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PHVHQFK\PDO� VWHP� FHOOV� RQ� NQHH� RVWHRDUWKULWLV�� ,QW� -� 0RO� 6FL�
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OVNCFS� PG� QVCMJDBUJPOT� SFQPSUFE� CFOFGJDJBM�
FGGFDUT� PG� GPDVTFE� &485� OP� TVDI� DMJOJDBM�
QBQFS�BSF�BWBJMBCMF�PO�NFOJTDVT�UFBST��*O�UIF�
BGPSFNFOUJPOFE� FYQFSJNFOUBM� TUVEZ� GSPN�
+BQBO� <�>� ����� N+�NN�
� TP� NFEJVN�
FOFSHFUJD�&485�XBT�BQQMJFE�XJUI�����TIPUT�
JO� 8JTUBS� SBUT� JO� B� TJOHMF� TFTTJPO� XJUI�
DPOTFDVUJWF�IJHIFS�NFOJTDVT�IFBMJOH� TDPSFT�
!� �� BOE� �� XFFLT� XJUI� BO� VQSFHVMBUJPO� PG�
$$/�
� 409�
� BHHSFDBO
� BOE� $PM�"��� 5IF�
FGGFDUT� PG� GPDVTFE� &485� UP� UIF� UJTTVFT�
BGGFDUFE� TBZ� UIF� NFEJBM� NFOJTDVT� BOE� UIF�
T Z O P W J B � B S F � N F E J B U F E � C Z�
NFDIBOPUSBOTEVDUJPO� <��
��>�� .FDIBOJDBM�
TUJNVMBUJPO�PG�&485�DBO�DBVTF�B�SFMFBTF�PG�
FYPTPNFT� <��>� m� JO� NZPDBSEJBM� UJTTVF� UIF�
SFMFBTF�PG�BOHJPHFOJD�FYPTPNFT�<��>�
5IF� OPWFM� &.55� NBZ� BEE� DMJOJDBM MZ�
CFOFGJDJBM�FGGFDUT�UP�UIF�GPDVTFE�&485��*O�B�
SBOEPNJ[FE� USJBM� <��>� PO� OPO�TQFDJGJD� -#1�
DPNQBSJOH�TUBOEBSE�UIFSBQZ�	QIZTJPUIFSBQZ�
XJUI� DPSF� TUBCJMJ[BUJPO� QMVT� OPO�PQJBUF�
BOBMHFTJDT
� XJUI� PS� XJUIPVU� BEEJUJPOBM�
&.55�UIFSBQZ�XJUI����QBUJFOUT�SBOEPNJ[FE�
���
� UIF�DPNCJOBUJPO�HSPVQ�XBT�TVQFSJPS� JO�

UFSNT�PG�QBJO�SFEVDUJPO�PO�UIF�WJTVBM�BOBMPH�
TDBMF� BOE� BO� JNQSPWFNFOU� JO� UIF�0TXFTUSZ�
EJTBCJMJUZ� JOEFY�TDPSF�� *O� MJOF� JO�SPUBUPS�DVGG�
UFOEJOPQBUIZ
�BO�SBOEPNJ[FE�DPOUSPMMFE�USJBM�
JT� VOEFSQJOOJOH� UIJT� PCTFSWBUJPO� XJUI�
TVQFSJPS� SFTVMUT� XIFO� DPNCJOJOH� GPDVTFE�
IJHI�FOFSHFUJD�&485�BOE�&.55�<��>��'PS�
CPOF� TUJNVMBUJPO
� UIF� DPNCJOBUJPO� PG�
GPDVTFE�&485�BOE�OPWFM�&.55�JT�SFQPSUFE�
JO�DBTF�TFSJFT�GPS�TDBQIPJE�OPO�VOJPOT�<��>
�
NFUBDBSQBM� OPO�VOJPOT� <��>
� BOE� IVNFSVT�
OPO�VOJPOT�<��>��.PEFT�PG�BDUJPO�PG�&.55�
BSF�FMFDUSPQPSBUJPO�BOE�B�QJF[PFMFDUSJD�FGGFDU�
5IJT�QJMPU�DBTF�IJHIMJHIUT�UIF�QPUFOUJBM�PG�UIF�
DPNCJOBUJPO� PG� GPDVTFE� FMFDUSPNBHOFUJD�
&485�BOE�OPWFM�&.55�JO�NFOJTDBM�IFBMJOH�
DMJOJDBMMZ��'VUVSF�QSPTQFDUJWF�DPOUSPMMFE�USJBMT�
BSF�XBSSBOUFE�UP�FMVDJEBUF�JUT�SPMF�JO�UIF�GJFME�
PG�TQPSUT�NFEJDJOF�BT�XFMM�BT�BO�BEKVODU�BGUFS�
TVSHFSZ�GPS�NPSF�SBQJE�SFIBCJMJUBUJPO�
5IF� DPNCJOBUJPO� PG� OPWFM� OPO�JOWBTJWF�
.BHOFUPMJUI¡� 	&.55
� XJUI� GPDVTFE� IJHI�
FOFSHFUJD� &485� GPS� UISFF� TFTTJPOT� PO� B�
XFFLMZ�JOUFSWBM�DBO�TJHOJGJDBOUMZ�JNQSPWF�UIF�

IFBMJOH�JO�B�NFEJBM�NFOJTDBM�UFBS��6MUSB�IJHI�
GSFRVFODZ� VMUSBTPVOE� TUSFTT� UFTUJOH� NBZ�
GVSUIFS� EFMJOFBUF� UIF� GVODUJPOBM� TUBUVT� PG� B�
NFEJBM� NFOJTDBM� UFBS�� 5P� UIF� CFTU� PG� NZ�
LOPXMFEHF
� UIJT� JT� UIF� GJSTU� SFQPSU� UP� BQQMZ�
&.55�BOE�&485�GPS�NFEJBM�NFOJTDBM�UFBST�
XIJDI� XFSF� GPMMPXFE�VQ� CZ� VMUSB�IJHI�
GSFRVFODZ�VMUSBTPVOE�TUSFTT�UFTUJOH�

$PODMVTJPO
5IF�BVUIPS�IBT�SFDFJWFE�MFDUVSF�IPOPSBSJB�CZ�
53#� $IFNFEJDB
� $BOPO� .FEJDBM� 4ZTUFN
�
4UPS[�.FEJDBM�"(��/POF�PG�UIFTF�IBE�PS�IBWF�
BOZ�JNQMJDBUJPOT�GPS�UIF�DBTF�SFQPSU�QSPWJEFE�
IFSFJO�� 8SJUUFO� JOGPSNFE� DPOTFOU� XBT�
PCUBJOFE�GSPN�UIF�QBUJFOU�GPS�QVCMJDBUJPO�PG�
UIJT� DBTF� SFQPSU� BOE� BDDPNQBOZJOH� JNBHFT��
4JODF�UIJT�JT�B�TJOHMF�DBTF�SFQPSU�POMZ
�OP�*3#�
BQQSPWBM�XBT�OFDFTTBSZ��/P�GVOEJOH�IBT�CFFO�
SFDFJWFE�� "MM� SFMFWBOU� EBUB� BSF� XJUIJO� UIF�
QBQFS�BOE�JUT�4VQQPSUJOH�*OGPSNBUJPO�GJMFT�

'JHVSF� ��� 6MUSBTPVOE� PG� NFEJBM� NFOJTDVT� �� NPOUIT� BGUFS�
DPNCJOFE�&485�BOE�&.55��

'JHVSF��B��4IFBSXBWF�FMBTUPHSBQIZ�BU���NPOUIT�BGUFS�DPNCJOFE�
&485�&.55�XJUI����������N�T�PG�UIF�BGGFDUFE�TJEF�

'JHVSF��C��4IFBSXBWF�FMBTUPHSBQIZ�BU���NPOUIT�BGUFS�DPNCJOFE�
&485�&.55�XJUI���������N�T�PG�UIF�IFBMUIZ�TJEF�
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���.QREORFK�.��1RYHO�H[WUDFRUSRUHDO�PDJQHWRWUDQVGXFWLRQ� WKHUDS\�ZLWK�
0DJQHWROLWK� DQG� KLJK�HQHUJ\� IRFXVHG� HOHFWURPDJQHWLF� H[WUDFRUSRUHDO�
VKRFNZDYH�WKHUDS\�DV�ERQH�VWLPXODWLRQ�WKHUDS\�IRU�VFDSKRLG�QRQXQLRQ�±�$�
FDVH�UHSRUW��0HG�&DVH�5HS�6WXG\�3URWRF����������
����.QREORFK�.��([WUDFRUSRUHDO�PDJQHWRWUDQVGXFWLRQ�WKHUDS\��(077��DQG�
KLJK�HQHUJHWLF� IRFXVHG� H[WUDFRUSRUHDO� VKRFNZDYH� WKHUDS\� �(6:7�� DV�
ERQH� VWLPXODWLRQ� WKHUDS\� IRU� PHWDFDUSDO� QRQ�XQLRQ� ±� $� FDVH� UHSRUW��
+DQGFKLU�0LNURFKLU�3ODVW�&KLU��������������
����.QREORFK�.��%RQH�VWLPXODWLRQ�����±�&RPELQDWLRQ�RI�(077�	�(077�LQ�
KXPHUXV�QRQXQLRQ��8QIDOOFKLUXUJ����������������
����.O�WHU�7��.UDWK�$��6WXNHQEHUJ�0��*ROOZLW]HU�+��+DUUDVVHU�1��.QREORFK�
.��HW�DO��(OHFWURPDJQHWLF�WUDQVGXFWLRQ�WKHUDS\�DQG�VKRFNZDYH�WKHUDS\�LQ�
��� SDWLHQWV� ZLWK� URWDWRU� FXII� WHQGLQRSDWK\�� $� SURVSHFWLYH� UDQGRPL]HG�
FRQWUROOHG�WULDO��(OHFWURPDJQ�%LRO�0HG����������������
����.RSI�6��%HDXILOV�3��+LUVFKPDQQ�07��5RWLJOLDQR�1��2OOLYLHU�0��3HUHLUD�+��
HW� DO�� 0DQDJHPHQW� RI� WUDXPDWLF� PHQLVFXV� WHDUV�� 7KH� ����� (66.$�
PHQLVFXV� FRQVHQVXV�� .QHH� 6XUJ� 6SRUWV� 7UDXPDWRO� $UWKURVF�
����������������
����.UDWK�$��.O�WHU�7��6WXNHQEHUJ�0��=LHOKDUGW�3��*ROOZLW]HU�+��+DUUDVVHU�1��
HW�DO��(OHFWURPDJQHWLF�WUDQVGXFWLRQ�WKHUDS\�LQ�QRQ�VSHFLILF�ORZ�EDFN�SDLQ��$�
SURVSHFWLYH�UDQGRPLVHG�FRQWUROOHG�WULDO��-�2UWKRS���������������
���� /RKPDQGHU� /6�� (QJOXQG� 30�� 'DKO� //�� 5RRV� (0�� 7KH� ORQJ�WHUP�
FRQVHTXHQFH� RI� DQWHULRU� FUXFLDWH� OLJDPHQW� DQG� PHQLVFXV� LQMXULHV��
2VWHRDUWKULWLV��$P�-�6SRUWV�0HG�����������������
����0RUHWWL�%��1RWDUQLFROD�$��*DURIDOR�5��0RUHWWL�/��3DWHOOD�6��0DUOLQJKDXV�
(��HW�DO��6KRFN�ZDYHV�LQ�WKH�WUHDWPHQW�RI�VWUHVV�IUDFWXUHV��8OWUDVRXQG�0HG�
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HOHFWURPDJQHWLF�ILHOG�LQKLELWV�V\QRYLWLV�YLD�HQKDQFLQJ�WKH�HIIHURF\WRVLV�RI�
PDFURSKDJHV��%LRPHG�5HV�,QW�������������������
����3|O]O�/��1lJHOH�)��+LUVFK�-��*UDEHU�0��*ULPP�0��*ROOPDQQ�7HSHN|\O��
&��HW�DO��([RVRPH�LVRODWLRQ�DIWHU� LQ�YLWUR�VKRFN�ZDYH�WKHUDS\��-�9LV�([S�
������������GRL����������������
����5LOH\�'6��%DUEHU�06��.LHQOH�*6��$URQVRQ�-.��YRQ�6FKRHQ�$QJHUHU�7��
7XJZHOO� 3�� HW� DO�� &$5(� JXLGHOLQHV� IRU� FDVH� UHSRUWV�� ([SODQDWLRQ� DQG�
HODERUDWLRQ�GRFXPHQW��-�&OLQ�(SLGHPLRO����������������
���� 6FKDGHQ�:��0LWWHUPD\U� 5�� +DIIQHU� 1�� 6PROHQ�'��*HUGHVPH\HU� /��
:DQJ� &-�� ([WUDFRUSRUHDO� VKRFNZDYH� WKHUDS\� �(6:7�� ±� )LUVW� FKRLFH�
WUHDWPHQW�RI�IUDFWXUH�QRQ�XQLRQV"�,QW�-�6XUJ����������������
����.LP�6+��/HH�+-��-DQJ�<+��&KXQ�.-��3DUN�<%��'LDJQRVWLF�DFFXUDF\�RI�
PDJQHWLF� UHVRQDQFH� LPDJLQJ� LQ� WKH� GHWHFWLRQ� RI� W\SH� DQG� ORFDWLRQ� RI�
PHQLVFXV� WHDUV�� &RPSDULVRQ� ZLWK� DUWKURVFRSLF� ILQGLQJV�� -� &OLQ� 0HG�
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���� :HVGRUS� 0$�� (LMJHQUDDP� 60�� 0HXIIHOV� '(�� %LHUPD�=HLQVWUD� 60��
.OHLQUHQVLQN�*-��%DVWLDDQVHQ�-HQQLVNHQV�<0��HW�DO��7UDXPDWLF�PHQLVFDO�
WHDUV� DUH� DVVRFLDWHG� ZLWK� PHQLVFDO� GHJHQHUDWLRQ�� $P� -� 6SRUWV� 0HG�
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