQW�
DUHDV�GHSHQGLQJ�RQ�WKH�VWUXFWXUHV�LQFOXGHG�LQ�LW��
$Q�LQFRPSOHWH�SHULFDSVXODU�VKHDWK�FRQVLVWLQJ�RI�
ODUJH�QHUYH�WUXQNV��QHUYH�FHOO�ERGLHV��UHFHSWRUV��
FRQQHFWLYH�WLVVXH�DOPRVW�FRYHUHG�WKH�FDSVXOH�
DV�UHSRUWHG�LQ�IRZO�E\�+RGJHV��������

6WURPD� RI� WKH� DGUHQDO� JODQG� ZDV�
FRPSRVHG� RI� ILQH� FRQQHFWLYH� WLVVXH� VHSWD�
FRUGV�DQG�LVODQGV�RI�SDUHQFK\PDO�FHOOV���7KLV�
LQWHUSDUHQFK\PDO� QHWZRUN� FRQWDLQHG� FROODJHQ�
UHSRUWHG�LQ�IRZO�E\�:HOOV�DQG�:LJKW���������LQ�
RVWULFK�FKLFNV�E\�7DQJ�HW�DO���������DQG�LQ�HPX�
E\�5DMHQGUDQDWK�HW�DO���������

/DUJH� QXPEHU� RI� YHQRXV� VLQXVHV�
H[WHQGHG�IURP�WKH�KLOXV�RI�WKH�JODQG�WRZDUGV�WKH�
EORRG�VLQXVHV�ZHUH� IRXQG� LQ� WKH�SDUHQFK\PD�
GUDLQHG�WRZDUGV�WKH�FHQWUH�RI�WKH�JODQG��6LPLODU�
REVHUYDWLRQV�ZHUH�PDGH�E\�7DQJ�HW�DO���������LQ�
RVWULFK�FKLFNV���7KHUH�ZDV�D�ODUJH�FHQWUDO�YHQRXV�
VLQXV�DW�WKLV�VWDJH��

%\� WZR� ZHHNV�� WKH� FDSVXOH� EHFDPH�
WKLFNHU�DQG�VKRZHG�+HUEVW� FRUSXVFOHV�DQG�D�
SUHVHQFH�RI�+HUEVW�FRUSXVFOH�LQ�WKH�FDSVXOH�LV�
UHSRUWHG� LQ�GD\�ROG�-DSDQHVH�TXDLO�E\�%DVKD�
HW�DO����������6XEFDSVXODU�YHQRXV�VLQXVHV�DQG�
DJH�JURXS��7KH�YHQRXV�VLQXVHV�LQ�WKH�SHULSKHUDO�
]RQH�ZHUH�VPDOOHU�WKDQ�WKRVH�LQ�WKH�FHQWUDO�]RQH�
DV�UHSRUWHG�E\�6LYDUDP��������LQ�GRPHVWLF�IRZO��

$W�IRXU�ZHHNV��VPRRWK�PXVFOH�FHOOV�FRXOG�
ZDV�IRXQG�WR�EH�GLYLGHG�LQWR�WZR�XQHTXDO�SDUWV�
E\�D�FRQQHFWLYH�WLVVXH�VHSWXP��ZKLFK�FRQWDLQHG�
D� ODUJH�DUWHU\�DQG� LWV� VPDOOHU�GLYLVLRQV�ZKLFK�
���DV�UHSRUWHG�E\�+RGJHV��������LQ�DGXOW�IRZO���
%\�VL[�ZHHNV��VL]H�RI�WKH�YHQRXV�VLQXVHV�JUHDWO\�
UHGXFHG�ZLWK�WKH�SURSRUWLRQDWH�LQFUHDVH�LQ�WKH�
SDUHQFK\PDWRXV�WLVVXH���$ERXW����WR����ODUJH�
YHQRXV�VLQXVHV�ZHUH�IRXQG�DW�WKLV�VWDJH��RXW�RI�
ZKLFK�WKH�ODUJHVW�VLQXV�KDG�WKH�GLPHQVLRQV�RI�

$W� ���ZHHNV� RI� DJH�� WKH� FDSVXOH�ZDV�

WKLFNHU� ������� �� ����� �P�� ZLWK� QXPHURXV�
EORRG�YHVVHOV�DQG�QHUYHV��$GUHQDO�ZDV�FORVHO\�
DGKHUHQW� WR� WKH�RYDU\�DQG�ERWK�RI� WKHP�ZHUH�
VHSDUDWHG�E\�D�YHU\�WKLQ�FDSVXOH�DV�QRWHG�E\�
2JOHVEHH�HW�DO����������6L]H�RI�WKH�VXEFDSVXODU�
VLQXVHV�UHGXFHG�JUHDWO\�DW�WKLV�VWDJH��9HQRXV�
VLQXVHV�ZHUH�QRW�XQLIRUPO\�GLVWULEXWHG��LQVWHDG��
WKH\� DSSHDUHG� WR� RFFXS\� WKH� SHULSKHUDO� DQG�
FHQWUDO� UHJLRQV� RI� WKH� JODQG��$� ODUJH� YHQRXV�
VLQXV� H[WHQGHG� DORQJ� WKH� HQWLUH� ZLGWK� RI�
WKH� JODQG� DOPRVW� GLYLGLQJ� WKH� JODQG� LQWR� WZR�

%\����ZHHNV��WKLFNQHVV�RI�WKH�FDSVXOH�
DOPRVW�GRXEOHG�IURP�WKDW�RI�WKH�GD\�ROG�FKLFNV���
&DSVXOH� VKRZHG�PDQ\� QHUYH� EXQGOHV� DOVR��
7KH� FRQQHFWLYH� WLVVXH� WUDEHFXODH� IURP� WKH�
FDSVXOH�WUDYHUVHG�GHHS�LQWR�WKH�SDUHQFK\PD���
VHSWD� SDVVHG� LQZDUGV� IURP� WKH� FDSVXOH�
EHWZHHQ�WKH�FRUGV�RI�SDUHQFK\PDO�FHOOV�LQ�WKH�
DGUHQDO� JODQG� RI� IRZO�� � %\� ���ZHHNV�� DV� WKH�
SDUHQFK\PDWRXV�WLVVXH�JUHDWO\�H[SDQGHG��WKH�
YHQRXV�VLQXVHV�ZHUH�PXFK�UHGXFHG�LQ�QXPEHU�
DQG�VL]H��6XEFDSVXODU�YHQRXV�VLQXVHV�DOPRVW�
GLVDSSHDUHG�H[FHSW�DW�RQH�RU�WZR�UHJLRQV��,Q�WKH�
SDUHQFK\PD�RI�WKH�JODQG��WKH�QXPEHU�RI�YHQRXV�
VHHQ�WRZDUGV�WKH�FHQWUDO�SRUWLRQ���6XEFDSVXODU�
ZHHNV�RI�DJH��7KH�DUWHULHV�VXSSO\LQJ�WKH�JODQG�
GLYLGHG� WR� IRUP� QXPHURXV� FDSLOODULHV��ZKLFK�
HYHQWXDOO\� GUDLQHG� LQWR� D� QHWZRUN� RI� YHQRXV�
VLQXVHV�SDVVLQJ�LQZDUGV�LQWR�RQH�RU�PRUH�ODUJH�
FHQWUDO� VLQXVHV��7KHVH� VLQXVHV� FRQYHUJHG� WR�
DQ�DGUHQDO�YHLQ� WKDW� WUDQVSRUWHG�EORRG� WR� WKH�
FDXGDO�YHQD�FDYD�

,Q� ���ZHHNV�ROG� ELUGV�� WKH� FRQQHFWLYH�
WLVVXH� VWURPD� EHFDPH� WKLFNHU� DQG� VKRZHG�
��� DV� UHSRUWHG� E\� +RGJHV� ������� LQ� IRZO���
/\PSKRF\WHV�PLJUDWHG�IURP�WKH�VLQXVRLGV�LQWR�
WKH� SDUHQFK\PD� RI� WKH� JODQG��$W� ���ZHHNV��
WKH� SHULFDSVXODU� VKHDWK� SUHVHQWHG� WZR� ODUJH�
+HUEVW� FRUSXVFOHV�PHDVXULQJ��������[�������
�����$W� ���ZHHNV�� WKH� JODQG�ZDV� GLYLGHG� E\�
FRQQHFWLYH�WLVVXH�WUDEHFXODH�LQWR�WZR�SDUWV�DQG�
HDFK�SDUW� VKRZHG� WZR� WR� WKUHH� ODUJH� YHQRXV�
VLQXVHV� LQ� WKH� FHQWUDO� ]RQH��6WURPD� VKRZHG�
WKH� W\SLFDO� DGXOW� SDWWHUQ� DW� WKLV� VWDJH� ZLWK�
FRPSOHWHO\�RXWOLQLQJ�HDFK�LQWHUUHQDO�FHOO�FRUGV��
7KHVH�ZHUH�SUHGRPLQDQWO\�PDGH�XS�RI�UHWLFXODU�
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ILEUHV�� 7KLFNQHVV� RI� WKH� FDSVXOH� VKRZHG�
�U� ��������DQG�ERG\�ZHLJKW��U� ��������
5HIHUHQFHV
%DFKD��:��-��DQG�%DFKD��/��0��������&RORU�$WODV�RI�

9HWHULQDU\�+LVWRORJ\�����QG��HG���/LSSLQFRWW�
:LOOLDPV�DQG�:LONLQV��3KLODGHOSKLD�����S�

������$JH�UHODWHG�FKDQJHV�RI�WKH�DGUHQDO�
JODQG� LQ� -DSDQHVH� TXDLO� �&RWXUQL[�
FRWXUQL[� MDSRQLFD���7DPLOQDGX� -�� 9HW��
$QLP��6FL�������������

SUHOLPLQDU\�VWXG\�RI�WKH�DYLDQ�DGUHQDO��
7KH�$XN��������������

+RGJHV��5��'��������7KH�+LVWRORJ\�RI�WKH�)RZO�
$FDGHPLF�3UHVV��/RQGRQ�����S�

+XPD\XQ��.��$��.��0���$R\DPD��0��DQG�6XJLWD��
6��������0RUSKRORJLFDO�DQG�KLVWRORJLFDO�
VWXGLHV� RQ� WKH� DGUHQDO� JODQG� RI� WKH�
FKLFNHQ� �*DOOXV� GRPHVWLFXV���-��3RXOW��
6FL������������

2JOHVEHH�� %�� /��� 2URV]�� 6�� DQG�'RUUHVWHLQ��
,Q��$YLDQ�0HGLFLQH�DQG�6XUJHU\��$OWPDQ��

4XHVHQEHUU\��.��HGV����:��%��6DXQGHUV��
3KLODGHOSKLD��SS����������

5DMHQGUDQDWK��1��� %DEX��$�� 3���5DPD\\D�� 3��
-���3DWNL��+��6��DQG�5DR��7��6��&��������
+LVWRORJ\�RI� WKH�DGUHQDO�JODQG�RI�HPX�
�'URPDLXVQRYDH�KROODQGLDH���
-������������

6LYDUDP��6��������6WUXFWXUH�DQG�GHYHORSPHQW�
RI�DGUHQDO�JODQG�RI�*DOOXV�GRPHVWLFXV��
&DQ��-��=RRO����������������

7DQJ��/��3HQJ��.�0���:DQJ��-��;���/XR��+��4���
/LX�� +�� =�� DQG� 6RQJ�� +�� ������ 7KH�
PRUSKRORJLFDO� VWXG\� RQ� WKH� DGUHQDO�
JODQG�RI�$IULFDQ�RVWULFK� FKLFNV��7LVVXH�
&HOO��������������

:HOOV�� -��:�� DQG�:LJKW�� 3��$�� /�� ������7KH�
DGUHQDO� JODQGV�� ,Q��3K\VLRORJ\� DQG�
%LRFKHPLVWU\� RI�'RPHVWLF� )RZO�� �%HOO��
$FDGHPLF�3UHVV��/RQGRQ��SS����������

REVHUYDWLRQV� RI� HSLQHSKULQH� DQG�
QRUHSLQHSKULQH� FRQWDLQLQJ� FHOOV� LQ�
WKH� DGUHQDO� PHGXOOD��$P�� -�� $QDW��
�������������


