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2 XU�( DUWK�LV�DQ�RFHDQ�SODQHW��7KH�VHD�FRYHUV�QHDUO\ �WKUHH�TXDUWHUV�RI�LWV�VXUIDFHV��
7KH�KLJK�VHDV�OLH�EH\ RQG�WKH�� � � �QDXWLFDO�P LOH�OLP LWV�WKDW�GHILQH�WKH�WHUULWRULDO�
MXULVGLFWLRQ�RI�D�FRXQWU\ ��7KH\ �FRYHU�� � � �RI�WKH�DUHD�RI�WKH�RFHDQV��DQG�QHDUO\ �KDOI�
WKH�VXUIDFH�RI�WKH�SODQHW��7KH\ �DUH�D�JOREDO�FRP P RQV��IUHH�IRU�XVH�E\ �DOO�QDWLRQV��
XQGHU�WKH�VWHZDUGVKLS�RI�WKH�8 QLWHG�1 DWLRQV�&RQYHQWLRQ�RQ�WKH�/ DZ�RI�WKH�6HD�
�8 1 &/ 2 6���%XW�KXP DQ�SUHVVXUHV�RQ�WKH�KLJK�VHDV�DUH�LQFUHDVLQJ�IDVW��DQG�XUJHQW�
DFWLRQ�LV�QHHGHG�WR�SURWHFW�WKHP �IURP �KDUP ���
�
5 HFHQW�UHVHDUFK�VKRZV�WKDW�LQGXVWULDO�ILVKLQJ�KDV�VLJQLILFDQWO\ �GHSOHWHG�SRSXODWLRQV�
RI�ODUJH��SUHGDWRU\ �ILVK��OLNH�WXQDV�DQG�ELOOILVK��E\ �QLQHW\ �SHUFHQW�RU�P RUH�LQ�WKH�ODVW�
ILIW\ �\ HDUV��6RP H�SDUWLFXODUO\ �YXOQHUDEOH�VSHFLHV��VXFK�DV�VRP H�VSHFLHV�RI�VKDUNV��
KDYH�EHHQ�UHGXFHG�E\ �IDFWRUV�RI�D�KXQGUHG��RU�HYHQ�D�WKRXVDQG��,Q�WKH�SURFHVV�RI�
FDSWXULQJ�WKHVH�ILVK��LQGXVWULDO�ILVKLQJ�P HWKRGV�DUH�NLOOLQJ�XQWROG�QXP EHUV�RI�RWKHU�
ZLOGOLIH��HQGDQJHULQJ�ELUGV��WXUWOHV�DQG�P DULQH�P DP P DOV��,Q�WKH�GHHS�VHD��KHDY\ �
ERWWRP �WUDZOLQJ�JHDUV�DUH�GHVWUR\ LQJ�VHDP RXQW�KDELWDWV�WKDW�KDYH�WDNHQ�WKRXVDQGV�
RI�\ HDUV�WR�GHYHORS�DQG�P D\ �EH�LUUHSODFHDEOH�RQ�KXP DQ�WLP HVFDOHV��0 XFK�RI�WKLV�
DFWLYLW\ �LV�LOOHJDO��XQUHJXODWHG�RU�JRHV�XQUHSRUWHG��
�
$GGHG�WR�WKHVH�ILVKLQJ�UHODWHG�SUHVVXUHV�DUH�WKH�P XOWLSOH�VWUHVVHV�UHVXOWLQJ�IURP �
RWKHU�LQGXVWULDO�XVHV�RI�WKH�VHD�DQG�WKH�VLJQLILFDQW�LP SDFWV�UHVXOWLQJ�IURP �JOREDO�
FOLP DWH�FKDQJH���7RJHWKHU�WKHVH�WKUHDWV�DUH�MHRSDUGLVLQJ�WKH�DELOLW\ �RI�P DULQH�
HFRV\ VWHP V�WR�IXQFWLRQ�SURSHUO\ �DQG�VR�SXWWLQJ�DW�ULVN�WKH�LQYDOXDEOH�JRRGV�DQG�
VHUYLFHV�WKDW�WKH\ �SURYLGH�WR�XV�DOO��

�
* OREDO�1 HWZRUN�RI�+LJK�6HDV�0 DULQH�5 HVHUYHV�

�
,Q�WKLV�UHSRUW�ZH�SUHVHQW�D�GHVLJQ�IRU�D�JOREDO�QHWZRUN�RI�KLJK�VHDV�P DULQH�
UHVHUYHV��0 DULQH�UHVHUYHV�DUH�KLJKO\ �SURWHFWHG�DUHDV�WKDW�DUH�RII�OLP LWV�WR�DOO�
H[ WUDFWLYH�DQG�GHVWUXFWLYH�XVHV��LQFOXGLQJ�ILVKLQJ��7KH\ �DUH�WKH�P RVW�SRZHUIXO�WRRO�
DYDLODEOH�IRU�WKH�FRQVHUYDWLRQ�RI�RFHDQ�ZLOGOLIH�DQG�P D\ �DOVR�EHQHILW�ILVKHULHV�E\ �
SURP RWLQJ�UHFRYHU\ �DQG�UHSURGXFWLRQ�RI�H[ SORLWHG�VSHFLHV��%\ �P DLQWDLQLQJ�
HFRV\ VWHP �LQWHJULW\ ��P DULQH�UHVHUYHV�KHOS�EXLOG�XS�WKH�UHVLOLHQFH�RI�RFHDQ�
HFRV\ VWHP V�DQG�WKHLU�DELOLW\ �WR�ZLWKVWDQG�DQG�OLP LW�WKH�LP SDFWV�RI�FOLP DWH�FKDQJH��
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7KH�QHWZRUN�ZH�SURSRVH�DLP V�WR�SURWHFW�SODFHV�WKDW�DUH�ELRORJLFDOO\ �ULFK�±�KRP H�WR�
FRXQWOHVV�VSHFLHV�RI�DQLP DOV�DQG�SODQWV��,W�DOVR�VHHNV�WR�SURWHFW�SODFHV�WKDW�DUH�
SDUWLFXODUO\ �WKUHDWHQHG�RU�YXOQHUDEOH�WR�SUHVHQW�RU�SRVVLEOH�IXWXUH�KXP DQ�LP SDFWV��
OLNH�ILVKLQJ�RU�VHDEHG�P LQLQJ��2 XU�RYHUDUFKLQJ�DLP �LV�IRU�D�QHWZRUN�WKDW�LV�
UHSUHVHQWDWLYH�RI�WKH�IXOO�YDULHW\ �RI�OLIH�LQ�WKH�VHD��
�
,GHQWLI\ LQJ�6LWHV�IRU�3URWHFWLRQ�
�
7R�DFKLHYH�WKHVH�DLP V��ZH�EURXJKW�WRJHWKHU�P DQ\ �GLIIHUHQW�NLQGV�RI�ELRORJLFDO��
SK\ VLFDO�DQG�RFHDQRJUDSKLF�GDWD�IURP �SROH�WR�SROH��' DWD�RQ�RFHDQRJUDSKLF�
IHDWXUHV�OLNH�ZDWHU�WHP SHUDWXUH�JUDGLHQWV�DQG�XSZHOOLQJ�DUHDV��WRJHWKHU�ZLWK�ILVKHU\ �
DQG�WUDFNLQJ�GDWD�RQ�RFHDQLF�P HJDIDXQD��HQDEOHG�XV�WR�LGHQWLI\ �SODFHV�WKDW�DUH�
KRWVSRWV�RI�DFWLYLW\ �RQ�WKH�KLJK�VHDV�IRU�ODUJH�DQG�YXOQHUDEOH�VSHFLHV��7KH\ �
LQFOXGHG�WXQDV�DQG�ELOOILVK��DOEDWURVVHV��WXUWOHV��VHDOV�DQG�VHD�OLRQV�DQG�SHQJXLQV��
7R�WKLV�ZH�DGGHG�P DSV�RI�FHWDFHDQ�GLYHUVLW\ ��7R�HQVXUH�WKDW�RXU�QHWZRUN�LV�
UHSUHVHQWDWLYH��ZH�XVHG�GDWD�RQ�WKH�GLVWULEXWLRQ�RI�GLIIHUHQW�ELRJHRJUDSKLF�DUHDV��
GHSWK�] RQHV��VHDEHG�VHGLP HQW�W\ SHV�DQG�RFHDQ�WUHQFKHV�WR�UHSUHVHQW�WKH�YDULHW\ �
RI�KDELWDWV�DQG�WKHLU�YDULDWLRQ�DFURVV�WKH�JOREH��: H�SDLG�SDUWLFXODU�DWWHQWLRQ�WR�
KLJKO\ �VHQVLWLYH�GHHSZDWHU�KDELWDWV��XVLQJ�P DSV�RI�VHDP RXQW�GLVWULEXWLRQ�DQG�
EDWK\ P HWU\ �WR�LGHQWLI\ �SODFHV�YXOQHUDEOH�WR�KDUP �E\ �ERWWRP �ILVKLQJ��: H�DOVR�XVHG�
EDWK\ P HWULF�GDWD�WR�FDOFXODWH�VHDEHG�FRP SOH[ LW\ ��ZKLFK�KHOSV�LQ�LGHQWLI\ LQJ�
ELRORJLFDOO\ �ULFK�SODFHV�LQ�WKH�GHHS�VHD��$OO�GDWD�ZHUH�P DSSHG�XVLQJ�D�JHRJUDSKLF�
LQIRUP DWLRQ�V\ VWHP �DQG�JULGGHG�LQWR�� ƒ�ODWLWXGH�E\ �� ƒ�ORQJLWXGH�FHOOV��WKH�VL] H�RI�WKH�
VP DOOHVW�P DULQH�UHVHUYHV�WKDW�ZH�FRQVLGHUHG�WR�EH�YLDEOH�LQ�WKH�KLJK�VHDV��
�
6L] H�0 DWWHUV��. H\ �3ULQFLSOH�IRU�D�0 DULQH�5 HVHUYHV�1 HWZRUN�

�
$Q�HIIHFWLYH�UHVHUYH�QHWZRUN�P XVW�EH�ODUJH�HQRXJK�WR�VXVWDLQ�VSHFLHV�DQG�
HFRORJLFDO�SURFHVVHV�LQ�ORQJ�WHUP ��5 HVHDUFK�LQGLFDWHV�WKDW�SURWHFWLQJ�EHWZHHQ�
WZHQW\ �DQG�ILIW\ �SHUFHQW�RI�WKH�VHD�ZLOO�P D[ LP LVH�EHQHILWV�WR�ILVKHULHV��,W�ZLOO�DOVR�
HQDEOH�WKH�FUHDWLRQ�RI�QHWZRUNV�RI�UHVHUYHV�WKDW�UHSUHVHQW�WKH�IXOO�VSHFWUXP �RI�OLIH�
DQG�UHSOLFDWH�LW�LQ�GLIIHUHQW�UHVHUYHV��/ DUJHU�DUHDV�DUH�DOVR�ZDUUDQWHG�IRU�
HQYLURQP HQWV�WKDW�VXSSRUW�KLJKO\ �P RELOH�VSHFLHV�DQG�ZKHUH�KDELWDWV�DUH�
SDUWLFXODUO\ �VHQVLWLYH�WR�GDP DJH��7R�EH�YLDEOH�RYHU�WKH�ORQJ�WHUP ��SRSXODWLRQV�
SURWHFWHG�E\ �UHVHUYHV�P XVW�EH�ODUJH�HQRXJK�WR�EH�VHOI�VXVWDLQLQJ�RU�P XVW�
LQWHUFRQQHFW�ZLWK�RWKHUV�LQ�WKH�QHWZRUN��7KHVH�IDFWRUV�DUJXH�IRU�D�KLJK�OHYHO�RI�
SURWHFWLRQ�RQ�WKH�KLJK�VHDV��DQG�ZH�VHW�D�WDUJHW�RI�SURWHFWLQJ�IRUW\ �SHUFHQW�RI�WKH�
DUHD�RI�DOO�KDELWDWV�DQG�ELRJHRJUDSKLF�] RQHV��: H�DOVR�VHW�D�VHULHV�RI�VXEVLGLDU\ �
WDUJHWV�IRU�LQFOXVLRQ�RI�SODFHV�LGHQWLILHG�DV�LP SRUWDQW�IRU�GLIIHUHQW�VSHFLHV�JURXSV��
: H�XVHG�WKH�FRP SXWHU�SURJUDP �0 DU[ DQ�WR�KHOS�GHYHORS�QHWZRUN�GHVLJQV�WKDW�P HW�
WKHVH�WDUJHWV�ZLWK�WKH�P LQLP XP �FRYHUDJH�RI�P DULQH�UHVHUYHV���

�
7KH�GHVLJQ�SUHVHQWHG�LQ�WKLV�UHSRUW�LQFOXGHV�WZHQW\ �QLQH�VHSDUDWH�P DULQH�UHVHUYHV�
WKDW�WRJHWKHU�HQFRP SDVV�� � �� � �RI�WKH�DUHD�RI�WKH�ZRUOG¶V�RFHDQV��VHH�P DS���7KLV�
QHWZRUN�P HW�DOO�WKH�WDUJHWV�VHW�DQG�LV�UHSUHVHQWDWLYH�RI�ELRGLYHUVLW\ �RQ�WKH�KLJK�
VHDV��$OO�WKH�P DULQH�UHVHUYHV�LGHQWLILHG�LQFRUSRUDWH�SODFHV�WKDW�DUH�ELRORJLFDOO\ �
LP SRUWDQW�EDVHG�RQ�DYDLODEOH�GDWD��+RZHYHU��WKHLU�ERXQGDULHV�P D\ �EH�UHILQHG�DV�
P RUH�GDWD�EHFRP H�DYDLODEOH��

�



� � �

�
$&7�1 2 : ��

�
&XUUHQWO\ �WKHUH�LV�DQ�DODUP LQJ�VKRUWIDOO�RI�P DULQH�DUHDV�LQ�D�JOREDO�QHWZRUN�RI�P DULQH�
SURWHFWHG�DUHDV��5 HFHQW�ILJXUHV�UHOHDVHG�E\ �WKH�0 3$�* OREDO�GDWDEDVH��KRXVHG�DW�WKH�
8 QLYHUVLW\ �RI�%ULWLVK�&ROXP ELD��8 %&���UHYHDO�WKDW�P DULQH�SURWHFWHG�DUHDV�FRYHU�MXVW�D�
P HUH�� �� � � �RI�WKH�ZRUOG¶V�RFHDQV��/ HVV�WKDQ�WZR�\ HDUV�DUH�OHIW�EHIRUH�WKH�� � � � �
GHDGOLQH�VHW�E\ �FRXQWULHV�DW�WKH�: RUOG�6XP P LW�RQ�6XVWDLQDEOH�' HYHORSP HQW��DQG�
IXUWKHU�HQGRUVHG�E\ �SDUWLHV�WR�WKH�&RQYHQWLRQ�RQ�%LRORJLFDO�' LYHUVLW\ ��&%' ���WR�
VLJQLILFDQWO\ �UHGXFH�WKH�JOREDO�ORVV�RI�ELRGLYHUVLW\ ��$QG�LQ�MXVW�IRXU�\ HDUV�IURP �QRZ��
6WDWHV�VKRXOG�KDYH�LQ�SODFH�D�JOREDO�QHWZRUN�RI�SURWHFWHG�DQG�ZHOO�P DQDJHG�P DULQH�
DUHDV�VSDQQLQJ�RI�WKH�( DUWK¶V�VHDV�DQG�RFHDQV���

�
,W�LV�* UHHQSHDFH¶V�YLHZ�WKDW�WKLV�QHWZRUN�RI�P DULQH�UHVHUYHV�LV�HVVHQWLDO�WR�VDIHJXDUG�
OLIH�RQ�WKH�KLJK�VHDV�IRU�WKH�VDNH�RI�RXU�RZQ�DQG�IXWXUH�JHQHUDWLRQV��,P SOHP HQWLQJ�WKH�
QHWZRUN�UHSUHVHQW�D�FKDOOHQJH�WR�WKH�ZLOO�DQG�FRRSHUDWLYH�VSLULW�RI�WKH�ZRUOG¶V�QDWLRQV��
%XW�WLP H�LV�VKRUW�DV�WKH�VFDOH�DQG�VHYHULW\ �RI�KXP DQ�LP SDFWV�DUH�JURZLQJ�GD\ �E\ �GD\ ���
,Q�RUGHU�WR�UHYHUVH�WKH�SUHFLSLWRXV�GHFOLQH�RI�WKH�OLIH�LQ�RXU�RFHDQV�DQG�IXOILO�WKH�WDUJHWV�
VHW�E\ �WKH�&%' ��ZH�FDOO�RQ�FRXQWULHV�DQG�UHOHYDQW�RUJDQLVDWLRQV��WR�P DNH�XVH�RI�
H[ LVWLQJ�SROLWLFDO�LQVWUXP HQWV�DQG�WKH�EHVW�DYDLODEOH�VFLHQWLILF�NQRZOHGJH�WR�LGHQWLI\ �DQG�
SURWHFW�SULRULW\ �DUHDV�IRU�FRQVHUYDWLRQ��LQ�SDUWLFXODU�RQ�WKH�KLJK�VHDV���

�
,Q�WKH�ORQJHU�WHUP ��* UHHQSHDFH�EHOLHYHV�WKDW�WKH�ODUJH�JDSV�LQ�RFHDQV�JRYHUQDQFH�
QHHG�WR�EH�DGGUHVVHG��7KHVH�JDSV��FRXSOHG�ZLWK�ODFN�RI�SROLWLFDO�ZLOO��DUH�D�NH\ �UHDVRQ�
IRU�LQDFWLRQ�RQ�WKH�KLJK�VHDV��: H�WKHUHIRUH�XUJH�WKH�GHYHORSP HQW�RI�D�QHZ�
LP SOHP HQWLQJ�DJUHHP HQW�XQGHU�8 1 &/ 2 6�WR�DGGUHVV�WKHVH�FXUUHQW�JDSV�LQ�RFHDQV�
JRYHUQDQFH�DQG�WR�SURYLGH�WKH�QHFHVVDU\ �P DQGDWH�WR�HVWDEOLVK�DQG�P DQDJH�P DULQH�
UHVHUYHV�RQ�WKH�KLJK�VHDV��,W�ZRXOG�DOVR�HQVXUH�WKH�ORQJ�WHUP �FRQVHUYDWLRQ�DQG�
VXVWDLQDEOH�P DQDJHP HQW�RI�OLYLQJ�P DULQH�UHVRXUFHV��HFRV\ VWHP V�DQG�ELRGLYHUVLW\ ��DV�
ZHOO�DV�WKH�HTXLWDEOH�XWLOLVDWLRQ�RI�P DULQH�JHQHWLF�UHVRXUFHV�LQ�DUHDV�EH\ RQG�QDWLRQDO�
MXULVGLFWLRQ��6XFK�DQ�DJUHHP HQW�ZRXOG�EXLOG�RQ�WKH�H[ LVWLQJ�IUDP HZRUN�RI�8 1 &/ 2 6��
LQWHJUDWLQJ�EHVW�SUDFWLFHV�DQG�QRUP V�DOVR�IRXQG�LQ�RWKHU�LQWHUQDWLRQDO�DQG�UHJLRQDO�
DJUHHP HQWV��ZLWK�WKH�HFRV\ VWHP �DSSURDFK�DQG�SUHFDXWLRQDU\ �SULQFLSOH�DW�LWV�FRUH��
�
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7KH�IXOO�YHUVLRQ�RI�WKH�UHSRUW�LV�DYDLODEOH�DW��
KWWS���RFHDQV�JUHHQSHDFH�RUJ�HQ�GRFXP HQWV�UHSRUWV�URDGP DS�WR�UHFRYHU\ �
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5 RDGP DS�WR�UHFRYHU\ ��3URSRVHG�JOREDO�QHWZ RUN�RI�P DULQH�UHVHUYHV�RQ�WKH�KLJK�VHDV�
�

� � � � * UHHQODQG�6HD�
�� � �� 1 RUWK�$ WODQWLF�
�� � �� $ ] RUHV�0 LG�$ WODQWLF�5 LGJH�
�� � � �( DVWHUQ�0 HGLWHUUDQHDQ�
�� � �� &HQWUDO�0 HGLWHUUDQHDQ�
�� � �� 6DUJDVVR�6HD�: HVWHUQ�$ WODQWLF�
�� � �� 6RXWK�&HQWUDO�$ WODQWLF�
�� � �� $ QWDUFWLF�3DWDJRQLD�
�� � �� 9HP D�6HDP RXQW�%HQJXHOD�
�� � � �� 6RXWK�$ IULFD�$ JXOKDV�&XUUHQW�
�� � � �� 6RXWKHUQ�2 FHDQ�
�� � � �� 6RXWKHUQ�2 FHDQ��$ XVWUDOLD�1 HZ �=HDODQG�
�� � � � &HQWUDO�,QGLDQ�2 FHDQ��$ UDELDQ�6HD�

�� � � � %D\ �RI�%HQJDO�
�� � � �� 1 RUWKZ HVWHUQ�$ XVWUDOLD�
�� � � � 6RXWK�$ XVWUDOLD�
�� � � �� / RUG�+ RZ H�5 LVH�DQG�1 RUIRON�5 LGJH�
�� � � �� &RUDO�6HD�
�� � � �� 1 RUWKHUQ�1 HZ �* XLQHD�
�� � � � : HVWHUQ�3DFLILF�
�� � � � . XURVKL�2 \ DVKLR�&RQIOXHQFH�
�� � � �� 6HD�RI�2 NKRWVN�
�� � � � * XOI�RI�$ ODVND�
�� � � � 1 RUWKHDVWHUQ�3DFLILF�
�� � � � 6RXWKHDVWHUQ�3DFLILF�
�P DUNHG�µ5 ¶��5 HSUHVHQWDWLYH�DUHDV�


