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$%675$&7�$IWHU� PRUH� WKDQ� HLJKW\� \HDUV� RI� P\FRORJLFDO� VWXGLHV� LQ� (J\SW�� RXU� LQIRUPDWLRQ� DERXW� VRLO�P\FRELRWD�RI�6LQDL�LV�VWLOO�P\VWHULRXV��IUDJPHQWDU\�DQG�OLPLWHG��7KHVH�IXQJL�KDYH�QHYHU�EHHQ�WKH�VROH�WDUJHW�RI�DQ\�FRPSUHKHQVLYH�VWXG\�EHIRUH�FRQFHUQLQJ�WKHLU�HFRORJ\��WD[RQRP\�DQG�GLYHUVLW\��7KH�PDLQ�REMHFWLYH�RI�WKLV�VWXG\�LV� WR�VKHG�VRPH�OLJKW�RQ�WKH�VWUXFWXUH��HFRORJ\�DQG�GLYHUVLW\�RI�P\FRELRWD� LQ� WKH� 6LQDL� 3HQLQVXOD�� 6DPSOHV� ZHUH� FROOHFWHG� IURP� HLJKWHHQ� GLIIHUHQW� VLWHV�UHSUHVHQWLQJ�VL[�GLIIHUHQW�HFRORJLFDO�GLVWULFWV��)LIW\�VSHFLHV�EHORQJLQJ�WR�ILYH�FODVVHV��VHYHQ�RUGHUV��WHQ�IDPLOLHV�DQG�WZHQW\�VHYHQ�JHQHUD�ZHUH�UHFRUGHG�IURP�GLIIHUHQW�ORFDOLWLHV�LQ�6LQDL���&RPSDULVRQ�EHWZHHQ�WKH�SUHVHQW�UHVXOWV�DQG�WKRVH�RI�RWKHU�VWXGLHV�RQ�VRLO�IXQJL�RI�GHVHUWV�LQ�(J\SW�VKRZV�WKDW�WKHUH�LV�QR�VSHFLILF�P\FRELRWD�FKDUDFWHULVWLF�RI�6LQDL�VRLOV���
.H\ZRUGV� 0\FRELRWD��6LQDL��GLYHUVLW\��HFRORJ\��WD[RQRP\��WHUURSKLORXV��
,1752'8&7,21��7KH� 6LQDL� 3HQLQVXOD� RFFXSLHV� D� XQLTXH� ORFDWLRQ� RQ� WKH�PDS� LQ� WKH� QRUWK� HDVW� RI� (J\SW��VLQFH�LW�LV�FRQVLGHUHG�WR�EH�WKH�$VLDQ�SDUW�RI�$IULFDQ�(J\SW��7KH�6LQDL�GHVHUW�EHORQJV�WR�WKH�6DKDUDQ�W\SH��0DF*LQQLHV�HW�DO���������7KH�WRWDO�OHQJWK�RI�6LQDL
V�FRDVWOLQHV�LV�DERXW�����NP��QHDUO\�����RI�(J\SW
V������NP�FRDVWOLQH��7KH�DUHD�RI�WKH�SHQLQVXOD�LV�DERXW��������NPð��L�H��DOPRVW����RI�WKH�WRWDO�DUHD�RI�(J\SW�DQG�WKUHH�WLPHV�DV�PXFK�DV�WKH�DUHD�RI�WKH�1LOH�'HOWD��7KH�FOLPDWH�RI�6LQDL�EHORQJV�WR�WKH��$UDELDQ�7\SH���FKDUDFWHUL]HG�E\�DULGLW\��ZLQWHU� SUHFLSLWDWLRQ� DQG� PRGHUDWH� WHPSHUDWXUH� �'DQLQ� ������� ,W� KDV� WKUHH� PDLQ�GLYLVLRQV��WKH�ORZ�QRUWKHUQ�SDUW�LV�FRYHUHG�ZLWK�VDQG��WKH�FHQWUDO�GLYLVLRQ�LV�SUHGRPLQDQWO\�OLPHVWRQH�KLOOV�DQG�JUDYHO�SODLQV��ZKLOH�WKH�VRXWKHUQ�GLYLVLRQ�LV�PRXQWDLQRXV�PDJQHWLF�DQG�PHWDPRUSKLF� URFNV��$FFRUGLQJ� WR�'DQLQ� �������� WKH� 6LQDL� GHVHUW� LV� GLYLGHG� LQWR� WZHOYH�GLVWULFWV��)LJ������HDFK�ZLWK�LWV�RZQ�FKDUDFWHULVWLF�FOLPDWLF�DQG�HGDSKLF�IHDWXUHV��� ,Q�������6DEHW�VWDUWHG�KLV�SLRQHHU�VWXG\�RQ�WKH�VRLO�P\FRELRWD�RI�(J\SW��IROORZHG�E\ D�QXPEHU�RI�VWXGLHV�RQ�WKH�P\FRELRWD�RI�FXOWLYDWHG��GHVHUW�DQG�VDOW�PDUVKHV�VRLOV��$EGHO�$]HHP�������������$EGHO�+DIH]�������$EGXOOD�HW�DO��������$EGXO�:DKLG�������$ERXO�1DVU�������(]]�(O�'LQ�������,EUDKLP�������0RXEDVKHU�������0RXEDVKHU�HW�DO���������8S�WR�WKH�SUHVHQW��WKH�P\FRORJ\�RI�6LQDL�KDV�EHHQ�JLYHQ�OLWWOH�DWWHQWLRQ��DQG�DV�D�UHVXOW�LQIRUPDWLRQ�FRQFHUQLQJ�WKH�P\FRORJ\�RI�WKLV�DUHD�LV�VFDUFH�DQG�IUDJPHQWDU\��7KH�PDLQ�REMHFW�RI�WKH�SUHVHQW�ZRUN�LV�WR�WKURZ�VRPH�OLJKW�RQ�WKH�VWUXFWXUH�DQG�GLYHUVLW\�RI�WKH�IXQJDO�P\FRELRWD�RI�PDQ\�ORFDOLWLHV�RI�6LQDL��
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)LJXUH� ��� *HRPRUSKRORJLFDO� GLVWULFWV� RI� WKH� GHVHUWV� LQ� 6LQDL� DQG� ,VUDHO� �RFFXSLHG� 3DOHVWLQH�� �DIWHU� 'DQLQ���������
0$7(5,$/6�$1'�0(7+2'6��$ UDQJH�RI�VRLO�VDPSOHV�FROOHFWHG�EHWZHHQ�0D\������DQG�6HSWHPEHU������ZHUH�VFUHHQHG�LQ�RUGHU�DV�FRPSOHWHO\�DV�SRVVLEOH�WR�JLYH�D�SUHOLPLQDU\�SLFWXUH�RI�WKH�P\FRELRWD�VWUXFWXUH�RI�6LQDL��6L[�GLVWULFWV�RXW�RI�WKH�WZHOYH�ZHUH�VHOHFWHG�IRU�VRLO�VDPSOLQJ��VHH�7DEOH���������VRLO� VDPSOHV� ZHUH� FROOHFWHG� XQGHU� VRPH� RI� WKH� GRPLQDQW� SODQWV� IURP� ��� GLIIHUHQW� VLWHV�WKURXJKRXW� 6LQDL� 3HQLQVXOD� �)LJ�� ���� 7KHVH� ZHUH� SODFHG� LQ� VWHULOL]HG� SRO\HWK\OHQH� EDJV�FORVHG�E\�D�UXEEHU�EDQG��DQG�WUDQVIHUUHG�WR�WKH�ODERUDWRU\�XQWLO�SODWHG�RXW��)URP�HDFK�VLWH��QLQH�VRLO�VDPSOHV�ZHUH�FROOHFWHG�DQG�PL[HG�WKRURXJKO\�WR�IRUP�WKUHH�FRPSRVLWH�VDPSOHV���� 0HFKDQLFDO�DQDO\VLV�RI�VRLO�VDPSOHV�ZDV�DSSOLHG�XVLQJ�WKH�VLHYLQJ�PHWKRG��)DWK\�HW�DO���������7KH�S+�YDOXHV�RI�ZDWHU�H[WUDFWV�RI�VRLO�VDPSOHV�ZHUH�GHWHUPLQHG�ZLWK�D�S+�PHWHU��PRGHO������2ULRQ�5HVHDUFK�&R���XVLQJ�D�ZDWHU�WR�VRLO�UDWLR�RI�������ZW�Y��WR�DYRLG�HUURUV� RI� WRR�KLJK� GLOXWLRQ� �-DFNVRQ� ������� 7KH� WRWDO� VROXEOH� VDOWV� RI� VRLO� VDPSOHV�ZHUH�
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GHWHUPLQHG� XVLQJ� DQ� HOHFWULF� FRQGXFWLYLW\� PHWHU� �(&�PHWHU�� DV� GHVFULEHG� E\� -DFNVRQ���������*UDYLPHWULF�PHWKRGV�ZHUH� XVHG� WR� GHWHUPLQH�PRLVWXUH� FRQWHQW�� RUJDQLF� FRQWHQW�ZDV�GHWHUPLQHG�E\� ORVV�RQ�LJQLWLRQ� �/2,���ZKHUH� ORVV�ZDV�FDOFXODWHG�DV�D�SHUFHQWDJH�RI�WKH�RYHQ�GULHG�VDPSOH��:LOGH�HW�DO����������� 7DEOH����6LWHV�ORFDWLRQV�DQG�GLVWULFWV�QXPEHUV��������������������

7KH� IXQJDO� IORUD� RI� WKH� VRLO� VDPSOHV� ZDV� LVRODWHG� E\� WKH� GLOXWLRQ� SODWH� WHFKQLTXH� DV�GHVFULEHG�E\� -RKQVRQ�HW�DO�� �������DQG�PRGLILHG�E\�0RXEDVKHU�	�$EGHO�+DIH]� ��������&]DSHN
V�DJDU�VXSSOHPHQWHG�ZLWK�������\HDVW�H[WUDFW��&<$���DPHQGHG�ZLWK�5RVH�EHQJDO�����������DQG�FKORUDPSKHQLFRO� ����SSP���ZDV�XVHG� IRU�SULPDU\� LVRODWLRQ��)LIWHHQ�SODWHV�ZHUH� XVHG� IRU� HDFK� VDPSOH�� 7KH� SODWHV� ZHUH� LQFXEDWHG� DW� ��� �&� IRU� ��� GD\V� DQG� WKH�GHYHORSLQJ� IXQJL� FRXQWHG�� )RU� PDLQWDLQLQJ� FXOWXUHV� DQG� IRU� SURSHU� LGHQWLILFDWLRQ�� SXUH�FXOWXUHV� RI� LVRODWHG� IXQJL�ZHUH� JURZQ�RQ� VWDQGDUG�PHGLD� VXFK� DV�9HJHWDEOH�$JDU� �9����2DWPHDO�$JDU��2$���0DOW�([WUDFW�$JDU��0($��3RWDWR�'H[WURVH�$JDU��3'$��DQG�3RWDWR�&DUURW�$JDU��3&$���� )XQJDO� LVRODWHV�ZHUH� LGHQWLILHG� XVLQJ� YDULRXV� VRXUFHV�� H�J��$VSHUJLOOXV� �5DSHU�	�)HQQHOO� �������3HQLFLOOLXP� �5DSHU� 	� 7KRP� ������ 3LWW� �������&KDHWRPLXP� �$U[� HW� DO�������� &DQQRQ� ������� )XVDULXP� �%RRWK� ������� IRU� GDUN�FRORXUHG� +\SKRP\FHWHV� �(OOLV��������������6DPVRQ��������IRU�3DHFLORP\FHV�DQG�VRPH�DOOLHG�+\SKRP\FHWHV� DQG�RWKHU�JHQHUDO� WD[RQRPLF� ZRUNV� �'RPVFK� HW� DO�� ������ $U[� ������� 7KH� V\VWHP� SURSRVHG� E\�+DZNVZRUWK�HW�DO���������ZDV�XVHG�IRU�KLJKHU�FODVVLILFDWLRQ��� 9DULRXV�SDUDPHWHUV�SHUWDLQLQJ�WR�WKH�GHJUHHV�RI�RFFXUUHQFH��ULFKQHVV��GLYHUVLW\��DQG�VLPLODULW\�ZHUH� XVHG�� 7KH� DEXQGDQFH� RI� IXQJL� LV� SUHVHQWHG� LQ� WHUPV� RI� IUHTXHQF\� L�H�� DV�QXPEHU� RI� FDVHV� RI� LVRODWLRQ�� 7R� HVWLPDWH� WKH� VLPLODULW\� RI� VSHFLHV� FRPSRVLWLRQ� DPRQJ�
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GLIIHUHQW�VLWHV��ZH�XVHG� WKH�VLPLODULW\�FRHIILFLHQW� VXJJHVWHG�E\�6RUHQVRQ� ��������6SHFLHV�ULFKQHVV�LV�FDOFXODWHG�DIWHU�%DUERXU�HW�DO����������ZKLOH�VSHFLHV�GLYHUVLW\� LV�FDOFXODWHG�DV�6LPSVRQ
V�GLYHUVLW\�LQGH[��%DNXV���������� 7KH�GDWD�ZHUH�PDQLSXODWHG�XVLQJ�([FHO��0LFURVRIW�2IILFH�;3�3DFNDJH���������DQG�VXEMHFWHG� WR� VWDWLVWLFDO� DQDO\VHV�ZLWK�0LQLWDE� �YHUVLRQ������ ������ DQG� 6WDWLVWLFD� �YHUVLRQ�����)�����������
5(68/76��7KH� RUJDQLF� PDWWHU� RI� WKH� VRLOV� UDQJHG� EHWZHHQ� ��������� ��� 0RLVWXUH� FRQWHQW� UDQJHG�EHWZHHQ�������:DGL�(O�$UEDHLQ��DQG��������*HEHO�.DWKHULQH���WKH�PDMRULW\�RI�VLWHV�ZHUH�EHWZHHQ� ����� DQG� ���� ��� 6RLO� S+� UDQJHG� EHWZHHQ� ����� DQG� ������ 6RLO� WH[WXUHV� ZHUH�DVVHVVHG�DV�VDQG\�WR�JUDYHOO\�VDQG\��7RWDO�GLVVROYHG�VDOWV�UDQJHG�PDLQO\�EHWZHHQ����DQG���� SSP��� :H� UHFRUGHG� WZHQW\�VHYHQ� JHQHUD� DQG� ILIW\� VSHFLHV� IURP� HLJKWHHQ� VLWHV� DQG� VL[�GLVWULFWV��7DEOH�����7KH�PRVW�SUHYDOHQW�VSHFLHV�ZHUH�$VSHUJLOOXV�QLJHU� $VSHUJLOOXV�IODYXV�$VSHUJLOOXV� DOXWDFHXV� (PHULFHOOD� QLGXODQV� &KDHWRPLXP� JORERVXP� $VSHUJLOOXV� WHUUHXV�$VSHUJLOOXV�YHUVLFRORU�DQG�\HDVW��7KHVH�RFFXUUHG�LQ���������RI�WKH�VDPSOHV��DQG�IRUPHG������������RI�WRWDO�IXQJL�LQ�WKH�HLJKWHHQ�VLWHV���� 7KH�VSHFLHV�ULFKQHVV�DW�WKH�JHQHULF�OHYHO�VKRZV�WKDW�$VSHUJLOOXV�LV�WKH�PRVW�GLYHUVH��UHSUHVHQWHG�E\����VSHFLHV���IROORZHG�E\�3HQLFLOOLXP� ���VSHFLHV���3DHFLORP\FHV�DQG�WKHQ�&KDHWRPLXP� (XURWLXP� DQG�$FUHPRQLXP����VSHFLHV�HDFK���$OO�WKH�UHPDLQLQJ�JHQHUD�ZHUH�UHSUHVHQWHG�E\�RQO\�RQH�VSHFLHV�HDFK��$W�WKH�IDPLO\�OHYHO��WKH�0RQLOLDFHDH�KDG�WKH�KLJKHVW�FRQWULEXWLRQ� ���� VSHFLHV��� IROORZHG� E\� 0XFRUDFHDH� ��� VSHFLHV��� &KDHWRPLDFHDH� DQG�7ULFKRFRPDFHDH����VSHFLHV���$JRQRP\FHWDFHDH��6RUGDULDFHDH�DQG�'HPDWLDFHDH����VSHFLHV��DQG� 0LFURDVFDFHDH�� 7XEHUFXODULDFHDH� DQG� 6\QFHSKDODVWUDFHDH� ��� VSHFLHV� HDFK��� 7KH�VSHFLHV�WR�JHQXV� UDWLR� SHU� IDPLO\� VKRZV� WKDW� IDPLO\� 0RQLOLDFHDH� ZDV� WKH� PRVW� GLYHUVH�WD[RQRPLFDO�UDQN��������IROORZHG�E\�&KDHWRPLDFHDH�DQG�7ULFKRFRPDFHDH��� 7KH�VSHFLHV�LVRODWHG�ZHUH�DVVLJQHG�WR�ILYH�FODVVHV��VHYHQ�RUGHUV��DQG�WHQ�IDPLOLHV��0LWRVSRULF� IXQJL� KDG� ILIWHHQ� JHQHUD�� WKLUW\�ILYH� VSHFLHV� DQG� ����� �� RI� WKH� WRWDO� IXQJL�LVRODWHG��$VFRP\FRWD�KDG�VHYHQ�JHQHUD��QLQH�VSHFLHV�DQG��������=\JRP\FRWD�KDG�RQO\������ RI�WKH�WRWDO�IXQJL�LVRODWHG���� %LRGLYHUVLW\�KDV�WKUHH�LPSRUWDQW�DVSHFWV��HFRORJLFDO�RU�KDELWDW�GLYHUVLW\�FRYHUV�WKH�FRQFHSWV� RI� SRSXODWLRQ�� FRPPXQLW\�� HFRV\VWHP� DQG� ELRPH�� VSHFLHV� GLYHUVLW\� DGGUHVVHV�ERWK� WKH� QXPEHU� RI� VSHFLHV� �VSHFLHV� ULFKQHVV�� DQG� WKHLU� UHODWLYH� DEXQGDQFH�� DQG� JHQHWLF�GLYHUVLW\��VLQFH�LQGLYLGXDOV�ZLOO�QRW�EH�JHQHWLFDOO\�LGHQWLFDO��7KH�VSHFLHV�GLYHUVLW\�RI�IXQJL�ZDV�HVWLPDWHG�XVLQJ�WZR�LQGLFHV��VSHFLHV�ULFKQHVV�DQG�6LPSVRQ
V�GLYHUVLW\�LQGH[��� 6SHFLHV� ULFKQHVV�ZDV� KLJKHVW� DW�+DPPDP�)DUDRQ� ���� VSHFLHV��� DQG�D�QXPEHU� RI�RWKHU� VLWHV� DOVR� KDG� KLJK� VSHFLHV� ULFKQHVV� �VLWHV� ���� ��� ��� ���� HWF��� )LJXUH� �� VKRZV� WKH�VSHFLHV�ULFKQHVV�DPRQJ�GLIIHUHQW�GLVWULFWV��ZLWK�GLVWULFW�����WKH�KLJK�PRXQWDLQV��KDYLQJ�WKH�KLJKHVW� DW� ��� VSHFLHV�� +DPPDP� )DUDRQ� DOVR� VKRZHG� WKH� KLJKHVW� 6LPSVRQ� GLYHUVLW\�������������IROORZHG�E\�RWKHU�VLWHV�LQ�VRXWKHUQ�6LQDL��7KH�ORZHVW�6LPSVRQ�GLYHUVLW\�ZDV�UHFRUGHG�DW�,VPDLOLD��VLWH�������� %DVHG� RQ� WKH� SUHVHQFH?DEVHQFH� RI� IXQJDO� VSHFLHV� LQ� WKH� VWXGLHG� VLWHV�� WKH�GLVWULEXWLRQ�SDWWHUQ� �)LJ����� VKRZV� WKDW� UHFRUGHG� WD[D�FRXOG�EH� WHQWDWLYHO\�FODVVLILHG� LQWR�WKUHH� JURXSV�� *URXS� �� FRPSULVHV� WD[D� UHVWULFWHG� WR� D� VLQJOH� VLWH� H�J�� $FKDHWRPLXP�PDFURVSRUXP� $FUHPRQLXP� VWULFWXP� *HODVLQRVSRUD� VHPLQXGH� DQG� )XVDULXP� VRODQL�*URXS���FRQVLVWV�RI�VSHFLHV�RFFXUULQJ�LQ�WZR�RU�PRUH�VLWHV�EXW�ZLWK�KLJKHU�SUHYDOHQFH�LQ�RQH�� H�J��(XURWLXP� FKHYDOLHUL� 0LFURDVFXV� FLQHUHXV� DQG� 3HQLFLOOLXP� FLWULQXP� *URXS� ��
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FRQWDLQV�VSHFLHV�FRPPRQ�WR�DOPRVW�DOO�VLWHV��H�J��$VSHUJLOOXV�QLJHU� $��IODYXV� &KDHWRPLXP�JORERVXP�DQG�(PHULFHOOD�QLGXODQV�
7DEOH����7RWDO�FRXQWV��FRORQLHV�SHU�J�GU\�VRLO���IUHTXHQF\�RI�RFFXUUHQFH��QXPEHU�RI����������FDVHV�RI�LVRODWLRQ��1&,��RXW�RI����VLWHV���WRWDO�FRXQW�SHUFHQWDJH�RXW�RI���������
6SHFLHV�

7RWDO�&)8� )UHT������ 1&,� 7RWDO�FRXQW��
$EVLGLD�FRU\PELIHUD��&RKQ��6DFF��	�7URWWHU� ��� ����� �� �����
$FKDHWRPLXP�PDFURVSRUXP�5DL��:DGKZDQL�	�7HZDUL� ��� ����� �� �����
$FUHPRQLXP�UXWLOXP�*DPV� ���� ����� �� �����
$FUHPRQLXP�VWULFWXP�*DPV� ���� ����� �� �����
$FURSKLODRSKRUD�QDLQLDQD�(GZDUG�� ��� ����� �� �����
$FWLQRPXFRU�HOHJDQV��(LGDP��%HQM��	�+HVVHOWLQH�� ��� ����� �� �����
$JRQRP\FHWH� ��� ����� �� �����
$OWHUQDULD�DOWHUQDWD��)U���.HLVVOHU� ��� ����� �� �����
$VSHUJLOOXV�DOXWDFHXV�%HUN��	�&XUW�� ���� ����� ��� �����
$VSHUJLOOXV�FDQGLGXV�/LQN�H[��/LQN� ��� ����� �� �����
$VSHUJLOOXV�FODYDWXV�'HVP�� ��� ����� �� �����
$VSHUJLOOXV�IODYXV�/LQN�H[�)U�� ����� ������ ��� ������
$VSHUJLOOXV�IXPLJDWXV�)UHV�� ���� ����� �� �����
$VSHUJLOOXV�MDSRQLFXV�6DLWR� ���� ���� �� �����
$VSHUJLOOXV�QLJHU�YDQ�7LHJKHP� ����� ������ ��� ������
$VSHUJLOOXV�V\GRZLL��%DLQ��	�6DUW���7KRP�	�&KXUFK� ���� ����� �� �����
$VSHUJLOOXV�WDPDULL�.LWD� ���� ����� �� �����
$VSHUJLOOXV�WHUUHXV�7KRP� ���� ����� �� �����
$VSHUJLOOXV�XVWXV��%DLQ���7KRP�	�&KXUFK� ��� ����� �� �����
$VSHUJLOOXV�YHUVLFRORU��9XLOO���7LUDERVFKL� ���� ����� �� �����
$VSHUJLOOXV�ZHQWLL�:HKPHU� ��� ����� �� �����
$XHUREDVLGLXP�SXOOXODQV��GH�%DU\��$UQDXG� ��� ����� �� �����
%LSRODULV�VSLFLIHUD��%DLQ���6XEUDP�� ��� ����� �� ����
&KDHWRPLXP�EUDVLOHQVH�%DWLVWD�	�3RQWXDO� ���� ����� �� �����
&KDHWRPLXP�JORERVXP�.XQ]H� ���� ������ ��� �����
&KU\VRVSRULXP�[HURSKLOXP�3LWW� ���� ����� �� �����
(PHULFHOOD�QLGXODQV��(LGDP��9XLOOHPLQ� ���� ������ ��� �����
(XURWLXP�DPVWHORGDPL�0DQJLQ� ��� ����� �� �����
(XURWLXP�FKHYDOLHUL�0DQJLQ� ��� ����� �� �����
)XVDULXP�VRODQL��0DUW���$SSHO�	�:ROOHQZ� ��� ����� �� �����
*HODVLQRVSRUD�VHPLQXGD�&DLOOHX[� ��� ����� �� �����
+XPLFROD�IXVFRDWUD�7UDDHQ� ���� ����� �� �����
0DFURSKRPLQD�SKDVHROLQD��7DVVL��*RLGDQLFK� ���� ����� �� �����
0LFURDVFXV�FLQHUHXV��(PLOH�:HLO�	�*DXGLQ��&XU]L� ��� ����� �� �����
0XFRU�FLUFLQHOORLGHV�YDQ�7LHJKHP� ��� ����� �� �����
3DHFLORP\FHV�IDULQRVXV��+ROP�H[�*UD\��%URZQ�	�6P�� ��� ����� �� �����
3DHFLORP\FHV�YDULRWLL�%DLQLHU� ��� ����� �� �����
3HQLFLOOLXP�EUHYL�FRPSDFWXP�'LHUHN[� ���� ����� �� �����
3HQLFLOOLXP�FDQHVFHQFHV�6RSS� ���� ����� �� �����
3HQLFLOOLXP�FKU\VRJHQXP�7KRP� ���� ����� �� �����
3HQLFLOOLXP�FLWULQXP�7KRP� ��� ����� �� �����
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3HQLFLOOLXP�F\FORSLXP�:HVWOLQJ� ���� ����� �� �����
3HQLFLOOLXP��SXUSXURJHQXP�6WROO� ��� ����� �� �����
3HQLFLOOLXP�UDFLERUVNLL�=DOHVNL� ��� ����� �� �����
3HQLFLOOLXP�YDULDEOH�:HKPHU� ���� ����� �� ����
5KL]RSXV�VWRORQLIHU�(KUHQE��H[�)U�� ���� ���� �� �����
6RUGDULD�ILPLFROD��5REHUJH��&HVDWL�	�GH�1RWDULV� ��� ����� �� ����
6\QFHSKDODVWUXP�UDFHPRVXP�&RKQ�H[�6FKURHW� ��� ����� �� �����
7ULFKRGHUPD�SVXHGRNRQLQJLL�5LIDL� ���� ����� �� �����
<HDVW� ���� ����� �� �����
*URVV�7RWDO�&RXQW��&)8�� ������ �

$Q�LPSRUWDQW�TXHVWLRQ�QHHGV� WR�EH�DQVZHUHG��DUH�P\FRELRWD� WKH�VDPH�LQ�DOO�GLVWULFWV"�RU�GRHV�HDFK�GLVWULFW�KDV�D�FKDUDFWHULVWLF�JURXS�RI�VSHFLHV"��7R�ILQG�DQ�DQVZHU��ZH�FOXVWHUHG�WKH�VLWHV�XVLQJ�6RUHQVHQ¶V�VLPLODULW\�FRHIILFLHQW��)LJ������7KH�ODJRPRUSK�P\FRWDV��VSHFLHV�LQ� FRPPRQ�� IRUPHG� WZR� PDLQ� VXEJURXSV�� � )RXU� VLWHV� ����� ���� ��� DQG� ��� ZHUH� UDWKHU�GLIIHUQHW�IURP�WKH�UHVW��ZKLFK�ZHUH�GLYLGHG�LQWR�WZR�QRWLFHDEOH�FOXVWHUV��D�ODUJH�RQH��VLWHV��� �������������������������������DQG�����DQG�D�VPDOO�RQH��VLWHV������DQG������:H�LQWHUSUHW�WKHVH�FOXVWHUV�DV� VKRZLQJ� WKDW� LQWHUUHODWLRQV�EHWZHHQ� VLWHV�DUH�EDVHG�RQ�HGDSKLF� IHDWXUHV�DQG�YHJHWDWLRQ�VWUXFWXUH��
�',6&866,21��6LQDL�GHVHUW�VRLOV�VKRZHG�UHODWLYHO\�ORZ�FRXQWV�RI�IXQJDO�SRSXODWLRQV��DQ�DYHUDJH�FRXQW�RI�������� &)8�� J���0RVW� RI� WKH� WD[D� KDYH� EHHQ� LVRODWHG� SUHYLRXVO\� IURP� (J\SWLDQ� GHVHUW�VRLOV��EXW�WKLV�LV�WKH�ILUVW�UHSRUW�FRQFHUQLQJ�HFRORJ\��WD[RQRP\�DQG�GLYHUVLW\�RI�WKHVH�IXQJL�LQ�6LQDL��6LPLODU�REVHUYDWLRQV�RI�ORZ�FRXQWV�DVVRFLDWHG�ZLWK�D�QDUURZ�VSHFWUXP�RI�VSHFLHV�KDYH�EHHQ�DOVR�UHSRUWHG�E\�RWKHU� LQYHVWLJDWRUV��$EGHO�$]HHP�������������0RXEDVKHU�HW�DO��������$EGHO�+DIH]�HW�DO�� �������7KH� VRLO�PRLVWXUH�FRQWHQW� LV�XVXDOO\� ORZ�EHFDXVH�RI�UHGXFHG� ZDWHU�KROGLQJ� FDSDFLW\� DQG� WKH� KLJK� UDWH� RI� HYDSRWUDQVSLUDWLRQ� UHVXOWLQJ� IURP�VWURQJ� VRODU� UDGLDWLRQ�� 7KHVH� IDFWRUV� WRJHWKHU�PD\� DFFRXQW� IRU� WKH� UHODWLYHO\� ORZ�ZDWHU�DFWLYLW\��ZKLFK�JUHDWO\�DIIHFWV�PLFURELDO�GLYHUVLW\�DQG�DFWLYLW\���� %DVHG�RQ� WKH�YDOXH�RI�IUHTXHQF\�RI�RFFXUUHQFH�� WKH�GLVWULEXWLRQ�SDWWHUQ�RI�IXQJDO�VSHFLHV�DPRQJ�GLIIHUHQW�W\SHV�VRLOV�DQG�GLVWULFWV�LQGLFDWHG�WKDW�ZKLOH�VRPH�VSHFLHV�ZHUH�RI�UHVWULFWHG� RFFXUUHQFH� RQ� FHUWDLQ� W\SHV� RI� VRLOV�� RWKHUV� ZHUH� RI� FRPPRQ� RFFXUUHQFH� LQ�DOPRVW�DOO� W\SHV�RI� VRLOV��6XFK�REVHUYDWLRQV�KDYH�EHHQ�UHSRUWHG�EHIRUH�DPRQJ�VRLO� IXQJL��$EGHO�$]HHP�������DQG�FRSURSKLORXV�IXQJL��/XQGTYLVW�������$QJHO�	�:LFNORZ�������3DUNHU�������5LFKDUGVRQ��������7KHVH�DXWKRUV�DGYRFDWHG� WKDW� WKH�SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV� RI� VXEVWUDWHV� GLIIHU� IURP� RQH� VLWH� WR� DQRWKHU�� DQG� DFFRUGLQJO\� VRLO� IURP� D�SDUWLFXODU� GLVWULFW� ZRXOG� IDYRXU� FRORQL]DWLRQ� E\� FHUWDLQ� IXQJL�� 7KH� ODJRPRUSK� P\FRWDV�SURGXFHG�E\�XVLQJ�VLPLODULW\�FRHIILFLHQW�VKRZLQJ�WKDW�WKH�JHRPRUSKRORJLFDO��FOLPDWLF�DQG�HGDSKLF�IDFWRUV�RI�HDFK�GLVWULFW�EHKDYH�DV�NH\�FKDUDFWHUV��'DQLQ�������LQ�WKH�GLVWULEXWLRQ�RI�WKHLU�P\FRELRWD��� &RPSDULVRQ�RI�WKH�WD[RQRPLF�OLVW�LVRODWHG�LQ�WKH�SUHVHQW�VWXG\�ZLWK�WKRVH�REWDLQHG�LQ�WKHVH�RWKHU�VWXGLHV�RQ�GHVHUW�VRLOV�LQGLFDWHV�WKDW�WKH�+\SKRP\FHWDOHV�SUREDEO\�FRQVWLWXWH�WKH�PDLQ�FRUH�RI�PLWRVSRULF�IXQJL�RI�GHVHUW�KDELWDWV���2XU� OLVW� RI� DVFRVSRULF� VSHFLHV� E\� FRPSDULVRQ�ZLWK� WKRVH� REWDLQHG� IURP� RWKHU� (J\SWLDQ�VWXGLHV� VKRZV� WKDW� WKH� IROORZLQJ� VSHFLHV� DUH� FRPPRQ� WR� GHVHUW� KDELWDWV�� (XURWLXP�DPVWHORGDPL� (��FKHYDOLHUL� (PHULFHOOD�QLGXODQV� &KDHWRPLXP�JORERVXP�DQG�0LFURDVFXV�
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FLQHUHXV� 7KH�[HURSKLOLF�SRWHQWLDOLW\�RI�WKH�ILUVW�WKUHH�WD[D�KDV�DOUHDG\�EHHQ�GRFXPHQWHG��+RFNLQJ�	�1RUWRQ�������ZKLOH�WKH�ODWWHU�WZR�UHTXLUH�IXUWKHU�LQYHVWLJDWLRQV��� $�FRPSDULVRQ�EHWZHHQ�WKH�SUHVHQW�UHVXOWV�DQG�WKRVH�RI�RWKHU�VWXGLHV�RQ�VRLO�IXQJL�RI�GHVHUWV�LQ�(J\SW�VKRZV�WKDW�WKHUH�LV�QR�VSHFLILF�P\FRELRWD�FKDUDFWHULVWLF�RI�6LQDL�VRLOV���
)LJXUH����0DS�RI�ORFDWLRQV�VDPSOHG��
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)LJXUH����2FFXUUHQFH�RI�LVRODWHG�IXQJL�LQ�GLIIHUHQW�VLWHV�DQG�GLVWULFWV��
6LWH�QR� � � � � � � � � � �� �� �� �� �� �� �� �� ��

$EVLGLD�FRU\PELIHUD� � � � � �

$FKDHWRPLXP�PDFURVSRUXP �
$FUHPRQLXP�UXWLOXP� �

$FUHPRQLXP�VWULFWXP� �

$FURSKLODRSKRUD�QDLQLDQD� �

$FWLQRPXFRU�HOHJDQV �

$JRQRP\FHWH �
$OWHUQDULD�DOWHUQDWD �

$VSHUJLOOXV��DOXWDFHXV� � � � � � � � � � � �

$VSHUJLOOXV�FDQGLGXV� � � �

$VSHUJLOOXV�FODYDWXV� � �

$VSHUJLOOXV�IODYXV� � � � � � � � � � � � � � � � � � �

$VSHUJLOOXV�IXPLJDWXV� � � � �

$VSHUJLOOXV�MDSRQLFXV� � � � � � �

$VSHUJLOOXV�QLJHU� � � � � � � � � � � � � � � � � � �

$VSHUJLOOXV�V\GRZLL� � � � � � � �

$VSHUJLOOXV�WDPDULL� � � � � � �

$VSHUJLOOXV�WHUUHXV� � � � � � � � � �

$VSHUJLOOXV�XVWXV� �

$VSHUJLOOXV�YHUVLFRORU� � � � � � � � � �

$VSHUJLOOXV�ZHQWLL� � � � �

$XHUREDVLGLXP�SXOOXODQV� �

%LSRODULV�VSLFLIHUD � � �

&KDHWRPLXP�EUDVLOHQVH � �

&KDHWRPLXP�JORERVXP � � � � � � � � � � � �

&KU\VRVSRULXP�[HURSKLOXP � � �

(PHULFHOOD�QLGXODQV� � � � � � � � � � � � � �
(XURWLXP�DPVWHORGDPL� �

(XURWLXP�FKHYDOLHUL� � �

)XVDULXP�VRODQL �

*HODVLQRVSRUD��VHPLQXGD �

+XPLFROD�IXVFRDWUD � � � �
0DFURSKRPLQD�SKDVHROLQD� � � �

0LFURDVFXV�FLQHUHXV� � �

0XFRU�FLUFLQHOORLGHV� �

3DHFLORP\FHV�IDULQRVXV� �

3DHFLORP\FHV�YDULRWLL� � � � � �
3HQLFLOOLXP�EUHYL�FRPSDFWXP� � � � � � � � �

3HQLFLOOLXP�FDQHVFHQFHV� � � � � �

3HQLFLOOLXP�FKU\VRJHQXP� � � � �

3HQLFLOOLXP�FLWULQXP� � �

3HQLFLOOLXP�F\FORSLXP� � � � �

3HQLFLOOLXP�SXUSXURJHQXP� � � �

3HQLFLOOLXP�UDFLERUVNLL� � �

3HQLFLOOLXP�YDULDEOH� � � � � �

5KL]RSXV�VWRORQLIHU � � � � � � �

6RUGDULD�ILPLFROD � � �

6\QFHSKDODVWUXP�UDFHPRVXP � �
7ULFKRGHUPD�SVXHGRNRQLQJLL� � � � � � �

<HDVW � � � � � � � � �

'��� '���'� '�� '��� '���
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)LJXUH�����,QYHVWLJDWHG�VLWHV�GHQGRJUDP�EDVHG�RQ�6RUHQVRQ
V�VLPLODULW\�FRHIILFLHQW�������
$&.12:/(*0(176�� :H� H[SUHVV� RXU� DSSUHFLDWLRQ� WR� 3URI�� $�� )�� 0RXVWDID� �%RWDQ\� 'HSDUWPHQW��)DFXOW\�RI�6FLHQFH��6XH]�FDQDO�8QLYHUVLW\��ZKR�PDGH�D�QXPEHU�RI�KHOSIXO�VXJJHVWLRQV��7KH�DXWKRUV�ZLVK�WR�WKDQN�3URI��-��&��.UXJ��&HQWUH�IRU�%LRGLYHUVLW\�	�&RQVHUYDWLRQ�%LRORJ\��5R\DO�2QWDULR�0XVHXP��&DQDGD��IRU� UHYLHZLQJ� WKH�PDQXVFULSW��'U��+DPG\�0��$ERXO�(OOD� IRU� WKH� ORFDWLRQ�PDS�� DQG�0U��$EGHO�*KDIDU�0��$ERX� (O�6RDG� �'HSDUWPHQW� RI� %LRORJLFDO� 	� *HRORJLFDO� VFLHQFHV�� )DFXOW\� RI� (GXFDWLRQ� DW� 3RUW� 6DLG�� IRU�DVVLVWDQFH�LQ�VRLO�FROOHFWLRQ�DQG�VWDWLVWLFDO�DQDO\VHV���5()(5(1&(6��
$EGHO�$]HHP�$0��������(IIHFW�RI�RYHUJUD]LQJ�RQ�YHJHWDWLRQ��PLFUREHV�DQG�VRLO�LQ�,VPDLOLD�GHVHUW�KDELWDW��%LRORJLFDO�'LYHUVLW\��6\PSRVLXP�LQWHUQDFLRQDO�FHOHEUDGR�HQ�0DGULG������������$EGHO�$]HHP�$0��������(FRORJLFDO�DQG�WD[RQRPLFDO�VWXGLHV�RQ�DVFRVSRUH�SURGXFLQJ�IXQJL�LQ�(J\SW��3K�'�WKHVLV��)DFXOW\�RI�6FLHQFH��6XH]�&DQDO�8QLYHUVLW\��$EGHO�+DIH]�6,,��0RKDUUDP�$0�	�$EGHO�6DWHU�0$� �������6RLO� IXQJL� RI� WKH�1HZ�9DOOH\� DUHD��:HVWHUQ�GHVHUW��(J\SW��%XOO��)DF��6FL���$VVLXW�8QLY��������'������������$EGXO�:DKLG�2$��������)XQJDO�IORUD�RI�FXOWLYDWHG�VRLOV�DQG�WKHLU�UROH� LQ�WKH�ELRORJLFDO�FRQWURO�RI� WRPDWR�)XVDULXP�ZLOW�LQ�,VPDLOLD�*RYHUQRUDWH��3K��'��WKHVLV��)DFXOW\�RI�6FLHQFH��6XH]�&DQDO�8QLYHUVLW\��$EGXOOD�06�� <RXVVHI� .$�	�0DVKDO� .$$� ������� 2VPRSKLORXV� IXQJL� RI� VDOLQH� VRLOV� LQ� WKH� LQWHULRU� DQG�FRDVWDO�UHJLRQV�RI�(O�0DQ]DOD�/DNH��-��)DF��(G������������$ERXO�1DVU�0%0��������6WXGLHV�RQ�VRLO�IXQJL�RI�WKH�5HG�6HD�VKRUH��0��6F��7KHVLV��%RW��'HSW���)DF��6FL���$VVLXW�8QLY���$VVLXW��(J\SW��$QJHO� .� 	� :LFNORZ� '7� ������� 5HODWLRQVKLSV� EHWZHHQ� FRSURSKLORXV� IXQJL� DQG� IHFDO� VXEVWUDWHV� LQ� D�&RORUDGR�JUDVVODQG��0\FRORJLD�����������$U[�-�$�YRQ��������*HQHUD�RI�)XQJL�6SRUXODWLQJ�LQ�3XUH�&XOWXUH���UG�(GLWLRQ��-��&UDPHU��9DGX]�$U[�-�$�YRQ��*XDUUR�-�	�)LJXHUDV�0�-���������7KH�$VFRP\FHWH�JHQXV�&KDHWRPLXP� %HLK��1RYD�+HGZLJLD������������%DUERXU�0*��%XUN� � -+�	�3LWWV�:'� ������� 7HUUHVWULDO� 3ODQW�(FRORJ\�� �QG� HG��7KH�%HQMDPLQ�&XPPLQJV�3XEOLVKLQJ��&RPSDQ\��,1&������SS��%DNXV�*-���������4XDQWLWDWLYH�(FRORJ\�DQG�0DULQH�%LRORJ\��2[IRUG�	�,%+�3XEOLVKLQJ��1HZ�'HOKL�����SS��%RRWK� &� ������� )XVDULXP� ODERUDWRU\� JXLGH� WR� WKH� LGHQWLILFDWLRQ� RI� WKH� PDMRU� VSHFLHV�� &RPPRQZHDOWK�0\FRORJLFDO�,QVWLWXWH��.HZ��6XUUH\��(QJODQG��&DQQRQ�3)���������$�UHYLVLRQ�RI�$FKDHWRPLXP� $FKDHWRPLHOOD�DQG�6XEUDPDQLXOD� DQG�VRPH�VLPLODU�VSHFLHV�RI�&KDHWRPLXP� 7UDQV��%ULW��0\FRO��6RF� �����������
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'DQLQ�$��������3ODQW�VSHFLHV�GLYHUVLW\�DQG�HFRORJLFDO�GLVWULFWV�RI�6LQDL�GHVHUW��9HJHWDWLRQ����������������'DQLQ�$��������'HVHUW�YHJHWDWLRQ�RI�,VUDHO�DQG�6LQDL��&DQD�/WG��-HUXVDOHP��,VUDHO��'RPVFK�.+��*DPV�:�	�$QGHUVRQ�7UDXWH�+HLGL���������&RPSHQGLXP�RI�VRLO�IXQJL��YRO��,�	�,,��$FDGHPLF�3UHVV��(OOLV�0%��������'HPDWLDFHRXD�+\SKRP\FHWHV��3�������&RPPRQZHDOWK�0\FRORJLFDO�,QVWLWXWH��.HZ��6XUUH\��(QJODQG��(OOLV�0%��������0RUH�'HPDWLDFHRXD�+\SKRP\FHWHV��3�������&RPPRQZHDOWK�0\FRORJLFDO�,QVWLWXWH��.HZ��6XUUH\��(QJODQG�(]]�(O�'LQ�(.��������$�VWXG\�RI�WKH�VRLO�IXQJDO�IORUD�RI� WKH�VDOW�PDUVK�HFRV\VWHP�RI�1RUWK�6LQDL��0��6F��7KHVLV���)DFXOW\�RI�6FLHQFH��6XH]�&DQDO�8QLYHUVLW\��,VPDLOLD��(J\SW�)DWK\�$��$EGHO�6DODP�0$��.KDOLO�.(�	�5HGD�0��������&ODVVLILFDWLRQ�RI�VRLOV�RI�6DOKL\D�DUHD��WKH�(DVWHUQ�'HVHUW��$��5��(��%XOO��'HVHUW�,QVW��G
�(J\SWH� �������������������+DZNVZRUWK�'/��.ULN�30��6XWWRQ�%&�	�3HJOHU�'1��������$QLVZRUWK�	�%LVE\
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