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2Q�WKH�WHUULWRU\�RI�9LHWQDP��DERXW��������SODQW�VSHFLHV�DUH�FLWHG�>�@��ZKLFK�DUH�
SRWHQWLDO� KRVWV� IRU� SDUDVLWLF� IXQJL�� 'HVSLWH� WKH� ULFKQHVV� RI� WKH� SODQW� ZRUOG�� UHOLDEO\�
NQRZQ� GDWD� IRU� REOLJDWH� SDUDVLWLF� IXQJL�� LQ� SRZGHU\� PLOGHZ� �(ULVLSKDOHV�� DQG� UXVW�
IXQJL��3XFFLQLDOHV���DUH�LQVXIILFLHQW�IRU�9LHWQDP��1R�SXUSRVHIXO�VWXG\�RI�WKHVH�JURXSV�
ZDV�FDUULHG�RXW�RQ�WKH�WHUULWRU\�RI�9LHWQDP��7KH�PDLQ�OLWHUDWXUH�LV�ROG�OLVWV�RI�VSHFLHV�
>�����@��ZKLFK�UHTXLUH�UHSHDWHG�FRQILUPDWLRQ�DQG�UHYLVLRQ��DQG�WKH�PRGHUQ�OLWHUDWXUH�LV�
QRW�QXPHURXV�DQG�DOVR�IUDJPHQWDU\��IRU�H[DPSOH�>����@���'HVSLWH�WKLV��WKHUH�DUH�PDQ\�
PRGHUQ� VWXGLHV� RQ� WKH� WHUULWRU\� RI�9LHWQDP� GHYRWHG� WR� SK\WRSDWKRJHQV� RI� IXQJL� RQ�
DJULFXOWXUDO�FURSV�>�����@��7KLV�SDSHU�SUHVHQWV�SDUW�RI�WKH�UHVXOWV�RI�D�MRLQW�H[SHGLWLRQ�
E\�WKH�VWDII�RI�WKH�-RLQW�9LHWQDP�5XVVLD�7URSLFDO�6FLHQFH�DQG�7HFKQRORJ\�5HVHDUFK�
&HQWUH�DQG�WKH�.RPDURY�%RWDQLFDO�,QVWLWXWH��%,1�5$6��LQ�������

���0$7(5,$/6�$1'�0(7+2'6�

,Q�WKLV�ZRUN��VDPSOHV�FROOHFWHG�E\�WKH�DXWKRUV�GXULQJ�WKH�ZRUN�RQ�WKH�WHUULWRU\�
RI�1RUWK��/DR�&DL�3URYLQFH��%DW�;DW�'LVWULFW��%DW�;DW�1DWXUH�5HVHUYH�DQG�&DR�%DQJ�
3URYLQFH�� 1JX\HQ� %LQK� 'LVWULFW�� 3KLD� 2DF�3KLD� 'HQ� 1DWLRQDO� 3DUN�� DQG� 6RXWK�
&HQWUDO�&RDVW��.KDQK�+RD�3URYLQFH��1KD�7UDQJ��+RQ�7UH�,VODQG��9LHWQDP�LQ������
ZHUH�XVHG��7KH�PDWHULDO�IRU�VWXG\LQJ�WKH�VWUXFWXUH�RI�PLFURVWUXFWXUHV�ZDV�XVHG�IURP�
GULHG�VDPSOHV��7R�GR�WKLV��WKH�GU\�PDWHULDO�ZDV�FXW�E\�KDQG�ZLWK�D�EODGH�WR�REWDLQ�D�
VHULHV� RI� WKLQ� VOLFHV��$IWHU� WKH� VOLFHV�ZHUH� SODFHG� LQ� D� ��� VROXWLRQ� RI� ODFWRSKHQRO�
&RORU� �FRWWRQ�EOXH��RU����VROXWLRQ�.2+��$IWHU� WKDW�� WKH�SUHSDUHG�VSHFLPHQV�ZHUH�
VWXGLHG�XVLQJ� OLJKW�PLFURVFRS\�RQ�DQ�$[LR�6FRSH�$��/('��&DUO�=HLVV��*HUPDQ\��
DQG�D�=HLVV�$[LR&DP�05F��GLJLWDO�FDPHUD�ZLWK�$[LR9LVLRQ�6(���VRIWZDUH�YHUVLRQ�
��������� 0LFURVWUXFWXUH� PHDVXUHPHQW� ZDV� FDUULHG� RXW� RQ� WKH� EDVLV� RI� HOHFWURQLF�
LPDJHV�XVLQJ�WKH�3HULPHWHU�SURJUDP�YHUVLRQ������5��������

)UHVK� FROOHFWHG� VSHFLPHQV�ZHUH� GHSRVLWHG� LQ� WKH�0\FRORJLFDO� +HUEDULXP� RI�
WKH�9�/��.RPDURY�%RWDQLFDO�,QVWLWXWH��/(�)���

���5(68/76�$1'�',6&866,21�

$VFRP\FRWD�

/HRWLRP\FHWHV�

+HORWLDOHV�

(U\VLSKDFHDH�


��� (U\VLSKH� WULIROLRUXP� �:DOOU��� 8�� %UDXQ�� LQ� %UDXQ�� .UXVH�� :ROFDQ� 	�
0XUDFH��0\FRWD[RQ������������������
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0\FHOLXP� RQ� WKH� XSSHU� VLGH� RI� WKH� OHDI� LQ� WKH� IRUP� RI� ZKLWH� VSRWV�� RIWHQ�
PHUJLQJ��)LJ���$���7KH�EDVH�RI�WKH�OHDI�IRUPV�D�VROLG�ZKLWH�OD\HU�EHWZHHQ�WKH�YHLQV��
&RQLGLRSKRUHV� DUH� HUHFW� ZLWK� D� OHQJWK� RI� ���������� î� ������ �P� �1 ��� ZLGWK� ZDV�
PHDVXUHG�LQ�WKH�PLGGOH���)LJ���%���)RRW�FHOO�LV�IROORZHG�E\�WKUHH�FHOOV��&OHDU�RXWOLQHV�
RI�WKH�IRRW�FHOO�DUH�GLIILFXOW�WR�HVWDEOLVK��&RQLGLD�DUH�HOOLSVRLGDO���������������������î�
�������������������������P��1 �����)LJ���&��'���&KDVPRWKHFLD�QRW�REVHUYHG��

6SHFLPHQV�H[DPLQHG��9LHWQDP��6RXWKHUQ�9LHWQDP��.KDQK�+RD�SURYLQFH��1KD�
7UDQJ� FLW\� DUHD�� +RQ� 7UH� ,VODQG�� QHDU� 'DP�%D\�PDULQH� FOLPDWH� VWDWLRQ��1HDU� WKH�
FRDVW��2Q�$FDFLD�PDQJLXP�:LOOG���)DEDFHDH������������1�����������(��HOHY�����P���
&RO��	�'HW��9�$��'XGND��9(7����������������������/(�)���������

+RVW� VSHFLHV�� )DEDFHDH�� $FDFLD�� $OEL]LD�� $PRUSKD�� $QWK\OOLV�� $UDFKLV��
&KDPDHF\WLVXV�� &RURQLOOD�� &\WLVXV�� 'RU\FQLXP�� *HQLVWD�� *XHOGHQVWDHGWLD��
+LSSRFUHSLV�� /DWK\UXV�� /HPERWURSLV�� /RWXV�� 0HOLORWXV�� 2QREU\FKLV�� 2QRQLV��
3VRUDOHD�� 6DURWKDPQXV�� 6FRUSLXUXV�� 6HFXULJHUD�� 7HSKURVLD�� 7HWUDJRQROREXV��
7ULIROLXP��7ULJRQHOOD��:LVWHULD�>��@��

'LVWULEXWLRQ�� $IULFD�� &DQDU\� ,VODQGV�� (J\SW�� (WKLRSLD�� 0DXULWLXV�� 6RXWK�
$IULFD�� 1RUWK� $PHULFD�� &DQDGD�� 86$�� $VLD�� $VLD� 0LQRU�� &HQWUDO� $VLD�� &KLQD��
&\SUXV�� ,QGLD�� ,UDQ� ,UDT�� ,VUDHO�� -DSDQ�� .RUHD�� 9LHWQDP �WKLV� VWXG\��� /HEDQRQ��
0RQJROLD�� 3DNLVWDQ�� 5XVVLD�� 6DXGL� $UDELD�� 7XUNH\�� (XURSH�� DOO�� 6RXWK� $PHULFD��
$UJHQWLQD��2FHDQLD��$XVWUDOLD��1HZ�=HDODQG�>��@��

&RPPHQWV��$�ZLGH�UDQJH�RI�KRVWV�RI�RQH�W\SH�RI�SDUDVLWH�LV�DOZD\V�TXHVWLRQDEOH��
0RVW�OLNHO\��WKLV�VSHFLHV�LV�D�FRPSOH[�DQG�ZLOO�EH�IXUWKHU�GLYLGHG�LQWR�FRPSOH[�WD[D��(��
WULIROLRUXP�PD\�EH�RI�SUDFWLFDO�LPSRUWDQFH�EHFDXVH�WKLV�VSHFLHV�FDQ�EH�IRXQG�RQ�SHDQXWV��

)LJ� ���(U\VLSKH�WULIROLRUXP�RQ $FDFLD�PDQJLXP��/(�)����������$���0\FHOLXP�RQ�WKH�
XSSHU�VLGH�RI�WKH�OHDI�LQ�WKH�IRUP�RI�ZKLWH�VSRWV��%���OLQHDU�GUDZLQJ�RI�D�FRQLGLRSKRUH��

&���OLQHDU�GUDZLQJ�RI�D�FRQLGLRSKRUH��'���FRQLGLD��/0���6FDOH�EDU�����ȝP�


��� 3VHXGRLGLXP� FRFFXOXV� �3X]DUL�� $�.�� 6DUEKR\�� 1�� $KPDG� 	� '�.��
$JDUZDO�� 8�� %UDXQ� 	� 5�7�$�� &RRN� >DV� 
FRFFXOL
@�� 7D[RQRPLF� 0DQXDO� RI� WKH�
(U\VLSKDOHV��3RZGHU\�0LOGHZV���������������

0\FHOLXP�RQ�WKH�XSSHU�DQG�ORZHU�VLGHV�RI�WKH�OHDI�LQ�WKH�IRUP�RI�ZKLWH�VSRWV��
UDUHO\� PHUJLQJ� �)LJ�� �$�� %���&RQLGLRSKRUHV� DUH� HUHFW� LQ� OHQJWK� �1 ��� ZLGWK� ZDV�
PHDVXUHG�LQ�WKH�PLGGOH���)LJ���&���)RRW�FHOO�LV�IROORZHG�E\�WZR�FHOOV��&OHDU�RXWOLQHV�
RI�WKH�IRRW�FHOO�DUH�GLIILFXOW�WR�HVWDEOLVK��&RQLGLD�DUH�HOOLSVRLGDO�����������������������
î�������������������������ȝP��1� ������)LJ���'��(���&KDVPRWKHFLD�QRW�REVHUYHG��
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6SHFLPHQV�H[DPLQHG��9LHWQDP��6RXWKHUQ�9LHWQDP��.KDQK�+RD�SURYLQFH��1KD�
7UDQJ� FLW\� DUHD��+RQ�7UH� ,VODQG�� QHDU�'DP�%D\�PDULQH�FOLPDWH� VWDWLRQ��'LVWXUEHG�
IRUHVW�� EDQN� RI� GU\� ULYHUEHG�� 2Q� 7LOLDFRUD� WULDQGUD� �&ROHEU��� 'LHOV� �&RFFXOXV�
WULDQGUXV���'HW��0�6��1XUDOLHY���0HQLVSHUPDFHDH������������1�����������(��HOHY��
���P��&RO��	�'HW��9�$��'XGND��9(7����������������������/(�)���������

+RVW� VSHFLHV��0HQLVSHUPDFHDFH� �&RFFXOXV� ODXULIROLXV�DQG�7LOLDFRUD� WULDQGUD�
�&RFFXOXV�WULDQGUXV���

'LVWULEXWLRQ��$VLD��,QGLD��9LHWQDP �WKLV�VWXG\����

&RPPHQWV��7KLV�LV�RQH�RI�WKH�ILUVW�ILQGV�RXWVLGH�WKH�WHUULWRU\�RI�WKH�GHVFULEHG�W\SH�
RI�WKLV�VSHFLHV��,W�LV�DOVR�WKH�ILUVW�ILQGLQJ�RI�3VHXGRLGLXP�FRFFXOXV�RQ�7LOLDFRUD�WULDQGUD��

)LJ� ���3VHXGRLGLXP�FRFFXOXV�RQ 7LOLDFRUD�WULDQGUD��/(�)����������$���0\FHOLXP�
RQ�WKH�XSSHU�VLGH�RI�WKH�OHDI�LQ�WKH�IRUP�RI�ZKLWH�VSRWV��%���P\FHOLXP�ZLWK�REYLRXV�
UDGLDO�JURZWK��&���OLQHDU�GUDZLQJ�RI�FRQLGLRSKRUHV��'���OLQHDU�GUDZLQJ�RI�FRQLGLD���

(���FRQLGLD��/0���6FDOH�EDU�����ȝP�

%DVLGLRP\FRWD�
3XFFLQLRP\FHWHV�
3XFFLQLDOHV�

3KUDJPLGLDFHDH�


���3KUDJPLGLXP�SRWHQWLOODH��,,���3HUV���3��.DUVW���%LGU��.lQQ��)LQO��1DW��)RON�
���������������

8UHGLQLD�RQ�WKH�XQGHUVLGH�RI�WKH�OHDYHV��8UHGLQLD�DUH�VFDWWHUHG��EULJKW�RUDQJH�LQ�
FRORU���LQ�WKH�KHUEDULXP�WKH\�GLVFRORU�WR�SDOH�\HOORZ��DOPRVW�ZKLWH���)LJ���$���6SRWV�
IURP�OLJKW�JUHHQ�WR�\HOORZ�DUH�QRWLFHDEOH�RQ�WKH�XSSHU�SDUW�RI�WKH�OHDI��0RVWO\�VLQJOH��
8UHGLQLRVSRUHV�DUH�VSKHULFDO�IURP�HOOLSVRLGDO�WR�EURDGO\�HOOLSVRLGDO�WDSHULQJ�WRZDUGV�
WKH�EDVH��������������������������î��������������������������P��1 �����EULJKW�RUDQJH�
�FRPSOHWHO\�GLVFRORUHG�LQ�WKH�KHUEDULXP���)LJ���%���7KH�FHOO�ZDOO�LV��������P��UDUHO\�
VSLQ\��7HOLD�QRW�REVHUYHG��

6SHFLPHQV� H[DPLQHG�� 9LHWQDP�� 1RUWKHUQ� 9LHWQDP�� /DR� &DL� SURY��� %DW� ;DW�
GLVWU���%DW�;DW�1DWXUH�5HVHUYH���NP�WR�WKH�VRXWK�RI�<�7\�YLOODJH�'LVWXUEHG�IRUHVW��QHDU�
$�'H�JXHVWKRXVH��2Q�3RWHQWLOOD�LQGLFD��$QGU���:ROI�� 'XFKHVQHD�LQGLFD���5RVDFHDH���
��������1� ���������� (�� HOHY�� ����� P�� &RO�� 	� 'HW�� 9�$�� 'XGND� �9(7����������
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������������/(�)���������&DR�%DQJ�SURY���1JX\HQ�%LQK� GLVWU��7KDQK�&RQJ�� ��NP�
VRXWK�RI�UHVWDXUDQW�&D�+RL��2Q�3��LQGLFD����������1�����������(��HOHY�������P��&RO��
	�'HW��9�$��'XGND��9(7����������������������/(�)���������

+RVW�VSHFLHV��5RVDFHDH��3RWHQWLOOD�VSS������,��,,��,,,���

'LVWULEXWLRQ�� $VLD�� &KLQD�� ,UDQ�� ,QGLD�� -DSDQ�� 7XUNH\�� .RUHD�� 0RQJROLD��
1HSDO��3DNLVWDQ��5XVVLD��9LHWQDP �WKLV�VWXG\���&HQWUDO�$PHULFD��*XDWHPDOD��(XURSH��
DOO��1RUWK�$PHULFD��&DQDGD��86$�$ODVND��2FHDQLD��$XVWUDOLD��1HZ�=HDODQG�

&RPPHQWV�� 3HUKDSV� WKLV� VSHFLHV� KDV� DOUHDG\� EHHQ� QRWHG� IRU� WKH� WHUULWRU\� RI�
9LHWQDP��EXW�IURP�WKH�OLWHUDWXUH�DYDLODEOH�WR�XV��ZH�FRXOG�QRW�ILQG�LW�LQ�WKH�OLVWV��

)LJ� ���3KUDJPLGLXP�SRWHQWLOODH RQ 3RWHQWLOOD�LQGLFD��/(�)����������$���+HDOWK\�3��
LQGLFD�OHDI��OHIW��DQG�DIIHFWHG�OHDI��ULJKW���8UHGLQLD�LV�EULJKW�RUDQJH�RQ�WKH�XQGHUVLGH�
RI�WKH�OHDI��OHDI�RQ�WKH�ULJKW���%���GLVFRORUHG�8UHGLQLRVSRUHV��/0���6FDOH�EDU�����ȝP��

3XFFLQLDFHDH�


���3XFFLQLD�R[DOLGLV��,,��'LHWHO�	�(OOLV��LQ�'LHWHO��+HGZLJLD����������������

8UHGLQLD�DUH�VROLWDU\��EXW�RIWHQ�PHUJH�LQWR�VPDOO�KHDSV�RI�EULJKW�RUDQJH�FRORU�
�LQ�WKH�KHUEDULXP�WKH\�HYHQWXDOO\�EHFRPH�SDOH�\HOORZ��DOPRVW�ZKLWH���7KH\�IRUP�RQ�
WKH�XQGHUVLGH��UDUHO\�RQ�WKH�WRS��:LWK�WKH�OHVLRQ��FKORURVLV�RI�WKH�OHDI�LV�QRWLFHDEOH�LQ�
WKH� SODFHV� RI� OHDI� OHVLRQ�� 8UHGLQLRVSRUHV� DUH� VSKHULFDO�� HOOLSVRLGDO�� EURDGO\�
HOOLSVRLGDO�RIWHQ�WDSHULQJ�WRZDUGV�WKH�EDVH�������������������������î������������������
��������P��1 ������ EULJKW�RUDQJH� LQ�FRORU�� EHFRPH�FRORUOHVV�GXULQJ�KHUEDUL]DWLRQ��
7KH� FHOO� ZDOO� LV� ���������� �P� WKLFN� ZLWK� VSDUVH� VSLNHV�� 7KH� SDUDSK\VHV� DUH�
F\OLQGULFDO��FXUYHG��URXQGHG�RU�FOXE�VKDSHG���������������������������î�����������������
�������P��1 ����ZLGWK�ZDV�PHDVXUHG�LQ�WKH�PLGGOH���7HOLD�QRW�REVHUYHG��

6SHFLPHQV�H[DPLQHG��9LHWQDP��1RUWKHUQ�9LHWQDP��&DR�%DQJ�SURY���1JX\HQ�
%LQK�GLVWU��7KH�LQWHUVHFWLRQ�RI�WKH�'7����DQG�4/���KLJKZD\V��DURXQG�5HVWDXUDQWV���
9DFDWLRQ� 6KDQGRQJ�� 2Q�2[DOLV� GHELOLV� VXEVS�� FRU\PERVD� �'&��� 2�%ROzV� 	� 9LJR�
�2[DOLGDFHDH�� ��������1� ���������� (�� HOHY�� ����� P�� &RO�� 	� 'HW�� 9�$�� 'XGND�
�9(7����������������������/(�)���������

+RVW�VSHFLHV��%HUEHULGDFHDH��%HUEHULV�VSS������,���2[DOLGDFHDH��2[DOLV�VSS���,,��,,,���
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'LVWULEXWLRQ�� $IULFD�� 8JDQGD�� $VLD�� &KLQD�� ,QGLD�� -DSDQ�� .RUHD�� 1HSDO��
7DLZDQ��9LHWQDP �WKLV�VWXG\���&HQWUDO�$PHULFD��&RVWD�5LFD��-DPDLFD��3XHUWR�5LFR��
9LUJLQ�,VODQGV��(XURSH��&]HFK�5HSXEOLF��*HRUJLD��8QLWHG�.LQJGRP��1RUWK�$PHULFD��
&DQDGD�� 0H[LFR�� 86$�� 6RXWK� $PHULFD�� %ROLYLD�� %UD]LO�� &RORPELD�� 8UXJXD\��
2FHDQLD��$XVWUDOLD��1HZ�=HDODQG�>��@��

&RPPHQWV�� ,Q� %UD]LO�� ZRUN� ZDV� FDUULHG� RXW� XVLQJ� 3�� R[DOLGLV� LQ� ELRORJLFDO�
FRQWURO� RI� WKH� LQYDVLYH� ZHHG�2[DOLV� ODWLIROLD� >��@��:KLOH� LQ� ,QGLD��2[DOLV� VSHFLHV�
KDYH�DJULFXOWXUDO�VLJQLILFDQFH�>��@��

)LJ� ���3XFFLQLD�R[DOLGLV��/(�)����������$���7KH�XSSHU�SDUW�RI�WKH�DIIHFWHG�OHDI��
6PDOO�OLJKW���\HOORZ�VSRWV�DQG�8UHGLQLD�DUH�QRWLFHDEOH��%���7KH�ORZHU�SDUW�RI�WKH�
DIIHFWHG�OHDI��1RWLFHDEO\�D�ORW�RI�8UHGLQLD��&���'LVFRORUHG�8UHGLQLRVSRUHV��/0����

'���3DUDSK\VHV��6FDOH�EDU��&�����ȝP��'������ȝP�

���&21&/86,21�
7KLV� ZRUN� LV� GHYRWHG� WR� WKH� VWXG\� RI� SK\WRSDWKRJHQLF� IXQJL� LQ� 9LHWQDP��

'XULQJ�WKH�ILHOG�ZRUN��DERXW����VSHFLPHQV�RI�SK\WRSDWKRJHQLF�IXQJL�ZHUH�FROOHFWHG��
0RVW� RI� WKHP� EHORQJHG� WR� UXVW� IXQJL��:RUN� RQ� WKH� LGHQWLILFDWLRQ� RI� WKH� FROOHFWHG�
PDWHULDO� FRQWLQXHV�� 3ODQW� SDWKRJHQLF� IXQJL� DUH� GLIILFXOW� WR� GHWHFW� LQ� HVWDEOLVKHG�
QDWXUDO�FRPPXQLWLHV��0RVW�RI�WKHP�DUH�FRQILQHG�WR�GLVWXUEHG�KDELWDWV�DQG�URDGVLGHV��

,Q�WKH�FRXUVH�RI�WKLV�ZRUN��IRXU�QHZ�VSHFLHV�RI�SDUDVLWLF�IXQJL�ZHUH�LGHQWLILHG�
LQ� 9LHWQDP�� $PRQJ� WKH� SRZGHU\� PLOGHZ� �(ULVLSKDOHV��� (U\VLSKH� WULIROLRUXP� RQ�
$FDFLD�PDQJLXP��)RU�3VHXGRLGLXP�FRFFXOXV��D�QHZ�KRVW�VSHFLHV�7LOLDFRUD�WULDQGUD
LV� FLWHG�� %RWK� W\SHV� RI� SRZGHU\� PXVKURRPV� ZHUH� IRXQG� LQ� DQ� DQDPRUSKLF� VWDWH�
FKDUDFWHULVWLF� RI� WKH� WURSLFDO� UHJLRQ�� $PRQJ� UXVW� IXQJL� LQ� WKH� XUHGR� �,,�� VWDJH�
�3XFFLQLDOHV��� 3KUDJPLGLXP� SRWHQWLOODH� LV� D� ZLGHVSUHDG� VSHFLHV� IURP� WKH� JHQXV�
3KUDJPLGLXP� RQ� 3RWHQWLOOD� VSS�� DQG� 3XFFLQLD� R[DOLGLV� RQ� 2[DOLV� GHELOLV� VXEVS��
FRU\PERVD�� 7KH� GLYHUVLW\� RI� OLYLQJ� RUJDQLVPV�� LQFOXGLQJ� SODQW� SDUDVLWHV�� LV�
FRQVWDQWO\� JURZLQJ�� GXH� WR� WKH� GHVFULSWLRQ� RI� QHZ� WD[D�� 2Q� WKH� RWKHU� KDQG�� LW� LV�
GHFOLQLQJ� GXH� WR� WKH� UHGXFWLRQ� RI� QDWXUDO� XQLTXH� FRPPXQLWLHV�� 7KLV� LV� GXH� WR� WKH�
H[SDQVLRQ� RI� WKH� WHUULWRU\� QHFHVVDU\� IRU� KXPDQ� DFWLYLW\��$Q\� GDWD� LV� QHFHVVDU\� WR�
H[SDQG�RXU�XQGHUVWDQGLQJ�RI�WKH�GLYHUVLW\�DQG�FRQVHUYDWLRQ�RI�IXQJL�LQ�9LHWQDP�DQG�
LQ�WKH�ZRUOG�DV�D�ZKROH��7KH�WDVNV�RI�SUHVHUYLQJ�DQG�UHSOHQLVKLQJ�FROOHFWHG�VDPSOHV�
IURP� WKH� WURSLFDO� UHJLRQ� DUH� DOVR� LPSRUWDQW� IRU� UHSOHQLVKLQJ� FROOHFWLRQV�� )RU� D�
IUHTXHQW�OLVW�RI�VSHFLHV�IRU�WKLV�UHJLRQ��HQWHU�WKH�OLVWV��2OG�KHUEDULXP�VSHFLPHQV�PD\�
EH� ORVW��DQG�GHVFULSWLRQV�DUH�YHU\�VKRUW��3KRWRV�DQG�GUDZLQJV�RI�PLFURVWUXFWXUHV� WR�
WKH� GHVFULEHG� WD[D� IURP� WURSLFDO� UHJLRQV� DUH� DOVR� RIWHQ�PLVVLQJ�� 6XEVHTXHQW�ZRUN�
ZLWK�WKLV�PDWHULDO�XVLQJ�PROHFXODU�PHWKRGV�FRQWULEXWHV�WR�D�EHWWHU�XQGHUVWDQGLQJ�RI�
WKH�HYLVFHUDWLRQ�RI�VSHFLHV�DQG�WKHLU�LGHQWLILFDWLRQ��
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$FNQRZOHGJHPHQWV��7KH�DXWKRUV�H[SUHVV�WKHLU�JUDWLWXGH�WR�WKH�VWDII�RI�WKH�-RLQW�
9LHWQDP�5XVVLD� 7URSLFDO� 6FLHQFH� DQG� 7HFKQRORJ\� 5HVHDUFK� &HQWUH�� ZKR� RUJDQL]HG�
WKH�ZRUN�RQ�WKH�FRPSUHKHQVLYH�VWXG\�RI� WKH�IRUHVWV�RI�9LHWQDP��7KH�DXWKRUV�H[SUHVV�
WKHLU�JUDWLWXGH�WR�WKH�DGPLQLVWUDWLRQ�DQG�HPSOR\HHV�RI�WKH�IRUHVW�VWDWLRQV�RI�VSHFLDOO\�
SURWHFWHG�DUHDV�RI�9LHWQDP��ZKHUH�WKH�ZRUN�ZDV�RUJDQL]HG��6SHFLDO�WKDQNV�WR�0D[LP�
6HUJHHYLFK� 1XUDOHHY� �0RVFRZ� 6WDWH� 8QLYHUVLW\�� IRU� KHOS� LQ� LGHQWLI\LQJ� SODQWV�� 7KH�
UHVHDUFK� ZDV� FDUULHG� RXW� XVLQJ� WKH� HTXLSPHQW� RI� WKH� &HQWHU� IRU� &ROOHFWLYH� 8VH� RI�
6FLHQWLILF�(TXLSPHQW�³&HOOXODU�DQG�PROHFXODU�WHFKQRORJLHV�IRU�WKH�VWXG\�RI�SODQWV�DQG�
IXQJL´� %RWDQLFDO� ,QVWLWXWH� QDPHG� DIWHU� 9�/�� .RPDURYD� 5$6�� DV� ZHOO� DV� ZLWKLQ� WKH�
IUDPHZRUN� RI� WKH� WKHPH� RI� WKH� -RLQW� 5XVVLDQ�9LHWQDPHVH� 7URSLFDO� 5HVHDUFK� DQG�
7HFKQRORJ\� &HQWUH� ³6WUXFWXUDO� DQG� IXQFWLRQDO� RUJDQL]DWLRQ� RI� WURSLFDO� IRUHVW�
HFRV\VWHPV� DQG� DVVHVVPHQW� RI� WKH� FXUUHQW� VWDWH� RI� ELRORJLFDO� GLYHUVLW\� RI� IORUD� DQG�
IDXQD´�(FRODQ�(�����

5()(5(1&(6�

�� 3KDP� +RDQJ� +R�� $Q� LOOXVWUDWHG� IORUD� RI� 9LHWQDP�� <RXWK� 3XEOLVKHU��
+RFKLPLQK��0LQLVWHU\�RI�(GXFDWLRQ��������

�� 5RXPHJXqUH� &��� )XQJL� H[VLFFDWL� SUDHFLSXH� *DOOLFL�� /;H� FHQWXULH�� 5HYXH�
0\FRORJLTXH��7RXORXVH����������������������

�� +HQQLQJV� 3��� 1HXH� XQG� LQWHUHVVDQWH� 3LO]H� DXV� GHP� .|QLJO�� ERWDQLVFKHQ�
0XVHXP�LQ�%HUOLQ��,,,��+HGZLJLD���������������������

�� 3DWRXLOODUG�1���4XHOTXHV� FKDPSLJQRQV� GX�7RQNLQ��ȼXOO��6RF��0\FRO�� )UDQFH��
������������������

�� .DQHNR�6���4XDQJ�7��3���+LUDWVXND�<���1RWHV�RQ�VRPH�UXVW� IXQJL� LQ�9LHWQDP��
0\FRVFLHQFH��������������������

�� /H�&���2NDQH�,���2QR�<���7VXGD�<���<DPDRND�<���,QFLGHQFH�RI�FRIIHH�OHDI�UXVW�
LQ�9LHWQDP��3RVVLEOH�2ULJLQDO�6RXUFHV�DQG�6XEVHTXHQW�3DWKZD\V�RI�0LJUDWLRQ��
)URQWLHUV�LQ�SODQW�VFLHQFH������������

�� 7KXDQ�1��7��1���%LJLULPDQD� -���5RXPHQ�(���9DQ�'HU�6WUDHWHQ�'���+|IWH�0���
0ROHFXODU�DQG�SDWKRW\SH�DQDO\VLV�RI� WKH� ULFH�EODVW� IXQJXV� LQ�1RUWK�9LHWQDP�
(XURSHDQ�MRXUQDO�RI�SODQW�SDWKRORJ\������������������������

�� 1JX\HQ�3��7��+���9LQQHUH�3HWWHUVVRQ�2���2OVVRQ�3���/LOMHURWK�(���,GHQWLILFDWLRQ�
RI� &ROOHWRWULFKXP� VSHFLHV� DVVRFLDWHG� ZLWK� DQWKUDFQRVH� GLVHDVH� RI� FRIIHH� LQ�
9LHWQDP��(XURSHDQ�-RXUQDO�RI�3ODQW�3DWKRORJ\����������������������

�� +XQJ�7��1���+XQJ�1��4���0RVWHUW�'���9LOMRHQ�$���&KDR�&��3���0ROLQD�$��%���
)LUVW� UHSRUW� RI� )XVDULXP� ZLOW� RQ� &DYHQGLVK� EDQDQDV�� FDXVHG� E\� )XVDULXP�
R[\VSRUXP�I�� VS��FXEHQVH� WURSLFDO�UDFH����9&*������������ LQ�9LHWQDP��3ODQW�
'LVHDVH��������������������

��� %UDXQ� 8��� &RRN� 5�� 7�� $��� 7D[RQRPLF� PDQXDO� RI� WKH� (U\VLSKDOHV� �SRZGHU\�
PLOGHZV��� 5%&�.1$:� )XQJDO� ELRGLYHUVLW\� FHQWUH�� 8WUHFKW�� WKH� 1HWKHUODQG��
����������SS��
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��� 9HUPD�5��.���*DXWDP�$��.���6LQJK�$���$YDVWKL�6���3UDVKHU�,��%���1DXWL\DO�0��
&��� 6LQJK� +��� 1HZ� UHFRUG� RI� UXVW� GLVHDVH� FDXVHG� E\� 3XFFLQLD� R[DOLGLV� RQ�
2[DOLV�ODWLIROLD�IURP�,QGLD��0\FR$VLD��������S���������

��� 0DFLHO�-��&���&RVWD�0��5���)HUUHLUD�(��$���2OLYHLUD�,��7���$OHQFDU�%���=DQXQFLR�
-�� &��� 6DQWRV� -�� %��� 3XFFLQLD� R[DOLGLV� 'LHWHO� 	� (OOLV� �������� ILUVW� UHSRUW�
FRQWUROOLQJ�R[DOLV� ODWLIROLD�NXQWK� �2[DOLGDFHDH�� LQ�V\VWHPV�RI�GLUHFW�SODQWLQJ��
%UD]LOLDQ�MRXUQDO�RI�ELRORJ\� �5HYLVWD�EUDVOHLUD�GH�ELRORJLD����������������

6800$5<�

)RU�9LHWQDP��D�VPDOO�QXPEHU�RI�REOLJDWH�SDUDVLWLF�IXQJL�DUH�JLYHQ�� LQ�SRZGHU\�
PLOGHZ� �(ULVLSKDOHV�� DQG� UXVW� IXQJL� �3XFFLQLDOHV��� %DVLFDOO\�� WKHVH� DUH� ROG� OLVWV� RI�
VSHFLHV�WKDW�UHTXLUH�FRQILUPDWLRQ�RU�UHYLVLRQ��,Q�������D�MRLQW�H[SHGLWLRQ�ZDV�FRQGXFWHG�
E\� WKH�VWDII�RI� WKH�-RLQW�9LHWQDP�5XVVLD�7URSLFDO�6FLHQFH�DQG�7HFKQRORJ\�5HVHDUFK�
&HQWUH� DQG� WKH� .RPDURY� %RWDQLFDO� ,QVWLWXWH� �%,1� 5$6��� 'XULQJ� WKLV� H[SHGLWLRQ��
VHYHUDO� QHZ� VSHFLHV� RI� SDUDVLWLF� IXQJL� ZHUH� LGHQWLILHG� IRU� 9LHWQDP�� $PRQJ� WKH�
SRZGHU\� PLOGHZ� IXQJL� �(U\VLSKDOHV��� (U\VLSKH� WULIROLRUXP� DQG� 3VHXGRLGLXP�
FRFFXOXV�ZHUH� IRXQG� LQ� DQ� DPRUSKRXV� VWDWH� FKDUDFWHULVWLF� RI� WKH� WURSLFDO� UHJLRQ��
$PRQJ� WKH� UXVW� IXQJL� �3XFFLQLDOHV��� 3KUDJPLGLXP� SRWHQWLOODH� LV� D� ZLGHVSUHDG�
VSHFLHV� IURP� WKH� JHQXV�3KUDJPLGLXP� RQ�3RWHQWLOOD� VSS�� DQG�3XFFLQLD� R[DOLGLV� RQ�
2[DOLV�GHELOLV�VXEVS��FRU\PERVD�

.H\ZRUGV��3RZGHU\�PLOGHZ��(U\VLSKDFHDH��UXVW�IXQJL��3XFFLQLDOHV��SK\WRSDUDVLWHV��
9LHWQDP��

1K̵Q�EjL�QJj\����WKiQJ���QăP������

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

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP������

���� .RPDURY� %RWDQLFDO� ,QVWLWXWH� RI� WKH� 5XVVLDQ� $FDGHP\� RI� 6FLHQFHV�� 3URI��
3RSRY�6WU�������������6W�3HWHUVEXUJ��5XVVLD��
���� ,QVWLWXWH� RI� 7URSLFDO�(FRORJ\�� -RLQW� 9LHWQDP�5XVVLD� 7URSLFDO� 6FLHQFH� DQG�
7HFKQRORJ\�5HVHDUFK�&HQWUH��1JX\HQ�9DQ�+X\HQ�6WU������+DQRL��9LHWQDP��

&RQWDFW��'XGND�9��$��

.RPDURY�%RWDQLFDO�,QVWLWXWH�RI�WKH�5XVVLDQ�$FDGHP\�RI�6FLHQFHV��
3URI��3RSRY�6WU�������������6W�3HWHUVEXUJ��5XVVLD�


