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6WXGLHV�ZHUH�FDUULHG�RXW�RQ�VWUXFWXUH�DQG�G\QDPLFV�RI�ILVK�DVVHPEODJHV�LQ�WKH�%DJXDoX�WLGDO�FUHHN��3DUDQDJXi�%D\��%UD]LO��$�WRWDO�RI��������ILVK�ZHUH�FDSWXUHG��FRPSULVLQJ����IDPLOLHV�DQG����VSHFLHV��%RWK�LQ�ZHLJKW�DQG�LQ�QXPEHU��WKH�VSHFLHV�$QFKRD�SDUYD�SUHYDLOHG��0RQWKO\�FDSWXUHV�LQ�QXPEHU�DQG�ZHLJKW�ZHUH�ODUJHVW�LQ�WKH�DXWXPQ�DQG�SDUW�RI�WKH�ZLQWHU��1R�VHDVRQDO�WHQGHQF\�ZDV�REVHUYHG�LQ�WKH�LQGH[HV�RI�FRPPXQLW\�VWUXFWXUH��7KH�GHQGURJUDP�SURGXFHG�E\�WKH�FODVVLILFDWLRQ�RI�WKH�VDPSOHV�VHSDUDWHG�WKH����PRQWKV�RI�FROOHFWLRQ�LQWR�WKUHH�JURXSV��UHIOHFWLQJ�GLIIHUHQFHV�LQ�WKH�TXDOLWDWLYH� DQG�TXDQWLWDWLYH� RFFXUUHQFHV� RI� WKH�PRVW� LPSRUWDQW� WD[D�� 6RPH� HFRORJLFDO� OLNHQHVV�� QRW� RQO\� VHDVRQDO�SDWWHUQV�RI�DEXQGDQFH��VHHPHG�HYLGHQW� LQ� WKH�VHDVRQDOLW\�RI� WKH�JURXSLQJV�RI�VSHFLHV�UHYHDOHG�WKURXJK�WKH�FOXVWHU�DQDO\VLV��7KH�SULQFLSDO�FRPSRQHQW�DQDO\VLV�UHIOHFWHG�PDLQO\�WKH�SHULRGV�RI�UDLQ�DQG�GURXJKW
.H\�ZRUGV��7LGDO�FUHHN��ILVK�DVVHPEODJHV��VHDVRQDO�YDULDWLRQ��%UD]LO

 $XWKRU�IRU�FRUUHVSRQGHQFH

,1752'8&7,21
0DQJURYH� FKDQQHOV�� FDOOHG� WLGDO� FUHHNV�� DUH�IHDWXUHV� WKDW� KDYH� D� PHDQGHULQJ� GHVLJQ� DQG� DUH�GHSHQGHQW� RQ� WKH� WLGH� UHJLPH�� 7KH\� DUH�FKDUDFWHULVWLF� RI� OLWWRUDO� SODLQV� LQ� HVWXDULQH�FRPSOH[HV� RI� WKH� VRXWKHDVWHUQ �VRXWKHUQ� UHJLRQ�RI�%UD]LO�� 7LGDO� FUHHNV� DUH� LPSRUWDQW� URXWHV� IRU� WKH�IORZ�RI�RUJDQLF�PDWWHU�EHWZHHQ� WKH�FRQWLQHQW�DQG�WKH� HVWXDU\�� DQG� DUH� DOVR� LPSRUWDQW� IRU� WKH�GHYHORSPHQW� RI� MXYHQLOH� LQGLYLGXDOV� RI� ILVK� DQG�FUXVWDFHDQV��VLQFH�WKHVH�DUHDV�DUH�XVHG�IRU�IHHGLQJ�DQG�UHIXJH��/DQD�HW�DO���������$Q� HYDOXDWLRQ� RI� WKH� IXQFWLRQDO� YDOXH� RI� WKH�HVWXDULQH� KDELWDWV� DV� ILVK� QXUVHULHV�� PDLQO\� E\�LGHQWLI\LQJ� WKH� VWUXFWXUH� RI� WKH� DVVHPEODJHV� DQG�WKHLU� LQWHUDFWLRQV�ZLWK� WKH�SK\VLFDO�� FKHPLFDO� DQG�

ELRORJLFDO�FKDUDFWHULVWLFV�WKDW�GHILQH�WKH�KDELWDW��LV�QHFHVVDU\� IRU� WKH� XQGHUVWDQGLQJ� RI� KRZ� QDWXUDO�GLVWXUEDQFHV� RU� WKRVH� LQGXFHG� E\�PDQ� WKDW� FDXVH�WKH�GHJUDGDWLRQ�RI�WKHVH�DUHDV��FDQ�FRPSURPLVH�WKH�UHFUXLWPHQW�SURFHVV��,Q�WKLV�VHQVH�� WKLV�VWXG\�WULHG�WR� FKDUDFWHUL]H� WKH� K\GUR�JUDSKLF� SDWWHUQ� DQG�LGHQWLI\�WKH�VWUXFWXUH�RI�WKH�ILVK�DVVHPEODJHV�LQ�WKH�%DJXDoX�WLGDO�FUHHN��IRXQG�LQ�WKH�HXKDOLQH�VHFWLRQ�RI�3DUDQDJXi�%D\�
0$7(5,$/�$1'�0(7+2'6
7KH� VDPSOHV� ZHUH� REWDLQHG� EHWZHHQ� $SULO� �����DQG�0DUFK������LQ�WKH�ORZ�TXDGUDWH�WLGH��$�VHLQH�QHW� ������ [� ���� P�� WKUHVKHV� RI� �� PP� EHWZHH Q�DGMDFHQW�NQRWV��ZDV�XVHG�IRU�IRXU�GUDJV�FDUULHG�RXW�
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LQ�WKH�DUHD�RI�WKH�PRXWK�RI�%DJXDoX�WLGDO�FUHHN��$W�HDFK� FROOHFWLRQ� SRLQW�� WHPSHUDWXUH� GDWD�� VDOLQLW\�DQG� S+� RI� WKH� VXUIDFH� ZDWHU� ZHUH� FROOHFWHG�� $LU�WHPSHUDWXUH� GDWD� ZHUH� REWDLQHG� DW� WKH�PHWHRURORJLFDO VWDWLRQ�RI�WKH�&HQWUR�GH�(VWXGRV�GR�0DU�LQ�3RQWDO�GR�6XO�UHVRUW��DQG�UDLQIDOO�GDWD�IURP�D� PHWHRURORJLFDO� VWDWLRQ� ORFDWHG� LQ� *XDUDJXDoX�5LYHU��QH[W�WR�WKH�VWXGLHG�DUHD��:LWK�UHJDUG�WR�WKH�WZR� PHWHRURORJLFDO� YDULDEOHV�� D� IRXU �GD\� DYHUDJH�ZDV� XVHG�� HVWLPDWHG E\� LQFOXGLQJ� WKH� WKUHH� GD\V�WKDW� SUHFHGHG� WKH� FROOHFWLRQ� SOXV� WKH� FROOHFWLRQ�GD\�7R� HYDOXDWH� WKH� PRQWKO\� YDULDWLRQ� LQ� VL]H� DQG�ZHLJKW� VWUXFWXUH�� DQ� DQDO\VLV� RI� YDULDQFH� ZLWK� D�SRVWHULRUL�WHVW�RI�/HDVW�6LJQLILFDQW�'LIIHUHQFH�ZDV�SHUIRUPHG� �6RNDO� DQG� 5RKOI �� ������� 7HPSRUDU\�FKDQJHV� LQ� FRPSRVLWLRQ� DQG� DEXQGDQFH� ZHUH�DQDO\]HG� WKURXJK�FDSWXUHV� LQ�QXPEHU�DQG�ZHLJKW��QXPEHU� RI� VSHFLHV�� ULFKQHVV� LQGH[� RI� 0DUJDOHI��GLYHUVLW\� LQGH[� RI� 6KDQRQ�:LHQHU� DQG� HYHQQHVV�LQGH[�RI�3LHORX��3LHORX��������8VLQJ�WKH�JURXSLQJ�PHWKRG�ZLWK�WKH�VLQJOH�DYHUDJH�RI� WKH� VLPLODULW\� YDOXHV� �83*0$�� DQG� WKH�FRHIILFLHQW� RI� VLPLODULW\� RI�%UD\ �&XUWLV�� D�&OXVWHU�$QDO\VLV�ZDV�DSSOLHG�WR�WKH�ORJ��[����WUDQVIRUPHG�GDWD� RI� DEVROXWH� IUHTXHQF\� RI� WKH� ��� PRVW�DEXQGDQW� VSHFLHV� �-RKQVRQ� DQG� :LFKHUQ�� ���� ���7R� LGHQWLI\� WKH� HQYLURQPHQWDO� SUHIHUHQFHV�� D�3ULQFLSDO�&RPSRQHQW�$QDO\VLV�ZDV�XVHG��-RKQVRQ�DQG�:LFKHUQ��������
5(68/76
7KH� ZDWHU� DQG� DLU� WHPSHUDWXUHV� IROORZHG� WKH�VHDVRQDO� SDWWHUQ� H[SHFWHG� IRU� WKH� DUHD�� ZLWK� WKH�PD[LPXPV� EHWZHHQ� 'HFHPEHU� DQG� $SULO�� DQG�PLQLPXP� IURP� -XQH� WR� 2FWREHU� �)LJ�� �D��� 7KH�VDOLQLW\�UDQJHG�IURP�����WR�����Å��ZLWK�WKH�ORZHVW�VDOLQLWLHV�RFFXUULQJ�IURP�1RYHPEHU�WR�0DUFK��WKH�SHULRG�ZLWK�PRVW�UDLQIDOO��)LJ���E���DQG�WKH�ORZHVW�S+�YDOXHV��)LJ���F���:H� FROOHFWHG� ������� ILVKHV� ������� .J�� IURP� ���VSHFLHV�UHSUHVHQWLQJ����IDPLOLHV��2QO\�VL[�VSHFLHV�SUHVHQWHG� D� UHODWLYH� IUHTXHQF\� JUHDWHU� WKDQ� ����WRJHWKHU� DFFRXQWLQJ� IRU� ������ RI� WKH� FDSWXUH� LQ�QXPEHU��$ERXW�����RI�WKH�FDSWXUH�LQ�ZHLJKW�ZDV�FRQVWLWXWHG�E\�HLJKW�VSHFLHV�� WKH�RQO\�RQHV�ZLWK�DUHODWLYH�ZHLJKW� ODUJHU� WKDQ�����7DEOH�����%RWK� LQ�

ZHLJKW� DQG� LQ� QXPEHU�� WKH� VSHFLHV� $�� SDUYDSUHYDOHG�� 7KH� IDPLOLHV� (QJUDXOLGDH�� *HUUHLGDH���DQG� *RELLGDH� ZHUH� UHSUHVHQWHG� LQ� WKH� DUHD� E\����ILYH� VSHFLHV� HDFK�� WKH� IDPLOLHV� &DUDQJLGDH����������DQG� 7HWUDRGRQWLGDH� E\� IRXU� VSHFLHV� DQG���&OXSHLGDH�� 0XJLOLGDH� DQG� 6FLDHQLGDH� E\� WKUHH�VSHFLHV��7DEOH����0RUH� WKDQ� KDOI� RI� WKH� FDSWXUHG� LQGLYLGXDOV� ZHUH�LPPDWXUH� ���������� ������� ZHUH� IHPDOHV� DQG�������� ZHUH� PDOHV�� 7KH� FDSWXUHG� LFKWK\RIDXQD�ZDV�IRUPHG�PDLQO\�E\�VPDOO �VL]HG�VSHFLPHQV��ZLWK�D�PHGLXP�VWDQGDUG�OHQJWK�RI�������6 ���������PP�DQG� D� PHDQ� ZHLJKW� RI� ����� �6 �� ������� J�������7KHUH� ZHUH� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� WKH�PRQWKO\�DYHUDJHV�RI�WKH�VWDQGDUG�OHQJWK��) ������S�������� ZLWK� WKH� VPDOOHU� DYHUDJHV� RFFXUULQJ�EHWZHHQ� )HEUXDU\� DQG� 0DUFK� �)LJ�� �D��� 7KH�GLIIHUHQFHV� EHWZHHQ� WKH� PRQWKO\� DYHUDJHV� RI�ZHLJKW�ZHUH�DOVR�VLJQLILFDQW��)� ������S��������WKH�VPDOOHVW� DYHUDJHV� RFFXUULQJ� LQ� )HEUXDU\� DQG�0DUFK��)LJ���E��7KH� GLIIHUHQFHV� EHWZHHQ� WKH�PRQWKO\� FDSWXUHV� LQ�QXPEHU� DQG ZHLJKW� ZHUH� JUHDW�� ZLWK� WKH� ODUJHVW�FDSWXUHV�RFFXUULQJ�PDLQO\� LQ� WKH�DXWXPQ�DQG�SDUW�RI�WKH�ZLQWHU�DQG�LQ�6HSWHPEHU��)LJ���D���$�ODUJHU�QXPEHU�RI�VSHFLHV�ZDV�SUHVHQW�LQ�WKH�0DUFK��$SULO�DQG� 0D\� VDPSOHV�� EHLQJ� VPDOOHU� LQ� $XJXVW� DQG�2FWREHU��)LJ���E��1R�VHDVRQDO�WHQGHQF\�ZDV�REVHUYHG�LQ�WKH�LQGH[HV�RI�FRPPXQLW\�VWUXFWXUH��7KH�YDOXHV�RI�WKH�ULFKQHVV�LQGH[� RI� 0DUJDOHI� �'�� �)LJ��F��� LQGLFDWHG� ODUJHU�ULFKQHVV�LQ�1RYHPEHU��'� �������DQG�0DUFK��'� ������� DQG� VPDOOHU� ULFKQHVV� LQ� 6HSWHPEHU� �'�  �������DQG�2FWREHU��'  ��������7KH�GLYHUVLW\�RI�WKH�LFKWK\RIDXQD� H[SUHVVHG� E\� WKH� LQGH[� RI� 6KDQRQ �:LHQHU��+
���)LJ���F���SUHVHQWHG�WKH�ODUJHVW�YDOXHV�LQ�1RYHPEHU��+
� ��������-DQXDU\��+
� �������DQG�0DUFK� �+
�  � ������� DQG� WKH� VPDOOHVW� RQHV� LQ�6HSWHPEHU� �+
�  � ������� 2FWREHU� �+
  � ������ DQG�'HFHPEHU��+
� ���������7KH�HYHQQHVV�YDULHG�IURP������LQ�'HFHPEHU�WR������LQ�-DQXDU\��)LJ���F��
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)LJXUH�� � 0RQWKO\�YDULDWLRQ�RI�WKH�ZDWHU�DQG�DLU�WHPSHUDWXUHV��D���UDLQIDOO�DQG�VDOLQLW\��E��DQG�S+��F��

)LJXUH�� � 'HVFULSWLYH�JUDSKV�RI�WKH�DQDO\VLV�RI�YDULDQFH�XVHG�WR�HYDOXDWH�WKH�HIIHFW�RI�WKH�FROOHFWLRQ�PRQWK�RQ�WKH�VWDQGDUG�OHQJWK��D��DQG�WKH�PHDQ�ZHLJKW��E��RI�WKH�ILVK��H� �VWDQGDUG�HUURU��
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7DEOH�� � /LVW�RI�IDPLOLHV�DQG�VSHFLHV�RI�ILVK�DQG�WKH�YDOXHV�RI�DEVROXWH�IUHTXHQF\��Q��DQG�UHODWLYH�IUHTXHQF\�����RI�WRWDO�DQG�UHODWLYH�ZHLJKW����� )DPLOLHV�RUGLQDWLRQ�DFFRUGLQJ�WR�1HOVRQ��������)UHTXHQF\ :HLJKW7D[RQ Q � 7RWDO ��� ���� ����� ��������� ����� �������� ������� ���� ������ ����� ���� ����� ����
(QJUDXOLGDH $QFKRD�O\ROHSLV$��SDUYD$QFKRYLHOOD�OHSLGHQWRVWROH�&HWHQJUDXOLV�HGHQWXOXV/\FHQJUDXOLV�JURVVLGHQV �� ���� ������ �������� ���� ������� ������� ���� ������ ����&OXSHLGDH +DUHQJXOD�FOXSHROD2SLVWKRQHPD�RJOLQXP6DUGLQHOOD�EUDVLOLHQVLV �� ���� ������ ����$ULLGDH *HQLGHQV�JHQLGHQV ��� ���� ������� ����� ����� ����� ����� ���� ����� ����� ����� ������ ����
0XJLOLGDH 0XJLO�FXUHPD0��JDLPDUGLDQXV0��SODWDQXV0XJLO�VS� � ���� ���� �����$WKHULQRSVLGDH $WKHULQHOOD�EUDVLOLHQVLV ��� ���� ������� ����� ����� ���� �����%HORQLGDH 6WURQJ\OXUD�WLPXFX6WURQJ\OXUD�VS� � ����� ���� �����+HPLUDPSKLGDH +\SRUKDPSKXV�XQLIDVFLDWXV � ���� ����� ����3RHFLOLGDH 3RHFLOLD�YLYLSDUD ��� ���� ������ ����7ULJOLGDH 3ULRQRWXV�SXQFWDWXV � ����� ���� ������� ���� ������ ����&HQWURSRPLGDH &HQWURSRPXV�SDUDOOHOXV&��XQGHFLPDOLV �� ���� ������ ����3RPDWRPLGDH 3RPDWRPXV�VDOWDWUL[ � ���� ����� ����� ����� ����� ����� ���� ����� ����� ����� ����� ����
&DUDQJLGDH 2OLJRSOLWHV�VDOLHQV2��VDXUXV6HOHQH�YRPHU7UDFKLQRWXV�FDUROLQXV � ����� ���� ������� ���� ������ ������� ���� ������� ������ ���� ������ ����
*HUUHLGDH 'LDSWHUXV�UKRPEHXV*HUUHV��(XFLQRVWRPXV��DUJHQWHXV*��JXOD8ODHPD�OHIUR\L � ���� ���� ������� ���� ������ ����� ����� ����� ����6FLDHQLGDH %DLUGLHOOD�URQFKXV0LFURSRJRQLDV�IXUQLHUL6WHOOLIHU�UDVWULIHU � ���� ������ ������ ���� ������ ����� ���� ����� ������ ���� ������ ����� ����� ���� ������
*RELLGDH %DWK\JRELXV�VRSRUDWRU*RELRQHOOXV�RFHDQLFXV*��VPDUDJGXV*��VWLJPDWLFXV$ZDRXV�WDMDVLFD � ����� ����� ����(SKLSSLGDH &KDHWRGLSWHUXV�IDEHU � ���� ����� ����� ���� ����� ����3DUDOLFKWK\LGDH &LWKDULFKWK\V�DUHQDFHXV(WURSXV�FURVVRWXV � ����� ����� ����$FKLULGDH $FKLUXV�OLQHDWXV � ���� ����� ����&\QRJORVVLGDH 6\PSKXUXV�WHVVHODWXV � ���� ���� ������ ����� ������ ������� ���� ������� ������� ���� ������� �����
7HWUDRGRQWLGDH /DJRFHSKDOXV�ODHYLJDWXV6SKRHURLGHV�JUHHOH\L6��WHVWXGLQHXV6��W\OHUL � ���� ����� ����'LRGRQWLGDH &\FOLFKWK\V�VSLQRVXV � ����� ����� ����7RWDO ������ ���������



6WUXFWXUH�DQG�'\QDPLFV�RI�)LVK�$VVHPEODJHV

%UD]LOLDQ�$UFKLYHV�RI�%LRORJ\�DQG�7HFKQRORJ\

���

)LJXUH���� 0RQWKO\�YDULDWLRQ�LQ�WKH�QXPEHU�RI�ILVK�DQG�ZHLJKW�RI�WKH�FDSWXUH��D���QXPEHU�RI�VSHFLHV��E���DQG�RI�WKH�ULFKQHVV�LQGH[�RI�0DUJDOHI��'���GLYHUVLW\�LQGH[�RI�6KDQRQ�:LHQHU��+�
��DQG�HYHQQHVV�LQGH[�RI�3LHORX��-���F��
7KH�GHQGURJUDP�SURGXFHG�E\�WKH�FODVVLILFDWLRQ�RI�WKH� VDPSOHV� �)LJ�� ���� VHSDUDWHG� WKH� ���PRQWKV� RI�FROOHFWLRQ�LQWR�WKUHH�JURXSV�WKDW�MRLQ�DW�D�VLPLODULW\�OHYHO�RI������*URXS� ,�� FRQVWLWXWHG�E\� WKH�PRQWKV�RI� $XJXVW�� 2FWREHU� DQG� 'HFHPEHU�� XQLWHG� DW� D�VLPLODULW\� OHYHO� RI� ����� ZLWK� VPDOO� FDSWXUHV� LQ�ZHLJKW� DQG� LQ�QXPEHU�RI� LQGLYLGXDOV�DQG�VSHFLHV��DQG� ORZ� ULFKQHVV�� GLYHUVLW\� DQG� HYHQQHVV� YDOXHV��7KH� VHFRQG� JURXS� �,,��� IRUPHG�E\� WKH� VDPSOHV�RI�1RYHPEHU� DQG� -DQXDU\�� SUHVHQWHG� D� VLPLODULW\� RI������ZLWK�VPDOO�FDSWXUHV�LQ�ZHLJKW�DQG�LQ�QXPEHU�RI� ILVK� DQG� VSHFLHV�� EXW� ZLWK� ODUJHU� ULFKQHVV��GLYHUVLW\�DQG�HYHQQHVV�YDOXHV�WKDQ�LQ�WKH�SUHYLRXV�JURXS�� *URXS� ,,,�� FRPSRVHG� E\� WKH� PRQWKV� RI�0DUFK�� $SULO�� 0D\� -XQH�� -XO\� DQG� 6HSWHPEHU��SUHVHQWHG� D� VLPLODULW\� RI� ����� FRUUHVSRQGLQJ� WR�WKH� PRQWKV� ZLWK� ODUJH� FDSWXUHV� LQ� ZHLJKW� DQG� LQ�QXPEHU�RI�VSHFLPHQV�DQG�VSHFLHV�7KH� &OXVWHU� $QDO\VLV� RI� WKH� VHOHFWHG� VSHFLHV��UHYHDOHG� WKUHH�PDLQ�JURXSV��XQLWHG�DW�D� VLPLODULW\�OHYHO� RI� ���� �)LJ�� ���� *URXS� ,�� FRQWDLQHG� DW� WKH�VLPLODULW\� OHYHO� RI� ����� ZDV� FRQVWLWXWHG� E\� WKH�

VSHFLHV�*��VPDUDJGXV��'��UKRPEHXV��%��VRSRUDWRU��&��XQGHFLPDOLV DQG�&��SDUDOOHOXV��WKDW�RFFXUUHG�LQ�VPDOO�DPRXQWV�WKURXJKRXW�WKH�\HDU��$�VHFRQG�JURXS��,,���XQLWHG�DW�D�VLPLODULW\�OHYHO�RI������ ZDV� IRUPHG� E\� WKH� VSHFLHV� 3�� YLYLSDUD�� $��O\ROHSLV�� 6�� EUDVLOLHQVLV DQG� 2�� RJOLQXP�� DOVR�SUHVHQW� GXULQJ� DOO� VHDVRQV�� EXW� ZLWK� ODUJHU�DEXQGDQFH�WKDQ�WKH�VSHFLHV�RI�WKH�,Q�WKH�3ULQFLSDO�&RPSRQHQWV�$QDO\VLV��3&$���FRPSRQHQWV�,� DQG�,,��UHVSRQVLEOH�IRU��������DQG�������RI�WKH�YDULDWLRQ�RI� WKH� GDWD�� UHVSHFWLYHO\�� DUH� SRVLWLYHO\� UHODWHG� WR�WKH� UDLQIDOO� DQG� DLU� DQG� ZDWHU� WHPSHUDWXUHV�� DQG�QHJDWLYHO\� UHODWHG� WR� WKH� VDOLQLW\� DQG� S+�� 7KLV�RSSRVHV� WKH� FRQGLWLRQV� RI� SDUW� RI� WKH� VSULQJ��VXPPHU�DQG�EHJLQQLQJ�RI�DXWXPQ��ZKLFK�KDYH�ORZ�VDOLQLWLHV��DFLG�S+��KLJK�DLU�DQG�ZDWHU�WHPSHUDWXUHV�DQG�KLJK�UDLQIDOO�YDOXHV��ZLWK� WKRVH�RI�SDUW�RI�WKH�DXWXPQ��ZLQWHU�DQG�EHJLQQLQJ�RI�WKH�VSULQJ��ZKLFK�KDYH� PHGLXP� WR� ORZ� VDOLQLWLHV� DQG� WHPSHUDWXUHV��S+�YDU\LQJ�IURP�EDVLF�WR�DFLG�DQG�DQ�DOPRVW�WRWDO�DEVHQFH�RI�UDLQ��)LJ�����
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)LJXUH�� � 'HQGURJUDP�EDVHG�RQ�WKH�DEXQGDQFH�GDWD�RI�WKH�PDLQ����WD[D��VDPSOHG�HYHU\�PRQWK�

)LJXUH�� � 'HQGURJUDP�VKRZLQJ�WKH�VLPLODULWLHV�DPRQJ�WKH�PRVW�DEXQGDQW�WD[D��EDVHG�RQ WKHLU�RFFXUUHQFH�WKURXJKRXW�WZHOYH�PRQWKV�RI�VDPSOLQJ�
7KH�3&$�UHIOHFWHG�PDLQO\�WKH�SHULRGV�RI�UDLQ�DQG�GURXJKW�� ZLWK� WKH� VSHFLHV� %�� URQFKXV�� *��VPDUDJGXV DQG� &�� SDUDOOHOXV� PRUH� DVVRFLDWHG� WR�WKH�UDLQ\�SHULRGV��HVSHFLDOO\�WKH�ILUVW�VSHFLHV��:LWK�VLPLODU�RFFXUUHQFHV�LQ�ERWK�SHULRGV��WKH�IROORZLQJ�VSHFLHV�ZHUH�REVHUYHG�� 3��YLYLSDUD��%�� VRSRUDWRU��&�� XQGHFLPDOLV�� *�� JHQLGHQV�� /�� JURVVLGHQV�� *��DUJHQWHXV�� *�� JXOD�� 6�� WHVWXGLQHXV DQG� '��

UKRPEHXV��$� ODUJHU� DEXQGDQFH� LQ� WKH� DUHD�GXULQJ�WKH� GURXJKW� SHULRG�� RFFXUUHG� IRU� 6�� JUHHOH\L�� +��FOXSHROD��$��SDUYD��$�� O\ROHSLV��6��EUDVLOLHQVLV��$��EUDVLOLHQVLV DQG� 2�� RJOLQXP�� 7KH� VSHFLHV� 6��JUHHOH\L VKRZHG� WKH� ODUJHVW� FRUUHODWLRQ� ZLWK�VDOLQLW\�DQG�KLJK�S+��FKDUDFWHULVWLFV�RI�WKH�GURXJKW�SHULRG��)LJ�����
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)LJXUH� �� � 3ULQFLSDO� &RPSRQHQWV� $QDO\VLV�� ZLWK� WKH� VLPXOWDQHRXV� SURMHFWLRQ� RI� WKH� YDULDEOHV� �VSHFLHV�SK\VLFDO�FKHPLFDO���ZLWK�WKH�LQWHUSUHWDWLRQ�RI�FRPSRQHQWV�,�DQG�,,���6 VDOLQLW\��7$ �DLU�WHPSHUDWXUH��7: �ZDWHU�WHPSHUDWXUH��5$ �UDLQIDOO��� �$��O\RSHOLV��� �$� SDUYD��� �/��JURVVLGHQV��� �+��FOXSHROD��� �2� RJOLQXP��� �6��EUDVLOLHQVLV��� �*��JHQLGHQV��� �$� EUDVLOLHQVLV��� �3��YLYLSDUD���� �&��SDUDOOHOXV���� �&��XQGHFLPDOLV���� �*��DUJHQWHXV���� �*��JXOD���� �'��UKRPEHXV���� �%��URQFKXV���� �%��VRSRUDWRU���� �*��VPDUDJGXV���� �6��JUHHOH\L DQG��� �6��WHVWXGLQHXV�

',6&866,21
,Q�VSLWH�RI�WKH�KLJK�VSHFLILF�GLYHUVLW\��IHZ�VSHFLHV�GRPLQDWHG� LQ� WKH�VDPSOHV�RI�%DJXDoX� WLGDO�FUHHN��ZLWK� D� JUHDW� QXPEHU� RI� UDUH� VSHFLHV�� D�FKDUDFWHULVWLF� RI� HVWXDULQH� DUHDV� �.HQQLVK�� ������&KDYHV� DQG� %RXFKHUHDX�� ������� 7KH� QXPHULF�GRPLQDQFH�RI�WKH�VSHFLHV�$��SDUYD��+��FOXSHROD��*��JHQLGHQV�� 6�� WHVWXGLQHXV DQG� 6�� JUHHOH\L REVHUYHG�LQ� WKLV� VWXG\�ZDV� DOVR� UHSRUWHG� E\� 1DUGL� ��������7KHVH� WZR� VWXGLHV� GLIIHUHG�PDLQO\�ZLWK� UHJDUG� WR�WKH�GRPLQDQFH�RI�$��EUDVLOLHQVLV��*��DUJHQWHXV��%��URQFKXV DQG� 3�� YLYLSDUD�� 7KH� ILUVW� WKUHH� VSHFLHV�ZHUH�PRUH�DEXQGDQW�LQ�WKH�VWXG\�RI�1DUGL���������EHFDXVH� WKH\� SUHIHU� PRUH� VDOLQH� ZDWHUV�� HQWHULQJ�WKH� WLGDO� FUHHN� SDUWLFXODUO\� GXULQJ� KLJK� WLGH��%HPYHQXWL�� ������ %DUELHUL�� ������� ZKLOH� 3��YLYLSDUD ZDV� D� VPDOO�VL]HG� ILVK� WKDW� LQKDELWHG�ZDWHUV�RI�ORZ�VDOLQLW\��DQG�ZDV�FDSWXUHG�LQ�ODUJHU�DPRXQWV�E\�WKH�ILQH�PHVKHG�QHW�XVHG�LQ�WKLV�VWXG\��7KH� ILVK� DVVHPEODJHV� RI� LQWHUWLGDO� DUHDV� DUH�FKDUDFWHUL]HG� E\� ORZ� ULFKQHVV� DQG� VWURQJ�WHPSRUDU\� IOXFWXDWLRQV� LQ� WKH� GHQVLW\� RI� WKH�

VSHFLHV�� EHLQJ� WKH� GLYHUVLW\� SDWWHUQV� VWURQJO\�LQIOXHQFHG� E\� WKH� G\QDPLFV� RI� WKH� ORFDO�SRSXODWLRQV� �.HQQLVK�� ������� 7KH� VSHFLHV�DEXQGDQFH� YDULHG� IUHTXHQWO\�� VXJJHVWLQJ�VXFFHVVLYH� HQWUDQFHV� DQG� H[LWV� WKURXJKRXW� WLPH��6XFK� KHWHURJHQHRXV� SDWWHUQV� RI� WHPSRUDU\�YDULDWLRQ� ZHUH� DOVR� LQIOXHQFHG� E\� WKH� G\QDPLF�SRSXODWLRQ�RI�WKH�GRPLQDQW�VSHFLHV� $��SDUYD��7KH�WHPSRUDU\� YDULDWLRQ� REVHUYHG� LQ� %DJXDoX� WLGDO�FUHHN�� LQ� DEXQGDQFH�� ZHLJKW� ELRPDVV�� QXPEHU� RI�VSHFLHV� DQG� VWUXFWXUDO� LQGH[HV�� V HHPHG� WR� EH�DVVRFLDWHG� ZLWK� WKH� UHSURGXFWLRQ� DQG� UHFUXLWPHQW�G\QDPLFV�� $V� PRVW� RI� WKH� VSHFLHV� LQ� WKH� DUHD�VSDZQ� LQ� WKH� VSULQJ� DQG� VXPPHU�� ZLWK� WKH�UHFUXLWPHQW� EHLQJ� SURORQJHG� WKURXJKRXW� WKH�DXWXPQ� �*RGHIURLG�� ������ $ELOK{D�� ������3LQKHLUR���������WKH�ODUJHVW�YDOXHV�REVHUYHG�LQ�WKH�VXPPHU� DQG� DXWXPQ� ZRXOG� EH� D� UHVXOW� RI� WKH�HQWUDQFH�RI�UHFUXLWV�LQWR�WKH�DUHD�7KH�DVVHPEODJHV�RI�ILVK�LQ�LQIUD �OLWWRUDO�KDELWDWV�RI�DUHDV�FRQQHFWHG�ZLWK�WKH�PDLQ�ERG\�RI�WKH�HVWXDU\�DUH� JHQHUDOO\� D� VXE�JURXS� RI� WKH� DVVHPEODJHV� LQWKH� DGMDFHQW� HVWXDU\� �&DWWUMVVH� HW� DO��� ������� 7KH�
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DVVHPEODJHV� REVHUYHG� LQ� WKLV� VWXG\�� ERWK� LQ�FRPSRVLWLRQ�DQG�LQ�VWUXFWXUH��ZHUH�TXLWH�VLPLODU�WR�WKRVH�REVHUYHG�SUHYLRXVO\�LQ�WKH�DGMDFHQW�DUHDV��LQ�VSLWH� RI� WKH� JUHDW� GLIIHUHQFHV� LQ� WKH� VDPSOLQJ�VWUDWHJ\� XVHG� �SHULRGLFLW\� DQG� QHWV�� �*RGHIURLG��������$ELOK{D��������3LQKHLUR��������7KH�JURXSLQJ�RI�WKH�PRQWKV�GHILQHG�E\�WKH�QRUPDO�&OXVWHU� $QDO\VLV� UHIOHFWHG� GLIIHUHQFHV� LQ� WKH�TXDOLWDWLYH� DQG� TXDQWLWDWLYH� RFFXUUHQFHV� RI� WKH�PRVW� LPSRUWDQW� WD[D�� 7KH� VHDVRQDO� F KDUDFWHU�REVHUYHG� LQ� %DJXDoX�� ZLWK� D� ODUJHU� QXPEHU� RI�LQGLYLGXDOV�DQG�VSHFLHV�LQ�WKH�DXWXPQ�DQG�ZLQWHU��UHSHDW� LWVHOI� LQ� WKH� WLGDO� FUHHN� LQ� WKH� VXUYH\�ZLWK�I\NH� QHWV� �1DUGL�� ������� $OWKRXJK� VRPH� OLNHQHVV�H[LVWHG�� LQ� D� JHQHUDO� ZD\�� WKLV� SDWWHUQ� SUHVHQW� LQ�%DJXDoX� ZDV� GLIIHUHQW� IURP� WKH� RQH� REVHUYHG� LQ�VKDOORZ�DUHDV�RI�WKH�PDUJLQ�RI�WKH�HXKDOLQH�VHFWLRQ�RI� 3DUDQDJXi�%D\��ZKHUH� WKH� ODUJHVW� RFFXUUHQFHV�ZHUH� LQ� WKH� ZDUPHVW� SHULRGV�� �*RGHIURLG�� ������/RSHV���������6RPH� HFRORJLFDO� OLNHQHVV�� QRW� RQO\� WKH� VHDVRQDO�SDWWHUQV� RI� GLVWULEXWLRQ� DQG� DEXQGDQFH�� ZHUH�HYLGHQW� LQ� WKH� VHDVRQDOLW\� RI� WKH� JURXSLQJV� RI�VSHFLHV� UHYHDOHG� WKURXJK� WKH� &OXVWHU� $QDO\VLV��([FHSW� IRU� *�� VPDUDJGXV�� %�� VRSRUDWRU DQG� 3��YLYLSDUD�� DOO� WKH� RWKHU� VSHFLHV� RI� JURXSV� ,� DQG� ,,�ZHUH� HVWXDULQH�GHSHQGHQW�� SUHVHQW� LQ� WKH� DUHD�GXULQJ� SDUW� RI� WKHLU� OLIH� F\FOH�� DQG� WKHUHIRUH� OHVV�DEXQGDQW� �)LJXHLUHGR� DQG� 0HQH]HV�� ������)LJXHLUHGR� DQG� 0HQH]HV�� ������ 0HQH]HV� DQG�)LJXHLUHGR�� ������� 7KH� ORZ� DEXQGDQFH� RI� WKH�VSHFLHV� *�� VPDUDJGXV�� %�� VRSRUDWRU DQG� 3��YLYLSDUD�� VHHPHG� WR� EH� UHODWHG� LQ� WKH� ILUVW� WZR�VSHFLHV�WR�WKHLU�QRQ�DJJUHJDWHG�GLVWULEXWLRQ�DQG�WR�WKH�SHUPDQHQFH�LQ�ODLUV��0HQH]HV�DQG�)LJXHLUHGR��������DQG��LQ�WKH�ODWWHU�VSHFLHV��WR�WKH�GLVWULEXWLRQ�OLPLWHG� WR� WKH� ]RQH�ZKHUH� SHUFRODWHG� IUHVK�ZDWHU�PL[HG�ZLWK� WKH� PDUJLQDO�ZDWHU� RI� WKH� WLGDO� FUHHN��.QHLE�� �������2Q� WKH� RWKHU� KDQG�� WKH� VSHFLHV� RI�JURXS� ,,,��PRUH� DEXQGDQW� LQ� WKH� WLGDO� FUHHN��ZHUH�UHVLGHQW�LQ�WKH�HVWXDU\��DQG�WKHUHIRUH�XVHG�WKH�DUHD�LQ� D�PRUH� LQWHQVH�ZD\� �)LJXHLUHGR� DQG�0HQH]HV��������)LJXHLUHGR�DQG�0HQH]HV��������
$&.12:/('*(0(176
:H�DFNQRZOHGJH�D�ILQDQFLDO�VXSSRUW�RI�&13T�DQG�RI� WKH� )HGHUDO� 8QLYHUVLW\� RI� 3DUDQi� DQG� WKDQN�5RGULJR� *RGHIURLG� DQG� 0DULRQ� +RIVWDHWWHU� IRU�DLQGLQJ� LQ� WKH� LGHQWLILFDWLRQ� RI� VRPH� VSHFLHV� RI�ILVKHV�

5(6802
$V�DPRVWUDV�IRUDP�REWLGDV�PHQVDOPHQWH�QD�EDL[D �PDU� GH� TXDGUDWXUD� QD�*DPERD� GR�%DJXDoX��%DtD�GH� 3DUDQDJXi�� %UDVLO�� FRP� XPD� UHGH� WLSR� SLFDUp��FRP�PDOKD�GH��PP�����P�GH�FRPSULPHQWR�H���P�GH� DOWXUD�� )RUDP� FDSWXUDGRV� ������ SHL[HV�SHUWHQFHQWHV�D����IDPtOLDV�H����HVSpFLHV��$�HVSpF LH�$QFKRD� SDUYD� IRL� D� PDLV� DEXQGDQWH�� WDQWR� HP�Q~PHUR�FRPR�HP�SHVR��$V�FDSWXUDV�HP�Q~PHUR�H�SHVR�IRUDP�PDLRUHV�QR�RXWRQR�H�SDUWH�GR�LQYHUQR��1HQKXPD� WHQGrQFLD� VD]RQDO� IRL� REVHUYDGD� QRV�tQGLFHV� GD� HVWUXWXUD� GD� FRPXQLGDGH�� 2�DJUXSDPHQWR� GRV�PHVHV�GHILQLGRV�S HOD� DQiOLVH�GH�FOXVWHU�QRUPDO�UHIOHWLUDP�GLIHUHQoDV�QD�RFRUUrQFLD�TXDOLWDWLYD� H� TXDQWLWDWLYD� GRV� WD[D� PDLV�LPSRUWDQWHV��$OJXPDV�DILQLGDGHV�HFROyJLFDV��H�QmR�VRPHQWH� RV� SDGU}HV� VD]RQDLV� GH� DEXQGkQFLD��SDUHFHP� HYLGHQWHV� QD� VD]RQDOLGDGH� GRV�DJUXSDPHQWRV� GH� HVSpFLHV� UHYHODGRV� DWUDYpV� GD�DQiOLVH� GH� FOXVWHU� $� DQiOLVH� GH� FRPSRQHQWHV�SULQFLSDLV� UHIOHWH� SULQFLSDOPHQWH� RV� SHUtRGRV� GH�FKXYD�H�VHFD�
5()(5(1&(6
$ELOK{D�� 9�� �������� &RPSRVLomR� H� HVWUXWXUD� GD�LFWLRIDXQD�HP�XP�EDQFR�DUHQR�ORGRVR�QD�,OKD�GR�0HO��3DUDQi�� %UDVLO��0DVWHU� 7KHVLV�� )HGHUDO� 8QLYHUVLW\� RI�3DUDQi��&XULWLED��%UD]LO�%DUELHUL��/��5��5���$QGUHDWD��-��9���6DQWRV��0��$���'LOYD�0��+��&���6HELOLD��$��6��&��DQG�6DQWRV��5��3����������'LVWULEXLomR� H� FLFOR� GH� YLGD� GDV� HVSpFLHV� GH� SHL[HV�PDLV� DEXQGDQWHV� GD� ODJXQD� GH� 0DUDSHQGL�� 5LR� GH�-DQHLUR��%UDVLO��5HY��EUDV��=RRO���� ���������������%HPYHQXWL�� 0�� $�� �������� $EXQGkQFLD�� GLVWULEXLomR� H�UHSURGXomR� GH� SHL[HV�UHL� �$WKHULQLGDH�� QD� UHJLmR�HVWXDULQD� GD� /DJRD� GRV� 3DWRV�� 56�� %UDVLO��$WOkQWLFD����� ������������&DWWUMVVH�� $��� 0DNZDLD�� (�� 6��� 'DQNZD�� +�� 5���+DPHUO\QN�� 2�� DQG� +HPPLQJD�� 0�� $��� ��������1HNWRQ� FRPXQLWLHV� RI� DQ� LQWHUWLGDO� FUHHN� RI� D�(XURSHDQ� HVWXDULQH� EUDFNLVK�PDUVK��0DULQH� (FRORJ\�3URJUHVV��6HULHV���������������&KDYHV�� 3�� 7�� &�� DQG %RXFKHUHDX�� -�� /�� ��������%LRGLYHUVLWp� HW� G\QDPLTXH� GHV� SHXSOHPHQWV�LFKW\LTXHV� GH� OD� PDQJURYH� GH� *XDUDWXED�� %Up]LO��2FHDQRORJLFD���� ���������������)LJXHLUHGR��-��/��DQG�0HQH]HV��1��$��������� 0DQXDO�GH�SHL[HV� PDULQKRV� GR� VXGHVWH� GR� %UDVLO�� ,,�� 7HOHRVWHL������ =RRORJ\� 0XVHXP� RI� 6mR� 3DXOR� 8QLYHUVLW\�������6mR�3DXOR��
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)LJXHLUHGR��-��/�DQG�0HQH]HV��1��$���������0DQXDO�GH�SHL[HV� PDULQKRV� GR� VXGHVWH� GR� %UDVLO�� ,,,�� 7HOHRVWHL����� =RRORJ\� 0XVHXP� RI� 6mR� 3DXOR� 8QLYHUVLW\�������6mR�3DXOR��)LJXHLUHGR��-��/�DQG�0HQH]HV��1��$����������0DQXDO�GH�SHL[HV� PDULQKRV� GR� VXGHVWH� GR� %UDVLO�9,�� 7HOHRVWHL������ =RRORJ\� 0XVHXP� RI� 6mR� 3DXOR� 8QLYHUVLW\�������6mR�3DXOR��*RGHIURLG�� 5�� 6�� �������� (VWUXWXUD� GD� FRPXQLGDGH� GH�SHL[HV� GD� ]RQD� GH� DUUHEHQWDomR� GD� SUDLD� GH� 3RQWDO�6XO��3DUDQi��%UDVLO��0DVWHU�7KHVLV��)HGHUDO�8QLYHUVLW\�RI�3DUDQi��&XULWLED��%UD]LO�-RKQVRQ�� 5�� $�� DQG� :LFKHUQ�� '�� :�� ��������$SSOLHG�PXOWLYDULDWH� VWDWLVWLFDO� DQDO\VLV� 3UHQWLFH� +DOO������1HZ�-HUVH\�.HQQLVK�� 0�� -�� �������� (FRORJ\� RI� HVWXDULHV�� &5&�3UHVV��%RVWRQ�.QHLE�� 5�� 7�� �������� 7KH� UROH� RI� WLGDO� PDUVKHV� LQ� WKH�HFRORJ\� RI� HVWXDULQH� QHNWRQ�� ,Q� $QVHOO�� $� '���*LEVRQ��5��1�� DQG�%DUQHV��0�� �HGV����2FHDQRJUDSK\�DQG�0DULQH�%LRORJ\��DQ�$QQXDO�5HYLHZ��8&/�3UHVV��&DOLIRUQLD��SS����������/DQD��3��&���$OPHLGD��0��9��2���)UHLWDV��&��$��)���3RVH��/��0���*RQ]DOH]�3HURQWL��$��/���*LOHV��$��*���/RSHV��0�� -�� 6��� 6LOYD�� 0�� +�� &��� &RXWR�� (�� &�� *�� DQG�3HGURVR�� /�� $�� �������� (VWUXWXUD� HVSDFLDO� GH�DVVRFLDo}HV� PDFURErQWLFDV� VXEOLWRUDLV� GD� JDPERD�3HUHTXr� �3RQWDO� GR� 6XO�� 3DUDQi���1HUtWLFD� � �� �������������/RSHV��6��*����������,FWLRIDXQD�GH�XPD�SODQtFLH�GH�PDUp�DGMDFHQWH�j�JDPERD�GR�%DJXDoX��%DtD�GH�3DUDQDJXi��%6F� 0RQRJUDSK\�� )HGHUDO� 8QLYHUVLW\� RI� 3DUDQi��&XULWLED��%UD]LO�
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