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9RRUZRRUG�

+HW�GRHO�YDQ�KHW�.HQQLVQHWZHUN�2QWZLNNHOLQJ�HQ�%HKHHU�1DWXXUNZDOLWHLW��2%1��LV�KHW�
RQWZLNNHOHQ��YHUVSUHLGHQ�HQ�EHQXWWHQ�YDQ�NHQQLV�YRRU�WHUUHLQEHKHHUGHUV�RYHU�QDWXXUKHUVWHO��
1DWXUD�������3$6��OHHIJHELHGHQEHQDGHULQJ�HQ�RQWZLNNHOLQJ�YDQ�QLHXZH�QDWXXU���
%HJUD]LQJ�LV�HHQ�YDQ�GH�PHHVW�WRHJHSDVWH�YRUPHQ�YDQ�EHKHHU�RP�YHUUXLJLQJ�HQ�YHUJUDVVLQJ�
LQ�NXVWGXLQHQ�WHJHQ�WH�JDDQ��8LW�HHUGHU�2%1�RQGHU]RHN�LV�JHEOHNHQ�GDW�GH�PDDWUHJHO�YULMZHO�
DOWLMG�KHOSW�RP�HHQ�ODJHUH��PHHU�JHYDULHHUGH�YHJHWDWLHVWUXFWXXU�WH�NULMJHQ��PHW�YDDN�LHWV�
PHHU�RSHQ�]DQG�HQ�HHQ�ZDUPHU�PLFURNOLPDDW��'H�HIIHFWHQ�RS�IDXQD�YHUVFKLOOHQ�HFKWHU�VWHUN�
WXVVHQ�GLHUVRRUWHQ�HQ�±JURHSHQ�HQ�KDQJHQ�DI�YDQ�GH�JUDDVYRUP��YHHW\SH��JUDDVGUXN�HQ�±
PRPHQW�LQ�KHW�VHL]RHQ���KHW�DDQWDO�MDDU�GDW�EHJUD]LQJ�DO�ZRUGW�LQJH]HW�pQ�KHW�NDONJHKDOWH�
YDQ�GH�ERGHP��
'H�ODQJHWHUPLMQHIIHFWHQ�YDQ�H[WHQVLHYH�GXLQEHJUD]LQJ�LQ�NDONDUPH�NXVWGXLQHQ�]LMQ�
RQGHU]RFKW�LQ�HHQ�H[SHULPHQWHOH�%$&,�RS]HW��%HIRUH�$IWHU�&RQWURO�,PSDFW���(HQ�YDQ�GH�
ZHLQLJH�ORFDWLHV�ZDDU�HHQ�FRUUHFW�%$&,�H[SHULPHQW�LV�RSJH]HW�RP�GH�HIIHFWHQ�YDQ�H[WHQVLHYH�
EHJUD]LQJ�LQ�NXVWGXLQHQ�WH�YROJHQ��LV�GH�9DOOHL�YDQ�KHW�9HHQ�RS�9OLHODQG��+HW�H[SHULPHQW�LV�LQ�
�����RSJH]HW�HQ�LQ������������HQ������JHGHHOWHOLMN�KHUKDDOG��'H�DQDO\VH�ULFKWWH�]LFK�RS�GH�
���SORWV�GLH�JHGXUHQGH�GH�JHKHOH�RQGHU]RHNVSHULRGH�LQWDFW�]LMQ�JHEOHYHQ��,Q�GLW�UDSSRUW�
VWDDQ�GH�UHVXOWDWHQ�YDQ�GH�DQDO\VH�PHW�EHWUHNNLQJ�WRW�GH�VDPHQVWHOOLQJ�HQ�VWUXFWXXU�YDQ�GH�
YHJHWDWLH�HQ�GH�VDPHQVWHOOLQJ�YDQ�GH�RQJHZHUYHOGH�GLHUJHPHHQVFKDSSHQ��'DDUQDDVW�ZRUGW�
LQJHJDDQ�RS�GH�SURFHVLQGLFDWRUHQ�YRRU�EHJUD]LQJ�HQ�ZRUGHQ�HU�GDDUYRRU�DDQEHYHOLQJHQ�
JHGDDQ��'RRUGDW�WXVVHQ������HQ������GH�YHHEH]HWWLQJ�±�HQ�GDDUPHH�GH�JUDDVGUXN�±
YDULHHUGH��LV�HU�HHQ�XLWVSUDDN�WH�GRHQ�RYHU�]RZHO�GH�HIIHFWHQ�YDQ�ODQJGXULJH�]HHU�H[WHQVLHYH�
WRW�H[WHQVLHYH�EHJUD]LQJ�����MDDU��DOV�YDQ�GH�GDDURS�YROJHQGH�YHUKRJLQJ�YDQ�GH�JUDDVGUXN�
���MDDU��LQ�NDONDUPH�GXLQHQ���

,N�ZHQV�X�YHHO�OHHVSOH]LHU��
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6DPHQYDWWLQJ�

'H�9DOOHL�YDQ�KHW�9HHQ�RS�9OLHODQG�ZRUGW�VLQGV������EHJUDDVG�PHW�6FKRWVH�+RRJODQGHUV�HQ�
6RD\�VFKDSHQ��'H�YHHEH]HWWLQJ�ZLVVHOGH�LQ�GH�RQGHU]RHNVSHULRGH��PHW�HHQ�]HHU�ODJH�
EH]HWWLQJ�WXVVHQ������HQ������������*9(�KD�MU���1D�ELMSODDWVHQ�YDQ�YHH�ZHUG�WXVVHQ������
�����EHJUDDVG�PHW��������*9(�+D�MU��1D�ELMSODDWVHQ�YDQ�QLHW�JHVWHULOLVHHUGH�6RD\�VFKDSHQ�
LQ������YRQG�HU�HHQ�VWHUNH�RQJHSODQGH�WRHQDPH�YDQ�GH�NXGGH�SODDWV��PHW�HHQ�PD[LPDOH�
YHHEH]HWWLQJ�YDQ������*9(�KD�MU�LQ�������6LQGVGLHQ�ZRUGHQ�6RD\�VFKDSHQ�ZHJJHYDQJHQ�RP�
ZHHU�WRW�HHQ�ODJHUH�WRWDOH�YHHEH]HWWLQJ�WH�NRPHQ��2PGDW�+RRJODQGHUV�YRRUDO�LQ�GH�QDWWH�WRW�
YRFKWLJH�YDOOHLHQ�YHUEOLMYHQ�HQ�6RD\�VFKDSHQ�YRRUDO�LQ�GURJH�GHOHQ�JUD]HQ��LV�GH�
YHHEH]HWWLQJ�LQ�GURJH�GXLQHQ�VWHUNHU�WRHJHQRPHQ�GDQ�LQ�YRFKWLJH�YDOOHLHQ��

2S]HW�%$&,�H[SHULPHQW�
'H�HIIHFWHQ�YDQ�EHJUD]LQJ�RS�YHJHWDWLH�HQ�IDXQD�ZRUGHQ�VLQGV������EHSDDOG�PHW�EHKXOS�YDQ�
HHQ�%$&,�H[SHULPHQW��'RRU�YHUJHOLMNLQJ�WXVVHQ�EHJUDDVGH��,PSDFW��HQ�RQEHJUDDVGH�
SURHIYHOGHQ��&RQWURO���]RZHO�YRRUDIJDDQG�DDQ�GH�PDDWUHJHO��%HIRUH��DOV�QDGDW�GH�PDDWUHJHO�
DO�HQLJH�WLMG�ZRUGW�XLWJHYRHUG��$IWHU���NDQ�KHW�HIIHFW�YDQ�EHJUD]LQJ�ZRUGHQ�RQGHUVFKHLGHQ�
YDQ�GH�DXWRQRPH�RQWZLNNHOLQJHQ��VXFFHVVLH�YDQ�YHJHWDWLH��ERGHPRQWZLNNHOLQJ��HQ�
EHJUD]LQJV�RQDIKDQNHOLMNH�YHUVFKLOOHQ�WXVVHQ�MDUHQ��]RDOV�ZLVVHOHQGH�ZHHUVRPVWDQGLJKHGHQ��

(U�LV�LQ������JHVWDUW�PHW����EHJUDDVGH�HQ����RQEHJUDDVGH�SORWV�LQ�KHW�VWUDWXP�µYHUJUDVWH�
YRFKWLJH�GXLQYDOOHLHQ¶�HQ���EHJUDDVGH�HQ���RQEHJUDDVGH�SORWV�LQ�KHW�VWUDWXP�µLQWDFWH�
YRFKWLJH�GXLQKHLGH¶��9HJHWDWLHNXQGLJ�EHKRUHQ�GH�PHHVWH�SORWV�WRW�GH�YRFKWLJH�RI�GURJH�
YDULDQW�YDQ�'XLQKHLGHQ�PHW�.UDDLKHLGH��+����$�%�����34¶V��HQ�HQNHOH�SORWV�WRW�*ULM]H�
NDONDUPH�GXLQHQ��+����%����34¶V���,Q�GH�ORRS�GHU�WLMG�]LMQ���SORWV�YHUORUHQ�JHJDDQ�ELM�
JURRWVFKDOLJH�EHKHHUPDDWUHJHOHQ��'H�KXLGLJH�DQDO\VH�ULFKW�]LFK�RS�GH����SORWV�GLH�JHGXUHQGH�
GH�JHKHOH�RQGHU]RHNVSHULRGH�LQWDFW�]LMQ�JHEOHYHQ��,Q�GH]H����SORWV�]LMQ�LQ������������������
�����HQ�����������JHJHYHQV�YHU]DPHOG�RYHU�GH�VDPHQVWHOOLQJ�HQ�VWUXFWXXU�YDQ�GH�
YHJHWDWLH�HQ�GH�VDPHQVWHOOLQJ�YDQ�GH�RQJHZHUYHOGH�GLHUJHPHHQVFKDSSHQ��

9HUDQGHULQJHQ�LQ�GH�YHJHWDWLH��
2QGHU�LQYORHG�YDQ�EHJUD]LQJ�RQWZLNNHOGH�GH�YHJHWDWLH�LQ�HHQ�GHHO�YDQ�GH�SORWV�LQ�µYHUJUDVWH�
YRFKWLJH�GXLQYDOOHLHQ¶�]LFK�QDDU�YRFKWLJH�GXLQKHLGH�HQ�HHQ�GHHO�QDDU�GURJHU�GXLQJUDVODQG��
WHUZLMO�GH�YHJHWDWLH�LQ�GH�H[FORVXUHV�DOVRRN�LQ�EHJUDDVGH�SORWV�LQ�µLQWDFWH�YRFKWLJH�GXLQKHLGH¶�
QLHW�YDQ�W\SH�YHUDQGHUGH��%HJUD]LQJ�KHHIW�LQ�GH�YHUJUDVWH�YDOOHLHQ�HHQ�SRVLWLHI�HIIHFW�RS�KHW�
DDQWDO�SODQWHQVRRUWHQ��'H]H�WRHQDPH�EHWUHIW�YRRUQDPHOLMN�VPDOEODGLJH�JUDVDFKWLJHQ�HQ�
NUXLGHQ��:DDUVFKLMQOLMN�DOV�JHYROJ�YDQ�GH�KRJHUH�YHHEH]HWWLQJ�QDP�QD������GH�
VRRUWHQULMNGRP�LQ�EHJUDDVGH�SORWV�ZHHU�DI��PDDU�GH]H�EOHHI�ZHO�KRJHU�GDQ�LQ�H[FORVXUHV��,Q�
YRFKWLJH�GXLQKHLGH�EOHHI�KHW�DDQWDO�SODQWHQVRRUWHQ�JHOLMN�RQGHU�EHJUD]LQJ��PDDU�ZDV�HU�HHQ�
DIQDPH�WH�]LHQ�LQ�GH�RQEHJUDDVGH�SORWV��9HUUXLJHQGH�JUDVVHQ�DOV�'XLQULHW�HQ�=DQG]HJJH�
QHPHQ�LQ�GH�GURJH�GHOHQ�QLHW�DI�LQ�EHGHNNLQJ��PDDU�KHEEHQ�GRRU�GH�ODJHU�DIJHJUDDVGH�
YHJHWDWLHVWUXFWXXU�HHQ�PLQGHU�GRPLQDQW�NDUDNWHU��,Q�LQWDFWH�YRFKWLJH�KHLGH�QHPHQ�GH]H�
VRRUWHQ�MXLVW�OLFKW�WRH�ELM�EHJUD]LQJ��WHUZLMO�]H�LQ�H[FORVXUHV�JHOLMN�EOLMYHQ�LQ�DEXQGDQWLH��
2SVODJ�YDQ�ERPHQ�HQ�VWUXLNHQ��YRRUDO�$PHULNDDQVH�YRJHONHUV��QHHPW�WRH�LQ�H[FORVXUHV�PDDU�
QHHPW�VWHUN�DI�RQGHU�LQYORHG�YDQ�EHJUD]LQJ��1D����MDDU�EHJUD]LQJ�KHHIW�]LFK�LQ�KHW�JHELHG�
HHQ�RSHQ�GXLQODQGVFKDS�RQWZLNNHOG��

9HJHWDWLHVWUXFWXXU��PLFURNOLPDDW��ERGHP�HQ�EORHPDDQERG�
%HJUD]LQJ�KHHIW�HHQ�VWHUN�HIIHFW�RS�GH��YDULDWLH�LQ��YHJHWDWLHVWUXFWXXU�HQ�ERRPRSVODJ��YRRUDO�
QDGDW�GH�YHHEH]HWWLQJ�LV�WRHJHQRPHQ��'H�YHJHWDWLHKRRJWH�YDQ�GH�NUXLGODDJ�EOHHI�LQ�
EHJUDDVGH�YDOOHLHQ�HQ�LQ�GXLQKHLGH�WXVVHQ�����������JHOLMN��PDDU�]RZHO�GH�JHPLGGHOGH�
KRRJWH�DOV�GH�YDULDWLH�QDP�VWHUN�DI�WRHQ�GH�YHHEH]HWWLQJ�ZHUG�RSJHYRHUG���



2QWZLNNHOLQJ�HQ�%HKHHU�1DWXXUNZDOLWHLW� ���

,Q�RQEHJUDDVGH�SORWV�QDP�GH�YHJHWDWLHKRRJWH�LQ�GH]H�SHULRGH�MXLVW�WRH��7XVVHQ������HQ�
�����LV�GH�VWUXFWXXU�YDQ�KRXWLJH�RSVODJ�RRN�VWHUN�YHUDQGHUG��NOHLQH�ERRPSMHV�����FP��]LMQ�
YULMZHO�YROOHGLJ�YHUGZHQHQ�LQ�EHJUDDVGH�SORWV��WHUZLMO�GH]H�LQ�RQEHJUDDVGH�SORWV�QRJ�
DDQZH]LJ�]LMQ��,Q�EHJUDDVGH�YDOOHLHQ�LV�GH�RSVODJ�YDQ�ERPHQ�LQ�DQGHUH�KRRJWHNODVVHQ�YULMZHO�
YHUGZHQHQ�HQ�LQ�EHJUDDVGH�GXLQKHLGH�LV�GLW�JHOLMN�JHEOHYHQ�RI�LQ�GH�KRRJVWH�NODVVH�
�!���FP��WRHJHQRPHQ��,Q�RQEHJUDDVGH�SORWV�QDP�GH�ERRPRSVODJ�LQ�DOOH�FDWHJRULHsQ�OLFKW�
WRH��
+HW�PLFURNOLPDDW�LV�LQ�EHJUDDVGH�SORWV�LQ�YHUJUDVWH�GXLQYDOOHLHQ�JHPLGGHOG�ZDUPHU�HQ�
JHYDULHHUGHU�GDQ�LQ�RQEHJUDDVGH�QDDVWJHOHJHQ�SORWV��,Q�LQWDFWH�GXLQKHLGH�LV�HU�YULMZHO�JHHQ�
YHUVFKLO�LQ�PLFURNOLPDDW�WXVVHQ�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV��ZDDUVFKLMQOLMN�GRRU�GH�PHHU�
JHVORWHQ�EHGHNNLQJ�YDQ�GH�KHLGHYHJHWDWLH��,Q�GXLQKHLGH�LV�LQ�EHJUDDVGH�SORWV�]RZHO�KHW�
DDQWDO�VRRUWHQ�EORHLHQGH�NUXLGHQ�DOV�KHW�DDQWDO�EORHPHQ�YDQ�NUXLGDFKWLJHQ�KRJHU�GDQ�LQ�
RQEHJUDDVGH�SORWV��,Q�GXLQYDOOHLHQ�LV�HHQ]HOIGH�WUHQG�WH�]LHQ��PDDU�PHW�JURWH�YHUVFKLOOHQ�
WXVVHQ�SORWV��,Q�GXLQKHLGH�QRFK�LQ�GXLQYDOOHLHQ�LV�VSUDNH�YDQ�HHQ�YHUVFKLO�LQ�ERGHPRSERXZ�
DOV�JHYROJ�YDQ�EHJUD]LQJ��=RZHO�LQ�GXLQKHLGH�DOV�LQ�YDOOHLHQ�LV�GH�GLFKWKHLG�YDQ�GH�ERGHP�
HFKWHU�WRHJHQRPHQ�PHW�EHJUD]LQJ���

(IIHFWHQ�RS�RQJHZHUYHOGH�GLHUHQ�
'H�EHJUD]LQJ�LQ�GH�9DOOHL�YDQ�KHW�9HHQ�KHHIW�HHQ�QHJDWLHI�HIIHFW�RS�GH�GLFKWKHLG�DDQ�PLQGHU�
PRELHOH�RQJHZHUYHOGHQ�LQ�GH�VWURRLVHOODDJ��]RDOV�SLVVHEHGGHQ�HQ�VSULQJVWDDUWHQ��'H�
EHJUD]LQJ�UHVXOWHHUW�QLHW�LQ�JHPLGGHOG�JURWHUH�RI�MXLVW�NOHLQHUH�RQJHZHUYHOGHQ��9RRU�PRELHOH�
GLHUJURHSHQ�DOV�ORRSNHYHUV�HQ�VSLQQHQ�ZHUG�JHHQ�YHUVFKLO�LQ�GLFKWKHLG�WXVVHQ�EHJUDDVG�HQ�
RQEHJUDDVGH�SORWV�JHYRQGHQ��HQ�]RZHO�KHW�DDQWDO�VRRUWHQ�DOV�GH�GLYHUVLWHLW�YDQ�KXQ�
OHYHQVJHPHHQVFKDSSHQ�YHUVFKLOW�ELQQHQ�RQGHU]RHNMDUHQ�QDXZHOLMNV�WXVVHQ�EHJUDDVGH�HQ�
RQEHJUDDVGH�SORWV��7XVVHQ�MDUHQ�WUHGHQ�HU�ZHO�JURWH�YHUVFKLOOHQ�RS��PHW�YRRU�VSLQQHQ�HQ�
ORRSNHYHUV�GH�KRRJVWH�VRRUWDDQWDOOHQ�HQ�GLYHUVLWHLW�LQ�UHVSHFWLHYHOLMN������HQ�������QD���WRW�
���MDDU�H[WHQVLHYH�EHJUD]LQJ���PDDU�HHQ�DIQDPH�LQ�������=RZHO�GH�]HHU�GURJH�HQ�ZDUPH�
]RPHU�YDQ������DOV�WRHQDPH�LQ�YHHEH]HWWLQJ�NXQQHQ�GH�RRU]DDN�]LMQ�YRRU�GLW�SDWURQHQ�
NXQQHQ�HONDDU�RRN�KHEEHQ�YHUVWHUNW��'LW�]RX�EHWHNHQHQ�GDW�RSSHUYODNWHV�YDQ�GH�H[FORVXUHV�
���[���PHWHU��LQ�YHUKRXGLQJ�WRW�KHW�EHJUDDVGH�JHELHG�WH�NOHLQ�]LMQ�RP�LQ�GH]H�
RPVWDQGLJKHGHQ�DOV�RQEHJUDDVGH�UHIXJLXP�WH�GLHQHQ��
8LW�HHUGHU�RQGHU]RHN�EOHHN�GDW�.RQLMQHQ�JHIDFLOLWHHUG�ZRUGHQ�GRRU�EHJUD]LQJ��2RN�QX�LV�HU�
PHHU�NRQLMQHQ�DFWLYLWHLW�LQ�EHJUDDVGH�GHOHQ�YDVWJHVWHOG�GDQ�LQ�H[FORVXUHV��PDDU�GH�
GLFKWKHGHQ�LQ�GH�9DOOHL�YDQ�KHW�9HHQ�]LMQ�QRJ�VWHHGV�HUJ�ODDJ��ZDDUVFKLMQOLMN�DOV�JHYROJ�YDQ�
GH�]LHNWHV�P\[RPDWRVH�HQ�5+'��

&RQFOXVLHV�H[WHQVLHYH�EHJUD]LQJ�LQ�GXLQKHLGH�
'H�H[WHQVLHYH�EHJUD]LQJ�]RDOV�WRHJHSDVW�WRW�HQ�PHW������LQ�GH�9DOOHL�YDQ�KHW�9HHQ�OHLGGH�WRW�
KHW�EHKDOHQ�YDQ�YHUVFKLOOHQGH�GRHOVWHOOLQJHQ��YHUJUDVVLQJ�HQ�YHUVWUXZHOLQJ�HQ�ERRPRSVODJ�
ZHUG�WHUXJJHGURQJHQ��GH�YHJHWDWLHKRRJWH�ZHUG�JHPLGGHOG�ODJHU�HQ�JHYDULHHUGHU�HQ�GH�
GLYHUVLWHLW�LQ�SODQWHQVRRUWHQ�HQ�YDQ�ORRSNHYHUVRRUWHQ�QDP�WRH��'H�GDDUQD�RSWUHGHQGH�
DIQDPH�YDQ�GLYHUVLWHLW�DDQ�SODQWHQ��HQ�ORRSNHYHUVRRUWHQ�NDQ�YHURRU]DDNW�]LMQ�GRRU��GH�
LQWHUIHUHQWLH�YDQ�KHW�]HHU�ZDUPH�HQ�GURJH�]RPHUZHHU�LQ������HQ�GH�WRHQDPH�YDQ�GH�
YHHEH]HWWLQJ��
$DQJHUDGHQ�ZRUGW�RP�GH�VDPHQVWHOOLQJ�YDQ�KHW�YHH�WHUXJ�WH�EUHQJHQ�QDDU�GH�VLWXDWLH�WXVVHQ�
�����HQ������������UXQGHUHQ�HQ������6RD\�VFKDSHQ��RI�HHQ�ODJHUH�YHHEH]HWWLQJ�RP�RRN�LQ�
GURJH��ZDUPH�]RPHUV�PHW�ZHLQLJ�ELRPDVVDJURHL�RQEHJUDDVGH�RI�ZHLQLJ�EHJUDDVGH�
WHUUHLQGHOHQ�WH�EHKRXGHQ��2PGDW�KHW�HHQ�ODQJORSHQG��JRHG�RSJH]HW�RQGHU]RHN�EHWUHIW��LV�KHW�
]HHU�ZDDUGHYRO�RP�GH�KXLGLJH�%$&,�RQGHU]RHNSORWV��EHJUDDVGH�SORWV��H[FORVXUHV�HQ�GH�
RQEHJUDDVGH�SORW�LQ�GH�&UDQEHUU\YDOOHL��LQ�VWDQG�WH�KRXGHQ��([FORVXUHV�]LMQ�YRRU�
ZHWHQVFKDSSHOLMN�RQGHU]RHN�QDDU�GH�HIIHFWHQ�YDQ�EHJUD]LQJ�RS�ELRGLYHUVLWHLW�]HHU�ZDDUGHYRO��
9RRU�PRQLWRULQJ�YDQ�GH�HIIHFWLYLWHLW�YDQ�EHJUD]LQJ�LQ�KHW�NDGHU�YDQ�EHOHLGVGRHOHQ�LV�KHW�QLHW�
QRGLJ�RP�QLHXZH�H[FORVXUHV�DDQ�WH�OHJJHQ��0HW�EHKXOS�YDQ�HHQ�VHW�DDQ�SURFHVLQGLFDWRUHQ�
NXQQHQ�GH�HIIHFWHQ�YDQ�EHJUD]LQJ�RS�SODQWHQ�HQ�GLHUHQ�YRRU�KHW�EHOHLG�JRHG�LQ�EHHOG�ZRUGHQ�
JHEUDFKW��
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6XPPDU\�

7KH�GXQHV�RI�QDWXUH�DUHD�µ9DOOHL�YDQ�KHW�9HHQ¶�RQ�WKH�LVODQG�RI�9OLHODQG��7KH�1HWKHUODQGV��
DUH�JUD]HG�ZLWK�+LJKODQG�FDWWOH�DQG�6RD\�VKHHS�VLQFH�������&DWWOH�GHQVLW\�FKDQJHG�RYHU�WKH�
\HDUV�IURP�YHU\�H[WHQVLYH�LQ�����������������/LYHVWRFN�8QLW�KHFWDUH�\HDU���H[WHQVLYH�LQ�
����������������/68�KD�\U��DQG�LQFUHDVHG�GXULQJ�����������WR�LQWHQVLYH�������/68�KD�\U��
ZKHQ�WKH�6RD\�VKHHS�SRSXODWLRQ�H[SDQGHG��6LQFH������VKHHS�DUH�UHPRYHG�WR�UHVWRUH�D�ORZ�
FDWWOH�GHQVLW\��6LQFH�+LJKODQG�FDWWOH�SUHIHU�ZHW�WR�PRLVW�GXQH�YDOOH\V�DQG�6RD\�VKHHS�SUHIHU�
GU\�GXQHV��JUD]LQJ�SUHVVXUH�KDV�LQFUHDVHG�PRUH�LQ�GU\�GXQH�DUHDV�FRPSDUHG�WR�YDOOH\V��

*UD]LQJ�H[SHULPHQW�ZLWK�%$&,�GHVLJQ�
7KH�HIIHFWV�RI�JUD]LQJ�RQ�YHJHWDWLRQ�DQG�IDXQD�KDYH�EHHQ�GHWHUPLQHG�VLQFH������XVLQJ�D�
%$&,�H[SHULPHQW��%\�FRPSDULQJ�JUD]HG��,PSDFW��DQG�XQJUD]HG�SORWV��&RQWURO���ERWK�EHIRUH�
WKH�PHDVXUH��%HIRUH��DQG�DIWHU�WKH�PHDVXUH�KDV�EHHQ�LPSOHPHQWHG�IRU�VRPH�WLPH��$IWHU���
WKH�HIIHFW�RI�JUD]LQJ�FDQ�EH�GLVWLQJXLVKHG�IURP�WKH�DXWRQRPRXV�GHYHORSPHQWV��VXFFHVVLRQ�RI�
YHJHWDWLRQ��VRLO�GHYHORSPHQW��DQG�JUD]LQJ�LQGHSHQGHQW�GLIIHUHQFHV�EHWZHHQ�\HDUV��VXFK�DV�
FKDQJLQJ�ZHDWKHU�FRQGLWLRQV��

,Q������WKH�H[SHULPHQW�VWDUWHG�ZLWK����JUD]HG�DQG����XQJUD]HG�SORWV�LQ�HQFURDFKHG�PRLVW�
GXQH�YDOOH\V�DQG���JUD]HG�DQG���XQJUD]HG�SORWV�LQ�LQWDFW�PRLVW�GXQH�KHDWKODQG��0RVW�SORWV�
EHORQJ�WR�WKH�³GHFDOFLILHG�IL[HG�GXQHV�ZLWK�(PSHWUXP�QLJUXP´��GXQH�KHDWKODQG���+����$�
DQG�%�����34¶V��DQG�D�IHZ�SORWV�WR�³IL[HG�FRDVWDO�GXQHV�ZLWK�KHUEDFHRXV�YHJHWDWLRQ´��JUH\�
GXQHV���+����%����34¶V���2YHU�WLPH���SORWV�ZHUH�ORVW�LQ�ODUJH�VFDOH�PDQDJHPHQW�PHDVXUHV��
7KLV�UHSRUW�IRFXVHV�RQ�WKH����SORWV�WKDW�KDYH�UHPDLQHG�LQWDFW�WKURXJKRXW�WKH�VWXG\�SHULRG��,Q�
WKHVH����SORWV��GDWD�ZHUH�FROOHFWHG�LQ�����������������������DQG�����������RQ�WKH�
FRPSRVLWLRQ�DQG�VWUXFWXUH�RI�WKH�YHJHWDWLRQ�DQG�WKH�FRPSRVLWLRQ�RI�WKH�LQYHUWHEUDWH�DQLPDO�
FRPPXQLWLHV��

&KDQJHV�LQ�YHJHWDWLRQ�
8QGHU�WKH�LQIOXHQFH�RI�JUD]LQJ��WKH�YHJHWDWLRQ�LQ�VRPH�RI�WKH�SORWV�LQ�
HQFURDFKHG�PRLVW�GXQH�
YDOOH\V
�GHYHORSHG�LQWR�PRLVW�GXQH�KHDWKODQG�DQG�D�SDUW�LQWR�GXQH�JUDVVODQG��ZKLOH�QRQH�RI�
WKHVH�HIIHFWV�ZHUH�REVHUYHG�ZLWKLQ�H[FORVXUHV�QRU�LQ�JUD]HG�
LQWDFW�PRLVW�GXQH�KHDWKODQG
��
*UD]LQJ�KDV�D�SRVLWLYH�HIIHFW�RQ�WKH�QXPEHU�RI�SODQW�VSHFLHV�LQ�HQFURDFKHG�YDOOH\V��7KLV�
LQFUHDVH�PDLQO\�FRQFHUQV�QDUURZ�OHDYHG�JUDVVHV�DQG�KHUEV��3UREDEO\�DV�D�UHVXOW�RI�WKH�
LQFUHDVHG�VWRFNLQJ�GHQVLW\��SODQW�VSHFLHV�ULFKQHVV�GHFUHDVHG�LQ�JUD]HG�SORWV�DIWHU������
WKRXJK�LW�UHPDLQHG�KLJK�FRPSDUHG�ZLWK�H[FORVXUHV��,Q�PRLVW�GXQH�KHDWKODQG��WKH�QXPEHU�RI�
SODQW�VSHFLHV�UHPDLQHG�WKH�VDPH�XQGHU�JUD]LQJ��EXW�D�GHFUHDVH�ZDV�REVHUYHG�LQ�XQJUD]HG�
SORWV��(QFURDFKLQJ�JUDVVHV�VXFK�DV�&DODPDJURVWLV�HSLJHMRV�DQG�&DUH[�DUHQDULD�GLG�QRW�
GHFUHDVH�LQ�FRYHU��EXW�KDYH�D�OHVV�GRPLQDQW�FKDUDFWHU�GXH�WR�WKH�ORZHU�YHJHWDWLRQ�VWUXFWXUH��
,Q�LQWDFW�PRLVW�KHDWKODQG��JUDVV�VSHFLHV�LQFUHDVH�VOLJKWO\�ZKHQ�JUD]LQJ��ZKLOH�LQ�H[FORVXUHV�
WKH\�UHPDLQ�WKH�VDPH�LQ�DEXQGDQFH��2FFXUUHQFH�RI�WUHHV�DQG�VKUXEV��HVSHFLDOO\�3UXQXV�
VHURWLQD��LQFUHDVHV�LQ�H[FORVXUHV�EXW�DOPRVW�GLVDSSHDUHG�XQGHU�WKH�LQIOXHQFH�RI�JUD]LQJ��$IWHU�
���\HDUV�RI�JUD]LQJ��DQ�RSHQ�GXQH�ODQGVFDSH�KDV�GHYHORSHG�LQ�WKH�DUHD��

9HJHWDWLRQ�VWUXFWXUH��PLFURFOLPDWH��VRLO�DQG�SODQW�IORZHULQJ�
*UD]LQJ�KDV�D�VWURQJ�HIIHFW�RQ�YHJHWDWLRQ�VWUXFWXUH�DQG�DEXQGDQFH�RI�WUHHV�DQG�VKUXEV��
HVSHFLDOO\�DIWHU�WKH�VWRFNLQJ�GHQVLW\�LQFUHDVHG��7KH�YHJHWDWLRQ�KHLJKW�RI�WKH�KHUE�OD\HU�
UHPDLQHG�WKH�VDPH�LQ�HQFURDFKHG�YDOOH\V�DQG�LQWDFW�GXQH�KHDWK�EHWZHHQ������������EXW�
ERWK�DYHUDJH�KHLJKW�DV�ZHOO�DV�YDULDWLRQ�GHFUHDVHG�VKDUSO\�ZKHQ�WKH�VWRFNLQJ�GHQVLW\�ZDV�
LQFUHDVHG��,Q�XQJUD]HG�SORWV��WKH�KHLJKW�RI�WKH�YHJHWDWLRQ�LQFUHDVHG�GXULQJ�WKLV�SHULRG��
%HWZHHQ������DQG������VPDOO�WUHHV�����FP��KDYH�DOPRVW�FRPSOHWHO\�GLVDSSHDUHG�LQ�JUD]HG�
SORWV��ZKLOH�WKHVH�DUH�VWLOO�SUHVHQW�LQ�XQJUD]HG�SORWV���
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,Q�HQFURDFKHG�YDOOH\V��WUHHV�LQ�RWKHU�KHLJKW�FODVVHV�KDYH�SUDFWLFDOO\�GLVDSSHDUHG��ZKLOH�LQ�
GXQH�KHDWKODQG�WUHHV�UHPDLQHG�RU�LQFUHDVHG�VOLJKWO\�LQ�FODVV�!����FP��,Q�XQJUD]HG�SORWV��
WUHH�DEXQGDQFH�LQFUHDVHG�VOLJKWO\�LQ�DOO�KHLJKW�FODVVHV��
7KH�PLFURFOLPDWH�LQ�JUD]HG�SORWV�LQ�HQFURDFKHG�GXQH�YDOOH\V�LV�RQ�DYHUDJH�ZDUPHU�DQG�PRUH�
YDULHG�FRPSDUHG�ZLWK�XQJUD]HG�DGMDFHQW�SORWV��,Q�LQWDFW�GXQH�KHDWKODQG��WKHUH�LV�YLUWXDOO\�QR�
GLIIHUHQFH�LQ�PLFURFOLPDWH�EHWZHHQ�JUD]HG�DQG�XQJUD]HG�SORWV��SUREDEO\�GXH�WR�WKH�PRUH�
FORVHG�FRYHU�RI�WKH�KHDWKHU�YHJHWDWLRQ��,Q�GXQH�KHDWKODQG��WKH�QXPEHU�RI�IORZHULQJ�KHUEV�
DQG�WKH�WRWDO�QXPEHU�RI�IORZHUV�LQ�JUD]HG�SORWV�LV�KLJK�FRPSDUHG�ZLWK�XQJUD]HG�SORWV��7KH�
VDPH�WUHQG�FDQ�EH�VHHQ�LQ�GXQH�YDOOH\V��EXW�ZLWK�ODUJH�GLIIHUHQFHV�EHWZHHQ�SORWV��1HLWKHU�
GXQH�KHDWKODQG�QRU�YDOOH\V�VKRZ�D�GLIIHUHQFH�LQ�VRLO�VWUXFWXUH�DV�D�UHVXOW�RI�JUD]LQJ��EXW�WKH�
GHQVLW\�RI�WKH�VRLO�KDV�LQFUHDVHG�ZLWK�JUD]LQJ�LQ�ERWK�YHJHWDWLRQ�W\SHV��

(IIHFWV�RQ�IDXQD�FRPPXQLWLHV�
*UD]LQJ�PDQDJHPHQW�LQ�WKH�µ9DOOHL�YDQ�KHW�9HHQ¶�KDV�D�QHJDWLYH�HIIHFW�RQ�WKH�GHQVLW\�RI�OHVV�
PRELOH�LQYHUWHEUDWHV�LQ�WKH�OLWWHU�OD\HU��VXFK�DV�ZRRGOLFH��,VRSRGD��DQG�VSULQJWDLOV�
�&ROOHPEROD���*UD]LQJ�GRHV�QRW�UHVXOW�LQ�D�VPDOOHU�RU�ODUJHU�PHDQ�VHL]H�RI�LQYHUWHEUDWHV��1R�
GLIIHUHQFH�LQ�GHQVLW\�EHWZHHQ�JUD]HG�DQG�XQJUD]HG�SORWV�ZDV�IRXQG�IRU�PRELOH�DQLPDO�JURXSV�
VXFK�DV�FDUDELG�EHHWOHV�DQG�VSLGHUV��DQG�ERWK�WKH�QXPEHU�RI�VSHFLHV�DQG�WKH�GLYHUVLW\�RI�
WKHLU�FRPPXQLWLHV�GLIIHU�OLWWOH�EHWZHHQ�JUD]HG�DQG�XQJUD]HG�SORWV�ZLWKLQ�UHVHDUFK�\HDUV��
+RZHYHU��PDMRU�GLIIHUHQFHV�DUH�REVHUYHG�EHWZHHQ�\HDUV��ZLWK�WKH�KLJKHVW�VSHFLHV�QXPEHUV�
DQG�GLYHUVLW\�IRU�VSLGHUV�DQG�JURXQG�EHHWOHV�LQ������DQG������UHVSHFWLYHO\��DIWHU���WR����
\HDUV�RI�H[WHQVLYH�JUD]LQJ���EXW�D�GHFUHDVH�LQ�������%RWK�WKH�YHU\�GU\�DQG�ZDUP�VXPPHU�RI�
�����DQG�LQFUHDVHV�LQ�VWRFNLQJ�UDWHV�PD\�EH�WKH�FDXVH�RI�WKHVH�SDWWHUQV��DQG�PD\�KDYH�
VWUHQJWKHQHG�HDFK�RWKHU��7KLV�ZRXOG�PHDQ�WKDW�VHL]H�RI�WKH�H[FORVXUHV����[���PHWHUV��LQ�
UHODWLRQ�WR�WKH�WRWDO�JUD]HG�DUHD�LV�WRR�VPDOO�WR�VHUYH�DV�DQ�XQJUD]HG�UHIXJLXP�LQ�WKHVH�KDUVK�
FRQGLWLRQV��0RUH�UDEELW�DFWLYLW\�KDV�EHHQ�REVHUYHG�LQ�JUD]HG�DUHDV�FRPSDUHG�ZLWK�
H[FORVXUHV��EXW�UDEELW�GHQVLWLHV�LQ�WKH�DUHD�DUH�VWLOO�YHU\�ORZ��SUREDEO\�GXH�WR�WKH�GLVHDVHV�
P\[RPDWRVLV�DQG�5+'��

&RQFOXVLRQV�
([WHQVLYH�JUD]LQJ�DV�DSSOLHG�XS�WR������LQ�WKH�9DOOHL�YDQ�KHW�9HHQ�OHG�WR�WKH�DFKLHYHPHQW�RI�
PDQDJHPHQW�JRDOV��HQFURDFKPHQW�ZLWK�WDOO�JUDVVHV��VKUXEV�DQG�WUHHV�LV�UHGXFHG��WKH�
DYHUDJH�YHJHWDWLRQ�KHLJKW�ZDV�ORZHU�DQG�PRUH�YDULHG�DQG�WKH�GLYHUVLW\�LQ�SODQW��VSLGHU�DQG�
FDUDELG�EHHWOH�VSHFLHV�LQFUHDVHG��7KH�VXEVHTXHQW�GHFOLQH�LQ�GLYHUVLW\�RI�SODQW�DQG�JURXQG�
EHHWOH�VSHFLHV�PD\�KDYH�EHHQ�FDXVHG�E\�WKH�LQWHUIHUHQFH�RI�WKH�LQFUHDVH�LQ�VWRFNLQJ�GHQVLW\�
DQG�WKH�YHU\�KRW�DQG�GU\�VXPPHU�LQ�������
,W�LV�UHFRPPHQGHG�WKDW�OLYHVWRFN�LV�EURXJKW�EDFN�WR�WKH�VLWXDWLRQ�EHWZHHQ������DQG���������
���FDWWOH�DQG������6RD\�VKHHS��RU�D�ORZHU�VWRFNLQJ�GHQVLW\�LQ�RUGHU�WR�PDLQWDLQ�PRUH�
XQJUD]HG�RU�SRRUO\�JUD]HG�DUHDV��%HFDXVH�LW�LV�D�ORQJ�WHUP�DQG�ZHOO�GHVLJQHG�JUD]LQJ�
H[SHULPHQW��LW�LV�YHU\�YDOXDEOH�WR�PDLQWDLQ�WKH�FXUUHQW�%$&,�UHVHDUFK�SORWV��JUD]HG�SORWV��
H[FORVXUHV�DQG�XQJUD]HG�SORW�LQ�WKH�DGMDFHQW�&UDQEHUU\�9DOOH\���([FORVXUHV�DUH�YHU\�YDOXDEOH�
IRU�VFLHQWLILF�UHVHDUFK�DIWHU�WKH�HIIHFWV�RI�JUD]LQJ�RQ�ELRGLYHUVLW\��)RU�PRQLWRULQJ�WKH�
HIIHFWLYHQHVV�RI�JUD]LQJ�LQ�WKH�FRQWH[W�RI�SROLF\�REMHFWLYHV�LW�LV�QRW�QHFHVVDU\�WR�FUHDWH�QHZ�
H[FORVXUHV��$�VHW�RI�SURFHVV�LQGLFDWRUV�LV�SUHVHQWHG�ZKLFK�SURYLGHV�D�JRRG�HVWLPDWLRQ�RI�WKH�
HIIHFWV�RI�JUD]LQJ�RQ�SODQWV�DQG�DQLPDOV�IRU�SROLF\�REMHFWLYHV��
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'DQNZRRUG�

+HW�RQGHU]RHN�QDDU�HIIHFWHQ�YDQ�EHJUD]LQJ�LQ�GH�9DOOHL�YDQ�KHW�9HHQ�ZDV�QLHW�PRJHOLMN�
]RQGHU�GH�ORJLVWLHNH�HQ�SUDNWLVFKH�KXOS�YDQ�GH�PHGHZHUNHUV�YDQ�6WDDWVERVEHKHHU�RS�
9OLHODQG��PHW�QDPH�YDQ�&DUO�=XKRUQ�GLH�R�D��GH�FRQWUROH�HQ�KHUVWHO�YDQ�DOOH�H[FORVXUHV�
UHJHOGH��%LM�GH�EH]RHNHQ�DDQ�GH�DQGHUH�:DGGHQHLODQGHQ�VWRQGHQ�GH�EHKHHUWHDPV�NODDU�YDQ�
6WDDWVERVEHKHHU�RS�7HUVFKHOOLQJ��)UHHN�=ZDUW�HQ�$UMDQ�=RQGHUODQG��HQ�$PHODQG��0DUMDQ�
9HHQHQGDDO��/H[�9DUNHYLVVHU�HQ�5REHUW�3DWHU��HQ�YDQ�1DWXXUPRQXPHQWHQ�RS�
6FKLHUPRQQLNRRJ��(ULN�-DQVHQ���-HOPDU�6FKDDS�HQ�0DUWHQ�*HHUWVPD��6WLFKWLQJ�%DUJHUYHHQ��
KLHOSHQ�ELM�GH�GHWHUPLQDWLHV�YDQ�RQJHZHUYHOGHQ�XLW�GH�SRWYDOOHQ��

+HW�SURMHFW�ZHUG�XLWJHYRHUG�LQ�RSGUDFKW�YDQ�2%1�9%1(�HQ�SURYLQFLH�)U\VOkQ�RQGHU�HHQ�
EHJHOHLGLQJVFRPPLVVLH�EHVWDDQGH�XLW�(YHUW�-DQ�/DPPHUWV��6WDDWVERVEHKHHU���3HWHU�(VVHOLQN�
�%XUHDX�38&&,0$5���&KULV�6PLW��58�*URQLQJHQ���5RODQG�-DOYLQJ��-DQ�0HLMHU�HQ�%RXZH�
7DOVPD��SURYLQFLH�)U\VOkQ��HQ�KHW�2%1�'HVNXQGLJHQWHDP�'XLQ��HQ�.XVWODQGVFKDS��

6WHUN�YHUJUDVWH�
YHJHWDWLH�LQ�
H[FORVXUH�QU�����LQ�
�����PHW�GH�
RULJLQHOH�SDDOWMHV�HQ�
FRGHULQJ�XLW������
YDQ�KHW�WRHQPDOLJH�
,%1�LQ�$UQKHP��
,QPLGGHOV�]LMQ�DOOH�
H[FORVXUHV�KHUVWHOG�
HQ�YHUVWHYLJG��

(QFURDFKHG�YHJHWDWLRQ�

LQ�H[FORVXUH�QU�����LQ�

WKH�\HDU�������ZLWK�

WKH�RULJLQDO�FRUQHU�

SRVWV�DQG�FRGH�

PDUNLQJ�IURP�������,Q�

WKH�PHDQWLPH��DOO�

H[FORVXUHV�KDYH�EHHQ�

UHSDLUHG�DQG�

VWUHQJWKHQHG��
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��,QOHLGLQJ�

��� $FKWHUJURQG�HQ�SUREOHHPVWHOOLQJ�
%HJUD]LQJ�LV�HHQ�YDQ�GH�PHHVW�WRHJHSDVWH�YRUPHQ�YDQ�EHKHHU�RP�YHUUXLJLQJ�HQ�YHUJUDVVLQJ�
LQ�NXVWGXLQHQ�WHJHQ�WH�JDDQ��9ULMZHO�DOWLMG�KHOSW�EHJUD]LQJ�RP�HHQ�ODJHUH��PHHU�JHYDULHHUGH�
YHJHWDWLHVWUXFWXXU�WH�NULMJHQ��PHW�YDDN�LHWV�PHHU�RSHQ�]DQG�HQ�HHQ�ZDUPHU�PLFURNOLPDDW��
'H�HIIHFWHQ�RS�IDXQD�YHUVFKLOOHQ�HFKWHU�VWHUN�WXVVHQ�GLHUVRRUWHQ�HQ�±JURHSHQ�HQ�KDQJHQ�DI�
YDQ�GH�JUDDVYRUP��YHHW\SH��JUDDVGUXN�HQ�±PRPHQW�LQ�KHW�VHL]RHQ���KHW�DDQWDO�MDDU�GDW�
EHJUD]LQJ�DO�ZRUGW�LQJH]HW�pQ�KHW�NDONJHKDOWH�YDQ�GH�ERGHP��1LMVVHQ�HW�DO���������
(U�ZRUGW�GDDURP�JHDGYLVHHUG�RP�±�LQGLHQ�GH�JURRWWH�HQ�OLJJLQJ�YDQ�GH�WHUUHLQHQ�GLW�WRHODDW���
JUDGLsQWHQ�LQ�JUDDVGUXN�WH�FUHsUHQ�GRRU�KHW�ZLVVHOHQ�YDQ�JUDDVGUXN�WXVVHQ�MDUHQ�yI�GRRU�
H[WHQVLHYH�EHJUD]LQJ�ZDDUELM�QDWXXUOLMNH�JUDGLsQWHQ�LQ�JUDDVGUXN�NXQQHQ�RQWVWDDQ��+HW�
RQWVWDDQ�YDQ�GH]H�JUDGLsQWHQ�NRVW�XLWHUDDUG�WLMG��]RGDW�PHW�QDPH�RS�GH�ODQJH�WHUPLMQ�
SRVLWLHYH�HIIHFWHQ�RS�GH�YDULDWLH�LQ�YHJHWDWLHVWUXFWXXU�HQ�ELRGLYHUVLWHLW�PRJHQ�ZRUGHQ�
YHUZDFKW��

,Q������QDP�6WDDWVERVEHKHHU�KHW�EHVOXLW�RP�JUD]HUV�WH�LQWURGXFHUHQ�LQ�GXLQJHELHG�9DOOHL�
YDQ�KHW�9HHQ�RS�9OLHODQG��%HJUD]LQJ�OHHN�GH�EHVWH�HIIHFWJHULFKWH�EHKHHUPDDWUHJHO�WHJHQ�
YHUJUDVVLQJ�HQ�YHUUXLJLQJ�YDQ�GH�GXLQYDOOHLHQ��'RHOHQ�ZDUHQ�KHW�VWRSSHQ�YDQ�YHUJUDVVLQJ�HQ�
YHUERVVLQJ��KHW�FUHsUHQ�YDQ�RSHQ�SOHNNHQ�LQ�GH�KRPRJHQH��GLFKWH�YHJHWDWLH�HQ�KHW�ODWHQ�
WRHQHPHQ�YDQ�GH�NRQLMQHQVWDQG��2P�GH�HIIHFWHQ�YDQ�GH�EHJUD]LQJ�WH�PRQLWRUHQ�ZHUG�
JHNR]HQ�YRRU�HHQ�]RJHQDDPGH�%$&,�SURHIRS]HW��+HW�HIIHFW�YDQ�EHJUD]LQJ�ZRUGW�YDVWJHVWHOG�
GRRU�YHUJHOLMNLQJ�WXVVHQ�EHJUDDVGH��,PSDFW��HQ�RQEHJUDDVGH�SURHIYHOGHQ��&RQWURO���ZDDUELM�
GH�YHUVFKLOOHQ�WXVVHQ�GH�SURHIYHOGHQ�]RZHO�YRRUDIJDDQG�DDQ�GH�PDDWUHJHO��%HIRUH��DOV�ODWHU�
ZDQQHHU�GH�PDDWUHJHO�LV�XLWJHYRHUG��$IWHU��ZRUGHQ�EHSDDOG��0HW�GH]H�RS]HW�NDQ�KHW�HIIHFW�
YDQ�GH�PDDWUHJHO�EHJUD]LQJ�ORV�ZRUGHQ�JHDQDO\VHHUG�YDQ�GH�DXWRQRPH�RQWZLNNHOLQJHQ�LQ�KHW�
GXLQODQGVFKDS��]RDOV�VXFFHVVLH�YDQ�GH�YHJHWDWLH�HQ�ERGHPRQWZLNNHOLQJ��HQ�YDQ�WRHYDOOLJH�
YHUVFKLOOHQ�GLH�WXVVHQ�MDUHQ�RSWUHGHQ��ELMYRRUEHHOG�DOV�JHYROJ�YDQ�ZHHUVRPVWDQGLJKHGHQ��

%LM�GH�RS]HW�YDQ�KHW�H[SHULPHQW�LQ������ZDV�ELM�GH�NHX]H�YDQ�GH�ORFDWLHV�YDQ�GH�SORWV�VSUDNH�
YDQ�WZHH�YHJHWDWLHVWUDWD��µYHUJUDVWH�GXLQYDOOHLHQ¶�HQ�µLQWDFWH�YRFKWLJH�GXLQKHLGHQ¶��+HW�GRHO�
YDQ�KHW�H[SHULPHQW�ZDV�QD�WH�JDDQ�RI�YHUJUDVWH�HQ�YHUUXLJGH��HQ�GHHOV�YHUGURRJGH��
GXLQYDOOHLEHJURHLLQJHQ�NRQGHQ�ZRUGHQ�KHUVWHOG�PHW�H[WHQVLHYH�EHJUD]LQJ�GRRU�UXQGHUHQ�HQ�
VFKDSHQ��7HJHOLMNHUWLMG�]RX�ZRUGHQ�QDJHJDDQ�RI�PLQ�RI�PHHU�LQWDFWH�YRFKWLJH�GXLQKHLGHQ�HQ�
GH�GLHUJHPHHQVFKDSSHQ�YDQ�GH]H�GXLQKHLGHQ�JHHQ�VFKDGH�]RXGHQ�RQGHUYLQGHQ�YDQ�KHW�
WRHJHSDVWH�H[WHQVLHYH�EHJUD]LQJVEHKHHU��9DQ�:LQJHUGHQ�HW�DO���������'H�XLWJDQJVVLWXDWLH�
YDQ�GH�YHJHWDWLH�HQ�IDXQD�LQ�GH�9DOOHL�YDQ�KHW�9HHQ�ZHUG�YDVWJHOHJG�LQ�������9DQ�
:LQJHUGHQ�HW�DO���������'H�PHWLQJHQ�]LMQ�YHUYROJHQV�KHUKDDOG�LQ������������9DQ�:LQJHUGHQ�
HW�DO��������	�������HQ�LQ�������1LMVVHQ�������HQ�LQ������]LMQ�ELM�HHQ�FRQWUROH�YDQ�GH�VWDDW�
YDQ�GH�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV�RSQLHXZ�YHJHWDWLHRSQDPHQ�JHPDDNW��1LMVVHQ�	�
5HPNH��������$OKRHZHO�HHQ�GHHO�YDQ�GH�SORWV�LQ�GH�ORRS�GHU�WLMG�YHUORUHQ�LV�JHJDDQ�HQ�GH�
JUDDVGUXN�GRRU�VFKDSHQ�GH�ODDWVWH�MDUHQ�LV�WRHJHQRPHQ��LV�GH�SURHIRS]HW�QRJ�]RGDQLJ�LQWDFW�
GDW�LQ�����������HIIHFWHQ�RS�ERGHP��YHJHWDWLH�HQ�IDXQD�EHSDDOG�NRQGHQ�ZRUGHQ�YDQ����MDDU�
H[WHQVLHYH�UXQGHU��HQ�VFKDSHQEHJUD]LQJ�LQ�YRFKWLJH�GXLQKHLGH�HQ�YHUJUDVWH�GXLQYDOOHLHQ�

��� 2QGHU]RHNVYUDJHQ�HQ�DDQSDN�
'LW�RQGHU]RHN�LV�LQ������RSJH]HW�RP�GH�YUDDJ�WH�EHDQWZRRUGHQ�RI�H[WHQVLHYH�EHJUD]LQJ�NDQ�
OHLGHQ�WRW�JUDGLsQWHQ�LQ�JUDDVGUXN�HQ�GH�GDDUELM�EHKRUHQGH�ELRGLYHUVLWHLW�YRRU�YHJHWDWLH�HQ�
IDXQD��2PGDW�WXVVHQ�GH�PHHWPRPHQWHQ������HQ�����������GH�YHHEH]HWWLQJ�WLMGHOLMN�
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RQEHGRHOG�VWHUN�LV�RSJHORSHQ�EHWUHIW�KHW�RQGHU]RHN�YRRU�GH�ODDWVWH�SHULRGH�HHQ�HIIHFWPHWLQJ�
YDQ�YULM�LQWHQVLHYH�EHJUD]LQJ��'DDUQDDVW�PRHW�XLW�GLW�SURMHFW�GXLGHOLMN�ZRUGHQ�RI��HQ�]R�MD�
ZHONH�RQGHUGHOHQ�YDQ��GH�%$&,�RS]HW�EUXLNEDDU�]LMQ�YRRU�GH�PRQLWRULQJ�YDQ�
KHUVWHOPDDWUHJHOHQ�HQ�YRRU�DGYLVHULQJ�YRRU�KHW�ELMVWXUHQ�YDQ�EHJUD]LQJ��

'H�FRQFUHWH�RQGHU]RHNVYUDJHQ�LQ�GLW�SURMHFW�]LMQ��

�� /HLGW�ODQJGXULJH�H[WHQVLHYH�EHJUD]LQJ�������MDDU��HQ�HHQ�GDDURS�YROJHQGH�YHUKRJLQJ�
YDQ�GH�YHHEH]HWWLQJ������MDDU��LQ�NDONDUPH�GXLQHQ�WRW�JUDGLsQWHQ�LQ�JUDDVGUXN��
ZDDUGRRU�]RZHO�KDELWDWV�HQ�VRRUWHQ�NXQQHQ�YRRUNRPHQ�GLH�JHYRHOLJ�]LMQ�YRRU�
EHJUD]LQJ�DOV�VRRUWHQ�HQ�KDELWDWV�GLH�JHEDDW�]LMQ�ELM�VWHYLJH�EHJUD]LQJ"�

D� =RUJW�GH]H�EHJUD]LQJ�YRRU�HHQ�WRH�RI�DIQDPH�YDQ�NHQPHUNHQGH�
SODQWHQVRRUWHQ�YDQ�NDONDUPH�GXLQHQ�HQ�RI�WRW�HHQ�YHUDQGHULQJ�LQ�
SODQWJHPHHQVFKDSSHQ"�

E� 1HHPW�YHUJUDVVLQJ��YHUVWUXZHOLQJ�HQ�YHUERVVLQJ�DI�LQ�NDONDUPH�GXLQHQ�RQGHU�
LQYORHG�YDQ�GH]H�EHJUD]LQJ"�

F� :HONH�YDULDWLH�LQ�YHJHWDWLHVWUXFWXXU�WUHHGW�HU�RS�GRRU�GH]H�EHJUD]LQJ"�
G� /HLGW�GH]H�EHJUD]LQJ�WRW�JURWHUH�YDULDWLH��JUDGLsQW�RI�PR]DwHNSDWURQHQ��LQ�

PLFURNOLPDDW�RS�GH�ERGHP�LQ�YHUJHOLMNLQJ�PHW�RQEHJUDDVGH�GXLQHQ"�
H� =RUJW�GH]H�EHJUD]LQJ�LQ�NDONDUPH�GXLQHQ�YRRU�HHQ�JURWHU�RI�MXLVW�NOHLQHU�

EORHPDDQERG�YRRU�EORHPEH]RHNHQGH�LQVHFWHQ�LQ�YHUJHOLMNLQJ�PHW�
RQEHJUDDVGH�GXLQHQ"�

I� +HHIW�GH]H�EHJUD]LQJ�HIIHFW�RS�GH�ERGHPRSERXZ"�
J� =RUJW�GH]H�EHJUD]LQJ�YRRU�HHQ�JURWHUH�YDULDWLH�DDQ�GLHUVRRUWHQ�HQ�YRRU�

KRJHUH�GLFKWKHGHQ�YDQ�RQJHZHUYHOGHQ�GLH�DOV�SURRL�NXQQHQ�GLHQHQ�YRRU�
JHZHUYHOGH�LQVHFWLYRUHQ"�

K� /HYHUW�GH]H�EHJUD]LQJ�KRJHUH�GLFKWKHGHQ�YDQ�NRQLMQHQ�RS�LQ�GURJH�GXLQHQ"�

�� +RH�YHUKRXGHQ�GH]H�JUDGLsQWHQ�HQ�HFRORJLVFKH�YDULDWLH�]LFK�WHQ�RS]LFKWH�YDQ�
WHUUHLQHQ�ZDDU�QLHW�RI�RS�HHQ�DQGHUH�PDQLHU�ZRUGW�EHJUDDVG"�

�� :HONH�RQGHUGHOHQ�YDQ�GH�RS�9OLHODQG�JHEUXLNWH�%$&,�RS]HW�]LMQ�EUXLNEDDU�RS�GH�
)ULHVH�:DGGHQHLODQGHQ"�

�� 9RRU�ZHONH�EHJUD]LQJVUHJLPHV�HQ�ZHONH�WHUUHLQHQ�LV�GH�WRHSDVVLQJ�YDQ�GH]H�
PHWKRGLHN�ELM�XLWVWHN�LQIRUPDWLHI�LQ�KHW�NDGHU�YDQ�GH�PRQLWRULQJ�YDQ�
KHUVWHOPDDWUHJHOHQ"�

�� +RH�NDQ�KHW�GRRU�GH�SURYLQFLH�)U\VOkQ�EHKHHUGH�34�PHHWQHW��SHUPDQHQWH�
NZDGUDWHQYHJHWDWLH��RS�GH�)ULHVH�:DGGHQHLODQGHQ�LQ�EHJUDDVGH�JHELHGHQ�ZRUGHQ�
YHUEHWHUG�F�T��RSJH]HW�RP�GH�EHJUD]LQJVHIIHFWHQ�RS�GH�)ULHVH�:DGGHQHLODQGHQ�LQ�KHW�
NDGHU�YDQ�1�����HQ�PRQLWRULQJ�YDQ�KHUVWHOPDDWUHJHOHQ�JRHG�LQ�EHHOG�WH�EUHQJHQ"�

��� /HHVZLM]HU�

,Q�GLW�UDSSRUW�ZRUGW�HHUVW�HHQ�EHVFKULMYLQJ�JHJHYHQ�YDQ�GH�SURHIRS]HW��KHW�JHELHG��GRHO�HQ�
YUDDJVWHOOLQJ�YDQ�GLW�RQGHU]RHN��KRRIGVWXN�����9HUYROJHQV�ZRUGHQ�GH�UHVXOWDWHQ�YRRU�
YHJHWDWLHVDPHQVWHOOLQJ��KRRIGVWXN�����ERGHP��YHJHWDWLHVWUXFWXXU�HQ�PLFURNOLPDDW��KRRIGVWXN�
���HQ�GLHUJHPHHQVFKDSSHQ��KRRIGVWXN����JHSUHVHQWHHUG��9HUYROJHQV�ZRUGW�HU�HHQ�YHUWDOLQJ�
QDDU�GH�SUDNWLMN�JHPDDNW�YRRU�]RZHO�PRQLWRULQJ�LQ�UHODWLH�WRW�EHJUD]LQJ�DOV�KHUVWHOPDDWUHJHO�
�KRRIGVWXN����DOV�YRRU�KHW�EHKHHU�HQ�EHOHLG�PHW�EHWUHNNLQJ�WRW�EHJUD]LQJ�RS�GH�
:DGGHQHLODQGHQ��KRRIGVWXN�����



/DQJHWHUPLMQHIIHFWHQ�YDQ�H[WHQVLHYH�GXLQEHJUD]LQJ�LQ�NDONDUPH�NXVWGXLQHQ� �

�3URHIRS]HW

��� /LJJLQJ�JHELHG�HQ�%$&,�RS]HW�
'H�RS]HW�YDQ�KHW�%$&,�H[SHULPHQW�LQ�GH�9DOOHL�YDQ�KHW�9HHQ�RS�9OLHODQG�VWDDW�XLWJHEUHLG�
EHVFKUHYHQ�LQ�9DQ�:LQJHUGHQ�HW�DO����������'H�EHODQJULMNVWH�RQGHUGHOHQ�YDQ�GH�RS]HW�HQ�GH�
ZLM]LJLQJHQ�GLH�VLQGV������]LMQ�RSJHWUHGHQ�ZRUGHQ�LQ�GH]H�SDUDJUDDI�VDPHQJHYDW��

����� *HELHG�
+HW�RQGHU]RHNVJHELHG�RS�9OLHODQG�EHVWDDW�XLW�GH�9DOOHL�YDQ�KHW�9HHQ��)LJXXU�������HHQ�������
KD�JURRW�GXLQJHELHG�JURWHQGHHOV�JHOHJHQ�WXVVHQ�KHW�3DG�YDQ����HQ�KHW�3DG�YDQ�����HQ�GH�
RQEHJUDDVGH����KD�JURWH�&UDQEHUU\YDOOHL�WHQ�RRVWHQ�YDQ�KHW�3DG�YDQ�����+HW�JHELHG�EHVWDDW�
XLW�HHQ�DDQWDO�JURWH�GRRU�GXLQUXJJHQ�RPJHYHQ�YDOOHLHQ��=RZHO�ERGHP�DOV��JURQG�ZDWHU�LQ�GH�
YDOOHLHQ�]LMQ�]HHU�]ZDN�JHEXIIHUG�WRW�]XXU��HQ�GH�YHJHWDWLH�EHVWDDW�GDQ�RRN�YRRUQDPHOLMN�XLW�
QDWWH�HQ�GURJH�GXLQKHLGH��+�����HQ�+������HQ�YRRU�HHQ�NOHLQHU�GHHO�XLW�NDONDUPH�JULM]H�
GXLQHQ��+����%���

)LJXXU������/LJJLQJ�YDQ�KHW�EHJUD]LQJVJHELHG�LQ�GH�9DOOHL�YDQ�KHW�9HHQ��RUDQMH�RPOLMQG��HQ�

GH�RQEHJUDDVGH�&UDQEHUU\YDOOHL��URGH�VWLSSHOOLMQ��RS�9OLHODQG��

)LJXUH������%RXQGDU\�RI�VWXG\�DUHD�ZLWK�ORFDWLRQ�RI�JUD]HG�µ9DOOHL�YDQ�KHW�9HHQ¶��RUDQJH��DQG�XQJUD]HG�

µdUDQEHUU\YDOOHL¶RQ�WKH�LVODQG�RI�9OLHODQG��7KH�1HWKHUODQGV��
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����� 6WDWLVWLVFKH�RS]HW�%$&,�H[SHULPHQW�
%LM�KHW�RS]HWWHQ�YDQ�KHW�%$&,�H[SHULPHQW�]LMQ�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV�UDQGRP�
YHUGHHOG�RYHU�WZHH�W\SHQ��µYHUJUDVWH�YRFKWLJH�GXLQYDOOHLHQ¶�HQ�µLQWDFWH�YRFKWLJH�GXLQKHLGH¶����
GRRU�9DQ�:LQJHUGHQ�HW�DO��������DOV�WZHH�YHUVFKLOOHQGH�µYHJHWDWLHVWUDWD¶�DDQJHGXLG��,HGHUH�
SORW�KHHIW�HHQ�RSSHUYODN�YDQ����ELM����PHWHU��ZDDUYDQ�GH�EXLWHQVWH����PHWHU�DOV�EXIIHU]RQH�
IXQJHHUW�HQ�GH�ELQQHQVWH����ELM����PHWHU�DOV�RQGHU]RHNSORW��]LH����������+HW�GRHO�YDQ�KHW�
RQGHU]RHN�ZDV�RP�LQ�KHW�VWUDWXP�µYHUJUDVWH�YRFKWLJH�GXLQYDOOHLHQ¶�WH�RQGHU]RHNHQ�RI�GH�
EHRRJGH�GRHOHQ�YDQ�EHJUD]LQJ�ZRUGHQ�JHKDDOG��WHJHQJDDQ�YHUJUDVVLQJ�HQ�VWUXZHHORSVODJ��
PHHU�YDULDWLH�LQ�YHJHWDWLHVDPHQVWHOOLQJ�HQ��VWUXFWXXU�HQ�HHQ�KRJHUH�ELRGLYHUVLWHLW�YRRU�
IDXQD��9RRU�KHW�VWUDWXP�µLQWDFWH�YRFKWLJH�GXLQKHLGH¶�ZHUG�JHYUHHVG�YRRU�QHJDWLHYH�HIIHFWHQ�
RS�YHJHWDWLH�HQ�IDXQD�DOV�JHYROJ�YDQ�EHJUD]LQJ��KLHU�ZDV�KHW�GRHO�RP�QD�WH�JDDQ�RI�GH]H�
QHJDWLHYH�HIIHFWHQ�RRN�GDDGZHUNHOLMN�RSWUHGHQ��9DQ�:LQJHUGHQ�HW�DO���������2PGDW�KHW�
VWUDWXP�µYHUJUDVWH�YRFKWLJH�GXLQYDOOHLHQ¶�HHQ�YHHO�JURWHU�RSSHUYODN�EHVWUHHN�GDQ�µLQWDFWH�
YRFKWLJH�GXLQKHLGH
�LV�HU�YRRU�JHNR]HQ�RP�LQ�GH�YHUJUDVWH�YHJHWDWLHV����DVHOHFWH�SORWV�WH�
LQVWDOHUHQ��ZDDUYDQ�HU����LQ�EHJUD]LQJ�ZHUGHQ�JHQRPHQ�HQ����RQEHJUDDVG�EOHYHQ��9RRU�GH�
LQWDFWH�KHLGH�ZHUGHQ���DVHOHFW�JHNR]HQ�SORWV�JHwQVWDOOHHUG��ZDDUYDQ�HU���LQ�EHJUD]LQJ�
ZHUGHQ�JHQRPHQ�HQ���RQEHJUDDVG�EHOHYHQ��,Q�WRWDDO�EHWURI�KHW�GXV����SORWV�GLH�YHUVSUHLG�LQ�
KHW�JHELHG�OLJJHQ��)LJXXU�����HQ�7DEHO��������

)LJXXU������/LJJLQJ�YDQ�GH�EHJUDDVGH��HQNHOH�YLHUNDQWHQ��HQ�RQEHJUDDVGH��GXEEHOH�
YLHUNDQWHQ��RQGHU]RHNSORWV�LQ�GH�9DOOHL�YDQ�KHW�9HHQ�HQ�GH�DDQJUHQ]HQGH�&UDQEHUU\YDOOHL��
1XPPHULQJ��EHJUDDVGH��������HQ�RQEHJUDDVGH��������YHUJUDVWH�GXLQYDOOHLHQ��EHJUDDVGH�
��������HQ�RQEHJUDDVGH���������LQWDFWH�YRFKWLJH�GXLQKHLGH��DIEHHOGLQJ�XLW�9DQ�:LQJHUGHQ��
HW�DO���������'H�RQEHJUDDVGH�SORWV�����LQ�GH�&UDQEHUU\YDOOHL��UHFKWVERYHQ��HQ�GH�EHJUDDVGH�
SORW�����OLQNVPLGGHQ��]LMQ�GRRU�EHKHHUPDDWUHJHOHQ�YHUORUHQ�JHJDDQ��

)LJXUH������/RFDWLRQ�RI�JUD]HG�SORWV��VLQJOH�VTXDUHV��DQG�XQJUD]HG�SORWV��H[FORVXUHV��GRXEOH�VTXDUHV��LQ�

WKH�9DOOHL�YDQ�KHW�9HHQ�DQG�DGMDFHQW�&UDQEHUU\YDOOHL��3ORWV������JUD]HG�DQG������XQJUD]HG�SORWV�LQ�

HQFURDFKHG�PRLVW�GXQH�YDOOH\V��������JUD]HG�DQG�������XQJUD]HG�LQ�LQWDFW�PRLVW�GXQH�KHDWKODQG��IURP�

9DQ�:LQJHUGHQ�HW�DO���������3ORWV�����DQG����DUH�ORVW�IRU�WKH�H[SHULPHQW�GXH�WR�RWKHU�GXQH�

PDQDJHPHQW��
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=RZHO�RP�ORJLVWLHNH�UHGHQHQ�HQ�RPGDW����H[FORVXUHV�LQ�KHW�EHJUDDVGH�JHELHG�WH�YHHO�YDQ�KHW�
QDWXXUOLMNH�NDUDNWHU�YDQ�EHJUD]LQJ�]RXGHQ�NXQQHQ�YHUVWRUHQ��LV�HU�YRRU�JHNR]HQ�RP���
RQEHJUDDVGH�SORWV�LQ�GH�QLHW�EHJUDDVGH�QDDVWJHOHJHQ�&UDQEHUU\YDOOHL�WH�LQVWDOOHUHQ��DOOHQ�LQ�
KHW�VWUDWXP�µYHUJUDVWH�YRFKWLJH�GXLQYDOOHL¶��HQ�YRRU�GH�RYHULJH���RQEHJUDDVGH�SORWV�
H[FORVXUHV�WH�SODDWVHQ�LQ�GH�9DOOHL�YDQ�KHW�9HHQ��

7DEHO������2YHU]LFKW�YDQ�GH�EHJUDDVGH�HQ�RQEHJUDDVGH��H[FORVXUH��RQGHU]RHNSORWV�LQ�GH�
9DOOHL�YDQ�KHW�9HHQ�HQ�RQEHJUDDVGH�SORWV�LQ�GH�&UDQEHUU\YDOOHL��EXLWHQ�UDVWHU��LQ�KHW�VWUDWXP�
µLQWDFWH�YRFKWLJH�GXLQKHLGH¶�HQ�µYHUJUDVWH�GXLQYDOOHL¶��%LM�GH�VWDWXV�LV�DDQJHJHYHQ�ZHONH�SORWV�
]LMQ�YHUGZHQHQ�DOV�JHYROJ�YDQ�EHKHHULQJUHSHQ������ZHONH�EHVFKDGLJG�]LMQ�JHUDDNW�HQ�ZHHU�
JHUHSDUHHUG��UHS���HQ�RI�HU�WLMGHOLMN�LQYORHG�LV�JHZHHVW�YDQ�YHH���� �GXLGHOLMNH�LQYORHG������LV�
NOHLQH�LQYORHG���9DQDI������]LMQ�DOOH�H[FORVXUHV�JHUHSDUHHUG�HQ�YHUVWHYLJG��

7DEOH������6WDWXV�RI�DO�JUD]HG�DQG�XQJUD]HG�SORWV��H[FORVXUHV��LQ�WKH�9DOOHL�YDQ�KHW�9HHQ�DQG�DGMDFHQW�

&UDQEHUU\YDOOHL�LQ�HQFURDFKHG�PRLVW�GXQH�YDOOH\V��GXLQYDOOHL��DQG�LQWDFW�PRLVW�GXQH�KHDWKODQG�

�GXLQKHLGH��LQ�DOO�VDPSOLQJ�\HDUV��6WDWXV�LV�JRRG��LQWDFW���OLJKWO\�GDPDJHG��UHGHOLMN�PDWLJ���VHYHUHO\�

GDPDJHG��NDSRW��RU�UHSDLUHG��UHS���6WURQJ�����RU�PHGLDWH�������LQIOXHQFH�RI�6RD\�VKHHS��VFKDDS��DQG�

+LJKODQG�FDWWOH��UXQG��DUH�JLYHQ�IRU�XQJUD]HG�SORWV�ZKLFK�ZHUH�QRW�LQWDFW��

VWDWXV LQYORHG
SORW VWUDWXP EHJUD]LQJ ���� ���� ���� ���� VFKDDS UXQG
�� GXLQKHLGH EHJUDDVG LQWDFW LQWDFW LQWDFW LQWDFW
�� GXLQKHLGH EHJUDDVG LQWDFW LQWDFW LQWDFW LQWDFW
�� GXLQKHLGH EHJUDDVG LQWDFW LQWDFW LQWDFW LQWDFW
�� GXLQKHLGH EHJUDDVG LQWDFW LQWDFW LQWDFW LQWDFW
�� GXLQKHLGH H[FORVXUH LQWDFW LQWDFW UHGHOLMN UHS� ��� �
�� GXLQKHLGH H[FORVXUH LQWDFW LQWDFW LQWDFW LQWDFW � �
�� GXLQKHLGH H[FORVXUH LQWDFW LQWDFW UHS� LQWDFW � �
�� GXLQKHLGH H[FORVXUH LQWDFW LQWDFW UHS� LQWDFW � �
�� GXLQYDOOHL EHJUDDVG LQWDFW LQWDFW NDSRW UHS�
�� GXLQYDOOHL EHJUDDVG LQWDFW LQWDFW NDSRW UHS�
� GXLQYDOOHL EHJUDDVG LQWDFW LQWDFW LQWDFW LQWDFW
�� GXLQYDOOHL EHJUDDVG LQWDFW � � �
� GXLQYDOOHL EHJUDDVG LQWDFW LQWDFW LQWDFW LQWDFW
�� GXLQYDOOHL EHJUDDVG LQWDFW LQWDFW LQWDFW LQWDFW
�� GXLQYDOOHL EHJUDDVG LQWDFW LQWDFW LQWDFW LQWDFW
�� GXLQYDOOHL EHJUDDVG LQWDFW LQWDFW LQWDFW LQWDFW
�� GXLQYDOOHL EHJUDDVG LQWDFW LQWDFW LQWDFW LQWDFW
� GXLQYDOOHL EHJUDDVG LQWDFW LQWDFW LQWDFW LQWDFW
� GXLQYDOOHL EXLWHQ�UDVWHU LQWDFW LQWDFW LQWDFW LQWDFW � �
� GXLQYDOOHL EXLWHQ�UDVWHU LQWDFW � � � � �
� GXLQYDOOHL EXLWHQ�UDVWHU LQWDFW � � � � �
� GXLQYDOOHL EXLWHQ�UDVWHU LQWDFW � � � � �
� GXLQYDOOHL EXLWHQ�UDVWHU LQWDFW � � � � �
� GXLQYDOOHL H[FORVXUH LQWDFW LQWDFW UHS� LQWDFW � �
�� GXLQYDOOHL H[FORVXUH LQWDFW LQWDFW PDWLJ UHS� ��� �
�� GXLQYDOOHL H[FORVXUH LQWDFW LQWDFW PDWLJ UHS� ��� �
�� GXLQYDOOHL H[FORVXUH LQWDFW LQWDFW PDWLJ UHS� ��� �
�� GXLQYDOOHL H[FORVXUH LQWDFW LQWDFW NDSRW UHS� � ���
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����� %HJUD]LQJ�HQ�RYHULJH�EHKHHUPDDWUHJHOHQ�
'H�EHJUD]LQJ�LQ�GH�9DOOHL�YDQ�KHW�9HHQ�ZRUGW�DO�YDQDI������XLWJHYRHUG�PHW�6FKRWVH�
+RRJODQGHUV�HQ�6RD\�VFKDSHQ��'H�EH]HWWLQJ�YDQ�GH]H�WZHH�VRRUWHQ�JUD]HUV�LV�LQ�GH�ORRS�GHU�
MDUHQ�YHUDQGHUG�DOV�JHYROJ�YDQ�QDWXXUOLMNH�VWHUIWH��ELMSODDWVLQJHQ��YRRUWSODQWLQJ��6RD\�
VFKDSHQ�QD�������HQ�ZHJYDQJHQ��6RD\�VFKDSHQ�QD��������'H�UXZH�JHJHYHQV�SHU�MDDU�VWDDQ�
LQ�WDEHO������'H�JHPLGGHOGH�YHHEH]HWWLQJ�LV�EHUHNHQG�DOV�DDQWDO�*URRWYHH�(HQKHGHQ��*9(��
SHU�KHFWDUH�SHU�MDDU��'H�YHHEH]HWWLQJ�LV�QLHW�GH�GDDGZHUNHOLMNH�JUDDVGUXN���GH]H�ZRUGW�
EHUHNHQG�DOV�GH�YHUKRXGLQJ�WXVVHQ�FRQVXPSWLH�HQ�JURHL�YDQ�ELRPDVVD�SHU�WLMGVHHQKHLG��$OOHQ�
HW�DO���������EHLGH�IDFWRUHQ�]LMQ�YRRU�GH�9DOOHL�YDQ�KHW�9HHQ�QLHW�JHPHWHQ����PDDU�NDQ�ZHO�
DOV�LQGLFDWLH�GLHQHQ�YRRU�YHUVFKLOOHQ�LQ�JUDDVGUXN�WXVVHQ�MDUHQ�HQ�WXVVHQ�GURJH�HQ�YRFKWLJH�
WHUUHLQGHOHQ��%LM�GH�EHUHNHQLQJ�YDQ�YHHEH]HWWLQJ�LV�JHUHNHQG�PHW�����*9(�YRRU�6FKRWVH�
KRRJODQGHUV�HQ�����*9(�YRRU�6RD\�VFKDSHQ��FRQIRUP�QLHW�PHONJHYHQGH�UXQGHUHQ�HQ�
VFKDSHQ��(XURVWDW��������

'H�JHPLGGHOGH�YHHEH]HWWLQJ�YDULHHUGH�YRRU�KHW�JHKHOH�EHJUD]LQJVJHELHG�WXVVHQ�������
*9(�KD�MDDU�LQ�GH�EHJLQSHULRGH��������*9(�KD�MDDU�WXVVHQ�����������HQ�HHQ�PD[LPXP�YDQ�
������LQ�������$DQJH]LHQ�6RD\�VFKDSHQ�UHODWLHI�YHHO�LQ�GURJH�GHOHQ�YDQ�KHW�GXLQ�JUD]HQ�HQ�
6FKRWVH�KRRJODQGHUV�MXLVW�YHHO�LQ�GH�QDWWH�YDOOHLHQ��ZDDUQHPLQJ�LQ�9DQ�:LQJHUGHQ�HW�DO�
������JHHQ�H[DFWH�JHJHYHQV�RS�EDVLV�YDQ�REVHUYDWLHV�YRRUKDQGHQ��YDULHHUGH�GH�
YHHEH]HWWLQJ�LQ�GH]H�KDELWDWV�YHUVFKLOOHQG��)LJXXU�������0HW�GH�DDQQDPH�GDW�UXQGHUHQ�����
YDQ�GH�WLMG�LQ�GH�YDOOHLHQ�JUD]HQ�HQ�VFKDSHQ�����YDQ�GH�WLMG�LQ�GURJH�GHOHQ��LV�GH�EH]HWWLQJ�
LQ�YRFKWLJH�YDOOHLHQ�LQ�KHW�EHJLQ�KRJHU�JHZHHVW�GDQ�LQ�GURJH�GXLQHQ��������YV��������
*9(�KD�MDDU���PDDU�GRRU�QDWXXUOLMNH�VWHUIWH�YDQ�6FKRWVH�KRRJODQGHUV�HQ�YRRUDO�GH�VWHUNH�
XLWEUHLGLQJ�YDQ�6RD\�VFKDSHQ�QD������LV�GLW�SDWURRQ�RPJHGUDDLG��'H�EH]HWWLQJ�LQ�YDOOHLHQ�LV�
HHUVW�OLFKW�WRHJHQRPHQ�WRW�HHQ�PD[LPXP�YDQ�������*9(�KD�MDDU�RP�GDDUQD�ZHHU�WH�GDOHQ�
QDDU������*9(�KD�MU��PDDU�LQ�GURJH�GXLQHQ�QDP�GLW�XLWHLQGHOLMN�WRH�WRW�������*9(�KD�MDDU��
'H�JHPLGGHOGH�YHHEH]HWWLQJ�LQ�1HGHUODQGVH�GXLQHQ�LV�RPJHUHNHQG�QDDU�(XURVWDW�/LYHVWRFN�
8QLWV������������*9(�KD�MU��SHULRGH������������1LMVVHQ�HW�DO����������+LHUPHH�YHUJHOHNHQ�
LV�GH�YHHEH]HWWLQJ�LQ�GH�9DOOHL�YDQ�KHW�9HHQ�WRW�RQJHYHHU������]HHU�ODDJ�WH�QRHPHQ��WXVVHQ�
�����HQ������ODDJ�HQ�WXVVHQ�����������WLMGHOLMN�RSJHORSHQ�WRW�JHPLGGHOG�LQ�YRFKWLJH�
YDOOHLHQ�HQ�KRRJ�LQ�GURJH�GXLQHQ��

1DDVW�EHJUD]LQJ�]LMQ�HU�LQ�GH�9DOOHL�YDQ�KHW�9HHQ�HQ�GH�QDDVWJHOHJHQ�RQEHJUDDVGH�
&UDQEHUU\YDOOHL�RRN�DQGHUH�EHKHHUPDDWUHJHOHQ�XLWJHYRHUG��,Q������]LMQ�GULQNSODVVHQ�ODQJV�
KHW�SDG�YDQ����YHUSODDWVW��ZDDUGRRU�JUDDVSDWURQHQ�]LMQ�YHUDQGHUG��'DDUQDDVW�LV�LQ������HHQ�
JURRW�GHHO�YDQ�GH�YHUUXLJGH�&UDQEHUU\YDOOHL�JHFKRSSHUG��ZDDUELM�RQEHJUDDVGH�SORWV���W�P���
]LMQ�YHUGZHQHQ��,Q�KHW]HOIGH�MDDU�LV�LQ�GH�9DOOHL�YDQ�KHW�9HHQ�JHFKRSSHUG�WHQ�]XLGRRVWHQ�YDQ�
SORWV�������HQ�LV�KLHU�HHQ�NUDDO�JHSODDWVW�YRRU�KHW�YDQJHQ�YDQ�YHH��ZDDUGRRU�GH�EHJUDDVGH�
SORW����YHUYLHO��'H]H�YDQJNUDDO�LV�QD������YHUJURRW�ULFKWLQJ�KHW�QRRUGHQ�RP�GH�RYHUWDOOLJH�
6RD\�VFKDSHQ�WH�YDQJHQ��ZDDUELM�SORWV����HQ����JHUDDNW�ZHUGHQ��'H]H�SORWV�NRQGHQ�QRJ�ZHO�
ZRUGHQ�PHHJHQRPHQ�LQ�KHW�RQGHU]RHN��PDDU�GH�EHWUHGLQJVGUXN�LV�GDDU�UHODWLHI�VWHUNHU�
WRHJHQRPHQ�WHQ�RS]LFKWH�YDQ�DQGHUH�SORWV��9DQ�HQNHOH�H[FORVXUHV�]LMQ�GH�RPKHLQLQJHQ�LQ�GH�
ORRS�GHU�WLMG�EHVFKDGLJG�HQ�ZHHU�RSJHNQDSW��ZDDUELM�HU�LQ�GH�WXVVHQOLJJHQGH�SHULRGH�VRPV�
NRUW�WRHJDQJ�LV�JHZHHVW�YRRU�6RD\�VFKDSHQ��,Q�SORW���HQ�LQ�PLQGHUH�PDWH�SORW����]LMQ�RRN�
KRRJODQGHUV�ELQQHQJHGURQJHQ��,Q�7DEHO�����]LMQ�GH�FRQVHTXHQWLHV�YDQ�GH]H�EHKHHULQJUHSHQ�
YRRU�GH�YHUVFKLOOHQGH�RQGHU]RHNSORWV�ZHHUJHJHYHQ��
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7DEHO������9HUDQGHULQJHQ�LQ�YHHEH]HWWLQJ�YDQ�6FKRWVH�+RRJODQGHUV�HQ�6RD\�VFKDSHQ�HQ�
JHPLGGHOGH�YHHEH]HWWLQJ�LQ�GH�9DOOHL�YDQ�KHW�9HHQ��EHUHNHQG�LQ�*URRWYHH�(HQKHLG�
�*9(��KD�MDDU��JHEDVHHUG�RS�KRRJODQGHU� �����*9(�HQ�6RD\�VFKDDS� �����*9(��FRQIRUP�
(XURVWDW��������

'H�EHUHNHQGH�EH]HWWLQJ�LV�QLHW�GH�H[DFWH�JUDDVGUXN�LQ�KHW�YHOG��GH]H�YDULHHUW�RRN�ELQQHQ�
MDUHQ�HQ�ELQQHQ�KHW�JHELHG���PDDU�NDQ�DOV�LQGLFDWLH�ZRUGHQ�JHEUXLNW�RP�MDUHQ�HQ�JHELHGHQ�
PHW�HONDDU�WH�YHUJHOLMNHQ��

*HWDOOHQ�]LMQ�JHEDVHHUG�RS�WHOOLQJHQ�YDQ�6WDDWVERVEHKHHU�9OLHODQG��YRRU�6RD\�VFKDSHQ�
RQWEUHNHQ�WHOJHJHYHQV�WXVVHQ������������KLHUYRRU�LV�HHQ�VFKDWWLQJ�JHPDDNW��FXUVLHYH�
JHWDOOHQ���

7DEOH������&KDQJHV�LQ�VWRFNLQJ�GHQVLW\�RI�+LJKODQG�FDWWOH�DQG�6RD\�VKHHS�DQG�DYHUDJH�VWRFNLQJ�GHQVLW\�

LQ�WKH�9DOOHL�YDQ�KHW�9HHQ��FDOFXODWHG�LQ�/LYHVWRFN�8QLW��/68��KD�\HDU��EDVHG�RQ�KLJKODQGHU� �����/68�

DQG�6RD\�VKHHS� �����/68��LQ�DFFRUGDQFH�ZLWK�(XURVWDW��������

7KH�FDOFXODWHG�RFFXSDQF\�LV�QRW�WKH�JUD]LQJ�SUHVVXUH�LQ�WKH�ILHOG��ZKLFK�YDULHV�ZLWKLQ�\HDUV�DQG�ZLWKLQ�

WKH�DUHD���EXW�FDQ�EH�XVHG�DV�DQ�LQGLFDWLRQ�WR�FRPSDUH�JUD]LQJ�SUHVVXUH�EHWZHHQ�\HDUV�DQG�RWKHU�DUHDV��

1XPEHUV�DUH�EDVHG�RQ�FRXQWV�E\�6WDDWVERVEHKHHU�9OLHODQG��FRXQW�GDWD�IRU�6RD\�VKHHS�DUH�PLVVLQJ�

EHWZHHQ������������DQ�HVWLPDWH�KDV�EHHQ�PDGH�IRU�WKLV��LWDOLF�QXPEHUV���

-DDU� 6FKRWVH�KRRJODQGHU� 6RD\�VFKDDS� JHPLGGHOGH�EH]HWWLQJ�
�*9(�KD�MU��

����� ��� ��� �����
����� ��� ��� �����
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����� �� ��� �����
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)LJXXU������9HUDQGHULQJHQ�LQ�YHHEH]HWWLQJ�LQ�YRFKWLJH�YDOOHLHQ�HQ�GURJH�WHUUHLQGHOHQ�LQ�GH�
9DOOHL�YDQ�KHW�9HHQ��JHVFKDW�RS�EDVLV�YDQ�HHQ�JHOLMNH�YHUKRXGLQJ�LQ�RSSHUYODNWH�YDQ�GH]H�
W\SHQ�LQ�KHW�WHUUHLQ��EHLGH�������KD��HQ�GH�LQVFKDWWLQJ�GDW�UXQGHUHQ�����YDQ�GH�WLMG�LQ�
YDOOHLHQ�GRRUEUHQJHQ�HQ�����LQ�GURJH�GHOHQ��HQ�6RD\�VFKDSHQ�����YDQ�GH�WLMG�LQ�GURJH�
GHOHQ�HQ�VOHFKWV�����LQ�YDOOHLHQ��9RRU�YHUDQGHULQJHQ�LQ�YHHEH]HWWLQJ�]LH�WDEHO������

)LJXUH�����&KDQJHV�LQ�VWRFNLQJ�GHQVLW\�LQ�PRLVW�GXQH�YDOOH\V�DQG�GU\�GXQHV�LQ�WKH�9DOOHL�YDQ�KHW�9HHQ��

DVVXPLQJ�DQ�HTXDO�GLVWULEXWLRQ�RI�WKHVH�W\SHV�LQ�WKH�DUHD��ERWK�������KD��DQG�WKH�HVWLPDWH�WKDW�FDWWOH�

OLYH�����RI�WKH�WLPH�LQ�YDOOH\V�DQG�����LQ�GU\�GXQHV��DQG�6RD\�VKHHS�����RI�WKH�WLPH�LQ�GU\�GXQHV�DQG�

RQO\�����LQ�YDOOH\V��)RU�FKDQJHV�LQ�VWRFNLQJ�GHQVLW\��VHH�7DEOH������

��� ,QGHOLQJ�RQGHU]RHNSORWV�

����� 3ODWWHJURQG�RQGHU]RHNSORWV�
$OOH�SORWV�±�EHJUDDVGH�HQ�RQEHJUDDVG���KHEEHQ�GH]HOIGH�RSERXZ�PHW�HHQ�RPWUHN�YDQ���[���
PHWHU��ZDDUELM�GH�EXLWHQVWH����PHWHU�HHQ�EXIIHU�YRUPW�HQ�LQ�HHQ�YLHUNDQW�YDQ���[���PHWHU�
GH�PHWLQJHQ�ZRUGHQ�XLWJHYRHUG��)LJXXU�������%LM�GH�H[FORVXUHV�YRUPW�KHW�EXLWHQUDVWHU�HHQ�
UHIHUHQWLH�YRRU�GH�LQGHOLQJ��ELM�GH�EHJUDDVGH�SORWV�]LMQ�ELM�GH�VWDUW�KRHNSDOHQ����HQ����
JHSODDWVW��'H]H�PLVVHQ�VLQGV������YULMZHO�RYHUDO��ZDDUGRRU�KHW�RSQLHXZ�LQPHWHQ�YDQ�GH�
SORWV�KLHU�SODDWVYRQG�RS�EDVLV�YDQ�GH�JRHG�JHPDUNHHUGH�YHJHWDWLH�34¶V��QUV���HQ���LQ�ILJXXU�
������7LMGHQV�KHW�YHOGZHUN�]LMQ�ODQJV�GH�EXLWHQUDQGHQ�HQ�ODQJV�GH���PHWHU�UDDL�PHHWOLQWHQ�
JHSODDWVW�RP�GH�VWUXZHHORSVODJ�HQ�YHHVSRUHQ�RS�VFKDDO�LQ�WH�NXQQHQ�WHNHQHQ��
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8LWYHUJURWLQJ�34¶V��QU����HQ���LQ�SORW��

�� �KRHNSDDO�PHW�SORWQXPPHU�

�� �WZHHGH�KRHNSDDO�YRRU�EDVLVOLMQ�

�� �EXIIHUUXLPWH�URQGRP�PHHWSORW�

�� �PHHWSORW�

�� �3HUPDQHQW�NZDGUDDW��34����

�� �3HUPDQHQW�NZDGUDDW��34����

�� �UDDLHQ�ODQJV������HQ����PHWHUOLMQ�
�� �NRQLMQHQNHXWHOWHOOLQJHQ�ODQJV�UDDLHQ�
�� �NRQLMQHQNHXWHOWHOOLQJHQ�LQ�34¶V�
��� �KRHNSXQWHQ�34¶V�
��� �VSULQNKDDQWHOOLQJ��YHUYDOOHQ��
��� �SRWYDOOHQ���[��

)LJXXU������,QULFKWLQJ�YDQ�GH�RQGHU]RHNVSORWV�LQ�GH�9DOOHL�YDQ�KHW�9HHQ��RYHUJHQRPHQ�XLW�
9DQ�:LQJHUGHQ�HW�DO���������

)LJXUH������'HVLJQ�RI�UHVHDUFK�SORWV�LQ�WKH�9DOOHL�YDQ�KHW�9HHQ��WDNHQ�IURP�9DQ�:LQJHUGHQ�HW�DO���������

��� 9HJHWDWLHRSQDPHQ�LQ�SHUPDQHQWH�NZDGUDWHQ�

����� 9HJHWDWLHRSQDPHQ�
'H�YHJHWDWLHRQWZLNNHOLQJ�ELQQHQ�GH�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV�LV�JHPRQLWRUG�DDQ�GH�
KDQG�YDQ�SHUPDQHQWH�NZDGUDWHQ�YDQ���[���P�ELQQHQ��RRUVSURQNHOLMN�����SORWV��(U�]LMQ�
YHJHWDWLHRSQDPHV�JHPDDNW�ELM�GH�VWDUW�YDQ�KHW�H[SHULPHQW�LQ�������%LQQHQ�LHGHUH�34�]LMQ�
]RZHO�GH�YDDWSODQWVRRUWHQ�DOV��NRUVW�PRVVRRUWHQ�RS�QDDP�JHEUDFKW�HQ�KXQ�DEXQGDQWLH�LV�
JHVFKDW�YROJHQV�GH�PHWKRGH�YDQ�GH��H�%RVVWDWLVWLHN�PHW�HHQ���GHOLJH�PHHWVFKDDO���'H�
YHJHWDWLHRSQDPHQ�]LMQ�KHUKDDOG�LQ������������HQ�������*HGXUHQGH�GH�KHOH�
ZDDUQHPLQJVSHULRGH�YDQ����MDDU�]LMQ�LQ�WRWDDO�����YHJHWDWLHRSQDPHQ�JHPDDNW��'H]H�]LMQ�
RSJHVODJHQ�LQ�KHW�SURJUDPPD�7XUERYHJ��+HQQHNHQV�	�6FKDPLQHH��������0HW�KHW�
SURJUDPPD�$662&,$�LV�DDQ�HONH�YHJHWDWLHRSQDPH�HHQ�SODQWHQDVVRFLDWLH�WRHJHNHQG�YROJHQV�
GH�V\VWHPDWLHN�YDQ�GH�9HJHWDWLH�YDQ�1HGHUODQG��6FKDPLQpH�HW�DO���������

� 1HJHQGHOLJH�PHHWVFKDDO��H�%RVVWDWLVWLHN������� ��������� ������� �������� ��������� ���
������ ��������� ��������� ���������� ��
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����� $QDO\VH�YHJHWDWLHGDWD�

$DQWDO�VRRUWHQ�
9RRU�GH�WZHH�DI]RQGHUOLMNH�VWUDWD��YHUJUDVWH�GXLQYDOOHLHQ�HQ�YRFKWLJH�GXLQKHLGHQ��LV�
DOOHUHHUVW�JHNHNHQ�QDDU�KHW�HIIHFW�YDQ�EHJUD]LQJ�RS�KHW�JHPLGGHOGH�DDQWDO�VRRUWHQ�SHU�34�LQ�
GH�WLMGVSHULRGH�����������HQ�LV�HHQ�YHUJHOLMNLQJ�JHPDDNW�PHW�GH�RQWZLNNHOLQJHQ�LQ�GH�
RQEHJUDDVGH��RPUDVWHUGH�SORWV��9RRU�GH�WLMGUHHNVDQDO\VHV�]LMQ�DOOHHQ�SORWV�JHEUXLNW�ZDDUYDQ�
YRRU�DOOH�RSQDPHPRPHQWHQ��������������������������YHJHWDWLHRSQDPHQ�EHVFKLNEDDU�
ZDUHQ��1HJHQ�SORWV�YDQ�KHW�VWUDWXP�YHUJUDVWH�GXLQYDOOHLHQ�YLHOHQ�DI�RPGDW�GH�WLMGUHHNV�
LQFRPSOHHW�ZDV��1LMVVHQ�	�5HPNH��������

7DEHO������$DQWDO�SORWV�ELQQHQ�GH�YHJHWDWLH�VWUDWD��ZDDUPHH�WLMGUHHNVDQDO\VHV�]LMQ�
XLWJHYRHUG�

7DEOH������1XPEHU�RI�SORWV�ZLWKLQ�WKH�YHJHWDWLRQ�VWUDWD�µHQFURDFKHG�GXQH�YDOOH\V�µ�DQG�µLQWDFW�GXQH�
KHDWKODQG¶��ZLWK�ZKLFK�WLPH�VHULHV�DQDO\VHV�ZHUH�SHUIRUPHG��

6WUDWXP� ([FORVXUHV� %HJUDDVGH�SORWV�
9HUJUDVWH�YRFKWLJH�GXLQYDOOHLHQ� �� ��
,QWDFWH�YRFKWLJH�GXLQKHLGHQ� �� ��

'H�YHUVFKLOOHQ�LQ�KHW�DDQWDO�VRRUWHQ�SHU�SORW�]LMQ�VWDWLVWLVFK�JHWRHWVW�PHW�*/0��JHQHUDO�OLQHDU�
PRGHO���PHW�VWUDWXP��EHJUDDVG�RQEHJUDDVG��HQ�MDDU�DOV�YHUNODUHQGH�IDFWRUHQ�
�PRGHOWHUPHQ����

9HUUXLJLQJ�
9HUUXLJLQJ�LV�JHDQDO\VHHUG�DDQ�GH�KDQG�YDQ�GH�WRWDOH�EHGHNNLQJ�YDQ�HHQ�DDQWDO�
KRRJRSJDDQGH�VRRUWHQ�W�Z��GXLQULHW��&DODPDJURVWLV�HSLJHMRV���]DQG]HJJH��&DUH[�DUHQDULD���
KHOP��$PPRSKLOD�DUHQDULD��HQ�ULHW��3KUDJPLWHV�DXVWUDOLV����

9HUVWUXZHOLQJ�HQ�YHUERVVLQJ�
'H�EHODQJULMNVWH�KRXWLJH�VRRUWHQ�LQ�KHW�RQGHU]RHNVJHELHG�]LMQ�$PHULNDDQVH�YRJHONHUV�
�3UXQXV�VHURWLQD���]DFKWH�EHUN��%HWXOD�SXEHVFHQV���UXZH�EHUN��%HWXOD�SHQGXOD���]RPHUHLN�
�4XHUFXV�UREXU���JHZRQH�OLMVWHUEHV��6RUEXV�DXFXSDULD���]ZDUWH�GHQ��3LQXV�QLJUD��HQ�EUDDP�
�5XEXV�VSHF����$OOHHQ�$PHULNDDQVH�YRJHONHUV�NZDP�LQ�YROGRHQGH�PDWH�YRRU�RP�HYHQWXHOH�
YHUVFKLOOHQ�WXVVHQ�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV�WH�NXQQHQ�YDVWVWHOOHQ���

,QGLFDWLHZDDUGHQ�
9DQ�LHGHUH�RSQDPH�LV�RS�EDVLV�YDQ�GH�VRRUWHQVDPHQVWHOOLQJ�PHW�EHKXOS�YDQ�LQGLFDWLHJHWDOOHQ�
YDQ�(OOHQEHUJ�HHQ�JHPLGGHOGH�LQGLFDWLHZDDUGH�EHUHNHQG�YRRU�OLFKW��YRFKW��VWLNVWRI�HQ�
]XXUJUDDG��=R�NRQGHQ�YHUDQGHULQJHQ�LQ�GH�WLMG�ZRUGHQ�JHGXLG�LQ�WHUPHQ�YDQ�YHUDQGHULQJHQ�
LQ�DELRWLHN��

0XOWLYDULDWH�DQDO\VHV�
0HW�EHKXOS�YDQ�KHW�FOXVWHULQJVSURJUDPPD�7:,163$1�]LMQ�GH�RSQDPHQ�YDQ�DOOH�MDUHQ�
�Q �����JHDQDO\VHHUG�HQ�RSQDPHQ�PHW�HHQ�YHUJHOLMNEDUH�VRRUWHQVDPHQVWHOOLQJ�]LMQ�
JHFOXVWHUG�LQ�JURHSHQ��2S�EDVLV�GDDUYDQ�LV�HHQ�ORNDOH�W\SRORJLH�JHPDDNW���

9HUYROJHQV�]LMQ�PXOWLYDULDWH�DQDO\VHV�XLWJHYRHUG�PHW�KHW�SURJUDPPD�&$12&2�RP�GH�
YHJHWDWLHYHUDQGHULQJHQ�LQ�GH�WLMG�HQ�GH�YHUVFKLOOHQ�WXVVHQ�EHJUDDVGH�HQ�RQEHJUDDVGH�34¶V�WH�
GXLGHQ��'DW�EHWURI�GH�YROJHQGH�DQDO\VHV��

�� QXOPHWLQJ��RQEHJUDDVGH�YV��EHJUDDVGH�34¶V�������
�� HIIHFWPHWLQJ�QD����MDDU��RQEHJUDDVGH�YV��EHJUDDVGH�34¶V�������
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�� YHUDQGHULQJ�LQ�GH�WLMG�ELM�EHJUDDVGH�SORWV�������YHUVXV�������ZHONH�YHUDQGHULQJHQ�
]LMQ�HU�RSJHWUHGHQ�LQ�KHW�EHJUDDVGH�JHELHG�JHGXUHQGH�GH�SHULRGH�YDQ����MDDU"�
+LHUELM�]LMQ�(OOHQEHUJ�LQGLFDWLHZDDUGHQ�YRRU�YRFKW��S+�HQ�VWLNVWRI�JHEUXLNW�DOV�
µDELRWLVFKH�IDFWRUHQ¶�RP�GH�YHUDQGHULQJHQ�JRHG�WH�NXQQHQ�GXLGHQ���

�� YHUDQGHULQJ�LQ�GH�WLMG�LQ�DIZH]LJKHLG�YDQ�EHJUD]LQJ��RQEHJUDDVGH��34¶V�������YHUVXV�
������ZHONH�YHUDQGHULQJHQ�]LMQ�RSJHWUHGHQ�LQ�GH�RQEHJUDDVGH�34¶V�JHGXUHQGH�GH�
SHULRGH�YDQ����MDDU"�2RN�KLHUELM�]LMQ�(OOHQEHUJ�LQGLFDWLHZDDUGHQ�YRRU�YRFKW��S+�HQ�
VWLNVWRI�JHEUXLNW�DOV�µDELRWLVFKH�IDFWRUHQ¶�RP�GH�YHUDQGHULQJHQ�WH�NXQQHQ�GXLGHQ��

2S�GH]H�PDQLHU�NRQ�YRRU�]RZHO�YHUJUDVWH�GXLQYDOOHLHQ�DOV�YRRU�YRFKWLJH�GXLQKHLGHQ�HHQ�
LQGLFDWLH�ZRUGHQ�JHNUHJHQ�YDQ�DXWRQRPH�YHUDQGHULQJHQ�HQ�YDQ�GH�HIIHFWHQ�YDQ�EHJUD]LQJ�RS�
GH�RQWZLNNHOLQJ�YDQ�GH�YHJHWDWLH��

��� %HSDOLQJ�YHJHWDWLHVWUXFWXXU��EORHPDDQERG�HQ�
JUDDVDFWLYLWHLW�

9HJHWDWLHVWUXFWXXU�
'H�YHJHWDWLHVWUXFWXXU�LV�EHSDDOG�PHW�EHKXOS�YDQ�KRRJWHPHWLQJHQ�PHW�EHKXOS�YDQ�HHQ�
GURSGLVF�GLH�ODQJV�HHQ�DV�YDQDI�HHQ�KRRJWH�YDQ�����FP�ZHUG�ORVJHODWHQ��VFKLMI�GRRUVQHGH����
FP��JHZLFKW�����JU��FRQIRUP�GH�PHWLQJHQ�LQ������������HQ��������0HWLQJHQ�]LMQ�XLWJHYRHUG�
RS����UDQGRP�SXQWHQ�ODQJV�GULH�UDDLHQ�RS�GH��������HQ����PHWHU�OLMQ�YDQ�GH�SORW�
�DDQJHJHYHQ�PHW�QU����LQ�ILJXXU�������,QGLHQ�KHW�HHQ�PHWLQJ�DDQ�HHQ�ERRP�RI�VWUXLN�EHWURI�LV�
GLW�PHW�GH�EHWUHIIHQGH�VRRUW�JHQRWHHUG��]RGDW�PHWLQJHQ�DDQ�GH�NUXLGODDJ�HQ�VWUXLN�
�ERRPODDJ�DSDUW�JHDQDO\VHHUG�NXQQHQ�ZRUGHQ��

,QWHNHQHQ�ERRPRSVODJ��NDOH�SOHNNHQ�HQ�YHHVSRUHQ�
%RPHQ�HQ�VWUXLNHQ�]LMQ�LQ�KHW�YHOG�LQJHWHNHQG�RS�HHQ�YRRUDI�JHSULQWH�UHFHQWH�OXFKWIRWR��
+LHUELM�LV�YRRU�GH�SODDWVEHSDOLQJ�GH�SORW�LQ�KHW�YHOG�URQGRP�JHPDUNHHUG�PHW�ZLWWH�
PHHWOLQWHQ��9DQ�HONH�ERRP�RI�VWUXLN�LV�GH�VRRUW�HQ�GH�KRRJWH�JHQRWHHUG��2S�GH]HOIGH�PDQLHU�
]LMQ�RRN�NDOH�SOHNNHQ�HQ�JUDDVVSRUHQ��ORRSVSRUHQ�HQ�IHFDOLsQ��LQJHWHNHQG�HQ�JHWHOG���

7HOOLQJHQ�NRQLMQHQNHXWHOV�
.RQLMQHQNHXWHOV�]LMQ�JHWHOG�LQ�YLMI�VWURNHQ�YDQ����P���7ZHH�VWURNHQ�OLJJJHQ�LQ�HON�YDQ�GH�
WZHH�SHUPDQHQWH�YHJHWDWLH�34¶V��QU����LQ�ILJXXU�������GH�RYHULJH�GULH�VWURNHQ�OLJJHQ�RS�
UDQGRP�SODDWVHQ�ODQJV�GH��������HQ����PHWHU�OLMQ�YDQ�GH�SORWV��QU����LQ�ILJXXU�������

%ORHPDDQERG�
9RRU�GH�EHSDOLQJ�YDQ�KHW�EORHPDDQERG�LV�LQ�DOOH�SORWV�KHW�DDQWDO�EORHLHQGH�SODQWHQ�JHWHOG��
DOVRRN�KHW�DDQWDO�XLWJHEORHLGH�SODQWHQ��7HOOLQJHQ�]LMQ�XLWJHYRHUG�LQ�DXJXVWXV�������ZDDUGRRU�
GH�YRRUMDDUV��HQ�YURHJH�]RPHUEORHLHUV�JHPLVW�]LMQ��6RRUWHQ�PHW�HHQ�HQNHOYRXGLJH�EORHLZLM]H�
]LMQ�SHU�EORHP�JHWHOG��ELM�FRPSRVLHWHQ�LV�HON�EORHPKRRIG�DOV�HHQKHLG�JHQRPHQ��ELM�
�URO�NODYHUV�HQ�GRSKHLGH�LV�HON�µHLQGWURVMH¶�EORHPHQ�DOV�HHQKHLG�JHQRPHQ��ELM�VWUXLNKHLGH�HONH�
EORHLHQGH�VWHQJHO��:DDU�GRSKHLGH�HQ�VWUXLNKHLGH�LQ�KRJH�GLFKWKHGHQ�YRRUNRPHQ�LV�RS�EDVLV�
YDQ�HHQ�VWHHNSURHI�YDQ���PDDO��P��HHQ�VFKDWWLQJ�JHPDDNW�YDQ�KHW�WRWDDO�DDQWDO�EORHLHQGH�
SODQWHQ��

��� 0HWLQJHQ�DDQ�PLFURNOLPDDW�HQ�ERGHPRSERXZ�

0LFURNOLPDDW�
+HW�PLFURNOLPDDW�YDQ�GH�SORWV�LQ�YHUJUDVWH�YDOOHLHQ�HQ�GXLQKHLGHQ�LV�EHSDDOG�PHW�HHQ�
ZDUPWHFDPHUD��W\SH�7HVWR�������,Q�HON�SURHIYODN�]LMQ����IRWR¶V�JHPDDNW�PHW�WHONHQV�������
WHPSHUDWXXU�PHWLQJHQ������&��QDXZNHXULJ��RS�������P��RSSHUYODN��$OOH�IRWR¶V�]LMQ�RS�ppQ�
RQEHZRONWH�GDJ�JHPDDNW�WXVVHQ�������HQ��������$OOH�IRWR¶V�]LMQ�JHQRPHQ�YDQDI���PHWHU�
KRRJWH�PHW�GH�OHQV�SDUDOOHO�DDQ�GH�KHOOLQJVKRHN�YDQ�KHW�WHUUHLQ��'H�RSSHUYODNWH�YDQ�HONH�IRWR�
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EHGUDDJW�����P��GDW�QHHUNRPW�RS������[������������PHHWSXQWHQ�YDQ�����FP��SHU�IRWR��'H�
GDWD�YDQ�GH�IRWR¶V�]LMQ�XLWJHOH]HQ�YLD�GH�7HVWR�VRIWZDUH�HQ�RPJH]HW�LQ�WHNVW��W[W��EHVWDQGHQ��
+HW�DDQWDO�IRWR¶V�ZDV�WH�JHULQJ�HQ�GH�SHULRGH�ZDDUELQQHQ�]H�JHQRPHQ�]LMQ�RP�HHQ�FRUUHFWLH�
XLW�WH�YRHUHQ�RS�GDJ��WLMGVWLS�HQ�EXLWHQWHPSHUDWXXU��(U�LV�GDDURP�JHNR]HQ�RP�DOOHHQ�
EHJUDDVGH�SORWV�HQ�H[FORVXUHV�GLH�LQ�KHW]HOIGH�WLMGYDN�RS�GH]HOIGH�GDJ�]LMQ�JHIRWRJUDIHHUG�
PHW�HONDDU�WH�YHUJHOLMNHQ��

%RGHPRSERXZ�HQ�ERGHPFRPSDFWLH��
'H�ERGHPRSERXZ�LV�EHSDDOG�GRRU����PDDO�SHU�SORW�PHW�HHQ�JXWV�GH�ERYHQVWH����FP�YDQ�GH�
ERGHP��LQFOXVLHI�VWURRLVHOODDJ��WH�VWHNHQ��WZHHPDDO�LQ�HONH�YDVWH�YHJHWDWLH�34�HQ�]HV�PDDO�
UDQGRP�LQ�GH�UHVW�YDQ�GH�SORW��+LHUELM�LV�GH�ERYHQNDQW�YDQ�GH�VWURRLVHOODDJ�DOV�µQXO¶�JHQRPHQ�
HQ�LV�YDQ�VWURRLVHO���KXPXV��HQ�LQVSRHO��HQ�PLQHUDOH�ODDJ�GH�GLNWH�JHPHWHQ��
'H�ERGHPFRPSDFWLH�LV�RS�GH]HOIGH�SOHNNHQ�DOV�YRRU�GH�ERGHPRSERXZ�JHPHWHQ�PHW�EHKXOS�
YDQ�HHQ�KDQGSHQHWURPHWHU��(LMNHONDPS���ZDDUELM�GH�PD[LPDOH�NUDFKW�GLH�QRGLJ�LV�RP�GH�
SXQW�GRRU�GH�ERGHP�WH�GUXNNHQ�LV�JHQRWHHUG�YRRU�GH�ERGHPODJHQ������FP��������FP�HQ����
���FP��

��� %HPRQVWHULQJ�HQ�DQDO\VH�IDXQD�
2SSHUYODNWH�DFWLHYH�RQJHZHUYHOGH�IDXQD�LV�EHPRQVWHUG�PHW�EHKXOS�YDQ�SRWYDOOHQ�YDQ����FP�
GRRUVQHGH��JHYXOG�PHW����IRUPDOLQH�RSORVVLQJ�HQ�PHW�HHQ�GDNMH�RS�����FP�ERYHQ�
PDDLYHOG��,Q�HONH�SORW�]LMQ���SRWYDOOHQ�JHSODDWVW�LQ�HHQ�YDVW�SDWURRQ��FRQIRUP�������
����������HQ�������]LH�ILJXXU�������'H�SRWYDOOHQ�KHEEHQ�WZHH�SHULRGHV�YDQ�WZHH�ZHNHQ�
RSHQ�JHVWDDQ��PHW�HHQ�]RPHUURQGH�YDQ����MXOL�W�P���DXJXVWXV�HQ�HHQ�QDMDDUVURQGH�YDQ����
VHSWHPEHU�W�P����RNWREHU��1D�KHW�OHJHQ�]LMQ�DOOH�YDQJVWHQ�RYHUJH]HW�RS�����DOFRKRO���
$OOH�GLHUHQ�]LMQ�JHVRUWHHUG�RS�RUGH�QLYHDX�HQ�LQJHGHHOG�LQ�OHQJWHNODVVHQ����PP�����PP����
��PP��������PP��������PP�HQ�!���PP���9ROZDVVHQ�ORRSNHYHUV��&DUDELGDH��HQ�VSLQQHQ�
HQ�KRRLZDJHQV��$UDQHDH�HQ�2SLOLRQHV��]LMQ�WRW�RS�VRRUW�JHGHWHUPLQHHUG����
'H�JHJHYHQV�]LMQ�RSJHVODJHQ�HQ�YHUZHUNW�LQ�([FHO��*HJHYHQV�RS�VRRUWQLYHDX�]LMQ�RPJH]HW�
QDDU�NUXLVWDEHOOHQ��ZDDUQD�LQ�VWDWLVWLVFK�SURJUDPPD�5�GH�EHWDGLVSHUVLRQ�LV�EHUHNHQG�HQ�HHQ�
3ULQFLSDOH�FRPSRQHQWHQ�DQDO\VH��3&R$��HQ�'HWUHQGHG�FRUUHVSRQGHQFH�DQDO\VLV��'&$��]LMQ�
JHGUDDLG��2P�PHW�HHQ�YROGRHQGH�JURWH�VWHHNSURHI�WH�NXQQHQ�ZHUNHQ�]LMQ�DOOH�EHJUDDVGH�HQ�
DOOH�RQEHJUDDVGH�SORWV�ELM�HONDDU�JHQRPHQ��ZDDUELM�GH]H�QLHW�]LMQ�JHVSOLWVW�LQ�YHUVFKLOOHQGH�
YHJHWDWLHVWUDWD��
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�2QWZLNNHOLQJHQ�YDQ�GH�YHJHWDWLH�

��� 8LWJDQJVVLWXDWLH�YHJHWDWLH�

3ODQWHQJHPHHQVFKDSSHQ�
%LM�GH�VWDUW�YDQ�KHW�EHJUD]LQJVH[SHULPHQW�LQ������ZDUHQ�GH�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV�
JHOHJHQ�LQ�HHQ�QHJHQWDO�YHJHWDWLHW\SHQ��WDEHO��������

7DEHO������3ODQWHQDVVRFLDWLHV�GLH�LQ������YRRUNZDPHQ�ELQQHQ�GH�RQEHJUDDVGH�HQ�EHJUDDVGH�
34¶V�PHW�SHU�VWUDWXP�KHW�DDQWDO�34¶V�ZDDULQ�GH�DVVRFLDWLHV�YRRUNZDPHQ�YROJHQV�$662&,$�LQ�
V\QWD[D�YDQ�GH�9HJHWDWLH�YDQ�1HGHUODQG��

7DEOH������3ODQW�DVVRFLDWLRQV�RFFXUULQJ�LQ������ZLWKLQ�WKH�XQJUD]HG�DQG�JUD]HG�34V�ZLWK�SHU�VWUDWXP�
WKH�QXPEHU�RI�34V�LQ�ZKLFK�WKH�DVVRFLDWLRQV�RFFXUUHG�DFFRUGLQJ�WR�$662&,$�LQ�V\QWD[D�RI�WKH�9HJHWDWLRQ�
RI�WKH�1HWKHUODQGV��

&RGH� 6\QWD[RQ� :HWHQVFKDSSHOLMNH�QDDP� 9HUJUDVWH
GXLQYDOOHL

9RFKWLJH
GXLQKHLGHQ

��$%��� .UXLSZLOJ�.UDDLKHL�
DVVRFLDWLH�

6DOLFL�UHSHQWLV�(PSHWUHWXP� �� ��

��$$��% .UDDLKHL�HQ�*HZRQH�GRSKHL�
DVVRFLDWLH�

(PSHWUR�(ULFHWXP�
J\PQRFROHHWRVXP�

�� �

��$%��� =DQG]HJJH�HQ�.UDDLKHL�
DVVRFLDWLH�

&DULFL�DUHQDULDH�
(PSHWUHWXP�

� �

��$%��� (LNYDUHQ�HQ�.UDDLKHL�
DVVRFLDWLH�

3RO\SRGLR�(PSHWUHWXP� � �

��$%��� :LQWHUJURHQ�HQ�.UXLSZLOJ�
DVVRFLDWLH�

3\UROR�6DOLFHWXP� � �

��5*��� 5*�'URJH�GXLQJUDVODQGHQ� 5*�&DUH[�DUHQDULD�� � �
��5*��� 5*�'URJH�GXLQJUDVODQGHQ� 5*�'LFUDQXP�VFRSDULXP�� � �
��5*��� 5*�'URJH�GXLQJUDVODQGHQ� 5*�6DOL[�UHSHQV� � �
��$$��& .XVVHQWMHVPRV�'HQQHQERV� /HXFREU\R�3LQHWXP�

HPSHWUHWRVXP�
� �

�� ��

+HW�VWUDWXP�YHUJUDVWH�GXLQYDOOHL�RPYDWWH�LQ������PHHUGHUH�SODQWHQDVVRFLDWLHV�PHW�DOV�
EHODQJULMNVWH�GH�$VVRFLDWLH�YDQ�.UXLSZLOJ�HQ�.UDDLKHL�HQ�GH�$VVRFLDWLH�YDQ�.UDDLKHL�HQ�
*HZRQH�GRSKHL��'DDUQDDVW�NZDPHQ�HU�EHJURHLLQJHQ�YRRU�YDQ�YHUGURRJGH�GXLQYDOOHLHQ��+HW�
VWUDWXP�YRFKWLJH�GXLQKHLGHQ�EHVWRQG�YRRUQDPHOLMN�XLW�GH�$VVRFLDWLH�YDQ�.UXLSZLOJ�HQ�
.UDDLKHL���

+DELWDWW\SHQ�
'H�YHJHWDWLHW\SHQ���$%���W�P���$%���ZRUGHQ�JHUHNHQG�WRW�KHW�KDELWDWW\SH�+����%�
'XLQKHLGHQ�PHW�.UDDLKHL��GURJH�YDULDQW���9HJHWDWLHW\SH���$$��%�NZDOLILFHHUW�YRRU�
KDELWDWW\SH�+����&�9RFKWLJH�GXLQYDOOHL��RQWNDONW���PDDU�DOV�HU�NUDDLKHL�YRRUNRPW�GDQ�
NZDOLILFHHUW�KHW�LQ�GH�PHHVWH�JHYDOOHQ�DOV�+����$�'XLQKHLGHQ�PHW�.UDDLKHL��YRFKWLJ����

'H�34¶V�GLH�LQ������WRW�KHW�VWUDWXP�YHUJUDVWH�YRFKWLJH�GXLQYDOOHLHQ�ZHUGHQ�JHUHNHQG�ZDUHQ�
VOHFKWV�LQ�HQNHOH�JHYDOOHQ�KDELWDWW\SH�+����&�9RFKWLJH�GXLQYDOOHLHQ��NDONDUP���WH�ZHWHQ���
YDQ�GH�LQ�WRWDDO����34¶V��'H�PHHVWH�DQGHUH������ZDUHQ�+����%�'XLQKHLGHQ�PHW�.UDDLKHL�
�GURRJ��RI�+����$�'XLQKHLGHQ�PHW�.UDDLKHL��YRFKWLJ�����34���'DDUPHH�ZDV�HU�HHQ�YULM�JURWH�
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RYHUODS�WXVVHQ�EHLGH�VWUDWD�HQ�ZDV�LQ�KHW�PHUHQGHHO�YDQ�GH�JHYDOOHQ�VSUDNH�YDQ�GH�GURJH�
YDULDQW�YDQ�'XLQKHLGHQ�PHW�.UDDLKHL��+����%���=LH�YHUGHU�%LMODJH����

��� $DQWDO�VRRUWHQ�
,Q�DOOH�34¶V�VDPHQ�ZHUGHQ�RYHU�GH�SHULRGH�����������LQ�WRWDDO�����SODQWHQVRRUWHQ�
DDQJHWURIIHQ��WDEHO�������ZDDUYDQ�����NRUVW�PRV�VRRUWHQ�HQ����VRRUWHQ�YDDWSODQWHQ��

7DEHO������7RWDDO�DDQWDO�SODQWHQVRRUWHQ�GDW�LV�DDQJHWURIIHQ�LQ�GH�DI]RQGHUOLMNH�PHHWMDUHQ�LQ�
GH�RQEHJUDDVGH�HQ�EHJUDDVGH�34¶V��

7DEOH������7RWDO�QXPEHU�RI�SODQW�VSHFLHV�IRXQG�LQ�WKH�LQGLYLGXDO�\HDUV�RI�UHVHDUFK�LQ�WKH�XQJUD]HG�DQG�
JUD]HG�34V��

���� ���� ���� ����
2QEHJUDDVG� �� �� �� ��
%HJUDDVG� �� �� �� ��
7RWDDO� �� �� �� ��

+HW�WRWDDO�DDQWDO�VRRUWHQ�GDW�ZHUG�DDQJHWURIIHQ�LQ�GH�34¶V�QDP�WRH�LQ�GH�WLMG�WRW�������YRRUDO�
LQ�GH�EHJUDDVGH�34¶V��1D������QDP�KHW�ZHHU�HQLJV]LQV�DI��9RRU�GH�FRPSOHWH�VRRUWHQOLMVWHQ�
ZRUGW�YHUZH]HQ�QDDU�%LMODJH����

9HUDQGHULQJHQ�LQ�KHW�JHPLGGHOG�DDQWDO�SODQWHQVRRUWHQ�SHU�34�VWDDQ�ZHHUJHJHYHQ�LQ�ILJXXU�
�����,Q�GH�EHJUDDVGH�34¶V�LV�KHW�DDQWDO�SODQWHQVRRUWHQ�QD����MDDU�EHJUD]LQJ�VLJQLILFDQW�JURWHU�
GDQ�LQ�GH�RQEHJUDDVGH�34¶V��S����������(U�ZDV�JHHQ�VLJQLILFDQW�YHUVFKLO�WXVVHQ�GH�VWUDWD��S�
 �������%LMODJH�����'H�YHUVFKLOOHQ�]LMQ�KHW�JURRWVW�LQ�������GDDUQD�QHHPW�KHW�YHUVFKLO�ZHHU�
ZDW�DI��+HW�JURWHUH�DDQWDO�VRRUWHQ�LQ�GH�EHJUDDVGH�34¶V�EHWUHIW�]RZHO�KHW�DDQWDO�
YDDWSODQWVRRUWHQ�DOV��NRUVW�PRVVRRUWHQ��ILJXXU�������

,Q�KHW�VWUDWXP�YHUJUDVWH�GXLQYDOOHLHQ�EOHHI�KHW�WRWDOH�DDQWDO�SODQWHQVRRUWHQ�LQ�GH�
RQEHJUDDVGH�SORWV�LQ�GH�WLMG�RQJHYHHU�JHOLMN��ILJXXU�������,Q�KHW�VWUDWXP�YRFKWLJH�GXLQKHLGHQ
QDP�LQ�GH�RQEHJUDDVGH�SORWV�KHW�JHPLGGHOGH�DDQWDO�SODQWHQVRRUWHQ�LQ�GH�WLMG�VLJQLILFDQW�DI��S
���������'H�LQWURGXFWLH�YDQ�JUD]HUV�OHLGGH�]RZHO�LQ�YHUJUDVWH�GXLQYDOOHLHQ�DOV�LQ�YRFKWLJH�
GXLQKHLGHQ�WRW�HHQ�VLJQLILFDQW�JURWHU�DDQWDO�VRRUWHQ�SHU�SORW��S����������+HW�RSWLPXP�ODJ�
URQG�������GDDUQD�QDP�KHW�DDQWDO�VRRUWHQ�HQLJV]LQV�DI��'LW�KHHIW�YHUPRHGHOLMN�WH�PDNHQ�PHW�
GH�WRHQDPH�LQ�YHHEH]HWWLQJ�GH�ODDWVWH�MDUHQ�GRRU�XLWEUHLGLQJ�YDQ�KHW�DDQWDO�6RD\�VFKDSHQ��

,Q�ILJXXU�����VWDDQ�GH�VRRUWHQDDQWDOOHQ�SHU�34�RSJHVSOLWVW�QDDU�YDDWSODQWHQ�HQ�
�NRUVW�PRVVHQ��'DDUXLW�YDOW�DI�WH�OH]HQ�GDW�GH�WRHQDPH�YDQ�KHW�DDQWDO�SODQWHQVRRUWHQ�LQ�KHW�
VWUDWXP�YHUJUDVWH�GXLQYDOOHLHQ�LQ�GH�EHJUDDVGH�SORWV�WHQ�RS]LFKWH�YDQ�GH�RQEHJUDDVGH�SORWV��
]RZHO�YDDWSODQWHQ�DOV��NRUVW�PRVVHQ�EHWUHIW��9RRU�YRFKWLJH�GXLQKHLGHQ�JHOGW�GLW�DOOHHQ�YRRU�
YDDWSODQWHQ��+HW�DDQWDO��NRUVW�PRVVHQ�QDP�GDDU�QLHW�DOOHHQ�DI�LQ�GH�RQEHJUDDVGH�SORWV��
PDDU�RRN��]LM�KHW�LQ�PLQGHUH�PDWH��LQ�GH�EHJUDDVGH�SORWV��
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)LJXXU������9HUDQGHULQJHQ�LQ�KHW�JHPLGGHOGH�DDQWDO�SODQWHQVRRUWHQ��PHW�VWDQGDDUG�
GHYLDWLH��LQ�RQEHJUDDVGH��21%��HQ�EHJUDDVGH��%(*5��34¶V����[���P��YRRU�GH�DI]RQGHUOLMNH�
VWUDWD��]RDOV�WRHJHNHQG�LQ��������9RRU�KHW�DDQWDO�34¶V�SHU�VWUDWXP�GDW�YRRU�GH]H�WLMGUHHNVHQ�
LV�JHEUXLNW�ZRUGW�YHUZH]HQ�QDDU�WDEHO������

)LJXUH������&KDQJHV�LQ�PHDQ�QXPEHU�RI�SODQW�VSHFLHV��ZLWK�VG��IRU�XQJUD]HG��21%��DQG�JUD]HG��%(*5��

34V����[���P��IRU�WKH�LQGLYLGXDO�VWUDWD��DV�DVVLJQHG�LQ��������)RU�WKH�QXPEHU�RI�34V�SHU�VWUDWXP�XVHG�

IRU�WKHVH�WLPH�VHULHV��VHH�7DEOH������

��� 9HUDQGHULQJ�LQ�YRRUNRPHQ�VRRUWHQ�
(U�LV�EHNHNHQ�ZHONH�VRRUWHQ�HHQ�DIQDPH�RI�WRHQDPH�LQ�GH�WLMG�OLHWHQ�]LHQ�HQ�ELM�ZHONH�
VRRUWHQ�HU�HHQ�GXLGHOLMN�HIIHFW�ZDV�YDQ�EHJUD]LQJ��'H�UHVXOWDWHQ�VWDDQ�LQ�WDEHO������
,Q�ILJXXU�����W�P�����VWDDW�YRRU�HQNHOH�VRRUWHQ�GH�YHUDQGHULQJ�LQ�YRRUNRPHQ�LQ�GH�
DI]RQGHUOLMNH�PHHWMDUHQ�HQ�VWUDWD��

�.RUVW�PRVVRRUWHQ�
9DQ�GH�ZDW�PHHU�DOJHPHHQ�YRRUNRPHQGH�PRV��HQ�NRUVWPRVVRRUWHQ�QDP�YRRUDO�
KHLGHNODXZWMHVPRV�VWHUN�DI�LQ�GH�WLMG��]RZHO�LQ�GH�RQEHJUDDVGH�SORWV�DOV�LQ�GH�EHJUDDVGH�
SORWV��2RN�GLYHUVH�DQGHUH�VRRUWHQ�QDPHQ�DI��ZDDURQGHU�RSHQ�UHQGLHUPRV��ILMQ�EHNHUPRV��
EURQVPRV�HQ�JHGURQJHQ�NDQWPRV��*URRW�ODGGHUPRV�QDP�LQ�EHLGH�W\SHQ�SORWV�WRH��6RRUWHQ�
GLH�DOOHHQ�LQ�GH�EHJUDDVGH�SORWV�WRHQDPHQ�ZDUHQ�JULMV�NURQNHOVWHHOWMH�HQ�UXZ�KHLGHVWDDUWMH��
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)LJXXU������9HUDQGHULQJHQ�LQ�KHW�JHPLGGHOGH�DDQWDO�SODQWHQVRRUWHQ��PHW�VWDQGDDUGGHYLDWLH���
LQ�GH�RQEHJUDDVGH��21%��HQ�EHJUDDVGH��%(*5��34¶V�YRRU�GH�DI]RQGHUOLMNH�VWUDWD�RSJHVSOLWVW�
QDDU�YDDWSODQWHQ��OLQNV��HQ��NRUVW�PRVVHQ��UHFKWV���

)LJXUH������&KDQJHV�LQ�DYHUDJH�QXPEHU�RI�SODQW�VSHFLHV��ZLWK�VG��LQ�XQJUD]HG��21%��DQG�JUD]HG�
�%(*5��34V�IRU�WKH�LQGLYLGXDO�VWUDWD��EURNHQ�GRZQ�LQWR�YDVFXODU�SODQWV��OHIW��DQG�OLFKHQV�PRVVHV��ULJKW���

9DDWSODQWHQ�
'ULHQHUYLJH�]HJJH��&DUH[�WULQHUYLV��LV�HHQ�W\SLVFKH�VRRUW�YRRU�]RZHO�GH�YRFKWLJH�DOV�GURJH�
YDULDQW�YDQ�KHW�KDELWDWW\SH�'XLQKHLGH�PHW�NUDDLKHL��UHVSHFWLHYHOLMN�+����$�HQ�+����%���
'H]H�VRRUW�NZDP�ELM�GH�VWDUW�YDQ�KHW�H[SHULPHQW�LQ������LQ�RQJHYHHU�GH�KHOIW�������YDQ�GH�
34¶V�YRRU��1D����MDDU�ZDV�GLW�JHGDDOG�QDDU������'H�DIQDPH�GHHG�]LFK�YRRUDO�YRRU�LQ�GH�
RQEHJUDDVGH�SORWV�HQ�LPSOLFHHUW�NZDOLWHLWVYHUOLHV�YDQ�KHW�KDELWDWW\SH�LQ�SORWV�]RQGHU�
EHJUD]LQJ��
,Q�GH�RQEHJUDDVGH�SORWV�LV�HHQ�DDQWDO�KRXWLJH�VRRUWHQ�YHUVFKHQHQ�]RDOV�ZLOGH�OLMVWHUEHV��
]RPHUHLN��ZLOGH�NDPSHUIRHOLH�HQ�]ZDUWH�EUDDP��RI�KHEEHQ�]LFK�XLWJHEUHLG�]RDOV�$PHULNDDQVH�
YRJHONHUV��HYHQDOV�HHQ��DOJHPHQH��PRV�]RDOV�JURRW�ODGGHUPRV��9HUGHU�QDPHQ�NUXLSZLOJ�HQ�
ILMQ�VFKDSHQJUDV�VWHUN�DI��9HUGHU�QDPHQ�VRRUWHQ�DOV�NUDDLKHL�HQ�JHZRQH�GRSKHL�DI�]RZHO�LQ�
GH�EHJUDDVGH�DOV�GH�RQEHJUDDVGH�SORWV��HYHQDOV�HHQ�DDQWDO�VRRUWHQ�YDQ�NRUWJUD]LJ�
GXLQJUDVODQG�]RDOV�KRQGVYLRROWMH�HQ�JHZRQH�KRRUQEORHP��
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7DEHO������7UHQG�LQ�YRRUNRPHQ�YDQ�VRRUWHQ�LQ�GH�WLMG�YDQ�GH�EHODQJULMNVWH�YDDWSODQWHQ�HQ�
�NRUVW�PRVVRRUWHQ�LQ�GH�]LQ�YDQ�DDQ��RI�DIZH]LJKHLG�LQ�GH�RQEHJUDDVGH��21%��HQ�EHJUDDVGH�
�%(*5��34¶V������VWHUNH�DIQDPH��!��������DIQDPH�������������VWDELHO�����������WRHQDPH�
�������������VWHUNH�WRHQDPH��!�����RYHU�GH�SHULRGH�������������34¶V�JHHIW�KHW�WRWDOH�
DDQWDO�SHUPDQHQWH�NZDGUDWHQ�ZHHU�ZDDU�GH�VRRUW�YRRUNZDP��JHVRPPHHUG�RYHU�DOOH�
ZDDUQHPLQJVMDUHQ��

7DEOH������7UHQG�LQ�WKH�RFFXUUHQFH�RI�VSHFLHV�RYHU�WLPH�RI�WKH�PDLQ�YDVFXODU�SODQWV��OLFKHQV�DQG�PRVVHV�
EDVHG�RQ�SUHVHQFH�RU�DEVHQFH�LQ�WKH�XQJUD]HG��21%��DQG�JUD]HG��%(*5��34V��6LJQV������VWURQJ�GHFUHDVH�
�!���������GHFUHDVH�������������VWDEOH�����������LQFUHDVH��������������VWURQJ�LQFUHDVH��!������
RYHU�WKH�SHULRG���������������34V�UHSUHVHQW�WKH�WRWDO�QXPEHU�RI�SHUPDQHQW�VTXDUHV�ZKHUH�WKH�VSHFLHV�
RFFXUUHG��VXPPHG�IRU�DOO�\HDUV��

6RRUW� 21%� %(*5�� 7ULYLDOH�QDDP� ��34¶V
;<KZ^dͿDK^^�E

,ǇƉŶƵŵ�ũƵƚůĂŶĚŝĐƵŵ ��� ��� ,ĞŝĚĞŬůĂƵǁƚũĞƐŵŽƐ ϴϵ�
�ŝĐƌĂŶƵŵ�ƐĐŽƉĂƌŝƵŵ� ��� �� 'ĞǁŽŽŶ�ŐĂĨĨĞůƚĂŶĚŵŽƐ� ϵϳ�
�ůĂĚŽŶŝĂ�ƉŽƌƚĞŶƚŽƐĂ� �� �� KƉĞŶ�ƌĞŶĚŝĞƌŵŽƐ� ϰϮ�
WůĞƵƌŽǌŝƵŵ�ƐĐŚƌĞďĞƌŝ� �� �� �ƌŽŶƐŵŽƐ� ϭϱ�
>ŽƉŚŽĐŽůĞĂ�ŚĞƚĞƌŽƉŚǇůůĂ� �� �� 'ĞĚƌŽŶŐĞŶ�ŬĂŶƚŵŽƐ� ϭϬ�
�ĂŵƉǇůŽƉƵƐ�ŝŶƚƌŽĨůĞǆƵƐ� �� �� 'ƌŝũƐ�ŬƌŽŶŬĞůƐƚĞĞůƚũĞ� ϮϬ�
,ǇƉŶƵŵ�ĐƵƉƌĞƐƐŝĨŽƌŵĞ�н�,͘�ĂŶĚŽŝ� �� �� 'ĞǁŽŽŶ�ŬůĂƵǁƚũĞƐŵŽƐ�;'Ϳ� ϯϴ�
�ůĂĚŽŶŝĂ�ƐĐĂďƌŝƵƐĐƵůĂ� �� �� ZƵǁ�ŚĞŝĚĞƐƚĂĂƌƚũĞ� ϭϮ�
WƐĞƵĚŽƐĐůĞƌŽƉŽĚŝƵŵ�ƉƵƌƵŵ� �� �� 'ƌŽŽƚ�ůĂĚĚĞƌŵŽƐ� ϱϴ�

s��dW>�Ed�E

�ĂƌĞǆ�ƚƌŝŶĞƌǀŝƐ�;dǇƉŝƐĐŚĞ�ƐŽŽƌƚͿ ��� �� �ƌŝĞŶĞƌǀŝŐĞ�ǌĞŐŐĞ� ϵϬ�
^Ăůŝǆ�ƌĞƉĞŶƐ� ��� �� <ƌƵŝƉǁŝůŐ� ϭϮϭ�
&ĞƐƚƵĐĂ�ĨŝůŝĨŽƌŵŝƐ� ��� �� &ŝũŶ�ƐĐŚĂƉĞŶŐƌĂƐ� ϭϮϭ�
�ĂƌĞǆ�ĂƌĞŶĂƌŝĂ� �� �� �ĂŶĚǌĞŐŐĞ� ϭϴϯ�
�ĂůĂŵĂŐƌŽƐƚŝƐ�ĞƉŝŐĞũŽƐ� �� �� �ƵŝŶƌŝĞƚ� ϭϱϲ�
�ŵƉĞƚƌƵŵ�ŶŝŐƌƵŵ� �� �� <ƌĂĂŝŚĞŝ� ϭϰϴ�
�ƌŝĐĂ�ƚĞƚƌĂůŝǆ� �� �� 'ĞǁŽŶĞ�ĚŽƉŚĞŝ� ϴϬ�
,ŽůĐƵƐ�ůĂŶĂƚƵƐ� �� �� 'ĞƐƚƌĞĞƉƚĞ�ǁŝƚďŽů� ϰϯ�
�ĂƌĞǆ�ƉĂŶŝĐĞĂ� �� �� �ůĂƵǁĞ�ǌĞŐŐĞ� Ϯϱ�
WŽƚĞŶƚŝůůĂ�ĞƌĞĐƚĂ� �� �� dŽƌŵĞŶƚŝů� ϵϲ�
sĂĐĐŝŶŝƵŵ�ŵĂĐƌŽĐĂƌƉŽŶ� �� �� 'ƌŽƚĞ�ǀĞĞŶďĞƐ� ϱϴ�
�ĂŶƚŚŽŶŝĂ�ĚĞĐƵŵďĞŶƐ� �� �� dĂŶĚũĞƐŐƌĂƐ� ϮϮ�
>ƵǌƵůĂ�ĐĂŵƉĞƐƚƌŝƐ� �� ��� 'ĞǁŽŶĞ�ǀĞůĚďŝĞƐ� ϯϴ�
sĞƌŽŶŝĐĂ�ŽĨĨŝĐŝŶĂůŝƐ� �� �� DĂŶŶĞƚũĞƐĞƌĞƉƌŝũƐ� ϯϮ�
,ǇƉŽĐŚĂĞƌŝƐ�ƌĂĚŝĐĂƚĂ� �� �� 'ĞǁŽŽŶ�ďŝŐŐĞŶŬƌƵŝĚ� Ϯϳ�
�ĂƌĞǆ�ŶŝŐƌĂ� �� �� �ǁĂƌƚĞ�ǌĞŐŐĞ� Ϯϰ�
ZƵŵĞǆ�ĂĐĞƚŽƐĞůůĂ� �� �� ^ĐŚĂƉĞŶǌƵƌŝŶŐ� ϮϬ�
�ŐƌŽƐƚŝƐ�ĐĂƉŝůůĂƌŝƐ� �� ��� 'ĞǁŽŽŶ�ƐƚƌƵŝƐŐƌĂƐ� ϯϮ�
�ŵŵŽƉŚŝůĂ�ĂƌĞŶĂƌŝĂ� �� �� ,Ğůŵ� ϭϲ�
,ŝĞƌĂĐŝƵŵ�ƵŵďĞůůĂƚƵŵ� �� �� ^ĐŚĞƌŵŚĂǀŝŬƐŬƌƵŝĚ� ϭϱ�
�ŐƌŽƐƚŝƐ�ĐĂŶŝŶĂ� �� �� DŽĞƌĂƐƐƚƌƵŝƐŐƌĂƐ� Ϯϴ�
WƌƵŶƵƐ�ƐĞƌŽƚŝŶĂ� �� �� �ŵĞƌŝŬĂĂŶƐĞ�ǀŽŐĞůŬĞƌƐ� ϯϰ�

6RRUWHQ�GLH�SURILWHHUGHQ�YDQ�EHJUD]LQJ�ZDUHQ�JHZRQH�YHOGELHV��JHZRRQ�VWUXLVJUDV��
WRUPHQWLO��JURWH�YHHQEHV��WDQGMHVJUDV��PDQQHWMHVHUHSULMV��JHZRRQ�ELJJHQNUXLG��
VFKDSHQ]XULQJ��VFKHUPKDYLNVNUXLG�HQ�]ZDUWH�]HJJH��.UDDLKHL��HHQ�VRRUW�GLH�JHYRHOLJ�LV�YRRU�
EHWUHGLQJ��QDP�HQLJV]LQV��PDDU�QLHW�VLJQLILFDQW��DI�LQ�GH�WLMG��'H]H�DIQDPH�WUDG�ERYHQGLHQ�LQ�
DOOH�SORWV�RS��]RZHO�EHJUDDVG�DOV�RQEHJUDDVG��ILJXXU�������
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)LJXXU������7UHQGV�LQ�KHW�YRRUNRPHQ��JHPLGGHOGH�DEXQGDQWLH�SHU�34�PHW�VWDQGDDUG�
GHYLDWLH��YDQ�NUDDLKHL�LQ�RQEHJUDDVGH��21%��HQ�EHJUDDVGH��%(*5��SORWV�LQ�KHW�VWUDWXP�
YHUJUDVWH�GXLQYDOOHLHQ��9'8,��HQ�KHW�VWUDWXP�YRFKWLJH�GXLQKHLGHQ��9+(,���'H�YLHU�VWDYHQ�SHU�
JURHS�YHUWHJHQZRRUGLJHQ�YDQ�OLQNV�QDDU�UHFKWV�GH�MDUHQ������������������HQ���������

)LJXUH������7UHQGV�LQ�WKH�RFFXUUHQFH��PHDQ�DEXQGDQFH�SHU�34�ZLWK�VWDQGDUG�GHYLDWLRQ��RI�(PSHWUXP�

QLJUXP�LQ�JUD]HG��21%��DQG�JUD]HG��%(*5��SORWV�LQ�WKH�VWUDWXP�HQFURDFKHG�GXQH�YDOOH\V��9'8,��DQG�WKH�

VWUDWXP�LQWDFW�GXQH�KHDWKODQG��9+(,���7KH�IRXU�EDUV�SHU�JURXS�UHSUHVHQW��IURP�OHIW�WR�ULJKW��WKH�\HDUV�

�����������������DQG�������

9HUVWUXZHOLQJ�
'H�PHHVWH�$PHULNDDQVH�YRJHONHUV�VORHJ�RS�LQ�GH�RQEHJUDDVGH�SORWV�YDQ�KHW�VWUDWXP�
YHUJUDVWH�GXLQYDOOHLHQ�HQ�QDP�GDDU�WRH�LQ�GH�WLMG��ILJXXU�������$QGHUH�KRXWLJH�VRRUWHQ�]RDOV�
JHZRQH�OLMVWHUEHV��]RPHUHLN�HQ�]ZDUWH�GHQ�NZDPHQ�VOHFKWV�VSDDU]DDP�YRRU��]LH�YHUGHU�ELM�
SDUDJUDDI�µVWUXFWXXUNDUWHULQJ¶���

)LJXXU������7UHQGV�LQ�KHW�YRRUNRPHQ��JHPLGGHOGH�DEXQGDQWLH�SHU�34�PHW�VWDQGDDUG�
GHYLDWLH��YDQ�$PHULNDDQV�YRJHONHUV�LQ�RQEHJUDDVGH��21%��EHJUDDVGH�SORWV��%(*5��LQ�������
�����������HQ������LQ�KHW�VWUDWXP�YHUJUDVWH�GXLQYDOOHLHQ��9'8,��HQ�KHW�VWUDWXP�YRFKWLJH�
GXLQKHLGHQ��9+(,���'H�YLHU�VWDYHQ�SHU�JURHS�YHUWHJHQZRRUGLJHQ�YDQ�OLQNV�QDDU�UHFKWV�GH�
MDUHQ������������������HQ������

)LJXUH������7UHQGV�LQ�WKH�RFFXUUHQFH��PHDQ�DEXQGDQFH�SHU�34�ZLWK�VG��RI�3UXQXV�VHURWLQD�LQ�JUD]HG�
�21%��JUD]HG�SORWV��%(*5��LQ������������������DQG������LQ�WKH�VWUDWXP�HQFURDFKHG�PRLVW�GXQH�YDOOH\V�
�9'8,��DQG�WKH�VWUDWXP�LQWDFW�PRLVW�GXQH�KHDWKODQG��9+(,���7KH�IRXU�EDUV�SHU�JURXS�UHSUHVHQW�\HDUV�
�IURP�OHIW�WR�ULJKW�������������������DQG�������
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9HUJUDVVLQJ�YHUUXLJLQJ�
(U�LV�RRN�JHNHNHQ�RI�HU�YHUDQGHULQJHQ�]LMQ�RSJHWUHGHQ�LQ�GH�WRWDOH�EHGHNNLQJ�YDQ�KRJH�
JUDVVRRUWHQ��WH�ZHWHQ�GXLQULHW��&DODPDJURVWLV�HSLJHMRV���]DQG]HJJH��&DUH[�DUHQDULD���KHOP�
�$PPRSKLOD�DUHQDULD��HQ�ULHW��3KUDJPLWHV�DXVWUDOLV���'H�JHPLGGHOGH�WRWDOH�DEXQGDQWLH�YDQ�
GH]H�YLHU�UXLJH�JUDVVRRUWHQ�LV�EHUHNHQG�SHU�34�HQ�YHUJHOHNHQ�WXVVHQ�EHJUDDVGH�HQ�
RQEHJUDDVGH�SORWV��,Q�GH�RQEHJUDDVGH�SORWV�WUDG�JHHQ�VLJQLILFDQWH�YHUDQGHULQJ�RS��ILJXXU�
������,Q�GH�EHJUDDVGH�SORWV�ZDV�LQ�KHW�VWUDWXP�YHUJUDVWH�GXLQYDOOHLHQ�VSUDNH�YDQ�HQLJH�
DIQDPH��WHUZLMO�LQ�KHW�VWUDWXP�LQWDFWH�YRFKWLJH�GXLQKHLGHQ�VSUDNH�ZDV�YDQ�HHQ�WRHQDPH�LQ�
GH�WLMG��

)LJXXU������*HPLGGHOGH�WRWDOH�DEXQGDQWLH��PHW�VWDQGDDUG�GHYLDWLH��YDQ�KRJH�JUDVVRRUWHQ�
�GXLQULHW��]DQG]HJJH��KHOP�HQ�ULHW��LQ�RQEHJUDDVGH��21%��EHJUDDVGH�SORWV��%(*5��LQ�������
�����������HQ������LQ�KHW�VWUDWXP�YHUJUDVWH�GXLQYDOOHLHQ��9'8,��HQ�KHW�VWUDWXP�YRFKWLJH�
GXLQKHLGHQ��9+(,���'H�YLHU�VWDYHQ�SHU�JURHS�YHUWHJHQZRRUGLJHQ�YDQ�OLQNV�QDDU�UHFKWV�GH�
MDUHQ������������������HQ�������

)LJXUH������$YHUDJH�WRWDO�DEXQGDQFH��ZLWK�VG��RI�WDOO�JUDVVHV��&DODPDJURVWLV�HSLJHMRV��&DUH[�DUHQDULD��

$PPRSKLOD�DUHQDULD�DQG�3KUDJPLWHV�DXVWUDOLV��LQ�XQJUD]HG��21%��JUD]HG�SORWV��%(*5��LQ�������������

�����DQG������LQ�WKH�VWUDWXP�HQFURDFKHG�PRLVW�GXQH�YDOOH\V��9'8,��DQG�WKH�VWUDWXP�LQWDFW�PRLVW�GXQH�

KHDWKODQG��9+(,���7KH�IRXU�EDUV�SHU�JURXS�UHSUHVHQW�WKH�\HDUV��IRUP�OHIW�WR�ULJKW�������������������DQG�

������

��� /RNDOH�W\SRORJLH�
,Q�WDEHO�����VWDDW�KHW�UHVXOWDDW�YDQ�FOXVWHUDQDO\VH�PHW�EHKXOS�YDQ�KHW�SURJUDPPD�
7:,163$1��'H�����RSQDPHQ�NRQGHQ�ZRUGHQ�LQJHGHHOG�LQ�HHQ�DFKWWDO��ORNDOH��
YHJHWDWLHW\SHQ��

x 7\SH����YRFKWLJH�GXLQYDOOHL�PHW�EODXZH�]HJJH��&DUH[�SDQLFHD��HQ�JURWH�YHHQEHV�
�9DFFLQLXP�PDFURFDUSRQ��

x 7\SH����YRFKWLJH�GXLQYDOOHL�PHW�JURWH�YHHQEHV��]ZDUWH�]HJJH��&DUH[�QLJUD��HQ�
GULHQHUYLJH�]HJJH��&DUH[�WULQHUYLV���

x 7\SH����YRFKWLJH�GXLQKHLGH�PHW�PRHUDVZDOVWUR��*DOLXP�SDOXVWUH��
x 7\SH����YRFKWLJH�GXLQKHLGH�PHW�NUDDLKHL��(PSHWUXP�QLJUXP���JHZRQH�GRSKHL��(ULFD�

WHWUDOL[��HQ�JURWH�YHHQEHV�
x 7\SH����GXLQKHLGH�PHW�NUDDLKHL�HQ�]DQG]HJJH�
x 7\SH����GXLQKHLGH�PHW�NUDDLKHL�HQ�JHZRQH�GRSKHL�
x 7\SH����UHODWLHI�VRRUWHQULMN�GURRJ�GXLQJUDVODQG�PHW��NRUVW�PRVVHQ�
x 7\SH����UHODWLHI�VRRUWHQDUP�GURRJ�GXLQJUDVODQG�PHW�GRPLQDQWLH�YDQ�]DQG]HJJH�

�&DUH[�DUHQDULD��

)HLWHOLMN�JDDW�KHW�GXV�RP�GULH�KRRIGJURHSHQ��YRFKWLJH�GXLQYDOOHL��W\SH��������YRFKWLJH�HQ�
GURJH�GXLQKHLGH��W\SH�������������HQ�GURRJ�GXLQJUDVODQG��W\SH��������
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7DEHO������6\QRSWLVFKH�WDEHO�YDQ�GH�RQGHUVFKHLGHQ�ORNDOH�YHJHWDWLHW\SHQ�PHW�GH�
WURXZKHLGVJUDDG�YDQ�VRRUWHQ��7\SHQ���HQ���]LMQ�EHJURHLLQJHQ�YDQ�YRFKWLJH�GXLQYDOOHLHQ��W\SH�
��W�P���YDQ�GURJH�HQ�YRFKWLJH�GXLQKHLGHQ�HQ�W\SH���HQ���YDQ�GURJH�GXLQJUDVODQGHQ��Q ����
RSQDPHQ����

7DEOH������6\QRSWLF�WDEOH�RI�GLIIHUHQW�ORFDO�YHJHWDWLRQ�W\SHV�ZLWK�WKH�ILGHOLW\�RI�VSHFLHV��7\SHV���DQG���
DUH�YHJHWDWLRQ�RI�PRLVW�GXQH�YDOOH\V��W\SHV���WR���RI�GU\�DQG�PRLVW�GXQH�KHDWKODQG�DQG�W\SHV���DQG���RI�
GU\�GXQH�JUDVVODQGV��Q� �����UHOHYHHV���

6RRUW� 7\SH��� 7\SH��� 7\SH��� 7\SH��� 7\SH��� 7\SH��� 7\SH��� 7\SH���

$DQWDO�RSQDPHQ� �� ��� �� ��� ��� ��� ��� ��

/RWXV�SHGXQFXODWXV� ��� �� � � � � � �

&DUH[�SDQLFHD� ��� ��� ��� � � � � �

$JURVWLV�FDQLQD� ��� ��� � � � � � �

0HQWKD�DTXDWLFD� ���

5DQXQFXOXV�IODPPXOD� ���

9DFFLQLXP�

PDFURFDUSRQ�

��� ��� ��� ��� � � � �

&DUH[�QLJUD� ��� ��� �

3KUDJPLWHV�DXVWUDOLV� ���

6DOL[�UHSHQV� ��� ��� ��� ��� �

3RWHQWLOOD�HUHFWD� ��� ��� �� ��� �

&DUH[�WULQHUYLV� ��� �� ��� �

(PSHWUXP�QLJUXP� � � ��� ��� ��� ��� ��

.LQGEHUJLD�SUDHORQJD� �� � ���

3UXQHOOD�YXOJDULV� ���

*DOLXP�SDOXVWUH� ��� � ���

&DOOLHUJRQHOOD�FXVSLGDWD� ��� � ���

(ULFD�WHWUDOL[� ��� � ��� � ��� � �

'U\RSWHULV�FDUWKXVLDQD� ���

/RSKRFROHD�

KHWHURSK\OOD�

��� �� � �

&ODGRQLD�SRUWHQWRVD� ��� ��� �

'LFUDQXP�VFRSDULXP� ��� ���

+\SQXP�MXWODQGLFXP� �� ��� ��� ���

/X]XOD�FDPSHVWULV� �� � ���

9HURQLFD�RIILFLQDOLV� ��� ���

+LHUDFLXP�SLORVHOOD� ���

+\SQXP�FXS����

+�DQGRL�

��� ���

+\SRFKDHULV�UDGLFDWD� �� � � � � � ��� ��

5XPH[�DFWRVHOOD� �� � � � � � ��� ��

$LUD�SUDHFR[� ���

&HUDWRGRQ�SXUSXUHXV� ���

+LHUDFLXP�XPEHOODWXP� � � � � � �� ���

&ODGRQLD�VFDEULXVFXOD� � � � � � �� ���

&ODGRQLD�ILPEULDWD� ���

*DOLXP�YHUXP� ��� ���

6HQHFLR�V\OYDWLFXV� � � � � � � ��� ���

&HUDVWLXP�IRQWDQXP� � � � � � � ��� ���

6WHOODULD�PHGLD� � � � � � � �� ���

9LROD�FDQLQD� � � � � � � �� ���

/RSKRFROHD�ELGHQWDWD� ��� � � � � � � ���
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=RDOV�LQ�GH�LQOHLGLQJ�YHUPHOG�LV�ELM�KHW�XLW]HWWHQ�YDQ�GH�SORWV�LQ������XLWJHJDDQ�YDQ�WZHH�
VWUDWD��WH�ZHWHQ�YHUJUDVWH�GXLQYDOOHLHQ�HQ�LQWDFWH�YRFKWLJH�GXLQKHLGHQ��%LM�KHW�WRHGHOHQ�YDQ�
ORNDOH�YHJHWDWLHW\SHQ�DDQ�34¶V�NZDP�GH]H�WZHHGHOLQJ�QLHW�WHUXJ��'H�34¶V�GLH�LQ������ZDUHQ�
JHFODVVLILFHHUG�DOV�YRFKWLJH�GXLQKHLGHQ�EHKRRUGHQ�YULMZHO�DOOHPDDO�WRW�W\SH����'H�34¶V�GLH�LQ�
�����ZDUHQ�JHFODVVLILFHHUG�DOV�YHUJUDVWH�GXLQYDOOHLHQ�EHVWRQGHQ�GHHOV�RRN�XLW�W\SH���HQ�
GDDUQDDVW�XLW�HQNHOH�DQGHUH�W\SHQ��ILJXXU������%LMODJHQ���HQ�����

,Q�KHW�VWUDWXP�YHUJUDVWH�GXLQYDOOHLHQ�WUDG�LQ�GH�EHJUDDVGH�SORWV�HHQ�YHUVFKXLYLQJ�RS�LQ�
YHJHWDWLHW\SHQ��ZDDUELM�GXLQKHLGHEHJURHLLQJHQ�DIQDPHQ�WHQ�JXQVWH�YDQ�GURRJ�GXLQJUDVODQG�
HQ�YRFKWLJH�GXLQYDOOHLEHJURHLLQJ��.UDDLKHL�QDP�LQ�GH]H�SORWV�DI�LQ�EHGHNNLQJ��WHQ�JXQVWH�YDQ�
GXLQJUDVODQG��RI�YRFKWLJH�GXLQYDOOHLVRRUWHQ��,Q�GH�RQEHJUDDVGH�SORWV�EOHHI�KHW�YHJHWDWLHW\SH�
KHW]HOIGH��

)LJXXU������7RHGHOLQJ�YDQ�GH�RQEHJUDDVGH��21%��HQ�EHJUDDVGH��%(*5��SORWV�YDQ�KHW�
VWUDWXP�YRFKWLJH�GXLQKHLGHQ��ERYHQ��HQ�YDQ�KHW�VWUDWXP�YHUJUDVWH�GXLQYDOOHLHQ��RQGHU��LQ�GH�
DI]RQGHUOLMNH�PHHWMDUHQ�DDQ�YHJHWDWLHW\SHQ�EHKRUHQG�WRW�YRFKWLJH�GXLQYDOOHLHQ��GXLQKHLGHQ�
RI�GURRJ�GXLQJUDVODQG��

)LJXUH������$OORFDWLRQ�RI�WKH�XQJUD]HG��21%��DQG�JUD]HG��%(*5��SORWV�RI�WKH�VWUDWXP�LQWDFW�PRLVW�

GXQH�KHDWKODQG��WRS��DQG�RI�WKH�VWUDWXP�HQFURDFKHG�PRLVW�GXQH�YDOOH\V��ERWWRP��LQ�VHSDUDWH�UHVHDUFK�

\HDUV�WR�YHJHWDWLRQ�W\SHV�EHORQJLQJ�WR�PRLVW�GXQH�YDOOH\V��PRLVW�WR�GU\�GXQH�KHDWKODQG�RU�GU\�GXQH�

JUDVVODQG�
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��� 0XOWLYDULDWH�DQDO\VHV�
(U�LV�HHQ�DDQWDO�PXOWLYDULDWH�DQDO\VHV�XLWJHYRHUG��WH�ZHWHQ��

x QXOPHWLQJ��VRRUWHQVDPHQVWHOOLQJ�EHJUDDVGH�HQ�RQEHJUDDVGH�34¶V�ELM�GH�VWDUW�YDQ�KHW�
H[SHULPHQW�LQ��������

x HIIHFWPHWLQJ��VRRUWHQVDPHQVWHOOLQJ�EHJUDDVGH�HQ�RQEHJUDDVGH�34¶V�QD����MDDU�
]RQGHU�HQ�PHW�EHJUD]HQ�LQ��������

x WUHQGV�LQ�WLMG��]RZHO�LQ�GH�EHJUDDVGH�DOV�LQ�GH�RQEHJUDDVGH�34¶V�LQ�GH�H[FORVXUHV���

1XOPHWLQJ��XLWJDQJVVLWXDWLH������
0HW�KHW�SURJUDPPD�&$12&2�LV�GH�XLWJDQJVVLWXDWLH�JHDQDO\VHHUG��ZDDUELM�GH�
VRRUWHQVDPHQVWHOOLQJ�YDQ�EHJUDDVGH�HQ�RQEHJUDDVGH�34¶V�ELM�GH�VWDUW�YDQ�KHW�H[SHULPHQW�LQ�
�����LV�YHUJHOHNHQ�DDQ�GH�KDQG�YDQ�GHWUHQGHG�FRUUHVSRQGHQFH�DQDO\VLV��GRZQZHLJKW�RI�UDUH�
VSHFLHV���+HW�VRRUWHQSORW�VWDDW�LQ�ILJXXU������'H�[�DV�YHUWHJHQZRRUGLJW�HHQ�YRFKWJUDGLsQW�
�OLQNV�YRFKWLJ��UHFKWV�GURRJ��HQ�GH�\�DV�YHUWHJHQZRRUGLJW�HHQ�JUDGLsQW�YDQ�DUPH�]DQGLJH�
ERGHP��RQGHU��QDDU�ZDW�YRHGVHOULMNHUH�HQ�YHQLJH�ERGHP��ERYHQ����

)LJXXU������'&$�VRRUWHQSORW�YDQ�GH�EHJUDDVGH�HQ�RQEHJUDDVGH�34¶V�LQ�������DOOHHQ�GH����
PHHVW�DOJHPHQH�VRRUWHQ�]LMQ�ZHHUJHJHYHQ���

)LJXUH������'&$�VSHFLHV�SORW�RI�JUD]HG�DQG�XQJUD]HG�34V�LQ�������RQO\�WKH����PRVW�FRPPRQ�VSHFLHV�

DUH�VKRZQ���

,Q�KHW�'&$�GLDJUDP��ILJXXU������LV�GXLGHOLMN�WH�]LHQ�GDW�LQ������YRRUDO�ELM�KHW�VWUDWXP�
YHUJUDVWH�GXLQYDOOHLHQ�HU�YHHO�YDULDWLH�LQ�VRRUWHQVDPHQVWHOOLQJ�YRRUNZDP�WXVVHQ�GH�34¶V��
VDPHQKDQJHQG�PHW�YHUVFKLOOHQ�LQ�YRFKWWRHVWDQG�HQ�YRHGVHOULMNGRP��]DQGLJ�RI�YHQLJ��YDQ�GH�
ERGHP��'H�34¶V�LQ�KHW�VWUDWXP�YRFKWLJH�GXLQKHLGHQ�YHUWRRQGHQ�RQGHUOLQJ�PHHU�JHOLMNHQLV��
9HUGHU�ODDW�KHW�GLDJUDP�RRN�GXLGHOLMN�]LHQ�GDW�HU�WXVVHQ�GH�VWUDWD�RYHUODS�YRRUNZDP��ZDDUELM�

�� �

��
�

$JUV6SHF

$LUD3UDH

$PPS$UHQ

&DOP(SLJ

&DPS,QWU

&DU[$UHQ

&DU[3DQF

&DU[7ULQ

&HUV)RQ6

&ODG&KOU

&ODG)XUF

&ODG3RUW

'DQW'HFP

'LFU6FRS

(PSW1LJU

(ULF7HWU

)HVW)LOI

*DOL3DOV

*DOL9HUP

+LHU8PEO

+ROF/DQW

+\GU9XOJ

+\SQ&XS�

+\SQ-XWO

.LQG3UDH /RWV&RU6

/RWV3HGQ

/X]O&DPS

3HOW0HPE

3OHX6FKU

3RD3UDWQ

3RWQ(UHF

3UXQ6HUW

3VHX3XUP

5XP[$FHW

6DO[5HSQ

6HQF6\OY

6WHO0HGL

9DFF0DFU

9HUQ2IIF
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PHHUGHUH�SORWV�XLW�KHW�VWUDWXP�YHUJUDVWH�GXLQYDOOHLHQ�HHQ�VRRUWHQVDPHQVWHOOLQJ�KDGGHQ�GLH�
RYHUHHQNZDP�PHW�GLH�YDQ�YRFKWLJH�GXLQKHLGHQ��

)LJXXU������'&$�GLDJUDP�YDQ�GH�RQEHJUDDVGH�HQ�EHJUDDVGH�SORWV�ELM�GH�VWDUW�YDQ�KHW�
H[SHULPHQW�LQ�������VWUDWXP�µYHUJUDVWH�GXLQYDOOHLHQ¶��OLFKWJURHQH�YLHUNDQWMHV� �RQEHJUDDVG��
GRQNHUJURHQH�URQGMHV� �EHJUDDVG��VWUDWXP�µYRFKWLJH�GXLQKHLGHQ¶��OLOD�YLHUNDQWMHV� �
RQEHJUDDVG��SDDUVH�URQGMHV� �EHJUDDVG��(�FRGHV�]LMQ�RQEHJUDDVGH�SORWV�HQ�5�FRGHV�
EHJUDDVGH�SORWV��

)LJXUH������'&$�GLDJUDP�RI�XQJUD]HG�DQG�JUD]HG�SORWV�DW�WKH�VWDUW�RI�WKH�H[SHULPHQW�LQ�������VWUDWXP�

HQFURDFKHG�GXQH�YDOOH\V¶��OLJKW�JUHHQ�VTXDUHV� �XQJUD]HG��GDUN�JUHHQ�FLUFOHV� �JUD]HG�_�VWUDWXP�LQWDFW�
PRLVW�GXQH�KHDWKODQG¶��OLODF�VTXDUHV� �XQJUD]HG��SXUSOH�FLUFOHV� �JUD]HG��(�FRGHV�DUH�XQJUD]HG�SORWV�
�H[FORVXUHV��DQG�5�FRGHV�JUD]HG�SORWV��UHIHUHQFH���

(IIHFWPHWLQJ�QD����MDDU�EHJUD]LQJ�
9LHUHQWZLQWLJ�MDDU�QD�GH�VWDUW�YDQ�KHW�EHJUD]LQJVH[SHULPHQW��������LV�GH�
VRRUWHQVDPHQVWHOOLQJ�YDQ�GH�EHJUDDVGH�HQ�RQEHJUDDVGH�34¶V�QRJPDDOV�YHUJHOHNHQ��+HW�
VRRUWHQSORW�VWDDW�LQ�ILJXXU�����HQ�JHHIW�LQIRUPDWLH�RYHU�GH�EHWHNHQLV�YDQ�GH�EHLGH�DVVHQ��2RN�
LQ�GH]H�ILJXXU�]LMQ�ZHHU�WZHH�GXLGHOLMNH�JUDGLsQWHQ�]LFKWEDDU�ZDDUELM�GH�[�DV�ZHHU�HQ�
YRFKWJUDGLsQW�ODDW�]LHQ�YDQ�YRFKWLJ��OLQNV��QDDU�GURRJ��UHFKWV��HQ�GH�\�DV�HQ�JUDGLsQW�LQ�
YRHGVHOULMNGRP�YDQ�DUP�]DQG��UHFKWVERYHQ��QDDU�ZDW�YRHGVHOULMNHU�HQ�YHQLJ��OLQNVRQGHU���

��� ���

�
��

�
��

(����

(����
(����

(����

(����
(����

(����

(����

(����

(����

(����

(����

(����

(���� (����

(����

(����

(����

(����(����

(����

(����

(����

(����

(����

(����

(����

(����

5����
5����

5����

5����

5����

5����

5����

5����

5����

5����

5����

5����
5����

5����

5����

5����

5����

5����

5����

5����

5����
5����

5����

5����

5����5����

5����

5����



2QWZLNNHOLQJ�HQ�%HKHHU�1DWXXUNZDOLWHLW� ���

)LJXXU������'&$�VRRUWHQSORW�YDQ�GH�EHJUDDVGH�HQ�RQEHJUDDVGH�34¶V�LQ�������DOOHHQ�GH����
PHHVW�DOJHPHQH�VRRUWHQ�]LMQ�ZHHUJHJHYHQ���

)LJXUH������'&$�VSHFLHV�SORW�RI�JUD]HG�DQG�XQJUD]HG�34V�LQ�������RQO\�WKH����PRVW�FRPPRQ�VSHFLHV�

DUH�VKRZQ���

)LJXXU�������'&$�GLDJUDP�YDQ�GH�RQEHJUDDVGH�HQ�EHJUDDVGH�SORWV�QD����MDDU�LQ������
�VWUDWXP�µYHUJUDVWH�GXLQYDOOHLHQ¶��OLFKWJURHQH�YLHUNDQWMHV� �RQEHJUDDVGV��GRQNHUJURHQH�
URQGMHV� �EHJUDDVGH�SORWV��VWUDWXP�µYRFKWLJH�GXLQKHLGHQ¶��OLOD�YLHUNDQWMHV� �RQEHJUDDVG��
SDDUVH�URQGMHV� �EHJUDDVG��(�FRGHV�]LMQ�RQEHJUDDVG�HQ�5�FRGHV�EHJUDDVGH�SORWV���

)LJXUH�������'&$�GLDJUDP�RI�XQJUD]HG�DQG�JUD]HG�SORWV�DIWHU����\HDUV�LQ��������VWUDWXP�
HQFURDFKHG�

GXQH�YDOOH\V¶��OLJKW�JUHHQ�VTXDUHV� �XQJUD]HG��GDUN�JUHHQ�FLUFOHV� �JUD]HG�_�VWUDWXP�LQWDFW�PRLVW�GXQH�

KHDWKODQG¶��OLODF�VTXDUHV� �XQJUD]HG��SXUSOH�FLUFOHV� �JUD]HG��(�FRGHV�DUH�XQJUD]HG�SORWV��H[FORVXUHV��

DQG�5�FRGHV�JUD]HG�SORWV��UHIHUHQFH���
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$JUV&DQL
$JUV&DSO

$JUV6WRO

$LUD3UDH

$PPS$UHQ

%HWO3HQG

&DOP(SLJ

&DPS,QWU

&DU[$UHQ

&DU[1LJU

&DU[7ULQ

&HUV6HPG

&HUW3XUS

&ODG)LPE

&ODG3RUW

&ODG6FDE

'DQW'HFP

'LFU6FRS

(PSW1LJU

(ULF7HWU

)HVW)LOI

*DOL9HUP
+LHU3LOV

+LHU8PEO

+ROF/DQW

+\SQ&XS�

+\SF5DGF

-XQF&RQJ

/RQF3HUF /X]O&DPS

3RD3UDWQ

3RWQ(UHF

3UXQ6HUW

3VHX3XUP

4XHU5REU

5XP[$FHW

5XP[7K\U

6DO[5HSQ

9DFF0DFU

9HUQ2IIF
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,Q�KHW�'&$�GLDJUDP�YDQ������]LMQ�GH�34¶V�YDQ�KHW�VWUDWXP�YRFKWLJH�GXLQKHLGHQ�TXD�
VRRUWHQVDPHQVWHOOLQJ�QRJ�VWHHGV�GXLGHOLMN�WH�RQGHUVFKHLGHQ�YDQ�GH�PHHVWH�34¶V�YDQ�KHW�
VWUDWXP�YHUJUDVWH�GXLQYDOOHLHQ��ILJXXU��������:HO�LV�GH�VSUHLGLQJ�ODQJV�GH�[�DV�ZDW�JURWHU�
GDQ�LQ�������ZDW�HU�RS�ZLMVW�GDW�KHW�YHUVFKLO�WXVVHQ�YRFKWLJH��OLQNV�LQ�KHW�GLDJUDP��HQ�GURJH�
ORFDWLHV��UHFKWV��ZDW�JURWHU�LV�JHZRUGHQ��%LM�KHW�VWUDWXP�YHUJUDVWH�GXLQYDOOHLHQ�]LMQ�HU�JHHQ�
RSYDOOHQGH�YHUVFKLOOHQ�WXVVHQ�GH�EHJUDDVGH�HQ�GH�RQEHJUDDVGH�34¶V��DOWKDQV�QLHW�TXD�
VRRUWHQVDPHQVWHOOLQJ��%LM�KHW�VWUDWXP�YRFKWLJH�GXLQKHLGHQ�]LMQ�GH�RQEHJUDDVGH�34¶V�ZDW�
PHHU�JHVFKHLGHQ�WH�NRPHQ�OLJJHQ�YDQ�GH�EHJUDDVGH�SORWV��ZDDUELM�GH�RQEHJUDDVGH�SORWV�ZDW�
]LMQ�YHUVFKRYHQ�QDDU�YHQLJHU�YRHGVHOULMNHUH�ERGHP�WHQ�RS]LFKWH�YDQ�GH�EHJUDDVGH�SORWV���

7UHQGV�LQ�GH�WLMG�PHW�HQ�]RQGHU�EHJUD]LQJ�
9HUYROJHQV�LV�PHW�EHKXOS�YDQ�FDQRQLFDO�FRUUHVSRQGHQFH�DQDO\VLV��&&$��JHNHNHQ�QDDU�WUHQGV�
LQ�GH�WLMG��]RZHO�LQ�GH�EHJUDDVGH�DOV�GH�RQEHJUDDVGH�SORWV��

)LJXXU�������&&$�GLDJUDP�YDQ�GH�EHJUDDVGH�34¶V�ELM�GH�VWDUW�YDQ�KHW�H[SHULPHQW�LQ������
HQ�QD����MDDU�LQ�������6WUDWXP�µYHUJUDVWH�GXLQYDOOHLHQ¶��OLFKWJURHQH�URQGMHV�������
GRQNHUJURHQH�URQGMHV�������VWUDWXP�µYRFKWLJH�GXLQKHLGHQ¶��OLOD�URQGMHV�������SDDUVH�URQGMHV�
�������

)LJXUH�������&&$�GLDJUDP�RI�JUD]HG�34V�DW�WKH�VWDUW�RI�WKH�H[SHULPHQW�LQ������DQG�DIWHU����\HDUV�LQ�

������6WUDWXP��HQFURDKHG�PRLVW�GXQH�YDOOH\V���OLJKW�JUHHQ�FLUFOHV�������GDUN�JUHHQ�FLUFOHV�������

VWUDWXP��LQWDFW�PRLVW�GXQH�KHDWKODQG���OLODF�FLUFOHV�������SXUSOH�FLUFOHV�������

,Q�KHW�&&$�GLDJUDP�]LMQ�]RZHO�ELQQHQ�GH�JURHS�YDQ�EHJUDDVGH�34¶V�LQ�KHW�VWUDWXP�YHUJUDVWH�
GXLQYDOOHLHQ�DOV�ELQQHQ�KHW�VWUDWXP�YRFKWLJH�GXLQKHLGHQ�YHHO�34¶V�YHUVFKRYHQ�ULFKWLQJ�PHHU�
VWLNVWRI��(OOHQEHUJ�1���ILJXXU��������2RN�OLMNW�HU�ELQQHQ�GH�YHUJUDVWH�GXLQYDOOHLHQ�VSUDNH�YDQ�
HQLJH�YHUGURJLQJ�HQ�VWLMJLQJ�YDQ�GH�ERGHP�S+��(OOHQEHUJ�]XXUJUDDG���(QNHOH�EHJUDDVGH�34¶V�
]LMQ�GXLGHOLMN�ZDW�YHUQDW��5������5�������
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(HQ]HOIGH�YHUJHOLMNLQJ�LQ�GH�WLMG�LV�JHPDDNW�YRRU�GH�34¶V�ELQQHQ�GH�RQEHJUDDVGH�SORWV��ILJXXU�
�������:DW�RSYDOW�LV�GDW�GH�34¶V�GLFKWHUELM�HONDDU�OLJJHQ��'H�VRRUWHQVDPHQVWHOOLQJ�LV�GXV�
PLQGHU�YHUVFKLOOHQG��9HUGHU�LV�HU�RRN�KLHU�HHQ�YHUVFKXLYLQJ�]LFKWEDDU�LQ�GH�ULFKWLQJ�YDQ�PHHU�
VWLNVWRI��]LM�KHW�DOOHHQ�ELQQHQ�KHW�VWUDWXP�YHUJUDVWH�GXLQYDOOHLHQ��

)LJXXU�������&&$�GLDJUDP�YDQ�GH�RQEHJUDDVGH�34¶V�ELM�GH�VWDUW�YDQ�KHW�H[SHULPHQW�LQ������
HQ�QD����MDDU�LQ�������6WUDWXP�µYHUJUDVWH�GXLQYDOOHLHQ¶��OLFKWJURHQH�YLHUNDQWMH�������
GRQNHUJURHQH�YLHUNDQWMHV�������VWUDWXP�µYRFKWLJH�GXLQKHLGHQ¶��OLOD�YLHUNDQWMHV�������SDDUVH�
YLHUNDQWMHV�������

)LJXUH�������&&$�GLDJUDP�RI�XQJUD]HG�34V�DW�WKH�VWDUW�RI�WKH�H[SHULPHQW�LQ������DQG�DIWHU����\HDUV�LQ�
������6WUDWXP��HQFURDFKHG�PRLVW�GXQH�YDOOH\V���OLJKW�JUHHQ�VTXDUH�������GDUN�JUHHQ�VTXDUHV�������
VWUDWXP�
LQWDFW�PRLVW�GXQH�KHDWKODQG��OLODF�VTXDUHV�������SXUSOH�VTXDUHV�������

��� *URQGZDWHUVWDQGHQ�
,Q�9DOOHL�YDQ�KHW�9HHQ�]LMQ�PHHUGHUH�SHLOEXL]HQ�DDQZH]LJ��ZDDUYDQ�GH�SHLOKRRJWHV�DO�UXLP����
MDDU�WZHHZHNHOLMNV�RI�]HOIV�GDJHOLMNV�ZRUGHQ�DIJHOH]HQ��ILJXXU��������9DQ�HHQ�DDQWDO�GDDUYDQ�
]LMQ�GH�PHHWJHJHYHQV��EHVFKLNEDDU�LQ�KHW�',12�ORNHW�YDQ�712�'HOIW��*HRORJLVFKH�'LHQVW�
1HGHUODQG���RYHU�GH�DIJHORSHQ�MDUHQ�JHDQDO\VHHUG��WDEHO�������
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)LJXXU�������9DOOHL�YDQ�KHW�9HHQ�PHW�GH�OLJJLQJ�YDQ�KHW�GULHWDO�SHLOEXL]HQ��URRG���ZDDUYDQ�
GH�JURQGZDWHUVWDQG�JHJHYHQV�]LMQ�JHDQDO\VHHUG��,Q�JHHO�GH�OLJJLQJ�YDQ�GH�RQGHU]RHNSORWV��

)LJXUH�������5HVHDUFK�DUHD�9DOOHL�YDQ�KHW�9HHQ�ZLWK�ORFDWLRQ�RI�WKUHH�JURXQGZDWHU�PRQLWRULQJ�VSRWV�
�UHG��XVHG�IRU�DQDO\VHV��7KH�ORFDWLRQ�RI�WKH�UHVHDUFK�SORWV�IRU�YHJHWDWLRQ�DQG�IDXQD�LV�VKRZQ�LQ�\HOORZ��

7DEHO������/LJJLQJ�YDQ�GH�SHLOEXL]HQ�GLH�]LMQ�JHEUXLNW�YRRU�HHQ�DQDO\VH�YDQ�GH�
JURQGZDWHUVWDQGHQ�LQ�GH�SHULRGH�������������

7DEOH������/RFDWLRQ�RI�WKH�PRQLWRULQJ�ZHOOV�XVHG�IRU�DQDO\VLV�RI�JURXQGZDWHU�OHYHOV�LQ�WKH�SHULRG������
������

&RGH�
SHLOEXLV�

([WHUQH�
FRGH�

3HULRGH [�FR|UG� \�FR|UG� 0DDLYHOG�
P��1$3

%��(����� ��(3����� ��������� ������ ������ ����
%��(����� ��(3����� ��������� ������ ������ ����
%��)����� ��)3����� ��������� ������ ������ ����

9RRU�GH�YHJHWDWLH�LV�PHW�QDPH�GH�JHPLGGHOG�ODDJVWH�JURQGZDWHUVWDQG��*/*��YDQ�EHODQJ�
WLMGHQV�KHW�JURHLVHL]RHQ��9RRU�GH�GULH�SHLOEXL]HQ�LV�KHW�YHUORRS�LQ�*/*��SHULRGH���DSULO����
VHSWHPEHU��ZHHUJHJHYHQ�LQ�ILJXXU�������*H]LHQ�GH�V\QFKURQLFLWHLW�YDQ�GH�JURQGZDWHUVWDQGHQ�
PDJ�ZRUGHQ�JHFRQFOXGHHUG�GDW�GH]H�SHLOEXL]HQ�KHW]HOIGH�IUHDWLVFKH�YODN�DDQERUHQ��9HUGHU�LV�
GXLGHOLMN�WH�]LHQ�GDW�HU�VWHUNH�IOXFWXDWLHV�]LMQ�YDQ�MDDU�WRW�MDDU��VDPHQKDQJHQG�PHW�MDDUOLMNVH�
YHUVFKLOOHQ�LQ�GH�QHWWR�QHHUVODJ��'H�SHULRGH�����������ZDV�GXLGHOLMN�HHQ�QDWWH�SHULRGH�
UHVXOWHUHQG�LQ�UHODWLHI�KRJH�JURQGZDWHUVWDQGHQ��'H�MDUHQ�GDDUQD�IOXFWXHHUW�GH�*/*�RS�HHQ�
ZDW�ODJHU�QLYHDX�URQG��������FP�RQGHU�PDDLYHOG��%HVFKRXZW�RYHU�GH�JHKHOH�
RQGHU]RHNVSHULRGH�ZDV�HU�JHHQ�VSUDNH�YDQ�HHQ�VLJQLILFDQWH�YHUQDWWLQJ�RI�YHUGURJLQJ���
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)LJXXU�������-DDUOLMNVH�IOXFWXDWLH�YDQ�GH�JHPLGGHOG�ODDJVWH�JURQGZDWHUVWDQG��*/*��LQ�GH�
SHULRGH���DSULO����VHSWHPEHU��YDVWJHVWHOG�DDQ�GH�KDQG�YDQ�HHQ�GULHWDO�SHLOEXL]HQ�LQ�GH�9DOOHL�
YDQ�KHW�9HHQ�JHGXUHQGH�GH�SHULRGH�������������

)LJXUH�������$QQXDO�IOXFWXDWLRQ�RI�WKH�DYHUDJH�ORZHVW�JURXQGZDWHU�OHYHO��*/*��LQ�WKH�SHULRG�$SULO���WR�

6HSWHPEHU�����GHWHUPLQHG�RQ�WKH�EDVLV�RI�WKUHH�PRQLWRULQJ�VSRWV�LQ�WKH�3HDW�9DOOH\�GXULQJ�WKH�SHULRG�

�����������

��� %HODQJULMNVWH�FRQFOXVLHV�
x ,Q�GH�XLWJDQJVVLWXDWLH�LQ������LV�JHNR]HQ�YRRU�WZHH�VWUDWD��GH�HIIHFWHQ�YDQ�EHJUD]LQJ�

]RXGHQ�ZRUGHQ�YDVWJHVWHOG�LQ�YHUJUDVWH�GXLQYDOOHLHQ��7HJHOLMNHUWLMG�]RX�ZRUGHQ�
JHNHNHQ�RI�HU�JHHQ�VFKDGHOLMNH�HIIHFWHQ�]RXGHQ�RSWUHGHQ�LQ�KHW�VWUDWXP�LQWDFWH�
YRFKWLJH�GXLQKHLGHQ��$QDO\VH�YDQ�GH�YHJHWDWLHGDWD�LQ������ZLMVW�XLW�GDW�LQ�GH�SUDNWLMN�
GH�PHHVWH�SORWV�LQ�YHUJUDVWH�GXLQYDOOHLHQ�NRQGHQ�ZRUGHQ�JHUHNHQG�WRW�GH�GURJH�
YDULDQW�YDQ�KHW�KDELWDWW\SH�'XLQKHLGHQ�PHW�NUDDLKHL��+����%���QHW�DOV�GH�SORWV�LQ�KHW�
VWUDWXP�YRFKWLJH�GXLQKHLGHQ��6OHFKWV�HQNHOH�SORWV�NRQGHQ�LQ������ZRUGHQ�JHUHNHQG�
WRW�KHW�KDELWDWW\SH�+����&�9RFKWLJH�GXLQYDOOHLHQ��NDONDUP���,Q�GH�GDWD�DQDO\VH�YDQ�GH�
YHJHWDWLH�]LMQ�GH�YHUDQGHULQJHQ�LQ�GH�YHJHWDWLH�ZHO�VWHHGV�YRRU�EHLGH�VWUDWD�DSDUW�
JHDQDO\VHHUG��

x 'LW�EHWHNHQW�GDW�GH�FRQFOXVLHV�YDQ�GLW�EHJUD]LQJH[SHULPHQW�YRRUDO�EHWUHNNLQJ�
KHEEHQ�RS�GH�GURJH�YDULDQW�YDQ�KHW�KDELWDWW\SH�'XLQKHLGHQ�PHW�NUDDLKHL�
�+����%���

x ,Q�GH�EHJUDDVGH�SORWV�LV�KHW�DDQWDO�SODQWHQVRRUWHQ�QD����MDDU�EHJUD]LQJ�VLJQLILFDQW�
JURWHU�GDQ�LQ�GH�RQEHJUDDVGH�SORWV��'H�YHUVFKLOOHQ�]LMQ�KHW�JURRWVW�LQ�������GDDUQD�
QHHPW�KHW�YHUVFKLO�ZHHU�ZDW�DI��ZDDUVFKLMQOLMN�DOV�JHYROJ�YDQ�GH�RSORSHQGH�JUDDVGUXN�
GRRU�PHW�QDPH�6RD\�VFKDSHQ��+HW�JURWHUH�DDQWDO�VRRUWHQ�LQ�GH�EHJUDDVGH�SORWV�EHWUHIW�
]RZHO�KHW�DDQWDO�YDDWSODQWHQ��DOV��NRUVW�PRVVRRUWHQ��'LW�JHOGW�]RZHO�YRRU�KHW�VWUDWXP�
YHUJUDVWH�GXLQYDOOHLHQ�DOV�YRRU�KHW�VWUDWXP�YRFKWLJH�GXLQKHLGHQ��

x ,Q�DIZH]LJKHLG�YDQ�EHJUD]LQJ�EOHHI�GH�EHGHNNLQJ�YDQ�UXLJH�YHJHWDWLH�PHW�JUDVVRRUWHQ�
DOV�GXLQULHW��]DQG]HJJH��KHOP�RI�ULHW�PLQ�RI�PHHU�JHOLMN��,Q�GH�EHJUDDVGH�SORWV�ZDV�HU�
HHQ�WUHQG�WRW�DIQDPH�LQ�KHW�VWUDWXP�YHUJUDVWH�GXLQYDOOHLHQ��WHUZLMO�GH]H�VLJQLILFDQW�
WRHQDPH�LQ�KHW�VWUDWXP�YRFKWLJH�GXLQKHLGHQ��

x (U�ZDV�HHQ�GXLGHOLMN�VLJQLILFDQW�HIIHFW�YDQ�GH�JUD]HUV�RS�KHW�WHJHQJDDQ�YDQ�GH�RSVODJ�
YDQ�$PHULNDDQVH�YRJHONHUV��'H�RSVODJ�YDQ�GH]H�VRRUW�QDP�KHW�PHHVW�WRH�ELQQHQ�GH�
H[FORVXUHV��

Zϸ�с�Ϭ͘ϬϬϱ
ͲϭϮϬ

ͲϭϬϬ
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ͲϰϬ
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x 'H�JURRWVWH�YHUVFKXLYLQJ�LQ��ORNDOH��YHJHWDWLHW\SHQ�WUDG�RS�LQ�KHW�VWUDWXP�YHUJUDVWH�
GXLQYDOOHLHQ�LQ�GH�EHJUDDVGH�SORWV��ZDDU�GXLQKHLGH�EHJURHLLQJHQ��W\SH���������HQ����
DIQDPHQ�WHQ�JXQVWH�YDQ�GURRJ�GXLQJUDVODQG�EHJURHLLQJHQ��W\SH���HQ����HQ�YRFKWLJH�
GXLQYDOOHL�YHJHWDWLHV��W\SH���HQ�����

x 'H�34¶V�LQ�KHW�VWUDWXP�YRFKWLJH�GXLQKHLGHQ�]LMQ�JHGXUHQGH�GH����MDDU�TXD�
VRRUWHQVDPHQVWHOOLQJ�PLQ�RI�PHHU�VWDELHO�JHEOHYHQ��]RZHO�PHW�DOV�]RQGHU�EHJUD]LQJ��
'H�RQEHJUDDVGH�SORWV�]LMQ�ZDW�VRRUWHQDUPHU�JHZRUGHQ��

x .UDDLKHL��HHQ�VRRUW�JHYRHOLJ�YRRU�EHWUHGLQJ��QDP�HQLJV]LQV�DI�LQ�GH�WLMG��PDDU�GH]H�
DIQDPH�WUDG�LQ�DOOH�SORWV�RS��]RZHO�EHJUDDVG�DOV�RQEHJUDDVG��

x 'ULHQHUYLJH�]HJJH��HHQ�W\SLVFKH�VRRUW�YRRU�]RZHO�GH�YRFKWLJH�DOV�GURJH�YDULDQW�YDQ�KHW�
KDELWDWW\SH�'XLQKHLGH�PHW�NUDDLKHL��UHVSHFWLHYHOLMN�+����$�HQ�+����%���NZDP�ELM�GH�
VWDUW�YDQ�KHW�H[SHULPHQW�LQ������LQ�RQJHYHHU�GH�KHOIW�������YDQ�GH�34¶V�YRRU��1D����
MDDU�ZDV�GLW�JHGDDOG�QDDU������'H�DIQDPH�GHHG�]LFK�YRRUDO�YRRU�LQ�GH�H[FORVXUHV�HQ�
LPSOLFHHUW�NZDOLWHLWVYHUOLHV�YDQ�KHW�KDELWDWW\SH�LQ�SORWV�]RQGHU�EHJUD]LQJ��

x (HQ�DDQWDO�VRRUWHQ�YDQ�GURJH�GXLQJUDVODQGHQ�LV�RQGHU�LQYORHG�YDQ�EHJUD]LQJ�GXLGHOLMN�
WRHJHQRPHQ��R�D��JHZRQH�YHOGELHV��JHZRRQ�VWUXLVJUDV��WRUPHQWLO��PDQQHWMHVHUHSULMV�
HQ�JHZRRQ�ELJJHQNUXLG���

x 2YHU�GH�KHOH�SHULRGH�ZDV�HU��DIJHPHWHQ�DDQ�GH�JHPLGGHOG�ODDJVWH�JURQGZDWHUVWDQG�
�*/*���JHHQ�VSUDNH�YDQ�YHUQDWWLQJ�RI�YHUGURJLQJ��:HO�ZDUHQ�GH�MDUHQ�����������
EHGXLGHQG�QDWWHU�GDQ�GH�RYHULJH�MDUHQ��

(LQGFRQFOXVLH�RQWZLNNHOLQJ�YHJHWDWLH�
$O�PHW�DO�NDQ�ZRUGHQ�JHFRQFOXGHHUG�GDW�KHW�HIIHFW�YDQ�EHJUD]LQJ�PHW�UXQGHUHQ�HQ�VFKDSHQ�
RS�KHW�KDELWDWW\SH�'XLQKHLGHQ�PHW�NUDDLKHL��+������SRVLWLHI�LV��+HW�EHODQJULMNVWH�HIIHFW�LV�KHW�
WHJHQJDDQ�YDQ�YHUVWUXZHOLQJ�GRRU�PHW�QDPH�$PHULNDDQVH�YRJHONHUV�HQ�GH�WRHQDPH�YDQ�
VRRUWHQ�YDQ�GURRJ�GXLQJUDVODQG��(U�]LMQ�JHHQ�QHJDWLHYH�HIIHFWHQ�JHFRQVWDWHHUG�YDQ�
EHJUD]LQJ�RS�KHW�VWUDWXP�LQWDFWH�YRFKWLJH�GXLQKHLGHQ��,Q�DIZH]LJKHLG�YDQ�EHJUD]LQJ�WUDG�HHQ�
JHOHLGHOLMNH�DIQDPH�YDQ�SODQWHQVRRUWHQ�RS��]RZHO�YDQ�YDDWSODQWHQ�DOV��NRUVW�PRVVHQ��
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� 2QWZLNNHOLQJHQ�LQ�YHJHWDWLHVWUXFWXXU��
PLFURNOLPDDW��EORHPDDQERG�HQ�ERGHP

��� 9DULDWLH�LQ�YHJHWDWLHVWUXFWXXU�NUXLGODDJ�
(HQ�EHODQJULMNH�UHGHQ�RP�LQ������EHJUD]LQJ�LQ�WH�VWHOOHQ�LQ�GH�9DOOHL�YDQ�KHW�9HHQ�ZDV�KHW�

WHUXJGULQJHQ�YDQ�YHUJUDVVLQJ�HQ�GH�RSVODJ�YDQ�KRXWLJH�JHZDVVHQ��YHUVWUXZHOLQJ���,Q�ILJXXU�

����LV�GH�YHJHWDWLHKRRJWH�YDQ�GH�NUXLGODDJ�ZHHUJHYHQ�YRRU�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV�

LQ�YDOOHLHQ�HQ�GXLQKHLGH��0HWLQJHQ�LQ�RSVODJ�YDQ�VWUXZHHO�HQ�ERPHQ�]LMQ�DSDUW�JHDQDO\VHHUG�

��������GH�EHJURHLLQJ�YDQ�KHLGH�HQ�NUXLSZLOJ�LV�ZHO�PHW�GH�NUXLGODDJ�PHH�JHDQDO\VHHUG��

=RDOV�HHUGHU�YDVWJHVWHOG��9DQ�:LQJHUGHQ�HW�DO��������ZHUG�GH�JURHL�YDQ�GH�YHJHWDWLH�LQ�

YDOOHLHQ�WXVVHQ������HQ������PHW�HHQ�ODJH�EHJUD]LQJVGUXN�]RGDQLJ�DIJHUHPG�GDW�GH�

YHJHWDWLHKRRJWH�LQ�EHJUDDVGH�YDOOHLHQ�JHOLMN�EOHHI��WHUZLMO�LQ�RQEHJUDDVGH�YDOOHLHQ�GH�

JHPLGGHOGH�YHJHWDWLHKRRJWH�WRHQDP��1D�GH�YHUGXEEHOLQJ�YDQ�GH�YHHEH]HWWLQJ��YDQDI�������

QDP�LQ�EHJUDDVGH�YDOOHLHQ�GH�YHJHWDWLHKRRJWH�VLJQLILFDQW�DI��HHQ�HIIHFW�ZDW�QD�GH�WRHQDPH�

YDQ�KHW�DDQWDO�VFKDSHQ��VLQGV�������YHUGHU�GRRU]HWWH��,Q�GH�RQEHJUDDVGH�YDOOHLHQ�

YHUDQGHUGH�GH�YHJHWDWLHKRRJWH�QLHW�VLJQLILFDQW�LQ�GH]HOIGH�SHULRGH��,Q�GH�EHJUDDVGH�YDOOHLHQ�

QDP�GH�YDULDWLH�LQ�YHJHWDWLHVWUXFWXXU�DI�ELM�WRHQHPHQGH�YHHEH]HWWLQJ��

,Q�GXLQKHLGH�ZDV�DO�ELM�DDQYDQJ�LQ������HQ�ELM�GH�HHUVWH�HIIHFWPHWLQJ�LQ������GH�YDULDWLH�LQ�

YHJHWDWLHKRRJWH�LQ�EHJUDDVGH�SORWV�JURWHU�GDQ�LQ�RQEHJUDDVGH�SORWV��'H�ODJH�YHHEH]HWWLQJ�LQ�

GH]H�SHULRGH�KDG�JHHQ�GXLGHOLMN�HIIHFW�RS�GH�RQWZLNNHOLQJ�YDQ�GH�YHJHWDWLHKRRJWH��GH]H�QDP�

]RZHO�LQ�WZHH�YDQ�GH���EHJUDDVGH�SORWV�DOV�LQ���YDQ�GH���RQEHJUDDVGH�SORWV�VLJQLILFDQW�WRH�

�9DQ�:LQJHUGHQ�HW�DO���������2RN�LQ�EHJUDDVGH�GXLQKHLGH�QDP�ELM�WRHQDPH�YDQ�GH�

YHHEH]HWWLQJ�YDQDI������HQ�ZHGHURP�LQ������]RZHO�GH�JHPLGGHOGH�YHJHWDWLHKRRJWH�DOV�GH�

YDULDWLH�LQ�YHJHWDWLHKRRJWH�VWHUN�DI��WHUZLMO�GH]H�LQ�RQEHJUDDVGH�GXLQKHLGH�MXLVW�WRHQDP��

)LJXXU������*HPLGGHOGH�KRRJWH�YDQ�GH�YHJHWDWLH��FP���VWGHY��LQ�GH�NUXLGODDJ�LQ�EHJUDDVGH�
HQ�RQEHJUDDVGH�RQGHU]RHNSORWV�LQ�YHUJUDVWH�GXLQYDOOHLHQ�HQ�LQWDFWH�GXLQKHLGH��0HWLQJHQ�DDQ�
ERRP�HQ�VWUXZHHORSVODJ�]LMQ�LQ�GH]H�DQDO\VH�XLWJHVORWHQ��KHLGH�HQ�NUXLSZLOJ�LV�ZHO�PHH�
JHDQDO\VHHUG��

)LJXUH������$YHUDJH�KHLJKW�RI�WKH�YHJHWDWLRQ��FP���VG��LQ�WKH�KHUE�OD\HU�LQ�JUD]HG�DQG�XQJUD]HG�

UHVHDUFK�SORWV�LQ�JUD]HG�GXQH�YDOOH\V�DQG�LQWDFW�GXQH�KHDWKHU��0HDVXUHPHQWV�RI�WUHH�DQG�WKLFNHW�VWRUDJH�

DUH�H[FOXGHG�LQ�WKLV�DQDO\VLV��EXW�KHDWKHU�DQG�FUHHSLQJ�ZLOORZ�KDYH�EHHQ�LQFOXGHG��

YDOOHLHQ�EHJUDDVG��������YDOOHLHQ�RQEHJUDDVG������GXLQKHLGH�EHJUDDVG����GXLQKHLGH�RQEHJUDDVG�
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)LJXXU������9HJHWDWLHKRRJWH�YDQ�GH�NUXLGODDJ�LQ������LQ�EHJUDDVGH���������HQ�RQEHJUDDVGH�

��������LQWDFWH�YRFKWLJH�GXLQKHLGH�HQ�LQ�EHJUDDVGH��������HQ�RQEHJUDDVGH��������YHUJUDVWH�

GXLQYDOOHLHQ��PHGLDDQ�PHW�����YDQ�ZDDUQHPLQJHQ��OLFKWH�EDONHQ�JHYHQ�GH�YROOHGLJH�

VSUHLGLQJ�WXVVHQ�PLQLPXP�HQ�PD[LPXP���3ORW���LV�NDSRW�JHZHHVW�LQ������ZDDUGRRU�JUD]HUV�

WLMGHOLMN�WRHJDQJ�KDGGHQ��

)LJXUH������9HJHWDWLRQ�KHLJKW�RI�WKH�KHUE�OD\HU�LQ������LQ�JUD]HG���������DQG�XQJUD]HG���������LQWDFW�

PRLVW�GXQH�KHDWKODQG�DQG�LQ�JUD]HG��������DQG�XQJUD]HG��������HQFURDFKHG�GXQH�YDOOH\V��PHGLDQ�ZLWK�

����RI�REVHUYDWLRQV��OLJKW�EDUV�LQGLFDWH�WKH�IXOO�VSUHDG�EHWZHHQ�PLQLPXP�DQG�PD[LPXP���3ORW���ZDV�
GDPDJHG�LQ������JLYLQJ�WHPSRUDULO\�DFFHVV�WR�JUD]HUV��

*HFRQFOXGHHUG�NDQ�ZRUGHQ�GDW�GH�ODJH�EH]HWWLQJ�YDQ������*9(�GH�JURHL�YDQ�GH�NUXLGODDJ�

�JUDVVHQ��NUXLGHQ��KHLGH�HQ�NUXLSZLOJ��DIUHPW��PDDU�QLHW�WHUXJGULQJW��(HQ�YHHEH]HWWLQJ�YDQ�

�����*9(�HQ�KRJHU�KHHIW�ZHO�JHQRHJ�LQYORHG�RP�GH�YHJHWDWLHKRRJWH�VWHUN�WHUXJ�WH�]HWWHQ��

,Q�ILJXXU�����LV�YRRU�GH�NUXLGODDJ�GH�JHPLGGHOGH�KRRJWH�HQ�GH�YDULDWLH�LQ�KRRJWH�SHU�SORW�

ZHHUJHJHYHQ�YRRU�KHW�RQGHU]RHNVMDDU�������=RZHO�LQ�GXLQKHLGH�DOV�LQ�GXLQYDOOHLHQ�LV�

GXLGHOLMN�WH�]LHQ�GDW�LQ�EHJUDDVGH�SORWV�HHQ�ODJHUH�YHJHWDWLHKRRJWH�RSWUHHGW�GDQ�LQ�

RQEHJUDDVGH�SORWV��0HW�QDPH�GH�SORWV���HQ����]LMQ�]HHU�VWHUN�EHJUDDVG�HQ�NHQQHQ�HHQ�]HHU�

NRUWH�HQ�HHQYRUPLJH�YHJHWDWLHVWUXFWXXU��'H�YDULDWLH�LQ�YHJHWDWLHVWUXFWXXU�LV�LQ�RQEHJUDDVGH�

YDOOHLHQ�JURWHU�GDQ�LQ�EHJUDDVGH�YDOOHLHQ��YRRUQDPHOLMN�GRRU�KHW�YRRUNRPHQ�YDQ�KRJHUH�

PD[LPD�LQ�RQEHJUDDVGH�SORWV��

3ORW���LV�HHQ�RQEHJUDDVGH�H[FORVXUH�GLUHFW�QDDVW�GH�]HHU�LQWHQVLHI�EHJUDDVGH�SORW����9DQ�SORW�

��LV�HFKWHU�KHW�KHNZHUN�LQ������GRRU�UXQGHUHQ�]RGDQLJ�YHUQLHOG�GDW�UXQGHUHQ�HQ�VFKDSHQ�YULM�

WRHJDQJ�KDGGHQ�WRW�GH�SORW��,Q������LV�GH]H�H[FORVXUH�ZHHU�JHUHSDUHHUG��PDDU�GH�HIIHFWHQ�

RS�GH�YHJHWDWLHVWUXFWXXU�]LMQ�LQ������QRJ�GXLGHOLMN�]LFKWEDDU��

ďĞŐƌĂĂƐĚĞ���������������ŽŶďĞŐƌĂĂƐĚĞ����������������������������������ďĞŐƌĂĂƐĚĞ������������������������������������������ŽŶďĞŐƌĂĂƐĚĞ�
ĚƵŝŶŚĞŝĚĞ������������������ĚƵŝŶŚĞŝĚĞ���������������������������������������ǀĂůůĞŝĞŶ�������������������������������������������������ǀĂůůĞŝĞŶ�
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��� 2SVODJ�HQ�KRRJWH�VWUXZHHO�
,Q�WDEHO�����HQ�����HQ�LQ�ILJXXU�����LV�GH�KXLGLJH�VLWXDWLH�YDQ�RSVODJ�YDQ�KRXWLJH�VRRUWHQ�

DOVRRN�GH�RQWZLNNHOLQJ�YDQDI������ZHHUJHJHYHQ�LQ�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV��

7ZHH�GHUGH�YDQ�GH�ERRPRSVODJ�EHVWDDW�XLW�$PHULNDDQVH�YRJHONHUV������H[��HQ�EHUN������

H[���2RN�=RPHUHLN������H[���NRPW�JHUHJHOG�YRRU��*URYH�GHQ�����H[���HQ�/LMVWHUEHV����H[���

YHHO�PLQGHU��'H�PDWH�YDQ�ERRPRSVODJ�ZLVVHOW�VWHUN�WXVVHQ�SORWV��PDDU�LV�JHPLGGHOG�LQ�

GXLQKHLGH���������������YHHO�JURWHU�GDQ�LQ�GXLQYDOOHLHQ���������������HQ�LQ�RQEHJUDDVGH�

SORWV���������������JURWHU�GDQ�LQ�EHJUDDVGH�SORWV����������������2QGDQNV�GH�JURWH�YDULDWLH�

]LMQ�EHLGH�YHUVFKLOOHQ�VLJQLILFDQW��RQJHSDDUGH�W�WRHWV�S �������

7DEHO������%RRPRSVODJ�LQ������LQ�RQEHJUDDVGH���������HQ�EHJUDDVGH���������LQWDFWH�

YRFKWLJH�GXLQKHLGH�HQ�LQ�RQEHJUDDVGH��������HQ�RQEHJUDDVGH��������YHUJUDVWH�GXLQYDOOHLHQ��

7DEOH������7UHH�DEXQGDQFH�LQ������LQ�XQJUD]HG���������DQG�JUD]HG���������LQWDFW�PRLVW�GXQH�

KHDWKODQG�DQG�LQ�XQJUD]HG��������DQG�XQJUD]HG��������HQFURDFKHG�GXQH�YDOOH\V��

'XLQKHLGH�

RQEHJUDDVG� %HJUDDVG�

SORW� ��� ��� ��� ��� ��� ��� ��� ��� WRW��

$P��9RJHONHUV� ��� �� ��� ��� ��� ����

%HUN� ��� ��� ��� ��� ��� ��� ����

*URYH�GHQ� �� �� �� �� �� ���

=RPHUHLN� ��� ��� ��� ��� �� ����

/LMVWHUEHV� �� ��

7RWDDO� ��� ��� ��� ���� ��� �� ��� ��� ����

'XLQYDOOHLHQ�

RQEHJUDDVG� EHJUDDVG�

SORW� �� �� ��� ��� ��� ��� �� �� �� ��� ��� ��� ��� ��� ��� WRW��

$P��9RJHONHUV� �� �� �� ��� ��� � � � � � � � � � ����

%HUN� �� �� � � � � � � � � � ���

*URYH�GHQ� � � � � � � � � � ��

=RPHUHLN� ��� � � � � � � � � � ���

/LMVWHUEHV� � � � � � � � � � ��

7RWDDO� ��� �� �� ��� �� ��� �� �� �� �� �� �� �� �� �� ����

9HUVFKLO�LQ�ERRPRSVODJ�WXVVHQ�GH�YHUVFKLOOHQGH�SORWV�EOLMNW�RRN�XLW�GH�KRRJWHPHWLQJHQ�PHW�GH�
GURSGLVF��,Q�HONH�SORW�]LMQ����UDQGRP�PHWLQJHQ�XLWJHYRHUG��ZDDUELM�LQ�EHJUDDVGH�GXLQYDOOHLHQ�
JHHQ�HQNHOH�PHWLQJ�LQ�KRXWLJH�JHZDVVHQ�SODDWVYRQG��LQ�RQEHJUDDVGH�GXLQYDOOHLHQ�LQ������
YDQ�GH�JHYDOOHQ��,Q�GXLQKHLGH�ZDV�GLW�LQ�UHVSHFWLHYHOLMN������HQ�������YDQ�GH�PHWLQJHQ�KHW�
JHYDO��'DDUQDDVW�ZDUHQ�GH�ERPHQ�LQ�GH�RQEHJUDDVGH�GXLQKHLGH�JHPLGGHOG�KRJHU�GDQ�LQ�
EHJUDDVGH�GXLQKHLGH��RQJHSDDUGH�W�WRHWV�S ��������

7DEHO������+RRJWHPHWLQJHQ�VWUXZHHO�PHW�GURSGLVF��YHJHWDWLHKRRJWH�NUXLGODDJ�LV�QLHW�
RSJHQRPHQ��]LH�KLHUYRRU��������

7DEOH������+HLJKW�PHDVXUHPHQWV�RI�VKUXEV�ZLWK�GURS�GLVF��YHJHWDWLRQ�KHLJKW�RI�KHUE�OD\HU�LV�QRW�

LQFOXGHG��VHH��������

EHKDQGHOLQJ� ��PHWLQJHQ� ��PHWLQJHQ� JHPLGGHOGH�KRRJWH�

EHJUDDVGH�GXLQYDOOHL� ���� �� �� ��

RQEHJUDDVGH�GXLQYDOOHL� ���� ���� ����� �������

EHJUDDVGH�GXLQKHLGH� ���� ���� ����� �������

RQEHJUDDVGH�GXLQKHLGH� ���� ����� ������ �������
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)LJXXU������%RRPRSVODJ�LQ�EHJUDDVGH���������HQ�RQEHJUDDVGH���������LQWDFWH�YRFKWLJH�

GXLQKHLGH�HQ�LQ�EHJUDDVGH��������HQ�RQEHJUDDVGH��������YHUJUDVWH�GXLQYDOOHLHQ��/HJH�

EDONMHV�ELM�SORWV�����HQ�SORW����JHYHQ�DDQ�GDW�GH]H�SORWV�YRRU�KHW�RQGHU]RHN�YHUORUHQ�]LMQ�

JHJDDQ�HQ�HU�GXV�QD������JHHQ�PHWLQJHQ�]LMQ�YHUULFKW��+HW�UDVWHU�YDQ�SORW���LV�LQ������

WLMGHOLMN�NDSRW�JHZHHVW��ZDDUGRRU�JUD]HUV�WRHJDQJ�KDGGHQ��

)LJXUH������7UHH�DEXQGDQFH�LQ�JUD]HG���������DQG�XQJUD]HG���������LQWDFW�PRLVW�GXQH�KHDWKODQG�DQG�LQ�

JUD]HG��������DQG�XQJUD]HG��������HQFURDFKHG�GXQH�YDOOH\V��(PSW\�EDUV�DW�SORWV�����DQG�SORW����

LQGLFDWH�ORVW�SORWV�ZKHUH�QR�PHDVXUHPHQWV�ZHUH�WDNHQ�DIWHU�������3ORW��
V�JULG�ZDV�WHPSRUDULO\�

GDPDJHG�LQ�������JLYLQJ�WHPSRUDULO\�DFFHVV�WR�JUD]HUV��

2QGHU]RHNVSORWV�GLH�LQ������JHHQ�ERRPRSVODJ�NHQQHQ��EOLMYHQ�LQ�GH�GDDURS�YROJHQGH�MDUHQ�

QDJHQRHJ�ERRPORRV��]HNHU�ZDQQHHU�]H�EHJUDDVG�ZRUGHQ��ILJXXU�������:DDU�LQ�EHJUDDVGH�

GXLQYDOOHLHQ�ERRPRSVODJ�SODDWVYLQGW��EOLMIW�GH]H�WRW�HQ�PHW������EHSHUNW��1D�GH�VWHUNH�

WRHQDPH�YDQ�VFKDSHQ�LQ������YHUGZLMQW�DOOH�RSVODJ�LQ�EHJUDDVGH�SORWV��PDDU�LQ�RQEHJUDDVGH�

SORWV�EOLMIW�GH]H�JHOLMN�RI�QHHPW�YHUGHU�WRH��8LWHLQGHOLMN�LV�HU�LQ������HHQ�VLJQLILFDQW�YHUVFKLO�

LQ�ERRPRSVODJ�WXVVHQ�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV��RQJHSDDUGH�W�WRHWV�S���������

,Q�GXLQKHLGH�WUHHGW�LQ�YULMZHO�DOOH�SORWV�RSVODJ�YDQ�ERPHQ�SODDWV��PDDU�PHW�JURWH�YHUVFKLOOHQ�

WXVVHQ�SORWV��7RW�HQ�PHW������LV�LQ�GH�PHHVWH�SORWV�VSUDNH�YDQ�HHQ�VWHUNH�WRHQDPH�YDQ�

ERRPRSVODJ��PDDU�QD�GH�WRHQDPH�YDQ�VFKDSHQ�LQ������QHHPW�GH]H�LQ�DOOH�EHJUDDVGH�SORWV�

ZHHU�DI��WHUZLMO�GH]H�LQ���YDQ�GH���RQEHJUDDVGH�SORWV�YHUGHU�WRHQHHPW��'RRU�GH�JURWH�

YDULDWLH�WXVVHQ�GH�SORWV�LV�HU�JHHQ�VLJQLILFDQW�YHUVFKLO�LQ�ERRPRSVODJ��DDQWDO�LQGLYLGXHQ��

WXVVHQ�EHJUDDVGH�SORWV�HQ�H[FORVXUHV��RQJHSDDUGH�W�WRHWV�S �������

EHJUDDVGH�YHUJUDVWH�YDOOHLHQ�������������������������������RQEHJUDDVGH�YHUJUDVWH�YDOOHLHQ�

EHJUDDVGH�GXLQKHLGH�������RQEHJUDDVGH�GXLQKHLGH�
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)LJXXU������*HPLGGHOGH�YDQ�ERRPRSVODJ�LQ�EHJUDDVGH���������HQ�RQEHJUDDVGH���������

LQWDFWH�YRFKWLJH�GXLQKHLGH�HQ�LQ�EHJUDDVGH��������HQ�RQEHJUDDVGH��������YHUJUDVWH�

GXLQYDOOHLHQ�LQ������HQ�LQ�������6WUXLNKRRJWH�YHUGHHOG�LQ�NODVVHQ�����FP��������FP������

����FP�HQ�!����FP��

)LJXUH������$YHUDJH�WUHH�DEXQGDQFH�LQ�JUD]HG���������DQG�XQJUD]HG���������LQWDFW�PRLVW�GXQH�
KHDWKODQG�DQG�JUD]HG��������DQG�XQJUD]HG��������HQFURDFKHG�PRLVW�GXQH�YDOOH\V�LQ������DQG�������

6KUXE�KHLJKW�GLYLGHG�LQWR�FODVVHV�����FP��������FP����������FP�DQG!�����FP��

%HJUD]LQJ�KHHIW�RRN�LQYORHG�RS�GH�KRRJWH�YDQ�GH�ERRPRSVODJ��$O�LQ������EOHHN�GDW�

ERRPRSVODJ�WXVVHQ�GH����FP�HQ�����FP�KRRJWH�VWHUN�ZHUG�EHJUDDVG��%RYHQ�GH����FP�

JURHLGH�ERPHQ�GRRU��PDDU�PHW�HHQ�GXLGHOLMNH�YUDDWOLMQ���RQGHU�GH���FP�EOHHI�YHHO�RSVODJ�

VWDDQ�PDDU�ZHUG�NRUW�JHKRXGHQ��'LW�HIIHFW�ZDV�VWHUNHU�RS�EHUN�GDQ�RS�$PHULNDDQVH�

YRJHONHUV��9DQ�:LQJHUGHQ�HW�DO���������,Q������EOHHN�GDW�GH�YHUKRXGLQJ�LQ�KRRJWHNODVVHQ�

VWHUN�YHUVFKLOGH�WXVVHQ�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV��,Q�EHJUDDVGH�SORWV�LQ�]RZHO�

GXLQKHLGH�DOV�LQ�YDOOHLHQ�ZDV�HU�VSUDNH�YDQ�YHHO�RSVODJ�YDQ�MRQJH�ERRPSMHV�RQGHU�GH����FP��

PDDU�QDXZHOLMNV�RSVODJ�KRJHU�GDQ���PHWHU��,Q�RQEHJUDDVGH�SORWV�ZDV�GH�GLFKWKHLG�DDQ�

RSVODJ�YDQ�KRXWLJH�VRRUWHQ�HYHQ�JURRW�DOV�LQ�EHJUDDVGH�SORWV��PDDU�ZDV�HU�HHQ�JHOLMNH�

YHUGHOLQJ�RYHU�GH�YHUVFKLOOHQGH�KRRJWHNODVVHQ��

7XVVHQ������HQ������LV�GH�VWUXFWXXU�YDQ�KRXWLJH�RSVODJ�VWHUN�YHUDQGHUG��ILJXXU�������=RZHO�

LQ�GXLQYDOOHLHQ�DOV�LQ�GXLQKHLGH�LV�GH�JURWH�RSVODJ�YDQ�NOHLQH�ERRPSMHV�YULMZHO�YROOHGLJ�

YHUGZHQHQ�LQ�EHJUDDVGH�SORWV��WHUZLMO�GH]H�LQ�RQEHJUDDVGH�SORWV�JHOLMN�EOHHI��,Q�EHJUDDVGH�

YDOOHLHQ�]LMQ�RRN�GH�ERPHQ�LQ�GH�DQGHUH�KRRJWHNODVVHQ�YHUGZHQHQ��WHUZLMO�ERRPSMHV�LQ�GH]H�

NODVVH�LQ�GH�RQEHJUDDVGH�SORWV�]LMQ�WRHJHQRPHQ��,Q�GXLQKHLGH�LV�KHW�DDQWDO�ERPHQ�LQ�GH�
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NODVVHQ�������FP�HQ��������FP�JHOLMN�JHEOHYHQ��HQ�ZDV�HU�ERYHQ�����FP�ZHO�VSUDNH�YDQ�

HHQ�WRHQDPH��,Q�RQEHJUDDVGH�GXLQKHLGH�QDP�GH�ERRPRSVODJ�LQ�DOOH�FDWHJRULHsQ��OLFKW��WRH��

��� 9HUDQGHULQJHQ�YHJHWDWLHVWUXFWXXU�LQ�EHHOG�

,Q������������HQ������]LMQ�RS�YHUVFKLOOHQGH�ORFDWLHV�LQ�KHW�YHOG�SDQRUDPDIRWR¶V�JHPDDNW�
�ILJXXU�������(HQ�YHUJHOLMNLQJ�YDQ�GH]H�IRWR¶V�OHYHUW�HHQ�JRHG�EHHOG�RS�YDQ�GH�YHUDQGHULQJHQ�
GLH�LQ�GH�RQGHU]RHNVSHULRGH�YDQ����MDDU�KHEEHQ�SODDWVJHYRQGHQ��2S�GH�YROJHQGH�SDJLQD¶V�
]LMQ�YRRU���ORFDWLHV�GH�IRWR¶V�YDQ�GH�YHUVFKLOOHQGH�MDUHQ�RQGHU�HONDDU�JH]HW�HQ�]LMQ�GH�
EHODQJULMNVWH�YHUVFKLOOHQ�EHVFKUHYHQ��

)LJXXU������/RFDWLHV�HQ�]LFKWKRHN�YDQ�SDQRUDPDIRWR¶V�GLH�LQ������������HQ������]LMQ�
JHQRPHQ��)LJXXU�HQ�QXPPHULQJ�XLW�9DQ�:LQJHUGHQ�HW�DO����������

)LJXUH������/RFDWLRQV�DQG�DQJOH�RI�YLHZ�RI�SDQRUDPLF�SKRWRV�WDNHQ�LQ������������DQG�������)LJXUH�DQG�

QXPEHULQJ�IRUP�9DQ�:LQJHUGHQ�HW�DO����������
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3DQRUDPD�VHULH����8LW]LFKW�YDQDI�KHW�QRRUGHQ�RS�GH�EHJUDDVGH�SORWV����HQ����HQ�GH�PHW�
H[FORVXUHV�EHVFKHUPGH�SORWV����HQ����LQ������������HQ�������YDQ�ERYHQ�QDDU�EHQHGHQ����
'XLGHOLMN�LV�WH�]LHQ�GDW�GH�JUD]LJH�YHJHWDWLH�LQ����MDDU�YHHO�NRUWHU�LV�JHZRUGHQ��PDDU�QLHW�LQ�
RQEHJUDDVGH�SORW�����UHFKWVERYHQ���,Q�RQEHJUDDVGH�SORW����LV�GH�EHGHNNLQJ�HQ�KRRJWH�YDQ�
$PHULNDDQVH�YRJHONHUV�VWHUN�WRHJHQRPHQ��WHUZLMO�GH]H�VRRUW�LQ�GH�EHJUDDVGH�WHUUHLQGHOHQ�
YULMZHO�JHKHHO�LV�YHUGZHQHQ��IRWR¶V�M��YDQ�2VFK�HQ�0DULMQ�1LMVVHQ���

3DQRUDPD�VHULHV����9LHZ�IURP�WKH�QRUWK�RQ�JUD]HG�SORWV����DQG����DQG�WKH�H[FORVXUHV�SURWHFWHG�SORWV�

���DQG����LQ������������DQG�������IURP�WRS�WR�ERWWRP���,W�FDQ�FOHDUO\�EH�VHHQ�WKDW�LQ����\HDUV�WKH�

JUDVV�YHJHWDWLRQ�KDV�EHFRPH�PXFK�VKRUWHU��EXW�QRW�LQ�XQJUD]HG�SORW�����WRS�ULJKW���,Q�JUD]HG�SORW�����

WKH�FRYHU�DQG�KHLJKW�RI�3UXQXV�VHURWLQH�KDV�LQFUHDVHG�VLJQLILFDQWO\��ZKLOH�WKLV�VSHFLHV�KDV�DOPRVW�

FRPSOHWHO\�GLVDSSHDUHG�LQ�WKH�JUD]HG�DUHD��SLFWXUHV�-��YDQ�2VFK�DQG�0DULMQ�1LMVVHQ���
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3DQRUDPD�VHULH����8LW]LFKW�YDQDI�GH�ERVUDQG�QDDU�KHW�QRRUGZHVWHQ�PHW�XLW]LFKW�RS�
EHJUDDVGH�SORWV����HQ�����RS�GH�DFKWHUJURQG��LQ������������HQ�������YDQ�ERYHQ�QDDU�
EHQHGHQ���7XVVHQ������HQ������LV�HU�ZHLQLJ�YHUDQGHUG�DDQ�GH�YHJHWDWLHVWUXFWXXU��PDDU�
GDDUQD�LV�GH��YHJHWDWLH�RQGHU�LQYORHG�YDQ�GH�KRJHUH�YHHEH]HWWLQJ�NRUW�HQ�RSHQHU�JHZRUGHQ���
2S�KRJH�SOHNNHQ�LV�GH�ERGHP�RSHQ�HQ�]DQGLJ�JHZRUGHQ��LQ�GH�GURJH�HQ�YRFKWLJH�YDOOHLHQ�LV�
GH�NUDDL��HQ�VWUXLNKHLGHYHJHWDWLH�GXLGHOLMN�]LFKWEDDU��'H�ERRPRSVODJ��$PHULNDDQVH�
YRJHONHUV��EHUN��]RPHUHLN�HQ�JHZRQH�YOLHU��LV�YULMZHO�JHKHHO�YHUGZHQHQ��IRWR¶V�M��YDQ�2VFK�
HQ�0DULMQ�1LMVVHQ���

3DQRUDPD�VHULHV����9LHZ�IURP�WKH�IRUHVW�HGJH�WR�WKH�QRUWKZHVW�ZLWK�D�YLHZ�R1�JUD]HG�SORWV����DQG����

�LQ�WKH�EDFNJURXQG��LQ������������DQG�������IURP�WRS�WR�ERWWRP���%HWZHHQ������DQG������OLWWOH�KDV�

FKDQJHG�LQ�WKH�YHJHWDWLRQ�VWUXFWXUH��EXW�WRZDUGV������WKH�YHJHWDWLRQ�KDV�EHFRPH�VKRUWHU�DQG�PRUH�

RSHQ�XQGHU�WKH�LQIOXHQFH�RI�LQFUHDVHV�VWRFNLQJ�OHYHO��$UHDV�ZLWK�KLJKHU�JURXQG�OHYHO�KDYH�EHFRPH�RSHQ�

DQG�VDQG\��LQ�WKH�GU\�DQG�PRLVW�YDOOH\V�WKH�YHJHWDWLRQ�RI�(PSHWUXP�QLJUXP�DQG�&DOOXQD�YXOJDULV�KDV�

EHFRPH�FOHDUO\�YLVLEOH��7UHH�DEXQGDQFH��3UXQXV�VHURWLQD��%HWXOD�VS���4XHUFXV�UREXU�DQG�6DPEXFXV�

QLJUD��KDV�DOPRVW�FRPSOHWHO\�GLVDSSHDUHG��SLFWXUHV�-��YDQ�2VFK�DQG�0DULMQ�1LMVVHQ���



2QWZLNNHOLQJ�HQ�%HKHHU�1DWXXUNZDOLWHLW� ���

3DQRUDPD�VHULH�����8LW]LFKW�QDDU�KHW�QRRUGHQ�RS�EHJUDDVGH�SORW���HQ�RQEHJUDDVGH�SORW���

LQ������������HQ�������YDQ�ERYHQ�QDDU�EHQHGHQ���'H�YHJHWDWLHVWUXFWXXU�LV�LQ������DO�ZDW�

RSHQHU��PDDU�YRRUDO�LQ������LV�KHW�HIIHFW�YDQ�EHJUD]LQJ�]HHU�JRHG�WH�]LHQ��'H�YHJHWDWLH�LQ�

SORW���LV�UXLJHU�GDQ�LQ�GH�EHJUDDVGH�RPJHYLQJ��PDDU�GRRUGDW�KHW�UDVWHU�LQ������WLMGHOLMN�

NDSRW�LV�JHZHHVW��KHHIW�HU�ZHO�EHJUD]LQJ�SODDWVJHYRQGHQ�HQ�LV�GH�RSVODJ�YDQ�$PHULNDDQVH�

YRJHONHUV�YDQ�EODGHUHQ�RQWGDDQ��IRWR¶V�M��YDQ�2VFK�HQ�0DULMQ�1LMVVHQ���

3DQRUDPD�VHULHV�����9LHZ�WR�WKH�QRUWK�RQ�JUD]HG�SORW���DQG�XQJUD]HG�SORW���LQ������������DQG������

�WRS�WR�ERWWRP���7KH�YHJHWDWLRQ�VWUXFWXUH�KDG�DOUHDG\�EHFRPH�PRUH�RSHQ�LQ�������EXW�WKH�HIIHFW�RI�
JUD]LQJ�LV�SDUWLFXODUO\�YLVLEOH�LQ�������7KH�YHJHWDWLRQ�VWUXFWXUH�LQ�SORW���LV�KLJKHU�FRPSDUHG�WR�WKH�

JUD]HG�DUHD��EXW�EHFDXVH�WKH�SORW�KDV�EHHQ�WHPSRUDULO\�GDPDJHG�LQ�������VRPH�JUD]LQJ�KDV�WDNHQ�SODFH�

DQG�WKH�3UXQXV�VHURWLQD�OHDYHV�KDYH�EHHQ�VWULSSHG��SLFWXUHV�-��YDQ�2VFK�DQG�0DULMQ�1LMVVHQ���
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3DQRUDPD�VHULH�����8LW]LFKW�QDDU�KHW�QRRUGHQ�RS�EHJUDDVGH�SORW���LQ������������HQ������

�YDQ�ERYHQ�QDDU�EHQHGHQ���'H]H�SORW�OLJW�LQ�GH�XLWHUVWH�QRRUGRRVWHOLMNH�KRHN�YDQ�KHW�

EHJUD]LQJVJHELHG�GLUHFW�QDDVW�KHW�ILHWVSDG��+HW�LV�HHQ�YDQ�GH�PLQVW�YHUDQGHUGH�SORWV��PDDU�

GH�EHGHNNLQJ�PHW�GXLQULHW�LQ�GH�YRFKWLJH�KHLGH�LV�GH�DIJHORSHQ����MDDU�GXLGHOLMN�DIJHQRPHQ�

�IRWR¶V�-��YDQ�2VFK�HQ�0DULMQ�1LMVVHQ���

3DQRUDPD�VHULHV�����9LHZ�WR�WKH�QRUWK�RQ�JUD]HG�SORW���LQ������������DQG�������WRS�WR�ERWWRP���7KLV�
SORW�LV�LQ�WKH�IDU�QRUWK�HDVWHUQ�FRUQHU�RI�WKH�JUD]LQJ�DUHD��ULJKW�QH[W�WR�D�URDG��,W�LV�RQH�RI�WKH�OHDVW�

FKDQJHG�SORWV��EXW�WKH�FRYHU�RI�&DODPDJURVWLV�HSLJHMRV�LQ�WKH�YDOOH\�ZLWK�ZHW�KHDWKODQG�KDV�FOHDUO\�

GHFUHDVHG�RYHU�WKH�SDVW����\HDUV��SLFWXUHV�-��YDQ�2VFK�DQG�0DULMQ�1LMVVHQ���
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3DQRUDPD�VHULH����8LW]LFKW�QDDU�KHW�RRVWHQ�RS�H[FORVXUH����±�GLUHFW�WHQ�QRRUGHQ�YDQ�GH�

ERVUDQG����LQ������������HQ�������YDQ�ERYHQ�QDDU�EHQHGHQ���7XVVHQ������HQ������]LMQ�GH�

YHUDQGHULQJHQ�JHULQJ��PDDU�QD������LV�ELQQHQ�GH�H[FORVXUH�YHHO�RSVODJ�YHUVFKHQHQ�YDQ�

KRXWLJH�VRRUWHQ��]RZHO�YDQ�QDDOGERPHQ�DOV�ORRIERPHQ�HQ�VWUXZHHO��]RDOV�$PHULNDDQVH�

YRJHONHUV��,Q�KHW�EHJUDDVGH�RSHQ�YHOG�RQWEUHHNW�RSVODJ�YULMZHO�JHKHHO��DDQ�GH�ERVUDQG�

KHEEHQ�QDDOGERPHQ�]LFK�HQLJV]LQV�XLWJHEUHLG��

3DQRUDPD�VHULHV����9LHZ�WR�WKH�HDVW�RQ�H[FORVXUH����±�GLUHFWO\�QRUWK�RI�WKH�IRUHVW�HGJH���LQ�������

�����DQG�������IURP�WRS�WR�ERWWRP���7KH�FKDQJHV�ZHUH�PLQRU�EHWZHHQ������DQG�������EXW�DIWHU������

ZRRG\�VSHFLHV��ERWK�FRQLIHUV�DQG�GHFLGXRXV�WUHHV�DQG�WKLFNHWV��KDYH�LQFUHDVHG�ZLWKLQ�WKH�H[FORVXUH�VXFK�

DV�3UXQXV�VHURWLQD��,Q�WKH�JUD]HG�RSHQ�ILHOG��ZRRG\�VSHFLHV�DUH�PRVWO\�ODFNLQJ��WKRXJK�FRQLIHUV�KDYH�

H[SDQGHG�RQ�WKH�HGJH�RI�WKH�IRUHVW�
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��� 0LFURNOLPDDW�
'H�YDULDWLH�LQ�WHPSHUDWXXU�RS�GH�ERGHP�HQ�LQ�GH�YHJHWDWLH�]LMQ�YDVWJHOHJG�PHW�HHQ�
ZDUPWHFDPHUD��'H]H�PHWLQJHQ�]LMQ�VDPHQJHYDW�YRRU�GXLQKHLGHQ��ILJXXU������HQ�YRRU�
YHUJUDVWH�GXLQYDOOHLHQ��ILJXXU������ZDDUELM�GH�����PHWLQJHQ�URQGRP�GH�PHGLDDQ�]LMQ�
ZHHUJHJHYHQ�HQ�GDDUQDDVW�GH�PLQLPXP�HQ�PD[LPXP�WHPSHUDWXXU�GLH�LV�JHPHWHQ��+HW�
PLFURNOLPDDW�YDQ�GH�YHJHWDWLH�HQ�ERGHP�ZRUGW�]RZHO�EHSDDOG�GRRU�GH�KRRJWH�HQ�GLFKWKHLG�
YDQ�GH�YHJHWDWLHV��DOV�GRRU�GH�VDPHQVWHOOLQJ�YDQ�YHJHWDWLH��YHJHWDWLHW\SH��HQ�ERGHP�
�KXPXV�RI�PLQHUDDO���

,Q�GURJH��LQWDFWH�GXLQKHLGHQ�PHW�HHQ�YULM�KRPRJHQH�EHJURHLLQJ�YDQ�NUDDLKHLGH�HQ�VWUXLNKHLGH�
RS�GH�ERGHP��ILJXXU������KDG�EHJUD]LQJ�QDXZHOLMNV�LQYORHG�RS�KHW�PLFURNOLPDDW��$OOHHQ�KHW�
EHJUDDVGH�SORW����KDG�HHQ�KRJHUH�JHPLGGHOGH�WHPSHUDWXXU�GDQ�GH�DQGHUH�EHJUDDVGH�HQ�
RQEHJUDDVGH�SORWV��2SYDOOHQG�LV�GDW�RRN�GH�KRRJVWH�HQ�ODDJVWH�WHPSHUDWXXUZDDUQHPLQJHQ�LQ�
GLW�KDELWDWW\SH�QLHW�VWDQGDDUG�LQ�EHJUDDVGH�RI�MXLVW�RQEHJUDDVGH�SORWV�ODJHQ��

,Q�YHUJUDVWH�GXLQYDOOHLHQ��ILJXXU������ZDV�EHJUD]LQJ�ZHO�YDQ�LQYORHG�RS�KHW�PLFURNOLPDDW��'H�
JHPLGGHOGH�WHPSHUDWXXU�HQ�KRRJVW�JHPHWHQ�WHPSHUDWXXU�ZDUHQ�LQ�EHJUDDVGH�SORWV����HQ����
KRJHU�GDQ�LQ�GH�QDELMJHOHJHQ�RQEHJUDDVGH�SORW�����HQ�KHW]HOIGH�JHOGW�YRRU�GH�EHJUDDVGH�
SORWV��������HQ����WHQ�RS]LFKWH�YDQ�GH�RQEHJUDDVGH�SORW�����2RN�LQ�EHJUDDVGH�SORW���ZDV�GH�
JHPLGGHOGH�WHPSHUDWXXU��PDDU�QLHW�GH�PD[LPDOH�WHPSHUDWXXU��KRJHU�GDQ�LQ�GH�
QDDVWJHOHJHQ�RQEHJUDDVGH�SORW�����2RN�LV�GH�YDULDWLH�LQ�PLFURNOLPDDW��EUHHGWH�YDQ��H�HQ��H�
NZDUWLHO�LQ�GH�YHUGHOLQJ�HQ�YHUVFKLO�WXVVHQ�KRRJVWH�HQ�ODDJVWH�WHPSHUDWXXU��LQ�EHJUDDVGH�
SORWV�YULMZHO�DOWLMG�JURWHU�GDQ�LQ�QDDVWJHOHJHQ�RQEHJUDDVGH�SORWV��9RRU�GH�VHULH�YDQ�
EHJUDDVGH�SORW����HQ�RQEHJUDDVGH�SORWV����HQ����ZDV�HU�JHHQ�YHUVFKLO�LQ�PLFURNOLPDDW��

)LJXXU������0LFURNOLPDDW�PHWLQJHQ�LQ���EHJUDDVGH��%��SORWV�HQ���RQEHJUDDVGH��2��SORWV�LQ�
GXLQKHLGH��*HJHYHQ�]LMQ�����YDQ�GH�ZDDUQHPLQJHQ���H�HQ��H�NZDUWLHO��URQGRP�GH�PHGLDDQ�
HQ�GH�PLQLPXP�HQ�PD[LPXP�ZDDUGHQ��3ORWV��������HQ�����OLQNV��]LMQ�JHIRWRJUDIHHUG�WXVVHQ�
������HQ��������SORWV������������HQ�����UHFKWV��WXVVHQ��������������

)LJXUH������0LFURFOLPDWH�LQ���JUD]HG��%��SORWV�DQG���XQJUD]HG��2��SORWV�LQ�LQWDFW�PRLVW�GXQH�KHDWKODQG��

'DWD�DUH�JLYHQ�IRU�����RI�WKH�REVHUYDWLRQV���QG�DQG��UG�TXDUWLOH��DURXQG�WKH�PHGLDQ�DV�ZHOO�DV�

PLQLPXP�DQG�PD[LPXP�YDOXHV��ZKVLNHUV���3ORWV��������DQG�����OHIW��ZHUH�SKRWRJUDSKHG�EHWZHHQ�������

DQG��������SORWV�������������DQG�����ULJKW��EHWZHHQ�������$0�DQG�������30��
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)LJXXU������0LFURNOLPDDW�PHWLQJHQ�LQ���EHJUDDVGH��%��SORWV�HQ���RQEHJUDDVGH��2��SORWV�LQ�
YHUJUDVWH�GXLQYDOOHLHQ��*HJHYHQ�]LMQ�����YDQ�GH�ZDDUQHPLQJHQ���H�HQ��H�NZDUWLHO��URQGRP�
GH�PHGLDDQ�HQ�GH�PLQLPXP�HQ�PD[LPXP�ZDDUGHQ��3ORWV���������������HQ�����ERYHQ��]LMQ�
JHIRWRJUDIHHUG�WXVVHQ�������±��������SORWV������������������������HQ�����RQGHU��WXVVHQ�
��������������

)LJXUH������0LFURFOLPDWH�LQ���JUD]HG��%��SORWV�DQG���XQJUD]HG��2��SORWV�LQ�HQFURDFKHG�PRLVW�GXQH�

YDOOH\V��'DWD�DUH�JLYHQ�����RI�WKH�REVHUYDWLRQV���QG�DQG��UG�TXDUWLOH��DURXQG�WKH�PHGLDQ�DV�ZHOO�DV�WKH�

PLQLPXP�DQG�PD[LPXP�YDOXHV��ZKLVNHUV���3ORWV����������������DQG�����WRS��ZHUH�SKRWRJUDSKHG�

EHWZHHQ������30��������30��SORWV�������������������������DQG�����ERWWRP��EHWZHHQ������30��������30��
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��� %ORHPDDQERG�

%HJUD]LQJ�NDQ�HHQ�JURWH�LQYORHG�KHEEHQ�RS�KHW�EORHPDDQERG�LQ�GXLQJUDVODQGHQ��PHW�QDPH�

LQ�KHW�NDON��HQ�NUXLGHQDUPH�ZDGGHQGLVWULFW��1LMVVHQ�HW�DO���������,Q�GH�9DOOHL�YDQ�KHW�9HHQ�LV�

KHW�EORHPDDQERG�YDQ�DOOH�NUXLGDFKWLJHQ��VWUXLNKHLGH�HQ�GRSKHLGH�EHSDDOG�LQ�DXJXVWXV�������

+LHUELM�]LMQ�]RZHO�GH�EORHLHQGH�SODQWHQ�DOV�GH�UHHGV�XLWJHEORHLGH�SODQWHQ�PHHJHQRPHQ�LQ�GH�

WHOOLQJ��Q�SODQWHQ�SORW�YDQ���[��P��ILJXXU�����HQ�������

,Q�GXLQKHLGH�LV�LQ�EHJUDDVGH�SORWV�]RZHO�KHW�DDQWDO�VRRUWHQ�EORHLHQGH�NUXLGHQ�DOV�KHW�DDQWDO�

EORHPHQ�YDQ�NUXLGDFKWLJHQ�KRJHU�GDQ�LQ�EHJUDDVGH�SORWV��RQJHSDDUGH�W�WRHWV��S �������9RRU�

GRSKHLGH�HQ�VWUXLNKHLGH�LV�HU�JHHQ�VLJQLILFDQW�YHUVFKLO��

)LJXXU������%ORHPDDQERG�LQ�EHJUDDVGH���������HQ�RQEHJUDDVGH���������LQWDFWH�YRFKWLJH�

GXLQKHLGH��DDQWDO�VRRUWHQ�HQ�DDQWDO�EORHPHQ�SHU�SORW�YDQ���[���P����

)LJXUH������)ORZHU�DEXQGDQFH�LQ�JUD]HG���������DQG�XQJUD]HG���������LQWDFW�PRLVW�GXQH�KHDWKODQG�

�QXPEHU�RI�VSHFLHV�DQG�QXPEHU�RI�IORZHUV�SHU�SORW�RI���[���P���
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)LJXXU�������%ORHPDDQERG�LQ�EHJUDDVGH��������HQ�RQEHJUDDVGH��������YHUJUDVWH�
GXLQYDOOHLHQ��DDQWDO�VRRUWHQ�HQ�DDQWDO�EORHPHQ�SHU�SORW�YDQ���[���P���3ORW���LV�QLHW�
PHHJHQRPHQ�LQ�GH�DQDO\VHV�RPGDW�GH]H�WLMGHOLMN�LV�PHH�EHJUDDVG�DOV�JHYROJ�YDQ�HHQ�NDSRW�
UDVWHU��

)LJXUH������)ORZHU�DEXQGDQFH�LQ�JUD]HG��������DQG�XQJUD]HG��������HQFURDFKHG�GXQH�YDOOH\V��QXPEHU�

RI�VSHFLHV�DQG�QXPEHU�RI�IORZHUV�SHU�SORW�RI���[���P���3ORW���ZDV�QRW�LQFOXGHG�LQ�WKH�DQDO\VHV�EHFDXVH�

LW�ZDV�WHPSRUDULO\�JUD]HG�DV�D�UHVXOW�RI�D�GDPDJHG�IHQFLQJ��

(HQ]HOIGH�EHHOG�LV�WH�]LHQ�LQ�GXLQYDOOHLHQ��PDDU�KLHU�]LMQ�GH�YHUVFKLOOHQ�QLHW�VLJQLILFDQW��+HW�
DDQWDO�EORHPHQ�LQ�EHLGH�EHKDQGHOLQJHQ�YHUVFKLOW�GDDUYRRU�WH�VWHUN�WXVVHQ�SORWV��'LW�ODDWVWH�
JHOGW�]RZHO�YRRU�GH�NUXLGDFKWLJHQ�LQ�GH�YDOOHLHQ�DOV�YRRU�GRSKHLGH�HQ�VWUXLNKHLGH��
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��� 2SERXZ�HQ�FRPSDFWLH�YDQ�GH�ERGHP�
2P�GH�LQYORHG�YDQ�EHJUD]LQJ�RS�GH�RSERXZ�YDQ�GH�ERGHP�WH�DQDO\VHUHQ�LV�HU�LQ�HONH�SORW�RS�
���UDQGRP�ORFDWLHV�HHQ�ERGHPSURILHO�YDQ�GH�ERYHQVWH����FP�JHPDDNW�HQ�RS����UDQGRP�
ORFDWLHV�PHW�HHQ�SHQHWURPHWHU�GH�ERGHPGLFKWKHLG�EHSDDOG��'H�UHVXOWDWHQ�VWDDQ�
ZHHUJHJHYHQ�LQ�ILJXXU�����HQ�������
,Q�GH�ERGHPSURILHOHQ�LV�RQGHUVFKHLG�JHPDDNW�WXVVHQ�VWURRLVHO��KXPXV�HQ�GH�LQVSRHOODDJ��,Q�
DOOH�JHYDOOHQ�ZDV�HU�ELQQHQ����FP�ERGHPGLHSWH�VSUDNH�YDQ�HHQ�RYHUJDQJ�QDDU�GH�PLQHUDOH�
ERGHP��+RHZHO�HU�HHQ�WHQGHQV�LV�QDDU�HHQ�LHWV�GLNNHU�KXPXVODDJ�HQ�LQVSRHOODDJ�LQ�GH�
EHJUDDVGH�SORWV��ZDV�QRFK�LQ�GXLQKHLGH��QRFK�LQ�GXLQYDOOHLHQ�VSUDNH�YDQ�HHQ�VLJQLILFDQW�
YHUVFKLO�LQ�ERGHPRSERXZ�DOV�JHYROJ�YDQ�EHJUD]LQJ��

)LJXXU������%RGHPRSERXZ�LQ�
EHJUDDVGH���������HQ�
RQEHJUDDVGH���������LQWDFWH�
YRFKWLJH�GXLQKHLGH�HQ�LQ�
EHJUDDVGH��������HQ�
RQEHJUDDVGH��������YHUJUDVWH�
GXLQYDOOHLHQ��

)LJXUH������6RLO�SURILOH�LQ�JUD]HG�

��������DQG�XQJUD]HG���������

LQWDFW�PRLVW�GXQH�KHDWKODQG�DQG�

JUD]HG��������DQG�XQJUD]HG��������

HQFURDFKHG�GXQH�YDOOH\V�

%HJUD]LQJ�EOLMNW�HFKWHU�ZHO�HHQ�GXLGHOLMN�HIIHFW�WH�KHEEHQ�RS�GH�FRPSDFWLH�YDQ�GH�ERGHP��
=RZHO�LQ�GXLQKHLGH�DOV�LQ�YDOOHLHQ�QHHPW�GH�FRPSDFWLH�YDQ�GH�ERGHP�VWHUN�WRH�PHW�EHJUD]LQJ�
�RQJHSDDUGH�W�WRHWV��S ��������+LHUGRRU�PRHW�HU�LQ�KHLGH�UXLP�WZHH�NHHU�]R�YHHO�HQ�LQ�
YDOOHLHQ�����PHHU�GUXN�ZRUGHQ�JH]HW�RP�GRRU�WH�GULQJHQ�LQ�GH�ERYHQVWH���FP�ERGHP��'H�
YHUVFKLOOHQ�]LMQ�LHWV�NOHLQHU�LQ�GLHSHUH�ERGHPODJHQ��PDDU�RRN�GDDU�LV�RYHUDO�HHQ�VLJQLILFDQWH�
WRHQDPH�YDQ�GH�ERGHPFRPSDFWLH��
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)LJXXU������ 'LFKWKHLG�YDQ�GH�ERGHP��JHP� ��VWGHY��JHPHWHQ�DOV�GUXN��LQ�1HZWRQ��GLH�
JHEUXLNW�PRHW�ZRUGHQ�RP�HHQ�SHQHWURPHWHU������FP��PHW�HHQ�VSLWVH�SXQW�GH�ERGHP�LQ�WH�
GUXNNHQ�LQ�EHJUDDVGH�HQ�RQEHJUDDVGH�LQWDFWH�YRFKWLJH�GXLQKHLGH�HQ�GXLQYDOOHLHQ��VWHHNSURHI�
YRRU�DOOH�GLHSWHV��Q ���YRRU�EHJUDDVGH�HQ�RQEHJUDDVGH�GXLQKHLGH��Q ���YRRU�EHJUDDVGH�
YDOOHLHQ�HQ�Q ���YRRU�RQEHJUDDVGH�GXLQYDOOHLHQ���

)LJXUH�������6RLO�FRPSDFWLRQ��DYHUDJH���VG��PHDVXUHG�DV�SUHVVXUH��LQ�1HZWRQ��WR�EH�XVHG�WR�SUHVV�D�

SHQHWURPHWHU������FP��ZLWK�D�SRLQWHG�WLS�LQWR�WKH�VRLO�LQ�JUD]HG�DQG�XQJUD]HG�LQWDFW�PRLVW�GXQH�KHDWK�

DQG�GXQH�YDOOH\V���VDPSOH�IRU�DOO�GHSWKV��Q� ����IRU�JUD]HG�DQG�XQJUD]HG�GXQH�KHDWK��Q� ����IRU�JUD]HG�

YDOOH\V�DQG�Q� ����IRU�XQJUD]HG�GXQH�YDOOH\V���
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�2QWZLNNHOLQJHQ�LQ�GLHUJHPHHQVFKDSSHQ�

���'LYHUVLWHLW�IDXQD�LQ�UHODWLH�WRW�EHJUD]LQJ�
%LM�KHW�RQGHU]RHN�QDDU�GH�HIIHFWHQ�YDQ�EHJUD]LQJ�LV�KHW�HHQ�EHODQJULMNH�YUDDJ�RI�GH�
WRHJHSDVWH�YRUP�YDQ�EHJUD]LQJ��WHQ�RS]LFKWH�YDQ�RQEHJUDDVGH�WHUUHLQGHOHQ��UHVXOWHHUW�LQ�
HHQ�JURWHUH�YDULDWLH�DDQ�GLHUVRRUWHQ�HQ�YRRU�KRJHUH�GLFKWKHGHQ�YDQ�RQJHZHUYHOGHQ�GLH�DOV�
SURRL�NXQQHQ�GLHQHQ�YRRU�JHZHUYHOGH�LQVHFWLYRUHQ��,Q�GLW�RQGHU]RHN�]LMQ�KLHUYRRU�
SRWYDOYDQJVWHQ�XLWJHYRHUG��9RRU�GH�GLFKWKHGHQ�DDQ�RQJHZHUYHOGHQ�LV�JHNHNHQ�QDDU�DOOH�
VRRUWJURHSHQ�LQ�GH�SRWYDOOHQ��YRRU�GH�YDULDWLH�LQ�VRRUWHQ�]LMQ�GH�ORRSNHYHUV�HQ�GH�VSLQQHQ�
JHEUXLNW��

����� 9DQJVWHQ�RS�RUGHQLYHDX�
,Q�WDEHO�����LV�HHQ�RYHU]LFKW�JHJHYHQ�YDQ�DOOH�IDXQDYDQJVWHQ�PHW�SRWYDOOHQ����YDOOHQ�SHU�
SORW��]LH�ILJXXU������WXVVHQ������HQ������ZHHUJHJHYHQ�SHU�RUGH��,Q�WRWDDO�]LMQ�HU��������
RQJHZHUYHOGH�GLHUHQ�JHYDQJHQ�YHUGHHOG�RYHU����RUGHV��9DQ�GH]H�RUGHV�]LMQ�GH�VSLQQHQ�
�$UDQHD��HQ�+RRLZDJHQV��2SLOLRQHV��HQ�GH�ORRSNHYHUV��IDPLOLH�&DUDELGDH��RUGH�&ROHRSWHUD��
WRW�RS�VRRUW�JHGHWHUPLQHHUG��'DDUQDDVW�LV�YDQ�DOOH�JURHSHQ�GLH�LQ������]LMQ�JHYDQJHQ�GH�
OHQJWHNODVVH�JHQRWHHUG�YDQ�GH�OLFKDDPVOHQJWH��
+HW�DDQWDO�JHYDQJHQ�GLHUHQ�LQ�SRWYDOOHQ�ZRUGW�EHSDDOG�GRRU�GH�µDFWLYLWHLWVGLFKWKHLG¶�SHU�
VRRUW��]RZHO�KHW�DDQWDO�LQGLYLGXHQ�ELQQHQ�GH�SORW�DOV�GH�DFWLYLWHLW�YDQ�GH]H�LQGLYLGXHQ�
EHwQYORHGHQ�LPPHUV�GH�YDQJVWNDQV��+LHUPHH�PRHW�UHNHQLQJ�ZRUGHQ�JHKRXGHQ�ELM�GH�
LQWHUSUHWDWLH�YDQ�GH�YDQJVWJHJHYHQV��$DQJH]LHQ�LQ�NRUW�JHJUDDVGH�SORWV�GH�ZHHUVWDQG�YDQ�GH�
YHJHWDWLH�JHOLMN�RI�ODJHU�LV�HQ�KHW�PLFURNOLPDDW�ZDUPHU�GDQ�LQ�RQEHJUDDVGH�SORWV��ZRUGW�LQ�
EHJUDDVGH�SORWV�HHQ�KRJHUH�DFWLYLWHLW�YHUZDFKW�GDQ�LQ�RQEHJUDDVGH�SORWV��:DQQHHU�KRJHUH�
DDQWDOOHQ�LQGLYLGXHQ�YDQ�HHQ�VRRUW�JURHS��ZRUGHQ�JHYDQJHQ�LQ�RQEHJUDDVGH�SORWV�LV�GLW�
YULMZHO�]HNHU�HHQ�JHYROJ�YDQ�KRJHUH�GLFKWKHGHQ�RS�GH]H�ORFDWLHV��9HUJHOLMNLQJHQ�WXVVHQ�
VRRUWHQ�RI�VRRUWJURHSHQ�]LMQ�ODVWLJ�WH�LQWHUSUHWHUHQ��RPGDW�GH]H�HHQ�DQGHU�DFWLYLWHLWVSDWURRQ�
NXQQHQ�KHEEHQ��

,Q�������ELM�GH�VWDUW�YDQ�GLW�SURMHFW��LV�DOOHHQ�LQ�KHW�QDMDDU�JHYDQJHQ��+HW�LV�GDDURP�ORJLVFK�
GDW�KLHU�KHW�ODDJVWH�DDQWDO�LQGLYLGXHQ�pQ�VRRUWHQ�ORRSNHYHUV�HQ�VSLQQHQ�LV�DDQJHWURIIHQ��
7XVVHQ�GH�EHJUDDVGH�SORWV�HQ�RQEHJUDDVGH�SORWV�ZDV�GHVWLMGV�JHHQ�YHUVFKLO�LQ�JHPLGGHOG�
DDQWDO�VRRUWHQ�ORRSNHYHUV�RI�VSLQQHQ�GDW�SHU�SORW�ZHUG�JHYDQJHQ��
,Q�����������LV�]RZHO�LQ�]RPHU�DOV�LQ�QDMDDU�JHYDQJHQ��+HW�DDQWDO�JHYDQJHQ�LQGLYLGXHQ�
VWHHJ�VWHUN��KHW�DDQWDO�DDQJHWURIIHQ�ORRSNHYHUVRRUWHQ�YHUGXEEHOGH�UXLPVFKRRWV�HQ�KHW�DDQWDO�
VSLQQHQVRRUWHQ�ZHUG�]HOIV�PHHU�GDQ���PDDO�]R�JURRW��:HGHURP�]LMQ�HU�HFKWHU�JHHQ�
YHUVFKLOOHQ�YDVWJHVWHOG�WXVVHQ�KHW�JHPLGGHOG�DDQWDO�VRRUWHQ�GDW�ZHUG�JHYDQJHQ�LQ�EHJUDDVGH�
HQ�LQ�RQEHJUDDVGH�SORWV��
,Q������ZHUGHQ�HU�RQJHYHHU�HHQ�NZDUW�PLQGHU�ORRSNHYHUV�JHYDQJHQ�HQ�GDDOGH�KHW�DDQWDO�
DDQJHWURIIHQ�VRRUWHQ�PHW�HHQ�GHUGH�QDDU�����2RN�WRHQ�ZHUGHQ�HU�JHHQ�YHUVFKLOOHQ�LQ�DDQWDO�
VRRUWHQ�YDVWJHVWHOG�WXVVHQ�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV��
2SYDOOHQG�LV�GDW�LQ������KHW�DDQWDO�JHYDQJHQ�ORRSNHYHULQGLYLGXHQ�YHUGXEEHOGH�WH�RS]LFKWH�
YDQ�������PDDU�KHW�DDQWDO�VRRUWHQ�ZHGHURP�PHW�ELMQD�HHQ�GHUGH�DIQDP�WRW����VRRUWHQ��GLW�
LV�GH�KHOIW�YDQ�KHW�DDQWDO�VRRUWHQ�GDW�LQ������ZHUG�DDQJHWURIIHQ��2RN�ELM�GH�VSLQQHQ�QDP�KHW�
DDQWDO�VRRUWHQ�PHW�GH�KHOIW�DI�WHQ�RS]LFKWH�YDQ�������PDDU�KLHU�ZHUG�RRN�VOHFKWV�GH�KHOIW�
YDQ�KHW�DDQWDO�LQGLYLGXHQ�YDVWJHVWHOG��,Q�GLW�MDDU�OLMNHQ�HU�JHPLGGHOG�PHHU�VRRUWHQ�
ORRSNHYHUV�WH�]LMQ�DDQJHWURIIHQ�LQ�RQEHJUDDVGH�SORWV�GDQ�LQ�RQEHJUDDVGH�SORWV��PDDU�GH]H�
YHUVFKLOOHQ�]LMQ�DOOHHQ�YRRU�YHUJUDVWH�YDOOHLHQ�VLJQLILFDQW��9RRU�VSLQQHQ�]LMQ�HU�JHHQ�
VLJQLILFDQWH�YHUVFKLOOHQ�LQ�JHPLGGHOG�DDQWDO�VRRUWHQ�SHU�SORW�WXVVHQ�EHKDQGHOLQJHQ��PDDU�YDOW�
ZHO�RS�GDW�GH�YDULDWLH�LQ�EHJUDDVGH�SORWV�JURWHU�LV�GDQ�LQ�RQEHJUDDVGH�SORWV��
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7DEHO������2YHU]LFKW�YDQ�DDQWDO�JHYDQJHQ�LQGLYLGXHQ�LQ�SRWYDOOHQ�SHU�RUGH�LQ�GH�
YHUVFKLOOHQGH�RQGHU]RHNVMDUHQ��6SLQQHQ��������������������HQ�ORRSNHYHUV��DOOH�MDUHQ��]LMQ�
WRW�RS�VRRUW�JHGHWHUPLQHHUG��YRRU�GH�RYHULJH�RUGHV�YDULHHUW�KHW�GHWHUPLQDWLHQLYHDX�YDQ�
IDPLOLH�WRW�VRRUW��

7DEOH������1XPEHU�RI�LQGLYLGXDOV�VDPSOHG�LQ�SLWIDOO�WUDSV�SHU�RUGHU�LQ�WKH�YDULRXV�\HDUV�RI�UHVHDUFK��

6SLGHUV��������������������DQG�FDUDELG�EHHWOHV��DOO�\HDUV��KDYH�EHHQ�LGHQWLILHG�WR�VSHFLHV�OHYHO��

LGHQWLILFDWLRQ�RI�RWKHU�WD[RQRPLFDO�RUGHUV�YDU\�IURP�IDPLO\�WR�VSHFLHV�OHYHO��

RUGHV� �� ����� ����� ����� ����� 7RWDDO�

$FDUL� 0LMWHQ� �� ����� ����� �����

$UDQHDH� 6SLQQHQ� ����� ����� ����� �����

$XFKHQRUUK\QFKD� &LFDGHQ� �� ���� ����

%ODWWRGHD� .DNNHUODNNHQ� �� ��� ���

&ROHRSWHUD� .HYHUV� ����� ������ ����� ������ ������

&ROOHPEROD� 6SULQJVWDDUWHQ� �� ����� �����

'LSWHUD� 9OLHJHQ�HQ�PXJJHQ� �� ����� �����

*DVWURSRGD� 6ODNNHQ� �� ��� ���

+DSORWD[LGD� 5LQJZRUPHQ� �� ��� ���

+\PHQRSWHUD� 9OLHVYOHXJHOLJHQ� ����� ����� �����

,VRSRGD� 3LVVHEHGGHQ� ����� ���� ������ ������

,[RGLGD�� 7HNHQ� �� �� ��

-XOLGD� 0LOMRHQSRWHQ� �� �� ��

/HSLGRSWHUD� 5XSVHQ�HQ�YOLQGHUV� �� ��� ���

/LWKRELRPRUSKD� 'XL]HQGSRWHQ� ���� ��� ���� ����

2SLOLRQHV� +RRLZDJHQV� ���� ����� ���� �����

2UWKRSWHUD� 6SULQNKDQHQ� �� ��� ���

3VHXGRVFRUSLRQHV� 3VHXGRVFKRUSLRHQHQ� �� ��� ���

+HPLSWHUD� :DQWVHQ� �� ���� ����

*HRSKLORPRUSKD� $DUGNUXLSHUV� �� �� �� �� ��

7RWDDO� ������ ������ ����� ������ ������

7DEHO������$DQWDO�VRRUWHQ�ORRSNHYHUV��JHPLGGHOGH�SHU�SORW���VWGHY��LQ�������������������HQ�
�����

7DEOH������1XPEHU�RI�FDUDELG�EHHWOH�VSHFLHV��PHDQ�SHU�SORW���VG��LQ������������������DQG������

�� �����

DOOHHQ�QDMDDU�

����� ����� �����
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'XLQKHLGH�%� ��� ���� ����� ��� ����� ����� ��� ����� ����� ��� ���� ������

'XLQKHLGH�2� ��� ���� ����� ��� ����� ����� ��� ����� ����� ��� ����� ������

9HUJUDVW�%� ��� ���� ����� ��� ����� ����� ��� ����� ����� ��� ���� ������

9HUJUDVW�2� ��� ���� ����� ��� ����� ����� ��� ����� ����� ��� ����� ������

7RWDDO� ��� �����LQG� ��� �����LQG�� ��� �����LQG�� ��� ������LQG��
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7DEHO������$DQWDOOHQ�VRRUWHQ�VSLQQHQ��JHPLGGHOGH�SHU�SORW���VWGHY��LQ������������HQ������

7DEOH������1XPEHU�RI�VSLGHU�VSHFLHV��DYHUDJH�SHU�SORW���VG��LQ������������DQG������

�� �����

DOOHHQ�QDMDDU�

����� �����

7
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'XLQKHLGH�%� ��� ���� ����� ��� ����� ����� ��� ����� �����

'XLQKHLGH�2� ��� ���� ����� ��� ����� ����� ��� ���� �����

9HUJUDVW�%� ��� ���� ����� ��� ����� ����� ��� ����� �����

9HUJUDVW�2� ��� ���� ����� ��� ����� ����� ��� ����� �����

7RWDDO� ��� �����LQG� ���� �����LQG�� ��� �����LQG��

+HW�JHPLGGHOG�DDQWDO�JHYDQJHQ�LQGLYLGXHQ�YDQ�RQJHZHUYHOGHQ�LQ������LV�VLJQLILFDQW�KRJHU�LQ�
RQEHJUDDVGH�SORWV�GDQ�LQ�EHJUDDVGH�SORWV��ILJXXU�������'LW�NRPW�YULMZHO�JHKHHO�RS�FRQWR�YDQ�
VSULQJVWDDUWHQ�HQ�SLVVHEHGGHQ�GLH�LQ�GH�VWURRLVHOODDJ�OHYHQ��9RRU�EHLGH�JURHSHQ�PDJ�ZRUGHQ�
DDQJHQRPHQ�GDW�GH�GLFKWKHLG�DDQ�LQGLYLGXHQ�KRJHU�LV�LQ�RQEHJUDDVGH�SORWV�LQ�YHUJHOLMNLQJ�
PHW�EHJUDDVGH�SORWV��

)LJXXU������*HPLGGHOG�DDQWDO�JHYDQJHQ�RQJHZHUYHOGHQ�SHU�SORW����6(�YDQ�WRWDDO�YDQJVWHQ��
YDQ�DOOH�RUGHV��YHUGHHOG�RYHU�GH�EHKDQGHOLQJHQ�GXLQKHLGH�EHJUDDVG��GXLQKHLGH�RQEHJUDDVG��
YHUJUDVWH�YDOOHL�EHJUDDVG�HQ�YHUJUDVWH�YDOOHL�RQEHJUDDVG��

)LJXUH������$YHUDJH�QXPEHU�RI�LQYHUWHEUDWHV�FDXJKW�SHU�SORW����6(�RI�WRWDO�FDWFKHV��RI�DOO�RUGHUV��

GLYLGHG�DPRQJ�WKH�WUHDWPHQWV�JUD]HG�DQG�XQJUD]HG�LQWDFW�GXQH�KHDWKODQG�DQG�JUD]HG�DQG�XQJUD]HG�

HQFURDFKHG�PRLVW�GXQH�YDOOH\V��
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������ *URRWWHYHUGHOLQJ�
'H�YHUGHOLQJ�YDQ�GH�YHUVFKLOOHQGH�RUGHV�RYHU�GH�EHKDQGHOLQJHQ��ILJXXU������KHHIW�RRN�
JHYROJHQ�YRRU�GH�YHUGHOLQJ�YDQ�JURWH�HQ�NOHLQH�LQGLYLGXHQ�RYHU�GH�YHUVFKLOOHQGH�
EHKDQGHOLQJHQ��ILJXXU�������=RZHO�ELM�GH�NOHLQVWH�OHQJWHNODVVH�������FP��ZDDU�YULMZHO�DOOH�
VSULQJVWDDUWHQ�WRH�EHKRUHQ���DOV�GH�PLGGHOVWH�OHQJWHNODVVH����������FP��ZDDU�GH�PHHVWH�
SLVVHEHGGHQ�LQ�YDOOHQ��]LMQ�HU�JHPLGGHOG�PHHU�LQGLYLGXHQ�LQ�RQEHJUDDVGH�GDQ�LQ�EHJUDDVGH�
SORWV�JHYDQJHQ��9RRU�LQGLYLGXHQ�WXVVHQ���������FP�HQ�JURWHU�GDQ�����FP�ZHUGHQ�JHHQ�
YHUVFKLOOHQ�JHYRQGHQ��
:DQQHHU�ZRUGW�LQJH]RRPG�RS�SLVVHEHGGHQ�HQ�NHYHUV��GH�WZHH�JURHSHQ�PHW�KRJH�DDQWDOOHQ�
LQGLYLGXHQ�pQ�YDULDWLH�LQ�OLFKDDPVJURRWWH��ILJXXU�������GDQ�YDOW�RS�GDW�HU�UHODWLHI�JURWHUH�
LQGLYLGXHQ��OHQJWHNODVVH�!����FP��]LMQ�JHYDQJHQ�LQ�EHJUDDVGH�SORWV�GDQ�LQ�RQEHJUDDVGH�
SORWV��9RRU�SLVVHEHGGHQ�JHOGW�GDW�LQGLYLGXHQ�WXVVHQ�����HQ�����FP�PHHU�]LMQ�JHYDQJHQ�LQ�
RQEHJUDDVGH�SORWV��PDDU�GLW�JHOGW�QLHW�YRRU�LQGLYLGXHQ�������FP�HQ�!�����FP��

)LJXXU������9HUGHOLQJ�YDQ�OHQJWHNODVVHQ��LQ�FP��YDQ�DOOH�JHYDQJHQ�RQJHZHUYHOGHQ�LQ������
RYHU�GH�YHUVFKLOOHQGH�EHKDQGHOLQJHQ�EHJUDDVGH��*��HQ�RQEHJUDDVGH��([FO��LQWDFWH�YRFKWLJH�
GXLQKHLGH�HQ�YHUJUDVWH�YRFKWLJH�YDOOHLHQ��

)LJXUH������'LVWULEXWLRQ�RI�ERG\�OHQJWK��FODVVHV�LQ�FP��RI�DOO�FDXJKW�LQYHUWHEUDWHV�LQ������RYHU�WKH�

YDULRXV�WUHDWPHQWV��JUD]HG��*��DQG�XQJUD]HG��([FO��LQWDFW�GXQH�KHDWKODQG�DQG�HQFURDFKHG�PRLVW�GXQH�

YDOOH\V��
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)LJXXU������9HUGHOLQJ�YDQ�OHQJWHNODVVHQ��LQ�FP��YDQ�NHYHUV�HQ�SLVVHEHGGHQ�LQ������RYHU�GH�
YHUVFKLOOHQGH�EHKDQGHOLQJHQ�EHJUDDVGH��*��HQ�RQEHJUDDVGH��([FO��LQWDFWH�YRFKWLJH�GXLQKHLGH�
HQ�YHUJUDVWH�YRFKWLJH�YDOOHLHQ�

)LJXUH������'LVWULEXWLRQ�RI�ERG\�OHQJWK��FODVVHV�LQ�FP��RI�EHHWNHV��DERYH��DQG�ZRRGOLFH��EHORZ��LQ������

RYHU�WKH�YDULRXV�WUHDWPHQWV��JUD]HG��*��DQG�XQJUD]HG��([FO��LQWDFW�GXQH�KHDWKODQG�DQG�HQFURDFKHG�

PRLVW�GXQH�YDOOH\V��

����� 2QWZLNNHOLQJ�LQ�VRRUWGLYHUVLWHLW�
'H�VRRUWGLYHUVLWHLW�NDQ�JRHG�LQ�EHHOG�ZRUGHQ�JHEUDFKW�GRRU�]RZHO�GH�VRRUWVDPHQVWHOOLQJ�DOV�
GH�DDQWDOOHQ�ZDDUPHH�GH�YHUVFKLOOHQGH�VRRUWHQ�LQ�YHUKRXGLQJ�WRW�HONDDU�YRRUNRPHQ�WH�
DQDO\VHUHQ��,Q�ILJXXU�����LV�GLW�ZHHUJHJHYHQ�GRRU�PLGGHO�YDQ�GH�EHWDGLVSHUVLRQ�YDQ�GH�
VSLQQHQ��HQ�ORRSNHYHUJHPHHQVFKDSSHQ��2P�PHW�HHQ�YROGRHQGH�JURWH�VWHHNSURHI�WH�NXQQHQ�
ZHUNHQ�]LMQ�DOOH�EHJUDDVGH�HQ�DOOH�RQEHJUDDVGH�SORWV�ELM�HONDDU�JHQRPHQ��GXV�QLHW�JHVSOLWVW�
LQ�YHUVFKLOOHQGH�YHJHWDWLHVWUDWD���'H�VSUHLGLQJ�LQ�EHWDGLVSHUVLRQ�]RDOV�ZHHUJHJHYHQ�LQ�ILJXXU�
����LV�]RZHO�HHQ�PDDW�YRRU�GH�ELRGLYHUVLWHLW�ELQQHQ�HHQ�EHKDQGHOLQJ��EHJUDDVG�HQ�
RQEHJUDDVG��DOV�GH�VSUHLGLQJ�YDQ�GH]H�GLYHUVLWHLW�ELQQHQ�HHQ�EHKDQGHOLQJ��9RRU�ORRSNHYHUV�
HQ�YRRU�VSLQQHQ�JHOGW�GDW�HU�JHHQ�VLJQLILFDQW�YHUVFKLO�ZDV�LQ�GLYHUVLWHLW�WXVVHQ�EHJUDDVGH�HQ�
RQEHJUDDVGH�JHELHGHQ�WXVVHQ�MDUHQ��9DQDI������WRW�HQ�PHW������LV�HU�ELM�ORRSNHYHUV�HHQ�
GXLGHOLMNH�WRHQDPH�WH�]LHQ�LQ�GLYHUVLWHLW��ZDDUELM�HFKWHU�DOOHHQ�GH�EHJUDDVGH�SORWV�XLW������
HHQ�VLJQLILFDQW�ODJHUH�GLYHUVLWHLW�NHQQHQ�GDQ�GH�RQEHJUDDVGH�SORWV�XLW�������7XNH\¶V�WHVW��
S��������7XVVHQ������HQ������QHHPW�HFKWHU�GH�GLYHUVLWHLW�LQ�]RZHO�EHJUDDVGH�DOV�
RQEHJUDDVGH�SORWV�VLJQLILFDQW�DI��'H�VSLQQHQJHPHHQVFKDS�QHHPW�QD������HFKWHU�LQ�
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EHJUDDVGH�SORWV�MXLVW�WRH�LQ�GLYHUVLWHLW��ZDDU�GH]H�LQ�RQEHJUDDVGH�SORWV�JHOLMN�EOLMIW��+HW�LV�
KHODDV�QLHW�EHNHQG�RI�GH�GLYHUVLWHLW�LQ�EHJUDDVGH�HQ�RI�RQEHJUDDVGH�JHELHGHQ�LQ������QRJ�
KRJHU�ZDV�GDQ�LQ�������

)LJXXU������%HWDGLVSHUVLRQ�YDQ�ORRSNHYHU�HQ�VSLQQHQ�JHPHHQVFKDSSHQ�YRRU�EHJUDDVGH�

�%HJU���HQ�RQEHJUDDVGH��2QE���SORWV�LQ�GH�RQGHU]RHNMDUHQ������������������HQ�������9RRU�

VSLQQHQ�]LMQ�JHHQ�GDWD�YDQ������YRRUKDQGHQ��2SERXZ��PHGLDDQ������YDQ�ZDDUQHPLQJHQ�LQ�

ER[��ZKLVNHUV�JHYHQ�PLQLPXP�HQ�PD[LPXP��NOHLQH�FLUNHOV�XLWVFKLHWHUV��/HWWHUV�ERYHQ�GH�

ER[SORWV�JHYHQ�RYHUHHQNRPVWHQ�HQ�VLJQLILFDQWH�YHUVFKLOOHQ�DDQ�XLW�GH�7XNH\¶V�WHVW��

)LJXUH������%HWDGLVSHUVLRQ�RI�FDUDELG�EHHWOH�DQG�VSLGHU�FRPPXQLWLHV�IRU�JUD]HG��%HJU���DQG�XQJUD]HG�

�2QE��SORWV�LQ�UHVHDUFK�\HDUV������������������DQG�������1R�GDWD�IRU������DUH�DYDLODEOH�IRU�VSLGHUV��

%R[HV�UHSUHVHQW�PHGLDQ������RI�REVHUYDWLRQV�LQ�ER[��ZKLVNHUV�JLYH�PLQLPXP�DQG�PD[LPXP��VPDOO�

FLUFOHV�RXWOLHUV��/HWWHUV�DERYH�WKH�ER[�SORWV�LQGLFDWH�VLPLODULWLHV�DQG�VLJQLILFDQW�GLIIHUHQFHV�IURP�WKH�

7XNH\
V�WHVW��



2QWZLNNHOLQJ�HQ�%HKHHU�1DWXXUNZDOLWHLW� ���

2P�EHWHU�LQ]LFKWHOLMN�WH�PDNHQ�ZDW�HU�PHW�GH�ORRSNHYHU��HQ�VSLQQHQJHPHHQVFKDSSHQ�
JHEHXUW�LQ�GH�ORRS�YDQ�GH�RQGHU]RHNVSHULRGH�]LMQ�GH�YHUDQGHULQJHQ�ZHHUJHJHYHQ�LQ�
3ULQFLSDOH�FRPSRQHQWHQ�DQDO\VH��3&R$��ILJXXU�����HQ�������9RRU�GH�ORRSNHYHUV�LV�GXLGHOLMN�WH�
]LHQ�GDW�GH�YHUVFKXLYLQJHQ�GLH�RSWUHGHQ�LQ�GH�ORRS�YDQ�GH�WLMG�JURWHU�]LMQ�GDQ�GH�
YHUVFKXLYLQJHQ�WXVVHQ�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV��%HJUD]LQJ�KHHIW�HHQ�HIIHFW�RS�GH�
VRRUWVDPHQVWHOOLQJ�HQ�GLYHUVLWHLW��PDDU�GDW�HIIHFW�LV�PLQGHU�JURRW�GDQ�GH�µDXWRQRPH¶�
WXVVHQMDDU�YHUVFKLOOHQ�GLH�LQ�KHW�JHKHOH�WHUUHLQ�VSHOHQ�HQ�ZDDUVFKLMQOLMN�YRRUDO�GRRU�YDULDWLH�LQ�
ZHHUVRPVWDQGLJKHGHQ�ZRUGHQ�EHSDDOG��'H�RYHUODS�WXVVHQ�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV�
LV�KHW�NOHLQVWH�LQ�������ZDQQHHU�GH�EHWDGLYHUVLWHLW�LQ�EHLGH�EHKDQGHOLQJHQ�KHW�JURRWVWH�LV��]LH�
RRN�ILJXXU�������,Q������LV�HU�QLHW�DOOHHQ�VSUDNH�YDQ�HHQ�YHHO�ODJHUH�GLYHUVLWHLW��PDDU�RRN�YDQ�
HHQ�IOLQNH�YHUVFKXLYLQJ�LQ�VRRUWVDPHQVWHOOLQJ�WHQ�RS]LFKWH�YDQ�������2RN�LQ�GH]H�ODDWVWH�
SHULRGH�YDQ�KHW�RQGHU]RHN�JHOGW�HFKWHU�GDW�GH�YHUVFKLOOHQ�GLH�RSWUHGHQ�LQ�EHJUDDVGH�SORWV�
YDQ�HHQ]HOIGH�JURRWWH�]LMQ�HQ�GH]HOIGH�NDQW�RS�JDDQ�GDQ�GLH�LQ�RQEHJUDDVGH�SORWV��
%LM�GH�VSLQQHQJHPHHQVFKDS�LV�HHQ�VRRUWJHOLMN�SDWURRQ�WH�]LHQ��PHW�HHQ�]HHU�JURWH�RYHUODS�LQ�
SORWV�ELQQHQ�HHQ�RQGHU]RHNMDDU���RQJHDFKW�RI�GH]H�EHJUDDVG�RI�RQEHJUDDVG�]LMQ�±�HQ�HHQ�
]HOIGH�JURRWWH�HQ�ULFKWLQJ�YDQ�YHUVFKXLYLQJ�WXVVHQ�GH�RQGHU]RHNMDUHQ������������HQ�������
&RQIRUP�GH�UHVXOWDWHQ�LQ�ILJXXU�����LV�HU�LQ������ZHO�VSUDNH�YDQ�HHQ�KRJHUH�GLYHUVLWHLW�HQ�
HHQ�PLQGHU�JURWH�RYHUODS�WXVVHQ�EHJUDDVG�HQ�RQEHJUDDVGH�SORWV�GDQ�LQ�GH�DQGHUH�MDUHQ��

)LJXXU������3ULQFLSDOH�FRPSRQHQWHQ�$QDO\VH��3&R$��YDQ�GH�EHWDGLYHUVLWHLW�YDQ�

ORRSNHYHUJHPHHQVFKDSSHQ�YRRU�EHJUDDVGH��%HJU���HQ�RQEHJUDDVGH��2QE���SORWV�LQ�GH�

RQGHU]RHNMDUHQ������������������HQ������LQ�GH�9DOOHL�YDQ�KHW�9HHQ�RS�9OLHODQG��

)LJXUH������3ULQFLSDO�FRPSRQHQWV�$QDO\VLV��3&R$��RI�WKH�EHWDGLYHUVLW\�RI�FDUDELG�EHHWOH�FRPPXQLWLHV�IRU�

JUD]HG��%HJU��DQG�XQJUD]HG��2QE��SORWV�LQ�WKH�UHVHDUFK�\HDUV������������������DQG������LQ�WKH�9DOOHL�

YDQ�KHW�9HHQ�RQ�9OLHODQG��
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)LJXXU������9HUDQGHULQJ�LQ�EHWDGLYHUVLWHLW�YDQ�VSLQQHQJHPHHQVFKDSSHQ�YRRU�EHJUDDVGH�

�%HJU���HQ�RQEHJUDDVGH��2QE���SORWV�LQ�GH�RQGHU]RHNMDUHQ������������HQ�������

)LJXUH������&KDQJH�LQ�EHWD�GLYHUVLW\�RI�VSLGHU�FRPPXQLWLHV�IRU�JUD]HG��%HJU��DQG�XQJUD]HG��2QE��SORWV�

LQ�WKH�UHVHDUFK�\HDUV������������DQG�������

,Q�ILJXXU�����W�P�����]LMQ�GH�UHVXOWDWHQ�YDQ�'HWUHQGHG�FRUUHVSRQGHQFH�DQDO\VLV��'&$��

ZHHUJHJHYHQ�GLH�]LMQ�JHPDDNW�RS�EDVLV�YDQ�GH�VRRUWVDPHQVWHOOLQJ�YDQ�GH�ORRSNHYHU��HQ�

VSLQQHQJHPHHQVFKDS��,Q�GH]H�DQDO\VHV�YHUNODDUW�GH�HHUVWH�DV�GH�PHHVWH�YDULDWLH�WXVVHQ�GH�

SORWV�HQ�GH�GDDURS�YROJHQGH�DVVHQ�WHONHQV�VWHHGV�PLQGHU��'H�DVVHQ�]HOI�VWDDQ�QLHW�YRRU�HHQ�

VSHFLILHNH�YHUNODUHQGH�IDFWRU��PDDU�XLW�HHQ�FRPELQDWLH�YDQ��GHHOV�RQEHNHQGH��IDFWRUHQ�GLH�

GH�VSUHLGLQJ�YDQ�GH�SORWV�LQ�GH�ILJXXU�VWXUHQ��'H�'&$¶V�]LMQ�XLWJHYRHUG�PHW�HHQ�JURHSHULQJ�

YDQ�EHJUDDVGH�YHUVXV�RQEHJUDDVGH�SORWV�LQ�GH�YHUVFKLOOHQGH�RQGHU]RHNMDUHQ��

%LM�GH�ORRSNHYHUV��ILJXXU������YHUNODUHQ�GH�GULH�DVVHQ�UHVSHFWLHYHOLMN������������HQ������

SURFHQW�YDQ�GH�WRWDOH�YDULDWLH��2S�GH�HHUVWH�HQ�WZHHGH�DV�ZRUGHQ�PHW�QDPH�GH�YHUVFKLOOHQGH�

RQGHU]RHNMDUHQ�XLW�HONDDU�JHWURNNHQ��PHW�OLFKWH�LQWHUDFWLH�YDQ�EHJUD]LQJ��OLQNVERYHQ�

EHJUDDVG��UHFKWVRQGHU�RQEHJUDDVG���ZDDUELM�HU�JHHQ�GXLGHOLMN�RQWZLNNHOLQJVULFKWLQJ�LQ�GH�

ORRS�YDQ�GH�WLMG�LV�ZDDU�WH�QHPHQ��FRQIRUP�ILJXXU�������

'H�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV�RYHUODSSHQ�ELQQHQ�MDUHQ�YULM�VWHUN�HQ�ZRUGHQ�RRN�RS�GH�

GHUGH�DV�PDDU�ZHLQLJ�XLW�HONDDU�JHWURNNHQ��9HUVFKLOOHQ�WXVVHQ�MDUHQ�YHUNODUHQ�GDDUPHH�HHQ�

JURRW�GHHO�YDQ�GH�YHUVFKXLYLQJHQ�LQ�VRRUWVDPHQVWHOOLQJ��WHUZLMO�GH�IDFWRU�EHJUD]LQJ��MD�QHH��
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PDDU�HHQ�NOHLQ�GHHO�YDQ�GH�YDULDWLH�YHUNODDUG��9HUDQGHULQJ�LQ�JUDDVGUXN�NDQ�KLHUELM�ZHO�HHQ�

URO�VSHOHQ��PDDU�GLW�LV�HHQ�RQGHUGHHO�YDQ�GH�WXVVHQ�MDDUOLMNVH�YHUDQGHULQJHQ�HQ�NDQ�QLHW�YDQ�

DQGHUH�IDFWRUHQ�ZRUGHQ�RQGHUVFKHLGHQ��

,Q�ILJXXU�����LV�GH�VSUHLGLQJ�YDQ�GH�YHUVFKLOOHQGH�ORRSNHYHUVRRUWHQ�ZHHUJHJHYHQ�LQ�GH]HOIGH�

'&$�DQDO\VH��2S�GH�HHUVWH�DV�ZRUGHQ�VRRUWHQ�YDQ�ZDW�GURJHUH��PHHU�RSHQ�YHJHWDWLHV�OLQNV�

JHSODDWVW��&DODWKXV�FLQFWXV��1RWLRSKLOXV�DHVWXDQV��1HEULD�VDOLQD��HQ�PHHU�YRFKWPLQQHQGH�

VRRUWHQ�UHFKWV��$JRQXP�PLFDQV��3WHURVLFKXV�PLQRU��&OLYLQD�IRVVRU���2S�GH�WZHHGH�DV�VWDDQ�

GH�YRFKWPLQQHQGH�VRRUWHQ�ERYHQ��&DUDEXV�FODWUDWXV��$JRQXP�IXOLJLQRVXP��/LPRGURPXV�

DVVLPLOLV��HQ�GH�PHHU�GURRJWHUHVLVWHQWH�VRRUWHQ�RQGHU��7UHFKXV�TXDGULVWULDWXV��&DODWKXV�

PROOLV�HQ�'HPHWULDV�PRQRVWLJPD���'H�GHUGH�DV�SODDWVW�HQNHOH�PDWLJ�GURRJWHUHVLVWHQWH�

VRRUWHQ�ERYHQ��3DUDGURPHXV�OLQHDULV��6\QWRPXV�WUXQFDWHOOXV��$PDUD�FRPPXQLV��HQ�PHHU�

YRFKWPLQQHQGH�VRRUWHQ�EHQHGHQ��3WHURVWLFKXV�VWUHQXXV��3��REORQJRSXQFWDWXV��2[\SVHODSKXV�

REVFXUXV��EHQHGHQ��+HW�YRRUNRPHQ�YDQ�VRRUWHQ�GLH�YDDN�JHYRQGHQ�ZRUGHQ�RQGHU�GURJH��

ZDUPH�RPVWDQGLJKHGHQ�LV�VOHFKWV�GHHOV�JHFRUUHOHHUG�PHW�GH�OLJJLQJ�YDQ�EHJUDDVGH�SORWV��GH�

YHUGHOLQJ�OLMNW�PHHU�WH�ZRUGHQ�JHVWXXUG�GRRU�DQGHUH�IDFWRUHQ��]RDOV�YHJHWDWLHW\SH�HQ�ZHOOLFKW�

ZHHUVRPVWDQGLJKHGHQ�LQ�KHW�RQGHU]RHNVMDDU��

%LM�GH�VSLQQHQ��ILJXXU������YHUNODUHQ�GH�GULH�DVVHQ�UHVSHFWLHYHOLMN������������HQ������SURFHQW�

YDQ�GH�WRWDOH�YDULDWLH��2RN�KLHU�JHOGW�GDW�GRRU�GH�HHUVWH�HQ�WZHHGH�DV�PHW�QDPH�GH�

YHUVFKLOOHQGH�RQGHU]RHNMDUHQ�XLW�HONDDU�JHWURNNHQ��ZDDUELM�HU�JHHQ�GXLGHOLMN�

RQWZLNNHOLQJVULFKWLQJ�LV�ZDDU�WH�QHPHQ��PDDU�MXLVW�HHQ�VWHUNH�RPVODJ�WXVVHQ������HQ������

�FRQIRUP�ILJXXU�������'H�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV�RYHUODSSHQ�ELQQHQ�MDUHQ�YULM�VWHUN��

ZDDUELM�LQ������ZHO�HHQ�JURWHUH�VSUHLGLQJ�LV�ZDDU�WH�QHPHQ�WXVVHQ�EHJUDDVGH�HQ�

RQEHJUDDVGH�SORWV�RS�GH�HHUVWH�DV��2RN�RS�GH�GHUGH�DV�ZRUGHQ�GH]H�HQLJV]LQV�XLW�HONDDU�

JHWURNNHQ��$XWRQRPH�YHUVFKLOOHQ�WXVVHQ�MDUHQ�YHUNODUHQ�ZHGHURP�KHW�JURRWVWH�GHHO�YDQ�GH�

YHUVFKXLYLQJHQ�LQ�VRRUWVDPHQVWHOOLQJ��PDDU�GH�IDFWRU�EHJUD]LQJ�OLMNW�YRRU�VSLQQHQ�PHHU�

YHUNODUHQG�WH�]LMQ�GDQ�ELM�ORRSNHYHUV��

���)DFLOLWDWLH�YDQ�NRQLMQHQ�
,Q�DOOH�SORWV�]LMQ�]RZHO�XLWZHUSVHOHQ�YDQ�UXQGHUHQ�HQ�6RD\�VFKDSHQ�JHWHOG�DOV�
NRQLMQHQNHXWHOV��WDEHO������ILJXXU��������'RRU�KHW�JURWH�DDQWDO�QXO�ZDDUQHPLQJHQ�HQ�GH�
VWHUNH�VSUHLGLQJ�LQ�DDQWDOOHQ��LQ�FRPELQDWLH�PHW�GH�ODJH�VWHHNSURHI��NRQ�HU�JHHQ�WRHWVLQJ�
SODDWVYLQGHQ��'H�DDQWDOOHQ�NRQLMQHQNHXWHOV�JHYHQ�HHQ�LQGLFDWLH�YDQ�GH�NRQLMQHQDFWLYLWHLW�LQ�
GH�SORWV��'H�WHOOLQJHQ�LQ�DOOH�SORWV�VDPHQ�JHYHQ�HHQ�LQGLFDWLH�YDQ�GH�WRH��RI�DIQDPH�YDQ�
NRQLMQHQ�LQ�KHW�JHELHG��
,Q������ZDUHQ�HU�DO�]RUJHQ�RYHU�GH�ODJH�NRQLMQHQVWDQG�HQ�KHW�ODWHQ�WRHQHPHQ�YDQ�GH�
SRSXODWLH�ZDV�HHQ�YDQ�GH�GRHOHQ�YDQ�KHW�LQVWHOOHQ�YDQ�EHJUD]LQJ��9DQ�:LQJHUGHQ��������,Q�
�����ZDV�GH�NRQLMQHQVWDQG�HFKWHU�RQGDQNV�KHW�LQVWHOOHQ�YDQ�EHJUD]LQJ�VWHUN�JHGDDOG�DOV�
JHYROJ�YDQ�]LHNWHV�5+'�HQ�P\[RPDWRVH��,Q������ZDV�HU�QRJ�JHHQ�KHUVWHO�RSJHWUHGHQ��
(FKWHU��KHW�SHUFHQWDJH�SORWV�ZDDU�NRQLMQHQDFWLYLWHLW�LV�YHUGZHQHQ�WXVVHQ������HQ������LV�
NOHLQHU�LQ�EHJUDDVGH�GHOHQ�GDQ�LQ�RQEHJUDDVGH�GHOHQ��,Q������]LMQ�LQ����YDQ�GH����EHJUDDVGH�
SORWV�NRQLMQHQNHXWHOV�DDQJHWURIIHQ��WHUZLMO�LQ�VOHFKWV���YDQ�GH����VWULNW�RQEHJUDDVGH�SORWV�
NHXWHOV�]LMQ�DDQJHWURIIHQ��+HW�UDVWHU�YDQ�GH�RQEHJUDDVGH�SORW���LV�WLMGHOLMN�NDSRW�JHZHHVW��
ZDDUGRRU�HU�WRHJDQJ�ZDV�YRRU�YHH��2RN�KLHU�]LMQ�NRQLMQHQNHXWHOV�DDQJHWURIIHQ��'H�
NRQLMQHQVWDQG�LV�WHQ�RS]LFKWH�YDQ������ZHHU�LHWV�WRHJHQRPHQ��PDDU�LV�QRJ�QLHW�RS�KHW�
QLYHDX�YDQ�������2RN�LQ�YHUJHOLMNLQJ�PHW�RQGHU]RHNHQ�LQ�DQGHUH�JHELHGHQ�ZDDULQ�NRQLMQHQ�
IORUHHUGHQ��ELMYRRUEHHOG�GRRU�EHKHHULQJUHSHQ��R�D��.XLWHUV�HW�DO��������LV�KHW�DDQWDO�
NRQLMQHQNHXWHOV�LQ�DOOH�RQGHU]RFKWH�SORWV�]HHU�ODDJ��%HJUD]LQJ�OLMNW�LQ�GH�9DOOHL�YDQ�KHW�9HHQ�
GXV�ZHO�HHQ�IDFLOLWHUHQG�HIIHFW�WH�KHEEHQ�RS�GH�NRQLMQHQSRSXODWLH��PDDU�NDQ�GH�HIIHFWHQ�YDQ��
NRQLMQHQ]LHNWHV�QRJ�QLHW�YROGRHQGH�PLWLJHUHQ�RP�WRW�YROOHGLJ�KHUVWHO�WH�NRPHQ��
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)LJXXU������'HWUHQGHG�FRUUHVSRQGHQFH�DQDO\VLV��'&$��YDQ�ORRSNHYHUJHPHHQVFKDS�

JHJURHSHHUG�QDDU�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV�LQ�GH�RQGHU]RHNMDUHQ������������������

HQ�������

)LJXUH������'HWUHQGHG�FRUUHVSRQGHQFH�DQDO\VLV��'&$��RI�FDUDELG�EHHWOH�FRPPXQLW\�JURXSHG�E\�JUD]HG�

DQG�XQJUD]HG�SORWV�LQ�WKH�UHVHDUFK�\HDUV������������������DQG������
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)LJXXU������3ODDWVLQJ�YDQ�GH�VRRUWHQ�LQ�GH�'HWUHQGHG�FRUUHVSRQGHQFH�DQDO\VLV��'&$��YDQ�

ORRSNHYHUJHPHHQVFKDS�JHJURHSHHUG�QDDU�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV�LQ�GH�

RQGHU]RHNMDUHQ������������������HQ�������]LH�ILJXXU�������

)LJXUH������/RFDWLRQ�RI�VSHFLHV�LQ�WKH�'HWUHQGHG�FRUUHVSRQGHQFH�DQDO\VLV��'&$��RI�FDUDELG�EHHWOH�

FRPPXQLW\�JURXSHG�E\�JUD]HG�DQG�XQJUD]HG�SORWV�LQ�WKH�UHVHDUFK�\HDUV������������������DQG������

�VHH�ILJXUH������
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)LJXXU������'HWUHQGHG�FRUUHVSRQGHQFH�DQDO\VLV��'&$��YDQ�VSLQQHQJHPHHQVFKDS�

JHJURHSHHUG�QDDU�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV�LQ�GH�RQGHU]RHNMDUHQ������������HQ�

������

)LJXXU������'HWUHQGHG�FRUUHVSRQGHQFH�DQDO\VLV��'&$��RI�VSLGHU�FRPPXQLW\�JURXSHG�E\�JUD]HG�DQG�

XQJUD]HG�SORWV�LQ�WKH�UHVHDUFK�\HDUV������������DQG�������
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7DEHO������)DHFHV�YDQ�YHH��6FKRWVH�+RRJODQGHUV�HQ�6RD\�VFKDSHQ��HQ�NRQLMQHQ�LQ�GH�9DOOHL�
YDQ�KHW�9HHQ��XLWJHVSOLWVW�QDDU�YHJHWDWLH�VWUDWXP�HQ�JUDDV�EHKDQGHOLQJ���JHJHYHQV�YRRU�
SORW���LQ������]LMQ�QLHW�EHWURXZEDDU��RPGDW�YRRUDIJDDQG�DDQ�KHW�RQGHU]RHN�GH�H[FORVXUH�
NDSRW�LV�JHZHHVW��ZDDUGRRU�YHH�WLMGHOLMN�WRHJDQJ�KDG��

7DEOH������)DHFHV�RI�FDWWOH��6FRWWLVK�+LJKODQGHUV�DQG�6RD\�VKHHS��DQG�UDEELWV�LQ�WKH�9DOOHL�YDQ�KHW�

9HHQ��IRU�YHJHWDWLRQ�VWUDWXP�DQG�JUD]LQJ�WUHDWPHQW��GDWD�IRU�SORW���LQ������LV�QRW�UHOLDEOH��EHFDXVH�

SULRU�WR�WKH�LQYHVWLJDWLRQ�WKH�H[FORVXUH�ZDV�GDPDJHG��WHPSRUDULO\�JLYLQJ�DFFHVV�WR�FDWWOH��

� � � 9HH� .RQLMQHQ�

SORW EHJUD]LQJ� VWUDWD� ��

��

���� ���� ���� ���� ���� ���� ����

��� EHJUDDVG� GXLQKHLGH� �� ��� �� �� ���� �� �� ��

��� EHJUDDVG� GXLQKHLGH� �� �� �� �� ��� �� �� ���

��� EHJUDDVG� GXLQKHLGH� �� ��� ��� �� ���� �� �� ��

��� EHJUDDVG� GXLQKHLGH� �� ��� �� ��� ��� �� �� ���

��� EHJUDDVG� YHUJUDVWH�YDOOHL� �� �� �� �� ��� �� �� ��

��� EHJUDDVG� YHUJUDVWH�YDOOHL� �� ��� ��� ��� ��� �� ��� ����

��� EHJUDDVG� YHUJUDVWH�YDOOHL� �� �� ��� �� ���� �� �� ��

��� EHJUDDVG� YHUJUDVWH�YDOOHL� �� �� �� �� ��� ��� �� ���

��� EHJUDDVG� YHUJUDVWH�YDOOHL� �� �� ��� �� ��� �� �� ��

��� EHJUDDVG� YHUJUDVWH�YDOOHL� �� �� ��� �� ��� �� ��� ��

��� EHJUDDVG� YHUJUDVWH�YDOOHL� �� �� ��� �� ��� �� �� ���

��� EHJUDDVG� YHUJUDVWH�YDOOHL� �� �� �� �� ��� �� �� ��

��� EHJUDDVG� YHUJUDVWH�YDOOHL� �� �� ��� ��� ���� �� �� ��

��� EHJUDDVG� YHUJUDVWH�YDOOHL� �� �� ��� ��� ��� �� ��� ��

DDQZH]LJKHLG�NRQLMQHQ�LQ���SORWV ���� ��� ��� ���

��� RQEHJUDDVG� GXLQKHLGH� �� �� �� �� ���� �� �� ��

��� RQEHJUDDVG� GXLQKHLGH� �� �� �� �� ��� �� �� ��

��� RQEHJUDDVG� GXLQKHLGH� �� �� �� �� ��� �� �� ��

��� RQEHJUDDVG� GXLQKHLGH� �� �� �� �� �� �� �� ��

��� RQEHJUDDVG� YHUJUDVWH�YDOOHL� �� �� �� �� ��� �� �� ��

��� RQEHJUDDVG� YHUJUDVWH�YDOOHL� �� �� �� �� ��� �� �� ��

��� RQEHJUDDVG� YHUJUDVWH�YDOOHL� �� �� �� �� �� �� �� ��

��� RQEHJUDDVG� YHUJUDVWH�YDOOHL� �� �� �� �� �� �� �� ��

��� RQEHJUDDVG� YHUJUDVWH�YDOOHL� �� �� �� �� ��� �� �� ��

��� RQEHJUDDVG� YHUJUDVWH�YDOOHL� �� �� �� ��� ���� �� ��� ���

��� RQEHJUDDVG� YHUJUDVWH�YDOOHL� �� �� �� �� ���� �� �� ��

��� RQEHJUDDVG� YHUJUDVWH�YDOOHL� �� �� �� �� ��� �� �� ��

��� RQEHJUDDVG� YHUJUDVWH�YDOOHL� �� �� �� �� ��� �� �� ��

��� RQEHJUDDVG� YHUJUDVWH�YDOOHL� �� �� �� �� ��� �� �� ��

DDQZH]LJKHLG�NRQLMQHQ�LQ���SORWV ��� ��� ��� ���

���&RQFOXVLH�HIIHFWHQ�RS�IDXQD�
'H�KRJH�YHHEH]HWWLQJ�LQ������HQ�GH�MDUHQ�GDDUYRRU�KDG�HHQ�QHJDWLHI�HIIHFW�RS�GH�GLFKWKHLG�

DDQ�RQJHZHUYHOGHQ��'H�YHUGHOLQJ�LQ�OHQJWHNODVVHQ�OLHW�HHQ�ZLVVHOHQG�EHHOG�]LHQ��HQ�HU�]LMQ�

JHHQ�DDQZLM]LQJHQ�YHUNUHJHQ�GDW�EHJUD]LQJ�LQ�JHPHHQVFKDSSHQ�PHW�JHPLGGHOG�JURWHUH�RI�

MXLVW�NOHLQHUH�RQJHZHUYHOGHQ�UHVXOWHHUW��'RRUGDW�GH�YHJHWDWLH�ODJHU�HQ�RSHQHU�ZRUGW�LV�GH��
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)LJXXU������&RUUHODWLH�WXVVHQ�GH�DFWLYLWHLW�YDQ�JUD]HUV�LQ�GH�YRUP�YDQ�IDHFHV�YDQ�UXQG�HQ�

VFKDDS��HQ�NRQLMQHQNHXWHOV��0HUN�RS�GDW�RS�KHW�VQLMSXQW�YDQ�GH�[�DV�HQ�\�DV���RQEHJUDDVGH�

SXQWHQ�RS�HONDDU�JHSURMHFWHHUG�]LMQ��'H�RQEHJUDDVGH�SORW�ZDDU�ZHO�IDHFHV�YDQ�UXQG�HQ�

VFKDDS�]LMQ�DDQJHWURIIHQ�EHWURI�SORW���ZDDU�KHW�UDVWHU�WLMGHOLMN�VWXN�LV�JHZHHVW��ZDDUGRRU�KHW�

YHH�WRHJDQJ�KDG��

)LJXUH�������&RUUHODWLRQ�EHWZHHQ�JUD]HU�DFWLYLW\��IDHFHV�RI�6FRWWLVK�+LJKODQGHUV�DQG�6RD\�VKHHS�DV�

SUR[\��DQG�UDEELW�GURSSLQJV��1RWH�WKDW�DW�WKH�LQWHUVHFWLRQ�RI�WKH�[�D[LV�DQG�\�D[LV����XQJUD]HG�SRLQWV�DUH�

SURMHFWHG�RQ�WRS�RI�HDFK�RWKHU��7KH�XQJUD]HG�SORW�ZKHUH�IDHFHV�RI�FDWWOH�DQG�VKHHS�ZHUH�IRXQG�

FRQFHUQHG�SORW���ZKHUH�WKH�JULG�ZDV�GDPDJHG��WHPSRUDULO\�DOORZLQJ�FDWWOH�WR�DFFHVV��

EHVFKLNEDDUKHLG�YDQ�GH�RQJHZHUYHOGHQ�YRRU�RS�GH�JURQG�IRHUDJHUHQGH�YRJHOV�DOV�GH�7DSXLW�

LQ�EHJUDDVGH�SORWV�ZHO�JURWHU�GDQ�LQ�RQEHJUDDVGH�SORWV��

.RQLMQHQ�OLMNHQ�ZHO�JHIDFLOLWHHUG�WH�ZRUGHQ�GRRU�EHJUD]LQJ��PDDU�GH�GLFKWKHGHQ�]LMQ�QRJ�

VWHHGV�HUJ�ODDJ��ZDDUVFKLMQOLMN�DOV�JHYROJ�YDQ�GH�]LHNWHV�P\[RPDWRVH�HQ�5+'��

/RRSNHYHUV�NHQGHQ�GH�KRRJVWH�GLYHUVLWHLW�LQ�������QD����MDDU�H[WHQVLHYH�EHJUD]LQJ��PDDU�GH�

GLYHUVLWHLW�QDP�VWHUN�DI�LQ�������6SLQQHQ�NHQGHQ�MXLVW�HHQ�KRJH�GLYHUVLWHLW�LQ�������+HW�

DDQWDO�VRRUWHQ�ORRSNHYHUV�HQ�VSLQQHQ�HQ�GH�GLYHUVLWHLW�YDQ�KXQ�OHYHQVJHPHHQVFKDSSHQ�

YHUVFKLOW�ELQQHQ�GH]H�MDUHQ�HFKWHU�QDXZHOLMNV�WXVVHQ�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV��

(U�NXQQHQ�WZHH�YHUNODULQJHQ�]LMQ�YRRU�GH]H�SDWURQHQ��

�� MDDUOLMNV�ZLVVHOHQGH�RPVWDQGLJKHGHQ�DQGHUV�GDQ�YHHEH]HWWLQJ�±�]RDOV�GH�]HHU�GURJH�HQ�

ZDUPH�]RPHU�YDQ������±�KHHIW�HHQ�RYHUKHHUVHQG�HIIHFW�JHKDG�RS�GH�

GLHUJHPHHQVFKDSSHQ�LQ�DOOH�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV�HQ�

�� GH�H[FORVXUHV�YDQ���[���PHWHU�]LMQ�WH�NOHLQ�WHQ�RS]LFKWH�YDQ�KHW�JHKHOH�

EHJUD]LQJVJHELHG�]RGDW�EHJUD]LQJ�RRN�HHQ�HIIHFW�KHHIW�RS�GH�JHPHHQVFKDSSHQ�ELQQHQ�GH�

H[FORVXUHV��

+HW�LV�]HHU�ZDDUVFKLMQOLMN�GDW�HU�HHQ�FRPELQDWLH�WXVVHQ�GH]H�WZHH�IDFWRUHQ�LV�RSJHWUHGHQ��

ZDDUELM�GH�FRPELQDWLH�YDQ�ZDUP�HQ�GURRJ�ZHHU�HQ�HQNHOH�MDUHQ�PHW�HHQ�KRJH�YHHHEH]HWWLQJ�

HHQ�]RGDQLJ�JURRW�HIIHFW�KHHIW�JHKDG�RS�GLHUSRSXODWLHV�GDW�GH]H�]RZHO�EXLWHQ�DOV�ELQQHQ�GH�

H[FORVXUHV�KHW]HOIGH�SDWURRQ�ODWHQ�]LHQ��



2QWZLNNHOLQJ�HQ�%HKHHU�1DWXXUNZDOLWHLW� ���

�3URFHVLQGLFDWRUHQ�YRRU�EHJUD]LQJ�

���%HJUD]LQJ�DOV�UHJXOLHUH�EHKHHUPDDWUHJHO�RI�DOV�
KHUVWHOPDDWUHJHO�

,Q�YHHO�GXLQJHELHGHQ�ZRUGW�EHJUD]LQJ�LQJH]HW�DOV�UHJXOLHUH�EHKHHUPDDWUHJHO�RP�YHUJUDVVLQJ�
HQ�YHUUXLJLQJ�WHJHQ�WH�JDDQ��GH�VXFFHVVLH�WH�YHUWUDJHQ��HHQ�RSHQ�VWUXFWXXU�LQ�GH�YHJHWDWLH�WH�
FUHsUHQ�RI��PHHU�LQ�KHW�DOJHPHHQ��GH�VWUXFWXXUYDULDWLH�LQ�HHQ�JHELHG�WH�YHUJURWHQ��6RPV�
ZRUGW�EHJUD]LQJ�WRHJHSDVW�LQ�GH�YRUP�YDQ�GUXNEHJUD]LQJ��HHQ�WLMGHOLMN�KRJH�JUDDVGUXN�PHW�
JHLWHQ�HQ�RI�VFKDSHQ��RP�GH�RSVODJ�YDQ�VWUXZHHO��HQ�ERRPVRRUWHQ�ELQQHQ�HHQ�NRUW�
WLMGVEHVWHN�WHUXJ�WH�GULQJHQ��

:DDU�EHJUD]LQJ�DOV�UHJXOLHUH�EHKHHUPDDWUHJHO�ZRUGW�WRHJHSDVW��NDQ�HQLJH�LQWHQVLYHULQJ�
HUYDQ�]LQYRO�]LMQ�DOV�HIIHFWJHULFKWH�PDDWUHJHO�WHJHQ�GH�HIIHFWHQ�YDQ�VWLNVWRIGHSRVLWLH��6PLWV�
HW�DO����������([WUD��EHJUD]HQ�LV�HHQ�HUNHQGH�KHUVWHOPDDWUHJHO�LQ�GLYHUVH�KDELWDWW\SHQ�GLH�LQ�
GXLQJHELHGHQ�YRRUNRPHQ��WH�ZHWHQ�*ULM]H�GXLQHQ��+�������'XLQKHLGHQ�PHW�NUDDLKHL�
�+�������'XLQKHLGHQ�PHW�VWUXLNKHL��+�������.UXLSZLOJVWUXZHOHQ��+�������9RFKWLJH�
GXLQYDOOHLHQ��+������HQ�GH�GURJH�YDULDQW�YDQ�'XLQERVVHQ��+����$���%HJUD]HQ�ZRUGW�YDDN�
JHFRPELQHHUG�PHW�DQGHUH�HUNHQGH�KHUVWHOPDDWUHJHOHQ�DOV�PDDLHQ��SODJJHQ��FKRSSHUHQ�RI�
KHW�KHUVWHO�YDQ�G\QDPLHN��YHUVWXLYLQJ���6PLWV�	�%DO���������

����0RQLWRULQJ�HQ�SURFHVLQGLFDWRUHQ��
'H�HIIHFWHQ�YDQ�KHUVWHOPDDWUHJHOHQ�ZRUGHQ�LQ�KHW�NDGHU�YDQ�1DWXUD������JHPRQLWRUG�RP�
YDVW�WH�VWHOOHQ�RI�GH�JHQRPHQ�PDDWUHJHOHQ�LQ�VWLNVWRIJHYRHOLJH�KDELWDWW\SHQ�HQ�OHHIJHELHGHQ�
YDQ�9+5�VRRUWHQ�LQ�YROGRHQGH�PDWH�HIIHFWLHI�]LMQ�RP�KHW�HIIHFW�YDQ�HHQ�RYHUPDDW�DDQ�
VWLNVWRI�WH�PLWLJHUHQ�RI�KHW�YHU]XUHQGH�HIIHFW�WHJHQ�WH�JDDQ��9HHO�KHUVWHOPDDWUHJHOHQ�]LMQ�LQ�
HHUVWH�LQVWDQWLH�JHULFKW�RS�HHQ�YHUEHWHULQJ�YDQ�GH�VWDQGSODDWVFRQGLWLHV��DELRWLHN��
YHJHWDWLHVWUXFWXXU���ZDDUGRRU�GH]H�RS�WHUPLMQ��ZHHU��JHVFKLNW�ZRUGHQ�YRRU�VRRUWHQ�GLH�
NDUDNWHULVWLHN�]LMQ�YRRU�KHW�KDELWDWW\SH���

(FRQRPLVFKH�DFWLYLWHLWHQ�ELQQHQ�GH�EHJUHQ]LQJ�RI�QDELMKHLG�YDQ�1DWXUD������JHELHGHQ�
NXQQHQ�DOOHHQ�ZRUGHQ�WRHJHVWDDQ��YHUJXQG��RQGHU�YRRUZDDUGH�GDW�GH�NZDOLWHLW�YDQ�
DDQZH]LJH�KDELWDWW\SHQ�HQ�RI�OHHIJHELHGHQ�YDQ�9+5�VRRUWHQ�QLHW�YHUVOHFKWHUW��,Q�KHW�NDGHU�
YDQ�KHW�1(0�ZRUGHQ�HHQV�LQ�GH���MDDU�SHUPDQHQWH�NZDGUDWHQ�RSJHQRPHQ�GLH�RQGHUGHHO�
XLWPDNHQ�YDQ�KHW�/0)�PHHWQHW��,Q�KHW�NDGHU�YDQ�GH�61/�PRQLWRULQJ�ZRUGW�HHQV�LQ�GH����
MDDU�HHQ�YHJHWDWLHNDUWHULQJ�JHPDDNW��7\SLVFKH�VRRUWHQ�YDQ�KDELWDWW\SHQ�ZRUGHQ�HHQV�LQ�GH���
MDDU�JHNDUWHHUG��2P�KHW�HIIHFW�YDQ�KHUVWHOPDDWUHJHOHQ�YDVW�WH�VWHOOHQ�GLHQHQ�HU�ELQQHQ�HHQ�
WHUPLMQ�YDQ�HQNHOH�MDUHQ�LQGLFDWLHV�WH�]LMQ�RI�KHUVWHOPDDWUHJHOHQ�KHW�EHRRJGH�HIIHFW�KHEEHQ��
'HUKDOYH�LV�HHQ�PHWKRGLHN�RQWZLNNHOG�RP�DO�RS�HHQ�WHUPLMQ�YDQ�HQNHOH�MDUHQ�HHQ�LQGLFDWLH�WH�
NULMJHQ�YDQ�KHW�QDWXXUKHUVWHO���

9RRU�GH�PRQLWRULQJ�YDQ�KDELWDWV�HQ�9+5�VRRUWHQ�]LMQ�GH�]RJHQDDPGH�SURFHVLQGLFDWRUHQ�
RQWZLNNHOG��6PLWV�HW�DO���������'H]H�]LMQ�]RGDQLJ�JHNR]HQ�GDW�RS�UHODWLHI�NRUWH�WHUPLMQ�
�ELQQHQ�GULH�MDDU��HHQ�LQGLFDWLH�NDQ�ZRUGHQ�YHUNUHJHQ�YDQ�KHW�SURFHV�YDQ�QDWXXUKHUVWHO��
3URFHVLQGLFDWRUHQ�NXQQHQ�YHUVFKLOOHQ�SHU�KDELWDWW\SH�PDDWUHJHO�FRPELQDWLH��6PLWV�HW�DO��
�������
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$OV�PRJHOLMNH�SURFHVLQGLFDWRUHQ�ZRUGHQ�LQ�6PLWV�HW�DO���������JHQRHPG��
x 5HPRWH�VHQVLQJ�

x 9HJHWDWLH��VRRUWHQVDPHQVWHOOLQJ�VWUXFWXXU��

x ,QGLFDWRUVRRUWHQ�

x $ELRWLHN�

5HPRWH�VHQVLQJ��
9HUDQGHULQJHQ�LQ�YHJHWDWLHVWUXFWXXU�]LMQ�JRHG�WH�PRQLWRUHQ�DDQ�GH�KDQG�YDQ�WUXH�FRORXU�HQ�
IDOVH�FRORXU�OXFKWIRWR¶V��RI�]HHU�KRJH�UHVROXWLH�PXOWLVSHFWUDOH�VDWHOOLHWEHHOGHQ��ZDDUELM�GH�
UHVXOWDWHQ�VHPL�DXWRPDWLVFK�NXQQHQ�ZRUGHQ�JHRSWLPDOLVHHUG�PHW�JHEUXLNPDNLQJ�YDQ�
PDFKLQH�OHDUQLQJ��0�FKHU�HW�DO���������������'H�PDWH�YDQ�YHUUXLJLQJ�HQ�YHUVFKUDOLQJ�NDQ�LQ�
GH�WLMG�ZRUGHQ�JHYROJG�DDQ�GH�KDQG�YDQ�GH�1'9,��QRUPDOL]HG�GLIIHUHQFH�YHJHWDWLRQ�LQGH[���
]RDOV�GH�JURHQPRQLWRU��6PLWV�HW�DO���������9HUDQGHULQJ�YDQ�HHQ�YHJHWDWLH�PHW�ppQ�
GRPLQDQWH�VRRUW��ELMYRRUEHHOG�GXLQULHW�RI�KHOP��QDDU�HHQ�YHJHWDWLH�ZDDULQ�PHHUGHUH�VRRUWHQ�
GRPLQHUHQ�LV�RS�OXFKWIRWR¶V�GRRUJDDQV�JRHG�WH�]LHQ�HQ�PHW�UHPRWH�VHQVLQJ�WHFKQLHNHQ�WH�
NZDQWLILFHUHQ��PLWV�YROGRHQGH�JURXQG�WUXWKLQJ�GDWD�YRRUKDQGHQ�]LMQ��'DDUELM�NDQ�GH�
LQIRUPDWLH�YDQ�34¶V�EHKXOS]DDP�]LMQ��0�FKHU�HW�DO����������������

9HJHWDWLH�
+HW�JHEUXLN�YDQ��SHUPDQHQWH��NZDGUDWHQ�LV�HHQ�EUXLNEDUH�PDQLHU�RP�
YHJHWDWLHYHUDQGHULQJHQ�RQGHU�LQYORHG�YDQ��H[WUD�EHJUD]HQ�WH�PRQLWRUHQ��'H�JHZHQVWH�
IUHTXHQWLH�YDQ�EHPRQVWHULQJ�LV�DIKDQNHOLMN�YDQ�GH�YHUDQGHUOLMNKHLG�YDQ�KHW��VXE�W\SH��
ZDDUELM�YRRU�GH�PLQGHU�G\QDPLVFKH�W\SHQ��+������+������NDQ�ZRUGHQ�YROVWDDQ�PHW�HHQV�LQ�
GH���MDDU�HQ�GH�ZDW�PHHU�YHUDQGHUOLMNH�W\SHQ��+������+������+������PHW�HHQV�LQ�GH���MDDU���

2S�GH�:DGGHQHLODQGHQ�OLJW�HHQ�SURYLQFLDDO�QHWZHUN�YDQ�SHUPDQHQWH�NZDGUDWHQ��KHW�/0)�
PHHWQHW�GDW�RQGHUGHHO�XLWPDDNW�YDQ�KHW�1(0�HQ�GLH�HHQV�LQ�GH�YLHU�MDDU�ZRUGHQ�RSJHQRPHQ��
'LW�QHWZHUN�YRUPW�HHQ�SULPD�EDVLV��PDDU�]RX�XLWJHEUHLG�PRHWHQ�ZRUGHQ�RP�YRRU�DOOH�
KDELWDW�VXE�W\SHQ�PDDWUHJHO�FRPELQDWLHV�YROGRHQGH�LQIRUPDWLH�WH�OHYHUHQ�YRRU�HHQ�
EHRRUGHOLQJ�YDQ�YHUDQGHULQJHQ�LQ�GH�QDWXXUNZDOLWHLW���

,QGLFDWRUVRRUWHQ�
9RRU�GH�GXLQKDELWDW�VXE�W\SHQ�NDQ�KHW�]LQYRO�]LMQ�LQGLFDWRUVRRUWHQ��IORUD��WH�NDUWHUHQ�GLH�
LQGLFDWLHI�]LMQ�YRRU�GH�PDWH�YDQ�YHUUXLJLQJ��YHUGURJLQJ��YHU]XULQJ�RI�HXWURILsULQJ��9RRUGHHO�
GDDUYDQ�LV�GDW�ELM�HHQ�NHX]H�YDQ�GH�MXLVWH�LQGLFDWRUVRRUWHQ�YULM�VQHO�HHQ�JHELHGVGHNNHQG�
EHHOG�NDQ�ZRUGHQ�YHUNUHJHQ�YDQ�GH�RQWZLNNHOLQJHQ�LQ�KHW�WHUUHLQ�HQ�RI�GH�XLWJHYRHUGH�
KHUVWHOPDDWUHJHOHQ�HU�YRRU�]RUJHQ�GDW�GH�NZDOLWHLW�YDQ�KDELWDWW\SHQ�QLHW�YHUVOHFKWHUW�RI��LQ�
KHW�JXQVWLJH�JHYDO��YHUEHWHUW��(HQ�QDGHHO�YDQ�SHUPDQHQWH�NZDGUDWHQ�LV�QDPHOLMN�GDW�]H�YDDN�
QLHW�RS�GH�SOHNNHQ�OLJJHQ�ZDDU�EHODQJULMNH�YHUDQGHULQJHQ�RSWUHGHQ��'DW�QDGHHO�ZRUGW�PHW�
LQGLFDWRUVRRUWHQ�RQGHUYDQJHQ��'H�NHX]H�YDQ�GH�MXLVWH�LQGLFDWRUVRRUWHQ�YRUPW�GRRUJDDQV�HHQ�
DDQYXOOLQJ�RS�GH�NDUWHULQJ�YDQ�61/�VRRUWHQ�HQ�W\SLVFKH�VRRUWHQ���

$ELRWLHN�
*ULM]H�GXLQHQ�]LMQ�RQGHU�LQYORHG�YDQ�VWLNVWRI�RS�YHHO�SODDWVHQ�YHUUXLJG�HQ�YHU]XXUG��'LW�JDDW�
YDDN�JHSDDUG�PHW�HHQ�GLNNH�YHUYLOWH�VWURRLVHOODDJ��9RRUDO�PHW�GUXNEHJUD]LQJ��ZDDUELM�
JHGXUHQGH�HHQ�EHSHUNWH�SHULRGH�ORNDDO�HHQ�KRJH�JUDDVGUXN�ZRUGW�DDQJHOHJG��NDQ�HHQ�GLN�
RUJDQLVFK�SDNNHW�ZRUGHQ�RSHQ�JHEURNHQ�]RGDW�EHWHUH�NLHPLQJV��HQ�JURHLRPVWDQGLJKHGHQ�
RQWVWDDQ�YRRU�NDUDNWHULVWLHNH�GXLQJUDVODQGVRRUWHQ��'LW�SURFHV�NDQ�ZRUGHQ�JHPRQLWRUG�GRRU�
GH�GLNWH�YDQ�GH�VWURRLVHOODDJ�LQ�GH�WLMG�WH�YROJHQ��6PLWV�HW�DO����������

,Q�GXLQEHJURHLLQJHQ�GLH�RQGHU�LQYORHG�VWDDQ�YDQ�KHW�JURQGZDWHU��]RDOV�9RFKWLJH�GXLQYDOOHLHQ�
�+�������LV�KHW�]LQYRO�RP�GH�YHJHWDWLHPRQLWRULQJ�DDQ�GH�KDQG�YDQ�SHUPDQHQWH�NZDGUDWHQ�
HQ�RI�LQGLFDWRUVRRUWHQ�WH�FRPELQHUHQ�PHW�SHLOEXLVJHJHYHQV��2S�GLH�PDQLHU�NXQQHQ�HYHQWXHOH�
YHUDQGHULQJHQ�LQ�GH�YHJHWDWLH�DOV�JHYROJ�YDQ�YHUGURJLQJ�RI�YHUQDWWLQJ�ZRUGHQ�JHGXLG���
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����([WUD��EHJUD]HQ�RS�GH�)ULHVH�:DGGHQHLODQGHQ�DOV�
KHUVWHOPDDWUHJHO�

'H�SURYLQFLH�)U\VOkQ�KHHIW�FRQFUHHW�GH�YUDDJ�JHVWHOG�KRH�KHW�GRRU�GH�SURYLQFLH�EHKHHUGH�
PHHWQHW�YDQ�SHUPDQHQWH�NZDGUDWHQ�RS�GH�)ULHVH�:DGGHQHLODQGHQ�LQ�EHJUDDVGH�JHELHGHQ�
NDQ�ZRUGHQ�YHUEHWHUG�F�T��RSJH]HW�RP�GH�EHJUD]LQJVHIIHFWHQ�LQ�KHW�NDGHU�YDQ�1DWXUD�������
PRQLWRULQJ�KHUVWHOPDDWUHJHOHQ�JRHG�LQ�EHHOG�WH�NULMJHQ��'DDUQDDVW�NDQ�GH�YUDDJ�ZRUGHQ�
JHVWHOG�RI�HU�QDDVW�SHUPDQHQWH�NZDGUDWHQ�RRN�QRJ�DQGHUH�SURFHVLQGLFDWRUHQ�JHVFKLNW�]LMQ�
YRRU�KHW�PRQLWRUHQ�YDQ�GH�HIIHFWHQ�YDQ��H[WUD�EHJUD]HQ��

,Q�WDEHO�����VWDDW�HHQ�RYHU]LFKW�ZDDU��H[WUD�EHJUD]HQ�DOV�KHUVWHOPDDWUHJHO�]DO�ZRUGHQ�
WRHJHSDVW��+HW�EHWUHIW�LQ�DOOH�JHYDOOHQ�XLWEUHLGLQJ�YDQ�EHVWDDQGH�EHJUD]LQJVJHELHGHQ��2S�GH�
)ULHVH�:DGGHQHLODQGHQ�ZRUGW��H[WUD�EHJUD]HQ�DOV�KHUVWHOPDDWUHJHO�LQJH]HW�WHQ�EHKRHYH�YDQ�
HHQ�]HYHQWDO�KDELWDW�VXE�W\SHQ��+����$��+����%��+����&��+����$��+����%��+�����HQ�
+����&��

7DEHO������7RHSDVVLQJ��H[WUD�EHJUD]HQ�DOV�KHUVWHOPDDWUHJHO�RS�GH�)ULHVH�:DGGHQHLODQGHQ�
�%URQ��*HELHGVUDSSRUWDJHV�������%,-����HQ�0HLMHU��������������������

7DEOH������*UD]LQJ�DV��DGGLWLRQDO��UHFRYHU\�PHDVXUH�RQ�WKH�)ULVLDQ�:DGGHQ�,VODQGV��6RXUFH��$UHD�

5HSRUWV�������%,-����DQG�0HLMHU��������������������

:DGGHQHLODQG� $UHDDO 7HQ�EHKRHYH�YDQ +DELWDWW\SH�

9/,(/$1'

