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$PHULFDQ -RXUQDO RI
%LRPHGLFDO 6FLHQFHV

,661� ���������
QZSLL�FRP�DMEPV

&RPSDUDWLYH +LVWRDUFKLWHFWXUDO DQG %LRFKHPLFDO 6WXGLHV RI WKH
+LSSRFDPSXV LQ 3HUR[LVRPH 3UROLIHUDWLYH $FWLYDWHG 5HFHSWRU *DPPD

$JRQLVW 7UHDWHG ,QVXOLQ 5HVLVWDQW 5DWV

$MD\L 6WHSKHQ 2ODZDOH�� ,OL\D (]HNLHO�� (MLNH 'DQLHO (]H�� ,GRZX 2OXZDPD\RZD�� 0RVHV 'HOH $GDPV��
.DULPDK 0RKDPPHG 5DELX� DQG 3ULVFD 2MRFKRJX $MHND�

� 'HSDUWPHQW RI %LRORJLFDO 6FLHQFHV� )DFXOW\ RI 3XUH DQG $SSOLHG 6FLHQFHV� )HGHUDO 8QLYHUVLW\� :XNDUL� 1LJHULD�
� 'HSDUWPHQW RI 3K\VLRORJ\� )DFXOW\ RI %LRPHGLFDO 6FLHQFHV� .DPSDOD ,QWHUQDWLRQDO 8QLYHUVLW\� :HVWHUQ &DPSXV� 3�2�
%R[ ��� ,VKDND�%XVKHQ\L� 8JDQGD�
� 'HSDUWPHQW RI $QDWRP\� )DFXOW\ RI %DVLF 0HGLFDO 6FLHQFHV� 8QLYHUVLW\ RI /DJRV� 1LJHULD�
� 'HSDUWPHQW RI %LRFKHPLVWU\� )DFXOW\ RI &RPSXWLQJ DQG $SSOLHG 6FLHQFHV� %D]H 8QLYHUVLW\� $EXMD� 1LJHULD�
�'HSDUWPHQW RI %LRORJLFDO 6FLHQFHV� )DFXOW\ RI 6FLHQFH� <REH 6WDWH 8QLYHUVLW\� 'DPDWXUX� <REH� 1LJHULD�
� 'HSDUWPHQW RI +XPDQ .LQHWLFV DQG 6SRUWV 6FLHQFH� $OYDQ ,NRNX )HGHUDO &ROOHJH RI (GXFDWLRQ� 2ZHUUL� ,PR 6WDWH�
1LJHULD�
&RUUHVSRQGLQJ $XWKRU
(MLNH 'DQLHO (]H� 3K'
6HQLRU /HFWXUHU� 'HSDUWPHQW RI 3K\VLRORJ\� .DPSDOD ,QWHUQDWLRQDO 8QLYHUVLW\�
:HVWHUQ &DPSXV� 3� 2� %R[ ���
,VKDND � %XVKHQ\L
8JDQGD
7HO� ���� ���������
(PDLO� GDQH]H�#JPDLO�FRP

5HFHLYHG��� $XJXVW ����� _ 5HYLVHG��� 1RYHPEHU ����� _ $FFHSWHG��� 0DUFK ����

$EVWUDFW

%DFNJURXQG� 7KH FXUUHQWO\ SUHVFULEHG DQWL�GLDEHWLF GUXJV KDYH EHHQ FOLQLFDOO\ SURYHQ WR GHYHORS
UHVLVWDQFH WR UHGXFH WKH HOHYDWHG EORRG JOXFRVH OHYHO� UHGXFH KDHPRJORELQ $�F �+E$�� FRQFHQWUDWLRQ�
SRVVHVV LQVXOLQ LQVHQVLWLYLW\ LVVXHV DV ZHOO DV RWKHU SKDUPDFRNLQHWLF GLVWXUEDQFHV�

$LP� 7R HYDOXDWH WKH DFWLYLW\ RI SHUR[LVRPH SUROLIHUDWLYH DFWLYDWHG UHFHSWRU �335$� JDPPD DJRQLVW�
SLRJOLWD]RQH DQG IHQRILEUDWH WUHDWHG LQVXOLQ UHVLVWDQW UDWV�

0DWHULDOV DQG 0HWKRGV� $SSDUHQWO\ KHDOWK\ PDOH UDWV ZHUH LQWUDSHULWRQHDOO\ LQMHFWHG LQWR GLDEHWHV ZLWK
67= ��� PJ�NJ E� Z�� IRU ILYH GD\V DQG IHG ZLWK GLHW ULFK LQ IDW IRU � ZHHNV� 3LRJOLWD]RQH ��� PJ�NJ E� Z��
DQG IHQRILEUDWH ��� PJ�NJ E� Z�� ZDV DGPLQLVWHUHG E\ RUDO JDYDJH WR UDWV ZKLFK DUH REHVH DQG UHVLVWDQW WR
LQVXOLQ IRU �� FRQVHFXWLYH GD\V� 2YHU WKH ODVW � GD\V� EORRG FROOHFWHG LQWUDSHULWRQHDOO\ ZDV XVHG WR WHVW IRU
JOXFRVH DQG LQVXOLQ WROHUDQFH DV ZHOO DV JOXFRQHRJHQHVLV� $W WKH HQG RI �� GD\V H[SHULPHQWDO WUHDWPHQW
SHULRG� EORRG FROOHFWHG ZDV XVHG IRU ELRFKHPLFDO DVVD\ ZKHUHDV LQ WKH OLYHU DQG VNHOHWDO PXVFOH� JOXFRVH
WUDQVSRUWHU � �*/87�� DQG LQVXOLQ UHFHSWRU VXEVWUDWH �� �,56��� SURWHLQ H[SUHVVLRQ ZHUH DVVD\HG IRU XVLQJ
LPPXQH�KLVWRFKHPLVWU\�

5HVXOW� 7KH ORZ�GRVH 67= DQG +)' � LQGXFHG REHVH UDWV VKRZHG VLJQLILFDQW �S������ LQVXOLQ UHVLVWDQFH
DQG REHVLW\ ZKHQ FRPSDUHG ZLWK WKH FRQWURO DQLPDOV� 7UHDWPHQW RI WHVW JURXS DQLPDOV ZLWK �� PJ�NJ E� Z� RI
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SLRJOLWD]RQH DQG �� PJ�NJ E� Z� RI IHQRILEUDWH VWDWLVWLFDOO\ �S������ ORZHUHG OHYHOV RI EORRG LQVXOLQ�
WULJO\FHULGH DQG IUHH IDWW\ DFLG EXW UDLVHG WKH FRQFHQWUDWLRQ RI KLJK�GHQVLW\ OLSRSURWHLQ�FKROHVWHURO �+'/�&��
$OVR� WKHUH ZDV DSSUHFLDEOH �S������ UHGXFWLRQ LQ OLSLG FRQWHQW RI WKH OLYHU DQG PXVFOH IROORZLQJ WUHDWPHQW
ZLWK SLRJOLWD]RQH DQG IHQRILEUDWH� 7KH VNHOHWDO PXVFOH */87� FRXQW DV ZHOO DV OLYHU DQG VNHOHWDO PXVFOH
,56�� SURWHLQ FRQWHQWV ZHUH VXIILFLHQWO\ �S������ HOHYDWHG�

&RQFOXVLRQ� 5HVXOWV JDWKHUHG IURP WKH VWXG\ VXJJHVW LPSURYHG VHQVLWLYLW\ RI LQVXOLQ LQ ORZ�GRVH 67=
DQG +)'�LQGXFHG REHVH UDWV IROORZLQJ WUHDWPHQW ZLWK SLRJOLWD]RQH DQG IHQRILEUDWH� 7KH LQVXOLQ VHQVLWL]LQJ
DFWLYLW\ LQ WKH DQLPDOV E\ SLRJOLWD]RQH DQG IHQRILEUDWH PD\ EH GXH WR LQKLELWLRQ RI JOXFRQHRJHQHVLV�
DPHOLRUDWLRQ RI OLSLG PHWDEROLVP� UHGXFWLRQ LQ K\SHULQVXOLQHPLD DV ZHOO DV HOHYDWLRQ RI ,56�� DQG */87�
SURWHLQ H[SUHVVLRQ LQ LQVXOLQ�VHQVLWLYH WLVVXHV�

.H\ZRUGV�7\SH � GLDEHWHV PHOOLWXV� +LSSRFDPSXV� 33$5�JDPPD� 3LRJOLWD]RQH� )HQRILEUDWH

$EEUHYLDWLRQ� '0� 'LDEHWHV PHOOLWXV� ,'(� ,QVXOLQ GHJUDGLQJ HQ]\PH� */87�� *OXFRVH WUDQVSRUWHU ��
,&9� LQWUDFHUHEURYHQWULFXODU� 67=� 6WUHSWR]RWRFLQ� 7='� WKLD]ROLGLQHGLRQH� &16� FHQWUDO QHUYRXV V\VWHP�
7�'0� 7\SH � GLDEHWHV PHOOLWXV� 33$5 JDPPD� 3HUR[LVRPH SUROLIHUDWRU�DFWLYDWHG UHFHSWRU JDPPD� +E$
�F� +DHPRJORELQ $�F� &$� &RUQX $PPRQLV� %%%� EORRG̢EUDLQ EDUULHU� +)'� +LJK�IDW GLHW� 0:0�
0RUULV ZDWHU PD]H� 3%6� 3KRVSKDWH EXIIHUHG VDOLQH� ,5� ,QVXOLQ UHVLVWDQFH

�� ,QWURGXFWLRQ

1HXURLQIODPPDWLRQ LV UHJDUGHG DV VZHOOLQJ RI
WKH QHUYRXV WLVVXH� ,W FRXOG FRPPHQFH LQ UHVSRQVH
WR D QXPEHU RI FXHV� ZKLFK LQFOXGHV WUDXPDWLF EUDLQ
GDPDJH� PLOG LQIHFWLRQ� KDUPIXO PHWDEROLWHV� RU
DXWRLPPXQLW\� ,Q WKH FHQWUDO QHUYRXV V\VWHP �&16��
ZKLFK FRPSULVHV WKH EUDLQ DQG QHXURQDO FRUGV�
PLFURJOLD DUH WKH UHVLGHQW LQQDWH ZKLWH EORRG FHOOV
WKDW DUH FKDUJHG LQ UHVSRQVH WR WKHVH FXHV >�@� 7KH
&16 LV EDVLFDOO\ DQ LPPXQRORJLFDOO\ IDYRXUHG VLWH
EHFDXVH QHXURQDO LQIRUPDWLRQ IURP SHULSKHUDO
LPPXQH FHOOV LV PRVWO\ SUHYHQWHG E\ WKH EORRG�
EUDLQ EDUULHU �%%%�� D XQLTXH VWUXFWXUH PDGH XS RI
DVWURF\WHV DQG HQGRWKHOLDO FHOOV >�@� +RZHYHU�
FLUFXODWLQJ SHULSKHUDO LPPXQH FHOOV PLJKW H[FHHG D
FRPSURPLVHG %%% DQG HQFRXQWHU QHXURQV DQG JOLDO
FHOOV H[SUHVVLQJ PDMRU KLVWRFRPSDWLELOLW\ FRPSOH[
PROHFXOHV� SHUSHWXDWLQJ WKH LPPXQH UHVSRQVH >�@�
1HXURLQIODPPDWLRQ LV XVXDOO\ FKURQLF� DV RSSRVHG
WR DFXWH LQIODPPDWLRQ RI WKH FHQWUDO QHUYRXV V\VWHP
>�@� $FXWH LQIODPPDWLRQ XVXDOO\ RFFXUV GXH WR
GDPDJH LQ WKH QHUYRXV V\VWHP� IHDWXUHG E\
LQIODPPDWRU\ PROHFXOHV� WLVVXH HGHPD DQG SODWHOHW
GHSRVLWLRQ� >�@� 5DPHVK >��@� &KURQLF LQIODPPDWLRQ LV
WKH SURORQJHG DFWLYDWLRQ RI JOLDO FHOOV DQG
LQYROYHPHQW RI RWKHU LPPXQH FHOOV LQWR WKH EUDLQ�

'LDEHWHV PHOOLWXV �'0� LV PDUNHG E\ LQFUHDVHG
IDVWLQJ EORRG JOXFRVH OHYHO DQG SRO\XULD DQG LV D

FRPPRQ PHWDEROLF GLVRUGHU� ,W RFFXUV ZKHQ WKHUH LV
UDLVHG EORRG VXJDU OHYHO JUHDWHU WKDQ ��� PJ�G/
DERYH WKH QRUPDO YDOXH RI ������PJ�GO LQ KXPDQV
>�@� '0 RFFXUV GXH WR HLWKHU ODFN RI LQVXOLQ� RU
LQYROYHPHQW RI IDFWRUV WKDW FRXQWHU WKH DFWLYLW\ RI
LQVXOLQ >�@� 3DUN� /HH� DQG &KXQJ >��@� 7\SH ���
GLDEHWHV LV LQFUHDVLQJ LQ JOREDO RFFXUUHQFH DQG LW LV
YHKHPHQWO\ UHODWHG ZLWK REHVLW\ DQG LQVXOLQ
UHVLVWDQFH >�@� SDQFUHDWLF £ �FHOO IXQFWLRQ� 7KHVH
PHWDEROLF GLVRUGHUV KDPSHU WKH FULWLFDO UHJXODWRU\
DFWLRQ RI LQVXOLQ RQ JOXFRVH� OLSLG DQG SURWHLQ
PHWDEROLVP >�� ��@ WKXV SUHFLSLWDWLQJ D GLVRUGHU
H[HPSOLILHG E\ DOWHUDWLRQV LQ WKHVH SK\VLRORJLFDO
DFWLYLWLHV >��@� ,QVXOLQ GHJUDGLQJ HQ]\PHā �,'(� LV
D PXOWLIXQFWLRQDO HQ]\PH WKDW GHJUDGHV ERWK LQVXOLQ
UHODWHG WR SDWKRORJ\ RI 7�'0 DQG DP\OLQ SHSWLGHV
DVVRFLDWHG ZLWK SDWKRORJ\ RI QHXURLQIODPPDWLRQ
DQG WKXV ERWK LQVXOLQ DQG DP\ORLG EHWD FRPSHWHV IRU
WKLV HQ]\PH %RXFKHUQ� .OHLQULGGHUV >��@� ,'( LV
PRUH VSHFLILF IRU LQVXOLQ WKDQ IRU DP\ORLG EHWD�
VLQFH EUDLQ K\SHULQVXOLQHPLD PD\ GHSULYH DP\ORLG
EHWD RI LWV FKLHI FOHDULQJ HIIHFW IDFLOLWDWLQJ LWV
DJJUHJDWLRQ LQ WKH EUDLQ DQG LWV HYHQWXDO QHXURWR[LF
LQIOXHQFH RQ WKH EUDLQ >��@�

7KH KLSSRFDPSXV LV YLVLEOH DV D VHJPHQW RI
JUD\ PDWWHU WLVVXH� HOHYDWLQJ IURP WKH EDVH RI HDFK
ODWHUDO YHQWULFOH LQ WKH UHJLRQ RI WKH LQIHULRU RU
WHPSRUDO KRUQ >��@� 7KLV ULGJH KDV DQ LQZDUG IROG RI
WKH DUFK FRUWH[ LQWR WKH PHGLDO WHPSRUDO OREH� 7KH
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KLSSRFDPSXV FRXOG RQO\ EH YLVXDOL]HG LQ GLVVHFWLRQV
DV LW LV SDUWO\ FRYHUHG E\ 3DUD KLSSRFDPSDO J\UXV�
7KH FRUWH[ WKLQV VSUHDG IURP VL[ OD\HUV WR WKH WKUHH
RU IRXU OD\HUV WKDW UHSUHVHQWV WKH KLSSRFDPSXV >��@

DQG WKH KLSSRFDPSDO VWUXFWXUH LV XVHG WR UHIHU WR WKH
KLSSRFDPSXV LWVHOI DQG LWV DVVRFLDWHG FRPSRQHQWV
>��@ DV ZHOO DV WKH GHQWDWH J\UXV >��@� 7KH
KLSSRFDPSXV� LQFOXGLQJ WKH GHQWDWH J\UXV� KDV WKH
VKDSH RI D FXUYHG WXEH� ZKLFK KDV EHHQ FRPSDUHG WR
D VHDKRUVH� DQG D UDP
V KRUQ �&RUQX $PPRQLV�� ,WV
DEEUHYLDWLRQ &$ LV XVHG LQ GHQRWLQJ WKH
KLSSRFDPSDO VXEILHOGV� &$�� &$�� &$�� DQG &$�
>��@� ,W FDQ EH GLIIHUHQWLDWHG DV DQ DUHD ZKHUH WKH
FRUWH[ QDUURZV LQWR D VLQJOH OD\HU RI KHDYLO\
FRPSDFWHG S\UDPLGDO QHXURQV� ZKLFK FXUO LQWR D
WLJKW 8 VKDSH� 2QH HGJH RI WKH �8�� ̢ &$�� LV
HPEHGGHG LQWR WKH EDFNZDUG�IDFLQJ� IOH[HG GHQWDWH
J\UXV >��� ��@�

6FLHQWLILF OLWHUDWXUH KDV UHYHDOHG WKDW
KLSSRFDPSDO FRJQLWLYH HIIHFW LV FULWLFDOO\ KLQJHG RQ
VWHDG\ UHOHDVH RI JOXFRVH WR PHHW WKH HQHUJ\
UHTXLUHPHQWV IRU FRJQLWLYH SURFHVVHV� DQG WKDW
VXSSO\ RI DGGLWLRQDO JOXFRVH WR WKH KLSSRFDPSXV
FDQ LPSURYH PHPRU\ RXWSXW >��@� )XUWKHUPRUH�
ILQGLQJV IURP LQ YLWUR VWXGLHV KDYH LW WKDW LQVXOLQ FDQ
IDFLOLWDWH KLSSRFDPSDO V\QDSWLF SODVWLFLW\ L�H�
WUHDWPHQW ZLWK LQVXOLQ IDYRXUV SHUIRUPDQFH RQ D
SDVVLYH�DYRLGDQFH PHPRU\ WDVN DQG VSDWLDO PHPRU\
WUDLQLQJ WKDW FRXOG DOWHU KLSSRFDPSDO H[SUHVVLRQ RI
LQVXOLQ UHFHSWRU KDYH EHHQ LQYHVWLJDWHG >��@� $Q
DQLPDO PRGHO RI QHXURLQIODPPDWLRQ KDV EHHQ
GHYHORSHG E\ LQWUDFHUHEURYHQWULFXODU DSSOLFDWLRQ RI
67=� ,QWUDFHUHEURYHQWULFXODU LQMHFWLRQ RI ORZ VXE�
GLDEHWRJHQLF GRVHV RI 67= KDV LQGXFHG FRJQLWLYH
DQG EUDLQ FKROLQHUJLF GDPDJH >��@� R[LGDWLYH VWUHVV DV
ZHOO DV UHGXFWLRQ LQ EUDLQ JOXFRVH�HQHUJ\ PHWDEROLF
UDWH DQG LQVXOLQ UHVLVWDQW EUDLQ VWDWH >��@� 67=
DGPLQLVWUDWLRQ KDV EHHQ OLQNHG ZLWK FHUWDLQ EUDLQ
PRUSKRORJLFDO FKDQJHV LQ WKH IRUP RI DVWURJOLRVLV
IRXQG DV HDUO\ DV � ZHHN IROORZLQJ WKH WUHDWPHQW
DQG DOVR H[WHQVLYH FHOO ORVV� 2[LGDWLYH VWUHVV KDV
EHHQ UHSRUWHG LQ WKH ILUVW ZHHN DIWHU WUHDWPHQW ZLWK
D GHFUHDVHG FKROLQHUJLF WUDQVPLVVLRQ RQ WKH
KLSSRFDPSXV RI 67=�LQGXFHG
LQWUDFHUHEURYHQWULFXODU �,&9� WUHDWHG UDWV >��@� 67= LV
D FKHPLFDO FRPSRXQG H[WUDFWHG IURP VWUHSWRP\FHV
DFKURPRJHQHV XVHG WR LQWURGXFH H[SHULPHQWDO
K\SHUJO\FHPLD LQ PDPPDOV� 6\VWHPLF LQMHFWLRQ RI
67= LQGXFHV K\SHUDOJHVLD� IUHTXHQWO\ DVVRFLDWHG

