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6PDOO�$UHD�(VWLPDWLRQ�LQ�,QGLD���&URS�<LHOG�DQG�$FUHDJH�6WDWLVWLFV

%�'��7LNNLZDO

,QVWLWXWH�RI�'HYHORSPHQWDO�5HVHDUFK�DQG�6WDWLVWLFV��-DLSXU��,QGLD

'U��*�&��7LNNLZDO

-DL�1DUDLQ�9\DV�8QLYHUVLW\��-RGKSXU��,QGLD

$%675$&7���7KLV�SDSHU�ILUVW�SUHVHQWV�WKH�YDULRXV�ODQGPDUNV�LQ�WKH�GHYHORSPHQW�RI�FURS�\LHOG�DQG�DFUHDJH�VWDWLVWLFV�LQ�,QGLD���,W

UHIHUV�WR�WKH�SDUHQWDO�UHODWLRQ�LQ�WKHVH�GHYHORSPHQWV�ZLWK�WKH�GHYHORSPHQWV�LQ�RWKHU�FRXQWULHV���7KHQ��WKH�SDSHU�SUHVHQWV�ILQGLQJV

RI�WZR�VWXGLHV��RQH�E\�%�'��7LNNLZDO�DQG�WKH�RWKHU�E\�*�&��7LNNLZDO���7KHVH�ILQGLQJV�VKRXOG�EH�RI�KHOS�LQ�WKH�IXWXUH�LQ�EHWWHU

RUJDQL]DWLRQ�RI�FXUUHQW�VXUYH\V�IRU�FURS�\LHOG�DQG�DFUHDJH�HVWLPDWLRQ�LQ�,QGLD�DQG�HOVHZKHUH��SDUWLFXODUO\�LQ�RWKHU�GHYHORSLQJ

FRXQWULHV�ZKHUH�VLPLODU�PHWKRGRORJ\�LV�XVHG���7KH�PDLQ�ILQGLQJV�WKHPVHOYHV�FRQFHUQ�WKH�LPSURYHPHQW�RI�HVWLPDWLRQ�SURFHGXUHV

IRU�VXFK�VXUYH\V�IRU�ELJ�DUHDV��WKH�DGRSWLRQ�RI�FHUWDLQ�FRPSRVLWH�HVWLPDWRUV�IRU�VPDOO�DUHD�HVWLPDWLRQ��DQG�WKH�QHHG�IRU

RUJDQL]DWLRQ�RI�VXFK�VWXGLHV�LQ�VHULHV�IRU�VRPH�\HDUV�IRU�WU\LQJ�RXW�%�'��7LNNLZDO·V�6,&85(�PRGHO�DQG�GHYHORSLQJ�RWKHU�VPDOO

DUHD�HVWLPDWLRQ�PHWKRGV�IRU�HVWLPDWLRQ�RI�FURS�\LHOG�DQG�DFUHDJH���,Q�SDUWLFXODU��LW�LV�HPSLULFDOO\�HVWDEOLVKHG�WKDW�WKH�HVWLPDWLRQ

SURFHGXUH�XVHG�LQ�*&(6�KDV�SURYLGHG�LQ�5DMDVWKDQ�6WDWH�RI�,QGLD�XQGHUHVWLPDWHV�RI�GLIIHUHQW�FURSV·�DYHUDJH�\LHOGV��FRPSDUHG�WR

WKRVH�FRUUHVSRQGLQJ�HVWLPDWHV�SURYLGHG�E\�D�PRUH�HIILFLHQW�DQG�DW�WKH�VDPH�WLPH�VHOI�ZHLJKWLQJ�SURFHGXUH�XVHG�LQ�WKH�0RQLWRULQJ

DQG�(YDOXDWLRQ�8QLW�RI�WKH�'LUHFWRUDWH�RI�$JULFXOWXUH��*RYHUQPHQW�RI�5DMDVWKDQ�

�� ,QWURGXFWLRQ�DQG�6XPPDU\

,Q�WKH�FRQWH[W�RI�UHFHQW�GHYHORSPHQWV�LQ�6PDOO�$UHD�0HWKRGRORJ\��WKH�ILUVW�DWWHPSW�WR�EXLOG�XS

DJULFXOWXUDO�VWDWLVWLFV�LQ�,QGLD�IRU�VPDOO�DUHDV�VHHPV�WR�KDYH�EHHQ�PDGH�E\�%�'��7LNNLZDO�>����������@

LQ�KLV�DWWHPSW�WR�WU\�RXW�KLV�6LPXODWLRQ�&XP�5HJUHVVLRQ��6,&85(��PRGHO�LQ�FURS�HVWLPDWLRQ�IRU�VPDOO

DUHDV���$Q�HDUOLHU�DWWHPSW�E\�3DQVH��5DMJRSDODQ�DQG�3LOODL�>����@�WR�EXLOG�XS�FURS�\LHOG�HVWLPDWHV�DW�WKH

FRPPXQLW\�GHYHORSPHQW��&'��EORFN�OHYHO�WKURXJK�FODVVLFDO�'RXEOH�6DPSOLQJ�5HJUHVVLRQ�0HWKRGV

XVLQJ�H\H�DSSUDLVDO�RI�D�ODUJH�QXPEHU�RI�VDPSOH�ILHOGV�DV�DX[LOLDU\�LQIRUPDWLRQ�GLG�QRW�VXFFHHG�DV�WKH

YLOODJH�DFFRXQW��SDWZDUL��DJHQF\�UHVSRQVLEOH�IRU�WKLV�ZRUN�FRXOG�QRW�GR�WKLV�ZRUN�VDWLVIDFWRULO\�DORQJ

ZLWK�KLV�RWKHU�UHVSRQVLELOLWLHV�

$�ZRUNLQJ�JURXS�RQ�VPDOO�DUHD��VHW�XS�E\�WKH�&HQWUDO�6WDWLVWLFDO�2UJDQL]DWLRQ��&62��RI�WKH�*RYHUQPHQW

RI�,QGLD��ZKLOH�FRQVLGHULQJ�WKH�QHHG�IRU�GHYHORSLQJ�VXLWDEOH�PHWKRGRORJLHV�IRU�PHHWLQJ�WKH�QHHG�RI�GDWD

UHTXLUHPHQWV�IRU�NH\�FKDUDFWHULVWLFV��REVHUYHG�LQ�LWV�UHSRUW�>����@�WKDW�IURP�WKH�OLPLWHG�ZRUN�ZLWK

UHJDUG�WR�WKH�HVWLPDWLRQ�RI�FURS�\LHOG�IRU�D�VPDOO�DUHD��LW�DSSHDUV�WKDW�WKH�6,&85(�0RGHO�LV�PRUH

SURPLVLQJ�WKDQ�WKH�YDULRXV�RWKHU�PHWKRGV���7KLV�LV�EHFDXVH��XQOLNH�RWKHU�PHWKRGV��WKH�PRGHO�ILUVW

DUWLILFLDOO\�HQODUJHV��WKURXJK�VLPXODWLRQ��WKH�VL]H�RI�WKH�VDPSOH�DW�WKH�VPDOO�DUHD�OHYHO�DQG�WKHQ�XVHV

DX[LOLDU\�LQIRUPDWLRQ�IRU�EXLOGLQJ�XS�PXOWLVWDJH�FXP�PXOWLSKDVH�UHJUHVVLRQ�HVWLPDWRUV�RI�WKH�W\SH

FRQVLGHUHG�LQ�WKH�OLWHUDWXUH�>%�'��7LNNLZDO�����D��$JDUZDO�DQG�7LNNLZDO�����@���7KH�GHWDLOV�RI�KRZ�WR

XVH�WKH�6,&85(�0RGHO�IRU�WKH�HVWLPDWLRQ�RI�FURS�\LHOG�DUH�JLYHQ�LQ�%�'��7LNNLZDO�>����@���$FFRUGLQJ

WR�WKHVH�GHWDLOV��LW�LV�QHFHVVDU\�LQ�WKH�EHJLQQLQJ�WR�FRQGXFW�D�ODUJH�QXPEHU�RI�FURS�FXWWLQJ�H[SHULPHQWV

LQ�D�JLYHQ�GLVWULFW�WR�FKHFN�RQ�WKH�HIILFDF\�RI�DQ�$129$�0RGHO�IRU�VLPXODWLRQ�SXUSRVHV���$�SURMHFW�IRU

WU\LQJ�RXW�WKH�6,&85(�0RGHO�LQ�D�JLYHQ�GLVWULFW�ZDV��LQ�IDFW��VXEPLWWHG�E\�KLP�WR�D�VSRQVRULQJ�DJHQF\

KHUH���6LQFH��KRZHYHU��RQO\�OLPLWHG�IXQGV�ZHUH�PDGH�DYDLODEOH�WR�KLP�E\�WKLV�DJHQF\��KH�GURSSHG�WKLV

LGHD�DQG�FDUULHG�RXW�WKH�SURMHFW�RQ�D�PRUH�PRGHVW�VFDOH�

7KH�GHWDLOV�RI�WKH�SURMHFW�DQG�LWV�ILQGLQJV�DUH�SUHVHQWHG�LQ�WKLV�SDSHU���,W�WXUQV�RXW�WKDW�LW�LV�SRVVLEOH�WR

JLYH�UHOLDEOH�VWDWLVWLFV�DW�GLVWULFW��VXEGLVWULFW�DQG�SDQFKD\DW�VDPLWL���&'�EORFN�OHYHOV�ZLWK�GLUHFW�PHWKRGV

RQO\���7KLV�LV�GRQH�WKURXJK�WKH�GDWD�RQ�ZKHDW��REWDLQHG�LQ�WKH�ILHOG�VWXG\�FDUULHG�RXW�E\�WKH�0	(�XQLW��



���

'LUHFWRUDWH�RI�$JULFXOWXUH��*RYHUQPHQW�RI�5DMDVWKDQ��,QGLD�LQ���������RQ�RXU�EHKDOI���,W�LV�IXUWKHU

VKRZQ�HPSLULFDOO\�WKDW�WKH�HVWLPDWHV�RI�DYHUDJH�\LHOG�WKURXJK�WKH�*&(6�VFKHPH��WKH�RQO\�QDWLRQDO

VFKHPH�LQ�,QGLD��IRU�WKRVH�FURSV�GHDOW�ZLWK�E\�WKH�0	(�XQLW�DOVR��KDYH�EHHQ�RQ�WKH�ORZHU�VLGH�RI

FRUUHVSRQGLQJ�0	(�HVWLPDWHV�DOO�WKHVH�\HDUV�EHFDXVH�RI�WKH�XVH�RI�UHODWLYHO\�OHVV�HIILFLHQW�HVWLPDWLRQ

SURFHGXUHV�LQ�WKH�*&(6�VFKHPH���7KH�0	(�HVWLPDWLRQ�SURFHGXUH�KDV�WKH�IXUWKHU�DGYDQWDJH�LQ�LWV�EHLQJ

VHOI�ZHLJKWLQJ�

$V�UHJDUGV�SURYLGLQJ�HVWLPDWHV�RI�DYHUDJH�FURS�\LHOG�DW�D�OHYHO�ORZHU�WKDQ�D�VXEGLVWULFW��VD\�DW�$VVLVWDQW

$JULFXOWXUDO�2IILFHU��$$2��&LUFOH�OHYHO��ZH�KDYH�WR�UHVRUW�WR�6PDOO�$UHD�(VWLPDWLRQ�PHWKRGV�LQFOXGLQJ

WKH�6,&85(�PRGHO���7KH\�FDQ�EH�RI�WKH�NLQG�IRXQG�XVHIXO�LQ�DQRWKHU�VWXG\�E\�*�&��7LNNLZDO�>����@�

UHSRUWHG�EULHIO\�LQ�VHFWLRQ�����KHUH��IRU�SURYLGLQJ�UHOLDEOH�DFUHDJH�VWDWLVWLFV�DW�GLVWULFW�DQG�ORZHU�OHYHOV

XS�WR�WKH�,QVSHFWRU�/DQG�5HYHQXH�&LUFOHV��,/5&V��LQ�D�7HKVLO��VOLJKWO\�ELJJHU�RQ�DQ�DYHUDJH�WKDQ�D

&'�EORFN���,Q�KLV�VWXG\�KH�XVHV�HVWLPDWRUV�EDVHG�RQ�ERWK�GLUHFW�DQG�LQGLUHFW�HVWLPDWRUV��UHIHUUHG�WR�LQ

WKH�OLWHUDWXUH�DV�FRPSRVLWH�HVWLPDWRUV���7KLV�LV�GRQH�DIWHU�UHYLHZLQJ�WKH�UHOHYDQW�ZRUN�RQ�FRPSRVLWH

HVWLPDWRUV�>5R\DOO�������6FKDLEOH�������6LQJK�HW�DO������@�DQG�WKHQ�EXLOGLQJ�XS�D�JHQHUDOL]HG�FODVV�RI

FRPSRVLWH�HVWLPDWRUV���7KH�FRPSRVLWH�HVWLPDWRUV�FRQVLGHUHG�HDUOLHU�OLH�LQ�WKLV�JHQHUDOL]HG�FODVV�

)LQDOO\��WKLV�SDSHU�SURSRVHV�WKDW�D�VHULHV�RI�VXFK�VWXGLHV�RYHU�VRPH�\HDUV�VKRXOG�EH�RUJDQL]HG�QRW

QHFHVVDULO\�LQ�5DMDVWKDQ�DORQH��EXW�LQ�RWKHU�SDUWV�RI�,QGLD�DQG�VRPH�RWKHU�GHYHORSLQJ�FRXQWULHV�DV�ZHOO

IRU�IXUWKHU�GHYHORSPHQW�RI�VPDOO�DUHD�HVWLPDWLRQ�PHWKRGV�IRU�HVWLPDWLQJ�FURS�\LHOG�DQG�DFUHDJH���7KH

ILQGLQJV�SUHVHQWHG�LQ�WKLV�SDSHU�IURP�WKH�VDLG�WZR�VWXGLHV�VKRXOG�EH�RI�KHOS��LQ�WKH�IXWXUH��LQ�D�EHWWHU

RUJDQL]DWLRQ�RI�FXUUHQW�VXUYH\V��IRU�FURS�\LHOG�DQG�DFUHDJH�VWDWLVWLFV��LQ�,QGLD�DQG�HOVHZKHUH�

SDUWLFXODUO\�LQ�RWKHU�GHYHORSLQJ�FRXQWULHV�ZKHUH�VLPLODU�PHWKRGRORJ\�LV�XVHG���7KLV�LV�FOHDU�ZKHQ�WKHVH

ILQGLQJV�DUH�VHHQ�LQ�WKH�OLJKW�RI�YDULRXV�ODQG�PDUNV�LQ�WKH�GHYHORSPHQW�RI�FURS�\LHOG�DQG�DFUHDJH

VWDWLVWLFV�LQ�,QGLD�DQG�LQ�WKH�OLJKW�WKDW�ZH�QRZ�QHHG�VXFK�VWDWLVWLFV�IRU�VPDOO�DUHDV�DV�ZHOO�

�� /DQGPDUNV�LQ�WKH�'HYHORSPHQW�RI�&URS�<LHOG�6WDWLVWLFV

)LUVW�ZH�SUHVHQW�D�EULHI�KLVWRULFDO�QRWH�RQ�WKH�GHYHORSPHQW�RI�PHWKRGRORJ\�IRU�FURS�HVWLPDWLRQ�VXUYH\V

IRU�JHWWLQJ�QHFHVVDU\�\LHOG�VWDWLVWLFV��QRW�RQO\�LQ�,QGLD��EXW�DOVR�HOVHZKHUH���7KHQ�ZH�SUHVHQW�VRPH

GHWDLOV�RI�JHWWLQJ�\LHOG�VWDWLVWLFV�LQ�,QGLD�DQG�WKHLU�OLPLWDWLRQV�

��� +LVWRULFDO�1RWH

%HIRUH�WKH�GHYHORSPHQW�RI�VXUYH\�PHWKRGRORJ\�IRU�HVWLPDWLRQ�RI�FURS�\LHOG�LQ�,QGLD�DQG�HOVHZKHUH�

WKHUH�ZHUH�RQO\�VXEMHFWLYH�PHWKRGV�IRU�LWV�HVWLPDWLRQ�UHVXOWLQJ�LQ�UDWKHU�XQUHOLDEOH�\LHOG�VWDWLVWLFV���1RZ

FURS�HVWLPDWLRQ�VXUYH\V�DUH�EHLQJ�FRQGXFWHG�LQ�,QGLD�DQG�RWKHU�GHYHORSLQJ�FRXQWULHV�WKURXJK�VXUYH\

PHWKRGRORJ\�GHYHORSHG�PRVWO\�LQ�WKH�����V�>0DKDODQRELV�������6XNKDWPH�DQG�$JJDUZDO���������

�������@���(DUOLHU��WKHUH�ZDV�VRPH�SLRQHHULQJ�ZRUN�GRQH�E\�+XEEDFN�>����@�LQ�WKLV�DUHD��WR�ZKLFK�D

UHIHUHQFH�ZDV�PDGH�E\�3URI��5�$��)LVKHU�LQ�KLV�PHPRUDQGXP�GDWHG��QG�0DUFK������DGGUHVVHG�WR�WKH

WKHQ�,PSHULDO�&RXQFLO�RI�$JULFXOWXUDO�5HVHDUFK��*RYHUQPHQW�RI�,QGLD���,W�VWDWHG�>IURP�0DKDODQRELV

������S�����@�

´7KH�XVH�RI�WKH�PHWKRG�RI�UDQGRP�VDPSOLQJ�LV�WKHRUHWLFDOO\�VRXQG���,�PD\�PHQWLRQ�WKDW�LWV�SUDFWLFDELOLW\�

FRQYHQLHQFH�DQG�HFRQRP\�ZDV�GHPRQVWUDWHG�E\�DQ�H[WHQVLYH�VHULHV�RI�FURS�FXWWLQJ�H[SHULPHQWV�RQ�SDGG\

FDUULHG�RXW�E\�+XEEDFN�>ODWHU�6LU�-RKQ�+XEEDFN��*RYHUQRU�RI�2ULVVD@�PRUH�WKDQ�WZHQW\�\HDUV�DJR�RYHU�D

JUHDWHU�SDUW�RI�WKH�ULFH�WUDFWV�LQ�%LKDU�DQG�2ULVVD���6R�IDU�DV�,�NQRZ�WKHVH�ZHUH�WKH�HDUOLHVW�FURS�FXWWLQJ

H[SHULPHQWV�EDVHG�RQ�WKH�SULQFLSOH�RI�UDQGRP�VDPSOLQJ�DQ\ZKHUH�LQ�WKH�ZRUOG���7KH\�LQIOXHQFHG�JUHDWO\�WKH

GHYHORSPHQW�RI�P\�PHWKRGV�DW�5RWKDPVWHG�µ



���

��� &URS�<LHOG�6WDWLVWLFV�LQ�,QGLD�DQG�WKHLU�/LPLWDWLRQV

7KH�RYHUDOO�UHVSRQVLELOLW\�IRU�VDWLVIDFWRU\�FRQGXFW�RI�FURS�HVWLPDWLRQ�VXUYH\V�LQ�GLIIHUHQW�VWDWHV�DQG

XQLRQ�WHUULWRULHV�RI�,QGLD�ZDV�LQLWLDOO\�HQWUXVWHG�WR�WKH�&URS�6XUYH\�:LQJ�RI�WKH�6WDWLVWLFDO�%UDQFK�RI�WKH

,QGLDQ�&RXQFLO�RI�$JULFXOWXUDO�5HVHDUFK���/DWHU��LQ�SXUVXDQFH�RI�D�FDELQHW�UHVROXWLRQ�LQ�-XQH�������WKLV

UROH�ZDV�HQWUXVWHG�WR�WKH�'LUHFWRUDWH�RI�1DWLRQDO�6DPSOH�6XUYH\V��1662���RQH�RI�WKH�ELJJHVW�VDPSOH

VXUYH\�RUJDQL]DWLRQV�LQ�WKH�ZRUOG���7KLV�DUUDQJHPHQW��RYHU�WKH�\HDUV��FRQWLQXHV���7KH�IXQFWLRQV�RI�WKLV

FHQWUDO�DJHQF\��DV�LQ�WKH�FDVH�RI�IRUPHU�RQH��DUH�

& WHFKQLFDO�GLUHFWLRQ�DQG�RYHUDOO�FRRUGLQDWLRQ�RI�FURS�HVWLPDWLRQ�LQ�GLIIHUHQW�VWDWHV�

& FROODERUDWLRQ�ZLWK�WKH�VWDWHV�LQ�WUDLQLQJ�RI�SULPDU\�VWDII�IRU�WKHLU�DGKHUHQFH�WR�SURFHGXUDO

VWDWLVWLFDO�UHTXLUHPHQWV��DQG

& FHQWUDO�FKHFN�RQ�ILHOG�ZRUN�WR�EULQJ�ODVWLQJ�LPSURYHPHQWV�LQ�WKH�DJULFXOWXUDO�VWDWLVWLFV�

,Q�DGGLWLRQ�WR�SHUIRUPLQJ�WKH�DERYH�IXQFWLRQV��WKH�1662�VWDUWHG�WKH�SUDFWLFH�RI�FRQGXFWLQJ�ODQG

XWLOL]DWLRQ�VXUYH\V�DQG�FURS�HVWLPDWLRQ�VXUYH\V�DV�SDUW�RI�LWV�QRUPDO�URXQGV�WR�EXLOG�XS�HVWLPDWHV�DW�WKH

DOO�,QGLD�OHYHO�RI�LWV�RZQ�IURP�WKH�WHQWK�URXQG�RQZDUG�LQ�����������6XEVHTXHQWO\��VHYHUDO�VWHSV�ZHUH

WDNHQ�WR�HIIHFW�LPSURYHPHQWV�LQ�WKH�V\VWHP�RI�FURS�HVWLPDWLRQ�LQ�WKH�VWDWHV���,Q�YLHZ�RI�WKH

LPSURYHPHQWV�VR�HIIHFWHG��LW�ZDV�GHFLGHG�WR�GURS�WKLV�SUDFWLFH�LQ���������DQG�DGRSW�RQH�RIILFLDO

HVWLPDWH�RI�FURS�SURGXFWLRQ�LQ�WKH�FRXQWU\�EDVHG�RQ�WKH�HVWLPDWHV�RI�GLIIHUHQW�VWDWHV�DV�DSSURYHG�DQG

DXWKRUL]HG�E\�WKH�UHVSHFWLYH�6WDWH�*RYHUQPHQWV���7KH�HQWLUH�VFKHPH�RI�JHWWLQJ�WKH�SURGXFWLRQ�HVWLPDWHV

LQ�GLIIHUHQW�VWDWHV�DQG�WKHQ�LQ�WKH�FRXQWU\�DV�D�ZKROH�LV�UHIHUUHG�WR�DV�WKH�*HQHUDO�&URS�(VWLPDWLRQ

6XUYH\V��*&(6��VFKHPH�

$�VFKHPH�IRU�LPSURYHPHQW�RI�FURS�VWDWLVWLFV��,&6���LQWURGXFHG�LQ����������SURYLGHV�IRU�VXSHUYLVRU\

FKHFNV�WKURXJK�VXEVDPSOHV�RQ�WKH�GDWD�FROOHFWHG�RQ�ERWK�DUHD�DQG�\LHOG�RI�YDULRXV�FURSV���,Q�VSLWH�RI

WKLV�VFKHPH�EHLQJ�LQ�RSHUDWLRQ�IRU�VR�ORQJ��VRPH�VHULRXV�SUREOHPV�RI�QRQ�VDPSOLQJ�HUURUV�UHPDLQ

>5DR�������6ULYDVWDYD�DQG�0HKWD�����@���7KH\�ZLOO�EH�DOO�WKH�PRUH�VHULRXV�LQ�EXLOGLQJ�XS�FURS�\LHOG

DQG�DFUHDJH�VWDWLVWLFV�IRU�VPDOO�DUHDV�

$V�UHJDUGV�WKH�GHPDQG�DW�SUHVHQW�IRU�LQFUHDVHV�LQ�VDPSOH�VL]HV�WR�PHHW�VPDOO�DUHD�QHHGV��5DR�LQ�KLV

SDSHU�>S����@�PDNHV�WKH�IROORZLQJ�SHUWLQHQW�REVHUYDWLRQ�

´,�WKLQN�D�FHLOLQJ�VKRXOG�EH�LPSRVHG�RQ�WKH�VL]H�RI�WKH�*&(6�VDPSOH�DQG�QR�IXUWKHU�LQFUHDVH�VKRXOG�EH

DOORZHG���,Q�IDFW�HYHQ�WKH�FXUUHQW�VFDOH�RI�H[SHULPHQWV����������SHU�DQQXP��LV�H[FHVVLYH�KDYLQJ�UHJDUG�WR�WKH

ODFN�RI�FRQWURO�RYHU�WKH�ILHOG�RSHUDWLRQV���,�NQRZ�WKHUH�LV�JURZLQJ�GHPDQG�IRU�ODUJH�VDPSOH�VL]HV�WR�IXUQLVK

HVWLPDWHV�IRU�VPDOO�DUHDV�HVSHFLDOO\�LQ�FRQQHFWLRQ�ZLWK�WKH�FURS�LQVXUDQFH�VFKHPH��EXW�VXFK�QHHGV�VKRXOG�EH

PHW�E\�VHSDUDWH�DUUDQJHPHQWV�E\�WKH�DJHQFLHV�FRQFHUQHG�DQG�WKH\�VKRXOG�QRW�IRUP�SDUW�RI�WKH�*&(6�µ

7KH�VROXWLRQ�WR�WKH�YDULRXV�SUREOHPV�DULVLQJ�LQ�EXLOGLQJ�XS�UHOLDEOH�FURS�\LHOG�VWDWLVWLFV�SUHVXPDEO\�OLHV

LQ�WKH�IROORZLQJ�

& WR�UHGXFH�WKH�ZRUN�ORDG�RQ�WKH�ILHOG�DJHQF\�LQ�WHPSRUDULO\�VHWWOHG�VWDWHV�LQ�RUGHU�WR�PDNH�ILHOG

RSHUDWLRQV�IRU�*&(6�PRUH�HIIHFWLYH���)RU�WKLV��DGRSW�WKH�SUDFWLFH�RI�FDUU\LQJ�RXW�D�FHQVXV�RI�DOO

ILHOGV��JLUGDZDUL��LQ�DOO�YLOODJHV�RQO\�RQFH�LQ�ILYH�\HDUV��LQVWHDG�RI�HYHU\�\HDU��LQ�WHPSRUDULO\

VHWWOHG�VWDWHV��DQG�WDNH�RWKHU�DGPLQLVWUDWLYH�PHDVXUHV�WR�LPSURYH�WKLV�DJHQF\���)RU�UHSODFLQJ�WKH

SUHVHQW�\HDUO\�FHQVXV�RI�DOO�ILHOGV�E\�D�ILYH�\HDUO\�FHQVXV��ZH�KDYH�WR�PRGLI\�WKH�VDPSOH�GHVLJQ

RI�756�WR�EULQJ�LQ�WKH�WKHRU\�RI�UHSHDW�VXUYH\V�VXLWDEO\���7KLV�VWHS�ZLOO�DOVR�UHGXFH�VXEMHFWLYLW\

LQ�WKH�ZRUNLQJ�RI�WKLV�DJHQF\�



���

& WR�SURPRWH�WKH�XVH�RI�WKH�6,&85(�0RGHO��GHVFULEHG�LQ�VHFWLRQ����DIWHU�QHFHVVDU\�WULDO���7KLV

PRGHO�FDQ�SURYLGH�D�VROXWLRQ�WR�WKH�QRQ�UHVSRQVH�SUREOHP�DULVLQJ�RXW�RI�WKH�ORVV�RI�SODQQHG

FURS�FXWWLQJ�H[SHULPHQWV�LQ�*&(6���:LWKRXW�WKLV�DOO�WKHVH�\HDUV��ZH�KDYH�EDVHG�\LHOG�VWDWLVWLFV

RQO\�RQ�WKH�UHPDLQLQJ�FURS�FXWWLQJ�H[SHULPHQWV��WKXV�PDNLQJ�RXU�HVWLPDWHV�ELDVHG�DQG�OHVV

HIILFLHQW�

& WR�VWUHQJWKHQ�756�DQG�($5$6�VFKHPHV��GHVFULEHG�LQ�VHFWLRQ����LQ�RUGHU�WR�PHHW�VPDOO�DUHD

QHHGV�DQG�WKH�QHHG�RI�GHHSHU�VWUDWLILFDWLRQ�IRU�PHDVXULQJ�WKH�LPSDFW�RI�LUULJDWLRQ��W\SH�RI�VHHG�

HWF�

,W�LV�WR�EH�QRWHG�KHUH�WKDW�ZKLOH�H[DPLQLQJ�WKH�IXQFWLRQLQJ�RI�VWDWH�0RQLWRULQJ�DQG�(YDOXDWLRQ��0	(�

8QLWV�LQ�GLIIHUHQW�6WDWH�$JULFXOWXUDO�'HSDUWPHQWV�RI�WKH�FRXQWU\��5DKHMD�DQG�-DL�.ULVKQD�>����@�PDNH

SHUWLQHQW�UHFRPPHQGDWLRQV�WR�LPSURYH�DQG�EURDGHQ�WKH�DFWLYLWLHV�RI�WKHVH�XQLWV���$V�UHJDUGV�WKH�VHFRQG

SKDVH�RI�WKH�0	(�VXUYH\V�IRU�PHDVXULQJ�\LHOG�UDWHV�RI�LPSRUWDQW�FURSV�IRU�GLDJQRVWLF�SXUSRVHV��WKH\

UHFRPPHQG�VXLWDEOH�LQWHJUDWLRQ�RI�WKHVH�VXUYH\V�ZLWK�WKH�*&(6���6XFK�DQ�LQWHJUDWLRQ�VKRXOG�EH

ZHOFRPH�WR�HIIHFW�QHFHVVDU\�HFRQRP\�DQG�HIILFLHQF\���)RU�WKLV��GHHSHU�VWUDWLILFDWLRQ�KDV�WR�WDNH�FDUH�RI

WKH�QHHGV�RI�0	(�VXUYH\V�DV�ZHOO�

�� /DQGPDUNV�LQ�WKH�'HYHORSPHQW�RI�&URS�$FUHDJH�6WDWLVWLFV

,Q�RUGHU�WR�REWDLQ�\LHOG�DQG�SURGXFWLRQ�VWDWLVWLFV�IRU�D�SDUWLFXODU�FURS��ZH�QHHG�UHOLDEOH�HVWLPDWHV�RI�LWV

DFUHDJH�VWDWLVWLFV���7KH�UHVSRQVLELOLW\�IRU�FROOHFWLRQ�RI�DFUHDJH�VWDWLVWLFV�IRU�GLIIHUHQW�FURSV�OLHV�ZLWK�WKH

'HSDUWPHQWV�RI�/DQG�5HYHQXH�DQG�/DQG�5HFRUGV���7KH�,QGLDQ�WHUULWRU\�IRU�WKLV�SXUSRVH�LV�FDWHJRUL]HG

LQWR��L��WHPSRUDULO\�VHWWOHG�VWDWHV�DQG�8QLRQ�WHUULWRULHV���LL��SHUPDQHQWO\�VHWWOHG�VWDWHV��DQG��LLL��VWDWHV

DQG�8QLRQ�WHUULWRULHV�RI�WKH�1RUWK�(DVW�5HJLRQ���7KHVH�WKUHH�FDWHJRULHV�FRYHU��������DQG���SHUFHQW�

UHVSHFWLYHO\��RI�WKH�WRWDO�DUHD�LQ�WKH�FRXQWU\���,Q�WKH�ILUVW�FDWHJRU\��WKHUH�LV�D�SHUPDQHQW�DJHQF\�RI

YLOODJH�DFFRXQWDQWV��SDWZDULV��ZKLFK�LV�UHVSRQVLEOH�IRU�FROOHFWLRQ�RI�FURS�DFUHDJH�VWDWLVWLFV�RQ�D

FRPSOHWH�HQXPHUDWLRQ�EDVLV���,Q�WKH�VHFRQG�FDWHJRU\��VXFK�GDWD�ZHUH�FROOHFWHG�WKURXJK�JULG�VDPSOLQJ

XQWLO����������DIWHU�WKLV��GDWD�DUH�EHLQJ�FROOHFWHG�WKURXJK�D�VFKHPH�NQRZQ�DV�´(VWDEOLVKPHQW�RI�DQ

$JHQF\�IRU�5HSRUWLQJ�$JULFXOWXUDO�6WDWLVWLFVµ��($5$6����7KLV�VFKHPH�PDNHV�LW�SRVVLEOH�WR�FRQGXFW

DUHD�VDPSOH�VXUYH\V�RQ�WKH�OLQHV�RI�WKH�7LPHO\�5HSRUWLQJ�6FKHPH��756���D�VFKHPH�LQWURGXFHG�LQ�WKH

����V�LQ�FDWHJRU\��L��IRU�UHGXFLQJ�WLPH�ODJ�LQ�WKH�DYDLODELOLW\�RI�FURS�DUHD�VWDWLVWLFV���,Q�WKH�WKLUG

FDWHJRU\��WKHUH�LV�VWLOO�WKH�ROG�WUDGLWLRQDO�PHWKRG�RI�JLYLQJ�FURS�HVWLPDWHV�EDVHG�RQ�SHUVRQDO�DVVHVVPHQWV

RI�YLOODJH�FKRZNLGDUV�LQ�WKH�DEVHQFH�RI�DQ\�UHJXODU�DJHQF\�

�� 0HHWLQJ�6PDOO�$UHD�1HHGV�IRU�&URS�<LHOG�DQG�$FUHDJH�6WDWLVWLFV

)RU�GHFHQWUDOL]HG�SODQQLQJ�DQG�RWKHU�SXUSRVHV�OLNH�FURS�LQVXUDQFH��ZH�QHHG�UHOLDEOH�DJULFXOWXUDO

VWDWLVWLFV�DW�OHDVW�DW�WKH�OHYHOV�RI�GLVWULFW�DQG�&'�EORFN���%XW�WKH�GDWD�SURYLGHG�E\�1662��756�DQG

($5$6�DUH�JHQHUDOO\�UHOLDEOH�DW�WKH�VWDWH�OHYHO�DQG�QRW�DW�GLVWULFW�OHYHO���:H�GHPRQVWUDWH�KRZ�WR�PHHW

WKHVH�VPDOO�DUHD�QHHGV�E\�WDNLQJ�WKH�VWDWH�RI�5DMDVWKDQ��RQH�RI�WKH�OHVV�GHYHORSHG�VWDWHV�LQ�,QGLD��IRU�D

FDVH�VWXG\�

��� 5HOLDELOLW\�RI�&URS�<LHOG�6WDWLVWLFV�LQ�5DMDVWKDQ�IRU�0HHWLQJ�6PDOO�$UHD�1HHGV

7KH�UHOLDELOLW\�RI�FURS�\LHOG�VWDWLVWLFV�LV�PHDVXUHG�LQ�WHUPV�RI�UHODWLYH�VWDQGDUG�HUURU�RU�FRHIILFLHQW�RI

YDULDWLRQ�LQ�SHUFHQWDJH�RI�WKH�HVWLPDWHG�DYHUDJH�\LHOG�SHU�KHFWDUH���7KH�WKHRUHWLFDO�FRQVLGHUDWLRQ�XQGHU

QRUPDOLW\�PRGHO�VXJJHVWV�WKDW�WKLV�SHUFHQWDJH�VKRXOG�EH�DQ\ZKHUH�IURP�����WR�����LQ�RUGHU�WKDW�WKH

HVWLPDWHG�DYHUDJH�\LHOG�GRHV�QRW�GLIIHU�IURP�WKH�WUXH�DYHUDJH�\LHOG�E\�PRUH�WKDQ���SHUFHQW�ZLWK

���SHUFHQW�FRQILGHQFH���,I�WKLV�SHUFHQWDJH�LV�KLJKHU��WKHQ�WKH�HUURU�LQ�WKH�HVWLPDWHG�DYHUDJH�\LHOG



���

SURSRUWLRQDOO\�LQFUHDVHV�DQG�WKXV�WKH�UHOLDELOLW\�RI�WKH�HVWLPDWHG�DYHUDJH�\LHOG�GHFUHDVHV���,W�LV�IHOW�WKDW

IRU�D�JRRG�PDQ\�SUDFWLFDO�VLWXDWLRQV��ZH�PD\�WROHUDWH�WKLV�HUURU�XS�WR���SHUFHQW��DQG�XS�WR����SHUFHQW�LQ

UDUH�FDVHV�

7KH�UHOLDELOLW\�RI�FURS�\LHOG�VWDWLVWLFV�LQ�5DMDVWKDQ�ZDV�H[DPLQHG�LQ�WKLV�OLJKW�E\�%�'��7LNNLZDO

>������VHFWLRQ����@�IRU�WKUHH�FURSV�³�PDL]H��SDGG\�DQG�ZKHDW�³�IRU�ILYH�FRQVHFXWLYH�\HDUV����������WR

�����������,W�ZDV�QRWHG�WKDW�WKH�\LHOG�HVWLPDWHV�IRU�GLIIHUHQW�FURSV�DW�WKH�VWDWH�OHYHO�ZHUH�VDWLVIDFWRU\�DV

H[SHFWHG��EXW�WKH�VLWXDWLRQ�ZDV�EDG�DW�WKH�GLVWULFW�OHYHO���7KLV�SRVLWLRQ�SUHYDLOV�HYHQ�QRZ�

7R�PHHW�WKH�VPDOO�DUHD�QHHGV��ZH�KDYH�WR�LQFUHDVH�WKH�QXPEHU�RI�FURS�FXWWLQJ�H[SHULPHQWV�FRQVLGHUDEO\

IRU�\LHOG�HVWLPDWLRQ�DORQH��ZKLFK�LV�FRVWO\�DQG�RWKHUZLVH�QRW�GHVLUDEOH�LQ�YLHZ�RI�5DR·V�REVHUYDWLRQ�LQ

VHFWLRQ���RI�KLV�SDSHU���7KH�GHJUHH�RI�ODFN�RI�FRQWURO�RYHU�WKH�ILHOG�RSHUDWLRQV�LQ�GLIIHUHQW�VWDWHV�RI

,QGLD�GXULQJ�WKH�WKUHH�\HDU�SHULRG���������LV�JLYHQ�LQ�WKH�7DEXODU�6WDWHPHQW���RI�KLV�SDSHU���$FFRUGLQJ

WR�WKLV�VWDWHPHQW��WKH�SHUFHQWDJH�RI�FURS�FXWWLQJ�H[SHULPHQWV�FRUUHFWO\�FRQGXFWHG�GXULQJ�WKLV�SHULRG�LQ

5DMDVWKDQ�ZDV�RQO\�EHWZHHQ����DQG����IRU�ERWK�.KDULI�DQG�5DEL�FURSV���7KLV�UHIOHFWHG�D�KLJKO\

XQVDWLVIDFWRU\�VWDWH�RI�DIIDLUV�LQ�LWV�ILHOG�RSHUDWLRQV�DW�WKDW�WLPH���7KH�VLWXDWLRQ�LV�UHSRUWHG�WR�KDYH

LPSURYHG�FRQVLGHUDEO\�VLQFH�WKHQ���6WLOO��IDU�PRUH�HIILFLHQW�HVWLPDWHV�WKDQ�UHTXLUHG�FDQ�EH�REWDLQHG

WKURXJK�WKH�VWDWH�DJHQF\�RI�0	(�8QLW�LQ�WKH�'LUHFWRUDWH�RI�$JULFXOWXUH��ZKLFK�FRQGXFWV�D�PXFK�ODUJHU

QXPEHU�RI�FURS�FXWWLQJ�H[SHULPHQWV�RI�LWV�RZQ�IRU�LWV�0	(�VXUYH\V�HYHU\�\HDU���7KLV�ZH�LOOXVWUDWH

IURP�WKH�VWXG\�FRQGXFWHG�LQ�5DMDVWKDQ�XQGHU�RXU�SURMHFW�RQ�VPDOO�DUHDV�

��� 5DMDVWKDQ�6WXG\�IRU�&URS�<LHOG�6WDWLVWLFV

:KHDW��D�5DEL�FURS�VRZQ�LQ�2FWREHU�1RYHPEHU�RI�WKH�\HDU�DQG�WKHQ�KDUYHVWHG�DURXQG�0DUFK�$SULO�RI

WKH�QH[W�\HDU��LV�D�PDMRU�FURS�LQ�5DMDVWKDQ���7KH�VDLG�0	(�8QLW�FDUULHG�RXW�WKH�ILHOG�VWXG\��RQ�RXU

EHKDOI��IRU�WKH�ZKHDW�FURS�IRU�WKH�\HDU���������LQ�WKH�6LNDU�GLVWULFW�RI�WKH�VWDWH��D�GLVWULFW�ZKLFK�LV

FRPSDFW�DQG�KDV�PDQ\�RQ�JRLQJ�SURJUHVVLYH�VFKHPHV���7KH�VDPSOH�GHVLJQ�DGRSWHG�IRU�WKH�VWXG\�ZDV

VOLJKWO\�GLIIHUHQW�IURP�WKH�RQH�IROORZHG�LQ�WKH�VWDWH�IRU�WKHVH�0	(�VXUYH\V�VLQFH�WKH�EHJLQQLQJ�RI�WKHVH

VXUYH\V�IURP�.KDULI�RI�����������%XW�WKLV�FKDQJH�LQ�WKH�VDPSOH�GHVLJQ�PDNHV�DOO�WKH�GLIIHUHQFH�LQ

SXWWLQJ�WKH�DQDO\VLV�RI�VXFK�VXUYH\V�LQ�WKH�VWDWH�RQ�VRXQG�IRRWLQJ�DQG�IXUWKHU�KHOSV�LQ�VFLHQWLILF

DOORFDWLRQ�RI�WKH�WRWDO�VDPSOH�RI�FOXVWHUV��FKDNV��LQ�D�\HDU�WR�GLIIHUHQW�VWUDWD��NHHSLQJ�LQ�YLHZ

DGPLQLVWUDWLYH�FRQYHQLHQFH�LQ�GLVWULEXWLQJ�WKH�ZRUN�ORDG�HYHQO\�DPRQJVW�WKH�ILHOG�VWDII�FRQFHUQHG�

,W�PD\�EH�QRWHG�WKDW�5DMDVWKDQ�LV�WKH�RQO\�VWDWH��DQG�UHFHQWO\�RQH�PRUH�VWDWH��.DUQDWDN��ZKLFK

LQGHSHQGHQWO\�FRQGXFWV�FURS�FXWWLQJ�H[SHULPHQWV��DQG�DV�D�UHVXOW��WKH�VLWXDWLRQ�LQ�WKH�VWDWH�LV�PXFK

EHWWHU�WKDQ�RWKHU�VWDWHV�LQ�WKH�FRXQWU\�ZKHUH�0	(�VXUYH\V�DUH�SDUW�RI�*&(6���7KDW�WKH�VLWXDWLRQ�LV�EDG

LQ�RWKHU�VWDWHV�DV�UHJDUGV�WKH�SUHFLVLRQ�RI�YDULRXV�HVWLPDWHV�LV�FOHDU�IURP�WKH�VXPPDU\�RI�WKH�5HSRUW

>5DKHMD�DQG�-DL�.ULVKQD�������VHFWLRQ������@���7KH�YDULRXV�HVWLPDWHV�LQ�WKHVH�VWDWHV�GR�QRW�UHIOHFW�WKH

VLWXDWLRQ�SURSHUO\�HYHQ�DW�WKH�GLVWULFW�OHYHO�ZKHUHDV�ZH�QHHG�VXFK�HVWLPDWHV�DW�OHDVW�XS�WR�WKH

&'�EORFN���SDQFKD\DW�VDPLWL�OHYHO���7KXV��RXU�VHOHFWLRQ�RI�5DMDVWKDQ�IRU�RXU�FDVH�VWXG\�KDV�DGGHG

VLJQLILFDQFH���7KLV�VWXG\�VKRXOG�SURYLGH�D�JRRG�SUHFHGHQFH�IRU�RWKHU�VWDWHV�RI�WKH�FRXQWU\��DQG�RI�RWKHU

GHYHORSLQJ�FRXQWULHV�DV�ZHOO��ZKHUH�VLPLODU�PHWKRGRORJ\�LV�IROORZHG�LQ�PHHWLQJ�WKHLU�VPDOO�DUHD�QHHGV�

����� 6DPSOH�'HVLJQ�LQ�WKH�6WXG\

%HIRUH�ZH�SUHVHQW�WKH�VDPSOH�GHVLJQ�XVHG�LQ�WKH�VWXG\��ZH�JLYH�UHOHYDQW�GHWDLOV�IRU�WKH�0	(�VXUYH\V�LQ

5DMDVWKDQ���)RU�DJULFXOWXUDO�SXUSRVHV��D�GLVWULFW�LV�GLYLGHG�LQWR�D�FHUWDLQ�QXPEHU�RI�VXEGLVWULFWV���,Q�WKH

FDVH�RI�WKH�6LNDU�GLVWULFW��LW�LV�GLYLGHG�LQWR�WZR�VXEGLVWULFWV��6LNDU�DQG�6ULPDGKRSXU���$�VXEGLVWULFW

FRQVLVWV�RI�D�FHUWDLQ�QXPEHU�RI�$$2�FLUFOHV��HDFK�$$2�FLUFOH�WKHQ�FRQVLVWV�RI�D�FHUWDLQ�QXPEHU�RI



���

9(:�FLUFOHV��HDFK�9(:�FLUFOH�FRQVLVWV�RI�D�FHUWDLQ�QXPEHU�RI�FKDNV��DQG�ILQDOO\�D�FKDN�FRQVLVWV�RI�D

FHUWDLQ�QXPEHU�RI�IDUPHUV�UHSUHVHQWLQJ�WKHLU�IDPLOLHV���,Q�RXU�FDVH��6LNDU�VXEGLVWULFW�FRQVLVWV�RI���$$2

FLUFOHV�DQG�6ULPDGKRSXU�RI����$$2�FLUFOHV���(DFK�$$2�FLUFOH�LQ�6LNDU�VXEGLVWULFW�FRQVLVWV�RI���9(:V�

DQG�6ULPDGKRSXU�RI���9(:V��H[FHSW�RQH�FLUFOH�ZKLFK�FRQVLVWV�RI���9(:V���$�PDQGDO�LQ�HDFK�9(:

FLUFOH�RI�ERWK�GLVWULFWV�FRQVLVWV�RI�����IDUPHUV���(DFK�RI�WKH�FKDNV�IRUPLQJ�D�9(:�FLUFOH�KDV

QHFHVVDULO\�VRPH�PDQGDO�IDUPHUV�DQG�VRPH�QRQ�PDQGDO�IDUPHUV�

$W�WKH�WLPH�RI�ODXQFKLQJ�WKLV�VWXG\��WKH�VDPSOH�GHVLJQ�LQ�XVH�LQ�5DMDVWKDQ·V�0	(�VXUYH\V�ZDV�VWUDWLILHG

PXOWLVWDJH��WKH�VWUDWD�EHLQJ�WKH�VXEGLVWULFW�LQ�WKH�FRQFHUQHG�GLVWULFW���7KH�ILUVW�VWDJH�XQLWV�ZHUH�WKH�FKDNV

LQ�WKH�VXEGLVWULFW��WKH�VHFRQG�VWDJH�XQLWV�LQ�WKH�FKDNV�ZHUH�WKH�IDUPHUV�LQ�WKH�UHVSHFWLYH�FKDNV��DQG�WKHQ

XOWLPDWH�XQLWV�RI�VDPSOLQJ�ZHUH�SORWV�RI�VSHFLILHG�VL]H�LQ�RQH�RI�WKH�ILHOGV�RI�HDFK�VHOHFWHG�IDUPHU���$

VLPSOH�UDQGRP�VDPSOLQJ�VFKHPH�ZDV�DGRSWHG�DW�DOO�VWDJHV�RI�VDPSOLQJ��WKRXJK�VRPH�YDU\LQJ

SUREDELOLWLHV�VDPSOLQJ�VFKHPH�ZLWK�UHSODFHPHQW�DW�WKH�ILUVW�VWDJH�FRXOG�KDYH�EHHQ�WULHG�SURILWDEO\

>6XNKDWPH�DQG�1DUDLQ�������%�'��7LNNLZDO�����E@���)RU�HDFK�FURS�����FKDNV�ZHUH�WDNHQ�LQ�WKH

VDPSOH��LQ�WXUQ��IURP�HDFK�VHOHFWHG�FKDN�RQO\�RQH�PDQGDO�IDUPHU�DQG�RQH�QRQ�PDQGDO�IDUPHU��DQG

ILQDOO\�RQH�SORW�IRU�KDUYHVW�IURP�HDFK�W\SH�RI�IDUPHU�ZDV�VHOHFWHG���7KH�VL]H�RI�WKLV�SORW�DQG�WKH�PRGH

RI�LWV�VHOHFWLRQ�ZDV�WKH�VDPH�DV�LQ�WKH�*&(6�VFKHPH�

7KH�DERYH�VDPSOH�GHVLJQ�KDV�EHHQ�SUHYDOHQW�LQ�5DMDVWKDQ�IURP�.KDULI�RI���������LWVHOI�DQG�LV�LQ

FRQIRUPLW\�ZLWK�WKH�JXLGHOLQHV�RI�WKH�:RUOG�%DQN�0DQXDO�E\�6ODGH�DQG�)HGHU�>����@��VWULFWO\�IRU

PRQLWRULQJ�VXUYH\V�EXW�HDVLO\�H[WHQGDEOH�WR�0	(�VXUYH\V�DV�ZHOO���+RZHYHU��LQ�RUGHU�WR�KDYH�VRPH

HYHQ�GLVWULEXWLRQ�RI�ZRUN�ORDG�DW�WKH�$$2�OHYHO�����FKDNV�ZHUH�VHOHFWHG�IURP�D�JLYHQ�VXEGLVWULFW�LQ�D

PDQQHU�WKDW�D�FHUWDLQ�PLQLPXP�QXPEHU�RI�FKDNV�IHOO�LQ�HDFK�RI�WKH�$$2�FLUFOHV�RI�WKH�VXEGLVWULFW�DQG

WKDW�QR�WZR�FKDNV�IHOO�LQ�WKH�VDPH�9(:�FLUFOH���%XW�WKLV�FRQWURO�RYHU�UDQGRP�VHOHFWLRQ�LQYDOLGDWHG�WKH

IRUPXOD�XVHG�IRU�HVWLPDWLQJ�WKH�SUHFLVLRQ�RI�WKH�HVWLPDWHV�RI�\LHOG�UDWH�LQ�WKHVH�VXUYH\V���:KHWKHU�WKLV

LQYDOLGDWLRQ�PHDQW�RYHUHVWLPDWLRQ�RU�XQGHUHVWLPDWLRQ�RI�WKH�SUHFLVLRQ�ZDV�QRW�LPPHGLDWHO\�FOHDU��DV�LW

PHDQW�WHFKQLFDOO\�DUELWUDU\�DOORFDWLRQ�RI�FKDNV�WR�GLIIHUHQW�$$2�FLUFOHV�LQ�D�JLYHQ�VXEGLVWULFW�

,Q�RUGHU�WR�RYHUFRPH�WKLV�GLIILFXOW\�LQ�RXU�VWXG\��$$2�FLUFOHV�LQ�HDFK�RI�WKH�WZR�VXEGLVWULFWV�DUH�WDNHQ

DV�VWUDWD�LQ�SODFH�RI�VXEGLVWULFWV��QRZ�ZLWK�9(:�FLUFOHV�DQG�FKDNV�LQ�WKH�UHVSHFWLYH�9(:�FLUFOHV�DV

ILUVW�VWDJH�DQG�VHFRQG�VWDJH�XQLWV��WKH�UHPDLQLQJ�VWDJHV�RI�VDPSOLQJ�UHPDLQLQJ�WKH�VDPH���+RZHYHU��WKLV

FUHDWHV�DQRWKHU�GLIILFXOW\��QDPHO\�WKDW�LW�LV�QR�PRUH�SRVVLEOH�WR�PHDVXUH�WKH�H[DFW�SUHFLVLRQ�RI�WKH

YDULRXV�HVWLPDWRUV�RI�WKH�DYHUDJH�\LHOG�FRQVLGHUHG�LQ�WKH�IROORZLQJ�VXEVHFWLRQ��������DV�LW�LV�QRW

SRVVLEOH�WR�PHDVXUH�WKH�YDULDELOLW\�EHWZHHQ�FKDNV�ZLWKLQ�9(:V�DQG�EHWZHHQ�IDUPHUV�ZLWKLQ�FKDNV�ZLWK

WKLV�VDPSOH�GHVLJQ�LQ�ZKLFK�ZH�VHOHFW�RQO\�RQH�FKDN�ZLWKLQ�D�VHOHFWHG�9(:�DQG�WKHQ�RQO\�RQH�IDUPHU

ZLWKLQ�D�JLYHQ�VHOHFWHG�FKDN���7KH�UHVSHFWLYH�IRUPXODH�IRU�YDULRXV�HVWLPDWRUV�XVHG�LQ�WKH�VWXG\�JLYH

RYHUHVWLPDWHV�RI�WKHLU�SUHFLVLRQ���+RZHYHU��WKLV�GLIILFXOW\�LV�RYHUFRPH�LQ�VRPH�RWKHU�ZD\�

����� 0DLQ�)LQGLQJV�RI�WKH�6WXG\

/HW� �GHQRWH�WKH�VDPSOH�PHDQ�\LHOG�RI�D�SDUWLFXODU�FURS�LQ�WKH�LWK�$$2�FLUFOH��IRU�GLIIHUHQW�L��RI�D;
L

SDUWLFXODU�VXEGLVWULFW���/HW� �GHQRWH�WKH�ZHLJKWHG�PHDQ�\LHOG�RI�WKH�FURS�LQ�WKH�VXEGLVWULFW�;
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L

ZKHUH�6�GHQRWHV�WKH�QXPEHU�RI�$$2�FLUFOHV�LQ�WKH�VXEGLVWULFW�DQG�:L�LV�WKH�ZHLJKW�DVVRFLDWHG�ZLWK�WKH

PHDQ�\LHOG�IRU�WKH�FURS�LQ�WKH�LWK�$$2�FLUFOH���/HW�0L�DQG�PL�GHQRWH�UHVSHFWLYHO\�WKH�WRWDO�QXPEHU�RI

9(:V�DQG�WKH�VHOHFWHG�QXPEHU�RI�9(:V�LQ�WKH�LWK�$$2�FLUFOH���/HW�$L�GHQRWH�WKH�DUHD�VRZQ�IRU�WKH

FURS�LQ�WKH�LWK�$$2�FLUFOH�DQG�$�WKH�DUHD�VRZQ�IRU�WKH�FURS�LQ�WKH�VXEGLVWULFW���7KXV� �$
M
6

L
�

$
L



���

%\�WDNLQJ�:L�HTXDO�WR�PL�Q��$L�$��0L�1�DQG���6��ZKHUH� �DQG� ��ZH�JHW�IRXU�GLIIHUHQW1
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$EVROXWH�5HODWLYH�%LDV��$5%��DQG�6LPXODWHG�UHODWLYH�VWDQGDUG�HUURU��6UVH��RU�VLPSO\�FRHIILFLHQW�RI

YDULDWLRQ�DUH�FDOFXODWHG�IRU�HDFK�,/5&�DV�IROORZV�
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:H�SUHVHQW�WKH�UHVXOWV�RI�$5%�DQG�6UVH�LQ�7DEOH���RQO\�IRU�Q� �����D�VDPSOH�RI����SHUFHQW�YLOODJHV��DV

SUHVHQWO\�GRQH�LQ�756��DV�WKH�ILQGLQJV�IURP�RWKHU�WDEOHV�DUH�VLPLODU�

7DEOH��� 6LPXODWHG�5HODWLYH�6WDQGDUG�(UURUV�DQG�$EVROXWH�5HODWLYH�%LDVHV��LQ�SHUFHQWDJH�

RI�9DULRXV�(VWLPDWRUV�IRU�Q� ����LQ�'LIIHUHQW�,/5&V

,/5&

(VWLPDWRU ��� ��� ��� ��� ��� ��� ���
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1RWH��7KH�ILJXUHV�VKRZQ�LQ�SDUHQWKHVHV�DUH�WKH�DEVROXWH�UHODWLYH�ELDVHV�LQ�SHUFHQWDJH�

)RU�DVVHVVLQJ�UHODWLYH�SHUIRUPDQFH�RI�WKH�YDULRXV�HVWLPDWRUV��ZH�KDYH�WR�DGRSW�VRPH�UXOH�RI�WKXPE��

+HUH��ZH�DGRSW�WKH�UXOH�WKDW�DW�WKH�,/5&�OHYHO��DQ�HVWLPDWRU�VKRXOG�QRW�KDYH�6UVH�PRUH�WKDQ����SHUFHQW

DQG�ELDV�PRUH�WKDQ���SHUFHQW���:H�QRWH�IURP�WKH�DERYH�WDEOH�WKDW�QRQH�RI�WKH�HVWLPDWRUV�VDWLVI\�WKH�UXOH

LQ�,/5&V���DQG�����7KLV�LV�KDSSHQLQJ�EHFDXVH��LQ�WKHVH�FLUFOHV��WKHUH�LV�FRQVLGHUDEOH�GHYLDWLRQ�IURP�WKH



���

V\QWKHWLF�DVVXPSWLRQV��DV�REVHUYHG�HDUOLHU���,Q�,/5&����ZKHUH�WKH�V\QWKHWLF�DVVXPSWLRQV�GHYLDWH

PRGHUDWHO\��W��D�DORQH�VDWLVILHV�WKH�UXOH���%XW�LQ�,/5&����ZKHUH�GHYLDWLRQV�DUH�PRGHUDWH�WRR��W��D�LV�EHVW��

W��D�LV�EHVW�LQ�,/5&����WRR��SURYLGHG�ZH�UHVWULFW�RXUVHOYHV�RQO\�WR�6UVH���,Q�,/5&����ZKHUH�WKH�V\QWKHWLF

DVVXPSWLRQV�FORVHO\�PHHW��W��D�LV�EHVW�KHUH�DOVR���+RZHYHU��LQ�,/5&V���DQG�����ZKHUH�WKH�V\QWKHWLF

DVVXPSWLRQV�FORVHO\�PHHW�DV�ZHOO��W��D�DORQH�LV�FRPSHWLWLYH�ZLWK�RWKHUV�

)URP�WKH�DERYH�DQDO\VLV�DQG�RWKHUZLVH��ZH�UHFRPPHQG�WKH�XVH�RI�FRPSRVLWH�HVWLPDWRUV�W��D�DQG�W��D�DW

WKH�,/5&�OHYHO��DQG�WKXV�XS�WR�WKH�OHYHO�RI�GLVWULFW�LQ�756��ZKHQ�WKHUH�DUH�QR�FRQVLGHUDEOH�GHYLDWLRQV

IURP�V\QWKHWLF�DVVXPSWLRQV���:KHQ�WKLV�FRQGLWLRQ�LV�QRW�VDWLVILHG��ZH�VKRXOG�ORRN�IRU�RWKHU�W\SHV�RI

HVWLPDWRUV�VXFK�DV�WKRVH�WKURXJK�WKH�6,&85(�0RGHO�>%�'��7LNNLZDO�����@�DQG�DVVHVV�WKHLU�UHODWLYH

SHUIRUPDQFH�WKURXJK�VWXGLHV�RI�WKH�NLQG��LQ�VHULHV��RYHU�VRPH�\HDUV�IRU�FURS�DFUHDJH�HVWLPDWLRQ���:H

KDYH�DOUHDG\�VHHQ��LQ�VHFWLRQ������D�VLPLODU�QHHG�IRU�RUJDQL]DWLRQ�RI�IXUWKHU�VWXGLHV�LQ�VHULHV�WR�GHYHORS

VPDOO�DUHD�PHWKRGV�IRU�FURS�\LHOG�HVWLPDWLRQ��WRR�

5HIHUHQFHV

$JDUZDO��&�/��DQG�7LNNLZDO��%�'�����������´7ZR�VWDJHV�6DPSOLQJ�RQ�6XFFHVVLYH�2FFDVLRQV�µ�6DQNK\D��&���SS��������

&62����������5HSRUW�RI�WKH�:RUNLQJ�*URXS�RQ�6PDOO�$UHD�'HYHORSPHQW�3URJUDPPH�6WDWLVWLFV��'HSDUWPHQW�RI�6WDWLVWLFV��0LQLVWU\

RI�3ODQQLQJ��*RYHUQPHQW�RI�,QGLD��1HZ�'HOKL�

*KL\D��$�����������´2Q�'LUHFW�DQG�,QGLUHFW�(VWLPDWLRQ�LQ�6XUYH\�6DPSOLQJ�µ�3K�'��WKHVLV�VXEPLWWHG�WR�WKH�-�1�9��8QLYHUVLW\�

-RGKSXU��,QGLD�XQGHU�WKH�VXSHUYLVLRQ�RI�'U��*�&��7LNNLZDO�

0DKDODQRELV��3�&�����������´6DPSOH�6XUYH\V�RI�&URS�<LHOGV�LQ�,QGLD�µ�6DQNK\D��SS����������

1662�������������&RQVROLGDWHG�5HVXOWV�RI�&URS�(VWLPDWLRQ�6XUYH\�RQ�3ULQFLSDO�&URSV��1DWLRQDO�6DPSOH�6XUYH\�2UJDQL]DWLRQ�

'HSDUWPHQW�RI�6WDWLVWLFV��0LQLVWU\�RI�3ODQQLQJ�DQG�3URJUDPPH�,PSOHPHQWDWLRQ��*RYHUQPHQW�RI�,QGLD�

3DQVH��9�*���5DMJRSDODQ��0��DQG�3LOODL��6�6�����������´(VWLPDWLRQ�RI�&URS�<LHOG�IRU�6PDOO�'RPDLQV�µ�%LRPHWULFV��SS����������

5DKHMD��6�.��DQG�-D\D�.ULVKQD����������´$�5HSRUW�RQ�6SHFLDO�6WXG\�RQ�)XQFWLRQLQJ�RI�6WDWH�0RQLWRULQJ�DQG�(YDOXDWLRQ�8QLWV�µ

VSRQVRUHG�E\�WKH�'LUHFWRUDWH�RI�([WHQVLRQ��0LQLVWU\�RI�$JULFXOWXUH��*RYHUQPHQW�RI�,QGLD�

5DR��9�5�����������´7HFKQLFDO�$GGUHVV���6WDWLVWLFV�IRU�5XUDO�'HYHORSPHQW���DQ�$JHQGD�IRU�1LQHWLHV�µ�-RXUQDO�RI�WKH�,QGLDQ

6RFLHW\�IRU�$JULFXOWXUDO�6WDWLVWLFV��9RO��;/9�1R�����SS�������

5R\DOO��5�$�����������´6WDWLVWLFDO�7KHRU\�RI�6PDOO�$UHD�(VWLPDWHV���8VH�RI�3UHGLFWLRQ�0RGHOV�µ�XQSXEOLVKHG�UHSRUW�SUHSDUHG

XQGHU�FRQWUDFW�IURP�WKH�1DWLRQDO�&HQWHU�IRU�+HDOWK�6WDWLVWLFV�

6FKDLEOH��:�/�����������´&KRRVLQJ�:HLJKWV�IRU�&RPSRVLWH�(VWLPDWRUV�IRU�6PDOO�$UHD�6WDWLVWLFV�µ�3URFHHGLQJV�RI�WKH�6XUYH\

5HVHDUFK�0HWKRGV�6HFWLRQ��$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��:DVKLQJWRQ��'�&���SS����������

6FKDLEOH��:�/���%URFN��'�%���&DVDG\��5�-��DQG�6FKQDFN��*�$�����������´$Q�(PSLULFDO�&RPSDULVRQ�RI�WKH�6LPSOH�,QIODWLRQ�

6\QWKHWLF�DQG�&RPSRVLWH�(VWLPDWRUV�IRU�6PDOO�$UHD�6WDWLVWLFV�µ�3URFHHGLQJV�RI�WKH�$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ��6RFLDO

6WDWLVWLFV�6HFWLRQ��SS������������

6LQJK��'�����������´6RPH�6WXGLHV�LQ�6PDOO�$UHD�6WDWLVWLFV�µ�3K�'��WKHVLV��,QGLDQ�$JULFXOWXUDO�6WDWLVWLFV�5HVHDUFK�,QVWLWXWH�OLEUDU\�

6ODGH��5�+��DQG�)HGHU�*�����������7KH�0RQLWRULQJ�DQG�(YDOXDWLRQ�RI�7UDLQLQJ�DQG�9LVLW�([WHQVLRQ�LQ�,QGLD��PDQXDO�RI

,QVWUXFWLRQV��:RUOG�%DQN�

6ULYDVWDYD��6�.�����������´$Q�(VWLPDWRU�8VLQJ�$X[LOLDU\�,QIRUPDWLRQ�LQ�6DPSOH�6XUYH\V�µ�&DOFXWWD�6WDWLVWLFDO�$VVRFLDWLRQ

%XOOHWLQ��SS����������

6ULYDVWDYD��6�6��DQG�0HKWD��5�����������´4XDOLWDWLYH�,VVXHV�LQ�$JULFXOWXUDO�6WDWLVWLFV�µ�6RXYHQLU����WK�$QQXDO�&RQIHUHQFH�RI

,QGLDQ�6RFLHW\�IRU�$JULFXOWXUDO�6WDWLVWLFV��SS��������



���

6XNKDWPH��3�9��DQG�$JJDUZDO��2�3�����������������������´5HSRUW�RQ�WKH�&URS�FXWWLQJ�6XUYH\�RQ�:KHDW�E\�WKH�5DQGRP

6DPSOLQJ�0HWKRG�LQ�'HOKL�µ�,QGLDQ�&RXQFLO�RI�$JULFXOWXUDO�5HVHDUFK��1HZ�'HOKL�

6XNKDWPH��3�9��DQG�1DUDLQ��5�'�����������´6DPSOLQJ�ZLWK�5HSODFHPHQW�µ�-RXUQDO�RI�WKH�,QGLDQ�6RFLHW\�IRU�$JULFXOWXUDO

6WDWLVWLFV��9RO�����SS��������

7LNNLZDO��%�'�������D����´7KH�7KHRU\�RI�7ZR�VWDJH�6DPSOLQJ�RQ�6XFFHVVLYH�2FFDVLRQV�µ�-RXUQDO�RI�WKH�,QGLDQ�6WDWLVWLFDO

$VVRFLDWLRQ��SS����������

7LNNLZDO��%�'�������E����6RPH�$VSHFWV�RI�6DPSOLQJ�ZLWK�9DU\LQJ�3UREDELOLWLHV�IURP�D�)LQLWH�3RSXODWLRQ��8QLYHUVLW\�RI�5DMDVWKDQ

6WXGLHV��6FLHQFH�6HULHV���SS��������

7LNNLZDO��%�'�����������´0RGHOLQJ�7KURXJK�6XUYH\�'DWD�IRU�6PDOO�'RPDLQV�µ�NH\QRWH�DGGUHVV�DW�WKH�6\PSRVLXP�RQ�0RGHOLQJ

KHOG�DW�.XUXNVKHWUD�8QLYHUVLW\��0DUFK�����������

7LNNLZDO��%�'�����������´0RGHOLQJ�7KURXJK�6XUYH\�'DWD�IRU�6PDOO�'RPDLQV�µ�3URFHHGLQJV�,QWHUQDWLRQDO�6FLHQWLILF�&RQIHUHQFH

RQ�6PDOO�$UHD�6WDWLVWLFV�DQG�6XUYH\�'HVLJQ�KHOG�LQ�6HSWHPEHU�������DW�:DUVDZ��3RODQG�

7LNNLZDO��*�&�����������´2Q�(VWLPDWLRQ�RI�&URS�$UHD�6WDWLVWLFV�IRU�6PDOO�'RPDLQV�µ�LQ�SUHVV�3URFHHGLQJV�RI�WKH��QG�$QQXDO

&RQIHUHQFH�RI�,QIRUPDWLRQ�7KHRU\�DQG�$SSOLFDWLRQV�DQG�1DWLRQDO�6\PSRVLXP�LQ�6WDWLVWLFV�ZLWK�)RFXV�RQ�$SSOLFDWLRQV�LQ

$JULFXOWXUH�DQG�$OOLHG�6FLHQFHV��KHOG�DW�&&6�+DU\DQD�$JULFXOWXUDO�8QLYHUVLW\��+LVVDU�)HEUXDU\�����������


