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•� 7KLV� UHSRUW� IRUPV� WKH�EDVLV� IRU�DQ�(QYLUROLQN�SURMHFW� ������76'&���� LQLWLDWHG�E\� WKH�
7DVPDQ�'LVWULFW�&RXQFLO��EXW�ZLWK�VXSSRUW�IURP�WKH�%LRVHFXULW\�0DQDJHUV�*URXS�RI�WKH�
5HJLRQDO�&RXQFLOV��

K ��

•� 7KH�REMHFWLYHV�RI� WKLV� UHSRUW� DUH� LQ� WKH� FRQWH[W�RI�PDQDJLQJ�*HUPDQ�ZDVSV� �9HVSXOD�
YXOJDULV��DQG�FRPPRQ�ZDVSV��9HVSXOD�YXOJDULV��LQ�1HZ�=HDODQG��DQG�DUH�WR��

•� VXPPDULVH�WKHLU�LPSDFWV�
•� UHYLHZ� WKH� VWDWXV� RI� FXUUHQW� FRQWURO�PHWKRGV�� GHVFULELQJ� WKH� HIIHFWLYHQHVV� DQG�

OLPLWDWLRQV�RI�HDFK�PHWKRG��DQG��
•� SURYLGH� UHFRPPHQGDWLRQV� DQG� SULRULWLHV� RQ� WKH� PRVW� SURPLVLQJ� RSWLRQV� IRU�

FRQWURO�

/ �

•� 7KH� *HUPDQ� ZDVS� DQG� WKH� FRPPRQ� ZDVS� DUH� QRZ� ZLGHVSUHDG� WKURXJKRXW� 1HZ�
=HDODQG��,Q�VRPH�KDELWDWV�WKH\�DUH�DPRQJ�WKH�PRVW�FRPPRQ�LQVHFWV�HQFRXQWHUHG��$V�D�
UHVXOW�� ZDVSV� KDYH� GHWULPHQWDO� LPSDFWV� RQ� QDWLYH� HFRV\VWHPV�� HFRQRPLF� LPSDFWV� RQ�
EHHNHHSLQJ�� JLYH� ULVH� WR� KXPDQ� KHDOWK� LVVXHV�� DQG� FDXVH� GLVUXSWLRQ� WR� UHFUHDWLRQDO�
DFWLYLWLHV��

^ � �� �

•� 'HVSLWH� FRQVLGHUDEOH� UHVHDUFK� HIIRUWV�� ZDVS� FRQWURO� UHPDLQV� D� VLJQLILFDQW� SUREOHP��
+RZHYHU��WKHUH�DUH�VWLOO�PDQ\�DYHQXHV�DYDLODEOH�IRU�ZDVS�FRQWURO��6RPH�PHWKRGV�KDYH�
DOUHDG\� SURYHG� HIIHFWLYH� EXW� RWKHU� PHWKRGV� QHHG� IXUWKHU� UHVHDUFK�� VRPHWLPHV�
FRQVLGHUDEO\�PRUH���

•� $OWKRXJK�QR�VLQJOH�PHWKRG�VKRXOG�EH�UHJDUGHG�DV�µWKH�RQO\�FRQWURO�PHWKRG¶��WKH�µVRFLDO�
V\VWHP¶�RI�ZDVSV�PHDQV�WKH\�DUH�YHU\�GLIIHUHQW�IURP�RWKHU�LQVHFW�SHVWV��$WWHPSWLQJ�WR�
FRQWURO�VRPH�VWDJHV�RI�WKHLU�OLIH�F\FOH�LV�VLPSO\�LQHIIHFWLYH��,W�LV�YLWDO�WKDW�HDFK�PHWKRG�
EH�SODFHG�LQ�FRQWH[W�RI�RYHUDOO�ZDVS�PDQDJHPHQW��

^ � � �� � �� � �� �D �

•� 1HVW�'HVWUXFWLRQ��KLJKO\�HIIHFWLYH��QR�QRQ�WDUJHW�HIIHFWV��WR[LFLW\�KLJK�EXW�GLUHFWHG�RQO\�
DW�WKH�QHVW��KRZHYHU��QHVWV�DUH�FXUUHQWO\�YHU\�GLIILFXOW�WR�ILQG��

•� 7UDSSLQJ�$WWUDFWDQWV��QR�HYLGHQFH�WR�VXSSRUW�LWV�HIIHFWLYHQHVV��VRPH�QRQ�WDUJHW�HIIHFWV�
FDQ�EH�KLJK��GHSHQGLQJ�RQ�WKH�DWWUDFWDQW�XVHG��HDV\�WR�XVH�E\�WKH�SXEOLF��FRQWURO�RYHU�D�
UHODWLYHO\�OLPLWHG�VFDOH��
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•� %DLWV��JHQHUDO���SURYHQ�PHWKRG�RI�UDSLGO\�UHGXFLQJ�DQG�HOLPLQDWLQJ�ZDVSV��FRQWURO�RYHU�
D�UHODWLYHO\�OLPLWHG�VFDOH��WR[LFLW\�KLJK�EXW�EHQHILWV�FXUUHQWO\�VHHQ�WR�RXW�ZHLJKW�FRVWV��
%DLWV��ZLWK�ILSURQLO���FXUUHQWO\�XQDYDLODEOH�EHFDXVH�RI�FKHPLFDO�SDWHQW�OHJDO�LVVXHV�DQG�
IXWXUH�DYDLODELOLW\�YHU\�XQFHUWDLQ��%DLWV� �ZLWK�RWKHU� WR[LQV��� \HW� WR�EH� IXOO\� WHVWHG�DQG�
UHJLVWHUHG�EXW�PD\�EH�DYDLODEOH�LQ�WKH�QHDU�IXWXUH���

•� 3KHURPRQHV� �WR�GLVUXSW�QHVW�DFWLYLWLHV��� ODUJHO\�XQSURYHQ�EXW�JUHDW�SRWHQWLDO��QR�QRQ�
WDUJHW�HIIHFWV��QR�WR[LFLW\��FRQWURO�RYHU�D�UHODWLYHO\�OLPLWHG�VFDOH��

•� %LRORJLFDO�FRQWURO��SRWHQWLDO�WR�VXSSUHVV�QXPEHUV�RI�ZRUNHUV�DQG�UHGXFH�QHVW�GHQVLWLHV��
KRZHYHU�� FXUUHQW� DJHQWV� LQHIIHFWLYH�� QR� QRQ�WDUJHW� HIIHFWV�� QR� WR[LFLW\�� UHVXOWV� RFFXU�
RYHU�D�YHU\�ZLGH�DUHD��KLJK�LQLWLDO�FRVWV�EXW�JUHDWHU�FRVW�UHFRYHU\�RYHU�ORQJHU�SHULRGV��

•� 1HZ� '1$� WHFKQRORJ\�� WKH� PHWKRG� NQRZQ� DV� ³51$� LQWHUIHUHQFH´� KDV� EHHQ� SURYHQ�
DJDLQVW�LQVHFW�SHVWV�IRU�FURSV��EXW�QHHGV����\HDUV�RI�UHVHDUFK�EHIRUH�LW�FDQ�EH�SURYHQ�IRU�
ZDVSV��,W�LV�D�IXQGDPHQWDOO\�GLIIHUHQW�DSSURDFK�WR�ZDVS�FRQWURO��,W�LV�QRQ�WR[LF�DQG�ZLOO�
EH�KLJKO\�VSHFLILF�WR�ZDVSV�DQG�WKXV�KDYH�QR�QRQ�WDUJHW�HIIHFWV��

Z � �W �

•� (LJKW� UHFRPPHQGDWLRQV� DUH� PDGH� IRU� WKH� FRQWURO� RI� ZDVSV�� DQG� DUH� UDQNHG� IURP�
KLJKHVW� WR� ORZHVW� LPSRUWDQFH�� 7KH� UHFRPPHQGDWLRQV� FRYHU� D�ZLGH� UDQJH� RI� FRQWURO�
PHWKRGV��UHIOHFWLQJ�WKH�SRLQW�WKDW�WKH�FRQWURO�RI�ZDVSV�PD\�RFFXU�YLD�PXOWLSOH�PHWKRGV��
$Q�DGGLWLRQDO�UHFRPPHQGDWLRQ�LV�DOVR�PDGH�RQ�REWDLQLQJ�LQIRUPDWLRQ�RQ�LPSDFWV��
� �

��� 6XSSRUW�UHVHDUFK�LQWR�³51$�LQWHUIHUHQFH´�WHFKQRORJ\��,W�LV�D�IXQGDPHQWDOO\�GLIIHUHQW�
DSSURDFK� WR� ZDVS� FRQWURO� ZKLFK� RIIHUV� FRQVLVWHQW� DQG� ORQJ�WHUP� EHQHILWV�� ,W� KDV�
VHYHUDO� DGYDQWDJHV� LQFOXGLQJ� QRQ�WR[LFLW\�� DQG� H[WUHPHO\� KLJK� VSHFLILFLW\� �DQG� WKXV�
KDYH�QR�QRQ�WDUJHW�HIIHFWV���

��� $� IHDVLELOLW\� VWXG\� IRU� WKH� ELRORJLFDO� FRQWURO� RI� ZDVSV� VKRXOG� EH� XQGHUWDNHQ�� WR�
GHWHUPLQH� WKH� UDQJH� RI� SRVVLEOH� DJHQWV�� WKHLU� OLNHO\� HIIHFWV� RQ� ZDVSV�� DQG� WKH� EHVW�
RULJLQV�IURP�ZKLFK�WKHVH�DJHQWV�VKRXOG�EH�VRXJKW��

��� ([SHULPHQWV� DQG�RU� PRGHOOLQJ� VKRXOG� EH� FRQGXFWHG� WR� GHWHUPLQH� ZKHWKHU� WUDSSLQJ�
HIIHFWLYHO\� UHGXFHV� ZDVS� QXPEHUV�� $� WKUHVKROG� QXPEHU� LV� UHTXLUHG�� VXFK� DV� µWKH�
QXPEHUV�RI�ZDVSV�GD\�WKDW�QHHG�WR�EH�UHPRYHG¶�WR�VKRZ�WUDSSLQJ�LV�HIIHFWLYH��

��� &RQGXFW� IXUWKHU� ILHOG� WULDOV�ZLWK�SDWKRJHQLF� IXQJL� WR�GHWHUPLQH� LWV�HIIHFWLYHQHVV�DV�D�
QRQ�WR[LF�DOWHUQDWLYH�WR�WKH�EDLWLQJ�PHWKRG�XVLQJ�LQVHFWLFLGHV��

��� ,GHQWLI\�WKRVH�SKHURPRQHV�WKDW�DUH�IXQGDPHQWDO�WR�GLVUXSW�QHVW�DFWLYLWLHV��7KLV�VKRXOG�
LQFOXGH�PHFKDQLVPV�RQ�WKH�GHOLYHU\�RI�SKHURPRQHV�WR�ZDVS�QHVWV��

��� ,I� QHZ� EDLW�WR[LQ� FRPELQDWLRQV� EHFRPH� DYDLODEOH�� WKHQ� XVH� WKHP� DQG� HYDOXDWH� WKHLU�
HIIHFWLYHQHVV��,Q�WKH�PHDQWLPH��SXUVXH�DSSURDFKHV�ZKLFK�GR�QRW�KDYH�LQVHFWLFLGHV��

�
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��� 7KH� IHDVLELOLW\�RI� WUDLQLQJ�� DQG� WKH�RQ�JRLQJ�FRVWV�RI�XVLQJ�� D� VQLIIHU�GRJ� VKRXOG�EH�
H[DPLQHG��SDUWLFXODUO\�IRU�XVH�DURXQG�SXEOLF�UHFUHDWLRQ�DUHDV��

��� 7KH�IHDVLELOLW\�RI�GHWHFWLQJ�ZDVS�QHVWV�ZLWK�UHPRWH�VHQVLQJ�WHFKQLTXHV��ZKHUH�DHULDO�
VHQVRU�WHFKQRORJLHV�DUH�XVHG�WR�GHWHFW�DQG�FODVVLI\�REMHFWV�RQ� WKH�JURXQG��VKRXOG�EH�
LQYHVWLJDWHG��

/ �

��� 6XUYH\� L�� EHHNHHSHUV�� JUDSH�ZLQH�� DQG� WKH� GDLU\� LQGXVWU\� WR� REWDLQ� XS�WR�GDWH�
HFRQRPLF� ORVVHV� DVVRFLDWHG� ZLWK� ZDVSV�� DQG� LL�� GHWHUPLQH� WKH� VRFLDO� FRVWV� RI�
GLVUXSWLRQ�WR�UHFUHDWLRQDO�DFWLYLWLHV��
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6RFLDO� ZDVSV� DUH� WKRVH� VSHFLHV� WKDW� FRQVWUXFW� D� QHVW� �FRORQ\�� LQ� ZKLFK� D� FDVWH� V\VWHP�
GHYHORSV�� W\SLFDOO\� ZLWK� D� TXHHQ� OD\LQJ� HJJV� DQG� µZRUNHUV¶� WDNLQJ� FDUH� RI� WKH� GHYHORSLQJ�
ODUYDH�� IRUDJLQJ�IRU� UHVRXUFHV��DQG�QHVW�GHIHQFH��2WKHU� LQVHFWV�ZLWK�FRPSOH[�VRFLDO�V\VWHPV�
LQFOXGH�DQWV��VRPH�EHHV��ZKLFK�DUH�ERWK�FORVHO\�UHODWHG�WR�VRFLDO�ZDVSV���DQG�DOVR�WHUPLWHV��
6RFLDO� ZDVSV� DUH� SHVWV� LQ� PDQ\� WHPSHUDWH� UHJLRQV� RI� WKH� ZRUOG� �%HJJV� HW� DO�� �������
&RQVHTXHQWO\��D�VL]HDEOH�DPRXQW�RI� UHVHDUFK�HIIRUW�KDV�EHHQ�IRFXVHG�RQ�GHYHORSLQJ�FRQWURO�
VWUDWHJLHV��%HJJV�HW�DO���������+RZHYHU��GHVSLWH�WKHVH�HIIRUWV��ZDVSV�FRQWLQXH�WR�EH�D�PDMRU�
SUREOHP��7KH�UHFHQW� LQYDVLRQV�RI� WKH�$VLDQ�KRUQHW��9HVSD�YHOXWLQD�� LQ�)UDQFH��9LOOHPDQW�HW�
DO�� ������ DQG� WKH� FRPPRQ�ZDVS� �9HVSXOD�YXOJDULV�� LQ�$UJHQWLQD� �0DVFLRFFKL� HW� DO�� �������
DOVR�VHUYH�WR�VKRZ�WKHVH�SHVWV�DUH�QRW�MXVW�DQ�KLVWRULFDO�LVVXH��EXW�DUH�DQ�RQ�JRLQJ�ELRVHFXULW\�
FRQFHUQ�DURXQG�WKH�ZRUOG��
7KHUH�DUH�QR�QDWLYH�VRFLDO�ZDVSV�LQ�1HZ�=HDODQG�±�D�YHU\�XQXVXDO�VLWXDWLRQ�FRPSDUHG�ZLWK�
RWKHU� SDUWV� RI� WKH� ZRUOG�� +RZHYHU�� WKHUH� DUH� IRXU� LQWURGXFHG� VSHFLHV� RI� VRFLDO� ZDVSV�
HVWDEOLVKHG�� WZR� LQWURGXFHG� VSHFLHV� RI� SDSHU� ZDVSV� �3ROLVWHV�� DQG� WZR� 9HVSXOD� VSHFLHV�
�&ODSSHUWRQ�HW�DO������D���������3DSHU�ZDVSV�DUH�QRW�GLVFXVVHG�IXUWKHU�LQ�WKLV�UHSRUW��DV�WKH\�
DUH� FXUUHQWO\� WKH� VXEMHFW� RI� DQRWKHU� UHVHDUFK� SURMHFW� H[DPLQLQJ� WKH� IHDVLELOLW\� IRU� WKHLU�
ELRORJLFDO�FRQWURO��3D\QWHU�	�:DUG��������
7KH�*HUPDQ�ZDVS��9HVSXOD�JHUPDQLFD��LV�QDWLYH�WR�(XURSH�DQG�QRUWKHUQ�$IULFD��,W�ZDV�ILUVW�
IRXQG�DW�DQ�DLU�IRUFH�EDVH�QHDU�+DPLOWRQ��LQ�������DQG�LW�KDV�EHHQ�VXJJHVWHG�WKDW�KLEHUQDWLQJ�
TXHHQV�DUULYHG�LQ�1HZ�=HDODQG�LQ�FUDWHV�RI�DLUFUDIW�SDUWV�IURP�(XURSH�DIWHU�WKH�6HFRQG�:RUOG�
:DU� �'RQRYDQ��������$OWKRXJK�FRQVLGHUDEOH�HIIRUWV�ZHUH�PDGH� WR�HUDGLFDWH�QHVWV��*HUPDQ�
ZDVSV��*:V��VSUHDG�YHU\�TXLFNO\��DQG�ZLWKLQ�D�IHZ�\HDUV�ZHUH�IRXQG�LQ�PRVW�RI�WKH�1RUWK�
,VODQG�DQG�SDUWV�RI�WKH�XSSHU�6RXWK�,VODQG��
7KH� FRPPRQ�ZDVS� �9�� YXOJDULV�� LV� QDWLYH� WR� (XURSH� DQG� SDUWV� RI� $VLD� �H�J�� 3DNLVWDQ� DQG�
QRUWKHUQ�&KLQD���8QWLO�UHFHQWO\�WKH�VSHFLHV�ZDV�DOVR�WKRXJKW�WR�RFFXU�LQ�1RUWK�$PHULFD��EXW�
UHFHQW� WD[RQRP\� KDV� VKRZQ� WKLV� WR� EH� D�PLVLGHQWLILFDWLRQ� �&DUSHQWHU�	�*ODUH� ������� 7KLV�
VSHFLHV�KDV�DOVR�EHFRPH�LQWURGXFHG�LQ�$XVWUDOLD�DQG��PRVW�UHFHQWO\��$UJHQWLQD��%HJJV�HW�DO��
�������6LQJOH�VSHFLPHQV�RI�WKH�FRPPRQ�ZDVS��&:��ZHUH�UHFRUGHG�LQ�1HZ�=HDODQG�LQ������
DQG�������7KRPDV�������EXW� WKHVH�DSSDUHQWO\�GLG�QRW�HVWDEOLVK��7KH�&:�ZDV�FRQILUPHG�DV�
HVWDEOLVKHG� LQ�'XQHGLQ� LQ� ������ DOWKRXJK�� H[DPLQDWLRQ� RI�PXVHXP� VSHFLPHQV� VKRZHG� WKDW�
TXHHQV� KDG� EHHQ� FROOHFWHG� IURP�:HOOLQJWRQ� DV� HDUO\� DV� ����� �'RQRYDQ� ������� ,W� UDSLGO\�
VSUHDG�WKURXJKRXW�1HZ�=HDODQG�DQG�DOPRVW�FRPSOHWHO\�GLVSODFHG�WKH�*:�IURP�EHHFK�IRUHVWV�
LQ�WKH�XSSHU�6RXWK�,VODQG�EHFDXVH�RI�LWV�VXSHULRU�FRPSHWLWLYHQHVV��+DUULV�HW�DO���������
,Q�JHQHUDO��ZDVS�SRSXODWLRQV�DUH�ODUJH�LQ�1HZ�=HDODQG�EHFDXVH�RI�WKH�PLOG�FOLPDWH��ODFN�RI�
QDWXUDO� HQHPLHV�� DQG� YHU\� DEXQGDQW� IRRG� VRXUFHV� �HVSHFLDOO\� KRQH\GHZ��� +RZHYHU�� UHFHQW�
UHYLHZV� RI� LQYDVLYH� LQYHUWHEUDWHV� FRQWLQXDOO\� SRLQW� WR� VRFLDO� LQVHFWV� DV� RQH� RI� WKH� WRS�
SUREOHPV� DURXQG� WKH� ZRUOG� EHFDXVH� RI� WKHLU� KLJK� OHYHO� RI� µHFRORJLFDO� SODVWLFLW\¶� �L�H��
IOH[LELOLW\�WR�DGDSW�DQG�XWLOLVH�UHVRXUFHV���)DFWRUV�VXFK�DV�QHVW�VL]H�DQG�ORQJHYLW\��D�YHU\�ZLGH�
GLHW� UDQJH�� IHHGLQJ� DW� GLIIHUHQW� WURSKLF� OHYHOV�� DQG� DELOLW\� WR� UHDFK� YHU\� KLJK� GHQVLWLHV�� DOO�
FRQWULEXWH� WR� WKH� VXFFHVVIXO� LQYDVLRQ�RI� VRFLDO�ZDVSV� �0ROOHU�������6\QGHU�	�(YDQV�������
:LOVRQ�HW�DO��������%HJJV�HW�DO���������
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%RWK�WKH�*:�DQG�&:�DUH�QRZ�ZLGHVSUHDG�WKURXJKRXW�1HZ�=HDODQG��&ODSSHUWRQ�HW�DO���������
,Q�VRPH�KDELWDWV�� WKH\�FDQ�EH�VRPH�RI� WKH�PRVW�FRPPRQ�LQVHFWV�HQFRXQWHUHG��%HJJV�������
*DUGQHU�*HH� 	� %HJJV� ������� $V� D� UHVXOW�� ZDVSV� KDYH� KDG� GHWULPHQWDO� LPSDFWV� RQ� QDWLYH�
HFRV\VWHPV� �%HJJV� ������� DQG� KXPDQ� KHDOWK� �'\PRFN� HW� DO�� ������ /RZ�	� 6WDEOHV� �������
FDXVH�HFRQRPLF� ORVVHV� IRU�EHHNHHSHUV� �:DOWRQ�	�5HLG�������&ODSSHUWRQ�HW�DO������E���DQG�
GLVUXSW�UHFUHDWLRQDO�DFWLYLWLHV��7KRPDV�������3HUURWW���������

� K �

7KH�REMHFWLYHV�RI�WKLV�UHSRUW�DUH�LQ�WKH�FRQWH[W�RI�PDQDJLQJ�*HUPDQ�DQG�FRPPRQ�ZDVSV�LQ�
1HZ�=HDODQG��DQG�DUH�WR��

•� VXPPDULVH�WKHLU�LPSDFWV�
•� UHYLHZ� WKH� VWDWXV� RI� FXUUHQW� FRQWURO�PHWKRGV�� GHVFULELQJ� WKH� HIIHFWLYHQHVV� DQG�

OLPLWDWLRQV�RI�HDFK�PHWKRG��DQG��
•� SURYLGH� UHFRPPHQGDWLRQV� DQG� SULRULWLHV� RQ� WKH� PRVW� SURPLVLQJ� RSWLRQV� IRU�

FRQWURO��
7KLV�UHSRUW�IRUPV�WKH�EDVLV�IRU�DQ�(QYLUROLQN�SURMHFW�������76'&����LQLWLDWHG�E\�WKH�7DVPDQ�
'LVWULFW� &RXQFLO� EXW� ZLWK� VXSSRUW� IURP� WKH� %LRVHFXULW\� 0DQDJHUV� *URXS� RI� WKH� 5HJLRQDO�
&RXQFLOV��
7KH� DEEUHYLDWLRQ� *:� LV� XVHG� IRU� *HUPDQ� ZDVS� DQG� &:� IRU� FRPPRQ� ZDVS�� ,I� WKH� WHUP�
µZDVSV¶� LV� XVHG�� LW� UHIHUV� WR� ERWK� VSHFLHV�� EHFDXVH� LQ� PDQ\� SODFHV� ERWK� VSHFLHV� FR�H[LVW�
WRJHWKHU��%HHFK�IRUHVWV�LQ�WKH�XSSHU�6RXWK�,VODQG�DUH�SUHGRPLQDQWO\�FRPSULVHG�RI�WKH�&:��
,Q�WKLV�UHSRUW�FRQWURO�RSWLRQV�DUH�JURXSHG�LQWR�VL[�VHFWLRQV��QHVW�GHVWUXFWLRQ��WUDSSLQJ��EDLWV��
SKHURPRQHV��ELRORJLFDO�FRQWURO��DQG�'1$�WHFKQRORJ\��(DFK�VHFWLRQ�LV�VXEGLYLGHG�LQWR�WKUHH�
SDUWV���

•� 6WDWXV�RI�&RQWURO�0HWKRG��ZKHUH�D�EULHI�KLVWRU\�RI�GHYHORSPHQWV�LV�RXWOLQHG�
•� )XUWKHU� 2SWLRQV�� ZKHUH� D� UDQJH� RI� SRVVLEOH� RSWLRQV� IRU� IXWXUH� UHVHDUFK� DUH�

OLVWHG��
•� 5HFRPPHQGDWLRQV�� ZKHUH� WKH� PRVW� SURPLVLQJ�� RU� PRVW� XUJHQW� RSWLRQV� DUH�

RXWOLQHG��
7KH�UHFRPPHQGDWLRQV�IURP�HDFK�VHFWLRQ�DUH�DOVR�OLVWHG�LQ�µ2YHUDOO�5HFRPPHQGDWLRQV¶��
� �
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7KH�:HE�RI�.QRZOHGJH�GDWDEDVH
&$%,�� &$%� $EVWUDFWV��� 0('/,1(�
³9HVSXOD´� IRU� WKH� SHULRG� ����
DJULFXOWXUH�� HQYLURQPHQW
SURFHHGLQJV��PRQRJUDSKV��DQG�
2YHU� ILYH�KXQGUHG�
WKH� LQIRUPDWLRQ� ZLWK� WKH� PRVW�
5HVHDUFK�5HSRUWV�IURP������WR������ZHUH�DOVR�XVHG�XWLOLVHG�
2QH�KXQGUHG�DQG�IRUW\�VHYHQ�SXEOLFDWLRQV
IRXQG�IRU�
������� IROORZHG� E\� ³%LRORJ\´� ������� ³,PSDFWV´� ������� DQG� ³5HYLHZV´� ������ �)LJXUH� ����
)XUWKHU� VXEGLYLVLRQ� VKRZV� WKH�
FRQWURO�WRROV��DQG�³%LRGLYHUVLW\´�IRU�WKH�,PSDFW�FDWHJRU\��)LJXUH����

)LJXUH�
�
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7KH�:HE�RI�.QRZOHGJH�GDWDEDVH
&$%,�� &$%� $EVWUDFWV��� 0('/,1(�
³9HVSXOD´� IRU� WKH� SHULRG� ����
DJULFXOWXUH�� HQYLURQPHQW
SURFHHGLQJV��PRQRJUDSKV��DQG�
2YHU� ILYH�KXQGUHG�
WKH� LQIRUPDWLRQ� ZLWK� WKH� PRVW�
5HVHDUFK�5HSRUWV�IURP������WR������ZHUH�DOVR�XVHG�XWLOLVHG�
2QH�KXQGUHG�DQG�IRUW\�VHYHQ�SXEOLFDWLRQV
IRXQG�IRU�*HUPDQ��
������� IROORZHG� E\� ³%LRORJ\´� ������� ³,PSDFWV´� ������� DQG� ³5HYLHZV´� ������ �)LJXUH� ����
)XUWKHU� VXEGLYLVLRQ� VKRZV� WKH�
FRQWURO�WRROV��DQG�³%LRGLYHUVLW\´�IRU�WKH�,PSDFW�FDWHJRU\��)LJXUH����

)LJXUH���0DMRU�FDWHJRULHV�RI�SXEOLFDWLRQV�IRU�*HUPDQ��DQG�
�

�
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7KH�:HE�RI�.QRZOHGJH�GDWDEDVH
&$%,�� &$%� $EVWUDFWV��� 0('/,1(�
³9HVSXOD´� IRU� WKH� SHULRG� ����
DJULFXOWXUH�� HQYLURQPHQW�� DQG
SURFHHGLQJV��PRQRJUDSKV��DQG�
2YHU� ILYH�KXQGUHG�UHFRUGV�ZHUH�UHWXUQHG�DQG�
WKH� LQIRUPDWLRQ� ZLWK� WKH� PRVW�
5HVHDUFK�5HSRUWV�IURP������WR������ZHUH�DOVR�XVHG�XWLOLVHG�
2QH�KXQGUHG�DQG�IRUW\�VHYHQ�SXEOLFDWLRQV

�DQG�FRPPRQ
������� IROORZHG� E\� ³%LRORJ\´� ������� ³,PSDFWV´� ������� DQG� ³5HYLHZV´� ������ �)LJXUH� ����
)XUWKHU� VXEGLYLVLRQ� VKRZV� WKH�
FRQWURO�WRROV��DQG�³%LRGLYHUVLW\´�IRU�WKH�,PSDFW�FDWHJRU\��)LJXUH����

0DMRU�FDWHJRULHV�RI�SXEOLFDWLRQV�IRU�*HUPDQ��DQG�
� �

�

7KH�:HE�RI�.QRZOHGJH�GDWDEDVH��LQFOXGLQJ�
&$%,�� &$%� $EVWUDFWV��� 0('/,1(���
³9HVSXOD´� IRU� WKH� SHULRG� ����±������ 7KHVH� GDWDEDVHV� LQFOXGH�

DQG� UHODWHG� DSSOLHG� OLIH� VFLHQFHV�
SURFHHGLQJV��PRQRJUDSKV��DQG�WHFKQLFDO�UHSRUWV�

UHFRUGV�ZHUH�UHWXUQHG�DQG�
WKH� LQIRUPDWLRQ� ZLWK� WKH� PRVW� UHOHYDQW� WR� FRQWURO
5HVHDUFK�5HSRUWV�IURP������WR������ZHUH�DOVR�XVHG�XWLOLVHG�
2QH�KXQGUHG�DQG�IRUW\�VHYHQ�SXEOLFDWLRQV

FRPPRQ�ZDVSV�LQ�1HZ�=HDODQG��3XEOLFDWLRQV�RQ�³&RQWURO´�GRPLQDWHG�
������� IROORZHG� E\� ³%LRORJ\´� ������� ³,PSDFWV´� ������� DQG� ³5HYLHZV´� ������ �)LJXUH� ����
)XUWKHU� VXEGLYLVLRQ� VKRZV� WKH� GRPLQDQFH� RI� SXEOLFDWLRQV� RQ� ³%LRFRQWURO´� DQG� ³%DLWV´� DV�
FRQWURO�WRROV��DQG�³%LRGLYHUVLW\´�IRU�WKH�,PSDFW�FDWHJRU\��)LJXUH����

0DMRU�FDWHJRULHV�RI�SXEOLFDWLRQV�IRU�*HUPDQ��DQG�
�
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LQFOXGLQJ�:HE�RI�6FLHQFH�
�� =RRORJLFDO� 5HFRUG�

������ 7KHVH� GDWDEDVHV� LQFOXGH�
UHODWHG� DSSOLHG� OLIH� VFLHQFHV�
WHFKQLFDO�UHSRUWV��

UHFRUGV�ZHUH�UHWXUQHG�DQG� WKH�VHDUFK�ZDV�VXEVHTXHQWO\� UHILQHG�WR� UHWXUQ�
UHOHYDQW� WR� FRQWURO

5HVHDUFK�5HSRUWV�IURP������WR������ZHUH�DOVR�XVHG�XWLOLVHG�
2QH�KXQGUHG�DQG�IRUW\�VHYHQ�SXEOLFDWLRQV��PRVWO\�VFLHQFH�DUWLFOHV�DQG�WHFKQLFDO�UHSRUWV��ZHUH�

ZDVSV�LQ�1HZ�=HDODQG��3XEOLFDWLRQV�RQ�³&RQWURO´�GRPLQDWHG�
������� IROORZHG� E\� ³%LRORJ\´� ������� ³,PSDFWV´� ������� DQG� ³5HYLHZV´� ������ �)LJXUH� ����

GRPLQDQFH� RI� SXEOLFDWLRQV� RQ� ³%LRFRQWURO´� DQG� ³%DLWV´� DV�
FRQWURO�WRROV��DQG�³%LRGLYHUVLW\´�IRU�WKH�,PSDFW�FDWHJRU\��)LJXUH����

0DMRU�FDWHJRULHV�RI�SXEOLFDWLRQV�IRU�*HUPDQ��DQG�

^ � �� �K � �s � � �E ��
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:HE�RI�6FLHQFH���
=RRORJLFDO� 5HFRUG�

������ 7KHVH� GDWDEDVHV� LQFOXGH�
UHODWHG� DSSOLHG� OLIH� VFLHQFHV� IURP�

WKH�VHDUFK�ZDV�VXEVHTXHQWO\� UHILQHG�WR� UHWXUQ�
UHOHYDQW� WR� FRQWURO� DQG� PDQDJHPHQW

5HVHDUFK�5HSRUWV�IURP������WR������ZHUH�DOVR�XVHG�XWLOLVHG��
�PRVWO\�VFLHQFH�DUWLFOHV�DQG�WHFKQLFDO�UHSRUWV��ZHUH�

ZDVSV�LQ�1HZ�=HDODQG��3XEOLFDWLRQV�RQ�³&RQWURO´�GRPLQDWHG�
������� IROORZHG� E\� ³%LRORJ\´� ������� ³,PSDFWV´� ������� DQG� ³5HYLHZV´� ������ �)LJXUH� ����

GRPLQDQFH� RI� SXEOLFDWLRQV� RQ� ³%LRFRQWURO´� DQG� ³%DLWV´� DV�
FRQWURO�WRROV��DQG�³%LRGLYHUVLW\´�IRU�WKH�,PSDFW�FDWHJRU\��)LJXUH����

0DMRU�FDWHJRULHV�RI�SXEOLFDWLRQV�IRU�*HUPDQ��DQG�FRPPRQ

^ � �� �K � �s � � �E ��

�

��&XUUHQW�&RQWHQWV�&RQQHFW�
=RRORJLFDO� 5HFRUG��� ZDV� VHDUFKHG�

������ 7KHVH� GDWDEDVHV� LQFOXGH� UHVHDUFK� LQIRUPDWLRQ� RQ�
IURP� VFLHQWLILF�

WKH�VHDUFK�ZDV�VXEVHTXHQWO\� UHILQHG� WR� UHWXUQ�
DQG� PDQDJHPHQW�� '6,5� DQG� /DQGFDUH�

�PRVWO\�VFLHQFH�DUWLFOHV�DQG�WHFKQLFDO�UHSRUWV��ZHUH�
ZDVSV�LQ�1HZ�=HDODQG��3XEOLFDWLRQV�RQ�³&RQWURO´�GRPLQDWHG�

������� IROORZHG� E\� ³%LRORJ\´� ������� ³,PSDFWV´� ������� DQG� ³5HYLHZV´� ������ �)LJXUH� ����
GRPLQDQFH� RI� SXEOLFDWLRQV� RQ� ³%LRFRQWURO´� DQG� ³%DLWV´� DV�

FRQWURO�WRROV��DQG�³%LRGLYHUVLW\´�IRU�WKH�,PSDFW�FDWHJRU\��)LJXUH�����

FRPPRQ�ZDVSV�LQ�1HZ�=HDODQG�

^ � �� �K � �s � � �E ��

�

&XUUHQW�&RQWHQWV�&RQQHFW�
�� ZDV� VHDUFKHG� IRU� WKH� WHUP�

UHVHDUFK� LQIRUPDWLRQ� RQ�
VFLHQWLILF� MRXUQDOV�� ERRNV��

WKH�VHDUFK�ZDV�VXEVHTXHQWO\� UHILQHG�WR� UHWXUQ�
'6,5� DQG� /DQGFDUH�

�PRVWO\�VFLHQFH�DUWLFOHV�DQG�WHFKQLFDO�UHSRUWV��ZHUH�
ZDVSV�LQ�1HZ�=HDODQG��3XEOLFDWLRQV�RQ�³&RQWURO´�GRPLQDWHG�

������� IROORZHG� E\� ³%LRORJ\´� ������� ³,PSDFWV´� ������� DQG� ³5HYLHZV´� ������ �)LJXUH� ����
GRPLQDQFH� RI� SXEOLFDWLRQV� RQ� ³%LRFRQWURO´� DQG� ³%DLWV´� DV�

�
ZDVSV�LQ�1HZ�=HDODQG�

^ � �� �K � �s � � �E �� �
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&XUUHQW�&RQWHQWV�&RQQHFW���
IRU� WKH� WHUP�

UHVHDUFK� LQIRUPDWLRQ� RQ�
MRXUQDOV�� ERRNV��

WKH�VHDUFK�ZDV�VXEVHTXHQWO\� UHILQHG�WR� UHWXUQ�
'6,5� DQG� /DQGFDUH�

�PRVWO\�VFLHQFH�DUWLFOHV�DQG�WHFKQLFDO�UHSRUWV��ZHUH�
ZDVSV�LQ�1HZ�=HDODQG��3XEOLFDWLRQV�RQ�³&RQWURO´�GRPLQDWHG�

������� IROORZHG� E\� ³%LRORJ\´� ������� ³,PSDFWV´� ������� DQG� ³5HYLHZV´� ������ �)LJXUH� ����
GRPLQDQFH� RI� SXEOLFDWLRQV� RQ� ³%LRFRQWURO´� DQG� ³%DLWV´� DV�

ZDVSV�LQ�1HZ�=HDODQG��
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6WLQJLQJ�LQVHFWV�FDQ�EH�D�FRQVLGHUDEOH�FDXVH�RI�KXPDQ�KHDOWK�UHODWHG�LQFLGHQWV�LQ�PDQ\�SDUWV�
RI� WKH�ZRUOG� �'\PRFN�HW�DO���������KRZHYHU��RQO\� WKUHH�SXEOLFDWLRQV�KDYH� LQYHVWLJDWHG�DQG�
GRFXPHQWHG�KHDOWK�LPSDFWV�RI�ZDVSV�LQ�1HZ�=HDODQG��
1RWPDQ�DQG�%HJJV��������UHFRUGHG�ZDVS�VWLQJV�IURP�&RQVHUYDWLRQ�&RUSV�ZRUNHUV�ZKR�ZHUH�
VXUYH\LQJ�VLWHV�IRU�ZDVS�QHVWV��:RUNHUV�UHFHLYHG�PRUH�VWLQJV�LQ�\HDUV�ZKHQ�ZDVS�GHQVLW\�ZDV�
KLJKHU�� 0DOHV� ZHUH� VWXQJ� WKUHH� WLPHV� PRUH� RIWHQ� WKDQ� IHPDOHV�� PRVW� OLNHO\� UHIOHFWLQJ�
EHKDYLRXUDO�GLIIHUHQFHV��DV�PDOHV�ZHUH�JHQHUDOO\� OHVV�ZDU\�RI�ZDVSV�DQG� OHVV�FDUHIXO�ZKHQ�
GHDOLQJ�ZLWK�QHVWV��
'\PRFN�HW�DO���������GHWHUPLQHG�WKH�QXPEHU�RI�SHRSOH�VHHNLQJ�PHGLFDO�DWWHQWLRQ�IRU�µZDVS�
VWLQJV¶� E\� VXUYH\LQJ� JHQHUDO� SUDFWLWLRQHUV� LQ� $XFNODQG�� 7KH\� HVWLPDWHG� WKDW� DW� OHDVW� ����
SHRSOH� SHU�\HDU� VRXJKW�PHGLFDO� DWWHQWLRQ� LQ�$XFNODQG� FLW\� IURP� µZDVS� VWLQJV¶� �WKH� UDWLR� RI�
VWLQJV�LQ�WKLV�VWXG\�ZDV�9HVSXOD��3ROLVWHV�VWLQJV�����RYHU���\HDUV���
$�VLPSOH�H[WUDSRODWLRQ�RI�WKHVH�YDOXHV�MXVW�IRU�9HVSXOD�ZDVSV�LQ�������EDVHG�RQ�FRPSDULVRQV�
EHWZHHQ�WKH������DQG������FHQVXV��LQGLFDWHV�WKDW�DSSUR[LPDWHO\������SHRSOH�VHHN�PHGLFDO�
DWWHQWLRQ�IRU�9HVSXOD�ZDVSV�VWLQJV�DFURVV�1HZ�=HDODQG�HDFK�\HDU� �WKLV�GRHV�QRW� LQFOXGH�
WKH� WRWDO� QXPEHU� RI� SHRSOH� VWXQJ� HDFK� \HDU� EXW�ZKR� GR� QRW� VHHN�PHGLFDO� DWWHQWLRQ��ZKLFK�
ZRXOG�EH�IDU�KLJKHU���7KH�HFRQRPLF�FRVW�RI� WKLV��EDVHG�RQO\�RQ�WKH�FRVW�RI�D�GRFWRU¶V�YLVLW��
HVWLPDWHG�DW�1=���±����DQG�QRW�RQ�DQ\�ORVW�WLPH�SURGXFWLYLW\��LV�HVWLPDWHG�EHWZHHQ���������
DQG���������SHU�DQQXP���
7KH�WKLUG�VWXG\��E\�/RZ�DQG�6WDEOHV���������H[DPLQHG�WKH�FDXVHV�RI�DQDSK\ODFWLF�GHDWKV�LQ�
$XFNODQG�EHWZHHQ������DQG�������7KH\�VKRZHG�WKDW�IRXU�GHDWKV�ZHUH�DWWULEXWDEOH�WR�HLWKHU�
ZDVS�RU�EHH�VWLQJV��VXJJHVWLQJ�WKHUH�ZDV�DGGLWLRQDO�HYLGHQFH�WKDW�DW�OHDVW�WZR�RI�WKHVH�GHDWKV�
ZHUH�GHILQLWHO\�IURP�µZDVSV¶��6FDOLQJ�XS�WKHVH�GDWD�VXJJHVWV�WKHUH�LV�EHWZHHQ���DQG���GHDWKV�
HYHU\����\HDUV�LQ�$XFNODQG�IURP�DQDSK\ODFWLF�VKRFN�FDXVHG�E\�ZDVSV��)RU�1HZ�=HDODQG��WKLV�
ZRXOG� VXJJHVW� WKDW� DERXW� �� �XS� WR� ��� GHDWKV� HYHU\� ��� \HDUV�� ZLWK� �� SHUVRQ� G\LQJ� IURP�
DQDSK\ODFWLF�VKRFN�HYHU\�����±���\HDUV�LQ�1HZ�=HDODQG��

� � � � �

'LVUXSWLRQ�WR�UHFUHDWLRQDO�DFWLYLWLHV�LV�WKH�PRVW�FRPPRQ�FRPSODLQW�RI�SHRSOH�DVVRFLDWHG�ZLWK�
ZDVSV�� +RZHYHU�� WKHUH� LV� QR� GRFXPHQWHG� HYLGHQFH� WR� VKRZ� WKLV� GLVUXSWLRQ�� DQG� QR�
LQIRUPDWLRQ�WR�VXPPDULVH�WKH�µVRFLDO�FRVWV¶�RI�WKHVH�HIIHFWV��
)UDVHU� ������� VXUYH\HG� SXEOLF� RSLQLRQV� WR� µZLOG� DQLPDOV¶� DQG� WKHLU� PDQDJHPHQW� LQ� 1HZ�
=HDODQG�� :DVSV� ZHUH� WRS� �DORQJ� ZLWK� UDWV�� RI� WKH� PRVW� GLVOLNHG� ZLOGOLIH�� ZLWK� SXEOLF�
H[SUHVVLQJ�KLJKO\�QHJDWLYH�DWWLWXGHV�WR�VLJKWLQJV�RI�ZDVSV�GXULQJ�WKHLU�YLVLWV�WR�WKH�RXWGRRUV�
�DV�RSSRVHG� WR�SRVLWLYHV�DWWLWXGHV� WRZDUGV� ODUJHU�YHUWHEUDWH� VSHFLHV���:KHQ�DVNHG�KRZ� WKH\�
ZRXOG� VSOLW� D� ����� WR� FRQWURO� GLIIHUHQW� SHVW� VSHFLHV�� ZDVSV� ZHUH� UDQNHG� �UG� KLJKHVW� ZLWK�
��������EHKLQG�SRVVXP���������DQG�UDEELW���������� LQGLFDWLQJ�WKH�QHJDWLYH�UHVSRQVHV�RI� WKH�
SXEOLF�WRZDUGV�ZDVSV�DQG�GHVLUH�IRU�WKHLU�FRQWURO��)UDVHU��������
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7KRPDV��������S������LV�WKH�RQO\�SXEOLFDWLRQ�VR�IDU�WR�PHQWLRQ�HFRQRPLF�ORVVHV�IURP�ZDVSV�
DVVRFLDWHG�ZLWK�RUFKDUGV�DQG�YLQH\DUGV�LQ�1HZ�=HDODQG��+H�FRQVLGHUV�VXFK�ORVVHV�QHJOLJLEOH��
PRVWO\�EHFDXVH�PDQ\�FURSV�DUH�DOUHDG\�KDUYHVWHG�ZKHQ�ZDVS�QXPEHUV�SHDN��7KRPDV��������
PHQWLRQV� WKDW� µSULYDWH¶� JURZHUV� PD\� VXIIHU� FRQVLGHUDEOH� ORVVHV� LQ� FRPSDULVRQ� ZLWK� ODUJHU�
RUFKDUGV��ZKLFK�DUH�EHWWHU�PDQDJHG��
7KH�RQO\�QRWH�RI�FDXWLRQ�KHUH�LV�WKDW�WKLV�LQIRUPDWLRQ�ZDV�DFTXLUHG�GXULQJ�WKH�����V��6LQFH�
WKHQ�VHYHUDO�WKLQJV�KDYH�KDSSHQHG��L��WKH�&:�DUULYHG�DQG�VSUHDG��LL��KRUWLFXOWXUDO�FURSV�KDYH�
LQFUHDVHG�LQ�VLJQLILFDQFH��DQG�LLL��KRUWLFXOWXUDO�FURSV�KDYH�LQFUHDVHG�GLYHUVLW\��
,W� LV�SUREDEOH�WKDW�ZDVSV�DUH�UHODWLYHO\�LQVLJQLILFDQW�FRPSDUHG�ZLWK�RWKHU�SHVWV�DQG�GLVHDVHV�
ZLWK� ZKLFK� WKH� KRUWLFXOWXUDO� LQGXVWU\� PXVW� FRQWHQG�� +RZHYHU�� EHFDXVH� WKH� LQGXVWU\� LV� VR�
HFRQRPLFDOO\�VLJQLILFDQW��HYHQ�YHU\�VPDOO� ORVVHV�ZLOO�DGG�XS��7KH�ELJJHVW�SUREOHPV�ZLOO�EH�
OLNHO\�LQ�RUFKDUGV�WKDW�KDYH�FURSV�WKDW�L��DUH�KLJK�LQ�VXJDU��DWWUDFW�ZDVSV���LL��QHHG�KDUYHVWLQJ�
GXULQJ�WKH�SHDN�ZDVS�SHULRG�LQ�)HEUXDU\±0D\��LLL��DUH�KDQG�SLFNHG��DQG�LY��DUH�XQGHU�ORZ�RU�
SRRU�PDQDJHPHQW��
,Q�9LFWRULD��$XVWUDOLD�ZDVSV�FDQ�DIIHFW�JUDSH�DQG�ZLQH�SURGXFWLRQ��/HIRH�	�:DUG��������RQH�
RI�WKH�ELJJHVW�SUREOHPV�EHLQJ�FRQWURO�GXULQJ�KDQGSLFNLQJ�ZKHQ�ZRUNHUV�ZHUH�VWXQJ��:DVSV�
FDQ� FRPSOHWHO\�ZLSH� RXW� YLQH� FURSV� RI� �� �� KD� DQG� FDQ� DOVR� VLJQLILFDQWO\� LPSDFW� RQ�ZLQH�
WDVWLQJ� DQG� UHVWDXUDQW� DFWLYLWLHV� DW� YLQH\DUGV�� 8QIRUWXQDWHO\�� ZDVS� µLPSDFWV¶� DUH� QRW� \HW�
SUHGLFWDEOH�IURP�\HDU�WR�\HDU��,PSDFWV�FDQ�DOVR�EH�YHU\�VSRUDGLF��ZLWK�RQH�YLQH\DUG�KDYLQJ�D�
PDMRU�SUREOHP��EXW�DQRWKHU�YLQH\DUG�QHDUE\�KDYLQJ�QRQH��

, �

9HVSXOD�ZDVSV�DUH�D�PDMRU�SHVW�RI�WKH�EHHNHHSLQJ�LQGXVWU\�LQ�1HZ�=HDODQG��7KH\�FDXVH�GLUHFW�
ILQDQFLDO�ORVV�E\�UREELQJ�EHHKLYHV�RI�KRQH\�DQG�E\�NLOOLQJ�EHHV��7KH\�DOVR�UHTXLUH�EHHNHHSHUV�
WR�H[SHQG�WLPH�DQG�PRQH\�LQ�FRQWURO�SURFHGXUHV��&ODSSHUWRQ�HW�DO���������7KUHH�SDSHUV�KDYH�
GLVFXVVHG�WKH�LPSDFWV�RI�ZDVSV�RQ�EHHNHHSLQJ��
7KRPDV� ������� ILUVW� UHSRUWHG� WKDW�EHHNHHSHUV�ZHUH� VXIIHULQJ�FRQVLGHUDEOH� ORVVHV� IURP�*:��
HVSHFLDOO\�LQ�0D\±-XQH�ZKHQ�EHH�KLYHV�DUH�µUREEHG¶�IRU�KRQH\��
$� QDWLRQZLGH� VXUYH\� RI� EHHNHHSHUV� LQ� WKH� ���������� VHDVRQ� E\�:DOWRQ� DQG� 5HLG� �������
IRXQG� WKDW� ���� RI� EHHNHHSHUV� WKRXJKW� ZDVSV� ZHUH� D� QXLVDQFH�� 7KH\� HVWLPDWHG� ZDVSV�
GHVWUR\HG� ����� RI� 1HZ� =HDODQG� EHHKLYHV�� DQG� DIIHFWHG� DQRWKHU� ����� DW� D� WRWDO� FRVW� WR�
EHHNHHSHUV� RI� ��������� SHU� DQQXP� ������ �YDOXHV��� 7KH\� ZHUH� FRQVLGHUHG� WR� EH� WKH�
EHHNHHSHUV¶�VLQJOH�PRVW�LPSRUWDQW�SHVW��
$Q�DGGLWLRQDO�VXUYH\�E\�&ODSSHUWRQ�HW�DO�������E��GXULQJ�����������DQG�����������VHDVRQV�
DOVR� VKRZHG� WKDW�!����RI� UHVSRQGHQWV� FRQVLGHUHG�ZDVSV� D�QXLVDQFH�� ,Q� WKLV� VXUYH\��ZDVSV�
ZHUH� HVWLPDWHG� WR� KDYH� GHVWUR\HG� RU� VHULRXVO\� DIIHFWHG� ������ DQG� ������ RI� EHHKLYHV� LQ�
���������� DQG� ���������� UHVSHFWLYHO\��7KLV� WUDQVODWHG� WR� DQ� HFRQRPLF� ORVV� RI� ���������
MXVW�IRU�WKH�UHSODFHPHQW�FRVW�RI�EHHKLYHV�LQ������������&ODSSHUWRQ�HW�DO������E���+RZHYHU��
ZDVSV�DOVR�FDXVH�ORVW�KRQH\�SURGXFWLRQ�DQG�RXW�FRPSHWH�KRQH\EHHV�IRU�KRQH\GHZ�UHVRXUFHV��
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%RWK�RI�WKHVH�ZLOO�DOVR�DGG�XS�WR�YHU\�ODUJH�HFRQRPLF�FRVWV��DOWKRXJK�VXFK�GDWD�KDV�QRW�\HW�
EHHQ�HVWLPDWHG��

� �

0DVWLWLV� LV� DQ� LQIODPPDWLRQ� RI� WKH� XGGHU� WLVVXH� LQ� GDLU\� FRZV�� DQG� LV� D� YHU\� FRPPRQ� DQG�
FRVWO\�GLVHDVH�ZRUOGZLGH��,W�LV�D�VHULRXV�SUREOHP�LQ�1HZ�=HDODQG��ZLWK�HVWLPDWHV�RI�LWV�FRVW�
SXW�DW������PLOOLRQ�SHU�DQQXP��0DOFROP��������<HUXKDP�HW�DO�� ������� IRXQG� WKDW�*HUPDQ�
ZDVSV�LQIOLFWHG�LQMXULHV�WR�WKH�XGGHU�WR�a����RI�D�PLONLQJ�KHUG�LQ�,VUDHO��LQMXULHV�WKDW�OHG�WR�
FOLQLFDO�DQG�VXEFOLQLFDO�PDVWLWLV��DQG�VXEVHTXHQWO\�WR�ODUJH�ORVVHV�LQ�PLON�SURGXFWLRQ��
:KHWKHU�ZDVSV�FDXVH� OHVLRQV��DQG�PDVWLWLV�� LQ�GDLU\�FRZV�LQ�1HZ�=HDODQG�LV�XQNQRZQ��EXW�
WKHUH�DUH�QR�SUHYLRXV�UHFRUGV�RI�WKLV�RFFXUULQJ��+RZHYHU��JLYHQ�WKH�YHU\�ODUJH�HFRQRPLF�FRVW�
LQYROYHG�� DQG� WKH�GLUHFW� DVVRFLDWLRQ�RI�*HUPDQ�ZDVSV�ZLWK�PDVWLWLV� �LQ� ,VUDHO��� LW�ZRXOG�EH�
ZRUWK�IXUWKHU�LQYHVWLJDWLRQ�LQWR�WKH�SRVVLEOH�VFRSH�RI�WKH�SUREOHP�LQ�1HZ�=HDODQG��
+RZHYHU��ZDVSV�DUH�DOVR�D�GLUHFW�GDQJHU�WR�VWRFN��DV� WKH\�FRPPRQO\�QHVW�LQ�SDGGRFNV�ZLWK�
JUD]LQJ�DQLPDOV��7KHUH� DUH�DQWHGRFWDO� UHSRUWV� LQ�1HZ�=HDODQG�RI� VWRFN�G\LQJ� �GHHU�� VKHHS��
DIWHU� EHLQJ� VWXQJ� RQ� WKH� WRQJXH� DQG� EHLQJ� DVSK\[LDWHG��:DVSV� DUH� DOVR� D� GDQJHU� WR� IDUP�
ZRUNHUV�FXWWLQJ�KD\�HWF��

� �

7KH�QHJDWLYH� LPSDFWV�RQ�ELRGLYHUVLW\�RI�ZDVSV�DUH�YHU\�ZHOO� VWXGLHG� LQ�1HZ�=HDODQG��7KH�
UHVHDUFK� LV� DOVR� DPRQJVW� WKH� EHVW� RI� DQ\� LQYDVLYH� LQYHUWHEUDWH� LQ� QDWXUDO� HFRV\VWHPV�
IURP�DURXQG� WKH�ZRUOG��&RQVHTXHQWO\��ZDVSV�DUH�RQH�RI� WKH�EHVW�NQRZQ�SHVWV� LQ�1HZ�
=HDODQG��%HJJV��������

� �� �& �

9HVSXOD�ZDVSV�DUH�PRVW�DEXQGDQW� LQ�EHHFK� IRUHVWV�RI� WKH�6RXWK� ,VODQG��ZKLFK�DUH�QDWXUDOO\�
LQIHVWHG� ZLWK� HQGHPLF� VFDOH� LQVHFWV� WKDW� SURGXFH� µKRQH\GHZ¶� �%HJJV� ������� 'HQVLWLHV� RI�
ZDVSV�LQ�WKHVH�IRUHVWV�DUH�W\SLFDOO\��±���QHVWV�KD��DYHUDJH����KD��%DUORZ�HW�DO���������ZKLFK�
LV�IDU�KLJKHU�WKDQ�IRXQG�LQ�WKHLU�QDWLYH�UDQJHV��$W�WKHLU�SHDN��WKHUH�LV�DQ�DYHUDJH�ELRPDVV�RI�
����NJ�RI�ZDVSV�KD���������ZRUNHU�ZDVSV�KD���ZKLFK�LV�JUHDWHU�WKDQ�WKH�FRPELQHG�ELRPDVV�RI�
ELUGV�DQG�H[RWLF�URGHQWV�PXVWHOLGV��7KRPDV�HW�DO���������
7KH�KRQH\�SURGXFLQJ�VFDOH�LQVHFWV�SURYLGH�DQ�HQHUJ\�ULFK�IRRG�UHVRXUFH�IRU�9HVSXOD�ZDVSV��
IXHOOLQJ� WKHLU� GLYHUVH� DUUD\� RI� HFRORJLFDO� LPSDFWV�� :DVSV� UHGXFH� WKH� VWDQGLQJ� FURS� RI�
KRQH\GHZ�E\�PRUH� WKDQ�����IRU���PRQWKV�RI� WKH�\HDU�DQG�VR�FRPSHWH�ZLWK�QDWLYH�VSHFLHV�
VXFK�DV�ELUGV�DQG�LQYHUWHEUDWHV�WKDW�DOVR�FRQVXPH�KRQH\GHZ��%HJJV��������7KH�EHKDYLRXU�RI�
WKUHH�QDWLYH�ELUG�VSHFLHV��WXL��EHOOELUG��NDND��LV�NQRZQ�WR�EH�DIIHFWHG�E\�WKLV�UHGXFWLRQ��(OOLRWW�
HW� DO�� ������� UHFHQWO\� VKRZHG� WKDW� VHYHUDO� FRPPRQ� DQG�ZLGHVSUHDG� ELUG� VSHFLHV� KDYH� KDG�
VLJQLILFDQW�GHFOLQHV� LQ� WKHLU�DEXQGDQFH�RI� WKH� ODVW����\HDUV�� DWWULEXWDEOH� WR� WKH� LPSDFWV�RI� D�
QXPEHU�RI�LQWURGXFHG�VSHFLHV��EXW�HVSHFLDOO\�ZDVSV���
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7KH� SUHGDWLRQ� UDWH� RI� ZDVSV� RQ� VRPH� LQYHUWHEUDWH� SUH\� VSHFLHV� LV� DOVR� VR� KLJK� WKDW� WKH�
SUREDELOLW\� RI� WKHP� VXUYLYLQJ� LV� FORVH� WR� ]HUR� �7RIW� 	� 5HHV� ������ %HJJV� 	� 5HHV� �������
5HFHQW� ZRUN� KDV� IRXQG� WKDW� ZDVSV� JUHDWO\� LQIOXHQFH� WKH� VWRUDJH� RI� FDUERQ�� QLWURJHQ�� DQG�
SKRVSKRUXV� LQ� WKH� VRLO� KXPXV�� OHDGLQJ� WR� LQFUHDVHV� LQ� FDUERQ� VHTXHVWUDWLRQ� �:DUGOH� HW� DO��
��������

� �E � �& �

$OWKRXJK�IDU�OHVV�VWXGLHG��WKHUH�LV�DOVR�HYLGHQFH�RI�WKH�QHJDWLYHV�LPSDFWV�RI�ZDVSV�IURP�RWKHU�
QDWLYH� KDELWDWV�� ,Q� VHPL�XUEDQ� VFUXE� DQG� SDVWXUH� KDELWDWV� RI� WKH�+DPLOWRQ� DUHD��+DUULV� DQG�
2OLYHU��������IRXQG�WKDW�ZDVSV�ZHUH�UHVSRQVLEOH�IRU�������±�������SUH\�ORDGV�KD�VHDVRQ��2Q�
DYHUDJH��HVWLPDWHV�RI�LPSDFWV�RQ�SUH\�IRU�WKH�+DPLOWRQ�VLWHV�DUH�DQ�RUGHU�RI�PDJQLWXGH�ORZHU�
WKDQ�WKRVH�LPSDFWV�HVWLPDWHG�IRU�SUH\�LQ�EHHFK�IRUHVWV��+RZHYHU��ZKHQ�WKHUH�DUH�DUHDV�RI�KLJK�
QHVW�GHQVLWLHV�LQ�+DPLOWRQ��WKH�HVWLPDWHV�RI�SUH\�FRQVXPSWLRQ�ZHUH�FRPSDUDEOH�WR�WKRVH�IURP�
KRQH\GHZ�EHHFK�IRUHVW��+DUULV�	�2OLYHU��������
*DUGQHU�*HH�DQG�%HJJV��������UHFHQWO\�VKRZHG�WKDW�ZDVSV�ZHUH�WKH�PRVW�FRPPRQ�YLVLWRUV�
WR� WKH�KRQH\GHZ�RI� NDQXND� WUHHV� LQ� QRUWKHUQ�1HZ�=HDODQG�� DQG� VXJJHVWHG� WKHLU� DEXQGDQFH�
PD\�KDYH�GLVUXSWHG�ELUG±KRQH\GHZ�DVVRFLDWLRQV��

� � � �� �

7KH�ELRORJ\�RI�ZDVSV�LV�D�FULWLFDO�IDFWRU�IRU�XQGHUVWDQGLQJ�WKH�VXFFHVV��RU�IDLOXUH��RI�GLIIHUHQW�
FRQWURO�PHWKRGV��
6RFLDO� LQVHFWV�DUH�YHU\�GLIIHUHQW� IURP�RWKHU� LQVHFWV�EHFDXVH� WKH\�KDYH�D� L��QHVW� �FRORQ\��� LL��
GLYLVLRQ�RI�ODERXU�IRU�TXHHQV��ZRUNV��PDOHV��DQG�LLL��YHU\�ODUJH�QXPEHUV�RI�ZRUNHUV��%HFDXVH�
RI�WKLV�VRFLDO�V\VWHP��FRQWURO�PHWKRGV�IRU�VRFLDO�LQVHFWV�QHHG�WR�EH�TXLWH�GLIIHUHQW�IURP�
RWKHU� LQVHFWV�� RU� DW� OHDVW�� FRQWURO�PHWKRGV�QHHG� WR�EH�SODFHG�ZLWKLQ� WKH� FRQWH[W� RI� WKH�
³VRFLDO�ZDVS�V\VWHP´��
7KH�OLIH�F\FOH�RI�ZDVSV�LQ�1HZ�=HDODQG�LV�LQFOXGHG�LQ�WKH�UHSRUW��VHH�)LJXUH����QRW�RQO\�WR�
KLJKOLJKW� WKH�GLIIHUHQW� VWDJHV� LQ� WKH� OLIH� F\FOH�RI�ZDVSV�� EXW� DOVR� WR�KLJKOLJKW� WKDW� WKHUH� DUH�
RSSRUWXQLWLHV� WR� DSSO\� GLIIHUHQW� FRQWURO� PHWKRGV� WR� GLIIHUHQW� VWDJHV�� 7KH� PDLQ� VWDJHV� IRU�
ZKLFK�FRQWURO�QHHGV�WR�EH�FRQVLGHUHG�DUH��TXHHQV�YHUVXV�ZRUNHUV��DQG�HDUO\�VHDVRQ�YHUVXV�ODWH�
VHDVRQ�FRQWURO��
7ZR� IXUWKHU� SRLQWV� DERXW� WKH� OLIH� F\FOH� RI�ZDVSV� DOVR� QHHG� WR� EH� KLJKOLJKWHG�� DV� WKHVH� DUH�
H[WUHPHO\�LPSRUWDQW�LQ�WKH�FRQWH[W�RI�ZDVS�FRQWURO��
)LUVW�� LV� WKH� µVSULQJ� IOXVK¶� RI� TXHHQV�� ZKHUH� ODUJH� QXPEHUV� RI� TXHHQ�ZDVSV� �QHVWV� LQ�1HZ�
=HDODQG�FDQ�SURGXFH�����±�����TXHHQV�D�VHDVRQ��HPHUJH�IURP�ZLQWHU�KLEHUQDWLRQ�DQG�EHJLQ�
WR�VHDUFK�IRU�QHVW�VLWHV�DQG�FRQVWUXFW�QHZ�QHVWV��+RZHYHU��WKLV�ODUJH�QXPEHU�RI�TXHHQV�UDSLGO\�
UHGXFHV� WKURXJK� FRPSHWLWLRQ� IRU� QHVW� QHVWV�� QHVW� XVXUSDWLRQ�� DQG� ZHW� VSULQJ� ZHDWKHU�� ,W� LV�
HVWLPDWHG�WKDW�WKH�DYHUDJH�VXUYLYDO�UDWH�IURP�IHUWLOL]DWLRQ�LQ�DXWXPQ�WR�VWDUWLQJ�D�QHZ�QHVW�LQ�
VSULQJ� LV� ���� �$UFKHU� ������� &RQWURO� RI� TXHHQV� GXULQJ� WKLV� DXWXPQ±ZLQWHU±VSULQJ�
SHULRG� LV� FRQVLGHUHG� LQHIIHFWLYH�� EHFDXVH� TXHHQ� PRUWDOLW\� LV� QDWXUDOO\� ����� ,Q� IDFW��
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UHGXFLQJ�TXHHQV�DW�WKLV�VWDJH�PD\�SURGXFH�WKH�RSSRVLWH�HIIHFW�DQG�LQFUHDVH�WKH�GHQVLW\�RI�QHZ�
QHVWV�LQ�VSULQJ��
6HFRQG��LV�WKH�YHU\�KLJK�UHSURGXFWLYH�HIILFLHQF\�RI�ZDVS�QHVWV��/DUJH�QXPEHUV�RI�ZDVSV�DUH�
TXLFNO\� SURGXFHG� GXULQJ� VXPPHU�PRQWKV� �DQ� DYHUDJH� ZDVS� QHVW� SURGXFHV� ��� ���±��� ����
ZRUNHUV���7R�UHGXFH�ZDVS�QXPEHUV��D�FRQWURO�PHWKRG�QHHGV�WR�EH�VXIILFLHQWO\�HIIHFWLYH�WR�
RYHUFRPH�WKLV�SURGXFWLYLW\��
�

�
)LJXUH���*HQHUDO�OLIH�F\FOH�RI�9HVSXOD�ZDVSV�LQ�1HZ�=HDODQG���
6RXUFH��/DQGFDUH�5HVHDUFK�KWWS���ZZZ�ODQGFDUHUHVHDUFK�FR�Q]�VFLHQFH�SODQWV�DQLPDOV�
IXQJL�DQLPDOV�LQYHUWHEUDWHV�LQYDVLYH�LQYHUWHEUDWHV�ZDVSV�LIH�KLVWRU\�YHVSXOLG�ZDVSV���
� �
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$V�WKH�HQWLUH�ELRORJ\�RI�VRFLDO�ZDVSV�LV�GHSHQGHQW�RQ�WKH�QHVW��GLUHFW�SRLVRQLQJ�RI�ZDVS�QHVWV�
LV� WKHUHIRUH�WKH�PRVW�HIIHFWLYH�FRQWURO�PHWKRG��:KHQ�D�QHVW� LV� IRXQG�DQ� LQVHFWLFLGDO�GXVW�RU�
SRZGHU�FDQ�EH�XVHG��LQ�ZKLFK�WKH�SRZGHU�LV�µSXIIHG¶�LQWR�WKH�HQWUDQFH�RI�D�ZDVS�QHVW��
+RZHYHU�� WKH�PDLQ�SUREOHP� LV� ILQGLQJ�QHVWV�� DQG� WKLV� LQFUHDVHV� LQ�GLIILFXOW\�ZKHQ�� L�� WKH�
DUHD� RI� LQWHUHVW� JHWV� ODUJHU�� LL�� WKH� WHUUDLQ� EHFRPHV� PRUH� GLIILFXOW�� DQG� LLL�� WKHUH� LV� DQ�
LQFUHDVLQJ�QXPEHU�RI�ODQGRZQHUV��
:DVS�QHVWV�DUH�FXUUHQWO\�IRXQG�E\�ZDWFKLQJ�IRU�µOLQHV�RI�IOLJKW¶�RI�ZRUNHU�ZDVSV�UHWXUQLQJ�WR�
WKHLU�QHVW��RU�ZDONLQJ�DORQJ�WUDFNV�RU�WUDQVHFWV�VHDUFKLQJ�IRU�QHVWV��7KLV�UHTXLUHV�VRPH�VNLOO��
EXW�FDQ�DOVR�EH�TXLWH�WLPH�FRQVXPLQJ��,W�LV�DOVR�LPSUDFWLFDO�RYHU�DUHDV�RI�D�FHUWDLQ�VL]H��
/LWWOH�UHVHDUFK�KDV�EHHQ�FRQGXFWHG�WR�ILQG�PHWKRGV�WKDW�HQKDQFH�WKH�GHWHFWLRQ�RI�ZDVS�QHVWV��
+DUULV��������WHVWHG�D�VRXQG�EDVHG�V\VWHP�IRU�ORFDWLQJ�QHVWV��7KH�V\VWHP�FRQVLVWHG�RI�D�SUH�
DPSOLILHU��ILOWHU��YLVXDO�GLVSOD\�DQG�PLFURSKRQH��+RZHYHU��EHFDXVH�RI�ORZ�VRXQG�RXWSXW�IURP�
QHVWV�� DQG� EDFNJURXQG� µQRLVH¶�� VXFK� D� V\VWHP� GLG� QRW� KHOS� ILQG� QHVWV�� 7KH� GHWHFWLRQ� UDQJH�
����P�� ZDV� DOVR� WRR� VKRUW� DQG� DWWHPSWV� WR� HQKDQFH� WKLV� V\VWHP� ZRXOG� VHYHUHO\� OLPLW� WKH�
SRUWDELOLW\�RI�WKH�V\VWHP�LQ�WKH�ILHOG��L�H��WKH�V\VWHP�JRW�WRR�ELJ�WR�FDUU\���

& � �

2QH�PHWKRG� WKDW�PD\� DOVR�EH�ZRUWK\�RI� IXUWKHU� GLVFXVVLRQ� LV� WKH�XVH�RI� GHWHFWLRQ� �VQLIIHU��
GRJV��'HWHFWLRQ�GRJV�DUH�EHLQJ�XVHG�WR�ILQG�DQ�LQFUHDVLQJO\�GLYHUVH�DUUD\�RI�SHVW�VSHFLHV�DQG�
ELRORJLFDO�SURGXFWV��DQG�FRXOG�EH�XVHG�WR�ILQG�QHVWV� LQ�D�ZLGH�UDQJH�RI�KDELWDWV��2QH�RI� WKH�
PDLQ�LVVXHV��KRZHYHU��LV�KRZ�WR�WUDLQ�D�GRJ�WR�DYRLG�EHLQJ�VWXQJ��DQG�ZKHWKHU�JHWWLQJ�VWXQJ�
ZRXOG�VXEVHTXHQWO\�DIIHFW�VHDUFK�EHKDYLRXU��L�H��SXW�WKH�GRJ�RII���
$QRWKHU�WHFKQRORJ\�WKDW�FRXOG�EH�FRQVLGHUHG�LV�WKHUPDO�LPDJLQJ�FDPHUDV��HLWKHU�KDQG�KHOG�RU�
DHULDOO\��7KHUPDO�WHFKQRORJ\�IURP�WKH�DLU�KDV�EHHQ�WULDOOHG�LQ�WKH�86$�WR�ILQG�ILUH�DQW�PRXQGV�
�9RJW��������DQG� LV�DOVR�EHLQJ�XVHG� LQ�%ULVEDQH�DV�SDUW�RI� WKH�HUDGLFDWLRQ�SURJUDP� IRU� ILUH�
DQWV��7KH�WHFKQRORJ\�ZRUNV�E\�GHWHFWLQJ�WKH�WDUJHW�RUJDQLVP�E\�LWV�µKHDW¶�RU�WKH�KHDW�RI�WKH�
QHVW��DQG�FDQ�DFKLHYH�KLJK�UDWHV�RI�VXFFHVV��9RJW��������+RZHYHU��IXUWKHU�UHVHDUFK�ZRXOG�EH�
QHHGHG� WR�GHWHUPLQH� WKH� IHDVLELOLW\�RI�GHWHFWLQJ�ZDVS�QHVWV�XQGHUJURXQG�DQG�XQGHU�D� IRUHVW�
FDQRS\�LQ�1HZ�=HDODQG��DQG�DOVR�WKH�FRVW�EHQHILW�UDWLR�FRPSDUHG�ZLWK�RWKHU�FRQWURO�PHWKRGV��

Z �

•� 7KH� IHDVLELOLW\� RI� WUDLQLQJ� DQG� WKH� RQ�JRLQJ� FRVWV� RI� XVLQJ� D� VQLIIHU� GRJ� VKRXOG� EH�
H[DPLQHG��SDUWLFXODUO\�IRU�XVH�DURXQG�SXEOLF�UHFUHDWLRQ�DUHDV��
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•� 7KH�SUREDELOLW\�RI�GHWHFWLQJ�ZDVS�QHVWV�ZLWK� UHPRWH�VHQVLQJ� WHFKQLTXHV� �ZKHUH�DHULDO�
VHQVRU� WHFKQRORJLHV� DUH� XVHG� WR� GHWHFW� DQG� FODVVLI\� REMHFWV� RQ� WKH� JURXQG�� VKRXOG� EH�
LQYHVWLJDWHG��

� �
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,Q�WKLV�VHFWLRQ��µWUDSSLQJ¶�LV�FRQVLGHUHG�WR�EH�ZKHQ�ODUJH�QXPEHUV�RI�ZDVSV��HLWKHU�ZRUNHUV�RU�
TXHHQV��DUH�OXUHG�WR�D�µWUDS¶�DQG�NLOOHG�ZLWKLQ�LW��7HFKQLFDOO\�� WKHUH�DUH�GLIIHUHQFHV�EHWZHHQ�
µOXUH�DQG�NLOO¶�DQG�µPDVV� WUDSSLQJ¶�EXW� IRU�DOO� LQWHQWV�DQG�SXUSRVH� WKH�RXWFRPH�LV� WKH�VDPH��
WKDW�LV��ZDVSV�DUH�WUDSSHG�DQG�NLOOHG��
3ODFLQJ�D�µULQJ�RI�WUDSV¶�DURXQG�DQ�DUHD��H�J��SLFQLF�JURXQG��WR�LQWHUFHSW�IRUDJLQJ�ZRUNHUV�LV�
FRQFHSWXDOO\�VLPSOH�DQG�DSSHDOLQJ��7UDSSLQJ�LV�DOVR�VHOI�IXOILOOLQJ�EHFDXVH�µGHDG�ZDVSV¶�DUH�
VHHQ� LQ� WUDSV��+RZHYHU�� WKHUH� LV� OLWWOH� HYLGHQFH� WR� VKRZ� WUDSSLQJ� LV� HIIHFWLYH�� DQG� E\� LWVHOI�
GRHV�QRW�SURYLGH�DUHD�ZLGH�FRQWURO��5XVW�	�6X��������)RU�H[DPSOH�����ZDVS�VWLQJV�ZHUH�VWLOO�
UHSRUWHG�DW�D�KHDOWK�VSD��LQ�WKH�86$��GXULQJ�RQH�VHDVRQ�GHVSLWH�!�������ZDVSV�EHLQJ�WUDSSHG�
�5XVW�	�6X��������
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•� ,V�WUDSSLQJ�HIIHFWLYH"��DW�WKH�QHVW�DQG�ODQGVFDSH�OHYHO��
•� :KDW�µDWWUDFWDQWV¶�FDQ�EH�XVHG�WR�LPSURYH�HIIHFWLYHQHVV"�
•� :KDW�OLIH�VWDJH�VKRXOG�EH�WDUJHWHG�±�ZRUNHUV�RU�TXHHQV"�

/ � � �

2I�WKHVH�WKUHH�TXHVWLRQV�WKH�PRVW�ORJLFDO�LV�WR�FRQILUP�ZKHWKHU�WUDSSLQJ�IRU�ZDVSV�LV�HIIHFWLYH�
EHIRUH� SURFHHGLQJ� ZLWK� IXUWKHU� UHVHDUFK�� <HW� WKLV� KDV� QRW� KDSSHQHG� ±� ZRUN� KDV� JHQHUDOO\�
SURFHHGHG�RQ�ILQGLQJ�µDWWUDFWDQWV¶���
6SXUU��������DSSHDUV�WR�EH�WKH�RQO\�VWXG\�WKDW�KDV�H[DPLQHG�WKH�HIIHFW�RI�WUDSSLQJ��ZRUNHUV���
+H� IRXQG� WUDSSLQJ� GLG� QRW� UHGXFH�ZDVS� QXPEHUV� HYHQ� DW� LQGLYLGXDO� QHVWV�� OHW� DORQH� DW� WKH�
SRSXODWLRQ�ODQGVFDSH�OHYHO��+H�FRQFOXGHG�WKDW�WUDSSLQJ�LV�QRW�DQ�HIIHFWLYH�PHWKRG�RI�UHGXFLQJ�
ZDVS�QXPEHUV�LQ�QHDUE\�QHVWV��HYHQ�ZKHQ�ZDVS�QXPEHUV�DUH�KLJK��6SXUU�UHFRPPHQGHG�XVLQJ�
WUDSV� HDUOLHU� LQ� VHDVRQV� ZKHQ� QHVWV� DUH� VPDOO� DQG� PRUH� YXOQHUDEOH�� KRZHYHU�� WKH� PDLQ�
SUREOHP�ZLWK�WKLV�LV�PRWLYDWLQJ�SHRSOH�WR�WUDS�LQWHQVLYHO\�ZKHQ�WKHUH�DUH�IHZ�ZDVSV�DURXQG��
,Q�DSSURSULDWH�VLWXDWLRQV�PDVV�WUDSSLQJ�FDQ�EH�D�VXFFHVVIXO�PDQDJHPHQW�RSWLRQ��)RU�H[DPSOH��
PDVV� WUDSSLQJ� KDV� SURYHG� YHU\� HIIHFWLYH� LQ� WKH� FRQWURO� RI� SDOP� ZHHYLOV� LQ� WURSLFDO� FURSV�
�:HOWHU�HW�DO���������+RZHYHU��VXFFHVV�LQ�WKLV�VLWXDWLRQ�LV�DVVLVWHG�E\�WKH�ELRORJ\�RI�WKLV�SHVW��
WKH�SDOP�ZHHYLO�LV�ORQJ�OLYHG��VORZ�WR�UHSURGXFH��DQG�WKH�DWWUDFWDQW�XVHG�DWWUDFWV�ERWK�VH[HV��
,Q�WKLV�VLWXDWLRQ�PDVV�WUDSSLQJ�LV�VXFFHVVIXO�EHFDXVH�LW�UHPRYHV�ZHHYLOV�IDVWHU�WKDQ�WKH\�FDQ�
UHSURGXFH��:HOWHU�HW�DO���������
:HOWHU� HW� DO�� ������� VWDWH� WKDW� IRU� RWKHU� LQVHFWV� WKDW� GR� QRW� KDYH� WKHVH� ELRORJLFDO�
FKDUDFWHULVWLFV��PDVV�WUDSSLQJ�LV�JHQHUDOO\�OHVV�HIIHFWLYH��,Q�PDMRU�UHYLHZV�RI�PDVV�WUDSSLQJ��
(O�6D\HG�HW�DO�������������D��DOVR�FRQFOXGHG�WKDW�PDVV�WUDSSLQJ��DQG�OXUH�DQG�NLOO��WHFKQLTXHV�
FDQ� EH� KLJKO\� HIIHFWLYH� IRU� FRQWUROOLQJ� VPDOO�� ORZ�GHQVLW\�� LVRODWHG� SRSXODWLRQV��:DVSV� GR�
QRW�KDYH� WKH�ELRORJLFDO� FKDUDFWHULVWLFV� VXLWDEOH� IRU�PDVV� WUDSSLQJ� �WKH\� DUH�YHU\� IDVW� WR�
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UHSURGXFH�DQG�VKRUW�OLYHG���WKH\�DUH�ZLGHVSUHDG�DQG�SUHVHQW�LQ�KLJK�GHQVLWLHV��,W�LV�XQOLNHO\�
WKDW�PDVV� WUDSSLQJ�FDQ�UHPRYH�ZRUNHU�ZDVSV� IDVW� HQRXJK� WR�FRPSHQVDWH� IRU� WKH�KLJK�
UHSURGXFWLYH�RXWSXW�RI�WKH�QHVW��

t � � � � � � � �

,Q�WKLV�VHFWLRQ��DQ�µDWWUDFWDQW¶��ZKLFK�FDQ�LQFOXGH�SKHURPRQHV��LV�FRQVLGHUHG�WR�EH�D�VXEVWDQFH�
WKDW�FDXVHV�D�ZDVS�WR�DSSURDFK��
$� QXPEHU� RI� SXEOLFDWLRQV� DQG� WHFKQLFDO� UHSRUWV� KDYH� SUHYLRXVO\� H[DPLQHG� DWWUDFWDQWV� WR�
ZDVSV� LQ� 1HZ� =HDODQG� �7KRPDV� ������ 3HUURW� ������ &ODSSHUWRQ� 	� /R� ������ 6SXUU� ������
������:HVWRQ� HW� DO�� ������:KLWH� HW� DO�� ������ (O�6D\HG� HW� DO�� ����E��� DQG� KDYH� JHQHUDOO\�
VKRZQ�WKHLU�LQHIIHFWLYHQHVV���
)URP�WKLV�UHVHDUFK��WZR�PDLQ�LVVXHV�KDYH�DULVHQ�FRQFHUQLQJ�DWWUDFWDQWV�LQ�WUDSV��
•� %\�FDWFK�RU�HIIHFW�RQ�QRQ�WDUJHW� VSHFLHV��$V�GLIIHUHQW� W\SHV�RI�DWWUDFWDQWV�ZLOO�KDYH�D�

GLIIHUHQW� E\�FDWFK�� DQ\� DWWUDFWDQW�PXVW� EH� DVVHVVHG� LQ� WHUPV� RI� LWV� E\�FDWFK�� 7KH� WZR�
µVXFFHVVIXO¶� DWWUDFWDQWV� UHFHQWO\� PHQWLRQHG� E\� (O�6D\HG� HW� DO�� �����E�� ZHUH� KHSW\O�
EXW\UDWH�DQG�RFW\O�EXW\UDWH��+RZHYHU��6SXUU��������IRXQG�WKHVH�WZR�DWWUDFWDQWV�KDG��E\�
IDU�� WKH�KLJKHVW�QRQ�WDUJHW�E\�FDWFK�RI�RWKHU� LQVHFW�VSHFLHV� �QDWLYH�ZDVSV�� IOLHV��PRWKV�
DQG� EHHWOHV��� RIWHQ� E\� DQ� RUGHU� RI� PDJQLWXGH� KLJKHU�� 8QIRUWXQDWHO\�� (O�6D\HG� HW� DO��
�����E��GLG�QRW�UHSRUW�E\�FDWFK�LQ�WKHLU�VWXG\��VR�WKHLU�UHVXOWV�FDQQRW�EH�FRPSDUHG�ZLWK�
RWKHU�VWXGLHV��

•� &RPSDULVRQ�RI�µQHZ¶�DWWUDFWDQWV�ZLWK�WKH�FXUUHQW�PHWKRG�RI�EDLWLQJ��6SXUU��������
PDGH� WKLV� FRPSDULVRQ�DQG� VKRZHG� WKH� VDUGLQH�FDW�IRRG�EDLWV� FDXJKW�PDQ\�PRUH� ���±
��î�PRUH��ZDVSV�FRPSDUHG�ZLWK� WUDSV�ZLWK�KHSW\O�EXW\UDWH� DQG�RFW\O�EXW\UDWH��2WKHU�
VWXGLHV�KDYH�QRW�PDGH�WKLV�LPSRUWDQW�FRPSDULVRQ��

t � � � � � �

$OPRVW� DOO� SUHYLRXV� UHVHDUFK� KDV� IRFXVHG� RQ�ZRUNHUV�� EHFDXVH� WUDSSLQJ� KDV� DOPRVW� DOZD\V�
EHHQ�XVHG� WR�DOOHYLDWH�SUREOHPV� LQ�SXEOLF�DPHQLWLHV�GXULQJ�VXPPHU� �5XVW�	�6X��������DQG�
KDV� WKXV� PHDQW� WKH� FRQWURO� RI� ZRUNHUV�� 7KH� UHVHDUFK� RQ� ZRUNHUV� LV� VXPPDULVHG� DERYH��
7DUJHWLQJ�TXHHQV�IRU�D� WUDSSLQJ�SURJUDPPH��RQ� WKH�RWKHU�KDQG�� LV�DSSHDOLQJ�EHFDXVH� LW�ZLOO�
WKHRUHWLFDOO\�HLWKHU�NLOO�WKH�QXPEHU�RI�HDUO\�QHVWV��VSULQJ�WUDSSLQJ��RU�UHGXFH�QHVW�GHQVLW\�LQ�
WKH�IXWXUH��DXWXPQ�WUDSSLQJ���
•� +RZHYHU�� WKHUH� DUH� D� QXPEHU� RI� SUREOHPV�ZLWK�PDVV� WUDSSLQJ� TXHHQV��7KH� WLPLQJ� RI�

WUDSSLQJ�IRU�TXHHQV�LV�LPSRUWDQW��5HVHDUFK�RQ�WKHLU�ELRORJ\�KDV�VKRZQ�WKDW�RI�WKH�ODUJH�
QXPEHUV�RI�TXHHQV�D�QHVW�FDQ�SURGXFH��WKH�YDVW�PDMRULW\��L�H�������GLH�RI�QDWXUDO�FDXVHV�
�6SUDGEHU\�������%DUORZ�HW�DO���������2I�PRVW�LPSRUWDQFH�LV�WKH�µVSULQJ�IOXVK¶��ZKHUH�
ODUJH�QXPEHUV�RI�TXHHQV�FRPH�RXW�RI�WKHLU�RYHUZLQWHULQJ�SHULRG��EXW�RQO\�YHU\�IHZ�DUH�
VXFFHVVIXO� LQ�VWDUWLQJ��DQG�PDLQWDLQLQJ��D�VXFFHVVIXO�QHVW��7KXV�� WUDSSLQJ�EHIRUH�WKH�
µVSULQJ� IOXVK¶�RFFXUV� �L�H�� LQ�DXWXPQ�RU�ZLQWHU�� LV� FRQVLGHUHG� WKH� OHDVW� VXFFHVVIXO�
RSWLRQ�RI�FRQWUROOLQJ�ZDVSV��EHFDXVH�LW�RQO\�UHPRYHV�TXHHQV�WKDW�DUH�DOUHDG\�OLNHO\�
WR�GLH��
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•� :KHQ� UHODWLYHO\� IHZ�TXHHQV�DUH�DURXQG�� WKHUH� LV� WKH�SUREOHP�RI�PRWLYDWLQJ�SHRSOH� WR�
WUDS�LQWHQVLYHO\��:K\�VSHQG�ORWV�RI�HIIRUW�LQ�WUDSSLQJ�LQ�HDUOLHU�SDUWV�RI�WKH�\HDU�ZKHQ�
ZDVS�DUHQ¶W�FRQVLGHUHG�D�µSUREOHP¶��7KLV� LVVXH�KDG�EHHQ�KLJKOLJKWHG�SUHYLRXVO\�ZKHQ�
WU\LQJ� WR� WUDS�ZRUNHUV� LQ� HDUO\� SDUWV� RI� WKHLU� VHDVRQ� �6SXUU� ������� DQG� LV� HYHQ�PRUH�
DSSOLFDEOH�WR�TXHHQV��DV�WKHUH�DUH�IHZHU�TXHHQV�WKDQ�WKHUH�DUH�ZRUNHUV���

•� 9HU\� OLWWOH� UHVHDUFK� KDV� EHHQ� FRQGXFWHG� LQWR� WKH� DFWXDO� WUDSSLQJ� RI� TXHHQV��$OWKRXJK�
UHFHQW� UHVHDUFK�E\�3ODQW�DQG�)RRG�5HVHDUFK�VKRZHG�VRPH�VXFFHVV� LQ� WUDSSLQJ�TXHHQV�
�%�� %URZQ�� FRQIHUHQFH� SUHVHQWDWLRQ��� WULDOV� LQ� ����� �LQ� WKH� :DLWDNHUH� 5DQJHV��
$XFNODQG�� KDG� WR� EH� VWRSSHG� EHFDXVH� RI� WKH� ODUJH� DPRXQW� RI� E\�FDWFK� RI� QDWLYH�
LQYHUWHEUDWHV��%URRNV�HW�DO���������)XUWKHUPRUH��QR�TXHHQ�ZDVSV�ZHUH�FDXJKW��

& � �

(YLGHQFH� WKDW� WUDSSLQJ� FDQ� DFWXDOO\� UHGXFH� ZDVS� SRSXODWLRQV� �ZKHWKHU� ZRUNHUV� RU�
TXHHQV��LV�HVVHQWLDO�WR�MXVWLI\�IXUWKHU�UHVHDUFK�RQ�WUDSSLQJ�WHFKQLTXHV�DQG�DWWUDFWDQWV��
,I� WUDSSLQJ� FDQ� UHGXFH� ZDVS� QXPEHUV�� VXEVHTXHQW� UHVHDUFK� VKRXOG� IRFXV� RQ� PHWKRGV� WR�
HQKDQFH�WKH�WUDSSLQJ�RI�HDUO\�VHDVRQ�TXHHQV�DQG�ZRUNHUV��DQG�WR�GHWHUPLQH�WKH�HIIHFW�RI�HDUO\�
VHDVRQ�FRQWURO�RQ�ODWH�VHDVRQ�QHVWV��L�H��ZKDW���UHGXFWLRQ�KDV�WKHUH�EHHQ���

Z �

•� 7R� MXVWLI\� IXUWKHU� UHVHDUFK� RQ� WUDSSLQJ� WHFKQLTXHV� DQG� DWWUDFWDQWV�� LW� LV� HVVHQWLDO� WKDW�
HYLGHQFH�LV�REWDLQHG�WKDW�VKRZV�WUDSSLQJ�FDQ�DFWXDOO\�UHGXFH�ZDVS�SRSXODWLRQV��ZKHWKHU�
ZRUNHUV�RU�TXHHQV���

� �
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7KH� XVH� RI� µEDLWV¶� ZDV� UHFRJQLVHG� HDUO\� DV� D� SRWHQWLDO� FRQWURO�PHWKRG� IRU�ZDVSV� �7KRPDV�
������3HUURWW��������:RUNHU�ZDVSV�DUH�DWWUDFWHG�WR�D�EDLW�VWDWLRQ�DQG�IHHG�RQ�D�SURWHLQ�IRRG�
VRXUFH�FRQWDLQLQJ�D�WR[LQ��WKH\�WKHQ�UHWXUQ�WR�WKHLU�QHVW�VSUHDGLQJ�WKH�WR[LQ�DURXQG�WKH�QHVW��
)URP� WKH� ODWH� ����V� XQWLO� ����� '6,5� DQG� /DQGFDUH� 5HVHDUFK� VFLHQWLVWV� ZHUH� DFWLYHO\�
LQYROYHG� LQ� UHVHDUFK� LQWR�ZDVS� FRQWURO�PHWKRGV��$V�ZHOO� DV� UHVHDUFK� FRQGXFWHG�ZLWK�1HZ�
=HDODQG�VFLHQFH�IXQGLQJ��YDULRXV�SHVWLFLGH�FRPSDQLHV��DQG� WKH�'HSDUWPHQW�RI�&RQVHUYDWLRQ�
DOVR� FRPPLVVLRQHG� ILHOG� WULDOV�� )URP� WKLV� UHVHDUFK�� D� QXPEHU� RI� GLIIHUHQW� WR[LQV� DQG� IRRG�
VRXUFHV� KDYH� EHHQ� WULDOOHG�� LQ� RUGHU� WR� PD[LPLVH� DWWUDFWLYHQHVV� DQG� SDODWDELOLW\� WR� ZDVSV�
�7DEOH������
+RZHYHU��WKHUH�LV�QR�GRXEW�WKDW�WKH�EHVW�FXUUHQWO\�NQRZQ�PHWKRG�LV�WKH�XVH�RI�ILSURQLO�
�+DUULV�	�(WKHULGJH��������
)LSURQLO� LV� D� EURDG�VSHFWUXP� LQVHFWLFLGH� WKDW� GLVUXSWV� WKH� LQVHFW� FHQWUDO� QHUYRXV� V\VWHP��
FDXVLQJ� K\SHUH[FLWDWLRQ� RI� QHUYHV� DQG�PXVFOHV�� )LSURQLO�ZDV� GLVFRYHUHG� DQG� GHYHORSHG� E\�
5K{QH�3RXOHQF�LQ�WKH�PLG�����V��EXW�VLQFH������%$6)�KROGV�WKH�SDWHQW�ULJKWV�IRU�SURGXFLQJ�
DQG�VHOOLQJ�ILSURQLO�EDVHG�SURGXFWV�LQ�PDQ\�FRXQWULHV��)LSURQLO�LV�QRZ�ZLGHO\�XVHG�DURXQG�WKH�
ZRUOG�RQ�PDQ\�LQVHFW�SHVWV��HVSHFLDOO\�LQ�FURSV��2WKHU�SURGXFW�QDPHV�LQFOXGH�5HJHQW���FURS�
SHVWV��� *ROLDWK�� �FRFNURDFK� DQG� DQW� FRQWURO��� 7HUPLGRU��� �WHUPLWHV��� )URQWOLQH�� DQG�
3HW$UPRU���WLFN�DQG�IOHD�LQIHVWDWLRQV�LQ�GRJV�DQG�FDWV���
7KH�PDLQ�VFLHQFH�DUWLFOH�VKRZLQJ�WKH�VXFFHVV�RI�ILSURQLO�ZDV�E\�+DUULV�DQG�(WKHULGJH��������
ZKR�PDGH�WZR�PDLQ�SRLQWV��
•� )LSURQLO� ZDV� KLJKO\� HIIHFWLYH� LQ� FRQWUROOLQJ� ZDVSV� GXULQJ� D� ODUJH�VFDOH� ����� KD��

RSHUDWLRQ� LQ� ������ $OO� FRORQLHV� ZLWKLQ� WKH� WUHDWHG� VLWH� ZHUH� FRQWUROOHG� E\� D� VLQJOH�
SRLVRQLQJ��������UHGXFWLRQ�LQ�QHVW�DFWLYLW\���³)RU�WKH�ILUVW�WLPH��ZH�KDYH�D�WHFKQLTXH�
ZKLFK�ZLOO� UHGXFH�ZDVS�SRSXODWLRQV� EHORZ� WKH� HFRORJLFDO� GDPDJH� WKUHVKROG�� DQG�
WKXV�SURWHFW�QDWLYH�ELRGLYHUVLW\´��

•� )LSURQLO� LV� DOVR� HIIHFWLYH� LQ� ORZHU� FRQFHQWUDWLRQV� �����î� OHVV� WKDQ� VXOIOXUDPLG��� VR�
FRQVXPSWLRQ�RI�HTXLYDOHQW�DPRXQWV�RI�EDLW�ZLOO�SURGXFH�JUHDWHU�UHGXFWLRQV�LQ�WKH�ZDVS�
SRSXODWLRQ�DQG�PRUH�FRVW�HIIHFWLYH�FRQWURO��$V�D�UHVXOW��VXFFHVVIXO�UHGXFWLRQ�LQ�ZDVS�
SRSXODWLRQV�PD\�EH�DFKLHYHG�DW�VRPH�VLWHV�ZKHUH�LW�KDV�SUHYLRXVO\�EHHQ�GLIILFXOW�WR�
JDLQ�HIIHFWLYH�FRQWURO��

%HFDXVH� RI� WKH� VXFFHVV� RI� WKHVH� ILHOG� WULDOV�� GHYHORSPHQW� RI� ;VWLQJXLVK��� D� FRPPHUFLDO�
SURGXFW�EDVHG�RQ�ILSURQLO�ZDV�DGYDQFHG��8QOLNH�SUHYLRXV�WR[LF�EDLWV��ZKLFK�ZHUH�FRQVLGHUHG�
XQVDIH� IRU� SXEOLF� KDQGOLQJ��;VWLQJXLVK��ZRXOG� EH� DYDLODEOH� WR� WKH� JHQHUDO� SXEOLF�� )XUWKHU�
UHVHDUFK�XQGHUWDNHQ�WR�H[WHQG�WKH�VKHOI� OLIH�ZDV�XQVXFFHVVIXO�� ,Q�������D� OLFHQFH�DJUHHPHQW�
ZDV�VLJQHG�ZLWK�D�FRPPHUFLDO�SDUWQHU�LQ�1HZ�=HDODQG�WR�PDQXIDFWXUH�D�IUHVK�SURGXFW�XVLQJ�
ILSURQLO��+RZHYHU��VKRUWO\�EHIRUH�SURGXFWLRQ�EHJDQ��%$6)��FODLPHG�SDWHQW�ULJKWV�WR�DOO�HQG�
XVHUV�RI�ILSURQLO�LQ�1HZ�=HDODQG�DQG�WKUHDWHQHG�WR�VXH�DQ\RQH�XVLQJ�ILSURQLO�LQ�WKLV�W\SH�
RI� SURGXFW�� $OWKRXJK� IXOO\� UHJLVWHUHG� IRU� ZDVS� FRQWURO� LQ� 1HZ� =HDODQG�� ;VWLQJXLVK��
ZDVS�EDLW�ZDV�QRW�FRPPHUFLDOLVHG��
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�
7KHUH� DUH� D� QXPEHU� RI� SDWHQWV� UHJLVWHUHG� LQ� 1HZ� =HDODQG� IRU� LQVHFWLFLGDO� FRPSRVLWLRQV�
LQFOXGLQJ� ILSURQLO� DQG� PHWKRGV� RI� XVLQJ� WKHP�� 6RPH� KDYH� H[SLUHG� �1HZ� =HDODQG� SDWHQW�
QXPEHU�� ������� >H[SLUHG� ����@�� ������� DQG� ������� >H[SLUHG� ����@��� EXW� RWKHUV� GR� QRW�
H[SLUH�IRU�VRPH�WLPH���������������������������������H[SLUH�LQ�������DQG��������H[SLUHV�
HQG�RI��������
�
%$6)� DJUHVVLYHO\� SXUVXH� WKHLU� H[FOXVLYH� ULJKWV� WR� WKHVH� SDWHQWV�� DQG� DSSHDU� XQZLOOLQJ� WR�
DOORZ� ILSURQLO� EH�XVHG� IRU�ZDVS�FRQWURO��7KXV�� WKH� IXWXUH�DYDLODELOLW\�RI�D� ILSURQLO�EDVHG�
EDLW�LV�YHU\�XQFHUWDLQ��
�
K �d �

$� UDQJH� RI� RWKHU� WR[LQV� KDYH� EHHQ� WHVWHG� RU� DUH� VWLOO� EHLQJ� WHVWHG� DJDLQVW� ZDVSV� LQ� 1HZ�
=HDODQG��DOWKRXJK�GHWDLOV�RI�VXFK�WULDOV�DUH�RIWHQ�UHJDUGHG�DV�FRPPHUFLDOO\�VHQVLWLYH��:KLOH�
PDQ\� WR[LQV� DUH� FDSDEOH� RI� NLOOLQJ�ZDVSV�� IHZ� DSSHDU� WR� KDYH� WKH� SUHFLVH� FRPELQDWLRQ� RI�
SDODWDELOLW\��WR[LFLW\��DQG�GHOD\HG�DFWLYLW\�UHTXLUHG�WR�PDNH�WKHP�VXLWDEOH�IRU�XVH�LQ�EDLWV���
�
(QWHFRO� /WG� LV� FXUUHQWO\� WULDOOLQJ� D� QHZ� EDLW�WR[LQ� FRPELQDWLRQ� WKDW� KDV� VKRZQ� VRPH� HDUO\�
SURPLVH� DQG� FRXOG� OHDG� WR� UHJLVWUDWLRQ� RI� D� QHZ� SURGXFW� IRU� ZDVS� FRQWURO� LQ� ���������
+RZHYHU�� LI� WULDOV� SURYLGH� XQVDWLVIDFWRU\� OHYHOV� RI� FRQWURO�� RWKHU� RSWLRQV� ZLOO� EH� SXUVXHG��
(QWHFRO�KDV�DOVR�EHHQ�GHYHORSLQJ�DQ�LPSURYHG�EDLW�VWDWLRQ�GHVLJQ�VSHFLILFDOO\�IRU�XVH�DJDLQVW�
ZDVSV��

& � �

•� :KLOH� ILSURQLO�ZDV�YHU\�VXFFHVVIXO� IRU�ZDVS�FRQWURO� LWV� IXWXUH�DYDLODELOLW\� LV�YHU\�
XQFHUWDLQ��

•� ,QYHVWLJDWH� WKH� XVH� RI� RWKHU� WR[LQV� LQ� D� SURWHLQ�EDVHG� IRRG� VRXUFH�� DQG� WULDO� WKHLU�
DWWUDFWLYHQHVV��SDODWDELOLW\��DQG�HIIHFWLYHQHVV�RQ�ZDVSV��

•� ,QYHVWLJDWH� WKH�XVH�RI�FDUERK\GUDWH�RU�JUDQXODU�EDLWV��DQG�FRQGXFW�UHVHDUFK�RQ�KRZ�WR�
RYHUFRPH� WKH� FXUUHQW� OLPLWDWLRQV� RI� L�� SDODWDELOLW\�� DQG� LL�� E\�FDWFK�� HVSHFLDOO\� RI�
KRQH\EHHV��

•� 2QFH�DQ�HIIHFWLYH�EDLW�EHFRPHV�DYDLODEOH��DYHQXHV�WR�LQFUHDVH�WKH�FRVW�HIIHFWLYHQHVV�RI�
EDLWV�VKRXOG�EH�LQYHVWLJDWHG��LQFOXGLQJ�PHWKRGV�WR�LQFUHDVH�WKH�DUHD�RYHU�ZKLFK�FRQWURO�
FDQ�EH�DFKLHYHG��

Z �

•� ,I� QHZ� EDLW�WR[LQ� FRPELQDWLRQV� EHFRPH� DYDLODEOH�� WKHQ� XVH� WKHP� DQG� HYDOXDWH� WKHLU�
HIIHFWLYHQHVV��,Q�WKH�PHDQWLPH��SXUVXH�DSSURDFKHV�ZKLFK�GR�QRW�KDYH�LQVHFWLFLGHV��
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3KHURPRQHV�DUH�FKHPLFDOV�VHFUHWHG�H[WHUQDOO\�E\�DQ�RUJDQLVP�WR�FRPPXQLFDWH�WR�PHPEHUV�RI�
WKH�VDPH�VSHFLHV��
3HVW� PDQDJHPHQW� VWUDWHJLHV� KDYH� EHHQ� GHYHORSHG� WR� LQWHUIHUH� ZLWK� WKHVH� FRPPXQLFDWLRQ�
V\VWHPV��0RVW�UHVHDUFK�WR�GDWH�RQ�SKHURPRQHV�IRU�SHVW�FRQWURO�KDV�EHHQ�ZLWK�PRWK�SHVWV�LQ�
KRUWLFXOWXUH�� DJULFXOWXUH�RU� IRUHVWU\� �DQG� WR� D� OHVVHU�GHJUHH��EHHWOHV� DQG� IOLHV�� �:HOWHU� HW� DO��
������(O�6D\HG� HW� DO�� ������ ����D���$OWKRXJK� WKHUH�KDV� EHHQ� D� FRQVLGHUDEOH� DPRXQW� RI�
UHVHDUFK�RQ�SKHURPRQHV�LQ�VRFLDO�ZDVSV��LW�KDV�QRW�EHHQ�LQ�WKH�FRQWH[W�RI�FRQWURO��UDWKHU�
XQGHUVWDQGLQJ�WKHLU�HYROXWLRQ�IURP�SULPLWLYH�WR�VRFLDO�V\VWHPV���
7KHUHIRUH�� FDUHIXO� FRQVLGHUDWLRQ� QHHGV� WR� EH� PDGH� ZKHQ� DSSO\LQJ� SKHURPRQHV� WR� ZDVS�
FRQWURO��2I�SDUWLFXODU�QRWH�LV��

��� 6LPSO\�WUDQVIHUULQJ�WKH�VXFFHVV�RI�SKHURPRQHV�IURP�RWKHU�SHVW�FRQWURO�SURJUDPPHV�WR�
WKH�FXUUHQW�SUREOHP�RI�ZDVSV�� LV� OLNHO\� WR�EH�LQDSSURSULDWH��HVSHFLDOO\�DV� WKHVH�RWKHU�
SURJUDPPHV� DUH� IURP� LQWHQVLYH� DJULFXOWXUDO� V\VWHPV�� DQG� DUH� RQ� SHVWV� ZLWK� D� YHU\�
GLIIHUHQW�ELRORJ\�IURP�ZDVSV��

��� 3URJUDPPHV�XVLQJ�SKHURPRQHV�DV�DWWUDFWDQWV�DUH�NQRZQ�WR�EH�PRVW�HIIHFWLYH�ZLWK�ORZ�
WR�PRGHUDWH�SRSXODWLRQ�GHQVLWLHV��DQG�LI�KLJK�SHVW�QXPEHUV�RFFXU��WKHQ�VXSSOHPHQWDU\�
FRQWURO� LV� UHTXLUHG� �H�J�� LQVHFWLFLGH� VSUD\LQJ� IRU� FURSV��� 7KHVH� FRQGLWLRQV� DUH� OHVV�
OLNHO\�WR�EH�PHW�ZLWK�ZDVSV��

��� 7KH� LVVXH� RI� VHFRQGDU\� SHVWV�� SKHURPRQHV� DUH� XVXDOO\� VSHFLILF� WR� RQH� VSHFLHV�� VR� LI�
FRQWURO� LV� VXFFHVVIXO� RQ� WKH� SULPDU\� WDUJHW�� D� VHFRQGDU\� SHVW� PD\� WKHQ� EHFRPH� D�
SUREOHP��7KLV�PD\�KDSSHQ�ZLWK�ZDVSV�LQ�1HZ�=HDODQG�EHFDXVH�WKHUH�DUH�WZR�VSHFLHV�
RI�9HVSXOD��5HGXFLQJ�GHQVLWLHV�RI�MXVW�RQH�VSHFLHV�ZLOO�PRUH�WKDQ�OLNHO\�LQFUHDVH�WKH�
GHQVLW\�RI�WKH�RWKHU��

+RZHYHU��WKHUH�DUH�RSSRUWXQLWLHV�IRU�SKHURPRQHV�WR�SOD\�D�UROH�LQ�WKH�FRQWURO�RI�ZDVSV��
EHFDXVH�VRFLDO�ZDVSV�QHHG�DQ�HIILFLHQW�FRPPXQLFDWLRQ�V\VWHP�WR�FRRUGLQDWH�WKHLU�PHPEHUV�LQ�
WKH�QXPHURXV�DFWLYLWLHV�RI�WKH�QHVW��&ODXGLD�HW�DO���������
&ODXGLD� HW� DO�� ������� SURYLGH� D� WKRURXJK� UHYLHZ�RI� SKHURPRQHV� LQ� VRFLDO�ZDVSV�� DQG� VKRZ�
WKDW�WKUHH�JURXSV�RI�SKHURPRQHV�DUH�RI�SDUWLFXODU�LQWHUHVW�IRU�ZDVS�FRQWURO��
•� 4XHHQ�SKHURPRQHV�XVHG�WR�FRQWURO�ZRUNHUV�DQG�PDLQWDLQ�QHVW�FRKHVLRQ��7KHUH�LV�JRRG�

HYLGHQFH� RI� SKHURPRQH� FRQWURO� RYHU� ZRUNHUV� E\� WKH� TXHHQ� LQ� 9HVSXOD�� ,W� KDV� EHHQ�
GHPRQVWUDWHG�WKDW�ZKHQ�WKH�TXHHQ�LV�UHPRYHG�IURP�WKH�QHVW��ZRUNHU�IRUDJLQJ�DQG�
QHVW� WDVNV� UHGXFH�� RU� HYHQ� FRPSOHWHO\� VWRS�� )XUWKHUPRUH�� WKHVH� WDVNV� UHVXPH� LI� WKH�
TXHHQ�LV�SODFHG�EDFN�LQWR�WKH�QHVW��VKRZLQJ�WKH�LPSRUWDQFH�RI�WKH�TXHHQ�LQ�FRQWUROOLQJ�
WKH�QHVW��'LVUXSWLRQ�RI�TXHHQ�SKHURPRQH�FRQWURO�RI�ZRUNHUV�ZRXOG�OHDG� WR�VLJQLILFDQW�
ORVV�RI�QHVW�SURGXFWLYLW\�DQG�SRVVLEO\�HYHQ�FDXVH�WKH�GHDWK�RI�WKH�QHVW��
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•� $ODUP�SKHURPRQHV��'HIHQFH�RI� WKH�QHVW� LV� FULWLFDO� IRU� DOO� QHVW�PHPEHUV�� DQG� WKLV�KDV�
PHDQW�ZDVSV�KDYH�HYROYHG�UDSLG�FRPPXQLFDWLRQ�V\VWHPV�WR�UHFUXLW�QHVW�PDWHV�DJDLQVW�
LQWUXGHUV� �&ODXGLD� HW� DO�� �������$ODUP� SKHURPRQHV� FRXOG� EH� XVHG� WR� GLVUXSW� QHVW�
DFWLYLWLHV��3UHYLRXV�UHVHDUFK�RQ�ERWK�9��YXOJDULV�DQG�9��JHUPDQLFD�KDV�VKRZQ�WKH�VWLQJ�
DSSDUDWXV�DQG�YHQRP�DUH�WKH�VRXUFH�RI�WKH�DODUP��5HVHDUFK�LQ�1HZ�=HDODQG�FRQILUPHG�
WKLV�� EXW� DOVR� VKRZHG� WKDW� JUHDWHU� TXDQWLWLHV� RI� WKH� VDPH� FRPSRXQGV� ZHUH� DFWXDOO\�
UHSHOOHQW�WR�ZDVSV��:HVWRQ�HW�DO���������DQG�VXJJHVWHG�WKLV�FRXOG�EH�GHYHORSHG�LQWR�D�
SURGXFW�� HLWKHU� IRU� SHUVRQDO� XVH�� RU� WR� UHSHO�ZDVSV� IURP� IRRG� VRXUFHV�� EXLOGLQJV�� DQG�
UHFUHDWLRQDO�DUHDV��

•� 1HVW�PDWH� UHFRJQLWLRQ� SKHURPRQHV� EHWZHHQ� ZRUNHU� ZDVSV�� :DVS� QHVWV� DUH� µFORVHG�
V\VWHPV¶�ZKHUH�DFFHVV�WR�QRQ�JURXS�PHPEHUV�LV�GHQLHG��&ODXGLD�HW�DO���������7KHUH�LV�
UREXVW�HYLGHQFH� WKDW�QHVW�PDWH� UHFRJQLWLRQ� LV�PHGLDWHG�E\�FKHPLFDO� VLJQDOV��&XWLFXODU�
K\GURFDUERQV��&+&V��RQ�WKH�ERG\�VXUIDFH�RI�D�ZDVS�SOD\�D�FRPPXQLFDWLYH�UROH��1HVW�
PDWH�UHFRJQLWLRQ�SKHURPRQHV�FRXOG�DOVR�EH�XVHG� WR�FDXVH�DJJUHVVLRQ�DQG� ORVV�RI�QHVW�
SURGXFWLYLW\��0RVW� NQRZOHGJH� IRU� QHVW�PDWH� SKHURPRQHV� RFFXUV� IRU� SDSHU�ZDVSV�� EXW�
VXFK�SKHURPRQHV�KDYH�DOVR�EHHQ�SUHYLRXVO\�H[DPLQHG�IRU�9HVSXOD��

& � �

,Q� D� UHYLHZ� RI� ZDVS� FRQWURO� LQ� 1HZ� =HDODQG�� $UNH� ������� SURSRVHG� WKDW� PRUH� HPSKDVLV�
VKRXOG� EH� JLYHQ� WR� SKHURPRQH� UHVHDUFK�� DQG� LQ� SDUWLFXODU� WR� SKHURPRQHV� WKDW� GLVUXSW� WKH�
FRKHVLRQ�RI�WKH�ZDVS�QHVW��WKDW�LV��TXHHQ�SKHURPRQHV��WKDW�FRQWURO�ZRUNHUV���DQG�RU�DODUP�RU�
UHFRJQLWLRQ�SKHURPRQHV��
8QIRUWXQDWHO\� VXFK� ZRUN� GLG� QRW� KDSSHQ� DW� WKDW� WLPH�� GXH� WR� UHVHDUFK� EHLQJ� GLUHFWHG� DW�
ELRORJLFDO� FRQWURO� DQG� EDLWV�� 7KH� OLPLWHG� DPRXQW� RI� SKHURPRQH� ZRUN� WKDW� ZDV� GRQH� ZDV�
GLUHFWHG�WRZDUGV�DWWUDFWDQWV��GHVSLWH�WKH�IDFW�WKDW�$UNH��������FRQVLGHUHG�WKDW�UHVHDUFK�RQ�
SKHURPRQHV�XVHG�DV�ZDVS�DWWUDFWDQWV�ZDV�³D�WRSLF�ZLWK�VPDOO�FKDQFH�IRU�VXFFHVV´� �VHH�
³6HFWLRQ����7UDSSLQJ´���
,W� LV� DOVR� WKH�RSLQLRQ�RI� WKH� FXUUHQW� DXWKRU� WKDW�SKHURPRQHV� WKDW�GLVUXSW�QHVW� DFWLYLWLHV�ZLOO�
KDYH�D�JUHDWHU�FKDQFH�RI�GHOLYHULQJ�VXFFHVVIXO�FRQWURO��

Z �

•� 3ULRULW\� VKRXOG� EH� JLYHQ� WR� UHVHDUFK� RQ� LGHQWLI\LQJ� SKHURPRQHV� WKDW� GLVUXSW� QHVW�
DFWLYLWLHV�RI�9��JHUPDQLFD�DQG�9��YXOJDULV��7KLV�UHVHDUFK�VKRXOG�LQFOXGH�PHFKDQLVPV�RQ�
WKH�GHOLYHU\�RI�SKHURPRQHV�WR�ZDVS�QHVWV��

� �
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%LRORJLFDO� FRQWURO� IRU� ZDVSV� LQ� 1HZ� =HDODQG� KDV� UHFHLYHG� VLJQLILFDQW� DWWHQWLRQ� �)LJXUH� ���
7DEOH� ���� ZLWK� WKH� PDLQ� IRFXV� RQ� XVLQJ� ³6SKHFRSKDJD´�� %HFDXVH� RI� WKH� ODUJH� DPRXQW�
LQIRUPDWLRQ�DYDLODEOH��D�VHSDUDWH�VHFWLRQ�IRU�ELRORJLFDO�FRQWURO�XVLQJ�³6SKHFRSKDJD´�KDV�EHHQ�
FUHDWHG��2WKHU�SRWHQWLDO�ELRFRQWURO�DJHQWV�DUH�GLVFXVVHG�LQ�WKH�QH[W�VHFWLRQ��
6SKHFRSKDJD� LV�D�JHQXV�RI�SDUDVLWRLG�ZDVSV� WKDW�DWWDFN� WKH� ODUYDH�RI�9HVSXOD�ZDVSV� �DQG�D�
IHZ�RWKHU� VRFLDO�ZDVSV��� OD\LQJ� WKHLU�HJJV�RQ� WKH�RXWVLGH�RI� WKH�GHYHORSLQJ� ODUYDH�DQG�SUH�
SXSD�RI�9HVSXOD�ZDVSV��7KHVH�HJJV�GHYHORS�LQWR�ODUYDH�DQG�FRQVXPH�WKH�ZDVS�KRVW��6SHFLHV�
RI�6SKHFRSKDJD�DUH�DSSUR[LPDWHO\��±��PP�LQ�VL]H�DQG�DUH�IURP�WKH�IDPLO\�,FKQHXPRQLGDH��
6SKHFRSKDJD� KDYH� EHHQ� UHFRUGHG� QDWXUDOO\� IURP� (XURSH�� 5XVVLD�� ,VUDHO�� -DSDQ�� 86$�� DQG�
&DQDGD��WKH\�PD\�DOVR�RFFXU�LQ�RWKHU�SODFHV�DURXQG�WKH�ZRUOG��
7KHUH�DUH�WZR�VSHFLHV�RI�6SKHFRSKDJD��7KH�ILUVW�VSHFLHV��6SKHFRSKDJD�YHVSDUXP��KDV�WKUHH�
VXEVSHFLHV�� YHVSDUXP�� EXUUD� DQG� GLSORSWHURUXP�� 7ZR� RI� WKHVH� �YHVSDUXP�� EXUUD�� ZHUH�
LQWURGXFHG� DQG� UHOHDVHG� LQ�1HZ�=HDODQG��2QH� �6�� Y�� YHVSDUXP�� LV� HVWDEOLVKHG�� 7KH� VHFRQG�
VSHFLHV�� 6SKHFRSKDJD� RULHQWDOLV�� ZDV� GHVFULEHG� E\� 'RQRYDQ� �������� DQG� RULJLQDOO\� ZDV�
WKRXJKW� WR�EH�DQRWKHU�VXEVSHFLHV�RI�6SKHFRSKDJD�YHVSDUXP��7KLV�VSHFLHV� LV� IRXQG� LQ� ,VUDHO�
DQG� ZDV� LQWURGXFHG� DQG� UHOHDVHG� LQ� 1HZ� =HDODQG�� EXW� KDV� IDLOHG� WR� HVWDEOLVK�� $V� WKH�
WD[RQRP\� RI� 6SKHFRSKDJD� LV� VWLOO� SRRUO\� VWXGLHG� LW� LV� SRVVLEOH� WKDW� PRUH� VSHFLHV� DQG�
VXEVSHFLHV�H[LVW��7KH�1HZ�=HDODQG�UHVHDUFK�RQ�6SKHFRSKDJD� LV� WKH�PRVW�GHWDLOHG�FXUUHQWO\�
DYDLODEOH��
7KH�DEEUHYLDWLRQV�699�LV�XVHG�IRU�6SKHFRSKDJD�YHVSDUXP�YHVSDUXP��DQG�69%�LV�XVHG�
IRU�6SKHFRSKDJD�YHVSDUXP�EXUUD��
:KLOH�7KRPDV��������ILUVW�PHQWLRQHG�69%�DV�³PRVW�SURPLVLQJ´�IRU�ELRORJLFDO�FRQWURO��LW�ZDV�
QRW�XQWLO�������WKDW�FRFRRQV�RI�69%�ZHUH�UHFHLYHG�E\�1HZ�=HDODQG�UHVHDUFKHUV�IURP�'U�5��
$NUH��DW�:DVKLQJWRQ�6WDWH�8QLYHUVLW\��86$�� IURP�QHVWV�RI�9HVSXOD�DWURSLORVD� �'RQRYDQ�	�
5HDG��������,Q�1HZ�=HDODQG��WKH\�ZHUH�SURSDJDWHG�RQ�*HUPDQ�ZDVSV�LQ�WKH�ODERUDWRU\��DQG�D�
IHZ� ZHUH� UHOHDVHG� LQWR� WKH� ILHOG� EXW� GLG� QRW� HVWDEOLVK�� 'XH� WR� ORZ� QXPEHUV� DQG� UHDULQJ�
GLIILFXOWLHV��E\�ODWH������WKH�SRSXODWLRQ�KDG�GLHG�RXW�LQ�WKH�ODERUDWRU\��
$W� WKLV� VWDJH� ZRUN� EHJDQ� RQ� DQRWKHU� VXEVSHFLHV�� 699�� ZKLFK� RFFXUUHG� LQ� (XURSH�� ,W� ZDV�
WKRXJKW� WKDW� (XURSHDQ� SRSXODWLRQV� RI� 6SKHFRSKDJD� ZRXOG� EH� EHWWHU� HTXLSSHG� WR� DWWDFN�
9HVSXOD� SRSXODWLRQV� WKDW� KDG� RULJLQDWHG� IURP�(XURSH��&RFRRQV� RI� 699� IURP�6ZLW]HUODQG��
*HUPDQ\��DQG�$XVWULD�DUULYHG�LQWR�1HZ�=HDODQG�TXDUDQWLQH�GXULQJ�6HSWHPEHU�2FWREHU�������
DQG� IXUWKHU� VKLSPHQWV� ZHUH� UHFHLYHG� GXULQJ� 2FWREHU�1RYHPEHU� ����� �'RQRYDQ� 	� 5HDG�
�������DQG�SURSDJDWLRQ�DQG�XQUDYHOOLQJ�WKH�OLIH�F\FOH�RI�699�EHJDQ��'RQRYDQ�	�5HDG�������
'RQRYDQ��������
:LWKLQ�ZDVS� QHVWV��6SKHFRSKDJD� IHPDOHV� RYLSRVLW� WKURXJK� D� µFDS¶� WKDW� FRYHUV� WKH� FHOOV� RI�
9HVSXOD�SXSDH��6SKHFRSKDJD� ODUYDH�IHHG�H[WHUQDOO\�RQ� WKH�9HVSXOD�SXSDH�DQG�GHYHORS� LQWR�
WKUHH�W\SHV�RI�µFRFRRQV¶��
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•� WKRVH� WKDW� KDWFK� �ZLWKLQ� ��� GD\V�� IURP�ZKLWH� FRFRRQV� DUH� VPDOO� VKRUW�ZLQJHG�
IHPDOHV��ZKLFK�WKHQ�IXUWKHU�RYLSRVLW�RQWR�ZDVS�SXSDH�LQ�WKH�QHVW�

•� WKRVH� WKDW� KDWFK� �ZLWKLQ� ��� GD\V�� IURP� \HOORZ� DQG� WKLQ�ZDOOHG� FRFRRQV� DUH�
ZLQJHG�IHPDOHV��DQG�PDOHV��DQG�OHDYH�WKH�QHVW�

•� WKRVH� WKDW� KDWFK� IURP� \HOORZ� ODUJH�WKLFN� ZDOOHG� FRFRRQV�� VWD\� LQ� WKH� QHVW� WR�
RYHUZLQWHU��DQG�HPHUJH�RYHU�WKH�QH[W��±��\HDUV��'RQRYDQ��������

&RFRRQ�W\SH�LV�GHWHUPLQHG�E\�WKH�DJH�RI�WKH�KRVW�RQ�ZKLFK�WKH�SDUDVLWRLG�RYLSRVLWHG��\HOORZ�
FRFRRQV� UHVXOWHG� IURP� HJJV� ODLG� LQ� HDUO\� VWDJHV� DIWHU� WKH� SXSDO� FDS� ZDV� VSXQ�� DQG� ZKLWH�
FRFRRQV�IURP�HJJV�ODLG�RQ�PRUH�GHYHORSHG�SXSDH��+DUULV�	�5RVH��������

Z � � � � �^ss�

'RQRYDQ� HW� DO�� ������� RXWOLQHG� WKH� UHOHDVHV� RI� 699� IURP� ����� WR� ������ 5HODWLYHO\� VPDOO�
QXPEHUV�RI�699�ZHUH� UHOHDVHG�GLUHFWO\� LQWR�ZDVS�QHVWV�� LQ�DQG�DURXQG�&KULVWFKXUFK� LQ� WKH�
VSULQJ�RI������DQG�������+RZHYHU��ODUJH�VFDOH�UHOHDVHV�RFFXUUHG�LQ�WKH�ZLQWHU�RI�������ZKHUH�
!�������\HOORZ�FRFRRQV��ZKLFK�KDG�EHHQ�UHDUHG�DW�/LQFROQ� LQ� WKH�SUHYLRXV�VXPPHU���ZHUH�
GLVWULEXWHG� LQ� WKH�6RXWK�,VODQG�LQ�����UHOHDVH�ER[HV������FRFRRQV�SHU�ER[���$�IXUWKHU������
\HOORZ�FRFRRQV�IURP�/LQFROQ�ZHUH�UHOHDVHG�LQ����ER[HV�QHDU�+DPLOWRQ�LQ�WKH�1RUWK�,VODQG��
7ZHQW\�WKUHH� UHOHDVH� ER[HV�ZHUH� VLWHG�ZLWKLQ� WKH� JUHDWHU�&KULVWFKXUFK� DUHD� DQG� ���� LQ� WKH�
QRUWK�DQG�ZHVW�RI�WKH�6RXWK�,VODQG��
,QLWLDOO\��699�ZDV� UHFRYHUHG� IURP�RQO\�D� VLQJOH�QHVW� LQ�&KULVWFKXUFK� �������DQG� IURP� WZR�
QHVWV� DW� 3HORUXV� %ULGJH� �WRS� RI� WKH� 6RXWK� ,VODQG��� $W� WKLV� VWDJH�� WKHVH� UHVXOWV� ZHUH�
HQFRXUDJLQJ��DQG�VXJJHVWHG�WKDW�6��Y��YHVSDUXP�FRXOG�VXUYLYH�LQ�1HZ�=HDODQG��DQG�ZDV�VHOI�
SURSDJDWLQJ��'RQRYDQ�HW�DO���������
)XUWKHU�UHDULQJ�DQG�PDVV�UHOHDVHV�RI�699�RFFXUUHG��DQG�E\�������RYHU���������FRFRRQV�KDG�
EHHQ�UHOHDVHG��FRYHULQJ�PRVW�DUHDV�RI�1HZ�=HDODQG��5HDG�HW�DO���������%HJJV�HW�DO�� �������
QRWHG�WKDW�!��������RYHUZLQWHULQJ�FRFRRQV�KDG�EHHQ�UHOHDVHG�DW����VLWHV�E\�������
+RZHYHU��D�ODUJH�VWXG\�E\�0ROOHU�HW�DO�������D���H[DPLQHG�!�����QHVWV�IURP����UHOHDVH�
VLWHV��DQG�IRXQG�WKDW�699�ZDV�RQO\�HVWDEOLVKHG�DW�3HORUXV�%ULGJH��7KH\�VXJJHVWHG�699�
ZDV�KDYLQJ�GLIILFXOW\�LQ�EHFRPLQJ�HVWDEOLVKHG���
$�IXUWKHU�VWXG\��%HJJV�HW�DO��������H[DPLQHG�WKH�HVWDEOLVKPHQW�RI�699�DW����VLWHV��DQG�IRXQG�
WKDW�LW�KDG�RQO\�HVWDEOLVKHG�DW�RQH�DGGLWLRQDO�VLWH��$VKOH\�)RUHVW��LQ�WKH�&DQWHUEXU\�IRRWKLOOV���
7KH\� UHFRPPHQGHG� WKDW� QR� IXUWKHU� UHOHDVHV� RI� 699� EH� PDGH�� GXH� WR� WKH� ODUJH� QXPEHUV�
DOUHDG\�UHOHDVHG�DQG�LWV�DSSDUHQWO\�SRRU�HVWDEOLVKPHQW�VXFFHVV��

Z � � �^ �

6XEVHTXHQW�ZRUN�RQ�6SKHFRSKDJD�PRYHG�DZD\�IURP�699�DQG�RQWR�69%��ZKLFK�ZDV�DJDLQ�
LPSRUWHG�LQWR�1HZ�=HDODQG�IURP�WKH�86$��'RQRYDQ�������+DUULV�	�5HDG��������69%�ZDV�
PDVV� UHOHDVHG� DW� WZR� VLWHV� �$UWKXU¶V� 3DVV� DQG� 7HQQ\VRQ� ,QOHW��� DQG� VPDOOHU� UHOHDVHV� ZHUH�
PDGH�DW�WKUHH�RWKHU�VLWHV��$OWKRXJK�WKHUH�KDV�EHHQ�OLPLWHG�IROORZ�XS��WKHUH�LV�QR�HYLGHQFH�
RI�LWV�HVWDEOLVKPHQW��+DUULV�	�5HDG��������
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3HUPLVVLRQ� WR� UHOHDVH� D� WKLUG� VXEVSHFLHV��6SKHFRSKDJD� YHVSDUXP� LVUDHOHQVLV�ZDV� JDLQHG� LQ�
������7KLV�VXEVSHFLHV�ZDV�PRUSKRORJLFDOO\�TXLWH�GLVWLQFW� IURP�699�DQG�69%��%HUU\�HW�DO��
�������DQG�VXEVHTXHQW�WD[RQRPLF�ZRUN�GHVFULEHG�LW�DV�D�QHZ�VSHFLHV��6SKHFRSKDJD�RULHQWDOLV�
�'RQRYDQ��������6SKHFRSKDJD�RULHQWDOLV�DWWDFNV� WKH�2ULHQWDO� KRUQHW��9HVSD�RULHQWDOLV�� DQG�
ZDV�UHOHDVHG�LQ�1HZ�=HDODQG�WR�DWWDFN�9HVSXOD�ZDVSV�DV�D�µQHZ�DVVRFLDWLRQ¶�� WKDW�LV�� LW�KDG�
QRW�SUHYLRXVO\�EHHQ�UHFRUGHG�DV�EHLQJ�D�SDUDVLWRLG�RI�9HVSXOD�ZDVSV��&RPSDUHG�ZLWK�HDUOLHU�
UHOHDVHV�RI�699��RQO\�YHU\�OLPLWHG�UHOHDVHV�RI�6SKHFRSKDJD�RULHQWDOLV�ZHUH�PDGH��DQG�LW� LV�
QRW�UHJDUGHG�DV�KDYLQJ�HVWDEOLVKHG��'RQRYDQ�HW�DO���������

K � � � � �^ss�

$�QXPEHU�RI�VWXGLHV�KDYH�VLQFH�H[DPLQHG�WKH�VSUHDG��SRSXODWLRQ�G\QDPLFV�DQG�LPSDFWV�
RQ�ZDVSV� RI� 699� �%DUORZ� HW� DO� ������%HJJV�	�+DUULV� ������%HJJV� HW� DO�� ������ �������
8QIRUWXQDWHO\��WKH�UHVXOWV�DUH�QRW�SURPLVLQJ���
%HJJV�HW�DO���������VKRZHG�WKDW�L��WKH�PD[LPXP�SURSRUWLRQ�RI�SDUDVLWLVHG�QHVWV�ZDV������EXW�
WKHUH� ZDV� QR� WUHQG� RI� WKLV� LQFUHDVLQJ� RYHU� WLPH�� LL�� WKHUH� ZDV� QR� HYLGHQFH� WKDW� 699� KDG�
UHGXFHG�WKH�ZDVS�SRSXODWLRQ�GHQVLW\��DQG�LLL��IHZHU�DQG�IHZHU�SDUDVLWRLGV�SHU�QHVW�ZHUH�EHLQJ�
SURGXFHG�HDFK�\HDU��*LYHQ� WKHVH� UHVXOWV�� LW�ZDV� FRQFOXGHG� WKDW�699�HVWDEOLVKHG�DW�3HORUXV�
%ULGJH�LV�XQOLNHO\�WR�LPSDFW�ZDVS�SRSXODWLRQV�LQ�WKH�IXWXUH���

� K �/ � �� �� �� �
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(VVHQWLDOO\�� WKHUH� LV� YHU\� OLWWOH� LQIRUPDWLRQ� RQ� RWKHU� LQYHUWHEUDWHV� DV� ELRFRQWURO� DJHQWV� IRU�
ZDVSV��6HYHUDO� VSHFLHV� KDYH� EHHQ� SURSRVHG� DV� DJHQWV�� EXW� QRQH� KDYH� EHHQ� WKRURXJKO\�
DVVHVVHG�LQ�WHUPV�RI�WKHLU�OLNHO\�LPSDFW��RU�QRQ�WDUJHW�LPSDFWV��
7KRPDV��������S������SURYLGHV�D�VKRUW�OLVW�RI�QDWXUDO�HQHPLHV�RI�ZDVSV��0HWRHFXV�SDUDGR[XV��
$SKRPLD�VRFLHOOD��DQG�QHPDWRGHV��EXW�ZLWKRXW�IXUWKHU�GHWDLO��
0HWRHFXV�SDUDGR[XV� �&ROHRSWHUD��5LSLSKRULGDH�� LV� NQRZQ�DV� WKH� µZDVS�QHVW� EHHWOH¶�� DQG� LV�
ZLGHVSUHDG�LQ�(XURSH��$OWKRXJK�LW�KDV�D�FRPSOH[�OLIHF\FOH��LW�ZDV�WKH�µQH[W�LQ�OLQH¶�WR�EHFRPH�
D�ELRFRQWURO�DJHQW�LQ�1HZ�=HDODQG��'RQRYDQ��������
$SKRPLD�VRFLHOOD��/HSLGRSWHUD��3\UDOLGDH��LV�NQRZQ�DV�WKH�µEHH�PRWK¶��LWV�ODUYDH�FRYHU�QHVWV�
RI�EXPEOHEHHV�DQG�ZDVSV�ZLWK�D�ZHEELQJ�DQG�GHVWUR\�WKH�EURRG��6SUDGEHU\��������$OWKRXJK�
SRWHQWLDOO\�XVHIXO�DJDLQVW�ZDVSV��LW�FKLHIO\�DWWDFNV�EXPEOHEHHV��VR�LWV�UHOHDVH�LQ�1HZ�=HDODQG�
LV�XQOLNHO\��JLYHQ�WKH�HFRQRPLF�LPSRUWDQFH�RI�EXPEOHEHHV�WR�SROOLQDWLRQ�RI�FURSV��
1HPDWRGHV� KDYH� DOVR� EHHQ� LQYHVWLJDWHG� DV� ELRORJLFDO� FRQWURO� DJHQWV� IRU� ZDVSV�� *DPELQR�
������� UHSRUWHG� RQ� H[SHULPHQWV� ZKHUH� 9HVSXOD� ZDVSV� ZHUH� LQIHFWHG� ZLWK� QHPDWRGHV��
$OWKRXJK�YHU\�KLJK�PRUWDOLW\�ZDV�UHFRUGHG��WKLV�ZDV�D�VPDOO�VFDOH�ODERUDWRU\�WULDO��*X]PDQ�
������� UHSRUWHG� RQ� D� FRPELQDWLRQ� RI� ODERUDWRU\� DQG� ILHOG� H[SHULPHQWV� ZKHUH� 9HVSXOD�
JHUPDQLFD� ZHUH� LQIHFWHG� ZLWK� 6WHLQHUQHPD� QHPDWRGHV�� +LJK� PRUWDOLW\� UDWHV� ZHUH� DOVR�
REWDLQHG�� DQG� LW� DSSHDUHG� WKDW� WKH� QHPDWRGHV� KDG� DOVR� UHSURGXFHG�� FUHDWLQJ� D� VHFRQG�
JHQHUDWLRQ��0DUWLQ��������H[DPLQHG�WKH�XVH�RI�PHUPLWKLG�QHPDWRGHV�IRU�ELRORJLFDO�FRQWURO�RI�
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ZDVSV�� 0HUPLWKLG� QHPDWRGHV� DUH� YHU\� ODUJH� FRPSDUHG� ZLWK� WKRVH� XVHG� LQ� HDUOLHU� VWXGLHV�
�*DPELQR� ������*X]PDQ� �������3KHURPHUPLV� QHPDWRGHV� DSSHDUHG� WR� LQIHFW� TXHHQ� ODUYDH��
WKXV�SRWHQWLDOO\�DIIHFWLQJ�WKH�UHSURGXFWLYH�RXWSXW�RI�WKH�QHVW���
&DUPHDQ� ������� SURSRVHG� WKDW� 7ULJRQDO\LG� SDUDVLWRLG� ZDVSV� KDYH� SRWHQWLDO� DV� ELRORJLFDO�
FRQWURO�DJHQWV��WKHLU�PDLQ�DGYDQWDJH�EHLQJ�WKDW�WKH\�DUH�H[WUHPHO\�IHFXQG��OD\LQJ�WKRXVDQGV�
RI�HJJV��+RZHYHU��WKH\�KDYH�D�FRPSOH[�OLIH�F\FOH��LQYROYLQJ�WZR�VXFFHVVLYH�KRVWV��DQG�WKHUH�
PD\�EH�JUHDWHU�SRWHQWLDO�IRU�QRQ�WDUJHW�HIIHFWV�DV�WKH�7ULJRQDO\LG�ODUYDH�DUH�RIWHQ�JHQHUDOLVWV��
$� UHFHQW�GHYHORSPHQW� LV� WKH�GLVFRYHU\�RI�PLWHV� LQ�D�ZDVS�QHVW� LQ�1HZ�=HDODQG��7KH�PLWHV�
ZHUH�GLVFRYHUHG� LQ�&DQWHUEXU\�E\�%RE�%URZQ��D�3K'�VWXGHQW�ZRUNLQJ�RQ�ZDVS�DWWUDFWDQWV��
7KH�PLWHV� KDYH� EHHQ� LGHQWLILHG� DV� D� QHZ� VSHFLHV� RI�3QHXPRODHODSV� �=4� =KDQJ�� /DQGFDUH�
5HVHDUFK��SHUV��FRPP����EXW�WKHUH�LV�XQFHUWDLQW\�ZKHWKHU�RU�QRW�LW�LV�QDWLYH��,QIRUPDWLRQ�IURP�
RYHUVHDV� GHVFULEHV� 3QHXPRODHODSV� PLWHV� DV� JHQHUDOO\� DVVRFLDWHG� ZLWK� WKH� QHVWV� RI�
EXPEOHEHHV��/LWWOH�LV�NQRZQ�DERXW�WKHLU�ELRORJ\�EXW�LW�VHHPV�WKH\�IHHG�RQ�QHFWDU�DQG�SROOHQ��
DQG� SHUKDSV� RQO\� XVH� WKH� EXPEOHEHH� QHVW� �RU� ZDVS� QHVW�� WR� RYHUZLQWHU�� )XUWKHU� ZRUN� LV�
QHHGHG�WR�GHWHUPLQH�WKH�GHJUHH�WR�ZKLFK�PLWHV�DUH�DWWDFNLQJ�ZDVSV��DV�WKH�GLVFRYHU\�RI�PLWHV�
LQ�ZDVS�QHVWV�KDV�QRW�EHHQ�UHFRUGHG�EHIRUH�LQ�1HZ�=HDODQG��GHVSLWH�WKH�PDQ\�WKRXVDQGV�RI�
ZDVS� QHVWV� SUHYLRXVO\� H[FDYDWHG�� 7KH� SRWHQWLDO� IRU� WKLV� µQHZ� GLVFRYHU\¶� DV� D� ELRORJLFDO�
FRQWURO�DJHQW�QHHGV�IXUWKHU�DVVHVVPHQW��

� W � �� �� �� �
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$NUH���������LQ�D�UHYLHZ�RI�ZDVS�UHVHDUFK�DQG�FRQWURO�PHWKRGV�LQ�1HZ�=HDODQG��PHQWLRQHG�
WKH�ODFN�RI�ZRUN�RQ�SDWKRJHQV��$V�D�UHVXOW��UHYLHZV�RI�SDWKRJHQV�ZHUH�XQGHUWDNHQ��*ODUH�HW�
DO��������5RVH�HW�DO���������DQG�VHYHUDO�SURPLVLQJ�FDQGLGDWHV�ZHUH�IXUWKHU�H[SORUHG��*ODUH�HW�
DO��������+DUULV�HW�DO�������%URZQEULGJH�HW�DO���������
*ODUH�HW�DO���������IRXQG�WKDW�D�IXQJXV��$VSHUJLOOXV�IODYXV��'HXWHURP\FHWH��+\SKRP\FHWHV���
ZDV� YHU\� VXFFHVVIXO� DW� NLOOLQJ�ZDVS� ODUYDH��+RZHYHU�� DV� WKH� IXQJXV� SURGXFHV� FDUFLQRJHQLF�
DIODWR[LQV�WKDW�FRXOG�DIIHFW�KXPDQV��WKLV�VSHFLHV�KDV�QRW�EHHQ�LQYHVWLJDWHG�IXUWKHU��
5RVH�HW�DO�� �������SURYLGHG�D�VXEVWDQWLDO� UHYLHZ�RI� WKH�SDWKRJHQV�RI�VRFLDO�ZDVSV�DQG� WKHLU�
SRVVLELOLW\� IRU� ELRORJLFDO� FRQWURO�� 7KH\� VKRZHG� WKDW� D� QXPEHU� RI� SDWKRJHQV� KDYH� EHHQ�
UHFRUGHG�IURP�9HVSXOD�QHVWV��DQG�VRPH�RWKHU�UHODWHG�VRFLDO�ZDVSV��� LQFOXGLQJ����IXQJDO�����
EDFWHULDO���±��QHPDWRGH����SURWR]RDQ��DQG���YLUDO�VSHFLHV��KRZHYHU��IHZ�KDYH�EHHQ�FRQILUPHG�
DV�DFWXDOO\�SDWKRJHQLF��7KH\�QRWHG�WKDW�QRQH�RI�WKH�PRVW�SURPLVLQJ�FDQGLGDWHV�KDG�SRWHQWLDO�
DV� FODVVLFDO� VHOI�VXVWDLQLQJ� FRQWURO� DJHQWV� WKDW� FRXOG� EH� WUDQVIHUUHG� IURP� JHQHUDWLRQ� WR�
JHQHUDWLRQ��7KH\�FRXOG��KRZHYHU��EH�XVHG�DV�LQXQGDWLYH�FRQWURO�DJHQWV��
+DUULV� HW� DO�� ������� IXUWKHU� H[DPLQHG� SDWKRJHQV� E\� WHVWLQJ� WKH� SDWKRJHQLFLW\� RI� D� UDQJH� RI�
IXQJL��(LJKW�LVRODWHV��WZR�RI�0HWDUKL]LXP�DQLVRSOLDH��ILYH�RI�%HDXYHULD�EDVVLDQD��DQG�RQH�RI�
$VSHUJLOOXV�IODYXV�ZHUH�SDWKRJHQLF���
0RVW� UHFHQWO\�� %URZQEULGJH� HW� DO�� ������� XVHG� WZR� IXQJL�� 0HWDUKL]LXP� DQLVRSOLDH� DQG�
%HDXYHULD�EDVVLDQD��PL[HG�LQWR�D�QRQ�WR[LF�SURWHLQ�EDLW��7KH�QXPEHU�RI�ZDVSV�HQWHULQJ�QHVWV�
ZDV�VLJQLILFDQWO\�UHGXFHG�E\�WKH�0HWDUKL]LXP�IXQJL��DQG�LQIHFWHG�ODUYDH�ZHUH�UHFRYHUHG�IURP�
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QHVWV� H[SRVHG� WR� HDFK� IXQJDO� WUHDWPHQW�� )XUWKHU� ILHOG� WULDOV� LQ� HDUO\� ����� DOVR� DSSHDUHG� WR�
UHGXFH� ZDVS� QXPEHUV� LQ� VRPH� VLWXDWLRQV� �7UDFH\� 1HOVRQ�� $J5HVHDUFK�� SHUV�� FRPP����
$OWKRXJK�WKHVH�SDWKRJHQ�EDLWV�GR�QRW�KDYH�WKH�VDPH�IDVW�DFWLQJ�HIIHFW�DV�WR[LF�EDLWV��DQG�WKH�
DELOLW\�RI�WKH�IXQJL�WR�EH�VHOI�VXVWDLQLQJ�KDV�\HW�WR�EH�GHWHUPLQHG��WKLV�WHFKQLTXH�RIIHUV�D�QRQ�
WR[LF�DOWHUQDWLYH�WR�WKH�FXUUHQW�EDLWLQJ�PHWKRG��
,Q�JHQHUDO��UHVHDUFK�KDV�GHPRQVWUDWHG�WKH�VXVFHSWLELOLW\�RI�ZDVSV�WR�HQWRPRSDWKRJHQLF�IXQJL�
DQG� WKH�SRWHQWLDO� IRU� WUDQVIHU�RI� OHWKDO�GRVHV�ZLWKLQ� WKH�QHVW� �+DUULV� HW� DO�� �������+RZHYHU��
VHYHUDO� LVVXHV�UHPDLQ�� L��KLJK�VSRUH�FRQFHQWUDWLRQV�DUH�QHHGHG�WR�FDXVH�VLJQLILFDQW� OHYHOV�RI�
LQIHFWLRQ��DQG� LQ�PDQ\�FDVHV� LW� VHHPV� WKHVH� OHYHOV� UDUHO\�RFFXU� LQ� WKH� ILHOG�� WKXV� LQXQGDWLYH�
FRQWURO� WHFKQLTXHV� DUH� SUREDEO\�PRUH� DSSURSULDWH� IRU� SDWKRJHQV� DW� SUHVHQW�� LL�� WKH� GHIHQFH�
PHFKDQLVPV�RI�FRORQLHV�QHHG�WR�EH�RYHUFRPH��DQG�LLL��DSSURSULDWH�GHOLYHU\�V\VWHPV�KDYH�WR�
EH�GHYHORSHG�IRU�IXQJL�WR�EH�XVHG�VXFFHVVIXOO\�DV�D�FRQWURO�DJHQW���
$Q� DGGLWLRQDO� SRLQW� LV� WKDW� VLQFH� PDQ\� RI� WKH� SDWKRJHQV� H[DPLQHG� DUH� JHQHUDOLVWV� DQG�
WKHUHIRUH� QRW� VSHFLILF� WR� ZDVSV�� GHYHORSLQJ� PHWKRGV� WKDW� ZLGHO\� GLVSHUVH� WKHP� LQWR� WKH�
HQYLURQPHQW�ZRXOG�SUREDEO\�KDYH�FRQVLGHUDEOH�QRQ�WDUJHW�HIIHFWV��+RZHYHU��UHVWULFWLQJ�WKHLU�
GLVSHUVDO�E\�SODFLQJ�WKHP�ZLWKLQ�EDLWV�GHVLJQHG�IRU�ZDVSV�ZLOO�UHGXFH�QRQ�WDUJHW�HIIHFWV��

& � �

$Q\�IXUWKHU�LQYHVWLJDWLRQ�LQWR�ELRORJLFDO�FRQWURO�VKRXOG�µJR�EDFN�WR�EDVLFV¶�DQG�GHWHUPLQH�WKH�
IHDVLELOLW\�RI�ELRORJLFDO�FRQWURO��'HWHUPLQLQJ�WKH�UDQJH�RI�SRVVLEOH�DJHQWV��WKHLU�OLNHO\�HIIHFWV�
RQ�ZDVSV��DQG�WKH�EHVW�RULJLQV�IURP�ZKLFK�WKHVH�VKRXOG�EH�VRXJKW��H�J��(XURSH��86$��HWF���DUH�
PDMRU�TXHVWLRQV��
1R�IXUWKHU�ZRUN�RQ�µ6SKHFRSKDJD¶�LV�SODQQHG�E\�LQVWLWXWLRQV�LQ�1HZ�=HDODQG��6SKHFRSKDJD�
SDUDVLWRLGV� QHHG� WR� EH� UH�DVVHVVHG� LQ� WKH� FRQWH[W� RI� WKH� DERYH� IHDVLELOLW\� VWXG\�� +RZHYHU��
IXUWKHU�IROORZ�XS�VXUYH\V�RI�6SKHFRSKDJD�YHVSDUXP�YHVSDUXP�ZRXOG�EH�XVHIXO�WR�GHWHUPLQH��
L��LWV�RQJRLQJ�LPSDFWV�RQ�ZDVSV�DW�3HORUXV�%ULGJH��DQG�LL��ZKHWKHU�LW�KDV�HVWDEOLVKHG�DW�RWKHU�
UHOHDVH�VLWHV�DFURVV�1HZ�=HDODQG��
7KH�XVH�RI�SDWKRJHQLF�IXQJL��VKRXOG�FRQWLQXH�WR�EH�H[DPLQHG�WR�GHWHUPLQH�WKHLU�HIIHFWLYHQHVV�
DV�D�QRQ�WR[LF�DOWHUQDWLYH�WR�EDLWV�FRQWDLQLQJ�LQVHFWLFLGHV��

Z �

•� $� IHDVLELOLW\� VWXG\� IRU� WKH� ELRORJLFDO� FRQWURO� RI� ZDVSV� VKRXOG� EH� XQGHUWDNHQ��
'HWHUPLQLQJ� WKH� UDQJH� RI� SRVVLEOH� DJHQWV�� WKHLU� OLNHO\� HIIHFWV� RQ�ZDVSV�� DQG� WKH� EHVW�
RULJLQV�ZKLFK�WKHVH�VKRXOG�EH�VRXJKW��DUH�YLWDO�TXHVWLRQV��

•� )XUWKHU� ILHOG� WULDOV� ZLWK� SDWKRJHQLF� IXQJL� VKRXOG� EH� FRQGXFWHG� WR� GHWHUPLQH� WKHLU�
HIIHFWLYHQHVV�DV�D�QRQ�WR[LF�DOWHUQDWLYH�WR�WKH�EDLWLQJ�PHWKRG�XVLQJ�LQVHFWLFLGHV��
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51$� LQWHUIHUHQFH� �RU�51$L�� LV� D� QDWXUDO� ELRORJLFDO� SURFHVV� WKDW� SUHYHQWV� JHQH� H[SUHVVLRQ��
DQG� FDXVHV� WKH� GHVWUXFWLRQ� RI� VSHFLILF�PROHFXOHV�� %\� WKH� H[DFW� WDUJHWLQJ� RI� VSHFLILF� JHQHV��
51$L�FDQ�EH�XVHG�WR�³WXUQ�RII´�WKHVH�JHQHV��7KH�51$L�PHFKDQLVP�ZDV�RQO\�GLVFRYHUHG�LQ�
WKH�ODWH�����V�DQG�ZDV�LPPHGLDWHO\�LQYHVWLJDWHG�E\�PHGLFDO�UHVHDUFKHUV�WU\LQJ�WR�XQGHUVWDQG�
WKH�JHQHWLF�EDVLV�IRU�KXPDQ�GLVHDVHV��H�J��FDQFHU��DQG�ZKHWKHU�RU�QRW�51$L�FRXOG�EH�XVHG�WR�
WXUQ�RQ�RII�JHQHV��
0RUH� UHFHQWO\�� 51$L� KDV� EHHQ� SURSRVHG� DV� DQ� PHWKRG� IRU� SHVW� FRQWURO�� 0XFK� RI� WKH�
SURPRWLRQ�VXUURXQGLQJ�51$L�LQ�WKLV�DUHD�KDV�RFFXUUHG�EHFDXVH���

•� LW�GRHV�QRW�LQYROYH�WKH�XVH�RI�SHVWLFLGHV���
•� LV�H[WUHPHO\�VSHFLILF�VSHFLILF��WKXV�DYRLGLQJ�QRQ�WDUJHW�HIIHFWV��DQG��
•� PDQ\� SHVWV� DUH� HYROYLQJ� UHVLVWDQFH� WR� FKHPLFDOV� DQG� QHZ� FRQWURO� DSSURDFKHV� DUH�

QHHGHG��
6XFK� WHFKQRORJ\� FRXOG� EH� DSSOLHG� WR� *HUPDQ� DQG� FRPPRQ� ZDVSV�� +RZHYHU�� WKH� FRQFHSW�
QHHGV�WR�EH�SURYHG��.H\�UHVHDUFK�VWHSV�DUH�QHHGHG�WKDW�LQYROYH�VHTXHQFLQJ�WKH�ZDVS�JHQRPH��
ILQGLQJ�VSHFLILF�JHQHV�WR�WDUJHW�ZDVSV��XQGHUWDNH�WULDOV�WR�SURYH�51$L�FDQ�DIIHFW�ZDVS�JURZWK�
DQG�RU�VXUYLYDO��DQG�DOVR�WULDOV�WR�VKRZ�VXFK�WHFKQRORJ\�GRHV�QRW�DIIHFW�RWKHU�VSHFLHV��
7KLV� LV� D� IXQGDPHQWDO� SDUDGLJP� VKLIW� LQ� ZDVS� FRQWURO�� +RZHYHU�� VXFK� D� WHFKQRORJ\� KDV�
VLJQLILFDQW� SXEOLF� DSSHDO� EHFDXVH� LW� GRHV�QRW� LQYROYH� WKH�XVH�RI� SHVWLFLGHV� DQG� DYRLGV� QRQ�
WDUJHW� HIIHFWV� �LQFOXGLQJ� RQ� KRQH\EHHV���$W� WKLV� VWDJH��ZH� VXJJHVW� WKH� WHFKQRORJ\� FRXOG� EH�
IHHG� WR�ZDVSV�DW� OLTXLG�EDLW�VWDWLRQV��ZKLFK�FRXOG�HDVLO\�EH�XVHG�E\�PHPEHUV�RI� WKH�SXEOLF��
EHHNHHSHUV��LQ�SXEOLF�UHFUHDWLRQ�DUHDV��RUFKDUGV�HWF��

& � �

$� SURSRVDO� KDV� EHHQ� VXEPLWWHG� LQWR� WKH� ����� %LRORJLFDO� ,QGXVWULHV� 5RXQG� �0LQLVWU\� RI�
%XVLQHVV�� ,QQRYDWLRQ� DQG� (PSOR\PHQW� 6FLHQFH� ,QYHVWPHQW� 5RXQG��ZKLFK� DLPV� WR� GHYHORS�
51$L� WHFKQRORJ\� IRU� WKH� FRQWURO� RI� *HUPDQ� DQG� FRPPRQ� ZDVSV�� 7KH� SURSRVDO� LV� D�
FROODERUDWLYH� HIIRUW� EHWZHHQ�/DQGFDUH�5HVHDUFK� DQG�3ODQW� DQG�)RRG�5HVHDUFK�� DQG�DLPV� WR�
KDYH�WKH�NH\�UHVHDUFK�VWHSV�FRPSOHWHG�LQ�WZR�\HDUV��

Z �
•� 6XSSRUW� UHVHDUFK� LQWR� ³51$� LQWHUIHUHQFH´� WHFKQRORJ\�� ,W� LV� D� IXQGDPHQWDOO\� GLIIHUHQW�

DSSURDFK�WR�ZDVS�FRQWURO�ZKLFK�RIIHUV�FRQVLVWHQW�DQG�ORQJ�WHUP�EHQHILWV��,W�KDV�VHYHUDO�
DGYDQWDJHV� LQFOXGLQJ� QRQ�WR[LFLW\�� DQG� H[WUHPHO\� KLJK� VSHFLILFLW\� �DQG� WKXV� KDYH� QR�
QRQ�WDUJHW�HIIHFWV���

�
� �
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7KH�FXUUHQW� VWDWXV�RI� VL[�PDMRU�FRQWURO�PHWKRGV� IRU�9HVSXOD�ZDVSV�KDYH�EHHQ�VXPPDULVHG��
LQFOXGLQJ�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�HDFK�PHWKRG��7DEOH�����
'HVSLWH� WKH�FXUUHQW�SUREOHPV�DVVRFLDWHG�ZLWK�DOO� FRQWURO�PHWKRGV� WKHUH�DUH� VWLOO�PDQ\�
DYHQXHV� DYDLODEOH� IRU� ZDVS� FRQWURO�� 6RPH� PHWKRGV� KDYH� DOUHDG\� EHHQ� SURYHQ� WR� EH�
HIIHFWLYH� �EXW�DUH� VWDOOHG�E\� OHJDO�SDWHQW� LVVXHV��� RWKHU�PHWKRGV�QHHG� IXUWKHU� UHVHDUFK��
VRPHWLPHV�FRQVLGHUDEO\�PRUH��SKHURPRQHV��ELRORJLFDO�FRQWURO��51$L�WHFKQRORJ\����
7KH� OLIH� F\FOH�RI�ZDVSV�PHDQV� WKHUH�DUH�GLIIHUHQW� VWDJHV�RI� WKHLU�ELRORJ\� WKDW�FRXOG�EH�
WDUJHWHG��)RU�H[DPSOH��ZDVSV�DUH�FRQVWUDLQHG�E\�WKHLU�UHOLDQFH�RQ�D�QHVW� �LW�FDQ�EH�GLUHFWO\�
FRQWUROOHG� ±� LI� LW� FDQ� EH� IRXQG��� QHVW� DFWLYLWLHV� DUH� KLJKO\� UHJXODWHG� �SKHURPRQHV� FRXOG� EH�
XVHG� WR� GLVUXSW� WKHVH��� IRUDJLQJ� ZDVSV� UHWXUQ� WR� QHVWV� �PDNLQJ� LW� HDVLHU� WR� GHOLYHU� FRQWURO�
SURGXFWV���HDUO\�QHVWV�DUH�YXOQHUDEOH��IRU�ELRFRQWURO�DJHQWV���
+RZHYHU�� WKH�µVRFLDO�V\VWHP¶�RI�ZDVSV�DOVR�PHDQV�WKH\�DUH�YHU\�GLIIHUHQW�IURP�RWKHU� LQVHFW�
SHVWV��DQG�DWWHPSWLQJ�WR�FRQWURO�VRPH�VWDJHV�RI�WKHLU�OLIH�F\FOH�LV�VLPSO\�LQHIIHFWLYH���
1R� VLQJOH�PHWKRG� VKRXOG� EH� FRQVLGHUHG� DV� µWKH� RQO\� FRQWURO�PHWKRG¶�� ,W� LV� YLWDO� WKDW� HDFK�
PHWKRG�EH�SODFHG�LQ�FRQWH[W�RI�RYHUDOO�ZDVS�PDQDJHPHQW��

� ^ � � �� � �� � �� �D �

7DEOH� �� 5HODWLYH� DVVHVVPHQW� RI� WKH� DGYDQWDJHV� DQG� GLVDGYDQWDJHV� RI� GLIIHUHQW� FRQWURO�
PHWKRGV�IRU�9HVSXOD�ZDVSV�
� �D � � � E � d � ^ ��

� �
^ �^ �

E �� � , � > � , � E � ^ �

d � � > � D , � > � E � ^ D �

� � � � , � > � , � E � ^ D �

W ��
� � �

� > � > � W � ^ D �

� � > � > � > � W � s � �

�E�� � � > � > � W � ^ D �

� � � � � � � � E � � � s � d �
� � � � � � �^ � � � � � � � � � � �
� s � � / � � � � � � � s � � � � � �

^ �^ � � � � � � � �

1HVW�'HVWUXFWLRQ��KLJKO\�HIIHFWLYH��QR�QRQ�WDUJHW�HIIHFWV��WR[LFLW\�KLJK�EXW�GLUHFWHG�RQO\�DW�WKH�
QHVW��KRZHYHU��QHVWV�DUH�FXUUHQWO\�YHU\�GLIILFXOW�WR�ILQG��
7UDSSLQJ�$WWUDFWDQWV��QR�HYLGHQFH�WR�VXSSRUW�LWV�HIIHFWLYHQHVV��VRPH�QRQ�WDUJHW�HIIHFWV�FDQ�EH�
KLJK� GHSHQGLQJ� RQ� WKH� DWWUDFWDQW� XVHG�� HDV\� WR� XVH� E\� WKH� SXEOLF�� FRQWURO� RYHU� D� UHODWLYHO\�
OLPLWHG�VFDOH��
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%DLWV� �JHQHUDO���SURYHQ�PHWKRG� RI� UDSLGO\� UHGXFLQJ� DQG� HOLPLQDWLQJ�ZDVSV�� FRQWURO� RYHU� D�
UHODWLYHO\� OLPLWHG� VFDOH�� WR[LFLW\� KLJK� EXW� EHQHILWV� FXUUHQWO\� VHHQ� WR� RXW�ZHLJKW� FRVWV��%DLWV�
�ZLWK� ILSURQLO��� FXUUHQWO\� XQDYDLODEOH� EHFDXVH� RI� FKHPLFDO� SDWHQW�OHJDO� LVVXHV� DQG� IXWXUH�
DYDLODELOLW\�YHU\�XQFHUWDLQ��%DLWV��ZLWK�RWKHU�WR[LQV���\HW�WR�EH�IXOO\�WHVWHG�DQG�UHJLVWHUHG�EXW�
PD\�EH�DYDLODEOH�LQ�WKH�QHDU�IXWXUH��
3KHURPRQHV� �WR�GLVUXSW�QHVW� DFWLYLWLHV��� ODUJHO\�XQSURYHQ�EXW�JUHDW�SRWHQWLDO�� QR�QRQ�WDUJHW�
HIIHFWV��QR�WR[LFLW\��FRQWURO�RYHU�D�UHODWLYHO\�OLPLWHG�VFDOH��
%LRORJLFDO� FRQWURO�� SRWHQWLDO� WR� VXSSUHVV� QXPEHUV� RI� ZRUNHUV� DQG� UHGXFH� QHVW� GHQVLWLHV��
KRZHYHU�� FXUUHQW� DJHQW� LQHIIHFWLYH�� QR� QRQ�WDUJHW� HIIHFWV�� QR� WR[LFLW\�� UHVXOWV� RFFXU� RYHU� D�
YHU\�ZLGH�DUHD��KLJK�LQLWLDO�FRVWV�EXW�JUHDWHU�FRVW�UHFRYHU\�RYHU�ORQJHU�SHULRGV��
1HZ�'1$� WHFKQRORJ\�� WKH�PHWKRG� NQRZQ� DV� ³51$� LQWHUIHUHQFH´� KDV� EHHQ� SURYHQ� DJDLQVW�
LQVHFW�SHVWV�IRU�FURSV��EXW�QHHGV�����\HDUV�RI�UHVHDUFK�EHIRUH�LW�FDQ�EH�SURYHQ�IRU�ZDVSV��,W�LV�
D�IXQGDPHQWDOO\�GLIIHUHQW�DSSURDFK�WR�ZDVS�FRQWURO��,W�LV�QRQ�WR[LF�DQG�ZLOO�EH�KLJKO\�VSHFLILF�
WR�ZDVSV�DQG�WKXV�KDYH�QR�QRQ�WDUJHW�HIIHFWV��

� K �Z �

(LJKW�UHFRPPHQGDWLRQV�DUH�PDGH�IRU�WKH�FRQWURO�RI�ZDVSV��DQG�DUH�UDQNHG�IURP�KLJKHVW�WR�
ORZHVW�LPSRUWDQFH��7KH�UHFRPPHQGDWLRQV�FRYHU�D�ZLGH�UDQJH�RI�FRQWURO�PHWKRGV��UHIOHFWLQJ�
WKH� SRLQW� WKDW� WKH� FRQWURO� RI� ZDVSV� PD\� RFFXU� YLD� PXOWLSOH� PHWKRGV�� $Q� DGGLWLRQDO�
UHFRPPHQGDWLRQ�LV�DOVR�PDGH�RQ�REWDLQLQJ�LQIRUPDWLRQ�RQ�LPSDFWV��

� �

��� 6XSSRUW�UHVHDUFK�LQWR�³51$�LQWHUIHUHQFH´�WHFKQRORJ\��,W�LV�D�IXQGDPHQWDOO\�GLIIHUHQW�
DSSURDFK� WR� ZDVS� FRQWURO� ZKLFK� RIIHUV� FRQVLVWHQW� DQG� ORQJ�WHUP� EHQHILWV�� ,W� KDV�
VHYHUDO� DGYDQWDJHV� LQFOXGLQJ� QRQ�WR[LFLW\�� DQG� H[WUHPHO\� KLJK� VSHFLILFLW\� �DQG� WKXV�
KDYH�QR�QRQ�WDUJHW�HIIHFWV���

��� $� IHDVLELOLW\� VWXG\� IRU� WKH� ELRORJLFDO� FRQWURO� RI� ZDVSV� VKRXOG� EH� XQGHUWDNHQ�� WR�
GHWHUPLQH� WKH� UDQJH� RI� SRVVLEOH� DJHQWV�� WKHLU� OLNHO\� HIIHFWV� RQ� ZDVSV�� DQG� WKH� EHVW�
RULJLQV�IURP�ZKLFK�WKHVH�DJHQWV�VKRXOG�EH�VRXJKW��

��� ([SHULPHQWV� DQG�RU� PRGHOOLQJ� VKRXOG� EH� FRQGXFWHG� WR� GHWHUPLQH� ZKHWKHU� WUDSSLQJ�
HIIHFWLYHO\� UHGXFHV� ZDVS� QXPEHUV�� $� WKUHVKROG� QXPEHU� LV� UHTXLUHG�� VXFK� DV� µWKH�
QXPEHUV�RI�ZDVSV�GD\�WKDW�QHHG�WR�EH�UHPRYHG¶�WR�VKRZ�WUDSSLQJ�LV�HIIHFWLYH��

��� &RQGXFW� IXUWKHU� ILHOG� WULDOV�ZLWK�SDWKRJHQLF� IXQJL� WR�GHWHUPLQH� LWV�HIIHFWLYHQHVV�DV�D�
QRQ�WR[LF�DOWHUQDWLYH�WR�WKH�EDLWLQJ�PHWKRG�XVLQJ�LQVHFWLFLGHV��

��� ,GHQWLI\�WKRVH�SKHURPRQHV�WKDW�DUH�IXQGDPHQWDO�WR�GLVUXSW�QHVW�DFWLYLWLHV��7KLV�VKRXOG�
LQFOXGH�PHFKDQLVPV�RQ�WKH�GHOLYHU\�RI�SKHURPRQHV�WR�ZDVS�QHVWV��

��� ,I� QHZ� EDLW�WR[LQ� FRPELQDWLRQV� EHFRPH� DYDLODEOH�� WKHQ� XVH� WKHP� DQG� HYDOXDWH� WKHLU�
HIIHFWLYHQHVV��,Q�WKH�PHDQWLPH��SXUVXH�DSSURDFKHV�ZKLFK�GR�QRW�KDYH�LQVHFWLFLGHV��
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��� 7KH� IHDVLELOLW\�RI� WUDLQLQJ�� DQG� WKH�RQ�JRLQJ�FRVWV�RI�XVLQJ�� D� VQLIIHU�GRJ� VKRXOG�EH�
H[DPLQHG��SDUWLFXODUO\�IRU�XVH�DURXQG�SXEOLF�UHFUHDWLRQ�DUHDV��

��� 7KH�IHDVLELOLW\�RI�GHWHFWLQJ�ZDVS�QHVWV�ZLWK�UHPRWH�VHQVLQJ�WHFKQLTXHV��ZKHUH�DHULDO�
VHQVRU�WHFKQRORJLHV�DUH�XVHG�WR�GHWHFW�DQG�FODVVLI\�REMHFWV�RQ� WKH�JURXQG��VKRXOG�EH�
LQYHVWLJDWHG��

/ �

��� 6XUYH\� L�� EHHNHHSHUV�� JUDSH�ZLQH�� DQG� WKH� GDLU\� LQGXVWU\� WR� REWDLQ� XS�WR�GDWH�
HFRQRPLF� ORVVHV� DVVRFLDWHG� ZLWK� ZDVSV�� DQG� LL�� GHWHUPLQH� WKH� VRFLDO� FRVWV� RI�
GLVUXSWLRQ�WR�UHFUHDWLRQDO�DFWLYLWLHV�� �
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7KDQNV�WR�$QQH�$XVWLQ��-DFTXHOLQH�%HJJV��$QGUHD�%\URP��/\QOH\�+D\HV��5RELQ�0DF,QWRVK��
(ULF�6SXUU��DQG�5LFKDUG�7RIW��DQG�IRU�FRPPHQWLQJ�RQ�WKLV�UHSRUW��7KLV�SURMHFW�ZDV�IXQGHG�E\�
(QYLUROLQN�SURMHFW�������76'&����DQG�&RUH�IXQGLQJ�IRU�&URZQ�5HVHDUFK�,QVWLWXWHV�IURP�WKH�
0LQLVWU\�RI�%XVLQHVV��,QQRYDWLRQ�DQG�(PSOR\PHQW¶V�6FLHQFH�DQG�,QQRYDWLRQ�*URXS��WKURXJK�
WKH�³0DQDJLQJ�,QYDVLYH�:HHGV��3HVWV�DQG�'LVHDVHV´�3RUWIROLR��

� Z �

$UFKHU�0(�� ������ 3RSXODWLRQ� G\QDPLFV� RI� WKH� VRFLDO�ZDVSV�9HVSXOD� YXOJDULV� DQG�9HVSXOD�
JHUPDQLFD�LQ�(QJODQG��-RXUQDO�RI�$QLPDO�(FRORJ\��������±�����

$UNH�5'��������:DVS�UHVHDUFK�GLUHFWLRQV��VWUHQJWKV��ZHDNQHVVHV��DQG�IXWXUH�GLUHFWLRQV�1HZ�
=HDODQG�-RXUQDO�RI�=RRORJ\������������±�����

%DUORZ� 1'�� %HJJV� -5�� 0ROOHU� +�� ������ 6SUHDG� RI� WKH� ZDVS� SDUDVLWRLG� 6SKHFRSKDJD�
YHVSDUXP� YHVSDUXP� IROORZLQJ� LWV� UHOHDVH� LQ� 1HZ� =HDODQG�� 1HZ� =HDODQG� -RXUQDO� RI�
(FRORJ\��������±�����

%DUORZ� 1'�� %HJJV� -5�� %DUURQ�0&�� ������ '\QDPLFV� RI� FRPPRQ� ZDVSV� LQ� 1HZ� =HDODQG�
EHHFK� IRUHVWV�� D� PRGHO� ZLWK� GHQVLW\� GHSHQGHQFH� DQG� ZHDWKHU�� -RXUQDO� RI� $QLPDO�
(FRORJ\��������±�����

%HJJV� -5�� +DUULV� 5-�� ������ &DQ� WKH� ZDVS� SDUDVLWRLG� 6SKHFRSKDJD� YHVSDUXP� VLJQLILFDQWO\�
UHGXFH�WKH�GHQVLW\�RI�9HVSXOD�ZDVSV"�1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\�������±����

%HJJV�-5��5HHV�-6��������5HVWUXFWXULQJ�RI�/HSLGRSWHUD�FRPPXQLWLHV�E\�LQWURGXFHG�9HVSXOD�
ZDVSV�LQ�D�1HZ�=HDODQG�EHHFK�IRUHVW��2HFRORJLD���������±������

%HJJV� -5�� ������ 7KH� HFRORJLFDO� FRQVHTXHQFHV� RI� VRFLDO�ZDVSV� �9HVSXOD� VSS��� LQYDGLQJ� DQ�
HFRV\VWHP�WKDW�KDV�DQ�DEXQGDQW�FDUERK\GUDWH�UHVRXUFH��%LRORJLFDO�&RQVHUYDWLRQ�������±
����

%HJJV�-5��+DUULV�5-��5HDG�3(&��������,QYDVLRQ�VXFFHVV�RI�WKH�ZDVS�SDUDVLWRLG�6SKHFRSKDJD�
YHVSDUXP�YHVSDUXP��&XUWLV��LQ�1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\������±
���

%HJJV�-5��5HHV�-6��+DUULV�5-��������1R�HYLGHQFH�IRU�HVWDEOLVKPHQW�RI� WKH�ZDVS�SDUDVLWRLG��
6SKHFRSKDJD�YHVSDUXP�EXUUD� �&UHVVRQ�� �+\PHQRSWHUD� �� ,FKQHXPRQLGDH��DW� WZR�VLWHV�
LQ�1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\��������±�����

%HJJV� -5�� 5HHV� -6�� 7RIW� 5-�� 'HQQLV� 7(�� %DUORZ� 1'�� ������ (YDOXDWLQJ� WKH� LPSDFW� RI� D�
ELRORJLFDO�FRQWURO�SDUDVLWRLG�RQ�LQYDVLYH�9HVSXOD�ZDVSV� LQ�D�QDWXUDO� IRUHVW�HFRV\VWHP��
%LRORJLFDO�&RQWURO��������±�����

%HJJV� -5�� %URFNHUKRII� (*�� &RUOH\� -&�� .HQLV� 0�� 0DVFLRFFKL� 0�� 0XOOHU� )�� 5RPH� 4��
9LOOHPDQW� &�� ������ (FRORJLFDO� HIIHFWV� DQG� PDQDJHPHQW� RI� LQYDVLYH� DOLHQ� 9HVSLGDH��
%LR&RQWURO��������±�����
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%URRNV�5�� %URZQ�%�� %HJJV� -�� ������ &RQWURO� RI�9HVSXOD� ZDVS� TXHHQV� LQ�$UN� LQ� WKH� 3DUN��
:DLWDNHUH�5DQJHV��8QSXEOLVKHG�5HSRUW�WR�$XFNODQG�&RXQFLO��

%URZQEULGJH� 0�� 7RIW� 5�� 5HHV� -�� 1HOVRQ� 7/�� %XQW� &�� ������ 7RZDUGV� EHWWHU� PLWLJDWLRQ�
WHFKQRORJLHV�IRU�LQYDVLYH�ZDVSV��9HVSXOD�VSS��3ODQW�3URWHFWLRQ����������

&DUGH� 57�� 0LQNV� $.�� ������ &RQWURO� RI� PRWK� SHVWV� E\� PDWLQJ� GLVUXSWLRQ�� VXFFHVVHV� DQG�
FRQVWUDLQWV��$QQXDO�5HYLHZ�RI�(QWRPRORJ\��������±�����

&DUPHDQ�'��������%LRORJ\�RI� WKH�7ULJRQDO\LGDH� �+\PHQRSWHUD���ZLWK�QRWHV�RQ� WKH�YHVSLQH�
SDUDVLWRLG�%DUHRJRQDORV�FDQDGHQVLV��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\��������±�����

&DUSHQWHU� -0�� *ODUH� 75�� ������ 0LVLGHQWLILFDWLRQ� RI� 9HVSXOD� DODVFHQVLV� DV� 9�� YXOJDULV� LQ�
1RUWK� $PHULFD� �+\PHQRSWHUD�� 9HVSLGDH�� 9HVSLQDH��� $PHULFDQ� 0XVHXP� 1RYLWDWHV�
�������±���

&ODSSHUWRQ�%.��/R�3/��������:DVS�FRQWURO���D�QHZ�RSWLRQ�H[SORUHG��'HSDUWPHQW�RI�6FLHQWLILF�
DQG�,QGXVWULDO�5HVHDUFK��(FRORJ\�'LYLVLRQ��S����

&ODSSHUWRQ� %.�� 0ROOHU� +�� 6DQGODQW� *�� ����D�� 'LVWULEXWLRQ� RI� VRFLDO� ZDVSV�
�+\PHQRSWHUD�9HVSLGDH�� LQ�1HZ�=HDODQG� LQ� ������1HZ�=HDODQG� -RXUQDO� RI� =RRORJ\�
�������±�����

&ODSSHUWRQ�%.��$OVSDFK�3$��0ROOHU�+��0DWKHVRQ�$*������E��7KH� LPSDFW�RI�FRPPRQ�DQG�
*HUPDQ� ZDVSV� �+\PHQRSWHUD�� 9HVSLGDH�� RQ� WKH� 1HZ� =HDODQG� EHHNHHSLQJ� LQGXVWU\��
1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\��������±�����

&ODSSHUWRQ� %.�� 7LOOH\� -$9�� %HJJV� -5�� 0ROOHU� +�� ������ &KDQJHV� LQ� WKH� GLVWULEXWLRQ� DQG�
SURSRUWLRQV� RI� 9HVSXOD� YXOJDULV� �/��� DQG� 9HVSXOD� JHUPDQLFD� �)DE��� �+\PHQRSWHUD��
9HVSLGDH��EHWZHHQ������DQG������LQ�1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\�
�������±�����

&ODXGLD�%��5LWD�&��6WHIDQR�7��������3KHURPRQHV�LQ�VRFLDO�ZDVSV��9LWDPLQV�DQG�+RUPRQHV�����
���±����

'RQRYDQ�%-��������2FFXUUHQFH�RI� WKH�FRPPRQ�ZDVS��9HVSXOD�YXOJDULV� �/��� �+\PHQRSWHUD��
9HVSLGDH��LQ�1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\��������±�����

'RQRYDQ�%-��5HDG�3(&��������$WWHPSWHG�ELRORJLFDO�FRQWURO�RI�VRFLDO�ZDVSV��9HVSXOD� VSS���
�+\PHQRSWHUD�� 9HVSLGDH�� ZLWK� 6SKHFRSKDJD� YHVSDUXP� �&XUWLV�� �+\PHQRSWHUD��
,FKQHXPRQLGDH��LQ�1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\��������±�����

'RQRYDQ� %-�� ������ /LIH� F\FOH� RI� 6SKHFRSKDJD� YHVSDUXP� �&XUWLV�� �+\PHQRSWHUD��
,FKQHXPRQLGDH���D�SDUDVLWRLG�RI�VRPH�YHVSLG�ZDVSV��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\�
�������±�����

'RQRYDQ� %-�� ������ 3UREOHPV� FDXVHG� E\� LPPLJUDQW� *HUPDQ� DQG� FRPPRQ� ZDVSV� LQ� 1HZ�
=HDODQG��DQG�DWWHPSWV�DW�ELRORJLFDO�FRQWURO��%HH�:RUOG������������±�����

'RQRYDQ�%-��������3URJUHVV�ZLWK�%LRORJLFDO�FRQWURO�RI�ZDVSV��7KH�1HZ�=HDODQG�%HHNHHSHU���
������±����
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'RQRYDQ� %-�� ������ %LRORJLFDO� FRQWURO� RI� ZDVSV�� SURJUHVV� DQG� SODQV�� 7KH� 1HZ� =HDODQG�
%HHNHHSHU������±����

'RQRYDQ� %-�� ������ 'HVFULSWLRQ� RI� 6SKHFRSKDJD� RULHQWDOLV� VS�� Q�� �+\PHQRSWHUD��
,FKQHXPRQLGDH�� &U\SWLQDH��� D� SRWHQWLDO� SDUDVLWRLG� RI� 9HVSXOD� VSS�� �+\PHQRSWHUD��
9HVSLGDH��9HVSLQDH��LQ�1HZ�=HDODQG��1HZ�=HDODQG�(QWRPRORJLVW������±����

'RQRYDQ�%-��0ROOHU�+��3OXQNHWW�*0��5HDG�3(&��7LOOH\�-$9��������5HOHDVH�DQG�UHFRYHU\�RI�
WKH� LQWURGXFHG� ZDVS� SDUDVLWRLG�� 6SKHFRSKDJD� YHVSDUXP� YHVSDUXP� �&XUWLV��
�+\PHQRSWHUD��,FKQHXPRQLGDH��LQ�1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\�����
���±�����

'RQRYDQ�%-��+DYURQ�$��/HDWKZLFN�'0��,VKD\�-6��������5HOHDVH�RI�6SKHFRSKDJD�RULHQWDOLV�
'RQRYDQ��+\PHQRSWHUD��,FKQHXPRQLGDH��&U\SWLQDH��LQ�1HZ�=HDODQG�DV�D�SRVVLEOH�
QHZ�
DVVRFLDWLRQ
�ELRFRQWURO�DJHQW�IRU�WKH�DGYHQWLYH�VRFLDO�ZDVSV�9HVSXOD�JHUPDQLFD��)���DQG�
9HVSXOD�YXOJDULV��/����+\PHQRSWHUD��9HVSLGDH��9HVSLQDH���1HZ�=HDODQG�(QWRPRORJLVW�
������±����

'\PRFN� --�� )RUJLH� 6$�� $PHUDWXQJD� 5�� ������ $� VXUYH\� RI� ZDVS� VWLQJ� LQMXULHV� LQ� XUEDQ�
$XFNODQG� IURP� 'HFHPEHU� WR� $SULO� LQ� �������� DQG� ��������� 1HZ� =HDODQG� PHGLFDO�
MRXUQDO��������±����

(OOLRWW�*3��:LOVRQ�35��7D\ORU�5+��%HJJV�-5��������'HFOLQHV�LQ�FRPPRQ��ZLGHVSUHDG�QDWLYH�
ELUGV�LQ�D�PDWXUH�WHPSHUDWH�IRUHVW��%LRORJLFDO�&RQVHUYDWLRQ����������±�������

(O�6D\HG�$0��6XFNOLQJ�'0��:HDULQJ�&+��%\HUV� -$��������3RWHQWLDO�RI�PDVV� WUDSSLQJ� IRU�
ORQJ�WHUP�SHVW�PDQDJHPHQW�DQG�HUDGLFDWLRQ�RI� LQYDVLYH�VSHFLHV�� -RXUQDO�RI�(FRQRPLF�
(QWRPRORJ\���������±������

(O�6D\HG�$0��6XFNOLQJ�'0��%\HUV�-$��-DQJ�(%��:HDULQJ�&+������D��3RWHQWLDO�RI�OXUH�DQG�
NLOO� IRU� ORQJ�WHUP� SHVW� PDQDJHPHQW� DQG� HUDGLFDWLRQ� RI� LQYDVLYH� VSHFLHV�� -RXUQDO� RI�
(FRQRPLF�(QWRPRORJ\�������������±����

(O�6D\HG�$0��0DQQLQJ�/$��8QHOLXV�&5��3DUN�.&��6WULQJHU�/'��:KLWH�1��%XQQ�%��7ZLGOH�
$�� 6XFNOLQJ� '0�� ����E�� $WWUDFWLRQ� DQG� DQWHQQDO� UHVSRQVH� RI� WKH� FRPPRQ� ZDVS��
9HVSXOD� YXOJDULV� �/���� WR� VHOHFWHG� V\QWKHWLF� FKHPLFDOV� LQ�1HZ�=HDODQG� EHHFK� IRUHVWV��
3HVW�0DQDJHPHQW�6FLHQFH������������±����

)UDVHU� :�� ������ ,QWURGXFHG� ZLOGOLIH� LQ� 1HZ� =HDODQG�� D� VXUYH\� RI� JHQHUDO� SXEOLF� YLHZV��
/DQGFDUH�5HVHDUFK�6FLHQFH�6HULHV�����/LQFROQ��1HZ�=HDODQG��0DQDDNL�:KHQXD�3UHVV��

*DPELQR�3��������6XVFHSWLELOLW\�RI� WKH�ZHVWHUQ�\HOORZMDFNHW�9HVSXOD�SHQV\OYDQLFD� WR� WKUHH�
VSHFLHV�RI�HQWRPRJHQRXV�QHPDWRGHV��,5&6�0HGLFDO�6FLHQFH����������

*DUGQHU�*HH� 5�� %HJJV� -5�� ������ ,QYDVLYH� ZDVSV�� QRW� ELUGV�� GRPLQDWH� LQ� D� WHPSHUDWH�
KRQH\GHZ�V\VWHP��$XVWUDO�(FRORJ\��,Q�3UHVV��'2,����������M����������������������[�

*ODUH� 75�� 2
&DOODJKDQ� 0�� :LJOH\� 3-�� ������ &KHFNOLVW� RI� QDWXUDOO\�RFFXUULQJ�
HQWRPRSDWKRJHQLF�PLFUREHV�DQG�QHPDWRGHV� LQ�1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�
=RRORJ\�������±�����
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*ODUH�75��+DUULV�5-��'RQRYDQ�%-��������$VSHUJLOOXV�IODYXV�DV�D�SDWKRJHQ�RI�ZDVSV��9HVSXOD�
VSS���LQ�1HZ�=HDODQG��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\��������±�����

*X]PDQ� 5)�� ������ 3UHOLPLQDU\� HYDOXDWLRQ� RI� WKH� SRWHQWLDO� RI� 6WHLQHUQHPD� IHOWLDH� IRU�
FRQWUROOLQJ�9HVSXOD�JHUPDQLFD��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\����������

+DUULV�5-��(WKHULGJH�1'��������&RPSDULVRQ�RI�EDLWV�FRQWDLQLQJ�ILSURQLO�DQG�VXOIOXUDPLG�IRU�
WKH�FRQWURO�RI�9HVSXOD�ZDVSV��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\�����������±����

+DUULV�5-��5HDG�3(&��������(QKDQFHG�ELRORJLFDO�FRQWURO�RI�ZDVSV��6FLHQFH�IRU�&RQVHUYDWLRQ�
��������S��

+DUULV� 5-�� 5RVH� ($)�� ������ )DFWRUV� LQIOXHQFLQJ� UHSURGXFWLYH� VWUDWHJLHV� RI� WKH� YHVSLG�
SDUDVLWRLG� 6SKHFRSKDJD� YHVSDUXP� YHVSDUXP� �+\PHQRSWHUD�� ,FKQHXPRQLGDH��� 1HZ�
=HDODQG�-RXUQDO�RI�=RRORJ\�������±����

+DUULV�5-� ������'LHW� RI� WKH�ZDVSV�9HVSXOD� YXOJDULV� DQG�9�� JHUPDQLFD� LQ� KRQH\GHZ�EHHFK�
IRUHVW� RI� WKH� 6RXWK� ,VODQG��1HZ�=HDODQG��1HZ�=HDODQG� -RXUQDO� RI�=RRORJ\� ���� ���±
�����

+DUULV� 5-�� 2OLYHU� (+�� ������ 3UH\� GLHWV� DQG� SRSXODWLRQ� GHQVLWLHV� RI� WKH� ZDVSV� 9HVSXOD�
YXOJDULV�DQG�9��JHUPDQLFD� LQ�VFUXEODQG�SDVWXUH��1HZ�=HDODQG�-RXUQDO�RI�(FRORJ\�����
�±����

+DUULV�5-��+DUFRXUW� 6-��*ODUH�75��5RVH�($)��1HOVRQ�7/�� ������ 6XVFHSWLELOLW\� RI�9HVSXOD�
YXOJDULV� �+\PHQRSWHUD�� 9HVSLGDH�� WR� JHQHUDOLVW� HQWRPRSDWKRJHQLF� IXQJL� DQG� WKHLU�
SRWHQWLDO�IRU�ZDVS�FRQWURO��-RXUQDO�RI�,QYHUWHEUDWH�3DWKRORJ\��������±�����

+DUULV�5-��7KRPDV�&'��0ROOHU�+�� ������7KH� LQIOXHQFH� RI� KDELWDW� XVH� DQG� IRUDJLQJ� RQ� WKH�
UHSODFHPHQW� RI� RQH� LQWURGXFHG�ZDVS� VSHFLHV� E\� DQRWKHU� LQ�1HZ�=HDODQG�� (FRORJLFDO�
(QWRPRORJ\��������±�����

/HIRH�*��:DUG�')��������0LQLPL]LQJ� WKH� LPSDFW�RI�*HUPDQ�ZDVSV�RQ� WKH�JUDSH�DQG�ZLQH�
LQGXVWU\�� 5HSRUW� WR� WKH� *UDSH� DQG� :LQH� 5HVHDUFK� DQG� 'HYHORSPHQW� &RUSRUDWLRQ��
9LFWRULD��$XVWUDOLD�����S��

/RZ�,��6WDEOHV�6��������$QDSK\ODFWLF�GHDWKV�LQ�$XFNODQG��1HZ�=HDODQG��D�UHYLHZ�RI�FRURQLDO�
DXWRSVLHV�IURP������WR�������3DWKRORJ\������������±����

0DOFROP�'��������7KH�FRVW�RI�PDVWLWLV��8QSXEOLVKHG�)LQDO�5HSRUW�WR�'DLU\�,QVLJKW�5HVHDUFK�
�����������1HZ�=HDODQG�����S��

0DUWLQ�6-��������$�VLPXODWLRQ�PRGHO�RI�ELRORJLFDO�FRQWURO�RI�VRFLDO�ZDVSV��9HVSLQDH��XVLQJ�
PHUPLWKLG�QHPDWRGHV��1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\��������±�����

0DVFLRFFKL� 0�� %HJJV� -5�� &DUSHQWHU� -0�� &RUOH\� -&�� ����D�� 3ULPHU� UHJLVWUR� GH� 9HVSXOD�
YXOJDULV� �+\PHQRSWHUD�� 9HVSLGDH�� HQ� OD� $UJHQWLQD�� 5HYLVWD� GH� OD� 6RFLHGDG�
(QWRPROyJLFD�$UJHQWLQD������±�������±�����

0ROOHU�+��������/HVVRQV�IRU�LQYDVLRQ�WKHRU\�IURP�VRFLDO�LQVHFWV��%LRORJLFDO�&RQVHUYDWLRQ�����
���±�����
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0ROOHU�+��3OXQNHWW�*0��7LOOH\�-$9��7RIW�5-��%HJJV�-5������D��(VWDEOLVKPHQW�RI� WKH�ZDVS�
SDUDVLWRLG�� 6SKHFRSKDJD� YHVSDUXP� �+\PHQRSWHUD�� ,FKQHXPRQLGDH��� LQ�1HZ�=HDODQG��
1HZ�=HDODQG�-RXUQDO�RI�=RRORJ\��������±�����

0ROOHU� +�� 7LOOH\� -$9�� 3OXQNHWW� *0�� &ODSSHUWRQ� %.�� ����E�� 1HVW� VLWHV� RI� FRPPRQ� DQG�
*HUPDQ�ZDVSV� �+\PHQRSWHUD��9HVSLGDH���1HZ�=HDODQG� -RXUQDO�RI�=RRORJ\��������±
�����

1RWPDQ�35��%HJJV�-5��������$UH�ZDVSV�PRUH�OLNHO\�WR�VWLQJ�PHQ�WKDQ�ZRPHQ��1HZ�=HDODQG�
(QWRPRORJLVW�������±����

3D\QWHU� 4��:DUG� ')� ������ 3RWHQWLDO� IRU� ELRFRQWURO� RI� SDSHU� ZDVSV�3ROLVWHV� VSS�� LQ� 1HZ�
=HDODQG��/&�����SUHSDUHG�IRU�WKH�/DQGFDUH�5HVHDUFK�&DSDELOLW\�)XQG�3URMHFW�&)�����
�������

3HUURWW�'&)��������)DFWRUV� DIIHFWLQJ� WKH�XVH�RI�PLUH[�SRLVRQHG�SURWHLQ�EDLWV� IRU� FRQWURO�RI�
(XURSHDQ� ZDVS� �3DUDYHVSXOD� JHUPDQLFD�� LQ� 1HZ� =HDODQG�� 1HZ� =HDODQG� -RXUQDO� RI�
=RRORJ\�������±�����

5HDG� 3(&�� 'RQRYDQ� %-�� 6FKURHGHU� 1&�� ������ 5HDULQJ� DQG� GLVWULEXWLRQ� RI� WKH� LQWURGXFHG�
ZDVS�SDUDVLWRLG�6SKHFRSKDJD�YHVSDUXP� WKURXJKRXW�1HZ�=HDODQG��3URFHHGLQJV�RI� WKH�
)RUW\�7KLUG�1HZ�=HDODQG�:HHG�DQG�3HVW�&RQWURO�&RQIHUHQFH��3S�����±�����

5RVH�($)��+DUULV�5-��*ODUH�75�� ������ 3RVVLEOH� SDWKRJHQV� RI� VRFLDO�ZDVSV� �+\PHQRSWHUD��
9HVSLGDH�� DQG� WKHLU� SRWHQWLDO� DV� ELRORJLFDO� FRQWURO� DJHQWV�� 1HZ� =HDODQG� -RXUQDO� RI�
=RRORJ\��������±�����

5XVW�0.�� 6X�1<�� ������0DQDJLQJ� VRFLDO� LQVHFWV� RI� XUEDQ� LPSRUWDQFH��$QQXDO�5HYLHZ� RI�
(QWRPRORJ\��������±�����

6SUDGEHU\� -3�� ������ :DVSV�� $Q� DFFRXQW� RI� WKH� ELRORJ\� DQG� QDWXUDO� KLVWRU\� RI� VRFLDO� DQG�
VROLWDU\�ZDVSV��ZLWK�SDUWLFXODU�UHIHUHQFH�WR�WKRVH�RI�WKH�%ULWLVK�,VOHV��/RQGRQ��6LJZLFN�
DQG�-DFNVRQ������S��

6SXUU� (%�� ������ (IIHFW� RI� WUDSSLQJ� RQ� ZDVS� QXPEHUV�� )RUHVW� 5HVHDUFK� ,QVWLWXWH� FRQWUDFW�
UHSRUW�����S��

6SXUU� (%�� ������ )LHOG� ELRDVVD\� RI� SRWHQWLDO� ZDVS� DWWUDFWDQWV�� /DQGFDUH� 5HVHDUFK� FRQWUDFW�
UHSRUW�/&���������IRU�,QGXVWULDO�5HVHDUFK�/LPLWHG��

6Q\GHU�:(��(YDQV�(:��������(FRORJLFDO�HIIHFWV�RI�LQYDVLYH�DUWKURSRG�JHQHUDOLVW�SUHGDWRUV��
$QQXDO�5HYLHZ�RI�(FRORJ\�DQG�(YROXWLRQDU\�6\VWHPDWLFV�������±������

7KRPDV�&5�� ������7KH�(XURSHDQ�:DVS� �9HVSXOD� JHUPDQLFD� )DE��� LQ�1HZ�=HDODQG��'6,5�
,QIRUPDWLRQ�6HULHV�1R���������S��

7KRPDV�&'��0ROOHU�+��3OXQNHWW�*0��+DUULV�5-��������7KH�SUHYDOHQFH�RI�LQWURGXFHG�9HVSXOD�
YXOJDULV� ZDVSV� LQ� D� 1HZ� =HDODQG� EHHFK� IRUHVW� FRPPXQLW\�� 1HZ� =HDODQG� -RXUQDO� RI�
(FRORJ\�������±����
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7RIW�5-��5HHV� -6��������5HGXFLQJ�SUHGDWLRQ�RI�RUE�ZHE� VSLGHUV� �$UDQHLGDH��E\�FRQWUROOLQJ�
FRPPRQ� ZDVSV� �9HVSXOD� YXOJDULV�� LQ� D� 1HZ� =HDODQG� EHHFK� IRUHVW�� (FRORJLFDO�
(QWRPRORJ\�������±����

9LOOHPDQW� &�� +D[DLUH� -�� 6WUHLWR� -�&�� ������ 3UHPLHU� ELODQ� GH� O¶LQYDVLRQ� GH�9HVSD� YHOXWLQD�
/HSHOHWLHU�HQ�)UDQFH� �+\PHQRSWHUD��9HVSLGDH���%XOOHWLQ�GH� OD�6RFLpWp�(QWRPRORJLTXH�
GH�)UDQFH���������±�����

9RJW� -7�� ������ 'HWHFWLRQ� RI� LPSRUWHG� ILUH� DQW� �+\PHQRSWHUD�� )RUPLFLGDH�� PRXQGV� ZLWK�
VDWHOOLWH�LPDJHU\��(QYLURQPHQWDO�(QWRPRORJ\�������������±������

:DOWRQ�*0��5HLG�*0��������7KH������1HZ�=HDODQG�(XURSHDQ�ZDVS�VXUYH\��1HZ�=HDODQG�
EHHNHHSHU�����������±����

:DUGOH� '$�� .DUO�� %-�� %HJJV�� -5�� <HDWHV� *:�� :LOOLDPVRQ� :0�� %RQQHU� .,�� ������
'HWHUPLQLQJ�WKH�LPSDFW�RI�VFDOH�LQVHFW�KRQH\GHZ��DQG�LQYDVLYH�ZDVSV�DQG�URGHQWV��RQ�
WKH� GHFRPSRVHU� VXEV\VWHP� LQ� D� 1HZ� =HDODQG� EHHFK� IRUHVW�� %LRORJLFDO� ,QYDVLRQV� ����
����±������

:HOWHU�6&��3LFNHO�&��0LOODU�-��&DYH�)��YDQ�6WHHQZ\N�5$��'XQOH\�-��������3KHURPRQH�PDWLQJ�
GLVUXSWLRQ�RIIHUV�VHOHFWLYH�PDQDJHPHQW�RSWLRQV�IRU�NH\�SHVWV��&DOLIRUQLD�$JULFXOWXUH�����
�������

:HVWRQ�5-��:RROKRXVH�$'��6SXUU�(%��+DUULV�5-��6XFNOLQJ�'0��������6SLURDFHWDOV�DQG�RWKHU�
YHQRP�FRQVWLWXHQWV�DV�SRWHQWLDO�ZDVS��+\PHQRSWHUD��9HVSLGDH��DWWUDFWDQWV��-RXUQDO�RI�
&KHPLFDO�(FRORJ\��������±�����

:KLWH�1-��*LEE�$5��6WULQJHU�/'��0DQQLQJ�/0��8QHOLXV�&5��3DUN�.&��6XFNOLQJ�'0��(O�
6D\HG�$0��������1HZ�DWWUDFWDQWV�IRU�9HVSXOD�YXOJDULV�IURP�KRQH\GHZ��3URFHHGLQJV�RI�
WKH�1HZ�=HDODQG�3ODQW�3URWHFWLRQ�6RFLHW\��3������>DEVWUDFW@��

:LOVRQ�((��0XOOHQ�/0��+ROZD\�'$��������/LIH�KLVWRU\�SODVWLFLW\�PDJQLILHV� WKH�HFRORJLFDO�
HIIHFWV�RI�D�VRFLDO�ZDVS�LQYDVLRQ��3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�
WKH�8QLWHG�6WDWHV�RI�$PHULFD����������������±�������

<HUXKDP� ,��6FKZLPPHU�$��%UDPL�<��������(SLGHPLRORJLFDO� DQG�EDFWHULRORJLFDO� DVSHFWV�RI�
PDVWLWLV� DVVRFLDWHG� ZLWK� \HOORZ�MDFNHW� ZDVSV� �9HVSXOD� JHUPDQLFD�� LQ� D� GDLU\� FDWWOH�
KHUG�� -RXUQDO� RI� 9HWHULQDU\� 0HGLFLQH� 6HULHV� %�,QIHFWLRXV� 'LVHDVHV� DQG� 9HWHULQDU\�
3XEOLF�+HDOWK�������������±�����
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