ZLWK K\SHUJO\FHPLD EHFDXVH LQ VRPH VWXGLHV� LWV
GHYHORSPHQW ZDV SUHYHQWHG E\ LQVXOLQ WUHDWPHQW >��@�
>��@ RSLQHG WKDW� DOWKRXJK WKH LQWUDSHULWRQHDO
DGPLQLVWUDWLRQ RI �� PJ�NJ E� Z� RI 67= LQGXFHG
K\SHUJO\FHPLD LQ ��� RI LQMHFWHG UDWV� ���� ZHUH
GRZQ ZLWK PHFKDQLFDO K\SHUDOJHVLD� 7KLV
REVHUYDWLRQ LPSOLHG� WKDW� PHFKDQLFDO K\SHUDOJHVLD
LV QRW HQWLUHO\ GHSHQGHQW RQ 67=�LQGXFHG
K\SHUJO\FHPLD� ,WV LQWURGXFWLRQ LQWR
LQWUDFHUHEURYHQWULFXODU LPSDLUV FRJQLWLYH IXQFWLRQ
E\ GLVSOD\ RI JOXFRVH PHWDEROLF GLVRUGHU LQ WKH
EUDLQ DV ZHOO DV VXSSUHVVLQJ WKH DFWLYDWLRQ RI
HVVHQWLDO HQ]\PHV WR SURGXFH LQVXOLQ UHVLVWDQFH DQG
UHODWHG SURFHVVHV E\ ORZHULQJ WKH
DXWRSKRVSKRU\ODWLRQ HIIHFW RI WKH LQVXOLQ UHFHSWRU
>��@�

3LRJOLWD]RQH� D WKLD]ROLGLQHGLRQH �7='� GUXJ�
D FODVV ZLWK K\SRJO\FDHPLF �DQWLK\SHUJO\FHPLF�
DQWLGLDEHWLF� DFWLRQ LV XVHG LQ WKH PDQDJHPHQW RI
GLDEHWHV� �7�'0�� ,WV PRGH RI DFWLRQ IDFLOLWDWHV
33$5 JDPPD� WKH QXFOHDU UHFHSWLYH DELOLW\ DQG
VOLJKWO\ 33$5�DOSKD� ,W ORZHUV OLYHU DQG SHULSKHUDO
WLVVXHÿ V DELOLW\ WR UHVLVW LQVXOLQ DV ZHOO DV OLYHU
JOXFRVH V\QWKHVLV DQG UHGXFH JOXFRVH FRQWHQW SOXV
EORRG JO\FDWHG KDHPRJORELQ� ,W DOVR ELQGV ZLWK WKH
RXWHU PLWRFKRQGULDO PHPEUDQH SURWHLQ PLWR 1((7
ZLWK DIILQLW\ FRPSDUHG WR WKDW RI 33$5 JDPPD >��@�
)LEUDWH DUH DQWL�K\SHUOLSLGDHPLF GUXJV ZKLFK KHOS
HOHYDWH +'/ EXW ORZHU EORRG OHYHOV RI /'/�
FKROHVWHURO DQG WULJO\FHULGH� 6WXGLHV KDYH
GHPRQVWUDWHG WKDW LW GHOD\V SURJUHVVLRQ LQ GLDEHWHV
>��@ DQG ZLWK LQVXOLQ UHVLVWDQFH� LW SURORQJV SURJUHVV
LQ WKH +20$ VHYHULW\ PDUNHU >��@� 5HSRUWV KDYH LW
WKDW� UHJDUGOHVV RI FRQFXUUHQW XVH RI DQWLGLDEHWLF
GUXJV� ILEUDWH LQ G\VOLSLGHPLD ZLWK GLDEHWHV RU
K\SHUJO\FHPLD VLJQLILFDQWO\ UHGXFH KDHPRJORELQ
$�F �+E$ �F� FRQFHQWUDWLRQ >��@� 7KLV VWXG\ ZDV
WKHUHIRUH� DLPHG DW HYDOXDWLQJ WKH DFWLYLW\ RI 335$
JDPPD DJRQLVW� SLRJOLWD]RQH DQG IHQRILEUDWH WUHDWHG
LQVXOLQ UHVLVWDQW UDWV�

�� 0DWHULDOV DQG 0HWKRGV

��� 0DWHULDO

����� 'UXJV DQG UHDJHQWV
67= ZDV SURFXUHG IURP 6LJPD�$OGULFK

&RPSDQ\� �86$�� +)' ZDV FRPSRXQGHG DW 2JR�
2OXZD IHHGV� ,ORULQ� 1LJHULD� )HQRILEUDWH ZDV



$P� -� %LRPHG� 6FL� �����������������GRL���������DM��������� � ���� E\ 1:3,,� $OO ULJKWV UHVHUYHG ��

SURFXUHG IURP %KDUDW 3DUHQWHUDO /WG� *XMDUDW� ,QGLD�
3LRJOLWD]RQH ZDV SURFXUHG IURP 0LFUR /DEV /WG�
,QGLD� 2WKHU PDWHULDOV DQG UHDJHQWV XVHG ZHUH RI
DQDO\WLFDO JUDGHV�

����� ([SHULPHQWDO DQLPDOV
)RUW\�WZR ���� PDOH UDWV RI ���f�� J DYHUDJH

ZHLJKW ZKLFK ZDV REWDLQHG IURP 7HPP\ 5DW )DUP�
2JERPRVKR� 2\R 6WDWH� 1LJHULD� ZDV XVHG IRU WKH
UHVHDUFK� $GHTXDWH FDUH ZDV JLYHQ WR WKH DQLPDOV
DQG HWKLFDO FOHDUDQFH ZDV JUDQWHG E\ WKH (WKLFDO
5HYLHZ &RPPLWWHH RI 8QLYHUVLW\ RI ,ORULQ� 1LJHULD�
7KH DQLPDOV ZHUH DOORZHG WR JHW XVHG WR WKH QHZ

HQYLURQPHQW IRU D SHULRG RI �� GD\V GXULQJ ZKLFK
WKH\ ZHUH IHG ZLWK DQLPDO IHHG DQG DOORZHG IUHH
DFFHVV WR GULQNLQJ ZDWHU� 7KH URRP WHPSHUDWXUH
UHPDLQHG DW ��f�ć�

��� 0HWKRGV

����� 3UHSDUDWLRQ +)'
7KH UDWV ZHUH IHG ZLWK KLJK IDW IHHG

SXUFKDVHG IURP 2JR�2OXZD /LYHVWRFN 6DQJR� ,ORULQ�
.ZDUD 6WDWH� 1LJHULD� DV PRGLILHG E\ >��@� 7KH
FRPSRVLWLRQ RI WKH PRGLILHG IDW GLHW LV VKRZQ LQ WKH
WDEOH EHORZ�

7DEOH �� &RPSRQHQW RI +)'
&RPSRVLWLRQ +)' 4XDQWLW\ �NJ� 1RUPDO 'LHW 4XDQWLW\ �NJ�

0DL]H ��� ���

:KHDW RIIDO ��� ���

*URXQGQXW &DNH ��� 1LO

6R\D 0HDO ���� �7RDVWHG� �� �3URFHVVHG�

3.& � ��

%RQH 0HDO ��� ���

)LVK 0HDO ��� ���

0HWKLRQLQH ����� �����

/\VLQH ����� �����

,QGXVWULDO 6DOW ������ ������

%URLOHU 3UHPL[ ������ ������

����� 3UHSDUDWLRQ DQG DGPLQLVWUDWLRQ RI 67=
VROXWLRQ

67= ZDV SUHSDUHG LQ VROXWLRQ DQG DGPLQLVWHUHG
WR WKH H[SHULPHQWDO DQLPDOV DW ��PJ�NJ ERG\
ZHLJKW IRU ILYH GD\V FRQVHFXWLYHO\� 67= ZDV
DGPLQLVWHUHG LQWUDSHULWRQHDO LQ FLWUDWH EXIIHUHG ����
0� S+ ���� VROXWLRQ�

����� 3UHSDUDWLRQ RI VRGLXP FLWUDWH EXIIHU
����J FLWULF DFLG VDOW DQG ����J VRGLXP FLWUDWH

VDOW ZDV DGGHG WR ��PO GLVWLOOHG ZDWHU�

����� $QLPDO JURXSLQJ DQG H[WUDFW
DGPLQLVWUDWLRQ

7KH H[SHULPHQWDO DQLPDOV ZHUH SODFHG LQWR
VHYHQ ��� JURXSV RI VL[ ��� UDWV� 7KLV ZDV FUHDWHG
EDVHG RQ FRPELQDWLRQ RI VXEVWDQFHV RI
DGPLQLVWUDWLRQ DFFRUGLQJ WR WKH WDEOH EHORZ�
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7DEOH �� $QLPDO JURXSLQJ� WUHDWPHQWV� GRVDJH� GXUDWLRQ RI DGPLQLVWUDWLRQ DQG QXPEHU RI DQLPDOV SHU JURXS
6�1 *URXSV 6XEVWDQFH DQG URXWH RI

DGPLQLVWUDWLRQ
'RVDJH RI VXEVWDQFH
DGPLQLVWHUHG

'XUDWLRQ RI
DGPLQLVWUDWLRQ

1R RI
DQLPDOV

$ &RQWURO 'LVWLOOHG :DWHU $G OLELWXP �� GD\V �

% 67= �+)' 67= �LQWUDSHULWRQHDO� DQG
+)' IUHHO\

��PJ�NJ E� Z�� +)'�
IUHHO\

67=��� FRQVHFXWLYH GD\V�
DQG +)' IRU �� GD\V

�

& 67= �+)'�
3LRJOLWD]RQH

67=�LQWUDSHULWRQHDO��+)'�
IUHHO\ DQG SLRJOLWD]RQH
RUDOO\�

67=� �� PJ�NJ E� Z��
+)'� IUHHO\�
SLRJOLWD]RQH��� PJ�NJ
E� Z�

67=��� FRQVHFXWLYH GD\V��
+)'� �� GD\V DQG
SLRJOLWD]RQH� �� GD\V

�

' 67= �+)'�
)HQRILEUDWH

67= �LQWUDSHULWRQHDO��
+)' IUHHO\ DQG
IHQRILEUDWH RUDOO\�

67=� �� PJ�NJ E�
Z��+)'� IUHHO\�
IHQRILEUDWH� �� PJ�NJ
E� Z�

67=��� FRQVHFXWLYH GD\V��
+)'� �� GD\V DQG
IHQRILEUDWH� �� GD\V

�

( 67=�+)'
�3LRJOLWD]RQH
� )HQRILEUDWH

67= �LQWUDSHULWRQHDO��
+)' IUHHO\ DQG SOXV
SLRJOLWD]RQH DQG
IHQRILEUDWH RUDOO\�

67= ��PJ�NJ E� Z��
+)'� IUHHO\�
SLRJOLWD]RQH� ��
PJ�NJ E� Z�
IHQRILEUDWH� �� PJ�NJ
E� Z�

67=��� FRQVHFXWLYH GD\V��
+)'� �� GD\V DQG
IHQRILEUDWH DQG
SLRJOLWD]RQH� �� GD\V�

�

) 3LRJOLWD]RQH
RQO\

RUDO ��PJ�NJ E� Z� �� GD\V� �

* )HQRILEUDWH
RQO\

2UDO ��PJ�NJ E� Z� �� GD\V� �

67=  VWUHSWR]RWRFLQ� +)'  KLJK IDW GLHW GRVDJH
&RQFHQWUDWLRQ RI 67= WR DGPLQLVWHUHG SHU UDW HTXDO ��PJ �NJ PDVV  �������PJ �NJ ����PJ�NJ ERG\ PDVV IRU [ �J�
RI DQLPDO������[�PJ RI 67=
���PJ RI 67= LQ ��PO RI EXIIHU WKHUHIRUH ��PJ 67= JDYH �PO RI EXIIHU

7DEOH �� 9ROXPH RI 67= DGPLQLVWHUHG �PO�
*URXS � � � � � �

+)'�67= ����� ����� ����� ���� ���� �����

+')�67=�)(12 ����� ����� ����� ����� ����� ����

+)'�67=�3,2 ����� ����� ����� ����� ����� �����

+)'�67=�)(12�3,2 ����� ����� ����� ����� ����� ����

����� (WKLFDO DQG DQLPDO KRXVH DSSURYDO
(WKLFDO FOHDUDQFH WR XVH WKH $QLPDO +RXVH ZDV

FRQYH\HG E\ WKH &RPPLWWHH RQ (WKLFDO 5HYLHZ RI
WKH )DFXOW\ RI %DVLF 0HGLFDO 6FLHQFHV� 8QLYHUVLW\
RI ,ORULQ� .ZDUD 6WDWH� 1LJHULD�
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7DEOH �� $QLPDO JURXSLQJ DQG FRUUHVSRQGLQJ DYHUDJH ZHLJKW �J� DIWHU DFFOLPDWL]DWLRQ
*URXS � � � � � �
'LVWLOOHG :DWHU ��� ��� ��� ��� ��� ���

+)'�67= ��� ��� ��� ��� ��� ���

+)'�67=�%(= ��� ��� ��� ��� ��� ���

+)'�67=�3,2 ��� ��� ��� ��� ��� ���

+)'�67=�%(1�3,2 ��� ��� ��� ��� ��� ���

%(= ��� ��� ��� ��� ��� ���

3,2 ��� ��� ��� ��� ��� ���

7DEOH �� *URXSLQJ RI DQLPDOV DQG WKHLU DYHUDJH ZHLJKW �J� EHIRUH 67= DGPLQLVWUDWLRQ
*URXS � � � � � �
'LVW� :DWHU
+)'�67= ��� ��� ��� ��� ��� ���
+)'�67=�%(= ��� ��� ��� ��� ��� ���
+)'�67=�3,2 ��� ��� ��� ��� ��� ���

+)'�67=�)(12�3,2 ��� ��� ��� ��� ��� ���
%(= ��� ��� ��� ��� ��� ���
3,2 ��� ��� ��� ��� ��� ���

(DFK VRIW JHODWLQ FDSVXOH RI IHQRILEUDWH DQG SLRJOLWD]RQH FRQWDLQV ���PJ 7RFRSKHU\O $FHWDWH %3 DQG D VLQJOH GRVH RI
���PJ�NJ E� Z� GDLO\ ZDV JLYHQ WR UDWV LQ JURXS 9 IRU D SHULRG RI � ZHHNV XVLQJ DQ RUDO JDYDJH�

����� %HKDYLRXUDO DVVD\

������� 7KH 0RUULV ZDWHU PD]H DVVD\
7KH 0RUULV ZDWHU PD]H �0:0� GHWHUPLQDWLRQ

LQYROYHV YLVLEOH DQG LQYLVLEOH SODWIRUP WUDLQLQJ
VHVVLRQV FRQVLVWHG RI � GD\V DV ZHOO DV SLORW WULDO RQ
WKH IRXUWK GD\ ZKLFK ZDV XVHG WR GHWHUPLQH WKH
LQWHOOHFWXDO DELOLW\ RI WKH UDWV >��� ��@� 7KH PD]H LV D
VSKHULFDO SRRO ���� FP LQ GLDPHWHU� �� FP LQ KHLJKW�
ZKLFK ZDV FRDWHG EODFN FRORXU DQG FRQWDLQHG
����ć PLON ZDWHU WR D GHSWK RI �� FP ZLWK D VWDJH
RI �� FP LQ GLDPHWHU�� ,W ZDV SRVLWLRQHG LQ D GLPO\
LOOXPLQDWHG� VRXQG�IUHH HYDOXDWLRQ URRP� 7KH
SODWIRUP ZDV SODFHG LQ WKH PLGGOH RI WKH �
TXDGUDQWV DQG UHPDLQHG WKHUH WKURXJKRXW WKH
H[SHULPHQW� $W GD\V ���� HDFK UDW ZDV LQGLYLGXDOO\
WUDLQHG LQ ERWK YLVLEOH�SODWIRUP DQG ZKLOH RQ GD\ ��
WKH KLGGHQ�SODWIRUP WUDLQLQJ WRRN SODFH� 9LVLEOH
SODWIRUP WUDLQLQJ ZDV GRQH IRU EDVHOLQH GLIIHUHQFHV

LQ DELOLW\ WR YLVXDOL]H WKLQJV DQG TXHVW WR JHW
PRWLYDWHG� WKH SODWIRUP ZDV SRVLWLRQHG � FP EHORZ
WKH VXUIDFH RI WKH ZDWHU DQG ZDV GHQRWHG E\ D OLWWOH
IODJ �� FP LQ KHLJKW�� 7KH KLGGHQ�SODWIRUP DVVD\
GHWHUPLQHG WKH VSDWLDO LQWHOOHFWXDO DELOLW\ DQG ZDV
XVHG WR GHWHUPLQH WKH UHWHQWLRQ RI NQRZOHGJH WR ILQG
WKH SODWIRUP� 'XULQJ WKH WUDLQLQJ VHVVLRQV �GD\V��
WKH SODWIRUP ZDV VXEPHUJHG � FP EHORZ WKH VXUIDFH
RI WKH ZDWHU DQG WKH IODJ ZDV WDNHQ DZD\� 2Q HDFK
GD\� WKH UDW ZDV PDGH WR XQGHUWDNH � WULDOV ZLWK D ��
KRXU LQWHUYDO EHWZHHQ WULDOV� (DFK WULDO ZDV GXUDWLRQ
RI �� VHFRQGV XQOHVV WKH DQLPDO JRW WR WKH SODWIRUP�
7KH WHVW ZDV HQGHG DQG WKH UDW ZDV FDUHIXOO\
SRVLWLRQHG WR WKH SODWIRUP IRU �� VHFRQGV LI D UDW
IDLOHG WR ORFDWH WKH SODWIRUP ZLWKLQ �� VHFRQGV� 2Q
GD\ �� WKH SODWIRUP ZDV WDNHQ DZD\ DQG WKH SUREH
WULDO VWDUWHG� DQG UDWV KDG �� VHFRQGV WR ORFDWH IRU
WKH SODWIRUP� 7KH OHQJWK RI WLPH DQG SDWK WKDW WKH
UDWV KDG VSHQW LQ WKH WDUJHW TXDGUDQW� LQ ZKLFK WKH
KLGGHQ HVFDSH SODWIRUP ZDV SUHYLRXVO\ IRXQG� ZDV
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UHFRUGHG� $OVR� WKH WLPHV RI WKH UDWV VZLPPLQJ
WKURXJK WKH KLGGHQ HVFDSH SODWIRUP ZHUH DOVR
SHQQHG XVLQJ VWRS ZDWFK�

����� (XWKDQDVLD DQG VDFULILFH
([SHULPHQWDO DQLPDOV ZHUH HXWKDQL]HG XVLQJ

�� PJ�NJ E� Z� RI NHWDPLQH LQWUDSHULWRQHDOO\ DW WKH
ORZHU OHIW TXDGUDQW ��KUV DIWHU WKH ODVW GD\ RI
DGPLQLVWUDWLRQ� ,QFLVLRQ ZDV PDGH IURP WKH ORZHU
DEGRPLQDO FDYLW\ WR WKH WKRUDFLF FDYLW\� 7KH DQLPDOV
ZHUH SHUIXVHG ZLWK �� EXIIHUHG SDUDIRUPDOGHK\GH
DQG WKH EUDLQ ZDV FDUHIXO KDUYHVWHG ZLWK WKH
KLSSRFDPSL UHPRYHG DQG IL[HG LPPHGLDWHO\ LQ ��
EXIIHUHG SDUDIRUPDOGHK\GH� :KROH EORRG ZDV
WDNHQ IURP WKH ULJKW YHQWULFOH RI KHDUW RI WKH
H[SHULPHQWDO DQLPDOV EHIRUH SHUIXVLRQ� DQG XVHG IRU
ELRFKHPLFDO VWXGLHV�

,QFLVLRQ ZDV PDGH IURP WKH DQWHULRU DEGRPLQDO
ZDOO RI WKH DQLPDO WR WKH WKRUDFLF FDYLW\ WR H[SRVH
WKH KHDUW� 3ULRU WR SHUIXVLRQ� EORRG VDPSOHV ZHUH
WDNHQ E\ SLHUFLQJ WKH ULJKW YHQWULFOH RI WKH KHDUW
ZLWK D QHHGOH ILWWHG WR D �PO V\ULQJH� DQG WKH EORRG
ZDV FROOHFWHG LQWR KHSDULQL]HG ERWWOHV DQG NHSW IRU
ELRFKHPLFDO VWXGLHV� 7KH EUDLQV ZHUH DOVR KDUYHVWHG
IURP LQGLYLGXDO UDW DQG ULQVHG ZLWK VXFURVH VROXWLRQ�
7KH KLSSRFDPSXV ZDV GLVVHFWHG� ZHLJKHG�
KRPRJHQL]HG >XVLQJ �� P0 SKRVSKDWH EXIIHUHG
VDOLQH �3%6� RI S+ ��� FRQWDLQLQJ ��� PPRO�/
HWK\OHQHGLDPLQHWHWUDDFHWLF DFLG �('7$�@ DQG

KRPRJHQDWH FHQWULIXJHG DW ����îJ IRU �� PLQ DW
� ć � 7KH VXSHUQDWDQW REWDLQHG ZDV XVHG WR DVVD\
IRU 7�$2&� VXSHUR[LGH GLVPXWDVH� FDWDODVH�
JOXWDWKLRQH SHUR[LGDVH� UHGXFHG JOXWDWKLRQH�
WKLREDUELWXULF DFLG UHDFWLYH VXEVWDQFHV� $&K� DQG
$&K( DVVD\V�

7KH FRUWH[ ZDV SURFHVVHG YLD IL[DWLRQ�
GHK\GUDWLRQ� FOHDULQJ� LQILOWUDWLRQ� HPEHGGLQJ�
VHFWLRQLQJ DQG VWDLQLQJ� 7LVVXH IL[LQJ ZDV FDUULHG
RXW LQ ��� IRUPDOLQ WR DYRLG WLVVXH GLJHVWLRQ E\
EDFWHULD RU DYDLODEOH HQ]\PHV ZLWKLQ WKH FHOOV
�DXWRO\VLV� WR PDLQWDLQ WKH ELRORJLFDO DFWLYLWLHV DQG
WKHUHDIWHU WUDQVIHUUHG WR ���� ���� ��� FKDUJH RI
DEVROXWH DOFRKRO IRU �� PLQXWHV HDFK VR WKDW WKH
ZDWHU ZDV H[WUDFWHG E\ EDWKLQJ WKHP LQ JUDGXDO
VHULHV RI DOFRKRO DQG ZDWHU� 7LVVXH FOHDULQJ ZDV
FDUULHG RXW LQ [\OHQH WR UHSODFH HWKDQRO ZLWK D
VROYHQW PLVFLEOH ZLWK HPEHGGLQJ PHGLXP� 7LVVXH
VWDLQLQJ ZDV DFKLHYHG ZLWK KDHPDWR[\OLQ DQG HRVLQ
�+ 	 (� IROORZHG E\ VSHFLDO VWDLQV OLNH
%LHOVFKRZVN\¶V VLOYHU VWDLQ DQG *)$%
LPPXQRVWDLQLQJ WR GHWHFW WKH QHXURQDO FKDQJH�

����� 'DWD SUHVHQWDWLRQ DQG DQDO\VLV
)LQGLQJV ZHUH SUHVHQWHG DV WKH PHDQ RI VL[

UHSOLFDWHV � 6(0� 6WDWLVWLFDO GLIIHUHQFH ZDV
REWDLQHG E\ $129$ DQG 'XQFDQ¶V 0XOWLSOH 5DQJH
7HVW DW �� OHYHO RI FRQILGHQFH XVLQJ 6366 ����
SDFNDJH�

�� 5HVXOWV

)LJXUH ��D�� %RG\ ZHLJKW GLIIHUHQFH EHIRUH DQG DIWHU WUHDWPHQWV RI :LVWDU UDWV DFURVV DOO WKH JURXSV� 7KHUH ZDV
VLJQLILFDQW �3������ GHFUHDVH LQ ZHLJKW RI WKH DQLPDO¶V ERG\ LQ DOO WKH WUHDWPHQW JURXSV �WUHDWHG DQG XQWUHDWHG�
DW WKH HQG RI WKH H[SHULPHQW �)LJXUH �D�
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)LJXUH ����E�� 2UJDQ�WR�ERG\ ZHLJKWV UDWLR RI :LVWDU
UDWV DFURVV WKH JURXSV� 7KHUH LV QR VLJQLILFDQW �3!�����
GLIIHUHQFH LQ WKH UHODWLYH RUJDQ ZHLJKW RI UDWV ZKHQ
FRPSDUHG DFURVV WKH JURXSV �3������ �)LJXUH ���E�

��� 6WXGLHV
0RULV ZDWHU PD]H WHVW

)LJXUH ���� *UDSK RI 0RULV ZDWHU PD]H WHVW DFURVV
WKH JURXSV� 7KH WUHDWHG JURXSV VKRZHG VXEVWDQWLYHO\
�3������ ORZHUHG PHPRU\ LQ FRPSDULVRQ ZLWK WKH
FRQWURO JURXS DQG QRWDEO\ �3������ LPSURYHG
PHPRU\ ZKHQ ZHLJKHG XS ZLWK WKH XQWUHDWHG JURXS
DQLPDOV �)LJXUH ����

��� *OXFRVH���SKRVKDWH GHK\GURJHQDVH

)LJXUH ���� *�3' OHYHOV LQ WKH UDWV¶ KLSSRFDPSL
7KH WUHDWHG JURXSV VKRZHG VXEVWDQWLYHO\ �3������ ORZHUHG WKH DFWLYLW\ RI JOXFRVH���SKRVSKDWH GHK\GURJHQDVH LQ
UHODWLRQ ZLWK WKH QRUPDO FRQWURO JURXS DQLPDOV DQG D QRWDEO\ �3������ KLJKHU *�3' DFWLYLW\ ZKHQ OHYHOHG XS
ZLWK WKH XQWUHDWHG JURXS DQLPDOV �)LJXUH ����
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+LVWRORJLFDO &KDQJHV

3ODWH �� +DHPDWR[\OLQ DQG HRVLQ VWDLQLQJ RI WKH KLSSRFDPSXV �PDJQLILFDWLRQ� [���� ZKLFK UHYHDOHG WKH RYHUDOO
PRUSKRORJ\ RI KLSSRFDPSXV RI ZKLWH UDWV� */� JUDQXODU OD\HU� 3/� S\UDPLGDO OD\HU� 0/� PROHFXODU OD\HU

3ODWH �� +DHPDWR[\OLQ DQG HRVLQ VWDLQLQJ RI WKH KLSSRFDPSXV �PDJQLILFDWLRQ� [���� ZKLFK GLVSOD\V WKH HQWLUH
KLVWRDUFKLWHFWXUH RI KLSSRFDPSXV RI DOELQR UDWV� */� JUDQXODU OD\HU� 3/� S\UDPLGDO OD\HU� 0/� PROHFXODU OD\HU
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3ODWH �� %HOFKRZVN\ VWDLQ RI WKH KLSSRFDPSXV �PDJQLILFDWLRQ� [���� VKRZLQJ WKH D[RQDO SURFHVV RI WKH
KLSSRFDPSXV RI :LVWDU UDWV

