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���([HFXWLYH�6XPPDU\�
5XQZD\ LQFXUVLRQV DUH LQFUHDVLQJO\ WKH IRFXV RI RUJDQL]DWLRQV WKDW VHHN WR LPSURYH UXQZD\� � � � � � � � � � � � �

VDIHW\� $V WKH PRVW FRPPRQ W\SH RI XQVDIH UXQZD\ LQFLGHQW� WKH\ DUH D QDWXUDO IRFXV� 7KH� � � � � � � � � � � � � � � �

,QWHUQDWLRQDO &LYLO $YLDWLRQ 2UJDQL]DWLRQ �,&$2� LGHQWLILHV LQFXUVLRQV DV D ³KLJK ULVN JOREDO� � � � � � � � � � � �

VDIHW\ SULRULW\´ LQ WKHLU *OREDO 5XQZD\ 6DIHW\ $FWLRQ 3ODQ IURP ���� �,&$2� ������ $ IHZ� � � � � � � � � � � � � � �

\HDUV HDUOLHU LQ ����� WKH )HGHUDO $YLDWLRQ $GPLQLVWUDWLRQ �)$$� EHJDQ D SURJUDP GHGLFDWHG WR� � � � � � � � � � � � � �

PLWLJDWLQJ UXQZD\ LQFXUVLRQV E\ XVLQJ GDWD FRPSLOHG LQ DQ LQFXUVLRQV GDWDEDVH UDQJLQJ IURP� � � � � � � � � � � � �

���� RQZDUGV �9LWDJOLDQR� &DQWHU 	 $ODQG� ������ 7KH\ ZHUH DEOH WR LGHQWLI\ WKDW FRQIXVLQJ� � � � � � � � � � � � � �

JHRPHWULHV DUH D PDMRU FRQWULEXWLQJ IDFWRU RI UXQZD\ LQFXUVLRQV� 7KH URRW RI WKLV LV SLORW� � � � � � � � � � � � � � �

FRQIXVLRQ� DQG XOWLPDWHO\ KXPDQ IDFWRUV� &XUUHQW VWUDWHJLHV WR PLWLJDWH WKHVH FDXVHV LQFOXGH� � � � � � � � � � � �

PRGLILFDWLRQV WR DLUSRUW JHRPHWU\� OLJKWLQJ� VLJQDJH� DQG PRUH SLORW WUDLQLQJ� +RZHYHU� WKHVH� � � � � � � � � � � �

VROXWLRQV DUH RIWHQ FRVWO\��SDUWLFXODUO\ IRU VPDOOHU DQG JHQHUDO DYLDWLRQ �*$� DLUSRUWV� $OWKRXJK� � � � � � � � � � � �

WKHUH LV QR GDWD RQ UXQZD\ LQFXUVLRQV DW QRQ�WRZHUHG DLUSRUWV� LW LV OLNHO\ WKDW LQFXUVLRQV DUH MXVW� � � � � � � � � � � � � � � � �

DV PXFK RI D FRQFHUQ DW WKHVH DLUSRUWV DV DW ODUJHU RQHV� 7KLV LV GXH WR LQH[SHULHQFHG SLORWV� � � � � � � � � � � � � � � � � �

SULPDULO\�XVLQJ�WKHVH�DLUSRUWV��

,Q WKLV UHSRUW� WKH WHDP SURSRVHV D QRQVWDQGDUG UXQZD\ LQWHUVHFWLRQ PDUNLQJ WKDW ZRXOG� � � � � � � � � � � � �

LQFUHDVH SLORWV¶ VLWXDWLRQDO DZDUHQHVV DW KRW VSRWV DQG SUREOHPDWLF JHRPHWU\ ORFDWLRQV� 7KLV� � � � � � � � � � � �

PDUNLQJ ZRXOG EH ORFDWHG EHWZHHQ WKH KROG VKRUW OLQH DQG WKH UXQZD\ HGJH DQG FRQVLVW RI UHG� � � � � � � � � � � � � � � � �

DQG ZKLWH VWULSHV DW ��� IURP WKH KROG VKRUW OLQH� ,QVSLUHG E\ WKH UHG EXV ODQHV WKDW FLWLHV DFURVV� � � � � � � � � � � � � � � � � � �

WKH 8QLWHG 6WDWHV LPSOHPHQW WR UHGXFH EXV ODQH LQFXUVLRQV� WKH UXQZD\ LQWHUVHFWLRQ PDUNLQJ ZDV� � � � � � � � � � � � � �

UHILQHG WR LQFUHDVH VDOLHQFH DQG XOWLPDWHO\ HIIHFWLYHQHVV� 7KH WHDP ZRUNHG ZLWK DLUSRUW� � � � � � � � � � � �

RSHUDWRUV� HQJLQHHUV� DQG D SV\FKRORJ\ SURIHVVRU ZKR VSHFLDOL]HV LQ DYLDWLRQ WR GHYHORS D� � � � � � � � � � � � �

PDUNLQJ WKDW ZRXOG FDWFK SLORWV DWWHQWLRQ DQG GHFUHDVH WKH ULVN RI WKHP LQFXUULQJ RQ WKH UXQZD\�� � � � � � � � � � � � � � � �

)XUWKHUPRUH� WKH LPSOHPHQWDWLRQ RI WKLV PDUNLQJ ZRXOG EH FKHDSHU WKDQ PDQ\ RI WKH FXUUHQW� � � � � � � � � � � � � �

PLWLJDWLRQ VWUDWHJLHV DQG LV DEOH WR EH LPSOHPHQWHG DW ERWK WRZHUHG DQG QRQ�WRZHUHG DLUSRUWV�� � � � � � � � � � � � � �

%\ XVLQJ SDLQWV WKDW DUH DOUHDG\ LQ XVH RQ WKH DLUILHOG� WKH DGGLWLRQDO FRVWV DQG ULVNV DVVRFLDWHG� � � � � � � � � � � � � � � � �

ZLWK LPSOHPHQWLQJ WKLV PDUNLQJ DUH PLQLPL]HG� $V D ZKROH� WKH UXQZD\ LQWHUVHFWLRQ PDUNLQJ LV� � � � � � � � � � � � � �

DQ LQFXUVLRQ PLWLJDWLRQ VROXWLRQ WKDW LV DFFHVVLEOH WR D ZLGH UDQJH RI DLUSRUWV DQG KDV JUHDW� � � � � � � � � � � � � � � �

SRWHQWLDO�WR�GHFUHDVH�WKH�GDQJHUV�RI�UXQZD\�LQFXUVLRQV�� �
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�����%DFNJURXQG�RI�5XQZD\�,QFXUVLRQV ��
�����&XUUHQW�,QFXUVLRQ�0LWLJDWLRQ�6WUDWHJLHV ��

���6XPPDU\�RI�/LWHUDWXUH�5HYLHZ ���
�����)$$�,QFXUVLRQ�0LWLJDWLRQ ���
�����+XPDQ�)DFWRUV ���
�����1RQVWDQGDUG�0DUNLQJV�DW�$LUSRUWV ���
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���7HDP¶V�3UREOHP�6ROYLQJ�$SSURDFK ���
�����,QYHVWLJDWLQJ�WKH�3UREOHP ���
�����3UREOHP�6ROYLQJ�$SSURDFK ���
�����6HOHFWLQJ�WKH�7RS�6ROXWLRQ ���
�����'LVWLQJXLVKLQJ�WKH�%HVW�3URWRW\SH�YLD�'HFLVLRQ�0DWUL[ ���

���'HVFULSWLRQ�RI�7HFKQLFDO�$VSHFWV ���
�����,PSOHPHQWDWLRQ�/RFDWLRQ ���
�����0DUNLQJ�*HRPHWU\�'HVLJQ ���
�����,PSOHPHQWDWLRQ�9DULDWLRQV ���
�����3DLQW�7\SH ���
�����(QYLURQPHQWDO�,PSOLFDWLRQV ���
�����0DLQWHQDQFH ���

���6DIHW\�5LVN�$VVHVVPHQW ���
�����'HILQLQJ�WKH�5LVN�RI�3URMHFW ���
�����0LWLJDWLRQ�6WUDWHJLHV ���

���&RVW�%HQHILW�$QDO\VLV ���
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�����%HQHILW�$QDO\VLV ���

�
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���3UREOHP�6WDWHPHQW�DQG�%DFNJURXQG�
�����%DFNJURXQG�RI�$YLDWLRQ�6DIHW\�

,Q WKH 1DWLRQDO $HURVSDFH 6\VWHP �1$6�� VDIHW\ LV DOZD\V D FRQFHUQ� SLORWV DQG JURXQG� � � � � � � � � � � � � �

FUHZV DUH WUDLQHG LQ VDIH SUDFWLFHV� DLUFUDIW DUH PDLQWDLQHG WR HQVXUH VDIHW\� DQG D ODUJH SRUWLRQ RI� � � � � � � � � � � � � � � � �

DYLDWLRQ UHVHDUFK IRFXVHV RQ VDIHW\� ,Q WKHLU ���� *OREDO 5XQZD\ 6DIHW\ $FWLRQ 3ODQ� WKH� � � � � � � � � � � � � �

,QWHUQDWLRQDO &LYLO $YLDWLRQ 2UJDQL]DWLRQ �,&$2� LGHQWLILHV VWHSV WKDW UXQZD\� � � � � � � � �

VWDNHKROGHUV²VXFK DV WKH 8QLWHG 6WDWHV �86� )HGHUDO $YLDWLRQ $GPLQLVWUDWLRQ �)$$�²FDQ WDNH� � � � � � � � � � �

WR PLWLJDWH WKHVH ULVNV �,&$2� ������ :LWK WKLV UHVSRQVLELOLW\� WKH )$$ SURYLGHV PDQ\� � � � � � � � � � � � �

GRFXPHQWV DQG WUDLQLQJ RSSRUWXQLWLHV WR SLORWV� PDQXIDFWXUHUV� HQJLQHHUV� DLUSRUW RSHUDWRUV DQG� � � � � � � � � � �

RWKHUV� 6SHFLILFDOO\ IRU SLORWV� WKH 3LORW¶V +DQGERRN RI $HURQDXWLFDO .QRZOHGJH SURYLGHV D YDVW� � � � � � � � � � � � �

DPRXQW RI LQIRUPDWLRQ� LQFOXGLQJ D VHFWLRQ RQ DHURQDXWLFDO GHFLVLRQ PDNLQJ �$'0�� $'0 LV� � � � � � � � � � � � �

GHILQHG DV D PHWKRGRORJ\ IRU SLORWV WR GHWHUPLQH WKH DGHTXDWH FRXUVH RI DFWLRQ IRU D JLYHQ� � � � � � � � � � � � � � � �

VLWXDWLRQ �)$$� ������ $'0 LV LQFOXGHG LQ SLORWV¶ WUDLQLQJ VR WKDW WKH\ FDQ EHWWHU ³XQGHUVWDQG� � � � � � � � � � � � � � �

KRZ SHUVRQDO DWWLWXGHV FDQ LQIOXHQFH GHFLVLRQ PDNLQJ DQG KRZ WKRVH DWWLWXGHV FDQ EH PRGLILHG WR� � � � � � � � � � � � � � �

HQKDQFH VDIHW\ LQ WKH IOLJKW GHFN´ �)$$� ������ ,Q DGGLWLRQ WR VDIHW\ LQ WKH VN\� WKH )$$ IRFXVHV� � � � � � � � � � � � � � � � � �

RQ JURXQG RSHUDWLRQ VDIHW\ IRU SLORWV DQG YHKLFOH RSHUDWRUV E\ SXEOLVKLQJ YDULRXV JXLGHV VXFK DV� � � � � � � � � � � � � � �

WKH )$$ *XLGH WR 2SHUDWLRQV� $ &RPSUHKHQVLYH *XLGH WR 6DIH 'ULYLQJ �)$$� Q�G�� RQ WKH� � � � � � � � � � � � � � �

$LUSRUW�6XUIDFH�DQG�3LORWV�*XLGH�WR�$LUSRUW�6LJQV�DQG�0DUNLQJV��)$$��Q�G�����

�

�����%DFNJURXQG�RI�5XQZD\�,QFXUVLRQV�

,&$2� ZKLFK RSHUDWHV DV D SDUW RI WKH 8QLWHG 1DWLRQV �81� DQG SDUWQHUV ZLWK RWKHU DYLDWLRQ� � � � � � � � � � � � � � � �

RUJDQL]DWLRQV DFURVV WKH ZRUOG� KDV LGHQWLILHG UXQZD\ LQFXUVLRQV DQG UXQZD\ H[FXUVLRQV DV WKH� � � � � � � � � � � � �

WZR KLJKHVW UXQZD\ VDIHW\ ULVNV �,&$2� ������ $ UXQZD\ LQFXUVLRQ LV DQ HYHQW ZKHUH WKHUH LV� � � � � � � � � � � � � � � �

³LQFRUUHFW SUHVHQFH RI DQ DLUFUDIW� YHKLFOH RU SHUVRQ RQ WKH SURWHFWHG DUHD RI D VXUIDFH GHVLJQDWHG� � � � � � � � � � � � � � � �

IRU WKH ODQGLQJ DQG WDNH RII RI DLUFUDIW´ �)$$� ������ 5XQZD\ LQFXUVLRQV JHQHUDOO\ RFFXU ZKHQ D� � � � � � � � � � � � � � � �

SLORW IDLOV WR KROG VKRUW RI D UXQZD\ VXUIDFH RU KROG VKRUW PDUNLQJV �)$$� ������ 7KHUH DUH WKUHH� � � � � � � � � � � � � � � � � �

PDLQ FDXVHV RI LQFXUVLRQV� RSHUDWLRQDO LQFLGHQWV �2,V�� SLORW GHYLDWLRQV �3'V�� DQG� � � � � � � � � � �

YHKLFOH�SHGHVWULDQ GHYLDWLRQV �9�3'V�� 2I WKHVH RFFXUUHQFHV� WKH PRVW FRPPRQ FDXVH RI UXQZD\� � � � � � � � � � � �

LQFXUVLRQV LV 3'V� ,Q ����� ��� RI LQFXUVLRQV ZHUH GXH WR 3'V� ��� WR 2,V� DQG ��� WR 9�3'V� � � � � � � � � � � � � � � � � � �
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�)$$� ������ 7KH WRS IDFWRUV WKDW FRQWULEXWH WR SLORW HUURU KDYH EHHQ LGHQWLILHG DV FRPPXQLFDWLRQ� � � � � � � � � � � � � � �

LVVXHV� FRQIXVLRQ� DQG LQDWWHQWLRQ �)$$� ������ 2WKHU IDFWRUV WKDW LQFUHDVH WKH ULVN RI DQ� � � � � � � � � � � � � �

LQFXUVLRQ�LQFOXGH�SRRU�ZHDWKHU�FRQGLWLRQV�DQG��LQFUHDVHG�WUDIILF��

�

�����&XUUHQW�,QFXUVLRQ�0LWLJDWLRQ�6WUDWHJLHV�

7KRXJK UXQZD\ LQFXUVLRQV DUH W\SLFDOO\ FDXVHG E\ PXOWLSOH RYHUODSSLQJ IDFWRUV� VXFFHVVIXOO\� � � � � � � � � � �

PLWLJDWLQJ DQ\ LQGLYLGXDO IDFWRU FDQ PDNH D ELJ GLIIHUHQFH DW DQ DLUSRUW� 1RQVWDQGDUG UXQZD\� � � � � � � � � � � � � �

DQG WD[LZD\ JHRPHWU\ LV D IDFWRU WKDW LV ERWK HDVLO\ LGHQWLILDEOH DQG SUDFWLFDO WR PLWLJDWH� 7KH� � � � � � � � � � � � � � � �

)$$ KDV FRQFOXGHG WKDW ³QRQVWDQGDUG WD[LZD\�UXQZD\ JHRPHWU\ >LV@ D FRQWULEXWLQJ IDFWRU LQ� � � � � � � � � � � �

PDQ\ UXQZD\ LQFXUVLRQV DQG ZURQJ UXQZD\ WDNHRIIV�ODQGLQJV´ �9LWDJOLDQR HW DO�� ������ 7KH� � � � � � � � � � � �

FRQWULEXWLRQ RI QRQVWDQGDUG JHRPHWULHV WR LQFXUVLRQV LV DGGUHVVHG LQ $& �����������$ ³$LUSRUW� � � � � � � � � � � �

'HVLJQ´ DQG (QJLQHHULQJ %ULHI �(%� ��� EXW PRVW UHFHQWO\ DGGUHVVHG WKURXJK WKH 5XQZD\� � � � � � � � � � � � �

,QFXUVLRQ 0LWLJDWLRQ �5,0� SURJUDP LQ ����� 7KURXJK WKH SURJUDP� DLUSRUWV DUH DQQXDOO\� � � � � � � � � � � �

UHYLHZHG IRU QRQVWDQGDUG JHRPHWULHV DV LGHQWLILHG LQ WKH 3UREOHPDWLF 7D[LZD\ *HRPHWU\ 6WXG\� � � � � � � � � � � �

2YHUYLHZ� DV VHHQ LQ )LJXUH �� %\ PLWLJDWLQJ WKHVH QRQVWDQGDUG JHRPHWU\ IDFWRUV� WKH 5,0� � � � � � � � � � � � � �

SURJUDP DLPV WR UHGXFH WKH QXPEHU RI UXQZD\ LQFXUVLRQV �9LWDJOLDQR HW DO�� ������ $W WKH HQG RI� � � � � � � � � � � � � � � � �

����� WKHUH ZHUH ��� DFWLYH 5,0 ORFDWLRQV DW �� DLUSRUWV DFURVV WKH 86� ZLWK HDFK ORFDWLRQ LQ D� � � � � � � � � � � � � � � � � �

GLIIHUHQW VWDJH RI PLWLJDWLRQ �9LWDJOLDQR HW DO�� ������ 7KH 5,0 SURJUDP UHFRPPHQGV YDULRXV� � � � � � � � � � � � �

PLWLJDWLRQ VWUDWHJLHV� ZKLFK FDQ LQFOXGH DLUSRUW JHRPHWU\ FKDQJHV� OLJKWLQJ LPSURYHPHQWV�� � � � � � � � � �

LPSURYHG VLJQDJH DQG PDUNLQJV� DQG FKDQJHV WR RSHUDWLRQDO SURFHGXUHV� 7KH FLUFXPVWDQFHV� � � � � � � � � � �

DURXQG HDFK SUREOHPDWLF JHRPHWU\ DUH XQLTXH WR WKH DLUSRUW� VR WKHUH LV OLWWOH JHQHUDOL]DWLRQ DERXW� � � � � � � � � � � � � � �

KRZ EHVW WR SURPRWH VDIHW\� +RZHYHU� FDVH VWXGLHV FDQ LOOXPLQDWH KRZ YDULRXV DLUSRUWV DSSURDFK� � � � � � � � � � � � � �

PLWLJDWLQJ�WKHVH�JHRPHWULF�KRW�VSRWV��



5XQZD\�,QWHUVHFWLRQ�0DUNLQJV ���_���7DEOH�RI�&RQWHQWV ���_����

)LJXUH����*HRFRGH�/LVWLQJ��9LWDJOLDQR�HW�DO���������

$OEXTXHUTXH ,QWHUQDWLRQDO 6XQSRUW �.$%4� DLUSRUW LQ $OEXTXHUTXH� 1HZ 0H[LFR SURYLGHV� � � � � � � � � �

DQDO\VLV RI WKHLU )$$ LGHQWLILHG KRW VSRWV DQG RWKHU ULVN\ JHRPHWULHV LQ WKHLU ���� PDVWHU SODQ� � � � � � � � � � � � � � � �

GUDIW� &KDSWHU � RI WKH PDVWHU SODQ LGHQWLILHV ZKHUH WKHLU DLUSRUW OD\RXW GLIIHUV IURP GHVLJQ� � � � � � � � � � � � � � �

VWDQGDUGV RXWOLQHG LQ $& ��������̢��$� ZKLOH &KDSWHU � GHVFULEHV PXOWLSOH PLWLJDWLRQ� � � � � � � � � � �

DOWHUQDWLYHV IRU HDFK RI WKHVH ORFDWLRQV �6XVWDLQDEOH $LUSRUW 0DVWHU 3ODQ� ������ ,Q WKLV DQDO\VLV�� � � � � � � � � � � � � �
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.$%4 FRQVLGHUV KRZ SLORWV ZRXOG LQWHUDFW ZLWK WKH SURSRVHG FKDQJHV��LQ RQH FDVH QRWLQJ WKDW� � � � � � � � � � � � � �

WKRXJK ³WKLV >SURSRVHG@ OD\RXW GRHV PHHW GHVLJQ VWDQGDUG� >���@ LW FRXOG VWLOO EH VRPHZKDW� � � � � � � � � � � � � �

FRQIXVLQJ WR SLORWV´ �6XVWDLQDEOH $LUSRUW 0DVWHU 3ODQ� ������ 7KLV XVHU�EDVHG DSSURDFK WR WKH� � � � � � � � � � � � �

GHVLJQ RI WKHLU VROXWLRQ LV FULWLFDO WR LWV VXFFHVV DV D PHDVXUH WR LQFUHDVH UXQZD\ VDIHW\�� � � � � � � � � � � � � � � �

)XUWKHUPRUH� WKH ZULWHUV RI .$%4¶V PDVWHU SODQ GLVFXVV WKHLU LQWHUDFWLRQV ZLWK DLUSRUW DQG DLU� � � � � � � � � � � � � �

WUDIILF FRQWURO RSHUDWRUV WR VHH ZKDW FKDQJHV WR WKH DLUILHOG JHRPHWU\ WKHVH VWDNHKROGHUV EHOLHYH� � � � � � � � � � � � � �

ZRXOG EH XVHIXO� $OO RI WKH SURSRVHG KRW VSRW DOWHUQDWLYHV GLVFXVV WKH EDODQFH EHWZHHQ� � � � � � � � � � � � � �

LQFUHDVLQJ UXQZD\ VDIHW\ DQG QRW GHFUHDVLQJ DLUSRUW FDSDFLW\� :KLOH WKLV FDVH VWXG\ GLG QRW� � � � � � � � � � � � � �

LOOXPLQDWH DQ\ LQQRYDWLYH PLWLJDWLRQ WHFKQLTXHV IRU QRQVWDQGDUG UXQZD\ JHRPHWULHV� .$%4¶V� � � � � � � � � �

0DVWHU 3ODQ GHVFULEHG WKH FRQVLGHUDWLRQV PDGH IRU HDFK GHVLJQ DOWHUQDWLYH DQG RXWOLQHG WKHLU� � � � � � � � � � � � �

DSSURDFK�WR�PLWLJDWLQJ�WKHVH�KRW�VSRWV��

:DFR 5HJLRQDO $LUSRUW �.$&7� ORFDWHG LQ :DFR� 7H[DV XWLOL]HG 5,0 VWUDWHJLHV WR PLWLJDWH� � � � � � � � � � � � �

LQFXUVLRQV DW D IHZ ORFDWLRQV DFURVV WKH DLUSRUW� .$&7 DOVR XWLOL]HG $& �����������$ RQ� � � � � � � � � � � � � �

$LUSRUW 'HVLJQ WR UHGHVLJQ D QRQVWDQGDUG WD[LZD\� 6RPH RI WKH EHVW SUDFWLFHV LQ WD[LZD\ GHVLJQ� � � � � � � � � � � � � � �

KLJKOLJKWHG DW .$&7 LQFOXGH LQWHUVHFWLRQV DW �� GHJUHHV� WKH ³WKUHH�QRGH FRQFHSW´� ZKHUH SLORWV� � � � � � � � � � � � �

DUH LGHDOO\ RQO\ JLYHQ WKH RSWLRQ WR WXUQ OHIW RU ULJKW DW ��� DQJOHV RU WR JR VWUDLJKW� DQG DYRLGLQJ� � � � � � � � � � � � � � � � � � � �

FRQIXVLQJ DFFHVV IURP UXQZD\V GLUHFWO\ RQWR D SDUDOOHO DSURQ� ,Q WKH ���� :DFR 0DVWHU 3ODQ� � � � � � � � � � � � � � �

&KDSWHU �� VHYHUDO SUREOHPDWLF WD[LZD\ JHRPHRPHWULHV ZHUH LGHQWLILHG� ZLWK WKH PRVW FULWLFDO� � � � � � � � � � � �

EHLQJ ZKHUH WD[LZD\ �7:<� %� WR UXQZD\ �5:<� �� H[WHQGHG LQWR 5:< ���� DW D QRQVWDQGDUG� � � � � � � � � � � � � � � �

DQJOH �:DFR 5HJLRQDO $LUSRUW 0DVWHU 3ODQ� ������ 7KLV LQWHUVHFWLRQ ZDV QRW ODEHOHG DV D KRW� � � � � � � � � � � � � � �

VSRW� KRZHYHU� GXH WR VHYHUDO LQFXUVLRQV� .$&7 GHFLGHG WR UHGHVLJQ WKLV WD[LZD\ JHRPHWU\ WR� � � � � � � � � � � � � �

PHHW VWDQGDUGV� 7KH QHZ GHVLJQ UHPRYHG WKH SDYHPHQW FRQQHFWLQJ 5:< �� WR 5:< ������ � � � � � � � � � � � � �

$OWKRXJK WKH VROXWLRQ SUHYHQWV LQFXUVLRQV IURP 3'V� WKHUH LV QRZ D ULVN RI DLUFUDIW ZLWK D ZLQJ� � � � � � � � � � � � � � � � �

VSDQ RI ODUJHU WKDQ �� IHHW REVWUXFWLQJ 5:< ���� IURP 7:< %�� 'XH WR WKLV ULVN� DQ DGGLWLRQDO� � � � � � � � � � � � � � � � � �

SURFHGXUDO PLWLJDWLRQ WHFKQLTXH ZDV SXW LQWR SODFH� DLUFUDIW ZLWK ODUJH ZLQJVSDQV ZLOO QRW XVH� � � � � � � � � � � � � �

5:<�����XQOHVV�5:<������LV�FORVHG��

7XOVD ,QWHUQDWLRQDO $LUSRUW �.78/� LQ 7XOVD� 2NODKRPD FRPSOHWHG D WD[LZD\ UHFRQVWUXFWLRQ� � � � � � � � � � �

SURMHFW LQ $XJXVW RI ����� $V SDUW RI WKH SURMHFW� 7:< - DQG 7:< & ZHUH UHFRQVWUXFWHG DQG� � � � � � � � � � � � � � � � � �

7:< + ZDV UHPRYHG� 3ULRU WR UHFRQVWUXFWLRQ� WKH DUHD ZDV DQ LGHQWLILHG 5,0 QRQVWDQGDUG� � � � � � � � � � � � � �
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JHRPHWU\ ORFDWLRQ DQG ZDV GHVLJQDWHG DV D KRW VSRW� 3ULRU WR UHFRQVWUXFWLRQ� WKH DQJOHV RI WKH� � � � � � � � � � � � � � � �

UXQZD\ DQG WD[LZD\ LQWHUVHFWLRQV ZHUH QRW ��� DQG LQFOXGHG D ZLGH H[SDQVH RI SDYHPHQW��ERWK� � � � � � � � � � � � � �

RI ZKLFK DUH OLVWHG DV QRQVWDQGDUG JHRPHWULHV E\ WKH 5,0 SURJUDP� ,Q WKH ���� 0DVWHU 3ODQ� � � � � � � � � � � � � � � �

8SGDWH IRU WKH DLUSRUW �0HDG 	 +XQW� ������ LW ZDV PHQWLRQHG WKDW WKLV WD[LZD\ LQWHUVHFWLRQ� � � � � � � � � � � � � � �

VKRXOG EH LPSURYHG WR IROORZ WKH WKUHH�QRGH FRQFHSW� $V VHHQ LQ )LJXUH �� WKH FXUUHQW DLUSRUW� � � � � � � � � � � � � � � �

GLDJUDP VKRZV WKDW 7:< - QRZ MRLQV WKH UXQZD\ DW D �� GHJUHH DQJOH DQG WKH ZLGH H[SDQVH RI� � � � � � � � � � � � � � � � � � �

SDYHPHQW�WKDW�LQFOXGHG�7:<�-��&��DQG�+�ZDV�UHPRYHG�� �

�

�

�

�

�

�

�

)LJXUH����7XOVD�,QWHUQDWLRQDO�$LUSRUW�3UREOHPDWLF�*HRPHWU\�$UHD�

�

�

�

�

�

�

�

�

)LJXUH����7XOVD�,QWHUQDWLRQDO�$LUSRUW�'LDJUDP�3RVW�5HFRQVWUXFWLRQ�

2WKHU WKDQ SDYHPHQW UHFRQVWUXFWLRQ� ZKLFK LV DQ H[SHQVLYH PLWLJDWLRQ PHDVXUH� RWKHU� � � � � � � � � � �

PLWLJDWLRQ VWUDWHJLHV FDQ EH LPSOHPHQWHG E\ DLUSRUWV� $Q H[DPSOH LV )RUW /DXGHUGDOH ([HFXWLYH� � � � � � � � � � � � �

$LUSRUW �.);(� LQ )RUW /DXGHUGDOH� )ORULGD� ,Q ����� WKH )RUW /DXGHUGDOH $YLDWLRQ $GYLVRU\� � � � � � � � � � � � �

%RDUG GLVFXVVHG WKUHH UXQZD\ DQG WD[LZD\ LQWHUVHFWLRQV LGHQWLILHG WKURXJK WKH )$$¶V 5,0� � � � � � � � � � � �

SURJUDP� $ UHKDELOLWDWLRQ SURMHFW ZDV SODQQHG DQG H[HFXWHG WR XSJUDGH DLUILHOG OLJKWLQJ WKURXJK� � � � � � � � � � � � �
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WKH LQVWDOODWLRQ RI /(' OLJKWV WR LPSURYH YLVLELOLW\ �$YLDWLRQ $GYLVRU\ %RDUG� ������ 7KLV� � � � � � � � � � � � �

H[DPSOH SURYLGHV LQVLJKW LQWR WKH PLWLJDWLRQ VWUDWHJLHV RI LPSURYLQJ VLJQDJH� PDUNLQJV� DQG� � � � � � � � � � � �

OLJKWLQJ�WR�UHGXFH�UXQZD\�LQFXUVLRQV���

$QRWKHU VWUDWHJ\ UHFHQWO\ LPSOHPHQWHG E\ WKH )$$ DUH 5XQZD\ 6WDWXV /LJKWV �5:6/��� � � � � � � � � � � �

&XUUHQWO\ WKH V\VWHP LV RSHUDWLRQDO DW �� 86 $LUSRUWV �)$$� ������ 5:6/ DUH LQ�SDYHPHQW� � � � � � � � � � � � � �

OLJKWV WKDW ZDUQ YHKLFOHV DQG SLORWV RI KLJK VSHHG DFWLYLWLHV WDNLQJ SODFH RQ D UXQZD\� 7KHUH DUH� � � � � � � � � � � � � � � � �

WZR 56:/ V\VWHPV� UXQZD\ HQWUDQFH OLJKWV �5(/V� DQG WDNHRII KROG OLJKWV �7+/V�� 5(/V DUH� � � � � � � � � � � � � �

SODFHG DORQJ WKH WD[LZD\ FHQWHUOLQH WR WKH UXQZD\ HGJH� :KHQ WKH UXQZD\ KDV DFWLYLW\� WKH OLJKWV� � � � � � � � � � � � � � � �

LOOXPLQDWH UHG DQG ZKHQ LW LV VDIH� WKH OLJKWV DUH WXUQHG RII� 7+/V RSHUDWH VLPLODUO\ WR WKH 5(/V�� � � � � � � � � � � � � � � � � �

EXW DUH ORFDWHG RQ HLWKHU VLGH RI WKH UXQZD\ FHQWHUOLQH� :KHQ WKH OLJKWV DUH LOOXPLQDWHG UHG� LW� � � � � � � � � � � � � � � � �

LQGLFDWHV WR QRW WDNH RII DQG ZKHQ LW LV DSSURSULDWH WR WDNHRII� WKH OLJKWV DUH RII� ,W LV LPSRUWDQW WR� � � � � � � � � � � � � � � � � � � �

QRWH WKDW WKH V\VWHP RSHUDWHV LQGHSHQGHQWO\ RI $LU 7UDIILF &RQWURO �$7&�� IRU H[DPSOH� LI WKH� � � � � � � � � � � � � � �

OLJKWV�DUH�RII��LW�GRHV�QRW�JLYH�$7&�FOHDUDQFH�WR�FURVV�WKH�UXQZD\�RU�WR�WDNHRII��)$$����������

7KH 5,0 SURJUDP LOOXPLQDWHV D KDQGIXO RI VWUDWHJLHV IRU PLWLJDWLQJ UXQZD\ LQFXUVLRQV�� � � � � � � � � � � �

WKRXJK WKH\ DUH QRW DFFHVVLEOH WR DOO DLUSRUWV� 7KH PRVW GLUHFW PHWKRG IRU DOOHYLDWLQJ SUREOHPDWLF� � � � � � � � � � � � � � �

JHRPHWULHV LV UHFRQVWUXFWLRQ� ZKLFK LV ERWK FRVWO\ DQG JUHDWO\ LPSDFWV DQ DLUSRUW¶V GDLO\� � � � � � � � � � � � �

RSHUDWLRQV� 5:6/V DUH DQRWKHU PRUH GUDVWLF FKDQJH WKDW FDQ EH LPSOHPHQWHG� EXW WKH\ VLPLODUO\� � � � � � � � � � � � � �

KDYH D KLJK XS�IURQW FRVW DQG UHTXLUH H[WHQVLYH FRQVWUXFWLRQ� 6PDOOHU DLUSRUWV PD\ QRW KDYH WKH� � � � � � � � � � � � � � �

UHVRXUFHV WR SD\ IRU WKHVH W\SHV RI SURMHFWV� 7KH VROXWLRQV WKDW DUH OHVV SURKLELWLYH DUH DOVR OHVV� � � � � � � � � � � � � � � � �

HIIHFWLYH� :KLOH LQFUHDVHG OLJKWLQJ DQG VLJQDJH PD\ KHOS UHPRYH FRQIXVLRQ� LW GRHV QRW� � � � � � � � � � � � �

GUDVWLFDOO\ LPSDFW WKH SLORW¶V SHUFHSWLRQ RI WKH KRW VSRW RU SUREOHPDWLF JHRPHWU\� :KHQ� � � � � � � � � � � � �

DWWHPSWLQJ WR PLWLJDWH DUHDV RI WKH DLUILHOG SURQH WR UXQZD\ LQFXUVLRQV� LW LV YLWDO WKDW WKH VROXWLRQ� � � � � � � � � � � � � � � � �

GLUHFWO\�LPSDFWV�KRZ�D�SLORW�FKRVHV�WR�QDYLJDWH�WKURXJK�WKH�VSDFH�� �
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���6XPPDU\�RI�/LWHUDWXUH�5HYLHZ�
%RWK DYLDWLRQ DQG JURXQG WUDQVSRUWDWLRQ RUJDQL]DWLRQV DUH LQYHVWHG LQ PLQLPL]LQJ WKH� � � � � � � � � � �

SUHVHQFH RI XQZDQWHG YHKLFOHV LQ GHVLJQDWHG VSDFHV� 7KH )$$ KDV IRFXVHG LWV PLWLJDWLRQ RI� � � � � � � � � � � � � �

UXQZD\ LQFXUVLRQV WKURXJK WKH 5,0 SURJUDP� ,Q YDULRXV SXEOLFDWLRQV� WKH\ UHIHUHQFH WKH� � � � � � � � � � � �

LPSRUWDQFH RI FRQVLGHULQJ KXPDQ IDFWRUV DQG VLWXDWLRQDO DZDUHQHVV ZKHQ DWWHPSWLQJ WR UHGXFH� � � � � � � � � � � �

WKH IUHTXHQF\ RI LQFXUVLRQV� )XUWKHUPRUH� WKHUH DUH VRPH LQVWDQFHV ZKHQ WKH )$$ ZLOO DOORZ D� � � � � � � � � � � � � � �

QRQVWDQGDUG SDYHPHQW PDUNLQJ LQ RUGHU WR LQFUHDVH VLWXDWLRQDO DZDUHQHVV DW KRW VSRWV� +RZHYHU�� � � � � � � � � � � � �

QRQVWDQGDUG SDYHPHQW PDUNLQJV DUH PXFK PRUH FRPPRQ LQ JURXQG WUDQVSRUWDWLRQ� ,Q ������ � � � � � � � � � � �

1HZ <RUN &LW\ EHJDQ SLRQHHULQJ WKH XVH RI QRQVWDQGDUG UHG SDYHPHQW LQ EXV UDSLG WUDQVLW ODQHV� � � � � � � � � � � � � � � �

ZLWK WKH JRDO RI UHGXFLQJ LQFXUVLRQV LQWR WKHVH ODQHV� ([DPLQLQJ WKH LPSOHPHQWDWLRQ RI UHG� � � � � � � � � � � � � �

SDYHPHQWV LQ EXV UDSLG WUDQVLW V\VWHPV DFURVV WKH 86 FDQ SURYLGH YDOXDEOH LQVLJKW WR ZKDW WKH� � � � � � � � � � � � � � � �

LPSOHPHQWDWLRQ�RI�UHG�SDYHPHQWV�PLJKW�ORRN�OLNH�RQ�DLUILHOGV��

�

�����)$$�,QFXUVLRQ�0LWLJDWLRQ�

7KH )$$ 5,0 SURJUDP UHYLHZV QRQVWDQGDUG JHRPHWULHV DW DLUSRUWV� $V D SDUW RI WKH� � � � � � � � � � � � � �

SURJUDP� WKH )$$ FRQGXFWHG WKH 3UREOHPDWLF 7D[LZD\ *HRPHWU\ 6WXG\� ZKLFK ZDV FRPSOHWHG� � � � � � � � � � � �

LQ -DQXDU\� ����� 7KLV VWXG\ GUDZV IURP D JHRJUDSKLF LQIRUPDWLRQ V\VWHP �*,6� GDWDEDVH WKDW� � � � � � � � � � � � � �

LQYHQWRULHV DOO 3' DQG 9�3' LQFXUVLRQV DW WRZHUHG DLUSRUWV� (DFK HQWU\ LQ WKH GDWDEDVH LV� � � � � � � � � � � � � � �

FRPSRVHG RI IRXU OD\HUV� DHULDO LPDJHU\� JHRUHIHUHQFHG DLUSRUW GLDJUDPV� KRW VSRW DQG� � � � � � � � � � � �

SUREOHPDWLF JHRPHWU\ ORFDWLRQV� DQG LQFLGHQW ORFDWLRQV� 7KLV WRRO DOORZV IRU DLUSRUWV DQG WKH� � � � � � � � � � � � �

)$$ WR LGHQWLI\ QRQVWDQGDUG JHRPHWULHV DQG LQFLGHQW UDWHV DW WRZHUHG DLUSRUWV LQ WKH 1DWLRQDO� � � � � � � � � � � � � �

3ODQ�RI�,QWHJUDWHG�$LUSRUW�6\VWHPV��13,$6���9LWDJOLDQR�HW�DO�����������

3ULRU WR WKH 3UREOHPDWLF 7D[LZD\ 6WXG\� (% �� ZDV FUHDWHG LQ ���� WR UHVSRQG WR� � � � � � � � � � � � � � �

SUHOLPLQDU\ UHVHDUFK OLQNLQJ UXQZD\ LQFXUVLRQV WR DLUILHOG GHVLJQ� (% �� OLVWV YDULRXV� � � � � � � � � � � �

UHFRPPHQGDWLRQV DQG FRQVLGHUDWLRQV WR LPSURYH WD[LZD\ DQG UXQZD\ JHRPHWULHV� ZKLFK DUH� � � � � � � � � � �

LPSOHPHQWHG LQ $& �����������$� 6RPH RI WKH UHFRPPHQGDWLRQV LQFOXGH DYRLGLQJ ZLGH� � � � � � � � � � �

H[SDQVHV RI WD[L SDYHPHQW� OLPLWLQJ UXQZD\ FURVVLQJV DQG GXDO SXUSRVH SDYHPHQWV� LQFUHDVLQJ� � � � � � � � � � � �

YLVLELOLW\ RI KROGLQJ SRVLWLRQ VLJQV� DQG HOLPLQDWLQJ WD[LZD\V WKDW OHDG GLUHFWO\ IURP DQ DSURQ WR D� � � � � � � � � � � � � � � �
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UXQZD\ �-DFREV� ������ $V VHHQ LQ )LJXUH �� WKHUH DUH PDQ\ VLPLODULWLHV EHWZHHQ WKH GHWDLOV LQ� � � � � � � � � � � � � � � �

(%����DQG�WKH�IRFXV�RI�WKH�FXUUHQW�5,0�SURJUDP��

�

�����+XPDQ�)DFWRUV�

7KHUH DUH PDQ\ WKLQJV WKDW DIIHFW SLORWV ZKLOH RSHUDWLQJ DQ DLUFUDIW� LQFOXGLQJ IDWLJXH�� � � � � � � � � � � � �

FRPSODFHQF\� LQDWWHQWLRQDO EOLQGQHVV� DQG VWUHVV� $OO WKHVH FRQGLWLRQV FDQ EH DWWULEXWHG WR KXPDQ� � � � � � � � � � � � �

IDFWRUV� ZKLFK GLUHFWO\ FDXVHV RU FRQWULEXWHV WR PDQ\ DYLDWLRQ DFFLGHQWV �)$$� ������ ,Q WKH� � � � � � � � � � � � � �

3LORW¶V +DQGERRN RI $HURQDXWLFDO .QRZOHGJH� SLORWV DUH HGXFDWHG RQ KXPDQ IDFWRUV DQG WKH ULVNV� � � � � � � � � � � � � �

WKDW WKH\ PD\ SRVH �)$$� ������ 5XQZD\ LQFXUVLRQV KDYH EHHQ DQDO\]HG H[WHQVLYHO\ LQ KXPDQ� � � � � � � � � � � � � �

IDFWRUV VWXGLHV VLQFH WKH ILUVW FRQGXFWHG E\ %HOODWRQL DQG .RGLV LQ ���� �7RUUHV HW DO�� ������� � � � � � � � � � � � � � � �

)URP WKHVH VWXGLHV� TXDQWLILDEOH FDXVHV IRU LQFXUVLRQV FDQ EH DGGUHVVHG WR LPSURYH PLWLJDWLRQ� � � � � � � � � � � � �

VWUDWHJLHV��

6LWXDWLRQDO DZDUHQHVV LV RQH DVSHFW RI KXPDQ IDFWRUV WKDW LV IUHTXHQWO\ GLVFXVVHG ZKHQ� � � � � � � � � � � � �

H[DPLQLQJ UXQZD\ LQFXUVLRQV� $ VXUYH\ RI SLORWV LQ ���� UHYHDOHG WKDW SLORWV FRQVLGHU VLWXDWLRQDO� � � � � � � � � � � � � �

DZDUHQHVV WR EH RQH RI WKH PRVW LPSRUWDQW� EXW QRW WKH PRVW DFKLHYDEOH REMHFWLYH WR PLWLJDWH� � � � � � � � � � � � � � � �

UXQZD\ LQFXUVLRQV �&KDQJ 	 :RQJ� ������ $FFRUGLQJ WR WKH )$$ &DOO WR $FWLRQ LQ ����� D ODUJH� � � � � � � � � � � � � � � � �

SURSRUWLRQ RI UXQZD\ LQFXUVLRQV LQYROYH H[SHULHQFHG SLORWV ZLWK ������ IOLJKW KRXUV�� � � � � � � � � � �

([SHULHQFHG SLORWV FDQ FDXVH LQFXUVLRQV GXH WR LQDWWHQWLRQDO EOLQGQHVV� ZKLFK RFFXUV ZKHQ D� � � � � � � � � � � � �

SHUVRQ¶V H\HV PLVV VRPHWKLQJ GLUHFWO\ LQ WKHLU OLQH RI YLVLRQ GXH WR GLVWUDFWLRQV� &RQILUPDWLRQ� � � � � � � � � � � � � �

DQG H[SHFWDWLRQ ELDVHV FDXVH SLORWV WR VXEFRQVFLRXVO\ GLVUHJDUG PLVWDNHV E\ ZKDW LV H[SHFWHG RU� � � � � � � � � � � � � �

SHUFHLYHG DV QRUPDO� &RQWUDULO\� JHQHUDO DYLDWLRQ �*$� SLORWV DUH DQRWKHU ODUJH FRQWULEXWRU WR� � � � � � � � � � � � �

UXQZD\ LQFXUVLRQV GXH WR WKHLU LQH[SHULHQFH� ZKLFK PD\ FDXVH WKHP WR HLWKHU PLVV RU LJQRUH� � � � � � � � � � � � � � �

UXQZD\ VLJQDJH �)$$� ������ 7R SLORWV� SHUFHSWLRQ� XQGHUVWDQGLQJ� SODQQLQJ� DQG GHFLVLRQ� � � � � � � � � � �

DQDO\VLV DUH WKH FUXFLDO DVSHFWV RI HQKDQFHG VLWXDWLRQDO DZDUHQHVV �$LUEXV� Q�G��� (PSKDVL]LQJ� � � � � � � � � � � �

VLWXDWLRQDO�DZDUHQHVV�FDQ�VLJQLILFDQWO\�GHFUHDVH�LQFXUVLRQV�DW�KRW�VSRWV���

�

�����1RQVWDQGDUG�0DUNLQJV�DW�$LUSRUWV�

$& ����������/ RQ 6WDQGDUGV IRU $LUSRUW 0DUNLQJV HPSKDVL]HV WKH LPSRUWDQFH RI� � � � � � � � � � �

VLWXDWLRQDO DZDUHQHVV DW WD[LZD\ DQG UXQZD\ LQWHUVHFWLRQV� (QKDQFHG WD[LZD\ FHQWHUOLQH� � � � � � � � � �
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PDUNLQJV DUH UHTXLUHG E\ �� &RGH RI )HGHUDO 5HJXODWLRQ 6HFWLRQ ������� DW DOO WD[LZD\� � � � � � � � � � � � � �

LQWHUVHFWLRQV WKDW RQO\ OHDG GLUHFWO\ WR D UXQZD\ KROGLQJ SRVLWLRQ �)$$� ������ (QKDQFHG� � � � � � � � � � � � �

WD[LZD\ FHQWHUOLQHV DUH QRW VSHFLILF WR 5,0 LGHQWLILHG ORFDWLRQV RU KRW VSRWV� KRZHYHU� $&� � � � � � � � � � � � � �

����������/ VHFWLRQ ���� GHILQHV DQ DGGLWLRQDO QRQVWDQGDUG VXUIDFH PDUNLQJ IRU WKHVH VSRWV� � � � � � � � � � � �

�)$$� ������ $OWKRXJK QRQVWDQGDUG VXUIDFH PDUNLQJV DUH QRW DOZD\V SHUPLWWHG� WKH RFFXUUHQFH� � � � � � � � � � � �

RI PXOWLSOH WD[LZD\ ODQGLQJ LQFXUVLRQV DOORZV IRU WKH H[FHSWLRQ RI VXUIDFH PDUNLQJ ³7$;,´ WR EH� � � � � � � � � � � � � � �

SXW RQWR WD[LZD\V� 8QGHU VHFWLRQ ����� WKH UXQZD\ LQWHUVHFWLRQ PDUNLQJ ZRXOG DOVR EH FODVVLILHG� � � � � � � � � � � � � �

DV D QRQVWDQGDUG GHVLJQ VROXWLRQ WKDW DSSOLHV VSHFLILFDOO\ WR DUHDV ZLWK D KHLJKWHQHG ULVN RI� � � � � � � � � � � � � � �

LQFXUVLRQV��

�

�����&RORUHG�/DQHV�LQ�%XV�5DSLG�7UDQVLW�

%H\RQG DLUSRUWV� LQFXUVLRQ PLWLJDWLRQ LV DOVR DSSOLHG WR EXV UDSLG WUDQVLW V\VWHPV� 7KURXJKRXW� � � � � � � � � � � � �

WKH 86 DQG WKH ZRUOG� FLWLHV DUH ORRNLQJ WR LPSURYH EXV WUDQVLW V\VWHPV E\ UHGXFLQJ WUDYHO WLPHV�� � � � � � � � � � � � � � � � �

2QH PHWKRG RI DFKLHYLQJ WKLV LV WR JLYH EXVHV GHVLJQDWHG ODQHV WKDW DUH QRW WR EH XVHG E\ RWKHU� � � � � � � � � � � � � � � � � � �

YHKLFOHV IRU GULYLQJ RU SDUNLQJ� +RZHYHU� EXV ODQHV DUH IUHTXHQWO\ QRW DV HIIHFWLYH DV GHVLUHG GXH� � � � � � � � � � � � � � � �

WR PDQ\ FDVHV RI LOOHJDO SDUNLQJ RU GULYLQJ LQ WKH ODQH� 7R LQFUHDVH HIILFLHQF\� WKH LGHD RI UHG� � � � � � � � � � � � � � � � � �

SDLQWHG EXV ODQHV ZDV LQWURGXFHG� ,Q ����� WKH 1HZ <RUN &LW\ 'HSDUWPHQW RI 7UDQVSRUWDWLRQ� � � � � � � � � � � � � �

�1<&'27� FRQGXFWHG D VWXG\ WR GHWHUPLQH LI WKH UHG FRORUHG EXV ODQHV ZRXOG GLVFRXUDJH� � � � � � � � � � � � � �

XQDXWKRUL]HG YHKLFOHV IURP LPSHGLQJ DQG XOWLPDWHO\ HQKDQFH EXV VHUYLFH �1<&'27� ������ $V� � � � � � � � � � � �

D UHVXOW RI WKLV VWXG\� LW ZDV IRXQG WKDW WKH QXPEHU RI YHKLFOHV GULYLQJ LQ WKH GHVLJQDWHG EXV ODQHV� � � � � � � � � � � � � � � � � � �

GHFUHDVHG E\ ����� RQFH WKH\ ZHUH ³WUHDWHG´ ZLWK WKH UHG FRORU �1<&'27� ������ :LWK WKH� � � � � � � � � � � � � � �

VXFFHVV RI WKH 1HZ <RUN EXV ODQH H[SHULPHQW� DGGLWLRQDO FLWLHV LPSOHPHQWHG UHG EXV ODQHV�� � � � � � � � � � � � � �

LQFOXGLQJ 6HDWWOH� 6DQ )UDQFLVFR� 0LQQHDSROLV� 3LWWVEXUJK� DQG 'HQYHU �3RUWODQG %XUHDX RI� � � � � � � � � � �

7UDQVSRUWDWLRQ� ������ 2YHUDOO� E\ WUHDWLQJ WKH SDYHPHQWV ZLWK WKH UHG FRORU� VLWXDWLRQDO� � � � � � � � � � � �

DZDUHQHVV�IRU�GULYHUV�LV�HQKDQFHG�DQG�SURPSWV�WKHP�QRW�WR�LPSHGH�RQ�WKH�EXV�ODQH���

$IWHU LW ZDV VKRZQ WKDW UHG EXV ODQHV DUH HIIHFWLYH� WKHUH ZDV IXUWKHU UHVHDUFK LQWR KRZ WR� � � � � � � � � � � � � � � � �

SURSHUO\ WUHDW WKH VXUIDFHV� :KHQ WHVWLQJ DSSOLFDWLRQ PHWKRGV� WKH 1<&'27 FRQVLGHUHG KLJK� � � � � � � � � � � �

YLVLELOLW\� GXUDELOLW\� VDIHW\ DQG VNLG UHVLVWDQFH� ORZ FRVW� HDVH RI LQVWDOODWLRQ� DQG HDVH RI� � � � � � � � � � � � � �

SDWFKLQJ �&DUU\ HW DO�� ������ ,Q RUGHU WR DFKLHYH WKH FRORUHG VXUIDFH� WKH\ FRQVLGHUHG VWUHHW� � � � � � � � � � � � � � �
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SDLQWV� HSR[\ DQG DJJUHJDWH SURGXFWV� DVSKDOW FRQFUHWH�EDVHG PLFUR VXUIDFHV� DQG 3RUWODQG� � � � � � � � � � �

FHPHQW�EDVHG PLFUR VXUIDFHV� $V D UHVXOW RI YDULRXV ILHOG WHVWLQJ DQG ODE WHVWLQJ� LW ZDV FRQFOXGHG� � � � � � � � � � � � � � � �

WKDW HSR[\ VWUHHW SDLQW SURYLGHV D UHOLDEOH DQG GXUDEOH RSWLRQ IRU QHZ DVSKDOW VXUIDFHV�� � � � � � � � � � � � � �

PHDQZKLOH��SRUWODQG�FHPHQW�EDVHG�PLFUR�VXUIDFHV�DUH�QRW�GHHPHG�HIIHFWLYH���

6WXGLHV FRQGXFWHG LQ RWKHU FLWLHV VXSSRUW WKDW WKH XVH RI SLJPHQWV RQ WKH VXUIDFH LV PRUH� � � � � � � � � � � � � � � �

HIIHFWLYH WKDQ EOHQGLQJ SLJPHQWV ZLWK 3RUWODQG FHPHQW �$NNDUL 	 %XUQKDP� Q�G��� 7KH� � � � � � � � � � � �

SLJPHQWHG FRQFUHWH XQGHUZHQW HDUO\ GHWHULRUDWLRQ FRPSDUHG WR UHJXODU 3RUWODQG FHPHQW FRQFUHWH�� � � � � � � � � � �

7KRXJK PLFURFUDFNLQJ GHWHULRUDWLRQ KDV QRW EHHQ GLUHFWO\ FRUUHODWHG WR WKH FRORUHG SLJPHQWV�� � � � � � � � � � � �

PLQLPL]LQJ SUHPDWXUH GHWHULRUDWLRQ LQ SDYHPHQWV LV DQ LPSRUWDQW FRQVLGHUDWLRQ �7KRPDV HW DO��� � � � � � � � � � � �

�������� �
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���7HDP¶V�3UREOHP�6ROYLQJ�$SSURDFK�
�����,QYHVWLJDWLQJ�WKH�3UREOHP�

7KH WHDP FRQVLVWV RI VWXGHQWV PDMRULQJ LQ &LYLO (QJLQHHULQJ� VR D PDMRU FRQVLGHUDWLRQ ZKHQ� � � � � � � � � � � � � �

VHOHFWLQJ D SUREOHP WR UHVHDUFK ZDV WKH SRVVLELOLW\ RI FLYLO GHVLJQ� ,QLWLDOO\� WKHLU IRFXV ZDV� � � � � � � � � � � � � � �

&KDOOHQJH %� ³RSWLPL]LQJ VDIHW\ WKURXJK LPSURYHPHQWV WR DQG UHGHVLJQ RI H[LVWLQJ UXQZD\V DQG� � � � � � � � � � � � �

WD[LZD\V´ �$LUSRUW &RRSHUDWLYH 5HVHDUFK 3URJUDP� ������ )URP WKLV VWDUWLQJ SRLQW� WKH WHDP� � � � � � � � � � � �

IRXQG LQIRUPDWLRQ DERXW WKH )$$ 5,0 SURJUDP DQG SUREOHPDWLF WD[LZD\ JHRPHWULHV WKDW� � � � � � � � � � � �

FRQWULEXWH�WR�UXQZD\�LQFXUVLRQV��

$IWHU LQYHVWLJDWLQJ WKH UXQZD\ LQFXUVLRQV DVSHFW RI UXQZD\ VDIHW\� WKH WHDP EURDGHQHG WKH� � � � � � � � � � � � �

VFRSH RI WKHLU UHVHDUFK� 7KH\ LQYHVWLJDWHG UXQZD\ H[FXUVLRQV DV DQ DOWHUQDWLYH DUHD IRU� � � � � � � � � � � � �

LQQRYDWLRQ� 7KHUH LV VLJQLILFDQWO\ OHVV UHVHDUFK SUHVHQW LQ WKH DUHD RI UXQZD\ H[FXUVLRQV� :KLOH� � � � � � � � � � � � � �

WKH )$$ NHHSV D GDWDEDVH RI UXQZD\ LQFXUVLRQV� WKHUH LV QR VXFK GDWDEDVH IRU H[FXUVLRQV �)$$�� � � � � � � � � � � � � � � �

Q�G��� 7KLV PHDQV WKDW WKH FDXVHV DQG PLWLJDWLRQ VWUDWHJLHV RI UXQZD\ H[FXUVLRQV DUH OHVV ZLGHO\� � � � � � � � � � � � � � �

XQGHUVWRRG� DQG WKDW UHVHDUFKHUV WHQG WR XVH D VPDOOHU VDPSOH VL]H RI H[FXUVLRQV ZKHQ GLVFXVVLQJ� � � � � � � � � � � � � � �

WKHP� )XUWKHUPRUH� WKH QXPEHU RI UXQZD\ H[FXUVLRQV KDV QRW VLJQLILFDQWO\ GHFUHDVHG LQ WKH SDVW� � � � � � � � � � � � � �

GHFDGH��)$$��Q�G�����7KLV�NQRZOHGJH�SURPSWHG�LQYHVWLJDWLRQ�RI�UXQZD\�H[FXUVLRQ�PLWLJDWLRQ�� �

�

�����3UREOHP�6ROYLQJ�$SSURDFK�

7KH WHDP FRPSLOHG WKH SURSRVHG VROXWLRQV DIWHU UHVHDUFKLQJ LQFXUVLRQV DQG H[FXUVLRQV� � � � � � � � � � �

WKURXJK D GHVLJQ WKLQNLQJ SURFHVV� )RUHPRVW� D EUDLQVWRUPLQJ VHVVLRQ ZDV FRQGXFWHG WR GHYHORS� � � � � � � � � � � � �

DV PDQ\ VROXWLRQV DV SRVVLEOH WR PLWLJDWH LQFXUVLRQV DQG H[FXUVLRQV� 6ROXWLRQV ZHUH GLYLGHG LQWR� � � � � � � � � � � � � �

FDWHJRULHV DV WKH IROORZLQJ� FRORUV IRU GLIIHUHQW VXUIDFHV� PDUNLQJ YLVLELOLW\ LQ EDG ZHDWKHU�� � � � � � � � � � � � �

DLUFUDIW QDYLJDWLRQ V\VWHPV� FRQGLWLRQ UHSRUWLQJ LPSURYHPHQW� RSHUDWLRQV DQG DGPLQLVWUDWLYH� � � � � � � � �

WRROV� DQG GUDLQDJH� )URP WKHUH� HDFK RI WKH WKUHH WHDP PHPEHUV YRWHG RQ WKHLU WRS WKUHH IDYRULWH� � � � � � � � � � � � � � � � �

VROXWLRQV�FDWHJRULHV� 7KH WRS VFRULQJ VROXWLRQV ZHUH FRORUV IRU GLIIHUHQW VXUIDFHV DQG FRQGLWLRQ� � � � � � � � � � � �

UHSRUW�LPSURYHPHQW��

2QFH DOO LGHDV ZHUH FROOHFWHG� LW ZDV HDVLHU WR VHH KRZ WKH WHDP DSSURDFKHG WKLV FKDOOHQJH�� � � � � � � � � � � � � � � � �

7KH SUREOHP LQ PLQG ZDV UHGHILQHG WR ILW WKH VFRSH DQG UHOHYDQFH RI WKH WHDP¶V UHVHDUFK� $� � � � � � � � � � � � � � � � �

FRPPRQ DUHD RI IRFXV ZDV LQFXUVLRQ DQG H[FXUVLRQ HYHQWV GXH WR SLORW HUURU� ,Q RUGHU WR DGGUHVV� � � � � � � � � � � � � � � � �
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WKLV VSHFLILF SUREOHP� WKH WHDP GHFLGHG WKDW KXPDQ IDFWRUV VKRXOG EH FRQVLGHUHG LQ WKH ILQDO� � � � � � � � � � � � � � �

GHVLJQ� ,Q RUGHU WR GR VR� VWHSV PXVW EH WDNHQ WR JDLQ UHOHYDQW SHUVSHFWLYH IURP WKH XVHUV RQ WKH� � � � � � � � � � � � � � � � � � �

SURSRVHG�VROXWLRQ��

�

�����6HOHFWLQJ�WKH�7RS�6ROXWLRQ�

7KH WHDP IRXQG WKDW WKH LVVXH RI FRQGLWLRQ UHSRUWLQJ KDG ODUJHO\ EHHQ VROYHG WKURXJK WKH� � � � � � � � � � � � � � �

UXQZD\ FRQGLWLRQ DVVHVVPHQW PDWUL[ �)$$� Q�G��� 7KH WHDP FRQILUPHG WKDW WKLV VROXWLRQ KDV� � � � � � � � � � � � �

PXFK�LPSURYHG�WKH�SUREOHP�WKURXJK�FRUUHVSRQGHQFH�ZLWK�DQ�DLUSRUW�PDQDJHU�DQG�SLORW���

7KH RWKHU WRS VROXWLRQ ² FRORUV IRU GLIIHUHQW VXUIDFHV ² LV ZKDW WKH WHDP GHFLGHG WR SXUVXH�� � � � � � � � � � � � � � � � �

7KLV VROXWLRQ LV LQVSLUHG E\ UHG EXV ODQHV LPSOHPHQWHG LQ PDMRU 86 FLWLHV XVHG WR GHFUHDVH EXV� � � � � � � � � � � � � � � � �

ODQH LQFXUVLRQV �1<&'27� ������ %\ GLIIHUHQWLDWLQJ VXUIDFHV� VSHFLILFDOO\ WKH VXUIDFH EHWZHHQ� � � � � � � � � � �

WKH KROG VKRUW PDUNLQJV DQG UXQZD\V� WKH VROXWLRQ HIIHFWLYHO\ DGGUHVVHV WKH UHIRFXVHG SUREOHP RI� � � � � � � � � � � � � �

UHGXFLQJ�SLORW�HUURU�E\�LQFUHDVLQJ�SLORW�VLWXDWLRQDO�DZDUHQHVV��

$IWHU DGGLWLRQDO UHVHDUFK� WKH WHDP FKRVH WR SURFHHG ZLWK WKH VROXWLRQ RI FRORUV IRU YDULRXV� � � � � � � � � � � � � � �

DLUILHOG VXUIDFHV� ZKLFK IDOOV XQGHU WKH FRPSHWLWLRQ FDWHJRU\ RI 5XQZD\ 6DIHW\�5XQZD\� � � � � � � � � � �

,QFXUVLRQV�5XQZD\ ([FXUVLRQV ZLWK &KDOOHQJH *� ³HQKDQFLQJ DLUSRUW YLVXDO DLGV WKURXJK� � � � � � � � � �

LPSURYHG OLJKWLQJ� PDUNLQJ� DQG VLJQDJH IRU UXQZD\V� WD[LZD\V DQG WKH DLUSRUW DSURQ´ �$LUSRUW� � � � � � � � � � � � �

&RRSHUDWLYH 5HVHDUFK 3URJUDP� ������ 7KLV YDULHG IURP WKH RULJLQDO VFRSH WKH WHDP ZDV� � � � � � � � � � � � �

IRFXVLQJ RQ� KRZHYHU� WKH WHDP IHOW WKDW WKLV FKDOOHQJH EHWWHU HQFRPSDVVHG WKH VROXWLRQ WKH\ ZHUH� � � � � � � � � � � � � � �

GHVLJQLQJ��

�

�����'LVWLQJXLVKLQJ�WKH�%HVW�3URWRW\SH�YLD�'HFLVLRQ�0DWUL[�

2QFH WKH WHDP GHFLGHG RQ WKH SURSRVHG GHVLJQ VROXWLRQ� WZR GLIIHUHQW PDUNLQJ SDWWHUQV ZHUH� � � � � � � � � � � � � �

FRQVLGHUHG� 7KH RULJLQDO GHVLJQ HQWDLOHG D VROLG PDUNLQJ IURP WKH KROG VKRUW OLQH WR WKH HGJH RI� � � � � � � � � � � � � � � � �

WKH UXQZD\� JLYLQJ LW WKH QDPH UXQZD\ LQWHUVHFWLRQ PDUNLQJ� +RZHYHU� WKH WHDP DGGHG DQ� � � � � � � � � � � � � �

DOWHUQDWLYH RI D UHG VWULSHG PDUNLQJ ZLWK WKH VDPH SRVLWLRQLQJ DIWHU JDLQLQJ SHUVSHFWLYHV RI� � � � � � � � � � � � � �

LQGXVWU\ SURIHVVLRQDOV� ,Q SDUWLFXODU� WKH VWDII DW $XVWLQ 6WUDXEHO ,QWHUQDWLRQDO $LUSRUW �.*5%� LQ� � � � � � � � � � � � �

*UHHQ %D\� :LVFRQVLQ YRLFHG FRQFHUQ DERXW KDYLQJ D ODUJH H[SDQVH RI SDLQWHG DUHD� 6LQFH� � � � � � � � � � � � � �

.*5% LV ORFDWHG LQ D FRROHU FOLPDWH DQG RIWHQ H[SRVHG WR LFLQJ DQG VQRZ� 5RQDOG 6DPSVRQ�� � � � � � � � � � � � � � � �
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$LUILHOG 2SHUDWLRQV 6XSHUYLVRU� VXJJHVWHG D VWULSHG PDUNLQJ WR FRPEDW IULFWLRQ ORVVHV WKDW D ODUJH� � � � � � � � � � � � � �

H[SDQVH�RI�VROLG�PDUNLQJV�ZRXOG�HQWDLO��

'U� .HOO\ 6WHHOPDQ IURP WKH &RJQLWLYH DQG /HDUQLQJ 6FLHQFHV GHSDUWPHQW DW 0LFKLJDQ� � � � � � � � � � � �

7HFKQRORJLFDO 8QLYHUVLW\ �078� DOVR SURYLGHG LQVLJKW RQ WKH VWULSHG YHUVXV VROLG PDUNLQJV� � � � � � � � � � � �

GHFLVLRQ� 'U� 6WHHOPDQ VKDUHG WKH LPSRUWDQFH RI LQFUHDVLQJ VDOLHQFH IURP D SLORW
V YLHZSRLQW�� � � � � � � � � � � � �

+HQFH� D VWULSHG PDUNLQJ ZRXOG SURYLGH D VWURQJHU RULHQWDWLRQ FRQWUDVW� LQFUHDVLQJ SLORW� � � � � � � � � � � �

VLWXDWLRQDO DZDUHQHVV� &RORU FRQWUDVW LV DQRWKHU HOHPHQW RI VDOLHQFH WKDW 'U� 6WHHOPDQ� � � � � � � � � � � �

HPSKDVL]HG� +XPDQ DWWHQWLRQ LV LQFUHDVHG E\ VWDUN FRORU FRQWUDVW DQG DVVRFLDWLRQ RI D FRORU¶V� � � � � � � � � � � � � �

PHDQLQJ LQ RWKHU DSSOLFDWLRQV� 'U� 6WHHOPDQ¶V LQVLJKW OHG WR WKH DGGLWLRQ RI DQRWKHU SRWHQWLDO� � � � � � � � � � � � � �

GHVLJQ ZLWK DOWHUQDWLQJ UHG DQG ZKLWH VWULSHV� FUHDWLQJ D VROLG PDUNLQJ ZLWK LQFUHDVHG YLVXDO� � � � � � � � � � � � � �

FRQWUDVW��

7KH WHDP FRPSLOHG WKH IHHGEDFN SHUWDLQLQJ WR GHVLJQ FRQVLGHUDWLRQV XVLQJ D GHFLVLRQ PDWUL[�� � � � � � � � � � � � �

DV VHHQ LQ )LJXUH �� WR DSSURSULDWHO\ DGGUHVV LPSRUWDQW HOHPHQWV RI HDFK GHVLJQ� 6ROLG PDUNLQJV�� � � � � � � � � � � � � � �

VWULSHG UHG PDUNLQJV� VWULSHG UHG DQG ZKLWH PDUNLQJV� DQG QR DGGLWLRQDO PDUNLQJV ZHUH� � � � � � � � � � � � �

HYDOXDWHG� )RU HDFK GHVLJQ� IULFWLRQ� VDOLHQFH� PDLQWHQDQFH� DQG SLORW LQWHUSUHWDWLRQ ZHUH� � � � � � � � � � �

HYDOXDWHG� )ULFWLRQ� VDOLHQFH DQG PDLQWHQDQFH ZHUH HYDOXDWHG RQ D VFDOH RI � �ORZHVW VDIHW\� � � � � � � � � � � � � �

IDFWRU� WR �� �KLJKHVW VDIHW\ IDFWRU�� )ULFWLRQ ZDV JLYHQ D ZHLJKW RI WZR� 6DOLHQFH ZDV JLYHQ D� � � � � � � � � � � � � � � � �

ZHLJKW RI WKUHH� GXH WR WKH VXE�HOHPHQWV HYDOXDWHG� FRORU FRQWUDVW� RULHQWDWLRQ FRQWUDVW� DQG� � � � � � � � � � � � �

OXPLQDQFH� ZKLFK ZHUH DOO JLYHQ D ZHLJKW RI RQH� 0DLQWHQDQFH ZDV JLYHQ D ZHLJKW RI RQH� 3LORW� � � � � � � � � � � � � � � � �

LQWHUSUHWDWLRQ ZDV EURNHQ LQWR IRXU FDWHJRULHV ZLWK GLIIHUHQW OHYHOV RI XQGHUVWDQGLQJ� 7KH� � � � � � � � � � � �

LQWHUSUHWDWLRQV WKDW FRXOG OHDG WR DQ LQFXUVLRQ� ZRUVW FDVH DQG EDVH FDVH� ZHUH JLYHQ D ZHLJKW RI� � � � � � � � � � � � � � � � �

QHJDWLYH RQH� &RQWUDULO\� WKH EHVW FDVH DQG PHGLXP FDVH ZHUH JLYHQ D SRVLWLYH ZHLJKW RI � ZLWK� � � � � � � � � � � � � � � � �

WKH VFDOH RI � �OHDVW OLNHO\ WR RFFXU� WR �� �PRVW OLNHO\ WR RFFXU�� $IWHU FRPSOHWLQJ WKLV DQDO\VLV�� � � � � � � � � � � � � � � � � �

WKH WHDP GHFLGHG WKDW WKH VWULSHG UHG DQG ZKLWH PDUNLQJV ZRXOG SURYLGH WKH PRVW GHVLUDEOH� � � � � � � � � � � � � � �

RXWFRPH�RI�WKH�REMHFWLYH�WR�GHFUHDVH�UXQZD\�LQFXUVLRQV��

�
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�

)LJXUH����3DYHPHQW�0DUNLQJ�3DWWHUQ�'HFLVLRQ�0DWUL[�DQG�'HVFULSWLRQV� �
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���'HVFULSWLRQ�RI�7HFKQLFDO�$VSHFWV��
�����,PSOHPHQWDWLRQ�/RFDWLRQ�

7KH UXQZD\ LQWHUVHFWLRQ PDUNLQJ ZRXOG FRYHU WKH DUHD EHWZHHQ WKH UXQZD\ KROG VKRUW� � � � � � � � � � � � �

PDUNLQJ DQG WKH UXQZD\ HGJH PDUNLQJ� $V PHQWLRQHG LQ 6HFWLRQ ��� WKH WHDP¶V XVH RI GHFLVLRQ� � � � � � � � � � � � � � � �

PDWUL[ GHPRQVWUDWHG WKDW WKH EHVW VROXWLRQ ZDV WR LPSOHPHQW UHG DQG ZKLWH VWULSHV RQ WKLV UXQZD\� � � � � � � � � � � � � � � �

LQWHUVHFWLRQ PDUNLQJ� ,Q RUGHU WR EHVW FRPSO\ ZLWK )$$ UHJXODWLRQV DQG $GYLVRU\ &LUFXODUV� WKH� � � � � � � � � � � � � �

UXQZD\ LQWHUVHFWLRQ PDUNLQJ ZRXOG EH FODVVLILHG DV QRQVWDQGDUG� ,PSOHPHQWDWLRQ RI WKH PDUNLQJ� � � � � � � � � � � �

LV UHFRPPHQGHG WR RFFXU DW QRQ�WRZHUHG DQG WRZHUHG DLUSRUWV� +RZHYHU� WKH PDUNLQJ VKRXOG� � � � � � � � � � � � �

RQO\ EH LPSOHPHQWHG DW KRW VSRWV RU )$$ 5,0 SUREOHPDWLF JHRPHWU\ ORFDWLRQV� 7KRXJK LW PD\� � � � � � � � � � � � � � �

VHHP EHQHILFLDO WR LPSOHPHQW DW DOO UXQZD\ LQWHUVHFWLRQV� WKLV FDQ FUHDWH FRQILUPDWLRQ DQG� � � � � � � � � � � � �

H[SHFWDWLRQ�ELDV�DPRQJ�WKH�XVHU��XOWLPDWHO\�PDNLQJ�WKH�PDUNLQJ�OHVV�HIIHFWLYH���

�

�����0DUNLQJ�*HRPHWU\�'HVLJQ�

7KRXJK WKH JHRPHWU\ RI WKH SDYHPHQW DUHD ZKHUH WKH PDUNLQJ ZLOO EH LPSOHPHQWHG ZLOO� � � � � � � � � � � � � �

YDU\� WKH JHRPHWU\ RI WKH UXQZD\ LQWHUVHFWLRQ PDUNLQJ LV VWDQGDUGL]HG� 7KH WHDP UHFRPPHQGV� � � � � � � � � � � � �

WKDW WKH VWULSHG PDUNLQJV VWDUW DW D �� GHJUHH DQJOH IURP WKH KROG VKRUW OLQH� DQG WKDW HDFK VWULSH� � � � � � � � � � � � � � � � � � �

KDYH�D�ZLGWK�RI����IHHW��DV�VHHQ�LQ�)LJXUH�����

�

)LJXUH����5XQZD\�,QWHUVHFWLRQ�0DUNLQJ�6WDQGDUG�'HWDLO�

�
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�����,PSOHPHQWDWLRQ�9DULDWLRQV�

$IWHU GHWHUPLQLQJ WKH EHVW VROXWLRQ� WKH WHDP DQDO\]HG ILYH DLUSRUWV OLVWHG LQ WKH 5,0� � � � � � � � � � � � � �

LQYHQWRU\ RI ORFDWLRQV� 7KH ILYH DLUSRUWV DQDO\]HG KDYH GLIIHUHQW 13,$6 &ODVVLILFDWLRQV DQG� � � � � � � � � � � �

GLIIHUHQW SUREOHPDWLF JHRPHWULHV� $LUSRUW LQIRUPDWLRQ DQG WKH ORFDWLRQV RI JHRPHWULHV WKDW ZHUH� � � � � � � � � � � �

DQDO\]HG�DUH�VKRZQ�LQ�)LJXUH����

$LUSRUW�1DPH�
$LUSRUW�
,GHQWLILHU� /RFDWLRQ�

13,$6�
&ODVVLILFDWLRQ�

*HRPHWU\�$QDO\VLV�
/RFDWLRQ�

3UREOHPDWLF�
*HRPHWU\�
*HRFRGH�

$LUSRUW�
'HVLJQDWHG�
+RW�6SRW�

+DUWVILHOG���-DFNVRQ�
$WODQWD�,QWHUQDWLRQDO�

$LUSRUW�
.$7/�

$WODQWD��
*HRUJLD�

/DUJH�+XE�
5:<��/���5��7:<�
&��'�,QWHUVHFWLRQ�

��� +6���

&OHYHODQG���+RSNLQV�
,QWHUQDWLRQDO�$LUSRUW�

.&/(�
&OHYHODQG��

2KLR�
0HGLXP�+XE�

)LYH�SRLQW�
LQWHUVHFWLRQ�RI�

7D[LZD\V�-�/�6��DQG�
5XQZD\��5���/�

)LYH�SRLQW�
LQWHUVHFWLRQ�RI�

7D[LZD\V�5��/�$��DQG�
5XQZD\��5���/�

������ +6���

)O\LQJ�&ORXG�$LUSRUW� .)&0�
0LQQHDSROLV��
0LQQHVRWD�

1DWLRQDO��
5HOLHYHU�$LUSRUW�

+ROG�SRVLWLRQ�EDU�)RU�
5:<���/���5�RQ�

7:<�&�
��� +6���

0LDPL���2SD�/RFND�
([HFXWLYH�$LUSRUW�

.23)�
0LDPL��
)ORULGD�

1DWLRQDO��
5HOLHYHU�$LUSRUW�

+ROG�6KRUW�%DU�RQ�
7:<�7��DW�DSSURDFK�

HQG�RI�5:<����
����� �

3XUGXH�8QLYHUVLW\�
$LUSRUW�

./$)�
/DID\HWWH��
,QGLDQD�

5HJLRQDO��
*HQHUDO�$YLDWLRQ�

$LUSRUW�

,QWHUVHFWLRQ�RI�
7D[LZD\V�%�%���&��

DQG�5:<6�������DQG�
�����

�� +6���

)LJXUH����6HOHFWHG�5,0�/RFDWLRQV�

�

�

�

�

�

�
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7KH WHDP LGHQWLILHG WKH SUREOHPDWLF JHRPHWU\ RI QRQVWDQGDUG PDUNLQJV DQG�RU VLJQDJH� � � � � � � � � � �

SODFHPHQW WR H[LVW DW +RW 6SRW �+6� � DW +DUWVILHOG � -DFNVRQ $WODQWD ,QWHUQDWLRQDO $LUSRUW� � � � � � � � � � � � � � �

�.$7/�� $GGLWLRQDOO\� WKH ORFDWLRQ LV ORFDWHG RQ WKH QRUWK VLGH RI WKH DLUSRUW QHDU WKH *$� � � � � � � � � � � � � � � �

RSHUDWLRQV DUHD� )LJXUH � VKRZV KRZ WKH UXQZD\ LQWHUVHFWLRQ PDUNLQJ ZRXOG EH LPSOHPHQWHG� � � � � � � � � � � � �

WKHUH��DV�ZHOO�DV�DQ�DSSUR[LPDWLRQ�RI�WKH�DUHD�WR�EH�FRYHUHG�E\�WKH�PDUNLQJ���

�

)LJXUH����.$7/�5XQZD\�LQWHUVHFWLRQ�PDUNLQJ�LPSOHPHQWDWLRQ�DW�+6���

&OHYHODQG � +RSNLQV ,QWHUQDWLRQDO $LUSRUW �.&/(� LV FODVVLILHG LQ WKH 13,$6 DV D PHGLXP� � � � � � � � � � � � � �

KXE DLUSRUW� PDNLQJ LW VPDOOHU WKDQ .$7/� 7KH WHDP LGHQWLILHG <�VKDSHG WD[LZD\V FURVVLQJ D� � � � � � � � � � � � � �

UXQZD\ DQG D JUHDWHU WKDQ WKUHH QRGH WD[LZD\ LQWHUVHFWLRQ DW WKH 5,0 SURJUDP ORFDWLRQ� DV� � � � � � � � � � � � � � �

VKRZQ�LQ�)LJXUH���� �

�

)LJXUH����.&/(�5XQZD\�LQWHUVHFWLRQ�PDUNLQJ�LPSOHPHQWDWLRQ�DW�+6���DQG�+6���
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1HLWKHU )O\LQJ &ORXG $LUSRUW �.)&0� LQ 0LQQHVRWD DQG 0LDPL � 2SD /RFND ([HFXWLYH� � � � � � � � � � � � �

$LUSRUW �.23)� LQ )ORULGD DUH FRPPHUFLDO VHUYLFH DLUSRUWV� DQG WKH\ DUH ERWK OLVWHG DV *$� � � � � � � � � � � � � � �

1DWLRQDO DQG 5HOLHYHU $LUSRUWV� 7KH\ H[SHULHQFH VLJQLILFDQW DPRXQWV RI EXVLQHVV DQG SULYDWH� � � � � � � � � � � �

DLUFUDIW DFWLYLWLHV� )LJXUH � VKRZV +6 � DW .)&0� ZKLFK ZDV LGHQWLILHG E\ WKH WHDP WR KDYH D� � � � � � � � � � � � � � � � � �

VKRUW WD[L GLVWDQFH IURP UDPS�DSURQ DUHD WR D UXQZD\� 7KH DUHD VKRZQ LQ )LJXUH �� IRU .23) LV� � � � � � � � � � � � � � � � � �

QRW OLVWHG DV D KRW VSRW EXW LV LGHQWLILHG DV D SDUW RI WKH )$$ 5,0 3URJUDP LQYHQWRU\� 7KH WHDP� � � � � � � � � � � � � � � � � � � �

LGHQWLILHG WKH SUREOHPDWLF JHRPHWU\ DW WKLV ORFDWLRQ WR EH ZLGH H[SDQVHV RI WD[L SDYHPHQWV� � � � � � � � � � � � � �

HQWHULQJ�RU�DORQJ�D�UXQZD\�DV�ZHOO�DV�GLUHFW�WD[LLQJ�DFFHVV�WR�UXQZD\V�IURP�UDPS�DUHDV���

�

)LJXUH����.)&0�5XQZD\�,QWHUVHFWLRQ�0DUNLQJ�LPSOHPHQWDWLRQ�DW�+6���

�

)LJXUH�����.23)�5XQZD\�LQWHUVHFWLRQ�PDUNLQJ�LPSOHPHQWDWLRQ�
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3XUGXH 8QLYHUVLW\ $LUSRUW �./$)� LQ ,QGLDQD LV OLVWHG DV D UHJLRQDO *$ DLUSRUW� LPSO\LQJ LW� � � � � � � � � � � � � � �

GRHV QRW UHFHLYH FRPPHUFLDO VHUYLFH IOLJKWV� 7KH UHJLRQDO FODVVLILFDWLRQ LPSOLHV WKH DLUSRUW GRHV� � � � � � � � � � � � �

QRW VHH D VLJQLILFDQW QXPEHU RI EXVLQHVV RU SULYDWH QDWLRQDO IOLJKWV� ./$) VHUYHV DV DQ H[DPSOH� � � � � � � � � � � � � � � �

WKDW VPDOOHU DLUSRUWV DUH QRW UHVLOLHQW WR UXQZD\ LQFXUVLRQV DQG PD\ KDYH SUREOHPDWLF JHRPHWU\� � � � � � � � � � � � � �

ORFDWLRQV���$W�./$)��WKH�WHDP�LGHQWLILHG�<�VKDSHG�WD[LZD\V�FURVVLQJ�D�UXQZD\���

�

)LJXUH������./$)�UXQZD\�LQWHUVHFWLRQ�PDUNLQJ�LPSOHPHQWDWLRQ�DW�+6���

1R PDWWHU WKH FODVVLILFDWLRQ RU WD[LZD\ JHRPHWU\ RI DQ DLUSRUW� WKH UXQZD\ LQWHUVHFWLRQ� � � � � � � � � � � � �

PDUNLQJ�FDQ�EH�LPSOHPHQWHG��XOWLPDWHO\�LQFUHDVLQJ�VDIHW\�IRU�DLUSRUW�XVHUV�DQG�RSHUDWRUV��

�

�����3DLQW�7\SH�

&XUUHQWO\� WKH )$$ UHFRPPHQGV WKH XVH RI ZDWHUERUQH� HSR[\� PHWK\O PHWKDFU\ODWH� RU� � � � � � � � � � � �

SUHIRUPHG WKHUPRSODVWLF SDLQW IRU SDYHPHQW PDUNLQJV� )RU WKH UXQZD\ LQWHUVHFWLRQ PDUNLQJ� WKH� � � � � � � � � � � �

XVH RI D ZDWHUERUQH SDLQW WKDW FRQWDLQV JODVV EHDGV LV UHFRPPHQGHG� 8SRQ WDONLQJ ZLWK DLUSRUW� � � � � � � � � � � � � � �

PDQDJHUV� WKH WHDP GLVFRYHUHG WKDW PDQ\ DLUSRUWV FXUUHQWO\ XVH ZDWHUERUQH SDLQW IRU WKHLU� � � � � � � � � � � � �

PDUNLQJV� %\ PDLQWDLQLQJ FRQVLVWHQF\ ZLWK FXUUHQW SDLQW W\SHV� WKH LPSOHPHQWDWLRQ DQG� � � � � � � � � � �

PDLQWHQDQFH RI WKH QHZ PDUNLQJ LV QRW DQWLFLSDWHG WR FDXVH DQ\ XQLTXH RU XQPDQDJHDEOH� � � � � � � � � � � � � �

FKDOOHQJHV��

�
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�����(QYLURQPHQWDO�,PSOLFDWLRQV�

8SRQ FRQVLGHUDWLRQ DQG FRQVXOWDWLRQ� WKH WHDP GRHV QRW IRUHVHH DQ\ VLJQLILFDQW� � � � � � � � � � �

HQYLURQPHQWDO LPSDFWV WKDW DULVH WKURXJK WKH LPSOHPHQWDWLRQ RI WKH UXQZD\ LQWHUVHFWLRQ PDUNLQJ�� � � � � � � � � � � �

7KH SDLQW WKH WHDP UHFRPPHQGV LV FXUUHQWO\ LQ XVH DW DLUSRUWV DFURVV WKH 86 DQG KDV QRW VKRZQ� � � � � � � � � � � � � � � � � �

DQ\ PDMRU HQYLURQPHQWDO LPSDFWV� 7KRXJK WKH UHFRPPHQGHG SDLQW FRQWDLQV JODVV EHDGV� ZKLFK� � � � � � � � � � � �

FDQ EH ZRUQ GRZQ DQG UHOHDVHG LQWR WKH HQYLURQPHQW� WKH\ SRVH QR VLJQLILFDQW LPSDFW EHFDXVH� � � � � � � � � � � � � � �

WKH\ DUH FKHPLFDOO\ LQHUW� PHDQLQJ WKH EHDGV ZLOO QRW UHDFW ZLWK DQ\WKLQJ LQ WKH HQYLURQPHQW�� � � � � � � � � � � � � � �

$GGLWLRQDOO\� WKH VROXWLRQ SURSRVHG E\ WKH WHDP HOLPLQDWHV WKH QHFHVVLW\ WR FRPSOHWH WRWDO� � � � � � � � � � � � �

UHFRQVWUXFWLRQ� 5HFRQVWUXFWLRQ RI D WD[LZD\ FDQ SRVH PDQ\ HQYLURQPHQWDO KD]DUGV VXFK DV GXVW� � � � � � � � � � � � �

DQG UXQRII SROOXWLRQ $GGLWLRQDOO\� WKH SURFXUHPHQW DQG VKLSSLQJ RI PDWHULDOV IRU D UHFRQVWUXFWLRQ� � � � � � � � � � � � �

SROOXWHV�WKH�HQYLURQPHQW���

�

�����0DLQWHQDQFH�

$FFRUGLQJ WR DLUSRUW PDQDJHUV WKH WHDP FRQWDFWHG� VWDQGDUG SUDFWLFH LV WKDW PDUNLQJV DUH� � � � � � � � � � � � �

UHSDLQWHG WZLFH DQQXDOO\ DW FRPPHUFLDO VHUYLFH DLUSRUWV DQG HYHU\ WZR \HDUV DW JHQHUDO DYLDWLRQ� � � � � � � � � � � � � �

DLUSRUWV� 7KH WHDP UHFFRPHQHGV WKDW WKH QHZ PDUNLQJV EH UHSDLQWHG DW WKH VDPH IUHTXHQF\ DV� � � � � � � � � � � � � � �

RWKHU DLUILHOG PDUNLQJV� 7KH UXQZD\ LQWHUVHFWLRQ PDUNLQJ SURSRVHV D JUHDWHU DUHD RI SDLQW ZLWK� � � � � � � � � � � � � �

PRUH GHWDLO� KRZHYHU� RQFH LPSOHPHQWHG� WKH PDLQWHQDQFH RI WKH PDUNLQJV LV QRW DQWLFLSDWHG WR� � � � � � � � � � � � � �

SRVH�VLJQLILFDQW�LPSDFWV��� �
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���6DIHW\�5LVN�$VVHVVPHQW�
�����'HILQLQJ�WKH�5LVN�RI�3URMHFW��

6DIHW\ LV DQ LPSHUDWLYH LQLWLDWLYH RI WKH )$$� HVSHFLDOO\ ZKHQ FRQVLGHULQJ UXQZD\ LQFXUVLRQV�� � � � � � � � � � � � �

7KH 5,0 SURJUDP� VDIHW\ FRQIHUHQFHV� DQG VDIHW\ WUDLQLQJ DUH VRPH RI WKH ZD\V WKDW VDIHW\ LV� � � � � � � � � � � � � � � �

HPSKDVLVHG WKURXJKRXW WKH )$$� $OWKRXJK PLWLJDWLRQ RI UXQZD\ LQFXUVLRQV LV WKH XOWLPDWH JRDO�� � � � � � � � � � � � �

WKH XQSUHGLFWDELOLW\ RI KXPDQ LQWHUDFWLRQ PDNHV FRPSOHWH PLWLJDWLRQ FKDOOHQJLQJ� 0DQ\� � � � � � � � � �

LQFXUVLRQV FDQ EH DWWULEXWHG WR D ODFN RI VLWXDWLRQDO DZDUHQHVV� VLQFH ��� RI UXQZD\ LQFXUVLRQV� � � � � � � � � � � � � � �

DUH GXH WR 3'V �)$$� ������ 7KH JRDO RI WKH UXQZD\ LQWHUVHFWLRQ PDUNLQJ LV WR PD[LPL]H WKH� � � � � � � � � � � � � � � � �

VLWXDWLRQDO�DZDUHQHVV�RI�SLORWV�DW�KRW�VSRWV�ZKHUH�D�KLJKHU�ULVN�RI�LQFXUVLRQ�LV�SUHVHQW��

7KH ULVN RI SLORW FRQIXVLRQ ZDV EURNHQ LQWR IRXU UHVXOWLQJ FDWHJRULHV� GLVUHJDUGDQFH RI� � � � � � � � � � � � �

PDUNLQJV� DYRLGDQFH RI WD[LZD\� PLQRU LQFXUVLRQ� DQG PDMRU LQFXUVLRQ� 'LVUHJDUGLQJ WKH� � � � � � � � � � �

PDUNLQJV ZRXOG HQWDLO QRW UHJLVWHULQJ WKH LQFUHDVHG FDXWLRQ DQG LQFXUULQJ RQ WKH PDUNLQJV� EXW� � � � � � � � � � � � � �

QRW WKH UXQZD\� &RPSOHWH DYRLGDQFH RI WKH WD[LZD\ ZRXOG UHVXOW LQ D SLORW FKDQJLQJ WKHLU URXWH LI� � � � � � � � � � � � � � � � �

WKH PDUNLQJV ZHUH SHUFHLYHG DV D FORVXUH RI WKDW WD[LZD\� $ PLQRU LQFXUVLRQ ZRXOG LQYROYH D� � � � � � � � � � � � � � � �

SLORW IDLOLQJ WR DVN $7& IRU FOHDUDQFH� $ PDMRU LQFXUVLRQ ZRXOG HQWDLO DQ LQFXUVLRQ GHVSLWH� � � � � � � � � � � � � � �

LQVWUXFWLRQV�IRUP�$7&���

5HGXFHG IULFWLRQ� ORZ YLVLELOLW\� DQG IRUHLJQ REMHFW GHEULV �)2'� ZHUH DOVR DVVHVVHG�� � � � � � � � � � � �

5HGXFHG IULFWLRQ ZRXOG UHVXOW LQ D ORVV RI FRQWURO DQG LQFUHDVH WKH SRWHQWLDO IRU DQ LQFXUVLRQ� /RZ� � � � � � � � � � � � � � � � �

YLVLELOLW\ FRXOG RFFXU IURP LQDWWHQWLRQDO EOLQGQHVV� DGYHUVH ZHDWKHU FRQGLWLRQV� RU QLJKW� � � � � � � � � � �

FRQGLWLRQV� 7KH UXQZD\ LQWHUVHFWLRQ PDUNLQJ FUHDWHV D SRWHQWLDO KD]DUG IRU LQFUHDVHG )2'� DV WKH� � � � � � � � � � � � � �

PDUNLQJ FRXOG FKLS DQG FUHDWH H[FHVV GHEULV RQ WKH UXQZD\� 7KH 6DIHW\ 5LVN 0DWUL[� VHHQ LQ� � � � � � � � � � � � � � � �

)LJXUH ��� UDWHV HDFK SRWHQWLDO KD]DUG RQ D VFDOH RI VHYHULW\ DQG OLNHOLKRRG RI RFFXUUHQFH�� � � � � � � � � � � � � � �

)XUWKHUPRUH� WKH FRORUV RQ WKH FKDUW UDQN WKH ULVN OHYHO RI HDFK LWHP DW KDQG ² JUHHQ EHLQJ WKH� � � � � � � � � � � � � � � � � � �

ORZHVW�ULVN��DQG�UHG�EHLQJ�WKH�KLJKHVW��

�

�

�

�

�
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5XQZD\�,QWHUVHFWLRQ�
0DUNLQJ�

6HYHULW\�

,QVLJQLILFDQW� 0LQRU� 0RGHUDWH� 0DMRU� &DWDVWURSKLF�

�
�

�

�� �

$OPRVW�&HUWDLQ� � � � � �

3UREDEOH� )2'� � � � �

3RVVLEOH� $YRLGDQFH�RI�
7D[LZD\�

'LVUHJDUGDQFH�
RI�0DUNLQJV�

� � �

8QOLNHO\� � /RZ�9LVLELOLW\� 0LQRU�
,QFXUVLRQ�

� 5HGXFHG�
)ULFWLRQ�

5DUH� � � � 0DMRU�
,QFXUVLRQ�

�

)LJXUH�����5XQZD\�,QWHUVHFWLRQ�0DUNLQJ�6DIHW\�5LVN�0DWUL[�

�

�����0LWLJDWLRQ�6WUDWHJLHV�

,I D SLORW GLVUHJDUGV WKH PDUNLQJV� WKH ULVN RI LQFXUVLRQ LV QR GLIIHUHQW WKDQ LI WKH PDUNLQJV� � � � � � � � � � � � � � � � �

ZHUH QRW WKHUH� 7KLV LV D EDVH FDVH IRU DVVHVVPHQW� FRPSDUDWLYH WR WKH PRVW FRPPRQ W\SH RI� � � � � � � � � � � � � � � � �

LQFXUVLRQ� 7KHUH DUH IRXU OHYHOV RI LQFXUVLRQ VHYHULW\ UDQJLQJ IURP FDWHJRU\ $ WR '� &DWHJRU\ $� � � � � � � � � � � � � � � �

LV D QHDUO\ DYRLGHG FROOLVLRQ� ZLWK &DWHJRU\ ' WKHUH LV QR ULVN RI DQ DFFLGHQW� ��� RI LQFXUVLRQV� � � � � � � � � � � � � � � � � �

DUH LQ FDWHJRU\ & RU ' �)$$� ������ 7KHVH FDWHJRULHV DUH D PHGLXP WR ORZ ULVN RI LQFXUVLRQ�� � � � � � � � � � � � � � � � � �

6LQFH WKLV PDUNLQJ LV QRQVWDQGDUG� LW LV SRVVLEOH WKDW D SLORW ZRXOG QRW XQGHUVWDQG WKH PHDQLQJ� � � � � � � � � � � � � � � �

DQG GLVUHJDUG WKH PDUNLQJ� KRZHYHU� LW LV PRUH SUREDEOH WKDW WKH SLORW ZRXOG DVN IRU FODULILFDWLRQ� � � � � � � � � � � � � � � �

LQ�WKLV�VLWXDWLRQ��

$QRWKHU ZD\ D SLORW FRXOG LQWHUSUHW WKH VXUIDFH PDUNLQJV LV DV D WD[LZD\ FORVXUH� $ SLORW� � � � � � � � � � � � � � � �

PLJKW DVN IRU FODULILFDWLRQ� FKRRVH QRW WR XVH WKDW UXQZD\� RU VLPSO\ VWRS ZLWKRXW NQRZLQJ ZKHUH� � � � � � � � � � � � � � � �

WR JR� 7KLV HVSHFLDOO\ DSSOLHV WR SLORWV ZKR DUH IRUHLJQ WR WKH DLUSRUW DQG QRW IDPLOLDU ZLWK WKH� � � � � � � � � � � � � � � � � �

PDUNLQJV� ,Q RUGHU WR PLWLJDWH WKLV IURP RFFXUULQJ� SURSHU HGXFDWLRQ DERXW WKLV W\SH RI� � � � � � � � � � � � � �

QRQVWDQGDUG�PDUNLQJ�PXVW�EH�LQLWLDWHG��

$ PLQRU LQFXUVLRQ PLJKW RFFXU LI D SLORW SHUFHLYHV WKH PDUNLQJV DV D SODFH ZKHUH DVNLQJ IRU� � � � � � � � � � � � � � � � �

FOHDUDQFH LV QRW QHFHVVDU\ GXH WR WKH DGGHG SUHFDXWLRQ� 7KLV ULVN ZRXOG ORRN GLIIHUHQW IRU D� � � � � � � � � � � � � � � �

WRZHUHG DQG QRQ�WRZHUHG DLUSRUW� $JDLQ� HGXFDWLQJ SLORWV RQ WKLV VXUIDFH PDUNLQJ LV FULWLFDO WR� � � � � � � � � � � � � �

LQFUHDVLQJ�SLORW�XQGHUVWDQGLQJ��
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$ PDMRU LQFXUVLRQ ZRXOG RFFXU LI WKH SLORW FRQVFLRXVO\ DQG LQWHQWLRQDOO\ LJQRUHV WKH VXUIDFH� � � � � � � � � � � � � �

PDUNLQJ� 7KLV ZRXOG EH D UDUH RFFXUUHQFH� GXH WR YHU\ SRRU FRPPXQLFDWLRQ EHWZHHQ $7& DQG� � � � � � � � � � � � � � �

WKH SLORW� ,QLWLDWLQJ D FOHDU SURFHGXUH WR FURVV D UXQZD\ LQWHUVHFWLRQ PDUNLQJ ZRXOG GHFUHDVH WKLV� � � � � � � � � � � � � � �

ULVN��

7KH SRWHQWLDO KD]DUG RI UHGXFHG IULFWLRQ GXH WR D ODUJH H[SDQVH RI SDYHPHQW PDUNLQJV FRXOG� � � � � � � � � � � � � � �

EH FDWDVWURSKLF� 7KLV LVVXH HVSHFLDOO\ DSSOLHV WR QRUWKHUQ DLUSRUWV WKDW PXVW FRPEDW LFLQJ RI� � � � � � � � � � � � � �

UXQZD\ DQG WD[LZD\ VXUIDFHV� 7KLV ULVN LV WKH PRVW VHYHUH EHFDXVH WKH SLORW ZRXOG QR ORQJHU EH� � � � � � � � � � � � � � � � �

LQ FRQWURO DQG EH XQDEOH WR PDNH D GHFLVLRQ WR LQIOXHQFH WKH RXWFRPH RI DQ HYHQW� :LWK WKH� � � � � � � � � � � � � � � � � �

DGGLWLRQ RI JODVV EHDGV WR WKH VXUIDFH PDUNLQJV� IULFWLRQ LV OHVV OLNHO\ WR EH DQ LVVXH� +RZHYHU� LI� � � � � � � � � � � � � � � � � �

WKH PDUNLQJV DUH QRW PDLQWDLQHG UHJXODUO\� WKH HIIHFWLYHQHVV RI JODVV EHDGV PLJKW GHFUHDVH�� � � � � � � � � � � � �

'LOLJHQW PDLQWHQDQFH ZRXOG EH QHFHVVDU\ WR NHHS UHGXFHG IULFWLRQ DW DQ XQOLNHO\ SRVVLELOLW\ RI� � � � � � � � � � � � � �

RFFXUUHQFH��

7R PLWLJDWH WKH ULVN RI ORZ YLVLELOLW\� HVSHFLDOO\ LQ QLJKWWLPH FRQGLWLRQV� ZKLWH VWULSHV ZHUH� � � � � � � � � � � � � �

DGGHG WR WKH GHVLJQ� 6LQFH FRORU LV PRUH GLIILFXOW WR GLVWLQJXLVK GXULQJ WKH QLJKWWLPH� WKH� � � � � � � � � � � � � � �

DOWHUQDWLQJ FRORUHG VWULSHV DGG RULHQWDWLRQ FRQWUDVW DQG FRORU FRQWUDVW WR GHFUHDVH WKH ULVN� � � � � � � � � � � � �

�$PHULFDQ 2SWRPHWULF $VVRFLDWLRQ� ������ )XUWKHUPRUH� ZKLWH LV SDUWLFXODUO\ KLJK LQ EULOOLDQFH�� � � � � � � � � � �

ZKLFK PDNHV LW HDVLHU WR VHH DW QLJKW� 7KH OLJKWLQJ VXUURXQGLQJ WKH WD[LZD\V ZKHUH WKH PDUNLQJV� � � � � � � � � � � � � � � �

ZRXOG EH LPSOHPHQWHG PDNHV YLVLELOLW\ OHVV RI D FRQFHUQ� DV WKH OLJKWV ZRXOG FRPSO\ ZLWK $&� � � � � � � � � � � � � � � �

�����������- � 'HVLJQ DQG ,QVWDOODWLRQ 'HWDLOV IRU $LUSRUW 9LVXDO $LGV �)$$� ������ $OO RI� � � � � � � � � � � � � �

WKHVH HOHPHQWV FRPELQH WR PDNH ORZ YLVLELOLW\ DQ XQOLNHO\ VLWXDWLRQ� ,I D SLORW ZDVQ¶W DEOH WR VHH� � � � � � � � � � � � � � � � �

WKH�PDUNLQJV��WKH�VHYHULW\�ZRXOG�EH�WKH�VDPH�DV�GLVUHJDUGLQJ�WKH�PDUNLQJV��

,Q RUGHU WR PLWLJDWH WKH ULVN RI )2' GXH WR WKH ODUJH VXUIDFH DUHD RI WKH PDUNLQJ� $&� � � � � � � � � � � � � � � � � �

����������� � $LUSRUW )RUHLJQ 2EMHFW 'HEULV �)2'� 0DQDJHPHQW VKRXOG EH UHIHUHQFHG �)$$�� � � � � � � � � � � �

�������

7KH PRVW FULWLFDO SDUW RI LPSOHPHQWLQJ DQ HIIHFWLYH 6DIHW\ 0DQDJHPHQW 6\VWHP IRU UXQZD\� � � � � � � � � � � � �

LQWHUVHFWLRQ PDUNLQJV ZRXOG EH WR DGDPDQWO\ SURPRWH WKH GHILQLWLRQ RI WKH QRQVWDQGDUG PDUNLQJ�� � � � � � � � � � � � �

VR WKDW SLORWV DVVRFLDWH D FOHDU ELDV ZLWK LQFUHDVHG ULVN RI LQFXUVLRQ� 7KLV GXW\ ZRXOG IDOO� � � � � � � � � � � � � � � �

SULPDULO\ XSRQ VHQLRU PDQDJHPHQW� $SSURSULDWH LQFRUSRUDWLRQ LQWR WUDLQLQJ ZRXOG DOVR EH� � � � � � � � � � �

LPSOHPHQWHG��5HIHU�WR�$&�������������IRU�PRUH�VDIHW\�ULVN�PDQDJHPHQW�SODQQLQJ��)$$���������
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���&RVW�%HQHILW�$QDO\VLV�
�����&RVW�RI�0DUNLQJV�

7KH FRVW RI LPSOHPHQWLQJ RXU PDUNLQJ LV FDOFXODWHG VLPLODUO\ WR WKH FRVW RI RWKHU PDUNLQJV� � � � � � � � � � � � � � �

WKDW DUH FXUUHQWO\ LPSOHPHQWHG RQ WKH DLUILHOG� 7KLV FRVW FDQ HIIHFWLYHO\ EH VSOLW LQWR PDWHULDO� � � � � � � � � � � � � � �

FRVWV�DQG�ODERU�FRVWV�� �

0DWHULDO FRVWV LQFOXGH ZDWHUERUQH DLUILHOG SDLQW DQG WKH JODVV EHDGV� ,Q $& �����������+�� � � � � � � � � � � � �

WKH )$$ HVWDEOLVKHV JXLGHOLQHV IRU HVWLPDWLQJ KRZ PDQ\ JDOORQV RI SDLQW DUH QHFHVVDU\ WR FRYHU D� � � � � � � � � � � � � � � �

JLYHQ DUHD RI SDYHPHQW� DV VHHQ LQ )LJXUH ��� 7KH\ DGGLWLRQDOO\ VSHFLI\ KRZ PDQ\ JODVV EHDGV� � � � � � � � � � � � � � � �

DUH QHFHVVDU\ WR PL[ LQWR WKH GLIIHUHQW W\SHV RI ZDWHUERUQH DLUILHOG SDLQW �)$$� ������ 2XU WHDP� � � � � � � � � � � � � � � �

UHDFKHG RXW WR (QQLV )OLQW WR DFTXLUH WKH FRVWV RI WKH W\SHV RI SDLQW SHU JDOORQ� 8VLQJ WKLV� � � � � � � � � � � � � � � � � �

LQIRUPDWLRQ� WKH FRVW RI LPSOHPHQWLQJ RXU PDUNLQJ RQ DQ\ JLYHQ DLUSRUW KRW VSRW FDQ EH� � � � � � � � � � � � � � �

FDOFXODWHG JLYHQ WKH DUHD WKDW QHHGV WR EH FRYHUHG� $GGLWLRQDOO\� RXU HVWLPDWLRQV RI WKH FRVW RI� � � � � � � � � � � � � � � �

WKH PDUNLQJ DUH RYHUHVWLPDWHV� ,Q SUDFWLFH� DLUSRUWV EX\ DLUILHOG SDLQW DQG WKH RWKHU DVVRFLDWHG� � � � � � � � � � � � � �

VXSSOLHV LQ EXON� %\ DWWHPSWLQJ WR LVRODWH WKH FRVW RI RXU PDUNLQJ� WKH VDYLQJV DVVRFLDWHG ZLWK� � � � � � � � � � � � � � � �

EX\LQJ�ODUJHU�TXDQWLWLHV�RI�WKH�SDLQW�ZHUH�ORVW���

/DERU FRVWV ZRXOG VLPLODUO\ EH JURXSHG LQWR WKH FRVW RI SDLQWLQJ DOO RI WKH PDUNLQJV RQ DQ� � � � � � � � � � � � � � � � �

DLUILHOG� $ EHQHILW WR WKLV GHVLJQ LV WKDW WKH LPSOHPHQWDWLRQ RI WKH PDUNLQJ UHTXLUHV QR� � � � � � � � � � � � � � �

VSHFLDOL]HG WUDLQLQJ DERYH WKH VNLOOV DOUHDG\ QHFHVVDU\ WR LPSOHPHQW RWKHU PDUNLQJV RQ WKH� � � � � � � � � � � � �

DLUILHOG��
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�

)LJXUH�����$SSOLFDWLRQ�5DWHV�IRU�3DLQW�DQG�*ODVV�%HDGV��)$$��������

�

�����&RPSDULVRQ�WR�$OWHUQDWLYHV�

7KH FRVW RI WKH UXQZD\ LQWHUVHFWLRQ PDUNLQJ LV VXEVWDQWLDOO\ OHVV WKDQ RWKHU LQFXUVLRQ� � � � � � � � � � � � �

PLWLJDWLRQ VWUDWHJLHV FXUUHQWO\ HQFRXUDJHG E\ WKH )$$� 7KH WRWDO FRVW RI LPSOHPHQWLQJ WKH� � � � � � � � � � � � �

PDUNLQJ GHSHQGV RQ WKH VSHFLILF KRWVSRW WKDW LV EHLQJ PLWLJDWHG� +RZHYHU� RQH FDQ H[DPLQH KRW� � � � � � � � � � � � � � �

VSRWV WKDW KDYH DOUHDG\ EHHQ PLWLJDWHG WR FRPSDUH WKH FRVW RI WKH H[HFXWHG PLWLJDWLRQ ZLWK WKH� � � � � � � � � � � � � � � �

FRVW RI LPSOHPHQWLQJ WKH PDUNLQJ� .$%4 EHJDQ UHFRQVWUXFWLRQ RI WKHLU +6 � LQ 0DUFK RI ������ � � � � � � � � � � � � � � �

7KLV KRWVSRW ZDV DQ LGHQWLILHG 5,0 ORFDWLRQ� DQG RXU WHDP LGHQWLILHG LW DV KDYLQJ SUREOHPDWLF� � � � � � � � � � � � � � �

JHRPHWULHV � DQG �� �9LWDJOLDQR HW DO�� ������ $FFRUGLQJ WR .$%4¶V ���� 4XDUWHUO\ )LVFDO� � � � � � � � � � � � � �

UHSRUW� WKH UHFRQVWUXFWLRQ RI +6 � FRVW �������� �&LW\ RI $OEXTXHUTXH� ������� $FFRXQWLQJ IRU� � � � � � � � � � � � � �

LQIODWLRQ� WKLV LV HTXLYDOHQW WR �������� LQ ���� �6WDII� ������ &RQYHUVHO\� WKH LPSOHPHQWDWLRQ RI� � � � � � � � � � � � � �
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WKH SDYHPHQW PDUNLQJ RYHU WKH ������IW�� RI +6 � ZRXOG KDYH FRVW EHWZHHQ ������ DQG ��������� � � � � � � � � � � � � � � �

GHSHQGLQJ RQ WKH W\SH RI ZDWHUERUQH SDLQW VHOHFWHG� DV LV GHPRQVWUDWHG LQ )LJXUH ��� 7KLV LV DQ� � � � � � � � � � � � � � � � �

RUGHU RI PDJQLWXGH OHVV WKDQ WKH UHFRQVWUXFWLRQ RSWLRQ� $GGLWLRQDOO\� WKH UXQZD\ LQWHUVHFWLRQ� � � � � � � � � � � �

PDUNLQJ LV OHVV GLVUXSWLYH WR WKH QRUPDO IXQFWLRQ RI WKH DLUSRUW DQG OHDYHV WKH DUHD FORVHG IRU D� � � � � � � � � � � � � � � � � �

VKRUWHU SHULRG RI WLPH� 7KH WLPHOLQH IRU .$%4¶V UHFRQVWUXFWLRQ SURMHFW ZDV 0DUFK ���� WR� � � � � � � � � � � � � �

$SULO ���� �&LW\ RI $OEXTXHUTXH� ������ :KLOH +6 � ZDV QRW WKH RQO\ SURMHFW WKDW LV GHVFULEHG� � � � � � � � � � � � � � � � �

LQ WKLV WLPHOLQH� WKH RYHUDOO HIIHFW RI UHFRQVWUXFWLRQ RQ .$%4¶V DLUILHOG LV VLJQLILFDQW�� � � � � � � � � � � � �

$OWHUQDWLYHO\� WKH LPSOHPHQWDWLRQ RI WKH SDYHPHQW PDUNLQJV FRXOG WDNH SODFH RQ WKH VFDOH RI� � � � � � � � � � � � � �

GD\V�DV�RSSRVHG�WR�PRQWKV�DQG�\HDUV��

7\SH�2I�3DLQW� 7\SH�RI�%HDGV� 7RWDO�&RVW�

)DVW�'U\�
7\SH�,�	�,,� 7\SH�,� ����������
7\SH�,,,�L� 7\SH�,� ����������
7\SH�,,,�LL� 7\SH�,9� �����������

+LJK�%XLOG�
7\SH�,�	�,,� 7\SH�,� ����������
7\SH�,,,�L� 7\SH�,� ����������
7\SH�,,,�LL� 7\SH�,9� �����������

)LJXUH�����&RVW�RI�5XQZD\�,QWHUVHFWLRQ�0DUNLQJ�DW�.$%4�+6���

2QH RI WKH UHODWLYHO\ QHZHU PHWKRGV IRU PLWLJDWLQJ UXQZD\ LQFXUVLRQV LV 5:6/V� $V� � � � � � � � � � � � �

SUHYLRXVO\ PHQWLRQHG� 5:6/V DUH /(' OLJKWV HPEHGGHG LQ WKH SDYHPHQW DORQJ UXQZD\V DQG� � � � � � � � � � � � �

WD[LZD\V DGMDFHQW WR UXQZD\V WKDW KHOS LQGLFDWH WR SLORWV LI D UXQZD\ LV FXUUHQWO\ LQ XVH E\� � � � � � � � � � � � � � � � �

DQRWKHU DLUFUDIW� 7KH SURJUDP ZDV GHYHORSHG E\ WKH )$$ EHWZHHQ ���� DQG ����� 0RVW RI WKH� � � � � � � � � � � � � � � �

DLUSRUWV WKDW FXUUHQWO\ KDYH DFWLYH 5:6/V KDG WKHP LQVWDOOHG DQG RSHUDWLRQDO EHIRUH ������ � � � � � � � � � � � �

:KLOH WKLV WHFKQRORJ\ ZDV VWLOO GHYHORSLQJ DQG JURZLQJ LQ ����� WKH )$$ UHTXHVWHG WKDW� � � � � � � � � � � � � �

������������ RI WKHLU EXGJHW EH DOORFDWHG WR 5:6/V �)$$� ������ 2I WKLV PRQH\� DERXW� � � � � � � � � � � � � �

������������ ZDV GHVFULEHG DV EHLQJ MXVW IRU WKH FRQVWUXFWLRQ FRVWV RI LPSOHPHQWLQJ 5:6/V DW D� � � � � � � � � � � � � � �

IHZ WHVW DLUSRUWV �)$$� ������ ,Q ����� WKLV FRVW ZRXOG EH HTXLYDOHQW WR ������������ �6WDII�� � � � � � � � � � � � � � �

������ 7KLV LV FOHDUO\ D YHU\ H[SHQVLYH VWUDWHJ\ WR GHFUHDVH UXQZD\ LQFXUVLRQV� 7KH OLVW RI� � � � � � � � � � � � � � �

DLUSRUWV ZLWK DFWLYH 5:6/V LV UHIOHFWLYH RI WKLV� DV WKH �� DLUSRUWV ZLWK 5:6/V DV RI ���� DUH DOO� � � � � � � � � � � � � � � � � � �

IDLUO\ ODUJH DLUSRUWV ZLWK PRUH IXQGLQJ DYDLODEOH WR WKHP� 7KHVH IDFWRUV PDNH 5:6/V DQ� � � � � � � � � � � � � �

LQIHDVLEOH�PLWLJDWLRQ�VWUDWHJ\�IRU�PDQ\�PHGLXP�DQG�VPDOOHU�DLUSRUWV�DFURVV�WKH�86��
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�����%HQHILW�$QDO\VLV�

$OO RI WKH VROXWLRQV DERYH DLP WR SUHYHQW UXQZD\ LQFXUVLRQV� DQG XOWLPDWHO\ DFFLGHQWV� 7KH� � � � � � � � � � � � � �

FRVWV DVVRFLDWHG ZLWK DFFLGHQWV LQFOXGHV WKH GDPDJH WR WKH DLUFUDIW� WKH LQMXULHV VXVWDLQHG E\ WKH� � � � � � � � � � � � � � �

SHRSOH LQYROYHG� DQG WKH RSSRUWXQLW\ FRVW RI WKH DLUSRUW RSHUDWLRQV WKDW DUH LPSDFWHG E\ WKH� � � � � � � � � � � � � � �

DFFLGHQW� 7KH WHDP FKRVH WR IRFXV RQ WKH GDPDJH WR WKH DLUFUDIW VXVWDLQHG LQ DFFLGHQWV� DV LW LV� � � � � � � � � � � � � � � � � �

WKH PRVW TXDQWLILDEOH� +RZHYHU� RQH VKRXOG NHHS LQ PLQG WKH YDOXH RI KXPDQ VDIHW\ ZKHQ� � � � � � � � � � � � � � �

H[DPLQLQJ�LQFXUVLRQ�PLWLJDWLRQ��

7KH 1DWLRQDO 7UDQVSRUWDWLRQ 6DIHW\ %RDUG �176%� FODVVLILHV DLUFUDIW DFFLGHQWV DV FDXVLQJ ³QR� � � � � � � � � � � �

GDPDJH�´ ³PLQRU GDPDJH�´ ³VXEVWDQWLDO GDPDJH�´ RU EHLQJ ³GHVWUR\HG´ �)$$� ������ 7KH )$$� � � � � � � � � � � �

SXEOLVKHV WKH FRVWV DVVRFLDWHG ZLWK UHVWRULQJ ³VXEVWDQWLDO GDPDJH´ RU UHSODFLQJ DQ DLUFUDIW WKDW� � � � � � � � � � � � �

KDV EHHQ ³GHVWUR\HG�´ DV WKH ILUVW WZR FDWHJRULHV GR QRW FRQWULEXWH WR D VLJQLILFDQW SRUWLRQ RI WKH� � � � � � � � � � � � � � � � �

FRVWV LQFXUUHG E\ DLUILHOG DFFLGHQWV� )RU FRPPHUFLDO SDVVHQJHU DLU FDUULHUV� WKH DYHUDJH FRVW RI� � � � � � � � � � � � � �

DQ DFFLGHQW LQ ���� ZDV ������������� RU ��� RI WKH YDOXH RI WKH DLUFUDIWV LQYROYHG� DV VHHQ LQ� � � � � � � � � � � � � � � � � �

)LJXUH �� �)$$� ������ ,Q ����� WKLV LV HTXLYDOHQW WR ������������ �6WDII� ������ )RU *$� � � � � � � � � � � � � � �

DLUFUDIW� WKH DYHUDJH FRVW ZDV ��������� RU ��� RI WKH DLUFUDIWV¶ YDOXH� DV VHHQ LQ )LJXUH ��� � � � � � � � � � � � � � � � �

�)$$� ������ 7KLV LV HTXLYDOHQW WR �������� LQ ���� �6WDII� ������ 7KH FRVW RI D FRPPHUFLDO� � � � � � � � � � � � � � � �

DFFLGHQW VLJQLILFDQWO\ RXWZHLJKV DQ\ RI WKH PLWLJDWLRQ VWUDWHJLHV DERYH� PDNLQJ WKH FRVW RI WKH� � � � � � � � � � � � � �

UXQZD\ LQWHUVHFWLRQ VHHP FRPSOHWHO\ LQVLJQLILFDQW� :KLOH *$ DFFLGHQWV DUH PXFK OHVV FRVWO\�� � � � � � � � � � � �

WKH\ DUH VWLOO RUGHUV RI PDJQLWXGH PRUH H[SHQVLYH WKDQ LPSOHPHQWLQJ UXQZD\ LQWHUVHFWLRQ� � � � � � � � � � � �

PDUNLQJV� ,I WKH PDUNLQJ FRXOG SUHYHQW DQ\ DFFLGHQW UHVXOWLQJ LQ VXEVWDQWLDO KXOO GDPDJH RU� � � � � � � � � � � � � �

GHVWUXFWLRQ RI DQ DLUFUDIW� LWV EHQHILW ZLOO KDYH VLJQLILFDQWO\ RXWZHLJKHG WKH FRVW RI LWV� � � � � � � � � � � � � �

LPSOHPHQWDWLRQ��
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�

)LJXUH�����3DVVHQJHU�&DUULHU�5HVWRUDWLRQ�&RVW��)$$��������

�

)LJXUH�����*$�5HVWRUDWLRQ�&RVW��)$$��������
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���,QWHUDFWLRQV�ZLWK�$LUSRUW�2SHUDWRUV�
�����$DURQ�6WHZDUW��3�(��

$DURQ 6WHZDUW LV DQ DLUSRUW HQJLQHHU DW 2011, $VVRFLDWHV� D :HVWZRRG FRPSDQ\� LQ� � � � � � � � � � � � �

$SSOHWRQ� :LVFRQVLQ� 6WZHDUW KDV EHHQ GRLQJ DLUSRUW HQJLQHHULQJ IRU RYHU WZHQW\ \HDUV DQG KDV� � � � � � � � � � � � � �

SDUWLFLSDWHG�LQ�PDQ\�SURMHFWV�WKURXJKRXW�WKH�VWDWH�RI�:LVFRQVLQ���

,Q WKH LQLWLDO VWDJHV RI GHWHUPLQLQJ D VROXWLRQ� WKH WHDP SURSRVHG WKH LGHD RI FRORUHG� � � � � � � � � � � � � � �

SDYHPHQWV WR 6WHZDUW� ,PPHGLDWHO\� KH UDLVHG D FRQFHUQ DERXW WKH )$$ UHJXODWLRQV DQG PDUNLQJ� � � � � � � � � � � � � �

GHVLJQ VWDQGDUGV� +H WKHQ SURFHHGHG WR GLVFXVV KRZ WKH )$$ LV IRFXVLQJ RQ UXQZD\ LQFXUVLRQV� � � � � � � � � � � � � � �

WKURXJK SUREOHPDWLF WD[LZD\ JHRPHWULHV� +H LQIRUPHG WKH WHDP DERXW UHFRQVWUXFWLRQ SURMHFWV KH� � � � � � � � � � � �

LV LQYROYHG LQ DW QRQ�WRZHUHG DLUSRUWV GHVLJQHG WR IL[ WKH SUREOHPDWLF JHRPHWU\ DUHDV� $IWHU WKLV� � � � � � � � � � � � � � �

GLVFXVVLRQ� WKH WHDP GHFLGHG WR IRFXV RQ QRQVWDQGDUG SDYHPHQW PDUNLQJV WR EHWWHU ILW )$$� � � � � � � � � � � � � �

JXLGHOLQHV DQG WR LQFRUSRUDWH WKH PDUNLQJV DW KRWVSRWV DQG SUREOHPDWLF JHRPHWU\ ORFDWLRQV DW� � � � � � � � � � � � �

ERWK�WRZHUHG�DQG�QRQ�WRZHUHG�DLUSRUWV��

�

�����-RKQ�:HKQHU�

-RKQ :HKQHU LV WKH DLUSRUW PDQDJHU DW )RQG GX /DF &RXQW\ $LUSRUW� D QRQ�WRZHUHG ILHOG� +H� � � � � � � � � � � � � � � �

LV DOVR D SLORW KROGLQJ ERWK D SULYDWH DQG LQVWUXPHQW FHUWLILFDWH� 7KH WHDP FRQWDFWHG :HKQHU LQ� � � � � � � � � � � � � � � �

WKH LQLWLDO LGHD VWDJH DQG DVNHG KLV RSLQLRQ DERXW PLWLJDWLQJ UXQZD\ LQFXUVLRQV WKURXJK WKH� � � � � � � � � � � � � �

LQFRUSRUDWLRQ RI SDYHPHQW PDUNLQJV� %HLQJ D SLORW� KH EHOLHYHG WKDW WKH SDYHPHQW PDUNLQJV� � � � � � � � � � � � �

ZRXOG EH YHU\ EHQHILFLDO DW PDQ\ DLUSRUWV ZKHUH WKH WD[LZD\V DUH FRQIXVLQJ� +H PHQWLRQHG WKDW� � � � � � � � � � � � � � �

PDQ\ SULYDWH SLORWV GR QRW KDYH DV PXFK WHFKQRORJ\ DV WKH DLUOLQHV� QRU WKH H[SHULHQFH WR� � � � � � � � � � � � � � � �

DGHTXDWHO\ DQG VDIHO\ WD[L WKURXJK FRQIXVLQJ DUHDV� $GGLWLRQDOO\� KH PHQWLRQHG WKDW WKH FRORUHG� � � � � � � � � � � � �

PDUNLQJV ZRXOG EH EHQHILFLDO IRU DLUSRUW YHKLFOH GULYHUV DV ZHOO� LQFUHDVLQJ RYHUDOO VLWXDWLRQDO� � � � � � � � � � � � �

DZDUHQHVV���

�

�����*UHJ�&XOOHQ�

*UHJ &XOOHQ LV WKH DLUSRUW GLUHFWRU IRU 6RXWKHUQ :LVFRQVLQ 5HJLRQDO $LUSRUW �.-9/� LQ� � � � � � � � � � � � �

-DQHVYLOOH� :LVFRQVLQ� .-9/ LV D WRZHUHG DLUSRUW ZLWK DQ LGHQWLILHG KRW VSRW DW WKH HQG RI WZR� � � � � � � � � � � � � � � � �

UXQZD\V� 7KH WHDP DVNHG &XOOHQ DERXW WKH DUHD DQG ZKDW KH GRHV WR PLWLJDWH LQFXUVLRQV� &XOOHQ� � � � � � � � � � � � � � � �
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LQGLFDWHG WKDW WKHUH ZHUH DGGLWLRQDO OLJKWV RQ WKH WD[LZD\V� $GGLWLRQDOO\� WKH KRWVSRW LV GLVFXVVHG� � � � � � � � � � � � � �

GXULQJ GULYHUV WUDLQLQJ� &XOOHQ EHOLHYHG WKDW WKH FXUUHQW VLJQDJH ZDV ZRUNLQJ WR PLWLJDWH ULVNV DW� � � � � � � � � � � � � � �

WKLV�KRW�VSRW���

��

�����$XVWLQ�6WUDXEHO�,QWHUQDWLRQDO�$LUSRUW�6WDII�

7KH WHDP FRQWDFWHG WKH $LUSRUW 'LUHFWRU 0DUW\ 3LHWWH� WKH $VVLVWDQW $LUSRUW 'LUHFWRU 5DFKHO� � � � � � � � � � � � �

(QJHOHU� DQG WKH $LUILHOG 2SHUDWLRQV 6XSHUYLVRU 5RQDOG 6DPSVRQ DW $XVWLQ 6WUDXEHO� � � � � � � � � � �

,QWHUQDWLRQDO $LUSRUW �.*5%� LQ *UHHQ %D\� :LVFRQVLQ� ,Q D SKRQH GLVFXVVLRQ ZLWK WKH JURXS�� � � � � � � � � � � � � �

WKHVH VWDII UDLVHG FRQFHUQV SHUWDLQLQJ WR LFH EXLOGXS DQG VQRZ UHPRYDO RQ SDYHPHQW ZLWK� � � � � � � � � � � � � �

DGGLWLRQDO SDLQW PDUNLQJV� (QJHOHU PHQWLRQHG WKDW LQ WKH ZLQWHU ZHDWKHU� WKH SDLQW LV WKH ILUVW WR� � � � � � � � � � � � � � � �

VKRZ VLJQV RI LFLQJ� DQG IURP DQ RSHUDWLRQDO SHUVSHFWLYH WKH DLUSRUW PXVW EH YLJLODQW IRU LFH RQ� � � � � � � � � � � � � � � � �

SDLQWHG DUHDV� 6DPSVRQ� DOVR VKRZLQJ FRQFHUQ DERXW LFLQJ� VXJJHVWHG XVLQJ VWULSHG PDUNLQJV�� � � � � � � � � � � �

ZKLFK KHOS E\ EUHDNLQJ XS DUHDV RI WKH VROLG SDLQW� 7KH JURXS RI SURIHVVLRQDOV UHFRPPHQG WKDW� � � � � � � � � � � � � � � �

WKH WHDP UHPDLQ IRFXVHG RQ LPSOHPHQWDWLRQ DW KRW VSRWV IRU WKH LGHD WR SRVVLEO\ EH HOLJLEOH IRU� � � � � � � � � � � � � � � � �

)$$�IXQGLQJ���

�
�����-DPHV�7KRPDV�

7KH WHDP FRQWDFWHG -DPHV 7KRPDV �� D %RHLQJ ��� LQWHUQDWLRQDO DLUOLQH SLORW IURP )RQG GX� � � � � � � � � � � � � � �

/DF� :LVFRQVLQ �� DIWHU HVWDEOLVKLQJ WKH LQLWLDO LGHDV IRU WKH SURSRVHG VROXWLRQ SHUWDLQLQJ WR� � � � � � � � � � � � � �

SDYHPHQW PDUNLQJV� )URP KLV SHUVSHFWLYH LQ WKH FRFNSLW DW PDMRU LQWHUQDWLRQDO DLUSRUWV� VDIHW\� � � � � � � � � � � � �

DQG WDNLQJ WLPH WR DQDO\]H WD[L FOHDUDQFHV LV DOZD\V D FRQFHUQ� KRZHYHU� H[WHUQDO SUHVVXUHV VXFK� � � � � � � � � � � � � � �

DV NHHSLQJ D VFKHGXOH DQG QRW VORZLQJ GRZQ RWKHU DLUSRUW RSHUDWLRQV FDQ FRPSURPLVH WKLV�� � � � � � � � � � � � � �

7KRPDV EHOLHYHV WKDW WKH VROXWLRQ ZLOO LPSURYH VDIHW\ DW DLUSRUWV EHFDXVH RI WKH YLVXDO� � � � � � � � � � � � � �

UHFRJQLWLRQ� +H SUHGLFWHG WKDW LGHQWLI\LQJ WKH UXQZD\ LQWHUVHFWLRQ PDUNLQJ ZLOO EHFRPH D� � � � � � � � � � � �

OHDUQHG WUDLW DQG FDQ SURPSW SLORWV RU GULYHUV WR DVN WKH JURXQG�WRZHU LI WKH\ DUH FOHDUHG WR FURVV� � � � � � � � � � � � � � � � � �

WKH UXQZD\� $GGLWLRQDOO\� 7KRPDV PHQWLRQHG WKDW WKH LPSOHPHQWDWLRQ RI WKH UXQZD\ LQWHUVHFWLRQ� � � � � � � � � � � �

PDUNLQJ LV QRW JRLQJ WR GLUHFWO\ LQFUHDVH UDGLR FRQJHVWLRQ� )LQDOO\� KH PHQWLRQHG WKDW LQ KLV� � � � � � � � � � � � � � �

H[SHULHQFH�WKH�UHG�FRORU�LPSOLHV�FDXWLRQ�DQG�DUHDV�WR�VORZ�GRZQ�LQ�WKH�RSHUDWLRQ�RI�WKH�DLUFUDIW�� �

�
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�����-RH�+DUULV�

-RH +DUULV LV WKH GLUHFWRU RI 0LQQHDSROLV $LUSRUW &RPPLVVLRQ �0$&�� 7KH 0$& PDQDJHV D� � � � � � � � � � � � � �

JURXS RI VHYHQ DLUSRUWV LQ WKH 7ZLQ &LWLHV PHWURSROLWDQ DUHD RI 0LQQHVRWD� :KHQ WKH WHDP VKDUHG� � � � � � � � � � � � � � � �

WKH SURSRVHG GHVLJQ� +DUULV HFKRHG WKH LPSRUWDQFH RI LQFXUVLRQ PLWLJDWLRQ DQG VKDUHG VRPH� � � � � � � � � � � � �

DSSURDFKHV WKDW KLV WHDP KDV WDNHQ� .)&0 LV DQ DLUSRUW XQGHU +DUULV¶ VXSHUYLVLRQ WKDW KDV KDG DQ� � � � � � � � � � � � � � � � �

RQJRLQJ VWUXJJOH ZLWK LQFXUVLRQV� 6RPH RI WKH FKDOOHQJHV WKDW KDYH FRPH XS DW .)&0 LQFOXGH� � � � � � � � � � � � � � �

WKH FKDQJLQJ GHILQLWLRQ RI LQFXUVLRQV RYHU WLPH� ODFN RI VSDFH WR H[SDQG ZKHUH FXUUHQW WD[LZD\� � � � � � � � � � � � � � �

JHRPHWULHV VKRXOG EH UHFRQILJXUHG� DQG WKH XQSUHGLFWDELOLW\ RI WKH W\SH RI SLORW WR FRPPLW DQ� � � � � � � � � � � � � � �

LQFXUVLRQ� .)&0 KDV SURSRVHG DQG LPSOHPHQWHG YDULRXV PLWLJDWLRQ VWUDWHJLHV ZLWK GLIIHULQJ� � � � � � � � � � �

OHYHOV RI VXFFHVV� (GXFDWLQJ VWXGHQW SLORWV DQG WKH SXEOLF RQ SURSHU QRPHQFODWXUH� EULJKW RUDQJH� � � � � � � � � � � � � �

IO\HUV JLYHQ RXW ZKLOH SLORWV IXHO XS� DQG LQFUHDVHG VLJQDJH DQG VXUIDFH PDUNLQJV KDYH DOUHDG\� � � � � � � � � � � � � � �

EHHQ LPSOHPHQWHG� ,I WKH SUREOHP SHUVLVWV� +DUULV SUHGLFWV PRUH GUDVWLF PHDVXUHV VXFK DV� � � � � � � � � � � � �

UHORFDWLQJ WKH WRZHU PLJKW EH LPSOHPHQWHG� 7KLV FRQYHUVDWLRQ KHOSHG WKH WHDP XQGHUVWDQG WKH� � � � � � � � � � � � �

VFRSH RI FXUUHQW UXQZD\ LQFXUVLRQ PLWLJDWLRQ VWUDWHJLHV DQG WKH OLPLWDWLRQV WKDW H[LVW ZKHQ� � � � � � � � � � � � �

LPSOHPHQWLQJ WKHP� )XUWKHUPRUH� WKH UXQZD\ LQWHUVHFWLRQ PDUNLQJ ZRXOG EH IHDVLEOH DW .)&0� � � � � � � � � � � �

HYHQ�ZLWKLQ�WKH�FRQVWUDLQWV��DV�VHHQ�LQ�VHFWLRQ�����

�

�����'U��.HOO\�6��6WHHOPDQ�

'U� .HOO\ 6WHHOPDQ LV D 3URIHVVRU LQ WKH &RJQLWLYH DQG /HDUQLQJ 6FLHQFHV GHSDUWPHQW DW� � � � � � � � � � � � � �

078 ZLWK D EDFNJURXQG LQ DHURVSDFH HQJLQHHULQJ ZKR UHVHDUFKHV KXPDQ DWWHQWLRQ PRGHOV ZLWK� � � � � � � � � � � � �

UHVSHFW WR DYLDWLRQ VDIHW\� 6WHHOPDQ KHOSHG WKH WHDP IXUWKHU DQDO\]H WKH GHFLVLRQ WR LPSOHPHQW D� � � � � � � � � � � � � � �

VWULSHG RU VROLG PDUNLQJ� %DVHG RQ WKH PDLQ YLVXDO SURSHUWLHV RI VDOLHQFH ² FRORU FRQWUDVW�� � � � � � � � � � � � � � �

RULHQWDWLRQ FRQWUDVW� DQG OXPLQDQFH ² WKH XVH RI D VWULSHG PDUNLQJ ZRXOG EH PRUH OLNHO\ WR FDWFK� � � � � � � � � � � � � � � � �

D�SLORW¶V�DWWHQWLRQ���

$QRWKHU GHVLJQ FRQVLGHUDWLRQ WKDW 'U� 6WHHOPDQ HPSKDVLVHG ZDV LQDWWHQWLRQDO EOLQGQHVV� ,I D� � � � � � � � � � � �

ULVN DVVRFLDWHG ZLWK D ZDUQLQJ LV IUHTXHQWO\ DEVHQW ZKHQ D SHUVRQ VHHV WKDW ZDUQLQJ� WKHLU YLVLRQ� � � � � � � � � � � � � � � �

FDQ XQLQWHQWLRQDOO\ EORFN RXW WKH ZDUQLQJ ZKHQ WKH ULVN LV SUHVHQW GXH WR FRPSODFHQF\� 7KLV LV� � � � � � � � � � � � � � � �

ZK\ OLPLWLQJ WKH GHVLJQ VROXWLRQ WR KRW VSRWV ZRXOG EH PRUH HIIHFWLYH WKDQ D VWDQGDUGL]HG� � � � � � � � � � � � � � �

PDUNLQJ� $FFRUGLQJ WR 'U� 6WHHOPDQ� DWWHQWLRQ ³LV GUDZQ E\ H[SHFWDWLRQV DQG YDOXHV�´ +HQFH�� � � � � � � � � � � � �
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WKH FRORU RI WKH PDUNLQJV LV LPSRUWDQW� DV LW WLHV LQ ZLWK D SLORW¶V SUHFRQFHLYHG DVVRFLDWLRQ ZLWK� � � � � � � � � � � � � � � � �

WKDW FRORU� 3HUFHSWLRQ RI WKH PDUNLQJV FDQ DOVR FKDQJH EDVHG RQ WKH WLPH RI GD\� DV KXPDQ YLVLRQ� � � � � � � � � � � � � � � � � �

LV VWUXFWXUHG VR WKDW WKHUH LV D VPDOO UDQJH RI FRORUV WKDW DSSHDU EULJKW GXULQJ WKH GD\ DQG DUH DOVR� � � � � � � � � � � � � � � � � � � �

EULJKW GXULQJ WKH QLJKWWLPH� 5HIOHFWLYH PDWHULDOV LQ WKH SDLQW ZHUH VWUHVVHG DV DQ LPSRUWDQW DVSHFW� � � � � � � � � � � � � � �

RI�YLVLELOLW\�RI�WKH�ILQDO�GHVLJQ��

� �
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���3URMHFWHG�,PSDFWV�
�����0HHWLQJ�*RDOV�

7KH RYHUDOO JRDO RI WKH UXQZD\ LQWHUVHFWLRQ PDUNLQJ LV WR LQFUHDVH DLUSRUW VXUIDFH VDIHW\ E\� � � � � � � � � � � � � � �

UHGXFLQJ UXQZD\ LQFXUVLRQV WKURXJK LQFUHDVHG VLWXDWLRQDO DZDUHQHVV� $V D SDUW RI WKH )$$� � � � � � � � � � � � �

6WUDWHJLF 3ODQ IRU ���������� WKH )$$ RXWOLQHG D QXPEHU RI PXOWL�\HDU VWUDWHJLHV WR SUHYHQW DQG� � � � � � � � � � � � � � �

UHGXFH DYLDWLRQ LQMXULHV DQG IDWDOLWLHV� 2QH RI WKH VWUDWHJLHV OLVWHG ZDV WR ³LPSURYH VXUIDFH VDIHW\� � � � � � � � � � � � � � �

E\ UHGXFLQJ UXQZD\ LQFXUVLRQV DQG ZURQJ VXUIDFH RSHUDWLRQV FDXVHG E\ YHKLFOH�SHGHVWULDQ� � � � � � � � � � �

GHYLDWLRQV RU E\ SLORW HUURU´ �)$$� ������ %HFDXVH WKH VWULSHG PDUNLQJ ZDV GHVLJQHG WR FDWFK WKH� � � � � � � � � � � � � � � �

DWWHQWLRQ RI WKH XVHU� LW LV H[SHFWHG WKDW WKH UXQZD\ LQWHUVHFWLRQ PDUNLQJ ZLOO LPSURYH VXUIDFH� � � � � � � � � � � � � � �

VDIHW\ E\ UHGXFLQJ UXQZD\ LQFXUVLRQV FDXVHG E\ DOO GHYLDWLRQV� ,Q WKH UHVHDUFK DQG GHYHORSPHQW� � � � � � � � � � � � � �

RI WKH UXQZD\ LQWHUVHFWLRQ PDUNLQJ� PLWLJDWLQJ 3'V ZDV RI SULPDU\ IRFXV� +RZHYHU� WKH PDUNLQJ� � � � � � � � � � � � � �

LV�DOVR�H[SHFWHG�WR�EH�EHQHILFLDO�LQ�PLWLJDWLQJ�9�3'�GHYLDWLRQV�DV�ZHOO���

�

�����'HVLJQ�WR�,PSOHPHQWDWLRQ�3URFHVV�

7KH SODFHPHQW� FRORU� DQG SDWWHUQ RI WKH UXQZD\ LQWHUVHFWLRQ PDUNLQJ GR QRW PHHW )$$� � � � � � � � � � � � � �

SDYHPHQW PDUNLQJ VWDQGDUGV RXWOLQHG LQ $& ����������0 �6WDQGDUGV IRU $LUSRUW 0DUNLQJV ��� � � � � � � � � � �

6LQFH WKH UXQZD\ LQWHUVHFWLRQ PDUNLQJ LV D QHZ GHVLJQ� LW ZRXOG KDYH WR EH SURSRVHG WR DQG� � � � � � � � � � � � � � � � �

DSSURYHG E\ WKH )$$� 7KH FODVVLILFDWLRQ DV D QRQVWDQGDUG PDUNLQJ LV UHFRPPHQGHG EHFDXVH WKH� � � � � � � � � � � � � �

WHDP VXJJHVWV WKDW WKH UXQZD\ LQWHUVHFWLRQ PDUNLQJ LV RQO\ SODFHG DW KRW VSRWV DQG SUREOHPDWLF� � � � � � � � � � � � � � �

JHRPHWU\ ORFDWLRQV� 7KLV LV WR SUHYHQW H[SHFWDWLRQ DQG FRQILUPDWLRQ ELDV DPRQJ WKH XVHU� LI� � � � � � � � � � � � � �

LPSOHPHQWHG DW DOO LQWHUVHFWLRQV� WKH PDUNLQJ ZLOO EH SHUFHLYHG DV ³QRUPDO´ DQG LW ZRXOG QR� � � � � � � � � � � � � � �

ORQJHU EH DQ HIIHFWLYH VWUDWHJ\ WR LQFUHDVH VLWXDWLRQDO DZDUHQHVV� %HIRUH ZLGHVSUHDG� � � � � � � � � � �

LPSOHPHQWDWLRQ RI WKH UXQZD\ LQWHUVHFWLRQ PDUNLQJ� LW LV H[SHFWHG WKHUH ZLOO EH WHVWLQJ� � � � � � � � � � � � �

GHWHUPLQLQJ WKH HIIHFWLYHQHVV RI WKH PDUNLQJV DV ZHOO DV KRZ XVHUV ZLOO UHDFW� 7HVWLQJ LV H[SHFWHG� � � � � � � � � � � � � � � �

WR EH GRQH ERWK YLUWXDOO\ LQ VLPXODWRUV DQG WKURXJK LPSOHPHQWDWLRQ DW VHOHFW DLUSRUWV� ,Q DGGLWLRQ� � � � � � � � � � � � � � �

WR WKH WHVWLQJ RI WKH PDUNLQJ� HGXFDWLRQDO LQIRUPDWLRQ IRU XVHUV ZLOO QHHG WR EH SURGXFHG DQG� � � � � � � � � � � � � � � �

GLVWULEXWHG��
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�����&RPPHUFLDO�3RWHQWLDO��

$V D SDUW RI WKH )$$ 5,0 3URJUDP� PLWLJDWLRQ RI UXQZD\ LQFXUVLRQV LV EHLQJ DGGUHVVHG E\� � � � � � � � � � � � � � � �

UHPRYLQJ SUREOHPDWLF JHRPHWU\ ORFDWLRQV� 7KH UXQZD\ LQWHUVHFWLRQ PDUNLQJ LV UHFRPPHQGHG WR� � � � � � � � � � �

EH LPSOHPHQWHG DW KRW VSRW RU SUREOHPDWLF JHRPHWU\ ORFDWLRQV DW ERWK WRZHUHG DQG QRQ�WRZHUHG� � � � � � � � � � � � � �

DLUSRUWV DV D SHUPDQHQW RU WHPSRUDU\ VROXWLRQ� $V DGGUHVVHG LQ 6HFWLRQ �� WKH UXQZD\ LQWHUVHFWLRQ� � � � � � � � � � � � � � �

PDUNLQJ LV PRUH DIIRUGDEOH WKDQ UHFRQVWUXFWLRQ RU LPSOHPHQWDWLRQ RI 56:/V DW DQ DLUSRUW�� � � � � � � � � � � � �

$GGLWLRQDOO\� DV DGGUHVVHG LQ 6HFWLRQ �� WKH UXQZD\ LQWHUVHFWLRQ PDUNLQJ SRVHV GHFUHDVHG� � � � � � � � � � � �

HQYLURQPHQWDO LPSOLFDWLRQV WKDQ FRPSOHWH UHFRQVWUXFWLRQ� $V D ZKROH� WKH UXQZD\ LQWHUVHFWLRQ� � � � � � � � � � �

PDUNLQJ�KDV�YHUVDWLOH�DSSOLFDWLRQV�IRU�LQFUHDVLQJ�VLWXDWLRQDO�DZDUHQHVV�DW�DLUSRUWV�DFURVV�WKH�86���

�

� �
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$SSHQGL[�$�
/LVW�RI�&RPSOHWH�&RQWDFW�,QIRUPDWLRQ�

)DFXOW\�$GYLVRU��

$XGUD�0RUVH��3K�'���3�(���%&((��)�$6&(��(19��63�

0LFKLJDQ�7HFKQRORJLFDO�8QLYHUVLW\�

DQPRUVH#PWX�HGX�

6WXGHQWV� 7KH WHDP FRQVLVWV RI WKUHH XQGHUJUDGXDWH VWXGHQWV� 7ZR RI WKH XQGHUJUDGXDWH VWXGHQWV� � � � � � � � � � � � �

DUH ZRUNLQJ RQ %DFKHORU RI 6FLHQFH GHJUHHV LQ &LYLO (QJLQHHULQJ� 7KH RWKHU XQGHUJUDGXDWH� � � � � � � � � � � � �

VWXGHQWV�DUH�ZRUNLQJ�RQ�D�%DFKHORU�RI�6FLHQFH�GHJUHH�LQ�&LYLO�(QJLQHHULQJ�DQG�0DWKHPDWLFV���

/LQGVH\�$QGHUVRQ�

0LFKLJDQ�7HFKQRORJLFDO�8QLYHUVLW\��&ROOHJH�RI�(QJLQHHULQJ�

OLQGVH\D#PWX�HGXǧ

6N\ODU�&DOOLV�ǧ

0LFKLJDQ�7HFKQRORJLFDO�8QLYHUVLW\��&ROOHJH�RI�(QJLQHHULQJ�DQG�

&ROOHJH�RI�6FLHQFHV�DQG�$UWV�

VMFDOOLV#PWX�HGX�

.DLWO\Q�:HKQHU�

0LFKLJDQ�7HFKQRORJLFDO�8QLYHUVLW\��&ROOHJH�RI�(QJLQHHULQJ�

NPZHKQHU#PWX�HGX�

mailto:anmorse@mtu.edu
mailto:lindseya@mtu.edu
mailto:sjcallis@mtu.edu
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$SSHQGL[�%�
0LFKLJDQ 7HFKQRORJLFDO 8QLYHUVLW\ LV D IRXU \HDU SXEOLF VFKRRO ORFDWHG LQ +RXJKWRQ�� � � � � � � � � � � �

0LFKLJDQ� 7KH ODUJHVW XQLW DW 0LFKLJDQ 7HFK LV WKH &ROOHJH RI (QJLQHHULQJ� ZKLFK LQFOXGHV ��� � � � � � � � � � � � � � �

GHJUHH RSWLRQV� 7KH 8QLYHUVLW\ KDV GHYHORSHG WKH (QWHUSULVH 3URJUDP� ZKLFK SURYLGHV� � � � � � � � � � �

XQGHUJUDGXDWH VWXGHQWV WKH RSSRUWXQLW\ WR JHW UHDO ZRUOG H[SHULHQFH EHIRUH JRLQJ LQWR D� � � � � � � � � � � � �

SURIHVVLRQDO HQYLURQPHQW� ,W LV D KDQGV�RQ SURJUDP WKDW DSSOLHV VNLOOV OHDUQHG LQ WKH FODVVURRP�� � � � � � � � � � � � � �

7KHUH DUH �� GLIIHUHQW HQWHUSULVH WHDPV� HDFK ZLWK D GLIIHUHQW IRFXV� 7KH WHDP SXUVXLQJ WKH� � � � � � � � � � � � � � �

$LUSRUW &RRSHUDWLYH 5HVHDUFK 3URJUDP LV SDUW RI WKH %XLOW :RUOG (QWHUSULVH �%:(�� ZKLFK� � � � � � � � � � � � �

VWDUWHG LQ WKH VSULQJ RI ����� 3UHYLRXVO\� WKH HQWHUSULVH SURJUDP ODFNHG D FLYLO DQG HQYLURQPHQWDO� � � � � � � � � � � � � � �

HQJLQHHULQJ�IRFXVHG�JURXS��



5XQZD\�,QWHUVHFWLRQ�0DUNLQJV ���_���7DEOH�RI�&RQWHQWV ���_�����

$SSHQGL[�&�
1R�QRQ�XQLYHUVLW\�SDUWQHUV�ZHUH�LQYROYHG�LQ�WKLV�SURMHFW��
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$SSHQGL[�'�
6HH�DWWDFKHG�SDJH�WKDW�IROORZV��
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$SSHQGL[�(�
6WXGHQW�4XHVWLRQV�

�� 'LG WKH $LUSRUW &RRSHUDWLYH 5HVHDUFK 3URJUDP �$&53� 8QLYHUVLW\ 'HVLJQ &RPSHWLWLRQ IRU� � � � � � � � � � � �

$GGUHVVLQJ�$LUSRUWV�1HHGV�SURYLGH�D�PHDQLQJIXO�OHDUQLQJ�H[SHULHQFH�IRU�\RX"�:K\�RU�ZK\�QRW"�

<HV� WKLV SURMHFW XQGRXEWHGO\ KHOSHG WKH WHDP OHDUQ DQG JURZ� 7KHUH DUH OLPLWOHVV� � � � � � � � � � � � �

RSSRUWXQLWLHV LQ WKH ZRUOG RI DLUSRUW GHVLJQ� $OO ZKLOH IRFXVLQJ RQ WKH WRSLF RI UXQZD\ VDIHW\� WKH� � � � � � � � � � � � � � � � �

WHDP OHDUQHG D SOHWKRUD RI LQIRUPDWLRQ� :H ZHUH DEOH WR JURZ DV D WHDP LQ PRUH WKDQ MXVW� � � � � � � � � � � � � � � � � �

NQRZOHGJH� (DFK WHDP PHPEHU IRXQG WKHLU VSHFLDOW\ DQG ZDV DEOH WR FRQWULEXWH XQLTXHO\ WR WKH� � � � � � � � � � � � � � �

ILQDO VROXWLRQ� )XUWKHUPRUH� RXU SDUWLFLSDWLRQ LQ 078¶V (QWHUSULVH SURJUDP JDYH XV DQ� � � � � � � � � � � �

H[SHULHQFH��VLPLODU�WR�ZRUNLQJ�RQ�D�SURMHFW�LQ�LQGXVWU\���

�

�� :KDW FKDOOHQJHV GLG \RX DQG�RU \RXU WHDP HQFRXQWHU LQ XQGHUWDNLQJ WKH FRPSHWLWLRQ" +RZ� � � � � � � � � � � � � �

GLG�\RX�RYHUFRPH�WKHP"�

2QH RI WKH FKDOOHQJHV ZH IDFHG ZDV FRQWDFWLQJ DLUSRUW SURIHVVLRQDOV� ,Q RUGHU WR GR VR� � � � � � � � � � � � � � �

HIIHFWLYHO\� WKH WHDP UHDFKHG RXW WR RYHU �� DLUSRUWV WR FRYHU D ZLGH UDQJH� 0DQ\ RI WKH DLUSRUWV� � � � � � � � � � � � � � � � � �

WKDW ZHUH FRQWDFWHG GLG QRW UHVSRQG� KRZHYHU� ZH ZHUH VWLOO DEOH WR FRPSLOH D YDULHW\ RI� � � � � � � � � � � � � � � �

SURIHVVLRQDOV WR HQFRPSDVV D UDQJH RI RSLQLRQV DFURVV WKH ILHOG� 7KH WHDP ZDV SHUVLVWHQW LQ RUGHU� � � � � � � � � � � � � � � �

WR JDLQ GLIIHUHQW SHUVSHFWLYHV� ZH DOVR EXLOW RII RI FRQQHFWLRQV LQ WKH DYLDWLRQ LQGXVWU\ WR UHDFK� � � � � � � � � � � � � � � �

RXW�WR�PRUH�LQGLYLGXDOV���

$QRWKHU FKDOOHQJH ZDV GHFLGLQJ RQ ZKDW SDWWHUQ DQG FRORUV WR XVH IRU WKH UXQZD\ LQWHUVHFWLRQ� � � � � � � � � � � � � � �

PDUNLQJ� %\ DVVHVVLQJ D GHFLVLRQ PDWUL[ DV LQGLYLGXDOV� WKHQ FRPSLOLQJ RXU GHFLVLRQV DV D WHDP�� � � � � � � � � � � � � � �

ZH ZHUH DEOH WR DSSURSULDWHO\ ILQG WKH VROXWLRQ ZH WKRXJKW ZDV EHVW� +RZHYHU� ZH GLG QRW IHHO� � � � � � � � � � � � � � � � �

FRQILGHQW LQ RXU ORJLF EHKLQG WKH UDWLQJV� $IWHU ZH PHW ZLWK KXPDQ IDFWRUV SURIHVVRU 'U�� � � � � � � � � � � � � � �

6WHHOPDQ� ZH UHYLVHG WKH GHFLVLRQ PDWUL[ WR EHWWHU UHIOHFW WKH IDFWRUV ZH FRQVLGHUHG WKURXJK D� � � � � � � � � � � � � � �

SV\FKRORJ\ OHQVH� 7KLV KHOSHG XV UHDVVHVV DQG FRQILUP WKH GHFLVLRQV ZH ZHUH PDNLQJ DERXW WKH� � � � � � � � � � � � � � �

GHVLJQ�RI�WKH�PDUNLQJ��

�

�

�
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���'HVFULEH�WKH�SURFHVV�\RX�RU�\RXU�WHDP�XVHG�IRU�GHYHORSLQJ�\RXU�K\SRWKHVLV��

7KH WHDP XVHG D SURFHVV FDOOHG GHVLJQ WKLQNLQJ WR GHYHORS D K\SRWKHVLV� :H XVHG WKLV PHWKRG� � � � � � � � � � � � � � � �

DIWHU DWWHQGLQJ D ZRUNVKRS ZLWK 'U� %UHWW +DPOLQ� D PHPEHU RI WKH HQJLQHHULQJ IDFXOW\ DW 078�� � � � � � � � � � � � � � � �

7KH GHVLJQ WKLQNLQJ PHWKRG ZDV GHYHORSHG DW 6WDQIRUG 8QLYHUVLW\ ZLWK WKH IROORZLQJ VWHSV�� � � � � � � � � � � � �

HPSDWKL]H� GHILQH� LGHDWH� SURWRW\SH� DQG WHVW� 7KLV SURFHVV LV GHVFULEHG LQ GHWDLO LQ VHFWLRQ ���� � � � � � � � � � � � � � �

3UREOHP 6ROYLQJ $SSURDFK� 2XU ELJJHVW WDNHDZD\ IURP WKLV H[SHULHQFH ZDV UHGHILQLQJ RXU� � � � � � � � � � � �

SUREOHP LQ RUGHU WR ILW WKH QHHG WKDW ZH IRXQG ZDV WKH PRVW DSSURSULDWH DQG DWWDLQDEOH IRU RXU� � � � � � � � � � � � � � � � � �

WHDP�WR�DGGUHVV��

�

�� :DV SDUWLFLSDWLRQ E\ LQGXVWU\ LQ WKH SURMHFW DSSURSULDWH� PHDQLQJIXO DQG XVHIXO" :K\ RU ZK\� � � � � � � � � � � � � � �

QRW"�

7KH LQGXVWU\ SDUWLFLSDWLRQ ZDV D FUXFLDO SDUW RI WKLV SURMHFW� :H LQFOXGHG PDQ\ RI RXU GHVLJQ� � � � � � � � � � � � � � � �

FRQVLGHUDWLRQV EDVHG RQ WKH DSSOLHG SHUVSHFWLYHV RI LQGLYLGXDOV ZLWK PDQ\ \HDUV RI H[SHULHQFH�� � � � � � � � � � � � �

2XU FRQQHFWLRQV KHOSHG XV EXLOG D ZHOO URXQGHG YLHZSRLQW RQ WKH SURMHFW� 7KH SHUVSHFWLYHV ZH� � � � � � � � � � � � � � �

UHFHLYHG ZHUH ERWK LQ IDYRU DQG DJDLQVW WKH UXQZD\ LQWHUVHFWLRQ PDUNLQJ� )URP WKH FULWLFDO� � � � � � � � � � � � � �

IHHGEDFN��ZH�UHHYDOXDWHG�WKH�LPSOHPHQWDWLRQ�DQG�GHVLJQ�WR�EHVW�DFFRPPRGDWH�WKH�FRQFHUQV��

)XUWKHUPRUH� LQWHUDFWLQJ ZLWK LQGXVWU\ H[SHUWV FRQWULEXWHG WR RXU FRQILGHQFH LQ RXU GHVLJQ�� � � � � � � � � � � �

$V XQGHUJUDGXDWH VWXGHQWV� ZH DUH DZDUH RI WKH OLPLWDWLRQV RI RXU NQRZOHGJH DQG H[SHUWLVH�� � � � � � � � � � � � � �

+RZHYHU� PDQ\ RI WKH SURIHVVLRQDOV DVVXUHG XV WKDW ZH ZHUH GHPRQVWUDWLQJ DGHTXDWH FULWLFDO� � � � � � � � � � � � �

WKLQNLQJ��SUREOHP�VROYLQJ��DQG�UHVHDUFKLQJ�VNLOOV��

�

�� :KDW GLG \RX OHDUQ" 'LG WKLV SURMHFW KHOS \RX ZLWK VNLOOV DQG NQRZOHGJH \RX QHHG WR EH� � � � � � � � � � � � � � � � � �

VXFFHVVIXO�IRU�HQWU\�LQ�WKH�ZRUNIRUFH�RU�WR�SXUVXH�IXUWKHU�VWXG\"�:K\�RU�ZK\�QRW"�

<HV� WKH WHDP JDLQHG PDQ\ YDOXDEOH H[SHULHQFHV ZKLOH ZRUNLQJ RQ WKH SURMHFW� 2YHU WKH� � � � � � � � � � � � � �

FRXUVH RI WKH SURMHFW� DOO WHDP PHPEHUV GHYHORSHG WKHLU DELOLW\ WR FRPSOHWH WHFKQLFDO UHVHDUFK� � � � � � � � � � � � � �

DQG HIIHFWLYHO\ UHYLHZ OLWHUDWXUH� 2XU WHFKQLFDO DQG SURIHVVLRQDO FRPPXQLFDWLRQ VNLOOV ZHUH� � � � � � � � � � �

VWUHQJWKHQHG WKURXJK RXU FRQQHFWLRQV ZLWK PHPEHUV RI LQGXVWU\� 7KH SURFHVV RI UHILQLQJ RXU� � � � � � � � � � � � �

VROXWLRQ JDYH XV RSSRUWXQLWLHV WR DSSO\ QHZ EUDLQVWRUPLQJ PHWKRGV DQG ZRUN RQ FROODERUDWLYH� � � � � � � � � � � � �

SUREOHP VROYLQJ� $OO RI WKHVH VNLOOV ZLOO EH RI JUHDW XVH WR XV DV ZH EHFRPH HQJLQHHUV LQ� � � � � � � � � � � � � � � � � �
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LQGXVWU\� $GGLWLRQDOO\� WKH $&53 SURYLGHG D JUHDW SODWIRUP WR REWDLQ H[SRVXUH WR SRWHQWLDO� � � � � � � � � � � � �

FDUHHU�SDWKV��

�

)DFXOW\�4XHVWLRQV�

O��'HVFULEH�WKH�YDOXH�RI�WKH�HGXFDWLRQDO�H[SHULHQFH�IRU�\RXU�VWXGHQW�V��SDUWLFLSDWLQJ�LQ�WKLV�

FRPSHWLWLRQ�VXEPLVVLRQ� �

7KH VWXGHQWV OHDUQHG DERXW DLUSRUW RSHUDWLRQV DQG VSHFLILFDOO\ DERXW LQFXUVLRQV DQG SURFHVVHV� � � � � � � � � � � �

WKDW LQIOXHQFH DLUSRUW GHVLJQ DQG JHRPHWULHV WKDW FUHDWH LQFXUVLRQV� 2Q D ELJ SLFWXUH OHYHO� ,� � � � � � � � � � � � � � �

EHOLHYH WKH VWXGHQWV OHDUQHG DERXW UHVHDUFK� GHYHORSLQJ UHVHDUFK VWDWHPHQWV� WKH SURFHVV RI� � � � � � � � � � � �

GHYHORSLQJ�VROXWLRQV��DQG�FRPPXQLFDWLQJ�WKH�VROXWLRQ���

�

�� :DV WKH OHDUQLQJ H[SHULHQFH DSSURSULDWH WR WKH FRXUVH OHYHO RU FRQWH[W LQ ZKLFK WKH� � � � � � � � � � � � � � �

FRPSHWLWLRQ�ZDV�XQGHUWDNHQ"�

7KH (QWHUSULVH 3URJUDP LV RSHQ WR VWXGHQWV ZKR DUH LQ WKH VHFRQG VHPHVWHU RI WKHLU ILUVW \HDU� � � � � � � � � � � � � � � � �

XS WR JUDGXDWLQJ VWXGHQWV� $V VXFK� WKH VWXGHQWV SRVVHVV D ODUJH UDQJH RI NQRZOHGJH DERXW FLYLO� � � � � � � � � � � � � � � �

HQJLQHHULQJ DQG DLUSRUWV LQ SDUWLFXODU� 0DQ\ VWXGHQWV KDG QHYHU IORZQ EHIRUH LQLWLDWLQJ WKHVH� � � � � � � � � � � � �

SURMHFWV VR WKHLU NQRZOHGJH JDS ZDV ODUJHU WKDQ , DQWLFLSDWHG� +RZHYHU� WKH WLPH DW ZKLFK ZH� � � � � � � � � � � � � � � �

ODXQFKHG WKH SURMHFWV SOXV WKH H[WHUQDO UHVRXUFHV WKH VWXGHQWV ORFDWHG HQDEOHG WKHP WR RYHUFRPH� � � � � � � � � � � � � �

WKH NQRZOHGJH JDS� 6R , GR EHOLHYH WKH OHDUQLQJ H[SHULHQFH ZDV DSSURSULDWH WR FRXUVH OHYHO� � � � � � � � � � � � � � �

EHFDXVH�WKH�VWXGHQWV�PDGH�LW�VR��

�

���:KDW�FKDOOHQJHV�GLG�WKH�VWXGHQWV�IDFH�DQG�RYHUFRPH"�

2XU UHPRWH ORFDWLRQ LV D FKDOOHQJH LQ WKDW ZH GR QRW KDYH HQJLQHHUV ZRUNLQJ LQ DLUSRUW� � � � � � � � � � � � � � � �

SODQQLQJ DQG GHVLJQ ORFDWHG QHDU XV� $V VXFK� WKH VWXGHQWV PDGH D ORW RI FROG FDOOV DQG VRPH RI� � � � � � � � � � � � � � � � � � �

WKH�FDOOV�WXUQHG�RXW�SRVLWLYHO\��KRZHYHU��PDQ\�GLG�QRW��7KH�VWXGHQWV�GLG�WKH�EHVW�WKH\�FRXOG���

�

���:RXOG�\RX�XVH�WKLV�FRPSHWLWLRQ�DV�DQ�HGXFDWLRQDO�YHKLFOH�LQ�WKH�IXWXUH"�:K\�RU�ZK\�QRW"�

$EVROXWHO\� , IRXQG WKH WRSLF ULJRURXV EXW QRW VR PXFK VR WR SUHYHQW RXU IUHVKPDQ DQG� � � � � � � � � � � � � � � �

VRSKRPRUH�VWXGHQWV�IURP�SDUWLFLSDWLQJ���
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�

���$UH�WKHUH�FKDQJHV�WR�WKH�FRPSHWLWLRQ�WKDW�\RX�ZRXOG�VXJJHVW�IRU�IXWXUH�\HDUV"�

1RW�DW�WKLV�WLPH��� �
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$SSHQGL[�)�
$NNDUL��$���	�%XUQKDP��7���Q�G���� �,QYHVWLJDWLRQ�DQG�$VVHVVPHQW�RI�&RORUHG�&RQFUHWH�3DYHPHQW ����

,QYHVWLJDWLRQ�DQG�$VVHVVPHQW�RI�&RORUHG�&RQFUHWH�3DYHPHQW ���0LQQHVRWD�'HSDUWPHQW�RI��

7UDQVSRUWDWLRQ��

$LUEXV���Q�G�����)OLJKW�2SHUDWLRQV�%ULHILQJ�1RWHV��+XPDQ�3HUIRUPDQFH��(QKDQFLQJ�6LWXDWLRQDO��

$ZDUHQHVV ����)OLJKW�2SHUDWLRQV�%ULHILQJ�1RWHV��+XPDQ�3HUIRUPDQFH��(QKDQFLQJ��

6LWXDWLRQDO�$ZDUHQHVV ���

$LUSRUW�&RRSHUDWLYH�5HVHDUFK�3URJUDP�������������������'HVLJQ�&RPSHWLWLRQ�*XLGHOLQHV���

5HWULHYHG�IURP� �KWWS���YVJF�RGX�HGX�DFUSGHVLJQFRPSHWLWLRQ�JXLGHOLQHV���

$PHULFDQ�2SWRPHWULF�$VVRFLDWLRQ���������� �1LJKW�9LVLRQ�DQG�1LJKW�9LVLRQ�'HYLFHV��1LJKW�9LVLRQ��

DQG�1LJKW�9LVLRQ�'HYLFHV�� �3DUDRSWRPHWULF�UHVRXUFH�FHQWHU��

$XVWUDOLDQ�7UDQVSRUW�6DIHW\�%XUHDX���������� �5XQZD\�H[FXUVLRQV ����5XQZD\�H[FXUVLRQV ���&DQEHUUD��

FLW\��&RPPRQZHDOWK�RI�$XVWUDOLD��

$YLDWLRQ�$GYLVRU\�%RDUG ����������� �$YLDWLRQ�$GYLVRU\�%RDUG ���)RUW�/DXGHUGDOH��)/��

&DUU\��:���'RQQHOO��(���5DGR��=���+DUWPDQ��0���	�6FDOLFL��6���������� �5HG�%XV�/DQH�7UHDWPHQW��

(YDOXDWLRQ ����5HG�%XV�/DQH�7UHDWPHQW�(YDOXDWLRQ ���

&KDQJ��<��+���	�:RQJ��.��0���������� �+XPDQ�ULVN�IDFWRUV�DVVRFLDWHG�ZLWK�UXQZD\�LQFXUVLRQV ����

+XPDQ�ULVN�IDFWRUV�DVVRFLDWHG�ZLWK�UXQZD\�LQFXUVLRQV ���

&LW\�RI�$OEXTXHUTXH���������� �3)&�4XDUWHUO\�5HSRUW���

)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ���Q�G���� �)$$�*XLGH�WR�2SHUDWLRQV��$�&RPSUHKHQVLYH�*XLGH�WR��

6DIH�'ULYLQJ�RQ�$LUSRUW�6XUIDFH���

�

http://vsgc.odu.edu/acrpdesigncompetition/guidelines/
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)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ���Q�G���� �1DWLRQDO�5XQZD\�6DIHW\�3ODQ���������� ����1DWLRQDO��

5XQZD\�6DIHW\�3ODQ���������� ���$72�6DIHW\�DQG�7HFKQLFDO�7UDLQLQJ��

)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ���Q�G���� �3LORWV�*XLGH�WR�$LUSRUW�6LJQV�DQG�0DUNLQJV��

)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ���Q�G���� �5XQZD\�&RQGLWLRQ�$VVHVVPHQW�0DWUL[ ����5XQZD\��

&RQGLWLRQ�$VVHVVPHQW�0DWUL[���

)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ���������� �$GYLVRU\�&LUFXODU��,QWURGXFWLRQ�WR�6DIHW\�0DQDJHPHQW��

6\VWHPV��606��)RU�$LUSRUW�2SHUDWRUV��$GYLVRU\�&LUFXODU��,QWURGXFWLRQ�WR�6DIHW\��

0DQDJHPHQW�6\VWHPV��606��)RU�$LUSRUW�2SHUDWRUV��

)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ���������� �$GYLVRU\�&LUFXODU��$LUSRUW�)RUHLJQ�2EMHFW�'HEULV��

�)2'��0DQDJHPHQW��$GYLVRU\�&LUFXODU��$LUSRUW�)RUHLJQ�2EMHFW�'HEULV��)2'��

0DQDJHPHQW��

)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ���������� �%XGJHW�(VWLPDWHV�)LVFDO�<HDU������� �8�6��'HSDUWPHQW��

RI��7UDQVSRUWDWLRQ��

)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ���������� �$GYLVRU\�&LUFXODU��6WDQGDUGV�IRU�$LUSRUW�0DUNLQJV� ����

$GYLVRU\�&LUFXODU��6WDQGDUGV�IRU�$LUSRUW�0DUNLQJV� ���

)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ���������� �&DOO�WR�$FWLRQ�6XPPDU\�5HSRUW����� ����&DOO�WR�$FWLRQ��

6XPPDU\�5HSRUW����� ���

)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ���������� �5XQZD\�6DIHW\�5XQZD\�,QFXUVLRQV ����5XQZD\�6DIHW\��

5XQZD\�,QFXUVLRQV ���

)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ���������� �8QLW�5HSODFHPHQW�$QG�5HVWRUDWLRQ�&RVW�RI�$LUFUDIW���

5HWULHYHG�IURP�)$$�� �KWWSV���ZZZ�IDD�JRY�UHJXODWLRQVBSROLFLHV�SROLF\�JXLGDQFH�

�EHQHILW�FRVW�PHGLD�HFRQ�YDOXH�VHFWLRQ���UHVWR�SGI ���

https://www.faa.gov/regulations_policies/policy/guidance/benefit/cost/media/econ-value-section-5-resto.pdf
https://www.faa.gov/regulations_policies/policy/guidance/benefit/cost/media/econ-value-section-5-resto.pdf
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)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ���������� �3LORW
V�+DQGERRN�RI�$HURQDXWLFDO�.QRZOHGJH ����

2NODKRPD�&LW\��2.��86'27��)$$��$LUPDQ�7HVWLQJ�6WDQGDUGV�%UDQFK��

)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ���������-XQH������:KDW�ZH�GR��5HWULHYHG�IURP��

KWWSV���ZZZ�IDD�JRY�DERXW�PLVVLRQ�DFWLYLWLHV� ���

)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ���������� �5XQZD\�,QFXUVLRQ�6DIHW\�,VVXH��6DIHW\�5LVN��

0DQDJHPHQW�'RFXPHQW����5XQZD\�,QFXUVLRQ�6DIHW\�,VVXH��6DIHW\�5LVN�0DQDJHPHQW�

'RFXPHQW�������HG����

)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ���������� �$GYLVRU\�&LUFXODU��6WDQGDUG�6SHFLILFDWLRQV�IRU��

&RQVWUXFWLRQ�RI�$LUSRUWV��$GYLVRU\�&LUFXODU��6WDQGDUG�6SHFLILFDWLRQV�IRU�&RQVWUXFWLRQ�RI�

$LUSRUWV��

)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ���������� �5XQZD\�,QFXUVLRQ�7RWDOV�IRU�)\����� ����5XQZD\��

,QFXUVLRQ�7RWDOV�IRU�)<��������

)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ���������� �)$$�6WUDWHJLF�3ODQ��)<�������������

)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ���������2FWREHU������5XQZD\�6WDWXV�/LJKWV��5HWULHYHG�IURP��

KWWSV���ZZZ�IDD�JRY�DLUBWUDIILF�WHFKQRORJ\�UZVO� ���

)OLJKW�6DIHW\�)RXQGDWLRQ���Q�G���� �5HGXFLQJ�WKH�5LVN�RI�5XQZD\�([FXUVLRQV ����5HGXFLQJ�WKH�5LVN�RI��

5XQZD\�([FXUVLRQV ���

,&$2�����������5XQZD\�6DIHW\�3URJUDPPH���*OREDO�5XQZD\�6DIHW\�$FWLRQ�3ODQ ����5XQZD\�6DIHW\��

3URJUDPPH���*OREDO�5XQZD\�6DIHW\�$FWLRQ�3ODQ ����VW�HG����

,QWHUQDWLRQDO�$LU�7UDQVSRUW�$VVRFLDWLRQ���������� �5XQZD\�([FXUVLRQ�$QDO\VLV�5HSRUW���������� ����

5XQZD\�([FXUVLRQ�$QDO\VLV�5HSRUW���������� ����QG�HG����,QWHUQDWLRQDO�$LU�7UDQVSRUW�

$VVRFLDWLRQ��

https://www.faa.gov/about/mission/activities/
https://www.faa.gov/air_traffic/technology/rwsl/
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-DFREV��.�����������(QJLQHHULQJ�%ULHI�1R������,QFRUSRUDWLRQ�RI�5XQZD\�,QFXUVLRQ�3UHYHQWLRQ�LQWR��

7D[LZD\�DQG�$SURQ�'HVLJQ ����(QJLQHHULQJ�%ULHI�1R������,QFRUSRUDWLRQ�RI�5XQZD\�

,QFXUVLRQ�3UHYHQWLRQ�LQWR�7D[LZD\�DQG�$SURQ�'HVLJQ ���:DVKLQJWRQ��'&���)HGHUDO�

$YLDWLRQ�$GPLQLVWUDWLRQ��

0HDG�	�+XQW���������� �0DVWHU�3ODQ�8SGDWH��7XOVD�,QWHUQDWLRQDO�$LUSRUW ����0DVWHU�3ODQ�8SGDWH���

7XOVD�,QWHUQDWLRQDO�$LUSRUW���7XOVD��2.��

1HZ�<RUN�&LW\�'27���������� �5HSRUW�RQ�WKH�(IILFDF\�RI�5HG�%XV�/DQHV�DV�$�7UDIILF�&RQWURO��

'HYLFH����5HSRUW�RQ�WKH�(IILFDF\�RI�5HG�%XV�/DQHV�DV�$�7UDIILF�&RQWURO�'HYLFH ���

3RUWODQG�%XUHDX�RI�7UDQVSRUWDWLRQ���������� �)HGHUDO�+LJKZD\�$GPLQLVWUDWLRQ�H[SHULPHQW�ZLWK��

5HG�3DYHPHQW�0DUNLQJV ����)HGHUDO�+LJKZD\�$GPLQLVWUDWLRQ�H[SHULPHQW�ZLWK�5HG�

3DYHPHQW�0DUNLQJV ���3RUWODQG��25��

6WDII��8��6��,��&���������0DUFK������86�,QIODWLRQ�&DOFXODWRU��5HWULHYHG�$SULO����������IURP��

KWWSV���ZZZ�XVLQIODWLRQFDOFXODWRU�FRP��

6XVWDLQDEOH�$LUSRUW�0DVWHU�3ODQ��$%4�,QWHUQDWLRQDO�6XQSRUW ����������� �6XVWDLQDEOH�$LUSRUW��

0DVWHU�3ODQ��$%4�,QWHUQDWLRQDO�6XQSRUW ���$OEXTXHUTXH���10��

7KRPDV��)RXUQLHU��	�)ROOLDUG���������� �$ONDOL�$JJUHJDWH�5HDFWLYLW\��$DU��)DFWV�%RRN ����

$ONDOL�$JJUHJDWH�5HDFWLYLW\��$$5��)DFWV�%RRN ���2IILFH�RI�3DYHPHQW�7HFKQRORJ\��

7RUUHV��.���0HWVFKHU��'���	�6PLWK��0���������� �$�&RUUHODWLRQDO�6WXG\�RI�WKH�5HODWLRQVKLS��

%HWZHHQ�+XPDQ�)DFWRU�(UURUV�DQG�WKH�2FFXUUHQFH�RI�5XQZD\�,QFXUVLRQV��$�

&RUUHODWLRQDO�6WXG\�RI�WKH�5HODWLRQVKLS�%HWZHHQ�+XPDQ�)DFWRU�(UURUV�DQG�WKH�

2FFXUUHQFH�RI�5XQZD\�,QFXUVLRQV�� �,QWHUQDWLRQDO�-RXUQDO�RI�3URIHVVLRQDO�$YLDWLRQ�

7UDLQLQJ�	�7HVWLQJ�5HVHDUFK��

https://www.usinflationcalculator.com/
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9LWDJOLDQR��/���&DQWHU��*���	�$ODQG��5���������� �3UREOHPDWLF�7D[LZD\�*HRPHWU\�6WXG\�2YHUYLHZ ����

3UREOHPDWLF�7D[LZD\�*HRPHWU\�6WXG\�2YHUYLHZ ���:DVKLQJWRQ��'&��)HGHUDO�$YLDWLRQ�

$GPLQLVWUDWLRQ��

9LWDJOLDQR��/���'HEEDQ��6���	�+HDOH\��-���������� �5XQZD\�,QFXUVLRQ�0LWLJDWLRQ�)LVFDO�<HDU�������

$QQXDO�6XPPDU\�5HSRUW����5XQZD\�,QFXUVLRQ�0LWLJDWLRQ�)LVFDO�<HDU������$QQXDO�

6XPPDU\�5HSRUW���:DVKLQJWRQ��'&��)HGHUDO�$YLDWLRQ�$GPLQLVWUDWLRQ��

:DFR�5HJLRQDO�$LUSRUW�0DVWHU�3ODQ ����������� �:DFR�5HJLRQDO�$LUSRUW�0DVWHU�3ODQ ���:DFR��7;��


