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+HOOHUXS
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'RFXPHQW FRQWURO 9\VXV *URXS LQWHUQDO XVH

5HOH f 3UHSDU &RPPH:(

56, 2FW JLUVW LYFOI

56, 1RY ,QFOXGHG VHD ZD QRLVH V

37% % 'HF 8SGDWH ZLWK )658 WNFHQ

56/ 3: 0D\ ,QFOXGHG PHDVXUHFPRGH(IR)658VRXIOH

37% 56/ -X0 ,QFOXVLRQ RI $(&20 FRPPHQWY DGGLWLRQ RI H[WUD
VFHOQDULRY LQFFVSHF

56/ -X0\ 60LJKW FRUUHFWLRQ RI LOQOWUR DQG PLQRU W\SRV

56, $XJ §LFV FRPPH(GHVFULSWLRQV% DQ D($S

9\VXV *URXS DQG YDULDQWYV RI LW DUH WUDGLQJ QDPHV RI 9\VXV *URXS +ROGLQJV /LPLWHG LWV VXEVLGLDUL
FRPSDQ\ UHJLVWHUHG LQ (QJODQG DQG :DOHV UHIJLVWHUHG QXPEHU 5HILVWHUHG RIILFH / +DQRYHL

9\VXV *URXS +ROGLQJV /LPLWHG LWV VXEVLGLDULHY DQG DIILOLDWHYVY DQG WKHLU UHVSHFWLYH RIILFHUV HP
LQ WKLV FODXVH DV p9\VXV *URXSY 9\VXV *URXS DVVXPHV QR UHVSRQVLELOLW\ DQG VKDOO QRW EH OLDEOH
UHOLDQFH RQ WKH LQIRUPDWLRQ RU DGYLFH LQ WKLV GRFXPHQW RU KRZVRHYHU SURYLGHG XQOHVV WKDW SF
IRU WKH SURYLVLRQ RI WKLV LQIRUPDWLRQ RU DGYLFH DQG LQ WKDW FDVH DQ\ UHVSRQVLELOLW\ RU OLDELOL!

7KLV GRFXPHQW LQFOXGHV SHUVRQDO GDWD DV GHILQHG E\ WKH *HQHUDO 'DWD 3URWHFWLRQ 5HIJXODWLRQ (
SURFHVV WKLV GDWD LQ DFFRUGDQFH ZLWK WKH 5HJXODWLRQ 7KLV SHUVRQDO GDWD LV QRW WR EH GLVFOR!
RWKHU SXUSRVH RWKHU WKDQ LQ FRQQHFWLRQ ZLWK WKLV SURMHFW 1R SHUVRQDO GDWD LV WR EH WUDQVIH

([FHSW DV SHUPLWWHG XQGHU FXUUHQW OHJLVODWLRQ QR SDUW RI WKLV ZRUN PD\ EH SKRWRFRSLHG VWRUH
EURDGFDVW WUDQVPLWWHG UHFRUGHG RU UHSURGXFHG LQ DQ\ IRUP RU E\ DQ\ PHDQV ZLWKRXW WKH SULRU

(QTXLULHV VKRXOG EH DGGUHVVHG WR 9\VXV *URXS .LQJVZHOOV &DXVHZD\ 3ULPH )RXU %XVLQHVV 3DUN .LQJ



7DEOH RI &RQWHQWV

([HFXWLYH 6XPPDU\
9\VXV *URXS DQG /OR\GYV 5HIJLVWHU
,QWURGXFWLRQ
,QWURGXFWLRQ
6LWH GHVFULSWLRQ
/RFDWLRQ RYHUYLHZ DQG EDWK\PHWU\
%DWK\PHWU\
7LGH OHYHOV
6HDEHG SURSHUWLHYV
6RXQG VSHHG SURILOH LQ ZDWHU
6RXQG DEVRUSWLRQ RI VHD ZDWHU
8QGHUZDWHU DFRXVWLF PHWULFV DQG ZHLJKWLQJ IXQFWLRQV
/HYHO PHWULFV
JUHTXHQF\ VSHFWUD DQG DXGLWRU\ ZHLJKWLQJ IXQFWLRQV
OHDVXUHPHQWY RI DPELHQW XQGHUZDWHU QRLVH
8QGHUZDWHU QRLVH IURP QHDUE\ YHVVHO
$FRXVWLF PRGHOOLQJ DSSURDFK
6XUYH\ PDSSLQJ DSSURDFK
ORGHO FRPSRQHQWYV
%DFNJURXQG IRU VRXQG SURSDJDWLRQ PRGHO
$GGLWLRQDO GHULYHG PHWULFV
(IWHQVLRQ RI IUHTXHQF\ UDQJH
$SSOLFDWLRQ RI XQGHUZDWHU DFRXVWLF SURSDJDWLRQ PRGHOV
OHWKRG IRU HYDOXDWLQJ DFRXVWLF FULWHULD
$FRXVWLF FULWHULD IRU LPSDFW DVVHVVPHQW
376 /HYHO $ FULWHULD
776 FULWHULD IRU PDULQH PDPPDOV
%HKDYLRXUDO FULWHULD IRU PDULQH PDPPDOV
$FRXVWLF FULWHULD IRU ILVK VSHFLHV
&RQVWUXFWLRQ 3KDVH
6FHQDULR RYHUYLHZ
1RLVH VRXUFH DVVXPSWLRQV
,PSDFW SLOH GULYLQJ
9LEUDWRU\ SLOH GULYLQJ

S5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC

5HOHDVH 5HY 6KDQQRQ /1* /JLPLWH (
<« 9\VXV *URXS 3DJH



6RFNHW SLOH GULOOLQJ
%ODVWLQJ
6XSSRUW YHVVHOV
5HVXOWV + &RQVWUXFWLRQ 3KDVH
2SHUDWLRQDO 3KDVH
6FHQDULR RYHUYLHZ
1RLVH VRXUFH DVVXPSWLRQV
)658 /1* FDUULHU WXJV DQG FDUJR VKLSV
5HVXOWYV + 2SHUDWLRQ 3KDVH
)LQDO &RPPHQWYV
S5HIHUHQFHYV
'"HVFULSWLRQ
5HVXOWYV

$SSHQGI(HPVXUHPHQW RI 8QGHUZDWHU QRLVH VRXUFH OHYHO IRU *RODU )UH
$SSHQGIH($%PRGHOOLQJ Rl XQGHUZDWHU QRLVH VRXUFH OHYHO IRU )658 *ROD
$SSHQGI286758&7,21 6&(1$5,2 & + ,PSDFW 3LOH GULYLQJ 5HVXOWV
$SSHQGL[&216758&7,21 6&(1$5,2 & *+ 9LEUDWRU\ GULYLQJ 5HVXOWYV
$SSHQGIg2(16758&7,21 6&(1$5,2 & + 6RFNHW 3LOH 'ULOOLQJ 5HVXOWYV
$SSHQGI&2)16758&7,21 6&(1$5,2 & + %ODVWLQJ 5HVXOWYV

$SSHQGL[23(5$7,21 6&(1$5,2 $ + )658

$SSHQGL[28(5%$7,21 6&(1$5,2 % )658 ZLWK RIIORDGLQJ /1* FDUULHU
$SSHQGIA3(5%$7,21 6&(1$5,2 ' + )658 ZLWK DSSURDFKLQJ /1* FDUULHU

$SSHQGLZ3(5%$7,21 6&(1%$5,2 ( + )658 ZLWK RIIORDGLQJ /1* FDUULHU WXJV HQ.
VKLS LQ WKH HVWXDU\ EHUWKHG VKLS DW ORQH\SRLQW

S5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /JLPLWH (
<« 9\VXV *URXS 3DJH



([HEXWLYH 6XPPDU\

,Q UHODWLRQ WR D SODQQHG /LTXLILHG 1DWXUDO *DV /1* LPSRUW WHUPLQ
,UHODQG WKH 6KDQQRQ 7HFKQRORJ\ DQG (QHUJ\ 3DUN 67(3 WKH XQGHUZL
*URXS IRU WKH IROORZLQJ VFHQDULRYV LQ WKH FRQVWUXFWLRQ DQG RSHUDW

&RQVWUXFWLRQ SKDVH
& ,PSDFW SLOH GULYLQJ
& 9LEUDWRU\ SLOH GULYLQJ LQFOXGLQJ VXSSRUW YHVVHOV
& 'ULOOLQJ IRU VRFNHW SLOHV LQFOXGLQJ VXSSRUW YHVVHOV
& %ODVWLQJ + RQ ODQG
2SHUDWLRQ 3KDVH
$ )658 )ORDWLQJ 6WRUDJH DQG 5HJDVLILFDWLRQ 8QLW DV WKH RQO\
% )658 WRIJHWKHU ZLWK DQ RIIORDGLQJ /1* FDUULHU LQFOXGLQJ WX
' )658 WRIJHWKHU ZLWK DSSURDFKLQJ /1* FDUULHU LQFOXGLQJ VDLO

( )658 WRIJIHWKHU ZLWK EHUWKLQJ /1* FDUULHU LQFOXGLQJ HQJDJHG
LQ WKH PLGGOH RI WKH (VWXDU\ DQG VKLS PRRUHG DW ORQH\SRLQW

7KH QRLVH ZDV PRGHOOLQJ DORQJ PXOWLSOH WUDQVHFWY LQ DQ *Q [ '~ DSt
PRGHO IRU ORZ WR PHGLXP IUHTXHQFLHY DV ZHOO DV D %HDP 7UDFLQJ PRG}
DFFRXQWYV IRU UDQJH GHSHQGHQW EDWK\PHWU\ PXOWL OD\HUHG VHDEHG D
QRLVH ZDV FRPSDUHG WR VHWV RI DFRXVWLF FULWHULD UHODWLQJ WR ERWYV
SRUSRLVHVY VDOPRQ WZDLWH VKDGV PDULQH DQG ULYHU ODPS UD\V DV UHF
5HVHDUFK $VVRFLDWHV ,QF (YDOXDWLRQ RI WKHVH FULWHULD OHG WR WDEC
WKUHVKROG 7KHVH WDEOHYV DUH SUHVHQWHG LQ WKH UHSRUW DQG KDYH EHI
RI WKH SRWHQWLDO DFRXVWLF LPSDFW RQ WKH OLVWHG VSHFLHV 7KLV ELRO

YRU WKH EHVW SRVVLEOH HVWLPDWH RI WKH )6589V VRXUFH OHYHO XQGHUZ
WKH *RODU JUHH]H )658 RQ D VLWH LQ -DPDLFD DQG WKH FRUUHVSRQGLQJ V
WKH XQGHUZDWHU QRLVH VRXUFH OHYHO RI DQ )658 *RODU ,JORR ZDV PRG
(QHUJ\ $QDO\VLYV 6($ VRIWZDUH 9$2QH %DVHG RQ WKHVH D FRQVHUYDWLY}
DQG DSSOLHG IRU WKH 6KDQQRQ /1* WHUPLQDO VWXG\

JXUWKHUPRUH PHDVXUHPHQWY RI DPELHQW QRLVH ZHUH WDNHQ RQ VLWH R(
6WDWLVWLFDO DQDO\WHV RI WKH DPELHQW QRLVH DUH SUHVHQWHG LQ WKH U
WKH SUHGLFWHG XQGHUZDWHU QRLVH ,Q SDUWLFXODU D PHDVXUHG HYHQW
IRXQG WKDW WKH SUHGLFWHG QRLVH FRQWULEXWLRQ IURP WKH )658 RQ LWV
VFHQDULR % ZDV OHVV WKDQ WKDW RI WKH IHUU\ H[FHSW IRU UDQJHV ZLWK|

YROORZLQJ D VWUDWHJILF FDUYH RXW IURP WKH /OR\GYV 5HJLVWHU /5 *URX
*URXS D VWDQGDORQH HQJLQHHULQJ DQG WHFKQLFDO FRQVXOWDQF\ RIIH
PDQDJHPHQW DQG SURMHFW PDQDJHPHQW H[SHUWLVH DFURVV FRPSOH[ LQGX
QXFOHDU UHQHZDEOHV WKH HQHUJ\ WUDQVLWLRQ UDLO LQIUDVWUXFWXUH

S5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /JLPLWH (
<« 9\VXV *URXS 3DJH



7KH FXUUHQW VWXG\ ZDV LQLWLDOO\ DZDUGHG WR /OR\GYfV 5HJLVWHU &RQ
WUDQVIHUUHG WR 9\VXV '"HQPDUN $ 6 ZKLFK LV D VXEVLGLDU\ Rl 9\VXV *URXS

S5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /JLPLWH (
<« 9\VXV *URXS 3DJH



L LQWURGXFWLRQ

,Q WKH FRQWH[W RI WKH IXWXUH FRQVWUXFWLRQ RI DQ /1* WHUPLQDO DQG
6SHFLDO $UHD RI &RQVHUYDWLRQ 6%$& DQG 5LYHU )HUJXV 6SHFLDO $UHD RI
UHTXHVWHG 9\VXV '"HQPDUN $ 6 KHUHDIWHU 9* WR SHUIRUP SUHGLFWLRQ RI
VRXUFH VFHQDULRV 7KH VLWH FRQVLGHUHG LV D )ORDWLQJ 6WRUDJH DQG 5H.
IRU /LTXLILHG 1DWXUDO *DV /1* WKH 6KDQQRQ 7HFKQRORJ\ DQG (QHUJ\ 3DU
$UGPRUH 3RLQW LQ WKH 6KDQQRQ (VWXDU\ &RXQW\ .HUU\ :HVWHUQ ,UHODQC

7KLV VWXG\ FRQFHUQVY HVWDEOLVKPHQW RI DQ )658 LQFOXGLQJ FRQVWUXFW
DSSURDFKLQJ /1* FDUULHU DQG VKLSV VDLOLQJ DQG EHUWKHG LQ WKH (VWXI

7KLV UHSRUW SUHVHQWY PHWKRGRORJ\ DQG ILQGLQJV RI WKH XQGHUZDWH
PHDVXUHPHQWY RI DPELHQW XQGHUZDWHU QRLVH SHUIRUPHG LQ 0D\ D
-DPDLFD LQ ODUFK 7KH PRGHOOLQJ UHVXOWY KDYH EHHQ WUDQVIHUUHG
5HVHDUFK $VVRFLDZVZHUJO GRWPUHDIWHU /*/ |IRU VXEVHTXHQW ELRORJLFDO
DVVHVVPHQW /*/fV DVVHVVPHQW ZLOO IROORZ LQ D VHSDUDWH UHSRUW )Xl
WKLV UHSRUW ZHUH SUHSDUHG E\ /*/

JLIXUH DQG )LIXUH VKRZ ORFDWLRQ RYHUYLHZV RI WKH VHFWLRQ RI WKH |
7KH LQGLFDWHG SRVLWLRQV $ % & DQG 0 DUH WKRVH DVVXPHG DV QRLVH VF

S5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /JLPLWH (
<« 9\VXV *URXS 3DJH
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JLIXUH 6LWXDWLRQ PDS DQG ORFDWLRQ RI PDLQ QRLVH VRXUFHV 3URMI
7UDQVYHUVH OHUFDWRU /DQG SROVJRQV ¢(2SHQ6WUHHWODS FRQWULEXWRUV
26L > @ XQGHU VWDQGDUG && OLFHQVH > @

JLIXUH /IRFDWLRQ ZDWHU GHSWKVY RYHUYLHZ UHG VSRWV LQGLFDWH VRXUF|
LV ,5(1(7 ,ULVK 7UDQVYHUVH OHUFDWRU DQG ZDWHU GHSWK LV UHIHUUH
SRO\JRQV «<2SHQ6WUHHWODS FRQWULEXWRUV > @ )RU EDWK\PHWU\ VRXUFHYV

5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH(
<« 9\VXV *URXS 3DJH



3RVLWLRQ $ LV DW WKH )658 ORFDWLRQ RI WKH MHWW\ ZKLOH 3RVLWLRQ %
ORFDWLRQ RI WKH DSSURDFKLQJ /1* FDUULHU 3RVLWLRQ & LV WKH SRVLWLR
WKH PLGGOH RI WKH HVWXDU\ DQG SRVLWLRQ 0 LV WKH ORFDWLRQ RI WKH El
VHHQ IURP )LIXUH WKDW WKH ZDWHU GHSWK LV JHQHUDOO\ ZLWKLQ DSSURI!
PLGGOH RI WKH HVWXDU\

7KH GLJLWDO EDWK\PHWU\ GDWD ZDV REWDLQHG IURP

Xx (02'QHW $V 1HWS&') ILOH ZLWK KRULJRQWDO UHVROXWLRQ RI RQH V
DSSUR[LPDWHO\ P>@

X ,1)20%$5 *HRORJLFDO 6XUYH\ ,UHODQG *6ZLVOK WKIRHG. "RHRWDIO IWIHR/O XW L
P UHVSHFWLYHO\ > @

%DWK\PHWU\ GDWD ZzDV REWDLQHG DV UHIHUHQFHG WR /$7 EXW FRQYHUWHG !

$ GUDZLQJ RI WKH /1* LPSRUW MHWW\ LV VKRZQ LQ )LJXUH 7KH MHWW\ H[W
VKRUH WR UHDFK ORFDO GHHS ZDWHU LQ WKH RUGHU RI P GHSWK $V VHF}
SODWIRUP ORFDWHG DW WKH HQG RI WKH MHWW\ ZLWK DQ RULHQWDWLRQ QF

rsrU, Pos A

T

-HWW\ SODWIRUP

ORRULQJ DQG

- HWW \ EUHDVWLQJ
m&\\ GROSKLQV

JLIXUH /1* LPSRUW MHWW\ DQG )ORDWLQJ 6WRUDJH DQG 5HIJDVLILFDWLRQ 8
WR WKH )658 ORFDWLRQ LV WKH VRXUFH ORFDWLRQ XVHG IRU WKH DFRXVWL]I

&RQWDLQV ,ULVK 3XEOLVK 6HFWRU 'DWD *HRORJLFDO 6XUYH\ OLFHQVHG XQGlI

,QWHUQDWLRQDO && %< OLFHQVH > @
5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH«(

<« 9\VXV *URXS 3DJH



5DQJH GHSHQGHQW EDWK\PHWU\ FDQ VWURQJO\ LQIOXHQFH WKH VRXQG WU
VORSH HLWKHU GRZQZDUG RU XSZDUG DIIHFWV WKH KRUL]JRQWDO VRXQG Sl
IHDWXUHV

X &KDQJH LQ ZDWHU FROXPQ KHLJKW
x &KDQJH LQ WKH JUD]JLQJ DQJOHV RI VRXQG UD\V ZLWK WKH VHD ER\

7KHVH IHDWXUHV FRPELQH ZLWK WKH VKDOORZ ZDWHU ORZ IUHTXHQF\ FXW
ERWWRP ORVV GHSHQGHQF\ RQ JUD]LQJ DQJOH 7KH FRQVHTXHQFH LV D JHQH!
WR LQFUHDVHG QRLVH OHYHOV ®*GRZQVORSH HQKDQFHPHQW  DQG YLFH YHU)\

$ UHFHQW SDUDPHWHU VHQVLWLYLW\ VWXG\ LOQOYROYLQJ EDWK\PHWU\ LV JLY!
&RDVW ,W ZDV IRXQG > @ 6HFW 6HQVLWLYLW\ 6WXG\ WKDW WKH FRPELQ
ZDV WKH HQYLURQPHQWDO SDUDPHWHU ZLWK WKH KLJKHVW LPSDFW RQ WKI|
LQIOXHQWLDO HQYLURQPHQWDO SDUDPHWHU ZDV IRXQG WR EH WKH VHDEHG .
OLQH ZLWK WKRVH RI > @ IRU D PRUH JHQHUDO VWXG\ RI XQGHUZDWHU QRLV!

$Q LPSRUWDQW IHDWXUH RI VKDOORZ ZDWHU VRXQG SURSDJDWLRQ LV W
SKHQRPHQRQ > @ ,W LPSOLHV WKDW WKH VKDOORZ ZDWHU FKDQQHO VXSSR
DERYH D FHUWDLQ FXWRIlI IUHTXHQF\ $W WKH VDPH WLPH IUHTXHQF\ FRPS
VHDEHG FDXVLQJ TXLFN DWWHQXDWLRQ RYHU KRUL]JRQWDO SURSDJDWLRQ U
FXWRII SKHQRPHQRQ PD\ EH VHHQ DV D KLJK SDVV ILOWHU DWWHQXDWLQJ IU

$FFRUGLQJ WR WKH OHWRFHDQ $QDO\WLYV DQG &RDVWDO ORGHOOLQJ UHSRUW
VLWH $Vv D ODUJHU YHUWLFDO ZDWHU YROXPH JHQHUDOO\ OHDGV WR KLJKHU
RQ D KLJK zDWHU VFHQDULR 0+:6 OHDQ +LJK :DWHU 6SULQJV

6LQFH GLIJLWDO EDWK\PHWU\ GDWD ZDV REWDLQHG DV /$7 /RZHVW $VWURQRI
UHIHUHQFH WR 7DEOH LW ZDV GHFLGHG WR DGG P WR WKH /$7 EDVHG ZDWH

'"HVFUL¢ -HWW\( 7DUE

OHDQ +LJK :DWH J 684¥:16Q J\

OHDQ +LJK :DWHU 1HDSV O+.l P P
OHDQ /RZ :DWHL 1HDSV 0/:1 P P
OHDQ /RZ :DWHU 6S0OLQJV P P

7TDEOH 7LGH OHYHOV UHIHUUHG WR &KDUW 'DWXP L H /$7 IURP > @ 7DUE
WRZQ LV ORFDWHG DSSUR[LPDWHO\ NP HDVW RI WKH 6KDQQRQ /1* VLWH

$V PHQWLRQHG LQ 6HFWLRQ WKH JHRDFRXVWLF SURSHUWLHYV RI WKH VHDI
DFRXVWLF SURSDJDWLRQ LQ VKDOORZ ZDWHU > @ > @ *LYHQ WKH VKDOORZ
(VWXDU\ VLIQLILFDQW HIIRUWYVY ZHUH DVVLJQHG WR GHULYLQJ D JHRDFRXVW

7KH EDVLV IRU WKH GHULYDWLRQ ZDV D FRPSUHKHQVLYH VLWH JURXQG LQYH
UHSRUW LQFOXGHG ORFDWLRQ PDS HI[WUDFWV ERUHKROH FR RUGLQDWHV E
UHVXOWYVY 7KH UHSRUW ZDV H[DPLQHG E\ 9*fV JHRSK\VLFLVWV WR HVWLPDW
>P V@ VKHDU ZDYH WRXY® VBRBGGHQVLVW MIOXQEBILNGRDO OLWKRORJILFDO
ZLWKLQ ERUHKROHY DQG KHQFH GHULYH OLNHO\ FRPSUHVVLRQDO DQG VKHD!
IRU OD\HU PRGHOV UHSUHVHQWDWLYH RI WKH DUHD

S5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /JLPLWH (
<« 9\VXV *URXS 3DJH



2XWOLQH RI WKH DQDO\VLY DSSURDFK
x /DE WHVW GDWD QRWHG IRU
f %XON DQG 'U\ '"HQVLW\
f ORLVWXUH FRQWHQW
f &RPSUHVVLRQDO DQG VKHDQGZBYH VSHHGV F
f 637 1 FRXQW
X 6KHDU ZDYHvHSHM@ BWHG IURP 'U\ '"HQVLW\ YDOXHV > @
X %XON 'HQVLW\ HVWYPDWHWG INRBPGQHUTV (TXDWLRQ > @
X %XON GHQVLW\ HYWLPDWHG IURP 637 plf FRXQW > @

X &RPSUHVVLRQDO ZHWHNVBBWGE G IURPREVMBYDAWGREY DQG HVWLPDW
&DWDJQDYV (TXDWLRQ > @

x *URVV HVWLPDWH RI VDQG FRQWHQW IURP %+ ORJV
f &RPSDUHG ZLWK PRLVWXUH FRQWHQW YDOXHYV
f *URVV HVWLPDWH RI %XON '"HQVLW\ XVLQJ *DVVPDQYV IOXLG V
X %XON 'HQVLW\ YDOXHV FRPSDUHG FROODWHG DQG HGLWHG IURP D
X & YDOXHV FRPSDUHG FROODWHG DQG HGLWHG IURP DOO VRXUFHYV
X & YDOXHV WDNHQ IURP ODE WHVW GDWD GLUHFW PHDVXUHPHQWYV R
X &RPSUHVVLRQDO ZDYH DWW XPIW B G QGREXRW LW > @ > @
X 6KHDU ZDYH DWWHQXDWLRQ ¥DQ®HVHQWWWRDWRIG IURP F
7KH LQYHVWLIJDWLRQ XQGHUWDNHQ E\ 9*fV JHRSK\VLFLVWV OHDG WR WKH IR

x %RUHKROHV VSOLW LQWR WZR PDLQ JURXSV (DVW DQG :HVW
X 7KH :HVWHUQ JURXS GLVSOD\HG D UHDVRQDEOH FRUUHODWLRQ EH\

X %RUHKROHV RI WKH (DVWHUQ JURXS DUH DSSDUHQWO\ KLJKO
XQFRQVROLGDWHG VHFWLRQV RYHUO\LQJ EHGUREN

2Q WKLV EDVLV IRU WKH DFRXVWLF PRGHOOLQJ LW ZDV GHFLGHG WR DSSO\
"HVWHUQ ERUHKROHY DFURVY DOO RI WKH HVWXDU\ 7KH SURSHUWLHY DUH JI

'HQV LY} &RPSUHVY &RPSUHV

/ID\HU G 'HVFUL

EHORZ ZDYH VS
VHDIORH
U>NJ Fs>P VE D>GO F>P 'Y@>Go
P 6DQG\
FOD\H\
JUDYHC
P *UDYH ) O\
FOD\
P 6DQG\
FOD\H\
JUDYHC
P %QHGUF FN

7TDEOH *HRDFRXVWLF PRGHO IRU 6KDQQRQ (VWXDU\ VHDEHG

W LV QRWHG WKDW WKH VHDEHG GRZQ WR P GHSWK KDV UDWKHU ORZ VKH
WKH EHGURFN OD\HU EHORZ P KDV KLJK VKHDU ZDYH VSHHG DERYH PV
VSHHGVY WKH VKHDU SURSHUWLHY FDQ XVXDOO\ EH LJQRUHG LQ WKH DFRXV

S5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /JLPLWH (
<« 9\VXV *URXS 3DJH



VRPH FRQYHUVLRQ IURP WKH VRXQG ZDYH L H FRPSUHVVLRQDO ZDYH WR VI
UHJDUGHG DV D ORVV VLQFH WKH FRQYHUWHG HQHUJ\ LV QR ORQJHU FRQWUI
ZDYH LQ WKH ZDWHU

7KH VSHHG RI VRXQG F >P V@ LQ ZDWHU GHSHQGY SULPDULO\ RQ WHPSHUDYV
SUHVVXUH > @

F 6i 6 6 i 6 5i &

+HUH 7 >f&@ LV WHPSHUDWXUH 6 >SDUWV SHU WKRXVDQG@ LV VDOLQLW\
JHQHUDOO\ KDV JUHDWHU LQIOXHQFH WKDQ VDOLQLW\

JRU VKDOORZ ZDWHU UHJLRQV WKH VSHHG RI VRXQG PD\ HLWKHU EH QHDUO\
FROXPQ RU VKRZ VRPH GHSHQGHQFH RQ GHSWK 7\SLFDOO\ LQ D ZDUP SHULLT
LV KHDWHG XS FDXVLQJ LQFUHDVHG VRXQG VSHHG KHUH 6LPLODUO\ ZLQG \
QHDU FRQVWDQW WHPSHUDWXUH DQG VRXQG VSHHG RYHU GHSWK

YRU WKH SUHVHQW VWXG\ VHYHUDO SURILOH PHDVXUHPHQWY RI WHPSHUDW
12'& GDWDEDVH > @ > @ IRU ORFDWLRQV QHDU WKH 6KDQQRQ /1* VLWH 'D\
UHSUHVHQWDWLYH H[DPSOHV Rl VRXQG VSHHG SURILOHY DUH SORWWHG LQ )
VXPPHU JROGHQ WR VXPPHU EOXH WR ZLQWHU OLODF WR DXWXPQ 7KH GD\
WKH SUHVHQW VWXG\ EDVHG RQ WKH FRQVLGHUDWLRQV EHORZ

7KH ZDWHU VRXQG VSHHG SURILOH LPSDFWV WKH VRXQG SURSDJDWLRQ LQ PI
X5HIUDFWLRQ

7KH VRXQG WHQGV WR EHQG WRZDUGV WKH ZDWHU GHSWK KDYLQJ ORZHVYV
$V D FRQVHTXHQFH SURILOHV ZLWK GHFUHDVLQJ VRXQG VSHHG IRU LQFU
7KLV ZLOO JHQHUDOO\ OHDG WR PRUH VRXQG LQWHUDFWLRQ ZLWK WKH V
SURSDJDWLRQ UDQJH 2Q WKH FRQWUDU\ XSZDUG UHIUDFWLQJ RU QHDU

RI ERWWRP LQWHUDFWLRQ

X&RXSOLOQOJ WR VHDEHG

:KHQ WKH FRPSUHVVLRQDO VRXQG VSHHGV RI WKH ZDWHU DQG WKH XSS
D UHODWLYHO\ ODUJH DPRXQW RI DFRXVWLF HQHUJ\ LV DEVRUEHG LQWR
LQ WKH ZDWHU WKLV VFHQDULR KDV UHODWLYHO\ VWURQJ DWWHQXDWL
VRXQG VSHHG DQG VHDEHG VRXQG VSHHG DUH YHU\ GLIIHUHQW PRUH F
OHDGLQJ WR KLJKHU QRLVH OHYHOV LQ WKH ZDWHU

%DVHG RQ WKH DERYH GLVFXVVLRQ DQG WKH GDWDEDVH VRXQG VSHHG SUR
FRQVWDQW VRXQG VSHHG SURILOH RI DSSUR[LPDWHO\ PV VKRZQ DV WK
UHSUHVHQWY D FRQVHUYDWLYH FKRLFH DV SURILOHV FRUUHVSRQGLQJ WR
WHPSHUDWXUHY ZRXOG OHDG WR ORZHU QRLVH OHYHOV

,Q VKDOORZ ZDWHU WKH EDWK\PHWU\ DQG VHDEHG DFRXVWLF SURSHUWLH\
SURSDJDWLRQ SDUDPHWHUV > @ > @

S5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /JLPLWH (
<« 9\VXV *URXS 3DJH
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JLIXUH 6RXQG VSHHG SURILOHYV LQ ZDWHU 'DVKHG JUHHQ OLQH LV WKH S|
DFRXVWLF PRGHOOLQJ 6HH WKH WH[W IRU RWKHU FRORXUYV

6RXQG DEVRUSWLRQ RI VHD ZDWHU

$V VRXQG SURSDJDWHV WKURXJK VHD ZDWHU LW H[SHULHQFHV DWWHQXDWL
7KH UHODWHG ORVVHV DUH SURSRUWLRQDO WR IUHTXHQF\ DQG WUDYHOOHG
VLPSOLILHG IRUPXOBoRBY >RV REBWARKQUH )N+] LV IUHTXHQF\ LQ N+] > @

ras@G*¥ vy G*¥

N . ;
LJ@O@MLU&IU@SES E(G*¥ vsrr 5(G*¥

Euar @s®G*¥

,Q HQJLQHHULQJ WHUPV WKLV ORVV IHDWXUH RQO\ EHFRPHV VLJQLILFDQW DE

8QGHUZDWHU DFRXVWLF PHWULFVY DQG ZHLJK

/IHYHO PHWULFV

OXOWLSOH OHYHO PHWULFVY DUH GHILQHG WR TXDQWLI\ XQGHUZDWHU VRXQG
SUHVVXUH SDUWLFOH GLVSODFHPHQW DUH GHILQHG DV > @

.strZ‘-"%v T
4

+HUH LV WKH UHIHUHQFH YDOXH DQG 3ORJ" LV WKH ORJDULWKP WR EDVH 61
HJ VRXQG H[SRVXUH DUH GHILQHG DV

. 9
pLsSrz% t
) 362

S5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH(
< 9\VXV *URXS 3DJH



6RXQG SUHVVXUH OHYHO

JURP WKLV VRXQG SUBHHARRIHVOHYHO /
. L
.éLtrZ‘—oﬁ t
JRU XQGHUZDWHU VRXQG SUHVVXUWBDNVNKH UHIHUHQFH LV S

WR SHDN OHYHO

7KH 3 WR SHDsN'siODWHYWK®H /VLQIJOH ODUJHVW GHYLDWLRQ RI WEHWRRWEH SUHVVX
WKDW WKLV PD\ RFFXU ZLWK HLWKHU D QHJDWLYH RU SRVLWLYH YDOXH RI Wt

506 RU /HT VRXQG SUHVVXUH OHYHO

BDUWLFXODUO\ IRU FRQWLQXRXVY QRLVH DQ HQHUJ\ EDVHG WLPH DYHUDJHG
6TXDUH 506 WDNHQ RYHU DVWML@H DQ® WKHDOHOWWHG OHYHO LQ G% LV RIWHQ
FROQWLQXRXV VRXQG SUHRYNKUHNVQARMHAWRUYDO 7

6WDUWLQJ IURP WKH OHDQ 6TXRUH3IBYWK BJIF0 & SHWVWWIX@IRBOORZY DV

S QG
+ > RP@P
RFRE .

laael ¥Lgi

7KH 506 VRXQG SUHVVXUH OHYHO LQ G% LV WKHQ

Lol 8L

.a@a=l trZ'9 aaeT

$V EHIRUH WKH UHIHUHQFH YDOXH IRU XQ&6BDZDWHU VRXQG SUHVVXUH LV S

6RXQG H[SRVXUH OHYHO

YRU DVVHVVPHQW RI SLOLQJ XQGHUZDWHU QRLVH WE® VR XD ERPBRY XPHWOHF
YRU D VLQJOH KDPPHU VWULNH HYHQW RQH VW@U VDD VIRRRPDW R H &/ RWKHG WH B R \LX
VIXDUHG VRXQG SUHVVXUH ZKLFK LV EDVHG RQ WKH VRXQG SUHVVXUH S >3C

' Li;' L5:P@RQ XQLWY EIDY¥BIG RQ SXOVH WLWHY@X BYWDRQ@DNWW WDNHQ DV WKH
WLPHV DW ZKLEK DQG RI WKH HYHQWTTV VRXQG H[SRVXUH KDV EHHQ UHDI

7KH G% OHYHO IRU 6(/ LV WKHQ

.3/4L SrZ%%oG%

7KH UHIHUHQFH YDOXH IRU XQGHUZBWHU VR OWIFRVXUH LV (
6(/ FRQVLGHULQJ D VLQJOH KDPPHU VWULNH HYHQW LV FDOOHG D VLQJOH VW

&XPXODWLYH VRXQOG H[SRVXUH OHYHO

6RXQG H[SRVXUH OHYHO EDVHG RQ PXOWLSOH HYHQWYV LV FDQ®OHG FXPXOI
&XPXODWLYH VRXQG H[SRVXUH OHYHO LV FDOFXODWHG E\ VXPPLQJ WKH VRX
DOQG FRQYHUWLWJIVWR H3I3b @

1/1.[ o

vweal ST Z B gs G%
JRU D QXPEHU RI Q HTXDQVHEMH QWY Q6 (/
5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC

5HOHDVH 5HY 6KDQQRQ /1* /JLPLWH (
<« 9\VXV *URXS 3DJH



,W LV FRPPRQ WR DVVHVV WKH FXPXODWLYH VRXQG H[ERV®UH OHYHO IRU D S

6RXQOG LOWHOVLW\ DOG 7UDQVPLVVLRQ ORVYV

6RXQG LQWHQVLW\ LV WKH DYHUDJH UDWH RI IORZ RI HQHUJ\ WKURXJK D XQLYV
&RQVLGHULQJ WKH PDJQLWXGH RI D SURSDJDWL@ ISWDQH ZDYH VRXQG LQWF

6
+L Liaaae
€,?

+HUHosSLV WKH 506 VRXQG SUHWWKIHH GRBQ®@L W\Q-:NF BV WKH VRXQG VSHHG

7KH VRXQG WUDQVPLVVLRQ ORVV GHVFULEHV WKH FKDQJH LQ VLIQDO VWUH(
EHWZHHQ WKH DFRXVWLF LQWHQVLW\ , DWW IPHOG SRLQW DQG WKH LQWHQV!

- + . L
6.LSrZ5%o— L tr Z 'So—
ta Ls 5

+HUH LQ WKH ODVW SDUW S >3D@ LV WKH VRREKQ G KH HARXQGT PUNH DV X UHHD G VE R
GLVWDQFH IURP WKH VRXUFH

JUHTXHQF\ VSHFWUD DQG DXGLWRU\ ZHLJKWLQJ IXQFWLRQV

,Q DGGLWLRQ WR VLQJOH YDOXH PHWULFVY DV GHVFULEHG LQ 6HFWLRQ VR
VSHFWUD 7KHVH GHVFULEH WKH VRXQG HQHUJ\ GLVWULEXWLRQ DV D IXQFW
SFA\FOH SHU V°~ ZKLFK LV >+]@ )UHTXHQF\ VSHFWUD DUH HLWKHU FRQVWD
EDQGZLGWK 7KH PRVW FRPPRQ FRQVWDQW SHUFHQWDJH EDQGZLGWK VS
$OWHUQDWLYHO\ DQDO\VLV PD\ EH GRQH LQ QDUURZEDQG IUHTXHQF\ EDQG\
EDQGZLGWK

JRU WKH SXUSRVH RI DVVHVVLQJ LPSDFW RQ GLIITHUHQWLDWHG VHD PDPPDOV
E\ WKH 1DWLRQDO 0DULQH )LVKHULHY 6HUYLFH 86% > @ 7KHVH UHIOHFW WK
IRU VSHFLILF JURXSV RI DQLPDOV VHH ZHLJKWLQJ FXUYHV LQ )LJXUH

]
Ny A\
81 / 1/ -
N4 o
oL/

JLIXUH JUHTXHQF\ ZHLJKWLQJ IXQFWLRQV IRU KHDULQJ JURXSY DV GHILQHC
> @ 6HH 7DEOH IRU DEEUHYLDWLRQV

H]8}EC A JPZ3]vP €

&E <p v C €,1

S5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /JLPLWH (
<« 9\VXV *URXS 3DJH



7KH KHDULQJ JURXSV DUH OLVWHG LQ 7DEOH 21 WKHVH WKH OLG IUHTXHQI
FHWDFHDQV DQG WKH 3KRFLG SLQQLSHGV 3: DUH FRQVLGHUHG LQ WKLV VW

) JRZ IUHTXHQF\ FHWDFHDQV (s 1) /
0) OLG IUHTXHQF\ FH\/IDFHDQV (s0) /
+) +LJK IUHTXHQF\ FHWNDFHDQV (s ) /
3: 3KRFLG SLQQLSHGV XQGHUZDWHU s s /

7TDEOH 2YHUYLHZ RI PDULQH PDPPDO KHDULQJ JURXSV > @

7KH ZHLJKWLQJ IXQFWLRQV SUHVHQWHG KHUH DUH PRVWO\ XVHG IRU UHODYV
KHDULQJ JURXSV +HQFH VRXQG H[SRVXUH OHYHOV ZLWKRXW DSSWLHG IUHT
$SSO\LQJ WKH IUHTXHQF\ ZHLJKWLQJ IXQFW L RGW RGERX R 1D Q@G HUFOWL R I Z/HBLHIFK\
VRXQG H[SRVXUH OHYHOV DV OLVWHG LQ WKH ULJKWPRVW FROXPQ RI 7DEOH
SUHVVXUH BB EH FRPELQHG ZLWK WKH ZHLJKWLQJ IXQFWLRQV WR DFFRXQ\
FRUUHVSRQGLQJ KHDULQJ JURXS

7KH DPELHQW XQGHUZDWHU QRLVH OHYHO LQ WKH DUHD ZDV LQYHVWLJDWH
LPSRVHG WUDYHO UHVWULFWLRQV RI WKH &29, SDQGHPLF 9* ZDV SU
PHDVXUHPHQWY 7KH DPELHQW XQGHUZDWHU QRLVH PHDVXUHPHQWY ZHUH WK
$TXDIDFW (QYLURQPHQWDD DIR@Y X RWLIEIWM TV K\GURSKRQH ORJJHU HTXLSPH!
GHSOR\HG IURP D VPDOO ERDW 0OHD WXUGEMRIVOD\Z H U HDWIBNW RHR*B6 WUDFN SOF
LQ )LIXUH LQGLFDWHV WKH ORFDWLRQ 6XEVHTXHQWO\ WKH UHFRUGHG W
HTXLSPHQW DQG DQDO\VHG E\ 9*

7KH DPELHQW QRLVH PDLQO\ RULJLQDWHYV IURP QDWXUDO VRXQGV VXFK DV
IURP VKLS WUDIILF LQ WKH DUHD %RWK JUH\ VHDOV DQG GROSKLQV ZHUH V:
WUDIILF PDLQO\ LQFOXGHV WKH IHUU\ FURVVLQJ IURP .LOOLPHU WR 7DUEHUW
SUHVHQW GXULQJ WKH PHDVXUHPHQWY 6HYHUDO VPDOO VSHHG ERDWYV DQG N\
WKH PHDVXUHPHQWMWR XD WKKISY ZHUH RQ DQFKRU DW 6FDWWHU\ ,VvODQG (QJL
UHFRUGLQJV GXULQJ QLJKW WLPH ZLWK ORZ QRLVH OHYHOV SRVVLEO\ RULJL

7KH PHDVXUHPH@WWY RQZHUH FRQGXFWHG LQ WKH SHULRG IURP $0 = 30
Rl WKLY SHULRG WKH ZHDWKHU ZDV VXQQ\ ZLWK ZLQG ) 6: DQG WKH VHD VW
SUHGLFWHG WLGH ZDV +: # P /% P 7KH ZLQG LQFUHDVHG WR )
ZDYHV DQG WKH K\GURSKRQH ZDV UHWULHYHG DW 30 GXH WR ZHDWKHU D
7KH PHDVXUHPHWWY RQZHUH FRQGXFWHG LQ WKH SHULRG IURP 30 £ $0
RI WKLY SHULRG WKH ZHDWKHU ZDV RYHUFDVW ZLWK ZLQG ) : DQG WKH VHD
SUHGLFWHG WLGH ZDV +: # P /% P 7KH ZLQG GHFUHDVHG GX|

) ZLWK FDOP VHD VWDWH

LQVWU) 6H C (F

/IRJJHU 576\V 6</IIQFH 6</
+\GURSKROQH +7, PLQ
+\GURSKRQH FODOLEUDWI'U %U«IIO .M U

7TDEOH (TXLSPHQW XVHG IRU DPELHQW XQGHUZDWHU QRLVH PHDVXUHPHQW)

S5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /JLPLWH (
<« 9\VXV *URXS 3DJH



JLIXUH BLFWXUH RI EXR\ ZLWK VXEPHUJHG K\GURSKRQH IURP WKH DPELHQW
QRLVH PHDVXUHPHQWY SKRWR WDNHQ E\ $TXDIDFW

JLIXUH *36 WUDFN RI DPELHQW QRLVH PHDVXUHPHQWY )RU VRXUFH RI EDW
/IDQG SROVJRQV ¢(2SHQ6WUHHWODS FRQWULEXWRUV > @

5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH (
<« 9\VXV *URXS 3DJH



7KH PHDVXUHPHQWY ZHUH SHUIRUPHG DV 3:GULIWLQJ PHDVXUHPHQWYV™ ZLW
VXEPHUJHG IURP D IORDWLQJ EXR\ 7KH K\GURSKRQH ZDV GHSOR\HG DW D (
DSSUR[ KDOIl WKH ZDWHU GHSWK LQ WKH DUHD 7KH VLJQDOV ZHUH UHFRUGH

7KH UHFRUGLQJV ZHUH DQDO\VHG LQ WHUPV RI YDULRXVY VWDWLVWLFDO H[Ft
WKDW LV H[FHHGHG LQ RI WKH PHDVXUHPHQW WLPH 7KH DQDO\VLVY ZDV FD
DQG WKH 0) ZHLJKWHG VLJQDOV 0) UHIHUV WR WKH OLG IUHTXHQF\ 0) FHWD

JXUWKHU IUHTXHQF\ DQDO\VLY ZDV SHUIRUPHG IRU D VHW RI VHOHFWHG SHUL
EDQG IUHTXHQF\ UHVROXWLRQ ))7 7KH UHVXOWY DUH VKRZQ LQ WKH EHORZ

3DUDPH (9(1,1*

1,*+7

0D\

/
/

7TDEOH 6WDWLVWLFDO GDWD RI XQGHUZDWHU QRLVH OHYHOV ([FHHGDQFH
+] KLJK SDVV ILOWHU EPRYHNIHRRBOW KR ZHLIKWHG OHYHOV

3DUDPH

/
/

7TDEOH 6WDWLVWLFDO GDWD RI XQGHUZDWHU QRLVH OHYHOV ([FHHGDQFH
+] KLJK SDVV ILOWHU EDYHRIEHRRBOWHE ZHLIKWHG OHYHOV

S5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /JLPLWH (
<« 9\VXV *URXS 3DJH



JLIXUH 7\SLFDO

YLIXUH

RFWDYH IUHTXHQF\ EDQG VSHFWUXP '$< )HUU\ P DZC
.LOOLPHU WRsTBWEHIW.IJKWHG G% UH —3D

IURP .LOOLPHU WsRipk XQEHRIIMW KIWHG G% UH

5HSRUW UHIHUHQFH
5HOHDVH 5HY

<« 9\VXV

*URXS

7\SLFDO QDUURZEDQG IUHTXHQF\ EDQG VSHFWUXP '$< )HUU\ P |

—3D +DQQLQJ ZLQGRZ +] +3 ILC

8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
6KDQQRQ /1* /LPLWH(
3DJH



JLIXUH 7\SLFDO RFWDYH IUHTXHQF\ EDQG VSHFWUWXFR 1,*+7 + 1R DXGLEC
XQZHLIKWHG G% UH —3D

YLIXUH 7\SLFDO QDUURZEDQG IUHTXHQF\ EDQG VSHFWUXP 1,*+7 'LVWDQW
UHFRUGLQJ SRVVLEO\ JHQHUDWRU *+ SHONQ ZYHHOKMWH @ SG% WHBXP—B D
+DQQLQJ ZLQGRZ +] +3 ILOWHU

$Q HYHQW RI WKH .LOOLPHU 7DUEHUW IHUU\ FURVVLQJ WKH HVWXDU\ DW DS
ORFDWLRQ zDV UHJLVWHUHG 7KH HVWLPDWHG VDLOLQJ VSHHG RI WKH IHUU\

DUH VKRZQ LQ )LJXUH DQG )LIXWHOPHYKD EDRDGEIQGH —3D XQZHLJKWHG
UH —3D ZLWK 0) ZHLJKWLQJ

5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH«(
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7KH PRGHOOLQJ VWXG\ ZzDV FDUULHG RXW IROORZLQJ 9*fV 6XUYH\ PDSSLQJ F
DSSURDFK L H FDOFXODWLQJ VRXQG SURSDJDWLRQ LQ D QXPEHU RI WZR Gl
PHDQV RI D SRLQW VRXUFH L H PRQRSROH EDVHG ORQJ UDQJH PRGHOV RX
VRXUFH $V LOOXVWUDWHG LQ )LIXUH DQG )LIXUH VXFK DJLPXWKDO W
WZR VRXUFH SRVLWLRQV $ DQG % 'XH WR WKH LUUHJXODU JHRPHWU\ RI WK
YDU\LQJ IURP D IHZ KXQGUHGV RI PHWHUV WR NP 6LPLODUO\ WKH EDWK\P

WUDQVHFWYV

JLIXUH 7TUDQVHFWYV $ HPDQDWLQJ IURP VRXUFH SRVLWLRQ $
5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH(
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JLIXUH 7TUDQVHFWV % HPDQDWLQJ IURP VRXUFH SRVLWLRQ %

J)LIXUH 7TUDQVHFWYV & HPDQDWLQJ IURP VRXUFH SRVLWLRQ &
5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH(
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JLIXUH 7TUDQVHFWY 0 0 HPDQDWLQJ IURP VRXUFH SRVLWLRQ O

%DFNJURXQG IRU VRXQG SURSDJDWLRQ PRGHO

$Q\ QXPHULFDO PRGHO LV DQ DSSUR[LPDWHG UHSUHVHQWDWLRQ RI WKH DFW
PDWKHPDWLFDO PRGHO KDV LQKHUHQW OLPLWDWLRQ LQ DSSOLFDELOLW\ OH

)XQGDPHQWDOO\ DFRXVWLF PRGHOV DUH EDVHG RQ WKH :DYH (TXDWLRQ IRU

1L F—Sﬂ‘l_r
*0P

+HUH LV WKH /DSODFLDQ RSHUDWRU S LV WKH DFRXVWLF SUHVVXUH F LV V
ZDYH HTXDWLRQ FDQ RQO\ EH VROYHG DQDO\WLFDOO\ IRU VLPSOH FDVHV ,\
YDULRXV DVVXPSWLRQV OHDGLQJ WR WKH +HOPKROW] HTXDWLRQ ZKLFK L\
PRGHOV > @ > @ )RU WKBDIDHROQW (IXK®GMBEKRI PRGHO LV XVHG IRU WKH
UDQJH XS WR +] 7KLV DVVXPHV D VLQJOH SRLQW VRXUFH DQG DFWV RQ W
(TXDWLRQ 7KH +HOPKROW] (TXDWLRQ GHULYHV IURP WKH :DYH (TXDWLRQ E\
RYHU WLPH OHDGLQJ WR D IUHTXHQF\ GRPDLQ UHSUH¥HRWDWRRER J)RU HYHQ
W\SH RI PRGHO LV XVHG $ EULHI LQWURGXFWLRQ WR WKHVH DQG RWKHU FRP

LQ > @

3DUDEROLF (TXDWLRQ 3( SDUWV IURP WKH +HOPKROW] HTXDWLRQ E\ DVVXPL
LV FRQVLGHUHG > @ 7KHQ WKH VROXWLRQ LV IRXQG IURP UDQJH ZLVH VWF
VRXUFH 7KH 3( YDULDQW DSSOLHG LQ WKH SUHVHQW VWXG\ LV D VSOLW VWH:
DFFXUDF\ GHYHORSHG E\ &ROOLQV ZKLFK DOORZV IRU UDQJH GHSHQGHQW S
ZDV H[WHQVLYHO\ EHQFKPDUNHG 5$@HRKBVDEWSX®HOP HRBM G VE\ &067 LQ WKH

EDVHG $F783 VXLWH > @ ,Q 9* LPSOHPHQWDWLRQ WKH FDOFXODWLRQ FRUH |
XVH DQG ILOH ORJLVWLFVY KDYH EHHQ RSWLPLVHG IRU VSHHG

5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH (
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,Q WKH 86 UHIJXODWRU\ HQWLW\ %XUHDX RI 2FHDQ HQHUJ\ ODQDJHPHQW
SUDFWLFHV IRU RIIVKRUH ZLQG DQG PDULQH SURWHFWHG VSHFLHV > @ 2QH
XQGHUZDWHU QRLVH PRGHOOLQJ 6SHFLILFDOO\ WKH 3( PRGHO W\SH ZDV IRX

7KH IUHTXHQF\ UDQJH N+] WR N+] LV DGGUHVVHG XVLQJ D %HDP 7UDFLQJ P
DSSUR[LPDWLRQ WR VROYH WKH :DYH (TXDWLRQ ,Q D VLPSOHU IRUP EXQGOt
SRLQW VRXUFH DQG WUDFHG DV WKH\ SURSDJDWH WKURXJK WKH DFRXVWLF HC
ub\V WKH PRUH VRSKLVWLFDWHG %7 DSSURDFK DVVLJQV D *DXVVLDQ SURILC
XVHG LQ WKIAHOWKIWS LFSOHPHQWHG E\ &0679V $F783 VXLWH > @

9ROXPH DEVRUSWLRQ LV LQFOXGHG LQ WKH FDOFXODWLRQV DFFRUGLQJ WR V

$GGLWLRQDO GHULYHG PHWULFYV

7KH PDLQ RXWSXW RI WKH 6XUYH\ PDSSLQJ PHWKRG LV HLWKHU WKH XQZHLJK
OHYHO/WRU LPSXOVLYH VRXUFHV VXFK DV SLOH GULYLQJ RU EOSBRVRMULQJ RU W
FRQWLQXRXV QRLVH VXFK DV VKLS QRLVH )URP WKHVH VHYHUDO DGGLWLRQ

X K FXPXODWLYH VRXQG H[SRVXUH OHYHO ZLWK IUHTXHQF\ ZHLJKW
Xx =HUR WR SHDN VRXQG SUHVVXUH OHYHO
X S5RRW OHDQ 6TXDUH 506 VRXQG SUHVVXUH OHYHO IRU SLOLQJ DQ(

7KH DSSURDFK EHKLQG HDFK RI WKHVH GHULYHG PHWULFV LV GLVFEXVVHG LQ
&EXPXODWLYH VRXQG H[SRVXUH OHYHO ZLWK IUHTXHQF\ ZHLJKWL

3LOLOJ QRLVH

JRU D 1 KDPPHU VWULNH HYHQWYVY RI HTXDO DFRXVWLF HQHUJ\ HJ VDPH VLQ
FXPXODWLYH 6RXQG ([SRVXUH /HY¥HEL L¥:FRRHXDONBES VWK 1 EHLQJ WKH

QXPEHU RI VWULNHY ZLWKLQ WKH KRXUV SHULRG > @

&ROWLOXRXV QRLVH

JRU YHVVHO QRLVH WKH FXPXODWLYH 6RXQG ([SRVXUH /HYHO LV FDOFXODWH
/IHT VRXQG SUHVVXUH OHYHO ZLWK D FRUUHFWLRQ IRU WKH WLPH GXUDWLRQ

. 6
-vassol -az£iE ST Zé%&
+HUH LWV \Y

+HDULQJ JURXS VSHFLILF FXPXODWLYH VRXQG H[SRVXUH OHYHO

,Q DFFRUGDQFH ZLWK > @ WKH KRXU FXPXODWLYH VRXQG H[SRVXUH OHYHC
7KLV ZDV GRQH E\ DSSO\LQJ WKH FRUUHVSRQGLQJ IUHTXHQF\ ZHLJKWLQJ WR
EDQG RI WKH IODW ZHLJKWHG FXPXODWLYH VRXQG H[SRVXUH OHYHO DQG FL

=HUR WR SHDN VRXQG SUHVVXUH OHYHO

JRU SLOH GULYLQJ WKH JHUR WR SHDN VRXQG SUHVVXUH OHYHO ZDV GHULY
/IHYHO EDVHG RQ WKH IROORZLQJ VHPL HPSLULFDO IRUPXOD > @

.azapN sast®Eyau t

+HUH WKH RULJLQDO SHDN WR SHDN H[SUHVVLRQ IURP > @ ZDV VXEWUDFWH

S5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /JLPLWH (
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506 VRXQG SUHVVXUH OHYHO

JRU FRQWLQXRXV QRLVH VRXUFHV VXFK DV VKLSV WKH 506L%RRWHBOHWQ\6TX
FDOFXODWHG E\ WKH PRGHO

JRU LPSDFW SLOH GULYLQJ WKH 506 VRXQG SUHVVXUH PD\ EH HVWLPDWHG |
OHYHO E\ DFFRXQWLQJ IRU WNK@& SXOVH GXUDWLRQ 7

ca@a=N -aaF da
éial erg%%
+HUH 7V )RU WKLV VWXG\ WKH IROORZLQJ VHPL HPSLULFDO H[SUHVVLRQ ZD

.amax=N satyy Ftua{

(IWHQVLRQ RI IUHTXHQF\ UDQJH

7KH KHDULQJ DELOLW\ RI PDULQH PDPPDOV JHQHUDOO\ VSDQV DQ HQRUPRXYV
IUHTXHQF\ 0) FHWDFHDQ ZHLJKWLQJ FRUUHVSRQG WR HIIHFWLYH KHDULQJ
VHQVLWLYLW\ DSSUR[LPDWHO\ EHWZHHQ N+] DQG N+] VHH 0) FXUYH LQ
UDQJH RI QRLVH VRXUFH RI WKLV VWXG\ W\SLFDOO\ SHDNV DOUHDG\ DW

JRU KLIJIKHU IUHTXHQFLHY WKH JHQHUDOO\ VSHFWUXP IDOOV RII VWHDGLO\

6RXUFH GDWD DUH W\SLFDOO\ QRW DYDLODEOH IRU WKH IRU WKH IXOO IUH
PHDVXUHG QRLVH VSHFWUD WHQG WR UHGXFH VWHDGLO\ LQ OHYHO IRU IUHT X
VHHPV IDLU DQG FRQVHUYDWLYH WR DVVLJQ D VWHDG\ KLJK IUHTXHQF\ VORS

:KHUH GDWD ZHUH PLVVLQJ DW KLJKHU IUHTXHQFLHV LW ZDV GHFLGHG WR H[
VORSH DFFRUGLQJ WR 7DEOH

1RLVH VRXUFH +LJK ITUHTXHQF\ VORSH G% SHU

,PSDFW SLOLQJ
6RFNHW GULOOLQJ
9LEUDWRU\ GULYLQJ
5RFN EODVWLQJ

&DULHU RIIORDGLQJ DQ2G VvDLOLQJ
WXJERDWYV FUHZ ERDW FDUJR VKLSV

)658 DQG FUDQH EDUJ 1
-DFN XS ULJ

7TDEOH 2YHUYLHZ RI DVVXPHG VORSH FRQVWDQWYV IRU KLJK ITUHTXHQF\ H[WL
VSHFWUD

W LV QRWHG WKDW VHYHUDO DGGLWLRQDO SKHQRPHQD ZLWK IUHTXHQF\ GHE
UDQJH ZLWK ORVVHV LQFUHDVLQJ ZLWK IUHTXHQF\ HJ VHD VXUIDFH DEVR
ZDYHV DQG YHVVHOV 6XFK ORVVHV DGG WR WKH ERWWRP ORVV FDXVLQJ F
UDQJH

7KH SRLQW VRXUFH EDVHG PRGHOV 5%$0*HR DQG %HOOKRS LQWURGXFHG LQ 6
(DFK WUDQVHFW ZDV LPSOHPHQWHG DV D ' D[LV\PPHWULF VOLFH LQFOXGL

S5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /JLPLWH (
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WUDQVHFW VHH )LJXUH DV DQ H[DPSOH DQG ZLWK WKH VHDEHG OD\HU SU
SURSHUWLHV RI 7DEOH $V GLVFXVVHG LQ 6HFWLRQ WKLV LV D IOXLG W)
DVVXPHG WR EH VOLJKWO\ FRQVHUYDWLYH

7KH 580*HR PRGHO zZzDV UXQ IRU FHQWUH IUHTXHQFLHV RI WKH RFWDYH EC
GULYLQJ ZLWK D IUHTXHQF\ UDQJH H[WHQGLQJ GRZQ WR +] IRU WKH VKLS V
FHQWUH IUHTXHQFLHV RI WKH RFWDYH EDQGV IURP N+] WR N+] ([DPSC
ORVYV VOLFHV DUH JLYHQ LQ )LJXUH DQG )LJXUH W LV VHHQ KRZ WKH
FKDUDFWHULVHG E\ PRGDO LQWHUIHUHQFH SDWWHUQV DQG D VLIJQLILFDQW |
7KH VSDWLDO UHVROXWLRQ ZDV DSSUR[LPDWHO\ P ,W LV VHHQ KRZ WK
FKDUDFWHULVHG E\ PRGDO LQWHUIHUHQFH SDWWHUQV DQG D VLJQLILFDQW |

6HSDUDWH VHWV RI 7/ WUDQVHFWY ZHUH FDOFXODWHG IRU VRXUFH SRVLWLR
IRU VRXUFHVY FRUUHVSRQGLQJ WR GLIITHUHQW GHSWK ORFDWLRQV

JLIXUH 7UDQVPLVVLRQ ORVVY DORQJ WUDQVHFW $ DW +] %ODFN OLQH |

S5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /JLPLWH (
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JLIXUH 7UDQVPLVVLRQ ORVV DORQJ WUDQVHFW $ DW N+] %ODFN OLQH |

OHWKRG IRU HYDOXDWLQJ DFRXVWLF FULWHULD

7KH VRXUFH VSHFWUD RI 6HFWLRQ ZHUH FRPELQHG ZLWK WKH WUDQVPLYV
%HOOKRS 6XEVHTXHQWO\ WKH GHWDLOHG JULGV RI UHVXOWY ZHUH FRQGH(
LOOXVWUDWHG LQ )LIXUH ,Q WKLV ILIJXUH HDFK FXUYH UHSUHVHQWY WKH

WKH ZDWHU FROXPQ IRU D JLYHQ WUDQVHFW $ $ JRU WKH VLPSOHVW VFHC(
LW LV SRVVLEOH WR FRPSDUH WKLV W\SH RI SUHGLFWHG UDQJH GHSHQGHQ!
6HFWLRQ WR ILQG WKH FRUUHVSRQGLQJ 'LVWDQFH WR 7KUHVKROG 7KLV L
DIWHU ZKLFK WKH VRXUFH IDOOV EHORZ WKH DVVHVVPHQW FULWHULD OHYHO
D FULWHULD WKKVMHVBEROGNVRIRIOORZY JUDSKLFDOO\ WKDW WKH SORWWHG WUDQ
ZLWKLQ DSSUR[LPDWHO\ P ZKLFK LV WKHQ WDNHQ DV WKH 'LVWDQFH WR °

'XH WR WKH RIWHQ VLIJQLILFDQW YDULDWLRQ EHWZHHQ GLUHFWLRQV FDXVHG
7TKUHVKROG YDOXHV RI PXOWLSOH GLUHFWLRQV DUH IXUWKHUPRUH FRPELQ
FULWHULD

S5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /JLPLWH (
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JLIXUH OD[ RYHU GHSWK RI IODW ZHLJKWHGs06RWRMX6EE8 SUHVVXUH OHYHO /

6LQFH WKH SUHVHQW VWXG\ LQYROYHVY VFHQDULRYV ZLWK PXOWLSOH VLPXOWI
ZDV DSSOLHG IRU DVVHVVLQJ 'LVWDQFH DQG $UHD WR 7KUHVKROG ,Q WKH
FRQFHSW RI WUDQVHFWY EHFRPHYVY SUREOHPDWLF VLQFH LW LV QRW HYLGHQV
7KH IROORZLQJ DSSURDFK ZDV LPSOHPHQWHG

X )JURP WKH QRLVH PDS Rl WKH ZKROH DUHD FRYHUHG FRQWRXUV DUH FD!
WKH HYDOXDWHG DFRXVWLF PHWULF H[FHHGV D JLYHQ WKUHVKROG DV
ILJXUH 7KHVH FRXOG UHSUHVHQW ORFDO WKUHVKROG FRQWRXUV RI WZ
VSRWV' Rl WKH VRXQG ILHOG

X 7KH $UHD WR 7KUHVKROG LV FDOFXODWHG E\ GLUHFWO\ VXPPLQJ WKH D
WKH WZR JUHHQ UHJLRQV LQ WKH ILJXUH

X 'LVWDQFH WR 7KUHVKROG LV HYDOXDWHG DORQJ SULQFLSDO GLUHFWL
BRXWK B6RXWK :HVW :HVW 1RUWK :HVW DV IROORZV

R 7KH JHRPHWULF FHQWURLG LV IRXQG RI WKH FRQYH[ KXOO HQFORV
KXOO LV WKH EOXH OLQH LQ )LIXUH

R 7KH 'LVWDQFH WR 7KUHVKROG LV IRXQG LQ HDFK GLUHFWLRQ E\ FD
ILQGLQJ WKH IXUWKHVW GLVWDQFH DW ZKLFK WKH WDQJHQW WR Wt
OLQH 7KLV LV LOOXVWUDWHG E\ WKH UHG OLQHV LQ WKH ILJXUH IR
GLUHFWLRQV 1 ( DQG 6: WKH FRUUHVSRQGLQJ GLVWDQFH HQG SRL
7KH UHVXOWLQJ 'LVWDQFH WR 7KUHVKROG IRU 1 ( DQG 6: DUH VKR

5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH (
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JLIXUH ([DPSOH IRU FDOFXODWLRQ RI 'LVWDQFH WR 7TKUHVKROG IRU FRPSC
VKRZQ ZLWK DQ H[DPSOH WKUHVKROG RI G %

7KH 6KDQQRQ (VWXDU\ LV KRPH WR D FRORQ\ RI ERWWOHQRVH GROSKLQV ZK
FHWDFHDQV LQ > @ )RU GHWDLOHG HYDOXDWLRQ RI WKH SURMHFWY{V DFRXYV
FRQWUDFWRU /*/ SUHSDUHG D VHW RI DFRXVWLF FULWHULD 7KHVH DUH GHVI
WKH ILQGLQJV LQ WHUPV RI 'LVWDQFH WR 7KUHVKROG DQG $UHD WR 7KU
XQGHUJRLQJ GHWDLOHG DVVHVVPHQW E\ /*/ DV ZLOO EH SUHVHQWHG LQ /*/1)

376 "/HYHO $" FULWHULD

+HDULQJ JURXS OHWU 7TKUHVKROG 7TKUHVKROG
QRLPSXOVLY LPSXOVLY
G %

OLG IUHTXHQF\ FHWDF-I—B—(Q?JI% e %
+LJK IUHTXHQF\ FHWD HD @ Vsn+ / G %
Its +) « G % G%
3KRFLG 3LQQLSHGV 3 s SN / G %
Iis 3 « G % G%

7DEOH /HYHO $ KDUDVVPHQW WKUHVKROGYV IRU PDULQH PDPPDOV DFFRUC
JLVKHULHV 6HUYLFH JXLGHOLQH > @ IRU WKH UH QP UBIQAWOKHHD U-QD JURX S
8QLWV(Rj /kDUH G% UM —3D

5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH (
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776 FULWHULD IRU PDULQH PDPPDOV

+HDULQJ OHW 7TKUHVKROC 7TKUHVKROC
QR LPSXOVLY LPSXOVLY
G %

0LGIUHTXHQF\FHWDF+B?§;%& cu o
*LJK ITUHTXHQF\ FHWD ‘HD® Vsn+ / G %
s +) « G % G %
3KRFLG 3LQQLSHGV 3 s SN / G %
Iis 3 « G % G%

7DEOH 776 WKUHVKROGV IRU PDULQH PDPPDOV DV SURYLGHG E\ /*/ EDVHC
JLVKHULHV 6HUYLFH JXLGHOLQH > @ IRU WKH WHOBIYBD @Wo KIHD U+ B JUR X §
8QLWV(Rj /kDUH G% UM —3D

%HKDYLRXUDO FULWHULD IRU PDULQH PDPPDOV

JRU LPSXOVLYH QRLVH D PXOWLSOH WLHUHG VWHSuPXQWW IDREG RW R/ U IHMKIRKBGI®
ZHLIJKWLQJ +HQFH WKUHVKROGV LQ VWHSV RI G % LIRFPOVQAMHR/'H G% DUH L

6LPLODUWRQIRRS X QRILYH WKURWKR@ GWRSEV RI G% IURP WR G% DUH LQ

%HVLGHVY WKH PXOWL WLHU VWHSVY WKH IROORZLQJ VSHFLILF FULWHULD DSS

+HDULQJ JURXS OHWU 7TKUHVKROG
QR LPSXOVLY

OLG IUHTXHQF\ FHWDF 4D/ \rvlo) G %

+LJK IUHTXHQF\ FHWD HDQMv # I G%

3KRFLG 3LQQLSHGV 3 S UPV 3 / G%

7DEOH %HKDYLRXUDO WKUHVKROGV IRU PDULQH PDPPDOV 3:/HYHO % >
8QLWVsRB#DUH G% UH —3D

$FRXVWLF FULWHULD IRU ILVK VSHFLHV

OHW

7TKUHVKROG YDOXH

7\SH RI DQ

ORUWDOL SHFRYHUD 7THPSRUDU\
LQMXU\ 7TKUHVKROG 6K

JLVK QR VZLP/s sn

EODGGHU G% G%
/(si1obv K G % G % G %

YLVK VZLP  Is sn

EODGGHU QRW G% G%

LQYROYHG

KEDULQJ Q(SlOD\ K G% G% G%

YLVK VZLP  Is sn

EODGGHU L )YROY iG G% G%

LQ KHDULQ.

Q Q. /(siopv « G % G % G %
7DEOH 7KUHVKROGY FRUUHVSRQGLQJ WR PRUWDOLW\ LQMXU\ RU WHPSRIL
8QLWVsRIWDUH G% UH —3Ds8Q@&DMVHRGY% UN 7KIDFXPXODWLYH 6(/ FULWHULD U}

WR WKH GXUDWLRQ RI WKH SLOLQJ RSHUDWLRQ sZdolwWKY RBDNH @& KB WIXRHH WY IDEOOKHH

S5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /JLPLWH (
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7\SH RI D! OHW 7TKUHVKROC

JLVK /s upv i0Ow G %
7DEOH 7KUHVKROGV FRUUHVSRQGLQJ WR EHKDYLRXUDO UHVSRQVH IR
ILVK > @ 8QLWIURIG% UH —3D

7KH IROORZLQJ VFHQDULRY ZHUH PRGHOOHG

& ,PSDFW SLOH GULYLQJ

& 9LEUDWRU\ SLOH GULYLQJ LQFOXGLQJ VXSSRUW YHVVHOV

& 'ULOOLQJ IRU VRFNHW SLOHV LQFOXGLQJ VXSSRUW YHVVHOV
& 5RFN EODVWLQJ RQ ODQG

JRU DOO VFHQDULRV & & LW LV DVVXPHG WKDW RQO\ RQH RI WKH UHVSHFWI
KRXU ZLQGRZ )RU WKH PRGHOOLQJ LQ DOO VFHQDULRYV & & WKH QRLVH
SRVLWLRQ $ RI )LIJXUH

7TKH LQFOXGHG VXSSRUW YHVVHOV LQ & DQG & DUH

X 2QH MDFN XS ULJ RSHUDWLRQ WLPH
X 2QH FUDQH EDUJH RSHUDWLRQ WLPH
X 2QH WXJERDW VDLOLQJ LGOLQJ
X 2QH FUHZ ERDW RSHUDWLRQ WLPH

6XSSRUW YHVVHOV DUH QRW LQFOXGHG LQ WKH & VFHQDULR IRU LPSDFW SL
GLITHUHQWO\ IRU LPSXOVLYH VRXUFHV LPSDFW SLOH GULYLQJ DQG FRQWLC
DFRXVWLF PHWULFVY DFURVV WKH WZR W\SHV RI VRXUFHV ZLOO WKHUHIRUH
FULWHULD WKUHVKROGYV 7KH UHVXOWYV IRU VFHQDULRY & DUH WKHUHIRUF
VSHFLILFDOO\ IRU LPSXOVLYH VRXUFHYV

,PSDFW SLOH GULYLQJ

,QVWDOODWLRQ E\ LPSDFW SLOH GULYLQJ LQYROYHV D ODUJH K\GUDXOLF KDF
LH WUDQVLHQW QRLVH

7KH GULYHQ SLOH ZDV DVVXPHG WR EH RI VWHHO PDWHULDO ZLWK RXWHU GLI
LQ 7DEOH DQG WKH VXEVHTXHQW GHWDLOV ZHUH SURYLGHG E\ 6,6. IRU S
H[DPSOH RI D UHSUHVHQWDWLYH KDPPHU IRU WKH LPSDFW GULYLQJ LV DQ ,+.
RI QRPLQDO HQHUJ\ N -

S5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /JLPLWH (
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(QHUJ\ OH OHWUL 1R RI VWUL

N -
N -
N -
7TRWDO VWULNHYV
7TDEOH &RDUVH KDPPHU SURWRFRO

'ULYLQJ RI RQH SLOH ZDV DVVXPHG WR WDNH DSSUR[LPDWHO\ KRXU DW DQ D
,W ZDV DVVXPHG WKDW RQO\ RQH SLOH ZDV LQVWDOOHG SHU KRXUV

%DVHG RQ 9*1V LQ KRXVH PHDVXUHPHQW H[SHULHQFH DV ZHOO DV OLWHUDW X
DSSOLHG FRUUHVSRQGLQJ WR D EURDGEDQG OHYHO RI G% VLQJOH VWULN
RQ PHDVXUHPHQWY UHODWLQJ WR D P GLDPHWHU SLOH LQVWDOOHG DW ZIL
KDUG FDOFDUHQLWH ERWWRP > @ )UHTXHQFLHV DERYH N+] ZHUH H[WUDSR
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JLIXUH 6RXUFH OHYHO RFWDYH VSHFWUX#& IRU SLOH GULYLQJ VWDWHG

7KH SLOLQJ QRLVH VRXUFH ZDV DVVXPHG WR EH ORFDWHG DW 3RVLWLRQ $
VRXUFH OHNRWOLPSDFW SLOH GULYLQJIJPADVD QGGMKHHDVWIIMHG VRXUFH GHSWK
EHORZ WKH VHD VXUIDFH

9LEUDWRU\ SLOH GULYLQJ

,Q D YLEUDWRU\ KDPPHU RU YLEUR KDPPHU WKH GULYLQJ XQLW FRQVLVWYV
KRXVLQJ DWWDFKHG WR WKH SLOH KHDG $V RSSRVHG WR WKH LPSDFW WHFk
GULYLQJ FDXVHV FRQWLQXRXV QRLVH

7KH GULYHQ SLOH ZDV DVVXPHG WR EH Rl VWHHO PDWHULDO ZLWK RXWHU GL

6,6. D UHSUHVHQWDWLYH YLEUDWRU\ KDPPHU LV WKH ,&( & 9LEUR +DPPHU
NJP DQG PD[ FHQWULIXJDO IRUFH N1 7KH YLEUR KDPPHUYTV PD[LPXP UR!

FRUUHVSRQGV WR D IXQGDPHQWDO IUHTXHQF\ FRPSRQHQW RI  +]

JRU WKH LQVWDOODWLRQ RI RQH SLOH DSSUR[LPDWH PLQXWHYV RI YLEUR
DVVXPHG WKDW RQO\ RQH YLEUR GULYLQJ HYHQW WDNHYVY SODFH SHU KR XU\

JRU WKH DFRXVWLF PRGHOOLQJ 9*V LQ KRXVH PHDVXUHPHQW H[SHULHQFH F
HVWLPDWHG PRQRSRGHRYRXUFH OHFHAXIDQ DFFRXQWLQJ IRU WKH FXUUHQW

KDPPHU IRUFH 7KH VRXUFH zZDV DVVLIJQHG D VRXUFH GHSWK RI P DW 3RVI
5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKQC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH(
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VSHFEWUXP VKRZQ LQ )LJXUH ZDV EDVHG PDLQO\RQ > @ LQ FRPELQDWLRQ Z

DERYH +] ZHUH HIWUDSRODWHG DVVXPLQJ D FRQVWDQW VORSH
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JLIXUH 6RXUFH OHYHO RFWDYH VSHFWUWXPHIRPH-YDEUR GULYLQJ /

6RFNHW SLOH GULOOLQJ

7KLV SLOH LQVWDOODWLRQ WHFKQLTXH HPLWYV FROQWLQXRXV W\SH QRLVH GXU
E\6,6. D UHSUHVHQWDWLYH GULOO PDFKLQHU\ LV WKH /' SLOH WRS GULOO
P PD[LPXP SRZHU VZLYHO WRUTXH N1P DQG YDULDEOH GULOO VSHHG

JRU WKH LQVWDOODWLRQ RI RQH SLOH DSSUR[LPDWHO\ KRXUV RI GULOO
PRGHOOLQJ LW LV DVVXPHG WKDW WKH GULOOLQJ HYHQW WDNHV IXOO KRX

OHDVXUHPHQWY IURP D VPDOO GLDPHWHU VRFNHW GULOO ZHUH UHSRUWHG
VSHFWUD DQG VFDOHG WR D ODUJHU GULOO LQ > @ )RU WKH SUHVHQW VWX

DIWHU VOLJKW UH VFDOLQJ WR WKH 6KDQQRQ SLOH GLDPHWHU RI P
JRU VRFNHW GULOOLQJ WKH DVVXRPHGWRQRIRO VBBBFWKHHIWOLOIQHG VRXU
GHSWK zZDV P DW 3RVLWLRQ $ 7KH FRUUHVSRQGLQJ RFWDYH EDQG VSHF
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JLIXUH 6RXUFH OHYHO RFWDYH VSHRWAUX R HRBVFFNHW GULOOLQJ /

S5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /JLPLWH (
<« 9\VXV *URXS 3DJH



%ODVWLQJ

JRU WKH RQ VKRUH /1* WHUPLQDO D FHUWDLQ DPRXQW RI URFN EODVWLQJ
GLVWULEXWHG LQVLGH WKH VDQGVWRQH DUHD LQGLFDWHG E\ GDUN EURZQ
DSSUR[LPDWHO\ P RU IXUWKHU LQ ODQG IURP WKH FRDVWOLQH

JLIXUH 2YHUYLHZ RI RQ ODQG EODVWLQJ DUHD GDUN EURZQ SRO\WJRQ
7KH URFN PDWHULDO LV VDQGVWRQH DQG WKH IROORZLQJ LQIRUPDWLRQ ZD\

%ODVWLQJ FKDUJH LV DVVXPHG WR EH 6XUHEOHQG W LV LQIRUPHG WKDW
DQG WKDW NJ RI WKH 6XUHEOHQG LV HTXLYDOHQW WR NJ RI 717
7DNLQJ D PD[LPXP KROH GHSWK RI P D FRQVHUYDWLYH HVWLPDWH RI PD]J

UHTXLUHG SHU KROH

JRU WKH DFRXVWLF PRGHOOLQJ RQH EODVWLQJ HYHQW SHU KRXUV LV DVV.

$v D SUDFWLFDO DQG FRQVHUYDWLYH DVVHVVPHQW RI D EODVWLQJ HYHQW
DSSOLHG

%DVHG RQ WKH 717 HTXLYDOHQW ZHLJKW D VHPL HPSLULFDO H[SUHVVL
3HDN VRXQG SUHVVXUH OHYHO IRU DQ LQ ZDWHU EODVWLQJ FKDUJH

7KH UHSRUW > @ PDNHV UHIHUHQFH WR PHDVXUHPHQW ZRUN E\ WKH V
SHDN VRXQG SUHVVXUH LV UHGXFHG WR DSSUR[LPDWHO\ ZKHQ WKH V
HJ LQ D ERUHKROH 2Q WKDW ERENUBRXQWHWKHEIOWY UBDGXHAHG E\ G%
/RJ DQG WKH FRUUHVSRQGLQJ 6RXQG ([SRVXUHNMYEO DDAMHPNVWLPD

HPSLULFDO H[SUHVVLRQ IURP > @ 7KLV SURYLGHV D VRXUFH OHYHO |
EURDGEDQ&(6(/ /

7R DFFRXQW IRU WKH SURSDJDWLRQ GLVWDQFH EHWZHHQ WKH QHDUH
VSHFWUDO DWWHQXDWLRQ ZDV XVHG WR VKDSH WKH PHDVXUHG IDU ILHC
DW D FRQVWDQW VORSH DERYH N+] 7KH DWWHQXDWLRQ DVVXPHG SUI
ZLWK JHQHULF JHRDFRXVWLF SURSHUWLHV )RU WKLV VLPSOLILHG DV
SURSHUWLHYV ZHUH FRQVLGHOHG GBO-L Q@ DWW KBX@WLRQRI SURSDJDWLR
UHVXOWLQJ VRXUFH OHYHO VSHFWUXP LV VKRZQ LQ )LJXUH 7KH PR
—3P V

JRU WKH DFRXVWLF PRGHOOLQJ WKH EODVWLQJ VRXUFH LV DVVXPHG WR EH

$vV DQ DSSUR[LPDWLRQ WKH VHPL HPSLAULWNBRG HHRPODWLRQYIEBWEWHQ / DQ
ZHUH DSSOLHG IRU EODVWLQJ

5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC

5HOHDVH 5HY 6KDQQRQ /1* /LPLWH (
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JLIXUH 6RXUFH OHYHO RFWDYH VSHFWUXP dRU EODVWLQJ HYHQW VWDW

6XSSRUW YHVVHOV

7KH VRXUFH OHYHOV IRU WKH YHVVHOV XVHG LQ WKH SUHGLFWLRQ ZHUH DVV
KRXVH GDWD IURP PHDVXUHPHQWY RQ VLPLODU YHVVHOV 7KH FRUUHVSRQG
VWDWHG LQ )LIXUH 7KH YDOXHV DUH JLYHQ O% PRRQRSBOH VRXUFH OHYHO\