3ODWH �� %HOFKRZVN\ VWDLQ RI WKH KLSSRFDPSXV �PDJQLILFDWLRQ� [���� VKRZLQJ WKH D[RQDO SURFHVV RI WKH
KLSSRFDPSXV RI :LVWDU UDWV� '$� 'HJHQHUDWLYH D[RQ� 3/� S\UDPLGDO OD\HU
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3ODWH �� *)$3 LPPXQRVWDLQLQJ RI WKH KLSSRFDPSXV RI :LVWDU UDWV IRU DVWURF\WHV DFWLYDWLRQ �0DJQLILFDWLRQ�
[����� 3/� 3\UDPLGDO OD\HU� $67� $VWURF\WH

3ODWH �� *)$3 LPPXQRVWDLQLQJ RI WKH KLSSRFDPSXV RI :LVWDU UDWV IRU DVWURF\WHV DFWLYDWLRQ �0DJQLILFDWLRQ�
[����� 7KH DVWURF\WHV DUH PRUH H[SUHVVHG LQ WKH WUHDWHG JURXSV FRPSDUHG WR WKH FRQWURO DQG OHVV H[SUHVVHG
FRPSDUHG WR WKH WHVW JURXS� 3/� 3\UDPLGDO OD\HU� $67� $VWURF\
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��� )DVWLQJ %ORRG *OXFRVH

)LJXUH ���� )DVWLQJ EORRG JOXFRVH OHYHOV DFURVV DOO JURXSV DIWHU VDFULILFH� :HHN �� MXVW EHIRUH WKH DGPLQLVWUDWLRQ
RI 67=� ZHHN ��� MXVW EHIRUH WKH FRPPHQFHPHQW RI WUHDWPHQW� ZHHN ��� DIWHU WZR ZHHNV RI WUHDWPHQW� $W IRXU
ZHHNV DIWHU FR�DGPLQLVWUDWLRQ RI +)' DQG 67= �HQG RI ZHHN ��� WKH EORRG JOXFRVH RI WKH DQLPDOV LQ WKH WHVW
JURXSV LQFUHDVHG DSSUHFLDEO\ �3������ FRPSDUHG WR WKH FRQWURO JURXS� $IWHU WZR ZHHNV RI WUHDWPHQW �HQG RI
ZHHN ���� WKH WUHDWHG JURXSV VKRZHG VXIILFLHQWO\ �3������ ORZHUHG EORRG JOXFRVH OHYHOV ZKHQ VHW VLGH E\ VLGH ZLWK
WKH XQWUHDWHG DQLPDOV EXW UHPDLQHG UHPDUNDEO\ �3������ KLJKHU WKDQ WKH GLVWLOOHG ZDWHU WUHDWHG FRQWURO DQLPDO

��� )DVWLQJ 3ODVPD *OXFRVH

)LJXUH ���� )DVWLQJ SODVPD VXJDU FRQFHQWUDWLRQ DFURVV WKH HQWLUH JURXSV DIWHU VDFULILFH� �3������ 7KHUH ZDV
VXEVWDQWLYH �3������ LQFUHDVH LQ WKH WUHDWPHQW JURXSV ZKHQ OLNHQ ZLWK WKH QRUPDO FRQWURO DQLPDOV� 7KH ZKROH
WUHDWPHQW JURXSV GLVSOD\HG JODULQJ �3������ GHFUHDVH ZKHQ UHODWHG ZLWK WKH XQWUHDWHG JURXS DQLPDOV DQG
PHDQLQJIXOO\ �3������ KLJKHU OHYHOV WKDQ DQLPDOV LQ WKH FRQWURO
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��� )DVWLQJ 3ODVPD ,QVXOLQ

)LJXUH ���� 6KRZV IDVWLQJ VHUXP LQVXOLQ OHYHOV LQ DQLPDOV DFURVV DOO JURXSV DIWHU VDFULILFH� 7KHUH ZDV H[FHSWLRQDO
�3������ LQFUHDVH LQ WKH WUHDWPHQW JURXS DQLPDOV ZKHQ MX[WDSRVHG ZLWK WKH GLVWLOOHG ZDWHU WUHDWHG FRQWURO
JURXS DQLPDOV� 7KH HQWLUH DQLPDOV LQ WKH WUHDWPHQW JURXSV UHYHDOHG QRWDEOH �3������ GHFUHDVH LQ FRPSDULVRQ
ZLWK DQLPDOV LQ WKH XQWUHDWHG VHW DQG VXEVWDQWLYHO\ �3������ KLJKHU OHYHOV WKDQ WKRVH RI WKH FRQWURO JURXS
DQLPDOV

��� +RPHRVWDWLF 0RGH RI $VVHVVLQJ 5HVLVWDQFH WR ,QVXOLQ �+20$�,5�

)LJXUH ���� *UDSK RI +20$�,5 WR FKHFN IRU LQVXOLQ UHVLVWDQFH LQ WKH DQLPDOV DFURVV DOO WKH JURXSV �3������
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�� 'LVFXVVLRQ

3HUR[LVRPH SUROLIHUDWLQJ�DFWLYDWHG UHFHSWRU
JDPPD �33$5�Ȗ RU 33$5*�� WKH UHFHSWRU VSHFLILF
IRU JOLWD]RQH� RU 15�&� �QXFOHDU UHFHSWLYH
VXEIDPLO\ �� JURXS &� PHPEHU �� LV D W\SH ,,
QXFOHDU UHFHSWRU IRXQG DPRQJ KXPDQV ZKHUH LW LV
FRGHG E\ WKH 33$5* JHQH >��@� 33$5* UHJXODWHV
IDWW\ DFLG VWRUDJH DQG JOXFRVH PHWDEROLVP� 7KH
JHQHV DFWLYDWHG E\ 33$5* VWLPXODWH OLSLG XSWDNH
DQG DGLSRJHQHVLV E\ IDW FHOOV� 33$5* NQRFNRXW
PLFH IDLO WR JHQHUDWH DGLSRVH WLVVXH ZKHQ IHG D
KLJK�IDW GLHW >��@�

7KH GHFUHDVH LQ ZHLJKW RI WKH UDW¶V ERG\ LQ WKH
JURXSV WR ZKLFK +)' DQG 67= ZDV DGPLQLVWHUHG
PD\ DQ LQGLFDWLRQ RI LPEDODQFH LQ JOXFRVH
KRPHRVWDVLV DQG PXVFOH ZHDNQHVV GXH WR H[FHVVLYH
EUHDNGRZQ LQ WLVVXH SURWHLQ >��@�

$ PHDQLQJIXO GHFUHDVH LQ WKH YDOXH RI RUJDQ�
WR�ERG\ ZHLJKW UDWLR FDQ EH WUDFHG WR RUJDQ QHFURVLV�
ZKLOH D PHDQLQJIXO LQFUHDVH LQ YDOXH LV D SRWHQWLDO
VLJQ RI WLVVXH LQIODPPDWLRQ >��@� 7KH DEVHQFH RI
VXEVWDQWLYH GLIIHUHQFH LQ RUJDQ�WR�ERG\ ZHLJKW UDWLR
RI WKH RUJDQV �KLSSRFDPSL� DFURVV WKH JURXSV PD\
LPSO\ PDLQWHQDQFH LQ RUJDQ VWUXFWXUH� ([SHULPHQWDO
ILQGLQJV KDYH LW WKDW WKHUH LV FRQQHFWLRQ EHWZHHQ
LVVXHV RI LQVXOLQ LQVHQVLWLYLW\ DQG UHVLVWDQFH WR
LQVXOLQ �,5� DV ZHOO DV FRJQLWLYH PDOIXQFWLRQ�
KRZHYHU WKHUH DUH VXIILFLHQW YDULDWLRQV LQ RXU
NQRZOHGJH RI WKH PRGH RI DFWLRQ UHVSRQVLEOH IRU
WKLV UHODWLRQVKLS >��@� $QLPDO HPSOR\HG LQ ,5
SURFHVVHV KHOS EULGJH WKHVH VSDFHV SRLQWLQJ WR
KLSSRFDPSDO ,5 DV D SRVVLEOH PHGLDWRU RI FRJQLWLYH
PDOIXQFWLRQ LQ 7�'0 >��@�

7KH ORZHUHG PHPRU\ RXWSXW LQ WKH WUHDWHG VHW
RI DQLPDOV IROORZLQJ EHKDYLRUDO WHVW XVLQJ 0RULV
ZDWHU PD]H ZKHQ OLNHQ ZLWK WKH GLVWLOOHG ZDWHU
FRQWURO JURXS DQLPDOV� LQ WKH SUHVHQW VWXG\� PD\
LPSO\ PHPRU\�OHDUQLQJ LPSDLUPHQW LQGXFHG E\
R[LGDWLYH VWUHVV >��� ��@�

$ QXPEHU RI DVVD\ LQGLFHV KDYH EHHQ
VXJJHVWHG ZKLFK LQFOXGHV OLSLG SHUR[LGHV�
PDORQGLDOGHK\GH� DQG ��K\GUR[\QRQHQDO DV
SRVVLEOH SDUDPHWHUV WKDW FRXOG JHQHUDWH IUHH UDGLFDOV
WKHUHE\ FDXVLQJ R[LGDWLYH GDPDJH WR OLSLGV�
,VRSURVWDQ LV JHQHUDWHG IURP IUHH UDGLFDO R[LGDWLRQ
RI DUDFKLGRQLF DFLG� ��R[RJXDQLQH ���
K\GUR[\JXDQLQH� DQG WK\PLQHJO\FRO DV SRLQWHUV RI
R[LGDWLYH LVVXHV WKDW DIIHFW '1$� DV ZHOO DV VHYHUDO

