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6DPSOLQJ�6WUDWHJ\�IRU�$JULFXOWXUDO�&HQVXVHV

DQG�6XUYH\V�LQ�'HYHORSLQJ�&RXQWULHV

,VLGRUR�3��'DYLG�

$VLDQ�'HYHORSPHQW�%DQN��0DQLOD��3KLOLSSLQHV
>7KH�YLHZV�H[SUHVVHG�LQ�WKLV�SDSHU�DUH�WKRVH�RI�WKH�DXWKRU�DQG�QRW�RI�WKH�$'%�@

$%675$&7���)XOO�HQXPHUDWLRQ�DJULFXOWXUDO�FHQVXVHV�KDYH�EHFRPH�OHVV�IHDVLEOH�ILQDQFLDOO\�DQG�RSHUDWLRQDOO\�LQ�PDQ\�GHYHORSLQJ
FRXQWULHV���7KH\�KDYH�QRW�DOZD\V�OLYHG�XS�WR�WKHLU�SURPLVH�WR�VHUYH�DV�IUDPH�IRU�WKH�LQWHUFHQVDO�VXUYH\V�DQG�WR�SURYLGH�UHDVRQDEO\
DFFXUDWH�EHQFKPDUN�GDWD�IRU�VPDOO�DUHDV���2EVHUYHG�ODUJH�GHYLDWLRQV�EHWZHHQ�WKH�VXUYH\�DQG�FHQVXV�UHVXOWV�SRLQW�WR�VHULRXV
QRQ�VDPSOLQJ�HUURUV��HVSHFLDOO\�LQ�WKH�ODWWHU���6RPH�GHYHORSLQJ�FRXQWULHV�KDYH�UHVRUWHG�WR�UHSODFLQJ�DJULFXOWXUDO�FHQVXVHV�ZLWK
VDPSOH�HQXPHUDWLRQV�WKDW�GLIIHU�IURP�WKH�LQWHUFHQVDO�VXUYH\V�RQO\�LQ�WKH�FKRLFH�RI�D�VPDOOHU�GRPDLQ��KHQFH�D�ELJJHU�VDPSOH��
7KHUH�LV�D�QHHG�IRU�VWUDWHJLHV�WKDW�OLQN�WKH�VDPSOH�FHQVXV�DQG�WKH�LQWHUFHQVDO�VXUYH\V�LQ�D�PDQQHU�DSSURSULDWH�WR�WKH�OLPLWHG
WHFKQLFDO�DQG�RSHUDWLRQDO�FDSDELOLWLHV�RI�WKH�GHYHORSLQJ�FRXQWULHV���8VLQJ�WKH�3KLOLSSLQHV�DV�H[DPSOH��WKH�SDSHU�SUHVHQWV�WKH�GHVLJQ
RI�WKH������VDPSOH�FHQVXV�RI�DJULFXOWXUH�DQG�RXWOLQHV�D�VWUDWHJ\�WR�GUDZ�VHFRQG�SKDVH�UHSOLFDWHG�VDPSOHV�GLUHFWO\�IURP�LW�

$EEUHYLDWLRQV���%$6���%XUHDX�RI�$JULFXOWXUDO�6WDWLVWLFV��&$���FHQVXV�RI�DJULFXOWXUH��&%6���&HQWUDO�%XUHDX�RI�6WDWLVWLFV��&3+��
FHQVXV�RI�SRSXODWLRQ�DQG�KRXVLQJ��&9���FRHIILFLHQW�RI�YDULDWLRQ��)$2���)RRG�DQG�$JULFXOWXUH�2UJDQL]DWLRQ��(6&$3���(FRQRPLF
DQG�6RFLDO�&RPPLVVLRQ�IRU�$VLD�DQG�WKH�3DFLILF��162���1DWLRQDO�6WDWLVWLFV�2IILFH�

�� ,QWURGXFWLRQ

7R�WKH�SXEOLF��FHQVXV�PHDQV�FRPSOHWH�FRXQW���7KH�VSHFLILF�PHDQLQJ��DFFRUGLQJ�WR�:HEVWHU·V
'LFWLRQDU\��LV�D�SHULRGLF�JRYHUQPHQWDO�HQXPHUDWLRQ�RI�SRSXODWLRQ���)URP�SHRSOH�DQG�SURSHUW\�FRXQWV�DW
WKH�WLPH�RI�WKH�5RPDQV��WKH�VXEMHFW�RI�FHQVXVHV�KDV�H[SDQGHG�LQ�PRGHUQ�WLPHV�WR�LQFOXGH�DJULFXOWXUH
LQFOXGLQJ�ILVKHU\�DQG�IRUHVWU\��WR�HVWDEOLVKPHQWV�RU�HFRQRPLF�DFWLYLWLHV���7KH�LGHD�WKDW�FHQVXVHV�VKRXOG
EH�FRPSOHWH�FRXQWV�KDV�VXUYLYHG�WKURXJK�FRPSOHWH�HQXPHUDWLRQ�IRU�D�IHZ�PDLQ�LWHPV�SXW�LQ�D�VR�FDOOHG
´VKRUW�TXHVWLRQQDLUHµ�DQG�VDPSOLQJ�IRU�WKH�UHPDLQGHU�RUJDQL]HG�LQ�D�´ORQJ�TXHVWLRQQDLUHµ���7KLV�LV
XVXDOO\�WKH�FDVH�IRU�FHQVXVHV�RI�SRSXODWLRQ�DQG�KRXVLQJ��&3+V����)RU�FHQVXVHV�RI�DJULFXOWXUH��&$V��
YLOODJHV�DQG�KLJKHU�DGPLQLVWUDWLYH�OHYHOV�DUH�XVXDOO\�FRPSOHWHO\�FRYHUHG��ZLWK�WKH�VDPSOLQJ�GRQH�DW�WKH
KRXVHKROG�RU�RSHUDWLRQDO�KROGLQJ�OHYHO��VXFK�DV�FRPSOHWH�HQXPHUDWLRQ�RI�ODUJH�KROGLQJV�DQG�VDPSOLQJ
RI�WKH�VPDOOHU�RQHV�

7KH�PDLQ�UHDVRQV�RIWHQ�FLWHG�IRU�FRQWLQXLQJ�WR�GR�FRPSOHWH�HQXPHUDWLRQ�FHQVXVHV��DV�RSSRVHG�WR�VDPSOH
HQXPHUDWLRQV��DUH�WKH�IROORZLQJ�

& 2QO\�D�IXOO�FHQVXV�FDQ�SURYLGH�EHQFKPDUN�GDWD�WR�PHHW�WKH�GHPDQG�IRU�VPDOO�DUHD�GDWD�>(6&$3
����@���,I�WKH�IXOO�REMHFWLYHV�RI�D�QDWLRQDO�VWDWLVWLFDO�SURJUDPPH�IRU�IRRG�DQG�DJULFXOWXUH�DUH�WR
EH�PHW��LW�LV�GHVLUDEOH�WR�KDYH�FRPSOHWH�HQXPHUDWLRQ��RQO\�LQ�WKLV�ZD\�LV�LW�SRVVLEOH�WR�REWDLQ
VWDWLVWLFV�IRU�HYHU\�JHRJUDSKLFDO��DJUR�HFRORJLFDO�RU�DGPLQLVWUDWLYH�UHJLRQ��LUUHVSHFWLYH�RI�VL]H
>)$2�����@���6DPSOH�HQXPHUDWLRQV�FRXOG�QRW�SURYLGH�PLQRU�FURSV·�DFUHDJH�IRU�VPDOO�DUHDV�LQ
SDUWLFXODU�QRU�GDWD�IRU�HIILFLHQW�UHVRXUFHV�DOORFDWLRQ�RU�WKH�VHWWLQJ�XS�RI�DFWLRQ�SURJUDPPHV�DW
WKH�JUDVVURRWV�OHYHOV�LQ�JHQHUDO�>%DQJODGHVK�%XUHDX�RI�6WDWLVWLFV�����@���7KH�EHOLHI�WKDW�RQO\
FRPSOHWH�HQXPHUDWLRQ�FDQ�PHHW�WKH�GDWD�QHHGV�RI�DGPLQLVWUDWLYH�LQVWLWXWLRQV�DW�DOO�OHYHOV�ZDV
RQH�RI�WKUHH�UHDVRQV�JLYHQ�IRU�&KLQD·V�GHFLVLRQ�WR�FRPSOHWHO\�WDOO\�����PLOOLRQ�KRXVHKROGV�



��

����WKRXVDQG�DGPLQLVWUDWLYH�YLOODJHV�����WKRXVDQG�WRZQV�DQG�RYHU���WKRXVDQG�WRZQVKLS
HQWHUSULVHV�GXULQJ�LWV������&$�>=KX�����@�

& $�IXOO�HQXPHUDWLRQ�FHQVXV�VHUYHV�DV�D�VDPSOLQJ�IUDPH�IRU�LQWHUFHQVDO�VXUYH\V���7KH�LPSRUWDQFH
DWWDFKHG�WR�WKLV�UHDVRQ�FDQ�EH�FRQVLGHUHG�DV�DEVROXWH��GXH�WR�WKH�PLVWDNHQ�QRWLRQ�WKDW�RQO\
FRPSOHWH�HQXPHUDWLRQ�FDQ�SURYLGH�VDPSOLQJ�IUDPHV�IRU�UHJXODU�VXUYH\V�>=KX�����@��
6XUSULVLQJO\��WKLV�YLHZ�LV�ZLGHVSUHDG�DPRQJ�RIILFLDO�VWDWLVWLFLDQV���,W�ZDV�YRLFHG�GXULQJ�D�UHFHQW
PHHWLQJ�RI�D�:RUNLQJ�*URXS�RI�6WDWLVWLFDO�([SHUWV�LQ�WKH�(6&$3�UHJLRQ��DQG�RQO\�DIWHU�VRPH
OLYHO\�GLVFXVVLRQ�VSXUUHG�E\�DQ�LQWHUYHQWLRQ�E\�WKH�DXWKRU�GLG�WKH�JURXS�DFNQRZOHGJH�WKDW�ZKLOH
D�IXOO�FHQVXV�SURYLGHG�DQ�LGHDO�VDPSOLQJ�IUDPH�IRU�HQVXLQJ�VXUYH\V��D�VDPSOH��DV�ZHOO�DV�RWKHU
GDWD�VRXUFHV�VXFK�DV�DUHD�IUDPHV��FRXOG�DOVR�VHUYH�WKDW�SXUSRVH�>(6&$3�����@���7KH�YLHZ�PD\
ZHOO�KDYH�EHHQ�QXUWXUHG�E\�VWDQGDUG�LQWHUQDWLRQDO�UHFRPPHQGDWLRQV�RQ�FRQGXFWLQJ�FHQVXVHV�
H�J��WKH�DERYH�PHQWLRQHG�)$2�SXEOLFDWLRQ�VWDWHV�WKDW��ZKHQ�D�FRPSOHWH�HQXPHUDWLRQ�LV
SRVVLEOH��D�FHQVXV�RI�DJULFXOWXUH�SURYLGHV�D�IUDPH�IRU�ODWHU�VDPSOH�VXUYH\V�³�ZLWK�QR�IXUWKHU
FODULILFDWLRQ�WKDW�WKHUH�DUH�RWKHU�RSWLRQV�IRU�FRQVWUXFWLQJ�IUDPHV�

& $QRWKHU�UHDVRQ�IRU�D�IXOO�HQXPHUDWLRQ�FHQVXV�LV�WKDW�LW�LV�UHTXLUHG�E\�ODZ�LQ�VRPH�FRXQWULHV��
7KLV�SHUWDLQV�PDLQO\�WR�SRSXODWLRQ�FHQVXVHV��WKH�UHVXOWV�RI�ZKLFK�DUH�XVHG�LQ�UHGLVWULFWLQJ�
FUHDWLRQ�RI�QHZ�DGPLQLVWUDWLYH�DUHDV�DQG�EXGJHW�DSSRUWLRQPHQW���,W�LV�UDUH�WKDW�DJULFXOWXUDO
FHQVXVHV�DUH�XVHG�IRU�VLPLODU�SXUSRVHV���+RZHYHU��WKH�ODZ�PD\�VSHFLI\�WKDW�IXOO�HQXPHUDWLRQ
FHQVXVHV�EH�GRQH�E\�RQH�DJHQF\�DQG�VDPSOH�HQXPHUDWLRQV�E\�DQRWKHU�DJHQF\���1RQHWKHOHVV�
ODZV�DUH�PDQ�PDGH�DQG�FDQ�EH�FKDQJHG��DV�LQ�WKH�WUDQVIHU�RI�WKH������8�6��&$�IURP�WKH
%XUHDX�RI�WKH�&HQVXV�WR�WKH�'HSDUWPHQW�RI�$JULFXOWXUH�

2Q�WKH�RWKHU�KDQG��WKH�OLWHUDWXUH�LV�UHSOHWH�ZLWK�WKH�PDMRU�GUDZEDFNV�RI�FRPSOHWH�FHQVXVHV��YHU\�KLJK
FRVWV��GHOD\HG�UHVXOWV��DQG�D�KLJKHU�QRQ�VDPSOLQJ�HUURU�ZKLFK�LV�QRW�QHFHVVDULO\�OHVV�WKDQ�WKH�WRWDO�HUURU
LQ�D�VDPSOH�HQXPHUDWLRQ���:KDW�LV�QRW�VDLG�RIWHQ�HQRXJK�LV�WKDW��RQ�DFFRXQW�RI�WKHLU�VL]HV��FRPSOHWH
HQXPHUDWLRQ�&$V�XVH�GLIIHUHQW��OHVV�H[SHQVLYH�DQG�OHVV�DFFXUDWH�GDWD�FROOHFWLRQ�PHWKRGV�WKDQ�WKRVH
HPSOR\HG�LQ�WKH�LQWHUFHQVDO�VXUYH\V���7KLV�RIWHQ�UHVXOWV�LQ�VLJQLILFDQW�GLVFUHSDQFLHV�EHWZHHQ�WKH�FHQVXV
DQG�WKH�UHJXODU�VDPSOH�VXUYH\V��HVSHFLDOO\�LQ��EXW�QRW�OLPLWHG�WR��FRXQWULHV�ZKHUH�GLIIHUHQW�DJHQFLHV�DUH
UHVSRQVLEOH�IRU�WKHVH�XQGHUWDNLQJV���7KXV��WKH�UHJXODU�VDPSOH�VXUYH\V�DUH�VWLOO�GRQH�GXULQJ�WKH�FHQVXV
\HDU���7KLV�SUDFWLFH�IXUWKHU�DJJUDYDWHV�FRVWV��FRQIRXQGV�XVHUV��SXWV�WKH�QDWLRQDO�VWDWLVWLFDO�V\VWHP�LQ�D
EDG�OLJKW�DQG�LV�EHLQJ�LQFUHDVLQJO\�TXHVWLRQHG�E\�WKRVH�LQ�FKDUJH�RI�JRYHUQPHQW�ILQDQFH�DQG�SODQQLQJ�

7KH�UHVW�RI�WKH�SDSHU�ZLOO�WU\�WR�DQDO\]H�ZKHWKHU�RU�QRW�WKH�PDLQ�UHDVRQV�IRU�FRPSOHWH�HQXPHUDWLRQ�&$V
FRQWLQXH�WR�EH�YDOLG�RU�VWURQJ�LQ�WKH�GHYHORSLQJ�FRXQWULHV���([DPSOHV�RI�WZR�FRXQWULHV��,QGRQHVLD�LQ
6RXWKHDVW�$VLD�DQG�1HSDO�LQ�6RXWK�$VLD��WKDW�KDYH�UHOLHG�RQ�VDPSOH�FHQVXVHV�DUH�SUHVHQWHG�LQ�WKH�QH[W
VHFWLRQ���6HFWLRQ���GLVFXVVHV�WKH�FLUFXPVWDQFHV�EHKLQG�DQG�GHWDLOV�RI�WKH�VDPSOLQJ�VWUDWHJ\�XVHG�LQ�WKH
�����3KLOLSSLQHV�&$���6HFWLRQ���SURSRVHV�D�VWUDWHJ\�WKDW�GLUHFWO\�OLQNV�WKH�FHQVXV��DV�D�ILUVW�SKDVH
VDPSOH��WR�WKH�LQWHUFHQVDO�VXUYH\V��DV�VHFRQG�SKDVH�VDPSOHV��LQ�D�PDQQHU�WKDW�LQWHJUDWHV�WKH�DJULFXOWXUDO
GDWD�FROOHFWLRQ�V\VWHP��HIIHFWLYHO\�VROYHV�VDPSOLQJ�IUDPH�SUREOHPV�DQG�QDUURZV�WKH�JDS�EHWZHHQ�FHQVXV
DQG�VXUYH\�UHVXOWV�

�� 6DPSOLQJ�LQ�$JULFXOWXUDO�&HQVXVHV�LQ�$VLDQ�'HYHORSLQJ�&RXQWULHV

:H�GLVFXVV�KHUH�WZR�&$V�LQ�$VLD�ZKLFK��WRJHWKHU�ZLWK�WKH�3KLOLSSLQHV·�WKDW�LV�SUHVHQWHG�LQ�WKH�QH[W
VHFWLRQ��GHSDUW�VLJQLILFDQWO\�IURP�XVXDO�LQWHUQDWLRQDO�UHFRPPHQGDWLRQV�DQG�FKDOOHQJH�WKH�GLVWLQFWLRQ
EHWZHHQ�FHQVXVHV�DQG�VXUYH\V�



��

��� 1HSDO�$JULFXOWXUDO�&HQVXV

1HSDO�KDV�D�SRSXODWLRQ�RI����PLOOLRQ�����SHUFHQW�RI�ZKRP�OLYH�LQ�UXUDO�DUHDV���,WV�86������DQQXDO�SHU
FDSLWD�LQFRPH�DQG����SHUFHQW�DGXOW�OLWHUDF\�UDWH�DUH�WKH�ORZHVW�LQ�DOO�$VLD�>$'%�����@���7KHUH�ZHUH
IRXU�&$V�EHWZHHQ������DQG��������)XOO�HQXPHUDWLRQ�KDG�QRW�EHHQ�FRQVLGHUHG�LQ�DQ\�RQH�RI�WKHP
EHFDXVH�WKH�&HQWUDO�%XUHDX�RI�6WDWLVWLFV��&%6��FRXOG�QRW�SRVVLEO\�JHW�WKH�*RYHUQPHQW�WR�DOORFDWH
VXIILFLHQW�EXGJHW�LQ�WKH�ILUVW�SODFH��DQG�LQ�WKH�VHFRQG�SODFH�WKHUH�ZHUH�QRW�HQRXJK�TXDOLILHG�SHUVRQQHO�WR
EH�IRXQG�WR�HIIHFWLYHO\�GR�WKH�GDWD�FROOHFWLRQ�DQG�VXFFHVVIXOO\�FRPSOHWH�WKH�WDVN�ZLWKLQ�DQ\�UHDVRQDEO\
DOORWWHG�WLPH�

1HSDO�LV�GLYLGHG�LQWR���GHYHORSPHQW�UHJLRQV�����]RQHV�����GLVWULFWV�DQG��������ZDUGV���7KH�DJULFXOWXUDO
FHQVXVHV�ZHUH�GHVLJQHG�WR�SURGXFH�VWDWLVWLFV�IRU�HDFK�RI�WKH����GLVWULFWV���)RU�WKH������&$��VDPSOH
ZDUGV�ZHUH�FKRVHQ�LQ�HDFK�GLVWULFW�ZLWK�SUREDELOLW\�SURSRUWLRQDO�WR�WKH�HVWLPDWHG�QXPEHU�RI�DJULFXOWXUDO
KROGLQJV�IURP�WKH�PRVW�UHFHQW�SRSXODWLRQ�FHQVXV���$�VDPSOH�RI�KROGLQJV�ZDV�VHOHFWHG�LQ�HDFK�VDPSOH
ZDUG�XVLQJ�VLPSOH�V\VWHPDWLF�VDPSOLQJ��ZLWK�WKH�VDPSOLQJ�LQWHUYDOV�DGMXVWHG�VR�WKDW�WKH�KROGLQJV�ZLWKLQ
HDFK�GLVWULFW�KDYH�HTXDO�ZHLJKWV��KRZHYHU��WKH�ZHLJKWV�GLIIHUHG�DFURVV�GLVWULFWV�DV�WKH�DVVLJQHG�ZDUG
VDPSOLQJ�UDWHV�YDULHG�GHSHQGLQJ�RQ�WKH�UHODWLYH�DJULFXOWXUDO�LPSRUWDQFH�RI�WKH�GLVWULFWV���7KH�RYHUDOO
VDPSOLQJ�IUDFWLRQV�IRU�WKH�ZDUGV�DQG�KROGLQJV�ZHUH����SHUFHQW�DQG�����SHUFHQW��UHVSHFWLYHO\
>%DVWROD�������&%6�����@�

:KLOH�WKH�&$V�DUH�WKH�UHVSRQVLELOLW\�RI�WKH�&%6��WKH�LQWHUFHQVDO�DJULFXOWXUDO�VWDWLVWLFV�XQWLO������ZHUH
SURGXFHG�E\�WKH�0LQLVWU\�RI�$JULFXOWXUH�XVLQJ�ZKDW�FDQ�EHVW�EH�GHVFULEHG�DV�VXEMHFWLYH�ZD\V���7KHUH
ZDV�QR�OLQN�EHWZHHQ�WKH�WZR�GDWD�VHWV�³�IRU�LQVWDQFH��LQ�XWLOL]LQJ�WKH�FHQVXV�GDWD�DV�VDPSOLQJ�IUDPHV
IRU�WKH�LQWHUFHQVDO�GDWD�FROOHFWLRQ�DFWLYLWLHV���:LWK�WKH�UHVSRQVLELOLW\�IRU�WKH�LQWHUFHQVDO�DJULFXOWXUDO
VWDWLVWLFV�WUDQVIHUUHG�RIILFLDOO\�WR�&%6�VLQFH�������&%6·�SUHVVLQJ�SUREOHP�ZDV�KRZ�WR�GHVLJQ�D�V\VWHP
RI�VDPSOH�VXUYH\V�WKDW�FRXOG�JHQHUDWH�VXIILFLHQWO\�XVHIXO�VWDWLVWLFV�IRU�WKH�FRXQWU\·V����]RQHV���2QH
RSWLRQ��ZKLFK�LV�WR�GUDZ�D�VXEVDPSOH�IURP�WKH�XQHTXDO�SUREDELOLW\�ZLWKRXW�UHSODFHPHQW�FHQVXV�VDPSOH
DQG�JHWWLQJ�WKH�HVWLPDWLRQ�PHWKRG�ULJKW��ZLOO�UHTXLUH�VXUYH\�VDPSOLQJ�WKHRUHWLFLDQV�QRW�DYDLODEOH�LQ�&%6
�DQG�LQ�PRVW�DJULFXOWXUDO�VWDWLVWLFV�DJHQFLHV�LQ�GHYHORSLQJ�$VLD����:KDW�&%6�GLG�ZLWK�WKH�RQH
DJULFXOWXUDO�VXUYH\�LW�PDQDJHG�WR�GR�VLQFH������ZDV�WR�IROORZ�WKH�VDPH�SURFHGXUH�DV�LQ�WKH������&$�
ZLWK�WKH����]RQHV�LQVWHDG�RI�WKH����GLVWULFWV�DV�GRPDLQV��L�H�����ZDUGV�SHU�]RQH�ZHUH�GUDZQ�XVLQJ
SUREDELOLW\�SURSRUWLRQDO�WR�VL]H��336��VDPSOLQJ�IURP�WKH�IUDPH�RI�ZDUGV�FRQVWUXFWHG�IRU�WKH�FHQVXV��DQG
D�V\VWHPDWLF�VDPSOH�RI�������KRXVHKROGV�ZDV�VHOHFWHG�IURP�HDFK�VDPSOH�ZDUG���%XW�IRU�WKH�FRPPRQ
VDPSOLQJ�IUDPH��WKH�FHQVXV�DQG�VXUYH\�ZHUH�LQGHSHQGHQW�

��� ,QGRQHVLDQ�$JULFXOWXUDO�&HQVXV

,QGRQHVLD�KDV�����PLOOLRQ�SHRSOH�VSUHDG�RYHU����SURYLQFHV������GLVWULFWV��UHJHQFLHV����������YLOODJHV
DQG���������HQXPHUDWLRQ�DUHDV��ZLOFDKV����&$V�DUH�GRQH�GXULQJ�\HDUV�HQGLQJ�ZLWK�����7KH�GRPDLQV�LQ
WKHVH�FHQVXVHV�DUH�WKH�GLVWULFWV���7KH�H[WUHPH�IUDJPHQWDWLRQ�RI�ODQGKROGLQJV��DYHUDJH�IDUP�VL]H�LV�OHVV
WKDQ�����KHFWDUH��DQG�WKH�DUFKLSHODJLF�QDWXUH�RI�WKH�FRXQWU\�PDNH�DJULFXOWXUDO�GDWD�FROOHFWLRQ�FRVWO\�
SUREOHPDWLF�DQG�WLPH�FRQVXPLQJ��KHQFH��IXOO�HQXPHUDWLRQ�KDG�QRW�EHHQ�DWWHPSWHG�LQ�DQ\�RI�WKH�IRXU
&$V�FRQGXFWHG�EHWZHHQ������DQG��������,Q�WKH������&$�����SHUFHQW�RI�WKH�ZLOFDKV�LQ�HDFK�GLVWULFW
ZHUH�VHOHFWHG�XVLQJ�336�V\VWHPDWLF�VDPSOLQJ��ZLWK�QXPEHU�RI�KRXVHKROGV�DV�VL]H�PHDVXUH��H[FHSW�LQ
VSHFLDO�GLVWULFWV��FODVVLILHG�DV�PXQLFLSDOLWLHV�DQG�SURYLQFLDO�FDSLWDOV��ZKHUH�WKHUH�ZDV�FRPSOHWH�LQFOXVLRQ
RI�DOO�´DJULFXOWXUDOO\�FRQFHQWUDWHGµ�ZLOFDKV�>&%6�������6XNPDGL�������:LURVDUGMRQR�HW�DO������@��
7KHUH�ZDV�D�FRPSOHWH�OLVWLQJ�RI�WKH�KRXVHKROGV�LQ�WKH�VDPSOH�ZLOFDKV��GXULQJ�ZKLFK�WLPH�D�VKRUW
TXHVWLRQQDLUH�RQ�ODQG�XVH�E\�FURS�W\SH�DQG�D�IHZ�VWUXFWXUDO�YDULDEOHV�ZDV�DFFRPSOLVKHG�RQ�HDFK
DJULFXOWXUDO�KRXVHKROG���7KXV��FHQVXV�HVWLPDWHV�RQ�WKHVH�YDULDEOHV�ZHUH�EDVHG�RQ�D�FOXVWHU�VDPSOH�RI



��

ZLOFDKV���)RU�WKH�RWKHU�YDULDEOHV��D�ORQJ�TXHVWLRQQDLUH�ZDV�XVHG�RQ�D����SHUFHQW�VLPSOH�V\VWHPDWLF
VDPSOH�RI�WKH�DJULFXOWXUDO�KROGLQJV�LQ�WKH�VDPSOH�ZLOFDKV��RU�D���SHUFHQW�RYHUDOO�VDPSOLQJ�UDWH�

��� 6RPH�5HPDUNV�DQG�2EVHUYDWLRQV

7KH�&$V�RI�1HSDO�DQG�,QGRQHVLD�FDQ�EH�DSWO\�FDOOHG�ODUJH�VFDOH�VWUDWLILHG�WZR�VWDJH�VDPSOH�VXUYH\V�
ZLWK�GLVWULFWV�DV�VWUDWD�RU�GRPDLQV��ZDUGV�ZLOFDKV�DV�ILUVW�VWDJH�XQLWV�DQG�KROGLQJV�DV�VHFRQG�VWDJH�XQLWV��
6L]H�LV�WKH�UHPDLQLQJ�DWWULEXWH�WKDW�GLVWLQJXLVKHV�WKHP�IURP�WKH�LQWHUFHQVDO�VXUYH\V���3UHYLRXVO\��VDPSOH
FHQVXV�ZDV�D�WHUP�HQGRUVHG�E\�)$2�DQG�DGRSWHG�E\�FRXQWULHV�WR�GHVFULEH�FHQVXVHV�WKDW�ZHUH�QRW�IXOO
HQXPHUDWLRQ���%HJLQQLQJ�ZLWK�WKH�\HDU������URXQG�RI�FHQVXVHV��)$2�>������FKDSWHU��@�SURSRVHV
VDPSOH�HQXPHUDWLRQ�LQVWHDG��UHVHUYLQJ�FHQVXV�WR�D�IXOO�HQXPHUDWLRQ���7KH�IXWXUH�ZLOO�WHOO�LI�WKH�FRXQWULHV
ZLOO�DFFHSW�WKLV�VXJJHVWLRQ��IRU�RQH��QDWLRQDO�VWDWLVWLFDO�DJHQFLHV�LQ�GHYHORSLQJ�FRXQWULHV�DOUHDG\�ILQG�LW
GLIILFXOW�WR�REWDLQ�VSHFLDO�DSSURSULDWLRQV�IRU�DQ�DJULFXOWXUDO�FHQVXV��DQG�WKH\�FRXOG�ILQG�LW�PXFK�PRUH�VR
IRU�D�VDPSOH�HQXPHUDWLRQ�

)$2�DGYLVHV�WKDW�D�ZHOO�GHVLJQHG�VDPSOH�HQXPHUDWLRQ�UHTXLUHV�IHZHU�UHVRXUFHV��LV�PRUH�PDQDJHDEOH
DQG�FRXOG�SURGXFH�HTXDO�RU�EHWWHU�TXDOLW\�GDWD�WKDQ�D�FRPSOHWH�FHQVXV�DW�WKH�QDWLRQDO�RU�ODUJH
JHRJUDSKLF�OHYHOV��EXW�FDXWLRQV�WKDW�WKH�IRUPHU�UHTXLUHV�VDPSOLQJ�H[SHUWV�WKDW�DUH��DV�PHQWLRQHG�DERYH�
LQ�VKRUW�VXSSO\�LQ�GHYHORSLQJ�FRXQWULHV�LQ�JHQHUDO��DQG�LQ�DJULFXOWXUDO�VWDWLVWLFV�DJHQFLHV�LQ�SDUWLFXODU��
,W�VKRXOG�EH�DGGHG�WKDW�WKH�OHYHO�RI�WKHRUHWLFDO�VRSKLVWLFDWLRQ�UHTXLUHG�JHWV�KLJKHU�ZKHQ�WKH�VDPSOH
FHQVXV�LV�XVHG�WR�GHVLJQ�WKH�LQWHUFHQVDO�VDPSOH�VXUYH\V��DQG�WKH�GLIILFXOW\�HVFDODWHV�ZLWK�WKH�OHYHO�RI
FRPSOH[LW\�RI�WKH�FHQVXV�VDPSOLQJ�VFKHPH���,Q�,QGRQHVLD��IRU�H[DPSOH��WKH�VDPSOH�ZLOFDKV�IURP�WKH
FHQVXV�ZHUH��SRVW�VWUDWLILHG�DQG�D�VXEVDPSOH�ZDV�GUDZQ�IRU�WKH�LQWHUFHQVDO�VXUYH\V���,Q�WKLV�FDVH�
GHYHORSLQJ�D�WKHRUHWLFDOO\�VRXQG�HVWLPDWLRQ�SURFHGXUH�KDV�WR�WDNH�LQWR�DFFRXQW�WKH�IDFW�WKDW�WKH�FHQVXV
ZLOFDKV�ZHUH�VHOHFWHG�ZLWK�YDU\LQJ�SUREDELOLWLHV�ZLWKRXW�UHSODFHPHQW���,Q�RXU�H[SHULHQFH��IXOO
DZDUHQHVV�RI�VXFK�WKHRUHWLFDO�QXDQFHV�LV�QRW�DOZD\V�SUHVHQW�LQ�GHYHORSLQJ�FRXQWU\�VWDWLVWLFDO�RIILFHV��
([SDWULDWH�FRQVXOWDQWV��WRR��DUH�QRW�DOZD\V�FRJQL]DQW�RI�WKHVH�QXDQFHV�RU�RI�WKH�GHYHORSLQJ�FRXQWU\·V
FDSDELOLWLHV��DQG�RIWHQ�DGYLVH�XVLQJ�VRSKLVWLFDWHG�VDPSOLQJ�VFKHPHV�IRU�WKH�PDLQ�REMHFWLYH�RI�RSWLPL]LQJ
WKH�SUHFLVLRQ�RI�HVWLPDWHV�IURP�WKH�VDPSOH�FHQVXV�

/LQNLQJ�WKH�&$�DQG�WKH�LQWHUFHQVDO�VXUYH\V�RIIHUV�DGGHG�DGYDQWDJHV��LQFOXGLQJ�HQKDQFLQJ�WKH�FKDQFHV
WKDW�WKH�GLVFUHSDQFLHV�LQ�WKH�UHVXOWV�IURP�WKHVH�WZR�VRXUFHV�ZLOO�DWWUDFW�WKH�DWWHQWLRQ�WKH\�GHVHUYH��DQG
SRVVLEO\�EH�UHGXFHG���8VLQJ�WKH�FHQVXV�DV�D�VDPSOLQJ�IUDPH��DV�FRQFRPLWDQW�LQIRUPDWLRQ�LQ�UDWLR�RU
UHJUHVVLRQ�HVWLPDWLRQ��RU�GLUHFWO\�E\�GUDZLQJ�D�VXEVDPSOH�IURP�LW�DUH�WKUHH�ZD\V�RI�SURYLGLQJ�WKH�OLQN��
7KH�GLVFUHSDQF\��KRZHYHU��PD\�SHUVLVW�LQ�VLWXDWLRQV�ZKHUH�GLIIHUHQW�PHWKRGV�RI�FROOHFWLQJ�WKH�EDVLF
GDWD�DUH�XVHG���,Q�,QGRQHVLD��IRU�H[DPSOH��WKH�&$V�ZHUH�WKH�RQO\�RFFDVLRQV�ZKHQ�SURGXFWLRQ�DQG�DUHD
KDUYHVWHG�E\�W\SH�RI�FURS�ZHUH�REWDLQHG�E\�LQWHUYLHZLQJ�WKH�IDUP�KRXVHKROGV���2Q�WKH�RWKHU�KDQG��WKH
LQWHUFHQVDO�VXUYH\V�XVHG�FURS�FXWWLQJ�WR�HVWLPDWH�\LHOGV��ZKLFK�ZHUH�PXOWLSOLHG�E\�WKH�HVWLPDWHV�RI�WRWDO
KDUYHVWHG�DUHD�REWDLQHG�IURP�WKH�YLOODJH�KHDGV�WR�HVWLPDWH�SURGXFWLRQ���7KH�VLJQLILFDQWO\�ORZHU
HVWLPDWHV�IURP�WKH�FHQVXV�FRPSDUHG�WR�WKH�VXUYH\V�KDV�EHHQ�D�ORQJ�VWDQGLQJ�SUREOHP�DV�ZLOO�EH�IXUWKHU
H[SORUHG�LQ�WKH�QH[W�VHFWLRQ�

�� 'HVLJQLQJ�WKH������3KLOLSSLQHV�&HQVXV�RI�$JULFXOWXUH

��� %DFNJURXQG

,Q�WKH�3KLOLSSLQHV��ZKLFK�KDV�D�GHFHQWUDOL]HG�VWDWLVWLFDO�V\VWHP��WKH�ODZ�DVVLJQV�DOO�FHQVXVHV�WR�WKH
1DWLRQDO�6WDWLVWLFV�2IILFH��162��WKDW�LV�DWWDFKHG�WR�WKH�3ODQQLQJ�'HSDUWPHQW��DQG�DOO�RWKHU�DJULFXOWXUDO
GDWD�FROOHFWLRQ�DFWLYLWLHV�WR�WKH�%XUHDX�RI�$JULFXOWXUDO�6WDWLVWLFV��%$6��RI�WKH�$JULFXOWXUH�'HSDUWPHQW��



�
�,QGHHG��WKH�VWDWLVWLFDO�V\VWHP�FRPSLOHV�HFRQRPLF�DFFRXQWV�IRU�WKH�UHJLRQV�DQG�WKH�FRXQWU\��EXW�QRW�IRU�WKH�SURYLQFHV�

�
�9LOODJHV�DUH�FDOOHG�%DUDQJD\V���)URP�WLPH�WR�WLPH��LQ�DQ�RSHUDWLRQ�FDOOHG�%DUDQJD\�6FUHHQLQJ�6XUYH\��DOWKRXJK�LW�LV�D�FRPSOHWH
HQXPHUDWLRQ���%$6�REWDLQV�IUDPH�LQIRUPDWLRQ�VXFK�DV�QXPEHU�RI�KRXVHKROGV��FURS�DUHDV�DQG�OLYHVWRFN�QXPEHUV�IURP�DOO�WKH
��������%DUDQJD\�KHDGV�

��

7KH�FRXQWU\�LV�GLYLGHG�LQWR����UHJLRQV�LQFOXGLQJ�WKH�1DWLRQDO�&DSLWDO�5HJLRQ�����SURYLQFHV�������WRZQV
DQG�RYHU��������YLOODJHV���7KH������������DQG������&$V�FRYHUHG�DOO�WKH�YLOODJHV�DQG�WKH�ODUJH
RSHUDWLRQDO�KROGLQJV��L�H��VDPSOLQJ�ZDV�OLPLWHG�WR�WKH�IDUP�KRXVHKROGV�ZLWK�VPDOO�KROGLQJV
�H�J��V\VWHPDWLFDOO\�VDPSOH�RQH�LQ�WZHQW\�RI�WKRVH�WKDW�DUH�OHVV�WKDQ�ILYH�KHFWDUHV�LQ�VL]H����+RZHYHU�
WKH�UHVXOWV�ZHUH�QRW�SXEOLVKHG�DW�WKH�YLOODJH�OHYHO��EXW�RQO\�DW�WKH�WRZQ�OHYHO���7KXV��WKH�UHDOLW\�ZDV�WKDW
WKH�GHILQLWLRQ�RI�D�VPDOO�DUHD�ZDV�WKH�WRZQ���7KLV�PHDQW�WKDW�VDPSOLQJ�RI�WKH�YLOODJHV�LQ�D�WRZQ�FRXOG
KDYH�EHHQ�FRQVLGHUHG��SURYLGHG�WKDW�DOO�WKH�WRZQV�ZHUH�FRYHUHG���7KLV�REVHUYDWLRQ�OHG�WR�WKH�WUHDWPHQW
RI�WKH�WRZQV�DV�GRPDLQV�DQG�VDPSOLQJ�RI�WKH�YLOODJHV�LQ�WKH������FHQVXV��DV�H[SODLQHG�LQ�WKH�QH[W
VXEVHFWLRQ�

7KH�PDMRU�%$6�VXUYH\V�XVH�WKH�SURYLQFHV�DV�GRPDLQV��WKH�YLOODJHV�DV�SULPDU\�VDPSOLQJ�XQLWV�DQG�WKH
KRXVHKROGV�DV�XOWLPDWH�VDPSOLQJ�XQLWV���+RZHYHU��EHFDXVH�RI�WKH�KLJK�VDPSOLQJ�HUURUV�RI�WKH�SURYLQFLDO
HVWLPDWHV��RQO\�UHJLRQDO�DQG�QDWLRQDO�OHYHO�HVWLPDWHV�DUH�SXEOLFO\�UHOHDVHG���7KLV�UDLVHV�D�QXPEHU�RI
LQWHUHVWLQJ�XQDQVZHUHG�TXHVWLRQV�

& 6LQFH�WKH�QRQ�DYDLODELOLW\�RI�SURYLQFLDO�OHYHO�HVWLPDWHV�KDV�QRW�WULJJHUHG�DQ\�VWURQJ�SURWHVWV�E\
WKH�FHQWUDO�DQG�SURYLQFLDO�JRYHUQPHQW�SODQQHUV�QRU�FHQVXUH�RI�WKH�VWDWLVWLFDO�V\VWHP��GRHV�LW
PHDQ�WKDW�WKH�VXUYH\V�FRXOG�EH�UHGHVLJQHG�WR�KDYH�WKH�UHJLRQV�DV�GRPDLQV�DQG�FRQVHTXHQWO\�
VPDOO�DUHD�LQ�WKH�DJULFXOWXUDO�FHQVXVHV�FDQ�EH�WKH�SURYLQFHV"�

& *LYHQ�WKH�OHYHO�RI�UHVRXUFHV�DYDLODEOH�WR�%$6��FDQ�WKH�KLJK�SURYLQFH�OHYHO�VDPSOLQJ�HUURUV�EH
GXH�WR�WKH�LQKHUHQWO\�KLJK�YDULDELOLW\�RI�DJULFXOWXUDO�YDULDEOHV��RU�DUH�WKH\�GXH�ODUJHO\�WR�WKH
LQHIILFLHQF\�RI�WKH�VDPSOLQJ�VWUDWHJ\�EHLQJ�XVHG�LQ�WKH�VXUYH\V"

7KH�%$6�VXUYH\V�QHHG�YLOODJH�OHYHO�IUDPHV�LQ�HDFK�SURYLQFH��ZLWK�WKH�FHQVXVHV�DV�WKH�LGHDO�VRXUFHV��
+RZHYHU��IRU�D�QXPEHU�RI�UHDVRQV��WKH��XQSXEOLVKHG��YLOODJH�OHYHO�FHQVXVHV�GDWD�KDG�QRW�EHHQ�DYDLODEOH
WR�WKH�%$6��VR�WKDW�WKH�ODWWHU�KDG�EHHQ�UHVRUWLQJ�WR�FUHDWLQJ�YLOODJH�IUDPHV�IURP�LQIRUPDWLRQ�JDWKHUHG
LQGHSHQGHQWO\�IURP�WKH�YLOODJH�KHDGV����0RUHRYHU��ZKLOH�RQO\�WKH�FHQVXVHV�ZHUH�DEOH�WR�SURYLGH�WRZQ
OHYHO�GDWD��WKH�VLJQLILFDQW�GLVFUHSDQFLHV�EHWZHHQ�WKH�FHQVXVHV�DQG�%$6�VXUYH\�UHVXOWV�REVHUYHG�HYHQ�DW
WKH�UHJLRQDO�DQG�QDWLRQDO�OHYHOV�FDVW�VRPH�GRXEW�RQ�WKH�WUXVWZRUWKLQHVV�RI�WKH�FHQVXVHV�DV�VRXUFHV�RI
VPDOO�DUHD�VWDWLVWLFV���7KLV�FDQ�EH�VHHQ�LQ�7DEOH���IRU�FRUQ�DQG�FRFRQXW��WKH�WZR�PRVW�LPSRUWDQW�FURSV
DIWHU�ULFH���7KH�UHODWLYH�GLIIHUHQFHV�DUH�YHU\�KLJK�DQG�JR�LQ�HLWKHU�GLUHFWLRQ�DW�WKH�UHJLRQDO�OHYHOV���7KH
VXUYH\�HVWLPDWH�RI�FRUQ�DUHD�LQ�WKH�FRXQWU\�LV����SHUFHQW�KLJKHU�WKDQ�WKDW�IRXQG�LQ�WKH�FHQVXV���7KH
GLYHUJHQFHV�IRU�VPDOOHU�DUHDV�DQG�OHVV�SUHYDOHQW�FURSV�ZLOO�EH�HYHQ�ODUJHU�



�
�&RPSDUH��IRU�H[DPSOH��WKH�����PLOOLRQ�HVWLPDWHG�QXPEHU�RI�IDUP�KRXVHKROGV�LQ�WKH�3KLOLSSLQHV�LQ������WR�WKH�����PLOOLRQ�IDUPV
HQXPHUDWHG�GXULQJ�WKH������86�&HQVXV�RI�$JULFXOWXUH�

��

7DEOH��� �����6XUYH\�DQG�&HQVXV�(VWLPDWHV�RI�&RUQ�DQG�&RFRQXW�$UHDV������+HFWDUHV�D
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3KLOLSSLQHV ���� ���� �� ����G ����G �
D�7RWDOV�DQG�SHUFHQWDJHV�PD\�QRW�FRPSXWH�GXH�WR�URXQGLQJ� 6RXUFH��'DYLG�HW�DO��>����D������E@�
E(VWLPDWHV�IRU�WKH�1DWLRQDO�&DSLWDO�5HJLRQ�DUH�LQFOXGHG�LQ�5HJLRQ�1R����
F�&RFRQXW�LV�D�PLQRU�FURS�LQ�WKHVH�UHJLRQV�
G�,QFOXGHV�VPDOOHU�DUHDV�LQ�UHJLRQV������DQG���

��� (YHQWV�/HDGLQJ�WR�WKH������$JULFXOWXUDO�&HQVXV

)RU�WKH������&3+��162�JRW�D����PLOOLRQ�VSHFLDO�DSSURSULDWLRQ�IURP�WKH�3KLOLSSLQH�&RQJUHVV���7KHQ
162�DVNHG�IRU�D�VOLJKWO\�VPDOOHU�DPRXQW�IRU�WKH�&$��EXW�GLG�QRW�JHW�LW���7KHUH�DUH�RWKHU�UHDVRQV�IRU
WKLV�UHMHFWLRQ�EHVLGHV�UHGXFLQJ�WKH�SXEOLF�GHILFLW���7KH�QHHG�IRU�D�&$�LV�QRW�DV�FOHDU�RU�DV�ZHOO�NQRZQ�DV
IRU�D�&3+��HVSHFLDOO\�WR�SROLWLFLDQV�ZKRVH�EDFNJURXQGV�DUH�UDUHO\�DJUDULDQ���:LWK�FRQWLQXLQJ
IUDJPHQWDWLRQ�RI�IDUPV��WKH�SURSRUWLRQ�RI�IDUP�KRXVHKROGV�WR�DOO�KRXVHKROGV�LQ�GHYHORSLQJ�FRXQWULHV�LV
XVXDOO\�DERYH����SHUFHQW��ZKLOH�����SHUFHQW��DQG�GHFOLQLQJ��LV�W\SLFDO�LQ�D�GHYHORSHG�FRXQWU\����7KXV�
WKH�HVFDODWLQJ�FRVWV�QHHGHG�WR�FRQWLQXH�FRYHULQJ�DQ�LQFUHDVLQJ�QXPEHU�RI�IDUP�KRXVHKROGV�FRXOG�EULQJ
IXOO�HQXPHUDWLRQ�DJULFXOWXUDO�FHQVXVHV�EH\RQG�ILQDQFLDO�DQG�SROLWLFDO�IHDVLELOLW\�LQ�PDQ\�GHYHORSLQJ
FRXQWULHV�

$IWHU�VRPH�DVVXUDQFH�WKDW�URXJKO\�RQH�WKLUG�RI�WKH�RULJLQDOO\�UHTXHVWHG�DPRXQW�FRXOG�EH�UDLVHG�IURP
DOWHUQDWLYH�VRXUFHV��D�JURXS�RI�FRQFHUQHG�VWDWLVWLFLDQV�DQG�DJULFXOWXUH�SROLF\PDNHUV�GLVFXVVHG�ZD\V�RI
VDYLQJ�WKH�&$���7KH�FRQVHQVXV�WKDW�HPHUJHG�LQFOXGHG�FRPELQLQJ�162�DQG�%$6�ILHOG�UHVRXUFHV�IRU�WKH
ILHOG�ZRUN��GUDVWLFDOO\�UHVWULFWLQJ�WKH�TXHVWLRQQDLUH�WR�VWUXFWXUDO�YDULDEOHV�VXFK�DV�ODQG�XVH�DQG
LQYHQWRULHV�RI�IDUP�DVVHWV��HPSOR\LQJ�PRUH�H[WHQVLYH�VDPSOLQJ�WKDQ�LQ�SUHYLRXV�&$V��DQG�SRVWSRQLQJ
WKH�UHIHUHQFH�\HDU�IURP������WR������WR�EX\�VRPH�WLPH�IRU�WKH�QHFHVVDU\�FKDQJHV���,Q�SDUWLFXODU��ZH
KDG�VL[�PRQWKV�WR�FRPH�XS�ZLWK�WKH�VDPSOH�EHIRUH�WKH�VWDUW�RI�WKH�ILHOG�ZRUN�

��� 6DPSOLQJ�6FKHPH

,W�ZDV�GHFLGHG�WKDW�WKH������&$�VKRXOG�SURYLGH�VHSDUDWH�HVWLPDWHV�IRU�WKH������WRZQV���7KLV�ZDV
GHHPHG�VLQJXODUO\�LPSRUWDQW�VLQFH�WKH�&$V�DUH�WKH�RQO\�VRXUFHV�RI�WRZQ�OHYHO�VWDWLVWLFV�RQ�D�QDWLRQDO
VFDOH���7KH�VDPSOLQJ�VWUDWHJ\��KRZHYHU��VKRXOG�GHOLYHU�FHUWDLQ�OHYHOV�RI�SUHFLVLRQ��H�J��&9�OHVV�WKDQ
���SHUFHQW�IRU�WKH�PDMRULW\�DQG�OHVV�WKDQ����SHUFHQW�IRU�HLJKW\�SHUFHQW�RI�WKH�WRZQV��DW�OHDVW�IRU�WKH



��

PDMRU�VWUXFWXUDO�YDULDEOHV�VXFK�DV�WRWDO�IDUP�DUHD�DQG�DUHDV�XQGHU�WKH�SULQFLSDO�FURSV���0RUHRYHU��WKH
FHQVXV�VDPSOH�VKRXOG�EH�DEOH�WR�VHUYH�DV�D�IUDPH�IRU�WKH�HQVXLQJ�TXDUWHUO\�DJULFXOWXUDO�VDPSOH�VXUYH\V�
DQG�LI�QR�RWKHU�GDWD�VRXUFHV�ZHUH�WR�EH�XVHG�IRU�WKDW�SXUSRVH��LW�LV�QDWXUDO�WR�DGDSW�WZR�SKDVH�VDPSOLQJ�
ZLWK�FHQVXV�DQG�VXUYH\V�DV�ILUVW��DQG�VHFRQG�SKDVH�VDPSOHV��UHVSHFWLYHO\���7KLV�ZDV�WKH�DSSURDFK
IROORZHG��DQRWKHU�DGYDQWDJH�RI�ZKLFK��DV�PHQWLRQHG�SUHYLRXVO\��LV�LWV�SRWHQWLDO�WR�UHGXFH�WKH
GLVFUHSDQFLHV�EHWZHHQ�FHQVXV�DQG�VXUYH\V�UHVXOWV�

:LWK�FRPSOHWH�YLOODJH�OHYHO�GDWD�ILOHV�IURP�WKH������&$�DQG�QHZ�YLOODJH�OLVWV�DQG�DGYDQFH�KRXVHKROG
DQG�SRSXODWLRQ�HVWLPDWHV�IURP�WKH������&3+�DV�D�EDVLV��FRPSDUDWLYH�H[SHULPHQWV�ZHUH�GRQH�RQ
GLIIHUHQW�VWUDWHJLHV��L�H��IRU�HYHU\�FDQGLGDWH�VDPSOLQJ�VFKHPH�DQG�HVWLPDWLRQ�SURFHGXUH��GUDZ��E\
FRPSXWHU��DOO�VDPSOHV�DQG�FRPSXWH�WKH�´H[DFWµ�HUURU�UDWHV��&9V���XVLQJ�WKH������&$�GDWD�DV�SUR[\�IRU
WKH������WDUJHW�GDWD���7KH�FRPSXWDWLRQV�ZHUH�FDUULHG�RXW�RQ�ILYH�LPSRUWDQW�YDULDEOHV��QDPHO\�WRWDO�IDUP
DUHD��7)$��DQG�WRWDO�DUHDV�XQGHU�ILHOG�FURSV��ULFH��FRUQ�DQG�FRFRQXW���7KH�UHODWLYH�HIILFLHQFLHV�RI�WKH
GLIIHUHQW�VWUDWHJLHV�ZHUH�FRPSDUHG�WKURXJK�WKH�FXPXODWLYH�GLVWULEXWLRQ�IXQFWLRQV�RI�WKH�WRZQ�&9V�

%DVHG�RQ�WKH�UHVXOWV�RI�WKH�H[SHULPHQWV��WKH�IROORZLQJ�VDPSOLQJ�SURFHGXUH�ZDV�DGRSWHG�IRU�WKH
�����3KLOLSSLQHV�&$�>'DYLG�����@���,Q�HDFK�WRZQ��DUUDQJH�WKH�YLOODJHV�LQ�GHVFHQGLQJ�VL]H�RI�7)$�LQ
������GUDZ�WKH�ELJJHVW�YLOODJH�ZLWK�FHUWDLQW\��WDNH�KDOI�RI�WKH�UHPDLQLQJ�YLOODJHV�XVLQJ�VLPSOH
V\VWHPDWLF�VDPSOLQJ��DQG�HQXPHUDWH�FRPSOHWHO\�DOO�WKH�IDUP�KRXVHKROGV�ZLWKLQ���7KH�ODUJH�HVWDWHV�DQG
FRUSRUDWH�IDUPV�ZHUH�QRW�LQFOXGHG�LQ�WKLV�VFKHPH��DV�WKHVH�ZHUH�HQXPHUDWHG�FRPSOHWHO\�

,W�PD\�EH�XVHIXO�WR�FLWH�EULHIO\�VRPH�RWKHU�UHDVRQV�EHKLQG�FHUWDLQ�HOHPHQWV�RI�WKH�VFKHPH�

& :H�H[DPLQHG�WKH�ELDVHV�LQ�VLPSOH�V\VWHPDWLF�VDPSOLQJ��XVLQJ������GDWD�DV�SUR[\���IRXQG�WKH
OHYHOV�WULIOH��DQG�FDPH�WR�WKH�GHFLVLRQ�WKDW�WKH�VLPSOLFLW\�RI�WKH�VFKHPH�RXWZHLJKV�WKH
FRPSOLFDWLRQV�RI�IXUWKHU�UHGXFLQJ�HOLPLQDWLQJ�ELDV��H�J��E\�VXEVWLWXWLQJ�FLUFXODU�V\VWHPDWLF
VDPSOLQJ�

& :K\�QRW�VDPSOH�WKH�IDUP�KRXVHKROGV"��7KH�DYHUDJH�VL]H�RI�D�IDUP�KROGLQJ�LQ�WKH�3KLOLSSLQHV�LV
MXVW�D�OLWWOH�RYHU�WZR�KHFWDUHV���,Q�WKH�SUHYLRXV�FHQVXVHV��KRXVHKROGV�ZLWK�OHVV�WKDQ�RQH�WHQWK
KHFWDUH�RU�OHVV�WKDQ�D�SUHVFULEHG�QXPEHU�RI�OLYHVWRFN�DQG�SRXOWU\��ZLWK�ZHLJKWV�DVVLJQHG�WR
W\SHV��ZHUH�QRW�FRYHUHG���0RUHRYHU��RQO\�ODUJH�IDUPV��GHILQHG�DV�DW�OHDVW�ILYH�RU�PRUH�KHFWDUHV
LQ�������ZHUH�FRPSOHWHO\�HQXPHUDWHG�DQG�D�RQH�LQ�WZHQW\�VDPSOH�ZDV�GUDZQ�IURP�WKH�VPDOO
IDUPV���7KH�����V�DQG�WKH�SUHVHQW�GHFDGH�VDZ�DQ�LQFUHDVHG�FRQFHUQ�IRU�UHGXFLQJ�SRYHUW\��DQG
DORQJ�ZLWK�LW�FDPH�WKH�UHDOL]DWLRQ�WKDW�VWDWLVWLFDO�LQIRUPDWLRQ�RQ�WKH�SRRU�LV�ZHDN���7KH�SROLF\
GHFLVLRQ�WR�HQXPHUDWH�LQ�WKH�VDPSOH�YLOODJHV�DOO�KRXVHKROGV�WKDW�ZHUH�HQJDJHG�LQ�VRPH
DJULFXOWXUDO�DFWLYLW\�GXULQJ������ZDV�DQ�DWWHPSW�WR�LPSURYH�LQIRUPDWLRQ�RQ�WKH�SRRUHVW�RI�WKH
UXUDO�SRRU�

& :K\�QRW�SSV�VDPSOLQJ"��7KH�PDLQ�UHDVRQ�ZDV�WR�DYRLG�FRPSOLFDWLRQV�LQ�WKH�HQVXLQJ�VDPSOH
VXUYH\V�WKDW�ZLOO�EH�WKH�UHVSRQVLELOLW\�RI�%$6���$OVR��162�PDQDJHPHQW�UHDFWLRQ�WR�WKH
VXJJHVWLRQ�WR�XVH�SSV�VDPSOLQJ�LQ�WKH�&$�ZDV�D�SUHIHUHQFH�WR�EH�VRPHZKDW�HFRQRPLFDOO\
LQHIILFLHQW�UDWKHU�WKDQ�FRPSOLFDWH�RSHUDWLRQV�DQG�GDWD�SURFHVVLQJ���6\VWHPDWLF�VDPSOLQJ�RI�DQ
RUGHUHG�SRSXODWLRQ�JLYHV�XS�VRPH�HIILFLHQF\�WR�SSV�VDPSOLQJ�LQ�H[FKDQJH�IRU�UREXVWQHVV�

& 2QH�V\VWHPDWLF�VDPSOH�ZLOO�QRW�JLYH�D�YDOLG�HVWLPDWH�RI�WKH�VDPSOLQJ�HUURU���7KLV�ZDV�UHVROYHG
SDUWO\�E\�D�GHFLVLRQ�WR�HQXPHUDWH�WKH�FRPSOHPHQWV�WR�WKH�FHQVXV�VDPSOHV�LQ�IRXU�SLORW�SURYLQFHV
WKDW�WKH�162�KDG�EHHQ�ZRUNLQJ�RQ�WR�WHVW�WKH�LQVWUXPHQWV�DQG�SURFHGXUHV�EHLQJ�GHYHORSHG
EHIRUH�WKH�GLVDSSURYDO�RI�WKH�SURSRVHG�FHQVXV�EXGJHW���$FWXDO�VDPSOLQJ�HUURUV�FDQ�EH�REVHUYHG
LQ�WKHVH�SURYLQFHV�
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��� ,QVLJKWV�IURP�WKH�)RXU�&RPSOHWHO\�(QXPHUDWHG�3URYLQFHV

3DVW�LQIRUPDWLRQ�LV�URXWLQHO\�XVHG�WR�SODQ�IXWXUH�GDWD�FROOHFWLRQ��H[SHFWLQJ�WKDW�FRUUHODWLRQV�EHWZHHQ�WKH
WZR�VHWV�FRQWLQXH�WR�EH�VWURQJ���,Q�GHYHORSLQJ�FRXQWULHV��WKH�FRUUHODWLRQV�RIWHQ�WXUQ�RXW�ZHDNHU�WKDQ
DQWLFLSDWHG��SUREDEO\�EHFDXVH�FKDQJHV�LQ�DJULFXOWXUH�DUH�IDVWHU�WKDQ�JHQHUDOO\�SHUFHLYHG��DQG�GHILQLWHO\
EHFDXVH�RI�WKH�XSVXUJH�RI�QRQ�VDPSOLQJ�HUURUV�LQ�PDVVLYH�RSHUDWLRQV���7KH�YLOODJH�OHYHO�FRUUHODWLRQV
EHWZHHQ������WRWDO�IDUP�DUHD�DQG�ILYH�FKDUDFWHULVWLFV�IURP�WKH������&$�LQ�WKH�IRXU�IXOO�HQXPHUDWLRQ
SURYLQFHV�DUH�VKRZQ�LQ�7DEOH�����7KH�FRUUHODWLRQ�FRHIILFLHQW�RI�WRWDO�IDUP�DUHD�DJDLQVW�LWVHOI����\HDUV
DIWHU�GRHV�QRW�JR�EH\RQG�������7KH�ORZHU�FRUUHODWLRQV�ZLWK�WKH�RWKHU�FKDUDFWHULVWLFV�PHDQ�WKDW�WKH
SUHFLVLRQ�RI�WKH�HVWLPDWHV�IRU�WKHVH�FKDUDFWHULVWLFV�ZLOO�QRW�OLYH�XS�WR�H[SHFWDWLRQV�

7DEOH��� &RUUHODWLRQV�%HWZHHQ�9LOODJH�9DOXHV

RI������7RWDO�)DUP�$UHD�DQG������&KDUDFWHULVWLFV��E\�3URYLQFH

�����&KDUDFWHULVWLFV
%XNLGQRQ
�1 ����

,VDEHOD
�1 �����

/DJXQD
�1 ����

0DULQGXTXH
�1 ����

7RWDO�)DUP�$UHD ���� ���� ���� ����

5LFH�$UHD ���� ���� ���� ����

&RUQ�$UHD ���� ���� ���� ����

%DQDQD�+LOOV ���� ���� ���� ����

&RFRQXW�7UHHV ���� ���� ���� ����

6LQFH�FHQVXV�UHVXOWV�WDNH�WRR�ORQJ�WR�SURFHVV��LW�LV�VWDQGDUG�SURFHGXUH�LQ�PDQ\�GHYHORSLQJ�FRXQWULHV�WR
UHOHDVH�DGYDQFH�WDEXODWLRQV�RI�PDLQ�VWUXFWXUDO�YDULDEOHV�EDVHG�RQ�VXPPDU\�WDEOHV�IURP�WKH�ILHOG���,Q�WKH
3KLOLSSLQHV������&$��YLOODJH�WRWDOV�ZHUH�WDEXODWHG�E\�ILHOG�VWDII�IURP�WKH�PDLQ�TXHVWLRQQDLUHV��)RUP���
DQG�HQWHUHG�LQ�DQRWKHU�GRFXPHQW��)RUP������,Q�WKH�LQWHUHVW�RI�WLPH��WKH�ODWWHU�ZDV�QRW�VXEMHFWHG�WR
ULJRURXV�HGLWLQJ�DQG�YDOLGDWLRQ���7DEOH���ZDV�FRQVWUXFWHG�IURP�)RUP����KHQFH�LW�LV�HQWLUHO\�SODXVLEOH
WKDW�WKH�FRUUHODWLRQ�YDOXHV�ZHUH�ORZHUHG�E\�XQGHWHFWHG�HUURUV�LQ�WKH�LQSXW�GDWD���8QIRUWXQDWHO\��IRU
UHDVRQV�RI�HDV\�DQG�HDUO\�DYDLODELOLW\��LW�LV�XVXDOO\�)RUP���W\SH�GDWD�WKDW�DUH�XVHG�WR�GHVLJQ�LQWHUFHQVDO
VXUYH\V�

)RUPV���DQG���GDWD�DUH�VXSSRVHG�WR�EH�LGHQWLFDO���$�FRPSDULVRQ��KRZHYHU��UHYHDOHG�PDQ\�GLVFUHSDQFLHV
PRVWO\�GXH�WR�DGGLWLRQ�DQG�WUDQVFULSWLRQ�HUURUV�IURP�WKH�IRUPHU�WR�WKH�ODWWHU��EXW�DOVR�HQFRGLQJ�HUURUV�LQ
ERWK�IRUPV���$Q�H[DPSOH�LV�VKRZQ�LQ�7DEOH�����7KH�WRWDO�IDUP�DUHD�LQ�RQH�SURYLQFH��/DJXQD��7DEOH��D�
VKRZHG�D�����SHUFHQW�GLIIHUHQFH��ZKLFK�ZDV�WUDFHG�WR�RQH�WRZQ��6DQWD�0DULD��7DEOH��E���DQG�WKHQ�WR�DQ
HQFRGLQJ�HUURU�LQ�)RUP���RI�RQH�YLOODJH��7XQJNRG��7DEOH��F����6RPH�RI�WKH�PRUH�VHULRXV�UHVSRQVH�RU
UHFRUGLQJ�HUURUV�WKDW�HVFDSH�YDOLGDWLRQ�FKHFNV�RI�WKH�HQFRGHG�GDWD�PD\�VWLOO�EH�GHWHFWHG�GXULQJ�WKH
SURFHVVLQJ�VWDJH�³�D�VHUHQGLSLWRXV�SOXV�IRU�D�VDPSOH�FHQVXV�LV�WKDW�ODUJH�VDPSOLQJ�HUURUV��ZKHQ
FRPSXWHG��LQGLFDWH�WKH�SUHVHQFH�RI�ODUJH�LQGLYLGXDO�YDOXHV�WKDW�RIWHQ�WXUQ�RXW�WR�EH�QRQ�VDPSOLQJ�HUURUV
LQVWHDG�RI�WUXH�RXWOLHUV���6R�PDQ\�JURVV�HUURUV�LQ�WKH�EDVLF�GDWD�ZHUH�GHWHFWHG�WKLV�ZD\�LQ�WKH�IRXU
SURYLQFHV�WKDW��DIWHU�FRUUHFWLRQ��WKH�WRZQ�OHYHO�HVWLPDWHV�IRU�WKH�PDLQ�VWUXFWXUDO��DUHD��YDULDEOHV�ZRXOG
JR�IURP�XQDFFHSWDEOH�WR�JHQHUDOO\�DFFHSWDEOH�

7RZQ�VWDWLVWLFV�RQ�WKH�PLQRU�FURSV�H[KLELWHG�KLJK�VDPSOLQJ�HUURUV��VR�WKDW�RQO\�HVWLPDWHV�DW�WKH
SURYLQFLDO�RU�UHJLRQDO�OHYHO�VKRXOG�EH�UHOHDVHG�WR�WKH�SXEOLF���2I�FRXUVH��ZKDW�LV�PLQRU�LQ�RQH�ORFDWLRQ
FRXOG�EH�PDMRU�HOVHZKHUH��VHH�H�J��FRUQ�LQ�7DEOH�����KHQFH�D�SUDFWLFDO�SXEOLFDWLRQ�GHFLVLRQ�FDQ�EH�PDGH
RQO\�DIWHU�WKH�UHYLHZ�RI�WKH�LQLWLDO�WDEXODWLRQV���0LQRU�FURSV�DUH�FKDUDFWHUL]HG�E\�EHLQJ�XQHYHQO\
GLVWULEXWHG���7KH\�DUH�IRXQG�LQ�D�IHZ�ODUJH�WUDFWV�DPRQJ�PXOWLWXGHV�RI�YHU\�VPDOO�RQHV��RU�DUH�´UDUH
HYHQWVµ���7KLV�LQKHUHQW�YHU\�KLJK�YDULDELOLW\�RIWHQ�LPSOLHV�WKDW�QRWKLQJ�VKRUW�RI�FRPSOHWH�HQXPHUDWLRQ
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ZLOO�HQVXUH�WKDW�VDPSOLQJ�HUURU�ZLOO�EH�FRQWUROOHG���7KXV��LQ�WKH�IXWXUH��162V�LQ�FRQVXOWDWLRQ�ZLWK�XVHUV
PD\�GR�ZHOO�WR�SRQGHU�ZKHWKHU�WR�FRQWLQXH�FRPSOLFDWLQJ�&$V�E\�LQFOXGLQJ�PLQRU�FURSV�LQ�DOO
TXHVWLRQQDLUHV��RU�ZKHWKHU�WKHVH�FRXOG�EH�EHWWHU�GHDOW�ZLWK�WKURXJK�VSHFLDOL]HG�VWXGLHV�LQ�VSHFLILF�DUHDV�

7DEOH��� &RPSDULVRQ�RI�2WKHUZLVH�,GHQWLFDO�)RUP���DQG�)RUP���'DWD

D��3URYLQFH�7RWDOV

$UHD�LQ�����+HFWDUHV E��/DJXQD�3URYLQFH

3URYLQFH�)RUP 7RWDO 5LFH &RUQ 7RZQ )RUP�� )RUP��

$ODPLQRV ����� �����

%XNLGQRQ )RUP�� ����� ���� ����� %D\ ����� �����

)RUP�� ����� ���� ����� %LQDQ ����� �����

��'LIIHUHQFH ��� ���� ���� &DEX\DR ����� �����

&DODPED ����� �����

,VDEHOD )RUP�� ����� ����� ����� &DODXDQ ����� ����� F��6DQWD�0DULD�7RZQ

)RUP�� ����� ����� ����� &DYLQWL ����� ����� 9LOODJH�1R� )RUP�� )RUP��

��'LIIHUHQFH ���� ���� ���� )DP\ ����� ����� � �� ��

.DOD\DDQ ����� ����� � ��� ���

/DJXQD )RUP�� ���� ���� ��� /LOLZ ����� ����� � ��� ���

)RUP�� ���� ���� ��� /RV�%DQRV ����� ����� � ��� ���

��'LIIHUHQFH ��� ��� ���� Ú /XLVLDQD ����� ����� � ��� ���

/XPEDQ ����� ����� � ��� ���

0DULQGXTXH )RUP�� ���� ���� ��� 0DELWDF ����� ����� � ��� ���

)RUP�� ���� ���� ��� 0DJGDOHQD ����� ����� � ��� ���

��'LIIHUHQFH ��� ��� ���� 0DMD\MD\ ����� ����� � ��� ���

1DJFDUODQ ����� ����� �� �� ��

3DHWH ��� ��� �� ��� ���

3DJVDQMDQ ����� ����� �� ��� ���

3DNLO ����� ����� �� ��� ���

3DQJLO ����� ����� �� �� ��

3LOD ����� ����� �� ��� ���

5L]DO ��� ��� �� ��� ���

6DQ�3DEOR�&LW\ ������ ������ �� ��� ���

6DQ�3HGUR ��� ��� �� ��� ���

6DQWD�&UX] ����� ����� �� ��� ���

6DQWD�0DULD ������ ����� Ú �� ��� ���

6DQWD�5RVD ����� ����� �� ��� ���

6LQLORDQ ����� ����� �� �� ��

9LFWRULD ����� ����� �� ��� ���

/DJXQD ������ ������ �� ��� ���

�� �7XQJNRG� ������ ���

7KHUH�LV�DQRWKHU�NLQG�RI�QRQ�VDPSOLQJ�HUURU��WKH�VRXUFH�RI�ZKLFK�FDQ�EH�WUDFHG�WR�YDULDWLRQV�LQ�WKH�ILHOG
LQWHUSUHWDWLRQ�RI�FRQFHSWV��ZKLFK�LQ�WXUQ�LV�LQIOXHQFHG�E\�WKH�W\SH�RI�VWDWLVWLFDO�V\VWHP�IRXQG�LQ�WKH
FRXQWU\���7KH�GHYLDWLRQV�EHWZHHQ�FHQVXV�DQG�VXUYH\�UHVXOWV�LOOXVWUDWHG�LQ�7DEOH���DUH�SDUWO\�RI�WKLV�NLQG�
DQG�DV�PHQWLRQHG�EHIRUH��SDUWO\�GXH�WR�GLIIHUHQFHV�LQ�WKH�PHWKRGV�XVHG���$QRWKHU�H[DPSOH�LV�EDQDQD
FRXQWV�IURP�WKH������&$�ZKLFK�LQ�VRPH�SURYLQFHV�ZHUH�PXFK�KLJKHU�WKDQ�WKH�HVWLPDWHV�IURP�WKH
LQWHUFHQVDO�VXUYH\V���,W�WXUQHG�RXW�VRPH�&$�ILHOG�SHUVRQQHO�ZHUH�UHFRUGLQJ�WKH�QXPEHU�RI�EDQDQD�SODQWV
RU�VXFNHUV�LQVWHDG�RI�KLOOV���7KHVH�SUREOHPV�DUH�SURQH�WR�KDSSHQ�LQ�GHFHQWUDOL]HG�VWDWLVWLFDO�V\VWHPV
ZKHUH�WKHUH�LV�ERXQG�WR�EH�D�GLIIHUHQFH�LQ�WKH�GHSWK�RI�XQGHUVWDQGLQJ�RI�DJULFXOWXUH�EHWZHHQ�DQ�162
WKDW�GHDOV�ZLWK�WKH�VXEMHFW�GXULQJ�D�FHQVXV�RQO\�DQG�D�VWDWLVWLFV�EXUHDX�LQ�WKH�DJULFXOWXUH�PLQLVWU\�WKDW
KDV�WR�XSGDWH�WKH�FRXQWU\·V�DJULFXOWXUDO�GDWDEDVH�FRQWLQXRXVO\�
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�� $�3URSRVHG�6WUDWHJ\�IRU�WKH�,QWHUFHQVDO�6XUYH\V

��� &XUUHQW�DQG�3URSRVHG�'HVLJQV

7KH�%$6�XSGDWHV�WKH�3KLOLSSLQHV·�DJULFXOWXUDO�GDWDEDVH�WKURXJK�D�V\VWHP�RI�VXUYH\V��VRPH�RI�WKHP
TXDUWHUO\��HDFK�VXUYH\�FRYHULQJ�D�FURS�RU�JURXS�RI�FURSV���7KHVH�VXUYH\V�VKDUH�D�FRPPRQ�VDPSOLQJ
IUDPH��VHH�IRRWQRWH����DQG�VDPSOLQJ�SURFHGXUH��QDPHO\��VWUDWLI\�WKH�YLOODJHV�LQ�HDFK�SURYLQFH��GUDZ�D
VDPSOH�ZLWKRXW�UHSODFHPHQW�ZLWK�SUREDELOLW\�SURSRUWLRQDO�WR�VL]H��DQG�VHOHFW�D�VLPSOH�V\VWHPDWLF�VDPSOH
RI�IDUP�KRXVHKROGV�WR�LQWHUYLHZ���+RZHYHU��WKH�VWUDWLILFDWLRQ�DQG�VDPSOH�YLOODJHV�YDU\�EHWZHHQ
VXUYH\V��H�J��EHWZHHQ�WKH�ULFH�VXUYH\�DQG�FRUQ�VXUYH\���7KH�HVWLPDWLRQ�SURFHGXUH�LV�GHVLJQ�EDVHG�DQG
VWUDLJKWIRUZDUG��ZLWK�QR�DWWHPSW�WR�XVH�DX[LOLDU\�YDULDEOHV�RU�FRPSRVLWH�HVWLPDWRUV�WR�OLQN�FXUUHQW�DQG
SDVW�URXQGV���'HVSLWH�JRRG�LQWHQWLRQV��SODQV�WR�SDUWLDOO\�UHSODFH�VDPSOH�YLOODJHV�KDYH�QRW�EHHQ
LPSOHPHQWHG��LQVWHDG��D�ZKROHVDOH�FKDQJH�KDSSHQV�ZKHQ�WKH�HQWLUH�YLOODJH�VDPSOLQJ�IUDPH�LV�XSGDWHG�RU
ZKHQ�WKHUH�LV�D�GHVLJQ�FKDQJH�

,Q�������ZH�SURSRVHG�D�UHGHVLJQ�WKDW�XWLOL]HG�WKH������&$�H[FOXVLYHO\�DQG�NHSW�WKH�SURYLQFHV�DV
GRPDLQV���)LUVW��VWUDWLI\�WKH�&$�VDPSOH�YLOODJHV�E\�SXWWLQJ�WKH�ODUJHVW��WKDW�ZDV�GUDZQ�ZLWK�FHUWDLQW\��LQ
HDFK�WRZQ�LQWR�WKH�ILUVW��DQG�GLYLGH�WKH�UHPDLQLQJ�LQWR�+���VWUDWD���7KHQ��GUDZ�5�UHSOLFDWHG�VDPSOHV
HDFK�RI�VL]H�+���7KLV�FDQ�EH�GRQH�HLWKHU�E\�FKRRVLQJ�RQH�YLOODJH�LQ�HDFK�VWUDWXP�XVLQJ�D�VSHFLILHG
VHOHFWLRQ�PHFKDQLVP��UHSODFLQJ�DQG�UHSHDWLQJ�WKH�SURFHVV�5�WLPHV��RU�HTXLYDOHQWO\��GUDZLQJ�5�YLOODJHV
ZLWK�UHSODFHPHQW�LQ�HDFK�VWUDWXP���7KH�UHVXOW�LV�D�VHFRQG�SKDVH�VDPSOH�IURP�WKH��ILUVW�SKDVH��FHQVXV
VDPSOH���6DPSOLQJ�ZLWK�UHSODFHPHQW�HQVXUHV�LQGHSHQGHQFH�RI�WKH�UHSOLFDWH�VDPSOHV�ZLWK�UHVSHFW�WR�WKH
VHFRQG�SKDVH�

��� $�*HQHUDOL]HG�(VWLPDWLRQ�3URFHGXUH

7KH�HVWLPDWLRQ�RXWOLQHG�EHORZ�LV�DGDSWDEOH�WR�DQ\�VHOHFWLRQ�SUREDELOLWLHV�XVHG�WR�GUDZ�WKH�VHFRQG�SKDVH
VDPSOH�YLOODJHV�DQG�WR�DQ\�VDPSOLQJ�VFKHPH�XVHG�DW�WKH�KRXVHKROG�DQG�ORZHU�OHYHOV���7KLV�LV�DQ
LPSRUWDQW�DGYDQWDJH�ZKHQ�GLIIHUHQW�SURFHGXUHV�DQG�VDPSOHV�KDYH�WR�EH�XVHG�IRU�WKH�ULFH�DQG�FRUQ
VXUYH\V��FRFRQXW�VXUYH\V��OLYHVWRFN�VXUYH\V��HWF���,W�LV�DVVXPHG��KRZHYHU��WKDW�WKH�ILUVW�SKDVH�VDPSOLQJ
XQLWV�ZHUH�GUDZQ�ZLWK�HTXDO�SUREDELOLWLHV��H[FHSW�WKH�ODUJHVW�RQHV�WKDW�ZHUH�GUDZQ�ZLWK�FHUWDLQW\�DQG
ZKLFK�ZHUH�JURXSHG�LQWR�WKH�ILUVW�VWUDWXP�DW�WKH�VHFRQG�SKDVH���'HWDLOV�RI�WKH�HVWLPDWLRQ�WKHRU\�KDYH
EHHQ�GHYHORSHG�LQ�'DYLG�DQG�0DOLJDOLJ�>����@�

/HW�\K�U��EH�WKH�GHVLJQ�XQELDVHG�HVWLPDWH�RI�WKH�U
WK�VDPSOH�YLOODJH�WRWDO�LQ�VWUDWXP�K�DQG�IK�U��WKH

VHFRQG�SKDVH�VHOHFWLRQ�SUREDELOLW\�RI�WKH�VDPH�YLOODJH���7KHQ�\��U��I��U��LV�DQ�XQELDVHG�HVWLPDWH�RI�WKH
VWUDWXP���WRWDO��DQG�\��U��ô�I��U���K �����+��DUH�WKH�FRUUHVSRQGLQJ�HVWLPDWHV�IRU�WKH�UHPDLQLQJ�VWUDWD�
ZLWK�WKH�IDFWRU�ô�UHIOHFWLQJ�WKH�ILUVW�SKDVH�LQFOXVLRQ�SUREDELOLW\���$Q�HVWLPDWH�RI�WKH�SRSXODWLRQ�WRWDO
IURP�WKH�UWK�UHSOLFDWH�VDPSOH�LV�
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LV�DOVR�XQELDVHG�DQG�WKH�XVXDO�HVWLPDWRU�RI�WKH�YDULDQFH�LV
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ZKLFK�LV�NQRZQ�WR�EH�XQELDVHG�ZKHQ�WKH�UHSOLFDWH�VDPSOHV�DUH�WUXO\�LQGHSHQGHQW���+RZHYHU��WKH
LQGHSHQGHQFH�LV�ORVW�XQGHU�WZR�SKDVH�VDPSOLQJ�>:ROWHU�����@���)RU�WKH�VSHFLILF�VDPSOLQJ�VFKHPH
SURSRVHG�KHUH��WKH�YDULDQFH�RI�\�FRQVLVWV�RI�WKUHH�WHUPV�
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ZKHUH�1K�GHQRWHV�WKH�VL]H�RI�VWUDWXP�K��<KL�WKH�L
WK�YLOODJH�WRWDO�LQ�VWUDWXP�K��<K�WKH�VWUDWXP�K�WRWDO�
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WKLUG�WHUP��ZKLFK�LV�WKH�VTXDUHG�GLIIHUHQFH�EHWZHHQ�WKH�ILUVW�SKDVH�V\VWHPDWLF�VDPSOH�WRWDO�DQG�LWV
FRPSOHPHQW��LV�DOVR�WKH�FRYDULDQFH�EHWZHHQ�HVWLPDWHV�IURP�WKH�UHSOLFDWH�VDPSOHV���,W�LV�D�FRQVHTXHQFH
RI�WKH�QRQ�LQGHSHQGHQFH�RI�WKH�UHSOLFDWH�VDPSOHV�XQGHU�WZR�SKDVH�VDPSOLQJ���,WV�QHJDWLYH�YDOXH�WXUQV
RXW�WR�EH�WKH�ELDV�LQ�WKH�YDULDQFH�HVWLPDWH������VLQFH�LW�FDQ�EH�VKRZQ�WKDW
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��� 3UDFWLFDO�3UREOHPV�RI�$GRSWLRQ�'HVSLWH�$GYDQWDJHV�IRU�'HYHORSLQJ�&RXQWULHV

$V�GHVFULEHG�DERYH��,QGRQHVLD�DQG�1HSDO�DUH�WZR�FRXQWULHV�WKDW�UDQ�&$V�WKDW�ZHUH�VWUDWLILHG�PXOWLVWDJH
VDPSOH�VXUYH\V���,Q�WKH�IRUPHU��WKH�LQWHUFHQVDO�VXUYH\V�ZHUH�VXEVDPSOHV�RI�WKH�&$��ZLWK�QR�LQGLFDWLRQ�
KRZHYHU��WKDW�WKHVH�DUH�EHLQJ�WUHDWHG�DV�VHFRQG�SKDVH�VDPSOHV���,Q�WKH�ODWWHU��WKH�LQWHUFHQVDO�VXUYH\V
ZHUH�GUDZQ�LQGHSHQGHQWO\�RI�WKH�&$�IURP�WKH�VDPH�VR�FDOOHG�FHQVXV�VDPSOLQJ�IUDPH���+HQFH��RQH
ZRXOG�KRSH�WKDW�DGDSWLQJ�WKH�VDPSOLQJ�VWUDWHJ\�SURSRVHG�KHUH�WR�WKHVH�FRXQWULHV�ZRXOG�QRW�PHHW�VHULRXV
GLIILFXOW\�VLQFH�QR�FKDQJH�LQ�IXQGDPHQWDO�SULQFLSOH�QRU�DGGLWLRQDO�UHVRXUFHV�LV�UHTXLUHG�

,Q�WKH�3KLOLSSLQHV��KRZHYHU��ZKLOH�WKH������&$�ZDV�FRQGXFWHG�DV�VXJJHVWHG��WKH�%$6�KDV�\HW�WR�XVH
WKH�UHVXOWV�WR�UHGHVLJQ�WKH�LQWHUFHQVDO�VXUYH\V�DV�SURSRVHG�DERYH���+LQGVLJKW�SRLQWV�WR�WKH�PDMRU
LPSHGLPHQWV��D�EXGJHW�HDUPDUNHG�PDLQO\�IRU�VWDII�VDODULHV�DQG�FRQWLQXDWLRQ�RI�WKH�UHJXODU�VXUYH\V��QR
SHUPDQHQW�UHVHDUFK�DQG�GHYHORSPHQW�VWDII�RU�DFWLYLW\��ODFN�RI�WHFKQLFDO�FDSDFLW\�HVSHFLDOO\�LQ�VXUYH\
VDPSOLQJ�WKHRU\��FRQFHUQ�IRU�FRQVHTXHQFHV�RI�D�QHZ�PHWKRG�OHDGLQJ�WR�UHVXOWV�WKDW�DUH�YHU\�GLIIHUHQW
IURP�WKH�KLVWRULFDO�WLPH�VHULHV��DQG�QDWXUDO�LQHUWLD�WRZDUGV�VLJQLILFDQW�FKDQJH���7KHVH�VLWXDWLRQV�WHQG�WR
EH�SUHVHQW�LQ�RWKHU�$VLDQ�GHYHORSLQJ�FRXQWULHV�DV�ZHOO��KHQFH��RIWHQ�DQ�H[WHUQDO�ILQDQFLDO�DQG�WHFKQLFDO
DVVLVWDQFH�EHFRPHV�WKH�VWURQJHVW�FDWDO\VW�WR�FKDQJH�

7KH�SURSRVHG�VWUDWHJ\�SURYLGHV�HFRQRPLFDO�DQG�SUDFWLFDO�VROXWLRQV�WR�WKH�HQGXULQJ�SUREOHPV
FRQIURQWLQJ�GHYHORSLQJ�FRXQWU\�VWDWLVWLFDO�V\VWHPV���,W�VROYHV�WKH�SUREOHP�RI�VDPSOLQJ�IUDPHV�IRU
DJULFXOWXUDO�VXUYH\V���:H�PD\�VHH�PRUH�HUURU�HVWLPDWHV�EHLQJ�FRPSXWHG�ZKLFK�IHZ�FRXQWULHV�DUH�DEOH�WR
GR�DW�WKH�PRPHQW���$�URWDWLRQ�RU�UHSODFHPHQW�RI�U�5�UHSOLFDWHV�IURP�RQH�VXUYH\�URXQG�WR�WKH�QH[W�GRHV
QRW�XQGXO\�FRPSOLFDWH�WKH�ILHOG�DQG�HVWLPDWLRQ�SURFHGXUHV���&RQWLQXRXV�XSGDWLQJ�RI�ZHLJKWV�LQ�EHWZHHQ
FHQVXVHV�FDQ�EH�GRQH�WKURXJK�UH�OLVWLQJ�RI�XQLWV�ZLWKLQ�YLOODJHV��SULPDU\�VDPSOLQJ�XQLWV��LQ�D�VXEVHW�RI
WKH�UHSOLFDWH�VDPSOHV��ZLWK�WKH�VXEVHW�FKDQJLQJ�IURP�URXQG�WR�URXQG���,PSRUWDQW�DSSOLHG�UHVHDUFK��VXFK
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DV�FRPSDULQJ�GDWD�FROOHFWLRQ�RU�WUDLQLQJ�PHWKRGV��FDQ�HDVLO\�EH�EXLOW�LQWR�WKH�VXUYH\�RSHUDWLRQ���3KDVHG
SURFHVVLQJ�RI�WKH�GDWD�LQ�VXEJURXSV�RI�UHSOLFDWHV�ZLOO�KHOS�PHHW�YDULHG�XVHU�UHTXLUHPHQWV��H�J��ZKHQ�WKH
DJULFXOWXUH�PLQLVWHU�ZDQWV�DGYDQFH�HVWLPDWHV�DV�LQSXWV�WR�WKH�TXDUWHUO\�QDWLRQDO�DFFRXQWV�ZLWKLQ�RQH
PRQWK�IURP�WKH�VXUYH\��WKH�SODQQLQJ�PLQLVWHU�ZLWKLQ�WKUHH�PRQWKV��DQG�ILQDO�HVWLPDWHV�VL[�PRQWKV�DIWHU��
/LNHZLVH��LQ�WKH�HYHQW�WKDW�RQO\�D�SRUWLRQ�RI�WKH�VXUYH\�DSSURSULDWLRQ�LV�DFWXDOO\�UHOHDVHG��ZKLFK�LV�QRW
XQFRPPRQ�LQ�GHYHORSLQJ�FRXQWULHV��UHGXFLQJ�WKH�VDPSOH�WR�U�5�UDQGRPO\�FKRVHQ�UHSOLFDWHV�SUHVHUYHV
WKH�GLVWULEXWLRQ�RI�ZRUN�ORDGV�DQG�FKDQJHV�RQO\�WKH�DFFXUDFLHV�DQG�VWDELOLWLHV�RI�HVWLPDWHV�EXW�QRW�WKH
HVWLPDWRUV�

/DVW�EXW�QRW�OHDVW��WKHUH�LV�WKH�FRQVWDQW�GLOHPPD�RI�FKRRVLQJ�EHWZHHQ�D�PRUH�HFRQRPLFDO�PXOWL�VXEMHFW
VXUYH\�RU�PRUH�HIILFLHQW�VSHFLILF�VXUYH\V���6KRXOG�LW�EH�DQ�LQWHJUDWHG�FURSV�DQG�OLYHVWRFN�VXUYH\�RU
VHSDUDWH�FURSV�DQG�OLYHVWRFN�VXUYH\V��D�ULFH�DQG�FRUQ�VXUYH\�YHUVXV�D�ULFH�VXUYH\�DQG�D�FRUQ�VXUYH\�
DQG�VR�RQ���7KH�ILUVW�DSSURDFK�OHDGV�WR�OHVV�SUHFLVH�HVWLPDWHV��KRZHYHU��D�GHYHORSLQJ�FRXQWU\
DJULFXOWXUDO�VWDWLVWLFV�RIILFH�ZLOO�QHYHU�KDYH�HQRXJK�UHVRXUFHV�WR�UXQ�PDQ\�VXUYH\V���7KH�SURSRVHG
VDPSOLQJ�VWUDWHJ\�WLSV�WKH�EDODQFH�WRZDUGV�PXOWL�VXEMHFW�VXUYH\V��LQ�WKH�VHQVH�WKDW�VRPH�RI�WKH�SRWHQWLDO
SUHFLVLRQ�ORVW�DW�WKH�GHVLJQ�VWDJH�FRXOG�EH�UHFRYHUHG�DW�WKH�HVWLPDWLRQ�VWDJH�E\�XVLQJ�YDULDQFH�UHGXFLQJ
WHFKQLTXHV�OLNH�UDWLR�RU�UHJUHVVLRQ�HVWLPDWLRQ�LQ�WKH�UHSOLFDWH�HVWLPDWRU�������7KH�HVWLPDWRUV�����DQG����
VWLOO�DSSO\��KHQFH��WKH�HVWLPDWLRQ�SURFHVV�UHPDLQV�VXIILFLHQWO\�VLPSOH�IRU�WKH�OLPLWHG�FDSDELOLW\�LQ�WKH
VWDWLVWLFV�RIILFH�

�� &RQFOXGLQJ�5HPDUNV

6RPH�GHYHORSLQJ�FRXQWULHV�KDYH�QRW�GRQH�FRPSOHWH�HQXPHUDWLRQ�DJULFXOWXUDO�FHQVXVHV��KDYLQJ�IRXQG
WKHP�ILQDQFLDOO\�RU�WHFKQLFDOO\�XQIHDVLEOH���:H�SUHGLFW�WKDW�PRUH�FRXQWULHV�ZLOO�LQFUHDVLQJO\�ILQG
WKHPVHOYHV�LQ�WKH�VDPH�VLWXDWLRQ���,Q�SDUWLFXODU��WKH�SUHVHQW�HFRQRPLF�DQG�ILQDQFLDO�WXUPRLO�LQ�(DVW�DQG
6RXWKHDVW�$VLD�FDQ�SXW�WKH������URXQG�RI�&$V�LQ�WKHVH�FRXQWULHV�DW�ULVN��DQG�RQO\�GUDVWLFDOO\�UHGXFHG
FRVWV�WKURXJK�H[WHQVLYH�VDPSOLQJ�PD\�EH�DEOH�WR�VDYH�WKHP�IURP�EHLQJ�SRVWSRQHG�RU�FDQFHOHG�

7KHUH�KDYH�EHHQ�VLJQLILFDQW�GHYLDWLRQV�EHWZHHQ�WKH�UHDVRQV�IRU�GRLQJ�PDVVLYH�&$V�DQG�WKH�DFWXDO�XVHV
RI�WKH�UHVXOWV���7KH\�KDYH�QRW�DOZD\V�EHHQ�XVHG�WR�GHVLJQ�WKH�HQVXLQJ�VXUYH\V��ZKLFK�ZKHQ�FRXSOHG
ZLWK�WKH�XVH�RI�GLIIHUHQW�GDWD�FROOHFWLRQ�PHWKRGV��WHQG�WR�OHDG�WR�FRQIOLFWLQJ�UHVXOWV�EHWZHHQ�WKH
FHQVXVHV�DQG�WKH�VXUYH\V���7KHUH�KDYH�EHHQ�FDVHV�ZKHUH�WKH�ORZ�DFFXUDF\�RI�WKH�VPDOO�DUHD�GDWD�IURP
&$V�DQG�WKH�LQRUGLQDWH�GHOD\�LQ�WKHLU�UHOHDVH�OLPLWHG�WKHLU�XVHIXOQHVV�

,Q�WKLV�SDSHU��ZH�SURSRVH�UHSODFLQJ�D�PDVVLYH�RU�FRPSOHWH�&$�ZLWK�D�ILUVW�SKDVH�VDPSOH��IURP�ZKLFK
VHFRQG�SKDVH�VXEVDPSOHV�DUH�GUDZQ�GLUHFWO\�IRU�WKH�HQVXLQJ�UHJXODU�VXUYH\V���7KH�ILUVW�SKDVH�VDPSOH
VKRXOG�PHHW�WKH�GHPDQG�IRU�VPDOO�DUHD�GDWD��NHHSLQJ�LQ�PLQG��KRZHYHU��WKDW�D�UHYLHZ�RI�SDVW
H[SHULHQFH�LQ�SODQQLQJ�DQG�GHFLVLRQ�PDNLQJ�LQ�WKH�GHYHORSLQJ�FRXQWU\�FRXOG�OHDG�WR�UHGHILQLQJ�VPDOO
DUHDV�WR�D�KLJKHU�DGPLQLVWUDWLYH�OHYHO���7KH�VDPSOLQJ�SURFHGXUH�VKRXOG�PDWFK�WKH�WHFKQLFDO�H[SHUWLVH
DYDLODEOH�LQ�WKH�QDWLRQDO�VWDWLVWLFDO�DJHQF\���7KH�VDPSOLQJ�VWUDWHJ\�DW�WKH�VHFRQG�SKDVH�VKRXOG�OLNHZLVH
EH�DSSURSULDWHO\�VLPSOH�\HW�UHDVRQDEO\�HIILFLHQW���,W�VKRXOG�DOVR�EH�VXIILFLHQWO\�UREXVW�WR�VHUYH�WKH�QHHGV
RI�LQGLYLGXDO�PRGXOHV�LQ�D�V\VWHP�RI�DJULFXOWXUDO�VXUYH\V�DQG�VXUYLYH�EXGJHWDU\�FXWV�DQG�VLPLODU
XQFHUWDLQWLHV�IDFHG�E\�VWDWLVWLFDO�V\VWHPV�LQ�GHYHORSLQJ�FRXQWULHV�
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