JLIXUH 8QGHUZDWHU VRXUFH OHYHOV IRU VXSSRUW G% WWWH®V-3XVHG LQ WK

JRU WKH GULOOLQJ ULJ WKH VRXUFH OHYHO LV EDVHG RQ PHDVXUHPHQWYV E
VRXUFH OHYHO KDV EHHQ FRUUHFWHG E\ VXEWUDFWLQJ WKH GULOOLQJ FRQW
WKH MDFN XS ULJ 7KH ULJ KDV EHHQ DVVXPHG LQ RSHUDWLRQ Rl WKH W|
EHHQ WDNHQ IURP -,3 UHSRUW > @ 7KLV JLYHV D VRXUFH OHYHO RI G% DQ
WR EH VLPLODU WR D SLSH OD\HU YHVVHO 7KH EDUJH KDV EHHQ DVVXPHG LC
OHYHO RI WKH VDLOLQJ WXJERDW KDV EHHQ WDNHQ IURP WKH 3RUW RI 9DQFR
WR EH VDLOLQJ RI WKH HITHFWLYH WLPH DQG WKH UHPDLQLQJ WLPH L
DOVR WDNHQ IURP WKH -,3 UHSRUW > @ 7KLV JLYHV D VRXUFH OHYHO RI

DVVXPHG WR EH VLPLODU WR WKH VDLOLQJ WXJERDW 7KH FUHZ ERDW KDV E

5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH (
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WKH HIITHFWLYH WLPH 7KH VRXUFHV KDYH EHHQ FROOHFWHG LQWR RQH FRPE
UHVSHFWLYH RSHUDWLRQ WLPHV 7KH VRXUFH GHSWK IRU WKH VXSSRUW YHV

,Q WKH IROORZLQJ DOO QRLVH UHVXOWY UHSUHVHQW WKH PD[LPXP REVHUY|I
UDQJH RU 30D[ RYHU GHSWK”~

6HOHFWHG FRQWRXU PDSV RI WKH VRXQG ILHOGY DUH VKRZQ LQ )LJXUH W
LQWHUSRODWHG UHVXOWY EDVHG RQ WKH GHWDLOHG WUDQVHFWY DQG DUH
GLVWDQFH WR WKUHVKROG DQG DUHD WR WKUHVKROG DUH SURYLGHG LQ $S:
IURP WKH GHWDLOHG WUDQVHFW UHVXOWYV

YLIXUH BFHQDULR & &RQVWUXFWLRQ ,PSDFW 3L@H)GAHLYIKWHGRQWRXU P
30D[ RYHU GHSWK~ 9DOXHV LQ G% UH —3D %HKDYLRXUDO FULWHULD RI
OLQH

5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH«(
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JLIXUH 6FHQDULR & &RQVWUXFWLRQ 9LEUDWRU\ GULYLQJ LQFO VXSSRUW
/supv0) ZHLIKWHG 30D[ RYHU GHSWK” 9DOXHV LQ G% UH —3D %HKDYLRXUL
LQGLFDWHG E\ GDVKHG OLQH

YLIXUH BFHQDULR & &RQVWUXFWLRQ 6RFNHW SUpQ®) GHLOKWEG &RQWRXU
30D[ RYHU GHSWK"~ 9DOXHV LQ G% UH —3D %HKDYLRXUDO FULWHULD RI
OLQH

5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH«(
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JLIXUH 6FHQDULR & %ODVWLQY usSFQWRXKILIKWBSES RIOD[ RYHU GHSWK”
9DOXHV LQ G% UH —3D (QWLUH VRXQG ILHOG LV EHORZ WKH EHKDYLRXUDO

7KH IROORZLQJ VFHQDULRY ZHUH PRGHOOHG LQ WKH RSHUDWLRQDO VFHQDUL

$ )658 DORQ@KLY LV DVVXPHG WR EH D VLQJOH FRQWLQXRXV QRLVH VRX

% )658 WRJHWKHU ZLWK DQ RIIORDGEQXGLOFDUWAXHWQ LGOLQJ PRGH F
FDUULHU 7KLV VFHQDULR FRYHUV KRXUV $00 VRXUFHV DUH ORFDW
WKH IROORZLQJ DFWLYLWLHV ZLWK FRUUHVSRQGLQJ WLPH GXUDWLRQ

X )658 RSHUDWLQJ FRQWLQXRXVO\
x /1* FDUULHU DQG WXJ LQYROYHG LQ RIIORDGLQJ IRU KRXUV DQG
x &DUULHU DQG VDLOLQJ HQJDJHG WXJV WUDQVLWLQJ IRU PLQXW

' )658 WRIJHWKHU ZLWK DSSURDFKQROXGLtEFDUWDHWLQJ HQIJDJHG WXJV
FDUULHU $00 VRXUFHVY DUH DVVXPHG WR EH FRQWLQXRXYV GXULQJ Wk
JLIXUH )658 VRXUFH ORFDWHG DW SRVLWLRQ $ FDUULHU DQG WXJV
RQO\ DGGUHVVHV WKH PLOQXWHYVY GXULQJ ZKLFK WKH DSSURDFK DFW

( )658 WRIJHWKHU ZLWK EHUWKLQJ /1* FDUULHU LQFOXGLQJ HQJDJHG
VDLOLQJ LQ WKH PLGGOH RI WKH (VWXDU\ DQIB¥KLS*PRRUHGHDW OR
DQG 7XJV DUH ORFDWHG DW 3RVLWLRQ $ WKH JHQHUDO FDUJR VKLS |
SRVLWLRQ 0 7KLV VFHQDULR LV DQ H[SDQVLRQ RI WKH 2IIORDGLQJ
LQFOXGHV WKH IROORZLQJ DFWLYLWLHYV ZLWK FRUUHVSRQGLQJ WLPH

X )658 RSHUDWLQJ FRQWLQXRXVO\

X /1* FDUULHU DQG WXJ EHUWKHG IRU KRXUV DQG PLQXWHYV

x &DUULHU DQG VDLOLQJ HQJDJHG WXJV WUDQVLWLQJ IRU PLQXW
5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC

5HOHDVH 5HY 6KDQQRQ /1* /LPLWH (
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X &DUJR VKLS VDLOLQJ LQ HVWXDU\ IRU PLQXWHV
Xx ORRUHG VKLS DW ORQH\SRLQW RSHUDWLQJ FRQWLQXRXVO\

JXUWKHU DV GHVFULEHG LQ $SSHQGL[ % 6FHQDULR $ ZLWK WKH )658 ZDV PRG
LQFOXGH RQERDUG QRLVH DEDWHPHQW PHDVXUHYV

)658 /1* FDUULHU WXJV DQG FDUJR VKLSYV

7KH VRXUFH OHYHOV IRU WKH YHVVHOV XVHG LQ WKH SUHGLFWLRQ DUH DVV
KRXVH GDWD IRU PHDVXUHPHQWY RQ VLPLODU YHVVHOV 7KH VSHFWUD DVVXI
7KH YDOXHV DUH JLYHQ DV PRQR®ROHW VRKXUFHBHIOWHWRXWAH/GHSWK IRU WKH YH
DVVLIJQHG DV WLPHV WKH GUDXJKW RI WKDW YHVVHO

JLIXUH 8QGHUZDWHU VRXUFH OHYHOV IRU VKGSYV UH HB3® WKH SUHGLFWLR

7KH EDVLV RI WKH HYDOXDWLRQV LV WKH XALAV R IDMOHWWE APOWMHG OHQRWK RI
GUDXJKW RI P RSHUDWLQJ GLHVHO JHQHUDWRUY ORFDWHG ORZ LQ WKH
UxXQQLQJ IRU WKH UHJDVVLILFDWLRQ SURFHVY 6HD ZDWHU FRROLQJ LQWDNI
VXUIDFH DW D IORZ UBWHSBXKY DG®LWIKRQIR®W HQPLQH DQG DX[ HTXLSPHQW FI
GLHVHO JHQHUDWRUYV DUH DVVXPHG WR EH ILWWHG ZLWK VWDQGDUG YLEUDYV
2SHUDWLRQ RI SRWHQWLDO SURSXOVLRQ RU WKUXVWHUV LV HI[FOXGHG IURP

7KH XQGHUZDWHU QRLVH IURP WKH )658 ZLOO FRQVLVW RI KXOO UDGLDWHG C
LQOHWYV IRU WKH RQERDUG FRROLQJ ZDWHU VA\VWHPV QR SURSXOVLRQ V\VW}
RQ XQGHUZDWHU VRXUFH GDWD IRU )658V FRXOG EH ORFDWHG VHYHUDO LQL
GDWD DV SRVVLEOH IRU WKH XQGHUZDWHU QRLVH IURP WKH )658 7KHVH LQF

X $Q XQGHUZDWHU QRLVH PHDVXUHPHQW FDPSDLJQ ZDV FRQGXFWHG RQ \
WKH 20G +DUERXU LQ -DPDLFD 7KLV ZDV IRXQG WR EH D SUDFWLFDO RSE
GDWD IURP DQ )658 FRQVLGHULQJ SRWHQWLDO LQWHUIHULQJ QRLVH IU
DUH GRFXPHQWHG LQ $SSHQGL[ $ Rl WKLV UHSRUW

x 7R IXUWKHU LQYHVWLIJDWH WKH XQGHUZDWHU QRLVH HPLVVLRQ IURP Wk
ZDV FDUULHG RXW XVLQJ 6WDWLVWLFDO (QHUJ\ $QDO\WLV PHWKRGROR]
DQG UHVXOWY DUH VKRZQ LQ WKH $SSHQGL[ % RI WKLV UHSRUW

5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH (
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7KH WZR LQLWLDWLYHY JDYH UHVXOWYV ZLWKLQ WKH UDQJH RI HI[SHFWDWLRQ
FROQWHQW RI WKH WZR LQYHVWLIJDWLRQV JDYH GLITHUHQW UHVXOWYV DV WKt
IXOO\ FRPSDUDEOH 7KH SUHGLFWHG QRLVH OHYHOV RQ WKH *RODU ,JORR 7
PHDVXUHG OHYHOV RQ WKH *RODU )UHH]H $V D FRQVHUYDWLYH DSSURDFK L
HDFK RFWDYH EDQG IURP WKH WZR VWXGLHY DQG FRPELQH WKHVH LQWR D
UDGLDWHG QRLVH IURP WKH )658

7KH QRLVH HPLVVLRQ IURP WKH RQERDUG VHD ZDWHU FRROLQJ SXPSV KDV E
WKH SDSHU 5RELQVRQ HW DO OHDVXUHPHQW RI XQGHUZDWHU QRLVH |
RSHUDWLRQV > @ LQFOXGLQJ DQ HVWLPDWHG G% UHGXFWLRQ IRU VHD FKF

7KH DSSURDFKLQJ /1* FDUULHU VDLOLQJ FRQGLWLRQ LV DVVXPHG WR EH DW (
HQJDJHG DQG ZLWK DVVLVWDQFH RI' WXJV 'XULQJ WKH GRFNHG FRQGLWLROQ\
WR KDYH DX[LOLDU\ JHQHUDWRUV LQ ORZ WR PLG ORDG FRQGLWLRQ DQG QR
LQ WKLV FRQGLWLRQ LV H[SHFWHG WR EH WKH FDUJR SXPSV DQG WKH RQERDL
LV DVVXPHG WR EH P

7KH WXJV DUH DVVXPHG WR EH RSHUDWLQJ LQ WZR FRQGLWLRQV 6DLOLQJ =

FORVH WR WKH MHWW\ 7KH GUDXJKW RI HDFK WXJ LV DVVXPHG WR EH P
B3RUW RI 9DQFRXYHU (&+2 GDWD EDVH XVLQJ WKH DYHUDJH OHYHO IRU WX
7KH VL]H RI WKH JHQHUDO FDUJR VKLS VDLOLQJ LQ WKH HVWXDU\ LV EDVHG
DVVHVVPHQW > @ 7KH VKLS LV DVVXPHG WR EH ':7 VDLOLQJ DW DSSUR
P 7KH VRXUFH GDWD DUH DOVR WDNHQ IURP WKH 3RUW RI 9DQFRXYHU (&-
DW ORQH\SRLQW LV DVVXPHG WR EH "7 EHUWKHG NQRWY ZLWK RQC
ORZ ORDG GUDXJKW DVVXPHG WR EH P DQG VRXUFH GDWD WDNHQ IURP

,Q )LIXUH WKH EURDGEDQG VRXUFH OHYHOV DUH VKRZQ IRU D FRPSDULYV
LQGLYLGXDO VRXUFHV UHYHDOLQJ WKDW VDLOLQJ YHVVHOV JHQHUDO FDUJI
WR KDYH WKH KLIKHVW RYHUDOO OHYHOV

JLIXUH %URDGEDQG XQGHUZDWHU VRXUFH OHYHOVvIB®W VKLSV XVHG LQ WKI
UH “P3D

5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH (
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,Q WKH IROORZLQJ DOO QRLVH UHVXOWY UHSUHVHQW WKH PD[LPXP REVHUY|I
UDQJH RU 30D[ RYHU GHSWK”~

7TDEOHV RI GLVWDQFH WR WKUHVKROG DQG DUHD WR WKUHVKROG DUH SURYL!

6HOHFWHG FRQWRXU PDSV RI WKH VRXQG ILHOGY DUH VKRZQ LQ )LJXUH W
LQWHUSRODWHG UHVXOWY EDVHG RQ WKH GHWDLOHG WUDQVHFWY DQG DUH F
DQG DUHDV RI $SSHQGLFHV * WR - ZHUH GHULYHG GLUHFWO\ IURP WKH GHWD

JLIXUH 6FHQDULR $ )658 ZLWK RQERDUG VHDZDWHRKy GXPBHVJIKVRH)EAVRXU PD
30D[ RYHU GHSWK” 9DOXHV LQ G% UH —3D %HKDYLRXUDO FULWHULD RI C
5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH(
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JLIXUH 6FHQDULR % )658 WRIJHWKHU ZLWK DQ RIIORDGLQJ /1* FDUULHU L
&RQWRXU PHOHSWI) ZHLIKWHG 30D[ RYHU GHSWK’ 9DOXHV LQ G% UH —3D %l
G% LV LQGLFDWHG E\ GDVKHG OLQH

JLIXUH 6FHQDULR ' )658 WRIJHWKHU ZLWK DSSURDFKLQJ /1* FDUULHU LQ
&RQWRXU PRBSPRO)/ZHLIKWHG 3:0D[ RYHU GHSWK’ 9DOXHV LQ G% UH —3D
FULWHULD RI G% LV LQGLFDWHG E\ GDVKHG OLQH

5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH (
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JLIXUH 6FHQDULR ( )658 WRIJHWKHU ZLWK EHUWKLQJ /1* FDUULHU LQFOXG

D JHQHUDO FDUJR VKLS VDLOLQJ LQ WKH PLGGOH RI WKH (VWXDU\ DQG VKLS

PDS R Jpv 0) ZHLIKWHG 30D[ RYHU GHSWK”~ 9DOXHV LQ G% UH —3D %HKD
G% LV LQGLFDWHG E\ GDVKHG OLQH

6HFWLRQ GHVFULEHV WKH H[LVWLQJ DPELHQW QRLVH DW WKH VLWH DV G%
OHGLDQ / RI DOO PHDVXUHPHQWY $VVXPLQJ 0) ZHLJKWLQJ 7DEOH VKR?
SUHGLEWHBRBU WKH PRGHOOHG VFHQDULRY ,W IROORZV WKDW WKH YDULRXV VF
WKH DPELHQW QRLVH DW DOO PXOWLSOH NP UDQJHYV

6LPLODUO\ GHVFULEHV WKH QRLVH IURP D SDVVLQJ IHUU\ $SSO\LQJ D F
DSSUR[LPOPWHO\ 6% XVLQJ 0) ZHLIJKWLQJ DW D GLVWDQFH RI P IURP WKH IF
LQ 7TDEOH VKRZV WKH GLVWDQFH ZLWKLQ ZKLFK WKH SUHGLFWHG QRLVH HJ[

A v E]} Z vP Al8Z]v AZ] Z 8Z % E ] 3]}V
uljlvs v}]e E}le (E}u ( EEC
& + PSDFW SLOH GUULQJ‘soo UDQJHV L H FXOWLSOH NP NP
& + 9LEUDWRU\ GULYLOJ NP NP
& + 6RFNHW SLOH GUL)YOLQJ NP NP
& %ODVWLQJ NP NP
$ )658 DV WKH RQO\ QRLVH VRXUEH NP
% )658 WRJIJHWKHU ZL\/K DQ Rllod\bPGLQJ NP
/1* FDUULHU
5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH O5HY 6KDQQRQ /1* /LPLWH«(
3DJH
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)658 WRIHWKHU zLwk DSZYRPRAY; - FXOWLSOH NP NP
/1* FDUULHU

( )658 WRIJHWKHU ZLWK EﬁB&/I&JLDQQJJ)-‘l\{‘ L HFXOWLSOH NP NP

FDUULHU WXJV HQJLJHG FDUJR VKLS
VDLOLQJ LQ HVWXDU\ EHUWKHG VKLS DW
ORQH\SRLQW

7TDEOH BUHGLFWHG QRLVH FRPSDUHG WR DPELHQW QRLVH OHGLDQ / C
%DVHG RQ 0) ZHEIKWHG /

JRU VFHQDULRY FRUUHVSRQGLQJ WR & LPSDFW SLOH GULYLQJ ' DSSURDFKLQ
QRLVH H[FHHGV WKDW RI WKH IHUU\ IRU PRUH WKDQ NP DZD\ IURP WKH VRXL
ZLWK WKH )658 DV RQO\ QRLVH VRXUFH RU )658 ZLWK RIIORDGLQJ FDUULHU U
RI WKH THUU\ IRU DSSUR[LPDWHO\ NP GLVWDQFH IURP WKH VRXUFH 6LPLO
& EODVWLQJ WKH VDPH GLVWDQFH LV DW NP

W LV QRWHG WKDW WKH DERYH FRPSDULVRQV DUH EDVHG RQ SK\WLFDO DFR
WKH GHJUHH RI DXGLELOLW\ RU SRWHQWLDO DQLPDO UHVSRQVH VWURQJO\ G

S5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /JLPLWH (
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> @ 2SHQ6WUHHWODS > QWHUQHW®@ 'DWD DYDLODEOH XQGHU
KWWSV Z7ZZ RSHOVWUHHWPDS RUJ FRS\ULJKW

> @ 26L 2UGQDQFH 6HUYLFH RI KWWOBYGC ZZDODWRWWUQHVW@RXW RSHQ GDWD

>@ &UHDWLYH &RPPRQV ILFHQFH > QWHUQHW@ g
KWWSV FUHDWLYHFRPPRQV RUJ OLFHQVHV E\ OHJDOFRGH

> @ (02'QHW  %DWK\PHWU\ &RQVRUWLXP (02'QHW  'LJLWDO
KWWS GRL RUJ Il G E D D IG E HF |

>@ ,1)20BWWSV PDSV PDULQH LH LQIRPDUEDWK\PHWU\

> @ +HDQH\ ." 0% $LQVOLH 0% +DOYRUVHQ .' 6HJHU 5%- 0sOOHU O0-- 1LM]

$QDO\WLY DQG 6HQVLWLYLW\ 6WXG\ RI WKH $FRXVWLF 3URSDJDWLRQ IRU
6WHUOLQJ 9% 8 6 'HSDUWPHQW RI WKH ,QWHULRU %XUHDX RI 2FHDQ
3UHSDUHG E\ &6% 2FHDQ 6FLHQFHV ,QF 2&6 6WXG\ %2(0

KWWSV HVSLV ERHP JRY ILODO UHSRUWYVY %2(0B SGI

> @ J)DUFDV $ 7KRPSVRQ 30 OHUFKDQW 1' 8QGHUZDWHU QRLVH PRGHOC(
DVVHVVPHQW (QYLURQPHQWDO ,PSDFW $VVHVVPHQW 5HYLHZ '"HFHPE
KWWSV GRL RUJ M HLDU

> @ -HQVHQ )% .XSHUPDQ :$ 3RUWHU 0% 6FKPLGW + &RPSXWDWLRQDO 2Fl

6SULQJHU YHUODJ

@ ORIIDWW 1LFKRO OHWRFHDQ DQDO\VLV DQG FRDVWDO PR&HOOLQJ *
ODUFK S 5HSRUW QR 1)( 9 6KDQQRQ /1*

@ OHDG 7 %URZQOLH 1 7DUEHUW %DOO\ORQJIRUG /1* THUPLQDO * 21IVKF
RQ JURXQG LQYHVWLIJDWLRQ )XJUR (QJLQHHULQJ 6HUYLFHV /LPLWHG 6H

@ $QED]KDJDQ 3 ORXVWDID 665 $0O $ULIL 161 &RUUHODWLRQ RI GHQVL)
637 1YDOXHV -RXUQDO RI *HRSK\VLFV DQG (QJLQHHULQJ
KWWSV GRL RUJ

@ *DUGQHU *+) *DUGQHU /: *UHJRU\ $5 HKMDGWLROQQRWMORFLBDVLREG IF
VWUDWLJUDSKLF WUDSV *HRSK\VLFV +

@ *UHHQEHUJ 0/ &DVWDJQD -3 6KHDU ZDYH YHORFLW\ HVYWLPDWLRQ LQ
SUHOLPLQDU\ YHULILFDWLRQ DQG DSSOLFDWLRQV *HRSK\VLFDO 3URVSHF

@ *DVVPDQQ ) (ODVWLF ZDYHV WKURXJK D SDFNLQJ Rl VSKHUHV *HRSK\V
@ $LQVOLH 0O 3ULQFLSOHV RI 6RQDU 3HUIRUPDQFH ORGHOOLQJ %HUOLQ

\%

\%

\%

\%

\%

\%

\%

S
> @ 'XQFDQ $- 0DJJL $/ $ FRQVLVWHQW XVHU IULHQGO\ LQWHUIDFH IRU U)
SURSDJDWLRQ FRGHV ,Q 3URFHHGLQJV RI $FRXVWLFV 1RY &

\%

@ OHGZLQ + 6SHHG RI VRXQG LQ ZDWHU $ VLPSOH HTXDWLRQ IRU UHDO

\%

@ 86 1DDWLRQDO 2FHDQRJUDSKLF 'DWD &HQWHU *OREDO 7THPSHUDWXUH 6

8 6 'HSDUWPHQW RI &RPPHUFH 1DWLRQDO 2FHDQLF DQG $WPRVSK!

2FHDQRJUDKLF 'DWD &HQWHU 6LOYHU 6SULQJ 0ODU\ODQG $F
KWWS ZzZZ QRGF QRDD JRY *7633

@ 6XQ & HW DO 7KH GDWD PDQDJHPHQW VA\VWHP IRU WKH JOREDO WHPSF

\%

,Q +DOO - +DUULVRQ '( 6WDPPHU ' HGLWRUV 3URFHHGLQJV RI 2FH
REVHUYDWLRQV DQG LQIRUPDWLRQ IRU VRFLHW\ 9RO 6HS 9HC
GRL 2FHDQ2EV FZS
5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKQC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH(

<« 9\VXV *URXS 3DJH



\%

@ :DQJ / +HDQ\ . 3DQJHUF 7 5RELQVRQ 6 $LQVOLH 0O 5HYLHZ RI XQGF

PRGHOV 1DWLRQDO 3K\VLFDO /DERUDWRU\ 2FWREHU 5HSRUW 1R $&

> @ ,QWHUQDWLRQDO 2UJDQL]DWLRQ IRU 6WDQGDUGL]DWLRQ ,62 8
*HQHUYD 6ZLW]HUODQG ,62

> @ 3RSSHU $1 +DZNLQV $' )D\ 55 0DQQ '$ %DUWRO 6 &DUOVRQ 7- 7L
*XLGHOLQHV IRU )LVKHV DQG 6HD 7XUWOHV $ 7HFKQLFDO 5HSRUW SUHS
&RPPLWWHH 6 6& DQG UHJLVWHUHG ZLWK $16, $6$ 3UHVV $6%$ 6 6&

> @ 1DWLRQDO ODULQH )LVKHULHV BHUYLFH 5HYLVLRQ WR 7HFKQLFDO
DQWKURSRJHQLF VRXQG RQ PDULQH PDPPDO KHDULQJ 9HUVLRQ 8Q(
SHUPDQHQW DQG WHPSRUDU\ WKUHVKROG VKLIWV 8 6 '"HSW RI &RPPHU
10)6 235

\%

@ (WWHU 3& 8QGHUZDWHU DFRXVWLF PRGHOLQJ DQG VLPXODWLRQ WK F
@ &ROOLQV 0' $ VSOLW VWHS 3DGH VROXWLRQ IRU WKH SDUDEROLF HTX

\%

> @ &ROOLQV 0' &HGHUEHUJ 5- .LQJ "% &KLQ %LQ 6% &RPSDULVRQ RI DOJF
HTXDWLRQV - $FRXVW 6RF $P SS

@ %%XUHDX RI 2FHDQ (QHUJ\ ODQDJHPHQW 6XPPDU\ 5GHSRUW %HVW 0D«
IRU $WODQWLF 2IIVKRUH :LQG )DFLOLWLHYVY DQG ODULQH B3URWHFWHG 6SHF
RI WKH ,QWHULRU %XUHDX RI 2FHDQ (QHUJ\ ODQDJHPHQW $WODQWLF 2
6WXG\ %2(0 $YDLODKEWWSYURPZZ ERHP JRY )LODO 6XPPDU\ 5HSRU
:RUNVKRS %2(0

@ 'XQFDQ $- OF&DXOH\ 5' 3DUQXP , 6DOJDGR .HQW & OHDVXUHPHQW D
1RLVH IURP 3LOH 'ULYLQJ ,®K QWRMIDGLIRIYDR &RQJUHVV RQ $FRXVWLFV
$XIXVW 6\GQH\ $XVWUDOLD

\%

\%

> @ :RRG - BRXWKDOO %/ 7ROOLW '- 3* ( RIIVKRUH ' VHLVPLF VXUYH\ ¢
7HFKQLFDO 'UDIW 5HSRUW 6058 /WG @1$ 5HSRUW QR 6058/

> @ 3RSSHU $1 +DZNLQV $' )D\ 55 0DQQ '$ %DUWRO 6 &DUOVRQ 7- 7L
*XLGHOLQHV IRU )LVKHV DQG 6HD 7XUWOHV $ 7HFKQLFDO 5HSRUW SUHS
&RPPLWWHH 6 6& DQG UHJLVWHUHG ZLWK $16, $6$ 3UHVV $6%$ 6 6&

> @ %ODFNVWRFN 6% )D\WRQ -2 +XOWRQ 3+ OROO 7( -HQNLQV .. .RWHFNL

6 ODUWLQ & 4XDQWLI\LQJ DFRXVWLF LPSDFWV RQ PDULQH PDPPDOV DQG
DSSURDFK IRU 3KDVH ,,, WUDLQLQJ DQG WHVWLQJ 1HZSRUW 5, 8QLWHG |
'LYLVLRQ $XJ S 5HSRUW YHUVLR@WWSVSYDAODOBPBEWW HILRPFRP SRUW
HLV ILOHVY UHSRUWYV 4XDOWLINLQJB$FRXVWLFB,PSDFWVBROBODULQHBODPF

> @ 'DKO 3+ 'DOOY2VWR '5 )DUHOO '0 7KH XQGHUZDWHU VRXQG ILHOG IURF
$FRXVWLFDO 6RFLHW\ RI $PHULFD -XQH

@ O0DQQ ' &RWW 3 +RUQH % 8QGHU LFH QRLVH JHQHUDWHG IURP GLDPRQ
ODNH DQG SRWHQWLDO LPSDFWV RQ ILVKHV -RXUQDO RI WKH $FRXVWLF

\%

\%

@ 6FKOHVLQJHU $ ODWWKHZV 05 /L = 4XLMDQR - +DQQD\ ' $XURUD /1

8QGHUZDWHU BRXQGV IURP 3LOH 'ULYLQJ 5RFN 6RFNHW 'ULOOLQJ DQG /

VW2 EWREHU 'REXPHQW 9HUVLRQ 7HFKQLFDO UHSRUW E\ -$6
BWDQWHF &RQVXOWLQJ /WG

@ 6RORZD\ $ 'DKO 3+ 3HDN VRXQG SUHVVXUH DQG VRXQG H[SRVXUH OHY
VKDOORZ ZDWHU -RXUQDO RI WKH $FRXVWLFDO 6RFLHW\ RI $PHULFD

\%

>KWWS G[ GRL RUJ @
> @ 1HGZHOO -5 (GZDUGV % $ UHYLHZ RI PHDVXUHPHQWY RI XQGHUZDWHU
6XEDFRXVWHFK /WG +DPSVKLUH 6XEDFRXVWHFK 6HSWHPEHU
5
5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH B5HY 6KDQQRQ /1* /LPLWH(

<« 9\VXV *URXS 3DJH



\%

@ OD[RQ &0 OLNNHOVHQ '0 ([WHQVLRQ RI KDUERXU LQ 1XXN + 8QGHUZDW

&RSHQKDJHQ 5DPEjOO BHSWHPEHU S

> @ (UEH & OF&DXOH\ 5 OF3KHUVRQ & *DYULORY $ 8QGHUZDWHU QRLVH IU
-RXUQDO RI WKH $FRXVWLFDO 6RFLHW\ RI $PHULFD -XQH

> @ B5RELQVRQ HW DO OHDVXUHPHQW RI XQGHUZDWHU QRLVH IURP DULYV
LQ $GYDQFHV LQ ([SHULPHQWDO OHGLFLQH DQG %LRORJ\

> @ 3RUW RI 9DQFRXYHU (&+2 GDWDEDVH +DQQD\ HW DO (&+2 GDWD

> @ 6KDQQRQ )R\QHV 3RUW &RPSDQ\ B6KDQQRQ /1* WHUPLQDO 15$ XSGDWH

> @ B6FKOHVLQJHU $ 01 5 ODWWKHZV = /L - 4XLMDQR DQG ' +DQQD\
BWXG\ ORGHOOLQJ RI 8QGHUZDWHU 6RXQGV IURP 3LOH 'ULYLQJ 5RFN BRF
%HUWKLQJ DQG 7UDQVLWLQJ 'RFXPHQW 9HUVLRQ 7HFKQLFDO UH!
IRU BWDQWHF &RQVXOWLQJ /WG

> @ ODF*LOOLYUD\ $2 / $LQVZRUWK - =KDR + )URXLQ ORX\ - 'ROPDQ
9HVVHO 1RLVH &RUUHODWLRQV 6WXG\ )LQDO 5HSRUW 'RFXPHQW 9H |

-$6&2 $SSOLHG 6FLHQFHV (50 DQG $FHQWHFK IRU 9DQFRXYHU )UDVHU 3R

@ -RLQW ,QGXVWU\ 3URJUDPPH RQ 6RXQG ODULQH /LIH 5HYLHZ RI H[LVWLC
SURGXFHG E\ WKH RLO DQG JDV LQGXVWU\

> @ 5DPL %RXD]L] /DXULDQQH 7UXIIDXOW 5RXVODQ %RULVRY &ULVWLDQ 2
DO (ODVWLF B3URSHUWLHV RI 3BRO\FKORURSUHQH 5XEEHUV LQ 7THQVLRQ D¢

\%

3RO\PHUV 0'3, SS S RKD 6
5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH B5HY 6KDQQRQ /1* /LPLWH(

<« 9\VXV *URXS 3DJH



$SSHQGL[ $ OHDVXUHPHQW
SQGHUZDWHU QRLVH VRXUF
*RODU )UHHI]H )658

9\VXV *URXS 9* KDV XQGHUWDNHQ PHDVXUHPHQWY RI WKH XQGHUZDWHU QRL
DQG 5HIJDVLILFDWLRQ 8QLW )658 *RODU )UHH]H ORFDWHG DW 20G +DUERXL
FDUULHG RXW RQ WK ODUFK LQ WKH SHULRG $0 = $0 ORFDO WLPF
ZDV QRW SRVVLEOH IRU 9\WXV WHFKQLFLDQV WR SHUIRUP WKH PHDVXUHPHC
FDULHG RXW E\ 1HZ )RUWUHVV (QHUJ\ FUHZ RQ VLWH IROORZLQJ D GHWDLOHC
ZHUH SHUIRUPHG XVLQJ HTXLSPHQW IURP 9*V ODE

‘'HVFULSWLRQ RI )658

7KH )658 ZzZDV ORFDWHG DW 20G +DUERXU LQ -DPDLFD DW WKH RIIVKRUH PRRL
GHSWK DW WKH RIIVKRUH PRRULQJ SRLQW LV DSSUR] P

JLIXUH /IRFDWLRQ RI *RODU )UHH]H )658 UHG GLDPRQG
« 2SHQ6WUHHWODS HROWIMEXWRWROEHOVWUHHWPDBHSWK FEOSVDLIKRP *(%&2

&RPSLODWLRQ *URXS (&2 *ULG GRL D F E G H F DE
5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH(