RXWSXWV RI WKH R[LGDWLRQ RI SURWHLQ DQG DPLQR DFLGV
LQFOXGLQJ FDUERQ\O SURWHLQ� K\GUR[\OHXFLQH�
K\GURYDOLQH� DQG QLWURW\URVLQH >��@� 7KH DSSUHFLDEOH
UHGXFWLRQ LQ DFWLYLW\ RI *�3' LQ DQLPDOV WKDW
UHFHLYHG ZLWK +)' DQG 67= ZKHQ PDWFKHG XS ZLWK
DQLPDOV LQ WKH FRQWURO JURXS PD\ EH GXH WR DELOLW\
RI +)' DQG 67= WR PHGLDWH GHFUHDVH LQ HQ]\PH
SURGXFWLRQ LQ YLYR�

7LVVXH KLVWRORSDWKRORJLFDO DQDO\VLV PD\ EH
HPSOR\HG DV FRPSOHPHQWDU\ HYLGHQFH WR DQDO\VLV
RQ IXQFWLRQ LQGLFHV DQG HQ]\PLF DVVD\V E\ VKRZLQJ
DQ\ GLVUXSWLRQ WR QRUPDO KLVWRDUFKLWHFWXUDO
DUUDQJHPHQW RI WKH WLVVXHV >��@� 1HXURQDO
GHJHQHUDWLRQ RU FHOOXODU GDPDJH LQ QHXURQV KDYH
EHHQ UHSRUWHG WR UHVXOW LQ FHOO GHDWK >��@� +LVWRORJLFDO
H[DPLQDWLRQ ZKLFK VKRZHG QR H[SUHVVLRQ RI
GHJHQHUDWLYH D[RQ SURFHVV DV ZHOO DV QRUPDO
KLSSRFDPSXV DUFKLWHFWXUH RI WKUHH OD\HUV �JUDQXODU�
S\UDPLGDO DQG PROHFXODU OD\HUV� LQ WKH FRQWURO
JURXS LV DQ LQGLFDWLRQ RI PDLQWHQDQFH RI WKH
KLVWRDUFKLWHFWXUH RI WKH KLSSRFDPSXV� 7KH QRQ�
GLVSOD\ RI GHJHQHUDWLYH D[RQ LQ KLSSRFDPSXV RI WKH
FRQWURO JURXS DQLPDOV PD\ EH GXH WR D GHIHQVH
PHFKDQLVP H[HUWHG E\ WKH EUDLQ FHOOV >��@� 7KH PLOG
WR VHYHUH H[SUHVVLRQ RI GHJHQHUDWLYH D[RQDO SURFHVV
RI WKH EUDLQ LQ WKH WHVW JURXS PD\ EH DQ LQGLFDWLRQ
RI GHUDQJHPHQW DQG�RU QHXURQDO GHJHQHUDWLRQ RQ WKH
KLSSRFDPSXV ZKLFK ZRXOG KDYH FRQVHTXHQWLDO
HIIHFW RQ KLVWRDUFKLWHFWXUH RI EUDLQ FHOOV >��� ��@�

7KH UDLVHG OHYHO RI EORRG JOXFRVH IROORZLQJ FR�
DGPLQLVWUDWLRQ RI +)' DQG 67= IRU IRXU ZHHNV
ZKHQ PDWFKHG XS ZLWK WKH FRQWURO JURXS PD\ EH
GXH WR +)' DQG 67= DELOLW\ WR ORZHU LQVXOLQ
VHQVLWLYLW\� 7KH LPSURYHPHQW LQ EORRG OHYHO DIWHU
WZR ZHHNV RI WUHDWPHQW LQ FRPSDULVRQ ZLWK WKH
XQWUHDWHG DQLPDOV PD\ LPSO\ D ERRVW LQ JOXFRVH
XSWDNH IDFLOLWDWHG E\ HQKDQFHG LQVXOLQ VHQVLWLYLW\�

7KH UHGXFWLRQ LQ FRQFHQWUDWLRQ RI EORRG
JOXFRVH RI DQLPDOV LQ WKH WUHDWPHQW JURXSV LQ
FRPSDULVRQ ZLWK WKRVH RI WKH XQWUHDWHG VHW PD\ EH
DQ LQGLFDWLRQ RI LPSURYHPHQW LQ JOXFRVH XVDJH E\
WLVVXHV IRU WKHLU HQHUJ\ UHTXLUHPHQWV RU DFFHOHUDWHG
LQVXOLQ JHQHUDWLRQ E\ ȕ�FHOOV RI WKH SDQFUHDV >��� ��@�
,QVXOLQ SURGXFHG E\ WKH SDQFUHDV GXULQJ SHULRGV RI
LQVXOLQ UHVLVWDQFH DUH UHVLVWDQW WR WKH ELRORJLFDO
V\VWHP DQG WKH\ DUH XQDEOH WR HIIHFWLYHO\ XVH WKHP�
FDXVLQJ K\SHUJO\FDHPLD� %HWD FHOOV RI WKH SDQFUHDV
WKHUHIRUH LQFUHDVH WKHLU LQVXOLQ SURGXFWLYH FDSDFLW\
OHDGLQJ WR K\SHULQVXOLQHPLD� 7KLV FRXOG JR
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XQQRWLFHG FDXVLQJ W\SH � GLDEHWHV RU ODWHQW
DXWRLPPXQH GLDEHWHV RI DGXOWV >��@� $OO WKH WHVW
JURXSV �WUHDWHG DQG XQWUHDWHG� H[KLELW LQVXOLQ
UHVLVWDQFH� EXW WKH WUHDWHG JURXSV DUH VLJQLILFDQWO\
OHVV UHVLVWDQW FRPSDUHG WR WKH XQWUHDWHG JURXS�

�� &RQFOXVLRQ

7KLV UHVHDUFK UHYHDOV WKDW 33$5 DJRQLVP
LPSURYHV KLSSRFDPSDO GHJHQHUDWLYH FRQGLWLRQ LQ
+)' DQG 67= � LQGXFHG LQVXOLQ UHVLVWDQW UDWV DV
HYLGHQW LQ WKH ERG\ ZHLJKW� RUJDQ WR ERG\ UDWLR�
PHPRU\ VFRUH� KLVWRDUFKLWHFWXUDO PRGLILFDWLRQV�
LPPXQRKLVWRORJLFDO FKDQJHV� R[LGDWLYH VWUHVV OHYHO�
IDVWLQJ EORRG JOXFRVH� DV ZHOO DV IDVWLQJ SODVPD
JOXFRVH DQG LQVXOLQ FRQFHQWUDWLRQV� $ QHZ PRGDOLW\
RI LQVXOLQ UHVLVWDQFH PDQDJHPHQW ZDV FUHDWHG IURP
33$5 DJRQLVW ZLWKRXW WKH QHFHVVLW\ RI FRPELQDWLRQ
ZLWK RWKHU 33$5 DJRQLVW W\SHV�

&RQIOLFW RI ,QWHUHVW

$OO DXWKRUV GHFODUHG WKDW QR FRQIOLFW RI LQWHUHVW
H[LVW ZLWK UHJDUG WR WKH UHVHDUFK� DXWKRUVKLS� DQG�RU
SXEOLFDWLRQ RI WKLV DUWLFOH�

$FNQRZOHGJHPHQW

:H DUH JUDWHIXO WR WKH 'HSDUWPHQW RI
3K\VLRORJ\� 8QLYHUVLW\ RI ,ORULQ� DQG WKH
'HSDUWPHQW RI %LRORJLFDO 6FLHQFHV� )HGHUDO
8QLYHUVLW\� :XNDUL� 1LJHULD� IRU WKHLU LPPHQVH
FRQWULEXWLRQV WRZDUGV VXFFHVVIXO FRPSOHWLRQ RI WKLV
UHVHDUFK VWXG\�

5HIHUHQFHV

� -DQHZD\ -U &$� 0HG]KLWRY 5� ,QQDWH LPPXQH
UHFRJQLWLRQ� $QQX 5HY ,PPXQRO ������������
���� (SXE ����� '2,�
��������DQQXUHY�LPPXQRO�����������������

� 6DUPD 3� *UDQW 3� 3DQW +&� &\FOLQ�GHSHQGHQW
SURWHLQ NLQDVH � �&GN�� DQG WKH UHJXODWLRQ
RI QHXURILODPHQW PHWDEROLVP� (XU� -� %LRFKHP
�������������±����� '2,�
KWWSV���ZZZ���������M������
����������������[

� *RVWQHU -0� %HFNHU .� )XFKV '� 6XFKHU 5�
5HGR[ UHJXODWLRQ RI WKH LPPXQH UHVSRQVH�
5HGR[ 5HS ����������������� '2,�ZZZ�GRL�
������������������<�����������

� 6WUHLW :-� 0UDN 5(� *ULIILQ :67� 0LFURJOLD
DQG QHXURLQIODPPDWLRQ� $ SDWKRORJLFDO
SHUVSHFWLYH� - 1HXURLQIODPPDWLRQ ����� �� ���
'2,� KWWSV���ZZZ� GRL���������������������
��

� 0D\HU &� 0LWRFKRQGULDO PHPEUDQH SURWHLQ
VWDELOL]HG E\ SLRJOLWD]RQH´� 3URF� 1DWO� $FDG�
6FL ����� ��� ����� ��������'2,�
KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SPF�DUWLFOHV�30
&��������

� %DUEDJDOOR 0� 'RPLQJXH] /-� 7\SH � GLDEHWHV
PHOOLWXV DQG $O]KHLPHU¶V GLVHDVH�:RUOG -
GLDEHWHV ����� ����� �������
'2,� ��������ZMG�Y��L�����

� *KRVK 5� 6KDUDWFKDQGUD .+� 5LWD 6�
7KRNFKRP ,6� +\SRJO\FHPLF DFWLYLW\ RI )LFXV
KLVSLGD �EDUN� LQ QRUPDO DQG GLDEHWLF DOELQR
UDWV� ,QGLDQ -RXUQDO RI 3KDUPDFRORJ\ �����
��� ������� '2,� KWWS���ZZZ�LMS�
RQOLQH�FRP�WH[W�DVS"�������������������

� $NLQGHOH 2$� %DEDWXQGH $,� &KLHGX )0�
6DPXHO $2� 2OXZDVROD /$� 2OXVH\L $$� 5DW
PRGHO RI IRRG LQGXFHG QRQ REHVH W\SH �
GLDEHWHV PHOOLWXV� FRPSDUDWLYH
SDWKRSK\VLRORJ\ DQG KLVWRSDWKRORJ\� ,QW -
3K\VLRO 3DWKRSK\VLRO 3KDUPDFRO �����
����������� 30,'���������
30&,'�SPF�������

� 6KRHOVRQ 6(� /HH -� *ROGILQH $%�
,QIODPPDWLRQ DQG LQVXOLQ UHVLVWDQFH� - &OLQ
,QYHVW ���� � ������� ����±�����
'2,� ��������-&,�����

�� &KHQ /� &KHQ 5� :DQJ +� /LDQJ )�
0HFKDQLVPV /LQNLQJ ,QIODPPDWLRQ WR ,QVXOLQ
5HVLVWDQFH� ,QWHUQDWLRQDO -RXUQDO RI
(QGRFULQRORJ\ ����� $UWLFOH ,' ������� �
SDJHV�'2,�KWWS���G[�GRL�RUJ�����������������
���

�� %XWOHU $(� -DQVRQ -� %RQQHU�:HLU 6� %HWD�FHOO
GHILFLW DQG LQFUHDVHG EHWD�FHOO DSRSWRVLV LQ
KXPDQV ZLWK W\SH � GLDEHWHV� 'LDEHWHV �����
��� ���±���� '2,���������GLDEHWHV���������

�� &UDIW 6� :DWVRQ &6� ,QVXOLQ DQG
QHXURGHJHQHUDWLYH GLVHDVH� VKDUHG DQG VSHFLILF
PHFKDQLVPV� /DQFHW 1HXURO ����� �� ��������
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'2,���������6��������������������
�� $ERLWL] )� 0RUDOHV '� 0RQWLHO -� �7KH

HYROXWLRQDU\ RULJLQ RI WKH PDPPDOLDQ
LVRFRUWH[� WRZDUGV DQ LQWHJUDWHG
GHYHORSPHQWDO DQG IXQFWLRQDO DSSURDFK�� 7KH
%HKDYLRUDO DQG %UDLQ 6FLHQFHV ����� ������
���±��
'2,�KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG���
������

�� &KLX +.� 7VDL (&� -XQHMD 5� (TXLYDOHQW
LQVXOLQ UHVLVWDQFH� 'LDEHWHV 5HVHDUFK DQG
&OLQLFDO 3UDFWLFH ����� ��� ���±���
'2,���������M�GLDEUHV������������

�� %HVW 3-� :KLWH $0� 3ODFLQJ KLSSRFDPSDO
VLQJOH�XQLW VWXGLHV LQ D KLVWRULFDO FRQWH[W�
+LSSRFDPSXV ����� ����� ���±���
'2,����������6,&,������
�������������������$,'�+,32�!����&2����

�� 6QHOO� 56� &OLQLFDO 1HXURDQDWRP\� �WK HG�
%DOWLPRUH� /LSSLQFRWW :LOOLDPV 	 :LONLQV�
����� ����
����KWWSV���SDWLHQWIRFXV�ILOHV�ZRUGSUHVV�FRP���
������VQHOO�FOLQLFDO�QHXURDQDWRP\��WK�
HGLWLRQB���SGI

�� &KR 5<� *LOEHUW $� /HZLV '$� �&K ��� 7KH
QHXURELRORJ\ RI VFKL]RSKUHQLD�� ,Q &KDUQH\
'6� 1HVWOHU (- �HGV��� 1HXURELRORJ\ RI 0HQWDO
,OOQHVV� ����� ,6%1 ������������������

�� 0D\HU &� 7UDXPDWLF %UDLQ ,QMXU\�
1HXURLQIODPPDWLRQ� DQG 3RVW�7UDXPDWLF
+HDGDFKHV�+HDGDFKHV &XUUHQW �����
������������'2,� ��������KHDG������

�� *ROG 3(� *OXFRVH DQG DJH�UHODWHG FKDQJHV LQ
PHPRU\� 1HXURELRO $JLQJ ����� �� 6XSSO
���������� '2,�
��������M�QHXURELRODJLQJ������������

�� =KDR 6� &KX <� =KDQJ &� 'LHW±LQGXFHG
FHQWUDO REHVLW\ DQG LQVXOLQ UHVLVWDQFH LQ UDEELWV�
-RXUQDO RI $QLPDO 3K\VLRORJ\ DQG $QLPDO
1XWULHQW ����� ������ ��������'2,�
��������M����������������������[

�� 9HUGLOH� *� .HDQH� .1� &UX]DW� 9)� 0HGLF 6�
6DEDOH 0� 5RZOHV -� :LMHVHNDUD 1� 0DUWLQV
51� )UDVHU 3(� 1HZVKROPH 3� ,QIODPPDWLRQ
DQG 2[LGDWLYH 6WUHVV� 7KH 0ROHFXODU
&RQQHFWLYLW\ EHWZHHQ ,QVXOLQ 5HVLVWDQFH�
2EHVLW\� DQG $O]KHLPHU
V 'LVHDVH� 0HGLDWRUV
,QIODPP ����� �������
'2,� �������������������

�� ,VKUDW 7� .KDQ 0%� +RGD 01� <RXVXI 6�
$KPDG 0� $QVDUL 0$� $KPDG $6� ,VODP )�
&RHQ]\PH 4�� PRGXODWHV FRJQLWLYH
LPSDLUPHQW DJDLQVW LQWUDFHUHEURYHQWULFXODU
LQMHFWLRQ RI VWUHSWR]RWRFLQ LQ UDWV� %HKDY %UDLQ
5HV ��������������
'2,� ��������M�EEU������������

�� &DOFXWW 1$� )XWXUH WUHDWPHQWV IRU GLDEHWLF
QHXURSDWK\� FOXHV IURP H[SHULPHQWDO
QHXURSDWK\� &XUU 'LDE 5HS ����� �� ��������
'2,���������V����������������

�� /HH <6� (XQ +6� .LP 6<� -HRQJ -0� 6HR
:� %\XQ -6� -HRQJ :� <L +6� +HSDWLF
LPPXQRSKHQRW\SLQJ IRU VWUHSWR]RWRFLQ�
LQGXFHG K\SHUJO\FHPLD LQ PLFH� 6FL 5HS
����� �� ������ '2,� ��������VUHS�����

�� 3DGGRFN 0/� :LOH\ 6(� $[HOURG +/� &RKHQ
$(� 5R\ 0� $EUHVFK (&� &DSUDUR '� 0XUSK\
$1� ³0LWR1((7 LV D XQLTXHO\ IROGHG �)H �6
RXWHU LQ EUDLQ QHXURVFLHQFH� 1HXURVFLHQFH
����� ������������
KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SPF�DUWLFOHV�30
&��������

�� 7HQHQEDXP $� )LVPDQ (=� %R\NR 9� %HQGHUO\
0� 7DQQH '� +DLP 0� 0DWDV =� 0RWUR 0�
%HKDU 6� $WWHQXDWLRQ RI SURJUHVVLRQ RI LQVXOLQ
UHVLVWDQFH LQ SDWLHQWV ZLWK FRURQDU\ DUWHU\
GLVHDVH E\ EH]DILEUDWH� $UFKLYHV RI ,QWHUQDO
0HGLFLQH ����� ������� �������
'2,���������DUFKLQWH����������

�� 7HQHQEDXP $� 0RWUR 0� )LVPDQ (=� 'XDO
DQG 3DQ�3HUR[LVRPH 3UROLIHUDWRU� $FWLYDWHG
5HFHSWRUV �33$5� FR�DJRQLVP� 7KH
EH]DILEUDWH OHVVRQV� &DUGLRYDVF 'LDEHWRO
���������� '2,�����������������������

�� 7HUDPRWR 7� 6KLUDL .� 'DLGD +� <DPDGD 1�
(IIHFWV RI EH]DILEUDWH RQ OLSLG DQG JOXFRVH
PHWDEROLVP LQ G\VOLSLGHPLF SDWLHQWV ZLWK
GLDEHWHV� WKH -�%(1(),7 VWXG\� &DUGLRYDVF
'LDEHWRO ���� � ��� ���'2,��������������
����������

�� $\DQOHUH $2� 0XKDPPDG�/DZDO $� $\DQOHUH
$)� 'HWHUPLQDQWV RI KRXVHKROG GHFLVLRQ WR
XVH LPSURYHG VHHGV LQ FHUHDOV SURGXFWLRQ LQ
.ZDUD 6WDWH� 1LJHULD� 1LJHULDQ -RXUQDO RI
$JULFXOWXUH� )RRG DQG (QYLURQPHQW �����
����������
����'2,���������SMQ���������������
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�� 0RUULV 5� 'HYHORSPHQWV RI D ZDWHU�PD]H
SURFHGXUH IRU VWXG\LQJ VSDWLDO OHDUQLQJ LQ WKH
UDW� - 1HXURVFL 0HWKRGV ����� ������������
'2,�KWWSV���ZZZ�QFEL�QOP�QLK�JRY�SXEPHG���
�����

�� 0F'RQDOG 5-� :KLWH 10� 3DUDOOHO LQIRUPDWLRQ
SURFHVVLQJ LQ WKH ZDWHU PD]H� HYLGHQFH IRU
LQGHSHQGHQW PHPRU\ V\VWHPV LQYROYLQJ GRUVDO
VWULDWXP DQG KLSSRFDPSXV� %HKDY 1HXUDO
%LRO ����� ������ ��������
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