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7KH� V\VWHPDWLF� VWXGLHV� RI� WKH� 3OHLVWRFHQH� IDXQD� RI� WHUUHVWULDO� YHUWHEUDWHV� LQ�
QRUWKHUQ� 9LHWQDP� EHJDQ� LQ� WKH� ����V�� ZKHQ� WKH� UHVHDUFKHV� RI� WKH� 9LHWQDPHVH�
*HUPDQ� H[SHGLWLRQ� OHG� E\�+�'��.DKONH� GLVFRYHUHG�PRUH� WKDQ� WHQ� FDYH� VLWHV�ZLWK�
UHPDLQV�RI�PDPPDOV�>�@��7KH�/DQJ�7UDQJ�FDYH�FRPSOH[��ORFDWHG�RQ�WKH�ULJKW�EDQN�
RI�WKH�0D�5LYHU�RQ�WKH�ZHVW�RI�7KDQK�+RD�3URYLQFH��%D�7KXRF�'LVWULFW��QHDU�&DQK�
1DQJ� WRZQ�������ƍ��Ǝ�1��������ƍ��Ǝ�(���ZDV�DPRQJ� WKRVH�VLWHV��7KH�ILUVW�GDWD�RQ�
WKH� FRPSRVLWLRQ� RI� PDPPDO� DVVHPEODJH� RI� WKH� ORFDOLW\� LQ� DGGLWLRQ� WR�
SDOHRDQWKURSRORJLFDO�DQG�DUFKDHRORJLFDO�GDWD�ZHUH�SXEOLVKHG�>����@�LQ�WKH�UHVXOWV�RI�
���������� H[FDYDWLRQV� E\� WKH� 9LHWQDPHVH�$PHULFDQ� H[SHGLWLRQ�� 6LQFH� ������ WKH�
H[FDYDWLRQV� LQ� WKH�/DQJ�7UDQJ� FDYH�ZHUH� FDUULHG�RXW�E\�%RULVVLDN�3DOHRQWRORJLFDO�
,QVWLWXWH� RI� WKH� 5XVVLDQ� $FDGHP\� RI� 6FLHQFHV� �3,1�� DQG� ,QVWLWXWH� RI� 7URSLFDO�
(FRORJ\�RI� WKH�-RLQW�9LHWQDP�� 5XVVLD�7URSLFDO�6FLHQFH�DQG�7HFKQRORJ\�5HVHDUFK�
&HQWHU�ZLWKLQ� WKH� IUDPHZRUN�RI� WKH�SDOHRHFRORJLFDO� VWXGLHV�RI� WKH�7URSLFDO�&HQWHU�
�3URMHFW� �7KH� &RPSRVLWLRQ� RI� WKH� )DXQD� RI� 3ULPDWHV� �&HUFRSLWKHFLGDH�� 3RQJLGDH��
DQG�5RGHQWV��5RGHQWLD��RI�WKH�3OHLVWRFHQH�DQG�+RORFHQH�RI�9LHWQDP�DV DQ�,QGLFDWRU�
RI�(QYLURQPHQWDO�&KDQJH���

���0$7(5,$/6�$1'�0(7+2'6

1HZ� GDWD� REWDLQHG� E\� WKH� 5XVVLDQ�9LHWQDPHVH� H[SHGLWLRQV� LQ� ����������
VLJQLILFDQWO\�H[SDQGHG�RXU�XQGHUVWDQGLQJ�RI�WKH�WD[RQRPLF�FRPSRVLWLRQ�RI�WKH�/DQJ�
7UDQJ�IDXQD��7DEOH ���DQG�WKH�HQYLURQPHQWV�LQ�WKH�UHJLRQ��DQG�DOVR�FODULILHG�WKH�DJH�
RI�WKH�ORFDOLW\�DV�WKH�EHJLQQLQJ�RI�WKH�/DWH�3OHLVWRFHQH�>�·��@�

7DEOH��� 7D[RQRPLF�FRPSRVLWLRQ�RI�WKH�3OHLVWRFHQH�IDXQD�LQ�WKH�/DQJ�7UDQJ�FDYH

&LRFKRQ�DQG�2OVHQ�>�@
/RQJ�HW�DO��>�@�

%DFRQ�HW�DO��>��@��
�
/RSDWLQ�>����������@��/RSDWLQ�HW�DO��>���
�����@��DQG�QHZ�GDWD�KHUHLQ��

�

3ULPDWHV
+RPR VS���3RQJR�S\JPDHXV VVS���
+\OREDWHV VS���3UHVE\WLV VS���
0DFDFD�DUFWRLGHV��0��PXODWWD��
0DFDFD VS�

3ULPDWHV
3RQJR�S\JPDHXV��
+\OREDWHV VS���
3UHVE\WLV ��
7UDFK\SLWKHFXV VS���
0DFDFD VS�

3ULPDWHV
*LJDQWRSLWKHFXV�EODFNL��3RQJR VS���
+\OREDWHV VS�

��7UDFK\SLWKHFXV VS���
3\JDWKUL[ VS�

��3UHVE\WLV VS���0DFDFD�
QHPHVWULQD��0��FI��IDVFLFXODULV� 0��FI��
PXODWWD� 0DFDFD VS�

&DUQLYRUD
8UVXV�PDOD\DQXV��8��WKLEHWDQXV��
$LOXURSRGD�PHODQROHXFD��
$UFWRQ\[�FROODULV��FI��0HORJDOH�
PRVFKDWD��FI��3DJXPD�ODUYDWD��
FI��3DUDGR[XUXV�KHUPDSKURGLWXV��
FI��9LYHUUD VS���&XRQ�DQWLTXXV��
FI��&DQLV VS���3DQWKHUD�WLJULV��FI��

&DUQLYRUD
8UVXV�PDOD\DQXV��8��
WKLEHWDQXV��$LOXURSRGD�
PHODQROHXFD��$UFWRQ\[�
FROODULV��/XWUD�
SHUVSLFLOODWD��
3DUDGR[XUXV�
KHUPDSKURGLWXV��&XRQ�

&DUQLYRUD
$UFWRQ\[�FROODULV�URVWUDWXV��3DQWKHUD�
WLJULV��1HRIHOLV�QHEXORVD
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&LRFKRQ�DQG�2OVHQ�>�@
/RQJ�HW�DO��>�@�

%DFRQ�HW�DO��>��@��
�
/RSDWLQ�>����������@��/RSDWLQ�HW�DO��>���
�����@��DQG�QHZ�GDWD�KHUHLQ��

�

3��SDUGXV��)HOLV�WHPPLQFNL MDYDQLFXV��3DQWKHUD�
WLJULV��3��SDUGXV��)HOLV�
WHPPLQFNL

3URERVFLGHD
(OHSKDV�QDPDGLFXV��6WHJRGRQ�
RULHQWDOLV

3URERVFLGHD
(OHSKDV�PD[LPXV���
QDPDGLFXV��6WHJRGRQ�
RULHQWDOLV

3URERVFLGHD
(OHSKDV�PD[LPXV��6WHJRGRQ VS�

3HULVVRGDFW\OD
7DSLUXV��0HJDWDSLUXV��DQJXVWXV��
5KLQRFHUXV�VLQHQVLV

3HULVVRGDFW\OD
7DSLUXV�LQGLFXV��
'LFHURUKLQXV�
VXPDWUHQVLV��
5KLQRFHURV�VRQGDLFXV
�

3HULVVRGDFW\OD
7DSLUXV�LQGLFXV��'LFHURUKLQXV�
VXPDWUHQVLV��5KLQRFHURV�VRQGDLFXV

��
5KLQRFHURV�XQLFRUQLV



$UWLRGDFW\OD
6XV�VFURID��7UDJXOXV FI��
MDYDQLFXV��0XQWLDFXV�PXQWMDN��
&HUYXV��5XVD��XQLFRORU��&HUYXV
VS���&DSULFRUQLV�VXPDWUDHQVLV��
%RV��%LERV��JDXUXV��%RV VS�

$UWLRGDFW\OD
6XV�VFURID��0XQWLDFXV�
PXQWMDN��5XVD�
XQLFRORU��&DSULFRUQLV�
VXPDWUDHQVLV� %XEDOXV�
EXEDOLV

$UWLRGDFW\OD
6XV�VFURID��6��EDUEDWXV��7UDJXOXV�
NDQFKLO��+\GURSRWHV
LQHUPLV��0XQWLDFXV�PXQWMDN��$[LV�
SRUFLQXV��5XVD�XQLFRORU��&DSULFRUQLV�
VXPDWUDHQVLV��%XEDOXV DUQHH

��%RV
VS�



5RGHQWLD
+\VWUL[�VXEFULVWDWD��$WKHUXUXV�
PDFURXUXV��5KL]RP\V�
WURJORG\WHV��5DWWXV�VDEDQXV

5RGHQWLD
+\VWUL[�EUDFK\XUD��
$WKHUXUXV�PDFURXUXV��
5DWWXV�VDEDQXV

5RGHQWLD
+\VWUL[�NLDQJVHQHQVLV��/HRSROGDP\V�
QHLOOL��5DWWXV UDWWXV

&KLURSWHUD
)DPLO\�LQGHW�

&KLURSWHUD
,D�LR

/LSRW\SKOD
&KRGVLJRD�KRIIPDQQL
&URFRGLOLD
&URFRG\OXV VS��
7HVWXGLQHV
&XRUD VS�



*DVWURSRGD
&\FORSKRUXV VS�

*DVWURSRGD
3ROOLFDULD�URFKHEUXQL��&\FORSKRUXV�
IDVFLDWXV��&\FORSKRUXV VS���5KLRVWRPD�
PRUOHWL��%URWLD�MXOOLHQL��6XOFRVSLUD FI��
FROO\UD��(OORELXP�DXULVPLGDH��
0HJDODXFKHQLD�SURFWRVWRPD��&DPDHQD
FI��YDQEXHQVLV

7KH�PDFURVFRSLF�LQYHVWLJDWLRQ�RI�WKH�IRVVLO�EHDULQJ�VHGLPHQWV�ZDV�FDUULHG�RXW�
LQ�WKH�ILHOG��ZKLOH�WKH�PLFURVFRSLF�DQDO\VLV�ZDV�GRQH�LQ�WKH�ODERUDWRU\�>��@�

7KH�FROOHFWHG�SDOHRQWRORJLFDO�PDWHULDOV�ZHUH�VWXGLHG�DW�WKH�3,1��0RVFRZ��7KH�
IRVVLO�PHDVXUHPHQWV�ZHUH�PDGH�XVLQJ�D�GLJLWDO�FDOLSHU�ZLWK������PP�SUHFLVLRQ�DQG�
DQ�RFXODU�PLFURPHWHU�RQ�WKH�/HLFD�0=��VWHUHR�PLFURVFRSH�ZLWK������PP�SUHFLVLRQ��
,OOXVWUDWLRQV�ZHUH�PDGH�XVLQJ� WKH�1LNRQ�'����GLJLWDO� SKRWR� FDPHUD�ZLWK� DQ�$)�6�
0LFUR�1,..25���PP�I����*�('� OHQV� DQG�&DQRQ�(26��'�0DUN� ,,�GLJLWDO� SKRWR�
FDPHUD�ZLWK�()����PP�I�����0DFUR�860�OHQV��
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9DULRXV� UHSUHVHQWDWLYHV�RI� WKH�6WHJRGRQ�$LOXURSRGD )DXQD�FKDUDFWHUL]LQJ� WKH�
VHFRQG�KDOI�RI�WKH�0LGGOH�� HDUO\�/DWH�3OHLVWRFHQH�RI�6RXWKHDVW�$VLD�ZHUH�LGHQWLILHG�
LQ� WKH� PDWHULDOV� FROOHFWHG� E\� WKH� -RLQW� 9LHWQDP� � 5XVVLD� 7URSLFDO� 6FLHQFH� DQG�
7HFKQRORJ\�5HVHDUFK�&HQWHU� �WRWDOO\�PRUH� WKDQ� ���� VSHFLPHQV���QDPHO\��SULPDWHV�
*LJDQWRSLWKHFXV� EODFNL YRQ� .RHQLJVZDOG�� ������ 3RQJR VS��� 7UDFK\SLWKHFXV VS���
3UHVE\WLV VS��� 0DFDFD� QHPHVWULQD� �/LQQDHXV�� ������ 0�� FI� IDVFLFXODULV� 5DIIOHV��
����� 0��FI� PXODWWD �=LPPHUPDQQ��������� DQG�0DFDFD VS��� FDUQLYRUDQV�3DQWKHUD
WLJULV �/LQQDHXV�� �������1HRIHOLV� QHEXORVD �*ULIILWK�� ������� DQG� $UFWRQ\[� FROODULV
URVWUDWXV�0DWWKHZ�HW�*UDQJHU�������� OLSRW\SKODQ�&KRGVLJRD�KRIIPDQQL &KHQ�HW�DO���
������ EDW� ,D� LR 7KRPDV�� ����� URGHQWV� +\VWUL[� NLDQJVHQHQVLV :DQJ�� ������
/HRSROGDP\V� QHLOOL �0DUVKDOO� ������� DQG� 5DWWXV� UDWWXV �/LQQDHXV�� �������
SURERVFLGHDQV�6WHJRGRQ� VS��� DQG�(OHSKDV PD[LPXV /LQQDHXV�� ������ SHULVVRGDFW\OV�
7DSLUXV� LQGLFXV �'HVPDUHVW�� ������� 'LFHURUKLQXV� VXPDWUHQVLV �)LVFKHU�� �������
5KLQRFHURV� VRQGDLFXV 'HVPDUHVW�� ������ DQG� 5�� XQLFRUQLV /LQQDHXV�� ������
DUWLRGDFW\OV�6XV�VFURID�/LQQDHXV��������6� EDUEDWXV�0�OOHU��������7UDJXOXV�NDQFKLO�
�5DIIOHV�� ������� +\GURSRWHV� LQHUPLV 6ZLQKRH�� ����� 0XQWLDFXV� PXQWMDN�
�=LPPHUPDQQ�� ������� $[LV� SRUFLQXV� �=LPPHUPDQQ�� ������� 5XVD� XQLFRORU� �.HUU��
������ &DSULFRUQLV� VXPDWUDHQVLV� �%HFKVWHLQ�� ������� %XEDOXV� DUQHH �.HUU�� �������
DQG�%RV VS���DV�ZHOO�DV�FURFRGLOHV��WXUWOHV��DQG�UHSUHVHQWDWLYH�JDVWURSRG�DVVHPEODJH�
�)LJV�������

*LJDQWRSLWKHFXV� EODFNL� 0DFDFD� FI� IDVFLFXODULV�� 0�� FI� PXODWWD� 1HRIHOLV�
QHEXORVD��&KRGVLJRD�KRIIPDQQL��,D�LR��/HRSROGDP\V�QHLOOL��5DWWXV�UDWWXV��5KLQRFHURV�
XQLFRUQLV�� 6XV� EDUEDWXV�� 7UDJXOXV� NDQFKLO�� +\GURSRWHV� LQHUPLV� $[LV� SRUFLQXV��
FURFRGLOHV��WXUWOHV�DQG�PRVW�RI�WKH�JDVWURSRG�VSHFLHV�ZHUH�LGHQWLILHG�IRU�WKH�ILUVW�WLPH�
LQ�WKH�/DQJ�7UDQJ�IDXQD�

7KH� SULPDWH� UHPDLQV� IURP� WKH� /DQJ� 7UDQJ� ORFDOLW\� FRPSRVH� D� VLJQLILFDQW�
SRUWLRQ� LQ� WKH�ILQGV�RI������������FD������VSHFLPHQV���7KH�UHSUHVHQWDWLYHV�RI� IRXU�
IDPLOLHV�DUH�UHFRUGHG��L�H���+RPLQLGDH��*LJDQWRSLWKHFXV�EODFNL����VSHFLPHQV��3RQJR�
VS������VSHFLPHQV���+\OREDWLGDH �+\OREDWHV�VS�����VSHFLPHQV���&HUFRSLWKHFLGDH�����
VSHFLPHQV���DQG�&RORELGDH�����VSHFLPHQV���

7KH�ILQG�RI�D�JLDQW�DSH��*LJDQWRSLWKHFXV�EODFNL >�@��LV�RI�VSHFLDO�LPSRUWDQFH��,W�
LV�WKH�ILUVW�ILQGLQJ�LQ�WKH�8SSHU�3OHLVWRFHQH�RI�9LHWQDP��DV�ZHOO�DV�WKH�ODWHVW�RQH�LQ�
WKH� IRVVLO� UHFRUG� �FD�� ���� ND� %3��� 7KH� GDWD� RQ� JHRJUDSKLF� DQG� VWUDWLJUDSKLF�
GLVWULEXWLRQ� RI� *� EODFNL LQGLFDWH� WKDW� WKH� UDQJH� RI� WKLV� VSHFLHV� LQ� WKH� 0LGGOH�
3OHLVWRFHQH�ZDV� UHGXFHG� WR� D� VPDOO� DUHD� LQ� VRXWKHUQ�&KLQD� DQG�QRUWKHUQ�9LHWQDP�
$SSDUHQWO\�� WKH� H[WLQFWLRQ� RI� WKLV� JLDQW� DSH� FRUUHVSRQGV� WR� WKH� 0LGGOH� � /DWH�
3OHLVWRFHQH� WUDQVLWLRQ�� VR� WKDW� WKH� VSHFLPHQV� IURP� WKH� /DQJ� 7UDQJ� FDYH� �)LJ� �ɚ��
EHORQJ�WR�RQH�RI�WKH�ODWHVW�UHOLFW�SRSXODWLRQV�RI�*��EODFNL�
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-XGJLQJ� IURP� WKH� PRUSKRORJ\� DQG� VL]H� RI� WKH� XSSHU� DQG� ORZHU� WHHWK�� WKH�
RUDQJXWDQ�IURP�WKH�/DQJ�7UDQJ�FDYH��)LJ���E��ZDV�SUHYLRXVO\�DVVLJQHG�WR�WKH�IRVVLO�
VXEVSHFLHV� 3RQJR� SLJPDHXV� FLRFKRQL 6FKZDUW]� HW� DO��� ����� >��@�� +RZHYHU�� WKH�
UHFHQW�RUDQJXWDQ�3��SLJPDHXV LV�FKDUDFWHUL]HG�E\�D�KLJK�SRO\PRUSKLVP�LQ�WKH�WRRWK�
VWUXFWXUH�� WKHUHIRUH�� WKH� VXEVSHFLHV� VWDWXV� RI� WKH� /DQJ� 7UDQJ� IRUP� UHPDLQV� WKH�
VXEMHFW�RI�GLVFXVVLRQ�

7KH�PDWHULDO�RQ�+\OREDWHV�VS��LQFOXGHV�ZHOO�SUHVHUYHG�0���)LJ���F��RI�W\SLFDO�
PRUSKRORJ\� �PHDVXUHPHQWV� LQ�PP��VSHFLPHQ�3,1��QR�����������PD[LPXP� OHQJWK��
/�������PD[LPXP�ZLGWK��:��������

7KH� FHUFRSLWKHFRLG� PRQNH\V� FRPSRVH� WKH� ODUJHVW� JURXS� RI� SULPDWHV� LQ� WKH�
ORFDOLW\��DPRQJ� WKHP� WKH�FRORELGV�DUH��� ���ZKHUHDV� WKH� FHUFRSLWKHFLGV� DUH�������
7KH�VRXWKHUQ�SLJ�WDLOHG�PDFDTXH��0DFDFD�QHPHVWULQD��ZLWK�ODUJHVW�WHHWK�ZLWKLQ�WKH�
IDPLO\�PHPEHUV�IURP�WKH�ORFDOLW\��LV�WKH�PRVW�FRPPRQ�DPRQJ�WKH�&HUFRSLWKHFLGDH��
,Q�DGGLWLRQ��RWKHU�WZR�UHODWLYHO\�VPDOO�PHPEHUV�RI�WKH�JHQXV�ZHUH�IRXQG��7KH�ODUJHU�
IRUP�ZDV�GHWHUPLQHG�DV�0��FI��PXODWWD��WKH�VPDOOHU�RQH�� DV�0��FI��IDVFLFXODULV��0RVW�
OLNHO\�� WKHUH�LV�DQRWKHU�RQH�PDFDTXHV�VSHFLHV�LQ� WKH�ORFDOLW\��EXW�GXH�WR� WKH�ODFN�RI�
PDWHULDO��LW�LV�LGHQWLILHG�DV�0DFDFD VS��7KH�&RORELGDH�IDPLO\�LV�UHSUHVHQWHG�E\�VPDOO�
7UDFK\SLWKHFXV VS���3\JDWKUL[ VS���DQG�WKH�ODUJHU�3UHVE\WLV VS�

7KH� FDUQLYRUDQV� UHPDLQV� DUH� UDUH�� LVRODWHG� WHHWK� RI� WKH� JUHDWHU� KRJ� EDGJHU�
$UFWRQ\[� FROODULV� URVWUDWXV �0XVWHOLGDH�� SUHGRPLQDWH� DPRQJ� WKHP�� 7KH� /DQJ� 7UDQJ�
SRSXODWLRQ�RI�WKLV�H[WLQFW�VXEVSHFLHV�LV�FKDUDFWHUL]HG�E\�ODUJH�VL]HV�RI�PRODUV��ZKLFK��LQ�
WHUPV�RI�PD[LPXP�OHQJWK�DQG�ZLGWK��VRPHZKDW�H[FHHG�WKH�FRUUHVSRQGLQJ�SDUDPHWHUV�
HVWDEOLVKHG� IRU� WKH�&KLQHVH�SRSXODWLRQV� �)LJ���N�� >�����@��7KH� LVRODWHG� WHHWK�RI� IHOLQHV�
KDYH� DOVR� EHHQ� IRXQG�� L�H�� WKH� WLJHU�3DQWKHUD� WLJULV DQG� WKH� FORXGHG� OHRSDUG�1HRIHOLV�
QHEXORVD �)LJV��I���J���M��>��@��7KH�QHZ�ILQGV�LQFOXGH�SHQXOWLPDWH�XSSHU�SUHPRODU�RI�3��
WLJULV �VSHFLPHQ� 3,1�� QR�� ��������� 3��� /�� ������ :�� ������ DQG� WKH� XSSHU� FDQLQH�
IUDJPHQW�RI�1��QHEXORVD��VSHFLPHQ�3,1��QR������������ZLWK�W\SLFDO�IODWWHQHG�VKDSH�DQG�
SDLUHG�GHHS�QDUURZ�JURRYHV�DORQJ�WKH�ODWHUDO�VLGHV��)LJV��G���H���K���L��

7KH� SURERVFLGHDQ� UHPDLQV� IURP� WKH� /DQJ� 7UDQJ� ORFDOLW\� DUH� UHSUHVHQWHG� E\�
WRRWK� IUDJPHQWV�RI�(OHSKDQWLGDH� DQG�6WHJRGRQWLGDH��7KUHH�GHWHUPLQDEOH� IUDJPHQWV�
RI� WKH� XSSHU� WHHWK� RI� DQ� $VLDQ� HOHSKDQW�� (OHSKDV� PD[LPXV�� DUH� DPRQJ� WKHP��
VSHFLPHQ� 3,1�� QR�� ��������� �LVRODWHG� Ɇ�� SODWH��� VSHFLPHQ� 3,1�� QR�� ���������
�LVRODWHG� '3�� SODWH��� VSHFLPHQ� 3,1�� QR�� ��������� �IUDJPHQW� RI� '3���� 7KH�
PRUSKRORJLFDO� DQG�PRUSKRPHWULF�FKDUDFWHULVWLFV�RI� WKH� WHHWK�RI� WKH�$VLDQ�HOHSKDQW�
IURP�/DQJ�7UDQJ��7DEOH ���VOLJKWO\�GLIIHU�IURP�WKH�FRUUHVSRQGLQJ FKDUDFWHULVWLFV�RI�
UHFHQW�HOHSKDQWV�IURP�9LHWQDP�>��@��&RPSDUHG�WR�UHFHQW�PHPEHUV�RI�WKH�VSHFLHV��WKH�
$VLDQ�HOHSKDQW�IURP�/DQJ�7UDQJ�KDV�D�UHODWLYHO\�ZLGHU�FURZQ��WKHUH�LV�QR�GLIIHUHQFH�
LQ�WKH�WKLFNQHVV�RI�WKH�HQDPHO��:H�GR�QRW�FRQILUP�WKH�SUHVHQFH�RI�(��QDPDGLFXV >���
�@�LQ�WKH�/DQJ�7UDQJ�ORFDOLW\�
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7DEOH��� 7KH�PRUSKRORJLFDO�DQG�PRUSKRPHWULF�FKDUDFWHULVWLFV�RI�WKH�XSSHU�WHHWK�RI�
WKH�WKLUG��'3���DQG�IRUWK��Ɇ���UHSODFHPHQWV�LQ�(OHSKDV�PD[LPXV IURP�6RXWK�
9LHWQDP��*LD�/DL�3URYLQFH��5HFHQW��DQG�/DQJ�7UDQJ�ORFDOLW\��HDUO\�/DWH�

3OHLVWRFHQH�

/RFDOLW\
&URZQ�KHLJKW��
ZLGWK��PP

(QDPHO�
WKLFNQHVV��PP

&URZQ KHLJKW ��
ZLGWK UDWLR���

/DQJ�7UDQJ��
VSHFLPHQ�3,1��QR������������'3�

a������a���� ��� ����

*LD�/DL�3URYLQFH��&{Q�5LYHU��
VSHFLPHQ�3,1��QR����������'3��>��@

��������� ��� ����

/DQJ�7UDQJ��
VSHFLPHQ�3,1��QR������������Ɇ�

���������� ��� ����

*LD�/DL�3URYLQFH��&{Q�5LYHU��
VSHFLPHQ�3,1��QR����������Ɇ��>��@

���������������� ������� ����

6WHJRGRQ�VS��LV�DQRWKHU�UHSUHVHQWDWLYH�RI�3URERVFLGHD�LQ�/DQJ�7UDQJ��'XH�WR�WKH�
SRRU�SUHVHUYDWLRQ�RI�WKH�WRRWK�IUDJPHQWV��LW�FDQ�EH�GHWHUPLQHG�RQO\�WR�WKH�JHQXV�OHYHO��,W�
LV� QRWHG� WKDW� (OHSKDV DQG� 6WHJRGRQ UHSHDWHGO\� VXFFHHGHG� HDFK� RWKHU� DW� GLIIHUHQW�
FKURQRORJLFDO� LQWHUYDOV� LQ� WKH� 6WHJRGRQ�$LOXURSRGD )DXQD� RI� VRXWKHUQ� &KLQD� DQG�
QRUWKHUQ�7KDLODQG�GXULQJ� WKH�0LGGOH�DQG�/DWH�3OHLVWRFHQH >��@� 7KH�VSHFLHV�6WHJRGRQ�
RULHQWDOLV 2ZHQ�� ����� LV� FKDUDFWHULVWLF� IRU� WKH� ERXQGDU\� RI� WKH� 0LGGOH� DQG� /DWH�
3OHLVWRFHQH�LQ�6RXWKHDVW�$VLD�>��@��LQ�7KDLODQG�LW�DOVR�RFFXUV�WRJHWKHU�ZLWK�(OHSKDV VS��
>��@�� ,Q� D� QXPEHU� RI� VWXGLHG� ORFDOLWLHV� RI� QRUWKHUQ� 9LHWQDP�� LQFOXGLQJ� /DQJ� 7UDQJ��
6WHJRGRQ DQG�(OHSKDV ZHUH�IRXQG�WRJHWKHU��RXU�GDWD��

3HULVVRGDFW\OV� DUH� UHSUHVHQWHG� E\� WDSLUV� DQG� UKLQRFHURVHV� LQ� WKH� /DQJ� 7UDQJ�
DVVHPEODJH��5HPDLQV� RI� WKH�0DOD\DQ� WDSLU��7DSLUXV� LQGLFXV�� LQFOXGH� VHYHUDO� LVRODWHG�
WHHWK��)LJ���P���7KH�VSHFLHV�RFFXUUHG�LQ�VRXWKHUQ�&KLQD�GXULQJ�WKH�(DUO\�3OHLVWRFHQH��LQ�
7KDLODQG��&DPERGLD��/DRV��DQG�RQ�-DYD�LQ�WKH�0LGGOH�3OHLVWRFHQH��LQ�/DRV��9LHWQDP��
0DOD\�3HQLQVXOD��%RUQHR��6XPDWUD��DQG�-DYD�LQ�WKH�/DWH�3OHLVWRFHQH�>������@�

2YHU� ��� GHILQDEOH� XSSHU� DQG� ORZHU� WHHWK� RI� WKUHH� UKLQRFHURV� VSHFLHV� DUH�
SUHVHQW� LQ� WKH�PDWHULDOV�FROOHFWHG�LQ������������)LJV��Q��U���-XGJLQJ�IURP�WKH�VL]H�
DQG� VWUXFWXUH�� D� SDUW� RI� WKHP� UHSUHVHQWV� 6XPDWUDQ� UKLQRFHURV�� 'LFHURUKLQXV�
VXPDWUHQVLV�� WKH� OHDVW� DPRQJ� PRGHUQ� 5KLQRFHURWLGDH� VSHFLHV� �VSHFLPHQ� 3,1�� QR��
��������� P���/��������:��������VSHFLPHQ�3,1��QR���������� P���/��������:��������
VSHFLPHQ�3,1��QR���������� P���/��������:��������� ,WV� IRVVLOV�DUH�NQRZQ�IURP� WKH�
/RZHU� 3OHLVWRFHQH� RI� 0\DQPDU�� WKH� 0LGGOH� 3OHLVWRFHQH� RI� VRXWKHUQ� &KLQD�� WKH�
8SSHU�3OHLVWRFHQH�RI�9LHWQDP��0DOD\�3HQLQVXOD��6XPDWUD��%RUQHR�DQG�-DYD�>������@��

7KH�ODUJHU�IRUP�UHPDLQV�ZHUH�GLVFRYHUHG�LQ�WKH�/DQJ�7UDQJ�FDYH�LQ�������IRU�
LQVWDQFH�� VSHFLPHQ� 3,1�� QR�� ��������� 3��� /�� ������ :�� ������ VSHFLPHQ� 3,1�� QR��
��������� 0���/��������:��������VSHFLPHQ�3,1��QR����������� S���/��������:��������
VSHFLPHQ�3,1��QR����������� S���/��������:��������VSHFLPHQ�3,1��QR����������� P���
/�� ������ :�� ������ VSHFLPHQ� 3,1�� QR�� �������� P��� /�� ������ :�� ������� 7KH� GDWD�
DQDO\]H�RQ� WKH� VL]H�YDULDELOLW\�RI� WKH� WHHWK�RI�GLIIHUHQW� VSHFLHV�RI�6RXWKHDVW�$VLDQ�
UKLQRFHURVHV�>������@�DOORZV�XV�WR�FRQFOXGH�WKDW WKH\�EHORQJ�WR�WKH�-DYDQ�UKLQRFHURV��
5KLQRFHURV�VRQGDLFXV�
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7KH�UHPDLQV�RI�DQ�HYHQ�ODUJHU�IRUP��VSHFLPHQ�3,1��QR�����������S���/��������
:��������VSHFLPHQ�3,1��QR������������P���/��������:��������FDQ�EH�DWWULEXWHG�WR�WKH�
,QGLDQ�UKLQRFHURV��5KLQRFHURV�XQLFRUQLV�

7KH�FR�RFFXUUHQFH�RI�'��VXPDWUHQVLV��5��VRQGDLFXV��DQG�5��XQLFRUQLV KDV�DOVR�
EHHQ�QRWHG�IRU�RWKHU�ORFDOLWLHV�RI�QRUWKHUQ�9LHWQDP�GDWLQJ�DV�WKH�WUDQVLWLRQ�IURP�WKH�
0LGGOH�WR�WKH�/DWH�3OHLVWRFHQH��0,6�������������ND�%3�>��@�

7HQ�VSHFLHV�RI�DUWLRGDFW\OV�KDYH�EHHQ� LGHQWLILHG� LQ� WKH�/DQJ�7UDQJ� IDXQD� >���
��@�� LQFOXGLQJ� UHSUHVHQWDWLYHV� RI� WKH� IDPLOLHV 6XLGDH� �6XV� VFURID�� 6� EDUEDWXV���
7UDJXOLGDH� �7UDJXOXV� NDQFKLO���&HUYLGDH� �+\GURSRWHV� LQHUPLV� 0XQWLDFXV�PXQWMDN��
$[LV� SRUFLQXV�� 5XVD� XQLFRORU��� DQG� %RYLGDH� �&DSULFRUQLV� VXPDWUDHQVLV�� %XEDOXV�
DUQHH��DQG�%RV VS����

7KH� ZLOG� ERDU�� 6XV� VFURID�� KDV� EHHQ� UHFRUGHG� LQ� 6RXWKZHVW� $VLD� VLQFH� WKH�
(DUO\� 3OHLVWRFHQH >�@�� 7KH� EHDUGHG� SLJ�� 6�� EDUEDWXV�� DV� D� IRVVLO� ZDV� IRXQG� LQ� WKH�
0LGGOH�DQG�8SSHU�3OHLVWRFHQH�RI�7KDLODQG��WKH�8SSHU�3OHLVWRFHQH�RI�9LHWQDP��/DRV��
0DOD\VLD�� DQG� ,QGRQHVLD�� LQFOXGLQJ� 6XPDWUD�� -DYD�� DQG� %RUQHR�� LQ� D� QXPEHU� RI�
ORFDOLWLHV��OLNH�WKH�/DQJ�7UDQJ�FDYH��LW�FR�RFFXUUHG�ZLWK�D�ZLOG�ERDU�>���������@��7KH�
/HVVHU� RULHQWDO� FKHYURWDLQ�� 7UDJXOXV� NDQFKLO�� D�PHPEHU� RI WKH� DUFKDLF� 7UDJXOLGDH�
IDPLO\�� LQKDELWV� WKH�WURSLFDO�IRUHVWV�RI�6RXWKHDVW�$VLD�� LQ�PRGHUQ�GD\V�UDQJHV�IURP�
FD�� ��� 1� ODWLWXGH� VRXWK� WR� 6XPDWUD�� %RUQHR� DQG� WKH� 6XQGD� ,VOHV� 7KLV� VSHFLHV� LV�
UHSUHVHQWHG� E\� D� VLQJOH� ILQG� >�@�� 7KH� ZDWHU� GHHU�� +\GURSRWHV� LQHUPLV�� ZDV� DOVR�
LGHQWLILHG� IURP� D� VLQJOH� ILQGLQJ� RI� D� WRRWK� ZLWK� D� FKDUDFWHULVWLF� VWUXFWXUH� >�@��
1RZDGD\V�WKLV�VSHFLHV�RFFXUV�LQ�WKH�HDVW�RI�&KLQD��LQ�WKH�<DQJW]H�5LYHU�EDVLQ��DQG�
LQ�.RUHD�� ,W�KDV�EHHQ�NQRZQ�VLQFH�WKH�(DUO\�3OHLVWRFHQH�LQ�&KLQD��EXW�LQ�6RXWKHDVW�
$VLD�LW�ZDV�GLVFRYHUHG�IRU�WKH�ILUVW�WLPH��7KH�KRJ�GHHU� $[LV�SRUFLQXV��UHSUHVHQWHG�LQ�
WKH�/DQJ�7UDQJ�ORFDOLW\�E\�D�IHZ�UHPDLQV��KDV�EHHQ�NQRZQ�LQ�6RXWKHDVW�$VLD�VLQFH�
WKH� 0LGGOH� 3OHLVWRFHQH�� 7KH� UHPDLQV� RI� WKH� VRXWKHUQ� UHG� PXQWMDF�� 0XQWLDFXV�
PXQWMDN��WKH�VDPEDU�GHHU��5XVD�XQLFRORU��DQG�WKH�VHURZ��&DSULFRUQLV�VXPDWUDHQVLV��
DUH� PRUH� QXPHURXV�� 7KH� ODUJHU� GHHU�� PXQWMDF� DQG� VDPEDU�� KDYH� EHHQ� ZLGHO\�
UHSUHVHQWHG�RQ�WKH�FRQWLQHQWDO�SDUW�RI�6RXWKHDVW�$VLD�VLQFH�WKH�0LGGOH�3OHLVWRFHQH��
DQG�LQ�WKH�/DWH�3OHLVWRFHQH WKH\�VHWWOHG�RQ�WKH�*UHDWHU�6XQGD�,VOHV�>��@��7KH�VHURZ��
QRZDGD\V� LQKDELWLQJ� PRXQWDLQV� IURP� (DVWHUQ� 7LEHW� DQG� 1RUWKHUQ� ,QGLD� WR� 6RXWK�
&KLQD�DQG�6RXWKHDVW�$VLD� �DV� IDU� DV�6XPDWUD���KDV�EHHQ�NQRZQ� LQ�&KLQD� VLQFH� WKH�
(DUO\� 3OHLVWRFHQH�� DQG� LQ� 6RXWKHDVW� $VLD� IURP� WKH�0LGGOH� 3OHLVWRFHQH >��� ��@�� ,Q�
����� ILQGV� IURP� WKH� /DQJ� 7UDQJ� WKH� ODUJH� ERYLG� DUH� UHSUHVHQWHG� E\� WZR� IRUPV��
%XEDOXV DUQHH DQG�%RV VS���)LJV��V��Y��

7KH� DUWLRGDFW\O� DVVHPEODJH� RI� WKH� /DQJ� 7UDQJ� LV� VLPLODU� WR� WKH� /DRV� DQG�
7KDLODQG� FRPPXQLWLHV� GDWHG� DV� WKH� HQG� RI� WKH� 0LGGOH� � EHJLQQLQJ� RI� WKH� /DWH�
3OHLVWRFHQH� >��� ��@�� ,WV� WD[RQRPLF� FRPSRVLWLRQ� VXSSRUWV� SRVVLEOH� ]RRJHRJUDSKLF�
UHODWLRQVKLSV� ERWK�ZLWK� WKH�3OHLVWRFHQH� IDXQDV� RI�3DNLVWDQ� DQG� ,QGLD�� DQG�ZLWK� WKH�
IDXQDV� RI� 6RXWK� &KLQD�� $ORQJ� ZLWK� WKH� DXWRFKWKRQRXV� IRUPV� �6XV� EDUEDWXV DQG�
7UDJXOXV� NDQFKLO��� WKHUH� DUH� VSHFLHV� WKDW� FRXOG� KDYH� VSUHDG� WR� WKH� VWXGLHG� UHJLRQ�
IURP� WKH� ZHVW� RU� QRUWK� �$[LV� SRUFLQXV�� 0XQWLDFXV� PXQWMDN�� 5XVD� XQLFRORU��
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&DSULFRUQLV�VXPDWUDHQVLV���DQG�IURP�WKH�QRUWK��+\GURSRWHV�LQHUPLV���,Q JHQHUDO��WKH�
GZHOOHUV� RI� D� YDULHW\� RI� WURSLFDO� IRUHVWV� �IURP� ORZODQG� WR�PRXQWDLQ�� SUHGRPLQDWH��
WKHUH�DUH�LQKDELWDQWV�RI�ZHW�ELRWRSHV��LQFOXGLQJ�ULYHUV�IORRGSODLQV�DQG�FRDVWDO�SODLQV�
�$� SRUFLQXV�� +�� LQHUPLV� %XEDOXV� DUQHH��� DV� ZHOO� DV� PDQJURYHV� �7� NDQFKLO�� 6�
EDUEDWXV���6RPH�VSHFLHV�DUH�DGDSWHG�WR�GULHU�ODQGVFDSHV��&��VXPDWUDHQVLV��RU�RFFXU�
LQ�D�UHODWLYHO\�ZLGH�UDQJH�RI�KDELWDWV��6��VFURID��5��XQLFRORU��>�����@�

7KH� ODUJH� SRUFXSLQH�� SUHYLRXVO\� LGHQWLILHG� DV� +\VWUL[� EUDFK\XUD /LQQDHXV��
�����RU�+��LQGLFD .HUU��������LV�NQRZQ�IURP�/DQJ�7UDQJ�FDYH�E\�QXPHURXV�LVRODWHG�
WHHWK��%DVHG� RQ� WKH� DQDO\VLV� RI�PRUSKRPHWULF� GDWD�� WKH� V\VWHPDWLF� SRVLWLRQ� RI� WKLV�
IRUP�LV�UHGHILQHG�DV�+� NLDQJVHQHQVLV��)LJ���O��>�����@��3UREDEO\��WKLV�H[WLQFW�VSHFLHV�
ZDV� WKH�PDLQ�DJHQW�RI�ELRHURVLRQ�RI� WKH�PDPPDO�ERQH�UHPDLQV� LQ� WKH�/DQJ�7UDQJ�
FDYH��PDQ\�ERQH�IUDJPHQWV�RI�ERQHV�DQG�WRRWK�URRWV�EHDU�VLJQV�RI�RVWHRSKDJ\�WKDW�LV�
FKDUDFWHULVWLF� RI� SRUFXSLQHV��� DSSDUHQWO\�� WKH� SRUFXSLQHV� SDUWLFLSDWHG� LQ� WKH� ERQHV�
DFFXPXODWLRQ�LQ�WKH�FDYH�FDYLWLHV�

)LJ� �� 0DPPDOV� IURP� WKH� /DQJ� 7UDQJ� ORFDOLW\�� �D�� *LJDQWRSLWKHFXV� EODFNL YRQ�
.RHQLJVZDOG�� ������ VSHFLPHQ� 3,1�� QR�� ���������� ULJKW� P��� RFFOXVDO� YLHZ�� �E��
3RQJR VS��� VSHFLPHQ� 3,1�� QR�� �������� OHIW�0��� RFFOXVDO� YLHZ�� �F��+\OREDWHV� VS���
VSHFLPHQ�3,1��QR�����������OHIW�0���RFFOXVDO�YLHZ���G�J��3DQWKHUD�WLJULV �/LQQDHXV��
��������G��H��VSHFLPHQ�3,1��QR������������OHIW�3���RFFOXVDO��G��DQG�ODELDO��H��YLHZV��
�I��J��VSHFLPHQ�3,1��QR������������ULJKW�S���RFFOXVDO��I��DQG�ODELDO��J��YLHZV���K�M��
1HRIHOLV�QHEXORVD �*ULIILWK����������K��L��VSHFLPHQ�3,1��QR������������OHIW�&���ODELDO�
�K��DQG�OLQJXDO��L��YLHZV���M��VSHFLPHQ�3,1��QR������������ULJKW�3���ODELDO�YLHZV���N��
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$UFWRQ\[�FROODULV�URVWUDWXV 0DWWKHZ�HW�*UDQJHU��������VSHFLPHQ�3,1��QR������������
ULJKW�P���RFFOXVDO�YLHZ���O��+\VWUL[�NLDQJVHQHQVLV :DQJ��������VSHFLPHQ�3,1��QR��
����������OHIW�0���RFFOXVDO�YLHZ���P��7DSLUXV�LQGLFXV �'HVPDUHVW���������VSHFLPHQ�
3,1�� QR�� �������� OHIW�P��� RFFOXVDO� YLHZ�� �Q�S��'LFHURUKLQXV� VXPDWUHQVLV �)LVFKHU��
��������Q��VSHFLPHQ�3,1��QR�����������ULJKW�P���RFFOXVDO�YLHZ���R��S��VSHFLPHQ�3,1��
QR�� ��������� OHIW�P��� RFFOXVDO� �R�� DQG� ODELDO� �S�� YLHZV�� �T��5KLQRFHURV� VRQGDLFXV
'HVPDUHVW��������VSHFLPHQ�3,1��QR�����������OHIW�P���RFFOXVDO�YLHZ���U��5KLQRFHURV�
XQLFRUQLV /LQQDHXV��������VSHFLPHQ�3,1��QR������������ULJKW�P���RFFOXVDO�YLHZ���V��
W��%XEDOXV�DUQHH��.HUU���������VSHFLPHQ�3,1��QR������������OHIW�P���RFFOXVDO��V��DQG�
ODELDO��W��YLHZV���X��Y��%RV�VS���VSHFLPHQ�3,1��QR������������OHIW�P���RFFOXVDO��X��DQG�
ODELDO� �Y�� YLHZV�� 9LHWQDP�� 7KDQK� +RD� 3URYLQFH�� %D� 7KXRF� 'LVWULFW�� /DQJ� 7UDQJ�
FDYH��ORZHU�8SSHU�3OHLVWRFHQH�

2WKHU� URGHQWV� DUH� UHSUHVHQWHG� E\� WZR� VSHFLHV� RI�0XULGDH�� L�H�� /HRSROGDP\V�
QHLOOL DQG�5DWWXV�UDWWXV >��@��%RWK�VSHFLHV�RFFXU�DW�SUHVHQW�LQ�9LHWQDP�

7KH� EDW� ,D� LR� QRZDGD\V LQKDELWV� 1HSDO� (DVW� ,QGLD�� 6RXWK� &KLQD�� 7KDLODQG��
0\DQPDU�� /DRV�� DQG�9LHWQDP�� ,W� LV� NQRZQ� IURP� WKH� 3OHLVWRFHQH� RI� &KLQD�� EXW� LQ�
9LHWQDP� LW�ZDV�GLVFRYHUHG�DV� D� IRVVLO� IRU� WKH� ILUVW� WLPH� >�@��7KH�PDWHULDO� IURP� WKH�
/DQJ�7UDQJ�FDYH�LV�UHSUHVHQWHG�E\�D�GHQWDU\�IUDJPHQW�

7KH�PD[LOODU\�IUDJPHQW�RI�VKUHZ�&KRGVLJRD�KRIIPDQQL IURP�WKH�/DQJ�7UDQJ�
FDYH�>�@�LV�WKH�ILUVW�IRVVLO�ILQG�RI�WKH�VSHFLHV�WKDW�RFFXUV�QRZ�LQ�+D�*LDQJ�3URYLQFH�LQ�
QRUWKHUQ�9LHWQDP�DQG�LQ�<XQQDQ��*XL]KRX��DQG�+XEHL�SURYLQFHV�RI�&KLQD�

7KH� VL]H� RI� WKH� WRRWK� RI� &URFRG\OXV VS�� IURP� WKH� /DQJ� 7UDQJ� FDYH� >��@�
FRUUHVSRQGV� WR� DQ� LQGLYLGXDO�ZLWK� D� ERG\� OHQJWK� RI� DW� OHDVW� ����P��&XUUHQWO\�� WZR�
VSHFLHV� RI� FURFRGLOHV� OLYH� LQ� 9LHWQDP�� L�H�� 6LDPHVH� FURFRGLOH�� &�� VLDPHQVLV�
6FKQHLGHU��������DQG�VDOWZDWHU�FURFRGLOH��&��SRURVXV 6FKQHLGHU��������7KH\�RFFXUV�
LQ�WKH�ORZODQG�VRXWKHUQ�SDUW�RI�WKH�FRXQWU\�ZLWK�D�VPRRWK�WURSLFDO�FOLPDWH��DQG�DUH�
DEVHQW�LQ�WKH�QRUWKHUQ�UHJLRQV��7KH�SUHVHQFH�RI�D�FURFRGLOH�LQ�WKH�/DQJ�7UDQJ�IDXQD�
LQGLFDWHV�WKH�H[LVWHQFH�RI�D�ODUJH�SHUPDQHQW�ZDWHU�ERG\�RU�D�VORZ�IORZLQJ�ULYHU�QHDU�
WKH� FDYH� DQG� GRHV� QRW� H[FOXGH� WKH� SUR[LPLW\� RI� WKH� VHD� VKRUH� �&�� SRURVXV QRZ�
FRPPRQO\�LQKDELWV�VHD�FRDVWV��PDQJURYH�VZDPSV��DQG�ULYHU�GHOWDV��

,Q�������WKH�UHPDLQV�RI�&XRUD VS���D�JHRHP\GLG�WXUWOH��ZHUH�IRXQG�LQ�WKH�/DQJ�
7UDQJ� FDYH�� 7KH� PRGHUQ� PHPEHUV� RI� WKH� IDPLO\� OLYH� LQ� WURSLFDO� DQG� VXEWURSLFDO�
IUHVKZDWHU��DV�ZHOO�DV� LQ�VHD�FRDVWV�DQG�WURSLFDO� IRUHVWV�HFRV\VWHPV��7KH�VSHFLHV�RI�
WKH� JHQXV� &XRUD� DUH� ZLGHO\� GLVWULEXWHG� LQ� 6RXWKHDVWHUQ� $VLD�� LQFOXGLQJ� VHYHUDO�
VSHFLHV� LQ�9LHWQDP�� 7KHVH� WXUWOHV� SUHIHU� VKDOORZ�� GHQVHO\� RYHUJURZQ� VZDPSV� DQG�
ULYHU�GDPV��7KH�IRVVLO�UHSUHVHQWDWLYHV�RI�WKH�JHQXV�DUH�NQRZQ�IURP�WKH�/DWH�0LRFHQH�
WR�WKH�+RORFHQH�RI�&KLQD��-DSDQ��DQG�7KDLODQG�>��@� &XRUD VS��IURP�WKH�/DQJ�7UDQJ�
FDYH�LV�WKH�ILUVW�IRVVLO�ILQG�RI�WKH�$VLDQ�ER[�WXUWOHV LQ�9LHWQDP�

7KH�PROOXVN�DVVHPEODJH�IURP�WKH�/DQJ�7UDQJ�FDYH�LQFOXGHV�UHFHQW�VSHFLHV�WKDW�
QRZDGD\V� RFFXU� LQ� QRUWKHUQ� 9LHWQDP� DQG� UHSUHVHQWV� D� PL[WXUH� RI� WHUUHVWULDO��
IUHVKZDWHU�DQG�FRDVWDO�PDULQH�IRUPV��)LJ������7KH�IROORZLQJ�VSHFLHV�DUH�GHWHUPLQHG�
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LQ� WKH� DVVHPEODJH�� WHUUHVWULDO� 3ROOLFDULD� URFKHEUXQL �0DELOOH�� ������� &\FORSKRUXV�
IDVFLDWXV .REHOW��������&\FORSKRUXV VS���5KLRVWRPD�PRUOHWL �'DXW]HQEHUJ�HW�)LVFKHU��
�������0HJDODXFKHQLD� SURFWRVWRPD �0DELOOH�� ������� DQG�&DPDHQD� FI�� YDQEXHQVLV
6PLWK�������� IUHVKZDWHU�%URWLD�MXOOLHQL �'HVKD\HV��������DQG�6XOFRVSLUD FI��FROO\UD
.|KOHU� HW� DO��� ������ DQG� VKDOORZ� ZDWHU� PDULQH� VSHFLHV� (OORELXP� DXULVPLGDH
�/LQQDHXV�������� (� DXULVPLGDH LV�ZLGHO\�GLVWULEXWHG�DORQJ�WKH�FRDVWDO�UHJLRQV�RI�WKH�
:HVWHUQ�3DFLILF� �9LHWQDP��7KDLODQG��3KLOLSSLQHV��0DOD\VLD�� ,QGRQHVLD��DQG�VRXWK�WR�
QRUWKHUQ�$XVWUDOLD���ZKHUH�LW�IUHTXHQWV�FRDVWDO�PDQJURYHV�DQG�ULYHU�HVWXDULHV��OLYLQJ�
LQ� JUDVV� RQ�PXGIODWV�� DV� ZHOO� DV� RQ� WKH� URRWV� DQG� WUXQNV� RI�PDQJURYHV� DQG�1\SD
PDQJURYH� SDOPV� LQ� WKH� OLWWRUDO� DQG� VXSUDOLWWRUDO� ]RQHV� >��@�� 7KH� SUHVHQFH� RI� WKLV�
VSHFLHV� PDNHV� SRVVLEOH� WR� V\QFKURQL]H� WKH� WLPH� RI� DFFXPXODWLRQ� RI� WKH� VWXGLHG�
GHSRVLWV�ZLWK�WKH�HSLVRGH�RI�WKH�ODUJHVW�PDULQH�WUDQVJUHVVLRQ�LQ�WKH�/DWH�3OHLVWRFHQH�
�0,6 �H�� FD�� ���� ND� %3�� >��@�� ZKHQ� WKH� VHD� OLQH� KDV� DSSURDFKHG� WKH� FDYH� DUHD�
�FXUUHQWO\��WKH�/DQJ�7UDQJ�FDYH�LV�RYHU����NP�DZD\�IURP�WKH�VHD�FRDVW��DQG�DERXW����
P� DERYH� WKH� VHD� OHYHO��� 7KH� ILQGV� RI� WHUUHVWULDO�PROOXVNV��3ROOLFDULD��&\FORSKRUXV��
5KLRVWRPD��0HJDODXFKHQLD�� DQG�&DPDHQD�� LQ� WKH� DVVHPEODJH� FDQ� EH� H[SODLQHG� E\�
WKHLU�WUDQVSRUWDWLRQ�IURP�WKH�HOHYDWHG�DUHDV�E\�VWUHDPV�DQG�ULYHUV��ZKLFK�LV�FRQILUPHG�
E\�WKH�FR�RFFXUUHQFH�ZLWK�IUHVKZDWHU�IRUPV�RI�WKH�JHQHUD�%URWLD DQG�6XOFRVSLUD�

)LJ� �� *DVWURSRGV� IURP� WKH� /DQJ� 7UDQJ� ORFDOLW\� �DOO� VKHOOV� DUH� ILJXUHG� IURP� WKH�
DSHUWXUH��� �D�� %URWLD� MXOOLHQL �'HVKD\HV�� ������� VSHFLPHQ� 3,1�� QR�� ���������� �E��
6XOFRVSLUD FI�� FROO\UD .|KOHU� HW� DO��� ������ VSHFLPHQ� 3,1�� QR�� ���������� �F��
&\FORSKRUXV� IDVFLDWXV .REHOW�� ������ VSHFLPHQ� 3,1�� QR�� ���������� �G�� 5KLRVWRPD�
PRUOHWL �'DXW]HQEHUJ�HW�)LVFKHU���������VSHFLPHQ�3,1��QR�������������H��3ROOLFDULD�
URFKHEUXQL �0DELOOH���������VSHFLPHQ�3,1��QR������������ �I��(OORELXP�DXULVPLGDH
�/LQQDHXV�� ������� VSHFLPHQ� 3,1�� QR�� ���������� �J�� &DPDHQD� YDQEXHQVLV 6PLWK��
������ VSHFLPHQ� 3,1�� QR�� ���������� �K�� 0HJDODXFKHQLD� SURFWRVWRPD �0DELOOH��
������� VSHFLPHQ� 3,1�� QR�� ���������� 9LHWQDP�� 7KDQK� +RD� 3URYLQFH�� %D� 7KXRF�
'LVWULFW��/DQJ�7UDQJ�FDYH��ORZHU�8SSHU�3OHLVWRFHQH�
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���&21&/86,216

7KH� HQYLURQPHQWV� RI� WKH� /DQJ� 7UDQJ� IDXQD� DUH� FKDUDFWHUL]HG� E\� PRVDLF�
ELRWRSHV�ZLWK� D� SUHGRPLQDQFH� RI�ZHW� KDELWDWV�ZLWK�PDQJURYH� VZDPSV� DQG� FRDVWDO�
ORZODQGV�� 6XFK� FRQGLWLRQV� FRXOG� KDYH� H[LVWHG� LQ� WKH� DUHD� RI� WKH� FDYH� GXULQJ� WKH�
PDMRU�PDULQH�WUDQVJUHVVLRQ�GXULQJ�WKH�EHJLQQLQJ�RI�WKH�/DWH�3OHLVWRFHQH�

,Q� WHUPV RI� DJH� DQG� WD[RQRPLF� FRPSRVLWLRQ� RI� WKH�PDPPDO� DVVHPEODJH� �LQ�
SDUWLFXODU�� GXH� WR� D� VLPXOWDQHRXV� SUHVHQFH� RI� WKUHH� VSHFLHV� RI� UKLQRFHURVHV�� L�H��
'LFHURUKLQXV�VXPDWUHQVLV��5KLQRFHURV�VRQGDLFXV��DQG�5��XQLFRUQLV���WKH�/DQJ�7UDQJ�
IDXQD� LV� VLPLODU� WR� WKH� IDXQD RI� WKH�&RF�0XRL� ORFDOLW\� LQ� WKH� /DQJ� 6RQ� 3URYLQFH��
QRUWKHDVWHUQ�9LHWQDP��0,6�������������ND�%3���7KH�HFRV\VWHPV�RI�WKH�QRUWKHUQ�SDUW�
RI� WKH� ,QGRFKLQD� 3HQLQVXOD� �������� 1�� GXULQJ� WKLV� WLPH� DUH� FKDUDFWHUL]HG� E\� WKH�
DEXQGDQFH� DQG� GLYHUVLW\� RI� PHJDKHUELYRUHV� PDPPDOV�� 7KHVH� HFRV\VWHPV�
H[SHULHQFHG� D� VWURQJ� VWUHVV� DVVRFLDWHG� ZLWK� WKH� GHVWDELOL]DWLRQ� DQG� FKDQJHV� RI�
FOLPDWH��LQFOXGLQJ�DQ�LQFUHDVH�LQ� WKH�LQWHQVLW\�RI� WKH�(DVW�$VLDQ�VXPPHU�PRQVRRQ��
ZKLFK� OHG� WR� D� JHQHUDO� ZDUPLQJ� DQG� KXPLGLILFDWLRQ� DORQJ� ZLWK� DQ� LQFUHDVH� LQ�
VHDVRQDO�GLIIHUHQFHV�LQ�SUHFLSLWDWLRQ��DW� WKH�0LGGOH�DQG�/DWH�3OHLVWRFHQH�WUDQVLWLRQ��
DQG�GR�QRW�KDYH�PRGHUQ�HTXLYDOHQWV�

$FNQRZOHGJHPHQWV��7KH�VWXG\�ZDV�FDUULHG�RXW�DV�SDUW�RI�ZRUN�SURJUDPPH�RI�
WKH� -RLQW�9LHWQDP� � 5XVVLD� 7URSLFDO� 6FLHQFH� DQG�7HFKQRORJ\�5HVHDUFK�&HQWHU� IRU�
���������� �3URMHFW� (����� ³7KH� &RPSRVLWLRQ� RI� WKH� )DXQD� RI� 3ULPDWHV�
�&HUFRSLWKHFLGDH�� 3RQJLGDH�� DQG� 5RGHQWV� �5RGHQWLD�� RI� WKH� 3OHLVWRFHQH� DQG�
+RORFHQH�RI�9LHWQDP�DV�DQ�,QGLFDWRU�RI�(QYLURQPHQWDO�&KDQJH´���7KH�DXWKRUV�DUH�
JUDWHIXO�WR 1�9��6HUG\XN�DQG�$�$��/R]RYVN\��3,1���DQG�,�9��*RORYDFKHY��$VWUDNKDQ�
6WDWH� 8QLYHUVLW\�� IRU� IRVVLO� FROOHFWLQJ� LQ� WKH� /DQJ� 7UDQJ� FDYH� LQ� ������ $�1��
.X]QHWVRY� DQG� 6�3� .X]QHWVRYD� �7URSLFDO� &HQWHU�� IRU� WKH� DVVLVWDQFH� LQ� H[SHGLWLRQ�
RUJDQL]DWLRQ�� 6�9� %DJLURY� �3,1�� IRU� WKH� KHOS� LQ� LOOXVWUDWLRQ� SURGXFWLRQ��7KH� ORFDO�
SHRSOH�RI�&DQK�1DQJ�WRZQ�DQG�DGPLQLVWUDWLRQ�VWDII�RI�WKH�%D�7KXRF�'LVWULFW��7KDQK�
+RD�3URYLQFH��KHOSHG�WKH�H[SHGLWLRQ��

5()(5(1&(6

�� .DKONH� +� '��� 1JX\ӉQ� 9ăQ� 1JKƭD�� 3UHOLPLQDU\� UHSRUW� RQ� SDODHRQWRORJLFDO�
DQG� SDODHRDQWKURSRORJLFDO� UHVHDUFK� LQ� 1RUWK� 9LHW� 1DP�� 7LQ� WӭF� KRҥW� ÿӝQJ�
NKRD�KӑF�����������������

�� &LRFKRQ� 5�� /��� 2OVHQ� -�� :�� 3DOHRDQWKURSRORJLFDO� DQG� DUFKDHRORJLFDO�
GLVFRYHULHV� IURP� /DQJ� 7UDQJ� FDYHV�� D� QHZ�0LGGOH� 3OHLVWRFHQH� KRPLQLG� VLWH�
IURP�QRUWKHUQ�9LHW�1DP��%XOOHWLQ�RI� WKH� ,QGR�3DFLILF�3UHKLVWRU\�$VVRFLDWLRQ��
����������������'2,���������ELSSD�Y��L�������

�� /RQJ�9��7���'H�9RV�-���&LRFKRQ�5��/���7KH�IRVVLO�PDPPDO�IDXQD�RI�WKH�/DQJ�
7UDQJ� FDYHV�� 9LHWQDP�� FRPSDUHG� ZLWK� 6RXWKHDVW� $VLDQ� IRVVLO� DQG� UHFHQW�
PDPPDO� IDXQDV�� WKH� JHRJUDSKLFDO� LPSOLFDWLRQV�� %XOOHWLQ� RI� WKH� ,QGR�3DFLILF�
3UHKLVWRU\�$VVRFLDWLRQ������������������� '2,���������ELSSD�Y��L�������
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�� /RSDWLQ�$��9���*UHDW�HYHQLQJ�EDW�,D�LR��9HVSHUWLOLRQLGDH��&KLURSWHUD��IURP�WKH�
3OHLVWRFHQH� RI� 9LHWQDP� �/DQJ� 7UDQJ� FDYH��� 'RNODG\� %LRORJLFDO� 6FLHQFHV��
������������������ '2,���������6����������������

�� /RSDWLQ�$��9���*UHDWHU�KRJ�EDGJHU�$UFWRQ\[�FROODULV��0XVWHOLGDH��&DUQLYRUD��
IURP� WKH� 3OHLVWRFHQH� RI� 9LHWQDP� �/DQJ� 7UDQJ� FDYH��� 'RNODG\� %LRORJLFDO�
6FLHQFHV�������������������� '2,���������6����������������

�� /RSDWLQ� $�� 9��� 7KH� V\VWHPDWLF� SRVLWLRQ� RI� D� ODUJH� SRUFXSLQH� �+\VWUL[��
+\VWULFLGDH�� 5RGHQWLD�� IURP� WKH� 3OHLVWRFHQH� RI� 9LHWQDP� �/DQJ� 7UDQJ� FDYH���
'RNODG\� %LRORJLFDO 6FLHQFHV�� ������ ������������
'2,���������6���������������;

�� /RSDWLQ�$��9���6KUHZV� RI� WKH� JHQXV�&KRGVLJRD� �6RULFLGDH��/LSRW\SKOD�� IURP�
WKH� 3OHLVWRFHQH� RI� 9LHWQDP�� 'RNODG\� %LRORJLFDO� 6FLHQFHV�� ������ ����������
'2,����������6����������������

�� /RSDWLQ�$��9���0DVFKHQNR�(��1���9LVORERNRYD� ,�$���6HUG\XN�1�9�� /H�;XDQ�
'DF��3OHLVWRFHQH�PDPPDOV� IURP� WKH�/DQJ�7UDQJ� FDYH� �9LHWQDP���1HZ�GDWD��
'RNODG\� %LRORJLFDO� 6FLHQFHV�� ������ ��������
'2,���������6����������������

�� /RSDWLQ� $�� 9��� 0DVFKHQNR� (�� 1��� /H� ;XDQ� 'DF�� *LJDQWRSLWKHFXV� EODFNL�
�3ULPDWHV�� 3RQJLQDH�� IURP� WKH� /DQJ� 7UDQJ� FDYH� �QRUWKHUQ� 9LHWQDP��� 7KH�
ODWHVW�*LJDQWRSLWKHFXV�LQ�WKH�/DWH�3OHLVWRFHQH"��'RNODG\�%LRORJLFDO�6FLHQFHV��
��������������� '2,����������6����������������

��� /RSDWLQ�$��9���*RORYDFKHY�,��9���6HUG\XN�1��9���0DVFKHQNR�(��1���9LVORERNRYD
,�� $��� /H� ;XDQ� 'DF�� 3KDP�0DL� 3KXRQJ�� 3DUNKDHY� 3�� <X��� 6\URP\DWQLNRYD�
(�9���/DQJ�7UDQJ�FDYH� �1RUWKHUQ�9LHWQDP���3OHLVWRFHQH�PDPPDOLDQ� ORFDOLW\�
ZLWK� *LJDQWRSLWKHFXV� ILQGV�� 'RNODG\� (DUWK� 6FLHQFHV�� ������ ���������������
'2,���������6�������;��������

��� %DFRQ� $��0��� 'HPHWHU� )��� 'XULQJHU� 3��� +HOP� &��� %DQR�0��� 9X� 7KH� /RQJ��
1JX\HQ�7KL�.LP�7KX\��$QWRLQH�3�2���%XL�7KL�0DL��1JX\HQ�7KL�0DL�+XRQJ��
'RGR� <��� &KDEDX[� )��� 5LKV� 6�� 7KH� /DWH� 3OHLVWRFHQH� 'XRL� 8¶2L� FDYH� LQ�
QRUWKHUQ� 9LHWQDP�� SDODHRQWRORJ\�� VHGLPHQWRORJ\�� WDSKRQRP\� DQG�
SDODHRHQYLURQPHQWV�� 4XDWHUQDU\� 6FLHQFH� 5HYLHZV�� ������ �������������
'2,���������M�TXDVFLUHY������������

��� 6FKZDUW]�-� +���/RQJ�9� 7���&XRQJ�1� /���.KD�/� 7���7DWWHUVDOO�,���$�UHYLHZ�RI�
WKH� 3OHLVWRFHQH� KRPLQRLG� IDXQD� RI� WKH� 6RFLDOLVW� 5HSXEOLF� RI� 9LHWQDP�
�H[FOXGLQJ�+\OREDWLGDH���$QWKURSRORJLFDO�3DSHU�RI� WKH�$PHULFDQ�0XVHXP�RI�
1DWXUDO�+LVWRU\����������������

��� 0DVFKHQNR�(� 1���.X]QHW]RY�*� 9���0RUSKRORJ\�RI� WHHWK�LQ�$VLDWLF�HOHSKDQW�
�(OHSKDV� PD[LPXV�� IURP� 6RXWKHUQ� 9LHWQDP�� =RRORJLFDO� -RXUQDO�� ������
��������������>,Q�5XVVLDQ@�
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��� =HLWRXQ� 9��� &KLQQDZXW� :��� 'HEUX\QH� 5��� )UqUH� 6��� $XHWUDNXOYLW� 3�� $�
VXVWDLQDEOH� UHYLHZ� RI� WKH�0LGGOH� 3OHLVWRFHQH� EHQFKPDUN� VLWHV� LQFOXGLQJ� WKH�
$LOXURSRGD�6WHJRGRQ� IDXQDO� FRPSOH[�� WKH� SURERVFLGHDQ� SRLQW� RI� YLHZ��
4XDWHUQDU\�,QWHUQDWLRQDO������� ���������� '2,���������M�TXDLQW������������

��� 6XUDSUDVLW�.���-DHJHU�-��-���&KDLPDQHH�<���&KDYDVVHDX�2���<DPHH�&���7LDQ�3���
3DQKD�6�� 7KH�0LGGOH�3OHLVWRFHQH�YHUWHEUDWH�IDXQD�IURP�.KRN�6XQJ��1DNKRQ�
5DWFKDVLPD�� 7KDLODQG��� ELRFKURQRORJLFDO� DQG� SDOHRELRJHRJUDSKLFDO�
LPSOLFDWLRQV��=RR.H\V������������������ '2,���������]RRNH\V���������

��� &UDQEURRN�(��2���3LSHU�3��-���3DOHRQWRORJ\�WR�SROLF\��WKH�4XDWHUQDU\�KLVWRU\�RI�
6RXWKHDVW� $VLDQ� WDSLUV� �7DSLULGDH�� LQ� UHODWLRQ� WR� ODUJH� PDPPDO� VSHFLHV�
WXUQRYHU��ZLWK�D�SURSRVDO�IRU�FRQVHUYDWLRQ�RI�0DOD\DQ�WDSLU�E\�UHLQWURGXFWLRQ�
WR� %RUQHR�� ,QWHJUDWLYH� =RRORJ\�� ������ ������������ '2,���������M������
����������������[

��� <DQ� <��� :DQJ� <��� -LQ� &��� 0HDG� -�� ,��� 1HZ� UHPDLQV� RI� 5KLQRFHURV�
�5KLQRFHURWLGDH��3HULVVRGDFW\OD��0DPPDOLD��DVVRFLDWHG�ZLWK�*LJDQWRSLWKHFXV�
EODFNL� IURP� WKH� (DUO\� 3OHLVWRFHQH� <DQOLDQJ� &DYH�� )XVXL�� 6RXWK� &KLQD��
4XDWHUQDU\�,QWHUQDWLRQDO�������������������� '2,���������M�TXDLQW������������

��� %DFRQ�$��0���$QWRLQH�3��2���1JX\HQ�7KL�0DL�+XRQJ��:HVWDZD\�.�� 1JX\HQ�
$QK�7XDQ��'XULQJHU�3���=KDR�-���3RQFKH�-��/���6DP�&DQK�'XQJ��7UXRQJ�+XX�
1JKLD��7UDQ�7KL�0LQK��3KDP�7KDQK�6RQ��%R\RQ�0���1JX\HQ�7KL�.LP�7KX\��
%OLQ� $��� 'HPHWHU� )��� $� UKLQRFHURWLG�GRPLQDWHG� PHJDIDXQD� DW� WKH� 0,6����
WUDQVLWLRQ�� WKH� ODWH� 0LGGOH� 3OHLVWRFHQH� &RF� 0XRL� DVVHPEODJH�� /DQJ� 6RQ�
SURYLQFH�� 9LHWQDP� 4XDWHUQDU\� 6FLHQFH� 5HYLHZV�� ������ ������������
'2,���������M�TXDVFLUHY������������

��� &ODXGH�-���$XHWUDNXOYLW�3���1DNVUL�:���%RFKDWRQ�&���=HLWRXQ�9���7RQJ�+���7KH�
UHFHQW� IRVVLO� WXUWOH� UHFRUG� RI� WKH� FHQWUDO� SODLQ� RI� 7KDLODQG� UHYHDOV� ORFDO�
H[WLQFWLRQV�� $QQDOHV� GH� 3DOpRQWRORJLH�� ������ ���������������
'2,���������M�DQQSDO������������

��� 3HGRMD�.���6KHQ�-��:���.HUVKDZ�6���7DQJ�&�� &RDVWDO�4XDWHUQDU\�PRUSKRORJLHV
RQ� WKH�QRUWKHUQ� FRDVW�RI� WKH�6RXWK�&KLQD�6HD��&KLQD�� DQG� WKHLU� LPSOLFDWLRQV�
IRU�FXUUHQW�WHFWRQLF�PRGHOV��D�UHYLHZ�DQG�SUHOLPLQDU\�VWXG\��0DULQH�*HRORJ\��
������������������ '2,���������M�PDUJHR������������

6800$5<

3/(,672&(1(�/$1*�75$1*�)$81$�,1�1257+�9,(71$0��
7$;2120,&�&20326,7,21�$1'�+$%,7$76

1HZ�GDWD�RQ�WKH WD[RQRPLF�FRPSRVLWLRQ�DQG�HFRORJLFDO�FKDUDFWHULVWLFV�RI�/DWH�
3OHLVWRFHQH� YHUWHEUDWHV� DQG� LQYHUWHEUDWHV� IURP� WKH� /DQJ� 7UDQJ� FDYH� LQ� QRUWKHUQ�
9LHWQDP�DUH�SUHVHQWHG��%DVHG�RQ�WKH�PDWHULDOV�FROOHFWHG�LQ�SURJUHVV�RI�WKH�ZRUN�RI�
WKH� -RLQW� 9LHWQDP� � 5XVVLD� 7URSLFDO� 6FLHQFH� DQG� 7HFKQRORJ\� 5HVHDUFK� &HQWHU� LQ�
�����������YDULRXV�UHSUHVHQWDWLYHV�RI�WKH�6WHJRGRQ�$LOXURSRGD )DXQD�RI�WKH�VHFRQG�
KDOI� RI� WKH� 0LGGOH� � HDUO\� /DWH� 3OHLVWRFHQH� RI� 6RXWKHDVW� $VLD� ZHUH� LGHQWLILHG��
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LQFOXGLQJ�SULPDWHV�*LJDQWRSLWKHFXV�EODFNL��3RQJR VS���7UDFK\SLWKHFXV VS���3UHVE\WLV
VS��� 0DFDFD� QHPHVWULQD� 0�� FI� IDVFLFXODULV� 0�� FI� PXODWWD�� DQG� 0DFDFD VS���
FDUQLYRUDQV�3DQWKHUD WLJULV��1HRIHOLV� QHEXORVD�� DQG�$UFWRQ\[� FROODULV URVWUDWXV�� D�
OLSRW\SKODQ� &KRGVLJRD� KRIIPDQQL�� D� EDW� ,D� LR� URGHQWV� +\VWUL[ NLDQJVHQHQVLV��
/HRSROGDP\V� QHLOOL�� DQG� 5DWWXV� UDWWXV�� SURERVFLGHDQV� 6WHJRGRQ� VS�� DQG� (OHSKDV
PD[LPXV�� SHULVVRGDFW\OV� 7DSLUXV� LQGLFXV�� 'LFHURUKLQXV� VXPDWUHQVLV�� 5KLQRFHURV�
VRQGDLFXV��DQG�5K��XQLFRUQLV��DUWLRGDFW\OV�6XV�VFURID��6� EDUEDWXV��7UDJXOXV�NDQFKLO��
+\GURSRWHV�LQHUPLV� 0XQWLDFXV�PXQWMDN��$[LV�SRUFLQXV��5XVD�XQLFRORU� &DSULFRUQLV�
VXPDWUDHQVLV��%XEDOXV�DUQHH��DQG�%RV VS���D�FURFRGLOH�&URFRG\OXV VS���D�WXUWOH�&XRUD
VS� DQG� DQ� DEXQGDQW� JDVWURSRG� DVVRFLDWLRQ�� SUHVHQWHG� E\� VL[� WHUUHVWULDO� IRUPV�� WZR�
IUHVKZDWHU� VSHFLHV� DQG� D� FRDVWDO�PDULQH� VSHFLHV (OORELXP� DXULVPLGDH��
*LJDQWRSLWKHFXV�EODFNL� 0DFDFD�FI� IDVFLFXODULV��0��FI� PXODWWD� 1HRIHOLV�QHEXORVD��
&KRGVLJRD� KRIIPDQQL�� ,D� LR�� /HRSROGDP\V� QHLOOL�� 5DWWXV� UDWWXV�� 5KLQRFHURV�
XQLFRUQLV�� 6XV� EDUEDWXV�� 7UDJXOXV� NDQFKLO�� +\GURSRWHV� LQHUPLV� $[LV� SRUFLQXV��
FURFRGLOHV��WXUWOHV� DQG�PRVW�RI�JDVWURSRG�VSHFLHV�ZHUH�LGHQWLILHG�IRU�WKH�ILUVW�WLPH�LQ�
WKH�/DQJ�7UDQJ�)DXQD�EDVHG�RQ�WKHVH�VWXGLHV��2I�SDUWLFXODU�LQWHUHVW�LV�WKH�ILQGLQJ�RI�
WKH� JLDQW� DSH�*�� EODFNL�� RQH� RI� WKH� ODWHVW� LQ� WKH� IRVVLO� UHFRUG�� 7KH� KDELWDWV� RI� WKH�
IDXQD�DUH�FKDUDFWHUL]HG�DV�PRVDLF�ELRWRSHV�ZLWK�D�SUHGRPLQDQFH�RI�ZHW�VWDWLRQV�DQG�
WKH�SDUWLFLSDWLRQ�RI�PDQJURYH�VZDPSV�DQG�FRDVWDO�ORZODQGV��WKHVH�FRQGLWLRQV�FRXOG�
KDYH�H[LVWHG�LQ�WKH�DUHD�RI�WKH�FDYH�GXULQJ D�PDMRU�PDULQH�WUDQVJUHVVLRQ�RI�WKH�HDUO\�
/DWH�3OHLVWRFHQH��

.H\ZRUGV� 9LHWQDP��3OHLVWRFHQH��WHUUHVWULDO�YHUWHEUDWHV��JDVWURSRGV��SDOHRHFRORJ\�

1K̵Q�EjL�QJj\��� WKiQJ�� QăP�����

3K̫Q�EL͏Q�[RQJ�QJj\��� WKiQJ��� QăP�����

+RjQ�WKL͏Q�QJj\��� WKiQJ���QăP�����

����%RULVVLDN�3DOHRQWRORJLFDO�,QVWLWXWH�RI�WKH�5XVVLDQ�$FDGHP\�RI�6FLHQFHV��0RVFRZ��5XVVLD
����-RLQW�9LHWQDP�� 5XVVLD�7URSLFDO�6FLHQFH�DQG�7HFKQRORJ\�5HVHDUFK�&HQWHU��+DQRL��
9LHWQDP

&RQWDFW� $FDGHPLFLDQ�RI�WKH�5$6�$�9��/RSDWLQ
%RULVVLDN� 3DOHRQWRORJLFDO� ,QVWLWXWH� RI� WKH� 5XVVLDQ� $FDGHP\� RI�
6FLHQFHV��0RVFRZ��5XVVLDQ�)HGHUDWLRQ

(PDLO� DORSDW#SDOHR�UX