8LWEUHLGLQJ�EHJUD]LQJ� ����KD� +����%� *ULM]H�GXLQHQ��NDONDUP��

+����$� 'XLQKHLGHQ�PHW�NUDDLKHL��YRFKWLJ��

+����%� 'XLQKHLGHQ�PHW�NUDDLKHL��GURRJ��

+����� 'XLQKHLGHQ�PHW�VWUXLNKHL�

+����&� 9RFKWLJH�GXLQYDOOHLHQ��RQWNDONW��

7(56&+(//,1*� � � �

8LWEUHLGLQJ�EHJUD]LQJ� ����KD� +����%� *ULM]H�GXLQHQ��NDONDUP��

+����&� *ULM]H�GXLQHQ��KHLVFKUDDO��

+����$� 'XLQKHLGHQ�PHW�NUDDLKHL��YRFKWLJ��

+����%� 'XLQKHLGHQ�PHW�NUDDLKHL��GURRJ��

+����� 'XLQKHLGHQ�PHW�VWUXLNKHL�

$0(/$1'� � � �

8LWEUHLGLQJ�EHJUD]LQJ� ����KD� +����%� *ULM]H�GXLQHQ��NDONDUP��

+����$� 'XLQKHLGHQ�PHW�NUDDLKHL��YRFKWLJ��

+����%� 'XLQKHLGHQ�PHW�NUDDLKHL��GURRJ��

+����� 'XLQKHLGHQ�PHW�VWUXLNKHL�

6&+,(50211,.22*� � � �

8LWEUHLGLQJ�EHJUD]LQJ� ����KD� +����$� *ULM]H�GXLQHQ��NDONULMN��

+����%� *ULM]H�GXLQHQ��NDONDUP��

+����&� *ULM]H�GXLQHQ��KHLVFKUDDO��

9OLHODQG�
([WHQVLHYH�EHJUD]LQJ�PHW�HHQ�NXGGH�6RD\�VFKDSHQ�LQ�FRPELQDWLH�PHW�HHQ�DDQWDO�6FKRWVH�
+RRJODQGHUV�LV�KLHU�LQ������YDQ�VWDUW�JHJDDQ�LQ�GH�9DOOHL�YDQ�KHW�9HHQ��FD������KD���PHW�
QDPH�RP�GH�YHUJUDVVLQJ�YDQ�GXLQJUDVODQGHQ��+����%��HQ�GXLQKHLGHQ��+����$��+����%��
+������PHW�KHOP��]DQG]HJJH�HQ�GXLQULHW�WHJHQ�WH�JDDQ��0HLMHU��������'DDUQDDVW�]LMQ�HU�ZDW�
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NOHLQHUH�JHELHGHQ�LQ�GH�GURJH�GXLQHQ�YDQ�YDDN�VOHFKWV�HQNHOH�KHFWDUHV�GLH�DO�GDQ�QLHW�
WLMGHOLMN�ZRUGHQ�EHZHLG�PHW�SDDUGHQ��SRQ\¶V�RI�JHLWHQ��'DDUELM�ZRUGW�]RZHO�MDDUURQG�
EHJUD]LQJ�DOV�]RPHU��RI�ZLQWHUEHZHLGLQJ�WRHJHSDVW��+HW�WRWDOH�RSSHUYODN�DDQ�EHJUDDVG�
GXLQJHELHG�RS�9OLHODQG�EHGURHJ�UHFHQWHOLMN�UXLP�����KD��0HLMHU�����D���'H�SODQQLQJ�LV�RP�
KHW�H[WHQVLHI�EHJUDDVGH�JHELHG�XLW�WH�EUHLGHQ�PHW�����KD��'DDUELM�JDDW�KHW�PHW�QDPH�RP�
HHQ�JURWHUH�LQ]HW�YDQ�6RD\�VFKDSHQ��MDDUURQG���

7HUVFKHOOLQJ�
(U�YLQGW�YDQDI������EHJUD]LQJ�SODDWV�RS�7HUVFKHOOLQJ��ZLQWHU���]RPHU��HQ�MDDUURQGEHJUD]LQJ��
LQ�YHUVFKLOOHQGH�HHQKHGHQ�PHW�YHUVFKLOOHQGH�JUD]HUV��PHHVWDO�SRQ\¶V�RI�SDDUGHQ��VRPV�PHW�
UXQGHUHQ�RI�JHLWHQ���R�D��RS�GH�/DQGHUXPHU�KHLGH��([PRRU�SRQ\¶V�HQ�JHLWHQ�WHU�EHVWULMGLQJ�
YDQ�$PHULNDDQVH�YRJHONHUV��HQ�)RUPHUXP�DDQ�=HH��ZLQWHUEHJUD]LQJ�PHW�SRQ\¶V���'H�WRWDOH�
RSSHUYODNWH�EHJUDDVG�GXLQJHELHG�RS�7HUVFKHOOLQJ�ZHUG�UHFHQWHOLMN�JHVFKDW�RS�UXLP�����KD�
�0HLMHU�����E�F���+HW�SODQ�LV�RP�HHQ�DDQWDO�QLHXZH�JHELHGHQ�LQ�EHJUD]LQJVEHKHHU�WH�QHPHQ�
HQ�HHQ�DDQWDO�UHHGV�EHJUDDVGH�JHELHGHQ�XLW�WH�EUHLGHQ��'DDUYRRU�]LMQ�RS�YHUVFKLOOHQGH�
SOHNNHQ�]RHNJHELHGHQ�DDQJHZH]HQ��]RZHO�RS�:HVW�7HUVFKHOOLQJ��(OGRUDGR�HQ�
0DVWHQEURHNVGXLQ��H[WHQVLHYH�MDDUURQGEHJUD]LQJ�PHW�*DOORZD\V�HQ�([PRRU�SRQ\¶V��DOV�RS�
0LGGHQ��HQ�2RVW�7HUVFKHOOLQJ��ZLQWHUEHJUD]LQJ�PHW�SRQ\¶V���,Q�WRWDDO�JDDW�KHW�RP�����KD�WHQ�
EHKRHYH�YDQ�KDELWDWW\SHQ�+����%��+����$��+����%�HQ�+������0HLMHU��������

$PHODQG�
2S�$PHODQG�YLQGW�EHJUD]LQJ�PHW�6RD\�VFKDSHQ�RI�+HUHIRUGV�SODDWV�DDQ�GH�ZHVW]LMGH�YDQ�KHW�
HLODQG�ELM�RXGH�GXLQERRJFRPSOH[HQ�+ROOXP�%DOOXP�LQ�GLYHUVH�EHJUD]LQJVHHQKHGHQ��/DQJH�
'XLQHQ�=XLG������KD���-DQ�5RHSHKHLGH�����KD���5RRVGXLQHQ������KD��HQ�+DJHGRRUQYHOG������
KD���+LHU�EHYLQGHQ�]LFK�RXGH��GLHS�RQWNDONWH�GXLQHQ�GLH�RS�YHHO�SODDWVHQ�VWHUN�]LMQ�YHUJUDVW��
8LWEUHLGLQJ�YDQ�KHW�EHJUD]LQJVJHELHG�LV�JHSODQG�LQ�GH�+ROOXPHU�'XLQHQ�(QJHOVPDQGXLQ�
�ZLQWHUEHJUD]LQJ�ELQQHQ�NOHLQ�YHUSODDWVEDUH�HHQKHGHQ��ZDDU�HHUVW�ZRUGW�JHSODJG�DOV�
LQOHLGHQG�EHKHHU��WHQ�EHKRHYH�YDQ�+����%��+����$��+����%�HQ�+������

2RN�GH�WHQ�RRVWHQ�YDQ�%XUHQ�JHOHJHQ�.RRLMGXLQHQ��1HHUODQGV�5HLG��NZHOGHU��HQ�HHQ�GHHO�YDQ�
+HW�2HUG�ZRUGHQ�EHJUDDVG�PHW�YHH��VFKDDS��UXQG��SDDUG��YDQ�GH�$PHODQGHU�ERHUHQ��'H�
9HQQRRW���+LHU�LV�JHHQ�XLWEUHLGLQJ�YDQ�KHW�EHJUD]LQJVJHELHG�JHSODQG�HQ�LV�JHHQ��H[WUD��
EHJUD]HQ�JHSODQG�DOV�KHUVWHOPDDWUHJHO��

6FKLHUPRQQLNRRJ�
2S�6FKLHUPRQQLNRRJ�]LMQ�YHUVFKLOOHQGH�EHJUD]LQJVHHQKHGHQ��RS�HHQ�GHHO�YDQ�GH�
%LQQHQNZHOGHU�2RVWHUNZHOGHU�YLQGW�]RPHUEHZHLGLQJ�SODDWV�PHW�YHH�YDQ�HLODQGHUV��'H�
*URHQJORS�VDPHQ�PHW�KHW�ZHVWHOLMN�GHHO�YDQ�GH�.RRLGXLQHQ�ZRUGW�YDQDI������EHJUDDVG�PHW�
6D\DJXHVD�UXQGHUHQ�HQ�PHW�([PRRU�SRQ\¶V�WHQ�EHKRHYH�YDQ�+����$��+����%��+����&��'LW�
JHELHG�]DO�LQ�GH�QDDVWH�WRHNRPVW�QRJ�YHUGHU�ZHVWZDDUWV�ZRUGHQ�XLWJHEUHLG��9HUPHXOHQ�	�
%UDDW�������1LMVVHQ�HW�DO���������5RQG�GH�HHQGHQNRRL�ZRUGW�JHZHLG�PHW�7H[HODDUV��,Q�KHW�
FHQWUDOH�GXLQJHELHG�]DO�GH�VHL]RHQVEHZHLGLQJ�PHW�JHLWHQ�HQ�SRQ\¶V�ZRUGHQ�XLWJHEUHLG��

0RQLWRULQJ�KHUVWHOPDDWUHJHOHQ�
,Q�GH�PHHVWH�JHYDOOHQ�JDDW�KHW�RS�GH�:DGGHQHLODQGHQ�RP�XLWEUHLGLQJ�YDQ�EHVWDDQGH�
EHJUD]LQJVHHQKHGHQ��,Q�VRPPLJH�JHYDOOHQ�ZRUGW�GLW�YRRUDIJHJDDQ�GRRU�DQGHUH�PDDWUHJHOHQ�
]RDOV�SODJJHQ��FKRSSHUHQ�RI�KHW�RS�JDQJ�EUHQJHQ�YDQ�YHUVWXLYLQJ��KHUVWHO�G\QDPLHN���2P�GH�
HIIHFWHQ�YDQ�GH]H��H[WUD�EHJUD]HQ�JRHG�WH�NXQQHQ�PRQLWRUHQ�LV�HHQ�QXOPHWLQJ�YDQ�EHODQJ��
YRRUGDW�HHQ�EHJUD]LQJVUHJLPH�ZRUGW�LQJHVWHOG��'LW�NDQ�KHW�EHVWH�ZRUGHQ�JHGDDQ�GRRU�KHW�
XLW]HWWHQ�YDQ�SHUPDQHQWH�NZDGUDWHQ��QDDVW�HYHQWXHHO�DO�EHVWDDQGH�34¶V���3HU�
KDELWDW�VXE�W\SH�PRHW�GDDUELM�ZRUGHQ�JHGDFKW�DDQ�WHQPLQVWH�������34¶V��+HW�SUHFLH]H�
DDQWDO�KDQJW�DI�YDQ�GH�RPYDQJ�YDQ�KHW�EHJUD]LQJVJHELHG�HQ�GH�DDQZH]LJH�YDULDWLH��=RDOV�DO�
HHUGHU�EHVFKUHYHQ��LV�KHW�GDDUELM�YDQ�EHODQJ�HHQ�JRHGH�QXOPHWLQJ�WH�KHEEHQ��]RGDW�GH�
HIIHFWLYLWHLW�YDQ��H[WUD�EHJUD]HQ�NDQ�ZRUGHQ�YDVWJHVWHOG��
+HW�LV�DOWLMG�]LQYRO�RP�RRN�HHQ�DDQWDO�34¶V�DDQ�WH�OHJJHQ�LQ�WHUUHLQGHOHQ�GLH�EXLWHQ�GH�
EHJUD]LQJ�EOLMYHQ��PDDU�TXD�EHJURHLLQJVW\SHQ�YHUJHOLMNEDDU�]LMQ��
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$DQJH]LHQ�KHW�LQ�YHHO�JHYDOOHQ�JDDW�RP�WH�EHJUD]HQ�WHUUHLQGHOHQ�YDULsUHQG�YDQ�HQNHOH�
WLHQWDOOHQ�WRW�LQ�HQNHOH�JHYDOOHQ�PHHU�GDQ�KRQGHUG�KHFWDUHQ�ZRUGW�DDQJHUDGHQ�RRN�HHQ�
DDQWDO�LQGLFDWRUVRRUWHQ�JHELHGVGHNNHQG�WH�NDUWHUHQ��'LW�NXQQHQ�VRRUWHQ�]LMQ�GLH�LQGLFDWLHI�
]LMQ�YRRU�HHQ�JRHGH�NZDOLWHLW�YDQ�GH�EHWUHIIHQGH�KDELWDWW\SHQ��RI�VRRUWHQ�GLH�MXLVW�DI�]RXGHQ�
PRHWHQ�QHPHQ��]RDOV�UXLJH�JUDVVHQ�DOV�GXLQULHW�HQ�]DQG]HJJH��QHJDWLHYH�LQGLFDWRUVRRUWHQ���
9DQ�GH]H�VRRUWHQ�NDQ�HHQ�YHUVSUHLGLQJVNDDUW�ZRUGHQ�JHPDDNW�YROJHQV�GH�JULGFHOOHQPHWKRGH�
GRRU�SHU�UDVWHUFHO������[�����P��ELM�NOHLQH�JHELHGHQ�NDQ�]R�JHZHQVW�YRRU�NOHLQHUH�FHOJURRWWH�
ZRUGHQ�JHNR]HQ��WH�QRWHUHQ�ZHONH�YDQ�GH�JHNR]HQ�LQGLFDWRUVRRUWHQ�YRRUNRPHQ�PHW�HHQ�
VFKDWWLQJ�YDQ�GH�JHPLGGHOGH�DEXQGDQWLH��'LW�NDQ�LHGHUH���MDDU�ZRUGHQ�KHUKDDOG��*HVFKLNWH�
LQGLFDWRUVRRUWHQ�NXQQHQ�61/�VRRUWHQ�]LMQ�RI�W\SLVFKH�VRRUWHQ��PDDU�GDW�KRHIW�QLHW���
9RRU�GH�NHX]H�YDQ�LQGLFDWRUVRRUWHQ�NDQ�LQ�HHUVWH�LQVWDQWLH�ZRUGHQ�DDQJHVORWHQ�ELM�GH�VRRUWHQ�
GLH�LQ�KHW�NDGHU�YDQ�61/�PRQLWRULQJ�HHQV�LQ�GH���MDDU�ZRUGHQ�JHPRQLWRUG��RI�ZRUGHQ�
JHPRQLWRUG�DOV�W\SLVFKH�VRRUW�LQ�KHW�NDGHU�YDQ�1(0�1DWXUD�����±PRQLWRULQJ��DDQJHYXOG�PHW�
HHQ�DDQWDO�VRRUWHQ�ZDDUYDQ�ZRUGW�YHUZDFKW�GDW�]H�UHDJHUHQ�RS�HHQ�KHUVWHOEHKHHU�PHW�
EHJUD]LQJ�XLWJDDQGH�YDQ�HHQ�VWHUN�YHUJUDVWH�HQ�RI�YHUYLOWH�VLWXDWLH�HQ�QLHW�KHHO�]HOG]DDP�
]LMQ��

7DEHO������2QWZLNNHOLQJVUHHNV�KDELWDWW\SH�+����$�*ULM]H�GXLQHQ��NDONULMN��YDQXLW�HHQ�
YHUYLOWH�XLWJDQJVVLWXDWLH��EURQ��6FKDPLQpH�HW�DO���������������,Q�URRG��QHJDWLHYH�
LQGLFDWRUVRRUWHQ���

7DEOH������'HYHORSPHQW�VHULHV�RI�(8�KDELWDW�W\SH�+����$�*UH\�GXQHV��FDOFDUHRXV��IURP�D�VLWXDWLRQ�ZLWK�
IHOWHG�OLWWHU�OD\HU��VRXUFH��6FKDPLQpH�HW�DO���������������,Q�UHG��QHJDWLYH�LQGLFDWRU�W\SHV��

6RRUW� ��MDDU� �����

MDDU�

������

MDDU�

61/� 7\SLVFKH�

VRRUW�

:HWHQVFKDSSHOLMNH�QDDP�

'XLQULHW� zz z z � &DODPDJURVWLV�HSLJHMRV�

=DQG]HJJH� zz z z � &DUH[�DUHQDULD�

+HOP� zz z� �� � � $PPRSKLOD�DUHQDULD�

'DXZEUDDP� zz z z � 5XEXV�FDHVLXV�

*HVWUHHSWH�ZLWERO� z� �� �� � � +ROFXV�ODQDWXV�

*HZRQH�YHOGELHV� zz z z � /X]XOD�FDPSHVWULV�

*URRW�ODGGHUPRV� zz z z � 3VHXGRVFOHURSRGLXP�SXUXP�

.UXLSZLOJ� zz z z � 6DOL[�UHSHQV�

-DNREVNUXLVNUXLG� zz z z � -DFREDHD�YXOJDULV�

0DQQHWMHVHUHSULMV� zz z z � 9HURQLFD�RIILFLQDOLV�

:LOGH�OLJXVWHU� z� �� � � � /LJXVWUXP�YXOJDUH�

+RQGVGUDI� z� �� �� � � *OHFKRPD�KHGHUDFHD�

(FKW�ELWWHUNUXLG� z� �� �� 61/� 76� 3LFULV�KLHUDFLRLGHV�

*HZRQH�HLNYDUHQ� z� �� �� � � 3RO\SRGLXP�YXOJDUH�

*HZRQH�HUHSULMV� z� �� �� � � 9HURQLFD�FKDPDHGU\V�

9HOGKRQGVWRQJ� z z� �� � � &\QRJORVVXP�RIILFLQDOH�

*ODG�ZDOVWUR� z z� �� � � *DOLXP�PROOXJR�

.UXLSHQG�VWDONUXLG� �� z� �� � � 2QRQLV�UHSHQV�VXEVS��UHSHQV�

*HHO�ZDOVWUR� z zz zz � *DOLXP�YHUXP�

*HZRRQ�JDIIHOWDQGPRV� �� z z � 'LFUDQXP�VFRSDULXP�

6PDO�IDNNHOJUDV� �� z z� 61/� � .RHOHULD�PDFUDQWKD�

5XZ�YHUJHHW�PLM�QLHWMH� �� z z� � 76� 0\RVRVWLV�UDPRVLVVLPD�

*HZRQH�YOHXJHOWMHVEORHP� �� z z � 3RO\JDOD�YXOJDULV�

'XLQURRV� �� z z� � 76� 5RVD�VSLQRVLVVLPD�

)LMQ�VFKDSHQJUDV� �� z zz � )HVWXFD�ILOLIRUPLV�

*URRW�GXLQVWHUUHWMHV� � �� �� � � 6\QWULFKLD�UXUDOLV�YDU��DUHQLFROD�

'XLQYLRROWMH� � �� z� � 76� 9LROD�FXUWLVLL�

.OHYHULJH�UHLJHUVEHN� � �� z� � 76� (URGLXP�OHEHOLL�

zz �DEXQGDQW��z WDOULMN���� DDQZH]LJ�
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(QNHOH�RQWZLNNHOLQJVUHHNVHQ�VWDDQ�KLHURQGHU�XLWJHZHUNW�YRRU�GH�VXEW\SHQ�YDQ�KHW�
KDELWDWW\SH�*ULM]H�GXLQHQ��+�������'DDUELM�VWDDW�YHUPHOG�RI�HHQ�VRRUW�DO�JHPRQLWRUG�ZRUGW�LQ�
KHW�NDGHU�YDQ�61/��9RRU�GH�RYHULJH�KDELWDWW\SHQ�]LMQ�JHHQ�RQWZLNNHOLQJVUHHNVHQ�EHNHQG��
+LHU�EHVWDDW�GH�OLMVW�PHW�LQGLFDWRUVRRUWHQ�YRRUQDPHOLMN�XLW�HHQ�VHOHFWLH�YDQ�61/�VRRUWHQ�RI�
W\SLVFKH�VRRUWHQ��,Q�URRG�VWDDQ�HQNHOH�]RJHQDDPGH�µQHJDWLHYH�LQGLFDWRUVRRUWHQ¶�
ZHHUJHJHYHQ��ZDDUYDQ�MXLVW�GH�DIQDPH�DOV�JHYROJ�YDQ�EHJUD]LQJ�DOV�SRVLWLHI�ZRUGW�
EHVFKRXZG��

7DEHO������2QWZLNNHOLQJVUHHNV�KDELWDWW\SH�+����%�*ULM]H�GXLQHQ��NDONDUP��YDQXLW�HHQ�
YHUYLOWH�XLWJDQJVVLWXDWLH��,Q�URRG��QHJDWLHYH�LQGLFDWRUVRRUWHQ���

7DEOH������'HYHORSPHQW�VHULHV�RI�(8�KDELWDW�W\SH�+����%�*UH\�GXQHV��ORZ�LQ�OLPH��IURP�D�VLWXDWLRQ�
ZLWK�IHOWHG�OLWWHU�OD\HU��,Q�UHG��QHJDWLYH�LQGLFDWRU�W\SHV��

6RRUW� ��MDDU� �����

MDDU�

������

MDDU�

61/� 7\SLVFKH�

VRRUW�

:HWHQVFKDSSHOLMNH�QDDP�

=DQG]HJJH� zz z z &DUH[�DUHQDULD�

'XLQULHW� zz z� �� � � &DODPDJURVWLV�HSLJHMRV�

+HOP� zz z� �� � � $PPRSKLOD�DUHQDULD�

*HZRQH�YHOGELHV� z� �� �� � � /X]XOD�FDPSHVWULV�

*HZRRQ�VWUXLVJUDV� �� z zz $JURVWLV�FDSLOODULV�

6FKDSHQ]XULQJ� �� z zz 5XPH[�DFHWRVHOOD�

'XLQURRV� �� z z� � 76� 5RVD�VSLQRVLVVLPD�

-DNREVNUXLVNUXLG� �� z z -DFREDHD�YXOJDULV�

*HZRRQ�ELJJHQNUXLG� �� z z +\SRFKDHULV�UDGLFDWD�

5XZ�YHUJHHW�PLM�QLHWMH� �� z z� � 76� 0\RVRVWLV�UDPRVLVVLPD�

)LMQ�VFKDSHQJUDV� �� �� z )HVWXFD�ILOLIRUPLV�

0XL]HQRRU� �� �� z +LHUDFLXP�SLORVHOOD�

%UXLQ�KHLGHVWDDUWMH� � �� z &ODGRQLD�JODXFD�

5RGH�KHLGHOXFLIHU� � �� z &ODGRQLD�IORHUNHDQD�

2SHQ�UHQGLHUPRV� � �� z� � 76� &ODGLQD�SRUWHQWRVD�

*LUDIMH� � �� z &ODGRQLD�JUDFLOLV�

=RPHUVQHHXZ� � �� z� � 76� &ODGRQLD�IROLDFHD�

%XQWJUDV� � �� z� 61/� 76� &RU\QHSKRUXV�FDQHVFHQV�

=DQGEODXZWMH� � �� z -DVLRQD�PRQWDQD�

9URHJH�KDYHU� � �� z $LUD�SUDHFR[�

'XLQUHLJHUVEHN� � �� z (URGLXP�FLFXWDULXP�GXQHQVH�

.OHYHULJH�UHLJHUVEHN� � �� z� � 76� (URGLXP�OHEHOLL�

+RQGVYLRROWMH� � �� z� 61/� � 9LROD�FDQLQD�

'XLQYLRROWMH� � �� z� 61/� � 9LROD�FXUWLVLL�

*HYOHNW�KHLGHVWDDUWMH� � �� z &ODGRQLD�FRUQXWD�

*HZRRQ�NUDDNORRI� � �� �� � � &HWUDULD�DFXOHDWD�

.UDDLKHL� � �� �� � � (PSHWUXP�QLJUXP�

zz �DEXQGDQW��z WDOULMN���� DDQZH]LJ�



2QWZLNNHOLQJ�HQ�%HKHHU�1DWXXUNZDOLWHLW� ���

7DEHO������2QWZLNNHOLQJVUHHNV�KDELWDWW\SH�+����&�*ULM]H�GXLQHQ��KHLVFKUDDO��ELM�EHJUD]LQJ�
YDQXLW�VWHUN�YHUJUDVWH�XLWJDQJVVLWXDWLH��EURQ��6FKDPLQpH�HW�DO���������������,Q�URRG��
QHJDWLHYH�LQGLFDWRUVRRUWHQ���

7DEOH������'HYHORSPHQW�VHULHV�RI�(8�KDELWDW�W\SH�+����&�*UH\�GXQHV��ZHDNO\�EXIIHUHG��ZKHQ�JUD]LQJ�
IURP�D�KHDYLO\�HQFURDFKHG�VLWXDWLRQ��VRXUFH��6FKDPLQpH�HW�DO���������������,Q�UHG��QHJDWLYH�LQGLFDWRU�
W\SHV��

6RRUW� ��MDDU� �����

MDDU�

������

MDDU�

61/� 7\SLVFKH�

VRRUW�

:HWHQVFKDSSHOLMNH�QDDP�

'XLQULHW� zz z� �� � � &DODPDJURVWLV�HSLJHMRV�

=DQG]HJJH� zz z� �� � � &DUH[�DUHQDULD�

.UXLSZLOJ� zz z z 6DOL[�UHSHQV�

*HVWUHHSWH�ZLWERO z z� �� � � +ROFXV�ODQDWXV�

'ULHQHUYLJH�]HJJH� z z� �� 61/� � &DUH[�WULQHUYLV�

7RUPHQWLO� �� z z 3RWHQWLOOD�HUHFWD�

*HZRQH�YHOGELHV� �� z z /X]XOD�FDPSHVWULV�

)LMQ�VFKDSHQJUDV� �� z z )HVWXFD�ILOLIRUPLV�

%UXQHO� �� z z 3UXQHOOD�YXOJDULV�

*HZRQH�URONODYHU� �� z z /RWXV�FRUQLFXODWXV�

7DQGMHVJUDV� �� z z 'DQWKRQLD�GHFXPEHQV�

0XL]HQRRU� �� �� z +LHUDFLXP�SLORVHOOD�

+RQGVYLRROWMH� � �� z� 61/� 76� 9LROD�FDQLQD�

'XLQURRV� � �� z� � 76� 5RVD�VSLQRVLVVLPD�

0DQQHWMHVHUHSULMV� � �� �� � � 9HURQLFD�RIILFLQDOLV�

6WLMYH�RJHQWURRVW� � �� �� � � (XSKUDVLD�VWULFWD�

=HHJURHQH�]HJJH� � �� �� � � &DUH[�IODFFD�

%ODXZH�]HJJH� � �� �� � � &DUH[�SDQLFHD�

*HZRQH�YOHXJHOWMHVEORHP� � �� �� � 76� 3RO\JDOD�YXOJDULV�

5XZ�YHUJHHW�PLM�QLHWMH� � �� �� � 76� 0\RVRVWLV�UDPRVLVVLPD�

.QRRSNUXLG� � �� �� � � &HQWDXUHD�MDFHD�

.OHYHULJH�UHLJHUVEHN� � � �� � 76� (URGLXP�OHEHOLL�

*HOREGH�PDDQYDUHQ� � � �� 61/� 76� %RWU\FKLXP�OXQDULD�

'XLQYLRROWMH� � � �� � 76� 9LROD�FXUWXVLL�

zz �DEXQGDQW��z WDOULMN���� DDQZH]LJ�

9RRU�GH�KDELWDWW\SHQ�+����$��+����%��+�����HQ�+����&�]LMQ�JHHQ�RQWZLNNHOLQJVUHHNVHQ�
EHNHQG�YDQXLW�YHUUXLJGH�VLWXDWLHV�QD�LQVWHOOHQ�YDQ�HHQ�EHJUD]LQJVEHKHHU��9RRUJHVWHOG�ZRUGW�
KLHU�]RYHHO�PRJHOLMN�GH�61/�VRRUWHQ�WH�JHEUXLNHQ�DOV�LQGLFDWRUVRRUWHQ��DDQJHYXOG�PHW�HQNHOH�
DQGHUH�VRRUWHQ�GLH�RS�EHJUD]LQJ�]XOOHQ�UHDJHUHQ��

(HQ�LQGLFDWRUVRRUW�GLH�PLVVFKLHQ�ZHO�KHW�DOOHUEHODQJULMNVW�LV�RP�WH�YROJHQ��LV�KHW�NRQLMQ��2S�
GH�PHHVWH�:DGGHQHLODQGHQ�LV�KXQ�DDQWDO��QHW�DOV�LQ�GH�YDVWHODQGVGXLQHQ��VWHUN�JHUHGXFHHUG�
DOV�JHYROJ�YDQ�KHUKDDOGH�XLWEUDNHQ�YDQ�VWHHGV�QLHXZH�YDULDQWHQ�YDQ�KHW�5+'�YLUXV��.RQLMQHQ�
]LMQ�HHQ�VOHXWHOVRRUW�LQ�KHW�EHKHHU�YDQ�GXLQJUDVODQGHQ��'H�KRRS�LV�GDW�KRHIGLHUEHJUD]LQJ�GH�
GXLQEHJURHLLQJHQ�ZHHU�DDQWUHNNHOLMN�PDNHQ�YRRU�KHW�NRQLMQ�DOV�NOHLQH�JUD]HU��ZDDUGRRU�GH�
NZDOLWHLW�YDQ�PHW�QDPH�*ULM]H�GXLQHQ�NDQ�YHUEHWHUHQ���

'H�FRPELQDWLH�YDQ�LQGLFDWRUVRRUWHQ�HQ�SHUPDQHQWH�NZDGUDWHQ�NDQ�YULM�VQHO�HHQ�LQGLFDWLH�
JHYHQ�RYHU�LQ�ZHONH�ULFKWLQJ�GH�RQWZLNNHOLQJHQ�JDDQ�RQGHU�LQYORHG�YDQ�GH�EHJUD]LQJ��+HW�LV�
]LQYRO�RP�GDDUELM�RRN�GH�WHUUHLQGHOHQ�WH�EHWUHNNHQ�GLH�DO�EHJUDDVG�ZHUGHQ�LQ�KHW�NDGHU�YDQ�
KHW�UHJXOLHUH�EHKHHU���
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7DEHO������+DELWDWW\SH�+����$�'XLQKHLGHQ�PHW�NUDDLKHL��YRFKWLJ��PHW�LQGLFDWRUVRRUWHQ��(U�
LV�JHHQ�LQIRUPDWLH�EHVFKLNEDDU�RYHU�RQWZLNNHOLQJVUHHNV�YDQXLW�YHUUXLJGH�VLWXDWLH�QD�LQVWHOOHQ�
EHJUD]LQJVEHKHHU��,Q�URRG��QHJDWLHYH�LQGLFDWRUVRRUWHQ���

7DEOH������(8�+DELWDW�W\SH�+����$�'XQH�KHDWKODQG�ZLWK�FURZ��PRLVW��ZLWK�LQGLFDWRU�VSHFLHV��1R�
LQIRUPDWLRQ�LV�DYDLODEOH�DERXW�GHYHORSPHQW�VHULHV�IURP�DQ�HQFURDFKHG�VLWXDWLRQ�DIWHU�JUD]LQJ�
PDQDJHPHQW�KDV�EHHQ�VHW�XS��,Q�UHG��QHJDWLYH�LQGLFDWRU�W\SHV��

6RRUW� 61/� 7\SLVFKH�

VRRUW�

:HWHQVFKDSSHOLMNH�QDDP�

.UDDLKHL� � � (PSHWUXP�QLJUXP�

*HZRQH�GRSKHL� � � (ULFD�WHWUDOL[�

*URWH�YHHQEHV� � � 2[\FRFFXV�PDFURFDUSRV�

'ULHQHUYLJH�]HJJH� 61/� 76� &DUH[�WULQHUYLV�

0RHUDVNDUWHOEODG� 61/� � 3HGLFXODULV�SDOXVWULV�

.OHLQH�]RQQHGDXZ� 61/� � 'URVHUD�LQWHUPHGLD�

3DUQDVVLD� 61/� � 3DUQDVVLD�SDOXVWULV�

.UXLSZLOJ� � � 6DOL[�UHSHQV�

*HZRQH�YOHXJHOWMHVEORHP� 61/� � 3RO\JDOD�YXOJDULV�

9HUIEUHP� 61/� � *HQLVWD�WLQFWRULD�

.OHLQ�ZLQWHUJURHQ� 61/� � 3\UROD�PLQRU�

*URWH�ZROIVNODXZ� 61/� � /\FRSRGLXP�FODYDWXP�

=DQG]HJJH� � &DUH[�DUHQDULD�

'XLQULHW� � &DODPDJURVWLV�HSLJHMRV�

*HVWUHHSWH�ZLWERO� � +ROFXV�ODQDWXV�

5XZH�EHUN� � %HWXOD�SHQGXOD�

=DFKWH�EHUN� � %HWXOD�SXEHVFHQV�

$PHULNDDQVH�YRJHONHUV� � 3UXQXV�VHURWLQD�

7DEHO������+DELWDWW\SH�+����%�'XLQKHLGHQ�PHW�NUDDLKHL��GURRJ��PHW�LQGLFDWRUVRRUWHQ��(U�LV�
JHHQ�LQIRUPDWLH�EHVFKLNEDDU�RYHU�RQWZLNNHOLQJVUHHNV�YDQXLW�YHUUXLJGH�VLWXDWLH�QD�LQVWHOOHQ�
EHJUD]LQJVEHKHHU��,Q�URRG��QHJDWLHYH�LQGLFDWRUVRRUWHQ��

7DEOH������(8�+DELWDW�W\SH�+����%�'XQH�KHDWKODQG�ZLWK�(PSHWUXP�QLJUXP��GU\��ZLWK�LQGLFDWRU�VSHFLHV��
1R�LQIRUPDWLRQ�LV�DYDLODEOH�DERXW�GHYHORSPHQW�VHULHV�IURP�DQ�HQFURDFKHG�VLWXDWLRQ�DIWHU�JUD]LQJ�
PDQDJHPHQW�KDV�EHHQ�VHW�XS��,Q�UHG��QHJDWLYH�LQGLFDWRU�W\SHV��

6RRUW� 61/� 7\SLVFKH�

VRRUW�

:HWHQVFKDSSHOLMNH�QDDP�

.UDDLKHL� � � (PSHWUXP�QLJUXP�

'ULHQHUYLJH�]HJJH� 61/� 76� &DUH[�WULQHUYLV�

2SHQ�UHQGLHUPRV� � � &ODGRQLD�SRUWHQWRVD�

*LUDIMH� � � &ODGRQLD�JUDFLOLV�

.UXLSZLOJ� � � 6DOL[�UHSHQV�

%HUHQGUXLI� � 76� $UFWRVWDSK\ORV�XYD�XUVL�

9HUIEUHP� 61/� � *HQLVWD�WLQFWRULD�

6WHNHOEUHP� 61/� � *HQLVWD�DQJOLFD�

*HZRQH�HLNYDUHQ� � � 3RO\SRGLXP�YXOJDUH�

*HZRQH�YOHXJHOWMHVEORHP� 61/� � 3RO\JDOD�YXOJDULV�

6FKHUPKDYLNVNUXLG� � � +LHUDFLXP�XPEHOODWXP�

'XLQURRV� � � 5RVD�VSLQRVLVVLPD�

=DQG]HJJH� &DUH[�DUHQDULD�

'XLQULHW� &DODPDJURVWLV�HSLJHMRV�

*HVWUHHSWH�ZLWERO� +ROFXV�ODQDWXV�

5XZH�EHUN� %HWXOD�SHQGXOD�

$PHULNDDQVH�YRJHONHUV� 3UXQXV�VHURWLQD�

=ZDUWH�GHQ� 3LQXV�QLJUD�
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7DEHO������+DELWDWW\SH�+�����'XLQKHLGHQ�PHW�VWUXLNKHL�PHW�LQGLFDWRUVRRUWHQ��(U�LV�JHHQ�
LQIRUPDWLH�EHVFKLNEDDU�RYHU�RQWZLNNHOLQJVUHHNV�YDQXLW�YHUUXLJGH�VLWXDWLH�QD�LQVWHOOHQ�
EHJUD]LQJVEHKHHU��,Q�URRG��QHJDWLHYH�LQGLFDWRUVRRUWHQ��

7DEHO������(8�+DELWDW�W\SH�+�����'XQH�KHDWKODQG�ZLWK�&DOOXQD�YXOJDULV�ZLWK�LQGLFDWRU�VSHFLHV��1R�
LQIRUPDWLRQ�LV�DYDLODEOH�DERXW�GHYHORSPHQW�VHULHV�IURP�D�Q�HQFURDFKHG�VLWXDWLRQ�DIWHU�JUD]LQJ�
PDQDJHPHQW�KDV�EHHQ�VHW�XS��,Q�UHG��QHJDWLYH�LQGLFDWRU�W\SHV��

6RRUW� 61/� 7\SLVFKH�

VRRUW�

:HWHQVFKDSSHOLMNH�QDDP�

6WUXLNKHL� � � &DOOXQD�YXOJDULV�

6WHNHOEUHP� 61/� � *HQLVWD�DQJOLFD�

*LUDIMH� � 76� &ODGRQLD�JUDFLOLV�

2SHQ�UHQGLHUPRV� � 76� &ODGLQD�SRUWHQWRVD�

%UXLQ�KHLGHVWDDUWMH� � 76� &ODGRQLD�JODXFD�

3LO]HJJH� � � &DUH[�SLOXOLIHUD�

*HZRRQ�KDDUPRV� � � 3RO\WULFKXP�FRPPXQH�

.XVVHQWMHVPRV� � � /HXFREU\XP�JODXFXP�

+RQGVYLRROWMH� 61/� � 9LROD�FDQLQD�

*HZRQH�YOHXJHOWMHVEORHP� 61/� � 3RO\JDOD�YXOJDULV�

.OHLQ�ZLQWHUJURHQ� 61/� � 3\UROD�PLQRU�

*HZRQH�URONODYHU� � � /RWXV�FRUQLFXODWXV�

*HZRQH�YHOGELHV� � � /]XOD�FDPSHVWULV�

)LMQ�VFKDSHQJUDV� � � )HVWXFD�ILOOLIRUPLV�

+HOP� $PPRSKLOD�DUHQDULD�

=DQG]HJJH� &DUH[�DUHQDULD�

'XLQULHW� &DODPDJURVWLV�HSLJHMRV�

5XZH�EHUN� %HWXOD�SHQGXOD�

$PHULNDDQVH�YRJHONHUV� 3UXQXV�VHURWLQD�

=ZDUWH�GHQ� 3LQXV�QLJUD�

7DEHO������+DELWDWW\SH�+����&�9RFKWLJH�GXLQYDOOHL��RQWNDONW��PHW�LQGLFDWRUVRRUWHQ��(U�LV�
JHHQ�LQIRUPDWLH�EHVFKLNEDDU�RYHU�RQWZLNNHOLQJVUHHNV�YDQXLW�YHUUXLJGH�VLWXDWLH�QD�LQVWHOOHQ�
EHJUD]LQJVEHKHHU��,Q�URRG��QHJDWLHYH�LQGLFDWRUVRRUWHQ��

7DEOH������(8�+DELWDW�W\SH�+����&�0RLVW�GXQH�YDOOH\��GHFDOFLILHG��ZLWK�LQGLFDWRU�VSHFLHV��1R�LQIRUPDWLRQ�
LV�DYDLODEOH�DERXW�GHYHORSPHQW�VHULHV�IURP�DQ�HQFURDFKHG�VLWXDWLRQ�DIWHU�JUD]LQJ�PDQDJHPHQW�KDV�EHHQ�
VHW�XS��,Q�UHG��QHJDWLYH�LQGLFDWRU�W\SHV��

6RRUW� 61/� 7\SLVFKH�

VRRUW�

:HWHQVFKDSSHOLMNH�QDDP�

'ULHQHUYLJH�]HJJH� 61/� 76� &DUH[�WULQHUYLV�

'ZHUJEORHP� 61/� 76� &HQWXQFXOXV�PLQLPXV�

'ZHUJYODV� 61/� 76� 5DGLROD�OLQRLGHV�

+DUOHNLMQ� 61/� � $QDFDPSWLV�PRULR�

.QRSELHV� 61/� � 6FKRHQXV�QLJULFDQV�

0RHUDVNDUWHOEODG� 61/� � 3HGLFXODULV�SDOXVWULV�

2HYHUNUXLG� 61/� � /LWWRUHOOD�XQLIORUD�

3DUQDVVLD� 61/� � 3DUQDVVLD�SDOXVWULV�

5RQG�ZLQWHUJURHQ� 61/� � 3\UROD�URWXQGLIROLD�

9HUIEUHP� 61/� � *HQLVWD�WLQFWRULD�

:DWHUSXQJH� 61/� � 6DPROXV�YDOHUDQGL�

5LHW� 3KUDJPLWHV�DXVWUDOLV�

'XLQULHW� &DODPDJURVWLV�HSLJHMRV�

*HVWUHHSWH�ZLWERO� +ROFXV�ODQDWXV�

5XZH�EHUN� %HWXOD�SHQGXOD�

=DFKWH�EHUN� %HWXOD�SXEHVFHQV�

=ZDUWH�HOV� $OQXV�JOXWLQRVD�
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0RFKW�HHQ�YDQ�GH�GRHOHQ�]LMQ�RP�PHW�GH��H[WUD�EHJUD]LQJ�YRRUDO�KRXWLJH�RSVODJ�WHUXJ�WH�
GULQJHQ��GDQ�NDQ�WHU�DDQYXOOLQJ�YDQ�YRRUJDDQGH�RRN�UHPRWH�VHQVLQJ�ZRUGHQ�LQJH]HW�LQ�GH�
PRQLWRULQJ��$DQ�GH�KDQG�YDQ�$+1�KRRJWHEHVWDQG�NDQ�HHQ�REMHFWKRRJWH�EHVWDQG�ZRUGHQ�
JHFRQVWUXHHUG�GDW�LQ�GH�WLMG���[�SHU���MDDU��NDQ�ZRUGHQ�JHYROJG��]LH�KLHUYRRU���'DDUELM�
NXQQHQ�WHU�RQGHUVWHXQLQJ�HYHQWXHHO�RRN�OXFKWIRWR¶V�RI�KRJH�UHVROXWLH�VDWHOOLHWEHHOGHQ�ZRUGHQ�
JHEUXLNW��'HUJHOLMNH�IRWR¶V�NXQQHQ�RRN�SULPD�ZRUGHQ�JHEUXLNW�RP�HHQ�WRHQDPH�YDQ�
VWXLISOHNNHQ�LQ�GH�WLMG�WH�YROJHQ���

0HW�GH]H�FRPELQDWLH�YDQ�SURFHVLQGLFDWRUHQ�NDQ�KHW�HIIHFW�YDQ�GH�KHUVWHOPDDWUHJHO�
µ�H[WUD�EHJUD]LQJ¶�JRHG�LQ�GH�WLMG�ZRUGHQ�JHYROJG���

���7HUUHLQEH]RHNHQ�)ULHVH�:DGGHQHLODQGHQ�
+LHURQGHU�YROJHQ�HQNHOH�DDQYXOOLQJHQ�HQ�EHYLQGLQJHQ�Q�D�Y��GH�YHOGEH]RHNHQ���������HQ����
DSULO�������PHW�GH�EHKHHUGHUV�YDQ�GXLQJHELHGHQ�RS�7HUVFKHOOLQJ��6FKLHUPRQQLNRRJ�HQ�
$PHODQG��6WDDWVERVEHKHHU�HQ�1DWXXUPRQXPHQWHQ����

7HUVFKHOOLQJ�
(U�OLJJHQ�FD������SHUPDQHQWH�NZDGUDWHQ�YDQ�KHW�SURYLQFLDOH�PHHWQHW��/0)��RS�7HUVFKHOOLQJ��
ZDDUYDQ�HHQ�GHHO�LQ�GH�KXLGLJH�EHJUDDVGH�JHELHGHQ�HQ�RRN�HHQ�GHHO�LQ�KHW�]RHNJHELHG�ZDDU�
XLWEUHLGLQJ�YDQ�EHJUD]LQJ�LV�JHSODQG��ILJXXU�������'H�PHHVWH�YDQ�GH]H�34¶V�ZRUGHQ�HHQV�LQ�
GH���MDDU�RSJHQRPHQ��JHVWDUW�LQ��������'LW�DDQWDO�]RX�LQ�RYHUOHJ�PHW�GH�EHKHHUGHU�ZDW�
YHUGHU�PRHWHQ�ZRUGHQ�XLWJHEUHLG��+LHU�HQ�GDDU�LV�HHQ�H[FORVXUH�DDQZH]LJ��]RDOV�ELM�5LWD¶V�
GXLQ��ILJXXU�������'H]H�]LMQ�YRRU�GH�PRQLWRULQJ�YDQ�KHUVWHOPDDWUHJHOHQ�QLHW�]R�UHOHYDQW��]LH�
YHUGHURS���KRRJVWHQV�DOV�GHPRQVWUDWLHREMHFW�RP�KHW�HIIHFW�YDQ�QLHW�EHJUD]HQ�]LFKWEDDU�WH�
PDNHQ���

)LJXXU������/LJJLQJ�34¶V�YDQ�KHW�3URYLQFLDOH�PHHWQHW��/0)��RS�7HUVFKHOOLQJ��2SQDPHMDUHQ�
������������������������HHQ�GHHO�LV�JHVWDUW�LQ�������WRWDDO�����YHJHWDWLHRSQDPHQ���

)LJXUH������/RFDWLRQ�YHJHWDWLRQ�34V�RI�WKH�3URYLQFLDO�PRQLWRULQJ�QHWZRUN��/0)��RQ�7HUVFKHOOLQJ��

5HFRUGLQJ�\HDUV�������������������������VRPH�VWDUWHG�LQ�������D�WRWDO�RI�����YHJHWDWLRQ�UHOHYHHV���
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.DUWHULQJ�YDQ�HHQ�DDQWDO�LQGLFDWRUVRRUWHQ�YDQ�*ULM]H�GXLQHQ��+�������'XLQKHLGHQ��+������
+������HQ�9RFKWLJH�GXLQYDOOHLHQ��+������ZRUGW�VWHUN�DDQEHYROHQ��]LH�WDEHO�����������'H�
GDDGZHUNHOLMNH�NHX]H�NDQ�KHW�EHVW�ZRUGHQ�DIJHVWHPG�PHW�GH�EHKHHUGHU�GLH�PRJHOLMN�]HOI�
RRN�DO�GLYHUVH�VRRUWHQ�PRQLWRUW�LQ�KHW�NDGHU�YDQ�GH�1DWXUD�������W\SLVFKH�VRRUWHQ���5RGH�
OLMVWVRRUWHQ�RI�61/�PRQLWRULQJ��

)LJXXU������9RRUEHHOG�YDQ�HHQ�H[FORVXUH�LQ�KDELWDWW\SH�*ULM]H�GXLQHQ��+������ELM�5LWD¶V�GXLQ�
�7HUVFKHOOLQJ���+LHU�YLQGW�EHJUD]LQJ�PHW�SRQ\¶V��+HUHIRUG�UXQGHUHQ�HQ�HHQ�DDQWDO�.RQLNV�
SODDWV��9RRUNRPHQ�YDQ�KHOP�ZRUGW�GXLGHOLMN�RQGHUGUXNW�GRRU�EHJUD]LQJ��IRWR�/RHN�.XLWHUV���

ILJXUH������([DPSOH�RI�DQ�H[FORVXUH�LQ�KDELWDW�W\SH�*UH\�GXQHV��+������DW�5LWD
V�GXQH��7HUVFKHOOLQJ���

*UD]LQJ�ZLWK�SRQLHV��+HUHIRUG�FDWWOH�DQG�VRPH�.RQLNV�WDNHV�SODFH�KHUH��0DUUDP�JUDVV�LV�FOHDUO\�

VXSSUHVVHG�E\�JUD]LQJ��SKRWR�/RHN�.XLWHUV���

)LJXXU������9HOGEH]RHN�DDQ�7HUVFKHOOLQJ�PHW�YHUWHJHQZRRUGLJHUV�YDQ�GH�SURYLQFLH�)U\VOkQ�
RQGHU�OHLGLQJ�YDQ�6WDDWVERVEHKHHU��IRWR�/RHN�.XLWHUV����

)LJXUH������)LHOG�YLVLW�WR�7HUVFKHOOLQJ�ZLWK�UHSUHVHQWDWLYHV�RI�WKH�SURYLQFH�RI�)U\VOkQ�OHG�E\�WKH�)RUHVWU\�

6HUYLFH��SKRWR�/RHN�.XLWHUV���
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,Q�GH�JHELHGHQ�ZDDU�DO�JHUXLPH�WLMG�H[WHQVLHYH��MDDUURQG��EHJUD]LQJ�SODDWVYLQGW��]RDOV�
(OGRUDGR��]DO�KHW�EHJUDDVGH�JHELHG�VWHUN�ZRUGHQ�XLWJHEUHLG��+HW�LV�YDQ�EHODQJ�WH�YROJHQ�ZDW�
HU�KLHU�QD�XLWEUHLGLQJ�]DO�JHEHXUHQ��,Q�JHYDO�YHUUXLJLQJ�RSWUHHGW�YDQ�KHW�UHHGV�ODQJHU�
EHJUDDVGH�GHHO�YDQ�KHW�JHELHG�NDQ�]R�QRGLJ�ZRUGHQ�ELMJHVWXXUG��(YHQ]R�NDQ�ZRUGHQ�
ELMJHVWXXUG�ZDQQHHU�NZHWVEDUH��NRUVWPRVULMNH�GHOHQ�WH�YHHO�ZRUGHQ�EHWUHGHQ��ILJXXU�����'LW�
YUDDJW�RP�HHQ�JRHG�XLWJHNLHQG�PHHWQHW�YDQ�SHUPDQHQWH�NZDGUDWHQ��DDQJHYXOG�PHW�HHQ�
PRQLWRULQJ�YDQ��EHJUD]LQJVJHYRHOLJH��LQGLFDWRUVRRUWHQ��'H�VWUXFWXXUYDULDWLH�NDQ�LQ�HHQ�
GHUJHOLMN�JURRW�EHJUD]LQJVJHELHG�JRHG�PHW�UHPRWH�VHQVLQJ�LQ�GH�WLMG�ZRUGHQ�JHYROJG���

)LJXXU������'HHO�WHQ�]XLGHQ�YDQ�(OGRUDGR�RS�7HUVFKHOOLQJ�PHW�NRUVWPRVULMNH�YHJHWDWLHV�
EXLWHQ�KHW�KXLGLJH�EHJUD]LQJVJHELHG��IRWR�/RHN�.XLWHUV���

)LJXUH������6RXWK�RI�GXQH�DUHD�µ(OGRUDGR¶�RQ�7HUVFKHOOLQJ�ZLWK�OLFKHQ�ULFK�YHJHWDWLRQ�RXWVLGH�WKH�FXUUHQW�

JUD]LQJ�DUHD��SKRWR�/RHN�.XLWHUV���

6FKLHUPRQQLNRRJ�
(U�OLJJHQ�FD�����34¶V�YDQ�KHW�SURYLQFLDOH�PHHWQHW��/0)��RS�6FKLHUPRQQLNRRJ��ZDDUYDQ�HHQ�
GHHO�LQ�GH�KXLGLJH�EHJUDDVGH�JHELHGHQ��ILJXXU�������'H�PHHVWH�YDQ�GH]H�34¶V�ZRUGHQ�HHQV�LQ�
GH���MDDU�RSJHQRPHQ��JHVWDUW�LQ��������'LW�DDQWDO�]RX�LQ�RYHUOHJ�PHW�GH�EHKHHUGHU�ZDW�
YHUGHU�PRHWHQ�ZRUGHQ�XLWJHEUHLG��+LHU�HQ�GDDU�LV�HHQ�H[FORVXUH�DDQZH]LJ��]RDOV�LQ�GH�
*URHQJORS��ILJXXU�������%LM�KHW�]RHNJHELHG�YRRU�XLWEUHLGLQJ�YDQ�GH�EHJUD]LQJ�ZRUGW�]R�YHHO�
PRJHOLMN�DDQJHVORWHQ�ELM�EHVWDDQGH�EHJUD]LQJVJHELHGHQ���

2S�6FKLHUPRQQLNRRJ�ZRUGHQ�JRHGH�UHVXOWDWHQ�JHERHNW�PHW�KHW�LQVFKDUHQ�YDQ�HHQ����WDO�
1HGHUODQGVH�ODQGJHLWHQ��'H]H�]LMQ�SULPD�LQ�VWDDW�RP�VWUXZHHO�LQ�NRUWH�WLMG�RSHQ�WH�EUHNHQ�
�ILJXXU�����
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)LJXXU������/LJJLQJ�34¶V�YDQ�KHW�3URYLQFLDOH�PHHWQHW��/0)��RS�6FKLHUPRQQLNRRJ��
2SQDPHMDUHQ�������������������������WRWDDO�����YHJHWDWLHRSQDPHQ���

)LJXUH������/RFDWLRQ�RI�YHJHWDWLRQ�34V�RI�WKH�3URYLQFLDO�PRQLWRULQJ�QHWZRUN��/0)��RQ�6FKLHUPRQQLNRRJ��

5HFRUGLQJ�\HDUV�������������������������WRWDO�����YHJHWDWLRQ�UHOHYHHV���

)LJXXU������*URHQJORS�RS�6FKLHUPRQQLNRRJ�ZDDU�VLQGV�HQNHOH�MDUHQ�6D\DJXHVD�UXQGHUHQ�HQ�
([PRRU�SRQ\¶V�JUD]HQ��YRRUKHHQ�6RD\�VFKDSHQ���(HQ�HQNHOH�H[FORVXUH�PHW�PDVVDOH�RSVODJ�
YDQ�UXZH�EHUN�ODDW�]LHQ�ZDW�HU�JHEHXUW�]RQGHU�EHJUD]LQJ��IRWR�/RHN�.XLWHUV���

)LJXUH������$UHD�µ*URHQJORS¶�RQ�6FKLHUPRQQLNRRJ�ZKHUH�6D\DJXHVD�FDWWOH�DQG�([PRRU�SRQLHV��IRUPHUO\�

6RD\�VKHHS��JUD]H�IRU�VHYHUDO�\HDUV��$�VLQJOH�H[FORVXUH�ZLWK�PDVVLYH�VWRUDJH�RI�ELUFK�%HWXOD�SHQGXOD�

VKRZV�ZKDW�KDSSHQV�ZLWKRXW�JUD]LQJ��SKRWR�/RHN�.XLWHUV���



2QWZLNNHOLQJ�HQ�%HKHHU�1DWXXUNZDOLWHLW� ���

)LJXXU������'XLQYLRROWMH�HQ�.DQGHODDUWMH�]LMQ�LQGLFDWRUHQ�YDQ�JRHGH�NZDOLWHLW�*ULM]H�GXLQHQ�
�+�������IRWR¶V�/RHN�.XLWHUV���
)LJXUH������9LROD�WULFRORU�VXEVS��FXUWLVLL��DQG�6D[LIUDJD�WULGDFW\OLWHV�DUH�LQGLFDWRUV�RI�JRRG�TXDOLW\�*UH\�

GXQHV��+�������SKRWRV�E\�/RHN�.XLWHUV���

)LJXXU������9RRU�KHW�RSHQEUHNHQ�HQ�WHUXJGULQJHQ�YDQ�VWUXZHHO�]LMQ�JHLWHQ�]HHU�HIIHFWLHI��2S�
GH�IRWR�MRQJH�1HGHUODQGVH�ODQGJHLWHQ�DDQ�KHW�ZHUN�RS�6FKLHUPRQQLNRRJ��IRWR�/RHN�.XLWHUV��

)LJXUH������*RDWV�DUH�YHU\�HIIHFWLYH�LQ�RSHQLQJ�DQG�UHGXFLQJVKUXEV�DQG�WKLFNHWV��,Q�WKLV�SKRWR�\RXQJ�

'XWFK�ODQG�JRDWV�DW�ZRUN�RQ�6FKLHUPRQQLNRRJ��SKRWR�/RHN�.XLWHUV��

$PHODQG�
(U�OLJJHQ�FD�����34¶V�YDQ�KHW�SURYLQFLDOH�PHHWQHW��/0)��RS�$PHODQG��ZDDUYDQ�HHQ�GHHO�LQ�GH�
EHJUDDVGH�JHELHGHQ��ILJXXU�������'H�PHHVWH�YDQ�GH]H�34¶V�ZRUGHQ�HHQV�LQ�GH���MDDU�
RSJHQRPHQ��JHVWDUW�LQ��������'LW�DDQWDO�]RX�LQ�RYHUOHJ�PHW�GH�EHKHHUGHU�ZDW�YHUGHU�PRHWHQ�
ZRUGHQ�XLWJHEUHLG��+LHU�HQ�GDDU�LV�HHQ�H[FORVXUH�DDQZH]LJ��]RDO�LQ�GH�=ZDQHZDWHUGXLQHQ�
�ILJXXU��������%LM�KHW�]RHNJHELHG�YRRU�XLWEUHLGLQJ�YDQ�GH�EHJUD]LQJ�ZRUGW�]R�YHHO�PRJHOLMN�
DDQJHVORWHQ�ELM�EHVWDDQGH�EHJUD]LQJVJHELHGHQ���

(U�LV�HHQ�SODQ�RP�WHU�KRRJWH�YDQ�%DOOXPHU�%OLQNHUW�RS�WHUPLMQ�GH�EXLWHQVWH�GXLQULFKHO�WH�
UHG\QDPLVHUHQ�]RGDW�HU�ZHHU�PHHU�RYHUVWXLYLQJ�NDQ�SODDWVYLQGHQ�LQ�GH�GDDUDFKWHU�JHOHJHQ�
YHU]XXUGH�GXLQYHJHWDWLHV��ILJXXU��������'DDUWRH�]RX�KHW�ILHWVSDG��GDW�QX�RS�GH�ODDJVWH�
SOHNNHQ�LQ�QDWWH�SHULRGHV�VRPV�RQGHU�ZDWHU�VWDDW��PRHWHQ�ZRUGHQ�YHUOHJG�RP�UXLPWH�WH�
ELHGHQ�DDQ�YHUVWXLYLQJ�YDQXLW�GH�]HHUHHS��
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)LJXXU������/LJJLQJ�34¶V�YDQ�KHW�3URYLQFLDOH�PHHWQHW��/0)��RS�$PHODQG��2SQDPHMDUHQ�
������������������������WRWDDO�����YHJHWDWLHRSQDPHQ��

)LJXUH������/RFDWLRQ�RI�YHJHWDWLRQ�34V�RI�WKH�3URYLQFLDO�PRQLWRULQJ�QHWZRUN��/0)��RQ�$PHODQG��

5HFRUGLQJ�\HDUV�������������������������WRWDO�����YHJHWDWLRQ�UHOHYHHV���

)LJXXU�������*UHQV�YDQ�KHW�EHJUD]LQJVJHELHG�LQ�GH�=ZDQHZDWHUGXLQHQ�RS�$PHODQG�ODDW�HHQ�
GXLGHOLMN�YHUVFKLO�]LHQ�LQ�UXLJ�GXLQJUDVODQG��OLQNV��RQEHJUDDVG��HQ�GRRU�UXQGHUHQ�EHJUDDVG�
GXLQJUDVODQG��UHFKWV���IRWR��/RHN�.XLWHUV���

)LJXUH�������7KH�ERXQGDU\�RI�WKH�JUD]LQJ�DUHD�LQ�WKH�=ZDQHZDWHUGXLQHQ�RQ�$PHODQG�VKRZV�D�FOHDU�

GLIIHUHQFH�LQ�UXJJHG�GXQH�JUDVVODQG��OHIW��XQJUD]HG��DQG�FDWWOH�GXQH�JUDVVODQG��ULJKW���SKRWR��/RHN�

.XLWHUV���
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'H�FRPELQDWLH�YDQ�KHW�RSQLHXZ�LQ�YHUVWXLYLQJ�EUHQJHQ�HQ�XLWEUHLGLQJ�YDQ�GH�EHJUD]LQJ�]LHQ�
ZH�RS�YULMZHO�DOOH�HLODQGHQ��'LW�KHUVWHOSURFHV�NDQ�KHW�EHVWH�ZRUGHQ�JHPRQLWRUG�DDQ�GH�KDQG�
YDQ�YDVWH�34¶V��LQ�FRPELQDWLH�PHW�NDUWHULQJ�YDQ�LQGLFDWRUVRRUWHQ�HQ�UHPRWH�VHQVLQJ��RP�]R�
KHW�LQ�YHUVWXLYLQJ�JHUDDNWH�DUHDDO�WH�NXQQHQ�PRQLWRUHQ��EUHLGW�KHW�]LFK�XLW��RI�JURHLW�KHW�
XLWHLQGHOLMN�ZHHU�GLFKW���

)LJXXU�������6WXLINXLOHQ�LQ�KHW�+DJHGRRUQYHOG�RS�$PHODQG��+HW�SODQ�LV�RP�GH�VLQGV������
ZHHU�DDQZH]LJH�VWXLINXLOHQ�WH�YHUELQGHQ�PHW�KHW�RSQLHXZ�LQ�YHUVWXLYLQJ�EUHQJHQ�YDQ�GH�
]HHUHHS��]RGDW�RYHU�HHQ�JURWHU�JHELHG�XLW��HQ�RYHUVWXLYLQJ�NDQ�SODDWVYLQGHQ�RP�]R�LQ�
FRPELQDWLH�PHW�EHJUD]LQJ�PHW�UXQGHUHQ�GH�NZDOLWHLW�YDQ�YRRUDO�*ULM]H�GXLQHQ��+������WH�
YHUEHWHUHQ��IRWR��/RHN�.XLWHUV����

)LJXUH�������'XQH�EORZRXWV�LQ�WKH�+DJHGRRUQYHOG�RQ�$PHODQG���3ODQ�LV�WR�FRQQHFW�WKH�SUHVHQW�EORZRXWV�

ZLWK�WKH�UHG\QDPLVDWLRQ�RI�WKH�IURQW�GXQH�URZ��$HROLDQ�DFWLYLW\�RI�VDQG��VSUHDGLQJ�RYHU�D�ODUJHU�DUHD�LQ�

FRPELQDWLRQ�ZLWK�FDWWOH�JUD]LQJ�FDQ�LPSURYH�WKH�TXDOLW\�RI�*UH\�GXQHV�+������SKRWR��/RHN�.XLWHUV���

9OLHODQG�
(U�OLJJHQ����34¶V�YDQ�KHW�SURYLQFLDOH�PHHWQHW��/0)��RS�9OLHODQG��ZDDUYDQ�HHQ�GHHO�LQ�GH�
EHJUDDVGH�JHELHGHQ��ILJXXU��������'H�PHHVWH�YDQ�GH]H�34¶V�ZRUGHQ�HHQV�LQ�GH���MDDU�
RSJHQRPHQ��JHVWDUW�LQ��������'LW�DDQWDO�]RX�LQ�RYHUOHJ�PHW�GH�EHKHHUGHU�ZDW�YHUGHU�PRHWHQ�
ZRUGHQ�XLWJHEUHLG��UHNHQLQJ�KRXGHQG�PHW�EHJUDDVGH�JHELHGHQ�HQ�XLWEUHLGLQJVJHELHGHQ�YRRU�
EHJUD]LQJ��FD������KD���2RN�KLHU�JHOGHQ�GH�HHUGHU�JHPDDNWH�RSPHUNLQJHQ�RYHU�GH�ZLM]H�
ZDDURS�GH�PRQLWRULQJ�YDQ�KHUVWHOPDDWUHJHOHQ�YRUP�JHJHYHQ�]RX�PRHWHQ�ZRUGHQ��HHQ�
FRPELQDWLH�YDQ�SHUPDQHQWH�NZDGUDWHQ��DDQJHYXOG�PHW�HHQ�NDUWHULQJ�YDQ�HHQ�DDQWDO�
LQGLFDWRUVRRUWHQ�HQ�UHPRWH�VHQVLQJ�YRRU�KHW�PRQLWRUHQ�YDQ�YHUDQGHULQJHQ�LQ�
YHJHWDWLHVWUXFWXXU�HQ�G\QDPLHN�YDQ�VWXLISOHNNHQ��,Q�GH�9DOOHL�YDQ�KHW�9HHQ�ZRUGHQ�GH�
HIIHFWHQ�YDQ�EHJUD]LQJ�RS�PHW�QDPH�'XLQKHLGHQ�PHW�NUDDLKHL��+����%��DO�VLQGV������
JHPRQLWRUG�PHW�JHEUXLNPDNLQJ�YDQ�RQEHJUDDVGH��H[FORVXUHV��HQ�EHJUDDVGH�SORWV��9RRU�GH�
UHVXOWDWHQ�GDDUYDQ�ZRUGW�YHUZH]HQ�QDDU�KRRIGVWXN����
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)LJXXU�������/LJJLQJ�34¶V�YDQ�KHW�3URYLQFLDOH�PHHWQHW��/0)��RS�9OLHODQG� 2SQDPHMDUHQ�
����������������������������YHJHWDWLHRSQDPHQ���

)LJXUH�������/RFDWLRQ�RI�YHJHWDWLRQ�34V�RI�WKH�3URYLQFLDO�PRQLWRULQJ�QHWZRUN��/0)��RQ�9OLHODQG��

5HFRUGLQJ�\HDUV�����������������������������YHJHWDWLRQ�UHOHYHHV���

����$QDO\VH�YHJHWDWLHVWUXFWXXU�PHW�UHPRWH�VHQVLQJ�

2QGHUGHHO�YDQ�GH�YHJHWDWLHPRQLWRULQJ�RS�9OLHODQG�LV�RRN�KHW�SHULRGLHN�YDVWOHJJHQ�YDQ�GH�
YHJHWDWLHVWUXFWXXU��LQ�KHW�ELM]RQGHU�GH�RSVODJ�YDQ�KRXWLJH�VRRUWHQ�DOV�$PHULNDDQVH�
YRJHONHUV��=DFKWH�EHUN��5XZH�EHUN�HQ�:LOGH�OLMVWHUEHV��7RW�QX�WRH�ZHUG�GLW�DOWLMG�JHGDDQ�GRRU�
KHW�WHOOHQ�YDQ�ERRPSMHV�SHU�KRRJWHNODVVH��'LW�LV�QRJDO�DUEHLGVLQWHQVLHI�HQ�GH�YUDDJ�ZDV�RI�
PHW�UHPRWH�VHQVLQJ�VQHOOHU�HQ�DFFXUDWHU�YHUJHOLMNEDUH�LQIRUPDWLH�NDQ�ZRUGHQ�YHUNUHJHQ��'LW�
LV�RRN�PHW�QDPH�UHOHYDQW�YRRU�GH�3$6�PRQLWRULQJ�ZDDU�UHPRWH�VHQVLQJ�ZRUGW�YRRUJHVWHOG�
DOV�PHWKRGH�YRRU�GH�PRQLWRULQJ�YDQ�YHJHWDWLHVWUXFWXXU��6PLWV�HW�DO�������0�FKHU�HW�DO��
�������+HW�%$&,�H[SHULPHQW�RS�9OLHODQG�ELHGW�GH�PRJHOLMNKHLG�RP�EHLGH�PHWKRGHV�PHW�
HONDDU�WH�YHUJHOLMNHQ�RP�YDVW�WH�VWHOOHQ�ZHONH�LQ�KHW�NDGHU�YDQ�GH�3$6�PRQLWRULQJ�KHW�PHHVW�
QDXZNHXULJ�HQ�PHHVW��NRVWHQ�HIILFLsQW�LV��

0HWKRGLVFK�
5HPRWH�VHQVLQJ�LV�HHQ�JHVFKLNWH�PHWKRGH�YRRU�KHW�PRQLWRUHQ�YDQ�YHJHWDWLHVWUXFWXXU�ZDDUELM�
JHEUXLN�NDQ�ZRUGHQ�JHPDDNW�YDQ�KHW�DOJHPHQH�KRRJWHEHVWDQG��$+1���'LW�EHVWDDW�XLW��'�
SXQWHQ��[���\��LQ�KHW�5'�VWHOVHO�HQ�]�FR|UGLQDDW�PHW�KRRJWH�WHQ�RS]LFKWH�YDQ�1$3��GLH�YDQXLW�
HHQ�YOLHJWXLJ�]LMQ�LQJHPHWHQ��/,'$5���+HW�EHVWDQG�EHYDW���WRW����SXQWHQ�SHU�P���'H�SXQWHQ�
GLH�YRRU�KHW�DDQPDNHQ�YDQ�KHW�GLJLWDOH�WHUUHLQPRGHO�JHEUXLNW�]LMQ�KHEEHQ�HHQ�NODVVHFRGHULQJ�
µJURQG¶��DOOH�DQGHUH�SXQWHQ�]LMQ�YRRU]LHQ�YDQ�GH�NODVVHFRGHULQJ�µRYHULJ¶��'LW�]LMQ�DOOH�REMHFWHQ�
GLH�ERYHQ�GH�JURQG�VWDDQ��]RDOV�JHERXZHQ��PDVWHQ��DXWR¶V��VWUXLNHQ�HQ�ERPHQ��'H�$+1�GDWD�
YRRU�9OLHODQG�LV�EHVFKLNEDDU�YRRU�������$+1���HQ�������$+1����

9RRU�GLW�JHELHG�LV�HU�YDQXLW�JHJDDQ�GDW�DOOH�SXQWHQ�ERYHQ�GH�JURQG�EHJURHLLQJ�]LMQ��2P�GH�
KRRJWH�YDQ�GH�EHJURHLLQJ�WH�NXQQHQ�EHSDOHQ�LV�GH�KRRJWH�YDQ�GH��'�SXQWHQ��]�FR|UGLQDDW��
RQJHYRUPG�QDDU�HHQ�UHODWLHYH�KRRJWH�WHQ�RS]LFKWH�YDQ�GH�SXQWHQ�PHW�GH�NODVVHFRGHULQJ�



2QWZLNNHOLQJ�HQ�%HKHHU�1DWXXUNZDOLWHLW� ���

µJURQG¶��'H�]�ZDDUGH�YRRU�LHGHU�SXQW�LV�GH�KRRJWH�ERYHQ�GH�JURQG��9HUYROJHQV�LV�KHW�JHELHG�
YHUUDVWHUG�ZDDUELM�SHU�JULGFHO�YDQ�����ELM�����PHWHU�GH�PD[LPDOH�KRRJWH�YDQ�GH�SXQWHQ�GLH�
ELQQHQ�GH]H�FHO�YDOOHQ�DOV�ZDDUGH�LV�JHQRPHQ��+HW�UHVXOWDDW�LV�QX�HHQ�UDVWHU�PHW�GH�KRRJWH�
YDQ�GH�RSJDDQGH�EHJURHLLQJ��'LW�UDVWHU�LV�LQJHGHHOG�LQ�]HV�KRRJWHNODVVHQ���������±�����P���
����±���P����±���P����±���P�HQ�!��P��HQ�KLHUPHH�LV�SHU�SORW�GH�RSSHUYODNWHYHUGHOLQJ�SHU�
NODVVH�XLWJHUHNHQG��

$+1�LV�WRHJHSDVW�RS�GH�SORWV�YDQ�KHW�%$&,�H[SHULPHQW��9RRUDOVQRJ�LV�DOOHHQ�JHEUXLN�JHPDDNW�
YDQ�GH�H[FORVXUHV��RPGDW�GH�OLJJLQJ�YDQ�GH]H�SORWV�JRHG�WH�KHUNHQQHQ�ZDV�RS�GH�OXFKWIRWR¶V��
'H�OLJJLQJ�YDQ�GH�UHIHUHQWLHSORWV�LV�QLHW�JRHG�]LFKWEDDU�HQ�PRHW�QRJ�HHQ�NHHU�PHW�'*36�
SUHFLHV�ZRUGHQ�LQJHPHWHQ��(U�LV�JHEUXLN�JHPDDNW�YDQ�]RZHO�$+1���������DOV�YDQ�$+1��
��������]RGDW�YHUDQGHULQJHQ�LQ�GH�WLMG�NRQGHQ�ZRUGHQ�JHDQDO\VHHUG��(U�LV�JHHQ�RQGHUVFKHLG�
JHPDDNW�WXVVHQ�VRRUWHQ��'DDUYRRU�]LMQ�DQGHUH�WHFKQLHNHQ�QRGLJ��+DQWVRQ�HW�DO�������	�
�������

(U�LV�JHNHNHQ�QDDU�GH�YHJHWDWLHVWUXFWXXU�ELQQHQ�GH����[����P�]RQH�YDQ�LHGHUH�H[FORVXUH��'H�
UHVXOWDWHQ�VWDDQ�VDPHQJHYDW�LQ�ILJXXU������HQ�HHQ�YRRUEHHOG�YRRU�H[FORVXUH����LV�XLWJHZHUNW�
LQ�ILJXXU�������

9HUDQGHULQJHQ�LQ�GH�WLMG�NXQQHQ�GXV�JRHG�]LFKWEDDU�ZRUGHQ�JHPDDNW�PHW�UHPRWH�VHQVLQJ��
HYHQDOV�GH�EHODQJULMNVWH�KRRJWHNODVVHQ�ZDDU�GH�YHUDQGHULQJHQ�SODDWVYLQGHQ��=R�]LMQ�HU�LQ�GH�
SHULRGH�����������YRRUDO�YHHO�NOHLQH�VWUXLNMHV�ERRPSMHV�ELMJHNRPHQ�LQ�GH�NODVVH������P��
(Q�JHPLGGHOG�QDP�GH�EHGHNNLQJ�PHW�RSJDDQGH�EHJURHLLQJ�LQ�GH�H[FORVXUHV�WRH�YDQ�����LQ�
�����QDDU�����LQ�������

)LJXXU�������3URFHQWXHOH�EHGHNNLQJ�YDQ�KRXWLJH�RSVODJ��JHVRPPHHUG�RYHU�DOOH�VRRUWHQ�HQ�

KRRJWHNODVVHQ��LQ�DI]RQGHUOLMNH�H[FORVXUHV�LQ������HQ�������OLQNV��PHW�QXPPHU�YDQ�GH�

H[FORVXUHV��HQ�YHUDQGHULQJ�LQ�GH�EHGHNNLQJ�YDQ�GH�KRRJWHNODVVHQ��UHFKWV��JHPLGGHOG�RYHU�

GH����H[FORVXUHV����

)LJXUH�������&RYHUDJH�LQ�SHUFHQWDJH�RI�VKUXEV�DQG�WUHHV��VXPPHG�RYHU�DOO�W\SHV�DQG�KHLJKW�FODVVHV��LQ�

VHSDUDWH�H[FORVXUHV�LQ������DQG�������OHIW��ZLWK�QXPEHU�RI�WKH�H[FORVXUHV��DQG�FKDQJH�LQ�WKH�FRYHUDJH�

RI�WKH�KHLJKW�FODVVHV��ULJKW��DYHUDJH�RYHU�WKH����H[FORVXUHV���

���0HWKRGLVFKH�FRQFOXVLHV�RS�EDVLV�YDQ�KHW�%$&,�
H[SHULPHQW�

,Q�KHW�%$&,�H[SHULPHQW�RS�9OLHODQG�LV�JHEUXLN�JHPDDNW�YDQ�SHUPDQHQWH�NZDGUDWHQ����[���P��
LQ�]RZHO�EHJUDDVGH�DOV�RQEHJUDDVGH��H[FORVXUHV��SORWV��'H]H�ZDUHQ�YRRUQDPHOLMN�JHVLWXHHUG�
LQ�ppQ�KDELWDWW\SH��+����%�'XLQKHLGHQ�PHW�NUDDLKHL���'H�YDVWJHVWHOGH�HIIHFWHQ�YDQ�
EHJUD]LQJ�KHEEHQ�GDDUPHH�YRRUDO�EHWUHNNLQJ�RS�GDW�KDELWDWW\SH��$FKWHUDI�JH]LHQ�LV�KHW�
MDPPHU�GDW�QLHW�WHYHQV�RRN�SORWV�]LMQ�JHNR]HQ�LQ�KDELWDWW\SHQ�ZDDUYDQ�GH�NZDOLWHLW�VWHUN�
RQGHU�GUXN�VWDDQ�YDQ�VWLNVWRIGHSRVLWLH��YHU]XULQJ�HQ�YHUGURJLQJ�LQ�UHVSHFWLHYHOLMN�+�����
*ULM]H�GXLQHQ�HQ�+�����9RFKWLJH�GXLQYDOOHLHQ��
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/XFKWIRWR������PHW�LQJHPHWHQ�3ORW�ORFDWLH� /XFKWIRWR������PHW�3ORW�ORFDWLH��URRG� ���P�
SORW��]ZDUW� ���P�SORW��

+RRJWH�YDQ�RSJDDQGH�EHJURHLLQJ�DIJHOHLG�XLW�
$+1��GDWD��������

+RRJWH�YDQ�RSJDDQGH�EHJURHLLQJ�DIJHOHLG�XLW�
$+1��GDWD��������

'ZDUVGRRUVQHGH�$+1��SRLQW�FORXG� 'ZDUVGRRUVQHGH�$+1��SRLQW�FORXG�

)LJXXU�������2QWZLNNHOLQJ�YHJHWDWLHVWUXFWXXU�LQ�H[FORVXUH�����0HW�GH�$+1�SRLQW�FORXG�GDWD�

NXQQHQ�RRN�GULHGLPHQVLRQDOH�EHHOGHQ�ZRUGHQ�JHFUHsHUG��

)LJXUH�������'HYHORSPHQW�RI�YHJHWDWLRQ�VWUXFWXUH�LQ�H[FORVXUH�����7KUHH�GLPHQVLRQDO�LPDJHV�FDQ�DOVR�

EH�FUHDWHG�ZLWK�WKH�$+1�SRLQW�FORXG�GDWD��

'H�RSQDPHIUHTXHQWLH�YDQ�GH�SHUPDQHQWH�NZDGUDWHQ�EHGURHJ�FD�������MDDU��������������
�������������,Q�HHQ�UHODWLHI�VWDELHO�HQ�ZHLQLJ�YHUDQGHUOLMN�KDELWDWW\SH�DOV�'XLQKHLGHQ�PHW�
NUDDLKHL�EOHHN�GDW�JRHG�EUXLNEDUH�UHVXOWDWHQ�RS�WH�OHYHUHQ��0DDU�YRRU�DQGHUH�
GXLQKDELWDWW\SHQ��DOV�*ULM]H�GXLQHQ�RI�9RFKWLJH�GXLQYDOOHLHQ�]RXGHQ�HHQV�LQ�GH�GULH�MDDU�
YHJHWDWLHRSQDPHQ�PRHWHQ�ZRUGHQ�JHPDDNW��'RRU�LQ�KHW�PRQLWRULQJVSURJUDPPD�RRN�SORWV�
PHH�WH�QHPHQ�ELQQHQ�H[FORVXUHV�YDOW�KHW�HIIHFW�YDQ�EHJUD]LQJ�JRHG�WH�RQGHUVFKHLGHQ�YDQ�
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YHUDQGHULQJHQ�GLH�VRZLHVR�RSWUHGHQ�DOV�JHYROJ�YDQ�DQGHUH�PLOLHXIDFWRUHQ��]RDOV�YHUQDWWLQJ�
RI�YHUGURJLQJ���

9HUDQGHULQJHQ�LQ�YHJHWDWLHVWUXFWXXU��LQ�KHW�ELM]RQGHU�GH�RSVODJ�YDQ�VWUXZHHO��HQ�
ERRPVRRUWHQ��NRQ�PHW�UHPRWH�VHQVLQJ�JRHG�ZRUGHQ�JHPRQLWRUG��9RRUZDDUGH�LV�ZHO�GDW�HU�
OXFKWIRWR¶V�RI�VDWHOOLHWEHHOGHQ�EHVFKLNEDDU�]LMQ�PHW�HHQ�KRJH�UHVROXWLH��+HW�DOJHPHQH�
KRRJWHEHVWDQG�1HGHUODQG��$+1��$+1��NRQ�SULPD�ZRUGHQ�JHEUXLNW�RP�RYHU�HHQ�ODQJHUH�
WLMGVSHULRGH��FD����MDDU��YHUDQGHULQJHQ�LQ�KHW�YRRUNRPHQ�YDQ�KRXWLJH�RSVODJ�WH�GHWHFWHUHQ�
HQ�NZDQWLILFHUHQ��+HW�$+1�EHVWDQG�ZRUGW�HHQV�LQ�GH�]HV�MDDU�JHDFWXDOLVHHUG��0�FKHU�HW�DO��
�������������:LO�PHQ�YHUDQGHULQJHQ�LQ�HHQ�WLMGVEHVWHN�YDQ���MDDU�GHWHFWHUHQ��GDQ�]DO�PHW�
EHKXOS�YDQ�HHQ�GURQH�PRHWHQ�ZRUGHQ�JHYORJHQ��ODVHUDOWLPHWULH��RP�HHQ�GLJLWDDO�WHUUHLQ�
PRGHO�WH�FRQVWUXHUHQ��

*HEUXLN�YDQ�H[FORVXUHV��MD�RI�QHH"�
(HQ�NDQWWHNHQLQJ�NDQ�ZRUGHQ�JHSODDWVW�ELM�KHW�JHEUXLN�YDQ�H[FORVXUHV��'RHO�YDQ�GH�
PRQLWRULQJ�YDQ�KHUVWHOPDDWUHJHOHQ�LV�YRRUDO�RP��

D� WH�NXQQHQ�YDVWVWHOOHQ�RI�GH�NZDOLWHLW�YDQ�KDELWDWW\SHQ�QLHW�YHUVOHFKWHUW�RI�LQ�KHW�

JXQVWLJH�JHYDO�YHUEHWHUW�

E� GH�HIIHFWLYLWHLW�YDQ�KHUVWHOPDDWUHJHOHQ�WH�NXQQHQ�YDVWVWHOOHQ��

2P�WH�NXQQHQ�YDVWVWHOOHQ�RI�EHJUD]LQJ�KHW�EHRRJGH�HIIHFW�KHHIW�RS�IORUD�HQ�IDXQD�]LMQ�
H[FORVXUHV�QLHW�SHU�VH�QRGLJ��%HJUD]LQJ�LV�HHQ�HUNHQGH�HQ�YRRU�GH�PHHVWH�
GXLQKDELWDW�VXE�W\SHQ�EHZH]HQ�KHUVWHOPDDWUHJHO�ZDDUYDQ�EHNHQG�LV�GDW�GH]H�HIIHFWLHI�
YHUJUDVVLQJ��YHUUXLJLQJ�HQ�YHUVWUXZHOLQJ�NDQ�WHUXJGULQJHQ��'DW�ODWHQ�H[FORVXUHV�GRRUJDDQV�
RRN�GXLGHOLMN�]LHQ��]LH�YRRUEHHOGHQ�KLHUYRRU���9DQXLW�GH�PRQLWRULQJ�YDQ�KHUVWHOPDDWUHJHOHQ�LV�
GH�HLV�GDW�YDQ�DOOH�DDQZH]LJH�KDELWDWW\SHQ�PRHW�ZRUGHQ�YDVWJHVWHOG�GDW�GH�NZDOLWHLW�LQ�LHGHU�
JHYDO�QLHW�YHUVOHFKWHUW��PDDU�ELM�YRRUNHXU�YHUEHWHUW���(HQ�PHHWQHW�YDQ�SHUPDQHQWH�
NZDGUDWHQ��DDQJHYXOG�PHW�HHQ�JRHGH�VHW�LQGLFDWRUVRRUWHQ�NDQ�GH]H�LQIRUPDWLH�OHYHUHQ���

'H�PHHUZDDUGH�YDQ�H[FORVXUHV�YRRU�EHOHLGVPRQLWRULQJ�LV�JHULQJ��'H�QDGHOHQ�ZHJHQ�
]ZDDUGHU��YDQXLW�GH�PRQLWRULQJ�YDQ�KHUVWHOPDDWUHJHOHQ�]RXGHQ�LQ�LHGHU�KDELWDWW\SH�HHQ�
DDQWDO�H[FORVXUHV�QRGLJ�]LMQ�RP�GH�GRHOHQ�GLH�HU�JHVWHOG�]LMQ�YRRU�PHW�QDPH�GH�NZDOLWHLW�YDQ�
KDELWDW�VXE�W\SHQ�WH�NXQQHQ�HYDOXHUHQ��([FORVXUHV�OHYHUHQ�YRRU�KHW�WHUUHLQEHKHHU�YHHO�H[WUD�
NRVWHQ�RS��SODDWVLQJ�HQ�YRRUDO�RQGHUKRXG���QRJ�DIJH]LHQ�YDQ�KHW�YLVXHHO�DVSHFW�YDQ�UDVWHUV�
LQ�KHW�WHUUHLQ��9DQXLW�ZHWHQVFKDSSHOLMN�RRJSXQW�]LMQ�H[FORVXUHV�HHQ�KHOH�SUREDWH�PHWKRGH��
]RDOV�KHW�%$&,�H[SHULPHQW�ODDW�]LHQ��(IIHFWHQ�YDQ�EHJUD]LQJ�NXQQHQ�RS�GH]H�ZLM]H�JRHG�
ZRUGHQ�RQGHUVFKHLGHQ�YDQ�DQGHUH�LQYORHGHQ�RI�WUHQGV�]RDOV�VXFFHVVLH��YHUQDWWLQJ��
YHUGURJLQJ��YHUPHVWLQJ��NOLPDDWYHUDQGHULQJ�HWF���

���$DQEHYHOLQJHQ�SURFHVLQGLFDWRUHQ�
,Q�KHW�DOJHPHHQ�JHOGW�GDW�YRRU�LHGHU�JHELHG�ZDDU�KHUVWHOPDDWUHJHOHQ�ZRUGHQ�JHQRPHQ�HHQ�
PRQLWRULQJVSODQ�PRHW�ZRUGHQ�RSJHVWHOG��'DDULQ�ZRUGW�YRRU�DOOH�PDDWUHJHO�KDELWDW�
FRPELQDWLHV�DDQJHJHYHQ�KRH�GH]H�JHPRQLWRUG�]XOOHQ�ZRUGHQ��KRH��ZDDU�HQ�PHW�ZHONH�
IUHTXHQWLH���+LHURQGHU�YROJHQ�HQNHOH�DDQEHYHOLQJHQ�GLH�VSHFLILHN�JHOGHQ�YRRU�GH�
KHUVWHOPDDWUHJHO��H[WUD��EHJUD]HQ��

x 3HUPDQHQWH�NZDGUDWHQ�]LMQ�SULPD�EUXLNEDDU�RP�YHJHWDWLHYHUDQGHULQJHQ�RQGHU�

LQYORHG�YDQ�EHJUD]LQJ�YDVW�WH�OHJJHQ��.LHV�SURHIYODNNHQ�LQ�DOOH�KDELWDW�VXE�W\SHQ�

ZDDU�EHJUD]LQJVHIIHFWHQ��NXQQHQ��RSWUHGHQ��*D�XLW�YDQ�WHQPLQVWH�������

SURHIYODNNHQ�SHU�KDELWDW�VXE�W\SH�LQ�KHW�EHJUDDVGH�GHHO�YDQ�KHW�JHELHG�HQ��LQGLHQ�

PRJHOLMN��HHQ�JHOLMN�DDQWDO�34¶V�LQ�YHUJHOLMNEDUH��PDDU�RQEHJUDDVGH�GHOHQ�YDQ�KHW�

JHELHG��'H�DIPHWLQJ�PRHW�ZRUGHQ�DIJHVWHPG�RS�KHW�YHJHWDWLHW\SH��9RRU�

GXLQJUDVODQG�HQ�GXLQYDOOHLEHJURHLLQJHQ�YROVWDDQ�GRRUJDDQV�34¶V�YDQ���[���P��9RRU�

VWUXZHOHQ�ZRUGW�YDDN���[���P�RI�DDQJHKRXGHQ�HQ�YRRU�ERVVHQ�WHQPLQVWH����[����P��
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*UDDGPHWHU�LV�RI�HHQ�UHSUHVHQWDWLHI�GHHO�YDQ�GH�NDUDNWHULVWLHNH�VRRUWHQFRPELQDWLH�

YDQ�KHW�EHWUHIIHQGH�YHJHWDWLHW\SH�YRRUNRPW���

x =RUJ�LQ�JHYDO�YDQ�XLWEUHLGLQJ�YDQ�KHW�EHJUD]LQJVJHELHG�YRRU�HHQ�JRHGH�QXOPHWLQJ�

YRRUDIJDDQG�DDQ�KHW�LQVWHOOHQ�YDQ�KHW�EHJUD]LQJVEHKHHU��6WHP�KHW�DDQWDO�34¶V�DI�RS�

GH�WHUUHLQKHWHURJHQLWHLW��LQ�KHW�ELM]RQGHU�KHW�YRRUNRPHQ�YDQ�YHUVFKLOOHQGH�

KDELWDW�VXE�W\SHQ��HQ�GH�DDQZH]LJKHLG�YDQ�PLOLHX��HQ�JUDDVJUDGLsQWHQ��

x 1HHP�GH�34¶V�ELM�YRRUNHXU�HHQV�GH���MDDU�RS���

x +HW�NDUWHUHQ�YDQ�LQGLFDWRUVRRUWHQ�YRUPW�HHQ�SULPD�DDQYXOOLQJ�RS�KHW�JHEUXLN�YDQ�

SHUPDQHQWH�NZDGUDWHQ��6HOHFWHHU�GDDUYRRU�VRRUWHQ�ZDDUYDQ�NDQ�ZRUGHQ�YHUZDFKW�

GDW�]H�UHDJHUHQ�RS�EHJUD]LQJ��]LH�WDEHO�������'LW�NXQQHQ�GHHOV�VRRUWHQ�]LMQ�GLH�RRN�LQ�

KHW�NDGHU�YDQ�61/�PRQLWRULQJ�ZRUGHQ�JHNDUWHHUG��+HW�NDQ�RRN�JDDQ�RP�QHJDWLHYH�

LQGLFDWRUVRRUWHQ�ZDDUYRRU�KHW�ZHQVHOLMN�LV�GDW�GH]H�LQ�YRRUNRPHQ�HQ�EHGHNNLQJ�

DIQHPHQ�RQGHU�LQYORHG�YDQ�EHJUD]LQJ�]RDOV�GXLQULHW��]DQG]HJJH��$PHULNDDQVH�

YRJHONHUV�RI�UXZH�EHUN���

x 8LWEUHLGLQJ�YDQ�VWXLISOHNNHQ�RQGHU�LQYORHG�YDQ�EHJUD]LQJ�NDQ�LQ�GH�WLMG�ZRUGHQ�

JHPRQLWRUG�PHW�UHPRWH�VHQVLQJ�JHEUXLNPDNHQG�YDQ�OXFKWIRWR¶V�

�ZZZ�EHHOGPDWHULDDO�QO��SURYLQFLHV�KHEEHQ�KLHU�WRHJDQJ�WRH��RI�YDQ��RSHQ�DFFHVV��

KRJH�UHVROXWLH�VDWHOOLHWEHHOGHQ��ZZZ�VSDFHRIILFH�QO�QO�VDWHOOLHWGDWDSRUWDDO���

x 6WUXFWXXUYHUDQGHULQJHQ�LQ�GH�YRUP�YDQ�RSJDDQG�VWUXZHHO�RI�RSVODJ�YDQ�

ERRPVRRUWHQ�NXQQHQ�RRN�SULPD�PHW�UHPRWH�VHQVLQJ�LQ�GH�WLMG�ZRUGHQ�JHYROJG�GRRU�

JHEUXLN�WH�PDNHQ�YDQ�KHW�$+1�EHVWDQG��'LW�EHVWDQG�ZRUGW�HHQV�LQ�GH�]HV�MDDU�

JHDFWXDOLVHHUG��YRRU�GH�:DGGHQHLODQGHQ�LV������KHW�PHHVW�UHFHQWH�EHVWDQG���

x ,Q�JHYDO�EHJUD]LQJ�PRHW�OHLGHQ�WRW�YHUVFKUDOLQJ�YDQ�GH�YHJHWDWLH��GDQ�NDQ�GH�

SURGXFWLYLWHLW�ZRUGHQ�JHPRQLWRUG�DDQ�GH�KDQG�YDQ�GH�1'9,��]RDOV�GH�JURHQPRQLWRU�

�ZZZ�JURHQPRQLWRU�QO����

x 'LNWH�YDQ�GH�VWURRLVHOODDJ��PDWH�YDQ�YHUYLOWLQJ��NDQ�RRN�HHQ�EHODQJULMNH�LQGLFDWRU�

]LMQ�RP�PHH�WH�QHPHQ�ELM�KHW�HIIHFW�YDQ�EHJUD]LQJ�DOV�KHUVWHOPDDWUHJHO��'LW�NDQ�

ELMYRRUEHHOG�ZRUGHQ�JHGDDQ�LQ�GH�34¶V�GLH�ZRUGHQ�RSJHQRPHQ��'LNWH�YDQ�GH�

VWURRLVHOODDJ�NDQ�ZRUGHQ�EHSDDOG�PHW�HHQ�]RJHQDDPGH�KXPXVKDSSHU���

x %LM�GXLQEHJURHLLQJHQ�GLH�RQGHU�LQYORHG�VWDDQ�YDQ�KHW�JURQGZDWHU�LV�KHW�]LQYRO�RP�

SHLOEXL]HQ�WH�JHEUXLNHQ�RP�IOXFWXDWLHV�LQ�JURQGZDWHUQLYHDX�PHH�WH�NXQQHQ�QHPHQ�LQ�

GH�GXLGLQJ�YDQ�YHJHWDWLHYHUDQGHULQJHQ���

x 7RW�VORW��KHW�ZRUGW�DDQEHYROHQ�RP�MDDUOLMNV�RS�HHQ�DDQWDO�SOHNNHQ�YDQXLW�HHQ�YDVWH�

NLMNULFKWLQJ�SDQRUDPDIRWR¶V�WH�PDNHQ��7LMGUHHNVHQ�YDQ�GLW�VRRUW�IRWR¶V�]LMQ�KHHO�

LOOXVWUDWLHI�RP�YHJHWDWLHRQWZLNNHOLQJHQ�LQ�HHQ�WHUUHLQ�ZHHU�WH�JHYHQ�HQ�YDVW�WH�

OHJJHQ��
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� &RQFOXVLHV�

���*UDDVJUDGLsQWHQ�ELM�H[WHQVLHYH�HQ�LQWHQVLHYHUH�
EHJUD]LQJ�

+HW�%$&,�RQGHU]RHN�LQ�GH�9DOOHL�YDQ�KHW�9HHQ�RS�9OLHODQG�LV�LQ������RSJH]HW�RP�GH�HIIHFWHQ�
YDQ�EHJUD]LQJ�YRRU�HHQ�ODQJH�SHULRGH�RS�HHQ�JHVWDQGDDUGLVHHUGH�PDQLHU�WH�NXQQHQ�
DQDO\VHUHQ��'RRUGDW�WXVVHQ������HQ������GH�YHHEH]HWWLQJ�±�HQ�GDDUPHH�GH�JUDDVGUXN�±
YDULHHUGH��LV�HU�HHQ�XLWVSUDDN�WH�GRHQ�RYHU�]RZHO�GH�HIIHFWHQ�YDQ�ODQJGXULJH�]HHU�H[WHQVLHYH�
WRW�H[WHQVLHYH�EHJUD]LQJ�����MDDU��DOV�YDQ�GH�GDDURS�YROJHQGH�YHUKRJLQJ�YDQ�GH�JUDDVGUXN�
���MDDU��LQ�NDONDUPH�GXLQHQ��

������2QWVWDDQ�YDQ�JUDDVJUDGLsQWHQ�
'H�EHODQJULMNVWH�YUDDJ�LQ�GLW�RQGHU]RHN�ZDV�RI�GH�EHJUD]LQJ�KHHIW�JHOHLG�WRW�JUDGLsQWHQ�LQ�
JUDDVGUXN��ZDDUGRRU�HU�HHQ�JURWHUH�ELRGLYHUVLWHLW�DDQ�NDUDNWHULVWLHNH�SODQWHQ�HQ�GLHUHQ�NDQ�
YRRUNRPHQ�LQ�KHW�JHELHG�LQ�YHUJHOLMNLQJ�PHW�RQEHJUDDVGH�GXLQHQ��*UDDVJUDGLsQWHQ�
RQWVWRQGHQ�LQ�GH�9DOOHL�YDQ�KHW�9HHQ�ELM�HHQ�]HHU�ODJH�WRW�ODJH�YHHEH]HWWLQJ������������
*9(�KD�MDDU���'LW�EOHHN�]RZHO�XLW�GH�YHUGHOLQJ�YDQ�KHW�DDQWDO�XLWZHUSVHOHQ��ORRS��HQ�
JUDDVVSRUHQ�YDQ�UXQGHUHQ�HQ�VFKDSHQ��DOV�XLW�GH�PHWLQJHQ�DDQ�GH�YHJHWDWLHVWUXFWXXU��
2QGDQNV�GH�ODJH�YHHEH]HWWLQJ�ZDV�HU�LQ������HQ�LQ������HFKWHU�JHHQ�HQNHOH�SORW�±�EXLWHQ�GH��
H[FORVXUHV�±�GLH�QLHW�GRRU�YHH�ZHUG�EH]RFKW��=HOIV�ELM�GH�ODDJVWH�YHHEH]HWWLQJ�LQ������EOHHN�
GDW�LQ�]R�JRHG�DOV�DOOH�RSHQ�SORWV�GH�YHJHWDWLHKRRJWH�GRRU�EHJUD]LQJ�ZHUG�DIJHUHPG��LQ�
WHJHQVWHOOLQJ�WRW�GH�QLHW�EHJUDDVGH�SORWV��9DQ�:LQJHUGHQ�HW�DO���������'H�WRHQDPH�YDQ�GH�
YHHEH]HWWLQJ�LQ������OHLGGH�WRW�KHW�WHUXJGULQJHQ�YDQ�GH�YHJHWDWLHKRRJWH��]RQGHU�GDW�VSUDNH�
ZDV�YDQ�HHQ�DIQDPH�YDQ�GH�YDULDWLH�LQ�YHJHWDWLHVWUXFWXXU��'H�VWHUNH�WRHQDPH�YDQ�GH�
YHHEH]HWWLQJ�QD������OHLGGH�WRW�HHQ�VLJQLILFDQW�ODJHUH�YHJHWDWLHVWUXFWXXU�ZDDULQ�GH�YDULDWLH�
LQ�GH�VWUXFWXXU�GXLGHOLMN�LV�DIJHQRPHQ��,Q������]LMQ�LQ�DOOH�RSHQ�SORWV�VSRUHQ�HQ�HIIHFWHQ�YDQ�
EHJUD]LQJ�GXLGHOLMN�WH�]LHQ��GH�RSVODJ�YDQ�DDQZH]LJH�ODJH�ERPHQ�HQ�VWUXLNHQ�LV�WHUXJJH]HW�
HQ�QLHXZH�RSVODJ�YDQ�KRXWLJH�JHZDVVHQ�YLQGW�QLHW�PHHU�SODDWV��LQ�WHJHQVWHOOLQJ�WRW�SORWV�
ELQQHQ�H[FORVXUHV��,Q�YHUJUDVWH�GXLQYDOOHLHQ�ZRUGW�KHW�PLFURNOLPDDW�JHPLGGHOG�ZDUPHU�HQ�
JHYDULHHUGHU�DOV�JHYROJ�YDQ�EHJUD]LQJ��RQGDQNV�KHW�IHLW�GDW�GH�YHJHWDWLHVWUXFWXXU�
KRPRJHQHU�LV�JHZRUGHQ��'LW�HIIHFW�LV�RRN�ZDDUJHQRPHQ�LQ�HHQ�JURRWVFKDOLJ�
EHJUD]LQJVRQGHU]RHN�LQ�GH�1HGHUODQGVH�NXVWGXLQHQ��1LMVVHQ�HW�DO��������HQ�ZRUGW�
ZDDUVFKLMQOLMN�YHURRU]DDNW�GRRUGDW�ELM�HHQ�KRJH�LQVWUDOLQJ�YDQ�]RQQHZDUPWH�GH�NOHLQVFKDOLJH�
YDULDWLH�LQ�ERGHPUHOLsI�HQ��EHGHNNLQJ�PHW�VWURRLVHO��KXPXV�HQ�YHJHWDWLH�HHQ�EHODQJULMNH�URO�
JDDW�VSHOHQ��:DQQHHU�GH�YHJHWDWLHODDJ�PHHU�JHVORWHQ�LV�PDDNW�GH�DEVROXWH�KRRJWH�YDQ�GH�
YHJHWDWLH�PLQGHU�XLW��,Q�GH�GLFKWHU�EHJURHLGH�LQWDFWH�GXLQKHLGH�LV�HU�GDQ�RRN�JHHQ�YHUVFKLO�LQ�
PLFURNOLPDDW�WXVVHQ�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV�DDQZH]LJ��RQGDQNV�KHW�YHUVFKLO�LQ�
YHJHWDWLHKRRJWH��
$O�YDQDI�������PDDU�RRN�LQ������HQ������]LMQ�LQ�DOOH�RSHQ�SORWV�VSRUHQ�YDQ�EHJUD]LQJ�WH�
]LHQ��'DDUQDDVW�LV�GH�YHJHWDWLHKRRJWH�LQ�DO�GH]H�EHJUDDVGH�SORWV�ODJHU�HQ�YHHODO�HHQYRUPLJHU�
GDQ�LQ�RQEHJUDDVGH�SORWV�HQ�LV�RRN�GH�RSVODJ�YDQ�ERPHQ�LQ�HONH�EHJUDDVGH�SORW�]HHU�VWHUN�
WHUXJJHGURQJHQ��'LW�EHWHNHQW�GDW�HU�ELQQHQ�GH�JUDGLsQWHQ�LQ�JUDDVGUXN�LQ�KHW�
EHJUD]LQJVJHELHG�JHHQ�GHOHQ�]LMQ�ZDDU�GH�EHJUD]LQJ��QDJHQRHJ��RQWEUHHNW��DIJH]LHQ�YDQ�GH�
XLWJHUDVWHUGH�SORWV��

������(FRORJLVFKH�HIIHFWHQ�YDQ�JUDDVJUDGLsQWHQ�
%HJUD]LQJ�KHHIW�HHQ�GXLGHOLMN�HIIHFW�RS�GH�VDPHQVWHOOLQJ�YDQ�GH�YHJHWDWLH�HQ�RS�KHW�GDDU�DDQ�
JHNRSSHOGH�DDQERG�YDQ�EORHLHQGH�SODQWHQ��,Q�GH�EHJUDDVGH�SORWV�LV�KHW�DDQWDO�
SODQWHQVRRUWHQ��]RZHO�YDDWSODQWHQ�DOV��NRUVW�PRVVHQ��QD����MDDU�EHJUD]LQJ�VLJQLILFDQW�JURWHU�
GDQ�LQ�GH�RQEHJUDDVGH�SORWV��'H�YHUVFKLOOHQ�]LMQ�KHW�JURRWVW�LQ�������GDDUQD�QHHPW�KHW�
YHUVFKLO�ZHHU�ZDW�DI��ZDDUVFKLMQOLMN�DOV�JHYROJ�YDQ�GH�RSORSHQGH�YHHEH]HWWLQJ��2QGHU�LQYORHG�
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YDQ�EHJUD]LQJ�RQWZLNNHOGH�]LFK�LQ�KHW�VWUDWXP�YHUJUDVWH�YDOOHLHQ�HHQ�JUDGLsQW�LQ�
YHJHWDWLHW\SHQ��ZDDUELM�HHQ�GHHO�YDQ�GH�SORWV�]LFK�YDQXLW�GXLQKHLGH�YHJHWDWLHV�RQWZLNNHOGH�
ULFKWLQJ�GXLQJUDVODQGHQ�HQ�HHQ�GHHO�ULFKWLQJ�YRFKWLJH�GXLQYDOOHL��'H]H�JUDGLsQW�ZRUGW�
ZDDUVFKLMQOLMN�YRRUDO�JHVWXXUG�GRRU�YDULDWLH�LQ�UHOLsI�HQ�ERGHPW\SH�GLH�DO�LQ�KHW�JHELHG�
DDQZH]LJ�ZDV��PDDU�GRRU�YHUUXLJLQJ�PHW�KRJH�JUDVVHQ�ZDV�YHUERUJHQ��+HW�LV�RQGXLGHOLMN�KRH�
JURRW�GH�URO�YDQ�JUDGLsQWHQ�LQ�JUDDVGUXN�ZDV�ELM�GH]H�RQWZLNNHOLQJHQ�LQ�GH�YHJHWDWLH��DOVRRN�
GH�LQGLUHFWH�URO�GLH�EHJUD]LQJ�RS�GH�YHJHWDWLHRQWZLNNHOLQJ�KHHIW�GRRU�GH�IDFLOLWHUHQGH�ZHUNLQJ�
RS�NRQLMQHQDFWLYLWHLW��'H�KRJHUH�GLFKWKHLG�DDQ�NUXLGDFKWLJH�SODQWHQ�OHLGW�RRN�WRW�HHQ�JURWHU�
HQ�PHHU�GLYHUV�EORHPDDQERG�LQ�EHJUDDVGH�SORWV�WHQ�RS]LFKWH�YDQ�RQEHJUDDVGH�SORWV��'LW�ZDV�
YRRUDO�KHW�JHYDO�LQ�GXLQKHLGH�HQ�SORWV�ZDDU�GURJH�GXLQJUDVODQGHQ�RQWVWRQGHQ��PHW�R�D��
WRUPHQWLO��PDQQHWMHVHUHSULMV�HQ�JHZRRQ�ELJJHQNUXLG��

1HW�DOV�YRRU�GH�SODQWHQVRRUWHQ�QHHPW�GH�VRRUWHQULMNGRP�YRRU�VSLQQHQ��������HQ�ORRSNHYHUV�
�������WRH�WHQ�RS]LFKWH�YDQ�������(FKWHU�LQ�JHHQ�HQNHO�RQGHU]RHNVMDDU�YHUVFKLOW�GH�
VRRUWGLYHUVLWHLW�WXVVHQ�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV�VLJQLILFDQW�YDQ�HONDDU��%RYHQGLHQ�
QDP�GH�GLYHUVLWHLW�DDQ�ORRSNHYHUV�LQ������ZHHU�DI�WHQ�RS]LFKWH�YDQ�������'H�PDWH�YDQ�
RYHUODS�LQ�VRRUWVDPHQVWHOOLQJ�ODDW�]LHQ�GDW�ELM�ORRSNHYHUV�LQ�GH�SHULRGH����������������GH�
JHPHHQVFKDSSHQ�YDQ�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV�VWHHGV�PLQGHU�RS�HONDDU�OHNHQ��
%RYHQGLHQ�ZDV�GH�VSUHLGLQJ�LQ�VDPHQVWHOOLQJ�ELQQHQ�EHJUDDVGH�SORWV�JURWHU�GDQ�ELQQHQ�
RQEHJUDDVGH�SORWV��,Q������]LMQ�GH]H�YHUVFKLOOHQ�ZHHU�JHKHHO�YHUGZHQHQ��%LM�VSLQQHQ�OLMNHQ�
GH�JHPHHQVFKDSSHQ�YDQ�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV�LQ������HQ������VWHUN�RS�HONDDU�
HQ�JDDQ�GH]H�SDV�LQ������HQLJV]LQV�YDQ�HONDDU�YHUVFKLOOHQ��%HLGH�VRRUWJURHSHQ�RQGHUYLQGHQ�
ZHO�HIIHFWHQ�YDQ�EHJUD]LQJ��PDDU�GH�ORRSNHYHUJHPHHQVFKDS�UHDJHHUW�HHUGHU�HQ�VWHUNHU�RS�
GH�YHUDQGHULQJHQ�LQ�JUDDVGUXN�HQ�JUDDVSDWURQHQ�GDQ�GH�VSLQQHQJHPHHQVFKDS��
6RRUWJURHSHQ�GLH�JHERQGHQ�]LMQ�DDQ�HHQ�YRFKWLJHU��PHHU�JHEXIIHUG�PLFURNOLPDDW�LQ�GH�
VWURRLVHO�HQ�KXPXVODDJ�HQ��GDDUGRRU��PLQGHU�PRELHO�]LMQ��]RDOV�SLVVHEHGGHQ�HQ�
VSULQJVWDDUWHQ�ODWHQ�LQ�DDQWDOOHQ�JURWH�YHUVFKLOOHQ�]LHQ�WXVVHQ�EHJUDDVGH�HQ�RQEHJUDDVGH�
SORWV��

*HFRQFOXGHHUG�PRHW�ZRUGHQ�GDW�GH�DDQZH]LJKHLG�YDQ�JUDGLsQWHQ�LQ�JUDDVGUXN�LQ�GH�SHULRGH�
�����������LQ�FRPELQDWLH�PHW�GH�DDQZH]LJH�JUDGLsQWHQ�LQ�KHW�ODQGVFKDS��R�D��UHOLsI��
ERGHPRQWZLNNHOLQJ��WRW�HHQ�JHYDULHHUG�NDONDUP�GXLQODQGVFKDS�KHHIW�JHOHLG��ZDDULQ�RRN�GH�
VRRUWHQULMNGRP�YDQ�SODQWHQ�HQ�GLHUHQ�NRQ�WRHQHPHQ��1D�GH�YHUKRJLQJ�YDQ�GH�YHHEH]HWWLQJ�
LQ������JLQJ�GLW�HIIHFW�RS�ELRGLYHUVLWHLW��GHHOV��YHUORUHQ�YRRU�SODQWHQ�HQ�ORRSNHYHUV��PDDU�
OLMNW�GH�VSLQQHQJHPHHQVFKDS�MXLVW�WH�SURILWHUHQ��+HW�DDQWDO�SOHNNHQ�GLH�LQ������QLHW�RI�
QDXZHOLMNV�GRRU�EHJUD]LQJ�ZRUGHQ�EHwQYORHG��LV�]HHU�NOHLQ��+LHUELM�PRHW�ZRUGHQ�RSJHPHUNW�
GDW�RRN�GH�ERGHPFRPSDFWLH�LQ�GH�EHJUDDVGH�SORWV�LQ������JURWHU�LV�GDQ�LQ�GH�RQEHJUDDVGH�
SORWV��ZDDUGRRU�HU�LQ�GH�WRHNRPVW�RRN�PHHU�YHUDQGHULQJHQ�LQ�YRFKWJHKDOWH�YDQ�GH�ERGHP�HQ�
YHJHWDWLHJURHL�ZRUGHQ�YHUZDFKW��%LM�KHW�RSQLHXZ�EHSDOHQ�YDQ�GH�RSWLPDOH�YHHEH]HWWLQJ�PRHW�
HU�UHNHQLQJ�ZRUGHQ�JHKRXGHQ�PHW�KHW�DDQZH]LJ�EOLMYHQ�YDQ�QLHW�RI�QDXZHOLMNV�EHJUDDVGH�
SOHNNHQ�RP�RRN�YRRU�EHJUD]LQJVJHYRHOLJH�VRRUWHQ�JHVFKLNW�OHHIJHELHG�WH�EHKRXGHQ��

���%HKDOHQ�YDQ�EHKHHUGRHOHQ�LQ�GH�9DOOHL�YDQ�KHW�
9HHQ�

(HQ�GHHO�YDQ�GH�RQGHU]RHNVYUDJHQ�LV�JHUHODWHHUG�DDQ�GH�GRHOVWHOOLQJHQ�GLH�ZHUGHQ�
JHIRUPXOHHUG�ELM�KHW�LQVWHOOHQ�YDQ�EHJUD]LQJ�LQ�GH�YDOOHL�YDQ�KHW�9HHQ��9DQ�:LQJHUGHQ�HW�DO��
�������1HW�DOV�QD�GH�HIIHFWPHWLQJHQ�LQ�����������HQ�LQ�������9DQ�:LQJHUGHQ�HW�DO�������	�
������1LMVVHQ�	�6PLWV�������NDQ�ZRUGHQ�YDVWJHVWHOG�LQ�KRHYHUUH�GH]H�GRHOHQ�]LMQ�EHKDDOG��

'RHO����7HJHQJDDQ�YHUERVVLQJ�HQ�YHUVWUXZHOLQJ�
'H�EHJUD]LQJ�KHHIW�HHQ�JURRW�GHHO�YDQ�GH�DDQZH]LJH�RSVODJ�YDQ�ODJH�VWUXLNHQ�HQ�ERPHQ�
GRHQ�YHUGZLMQHQ��:DDU�LQ�����������HQ�LQ�PLQGHUH�PDWH�RRN�LQ������QRJ�ORNDDO�VSUDNH�ZDV�
YDQ�VWHUNH�XLWEUHLGLQJ�YDQ�MRQJH�RSVODJ�DOV�JHYROJ�YDQ�GH�EHWHUH�NLHP��HQ�
OLFKWRPVWDQGLJKHGHQ�LQ�GH�GHHOV�RSHQJHZHUNWH�JUD]LJH�YHJHWDWLH��ZRUGW�HU�LQ������LQ�GH�
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RSHQ�JHELHGHQ�YULMZHO�JHHQ�QLHXZH�RSVODJ�DDQJHWURIIHQ��%LQQHQ�GH�H[FORVXUHV�LV�HU�ZHO�HHQ�
YHUGHUH�JURHL��KRRJWH�HQ�EHGHNNLQJ��HQ�MRQJH�RSVODJDDQZH]LJ��'RRU�GH�YHUKRJLQJ�YDQ�GH�
YHHEH]HWWLQJ�WHQ�RS]LFKWH�YDQ�����������LV�GH�YRRUVSHOGH�RQWZLNNHOLQJ�YDQ�HHQ�YULM�RSHQ�
VWUXZHHO�QLHW�RSJHWUHGHQ��PDDU�LV�HU�HHQ�RQWZLNNHOLQJ�QDDU�HHQ�]HHU�RSHQ�GXLQODQGVFKDS�
LQJH]HW��:DQQHHU�GH�YHHEH]HWWLQJ�ZHHU�ZRUGW�YHUODDJG�QDDU�KHW�QLYHDX�YDQ�GH�SHULRGH�
����������ZRUGW�YHUZDFKW�GDW�HU�HHQ�OLFKWH��]HHU�JHOHLGHOLMNH�XLWEUHLGLQJ�YDQ�VWUXZHHO�]DO�
SODDWVYLQGHQ��

'RHO����2SHQEUHNHQ�JUD]LJH�YHJHWDWLH�
'H�YHJHWDWLHKRRJWH�YDQ�GH�NUXLGODDJ�LV�RYHUDO�ZDDU�GH�JUD]HUV�ELM�NXQQHQ�NRPHQ�YHUODDJG�
HQ�GH�VWUXFWXXU�LV�DOV�JHYROJ�YDQ�EHJUD]LQJ�YHHO�RSHQHU�JHZRUGHQ��0HGH�KLHUGRRU�KHEEHQ�GH�
SORWV�GLH�LQ������RQGHU�KHW�VWUDWXP�µYHUJUDVWH�YDOOHL¶�ZHUGHQ�JHVFKDDUG��]LFK�RQWZLNNHOG�QDDU�
GXLQKHLGH�RS�YRFKWLJH�SOHNNHQ�HQ�QDDU�GXLQJUDVODQGHQ�RS�ZDW�GURJHUH�SOHNNHQ��+HW�GRHO�RP�
GH�JUD]LJH�YHJHWDWLH�RSHQ�WH�EUHNHQ�LV�GDDUPHH�JHKDDOG��(FKWHU��GH�YHHEH]HWWLQJ�LV�QD������
]R�VWHUN�JHVWHJHQ�GDW�HU�JHHQ�RQEHJUDDVGH�HQ�]HHU�OLFKW�EHJUDDVGH�WHUUHLQGHOHQ�PHW�LHWV�
UXLJHUH�JUD]LJH�YHJHWDWLH�DDQZH]LJ�]LMQ��

'RHO����)DFLOLWHUHQ�YDQ�NRQLMQHQ�
'H�NRQLMQHQVWDQG�ZDV�LQ������YULM�ODDJ��PDDU�LV�LQ�GH�MDUHQ�GDDUQD�QRJ�YHUGHU�DFKWHUXLW�
JHJDDQ��,Q������ZDV�HU�HHQ�WRHQDPH�LQ�KHW�DDQWDO�SORWV�ZDDU�NRQLMQHQ�DFWLHI�ZDUHQ��PHW�
QDPH�LQ�EHJUDDVGH�SORWV��%HJUD]LQJ�PHW�YHH�IDFLOLWHHUW�GH�NRQLMQHQ�LQ�GH�9DOOHL�YDQ�KHW�9HHQ��
PDDU�GH�GLFKWKHGHQ�]LMQ�QRJ�ODDJ��'H�QHJDWLHYH�HIIHFWHQ�YDQ�]LHNWHV�5+'�HQ�P\[RPDWRVH�
ZRUGHQ�GRRU�EHJUD]LQJ�QLHW�JHPLWLJHHUG��

1HYHQHIIHFWHQ�RS�NUDDLKHLGH�
,Q������EHVWRQG�GH�YUHHV�GDW�EHJUD]LQJ�PHW�]ZDUH�UXQGHUHQ�VFKDGH�DDQ�NUDDLKHLGH�
YHJHWDWLHV�]RX�YHURRU]DNHQ��*HGXUHQGH�GH�JHKHOH�RQGHU]RHNVSHULRGH�����������]LMQ�
KLHUYRRU�HFKWHU�JHHQ�DDQZLM]LQJHQ�JHYRQGHQ��NUDDLKHLGH�LV�]RZHO�LQ�EHJUDDVGH�DOV�
RQEHJUDDVGH�SORWV�OLFKW�DIJHQRPHQ��:HO�LV�LQ�YHUJUDVWH�GXLQYDOOHLHQ�GLH�]LFK�RQGHU�LQYORHG�
YDQ�EHJUD]LQJ�KHEEHQ�RQWZLNNHOG�ULFKWLQJ�YRFKWLJH�YDOOHLHQ�RI�GURJH�GXLQJUDVODQGHQ�GH�
NUDDLKHLGH�VWHUNHU�DIJHQRPHQ�GDQ�LQ�RQEHJUDDVGH�SORWV�LQ�YHUJUDVWH�YDOOHLHQ��3ORWV�ZDDU�LQ�
�����DO�JRHG�RQWZLNNHOGH�NUDDLKHLGHYHJHWDWLHV�DDQZH]LJ�ZDUHQ��]LMQ�ZHO�GRRU�UXQGHUHQ�HQ�
VFKDSHQ�EH]RFKW��IDHFHV�HQ�ORRSVSRUHQ�DDQZH]LJ��PDDU�GLW�OHLGGH�QLHW�WRW�HHQ�JHULQJHUH�
EHGHNNLQJ�YDQ�NUDDLKHLGH��

1HYHQHIIHFWHQ�RS���VWLPXOHUHQ�YDQ�IDXQD�
%LM�DDQYDQJ�YDQ�KHW�RQGHU]RHN�LQ������ZHUG�YHUZDFKW�GDW�EHJUD]LQJ�HHQ�QHJDWLHI�HIIHFW�]RX�
NXQQHQ�KHEEHQ�RS�GH�DEXQGDQWLH�HQ�GLYHUVLWHLW�YDQ�RQJHZHUYHOGH�IDXQD�HQ�]DQGKDJHGLVVHQ��
1DGDW�LQ�����������DO�ZDV�JHEOHNHQ�GDW�GH]H�QHJDWLHYH�HIIHFWHQ�QLHW�RSWUDGHQ�HQ�HU�]HOIV�
HHQ�OLFKW�SRVLWLHI�HIIHFW�RS�GH�RQJHZHUYHOGH�IDXQD�DDQZH]LJ�OHHN��ZHUG�GH�GRHOVWHOOLQJ�
DDQJHSDVW�QDDU�HHQ�YHUGHUH�WRHQDPH�YDQ�GLYHUVLWHLW�HQ�DEXQGDQWLH�YDQ�RQJHZHUYHOGH�IDXQD��
8LW�KHW�KXLGLJH�RQGHU]RHN�EOLMNW�GDW�GH�RQJHZHUYHOGH�IDXQD�PHW�QDPH�GRRU�MDDUHIIHFWHQ��ZUV��
YRRUDO�ZHHUVRPVWDQGLJKHGHQ��ZRUGHQ�EHSDDOG�HQ�LQ�PLQGHUH�PDWH�GRRU�EHJUD]LQJ��7RW������
WUDG�HU�HHQ�WRHQDPH�RS�YDQ�GH�GLYHUVLWHLW�ELM�ORRSNHYHUV��LQ�GH�SHULRGH�GDDUQD�QDP�GH]H�
ZHHU�DI�PDDU�QDP�GH�GLYHUVLWHLW�YDQ�VSLQQHQ�LQ�EHJUDDVGH�SORWV�WRH��'H]H�HIIHFWHQ�NXQQHQ�
GHHOV�YHUNODDUG�ZRUGHQ�GRRU�GH�WRHQDPH�LQ�YHHEH]HWWLQJ��ZDDUVFKLMQOLMN�LQ�FRPELQDWLH�PHW�
HHQ�]HHU�ZDUPH�GURJH�]RPHU��+LHUELM�PRHW�ZRUGHQ�RSJHPHUNW�GDW�HU�ZHO�NDUDNWHULVWLHNH�
GXLQVRRUWHQ�]LMQ�DDQJHWURIIHQ��PDDU�GDW�]RZHO�GH�VSLQQHQ��DOV�ORRSNHYHUJHPHHQVFKDS�YULM�
VRRUWHQDUP�]LMQ��
'H�]DQGKDJHGLV�LV�WLMGHQV�DOOH�RQGHU]RHNVMDUHQ�LQ�]HHU�ODJH�GLFKWKHGHQ�DDQJHWURIIHQ�HQ�HU�
]LMQ�JHHQ�DDQZLM]LQJHQ�GDW�EHJUD]LQJ�QHJDWLHYH�RI�SRVLWLHYH�HIIHFWHQ�KHHIW�RS�GH�VRRUW��
'H�GRHOVWHOOLQJ�RP�NDUDNWHULVWLHNH�GXLQIDXQD�LQ�DDQWDO�HQ�GLYHUVLWHLW�WH�VWLPXOHUHQ�GRRU�
EHJUD]LQJ�LV�GHHOV�JHKDDOG��PHW�GH�DDQWHNHQLQJ�GDW�GH�VRRUWGLYHUVLWHLW�KHW�KRRJVWH�ZDV�URQG�
������
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����(YDOXDWLH�HQ�YRRUW]HWWLQJ�YDQ�GH�%$&,�SURHI�
'H�%$&,�RS]HW�LQ�GH�9DOOHL�YDQ�KHW�9HHQ�LV�HHQ�YDQ�GH�ZHLQLJH�YRRUEHHOGHQ�LQ�1HGHUODQG�±�
HQ�]HOIV�LQWHUQDWLRQDDO�±�YDQ�HHQ�JHVWDQGDDUGLVHHUG�RSJH]HW�RQGHU]RHN�YRRU�KHW�HYDOXHUHQ�
YDQ�GH�HIIHFWHQ�YDQ�EHJUD]LQJ�ORV�YDQ�DQGHUH�IDFWRUHQ��%RYHQGLHQ�ORRSW�KHW�RQGHU]RHN�DO�
UXLP����MDDU��GH]H�WLMGUHHNVHQ�]LMQ�LQ�RQGHU]RHNHQ�]HHU�EHODQJULMN��+HW�NDQ�GDDURP�QLHW�
YROGRHQGH�EHQDGUXNW�ZRUGHQ�GDW�KHW�EHJUD]LQJVRQGHU]RHN�RS�9OLHODQG�HHQ�]HHU�ZDDUGHYRO�
SURMHFW�LV�ZDW�YRRUW]HWWLQJ�YHUGLHQG��,Q�GH�SHULRGH�����������]LMQ�GDDURP�DOOH�H[FORVXUHV�
ZDDU�QRGLJ�KHUVWHOG��YHUVWHYLJG�HQ�YRRU]LHQ�YDQ�JDDV�LQ�SODDWV�YDQ�GUDGHQ��]RGDW�RRN�GH�
MRQJH�6RD\�VFKDSHQ�JHHQ�WRHJDQJ�KHEEHQ�WRW�GH�H[FORVXUHV��.RQLMQHQ�NXQQHQ�QRJ�ZHO�YULM�
GH�H[FORVXUHV�LQ�HQ�XLW�ORSHQ��+RHZHO�ZH�YRRU�KHW�PRQLWRUHQ�YDQ�HIIHFWHQ�YDQ�EHJUD]LQJ�YRRU�
EHOHLG�KHEEHQ�YDVWJHVWHOG�GDW�GH�QDGHOHQ�YDQ�H[FORVXUHV�YHHODO�QLHW�RSZHJHQ�WHJHQ�GH�
YRRUGHOHQ����������JHOGHQ�H[FORVXUHV�YRRU�RQGHU]RHN�QDDU�GH�ZHUNLQJ�YDQ�EHJUD]LQJ�QRJ�
DOWLMG�DOV�]HHU�ZDDUGHYRO��

,Q�GH�ORRS�YDQ����MDDU�]LMQ�HU�ZLM]LJLQJHQ�JHZHHVW�GLH�GH�NUDFKW�YDQ�GH�RRUVSURQNHOLMNH�
RQGHU]RHNVRS]HW�KHEEHQ�DDQJHWDVW��+HW�EHODQJULMNVWH�LV�KHW�YHUOLHV�YDQ���RQEHJUDDVGH�SORWV�
LQ�GH�FUDQEHUU\�YDOOHL�GRRU�FKRSSHUZHUN]DDPKHGHQ�HQ�KHW�YHUOLHV�YDQ�GH�EHJUDDVGH�SORW����
GRRU�KHW�SODDWVHQ�YDQ�HHQ�YHHNUDDO��2P�RRN�LQ�GH�WRHNRPVW�YROGRHQGH�VWDWLVWLVFKH�NUDFKW�
RYHU�WH�KRXGHQ�PDJ�HU�]LFK�JHHQ�YHUGHU�YHUOLHV�DDQ�SORWV�YRRUGRHQ��
*HDGYLVHHUG�ZRUGW�RP�GH�SORWV�GLH�YHUORUHQ�]LMQ�JHJDDQ�DOVQRJ�WH�YHUYDQJHQ�GRRU�QLHXZH�
SORWV�RS�DDQJUHQ]HQGH�ORFDWLHV�GLH�QLHW�GRRU�LQWHQVLHYH�EHKHHUPDDWUHJHOHQ�DOV�FKRSSHUHQ��
SODJJHQ�RI�PDDLHQ�]LMQ�EHwQYORHG��8LWHUDDUG�PRHW�ELM�KHW�LQVWHOOHQ�YDQ�GH�SORWV�GLUHFW�GH�
QXOVLWXDWLH�ZRUGHQ�YDVWJHOHJG�YRRU�YHJHWDWLH�HQ�IDXQD��2RN�ZRUGW�DDQEHYROHQ�RP�GH�
XLWORSHUV�YDQ�GH�YHHNUDDO�GLH�QX�GLUHFW�QDDVW�SORWV����HQ����OLJW�ULFKWLQJ�]XLGHQ�WH�
YHUVFKXLYHQ��]RGDW�GH�NDQV�RS�EHwQYORHGLQJ�YDQ�GH�SORWV�GRRU�YDQJDFWLYLWHLW�URQGRP�GH�
YHHNUDDO�JHPLQLPDOLVHHUG�ZRUGW��
,Q�GH�KXLGLJH�SURHIRS]HW�]LMQ�GXLQKHLGHQ��PDDU�JHHQ�GXLQJUDVODQGHQ�RSJHQRPHQ��2PGDW�
MXLVW�LQ�GXLQJUDVODQGHQ�RRN�JURWH�HIIHFWHQ�YDQ�EHJUD]LQJ�ZRUGHQ�YHUZDFKW��ZRUGW�KHW�VWHUN�
DDQJHUDGHQ�RP�GH�SURHIRS]HW�XLW�WH�EUHLGHQ�PHW�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV�LQ�
GXLQJUDVODQGHQ��(HQ�ORJLVFK�PRPHQW�RP�YHUGZHQHQ�SORWV�WH�YHUYDQJHQ�HQ�XLW�WH�EUHLGHQ�
QDDU�GXLQJUDVODQGHQ�LV�ZDQQHHU�HU�ZRUGW�EHVORWHQ�WRW�XLWEUHLGLQJ�YDQ�KHW�EHJUD]LQJVJHELHG�
QDDU�KHW�RRVWHQ��ZDDUGRRU�RRN�GH�FUDQEHUU\�YDOOHL�LQ�KHW�EHJUD]LQJVJHELHG�NRPW�WH�OLJJHQ��
2S�GDW�PRPHQW�YLQGW�HU�SHU�GHILQLWLH�HHQ�YHUDQGHULQJ�LQ�EHJUD]LQJVUHJLPH�SODDWV�HQ�]XOOHQ�
RRN�JUDDVSDWURQHQ�LQ�KHW�JHELHG�YHUDQGHUHQ��2PGDW�LQ�KHW�XLWEUHLGLQJVJHELHG�JHHQ�
EHJUD]LQJ�KHHIW�SODDWVJHYRQGHQ��ELHGW�GLW�HHQ�XLWJHOH]HQ�NDQV�RP�KHW�DDQWDO�RQEHJUDDVGH�
SORWV�XLW�WH�EUHLGHQ�GRRU�KHW�SODDWVHQ�YDQ�HQNHOH�H[FORVXUHV�RI�GRRU�KHW�XLWUDVWHUHQ�YDQ�HHQ�
JURWHU�WHUUHLQGHHO�ZDDU�PHHUGHUH�SORWV�LQ�NRPHQ�WH�OLJJHQ��%LM�KHW�LQVWHOOHQ�YDQ�GH�QLHXZH�
SORWV�HQ�34¶V�PRHWHQ�GH]H�]HHU�JRHG�LQJHPHWHQ�HQ�JHPDUNHHUG�ZRUGHQ��]RGDW�]H�ELM�
YHUYROJRQGHU]RHN�PDNNHOLMN�YLQGEDDU�]LMQ��

,Q������]LMQ�GH�SORWV�UDQGRP�YHUGHHOG�ELQQHQ�GH�VWUDWD�µYRFKWLJH�YHUJUDVWH�YDOOHL¶�HQ�µLQWDFWH�
YRFKWLJH�GXLQKHLGH¶��1D����MDDU�EHJUD]LQJ�LV�HU�ELQQHQ�GH]H�VWUDWD�HHQ�RQWZLNNHOLQJ�JHZHHVW�
QDDU�YHUVFKLOOHQGH�YHJHWDWLHW\SHQ��]LH�GH�LQ�KRRIGVWXN���EHVFKUHYHQ�W\SRORJLH�YDQ�
GXLQKHLGHQ�HQ�YHUWDOLQJ�QDD�1DWXUD������KDELWDWW\SHQ���ZDDUELM�EOLMNW�GDW�YHHO�SORWV�PHHU�WRW�
KHW�W\SH�GURJH�GXLQKHLGH�PHW�NUDDLKHLGH�EHKRUHQ�GDQ�WRW�GH�HFKW�YRFKWLJH�YDOOHLHQ�HQ�
YRFKWLJH�KHLGHQ��%LM�HHQ�XLWEUHLGLQJ�YDQ�GH�SURHIRS]HW�LV�KHW�YHUVWDQGLJ�RP�XLW�WH�JDDQ�YDQ�
GH]H�YHJHWDWLHW\SHQ��XLWJHEUHLG�PHW�NDONDUPH�GXLQJUDVODQGHQ���JHEDVHHUG�RS�GH�PHHVW�
UHFHQWH�YHJHWDWLHNDUWHULQJHQ�YDQ�KHW�JHELHG��

,Q�1LMVVHQ�	�6PLWV������LV�HHQ�HHQYRXGLJH�DQDO\VH�JHPDDNW�YDQ�GH�WUHQGV�YDQ�EURHGYRJHOV�
LQ�GH�9DOOHL�YDQ�KHW�9HHQ��HQ�LQ�1LMVVHQ�HW�DO���������]LMQ�GH�ODQJMDULJH�PHHWUHHNVHQ�
PHHJHQRPHQ�LQ�HHQ�DQDO\VH�YDQ�HIIHFWHQ�YDQ�EHJUD]LQJ�RS�EURHGYRJHOV�YRRU�GH�JHKHOH�
1HGHUODQGVH�NXVW��+HW�YHUGLHQW�DDQEHYHOLQJ�RP�GH�EURHGYRJHORQWZLNNHOLQJHQ�LQ�9DOOHL�YDQ�
KHW�9HHQ�QRJPDDOV�WH�HYDOXHUHQ�WRW�HQ�PHW�������ZDDUELM�QLHW�]R]HHU�GH�%$&,�RS]HW�PHW�
H[FORVXUHV��PDDU�YHUVFKLOOHQGH�SHULRGHQ�ZDDULQ�GH�EHJUD]LQJVGUXN�VWHUN�YDULHHUGH�
JHDQDO\VHHUG�NXQQHQ�ZRUGHQ��
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��� 9HUWDOLQJ�QDDU�EHKHHU�YDQ�9DOOHL�YDQ�KHW�9HHQ�
%HJUD]LQJ�PHW�6FKRWVH�KRRJODQGHUV�HQ�VRD\VFKDSHQ�KHHIW�YDQDI������LQ�JURWH�PDWH�GH�
RQWZLNNHOLQJ�YDQ�GH�YHJHWDWLH�JHVWXXUG��HQ�GDDUPHH�YDQ�KHW�JHKHOH�ODQGVFKDS��=RDOV�
GXLGHOLMN�EOLMNW�XLW�GH�YHJHWDWLHRQWZLNNHOLQJ�LQ�GH�H[FORVXUHV��]RX�GH�9DOOHL�YDQ�KHW�9HHQ�
]RQGHU�EHJUD]LQJ�HHQ�VWHUNH�YHUERVVLQJ�KHEEHQ�RQGHUJDDQ�PHW�HHQ�JURWHQGHHOV�KDOIRSHQ�WRW�
JHVORWHQ�ODQGVFKDS�WRW�JHYROJ��+HW�JHELHG�RPYDW�GDQN]LM�GH�EHJUD]LQJ�QX�NDUDNWHULVWLHNH�
RSHQ��QLHW�YHUJUDVWH�GXLQKHLGH��HQ�GXLQJUDVODQGYHJHWDWLHV��

,Q������ZHUG�JHFRQVWDWHHUG�GDW�GH�GRHOVWHOOLQJHQ�GHHOV�ZHUGHQ�JHKDDOG�HQ�GH�QHYHQHIIHFWHQ�
JHULQJ�ZDUHQ�HQ�DOV�QHXWUDDO�WRW�OLFKW�SRVLWLHI�EHRRUGHHOG�NRQGHQ�ZRUGHQ��8LW�GH�KXLGLJH�
VWXGLH�EOLMNW�GDW�PHW�GH�YHUKRJLQJ�YDQ�GH�YHHEH]HWWLQJ�WXVVHQ�����������GH�GRHOVWHOOLQJHQ�
QRJ�EHWHU�ZHUGHQ�EHKDDOG��PDDU�QD�GH�VWHUNH�XLWEUHLGLQJ�YDQ�6RD\�VFKDSHQ�]LMQ�
QHYHQHIIHFWHQ�RS�YHJHWDWLH�HQ�HHQ�GHHO�YDQ�GH�IDXQD�WRHJHQRPHQ��+LHUELM�]LMQ�GH�HIIHFWHQ�
YDQ�GH�KRJHUH�YHHEH]HWWLQJ�HQ�YDQ�GH�]HHU�GURJH�]RPHU�DOOHHQ�YDQ�HONDDU�WH�RQGHUVFKHLGHQ�
YRRU�SODQWHQ�HQ�ZHLQLJ�PRELHOH�GLHUVRRUWHQ�DOV�SLVVHEHGGHQ�HQ�VSULQJVWDDUWHQ��YRRU�
PRELHOHUH�GLHUVRRUWHQ�DOV�VSLQQHQ�HQ�ORRSNHYHUV�]LMQ�HU�ELQQHQ�GH�MDUHQ�JHHQ�YHUVFKLOOHQ�
WXVVHQ�EHJUDDVGH�HQ�RQEHJUDDVGH�SORWV�JHYRQGHQ��+HW�LV�HFKWHU�]HHU�DDQQHPHOLMN�GDW�GH�
VWHUNH�EHJUD]LQJ�KHW�ODQGVFKDS�DOV�OHHIJHELHG�YRRU�GH]H�VRRUWHQ�JHYRHOLJHU�KHHIW�JHPDDNW�
YRRU�GURRJWH�HQ�ZDUPWH��'H�RQEHJUDDVGH�SORWV�ELQQHQ�GH�H[FORVXUHV�YRUPHQ�GDDUELM�VOHFKWV�
HHQ�]HHU�NOHLQ�RSSHUYODN����������YDQ�KHW�JHELHG��
+HW�DGYLHV�LV�RP�GH�JUDDVGUXN�WHQPLQVWH�WHUXJ�WH�EUHQJHQ�QDDU�KHW�QLYHDX�WXVVHQ������
������PHW�����UXQGHUHQ�HQ�����6RD\�VFKDSHQ�RI�HHQ�HTXLYDOHQW�GDDUYDQ�PHW�DQGHUH�
YHHUDVVHQ��2P�JURWHUH�GHOHQ�YDQ�KHW�WHUUHLQ�QLHW�WRW�]HHU�H[WHQVLHI�EHJUDDVG�WH�ODWHQ�ZRUGHQ�
]RX�GH�YHHEH]HWWLQJ�QRJ�ODJHU�PRHWHQ�]LMQ��2RN�ZDQQHHU�GH�VWLNVWRIGHSRVLWLH�VLJQLILFDQW�
YHUGHU�WHUXJ�ZRUGW�JHGURQJHQ�HQ�RI�GH�NRQLMQHQSRSXODWLHV�KHUVWHOOHQ�NDQ�GH�YHHEH]HWWLQJ�
YHUGHU�ZRUGHQ�WHUXJ�JHEUDFKW��

+RHZHO�HU�YDQXLW�GLW�RQGHU]RHN�JHHQ�RQGHUERXZLQJ�LV�RYHU�GH�VDPHQVWHOOLQJ�YDQ�GH�NXGGH��
OLMNW�XLW�HHUGHU�RQGHU]RHN�GDW�GH�FRPELQDWLH�YDQ�PHHUGHUH�VRRUWHQ�JUD]HUV�YHHODO�SRVLWLHI�
ZHUNW�LQ�NXVWGXLQHQ��1LMVVHQ�HW�DO���������*HDGYLVHHUG�ZRUGW�RP�PHW�UXQGHUHQ�HQ�VFKDSHQ�
WH�EOLMYHQ�JUD]HQ��'H�UXQGHUHQ�]LMQ�RXG�HQ�NXQQHQ�]LFK�QLHW�YRRUWSODQWHQ��HQ�]XOOHQ�GXV�LQ�GH�
NRPHQGH�MDUHQ�YHUYDQJHQ�HQ�DDQJHYXOG�PRHWHQ�ZRUGHQ��'H�6FKRWVH�KRRJODQGHUV�KHEEHQ�
]LFK�EHZH]HQ�DOV�HIIHFWLHYH�JUD]HUV�LQ�GH�NDONDUPH�GXLQHQ�YDQ�9OLHODQG��(FRORJLVFK�LV�HU�GDQ�
RRN�JHHQ�UHGHQ�RP�RS�HHQ�DQGHU�UDV�RYHU�WH�VWDSSHQ��0RFKW�HU�RP�DQGHUH�UHGHQHQ�ZHO�YRRU�
HHQ�DQGHU�UXQGHUUDV�ZRUGHQ�JHNR]HQ��GDQ�]DO�GH�YHHEH]HWWLQJ�RSQLHXZ�PRHWHQ�ZRUGHQ�
EHUHNHQG�RS�EDVLV�YDQ�GH�OLFKDDPVJHZLFKWHQ�YDQ�KRRJODQGHUV�HQ�KHW�YHUYDQJHQGH�UDV��'H�
6RD\�VFKDSHQ�OHHIGHQ�RRLW�LQ�HHQ�QLHW�IRNNHQGH�NXGGH��PDDU�WHUXJ�JDDQ�QDDU�GLH�VLWXDWLH�]DO�
HHQ�]HHU�JURWH�LQYHVWHULQJ�PHW�]LFK�PHHEUHQJHQ��+HW�MDDUOLMNV�PRQLWRUHQ�YDQ�GH�SRSXODWLH�HQ�
ZHJYDQJHQ�YDQ�HHQ�GHHO�YDQ�GH�NXGGH�LQ�GH�EHVWDDQGH�YHHNUDOHQ�LV�HHQ�HIIHFWLHYH�PDQLHU�
RP�GH�NXGGH�RS�GH�JHZHQVWH�JURRWWH�WH�KRXGHQ��%RYHQGLHQ�ELHGW�GLW�GH�NDQV�RP�WXVVHQ�
MDUHQ�GH�YHHEH]HWWLQJ�WH�VWXUHQ�ZDQQHHU�GLW�QRGLJ�LV��ELMYRRUEHHOG�QD�]HHU�QDWWH�RI�MXLVW�]HHU�
GURJH�MDUHQ��RI�ELM�HHQ��WLMGHOLMNH��RSOHYLQJ�YDQ�NRQLMQHQSRSXODWLHV��

(U�]LMQ�DO�JHUXLPH�WLMG�SODQQHQ�RP�KHW�EHJUD]LQJVJHELHG�XLW�WH�EUHLGHQ�QDDU�DQGHUH�GHOHQ�YDQ�
KHW�GXLQJHELHG��]RDOV�GH�&UDQEHUU\YDOOHL�HQ�KHW�QDDVWJHOHJHQ�.LNNHUGXLQ��=HNHU�ZDQQHHU�HU�
ZRUGW�JHZHUNW�PHW�H[WHQVLHYH�EHJUD]LQJ��FRQIRUP�GH�9DOOHL�YDQ�KHW�YHHQ������������ZRUGW�
YHUZDFKW�GDW�KLHU�HHQ�SRVLWLHI�HIIHFW�NDQ�RSWUHGHQ��$DQJHWHNHQG�PRHW�ZRUGHQ�GDW�HU�RRN�HHQ�
DDQWDO�GLHUVRRUWHQ�LV�GDW�RRN�YDQ�H[WHQVLHYH�EHJUD]LQJ�QHJDWLHYH�HIIHFWHQ�RQGHUYLQGW���+HW�
EHWUHIW�PHW�QDPH�JURQGEURHGHUV�PHW�HHQ�ODQJH�QHVWSHULRGH��]RDOV�9HOGXLO��%ODXZH�HQ�%UXLQH�
NLHNHQGLHYHQ�HQ�/HSHODDUV��2P�RRN�GH]H�VRRUWHQ�HHQ�NDQV�WH�JHYHQ��PRHW�HHQ�GHHO�YDQ�KHW�
WRWDOH�GXLQJHELHG�YDQ�9OLHODQG�RQEHJUDDVG�EOLMYHQ��'DDUQDDVW�PRHW�ELM�HHQ�HYHQWXHOH�
XLWEUHLGLQJ�YDQ�KHW�EHJUD]LQJVJHELHG�GH�QRJ�EHVWDDQGH�RQEHJUDDVGH�RQGHU]RHNSORW�LQ�GH�
&UDQEHUU\�YDOOHL�JHVSDDUG�EOLMYHQ�HQ�UXLP�ZRUGHQ�XLWJHUDVWHUG��
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9RRU�HHQ�YHUWDOLQJ�QDDU�DQGHUH�GXLQJHELHGHQ�LV�KHW�EHODQJULMN�KRH�GH�HIIHFWHQ�YDQ�EHJUD]LQJ�
RS�JUDGLsQWHQ�HQ�HFRORJLVFKH�YDULDWLH�]LFK�YHUKRXGHQ�WHQ�RS]LFKWH�YDQ�GXLQWHUUHLQHQ�ZDDU�
QLHW�RI�RS�HHQ�DQGHUH�PDQLHU�ZRUGW�EHJUDDVG��'H�YHUJHOLMNLQJ�PHW�QLHW�EHJUDDVGH�
GXLQWHUUHLQHQ�LV�RQGHUGHHO�YDQ�GH�%$&,�RS]HW��KLHUXLW�EOLMNW�GDW�GH�QLHW�EHJUDDVGH�GHOHQ�
HHQYRUPLJHU�]LMQ�LQ�VWUXFWXXU�HQ�GH�YDOOHLHQ�HHQ�VRRUWHQDUPHUH�YHJHWDWLH�NHQQHQ��9RRU�GH�
GURJHUH�GXLQKHLGH�]LMQ�GH�YHUVFKLOOHQ�LQ�YHJHWDWLHVWUXFWXXU�HQ�VDPHQVWHOOLQJ�NOHLQHU�WRW�
DIZH]LJ��
'H�YHUJHOLMNLQJ�PHW�GXLQWHUUHLQHQ�ZDDU�RS�HHQ�DQGHUH�PDQLHU�ZRUGW�EHJUDDVG�]LMQ�ODVWLJHU��
RPGDW�YULMZHO�QHUJHQV�]R�JHGHWDLOOHHUG�HQ�FRQVHTXHQW�DDQ�YHJHWDWLHVWUXFWXXU�HQ�GLHUJURHSHQ�
LV�JHPHWHQ��(HQ�EHODQJULMNH�UHIHUHQWLH�YRUPW�KHW�2%1�RQGHU]RHN�YDQ�1LMVVHQ�HW�DO���������
ZDDULQ�HHQ�JURRW�DDQWDO�GXLQWHUUHLQHQ��ZDDURQGHU�GH�9DOOHL�YDQ�KHW�9HHQ�YRRUDIJDDQG�DDQ�GH�
YHUKRJLQJ�YDQ�GH�JUDDVGUXN��PHW�HONDDU�ZRUGHQ�YHUJHOHNHQ��=RZHO�LQ�KHW�:DGGHQGLVWULFW�DOV�
LQ�KHW�5HQRGXQDDO�GLVWULFW�OHLGW�EHJUD]LQJ�WRW�HHQ�DIQDPH�YDQ�YHUUXLJLQJ�HQ�VWURRLVHO�HQ�
GUDDJW�GXV�ELM�DDQ�GH�LQVWDQGKRXGLQJ�YDQ�JULM]H�GXLQHQ��+������HQ�GXLQKHLGHQ�PHW�
NUDDLKHLGH�HQ�VWUXLNKHLGH��+�����HQ�+�������'H�HIIHFWHQ�RS�NDUDNWHULVWLHNH�
GLHUJHPHHQVFKDSSHQ�YDQ�NXVWGXLQHQ�LV�RYHU�KHW�DOJHPHHQ�RRN�SRVLWLHI��PDDU�YHUVFKLOW�
WXVVHQ�GH�RQGHU]RFKWH�GLHUJURHSHQ�HQ�LV�DIKDQNHOLMN�YDQ�GH�YRUP�YDQ�EHJUD]LQJ��0HW�QDPH�
GLFKWKHGHQ�YDQ�KHUELYRUH�HQ�GHWULYRUH�GLHUJURHSHQ�]LMQ�ODJHU�LQ�EHJUDDVGH�GDQ�LQ�
RQEHJUDDVGH�GXLQJUDVODQGHQ��HQ�ELM�YOLQGHUVRRUWHQ�GLH�DIKDQNHOLMN�]LMQ�YDQ�NUXLGDFKWLJHQ�RI�
YRHGVHOULMNH�JUDVVHQ�LV�DO�VQHO�VSUDNH�YDQ�HHQ�RPVODJ�YDQ�IDFLOLWDWLH��ELM�ODJH�JUDDVGUXN��QDDU�
QHJDWLHYH�HIIHFWHQ��ELM�KRJHUH�JUDDVGUXN���%URHGYRJHOV�YDQ�RSHQ�GXLQHQ�OLMNHQ�MXLVW�ZHHU�WH�
SURILWHUHQ�YDQ�HHQ�KRJHUH�JUDDVGUXN��EHKDOYH�ZDQQHHU�]H�HUJ�ODQJH�QHVWSHULRGHV�NHQQHQ�HQ�
GH�NDQV�RS�YHUVWRULQJ�LQ�GH�QHVWIDVH�JURRW�LV��]RDOV�ELM�GH�%ODXZH�.LHNHQGLHI��'H]H�UHVXOWDWHQ�
]LMQ�LQ�OLMQ�PHW�GH�EHYLQGLQJHQ�YDQ�9DQ�.OLQN�HW�DO���������GLH�RS�EDVLV�YDQ�HHQ�
OLWHUDWXXURQGHU]RHN�YDVWVWHOOHQ�GDW�GLHUJHPHHQVFKDSSHQ�YHHO�JHYRHOLJHU�]LMQ�YRRU�GH�
HIIHFWHQ�YDQ�EHJUD]LQJ�GDQ�SODQWJHPHHQVFKDSSHQ��YRRUDO�RPGDW�ELM�HHQ�WRHQDPH�YDQ�GH�
JUDDVGUXN�VWHUIWH�GRRU�YHUVWRULQJ��WRHYDOOLJH�SUHGDWLH�HQ�FRQFXUUHQWLH�RP�YRHGVHOSODQWHQ�
JDDQ�RSWUHGHQ��1LMVVHQ�HW�DO���������EHQDGUXNNHQ�ELM�GH�YHUWDOLQJ�QDDU�GH�SUDNWLMN�GDW�
YDULDWLH�LQ�JUDDVGUXN�EHODQJULMN�LV�RP�YHUUXLJLQJ�WHJHQ�WH�JDDQ��PDDU�RRN�SOHNNHQ�LQ�KHW�
ODQGVFKDS�WH�EHKRXGHQ�YRRU�GLHUHQ�GLH�JHYRHOLJ�]LMQ�YRRU�EHJUD]LQJ��+HW�LQVWHOOHQ�YDQ�
LQWHJUDOH�H[WHQVLHYH�EHJUD]LQJ�±�]RDOV�LQ�GH�9DOOHL�YDQ�KHW�9HHQ���OHLGW�QDDU�YHUZDFKWLQJ�LQ�
NDONULMNH�GXLQHQ�YDQ�KHW�5HQRGXQDDO�GLVWULFW�VQHOOHU�WRW�SRVLWLHYH�UHVXOWDWHQ�GDQ�LQ�KHW�
:DGGHQJHELHG��RPGDW�LQ�GH�NDONDUPH�GXLQHQ�GH�NDQV�RS�YHUUXLJLQJ�PHW�KRJH�JUDVVHQ�JURWHU�
LV��
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� /LWHUDWXXU�

$OOHQ��9��*���%DWHOOR��&���%HUUHWWD��(��-���+RGJVRQ��-���.RWKPDQQ��0���/L��;�-��0F,YRU��-��0LOQH��
&��0RUULV��$��3HHWHUV��	�6DQGHUVRQ��0����������$Q�LQWHUQDWLRQDO�WHUPLQRORJ\�IRU�JUD]LQJ�
ODQGV�DQG�JUD]LQJ�DQLPDOV��*UDVV�DQG�IRUDJH�VFLHQFH���������������

(XURVWDW�������HF�HXURSD�HX�HXURVWDW�VWDWLVWLFV�
H[SODLQHG�LQGH[�SKS�*ORVVDU\�/LYHVWRFNBXQLWB�/68���'DWXP������������

+DQWVRQ��:���.RRLVWUD��/���	�6OLP��3��$����������$OLHQ�DQG�LQYDVLYH�ZRRG\�VSHFLHV�LQ�WKH�
GXQHV�RI�WKH�:DGGHQ�6HD�,VODQG�RI�9OLHODQG��$�UHPRWH�VHQVLQJ�DSSURDFK��1R���������
$OWHUUD��

+DQWVRQ��:���/��.RRLVWUD�	�3�$��6OLP���������0DSSLQJ�,QYDVLYH�:RRG\�6SHFLHV�LQ�&RDVWDO�
'XQHV�LQ�7KH�1HWKHUODQGV��D�5HPRWH�6HQVLQJ�$SSURDFK�8VLQJ�/,'$5�DQG�$HULDO�
3KRWRJUDSKV��$SSOLHG�9HJHWDWLRQ�6FLHQFH��������±�����

+HQQHNHQV��6�0��	�-�+�-��6FKDPLQHH�������7XUERYHJ��D�FRPSUHKHQVLYH�GDWDEDVH�
PDQDJHPHQW�V\VWHP�IRU�YHJHWDWLRQ�GDWD��,Q��-RXUQDO�RI�9HJHWDWLRQ�6FLHQFH�����SS������
�����

.XLWHUV��$��7���GH�9ULHV��'���.URO��-���	�6OLP��3��$����������0DDLHQ�YDQ�GXLQJUDVODQG�KHOSW�
NRQLMQHQ�ELM�KHW�WHUXJGULQJHQ�YDQ�YHUUXLJLQJ�RS�$PHODQG��'H�/HYHQGH�1DWXXU����������
���������

0HLMHU��-���������,QIRUPDWLH�RYHU�EHJUD]LQJVJHELHGHQ�RS�9OLHODQG��%LMODJHUDSSRUW�ELM�GH�
HYDOXDWLH�YDQ�GH�EHJUD]LQJ��5DSSRUW�6WDDWVERVEHKHHU�	�SURYLQFLH�)U\VOkQ��

0HLMHU��-��������(YDOXDWLH�GXLQEHJUD]LQJ�9OLHODQG��6WDDWVERVEHKHHU�	�SURYLQFLH�)U\VOkQ��
0HLMHU��-���������8LWZHUNLQJ�1DWXUD�����3$6�PDDWUHJHO�EHJUD]LQJ�7HUVFKHOOLQJ��:HUNJURHS�

%HJUD]HQ��3ODJJHQ�HQ�9HUVWXLYHQ�7HUVFKHOOLQJ�
0HLMHU��-���������8LWZHUNLQJ�1DWXUD�����3$6�PDDWUHJHO�EHJUD]LQJ�SODJJHQ��FKRSSHUHQ�HQ�

YHUVWXLYLQJ�9OLHODQG��:HUNJURHS�%HJUD]HQ��3ODJJHQ�HQ�9HUVWXLYHQ�9OLHODQG��
6WDDWVERVEHKHHU�	�SURYLQFLH�)U\VOkQ��

0�FKHU��6���+��.UDPHU��5��YDQ�GHU�:LMQJDDUW�	�5��+XLVNHV���������2QWZLNNHOHQ�YDQ�HHQ�
UHPRWH�6HQVLQJ�PRQLWRULQJVV\VWHPDWLHN�YRRU�YHJHWDWLHVWUXFWXXU��3LORWVWXGLH��GHWHFWLH�
YHUUXLJLQJ�*ULM]H�GXLQHQ��+������YRRU�KHW�1DWXUD������JHELHG�0HLMHQGHO�%HUNKHLGH��
5DSSRUW�������:DJHQLQJHQ�(QYLURQPHQWDO�5HVHDUFK��:DJHQLQJHQ�����S��

1LMVVHQ��0��	�1�$�&��6PLWV���������(IIHFWPHWLQJ����MDDU�EHJUD]LQJ�LQ�GH�9DOOHL�YDQ�KHW�9HHQ��
(IIHFWHQ�RS�GH�VDPHQVWHOOLQJ�HQ�VWUXFWXXU�YDQ�GH�YHJHWDWLH��1LMPHJHQ��6WLFKWLQJ�
%DUJHUYHHQ����S��

1LMVVHQ��0��	�(��5HPNH���������0RQLWRULQJ�HIIHFWHQ�GXLQEHJUD]LQJ�9DOOHL�YDQ�KHW�9HHQ�±�
9OLHODQG��6WDWXV�YDQ�SORWV�HQ�H[FORVXUHV��9%1(��UDSSRUW�0RQLWRULQJ�2%1����'.�����S���

6FKDPLQHp��-�+�-���$�+�)��6WRUWHOGHU�	�(�-��:HHGD���������'H�9HJHWDWLH�YDQ�1HGHUODQG��'HHO�
���3ODQWHQJHPHHQVFKDSSHQ�YDQ�JUDVODQGHQ��]RPHQ�HQ�GURJH�KHLGHQ�2SXOXV�3UHVV��
8SSVDOD���

6FKDPLQpH��-��+���:HHGD��(��-���	�:HVWKRII��9����������3ODQWHQJHPHHQVFKDSSHQ�YDQ�GH�NXVW�
HQ�YDQ�ELQQHQODQGVH�SLRQLHUPLOLHXV��2SXOXV�3UHVV��

6PLWV��1�$�&��	�'��%DO��HGV���������+HUVWHOVWUDWHJLHsQ�VWLNVWRIJHYRHOLJH�KDELWDWV��(FRORJLVFKH�
RQGHUERXZLQJ�YDQ�GH�3URJUDPPDWLVFKH�$DQSDN�6WLNVWRI��3$6���'HHO�,��$OJHPHQH�
LQOHLGLQJ�KHUVWHOVWUDWHJLHsQ��EHOHLG��NHQQLV�HQ�PDDWUHJHOHQ��$OWHUUD�:DJHQLQJHQ�85�	�
3URJUDPPDGLUHFWLH�1DWXUD������YDQ�KHW�0LQLVWHULH�YDQ�(FRQRPLVFKH�]DNHQ��/DQGERXZ�
HQ�,QQRYDWLH��

6PLWV��1�$�&���&�$��0�FKHU��:�$��2]LQJD��5�:��GH�:DDO�	�*�:�:��:DPHOLQN���������
3URFHVLQGLFDWRUHQ�3$6��5DSSRUWDJH�������5DSSRUW�������:DJHQLQJHQ�(QYLURQPHQWDO�
5HVHDUFK��:DJHQLQJHQ�����S��
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9DQ�.OLQN��5���YDQ�GHU�3ODV��)���9DQ�1RRUGZLMN��&��*��(���:DOOLV'H9ULHV��0��)���	�2OII��+��
��������(IIHFWV�RI�ODUJH�KHUELYRUHV�RQ�JUDVVODQG�DUWKURSRG�GLYHUVLW\��%LRORJLFDO�
5HYLHZV�����������������

9DQ�:LQJHUGHQ��:�.�5�(���$�+�3��6WXPSHO�	�-�:�*��YDQ�2VFK���������9HJHWDWLH�HQ�IDXQD�YDQ�
GH�9DOOHL�YDQ�KHW�9HHQ��9OLHODQG��YRRUDIJDDQGH�DDQ�EHJUD]LQJ��,%1�UDSSRUW���������S���

9DQ�:LQJHUGHQ��:�.�5�(���0��1LMVVHQ��3�$��6OLP��-��%XUJHUV��*�-�$�0��-DJHUV�RS�$NNHUKXLV��
$�3��1RRUGDP��*�)�3��0DUWDNLV��+��(VVHOLQN��:�-��'LPPHUV�	�5�-�0��YDQ�.DWV���������
(YDOXDWLH�YDQ�]HYHQ�MDDU�UXQGHUEHJUD]LQJ�LQ�GXLQYDOOHLHQ�RS�9OLHODQG��$OWHUUD�UDSSRUW�
�����:DJHQLQJHQ������S���

9DQ�:LQJHUGHQ��:�.�5�(���0��1LMVVHQ��3�$��6OLP��-��%XUJHUV��5�-�0��YDQ�.DWV��+�)��YDQ�
'REEHQ��$�3��1RRUGDP��*�)�3��0DUWDNLV��+��(VVHOLQN�	�*�$�-�0��-DJHUV�RS�$NNHUKXLV�
��������*UD]HUV�LQ�9OLHODQGV�GXLQ��(YDOXDWLH�YDQ�UXQGHUEHJUD]LQJ�LQ�GXLQYDOOHLHQ�RS�
9OLHODQG��GHHO����RQGHU]RHN�LQ�������$OWHUUD�UDSSRUW������:DJHQLQJHQ������S��
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%LMODJHQ�

%,-/$*(����5HODWLH�YHJHWDWLHW\SHQ�
SODQWHQDVVRFLDWLHV�KDELWDWW\SHQ�

7DEHO�%���5HODWLH�WXVVHQ�YHJHWDWLHW\SH��7:,163$1�FOXVWHUV���SODQWHQDVVRFLDWLHV�HQ�
KDELWDWW\SH��
7:,163$1 ��

RSQDPHQ�
$VVRFLDWLHV +DELWDWW\SH�

*URHS��� �� ��$$��%
��$$��
��5*��

9RFKWLJH�GXLQYDOOHLHQ��RQWNDONW��

*URHS��� ��� ��$$��%
��$$��

9RFKWLJH�GXLQYDOOHLHQ��RQWNDONW��

*URHS��� �� ��$%��
��5*��

'XLQKHLGHQ�PHW�NUDDLKHL��GURRJ��

*URHS��� ��� ��$$��$
��$$��%
��$%��

'XLQKHLGHQ�PHW�NUDDLKHL��YRFKWLJ��

'XLQKHLGHQ�PHW�NUDDLKHL��GURRJ��
*URHS��� ��� ��$%��

��$%��
��5*��
��5*��
��$$��&
��'*��
��'*��

'XLQKHLGHQ�PHW�NUDDLKHL��GURRJ��

*URHS��� ��� ��$%��
��$%��
��$%��

��$$��&
��$$�'

'XLQKHLGHQ�PHW�NUDDLKHL��GURRJ��

*URHS��� ��� ��$%��
��$%��
��$%��
��$%��

��$$��$
��$$��%

'XLQKHLGHQ�PHW�NUDDLKHL��GURRJ��

*ULM]H�GXLQHQ��NDONDUP��

*URHS��� �� ��5*�� ��

'H�JURHSHQ���������HQ����PHW�UXLP�WZHHGHUGH�YDQ�DOOH�RSQDPHQ��NXQQHQ�ZRUGHQ�JHUHNHQG�
WRW�KHW�KDELWDWW\SH�'XLQKHLGHQ�PHW�NUDDLKHL��+�������8LW]RQGHULQJ�YRUPHQ�JURHS���HQ���GLH�
PHHU�NZDOLILFHUHQ�DOV�KDELWDWW\SH�9RFKWLJH�GXLQYDOOHLHQ��+������HQ�JURHS���GLH�QLHW�
NZDOLILFHHUW�DOV�KDELWDWW\SH�PDDU�YRRUDO�EHVWDDW�XLW�HHQ�RYHUJDQJ�QDDU�GURRJ�GXLQJUDVODQG�
PHW�UXLJWH�YDQ�]DQG]HJJH���
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%,-/$*(����6RRUWHQOLMVW�DI]RQGHUOLMNH�PHHWMDUHQ�

7DEHO�%���6RRUWHQOLMVW�YRRU�
GH�DI]RQGHUOLMNH�PHHWMDUHQ�
YRRU�H[FORVXUHV�HQ�
UHIHUHQWLHV��*HHO��VRRUWHQ�GLH�
W�R�Y�������]LMQ�YHUGZHQHQ���
/LFKWJURHQ��VRRUWHQ�GLH�W�R�Y��
�����]LMQ�YHUVFKHQHQ���
%ODXZ��VRRUWHQ�GLH�DOOHHQ�LQ�
GH�H[FORVXUHV�]LMQ�
YHUVFKHQHQ���
'RQNHUJURHQ��VRRUWHQ�GLH�
DOOHHQ�LQ�GH�EHJUDDVGH�SORWV�
]LMQ�YHUVFKHQHQ�VLQGV��������

^KKZd ϭϵϵϯͺ�y� ϮϬϬϬͺ�y� ϮϬϭϬͺ�y� ϮϬϭϳͺ�y� ϭϵϵϯͺZ�& ϮϬϬϬͺZ�& ϮϬϭϬͺZ�& ϮϬϭϳͺZ�& dZ/s/�>��E��D
�ĂƌĞǆ�ĂƌĞŶĂƌŝĂ ϮϬ ϭϵ ϭϴ ϭϵ Ϯϯ Ϯϯ Ϯϯ ϭϵ �ĂŶĚǌĞŐŐĞ
�ŵƉĞƚƌƵŵ�ŶŝŐƌƵŵ ϭϲ ϭϲ ϭϰ ϭϰ ϭϵ ϮϬ ϭϴ ϭϴ <ƌĂĂŝŚĞŝ
&ĞƐƚƵĐĂ�ĨŝůŝĨŽƌŵŝƐ ϭϮ ϭϱ ϲ ϱ ϭϰ ϭϴ ϭϵ ϮϬ &ŝũŶ�ƐĐŚĂƉĞŶŐƌĂƐ
�ĂůĂŵĂŐƌŽƐƚŝƐ�ĞƉŝŐĞũŽƐ ϭϮ ϭϯ ϭϴ ϭϮ Ϯϭ Ϯϭ ϭϵ ϭϴ �ƵŝŶƌŝĞƚ
^Ăůŝǆ�ƌĞƉĞŶƐ ϭϮ ϭϬ ϵ ϵ ϭϰ ϭϰ ϭϱ ϭϱ <ƌƵŝƉǁŝůŐ
�ƌŝĐĂ�ƚĞƚƌĂůŝǆ ϭϭ ϭϬ ϵ ϵ ϭϬ ϭϬ ϵ ϴ 'ĞǁŽŶĞ�ĚŽƉŚĞŝ
,ǇƉŶƵŵ�ũƵƚůĂŶĚŝĐƵŵ ϭϬ ϭϮ ϲ Ϭ ϭϵ ϮϬ ϭϴ Ϭ ,ĞŝĚĞŬůĂƵǁƚũĞƐŵŽƐ
�ŝĐƌĂŶƵŵ�ƐĐŽƉĂƌŝƵŵ ϭϬ ϭϮ ϰ ϰ ϭϲ ϭϴ ϭϰ ϭϱ 'ĞǁŽŽŶ�ŐĂĨĨĞůƚĂŶĚŵŽƐ
WŽƚĞŶƚŝůůĂ�ĞƌĞĐƚĂ ϴ ϵ ϭϬ ϲ ϳ ϭϮ ϭϳ ϭϰ dŽƌŵĞŶƚŝů
�ĂƌĞǆ�ƚƌŝŶĞƌǀŝƐ ϴ ϵ ϴ ϲ ϭϯ ϭϯ ϭϮ ϭϬ �ƌŝĞŶĞƌǀŝŐĞ�ǌĞŐŐĞ
�ůĂĚŽŶŝĂ�ƉŽƌƚĞŶƚŽƐĂ ϱ ϰ ϭ ϭ ϭϭ ϭϬ ϰ ϲ KƉĞŶ�ƌĞŶĚŝĞƌŵŽƐ
sĂĐĐŝŶŝƵŵ�ŵĂĐƌŽĐĂƌƉŽŶ ϰ ϱ ϱ ϰ ϰ ϱ ϴ ϴ 'ƌŽƚĞ�ǀĞĞŶďĞƐ
WůĞƵƌŽǌŝƵŵ�ƐĐŚƌĞďĞƌŝ ϰ ϭ Ϭ Ϭ ϯ ϱ Ϯ Ϭ �ƌŽŶƐŵŽƐ
�ůĂĚŽŶŝĂ�ĐŚůŽƌŽƉŚĂĞĂ ϰ Ϭ Ϭ Ϭ ϯ Ϭ Ϭ Ϭ &ŝũŶ�ďĞŬĞƌŵŽƐ
WŽĂ�ƉƌĂƚĞŶƐŝƐ ϯ ϯ ϭ ϭ ϭ ϯ ϱ Ϭ sĞůĚďĞĞŵĚŐƌĂƐ
�ŐƌŽƐƚŝƐ�ƐƉĞĐŝĞƐ ϯ Ϭ Ϭ Ϭ ϲ Ϭ ϭ Ϭ ^ƚƌƵŝƐŐƌĂƐ�;'Ϳ
WƌƵŶƵƐ�ƐĞƌŽƚŝŶĂ Ϯ ϱ ϱ ϳ ϯ ϰ ϰ ϰ �ŵĞƌŝŬĂĂŶƐĞ�ǀŽŐĞůŬĞƌƐ
,ǇƉŶƵŵ�ĐƵƉƌĞƐƐŝĨŽƌŵĞ�н�,͘�ĂŶĚŽŝ Ϯ ϯ ϱ ϭ ϯ ϱ ϭϯ ϱ 'ĞǁŽŽŶ�ŬůĂƵǁƚũĞƐŵŽƐ�;'Ϳ
^ĞŶĞĐŝŽ�ƐǇůǀĂƚŝĐƵƐ Ϯ ϯ ϯ Ϯ ϯ ϯ ϰ Ϭ �ŽƐŬƌƵŝƐŬƌƵŝĚ
>ƵǌƵůĂ�ĐĂŵƉĞƐƚƌŝƐ Ϯ Ϯ Ϯ ϭ Ϯ ϯ ϭϯ ϭϬ 'ĞǁŽŶĞ�ǀĞůĚďŝĞƐ
�ůĂĚŽŶŝĂ�ĨƵƌĐĂƚĂ Ϯ Ϯ Ϭ ϭ ϭ Ϭ ϭ ϭ 'ĞǀŽƌŬƚ�ŚĞŝĚĞƐƚĂĂƌƚũĞ
�ĂŵƉǇůŽƉƵƐ�ŝŶƚƌŽĨůĞǆƵƐ ϭ ϰ Ϭ Ϭ ϭ ϲ ϯ ϰ 'ƌŝũƐ�ŬƌŽŶŬĞůƐƚĞĞůƚũĞ
�ĂƌĞǆ�ŶŝŐƌĂ ϭ ϯ ϭ ϭ Ϭ ϰ ϲ ϰ �ǁĂƌƚĞ�ǌĞŐŐĞ
�ĂƌĞǆ�ƉĂŶŝĐĞĂ ϭ ϯ Ϭ Ϭ ϯ Ϯ Ϯ Ϯ �ůĂƵǁĞ�ǌĞŐŐĞ
,ŽůĐƵƐ�ůĂŶĂƚƵƐ ϭ Ϯ Ϯ Ϯ ϰ ϱ ϭϮ ϲ 'ĞƐƚƌĞĞƉƚĞ�ǁŝƚďŽů
ZƵŵĞǆ�ĂĐĞƚŽƐĞůůĂ ϭ Ϯ ϭ Ϯ Ϯ Ϯ ϰ ϱ ^ĐŚĂƉĞŶǌƵƌŝŶŐ
sŝŽůĂ�ĐĂŶŝŶĂ ϭ Ϯ Ϭ Ϭ Ϭ ϭ ϭ Ϭ ,ŽŶĚƐǀŝŽŽůƚũĞ
�ĞƌĂƐƚŝƵŵ�ĨŽŶƚĂŶƵŵ�Ɛ͘�ǀƵůŐĂƌĞ ϭ ϭ Ϯ Ϭ ϯ ϰ ϳ Ϭ 'ĞǁŽŶĞ�ŚŽŽƌŶďůŽĞŵ
>ŽƚƵƐ�ĐŽƌŶŝĐƵůĂƚƵƐ�Ɛ͘Ɛ͘ ϭ ϭ ϭ ϭ ϭ ϭ Ϭ ϭ 'ĞǁŽŶĞ�ƌŽůŬůĂǀĞƌ
,ŝĞƌĂĐŝƵŵ�ƉŝůŽƐĞůůĂ ϭ ϭ ϭ ϭ Ϭ ϭ ϯ Ϯ DƵŝǌĞŶŽŽƌ
�ŵŵŽƉŚŝůĂ�ĂƌĞŶĂƌŝĂ ϭ ϭ Ϭ ϭ Ϯ ϯ ϯ ϱ ,Ğůŵ
�ŝƌĂ�ƉƌĂĞĐŽǆ ϭ ϭ Ϭ Ϭ Ϯ ϯ ϭ ϰ sƌŽĞŐĞ�ŚĂǀĞƌ
�ŽƌǇŶĞƉŚŽƌƵƐ�ĐĂŶĞƐĐĞŶƐ ϭ ϭ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ �ƵŶƚŐƌĂƐ
,ǇĚƌŽĐŽƚǇůĞ�ǀƵůŐĂƌŝƐ ϭ Ϭ Ϭ Ϭ Ϯ Ϯ ϯ Ϭ 'ĞǁŽŶĞ�ǁĂƚĞƌŶĂǀĞů
^ƚĞůůĂƌŝĂ�ŵĞĚŝĂ ϭ Ϭ Ϭ Ϭ Ϯ Ϭ ϭ Ϭ sŽŐĞůŵƵƵƌ
�ŐƌŽƐƚŝƐ�ĐĂŶŝŶĂ Ϭ ϰ ϯ ϭ Ϭ ϲ ϳ Ϯ DŽĞƌĂƐƐƚƌƵŝƐŐƌĂƐ
>ŽƉŚŽĐŽůĞĂ�ŚĞƚĞƌŽƉŚǇůůĂ Ϭ ϰ ϭ Ϭ ϭ ϯ Ϭ Ϭ 'ĞĚƌŽŶŐĞŶ�ŬĂŶƚŵŽƐ
WƐĞƵĚŽƐĐůĞƌŽƉŽĚŝƵŵ�ƉƵƌƵŵ Ϭ ϯ Ϯ ϴ ϲ ϭϬ ϴ ϭϳ 'ƌŽŽƚ�ůĂĚĚĞƌŵŽƐ
�ŐƌŽƐƚŝƐ�ĐĂƉŝůůĂƌŝƐ Ϭ ϯ ϭ ϯ Ϭ ϳ ϳ ϭϬ 'ĞǁŽŽŶ�ƐƚƌƵŝƐŐƌĂƐ
�ůĂĚŽŶŝĂ�ƐĐĂďƌŝƵƐĐƵůĂ Ϭ ϯ Ϭ Ϭ Ϭ ϰ Ϯ ϯ ZƵǁ�ŚĞŝĚĞƐƚĂĂƌƚũĞ
YƵĞƌĐƵƐ�ƌŽďƵƌ Ϭ Ϯ Ϯ ϯ Ϭ ϭ ϭ Ϯ �ŽŵĞƌĞŝŬ
,ǇƉŽĐŚĂĞƌŝƐ�ƌĂĚŝĐĂƚĂ Ϭ Ϯ ϭ Ϯ Ϭ ϭ ϭϭ ϭϬ 'ĞǁŽŽŶ�ďŝŐŐĞŶŬƌƵŝĚ
sĞƌŽŶŝĐĂ�ŽĨĨŝĐŝŶĂůŝƐ Ϭ Ϯ ϭ ϭ ϰ ϳ ϭϬ ϳ DĂŶŶĞƚũĞƐĞƌĞƉƌŝũƐ
�ƌǇŽƉƚĞƌŝƐ�ĐĂƌƚŚƵƐŝĂŶĂ Ϭ ϭ Ϯ Ϯ Ϭ ϭ Ϭ Ϭ ^ŵĂůůĞ�ƐƚĞŬĞůǀĂƌĞŶ
ZƵŵĞǆ�ĂĐĞƚŽƐĂ Ϭ ϭ Ϯ Ϭ Ϭ Ϭ Ϭ Ϭ sĞůĚǌƵƌŝŶŐ
>ƵǌƵůĂ�ŵƵůƚŝĨůŽƌĂ Ϭ ϭ ϭ Ϭ Ϭ Ϭ ϭ Ϭ sĞĞůďůŽĞŵŝŐĞ�ǀĞůĚďŝĞƐ�Ɛ͘ů͘
sŝĐŝĂ�ůĂƚŚǇƌŽŝĚĞƐ Ϭ ϭ ϭ Ϭ Ϭ Ϭ ϭ Ϭ >ĂƚŚǇƌƵƐǁŝŬŬĞ
�ůĂĚŽŶŝĂ�ĐŝůŝĂƚĂ Ϭ ϭ ϭ Ϭ Ϭ Ϭ Ϭ Ϭ ^ŝĞƌůŝũŬ�ƌĞŶĚŝĞƌŵŽƐ
,ŝĞƌĂĐŝƵŵ�ƵŵďĞůůĂƚƵŵ Ϭ ϭ Ϭ Ϯ Ϯ ϯ ϯ ϰ ^ĐŚĞƌŵŚĂǀŝŬƐŬƌƵŝĚ
�ůĂĚŽŶŝĂ�ŐƌĂǇŝ Ϭ ϭ Ϭ Ϭ Ϭ ϯ ϭ Ϭ �ƌƵŝŶ�ďĞŬĞƌŵŽƐ
:ƵŶĐƵƐ�ĂůƉŝŶŽĂƌƚŝĐƵůĂƚƵƐ�Ɛ͘�ĂƚƌŝĐĂƉŝůůƵƐ Ϭ ϭ Ϭ Ϭ Ϭ ϭ Ϭ Ϭ �ƵŝŶƌƵƐ�Ɛ͘Ɛ͘
>ŽƉŚŽĐŽůĞĂ�ďŝĚĞŶƚĂƚĂ Ϭ ϭ Ϭ Ϭ Ϭ ϭ Ϭ Ϭ 'ĞǁŽŽŶ�ŬĂŶƚŵŽƐ
�ƌĂĐŚǇƚŚĞĐŝƵŵ�ƐĂůĞďƌŽƐƵŵ Ϭ ϭ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ 'ůĂĚ�ĚŝŬŬŽƉŵŽƐ
&ĞƐƚƵĐĂ�ĂƌĞŶĂƌŝĂ Ϭ ϭ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ �ƵŝŶǌǁĞŶŬŐƌĂƐ
,ǇůŽĐŽŵŝƵŵ�ƐƉůĞŶĚĞŶƐ Ϭ ϭ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ 'ůĂŶǌĞŶĚ�ĞƚĂŐĞŵŽƐ
�ƌĂĐŚǇƚŚĞĐŝƵŵ�ƌƵƚĂďƵůƵŵ Ϭ Ϭ Ϯ Ϭ Ϭ Ϭ ϰ Ϭ 'ĞǁŽŽŶ�ĚŝŬŬŽƉŵŽƐ
^ŽƌďƵƐ�ĂƵĐƵƉĂƌŝĂ Ϭ Ϭ ϭ ϭ Ϭ Ϭ Ϭ Ϭ tŝůĚĞ�ůŝũƐƚĞƌďĞƐ
KƌƚŚŽĚŽŶƚŝƵŵ�ůŝŶĞĂƌĞ Ϭ Ϭ ϭ Ϭ Ϭ ϭ Ϭ Ϭ 'ĞĞůƐƚĞĞůƚũĞ
WŽŚůŝĂ�ŶƵƚĂŶƐ Ϭ Ϭ ϭ Ϭ Ϭ ϭ Ϭ Ϭ 'ĞǁŽŽŶ�ƉĞĞƌŵŽƐ
�ĂƌĞǆ�ŶŝŐƌĂ�ǆ�ƚƌŝŶĞƌǀŝƐ Ϭ Ϭ ϭ Ϭ Ϭ Ϭ Ϭ Ϭ �ǁĂƌƚĞ�ǆ��ƌŝĞŶĞƌǀŝŐĞ�ǌĞŐŐĞ
/ƐŽƚŚĞĐŝƵŵ�ŵǇŽƐƵƌŽŝĚĞƐ Ϭ Ϭ ϭ Ϭ Ϭ Ϭ Ϭ Ϭ <ŶŝŬŬĞŶĚ�ƉĂůŵƉũĞƐŵŽƐ
:ƵŶĐƵƐ�ƐƉĞĐŝĞƐ Ϭ Ϭ ϭ Ϭ Ϭ Ϭ Ϭ Ϭ ZƵƐ�;'Ϳ
WůĂŐŝŽƚŚĞĐŝƵŵ�ůĂĞƚƵŵ Ϭ Ϭ ϭ Ϭ Ϭ Ϭ Ϭ Ϭ <ƌŽŵ�ƉůĂƚŵŽƐ
>ŽŶŝĐĞƌĂ�ƉĞƌŝĐůǇŵĞŶƵŵ Ϭ Ϭ Ϭ ϯ Ϭ Ϭ Ϯ ϯ tŝůĚĞ�ŬĂŵƉĞƌĨŽĞůŝĞ
�ĞƌĂƐƚŝƵŵ�ƐĞŵŝĚĞĐĂŶĚƌƵŵ Ϭ Ϭ Ϭ Ϯ Ϭ ϭ Ϭ ϭ �ĂŶĚŚŽŽƌŶďůŽĞŵ
ZƵŵĞǆ�ƚŚǇƌƐŝĨůŽƌƵƐ Ϭ Ϭ Ϭ Ϯ Ϭ Ϭ Ϭ Ϭ 'ĞŽŽƌĚĞ�ǌƵƌŝŶŐ
�ůĂĚŽŶŝĂ�ĨŝŵďƌŝĂƚĂ Ϭ Ϭ Ϭ ϭ Ϭ Ϯ Ϭ ϰ <ŽƉũĞƐͲďĞŬĞƌŵŽƐ
�ŐƌŽƐƚŝƐ�ƐƚŽůŽŶŝĨĞƌĂ Ϭ Ϭ Ϭ ϭ Ϭ Ϭ Ϭ ϭ &ŝŽƌŝŶŐƌĂƐ
�ĂƌĞǆ�ĨůĂĐĐĂ Ϭ Ϭ Ϭ ϭ Ϭ Ϭ Ϭ Ϭ �ĞĞŐƌŽĞŶĞ�ǌĞŐŐĞ
ZƵďƵƐ�ƐĞĐ͘�ZƵďƵƐ Ϭ Ϭ Ϭ ϭ Ϭ Ϭ Ϭ Ϭ �ǁĂƌƚĞ�ďƌĂĂŵ
^Ăůŝǆ�ĂƵƌŝƚĂ�ǆ�ƌĞƉĞŶƐ Ϭ Ϭ Ϭ ϭ Ϭ Ϭ Ϭ Ϭ ^Ăůŝǆ�ĂƵƌŝƚĂ�ǆ�ƌĞƉĞŶƐ
sĂĐĐŝŶŝƵŵ�ƵůŝŐŝŶŽƐƵŵ Ϭ Ϭ Ϭ ϭ Ϭ Ϭ Ϭ Ϭ ZŝũƐďĞƐ
�ĂŶƚŚŽŶŝĂ�ĚĞĐƵŵďĞŶƐ Ϭ Ϭ Ϭ Ϭ ϯ ϰ ϳ ϱ dĂŶĚũĞƐŐƌĂƐ
'ĂůŝƵŵ�ǀĞƌƵŵ Ϭ Ϭ Ϭ Ϭ Ϯ Ϯ ϰ ϯ 'ĞĞů�ǁĂůƐƚƌŽ
WĞůƚŝŐĞƌĂ�ŵĞŵďƌĂŶĂĐĞĂ Ϭ Ϭ Ϭ Ϭ Ϯ ϭ Ϭ Ϭ 'ĞďŽďďĞůĚ�ůĞĞƌŵŽƐ
WŚƌĂŐŵŝƚĞƐ�ĂƵƐƚƌĂůŝƐ Ϭ Ϭ Ϭ Ϭ ϭ ϭ ϭ ϭ ZŝĞƚ
WŽůǇƉŽĚŝƵŵ�ǀƵůŐĂƌĞ Ϭ Ϭ Ϭ Ϭ ϭ ϭ ϭ ϭ 'ĞǁŽŶĞ�ĞŝŬǀĂƌĞŶ
dĂƌĂǆĂĐƵŵ�ƐƉĞĐŝĞƐ Ϭ Ϭ Ϭ Ϭ ϭ Ϭ Ϯ Ϭ WĂĂƌĚĞŶďůŽĞŵ�;'Ϳ
,ǇƉŽŐǇŵŶŝĂ�ƉŚǇƐŽĚĞƐ Ϭ Ϭ Ϭ Ϭ ϭ Ϭ Ϭ Ϭ 'ĞǁŽŽŶ�ƐĐŚŽƌƐŵŽƐ
ZƵďƵƐ�ĐĂĞƐŝƵƐ Ϭ Ϭ Ϭ Ϭ ϭ Ϭ Ϭ Ϭ �ĂƵǁďƌĂĂŵ
�ĞƚƵůĂ�ƉƵďĞƐĐĞŶƐ Ϭ Ϭ Ϭ Ϭ Ϭ ϭ Ϯ Ϭ �ĂĐŚƚĞ�ďĞƌŬ
<ŝŶĚďĞƌŐŝĂ�ƉƌĂĞůŽŶŐĂ Ϭ Ϭ Ϭ Ϭ Ϭ ϭ Ϯ Ϭ &ŝũŶ�ůĂĚĚĞƌŵŽƐ
�ĞƉŚĂůŽǌŝĞůůĂ�ĚŝǀĂƌŝĐĂƚĂ Ϭ Ϭ Ϭ Ϭ Ϭ ϭ ϭ Ϭ 'ĞǁŽŽŶ�ĚƌĂĂĚŵŽƐ
�ƌǇƵŵ�ƚĞŶƵŝƐĞƚƵŵ Ϭ Ϭ Ϭ Ϭ Ϭ ϭ Ϭ Ϭ KƌĂŶũĞŬŶŽůŬŶŝŬŵŽƐ
�ŝĐƌĂŶĞůůĂ�ŚĞƚĞƌŽŵĂůůĂ Ϭ Ϭ Ϭ Ϭ Ϭ ϭ Ϭ Ϭ 'ĞǁŽŽŶ�ƉůƵŝƐũĞƐŵŽƐ
WĞůƚŝŐĞƌĂ�ƌƵĨĞƐĐĞŶƐ Ϭ Ϭ Ϭ Ϭ Ϭ ϭ Ϭ Ϭ <ůĞŝŶ�ůĞĞƌŵŽƐ
:ƵŶĐƵƐ�ĐŽŶŐůŽŵĞƌĂƚƵƐ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ ϰ ϯ �ŝĞǌĞŶŬŶŽƉƉĞŶ
�ƌǇƵŵ�ƐƉĞĐŝĞƐ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ ϯ Ϭ <ŶŝŬŵŽƐ�;'Ϳ
�ĞƌĂƚŽĚŽŶ�ƉƵƌƉƵƌĞƵƐ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ Ϯ ϯ 'ĞǁŽŽŶ�ƉƵƌƉĞƌƐƚĞĞůƚũĞ
:ĂƐŝŽŶĞ�ŵŽŶƚĂŶĂ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ ϭ Ϯ �ĂŶĚďůĂƵǁƚũĞ
�ĂůůƵŶĂ�ǀƵůŐĂƌŝƐ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ ϭ ϭ ^ƚƌƵŝŬŚĞŝ
&ĞƐƚƵĐĂ�ƌƵďƌĂ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ ϭ ϭ ZŽŽĚ�ǌǁĞŶŬŐƌĂƐ�Ɛ͘Ɛ͘
�ƌĞŶĂƌŝĂ�ƐĞƌƉǇůůŝĨŽůŝĂ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ ϭ Ϭ 'ĞǁŽŶĞ�ǌĂŶĚŵƵƵƌ
�ĞƚƵůĂ�ƐƉĞĐŝĞƐ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ ϭ Ϭ �ĞƌŬ�;'Ϳ
�ĂŵƉǇůŽƉƵƐ�ƉǇƌŝĨŽƌŵŝƐ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ ϭ Ϭ �ƌĞĞŬďůĂĂĚũĞ
�ĂƌĞǆ�ƐƉĞĐŝĞƐ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ ϭ Ϭ �ĞŐŐĞ�;'Ϳ
>ĞŽŶƚŽĚŽŶ�ƐĂǆĂƚŝůŝƐ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ ϭ Ϭ <ůĞŝŶĞ�ůĞĞƵǁĞŶƚĂŶĚ
DĞĚŝĐĂŐŽ�ůƵƉƵůŝŶĂ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ ϭ Ϭ ,ŽƉŬůĂǀĞƌ
WŝŶƵƐ�ƐǇůǀĞƐƚƌŝƐ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ ϭ Ϭ 'ƌŽǀĞ�ĚĞŶ
�ĞƚƵůĂ�ƉĞŶĚƵůĂ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ ϯ ZƵǁĞ�ďĞƌŬ
WůĂŶƚĂŐŽ�ůĂŶĐĞŽůĂƚĂ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ Ϯ ^ŵĂůůĞ�ǁĞĞŐďƌĞĞ
�ůĂĚŽŶŝĂ�ŚƵŵŝůŝƐ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ ϭ WĂƚĂƚǌĂŬͲďĞŬĞƌŵŽƐ
EĂƌĚƵƐ�ƐƚƌŝĐƚĂ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ ϭ �ŽƌƐƚĞůŐƌĂƐ
WŝŶƵƐ�ŶŝŐƌĂ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ ϭ �ǁĂƌƚĞ�ĚĞŶ
WŽůǇƚƌŝĐŚƵŵ�ƉŝůŝĨĞƌƵŵ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ ϭ ZƵŝŐ�ŚĂĂƌŵŽƐ
sŝĐŝĂ�ĐƌĂĐĐĂ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ Ϭ ϭ sŽŐĞůǁŝŬŬĞ
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%,-/$*(����$DQWDO�VRRUWHQ�SHU�SORW��*/0��

7DEHO�%���$FFXPXODWHG�$QDO\VHV�RI�9DULDQFH�$//�63(&,(6
7HUP�UHJUHVVLHPRGHO� GI 66 06 UDWLR )BSURE�
�6WUDWXP�� � ���� ���� ���� �����
�5()B(;&� � ������ ������ ����� ������
�-DDU� � ������ ����� ���� �����
�5()B(;&6WUDWXP� � ���� ���� ���� �����
�5()B(;&-DDU� � ������ ����� ���� �����
�6WUDWXP-DDU� � ������ ����� ���� �����
�5()B(;&6WUDWXP-DDU � ���� ���� ���� �����
5HVLGXDO� ��� ������� �����
7RWDDO� ��� ������� �����

7DEHO�%���$FFXPXODWHG�DQDO\VLV�RI�YDULDQFH�9$6&8/$5�63(&,(6
7HUP�UHJUHVVLHPRGHO� GI 66 06 UDWLR )BSURE�
�6WUDWXP�� � ���� ���� ���� �����
�5()B(;&� � ������ ������ ����� ������
�-DDU� � ������ ����� ���� �����
�5()B(;&�6WUDWXP� � ���� ���� ���� �����
�5()B(;&�-DDU� � ����� ����� ���� �����
�6WUDWXP-DDU� � ����� ���� ���� �����
�5()B(;&6WUDWXP-DDU � ���� ���� ���� �����
5HVLGXDO� ��� ������� ����
7RWDDO� ��� ������� ����

7DEHO�%���$FFXPXODWHG�DQDO\VLV�RI�YDULDQFH�/,&+(1(6�0266�63(&,(6�
7HUP�UHJUHVVLHPRGHO� GI 66 06 UDWLR )BSURE�
�6WUDWXP�� � ���� ���� ���� �����
�5()B(;&� � ����� ����� ����� ������
�-DDU� � ����� ����� ���� �����
�5()B(;&�6WUDWXP� � ���� ���� ���� �����
�5()B(;&�-DDU� � ����� ���� ���� �����
�6WUDWXP-DDU� � ����� ����� ���� �����
�5()B(;&6WUDWXP-DDU � ���� ���� ���� �����
5HVLGXDO� ��� ������ ����
7RWDDO� ��� ������� ����
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%,-/$*(����7:,163$1�ORNDOH�W\SHQ�

7DEHO�%���5HODWLH�WXVVHQ�ORNDOH�YHJHWDWLHW\SHQ��7:,163$1�FOXVWHUV��HQ�
SODQWHQDVVRFLDWLHV�YROJHQV�V\QWD[D�YDQ�991��
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*URHS��� � �� ��
*URHS��� �� �� ���
*URHS��� � � � �� � � � �� �
*URHS��� �� � ��� � � � ���
*URHS��� �� � � �� �� � ��� � ��
*URHS��� �� ��� �� ��� � ��
*URHS��� �� ��� �� �� �� �� �
*URHS��� � ��
7RWDDO� ��� �� ��� ��� ��� ��� ���� �� ��

7DEHO�%���$DQWDO�SHUPDQHQWH�SORWV�SHU�YHJHWDWLHW\SH�HQ�SHU�VWUDWXP�LQ�GH�
YHUVFKLOOHQGH�PHHWMDUHQ���
6WUDWXP� -DDU� �� �� �� �� �� �� �� �� 7RWDDO
9RFKWLJH�
GXLQKHLGHQ�

5()� ���� � � � � � �� � � ��
���� � � � � � �� �� � ��
���� � � � �� � �� �� � ��
���� � � � �� � �� � � ��

(;&/ ���� � � � �� � �� � � ��
���� � � � �� � �� � � ��
���� � � � �� � �� � � ��
���� � � � �� � �� � � ��

9HUJUDVWH�
GXLQYDOOHLHQ�

5()� ���� � �� � �� �� �� �� �� ���
���� � �� � � �� �� �� �� ���
���� �� �� � �� � �� �� � ���
���� � �� � �� � �� �� � ���

(;&/ ���� � �� � �� �� �� � �� ���
���� � �� � �� �� �� � �� ���
���� � �� � �� �� �� � �� ���
���� � �� � �� �� �� �� � ���
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%,-/$*(����9HUDQGHULQJHQ�LQ�YHJHWDWLHW\SHQ�
9HUDQGHULQJHQ�LQ�GH�YHJHWDWLHVDPHQVWHOOLQJ�YDQ�34¶V�YDVWJHVWHOG�DDQ�GH�KDQG�YDQ�KHW�ORNDOH�
YHJHWDWLHW\SH��R�E�Y��7:,163$1�FOXVWHULQJ���

7DEHO�%���34¶V�PHW�SHU�RSQDPHMDDU�GH�7:,163$1�JURHS�ZDDU�GH�34�RS�EDVLV�YDQ�
GH�VRRUWHQVDPHQVWHOOLQJ�WRH�ZHUG�JHUHNHQG����
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7DEHO�%�� 34¶V�PHW�SHU�RSQDPHMDDU�GH�SODQWHQDVVRFLDWLH�ZDDU�GH�34�RS�EDVLV�YDQ�GH�
VRRUWHQVDPHQVWHOOLQJ�WRH�ZHUG�JHUHNHQG���
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