<« 9\VXV *URXS 3DJH



7KH )658 PDLQ SDUWLFXODUY DQG RSHUDWLQJ FRQGLWLRQV JLYHQ LQ WKH IF

)HD W ‘_

/JHQJWK RYHU D DO

%UHDWK PRXOCHG P
"UDXJKW P

&DUJR &D P f&

7TDEOH ODLQ SDUWLFXODUV RI )658

*DV H[SRUW 006&)"
&DUJR YROXPH P
&DUJR YROXPH VHQG RXV DW WPPH RI WHVWLQJ
7XUER JHQHUDWRU g 530
7XUER JHQHUDWRU g 530
%RRVWHU SXPSV 7ZR UXQQLQJ
062 FRPSUHVVRU 2Q0H UXQQLQJ
"LHVHO JHQHUDWRUV 1RQH UXQQLQJ
7DEOH 2SHUDWLQJ FRQGLWLRQV GXULQJ WKH PHDVXUHPHQWYV
YLIXUH 6LGH YLHZ DQG VHFWLRQ RI WKH *RODU JUHH]H )658

OHDVXUHPHQWYV

7KH PHDVXUHPHQWY ZHUH FDUULHG RXW XVLQJ D FKDQQHO 6RXQG7UDS

ZLWK WZR +7, PLQ K\GURSKRQHYVY 7KH K\GURSKRQHVY ZHUH GHSOR\HG DW
ZHUH ORFDWHG RQ D GULIWLQJ VXEPHUJHG OLQH ZLWK D IORDWLQJ EXR\ DQG
7LPH VLIJQDOV ZHUH UHFRUGHG ZLWK D VDPSOLQJ UDWH RI N+] DQG ODW

VSHFLDOLVWY LQ 'HQPDUN

7KH XQGHUZDWHU QRLVH ZDV PHDVXUHG LQ SRLQWY 3 =3 DURXQG WKH )¢
WR P WR WKH JHRPHWULFDO FHQWUH RI WKH )658 7KH GLVWDQFH WR WKH
*36 SRVLWLRQ DW WKH VWDUW DQG HQG RI HDFK PHDVXUHPHQW WRJIJHWKHU Z1
WR WKH JHRPHWULFDO FHQWUH RI WKH YHVVHO

7KH DPELHQW QRLVH ZDV PHDVXUHG LQ D SRVLWLRQ LQ WKH FHQWUH RI WKH |

'XULQJ WKH PHDVXUHPHQWY WKH DLU GVAPSHUDWXUSUWDW XU ZLRBDU DQG

LQ 1( GLUHFWLRQ 7KH ZDYH KHLJKW ZDV DVVHVVHG DV P 6HD VWDWH
5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1% /LPLWH (
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JLIXUH 6NHWFK RI PHDVXUHPHQW VHWXS

JLIXUH OHDVXUHPHQW HTXLSPHQW RQ GHFN RI WHVW ERDW
5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH(
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JLIXUH *RODU )UHH]H )658 VHHQ IURP SRVLWLRQ 3

JLIXUH*RODU )UHH]H )658 VHHQ IURP SRVLWLRQ 3

5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH (
<« 9\VXV *URXS 3DJH



JLIXUH /IRFDWLRQ RI PHDVXUHPHQW SRLQWY UHODWLYH WR *RODL

&ROYHUVLRO WR VRXUFH OHYHO

7KH VKDOORZ ZDWHU RI RQO\ P RQ WKH WHVW VLWH LV DIIHFWLQJ WKH PHD
W LV WKHUHIRUH QHFHVVDU\ WR SHUIRUP D FDOFXODWLRQ RI WKH H[SHFWH
DQ HTXLYDOHQW VRXUFH OHYHO OHYHO IRU WKH YHVVHO 7KH FDOFXODWLRQ
JHRPHWULFDO FHOWUH DQG WKH LQGLYLGXDO SRVLWLRQV KDV EHHQ PDGH
SURSDJDWLRQ FRGH RI WKH $FW83 VXLWH 7KH FDOFXODWLRQV ZHUH SHUI
IUHTXHQF\ IURP +] LQ YHUWLFDO VWHSV RI P DQG KRUL]JRQWDO VW
HTXLYDOHQW PRQRSROH VRXUFH OHYHO ZDV VXEVHTXHQWO\ GHWHUPLQHG
PHDVXUHG XQGHUZDWHU QRLVH OHYHOV /S UPV LQ G% UH —3D SOXV WKH F

7KH VRXQG SUHVVXUH OHYHO zZzDV DQDO\WHG RYHU D SHULRG RI DSSUR[LPDW
PRVW VWDEOH SHULRG LQ WKH PHDVXUHPHQWY H[FOXGLQJ SHULRGV HYDO
FXUUHQWY DQG VXUIDFH ZDYHV 7R FRPSHQVDWH IRU WKH GULIWLQJ K\GURS
ZHUH KRUL]JRQWDOO\ DYHUDJHG RYHU D GLVWDQFH FRUUHVSRQGLQJ WR WKH
D YHUWLFDO BYHUBIJHVRH QRPLQDO GHSWKYV RI P DQG P 7KH VRXUFH OH
SRVLWLRQ ZHUH DYHUDJHG RQ HQHUJ\ EDVLVY WR JHW WKH ILQDO VRXUFH OH"

7TKH LQSXW GDWD DVVXPHG LQ WKH FDOFXODWLRQ RI WKH WUDQVPLVVLRQ OR

5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH (
<« 9\VXV *URXS 3DJH



'HSWK EHOR 7THPSHUDg 6DOL( 6RXQG
VXUIDFH >f&@ >SS 6SHHG
>F > P

7DEOH (QG SRLQWV RI OLQHDU VRXQG VSHHG SURILOH
/ID\HU SRV &RPSUHVVf] 'HQVLI &aRPSUHVVf 6KHDl 6KHDU Z
/ID\HUJ EHORZ VHl ZDYH VS ZDYH ZDYH $SWWHQX
'"HVFUL $SWWHQ: VSH
] Wi'$ ERWNRPFR >P V@ U rs > G, R>P /@rv>G%®
>P() >P@ >NJ P @

6LOW\ VIQG
&OD\H\ ''LOW
6LOW\ F DD\
JLPHVWI QH

7TDEOH *HRDFRXVWLF PRGHO IRU 20G +DUERXU VHDEHG

SHVXOWYV

7KH GHWHUPLQHG VRXUFH OHYHOV DUH JLYHQ LQ WKH EHORZ )LIJXUH 7KH P
DITHFWHG E\ DPELHQW QRLVH IRU IUHTXHQFLHYV DERYH +] )XUWKHU WKH
GHWHUPLQHG DV DSSUR[LPDWHO\ +] FDXVHG E\ WKH VKDOORZ ZDWHU GHSYV

JLIXUH OHDVXUHG XQGHUZDWHU VRXUFH OHYHO VSHFWUD *RODU

5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC

5HOHDVH 5HY 6KDQQRQ /1* /LPLWH (
<« 9\VXV *URXS 3DJH



7KH UHVXOWY VKRZ TXLWH VRPH YDULDQFH LQ WKH GLIITHUHQW GLUHFWLRQV
WKH YHVVHO EXW LW FRXOG DOVR EH GXH WR XQFHUWDLQWLHYV LQ WKH PHDV
ORVV LQ ,W VKRXOG DOVR EH QRWLFHG WKDW WKH PHDVXUHPHQWY ZHUH FD

UHVWULFWLRQV +RZHYHU WKH UHVXOWY DUH GHHPHG WR EH D UHDVRQDE

)658

S5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /JLPLWH (

<« 9\VXV *URXS 3DJH



$SSHQGL[ % 6($ PRGHOOLC
XQGHUZDWHU QRLVH VRXUF
)658 *RODU ,JORR

7KH IROORZLQJ GHVFULEHV WKH UHVXOWY RI GHWDLOHG SUHGLFWLRQV RI WK
7KH FDOFXODWLRQV DUH GRQH E\ 6WDWLVWLFDO (QHUJ\ $QDO\WVLV 6($ XVLC
REMHFWLYH RI WKH FDOFXODWLRQV LV WR HYDOXDWH WKH XQGHUZDWHU QR
QRWHG WKDW WKH *RODU ,JORR LV RQO\ DQ H[DPSOH RI D SRWHQWLDO )658
7THFKQRORJ\ DQG (QHUJ\ 3DUN + RWKHU )658V FRXOG EH XVHG WRR

$ ' FDOFXODWLRQ PRGHO RI WKH *RODU ,JORR )658 KDV EHHQ FRQVWUXFWHG
SODWHYV EXONKHDGV VWLIIHQHUYV HWF 7KH PRGHO LQFXGHVY PDWHULDO GD
ORVV IDFWRUV DQG \RXQJTV PRGXOXV 7KH YDULRXV ORFDWHG VRXUFHV DU
VWUXFWXUH ERUQH DQG DLUERUQH VRXUFH VWUHQJWK 7KH VRXUFH VWUHQ.
VRXUFH GDWD DUH WDNHQ IURP SUHYLRXVY PHDVXUHPHQWY RQ VLPLODU HTXL

JLIXUH BLFWXUH RI 9$2QH PRGHO RI WKH *RODU ,JORR H[SORGH

5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /LPLWH (
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7KH PRGHO KDV EHHQ FUHDWHG XVLQJ WKH LQIRUPDWLRQ IURP WKH VWHHO G
RI GHFN SODWHYV DQG RWKHU VWHHO VWUXFWXUHV 7KH VWHHO WKLFNQHVV |

PP 7KH VKHOO EHORZ ZDWHU LV PP DQG WKH PDLQ SDUW RI WKH KXO
GHFNV LQ WKH DIW SDUW RI WKH KX0O0 LQFO HQJLQH URRPV DUH PP %XON
PP

7KH VWHHO VWUXFWXUH KDV EHHQ FDOFXODWHG ZLWK D IUHTXHQF\ LQGHSHC
UHSUHVHQWDWLYH EDVHG RQ PHDVXUHPHQWY LQ VKLS VWUXFWXUHYV (DFK H
FDYLW\ ZLWK DQG DLUERUQH DEVRUSWLRQ FRHIILFLHQW DV VWDWHG LQ WKH

___spuor __§ ¢ ¢ J | _§ _J | | |

OHFK /RVV IDFWRU
$EVRUSWLRQ FR 11l

7TDEOH 6WUXFWXUDO PHFKDQLFDO ORVV IDFWRU LQ VWHHO DQG DLU DEVRL

7KH FDOFXODWLRQV DUH FDUULHG RXW XVLQJ WKH VWDWLVWLFDO HQHUJ\ D
YHU 7KLV PHWKRG FRQVLGHUV HDFK VWHHO SODWH EHDP RI DFRXVWLF
VWRUDJH DQG WKH PHWKRG WUDFNV WKH HQHUJ\ IORZ EHWZHHQ WKH GLIIHL
WKH VXEV\WVWHPV DUH GHWHUPLQHG E\ FRXSOLQJ ORVV IDFWRUV FDOFXODWH
DUH FRXSOHG WRJHWKHU DV ZHOO DV DFRXVWLF FDYLWLHV DUH FRXSOHG W
SODWHV ERWK EHQGLQJ VKHDU DQG ORQJLWXGLQDO ZDYHV ILHOGV DUH FRQ
VHSDUDWH VXEV\VWHP 7KH FDOFXODWLRQV FDQ WKHUHIRUH DOVR KDQGOH W
GLIIHUHQW FRQQHFWHG SODWHV H J FRXSOLQJ EHWZHHQ ORQJLWXGLQDO Z
SODWH 7KH VRXQG UDGLDWLRQ HIILFLHQFLHV DUH WKHRUHWLFDOO\ FDOF;
SURSHUWLHV VWLIIHQLQJ HOHPHQWY DQG DFRXVWLF PHGLXP DLU VHDZDWH

7KH FDOFXODWLRQV DUH FDUULHG RXW LQ RFDWYH EDQGV IURP W R
PHWKRG KDV D IXQGDPHQWDO DVVXPSWLRQ RI D VXIILFLHQW PRGDO GHQVLW
ZLOO GHFUHDVH ZLWK IUHTXHQF\ ZKLFK PHDQV WKHUH LV D ORZHU IUHTXHQ
ORZHU IUHTXHQF\ OLPLW LV GHWHUPLQHG WR EH DURXQG +] DQG UHVXOWV
DV D JXLGHOLQH RQO\

7KH RXWHU VKHOO SDUW EHORZ WKH ZDWHUOLQH LV ORDGHG ZLWK ZDWHU
FDOFXODWHG XVLQJ DQ HQHUJ\ VLQN DW D GLVWDQFH RI P IURP WKH )658 F
FRUUHVSRQGLQJ WR DSSURJ f DQJOH WR WKH ZDWHU VXUIDFH 3UHYLRXV FI
UHVXOWY LQ RWKHU GHSWV JLYHV WKH VDPH UHVXOWY DQG WKHUHIRUH RQO\
IURP WKH VHD VXUIDFH DUH QRW LQFOXGHG LQ WKH FDOFXODWLRQ PRGHO D
HOQHUJ\ VLON SRLQW LV WKHUHIRUH WKH XQDIIHFWHG XQGHUZDWHU VRXQ(
XQGHUZDWHU VRXUFH OHYHO 6/ FDQ EH GHWHUPLQHG E\ RQO\ FRUUHFWLQJ
WR WKH GHWHUPLQHG DFRXVWLFDO FHQWUH RI WKH YHVVHO ZKLFK LV WKH
GUDXJKW RI P

7TDEOH VKRZVY DQ RYHUYLHZ RI WKH VRXUFHV LQFOXGHG LQ WKH PRGHO 7
DVVXPHG WR EH UXQQLQJ LQ HDFK RI WKH WZR FDOFXODWHG VFHQDULRYV

VWRSSHG DQG XVLQJ VKRUH SRZHU ,W LV LQ JHQHUDO DVVXPHG WKDW RQH
VWDQGE\ HJ RQO\ RXW RI WKH JHQHUDWRU VHWYVY DUH DVVXPHG LQ RSHU

7TKH FDOFXODWLRQV LQFOXGH ERWK DLUERUQH DQG VWUXFWXUH ERUQH VRX
7KH XVHG DLUERUQH VRXUFH OHYHOV DUH JLYHQ LQ 7DEOH 7KH DLUERUQH
DV VRXQG SRZHU VRXUFHV 7KH VWUXFWXUH ERUQH VRXUFHVY DUH LOQWURGX

S5HSRUW UHIHUHQFH 8QGHUZDWHU 1RLVH IURP 6KDQQRQ 7HFKC
5HOHDVH 5HY 6KDQQRQ /1* /JLPLWH (
<« 9\VXV *URXS 3DJH



VRXUFHVY JLYLQJ WKH OHYHOV LQGLFDWHG LQ 7DEOH 7KH VRXUFHYV DUH EL
9\VXV PHDVXUHPHQWY RQ VLPLODU HTXLSPHQW RQ SUHYLRXV SURMHFWYV 7KH
ZLWK VWDQGDUG YLEUDWLRQ LVRODWRUYV

/RFDW 5RRP (TXLSPHQW 6RXUFH *HQHUDW *HQHUD
__
YORRU LRRP %DOODVW 3XP¢{V + $
ODLQ &6: 3XPSV + $
$X[ ERLOHU 6HD ZDWH J SXPSV + %
0'2 7UDQVIHU 3XPS * ¢
&6: SXPSV IRU &DUJR (DFK + $
6HZDJH JUH\ ZDWHU 'LVW 3XPS : %
&OHDQ ZDWHU GLVFKDUJH SXPS : %
WK 'HI N (QJLQH URRPDLQ *HQHUDWRU (QJLQH &
ODLQ *( &KLOOHU XQL\/V
3XULIWUHU |{RRP@BB( +)2 &LUF 3XP{V * %
ODLQ *( +)2 VXSSO\ 3X 'SV %
ODLQ *( SXULILHU SXP ;V * %
3XULIWUHU |'{RRPQ% +)2 &LUF 3XP{V * %
ODLQ *( +)2 6XSSO\ 3XI'SV * %
ODLQ *( SXULILHU SXP ;V * %
UG 'HIN 6HZDJH WUHDWPHQW > QLW * %
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